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W02 FERR), 7 LAAS A Dy 19 7 3R 21 fi £ 1Y)
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S5 A R RS B A 5 48 ) R AR S 1 4T B i R (i
RERUAR S 1 2 FR AR R < 3 & B, #E 201 22 704F
RATJE, &SNS 2, L B Y
FE RS SIS AR e g m TV xR
HAr & o BB, AT LUK 56 8 1 i dr & 38
W, AT DU Bh 2R S 4 R A R s, R
B H T E 5T SN 1] Bl B T B

MR TSR, e R ARG AR
KARTT LIy R 3207 (1) #% TR (lattice model),
Hr, BAEERERR N — KT, HizgRer
ARy pIAgrh, H—ekul, 25 08 Tl ik
PR AR FGE K 2R 7Y 2 A A B AR T B, ELX TIA
YU AR B e 2 T mEE AR AN, (i) &
¥ T AU (off-lattice model), X Pl Al th J& U 22 FE R
TR R T, (BHE SR FEAZ B T2 [ A%, TS nl
DAz A R gl LRI, i w S8 iR It
PR 2 [A] (A4 . M RO s AR T SR (i) &1
(all-atom model), X BRI T AR LR H Y
T, WA AR W, A YA
HAEH, e A . A . FrE S ANeiER T
SR B R ARL T A B EE B S EAR ARSI | BT
i, BTt A R i B — Ok, A
FORS 20, ER RO AN FIR, HALRUT T 09T R R
stk 2.

EAPT MBI, —J7 ] DR ExT & A S
AR, 5 — 7, W TR E AT
INHSZERY. X AT SHLERAAR, &07 T N
FRAEBN N FEEHIIE R X
FEU200 B AR 3k A AT BT IR S, RO B
W ZES T RN . P18 i BRI 5 T
(1) HEEABARIRREX R F—ABeE /DA ()
FEAFAET SN HEZ R TITES0EHE,; i)
B A RS 0 BE Bl T R MR Y, T REAE £
FrEEA; (v) WIrEERERAE, vTHeR RS
$1%& (downhill folding, Tl ELR). PIAITEHE LW
AL T a2 ST S L U AR R ) S TR
K. BT EHKEMFT SIS, FLAEER: (1) 2
RArEBA, W), EAr SRR DI RUR R K
548, TS, XS TSR Ty O R, R 2O
S HRAE (1) BUKERgARRL, B, &SR
B FEBHUK TTPERTE, JoTE E BRI I = 4548,
JRyER ) G ZE R AR = AR BBl R Y (D)

RAZ BE AR AR, B, T 2R R O 1 A TR A, T8
SRR RN = Gt A A s P, R ) Y 2R AR B R
W E 4 0F, TRESRBURNFE R IrEpLE. L, R
WS, AR EILEI AN —, 18293 & M
AR 22 N A7 A i 20 P>,

B A R B HE A R AL RE R L
FI T SRR B R PR e R A A . BRI S
BRADL A 2 5 28 7 7 M Fe 0 4 PRPILASE 4D 21 0474k
A A A R & R R, BB 88 i &
F 3T 8 B 0L BIF 5% AR S 3 T 2 8% (CPU) T A7 A B HL
ERESCHLAY. 20004FH )5, H AR K 2% (%) Pandeiff 58
A E I VO o = WA = 1 O I W g = A B R 2
Folding @home'™*!, K K HILASE %) 2K 1 47 B A 400 17) 5 43
F R NRAT 555 4t SRS ) FH P AR R LR 2
TR ML FEAR YRR, ) IR B A T 55 W R B AT 40
PR BAAT 55, IR 345 1 [ 3 AL BT AR K
IR S R A TIE R, DR T B Y )
Yo 4, WD K T 1002505818 3C. 20104E 7T
J&i, ShawffF5E 4l T % T 14F 3 8 R4+ 3h
J1E) Al s T L 5 ANTON, 5825 T
AT A /N R R B e Ah,
JH B 4k BB T (general-purpose GPU) A3 A ) &
JRE 55 T GPURY “AAZ B U RR P fICPU . GPUBX &
16 FH %) S5 ¥ 32 B 5 B0 TF & B 26 1A 3T 8 B 4L 400 ik
14 380 AF 5% D7 g 728 o O e B g R ke Y
GPU W A7/N H. 5 CPU 2 1] 38 THAF 76 34 5 25 Jr s
R 3 e T

[ RE, 2 3T B AR UG T 32 R0 A0 1t 7 A 1R 9
BT P MR, S AT BB R R T A R
TR )50 F 30 F1 2 (MDY ik, B 34 8
[P YRR ) SIS R | FE A S BN G A5 IR R FE Y
2 RN R ft A B ADUEE 0 b 7 Y. 4 F Bl 2R
Wik Y S35 (0B < 13>, mT DL PR AR A S5 )
HH H AR F (445 70 ) J&: CHARMM Fil AMBER % %) 347361,
XA IR, B SR SR AR, (HERRE
XiF 2 A TT 75 A 4 P RN AT B R A Y B A A i ) T
W, AE X< LS B oA —Le 5 Sy 2R gn ey LA 2
P8RS T AT AT, 55200 A0 ik A7 — 2t
2206, AN, MDRLRLAT S H ) 24 Bk A, 5508
bk, BRENEE, ST ZNIBEMNS
ZEBTL AR Wl AR X B A 7 5 R i AR 58 3 R T
R B A R — A BB ) 2 JR )y [ P28 90 R T AR
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BN 1 AU Z A, FEA A R G 25 (B R T A
Bl F IR0 o R A R Ak 3 ) S A RS, YA 43
T 2, SRAE Dy R KR AT DL &5 o
0L SEL TR RO %, RTERR TR 1951 oh
JIFREANZ AN, IEAISEREAR IR RAE | e LT RAE: |
H I RAE I R SRR FESE T L, & A S
IRBF IR S AR AT (MSM) A1 HL A2 B 5 5 (Milestoning) Y
Bl XFFRAFERFERKU, 18 1 2# U = A 1
B A I A W KB 1 — P iy DA B R E R s
PEE R, AR AR, W& AT SR
FE R — AN E R 24 A RO o A O v
B TR RN AR bR R A R B SRR SR
P AT E RS s, RN SR
B T AE —4E 0 S A dn il b, AT DL Sk I 2 A A
&, MJEHE R JLVEA BB 7k, v DRI
B2 5 SRt XWIA T AU B T X E T
Tt BN R, o B RCR B S ALY, wl
DL BT A 5 B[R] R A, 155 R H.

H AT B AR P 18— DG e [ gl 2 ] 2
JRfp e EER, HEIREE YRR/, TR
Yol B, ST —n R, Ak B T —
BEfif P L. TE20004E TS, LT £ R A L e
(replica exchange) Jy &1 2 7 PL7E AN A3 B2 R %o
] — & R g 2 A BRI RIA, R G 8 A8 4845 1o
RN, i A SR R AR 0 R AR, S R AL
A TR B0 A ok 1k 1) in i 2 LR B
. Ak, XHBE T £ R EHR (multi-scale model-
ing) BRI T s, B ARG BRI & A R RUE
(14 4 Jir 255 8 VIR 43 538 RUBE - )RR £ 2SS 78 A
A, NS 20 SR B H s s Al 28 7 i 46 TR
HoPt 2 R | JFATHR G 2 ROERIA | il G
Z USRI [ 24 ) 2 ROBERS R4 LRI JT4E K,
E{np ) S S R s WG NG A S R X VU SN 1K 7
FHE AR R, b FBLAY R, R T
B ANEBER KR . plhn, i 8 A MELD
(modeling employing limited data)/7 %, Bt EF|H N
et T A D — S S R A A A5 B RIS e XY 2 5 )
SIAE AT AL, 7T DL Ry 5 18 R R,
FLARSR T LA AER Y B REAS AR 5341, F A
8 151 EE AT B AU 45 4 B (40 Foldit
IO R — AN R 221K

I 204F K, & S LAY B8 ) 75 8 T 1R
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19984F, B URSEEL T X354 & HE MR Y 90 & 2 [ (villin)
42 J - B SRR AR AL, A = T L ps
AT S HE, ASARANITEIRE, HHR 2K
TR AR & SRt fE i) — A AR 20114,
Shaw iff 57 4 POV F 45 48 & I WL %% ANTON XS 124~ %
FAMERLEE (A A3 S R A BRI R T 5 — A E =
R, YEgE, EdRILHED, & A S
REJT A B e R TR B Y, I, TS
RIALRE ST B HE =y, AR BT 6 4 KT A9 B2 7
A, A R R R B e g O T A SRR BT,
FFIL A E RN A A, Hir S R Eial
Can DR 2R e KR, mA SR KEAD
23R 3 T 1004 EHEFR 22 A7 A K P74
A6 7 © £ 0] LB, T8 I PDB B P2 v K 249 10% 1Y BA.
R A T HRAL TR, 2 U S A EE R S A Y
TR R T S, K T B 254 A g SE XS
JE A 1404 R L R 10 26 1O S AL, (HE K s
EURZ 5 0 5] AR R, A BB X — B AR
Sl SAE 1y ] 21,

BT EABBIE MR K Z AN, EATTE
BB TE X ot . filtn, B T RN RAE Y
BRE A ZAN, MMy P SEANEEASEAZN
B A B, 2 JLAR R 8 A 3T S R0 AF 5T X
G B AE ARG R, W AT S R
(folding) 5 45 5E 3 & (binding) K A H AR &, AT E
2R R, R 0 B Oy i R AR T B
B T RSN S R AR 2 b, AR Bt FE R,
Hean, 5 819 o 72 A B ) & H T & (co-translational
folding) ™ A o> FHEAB E I F & A &L, i
AR BRI AR A, IR EE S s
E AT BUAE S IE TSP L 4
BEFSH5NEAFEDE, WRET HIb—E
BN T . B2, AT SIS B ) R
P TEZ AR .

1.2 Jr&udfe: RS B
CSEIE=SOR R o R E R TN 2B LY i
LA T B Ak 2, R, & R P LR 1Y
TS & =3 S U B IR INAY: < s ] NSE S E R SRl
Ji ). EYrE AR DUE R E A& Sy
PEHEAT TN, (BT R IRECR, Pk, Ak
W IRZ Gt ML ae s D KB B J7 k. SEBT



B R R O N L ARSI RO
FRULZAh, A MR N R e TR AN & E R
fifR 28 3K — ) A A — ) B S SR M 19984 2 i [y 2 4K
(contact order) ¥ & FRE8 XF T2 i £ 4T B T K
B, BT RARGEWE X —A L iMEIES
B, HilF S8 T DL AR G i 3 S i R F
X — & E & NATTINER R SR 4540 1 ff B 25 A AN
WO & AT S A, ek, OB T 2RI S
WK ¥ 28 (long-range order)®”! | 322 fiuh 15 25 (total
contact distance)®"145.

KR K& A =SSR R, T E
F = 45 0 1 P B T 1 I A2 2 AR K 19 il 2. 2004
4E, IvankovZ: NfEProc Natl Acad Sci USA b %3
W, T AT E K E LS, A ST
SREME X, ST R IRE A
i, Wk, ATLANFII M &, Jemiii s [ e — s
¥y, PR AT &R . TR, SRR
G R R SU A DN S o e & s ki)
P B R I 5 vk 12 B OO, BN, B gE R,
WIS & B Mol e MBI & h, RJ5 218 I8
loopZity, i Z &84T & WAHK, JeIF A E iloop4h
), TR B HE BT & A BEfS, it A
TR A SRS, HuangE N TR, H
T 3P AR A S, T SEA N SRR
B, B B (extended B strand, E) .
o8 i (o-helix, H) 3531 (bend, S).

ER G 5 O A S ol R A AN R e B
Jrik. B BRSO AT & BRI ik, iR A —
A FEPR Ty 5 A, BDETIE B AT & R n A
3k ¥ (ab initio folding rate prediction). & 1E2006
MERFRICE, PR T AT S R 0 DA Sk I [h)
i % S A SRR T AN A S i &l R 2
B e &, $2 T W& A 37 & o R 09 4 84S b
(composition index)!*. F& T 41 Wl 48 b (4 B 5 7k
R OR A W 2 T A 8 0 e B T T (TR R 20 T AR T
SIRHESIE B, (H3E 4 R 1k MR 2 B4k S i 1 fe
AN ZARRE St . SR RR MR TN O 21 ROk,
ST 18 2 ER TR A kT A (3T S R
1) B VAR (B 45 A 55 ), 3 DL SR [65]. sl
SO BT K AT A 24 35 1R R 5 A oo 1 4 ok Tl
EETEEBN L, GREY, rEd R H520F
FIER Z P8R . TR g L5 RIS A A g 2 2 DT AR

3\%[66].

R AT B R A — A B ) R
& B2 A (folding type), ENFAZSHTE (down hill
folding) . WA BAHFELES) . BE=BTEHH
TENP RS I R alA), BRL, P Sead AR A i) Tl
Jy— A E T [R] . 8 TE 2007 4F & G L ATE o
THEATSEMNIE R R, JHEL TETEAY
G RN B 454 i P & 28 R T 7 vk, R 3 T 80% LA
e R )R, BT ZRE A RS
AU I B A 2% iz 55 ) 4, 2008 4F Huang 55
N5 R T logistic [ U2 AN 52 15 ) ML 25 3 T
GIRAFNEAMWESMEZEITERE, HFEZHNES
DL SCRR[65]. A A X Se T ik AT bR Z R, &
AT BTN 7 PE A7 AE 5 KR S 5 15 %),

1.3 Pr&a: HEadimmn

Xof 25 T B o R A U 22 S A TR
FEAEPBHLBAAR, WX E AT EALEE, EA
SRR, AT SRS, v E AT &
PR LT, B TR SR 45 0 1Y e L 4 Oy Tk
EA SRR SR, ZRT 40500 H e
AT LU OB B R/ — AN 1004 24 34 1R,
HHRZARZ I IR A e 58 T Sk R A
U, R 3 20 50 FID) (%) 2 1 T 45 A Ty kA 2
NSRS Ay (1 g = s o R RN P s g = =3 1]
RO TL P J2 ] A 4 o e B 70 R AR TR O S5 A R IR
T 25 T €0 355 45 1 A R R T | = 4k M T
NI D £ 245 Ky (B P 5245 S R A ) T

B R RS R R AR A A AR Y 2 R T
B RY SRy B a4, o S IR ifE—, inDSSP),
DEFINE"", STRIDE"Y45  ifij H /)~ R 4% 2 1 &
DSSPHYE . DSSPIE L T 8Fh 2 A1) — 2R 254, 434
NH (a-helixz}4-helix), B (b-bridge), E (b-strand), G
(3,10-helix), I (p-helix@5-helix), T (b-turn), S (bend),
Cuk_(Coil), HHr, T/, 782 o 25 F 1
ek, 38 E A L IR8FZEAIH IF R 3FI(E, H, C), #H
BRIk EFIBIANE, GHIHIA AH, HAAHN
C; TR B 1 BT 38 2 2 T iX 325 (Q3) 8k 825 (Q8) it
FrHy, TR P Q3. 1A I 45 4 1 0 A 1)
FAE 201 20 604F AR AT JF ik B 2 TP LR B T 7. 354
ik, B REER IR L D] TSROk
— 778, LLChou-Fasman )7 i WAL R, & Hi &
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H R A5 32 AR EE A R IR AE A& Fh g g Mg rh
LA M. 2R ARTOTE, B E T R AE AR A R
B2 T, A PR AR I 5 T 60% 1 KA. B8 = AR T Ik,
W Z A, LA TG B @RER), 15
B BT G A T A v A R R = B 70% DA L, 4
H75%N. B AR Tk, AR RRR O R & i
(ensemble method)B{ZE 4 J7 1 (meta-method), ‘) 3E
A BRELEE Z M TR B g5 R, R R E N
23 (jury-of-experts)” 5 I “4% 5 (vote) "5, HCH
2B 45 5 (consensus)VE R TN 25 5, ] LUK w0 i
HER R R 2N80% e A7, B AR 1:, IR
SRRSO N, A R gk A 1) TR VR A R AR
FN85% 07T FI HE 145 F 5 P AR AR Bl R KRR AR
HAEH LA R R S50 B 1 5 G S A T B 52
P Al T B G A A T o A R A BR 7 88 % /2
AU, Y RT R Gas R T v S A — E Y
b FEs ] AR B A R T A A R 2 Tl 55
F % A JPred”, PSIPRED'’, PROTEUS"™, Rap-
torX-SS8™*FISPIDER 2714

B A A RS R B 4 A ] OB A
BISTARZERS . SR 45 F J& = 45 #4) 1) T B2 21 B 47,
R, 2 54 AT LA = 2% &5 A — s gk A ) 181
MHT Y AR T G R T ik R R
FF R 1Y 4 (template-based modeling) Al [ H
i (free modeling). F&TFHIHR 1) 0 77 75 & Y W il
Ry WA Iz T T v SRR R AE
PDBEUH [ th AEAE — 1> 5 15 T 2 1 265 40 AH 3 1) A8
M BRI TMAE BRRAR S 42 (1) FHRER; (i)
FEAF T 7 51 S5 A A B A5 A8 6 55 (i) et Y
P A 235 Ky B e S5 38 A T ) £ 1 A B (dv) X
A HEXT B2 XA T A, AR s, X
iR s TRe Uik, HRT, TR B T gy ik
W AT o3 LS e [ 5 AR 555 ] 5 248 (fold. recogni-
tion), 1M J5 &L 202 AT S OGRS %
5 B AR B 45 IR 55 32 B4 SwissModel ™,
HHpred®", RaptorX'®!, MODELLER"™"4 [ g4
D7 12N EE K PDBEC R 28 vh A7 75 A5 00 28 1 A% 4 1 A5
M, DRIUE, RIS, A i T A A AR
SRR RN A 0 P 81 43 F R — KN 2 KR B
SRJG, Z2PDBEUHE i R IX LE IR B iy £ ki,
XS AT A . PR, A b2 1 ORI 1
SR 5 T 1 1 pR BRI BE LAY G2 RAE T vk 0 T A5 25 4
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HEATOLAL, A9 B0 O A R R A AR, BT, SR
1 F AR 08 T 1R R 45 IR 95 34 QUARK™
Rosetta™!, Robetta™ 4. HFT, TR A M 5
(ARG FE 2 T R AR A TN vk, Rt YA R E
SERTINAE 55 B, TR A TR A TN . A
BLY), PR E R A O . SR, PR Y T
PDBH A RO L LB L, FUEE LA
(28 A5 M0 PR, 3T AR 1% I vk 1
I PR SRR B Ak, R R TR (Y A 1 AN
AR PR S A, ANT-TASSERP 4, g —A4
Wt M19944ETT R, P4 —JmBICASP (Critical
Assessment of Techniques for Protein Structure Prediction)
T8 WLAIE T AR A 5SRO 2k i R 2 s 4
E217 T T —J, 20164F 255 T .

AR 5T U 25 R TN (B AR AR TSR0, 2 i
T SR E BT 20, T Rk EE
25 W) 45 R TN R AR 1 BE S A AR A B Y T
HAE S YA TN Loy BRI £—, 2Rt
M = A5, BN IS E G4, e,
AL LLSR JT 23 X0 2 19 7 ¥ (I o 42 B30 38 1
73 LR - T X o 1 - = 1 Rt ey B S ST 1
BF, AT DR FH 2 TR A A8 7 s, B A SR AR SRR
AL R IR L TR Y = A T — AL 3 BT
35 TR A B 11 5 IO 2% 45 48 T 7 9 R AR T LA
Iy 3 B R ZE L (dimeric threading) . A
G5 2 RIRWLE 2 (monomer threading and oligo-
mer mapping). 3k T HIH 43T X} $2 7 5 (template-
based docking); X T XL E X, WESHC
BRI961T. 4T, TN & M BT P g 4500 i 3k £ 2 h
PrePPI®”! SPRING™®, Struct2Net®', Interactome3D!H
S5 AR RE TS AR AH ELAE TR S0 (PPN, 2 53
— AN E A T ], (R AT DR AT b AR R TR AR
5 4k, AL AT USRS AR R A7 Tl . PRI (Y 245
RAR—TEAENE WS, mEEOZ R
R AT E AR TR — A0 R W 2% (8RR Ry <2 1 BAE
25y, ARk, A EAE M2 B IR0 O 1 ROk B
Z U RARTT LAAT AR LSS JEF e AR
[] 5 W 55 ¥ (interolog) ! % | BT FE A 4o HHARAE AU HL
s o gy g U0 T S R L e R A S A T
RN~ S Y A SN OB U R 7 SN - S o=~ S |
FE A TN 5 9k U0 T A s A A T
AN S Y (b R g ) NI U R IRI R RN I O E S



T [ T3D A ) 454 1 et O ik IR 7 Y i
A SEBR L R, T A L 3R 2 5 ik BT S R
JE T 25

14 &SR SSRIES Bl

U5 T B 5 R 0 R A, A e O AR
SR ) — SRR S8, X T LR R 1 25 B
BHLHIW AT B, Bt LI T8 E B A
E 1 0 R & B ST Al T N = 1 NG4S
8 P v R R 4 A X g O R A R G4
[X (disordered region)fy "M A AR HAE
TV b S TR A 2 kxR sk % o T
T 7120025 22 Fof 5 8 F S5 A% 2 44 AR R A DG S B0
M. BRFRE, XEEARIFE T, B4k
H, HHES R AR SR,

2 JE#

14, |EEATE B AIR T A S04 D 5,
HEegs T EEMUEE, IEAFZ T ) 824
2. BRI, AT B AT 28 T %) 3L i G2 ik )
BRI M. BT, E BT RE— E BRA A
FEGIL. T ORMECE R, iR JLASJ7 B AT
0. % —, & A IS (folding) 5 B M B AE

%25 3k

(binding) IR XA~ J5 [l 5 M B8 H B AR
HHEZEWIE LR FE & 55 MR, H AR,
XA 8, AR S RGAEY AU Rl
G TEAEYEN, AT ST BRI, BT
SR FVEMANE R ZHEREA G, MH, 549
TR A RS M SRR UIAH DG, 2R W R R T & R R
B2 VUUHE, STlREZHR A, Wk e
Pr B 1Y T J7 2% L T E YRR A AR B B ZH AE T
Human Proteome Folding Project (HPFi H ), Nutri-
tious Rice for the World¥i H %, W5 RSBl
G —AEE W, =, WESIMRERATE
DL 235 R S50 e i 1 FH 5 i TR o ) B Y 42
5 & U, Ry IR 4 TR AlphaGo i J7 7 B L 430
ST BUAS Y MRS A A2, (AT TR B 2 ) B
e [FIAEA 2 B R R 23 ()48 R (7)Y 2 1 3 & 40
WA R, SRS TR A B (HOAS (] T LA
1 %) JPE 67 00 DU AR 22 e T B ARG T IR AL 2 2% T, %t
HET SRR, T — 28 ] 5 09 o R B AT
Wy, 28K, BRJUABRSE 5 e JF A RE i o 3T
BT 2R, (A e H AT 5T T7 1) b,
A A PR AL . AR 2Ty ) R R %
W, Toheo it — IR AN B 4 S ) IR
ZAIBLE
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Protein folding prediction

MA BinGuang

College of Informatics, Huazhong Agricultural University, Wuhan 430070, China

Protein folding is the process that a protein molecule transforms from the linear polymer of peptides to a three-dimensional
native structure with specific biological function. By now, the protein folding problem has been studied for more than 50
years and already became a broad and active research field. To answer the 58th question raised by Science in 2005, in this
article we briefly reviewed the background and research history of the protein folding problem, and introduced the
progresses of protein folding prediction research from four aspects: the protein folding process prediction (protein folding
simulation), the folding process related parameter prediction, the protein folding result prediction (protein structure
prediction), and the folding result related parameter prediction. The studies on the protein folding problem began in the 60s
of 20th century, with the efforts to seek a solution to the paradox that a protein can actually form a native 3D structure in
only several seconds but the time scale estimated by a thermodynamic ergodic hypothesis would be longer than the age of
universe. Computer simulation is an important approach for protein folding study. The protein models can be classified into
3 categories: lattice model, off-lattice model and all-atom model. The current knowledge about protein folding mechanism is
based on the concept of folding funnel on a free-energy landscape, and the current opinion is that the protein folding
mechanism is not unique for the whole protein universe and that there may exist a continuum between the two extreme ends
of hierarchical folding and nucleation folding scenarios. The hardware for protein folding simulation was becoming more
powerful; distributed systems (e.g, Folding@home), special-purpose machines (e.g, ANTON), and GPU-based platforms
have been developed for protein folding simulation. Meanwhile, the folding simulation software was continuously enhanced.
An important issue in protein folding simulation is to overcome the local energy barrier to find the global energy minimum;
several approaches such as replica-exchange, multi-scale modeling and Modeling Employing Limited Data (MELD) were
developed to tackle this issue; human intelligence involvement (e.g, “Foldit” Game) is another interesting effort. During the
past two decades, the ability of protein folding simulation was continuously rising. For now, the folding simulation for the
proteins with dozens of amino acids can reach a time scale of millisecond, while the protein size able to do effective folding
simulation is around 100 amino acids. The targets of protein folding simulation have been largely expanded and now include
both the in vitro and the in vivo folding such as co-translational folding, chaperone-assistant folding, small-molecule-
induced folding and metal-coupled folding. Folding rate and folding type are two important parameters related with the
protein folding process and now they can be predicted by statistical and machine-learning approaches based on different
levels of structural features such as the topological properties of tertiary structure, the contents of secondary structure and the
amino acid frequencies of primary structure. The result of a protein folding process is the formation of a protein structure.
According to the hierarchy of structural organization, the protein structure prediction problem includes secondary structure
prediction, tertiary structure prediction and quaternary structure prediction. By now, the secondary structure prediction
algorithm has experienced five generations and the current accuracy is about 80% for 3-classes prediction. The tertiary
structure prediction approaches mainly include two categories: template-based modeling and free modeling, with the former
having higher accuracy and the latter having larger application scope. The quaternary structure prediction includes the
prediction of complex structure and the prediction of the possibility of protein-protein interaction, and these predictions can
be performed based on protein 3D structure or merely amino acid sequence. Structure related parameter prediction also
attracted research interests, including the predictions of protein structural classes, secondary structure contents, disordered
regions, solvent accessible surface region and the amino acid contacting pairs in the interface of protein-protein interaction.
In the end, some possible development directions worth noticing in the future of protein folding research were suggested and
they are: the coupling between protein folding and binding, the fusion of protein folding research with systems biology and
the application of deep-learning techniques in the field of protein folding prediction.

protein folding, protein folding simulation, protein structure prediction, deep learning, systems biology
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