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Replica Exchange Molecular Dynamics Simulations on the Folding of
Trpzip4 B—Hairpin
Liao, Chenyi Zhou, Jian*

(School of Chemistry and Chemical Engineering, Guangdong Provincial Key Lab for Green Chemical Product Technology,
South China University of Technology, Guangzhou 510640)

Abstract B-Hairpin is an essential secondary structure unit of protein. Understanding the formation mechanism of the 3
hairpin and kinetic stability helps to gain insight into the formation of protein secondary structure as well as the mechanism
of protein folding. Replica exchange molecular dynamics (REMD) approach is applied to investigate the folding mechanism
of Trpzip4 B-hairpin. The REMD method is more efficient than conventional MD in searching for a representative set of the
low energy minima in the existence of a large energy gap between the native state and any of the other possible state. The
potential energy, backbone RMSD and solvent-accessible surface area (SASA) present descending trends in the process of
REMD at 288 K. Methyl groups (most in threonines) show hydrophobic interactions with SASA decrements. The hydropho-
bic interactions and intra hydrogen bond forming drive the folding and maintain the low energy structure. Two low energy
structures, B-hairpin and helix-coil conformation, are sampled by REMD. In B-hairpin structure, the hydroxyl group (OH) of
Thr49 at f turn is accessible to form hydrogen bonds with carboxyl group (COO ) or C=0 group of Asp46; while the hy-
droxyl group (OH) of Thr51 is inclined to interact with water molecule with methyl orienting inwards. As a result, the strong
interactions between Asp46 and Thr49 cause a bend at  turn. In helix-coil conformation, hydrophobic interactions play be-
tween indole ring and methyl group. One of the zip-in paths of Trpzip4 indicates that, the forming of hydrogen bonds at 8
turn affects the whole folding process of § hairpin. The forming of hydrogen bonds at § turn takes place first, since it has
advantages of distance and strong interactions in both side chains and backbone. Total solvent-accessible surface area de-
creases significantly as it folds to the B hairpin structure. REMD method could sample large phase space for the low energy
minima, and present scenarios of potential energy distribution on phase space with related variables as hydrophobic SASA,
backbone RMSD, and hydrogen bonds for specific conformation. This work sheds some lights on the understanding of 8
hairpin folding.
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KA AE 2 ANTR] g 7K 3 1R 5 7K AR FH 0 B AT A 4
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IMTBRAKAE S S5 A 0] 22 IR KA G )5 i L R A 25 T
M. IERAIR Trpzipd FRIEEMIEE. SUBERGKIER
o JCARFAE 45 R RN R 58 P (%) DT R R 0% B8 4 M 21 A HL 47 B
HUk, Aoy ftg 5.

Lys50 Thr51 Trp52 Thr53 Trp54 Thr55 Glu56

Thr49

g ]
~

Ala48 Lﬂ\/ﬁ :
1

Bl 1 Trpzip4 475 B (R L RAR )
Figure 1  Structure of Trpzip4 (native hydrogen bonds are in dash lines)
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Thr49 Thr51 Thr53 Thrs5 /

Asp46  Thr44  Glu42

B2 (2)p &t 3 AEERREAEEREI)MEAMT (D) B K
R 8 5 (Trp) 1 45 2 I (Thr)

Figure 2 (a) Three main groups of native hydrogen bonds of B-hairpin
(backbone presentation) and a bend at B turn and (b) the distribution of
tryptophan (Trp) and threonine (Thr)
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Figure 3 Potential energy distributions at 48 temperatures replicas
ranging from 288~388.4 K
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Figure 5 Trpzip4 backbone root mean square deviation (RMSD) com-
pared with origin structure at 288 K

(a) MD process of origin hairpin structure; (b) replica exchange molecular
dynamics (REMD) process of unfolded Trpzip4; (c) conventional MD process
of unfolded Trpzip4

Bl 6 REMD Fil MD J57A75 81 1R 2 3 50 5l AR S5 A4 B o) B
Figure 6 Superposition of peptide with PDB structure by REMD and
MD methods, respectively

(a) low-energy structure by REMD with RMSD=0.1 nm; (b) Final state by
conventional MD with RMSD=0.2 nm
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Figure 7 Ramachandran plots comparison with origin hairpin structure
by REMD (a) and MD (b) methods, respectively
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Figure 8 Time series of peptide potential energies by different methods
at 288 K

(a) MD process of origin hairpin structure; (b) REMD process of unfolded
Trpzip4; (c) conventional MD process of unfolded Trpzip4
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Figure 10 Fraction of native contacts contour map distribution on phase
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threonine hydrophobic SASA
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Figure 11 Peptide potential energy distribution on phase space with
related variables as hydrophobic SASA and backbone RMSD
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variables as hydrophobic SASA and number of hydrogen bonds
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Figure 13 Peptide potential energy contour landscape with related
variables as number of hydrogen bonds and backbone RMSD

34 HAESH

MEE R I, Trpzipd IR GAE L f1 40 T Be— AT ]
IERE, T Aspd6 JF¥A 5 ThrS1 AE I — % A k.
TAFE B SR B R R 45 50 ns MD IR, B T Aspd6
L% ff Thrd9, Lys50, Thr51 & BB T S8 (& 14).
JRSE RIS S 2 E U, Asp46 55 Thrd9 JE 1 2 A2 1)
MERIR, 5 Thrs1 [FIRZ, 5 Lys50 JE R S %
/D, w2 1A RN T S AT R MD (1)
HMEEIATE, BIGMANTRESN Trpzipd £ EAE
Aspd6 Lj ThrS1 JEREHE, X445 HAE UEZ: Aspd6
55 Thr49 JE R BRI SE ). IR 458916 MD &5
A5 REMD 142145 RAEX L. B 15 %) REMD fE
288 K NS FIT Asp46 5 %% Thr49, Lys50, Thr51 ¥
A G AR . FEihE] Aspd6 5 Thrd9, Lyss0,
Thr51 #34 A RETE AR, JEh Y Thrd9 B R B Ak
R K, HA BE1~24 210, X5 R 458 MD 1532 1)

Acta Chim. Sinica 2013, 71, 593—601

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Sh 3 Rl Aspd6 S5 Thrd9 JE i S B 1) -
M, B4 Thrd9 [f¥3E(OH)YMIM 155 Aspd6 [fIFR M
(COO)E L4 L1 C=0 JEAME, LT Asps6 L
Thrd9 [KIAHEAE T, SECEE 125 IR, Thrs1 i
) S KA T, FEmAp, Kk Aspde (IIEESE

|

B 14 JRkFREH 50 ns MD T2, B ST Aspd6 5 Thrd9,
Lys50, ThrS1 /&St 4eit

Figure 14 Counts of hydrogen bonds forming between Asp46 and
Thr49, Lys50, Thr51 near B turn in 50 ns MD process of origin hairpin
structure
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Figure 15 Counts of hydrogen bonds forming between Asp46 and
Thr49, Lys50, Thr51 near B turn at 288 K

Snapshot of hydrogen bonds forming between Asp46 and Thr49 is on upper
right
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