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[ Abstract] Objective To construct a stable HIV-1 nucleic acid quantitative detection of internal
standard based on virus particles. Methods p24 region was mutated without changing p24 conservative
district and inserted into phenotype resistant vector pcDNA6.2-LTR gagpol by PCR amplification method,
following by the construction of pNL43-AENV-LUC expression vector containing the specific mutation
base by Gateway recombinant technology. This vector and VSV plasmid were cotransfected into 293T
cell lines and HIV-1 pseudotyped virus was collected from the supernatant 48 hours later. The loads of
HIV-1 were quantified by detection of p24 antigen titers. The multiproportion diluted liquids of the internal
standard plasmid, the mixture of the internal standard plasmid and positive samples and the mixture of the
internal standard pseudotyped viral particles and positive samples were used as the template for the real-time
quantitative PCR to verify whether the nucleic acids levels matched the probes of internal standard plasmid,
and whether they could be interfered by the sample probe and primers. Results The fragment of specific site
mutation in p24 conservative region was inserted into the phenotype resistant vector pcDNA6.2-LTR gagpol.
The detective p24 antigen was 283.2 pg/ml, while HIV-1 pseudotyped virus was 3.61 x 10’ IU/ml. Internal
standard plasmid and internal standard pseudotyped viral particles matched the probes of internal standard
plasmid, which were confirmed using real-time quantitative PCR and not interfered by the sample probe and
primers. Conclusion The novel internal standard construced with pseudotyped virus could be used to detect
plasma HIV-1 level.
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NG 6% % (human immunodeficiency
virus, HIV) @3RG MR E2E 51E (acquired
immunity deficiency syndrome, AIDS) [ Jsfk, JH
FEAEIIRRAMBER . iR L AL
PR A B B4 MK 2 (The Joint United Nations
Programme on HIV/AIDS, UNAIDS) Attt 5t A2
GRIE, BE20134E)E, SERAIDSHT AIKALLI210
TN, MRIETZI50 N B, I Z15F AR
XFAIDSZITHUS 1 HOKEERE, (HAN A HLIX AIDS )
WATEAIFAFFE, L X AIDSHATE E IR
PR . FRE 1985526 7 AL BIHIVIE G E LK,
FEPLT AIDS 7 TH U 1 W] 5 kst EA 2R E
JRGSHIV N B 2 15 B K 2 —, #iA20154E10
AR, 4EREFAEHIVE LS FMAIDS B it
57.57i1, FETZ17.775 N, 2015451 H 210 H#iR
9.7 73BN, Rk, @S ERIEA, RELE
IUHIVIR G Hpz ) AL fR AR B2,

HAETHIVH LG =2 WKk HIVE
It PU-HIVAI . p2440 R A I PL A HIV-1 RNA
g ss, HAPHIV-1 RNAJE & AN R, &)
ZHTHIV-1% O 2 W, 38 BAE 7R 5 002
DA K i B VR 9T R B ISR R e . H Ar i
[ b B A A% R e B A W R & L AE . W IRRT-
PCR (Amplicor HIV-1 Monitor Test) . HEH5RT-
PCR (Amplicor HIV-1 test) . # H#=NASBA
(Neuclisens HIV-1 QT) . P4 J-FbDNA (Versant
HIV-1 RNA 3.0 Assay) o (H 3 LR 5 oA IR 5
s B SR S H R A B B, P E R T
76 A HE R, i R ) e A A
REBYEHAAE, EIRKENRBRATTZNH. %
For ) G B A AE T 91 AR EE S B bR F A1 B ULIE
AU, A PR ZH AR 9 22 47 B ar il 22 56 X HIV 7 471 (1)
R PEROR SR TE Tk, 0 T I Kkl
R RN 5 1 2 1 B P HIV- DR A4, 30
fREWT.
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1. {X#&: Thermo Scientific 4 JiflJ%F5 58 H £
E ThermoA & ; Vii7E &PCRAUI H 3 FEABIA
A]; XmarkBghr W H 26 [ Bio-rad A &) ; PCRAIY
H 2 [Ebio-rad/y &) ; Tannon 1600R&EER 14 RG>

T B _E#EREEA

2. W7f: R Eagles7 3 (DMEM) . Jig
4-1fiE (FBS) . L-B&EBtlk. HHHR. WH
EEGIBCOAF]; 29340 i A H i I ##% H 8
pcDNAG6.2-LTR gagpol. pNL43-AENV-LUC-AATR
FIEBA A S S ELRAF: Fugene 6%% 4Lif
T H K E P KA JoHN R KRR &
AN R 0 B b R O s AR YR A IR A
Al Wi SR &6 [ TaKaRa A 7 ;i FERNASR
B0 & W H QITAGEN 2 A s 7K 6 M 111 98 7 75
(AN R (VSV-Gi e K a5
IR s HIVEEESHAAGE WEHEEY KA
A s p24U AR S O B A6 SRR TR AR
MEARGRARF]D + RBRAETOPI0. KGR A
BRI StbI3 (ASLIR HARAE) 5 il JE 843 # BT i
5] (Y EM§Luciferase, D-7¢tZ&D-Luciferin,
T2 IKAF; Gly, ATP, E[ESigmaA#]) ;
Gateway i\ 77| G0 F 3£ [H 208 7] ; PCRIIY L
HAETHARGRAR GG W7 B EEEAEY)
AR AT 5B

=\ ik

1. 2 M RAFp24[X . MNCBIM & N AT A T
MIHIVES, K BioBdit2F i 4T L 15 2 p24 4%
SEIX T A . R A Primer STRTHRAE B
HIV-control. WFrJIMAERE:, BEIEEBRAL F B
HIVcel (200 bp) , PipcDN6.2-LTR gagpol ¥tk
SRR BIYIST. ASIHIS2, AS2¥ 15435 41 i |
B (HIVe2, HIVe3) , LAHIVcl, HIVe2Al
HIVCc3IRAPCRIY NN, F19S1. AS2¥ 1%
HBamH 1 NNhe 1 BgV)fr =0 H ) BHIVc4,
PCR&H4i4L [ 5 H5pMD 18-Ti##: . ik, $k
EELREfE, W R UE R RE A . FBamH 1
MNhe 1 577 EGYIHIV e4 TA B FE $H M oz ok A
pcDN6.2-LTR gagpol#ifhk, EY) =424 55 Je b it
R LK A A RO AT 3 I B . 4R T A S IR
TaKaRa T4 DNA Ligaseiii ] 5. ¥ iR ERE =)
pcDNG6.2-LTR gagpol-p24th4 4k 5 K i1 4 H TOP10
S M PN, U8R R M O Ok e B O 4R LT R,
BamH 1 MINhe 1 UG]S FFIeE, BARS RS
B o7 LE 2 D itk AT

2. WA RIS PREH R IR UE . DA AR T KL
R, 1 2FE OB AR, BREF IR . 5-VIC-
GAGATATTAACGAAGAGGCCGCGGAGTGGGAC-
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TAMRA-3'. PCR A% %44 HR TagMantRE 707 £
HEAER PR RAAT, BERR8 W, RPZEM: 95°C.
1 min¥iAs#E; 95 °C. 15s, 60 C. 1 min; 454
o HURBE SRR B2 (1) AR iR S HIVIR 2R &
FEHEAT SEIN E EPCRY 1, 7kl b

3. Hl&HIV-1 8RR : B RBHEE
pPNL43-AENV-LUC-ATTR# A # /A 4 Gateway &
A, FIHA SR E R RE s R
EYEZ DU T AE K BH M e B, B2 LT KL I
W 56 45 2B 55 i 42 ikl (EAH TSR
VEH ), JE# 5 VSV-GJF kR % 4L 15 5k
FuGENEG6#: 4229341 it . 41l T 5% CO,. 37 CH:
726 h, H#HrIEIRIEE, 3 T24 he 48 hift B,
Mp4aPrJF & &, FHAP KHIVE&ERF&EEE
TE NIRRT R, VA Ep24 5 JFE AR &
A IRHIV € &) & U 3T .

4. S E EPCRE M A bR 5l MR EF 2B T
fE: 20 nl 200 w8 UKL 3% FIHIV BH 14 Ax
AL, S BAFEARNEEANN LY, #%
FHQIAGENY 5 £ Bk 771 & 5 1F 25 SR 42 U 75
RNA, %M TaKaRa¥i#% 3 57 & 100 5% S N
cDNA., 7E384fLHR 7 #5378 pul PCR PCRX M4k &
i B8 TagMan R £ 7235 77 S48 42 e B AR R IEAT
MAKZ N8 pl. PCR M Z4E: 95 'C. 1 minTiAs

P 95 °C. 155, 60 C. 1 min; 455, i
CHE S5 A e R W) 4645 DL e BUE AR, 759 3)1%
FEM AR HERI 2. fEUL IR R G, RO
1N 5 AR G I R OE T, SOk R B AR AL AT
S RASEAS ™ ) B R AR A

% R

—. pARAEFHK LR A B (HIVe2
HIVc3) KIP 1

pcDNG6.2-LTR gagpol N 43 5 H 51 ¥
S1. ASTHIS2. AS24" R4 H1 1) b F i v B
(HIVe2FIHIVEe3) , § /=94 5 5 Bl i ik %
€, IR BOR/NEE TR %47, 1.5%3E 5 0E
LKk & R L.

T\ PCRIEY 1Y Btp24 5% 7 I HIV c4

PAHIVcl. HIVe2FIHIVE3 IR & PCRF=W) Atk
B, BIPS1. AS24 M & BamH 1 MNhe 1 1
PIAL s 10 H 9 v BtHIVed, PCRZMITAR % G 4
BamH 1 MiNhe 1 BgU)AINRLRGAE, 5045 540
¥, VERLE2~3,

= pRAR AR X AR ) # A pc DNA6.2-LTR
gagpol-p24tH 56k

HIVc4 TAREY) F B AlpcDN6.2-LTR gagpol ]

=1 WY SIS

ey i 5 (5'—3")

S1 AGTGGATCCA TGGGTGCGAG AG
AS1 AGCATGGTAT TTAAATCTTG TGGG
S2 CAGGAACAAATAGGATGGATGACA
AS2 TCTGAGGGAA GCTAGCGGAT ACA

K 514 L3
Kol 514

AATACCCATGTTTTCAGCATTATC
AGATTTCTCC TACTGGGATA GG

AFRG1 Tk CGGCGGTCACCAGGCTGCGATGCAGAT

AFR ST Ui GCTTGTTGTA CCAGCAATAT CGCTAC

WHFRF 5 CCAGAAGTAATACCCATGTTTTCAGCATTATCAGAAGGAGCCACCCCACAAGATTTAAACACCATGCTAAACAC
AGTGGGGGGACATCAAGCAGCCATGCAAATGTTAAAAGAGACTATTAACGAAGAGGCCGCGGAGTGGACAGAT
TGCATCCAGTGCATGCAGGGCCAGTTGCACCAGGCCAGATGAAGAACCAAGGGGAAGTGACATAGCAGGAATAC
TAGTACTCTTCAGGAGCAAATAGGAT GGATGACAAA TAATCCACCTATCCCAGTAG GAGAAATCTA

3 2 PCR Y827 (/- BPtEefy W Es 751D

YRR AR 7 F BRI (bp)

HIVc2 PCR 95°C. 5min; 95°C. 30s, 55°C. 30s, 72 °C. 1min, 33/§#; 72 °C. 5min, 4 °C. 10 min 530

HIVe3 PCR 95°C. 5min; 95°C. 30s, 55°C. 30s, 72°C. 1min, 33/M§#; 72 °C. 5min, 4 °C. 10 min 741

HIVc4 PCR 95°C. 5min; 95°C. 30s, 55°C. 30s, 72°C. 1min, 33/E#; 72°C. 5min, 4 °C. 10 min 1480
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VE: 1. 2: FEA, NG: BIPEXHE, M: Marker
&1 HIVc2HIHIVC3 i EXPCRY 1 2k

E2 HIVedww[EGEREDI4 R

A BUER R FO PRI T IE, 25 Rt 5 T AR
JrBtHIVe4 751 —3, $27~xpcDNA6.2-LTR gagpol-
p24tE ZH JFURI A R BT, TE L4 ~5.

VU, ABRBURLS 51 0 3R4EH R S M SerIE

A A 7 50K A5 B BE S B, IR 51 AN
PREF AT SIS 2 PCRIGIE, 25 R I & VLHL,
PR EE, WEe, LAMEFMR S RAL N AR R
LR VRN BHPEHIV LI 34T S 2 £ PCRIG
E, LA HETF 2060 HIV-1 B M35 b5 A K B0 A FR iR
S s e o, PIERCR R, WK
7o

i PR TR0 R s 23 R B AR UE

B 5 R 5 pNL43-AENV-LUC-ATTR % A 444
ZGateway B4, BTN P45 2 RAL 5 1)
B0 BB 22 5 kipNL43-AENV-LUC-p24t, #4293
MR T, EEFEYRE, R lip2490 R
B N283.2 pg/ml, RMEO0.9925, ERFESE
5 43.61 x 10°TU/ml (I E8FHE3) .

7N BRAIE P9 AR R AL 3 A5 B BB B S 5
PRET UTC AR L

B9 2 5 8 5 5 A HIV R M5 R4 5, B
PEZ IOV N, $RIRNA ., 055 JycDNA
VERBER, AR 5| M AR ET HEAT 92 & B PCRYG:
UE, SR KIMPFH LA, e M ETH, ¥
WM EE, WE9.

&3 HIVcd o b J5 B U 3 56 25 5t
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[El4 p24fRay X IR P HLxs 45 53

[El5 pcDNAG.2-LTR gagpol-p24t# 14K 45 1) &

VE: Amplification Plot: F#1/&; Cycle: ¥ MAMEA%E; ARn: WG
E6 AR TURLRE LU RS J5 i EEPCRZE 1

15 I %o
BEE AV KRR, HIVZRR € =TT
HIVIZ IR E SRl XFR AR s s il, B EckiE, GFEsIm 2t e EPCREA. 733K
MEHHIVERSWIEEREEMS, HEHTIF  DNAGSHT KRS (bDNA) FILER T HIK Y
IR AR PR ERIT ROGEFPURTIRIT AR (nucleic acid sequence-based amplification,
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7E: Amplification Plot: ¥ #[&, Cycle: F B7EHF%: ARn: %%
R
E7 ARk SHIV A 75 R & 5 € #PCR4S

180 -
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20 -
0 T T T T
0 0.5 1 1.5 2 2.5 3
&8 p24 4 i K AR v i 2
2 3 p24 PUlE AR A AT A R
PEA p24-F¥  p24IRE R E
' WS FEE (pg/mD (1U/mD)
pNL43-LTR gagpol-p24t 1.4715 283.2 3.61 x 10°
VSV-G 0.122 — -
R IRk 0.104 — —
W =7 FoRptE

VE: Amplification Plot: #14[&, Cycle: ¥ W% ARn: 5¢GHRE
(&9 WARTRLEEE 1 BR 2:45 AHIVIR B L35 N 2 SEPCRES

NASBA) . H A PR M H AR, sz
e BPCREZA A W4 e A% 1R 7 W4T FR 3k )9
b (R ) 5 sk A AR L Mt 7 B== A o A A N ]
BE— TP Wb LK, R CUE SRR
MR R, M HARMER LA RHIT e R, %
TN A R ARG, BRAER R, R
o, CAT 2N T 5w s & i HL ]
WFFe R, Rk, A AT VR P AR e DSk
I 5 Y6 58 B PCREAR NG ISR o

SRMTHIV L R € A M IS FE R B8, 5 [A]
RRZ, WAL E R E B s R EREA
IR AR, HE T BRI DU B R e
R, 8 FH B AR 6 B RE R . cDNA TR FI AR
FRMIRNASE . BT 0 8 BORLE A 2 A et fa
K, cDNAJURLATER EEMURLIN,  TeikAA0M I R AR
A AL IR IR BUS AR, BRER RNARK 5 4 4
fife, XL R IPRE] TR R)ZMH

AR 7 398 P (995 75 R JIURE A Rl ok 6 5 56 1R
FIHIV-18 42 50k AR I M T 2899 8 (vesicular
stomatitis virus, VSV) J:FEEGLE PR, HTHIV-1
B BT R B e JE TR e s A, K
P U JOW 82 AT 2 AR T 2 M anfa ™, K wi
S A Y .20 HH SR B9 7 R R L B IR 1T
ML, W PEIRGE, 1% R RS I LHI V-1
Hl7KF,  HARSLES = B Rl ) A 20200 B3 R (1Y)
B,

AT TR B A URL N B AZ R T 51 AT 28 R
RAF, HORHIV-VE W 7 51 3R 5 45 & 6 SR 7
H1, KPR RERE S B B X T, M
EIET PR B B2 s G5 FRUESE,  ARHIE ST AT R B I N A
RS EREE S P B UL R, H 5 S IRHIV L
T8 O EE I S EREE A LT, AR JTOR A2
Iy (B 5 75t gl A2 75 75 R IR A B R 4% 7R AT DA
WAR SR EFTLEC TE, H5ZMAHIVIILS F 5
B GIVRE O BT, RN IS Y 1.
TREBURLI Py P S LA I bR AR B, B % Ak
M~ A E TR AN S SRR AL, EE SRR, I
e, 45 CrlfRfE3d, MRS .
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