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Ff DL IE WA R AE 2 £ 1) (heterogeneous)JT B i #2, F£H 24
Hh A BT IR Be R DA T N X ek g, B TAEE T
W%, Xk 4R EE 288 37 T A RS, JT
e R T SRR R B Bk U AN B 3 g i
&5, B8R [ Trp-cage R B A PUd 41 B 10 B /K A% A0 i
B R AR SRR B A 2 BHE N R, A
T NG UE T 77 37 A5 0 PS5 R0 3T SRR A 2k 55 ) AR
Ltk

TR R T R I T 184E B, AT iE
ik R T BOR SR  FAE M ER U) BALIET T
PRI, AT HAIEM T & F AR AR RAFE 7,
oL G Wy — B 56 (R AH EL AR FH DA B S R AME R 3R
X HL g Ry B R vk s, T X A i A g e B T
A A SRR 2 IR T SR B R AR .
H R AE AT F Exenatide(CCZETS IR, Trp-cage )R f4&Exen-
dine-4 FLA7 55 fige & MUH% ZRFESIR-1(glucagon-like peptide-
1, GLP-1)MHMLFI B M s 1, H AT O Rl o i A
KA i % 1t W 29697 TR0 R O3 1) 24 400 i B i v
I B R A S R R s L R, xR A
Trp-cage 7T, 452 iR FE WA ILAE FH 4R Z, 1A
Exenatide L AL F2 AL B ZL BB AR, S 4b, AR O
Trp-cageE‘]iﬁﬁE@}ﬁﬁ%//\}\\gEP/J\EQEEIEE‘I“ILE
AW SO R daRe, W H S5 R R R AT SRR T
FUREIR AT LA A R B 45 A B A & R
PEER IS EY R R A AR ) AR
R S HAME R AR s iz e S & A E
RGNR, [T NMTEMZE A g5 PRod 4 8 Ak
E YR BREN TR, IR s i1, B
FEME IR L M S%. AR/ N ER
J B AR T —— R VR A Trp-cagefdk 2 WA xof Hi 4%
Pyl ik () AH ELAE S AME R 30 He e il A et Fi 9 &
BEAR LA S5 7 TH BT S 3k 3T T RGth, R
HAEM AT — 0BT TR,

1 PAIE H Trp-cage [ AR R LR &

R A Trp-cage(TC5b, PDB ID: 1L2Y, FE%:
NLYI QWLKDG GPSSG RPPPS)/& AnderseniffiZH!"!
3T Exendine-4(PDB  ID: 1JRIUNZ inf fif e ek RN 5%
B — A 20 N E IR IE AN TEA. W
AR R, HHAE3IN R RIT, 5 Na-13E
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(L2-D9). 3,,-42/iE(G10-S14)FIC-%t P 2 fig(P17-P19),
N-Uia-B2 i _E R IEY3, W6, L7FI44 2 B ik %
(P12, P17, P18FMIP19)JEK | — AN LAW6 NHL ) = 2]
B KA G K. AR B 1 2 A0 SR AT Us T & (TEpH
NT, I N22.7°C IR 294 ps)!, BB
Sk st A S AL 5 2 1 5T 4 28 A S 1) R AR
RS R R R AL B 20 MR R LR, (I
SER R IE A TAE A R s BB R B 2R, —
JTH, S5/ BMFD-R16). Bi/KIEF (Y3, W6,
L7, P12, P18f1P19). i Hi/EH(D1-K8(TC10b)). FH
B F-nAE FH (W6-R16) FH%2 42 11 S0 B I 26 55 22 Fofr A A
HAER(E2). A m o dim: (1) 5%
BRI S B M 25 (14-N1, Q5—NI1, Q5—L2, W6—L2,
L7—-Y3, L7—I4, K8—I4, D9->W6, GI1—>WE6,
G10—L7, G11-L7, S13—>G10MS14—G11); (ii) 5%
S 2 5 0 ) S X 4 (W6 —R 16 F1S 14—D9); (i)
B R N 5 00 4 ) S X 2% (K8 —Q5, R16—DIAIl
R16—S14); (iv) S5 K93 R 5% R 5 ¥ 77K 43 - 18]
SBEM LN, S13F1S20). 55— J51H, Z45 MM B
RILKE, [ AV SNEZESMEE. N EZESM
B, ANE R EOEER N B R g

1FE /& 1 T TCSb 1) 3 7Y 55 1 Jo FL ok 5 ) AH HAE H
LA B X R R A, R0 T E @ iR R
AR R T VE R — e SR R B B () Th R AME IR AR A AT
THGE. tnAndersenif 20" LATCSb AL REHEAT T —
RANRA G KDL, HL2AFIT4AR G A ) TCb
(FF%: NAYAQ WLKDG GPSSG RPPPS)#i &7 45 1
mERRE, I HAEHIDI/E AN-cap 145 14 LA FIN T
N-capHIZE R R e, TR AT T/E TCOb R 3 itk 1= S
BT TNIDRA IR 4 3K45TC10b(PDB ID: 2JOF'™, 7
%: DAYAQ WLKDG GPSSG RPPPS). TC10bFI1TC5b
A MR g =R 45/ (E1B), {HZTC10b
MFREEDL. A2FIA4H T T H g fae v
Ik, TC10b{E Ny —Fh R & (1 Trp-cage [FIFE MG FH T4 2
SRR 55 120, {H 5 TCSbAE EL, TC1ObIHF AT
FHXTED, XA g 518 8 F TCSbAITC10b AR B
AEH E{EHTCSb A A 5.

Retro Trp-cage(PDB ID: 2LUF, J¥%l: SPPPR
GSSPG GDKLW QIYLN)""J& 4 Trp-cage FINi A1 C;
J751) 56 4% 10 BT R 8 1) — FhRR R I Trp-cage, BEXfREE
T Trp-cage A T A AT, Retro Trp-cageft
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TC5B (1L2Y) TC10B (2JOF)  Retro Trp-cage (2LUF)
1L2Y: NLYI Q WLKD G RPPPS
2J0F: DAYAQ WLKD G RPPPS

2LUF: SPPPR GSSPG GDKLW QIlYLN
a-helix P -helix

B 1 B A A Trp-cagefh REHIR R, PrsErI4
Il NER 5 5 R s P oh R A B, HOX e S 1 A g
PRSI E; KRR o-MRTE, 3,0-4RHEAP,-2TE 73 73 4L
o, A SRR, BRI R R Y R
Figure 1 Ribbon diagram of the Trp-cage structures. These illustrated
structures are downloaded from the PDB database, which are obtained
by the nuclear magnetic resonance (NMR) experiment. The secondary
units including a-helix, 3,y-helix and Py-helix are shown in red, yellow
and blue, respectively. The hydrophobic side chains are shown as stick
model
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B 2 iR [ Trp-cage(TCSb) A& N 4R &
Figure 2 Ribbon diagram of hydrogen-bonding interaction network of
Trp-cage mini-protein (TCSb)

IKIE I AAFAERSE IR, (HIE30%I12,2,2- =58
L1 (2,2,2-trifluoroethanol, TFE)&W F K T 5 Trp-
cage(TCSb)RMLI AN R g, HIHA — 1 a-R
JE(S8-117) (B 1C). B [ Trp-cage4h ik Rk _Fik
R F|HITCSb, TC10bFIRetro Trp-cage =A™ EAFE M
LRGN, AT IR Z AR R E5H, INTCI2bATC16b%E, HL T
IR HI R B LRk R, ZBEMEA
AR 2 RAARGER WA AT TIRABTT, A SOH

A W RANR R H 22 ORI i T3R2 .

2 ERVEHTrp-cagedfr S HE A WIS
2.1 S

BF5E N B3 3k 3/ 1 8 4 [ HE T B RN S B X Trp-
cageMIH I BHLEIZEAT T 72 HIRAMBEFE, (HK
T HIE I S H AR AR —E oy . @It
AU, S 56 F 50 BT 3RAF 1) K & Trp-cage $T & HLZE v] LA
A PR AP ST S AE ST BN, RN
ShEaENERAERTESEEP AR 2SN E

F 1 BIHE A Trp-cagesE M1k 2"

Table 1 The system of Trp-cage mini-protein model”

SR R il

EX-4!" -SKQMEEEAVRLFIEWLKNGGPSSGAPPPS
TC1a" SEDEAVRLFIEWLKNGGPSSGAPPPS
TC1cM"! SEDEAVRLFIEWLKNGGPSSGADPPS
T2 NEVELFIRWLKNGGPSSGAPPPS
TC3b!" NLFIEWLKNGGPSSGAPPPS
TC4a!" DLFIEWLKNGGPSSGRPPPS
TC4c!! KGLFIEWLKNGGPSSGRPPPS
TC5a" NLFIQWLKDGGPSSGRPPPS
TC5b! NLYIQWLKDGGPSSGRPPPS
TC6a>! NLYIQWLKNGGPSSGRPPPS
TCeb>> 24! NLYIQWLKEGGPSSGRPPPS
TC8a"™ NLYAQWLKDGGPSSGRPPPS
TC8b!' DLYAQWLKDGGPSSG RPPPS
TCOH!® NAYAQWLKDGGPSSGRPPPS
TC10b" DAYAQWLKDGGPSSGRPPPS
TC11b1"¥ GAYAQWLKDGGPSSGRPPPS
TC12aM" AYAQWLKDGGPSSGRPPPS
TC126"® NYAQWLKDGGPSSGRPPPS
TCtr126!"™ NYAQWLKDGGPSSGRPPP-NH,
TC13b™" DAYAQWLADGGPASGRPPPS
TC156" DAYAQWLADaGPASGRPPPS
T’C15b%7 DAYAQWLADaGWASGRPPPS
TC16b%"* DAYAQWLADaGPASaRPPPS
trTC16b%" Ac-AYAQWLADaGPASaRPPPS-NH,
Retro Trp-cage”” ") SPPPRGSSPGGDKLWQIYLN

a) 5 RKRNEAFFIHADG IG5y ; FRIED-AlaS AR R 7
F h B 75 ¢a”; TCSbIIDINALLEE ik o A TC6a VB TCS etk
2 1 WHHR N TCatk Z; TCSbRIDIEF A AR NTCObIA R
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F 2 BAE A Trp-cage R AL A

Table 2 The mutations of Trp-cage mini-protein model”

SRR AR

RN

TCSb W6F[15.31~33]’ W6H[33], W6G[34], L7W[35], K8A[36], D9A[36], Dgs[23,26]’ GIOA[37], GIOQ[37], GIODA[37,38]’ GIODQ[37.38], GlODN[37,38]’
GLR10%", GLR11%”), GLR15P%, P12wWE**4 R16A%% R16hR™*, DIN&R16A™Y, D9Aad&R 16K, R16WHY, p1gWD?

TC9b Q5A", k8A"™ DON'"! 14T R16Nva"®

TC10b

TC11bl
trTC16b

RINRAE

y3F', 3L, y3 AU L7AlS M kAl poE™ G1oPARY, P12A", S13A1*, 514AMY, G15PAPY, R16K!"**, R160m
D9E&R 16K, DOR&R16E™, DOE&R160m™”, P17A"™, P17GM"*, P12A&P17AM"™, P18L"®, P18AI'™ P19Al®

Y35
Q5A™", DONP Q5A&DIN", Q5A&R16Nva?”, R16Nva?", R16Cit?", Q5SA&DIN&R16Nva”

BRI MRG0, GLIAIGLS)™, Wﬁ@a‘%‘?ﬁé%ﬁ?ﬂﬁﬁ)ﬁfﬂﬁ(ﬁﬂ12$DP17-19)[44], AR R B R R AT RN B4
HERRA

[42]

a) AadNo-2FE C IR, hRAFEFEEARR, OmN L2 ME, Nva N IESIE IR, Cith/ VAR, D-2 MR/ 7 4 R D, GLRAURH &R

[ 12, TCSbEIP12W SR AS HFR A Trp -cage

B GEES, DA RS, S A R8s
2 11%" . QiuMiStreicher AU I 2 R4 B
%(differential scanning calorimetry, DSC). [& — i
(circular dichroism, CD)F1 il & BT (laser tempera-
ture-jump, LT-J)JGil45 52507732, PLA Snow I Day%%
748155 5138 3 Folding@Home 5 H Al A58 3 43 F
5) J1% (replica exchange molecular dynamics, REMD)
U)K B, Trp-cageHI 3T BFF & ASTT ST, Jung-
wirthife i 4 it S5 (CD . DSCHI 3L (nucle-
ar magnetic resonance, NMR))FIMDHEAM A &5 4 (1) 5 1
WRI, Trp-cage B INTE IR R AL PE i 2 %A
75 TH B A AN R s, L 0G 248 1 167 R R 0L i
TR, RERREHLEHE T2 M5 ERS
flIRSFF (residue-specific force field)Z 51l 7737 Ixf £x
Z /N FATREMDEI A K I, Trp-cage(TC5bA
TC10b) Bk 175 &P B i m 3 [ ke 2wt 5
TC10b, Pang"*"#i FIFF12MC J5 %4> B 7E280 KA
300 K FHEE AT TCLObREA TR, R I IEAE 2
B ix 5 Andersenif 20 Y NMR Sz 56 45
FH—FL

22 FEMERTT AL

WS EMR, NS ERMERET BT
FE PR AT B A R B A G5 SNE AN e F) A5 45
#y, WA EE KK R BRI B LR,
Zhou"> 'R FIREMDBE R B T — R A3 & AN B K %
(R (RIS 250, i EY3, W6, L7 YA il g ik ik 5
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(P12, P17, P18AIP19)2H %, FFidiED9-R16ELMT 77 b Al
Fa g Z T HAS 5, T Juraszek fHan2 NP7 i 1ot
T %42 KA (transition path sampling, TPS)FIVR & 7
HEF AR (hybrid-resolution model, PACE)IF5SE T X —
o [ A5 45 M (AR TE. (H £ 20054F, Ahmed2 At 4%
AMIEPRF B i (UV resonance Raman  spectroscopy,
UVRS)HEIL T o — M@ 2 b AL, HAH
Ao 3T B W o-BE AN b RIS B R B B K%, X
Fh 5 RARZS 4 AHALL I R [A) 2 S5 A R AE 2 S5 B 6 AH
1 (fluorescence correlation spectroscopy, FCS). B
B8] 73 HF L A1 'E HE (time-resolved infrared spectroscopy, T-
RIS) 534 AIMD B e B . T AT
MK AT S RS S5 8938 72 5 R IR AR AL
JEBRIR R A 25 M BRI, AL 2 1 Trp-cage I T &
FEAZ RS SR, RE TR ED
Trp-cagee AT ZE WS 2N ARA E W, H
W SCER G T R, K 2 HOE 5N LA N TR Trp-
cagelM 4T & HA R W RIS BB, TN & g H
BRI RIS T

XA I Trp-cage M R AR T & F4F, HHRA
GOBE G A S I AR KN, RSB KAL)
TV 8 DA S Bk W 1) 5 15| e B F 25 At Trp-cage 47 2 (1)
FEAILIR, B2 R B KAZ T B 56 Ja 64T
ARG BRIk, BAAE A X 2 BIAR &, Az g e
RN =FhPr B (1) ib%- T4 (nucleation-conden-
sation) B, I 3 BURE UM B K% B 3R 4 5 T o- 1R e
[ R, Chowdhury RIMou AP UMD 51 %
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I, B K AZ oM e 2R 1 B U Trp-cage it & 1 S BEFR
HOABIE, Mok A7Md FINMR KR 1E(NMR  pulse-
labelling) S 58 tH B, AT B4/ P AFAE B K A% 45
¥, HEUKZ P8R4 s AN S, (1) §#k-
filf 4% (diffusion-collision) M 7Y | 3= FLHF 15 Ny o- 12 g 5
310-MRNE R MR IIL IR, ARG B K% O IR
Meuzelaar il PeterZ i i 20 076505 72yl o L ge iy, 4
g 2 IR E D R R B AZ OB, T iR
B3, - IR HESE T T Bt R R, BE S Bk
FRIEIZ M A5 KAZ O (WO SER R4, B i /KA 0]
WEIR S AL, (i) 2 AP ER 29T B (multi-path folding)
FER B R P AT B AR R AE Trp-cage 3T & i #2 Hh
I AEZEN O N EIBAFTR, JuraszekigiiZe >l
SETPSHFL R B, b IR P AR B 7E S 47 B T8 g 42
[FRAELE, BT A RTS8kt B8R 1 (-
RN 2] 5 80%~90%, FEAT I (F BL-Hll 8 A5 1Y) 2 5
10%~20%, iX—M S [F 43 2] 7 Andryushchenko
HanZ5 1 B 20 TR 52 45 R 10 S FF. T Shigeta

A C

R R ZH TSSO g A 2 L R R (R 2 P R AR T B
B, {02 HJuraszek% N R, SR ERERETERE
R R R, MR AL AR
W, X7 HES Juraszek iR 411 F] T OPLSAA 7137, 1M
Shigeta i i 41 {8 F AMBER (ff14SBF1£f03) /137 5%
B UL =R SRR AN, B Fergusonif izt %t
TC10b%2 H T — N ZE A B H /R BHER B AL (EI3D).
H I I B ST IX AN A 2 [ I S5 M4k, AR
M, %D RBHERA A8 T BSR4 1 ii%- R
SRR E3DATR, FTA 45kt i akR s 714
HLL S8 HAR AR 5 M 2 (A A B %4, JFHITE =
RIRASSTIA =251 F 5 1%: S8—S7, S8—S0—S7#
S8—S1—S7. X it Bl ERIR 45 14 S8 ¥ T i & TC10b 4T
B T RN TR 1) PR 2

I s & U AR St K
W, ZFEREIT B SR E AR, FE R, B
R E PN B K R 1 R (R) 3 45 40 0 R AR AR BTk
BRI M B AT AN AT AR Trp-cage

U
» %él
G At

/

rmsd

Tk 8
e v -
T Tw T

ﬁ,E \
ﬁ\
| 5 f% 72

1N
3, IR0
&
Qe
PN

Bl 3 HAE (A Trp-cage T B AT A A M Z R BB AR, D: FORE OIS BEAL B ZE O

SRR REA
Figure 3 The folding pathways of Trp-cage mini-protein model'
schematic of the Trp-cage folding funnel

19,57~

W68 A—C: Multi-path folding model; D: the nine-state folding model; E: a
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WrB5h J12, Wl LS Trp-cagelf & 5h 112, Bt
B P (A A g M B 3 2 RIS S R rh, R R
TR RERITH AT M. S RAS T
T ) Rk R PR H 1) 25 25 R FE 9 50 -l 48 0 % - S B AR Y
PRI, X R SR R A A T R R
WA K.

23 ARSI BN R RIS R Z R
T 5l BE A

FECL B = B, Z AT S H Al
BRI ANE, IBALEH & P A7 w
P12 BRI BAFAEA BG4 2.2/ 28 T Juraszek
PR BT Trp-cage T B i 72 v 47 7E 5 26 3L AE
HIT 2, HAh, ETPSHHL A JuraszekZE NI W 82
FIN-LFIN-P-LE 12 (A 3 4 A (E3B). X Left it
IIN-P-LERAR, AR5 PESF 4 3 5 — A B4R,
It H MN-P-1EIN-L M 2(0.029) bk HoAth 775X (0.007)
AL, X SRR S TE YT S AR P LN 2 R I-NEE AR
MEF—B. [FIREDebenedettiif @i 41 O m ok b ok g
(diffusion maps)f) /7725 Trp-cage AN L 1T 40 4T,
R T W2 EAF BT B AR 2 (A7 0 AR B e i B0
R(E3C), JF HE5 Mt £ B R A EHLX-I(#E 1T
[ Z5)FILOOP-1(#84%: T H A1 ZS) & i) 2 18], SX > [a]
BEMBEE T B o-180e. L IX L diF 1)
HARGIFT AR —5, (B0 8 e iR S B A i i %
KA SRS, SR R ae
HZ )3, SRR T A 2 (A Trp-cage I LA i
Z AT B AR 58 i) AT Bt A2

FERLR G A O 2 A RO B R Iy S 4k
TR A SR A R 22 S EE D A TR
GORFE, R F] FHREMDAR UG8 3 AS W R KA R
KAES A, A PUE R 4 R e A K B R e Pl 4
W™ R AR R BEULE AN I 2 1 45 M TR 3
SRR, (HERNEE R R (A Trp-cage Xt AN Al 4T S 1 15
B 3% #%. Andryushchenkof1Chekmarev!> " i 2
F1R T & R AR Bh 11 % (hydrodynamic, 78 FE 4 IA
NIRRT B AR S B IR T T Rl B B AR AR AN R
JE T AR TR, 25 SRR W, BEAE IR E I T m, 7E285 K
1300 KI5 47 8 B 90% A0 44 542 T 75325 K
NRERIZ110%, BIEgAE 1T G4 3 FHUAL TH7E315 K,
PR R AR () TR DA 4. TG X S B H R T 5
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[RIHE 1(420 K), 1% B Trp-cage 4T & HLHI 2 Hi13h 5
SR FEMAER 2 2 1 (E4).

24 HHEGBRESNHHRR

H BT X5 A% 7 2R (4 Trp-cage 45 A4 41 B A4 5 s
IR R A J1smia s 7B B J13%: OPLSAA/
L1 AMBER £ %1(ff03, 99, ff99SB-ildn, ff99SB,
£196, 9425165737881 - cCHARMM £7%1)(22, 22CMAP,
36%6)747% . GROMOS96 2 %1(43al, 53a6%)P°7 5%
PLE AR SR A AT K 73+ 7134 (MPACE, CVFF,
GAFF, RSFF Z%1/25)* 008788 ) age 6 i 18 op i ) F i
R AR WG A & Dt 1 M AN T (R P2 R NE R
it ST T AR A EL AR RS I 2 R B, LR
WA EAE AR E M E AR, MR RESHE
Jif A ELAE FH AL E 38 O IR AR R, AT BOR A
HEERANHR. B, fEGROMOS96 43al 1137 F Trp-
cageMI RATT BB EMIFA IR E LK, BT HEA
B4 S5 e B f /N R B FINMIR S 56 45 F A7 2 35 K 22
207 EAMBER  ff96H Amber99SB-ildn#73% F Trp-
cage LB SHNRT B — MR ERIB-K B4
AR R ZH 38 1 % FIOPLS AA/L F13 34T 1 5 1 24
UKL, Trp-cageth 2R & ¥ i fa € MR- K < 45
M. BRI, H RTEAEAE— 28 )% Trp-cagedf &
PV ZAT R RR A GUER. 140, Zhou* FPaschek
at \5055 5% F1, OPLSAA/LFIAMBER f94 113% i1
53] (3T S ARG B 400 KAN450 K, &35 T 9256
M 22315 K7L RS Garcia i B2 B R I, AM-
BER ff99SB /137 7E Trp-cagedr & i F2 i+ 515 B 1
ROEEE . H HHAEATLE 4 FR (specific heat) F1SZI6(H B A
RGP — Bk, (ER RIS AR b i b S W SR AE A7 AE
WEZER.

1E 2 BT 2400901 73 RS FE X HEAS [ 45 K FrO A
HAEHARRAFEZE T, U E 38R = x4 &AL
#7 AL R F ). IE fiShao Al Paschek 25 N O
Hi, Trp-cagefa e P FIHp ] 4 #4 5%4 B B J13 Ak
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Computational and experimental studies on the influence of the
Trp-cage inter-residue interactions and other external factors on its
structural and folding stability

WU XiaoMin', ZHANG XiaoChun', WANG Meng', HUANG ZhuoRan', ZHANG XingWang',
ZHANG Qiang1 & XU ChengZhen2

1 Anhui Province Key Laboratory of Pollutant Sensitive Materials and Environmental Remediation, College of Life Sciences, Huaibei Normal
University, Huaibei 235000, China;
2 College of Computer Science and Technology, Huaibei Normal University, Huaibei 235000, China

The major driving force of protein folding depends on their inter-residue interactions, especially for sidechain-sidechain interactions.
The Trp-cage is a fast-folding mini-protein, which has already been acknowledged as an ideal model for tackling complicated folding-
related problems of proteins. Although this protein model is merely composed of 20 amino acid residues, it exhibits an extremely
complex interaction network between residues with different types of sidechain orientation. Because current force fields exhibit
different degrees of accuracy inadequacies in the descriptions of atomic interactions, it remains a matter of debate at what stage of
folding the helix, hydrophobic cluster and salt-bridge is being conclusively formed in its possible folding mechanisms. The structures
and mutations of all the Trp-cage system reported since 2002 are summarized in this paper, and its two typical structures (TC5b and
TC10b) are taken as examples to summarize the composition and types of their inter-residue interactions as well as the sidechain
features and orientations. Meanwhile, the recent computational and experimental studies of several possible folding mechanisms are
also generalized and discussed, and their relationships with simulation temperature and force field as well as the switching from one
folding pathway to the other are also discussed in detail. Finally, the effects of numerous factors on structural stability and folding
dynamics have been elaborately discussed, including different types of inter-residue interactions (such as salt-bridge, hydrophobic and
hydrogen-bonding interactions) and environmental factors (such as temperature, pressure, pH and other potential factors). We also
propose that the clarification of the above factors and their synergistic effects are beneficial not only to reveal the driving force of
protein stabilization and rapid formation, but also to provide theoretical guidance for further structural regulation and optimal design.

Trp-cage mini-protein model, inter-residue interactions, folding model, residue mutation, sidechain orientation
and property
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