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Figure 1. Ry trajectories of three representative pep-
tides (a) o-helix forming biased peptide (Pa-a05.46),
(b) B-sheet forming biased (PB-b29_13), and (c) Non-
biased (P0-018_44), which have the sequences : QMLL-
GKAYKLHCDKQL, VFYVEIWWYCTFFYQW, and
GGVGAFNMFYIQILKL, respectively.
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Table 1. Some properties of hexadecapeptides obtained
after ns-MD simulation

Categories ~ MeanRy  o-helix ~ B-sheet  20%stickiness’

(10%pm)  content  content  /molecule

a-biased 8.05 33.1 0.29 10.4 (1.87)
(0.23)

B-biased 8.07 29.1 0.46 8.31 (1.76)
0.17)

Non-biased ~ 7.81 28.4 0.36 11.9 (2.26)
(0.21)

* The number of atomic pairs having 20%-stickiness
per molecule (see Ref.[7]).
t Standard deviations are shown in parentheses.
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Figure 2. Triangle map representation of 20%-stickiness
of a peptide. The C,, atoms (iA) and the mass center of
the side chain (iS) are aligned on the top and at the side in
a numerical order to provide the %stickiness result (sum-
mation over 50 different simulations) at the intersect for
the relevant atomic pairs, which is effectively monitoring
NH- - -C=0 pairs. The higher the number at the cross is,
the more the %stickinessis. The peptides shown here are
(A) o-helix forming biased (Pai-a02), (B) B-sheet biased
(PB-b23), (C) non-biased (P0-024), and (D) the highest
a-helix content monitored by shapshot analysis.
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Table 2. %stickiness pairs appearing on the whole or on
the off-diagonal line of the triangle map.

Categories Whole Off-diagonal line
Total”  Averagel Average® Average’
20%0c over threshold
o-biased 18137 518.2 112.5(30.1) 80.2 (34.0)
B-biased 14546 4156 94.6 (29.6)  52.6 (32.2)
Non-biased 17914 597.1 99.1(21.5) 53.8(26.8)

* The summation was taken over all the different peptides of non-biased
(30 species), o-helix biased (35), and B-sheet biased (35).

T (the number of %stickiness atomic pairs on the triangle map) /
(the number of molecules).

¥ (the number of %stickiness atomic pairs on the off-diagonal line) /
(the number of molecules).

T The number of %stickiness pairs which is larger than or equal to the
threshold value was subjected to the average calculation
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Figure 3. Correlations between 20%-stickiness and Ry
of each category of hexadecapeptides. The symbols, ¢,
0,4, represent a-helix forming biased, B-sheet forming
biased, and non-biased, respectively. The number of each
symbol per block was counted to obtain the probability.

Table 3. Probability matrix of secondary structure formation obtained by MD simulation.
Rg-interval 15* 16 17 18

Stickiness 7.0~7.5 7.5~8.0 8.0~8.5 8.5~9.0

3t 4.0~6.0 0.0 0 1 0] 0.01 0 1 0] 001 1 0 O

4 6.0~8.0 004 1 2 1] 012 0 12 0| 001 1 0 O

5 8.0~10.0 [ 001 0o 0 1009 1 4 4] 021 12 1/ oo1 1 0 o

6 10.0~12.0 016 5 4 7| 0.09 3 4

7 12.0~14.0 014 8 0 6] 003 2 0

8 14.0~16.0 [ 001 0 0 1/ 004 0 0 4 - -

9 16.0~18.0 001 0 0 1

“ The serial number for Ry-Interval. T The serial number for %stickiness Interval. * Figures within a section
represent the ratio of the number of points within a section, the total number of points, and the number of points
belonging to a-helix-biased, B-sheet-biased, and non-biased actually found.
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Stochastic Prediction of Peptide Secondary Structure Based on
Molecular Dynamics Simulation Performed for Nano-second—
Effectiveness of the % stickiness Approach Represented by
Triangle Map Mode,

Shinichi MURAYAMA, Chuya YOSHIDA, Takashi AOYAMA, Satoshi URATA
and Koichi NISHIGAKI*

Department of Functional Materials Science, Saitama University
255 Shimo-okubo, Sakura-ku, Saitama, Saitama 338-8570, Japan
*e-mail: koichi @fms.saitama-u.ac.jp

Nano-second (ns) MD simulations of peptides, which are known to be insufficient to obtain stable struc-
tures, were confirmed to provide faint secondary structure (especially, c-helix) images through a novel ap-
proach termed triangle map representation of %stickiness (TMR-%ac). %stickiness is a measure formerly
introduced to describe dynamic conformation changes of biopolymers. In TMR-%g representation, the o-
helix forming propensity of a peptide was expressed as an off-diagonal dotted line, indicating c-helix intrinsic
interactions. The coordinate information derived from %o and radius of gyration (Rg) of a peptide calculated
from ns-MD results could be converted to a probability matrix of secondary peptide structure formation.

Keywords: ns-MD, Chou-Fasman parameter, a-helix, %stickiness, Triangle map representation, Secondary

structure prediction
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Appendix
Table Al. O OD0O0OOO0OODOOO0OOOOOOOO

cooooobOobOOoOoOoo pOO00O0OoOoO0OoOooO gooogd

Code Sequence Code Sequence Code Sequence

Po-a0l EKEQQCCLDHKLMCEL PB-b01 YIIVYYYYVFWYIYHT P0-001 IYAFCGRRARAVGIDK
Po-a02 CELCMMMKLKALLMLK P(B-b02 WVTRIFTVIWIIFWWF PO0-002 AGVGLALRNACFIVTT
Po-a03 CMHEQDEHQMCHHAKE PB-b03  VWVWWVIWIWAVTFWF P0-003 ERNKMLLMETNKGNII
Po-a04 KHKQLQCHLHGCLAHH PB-b04 WVIWYIIYFTWTIMVY P0-004 LGKGAIRFVLTETLRR
Po-a05 QMLLGKAYKLHCDKQL P(B-b05 GIFYFDIVITWWWVYW PO0-005 LRSNRVDVERSIVDGT
Po-a06 ECYQLEIEKCECQOMM PfB-b06 YIITSIIYFVIFTYFG PO0-006 RSSTRNNFMINDNGKL
Po-a07 KQKLSHCACHQCSMQA PB-b07 TVEFWTVIWVWWTFFVT P0-007 MANSGGLRLISEIFAR
Po-a08 HHGCEKQHQEEHQCAA PfB-b08 WAVYWFFVHVWCGVWV P0-008 ANLHSGYETNNQGDNL
Po-a09 AMLOQHHHTLLLCLCLH P(B-b09 VFVYWVYYVWTIVYIV PO0-009 ASKIKVAIECAMEGMF
Po-al0 QCMHECEAKQQHMKAE P(B-bl10 IETVYWWIFVIWYVTE PO0-010 LTTFLKWDIRGLENNL
Po-all LHHMCKMKHKLACEED Pf-bll FFWYVWFYHFFVYYVW P0-011 RDCNSGFRKWTDIRNN
Po-al2 KGEKQKCWEAMMELLL P(B-b12 VTTTIFWFYYVWIYVT PO0-012 RMNNELDQIKRSTYYL
Po-al3 KALECMQQEKSIMCAE Pf-b13 WSVIVTTTTTFFFVFI P0-013 QYGGDRMDDWKDKELL
Po-al4 LQEEALLQYEMELKGQ PB-bl4 ITFTVYFFVWFITIVI P0-014 GYWTIDRRLTMTYRNLI
Po-al5 HMMEFMMCLECEAACK Pf-bl5 VYNYTTTVFWYIFTVY PO0-015 SACELKMRSILKVEKT
Po-al6 EEMCLGMQMHHKYQAH PB-bl6 STFVFWVVIIRVWITC P0-016 NRITKNVCDSDAAGCA
Po-al7 KMQHCQELQOMEHLLK PB-bl7 VTFVYIFFWVFIQTKW P0-017 TMKRRTQENVRFIENS
Po-al8 LEHHKMKHCWDMKKAH P(-b18 FVWTIFVWFTIWFFVYT PO0-018 GGVGAFNMFYIQILKL
Po-al9 TLCQAELAESCQQLHE PB-b19 YYYFYYVWVIVWCFII P0-019 WDNTLLGCIHFSCVQK
Po-a20 HHEKQAKHKEQQHKYQ PfB-b20 FWYVYWIFETIVYWVT PO0-020 RNIEDCMGQGADRDNL
Po-a2l EHMKADMKLKFHMLMI  PfB-b21 WIYVIFITISTCICTW P0-021 LGKDRFLAVEVLHVTI
Po-a22 HKHDELKAMHAHLALM P(B-b22 WGTIYFCVVVWFWCFV P0-022 LRTERILCTFRFKGAG
Po-a23 LDAHAEEKWAHLMMMI  P(B-b23 YSFVIIYWLYIIIYVF P0-023 LKASSDYREAVLDFRT
Po-a24 WMWLHKELMAAEKMDE P(-b24 IFYYWTIWNTVVYTFWW PO0-024 GRGFEYQNTGSRVRYY
Po-a25 MEKKELLMHHCDLELK PB-b25 VCWWIVFVVGCFCIVW P0-025 KVNGNREDGFRRTYDK
Po-a26 HAEADDKALHDALDAK PfB-b26 CIFCIYFYVFCSGCSC P0-026 MEKVCAVMLILFLLLC
Po-a27 AKHKMELKHLLELADH P(-b27 CGYFTWVYTWNWTITII PO0-027 MFKQDFACSMKGSVVC
Po-a28 EMHKAMMAAEVHLHAE P(B-b28 TCCWWHVITCVCVCIC P0-028 RNTVRGINRLHKTKVF
Po-a29 MLAKKEDEDMHMKLTA PB-b29 VFYVEIWWYCTFFYQW P0-029 AADIDSGLDYDRATNN
Po-a30 EDEADDADHDAEDDLA P(B-b30 YIWFTYVWVVIYCFTY P0-030 VTHEGFVIKLNRACRE
Po-a3l CAMQAVKEMIKQFDAQ PfB-b31 YMYYMWIQCIVTYTCV

Po-a32 WVWLCTTQLMKQVDGL  PB-b32 MIMTYLMWVIWWMLMI

Po-a33 CFQARMMHIEALMMMV  P(B-b33 LLWLLCVWMWLCWVCY

Po-a34 WKKHELLHWIKHFHHK P(B-b34 LFVWYFMVLTTTVIEC

Po-a35 QKWMWMKHSWLFMMFQ PB-b35 AWWWCMICWAYSVCMW
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