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A7k 9§ A Y vle] ¥l 2(Human Inmunodeficiency Virus; HIV) & $18 214 A A7+ PCRY & sty
. 712 942 DNA 9714 Q-2 4959 7] HIV-1 5-¢] env -5 AKgi_1184090) R 29493 7] HIV-2 B-o] eny §-A A
(gi_1332355)8 AM8-319lch. 2 w4 A7 PCRE microchipe] 6u1¢] PCR £9& A8} Genspector™
(Samsung, Korea)S A-4-319].27], PCR9] 7 34 & %+4] & 4| (denaturation, annealing/extension) & I%+3]
L2 72 A7E Fol S AT N S T 30341 PCRAA A7 278 302 o[ ]ol) $=
=329, HIV-1 §9] 1179 7] ¢} HIV-2 0] 1199 7] 8] PCRAHE-2 34 2.3x10°702) 2} env $-A A2 3-E] 303)
A8 29A 2314 PCRe|) o)) AFH 22 FFA)4 4 9sich o] H % 204 41X 7F PCRY-L HIVS] W2 7
AR olzl, 2 JUA 9 w2 P $-8344 H4E 4 9le Ao
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T34 WA FFF(acquired immunodeficiency syndrome:
AIDS)2 X MAHCE 7P 23 FERAEA Fo 3h}o)
). FH8 W9Edy S3Fe #HAAMY HIV (human
immunodeficiency virus)e retrovirusZ24, T X, vfm 2 9}4x],
HAZ Fol 2 74gen, FE7E AR ¥, o] AT &
e dod|x, A WA 4L oby] AZtkie). e
retrovirusE ol &% A r= e IBG9xpt Aoidoz 71 A
E717H& 7= ADDSAAME SPdApt 29 AMS B
AABtS ERINNA AvHE AL 222 AAPsh SR Ao)
of$- 835

LR nlolEja A o] HIve] AR ulo|gA
H]<F, Immuno Fluorescence Assay (IFA), Enzyme Linked
Immunosorbant Assay (ELISA) 5-°] AFRLEI glod, o] = uf
olFl& iYL WA=t T FBEAT AH o2 wjk
o B2 AlZE e 83, [FASH ELISAE Ao s we
AZE el Rke] 7hEskR|gE, vloj2) A uj gyl wls] Rizkssl
Solide] dolAle o= deiA $itk(13). -8 branched DNA
(b-DNA), nucleic acid sequence-based amplification (NASBA)3}
2L EES HIV AR AFAHQ0 248 98] 72351 A
|5 o1l o83 WHES BA7A 9] AAAZ] A
Hog ge A7ke "o g 3}

ol&dl H3] PCR WHLE £ WZEE JIX|1 gke) A
£ 5ol¥olix waA 19d 4 gloke F3e] 9.on, pCR
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71&o] dedtd ule} oj2] 712] PCR WHEo0| Al AdEo]
FTh4). I35 real-time PCRS PCR AHE9] 92 WslE 3agA
oFS o] 83l AR AT 5= AU, E=F A7|FF9)
Qg AZHA B4 Azhe Folx, B} 917EHA PCR AHES]
A 2H0) 7Fs317100(15), <8 HlolElAE ¥ thakst
2 g 9 5 F31219] AL Sl real-time PCRY] 229
o3k A o] vl HWA S8ET Jrhe, 14).

kol SlojA] Aol AQ e AR AAARPL AAMEH
€ AAEH=| vl F28 840t} UnkA o2 AIDSHEAS]
25~43%%o], 18]l HIZERle) 33-48%Tte] 159 At Aw}
€ FEESITA Busa Qok(l). o]k AIDS e Aol
e FHAR] e AT AAQ) AR AGET 51
7] ol2 AlRto] @4lF oz w71 RAo] FH oy, o]
FE2 IARE vEke] SA7de] 7|&F o2 Bl o
olgt AlsEth AR 21 HAMEE, & HYoRE
AAEA ke AL 2GR ARl oA R FFRA] AT
sk ukeh €] HIV 4ES B 3iay)e 29E g3
webA A1&e Ae a2la FAEe] M43 SR dd
Aol 259 AIDS ZFARE AESA QXS s &
A I8E e 5 UATF 31, o Yot HIV A9E 744
Z 7 JE& AeZ 7= Quke, 12).

o9} o] FMAGE gk 4143 AIDS Iy Fe
4e & 7IHE 2o glovt, 7 uisrl e AoE 7
531 U+ real-time PCRY 27He F AIDS JPHANAE BE
INZE 29 PCR A17HS Ha 2 32 l7)0l E43g) o]z
217MA & 71eF Fork Ha Al ole 7129 real-time
PCR 7]71E°] 96 well tubeol] 23 thermal-blockS AH§3}7]
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w)Eo]™, thermal-blocke PCRS] 39 Lxrisle] Agera
A3 Wslehs A blockl) FLEHA HHLES AYsl=
R 723 #AF] A7) WEoltt. webA 419 thermal
blocke &8 PCR 717]o|A dwbHog ALgE3 e 303
9] PCR AIZHE Er)H oz Zhardle AL AaFoz oy
0, 272 PCR £ Yo 3878 PCR 44 252 A
7171 18} thermal-block®} 7152] PCR tube= YAT A)7H4
A7} Ade Aoz EHA ATk3).

Hop wE AAIRE PCRE F3317] 918t FRmAo] 43
A EF AR AZE, micro-chipS 7]9HOE 3 AEZE
real-time PCR 71717} /)5 o0, ol 1w} PCR £4S
AT, AP A o2 Sy W 2= W37 (lamping time)S)
FEE 53l 2143 pcrRo] 7Rs8HA sHATHR).

Lee 5(9)2 3719 micro-chipS 7]¥F22 & real-time PCR
7171& AH&3aL, 4 HIV DNAS F3o= 3o, 303)#9] 1
W-PCREA 12~14% Tholl HIV 59o] 320 Ex2 Add
T e WS ML, oY H49) mE PeRYS 214
PCR (ultra-rapid PCR)©]2} ™34 th X3 avian influenza
virus (AIV)E U2 3 Kim 5(8)9 A7 I AV Eo]
H714 8 10° 7] DNARALS F3o =7 s, A 125 28% ¢
o AIV E¢] 7)X4g9] tl3h 303)H PCR EZo] 7153
AFAt oY ATEL 4 Uuk pcrY Hlshe 2
PCRO| A3l A8 5= A7He F71302 gd32Ad 4 918

=

k1
o b ke

el §-%, & DNA ¥ primer®] denaturation, annealing, Tag
polymeraseol|] 2J3F F3RE- 58 13| W=7 5898 4 )
5 5517 3T 3 204 pCRS Mo} 2108 2
HA717] 918ted PCR AR @52 93 7179 A% A @
ohle}l 2o AW HF pCR z71e] Yol By 7198
T AeS AT LAl et S1R AAEN 2o
PCRY2 -4 WA vt F43A00 2o}t 28 5 Y=
5 HO ARIEES Fpstodol & Ao, AN vizles
B S 5 AEE s ojor & Aot}

oebr, B ATtollie &4 PCRY AR Rt g3
A8k, 34 HIV-1 2 HIV2 5o A7 INEL 303 ojehi
(two step) PCRE-S 214 PCRo| HL3191 oS A43l319
o, olg Bl FHRAAZE T3 3037 HIV So]
Z31% PCREEHANAN Ha 78 24329 ASA S 7123197
ol )8 B3k ulolt},

HIV1 % HIV2 50| 7| & Y ZH*ME primers

2 d7olM ARERE PCR HARS 7122 Lee 592 el
A AA 2 F4€E HIVI 2 HIV2 5o] 7122 pBX-HIVI#
pBX-HIV2E AME-3}4T) pBX-HIVIFH pBX-HIV2E HIVZE o
G {FHH WHolg dodle SAS FHAT g7 v= A
33t AR AlE|(National Center for Biotechnology Information)

HIV Z&& $18F 274 oA PCR IT 265

o] BirE 45%2] HIVL env F3A1e} 33%9] HIV2 env -84}
9] AVINEE HlmEAste 71 dEAdo] T RS A%
ZolH, o|& AF FHA FAHL longnucleotide extension'd
(& A3 AReta S8 loltho). =8 4719 HIV
5ol 7189 g3t HAEE primerET ©] 59 A7 @RI AHE
3t primers-S INE AME3}9E.0.H, ©]E primerel] T3 AR
Table 1] VFERASACEH

Z 1% MEH PCROIM annealing 25 S7t2| &3t

Atd PCRAIA AMHEEHT = & 3 (eycle)e] 32 (step),
< denaturation, annealing, polymerizationS, 2¥t4l PCR (two
steps PCR), = denaturation, annealing 2 polymerization® Z 7}
dslaL, o[& &34 PCROY| 8417171 st £ AFelAe
annealing 2= Aol WE Zu4: A PCRYIM DNA 22
FAE SASL

PCRY AL HE w3 gul Hol HIVI) the template
DNAQ] pBX-HIV1 (2.3X10° copies), 10 pmole2] HIV1-dF
primer, 10 pmole®] HIV1-dR primer, 2X greenstar master mix
(Genetbio, Korea)2 FAI3H o™ HIV2el thstdE 2.3x10°
copies2] pBX-HIV2, 10 pmole®] HIV2-dF, 10 pmole2] HIV2-
dR, 2X greenstar master mix= ZA3}GT} Real-time PCR 7]7)
+ Genspector™ TMC-1000 (Samsung, Korea)& AM8-3l.0.7,
}9- Z& real-time PCR W& U3 71715 ARE3Hch vt
S ZAL pre-denaturation 94°C 302E 4838}al, denaturation
94°C 1%, anmealing 56~72°C 1%, extension 72°C 3% HAE
303] WHEEtg o, o]F FHE M (melting point analysis)-S
75~85°C T-7+& lamping rate 0.1°C/sec®] 52 1°C 7HEo g
ZA3t Tmiks A9

i

Z% O|EHA| PCRE} =11 ATt PCRE| H[

HIV1 % HIV2 50| 7|2g tOE annealing 255 33
3IA7] old A 2314 PCRI 39Al 214 PCRE 47 338}
o 7} 2314 PCRY] S4& v w3ttt

PCR 24L& a7 PCR¥# o] PCR ZF HF vHd 6
wl ol HIV12] template DNASQ! pBX-HIV1 (2.3x10° copies),
10 pmole?] HIVI-dF, 10 pmole® HIVI-dR, 2X greenstar
master mix (Genetbio, Korea)2 ZA33}om HIV29)| thalel=
templateZ  2.3x10° copies®] pBX-HIV2E, primer} 22 10
pmole2] HIV2-dF, 10 pmole2] HIV2-dFE A}&-3}3 U]
2o 2oz 39 ¥hg 272 three step PCRY 3% pre-
denaturation 94°C 30%E 485}3l, denaturation 94°C 1%,
annealing 67°C (HIV-19] 7)), 68°CHIV-2S] -9 1%,
extension 72°C 3% Y& 308 WHEE1H2M, two step PCRES
pre-denaturation 94°C 302% <=8 3}1, denaturation 94°C 1%,
annealing ¥ extension® 2 67°C (HIV1), 68°C (HIV2) 3% #3
< 303 ¥HE3IITE Melting point analysiss AFSH] PCR¥} ©]
@A PCR 55 75~85°C 77+& lamping rate 0.1°C/sec®] £%
2 1°c A2 A5 Tmaks 243act.
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O|EtA| £11% PCRO|M denaturation 2 Z2 2}

oA 3£ HAIZF PCRAIA denaturation 257} RET5
AP 28 AN BT BIT 5 Y Ao BUAOR, o
@A 2314 PCROIA] denaturation 252 7H47} DNA S-Foj
Al E7he Sgskin

PCR®] AL HZE ke 6l <ol HIVIS) 5] template
DNAS! pBX-HIV1 (2.3X10° copies), 10 pmole®] HIV1-dF, 10
pmole®] HIV1-dR, 2X greenstar master mix (Genetbio, Korea)E
Z/319lem HIv2ol| thdled= 2.3x10° copies®] pBX-HIV2,
10 pmole®] HIV2-dF, 10 pmole®] HIV2-dR, 2X greenstar
master mixZ 2435} ¥HS-EL pre-denaturation 94°C 30
2% $YP313, denaturation 88~94°C 1=, annealing T
extension®. 2 67°C (HIV-12] 7-%), 68°C (HIV-28] 7% Z7)
3% IS 3038 WHERSIHOT, o] % FHEMS o] A 2
< 2Ho 7 STt

HIV 50| §8X% ZES I8t olThHl =& AAZ PCR
of HHxEH

HIV So] f34 AES 93 o|dA Z23& HAIRF PCRY
HAZAE FY3Y) 93t primer T, MgCl, T8, Tag
polymerase F5=H PCRel| P& &S SA3AT

34 PCR 2491 H39] primer F=F 75171 Asjo] o)
g primer’$S 22 10 pmole, 20 pmole, 30 pmole, 40 pmole
2 2743}, primerE A&IS YA 2L 2.3x10° copies?
template DNAS} 2X greenstar master mixZ. 3] FUZ719A
2314 PCRS 5351t WH8-2202 pre-denaturation 94°C 30
25 4-835]1, denaturation 90°C 13, annealing & extension®
2 67°C (HIV-1), 68°C (HIV-2) 3% & 303] whE3l9or
SHEALE o A YA BT

A MgCl, T=5 73171 131 primer = oJdA AA]
Zt PCRE B3l Qolzl A primer BEE 7I1E0E, HT 5
3 6uloll 2.3x10° copies®] template DNASH 2+ 10 pmole]
forward/reverse primer, 2X greenstar master mixZ FAIS}T Z}
Zte} wkg-do] HFFEE 20 mM, 2.5 mM, 3.0 mM, 3.5 mMe)
HEE MgCLE F718kath vk 252708 primer HXZA
& 73 A T 2o F P3Nt

T3 QoA AA primer =9 MgCl, =AM A Tug
polymerase =& Z43}7] 3] HF 523 6pld 2.3x10°
copies®] template DNAS} 10 pmole X2 forward/reverse
primer, 2X greenstar master mixZE 23}, ZH2be] whg-olo
06U, 1.0 U, 14 U, 1.8 U9 Taq polymerase”’} TFEHEE &}
Fow, vhe=0e ¢ AT FUsIA =8

HIV S0| RHA &8 9/8 O/EM 214 AAZH PCR
o BiztE &Y

2 A7l HYa o8 275 AA PCRe Al 33
228 M3 HIV So| 4348 28 & e H4
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HIVI 2 HIV2 5o] F3AE 1 pg (2.3x10° copies)ol A 1
fg (23X10° copiesy’}x] QAR 3|43le] 2}7] PCRE<Ye] 24
o AHg3lg e, | primer’d 7+ 10 pmole, 2X greenstar
master mixE 718l HF 29 6wt HEE 3. ©l
PCREYIH MgCLe HFFEE 20 mMolAeH, 619
PCREY Z 0.6 U Tug polymerase’} EFHEE master mixE
WEA 24T WHS-F7-L pre-denaturation 94°C 30%2E &
3)5}al, denaturation 90°C 13, annealing-extension®®E 67°C
(HIV-1), 68°C (HIV-2) 3% FE 303 whE3lon, 424
£ 75~85°C TZHE lamping rate 0.2°C/secd] =2 1°C 7HE 0.
2 Z2A3 S Tm@E 233

HIV 50| R%X H&E 2I8t olhdl =71& 4AlZH PCR
o A3

B AFdx 83 o|gA 2us 47 PCRY AN HF
ZAE AHE3I HIV o] 3R] s AEEE SN

PCRY] 2A4& HE vl39d 6l Holl 10 pg (2.3x10° copies)
oA 10 fg (2.3x10° copies)7}A]9] pBX-HIV1 DNAE X EAH
T, 3 10 pmole® HIVI-dE, 10 pmole®] HIVIR, 2X
greenstar master mix2 2433} o0 HIV-2el i3l 10 pg
(2.3x10° copies)oll Al 1 fg (2.3X10° copies)®] pBX-HIV2E Z}7]
ALgslH.e™, 10 pmole®] HIV2-dF, 10 pmole®] HIV2-dR, 2x
greenstar master mixe FAISIATH W27 pre-denaturation
o4°C 30RE 4338}al, denaturation 90°C 1=, annealing-
extension®.Z 67°C (HIV-1), 68°C (HIV-2) 3% #8L 303 4t
Haigon, §8E4L A 433 U 3, o1F 33
HHR-ste] gk 2 Tmake] Has SAs A

o

4z o 0¥

Z12 MEA PCROIA annealing 2% S7}2] £33

234 ZAZE PCRE AMSRE HIV 1S9 7€ 9479
A7) PCRES ARS8, 308)1) PCRAZNA 12819
ARAZIo] AQ5E Aoz BuHdc) 234 HAZF PCRE
Ho} x3&02 $£3517] 951 o|dA PCRYS] A8 K}
NHY Aoz dSFFHoH, ol& gt 4ATA PCROIA
annealing &=9] o] 21d HA7F PCRY| PIXlE 9FS
ZA3ct.

HIV-1 E0] FAXE 7142 & AHolA annealing 2=9] 4
A el UubAQ extension 91 72°C7HAl, & 62°ColA] 72
CRAZ 2P e, HIV-2 Bo| #3041 A5 56°CellA 72
CHAE 43

HIV-1 2 HIV2 5o] {328 SFA7|< 303819 2usk
PCROA %A} E5F annealing 255 F7MIZGFE 211 PCR
ol a3t F 48 A3 A dEHE Aol FRIHAT 12
v HIV-18] 79 70°C, 72°C9] annealing =04 ¢) 231
PCR2 Ctgko] EAHA ol en, TmE= 72°CAME &
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A ottt T HIV-29] A% Ctgk 569014 72°C7HA]
25 ZAHHACY, annealing &%= 72°CY] 2314 PCROIA Ct
ol A 71 & E 5 AATKFg. D).

Z314 PCROIA annealing 55 F7I 248 234 PCR
o B3 F 40 AR FA d=HE AL denatration &
T4} annealing 259 A7} FEHA7] @Fo] Zt FHeH 25
olF ol &g Ee Algte] Z17] A WiEe =z sAE ).
FHH, Ctel SRR op g HIv-19] 70°C2] annealing 2591
Aj9) 234 PCRE PCR B EQ 4S 9uish= FBH=0}
T AR 25 cycle FRAMEE FriEE Aol FRIFJoY,
72 °CollMe] 22 ARe] A9 3037 o] Fel= Fdgke] W}
g U F AAHAR vIAA). ol Aol ARSE HIV-1
5o 9714 <¥3} HIVI-dF ¥ HIVI-dR primer 239] &7]144F 3t
annealing®] 72%=7} o] €& B Zuo] Al7F AN E39}F
%1 annealing®] ¥ A FETH= RS 2vlshe A0 A=)

HIV-1 §o] §328 FEA)7)+ 30379 1% PCRAIA
A annealing2 %= 4 7HF 9 ¢ 7B 28 Tmiks
HAFE 65°CE Yepgon), B AFors 23114 PCRe &3

L

GV Time (sec)

4 10:18 9:40 9:06 8:47 8:25

Ct value

> —e— Tim value 6‘
2, <
& E
2 2 E
: E
)

20 . :

82 65 67 70 72
Annealing temperature (°C)

B) Time (sec)

11:36 10:35 9:40 9:05

Ct value (cycle)
Tm value (°C)

= i) 64 68 72
Annealing temperature (°C)

Fig. 1. Effects of annealing-temperature in HIV specific ultra-rapid
real-time PCR. (A) Annealing-temperature gradient ultra-rapid PCR
for HIV1. Ct values could not be calculated with 30 cycled PCR in the
annealing temperature between 70°C and 72°C. Tm was also not estimated
in 72°C of annealing. (B) Annealing-temperature gradient ultra-rapid
PCR for HIV2. Ct values rapidly increased around 72°C of annealing.
Optimum temperatures for annealing were determined on 67°C (HIV
1) and 68°C (HIV2) in HIV specific ultra-rapid real-time PCR,
respectively.

HIV ZA&S $%F 234 oA PCR I 267

Table 1. Sequence of HIV env specific detection primers (Lee et al.,
2007)

Name Sequence (5-3)  nt* GC% GC%3® Amplicon
HIV1-dF cgcctcaatageectcageca 20 60%  70% 117 bp
HIV1-dR ttgggagcagcaggaagcac 20 60%  60%

HIV2-dF cagccagccaacgaaggaac 20 60%  50% 119 bp

HIV2-dR cccgatcaagaggegagtca 20 60%  60%

“nucleotides
"GC% of half primer in 3' direction

<& 37317 98t annealing L% 65°CNA LERY CrgkRtt
04 FAo] F7rEIRo, HF AN oF 352E TEA
%) annealing &% 67°CE 52 A4t

S HIV22 5o] F3A8 SFA7IE 30319 2314 PCR
oA HE annealing =T 71 B2 CiEi= HAFE 68°CE
Uehgor, 1 o)t annealing %A Z14 PCRES PCR
AbEe] AAdEFe] AA AET EF Crol A SRl =
143 PCRY A§BIA| ofHg Ao AU

2 AP AMEEH primerES d719 2], GC% H
amplicon®] =717} =5 Y4 primers ] H(Table 1), ©|¥
primerEE %14 PCROIA HIV-13} HIV-29] 799} 2] th&
annealing 455 RWolE AL primer 289 G7IMETY Ao]2
)M =™, 2314 PCRA| {3 primer®] 7 IMEe o A+E
dar) YS A0 E AAF YT

o

|1ctAl 2102 PCRE} fTHA| 1<% PCRe| H|IL
2314 2] AT PCRE B3] 2o # 29 annealing
2Tl 23 o|gAl PCRO Al i1 4AdA PCRY
AL v 3t

22 8 EA (Melting-temperature analysis)® 308] 2] PCR
S YT AA AMARIA 2314 o|DA] PCRO| 2314 4
@7 PCRETE 30% W9lo] ARES B58 4 e 32 373
HA) 3, wrEE Aol A FYU 2114 PCRAAME F A
AA|Zo)] oF 4% Ee] Xol7h U Aol BAHILH, o=
Z314; PCR 71719} AA2E BARAAA mAG AL 5
Z57) ) &l TAEE AIHE oA FEE AT

HIVI € HIV2 SoXES Z17] tided 3 A3 27X
ot &1 PCRIF A4l Z314 PCRE| Gk A¥ At
Mool Zoluke B o ol o|dAY AHAl PCRIHE
DNA ZEZ 83 2]/} gle AoE A=A

A Tmt M= HIV-13 HIV-29] A8 2%, o|gA 2
PCR¥} DA 214 PCRE AP LA 9] 2 Apoluks
Hgjom, o] 9A] oA H AldtA 2314 PCRAIA DNA &
Z gl e Aot gle A= A=

B AgeA 234 PCR 771§ B3ot] A&H A 21
4 PCR¥} o|gbA] Z114: PCRY Zol=, AM 2} annealing &
T A HRSAIZRE 2%l 122 29 Aojtk, AiHo =z 231
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% PCRY ©|2A] PCRYS d8A17) AL AdA 214 PCR
A BAE Cgtdt Tmke] ¥ glo] F AdA7he 30%
A F UG Aoz Yeton, o) o|@Al 214 PCRO]
AN D& A Bk fElgte] 8919 AothFg, 2).

o N 2

OIcHAl =102 PCROIM denaturation 2% Zt2 51}

oJZAl 2114 PCRAIA BT}k FAAAHE B5317] S8, 4
3 PCR F-Zo] &4ER] g Mol 71 ve 329
denaturation =& 43124} 3l 25 AL ojlgA 2
14 PCRY| 7|24 FYM 43881902 denaturation -2
5 88~94°C7HA] 2°C AL E ZH35PH n\ kgt

Z3= HIVIF HIV2 §0] HES gz 3 43 5o
A1 94°C, 92°C, 90°CNAME A PCRAME-S) SFol| o3 3
B ST 1§ Aoy, sgecol e Fagke] ),
& PCR AHE9] 3-8 #3834 Qo

3 denaturation &5 90~94°Col|A] B.E 274 PCRY CtFt
% Tm#ke 2 x}o)§ HolA] ghghrlell, 49] PCR £ 8AI7HS
RBAE, 7P Y& denaturation 258 90°CE HIVIT HIV2 &
o] AE9 H&S 97 1< oY PCRY HF denaturation
252 AR

AAZ B AHA 90°CE denaturation 52 AL3F 271

A) Time of 30 cycle PCR
225 8:43 9:08 a4
- 835
o] o
%‘ a3 <
3 3
g2 = 825 &
~ g
z sz B
o -
1.5
21.8 a1
two step PCR three step PCR
B) .
Time of 30 cycle PCR
8:34 9:05
24 _——Ct value o &4
—a— Tm val 83.5

22

Ct value (cycle)
8
th

Tm value (°C)

20 -
two step PCR

three step PCR

Fig. 2. Comparison between three-step PCR and two-step PCR in
ultra-rapid real-time PCR. (A) HIV1 ultra-rapid real-time PCR.
Differences between two kind of PCRs were 0.06 cycle in Ct value,
0.23°C in Tm and 23 sec in total time of 30 cycled PCR. (B) HIV2
ultra-rapid real-time PCR. Differences between PCRs were 0.65 cycle
in Ct value, 0.19°C in Tm and 31 sec in total time of PCR.
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& o|gA PCR 303]79] PCR A7 §HEANNE £33}
o], 94°CE depaturation =5 & F&3 FY AFHT} 40 9]
A AQARE AEHNE HYon, HFHoE HIVIE SZ04
o2 % oA 214 PCRY 7% 303]79] PCR 437 &4
EAAZRE T3], 78 32%, HIV-29) 7% 78 24%0) &3
5] DNA #Z&9] 7139t Fig. 3).

HIV 50| |RMX} HEE 2I8t O[cHH =& AAZ PCR
o FXxH

HIV 5°] #3732} HES 93 ojdA] R2a1& 47 PCRY
H4 2= B AR 2AA, primer F%, MgCl, F&, Tag
polymerase 3% 5 AW A 29 A4S A3 Fg
4).

7 AL kg 71F 22 Eo] DNAY PCR 5% 739
7o 2 BASAY. WA primer % WE &1 PCRY
DNA S 7= 10 pmoledlA] 40 pmole7tR]|S] HY o= &
ztol7t gle Ao YEltor), 30 pmole 0149 primer F%

(A) Time (sec)
7 7:49 8:15

24
— Ct value

i

23

< ~~
D
5 &
5 g
g
-

£ = s
= >
> E
'S -
(S

20

8 %0 ) 94
Denaturation temperature (°C)
B) Time (sec)
24

24
E 23 g
« A d
P
& g
g 2 S
g £
-
ey o
&}

[N

20

8 N a2 94
Denaturation temperature (°C)

Fig. 3. Effects of denaturation-temperature in HIV specific ultra-rapid
real-time PCR. (A) Denaturation-temperature gradient ultra-rapid
PCR for HIV1. Ct values and Tm could not be calculated with 30
cycled ultra-rapid PCR in 88°C of denaturation. (B) Denaturation-
temperature gradient ultra-rapid PCR for HIV2. Ct values and Tm were
also not calculated in 88°C of denaturation. Optimum temperature for
denaturation was determined on 90°C for HIV specific ultra-rapid
real-time PCR.
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Fig. 4. Optimum conditions of HIV specific two-step ultra-rapid real-
time PCR. (A) Effects of primer concentrations. (B) Effects of MgCl,
concentration. (C) Effects of Tag polymerase concentration. Optimum
conditions of HIV specific two-step ultra-rapid real-time PCR were
determinated on 10 pmole of each primers, 2.0 mM of MgCl, concen-
tration, and 0.6 unit of Taq polymerase.

X 3 AU, & PCR AAEQ] o] AhHes 23
ZraEe AARE Bo] ok X3 30 pmole ©)4+2] primer 5
TN TR EE FHFHCE 2 Wolxl 7o) #Hen,
ol Auld oz AA AMAE PCR AHEE0| At} Tz IAF
H primer®] FEFE Wo} Tme] SANAM FUiHos viA U
Al g FEHA Primer?] Wt} F7} FAHH F3S HolA
ofsh= A& 7Rkt HIV §o] f-4x A& Y3 o|9A
Z3< AX7E PCRE HF primerd] FEE 10 pmole® 2R3}
AThFig. 4A).

T MgCL s=0] W& 214 PCRY Ctgl, = DNA =Z
Bd= MgCl, F%0l wet cgle] 24 WalEE Aew B
HAow, 53] HIV-19] Bo] Q7IMEE SFUdoz 39S
3%, MgCLe] F5EZ 2 mMellA 1 ol g 722

HIV &5 9% 2314 o|gA PCR Iy 269
ol ZA Frkshke A& & 4 AT HIV-29] 7895 MgCl,
9] =5 2 mMoIA 1 odo s FTMIASFE Cgtol F718E
Fou}, 2 F7kel AErF HIV-19] %o Hlsle ddjzez
A Jebdth oty gut PCRY A9} Zo] MeCLel T%
£ 234 PCRIIME AFF PCRS 3t T8 WFE Hds

om, o]% template®} primerE2] F7|A B et sk 4
Ue FAstET E HIV o]DA Z34 PCRAA A
MgCLe] $EE 25 2 mME B30 Fg. 4B).

38 Tag polymerase = W& 214 PCRY Ctgf, &
DNA ZZ g3l th3t AP A= HIV-13 HIV-2 250N Tag
polymerase®] 5=7F 0.6 unit o302 F71EGTE Cigho] ol
A= ALRE Yehgom, Az o g PCR M2 ko] ol
e Roz velyt) ol # d+olA AME-E micro-chip
based PCRS} ®¥H&-¢) Figo] 6ol azFel7]ol, 0.6 unito]d2
olu] oz 7|4 Z primerse] UET EFg ARV W
o2 S|4 ATkFig. 40).

HIV 50| §8X} H&EE 2I8t O|TH =% MA|ZE PCR
ol QIZx

B ATE B3lo] EYE HIV So] f34 AES A% ojd
Al 2314 AAIZE PCRY] HAHZUS AHS-3te] HIV-1 € HIV-2
Eo| §2Ae] 7t HEAE ST £7] 7129 de 4
Eo] fAAte] Bl wE Al 45 AEIgon, o] &
AG-5 AE A9 D E ARSHATHFg. 5).

e 23 Ax, HIV-1 B+ HIV2 5o §34 1 pg
(2.3x10° copies), 100 fg (2.3X10* copies), 10 fg (2.3X10° copies)©ll
A 234 oA PCRE A4S {AAE AFHoE S5
g Adden, Z+ 2717129 gl tidk 2+ cghe] vlolA vl
Sk ARAAL B Fok T8 o] 234 PCRY A8 F
F ASNUE, SRR NS TSI, 78 24z00A 78
3522 S 0] o] 2314 PCRY 9548 BT 1
v HIVI 2 HIV2 ZH7] 1 fg (2.3x10 copies)ell THEH 303]A
9] 234 PCRAAME= Crghe]l S35 A of3iglen, ol &
Ao 27)7129] o tigt Aol vl kel ZH7] 30
317 o]F Yehr] WiFo R AT AM 2 AT a1
2 o|ghA] PCRY] ZZ1914 PCRE 34w} 40 3|Ho g &7}
ANAE B, FA8AREE ORI SV VEE 4] o]
59 A79)9 2o 7] 712 0.01 fg (2.3 copies)] HIV1 %
HIV29] 3245 FEAZ & Ao, 7] 3554 olujollA
cgrol FAEE AL & F AAHAR vAAD.

PCR A& tigh A4 &4 3HQd §75 5 (melting
point analysis)l Al Tmgh-2 HIV1S] 7-$- 82.5(10.1°CE =45

on| HIV2E 82.6(10.3°CE &5, 7}7] 5Y§ PCR 4+
S SIAASS ERIEA

HIV So| RH &S 918 O[Tk 218 MAZH PCR
o Haty
£ Aol ALE HIV 5o| H34 A5L A 0w &



270 Dong-Woo Lee et al.

» .
i
g
g
£ -
E
I
o
=
] s E) £ = 3 E -]
Amplification {Cycles]
® =
«5
s ¥
%]
g =
8 <
]
[ =
<5
g 3
Disseciation [Temp.]
© =
o
@ =3
£
g =
@*n
£
£ 3
= 24
=
ﬁ» o 5 ¥ - k3 =3
Amplification [Cycles]
»)

Y

.
Gyprssnasyesyazeass

SINRAEREIT

Fluorescence
L0 010 031 032 04 05

Dissociation [Temp.]

Fig. 5. The sensitivity of HIV specific two-step ultra-rapid real-time
PCR. Ultra-rapid real-time PCRs were performed with 10-fold
serially diluted initial template ranging from 1 fg (2.3X10? copies) to 1
pg (2.3x10° copies). (A) The fluorescence (F) curves of each PCRs
with initial HIV1 specific templates. The Ct values (vertical dotted
lines) were calculated from the curves of -dF/dt. 21.81 cycles in 1pg
of initial template, 24.84 cycles in 100 fg, 27.93 cycles in 10 fg. Ct
value in 1 fg could not be determined. (B) Melting temperature
analysis between 75°C and 85°C in HIV1-specific ultra-rapid PCR.
Tm values (vertical dotted lines) were calculated on 82.5+0.1°C. Total
detection times including 30 cycled PCR and melting temperature
analysis was estimated 7 min and 3322 sec. (C) The fluorescence (F)
curves of each PCRs with HIV2-specific templates. The CT values
(vertical dotted lines) were calculated, 22.06 cycles in 1 pg of initial
template, 24.68 cycles in 100 fg, 27.03 cycles in 10 fg. Ct value in 1 fg
was not determinated. (D) Melting temperature analysis in HIV2-
specific ultra-rapid PCR. Tm values were calculated on 82.5+0.3°C.
Total detection times were estimated 7 min and 2543 sec.
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Fig. 6. Reproducibility of HIV two-step ultra-rapid real-time PCR.
(A) HIV1 specific ultra-rapid PCR. PCRs were triplicated with 10-
fold serially diluted initial templates. Ct values and error range were
calculated 28.09+0.32 cycles in 10 fg (2.3x10°copies), 24.56% 0.30
cycles in 100 fg, 21.55+10.29 cycles in 1 pg, 18.2510.05 cycles in 10
pe, respectively. R? is coefficient of regression. (B) HIV2-specific
ultra-rapid PCR. Ct values and error range were calculated 27.45+
0.73 cycles in 10 fg (2.3X10°copies), 24.9110.14 cycles in 100 fg,
21.91£0.30 cycles in 1 pg, 19.0210.21 cycles in 10 pg, respectively.
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ABSTRACT : Ultra-Rapid Two-Step Real-Time PCR for the Detection of Human Immunodeficiency
Virus (HIV)
Dong-Woo Lee, Eul-Hwan Kim, II-Uk Kim, Mi-Sun Yoo, and Byoung-Su Yoon* (Depart-
ment of Life Science, Kyonggi University, Suwon 443-760, Korea)

For the detection of human immunodeficiency virus (HIV), ultra-rapid real-time PCR methods were developed.
The target DNA sequences were used 495 bp HIV-1-specific env gene (gi_1184090) and 294 bp HIV-2-specific
env gene (gi_1332355). Ultra-rapid real-time PCR was performed by Genspector™ (Samsung, Korea) using
microchip-based, 6 Ul of reaction volume with extremely short running time in only 2 steps (denaturation,
annealing/extension) in each cycle of PCR. Total reaction for 30 cycled ultra-rapid PCR detection including
melting temperature analysis was completed in 7 min and 30 sec. The HIV-1-specific 117 bp-long or HTV-2-spe-
cific 119 bp-long PCR products were successfully amplified from the minimum of template, 2.3x10° copies of
each env gene using 30 cycled two-steps ultra-rapid PCR. This kind of ultra-rapid real-time PCR method would
be useful not only for the rapid-detection of HIV, but also rapid-detection of other pathogens.



