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2.1 EEREFTEMOEEIFEAE

MR B B8 P (www - resb . org) LR 60 Fb
BRIEE O R4S W BE, E 14 3 & 1BB3, 1BVW,
1CN4-A, 1DAF, 1 BEF, 1BCD, 1DE8, 1BCZ, 1EOR-B,
{DZ4-A, 1ASC-A, 1E6K, 1QLH-A, H8D-H; 1ADD,
1AFO-A, 8ADH, 2TS1, 3PGK, 4PFK, 3CHY, 5PTP,
2CNA, 5CPA, 4CLA, SRXN, 2RHE, 5P21, 2CDV,
2S0D-B, 5FD1, 2SNS, 9PAP, 8TLN-D, 3PGK, 2TAA,
4DFR, 1GOB, SCPV, 2GCH, 8CAT-A, 4ENL, 2PGD,
2AAA, 1GLA-G, 6XIA, SABP, 4TLN, 3LDH, 3APP,
2LIV, 2ER7-E, 4BLM-A, 3CNA, 2SBT, 2DR1, 2ACT,

1BKS, 1CA2, 1COL. 20 4 B B2 [ o] LAY AR o

x 20 x 20(200) # AR AR L /E HEE. B 1 P (X5
U T E F B Ser, Asn, Gln, Asp, Glu, Arg, Lys,Pro Z
] B9 A E A R R B H EAE R D B
B Cys, Met, Phe, lle, Leu, Val, Trp, Tyr ¥F b Bi K
(H)Z A, & 28 Ala, Gly, Thr, His 25 T EHi (N)
FIE 3 M Ser, Asn, Gln, Asp, Gln, Arg, Lys, Pro 4 3%
K(P)RHE X1 FHET HUINPZREHHL
(R ERZ EHEEHENTFHE) . R
HEETARLERNEERIRMILE, XEH
JLE RN 60 FEA RS IHERIA. KM H—
HZ R HEERGER /N, R -5.57RT, M P—
PZEIMHEERARR K, H - 1.37RT. { I N—
NZAERNEERETEBIEANILER
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FAEEERE A LE LEEH Gln, Ala #
Gly HER A JLE LB K, 1 Trp, Met A1 Cys HEL
JUEE/ RNTAHT 3 XZER(H.N.PHT
IR BAKEASAMATEERX
(44.49% ) .
2.2 HNP R R#EH

Had R, TUBRAERRES TH
Hamiltonian BE & K" "

H = - ZESI-SJS("#’I)

(S¢ij = H,N,P) (5)
iXE E, .= —5.5ORT,E, . = —3.68RT, Ey.p =
-3.0/7RT,E = -2.23RT, E,_, = - 1.78RT,

Epp=-L37RT, r, REAERS AR Z E K E
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Fig. 1 Contact erengy of Hydrophilic-Hydrephilic
{P—P) in RT units
The average value is shown by line (—).

Table 1 Contact energy and percentage of contact pairs in protein sample

Contact energy in

Contact type RT units Percentage of contact pairs &y
H—H -5.57 20.5
H—N -3.68 21.2
H—P -3.07 27.0
N—N -2.23 6.90
N—P -1.78 14.2
P—P -1.37 10.1

" H:Hydrophobic; N:Neutral; P:Hydrophilic

Table 2  Distributions of amino acid residues in real proteins from the

present analyses
Amino seid  Percentage( % ) Amino acid  Total percentage{ % )
Cys 1.68
Met 1.55
Phe 3.60
Ile 5.61
Hydrophobic{ H) 3,93
Leu 7.40
Val 6.50
Tep 1.53
Tyr 3.06
Ala 8.89
Gly .26 Neutral{ ¥) 2436
Thr 4.94
His 2.7
Ser 6.27
Gln 8.9
Asn 4.03
Glu 5.27 Hydrophilic{ H) 44 .49
Asp 6.03
Arg 3.7
Lys 6.13
Pro 4.13

BEEMHAE ST EREITETERMA =78 n =
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Fig. 2 Probability (Pp,) of {5 contact in all contacts

versus chain length n using 2-dimensional lattice model
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Fig. 3 Prohability ( Py, } of £y amine acid {H, or N,
or P) in protein molecule versus chain length n using 2-

dimensional lattice model

2.3 EARSTHRELR
FHES TR EREES FWMA AL T

Fig. 4 A conformation of native state of proteins in HNP lattice
model
Here (@), (O) and ( Q) represents H, N and P residues,

respectively .

—BRETEHIL TERERE FFA/GHE R
MESHIRE AMHEHRITEIR#TTE
WO, BRTERIFENEBEEARR XERR
T B %] % HHNHNPNHPPHPNPPHPHPPHHPHNH
(BEKABIWNEARSF EWELEY. A
Metropolis 7 H: A ZMREBH AR ()R E . KK
25t 2 x 10° MCS LAJS , BESE R B 78, X B 1 MCS
EABIEEBIFHREH—K . EE 4 F4 1
THSBHHR, LEEE N - 64.89RT. A HNP
BRE - HEERINEREMNRES . EX
BERRODTEFAEMTEEMHETERERS
6 M EUE, ILEEH HPERIG K 2 A BEE L,
XA AR R A BT, i E Ak
RR—HWEE - MEEREEX MRS SRR
ABE MATMEFEFRENRINKTHEOR
STHEREHNERATEIR . d TELEARE
T REA =R EH, HIb 5T =% 4 HNP B R
EHEX AREXERXANES2ITEE, MEEE
KEMNEAR>F,.-HBHRSTHAEENH
REAKT _AWEBELES T, FERTHERT,
AREHEEHEEA» TREFEFER. AU
EMR=HEHUNP BRI EARS FHRHER
MrBREREREFOHE IR, XMTHEE
ERZS.
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A HNP LATTICE MODEL OF PROTEINS

WANG Xianghong' , ZHANG Linxi', ZHAO Delu’
¢! Department of Physics, Zhejiang University, Hangshou ~310027)
(? Center of Molecular Science , Institue of Chemistry, Chinese Academy of Sciences . Beiiing  100080)

Abstract Effective interresidue contact energies for proteins in solutions are estimated from the number of residue-
residue contacts observed in crystal structures of globular proteins ( http://www. rcsb. org/) by means of the
Miyazawa-Jerniganm (MJ) interaction matrix.It is found-that residues can be classified into three groups according
to the contact- energies: hydrophobic residues (H), neutral residues (N), and hydrophilic residues (P). Here we
develop a modified HP lattice model, i . e.a HNP latiice model. In this model, the contact Hamiltonian is simply

writlen as

H

- ZES.‘%B(T“’I) {5, = H,or N,or P) (4)
Where E = -5.59RT,E; = - 3.618RT, Ey o= -3.07/RT,E. = -2.23RT,E._,= -1.78RT,E, ,
= - 1.37RT ,and r, is the distance between residues i and j. We first calculate the conformational properties of the
native states of short protein chains using 2-dimensional HNP lattice model and enumeration calculation method . The
distributions of various types of residue-residue contacts and three types of residues of the native states are
discussed . We also investigate the folding of the protein with a sequence of HHNHNPNHPPHPNPPHPHPPHHPHNH
using the modified HP lattice model . Here the sequence is selected at random. The folded conformation is obtained in
square lattice, and the folding energy is — 64.89RT". Our calculation shows that the HNP lattice model may be more
reasonable for simulation of the folding behavior of real proteins.

Key words Amino acid, Interaction energy, HNP lattice model, Conformation, Folding



