CABIOS COMMUNICATIONS

Vol.4, no.4. 1988
Pages 473-477

A protein secondary structure prediction
scheme for the IBM PC and compatibles
Stavros J.Hamodrakas
Abstract

© IRL Press Limited, Oxford, England

473

Downloaded from bioinformatics.oxfordjournals.org at Szilard Library: Europaeisches Laboratorium fuer molekulare Biologie on June 20, 2011

it is also important to predict correctly the secondary structure
of proteins from their sequence alone.
A prediction scheme has been developed for the IBM PC and
compatibles containing computer programs which make use of the Several prediction algorithms have been published and can
be classified mainly into two categories—statistical or stereoprotein secondary structure prediction algorithms of Nagano
(1977a,b), Gamier et al. (1978), Burgess et al. (1974), Chou chemical—but their success has been rather limited (Kabsch and
Sander, 1983a; Argos and McCaldon, 1988). It has previously
and Fasman (1974a,b), lim (1974) and Dufton and Hider
been
claimed that combined prediction schemes provide a higher
(1977). The results of the individual prediction methods are
degree
of accuracy than individual prediction methods (Schulz
combined as described by Hamodrakas et al. (1982) by the
et
al.,
1974;
Argos et al., 1976). Since the microcomputer has
program PLOTPROG to produce joint prediction histograms
become
a
powerful
and inexpensive laboratory tool, it would
for a protein, for three types of secondary structure: a-helix,
be
convenient
to
have
compact, in-house programs for predict0-sheet and 0-turns. The scheme requires uniform input for the
ing
protein
secondary
structure.
prediction programs, produced by any word processor, spreadThis
paper
describes
a joint prediction scheme developed for
sheet, editor or database program and produces uniform output
the
IBM
PC/XT/AT
and
compatibles, which employs some
on a printer, a graphics screen or a file. The scheme is
popular
prediction
methods.
The package can be modified to
independent of any additional software and runs under DOS
run
on
other
personal
computers.
The prediction scheme
2.0 or later releases.
contains computer programs, making use of the secondary
structure prediction methods of Nagano (1977a,b), Gamier et
It is well known that the biological activity of proteins depends
al.
(1978), Burgess etal. (1974), Chou and Fasman (1974a,b),
primarily on their spatial conformation.
Lim
(1974a,b) and Dufton and Hider (1977). These programs
The three-dimensional structure of several proteins, at atomic
were
written in FORTRAN 77 and they run on the IBM
or near-atomic resolution, has been elucidated mainly by single
PC/XT/AT
and compatibles under DOS 2.0 or later releases.
crystal X-ray crystallographic methods (Bernstein et al., 1977).
The
results
of the individual prediction methods are combined
These methods are laborious, time-consuming and expensive
as
described
by
Hamodrakas et al. (1982) and Hamodrakas and
and require the use of suitable single crystals which are not
Kafatos
(1984)
using
a BASIC computer program, to produce
easily produced for several proteins. Therefore, the need has
joint
prediction
histograms
(JPH) for three types of secondary
arisen to obtain information about protein folding from other
structure,
a-helix
(H),
/3-sheet
(B) and /3-turns (T), which are
methods.
presented
separately
for
each
type
of secondary structure.
In the last two decades the amino acid sequences of > 3000
The
programs
can
handle
up
to
50 amino acid sequences
proteins have been determined (Barker et al., 1986). Since
simultaneously.
Each
sequence
may
contain up to 500 amino
experimental findings indicate that all the necessary informaacid
residues.
The
programs
require
at least 128 kbyte RAM
tion for a protein to fold into its native structure is coded into
memory,
one
floppy
disk
drive,
a
standard
graphics adapter
its amino acid sequence (Anfinsen, 1973), several attempts have
(CGA)
and
a
monitor
capable
of
displaying
graphics.
They run
been made to predict three-dimensional structure from this
without
the
need
of
any
additional
features,
such
as
FORTRAN
sequence (Taylor, 1987 and references therein). In these
or BASIC compilers, since they are in the form of directly
attempts the correct prediction of elements of secondary
executable modules.
structure frequently plays a key role, since these elements may
The six prediction programs require uniform input and
represent the initial nuclei in the process of protein folding.
produce
uniform output.
For various other reasons, not mentioned here but described
Input
to
the prediction programs is given in the form of an
extensively in recent reviews (Argos and Mohana Rao, 1986;
input
ASCII
file which can be produced by any word processor,
Hodgman, 1986; Taylor, 1987; Argos and McCaldon, 1988),
spreadsheet, database or editor program capable of producing
ASCII type files. It should contain (i) a title line for the run;
(ii) the number of amino acid sequences to be examined; (iii) the
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TEST RUN FDR 4 PROTEINS
4
TRYPSIN INHIBITOR BOUINE
SB
RPDFCLEPPYTGPCKAR11RYFYNAKAGLCQTFUYGGCRAKRNNFKSAEDCMRTCGGA
GGGGS
S
EEEEEEETTTTEEEEEEE SSS SS BSSHHHHHHHHS
RIBONUCLEASE
1E4

S

A. POLYPHEnUS PC1B A FAMILY
99
YGCGCGCGLGGYGGLGYGGLGYGGLGYEGTGACLGEYGGTGIGNUAUAGELPUAGKTAUGGQUP11GAUGFGGTAGAAGC
US IAGRCGGCGCGCGRGIY

FLAUODOXIN
13B
riKIUYUJSGTGNTEKnAELIAKGIIESGKDUNTINUSDUNIDELLNEDILILGCSAriGDEULEESEFEPFIEEISTKISGK
KUALFGSYGUGDGKUIriROFEERriNGYGCUUUETPL IUQNEPDEAEQDCIEFGKKI AN I
///////••OOOOOOOOOOOOOOOOO
/////***-OOOOOOOO///////////++///-OOOOOOOOOOO***///

////////++»-oooooooooooooo/////*+/////+»-*»ooooooooooooo*Fig. 1. An example of an input data file to the secondary structure prediction programs. This data file contains four protein sequences. The three-dimensional
structures of three proteins, bovine pancreatic trypsin inhibitor, ribonuclease S and flavodoxin, are known (Bernstein el al., 1977). Secondary structure assignment
(shown below each amino acid sequence, presented in the one-letter code) for bovine pancreatic trypsin inhibitor and ribonuclease S, is after Kabsch and Sander
(1983b), that for flavodoxin after Levitt and Greer (1977). The fourth protein, silk moth chorion protein PC18 (Hamodrakas el al., 1982). has unknown threedimensional structure and this is indicated by the two empty lines below its sequence. Two empty lines have been inserted below the data for each protein to
improve readability.

MKIUYUSGTGNTEKnAELIAKGIIESGKDUNTINVSDUNIDELLNEDILILGCSAnGDEULEESEFEPFI

////WOOOOOOOOOOOOOOOOO™ /////HH0000000///////////++///-0000000
i SEN FLflvODOXIN
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ITDCRETGSSKYPNCAYKTTQANKHIIUACEGNPYUPUHFDASU
HHHHHHHHHB
SS
HHHHHHHHTTSSSSS SEEEEE S HHHHHGGGGSEEEEETTTEEEEEE SS EE
EEEEEE TT BTTB EEEEEEEEEEEEEE SSS EEEEEEE
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tiKIvYUSGTGNTEKrlflELIflKGIIESGKDUNTINvSDvNIDELLNEDILILGCSfiMGDEvLEESEFEPF
///////MOOOOOOOOOOOOOOOOO—/////»Wt-UOOOOOOO///////////+*///-OOOOOOI
flNOTHER PLQT(V/N)?

SEM FL
B-TURN PREDICTION

RESIDUES 1 - 70

G •

BF •

LD •

6 •

5 -

1'

3 •
2 •

HKIVYUSGTGNTEKMELIAKGIIESGKDUNTINvSDUNIDELLNEDILILGCSflHGDEULEESEFEPFI
///////MtOOOOOOOOOOOOOOOOO—/////*H*-00000000///////////++///-0000000
SEI1 FLflUODOXIN

flNOTHER PLOT(Y/N)?

Fig. 2. Prediction plot for (a) a-helix, (b) /3-sheet and (c) /3-turn for residues 1 —70 of flavodoxin (see also Figure I). Individual predictions, as derived according
to Nagano (N, 1977), Gamier et al. (G, 1978), Burgess et al. (B, 1974), Chou and Fasman (F, 1978), Lim (L, 1974) and Dufton and Hider (D, 1977) are
shown by horizontal lines. Joint prediction histograms, constructed by tallying the individual predictions, are also shown. The most probable structures, predicted
by three or more methods, are shaded. Observed secondary structure after Levitt and Greer (1977) is also shown below the amino acid sequence. The plot is
a 'hard copy', on a dot-matrix printer, of a monitor screen.

of the first sequence; (v) the amino acid sequence, given in the
one-letter code; (vi) the observed secondary structure (if any)
of the first protein given in the form of one-letter codes, one
for each residue. Data (iii)-(vi) are repeated as many times
as the number of proteins to be examined.
Two types of output are produced from each prediction
program: an output file, uniform for all methods, destined to
become input to the joint prediction plot producing program
PLOTPROG; the other, also uniform for all prediction

algorithms, consists of the results of the prediction, which can
be displayed on the monitor, printed on a printer or stored in
a file.
Three types of secondary structure are predicted: a-helix,
0-sheet and /3-turn. Each residue is assigned one of the three
conformational states, but the results of prediction are presented
separately for helix, sheet and turns, as described by
Hamodrakas et al. (1982).
The joint prediction program PLOTPROG produces joint
475
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(i)

There are no changes to the method of Nagano (1977a,b).
However, the loop-forming residues are presented as turnforming residues (T).
(ii) The directional method of Gamier et al. (1978) is used
by choosing run constants of 1 and decision constants of
0. This method, unambiguously assigns one of four
conformationa] states to each residue in an amino acid
sequence. However, in this work, the residues predicted
to be coil (C) are presented as turn-forming residues (T).
(iii) The method of Burgess et al. (1974) simultaneously
predicts helix, extended structure and bends according
to their nonamer model. The assignments for helix and
extended structure (j3-sheet) are retained and residues
4—7 of the nonamer bend model are presented as turnforming residues (T).
(iv) For the method of Chou and Fasman the latest set of
parameters (Chou and Fasman, 1978, p. 45) was used.
Turn prediction is made according to the algorithm,
presented in Chou and Fasman (1979, p. 367).
(v) In the method of Lim (1974a,b) both helix and /3-sheet
prediction are presented independently, even if they
overlap. In Lim's algorithm helix prediction prevails over
/3-sheet prediction.
(vi) For the method of Dufton and Hider (1977), tetrapeptides
are used instead of hexa- and pentapeptides, for helix and
sheet prediction respectively: experience shows that the
use of hexa- and pentapeptides leads to overprediction.
Tetrapeptides are predicted as probable /3-turns if their
P(t) values are >2.0.
A typical example of an input data file to each prediction
program is shown in Figure 1. This data file was created and
printed utilizing a word processor program.
Figure 2 a - c presents joint prediction plots, together with
individual predictions, for three types of secondary structure,
a-helix, /3-sheet and jS-turns, for a segment of the protein
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flavodoxin. These plots were produced on a monitor screen
utilizing the program PLOTPROG, which combines individual
prediction methods, and were hard copied on a dot-matrix
printer.
The three-dimensional structure of flavodoxin is known and
secondary structure assignments have been made by several
investigators (see, for example Bernstein et al., 1977; Levitt
and Greer, 1977 and references therein; Cohen et al., 1983;
Kabsch and Sander, 1983b). In Figure 2 a - c , the secondary
structure assignment of Levitt and Greer (1977) is given below
the amino acid sequence (one-letter code). Any other secondary
structure assignment (e.g. the one introduced by Kabsch and
Sander, 1983b) might have been used instead.
Several methods have been proposed to measure the agreement between prediction and observation to assess the power
of the predictive schemes. An auxiliary program, INDEX, is
included in the package to calculate the most commonly used
accuracy indices Q (Chou and Fasman, 1974b) and C
(Mathews, 1975; Argos etal., 1976). Our tests clearly showed
that the joint prediction scheme is always comparable to the
best individual prediction method, for all proteins studied and
for each type of secondary structure. Since there are several
problems concerning secondary structure assignment and the
prediction methods themselves, discussed extensively by Argos
and Mohana Rao (1986) no accuracy estimates are reported
here. In most cases the joint prediction plots successfully
indicate the main structural elements of a protein.
The prediction programs are fast. Secondary structure
prediction for a protein with 200 amino acid residues takes
<20 s for each method, with the exception of the method of
Nagano which requires < 3 min. PLOTPROG is also very fast;
it produces each plot in < 2 s.
The programs are distributed on request, together with a
user's guide and sample data input and output, at a very low
cost, to cover diskette cost, postage and handling.
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