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Expression and self-assembly of HIV-1 CAP2NC protein
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Abstract: We constructed the CAP2NC prokaryotic expression vector of HIV-1 NL4-3 strain and obtained relatively pure
CAP2NC protein by optimizing its purification conditions to explore its in vitro self-assembly conditions. Primers were
designed according to the CAP2NC DNA sequence of HIV-1 NL4-3 strain. The target gene was amplified by PCR and cloned
into prokaryotic expression vector pTO-T7. Then the recombinant strain was transformed into Escherichia coli BL21 (DE3).
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IPTG induced protein expression, then the protein was purified by hydrophobic chromatography. SDS-PAGE and Western
blotting were performed to analyze the target protein, and the biological activity of the antigen was identified through ELISA.
The self-assembly of CAP2NC protein was analyzed by transmission electron microscopy and gel filtration chromatography.
The protein had good reaction with the specific antibodies of p24 and formed different structures in various conditions. When
10% yeast RNA was added to the protein complex, the recombinant protein only formed into a tubular structure, which was
similar to the self-assembled structure of the HIV-1 virus capsid. The results showed that the HIV-1 CAP2NC protein had in
vitro self-assembly activity, and the RNA affected the structure of CAP2NC protein assembly. The protein can be used as a
simple and effective molecular model to study its structure, and then it can provide a reference for the study of HIV immature

virus particles.

Keywords: HIV-1, CAP2NC protein, self-assembly property

N R G 1 A (HIV-1) gag LK I
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FRAE HIV-1 NL4-3 CAP2NC 5: (551 % 1 —
SHRESES Y, BES9): 5-TAACTTAAGAAGG
AGATATACATATGCCTATAGTGCAGAACCTCC
AG-3FI #5114 : 5-GTGGTGGCTCGAGGCGG
CCGCAAGCTTATTAGCCTGTCTCTCAGTACAA
T-3 (FRIZ M Nde I #1 Hind TIEGEEI07 4), mi4k:
TAY TR (L) B A BRA R G . L NL4-3
Bk R, G G 1T PCRYY . 473%™
Y2 1L.5%BRE WG LUk 3 #r, JF 4% 8 DNA #E
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DR B o R PR il 12 P9 E i Ndle T A1 Hind TILX B
pTO-T7 FA, WgY1 " Py M It 4k )5 FAS 525
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PCR 4 ¥ %@ AL IR, I AR SC 00 % NP EA T
N 50 L E A
1.2.2 CAP2NC ZFE B\ B MER 21
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W . BRI 4 C. 25000 x g &0 20 min, Y&
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fILA 1:5000 kM FHi =5 GAM-HRP,
37 CJ 30 minJ5, TBST ¥t 5, HT/EL
1:1/mA TMB IR (% A W F1 B ¥, 100 pL/
fL,37 CRW 10 min, ANZE 1R (2 mol/L H,S04)
ZL b, 50 uL/AL, ME iy 450-630 nm i1
WA -
1.25 CAP2NC & H &SN 2 R 53 17

S WS H A R R, e A R
SYRTEEE, ik e RN R R B A B B B E AT
%] 50 mmol/L TB 8.0 + 0.1 mol/L NaCl Z& M ,
I HAEEN ZE TS P ImA—EWE (WW)
1 Yeast-RNA, TZ=T#&EN 16 h J5, FE ik
fFE B0 (13000x g, 30 min), K42 i Wiks
PSRRI 31, o3 B R E A TR
W JEEFIL JE . SDS-PAGE, 2% Uy 5 WL R 11k
LN EEIE
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h—0.507. M4 IZ R 1Y BOE KM R B %R
PSR R 5S , 025 H i wT DL g /K 2 A i2E 1 7
afifl, I H oAb 22 vk iy pH (A7 KT 308 pl {E,
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bV R B K A 415 ) T B4R CAP2NC
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P 1A RIOL, 7 33 kDa Ze A7 Ab AT — 45 5 B [ AH
A E 20 . #8575 B4 Phenyl-HP HiK)JZ2HT
BB VRIS . IRAFAS IR e B e i, 22 10%
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SDS-PAGE -l & il , ki 2 ZF@ -+ HA 0
W HMEAARER, HWEAMSZR/AMHEER
FE PR RIERE, BRERRD, Z8MH
R 46 A 5] 95%L | . Western blotting %5
#W (Kl 1B), w4k~ CAP2NC &I,
It H 540 p24 By0A BAF R i

23 CAP2NCERASHpAMMAEERNE N
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“ifbf5 ) CAP2NC ZE 158t p24 1) 3 Fi i
A10F9. 13E11., 12G4 i — il 1 P I6 2 IR ot 5
55 (ELISA) RS i, 4553k 2 B
A LLEH] 75% B PEBLHTIRSE R B 1 A S A FT
B B RN E Y, X5 Western blotting (& 1B)
iR —, AU KA 2 AT A A S
HeyEAEATENE
24 CAP2NC ERMIMAREF T

PR /3 BTS2 Bk I CAP2NC & 1944 A
AR, Alifb 5 A [FIBE LS CAP2NC 251
% 345 5 %13 50 mmol/L TB 8.0 + 0.1 mol/L

A B
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Fig. 1 Purification and identification of CAP2NC. (A)
Purification through phenyl-HP column. M: protein
marker; 1. broken bacterial supernatant total protein; 2:
over phenyl-HP agarose column flowthrough post; 3:
75% B elution fraction; 4: 100% B elution component; 5:
ultrapure water elution component. (B) Western blotting
identification of the purified CAP2NC; 1-5: each band is
corresponding to the figure A.
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Fig. 2 Identification the reactivity of CAP2NC.
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SR E LI, BCRIEFTIE T 1093k 4 I
SDS-PAGE /34 . 4n&l 3A Firi, K44 A
JR&E.ORWTETES, I EAETIE D (UkiE 1.
3. 5 AEH RIK, LREKLEZRMAEK, WL
HPHALERIKERD (JKE 2. 4. 6), W]
CAP2NC & FI7ER AN AT DL 2125 o B 75% B ¥
1) B I E FLENTS IRESL 3 E1T 10%0 i i
PEFIAER 5P SDS-PAGE 434, 7E& MBS 4k
SU s SIS il T (B9 2% B e 7 7.5 3 R o N S
BMER, mME 3B &1, LitkEadis
JRALEE, CAP2NC #E [1iE T 5 YA Z RIUTE L,
X RUIZE RSN B AR IR T 6
SEAVE T, AR R E M 22 v CAP2NC 25 11
TR B RNA YA SR 3K 5l A 7] 4 1
43T 18] A AR A S 800
25 CAP2NC EHBHKEERRTIEEHTOH
Ph 75% B pEMiziifk ) CAP2NC &1 7E
50 mmol/L TB 8.0 + 0.1 mol/L NaCl 2% i i
Hr, 12 000 x g f& .0 10 min J5, BByt
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3 SDS-PAGE #ll CAP2NC E RSB A KT
Fig. 3 Monitoring the self-assembly properties of the
CAP2NC proteins in vitro. (A) Employing pelleting
assay's to investigate the assembly properties. M: protein
marker; After dialysis, 75% B elution fraction was
centrifuged to separate the pellet (1) and supernatant (2)
fractions, both components were subjected to
non-reducing SDS-PAGE gels; 3: the pellet of 100% B
elution component; 4: the supernatant of 100% B elution
component; 5: the pellet of ultrapure water elution
constituent; 6: the supernatant of ultrapure water elution
constituent. (B) Identification of the assembly properties
of 75% B elution component. M: protein marker; 1,2:
reducing; 3,4: non-reducing.
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U I, SRR R A LR B I ] 7E 14.8 miin,

/NER43 A 115 min, BT CAP2NC 4 [ #L R R/
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HS{E k 33 kDa, #HEMIZE &R T AR
RN BURLEL & AR, 73T 8 KT 440 kDa, 1M
K AC HiBEMTHINA 10% Yeast-RNA (AL b, H g
B, B2 R BT RIAE 117 min, ih
21.3 min F1 22.6 min, 48 2 WAL 7E DA 10%
RNA B 5 T ks, R8RS EH
BRI AETE
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HL 230 1 R B R TR 3 R 5 4 s/ 2 21 2
R —Fhrh RE A
3 Wit

HIV A v AR S ol X 245 W0 O T 52 1 H o 7™
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BT HIV 5 254 3 R0 A A — A B B T LA
Y g 000 2 SR 785 25 WU E 2 ) — T et 0
IR 8 X 272 AR B AR T A B ARG
Wi R TARE HIV [ CA-SPL 1 3D f5 &, ¥F
MGG FE K bR — i AL 25 ] HIV 551
G RR, HIRAE R HIV X 25977 A= it 25 1
P K S 10T 2 ks ¥R ) HIV 58 289 25 9 4R LA
TR R AIE RO R AR T PR R HIV 4]
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Fig. 4 Analysis of self-assembly CAP2NC by HPSEC.
(A) G5000 molecular sieve map of 440 kDa protein
standard. (B) CAP2NC sample G5000 molecular sieve
map with addition of 1% or 5% yeast-RNA prior to
dialysis. (C) CAP2NC sample G5000 molecular sieve
map with addition of 10% yeast-RNA before dialysis.

P<: cjb@im.ac.cn

591




592

ISSN 1000-3061 CN 11-1998/Q A T. #2244k  Chin JBiotech

5 CAP2NC EHBHEKR AT EEBEMNE

Fig. 5 Observation of the morphology of self-assembly
CAP2NC by transmission electron microscopy. (A) The
morphology of self-assembly CAP2NC with addition of
1% or 5% yeast-RNA prior to dialysis. (B) The
morphology of self-assembly CAP2NC with addition of
10% yeast-RNA before dialysis.

o5 7 20 2% B4 R 1 5 A RN 5 A AR AL R AR Y
T3 P A5 Ak 75 B E— 232 P 2540 A= ) 2 1 He
5% . CAP2NC % [fEl Gag H I —45r, &
B REE RS L AR BUA M EIREE M . AR R
Haifb Al 5 S 7 HEA WA B 4k m .

TE43 BT CAP2NC 25 RS 2H 256 S5 1y 2o 72
W, ARSI E T R FUARAM R R,
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W PR AT SRS S TIZER T B AL, T
K 38 2L 43 - 0 o A & BRRE S A 1%3k 5%
RNA , 7£ 50 mmol/L Tris-HCI (pH 8.0) .100 mmol/L
NaCl i S5 1T, MR8 A LR B8 B[] 43 By — 0 2 2R
FUE R, AR EZ 2RI, il
BRgw ik, Bl WS A BE i AR URE , LT
WEZE 3] 23 100 (R FUREAE B3 AR 28548 5 TR S Hoim A
10% RNA , A1 ] 1 28 w25 A1 HE I 38 43 2 OB
BURURL, HA 43 8 1 O R AR S AR A
e, MBI LG EIREHWIER, I HER
TOCE B A, AR BORLAEAE . B R 22
SRR ATREE RNA S5E AW S AE—
g A8 e CAP2NC 78 [ 1R A 425 i A
RNA J5,RNA 7ER 3248 i 5 NC A EAEA,
W REAME KL G TR EA ),
MG HE A B A 2R 2 | 25 O RIAE T A IR 25 4
M o R HE IR IR 5 1 — 20 S5 K0 A= 12 7 1T R 56
iE. AWFSEE L CAP2NC & 1 FRAL P 5 3
E L 10% RNA A &t AR EEA T 5 S AH G 50 5,
E— 2B YR EE A TR I R I, S T R AHX
23 A A B9 25 LAl [FIRH o HIV AR
A BE R ZE A AR DG IIF I it T 275
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