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Abstract According to the statistical analysis, it is shown that
the differences of the content of o-helix and B-strand between o/
B and a+f proteins are of statistical significance. Based on the
secondary structure content and the percentage of parallel or
anti-parallel strands, any mixed of} protein can be represented by
a point in a three-dimensional prism. The distribution of the
mapping points for 79 mixed o} proteins (domains), of which 26
are class o/ff and 53 are class a+f3, shows that the two kinds of
points are situated at distinct regions roughly. A new quantitative
criterion based on the Fisher discriminant algorithm is proposed
to distinguish between the o/f and o+ proteins (domains). Of
the 79 proteins 77 are correctly classified (97.5%). As a stringent
cross-validation test, the jackknife test shows that of the 79
proteins 77 are correctly classified. The jackknife test accuracy
is still 97.5%. These figures indicate the self-consistence and the
extrapolating effectiveness of the new quantitative criterion.
Applying the new criterion to reclassify the o/f and o+p proteins
(domains) in SCOP is also discussed. It is hoped that the new
quantitative criterion will be useful for the development of protein
classification databases.
© 1998 Federation of European Biochemical Societies.
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1. Introduction

The concept of protein structural class was first proposed
by Levitt and Chothia in 1976 [1]. According to this concept,
a globular protein can be assigned to one of the four struc-
tural classes, i.e. all-o, all-B, o+p and o/p. The all-o and all-§
proteins were defined to be composed of almost entirely o-
helices and B-strands, respectively. The o+ proteins were
defined to be composed of separate segments of o-helices
and B-strands (mainly anti-parallel), whereas the o/f proteins
were defined to be composed of mixed segments of o-helices
and B-strands (mainly parallel). Because there were very few
proteins whose crystallographic structures were known in
1976, this definition of the structural classes was derived
from a quite small database, i.e. 31 globular proteins only
[1]. Now the three-dimensional structures of about 6000 pro-
teins are known. However, the definition of the protein struc-
tural classes of Levitt and Chothia [1] is still accepted by the
protein research community even to date. Since 1976, many
definitions of the structural classes have been proposed along
with the work of Levitt and Chothia [1], for example, Naka-
shima et al. [2], P.Y. Chou [3], Scheridan et al. [4], Klein and
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DeLisi [5], Kneller et al. [6], K.-C. Chou [7], and Michie et al.
[8]. In these studies, the classification schemes are basically
based on the secondary structure content of proteins. Only
few researchers provide quantitative criteria to distinguish be-
tween the o/f and o+f proteins [7,8]. K.-C. Chou demands
that the mixed off proteins (domains) should be classified as
o/B if the percentage of parallel strands is greater than 60%,
otherwise, if the percentage of anti-parallel strands is greater
than 60%, it should be an o+ protein [7]. On the other hand,
to separate the o/p and o+ proteins, Michie et al. introduced
a new parameter called the alternation score of secondary
structures along the polypeptide chain [8]. The mixed af pro-
tein (domain) is mapped onto a point in the two-dimensional
plane spanned by the alternation score and percentage of
parallel strands. Based on the distribution of the mapping
points, a quantitative criterion was proposed to classify the
mixed off proteins (domains) into the o/p and o+ classes [8].
Obviously, the threshold of 60% adopted by K.-C. Chou [7] is
a simple majority only. The separation between the o/ff and
o+P classes based on the criterion of Michie et al. [8] is more
objective and hence more reliable. However, in the work of
Michie et al. [8], the role played by the secondary structure
content in the separation of the o/f and a+f classes was al-
most ignored. Based on the proteins in the training set (see
below), we have performed a Student’s ¢-test to examine the
null hypothesis Hy: there is no difference of the content of o-
helix and B-strand between the o/f and o+p classes. Conse-
quently, the hypothesis is rejected. In other words, the differ-
ences of the content of a-helix and B-strand between the o/f3
and o+f classes are of statistical significance. Based on this
analysis, a new quantitative criterion to distinguish between
the o/p and a+p classes is proposed here, using the secondary
structure content and the percentage of the parallel strands as
well. As we will see later, high classification accuracy has been
achieved using the new quantitative criterion.

2. Materials and methods

Recently, 210 representative non-homologous proteins (domains)
were classified manually by Michie et al. [8,9]. Of the 210 proteins,
56 proteins are classified as all-o,, 75 all-B, 26 o/ and 53 o+f. In this
study, the 26 o/pf and 53 o+P proteins (domains) are used as the
training set. From the Protein Data Bank, all the three-dimensional
structures of the 79 proteins stored as PDB files can be obtained.
Their PDB codes are listed in Table 1.

To test the quantitative criterion derived from the proteins in the
training set, we need some other proteins as a test set, which should be
independent of the training set. There were another four o/ and 11
o+p proteins (domains) which were also classified manually [8]. It was
shown that some ambiguity occurred when these proteins were clas-
sified by an automated class assignment protocol proposed by Michie
et al. [8]. It was thought that these proteins (domains) are in the
borderline region and left for manual inspection only [8]. In order
to test the new quantitative criterion more stringently, these 15 pro-
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Table 1

The PDB codes of the proteins (domains) in the training set

o/f Ixis_ StimA Inar_ 2mnr_
3chy_ letu_ lofv_ 4fxn_
IgplA 4dfrA 2ak3A 3adk_
InipA 1tml_

o+ lgps_ 20vo_ 1tgsl lgatA
letf 1fxd_ 2nckL 3rubS
2rn2_ laak_ Trsa_ lonc_
lubq_ 2sns_ 11tsD 3il8_
1zaaC IshaA 2pna_ Ipoc_
IrveA 3b5c_ lecmbA 2cpl_
lhgeB Ipkp_ 3monB 1bw3_

1chrA 1fbaA lgox_ S5p21_
1cseE lede_ 2trxA 3trx_
2ctc_ 2cmd_ lipd_ Ticd_
Iptf_ 2bopA lcewl Istfl
Ipba_ laps_ 1csel 2sicl
1fus_ 1brnL 1pgx_ 1frrA
1fkb_ 2msbA Spti_ land_
3cla_ leaf_ 11tsA 2tscA
Stdl_ 2dnjA Imat_ IpyaB

1vil_

teins are used as the test set in this study. They are thought of as a
touchstone to test the quantitative criterion proposed here to distin-
guish between the o/f and o+ proteins (domains). The PDB codes of
these 15 proteins (domains) are listed in Table 2. The secondary
structure content of the above proteins (domains) is determined by
the DSSP method [10].

Denoted by o, B and ¢ the content of a-helix, B-strand and coil in a
protein (domain), respectively, we find

o+B+e=1 (1)

This means that of the three real numbers o, B and ¢ only two are
independent. Note that there is a simple theorem about a regular
triangle with its height equal to 1. The sum of the three distances to
the three sides of the regular triangle of any point within it equals
exactly 1. Consequently, the three real numbers o, f and ¢ can be
represented by a point in this triangle. Set up an appropriate co-
ordinate system such that the origin coincides with the center of the
triangle and the x-axis is parallel with one of the three sides. The co-
ordinate x and y associated with the three numbers can be expressed
in terms of o, f and c¢. Simple geometrical calculation shows that

= (B-0)/V3,
{y = 2/3—(a+ ), @

Meanwhile, the percentage of the parallel strands in a protein (do-
main), denoted by z, is calculated from the output file of the DSSP
program, and the counting unit is the amino acid, not the strand, as
described in detail by Chou [7]. Consequently, each protein can be
represented by a mapping point or a vector in a three-dimensional
(3D) space, spanned by x, y and z. Obviously, the actual shape of the
space in which the mapping points are distributed is a 3D prism.
Denoting the vector representing the ith protein in the 3D prism by
r;, we have

ri = (Xh Vi Zi)T, i=1,2, ..., N, (3)

where T is a transpose operation for a matrix and

xi = (B—0u)/V3,
{yi = 2/3—(01 + B,). @

where o, B; and z; are the content of o-helix, B-strand and the per-
centage of the parallel strands, respectively, in the ith protein in the
training set with N proteins.

The Fisher linear discriminant algorithm [11] is used here to find an
appropriate plane in the 3D prism to distinguish between the two
kinds of mapping points, one represents the o/ and another o+f
proteins. This plane is described by the following equation

ax+aoay+cez=t, (5)

where ¢, ¢ and c¢3 are three parameters describing the plane and ¢ is
an appropriate threshold. The vector ¢ with the three components ¢y,

co and c3 is used to represent the three parameters. Both ¢ and ¢ are
determined by the datar;, i=1, 2, ..., N, in the training database. The
procedure to determine ¢ is described in any book of multi-linear
analysis, e.g. Mardia et al. [11]. The vector ¢ is not unique in the
sense that ¢ multiplied by a constant is still acceptable. Without losing
generality we choose the constant such that |¢|? = 1. The threshold 7 is
determined by the requirement that the percentage accuracy for dis-
tinguish between the o/f or a+p proteins reaches the maximum. The
percentage accuracy is defined as the fraction of proteins in the train-
ing set, which are correctly discriminated by the Fisher plane de-
scribed by Eq. 5. This percentage accuracy is used to test the self-
consistency of the discriminant algorithm. So, it is also called the
accuracy of re-substitution. Once the vector ¢ and the threshold ¢
are obtained, the decision of o/f or a+f for each protein in the test
set is simply performed by the criterion of e¢r>¢ or cr<t, where
r=(x, y, 2)¥, where x and y are defined by Eq. 2, and z is the per-
centage of parallel strands in the protein concerned. Two-fold cross-
validation tests are performed to evaluate the new quantitative crite-
rion. One is the jackknife analysis and another is the single-test-set
analysis. The evaluation of the quantitative discriminant criterion is
simply determined by the percentage accuracy, a fraction of proteins
in the test set, which are correctly discriminated by the criterion of
c¢m>¢ or ¢'m < ¢. This percentage accuracy is used to test the extra-
polating effectiveness of the discriminant algorithm. So, it is also
called the test accuracy.

3. Result and discussion

Based on the data derived from the training set, the vector ¢
and the appropriate threshold ¢ are determined. The decision
of o/ class or a+f class for each protein in the training set is
simply performed by the criterion of cr>¢ or cr<t, where
r=(x, y, z)¥, where x and y are defined by Eq. 2, and z is the
percentage of parallel strands in the protein concerned. Con-
sequently, of the 26 o/f proteins (domains) in the training set,
26 are correctly classified. Of the 53 a+f proteins (domains)
in the training set, 51 are correctly classified. On average, the
accuracy of re-substitution is (26+51)/(26+53) =77/79 =97.5%,
indicating a high self-consistency of the quantitative criterion.
Only the a+f proteins (domains) lcsel and 2rn2_ are incor-
rectly classified as o/f proteins (domains). The content of
helix, strand and the percentage of parallel strands for the
former are 0.17, 0.30 and 0.55, respectively; and for the latter
are 0.35, 0.28 and 0.38, respectively. As we can see from the
above figures, the mapping points of both proteins are in the
borderline region between the o/f class and a+f class. Their

Table 2

The PDB codes of the proteins (domains) in the test set

o/p laba lego 3dfr 8dfr

otP 1bovA Icbn 1fdx lgmpA lhev lhrhA Ipoa Ipyp

2sn3 IwgaA 8rxnA
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Table 3
Means and standard deviations of helix/strand content for the ¢-
test®

Content Class N Mean S.D. P value®
o-helix o/f 26 0.375 0.074

otP 53 0.235 0.090 <0.001
B-strand o/f 26 0.183 0.057

ot 53 0.260 0.087 <0.001

2The means and standard deviation of the helix content for the 26 o/
and 53 o+f proteins (domains) are listed in the first and second row,
respectively. Those of the strand content are in the third and fourth
row, respectively.

bNumber of proteins in the training set.

¢P denotes the probability that the difference of the means of content
between the o/ and o+f proteins (domains) is caused by random
events. Since P <0.001, the null hypothesis Hy is not valid.

structural classes cannot be assigned correctly by the Fisher
plane in the three-dimensional prism in this case.

To test the extrapolating effectiveness of the new quantita-
tive criterion, a stringent cross-validation test, jackknife anal-
ysis, is performed, which is deemed to be one of the most
effective and objective cross-validation tests. The jackknife
test is also called the leave-one-out test (see, e.g. Mardia et
al. [11]), in which each protein (domain) is in turn singled out
as a tested sample and the vector ¢ and the threshold ¢ are
derived without using this protein (domain). In other words,
the classification of the singled out protein (domain) is per-
formed by the vector ¢ and the threshold ¢ derived using all
other proteins (domains) except the one that is being classi-
fied. In each jackknife stage, the singled out protein (domain)
is classified by the criterion of ¢r > ¢ or cr <t. Consequently,
of the 79 proteins (domains) 77 are correctly classified. The
jackknife test accuracy is 77/79 =97.5%, indicating a high ex-
trapolating effectiveness of the new quantitative criterion. To
test the new quantitative criterion further, the cross-validation
using a single test set is also performed. As mentioned pre-
viously that there were another four o/f and 11 a+f proteins
(domains) which were also classified manually [8]. Interest-
ingly, of the four o/p proteins in the test set, three are cor-
rectly classified. Only the o/p protein lego_ is incorrectly clas-
sified as an o+f protein. Of the 11 a+f proteins (domains) in
the same test set, all 11 are correctly classified. On average,
the test accuracy is 14/15=93.3%, also indicating a high ex-
trapolating effectiveness of the quantitative criterion.

The above results indicate that the new quantitative crite-
rion to distinguish between the o/f and a+f proteins (do-
mains) is not only very simple, but also very effective. The
high accuracy obtained for distinguishing between the o/f and
o+p proteins (domains) also implies that the classification of
the o/f and o+ proteins (domains) is basically determined by
the secondary structure content and the percentage of parallel
or anti-parallel strands. The percentage of parallel or anti-
parallel strands plays an important role in distinguishing be-
tween the two structural classes [7,8]. However, our study
shows that, in addition to the percentage of parallel or anti-
parallel strands, the secondary structure content also plays a
key role. We have performed a #-test to see if the differences of
the secondary structure content between the o/B and o+f
proteins have statistical significance. The r-test is based on
the 79 proteins in the training set. The null hypothesis H
is: there is no difference of the population of the secondary
structure content between the o/f and o+ proteins. The 26
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Fig. 1. The distribution of the mapping points in the three-dimen-
sional space spanned by x, y and z, where x and y are defined by
Eq. 2 and z is the percentage of parallel strands. The mapping
points representing the o/p proteins in the training set and the test
set are denoted by white circles and gray spheres, respectively. The
mapping points representing the o+ proteins in the training set are
denoted by black circles, and those in the test set are denoted by
black spheres. Note that the two kinds of mapping points are situ-
ated at distinct regions, which constitutes the basis to distinguish
between them.

o/f and 53 o+ proteins in the training set are regarded as
samples from the respective population. The means and stand-
ard deviations of the content of helix/strand for the 26 o/p
and 53 a+P proteins are listed in Table 3. The result of the #-
test shows that the null hypothesis Hy is not valid for both
content of a-helix and B-strand. In other words, the null hy-
pothesis Hy is actually rejected. The differences of the second-
ary structure content between the two classes are really of
statistical significance. The distribution of the two kinds of
mapping points in the 3D prism is shown in Fig. 1, where
those representing the o/f proteins and o+ proteins in the
training set are denoted by white and black circles, respec-
tively. The mapping points representing the o/f and o+ pro-
teins in the test set are denoted by gray and black spheres,
respectively. As we can see, the two kinds of mapping points
are distributed roughly in two distinct regions. This specific
distribution constitutes the basis to distinguish between the o/
B and o+p proteins (domains) in this study.

Compared with other criteria, we find that of the 79 pro-
teins in the training set only 69 are correctly classified accord-
ing to Chou’s criterion [7]. The percentage accuracy is 69/
79=287.3%. Of the 15 proteins in the test set only 11 are

Table 4

The vector ¢ and threshold #*

C1 Co c3 t
0.0152 —0.2517 0.9677 0.3150

2The Fisher discriminant parameters ¢ = (c;,c2,¢3) and the threshold ¢
are calculated based on the 94 proteins (domains) including those in
the training set and test set. These parameters are provided for users
to classify the protein (domain) into the a/f or o+f class. The deci-
sion of the o/f class or o+ class is performed by the criterion cr > ¢
or cr <t, where r=(x,y,z)", x and y are defined by Eq. 2 and z is the
percentage of parallel strands.
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Table 5

The description of the 125 mixed off proteins (domains) in SCOP*
PDB code region PDB code region PDB code region

o/ legt_ | 1-382 lexe_ | 1-382 legv_ | 1-382
1btb_ | W.C. 1brsD | W.C. lexf_ | 1-382
1fnd_ | 155-314 4ts1A | 1-217 IselA | W.C.
lcdoA | 176-324 1hldA | 175-324 lhorA | W.C.
2secE | W.C. lcia_ | W.C. 1frn_ | 155-314
1pnt_ | W.C. 2hnp_ | W.C. 1tybE | 1-217
1tho_ | W.C. 1tkbA | 535-680 1lam_ | 1-159
1blIE | 1-159 1gdtA | 1-140 3hsc_ | 3-188
lidm_ | W.C. Ingi_ | 4-188 latr_ | 2-188
lcde_ | W.C. lgrcA | W.C. leddA | W.C.
ImhtA | W.C. lama_ | W.C. lalhA | W.C.
lula_ | W.C. Ingb_ | 4-188 Irhd_ | 1-149
Ttrx_ | W.C. lamn_ | W.C. 8atcA | 1-150
lacj_ | W.C. lalkA | W.C. 2ctc_ | W.C.
1drl_ | W.C. 1drj_ | W.C. lhqaA | W.C.
lajdA | W.C. lacl_ | W.C. Ingg_ | 3-188
lajcA | W.C. 1dbp_ | W.C. Ixab_ | W.C.
lraiA | 1-150 IscnE | W.C. 1ttqB | W.C.
1wsyB | W.C. lorb_ | 1-149 lajaA | W.C.
2anhA | W.C. Sacn_ | 1-528 Scpa_ | W.C.
2bgt_ | W.C. 1drk_ | W.C. lacmA | 1-150
Ingh_ | 4-188 lolcA | W.C. letu_ | 1-150

ot 1fut_ | W.C. 2baa_ | W.C. laec_ | W.C.
2rat_ | W.C. 2rns_ | W.C. Iras_ | W.C.
1ssbA | W.C. Irbd_ | W.C. 1kraA | W.C.
Ipgx_ | W.C. 1pgb_ | W.C. ligcA | W.C.
2igg_ | W.C. 2igh_ | W.C. 2secl | W.C.
Icoy_ | 319-450 3monA | W.C. 1frtA | 1-178
1fkj_ | W.C. 2tecl | W.C. 11ttA | W.C.
legl_ | W.C. 1sbnl | W.C. 3mdsA | 93-203
lvig_ | W.C. legpA | W.C. 1fkI_ | W.C.
Imns_ | 3-132 lgrl_ | 137-190 IfccC | W.C.
1rldS | W.C. lcomA | W.C. IsphA | W.C.
1gaeO | 149-312 ImstA | W.C. lgrb_ | 364-478
11kIA | W.C. ligjA | W.C. 1IckA | 117-226
IsceA | W.C. IsetA | 111-421 Isibl | W.C.
ItsdA | W.C. 1htlA | W.C. 1bmsA | W.C.
2hpr_ | W.C. Itsy_ | W.C. Itys_ | W.C.
3b5c_ | W.C. 1tbpA | 61-155 1xrc_ | 1-101
lglv_ | 123-316 2tscA | W.C. 3dni_ | W.C.
1dnkA | W.C. 4mdhA | 155-333 Imrk_ | W.C.
1ltaA | W.C. 1ltgA | W.C.

2Each protein (domain) is expressed by a symbol A|B, where A is the corresponding PDB code, and B is the sequence region. When a domain is
constituted by whole chain, B=W.C.; otherwise, B contains two numbers to indicate its starting and end points along the sequence. The

classification of these 125 proteins (domains) is based on SCOP [12].

correctly classified using Chou’s criterion. The percentage ac-
curacy is 11/15=73.3% only. According to Michie et al., all 15
proteins in the test set cannot be classified by the automated
class assignment protocol proposed by them due to the bor-
derline effect [8]. Compared with the above two criteria, the
advantage of our criterion is obvious. First of all, the new
criterion has a high accuracy for both the re-substitution
test and the jackknife test. Second, for those proteins (do-
mains) in the borderline region, our criterion is capable of
classifying them with a high accuracy (93.3% is found in
this study). The new criterion proposed here to distinguish
between the o/f and o+f proteins (domains) is at least a
complement to the classification criteria currently available.
After we finished the above analysis, the 94 proteins (do-
mains) including those in the training set and test set were
merged together, forming a larger new training set. In this set,
there were 30 o/p and 64 o+f3 proteins (domains). The Fisher
discriminant algorithm was also applied to this set. The cor-
responding vector ¢ and the threshold ¢ were obtained, as

listed in Table 4. These parameters will be used to distinguish
between the o/f and a+P proteins (domains) for the users.
The decision is simply performed by the criterion of ¢r > ¢ or
cr <t. More clearly, for a given protein (domain) to be clas-
sified, calculate cr=cix+coy+esz. If it is greater than ¢, the
protein studied is classified as an o/f protein (domain), other-
wise if cr <t, it is classified as an o+f protein (domain).

It is very interesting to apply the above new criterion to the
SCOP database [12]. Recently, 125 mixed off proteins (do-
mains) in SCOP were used for predicting the structural
classes, of which there were 66 o/f and 59 o+f proteins (do-
mains) [13]. Although these mixed aff proteins (domains) are
by no means all of those classified as o/ and o+ in SCOP at
present, they are representatives of the relevant protein fam-
ilies and super-families. The PDB codes of these 125 proteins
(domains) are listed in Table 5. Applying the new criterion
and the parameters listed in Table 4 to reclassify the 125
proteins (domains), we find that of the 66 o/ and 59 a+f
proteins (domains) 55 and 51, respectively, are correctly re-
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Table 6

The parameters of the 19 proteins (domains) in SCOP incorrectly reclassified®

o/f o+

PDB code o % B % z PDB code o % B % z
lcia_ 0.28 0.29 0.21 2secl 0.17 0.30 0.55
2hnp_ 0.31 0.21 0.21 2tecl 0.17 0.25 0.66
3hsc_ 0.27 0.31 0.25 legl_ 0.16 0.20 0.79
Ingi_ 0.29 0.31 0.25 1sbnl 0.17 0.30 0.55
latr_ 0.30 0.30 0.25 legpA 0.18 0.23 0.75
ImhtA 0.27 0.18 0.34 lgrl_ 0.46 0.15 0.62
Ingb_ 0.28 0.31 0.25 1sibl 0.17 0.29 0.61
Ingg_ 0.28 0.31 0.26 Ixrc_ 0.31 0.39 0.35
Ingh_ 0.30 0.31 0.25

lolcA 0.28 0.20 0.22

Ictu_ 0.36 0.15 0.16

2The left part indicates the 11 o/f} proteins (domains) incorrectly reclassified as o+ and the right part indicates the eight o+ proteins (domains)
incorrectly reclassified as o/f. The PDB codes, the content of a-helix and B-strand and the percentage of the parallel strands z are listed here.

classified. In other words, 19 are incorrectly reclassified, of
which 11 o/ are reclassified as o+ and eight o+ are re-
classified as o/B. The resulting classification accuracy is only
(125—19)/125 = 84.8%, much lower than 97.5% for classifying
the proteins (domains) in the database of Michie et al. [8]. The
125 proteins (domains) were also reclassified by Chou’s crite-
rion [7]. Accordingly, the reclassification accuracy was only
65.6%. The remarkable difference between the two figures
(84.8% and 97.5%) reflects the different criteria for classifying
the mixed off proteins (domains) between the two databases.
In the database of Michie et al. [8], the parallel and anti-
parallel strands are the key factor to distinguish between the
o/pf and o+ proteins (domains), while in SCOP, the above
factor (parallel and anti-parallel) is not always the decision
one. To illustrate this, for example, the 19 proteins (domains)
incorrectly reclassified by the present method are described in
Table 6, in which the content of o-helix, B-strand and the
percentage of parallel strands are listed. We can see that in
the 11 o/B proteins (domains) in SCOP the B-strands are
basically anti-parallel, while in the eight o+ proteins (do-
mains) in SCOP the B-strands are basically parallel. This is
completely contrary to the original idea for distinguishing
between o/f and o+ of Levitt and Chothia [1]. To solve
this contradiction, in addition to the secondary structure con-
tent and the percentage of the parallel strands, other param-
eters should be introduced to distinguish between the two
classes with much higher accuracy. Let us consider another
example to elucidate the necessity of introducing other classi-
fication parameters. A TIM barrel B8a8 consisting of eight
parallel strands is obviously an o/ domain and would be very
similar to a hypothetical B8a8 barrel possessing an all-anti-
parallel B strand. This structure will be classified as o+ by
the new classification criterion. However, if the secondary
structure alternation score proposed by Michie et al. [8] is
used in the classification procedure, the hypothetical B8c8
barrel may be still classified as o/p. Therefore, once a com-
plete set of classification parameters is set up, the classification
of a/f and o+ proteins could be solved satisfactorily by
using the methodology presented in this paper.

In conclusion, the distinction between the o/f and o+f
proteins (domains) is not only possible but also necessary.
As shown in this study, the difference of the secondary struc-
ture content between the two classes is of statistical signifi-

cance. This means that the distinction between the two classes
is objective, rather than subjective. Furthermore, it will be
worthwhile for the structure and function prediction of pro-
teins based on the differentiation of o/B and o+f. This study
may be considered a first step towards distinguishing between
the o/ and o+ proteins (domains) with a reliable quantita-
tive criterion. It is hoped that our work will be useful for the
development of protein classification databases, such as SCOP
[12] etc. The relevant computer programs are available on
request.
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