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HIV-1 B 5E81% 0 XEFE BV F185K RITE R4
BRI LR R F N RS

ek MR A

KD RAAR Y

E 4 0

s T R ARl AR TR, st 100124; 2R IWITSEZBeb 2 5 RHE 2B, Rl 614004)

WE iAo T HER(WT) M F185K AR HIV-1 BEARERZ L X E A (N, I & B IEAG MR AT T LA, S
SiRAEW]: FI8SK RAZJS INC W Rk 8 By, WG PEA — e R LK. %) WT Al F185K INc # R ZEAT T 1800 ps (117> 18 1
R BHUEE SRR FI85K INc TIBE loop X AL M [ U ARIZ S PE FRAR, A 288 FUBUI PR, F185K R I BRIk 2%
AR LIRS T ING JR I B AR, 515 ING 2RI 8 B SR S A T, SRR R, AR S K Al Bl i AR K, 1)
I, RARJE IN SR Z B RESE A BRI, 5ok Z AT, DA RS Al INC YRS . 2 18 2 Bl 5 S 4
KA. O PR SR SRR PR NN B SO AT AT SO SR T IR A

KR HIV-1 A58, Wbk, wiitt, 278 12
ZRPES 0641, Q7

TR AR A5 1 DR 7T LA R AR s
RPN R AT R, R E
T A RRIEI 2 AL TE ik, o Ja W alith s ok
AME, SRR YE . PRSI R T T BRI
HAHRRIT Bl k. Dk, XA AT o
DA ISR e, SEIR AT RIE, R i LRt
G AN ) AR 5 R R O T S SR
he R SR T AR RS, PR A
BRAESO LT B e, 2 Lys REH et 1
W B KR LR, DL B SR U R s A v o
AT T R T, SL e g T AT KR S
A TR, R FHYIBEAGSE R A B S T
DUEE T It AR T — o gk J e, {HE X R
TR T T s 1 ) 2 AT AE R R .

HIV-1 #45§ (integrase, IN)H 3 /MF & H) 45
FIk A B: N i &5 F 3. A% 0 X (catalytic domain,
INo)HIT C 3y &5 K438k, IN 7EAR AR AL 370 Ak 4%
B, M55 cDNA 515 B4l Ik NA 4. Bk
Ah, IN WML 37T BEEER A LS, Hi,
ING 2 IN BRI MEATE PR OB X, HAT AT Ak
FHEL I ThAES, B AR (wild type, WT) IN %ifii i
W=, FIEWTE CELIRARS.  Jenkins ZF9%) INC 1)
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B KB HE R G HAT T 98748, I 185 1 [¥) Phe 5
A5k Lys (F185K) AT 4% A st 3 v 8 1 s i 1k i L
LA TEHEASZ R, Goldgur S50k & T
FI85K/WI31E INe, Ht— D8N T INe %5 Al 14
RN AF B T fb A 45 . Jenkins A 1A T
F185K/C280S IN, SLHLT IN 4 ¥y n] 51t KA.
HHT, XF58A8 5 ING B IN PR i Ik R 1 o 1 L
BT AR WARIE.

A TAF M LR @RI T WT M F185K 58
A INe B2, WL R DhREEAT T =Lk
B M FRRIEEE T WT F F185K ING £
., RH T 8) )% (molecular dynamics, MD)Fx
PN T IFRE 2T T R A T 22 e AT T
Mo fE— @ FRJE LR T 9848 J5 ING Vi MR A 1k
AR, R 8 T TP o SRt T — 2 E
fFHE.
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pET28b @ AAF1 E. coli BL21 (DE3)5 1 i1t
IR A Bl 5 AR TRE2E B R AT s SERI 4
YER) T H g% H New England Biolabs 22 ] ; 5|4
FUSERZ AT IR EE & S i B TAE R A )
56 AR M PR 1 Sigma A R . A
Bio-Rad 680 %Y [ by {50 i WK E (A wes)s 5 5801
5 5 1] Biotek FLXS00TBI %¢ ¢/ #4451 i
VKAXCA Bio-Rad 77 .
1.2 WT FA F185K IN. B3Rk, b A RB#E M4
FNIEME LA

P pNL-INT™ (£ F185K/C280S ] ¥ 1 58 4% (1)
IN gk RN TR A 28, 514 Ny, 5 CTGCATA-
TGCATGGACAAGTAGACTGTAG 3’ ( K %I £ H
Nde 1 BEFVIRT ), Can, 5” TATGGATCCTTATTCTT-
TAGTTTGTATGTCTGT 3’ ( F ¥4 4 BamH 1 K V)
P7 f)BEFT PCR 714, PCR P24 Nde 1 A1 BamH 1
MEDI. [N, 5 pET28b iz, Mg EAl k. 4
DNA P42 5, M IERET F185K RAR R KA
JFURL i 44 4 pINGF185K. i it # & PCR Jj i
PINF185K 1 185 711 Lys 5% 5845 %y Phe, 14543
HY AR ING B, S pINCGF185K 7%, #4
A WT INe KIA JJURL pINGWT. 43 5l ¥ 4k pINcWT
F1 pINF185K #| E. coli BL21 H, M SCHR[13]1)
JIERHT S RIE. WT F1 F185K INe M 4 it f
S PCUE Hh3E o R 2 AR Pk L A R S R # Al
A4, ING ¥ (1) B A SR P e adt 1 T G e 2 PR ok
5 (ELISA) J7 ¥, ZMSCHR14) AT L E RV,
SN &5 RS, FI S R 2 BR324 DNA U7
R S R B AL 9715, A ELISA
XA T 3 BT
1.3 HEEINTE
131 BANE . RSB Jackal 4 7 0sps gt
INc £544. LA PDB 1QS4UfK) A FEAARR AW UH 454,
X[ 141~ 144 5583, 735 1BISU9H ) B
BEFRIJE X AR SE Tle141 A1 Prol42, 1QS4 (K] B BE [ Y
X ¥h 5% Tyr143 F1 Asnl44. T 45 ¥ Hrist 1QS4
I\ T F185K Al WI31E Wi A~5848M,  F Jackal F2
J B0 A g 1) 25 K 43 il BE AT E131W/KI18SF Al
E131W %48, #4%] WT Ml F185K IN. €544, 7§ H
o Bt T BRI RN LA 5 1 43 AT 200 2D fig AR
b, B HAE K MD B GRS

132 T %84, H GROMACS F2 /77
XF WT Fl F185K INc 7E /K iE4T MD Bifbl. ¥
INe BT B T LRG3 & 1 B
P35 0.7 nm, K] SPC A 7F £ 1 P 3 78 K 4
T ARFFER A AT HE, X WT Al F185K
INc R A 1R 2 A CE 7, BR LAH Y
LB K 1. KM GROMACS 25 11, ¥
A Z 5 3 LU BE T BRI AL AR B 1L HET T 200 25
AU, SRJEHEAT 20 ps 20 R R 7> T MD $
L, I Ja1E 300 K FREAT T 1 800 ps M JCLY A fE R
MD #3. MD Bl K H 2 s, FERE 100 Pl
— YR, FERE, AR VR AR PME &
%, JEEEAEAH B VR FHIGE W 424 1.0 nm. KA
GROMACS $& 4L [f1 73 M7 R 777, X RS 4L Ik 1) )5
1 000 ps BEAT 23 #7, s 771 n] 42 30 5% 1 AR
NACCESS F2/F e, fREF 42180 0.14 nm.

2 ZR5E

2.1 WT #A F185K IN. iR R0 E 1% LLER

INC 3 35 F i % 73 B () SDS-PAGE &5 31
Bl 1a Pros, B 1 a0, 5% ORI A A R
YR 1-DAHEL, %46 T pINGF185K Fl pINcWT
TR 1E W4 IPTG 35354 22 ku KM
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Fig. 1 Solubility and activity comparison of WT

and F185K IN protein
(a) The SDS-PAGE analysis of the protein expression and solubility for
WT and F185K INc. /: Induced E. coli BL21 cell control; 2: Induced
pINCF185K/BL21; 3: Supernant of induced pINCFI185K/BL21;
4: Insoluble pellet of induced pINC:FI185K/BL21; 5: Induced
pINcWT/BL21; 6: Supernant of induced pINc'WT/BL21; 7: Insoluble
pellet of induced pIN-WT/BL21; M: Molecular mass marker.
(b) Disintegration reaction activity comparison between WT and
F185K INc.
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Hi& (K 1-2, B 1-5), 5 IN ZOX KN EFR,
WT INe PAEL A TE A7 78 T4l e e v (B 1-7),
I 1-6) T AR FFAE, FISSK INe
SRABA EB AR DL (B 1-4), AR5 LLaT
WE A AR B3 ch (B 1-3). 3k H 4
WHIE R, F185K INe FidlH H I8 12 WT INc
H1) 20 %, L5 SCRRFRIE RV AR 22 S AH 240,

KA ELISA L35 7515, H Auws TEXT RN =
Wy w8 DS ING (9 ARG, g5 Rl 1o fr
7N, WT IN i 44 2238 45 35 P & FI8SK 11 1.2 £i%,
AT IN AT — e PR K. X5 Jenkins 25
HRIE ) F185K FEAL J5 ING W& PEAS 2 5% Wi 4L 2 M A7
R ARKMAF. Ak, ik, 4ifk T WT Al
F185K/C280S IN 41, Jf 73l SR H] 9¢ 56 i H1
ELISA J7 V0% 38 s M AT 7 i, 45 R
K2 Fro~. il 2 mf 0L, WTIN 1 30 T fdE i
B SN PE AR S = T F185K/C280S IN, i 5 i
TN (25 A5 5 o0 A S # 1) 1.4 R0 1.3 A%, AH
FLAE TR IN 2R (R0 DX S Ik 22000 (1.2 %), 42
B 220K, MRS AR5 T 8 AR
(C280S), *f IN HI¥E TR A — & K mif K.
I, AIVAPESRAS S IN I ING 36 P — o 1 K,
HFARIGRE A K. SCERIRIES P5848 5 IN AT IN
R A e R R, TR th T 0k
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Fig. 2 Activities comparison between WT and
F185K/C280S full IN protein
(a) 3’ -processing reaction activity comparison. (b) Strand transfer

reaction activity comparison.

HOREF AR ING T IN B PR B AR . ST
Jaalidk, TN ] S AR Y H ) A4 B R S
P E A, PIRh AL T AR TR AR
SR G & T TR S AT B A5 R A
AT 22 B — g 5. ASSCrh LA AR R
ST E AR K ELIR AR AR PR M I atifh,
Al T2 — ST PR D B T 1 1) i
i, SRl AE,
2.2 MD BERIER S

Xf MD FEAEF- 5 1 1000 ps SKAEE s, HEAT
T (B 3). B SR T PR R AR B I R] )
Ak, M 3a mT A H, WT Fl FI185K IN. A & #fE
(R 41 43 99 S -395536 kJ/mol F11-396686 kJ/mol,
Bt 2 23 51 4 464 kI/mol Al 469 kJ/mol, k¥R
JEHAE 0.15% N, A RF AL, B 3b 4
TR C RT3 U7 AR % (root mean
square deviations, RMSD)Bf AL [7] (1) 4814k : WT
AT F185K IN¢ ] RMSD ¥ 1 43 %l 1 0.24 nm FlI
0.17 nm, FI185K ) RMSD {H % /), % B F185K
INe HEARIZ B PERR WT /. B 3c 45 th T HER AR
F AR IRAE C, I 127 iK% (root mean square
fluctuations, RMSF), 1] LLUE HAME RIYAELE M
ATV RS, FRIEF 54 il h 138~ 149 Al
185~195. PAANX 32124 loop X, 31X 5 i A%} 4
4l MD BRI 25 SR AR AL -21 185~195 X &5
55185 SRARHRFEMEAR, FMEA K 138~ 149 loop
X [ 22 PE RS /N, BEAT ING (1 4 4k #% 0 (Asp64-
Aspl16-Glul52)—ii£ 2 5 455 DNA J R AFEHEL )
REP 2 WT INe 23 1 (1) % 44 1 I B loop [X 1)
RMSF KT F185K. [ 3d 45 T IhAE loop X C,
J5 71 RMSD BE I (] (1945 4k, K3 AT 0L, WT
7E 850~ 950 ps Z [ RMSD 5 — /N KIF IR, I
JalaTRE, 78 0.19 nm Uik, BT FI8SK
f(] 0.18 nm, 5 & 3¢ "4 RMSF JiF 430 H! i 5 B ik
A iis 22 i —2. Greenwald 252 i 51256 K
LI RE loop X [FIZ B PE 5 IN R A TG P AH DGR
Brigo %5PUHI Barreca SFPE ik 6 WT. i 25 5848 ¢
INe DLUCEAT T 540617 1 2 -5 W4T T MD B4,
3t Ui loop X [ZRMER/NS IN D) REAHOS, 4l
i) 551) 38 2L 40 16 Zh i loop X AR - P 1T 4 4] IN (1) 3%
PE. WT INc [ ZhAE loop X 221k K 2K (1 i 34442 )
PEWS KT FI8SK. Mk, WT IN [ 370 T i 5%
BumPE Y ms T F185K/C280S IN, WT IN. 2444
TGRS E T F185K INC.
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Fig. 3 Analysis of the MD trajectory of WT and F185K IN as a function of simulation time
(a) The potential energy. (b) The RMSD of C, atoms. (¢c) The RMSF of C, atoms. (d) The RMSD of the C, atoms of the functional loop (138~ 149). —:

WT; : F185K.

ING 3G PR 3 ARSI AL Asp64. Aspl16 Fi
Glul52 (DDE & J7) 75 2% [a] 45 14 % e — A ik =
1, 5 INMIREZVIAHOS, DDE FAT ] — Nk
SRAZHRATAT IN R ZTEERY. R 1Al TR0
D64, D116 Fl E152 5HE 50 2 [] 1) FE 25 F AR HE i
7. WK 1A, PWAMERAE MD B
DDE %t )75k FEAH B2 8] (1 B 2 fR e fe e, kv e
FEWARLAN, RPN R PR fh A AR IR OC B R A
BRI AR — 5, X5 FI85K S48 5 IN: 1)
RECREF BTG,

Table 1 The average distances(nm) between centers

of mass of residues in DDE motif

MD system D64-D116 D116-E152 D64-E152
WT 0.66 + 0.03 1.28 + 0.06 0.93 +0.04
F185K 0.62 +0.03 1.24 + 0.05 0.92 +0.04

23 BRRAEEERSERON

K 4 45 T WT H FI85K IN ¥ 71 AT 2T T AR
(solvent accessible surface area, SASA)LL & IN. 5
VAR (A TR B S B 2 A MID R AT ek 7 v i I 1)
AL NIE 4a PETE L, BELIA 2

Jii s F185K F1 WT IN¢ ¥ 2 5 771 T 2 42 11 #4 (total)
B350 % 82.2 nm? F1 84.4 nm?, F185K L WT /)
2.2nm?, KW F185K IN. [ 5k ILp (i of % .
M 4b Fil d4c AT E H, F185K INe IR P
n] 21T [ F (non-polar) 51.9 nm? tb WT ) 53.9 nm?
/N 2.0 nm?, T P AN R R (0 BT R AT B A T AR
(polar) L. & 2= 5, /774 30.5 nm? Al 30.3 nm?.
K, F185K €48 5 ING #B 3 kLA B, 50 n]
FLAL THIAR DN, AER A AL HE (358 o0 A 2 AR 1)
B K BRI, 1M 236 7K (R A M s 70 AT 82 30 TRV R AR R A
AR, RN A AR B K AR A, i B AR 1R
(PR Mk 3 i

K2 FH T INe H 4% loop X ¥ 71 AT #2230 1HI FRX
KK/, F185K INc 5 WT 1] loop X ¥ 51 vl F&iT
AR D 0.47 nm?, b JERR MR v 700 n] 482 30 1 AR
D 1,62 nm?, WY PR v AR AT B T AR A8 T
1.15nm2 K, F185K 2848 )5, IN [¥) loop [X il
MG A, TSI G, SRR IR
FREE, WNT EAISEAKME. loop K4t 53 AN
SERRBRAL, 2007 INC BRIEET) 32%, (HILH T2
T T RN (AN B 10K 43%,  loop X7 £ 1)
AT T DTk 2 T RO PE .
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Fig. 4 Time evolution of the solvent accessible surface area (SASA) and
hydrogen bond number of the WT and F185K INc

(a) The total SASA.—: WT total,

polar;

: F185K total. (b) The non-polar SASA.—: WT npolar;
: F185K polar. (d) Hydrogen bond number between IN¢ and water.—: WT;

: F185K npolar. (¢) The polar SASA.—: WT
: F185K.

Table 2 The solvent accessible surface area (SASA) of loop regions in WT and F185K IN(

SASA/nm?
Name and sequence Total Non-polar Polar
WT F185K WT F185K WT F185K

Loopl1 (080~ 094) 5.37 5.22 3.18 2.88 2.19 2.34
Loop2 (116~ 124) 4.74 4.41 2.59 2.35 2.15 2.06
Loop3 (138~ 149) 10.73 10.23 7.50 6.88 3.23 3.35
Loop4 (167~ 172) 5.61 5.53 3.06 2.99 2.55 2.54
Loop5 (185~ 195) 9.48 10.07 6.31 5.92 3.17 4.15

Sum 35.93 35.46 22.64 21.02 13.29 14.44

Kl 4d 51 T MD SR FE T INe 5K Z AJE
FRE B AR A, 4 T, B
RERLIL B4, F185K INe 5 7K T pe & et 1 i i 1]
WET WT, H¥ED 50 302 #1285 4, F185K
FEIZ 17 /1\ S, KW INC 5K [ AH BAR
PR, B RIS 7K 07 )T e E Y
262 B TR K TR R ) — A 22 QB R 522,
DA, F185K ING 557K 2 [) S AN 5 ) 388 fin Ao, /2 L
WARPERE R R R 2 —.

24 IN. EESEHESH

[0 %% - 1% (radius of gyration, R, )#¥ H ke fii =
MD bRt H R 154N A4 1R SR 2 R AR 1 IR #E AT
ARO729, Ak R AE MD AR FE R, B I R A2 4k
W& 5a fir7x, WT 1 F185K INc 1 ~F-34 18 43 5l hy
1.53 F11.52 nm, F185K &5 i, X—45R
ST 5% T 58 AR R LE Y A 7Y 2 1 () RMSD AT 771
A AR AN S ARV . Bl Sb~d
1R R T MD BRI R R LR 2 A5 T 1)
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bR, AL, I 5 AT L, WT AT F185K INc
) R, x A2, “F¥MEE N 1.39 nm; WT 1)
R,y %M} 1.23 nm, BT FI185K (1) 1.18 nm,
Ui WILE 1% J5 17 F185K ING [ 45 #) B8 5%, WT Al
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Fig. 5 Time dependence of the radius of gyration (R,)

(a) The general R,. —: R, WT.
WT.—: R,z F185K.

: R, F185K. (b) Ryx. —: Ryx WT.

N HE—50 M WT I F185K IN¢ 7EMI R 1) 22
A, K MD BT IS 1000 ps [ 48 5 & V%
(Kl 6). ZiREW], WA S E I REAR B I B,
RMSD 4 0.218 nm, {H loop 3+ loop 5 Il C ¥ [f] o
R AT R IR B X ), 5 R I 23 B X A Toop
X B L R AR . F185K IN I A loop X

Je C Ui 1] o R TE 34 1) o Lo e 46, A loop 5 A1 C
Uiy oo MR E HEAA 1) LA BRI 4 Toop 3 WL AH

Fig. 6 Superimposed average structures from the MD
simulations of the WT (red) and F185K IN( (blue)

‘R, x FI85K. (C) R, y. —: R, y WT.

: R,y F185K. (d) Ryz.—: R,z

DI 5 NV &S B R 1 1T v 0] BT S i A N 1 e
AT R IR D [ 25 AR W) £

MR A FRNE 7R Fi iz )
VR 110 R 5 A8 A0 55 J T R 15 4 T A 28,
% 35 T FISSK IN AT WT [ A1k. LA
1.4 nm A 2, WT A1 F185K INc 43 545 4
LN ERHE 97 A1 101 4. F185K S¥4%J5, INe 3
P ERM R AE T B ARk, RE 2 Lys185 F loop 5+
C Uity o WRTE A FAHAR DX Ik 1) 7 AR L [A] JE i T — 4%
BT, BFEIEH - ERHFRIE - SR
SUWER, XL M (R A BAERAVE 9K Iy, Af
loop 5 #1 C ¥jij o WRHEAT BH W IR1IS BRI K I AR
b, [FIRE, TR M (T R WT ING R AT
(R ERA AR, AR P S IR SR I 488 A T
ﬁkﬁ%,EEﬁmﬁ%W%m%ZQ%, iyl

At A FI8SK 7% J5 5l T IN. #4578 40 1) 3= 22K
xj]jj.
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Table 3 Changes of salt bridges of F185K INc
as compared with WT IN¢

Increased salt Reduced salt

Distance/nm Distance/nm

bridges bridges
R107-D185 1.33+ 0.13 R107-D202 123+ 0.12
E069-E092 1.39+ 0.13 R107-Q209 1.39 £ 0.17
K085-K185 1.16 + 0.11 R107-E198 1.29 + 0.11
E157-R187 1.35+ 0.09 R199-D207 0.77 + 0.16
K156-K188 131+ 0.12 HO078-E198 1.24 + 0.08
K185-R187 0.85+0.18 H078-K186 1.25+0.10
K185-R199 1.31+0.17
K185-E198 0.83+0.18
K185-K186 1.09 + 0.12
K185-K188 127+ 0.11
Cutoff = 1.4 nm.
3. %5 it

iR, Rk, 4itk WT F1 F185K IN 2
F, HRHTEPER IR, 453K, F185K RAL
Ji INe WAl e s, TP — e R I PRI
X WT A1 F185K INe AN 1) MD Aqil, 5
LEar e Rk I: a. AL, RRMIIEE loop X
T — B R IR, BB E RS A, i
fe A% 0 DDE JE7 5k 2 (A1 85 0 3% A8k, DRIk,
F185K IN ff AL G PR/, AR M 52 52 i 7% B2 AN
K. b. FI85K RAXS INe A H#BIK EhH 32 K5l T
TR, Rl 2 loop X H G AL W,
5 AR B T PRI 23 /K R Sl A0, Sie /KR
PR TR, ING IR AR RS SR T e AR oK. ()
I, 2 TS K 2 1) T R ) B 5 A T S 1 3
I, X EEAREAT ING AR 25 4. MD Bl S
S EE RAHVIG . A AR 5] i P o S fit
TG E AR B AR K.

2 % x M
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Activity, Solubility Comparison and Molecular Dynamics Simulation Analysis
of Wild Type and F185K Mutant Type HIV-1 Integrase Catalytic Domain"

HE Hong-Qiu", HU Jian-Ping?, LIU Bin”, CHEN Wei-Zu", WANG Cun-Xin""
(" College of Life Science and Bioengineering, Beijing University of Technology, Beijing 100124, China;
? College of Chemistry and Life Science, Leshan Normal University, Leshan 614004, China)

Abstract Wild type (WT) and F185K mutant type of HIV-1 integrase catalytic domain (IN¢) were expressed and
purified, and their solubility and activity were compared. The experiment results show that the solubility of F185K
mutated INc was dramatically increased, whereas the activity was reduced to some extent. Subsequently, 1 800 ps
molecular dynamics (MD) simulations for the WT and F185K type of IN¢ in water were performed. The MD
simulation results demonstrate that the flexibility of the catalytic loop region and the total mobility of F185K IN¢
was reduced, which causes the decrease of activity. After the F185K mutation, changes of the salt bridge network
drove the conformational change of IN, resulted in the burying of some hydrophobic residues and exposure of
some other hydrophilic residues on the protein surface. Therefore, the relative hydrophilic solvent accessible
surface of IN. was increased. Moreover, the F185K mutation increased the hydrogen number between the IN¢
protein and water molecule, as a consequence, the protein-water interaction was enhanced. These above changes
contribute to the solubility increase of IN.. It is found that the results obtained from MD simulation are in good
agreement with the experiment data. The above mentioned results provides valuable insight for the understanding
of protein solubility and will be helpful in protein engineering for increasing the solubility of proteins.
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