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Ultra Rapid Real-Time PCRO|| 2|§} Human Immunodeficiency
Virus (HIV)Q| A&TICHY

OIS - ZgE - RO - BB - B>
2A7|CHetn Rfo{ufsilsh Adgdnistt

Q) 7+ 8 A ¥ v} o] B A(Human immunodeficiency virus; HIV) A& 918 o3, 2 94 A1 X 2 PCRY & 78}
g} A2 H 4] DNA 971492 env $AAE 7]uEe 2 A A 5 )00, Z}7] HIV-1 E-o] 495%] 7] (gi_1184090)
9 HIV-2 B-¢] 2949 7} (gi_1332355)9] DNAE A AH9] o] 2 PCRE o] 43 FAA YA Y 2.2 A z}sle] AL
8t4ic}h. 2314 A7 PCRL, PCRY) A 5 7+ @A AAA S FHH o2 S48, 1) PCR 494
microchip& @A ¥ 4> Q13 Genspector™ & A1-8-31eo] -8 81 ¢1ch. DNASGE 3 §HFH & TR 3 PCR A
A2 HIV-1 9 HIV2 250l A 158 o] Ui 2 ¢ =gl 20, 2}7] 4 23/09) ¥4 env FHAZ 6] = HIV-1
Eo] 11749 7] 8} HIV-2 B-o] 119%17] 8] PCRAHE-S A ¥ 22 2FA A 4 0 WS Lo F9 . o]F §
Al ] A1A 7 PCRY & & o)A 234 AlA| 7 PCR (Ultra-rapid real-time PCR)o| 2} 5= 8}5ich. o] &= £ &
T A4 HIvel o 3 2z Agyhi g 8 op 2 PCR Ay o] AL 22 gl ohE WA o] dsfed = A
49 $91E Ao, A HIV 9N 2o A £ A4 B4 AY F 7119 A0 = Alad

3.
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Human Immunodeficiency Virus (HIV)E 334 B2y =
T F(Acquired Immune Deficiency Syndrome)9] ® <A Z(19),
lentiviruses 9l 3] $l.o1, 2006132 Al A AAHe=
oF 4,00081F 0] HIVel ZrE=lo] 3o, oF 2,500%H5 9} AFEA}
7} AT A 0 2 VERSTH20).

UnkH o2 AIDS ZIRIQ] 25-43%, BIZHERI] 33-48%Tk]
a9 MY AHE FRAYTR Hugu o). ol
AIDS &t Aol tigh B AT F4 Fdo]| off7]d)
A AAE FE= H8H ARl ashy] wiEold, ols
2R} Zale] HIV ZFEARE JIAEHA] &3t HIVE 44|
& 27E 2. el AE3 9 3 FEE Z2EE A

i9le] 159} AIDS ZHARE Foka ARE 24 A=

N\

£ e 5 Y=S 3, o vobt HIV A% 74412 9
& Zolth12).
AW FUAD, F AR AATH 308 ol FEARE

A F e AFHL oS F83 Aok, 71E9] Enzyme
immunoassay (EIA), western blot analysis®} 22 E33hd At
HHEL AAAE 5 5ol I v FAVF EAse 4R ¢
GA o] 7ledh, =3 vlwE 71 AXAIZME He 2 g
TH2l).

T HIV 83 & HIV 3F 859 BAEH ZHA AL
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|31 e HIVE AR, vlelei=e] A 552 S4Y 5
HIVE] /AR FIEELS CD4+ Jubrt 579] S5 28 V&
o WhIERT HIV 29 HI8F} JEEE o] A3 oE
BRI $1.2™(16), =3 branched DNA (b-DNA), nucleic acid
sequence-based amplication (NASBA)¥ 22 HHEL HIV ¢
ko] A S-S 3] F-83HA ARHL glov(1s), ol
S 25 HIVe B3 ZUEPES fsl 23 S
< IFHOF AHoL 3], PR DR AARIZEE B
o @53ty S840 0|24 & = /iU

Real-time PCRZ ©]-8-3F 23291 Aiby-e njolei2 vt
Hlgjol ZEe Aeta, FFeA AT T Ao (9), AAIE
BEUgHo] 7bsstd AEE @58 4 e AR e
AAHT Jor bt BAAE ez I JiEo] 7)
WEl v Stk Realtime PCRE ©]8-3 71& HIV AP ATl
A HIVZANSY 91zH32 Hd 1 copyTE7HA 2 + Je
Roz WA= K16, BiE TE IHHEL HIVY 2
2 Q] WGl o|27A] YHHE o2 PCRIl AR EE ARE
AR HerE He ez veht JUthd, 5, 6, 8, 10, 13,
16, 18, 22).
ol YHIH O Z AMR-E|= real-time PCR7)7]7} 96 well block

ZIRko. 2 33 Ql7)ell, PCR ¥ -2%9 ¥3A]ZHramping
time)o] A& o2 =7 Zo] F8% ojfroin, 3 AgtEo
2 AREE 20 ul oJAke] PCR €989 4% AiFoE & A
o]7]o] AR PCR ¥H&-ollA WE LE=RSE Afr7le gl

o

=
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2 ALt on, &4 R 25 E7Hol 23} annealing
BINE Ao 2N HEo|H ANES A aloE
A = ATH(14).

PCRY 285FE A7HE FaF oz dE3lr] sl 4
PCR 71719] AR /o] aF=R e, oo wet 255
2% 2HE 9st], 2o 2L FHOE PCRENS FHE
1ul o2 74A717] H3F microchipS 7|REO 23 Aj 2
& realtime PCR 7]7]7} 7R A =HATh7).

mEhA, B dFoAs d MxAo]l 8 AElE 2 fEA)
A7 AZE microchipS 7§02 3= real-time PCR 7171&
A3, AIDSY] FdellA] 1 ®IAIQ] HIVE 108 thol A,
HAE 5 = Q2L 2714 PCRBAHES /Eslais) sl5e
o, T3 o] 234 Aol 7]E9 realtime PCRYHY HIdtH
oJE ztol7} JY=7HE HESLA} 3HTh.

Nz o Uy

AALE 7|1= A=l &A

= retrovirus©] 7)ol 7Hd F gL 49 ulelgx BA7}
Aol A dojus, o] me} ottt 318 wols ot
24). DA B AN e v= AHFE AE AlE (National
Center for Biotechnology Information)ol] E1 =] Sl& 45%<]
HIV-17} 33%9] HIV-29] F7IME FEE dr3sla o]& &7
g vl P =230 CLUSTAL X v1.83% AM8-8le] v
B4g A o) AREA 2 ulelaaRe) A4 F 7
354 Aot 22 F7HE FEE FEIA HAYeH,
1= 2}7] HIV-1-env495 (495 bp), HIV-2-env294 (294 bp)et ™
B3R, o5 247 AF FAA Y-S AHEsk] A ST

<3

HIV-1-env495 % HIV-2-env2942| 213 {REX} gHd

AF FAA FAAYH 5 long-nucleotide extensionH-2 3' T
o] AH A2 F 709 long-nucleotide (50-80 mer)S #&}3}a1,
o524 71¥ 2 primer® PCRS F-33}} <F 100 bp 2719
DNA B8-S 42 ¥, o] Aojzl DNA B9 & 3 2w
AH A9l A2 long-nucleotideE primerZ &} PCRE 43§}
OF DNA ©H9] Zolg saWiy dak= E714¥9] DNA
£ ARz WRiolthR).

HIV-1-env495= 5229 long-nucleotide (50-80mer)E A8}
A AR O™ 495 bp 2712 HIV-1 env 532N Ao},
HIV-2-env294+= 4%%-Slong-nucleotide (50-80mer)E A A3} A
ZAstgn.om 294 bp 2712} HIV2 env F82 AHR-Eo|tlong-
nucleotide 71X E-& BAA)).

dukd g ag oA PCRY 242 Z47}9] long-nucleotide
(50-80 mer) 10 pmole, 2.5 mM dNTP, 25ul¢] 10x PCR
buffer (15 mM MgCL), 2.5 unit Tag polymeraseE 3718} 3
ZT B uE S FREHe, vhE LS pre-denaturation
94°C, 5%-& 47383}, denaturation 94°C, 30Z, annealing 57°C,
30%, extention 72°C, 30% IS 303 WHESH H post-
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extention 72°C 10822 319} o, 2312] PCREH<= ZF ©A
o4 g8 DNATH 1 ngS 7]1A 2 A ARRskITE

E ey B FHAEL PCR product purification kit
(Intron, Korea)& AHE-3te GRS AASIAIL, T-vectordl
pBlueXem (pBX)oll 2 W3t o™, d71ME £4 F, 47
pBX-HIV13} pBX-HIV2Z} "8 8FATHQ2).

HIV HME primer H| &t

HIV-1 ¥ HIV-2¢8] PCR AHE 9&te] HIV-1 € HIV-29] 7
AL primerE 2}7] AASHGcH(Table 1). ©]E HIV FAE
primere primer3 v0.2 (1) %3l AAI5}Y 2, VPCR v2.0
(17 53t HIV ©]9]9] Tl ¥hg31A] &S AYS
34tk 2+ oligonucleotide®] A& Bl0] 29~ (Bionics, Korea)
Aol oj st

PCR M= &g

PCR HH21E FA37] st 25 4] PCRS 588k
T}, HIV-19] annealing H &L= & =A3517] #3F PCRY FAS
1 ng pBX-HIV1, HIVI1-dF/HIVi-dR primer Z}Z} 10 pmole,
1 pl dANTP (each more 2.5mM), 10x PCR buffer (15 mM
MgCl,), 2.5 U Taq polymerase (GeneClone, Korea)S A}-8-3}%]
T} HIV2E 1 ng pBX-HIV2, HIV2-dF/HIV2-dR primer 2+ 10
pmoled AFE3IR.oH 1 99] 2L HIV-19] 799} YA
st Peltierd4) €] Thermal Cycler$] PTC-200 (MJ research,
USAYE ARS8 T, 94°C 587t pre-denaturations G333 &,
denaturation  94°C, 303, annealing 54-66°C, 30%,
polymerization 72°C, 302 #78-& 303] ¥HE3}H ). ©]%F final-
polymerization 72°C, 1083} PCRE €535t PCRAEES
agarose A7|9F ¥ Densitormeter (Gene Tools v3.06,
Synoptics, England)2 583t #A9] 2=21E Sttt

Z 12 AA|ZFPCR (Ultra rapid Real-time PCR)
234 4A17F PCR (Ultra-rapid real-time PCR)}S PCROI| 24
B EAE 105 Ex 1 o3 F2F 4 v A
O F, vl real-time PCR WA 7&317] Hot] FEHAS
, A 59 A7l A9 Quick real-time PCRZ} 5§
oJw|olu}, 2314 PCRE &3] A3z} g g st
AFe| ALEH realtime PCR7|7|E= WAz AgE
microchip2 7)¥Fe2 3} Genspector® TMC-1000 (Samsung,
Korea)ol™, o]& o|-&3le HIVE A& e AW A0S

b ¥z

Table 1. Sequence of HIV env specific detection primers

Name Sequence(5'-3") Amplicon Reference
HIV1-dF cgecteaatageectcagea 117bp  This study
HIVi-dR tftgggagcagcaggaageac
HIV2-dF cagccagcecaacgaaggaac 119bp  This study
HIV2-dR cccgatcaagaggegagtea
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PCRe] AL HF ¥kgd 1 pul¢tel template DNAS] 1 fg
pBX-HIV1 (2.3x10? copy), 10 pmole HIVI-dF, 10 pmole HIV1-
dR, 2x greenstar master mix2 FAI8FYP o™ HIV-2el tisie=
1 fg pBX-HIV2, 10 pmole HIV2-dF, 10 pmole HIV2-dR, 2x
greensta master mix® 2433} ch WS- AL pre-denaturation
94°C, 30%E S 338}31, denaturation (94°C), annealing (HIV-1,
60°C/ HIV-2, 56°C), extention (72°C) A& 403) wrE-3}gct.
cyclelol A2l 2+ DA (stepyE AIZHS: 152-152%-15%, 102-10%
-10%, 5R-532-5%, 3%-3%3%, 12-1232E AFse] gzt
22892 melting point analysis= 75-90°CT7He: S5
Tmgts 243t

Z10% MAZHPCROIM BIZtE 53

Ultra-rapid real time PCRS] 273}l AMg 4 Qe A
copy = =43t 712 DNAQ pBX-HIV1S 5%} copy
o) FRHAIE 718 A7)0 ARG BAA A 5| AlLtet
o B A7 BE copy S A-E3t4ch. HIV-19] 73
£, 10 attogram (2.3 copies)®IA] 10 femtogram (2.3x10° copies)
7hA)9] pBX-HIVIE 7132 AHEgE HF 18] ko=
Ultra-rapid real-time PCRE 38150, HIV-29 AFolx &
A3} k2] pBX-HIV2E AFS-3FAT). HH2-F71L2 pre-denaturation
94°C 302E Y3}, 94°C 1%, 60°C (HIV-1) == 56°C
(HIV-2) 1%, 72°C 3% L 403] vrE-3I]T}. Melting point
analysise 45-90°CT-{HS 43T

Z0& MAZHPCRE 2} ¥ MA[ZHPCRY S| B[

B A7 A 42388}t Ultra-rapid real-time PCRS] 53-8 H]
wal7] sk, 71Ee] UWEH real-time PCR7171Q] Exicycler™
Quantitative Thermal Block (Bioneer, Koreays A}&-3te z+ o
A AAA RS A Qe 5Y A8 Syt dHE vwst
A}, Exicycler™ Quantitative Thermal Blockg ©]-8-3} real-time

A)
500bp
400bp
300bp -

200bp S

100bp

[
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o

HIVe] Zth PCR A 93

PCRY FA-& 10 attogram (2.3 copies)?|A] 1 nanogram (2.3x
10° copiesy7tA12] pBX-HIVIE 7|22 AME3l3, 10 pmole
HIV1-dF, 10 pmole HIVI-dR, 2x greenstar master mix”t X%
= HE 20 ul ¥rEA-E A} real-time PCRE 38}t
HIV-29] 79 593 559 pBX-HIV29} U3 H%2] HIV2-
dF, HIV2-R primer® AME-3}9TF ¥H§3712 pre-denaturation
94°C 1058 3313, denaturation 94°C 153, annealing 60°C
(HIV-1) / 56°C (HIV-2) 15, extention 72°C 15% 4L 403
231900 melting point analysis= 40-94°C 77HollA] 3514
1=

a3 A nF

oIZ |TAL MO o8t HIV-1-env495 X HIV-2-env294
o| x| =}

B A7 424498 HIV-1-env495 (495 bp), HIV-2-env294
(294 bp)E Z17) AF A FAHEES At ARBIReH
Zh @Ale] A S AVIEES Eok] ERlEATHFig. 1).
G PCR AHE& Z}7] Tovector?l pBXell 2243 & Q7ML
ARE FYste] L] AZRHATE RIS HIV-1-
env495 (495 bp) 2 HIV-2-env294 (294 bpy’} Al® 82 7}
7} pBX-HIV1Z} pBX-HIV2E FH3IPoH, ol A7 |IMEE2
By g F-ARE2] multiple alignment 2301 23] F25]
T AA" Aoy, Z7] GenBank®] HIVI env gene
(gi_1184090)2]  1949-24432] A8} HIV2Z env gene
(gi_1332355)9] 8786-90799] A&} FU3 Aol ATHFig. 2).

PCR /X =71 &g

AzFgt HAB-E primer®] annealing HHZPLS Y3 A}
o] pBX-HIV], pBX-HIV2E £ PCRETY 7|22 A1 g3l 2
%= 7] PCRE At EHE annealing =9 WA=
54°C-66°Col™, 7+ 2°C A8 FUXY PCRE F3 3t

Fig. 1. DNA synthesis of HIV-1 and HIV-2 specific, 495bp(HIV-1) and 294 bp(HIV-2)-long partial env gene(HIV-1 : gi 1332355 / HIV-2 :
gi 1184090). A. Target DNA was synthesized through 5-step long-nuclotide extension. Each lane shows the result of each extension step. except
lane M (DNA size marker). Lane 1 to lane 5 were 102bp-long. 187bp-long. 281bp-long, 366bp-long and 495bp-long HIV-1 specific partial env
gene, respectively. B. Target DNA was synthesized through 4-step long-nuclotide extension. Each lane shows the result of each extension step.
Lane 1 to lane 4 were 93bp-long. 167bp-long. 23 1bp-long and 294bp-long HIV-2 specific partial env gene, respectively.
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(A)

5 -TTATGTTATGCCAAACCAATTCCACAAACTTGCCCATTTATCTAATTCCAATAAT
TCTTGTTCATTCTTTTCTTGTTGGATCTGCGATTCTTCAATTAGGGTGTATATTGT
GTTTGTGTAATTCTCAATTTCTTTTTCCCACTCCATCCAGGTCATGTTATTCCAAAT
ACTATCCAGAGATTTATTACTCCAACTAGTATTCCAAGGCACAGCAGTGGTGCAAAT
GAGTTTTCCAGAGCAACCCCAAATCCCCATGAGCTGTTGATCCTTTAGGTATCTTTC
CACAGCCAGGACTCTTGCCTGGAGCTGCTTGATGCCCCAGACTGTGAGTTGCAACAT
ATGCTGTTGCGCCTCAATAGCCCTCAGCAAATTGTTTTGCTGTTGCACTATACCAGA
CAATAATTGTCTGGCCTGTACCGTCAGTGTCATTGACGCTGCGCCCATAGTGCTTCC
TGCTGCTCCCAAGAACCCAAGGAACAAAGCTCCTATTCCCACTGC-3

(B)
5'-GTAGTGCAATTGTTAAGTAGATTTAGAAAGGGCTATAGGCCTGTTTTCTCTTCCC
CCCOCGGTTATCTCCAACAGATCCATATCCACAAGGACCGGGGACAGCCAGCCAACGA
AGGAACAGAAGAAGACGTCGGAGGCGACAGTGGTTACGACTTGTGGCCTTGGCCAAT
AAACTATGTGCAGTTCCTGATCCACCTACTGACTCGCCTCTTGATCGGGCTATACAA
CATCTGCAGAGACTTACTATCCAAGAACTCCCCGACCCGCCGACTGATCTCCCAGAG
TCTAACAGCA-3
Fig. 2. The nucleotide sequence of HIV specific, partial env genes.
(A) HIV-1 sepecific 495 bp-long, partial env gene (1949-2443 in
GenBank gi_1184090). (B) HIV-2 sepecific 294 bp-long, partial env
gene (8786-9079 in GenBank gi_1332355). The bold letters in each
panel represent two position of HIV-1 or HIV-2 specific detection
primers pairs named HIV1-dF and HIV1-dR. or HIV2-dF and HIV2-
dR, respectively.

H2HE& A8t annealing2 =8 AsIY T PCR Z3}
HIV-1 (117 bp), HIV-2 (119 bp)9] FZHES 1% 4= U
I (Fig. 3A and B), ¥} Densitormeter$] Gene Tools v3.06
(Synoptics, England)2 74 A3} HIV- 14 60°C, HIV- 24
3% 56°CAA 7Vt =& s 52
annealing £ 2 #a}gic).

Z1% AAIZH PCR (Ultra rapid Real-time PCR

EFAIE Azt BhE

= fl&

Table 2. Results of Ultra-rapid real-time PCR for HIV detection.
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(C)

54°C 56C 58 60C 62C 64°C 66T

e H a2

Fig. 3. Temperature-gradient PCRs for HIV-1 and HIV-2 detection.
(A) HIV-1 specific PCR. (B) HIV-2 specific PCR. Lane M is DNA
size maker, 2.84 kb, 1.39 kb, 1.08 kb, 0.82 kb, 0.29 kb and 0.08 kb.
Lane 1 to lane 7 were HIV-1 specific PCR-products (117bp) or HIV-2
specific PCR-products (119 bp) with annealing tempurature of 54, 56,
58, 60, 62, 64, 66°C, respectively. (C) Densities of each HIV-specific
PCR-products. Optinum annealing temperature were deduced 60°C
for HIV-1 specific PCR and 56°C for HIV-2 PCR.

pBX-HIV18} pBX-HIV2 7} 1 fg (2.3x10? copies)yS 7] 7)
AZ ARSI 2114 4417 PCRY) 7FsA S A ST AR
H 71715 Genespector® TMC-1000 (Samsung, Korea)®]d, ©]
7171918 23E 5 Qe Z ﬂ'ﬁ]@ Z4 AIZH] denaturation
(94°C), 1=, annealing (60°C =& 56°C), 1_._, extention (72°C),

39 FENA, F, & ‘q'ﬁ](step)— 15%-15%-15%A K8
A= A BAE FA AT 12123 JJV] PCRE 33}
AT A SFARE SA5A

AzH Hi AYrbs A Z 9APE 12-12-3%9] PCR
A= pBX-HIVIS pBX-HIV29] 3|32} 29171 483 &
ZHE ERIE 4 e, PCR F §HEAAIMNAE 38}
o] HIV-12] 73-% 40513 ¢] PCRo] 138 15%, HIV-29] 2% 40
3]19] PCRO) 148 48% Thol] FHMo] %EHL RS A3

Time in seconds

Type (Initial template) Don? A’ e Elapsed time Ct value Tm value
HIV1 (1 fg) 15 15 15 38:35 29.29 85.46
10 10 10 31:54 27.98 84.74
5 5 5 21:51 27.98 84.71
3 3 3 17:06 29.49 84.90
1 1 3 13:15 34.56 85.60
HIV 2 (1 fg) 15 15 15 45:02 26.35 85.36
10 10 10 31:47 28.64 85.63
5 5 5 22:09 27.85 85.84
3 3 3 18:18 27.63 85.72
1 1 3 14:54 28.34 85.64
*Denaturation time
®Annealing time

“Extention time
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Fig 4. Ultra-rapid real-time PCR for the amplification of HIV specific env gene. Ultra-rapid real-time PCR was performed with minimum time of
each 3 steps (denaturation, annealing and polymerization) and 40 cycles. Each time of 3 steps was 1, 1 and 3 seconds, respectively. (A) HIV-1
specific, Ultra-rapid real-time PCR. Total detection-time was calculated 13 minutes and 15 seconds including PCR-amplification and melting
temperature analysis. Curves of Fluorescence(F) and -dF/dt were shown in whole 40 cycles. (B) Melting temperature analysis. Reduction of
fluorescence(F) and -dF/dt in 75~90°C. (C) HIV-2 specific, Ultra-rapid real-time PCR. Total detection-time was calculated 14 minutes and 48
seconds. Curves of Fluorescence(F) and -dF/dt in whole 40 cycles. (D) Melting temperature analysis. Fluorescence(F)and -dF/dt in 75~90°C.
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Fig. 5. The sensitivity of HIV-1 ultra-rapid real-time PCR. Ultra-rapid real-time PCR were performed with 10-fold serially diluted inintial template
DNA. (A) The fluorescence(F) curve of each PCRs ranging from 0.01 fg (2.3 copies) to 10 fg (2.3x10° copies) initial HIV-1 template and each
curve of -dF/dt were shown. The CT values were calculated from the curves of -dF/dt. (B) Melting temperature analysis in 45°C - 95°C. Tm values
were calculated at 85.1+0.5°C.

HFig. 4). A2 56°CE zlolE F719), £4QA7H HIV-19] RE0]
%3} Ultra-rapid real-time PCROIA ZF €8 AAAIZY) wb HIV29) AE Ruh AtiF o= #74) Jehgen, ol HIV-27t

g 449 F 2QARKEHEAAL E3H, CT (Threshold  HIV-19]] BI3}d 40317 ¢] 7} annealing@AIo A 4°C B %2 £

Cycles)at 2 Tm (Temperature of mid-point)gk-2 Table 20 1+ T2 LRol5E Y] R e E s AuioizA g AR

Bt HlAA]. ol 2314 PCRE AAIE ] 0o, primer F7 1MLl
Zt GAE AR e HIV-L HIV-2 2504 242 58 GCwt 43 4021718 g3 e By 88 A

Alzbe] S AE BP0 2 231& AAIZE PCRO] 7FsE B& AR Adth

HaZ=Qr}. 318 HIV-19] 7% annealing -&=7} 60°C, HIV-29] A, 7 9AME AAAIRES] Sael ©E CTES AFH
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Fig. 6. The sensitivity of HIV-2 ultra-rapid real-time PCR. Ultra-rapid real-time PCR were performed with 10-fold serially diluted inintial template
DNA. (A) The fluorescence(F) curve of each PCRs ranging from 0.01 fg (2.3 copies) to 10 fg (2.3x10° copies) initial HIV-2 template and each
curve of -dF/dt were shown. The CT values were calculated from the curves of -dF/dt. (B) Melting temperature analysis in 45°C - 95°C. Tm values

were calculated at 85.6+0.5°C.

£ B4R olEtHen, HIV-1 L HIV-2 ZFA CT#S
Zasiti oAl Sk s Zlo] BRI =3 1 A 5 5
7ve] 4T HIV-1T HIV-29] 97 5Y3kA] oyt on,
Z HIV-19] 7% H4 CTE) 27.9838)40] gAE AAHAIZT 10
Z-102-102 B 52-52-5200AM TYA SH= N2, HIV-2
o] A§ 4 CTS 27.633]70] TAE AT 323232
oA EAHHAUT. olzfgt FAte] ztole) YL o}F] FHIEA|
X3l oy, 72 9AE SR ABARES F= Aol PCROIA
AR FEg Ro] ohd AR vl9- Zu|Frh & Aol

T3t melting point analysisoiA] Tm (Temperature of mid-
point)Zt-S HIV-19] 7% 852(+04)°CE, HIV-29] 7% 85.6(+
03)°CE &AHN o, 5% 7|95 oA FL 2719
PCR 2Heo] AAES RIS, TmaT e mAgh ¥t}
CTE T8 FBEAA 782 1T + JUAHAS 7]
AAD).

> A
ey

HAIZHPCROIM RIZE £

9} copyFoll W Z31& AAZE PCRE 393t o] Z7¢A
template® AZE IARIAE)E A3 7129 % pBX-
HIV1$} pBX-HIV2E 7} 10 ag, 100 ag, 1 fg, 10 fg® AM&3}
o Z31 AT PCRE FH3IP o™, o)F 7} 3 frHAke
copy/Nr2 ARk, 2+ 2.370, 2370, 23070 22]aL 2.3x10°707}
"o}, Azb 230l AR real-time PCR 7)7|% Z310] 7}
58t Genspector® TMC-1000 (Samsung, KoreayS AH&-3F3 T
W3S EAe] AIRs HIV-13 HIV-2 ZFolA, 3013 10 fg
(2.3x10° copies), 1 fg (2.3x10? copies), 0.1 fg (2.3x10' copies),
0.01 fg (2.3 copies)y] BE Whe-ollA FFgho] 7150 Bolf
AR el EAjFol| tigh Hajo] 7Fsdk Ao Z RIS ol
Z314; AT PCROIX = LyF 4212 PCRY] a5 ¥Izt
EF B9E 5 UeS S8 A=, 234 PCRO] Uyt
PCRY| ¥ty T3 UH=EE USE BAE Aozt

RGN HLAY =] AME =

2% &

3l2ch(Fig. 5 and 6).

A% PCRE) ZWHAAM AT uf, HIV-13 HIV-2 E5ol| A
CTEHS 277|125 =@V 258 AFH o2 F7Ise Zol
golglgowt, 10 2 100 attogram (2.3 L 23 7} 534 E9]
oMo A thh EPYR Zog ZHEUT)(Fig SA and
6A). =g PCRAHE O tid BAH SA 9] el 374
(melting point analysis)olA] Tm#k2 HIV-12] 7% 85.1(+0.6)°C
2 ZAHAe 8, HIV2E 85.5:20.6°CE 3 HAtKFig. 5B
and 6B). Tm®] Zt & FA[FQIN FHzbel ek 234 AA|
Z¢ PCROIA HIV-1 2 HIV-29] Tm FELS EF Aizloz v
A EAEAo M, 7195 daol|A] FJushn} sg-fAte]
TYT 3719 PCR 4] & wet, PCR 249014 o
H7M1R] primer7t PCREFoll edata] Rl 8-F4 244
Tme] &4 F&S v Ao 435} PCRAMES] HA
A S gridhe §EHEANA Aol SZ % DNA A T
o] ZH5 primer7t Tmoll P& FE2 35 B} AU
A s ool & Aolm, 2314 4AA|ZE PCROA] ofof] wfE HA
o] o]Fo| Kot & R o= AYZIH U]

Z=T04 MAIZE PCRY 2} ABE AA|ZHPCRY Q| H| I

E Ao A A|A|SR= Ultra-rapid real-time PCR¥ U4t Real-
Time PCRY] A4S vu3l7] #3ld, Y%t real-time PCR 7]
7191 Exicycler™ Quantitative Thermal Block (Bioneer, Korea)yS-
AREBl FUS AHS 7Pt 214 AR PCRe AT
Z23l9nt. of7)1M 2314 AAIZF PCRE PCRe 7t ©HA,
denaturation, annealing 2 extention®] A|7HE Zb 1%-1%2-3%
2 A% g Zabn, Yt A PCROJZ Thermal blocke]
B4 &xo] Wl 243 t-gakA &3)71 o] & 7} 15%-
1521522 43 Ao},

ARE AAIZE PCRYO AREE 7)A 9] %2 PCR ZAA 5
B3 volumeS AFESH = §1719 pBX-HIVIZ} pBX-HIV2E Z}
10 ag, 100 ag, 1 fg, 10 fg, 100 fg, 1 pg, 10 pg, 100 pg, 1 ng
A ARSI T, ol 7t #F FHAY copy/liE AlRIEHE,
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Fig. 7. Real-Time PCR with serially diluted inintial templates of HIV-
1 env gene by Exicycler™ quantitative thermal cycler. Real-time PCR
were performed with 40 cycles and each 15 seconds for each 3 steps
(denaturation, annealing and polymerization) in a cycle. (A) The
fluorescence curve of each PCRs ranging from 10 ag (2.3 copies) to 1
ng (2.3x10® copies) initial HIV-1 template. Numbers indicate PCRs
with different initial template; 1 (Ing), 2 (100 pg), 3 (10 pg), 4 (1 pg),

5 (100 f), 6 (10 fg), 7 (1 fg), 8 (100 ag) and 9 (10 ag). (B) Melting

temperature analysis in 45°C-95°C. Tm values were calculated at
84.510.5°C.

Z} 2.370(10 ag)lA] 2.3x10%70(1 ng)7} B Th.

duk HAAIZF PCRE ©|&3 U= S0l A, HIV-1 B HIV-2
B EF &7 7149 %ol 23x10%0(1 ng)lA 2.370(10 ag)ell
ol277A] BFzko] FUIEE RE A & 4 Adlor, FA
A4=9] grol HIV-19] ti3le] R?=0.99472, HIV-29l t&td=
R>=0.9988%, F&A 0.2 9314 CTake| F7Hhe 3s 811
g = ASTHEFig. TA and 8A). ©o]H WL W 27)7|H]
FE AFH o SAE AL HF WY 1 pikklA PCRS
ZAstodof sk 2114 AAIZE PCRYC| 73317] o2 Aol
2} shlled, uR(107]e B4 3xhe] 2717129 %S

B) > 4

T T T T . §
Wo &0 480 540 530 640 1524 40 2 4] =143 2<b]

Fig. 8. Real-Time PCR with serially diluted inintial templates of HIV-
2 env gene by Exicycler™ quantitative thermal cycler. Real-time PCR
were performed with 40 cycles and each 15 seconds for each 3 steps
(denaturation, annealing and polymerization) in a cycle. {A) The
fluorescence curve of each PCRs ranging from 10 ag (2.3 copies) to 1
ng (2.3x10® copies) initial HIV-1 template. Numbers indicate PCRs
with different initial template; 1 (1ng), 2 (100 pg), 3 (10 pg), 4 (1 pg),
5 (100 fg), 6 (10 fg), 7 (1 fg), 8 (100 ag) and 9 (10 ag). (B) Melting
temperature analysis in 45°C - 95°C. Tm values were calculated at
85.31£0.5°C.

A3t dubAQl FFAJol e ARl A7 pCRYEC] B} EY
A AREE 5 1S Aolel Al "

aeh FAe Fel 27171 o) 21 AR PCRA
Aul AAZF PCRYS 3k A3 HIV-13} HIV-2 254
100 ag (2.3x107))013ke] 7] 71AY%e] FFolrle 231d A
7+ PCRY S CTEko] Ut AA)7F PCRH S CTRRT} AJth a0
2 v 2AHNeH, 10 fg 23Xx1070)9] FEdMe itz
Z34 AA)ZE PCRYES} CTREe] dwE AAIZE PCRE R 3]
Ao g & AoE ZHEUTH(Table 3).

E3] HIV-29] A% 271712 2349 ERRAXNE oz
3 PCR SFoM 214 AAJ7F PCRYES Yyt AA|7F PCRY
o wjgted 6 cycle 72 CTatol 27 S4ES Bew, o]

Table 3. Comparison between Ultra-rapid real-time PCR and general real-time PCR using Thermal Block

Target Weight of initial template CT value (cycles) Tm value (°C)
(copies) Ultra-rapid General Ultra-rapid General
HIV-1 10fg (2.3x10°%) 25.59 25.188 85.02 84.33
1fg (2.3x10%) 29.29 28.617 85.46 84.26
0.1fg (2.3x10") 3043 32.665 84.79 84.53
0.01fg (2.3) 3298 34.623 84.11 83.09
HIV-2 10fg (2.3x10°) 23.40 23.045 85.64 8533
16z (2.3x10%) 26.35 27.440 85.36 85.31
0.1fg (2.3x10") 27.32 30.782 85.46 85.11
0.01fg (2.3) 28.28 34.617 84.16 84.98
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ABSTRACT : Ultra-Rapid Real-Time PCR for the Detection of Human Immunodeficiency Virus (HIV)
Dong-Woo Lee, Eul-Hwan Kim, Mi-Sun Yoo, Sang-Hoon Han, and Byoung-Su Yoon*
(Department of Life Science, Kyonggi University, Suwon 443-760, Korea)

For the detection of Human Immunodeficiency Virus (HIV), multiple and ultra-rapid real-time PCR methods
were developed. The target DNA sequences were deduced from HIV-1 specific 495bp partial env gene
(gi_1184090) and from HIV-2 specific 294 bp partial env gene (gi 1332355), and were synthesized by using
PCR-based gene synthesis on the reason of safety. Ultra-rapid real-time PCR was performed by Genspector™
using microchip-based, 1 pl of reaction volume with extremely short time in each 3 step in PCR. The detection
including DNA-amplification and melting temperature analysis was completed inner 15 minutes. The HIV-1
specific 117 bp-long and HIV-2 specific 119 bp-long PCR products were successfully amplified from minimum
of template, 2.3 molecules of each env gene. This kind of real-time PCR was designated as ultra-rapid real-time
PCR in this study and it could be applied not only an alternative detection method against HIV, but also other
pathogens using PCR-based detection.



