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Cultural Characteristics of Human Cytomegalovirus and Detection of Viral
DNA by Polymerase Chain Reaction

Keon-Wook Park, Seong-Duck Paik', Won-Ki Baek!, Seong-Il Suh!, Jong-Wook Park?,
Min-Ho Suh' and Byung-Kil Choe’

Departments of Opthalomology, Microbiology', and Immunology’, Keimyung University
School of Medicine, Taegu, Korea

In order to understand the cultural characteristics of human cytomegalovirus (HCMV) and to
make direct detection of viral DNA during cell culture, the viruses were cultured in MRC-5
fibroblast cell line and culture supernatants were tested by the Polymerase Chain Reaction
(PCR).

Charactistic cytopathic effects (CPE) of HCMV infection were detected after 10 days of virus
inoculation. Characteristic intranuclear inclusion bodies and large, round or oval shaped cells
were clearly seen after 12 days of virus inoculation.

In PCR, oligonucleotide pairs for major immediate early (MIE) gene of HCMV were used as
primers. Amplified products were detected by gel electrophoresis and by Southern blot
hybridization with digoxigenin-labeled HCMV MIE gene probe. In estimating the sensitivity of
PCR, the PCR product starting with 1l aliquot of an infectivity titer of 10%% TCIDs/0.2ml of
cell culture mixture was detedcted by direct agarose gel electrophoresis and Southern blot
hybridization. The specificity of the PCR was evaluated using other members of the herpes fami-
ly of viruses and various DNAs. No amplification was noted by direct gel analysis or by South-
ern blot hybridization and only HCMV containing specimen was positive. In the sensitivities and
the specificities, there were no differences between the PCR with OPC(oligonucleotide purifica-
tion column) purified primers and the PCR with Speed Vac dried primers(no other purification
steps were used).

Culture supernatants were tested for the detection of MIE DNA by PCR. After 4 days of cul-
ture, the MIE DNA was detected in culture supernatants by PCR.

In conclusion, I think we can make more rapid and precise diagnosis of HCMV infection by
combining virus culture and PCR of culture supernatants.

Key Words:Human Cytomegalovirus (HCMV), Culture, Major Immediate Early gene(MIE),
PCR.
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Mg 5 A7 AEAYGulo) 2 28] PCR A4

N B

o FEH S 53 wYdde 54 AY
dosd FHAgdes 2, Hiade H=2
Aol 9 HAEo] &Fo Ay <3t
58 BN ZB9E dodA HE, olEnt
3] 7+ o (opportunistic infection)o] =4 3k H|
& A3 Y gE®,
azeA §3] Arlojd g e gah, ¢
=, AIDSEA Fo, dodgAAdeEd e
A A #HE, g, 237 A%, Fad, o
&4 5 B8 BAE x93t I Zlo] A
A ¥ Adlvto]l ¥ 2~ (Human Cytomegalovirus,
o]3} HCMV) jo]th.!h1218.1920 g HCMVE
A Fo) AHAY gL sl 2HF, @
A, Az 39d 59 4F AAQ N1¥8e o
ot a8l HCMVZ9-L& Epstein-Barr
virus(e]3t EBV) golut 7|g} Afn
Fdol FAElY dAH o zE FFE Ao
'@E_E}_lo,H,W).

d2A HCMVZE 9 713 A &3 1dge=
2]+ Human Foreskin Fibroblast (HFF)u}
MRC-5A1 25 To HR{HHEFE o] &3
W FAAL Jovt utelglx A wWE Al
X =¥ (cytopathic effect, ¢] 3} CPE)2 ® 2 3)
=g A Aol slojok shx, u Yol
o) =g A o 247371 29 W TR, a8
AdutAQl v B E AAL A vlely2E ul Y
7l o AAolth e EAAF
kS (complement fixation test, CF)Z A},
ELISAZAL 59 ©stza ZHAPYo] A5
Aoy AWIEst ¥R B}, ulo]# A}
E AEsle Aol old A wiyld B33
T 987tA DdHo] At

Aol BAMES 7Ho] ookl 2
AT HELEH7] AFSFHEL AFAANE
DNA A A(probe)& o] &3 R4 E 33
Aol &3 JYoffHNW BEF Ao
A2 @Az gho] v]g A Fd HAAFHE
AL 4+ v Polymerase Chain Reaction
(PCR)o] &HliHe 43 AR =VHE
o“ 21%51:]—,_ 9\11;],.2,8,23.26,27,29)

olo] AzAELE HCMVZYEe ®nt} e A
@Y 9o =S Fuzh, 9A Hd{oHE
Aol o] HCMVel M xrde E48 w23
3, HCMV F8 =27 &9 (Major Immedi-

o\ N, (i of alo

ate Early Antigen;MIE) §dz H9d gt
o] 3}A) A3 pimerE o) &3t PCRE
& upol2) = DNAZY S dAjste] HCMV
ol UojA e} nlolE 2 W L PCRHAPe
Ay F8498 =AM

oy ot

Mz H Uy
1. Hfo|3{A % DNA

AN E  Atfulo]HA(HCMV) AD 169
ATCC VR-538, &5 WX ulole]2 Oka
strain(VZV), 217t dE¥Avtolgj~ ATCC
VR-733(HSV), Epstein Barr Bv}o]#1 X (EBV),
2 g evA DNA 2 QA7 A 89
DNAE A8 Al4-3t49

2. HCMV dlo|a{Anjet

HCMVel e A7F HAHRFoAEFA
MRC-5 A®ZF(ATCC CCL-171)E 10%
Fetal bovine serum3} 1% antibiotics-antimy-
cotics7} &% Dulbecco’s Modified Eagle
Media(DMEM) & A}£&3le 37C, 5% CO, vj
471ol A T25 Culture flaskel] @A EXF 02
vl A 7] 32, vl AE HFstH s FAITH
A Jephde Axddy Axzg #Fdd &
TClIDs(tissue culture infective dose 50)& 7
Ar3te] PCR A g o) AF&3F o of® %%,

jFd 2 PCRAAIE $istd MRC-5 A
EFI 90%9 DAdAEZES FASNIYE o
media® $13] A AF F 10*° TCIDs/0.2ml
¥x9 HCMV 01mlE #HEF3szm 37CeA 1
Al 94X ¥ media 5mlE ¥ 1 overnightA] 3}
t}63, ¢ mediad A AT F Al media
10mlE ¥ ®¥A 718 HCMVEZ 2, 4,
6, 8, 10, 12, 14, 164 F o WG ZAE 3
st PCRE A& AAletdth.

3. DNAAIRS MAX|

AT FE  wolel2dEg 7zt 0.5ml
microtubes] @I 95CoA 1027 7193 &
dgol 3R AATIt vlFnEPAI 2 3R
b 943t 4EAE A microtubeR &3
% PCRol A&t 2 utH g @ 9% DNA
£ Perkin Elmer CetusAH(U.S.A)Y FES
PCRol A}&-3tgich A7+ A3 A DNAE
AAql gl 10ml AE T Kunkel S92 W
of ¢l#] genomic DNAEZ &% % PCRoj

-276-

AlEoistin | 1P: 203.247.13.27 | Accessed 2016/01/11 10:54(KST)



Keon Wook Park, et al.: Detection of HCMV by PCR

A} 5t THO,

4. Oligonucleotide primers

u] 2 Applied BiosystemA}¢] DNA3JHA 7]
(PCR Mate-EP391)E o]£3led HCMVe

MIE §22 d¥o) SolalAl 2gete 25mer
9] sense primer 9} 25mer¢] antisense primer&

gt dEYel Mg AAAFE A
3% PCRe]| Al23l9th. PCRE DNAXMEL
435bpg 2 2t primer? grIAEEe I

%47.8.25).

Sense primer 15" - CCAAGCGGCCTCT
GATAACCAAGCC-3’
Anti-sense primer:5’-CAGCACCATCCTCC

TCTTCCTCTGG-3’
5. DNA deprotection

44 ® DNA primer7}l £9{%l% column$
ImlFAL710] A4d3tx 2k 0.5mle] ammonium
hydroxideE M3 Fotdd 2083 A& F
F B DNAE EoUix %A ammonium
hydroxideE ¥o}EeiA o] BAL 43 W&
3t DNAE ©f Eoldl & {FHE 55C =z
A ISAIZHAE Alg F 7AuUA d&d 15%
W] F,4Ce 158 ¥x] T A A5 o

6. OPC (oligonucleotide purification col-
umn)ZE 0|23} primerX H

AR columng #FA3A7]7] 93] HPLCH
acetonitrileZ A3 HAl ¥ 4Co BAEHo]
29 2M triethylamine acetate® A3 24
o @434 columne] gXUYol gyt By
oligonucleotide®-&: &3 A]#A columnujd] Z
§HA1712 1:10 34 ¥ ammonium hydroxide<}
o2 33 Mol ¥ ZHFZE 23 Aouidd
t}. o 7lol] 2% triflurcacetic acidE %A 2]
T 42 23 AMojUlm 1mle 20%
acetonitrile®] © 2 oligonucleotide primer DNA
& =oy ¥ SpeedVac AX7|Z 2547 A
ZA71 HEHOR 50049 FFHF =9
UV spectrophotometer2 %= ¥ £:22 39l
3t3 PCRol AF8-3199 0.

7. SpeedVacZA=7|E 0|23} primer& X

d=yel 7t E4Y oligonucleotide® &
L.5ml microfuge FEZ %7 ¥ ©o|= Savant
3] A}A] SpeedVac AZ7|Z 25A7F AZRAA

gdrolg A3 AAF F 500uld FF
o] =< UV spectrophotometer® F% 2
T2 F9l3ln PCRo| AM&-3stg ).

8. PCRx=A

A A

Wz DNA A|2E 94CoIA 6027 o ds
o DNAZ WAAZ &, g9 2L =de
2 403 PCRE& A8t PCRY F#H&
5042 3} 3, 0.5ml microtube(Sarstedt, Ger-
many)}& A}£-3t<dth 50mM KCI, 10mM Tris
HCl (pH 8.3), 1.5mM MgCl,, 0.01% (wt/vol)
gelatino]  $F6-% reaction mixture (Perkin
Elmer Cetus, US.A.)E A}&-3tg 1, Z7 200
Mol dATP, dTTP, dCTP, dGTP (Perkin
Elmer Cetus, U.S.A.)¢} 2.5unite] Taq DNA
polymerase (Perkin Elmer Cetus#]) & A}-£-3}
Atk Primerg& #7 1aM% A4R3193 o
HZH o2 40ule] mineral oil (Perkin Elmer
CetusA)E2 €& & PCRE AAFHATHD.
DNA denaturation& 94°Cell4] 120%, primer
annealing& 62 Co| A 903, DNA extension&
72°ColA 603t AAEE L vk =H(40cycle)
A 9] extensionA] 7FH-E 450 7F A A5 O,
PCRol| A}&-3F #Au]:= v EricompAt ] Easy
cycler(FY2) & ol&act. o AHuich
HCMV AD-169 strain®] DNAE JYANZT
o2 AE39 3, DNAANEE AYF ZEgR
o] ¥fEH AL FAHAUNERTLZ ALEdH

9. M7|d =0 o|& PCRu=9 #HY

PCRAME 104E FH3l 2419 gel loading
buffer (Type 1)} 4& % ethidium bromide
7} 5% 1.5% agarose geld] HAZE & 1X
Tris-Acetate-EDTA (TAE) buffer2 minigel
dE7]|2 50 Volt2 4087 £33y 54 A
71958 AAF %, UV transilluminator
(302nm ¥} #) o} Polaroid camerag& o] &3}y
AR d 3 & 435bp =7)9] DNA band %
E Bol #<¢i3yr}r olu) DNA size marker&
= vu|* Bethesda Research LaboratoryA}<]
123 DNA ladder& A}-& 3 o>,

10. Southern blot0ll 2|8t PCRAZES| HAY

A7 E F AR #EGo] B gel 1.5M
NaCl-0.5N NaOH& < (denaturation solution)
of a3 AeoA 208 A % 15M NaCl
-1M Tris-HCI€ 9" (neutralization solution) ¢i|

=277~

AlEoistin | 1P: 203.247.13.27 | Accessed 2016/01/11 10:54(KST)
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S T A M EAY ol 29 PCR A

23 HdeoA 208 e 2F gel
2ol DNA &+ 20X SSC (sodium chloride-sodi-
um citrate) ) o o] &s}o] nitrocellulose (NC)
filter (0.2xm pore size, Schleicher & Schuell,
Germany)oll % &of 4] 2k 4A]7} blottingA] 71
T Y B 80CE 9087 71¥sty
IAHAZ F HdBE R Yol UEsla ANF
A Alo]E] o] B #sr}r} hybridizationS 2

A SH TR,

11. Digoxigenin-probeE Al23t
dization 2! gAY

CMV el MIE %2 DNAE random primed
DNA labeling® ol ©]&} digoxigenin-11-dUTP
=2 labelingA] 71 DNAZ probes A}&3}% .
5X SSC, 1% blocking reagent, 0.1 % N-laury-
Isarcosine, 0.02% SDS7} 3} % prehybridiza-
tion solutiong % 37 68°C ol 4] 24] %t prehybri-
dizationg A A] sl t. HCMV DNA probeE
95°Cel 1083t 7}¥3le] denaturationA] 7] it
iced] 5%%t A& F hybridization solution®}
dojA NC filtero] ¥ 68Col|A 1547+

hybridizationg A A3} th. Hybridization©o]

£y NC filter® 2X SSC, 0.1% SDS} o 2
A oA 583 23 AHE F 01X SSC, 0.1
% SDSH o2 68°Colx 1587 23] A 2 3}

A th. NC filter® 100mM Tris-HCl, 150mM
NaCl (pH 7.5) 02 Ao 187 A &
blocking buffero] 30%7F & 3 alkaline-
phosphatase’} ZA3%tE d-digoxigenin-3} | A
o] 3083+ H-eA|Zith NC filter2 NBT9} X
-phosphate7} Hfr¥l WAool Tlu 1-24]
b R3ste] RMAF| T TESRS Hof 2L

AN F AR EI s BESG .

8

HCMVe] v a8 Azuo] EAS o
371 918l MRC-54 £ Fo] HCMVE #HF
I =PduF oz wid 154 AEe

w2t vl v 104 Ao FEFHe] HA
Aot EZoA 2 FFAY 8489 A
EEo] #FHUoH, AEHHY FHE 12
Ax Tz Fig. 1> A4 MRC-5 A X%
2 HCMV Zdoz Qs Axuwo] Jehdt
vl 12 Aol Axe] FejE JERH Bloth
HlF 16dAl= Aol A AlofelA] Al X B o
FE5Jon, HCMVZY o] AEzd EA4
HEHAG

e}

o L2

ox
2

i

intranuclear inclusion bodyE ©]
(Fig. 2).

A 25 0] g4 3 oligonucleotide primer &

Fig. 1. Cytopathic effects of Human Cytomegalovirus(HCMV) on MRC-5 cells. A) Normal
MRC-5 cells(X200) :No cytopathic effects are seen. B) MRC-5 cells 12 days after HCMV inocula-
tion (X100) :Characteristic cytopathic effects of large, round or oval cells are seen. C) High power
detail of B (X200) :Large cells with intranuclear inclusions are seen.
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%

A

J(%

Fig. 2. Cytopathic effects of HCMV on MRC-5 cells. A) MRC-5 cells 16 days after HCMV inoc-
ulation (X100):Almost all the cells show the characteristic cytopathic efficts. B) High power detail
of A (X400) :Characteristic large, oval or round cells with intranuclear inclusions are seen.

Table 1. Comparison of the effeciencies of
two methods of primer purification

OPC! SpeedVac

purification
time (hour) 8 48
: labor- .
handling e W simple
amount of primer
produced (pico-mol) B0 H00 140,008
possible test number 1,000 2,000

of PCR (50ul PCR)
result of PCR good good

purity of DNA
(OD 260/280 ratio)

need of special
apparatus

1.8 L7

fume hood No

cost of special

apparatus (Won) 1,000,000 No

":The abbreviation of oligonucleotide purifica-
tion column.

1 23 4 56 78

435 bp --

Fig. 3. PCR detection of HCMV major im-
mediate early (MIE) gene from HCMV infec-
ted MRC-5 cell culture suspensions. Lane 1:
size marker (123 ladder). Lanes 2 and 3:
435bp PCR products using primers purified by
oligonucleotide purification “column (OPC)
method. Lane 4 to 6:435bp PCR products
using primers purified by SpeedVac drying
method. Lane 7 and 8:negative controls.
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WAL S0 9z Al EAY o] 29 PCR 7

OPC AA¥3} SpeedVac {1Z¥ oz Az sk AAAE  OPCHol 8AZF 20FHIYT
of PCR HAMAS zpolE vlms] HUYo. F SpeedVac¥ & 25417 A QHd. 2891
7HA AAY T dUzy Solxd oA OPCH 9] A3dnge AL APAe &0
A4 43 PCR A3 ey 275N e, SpeedVacy & ofF A

PCR& primer®] 714 &3 HAYL ¢ t}. PrimerA 22 e OPCH & <k 5%t pico-
otE 7] ¢s OPC AA¥ 2 SpeedVac HAZE mol (PCR# A} 1,0003] )] %l 2™, SpeedVac
Hel 52 v ws) BAoH(Fig. 1, Table 1). o ok 105+ pico-mol(PCRZ A} 2,0003] &)

435 bp --

Fig. 4. Sensitivity of PCR detection of HCMV MIE gene from MRC-5 cell culture suspensions.
A) Separation on agarose gel of PCR products. Lane 1:DNA size marker (123 ladder), lane 2:
PCR with 4zl of 10*°TCIDs,/0.2ml HCMV (about 60 viral particles), lanes 3:PCR with 24l of 10°°
TCIDs,/0.2ml HCMV (about 30 viral particles), lane 4:PCR with 1ul of 10*°TCIDs/0.2ml HCMV
(about 15 viral particles), lane 5:PCR with 5ul of 10%°TCIDs/0.2ml HCMV (about 7.5 viral parti-
cles), lane 6:PCR with 1xl of 102°TCIDs,/0.2ml HCMV (about 1.5 viral particles), lane 7:PCR with
1l of 10"°TCIDs,/0.2ml HCMV (about 0.2 viral particles), lane 8:negative control. B) Southern
blotting results of A (Digoxigenin-labeled HCMV MIE gene probe and nitrocellulose filters were
used).

1;2345678 1 234 56 7 8

435 bp -- 435 bp -- o

Fig. 5. Specificity of PCR detection of HCMV MIE gene from MRC-5 cell culture suspensions
and from various viruses and DNAs. A) Separation on agarose gel of PCR products. Lane 1:DNA
size markers (123 ladder), lane 2:PCR of HCMV infected cells, lane 3:PCR of Herpes Simplex
virus infected cells, lane 4:PCR of Varicella-Zoster virus infected cells, lane 5:PCR of Epstein Barr
virus infected cells, lane 6:PCR of 1 bacteriophage DNA, lane 7: PCR of human normal blood
DNA, lane 8:negative control. B) Southern blotting results of A (Digoxigenin-labeled HCMV MIE
gene probe and nitrocellulose filters were used).
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1 23 4 56 7 8

435 bp --

1 234 56 78

435 bp --

Fig. 6. PCR detection of HCMV MIE gene from HCMV infected MRC-5 cell culture suspensions.
A) Separation on agarose gel of PCR products. Lane 1:DNA size markers (123 ladder), lane 2:
435bp PCR products from MRC-5 cell culture suspensions 4 days after HCMV inoculation, lane 3:6
days after HCMV inoculation, lane 4:8 days after HCMV inoculation, lane 5:10 days after HCMV
inoculation, lane 6:12 days after HCMV inoculation, lane 7:16 days after HCMV inoculation, lane
8 ‘negative control. B) Southern blotting results of A (Digoxigenin-labeled HCMV MIE gene probe

and nitrocellulose filters were used).

olAth. DNAF+EE F WY =% OD 260/
280 H]L&o] 17-182 $F3gd. adx
OPCEAAA = A7lx] F5E-o] Al
522 fume hood9} %S 17te] <bA AX] 7}
S FEAG.

£ PCR ALY ARUEZS ZA}e7] 98] ul
%" HCMV =& &£xaxoz 3Asty
PCR& AAlstdth 1 23 1 AAE &
o2 PCRE <& w 10%°TCIDs/0.2ml7} 3]
(F nlolel2 15M74#]) HAEF 7bssldoh
Primer ZA¥ o] w2 zol= gl3th(Fig. 4).

2 PCR ZHAle Eolx=g& xAs7] 9l
HCMVel, HSV, VZV, EBV, 2 urg|g ¢ 9%
DNA 9 HA<2 &9 DNA 52 uio=
PCR& AAl8tdth 1 A7} agarose gel 7]
G54} Southern blotd RS oA
HCMVyto] 435bpe] target DNA band7} 7%
HAaow, HSV, VZV, EBV, 1 urgg] o 1}
DNA, A48 DNA & 2% PCR ZHA}
o082 ettt 2283 primerd AHA W
of @& zlole U tH(Fig. 5).

HCMV ¥ FA] Alxwdoe] Uelyr] Aol e
vlge] MIE dxte #&2 Aoz 7dst
o HCMV ui<} 43F4L didez PCR A
g AAS AW wg 4L NE oFte
HCMV DNA7Z} AZ=HAen iy 6Ux ol
Fol= #93 HCMV DNA7ZL Az
(Fig. 6). 28)} A =) lojME w12

U o) FHE BB ALl

B Ak

e

i &

12,18,22,28)

adFANME #7lol4 oy AIDS3z}, <&
2 BolA #AY, Td, g, HEF T
2L AYS xY3= o] HCMVo] . 10117
1920 HCMV¥ 188149 Ribbert7} ApAFE o}
ofe] A& A3 (protozoa) ¥ FAFSH o3
AEZ7E ASS B Zo] wdo] Ho| 2%
cytomegalic inclusion disease® £ % t}7}
Smith7} FH oA CMVull %ol A Fatgx, 1
% Smith, Rowe, Weller 5°] HCMV }Xg] 9
QEeg e dalel CMVelts o] &2 Weller
ol "R,

HCMV #Z¢d& EBVY 7]t A&} FA}s)
o YFFHosEE e d§ otz I
AAA 270 FoATY. BAZAE 4R
S AP oz A uolgi2 migyel RoH

o
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ul} 7

—1\_% 5 O\lz_]_- H]E.}]EHE}‘O]Eii_O,] PCR #AM

MRC-5 M X Feof Aokl (fibroblast) <
tAEE AEstn o 2470 AR #E3)
o AfolHE ddFd Jdevde AEHW
ddos Adsy Job™, gy Ayt 1
AE HAM A dlolgl s wjYA S ZF
A7} 4A goo, 53 HCMVe #A$
© 2 wjgrIZbe] 43 FE oW 7[7o] A
D2 iAo E BE oy go] AW,
E A3 HCMVe wigd=pd Axwd
o] ExE uotay] 98l MRC-54 EZoj
HCMVE HFdtn =hdrA oz Az ¥
HE #23 ul vk 108 3] AN
Aot EZZoNA A TEAY 81439 A
2Eo] #EHY oW, AxyEue FHE 12
dA FRAFG. G 16€8= A A A
ofo| A AlXWo] #FAFHUew, HCMV 2%
g AFHY AL AW ¥ (intran-
uclear inclusion body) E¢] B = h?. o]}
2o ylolg)ie WlgE oW Ate] 28 FH
W oAEHEES F #3Ed £ e AHel &
THh

o] 23t W FHALY ©@H L HgmA ELISA
Holl} CFY T9 o8riA dd g3ty
HAZY Mol oy, O quEst "oz
3 FH uloly2F ZHAEE Aol old, ¥
L—-gANSo] o3 A HAQA HF, o
@ A7 AU Fegor AAL sMEdtEE 2
7N1Ae] 44 e A T dHel YojA o
S A& A Aaye a3 Ao,

HA BAAEG ] F43%] dHste 9
FoT B2 HEo] H1 glow o DNA
hybridizationy T} @712 whid & AAHAL
dq= $&HT YopSHW aBqHE Fi
Zo] DNAAEE o] &3t9 TAZIge] Wi
o] DNAE §4AA 54 DNAY §7& FAl
3} Polymerase Chain Reaction(PCR) ¥ ] 7
wrlo] 28 73 vty gloy 53 o U
A& & AHL 7MA 1 g} t},28.23.26.27.29)
.ARAEL HCMVE MIE Az 3$lo)q
EoldtA A3 PrimerEg Al Zste PCR
A/ 284S ZASAY P, |A PCR
£ primer?] 713 &3 FAFE Yol
7] 43 OPCHAY % SpeedVac UM 9
A5E vus] Boked AAAIZZ2 OPCH o
8A17 A8 &= vl3] SpeedVac] & 33
Eovt o] FPaste] obF HHEIIATHY.
Primer AAtgx2o OPCH & < 59t pico-mol&

A

A 50ul =] PCR%IAL, 1,0008 Ra3g
& £ A% e, SpeedVactj-2 ¢k 109 pico-
molZ24 OPCH e Fwiag ¥& 4 AAUTh
DNA¢xE ¥ W 25X UV spectrophoto-
meterA}toll A optical density(OD) 260/280 1|
&ol 1.7-182A4 433 ARG 21
OPCAA Aol acetonitrile, triethylamine
acetate, trifluroacetic acid § o #8717 £=
E7xdo] A2 22 fume hood®t & 17}
AAAR7 SFHJGD. 28 A primer DNA
7 4G =FelA 2AHA oligonu-
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