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Research progress of protein dynamic structure analysis

CAI Xing-Chu', LI Zhao-Da’*, ZHANG Dong-Ni’, XIAO Fan-Yue’, HE Ming*
(1 Hubei Universal Logic Calculating Equipment Manufacturing Co., Ltd, Xiaogan 432012, China; 2 Yangtze River 3D
Scientific Computing Center, Xiaogan 432015, China)

Abstract: Protein structure determination serves as the cornerstone for understanding biological mechanisms and
drug discovery. This review systematically examines the revolutionary advances in artificial intelligence (AI)-driven
protein structure prediction, the indispensable role of molecular dynamics (MD) simulations in elucidating dynamic
conformations and molecular interactions, and the breakthrough support provided by high-performance computing
(HPC), exemplified by specialized supercomputing chips like MHPCS512, for enabling long-timescale simulations.
Key findings indicate: Al prediction models have achieved high-precision resolution from static monomers to multi-
molecular complexes (protein-nucleic acid-ligand), yet remain limited in simulating dynamic behavior and
accurately predicting side-chain conformations. Classical MD simulations, enhanced by refined sampling strategies,
can now capture microsecond-scale protein conformational changes, establishing themselves as critical tools for
revealing drug binding mechanisms and functional protein dynamics. High-performance computing breakthroughs
(e.g., Anton series, domestic MHPC512) overcome computational bottlenecks, enabling millisecond-scale
simulations of million-atom systems and laying the foundation for constructing dynamic protein structure libraries.
Future progress necessitates the deep integration of an "AI Initial Screening + MD Dynamic Refinement +
Experimental Validation" paradigm to propel the design of innovative drugs targeting dynamic conformations.
Crucially, large-scale MD protein dynamic structure databases are expected to deliver immense value in both
research and industrial applications.

Key words: protein structure prediction; molecular dynamics simulation; artificial intelligence; high performance

computing; drug design
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(Human Proteome Project, HPP) 145 7 #8 it 80% [¥)
PR AH G B DI RE AR AEE B A MO, FR— i
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P RIX — T, LEAACI 8] () MD AU R IS .
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THAEHTZ) 20 J3F0 8L 25T 1) ks B2 = 4E 4544

1972 £, & [# 4= ¥4k 2% 5 Christian Anfinsen
PRI HG 56 T2 1 B 9T 8 AR 1) 2 i P R B 52 7 3 D
IRAGEE 2, Aol I AN A R i S 1k SRR S - B
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R, AlphaFold Fif T AR A ) HE A 1k A0 2 A6 15K
FIASE &8 ) F00 I £ 40 7 15 LA 57, Deepmind - 2021
7 AAE Nature 4% 35 KK L FR AlphaFold 2248 il
W T 35 iR E AR Y, T 98.5% A
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IESE T TR, TR A BRI B P B sz 77 R
WITE 2 — o %R AR O AR B 2 MR T 5 1% 4
Br. BRI Tk, BB EirE S
JiR B = 4S5 R DL R A = DhRe . (8 BhvA VR BB
LR, BHIFA AL A8 315 )5 T W R )
AR A TES =45, A, &EREAERR
BE G A TSRS, B — S a5 M L4
T8~ B R AEY 2 Thae. JUHXTFEARR - 25
MdhiG. BEE - 5 A A BAEH (protein-protein
interaction, PPI) &5 X8t A Wit #E, LGB sL50 7
EAEAEAAAE N R PR 7R 52 R, MD B4
REI RS, ZitE kR E s S BEEEE
i AR F R R AR LA AL, D9 BE A
A AIEB) TR A AR

MD AL A% O SR B L T 2 L AR g 2, adad
BAE R R G & 5 T HIs 3 7 FE . AT S BT 5
TIPS RS R T . 1% g vkaE e AT R A
PN T 12 IO S AR et By
BRGNS EALTE. HLEFERBETRE AN

ORI A B S, IR S AN e SR
FEE N ZI R GOIRAS, BEERE R MR T A
TSN TR IELIBAT N EN—Fhit
ST T, MD AL REE 78 S 56 TT R A 4 A oC B
(153 F WU, 1X Pk “THRSEAT 7 g ) B R
A SEER BT BB X R A D A . IR, B
SRR S5 B0k AR 798 3 2 O BT AR BT 2R E
JRAG GARAN 7 R R R ik —

MR JETIFEKRE, MD Bl AR R B
FLUAT 38 3 22 1957 4F Alder A1 Wainwright X 4K %
FEITFRIVER . B 20 T4 80 4FEAR, HZFIARBI
HEREARKR, BN REZHREI T 4E
VIR 5 T INENASHRAE, 1X— S vk e e 2 Jt
Wi R A A S G SRR R X TIAL
W ZERE e &, IR ANIRMR R A BT I 3h & AT R
CHCN R A T iE s o TS $R I Yt
¥ 5 PR KL il 2006 4, B 7T K I 3E T FE 1) A
AP ¥ G A MD AU S B AB Hh ] S5 44 1) C
A B- A B X, A A REFOLOR 0 AT 1 — g 1Y
s, AL AR £F4E1L 1. 2009 4, A
FARTEE FH 7130 10740 T ATP 256 1 FR 1)
MR FRAT, s T ATP 456 R M 5 K

PRSI AR . 4, MD BN AT DU L
BAEAR, & DR A S AR AR
A AR, WAk - Ak, "AN - XK
BEWE.

2009 4, DE Shaw #f 7t i (1 52— L 5 53 1
ISR Abl BT I [A] () MD B4, DUR 72
R4 5 A ARAY TR R M I A R A2 4k ((“ DFG
7y, XM RARAE A TS AR IR A R 2
[ AR 7 — AN e EAL, Tl DFG
RAGIR TP G B . 1200 78 B B i s
WAEB S B e 5 Abl s 45 & 113 /15 B A pH
Heai e, X MR EETE DFG KA RIRRAL G K.
2011 48, H—tetf 70 B "7 YR Swimming
(1) MD A H R, BIXT 8 A - /N4 RdEAT A
XTI o 4E 5 MD A4, Swimming A AUAN 75 %
AR T A A R A B I Se SR AR, AN & 41
B 77, RO REBLA B AR B AR . P A (i
i 25 )3k VD B JE BB H0 ) 55 PP 45 4] 46 BE B
BAMET —NOHMEZIAASL S B & B R (Sre ¥
) BTN 2L, ECARIERR A T H
HArgi &AL, TR 57 iE g & 450 )1
TREMAINE G, KB |8
AEBES . JE T MM, Hon T RABERE
B RS, R 7K FRIER-. 2022 4F,
Mingione %5 "*) 3 3o #% ik & 41 6 1% 1k 22 A0 B Bk
(chemical shift perturbation) [f] 5256 /%, ESE [
— LL [ AT 2011 4 A Swimming ) MD #5 48] - $%
FIM Sre HH ERETES A4 5 G-loop 7 AUNE S
“EEA R

MD 5EALLAE S5l 248 B A T 7R 9 AR ) 7 T
Bz M. 2011 4E, Cardoso % M i il 73 1 i
TH, 48 7 5B B RAT A
Xof i 28 BRI 1 BRI E o B T AR s
HEEEEA S SRR, RSB E TR
AHREEE, XXEYREROCEE, #d MD B
N VAT R E A, AT
TR TAFS G B HAE, R HA RO
1 410 41 71 ) 75 B8 . Hernandez-Ochoa %5 ™) 7¢ 55 fif
eGP 5 A BLAT S A ) RO R AT IR AT
1A 1 ) -6- TR 2N (H. pylori glucose-6- phosphate
dehydrogenase, HpG6PD) il 5%, &t 73 +5h 71
S, B TGS HpGePD (M4 & 7 sl
ZiaIAL, JEAFEHENX AL ST BE S5 NADP”
FEAE T S HIE . EGFR B /N 43 1 3 1) 771
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A M e SClk AR aE PY, BF SR N B i MD R DL
AW ZZ 2 7N 73 F Lapatinib 45 A 75 EGFR ¥l I 5
AR SR — B 45 A LS B (RIREE S F R Bl K
ALERI L) 7 us 5 8 ps ), HE4EESHE
M RZE R — 5, XK T MD SRS R AR - /)
NTEEN RS S G LAENIESE. A, ZR
LI EGFR 5 1) L834R 2R74% ( X N L858R),
T HPH] EGFR BR8P 22k T EGFR () =%
fk, XN EGFR B4 L834R 27% ( tBFK A L858R)
(850 RIS S e SR L T LR AR R

2020 4, Yan %5 P xf /NGy T AZD9291 (B A
#Je ) 5 EGFR ¥l (B 2E BRI T790M €482 ) 1)
gE S HEAT T 4 T 10 ps ) Swimming 5, MD
BRI B 1 - /o> T 5 AW 45 i AL e i 5
36 1 5 1Y) EGFR/T790M & & W) s Mk 25 #4159 21 T E
NS¢, XAUER] T MD B E AR - N TS
P HE AR IEMYE. FF, % Swimming F
RS T A4 AZD9291 5 T790M S5 A /7 &
T AR B ) S5 A A R SR B, AZD9291 5 T790M
SGHERSEHE WT N ELEAR, IHH AZD9291
5 T790M (1) 148 5% 3 (MET 790) & 42 )72 I AH
HAEH, miARZS WT H11#%) THR 790 M EAEH . X
T TAE AT e Bh T EEME VT RERS SE il AZD9291 i 2
KA 259, FEHFEZ R 7 {#H Swimming
BLAUL R B /N o 7 45 6 S B D

HE T - U EAER (PPI) 22 3% i 7 72 1)
VIR, LT BT 40 R DD Re &N 5 TR
ZOCH L, R BEEE I TRE 2 9 A O¢ PPL /N4y
TR MR AT Z R DLSN . AR, Wi
N PPI (25472 BARERYER), KICAFE PPL S 1
WVF 2R A2 “FREE” 1 AR
N SR AR iR o o NS R (1t S
TE RGN G0, REERAS G A2
AN B e DA AR P A2t S S P ]
SCHRFRAE MD £E# | 2 EJ5 ELAE 250 5 ) B
F. 2022 4, H— 5T E A P 347 T DR /N G
T4 77 (SP4206 Fll =4~ SP4206 2544 ) 5 14 48
M2 2 (IL2) 454 ) Swimming #5640, AR L5 & 4F 4]
KT WAL G WA EWE R E2REEFM4H,
Ny T REE R N B L2 /) PPL AL, TR AR B
i - NGy T EE A AL S AR B LT 5 BUA I IL2-
SP4206 545 W) i 7k 45 ¥ v I 452 21 1) 58 A AR TR /)
DTMEERRE T L2 WA, T4/ R
A, ZEESMMUEE A B thakh, B

HIRE TR (free energy perturbation, FEP) 15 % 1h [X
g3 TR R R I TL2- /N 256 AR AT JEAAIE
AR, RPN S FEP 1HE 5 NiR
Wet s & & A s A S /N 93 TR PPT Fhii e it (1) 45
BB T —FH AT A

MD XS /N 1175 T B iR S 3 R A
T - /Nar T2 A BN R O HAS B T SRR SCHE .
2023 4, K H DE Shaw #f 5% JT (1) Ayaz % Y HE4T
T Abl Bl 5 P 25 7 JE 455 1 Swimming
AL, AR 5 8 JE 1 St e S Al B
MEIEE RS, MEFRFSERIIK T EERT
KGR, TERS COR SR A 25 R 5 AR BL) 45
HGEEM.

MD i B P b A A o€ B BOAE 26 BT R R 0 1Y)
F1 48 b (1) 45 & f GO0 72 A A o0 STk 1 4 B .
Greisman 25 ) K [R) O E MID BEAUL, i 1 b
RILT ARV BAE— A B2 H B AR
PR —— HE B AR BERREE 1b (PTP1b) 1
AR AR TR I A SR RS R AR AT SR AT T
B G ENERE, K—AEE N8R IA
R BEE, 5N HRNERA TIEHEFE LR .
Z A T BA G G S Y VRIS T R A R
Sk

MD #4872 M H T G & B2 A (G
protein-coupled receptor, GPCR) 5 % Fh 24 ¥ 7 + &5
AL RN, FAE 2011 4E, Dror 25 P F F AW
(1) MD B 1 2 M 254 5 i pp il GPCR 45 &
2. REBHLIREF H ARG T AYMERTA K
giefiam “ER”, GMBFAaRK RN &b
48, (BTSN A RS kg1 b S
S5, R 2R (subangstrom) 2. ZHF AT
1 BAAE 2013 41 55— S & P @ i MD B,
e 7 LA M2 B E08 W IHAE 2 AR (M2 244 ) A8
AT G0 S5 GG L5 2 1R 7
MR E AR . M2 52482 A 28 GPCR AR M A
FERLE R, XS TR RR S B R S AR L .
T G T 7R e LE 52 A B I A T RE X 38 ( BEBS 4 L)
CIER” BARGE B4 15A) 5 75 F R FE 7% T AR
BT -n AHEAEA. /£ GPCR FIBBEZ AN KL
fi& D2 % & (D2R) 1 B 5 1, Mansoor % ¥ i@ if
MD #EH, FEA R T HEER NI T N RSN
Z BN BN LR (aripiprazole) DA i
P &7 2 F (sulpiride) 5 D2R 45 & )5 B 45 F4 v 5E
. AR Z O R 65 G WYERF 7 17E TM3,
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TMS5 Al TM6 b B SCEAH AR ] i, AT 51 &
BUETES 34T FF,  IX 2 TM6 [A1 42 8l BT b 75 1. T
E bR g 07 RIBIR T U471 5% (toggle switch),
M4 TH AR T 95 IR e B A AT 9, X Fh sl fE
Ty AP APEC A AR R ST

LMD R MR RBERIE T4k & 13 5 0
ANIFEHR, I RAT ) IR B A AP 7
HZRRT R YK, MEUBME e RIK
Wtk MAEAM KR, ZRAAMEEER. &
J53 31 28 R0 ) e G AR S B ) i R R A
MD BE4L,  H A7 7R AE DAk s S0 RS E A R B T e,
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