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W OE: H T MEEBIRET Tat38-61(SIN/55N) Bkt B B BARL &, 3t —F AF 50 HIV-1 Tat38-61 &A% 69 o F #H4b i ik,
KA AL TR A7) 69514, BT Overlap PCR 497 %3k 1%F 51 A= 55 RA BN R L a2 K Tat #4535, Flit
A HEAR PCR 438 B 3% 84 Xba 1325 5 7] 69 Tat38-61 K XAk A FK HIV-1 Tat38-61(SIN/55N), 5ol £ @ K R T HA
pCANTABSS L, #ALXMHAFH TG, £ MI3KO7 4% 84 B AR, #2274 B K& T Tat38-61(5IN/55N) AR R X
L E, $RBTFXENEEEH 5.0x10° FEEH 2.65x102 TU/mL, FAMEEEH 56.50%; A7 >R AEF 51,
55 1SR HBRE AABRIY ZEAELS A, LB T ERAT, TRAFRGBR, HRFTRAERGELDGHE Tat
RERLZ Kb,

X HIV-1 Tat, MR, MARE, HHKET
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Abstract:

evolution screening of HIV-1 Tat38-61 epitope. We used primers containing the random nucleotide sequences, and introduced the

We constructed a phage-displayed random mutation library of Tat38-61(51N/S5N), for studying the molecular

random mutations at the sites of 51 and 55 amino acids coding sequences into full-length Tat sequences by overlapping PCR. With
the randomly mutated full-length Tat as template, the Tat38-61(51N/S5N) mutants which contained recognition sequences for the
Xba I in both ends were amplified by PCR using the designed primers. The mutants were cloned into Xba I site in the phagemid
vector pPCANTABSS, then the recombinants were transformed into E. coli TG1, a phage-displayed the random mutation library of
Tat38-61(51N/55N) was constructed by the rescue of help virus M13KO7. The results showed that the library consisted of about
5.0x10% colonies and the phage library titer was 2.65x10'> TU/mL. More than 56.50% colonies in the library were positive for
insertion. Sequence analysis showed that the nucleotides encoding amino acids at the sites of 51 and 55 distributed randomly. The
constructed mutation library could meet the requirements for the following molecular evolution screening, and might prepare the

Tat mutants for the further study of new Tat vaccine candidates.

Keywords:

Har, 9% (Human immunodeficiency virus,
HIV) C 23K E Y 2 KT in ) =R AL AR
B, WFRIAT 500 HIV 2 H 2 HIV BRI RS TR
— NREbEEE 1 % (Human immunodeficiency
virus-1, HIV-1) B #0% & 1 Tat (Trans-activator
of transcription) J& HIV & il 53 7= A= it —Fh f 201
FEHEM, T8 HIV-1 WA §HOmE0sE ke 8 24
FHUSY, Tat 34 A4 JE YL 20 i 38 it 22 Fho =X 430 51 i
SMRIE REEERT BEM: @S CDAT T 4
L. NK 4iMiF0 B 4ERER TS, AR S Y
FEAY, HIV-1 Tat 0 F &4 NIgX (1~21aa), 2
AR E X (22~37aa), oL IX (38~48aa), fifh
R E X (49~59aa) . A A BE K E 4 X
(60~72aa) LA K C ¥iIX (73~101aa) 6 PINREX T,

Bl LR B 421X (49~59aa) 5 HIV RNA #J
L G VA AW
element, TAR) %55, {E#baE LA M7, WM
WG R A HIE % XS A EALFE Y] (Nuclear
localization signal, NLS), HAZEAILIRE, LAk,
X HAFRIIGE, J& Tat 78 A S5 005 4 i A i
i 3 B 1 45 # BE Al 100 A R U PG R U R 3L
o i A R AR T . %P R I AR

(Transactivation response
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B EORSE, JRT A0 SR RS 0 X, [ s R XA
J& Tat i) EE P RIRALZ — , AR TT 58 2 5B Tat
a3 T TR 1 2 A A0 i P R R AR A%
OUREN, B, EARE R Y 4
K Tat 2 A NIRRT B F AR 110
YT Tat 3 FIBEMEIEN], THER Tat 292415 £ T
P B HC A JE P T Y Tt 28 VB & 100 E S )
o X P DX R AT 5 A8 T B A A 0 v R AR
e se, A5 RME Tat &K 27, 51, 55, 79
P13 0 MR AL 22 IR (S). AR (T). 5E&
iz (L) MR (A) 5, HAY#EEG R K
55 H e iR 2 5w, B 51, 55 Ayl s AF
PR A 4 G M S R B RO Tat 51, 55 f A T
MWIXRAN, I BT RS, L ARRAE
S, AN PR ST 9 7 A K A 78 S B I R 75 5 M B 4 ]
S LA ) 2 T PR B SR SRR R RGBT
KT R — [, AHFSE X Tat(38-61) 51, 55 fif
g3 90 AT R AL 5 A, A R TR AR R R HIV-1
Tat38-61(51N/55N) Bl X 28 AR PR 28, A i FH 0 F
P B TR R G ST S1. 55 L RARXT B R
Wi, I DL SR R AT AT A5 B e e 1 9 BT B Tat 58
S A BE 5 A
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B RS WETE R E/R HIV-1 Tat38-61 GRYEX 51 1 55 i BEHL5E A8 1R SCIE Ay H g 757

1 M5 W, 45 51N S5 A7 BEHLIE LR Tatl-61(SIN/55N),

PCR W 4549 94 °C 5 min; 94 °C 30s, 52 C

11 Mﬁf , 30s, 72°C 40's, 30 MEH; 72 ‘CHEMH 10 min, L)
L1l EHR A

2 KIAT B 2 % i - DL A i S i R 4R HIV-1
HXB2 #k Tat £ F1 19 H 4 Fiki pET32a-Tat(1-101)
KT E. coli TG1, Jiki pCANTABSS. % B
PR MI13K07 31508 — 22 B R A W Bt &5 1
PRAENT,

1.1.2 A7

FRGIPEP VI Xba 1 W FHAESEA YA sk
B H TOYOBO 2 A ; M w2 i (CIP) .DNA
marker I HEAY T () A6 SRR
DNA [FIi7) &  H TIANGEN BIOTECH (Jbi0)
ONEly ORI £ % DNA Tag B [ LI H fg
R AEY A
1.1.3  7/#/75

T 86 £ KS1 07 . RSS (L REALZ AR F B
Sl 6 &, W 1. JH T WE R R R R 4K
pCANTABSS ik i By PCR 4735 L2 )7 51 )
4 : pCANTAB5S-1: 5'-CAACGTGAAAAAATTATT
ATTCGC-3' (L1i#51%)); pCANTAB5S-6: 5'-GTAAA
TGAATTTTCTGTATGAGC-3' (FiF514). LI L5149
BIZAE B A T AW TR AR MRS A IR A R .
1.2 A
1.2.1 K51 {7, R55 [ZEEPLIEEH BHIY i A5
I E A

DL pET32a-Tat JEt i Ak, LL Up-1. 51D R3]

# 1 Tat38-61(51N/55N) BEH1ZEZE 5|4

Table 1 Tat38-61(51N/55N) primers for random mutagenesis

pET32a-Tat TR WAL, DL 56U, Down-1 ~5[4],
Y1 Tat56-101, PCR [ 5F[F I FELL Tatl-61
(5IN/55N) ., Tat56-101 J Bt i) PCR IR G /=¥ A HHA
VI Up-1. Down-1 K541, Overlap PCR 434 51 fi;
H1 55 (EFEHLZEAE A Tatl-101(51N/55N), PCR S 5%
E I BJE LA Tatl-101(51N/55N) FBLf) PCR 7=
Y it , L 38U, 61D N5|4¥, ¥ 51 fiA 55
{7 BEHLZE S 1Y Tat38-61(51N/55N), PCR i &1
| B Tat38-61(51N/55N) PCR =¥y, H Xba | B,
BV 28 2% Biahi iUk, i e atife
1.2.2  WEFF pCANTABSS HI# 6. BEL R w5
1Ak

Bl pCANTABSS TG1 BFHHEFMT 3 mL 2xYT
(Amp) }iFRIE, 37 °C. 250 v/min PR IR LK o
P& B R S D Xba 1 B8 Y1, IR R V) S B
pCANTABSS #hik, H 2% Zgh s vk & o K ik
J5 W B 2R pCANTABSS I CIP #ifR L, [k
Zo ik WL AL TR pCANTABSS #ifk, JH 29 B
JE W HL UK
1.2.3  Tat38-61(5IN/S5N) ZE7E (K 7 241 1 i 1K B
JEICSE R 1

B 20 pL (4 pg) Tat38-61(51N/55N) Y] H Bt
10 uL (2 png) £ EWEMmRILAL B pCANTABSS 172,
A 15 pnL S RGE R R DO B HE T i R N .

Primer name Primer sequence (5'-3) Size (bp)
Up-1 AGAGGATCC*ATGGAACCGCTGACCCG 26
Down-1 CCCTCGAGTAAGCTT*CTAGTCAACCGGGTCGGTTT 35
51D GTTCTGGTGAGCACGACGSNN**CTGACGACGSNN**TTTACGACCGTAA 46
56U CGTCGTCGTCACCAGAAC 18
38U TGCTGCTTCCACTGCCAGTCTAGATTCATCACCAAAGCTCT 41
61D AGAAGCCGGCTGTTTAGATCTAGAGTTCTGGTGAGCACGA 40

Note: * clone sites; ** the mutation sites were underlined (N=A/T/C/G, S=G/C); Xba I restriction sites were in italic.
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WAk E. coli TGl BZAHIML, JMA 500 pL
1.3x10"* TU/mL f M13KO07 S Bh W RSB, H 4%
JFEAR Tat38-61(SIN/55N) S8 A8 UK Bl HIL 2 A i T 1 e
ANCPE, BEC10 uL, 1 pL. 0.1 pL K& LB (&%
Amp 100 ng/mL) V- ILIHFE A EON & 45 . &AW e
PR SCPE I R A AR DL IR 1
1.2.4 BB S0 2 I E K T i 5

BT pL WA AR SCEEAE 10 £5 RAUM RS, 25 L
10 L W B A SC PR IR e x84 K Y) E. coli TG
100 puL, 37 'C. 250 r/min JE¥% 555 1 h )5, 4 LB
(% 100 ng/mL Amp) “F-AR, 37 CHiFEak. THEURA
[ A B B 9 I A R P TR PR B, TR TR BRI LA R
JEFEILL 100 I SA B 2 T Wi T 1A Y B A R 2K
(Transformation unit, TU), HIEEE

TG . B 10 pL W R IERIR A LB A,
37 CHEFRI, WA THEELEK.

pET32-Tat

Up-1 D51 56U Down-1

pET32-Tat

LTatl-()l(S IN/55N) .

‘ Tat56-101 |

Up-1 Down-1 i
Tatl-101(51N/55N) |

v 38U6ID
| Tat38-61(5IN/55N)

Xba 1 digestion

| Tat38-61(51N/55N) |
[

1.2.5  Tat38-61(5IN/55N) ZEZFIE/FHT PCR K7 R
JFIY 4B

Iy BINEAL - I E Bk 23 AP TEEE A SOB
(Amp) WK FRILF, 37 'C . 250 r/min JR¥5E5E Sh
J& . AWM, pPCANTABSS-1, pCANTABSS-6
i E RS T PCR 78S, PCR [ &4 1R] I .
1.2 % B RE W68 IS FL UK 43 PCR 7747 , 3 ik FL Dk 161 5
BH 1 %+ B8 K2 DL2000 DNA marker H #5857 SC )% Hh A
SEREAT AT B KN R A I L

PRI PCR %5 i A PSR ERE 33 4>, Z4EdL
TN A AR R R ey A7 BRA B 647 8 51
MF5140 pCANTABSS sl PCR %254
pCANTAB5S-1 Fl pCANTAB5S-6, il )3 45 4 11
DNASTAR #AF50HT, RGP 458 538 Tat38-61
H 51, 55 fz B 5 AR I BE AL o

pCANTABSS

Xba 1 digestion l CIP

s

pCANTABSS

Ligation

pCANTABSS-
61(51N/55N)

| Transformed to TG1 cell and rescued by help virus M13KO7 |

v

v v

Determination of library titer | | Sequence analysis |

| PCR identification |

1 Tat38-61(51N/55N) FEHI T T ERIME

Fig. 1 Construction of Tat38-61(51N/55N) random mutation library.
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2 &

2.1 BEWRTIRR BB IS, §l& 581

L pET32a-Tat JFURL A4, 434 LL Up-1. 51D
J¢ 56U, Down-1 M51%), 14 Tatl-61(51N/55N) K&
Tat56-101, K/N53%1k 183 bp F1 138 bp, S5HIIS(H
AM4E; FELL Tatl-61(51N/55N). Tat56-101 F Bty
PCR AW A, L Up-1. Down-1 K54,
Overlap PCR #"# Tat1-101(51N/55N), K/NH
303 bp, FHISIEMSF; HJ5 L Tatl-101(51N/55N)
FBER) PCR P2 A, DL 38U, 61D A514¥, ¥
14 Tat38-61(SIN/55N), K/NA 138 bp, SHLSHAM
£Fo Tat38-61(51N/55N) F Bt MRS 28 Xba | BT,
HEIEE Y] K/NR 96 bp [ Tat38-61(S1N/55N) K
B (A 2).
2.2 MEERL pCANTABSS RIEG] K 5 i ER 1k 4038

I kL pCANTABSS 28 Xba 1 V), 50 & [0
Weglifk, K/hh 4 555 bp, SHISEMST, 5K
DIRG P M 2 IX 5 B . 4 CIP Kb B 19 195 BT A
pCANTABSS 5 UM L08R —2 (8 3).

bp

500

250
100

2.3 MEEIRART Tat38-61(51N/55N) FEHI T C
JES=0F k=

Xba 1 B V] )5 HY Tat38-61(51N/55N) F BS54
CIP AbFRAYMEF R pCANTABSS 4%, 3L~
b E. coli TG, HBIWER A M13K07 ¥RK, 15
Tat38-61(51N/55N) Bl AL A Wk i A R 7R SCJ%E . 1%
JI ) )2 75 e RV AL K0 5.0x10° CFU, 3 ok 2.65%
10" TU/mL, JHEIXE R 0.
24 WERRTR Tat38-61(51N/55N) BaE#HIHAE X
EEfRN B ER RO 1 R

PCR #l 4l & SCE R A R Bt vl UL g 4, wf
ANV AR BEAE SCHE P i o3 A R Aan T« 7E 23 A4
PATERET ) J A 0 /) Domain BB 5S 24k A% R 10
A, BTN 46.5% ;5 1 4> Domain FYH 11 4>, &
47.8% ; 2 1~ Domain KLk BfR 214, 5 8.7%; FH
M 7 B LU TR 56.5%
25 M ARTHEXESEHFNFLER

X} 33 4 Tat38-61(51N/55N) FliAL 5 525 40 & S0
JE AT SRR AT R AN, UE SR AR T B
Tat38-61(51N/55N) ZRAFREEL ], B 5 A8 1) 24 FE R v

bp

250 —
100 —

2 Tat38-61(51N/55N) RE(KF A PCR T (A) REBIEE (B)

Fig. 2 PCR amplification of fragment Tat38-61(51N/55N) (A) and restriction digestion analysis (B). (A) M: DL2000 DNA marker;
1: PCR product of Tatl-61(51N/55N); 2: PCR product of Tat56-101; 3: PCR product of Tat1-101(51N/55N) (303 bp); 4: PCR product
of Tat 38-61(51N/55N). (B) M: DL2000 DNA marker; 1: PCR product of Tat38-61(51N/55N) digested with Xba I; 2: PCR product of

Tat38-61(51N/55N) without digestion.
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M 5S 1 2 3 4 5 6 7 8
2000 bp
3 WEEH#I pCANTABSS Bt fn LB L L E
Fig. 3  Digestion and dephosphorylation identification of
pCANTABSS. M: DL2000 DNA marker; 1: phagemid

pCANTABSS; 2: pCANTABSS digested with Xba 1; 3:
pCANTABSS treated by CIP.

BJE KS1 R RSS, HEETRRIFAIBIAMIE, 2%
AT FAC A R WL 2. B SR R 1) 28 A8 AR
TSI 12%~157 % (52 P H PR B BiS
IR ECZ L) s & s V345 A IR 1 28 AR 33 %3
FA B A 64%~172% o BT X} I Y 45 B L R F- 3
=B AR R G A B AE Y 249%0~283% , I
# 3. 5IN-55N L HBRF A 2 AR )79 14 S L
Hegd &, Tofmiate, A RBIERMYAE 24 4
E], 9 AR, £ R e SRR B 2 1k F i A
Jo 50w o A 5T, 3R B AS K 00 P 6 A 1 I TR A
Tat38-61(51N/55N) 4 & SCEVIREHL G -

4 PCRIEMMXEHREX/NMENREREENSH
Fig. 4 Distribution of colonies of inserted fragments with
different size in combinatorial library detected by PCR. M:
DL2000 DNA marker; 1-23: the number of 23 single colonies;
5S: the phagemid pCANTABSS for positive control; C: the
negative control.

%2 HIV-1Tat38-61(5IN/55N) FEHlRTAE XEZHBRRTINE
Table 2 Nucleotide mutation frequencies of the HIV-1 Tat38-61(51N/55N) combined site-directed random mutation library

51 55
Nucleotide Average
N N S N N S

A 12.00%/8.25%%* 8.00/8.25 0.00/0.00 13.00/8.25 11.00/8.25 0.00/0.00 7.50/8.25
T 7.00/8.25 11.00/8.25 0.00/0.00 6.00/8.25 8.00/8.25 0.00/0.00 5.30/8.25
C 11.00/8.25 9.00/8.25 25.00/16.50 5.00/8.25 13.00/8.25 23.00/16.50 14.20/8.25
G 3.00/8.25 5.00/8.25 8.00/16.50 9.00/8.25 1.00/8.25 10.00/16.50 6.00/8.25

Note: * measured value; ** theoretical value.
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# 3 HIV-1 Tat38-61(51N/55N) Ml RTHEXERE
BRI

Table 3 Amino acid mutation frequencies of the HIV-1
Tat38-61(51N/55N) combined site-directed

Amino acid 51 55 Average Theory
Ala 1.00 2.00 1.50 2.05
Asp 2.00 2.00 2.00 1.06
Phe 1.00 1.00 1.00 1.06
His 3.00 0.00 1.50 1.06
Ile 4.00 2.00 3.00 1.06
Lys 0.00 4.00 2.00 1.06
Leu 5.00 4.00 4.50 3.10
Met 1.00 0.00 0.50 1.06
Asn 2.00 3.00 2.50 1.06
Pro 2.00 6.00 4.00 2.05
Gln 0.00 0.00 0.00 1.06
Arg 2.00 0.00 1.00 3.10
Ser 7.00 3.00 5.00 3.10
Thr 2.00 3.00 2.50 2.05
Val 0.00 1.00 0.50 2.05
Trp 0.00 0.00 0.00 1.06
Tyr 1.00 0.00 0.50 1.06
Ter 0.00 2.00 1.00 1.06

Total 33.00 33.00 33.00 33.00

3 wH

HIV R34 T 3 0 2 2 2B TR 24 36 T
R FTBEE AR F BT . 4
HAART S REA RT3 AT, 12 2 R 26 R 2
PRI T HAART JPREI097AL, TAUE, o7
HEE Ao 330 34 00 U o S K % 91
Bl HIV Tat fFHy— R . 76 o i i
FEEAEA, RBIGCRIL, HIV BT Tat 3
PR A9KF- 5 AIDS H9 J2A5 20 501K, Tat B PR
I R AT A K IR S5 1. Tat 2 4
AR S R LI 2 01 T AT 0,
YRR, TatEWTS| R T HCHR AP S AN T
WIMLELIE , RS S R 4 I, (LAER] 3
AR MU AT 00000 2 K e 40
% Tat EHTHOREF A L, LA Tat 4053

FHRIT IR BAR L

ARG 53 F B X — B i AR 5 R Y
Tat Fo 8 o 033 Xt K AR Tat Btk X b 47 B4 i
it 22 18y i 25T DR 8 D A ey, I P A A SR R
A, WEmZX B 51 M 55 {2 LR Lo AR &
AHE BEAL i 42 1% F 5 AR B AR 1y i T A S s S,
AT TG AP -Tat S i BEAT bR e, DA
HIRAS S e M B o | 2R TS M AR S AR i, B
FEW, MEARKGEAEEDR Tat 5-FHe 4
TRGF (S e

HIV Tat 73 F WA SR EHUR LA, HhF2h
MR FAL, QA FHPT-Tat HUAXTWEE AR /R 41 HIV
Tat 578 (A R AT R A 07 8 25 PR R 0 B He A 19 A
VERE T8 22 i AREI s 0 45ie, Wik, Fflk
$£T HIV Tat 57 PN 520 T g X B I X 2F 17 e
/Ko Tat 43 BHA KRR SHEHWRE, & TIM
SRR, I MG T HIE S S AR 1
ZRBI S IR R AR, R Z
AR RAR K, fE Tat Bl IX P& A WIAf R 2R
PEBUIR AL, (HNFL P 56 A AR R m, Rk,
WIEf Tat38-61 KL I Ik J2 43 i b 0 156 20 B2 (1 i
oM, ATHIE T pET32a-Tat(38-61) flA&HE A,
K AR S 06 % 57 i) 45 1 % bt PEPTIDE-Tat(1-101)
I3 DA R g A 3 AR s SR HIV BH M i 7
#EAT ELISA Kl , 4553 W] Tat38-61 54t Tat Il
1H Bt HIV Tat FHPEERGE & MG R 5 sons, IR
Tat38-61 AU ML LR B8 T HAU e (B R ow)o

H1 T Tat38-61 4wfth) 74 #% , il i PCR X} 51
55 PSR HEATREALIEHE BB, FRATT 1 SExt 4
K Tatl-101 19 51 Fi 55 ALz BERR AT RANLAL, LA
IR PCR § 14 Tat38-61 4l J3 41, 4% 5 IR
RAFT 51 F1 55 (i G SERFEHLAL Y Tat38-61 Zihd)F
G I B T AR T LW DA R SR R SCHE, R A D
5.0x10°, JEJE N 2.65x10" TU/mL, HBIHiAFN
56.5% . JPHN 0T RS 51, 55 AL H IR 1Y
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ARG NNS FEALAL Y HE B EAE (€ 2),
JIT G S TR 1) s 5 WL 1 04 00 {1 b A ST
(% 3)o HHb, EmEHAS R AT S
A BEAL AT AR AR . X B 2% SR 1 3% B T A4 2 1) SC
JE R R A BENLEE, 3580 T X% SOR I T 4T
PEARTT G B, R IF LM o F IR AR ifi e . 7 Tat
SRR B ARAT B 58 Vi A 38 00 (0 R S B T R Al

gi bk, IATH I g T HIV-1 B
Tat38-61(51N/55N) B P X 58 AR R 3¢ )%, I H H ¢
7%, ZREME . BEPLTE A R SO ER , ARSI
T OO R T 2R AR R i, HAE S A
[F) B0 AR B M8 W SCPE AT 2R RN ik, i — DR
HIV-1 Tat38-61 KAL) 7r T #EALTH 1 , LU A BRAHR
) e I
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