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Abstract ; Sampling is defined as searching the conformational space for the status with the minimum free energy in
protein structure prediction. In this paper, the Hybrid Monte Carlo( HMC) method from deep learning algorithms is
introduced to better sample the conformational space of protein structures with 100, 200, or even more residues
according to the probability distributions, while traditional sampling methods succeed in cases that proteins usually
have less residues by assigning each value of free degrees directly. But they often fail the situation in which proteins
have more than 100 residues, because of the large conformational space. In addition, residue distance constrains
are added to the sampling algorithm to optimize a maximum 75 percent (40 percent on average) of residue pairs in
each structure compare with ab initio in Rosetta.
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Table 1 The parameters of sampling

Eied HfH E15:-3'
initial_stepsize 0.000 001 0 LGRS N
stepsize_dec 0.980 000 0 RN LB
stepsize_min 0.000 000 1 52T AN
stepsize_max 0.000 015 0 BREPK
stepsize_inc 1.020 000 0 AR
n_steps 20.000 000 0 L3H73/€4'
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(3) X}F ab initio 53| ) decoys , FEHU A 5R I
BRI = 4R AR R A B — T ECH 300, S1ECH
FEFICRE x 12 % A 1

(4) B8 B FE R A2 HMC Y #7720k
IR ACRAE , I ) IR AR B4

Z T LAE ] Rosetta -5 HlEf A S, WM T
YE R EELE B, Rosetta Y ab initio Bt &—F AT HE
BIATRIRAE A SO X AR 1Y decoys 1R WA,
Zoad i B ES AR HMC SR SR IG LB i decoys
IR 295, 4301 HMC SRFE IR

(10)

S — S T 16 SR, ARG 300 4
decoys 1E R RAERI A, BEASZHIRAE 1 001 K, H
B 1 000 YRAE S HMC ) burn-in BB, 55, 1%
W B G — IR R . W LGSR AE Z T Y input-decoys
FIERFE Z JE 12 2] 1Y output-decoys , 735 %F 44> decoys
ARG EE B/ T 8A (M FR L% I A B T 58
IR, AR e 3R an A =0 (12) s

RAEHTRT 84
G AR AN 2 PR Hoh g — 3 2 I i 2R A
f PDB D, — | =Pig 7355k B RN 29 X 915K,
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K2 REFEE/NT 8 A HEKEXAHT L6

Table 2 Proportion changes of quantities of residue

(12)

pairs within 8 A after sampling

BREAL TR A B (%)

PDB ID
(™ (™ R M 1%TY Py
fp— 101 127 22.83 21.78 6.18
p— 101 122 31.15 28.69 6.32
AEFY 101 123 30.89 24.93 5.77
HIKN 104 131 44.27 34.35 6.28
"y 104 136 56.62 45.35 7.09
3IVs 104 132 71.79 51.01 7.84
3IV6 104 135 75.56 66.42 8.07
14U 175 205 34.15 33.50 8.49
\HH4 175 227 40.97 35.53 8.23
2GON 175 219 48.40 45.05  11.05
SWKP 175 226 55.75 49.11 9.37
\ZH1 195 160 18.12 16.46 2.52
ATU4 195 139 16.55 15.59 2.41
AN 195 152 13.16 11.84 2.34
AKUD 195 150 20.67 19.78 4.52
AKUL 195 143 13.99 13.52 2.15

MR 2 HRTLUE N TE A SR SRR Y
300 4~ decoys HL,/NTF 8A AYFRILXTAHBCH T W B A
W, gl 3Ive B K — MUZ A 75.56%
4% 6 0 R B 22 ) 25 ) KB B s /1 8A L P
3JVe WY RIRZ My, — A 104 3R 3, K IR 5 %
HXFNECHR. 1 +2+3+--+79+80=3240 ,
w25 )RR G B B /N T 8A E’Jﬁ 132 4>, Ak K
BY—> decoy , FERFER i FEH, 31X 132 AN ERFEEXT HE
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8A FFRILXT A BE B /N T 8A L IXREAY B SUAE Tl I
S T8 T L P 5 2 SR A R o AR A5 A2 I B 2 R
i —k SR A G U LA A 42 X R — 25
() = G A5 F4 T AT AR K S

TN, 2 2 RARPEFRFLBON D 2 £ 15 HES )
(1), 38 S IS E A 1 ] LA | 3R FLEO RAE AR 1)
FEMARD AR ILEE A 1 Z ) HOR AR SR T A —
SEH I TWWV IWWW 25 177 5% LR 22 1 22 491
HORME B R — 3 23 22, il 4 1HH4  2GON |
2WKP, SXHLENGE T Z i BT i 4, HMC SR FEE e T
PP B, 1 H RS S 398 5 B0 SR 28
] FL R, SRAE AN AT AT 1 [R]

[, A% SC s oF 5 T SR AR AT S AR TS5
RMSD (78 4k , % B RMSD AYAABAR /N, 43 Al g 1Y)
JE PR T 5

B —  RFER R BUEAR/N, LS — Ik
RFEX] = 4 AL by 1) A2 4R AR /N, A48 3] Hamiltonian
Bl 125 R GRS BT AR 2 8] TR R R RS Bl B
AR, PR R 8 2l R B AR /0N 1 HL, 5256 ih AU
T C, AR, S B MR RKEOR,
B2 23 B o] FU A 25 28 0 B4R RMSD 48
AR B RTEL S 2R Z 5 AR AT KT
8 A BYSREEIE R 4/ NE 8 A LIy, AT ULRAEAY I AR
W RAF A U 25

B AR R T ARt i 2 ROV L AR
IR TR R FE N 23 [l R G AR T 8 A [ %) 8A
DLV, (E 45 3840 A 8A LA 5] 8A L4k, {0
&, WA EAE F 0 R S BB A B R, R
FER AT LIRS LA U A 2 1, 550 I, SR FEAS
FI decoys HEAZHAREL Y, FRATH T 208 B LA 4
MIREGE AR SO 3K B 70 B A T G2 1t in kA% 3
Ji7R .

MFE 3 HRT LU 6 F 45 A R AE S 491, 25 ] K
CHEES/NT 8A AYFR XA EOEHE A, ind EL3% iy
A G 16 DG A 3 NSRBI T
i 50% B934 I (3JV5.3]V6 2WKP) , LG it T
T 19 F-FIFTHT 10973, 7T LA, ik SEA 4 2 iy
IS IERFRATTFH BN, SaE 2 MEI AN,
ST B 2R HMC SRAEFIA AR 2 44 T Iy
WSEAATHY . IFH AXF H A E ) Rosetta 7775,
REASAS S TN 2 BB B 2 SRAE S5 2R U T P4k
X TF =R TN A TR KA B

£3 FCHREXRIEERNT 8 A B EE M
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Table 3 Increased Number of Marked Residue Pairs

within 8A and Time Use for Each Case

DB ID AW BOK R 19T W 10%FE
SO () (M) () (Gl
IWWV 127 28 27.00 7.40 6
IWWw 122 36 32.00 8.00 7
4EFV 123 38 29.00 6.50 7
1IKN 131 55 41.33 7.70 8
1032 136 66 53.33 10.03 8
3JV5 132 90 63.00 12.13 7
3JV6 135 102 85.33 16.80 8
164U 205 70 68.67 7.60 9
1HH4 227 75 71.34 17.30 12
2GON 219 97 94.33 25.33 11
2WKP 226 123 107.67 24.97 12
1ZHI 160 29 25.67 5.70 18
3TU4 139 23 21.67 4.37 23
4JJN 152 20 15.33 3.40 24
4KUD 150 29 27.33 7.03 26
4KUI 143 20 19.00 4.07 24

3 g5

AR SCLLER 15T 235 4 v i B 8 24 SRR AR AR fif R
HMC SREERT IR [ 28 0] = 4k AR bR b A7 R, SEER
EL T LAERA HMC SR AR RT DL 76 25 1 o 48 48 1)
i, - AR F B #E 8 Rosetta A ANH AR
KR4 T Hamiltonian 2f) 2% 2 4%, it 1T HE R
FERREHLEERTE B 2%, o7 LRI R B AT A X
P B 295 AR BEAE V1A AR 0 R K v ) N A 45
Ho BRI, B A B IFA R TR R AR 5 L
HHTT o AN, ZEIARE 2 29 Ay [RIE , dne] G REAIG
B TEA I RMSD,, BRI &5 04 50 (Y fe ¢ H 12
RAGIE RIRGER , FE B 29 o HUJ& R 1 B & () Tl 2%
¥ P, G Ae i B i AL e 5 R, A SR
T TAEE L,
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