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and consultants and the scanning of various papers and 
reports21-27 led to a collection of histories of excessive 

 and 

NEED TO CIRCUMVENT SHORT-TIME BIAS OF 
LABORATORY DATABASE

12

 includes creep curves 

 the 
17

 The 

COLLECTION OF EXCESSIVE DEFLECTION 
HISTORIES OF 56 LARGE BRIDGE SPANS:  

WAKE-UP CALL

ACI Honorary Member  is a McCormick Institute Professor and 
W.P. Murphy Professor of Civil Engineering and Material Science at Northwestern 
University, Evanston, IL. He is a member of the National Academy of Sciences and the 
National Academy of Engineering and serves on several ACI committees.

 is a Graduate Research Assistant at Northwestern University. She 
received her BS from the University of Illinois, Urbana-Champaign, IL, and her MS 
from Cornell University, Ithaca, NY.

ACI member  is an Assistant Professor in the Department of Civil and 
Environmental Engineering at the University of Pittsburgh, Pittsburgh, PA. He was 
formerly a Research Assistant Professor at Northwestern University. He is a member 
of ACI Committee 209, Creep and Shrinkage in Concrete, and Joint ACI-ASCE 
Committees 445, Shear and Torsion, and 446, Fracture Mechanics of Concrete. His 
research interests include the mechanical properties and long-term performance of 
concrete and other engineering materials. 

Fig. 1—(a) ACI authorized reprint from cover of 4

with two symmetric cantilevers consisting of 25 cast-in-place 
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Fig. 2 (first part)—Histories of excessive deflections of 56 large bridge spans. 
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APPROXIMATE MULTI-DECADE EXTRAPOLATION 
OF MEDIUM-TERM DEFLECTION
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applied at age t′
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Fig. 3—Extrapolations of creep data for 35 bridges based on Eq. (1) using estimated average 
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COMPARISON OF DEFLECTIONS 
EXTRAPOLATED USING MODEL B3, 

ACI COMMITTEE 209, CEB- , AND GL 
COMPLIANCE FUNCTIONS

concrete fc H
D

w c
c a c

a c ρ

tc to to tc
J t, t′

D is used 
to calculate J t, t′ D = 2v s v s is the 

fc and w c c
and ρ

strength composition (dashed lines), documenting a good agreement with KB Bridge 
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Large amounts of protein–protein interaction (PPI) data are available. The human PPI network

currently contains over 56 000 interactions between 11 100 proteins. It has been demonstrated that

the structure of this network is not random and that the same wiring patterns in it underlie the

same biological processes and diseases. In this paper, we ask if there exists a subnetwork of the

human PPI network such that its topology is the key to disease formation and hence should be

the primary object of therapeutic intervention. We demonstrate that such a subnetwork exists and

can be obtained purely computationally. In particular, by successively pruning the entire human

PPI network, we are left with a ‘‘core’’ subnetwork that is not only topologically and

functionally homogeneous, but is also enriched in disease genes, drug targets, and it contains

genes that are known to drive disease formation. We call this subnetwork the Core Diseasome.

Furthermore, we show that the topology of the Core Diseasome is unique in the human PPI

network suggesting that it may be the wiring of this network that governs the mutagenesis that

leads to disease. Explaining the mechanisms behind this phenomenon and exploiting them

remains a challenge.

1 Introduction

Modern advances in biotechnology have led to previously

unseen rates of growth in acquisition of systems-level biological

data. Understanding these data and extracting biological

information from them to benefit human life is a foremost

challenge. This challenge comes not only from vast amounts of

systems biology data, but also from computational intractability

of many techniques for their analyses. Hence, new methods for

analysing these data that can cope with these complexities and

give new biological insight are needed.1

Proteins are essential macromolecules of life, so it is important

to understand their function and role in diseases. They do not act

in isolation, but bind to each other to perform a function.2 These

binding events are modelled by protein–protein interaction (PPI)

networks and analysing the topology of these networks has

already given new insight into proteins’ biological function3–5

and involvement in disease.2,6–10 PPI network data for many

model organisms,11–17 humans,18,19 bacteria20–22 and viruses23–25

are obtained using high-throughput screens, such as yeast two-

hybrid (Y2H) assays11–14,18,19,26 and affinity purification with

mass spectrometry (AP/MS).15,16,27,28 These data are publically

available from several databases, including SaccharomycesGenome

Database (SGD),29 the Database of Interacting Proteins (DIP),30

Human Protein Reference Database (HPRD),31 and the Biological

General Repository for Interaction Datasets (BioGRID).32

Network data are often modelled and analysed using graph

theory. A graph, also called a network, is a set of nodes that are

linked by edges. For example, in a PPI network, nodes correspond

to proteins and undirected edges between them to physical inter-

actions between the proteins. This seemingly simple mathematical

abstraction is a powerful concept used to model many real-world

phenomena across various disciplines, including the above

mentioned PPI network data, which are the focus of this study.

Current knowledge of gene involvement in diseases is

limited. The differences in PPI network wiring around disease-

causing and non-disease related proteins have already been

studied using notions of connectivity and neighbourhoods in

the PPI network.2,6–9,33,34 Immediate neighbours of a protein in

the PPI network were shown to be more likely to have the same

or similar functionality than those that are further away from the

protein3,4 and also to be more likely to cause a similar disease.2,34

A classifier based on a number of topological properties of the

PPI network has been proposed to predict genes involved in

disease, but it produces results that differ for literature-curated

PPI networks, high-throughput yeast two-hybrid network data,

and predicted PPI data.35 An initial observation that correlates a

protein’s essentiality with its degree (i.e., the number of edges that

the node touches) in the PPI network of baker’s yeast36 was later

refuted by re-examination of the hypothesis.37

Even on newer and more complete PPI network data, the

correlation between essentiality and connectivity was not

Department of Computing, Imperial College London, London, SW7
2AZ, UK. E-mail: natasha@imperial.ac.uk
w Published as part of a themed issue dedicated to Emerging
Investigators.
z Electronic supplementary information (ESI) available. See DOI:
10.1039/c2mb25230a
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observed38,39 and it appears to persist only for networks that

are literature-curated,40 or for some smaller Y2H-derived

networks.12 Similarly, when compared to non-cancer genes, genes

involved in cancer were thought to have higher connectivities,33

which was later disputed.7 Utilizing PPI network data was

contrasted with utilising sequence data to differentiate between

genes involved in human hereditary disease and those that are

not, along with their functions.41,42 A general consensus is that

disease proteins have high connectivities and are located in the

‘‘middle’’ rather than on the ‘‘periphery’’ of the PPI network.2

To help resolve some of the controversies mentioned above

that arose because simple network properties, such as direct

neighbourhoods, were used to study protein function in the

context of PPI networks, more constraining measures of the

position of a node in a network have been introduced.5

Graphlets are small, connected, induced subgraphs of a large

network43,44 whose frequencies around the node of interest

give additional insight into the topological position of the

node in the network;5 a subgraph is induced if it contains all

edges between its nodes that exist in the larger network.

Graphlets are different from network motifs,45 which are

subgraphs that are overrepresented in the data compared to

a chosen random graph model: graphlets are induced and they

do not need to be overrepresented. The degree of a node, that

counts the number of edges that the node touches, has been

generalized into the graphlet degree vector (GDV), whose

coordinates give counts of the number of times that the node

touches a particular graphlet at a particular node5 (see Methods).

Hence, graphlets are used for quantifying the topology around

each node in the network. Similarity between GDVs of nodes in

PPI networks has been used to show that a protein’s function

and the topology around it are closely linked and to successfully

predict protein function and involvement in disease.5,9,46,47 Also,

it is used in network alignment algorithms that can correctly

reconstruct species phylogeny and predict protein function solely

from network topology,48–51 as well as for finding new members

of melanin production pathways that have been phenotypically

validated.9,47

1.1 This study

In this study we examine the hypothesis that it is the specifics

of the wiring between proteins in the human PPI network that

is causal to diseases. In particular, we design a method that

identifies the ‘‘core subnetwork’’ of the PPI network in which

genes, i.e., their protein products (henceforth, we use terms

‘‘gene’’ and ‘‘protein’’ interchangeably except when specifically

referring to genetic interaction) involved in a multitude of diseases

reside. The idea is that if a subnetwork that is simultaneously

causal to many diseases exists, then we may be able to exploit this

compactness and concentration of disease genes for therapeutic

intervention and link previously seemingly unrelated diseases.

Indeed, not only do we identify this ‘‘Core Diseasome’’

subnetwork, but also show that its way of interconnectedness

is unique in the PPI network and different from that of the rest

of the network.

In particular, without any a priori knowledge of the involvement

of genes in diseases, by using k-core decomposition (described in

Section 2) and applying it to the PPI network ofHomo sapiens, we

effectively captured the genes present in the above described

Core Diseasome network (Section 3). In addition, the proteins

in the Core Diseasome network are statistically significantly

similar in their wiring in the PPI network, demonstrating a

link between network topology and involvement in disease.

Furthermore, when we searched for subnetworks with the

wiring (also called the network structure, or topology) similar

to that of the Core Diseasome subnetwork, we find that the all

similar subnetworks agree with the Core Diseasome in less than

11% of edges; hence, the topology of the Core Diseasome is

truly unique in the PPI network. Also, this network has a very

high concentration and a statistically significantly enrichment of

apoptosis and cell death genes, as well as drug targets and genes

involved in genetic interactions. It also contains genes that are

believed to be drivers for disease formation (Section 3).

Two other studies used the k-shell decomposition of PPI

data,52,53 but from a different angle and with different goals. In

particular, Wuchty and Almaas (2005) study the protein

interaction network of Saccharomyces cerevisae and focus on

the property of a protein to be essential and evolutionary

conserved at the same time; they find an absence of a trend for

proteins to be both nonessential and evolutionary conserved.52

They further observe that such proteins participate in a

substantial number of protein complexes and search for

proteins which are simultaneously lethal and orthologous.

The other study, by Wachi et al. (2005), also focuses on the

PPI network of baker’s yeast and concludes that the genes

important for human cancer cells share topological characteristics

of essential genes in yeast.53 The focus of our study is different.

First, we build upon the claim that direct neighbourhood alone is

not a sufficient criterion to characterize a protein’s position in the

network and that the extended local neighbourhood of a protein

is to be considered to examine or predict a protein’s function. We

address this by applying graphlets. Second, we focus specifically

on the human PPI network, and use datasets that are up to date

and much more complete than those used in older studies. Also,

we account for the presence of noise in the PPI data (Section 2.1).

Furthermore, the above mentioned studies that use k-shell

decomposition do not investigate the druggability of the

obtained network substructure, the presence of driver genes,

genetic mutations, or incorporate the similarity in the wiring

of extended neighbourhood of every node in a PPI network,

while our study does. Also, we do not focus on a single disease

as do the above studies, rather, we ask the question: what is it

that is common in the PPI network wiring for a multitude of

human disease proteins? Hence, our approach is different in

that is systematically addresses many aspects of the human

PPI network substructure related to disease.

To our knowledge, this is the first study that purely from

the topology of the human PPI network identifies a topologi-

cally and functionally compact and homogeneous subnet-

work that may drive disease formation and be a key to

therapeutics.

2 Methods

In Section 2.1, we describe the construction of PPI networks used

in this study. In Sections 2.2 to 2.5, we describe computational

graph theoretic tools used in this analysis.
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2.1 Data sets

We obtain the H. sapiens PPI network data from BioGRID32

and HPRD.31 We use the union of interactions from these

two databases to increase coverage. Also, we remove all

self-interactions, as well as all proteins that participate in

fewer than four interactions. We remove these low-connected

proteins, since they may be involved in lower confidence

interactions. This is because their low connectivity may be

due to the lack of experiments performed for detecting

the interactions. In this way, we remove both disease and

non-disease genes that are not well studied and hence could be

involved in noisy interactions.

We obtain the human genetic interaction data from

BioGRID; this dataset is still very sparse, with under 300

interactions. We downloaded these data in July 2011. We

obtain disease-gene association data from Disease Ontology.54

As for PPI data, we also filter out potentially noisy associations:

we do not consider diseases that have fewer than five genes

associated with them. The reason for this is that association of

genes with such diseases may not have been fully explored yet.

We obtained these data in September 2011. Table 1 summarises

the three datasets.

The entire human PPI network, H-ALL, contains 11100 nodes

and 56708 edges, after removing self-loops and filtering noise as

described above (Table S1, ESIz). First, we find the subnetwork

of H-ALL that contains topologically similar disease proteins: we

test for topological similarity of all pairs of disease proteins using

graphlet degree vectors (GDVs) described in Section 2.3 using a

statistically significant threshold (p-value r 0.01). A similarity

value is attributed to a statistical significance cutoff in

the following way. We place pairs of proteins into bins of

similarity ranging from 0% to 100%. Once we have the

number of protein pairs in each of the similarity bins, we

apply a statistical hypergeometric model to find what is the

random chance of each bin containing at least the number of

protein pairs that it does contain. By doing this, we assign a

p-value to each similarity bin. Hence, the p-value of 0.01

corresponds to proteins that, in this case, have wirings around

them which are at least 87% similar. We form an induced

subgraph of H-ALL on these statistically significantly similar

disease proteins and call that subgraph H-SIM. This gives us

a much smaller PPI network of 8655 interactions amongst

1706 nodes. We form this network searching for a relationship

between network topology of disease proteins and the role of

topology in linking seemingly different diseases. An induced

subgraph of H-ALL with nodes that are not in H-SIM is called

REST. It is clear that REST is free of any disease proteins that

are statistically significantly topologically similar with respect

to GDV. Note that REST still contains many disease proteins,

but not those with similar wiring around them. However, we

show that REST does not enrich the same Gene Ontology

(GO) terms54 as H-SIM, hence strengthening the hypothesis

that not all disease proteins are equal (see Section 3).

To further refine our H-SIM network in search of the ‘‘key’’

network topology that would explain the source and cause of

many different diseases, we find the k-core decomposition

(described in Section 2.5) of H-SIM; it contains exactly

100 proteins. Our hypothesis is that by taking all disease

proteins with highly similar topology around them (H-SIM)

and looking at the core, should give insight into a ‘‘central’’

structure specific to disease, quite possibly the one that is

driving the formation of disease. After finding the core proteins,

we then ask if we could have obtained these 100 proteins

directly from the topology of the entire PPI network, without

any a priori knowledge about disease proteins or their topological

similarity. Indeed, we find that when we do the k-core decom-

position of H-ALL, we obtain 105 proteins amongst which

88 overlap with the 100 proteins from k-core decomposition of

H-SIM; we call the PPI network induced on these 88 proteins

CORE (Table S2, ESIz).
Note that CORE does not necessarily contain hub nodes,

i.e., nodes of high degree. That is, k-core decomposition of a

network is not inherently biased towards hub nodes but,

rather, is a method for extracting the core of a given network

(detailed in Section 2.5). We illustrate this through an example

of a network that contains highly connected hub nodes (say of

degree 300) but on its periphery, i.e., these peripheral hubs

have many neighbours linked only to the hub node (say a hub

of degree 300 has 299 of its neighbours of degree one): such

hub nodes nodes would not end up in the core (i.e., kmax-core

described in Section 2.5) of the network because the first

iteration of the core-finding algorithm would strip away

almost all of its neighbours (i.e., it would strip away the

299 degree 1 neighbours of the hub in this example) and the

hub in question would be of very low degree after the first

iteration of the algorithm (i.e., it would be of degree 1 in our

example) and would itself be eliminated in the next iteration of

the algorithm. Hence, such hubs would not be in the core, even

though they are of much higher degree than the nodes that are

close to the ‘‘center’’ of the network and hence would be in the

core. This is exactly for happens to the proteins in the human

PPI network that we analysed. The Core Diseasome contains

around 37% of the highest degree nodes, where we define the

highest degree nodes to be those that are in the top 1% of the

nodes with highest degree. Furthermore, we examine Pearson

correlation between the degree of a node and its k-core index

(described in Section 2.5): the resulting correlation is only

0.69 indicating that the connectivity (i.e., degree) of a node is

not strongly correlated to the node’s k-core index. This says

that it is not the hub nodes that are captured by the k-shell

decomposition, but the nodes which have a specific strategic

placement within the network. This is also confirmed by

Kitsak et al., Nature Physics (2010)55 and Wuchty & Almaas,

Proteomics (2005).52

2.2 Basic network statistics

To get the first glimpse into the structural organization of the

four PPI networks described above, first we compute the most

Table 1 The interaction data

Interaction data # of nodes # of edges Reference

Protein–protein 11 100 56 708 HPRD, BioGRID
Disease-gene 4029 Disease Ontology
diseases 561 diseases
genes 4004 genes

Genetic 274 281 BioGRID
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commonly used network statistics of each of them. Here we

describe these statistics.

The degree of a node is the number of edges that the node

touches. We compute the average degree over all nodes in

a network. The clustering coefficient measures the level of

cliquishness in a network: it computes the concentration of

triangles in the neighbourhood of a node, averaged over all

nodes in the network. The distance between two nodes is the

smallest number of edges that has to be traversed to get from

one node to the other; the path that achieves that distance is

called the shortest path between those nodes. The average path

length is the average of shortest path lengths between all pairs

of nodes in the network.56

The eccentricity of a node v is the greatest distance between v

and any other node in the given network; in other words, it

measures how far node v can possibly be from any node given

network. The network diameter and radius are at opposite

ends of the range of possible eccentricity values—radius is the

minimum and diameter the maximum eccentricity over all

nodes in the network. Then, ē is calculated as

�e ¼ diameter

radius

and it tells us how compact the network is, i.e., whether its

nodes can be divided into ‘‘central’’ and ‘‘peripheral’’ ones.

Clearly, the diameter can be at most twice the radius of the

network. If the diameter of the network is equal to the radius,

then the network has no peripheral nodes and otherwise

it does.

Table 2 summarises the basic statistics of H-ALL, H-SIM,

REST and CORE networks. Each of the statistics was

computed for the particular network rather than in relation

to other networks. For example, the table shows that the

CORE network has the most compact topology (the smallest ē);

note that ē of CORE is computed on CORE network itself and

not on CORE as a part of H-ALL. Hence, low ē is not an

artefact of the construction process of this network, but it is a

property of CORE itself. The highest possible value ē can

achieve is 2, as d = 2 � r, and thus, REST achieves this

maximum (and H-ALL and H-SIM almost achieve it),

which implies that it is as far ‘‘stretched’’ as it possibly can

be. Hence, even with these simple statistics, we see a difference

in structural organization between CORE and all other

networks: CORE has the largest clustering coefficient and

average degree, and the smallest diameter, radius, ē, and

average path length of all four networks. This means that it is

compact and densely clustered, while the remaining three net-

works are not: they are rather uniform in the values of the

measured network properties and are far spread and low

clustered.

2.3 Analysing network topology by using graphlets

Asmentioned above, graphlets are small connected non-isomorphic

induced subgraphs of a large network.43 There are 30 graphlets with

2 to 5 nodes (Fig. 1). In a graphlet, different ‘‘symmetries’’ may exist

between the nodes (denoted by different node shades in Fig. 1).

They are formally captured by the notion of an automorphism orbit

(see Pržulj (2007) for details44). The graphlet degree vector (GDV) of

a node is a generalisation of the degree of a node, but whereas

the degree only measures the number of edges that a node

touches (i.e., graphlets denoted by G0 in Fig. 1), the graphlet

degree vector consists of 73 coordinates each of which represents

the number of times the node touches a particular graphlet

at a particular automorphism orbit (an illustration is given

in Fig. 2).

The GDV of a node is also called the node signature.5 The

similarity between GDVs of nodes u and v in graph G is

computed as follows. If ui is the ith coordinate in the GDV of

node u (i.e., the number of times node u is touched by orbit i),

and vi is the corresponding ith coordinate in the GDV of node

v, the distance between these two orbits is computed as:

Diðu; vÞ ¼ wi � j logðui þ 1Þ � logðvi þ 1Þj
logðmaxðui; viÞ þ 2Þ ;

Table 2 Basic network properties for our four networks

H-ALL CORE H-SIM REST

Number of nodes 11 100 88 1706 8227
Number of edges 56 807 865 8655 24 730
Clustering coefficient 0.125 0.462 0.173 0.102
Diameter 13 3 9 16
Radius 7 2 5 8
ē value 1.85 1.5 1.8 2
Avg. degree 10.23 19.65 10.14 4.53
Avg. path length 3.69 1.87 3.48 4.53

Fig. 1 Graphlets with up to five nodes. There are 30 of them,

G0,G1,G2,. . .G29, and they contain 73 topologically unique node types,

which are called ‘‘automorphism orbits’’. Nodes belonging to the same

orbit are of the same shade.44

Fig. 2 An illustration of the GDV of node v. GDV(v) =

(2,1,1,0,0,1,0. . .,0), meaning that v is touched by two edges (orbit 0),

illustrated in the left panel, an end-node of one graphlet G1 (orbit 1),

illustrated in the middle panel, the middle node of one graphlet G1

(orbit 2), illustrated in the left panel again, no nodes of a triangle (orbit

3 in graphlet G2), no end-node of graphlet G3 (orbit 4), one middle

node of graphlet G3 (orbit 5), illustrated in the right panel, and no

other orbits.
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where wi is the weight of orbit i that accounts for dependencies

between orbits (see Milenković and Pržulj (2008) for details5).

The total distance between nodes u and v is then

Dðu; vÞ ¼
P72

i¼0 Di
P72

i¼0 wi

This normalised distance is in [0, 1] range, with the distance of

0 meaning that nodes u and v have identical signatures.

Finally, the signature similarity, S(u,v), between these nodes

is computed as

S(u,v) = 1 � D(u,v).

Hence, higher signature similarity indicates higher topological

similarity between the two nodes.

GDV similarity can identify nodes with almost identical

interaction patterns within a network, but also across different

networks. In this paper, we use it to compare nodes within

the same network. GRAAL family of network alignment

algorithms uses it to align topologically similar nodes across

different networks.48–51

2.4 Network alignment

Aligning networks is a process of mapping nodes of one

network onto the nodes of another with a goal of maximizing

the number of aligned edges between the aligned nodes. The

problem is computationally intractable due to the underlying

subgraph isomorphism problem that is NP-complete.57 Hence,

approximate solutions are sought. Analogous to sequence

alignment, network alignment algorithms can be local and

global. There exists a number of network alignment algo-

rithms.48–51,58–65 The topological quality of alignment is usually

measured by edge correctness (EC), which is the percentage of

edges of the smaller network that are correctly aligned to edges

of the larger network.48,64

Since in Section 2.2 we have shown that the topology of

CORE is different from the topology of the rest of the PPI

network, we ask if that topology is unique in the network. To

answer that, we use a network alignment algorithm that would

align CORE to regions of H-ALL. We need an alignment

algorithm that can give different alignments in different invocations,

since it randomly picks between equally good choices while

searching for an alignment. Hence, we pick MI-GRAAL50

restricted to using only GDV-similarity to find similar nodes

to align. The results of using MI-GRAAL to align CORE to

H-ALL are given in Section 3.2.

2.5 k-Core decomposition

k-Core decomposition is a process of iteratively pruning a

network in search of its subgraph in which all nodes are of

degree at least k.66,67 It works as follows:

1. All nodes of degree one or less are removed from the

network, along with all their edges;

2. In the remaining network, all nodes of degree two or less

are removed from it, along with their edges;

3. This process is repeated until only nodes of degree at least

k remain. The largest k value for which k-core is not empty

is called kmax, and the corresponding subgraph is called

kmax-shell or the kmax-core.

This is illustrated in Fig. 3. k-Core decomposition has been

used to analyse social networks,68 the World Wide Web

and the Internet,69,70 as well as to investigate essentiality

and leathality of proteins.52,53 We apply it here to find the

kmax-core of the human PPI network, H-ALL, as well as the

kmax-core of H-SIM. The overlap of these two kmax-cores is

CORE network described in Section 2.1.

3 Results and discussion

We analyse the entire human PPI network, H-ALL, as well as

its three different subnetworks: the first, CORE, consists of

disease-annotated proteins involved in very tightly knit inter-

actions; the second, H-SIM, also contains only disease-related

proteins, but they are more loosely intertwined; and the third,

REST, is also loosely intertwined and contains some disease-

related proteins, as well as all proteins that are currently not

known to be related to disease (see Section 2.1).

In Section 3.1 we further examine the topology of CORE

and show that it substantially differs from the topology of the

other three subnetworks. Furthermore, we show that the

internal wiring of CORE is unique in the entire human PPI

network (Section 3.2). In Section 3.3 we examine the functional

annotation and pathway enrichment of CORE and show that it

also differs from those of the other three subnetworks. Since

CORE has a distinct topology and biological function, in search

of an explanation for this difference, we further test it for

enrichment in genetic interactions (Section 3.4). We offer a

biological explanation for the observed uniqueness of CORE

with respect to its topological and functional characteristics.

3.1 Topological homogeneity of the Core Diseasome

We examine in detail the topology of the four PPI networks by

using GDV-similarity described in Section 2.3. In particular,

we compare the topology around nodes within each of the four

networks (Fig. 4) and show that the internal wiring of CORE

differs from those of the other three networks. We also

compare nodes across networks (Fig. 5) and highlight which

networks have similar wiring and which ones differ.

Fig. 3 A three-level deep k-core decomposition of a network. The

value of kmax is 3.
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Fig. 4 presents GDV-similarities between all pairs of nodes

within each of the four networks. It shows that while H-ALL,

H-SIM, and REST have heterogeneous node wiring patterns

(black, red, and dotted lines, respectively), that is not the

case with CORE (green line in Fig. 4). In particular, GDV-

similarity of nodes within CORE is distinctly higher that that

of the other networks, starting at about 75% and peaking at

about 95% GDV-similarity, while in the other three networks

the distribution is fairly flat and uniform. Note that this is

not expected from the construction of these subnetworks

(recall that H-SIM is an induced subgraph on disease proteins

with statistically significantly higher GDV-similarity then

expected at random in the entire PPI network, i.e., p-value =

0.01 which corresponds to GDV-similarity of 87%—see

Section 2.1), since GDV-similarities are computed only within

subgraphs induced on the nodes belonging to the subnet-

works, rather than in the context of the entire PPI network.

Hence, we conclude that the topology of CORE is homo-

geneous in the sense that all of its nodes have very similar

wiring, while the topology of the other three networks is not. It

is particularly surprising that H-SIM has heterogeneous node

wiring, since it is constructed only on disease proteins whose

GDV-vectors are statistically significantly similar in the entire

PPI network. In the next two sections, we explore the biology

behind this phenomenon. Our hypothesis is that such compact

topology (in the sense of small ē and large clustering described

in Section 2.2) and homogeneous node wiring contribute to the

recently proposed existence of ‘‘driver’’ genes whose mutations

trigger mutation of other genes that collectively lead to various

types of cancer phenotypes71–74 (see Section 3.4).

Fig. 5 also presents GDV-similarities between nodes, but

now across different PPI networks. In particular, we compute

GDV-similarities between all pairs of nodes across the four

PPI networks, resulting in six comparisons represented by six

lines in each of the two figure panels. Both panels represent the

same comparisons, the only difference is that in panel A,

GDV-similarities are in bins of 1%, while in panel B they

are in bins of 10%; we do this to emphasize the trends that

may be difficult to observe from any panel alone. As expected,

the figure shows differences in node wirings of CORE and the

entire PPI network, H-ALL (red line), as well as in node

wirings of CORE and REST (black line). Also, CORE and

H-SIM have similar node wirings (dark blue line), which is

expected since CORE is a subgraph of H-SIM. The remaining

three comparisons, H-ALL versus REST (green line), H-ALL

versus H-SIM (light blue line), and H-SIM versus REST

(purple line), demonstrate neither similarity nor dissimilarity

node wiring patters across these networks. It is surprising

that the latter two exhibit no dissimilarity, since H-SIM is

constructed on the nodes that have statistically significantly

high GDV-similarity; however, this is due to GDV-similarities

being computed in the induced subgraph itself rather that in it

Fig. 4 Distributions of GDV-similarities of proteins within each of

the four PPI networks. x-axis represents GDV-similarities of nodes in

the network in bins of 1%. y-axis represents percentages of protein

pairs that have a particular GDV-similarity. The four networks are

H-ALL (black line), H-SIM (red line), CORE (green line), and REST

(dashed line).

Fig. 5 Distributions of GDV-similarities of proteins across the four PPI networks. x-axes represent GDV-similarities of nodes across the

networks: (A) in bins of 1%; (B) in bins of 10%. y-axes represent percentages of gene pairs that have a particular GDV-similarity. The four

networks are H-ALL, H-SIM, CORE and REST, and their comparisons are: H-ALL versus REST (green line), H-ALL versus CORE (red line),

H-ALL versus H-SIM (light blue line), H-SIM versus CORE (dark blue line), H-SIM versus REST (purple line), and CORE versus REST

(black line).
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as a part of the entire PPI network. Interestingly, neither

proteins in H-SIM nor in REST differ in wiring from the

proteins in H-ALL, which is not expected since proteins in

H-SIM should differ fromH-ALL as they are disease proteins with

similar network wiring; again, this is because GDV-similarities are

computed within H-SIM only. These observations point to detailed

structural differences across the four networks, over and above

those mentioned in Section 2.2. Since proteins in H-ALL and

H-SIM have no topological dissimilarities, which are expected,

and since CORE proteins are topologically similar to H-SIM and

dissimilar to H-ALL, we further examine if CORE proteins can

somehow make a topological connection between the other two

sets. Indeed, this is the case (see Section 3.5). The structure of

CORE is illustrate in Fig. 6; as mentioned above, we hypothesise

that it contains the ‘‘driver’’ genes whose mutations lead to various

types of cancer71–74 and henceforth we call proteins in CORE

network ‘‘the Core Diseasome’’ (see Section 3.4).

3.2 Topological uniqueness of the Core Diseasome

We ask if the above described distinct topology of the Core

Diseasome is unique in the PPI network. Hence, we search in

H-ALL for subnetworks with the structure similar to that of

CORE. To do that, we perform 4000 alignments of CORE

with H-ALL using MI-GRAAL algorithm described in

Section 2.4. We perform 4000 alignments, since by doing so

we cover 97% (i.e., the entire largest connected component) of

the entire human PPI network as it matches each node in

CORE with a node that has not just a similar degree but the

entire 4-level-deep neighbourhood similar to it. Interestingly,

the average edge correctness (EC) of aligning CORE to other

regions of H-ALL obtained by the 4000 alignments is 9.47%

with the standard deviation of 0.25%, while the maximum

obtained edge correctness value for this alignment is 10.52%

(Fig. 7). There is no universal edge correctness threshold for

establishing similarity between two networks. Clearly, in

theory, a perfect match is 100%. However, it is unrealistic to

expect such high EC in alignment in complex biological

networks. Hence, as a reference point, we use a study50 which

aligns two different PPI networks (human and baker’s yeast)

using the same configuration of MI-GRAAL and purely

topological alignment that we use here. In that study, the

maximum achieved EC between PPI networks of yeast and

human is 23.26% with an average of 19.73% and a standard

deviation of 1.39%. This falls 6.62 standard deviations away

from our maximal (best case) score, making our maximal score

small enough not to be considered a clone with extremely

high statistical significance. As mentioned, the MI-GRAAL

algorithm, which works by matching the topological environ-

ment of a node, includes the degree measure as just one of

73 constraints it is based on. Therefore, it is much more

constringent and precise in detecting topological similarity than

just searching for a structure with similar or exact same degree

distribution as CORE. This indicates that the topology of the

Core Diseasome is unique, i.e., the topological copy of CORE

does not exist anywhere else in the human PPI network.

3.3 Functional annotation of the Core Diseasome

We have seen that CORE proteins have a topology distinct

from the topology of disease proteins that are not in CORE.

To examine biological properties of CORE, we investigate

their functional annotation described in Gene Ontology,54

along with the implicated pathway enrichments. GO consists

of three main domains—cellular component (CC), molecular

function (MF) and biological process (BP)—which answer

where the gene product is located in the cell, what molecular

functions it performs, and in which biological processes it

participates, respectively. We analyse enrichment across all

levels of hierarchy of GO.

Using H-ALL as the background model and performing

hypergeometric statistical testing with Benjamini–Hochber

Fig. 6 The Core Diseasome of H. sapiens. Known and predicted

disease driver genes71–74 are grey.

Fig. 7 The distribution of edge correctness scores across 4000 different

runs of MI-GRAAL network alignment algorithm applied to CORE

and H-ALL networks. x-axis represents the 4000 runs of MI-GRAAL,

while y-axis represents the achieved edge correctness for each of

them. We ordered the runs on x-axis in the descending order of edge

correctness.
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False Discovery Rate (FDR) correction to obtain relevant

p-values, we find that proteins in CORE are enriched in 104MF

terms, 549 BP terms and 59 CC terms. The terms that have the

highest statistical significance in the MF category are all related

to transcription and binding, in particular: enzyme binding

(p-value = 2.9 � 10�24), transcription factor binding (p-value =

3.7 � 10�22), transcription regulator activity (p-value = 2.3 �
10�20), DNA binding (p-value = 2.5 � 10�12), and promoter

binding (p-value = 3.2 � 10�12). In the BP category, terms with

the highest statistical significance are mostly related to regulation,

in particular: positive regulation of macromolecule metabolic

process (p-value = 2.1 � 10�32), positive regulation of cellular

biosynthetic process (p-value= 5.0� 10�29), response to organic

substance (p-value = 5.6 � 10�27), regulation of cell prolif-

eration (p-value = 2.5 � 10�23), and positive regulation of

gene expression (p-value = 3.5 � 10�23). A CC term with a

high statistical significance is nucleus (p-value = 1.7 � 10�18),

where 78% of the CORE ’s genes are. All of these GO

category enrichments indicate that the Core Diseasome plays

a critical role in transcriptional regulation.

We notice that regulation of cell death and apoptosis

(GO term IDs 10941 and 42981, respectively) are highly and

statistically significantly enriched in H-SIM and CORE, but

not in REST (Table 3). Note that H-SIM contains about half

of all disease genes, so REST contains the other half of them.

However, while H-SIM has about 20% enrichment in the

above GO terms, REST has no enrichment in them. To rule

out the possibility of this result being a feature of higher

connectedness of proteins involved in these processes, we

check for their presence in the top 1% of hub nodes. We find

that only 9 nodes (out of 185) apoptosis proteins fall in this

category. Evenmore, these 9 are evenly split between H-SIM

and REST, so that 5 are in H-SIM and 4 in REST. Cell death

has no proteins in the top 1% of hubs. Hence the achieved

enrichment is not a feature of higher connectedness of

these proteins. Interestingly, CORE has an even higher (and

statistically significant) enrichment in these GO terms of about

30%. This indicates that the Core Diseasome subset of H-SIM

may capture genes causal to diseases for which we generally

have no effective cure, including cancer, hematologic diseases,

neurodegenerative diseases, progression of viral and HIV

infection. Indeed, we verify that CORE genes are enriched in

the following pathways: (a) pathways in cancer (p-value =

2.2 � 10�29); (b) acute myeloid leukemia (p-value =

1.7 � 10�10); (c) Wnt signalling pathway (p-value = 3.0 � 10�5);

(d) ErbB signalling pathway (p-value = 2.5 � 10�13); (e) T cell

receptor signalling pathway (p-value = 1.5 � 10�6).

In addition to asserting the topological uniqueness of CORE

in Section 3.2, to account for the possibility of existence of other

subnetworks inside the human PPI which are not only struc-

turally but also functionally alike CORE we perform statistical

significance testing. Enumerating and testing for enrichment

all possible combinations of genes, including those that have a

degree distribution like CORE, is computationally infeasible

as it would require an unreasonably long time period (years of

processing time). For this reason the statistical significance

of our obtained results was computed using the model of

hypergeometric distribution that computes the probability of

observing a given result over all possible random permutations

of proteins within the network.

To control for the percentage of disease genes in a network

affecting the enrichment of that network with disease related

GO terms, we test for GO term overlaps under different

conditions. We find that the overlap in GO terms between

REST and H-SIM (when specifically compared against a same

background model to rule out any bias) is almost non-existent.

Hence, we effectively achieved an almost perfect functional

separation of the disease genes using only topological difference.

To test this, we observe the overlap between enriched GO terms

in two sets—H-SIM as the first, and a set of only disease genes in

REST as the second. As both these sets contain a similar portion

of all disease genes (roughly 50% each), to exclude any biases we

compare them against the same background model comprised of

the entire H-ALL network. The chosen p-value is 0.01 and the

results are as follows. H-SIM enriches 3299 GO terms, while

disease genes in REST enrich 1186 GO terms. To account for all

overlaps and achieve the maximal possible overlap, we use GO

terms from all three classifications – cellular component (CC),

biological process (BP) and molecular function (MF). The

intersection of these two GO sets is only 61 GO terms (13 CCs,

14 MFs and 34 BPs), none of which are related to apoptosis or

cell death and they all appear to be related to fairly widespread

organismal functionalities (results not shown). Hence, we

conclude that it is possible to obtain a functional separation

of disease genes through pure topology.

3.4 Genetic interactions and driver mutations in CORE

To further explore the functional space of the Core Diseasome,

first we examine the enrichment of genetic interactions32 in

CORE and then examine druggability of proteins participating

in them. This is because it has been proposed that genetic

interactions can lead to development of new therapeutic

approaches:71 as cancer genomes are gaining momentum in

unveiling key genetic principles in cancer, genetic interactions

are increasingly starting to show that a very small number of

genetic changes may trigger disease onset. These mutations are

usually called driver mutations. CORE captures 15 of these

driver genes (both known and predicted). It contains 32 genes

participating in genetic interactions. There are 21 genetic inter-

actions amongst 22 genes in CORE (depicted as green nodes in

Fig. 8) and the remaining 10 of the 32 genes participate in

genetic interactions with 59 genes (depicted as white nodes in

Fig. 8) outside of CORE; the total number of genetic inter-

actions in Fig. 8 is 100. This enrichment of genetic interactions

in CORE is statistically significant (p-value = 1.1 � 10�16).

We examine the 32 CORE genes which take part in genetic

interactions in more detail. Two of them, EP300 and CREBBP

Table 3 Enrichment of GO terms corresponding to regulation of cell
death and apoptosis (GO:10941 and GO:42981, respectively) in the
four PPI networks (H-ALL, H-SIM, CORE, and REST)

Regulation of cell
death (GO:10941)

Regulation of
apoptosis (GO:42981)

H-ALL 8.9% 8.8%
H-SIM 19.9% (p-val = 8.59 � 10�60) 19.8% (p-val = 1.13 � 10�59)
REST No enrichment No enrichment
CORE 32.1% (p-val = 6.93 � 10�10) 29.8% (p-val = 1.1 � 10�8)
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(pink nodes in Fig. 8), are hubs (i.e., highly connected) both

in the entire human genetic interaction network and in

the entire human PPI network, with 22 and 18 interacting

partners, respectively; they are also hubs in CORE

genetic interaction network presented in Fig. 8. CREBBP, a

nuclear-based transcription activating protein, has a critical

role in embryonic development, growth control, and home-

ostasis.75 Its domains, KIX, TAZ1 and TAZ2, bind to a

sequence present in transactivation domains of transcription

factor p53.75,76 It shares high sequence similarity with the

other hub gene, EP300, which is used for effectively restraining

cells’ growth and division.76 Additional genes with at least

three genetic interactions in the CORE genetic interaction

network are: RELA, CTNNB1, AR, MYOD1, CEBPA, and

BRCA1. The meaning of this epistasis is a subject of future

research.

Amongst the 22 genes participating in genetic interactions

within CORE, there are 11 drug targets linked to 116 distinct

drugs (p-value = 8.64 � 10�5). Three of these eleven drug

targets are targeted by 23 or more drugs. In particular, ESR1

is targeted by 61 different drugs, AR by 40, and NCOA2 by 23

(Fig. 9). The p-value of any target being hit by more than 22

drugs is 0.0017. Furthermore, two known driver genes, RB1

and CTNNB1, are drug targets and are in CORE. This may

indicate that the topological compactness and homogeneity

of the Core Diseasome (Sections 2.2 and 3.1) and its enrich-

ment in druggable driver genes genetically interacting with

many other genes, may facilitate discovery of new therapeutic

approaches. Further refinement of network analysis techniques

along with experimental discovery of additional driver

genes could yield insights into disease and improvements in

therapeutics.

3.5 Computing the Core Diseasome

Recall that CORE was obtained by intersecting the kmax-core

decompositions of H-ALL and H-SIM. Since we constructed

H-SIM from topologically similar disease genes, the knowledge

of disease genes was used to construct CORE. Now we ask

whether we could obtain the Core Diseasome purely computa-

tionally and without any knowledge of disease genes.

To do that we focus on the subset of H-ALL containing

only proteins obtained from the kmax-core decomposition of

H-ALL. Hence, no knowledge of disease genes was used

to construct this subset. We call this subset ALL-CORE.

ALL-CORE contains 105 proteins, 88 of which are in CORE.

We examine the 17 proteins of ALL-CORE that are not in

CORE. We find that five of these 17 proteins are known drug

targets, each targeted by at least two drugs; the p-value of

having such enrichment of drug targets in these 17 proteins is

0.048. One of them, MAPK14, is targeted by 50 different drugs

(p-value = 0.026).

Next we examine if there is any relationship between

proteins in ALL-CORE and those in SIM-CORE, which we

obtain by the kmax-core decomposition of H-SIM. SIM-CORE

has 100 proteins out of which 88 are in CORE. Interestingly,

11 of the 12 SIM-CORE proteins that are not in CORE

(i.e., all but NCK1; they are coloured green and listed in

Fig. 10) are related with the 17 proteins from ALL-CORE that

are also not in CORE (coloured blue and listed in Fig. 10):

they together cause the same disease. The list of diseases that

they jointly cause is presented in Fig. 10. Additionally, they

do not have direct physical interactions between them, but are

linked via 57 proteins in 175 out of the maximum possible 204

different ways (12 � 17 = 204). 30 out of these 57 connecting

proteins are in CORE.

This illustrates the topological compactness and functional

relatedness of proteins in ALL-CORE with those in CORE

and SIM-CORE, suggesting that the notion of the Core

Fig. 8 Genetic interactions of CORE genes. Green nodes are genes in

CORE, pink nodes are the two hubs (highly connected genes), and

white nodes are outside of CORE, but they participate in genetic

interactions with genes in CORE.

Fig. 9 An illustration of the drug-target network of CORE. Blue

nodes are drugs and green nodes are genes.
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Diseasome could be enlarged and purely computationally

obtained from the human PPI network. That is, by simply

computing the kmax-core decomposition of the entire human

PPI network, we can obtain the set of topologically and

functionally unique proteins that we term the Core Diseasome.

4 Concluding remarks

We demonstrate that we can computationally isolate a subnet-

work of the human PPI network that is topologically and

functionally homogeneous and enriched in disease genes and

drug targets. Also, it contains genes that are known to drive

disease formation. Furthermore, we show that the topology of

this network is unique in the human PPI network. We call this

network the Core Diseasome. Since this network has a very

specific structure that varies from the remainder of the human

interactome, and since it is also enriched with genes involved

in key disease mechanisms, this leads to a speculation that

‘‘driver topology’’ indeed exists within our interactome and we

hypothesise that it may be the wiring of the Core Diseasome

that leads to disease formation. Confirming this hypothesis is a

subject of future research.
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5 T. Milenković and N. Pržulj, Cancer Inf., 2008, 4, 257–273.
6 P. Radivojac, K. Peng, W. T. Clark, B. J. Peters, A. Mohan,
S. M. Boyle and M. S. D. Mooney, Proteins: Struct., Funct.,
Bioinf., 2008, 72, 1030–1037.

7 K. Goh, M. E. Cusick, D. Valle, B. Childs, M. Vidal and
A.-L. Barabási, Proc. Natl. Acad. Sci. U. S. A., 2007, 104,
8685–8690.

8 M. A. Yidirim, K.-I. Goh, M. E. Cusick, A.-L. Barabási and
M. Vidal, Nat. Biotechnol., 2007, 25, 1119–1126.
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Exocytotic release of transmitters is mediated by the
ternary SNARE complex. The form of this complex is
consistent with its function in the positioning of vesicles
to the plasma membrane and their fusion to it. Recent
advances in single-molecule techniques, however, bring
an additional layer of complexity to this process, impli-
cating that there might be various modes of operation.
For example, the binary syntaxin–synaptobrevin 2 com-
plex, in addition to the ternary complex containing
SNAP25, might enable vesicular docking. Single-mol-
ecule techniques allow direct measurements of the dis-
tance/extension, rupture force, spontaneous
dissociation times and interaction energy for SNARE
protein–protein interactions. These measurements are
complementary to results and conclusions drawn from
other techniques. Consequently, single-molecule tech-
niques promise tremendous opportunities for in vitro
investigations of SNARE proteins to improve our un-
derstanding of their role in exocytosis.

Introduction
The view that brain function follows its form dates back to
ancient Roman times. Themost prominent figure in Roman
medicine, the Greek physician Galen (years �129–200),
tried to deduce brain function from its physical properties.
He poked around the cerebrum and the cerebellumwith his
finger. By comparing the stiffness, he assigned the softer
cerebrum tobe the receiver of sensation,whereas theharder
cerebellumhe thought commanded themuscles.Nownearly
19 centuries later his reasoning might appear dubious, but
surprisingly he was not too far from the truth. In a similar
manner in this review, we explore the relationship between
form/structure of theSNAREcomplexand its functionusing
contemporary tools. Our journey starts with a primer on the
SNARE complex form, mainly guided by X-ray crystallo-
graphy. We then briefly discuss SNARE function as pro-
posed from biochemical, genetic and electrophysiological
approaches followed by a comparison with the information
gathered by single-molecule techniques, most notably fluor-
escence resonant energy transfer (FRET) and atomic force
microscopy (AFM).

SNARE primer
The soluble N-ethylmaleimide-sensitive fusion protein
(NSF) attachment protein (SNAP) receptor (SNARE) com-
plex [1] is ubiquitously used for membrane fusion ranging

from yeast to human [2]. In the brain, the major cell types,
neurons and astrocytes, use regulated exocytosis for their
intercellular communication [3]. In these cells, the increase
in intracellular Ca2+ leads to the fusion of secretory orga-
nelles to the plasma membrane, causing the release of
transmitters, stored within secretory organelles, to the
extracellular space. The molecular machinery necessary
for such regulated exocytosis includes the core SNARE
complex (Figure 1a). This ternary complex is composed
of proteins located at the plasma membrane: syntaxin (Sx)
and synaptosome-associated protein of 25 kDa (SNAP25)
or in some cells its homologue, SNAP23; and synaptobrevin
2 (Sb2), also known as vesicle-associated membrane
protein 2 (VAMP2) or in some cells its homologue, cellu-
brevin (VAMP3), located on secretory vesicles. There are
many ancillary proteins to this complex, most notably the
Ca2+-sensor synaptotagmin 1 in neurons. In astrocytes,
which do not express synaptotagmin 1, the necessity of
synaptotagmin 4 for exocytotic release has been implicated
[4]. However, the lack of Ca2+-binding properties of this
protein [5] challenges its putative role as a Ca2+ sensor.

X-ray structural studies of the ternary SNARE complex
[6] reveal that the SNARE domains of Sx, SNAP25 and Sb2
are bundled to form a 12 nm long cylinder with a variable
radius along its length (Figure 1b). SNARE domains form
four a helices, one each from Sx1 and Sb2 and two from
SNAP25 (SN1 and SN2), that are coiled and arranged in
parallel with all the N termini at one end and their C
termini at the other (Figure 1b). Such a four-helix coiled-
coil is held together by hydrophobic bonds and an ionic
interaction in the interior of the core (Figure 1c). The
hydrophobic residues interact in a plane almost perpen-
dicular to the axis of the bundle, similar to that observed
for parallel tetrameric leucine-zipper proteins, such as
GCN4 [7]. A total of 15 hydrophobic layers flank a highly
conserved ionic bond in the ionic (zero) layer (Figure 1c); 7
of them are located N-terminally (labeled �1 to �7),
whereas 8 are C-terminal (labeled +1 to +8) from the 0
layer. Themost notable deviation from theGCN4 structure
is the anisotropy of the distribution of leucine, isoleucine
and valine residues constituting leucine-zipper-like hydro-
phobic layers in the SNARE complex bundle. The layers
+1, +2 and �1 directly surrounding the ionic layer follow
packing observed in GCN4, whereas the remaining leu-
cine-zipper layers in the SNARE complex deviate from it.
The ionic layer is composed of Arg56 from Sb2, Gln226
from Sx1A and two glutamines from SNAP25, Gln53 and
Gln174, belonging to SN1 and SN2, respectively. Whereas
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the surrounding leucine-zipper layers provide a watertight
seal between SNARE domains, the ionic layer appears to
provide registry for the alignment of the complex. Thus,
exposure to water by breaking the hydrophobic seal, per-
haps at either end of the complex, should assist in the
disassembly of the ternary complex.

A predominant view of SNARE complex formation
includes an assembly of the intermediate binary complex
between Sx and SNAP25 having parallel orientation of
their SNARE domains and located at the plasma mem-
brane. Upon interaction with Sb2 located on the secretory
vesicles, the stable ternary SNARE complex is assembled
via a process, referred to as zippering, which starts at theN
termini of the contributing SNARE domains [8,9]. The
apparent form of the SNARE complex linking two mem-
branes has been termed a SNAREpin [10]. As zippering
continues towards the C termini, the vesicle is progress-
ively tethered closer to the plasmamembrane. This process
eventually leads to the fusion of vesicular and plasma
membrane lipid bilayers. Because lipid bilayers are ener-
getically stable, such fusion requires a substantial amount
of energy. Because ternary SNARE complexes are very
stable, displaying resistance to high temperature, up to
90 8C [11], it has been suggested that SNARE complexes
could be a source of energy to overcome the activation
energy needed for fusion. Indeed, recent elegant exper-
iments using a surface force apparatus (SFA) demonstrate
that the energy necessary to dismantle the partially
assembled ternary SNARE complexes is on average 35
kBT [12]. It should be noted, however, that because these
experiments were not based on single-molecule measure-
ments, the authors had to use modeling to deduce the
number of SNARE complexes that most likely interact
to calculate free energy assigned to a single SNARE com-
plex. Nonetheless, single-molecule force spectroscopy
measurements generated comparable values for the

energy necessary to dismantle single Sx1A–Sb2 inter-
actions in the presence or absence of SNAP25B at 43
and 33 kBT, respectively ([13]; W. Liu, V. Montana, V.P.,
and U.M., unpublished). Thus, the reported amount of
energy stored within a single ternary SNARE complex
could be sufficient to cause hemifusion, the fusion of only
the outer but not inner leaflets of the bilayer membranes, a
process estimated to require �45 kBT [14]. Indeed, in the
last few years, several groups have shown that SNARE
proteins are involved in the hemifusion process [15–19].
Interestingly, the ancillary protein complexin arrests
fusion between liposomes containing SNAREs at the hemi-
fusion state [17], which can, however, be relieved by synap-
totagmin 1 in the presence of calcium ions [19]. Thus, the
energy released by the SNARE complex could probably be
used to overcome only the repulsive interaction of the
bilayers and bring the vesicles within 1 nm of the plasma
membrane and lead to hemifusion.

Besides the above outlined ‘classical’ view of vesicular
fusion, there are emerging alternative possibilities. For
example, studies using either Clostridial toxins, which
cleave synaptobrevin, or genetically engineered organisms
lacking synaptobrevin, combined with electrophysiological
recordings and electron microscopy (EM), showed that
vesicular fusion was not completely abolished, as evi-
denced by the presence of spontaneous events, albeit at
a reduced rate [20–26]. Similar manipulations of syntaxin
indicate that vesicular docking is preserved, although
synaptic transmission is abolished [24,27]. Furthermore,
genetic ablation of SNAP25 led to abolishment of evoked,
but not spontaneous, synaptic transmission. The persist-
ence of fusion in these experiments when using live cells at
least in part is due to the redundancy of cellular proteins,
which indicates that in vivo there could be many inter-
actions between SNARE proteins mediating fusion with
some redundancy and promiscuity in these interactions.

Figure 1. Exocytotic release of transmitter utilizes SNARE proteins. (a) The ternary SNARE complex consists of synaptobrevin 2 (blue; Sb2), also known as vesicle-

associated membrane protein 2 (VAMP2), located on the vesicular membrane; syntaxin (red; Sx) and synaptosome-associated protein of 25 kDa (SNAP25; green), both

located on the plasma membrane. Proteins are oriented in parallel fashion. N, N terminus. (b) Backbone ribbon drawing based on X-ray structure data shows the ternary

SNARE complex as a bundle containing SNARE domains formed by four a helices, one each from Sx1 and Sb2 and two from SNAP25 (SN1 and SN2), that are coiled and

arranged in parallel with all the N termini of domains at one end. (c) The amino acid sequence of the partial SNARE domains of proteins contributing to the ternary SNARE

complex. The 15 hydrophobic layers (�7 to �1 and +1 to +8) are labeled in bold and the 0 ionic layer is italicized. Boxed hydrophobic layers follow packing observed in

tetrameric leucine-zipper proteins, such as GCN4. Protein sequences: syntaxin 1A (Sx1A), GenBank accession number AF217191; synaptobrevin 2 (Sb2), GenBank accession

number BC074003; and SNAP25B (SN1 and SN2 domains), GenBank accession number AB003992. Drawings in (a) and (b) are not to scale. (b) Modified from Ref. [6].

Reprinted by permission from Macmillan Publishers Ltd: (Nature), copyright (1998).
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This provocative notion has some experimental support
because, for example, the members of the synaptobrevin
family can be functionally interchangeable in synaptic
transmission [24].

A reductionist approach to studying exocytosis at the
molecular level relies on an in vitro reconstitution of ‘dock-
ing’ and fusion by using purified recombinant proteins and
artificial membranes. Here, in the absence of all other
proteins otherwise present in vivo, the SNAREpins are
sufficient to mediate vesicular fusion [10]. However, this
fusion apparatus might not represent minimal machinery
and could be further simplified in some cases to exclude
SNAP25. For example, fusion of secretory vesicles/gran-
ules containing native vesicular SNAREs to a planar lipid
bilayer containing syntaxin 1A alone has been observed
[28,29]. Similarly, synaptobrevin 2 in liposomes and syn-
taxin 1A in supported bilayers are necessary and sufficient
to mediate liposome docking and fusion [30,31]. The
addition of SNAP25 had little effect on docking efficiency
and the probability of fusion. On the contrary, results from
studies using proteoliposomes fusing to each other when
reconstituted with SNARE proteins indicated the neces-
sity of SNAP25 [32,33]. Therefore, further comparative
investigation of the roles of syntaxin–synaptobrevin and
SNAP25–syntaxin–synaptobrevin complexes in docking/
tethering in vitro is necessary, with single-molecule
approaches being a subset of methodologies in use.

Single-molecule measurements: a closer look
The main motivation for using a single-molecule approach
is to detect heterogeneities in nonequilibrium dynamics,
which bulk biochemical approaches would not be able to
detect directly. Indeed, the last decade has seen the de-
velopment of special instrumentation for the manipulation
of single molecules and for measuring their mechanical
properties and structural characteristics with nm resol-
ution. These techniques include pipette suction [34], mag-
netic beads [35], optical traps [36], FRET [37] and AFM
[38,39]. Of these, the last two do not require long linkers to
manipulate interactive molecules and therefore are more
easily compatible with studies of relatively short molecules
such as the SNARE proteins considered here. The resol-
ution on structural–functional information using these
single-molecule methods is limited to 1 nm. Whereas
sub-nanometer resolution can be obtained with X-ray crys-
tallography and EM, these techniques provide static infor-
mationwithout the ability to report on dynamics. However,
the existence of precise molecular structures of SNARE
proteins based on X-ray crystallography [6] has allowed for
the design of dynamic measurements using single-mol-
ecule approaches. Here we narrow our focus to studies of
SNARE complexes at the single-molecule level using FRET
and AFM force spectroscopy.

FRET as a tool for studying SNARE proteins at the

single-molecule level

Fluorescence resonance energy transfer describes the non-
radiative energy transfer between two neighboring chro-
mophores, commonly referred to as donor and acceptor
molecules, when there is a significant overlap between the
donor’s emission and the acceptor’s excitation spectra. The

transfer of energy that occurs from the single-donor to the
single-acceptor molecules is related by the Förster
equation, E = 1/[1 + (r/Ro)

6], where r is the donor–acceptor
separation distance and Ro, also referred to as the Förster
radius, is the separation distance for that particular
donor–acceptor pair where the transfer efficiency equals
0.5; the values of Ro are provided in the literature for
typical donor–acceptor pairs. It is because energy transfer
efficiency falls off as the sixth power of the separation
distance that the FRET technique provides an ‘effective
molecular ruler’ with a spatial resolution of a few nm (note
that below 1 nm, other energy transfer mechanisms are
possible), whereas the maximum distance range is limited
to less than 10 nm. The critical distance for energy transfer
is usually between 2 and 6 nm. There are several ways that
FRET can be quantified, most commonly using steady-
state measurements (reviewed in Ref. [40]); the degree
of energy transfer can be quantified as a decrease (quench-
ing) in the donor’s fluorescence emission intensity in the
presence and absence of the acceptor. Transfer efficiency is
then given by ET = 1 � (FDA/FD), where FDA is the donor
fluorescence emission intensity in the presence of the
acceptor, that is, transfer conditions, whereas FD is the
donor fluorescence emission intensity in the absence of the
acceptor. Alternatively, FRET efficiency can be expressed
as FRET = FA/(FA + FD), where FA represents fluorescence
emission of the acceptor, whereas FD is the fluorescence
emission of the donor; donor-only fluorescence indicates
FRET = 0, whereas emerging FA indicates FRET between
the dyes (see details of such an approach in Ref. [37]).

A dynamic imaging study of docking in neurons, which
assessed the formation of stable SNAP25–synaptobrevin 2
complexes, was done using FRET and wide-field fluor-
escence microscopy [41]. Similarly, the formation of
SNARE complexes was visualized in differentiated PC12
cells using a SNAP25 fusion protein containing both the
acceptor and donor fluorescence moieties [42]. Although
tremendously informative, these studies were not per-
formed at the single-vesicle level. However, single-mol-
ecule investigations have been employed using FRET
and total internal reflection fluorescence (TIRF) micro-
scopy to successfully study SNARE protein interactions
[31,37].

Weninger et al. [37] used the single-molecule FRET
technique to identify and characterize the different align-
ment configurations (parallel versus antiparallel) between
the molecules of ternary SNARE complexes. Using a
recombinant DNA approach and site mutagenesis, they
first mutated all cysteine residues within Sb2, Sx1A and
SNAP25A into serine residues. Following the replacement
of endogenous cysteine residues, they introduced single
cysteine residues at specific locations within SNARE
domains of Sb2, Sx1A and SN1 (Figure 2a). These cysteine
residues were used for site-specific labeling with either an
acceptor (Cy5 or Alexa647) or a donor (Cy3 or Alexa555)
dye. These donor–acceptor pairs have an Ro of �5 nm.
Based on the X-ray structure, assembled SNARE com-
plexes form a 12 nm long bundle. Thus, FRET = 1 is
expected for donor–acceptor pairs located at the same
end of the bundle (within 1–2 nm), whereas FRET = 0 is
expected for donor–acceptor pairs located at opposite ends
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of the bundle (�7–9 nm apart). This elegant approach
allowed the authors to characterize the orientation of
individual protein components within the SNARE com-
plex. Here, ternary complexes were formed in solution
before their insertion into lipid bilayers, presumably via
the transmembrane domain of Sx1A. For example, with a
donor molecule attached to Ser28Cys near the N terminus
of Sb2 and an acceptor molecule attached to Ser193Cys
near the N terminus of syntaxin, 24% of the complexes led
to FRET = 1 (parallel orientation), whereas 76% of the
complexes resulted in FRET = 0 (antiparallel orientation)
(Figure 2b). A similar proportion of orientations within the
SNARE complexwas observedwhen the donor at Ser28Cys
of Sb2 was challenged with the acceptor located at
Ser249Cys near the C terminus of syntaxin: 76% of the
complex led to FRET = 1 (antiparallel orientation)
(Figure 2c). It should be noted that in both of the above
examples, SNAP25A molecules in the ternary complexes
were unlabeled. Using various positions of donor–receptor
pairs led to several observations: (i) there was no appear-
ance of interconversion between parallel and antiparallel
configurations; (ii) the ionic layer was preserved in both
configurations, thus functioning as a register; and (iii)
unlike Sb2–Sx1A, the majority (65%) of SNAP25–Sx1A
alignment was parallel in the ternary complex. Further-
more, denaturing conditions under urea treatment indi-
cated that the ternary complexes containing parallel
Sx1A–Sb2 were more stable.

In contrast to the threefold higher number of antipar-
allel interactions of Sx1A and Sb2when SNARE complexes
were assembled randomly in solution [37], these proteins
showed an opposite fivefold preponderance of parallel
interactions when a directed approach was used. Bowen

et al. [31] studied fusion of liposomes to supported lipid
bilayers. Liposomes contained Sb2, whereas bilayers con-
tained Sx1A; proteins were labeled for FRET as outlined
above. In this directed approach, they observed that dock-
ing predominately occurred when Sx1A and Sb2 are
assembled in parallel, although still some antiparallel
interactions occurred. Thus, this finding is more in line
with the observation obtained from SNARE complexes
isolated from brain that exclusively display a parallel
orientation [43]. Interestingly, in the liposome–bilayer
system, Sx1A–Sb2 binary complexes were necessary and
sufficient for liposome docking and thermally induced
fusion, whereas SNAP25 played a marginal role. However,
because a FRET signal between Sx1A and Sb2 can only be
observed in the presence of SNAP25 [31], this indicates
that all proteins of the ternary SNARE complex are
required for stable docking. Taken together, these
FRET-based single-molecule investigations suggested
that, in addition to the prevailing view of a parallel aligned
ternary SNARE complex [43] mediating docking and
fusion, there might be other configurations in these pro-
cesses: antiparallel ternary complexes as well as (anti)-
parallel Sx1A–Sb2 binary complexes. Furthermore, only 1–
2 ternary SNARE complexes per liposome were found
necessary to achieve docking and fusion. These novel
findings were subsequently complemented by those
obtained using force spectroscopy as discussed below,
which offered additional information on the mechanical
characteristics of SNARE protein interactions, a require-
ment for detailed understanding of exocytosis.

Single-molecule FRET studies have also been used to
investigate the role of synaptotagmin 1 and complexin
binding to the SNARE complex [44,45]. These accessory

Figure 2. Single-molecule FRET for the ternary SNARE complexes. (a) Backbone ribbon drawing showing the ternary SNARE complex containing synaptobrevin 2 (SB,

blue), syntaxin 1A (Sx, red) and SNAP25A (S25, blue). Dye labeling sites are numerated and indicated by arrows. Spheres indicate dye labeling sites and the ionic layer. (b,c)

Distribution of single-molecule FRET values of ternary SNARE complexes containing donor-labeled synaptobrevin 2 (S28C-Cy3) and acceptor-labeled syntaxin 1 (S193C-Cy5

in [a] and S249C-Alexa647 in [b]), whereas SNAP25 was unlabeled. Orientations of syntaxin (Sx) and synaptobrevin (Sb) are shown by arrows where arrowheads represent

N termini, while dye positions are shown by black dots. When randomly assembled in solution, synaptobrevin 2 and syntaxin 1A displayed threefold preponderance of

antiparallel (76%) over parallel (24%) orientations in the ternary SNARE complex. Note that these proteins showed an opposite fivefold preponderance of parallel

interactions when a directed approach was used [31] (see text). Modified from Ref. [37]. Copyright (2003) National Academy of Sciences, U.S.A.

Review Trends in Neurosciences Vol.31 No.9

438



UNIVERSITY OF RIJEKA SCIENTIFIC COLLOQUIUM 2012 / 2013

57

proteins as well as MUN domains of Munc-13 and Muc-18
can stabilize the binary equimolar Sx-SNAP25 complex in
a similar manner as Sb2 does, as recently revealed in a
beautiful single-molecule FRET study [46]. Such inter-
actions have been difficult to characterize in bulk solution
methods because Sx1–SNAP25 forms 2:1 complexes (see
commentary in Ref. [47]). Nonetheless, it turned out that
the equimolar Sx1–SNAP25 interactions are variable
within a second timescale among three different states
[46]. One of those states represents a parallel three-helix
Sx1–SN1–SN2 bundle, whereas other two, Sx-SN1 and Sx-
SN2, have one of the SNAP25 SNARE domains disso-
ciated. Interestingly, the addition of Sb2 caused an
increase in stability of the binary complex by suppressing
the occurrence of dissociated helix states. These results
emphasize the importance of including single-molecule
approaches in studying interactions between exocytotic
proteins. At least a subset of these exciting findings at
the single-molecule level, in respect to Munc-13 and com-
plexin, have been confirmed in bulk measurements using
solution binding assays and co-flotation experiments with
proteoliposomes containing SNAREs [48].

Force spectroscopy as a tool for studying SNARE

proteins at the single-molecule level

AFM is a direct beneficiary of recent advances in nanofab-
rication. AFM utilizes an extraordinarily thin (�100 nm
thickness) cantilever which flexes easily in response to very
small forces. This effect can be used to both image struc-
tures and mechanically probe single molecules. For the
imaging of cells and molecules, the resolution of AFM is
related to the sharpness of the cantilever tip. For mech-
anical studies of single molecules, however, the tip radius
of curvature is not critical. Here the tip surface can be
functionalized to facilitate the attachment of proteins.
Specific functionalization of the surface is preferable, as
any uncertainties in this procedure will create ambiguities
in the interpretation of the results. An example of a non-
specific protein attachment is direct adsorption to surfaces.
In specific binding, covalent bonds such as thiol–gold link-
ing or sterical coordination of six-histidine (His6) tags with
nickel ions can be utilized to attach the molecules. In
mechanical studies of protein–protein interactions, a sec-
ond molecule is similarly attached to a sample plate (sub-
strate). Once both molecules are attached to their
respective sites, the tip and the substrate are first brought
into contact and then separated. During contact, lasting
typically for a couple of seconds, an intermolecular bond
can be formed between the tip and the substratemolecules.
Because the applied force is typically �1 nN, the rate of
protein–protein assembly during this contact will be
enhanced by a factor of 105–1011 [49–52]. As the substrate
is moved down with the help of a piezoelectric element, the
proteins are stretched and the tip is also pulled down as a
result of the intermolecular bonds, leading to the bending
of the cantilever. Once the bond is broken, the cantilever
snaps back to the equilibrium position, which marks the
point of bond rupture. This occurs at measurable finite
distance/extension and force.

Recently, two different groups used AFM in force spec-
troscopy mode to interrogate intermolecular interactions

between the proteins of binary and ternary SNARE com-
plexes [53,54]. Both of these studies measured forces
necessary to take apart binary/ternary SNARE complexes;
detailed comparison of these two studies is available else-
where [55]. Briefly, the major difference in the technical
approaches presented itself in the protein deposition,
where Yersin et al. [54] utilized a nondirectional cross-
linking technique using glutaraldehyde, whereas Liu et al.
[53] used directional deposition utilizing the sterical
coordination of His6-Ni2+. Because Yersin et al. used cross-
linking, which physically restricts the response of the
proteins to the applied force, it could likely contribute to
the major differences in measurements. For example, they
reported spontaneous dissociation of the ternary SNARE
complex to be�158 years, whereas Liu et al. reported such
an event at 2.1 s. For a comparison with average ensemble
(bulk) measurements, it should be mentioned that the SFA
measurement [12] estimated the lifetime of this complex to
be approximately several days, whereas denaturation
experiments using guanidine hydrochloride (GdnHCl)
[56] reported a lifetime of �7.5 billion years. Thus, a key
tenet of the SNARE field has been that the formed ternary
complex does not spontaneously dissociate on biologically
relevant timescales. Consequently, the currently accepted
model remains that the SNARE complex is dissociated only
by the ATP-dependent actions of NSF and aSNAP [57].
One can, of course, make arguments in an attempt to
invalidate any of the approaches above. For example, in
SFA experiments in calculating lifetimes, there was an
assumption of a thermal attempt rate 109/s, which is much
lower than the 1013–1017/s usually measured for protein–
protein binding in solution [58], leading to an overestima-
tion of a lifetime. Similarly, in denaturation experiments,
the assumption was made that the rate-determining step
does not change under physiological conditions. Finally, in
the AFM experiments, the proteins were crosslinked and/
or the ternary complex would not be completely formed
because of its slow assembly rate. Although the apparent
differences in the determination of the lifetime of ternary
complexes using variousmethods could be, in part, a result
of methodological differences, these findings might point to
a new insight regarding ternary SNARE complexes.
Hence, force spectroscopy is ‘tuned’ for detection of single
complexes and also does not allow re-binding of such a
complex in a single experiment. Consequently, it could be
that in bulkmeasurements of free complexes in liquids, the
re-binding of spontaneously unbound sections and associ-
ation of multiple complexes and their possible cooperativ-
ity in this process grant exquisite stability. Such stability
in the AFM approach could perhaps be achieved when
proteins are crosslinked, so that one complex could coop-
eratively increase association and/or restrict dissociation
of a nearby complex which is being investigated at a single-
molecule level. If crosslinking is not used, then such an
association cooperativity/dissociation restriction would not
occur and the lifetime of the complex would be drastically
reduced.

Additional discrepancy between the two AFM studies
relates to the estimated number of complexes that are
necessary to hold a vesicle at the plasmamembrane; based
on force measurements, Yersin et al. reported requiring 4–
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5 ternary complexes, whereas Liu et al. reported that a
single binary Sx1A–Sb2 or ternary complex would be
sufficient for this action. The smaller number of required
complexes reported in Liu et al. are in good agreement with
the necessity of only 1–2 ternary complexes for liposome
docking and fusion obtained from FRET measurements
[31]. We focus further on Liu et al., not only because the
approach used in that study emulates physiological con-
ditions but also because of the achievement of more com-
prehensive measurements. Namely, rather than using the
force aloneas inYersin et al., Liu etal.used the force and the
total mechanical extension required to rupture the binding
between the SNARE proteins to infer the nature of their
binding (zippering versus a highly localized binding site).

Liu et al. directionally attached recombinant cyto-
plasmic domains of Sx1A and Sb2 at their C termini to
the AFM cantilever tip and glass coverslip surfaces,
respectively, thus biasing these proteins to freely interact
in a physiologically more abundant parallel fashion when
in contact (Figure 3a). The mean extension necessary to
take apart the interaction between single Sx1A–Sb2 pairs
was �23 nm, when using �20 nN/s force loading rate.
Additional measurements were obtained when the canti-
lever tips were co-functionalized with Sx1A cytoplasmic
tails and SNAP25B in equimolar ratio (Figure 3b). These
tips were used to probe coverslips functionalized with
cytoplasmic tails of Sb2. Here the presence of SNAP25B

on the tip caused significant shortening of extension to
�12 nm. The force recorded to take apart single binary/
ternary SNARE complexes was far larger than the mini-
mal force necessary to hold a single synaptic vesicle
�50 nm in diameter, as they could hold an order of mag-
nitude larger vesicle/bead if needed [59].

To study the nature of the interaction strength along the
length of SNAREproteins, that is zippering versus a highly
localized binding site, and to measure lifetimes necessary
to spontaneously dismantle SNARE interactions, the
authors measured force and extension at the point of
rupture of the single intermolecular bond as a function
of the force loading rate (Figure 3c,d). Because the mean
rupture force and the force loading rate have an exponen-
tial relationship (Figure 3c), by extrapolating to zero force,
spontaneous dissociation rates of 0.16 and 2.1 s for the
binary Sx1A–Sb2 interaction and the ternary SNARE
complex containing Sx1A, Sb2 and SNAP25B were
obtained, respectively. Thus, the ternary SNARE complex
is about ten times more stable than the Sx1A–Sb2 inter-
action. The extension measurements provided critical
information about the nature of the bonding along the
length of the SNARE domain in binary/ternary complexes
(Figure 3d). Because both the extension and the force
exponentially increased as a function of the force loading
rate in Sx1A–Sb2 pairs, the interaction between these
pairs appears to be uniformly distributed along the length

Figure 3. Force spectroscopy of SNARE proteins. (a) Recombinant synaptobrevin 2 (Sb2) is attached to the coverslip surface through histidine residue tags (His6) at its C

terminus, leaving its cytoplasmic domain free to interact with recombinant syntaxin 1A (Sx1A), which is similarly attached by means of a C terminus His6 tag to the

cantilever tip. These two proteins are brought into close proximity (approach; arrow pointing down) by means of the piezoelectric element and then taken apart (retract,

arrow pointing up). (b) Co-functionalized tips with Sx1A/SNAP25B in equimolar ratio were used to probe Sb2 functionalized coverslips. (c,d) Force and extension values for

dissociation of SNARE proteins as a function of the force loading rate. (c) Force necessary to take apart the Sx1A–Sb2 complex in the absence (open circles) or presence of

SNAP25B (red squares) increases exponentially with an increase in the loading rate. (d) Extension changes exponentially with loading rate only when Sx1A–Sb2

interactions are ruptured, but not when SNAP25B is present with Sx1A–Sb2. Dashed lines indicate exponential fits to the data, whereas solid red line indicates that the

extension value is constant. The drawings are not to scale. Modified from Ref. [53]. Reprinted by permission from the Biophysical Society.
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of their entire SNARE domains, namely a zippering type of
nonlocalized interaction reminiscent of coiled-coils. How-
ever, even though the rupture force measurements for the
ternary SNARE complex increased exponentially with
increasing loading rate, the extension remained constant
at �12 nm as the loading rate was varied (Figure 3d),
pointing to cuffing, that is, the presence of a strong inter-
molecular bond localized at the 0 layer resulting from the
introduction of SNAP25B (for a detailed discussion, see
Ref. [53]). This interpretation is consistent with bulk fluor-
escently labeled liposome-based FRET experiments [60]
which found that vesicles containing just Sx1A and Sb2
docked at the same rate as those containing SNAP25A but
the FRET signal showed a lag time when SNAP25A was
absent, indicating that proximity between the lipid layers
is achieved very slowly in the absence of SNAP25A. They
also found complexes formed by Sx1A and Sb2 were rela-
tively transient as compared to those where SNAP25Awas
preincubated with Sx1A. These studies are in line with
force spectroscopy observations of a tenfold difference in
the dissociation lifetime between binary and ternary com-
plexes [53]. The interpretation of the extension data with
respect to the location of the cuffing is consistent with the
X-ray structure data for the ternary SNARE complex.

Single-molecule experiments are powerful inmeasuring
very low probability events, as the studies are restricted to
an isolated set such as only Sx and Sb. Thus, such binary
interactions might not be observed in bulk experiments
with the same probability as observed in single-molecule
experiments. In addition, in AFM experiments, the inter-
acting molecules are brought together under the appli-
cation of force, which could tremendously increase the
interaction probability by pushing them over the inter-

action energy barrier. Thus, future experiments which
explore the relationship of the applied force on contact of
the two molecules have to be done before a definite con-
clusion on the comparative interaction probability of the
binary and ternary interactions can be made.

Concluding remarks
The primary purpose of this review was to briefly relate
SNARE complex form and function. The acquisition of a
comprehensive knowledge of the role of SNARE proteins in
exocytosis requires multifaceted use of traditional bio-
chemical, genetic and electrophysiological approaches
combined with relatively recent single-molecule tech-
niques. The emergent picture is that in isolated systems,
Sx1–Sb2 can form parallel coiled-coils in the absence of
SNAP25 and such a single binary complex can be sufficient
to mediate liposome docking and fusion. This could
represent a mode of intracellular vesicular positioning
with respect to the plasma membrane for vesicle–mem-
brane separation distances between 12 and 23 nm
(Figure 4). For vesicle–plasma membrane distances less
than 12 nm, the ternary SNARE complex oriented in
parallel would play a major role in vesicular positioning.
The ternary SNARE complex-mediated positioning could
last for an order of magnitude longer period of time than
the positioning via Sx1A–Sb2 interactions alone. There
might also be some additional variants of the proposed
modes where protein components would be in antiparallel
orientation. Whether binary complexes in both orien-
tations and antiparallel oriented ternary complexes can
be formed in living cells remains an open question. Thus,
their existence and possible roles in exocytosis require
further work. In this respect, single-molecule investi-

Figure 4. Model describing interactions between SNARE proteins. Syntaxin 1A (Sx1A) and synaptobrevin 2 (Sb2) are zippered through their entire SNARE domains (left,

bottom). When SNAP25B is present within the complex (right, bottom), the interaction is localized C-terminally from an Sx1A–Sb2 cuffing position at the 0 layer (circle).

These interactions could underlie various modes of intracellular vesicular positioning with respect to the plasma membrane. At distances less than 23 nm, the positioning

could be mediated just by the binary Sx1A–Sb2 complex (top). Positioning at less than 12 nm could be mainly mediated by the ternary complex and it would have a

spontaneous lifetime of 2.1 s, which is much longer that the lifetime of 0.16 s, when positioning is based solely on Sx1A–Sb2 binary interactions. Drawings are not to scale.
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gations should be pursued to help settle many as yet
unresolved issues.
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SUMMARY

Genomic rearrangements are thought to occur pro-
gressively during tumor development. Recent find-
ings, however, suggest an alternative mechanism,
involving massive chromosome rearrangements in a
one-step catastrophic event termed chromothripsis.
We report the whole-genome sequencing-based
analysis of a Sonic-Hedgehog medulloblastoma
(SHH-MB) brain tumor from a patient with a germline
TP53 mutation (Li-Fraumeni syndrome), uncovering
massive, complex chromosome rearrangements.
Integrating TP53 status with microarray and deep

sequencing-based DNA rearrangement data in
additional patients reveals a striking association
between TP53 mutation and chromothripsis in
SHH-MBs. Analysis of additional tumor entities
substantiates a link between TP53 mutation and
chromothripsis, and indicates a context-specific
role for p53 in catastrophic DNA rearrangements.
Among these, we observed a strong association
between somatic TP53 mutations and chromothrip-
sis in acutemyeloid leukemia. Thesefindingsconnect
p53 status and chromothripsis in specific tumor
types, providing a genetic basis for understanding
particularly aggressive subtypes of cancer.

Cell 148, 59–71, January 20, 2012 ª2012 Elsevier Inc. 59
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INTRODUCTION

Li-Fraumeni syndrome (LFS, OMIM #151623) is an autosomal

dominant hereditary disorder that is associated with a greatly

increased susceptibility to cancer (Li and Fraumeni, 1969).

Most LFS patients harbor heterozygous germline mutations of

TP53, the gene encoding the p53 tumor suppressor (Malkin

et al., 1990). Mutant p53 can prime cells for tumor development

due to aberrant cell cycle control and DNA damage response

signals, and a failure to induce cell cycle arrest, senescence or

apoptosis (Forbes et al., 2011; Vogelstein et al., 2000).

In a pilot study within the International Cancer Genome

Consortium (ICGC) Pediatric Brain Tumor Research Project

(www.pedbraintumor.org) we analyzed a medulloblastoma and

paired normal sample from an LFS patient by whole-genome

sequencing. Medulloblastoma is the most common malignant

brain tumor of childhood, and themalignancy causing the highest

cancer-relatedmortality in children.Medulloblastoma belongs to

the spectrum of recognized LFS tumors (Taylor et al., 2000).

Recent molecular studies have revealed that medulloblastoma

comprises at least four distinct sub-entities, which differ in terms

of cell-of-origin, clinicopathologic features, anddiseaseoutcome

(Cho et al., 2011; Gibson et al., 2010; Kool et al., 2008; Northcott

et al., 2011b; Remke et al., 2011). The investigated patient had

aSonic-Hedgehogsubtypemedulloblastoma (SHH-MB),a tumor

arising from the external granular layer cells of the cerebellum

(Bühren et al., 2000; Wechsler-Reya and Scott, 1999). SHH-

MBs form the clinically and histopathologically most heteroge-

neousmedulloblastomasubtype,making it challenging topredict

response to therapy and patient outcome solely based on

subtype affiliation (Northcott et al., 2011a; Remke et al., 2011).

Cancer genome sequencing efforts underway will likely enable

further refinements in medulloblastoma subtype classification,

and provide novel molecular signatures for patient stratification.

Unexpectedly, the tumor genomeshowedmassive genomic re-

arrangementsconsistentwitha reshufflingofgeneticmaterial from

individual chromosomes, in keeping with the recently proposed

chromothripsis model for tumorigenesis (Greek; chromo from

chromosome; thripsis, for shattering into pieces; Stephens et al.,

2011). Chromothripsis, which is thought to occur in 2%–3% of

cancers (with an incidence of �25% in bone cancers; Stephens

et al., 2011), involves the acquisition of numerous rearrangements

through a single catastrophic event, fundamentally different from

the stepwise (progressive) acquisition of alterations by tumor cells

(Fearon andVogelstein, 1990;Nowell, 1976). In this study,we inte-

grate whole genome sequencing and array-based approaches to

further characterize this rearrangement phenomenon, and

discoveranovel linkbetweenchromothripsis andTP53mutations,

providing evidence that the status of p53 can influence cata-

strophic DNA rearrangements in a cell context-specific manner.

RESULTS

Whole-Genome Sequencing of a Medulloblastoma
in a Li-Fraumeni Syndrome Patient Revealed Highly
Complex DNA Rearrangements
We initially analyzed an SHH-MB and paired normal tissue

sample from a female LFS patient (LFS-MB1), who harbored

a hereditary TP53 mutation (Table S1 available online) predicted

to eliminate p53 DNA binding activity (Rieber et al., 2009). We

performed whole-genome paired-end sequencing followed by

DNA sequence variant discovery (Table 1). We searched for

single nucleotide variants (SNVs) by directly evaluating the align-

ment of DNA reads onto the human reference genome (Depristo

et al., 2011; Li et al., 2009) and identified large-scale rearrange-

ments by paired-end mapping (Korbel et al., 2007), split-read

analysis (Ye et al., 2009), and read-depth analysis (Abyzov

et al., 2011; Chiang et al., 2009; Waszak et al., 2010).

The inherited TP53 mutation was detected in both tissue

samples. Furthermore, we identified 24 tumor-specific SNVs

that were predicted to alter protein-coding sequences (Table 1,

Table S1, and Figure 1A). This is slightly more than was observed

in a recent study focusing on exonic regions in sporadic medul-

loblastomas (average 5.7 nonsynonymous SNVs per sample;

range 1–17 [Parsons et al., 2011]). These differences could

reflect an increased genome-wide mutation rate in LFS patients

or could be the result of a comparably higher sensitivity of our

whole-genome sequencing approach. Using PCR we verified

20 out of 21 SNVs for which PCR primers could be designed

(>95%). We did not observe any somatic small insertions or

deletions (<50 bp) in protein-coding regions. However, we

uncovered numerous large (up to megabase-scale) alterations

in the tumor sample. Among these were distinct amplifications

of SHH pathway members (MYCN and GLI2), which we verified

by fluorescence in situ hybridization (FISH), and a somatic loss

Table 1. Whole-Genome Sequencing and DNA Sequence Variant

Statistics

LFS-MB1 LFS-MB2 LFS-MB3 LFS-MB4

Tumor bases

sequenced

109 3 109 120 3 109 37 3 109 143 3 109

Paired normal

tissue bases

sequenced

116 3 109 125 3 109 17 3 109 114 3 109

Tumor physical

coverage

(span coverage)

43.5x 45.8x 77.8x 112.2x

Paired normal

physical coverage

41.6x 51.6x 3.3x 49.5x

Tumor sequencing

coverage

30.8x 34.6x 8.9x* 38.5x

Paired normal

sequencing

coverage

31.4x 36.7x 4.6x* 34.4x

Total somatic

mutations

(whole genome)

3,716 3,053 - 2,494

Nonsilent coding

mutations

(val./tested)

24 (20/21) 22 (19/20) 18(�/�)* 11 (8/10)

Mutation

rate per Mb

1.29 1.06 - 0.88

* In addition to whole-genome sequencing, whole-exome data was

generated at 39x (tumor) and 37x (paired normal) coverage in this case.

‘‘-,’’ not assessed; val., validated.

60 Cell 148, 59–71, January 20, 2012 ª2012 Elsevier Inc.



UNIVERSITY OF RIJEKA SCIENTIFIC COLLOQUIUM 2012 / 2013

79

of the wild-type TP53 allele by deletion of the 17p chromosome

arm (Table S1, Figure 1E).

The most striking feature in LFS-MB1, however, was a pattern

of complex somatic rearrangements that was markedly different

from aberrations that we, and others have previously described

in medulloblastoma (Cho et al., 2011; Northcott et al., 2009; Pfis-

ter et al., 2009). This included multiple highly amplified genomic

segments, which were clustered on individual chromosome

arms (Figure 1A), resulting in frequent alternations between a

normal disomic copy-number state and an extreme state with

a segmental copy-number of up to 30. On chromosome 3, three

segments were highly amplified, whereas on chromosome 4,

six segments were amplified and on chromosome 14, four

segments were amplified. Based on the mapping of sequenced

paired-ends, we determined physical connections linking the

amplified sequences on chromosome 3 (intrachromosomal), as

well as the amplified segments from chromosomes 4 and 14

(interchromosomal). Strikingly, the amplified fragments from

chromosomes 4 and 14 appeared fused together to form

a circular 1.2Mb extra-chromosomal structure (so-called

‘‘double-minute’’ chromosome) consisting of a complex medley

of inter- and intrachromosomal junctions (Figure 1B). Using

PCR, we verified a series of these connections, including all

four interchromosomal links (Figure 1C, Table S1). FISH experi-

ments also confirmed the predicted colocalization of highly

amplified segments on chromosome 3, indicating that these

Figure 1. Analysis of LFS-MB1 Revealed Catastrophic DNA Rearrangements Consistent with Chromothripsis

(A) Genome-wide distribution of somatic DNA variants. Thin orange lines in outer-most panel are nonsynonymous somatic SNVs; the next panel shows isolated

genomic rearrangements. Read-depth plots (log2-ratio tumor versus germline), indicating copy-number alterations, are in black. Connecting lines show complex

large-scale (e.g., interchromosomal) rearrangements identified by paired-end mapping.

(B) Inferred double-minute chromosome structure (originating segments from chromosome 4 and 14 are highlighted in panel [A]). Genes are in gray (known cancer

genes are in red).

(C) PCR validation of interchromosomal rearrangements contributing to the inferred double-minute chromosome. MB, medulloblastoma; GL, germline.

(D) FISH validation of rearrangements contributing to double-minute chromosome derived from chromosome 3 segments. Probes match to normally distal

regions of chromosome 3 (RP11-553D4, red, and RP11-265F19, green; see panel [A] and Figure S1).

(E) Amplification ofMYCN (red) and GLI2 (green), not associated with chromothripsis (amplicon loci highlighted in panel [A] with red and light green boxes), was

observed in distinct subpopulations of cells.
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fragments formed yet another double-minute chromosome

(Figure 1D, Figure S1), as predicted by the sequencing data.

It is unlikely that these extrachromosomal structures occurred

as a consequence of progressive genomic alterations. Double-

minute chromosomes have been described to typically encom-

pass segments from confined genomic regions, rather than

from several distinct regions of a chromosome or multiple

chromosomes (Storlazzi et al., 2010). The recently described

chromothripsis phenomenon, however, may explain the ob-

served complex rearrangements, as this phenomenon can lead

to the formation of double-minute chromosomes containing

fragments from multiple regions (Stephens et al., 2011). The

chromothripsis model can further explain the strikingly similar,

alternating copy-number states of adjacent amplicons and the

medley of relative orientations with which DNA fragments

rearranged.

DNA Copy-Number Profiling of Additional
Medulloblastomas Reveals a Link between TP53

Mutations and Chromothripsis in SHH-MB
Previous studies have shown that evidence for chromothripsis

can be inferred from SNP microarray-based DNA copy-number

Figure 2. SNP Array Copy-Number Profiles Reveal

a Link between TP53Mutation and Chromothripsis

in SHH-MB

(A) Maximum number of copy-number state changes, and

amplicon counts, on most strongly affected (rearranged)

chromosomes. Abbreviation: hemiz., hemizygous. Further

details are available as Data S1. Random noise was added

(i.e., addition, or subtraction, of < 0.5 copies) for visuali-

zation purposes.

(B) Boxplot with maximum copy-number state changes on

most strongly affected chromosome for different tumor

subtypes and TP53 statuses. *An outlying point observed

in LFS-MB3 (>200 copy-number state changes) was

omitted for visualization purposes.

profiles (Stephens et al., 2011). To assess the

occurrence of chromothripsis in a broader

series, we analyzed SNP array data from 98

medulloblastomas, including samples from all

four molecular subtypes (Table S2). We also

carried out TP53 sequencing in all tumors.

Specifically, we analyzed 73 sampleswith previ-

ously published SNP array data (Northcott et al.,

2009), and generated additional SNP array data

for 25 tumors, including nine with known TP53

mutations. To infer the occurrence of chromo-

thripsis, we required at least 10 changes in

segmental copy-number involving two or three

distinct copy-number states on a single chro-

mosome (see Experimental Procedures).

The vast majority of tumors displayed con-

siderably fewer than ten copy-number state

changes per chromosome (Figure 2, Data S1).

A subset of cases, however (13/98), showed

rearrangements consistent with chromothripsis

(Figure 2, Data S1). Notably, eleven of these

thirteen cases were SHH-MBs, and ten out of the eleven SHH-

MBs harbored TP53 mutations, whereas three cases (including

one SHH-MB and two Group 4 subtype medulloblastomas)

displayed a single copy TP53-loss through hemizygous 17p

deletion (Figure 2). Strikingly, all (10/10) SHH-MBs with mutant

TP53 displayed rearrangements consistent with chromothripsis,

whereas none (0/22) of the wild-type (TP53+/+) SHH-MBs

showed evidence for chromothripsis (Figure 2, Data S1). This

difference is highly significant (p = 1.63 10�8, two-tailed Fisher’s

exact test), indicating that mutant TP53 is strongly associated

with chromothripsis in SHH-MB.

The ten mutant TP53 tumors with chromothripsis included

two cases with heterozygous TP53 mutation (TP53+/m) and

eight cases with loss of the wild-type TP53 allele (TP53m/-). By

comparison, only one of three SHH-MBs in our cohort harboring

a TP53+/� genotype (hemizygous 17p deletion) showed rear-

rangements consistent with chromothripsis. Whereas TP53

mutation can impair or reduce the function of p53 due to domi-

nant negative activity, hemizygous TP53 deletion may not have

as significant an effect on protein function, since p53 expression

levels are primarily regulated post-translationally (reviewed in

Vogelstein et al., 2000).
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The other three medulloblastoma subtypes rarely or never

displayed rearrangements consistent with chromothripsis. In

the Group 4 medulloblastoma subtype, 2/26 cases showed a

copy-number pattern consistent with chromothripsis (both in

the context of hemizygous TP53 deletion). In the Group 3

subtype, we did not observe evidence for chromothripsis among

26analyzed tumors (Figures 2Aand2B).NoTP53mutationswere

observed in either Group 3 or Group 4 tumors. WNT subtype

tumors also did not display any evidence for chromothripsis (0/

11), despite the known association of TP53 mutations with this

subgroup (Pfaff et al., 2010) and 4/11 cases harboring a TP53

mutation. These results indicate that the link between p53 status

and chromothripsis in medulloblastoma is context-specific.

The inferred association between TP53 and chromothripsis in

SHH-MB makes it tempting to hypothesize that these cata-

strophic DNA rearrangements may have occurred as a conse-

quence of preceding TP53mutations. To examine whether other

medulloblastoma patients with chromothripsis harbored germ-

line mutations, we analyzed constitutional DNA samples for

those TP53 mutant cases where paired normal tissue was avail-

able. We were able to retrieve germline DNA for 3 of the 4 TP53

mutated WNT tumors, and 6/10 TP53 mutated SHH tumors.

Strikingly, whereas the TP53 mutations in the WNT group were

all somatically acquired (3/3), most of the tested germline

samples from the SHH group (5/6) harbored the same TP53

alterations as their paired tumors. Thus, in addition to linking

p53 status to complex chromosomal rearrangements, we also

identified five previously undiagnosed LFS cases among the

SHH-MBs showing chromothripsis, which we herein refer to as

LFS-MB2–LFS-MB6 (Table S2).

We used deep sequencing, followed by counting DNA reads

that identify mutant or wild-type TP53 alleles, to analyze the

abundance of mutant TP53 relative to wild-type TP53 in several

tumors. This analysis followed the rationale that a high mutant

allele frequency can indicate an early mutational event, whereas

a low frequency indicates late occurrence—an analysis that may

facilitate an evaluation of cause versus consequence. We used

this approach in four SHH-MBs with germline TP53 mutation

(LFS-MB1–LFS-MB4), the single SHH-MB with confirmed

somatic TP53 mutation and chromothripsis (MB2034), and two

TP53 mutated WNT medulloblastomas (Extended Experimental

Procedures). The mutant allele frequencies of the LFS-associ-

ated SHH-MBs were 87%–100% (Table S2), suggesting that

loss of the wild-type TP53 allele is typically an early event in

SHH-MBs seen in LFS patients. Whereas the WNT subtype

medulloblastomas showed comparably lower mutant TP53

allele frequencies (35%–48%), all (14/14; 100%) DNA reads of

the SHH-MB tumor MB2034 mapped to the mutant TP53 allele.

Absence, or very low frequency, of the TP53 wild-type allele

suggests that the somatic TP53 mutation likely occurred as

a very early (possibly initiating) event during medulloblastoma

tumorigenesis in MB2034.

DNA Copy-Number Profiles of Medulloblastoma Mouse
Models Substantiates the Link between TP53 and
Chromothripsis in SHH-MB
We further reanalyzed published microarray data from two

SHH-MB mouse models. The mice were hemizygous for

patched (Ptch+/�), which promotes the development of SHH-

MB-like tumors (Buonamici et al., 2010; Ishida et al., 2010).

One study examined tumor growth in mice receiving medullo-

blastoma tumors (allografts) from a donor mouse lacking the

murine p53 ortholog (Trp53) and a copy of patched (Buonamici

et al., 2010) whereas another study examined tumors from

Ptch+/�;Trp53+/+ mice (Ishida et al., 2010). All six tumors in

mice receiving allografts from the Ptch+/�;Trp53�/� donor

showed rearrangements consistent with chromothripsis (Data

S2). Chromosome 16 was affected in each case, suggesting

that chromothripsis had occurred already in the donor. 2/6 recip-

ient mice further acquired alterations consistent with chromo-

thripsis on other chromosomes (Extended Experimental Proce-

dures). By comparison, none (0/3) of the Ptch+/�;Trp53+/+

mice showed chromothripsis (Data S2). These findings provide

additional support for a link between chromothripsis and p53

in SHH-MB.

Whole-Genome Sequencing of Three Additional
TP53 Mutated SHH-MBs Verifies the Occurrence
of Chromothripsis
We next subjected SHH-MB and paired normal tissue samples

from three of the newly identified LFS patients (LFS-MB2–LFS-

MB4) to additional analysis by whole-genome sequencing,

using the same approach as with LFS-MB1. One case (LFS-

MB3) was sequenced to a lower whole-genome coverage

(Table 1) sufficient for confirming the presence of chromothrip-

sis, complemented by deep sequencing of exonic regions using

a targeted exome capture approach. To better facilitate a

detailed characterization of the massive rearrangements seen

in chromothripsis, we additionally used long-range paired-end

mapping (Korbel et al., 2007), generating deep physical

genomic coverage of the two samples for which sufficient

DNA was available (Table 1).

We identified 11–24 nonsynonymous somatic SNVs in the

three tumor samples (Table 1, Table S3, Table S4)—again higher

than the rate previously reported in sporadic medulloblastoma

(Parsons et al., 2011). The only recurrently altered gene we

identified was TP53, which was confirmed to be mutated in the

germline in all cases. Importantly, the genome sequencing

data further verified the SNP array-based inference of chromo-

thripsis in all tumors. Specifically, LFS-MB2 showed chromo-

thripsis on chromosomes 3 and X, with resulting amplicons

that were physically connected to form a complex double-

minute chromosome (Figures 3A and 3B). Furthermore, chromo-

somes 8 and 17 displayed multiple alternations between few

copy-number states, involving a crisscrossing between one,

two and three copies (Figure 3A)—a rearrangement pattern

that is also typical for chromothripsis (Stephens et al., 2011). In

LFS-MB3, chromosome 15 displayed one of the most striking

genomic alteration patterns in our sample set, with > 100

highly-rearranged segments (Figure 3D). LFS-MB4 showed rear-

rangements consistent with chromothripsis on chromosomes

2 and 12, with several of the chromosome 2 segments forming

another double-minute chromosome (Figures 4A and 4B).

We performed experimental validations overall 27 PCRs and 3

FISH experiments, on all four SHH-MBs in which we carried out

whole-genome sequencing. These experiments verified the
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chromothripsis-associated rearrangements inferred by paired-

end mapping (Figure 1, Figure 3, Figure 4, Figure S2). The FISH

experiments further confirmed the presence of double-minute

chromosomes in nearly all tumor cells. In conjunction with the

high magnitude of log-ratio shifts in the context of single-copy

alterations resulting from chromothripsis (Figures 3A and 3D,

Figure 4A, Data S1), this finding indicates an early occurrence

of chromothripsis in SHH-MB tumorigenesis rather than a later,

sub-clonal event.

Known Medulloblastoma Oncogenes Are Frequently
Amplified as a Result of Chromothripsis
Given the high incidence of chromothripsis in LFS-associated

SHH-MB, we speculated that this phenomenon is a key driver

of SHH-MB tumorigenesis. We observed an enrichment of

oncogenes (2.3-fold enrichment; p < 0.03; Fisher’s exact test),

and more specifically of oncogenes involved in SHH signaling

(30-fold enrichment; p < 0.0002; see Table 2), among highly

amplified segments rearranged by chromothripsis. The abun-

dance of oncogenes likely explains the observed high copy-

numbers of rearranged structures such as double-minute

chromosomes—presumably resulting from unequal segregation

during cell division and subsequent selection for a growth advan-

tage of malignant cells.

Notably, in LFS-MB4 the chromothripsis-associated rear-

rangements brought two SHH signaling genes on chromosome

2, i.e., MYCN and GLI2, into close proximity (Figure 4). This

pattern is in contrast to LFS-MB1, where the SHH-MB

Figure 3. Verification of Chromothripsis in LFS-MB2 and LFS-MB3 by Whole-Genome Sequencing

(A) Copy-number profiles in LFS-MB2.

(B) Predicted double-minute chromosome structure. *Segments connected to centromere-like repeat sequences.

(C) FISH confirming colocalization of fragments from chromosomes 3 and X in LFS-MB2 (RP11-245A6, green and CTD-2530H13, red); positions of FISH probes

are shown on the inner-most circle of panel [B]). PCR experiments also confirmed this colocalization (see Figure S2).

(D) Read-depth plot showing chromosome 15 rearrangements resulting from chromothripsis in LFS-MB3. Links connecting amplified regions are displayed on

top (other links involving rearranged segments are displayed at the bottom).
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oncogenesMYCN andGLI2were amplified in different tumor cell

subpopulations, and where chromosome 2 was not affected

by chromothripsis (Figure 1). Furthermore, in LFS-MB1 we

observed another SHH signaling gene, BOC, amplified in associ-

ation with chromothripsis (Table 2 and Figure S1).

In two patients, the chromothripsis-associated rearrange-

ments led to the formation of putative in-frame fusions involving

genes previously reported to be dysregulated in cancer (Table 2,

Figure 4B). One of these genes, NEB, was recently reported to

harbor somatic point mutations in medulloblastoma (Parsons

et al., 2011), suggesting that the resulting fusion gene may play

a crucial role in the respective tumor.

Characterization of the Molecular Nature of the
Catastrophic DNA Rearrangements with
Complementary Computational Approaches
To further characterize these complex rearrangements we

examined the visually apparent genomic clustering of amplified

regions, which were frequently found on single chromosome

arms, using computational simulations. We observed that

segments contributing to interconnected and highly amplified

(>10-fold change in copy number) loci displayed pronounced

topological clustering in all four sequenced SHH-MBs (Fig-

ure 5A), consistent with previous reports in the context of chro-

mothripsis (Stephens et al., 2011).

Simulations were also used to evaluate the possibility that

the observed patterns of vastly alternating normal disomic

and ‘‘extreme’’ (highly amplified) copy-number states may be

explained by progressive rearrangements. We analyzed chro-

mosomes with inferred chromothripsis using 1,000 simulations

each, by progressively, and randomly, introducing all detected

intersegmental-connections that involved highly amplified

regions into the respective patients’ germline background in a

stepwise fashion (see Experimental Procedures). In all four

cases, based on the results of the simulations, a progressive

rearrangement model was rejected, thereby implicating the

occurrence of chromothripsis. In each case the simulations

resulted in less pronounced as well as less regular switches

between copy-number states than the actual data (p < 0.005;

based on permutations; Figure 5B).

Analysis of breakpoint sequence signatures (Lam et al., 2010)

revealed short microhomology tracts (%4 bp), compatible with

nonhomologous end-joining (NHEJ)-mediated double-strand

repair, or microhomology-mediated break-induced replication

(MMBIR) (Hastings et al., 2009a; Lee et al., 2007), for the vast

majority of breakpoints (Figure 5C). In a few cases, short

insertions of nontemplate DNA sequence were observed at the

breakpoint junctions (Table S5). NHEJ-mediated repair of shat-

tered DNA fragments appears more likely to be involved in this

context, as it is difficult to reconcile the model of MMBIR with

the massive rearrangements (including complex double-minute

chromosomes) we detected in association with chromothripsis.

Furthermore, we did not identify templated insertions—

commonly observed in association with replication-based

Figure 4. Verification of Chromothripsis in LFS-MB4

(A) DNA copy-number profiles.

(B) Inferred double-minute chromosome structure with SHH pathway members MYCN and GLI2.

(C) PCR confirms juxtaposition of segments shown in panel (B).

(D) FISH verifying colocalization of MYCN (red) and GLI2 (green).
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rearrangement mechanisms (such as MMBIR)—at the break-

point junctions of chromothripsis-associated rearrangements.

TP53 Mutation Is Linked to Chromothripsis in Acute
Myeloid Leukemia
To investigate a potential association between TP53 mutations

and chromothripsis in LFS-associated tumors other than

medulloblastoma, we collected copy-number profile data for

tumors from eleven LFS patients (Extended Experimental

Procedures), including adrenocortical carcinoma (n = 4), rhab-

domyosarcoma (n = 4), extrarenal rhabdoid tumor (n = 1),

neuroblastoma (n = 1), and glioblastoma (n = 1). In all eleven

patients, DNA sequencing identified the presence of a TP53

mutation in the germline. Four out of the eleven (36%) tumors

showed rearrangements consistent with chromothripsis (Table

S2 and Data S1). While larger sample sizes of these rare tumor

entities are required for formal testing, our results indicate that

TP53 germline mutations could be linked with a high incidence

of chromothripsis in LFS-associated malignancies other than

medulloblastoma.

The occurrence of chromothripsis in an SHH-MBwith somatic

TP53mutation led us to further investigate relationships between

p53 and chromothripsis in other malignancies with available

high-resolution SNP microarray and somatic TP53 status. We

obtained such data for acute myeloid leukemia (AML) (Parkin

et al., 2010). Previous studies have reported that mutations in

TP53 correlate with ‘‘complex’’ karyotypes in AML (Haferlach

et al., 2008). The TP53 mutations in the AML patient cohort

were somatically acquired as assessed using paired constitu-

tional DNA (Parkin et al., 2010). Copy-number profiling revealed

an abundance of massive, complex rearrangements in the

TP53 mutated AMLs, with numerous alternating copy-number

state switches involving two or three copy-number states, that

were specifically localized to single chromosomes (Figure 5D,

Table S5). These rearrangements were markedly different from

the pattern of general genomic instability observed in proto-

typical TP53mutated tumors (Data S2), and implicated chromo-

thripsis in the tumorigenesis of TP53 mutated AMLs. In total,

8/17 (47%) AMLswith a somatically acquired TP53mutant geno-

type, but only 1/91 (1%) AMLs with wild-type TP53 (TP53+/+),

displayed patterns of rearrangement consistent with chromo-

thripsis, a finding that links somaticTP53mutationswith chromo-

thripsis in AML (p = 5.7 3 10�7; Fisher’s exact test).

We further analyzed a previously unpublished SNP microarray

dataset from a cohort of 311 AML patients with available karyo-

typic subgrouping. These included 56 ‘‘complex’’ karyotype

AMLs (Haferlach et al., 2008), 46% of which harbored TP53

mutations, and an additional 18% of which harbored a

TP53+/� genotype. Our analysis revealed a similar abundance

of chromothripsis among TP53 mutated tumors as in the

aforementioned AML cohort. When applying our strict definition

for inferring chromothripsis, approximately half of the TP53

mutated tumors showed chromothripsis (Data S2, Table S5),

while none of the cases classified as ‘‘noncomplex’’ karyotype

AML, which exhibit TP53 mutations in only �2% of cases

(Haferlach et al., 2008), harbored alterations resulting from

chromothripsis. An additional 12% of TP53 mutated AMLs

harbored rearrangements reminiscent of chromothripsis that

fell just below our conservative scoring threshold (Extended

Experimental Procedures).

We additionally tested for enrichment of cancer-related

genes in regions rearranged by chromothripsis in AML. In

contrast to SHH-MBs, the AML samples did not harbor high-

level amplifications in association with chromothripsis, and

instead showed hemizygous deletions of tumor suppressors

(Figure 5E), some of which have known roles in AML, including

FHIT, NBN, and IRF1 (Table S5). Further analysis of gene

expression profiles in these AML samples (Extended Experi-

mental Procedures), including cases with and without evidence

for chromothripsis, did not reveal evidence for SHH pathway

activation (Data S2), as was seen in TP53-mutated SHH-MBs

with chromothripsis. Thus, in AML chromothripsis is linked

with somatically acquired TP53 mutations, but not with SHH

pathway activation.

The availability of clinical follow-up data for the AML patients

also enabled us to test for an association of chromothripsis

with poor prognosis. We tested for such an association in both

aforementioned AML cohorts, controlling for patient age at

diagnosis, since AMLs harboring ‘‘complex’’ karyotypes display

an increased incidence in patients with advanced age (Mrozek,

2008). Indeed, we found that chromothripsis in AML is associ-

ated with poor survival (p < 0.0001; Wald’s test; Data S2),

an association that remained significant independent from

patient age, and ‘‘complex’’ karyotype classification, when

assessed in multivariate analyses. These tests also revealed an

increased age of diagnosis in TP53-mutated AMLs with chromo-

thripsis (median = 62 years (yr); mean = 67 yr), compared to

Table 2. Chromothripsis-Associated Amplified Regions Typically

Contain Medulloblastoma Oncogenes

Chr Name Pathway/Process Sample Sources

4 ADAM29 Axonal Guidance

Signaling

LFS-MB1 (1)

3 BOC Sonic Hedgehog (SHH)

signaling pathway

LFS-MB1 (2)

7 CDK6 Cell cycle: G1/S

check point

LFS-MB2 (3)

2 GLI2 SHH signaling pathway LFS-MB4 (2, 3)

15 IGF1R Insulin-like growth

factor 1 signaling

LFS-MB3 (3)

2 MYCN MAPK- and SHH

signaling pathway

LFS-MB4 (2, 3)

3 NEK11 intra-S DNA damage

checkpoint

LFS-MB1 (3)

7 NAMPT * Nicotinate and

Nicotinamide Metabolism

LFS-MB2 (3)

2 NEB ** Striated Muscle

Contraction

LFS-MB4 (1)

Shown are oncogenes in highly amplified genomic regions (>10-fold

increased copy number) occurring in association with chromothripsis in

SHH-MB. Sources: (1) Parsons et al. (2011); (2) SHH signaling pathway

(manually curated); (3) cancer gene set curated by the Cancer Genome

Atlas (The Cancer Genome Atlas Research Network, 2008). *NAMPT is

C terminally fused to CDK6. **NEB is N terminally fused to ACTR3. Chr,

chromosome.
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TP53-mutated AMLs not showing chromothripsis (median =

57 yr; mean = 58 yr; p = 0.04; KS-test).

DISCUSSION

Integrated analysis of DNA sequencing and microarray data

enabled us to discover an association between mutations of

a specific gene, i.e., TP53, with chromothripsis. The unexpected

germline nature of mutant TP53 in several LFS-associated

SHH-MBs means that the TP53 mutation must precede the

massive shattering and chromosome rearrangements in these.

This led us to propose a novel role for p53 in the initiation of,

or cellular reaction to, chromothripsis, with TP53 mutations

predisposing cells for chromothripsis, or facilitating cell survival

following catastrophic DNA rearrangements (Figure 6). The high

frequency of TP53 germline mutations specifically in SHH

tumors further suggests that LFS patients may be predisposed

to SHH-MB, rather than to medulloblastoma per se. This finding

has clinical implications, and we recommend assessing the

merit of testing SHH-MB patients with chromothripsis for

A

C

B

D E

Figure 5. Analysis of Chromothripsis-Associated DNA Rearrangements in SHH-MB and AML

(A) Topographical clustering of amplified regions rearranged by chromothripsis. Sim., simulated amplicon distances (p values are based on 1,000 permutations).

(B) Simulations of progressive rearrangements segregate from the actual data in terms of mean excess in copy-number compared to unaffected regions.

(C) Rearrangement formation mechanisms analysis. Polymorphic genomic structural variants detected in the germline are shown for comparison. p values,

indicating significant differences between the distributions of inferred formation mechanisms, are based on Chi-square tests. VNTR, expansion or shrinkage

of regions with variable number of tandem repeats; MEI, mobile element insertions; NAHR, nonallelic homologous recombination (other abbreviations:

see main text).

(D) Somatically acquired TP53 mutations are linked with the occurrence of chromothripsis in AML. Black filled circles: AMLs with chromothripsis. Gray open

circles: AMLs without chromothripsis. Example copy-number profiles are available as Data S2, and a detailed summary of the AML data is in Table S5.

(E) Cancer gene enrichment in association with chromothripsis in SHH-MBs, analyzed by deep sequencing, and AMLs, analyzed by SNP arrays. Regions

hemizygously deleted (‘‘lost’’), gained, and highly (>10-fold) amplified as a consequence of chromothripsis were separately analyzed. No genes displayed

high-level amplification in AML in association with chromothripsis (NA). The asterisk indicates: significant based on Fisher’s exact test.
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germline TP53mutations, since regular screening in LFS families

was recently shown to lead to a survival benefit (Villani et al.,

2011). Additionally, particular care may be required with respect

to current treatment regimens, which in most cases include DNA

damaging agents and radiotherapy. These may induce therapy

resistance in the primary tumor or trigger secondary malignan-

cies in the context of constitutional TP53mutations and deficient

DNA repair.

The frequent occurrence of chromothripsis in the context of

germline alterations of TP53 points to a possible requirement

of TP53 mutations in the tumor cell-of-origin, or of TP53 muta-

tions acquired early in tumor development. The identification of

chromothripsis in the context of somatic TP53 mutations in an

SHH-MB patient and in several AMLs additionally implicates

acquired, tumor-specific TP53 mutations in chromothripsis.

Possible explanations for the absence of chromothripsis in

several malignancies with TP53 mutations, including several

AMLs and WNT medulloblastomas, are: their comparably late

acquisition of suchmutations; the occurrence of TP53mutations

in tumor subpopulations; and cell context-specific factors,

including distinct gene expression programs. Further to this,

selective growth advantages are likely to determine tumor devel-

opment following chromothripsis. The higher rate of chromo-

thripsis in TP53-mutated SHH-MBs (all cases we analyzed)

compared to TP53-mutated AMLs (approximately half of the

cases we analyzed) is striking. It is tempting to speculate that

this difference is connected with the abundance of high-level

oncogene amplifications, typically involving double-minute

chromosomes, in SHH-MBs with chromothripsis. The selective

advantage of such oncogene amplification is likely higher than

the selective advantage conferred by hemizygous tumor

suppressor gene loss observed in AML. Furthermore, rare cases

of chromothripsis in AMLs harboring wild-type TP53, and in

medulloblastomas with hemizygous TP53 deletion, show that

chromothripsis can also occur in the absence of TP53 point

mutations, perhaps in association with low TP53 gene dosage,

or other genetic or epigenetic mechanisms causing p53 pathway

dysregulation.

Our analyses of rearrangement breakpoints are in support of

a model of massive DNA double strand breaks (Stephens

et al., 2011), followed by NHEJ-mediated repair (Figure 6). The

replication-associated mechanism MMBIR can also generate

alterations with multiple breakpoints (Hastings et al., 2009a).

The lack of templated insertions at the breakpoint junctions,

however, which are thought to result from abortive attempts to

use another template during replication (Hastings et al., 2009b;

Howarth et al., 2011), does not substantiate the involvement of

a replication-associated rearrangement mechanism in the

complex alterations we observed.

Stephens et al. (2011) have discussed two possible scenarios

that may underlie the chromosome shattering and rearrange-

ment seen in chromothripsis. Both scenarios involve damage

occurring in mitotic chromosomes, since the compaction of

chromosomes during mitosis could explain the highly localized

nature of the DNA breaks, which are often focused on a single

chromosome. We note, however, that the known spatial organi-

zation of chromosomes maintained during interphase (Cremer

and Cremer, 2001; Lichter et al., 1988) might similarly represent

a structural basis for the local occurrence of DNA shattering. In

one scenario, it was proposed by Stephens et al. that ionizing

radiation may lead to a catastrophic series of DNA double strand

breaks. Based on our observations, these breaks might be

preferentially repaired by low-fidelity mechanisms, such as

error-prone NHEJ, as these are known to play a greater role

when levels of p53 activity are reduced (Dahm-Daphi et al.,

2005). An additional result of impaired p53 activity could be an

increased rate at which cells are able to survive, and divide, after

acquiring catastrophic chromosome alterations.

In a second possible scenario, critical telomere shortening

followed by chromosome end-to-end fusions (which are prone

to occur in association with uncapped telomeres [Tusell et al.,

2010]) and subsequent breakage could lead to chromothripsis.

Furthermore, dividing cells with uncapped telomeres are de-

layed at the G2/M transition in a p53-dependent manner, and

unprotected telomeres in p53-deficient cells undergoing mitosis

were found to be shorter than average, and prone to form end-

to-end fusions (Thanasoula et al., 2010). Intriguingly, LFS

patients harbor shortened telomeres compared to unaffected

individuals of the same age group, with average telomere length

decreasing from generation to generation in affected families,

and the age of onset of cancer showing an association with

average telomere length (Tabori et al., 2007; Trkova et al.,

2007). As two different chromosomes may participate in an

end-to-end fusion, such events could explain our observations

of chromothripsis leading to complex interchromosomal rear-

rangements (with derived double-minute chromosomes), which

involved nomore than two chromosomes. Thus, critical telomere

shortening followed by end-to-end fusions and subsequent

tearing apart during mitosis provides a plausible explanation

for the link between TP53 mutations and chromothripsis re-

ported in this study. The finding that chromothripsis frequently

Figure 6. New Model Linking TP53 Mutation Status to Catastrophic

DNA Rearrangements

Related references: 1Tabori et al. (2007); 2Tusell et al. (2010); 3Meyerson and

Pellman (2011); 4Vogelstein et al. (2000); 5Dahm-Daphi et al. (2005).
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occurred in individuals with advanced age at diagnosis in TP53

mutant AML is also of note, given the progressive shortening

of telomeres with age.

Additional contributions of p53 in controlling the G2/M transi-

tion checkpoint (Kastan and Bartek, 2004) suggest that the

involvement of a different mechanism—premature chromosome

compaction—may also be a possibility. In this process chromo-

somes from an S-phase nucleus condense prematurely and, as

a result, may become shattered (Meyerson and Pellman, 2011).

Given the multiple and varied roles that have been assigned to

p53 it is possible that the link between TP53 and chromothripsis

is associated with more than one of the aforementioned func-

tions acting in concert (Figure 6).

In contrast to earlier reports on the rarity of chromothripsis

(Kloosterman et al., 2011; Stephens et al., 2011), we found that

in specific biological contexts this phenomenon occurs at high

frequency. In conclusion, results from our study, which reported

the first whole-genome sequence data for tumors from LFS

patients and for pediatric brain tumors, indicate a new role for

p53, a protein also known as the ‘‘guardian of the genome.’’

Results from upcoming large-scale cancer genome sequencing

studies (The International Cancer Genome Consortium, 2010)

may shed light on additional factors associated with this cata-

strophic genomic phenotype.

EXPERIMENTAL PROCEDURES

Patients

Informed consent and an ethical vote (Institutional Review Board) were ob-

tained according to ICGC guidelines (www.icgc.org). No patient underwent

chemotherapy or radiotherapy prior to the surgical removal of the primary

tumor.

DNA Library Preparation and Sequencing

DNA library preparation was carried out using Illumina, Inc., paired-end (PE)

and mate-pair (MP, or long-range paired-end mapping) protocols. In brief,

5ug (PE) or 10ug (MP) of genomic DNA isolations were fragmented to

�300 bp (PE) insert-size with a Covaris device, or to �4kb (MP) with a Hydro-

shear device, followed by size selection through agarose gel excision. Deep

sequencing was carried out with Genome Analyzer IIx and HiSeq2000 instru-

ments. Exome capturing was carried out with Agilent SureSelect Human All

Exon 50 Mb in-solution capture reagents (vendor’s protocol v2.0.1).

Sequence Variant Discovery and Analysis

We mapped DNA read data onto the human reference genome and sub-

sequently detected SNVs, InDels, and genomic rearrangements with

complementary computational approaches (see Extended Experimental

Procedures).

SNP Arrays

SNP arrays were hybridized, and copy-number alterations identified, as previ-

ously described (Northcott et al., 2009). We inferred chromothripsis in cases

where at least ten switches between two or three copy-number states were

apparent on an individual chromosome, e.g., a sequence of the states ‘20

and ‘1’ (‘2; 1; 2; 1; 2; 1; 2; 1; 2; 1; 20), or ten switches between ‘20 and a highly

amplified (e.g., ‘‘30’) state (‘2; 30; 2; 30; 2; 30; 2; 30; 2; 30; 20). We chose this

threshold as we and others have demonstrated that whereas sporadic medul-

loblastomas display a high degree of variability in the level of observed copy

number alterations, specific patterns of alternating copy-number patterns

with multiple breakpoints localized on one chromosome, involving few copy-

number states, have not previously been described in these (Cho et al.,

2011; Northcott et al., 2009; Pfister et al., 2009).

PCR Validation

PCR validations for breakpoint junctions were performed as previously

described (Korbel et al., 2007). SNVs were validated by PCR, followed by

capillary sequencing in whole genome amplified (QIAGEN) DNA samples.

FISH

FISH was performed as previously described (Pfister et al., 2009).

Breakpoint Clustering Simulation

To evaluate topographical clustering of chromothripsis-associated DNA

segments we shuffled the location of amplicons (>10-fold change in copy

number) along single chromosomes, using 1,000 simulations each. We

limited our simulations to mappable regions of the reference genome (i.e.,

genomic segments where > 50% of the DNA reads could be uniquely

aligned).

Rearrangement Formation Mechanism Analysis

Rearrangement mechanisms were inferred with BreakSeq (Lam et al., 2010),

using recently described classification parameters (Mills et al., 2011).

Simulations of the Progressive Rearrangement Model

We simulated progressively occurring alterations based on a recently formu-

lated computational approach (Stephens et al., 2011), as described in detail

in the Extended Experimental Procedures.

Cancer Gene Enrichment Analysis

Lists of cancer-related genes associated with SHH-MB and AML were

compiled by supplementing a curated general cancer gene set with compre-

hensive lists of previously published disease-specific genes (see Table S5

and Extended Experimental Procedures). We then assessed whether these

gene sets were enriched in regions affected by chromothripsis compared to

the whole set of RefSeq genes, using Fisher’s exact test.

ACCESSION NUMBERS

Sequence data analyzed in our study can be accessed from EGA (accession:

EGAS00001000085) and microarray data from GEO (accessions: GSE14437,

GSE32462, GSE19101, GSE23452, GSE34323, and GSE34258).

SUPPLEMENTAL INFORMATION

Supplemental Information includes Extended Experimental Procedures, two

data files, five tables, and two figures and can be found with this article online

at doi:10.1016/j.cell.2011.12.013.
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c h a p t e r 3 0
.............................................................................................

EMOTIONS, ART

AND IMMORALITY
.............................................................................................

matthew kieran

30 .1 INTRODUCTION
................................................................................................................

At one level it is easy to see why art works deal with morally bad characters and

situations from Shakespeare’s Richard III to Irvine Welsh’s Trainspotting. We are

naturally interested in why people are bad, come to be so or come to do bad things.

What looks more puzzling is how and why works get us to empathize, sympathize,

and even admire bad people or react to morally problematic situations as we would

or ought not to ordinarily. Consider how you might likely react to the following

newspaper headlines:

Wife-killing paedophile kidnaps young step-daughter

Suburban homeowner is psychopathic mafia boss

Trendy Shoreditch moron sleeps with 13-year-old model

Beethoven lover rapes wife of respected author

Adulteress arranges husband’s murder and betrays lover

Bully Manager made staff ’s lives hell

In real life if we read about the events as encapsulated in such headlines or witnessed

themourmoral shock and horror would likely preclude sympathy for or empathywith

the perpetrators involved. Yet given that the mock headlines above refer to Humbert

Humbert fromLolita, Tony inThe Sopranos, Nathan Barley inNathan Barley, Alex inA

Clockwork Orange, Cora in The Postman Always Rings Twice, and David Brent (UK) or

Michael Scott (US) fromThe Office respectively, we know that this is not the case with
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respect to many art works. Indeed it is a mark of the success of such works as art that

they do get us to sympathize with Humbert Humbert, empathize with Alex’s thrill of

violence, laugh at Nathan’s apparently exploitative underage sex, or be indignant with

Tony Soprano at someone grassing the family up to the Feds.

In contrast with newspaper headlines, art works are complex artefacts inten-

tionally designed to prescribe and promote sophisticated imaginings that draw on

our emotional responses and the ways in which they interact at various levels.

In LolitaNabokov purposefully cultivates empathy with Humbert at his wife’s crass

vulgarity to underwrite the reader’s sympathy for Humbert and contempt for

Charlotte. The novel’s capacity to do this rests in part on the fact that Humbert’s

retrospective telling of the story is constrained by his refusal or inability (except

right at the very end) to take up the viewpoint of anyone else. All we have is

Humbert’s attempt to persuade the reader of what he retrospectively takes himself

to have been convinced of at the time. If Nabokov had used an omniscient narrator

allowing for a perspective detached from Humbert’s own, then not only would our

imaginings be rather different (we might then know what Lolita thought and was

actually like) but so too would our emotional responses. We might then have been

repulsed by rather than sympathetic for Humbert in the first half of the novel. The

language and literary techniques used shape and structure our emotional responses

in ways that facilitate our ability to feel and respond emotionally as we ordinarily

would or perhaps ought not to.

30.1.1 Emotional Asymmetries

Nonetheless, even if we strip away the complex interactions between a work’s

features and the emotional journey we undergo in responding to them it is

worth noting that the asymmetries involved can occur at two distinct levels.

Symmetric Emotions, Asymmetric Valences

We may feel the same type of emotion in response to the same kind of events both

ordinarily and as represented in art works and yet enjoy the emotion in one case

and not in the other. The feelings of fear, moral repugnance, or horror found to be

distinctly unpleasant in ordinary situations may be found to be exhilarating when

solicited in response to similar types of events in art works. If we witnessed an

unprovoked attack in a bar the feelings of fear, horror, and anticipation may be

experienced as deeply unpleasant and traumatic. Yet when watching The Sopranos

we may nonetheless enjoy being horrified at Tony Soprano’s deliberately explosive

and unprovoked attack on his driver. This is a common phenomenon. We often

enjoy feeling emotions in responding to art that we would ordinarily be distressed

to feel due to the morally relevant features of the situation or characters.
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Asymmetric Emotions

In engaging with art works we often allow ourselves to have emotions to the same

kind of events that stand in contrast to the types of emotions we would ordinarily

have. The very things we might ordinarily respond to as fearful, horrific, or repug-

nant in real life may be ones we respond to with amusement, hope, or joy when

engaging with art works. In watching Arsenic and Old Lace we are amused by rather

than straightforwardly appalled at the spinster aunts who have the ‘bad habit’ of

poisoning lonely oldmen.When readingDavid FosterWallace’sBrief Interviews with

Hideous Men we may find hilarious the dispassionate dissection of the ludicrous

narcissism of the clinically depressed. Yet ordinarily we might not or would not be

able to allow ourselves to respond thus to the events represented. The serial murders

of old men or clinical depression are after all, at least ordinarily, no laughing matter.

We’re normally motivated to avoid empathizing with evil or bad people and

tend to judge them morally in real life. How is it that we respond emotionally or

enjoy certain emotions when engaging with art works in ways we ordinarily would

or should not due to morally relevant features? What is valuable about doing so?

In what follows it will be argued that the asymmetries involved cannot all straight-

forwardly be attributed to a neat distinction between fact and fiction. Furthermore

the narrative artistry that is often concerned with soliciting empathy and sympathy

can facilitate the suspension of moral judgement, norms, and values. Works often

solicit the suspension of particular moral assumptions in order to imaginatively

explore different ways of seeing, feeling, responding to, and valuing the world. We

do so for the values realized in and through such imaginings. Finally, it is suggested

that the complex inter-relations between the evaluation of our emotional responses to

what we imagine, our own character, and the moral character of works of art is more

complex than is commonly assumed, and future directions for research are suggested.

30 .2 FICTION, NON-FICTION,
AND NARRATIVE ART

................................................................................................................

30.2.1 Fiction vs. Reality

One obvious thought is that what makes the difference falls neatly out of the

distinction between fiction and reality. Insofar as we take something to be fictional

we are thereby free to indulge emotions in ways we would not if we took them to be

true (no-one gets hurt and no real person is the formal object of our responses).

If we see a student deliberately knock down her professor in a hit-and-run then we

are both motivated to respond and act in various ways (assuming moral decency).
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We may be horrified, angry, worried for the victim, rush to help them, and so on.

Yet if we are reading or watching a fiction then we are not only freed from the

constraints of action but we are free to respond in ways we ordinarily would not

depending upon the literary or artistic treatment of the events as represented.

A serious work might characterize the event from the student’s point of view and

empathizing with her motives of revenge we may allow ourselves to feel glad at the

success of her malicious intent. Apprehending the work as a fiction enables us to

enter into the glee which the student feels as she pulls away as we would not for

moral reasons were we to read about the event as, say, a newspaper report.

Alternatively a comic treatment might render the whole thing farcical. The ludi-

crous indignity of the way the cyclist is represented as being knocked down, the

juxtaposition of garish safety clobber encasing the large frame of the victim on a

spindly bike, may solicit amusement and hilarity at the absurdity of it all. If we were

to take the events as represented to be fact rather than fiction we might be repulsed

rather than delighted by the comic treatment and refuse to laugh. According to this

view apprehending a work as a fiction allows us to feel and explore emotional

responses it would be callous to indulge were we to apprehend the events as

reported matters of fact.

It might be held that the difference stems from differences in the nature of our

emotional responses to fiction and non-fiction. We respond to real life events with

genuine emotions but only with quasi-emotions to fictional events (Walton 1978;

1990). On this view quasi-emotions have the same affect and phenomenology as

genuine emotions; it is just that they involve the imagination as opposed to belief.

Perhaps the asymmetries can be explained in virtue of quasi-emotions not being

subject to the same constraints as genuine emotions since belief is constrained in

ways in which the imagination is not. Alternatively it might be held that appre-

hending something as fictional brings with it an aesthetic or psychic distance that

enables viewers to attend to the artistic and aesthetic features (Bullough 1995). Such

distance is often held to be crucial when we are engaging with unpleasant subject

matter.

As appealing as such views initially seem, they cannot be quite right. First, many

great art works that deal with morally problematic characters and situations are

works of non-fiction. Milton’s sonnet On the Late Massacre in Piedmont concerns

an act of genocide against the Vaudois, considered by some to be the original

Protestants due to their excommunication in 1215. In 1655 the Catholic Duke of

Savoy sent his troops in to expel them and the end result was the massacre of

nearly 2000 people. The appropriation of historical events for artistic purposes

(including wider political aims such as Milton’s) is hardly rare in the world of

painting, literature, or cinema. Consider Géricault’s The Raft of Medusa, Goya’s

Disasters of War series, or Georg Buchner’s non fiction tragedy Woyzeck (the basis

for Berg’s operaWozzeck). There are even great non-fiction documentary tragedies

(Friend 2007). All of these works and so many more involve the representation of
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real life events and partly depend on the knowledge that this is so in shaping and

prescribing our emotional responses to them. In at least some such cases the

narrative artistry involved is devoted to cultivating empathy with and sympathy

for real people we would normally be morally repulsed by and thus unwilling

or unable to have such responses for. The publication of Truman Capote’s non-

fiction novel In Cold Blood was greeted with immediate controversy due to its

sympathy for and empathy with the killers of the Clutter family, and David’s great

painting The Death of Marat successfully solicits admiration for a bloody secular

saint of the French Revolution. How we respond to someone as represented in

a novel or painting need not dovetail with how we would respond to such a person

in real life.

Second, it cannot be the case that just in virtue of something’s being a fiction we

are thereby free to indulge emotional responses unconstrained by real world

considerations. Many works of fiction rely upon characters as fictional instances

of recognizable real-world types (Gaut 1998a). In doing so they invite emotional

responses and inferences that are not just tied up with the apparent fictional object

but also with respect to real world counter parts. Indeed, it would otherwise be

deeply puzzling what the appeal of much satire or nineteenth-century realist

psychological fiction is supposed to be. It is sometimes taken to follow from this

that even in fiction our emotional responses are subject to criteria of appropriate-

ness which depend upon what the relevant justified cognitive-affective world-

directed attitudes are, for example that cruelty is wrong or killing for self-gain is

bad (Gaut 1998b). This is, as we shall see below, a difficult matter. Furthermore,

fictions often cultivate our empathy for characters in order to deepen our imagi-

native understanding. This can in turn direct us to apply the relevant cognitive-

affective attitudes to the world (Kieran 1996). Harper Lee’s To Kill A Mocking Bird

not only shows us why racism is morally pernicious but gets us to care about it

through shaping our emotional responses in the contemplation of its near-disas-

trous consequences – consequences narrowly averted in the fiction through heroic

action but by implication all too easily realizable in the actual world.

30.2.2 Narrative Artistry

A work’s fictional status is not always what is crucial to explaining the asymmetry

of cognitive-affective attitudes we might have to events as represented in a work in

contrast with events as represented in newspaper reports or witnessed. What is

always crucial are two things that are non-contingently closely associated with

fictionality: (i) the states of affairs as represented are at a distance from us, i.e. we

cannot intervene and (ii) the use of artistic devices mediating the representation of

events portrayed ranging from pictorial techniques, poetic form, imagery and

metaphor to interior monologues. These two features enable us to appreciate
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represented events in a distinctive way, such that we are freed from practical

reasons to intervene and thus respond emotionally to aspects of what is represented

in ways we might or could not were we to be present at the actual scene. The

recognition that we cannot intervene in events as represented is as true of past

events or modal facts as it is of fictional ones. A significant difference between

imagining entertained scenarios, many asserted scenarios, and witnessing events

inheres in the fact that it is often only in the last type of case that we can intervene

or something might happen to us. When reading A Clockwork Orange or In Cold

Blood, for example, it neither makes sense to be afraid for ourselves or to think that

we can intervene in the events represented. Thus as readers we are free to respond

in ways that we otherwise would or could not. We are free to empathize with Perry

and sympathize with Alex in ways we might be unable to were we to meet them.

Furthermore, it is not as if the shock or horror always precludes sympathy or

empathy.

At least where a story or report is not too close to home we can be amused at or

take a prurient interest in reports and stories very much as we would do if a

narrative were fictional. A headline such as ‘Police help dog bite victim’ might be

funny in a way that precludes empathy or sympathy for the victim unless say you

saw the event or recently were the victim of a dog bite (and understandably fail to

see the funny side of it). Hence the appositeness of Charlie Chaplin’s famous

dictum that ‘Life is a tragedy when seen in close-up but a comedy in long shot’.

It should be emphasized that, whilst a distinction between engaging with a

representation and witnessing some state of affairs helps to explain some asymme-

tries of emotional response, much of the work is done by the manipulation of

artistic techniques, imagery, thematic exploration, and structuring. It is the impo-

sition of structure and form on events as represented for artistic purposes that

sustains and builds from the differences that arise from watching a film of or

reading about as opposed to witnessing an event. Hence the huge difference

between mere news reports of the slaughter of Herbert Clutter, his wife, and two

of his children and Capote’s In Cold Blood. One of the purposes to which such

artistry can be put to, in contrast with mere reports, is the facilitation of empathy

with and sympathy for those we might not normally want or be able to have an

emotional feeling for (e.g. disturbed or immoral characters). The techniques for

doing so are many and varied, ranging from point of view shifts, narrational

suspense, and authorial treatment to the use of free indirect style. Consider Maisie’s

thoughts as she wonders about her governess whose daughter had died in Henry

James’s What Maisie Knew: ‘Clara Matilda . . .was in heaven and yet, embarrass-

ingly, also in Kendal Green, where they had been together to see her little huddled

grave.’ We see things from Maisie’s point of view and thus feel her confusion whilst

nonetheless grasping the complexity of the situation from an adult perspective.

Indirect free style enables the narrative to ‘take on the properties of the character,

who now seems to “own” the words . . .Thanks to free indirect style, we see things
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through the character’s eyes and language but also through the author’s eyes and

language. We inhabit omniscience and partiality at once” (Wood, 2008). Techni-

ques that achieve such an imaginative characterization of a situation enables artists

to explore themes that are central to human drives, desires, and moral action. Lolita

or The Sopranos get us to empathize with the central characters (what they feel,

think, are disposed to do) in ways that facilitate the dramatic exploration of

interesting and profound themes such as the nature of self-deception, psychopathy,

and the conflation of morality with power.

30 .3 EMOTIONS, MORAL CRITERIA,
AND ARTISTIC VALUE

................................................................................................................

The above explanation seems to fit neatly with the idea that, once we allow for

differences between witnessing an event and engaging with an artistically designed

narrative, we should respond emotionally to art works as we ought to in real life.

In other words the overall cognitive-affective attitudes manifest in the work that

solicit emotional responses from us are subject to the same criteria of appropriate-

ness that our real life attitudes are. One motivation for the view derives from the

recognition that we often draw on our standard moral norms and presumptions to

fill in and respond emotionally to narratives in order for them to succeed. How we

do so automatically often depends upon shared moral assumptions. The suspense

in thrillers, for example, often arises concerning whether or not the perpetrator will

be caught or the innocent man be let off. In such cases it is not as if the narratives

need to explain or prescribe us to imagine valuing innocence or assuming that

criminals are bad. This happens all the time with narratives. If a reader fails to

empathize with and feel sorrow for Dorothea on her honeymoon then this

betokens a failure to get Middlemarch. It is not just that a reader must recognize

how the narrative characterizes events but she must respond appropriately in order

to understand it (Carroll 1996; 1998). Furthermore, emotional responses solicited

by art works are subject to evaluation in terms of whether they are merited or not.

A horror movie may aim to scare us but if the monsters or aliens as represented are

ridiculous, hapless, or unthreatening then we ought not to be scared. This would

make for a failure in a work as a horror movie. We should respond with hilarity

rather than horror (as is infamously true in the case of Ed Wood Jr.’s Plan 9 from

Outer Space). In general, works can fail as art in virtue of soliciting emotional

responses that are not merited. Where solicited responses come apart from what is

merited then this is a failure in the work as art. On this basis it has been argued that

where emotional responses involve moral considerations then whether or not the
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emotions solicited are merited or not will depend upon moral considerations.

Thus, according to this line of thought, wherever the moral character of a work is

defective and related to the emotional responses a work prescribes its audience to

take up, a moral defect is always an artistic one and a moral virtue an artistic one

(Gaut 1998b; 2007). Indeed, insofar as works draw us into identifying with char-

acters and call upon emotional responses which in turn enable us to gain imagina-

tive insight into attitudes or human psychology it looks as if ‘truth to life’ is an

important art evaluative criterion (Kieran 1996).

Whilst the considerations of narrative comprehension, merited response, and

cognitive gain differ, we can see how they can all be used to ground roughly the

same conclusion. Namely, that the evaluation of our emotional responses to art

works should be evaluated in moral terms as we would and should evaluate them in

real life. Narrative suspense requires us to know who the innocent or good guys are

and the happy ending may only be truly happy if it is in some sense deserved. It is

often crucial that we are being asked to admire that which truly is admirable and

that the putative insights shown to us through our emotional engagement with a

work are indeed genuine. Artistic failings in works are very often to be explained in

terms of failures along these very lines. Furthermore, such grounds make sense of

why we resent or are repulsed by works that prescribe emotional responses or

attitudes we judge to be morally inappropriate. Hence literary and cinematic

criticism sometimes involves diagnosing whether, where, and why some work

may be morally defective, offensive, or cruel. Critical controversies over works

ranging from D. H. Lawrence’s oeuvre to Shakespeare’s Taming of the Shrew revolve

around whether or not they rest upon morally problematic views of sex and

gender that get in the way of our engagement with and responses to the texts.

D. W. Griffiths Birth of a Nation and Leni Riefenstahl’s Triumph of the Will solicit

emotional attitudes ranging from hope to admiration towards that which we

should only feel dread and disgust. This is not to deny the artistic virtues of such

works but it is to hold that, insofar as the glorification of the Ku Klux Klan and the

Third Reich respectively underwrites emotional responses sought from us, they fail

as art. Where the emotions solicited from us involve taking up attitudes that are

racist or misanthropic, say, then even if we could we should not allow ourselves to

respond accordingly. Conversely the various grounds make sense of why we enjoy

feeling certain emotional responses and praise some works as morally profound.

Jane Austen’s oeuvre, for example, is much more than the comedy of romantic

misunderstanding set amongst late eighteenth-century genteel society. If Austen’s

novels amounted to no more than this then they would be pleasurable but

inconsequential. Rather each novel takes as its central theme certain human failings

and through the narrative explores how they give rise to misunderstandings that

fundamentally threaten the prospect of the central protagonists’ happiness. The

central protagonist in Emma is a snob given to meddling with the private lives of

others due to her own romantic flights of fancy. Austen cultivates empathy with

688 matthew kieran



UNIVERSITY OF RIJEKA SCIENTIFIC COLLOQUIUM 2012 / 2013

103

and sympathy for a character that in ordinary life many of us would neither want to

be around nor like very much. This is part of Austen’s achievement. We see Emma’s

faults and yet feel for her. Sympathy for Emma is required in order for the novel to

work as it does. Devoid of sympathy we would neither hope for the eventual

romantic resolution nor fear for the all too close possibility that it might not

happen. Furthermore, the way our emotional responses are prescribed through the

novel guides our apprehension of the ways in which good intentions can be bound

up with snobbery in ways that may blind us to the value of others and lead us into

acting badly. In following Emma’s recognition and emotional trajectory, the lessons

Emma learns thereby become the readers. Emma’s self-condemnation is arrived at

in a way that both provides the dramatic basis from which she can go on to rectify

the misunderstandings she has caused and allows the reader to hope that she is

successful in doing so. The fear that Emma might not be able to and the hope that

she can is merited because the self-knowledge arrived at and what she is prepared

to do to set matters right show that she comes to deserve to find happiness. Devoid

of any such self-revelation in the narrative the solicited emotions on the part of the

reader would seem far from merited. It is common in narrative art for there to be a

complex interplay between the moral development and understanding conveyed

through the work and the emotional responses sought from the audience. From

works such as Steinbeck’s The Grapes of Wrath, pictures such as Hogarth’s Rake’s

Progress to films such as The Lives of Others, the profundity of narrative art works

often rests upon the extent to which the emotional responses sought from us in

engaging with them are appropriate. Conversely, where works ranging from D. W.

Griffith’s Birth of A Nation (The Clansman) to Lars von Trier’s The Idiots solicit

emotional responses from us that endorse or depend on morally problematic or

incoherent attitudes, we may be unable to (Walton 1994) or might refuse to

(Gendler 2000) indulge the emotions as prescribed. Indeed, even where we can

and do respond emotionally as solicited it might be thought that we should not

(Moran 1994; Gaut 2008) where such responses depend on views that are at odds

with how things are morally speaking.

Despite general arguments against such a view (Jacobson 1997; Kieran 2003b;

Patridge 2008) it does seem most plausible when we think about straightforward

nineteenth-century realist novels or genres that depend upon importing to our

engagement with narratives the moral norms we take to be justified. Nonetheless,

at the very least it cannot do justice to the complex ways in which our emotions

operate when engaging with other kinds of art works. The assumption of transi-

tivity from what merits the appropriateness of emotional attitudes in ordinary life

to what merits emotions in responses to narratives as artistically represented is too

literal-minded. What seems out of synch here is the underlying presumption that

what matters in terms of the appropriateness of our emotional responses is how

they would line up with respect to the real world. Our primary interest in engaging

with a narrative work as art is playing games of make-believe and responding to
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them as prescribed (Walton 1990). We are cued by the work to take certain

presumptions as given in exploring the make-believe world as represented. Wheth-

er or not the emotions that the work solicits from us are merited or not depends

upon the presumptions we are to take as given in playing the game and what the

work does through the dramatic unfolding and characterization of events. While

moral criteria are often relevant to the emotional responses solicited from us it

does not thereby follow, however, that whether the relevant emotional responses

are merited or not in responding to the work depends upon whether they would be

(or we would judge them to be) such in real life.

30 .4 IMAGINED WORLDS AND MORAL

COMMITMENTS
................................................................................................................

Consider the Norse legends. Out of the regions of fire and ice come the evil giants

and the righteous Gods who are at constant war with one another. It is in part a

fantastical world according to which Odin created man and woman, the treacher-

ous Loki’s children issued from congress with an ogress, and the Berserkers fail to

discriminate between allies and enemies in the heat of battle. The emotions

solicited from the reader depend upon a code that prizes valour, honour, and

truth highly but in many ways is at odds with the moral norms we would take

to be (and let us assume for the sake of argument are) justified. Furthermore

the Icelandic sagas (from which much of our account of Norse legends derives)

are in various parts principally historical texts. Written primarily in the twelfth

and thirteenth centuries along with some supernatural mythology and no little

humour they relay the previously oral history of particular individuals and

communities. A striking moral divergence between the presumptions embodied

in the Icelandic sagas, upon which various emotional responses depend, and those

one might expect in much contemporary literature is the way in which honour or

vengeance killings are treated. Vengeance is represented as a legal and honourable

way of resolving conflict whilst even more strikingly amicable resolution outside

the law is judged much more harshly than blood vengeance. Moreover, vengeance

need not take the form of killing the original perpetrator of some sleight or crime

but is represented as justifiably consisting in the killing of one of the original

perpetrator’s family or group. Considerations ranging from status to conse-

quences are often carefully calibrated in the sagas and mistakes in calibration

often lead to negative cognitive-affective attributions of foolishness or shame at

dishonour.
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In reading the sagas and appreciating them we can allow for different moral

presumptions and allow our emotions to respond accordingly. We can recognize

that, given the moral code underlying the sagas, reluctance to kill ought to lead to

worries about manhood and a character’s honour. It is not that we think that as

such these attitudes and emotional responses are merited. It is just that in the world

as represented through the sagas these are appropriate and merited cognitive-

affective responses and attitudes to have. This is far from rare. Engaging with

many narratives ranging from Homer’s Iliad and Odyssey, stories from the Bible,

A Thousand and One Arabian Nights, the Mahabharata, revenge tragedies such as

The Spanish Tragedy, Titus Andronicus,Hamlet, The Revenger’s Tragedy to comedies

such as The Taming of the Shrew and The Man of Mode involves (a least for many

of us) the imaginative taking on of moral commitments and values other than

our own.

It might be tempting to think that the complex ways in which we can suspend

and play with our underlying moral presumptions arises only in the case of works

that are associated with psychologically distant worlds that imaginatively explore

only nominally available possibilities or ways of viewing the world. Perhaps, it

might be thought, we can allow ourselves to respond in a game of make-believe in

ways we would otherwise deem not to be merited precisely because the values

implicit in the make-believe narrative worlds issuing from Ancient Greece, India,

or the Iceland of the middle ages are psychologically distant and thus unthreaten-

ing. Imagine a narrative according to which the central protagonist sets about an

honour killing depending upon presumptions akin to those we find in the Icelan-

dic sagas. He must do so in order to avenge himself and his family, uphold honour

and doing so is a matter of duty. In doing so various emotional responses of

admiration, hope, and sympathy are called upon. The only significant difference is

that this narrative is set in contemporary London. It seems plausible that the very

same narrative set within an Icelandic saga would be less troublesome in terms of

successfully soliciting the emotional responses called upon than the one set in

contemporary London. Why should this be so? One possibility is that we engage

with an Icelandic saga as laying out some far-off make-believe world that bears

fairly indirect and complicated relations to our own. We do not take or respond to

the narrative as endorsing or implying that honour killing within the world we

inhabit is praiseworthy. Yet we may be repulsed in the extreme by a contemporary

novel that prescribes a pro attitude towards honour killing. What we imagine in

engaging with the Icelandic sagas may be engaged with as the exploration of

something that is merely a nominal possibility whilst the contemporary novel’s

endorsement is seen as an all-too-real possibility. Thus our emotional reactions to

the moral praiseworthiness of revenge killing as represented in the two cases may

diverge markedly.

Even if the distinction between nominal and real confrontations of value ex-

plains some differences it cannot be the whole story since we can suspend and play
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with our moral presumptions in imaginatively engaging with respect to more

contemporary works. We grasp works as belonging to particular genres in a way

that makes a significant difference to the emotional reactions that are appropriate

and the inferences we make between the relevant fictional worlds and the real one

(Nichols 2006; Weinberg 2008).

Contemporary noir fiction, action movies, espionage thrillers, westerns, farce,

satire, and black comedies all often involve responding with emotions that draw

on moral presumptions at odds with those that are or would be judged to be

merited in real life. Indeed, it is difficult to see how audiences could be drawn into

the excitement or humour of certain works if this were not so. Consider works in

the thriller or hard-boiled detective genre. Donnie Brasco draws the audience in as

Brasco himself is drawn into the excitement and style of the ‘bad’ life. The shift of

moral outlook only comes home when Brasco manages to meet with his wife and

realizes how far his outlook has changed. If we pick up novels by Dashiell

Hammett, James Cain, or James Ellroy we know that we are entering a moral

universe where men tend to be predatory by nature, cynicism rules, and yet there

remains a perpetual conflict between honour and corruption. In James Ellroy’s

L. A. Quartet, consisting of The Black Dahlia, The Big Nowhere, L. A. Confidential,

and White Jazz, the central characters we empathize with are recognizably vile.

The racism, misogyny, and psychopathic tendencies in the central protagonists are

deeply ingrained whilst nonetheless we can go along with them and respond

emotionally as solicited. The explanation for this lies in the moral universe

Ellroy’s work operates within. It is a Hobbesian world shot through with a

heavy dose of Freud. Everyone acts from self-interest, even those who appear to

be conventionally good. Consider L. A. Confidential. The dark, psychological

secrets of the protagonists explain why they act in the way they do. Those that

are driven towards the right actions are motivated by idiosyncratic reasons going

back much earlier in life. Bud White’s mania for protecting women issues from

his father’s systematic brutality towards his mother. The clean-cut Ed Exley’s

ambitiousness is driven by the desire to outdo his father and fulfil his late

brother’s role. The characters are designed to reveal not just their own peculiar

individuality but also to reflect something about the baseness of the city itself. The

nostalgia for an innocent 1950s Americana is rendered as a fantastical projection

from a world where rank hypocrisy, murderous exploitation, and corruption are

the order of the day. In dramatic terms the noir style and fragmentary narrative

heightens suspense as the most disparate elements turn out to be intimately

related. In L. A. Confidential the bloody shoot-out at an all-night café turns out

to be tied to a pornography ring and beneath it all lies police corruption of the

deepest order – in Exley and White’s own department. Underlying the dramatic

plot is the driving force of the postwar construction of L. A. Rapacious greed is

the generator that constructs the city and explains why the individuals involved

face the choices they do. Importantly the difference between the ‘good’ guys and
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the ‘bad’ guys sometimes only turns on differences of consciousness. InWhite Jazz

the central protagonist Klein is a right-wing, racist, psychopathic cop implicated

in ‘killings, beatings, bribes, payoffs, kickbacks, shakedowns. Rent coercion, music

jobs, strikebreaker work. Lies, intimidation, vows trashed, oaths broken, duties

scorned. Thievery, duplicity, greed, lies, killings, beatings, bribes, payoffs” (Ellroy

1993: 331). What distinguishes Klein from the novel’s villains is the recognition of

what he has done and his attempts to grasp not just the how but the why of the

crime central to the novel. In such a universe all the characters are morally

implicated and besmirched. Nonetheless, we respond emotionally in ways we

would not judge to be merited or appropriate in the real world. This is because

the artistry involved makes use of and builds from two significant factors. First,

our ability to take as given in what we imagine something like the presumptions

of Hobbes and Freud (independently of whether or not we think they hold true in

the world). We can entertain hypothesis and assumptions distinct from the ones

we actually do hold. This is just as true in games of make-believe as it is in moral

argument. Second, in cultivating our capacity to empathize with and have sym-

pathy for the central characters. This is not merely a product of representing

matters from the relevant characters’ points of view (though that is a part of it).

It also usually depends upon the central characters embodying redeeming traits in

contrast with the utter amorality, lack of feeling, or failure to try and understand

of the villains.

Our capacity to play such imaginative games of make-believe and respond

emotionally to works as we ordinarily would not depends upon our capacity to

suspend moral judgement, norms, or values in order to explore different ways of

seeing, feeling, responding to, and valuing the world. Engaging with works in

moral terms is not an all-or-nothing matter. Emotional responses to works traffic

in and call on moral concepts and norms but it does not thereby follow that we

should respond to art works as we should respond ordinarily. Works may solicit

emotional responses we find intelligible in the light of certain background moral

assumptions, ones we may entertain rather than share (Kieran 2001, 2006). There

might be all sorts of ways in which we find the application of moral terms or the

evaluative component central to them intelligibly variable. Hence we are

often prepared to entertain actions as, for example, honourable, sentimental,

or callous in engaging with make-believe works in ways we would not were we to

be confronted by them in actuality. We can and often do isolate off or

suspend moral norms and commitments in order to imaginatively explore the

make-believe worlds played out before us in the narrative. Indeed, if this were

not so it would be deeply puzzling as to how people could engage fully with

works from other cultures, epochs or, at least for some, genres outside of

nineteenth-century psychological realism. The reason we do so is the payoffs

such imaginings will bring, which ties in to the basic motivations for and values

realized in so doing.
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30 .5 MOTIVATIONS AND VALUES

................................................................................................................

30.5.1 Aesthetic

Entertaining fictional states of affairs frees us from immediate practical motivations

and worries, thus facilitating the realization of aesthetic value. The artifice of

narrative artistry in fictional works is free to invent characters, scenes, and events

that facilitate the exploration of a work’s underlying themes. Even in non-fiction

work the artistry involved is often free in terms of how exactly events are framed or

pre-criterially focused, which scenes to concentrate on, and how to bring out the

putative exploration of motivations and themes. This allows artistic narratives, at

least typically, to be epistemically transparent to a degree that ordinary works often

cannot be. This is not to deny that fictionality as such can make a difference.

Schrader and Scorcese’s Taxi Driverwas loosely based on Arthur Bremer’s infamous

shooting of George CorleyWallace, the 1972Democratic presidential candidate. As a

fiction awork is free to determine the nature of its central protagonists and why they

do what they do in ways in which a work of non-fiction is not. It follows that Taxi

Driver is open to a range of critical and emotional responses that a biographical film

would not be. In a crucial scene in the movie Travis Bickle (Robert De Niro) takes

Betsy (Cybill Shepherd) on a date to a Swedish sex movie. This is supposed to

manifest Travis’s cluelessness regarding how to treat women in particular and

inability to understand people more generally. Betsy is deeply offended and storms

off. This event precipitates Travis’s decline into obsessively violent thoughts, seeking

out the moral decay he is so repulsed by. Given that the film is a fiction the artistic

choice in inventing such a scene as well as choices made concerning how it is played

out are subject to critical evaluation. We respond with sympathy for Bickle in a way

we might not in real life because it is clear what he is trying to do and why.

By contrast, in real life perhaps it never was or became clear why Bremer was

motivated to do what he did. It is also important to note that the scene and the

relevant solicited emotions are subject to appraisal in terms of the themes explored

through the work. It is open to question whether the scene amplifies or undermines

the thematic working out of the narrative. Travis is drawn towards Betsy because her

clean, waspish beauty allows him to project his romantic fantasies of angelic

innocence on to her. Travis does have some sense of and aspires towards some

kind of fantastical purity and beauty. Thus it would be a criticism of themovie to say

that even given Travis’s lack of understanding it would be psychologically incredible

to think that he would take her to see a Swedish sex movie rather than something

more in line with his fantastical projection of her. If that is right then perhaps our

sympathy for Travis is or should be undercut (and to the extent this is so, it

constitutes a flaw in the work). The fictional status of a work also more easily allows

for the aestheticization of things like violence to enhance the sense of spectacle or
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humour. Focusing in on the movement of bodies, wounds inflicted, and so on can

enhance the aesthetic properties of a work as can be seen from the choreography of

violence in Tarantino’s Kill Bill to various John Woo films. Alternatively farcical

treatment enables us to find violence humorous, as can be seen from Mazzini’s

comic journey to a baronetcy by knocking off his aristocratic relatives in the satirical

Kind Hearts and Coronets. If a non-fiction film delighted in showing us scenes of

violence in the manner of a John Woo film or treated it farcically along the lines of

an Ealing Comedy we should judge it cruel or callous. However, given that we know

such films are fiction we are free to delight in the aesthetic aspects of the violence

portrayed or find them humorous as we otherwise would not be.

Nonetheless, as argued above, works of non-fiction can similarly aspire to the

realization of aesthetic value. It is just that as non-fiction they are subject to

additional constraints. Works of non-fiction as such are at the very least not free

to invent central scenes or protagonists. They are nonetheless open to artistic choice

in terms of the way inwhich events are framed through context, emotional tone and

tenor, use of imagery, and thematic exploration. Compare the two recent biograph-

ical films of Truman Capote, both of which represent many of the same scenes.

Infamous introduces us to Capote in his element as the gay society figure. The initial

setting provides a sharp relief to Capote’s subsequent visit to Holcomb, Kansas,

where he becomes caught up with the town’s response to the murders and then the

killers themselves, especially Perry Smith. The initial delight Capote took in his own

munificence as a society figure is represented as being of a piece with and fore-

shadowing his subsequent betrayals of all who came to trust and confide in him. The

underlying thematic explanation is the narcissistic pursuit of self-glory. Capote, by

contrast, starts with him on the way down to Kansas with Harper Lee. It delves

straight into Capote’s investigations into what happened and why. Hence Capote

cultivates amuch greater degree of empathy with his internal struggles as awriter, in

contrast with the external perspectives more often afforded in Infamous. The strong

identification with Perry Smith in Capote is elaborated in terms of common

childhood experiences (as opposed to lust) and this is represented as feeding into

his egoistic but sincere qualms about whether Capote could have done more for

Smith. The egoistic way Capote uses the people around him is made clear but the

greater degree of empathy cultivated by Capote enables the viewer to feel greater

sympathy for him. Capote leaves us feeling sorry for a talented but ultimately selfish

man whereas Infamous leaves us feeling appalled at and repulsed by utter treachery.

30.5.2 Emotional Intensity

People enjoy experiencing intense emotional states, though the degree to which this

is so and, moreover, which ones people enjoy feeling intensely are agent-relative
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matters. After all, this is what explains why some people like, for example, roller

coasters, rock climbing, car racing, or certain types of dance music (Morreall 1985;

Gaut 1993). Narrative artistry can facilitate and promote enjoying vicarious thrills

and spills gained from engaging with works without any moral cost. This is most

obvious when we are dealing with fictional works and helps to explain a range of

immersive phenomena from the popularity of CGI in violent movies to the role

empathy plays in allowing us to feel the emotions of the central protagonist. At least

some of the pleasures in such cases arise from the heightened sense of emotional

arousal that comes with greater immersion. Itmakes just as much sense to complain

of a game that it is not violent enough or the central protagonists in a novel are not

bad enough as it does to complain of a horror movie that it is not scary enough.

Indeed with art more generally one of the things that appeals (at least to some) are

the ways in which works successfully solicit emotional responses from us that are

often stronger and more intense than those we ordinarily feel. No doubt part of the

joy taken in Anthony Burgess’s A Clockwork Orange lies in the play with language

along with its concomitant aestheticization of violence. Yet given that the story is

narrated from Alex’s point of view, the aestheticization plays a crucial role in

enabling us to delight in the primal vitality expressed through his violent acts.

Indeed, part of the point of the novel is to show the reader through arousing such

joy and excitement in Alex’s actions that the appeal of violence lies in its passionate

intensity. Indeed many artistic techniques are often designed to heighten the

audience’s emotional intensity. Thus, for example, in Hubert Selby Junior’s Last

Exit to Brooklyn where a couple is rowing the text suddenly cuts to whole pages

written in capitals ratcheting up both the emotional ante and the reader’s affective

response.

30.5.3 Cognitive Gains

Another reason we are drawn to engaging with and appreciating works that take

immoral characters as their central protagonists or play with morally problematic

situations concerns cognitive value. In watching Rome or The Sopranos we may be

reminded of how easy it is to conflate power and morality when issues of loyalty

and admiration arise. The viewer may root for Tony and admire him whilst

nonetheless apprehending his good family man routine as a self-serving deceit

that facilitates his manipulativeness. Furthermore, what we attend to and the

ways in which we attend often vary depending upon which emotional state we are

in the grip of. Artists can use this not only to convey how the world seems to a

character, and thus what state he is in, but to draw audiences more deeply in to

‘seeing’ the fictional world as the character does. To take one example, in The

Sopranos season six, episode seventy, Tony is out of hospital and worried about
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the erosion of his authority. His physical weakening has eroded the fear he is held

in by his captains, the fear that is essential to the exercise of power as head of the

family. The episode builds up our sense of Tony’s situation through several

strategies including Tony’s worrying about it with his psychiatrist and his

crew’s incessant joking about weakness. As the captains sit around laughing we

suddenly see them from Tony’s point of view and in slow which enhances the

apprehension of them exhibiting primate-like basic group behaviour. Tony then

unleashes an unprovoked but furious assault on the most physically impressive

guy in the room, the new driver Perry Annunziata. The arbitrary nature of the

attack combined with Tony’s victory re-establishes his dominance. This serves not

just to remind us of the importance of fear in maintaining the family’s hierarchy

and what Tony is prepared to do to maintain it but orientates the ways in which

we apprehend apparent shows of friendship and loyalty in the show. Indeed more

generally it is a powerful reminder of the ways in which apparent professions of

collegiality or friendship (on one’s own part or that of others) can sometimes be

much more self-serving than perhaps we tend to admit. Works prime our

emotional responses and shape them in the journey through a narrative. Often

they do so in order to remind us of the things we may already tacitly know or in

ways that extend or deepen our understanding (Carroll 1998). Park Chan-Wook’s

Vengeance trilogy, for example, explores different ways in which the lust for

revenge can seem natural and its various consequences. In Lady Vengeance, the

last of the trilogy, we see the families of murdered children brought together.

They exact revenge on the killer of their children by turning aggressors them-

selves, each participating in the taking of the murderer’s life. Afterwards the

initial feeling of cohesion brought about by the group action dissipates as

the feelings of guilt start. Gradually everyone leaves citing trivial excuses and

the viewer is left with a sense of their not wanting to see each other again. The arc

of our emotional responses shows us how feelings of vengeance can give way to

guilt and isolation. As can be seen from works ranging from American Psycho to

Dangerous Liaisons the ways in which works engage our emotions through

the exploration of violence, sexuality, betrayal whilst taking a host of morally

problematic actions as their subject matter can be used to promote knowledge

and understanding (Kieran 2003b; 2006).

A little observed but important way we can also learn concerns not so much

the insights we may glean from emotional engagement with a work but the

enhancement of our cognitive-affective skills and capacities (Kieran 2005:

138–47). Series 7: The Contenders is a film set in a near-contemporary or future

world where we see, for the most part, scenes from a reality television show in its

seventh run. The show’s conceit involves matching up ordinary people to fight to

the death, bringing with it all the normal clichéd interviews and faux emotional

trajectories we would expect of the genre. The exploration of reality television

involves a by turns amusing and horrifying parody of the exact look and feel of its
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conventions. Prior to Series 7, Chris Morris’s Brass Eye had similarly parodied

television news media conventions and the ways in which public figures could

easily be persuaded into talking nonsense or making claims about subjects they

knew nothing about. Brass Eye caused a storm of controversy not just because of

the highly emotional nature of the subject matter (from paedophilia to drugs) but

also due to the ways in which public figures had been duped. Independently of

the particular message of these shows, the astute parodies of television news and

reality show conventions facilitate the viewers’ capacity to see how and why the

relevant conventions are there. Thus such works enhance our ability to see where,

why, and how such shows are constructed for emotionally manipulative reasons.

More generally, engaging with artistically constructed narratives may enhance

readers’ capacity for empathizing with people in real life since they tend to expose

us in imagining to a wider range of how people can behave and cultivate the

abilities involved in inferring intentions and underlying patterns of action.

30.5.4 Drives and Desires

Art works can and often do call on emotions that are related to motivating drives

or desires that we may have. Representations of adultery, betrayal or violence

abound where our responses are not straightforwardly solicited in terms of what

is permissible, right or good but rather in terms of empathy with or sympathy for

central characters (understandably perhaps) transgressing moral boundaries. To

the extent that such representations are successful, part of what is involved may call

upon emotions of excitement, arousal or desire that normally we would consider to

be prohibited (Kieran 2002). In real life scenarios where we are subject to such

emotions we would normally work to suppress them or distance ourselves from

them, whereas, depending upon the work in question, in the artistic case we may

allow ourselves to indulge them. The underlying drives or desires might normally

be taken to be intrinsically problematic, for example emotions such as envy, malice,

or schadenfreude. Alternatively works may cultivate emotions that would not

themselves be considered to be morally problematic except that the way in which

they are directed or the extent to which they are indulged may normally considered

to be so. This may also include a range of complex meta-responses as well. After all

works sometimes self-consciously set out to prompt in the reader second order

responses of pleasure (as well as disgust) at the first order emotional responses

successfully solicited. These may range from pleasure taken in the moral rectitude

of one’s abhorrence felt at a character’s adultery to pleasure arising from the

delights of moral transgression. Hence the appeal of works by Céline, de Sade,

the Earl of Rochester, and John Waters.
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30.5.5 Artistic Values

We have isolated central explanations as to how and why we enjoy empathizing and

sympathizing with immoral characters but this is not to deny that works tend to

draw on them in complex ways. Indeed, great works tend to make symbiotic use of

the different motivations in ways that enhance the value of their works. The appeal

of an emotional roller-coaster movie such as Saw when contrasted say with

A Clockwork Orange tends to diminish given the realization that Saw is merely an

effective emotional intensifier rather than a work which puts emotional impact in

the service of exploring a rich theme about human existence. Where a work

attempts to get us to isolate off aspects of our normal moral commitments and

respond emotionally to what we imagine in ways we ordinarily would not then we

expect there to be a payoff for so doing. There will be individual variance since

what values an agent is able or prepared to allow herself to take on or isolate with

respect to what is imagined may well be an agent-relative matter (Stokes 2006).

Indeed, even individuals who share the same evaluative commitments may give

them different priorities. Furthermore, it not only depends on an agent’s values

and commitments but also on the agent’s capacities, for example the ability to

empathize may vary. Variance may also arise depending on how the appreciator

understands the relations between the responses solicited in engaging with the

artistic object and real-world attitudes. In the same way that there is permissible

variance amongst individuals with respect to horror movies, so too there is

permissible variance over individuals as to the degree to which norms can be

suspended in underwriting empathy with and sympathy for characters who

would normally be judged to be deeply immoral. If there is no payoff in terms of

the motivations outlined above then the work will have failed to justify itself.

Furthermore, in certain cases we may judge that whatever the payoff is, it is

insufficient to redeem what the work has put us through as readers or viewers.

Consider Haneke’s Funny Games, which charts the psychopathic descent of two

characters trespassing on a conventionally nice middle-class family holiday. The

film self-consciously plays with cinematic conventions and foregrounds the ways in

which the film is being played out for the viewer’s sake. We see no violence directly,

but are prompted to imagine what happens in ways that trigger a range of intensely

uncomfortable emotional reactions. The charge of the movie rests on the self-

conscious condemnation of its audience. The payoff here is minimal and the film’s

character is disingenuous. A work that prompts an audience to be voyeuristic at

misery and degradation through its manipulation of artistic conventions and then

morally condemns the audience for being voyeuristic constitutes a kind of artistic

hypocrisy. This goes hand in hand with Haneke’s failure to provide the trespassers

with any real motivation. Indeed, the film flaunts its failure to do so as if this

constitutes an act of artistic daring required for the thematic conceit and ultimate

accusation. Yet the conceit is flawed since the audience is always entitled to ask for
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what purpose a writer or director is doing something. Is it intelligible? Is what we

are being put through artistically justified? Characters depend on reasons for

action. Devoid of such, the psychopathic descent in Funny Games leaves the viewer

numb and blank since there is nothing there to empathize or sympathize with.

Haneke’s film prompts the viewer to imagine increasingly unspeakable acts and

then accuses the viewer of a systematic disposition towards cruelty or schadenfreu-

de. All it reveals, however, is that viewers expect the dramatic development of the

film to have some payoff despite the apparent lack of explanation or emotional

engagement. If the analysis is right, then this is artistic cowardice presenting itself

as artistic courage or daring. The flaw lies with the character of the film and what

the director is attempting to do rather than with the audience.

30 .6 EMOTIONS, IMAGININGS, AND CHARACTER
................................................................................................................

Underlying much of the debate is the presumption that our emotional responses to

what we imagine can be morally problematic because of what they express or reveal

about our character. The thought is familiar enough both from the extant literature

and contemporary cultural discourse (Gaut 2007: 48). Nonetheless, little has been

done to justify and work out the presumption in any great detail. It faces two

distinct challenges. The first is epistemic. Narrative art works are often shaped as

they are to get us to respond emotionally in certain ways. The same kind of event

may be represented from a victim’s, perpetrator’s, observer’s, or third person point

of view. The very choice as to which viewpoint(s) a scenario is represented from

and the order in which this is done can make a significant difference to the reader’s

emotional responses. The point of view(s) the reader is prescribed to attend to and

how they are guided through the event as represented influences the nature and

tone of the audience’s emotional reactions (Goldie 2003; Kieran 2003a). Where a

work is good as art then presumably it will elicit the sought-for emotional

responses across a wide range of readers. After all, it is taken as a mark of artistic

value that a work speaks to people across different times, places, and cultures. Yet if

this is the case then surely someone’s responding with empathy, disgust. or

indignation to what they are prescribed to imagine doesn’t necessarily tell us

anything interesting about their character. It only tells us that in common with a

whole host of other people they can be successfully made to feel certain emotions in

response to having their imaginings prescribed in certain ways. We may laugh at

the attempt to knock off the old lady in The Lady Killers or flinch with repulsion at

the horrific details of psychopathic killings in American Psycho but as yet all that is

revealed is how human emotions generally can be shaped in particular ways
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through artistic narratives. It reveals little or nothing significant about someone’s

character in particular. Furthermore, given that we can and do isolate aspects of

our moral norms and codes in engaging with works, it is not clear what exactly is

revealed in terms of dispositions towards feeling and acting morally with respect to

actual events. How we respond to works in what we imagine need not systemati-

cally reflect how we would be disposed to respond when actually confronted with

putatively morally problematic people and events. The mere fact that someone

empathizes with Tony’s outrage at being grassed up to the Feds or enjoys the range

of emotional responses bound up with the illicit activities portrayed does not yet

tell us anything about that person’s actual dispositions to act and feel when

confronted by such people and scenarios in the real world. Consider an analogy

to sexual fantasies. It is well documented that there seems to be little general causal

relation between people’s sexual fantasies and how they would respond if con-

fronted with the real-life equivalent (Williams 1979; Bauserman 1996). Thus even if

it is the case that certain imaginings are revealing about basic traits or tendencies

what is revealed may be fairly indirect and have little or no implications for actual

scenarios putatively closely related to the imagined ones.

The second challenge is moral. We should distinguish between something being

revealing about character in imagining morally problematic scenarios and some-

thing manifesting character in ways that are morally problematic. Emotional

responses to art works that involve imagining morally problematic characters

and states of affairs may under certain circumstances reveal character but it does

not thereby automatically follow that the imaginings and emotional responses to

them are as such morally problematic or condemnable. Consider the analogy to

sexual fantasies further. Imagine that someone indulges in fantasies involving illicit

activities, partners, or sex without consent. The erotic interest taken in and aroused

by imagining activities that would be morally problematic were they indulged in

actual activities may be revealing about someone’s character. Exactly what might be

revealed is a difficult matter but let us assume that the particular fantasies involved

can be said to reveal that someone is submissive or dominant, a sexual thrill seeker,

and so on. Thus such imaginings may reveal basic traits of someone’s sexual

character. Nonetheless, given that the person is aware of what is being imagined

as a fantasy it is far from clear that the imaginings are or could be morally

problematic as such. After all, the internalized moral prohibitions of the person

could be such that they never would act as they imagine in the fantasy. This holds

for imaginings more generally. In reading the Icelandic sagas or watching The Lady

Killers we apprehend and emotionally respond to the works as artistically con-

structed narratives. If someone responds with indignation or hilarity at certain

junctures in the respective films it may reveal that they are more hostile or less

serious-minded than others. It might also manifest a capacity to dissociate aspects

of standard moral systems or norms more easily when compared to others who do

not have the same emotional reactions to the relevant scenes. What is not clear is
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that such emotional responses to what is imagined issues from someone’s character

in a way that connects up straightforwardly with a disposition in real life to be

callously amused at murder, admire honour killings, or act in associated ways

issuing from such a disposition.

The two challenges presented are not tantamount to a denial that our emotional

responses in what we imagine may sometimes be revealing of character or indeed

morally problematic. However, they highlight the ways in which the contemporary

debate needs to take much greater account of the complex inter-relations between

what we may be prescribed to imagine, what we can or are prepared to imagine,

how we do so, the artistic payoff of so doing, our attitude towards such, and the

ways in which character may be implicated through doing so. What is required is a

more complex story about the reasons to hold when, where, and why our empathy

for and sympathy with morally problematic characters in artistically-shaped nar-

ratives issues from or cultivates more general dispositions to do ill (or good): work

which requires a greater philosophical and psychological understanding of the

complexities involved. Psychological work is required since much will depend on

how and the extent to which emotional responses interact with belief and imagi-

nation systems and in what ways so doing may reflect or cultivate more general

dispositions of character to feel and act. Put more plainly we not only need to know

more about the underlying mechanisms that enable us to empathize and sympa-

thize with morally problematic characters in narrative art but how, if at all, so

doing may corrupt our more general patterns of emotional response and character.

Philosophical work is required since, even if we arrive at such a psychological

understanding, we need a better conceptual grasp of the ways in which emotionally

responding to imagined states of affairs might manifest virtue and vice.
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Introduction

At the core of political liberalism is the claim that political institutions 
must be publicly justifĳied or justifĳiable to be legitimate. Public justifĳication 
is justifĳication by and addressed to all members of the relevant political 
constituency. Diffferent versions of political liberalism employ diffferent 
conceptions of public justifĳication, of course, but that is not the main issue 
I am interested in here. The question I want to focus on instead is: what 
explains this centrality of public justifĳication?

John Rawls, with whom the idea of political liberalism is most closely 
associated, argued that the answer to this question lies within political phi-
losophy. According to Rawls, political liberalism fĳinds expression in the 
“liberal principle of legitimacy.”1 This principle, which is also the funda-
mental building block of what he calls a political conception of justice, 
specifĳies that the legitimacy of political institutions and the decisions made 
within them depend on the possibility of justifying them to free and equal 
citizens. Public justifĳication is necessary for political legitimacy, he argues, 
because of the irreducible pluralism of moral and/or religious doctrines 
that characterizes democratic societies. It is sufffĳicient because there are 
certain fundamental political values that all those living in a democracy 
can accept and which can serve as the basis for the justifĳication of political 
institutions and the decisions made within them. Rawls’ key idea was that 
there is a middle way between a narrowly political solution to the problem 
of legitimacy based on actual acceptance and a moral solution based on the 
received understanding of justifĳication.

But why should we take pluralism seriously? Critics have argued that 
Rawls’ political strategy, although innovative and fruitful, risks having no 
arguments to convince those who are not already political liberals in his 
sense. The worry, which I share, is that Rawls’ argument for political liberal-
ism may be too limited. In response, many have been drawn to a moral 
strategy for overcoming the limitations of the Rawlsian project. They have 
claimed that liberalism needs moral foundations—either as part of politi-
cal liberalism or as part of an alternative conception of liberalism. They 
claim that if pluralism deserves to be taken seriously, it is because of cer-
tain moral principles grounded in equal respect, dignity, or autonomy. My 
main aim in this paper is to argue against this moral strategy and propose 
an alternative—epistemic—strategy for explaining the signifĳicance of 
public justifĳication.

1 John Rawls, Political Liberalism (New York: Columbia University Press, 1993), p. 137.
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The paper is organized as follows. In section 2 I give a brief characteriza-
tion of political liberalism. I shall focus on Rawls’ Political Liberalism, the 
most influential articulation of the idea.2 But what I shall have to say in 
subsequent sections will not be limited to Rawls’ conception of it and in 
fact presents a way of thinking about political liberalism that difffers from 
Rawls’ conception. I then present my epistemic argument for the signifĳi-
cance of public justifĳication. This argument is rooted in some premises 
from the epistemology of disagreement (section  3). I then draw out the 
implications of these premises for the realm of political normativity 
(section 4).

In a nutshell, I shall argue that the signifĳicance of public justifĳication can 
be explained by the possibility of reasonable disagreement. In a reasonable 
disagreement, the parties hold mutually incompatible beliefs, but each is 
justifĳied to hold the belief they do. I shall use the notion of a reasonable 
disagreement to explain the possibility of an irreducible pluralism of moral 
and religious doctrines and, on that basis, why the justifĳication of political 
institutions has to be public. My argument assumes moral realism. I accept 
the metaphysical claim that there are fundamental moral and/or religious 
truths that exist independently of our attitudes. So my argument is not 
based simply on the dismissal of the metanormative claims made by some 
of Rawls’ critics. Instead I will show that the possibility of reasonable dis-
agreements about fundamental moral and religious beliefs implies that the 
received understanding of justifĳication is not sufffĳicient for establishing 
political legitimacy.

Political Liberalism

Political liberalism is best understood in contrast with comprehensive lib-
eralism. The distinction hinges on how the requirements of legitimacy and 
justice are justifĳied. In comprehensive liberalism, these justifĳications derive 
from moral or religious doctrines—from “rather precisely articulated  
systems” that “cover all values and virtues.”3 In Mill’s liberalism, for exam-
ple, it is the greatest happiness principle that establishes when political 
institutions and decisions made within them are legitimate and what  
justice requires. In political liberalism, by contrast, the justifĳication of the 

2 See Thomas Nagel, “Moral Conflict and Political Legitimacy,” Philosophy and Public 
Afffairs 16 (1987): 215-240, for a related view.

3 Rawls, Political Liberalism, p. 13.
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requirements of legitimacy and justice is supposed to draw only on prem-
ises that all can share. Public justifĳication thus demands more than valid 
argument. As Rawls puts it, “when the premises and conclusions are not 
acceptable on due reflection to all parties in disagreement, valid argument 
falls short of public justifĳication.”4

How does Rawls explain the importance of public justifĳication? The 
argument he presents is an argument from disagreement. Political liberal-
ism is a theory for democratic societies. Rawls takes such societies to be 
committed to the freedom and equality of their citizens and to the fairness 
of the basic terms of cooperation. In addition, he takes the commitment to 
these political values to create the fact of “reasonable pluralism.” By that he 
means the inevitable co-existence of incompatible moral and religious 
doctrines. This situation gives rise to the following problem of legitimacy: 
“how is it possible to justify political institutions and the decisions made 
within them to free and equal citizens that are divided by reasonable yet 
incompatible comprehensive doctrines”?5

As I read Rawls, and I think his view is roughly right, he takes legitimacy 
to require that basic political institutions—the “constitutional essen-
tials”—are justifĳied. This need not mean that each and every decision is 
justifĳied in the same way.6 But the principles that govern the political deci-
sion-making process need to be justifĳied if citizens are to have a sufffĳicient 
reason to support the decisions made within them.

Rawls argues that the solution to the problem of legitimacy is to under-
stand political liberalism as “doctrinally autonomous.”7 According to Rawls, 
there are doctrine-specifĳic truths, and appeals to them are divisive and 
need to be bracketed. To be successful, justifĳication has to avoid drawing 
on premises that are not shared across comprehensive doctrines. This is 
achieved if public justifĳication is free-standing—if it only draws on beliefs 
that are independent of comprehensive moral and/or religious doctrines.

In sum, Rawls argues that public justifĳication is necessary for legitimacy 
because deep disagreements between diffferent comprehensive moral and 
religious doctrines require a mode of justifĳication that stays clear of these 
disagreements. It is sufffĳicient because of a domain restriction. Since public 
justifĳication only draws on political values, there will be a broad range of 

4 Rawls, Justice as Fairness: A Restatement (Cambridge: Harvard University Press, 2001),  
p. 27.

5 Rawls, Justice as Fairness: A Restatement, p. 40f.
6 Fabienne Peter, Democratic Legitimacy (New York: Routledge, 2009).
7 Rawls, Political Liberalism, p. 99.
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questions for which it will not yield acceptable answers. But, Rawls argues, 
it will when it comes to the justifĳication of constitutional essentials.8

It is an important premise in Rawls’ argument for political liberalism 
that the pluralism of moral and religious doctrines that characterizes dem-
ocratic societies is “reasonable.” Generally put, it is a deep pluralism, not 
merely a conflict of self-interest. “Reasonable pluralism,” in Rawls’ use of 
the term, describes the diversity of doctrines that “reasonable citizens” 
afffĳirm (1993: 36).9 “Reasonable” is here to be understood in the context of 
Rawls’ distinction between the reasonable and the rational (1993: 48fff). The 
distinction is this: rational persons are able to formulate, revise, and pursue 
a conception of the good. Persons as reasonable citizens, although commit-
ted to a particular comprehensive doctrine of the good, recognize that oth-
ers may not share their view. When it comes to fundamental political 
questions, they will abstain from trying to impose their conception of the 
good on others.

Rawls gives two arguments in support of this claim. First, a sense of  
justice—in addition to a sense of the good—leads reasonable citizens to be 
willing to propose fair terms of cooperation, as opposed to terms of coop-
eration which are maximally rational given their own conception of the 
good. Second, they recognize that the diffferences between the diffferent com-
prehensive doctrines cannot be overcome by sufffĳiciently deep rational argu-
mentation. They recognize what Rawls calls “the burdens of judgment.”10

Rawls thus provides a moral and an epistemic argument for the impor-
tance of the distinction between the reasonable and the rational, and hence 
for why public justifĳication is necessary for legitimacy in a context of rea-
sonable pluralism. The moral argument is that because citizens have two 
fundamental moral powers—a sense of justice and a sense of the good—
justifĳication in a context of pluralism about the good requires an appeal to 
their sense of justice. The epistemic argument is that because disagreement 
on questions of the good is possible even after full deliberation, the justifĳi-
cation of political institutions requires an alternative basis.

Critics of Rawls’ political liberalism have tended to question his account 
of the signifĳicance of public justifĳication and either one or both of his 
claims about the relation between public justifĳication and political legiti-
macy. Some critics argue for a moralized conception of liberalism and 
reject both the claim that public justifĳication is necessary for legitimacy 

8 Rawls, Political Liberalism, pp. 227fff.
9 Rawls, Political Liberalism, p. 36.

10 Rawls, Political Liberalism, pp. 54fff.
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and that it is sufffĳicient. They have been drawn to abandon the very idea of 
a political conception of justice and legitimacy. Joseph Raz, for example, 
argues that the idea of political liberalism is “unstable and incoherent” 
because there is “no middle way between actual (including implied) agree-
ment and rational justifĳication” (Raz 1990: 46).11 These critics must reject 
Rawls’ claim that it is important that we pay attention not only to the ques-
tion of what is or can be justifĳied, but also to the question of how anything 
is or might be justifĳied in societies characterized by reasonable pluralism.

Critics who are more sympathetic to Rawls’ overall project have argued 
that while public justifĳication is necessary, it is not sufffĳicient for political 
legitimacy. Charles Larmore, for example, argues that the idea of political 
liberalism is incoherent unless one acknowledges that it rests on the moral 
principle of equal respect for persons. On his view, it is this principle which 
explains why we ought to search for reasonable agreement and hence why 
public justifĳication is important.12

Most of Rawls’ critics have tended to either neglect or dismiss the epis-
temic argument for explaining the signifĳicance of public justifĳication.13 
This is probably partly due to the fact that Rawls himself didn’t sufffĳiciently 
develop the epistemic underpinnings of political liberalism. His work does 
not contain much more than a few sketchy remarks about the burdens of 
judgment. For this reason it is perhaps not surprising that even many of 
Rawls’ friends have tended to focus on the moral dimension of his work—
primarily as developed in A Theory of Justice.14

11 Joseph Raz, “Facing Diversity: The Case of Epistemic Abstinence,” Philosophy & Public 
Afffairs, 19 (1990): 3-46.

12 Charles Larmore, The Autonomy of Morality (Cambridge: Cambridge University Press, 
2008), pp. 139fff.

13 There are exceptions, of course. Gerald Gaus, Justifĳicatory Liberalism (Oxford: Oxford 
University Press, 1997) has made similar points and I owe a lot to his work. There are also 
parallels with Robert Talisse’s work; see for example his “Toward a Social Epistemic 
Comprehensive Liberalism,” Episteme 5 (2008): 106-128. Neither uses the epistemology of 
disagreement as the starting-point, however. On related topics, see also James Bohman and 
Henry Richardson, “Liberalism, Deliberative Democracy, and ‘Reasons that All Can Accept’,” 
Journal of Political Philosophy 17(2009), 253–274 and Martha Nussbaum, “Perfectionist 
Liberalism and Political Liberalism,” Philosophy and Public Afffairs 39 (2011): 3—45.

14 Leif Wenar, for example, in his much praised critique of Political Liberalism argues that 
“the burdens of judgment are at best unnecessary for endorsing the content of a liberal 
view” (“Political Liberalism: An Internal Critique,” Ethics 106 (1995): 32—62, p. 43. He adds 
that the epistemic argument may even be detrimental to Rawls’ project because it implies a 
kind of skepticism that would be hostile to the adherents of some moral and religious doc-
trines. See Jonathan Quong, Liberalism Without Perfection (Oxford: Oxford University Press, 
2011) for a Rawlsian response to the skepticism worry.
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Against this set of both Rawls’ critics and his friends I want to claim that 
the epistemic argument, properly stated, is crucial for explaining the sig-
nifĳicance of public justifĳication and hence for political liberalism. I shall 
argue that public justifĳication is necessary for political legitimacy, but not 
because of some antecedent moral principle.

The Epistemology of Disagreement

The political liberal argument for public justifĳication only gets offf the 
ground if widespread disagreement causes a pluralism of opinion that 
deserves to be taken seriously. But how is disagreement in the political 
domain best understood? Is reasonable disagreement—i.e. a conflict 
between beliefs that the parties to the disagreement are each justifĳied to 
hold—possible at all? And if it is, what explains its occurrence? And what 
does a reasonable disagreement imply for the parties involved?

In the current debate on the epistemology of disagreement, the question 
whether reasonable disagreement is possible at all is an important topic. 
One exchange focuses on disagreements that arise after everyone has con-
sidered the same body of evidence. The two poles of this debate are marked 
by positions typically labeled the Equal Weight View and the Steadfast 
View.15 Suppose you fĳind yourself in a disagreement with someone you 
take to be an epistemic peer. Epistemic peers have (roughly) equal abilities 
to respond to evidence, which also means that epistemic peers are equally 
likely to make mistakes.16 On the basis of the evidence you’ve both consid-
ered, you formed the belief p and your peer not-p. Defenders of the Equal 
Weight View argue that absent any independent reasons to discount the 

15 See David Christensen “Disagreement, Question-Begging, and Epistemic Self-
Criticism,” Philosopher’s Imprint 11 (http://hdl.handle.net/2027/spo.3521354.0011.006, 2011) 
for this terminology. In the last couple of years, a number of intermediary positions have 
emerged; in addition to the article by Christensen I’ve just mentioned, see also Adam Elga, 
“How to Disagree about how to Disagree,” in Richard Feldman and Ted A. Warfĳield (eds.) 
Disagreement (Oxford: Oxford University Press, 2010), pp. 175—186, and Thomas Kelly, “Peer 
Disagreement and Higher Order Evidence,” in Richard Feldman and Ted A. Warfĳield (eds.) 
Disagreement (Oxford: Oxford University Press, 2010), pp. 111—174. The debate has moved 
on towards intermediary positions, but the emphasis has also shifted away from the ques-
tion whether reasonable disagreement is possible, which is the main question that interests 
me here, towards the question of how to adequately respond to disagreements. I will focus 
on the presentation of the extremes, but will comment on some developments in footnotes 
below.

16 Adam Elga, “Reflection and Disagreement,” Noûs 41(2007): 478-502.
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opinion of your peer—say because she complained about a headache ear-
lier—the rational response to such a disagreement is for both of you to 
revise your beliefs, giving equal weight to the view of the other.17 The Equal 
Weight View implies that people who take each other as peers cannot  
reasonably disagree in such situations.

The Equal Weight View attaches epistemic signifĳicance to the fact that 
someone who you regard as an epistemic peer disagrees with you after con-
sidering the same body of evidence. How can that be motivated? One way 
is through what is typically labeled the Uniqueness Thesis.18 It says that a 
given body of evidence must favor one doxastic state. In the case of only 
three doxastic states, Uniqueness implies that the body of evidence after 
full disclosure must either favor one of two diametrically opposed beliefs  
or else justify suspension of belief. If two peers assert two diametrically 
opposed beliefs, since they cannot both be correct, they should both 
respond to this disagreement by suspending their beliefs.

One way to get at the possibility of reasonable disagreements is by 
rejecting the Uniqueness Thesis and adopting a Permissiveness Thesis 
instead. According to the latter, the overall body of evidence may justify 
more than one belief.19 On this basis, it becomes possible to dismiss the 
relevance of higher-order evidence about the beliefs of epistemic peers and 
to argue that the fĳirst-order evidence a person has after full disclosure is 
sufffĳicient to justify belief.20 According to defenders of the Steadfast View, 
the fact that a peer disagrees with you is irrelevant. Because disagreement, 
even among peers, does not warrant a response, there may thus be cases 
where the uniquely rational response for both parties to a disagreement is 
to stick to their original beliefs.

The following examples help explain the diffference between the two 
views.21 Assume you and a friend had a meal in a restaurant. You do this 
often and you always split the check. You have a look at the check and 
determine the amount each needs to pay. You then discover that your 

17 See David Christensen, “Epistemology of Disagreement: The Good News,” Philosophical 
Review 116 (2007): 187-217; Elga “Reflection and Disagreement,” and Richard Feldman, 
“Reasonable Religious Disagreements,” in Louise Antony (ed.) Philosophers Without Gods: 
Meditations on Atheism and the Secular (Oxford: Oxford University Press, 2007), 194—214.

18 Feldman, “Reasonable Religious Disagreements.”
19 The label is from David Christensen, “Disagreement as Evidence: The Epistemology of 

Controversy,” Philosophy Compass 4 (2009): 756-767.
20 Thomas Kelly, “The Epistemic Signifĳicance of Disagreement,” in Tamar Gendler Szabo 

and John Hawthorne (eds.) Oxford Studies in Epistemology (volume 1, 2005), pp. 1167—1196.
21 Adapted from Christensen “Epistemology of Disagreement” and “Disagreement as 

Evidence” and Kelly “Peer Disagreement and Higher Order Evidence”.
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friend, who also had a look at the check, came up with a diffferent result. 
Since you and your friend are equally able to do the mental math, the dis-
agreement suggests that you both ought to suspend your belief about what 
the right amount is. That’s the kind of picture that defenders of the Equal 
Weight View draw. Now consider the following variation of the example. 
Assume that after receiving the check, you didn’t just do a quick addition 
and division in your head, but instead got your calculator out and double-
checked the result. You are thus very confĳident that you determined the 
right amount each of you owes. In this case, the fact that your friend comes 
up with a diffferent result gives you no reason to suspend your belief about 
the correct amount. This variation shows how it can be rational to disre-
gard the opinion of a peer, which is an important point for defenders of the 
Steadfast View.22 But this example only shows how one of the two parties 
to a disagreement may be justifĳied to stick to her belief, not both.23

To get to the case that adherents of the Steadfast view seem to have in 
mind, we need a further variation that shows how both can be justifĳied to 
hold two incompatible beliefs. One way to get there is by dropping the 
assumption that there are only three doxastic states. Assume you are dis-
cussing a planned outing for the next day. You agree that you only want to 
go if the weather is good. You both have a decent understanding of meteo-
rology and studied all available reports and data. You both know that mete-
orology is an inexact science, however, and so you both attach a degree of 
credence of less than 1 to the belief you’ve formed about whether or not it 
will rain. In addition, let’s assume that there is a range of reasonable cre-
dences—against Uniqueness. For example, let’s assume that given the evi-
dence and the state of the art in meteorology, it is reasonable to believe 
that it will rain both with 0.5 certainty and with 0.9 certainty. It is thus 
possible that the two of you will disagree about the credence that you 
attach to your belief that it will rain the following day—and perhaps even 
about whether or not you should go ahead—while each of you is justifĳied 

22 Note that the Steadfast View is diffferent from the Extra Weight View; see also Elga 
“Reflection and Disagreement.” The latter suggests that it is rational to give more weight to 
your own belief simply because it is yours. The Steadfast View is not person-specifĳic in this 
sense. It merely suggests that if someone is justifĳied to hold a particular belief given fĳirst-
order evidence, they are not required to revise their belief if a peer disagrees with them.

23 On what Elga calls the Right Reasons View, we can explain why it may be rational to 
disregard opinions of alleged epistemic peers (because they got it wrong), but not why it is 
possible to have a reasonable disagreement; see “Reflection and Disagreement.” As Elga also 
explains in this article, the Rights Reasons View runs into difffĳiculties in cases where you 
have no independent evidence that would entitle you to dismiss the opinion of your peer.
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to hold the degree of credence that you do. This case illustrates an instance 
of a reasonable disagreement in which neither party is required to give any 
weight to the belief of the other.

What is intuitively appealing about the Equal Weight View is that it 
attaches epistemic signifĳicance to the fact that someone who you take to be 
a peer and who has access to the same body of evidence disagrees with you. 
This acknowledges our fallibility. But because it takes splitting the difffer-
ence to be the appropriate response to disagreements among epistemic 
peers, it leads to skepticism in areas in which there is widespread disagree-
ment. Philosophy itself is just one example. As many critics have pointed 
out, the Equal Weight View seems to justify more skepticism than there is 
to go around.24

If one takes the Steadfast View, one avoids this skepticism. Since only 
fĳirst-order evidence matters, if others—including epistemic peers—dis-
agree with you, this requires no response. The problem with this view is 
that it seems to lead to more dogmatism than is desirable. The Steadfast 
View makes it too easy for you to dismiss the views of others. Contrary to 
what the Steadfast View suggests, in many contexts, disagreement among 
peers does seem to be epistemically signifĳicant. The Steadfast view has no 
account for why this may be so and why some sort of response is warranted. 
This is because the Steadfast View explains reasonable disagreement as the 
outcome of unilateral belief formation processes. It describes the possibil-
ity that two individuals might each be justifĳied to hold conflicting beliefs. 
What it disregards is the social context of belief formation, especially  
the implications of the fact that we are all imperfect epistemic agents. 
Disagreement among peers may not require the kind of response that the 
Equal Weight View demands, but to disregard it altogether seems wrong.25

24 In response to this problem Christensen has moved away from the extreme position of 
the Equal Weight View. According to the more moderate “Conciliatory” View, you should 
give independent weight to the fact that someone you take to be a peer disagrees with you, 
but how much weight you are required to give depends on a range of factors; see Christensen 
“Disagreement, Question-Begging, and Epistemic Self-Criticism.” On Conciliatory Views, 
see also Elga’s careful discussion in “How to Disagree on How To Disagree.” Elga’s “Reflection 
and Disagreement” has a response that a defender of the Equal Weight View can give to the 
skepticism objection.

25 The Total Evidence View that Kelly proposes makes an attempt to correct for this defĳi-
ciency of the Steadfast View; see his “Peer Disagreement and Higher Order Evidence.” It 
acknowledges that a disagreement with someone whose judgment you respect may be epis-
temically relevant, but not in the way that the Equal Weight View envisages. On the Total 
Evidence View, such disagreements give you additional, higher-order, evidence which you 
might need to take into account. On the Equal Weight View and Conciliatory Views in  
general (see previous footnote), you should evaluate and respond to this disagreement 
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But it is not just the implications of each view that trouble me here. It is 
also the way in which the problem is framed. Both the Equal Weight View 
and the Steadfast View approach the question whether reasonable dis-
agreement is possible given that all the relevant evidence has been revealed 
and is available to all sides of the disagreement. The debate then turns on 
the epistemic signifĳicance of higher-order evidence about the beliefs of 
peers. The question whether, given a body of evidence, reasonable dis-
agreement is possible is interesting, of course. But I do not think that this  
is the paradigmatic case for complex public controversies—the kind that 
motivates political liberalism. What seems more typical in public contro-
versies is that the parties to a disagreement struggle with the full disclosure 
of the evidence—not because of strategic reasons, but because of difffĳicul-
ties that afffect their access and ability to share the relevant evidence.26

Both Alvin Goldman and Ernest Sosa have recently made contributions 
to the debate on reasonable disagreement which draw on evidential limita-
tions and which seem promising for understanding reasonable disagree-
ment in public controversies.27 I want to use their contributions to put 
forward what I call the Opacity View. What is distinctive about the Opacity 
View is that it links the possibility of reasonable disagreement to limits to 
the full disclosure of evidence.

How should we imagine these kinds of evidential limitations that are at 
the center of the Opacity View? My answer to this question draws on 
Goldman’s and Sosa’s accounts. Sosa focuses on the fĳirst-order evidence 
available to the parties to a disagreement. Sosa argues that the full disclo-
sure assumption is unsustainable for two main reasons. First, the evidence 
itself is sometimes “too subtle or complex to be noticed and detailed 
fully.”28 Sosa discusses Moore’s response to the skeptic to illustrate the dif-
fĳiculty that may afffect the available evidence. Moore’s argument starts with 

independently of the fĳirst-order evidence you have for the belief in question. On the Total 
Evidence View, by contrast, the disagreement is simply additional evidence, which you need 
to consider together with the other evidence you hold. As a result, it still makes it easy for 
you to dismiss the views of a peer, as Kelly admits.

26 In terms introduced by Jennifer Lackey, although they may be cognitive peers, they 
are not “evidential peers”; see Lackey “What Should We Do When We Disagree?,” in Tamar 
Szabó Gendler and John Hawthorne (eds.) Oxford Studies in Epistemology (Oxford: Oxford 
University Press 2010), pp. 274-93.

27 Alvin Goldman, “Epistemic Relativism and Reasonable Disagreement,” in Richard 
Feldman and Ted A. Warfĳield (eds.) Disagreement (Oxford: Oxford University Press, 2010), 
pp. 187—215 and Ernest Sosa, “The Epistemology of Disagreement,” in Adrian Haddock et al. 
(eds.) Social Epistemology (Oxford: Oxford University Press, 2010), pp. 278—297.

28 Sosa, “The Epistemology of Disagreement,” p. 290; italics omitted.
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the knowledge of his hands before him and concludes from that that the 
external world exists. The skeptic challenges this by pointing out that 
Moore might be dreaming. Sosa’s comment on this debate is this:

Moore does not claim it to be obvious that he is awake and not dreaming, so 
that he needs no ulterior reasons for so believing. On the contrary, he claims 
that he cannot expound his reasons fully, because they are too extensive and 
complex.29

This may be a relatively simple case, but the evidence is already too com-
plex to be readily shared. Public controversies typically concern much 
more complex cases and we should expect that the evidence involved will 
be very hard, if not impossible, to process fully.

A second difffĳiculty with the full disclosure assumption at the fĳirst-order 
level arises because, as Sosa notes, our beliefs form “in us over time through 
the subtle influence of diverse sources.”30 These sources include factors 
such as socialization, environment, etc. Because our beliefs form gradually 
over time, in response to a multitude of contexts and social interactions, 
we tend to not be aware of all the influences that led us to hold a particular 
belief. This type of evidential limitation seems also highly relevant for pub-
lic controversies.

I shall pursue the relevance of both these sources of difffĳiculties that 
afffect our access to and sharing of relevant evidence in public controversies 
in the fĳinal section. For the time being, let me just note that rational, well-
intentioned individuals who try hard to disclose the evidence available to 
them and to overcome their disagreement, but who are constrained by the 
nature of the evidence and of their belief formation processes, may justifĳi-
ably reach diverging conclusions based on the diffferences in evidence 
available to them. This suggests one explanation for the possibility of rea-
sonable disagreement.

A reasonable disagreement can also arise if the two individuals consider 
the same body of fĳirst-order evidence but use diffferent systems of epistemic 
norms to justify their beliefs. A second explanation for reasonable disagree-
ment on the Opacity View focuses on evidential limitations that afffect the 
justifĳication of systems of epistemic norms. I follow Goldman here who 
argues that the justifĳication of beliefs is necessarily pegged to a system of 
epistemic norms. Assume there is ultimately only one correct system  
of epistemic norms—call it E*. But it does not follow from the fact that 
there is such a system that people will automatically be justifĳied to use this 

29 Sosa, “The Epistemology of Disagreement,” p. 288; italics omitted.
30 Sosa, “The Epistemology of Disagreement,” p. 290; italics omitted.
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system. On the contrary, they may be justifĳied to use less than perfect sys-
tems E or E’. As Goldman explains:

In general, it doesn’t follow from the truth of an arbitrary position P that every-
body or anybody is justifĳied in believing P. Some truths are hidden; they don’t 
automatically generate evidence of their truthfulness to populations, or any 
populations. Gaining epistemic access to them may be difffĳicult and problem-
atic. Truths concerning E-systems are likely to be in this boat.31

Evidential limitations at the level of systems of epistemic norms may be 
such that at least some persons, and possibly all of them, lack access to the 
evidence they would need to be justifĳied to use E*. The evidence they have 
may justify them to use less than perfect systems E, E’, etc.32 Suppose there 
are two persons: one is justifĳied by the available evidence to use the system 
E and the other is justifĳied to use system E’. It is then possible that after 
considering the same body of fĳirst-order evidence they will each be  
justifĳied—by the system of epistemic norms they use—to hold to mutu-
ally   incompatible beliefs. If that is the case, we again have a reasonable 
disagreement.

What drives the debate between defenders of the Equal Weight View 
and the Steadfast View is the question what, if anything, follows from the 
fact that an epistemic peer disagrees with you. Disagreement is reduced to 
the tension between the beliefs that the two parties hold. The Opacity View 
adds another dimension—that of a tension between the evidence bases for 
their fĳirst-order beliefs or for the system of epistemic norms they use. The 
thought is not, of course, that the parties simply happen to use a diffferent 
evidence basis. That would be a trivial account of reasonable disagree-
ments. The thought is also not simply that one person is “seeing things” that 
are not there, or that one person is failing to grasp evidence that is pre-
sented to her. As Feldman has rightly pointed out, in such cases at least one 
person is being irrational and hence we’re not dealing with a reasonable 
disagreement.33 The key claim is, rather, that the nature of the evidence 

31 Goldman, “Epistemic Relativism and Reasonable Disagreement,” p. 196f.
32 Goldman, “Epistemic Relativism and Reasonable Disagreement,” p. 201, describes the 

resulting position—he calls it “objectivity-based relativism” as follows: “There is a uniquely 
correct E-system that governs the objective justifĳiedness and unjustifĳiedness of people’s dox-
astic attitudes. However, people occupy diffferent evidential positions vis-a-vis this system 
and other candidate E-systems. Hence, the objective justifĳicational status of diffferent people 
vis-a-vis diffferent E-systems is varied rather than uniform. Some people are objectively justi-
fĳied in believing certain E-norms and E-systems to be correct; others are objectively justifĳied 
in believing other E-norms and E-systems to be correct. Similarly for attitudes other than full 
belief toward E-norm-related propositions.”

33 Feldman, “Reasonable Religious Disagreements.”
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and/or of belief formation processes may be such that the parties to a dis-
agreement cannot fully access and share the evidence that would be neces-
sary for the disagreement to be resolved. It is thus possible that rational 
individuals continue to disagree even after extensive and open discussion 
of their views.

In sum, on the Opacity View, if two persons who regard each other  
as epistemic peers struggle to access and share evidence that is relevant  
for the justifĳication of the beliefs they hold, a reasonable disagreement is 
possible.

Assume there is a disagreement between two peers. And they struggle to 
fully disclose the evidence they have for their beliefs. They thus fĳind them-
selves in a potentially reasonable disagreement. How should they respond 
to each other? The fĳirst step is to eliminate the possibility that what divides 
them is a mere disagreement, i.e. one that arises from only apparent opac-
ity and one that can be eliminated once they have been able to fully dis-
close the evidence on which their beliefs are based. But assume deliberation 
fails to produce an agreement and they still don’t have any independent 
information which would suggest that they could simply dismiss the belief 
of their peer. The remaining disagreement can arise for two reasons: it is 
either related to problems with accessing and sharing the evidence they 
have for their beliefs—at the fĳirst-order level or at the level of evidence for 
systems of epistemic norms—or it is related to how they respond to the 
evidence they share. Assume there is no problem in how they have 
responded to the evidence that they share and that they are both aware of 
that. The remaining disagreement is then due to diffferences in the evidence 
that they have for the beliefs they hold. Also assume that there is no prob-
lem with how they have each responded to the evidence that they have not 
been able to access and share. So before they became aware of their dis-
agreement, they were each justifĳied to hold the beliefs they did.

Does the fact of a disagreement which remains even after extensive 
deliberation change something about their situations? I think the answer is 
yes.34 This is because their disagreement is epistemically signifĳicant, but in 

34 Note that I’m going beyond Goldman’s and Sosa’s accounts here. Goldman only dis-
cusses the possibility of how a reasonable disagreement might occur, but not how two peo-
ple who take each other as peers should respond to the fact of a disagreement. In other 
words, he takes a synchronic perspective to peer disagreements. I’m interested here in the 
diachronic perspective. See Goldman “Epistemic Relativism and Reasonable Disagreement,” 
p. 209 for a discussion of this distinction. Sosa defends a view that has some parallels to the 
Steadfast View. He argues that if you’re reasonably sure that you’ve correctly responded to 
the evidence you have, then the fact that you haven’t been able to use that evidence to show 
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a diffferent sense than on the Equal Weight View. What follows from the 
Opacity View is that they each must take into account that there is a ten-
sion in the evidential bases on which their respective beliefs are based, 
directly (fĳirst-order level) or indirectly (level of epistemic norms). If the 
problem afffects fĳirst-order evidence and if Uniqueness applies, then the 
evidence that they jointly hold—but fail to fully access and share—would 
suggest a particular belief. They don’t know which belief that would be, of 
course. This gives each of them a reason to diminish confĳidence in their 
original beliefs somewhat.35 If they consider the same body of fĳirst-order 
evidence and the problem afffects the evidence at the level of the systems of 
epistemic norms that they each use, it is again Uniqueness which gives 
them a reason to diminish confĳidence in their respective beliefs. This is 
because Uniqueness, if it applies, would warrant a unique belief for the evi-
dence they consider. Their remaining disagreement reveals to them that at 
least one of them is not using the perfect system E* and possibly both of 
them aren’t. Again, they don’t know which system is E* and this gives each 
of them a reason to diminish confĳidence in the justifĳicatory power of the 
system of epistemic norms that they use and hence a reason to diminish 
confĳidence in their original belief. In both cases, the remaining disagree-
ment is a reasonable disagreement.

How much should they diminish confĳidence in their original beliefs?  
I do not have a principled answer to this question. But the following bound-
aries apply. The Opacity View identifĳies a middle ground between the skep-
ticism implied by the Equal Weight View and the dogmatism implied by 
the Steadfast View. This is one of the advantages of the Opacity View. It 
avoids skepticism—and spinelessness36—because the evidential basis 
may be such that you have some justifĳication to hold a belief even if 

that your opponent is wrong gives you no reason to diminish confĳidence in your view. What 
Sosa does not address, however, is the question of what follows from the higher-order evi-
dence that you get from a peer disagreement about the adequacy of your evidential basis (as 
opposed to the adequacy of how you’ve responded to the evidence you have). If the disa-
greement concerns subjective facts—e.g. about your hands, your dreams, or your experi-
ence of pain—this view may have some plausibility. In this case, you may well be entitled to 
downgrade your opponent’s view. But if the disagreement is about objective facts, a disa-
greement with a peer should lead you to question the evidence basis that you hold.

35 This may sound false with regard to disagreements about purely subjective facts, i.e. 
facts that only concern a particular person and for which evidence is only accessible to that 
person, but it is hard to see how there can be a reasonable disagreement about such facts in 
the fĳirst place. It is more likely that there is no justifĳication for the belief about the subjective 
fact of the other person.

36 Elga “Reflection and Disagreement.”
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someone  you take to be an epistemic peer disagrees with you. It also avoids 
the dogmatism of the Steadfast View because, unlike the latter, it offfers an 
explanation for why a reasonable disagreement might occur between two 
people who regard each other as peers.

On the Equal Weight View, a disagreement with someone you take to be 
a peer implies that you need to adjust your belief in direction of the other 
by splitting the diffference. This crowds out the possibility of a reasonable 
disagreement. On the Steadfast View, a reasonable disagreement is possi-
ble, but it is the unintended consequence of two persons being indepen-
dently justifĳied to hold what are incompatible beliefs, for example because 
the evidence permits a whole range of beliefs. On the Opacity View, like-
wise, a reasonable disagreement is possible, but a reasonable disagreement 
is characterized by the remaining diffference after the peers have each 
responded to the fact of a disagreement between them and adjusted their 
beliefs.37 The need to respond to a disagreement with a peer arises from the 
discrepancy in the grounds that justify beliefs that such a disagreement 
reveals. If the evidential bases cannot sufffĳiciently be shared and assessed so 
as to generate a unique correct belief, both need to attribute some proba-
bility to the possibility that all the relevant evidence, if it had been shared, 
would justify a diffferent belief. This gives them reason to diminish confĳi-
dence in their original belief.

The upshot of a reasonable disagreement as characterized by the Opacity 
View is that each has reason to accept the disagreement and to be tolerant 
of the view of the other. As explained, this pluralism doesn’t arise, as in the 
Steadfast View, from a shared body of evidence permitting diffferent beliefs, 
but from the fact that the relevant evidence cannot be fully accessed and 
shared. This way of understanding reasonable disagreements has implica-
tions for epistemic authority. Whereas the Steadfast View anchors epis-
temic authority in how each person individually responds to the available 
evidence, on both the Equal Weight View and the Opacity View, as I have 
described it, epistemic authority may have to be shared in the sense that 
each party to the disagreement has to acknowledge the other as a potential 
epistemic authority. But whereas the way in which the Equal Weight View 
requires that peers respond to each other eliminates the possibility of rea-
sonable disagreements, on the Opacity View, they may remain.
An Epistemic Argument for Public Justifĳication
Based on the Opacity View, I now want to argue for the following:  
(i) reasonable disagreement about the premises involved in the justifĳication  

37 In this respect, the Opacity View resembles both the Conciliatory View and the Total 
Evidence View (see footnotes 25 and 26 above).
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of political institutions is possible; and (ii) if such reasonable disagreement 
is possible, then public justifĳication of political institutions is necessary for 
legitimacy.

I start from the assumption that there are fundamental moral and/or 
religious truths and that beliefs about such truths have a bearing on many 
public controversies. By fundamental truths, I mean those related to salva-
tion or perfection and I am assuming that they are attitude-independent.  
I am thus granting the metaphysical claim that moral realists make.38

Rawls, of course, did not reject moral realism. On his view, political lib-
eralism implies that people ought to bracket their commitments to funda-
mental moral and/or religious truths in public justifĳication, not that there 
are no such truths. According to Rawls, this need for epistemic abstinence 
arises from the absoluteness of the claims made in the name of these truths. 
He gives a historical reference to the Reformation and the emergence of 
competing religions to motivate this way of thinking. Rawls writes:

What is new about this clash [between diffferent religions] is that it introduces 
into people’s conceptions of their good a transcendent element not admitting 
of compromise. This element forces either mortal conflict … or equal liberty of 
conscience and freedom of thought. … Political liberalism starts by taking to 
heart the absolute depth of that latent conflict.39

The problem with this way of understanding political liberalism is that it is 
unable to escape the dilemma it is supposed to avoid. If we link the “tran-
scendent element” in comprehensive conceptions of the good to a type of 
knowledge that is purportedly absolute yet plural, then violent conflict is 
already embedded in political liberalism. The gloss of toleration that is sup-
posed to hide this conflict will prove too thin. I suppose it is a worry of this 
sort which has led some of Rawls’ critics to argue that if the possibility of 
absolute knowledge of fundamental truths is acknowledged, then we might 
as well bite the bullet and use this knowledge in our defenses of the require-
ments of legitimacy and justice.

My take on political liberalism is diffferent. Based on the epistemology of 
disagreement, and specifĳically the Opacity View, I shall argue that we have 
reason to be cautious about the epistemic authority that our beliefs about 

38 For a helpful classifĳication of diffferent claims typically associated with moral realism, 
see Stephen Finlay, “Four Faces of Moral Realism,” Philosophy Compass 2 (2007): 820—849. 
What I am endorsing here is the metaphysical claim. This assumption of moral realism  
distinguishes my approach from that taken by Christopher McMahon, Reasonable 
Disagreement: A Theory of Political Morality (Cambridge: Cambridge University Press, 2009).

39 Rawls, Political Liberalism, p. xxvi.
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fundamental moral and/or religious truths give rise to. The nature of the 
evidence we have for such truths and how we form beliefs about them 
make it very difffĳicult—if not impossible—to access and share the evidence 
and to assess our response to the evidence that we have. My point will be 
that it is because of these constraints on the full disclosure of evidence that 
a commitment to moral realism does not undermine the idea of political 
liberalism. In other words, I want to show that public justifĳication is the 
best response that we have to the epistemic circumstances that we face in 
the political realm. It is not plausible to simply ask people to bracket what 
they believe is true. Instead, it has to be explained why the epistemic cir-
cumstances imply that the justifĳication of political institutions has to be 
public.

Let me explain what I have in mind by focusing on the case of religious 
truths fĳirst. To get a grip on the kind of limitations that afffect our access to 
and ability to share evidence for our beliefs about such truths, it is helpful 
to bring to mind William James’ distinction between personal and institu-
tional religion. Personal religion captures “the feelings, acts, and experi-
ences of individual men in their solitude, so far as they apprehend 
themselves to stand in relation to whatever they may consider the divine.”40 
Personal religion relies mainly on fĳirst-order evidence in the form of experi-
ence. Religious doctrines, by contrast, represent institutional religion. Evi-
dence for them relies “second-hand upon tradition,” as James puts it.41 The 
thought behind this distinction, which has had much influence on debates 
on the epistemology of religion, is that insofar as there is any access to fun-
damental religious truths it is through personal experience. While the 
founders of religious doctrines are likely to have been inspired by personal 
religious experience, the doctrines themselves are only incomplete 
attempts to capture the fundamental religious truths thus experienced.

This account, which strikes me as plausible, allows us to see that eviden-
tial limitations afffect beliefs about religious truths at two levels—in accord 
with how I’ve presented the Opacity View. First, personal experience is of 
truths that are very difffĳicult, if not impossible, to articulate. This fĳirst prob-
lem has its origin in the subtlety and complexity of the fĳirst-order evidence 
for religious truths. Second, attempts to share this experience with others, 
through the arguments, narratives, images, etc. contained in religious  
doctrines, lack the immediacy of personal experience. Although these 
attempts aim at establishing a kind of system of epistemic norms capable 

40 William James, Varieties of Religious Experience (New York: Penguin, 1982), p. 31.
41 James, Varieties of Religious Experience, p. 30.
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of producing  correct beliefs about fundamental religious truths, something 
is lost in translation. This second problem can be described in terms of 
Goldman’s distinction mentioned above between the correct system of 
epistemic norms E*—the religious doctrine that is uniquely able to pro-
duce correct beliefs about these truths and—imperfect, yet permissible 
systems of epistemic norms E, E’, etc. The second problem is that we lack 
the evidential basis to identify E*.42

The evidential limitations that operate at the level of personal experi-
ence and at the level of religious doctrines are amplifĳied by the fact that we 
tend to be socialized into particular religious doctrines (as believers or as 
skeptics). We thus face the additional difffĳiculty of trying to separate our 
personal experiences and our judgments about religious doctrines from 
the influences of socialization and this further limits our abilities to access 
the evidence we have for our beliefs and hence our ability to share our evi-
dence with others.

So much for the case of religious truths: even if we grant that there are 
such fundamental truths, we may still fĳind that evidential limitations—at 
fĳirst-order level or at the level of systems of epistemic norms—afffect our 
ability to reach an agreement on what the correct belief is. I think the case 
of moral truths is analogous. The fĳirst-order evidence we have about moral 
goodness and rightness is through intuition and personal experiences. 
These intuitions then form part of the evidential basis for moral doctrines 
(and of claims about the relationship between moral and religious truths). 
It is broadly acknowledged that all moral doctrines rely to some extent on 
intuitions. The use of intuitions may be limited to motivate a small set of 
foundational principles or more extensive as in the self-declared intuition-
ist moral theories. It is also fairly broadly acknowledged that these intu-
itions may be fallible and influenced by a wide range of factors, including, 
like in the case of religious experiences, the doctrines into which we are 
socialized. In other words, we cannot simply assume that these intuitions 
will reveal correct beliefs about fundamental moral truths. But even insofar 
as they do, the beliefs they give rise to need articulation in the form of a 
moral doctrine in order to be assessed and shared. And this articulation 

42 Mark Johnston has recently argued a similar point. As he puts it in Saving God 
(Princeton: Princeton University Press, 2009), p. 10: “What could possibly count as evidence 
that you believe in God [and not in an idol]? It can seem surprising that this question can be 
asked. But it is even more surprising that the answers are not ready to hand.” Because of 
these evidential difffĳiculties, “[t]he best thing a believer can say in response to the question 
‘Do you believe in God?’ is ‘I can only hope I do. I can only hope that I actually stand in a 
tradition [a religious doctrine] in which God has genuinely revealed himself.”
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introduces an interpretative gap, describable as the gap between a (justi-
fĳied) system E and the uniquely correct system E*. In light of the many 
examples of wrong beliefs about fundamental moral truths that can be 
found throughout our history and of the many ongoing debates in norma-
tive ethics, I think it is safe to say that we lack the evidence to conclusively 
determine a doctrine—a system of epistemic norms—uniquely capable of 
producing correct beliefs. I do not intend to imply that all moral and/or 
religious doctrines are necessarily equally valuable—some may get closer 
to the truth than others. But I want to claim that it is easier to say which 
system of epistemic norms is not the correct one than to positively identify 
the system which would generate correct beliefs.

What I have discussed are general features of the evidence for moral 
and/or religious truths and of our belief formation process in this regard. It 
is plausible to think that people are equally positioned vis-à-vis these con-
straints and this suggests that they may plausibly regard each other as epis-
temic peers. Remember, a peer is someone who is equally likely to make a 
mistake in a particular matter. This notion of peerhood is compatible with 
signifĳicant epistemic inequalities, both with regard to training and qualifĳi-
cations and with regard to expertise on diffferent topics. What makes it 
plausible for us to regard each other as peers with regard to claims about 
fundamental moral and/or religious truths is that the obstacles to forming 
correct beliefs about these truths and to identifying the correct doctrine E* 
that I’ve just discussed lie in the nature of those truths themselves and not 
in person-specifĳic factors. Since these obstacles afffect our ability to access 
and share fĳirst-order evidence for moral and religious beliefs and evidence 
for moral and religious doctrines, we get to the possibility of a reasonable 
disagreement as understood on the Opacity View.

The Opacity View implies that in a persisting disagreement about funda-
mental moral and religious truths between parties who don’t have any 
independent reasons to think of themselves as more likely than everyone 
else to form correct beliefs, each party must diminish the confĳidence they 
have in their views. This is because of limitations that afffect their abilities 
to access and share the evidence relevant for the justifĳication of these 
beliefs—either at the fĳirst-order level or at the level of evidence for difffer-
ent doctrines understood as systems of epistemic norms. While both par-
ties to such a disagreement may be entitled to continue to hold on to their 
beliefs, they each also need to take into account that even if they have some 
justifĳication to hold their beliefs about moral and/or religious truths, nei-
ther is entitled to simply dismiss the beliefs of their opponent and insist on 
the correctness of their own belief and each must allow for the possibility 
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that the view of the opponent is correct but that they have not been able to 
present the necessary evidence for why this is so.

What the argument so far shows is that reasonable disagreement about 
fundamental moral and/or religious truths is possible. And the appropriate 
response to reasonable disagreement, as argued above, is to accept plural-
ism. As long as we have strong fĳirst-order evidence for particular beliefs or 
operate with a robust system of epistemic norms and our opponents have 
failed to present evidence in favor of their views or of the system of epis-
temic norms they use, it is not necessary that we suspend belief. But we 
must accept that our opponents may have good reasons to hold the beliefs 
they do, even if they difffer from ours. The Opacity View thus explains the 
possibility of an irreducible pluralism based on reasonable disagreements.

The next step of my argument shows how reasonable pluralism, thus 
understood, warrants public justifĳication. This is so on grounds of legiti-
macy. As mentioned, I am working here with an understanding of legitimacy 
which requires that basic political institutions (the constitutional essen-
tials) are justifĳied. Justifĳication in this context means that there are sufffĳi-
cient reasons for the citizens to accept a particular set of political 
institutions that is operative in a political community and, by implication, 
to comply with the decisions made within them. The problem that reason-
able disagreements about particular claims pose is that they undermine 
attempts to justify political institutions that involve these claims.

To see why, assume, for the sake of argument, there is a reasonable  
disagreement with regard to a claim p, for example ‘a responsible leader 
follows God’s will.’ In a reasonable disagreement, both parties to the dis-
agreement are justifĳied to hold the belief they do. If the Opacity View is 
correct, the disagreement arises because of difffĳiculties they have to access 
and share evidence for the claim in question. This gives each of them rea-
son to diminish confĳidence in their beliefs and to acknowledge the possi-
bility that the belief of the other party might be correct. If there is such a 
reasonable disagreement, neither p nor not-p can be used in the justifĳica-
tion of political institutions. If p is used, the party that justifĳiably believes 
not-p will not regard the institution as justifĳied. If not-p is used, the oppo-
site occurs. So if there is a reasonable disagreement about whether or not ‘a 
responsible leader follows God’s will,’ then attempts to justify the expan-
sion of the political authority of the executive branch of government based 
on that controversial claim will fail.

Mere—not reasonable—disagreement does not undermine the justifĳi-
cation of political institutions, of course. In the case of mere disagreement, 
the parties involved need to consider the evidence again, with good 
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intentions  and in the best way they can. The disagreement is then either 
resolved or redefĳined as a reasonable disagreement. In a reasonable dis-
agreement, as discussed, accepting pluralism is the appropriate response.

Importantly, if reasonable disagreement is possible, then it will not be 
sufffĳicient to address attempts to justify political institutions to rational  
persons per se. Instead, such attempts must be addressed to the epistemic 
peers in question, factoring in the possibility that they will have reasons to 
disagree.43

The argument from reasonable disagreements thus explains the signifĳi-
cance of public justifĳication for political liberalism. When there is reason-
able disagreement about fundamental moral and/or religious truths, 
attempts to justify political institutions based on beliefs about such truths 
will not be successful. If reasonable disagreements about moral and reli-
gious truths are possible, those involved must acknowledge the claims oth-
ers make on them as potential epistemic authorities. This establishes why 
the justifĳication of constitutional essentials must be justifĳication by and 
addressed to all members of the political constituency.

Public justifĳication of constitutional essentials will be successful if it is 
based on beliefs about which people do not reasonably disagree. What kind 
of beliefs could this be? I think that as philosophers we can merely specu-
late about the basis for such a convergence. The Rawlsian solution is to 
refer to fundamental political values. Rawls argued that values implicit  
in the political system that people uphold allow them to overcome what  
I have defĳined as reasonable disagreements. But shared political values 

43 What we get is justifĳication from a second-person standpoint. Stephen Darwall defĳines 
the second-person standpoint in ethics as “the perspective you and I take up when we make 
and acknowledge claims on one another’s conduct and will.” Stephen Darwall, The Second-
Person Standpoint (Cambridge Harvard University Press, 2006), p. 3. In Darwall’s account, 
the second-personal standpoint is limited to the realm of ethics. On his view, epistemic 
claims are ultimately third-personal. The epistemology of disagreement draws this asym-
metry between the ethical and epistemic realms into question. It reveals that there are epis-
temic contexts in which it is also appropriate to take a kind of second-person standpoint. 
What I have in mind is the shift from claims that take the form of what anyone has a reason 
to believe—with epistemic authority not depending on the relationship between epistemic 
agents—to claims that anticipate the possibility that two epistemic peers are each under an 
obligation to acknowledge the other as a potential epistemic authority. At the same time, 
since at most one of them can be correct, epistemic authority does not depend solely on the 
relationship between (epistemic) agents, but is also connected to truths existing outside of 
this relationship. In this respect, the kind of second-person standpoint invoked here difffers 
from the one Darwall invokes in the context of ethics. I’ve developed this argument in 
Fabienne Peter “The Procedural Epistemic Value of Deliberation”, Synthese forthcoming 
(DOI: 10.1007/s11229-012-0119-6).6).
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need not be the only basis. We can imagine other higher-order interests—
e.g. an interest in coordination when spheres of activity overlap—to sug-
gest possibilities for overcoming reasonable disagreements. The general 
thought is that the chances for avoiding reasonable disagreement are bet-
ter with regard to beliefs that do not refer to fundamental moral and/or 
religious truths but to political norms and practices that we construct to 
achieve coordination even in circumstances of pluralism. Since the main 
topic of my paper has been to explain why public justifĳication is signifĳicant, 
however, I have to leave the question of what the success conditions are for 
public justifĳication for another paper.
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Abstract. Paper is focused on contemporary state of flood risk management in 
Czech Republic. Huge floods (occurred in 1997 and 2002) influenced the ap-
proach of various institutions to flood risk dramatically. Those institutions are 
mainly: government, flood authorities, municipalities, insurance companies as 
well as natural bodies. Flood in 2002 is considered as the biggest natural disas-
ter over the whole world in the mentioned year. Interesting statistic data about 
floods in 1997 and 2002 are introduced. Authors deal with following issues 
mainly: flood risk prevention, flood losses determination, flood losses minimi-
zation and flood risk financial backing. Possibilities of flood losses’ minimiza-
tion and insurance specifics connected with flood risk are judged.  

Keywords:  

1 Introduction 

Flood is one of the most important natural hazards, it is considered as the most impor-
tant element in Czech Republic. Czech insurance market was strongly influenced by 
several floods during last 10 years. Floods from 1997 and 2002 can be even called 
natural disasters with total losses 2319 million EUR (1997) and 2704 million EUR in 
2002. 

2 Floods in Czech Republic from 1997 

Property is threatened with various hazards; natural as well as man-made. Mainly 
elemental hazards are very frequent in connection with global changes of climate at 
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the beginning of 21st century. Flood is the most hazardous element in Czech Republic 
followed by fire and windstorm. 

Flood in 1997 caused damages mainly in Moravian region (rivers Morava, Os-
travice and Odra), flood in 2002 hit more-less the whole are of Czech Republic (riv-
ers Labe, Vltava, Dyje). 

Dates from Table 2 show that the work of flood bodies is much better after flood 
in 1997. Even the flood in 2002 was bigger than 1997 and on greater area (see the 
comparison of highest flow speed) the amount of total losses was relatively smaller 
and mainly the number of victims decreased essentially.  

Table 1. Comparison of flood losses in 1997, 1998, 1999 and 2002 in Czech Republic [1] 

Year 
Number of  
Insurance Events 

Total  
Insurance Benefit 

Total Losses Average Loss 

1997 117.000 359 million EUR 2.319 million EUR 3.071 EUR 
1998 3.670 21 million EUR 67 million EUR 5.752 EUR 
2000 7.494 70 million EUR - 9.390 EUR 
2002 82.000 1.370 million EUR 2.704 million EUR 16.712 EUR 

Table 2. Comparison of main floods from 1997 and 2002 [2] 

 1997 2002 
Number of hit districts 34 43 
Number of hit municipalities 538 684 
Number of victims 60 17 
Total losses 2.319 million EUR 2.704 million EUR 
Highest flow speed 850 m3/s 5300 m3/s 

 

 

Fig. 1. Flooded railway station “Ostrava hla
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3 Approach to Flood Risk 

Flood risk cannot be eliminated entirely. On the other hand range of flood losses can 
be decreased by observance of the basic rules during preparation and realization of 
construction, building’s operation, by quality prediction services, responsible work of 
flood bodies and skilled procedure during flood and after flood. 

3.1 Flood Risk Prevention 

Flood origin and extent depends on frequency and volume of atmospheric precipita-
tion, absorption characteristics of area, river-basic capacities and condition of drain-
ing area. Flood losses extend is affected by various factors, mainly: 

-way of building-up area; 
-flood behavior (culmination flow rate, shape and volume of spring flood, duration 

of flood, …); 
-river-basin capacity, condition and withstand capability; 
-well-timed awareness about flood risk (forecast, warning duty); 
-readiness and level of flood-protection operations. 

3.2 Property Protection During Flood and After Flood–Flood Losses 
Minimization 

Basic rule is saying: live saving takes priority over property saving. Before leaving 
building following acts should be done: 

-windows closure control; 
-water-checked apertures (sewerage drains, …); 
-translocation of more valuable things to upper floors; 
-gas seal, water stop closing, outage; 
-dangerous chemicals storage and attachment on safety place; 
-building lockout, [3], [4]. 
Professional work can be introduced on following case: water started to flood in 

ground floor of residential building under construction. Construction company made 
following protection measures to protect property: 361 sand-sacks fulfillment, barrier 
formation from sand-sacks and OSB panels. Such flood-protection operation saved 
250 m2 of plasters, only 28 m2 had been damaged. 

Total insurance benefit was 37.696,- CZK, loss extent without flood-protection 
operations was 221.150,- CZK. Construction company saved over 183.000,- CZK.  

Table 3. Flood loss assessment (in CZK, 1 EUR = 27,2 CZK, 27.3.2009) 

Item Unit Amount Unit price Total loss Total costs 

Plaster batter m2 28,00 47,60   1.332,80  
Plaster completion m2 28,00 837,00  23.436,00   
Safety costs (material) acc. to invoices    5.487,00  
Safety costs (work)     7.440,00  
Total    23.436,00  14.259,80  
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3.3  Flood Losses Determination 

Flood have repercussions on property, health, live, environment etc. Flood losses 
classification is made in relation with various criterions. Particular criterions give us 
different information for consequence analysis, flood evaluation and principles of 
floor protection judgment in concerned area. 
 

 

Fig. 2. Flooded entrance into metro station in Prague, 2002   

It is impossible to calculate objective amount of flood losses because main part of 
losses cannot be evaluated detachedly or the valuation process is too complex hence 
is not used.  

Flood losses distribution concerns: 
- losses on human life; 
- ecological losses; 
- economical losses. 
Each category is indicated with different unit. Number of victims and amount of 

economical losses in terms of money are basic indicators by which we can valuate 
range and weightiness of flood. Flood losses distribution from other point of view 
concerns: 

- direct calculable losses (caused by immediate contact with water – property 
losses, contamination, …); 

- direct non-calculable losses (caused by immediate contact with water - victims, 
losses on historical buildings, destruction of biotopes, subjective losses on property, 
…); 

- indirect calculable losses (profit loss, purchasing power decrease, decrease of real 
property prices, evacuation costs, …); 

- indirect non-calculable losses (social life failure – education, increased sickness). 
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Obviously main part of flood losses is in category non-calculable. Those losses ex-
ist but they are not scheduled in the list of financial losses. Thus official statistics 
measure only calculable losses predominantly (e.g. Table 1), [5], [6]. 

4 Financial Backings Used to Cover Flood Losses 

There are several types of financial backing which can be used to cover flood losses. 
Those financial backings can be distributed among public (state budget, specific 
funds, funds from EU, etc.) and private (savings, credits, insurance). 

4.1   Private Sources 

People have to take into account that they cannot rely on public money when flood 
will damage their property. Nobody has legal claim to obtain financial help from state 
budget or EU funds (this help is usually conditioned and limited). Man has to shift for 
oneself, i.e. to ensure private financial backing. Each type has its advantages and 
disadvantages. 

Insurance should be the basic financial backing for natural bodies as well as for 
corporate bodies; it provides the most effective financial protection of property, [7]. 

Table 4. Comparison of savings, credits and insurance 

Type Advantages Disadvantages 

Savings 
Low costs 
Interest in prevention 

Big amount of disposable 
money (cannot be invested) 
Incidentalness of damage 

Credits 
Inutility of reserves 
(money can be invested) 

Downgraded prevention 
High costs (credit interest) 
Bank will not give a credit 

Insurance 
Inutility of reserves 
Money are at disposal immediately 

Insurance benefit limit 
Expensive premium 
Exclusions  

4.2 Flood Zones 

Insurance companies distinguish between four flood zones according to the level of 
flood risk in particular area. Practically there are three flood zones in Czech insurance 
field. They are named usually as: 

- First flood zone: non-flood zone 
- Second flood zone: dangerous flood zone 
- Third flood zone: risky flood zone 
- Fourth flood zone: uninsurable 

First flood zone is characterized by minimal level of flood risk. It is necessary to 
set frontier criterion to differentiate between Second and Third flood zone. Such 
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criterion can be described e.g. whether the property has been deluged during last 20 
years or not. Buildings located in Fourth flood zone are uninsurable against flood 
risk. 

4.3 Insurance Rates 

Calculation of insurance rates is made by insurance mathematic rules on the level of 
insurance companies. Such calculation takes into account various factors like average 
losses, loss courses, loss frequencies etc. The problem is that relevant data are not 
available on the market. Insurance companies consider these data as their business 
secret and part of their know-how. 

Insurance rates can be stated by insurance market analysis from clients’ point of 
view. Such approach is also difficult because certain insurance companies compre-
hend various extents of insurance risks into basic elemental insurance packet. Total 
insurance rate is calculated as the sum of partial insurance risks. Total insurance rate 
is calculated by following quotation: 

n

ni IRIRIRIRIR
1

21  (1) 

where  is total insurance rate as the sum of n partial insurance rates. Contemporary 
insurance practice distinguishes between basic insurance rate and flood insurance 
rate. As mentioned before, insurance companies examine flood risk separately from 
other elemental risks (e.g. fire, windstorm, hailstorm).  

Insurance market analysis gives following results of insurance rates (those num-
bers are valid for family house), [8]. 

Table 5. Insurance rates in (‰) for family house in Czech Republic 

Flood zone I. II. III. 
Basic insurance rate (BIR) 0,89  0,89 0,89 
Flood insurance rate (FIR) 0,18  0,72  1,26  
Total insurance rate 1,07  1,61  2,15 

5 Conclusions 

Flood is the most important hazard in Czech Republic. The situation of flood risk 
prevention and “flood experiences” (of people, government and flood bodies) was 
very weak. Approach to floor risk changed dramatically after flood in 1997 and also 
in 2002. Progress can be seen on statistic data: even flood in 2002 was more exten-
sive then in 1997; number of victims decreased and also amount of losses is in the 
rate lower (in addition we don’t take into account influence of inflation). 

Dramatic change affects insurance field as well. Insurance companies made flood 
insurance more restrictive: flood zone system had been established, insurance rates 
had been increased and buildings in extremely threatened localities are uninsurable 
against flood. 
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In correspondence with increasing frequency and gravity of windstorm conse-
quences big changes in windstorm insurance are anticipated in following years (in-
cluding formation the windstorm zones). 
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The potential and possibilities for prevention of mental
and behavioural disorders have increased substantially in
recent years. This paper provides a brief review of the
place of prevention within the overall public health strate-
gy for mental and behavioural disorders, summarizes the
current evidence for generic prevention interventions, and
makes suggestions on how these can become part of poli-
cy and practice. For further information, the reader is
referred to two publications produced by the World Health
Organization (WHO) (1,2). 

Universal, selective and indicated preventive interven-
tions are included within primary prevention. Universal
prevention targets the general public or a whole popula-
tion group that has not been identified on the basis of
increased risk. Selective prevention targets individuals or
subgroups of the population whose risk of developing a
mental disorder is significantly higher than average, as evi-
denced by biological, psychological or social risk factors.
Indicated prevention targets high-risk people who are
identified as having minimal but detectable signs or symp-
toms foreshadowing mental disorder or biological markers
indicating predisposition for mental disorder, but who do
not meet diagnostic criteria for disorder at that time. 

Secondary prevention seeks to lower the rate of estab-
lished cases of the disorder or illness in the population
(prevalence) through early detection and treatment of
diagnosable diseases. Tertiary prevention includes inter-
ventions that reduce disability, enhance rehabilitation and
prevent relapses and recurrences of the illness. This paper
focuses on primary prevention of mental disorders. 

The distinction between mental health promotion and
mental disorder prevention lies in their targeted outcomes.
Mental health promotion aims to promote positive mental
health by increasing psychological well-being, competence
and resilience, and by creating supporting living condi-
tions and environments. Mental disorder prevention has
as its target the reduction of symptoms and ultimately of
mental disorders. It uses mental health promotion strate-
gies as one of the means to achieve these goals. Mental
health promotion, when aiming to enhance positive men-
tal health in the community, may also have the secondary
outcome of decreasing the incidence of mental disorders.
Positive mental health serves as a powerful protective fac-
tor against mental illness. However, mental disorders and
positive mental health cannot be described as the different
ends of a linear scale, but rather as two overlapping and
interrelated components of a single concept of mental
health (3). Prevention and promotion elements are often
present within the same programmes and strategies,
involving similar activities and producing different but
complementary outcomes.

BUILDING THE EVIDENCE BASE FOR PREVENTION
OF MENTAL AND BEHAVIOURAL DISORDERS

The call for evidence-based prevention and health pro-
motion has triggered an international debate among
researchers, practitioners, health promotion advocates
and policy makers (4-12). Paraphrasing the definition of
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evidence-based medicine by Sackett et al (13), evidence-
based prevention and health promotion is defined as the
“conscientious, explicit and judicious use of current best
evidence in making decisions about interventions for indi-
viduals, communities and populations to facilitate the cur-
rently best possible outcomes in reducing the incidence of
diseases and in enabling people to increase control over
and to improve their health”. Evidence from systematic
research aims to avoid uncertainty in decisions due to lack
of information, or decisions based on biased assumptions,
which might in turn lead to wasting time and resources or
investing in interventions with detrimental outcomes.

In supporting decision making, the use of scientific evi-
dence becomes especially important when the implications
of a decision are large, such as the choice of a new preven-
tive programme for national implementation. Given the
high costs and the pressure for accountability in spending
public money, such a decision needs to be based on solid
evidence, showing that the programme works and can pro-
duce a return in investment. For this, the use of evidence on
the cost-effectiveness of given interventions is also crucial.

Different dimensions need to be taken into account
when estimating the value of scientific evidence. First, evi-
dence needs to be evaluated in terms of its quality, defined
by the appropriateness of used research methods, to avoid
biased observations and invalid conclusions. Several meta-
analyses have found higher effect size in studies that use
research designs rated as high in quality (5,14,15). Second-
ly, the value of the outcomes themselves, including the
strength and type of effects, will also have to be appraised.
Thirdly, the value of scientific evidence should be evaluated
in terms of its actual use and impact for decision making.
Finally, the value of the evidence will have to be combined
with other indicators, also essential when considering the
dissemination or adoption of prevention programmes, such
as the transferability, feasibility and adaptability of pro-
grammes to other situations or cultures (16,17). 

In evaluating the quality of the evidence, probably one of
the “hottest” issues in the debate is whether randomized
controlled trials (RCTs) should be considered the best
design to warrant internal validity in complex interven-
tions. Although the strength of RCTs is widely recognized
and used in prevention research, many scientists in this
field have expressed serious objections to accept this design
as the one and only gold standard (6,12,18-23). RCTs are
designed to study causal influences at individual level using
mono-component interventions in a highly controlled con-
text and thus are primarily suitable for evaluating clinical or
preventive interventions at individual or family level. Many
preventive interventions address whole schools, compa-
nies, communities or populations. They use multi-compo-
nent programmes in a dynamic community setting, where-
in many contextual factors are hardly controllable. The
strict RCT design does not fit well in this context and, to
retain its advantages in the context of community interven-
tions, randomizations must be done at larger unit levels

such as school classes, whole schools or communities.
However, the feasibility of such randomized community
designs is limited for practical, political, financial or ethical
reasons. In those cases where, for example, ethical objec-
tions impede the use of randomization, quasi-experimental
studies, using matching techniques to reach comparability
between experimental and control groups, and time-series
designs offer valuable alternatives. 

The building of the evidence base requires a stepwise
and incremental approach applying different methods
depending on the information needed for a given decision.
International exchange of evidence through common
databases is essential for developing a strong evidence
base, and for understanding the impact of cultural factors. 

ADDRESSING RISK AND PROTECTIVE FACTORS 

Risk factors are associated with an increased probabili-
ty of onset, greater severity or longer duration of major
health problems. Protective factors refer to conditions that
improve people’s resistance to risk factors and disorders:
they have been defined as those factors that modify, ame-
liorate or alter a person’s response to some environmental
hazard that predisposes to a maladaptive outcome (24). 

There is strong evidence on risk and protective factors
and their links to the development of mental disorders
(25,26). Both risk and protective factors can be individual,
family-related, social, economic or environmental in
nature. Mostly it is the cumulative effect of the presence of
multiple risk factors, the lack of protective factors and the
interplay of risk and protective situations that predisposes
individuals to move from a mentally healthy condition to
increased vulnerability, then to a mental problem and
finally to a full-blown disorder. 

Major socioeconomic and environmental determinants
for mental health are related to macro-issues such as
poverty, war and inequity. For example, poor people often
live without the basic freedoms of security, action and
choice that the better-off take for granted. They often lack
adequate food, shelter, education and health; deprivations
keep them from leading the kind of life that everyone val-
ues (27). Populations living in poor socioeconomic cir-
cumstances are at increased risk of poor mental health,
depression and lower subjective well-being (28). Other
macro-factors such as urbanization, war and displace-
ment, racial discrimination and economic instability have
been linked to increased levels of psychiatric symptoma-
tology and psychiatric morbidity. 

Individual and family-related risk and protective factors
can be biological, emotional, cognitive, behavioural, inter-
personal or related to the family context. They may have
their strongest impact on mental health at specific sensitive
periods along the lifespan, and even have impact across
generations. Table 1 enumerates the main factors that have
been found to be related to the onset of mental disorders. 
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Preventive interventions should address malleable
determinants, including disease-specific as well as more
generic risk and protective factors, which are those com-
mon to several mental health problems and disorders.
Interventions that successfully address such generic fac-
tors may generate a broad spectrum of preventive effects.
There are also interrelationships between mental and
physical health: for example, cardiovascular disease can
lead to depression and vice versa. Mental and physical
health can also be related through common risk factors,
such as poor housing leading to both poor mental and
physical health. 

Major increase in understanding is needed of the rela-
tions between different mental disorders and between
mental health and physical health, and of the develop-
mental pathways of generic and disease-specific risk fac-
tors leading to mental ill-health. However, there is suffi-
cient evidence to warrant governmental and non-govern-
mental investments in the development, dissemination
and implementation of evidence-based programmes and
policies. Those interventions that address risk and protec-

tive factors with a large impact or that are common to a
range of related problems, including social and economic
ones, will be most cost-effective and attractive to policy-
makers and other stakeholders. 

THE EVIDENCE ON MACRO-STRATEGIES 
TO REDUCE THE RISK OF MENTAL DISORDERS

Changes in policy, legislation, and resource allocation
can provide countries and regions with substantial
improvements in mental health of the population. In addi-
tion to decreasing the risk of mental disorders and improv-
ing mental health, such changes have also been proven to
positively impact on the overall health, social and eco-
nomic development of societies. 

There is strong evidence that improving nutrition and
development in socioeconomically disadvantaged children
can lead to healthy cognitive development, improved edu-
cational outcomes and reduced risk for mental ill-health,
especially for those at risk or who are living in impover-
ished communities. The most effective intervention models
are those that include complementary feeding, growth
monitoring and promotion. These models combine nutri-
tional interventions (such as food supplementation) with
counselling and psychosocial care (e.g., warmth, attentive
listening) (29). Growth charts (which plot the weight of the
child against the expected weight) have also been suggest-
ed to be cost-effective (30). In addition, iodine plays a key
role in preventing mental and physical retardation and
impairment in learning ability (30). Iodine supplementa-
tion programmes which iodize salt or water ensure that
children obtain adequate levels of iodine. Global efforts
such as those supported by the United Nations Children’s
Fund (UNICEF) have led to 70% of the world’s households
using iodized salt. This protects 91 million newborns from
iodine deficiency (31) and indirectly prevents related men-
tal and physical health problems. 

Poor housing has been used as an indicator of poverty
and targeted to improve public health and reduce inequal-
ities in health. A recent systematic review on the health
effects of housing improvement suggests a promising
impact on physical and mental health outcomes. This
includes improvements in self-reported physical and men-
tal health and less mental health strain, as well as broader
positive social impacts on factors such as perceptions of
safety, crime and social and community participation (32). 

Low literacy and low levels of education are major
social problems in many countries, particularly in South
Asia and sub-Saharan Africa, and tend to be more com-
mon in women. Lack of education severely limits the abil-
ity of individuals to access economic entitlements. While
there have been impressive gains in improving literacy lev-
els in most countries through better educational pro-
grammes targeting children, there is much less effort
directed to today’s adult illiterates. It is expected that pro-

Risk factors Protective factors

Biological Psychological
Chronic insomnia Ability to cope with stress
Chronic pain Ability to face adversity
Early pregnancies Adaptability
Genetic risk factors Autonomy
Low birth weight Early cognitive stimulation
Medical illness Exercise
Neurochemical imbalance Feelings of security
Perinatal complications Feelings of mastery and control

Literacy
Psychological Positive attachment and early bonding
Academic failure and scholastic Problem-solving skills
demoralization Pro-social behaviour

Attention deficits Self-esteem
Communication deviance Skills for life
Emotional immaturity and dyscontrol Social and conflict management skills
Excessive substance use Socioemotional growth
Loneliness Stress management
Poor work skills and habits
Reading disabilities Social
Sensory disabilities or organic handicaps Safe maternal behaviour during pregnancy
Social incompetence Good parenting

Positive parent-child interaction
Social Social support of family and friends
Caring for chronically ill or dementia Mental health promoting school
patients and workplaces

Child abuse and neglect Safe and supportive communities
Elder abuse
Exposure to aggression, violence
and trauma

Family conflict or family disorganization
Low social class
Parental mental illness
Parental substance abuse
Personal loss – bereavement
Stressful life events
Substance use during pregnancy

Table 1 Risk and protective factors for mental health and mental
disorders
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grammes aimed at improving literacy, in particular target-
ing adults, may have tangible benefits in reducing psycho-
logical strain and promoting mental health. Ethnographic
research in India, for example, has noted that literacy pro-
grammes have significant consequences beyond the acqui-
sition of specific skills (33). By bringing women together in
new social forms that provided them with information
about and ideas from wider worlds, the classes were
potential catalysts for social change. By participating in
campaigns as volunteer teachers, impoverished literate
women and girls gained a sense of pride, self-worth and
purpose. The positive mental health impact was mediated
through a number of pathways, including acquisition of
numeracy skills which reduced the risk of being cheated,
greater confidence in expressing one’s rights and a reduc-
tion of barriers to accessing opportunities. All of these out-
comes have been associated with protection against men-
tal ill-health and reducing the risks for mental disorders. 

In many developing countries, economic insecurity is a
consistent source of stress and worry that can lead to
symptoms of depression, mental disorders and suicide.
Non-governmental organizations, such as the Bangladesh
Rural Advancement Committee (BRAC), have developed
programmes for poverty alleviation targeting credit facili-
ties, gender equity, basic health care, nutrition, education
and human rights issues. Provision of loans from such
sources may reduce the risk of mental illness by removing
a key cause of stress: the threat posed by the informal
moneylender. An evaluation of the BRAC poverty allevia-
tion programmes, which reach out to millions of the poor-
est people in Bangladesh, indicates that psychological
well-being of women who are BRAC members is better
than those who are not (34). 

Many community interventions have focused on devel-
oping empowering processes and building a sense of own-
ership and social responsibility within community mem-
bers. An example is the Communities that Care (CTC) Pro-
gramme, which has been implemented successfully in sev-
eral hundred communities in the USA and is currently
being adopted and replicated in the Netherlands, England,
Scotland, Wales and Australia. The CTC engages commu-
nities to implement violence and aggression prevention
systems, through the use of local data to identify risks and
develop actions (35). Action includes interventions work-
ing simultaneously at multiple levels: the community (e.g.,
media, policy change), the school (e.g., changing manage-
ment or teaching practices), the family (e.g., parent train-
ing) and the individual (e.g., social competence). 

Effective regulatory interventions for addictive sub-
stances that can be implemented at international, nation-
al, regional and local levels include taxation, restrictions
on availability and total bans on all forms of direct and
indirect advertising (36). 

Price is one of the largest determinants of alcohol and
tobacco use. A tax increase that raises tobacco prices by
10% reduces the consumption of tobacco products by

about 5% in high income countries and 8% in low and
middle income countries. Similarly for alcohol, a 10%
increase in price can reduce the long-term consumption of
alcohol by about 7% in high income countries and,
although there are very limited data, by about 10% in low
income countries (36). In addition, increases in alcohol
taxes reduce the incidence and prevalence of alcohol-
related liver disease, traffic accidents and other intention-
al and unintentional injuries, such as family violence and
the negative mental health impacts due to alcohol con-
sumption.

Laws that increase the minimum legal drinking age
reduce alcohol sales and problems among young drinkers.
Reductions in the hours and days of sale and numbers of
alcohol outlets and restrictions on access to alcohol are
associated with reductions in both alcohol use and alco-
hol-related problems. 

THE EVIDENCE OF INTERVENTIONS TO REDUCE
STRESSORS AND ENHANCE RESILIENCE

Targeting vulnerable populations to decrease stressors
and to enhance resilience can be effective in preventing
mental and behavioural disorders and in promoting men-
tal health. The following sections present some evidence
across the lifespan. 

Infancy, childhood and adolescence

Evidence from home visiting interventions during preg-
nancy and early infancy, addressing factors such as mater-
nal smoking, poor social support, parental skills and early
child-parent interactions, has shown health, social and
economic outcomes of great public health significance
(37). These include improvement of mental health both in
the mothers and the newborns, less use of health services,
and long-term reductions in problem behaviours after 15
years. These interventions can be also cost-effective when
long-term outcomes are taken into account. 

The Prenatal and Infancy Home Visiting Programme
(38,39), a two-year nurse home visiting programme for
impoverished adolescents pregnant for the first time, is an
effective example with benefits both for the mothers and the
newborns. RCTs showed reductions in low birth weight
(increase of up to 400 g), a 75% reduction in preterm deliv-
ery, more than a two-fold reduction in emergency visits, and
a significant reduction in child abuse among unmarried
teens. Mothers showed an 82% increase in employment,
and postponed their second child by more than 12 months.
When children were 15 years of age, they were 56% less like-
ly to have problems with alcohol or drugs, and reported
56% fewer arrests, 81% fewer convictions and a 63% reduc-
tion in the number of sexual partners. Families were better
off financially and the government’s costs for such families
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more than compensated for the programme’s cost (38-41).
However, not all home visiting programmes with nurses and
social workers have been found to be effective (42), stressing
the need to identify factors that predict intervention efficacy. 

Interventions for children from impoverished families to
enhance cognitive functioning and language skills have pro-
duced improved cognitive development, better school
achievement and fewer conduct problems. The High/Scope
Perry Preschool Project, for example, found benefits up to
ages 19 and 27 on lifetime arrests (40% reduction) and a
seven-fold economic return on the government’s investment
in the programme (43,44).

Parent management training programmes have also
shown significant preventive effects, like the “The Incredi-
ble Years”, which provides a behaviourally-based inter-
vention that increases positive interactions between the
child and the parent, improves the child’s problem-solving
behaviour and social functioning, and reduces conduct
problems at home and school. The programme uses video-
tape modelling methods and includes modules for parents,
school teachers and children (45,46). 

Only two types of proactive strategies have proven some
efficacy in preventing or reducing child abuse: home visit-
ing programmes for high-risk mothers and self-defence
programmes for school-aged children to prevent sexual
abuse (47). Home visiting programmes, like the Prenatal
and Infancy Home Visiting Programme described above,
have shown, during the first two years, a drop of 80% of
cases of verified child abuse or neglect. Self-defence pro-
grammes provide children with knowledge and skills to
prevent their own victimization. These school-based pro-
grammes are widely implemented in the USA in primary
schools. Well-controlled trials have shown that children do
better in terms of knowledge and skills (48). However, no
evidence from these programmes is yet available on reduc-
ing the rate of child abuse.

Children of parents with mental illness, for example
children of depressed parents, are at as much as 50% risk
of developing a depressive disorder before age 20 (49). Evi-
dence indicates that the transgenerational transfer of men-
tal disorders is the result of interactions between genetic,
biological, psychological and social risk factors from as
early as pregnancy and infancy (50). Interventions aimed
to prevent transgenerational transfer address risk and pro-
tective factors such as the family’s knowledge about the ill-
ness, psychosocial resilience in children, parent-child and
family interactions, stigma and social network support.
Controlled outcome studies on such programmes are still
scarce, although promising, such as an RCT on a cogni-
tive-oriented group programme, showing a decrease in
new and recurrent depressive episodes from 25% in the
control group to 8% in the prevention condition over the
first year after the intervention, and from 31% to 21%
respectively over the second follow-up year (51).

School-based programmes through social-emotional
learning and ecological interventions improve mental

health (52). Some interventions target the whole school in
an integrated approach across years, while other interven-
tions target only one part of the school (e.g., children in a
given grade) or a specific group of students identified to be
at risk. Outcomes have included academic improvement,
increased problem-solving skills and social competence,
as well as reductions in internalizing and externalizing
problems such as depressive symptoms, anxiety, bullying,
substance use and aggressive and delinquent behaviour. 

Ecologically-focused interventions address contextual
variables in the child’s home or school. Programmes that
restructure the school environment (e.g., School Transition-
al Environment Project) (53), influence the classroom cli-
mate (e.g., Good Behavior Game) (54) or the whole school
climate (e.g., Norwegian Bullying Prevention Programme)
(55) have shown to improve emotional and behavioural
functioning and to prevent or reduce symptoms and associ-
ated negative outcomes.

Adolescents of divorced parents exhibit higher levels of
school drop out, teen pregnancies, externalizing and inter-
nalizing problems, and a higher risk of divorce and prema-
ture mortality. Effective school-based programmes for chil-
dren of divorced parents (e.g., Children’s Support Group,
Children of Divorce Intervention Programme) teach specif-
ic cognitive-behavioural coping skills, provide social sup-
port and reduce stigmatization, and have led to decreases
in depressive symptomatology and behaviour problems at
one-year follow-up (56-58). Parent-focused programmes to
improve parenting skills and deal with emotions associated
with divorce have improved mother-child relationship
quality and reduced internalizing and externalizing prob-
lems in the children. One six-year randomized follow-up
study revealed a difference in prevalence of mental disor-
ders, where 11% of the adolescents in the experimental
group had a one-year prevalence of diagnosed mental dis-
orders, compared with 23.5% in the control group (59). 

Parental death is related to higher symptoms of anxiety
and depression, including clinical depression, behaviour
problems and lower academic success. Although there are
many interventions available for children suffering from
bereavement, only a few have been evaluated in controlled
trials (58). A successful example is an intervention target-
ing simultaneously children, adolescents and surviving
caregivers, which led to positive parent-child relations,
coping, caregiver mental health, discipline and sharing of
feelings (60). Effects were stronger for those children who
were more at risk, that is, those already showing symptoms
at the start of the programme. 

Adulthood

Work stress and unemployment can contribute to poor
mental health and increase the incidence of depression,
anxiety, burn-out, alcohol-related problems, cardiovascu-
lar illness and suicidal behaviour. 
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To reduce work stress, interventions may be directed at
either increasing the coping capacity of the employee or at
reducing stressors in the work environment. Three types of
strategies can address work conditions: task and technical
interventions (e.g., job enrichment, ergonomic improve-
ments, reduction of noise, lowering the workload), improving
role clarity and social relationships (e.g., communication,
conflict resolution) and interventions addressing multiple
changes directed both at work and employees. Notwithstand-
ing the existence of national and international legislation with
respect to the psychosocial work environment, which puts
the emphasis on risk assessment and risk management, most
programmes aim at reducing the cognitive appraisal of stres-
sors and their subsequent effects, rather than at the reduction
or elimination of the stressors themselves (61). 

The most well-known universal interventions in response
to job loss and unemployment tend to be legal policies gov-
erning unemployment insurance and welfare assistance or
policies associated with improving job security. Their avail-
ability varies dramatically across different parts of the world.
A variety of workplace policies are available to reduce the
risk of job loss and unemployment, including job sharing,
job security policies, cutbacks on pay and reduced hours. No
empirical evidence is available on their potential to protect
the mental health of employees, although their power to
reduce stress related to unemployment is quite obvious. 

A number of interventions support unemployed workers
returning to paid employment, such as the Job Club and the
JOBS Programme (61). These low-complexity and low-cost
programmes combine basic job search skills with enhanc-
ing motivation, coping skills and social support. The JOBS
programme has been tested and replicated in large-scale
randomized trials in the USA (62-64) and Finland (65),
showing increased rates of re-employment, better quality
and pay of jobs obtained, increases in job search self-effica-
cy and mastery, and reductions in depression and distress. 

Caregivers of chronically ill and elderly are at increased
risk of suffering from high levels of stress and incidence of
depression. Outcomes across a large range of controlled
intervention studies on psycho-educational interventions
for family caregivers of older adults have shown significant
improvements in caregiver burden, depression, subjective
well-being and perceived caregiver satisfaction (66). Psy-
cho-educational interventions include providing informa-
tion on the care receiver’s disease and available resources
and services, and training to respond effectively to disease-
specific problems. Such interventions make use of lectures,
group sessions and written materials.

Older populations

Different types of interventions have been successful to
different degrees in improving the mental health of older
populations, including exercise, improving social support
through befriending, patient education among chronically

ill elderly and their caregivers, early screening, interven-
tions in primary care and programmes using life review
techniques. Preventing craniocerebral traumas, high sys-
tolic blood pressure and high cholesterol levels seem also
to be effective in reducing the risk of dementia. 

For example, exercise, such as aerobic classes and Tai
chi, provide both physical and psychological benefits in
older populations, including increased life satisfaction,
positive mood states and mental well-being, reductions in
psychological distress and depressive symptoms, lower
blood pressure and fewer falls (67). 

Other interventions, although having shown promising
effects, call for replication studies: for example, early geri-
atric screening and case management, including social
services provision, as means to decrease depression and
increase life satisfaction (68). 

Although depression is common among the elderly,
almost no controlled studies exist on depression preven-
tion and suicide prevention for this group. Some evidence
is available pointing at improved social relationships and
fewer depressive symptoms among participants in a pro-
gramme involving widows supporting other widows. Pre-
liminary evidence is also suggesting that life review meet-
ings and reminiscence therapy might reduce the risk of
depression in the elderly, especially among nursing home
residents (69), although benefits seem to disappear over
time, suggesting the need for continued support. 

Depression is also common in those who suffer from
chronic or stressful physical conditions, but only a few exam-
ples of effective interventions exist in this area. Patient educa-
tion techniques that teach about the prognosis and manage-
ment strategies to deal with chronic conditions have shown
short-term beneficial effects like reductions in depressive
symptoms (70). Providing hearing aids to elderly people with
hearing loss might also lead to better social, emotional and
cognitive functioning and reductions in depression (71).

FROM EVIDENCE TO POLICY AND PRACTICE

The evidence generated over the last few decades and
briefly summarized above shows that it is possible to reduce
the risk of mental ill-health and prevent mental disorders.
The critical task then is to facilitate the use of this evidence
for policy and practice. This section briefly describes some
of the steps and factors that can facilitate international,
national and local efforts for prevention of mental and
behavioural disorders.

International

Global advocacy is needed to enhance awareness and
credibility of prevention efforts in mental health. The avail-
able evidence and information needs to be disseminated
widely to policy makers and also to general public. Current
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knowledge and resources in prevention of mental disorders
and mental health promotion are unevenly distributed
around the world. International initiatives are needed to sup-
port countries that still are lacking capacity and expertise in
this field. International training initiatives should be under-
taken in collaboration with international organizations that
already have the capacity for and experience of such initia-
tives, especially in middle and low income countries. 

To strengthen the knowledge base, the capacity for preven-
tion research, especially through international collaboration,
needs to be expanded. This should include the development of
a network of collaborating research centres responsive to the
needs of low, middle and high income countries. Special
attention of researchers is needed for: multisite and replication
studies on the cultural sensitivity of programmes and policies;
longitudinal studies to test the long-term impact of preventive
interventions; research on the interrelatedness of mental,
physical and social health problems; cost-effectiveness studies
to identify the most efficient strategies and the value of pre-
vention beyond its mental health benefits; and studies identi-
fying effect predictors in order to improve effectiveness.

National 

Governmental agencies need to develop national and
regional policies on prevention of mental disorders and
mental health promotion as part of public health policy and
in balance with treatment and rehabilitation. Public policy
approach should encompass horizontal actions through dif-
ferent public sectors, such as the environment, housing,
social welfare, labour and employment, education, criminal
justice and human rights protection. Governments should
enhance national coordination of initiatives, practices and
professionals for a more efficient use of resources. 

Governments need to develop national and local infra-
structures for prevention and promotion to work in collab-
oration within other public health and public policy plat-
forms. Governments and health insurance companies
should allocate appropriate resources for the implementa-
tion of evidence-based action, including: supporting capac-
ity building across multiple sectors with assigned responsi-
bilities; funding training, education, implementation and
evaluation research; and stimulating coordination of the
different sectors that are related to mental health. 

High levels of comorbidity among psychiatric disorders
and physical ill health call for integrated prevention strate-
gies within primary and secondary health care. Supportive
policies for prevention in primary and secondary care are
needed, along with increased resources and training. 

To sustain public health benefits over a longer period of
time, it is crucial to develop communities’ accountability
to support sustainable strategies within health agencies.
Governmental authorities and providers should select pro-
grammes and policies that can build on existing infrastruc-
tures and resources. Mental health promotion and preven-

tion components should be structurally integrated with
existing effective health promotion programmes and social
policies in schools, workplaces and communities.

Local

Prevention policies need to be based on systematic
assessments of public mental health needs. To enlarge the
impact of preventive interventions on the mental health of
whole populations, interventions that have the capacity to
have a large reach in such populations need to be devel-
oped. Programme developers and providers need to be
guided by evidence-based principles and conditions that
can increase effectiveness and cost-effectiveness and can
improve simultaneously mental and physical health and
generate social and economic benefits.

Cultural adaptation and tailoring needs to be undertak-
en by service providers, especially when evidence-based
programmes are adopted from other countries or cultures,
or when they are implemented in communities and target
populations that differ from the ones in which they were
originally developed and tested. Although culturally modi-
fied, adaptations should be guided by principles of effective
intervention and implementation. More insight needs to be
developed into the transferability, opportunities for adapta-
tion and reinvention of evidence-based programmes and
policies across countries and cultures. 

Practitioners and programme implementers are urged to
ensure a high quality of programme implementation and
to make use of tools to improve and ensure programme
implementation with fidelity, such as manuals for pro-
gramme provision, guidelines for effective implementa-
tion, training and supervision. 

ROLES AND RESPONSIBILITIES
OF MENTAL HEALTH PROFESSIONALS

Mental health professionals, including psychiatrists,
psychologists, psychiatric nurses, social workers and other
professionals with training in mental health, can and need
to play a variety of roles to make prevention of mental and
behavioural disorders a reality. These can be briefly sum-
marized as follows.

As advocates

Mental health professionals are well placed to increase
awareness and information on prevention among policy
makers, other professionals and the general population, to
create an environment that is more conducive to prevention
efforts. Mental disorders are currently widely understood to
be without recognizable causes and generally non-prevent-
able. Correct information on the known causes and possible
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methods to decrease the incidence and improve the course
of mental disorders needs to be made available widely to
remove these myths. 

As technical advisers on prevention
programme development

Because of their knowledge base, mental health profes-
sionals need to advise public health planners and programme
developers on the possibilities of initiating prevention inter-
ventions or integrating mental health components into exist-
ing programmes. The possibilities for this role are enormous,
since most countries and communities have public health and
social programmes that can serve the cause of prevention of
mental disorders. Even if no changes are needed, an aware-
ness that the programme may be having an impact on preven-
tion of mental disorders helps to reinforce the need for the
programme to be continued or expanded.

As leaders or collaborators in prevention programmes

In many cases, mental health professionals need to take an
active role in initiating prevention programmes. This role can
be as a leader or as an active collaborator, especially in an inter-
sectoral programme. Some of the most effective prevention
programmes have been initiated by mental health profession-
als working in close collaboration with other professionals.

As researchers

Mental health professionals need to take the challenge of
further research on prevention of mental disorders. It is
known that research on mental health as a proportion of
overall research in health is far less than the proportionate
burden of mental disorders; such research from low and mid-
dle income countries is even rarer (72-74). Even within the
available mental health research, prevention research is
scant. Mental health professionals and researchers need to
correct this imbalance and create a better evidence base
especially from low and middle income countries. Evidence
base is particularly lacking on real world implementation, a
gap that can be bridged by integrating a systematic evalua-
tion component within existing prevention programmes. To
overcome funding shortcomings, innovative proposals, espe-
cially if intersectoral in nature and targeted on multiple out-
comes, are likely to generate increasing interest from poten-
tial funding agencies.

As professional care providers

Mental health professionals come in close contact with
people with mental disorders and their families. The

opportunities for primary prevention in these settings are
enormous. People with one or more mental disorders
(either active or in remission) are more likely to develop
another mental disorder. Preventive interventions among
these people, even though they may be in contact with
mental health professionals, are often ignored. Examples
include prevention of depression among people with a
substance use disorder or of emotional disorders in a child
with a specific developmental disorder.

Another way mental health care providers can assist in
prevention efforts is by initiating prevention interventions
in family members of those taking mental health care. Pre-
ventive approaches for children of parents with a diag-
nosed mental disorder, who are particularly at risk, can be
highly effective but unfortunately not applied often. Mental
health professionals need to balance their role of providing
much needed care to the patients who are under treatment
with preventing future need for care among their families.

CONCLUSIONS

Prevention of mental disorders is a public health priority.
In view of the high and increasing burden of mental and
behavioural disorders and the recognized limitations in
their treatment, the only sustainable method for reducing
their burden is prevention. Social and biological sciences
have provided substantial insight into the role of risk and
protective factors in the developmental pathways to mental
disorders and poor mental health. Many of these factors are
malleable and potential targets for prevention and promo-
tion measures. There is a wide range of evidence-based gen-
eral policies and strategies available for implementation to
prevent mental and behavioural disorders in addition to
those that are specific to particular disorders. Preventive
strategies have been found to reduce risk factors, strengthen
protective factors, decrease psychiatric symptoms and the
onset of some mental disorders; they also contribute to bet-
ter mental and physical health and generate social and eco-
nomic benefits. 

Although sufficient evidence warrants implementation,
further efforts are needed to continue expanding the spec-
trum of effective preventive interventions, to improve their
effectiveness and cost-effectiveness in varied settings and
to continue strengthening the evidence base. This requires
a process of repeated evaluation of programmes and poli-
cies and their implementation in addition to more con-
trolled research studies.

Mental health professionals have several important roles to
play in the prevention field. These include their roles as advo-
cates, technical advisers, programme leaders, researchers and
preventive care providers. These are challenging but likely to
be very rewarding responsibilities. However, population-
based outcomes can only be expected when sufficient
human and financial resources are invested. Financial sup-
port should be allocated to the implementation of evidence-
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based prevention programmes and policies and to the devel-
opment of required infrastructures. In addition, investments
in capacity building at the country level should be promoted,
providing training and creating a workforce of informed pro-
fessionals. Much of this investment will need to come from
governments, as they have the ultimate responsibility for
population health. Current resources for prevention of men-
tal disorders and mental health promotion are unevenly dis-
tributed around the world. International initiatives are need-
ed to reduce this gap and to support low income countries in
developing prevention knowledge, expertise, policies and
interventions that are responsive to their needs, culture, con-
ditions and opportunities. 

Prevention of mental disorders and mental health pro-
motion need to be an integral part of public health and
health promotion policies at local and national levels. Pre-
vention and promotion in mental health should be integrat-
ed within a public policy approach that encompasses hori-
zontal action through different public sectors, such as the
environment, housing, social welfare, labour and employ-
ment, education, criminal justice and human rights. This
will generate “win-win” situations across sectors, including
a wide range of health, social and economic benefits. 
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The Strategic Thinking
Skills of Hong Kong School
Leaders: Usage and
Effectiveness

Nicholas Sun-Keung Pang and John Pisapia

Abstract
The purpose of this study was to identify strategic thinking skills that distinguish effective school
leaders in Hong Kong. Three constructs framed the study: strategic thinking skills, organizational-
personal characteristics, and school leader effectiveness. This study used a quantitative non-
experimental design, and univariate and correlation techniques to identify the relationships
between the variables examined. Five hundred and forty-three (543) school leaders participated
in the study. The factor structure of the strategic thinking questionnaire (STQ) in the Chinese con-
text was validated. The results confirmed that a link between use of strategic thinking skills and
leader effectiveness exists. The strategic thinking skills profile of Hong Kong school leaders is
formed around systems thinking; it is the strongest predictor of leader effectiveness. This thinking
profile changes depending on role assignment, school type, and environmental complexity. Princi-
pals use systems thinking and reframing in tandem. Vice-principals use reframing more often than
the other skills. Senior masters use strategic thinking skills significantly less often than principals
and vice-principals.

Keywords
Hong Kong, reflection, reframing, school effectiveness, school leaders, strategic thinking, systems
thinking

Introduction

Preparing young people for the new world of work and life in times of complexity and continuous

change is one of the most important challenges confronting school leaders. Hong Kong is not

exceptional in this regard. Like many societies, the city has experienced a pervasive and influential

transformation of its education system since the 1982 report A Perspective on Education in Hong

Kong, proposed by an international panel of experts, was submitted. With the publication of the

seven successive Education Commission Reports (Education Commission, 1984, 1986, 1988,
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1990, 1992, 1996, 1997), The School Management Initiative (Education and Manpower Branch

and Education Department, 1991) and Information Technology for Learning in a New Era

(Education and Manpower Bureau, 1998), the city experienced a pervasive and influential trans-

formation of its education system. These changes started with remedying inadequacies of teacher

training (Education Commission, 1984, 1992), enhancement of management initiatives focused on

increasing delegation, empowerment, teacher autonomy, accountability and parental involvement

(Education and Manpower Branch and Education Department, 1991), school self evaluation and

quality assurance inspections (Education Commission, 1997), promotion of information technol-

ogy throughout all aspects of learning and teaching (Education and Manpower Bureau, 1998),

development of a school-based curriculum that emphasizes helping students develop a global out-

look and equipping them with a repertoire of skills and the positive attitudes required in order to

respect knowledge and to learn how to learn’ (Curriculum Development Council, 2000: 1). At the

turn of the new millennium, the Hong Kong Education Commission launched another extensive

review of curriculum, academic structure and the assessment mechanism at various stages, as well

as the interface between different stages of education and all initiatives asked for all school leaders

and teachers for continuous professional development (ACTEQ, 2003).

These waves of change have led to complexity and sometimes ambiguity and chaos which

required that Hong Kong school leaders to think and act differently than before. These conditions

created opportunities for growth, opportunity, innovation, threat, disorientation and upheaval.

However, whether leaders are able to appreciate change depends very much on their attitude in

perceiving it.

It is generally agreed that dealing with rapid, complex and often discontinuous change requires

the ability to think and act strategically (Pisapia, 2009). In this regard, several promising new prac-

tices have developed in Hong Kong such as schools transforming into learning communities (Pang,

2006a; Pang and Cheung, 2004), and attempts for school leaders to move from hierarchical, super-

visory and controlling roles to facilitative and supportive roles (Pang, 2006b). But generally, there

is an over reliance on linearity which does not fit with today’s realities of fast and furious change

(Schreyogg and Noss, 2000; Weick and Quinn, 1999). Pisapia (2009) notes that one of the reasons

leaders who find themselves in such messy, chaotic, complex environments fail is they are trained

in and rely upon a linear thinking mindset that does not work in situations characterized by

ambiguity and complexity. They are unable to identify critical societal and institutional forces

impacting their environment and thus do not connect their organizations to the current major

themes associated with success.

Modern leaders must possess a strategic mindset, which is developed through the application of

advanced cognitive capabilities. Dweck (2006), Kegan and Leahy (2009) and Pisapia (2009) have

argued persuasively how well-developed methods of processing information, training, and

experience leads to mindsets that hinder attempts to achieve adaptive change. They conclude that

mindset—our learned assumptions and methods—drive every aspect of our lives, from work to

play to relationships. If they are correct, then the ability of school leaders to deal with change lies

in how school leaders think and how they help their members prepare for continuous professional

development and school improvement.

Study Aims

The purpose of this study is to identify the level of use of strategic thinking skills that can distin-

guish effective school leaders in Hong Kong. The questions which guided the study asked: (1)

344 Educational Management Administration & Leadership 40(3)
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What is the level of use of strategic thinking skills of Hong Kong school leaders? (2) Is this level of

usage moderated by personal and organizational characteristics of the leaders? (3) Is the level of

use of strategic thinking skills linked to leader effectiveness?

Importance of the study

This study is important because it inquires into the ability of school leaders to think in a strategic

way, which is critically important in a system of self-management, such as that found in the Hong

Kong school system. Although this assumption has gone largely unnoticed in the empirical liter-

ature, Wong (2010) reported that in a study of the differences of leadership perspectives of Hong

Kong teacher and principals; teachers view strategic thinking as a more important skill than do

principals. Second, if a relationship between thinking and effectiveness can be established, training

programs specific to school leaders’ could be developed that maximize leader effectiveness.

Finally, this study adds to the developing strategic leadership literature and results can help iden-

tify potential outstanding leaders and future research areas.

Conceptual/Theoretical Framework

The three constructs that framed the study: leader thinking; organizational-personal characteristics;

and leader effectiveness are discussed in the following paragraphs.

The Strategic Thinking Framework

In the management literature, it is commonly agreed that that strategic thinking is important leader

skill; there is less clarity on its core elements. Liedtka’s (1998) elements include system perspec-

tive, focused intent, thinking in time, hypothesis-driven and intelligent opportunism. She (1998:

32) says, ‘A strategic thinker has a mental model of the complete end-to-end system of value cre-

ation, his or her role within it, and an understanding of the competencies it contains’. O’Shannassy

(2003) proposed a model for what he called the Modern Strategic Management Process in which

strategic thinking is the starting point. He (2003: 57) said: ‘ . . . strategic thinking combines crea-

tivity and analysis which facilitates a problem solving or hypothesis oriented approach’. Bonn

(2005) suggested that the key elements of strategic thinking are systems thinking, creativity and

vision. She (2005: 340) said ‘research on strategic thinking should address the following levels:

(a) the characteristics of an individual strategic thinker; (b) the dynamics that take place within

a group of individuals; and (c) the organization context’. To clarify our terms, strategic thinking

in the broader sense is the result of the interaction between leadership characteristics expressed

by skills, experiences and abilities of the leaders, and the characteristics of the internal and external

environment of the organization (Daghir and Al Zaydi, 2005). Our focus in this study is on the

leader’s thinking skills that support the way they make sense of their environment. The assumption

is that if leaders possess these skills they will be better able to (1) recognize interdependencies,

interrelationships and patterns, and (2) make consequential decisions using both powers of analysis

and intuition.

Pisapia, Reyes-Guerra and Coukos-Semmel (2005), concurring with Daghir and Al Zaydi’s

(2005) finding of a lack of appropriate instrumentation to test this assumption, identified—systems

thinking, reflection and reframing—as important concepts scholars associated with strategic

thinking (Dewey 1933; Simon, 1957; Argyris and Schön, 1978; Schön, 1983; Morgan, 1987; Senge
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1990; Bolman and Deal, 1994; Halpren, 1996; Cohen et al., 2000). From their review of the

literature, Pisapia and his colleagues further defined the three skills and then created items to

develop a valid and reliable instrument to study a leader’s ability to recognize patterns, interdepen-

dencies and make consequential decisions. They hypothesized that effective leaders use these

skills differently than less effective leaders, especially under conditions of complexity. The skills,

incorporated into what is now called the strategic thinking questionnaire (STQ), are described on

Table 1.

The use of strategic thinking skills has been studied in leaders. Chilcoat (1995), for exam-

ple, suggests that effective leaders demonstrate more complex mental processes than ineffec-

tive leaders. Moreover, Leithwood and Steinbach (1992) believe that efforts to improve the

effectiveness of school leaders may be more productive if more consideration were given

to improve the quality of thinking and problem solving rather than simply focusing on actions

or behaviors.

These skills have also been studied using the STQ. For instance, Pisapia, Reyes-Guerra and

Yasin (2006) conducted a study of 136 leaders from profit (40 percent) and non-profit (60 percent)

organizations. The study identified (1) a cumulative effect of strategic thinking skills and self

reported leader effectiveness (r ¼ 0.279, p < 0.001, ES ¼ 0.43); (2) Reframing (r ¼ 0.219, p <

0.01, ES ¼ 0.08), reflection (r ¼ 0.243, p < 0.05, ES ¼ 0.07); and systems thinking (r ¼ 0.260,

p < 0.05, ES ¼ 0.09) were significantly correlated with leader effectiveness. Systems thinking

explained most of the variance in the effectiveness variable.

Zsiga (2008) applied the STQ to levels of self-directed learning readiness, strategic thinking,

and leader effectiveness in Young Men’s Christian Association (YMCA) directors. The analysis

of the 471 responses demonstrated robust correlations between self-directed learning readiness

and strategic thinking (r ¼ 0.58, p < 0.001). Leader effectiveness, on an objective measure, cor-

related similarly and significantly with these two constructs (r ¼ 0.10, p < 0.05). These correla-

tions present indicate that a positive relationship exists between self-directed learning levels,

strategic thinking levels, and objective leader effectiveness. The study also provided evidence

of (1) a positive relationship between strategic thinking [total] and leader effectiveness, (2)

reframing and leader effectiveness, (3) moderation of strategic thinking and leader effectiveness

by ethnicity and (4) a robust association of the strategic thinking skills scale with the self directed

learning scale.

The use of strategic thinking skills has also been studied in advanced graduate students prepar-

ing for leadership positions. For instance, Pisapia et al. (2009) conducted a comparative study of

Table 1. Descriptions of the thinking skills found in the strategic thinking questionnaire

Strategic thinking skills Description

Systems thinking Systems thinking refers to the leader’s ability to see systems holistically by
understanding the properties, forces, patterns and interrelationships that
shape the behavior of the system, which hence provides options for action.

Reflection Reflecting means the ability to weave logical and rational thinking, through the
use of perceptions, experience and information, to make judgments on what
has happened, and creation of intuitive principles that guide future actions.

Reframing Reframing refers to the leader’s ability to switch attention across multiple
perspectives, frames, mental models, and paradigms to generate new insights
and options for action.
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328 students in graduate administration programs in Hong Kong (HK), Shanghai, Borneo, Kula

Lumpur (KL) and the USA. They concluded that the variance in the use of strategic thinking skills

use was more a function of age of the respondents, rather than location or gender. Reflection and

systems thinking skill usage rose incrementally for each location, as participants got older. They

offered an alternative explanation that rather than an age bias, the age variable could be a proxy for

experience and/or education, which are likely moderators of thinking skills.

Penney (2010) investigated the relationship of the use of strategic thinking skills and the use

of technology by 122 graduates of the National Executive Fire Chiefs Academy in the USA.

She found that (1) education level and length of service and age were positively associated with

higher use of strategic thinking skills, and that (2) age was a moderator of the relationship of

systems thinking and reflecting and information and computer technology comfort (t ¼ -2.359;

p ¼ 0.020).

Pisapia and Glick-Cuenot (2010) applied the STQ to entering freshman to determine if strategic

thinking skills possessed by students before they took university courses were related to grade

point average and retention. Significant correlations were found between systems thinking, (r ¼
0.249, p < 0.000) and reflection (r ¼ 0.200, p < 0.002) and grade point average.

In summary, statistical analyses of STQ administrations yields five major impressions. First,

strategic thinking is associated with self reported and objective measures of leader effectiveness.

Supervisors and managers in our samples score lower than the executives; as expected. However,

the high performers (the top 20 percent on effectiveness scores) in each management category used

these mental skills significantly more often than less successful managers. Second, there is a cumu-

lative impact when the three capabilities which form the strategic thinking construct are used. The

strength of the relationship between strategic thinking and leader effectiveness increases as leaders

use the three dimensions in tandem. Third, there is a significant relationship between the use of

strategic thinking skills and self directed learning. Fourth, the use of these skills improves with age

and experience—the younger you are the less you use these skills. Finally, the STQ appears free of

cultural and gender bias; but reveals an age bias.

Environmental and Personal Characteristics

As many scholars have noted, when it comes to leadership context is important (Leavy and

Wilson, 1994; Hinkin and Tracey, 1999; Osborn et al., 2002; Pisapia 2009). For some

researchers such as Kolb et al. (2001), organizational environment is an important factor

influencing how the leader behaves. According to them, environment dictates the choice of

structure and the way the communication is implemented in the organization. Hoy and Miskel

(1987) identified four dimensions that could influence leader actions: structural properties of

the organization, organizational climate, role characteristics and subordinate characteristics. In

our study, the influence of environmental indicators—school type, size of staff—number of

teachers—numbers of students—were studied to determine if they are related to the use of

strategic thinking skills.

For other researchers (Luthans, 1981), personal characteristics and traits of the leader may also

affect their style of leadership and eventually their effectiveness. The study of leader characteris-

tics and traits has a long history. In fact it was the first organized approach to studying leadership.

This study used leader personal characteristics of—position, gender, age, working experience, and

educational degree earned—to determine if they are related to the use of strategic thinking skills.

Pang and Pisapia: The Strategic Thinking Skills of Hong Kong School Leaders 347



UNIVERSITY OF RIJEKA SCIENTIFIC COLLOQUIUM 2012 / 2013

179

Leader Effectiveness

Luthans (1988: 137) differentiated successful managers from effective managers. According

to him successful managers refers to ‘those who have been promoted relatively quickly’ and

effective mangers to ‘those who have satisfied, committed subordinates and high performing

units’. Other scholars have defined leader effectiveness in different ways. For Pisapia (2009)

effectiveness is dependent on how proficiently the organization responds and readapts to its

ever-evolving context and the ability of the leader to continually renew the systems of learn-

ing within the organization. Kolb et al. (2001) suggest that to be successful or effective,

today’s managers must possess the capacity to analyze complex situations accurately and

choose appropriate responses. Pondy (1983) and Weick (1983) considered pragmatic thinking

and action to be basic to the success or effectiveness of an executive (cited in Bass 1990a).

Bass (1990b: 106), believed that successful executives are those who are able to ‘unite the

intuitive and the rational and respond to behavior, not intentions or preconceptions’. In his

later writing, he maintained that in order to be effective and successful, leaders need to be

‘truly transformational in identifying and publicizing the inadequacy of defensive pseudoso-

lutions’ (Bass, 1998: 43). He also believed that in order for leaders to be successful or effec-

tive in crisis conditions, they must be transformational—able to rise above what their

followers see as their immediate needs and appropriate reactions. Other scholars, such as

Collins and Porras (1997), use objective criteria such as followers’ productivity, that is, the

amount of work completed, or group and organizational outcomes.

This study adopts the Luthans’ view that of leader effectiveness is the result of satisfying com-

mitted subordinates and high performing units as the criterion variable. To represent managerial

effectiveness, 10 effectiveness items were formed from the literature and placed in the primary

data collection tool under three dimensions of effectiveness important to strategic leaders: leader-

ship, management, and performance. Effectiveness items included those related to leadership: (1)

successful provision of value to the organization (Collins, 2001); (2) bringing about change in the

organization (Kotter, 1996; Leithwood et al., 1999; Collins, 2001); (3) satisfying the needs of the

organization’s external stakeholders (Burns, 1978); and (4) empowering followers (Senge, 1990;

Kotter 1996; Leithwood et al., 1999). Items that related to management included: (1) maintaining

an orderly work environment (Heifetz, 1994); and (2) satisfying the needs of the organization’s

internal stakeholders (Barnard, 1938; Burns, 1978; Bass and Avolio, 1994; Kotter, 1996; Leithwood

et al., 1999; Collins, 2001). Also included were items that related to organizational performance,

for example, success in meeting the goals of the organization’s mission or vision (Bass, 1990b;

Bass and Avolio, 1994; Kotter, 1996; Collins and Porras, 1997; Leithwood et al., 1999; Collins,

2001).

Methods

Research Design

This study employed a quantitative non-experimental design. The strategic thinking skills—

reflection, reframing and systems thinking—were selected as the predictor variables and

leader effectiveness the criterion variable. The influence of environmental and personal char-

acteristics was also studied to determine their impact on the use of participants’ strategic

thinking skills.
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Participants

A random sample of approximately three school leaders at 200 primary and 200 secondary schools

in Hong Kong were invited to participate in the study. A total of 531 respondents (including 183

principals, 204 vice-principals and 141 senior masters [program coordinators]; 3 missing) returned

usable questionnaires, which accounted to about 45 percent return rate. Forty-seven percent (n ¼
248) were male and 51.2 percent (n ¼ 272) were female; 11 respondents did not provide informa-

tion. The respondents’ ages in years ranged from 23 to 60 years of age (M ¼ 47.48, SD ¼ 7.13).

The respondents’ experience in leadership positions ranged from one year to 38 years (M ¼ 7.18,

SD ¼ 6.22). Fifty-six percent of the respondents held bachelors’ degrees, 37 percent masters’

degrees, 2 percent doctorate degrees, and 5 percent certificate or associate degrees.

Data Collection—Instruments

The strategic thinking questionnaire (STQv1) was the primary data collection instrument for this

study. The STQv1 collects data on participant use of three thinking skills—reflection, reframing

and systems thinking. The STQ (44 items) asks respondents to rate how often they use these skills

when confronted with problems, dilemmas, and/or opportunities on a Likert-type scale, where 1 ¼
rarely or almost never, 2¼ once in a while, 3¼ sometimes, 4¼ often, and 5¼ frequently or almost

always. Average to above average scores on the STQ suggest that the respondent is effective in

using the strategic thinking skills, meaning that he or she is most likely to possess the skills to

be a strategic thinker. The higher the scores, the more positive the prediction for effective function-

ing in meeting environmental demands and pressures. On the other hand, an inability to be an

effective strategic thinker is suggested by low scores.

The strategic thinking questionnaire (STQ) is a self-report instrument that includes two indica-

tors: (1) omission rate (number of omitted responses); and (2) an inconsistency index (degree of

response inconsistency) to overcome validity issues with such instruments. If scores on the paired

items deviated more than one point the case was eliminated from the analyses. It also includes

seven reverse scored items to reduce the danger of patterned answers. Five hundred and forty-

three responses were received. After application of these tests, 12 cases were removed leaving

531 cases for analysis in this study.

The base STQ is accompanied by 10 leader effectiveness items (alpha 0.897), and by 9 environ-

mental and personal characteristics questions for a total of 63 items. The translation from English

to Chinese was achieved in three steps. The STQv1 was first translated into Chinese by Hong Kong

based academicians. It was then retranslated into English and reviewed by STQ developers; then

back-translated. The back translated version and the original version were found to be quite sim-

ilar. A few terms were modified to improve the translation. The content validity of the translated

version was then verified by a panel of three experienced Hong Kong educational leaders with

PhDs in educational administration.

The Chinese version of the STQ was psychometrically tested with the Hong Kong dataset.

A confirmatory factor analyses (CFA) was performed with the strategic thinking items using the

principal component analysis (PCA) with direct oblimin of oblique rotation method to extract the

common factors in the STQ. As seen in Table 2, the results of the PCA confirmed the construct

validity of the STQ. The strategic thinking scale that resulted from the PCA is comprised of three

subscales: systems thinking (10 items), reframing (7 items), and reflecting (6 items).
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Table 2. Pattern matrix from the principal component analysis with direct oblimin of oblique rotation for the
three cognitive processes of strategic thinking

Component

Item no. Item
1 Systems
thinking 2 Reframing 3 Reflecting

03 Track trends by asking everyone ‘what is new?’ 0.678 �0.169 �0.103
02 See patterns in ambiguous information? 0.617 0.097 �0.118
14 Track trends by asking those around you ‘what is changing?’ 0.612 �0.144 0.093
05 Look at how things are interconnected to find a specific

problem that seems to influence the greater problem?
0.610 0.110 0.103

04 Look for an existing common goal when two parties are
competing?

0.591 0.041 �0.016

42 Search for patterns when confronted with complex
information?

0.570 0.100 0.115

13 Increase capacity of an area in your organization before the
actual demand hits?

0.560 0.006 0.105

07 Create and examine a larger number of possible solutions
when the problem is more complex?

0.515 0.265 0.133

06 Ignore past decisions and their results when considering
related present day situations?

0.459 �0.201 0.178

39 Ask WHY questions to develop an understanding of
problems presented to you?

0.338 0.042 0.247

17 Not take into account the real life implications when
thinking about decisions and actions you make?

0.020 0.746 �0.088

18 Find that external environmental changes do not require
internal organizational changes?

0.085 0.669 �0.060

38 Create a pre-conceived solution to a problem before it has
been clearly defined or understood?

0.002 0.650 �0.040

31 Evaluate a situation using a single viewpoint? 0.020 0.549 0.010
37 First judge the problem at its face value and create plans to

solve it before then looking at other viewpoints?
�0.133 0.484 0.012

28 Find that first hand experience does not change your
perspective on a situation?

�0.192 0.463 0.105

26 Avoid discussions with critics and challengers? 0.103 0.449 0.082
30 Accept that your dearest beliefs could be mistaken when

thinking about past decisions and actions?
�0.125 �0.087 0.724

35 Acknowledge the limitations of your own perspective? �0.113 0.079 0.689
34 Engage in discussions with those who hold a different world

view?
0.199 �0.028 0.567

27 Seek coaching by professionals or colleagues when thinking
about past decisions and actions?

0.107 �0.052 0.555

22 Engage in discussions with those who have different beliefs
or who make different assumptions about a situation?

0.135 0.037 0.538

21 Discover how you could have handled a situation better
when thinking about past decisions and actions?

0.171 0.160 0.423

Eigenvalue 4.885 2.486 1.335
% of variance explained 21.24 10.81 5.89
Reliability 0.79 0.68 0.69
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Data Analysis

Descriptive statistics, multiple univariate analyses of variance and regression analyses were pre-

formed to evaluate the relationship among the variables. All of the data collected for this study

were entered into SPSS v16.0 in order to run the analyses.

Limitations of the Study

Results from this study are limited by operations. The data were self reported. The reliability of

using self ratings as a measure in research studies has been a reviewed by a number of writers with-

out reaching conclusive universal consensus on their effectiveness (Harris and Schaubroeck, 1988;

Atwater and Yammarino, 1992; Smither et al., 1995; Yammarino and Atwater, 1997; Weisband

and Atwater, 1999).

Despite Spector’s (1992) claim that such data is not as limited as commonly expected, and with

the lack of a full consensus, there are still indications of a tendency for self-reported data to be

inflated. Therefore, the STQ is designed to elicit individual preferences and behaviors without

influencing the respondent toward or away from any particular selection. It contains safeguards

identified in previous paragraphs to overcome the effects of self-reporting. These safeguards were

applied and cases were removed before the data was analyzed. Base our experience with other

applications of the STQ we are confident that the data as it relates to the use of strategic thinking

skills is solid and can be depended upon. We are slightly less confident of the data in regards to

leader effectiveness even though the results we found are consistent with Zsiga’s (2008) study

which used an objective measure of effectiveness.

Results

Use of Strategic Thinking Skills

The initial two research questions asked us to determine the level of the participant’s use of stra-

tegic thinking skills, and the effect of personal and environmental characteristics on these skills.

These research questions were addressed by first comparing the means for study participants on

the three strategic thinking skills. As seen on Table 3, reframing (M ¼ 3.75, SD ¼ 0.43) was used

most often, and reflection (M ¼ 3.69, SD ¼ 0.42) the least often in the general sample. Position

was significantly related to the use of each of the strategic thinking skills: systems thinking

(F¼ 10.316, p¼ 0.000, ES¼ 0.038), reflection (F¼ 3.642, p¼ 0.027, ES¼ 0.014) and reframing

(F ¼ 10.529, p ¼ 0.000, ES ¼ 0.039).

The rank order of use of strategic thinking skills by the sample is reframing (M ¼ 3.74, SD ¼
0.43), systems thinking (M ¼ 3.70, SD ¼ 0.42) and reflection (M ¼ 3.69, SD ¼ 0.42). As seen in

Table 3, this rank ordering stays consistent across gender but not organizational position.

Principals use the skills in the following rank order—systems thinking (M ¼ 3.80, SD ¼
0.42)—reframing (M¼ 3.80, SD¼ 0.42)—reflection (M¼ 3.74, SD¼ 0.39); vice-principals rank

order the skill use as reframing (M ¼ 3.79, SD ¼ 0.40), reflection (M ¼ 3.70, SD ¼ 0.42) and

systems thinking (M ¼ 3.66, SD ¼ 0.40) and for senior masters reframing (M ¼ 3.60, SD ¼
0.44) is the least used skill.

Also seen in Table 3, position and school type yield different usage levels of the strategic think-

ing skills. First, principals of secondary schools use the skills differently than principals of primary

schools. Secondary principals use systems thinking (M ¼ 3.79, SD ¼ 0.41), reframing (M ¼ 3.76,
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Table 3. Means and standard deviations for sample, position, gender, and school type

Systems thinking Reflection Reframing

Sample Mean 3.7038 3.6935 3.7423
SD 0.42102 0.41943 0.42529
N 529 527 526

Principal Mean 3.8028 3.7434 3.7945
SD 0.41680 0.39222 0.41139
N 178 178 178

Vice-principal Mean 3.6633 3.6997 3.7921
SD 0.39570 0.42257 0.40407
N 199 202 202

Senior master Mean 3.6178 3.6180 3.5985
SD 0.41283 0.43025 0.43845
N 135 137 137

Male Mean 3.6769 3.6767 3.7373
SD 0.40574 0.39567 0.40094
N 247 248 248

Female Mean 3.7211 3.7082 3.7456
SD 0.42149 0.43508 0.44479
N 265 269 269

Principal Male Mean 3.7667 3.7258 3.7573
SD 0.40334 0.35239 0.41745
N 93 93 93

Principal Female Mean 3.8424 3.7627 3.8353
SD 0.42994 0.43292 0.40316
N 85 85 85

Vice-principal Male Mean 3.6127 3.6366 3.7426
SD 0.40910 0.42355 0.39280
N 110 111 111

Vice-principal Female Mean 3.7258 3.7766 3.8524
SD 0.37128 0.41068 0.41154
N 89 91 91

Senior master Male Mean 3.6477 3.6742 3.6818
SD 0.37509 0.40659 0.38954
N 44 44 44

Female Mean 3.6033 3.5914 3.5591
SD 0.43114 0.44063 0.45647
N 91 93 93

Principal Secondary Mean 3.7892 3.7330 3.7588
SD 0.40873 0.36211 0.41328
N 93 93 93

Principal Primary Mean 3.6182 3.6081 3.5701
SD 0.43666 0.45872 0.43989
N 110 111 111

Vice-principal Secondary Mean 3.6190 3.6831 3.8056
SD 0.42393 0.46622 0.37418
N 121 122 122

(continued)
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SD ¼ 0.41) and reflection (M ¼ 3.73, SD ¼ 0.36) to a greater extent than primary principals sys-

tems thinking (M¼ 3.62, SD¼ 0.44), reframing (M¼ 3.57, SD¼ 0.44) and reflection (M¼ 3.61,

SD ¼ 0.46.) Second, vice-principals of secondary schools also use the skills differently than vice-

principals of primary schools. Both groups use reframing to a greater extent than the other two

skills but secondary principals use reframing (M ¼ 3.81, SD ¼ 0.37) more often than primary

vice-principals (M ¼ 3.76, SD ¼ 0.44). Lastly, the comparison of senior masters at secondary

schools to those at primary schools depicts differences in use of reframing (M ¼ 3.72, SD ¼
0.41) versus (M ¼ 3.57, SD ¼ 0.44) and reflection (M ¼ 3.71, SD ¼ 0.38) versus (M ¼ 3.61,

SD ¼ 0.46).

This initial inquiry indicated that principals’ use of strategic thinking skills were influenced by

the position they hold and the type of school they manage. We sought to confirm these results

through by examining the moderation effects of personal and environmental characteristics in

regard to the prediction of the principal’s use of strategic leader actions. Table 4 displays the results

of univariate analyses for personal characteristics of position, gender, age, working conditions, and

academic degree held.

As indicated in preceding paragraphs, position was positively associated with each of the three

strategic thinking skills. However, the gender and age variables did not produce any significant

relationships with systems thinking, reflection and reframing. The respondent’s work experience

produced one significant relationship with reframing (F ¼ 1.484, p ¼ 0.05, ES ¼ 0.085). Degrees

held produced one significant relationship with reflection (F ¼ 3.832, p ¼ 0.010, ES ¼ 0.022).

As seen in Table 4, position and age (F¼ 1.555, p¼ 0.006, ES¼ 0.269), and position and work

experience (F ¼ 14.660, p ¼ 0.020, ES ¼ 0.240) influenced systems thinking. Position and age

(F ¼ 15.093, p ¼ 0.025, ES ¼ 0.248) influenced reflection. Position and gender (F ¼ 1.790,

p ¼ 0.008, ES ¼ 0.037) and position and work experience (F ¼ 14.431, p ¼ 0.020, ES ¼
0.238) influenced reframing. No other interactions were found among personal characteristics and

use of strategic thinking skills.

The main effect of position was tested for interactions with all personal and environmental char-

acteristics on the use of strategic thinking skills. There were no significant interactions among

these variables and systems thinking or reflection.

As seen in Table 5, school type did produce significant interactions with school type and gender

(F ¼ 2.607, p ¼ 0.026, ES ¼ 0.059), work experience (F ¼ 1.407, p ¼ 0.022, ES ¼ 0.399), degree

held (F ¼ 1.684, p ¼ 0.086, ES ¼ 0.075) and reframing. No other interactions were found for

environmental characteristics.

Table 3. (continued)

Systems thinking Reflection Reframing

Vice-principal Primary Mean 3.7276 3.7073 3.7546
SD 0.33689 0.33569 0.44040
N 76 78 78

Senior master Secondary Mean 3.6320 3.7051 3.7198
SD 0.35440 0.38096 0.40904
N 25 26 26

Senior master Primary Mean 3.6182 3.6081 3.5701
SD 0.43666 0.45872 0.43989
N 110 111 111

Pang and Pisapia: The Strategic Thinking Skills of Hong Kong School Leaders 353



UNIVERSITY OF RIJEKA SCIENTIFIC COLLOQUIUM 2012 / 2013

185

The Link between Strategic Thinking Skills and Leader Effectiveness

Research question three asked if school leader use of strategic thinking skills is linked to leader

effectiveness. For this analysis, the ten effectiveness items were summed. Pearson r correlations

were used to compare the relationship among the four variables. As seen in Table 6, significant

relationships exist between each of the four variables tested. Systems thinking and leader effective-

ness were significantly related (r ¼ 0.406, p < 0.01, ES ¼ moderate). Reflection and leader

effectiveness were significantly related (r ¼ 0.269, p < 0.01, ES ¼ moderate). Reframing and

leader effectiveness were significantly related (r ¼ 0.103 p < 0.05, ES ¼ weak). Effect size

classifications were guided by Cohen’s (1988) taxonomy of correlation values. In effect, as use

of strategic thinking skills increased, so did leader effectiveness.

As displayed in Table 6, the three subscales of strategic thinking also correlated positively and

significantly to one another. Based on Senge’s (1990) Fifth Discipline discourse that systems

thinking is the crucial criterion for strategic thinking, leadership and development in any organi-

zation, we expected some shared variability to be present. The correlation for systems thinking

Table 4. Direct and moderation effects between position (P), gender (G), age (A), work experience (W) and
degree held (D) in regard to the predication of strategic thinking skills

Source Criterion variable Sum of squares df Mean square F p* Eta2

P Systems thinking 3.495 2 1.748 10.316 0.000 0.038
G Systems thinking 0.236 1 0.236 1.381 0.241 -
A Systems thinking 5.830 33 0.177 1.024 0.433 -
W Systems thinking 4.759 30 0.159 0.897 0.627 -
D Systems thinking 0.973 3 0.324 1.849 0.137 -
P*G Systems thinking 0.540 3 0.180 1.192 0.313 -
P*A Systems thinking 17.149 73 0.235 1.555 0.006 0.269
P*W Systems thinking 14.660 67 0.219 1.449 0.020 0.240
P*D Systems thinking 1.536 8 0.192 1.272 0.258 -
P Reflection 1.267 2 0.633 3.642 0.027 0.014
G Reflection 0.106 1 0.106 0.608 0.436 -
A Reflection 6.385 33 0.193 1.157 0.255 -
W Reflection 6.024 30 0.201 1.165 0.253 -
D Reflection 2.004 3 0.668 3.832 0.010 0.011
P*G Reflection 0.896 3 0.299 2.032 0.109 -
P*A Reflection 15.093 73 0.207 1.407 0.025 0.248
P*W Reflection 12.222 67 0.182 1.241 0.115 -
P*D Reflection 2.196 8 0.275 1.868 0.065 -
P Reframing 3.619 2 1.810 10.529 0.000 0.039
G Reframing 0.005 1 0.005 0.029 0.864 -
A Reframing 6.189 33 0.188 1.095 0.332 -
W Reframing 7.498 30 0.250 1.484 0.050 0.085
D Reframing 0.368 3 0.123 0.697 0.554 -
P*G Reframing 1.790 3 0.597 4.013 0.008 0.037
P*A Reframing 13.910 73 0.191 1.281 0.078 -
P*W Reframing 14.431 67 0.215 1.448 0.020 0.238
P*D Reframing 1.290 8 0.161 1.084 0.374 -

Note: *Alpha ¼ 0.05.

354 Educational Management Administration & Leadership 40(3)



186

with reflecting (r ¼ 0.551) indicates that 30 percent of the variability of systems thinking is

predicted by reflection and vice versa. While this relationship is higher than we would have liked,

it is within bounds of acceptability. The correlations among reframing and systems thinking and

reframing (r ¼ 0.118) and reflection with reframing (r ¼ 0.179) were significant but weakly

associated (about 1 percent and 3 percent of the variance, respectively).

Discussion and Conclusion

Hong Kong, like many societies, has experienced a pervasive and influential transformation of its

education system. It is no longer enough for school leaders to think linearly and simply to react to

Table 5.Moderation effects between school type (ST), size of staff (S), number of teachers (NT) and number
of students (NS) in regard to the predication of strategic thinking skills

Source Criterion variable Sum of squares df Mean square F p* Eta2

ST Systems thinking 0.147 2 0.074 0.424 0.655 -
S Systems thinking 7.618 39 0.195 1.118 0.293 -
NT Systems thinking 8.682 60 0.145 0.805 0.850 -
NS Systems thinking 8.783 50 0.176 1.006 0.466 -
ST*S Systems thinking 7.230 42 0.172 0.952 0.559 -
ST*NT Systems thinking 8.524 59 0.144 0.799 0.852 -
ST*NS Systems thinking 4.080 35 0.117 0.645 0.942 -
ST Reflection 0.086 2 0.043 0.249 0.780 -
S Reflection 7.459 39 0.191 1.098 0.319 -
NT Reflection 10.255 60 0.171 0.973 0.535 -
NS Reflection 8.775 50 0.175 1.013 0.454 -
ST*S Reflection 4.581 42 0.109 0.604 0.976 -
ST*NT Reflection 8.429 59 0.143 0.791 0.863 -
ST*NS Reflection 2.978 35 0.085 0.471 0.996 -
ST Reframing 1.221 2 0.611 3.485 0.031 0.013
S Reframing 11.979 39 0.307 1.833 0.002 0.129
NT Reframing 14.732 60 0.246 1.457 0.019 0.158
NS Reframing 13.720 50 0.274 1.638 0.005 0.147
ST*S Reframing 6.779 42 0.161 0.980 0.511 -
ST*NT Reframing 10.956 59 0.186 1.127 0.256 -
ST*NS Reframing 7.416 35 0.212 1.286 0.135 -

Note: *Alpha ¼ 0.05.

Table 6.Correlations among the subscales of the strategic leadership questionnaire with leader effectiveness

Systems thinking Reflection Reframing Effectiveness

Systems thinking 1
Reflection 0.551** 1
Reframing 0.118** 0.179** 1
Leader effectiveness 0.406** 0.269** 0.103* 1

Notes: *correlation is significant at the 0.05 level (2-tailed); **correlation is significant at the 0.01 level (2-tailed); N ¼
systems thinking ¼ 526. N ¼ reflection, reframing, effectiveness ¼ 531
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them (Senge 1990, Lam and Pang 2003, Pisapia 2006). Hong Kong school leaders are required to

think and act strategically in coping with the challenges arisen from an increasingly complex

environment (Mintzberg 1994, Hooijberg et al. 1997, Gamage and Pang 2006). The Hong Kong

context enables us to interpret our findings in a clearer fashion.

We extracted several major findings from our results. While there were differences in level

of use of strategic thinking skills in the overall sample, none rose to a level of significant

difference. What does make a difference is the position the school leader holds. Whether one

is the principal, vice-principal or the senior masters, position held was the most influential

predictor of the use of the three strategic thinking skills. Principals seemingly use systems

thinking (M ¼ 3.80) and reframing (M ¼ 3.80) in tandem. While vice-principals use refram-

ing (M ¼ 3.79) significantly more often than systems thinking (M ¼ 3.66) and reflection

(M ¼ 3.70). Conversely, senior masters who are closest to the work of technical work of

teaching use reframing (M ¼ 3.60) significantly less often than do principals and vice-

principals. This finding supports Katz andKahn ‘s (1978) finding that as onemoves to upper levels

ofmanagement conceptual skills becomemore important, at managerial levels interpersonal skills

are the most important, and at the supervisory levels technical skills are the most important. It also

begs the question, does one move to higher levels of responsibility because they have these stra-

tegic thinking skills or because do they acquire them once they are selected. It’s our assumption

that both factors are at play in this finding.

At the principal level of the organization a major focus is maintaining the fit between the exter-

nal environment and internal organizational processes to build organizational resilience. At this

level, systems thinking—seeing the system holistically—and reframing—switching across multi-

ple perspectives—are the two most used strategic thinking skills. At the vice-principal level the

focus primarily on creating alignment, improving processes, staying focused, communication, con-

flict management, and developing relationships are important. At this level, reframing is the most

used strategic thinking skill. At the senior master level the use of strategic thinking skills are more

muted than at the two levels above it. The focus is on the work and tactical decisions rather than

looking at things from different points of view. At this level, the focus is on execution of the orga-

nization’s goal for instruction in a particular curricular area.

While there were mean differences in how males and females used the strategic thinking

skills, they did not rise to a level of significance. This finding supports findings from other

studies that the STQ does not demonstrate a gender bias (Pisapia, et al., 2009; Penney,

2010). In the broader sense, female principals did demonstrate more use of systems thinking

and reframing skills than their male counterparts. However, the only interaction of gender

with other personal characteristics that rose to a level of significance was in regard to predict-

ing the use of reframing skills. This relationship was found at the principal and vice-principals

level; but not at the senior master level.

Principals at secondary schools use strategic thinking skills to a greater extent than principals at

primary schools. The work is more certain in primary schools and thus reframing in particular is

not a skill that is used often when compared to secondary principals. However, this finding does

not hold at the level of vice-principals at primary schools. Primary vice-principals use systems

thinking and reflection to a greater extent than vice-principals at the secondary schools. It warrants

further investigation. The effect of complexity is also seen in the role of senior master. Secondary

senior masters use reframing and reflection to a greater extent than primary senior masters. While a

greater understanding of the contexts of secondary schools and primary schools in Hong Kong

would help our analysis, we feel safe in concluding that as complexity of context increases
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(position, school type, size of staff, number of teachers, and number of students) school leaders use

different strategic thinking skills. Larger role responsibilities necessitate a greater the need for sys-

tems thinking skills. In particular, the more complex the environment, the more often school lead-

ers need to practice reframing skills.

What appears to be muted in this contextual complexity discussion is the role of reflection (that

is, weaving logical and rational thinking to create intuitive principles to guide future actions). Prin-

cipals reflect more often than vice-principals and senior masters. Reflection also seems to be a

function of educational training with those with higher degrees practicing it more often than those

with lower academic degrees. On the other hand, given the vast literature (Dewey, 1933; Argyris

and Schön, 1978; Korthagen and Kessels, 1999; Edmondson 2002; Leithwood et al., 2004;

Contich, 2006) on the importance of reflection it was surprising to not see it as a more important

thinking factor in school leaders in Hong Kong. On the other hand, although the role of reflection

has been advocated by many scholars; it has not been carefully examined. These explanations are

open to conjecture and the grist for future studies.

The link between the use of strategic thinking skills and leader effectiveness is evident in our

data. While the apparent limitations of the use of self reported effectiveness data constrains any

strong claim to link leader effectiveness to the use of strategic thinking skills, the results are con-

sistent with the findings of other studies using the STQ (Pisapia et al., 2006; Zsiga, 2008). This

confirmation leads us to a qualified ‘we think the use of strategic thinking skills and leader effec-

tiveness is linked.’ To secure this linkage future research needs to be conducted using more objec-

tive measures of leader effectiveness. Given the limitations, we are still left with three major

impressions of the way the school leaders in Hong Kong process information and their effective-

ness. First, the use of strategic thinking skills seems to be able to distinguish between more and less

effective leaders. Second, there is a cumulative impact of the use of the three skills that form the

strategic thinking construct. The strength of the relationship between strategic thinking and leader

effectiveness increased as school leaders used the three strategic thinking processes in tandem.

However, our data agrees with that of Pisapia et al. (2006), Zsiga (2008) and Pisapia and Glick-

Cuenot (2010) who found that systems thinking skills presents greater explanatory power than

reflection and reframing. The link between reframing and leader effectiveness is weak, but appears

important as complexity rises. It could be that as one perceives greater complexity they also per-

ceive that they are not as effective as those who work in stable environments. This intriguing find-

ing needs further clarification in future studies. The fact remains, however, that Hong Kong school

leaders, who demonstrated higher use of systems thinking, also reported higher perceptions of

effectiveness. As suggested in preceding paragraphs, these findings support Senge’s (1990) propo-

sition and Pisapia’s (2006; 2009) research that systems’ thinking is the key discipline for leader

effectiveness.

After concentrated study, Pisapia (2010) suggested that strategic thinking places a premium on

synthesis and integration and requires the ability to examine new possibilities dealing with large

chunks of information, and the ability to pull pieces together into a big picture. It involves being

able to recognize patterns and visual images. In strategic thinking, not only are the data sources

different but the analysis of the data is different. Strategic thinking, he suggests, is both creative

and critical, although accomplishing both types of thinking simultaneously is difficult, because

of the requirement to suspend critical judgment. When applied correctly, strategic thinking skills

enable leaders to (1) recognize interdependencies, interrelationships and patterns, and (2) make

consequential decisions using both powers of analysis and intuition. It is our interpretation that

data in this study support this claim.
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Kinetics of Torpedo californica acetylcholinesterase inhibition by
bisnorcymserine and crystal structure of the complex with its leaving group
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Natural and synthetic carbamates act as pseudo-irreversible
inhibitors of AChE (acetylcholinesterase) as well as BChE
(butyrylcholinesterase), two enzymes involved in neuronal
function as well as in the development and progression of AD
(Alzheimer’s disease). The AChE mode of action is characterized
by a rapid carbamoylation of the active-site Ser200 with release
of a leaving group followed by a slow regeneration of enzyme
action due to subsequent decarbamoylation. The experimental
AD therapeutic bisnorcymserine, a synthetic carbamate, shows
an interesting activity and selectivity for BChE, and its clinical
development is currently being pursued. We undertook detailed
kinetic studies on the activity of the carbamate bisnorcymserine
with Tc (Torpedo californica) AChE and, on the basis of
the results, crystallized the complex between TcAChE and

bisnorcymserine. The X-ray crystal structure showed only
the leaving group, bisnoreseroline, trapped at the bottom of the
aromatic enzyme gorge. Specifically, bisnoreseroline interacts in
a non-covalent way with Ser200 and His440, disrupting the existing
interactions within the catalytic triad, and it stacks with Trp84

at the bottom of the gorge, giving rise to an unprecedented
hydrogen-bonding contact. These interactions point to a dominant
reversible inhibition mechanism attributable to the leaving group,
bisnoreseroline, as revealed by kinetic analysis.

Key words: acetylcholinesterase (AChE), Alzheimer’s disease
(AD), bisnorcymserine, bisnoreseroline, carbamate, enzyme
kinetics, X-ray crystal structure.

INTRODUCTION

The frequency of age-related neurodegenerative disorders and, in
particular, of AD (Alzheimers’s disease) is expected to greatly
rise with the increasing average age of the population. AD
symptoms have been associated with a profound and progressive
forebrain cholinergic deficiency, linked to a loss of cholinergic
neurons and their cortical projections from the nucleus basalis
and accompanying areas in the basal forebrain [1]. Such a
progressive deterioration of the normally widespread cholinergic
innervations of the cerebral cortex contributes to the hallmark AD
behavioural and cognitive disturbances, and is associated with
declines in levels of the neurotransmitter ACh (acetylcholine), its
rate-limiting synthesis enzyme choline acetyltransferase, and
its hydrolysing enzyme AChE (acetylcholinesterase) [1–3]. This
recognition led to the development and use of AChE inhibitors
as the initial and primary treatment for this disease [1,3].
Remarkably, brain levels of an AChE-related enzyme BChE
(butyrylcholinesterase), which similarly inactivates ACh [4],
become progressively elevated during AD progression and can
likewise be considered a therapeutic target [5,6]. Mounting
evidence suggests that BChE is involved in regulating normal
neuronal function [7,8] and plays a role in the development and
progression of AD [4,9], particularly in relation to β-amyloid
oligomerization, which impacts the toxicity of this critical AD
peptide [10].

The development of new reversible brain-targeted BChE
inhibitors was initially made feasible through the synthesis
of cymserine analogues [11,12]. Cymserine (1) (Figure 1), a
compound designed on the backbone of the natural alkaloid
physostigmine, proved to be seven times more selective than the
parent compound for human BChE, and 27 times less active as an
inhibitor of AChE. Its analogue bisnorcymserine (2) (Figure 1),
however, provided a dramatic increase in selectivity between
BChE and AChE: compared with 1, it proved 50-fold more
potent against BChE but only 7-fold more potent against AChE,
providing it with a BChE selectivity of 110-fold compared with
15-fold for 1 [11,12].

AChE and BChE are two closely related enzymes, possessing
a sequence homology of over 50 % [13], their main structural
difference being the dimension of an internal catalytic gorge,
which in BChE is wider and allows both bulkier compounds to
enter it [4,12] as well as their accommodation at the active site at
the base of the gorge itself.

The catalytic site of AChE is at the bottom of a deep narrow
gorge lined with conserved aromatic residues [14]. It consists of a
CAS (catalytic anionic site), responsible for the accommodation
of a charged leaving group and an esteratic site where covalent
catalysis occurs. At the narrowest point, midway down the gorge,
the channel is restricted to only ∼5 Å (1 Å = 0.1 nm) width.
This bottleneck is formed by Tyr121 and Phe330 [Tc (Torpedo
californica) AChE numbering], and in particular this latter residue

Abbreviations used: AD, Alzheimer’s disease; ACh, acetylcholine; AChE, acetylcholinesterase; ASCh, acetylthiocholine; BChE, butyrylcholinesterase;
CAS, catalytic anionic site; MF268, 8-(cis-2,6-dimethylmorpholino) octylcarbamoyl-eseroline; NAP, ( − )-S-3-[1-(dimethylamino)ethyl]phenol; PAS,
peripheral anionic site; PEG, poly(ethylene glycol); rmsd, root mean square deviation; Tc, Torpedo californica; TMTFA, m-(N,N,N-trimethylammonio)-
2,2,2-trifluoro-1,1-dihydroxyethylbenzene.

The structural co-ordinates reported will appear in the PDB under accession code 3ZV7.
1 To whom correspondence should be addressed (email cecilia.bartolucci@ic.cnr.it).
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Figure 1 Structures of the carbamates considered in the present study

Figure 2 TcAChE inhibition

Time course of TcAChE inhibition by an ‘aged’ solution of 2 measured on a conventional
spectrophotometer. The initial concentration of 2 was 75 μM in the presence of 0.5 mM ASCh.
Aging times are noted in the panel. The curves, measured after 3 h and 25 h respectively,
were normalized according to the curve in the absence of 2, measured at each time. During
the inhibition measurements, the concentrations of 2 and of the enzyme used were half the
concentrations of the aged solutions.

is known to contribute to the trafficking of molecules in and
out of the gorge consequent to the mobility of its side chain,
which allows for different conformations, reflected in a wider
or narrower passage. It has hence been called a swinging gate
and, in previously solved crystallographic structures of complexes
between TcAChE and its inhibitors, has been found in an open,
a closed or a midway conformation [15]. At the entrance of the
gorge itself is situated a further binding spot, termed the PAS
(peripheral anionic site). Substrate binding to this site appears to
be the first step in the catalytic cycle whereby orientation and
channelling occurs, but, additionally, regulation of the entrance
and the exit of molecules can occur [16].

Compound 2 belongs to the class of pseudo-irreversible
carbamate inhibitors, whose mechanism of action is characterized
by a rapid initial carbamoylation of the esteratic site of the enzyme
resulting from nucleophilic attack by Ser200 to the carbamate
carbonyl group and release of the leaving group, followed by
a far slower regeneration of the active enzyme. In the case of
2, the carbamic moiety is represented by the p-isopropylphenyl
group, and the leaving group is bisnoreseroline (2a) (Figure 1).

Compared with its structural analogues, 1 and its derivatives, 2
is a particularly potent and selective BChE inhibitor [11,17] that
provides an AChE inhibitory component and is being developed as
the first preferential BChE inhibitor for the treatment of AD on the
basis of its ability to improve cognitive performance with a high
safety margin in animal models [6]. To elucidate specific structural
determinants contributing to its differential BChE versus AChE
selectivity as well as to clarify the clearance mechanism, we
investigated the kinetic behaviour of 2. In addition, utilizing X-ray
crystallography, we analysed the molecular determinants through
which the leaving group 2a interacts with TcAChE.

Interestingly, previous studies of the crystal structures
of TcAChE complexed with the two pseudo-irreversible
carbamate inhibitors MF268 [8-(cis-2,6-dimethylmorpholino)
octylcarbamoyl-eseroline] (PDB code 1OCE) [18] and
ganstigmine (PDB code 2BAG) [19] demonstrated that the
leaving groups, eseroline (1a) (Figure 1) and geneseroline
respectively, are not retained within the catalytic pocket of the
enzyme, whereas the carbamic moieties, specifically the (cis-2,6-
dimethylmorpholino) octyl chain and the 2′-ethylphenyl group re-
spectively, are covalently bound to the Oγ of Ser200. Furthermore,
no major conformational changes relative to the native enzyme
structure (PDB code 1EA5) [20] were observed after carbamoyl-
ation. In the structure with MF268, the alkyl chain of the carb-
amic group extends along the enzyme gorge so that the mor-
pholinic group interacts with Trp279 at the PAS, thereby blocking
the gorge entrance. This result consequently supports the hypo-
thesis of the existence of a different route to allow the clearance of
bulky leaving groups. Recent studies [21,22] point to the potential
involvement of a further residue, Tyr442, in addition to Trp84 at
the bottom of the gorge [23], whose movement could create an
opening that would potentially allow bulky groups to escape.

Analysis of the crystal structure of a complex between
TcAChE and rivastigmine [24], a clinically approved carbamate
cholinesterase inhibitor currently in wide use for the treatment
of AD [1,25], revealed the carbamoyl moiety covalently linked
to Ser200, but also, as opposed to the two carbamoylated
structures discussed earlier, the leaving group NAP {( − )-S-3-
[1-(dimethylamino)ethyl]phenol} bound to the anionic site at the
bottom of the gorge. This causes a significant movement of His440

that results in the disruption of the catalytic triad formed by Ser200,
Glu327 and His440. Rivastigmine is characterized by unusually slow
reactivation kinetics, providing it with a long pharmacological
duration of inhibitory action [26], and the structural data support
the hypothesis that this is due to the synergistic effects of the
carbamoyl moiety and the leaving group both being bound within
the catalytic site.

In light of the dramatic difference in the binding interactions
between AChE and the described carbamate inhibitors, analysis of
AChE in complex with a leaving group would provide additional
information, and compound 2 appeared to be an appropriate
candidate for investigation. With the knowledge that 1a inhibits
AChE [27,28], we could predict that 2a would, likewise, act
as an inhibitor. Replacement of the N1 and N8 methyl groups
of 1a with two hydrogens would be expected to increase
the basic nature of these nitrogens, increasing the hydrogen-
bonding potential of 2a compared with 1a, and allowing it to
be more strongly attracted to the active site [11,12]. We therefore
hypothesized that, after TcAChE carbamoylation and reactivation,
the leaving group could, on its own, interact at the catalytic site.
Furthermore, we knew from structure–activity relationship studies
carried out on geneserine analogues [19] that derivatization of
the C-4 of the phenyl ring of the carbamic moiety causes an
unfavourable binding due to steric hindrance and hence could
result in faster decarbamoylation. However, before undertaking
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the crystallization experiments it was necessary to establish the
kinetics of the reaction of AChE with 2 and determine
the inhibition and reactivation constants.

MATERIALS AND METHODS

Kinetic studies

A thorough kinetic analysis encompassing the following seven
experiments was undertaken. All kinetic experiments were
performed at 25 ◦C, in 25 mM phosphate buffer, pH 7.

(i) Titration of TcAChE active sites

The exact concentration of the active sites of TcAChE
was evaluated though enzyme inhibition by the transition
state analogue TMTFA [m-(N,N,N-trimethylammonio)-2,2,2-
trifluoro-1,1-dihydroxyethyl-benzene]. TMTFA (Calbiochem) is
an extremely tight-binding inhibitor and therefore it can be
assumed that its reaction with TcAChE follows the simple reaction
scheme:

E + T
k−→ ET

The time course of the residual enzymatic activity (until no
further activity change can be detected) was measured in
the presence of three different, but similar, concentrations of
TMTFA and TcAChE. The fit by non-linear regression of the
differential equations (Supplementary Scheme S1 at http://www.
BiochemJ.org/bj/444/bj4440269add.htm) to the three datasets
allowed the active enzyme concentration to be evaluated [29].

(ii) Hydrolysis of ASCh (acetylthiocholine) by TcAChE

A wide range of substrate concentrations (1 μM–0.2 M) was
exploited in order to ascertain all relevant steps in the TcAChE
catalytic process and the corresponding kinetic parameters. For
the overall kinetic analysis, a seven-intermediate reaction scheme,
at first established to illustrate the hydrolysis of ASCh by
Drosophila melanogaster AChE, was applied [30]. This model
was confirmed to be applicable to Tc and Electrophorus electricus
AChEs [16,31]. The initial rate for the hydrolysis of ASCh
by cholinesterase enzyme proceeds according to a Michaelis–
Menten-like equation (eqn 1; see below). The kinetic parameters
were evaluated by simultaneous fit of this equation and its general
polynomial form to the data by non-linear regression [16].

(iii) Inhibition of TcAChE by 2

Aiming to obtain rapid kinetic measurements, TcAChE enzymatic
inhibition in the presence of excess concentrations of 2 was
monitored on a SF/PQ-53 stopped-flow apparatus (Hi-tech).
This procedure was exploited in order to reliably answer the
following two questions: (i) is there an instantaneous effect on the
TcAChE enzymatic activity by 2; and (ii) the exact time course
of product release at different concentrations of 2. Both questions
can consistently be addressed only by monitoring the reaction
shortly after mixing the reactants. Additionally, measurements in
the presence of 2 must be carried out within the linear component
of the progress curve, as obtained in the absence of 2. Therefore
the concentration of the TcAChE used was 0.95 nM and the
concentrations of 2 were 0, 15, 35, 75 and 180 μM respectively.
The inhibition was monitored over a time course of 500 s at
0.5 mM ASCh.

(iv) Reactivation of inhibited TcAChE

Enzyme reactivation was monitored using a conventional
spectrophotometer, following dilution. It is well known that the

decarbamoylation of the TcAChE catalytic serine proceeds over
hours. One method to analyse the decarbamoylation process is
to dialyse the incubation mixture of enzyme and carbamate.
This can simply be achieved by diluting a solution in which
the steady-state concentration of the carbamoylated enzyme is
in great excess with respect to the non-carbamoylated one. In
the reactivation experiments, the enzyme is at first incubated for
45 min with an approximately 10-fold excess concentration of 2.
Then an aliquot of the incubation mixture is diluted 300 times, the
substrate (0.5 mM ASCh) and Ellman’s reagent [5,5′-dithiobis-(2-
nitrobenzoic acid)] (0.66 mM) are added, and the time course of
the product formation is monitored for 1–2 h. To avoid depletion
of the substrate during the course of the measurements, the
concentration of the enzyme after dilution was ∼0.1 nM.

(v) Time course of residual enzymatic activity

In order to monitor the complete reaction in a single experiment,
the time course of the residual enzymatic activity was measured
subsequent to different pre-incubation times, with approximately
equimolar concentrations of TcAChE and 2. In the case of rev-
ersible inhibitors, the concentrations of the free enzyme and of
the complex will time-dependently equilibrate. On the contrary,
irreversible inhibitors will eventually poison all of the enzyme
unless the latter is in excess. In the case of cholinesterase
enzyme and carbamate-based inhibitors, however, the latter react
as poor substrates due to their very slow deacylation step.
When such a compound reacts at an equimolar concentration
with cholinesterase, only one molecule should be hydrolysed
per enzyme molecule. Measurement of the residual enzyme
activity under these conditions solves two problems. On one
hand, at such high concentrations (approximately 0.2–1.2 μM) the
complex formation occurs at a high rate and on the other, during
the activity measurements, performed after 300-fold dilution,
putative reversible complexes with products and/or remaining
non-hydrolysed carbamate will instantaneously dissociate. Under
these conditions, the time course of residual AChE activity will
first decrease and then, upon consumption of all of the carbamate,
will again reach the initial value. In the dilution experiments, the
TcAChE enzyme and 2 were mixed at several combinations that
approached equimolar concentrations in the range 0.2–1.2 μM.

(vi) Inhibition of TcAChE by ‘aged’ solutions of 2

Spontaneous degradation of 2 was checked by preparing solutions
of approximately 2 nM TcAChE and 0.15 mM of 2. Aliquots
of 300 μl were mixed; ASCh and DTNB (Ellman’s reagent)
were added to final concentrations of 0.5 mM and 0.33 mM
respectively, and colour development was monitored for 10 min.
These measurements were repeated after 3 and 25 h respectively.
Product formation in the absence of the inhibitor was always
measured prior to inhibition measurements. All curves were
normalized to the curves at zero time.

(vii) Inhibition of ASCh hydrolysis by TcAChE in the presence of 2a

In order to compare the shape of the progress curves measured
in the presence of 2, the inhibition by 2a of ASCh hydrolysis
by TcAChE was monitored over the time course of 500 s.
The concentration of the TcAChE used was 1.45 nM and the
concentrations of 2a were 0, 2.5, 3.5, 7.5 and 18.0 μM. Since
all curves were linear along their whole lengths, it was feasible
to exploit the initial rate of ASCh hydrolysis by TcAChE in
the presence of 1 μM and 10 μM 2a. The ASCh concentrations
used were between 50 μM and 50 mM, i.e. in the interval where all
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of the relevant information of the action of 2a could be observed.
The data analysis was performed by fitting the initial-rate equation
for the exclusive binding of either ASCh or 2a simultaneously
to the PAS and the CAS (see Supplementary Scheme S1 and
the equations therein), to the three initial-rate curves. The actual
events in the inhibition process were evaluated according to the
basic principles of kinetic analysis.

Initial-rate data analysis in the absence and presence of 2a

Data gathered in the experiments (ii) and (vii) were obtained
on the basis of the classical initial-rate measurements of ASCh
hydrolysis by TcAChE in the absence as well as in the
presence of the leaving group 2a. The data were thoroughly
analysed following the previously described [16] reaction scheme
(Supplementary Scheme S1) which presumes the existence of a
fully occupied active-site gorge as the underlying rational for the
well-known substrate inhibition observed in cholinesterases. It
is noteworthy that this scheme has also been assessed by X-ray
crystallography to gain insights into substrate traffic and inhibition
of TcAChE in complex with 500 mM ASCh. In the extended
Supplementary Scheme S1, which includes the inhibitor 2a, the
latter was allowed to compete, at both the PAS and the CAS,
with the substrate ASCh. Interestingly, the analysis revealed that
2a can occupy simultaneously both PAS and CAS of the free
enzyme (species IEI in Supplementary Scheme S1), but only the
PAS of the acetylated enzyme (species IEA in Supplementary
Scheme S1).

The initial-rate equation derived from Supplementary Scheme
S1 using mixed equilibrium and steady-state assumptions is:

v = kcat[E]0[S]

[S] + Km

(1)

where:

kcat = k2k3

k2 P + k3 Q
(2)

Km =
k3 KP KL

(
1 + [I]

KiP
+ [I]

KiP KiL
+ [I]2

K 2
iP KiL

)

k2 P + k3 Q
(3)

P =
1 + [S]

KP
+ [S]

KP KLL
+ [S]2

K 2
P KLL

+ [S][I]
KP KLL KiP
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1 + a [S]
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+ c [I]
KiP
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Q =
1 + KL + [S]

KP
+ [I]

KiP
+ KL

[I]
KiP KiL

1 + b [S]
KP

+ d [I]
KiP

(5)

In eqns (1–5), [S] and [I] represent the substrate and
inhibitor concentrations respectively and [E]0 is the total enzyme
concentration.

Simultaneous analysis of time resolved data in the absence and presence of 2

The time-resolved experiments described in (iii–v) were carried
out at only one substrate concentration (0.5 mM ASCh). As the
activity of TcAChE at this substrate concentration is close to
optimum (Supplementary Figure S1 at http://www.BiochemJ.
org/bj/444/bj4440269add.htm), the depletion of the substrate

Scheme 1 Reaction scheme for the hydrolysis of compound 2 by TcAChE
in the presence of 0.5 mM ASCh

E is TcAChE, EA is the acetylated enzyme, EC is the reversible enzyme–2 complex and EC* is
the carbamoylated enzyme. S is ASCh, P1 is thiocholine, P2 is the acetate, C is 2, LG (leaving
group) is 2a and C.A. is the 4-isopropylphenyl carbamic acid moiety (Figure 1).

Table 1 Characteristic constants for the hydrolysis of compound 2 by
TcAChE according to the reaction in Scheme 1

Constant Value

K i 1.2 +− 0.24 μM
k 1 0.0068 +− 0.0002 s − 1

k 2 0.000176 +− 3×10 − 6 s− 1

during the inhibition and reactivation progress curve
measurements can be neglected. The inspection of these progress
curves, together with those obtained from the residual activity
measurements described in (vi), allows the overall kinetic
information to be summarized in the comprehensive reaction
Scheme 1.

In Scheme 1, due to the single substrate concentration used
(0.5 mM ASCh), the substrate hydrolysis is represented by the
simple Van Slyke–Cullen reaction pathway, which utilizes only
two kinetic parameters: the apparent constant kcat and the apparent
specificity constant (kcat/Km). These two parameters were calcu-
lated using eqns (2) and (3) from the evaluated kinetic parameters
for the ASCh hydrolysis by TcAChE (Supplementary Table
S1 at http://www.BiochemJ.org/bj/444/bj4440269add.htm). The
evaluated constants K i, k1 and k2 are listed in Table 1. The remai-
ning part of Scheme 1 is related to the reaction with the
carbamate 2, which proceeds according to the well-known
double-intermediate reaction scheme for substrate hydrolysis by
cholinesterases. The first reversible step is assumed to be in
equilibrium, in agreement with the varying initial rates of the
progress curves, as obtained by stopped-flow measurements. It is
assumed that the detection reaction is not a rate-limiting step in
the time scale used.

The evaluation of Scheme 1 and of the characteristic reaction
parameters was carried out by simultaneous fit of the specific
differential equations to all of the three sets of inhibition,
reactivation and residual activity progress curves, using a non-
linear regression algorithm [29,32]. An appropriate weighting
factor was applied to the residual activity data with respect to the
product formation progress curve data.

Crystallization and structure determination

TcAChE was extracted, purified and crystallized as described
previously [33]. Owing to its relatively limited solubility in water,
bisnorcymserine tartrate was dissolved in DMSO (100 mM) and
subsequently mixed with a solution of 100 mM Mes, pH 6.2,
and 44 % PEG [poly(ethylene glycol)] 200 so as to have a 10 mM
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concentration of the inhibitor, into which the TcAChE crystals
were transferred and left to soak for 26 h at 4 ◦C (the final inhibitor
concentration was 5 mM).

X-ray diffraction data were collected at the XRD-1 beam line of
the Italian synchrotron light laboratory ELETTRA (Trieste, Italy).
A MarCCD (charge-coupled device) detector (Mar U.S.A.) and
focusing optics were employed for the measurements. The crystals
were flash-cooled in a nitrogen stream at 100 K using an Oxford
Cryosystems cooling device. Data processing was undertaken
with DENZO, SCALEPACK [34] and the CCP4 package [35].
The enzyme–inhibitor structures were determined by Patterson
search methods using the refined co-ordinates of the native
TcAChE structure [36] (PDB code 1EA5 [20]) after removal of the
water molecules. Crystallographic refinement of the complex was
performed with CNS version 1.3 [37,38] and all of the data within
the resolution range were included with no σ cut-off. Bulk solvent
correction and anisotropic scaling were applied. The Fourier maps
were computed with σ A-weighted (2Fo − Fc, �c) and (Fo − Fc,
�c) coefficients [39] after initial refinement of the native protein
by simulated annealing (at a maximum temperature of 2000
K) followed by maximum likelihood positional and individual
isotropic temperature factor refinements. A prominent electron
density feature in the catalytic gorge allowed unambiguous fitting
of 2a. Carbohydrates (N-acetyl β-D-glucosamine linked at Asn59

and Asn416) were built in by inspecting electron density maps.
Peaks in the difference Fourier maps greater than 2.5 σ were
automatically added as water molecules to the atomic model and
retained if they met stereochemical requirements and the B factor
was less than 75 Å2 after refinement. Map inspection and model
correction during refinement were based on the graphics program
O [40]. The crystal parameters, data collection and refinement
statistics are summarized in Supplementary Table S2 (at
http://www.BiochemJ.org/bj/444/bj4440269add.htm). Structure
alignments were performed using the program LSQMAN [41].
Figures were created using PyMOL (http://www.pymol.org) [42].

Atomic co-ordinates and structure factor amplitudes of the
TcAChE–2a complex have been deposited in the Brookhaven
Protein Databank under PDB ID code 3ZV7.

RESULTS AND DISCUSSION

Kinetic studies

The time course of residual enzyme activity in the presence
of three different TcAChE active-site concentrations, 110, 165
and 220 nM, approximately equimolar to the concentration of
TMTFA, was measured (Supplementary Figure S1). Residual
activity was measured as initial rate after the incubation
mixture was diluted 300-fold in the presence of 0.5 mM ASCh.
The conversion between initial rates and residual enzyme
concentration denotes that a 1 nM concentration of TcAChE active
sites gives an initial rate of 0.640 absorbance units/min when a
0.5 mM substrate concentration is used (for details see [29]).

In order to determine the apparent kcat and the apparent
specificity constant (kcat/Km) of TcAChE for ASCh, required
for further analysis, we measured the initial enzyme rates for
the hydrolysis of the substrate at different concentra-
tions (Supplementary Figure S2 at http://www.BiochemJ.org/
bj/444/bj4440269add.htm). The addition of new data points into
our current database [16] had practically no influence on the
previously determined parameters for the reaction between ASCh
and TcAChE. Since the chosen substrate concentration resulted
in optimal enzyme activity, depletion of the substrate during
the time course measurements has no significant impact on the

interpretation of inhibition experiments (Supplementary Figure
S3 at http://www.BiochemJ.org/bj/444/bj4440269add.htm).

It is noteworthy that the obtained kcat values agree with
those previously reported in a kinetic study performed under
identical experimental conditions [16], but are 10-fold lower than
those obtained from kinetic studies carried out under different
experimental conditions [43,44].

The results suggest that an instantaneous addition complex
between TcAChE and 2 is formed prior to the slow,
virtually irreversible, inhibition. However, the time course of
product formation after a long pre-incubation time (45 min)
of TcAChE with 2 and upon dilution shows a marked
reactivation (Supplementary Figure S4 at http://www.BiochemJ.
org/bj/444/bj4440269add.htm). Moreover, the analysis of these
curves reveals a common reactivation rate. To summarize the
two types of experiments in a comprehensive reaction scheme
and to verify it, measurements of the residual enzyme activity
after different pre-incubation times at approximately equimolar
enzyme and 2 concentrations were performed [45]. The curves
display a double pattern, with the lowest residual activity,
proportional to the free enzyme active-sites concentration, after
approximately 20 min of pre-incubation. Scheme 1 is the simplest
one that can account for all of the observed phenomena.
The simultaneous analysis, using scheme-specific differential
equations, yields a set of kinetic parameters that excellently
reproduce all data (Supplementary Figure S5 at http://www.
BiochemJ.org/bj/444/bj4440269add.htm).

Figure 2 shows the inhibition of AChE with ‘aged’ solutions
of 2; in particular, the inhibition was measured immediately after
preparing a fresh inhibitor solution, and after 3 h and 25 h of
solution aging respectively. The reference curve without inhibitor
is linear, whereas all three curves in the presence of the inhibitor
are concaved downwards.

However, it is apparent that the curvature is less and less
pronounced as the solution of 2 becomes aged, showing that
more and more inhibitor is cleaved in phosphate buffer, pH 7.0.
Furthermore the initial rate, represented by the tangent at zero
time, is slightly decreasing with time. This means that the older
the inhibitor solution, the lower are the initial rates, pointing
to an increased reversible inhibition. However, when the aged
solution of 2 is used, more product is formed during the same time
period, which indicates a reduced inhibition of TcAChE due to the
carbamoylation of the catalytic serine. This apparent contradiction
can be explained if one considers the co-existence of two different
inhibition mechanisms, achievable in the presence of both 2 and
2a. In this regard, as the solution gets older and increasingly more
2 is hydrolysed, the instantaneous reversible inhibition caused
by 2a prevails when the inhibitor solution is mixed with the
enzyme. However, since the concentration of 2 is decreasing,
less carbamoylated (covalent) intermediate can be formed and,
within 10 min, compared with the previously measured curves,
more thiocholine is released.

The kinetic results confirm that 2 reacts with the enzyme as
a pseudo-irreversible inhibitor, in a way typical of carbamates,
through quick formation of an addition complex followed
by a covalent active-site serine conjugate (acyl-enzyme) and
subsequent slow decarbamoylation. However, when the kinetic
experiments were performed using a 25 h aged solution of 2,
a reversible inhibition mechanism could be detected that is
dependent on the chemical hydrolysis of 2 over that time. It
is also clear from the curves in Supplementary Figure S5 that
this inhibition is instantaneous, pointing to a better affinity for
TcAChE of 2a over 2.

To prove this hypothesis we investigated the inhibition
of TcAChE by 2a, synthesized as enantiomerically pure
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Figure 3 Time course simulation of residual TcAChE enzyme activity

Simulated time course of residual TcAChE enzyme activity, as a result of the hydrolysis of 2
by TcAChE present in the crystalline state as well as in the mother liquor of the crystallization
drop, during long-term soaking. The estimated TcAChE concentration in the mother liquor was
0.25 mM, whereas the added concentration of 2 was 10-fold higher. For the simulation, the
proposed reaction model and the evaluated kinetic parameters from Table 1 and Supplementary
Table S1 at http://www.BiochemJ.org/bj/444/bj4440269add.htm were used. Note that when the
hydrolysis approaches its completion, the residual activity sharply increases.

( − )-bisnoreseroline. The hydrolysis of 0.5 mM ASCh by
TcAChE in the presence of various 2a concentrations (0, 1.5, 3.5,
7.5 and 18.0 μM) shows linear progress curves with decreasing
slopes as the concentration of 2a increases (Supplementary Figure
S3A). This result clearly points to a classical instantaneous
inhibition and shows 2a to have approximately 10-fold better
affinity than 2. Initial rate experiments at 1 μM and 10 μM
concentrations of 2a were carried out using a wide range (50 μM–
50 mM) of ASCh concentrations. The analysis revealed that the
best agreement was achieved applying the reaction model that
takes into account both binding sites (PAS and CAS) as shown
in Supplementary Scheme S1. The scheme also contemplates
the existence of a ternary complex formed by two 2a molecules
simultaneously bound into the gorge of the free TcAChE, but not
into the gorge of the acetylated enzyme. It turned out that the
affinity of 2a (277 nM) at the bottom of the gorge, as established
by the present crystal structure determination, is higher than the
affinity at the PAS (352 nM). On the other hand, as soon as 2a
binds at the PAS, it blocks both acetylation (d = 0.16) as well
as deacetylation (c = 0.8) of TcAChE when ASCh is used as
substrate (see Supplementary Table S1).

Crystal structure of the TcAChE–2a complex

The results obtained from the kinetic analysis confirm that 2a,
similar to 1a, indeed possesses its own inhibitory activity against
AChE, and that, whether produced enzymatically or not, it binds,
showing an even slightly higher affinity than 2. We therefore
simulated the development of the residual enzyme activity within
the drop at crystallization conditions and were able to predict that
in the event that we wished to capture, i.e. not the carbamoylated
form of the enzyme, but the leaving group caught within the gorge,
we would have to soak the crystal for at least 20 h (Figure 3).
Hence we soaked the crystals of TcAChE for 26 h in a solution of
2 and, thereafter, determined the structure at 2.26 Å resolution.

Analysis of the electron density maps with coefficients
(2Fo − Fc) and (Fo − Fc) computed at the end of the refinement

Figure 4 Close-up view of the of active site of TcAChE in complex with 2a

The final 2F o − F c σ A-weighted electron density map, carved around 2a, is contoured at 1.2
σ . 2a is rendered as a ball and-stick model with carbon, oxygen and nitrogen atoms coloured
orange, red and blue respectively. Selected key protein residues in the vicinity of 2a are rendered
in stick format and labelled appropriately.

procedure revealed within the active site the presence of 2a,
positioned at the bottom of the gorge (Figure 4), forming contacts
with Ser200, His440 and Trp84, with an orientation similar to the one
observed for the inhibitor tacrine in complex with TcAChE (PDB
code 1ACJ) [46].

More interesting, however, is the comparison with the crystal
structures of the TcAChE–rivastigmine conjugate (PDB code
1GQR) [24] as well as with the structure of the TcAChE–NAP
complex (PDB code 1QQS) [24], where NAP is the leaving group
of rivastigmine (Figure 5). The phenolic oxygen of 2a forms a
hydrogen bond with Ser200 Oγ (2.76 Å) and His440 Nε2 (2.97 Å)
(Figure 4), thus disrupting the hydrogen bond that exists, in the
native enzyme, between these two amino acids of the catalytic
triad. In the TcAChE–NAP complex, the phenolic oxygen of the
NAP moiety is engaged instead in a 2.73 Å hydrogen bond with
Glu199 Oε1. In the TcAChE–2a and TcAChE–NAP complexes,
the χ 1 angle of the freed Ser200 is rotated by 27.3◦ and 26.9◦

relative to its position in the native TcAChE crystal structure
[20] respectively. As a consequence, the distance between Ser200

Oγ and His440 Nε2 increases from 2.96 Å in the native structure
to 3.73 Å and 3.74 Å, in the TcAChE–NAP and TcAChE–2a
complexes, respectively. The position of the His440 imidazole
ring in the TcAChE–2a complex is very similar to the one in
the TcAChE–NAP complex and in the native TcAChE structure,
with distances between His440 Nδ1 and Glu327 Oε1 and between
His440 Nδ1 and Glu199 Oε2 of 2.80 Å, 2.67 Å, 2.57 Å and 3.81
Å, 3.59 Å, 3.78 Å respectively. Thus binding of 2a produces no
significant movement of the catalytic histidine. A comparison of
the TcAChE–2a complex with that of the TcAChE–rivastigmine
conjugate reveals a substantial change in the position of the
imidazole ring of the catalytic His440. Thus the distance between
His440 Nδ1 and Glu327 Oε1 increases from 2.80 Å to 4.02 Å,
whereas the distance between His440 Nδ1 and Glu199 Oε2 decreases
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Figure 5 Comparison of the orientation of the ligands in the TcAChE–2a
complex, the TcAChE–rivastigmine conjugate and the TcAChE–NAP complex

(A) The phenolic oxygen of 2a is positioned to make two hydrogren bonds (broken lines) with
Oγ and Nε2 of Ser200 and His440 respectively, and the pyrrolic nitrogen of 2a is engaged in a
N–H · · · π hydrogen bond contact with Trp84. Selected key protein residues are rendered in stick
format (carbon atoms coloured green) and labelled appropriately. (B) An overlay of the active-site
gorge in the three structures is presented. The inhibitors and the selected protein residues are
rendered in stick format. The TcAChE–2a complex, the TcAChE–rivastigmine conjugate (PDB
code 1GQR) and the TcAChE–NAP complex (PDB code 1QQS) are coloured magenta, cyan and
green respectively. The colour scheme of 2a is as in Figure 4.

concomitantly from 3.81 Å to 2.85 Å. Moreover, the position
of the main chain Cα carbon atom of His440 in the TcAChE–
rivastigmine conjugate moves by 0.62 Å relative to its position in
the native structure, whereas in the TcAChE–NAP and TcAChE–
2a complexes it moves by only 0.10 Å and 0.20 Å respectively.

The orientations of Trp84 and of the residues in the oxyanion
hole and in the acyl pocket, in the TcAChE–2a and TcAChE–
NAP complexes, and the TcAChE–rivastigmine conjugate, are
similar to their orientations in the native enzyme. In the TcAChE–
2a complex, the pyrrolic ring of 2a is stacked against Trp84,
with an N–H · · · π hydrogen bonding contact [47] of 3.11 Å

between the nitrogen atom (donor) and Cδ2 of the indole ring
(acceptor), which to our knowledge represents an example of a not
previously reported interaction in TcAChE–inhibitor complexes.
In the TcAChE–rivastigmine conjugate, the phenyl ring of the
NAP moiety is stacked against the indole ring of Trp84 and
orientated in a herringbone fashion with respect to the phenyl
ring of Phe330. In the TcAChE–NAP complex, the NAP moiety is
positioned approximately at the same location as in the TcAChE–
rivastigmine conjugate, but in a different orientation. The π · · · π
interactions of NAP with Trp84 and Phe330 are retained. The
orientation of the Phe330 phenyl ring, which shows a high degree
of conformational variability [15], undergoes, in the TcAChE–
2a complex and in the TcAChE–rivastigmine conjugate, minor
rotations of 4.5◦ and 9.7◦, and of 3.0◦ and 7.9◦, respectively of
its χ 1 and χ 2 angles. Instead, in the TcAChE–NAP complex,
substantial rotations of 48.7◦ and 39.7◦ relative to the native
structure are observed. Furthermore, in the TcAChE–2a complex,
the indolic nitrogen of 2a forms a strong hydrogen bond (2.76
Å) with water molecule W2099, which, in turn, is engaged
in hydrogen bonding with Ser122 Oγ (2.81 Å) and with water
molecules W2066 (2.67 Å) and W2068 (3.21 Å), respectively.

Finally within the structure, the presence of some highly
conserved water molecules [48] was observed. Additionally, a
pentamer fragment of PEG was detected that stretches along the
gorge and reaches Trp279, analogous to the PEG fragment found
within the structures of the complex TcAChE–galanthamine (PDB
codes 1QTI [49] and 1DX6 [50]) as well as the complex TcAChE–
ganstigmine (PDB code 2BAG) [19].

The experimental data from the present study provide novel
kinetic and structural insights into the interaction of 2 with
TcAChE. We found that, with a k2 of 0.011 min− 1 (Table 1) and
t1/2 of 63 min, the decarbamoylation of the TcAChE–2 conjugate,
although comparable with that of TcAChE–physostigmine (rate
constant of 0.02 min− 1 and t1/2 of 40 min [51]), is fast compared
with the one of the TcAChE–rivastigmine [24] and TcAChE–
MF268 [51] conjugates, which are the most refractory to
reactivation. Overall, the kinetic experiments fully support and
clarify the X-ray crystallography findings: 2 reacts with Ser200 in
the active site of TcAChE and, following enzyme reactivation, a
stable and reversible complex with the leaving group 2a is formed.

A model of the carbamoylated TcAChE–2 conjugate was
built by replacing the 2-ethyl phenyl moiety in the TcAChE–
ganstigmine conjugate (PDB code 2BAG) [19], used as template,
with the 4-isopropyl phenyl moiety.

The isopropyl group of the substituent at position 4 of the
phenyl ring shows unfavourable close contacts (2.3 Å–3.3 Å)
with the Oη of Tyr121. The side chain conformation of the swinging
gate residue Tyr121, in contrast with that of Phe330, appears to be
fixed in TcAChE crystal structures [15]. This result confirms what
had already been pointed out by the analysis of the interactions
between the carbamic moiety in the structure of the TcAChE–
ganstigmine complex, where the distances of C-4 of the phenyl
ring of the 2′-ethylphenyl group were 3.16 Å and 4.37 Å apart from
the Oη of Tyr121 and the carbonyl oxygen of Gly118 respectively.
Accordingly, the IC50 value for TcAChE inhibition in vitro of an
analogue of geneserine methylated at position 4 of the phenyl ring
(compound 8, see Figure 1 in [19]), was lower (7.61 μM) than
the parent compound (1.71 μM).

The overlay of the model of the carbamoylated TcAChE–2
conjugate and of the crystallographic structure of the full-length
recombinant human BChE (PDB code 2PM8) [52] [rmsd (root
mean square deviation) of 0.78 Å], provides a structure-based
rationale for the 110-fold selectivity of 2 for BChE defined
as IC50 (human plasma AChE)/IC50 (human erythrocyte BChE)
[11]. In fact, Tyr121 in TcAChE is structurally replaced in human
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BChE by Gln119, which allows the relaxation of the clashes
observed in the model discussed above (Supplementary Figure S6
at http://www.BiochemJ.org/bj/444/bj4440269add.htm). Interest-
ingly, the flexible side chain of Gln119 shows the same orientation
in all 29 crystal structures of human BChE deposited in the PDB,
but is opposite to the one observed for the side chain of Tyr121 in
the TcAChE crystal structures.
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