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Abstract

A simple microcomputer package is described to make the
theoretical analysis of protein sequences. Several methods
designed to compare two sequences, to model proteolytic
reactions and to predict the secondary structure, the hydro-
phobic/hydrophilic regions and the potential antigenic sites of
proteins have been included in an Apple Il microcomputer soft-
ware. The package comprises 21 programs as well as the secon-
dary structure database of Kabsch and Sander (1983).

Introduction

A precise knowledge of protein structure is required to elucidate
the mechanisms of protein folding and the relationships between
the structure and biological activities of proteins. In the absence
of crystallographic data, many structural features can be deduced
from the analysis of protein sequences. One of the most
promising tools in the near future is the prediction of antigenic
sites for the engineering of synthetic vaccines. In addition, with
the increasing number of protein sequences known from DNA
cloning and sequencing, the need in the theoretical treatment
of protein sequences has never been greater. In this context,
many different methods have been described but the possibility
of their use is hindered either by the need of mainframes or
minicomputers, or by the absence of compatibility at the
language or machine levels. Being aware of this problem, we
have developed software that uses and/or combines several of
the most frequently used methods. The main advantages of this
package are its evolutive potential since future methods will
be rapidly implemented and that it does not need any special
knowledge about computers.

System and methods

Minimal hardware requirements

These are: an Apple Ile (with Extended 80 columns text card)
or Apple IIgs or Apple Ilc plus monitor, one floppy disk drive
with controller in slot 6, and any printer with interface in slot
1 (for text printout).
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Advisable material

Advisable materials are: a second floppy disk with the same
controller (slot 6), a Hewlett Packard plotter (7470A or 7475),
and an Imagewritter I or II with Super Serial Card (Apple) or
special graphic interface available from Micro Informatique
Diffusion (96, Bld Richard-Lenoir, 75011 Paris, France) or a
Dot Matrix Printer (Apple) for graphic printing output.
Language and files

All the programs are written in Applesoft Basic and run in
compiled form (128 kbyte Microsoft/ Applesoft TASC compiler)
for maximal speed and memory. All sequence data are stored
on disk as Apple DOS 3.3 text files to allow corrections via
a text file editor.

An Apple Macintosh and an IBM PC version are being
developed and will be available in the near future.

Algorithms and programs
The options can be selected from a main menu (Table ). Their
connections are given in Figure 1.

Table 1. The options available with the ANTHEPROT package

Option  Program name Brief description
number
1 NOMPROT Entry of a new sequence on disk
2 EDITSEQ Edition of a sequence (1 or 3 letter code)
and amino acid composition calculation
3 MOLWEIGHT Molecular weight calculation
4 SPECVOL Specific volume calculation
5 PEPMAP Proteolytic attack modelling
6 CHROSIM Chromatogram simulation
7 SEQ Search for a given sequence in proteins
8 COMPARE Search for homology between two
sequences
9 CHOUFASMAN  Secondary structure prediction
10 DIRINFO Secondary structure prediction
11 HOMOL Secondary structure prediction
12 DOUBLEPRED Secondary structure prediction
13 COPRED Combination of secondary structure
prediction methods
14 KYDOO Hydropathy profile calculation
15 HYDROP Antigenic potential calculation
16 ANTIGON Antigenic potential calculation
17 FLEX Local flexibility prediction
18 SURPRO Surface profile calculation (antigenicity)
19 MHELIX Intramembrane helices prediction
20 DOMAIN Structural domain boundaries prediction
21 TRACE Plotter driver
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Fig. 1. Organization scheme of the ANTHEPROT package. The four treatment classes are shown in filled boxes. The connections between algorithms are represented
by lines. The numbers in brackets refer to the option numbers given in Table I. It should be pointed out that all the algorithms connected to TRACE also allow
direct printer outputs. The latter are not represented in the scheme to avoid overloading.

The first four options allow the input (NOMPROT) and the
output of sequences with the one- or three-letter code for amino
acids, the amino acids composition (with their percentage) by
EDITSEQ and the calculation of molecular weight
(MOLWEIGHT) and specific volume (SPECVOL) of proteins
(Creighton, 1984).

The prediction of proteolytic peptides obtained either by
chemical attack or enzymatic digestion can be achieved from
the sequence of proteins with PEPMAP. Two types of calcula-
tions can be made from the peptide list.

(i) The electrophoretic behaviour in the Laemmli (1970)
system is modelled from the molecular weight of peptides, and
their distance of migration through a linear relationship which
has been found particularly useful for small peptides.

(ii) The chromatographic behaviour in reverse-phase HPLC
(C18 column in water/trifluoracetic acid/acetonitrile solvent
system) is predicted according to Sasagawa ef al. (1982). An
example of such an analysis is given in Figure 2. The simula-
tion has been achieved by the CHROSIM program using a file
created by PEPMAP program. Peak height is proportional to
the length of the peptides which is an approximation of their
absorbance at 220 nm. In the CHROSIM program, an incre-
ment of time is chosen by the user on the basis of the expected
width of peaks. For each peptide, a parameter B = L/26 * R

RETENTION TIME (min.)
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o

(srbitrery units)
=
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Fig. 2. Simulation of a reverse phase chromatographic separation: tryptic digest
of bovine mitochondrial F1 ATPase « subunit. The chromatogram has been
simulated using a linear gradient of acetonitrile of 1%/min (Sasagawa er al.,
1982)

is calculated where L is the length of the peptide and R is its
molar ratio. The peaks are built up as a series of values (B,
4B, 16B, 4B, B) and centred on the coordinate of the calculated
retention time of the corresponding peptide. The contributions
of each peptide on each coordinate are added and the resulting
values plotted on the graphic display. To enable an easy inter-

352

20z I1dy 0z uo 1senb Aq y0¥80Z/ | GE/E//oI0IE/SOIRLLIOJUIOIG/WOD" dNO™DIWePEDE//:SA]Y WOl POPEOJUMOC



ANTHEPROT: protein sequence analysis

PROTEIN : ALPEA F1 DOV

I-L-1-6-1-A-8-¥-§-§ [-L-2-8-R-1-L-G-A-D 1-§-V-D-L-E-L-T-6-R V-[--1-6-D-G-1-A-R 3¢ PREDICTION OF SECONDARY STRUCTURE #as
V-8-6-L-R--V-0-A-0 D-H-V-2-0-5-5-G-L-1 G-H-S-L-#-L-0-P-D-Ul V-G-V-¥-V-P-G-H-D-[
L-1-1-8-G-0-1-V-L-R T-6-A-1-V-D-¥-P-9-G B-L-L-L-G-R-¥-V-D-A L-6-M-A-1-D-6-1-G-P

1-6-8-L-A-R-B-R-¥-G L-[-A-P-G-1-1-P-R-] S-9-R-B-P-H-G-T6-1 [-A-V-D-S-L-9-P-16 M PA n T n 9 STRXTURT
R-6-G-8-L-L-1-1-6-D R-0-T-G-I-1-8-1--1 D-T-1-1-B-Q-L-R-P-R D-6-T-D-R-I-[-I-L-Y
C-1-Y-9-A-1-G-0-[-R $-T-V-A-Q-L-V-[-R-L T-D-A- B« BELIX 2= SEOIT C=DIL, T+ TURM

AKINO ACID NORRRR : 229

1 0 0 0 .6% 19 c

D-A-B-[-Y-T-1-9-9-3 A-T-A-S-0-A-A-P-L-Q Y-L-A-P-V-8-6-C-S-H ¢-B-T-P-R-D-W-G-[-0 2 0 0 ’ 0 2 4
AL-1-1-Y-0-0-L-5-C G-A-V--1-2-0--8-L L-L-R-R-P-PG-2-0-A Y-P6-D-V-1-Y-L-B-8 3 .66 .9 4 % R 4
R-L-L-B-R-A-A-[-B-0 D-A-1-G-6-6-8-L-T-A L-P-V-1-0-T-Q-A-6-D ¥-S-A-Y-1-P-T7-4-V-] 4 ™ .1 .4 2q . c
$-1-1-0-6--1-F-L-K T-R-L-1-Y-I-G-1-R-P A-[-B-V-6-L-5-V-5-R V-G-S-A-A-0-T-R-A-H H i) 088 502 267 9 4
[-G-V-A-G-T-H-0-L-B L-A-0-Y-R-1-V-A-A-F A-Q-1-6-8-D-L-D-A-A T-0-0-L-1-S-B- 3 B 6% .08 107 % ]
ANINO ACID NMBER : 420 7 .98 5 .83 %56 0 [}
8 913 1.09 .8 . R ] i

6-9-R-L-T-B-L-L-1-Q G-0-Y-3-P-B-A-1-2-F Q-V-A-V-1-Y-A-G-V-R G-Y-L-0-0-L-B-P-§-L 9 0% 1.003 .88 iR .6 4
[-T-L-F-3--A-P-L-8 B-V-1-S-G-B-0-A-L1-L G-I-I-R-T-D-G-I-1-8 D-B-8-D-A-L-L-L--1 10 9% R o2 M L I
V-T-R-1-L-A-6-1-L- 1 m 1.081 Nt 083 8 I
MR ACID BNNER @ 509 12 1. 1.0% N7 A .n ]
13 1.112 m o7 186 % 8

14 1.106 853 5% o N [

15 1.081 R/l . 1 .n ]

H NI ACID COMPOSITION #44 16 1.021 M ™ 18 8 ]
17 R N7 a3 \q R ] B

4 6. 48330057 18 066 84 R 1.09% R T
A 9.4%0254 19 99 .08 i &5 .. 8
L 9.4302554 2 055 a7 m 1.0%2 R 4
] Rl 4] 2 24 M R -] m M [
A 1. 96463654 z k] %05 911 T2 B/] [
'] 4.51966405 a 95 1.015 .m 197 R t
v 0 ] 95 .08 662 .18 .09 ]
v 8. 05500903 ] R R ] 847 <] B4 L]
4 2.7049116 % 1.083 .m 92 3R R | ]
[ 6.09037328 a 1.041 813 905 R0 )| ]
1 7.66208252 2 2 .0 . 304 R L]
1 5.697445% o .05 .67 1.012 22 .09 4
T S. 10805501 k | Ry 9% % A28 M !
3 6. 45530059 k)] m 1.14 ™ 109 8 4
R 6.2068%%M k3 % 1.014 .06 168 0% 4
o 392927308 n RG » R . /] [
[ ] 2.55402751 M .m 1.09 )0 M R L
Y 3. 1411847 ® 1% 94 1.08 1.1 % 1
P 3.3390m12 % ™ .81 1.015 O R4 ¢
4 9.62671906 n .76 0% 1.2 .103 5% c
#3 PROTEIN CLASS PRIDICTION #4# » M 1.0%9 N An R_] 1
» M7 . R ] 0% .86 ]

Q 95 998 502 AT M t

#+ DISTNICT BDETVIDN TOE PROTEIN NKD THE CENTRR OF BACH CLASS #4 4 ne 1.09 14 ] -] 4
Q 2 M7 .2 364 n | §

ALPER =3, 72941374 <] R .09 . .2 N [+

KA =4.169097% L] 917 968 n 6% N ] L
ALPEA+BETA =3.7127906 ] M1 R/ .an 159 R ] |
ALPSVRITA =2.55932091 ® R/] 844 .96 .166 R4 4
|RRBULAR =0.61533307 a7 .0 983 &4 1% .8 L

@ 1.091 .68 .87 .m 1. [

8 1.198 @22 ] 182 B ]

4 CLASS (SUB-CLASS) #44 0 1.199 T R 05 .n ]
S1 L .84 168 /] 7 ]

2 1.166 933 .69 163 n ]

THE PROTEIN ALPEA 1 DOV IS ALPEA/BETA -ALPHA 3 1.0% 1.082 2 56 R{] ]
] 1.065 R 864 X4 .n L]

% .m 984 M 1.5 R I

4 VIOV VIDTE = 9 #44 5% R 1 2 97 2.210 .8 T

Fig. 3. Text printout for the program DOUBLEPRED. The amino acid sequence of the a subunit of the bovine mitochondrial F1 ATPase is given using the
onc letter code (IUPAC). The prediction of the class of the protein is then supplied. The amino acid number, the helix, sheet and turn parameters calculated
over a nine-residue length segment are given in the AA, PA, PB, PT, PC columns respectively. Ft indicates the turn frequency (for details see Deléage and
Roux, 1987; Chou and Fasman, 1974, 1978).

pretation, the programs provide a list of peptide characteristics  discontinuous) up to 200 amino acids long in as many as 100

in sequence position order for PEPMAP and in elution order  proteins of 1000 amino acids.

for CHROSIM. The sequence homology between two proteins can be
The SEQ program is a powerful option which permits to  estimated using COMPARE with three different substitution

search successively for different sequences (continuous or  matrices: strict homology, the mutation data matrix (Dayhoff
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Fig. 4. Graphic display of a sequence analyzed by ANTHEPROT. This pattern is obtained with the bovine mitochondrial F1 ATPase « subunit. a 509 residues
protein. The residue position is plotted in the horizontal axis The panels DIRINFO, DOUBLEPRED and HOMOL are the secondary structure predicted accor-
ding to Gamier et al. (1978), Deléage and Roux (1987) and Levin er al. (1986) respectively. Three conformational states are visualized: helix (Hlll). sheet ( ).

for determining the potential antigenic sites of a protein. The window widths appear in the panel comments when there are optional such as for KYDOO, HYDROP
and DOMAIN otherwise the constant moving window 1s that described in the original method. For each graph, the scale 1s given as well as the mean value

obtained for a random sequence. The time for drawing this figure 1s about 20 min at a pen velocity of 1 cm/s

et al., 1983) and the secondary structure similarity matrix (Levin
et al., 1986). The output is a classical dot-matrix plot (Staden,
1982).

The secondary structure of proteins can be predicted accor-
ding to the methods of Chou and Fasman (1974, 1978) by
CHOUFASMAN, Garnier ez al. (1978) by DIRINFO, Levin
et al. (1986) by HOMOL and Deléage and Roux (1987) by
DOUBLEPRED. A typical example of printed text output is
listed in Figure 3 for the analysis carried out with DOUBLE-
PRED on the o subunit of bovine mitochondrial F1 ATPase
(Walker et al., 1985). The amino acid composition is calculated
to allow the protein class prediction to begin. The predicted
class of a protein is determined by the lowest distance between
the amino acid composition of the unknown protein and that
of all proteins of a given class (Nakashima er al., 1986). The
secondary structure prediction is done taking into account the
class prediction.

The hydrophobicity and hydrophilicity of proteins can be
estimated according to Kyte and Doolittle (1982) by KYDOO.

Several methods were designed for the prediction of potential
antigenic sites. The first one (HYDROP) is based on the search
for maximal hydrophilicity along the sequence (Hopp and
Woods, 1981). The combination of methods using theoretical
(Janin, 1979) and experimental (Parker er al., 1986)
hydrophilicity scales with that of prediction of polypeptide chain
flexibility (Karplus and Schulz, 1985) is performed by ANTI-
GON (Parker et al., 1986). In addition, the flexibility profile
(FLEX) and the accessibility profile (SURPRO) of Boger et al.
(1986) can also be used as separate criteria for antigenic sites
prediction.

The algorithm of Rao and Argos (1986) to predict intra-
membrane helices is also available (MHELIX). The possible
way of determining the boundaries of domains according to
Vonderviszt and Simon (1986) is implemented in DOMAIN.
All the algorithms of computerized methods have been keyed
in as described by the authors. The Chou and Fasman (1978)
method has been included as previously described (Deléage et
al., 1987). A typical graphic output delivered by the TRACE
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Fig. 5. Secondary structure of adenylate kinase. The secondary structure of
adenylate kinase was predicted according to Gamnier er al. (1978) (DIRINFO),
Deléage and Roux (1987) (DOUBLEPRED), and to Levin er al. (1986)
(HOMOL). The panel COPRED is for the predicted structure when the last
two methods predict the same conformational state (helix, sheet and turn) for
a given amino acid. For better clarity, the coil residues commonly predicted
are not visualized. The X-ray panel indicates the observed secondary structure
taken from Kabsch and Sander (1983). The accuracy of the combined predic-
tion (COPRED) on adenylate kinase was 80% on a three state basis (helix,
sheet and coil) when calculated on predicted residues.

option from the data saved on disk is shown in Figure 4. The
graph has been delivered on a Hewlett Packard (HP 7470 A)
plotter using files saved on disk by each program. Pen veloci-
ty (from 1 to 20 cm/s) and scale number (550 in this example)
are chosen at the beginning of the program TRACE as well
as the values to be plotted.

Implementation

Sequences up to 1000 amino acids can be analysed through the
compiled form of all the programs. An automatic mode allows
the study of up to 50 proteins successively via a particular pro-
gram, except in the COMPARE and PEPMAP programs. Many
options are available such as the display of the results (screen,
printer or disk), decision constants equal to zero or not for the
method of Garnier et al. (1978), thresholds for printing in the
computerized version of the Chou and Fasman method and
windows of different widths for hydrophobicity, hydrophilicity
and domain boundaries profiles. The results of calculations can
be saved on disk for a further exploitation, this option being
particularly useful for anyone who has not the suited configura-
tion for graphic printing.

The execution time of COMPARE program is proportional
to the product of sequence lengths with probe length, the
comparison of two 100 residue-long sequences with a probe
length of 7 needs about 5 min on Apple [Igs. In the HOMOL
program, each heptapeptide of the protein being studied must
be compared with all heptapeptides of each protein of the
database. Since the secondary structure database (Kabsch and

Sander, 1983) comprises 60 proteins for a total number of amino
acids higher than 10 000, this cannot be achieved in less than
one night for a protein of 250 amino acids length (on Apple
Ile). Nevertheless, the results can be stored on disk allowing
a further listing or drawing of the predicted structure. The other
programs are fast enough to allow the analysis of a protein of
500 amino acids in less than 5 min.

Together with the disks, the authors provide a short manual
for the utilization of the programs and if desired an Applesoft
BASIC version for further implementation.

This package is available on request provided you send two
5 1/4” diskettes and set up your system configuration for graphic
hard copy.

Discussion

The possibility of proteolysis modelling and chromato-
graphic/electrophoretic simulation provides useful information
for the design and the interpretation of such a study. The
chromatographic simulation does not provide an exact location
of the peaks but their distribution is correlated with experimen-
tal data, and the mean percent deviation of retention times is
9.2% (Sasagawa et al., 1982).

The availability of a sequence comparison program will be
useful in protein structure modelling (looking for homology with
elucidated-structure proteins) and in phylogenic analysis.

Although a package for proteins secondary structure analysis
has been recently described (Gribskov et al., 1986) the main
advantage of our software is that it permits the analysis by
methods recently developed. Four secondary structure predic-
tion methods are available, among which are two of the most
currently reliable techniques. In addition, the combination of
these two methods, which yields a significant improvement in
secondary structure prediction accuracy (data not shown), is
provided in the program COPRED. The power of such an
approach is shown in Figure 5 for adenylate kinase for which
most of the amino acids found in a given state by COPRED
are effectively observed in this conformational state.

Another utility of the combination of methods based on
different principles lies on the elimination of ambiguities. A
typical example is given by the prediction of domains boundaries
in proteins. Vonderviszt and Simon (1986) stress that their
algorithm generates inexplicable false positives. Looking at the
predicted secondary structure of a protein may help in
eliminating the false minima observed in their output.

Besides, a powerful way for predicting antigenic potential
sites is the consideration of several criteria. Parker er al. (1986)
have pioneered such an approach and shown its reliability. Our
package provides a greater diversity of recent and improved
methods which can be associated on a single panel for an easy
detection of regions with high antigenic potential.

Finally, this package gives the user the possibility of a com-
plete analysis of protein sequence on a microcomputer with an
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‘artist’ plot of the results which allows the fast retrieval of the
information contained in a protein sequence.
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