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A hypothesis or theory is clear,
decisive and positive, but it 1s
believed by no one but the man
who created it. Experimental
findings, on the other hand, are
messy, inexact things, which are
believed by everyone except the
man who did the work.

Harlow Shapley
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5,5 Regular Conformations of Polyreptides
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Figure 57. Structures of the 20 naturaily occurring aming acid residues laid oyt according 1o size and shape of
side chain, with three-letter and one-ietter abbreviations: glycine, alanine, serine, cysteine; valine, threonine,
isoleucine, proline; methionine, aspariate, asparagine, leucine; lysine, glutamate, glutamine, arginine; histidine,
phenylalanine, tyrosine, tryptophan. Hydrogens are shown only for glycine. The a carbons are black dots;
tapered bonds indicate the directionality at tetrahedral carbons; circles indicate aromatic rings.

Table Il. Conformational Parameters for a-Helical, A-Sheet,
and B-Turn Residues in 29 Proteins«

Pu PB Pl ﬂ Jr|+ | f; +1 fl* 3
Glu  1-51 Val 1170 Asn 156 Asn Q161 Pro 0301 Asn 0-19] T 0167
Met  1-45 L o Tle 1 ﬁﬂ} Hy Gly 1-56 Cys 0149 Ser 0139 Gly 0190 Gly 0152
Ala  [-42] " Tyr 147 Pro  1-52 Asp 0-147 Lys 0-115 Asp 0-179 Cys 0-128
Lew 1:21 Phe [-38 Asp 146 His 0140 Asp 0110 Ser 0125 Tyr G125
Lys I-16 Trp  1-37 Ser 1443 Ser 0120 Thr 0-108 Cys 0117 Ser 0-106
Phe  1-13 Leuw 1-30 Cys 119 Pro 0-102 Arg 0106 Tyr 0-1(4 Gln 0-098
Gln  1-1t - Cys FBI9 hg Tyr [-14 Gly 0102 Gln 0-098 Arg 0099 Lys 0-095
Tp 108 ™ Thr 119 Lys 10t Thr 0-0B6& Gly 0-085 His 0093 Asn  0-091
He I-08 Gin - [-10 Gln 098 Tyr 0082 Asn 083 Glu  0-077 Arg 0085
Val  1-66 Met 105 Thr 096 T 0077 Mct 0082 Lys  0-072 Asp  0-0R1
Asp 101 1 Arg 093 Tp 096 Gin 0074 Ala 0076 Thr 0065 Thr 0079
His  1-00] ™ Asn 0-89 in  Arg 95 Arg 0070 Tyr  0-065 Phe 0065 lew 0070
Arg 09K His  0-%7 [ His 095 Met 0068 Glu 0060 Trp 0064 Pro  0-068
Thr  -83] . Ala 0-83 Glu 0-74 Val 0062 Cys 0053 Gln 0037 Phe 0065

Ser 077 ™ Ser 0-75 Ala 066 Leu 0061 Val 0048 Leu 0036 Glu 0064
Cys 070 Giy ()'75} by Met 060 Ala 0060 His 0047 Ala 0035 Ala Q0S8
Tyr (J-(J‘)} b Lys {74 Phe  0-60 Phe 0059 Phe 041 Pro  0-034 Mo 005
Asn O:67] 7" Pro 0-55 Leu 0-39 Glu 0056 e 0-034  Val  0:028 Mct  0-055
Pro 0-57 Asp 0-54} By Val 0-50 Lys 0055 Leu 0-025 Met 0014 His 0054
Gly 0-57} B Glu  0-37 He (47 Ne 0043 Trp 0013 ile  GOI3 Val 0053

*f,. Fy. and P, are conformational parameters of helix, B sheet. and Bwms, £. £y 1. fo12.fi4 + are bend frequencies in the four
positions of the B rurn. H,,, Hp, etc., as defined previously (Chou and Fasman. 1974b). From Chou and Fasman {1977, 1978).
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Figure 6-2. Prediction of «-helix, B-pleated sheet and reverse urns {rf) for the 24
N-terminal residues of adenylate kinase (389}, following the procedure of Chou and
Fasman (340). The a- and #-propensities P, and P, are taken from Tables 6-1 and 6-
2. The symbols are defined in the inset. For a-predictions hexapeptides with
average propensities above 1.00 are given in sohid lines. Solid lines are also used for
pentapeptides with average -propensity abuve 1.00. The ends of helices and sheets
are tested with tetrapeptides. Tetrapeptides with average propensities above 1.00
are given with dash-dot lines whereas those with averages below 1.00 are given with
dashed lines. Note that in our nomenclatuye the average propensities could be called
potentials. Reverse tum propensities depend on the position of the residue in
question within the tetrapeptide to be tested. Thus, there are four propensities for
each residue. All of them ure multiplied by a factor of 10'7. The ri-potential is the
product of the propensities in a tetrapeptide. These potentials are marked with
circles and are given on the same line as the rr-propensities of the tetrapeptide. All
potentials are multiplied by 10'S. Tetrapeptides with potentials above 50-10°% are
marked with solid lines. A relative maximum which does not reach the threshold is
indicated by a dashed line.



o8 Hedncal Conformation X = H

Residue position

Amino
acid j-8 -6 ;-4 j? i j+2 jta FAR: j+8
Gly 0 ¢ -5 -1 -2 -3 -50 -7 -100 -1 -50 -3 -20 -p -5 0 0
Ala 0 5 15 20 30 40 45 55 60 55 45 40 30 20 15 5 0
Val 0 0 0 0 -5 -5 -1 -5 0 -5 -0 -1 -5 0 0 0 0
Leu o 0 5 5 5 0 t5 20 25 0 is 10 5 5 5 0 0
Ile 0 o} 0O g a Q 5 10 i5 10 5 0 Q 0 0 0 4]
Ser Q 0 -5 -0 -15 -20 -25 =30 —35 —33 -30 -15 -20 —-15 - 10 -5 -5
Thr 0 -5 -0 —15 -20 —25 -35 —40 -45 —40 —35 =25 ~20 -15 —-10 -5 Q
Asp 0 0 0 0 10 15 10 5 0 -0 =25 =35 -5 -0 -5 0 0
Glu 25 28 2 35 44 50 60 65 70 55 40 20 i0 5 5 0 0
Asn 0 0 0 0 -5 -0 -20 -3 -4 -3 -1 -0 -5 0 0 0 0
Gin 0 0 0 0 0 0 0 0 15 0 25 25 20 10 0 0 0
Lys 5 5 5 5 5 § 13 15 28 40 55 58 50 45 42 40 40
His 0 0 0 0 0 0 0 0 5 15 25 32 36 40 42 43 44
Arg ¢ 0 -10 -8 -20 -7 10 20 30 36 36 30 20 10 0 0 0
Phe 0 0 ¢ 0 5 ts 22 28 30 28 22 15 5 0 0 0 0
Tyr 0 -3 - -18 -2 =30 =35 -4T -35 - -0 -0 -0 12 -7 =25 —gs
Trp 25 40 30 20 10 42 42 1 20 12 5 3 0 0 0 0 0
Cys -5 =15 ~-15 -5 -15  -12 -0 -5 0 0 -0 25 35 -43 36 ~47 -37
Met 5 5 8 10 20 30 38 45 50 48 45 42 35 30 20 i5 10
Pro 0 TS Tk -0 -25 -35 500 <66 -9 -7 ~HE -9 -0 57 -40 -3 20
Table Ill.  Directional Information Values S, = X:X;R,;, .}
for Extended Conformation X = £
Amino Residue position
d 8 /=6 i1 j~2 j j*2 4 J*6 j+8
f:: 3 i (:; 2{1; _3; 40 33 22 -0 -45  -19 22 33 40 33 22 12 5
Vo ; 0 0 ; “o -3 -0 o300 -40 -30 -200 15 10 —s 0 0 0
L a ; ¢ ; 13 20 45 70 90 70 45 20 10 5 0 0 0
lle W= a0 -5 0 . ” 25 13 25 50-15 =25 =25 -0 10 -3
o b - by 5 0 15 35 60 70 60 35 15 0 =15  -40 -25 15
gl : : : 2 li 15 5 a -5 o 5 15 18 22 25 25 25
0 13 21 35 28 b} 18 t5 15 is 15 15 i5
GA:: 13 0 0 0 0 —i5 -55 -5 -55  -—15 o 0 0 0 0 0 0
Asn 5 :g _;_3 _gg “f; T35 45 55 65 -T1 63 50 —d40  -30 -0 -15 -0
o e b x 0 10 -45  —90  -g0 13 -5 10 25 30 35 30 20
Lys 0 o 0 0 "; 0 -5 -5 -20 -15 -20 —-15 a 10 15 20 20
His o s s ! > 2 -2 35 53 -70 -38 45  -37  -30  -25 —-20 15
Arg 0 0 0 0 0 o 0 0 0 0 5 i5 25 15 5 0 0
Phe S0 -3 s e s 10 0 0 =5 - -0 =25 -28 -25 0 g -5 0
Tyr o > o ? -30 0 25 40 25 0 =30 -45 60 -60 -35 -0
T . ~ 7 5 7 40 40 27 i5 0 0 0 0 0 0
p 15 35 -40 45 _gp  _js 0 0 15 17 20 20 20 20 20 20 26
Cys 0 0 -0 -6 -s5 -4 _yg 5 5
17 10 s 0 0 0 0 0
Met T <65 90 -g0 -0 _39 . 15 30 5. -15  -45  -50 -45 40 -3 25
Pro 2 20 22 0 g 0 -3 - - 65 - )
65 1o 65 30 0 10 20 20 20 20
Table IV.  Directional information Values I{S, = X:X:R,, |
forBTum X =T o
Amino Residue position
wd -8 i=6 J=4 J2 J j+2 jra i+6 8
Gl — — _ —
T e T
Val 0 _ e - -15 --8 -3 - 9 -3 0 0
0 0 0 5 10 -30 -s5p g5 =50 -3 - -5
Leu 0 0 0 0 0 -3 -6 -5 -5 -15 10 -3 0 0 0 0
Ite 0 0 0 -5 -2 -3 -5 ~80 - 140 -80 -30 s ) ; o 0 0
Ser 0 0 0 0 0 0 5 30 40 30 5 —1s —3(0) 1 (s] s : v
- _ — 1z -5 Q 0
Thr 0 o 5 8 -0 -15 g -5 42 ~15 19 20 ) 5
Asp 0 0 0 0 5 10 30 35 30 15 5 ¢ 0 0 0 0
Glu 0 0 0 I 2 20 T . .0 0
- _ Ly 5 ] 0 0
Asn 0 0 5 0 -5 10 30 45 55 55 30 5 0 -
Gln 0 0 0 0 0 0 0 0 0 o 0 -1 oA A ¢
Lys 0 0 0 0 0 3 5 s 30 15 1 -0 :;0 s s
His 0 0 0 3 w25 38 50 -20 5 15 s |g ~§0 R o
Arg 0 0 0 M 10 25 35 20 1] -35 -5 0 5 3 15 [i] 0
Phe 0 10 20 25 pli] 10 -1 -85 -5 40 .30 s 0 0 ) 0
Tyr 0 0 0 5 10 20 30 s -25 -0 0 15 10 0 o o .
T 0 -IS  -45 15 a5 g5 L e S O 0
Cys 0 ¢ 5 30 50 40 5 10 25 25 10 45 0 0 : o
Met 0 0 0 0 0 -5 -2 -55 -85 - _s % 0 ? 0
Pro 0 0 0 a 0 0 sl 54 40 -1s4 e 5 0 ; . J 0
s 0 20 0 0 0 0
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Figure 102. Example of a helix-wheel layout for an
actual globular protein helix (TIM 178-196). Hydro-
phobic residues, mainly on the left, are in small letters,
and hydrophilic residues in large letters.
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The role of long-range interactions in
defining the secondary structure of proteins
is overestimated

Andras Fiser, Zsuzsanna Dosztanyi and Istvan Simon’

Abstract

Motivation: Secondary structure predictions based on the
properties of individual residues, and somelimes on local
interactions, usually fail 1o exceed 65% efficiency. Therefore,
non-local, long-range interactions seem to be a significant
cause of this limitation.

Results: In this paper, we apply approaches to localize highly
interacting residues and clusters of residues involved in
multiple non-local interactions, and test various secondary
structure predictions on this separate subset 1o assess the effect
of long-range interactions on the prediction efficiencies. It was
found that only a marginal part of the failure of secondary
structure predictions resulls from the presence of long-range
interactions. Alternative possibilities are also discussed,
Contact: fiser@enzim.hu; zsuzsa@enzim it simon@encim. hu
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Fig. 1. The averaged etficiencies of the four different prediction methods (DPM. GOR. ALB and CFA; lied e

o o ) " bl . ) are shown versus th ;
interacung resici . The threshold is indicated on the top side, while the number of remaining residues undemneath is expressed in anﬂ_“_.__.”.a._.w:“n u_._nﬂ_hnﬂ”q“m”;
indicares the minimal number of relative long-range nteractions to be made for a residue 1o consider it being a member of a swbilization nap_..n%a N
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Regularities in the primary structure of proteins

M. CSERZ0 and 1. SIMON

Institute of Enzymology, Biological Research Cenier. Hungarian Academy of Sciences, Budapest. Hungary
Received 21 September 1988. accepted for publication 23 January 1989

In this paper the latest protein database consisting of more than a million amino acids is analvzed to
characterize the short range regularities in the primary structure. The amino acid distributions aiong the
polypeptide chain and among the proteins have been studied first. Their influence on the amino acid pair
statistics was taken into account. We are primarily interested in the distances of the covalent structure.
where the amino acid pair frequencies show non-random characters. The amino acid pairs separated by at
least 20 residues in the covalent structure exhibit an exact Gaussian distribution. We found that there is a
range of non-random pairing in the covalent structure. We conclude that the pair preference characters are
different for each of the 20 x 20 amino acid pairs. The range of the non-random pairing varies from pair
to pair. and in most cases it does not extend beyond the Sth neighbour. The preferences of a certain pair
in a certain position can not be derived from the character of that pair in another position. The preference

values of 400 amino acid pairs are listed for up to the pairs in 9th neighbour position. Some fields of
potential application of these data have also been discussed.
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FIGURE 2

Abundance of the various pair preference mairix «lethents in the
2ist, .. 30th neighbour region. The solid line is the theoretioal
Gaussian distribution.
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FIGURE 3

Number of pair preference matrix elements between {—1, +1},
{~2 +2} and {—3. +3} deviation units versus the sequential
distance, Theoretical values of random pair occurrence within the
{=1L +1} {=2 42} and {—3. +3} deviation unit range arc
marked on the right ordinate,
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Independence divergence-generated binary trees of amino acids

Géabor E.Tusnidy, Gibor Tusnady! and Istvan Simon?

Institute of Enzymology, Biological Research Center, Hungarian Academy
of Sciences, Budapest H-1518, PO Box 7 and "Mathematical Institute,
Hungarian Academy of Sciences, Budapest H-1364, PO Box 127, Hungary

To whom correspondence should be addressed

The discovery of the relationship between amino acids is
important in terms of the replacement ability, as used in
protein engineering homology studies, and gaining a better
understanding of the roles which various properties of the
residues play in the creation of a unique, stable, 3-D protein
structure. Amino acid sequences of proteins edited by
evolution are anything but random. The measure of non-
randomness, i.e. the level of editing, can be characterized
by an independence divergence value. This parameter is
used to generate binary tree relationships between amino
acids. The relationships of residues presented in this paper
are based on protein building features and not on the
physico-chemical characteristics of amino acids. This
approach is not biased by the tautology present in all
sequence similarity-based relationship studies. The roles
which various physico-chemical characteristics play in the
determination of the relationships between amino acids are
also discussed.

Key words: amino acid distance matrix/homology studies/
protein design/sequence analysis
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COMMUNICATIONS
New Alignment Strategy for Transmembrane Proteins

M. Cserzo', J.-M. Bernassau?, I. Simon’ and B. Maigret'
‘abaratoive de Chinie Théorique
URACNRS No. 510 Université de Naney-1-BP238, 51506 Vandoewvre les Nanwey Cledea, Franee
) i

ESANOFT Recherche
rue dw Professenr J Blayae, 34082 Montpellior Cedex O, Franee

Mnstitute of Enzymology
Biological Research Center, Hungavian Academy of Sciences, 1518 DO, flox 7. Budapest, Hungary

In this paper an algorithm which locates helical transimembrane segments is deseribed. It is
shown that given the lneation of transmembrane helices of a protein, coreesponding helicesin
another mwembrane relnted protein can be pinpointed. The method seems to he extrenely
insensitive to sequence identity but highly sensitive to the property of a sequence to assume
transmembrane helical structure. As an example, using the present method, a sequence
alignment between bacteriorhodopsin and human rhodopsin is carried out and it provides a
good starting point for homology modeling of this G-protein coupled receptor. Tt is difficult
to obtain this particular alignment using the traditional methods becanse of poor sequence
homology. There are indications that hint at the broader range of applicability of the presented
method.

Kegieords: transmembrane helix: G-protein coupled recoptor; signal peptice;
sequence alipnment; homology modeling
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Figure 11-1

Electron micrograph of a preparation
of plasma membranes from red blood
cells. These membranes are scen “‘on
edge,”” in cross section. [Courtesy of
Dr. Vincent Marchesi. |
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Figure 11-12

Diag i of a section of a bilayver
membrane formed rom phospholipid
molecules,

Figure 11-13

space-filling model ol a section ol o
highly theid phospliolipicd bBilayer
membrane,



Polarity scale for identifying transmembrane helices

Amino acid  Transfer free energy Amino acid  Transfer free energy
residue (kcal/mol) residue (kcal/mol)
Phe 3.7 Ser 0.6
Met 3.4 Pro ~-0.2
lle 3.1 Tyr -0.7
Leu 2.8 His -3.0
Val 2.6 Gin -4.1
Cys 2.0 Asn -4.8
Trp 1.9 Glu -8.2
Ala 1.6 Lys -8.8
Thr 1.2 Asp -9.2
Gly 1.0 Arg -12.3

Note: The free encrgies are for the transfer of an amino acid residue in an a helix from
the membrane intevior (assumed to have a diclectric constant of 2) to water. After D.M.
Engelman, TA. Steitz, and A, Goldman. Aun. Rev. Biophys. Biophys. Chem. 15 FOB6Y: 33,
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Figure 1. Structure prediction plots for the lactose permease: (A) hydrophobicity H(i), (B) a-helix side
hydrophobicity H, (i), (C) B-strand side hydrophobicity, and {D) B-turn potential £,(i). Numbers in B specify the
residues in the middle of the most hydrophobic sides; the bars specify the extension of the corresponding helices.
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Figure 11-43

Amino ackd scquence and wansmemdirane disposition ol glycaphiorin A lrom the
red-cell membrane, The fifieen O -linked cabohydiate unins are shown in liglu
green dand the N-linked unicin dark green, The hydrophobic residues

(yellow) buried in e bilayer form o tinsmembrane o helix, The cuthoxyl-
terminal pary of the molecule, located o the cvtosolic side of the membrane, s
vich in negatively chunged (eed) and positively claoged (bhne) residines. [ Contesy
of Dr. Vincent Marchesi |
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Figure 11-48 . _ .
(A) Model of bacteriorhodopsin constructed from a 7-A thr§e—dt1n6n510113.1 map.
(B) Interpretive diagram showing the arrangement of a—hc?ltcal segments in the
lipid bilayer. The connections between helices were not F?V'ldent at this resolution.
[Courtesy of Dr. Richard Henderson and Dr. Nigel Unwin.]

R Y
e

| 2
.M’\/
[

S SR R NS
e
e



Gores ot o J. AA Bl (1994) 243, 38

RReM scoring matrix
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[LR] Y
=008 ~-0.24
0.08 = 0.5 .37
=025 030 -0.40 - 0.50

011 025 0.11-023-0.08
=011 0.8 022 -0.19 -0.08

~0.10 026 -0.54 -0.51

011 01¢ 023 -0.27
0.08 031 -0.48 - 0.44

0.8
060 -0.22 -0.14
~007 043 018 0.5¢ -0.41 -0.23 -0.09 - 0.40

020 023035 -045 044 -0.14 -0.12 0.60 - 0.34

015 0.10-025~0.14 022-001-0.10 036-0.)6 038
=014 -0.14 038 0.13-033 022
=007 002 009-0.11-012 023
=001 -020 0.19 05! -0.4-0.13
=007 -0.20 -0.01 034 -0.31 -0.11

0.14 010 0.22-0.17-0.01

0.20
002 -0.02

0.32 -037 0.22 -0.39 -0.11

0.05 -0.19 -0.17 -0.20 - 0.17 0.05

005 -043 052-030-0.18 0.20 -0.03

0.13-029 047 -020-0.17 0.12-017 057

0.14 =027 =024 -0.19 -0.17 0.14 0.27 -0.06 -0.16

008 000 -024-004-002 013 0.20-0.15 -0.32 0.45

0.47 ~0.12-018 0.70-036 049 0.23 -0.46 -0.17 -0.38 - 0.2 ~0.18 0.07

=025 0.18-0.41-0.22 04] -0.08-0.11 036 -022 0.2 0.18 039 -0.13-0.17-003 -0.17 -0.12 0.29
=038 02 -034-032 0.5 -024 008 043 -020 0.17 0.07 -027 ~0.23 - 0.28 - 0.03 -0.21 -0.14 031 0423
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. " The alignment surface of the BR versus
PRC-M. A 10 residue window size has been applied.
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X-weighted profiles were generaced with:
RReM matrix, Cutef{fsxz].0 Windowel0

Sequance alignment were genarated with:
Gap-panalitysl.0 Smaothing-tolerances )

saql: Memmmm= lel lptavegveq agi---—--- t ==-gr--pEWI WLALCTALMG
smqd: MNCTEGPNFY VPFSNATGVV RSPFEYPQYY LAE-PWOQFSM LAAYMFLLIV

saql: LETLYFL-VE gmgve—wocr -dpdAKRFYA ITTLVPAIAF TMYLSMllgy
saqy LGFPINFLTL YVTVQHRXLR TP-—--LNYI LLNLAVADLF MVLGCFTSTL

seqla gltmvpipge QNPIYWA--- -RYADWLFTT PLLLLDLALll vdadqg----
neg2i YTSLHGYFVF GPTGCNLEGF FATLGGEIAL WSLVVLAIER YVVVCKPMSH
.

seql:  —=~s-=-TIL ALVGADGIMI GTOLVG&le= =mcemmcame ~C-KV-y---
seq2:  FRFCENHAIM GVAFTWVMAL ACAAPPLAGW SRYIPEGLOC SCGIDYYTLK

seql:  --acv-ayrf vwWWAISTAAM LYILYVLFFG ftskassmrp 4VAST-----
seq2:  PEVMNESFVI YM--FVVHFT IPMITIFPCY GQLVFTVKE- ——-—- ARAQQ
PTY-1 | S — FXVLRNVT VVLWSAYPVY Wli---gseg agivpln---
¥eqlt  QESATTOKAE KEVIMMVIIM VIAFLICHVP YASVAFYI-- -------FTH

seql: +~wve=IETLL FMVLDVSAK- -VGFGLILly s--r------ -aifgea¢ap
anql: QGSNFGPIFM TIPAFFAKSA AIYNMVIY-- - [MMNKQFAN CMLTTICCG-

seqli ApAAgdgaaR - rTm-oman sogecanaaa -—-d
Q21 —mmmem e KNPLGDDEAS ATVEKTETSO VARA
T Peak to peak alignment of BR perses HR transmemiirane helicen. For BR the residues falling inte the helical

regionn are printed with capital letters. The residuss proven to being involved in structure{function relationship are marked
by *. Nute that this alignment still eontains the falwe gapw inwerted into the holieal regions, Thene shoukl b removedd
manually iy the user.
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Prediction of transmembrane o-helices in prokaryotic membrane
proteins: the dense alignment surface method

Miklos Cserzé®>, Erik Wallin!, Istvan Simon,
Gunnar von Heijne!, Arne Elofsson!

Institute of Enzymology, Biclogical Research Center Hungarian Academy of
Sciences, PO Box 7, H-1518 Budapest, Hungary and 'Department of
Biochemistry, Stockholm University, $-106 91 Stockholm, Sweden

?Present address: University of Birmingham, School of Biochemistry,
Edgbaston, Birmingham B15 2TT, UK

*To whom correspondence should be addressed

A new, simple method for predicting transmembrane seg-
ments in integral membrane proteins has becn developed.
Itis based on low-stringency dot-plots of the query sequence
against a collection of non-homologous membrane proteins
using a previously derived scoring matrix [Cserzo ef al.,
1994, J. Mol. Biol., 243, 388-396]. This so-cailed dense
alignment surface (DAS) method is shown to perform on
par with earlier methods that require extra information in
the form of muitiple sequence alignments or the distribution
of positively charged residues outside the transmembrane
segments, and thus improves prediction abilities when only
single-sequence information is available or for classes
of membrane proteins that do not follow the ‘positive
inside’ rule,
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Fig. 1. DAS plot of two arbitrarily chosen proteins (COX3_PARDE versus
CYDB_ECOLI). The cross weighted cumulative score profile (dotted line)
and the global DAS prolile (continuous linc) calculated as the average of
the cumulative score profiles obtained for comparisons with the other 43
proteins in the test set are also shown for COX3_PARDE. COX3_PARDE
has seven and CYDB_ECOLI has eight transmembrane segments.
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Hypothesis
Different sequence environments of cysteines and half cystines in proteins

Application to predict disulfide forming residues

Andras Fiser, Miklos Cserzo, Eva Tidés and Istvan Simon
Institute of Enzymology. Bivlogical Research Cemter. Hunguriun Academy of Sciences, Budupest H-1518. PO Box 7, Hungary
Received 17 March 1992; revised version received 30 March 1992
Protein sequences are often derived by transfating genetic information. rather than by classical protein sequencing. At the DNA level cysieines
and hall cystines are indistinguishable. Here we show that the sequential environments of ‘free” cysteine and half cystine are different. A possible

origin of this difference ts discusscd and a simple method 1o predict cysteines and hall cystines from the amino acid sequence is also presented,

Prediction: Free cysteine; Half cystine: Sequential environment
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Different sequence environments of amino acid residues involved and
not involved in long-range interactions in proteins

EVA TUDOS, ANDRAS FISER and ISTVAN SIMON

Institute of Enzymolagy, Biological Research Center, Hungarian Academy of Sciences, Budapest, Hungary
Received 22 March, accepled for publication 17 July 1993

No method has yet been availabie to decode information, hidden in the protein primary structure, on long-
range interactions of amino acids, Even a limited amount of information on long-range interactions could help
in conformational energy calculations of protein structures and could lead to a better understanding of how
the primary structure of proteins determines their conformation.

The sequence environments of amino-acid residues were compared from the viewpoint of their participa-
tion in long-range interactions. By using the simplest definition, residues were considered as partners in a
long-rar}ge interaction if they were at least 20 residues apart in the sequence and their C, distance was less
than 7 A.

In spite of this rather crude definition, an analysis of 88 unrelated proteins has shown that the seguence
environments (10 residues on each side) of those amino acids which are involved in long-range interactions
and of those which are not are significantly different according to the criteria of mathematical statistics.
Moreover, in many cases the differences are so pronounced that the involvement of a given amino acid in
long-range interactions can be predicted from its sequence environment. © Munksgaard 1994.
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Stabilization Centers in Proteins: Identification,
Characterization and Predictions

Zsuzsanna Dosztanyi, Andras Fiser and Istvan Simon*

[nstitute of Enzymology
Biological Research Center
Hungarian Academy of
Sciences, H-1518 Budapest
PQ Box 7, Hungary

*Conresponding author

Methods are presented to locate residues, stabilization center elements,
which are expected to stabilize protein structures by preventing their
decay with their cooperative long range interactions. Artificial neural net-
work-based algorithms were developed to predict these residues from
the primary structure of single proteins and from the amino acid
sequences of homologous proteins. The prediction accuracy using only
single sequence information is 65%, but the incorporation of evolutionary
information in the form of multiple alignments and conservation scores
raises the efficiency by 3%. The composition, relative accessibility, num-
ber and type of interactions, conservation and the X-ray thermal factor of
the identified stabilization center residues are different, not only from the
whole data set but from the rest of the long range interacting residues as
well. The most frequent stabilization center residues are usually found at
buried positions and have a hydrophobic or aromatic side-chain, but
some polar or charged residues also play an important role in the stabil-
ization. The stabilization centers show significant difference in the com-
position and in the type of linked secondary structural elements
compared with the rest of the residues. The performed structural and
sequential conservation analysis showed the higher conservation of
stabilization centers over protein families. The relation of the proposed
stabilization centers to folding nuclei is also discussed.

© 1997 Academic Press Limited

Keywords: long range interactiony; stabilization center; prediction; neural
network; protein stability
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Definition of a SC clement on a ]I'}")(Jl.(‘.fl.i('il' contact map detail; two residnes
(7 and j are considered as elements of an SC-s, 1 they are in long range
contact, and it is possible to select resicdues from bolh (lanking tetrapephides
of both residues, that make at least 7 contacts between Lhese two Lriplets ont,
of the possible 9 ones (lilled circles represent. contacts hetween Lhe condral
residues and the two selected ones, emply circles represent missing contacts
between residnes). The farger filled cirele is the S€ element. In the given
example ik and -3 and j-4 anel j42 are the selected vesidues i the Hanking

tetrapeptides.









a. and b, The contact map Tor [pk (tissue plasminogen activator kringle

domain) and Hpli (BPTT, respectively, Black boxes represenl contacts e
tween stabilization center elements, medinm grey hoxes stand (or Lhe vest of
residues involved in long range contacts, Hght greyv hoxes near the diagonal
represent, short. range interactions. ¢, and <. The vibbon struclare of Hpk

e KPP Davk color tndientes residnes in 560
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Distribution of relative conservation scores

Plots of the average relative sequence conservation over protein families for

SC residnes (indicated with O-es) and for the rest of the data set (indicated

by z).
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most, relevant part ol the plot.
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The listogram shows (he distributions of three elass of residues (adl Lhe

residies, resichies in long range contact bl nol i stabilization centers aned

SC elements, indicated by white, grev and black bars, respectively) in Lhe

relative surface accessibilily region 0-100%,.
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Plots of caleulated long range interacting potentials: a-cs represent. the whole
database, filled circles helongs 1o the long vange interacting residues, while

emply circles Lo the SC residnes,




Composition of residues ]
AA ALL LRI SC gsc-;;LL) (SC ;irefl
% o 3 % 4
A 8.3 828 0.20 1 6.57 0.41 -4.3 -4.2
C 2.31 259 o] 303 082 3.3 2.0
D 5.83 A4 017 | 3.64  0.36 -6.1 -5.0
E 5.85 n24 0 007 3.94 0.34 -5.6 -3.8
F 3.73 450 0141 A3 028 2.1 -0.7
G 8.R8 737 0.820 761 0.42 -3.0 0.6
H 2,38 2A8 0.1 | 3.00 p.90 3.2 2.8
| 5.04 D38 0.6 782 0.339 7.5 6.5
K 6.30 575 0481 ARG .35 -1.0 -2.5
I 7.R7 024 0.20{ 9.5] 040 4.1 0.7
M 2.08 240 Ltr | 238 poy 1.4 -0.1
N 4.40 A51 016 | 342 .32 -3.2 -3
| 4.56 467 0151 3.45 .31 -3.6 -3.9
Q 3.79 368 01y i 281 30 -3.3 -2.9
R 1.14 436 015 425 a0 0.4 -00.4
S 6.0h3 590 0./8 | 5.8 .38 -1.9 -2
T .80 524 0.7 ) 6.38 0.35 1.6 3.2
v 7.10 7.2 0.19 | 10.70 1.38 9.5 11
w 1.32 I.58  0.08) 159 ¢ 17 1.6 0.1
Y 3.68 412 0.14 | 514 098] 5o 3.6
total | 14 139=100% | 7980=160% | 3371=100 4

Table . The first. column shows the one fetter code of amino acids (AA),
the second column shows the composition of residues on the whoje data-
get (ALL), the third and fourth cofumh show the residue composition wit,
the standard deviations for those residues which participate in long range
interactions (LRI) but not, members of stabilization centers and for Lhose
regidues which are in stabilization centars (SC), respectively. In the last two
columns the observed composition dillerences are shown between the stabil-
ization center residues and the whole dataset and hetween the stabilization

center residues and the long range mieracting residues, respectively, in devi-
ation wnits, :
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[AA]LRI [S5C ]

A
C
)]
D

13.2
21.5
18.0
17.3
39.9
12.1
26.1
26.0
19.0
231
234
19.8
17.5
20.9
na
15.5
18.3
22.0
H2.8
39.9

27.0
32.2
30.5
3.0
Gl.5
24.2
49.1
44.7
38.6
41.2
11.2
34.2
301
39.1
49.9
3.2
32.9
J8.0
R0.8
H8.A

Table V. The {irst colnmn shows the one letter code of amino acids (AA)
the second column shows the average nuimher of long range alom conlacts
made by the residues which participate in Jong range interactions i not
members of stabilization centers (LRI), the third column bhelongs to residues

in stabilization centers (SC),



Linked structures

Composition

LRI
(20190 links)

SsC
(2702 links)

Helix  Sheet Turn Coil
Helix | 12.12% 33.00%
Sheet | 9.11% 17.02% 14.10%
Turn | 4.17%  341% 0.88% 12.43%
Coil | 13.33% 18.48% 7.23% 14.04 % 40.43%
Helix | 5.44% 13.27%
Sheet | 1.44% 48.08% 51.33%
Turn 1.50%  1.44% 0.56% 5.23%
Coil 5.92% 16.58% A.52%  14.47% 30.17%

Table V. The table shows the normalized (requency of the observed number

of links among the sccondary structural elements in the case of those long
range interactions which are not members of SCts (LRI} and in the case of
stabilization centers (SC). The right-hand column shows the distribution of
residues among the secondary structural elements.

T TR W UENELITTRUWT LT .



[ Units

Accuracy of prediction
on single | on multiple
seqitences | alignments
65% 68%
64%) A%
61% 68%
65% 67%
6h% 68%
65Y% 7%
6% 6H7%
LA H8%
Gh%% n8%
(55%_] 67%

Table VL The first colnmn shows the nmunber of applied hidden units

in the neural network. The

using only single sequence in

secotd column shows the prediction efliciencies
formation. In the thivd colnmn the best acheived

prediction eflicineios are shown asing nmltiple sequence aligniment,



‘Rapid evolution’ of the
amino acid composition of
proteins

While preparing a chapter entltled
‘Frequency of Amino Acids’ for the book
Proteins (Landolt-Bornstein New Series,
Vol. VII/2), we have noticed a rapid
evolution In the amine acld compositions
of the proteins which have been
sequenced In the past decade.

Table | shows the overall composition
of proteins derived from databases which
were avallable in 1978', 1984%, and 19867,
as well as the amino acld composition of
the so-called open-reading-frame (ORF)
proteins of the 1986 database*,

Protein sequences that are derived
from nucleic acid sequences have caused
maost of the systematic changes In
composition shown in Table I. The
applicabllity of this method does not
tepend on solubllity or other features of
the protein sequenced and thus new
classes of protelns have been added to
the data set.

A trivial change is the Increasing
amount of methionine coded by the start

*Baker, W. C., Hunt, L. C., George, D. G., Yeh, L. §.,
Chen, H. R., Blomquist, M. C., Seibel-Ross. E. I..
Elzanowski, A., Hong, M. K., Ferrick, D. A., Bair,
J. K., Chen, S. L. and Ledley, R. . {1986) Protein
Sequence Database, Release 11.0, December
1986 plus NEW.DAT file, National Biochemical
Foundatlon, Georgetown University Medical Center,
Washington DC, USA,

codon; N-terminal methionine belonging
to a signal peptide is missing in an
Isolated protein. The ratio of hydrophobic
and hydrophilic residues has increased,
apparently because membrane-hound
proteins, which cannot be sequenced as
proteins by traditional methods, have
heen added to the dalabase. There are
also significant shifts in the relative
abundances of some similar residues. For
example the Arg:Lys ratio rises from .60
(data of 1978) to (.86 (data of 1986). and it

is 1.17 for ORF proteins which s closer to
but still far from the ratio of the number
of different codans coding for Arg and
Lysi.ﬁ.

A significant consequence of the fact
that proteins appearing in the database
de not represent all proteins uniformly is
that structure-prediction methods based
on statistical analysis of protein, such as
the widely used Chou-Fasman method for
predicting secondary structures®, or our
methad for predicting domain boundaries

Table I. Amino acld composition (%) of proteins®

Amino
acid I ] n 1
A 8.3 8.11 1.75 7.28
c a1 2.28 2.14 1.77
D 5.5 5.13 5.16 407
E 5.7 5.97 6.06 4.87
F 38 383 3.97 4.63
G 89 1.57 7.35 6.18
H 2.4 2.38 2.36 2.34
I 41 4.98 507 6.14
K 7.0 6.25 5.97 4.85
L 7.5 8.76 9.08 10.93
M 1.6 2.25 2,27 2.99
N 4.0 4.29 4.23 4.49
P 5.5 5.10 5.28 5.76
Q 38 394 402 3.42
R 4.2 4.94 511 5.67
S 7.3 7.12 7.10 7.70
T 6.1 6.02 5.90 6.09
v 6.5 6.16 6.53 5.79
w 1.2 1.40 1.39 1.58
Y 3.4 3.29 3.74 345
®Derived from datahases which were available in 1978 {1), In January 1984 (1, and in December 1986
(11} and from ORF proteins appearing in the 1986 database (V) (see text).

@) 1990 Flsevirr Science Publishers Lid, (1%) 0376 - 5067/90/802.00
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of multidomain proteins’, or even the
very recently suggested prediction
methods based on structural motifs*?,
should be revised from time to time, or
different data should be used for various
sets of proteins. Unfortusnately,
classifications like water-soluble,
membrane-bound, etc., do not necessarily
lead to homogeneous groups from a
structural point of view.

It is evident that some protein families
are over-represented in the database
because large numbers of
phylogenetically related, homologous
proteins have been sequenced.
Unfortunately there are certain
disadvantages of the selection of the
database; some of these are discussed in

Rel. 1. The main difficulty, however, arises
from the under-representation of protein
sels about which we will only learn: alter
hew sequencing methods are developed.
[t is clear that the small set of proteins for
which three-dimensional structures are
known represents the naturally occurring
proteins even more poorly than does the
larger set of the sequenced proteins.
Therefore vne should be very cautious
when estimating the size of a data set
sufficient fur reliable structure
prediction®**
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Table: Amino acid composition of proteins derived from data
bases which were available in 1978 (I), in Jan. 1984 (II),
and in Dec. 1986 (III) and from ORF proteins appearing in

the 1986 data base (IV), in %.

Amino I 11 IXI IV
Acid

A 8.3 8§.11 7.75 7.28
C 3.1 2.28 2.14 1.77
D 5.5 5.13 5.16 4.07
E 5.7 5.97 6.06 4.87
F 3.8 3.83 3.97 4.63
G 8.9 7.57 7.35 6.18
H 2.4 2.38 2.36 2.34
I 1.1 4.98 5.07 6.14
K 7.0 6.25 5.97 4,85
L 7.5 8.76 9.08 10.93
M 1.6 2.25 2.27 2.99
N 4.0 4.29 4.23 4.49
P 5.5 5.10 5.28 5.76
Q 3.8 3.94 4.02 3.42
R 4.2 4,94 5.11 5.67
s 7.3 7.12 7.10 7.70
T 6.1 6.02 5.90 6.09
v 6.5 6.46 6.53 5.79
W 1.2 1.40 1.39 1.58
Y 3.4 3.29 3.74 3.45




PROTEINS: Structure, Function, and Genetics 27:360-366 {1997)

Interresidue Interactions in Protein Classes

‘Z. Gugolyn,' Zs. Dosztanyi,” and 1. Simon?*
Department of Physics, University of Veszprém, Veszprém, Hungary

5 : ; ;
Institute of Enzymology, Bivlogical Research Center. Hungarian Academy of Sciences Budapest, H
: . Hungary

ABSTRACT  The free energy difference be-
tween folded and unfolded state is about the
same for most proteins and it is not more than
the energy of a few noncovalent interactions.
In addition to the numerous noncovalent inter-
actions, some proteins contain one or more
disulfide bonds, which, as covalent crosslinks,
significantly stabilize their tertiary structure.
Correlation between the presence of disulfide
bond(s), and the number noncovalent interresi-
due interactions of various kinds is analyzed
here. The number of interactions per residue is
almost the same for all protein. Also the num-
ber of long-range interactions per residue is
the same in all proteins. Proteins with 55
bond(s) (extracellular proteins) have more me-
dium-range and fewer short-range interac-
tions than those without S—S bonds. However,
the difference is independent of the number of
these covalent crosslinks. We concluded that
the different distributions of the various kinds
of noncovalent interaction reflect the needs of
proteins in the different environments, the
extracellular and the intracellular ones, rather
than the presence of the disulfide bond(s). We
also pointed out that the observed differences
in the distributions of short- and medium-
range interactions are in good agreement with
different secondary structure compositions of
extracellular and intracellular proteins. Pro-
teins 27:360-366, 1997. © 1997 Wiley-Liss, Inc.



TABLE 1 List of proteins*

PDB number of protein number of number of interactions
name 88 bonds class' residues total short medium long
155¢ 0 IN 121 466 339 71 56
lacx 2 EX 108 404 210 101 93
lalc 4 EX 122 464 345 86 33
1bbpa 2 EX 173 670 381 176 113
leceS 1 IN B3 338 263 40 35
leca 0 EX 136 517 469 15 33
1tket 0 IN 107 432 246 6% 117
lfnr 0 IN 296 1179 756 138 285
lgplA 0 IN 184 701 470 83 148
lhdsB 0 IN 145 570 452 30 48
1lhip 9 IN 85 343 20% 45 53
lhoce 2 EX 74 293 153 62 7B
1lrad 0 IN 82 342 299 27 16
lpaz 0 PP 120 476 280 83 113
ipcy . 0 IN 99 382 207 69 106
1lphh 0 IN 394 1577 1063 213 301
irhp 3 E¥ 175 677 383 204 90
Irhd 0 IN 293 1128 769 109 250
1rnh 0 IN 148 593 383 83 127
1sn3 4 EX 65 268 155 65 48
lepkA 3 EX 88 308 194 56 55
lwsyB 0 IN 385 1630 1099 223 308
256bj 0 PP 106 422 369 27 26
2alp 3 EX 198 864 423 218 223

2azah 1 PP 129 515 250 72 153
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FIGURE 1 The total number of interactions as a function of the number of

residues for proteins with disulfide bonds (©), and without disulfide

bonds (+).



interactions per residues
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FIGURE2 The average of the number of interactions per residues as a
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(0) and without (+) disulfide bonds.
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FIGURE 3 The number of interactions per residues for proteins with
disulfide bonds as a function of the number of SS bonds per residues. The

horizontal line marks the average number of interactions per residue for
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TABLE 2 The average number of different kinds of interactions.”

proteins with S5 bonds disulfide free

intact *modified~?® proteins Al
total 3.92¢ 3.831 3.867 0.03¢6
short 2.353 2.371 2.689 0.318
medium 0.860 0.778 0.520 -0.258
long 0.708 0.683 0.658 -0.025

* The average number of the total, the short-, medium-, and long-range
interactions for residues in proteins with disulfide bonds for the
intact polypeptide chain, after the removal of all half cystine centered

heptapeptides and in disultide free proteins.

' The difference between the average number of interactions for

disulfide free proteins and for broteins with disulfide bonds after Lhe

removal of all half cystine centered heptapeptides.

§ modified” means parts of proteins left after the removal of all half

cystine centered heptapeptides.
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TABLE 3 The number and percentage of residues in different secondary

structures for the studied extra- and intraccllular proteins .*

all proteins extracellular proteins intracellular proteins
h: 3955 28.63% h: 1025 21.29% h: 2930 32.56%
b: 2941 21.29% b: 1328 27.59% b: 1613 17.93%
t: 1717 12.43% t: 626 13.00% t: 1091 12.12%
c: 5199 37.64% c: 1835 3B.12% C: 3364 37.39%

* h: helices, b: sheet, t: turn, c: coll.
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Conformational energy terms

Coulomb term:
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Figure 1. An energy contour surface for the function x2 + 5y2. Each contour represents an inerease of two

arbitrary energy units.
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Figure 2. An encrgy surface for equation | with the gradient from the initial point a (xg,ys} defining the line
search direction. Note that the gradient does not point directly to the minimum. Compare this representation to
that of Fig. 3, where the line (b—a-c—d) is searched in one dimension for the minimum. Note that the mininism
{point c) occurs precisely at the point where the gradient is tangent to the energy contours, thus implying that the
subsequent gradient wilt be orthogonal to the previous gradient.

Figure 3. The cross section of the energy surface defined by the intersection of the gradient in Fig. 2 with the
energy surface. The independent variable, a. is a one-dimensional parameter that is adjusted to minimize the
value of the function E{x'.y'}, where 1" and v’ are parameterized in terms of a in equation 2. The point a
corresponds to the initial point {when a is (1, and point ¢ is the local one-dimensional minimum. Points b and d
along with a bound the minimum and form the basis for an ferative search tor the minimum.
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Figure 4. Minimization path following a steepest descent path using complete line searches starting from: point a
and converging on the minimum in about 12 iterations. In this case, where a rigorous line search is carried out,
approximately cight function evaluations were needed for each line search using a quadratic interpolativan
scheme. Note how steepest descenls consistently overshoots the best path 1o the minimum, resulting in an
inefficient oscillating trajectory.
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Figure 5. Minimization path following 4 steepest descent path with nro line scarches starting from point a and
converging on the minimun in about 12 iterations. Although the number of iterations is comparable (v a steepest
descent path wilh line searches (Fig. 4), the total minimization was five times laster since, on the average, each
iteration used only 1.3 functiun evaluations. In most applications to biological systems, the function evaluation

is the most lime-consuming portion of the catculation.
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Figure 6. Minimization path following a conjugate gradicnts path with line searches starting from point a and
converging on the minimum in two iterations. The total number of function evaluations needed was approx-
imately half those needed Tor steepest descents without line scarches and only 10% compared (o sicepest
descents with line searches. As in steepest descents, successive line searches result in a set of mutwally
orthogonat gradients. Unlike sicepest descents, however, successive directions are not orthogonai but rathes
conjugate. Constraining the second direction to be conjugate to the first results in a vector that passes through the
minimum. The two directions used are thus a complete set of mutually conjugate directions tor this two-
dimensional system. Conjugate gradients will converge in N iterations for a hanmonic system (where N s the
dimensionaiity of the systent) if the line scarch is exact. Anharmonic systems may require several passes of M
steps each.



Figure 7. The number of nonbonded pairwise interac-
tions (in mitlions) expected for a 5000-atom system as a
function of a cutoff distance. The time required to eval-
uate the total energy of this system is approximately

6 8 i 12 14 rcre

NON BOND INTEAACTIONS {Millions)

proportional to the number of nonbonded interactions. CUT OFF DISTANCE {Angstroms)
-30
- van dor Waals
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Figure 8. The van der Waals energy for the hexapeptide crystal [Ala-Pro-p-Phe]; asa function of energy cutoff
distance. Note that the van der Waals energy does not converge until ~20 A.
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Figure 11, amics trajec i inni
enf_,gy (kine:?cd)l.'::mlcs lrl.‘ueuur.y fur_ a particle pcgnnlllng al rest at puint a and continuing with constant total
Plus potential) until point d. On this elliptic encrgy surface, minimization from any of the points

a, b, c, or d, will co T i ini

s;m'.)kd duri.ng N e m.’erg‘; to the same point. Thus, minima can be used to characterize many nearby points
ynamics. In molecules in which there ;

: ‘ : . ere are many more degrees of freedom, periodic minimi

tion durtng a dynamic calculation wil) result in relati o e dynami

vely fewer (compared to the numbe i i
' . r of discrete dynam
structures) structures for use in detailed structural and energetic studies, e
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Reprinted from MACROMOLECULES, Vol. 11, Page 797, July-August 1978 .
Copyright © 1978 by the American Chemical Society and reprinted by permission of the copyright owner

Conformational Energy Calculations of the Effects of
Sequence Variations on the Conformations of Two
Tetrapeptides!

Istvan Simon,? George Némethy, and Harold A. Scheraga*

Department of Chemistry, Cornell University, Ithaca, New York 14853,
Received December 8, 1977

A

ABSTRACT: Conformational energy calculations were carried out on the two terminally blocked tetrapeptides N-
acetyl-Thr-Asp-Gly-Lys-N'-methylamide and N-acetyl-Ala-Asp-Gly-Lys-N’-methylamide. The first peptide is a
sequence variant of tetrapeptides studied earlier in this laboratory. The second peptide occurs in a bend at residues
94-97 in staphylococcal nuclease. A selection strategy is described which helps to accelerate the search of starting
conformations used for energy minimization. The strategy involves exhaustive searches for conformations of frag-
ments of the molecule which are stabilized by specific interactions and subsequent combination of fragments, priot
to minimization. Several groups of low-energy conformations were found. They are compactly folded structures, but
they differ from the “standard” chain reversals. One group, which is of low energy in both peptides, is stabilized by
Asp--Asp and Asp--Lys backbone-side chain hydrogen bonds. Another group, of low energy in the Thr-containing
peptides, is stabilized by a network of hydrogen bonds involving polar atoms of both backbone and side chains of the
Thr, Asp, and Lys residues. The conformation corresponding Lo the sequence fragment in staphylococcal nuclease
has relatively high energy, indicating that the bend observed in the protein is stabilized by interactions involving
parts of the protein outside the tetrapeptide sequence.




Lowest energy structure of Thr-Asp-Gly-Lys
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Calculation of protein conformation as an assembly ef stable
overlapping segments: Application to bovine pancreatic
trypsin inhibitor

{conformational energy calculations /short-range interactions /build-up procedure/“conformon')

ISTVAN SIMON*, LEsLIE GLASSERT, AND HAROLD A. ScHiracal
Baker Laboratory of Chemistry, Corncll University, lthaca, NY 14853-1301

ABSTRACT Conformations of bovine pancreatic trypsin
inhibitor were calculated by assuming that the final structure
as well as properly choscen overlapping segments thercof are
simultaneously in low-energy (not necessarily the lowest-
energy) conformational states. Therefore, the whole chain can
be built up from building blocks whose conformations are
determined primarily by short-range interactions. Qur earlier
buildup procedure was modified by taking account of a statis-
tical analysis of known amino acid scquences that indicates that
there is nonrandom pairing of amino acid residues in short
segments along the chain, and by carrying out cnergy mini-
mization on only these segments and on the whole chain
{without minimizing the encrgics of intermediate-size scgments
(20-30 residues long)]. Results of this statistical analysis were
used to determine the variable sizcs of the overlapping oligo-
peptide building blocks usced in the calculations; these varied
from tripeptides to octapeptides, depending on the amino acid
sequence. Successive stages of approximations were used to
combine the low-energy conformations of these building blocks
in order to keep the number of variables in the computations
to a manageable size. The calculations led to a limited number
of conformations of the protein (only two different groups, with
very similar structure within each group), most residues of
which were in the same conformational state as in the native
structure.
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F1G. 2. Sterco drawing of all nonhydrogen atams of basic pancreatic trypsin inhibi-
tor. The main chain is shown with heavy lines and side chains with thin lines.
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Calculation of protein conformation as an assambly
of stable overlapping segments (8)
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