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ABSTRACT

MHCPEP (http://wehih.wehi.edu.au/mhcpep/ ) is a
curated database comprising over 13 000 peptide
sequences known to bind MHC molecules. Entries are
compiled from published reports as well as from direct
submissions of experimental data. Each entry contains
the peptide sequence, its MHC specificity and where
available, experimental method, observed activity, bind-
ing affinity, source protein and anchor positions, as well
as publication references. The present format of the
database allows text string matching searches but can
easily be converted for use in conjunction with
sequence analysis packages. The database can be
accessed via Internet using WWW or FTP.

INTRODUCTION

MHCPEP, a database of peptides that bind to MHC class I or II
molecules was established in 1994 (1). Peptide binding to an
MHC binding site is a prerequisite for T-cell recognition of
peptide, although not all binding peptides function as T-cell
epitopes. Allele-specific motifs for peptides binding MHC class
I are now well documented (2). Although motifs for peptides
binding MHC class II have been reported (2–5), they are
generally less well defined. The comprehensive compilation of
binding peptides in MHCPEP enables the analysis of sequence
properties governing binding to MHC molecules and the
identification of T-cell epitopes. It should also facilitate research
on antigen processing and transport, the mechanisms of T-cell
receptor activation and the development of specific approaches to
immunotherapy. More than 3000 new entries have been added
since the last report (6).

DESCRIPTION

Version 1.3 of MHCPEP has 13 423 entries (as of September
1997) compiled from published sources or directly submitted
experimental data. A few peptides binding non-classical MHC
molecules (e.g., mouse Qa-2a) are included. The majority of
entries contain human or mouse MHC binding peptides. There
are also a small number of entries containing peptides that bind
rat, rhesus macaque, chimpanzee or goat MHC. Each report of a
peptide sequence is assigned to a separate entry identified by a
unique entry ID. Entries consist of 12 fields composed of the field

name followed by a colon (:) delimiter and the field value. Field
values may be textual, numeric or empty. Fields are written one
to a row and delimited by a hash (#). Entries are delimited by
ellipses (...). Representative entries are shown in Figure 1. A
description of each entry field follows.

Entry ID 

A unique identifier exists for each entry. The format is:
[>organism][class][xxxx]. The ‘organism’ is designated by a
three letter code (e.g. HUM for human, MUS for mouse); ‘class’
is a single digit number; the right side is an unique four digit
hexadecimal number.

MHC molecule

The designation of the MHC molecule, according to the
nomenclature of Klein et al. (7), is followed by the specific allele
(where known) within brackets. Human alleles are designated
according to the DNA sequence nomenclature (8). This field also
shows MHC class and host organism. The format is: [MHC
molecule], [MHC class], [(host)].

Method

Peptide binding to MHC molecules can be determined indirectly
by T-cell activity based assays or directly by biochemical
methods. T-cell recognition of MHC class I-bound peptides is
usually detected by cytotoxicity assay, and of MHC class
II-bound peptides by proliferation assay. Biochemical methods
include stabilization assays, competitive inhibition assays to
purified MHC molecules or cells bearing MHC, or elution
followed by sequencing.

Activity

The ‘activity’ of a peptide is a semi-quantitative measure of its
immunogenic ‘potency’. For an MHC class I-bound peptide,
‘activity’ is a measure of the extent of lysis by cytotoxic T-cells of
target cells displaying the MHC class I–peptide complexes. A
peptide is considered immunogenic if it mediates killing of at least
15% of the cells that display it. The ‘activity’ is expressed as the
PD50, (PD, peptide dose), the concentration of peptide giving 50%
of maximum specific lysis, and is given a descriptive value of none,
little, moderate, high, immunogenic-not-quantified or unknown. A
PD50 > 10 µM is considered non-immunogenic and assigned ‘none’
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Figure 1. Representative MHCPEP entries.

as the value of the field ‘ACTIVITY’. For an MHC class II-bound
peptide, ‘activity’ is a measure of the extent of T-cell proliferation
induced by cells displaying the MHC class II–peptide complexes.
Again ‘activity’ is expressed as PD50, now defined as the
concentration of peptide giving 50% of maximum proliferation. The
range of values of the field ‘ACTIVITY’ is given in Table 1.

Table 1. Range of values assigned to the field ‘ACTIVITY’

PD50 Value

> 10 µM none

10 µM–100 nM yes, little

100 nM–1 nM yes, moderate

< 1 nM yes, high

Immunogenic but unknown yes, ?

Immunogenicity unknown ?

Binding

It is assumed that all ‘active’ peptides also bind; if no measure of
binding is reported for an ‘active’ peptide, the value ‘yes, ?’ is
assigned to the field ‘BINDING’. As several different methods
exist for determining binding affinity, only a descriptive value is
assigned to the data; the user should consult the original source

for more specific details. The same scale as for ‘activity’ is used
(none, little, moderate, high, unknown).

Source 

MHC binding peptides are fragments of larger proteins. This field
indicates the parent protein with the start and end positions of the
fragment. Synthetic peptides (e.g., those generated by mutations
of a naturally occurring sequence) are designated by the word
‘homologue’.

DB reference

This field specifies the name of the source protein(s) as it appears
in the major protein databases: SWISS-PROT (9) and PIR (10),
versions 34.0 and 53.0, respectively. These databases have been
searched for sequences that match the MHC peptide entry
sequence. This field may spread over several lines of text. The
continuation of the field is designated by an ampersand (&) as the
first character in the line.

Anchor positions

Presumed anchor residues are numbered relative to the N-terminus
of the peptide sequence. The main criterion for determining the
values for this field is conformance to proposed binding motifs.
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References

A separate list of references to the published sources of entry
sequences is supplied with the database. The value of the
‘REFERENCES’ field is a set of reference words, each of which
consists of the first author’s surname, year of publication or
submission (two digit number) and an identifier (single letter).
Each reference word uniquely designates a single reference. The
format of the ‘REFERENCES’ field is: [author][year][x]. This
field may also spread over several lines of text.

Comment

This field is reserved for any relevant comments or observations.

Summary

The summary field is a one-line description of the main fields of
an entry (MHC molecule, activity, binding and peptide sequence),
which is useful for rapid indexing of the database.

Sequence

The sequence of the peptide is the one actually reported, not the
minimum or optimum sequence. Therefore, a given T-cell epitope
may be found within several entries representing different
sequences which overlap or include it. The value for this field has
an asterisk (*) following the C-terminal residue. The letter ‘X’ is
used to represent ambiguity or an unknown residue. In some
instances it is not possible to distinguish certain amino acids, e.g.,
tandem mass spectrometry does not distinguish leucine (L) and
isoleucine (I). In such cases, separate entries are created and the
ambiguity is noted in the ‘COMMENT’ field.

ACCURACY AND COMPLETENESS OF THE DATA

MHCPEP is largely compiled from published reports. However,
numerous potential sources of error exist. Double-checking,
comparison with original papers, comparison with other data-
bases and multiple entry of the same sequence from different
sources have been used to minimise errors. Some entries
describing the same peptide may have different values in fields
other than ‘SEQUENCE’ when derived from independent
sources. Differences between T-cell clones used in experiments
have not been considered; in cases where an MHC-bound peptide
is recognised by any of the clones it is entered into the database.
Observations regarding clones which do or do not recognise the
peptide are included in the comment field. The database has a
degree of redundancy reflecting the variety of ways of detecting
MHC-bound peptides. Earlier reports of MHC binding peptides
were less specific: reported peptides were usually longer than the
optimum size and the fine specificity of MHC molecules was not
determined. The quality of data in recent reports has improved.

DATABASE ACCESS

MHCPEP is accessible via Internet using WWW or FTP to the
following respective WEHI addresses: http://wehih.wehi.edu.au/
mhcpep/ ; ftp.wehi.edu.au/pub/biology/mhcpep/ ; Gopher access
option is not longer available.

MHCPEP has been linked with SWISS-PROT and PIR
databases and also with references file via the ‘DB REFER-
ENCE’ and ‘REFERENCES’ fields, respectively. On-line text

Figure 2. MHCPEP WWW home page.

string searches and retrieval of MHCPEP entries as well as their
linked SWISS-PROT, PIR and reference entries are now
available using Sequence Retrieval System (SRS) (11), access-
ible through the WEHI WWW home page (Fig. 2). MHCPEP has
been converted for local use with sequence analysis packages
(e.g., GCG; 12) which allows more sophisticated sequence
analysis. 

Authors who wish to cite MHCPEP should quote this paper as
the reference.

For queries and comments regarding the MHCPEP database
contact Vladimir Brusic (preferably by electronic mail) at the
address given at the start of this paper.

FURTHER DEVELOPMENTS

A summary of MHCPEP contents is given in Table 2. The
growing numbers of peptides known to bind to a specific MHC
molecule facilitates building of predictive models for determina-
tion of novel T-cell epitope candidate peptides. Predictive models
utilizing MHCPEP have been successfully applied in cancer (13)
and autoimmunity (14,15) research.
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Table 2. Summary of MHCPEP contents

HOST/allelic region Number of entries
MHC Class I MHC Class II

Human 4617 5394

/HLA-A 2530 –

/HLA-B 1894 –

/HLA-C 64 –

/HLA-DR – 4545

/HLA-DP – 106

/HLA-DQ – 550

Mouse 1145 2213

/H-2K 682 –

/H-2D 266 –

/H-2L 120 –

/H-2A – 1252

/H-2E – 666

Rat 15 8

Chimpanzee 13 2

Rhesus Macaque 9 5

Goat 0 2

Knowledge of MHC–peptide interactions continues to expand
rapidly, together with the number of methods for determining
binding peptides. Combining data generated by diverse sources
imposes additional standardization requirements on the further
developments. The main considerations in the improvement of
MHCPEP include: (i) retrieval of data, (ii) internal data cleansing,
(iii) linkage to other databases containing MHC- or antigen-
related data, and (iv) extraction of high-level relationships hidden
within data. Optimizing these requires a more complex structure
than the current MHCPEP. We are investigating the utility of a
structure that integrates a knowledge base (KB), a WWW
interface, and a set of computational tools similar to the
RIBOWEB system (16). A KB comprising structured hier-

archical representations of MHC data, methods and literature
sources, is currently being developed. This set of computational
tools should facilitate further applications of the database.
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