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Influenza Virus Subtype H5N19-
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2 F QA= Rz} ulo] B 2(AIV) H5N1 o}3) & Real-time PCRY & o] £-8}¢] 714 wl2 A kg 4 =i &
st A4 ALl g7 A D2 ATV H5N1 o138 &) hemagglutinin §-A A Z 714 A4 o] 32 387 bp9)
F-9& A9 81, A Y A A5t AFFA 9] Wl o2 A 281 o Microchip& 7] 4ES. 2. 8 Real-time
PCRY & AH-319] 2.9, 3 PCR W89 9] & 112, PCR A F 74 @4, & =], A ¢, A4 A 7He- F1x,1
2,322 8] FAYALE A5 A AL ST ARG AHNM PCR Y 4 EH o) 289 AR A2 12
¥ 2829 2, Q1ZFEEA )M 2= 24719] hemaggutinin FAA-E 712 2 31e] 528t o] 189 bpS] PCR 4t
EL 338 4 Usl716l, £ AT E o] A 224 PCR A ¥ H4] & Quick Real-time PCRo] 2} = 3¢ . o]
A5 75 9 Al A AsHE ALV H5N1o18) 9] Aol 5 4-9 4~ 918 # o=} PCRo| AHS-H & HE
A&7 4o x de] A4 ° 4 S A= /g
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Q1 E-F M2 (influenzays AHAo] wf-§-
o2 QZFAA vlo]F A(influenza virus)®ll 23]
EFAAE wid A AAHeE a0 22 1Y vlo]d
3 WP, A% A 235 Wl B2 A9 10-20%7F
2 AR 22 F8A4S EUTH, 3). ASFAA volae
nlolH 28] BFoA Orithomyxoviridaed}ol &30, FAAE
negative single strand RNAZ 87)|9] AH o2 BA3)l ol
FAAZ = polymeraseE Y4538 PBI, PB2, PA, 1L
glycoprotein®] hemagglutinin, neuraminidase®} F+HEZE H3E
&= NP9} M, HITFERGHAL] NS13 NS2 5o FA4=o0i9)
TH12).

HHA 25/ AEF4A} vlo)B)2x(Avian Influenza Virus, AIV)yE
nucleoprotein®} matrix (M1) protein®] & doll &3] B&F AY
02 BHREH, 1 o3} o}yl R+ T B9 glycoprotein
¢ hemagglutinin (HA)¥} neuraminidase (NA)2] a+glAdel 2s
AR K19, 20). A7HA] 16579] HASH 9FF/-2l NAZE IF
FAAL AY nlo]2 2ol A BHEH o, HASH NAS] Z§ el 3]
TRt Y FRYS 2 FTHO, 14). ARIAE 2 E HA%
NA o} nlo|g{aEe A ZFoA ol s whs,
3% HASFEHI1-H3) 2782 NACFE(NL 3 N2y Al A
= &Ho] "k, 10).

= 2 Azt AIV H5NI, H7N7, HIN3, HON2% t}3h o}
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o) ¢1ZFAAL A Hlel8)2(influenza A virus)7} AFZllA 7+
de goglE AoT BuHYK1T). o]F AIV HSN1L £
ulekst W] npolela dEA o, 199613 Holl A

100%°) V7R XA AES Rol= ¥ Y9A H5N19) Holdo) dF
AP, 19973, H-e-08 ATve] 23t Algke] o] HelE
Rom, 188 WAL F 6ol AP, o] 2FEYY A
g5 2] A8 dFe] rEREe] ZAHATKS, 13). o]F
2001 AR E dA7RA] Al s X8, WE, B2, F5 5
Tolrlo} ZAAol|A] A&HH oz WA= o], IEAA AV
HS5N1 7}, Al 3 who] olz) Zato], ®ix] Sollx i
H AEE AHolHa1, B3] o) By ol 93 &2 AAHE(2003
9 e 93 o] 7zt 2 429 A, 20060 Bl 227 24
b F 14% AFY ) A 55 B olE Tl
ol2y7kA] 4723 HsiE EA T4, 7, 15, 18).

o] AlZFe HYAQl Al H5N19] &7] Ade

5

dgde 7kER T
A AW AE Astd, Leja Al o] e AlEzEe
Ankg 27] 2pFstr] 98] 1 Fedo] aA FE gle
o, 2 AT ZleRaae) 27 4a 2§18 9%
ooy Xt B ohg}, ARt gt gte g FujEglon W
H T APEH A o), 3 B gAY Ay
5, @Fdol B3] a7 ok dAl Alvell gk =7] Ak
HE ARE o] &3 wlojz{a Wiy, @RS AAAAH
(Hemagglutination ~ Inhibition, HI), ™ % & 33H(Immunofluo-
rescence Assay, IFA), EAF A3 H(Enzyme Linked Immuno-
sorbant Assay, ELISA), &3 &2 %3 (Polymerase Chain

)



24 Eul hwan Kim et al.

Reaction, PCR) 5-¢] 28531 91}, ©]F vlo)z]2: wjehd 3} HI
= ALY 3 AEEAN AjFow ge AlZHS 88
342, IFASH ELISAE W2 A vlo)a)2 vk d) nish 9igks
9} BolAo] Holxle RAeR &eA Uthle). oSl
PCR & & 9w s i tfe] ZAE Solzo|ir
WA e 5 vk o] lal B multiplex PCR, Real-
time PCR, NASBA, PCR-ELISA 5 PCR 7|%°] @gdol ulz}
gestA AIvel Ao 7EsshAl HAthe). ©1F PCRE ©)&

$F Wehie AU &ahs Agald o R dE o
23} 710)A¢HE (Immunochromatography) 50 B3} 298233}
i _1,]011,]_14_ /\]_4:/\% 7}_11/\4 = dz]-/ﬂo] ctio]z]y]oﬂ o]

=
Eatar, ¥ °J°ﬂ/‘“]”7’ g+ °]C]rlE Agrgol At

metx], B dApoe Alve £A45 2% 4 3, Real-
time PCRO 243 74 wpyow 1089 F Z2AAI0ES &
she QB AR AR, o 2R B Al
o]Z 7|#9] Real-time PCR 733} Quick Real-time PCRY
o]z} Walqrh. o] AAMPHE AlQ] B RS GHH o
2 A £ 98 B o), i) AlEE tdeE, H4 13
B ool Elage uhd 4 Q)1el, AIV HSNIoHE Al of
3 A U AFdyow Akt shy, oo Biudh=
no]c,

R

2N oligo ¥ ZICHE primer2| M|

B AFoAE AV HSN19 #3 53 DNAY| A4 2 34
& Primer®) AAE $18} GenBank database (National Center
of Biotechnology Information, NCBIHoll B13{# & avian
influenza A virus subtype HSN1Z 82% 9] hemagglutinin (HA)
F7IMES Farsioh

o] A7IMEES AEE st Hlw ABEAE YstHeH
(CLUSTAL X program, Version 1.81, ftp:/ftp-igbmc. u-strasbg fr/
pub/ClustalX), @714 £& 8 7P Rzl driAg R8s #
gt 1FA A7IMEe BABIATE o F7IME2 avian
influenza A virus subtype H5N1 (GenBank accession number,
AY651322) hemagglutinin F-34re} 74 FA8EG 710, 2 F
7V BEAEY B2 F7IME K9] 387 bpE AEE & A
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Fig, 1. Synthesis of partial hemagglutinin gene from avian influenza A
virus subtype H5N1 by templateless gene synthesis. 387 bp-long
hemagglutinin (HA) DNA was synthesized through 7-step templateless
oligonucleotide extension. This electrophoretic image shows the result
of each extension step. Lane 1 to lane 7 were 77 bp, 119 bp, 182 bp,
244 bp, 309 bp, 330 bp, and 387 bp of HA DNA, respectively. Lane M
and M' represents two different DNA size markers.

TE 93 AIve] BE drIMER AFseH, ol fd4
AeFA o w AsIHThFg. 1, 2). ©] FEFVIMES

7)) FrARHAY651322)2] 820 ntollA] 1206 n7bA]9] B7IMEH
Y3t AolH, o] MEE NBEE Primer3 (Version 0.2, primer
design softwareyS AM8-3t] A& oligonuclotide F HA-&
primer#-2 A5t} ©JE oligonucleotide= (FF)PFo] . H LA
o] AZE 225192 ™ (Bionics, Korea), 352 oligonucleotide
= QFE FAAAF # 74""% primer2 A& Ack. 7148
primer®] @714 €& Table 19, £F 58 DNACIA 1 YX&
Fig. 20l VERARITE
Hemagglutinin FHXt2| §F4

742} HA 738 oligonucleotide® ARE-31(A71XE wlAA),
PCR (PTC-200, MJ Research, USA)S ©|-8, 387 bp9
hemagglutinin BZF-HAE FA8tsAch 20 wel Sl 2 10
pmole oligonucleotide?} 7} 1.25 mM dNTP, 1.25 unit Ex Tag
DNA polymerase (TaKaRa, Japan), 2 ul 108]] reaction buffer (25
mM MgCL)E AME-8IHom whg- 2718 94°CollA] 383 pre-
denaturation -, denaturation 94°C 123, annealing 61°C 123,

Table 1. Oligonucleotide sequence of AIV detection primers

Name Sequence(5'->3") mer
HF TCCACAACATACACCCTCTC 20

HA 189 bp
HR ACCCATACCAACCATCTACC 20

Amplicon

5’ -AAGAAAGGGGACTCAGCAATTATGAAAAGTGAATTGGAATATGGTAACTGCAACACCAAGTGTCAAACTCCAATGGGGGCGA

TAAACTCTAGTATGCCATTCCACAACATACACCCTCTCACCATCGGGGAATGCCCCAAATATGTGAAATCAAACAGATTAG

TCCTTGCGACTGGGCTCAGAAATAGCCCTCAAAGAGAGAGAAGAAGAAAAAAGAGAGGACTATTTGGAGCTATAGCAGGTTTTAT

AGAGGGAGGATGGCAGGGAATGGTAGATGGTTGGTATGGGTACCACCATAGCAATGAGCAGGGGAGTGGATACGCTGCAG

ACAAAGAATCCACTCAAAAGGCAATAGATGGAGTTACCAATAAGGTCAACTCGATCATT-3’

Fig. 2. DNA sequences of an artificial synthesis of hemagglutinin genes (387 bp, partial sequence). The bold letters represent two position of AIV
detection primers pairs named HA-HF and HA-HR, 5' — 3' respectively, in this study.
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extension 72°C 1235 30 cycles 5 3312, 72°C| A
5%-3} final extensions 3tHT). 2} GAEE $HE DNAE 2.5
% agarose gelll A7]9E & cthidium bromide® FA15193 0.1
UV transilluminator’'dell 4] 2} A4 E-9) =78 ER15la o5 2
& MEGA-spin™ agarose gel elution kit (Intron, Koreayg A&
stod AlxALe] AAHE DNAS A3 The PCREIoN A
712 DNAZ ARSIt} ol 4 794 w83t HE 3
¥ dsDNA= pBX vector ()9l cloning 3+ &, @7|A4E4]
(Bionics, Korea)2.2 131431, pHel60)2F W35}

Real-time PCRS| X =7

2 dAFA YWk Realtime PCRE 7]7]&  Exicycler™
Quantitative Thermal Block (Bioneer, Korea)2 AR&-3}ch =&
2HEe] e A4S 918k SYBR GreenS AMESIGOoH, 2 o
TollA AdE FFEHAR pHele 2 HAS) ZA-& primerS
A&3te] PCRE 83} THTable 1).

AIVE] Real-time PCR #H4S £J3+ 4 amnealing 7S &
H3l7] $I8l primer Z} 10 pmoles} pHcl6 1 ng2 template s
3l 5ul 4x GreenStar PCR premix (Bioneer, Korea), & 2.0
mM MgCl, ¥=E F 209 wtg-ods ZAste] 2= 7]
(temperature gradient) Real-time PCRS- $~3)3}%it}. PCR 27108
94°Col| A 3483t pre-denaturation &, denaturation 94°C 203,
annealing 53-64°C 153%, extension 2055 35 cycles 3191,
o] & 9CHE 5007 LEE vy 7} 1ocvhd 833k
SATeE=AN A44E PCR AHE 717+e) B-F2 552 (melting
temperature analysis)S AAISHHTE g HZ MgClL s&=E 3
Halr] sl HE MgCl, BEF 2 mM¥E 6 mM7A] 1 mM
A MgCLY $EF S7MIA MgCl, s W& 23 PCR &
“3& 22 PCR cycle 27108 Faiale] 248t

IFIE

S

H

AIVE] Real-time PCR HZ¢] WAEE ALY 915t A4
3t hemagglutinin F2A=S pBX vectorol] AZE3F AIV plasmid
(pHel6y 10 ngF-El 10 agZ7kA] /10812 TA] 343t & ol5
template 2 3to] BY¥ & PCR AL & Real-time PCRE
T83IAT. Real-time PCRO| A3 ZEFHAAE  avian
influenza A virus HSN19] 4 hemagglutinin (387 bp)°] 2%
H pHel62 2, DNAY F1EE spectrophotometer®. AT &3
3L plasmid2] copye] Al olelle] 48 wWakth(11).

6x10% (copies/mol)Xconcentration (g/ul)
MW (g/mol)

= amount (copies/pLl)

Quick real-time PCR

Quick Real-time PCRS- 10%-tHoll Real-time PCR ¥ $-§-2%
£4o] ks oS WL Real-time PORMYS Eale), 2 AT
o)A 7122 Real-time PCRAPHT 7-2-817] 913k g Ao]
o B Aol ARE-E 7|71 GenSpector TMC-1000 (Samsung,

Avian Influenza®] A&7ZH L 25

Korea)o|™, o]& Way} AlE3e 7wko g 39, 1 urse
o] FAYS F PCR WHEYo 2 Algsto g2 7l a3t
F HSAIEE &5 5 SUATh Quick Real-time PCRY] 7HE
FAE 7317 Y% PCRE, AlEEA pHcl6 DNAS 1 pg-10
ag ANl a9t &E reaction volume 1R ZAE}
Forn, ol 4 dAFEEY 1yl templatest 2pul 10 mM
MgCL, 7ul ZH55E £ F 1wE #3311, detection primer
ZF 1 WAE 718k 5 21 F 1 WS |l 2X premix (GeNet Bio,
Korea)o} E35ta] ThA] 1 WiE #3149 PCR-chipell olE o 2M
38319t} GenSpector TMC-1000 (Samsung, Korea)S ARE-3H
A7F Real-time PCRE] F71-& 94°C 127} pre-denaturation ¥4
€ AZ ¥ denaturation 94°C 103%, annealing 58°C 73,
extention 72°C 725 35 cycles & 33t} o] T 96°CHE 66
A LEE B 7} 1ot B3E ST EH, A4
H PCR AHE Z}7bo)] it 882 X(melting temperature
analysisyS AA|5}5 )

S w2 ATVE] kS 984 PCR ZF @A) A7HE Az}
Ho g Zo] F33)1H.01, 94°C, 187t pre-denaturation FHE
A3 %, PCR 3@AI8] A2, HEHOE denaturation 13,
annealing 13, extension 3327} =AI 314t} ] Quick PCRo|A
= W AAE 93] 30 cyclestt FEHA S B3 &5
S (melting temperature analysis)= 85°CH-E] 75°C7HA] £
g yan g3 S48

oo

2n 9 g
Hemagglutinin X X}e| 4

Avian influenza A virus (AIV) subtype HS5N1%] hemma-
glutinin (HA) 82k oF 1.69 kbe] Z7|E 7}A3L 9o o]
£ neuraminidase (NA)2Fo] 23l oJ3] <7 7}#] o8& AH
3HA "o} 2 AFoAE HARHALE FdE2H7IEN 98-S
g Ae 5 FEE I3 (hydrophilicity analysisyS
ot FAAAT|7} S FET, 8259 AIV H5N10}E 9]
HAZ homology’} ¥& 28 11#3le] 387 bp] HARZA}
FHE AAlEeH, olF JTHOE Tt Real-time PCR
< o83 & HApgel A8

AAE HA 3445 487 A8 F 7789 HA ¥4
oligonucleotide® AAIBIH 1, F 7279 X HA 387 bp2] -+
AAE TS99 2.5% agarose gel AollA] ZF SAEE sjze
7b @ARE ERIsTHFig. . HEF §4 ¥ HAGHAE
pBX vectorl| cloningdto] @7IMEEAS 53] HASH AT
ThAl ER1sI3 o1, o1F pHel6S & HH3}3irt. pHel62] DNA
% spectrophotometers AM&-3t], A 27310, 100
ag?] pHe DNAE 247]2] AIV HARE $345 T3sk= Ao
2 AL ATHFig. 2).

Real-time PCRS| =& %74
A d HARAAF pHel6 1 ngS template® 3}d Real-time
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PCR detection®] & Z71& HA3AT}. 53°C-64°CS] annealing
L5 ol gradient Real-time PCRI} 2-6 mM2] MgCl, FE%
A18-3 Real-time PCRS 3313 oW EF 189 bpd] S0l
PCR product® 34Tl AIV HA PCR-detection®]] 4]
annealing temperamure?] &2 2712 58CH 3, 3 MgCL9
TEE 3 mME F3 AR AAD.

Real-time PCR2| 2IZI T &3

B AIV HA detection®] 917% &4& 95t ATV HAF-A
A2 E8H31= pHel6 DNAE 7122 3}o] 10 pg pHel6% A
10 agZtA] 171022 A4 A& g & 0|8 27| 7|AR &
A 2] Real-time PCR 713} A Real-time PCRS 4~ 3}t
o] F4E 49 x7] 714& AMEE PCR AR ¢4
amplification fluorescence curve$} standard curve® -3l UEN)
R, 7] 712 10 pgiE 1 fg (2F 24070 HA 37 £3hHe
Ao Me 71de] T CcriES At AaEAr) e A
o2 SRIEUTHFig. 3A). M8, 100 ag 2771 HA F+8He =
7] 7149 Yo 8% B Realtime PCRYE.LE AV Eo] G7A|
do] AEL s, a2 AR FEskA ol A
o2 velkon, 10 ag 2.77) HA f32h2) 27) 712& AHE
3+ Real-time PCRS, 8]0 271 whE AFe] Az, o] 7}
T84 ohqst W2 B3 ATHEg. 3, 4B). WEHA] 2 A
A 7AMo] 7h5F H e HA FARL] copydre 24702 A3}
At

olo] FaE §GEERAolA, 7] 1A 10 pgiE 100 ag
7HA]19] PCR AHEE2 25 83.1°C9) Tm (Mid-point of melting
temperature)S 2= Ao 2 ZAEQon], 3 (dFMADY curve
7t FYS FeE rHRe R ey BT FYUS PCRAER &
= AATHFig. 3B).

pHel6 DNA 10 pgEl 10 agZhAl, 110842 343 7709
%27] 7149] =3} Real-time PCRATE 23 CigkE2 34
&) X (Regression equation)2 Y(Z27]712 2] %k log ag) = - 038X
(C;3k; cycles) + 11008 AXFE o™, 3|7 d4(Regression
coefficiency) R? = 0.9650F AHEEATHFig. 4A). ol £ 23
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X ko] WYE dold Row BAF 27] 714 P9
100 ag 2470 HA §32h3 10 ag E§3le] ALkt Ao =,
o] B2 AlQJsta AL S|HFFE R? = 0995 o) 3o 2 v}t
et AER BIAA]). ZF PCR AHEES TA] W719%S 53838t
o] e =79 PCR 4HEo] AAREAEA] AAF ERIsIem,
9] 10 ag2] AL AL 7] 718 10 pgFE 100 agZhA] 9]
PCRAFE-S 189 bp2 ol E =719 2MEYS Ho FU(Fig.
4).

Quick real-time PCR

PCREM-H 9] Fafo] | u-E o vi¢ WE PCRO| 7Fsd
Ao g AZEAUY  thermocycler, = GenSpector TMC-1000
(Samsung, Korea)S AH&31a], Quick Real-time PCRES F73}%
th "A, 7] 1A% HAA, F HEHAE T3] Sl
AIV HAFAAE £33 pHel6S 712 R §1, 7] 712 48
1 pg, 100 fg, 10 fg, 1 fg, 100 ag, 10 ag (% 247} pHcl6 &
A zt7] AHgste PCRE et A A # plasmid
DNA 100 fg}*E] 100 agZh*l2] C gk(Threshold cyclesy H]1l 2]
AFH JLAAE BAFHoY, 1 o] M9 5 1 pg, 10 ag
9] PCRIIME 7] 71847 Cak7te) 3L A48T = gl
AThFig. 5).

©] GenSpector TMC-1000 (Samsung, Koreays A-8-3F Az}
Exicycler™ Quantitative Thermal Block (Bioneer, Korea)ya A&
S s 4, 2 AEbs "7 34 Aot v BeE
YERto ™, ZHAR= plasmid pHel6 100 fgE 100 ag (2F 2471
HA §22h71A19] C kel A /s MR ddEiov, 2
£ 10 peHE 1 fg (¢F 24070 HA H-Ax} F3He] HYolA 2
71 7149} ¥ C el AR AuEAT e R
AR F WAl FAbof nis] Fage] FHe vl A
A 4= 9lon}, 1 pg ol dollxe Fako] B ks Aolt).
o] GenSpector TMC-1000°] 1l 452} % PCREFS-HS A}
g3fok 3l7] Wi, Bt} F5E 27] 7|4 DNAY 23) AA
PCR2] ¥k&-A0] Azl = Ql7] whitelgt 55 Uct

A, AE 7es 27] 7149 HAAA, & AESA A et

" 10pg 1pg 100fg 10fg 1fg100a

e e
T — —

h 10ag I

%& nK

T T T L T T
5 10 1% 2 -] kY Cycls

il

5 T T T T T T T T T T 3
0 50 50 B0 610 &0 &C 0 3¢ 780 20 80 B0 @0 96

(A) Fluorescence curve

(B) Melting curve

Fig. 3. Real-time PCR with serially diluted templates of ATV HA gene using Exicycler™ Quantitative Thermal Cycler. Real-time PCR was
performed with the standard condition in this studies. Initial quantities of templates in each experiments were 10 pg, 1 pg, 100 fg, 10 fg, 1 fg, 100
ag (24 copies of ATV gene) and 10 ag, respectively. Panel (A) Fluorescence curve. The Ct values were shown initial quantity-dependent manner in
the range of 10 pg to 1 fg. Distilled water was used in blank instead of DNA template. Panel (B) Melting point analysis of same PCR products. All
products were identical, depending on same temperature of midpoint around 83.1°C, except 10 ag and blank.
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CT Value

(A) standard curve (B) Electrophoresis

Fig. 4. Standard curve and electrophoresis of Real-time PCR with serially diluted templates of ATV HA gene using Exicycler™. Panel (A)
Regression analysis of PCR products. The linear relationship between the quantities of initial template and Ct values was fairly accepted.
Regression equation was calculated as Y = - 0.38X + 11.00. Regression coefficient was R? = 0.9650. Panel (B) Electrophoresis of same PCR
products. Lane M is 100 bp DNA size marker; Lane 1-7 were loaded 7 PCR products amplified from initial template plasmid, 10 pg, 1 pg, 100 fg,
10 fg, 1 fg, 100 ag (24 copies of AIV gene) and 10 ag, respectively. Lane N; negative control (distilled water). PCR products of 189 bp were shown
in all lanes, except 10 ag and blank.

4
39

< 1] * -
(A) el s (B)
@ g 1 100fg 9 s ’/ o) ]
Q ' R 3]
c . H c .
© ] o A
o o~ : H [&] 5}2_ "
g s / : T ° i
2 ] ' ~ ’,lg{ .
s ; 4
5L i 5l e A\x, -
2?9 H [ [ P % k1 B e 0 % = 3 @ %
Amplification [Cycles] Dissociation [Temp.]
Template conc. Total time Ct (cycles) Tm (C)
1pg 50m 57s 11.09 82.3
100fg 50m 15s 12.89 82.3
10fg 50m 56s 15.97 82.3
1fg 50m 12s 19.26 81.8
100ag 50m 45s 22.50 81.9
10ag 5im 22s 22.65 82.1

Fig. 5. The sensitivity of Quick Real-time PCR by 10-fold serially diluted template DNA. Quick Real-time PCRs were performed with 1 pg (2.4X
10° copies of ATV gene) - 10 ag plasmid template using GenSpector under 10 seconds - 7s - 7s of 3 steps (denaturation-annealing-extension) in 35
cycles. Panel (A) Fluorescence curve of template-diluted Quick Real-time PCRs. 1 pg, 1 fg, 10 ag etc. represent each weight of template DNA, 1
picogram, 1 femtogram, 10 attogram etc., respectively. PCR with 10 ag template (2.4 copies of AIV gene) was detectable. Panel (B) Melting point
analysis in the range of temperature 96°C to 65°C. All 6 PCR products were identical, depends on same melting temperature. The temperatures of
mid point (Tm) were calculated in range of 81.8-82.3°C.

o= A&7} 10 agl plasmid pHel6 (AIV HA -F3AA} 2470 & 718 Fxo] WM Fastz, o] 759 AEE 71E DNAY
HERo g ZEAZ 7, A7 Bl ASFA Y F2100 ag PCR 5Z-2& HA) BHo) G288 5 A& Aol siddstdth=}
9] pHe 16, 2470 AIV HA f3AhE £93] Ho] de Aoz F vlAA).

VERHTE 10 agoll A 100 agZhA] 10 agdh9le] Bok st A& g PCR AHEE9] §-8257404] o] PCR AHEE©] &5
Al e A3 438tA] oA AIEt, 10 ag¥ 100 agS: FAU3 Tm (Temperature of midpoint; °F 82°C)& 7}Al&= A&
LB AFSSE Al e AHE Bl Al g HE 2 UERAL, o' BF AFH S35l 23 Y% DNASUS
SAS EHSHA B 4 919lem, o= GenSpector TMC-1000°] AAksRE AHolgl At o] PCRAEES 1 uirEe) ol
1 =2 ¥ PCR ¥H&-48 A18317]9, 20 W9] & PCR Wb 71l Azl ot AFA 3rt Brbssi, 4] sie] A
A5 Al-&-3h= Exicycler™ Quantitative Thermal Block®2.Th 371 71958 AAEg o, 255 AIV HAFAALS] oAte =17i¢l
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pg 100fg 10fg

g

Fig. 6. Electrophoresis of Quick Real-time PCR products. Quick
Real-time PCRs were performed with 1 pg - 10 ag plasmid template.
10 fg plasmid was calculated as 2.4x10° copies of AIV gene. Lane M
was DNA size marker in 100, 200, 300 bp, respectively. PCR with 10
ag template (2.4 copies of AIV gene) was detectable in the level of
fluorescence (Fig. 5A), but hard to detect in this electrophoresis.

189 bp2] DNAYS &I ThFig. 5, 6).

$HA, AIV HARZALS] EXARE 71 w2 2dslr] 9
3l PCR H4 F 2 DAY AIHS SHA2E 2< Quick
Real-time PCRS 434 3l3th o]= zro]ZthH el Rapid kit

(Lateral flow ImmunochromatographyH)2] Zlghel| 4@ 5= A7k
o] 108U A& EF & HeFE, £ dA7<l AIV HA<]
Quick Real-time PCRIITHH ] T8 93+ HTA S FA 3l
A} & Role}.
]Z] 9} oSN g
o, PCRY] %
o FoH, HFHEE

=
o

T+ 7} 10 fg2] AIV HA pHcl6 DNAE A8-31%
daiz F 7 cycled] ZF GAE AR SF

94°C 183} pre-denaturation #}7
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extension 72°C 33F 30 cyleesEQF 3G oo g2 %
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5 14min 02 s 24.75 83.1
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Fig. 7. Detection-time limit of Quick Real-time PCR. Quick Real-time PCR was performed with 10 fg plasmid template DNA (2.4x10? copies of
AIV gene) using GenSpector. To save time of PCR-experiment, times of each 3 steps (denaturation-annealing-extension) were reduced serially,
and PCR were performed with 30 cycles and in the range of temperature in melting point analysis 85°C to 75°C (except PCR 1; 35 cycles, 96°C to
65°C; see Fig. 5). Panel A. Fluorescence curve of time-reduced Quick Real-time PCR . The numbers of 1-6 represent each time-reduced PCR
independently performed with 3 different times of denaturation-annealing-extension step in PCR cycles. 7 was 10 seconds - 7 s - 7 s (denaturation-
anealing-extension); 2, 2s-6s-4s;3,2s-8s-35;4,25-35-458,52s-2s-45;6, 15-1s5s-3s, respectively. Panel B. Melting point analysis
of same PCR products. All 6 PCR products were identical, depends on same melting temperature. The temperatures of mid-point (Tm) were

calculated in the range of 82.46 to 83.25°C. Only PCR I was performed
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ABSTRACT : Rapid Detection Method of Avian Influenza Subtype H5N1 using Quick Real-Time PCR
Eul hwan Kim, Dong woo Lee, Sang hoon Han, Soon hwan Kwon', and Byoung Su Yoon*
(Department of Life Science, College of Natural Science, Kyonggi University, Suwon 443-760,
Korea, 'Chronic Inflammatory Disease Research Center, School of Medicine, Ajou University,
Suwon 443-721, Korea)

The most rapid Real-time PCR based detection method for Avian influenza A virus (AIV) subtype HSN1 was
developed. The target DNA sequence in this study was deduced from H5N1 subtype-specific 387 bp partial
gene of hemagglutinin, and was synthesized by using PCR-based gene synthesis on the ground of safety. Real-
Time PCR was performed by GenSpector™ using microchip-based, total 1l of reaction mixture with
extremely short time in each steps in PCR. The detection including PCR-amplication and analysis of melting
temperature was totally completed within 13 min. The H5SN1-specific 189 bp PCR product was correctly ampli-
fied until 2.4 molecules of hemagglutinin gene as minimum of templates. This kind of PCR was designated as
Quick Real-Time PCR in this study and it could be applied to detect not only ATV H5N1, but also other patho-
gens using PCR-based detection.



