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ABSTRACT

Summary: ProPredl is an on-line web tool for the pre-
diction of peptide binding to MHC class-I alleles. This is
a matrix-based method that allows the prediction of MHC
binding sites in an antigenic sequence for 47 MHC class-I
alleles. The server represents MHC binding regions within
an antigenic sequence in user-friendly formats. These for-
mats assist user in the identification of promiscuous MHC
binders in an antigen sequence that can bind to large
number of alleles. ProPredl also allows the prediction of
the standard proteasome and immunoproteasome cleav-
age sites in an antigenic sequence. This server allows
identification of MHC binders, who have the cleavage site
at the C terminus. The simultaneous prediction of MHC
binders and proteasome cleavage sites in an antigenic
sequence leads to the identification of potential T-cell
epitopes.

Availability: Server is available at http://www.imtech.res.
in/raghava/propredl/. Mirror site of this server is available
at http://bioinformatics.uams.edu/mirror/propredl/.
Supplementary information: Matrices and document on
server are available at http://www.imtech.res.in/fraghava/
propred1/page2.html

Contact: raghava@imtech.res.in

INTRODUCTION

of immunogenic regions (Hagmann, 2000).

Another interest of the immunologists is the iden-
tification of cross-reactive or promiscuous antigenic
regions in sequence; these regions can bind to many
MHC alleles (Sturniolcet al., 1999). In this direction, we
have previously developed ProPred (Singh and Raghava,
2001) for predicting the promiscuous MHC class-II
binding peptides. A number of methods have already been
developed for the prediction of binding site of various
MHC class-I alleles e.qg. (i) BIMAS for 41 alleles (Parker
et al., 1994). http://bimas.dcrt.nih.gov/molbio/hikdnd/);
and (ii) SYFPEITHI for 19 MHC alleles (Rammensee
al., 1999), http://syfpeithi.bomi-heidelberg.com/Scripts/
MHCServer.dll/EpPredict.htm).

The MHC class-I molecules recognize the fragments of
the antigenic protein after its processing by proteasome
(Rock and Goldberg, 1999). Thus, proteasome plays a
vital role in identification of potential T-cell epitopes
(Niedermannet al., 1999). It has been shown experi-
mentally that proteasome generates the C terminus of
MHC class-I binding peptide (Craiet al., 1997; Stoltze
et al., 1998). Recently, numerous methods have been
developed for prediction of proteasome cleavage sites
(Holzhutteret al., 1999; Kuttleret al., 2000; Nussbauret
al., 2001) and attempt have been made to combine those
with the prediction of MHC binding peptide like MAPPP

The altered proteins of self or pathogenic origin are frag{http://www.mpiib-berlin.mpg.de/MAPPPY/).
mented to small peptides by the proteasomes. Some of'N this paper we have described a matrix based web
these peptides bind to the class-1 major histocompatibility?€rver ProPredl, developed for the prediction of MHC

complex (MHC) molecules. The resulting MHC—peptideClaSS'| binding p_eptides. The matrices used in ProPredl
complex is recognized by T-cells. Identification of pep-Nave been obtained from BIMAS server and from the

tides that will be processed and presented with mMHditerature. The server gives the output of predicted MHC

molecules is crucial for the development of peptide—basefinder f(‘)l'rh selecét_edl MHfC aIIeIesh iIn gr:aphical or text
vaccines. The experimental identification of these peptidedormat.' efse; ISpiay ormatsMHeé:pb_t g. User In easy
is very time consuming and costly, therefore efforts areictection of the promiscuous inding regions in

being made to use computational methods in predictioﬁhs\'/;‘lllfgyhsaegun‘:gg((:'an attermnpt for the simultaneous ore
of immunogenic regions in an antigenic sequence. Th v P imu us pre-

e. .. : o
computer-based predictions can effectively reduce th‘glcnon of MHC binders and proteasome cleavage sitesin a

) . . . ; . _protein sequence. This server has implemented the matri-
labor involved in wet lab experiments in the identification ces described by (Toes al., 2001) for the identification

*To whom the correspondence should be addressed at Bioinformaticgf proteasome (Standard/conStitUtive proteasome and im-

Centre, Institute of Microbial Technology, Sector 39A, Chandigarh, India. munoproteasome) cleavage sites in an antigenic sequence.
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Table 1. The references of the quantitative matrices used in ProPred1 servegalculate the threshold score in advance for each allele
so that binders and non-binders can be distinguished

with confidence. In order to calculate the threshold there

Name of MHC allele Reference Comment . . .

is a need of sufficient data of MHC binders and non-
HLA-A2.1 (Ruppertet al., 1993)  Addition matrix binders. Unfortunately, due to lack of data (particularly
HLA-B*0702 (Sidneyetal., 1996)  Addition matrix MHC non-binders), it is practically impossible to compute
HLA-B51 (Sidneyetal., 1996)  Addition matrix the threshold score for most of the alleles. To overcome
HLA-B*5301 (Sidneyetal,, 1996)  Addition matrix the above problem, we adopted the following uniform
HLA-B*5401 (Sidneyetal., 1996)  Addition matrix d fp th ’I lati P f threshold 9 ¢ h
All other MHC alleles  Unpublished Multiplication matrices procedure for the calculation o reshold score tor eac

(BIMAS Server) allele.

(i) All proteins were obtained from SWISSPROT

Recently, (Kessleet al., 2001; Ayyoubet al., 2002) have
demonstrated that MHC binders having proteasome cleav-
age site at their C terminus have high potency to become
T-cell epitopes. These observations were implemented in(--)
ProPredl in order to identify the potential T-cell epitopes.
The ProPred1 allows identification of the predicted MHC
binders who have predicted proteasome site at C termi-
nus. In brief, the server assists users in identification of
promiscuous MHC binders and potential T-cell epitopes

in an antigenic sequence.

MATERIALS AND METHODS
Sour ce of weight matrices (iii)

The most of the quantitative matrices have been obtained
from BIMAS server and a few matrices were obtained
from literature (See Table 1). The selection of matrices

databases for creating the overlapping peptides of
length nine. For example, a protein of lengthvill
have (n+ 1 — 9) overlapping peptides.

The score of all natural 9mer peptides have been
calculated using weight matrix of that allele. These
peptides have been sorted on the basis of score in
descending order and top 1% natural peptides have
been extracted. The minimum score that we called
threshold score was determined from these selected
peptides. Similarly, threshold scores at 2,.310%
were calculated.

Step 1 and 2 were repeated for each MHC allele in
order to calculate threshold score at different percent
for each allele used in ProPred1.

wasnot based on performance rather easily availability inPrediction of MHC binders
the literature. The matrices obtained from BIMAS serverFirst, all possible overlapping 9mer peptides were gener-

are ‘multiplication matrices, where the score is calculatedated for a given antigen sequence. The score of these 9mer

by multiplying scores of each position. For example, scorgeptides were calculated using quantitative matrix of se-
of peptide ‘PACDPGRAA can be calculated by following |ected MHC alleles. In next step, all peptides having score

equation. greater than selected threshold score (e.g. at 4%) were as-
signed as predicted binders for selected MHC allele.

Score=P(1) x A(2) x C(3) x D(4) x P(5) x G(6)

x R(7) x A(8) x A(9) (1)  Weight matricesfor proteasomal cutters

Where P(1) is score ofP at positionl. The matrices
obtained from the literature are ‘Addition Matrices’, where

The weight matrices used in ProPredl for the prediction
of standard proteasome and immunoproteasome, have

score is calculated by summing the scores of each positioR€€n obtained from the work of (Toesal., 2001). The

For example, score for above peptide ‘PACDPGRAA is matrix for standard proteasome matrix was derived from
calculated as follows: Table 1 of (Toeset al., 2001), where each value has

been divided by one thousand, in order to rationalize
Score=P(1)+ A(2) + C(3)+ D(4) + P(5)+ G(6) the score. The derived matrix is an ‘addition matrix’
+ R(7)+ A@8) + A(9). (2) Where score of a peptide is calculated by summing the

score of each residue. Similar procedure has been adopted

for deriving the matrix for immunoproteasome, from the
Threshold score Table 2 of (Toeset al., 2001) The major difference

The selection of cut off threshold is crucial in matrix-basedbetween proteasomes matrices and MHC matrices is that
methods, because the stringency of prediction varies withroteasomes consider the peptide of length 12 instead of
the threshold. The threshold also provides the confidenceine. In case of proteasome the cutting site is at the center

to the user in their prediction. Thus, it is important to of 12mer peptide.
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Table 2. The percent coverage of binders for different MHC alleles using RESULTS

ProPred1 at default threshold 4%.

Per cent coverage

The fundamental question in MHC prediction is whether
the prediction of binders is worth or not. In other words,
whether the server can distinguish between binders and

MHC Alleles (Total binder, % Coverage)

HLA-A*0201(1221, 75%) H2-Db (189, 74%) HLA-B*0702(79, 92%) | g et Hdets
HLA-A*0205(28, 61%) H2-Dd (89, 74%) HLA-B*2705(145, 98%) NON-binders with significant accuracy. Th_us, it is im-
HLA-A*1101(116, 80%) H2-Kb (116, 78%) HLA-B*3501(254, 84%) portant to evaluate the performance of various matrices.

HLA-A*3101(33, 70%)  H2-Kd (277, 83%) HLA-B*5101(51, 92%) \We calculated the percent coverage (percent of binders
HLA-AL (128, 77%)  H2-Kk (28, 86%) HLA-B*5102(33,94%)  qrrectly predicted as binder) for each allele for which
HLA-A2 (976, 69%) H2-Ld (113, 60%) HLA-B"5103(30, 97%) ' g\ifficient amount of data was available. The data of
HLA-A2.1(77,64%)  HLA-B*5401(60, 100%) HLA-B8 (130, 75%) _ _ :
HLA-A24 (60, 70%) HLA-B61 (22, 95%) HLA-B62 (29, 55%) binders and non-binders corresponding to each MHC alle-
HLA-A3 (191, 64%) HLA-B14 (81, 75%)  HLA-Cw*0401(20,80%) les has been extracted from MHCBN database (Bhetsin
HLA-B7 (134, 81%) HLA-B*5301 (64, 95%) al., 2002 http://www.imtech.res.in/raghava/mhcbn/). The
number of binders varies from 20 to 1200 (See Table 2).
The default threshold score 4% (score at which sensitivity

) and specificity are nearly the same for most of the MHC
Computation of threshold score alleles used in this study) was used for the prediction of
The threshold scores for standard proteasome and imhe binders. The percent coverage has been calculated
munoproteasome have been calculated at different percefibm predicted results. The value of percent coverage
by using the approach described above for calculatiowaries from 50 to 98% as shown in Table 2. These results
of threshold score for MHC alleles. The calculation of clearly indicate that in most of the cases percent coverage
threshold score of proteasome matrices requires the 12mar more than 80% which is reasonably good. Almost
overlapping peptides. The matrices and cutoff scores aill alleles showed reasonable percent coverage, which
different thresold 12,...10% are available at URL means threshold criteria and matrices used in ProPredl
http://www.imtech.res.in/raghava/propred1l/matrices/  are beneficial for experimental scientists.

matrix.html.

Performance of ProPredl1
Prediction of cleavage site in antigen sequence Nonetheless, the percent coverage is a useful measure to
In order to predict proteasome cleavage sites in afvaluate the ability of method for the identification of
antigenic sequence. The overlapping 12mer peptideinders from a given sequence, but it does not provide
were generated for antigenic sequence and score @ny information about predicted false positive binders or
these peptides were calculated using weight matrix oficcuracy of prediction etc. Following three parameters are
proteasome. In next step, all peptides having score greatéPmmonly used to measure the performance of a method
than selected threshold score (e.g. at 5%) are consider&dthe field of immunoinformatics

as peptides having proteasome cleavage site. The center o TP

positions of these peptides (6-position left and 6-position Sensitivity= TP+ EN * 100 (3)
right) are considered as predicted proteasome cleavage N

site. Similar approach has been utilized for prediction of Specificity= ——— x 100 (4)
peptides having immunoproteasome cleavage site. TN+ _'EE LTN

Simultaneous prediction of MHC bindersand Accuracy= TP+FP+TN+FEN ©)

proteasome cleavage sites The correlation coefficient (CC) is a rigorous parameter

The predicted MHC binders were filtered based oo measure the performance of a method, which can be
prediction of proteasome cleavage sites in an antigenigefined as:

sequence. Firstly, the server computes the predicted MHC
binders and their C terminus position for a selected MHCCC =

allele in an antigenic sequence. Secondly server predicts (TP*TN) — (FN*FP)
the cleavage sites of proteasome in an antigenic sequenc&TP + FN)*(TN + FP)*(TP + FP)*(TN + EN)
at given threshold (e.g. at 5%). Finally, all predicted MHC (6)

binding peptides whose C terminal position coincides with

proteasomes cleavage sites were filtered. In other words,Where TP and TN are correctly predicted binders
server removes the MHC binders, who does not havand non-binders respectivelifP and FN are wrongly
cleavage site at C terminus. predicted binders and non-binders respectively.
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Table 3. The comprehensive performance of ProPred1 at different thresholds for MHC allele HLA-A*0201 (1220 binders & 56 non-binders) and H2-Kb (116

binders & 20 non-binders)

Thresholds HLA-A*0201 H2-Kb
Sensitivity Specificity Accuracy Correlation Senstivity Specificity Accuracy Correlation
(%) (%) (%) coefficient (%) (%) (%) coefficient

1% 36 98 38 0.1314 68 88 70 0.372

2% 57 93 58 0.1854 73 81 74 0.3775
3% 66 80 67 0.1783 78 81 78 0.4209
4% 75 78 75 0.2179 78 69 77 0.3367
5% 81 67 80 0.2151 82 62 80 0.3418

Table 4. The performance of Propredl for HLA-A*0201 on data set of gnd T-cell epitopes from tumor associated antigenic
128 peptides (19 high-affinity & 27 intermediate-affinity binders) of protein rotein. PRAME. We analvzed the performance of
PRAME. These peptides were obtained from Table 1 of Kesskir (2001) FF)’I’OPre,dl in the identificatioﬁ of experiﬁwentally proven
MHC binders and T-cell epitopes of PRAME. The se-
Threshold  Correctly predicted high-  Correctly predicted intermediate-quence of PRAME antigenic protein was obtained from
(%) affinity binders (out of 19) affinity binders (out of 27) SWISSPROT database. (KeSSEBI’aI., 2001) tested 128
peptides and identified 19 as high-affinity binders and

;'8 ggézg 61((24;2) 27 intermediate-affinity binders. ProPredl was used to
3.0 10 (53%) 14 (52%) predict these MHC 128 peptides of I_DRAME at various
4.0 11 (58%) 15 (56%) thresholds (See Table 4). As shown in Table 4, number
5.0 12 (63 %) 21 (77%) of correctly predicted binders (intermediate/high affinity)
6.0 13 (68%) 22 (81%) depends on percent threshold. The ProPredl predicted
;'8 ig Eggoﬁg gjggoﬁg all binders correctly at 10% threshold. These results
90 18 (95%) 26 (96%) cI_earIy indicat_e t_h_at server has capability to predict the
10.0 19 (100%) 27 (100%) binders with significant accuracy at 4% threshold (default
threshold

Potential T-cell epitopes: It has been demonstrated ex-
, perimentally that MHC binders having proteasomal cleav-
In this study, we compute all the above parametergge sjte at C-terminus are mostly responsible for the ac-
for ProPredl for its comprehensive evaIL!ajtlon. In Orjvation of cytotoxic T lymphocytes (CTLs). (Kesslet
der to evaluate a method one need sufficient data ofj. 2001) experimentally identified four regions having
experimentally proven MHC binders and non-binders.yi o-aA*201 restricted T-cell epitopes. We tested these re-
Unfortunately, most of the alleles have very limited gions using ProPred1 server. Firstly, binding regions were
number of binders and non-binders. Thus, the comprepredicted at default threshold (4%) in protein PRAME.
hensive evaluation of ProPred1 was performed only foilsecondly, all proteasome sites were predicted at various
two alleles (HLA-A*0201 & H2-Kb) for which sufficient  thresholds. Finally, predicted binders having proteasome
number of binders and non-binders were available. The|eavage sites at C-terminus were identified. The number
peptides for allele HLA-A*0201 (1220 binders & 56 of peptides predicted by above falls in regions identified
non-binders) and H2-Kb (300 binders & 200 non-binders)as T-cell epitopes by (Kesslet al., 2001), is shown in
were obtained from MHCBN database (Bhasinal., Tgple5.
2002). The performance of ProPred1 for these two MHC |t was observed that in the presence of standard protea-
alleles at different percent threshold has been shown igome filter at 7%, the server was able to predict the 50%

Table 3. of binding regions that are in agreement with experimen-
tally proven binding regions as demonstrated by (Kessler
A test for Propredl et al., 2001). Similarly, it has been observed that at 5%

MHC binder: The purpose of development of ProPred1of threshold of immunoproteasome filter, the server was
is to effectively reduce number of wet lab experimentsable to identify 75% of experimentally determined bind-

involved in the identification of potential T-cell epitopes ing regions. The server was able to predict 75% of bind-
or suitable vaccine candidates. Recently, (Kesdlal., ing regions in simultaneous presence of either standard
2001) have experimentally determined the MHC bindergproteasome or immunoproteasome filters at 5% threshold.
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Table5. Propred1 was tested on four regions of PRAME (A: 90-116; B:133- different color i.e. blue. The first position of each binder

159; C: 290-316; D: 415-441) which were identified as T-cell epitopes; ; ot ;
by Kessleret al. (2001). Propredl was first used to predict the HLA- is shown by red color so that user can easny dlStII’lgUISh

A*0201 restricted peptide at 4% threshold. The column 2 shows thethe oyerlapping pept_ides. This option is useful in locating
number of predicted peptides and regions (in bracket), which agree with th@romiscuous MHC binders.

experimentally identified epitopes

Tabular format: This is the most widely used option
for the display of results in most of the web servers of

Name of filter Correctly predicted T-cell epitopes in protein

PRAME at different thresholds (out of 4) MHC prediction. This option displays the peptides sorted
in descending order of their score. The server creates a
2% 3% 5% 7% separate table corresponding to each selected allele.
Standard proteasome 0 1(A) 1(A) 2 (AD)
Immunoproteasome 2(AD) 2(AD) 3(ACD) 3(ACD)
Immunoproteasome IMPLEMENTATION
prgt’esat‘s"‘(’)‘:;'d 2(AD) 2(AD) 3(ACD) 3(ACD)  The common gateway interface (CGI) script of ProPred1

is written using PERL. It has been installed on a Sun
Server (420E) under UNIX (Solaris 7) environment and
launched using Apache web server. The protein sequences
Hence, all the analysis clearly indicate that it is worth us-can be submitted to the ProPredl by cut-and-paste tech-
ing ProPred1l for the identification of MHC binding re- nique or by directly uploading a sequence file. The server
gions having proteasomal cleavage site at their C terminusses ReadSeq (developed by Dr Don Gilbert) to parse
or potential T-cell epitopes. It is not possible to determinethe input sequence, therefore it can accept most of the
the default threshold in case of prediction of proteasomesommonly used sequence formats. The server allows user
cleavage site, because sufficient data is not available, howe select the threshold for their prediction. The threshold
ewver, we suggest default threshold 5% based on our expg@lays a vital role in determining the stringency of pre-
rience. diction. Lower the threshold, higher is the stringency of

. . . . prediction i.e. lowers rate of false positives and higher
Mapping of predicted binderson antigen sequence (440 of false negatives in the prediction. In contrast, a
One of the important aspects of MHC prediction ishigher threshold value (low stringency) corresponds to
the representation of binding peptides found within theg higher rate of false positives and a lower rate of false
antigenic sequence. This can be achieved by developingegatives.

a paverful web interface for the prediction method. The

ProPred1 provides three major options to visualize resultg imitations of ProPred1

in user-friendly formats, including most popular tabular
format. Following is the brief description of these options.

All the matrices used in server were obtained from various
servers and from the literature. The base of selection
Graphical display: The graphical output represents the of matrices is on its availability from single source and
quantitative estimation of MHC binding propensity of not on the performance. Thus, it is not necessary that
the antigenic sequence. The server represents results W€ are using best matrix for an allele if more than one
graphical format X-Y Plot), where amino acid sequence matrix is available in the literature. In this server only
is shown along theX-axis and peptide score is shown 9mer peptide length are predicted not 8mer or 10mer.
along theY-axis. Each binder is represented as a pealhus it is possible that ProPred1 may miss potential 8mer
crossing the dashed threshold line in the image. It allowg&nd 10mer binders. The matrices for predicting ProPred1
user to locate the promiscuous regions in the queryvere obtained from the paper of Toes al. (2001),
sequence by looking at the peaks in graphs for differentvhere their values were obtained for enolase-1 protein.
MHC alleles. We have used these values for all predictions, it is not

) ) necessary that this generalization will work for all the
Text or HTML format:  This option of server presents poeins,

the MHC binders within antigenic sequence in text or

HTML format. It has two sub-options. The first sub-option

displays the predicted MHC binders in separate line® CKNOWLEDGEMENTS

along the antigen sequence. This option uses the separade are grateful to the anonymous referees for their
lines for representing all the predicted overlapping binderyauable suggestions. Authors are thankful to Mr Manoj
within the sequence. This suboption is very useful forBhasin for his help in data analysis. We are also thankful
viewing the predicted overlapping binders. The secondo Dr Balvinder Singh and Dr G. C. Varshney for checking
sub-option of the server represents predicted binder bthe manuscript.
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