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Metabolic Activation of Human Cytochrome P450 1A2 and
Cytochrome P450 Reductase in Chinese Hamster Ovary Cell Using
the Double Promoter System

Chang-Hwan Park and Dong-Won Kim'

Departments of Microbiology and 'Anesthesiology, College of Medicine and Institute of
Biomedical Sciences, Hanyang University, Seoul 133-791, Korea

For the in vitro metabolic activation using cytochrome p450 (CYP) and NADPH-
cytochrome p450 reductase (CYPR), dicistronic construct (CYP1A2DC-DCMV) was
made by double cytomegalovirus promoters. As for mammalian cell expression plasmid
transfer was achieved in Chinese hamster ovary (CHO) cells by lipofectamine. Using
neomycin and limiting dilution method, the CHO cells for protein expression were
established (CHO.1A2DC-DMCYV). Western blotting was carried out with the microsomes
obtained after the process with sonication and ultracentrifugation. The molecular weight
of recombinant human CYP1A2 was determined to be 57 kDa and that of CYPR, 76 kDa,
respectively. Results of MTS assay to measure the cytotoxicity of 2-aminoanthracene
(2-AA) on CHO.1A2DC-DCMV treated with 250uM of 2-AA showed significant
increase of cytotoxicity compared to the negative control (p <0.05); In vitro micronucleus
test in CHO.1A2DC-DCMV cells treated with 10uM of 2-AA showed significant
increase of micronucleus formation against dimethyl sulfoxide (DMSO) treated group (p
<0.05). And single cell gel electrophoresis in CHO.1A2DC-DCMV cells treated with
5uM of 2-AA showed significant increase of Olive tail moment against DMSO treated
group (p<0.01). With these results single cell gel electrophoresis is most sensitive
method for detect the toxicity of 2-AA using CHO.1A2DC-DCMV cell line.
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Cytochrome P450 (CYP): °F& thAabAoll
ofsle Fo3 4w e A, X, viA
W =48 QFetE ol B5HQ Haolwh CYP
= %ol webA isozymee] HE7F 47 thE2w,
2 isozymeo|ghE Foll wie} 7]A HolAle] =
4 d2ug Ag/A] Al oA gl
243}t Azl B3 AF= A CYPE }
o] o] FojAa QIek'? gl iR A
Wl A in vitro WAZAAZA WA HF
8] &322l aroclor 12548 ¥4 G55 7 Je
o 2R BA, F 9% APk aeh o
=2 8% ARAAe AY AnE Al
FE Bl U H4Fb TR wedete HlE
FAZ @S W oluet A $9% HrEE AX

v2, A% CYPS] cDNAE o] g3t
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A CYPIA2E ZrollAwh Whs]= H4FA]
A oll o] 711 AF3), carcinogenic aryl amine
T} heterocyclic amine®] hydroxylation ¥F-8-ol ¥ko]
sl 9tk ¥4l CYPE NADPH-cytochrome
P450 reductase (CYPR)Q} #5713 <l 3 5A|A] &loll
At a484e Jebd 5 Qlvh 28 2E CYP
< in vitroo|lA ©HFo 2 WHEE S wde &
2ZAETE S8 Yol AAE
CYPRE 9| FollA] g2l Fofofit dhr}.
o= F/N9] cytomegalovirus promoters ©]
o] CYP 9 CYPR% 3o Eefim o] 2y
3t ¥ Chinese hamster ovary (CHO) Aol W& A
7 CYP1A20] 9J3 tjAZA S fistaral st
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1) E2A0E M=

(1) AFE HEH: CYPH+A A CYPRFA A= v
I Vanderbilt tH2}oll 9l F. Peter Guengerich B+
AZHE AlF w2 1AIBC-pCW 3 1A2BC-pCW
Zeham| Bl A HYow, gyl wWE gl

pZeoSV (V850-01, Invitrogen, USA) % pcDNA3.1
(+)(V790-20, Invitrogen, USA)S A+-&3}91c}.

(2) EZtAO=E MAF 3 HA: 1AIBC-pCW,
1A2BC-pCW, pcDNA3.1(+), 3 pZeoSV &&l&u]
Z £ rubidium chloride (US21280, USB, USA)E- ©]
&l heat shock™] © & Escherichia coli DH5m0l|
ZAAZEA] 7] F 1AIBC-pCW, 1A2BC-pCW, pcDNA
3.1(*)= 50ug/ml ampicillin  (IB02040, IBI Kodak,
USA) 3H4 LB broth (USB)@llA], pZeoSVE 800ug/ml
zeocin (R-250-01, Invitrogen, USA) 3% LB broth
o] 2] 15417 EE7] wHeksigict. wioko] Bt it
7S AAHA AF]3 plasmid spin kit (27106,
Qiagen, Germany)2. 2 FElAvn| =8 He HAlst
o] Genequant (Pharmacia Biotech, England)Z =%
£ #Ig 3 A

(3) CYP1A2DC-DCMVQ| H|=(Fig. 1)

@ CYP1A1-CMV (6,935 bp)2| HIX; 1A1BC-
pCW 3 pcDNA31(H)E AlgE4L BamHIC 2
30°Coll A 2417, Xbal &2 37°Coll 4] 2X)7F Axksk
% 77+ 1,565 bp Y 5,370 bp AHAS gel ex-
traction kit (28704, Qiagen, Germany)s A-83}o]
Z A5} 3L DNA ligastion kit (6022, Takara-Korea) 2
3057} ligationdle] E. coli DHSuollA E24 3}
At

@ CYPR-ZeoSV (5,537 bp)2| MI=; 1A2BC-pCW
9l pZeoSVE AStE A HindlIZ 37°CollA] 24| 7k
Akt 3 AulE pZeoSVE calf intestine alkaline
phosphatase (CIAP, 2250A, Takara, Japan)Z 50°C
ollA 3087+ Helsta, 27 2,086 bp B 3,451 bp
A& ligationdlo] FEJ3}5ich

® CYP1AIDC-ZeoSV-CMV (10,898 bp)2| H|
Z; CYPIA1-CMVY CYPR-ZeoSVE Al3ta 4 Bglll
Z 37°Col|A] 2A|17F Axkst & AHulE CYPlAL-
CMVE CIAPE 50°CollA] 3087+ Helstx, 2+
6,935 bp 2 3,963 bp AH S ligationslo] FEY
sl9i et

&
%)

@ CYPIA2-CMV (6921 bp)2| AIX; 1A2BC-
pCW 2 pcDNA3.1(HE AlgtE 4L BamHISE

30°Col Al 2A17F, Xbalo & 37°Col|A] 24|17+ Arksk

% 7+ 1,551 bp ¥ 5,370 bp A2 ligationds}o]
24 3o
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_ Bglll v
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HCYPR Neomycin pSVAD
3.9kb fragment Bglli 6.9kb fragment
CIAP
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e VIN pCMY Nl
EM-7 ori P =,
Zeocin
pSV40
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o — — Neomycin CYP1AIDC-ZeoSV- HCYPR CYF;ZQ?LSMV HCYP1A2
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Nrul Neomycin
pSV40
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Fig. 1. Construction of CYP1A2DC-DCMV, carrying CYP1A2 and CYPR that regulated with two CMV promoters each
other. Constructed by ligation of the Sspl and Xhol fragment of CYPR-CMYV into Sspl and Xhol treated CYP1A2DC-
ZeoSV-CMV.
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® CYP1A2DC-ZeoSV-CMV (10,884 bp)2| H|
X; CYPIA2-CMV % CYP1A1DC-ZeoSV-CMVE
AT H A NrulZt Pyl 2 &2 37°Col| A 2A)7F A3k
%, 77+ 6,160 bp B 4,724 bp A3 L ligations}o]
=3k

® CYPR-CMV (7,518 bp)2Q| H|=; 1A2BC-pCW
g pcDNA3.1(+)E AZtE A HindllIE 37°Coll A
24|17 Aukgt & Aolk® pecDNA3.1(+)E CIAPZ
50°Coll Al 3027 Helsta, 7H7h 2,086 bp H
5,432 bp AH & ligationsto] ZZJslich.

@ CYP1A2DC-DCMYV (10,189 bp)2| H|E; CYP1-
A2DC-ZeoSV-CMV % CYPR-CMVE- Algta 4 Sspl
I} XholoZ 37°CollA] 217+ Awkdt > Z+7
6,999 bp % 3,190 bp AHAL ligations}o] F =Y
slSiet.

2) Stable cell line M| =

(1) HHQF MEZZ: Agof] A8-38k A|EF= Chinese
hamster ovary (CHO)A3 (KCBB 10061)& &= Al
EF Yoz HE] Hok wol Ag33ivh CHOA
ZE 10% S-efo}E A (SH30088.04, Hyclone, USA),
100 unit/ml penicillin 2 100pg/ml streptomycin
(B-3001, Hyclone, USA) 34 DMEM (23700-040,
GibcoBRL, USA) ®iAlA 5% CO7} Fa%+
37°C g-7101A wgFeigich.

Q) SEXHO| MEF: 4719 wilel] <3 Al
2 el =5 A 3 Lipofectamin'™ (10964-
013, GibcoBRL, USA)S ©]|8-3}o] lipid trasfection
s} e} Transfection Y CHO A|EE 6 well plate
of 1x10°mlZ %3+ ¥ DNA 1pg¥ Lipofecta-
mine 6115 30 E<F WA kg 4A17F E3F
R o] AZTE FAAA o] 48417 3 G418
(geneticin HCI, 345810, Calbiochem, USA) 1 mg/ml
T+ AR Aste] 29 7F wiERE ok 3] €]
Western blot] &2 sl ghuo] whdl o 8.5 2el
shgieh. el wbedo] QlEH 27 150 mm dish
(Nunc, Denmark)el] 50071 =2 A Z7} Eo|7l%=
5 QA E AEe o 2% ¥ 2R
AEH F2YE 7%8lo] 24 well plate (Falcon,
USA)oll A wjeFsldel. AlE7F AFelub Western
blote HFE-s}l31 oFA A|3EE- limiting dilution™ 2
2 2

3) Microsome M|X

Spector DL 5¢] W&? 7|F 22 microsome
= Alzsidrk. F, 35 AEFE F7 150 mm
dishol] &= vljekA] 7] & A|E57 105 Z ol cyclo-
heximideS FHEFE 10ME Yo F3, cold
phosphate buffered saline (PBS, pH 7.4)2. 2 33] Al
38t % rubber policeman® Z A|EE FHoldlo]
1,500 pm &2 527 AR AT, 5ok
72 AELE H2lel7] 9Is}o] 10 mM HEPES, pKa
7.55 (15630-015, GibcoBRL, USA), 10 mM KCI (P
5405, Sigma, Germany), 1 mM MgCl, (M1028, Sigma,
Germany), 1 mM DTT (D5545, Sigma, Germany), 1
mM PMSF (P7626, Sigma, Germany), 4 U/ml Rnase-
IN (N2511, Promega, USA) ¥ oo 3 A E

ETh #AR ATE 524 33 £ gstel)
X ZA] glycerolS 1/20 (v/v) Y3 700 g& 3%
, 123 6,500 g2 1087 FAAAs At 4
MBS FaF2 Folglod AR S wbeE
70 % 100,000 g2 1417 YA %A (Beckman
TL-100, USA)3}9ict. X455 10 mM HEPES, 20%
glycerol ez Fol thg AF wj7tA] -70°C
off H3algict.

fo ot Y ok i

4) Western blot

R 7]3%2 Novex A7]3E7]7FNovex, USA)Z
A-g-8191. 2 NuPAGE 4~12% Bis-Tris® (NP0323,
Novex, USA)= AH-£&}0] 2-mercaptoethanol (1170208,
IBI-Kodak, USA)E A|5E 3H4AZ1 ¥ 50 mM
MOPS-3.5 mM SDS Z7 © 2 200&Eol| 4] A A&}
Ack Yol ERAEZ 2~ Kol & 5% GA LA
3 100 mM NaCl, 0.1% Tween 20 ¥ 10 mM
Tris (pH 7.6, ©]3} 5 M) o2 v Souhg-&
AAAZ F BFRFHoll anti-CYPIA2 A=
1:3,0002.%, anti-CYPRE-AH= 1 : 20,0002 4
3R vsAI7l ok BHsta A V1A T E
(diaminobenzidine, SK-4100, Vector, USA)E o] &
slo] WhAuE-3-5 AABGIEE o] Aol AE-3E
anti-CYP1A2 rabbit polyclonal antiserum %! anti-
CYPR rabbit polyclonal IgG= Y= Vanderbilt T
glol] Q)= F. Peter Guengerich FAZHE AT

wol A-g3}ie,
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FAAA o] AH|EFol| w]X]= 2-aminoanthracene
(2-AA, Sigma)e] AEFAS FAs7] flstod
MTS A1g-g A8is3dct'” 96 well plateol] CHO.
pcDNA3.1(+)¢} CHO.IA2DC-DCMVA|ZE  well
T 1,000704 HEsto] 24A17F wieksigicl 2-AA
HAFEE S00iME slo] Fuld Aks|Agt &
Folsto] 3UZ wiekdt ohg vk FE 4417 A
o MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy-
methoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium,
inner salt, G1112, Promega, USA)S} PMS (phenazine
methosulfate, P9625, Sigma, Germany) &%+H-8- 7+7+
2E 55 333uyml 2 25iME Al Foidk ¥ 44
7t uljokslo] ELISA readerZ 490 nmollA 4%
= sk A1 AR & s Al e
well& 33slo] A|sfsdct.

AR o] A EFoll WX = 2-AAS] &dfi
S ZA437] $13tod in vitro micronucleus testE
Hayashi®] W& wi¥slod AAsiick!” F, CHO.
pcDNA3.1(+) ¥ CHO.1A2DC-DCMV A|EE 24
well plateol] 5x10Ywell2 HEslo] 3}5Fu; ufok
sloich 2-AAE A A3 F 24A7F wliekEle] 15
ml tubeol] AEE FA2 t}& 100 mM KCl1-E&H
ImlZ AEZE F3 A 34 Y(methanol : acetic
acid=3 : 1) 200uE Yol 4olF %+ 5,000 rpmS
2257 AARA sl AE2E 2A2HA
o]E thy AN 23] IAHBl] FRTl B
7} & &elolEd] Eslal 5% Giemsa SH O F
30427 AAste] Fdu| 7 o2 4008l A
st ANETF O Z mitomycin CE 0.1pg/ml
£ Fojeiglon guitizdoE DMSOE HF
EE 05%5 A Aelssiet

BN 2 MI|HSE(SCGE, Comet assay)

3

AR o] A|ZESol] H[X= 2-AAS] DNA &

52 2437 9Jsle] Singho] WHS W)
o] Comet assayS A|3§a}3ith."” CHO.pcDNA3.1(+)
4l CHO.1A2DC-DCMV A|EE 24 well plate°ﬂ 3
<10Ywell 2 FZFsto] kb wikstaich. 2-AA

u

3k 3 2A17F wlloksle] 1.5 ml tubeol] AE
S A% vg, 0.5% low melting agarose (A-
0701, Sigma, Germany) 75u% 2 =3}slgich o
2] 1% agarose (A-0169, Sigma, Germany)E 7Zo}
£ &lo] =(fully frosted, 125485M, Fisher, USA)
ol AlEe} Z3E low melting agaroses 723l
el E ol SaAH Y GlRelE T ¥
1 9ol 0.5% low melting agarose 7515 23 9
Mfrel & dol ZA=AZc AZE &3lislr] S8t
o] 25 M NaCl, 0.1 M EDTA, 10 mM Tris, 10%
DMSO, 1% Sodium lauroyl sarcosinate (L-9150,
Sigma, Germany), 1% Triton X-100 - §-<H(pH
10)0ll &Eelo]l=E Yol 4°CollA] 1A17F &3k A=
shgict. Eetol =5 AIX3E ¥ 1 mM EDTA, 0.3
M NaOH (pH 13.5)&4 <2 1587 unwindings}
3, FUe fHog AY|dEs chamberel] ol
300 mA, 25 volt 2712 & 2087 A7|9%F 33
o} A7|ed%5 ¥ 04 M Tris (pH 7.5 %2 1027+ 3
3] F3ksigich. AT gel DANE FoAAL
Aol o DNA 42 HAel7] Slele] e
Aekele] AAwigeh A= Sehol =S 20ugml
ethidium bromide 42 2 3 s}3L 515~560 nm
vhae] PFAw P o F DNA 45 Basileh
FANZTOZ HO0; 5x10° M2 A8l on
SANETSZ DMSO 0.5%% A-83519th DNA
£4-e comet A o] H-E Komet 4.0" (Haming-
ton, USA) ZE T8-S o] &3}o] 50719 AZE A
Tte] ZFAsldrl. FAIX el Student’s T-test®
A4 s,

2 =g
=

= | i
1) CYP1A2%! CYPR CHilf HiS
Western blot2 2 Z2 3k CHO A Eoj|A] wlalx
CYP1A2 % CYPR ©hie] Ez}ak2 2 efol A
272 57 kD, 76 kDo]9l2m™, CHO.pcDNA3.1(+)
3] CHO.1A2DC-DCMV microsome?] Western blot
AR-S Fig. 29} 7}
2) NIZSMAIE
2-aminoanthracene (2-AA)°] -FAZZ o] A|EFo|
u| X = AlE5A4S 43 23} CHO.1A2DC-DCMV
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s | «—— 76Kd (CYPR)

<—— 57Kd (1A2)

Fig. 2. Western blot analysis of human cytochrome P450
1A2 (1A2) and NADPH dependent cytochrome reductase
(CYPR) from microsomes of Chinese hamster ovary cell
in reducing condition. The molecular weights of 1A2 was
57 kDa and CYPR was 76 kDa, respectively. Lane 1, CHO.
pcDNA3.1(+); lane 2, CHO.1A2DC-DCMYV; lane M, mo-
lecular weight rainbow markers (Pharmacia, high range).
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Fig. 3. Cytotoxicity test with MTS assay. Transfected Chi-
nese hamster ovary cells were seeded in 96 well plate and
treated with 2-aminoanthracene (2-AA) during 3 days. Rela-
tive cytotoxicity was calculated against dimethyl sulfoxide
treated group. *, p<0.05 wit Student’s T-test, n=3.

A EZF7) WE 2Tl H]slo] 2-AA 250iM o] 4
ol A A|EFA S F7HE HUrhp<0.05, Fig. 3).

SRR 0] A LTl uX = 2-AAQ] L&Gut
AL =8ty eto] 2-AA 40MS FHILEFEER

1257 3 CHO.pcDNA3.1(+)
B CHO.1A2DC-DCMV
2 100
8
o
g 75
£ s50-
G
S 254
O_

DMSO 5
Concentration of 2AA (mlcroMol)

Fig. 4. Mean number of micronuclei of CHO.pcDNA3.1
(+) and CHO.1A2DC-DCMV cells treated with 2-amino-
anthracene during 24 hours. The concentration of mito-
mycin C (MMC) was 0.lpg/ml. *, p<0.05 Student’s
T-test, n=3.

207 3 CHO.pcDNA3.1(+) .
B CHO.1A2DC-DCMV

*

101

Olive tail moment

DMSO 2.5 5 10 20 H,O,
Concentration of 2AA (microMol)

Fig. 5. Comparison of Olive tail moment in single cell gel
electrophoresis between CHO.pcDNA3.1(+) and CHO.1A
2DC-DCMV cells were treated with 2-aminoanthracene
during 2 hours. The concentration of H,0, was 5x10°
M. *, p<0.01 with Student’s T-test, n=50.

sho] ol A Asto] Foldk A 1M 5
% olgollA Aallo] felalall Z7heleirkp<0.05,
Fig. 4).

4) BENE 4 HIIQSHY

2-AA7} FAAH ] AEF WX & DNA £
AS =2A37] 9sle] 2-AA 20iMEE] 2614 A
k3] A slo] Foldt & ethidium-bromide 2 <344 %l

Zelo] =& Komet 4" ZE13 02 DNA 4%
Z 243 A3}, CHO.1A2DC-DCMV A)| ZFo)| A



48k - 7159
2-AA 5IM E=571A DNA £4o] 9%k Olive tail
moment7} Stz v|ste] ZU1stvhp<
0.01, Fig. 5).

[
]

Ao BHEAS A7} 74 Lojut
 AA) Q7eto] in vitro TIARABE 9ol
7H2|(0]3} $9)& o] &3 Wo] AEE

o TR F579 CYP isozymeo| #&
A3 gom ZAZFA diste] 22+ isozyme

of whe} |F2E F2 hAZASE 2] e
A Vel 9 Aeg HuEa gemg W
Az S9E-% wto &= CYP isozymeol W& =
A=A S-S B vkl d U gl
], CYP isozyme®] #-&7]7 el gt AT 5% o] F
od 4 gk A+ FARETH 7IHe U
2 phase I tHALS} phase II thAlel] Zost= -4
AEo] FEYE o] dA7|Age] dHFewy 7
Z}e] CYP isozymeol| ul-& tiAZA3H ] H o4
ol thFE etk gjAZA Al A &
A&sHA =l a2 AdE AR okE B g
AH7 el IHE Hrdsted ol go] wEA
th 1 o]l R AA, AAJALS] FHul] SolA
AREEY Fo] SolAdTe FE t27] wlfol
w, =4, AXFe AddAe vehtAl gke
CYP ¥4 sexual bimorphisme YEH7] ufj&
olt}.” olzdt WS Huly] 3 FH el
Ak 895 o] &3t in vitro WAZAAIZE £ =] o]
ANE 95 AHE3E 739l w3l =2 A= 9 A
ghollAl 24 A& e AHdE UFEsie B
b 53 g ARt MY arje g Agh cYP
a4t Aoldl AMER AgdFE Adste 4
=4 Aldde] deldvd AdsExF ezt
A SASHAIE A= Hart glo] AA, A
A E45 29 T dg Wik oble 249 of
A1 Aol e A 719d Heg Ak

=9 A&S Bel £
193k w3 A7k
el g A 4 A =k ol#H3k WA &
w] cDNAZHE] CYP &4 EE heterologous ex-

pressionA| 7] = A|Z=H2 of#] Aol 97| wiiE

O o

2] : CHO A|ZoA] A EIE pa50 1A2 Y A EFE Skha 4 ZANE 7

of & olFollA % CYP450 cDNAE ©]-&3}3irh.

of AToNA FAAR] AR AR S
2 2457 Astol AP WFTAL 2 amino
anthracene (2-AA)S QAEE A= 20l A
AE AR, Aghel A A xS 2 7Res
Qoslt Aol ? 2AAL WABAYH F E
Aol Azt ek vrebi# Ak adenine phos-
phoribosyltransferase (APRT) - A}# ol frameshift
mutations Yo7|= EAZ deA kP

o] edTrellA= Al deiRl I TfgEAl
Z o W+ promoter?] AHF cytomegalovirus im-
mediate-early promoter/enhancer (pCMV)E o83}
o] CYPR 47k} CYPIA2 §AA7F 22+ pro-
moterol] 2]3ll Aulit= CYP1A2DC dicistronic con-
structE AlZsto] AR Aol A7l A|ES (CHO.
1A2DC-DCMV)E &} 9l o).

FAAR] AEFY £UTAE 237 A
W tzTedlA e T 1070 K
F el Whate], CYP ©hiE e}
SOl ETAAE 407 o] o] )
o ol bW WMAS fEeh Eo
3] Alzoll QI H o2 FEdE gl vl
st do] ErEAE 7HH e WiEd A
A 2EU 2-AAS FoId A5 v
FAE ol zaiae] 23 BRY
81921}, CHO.1A2DC-DMCV A|EF|| A= 2-
AA 100M FE7HA] R4 AdAl &¥le] Frtsl
o] CHO.1A2DC-DMCV A|ZF9] tAZAd & =
A & gk

Single cell gel electrophoresis (SCGE)&= A=
HUS u e A% Saol Bln ATl
WSle S55E ATz A, AT DNA
o) 1719 4ko] 14 2] 24 g ol E4 Comet
assay?}il E-2lt}* SCGEX 19844 Ostling@} Jo-
hansonel] &]al A|ZFellA 9] DNA E4< 24
golslr] 93l ==l microgel electrophoresis \g
e ZY9o g o] Singholl &Jal e} wlzte]
Al DNA £45 A Y o e dHez A
Hgieh? 2 SCGEE AlEQ EAF70l dgkg
Wz ke, Hel A|Zbe] gol whE A|ZF ol
A A Zeeoll A APAIE ds 5 A,

vl F7el AlToll Sgol Fhseinl, mar 4

i

r =

,d
Lo
B>

2
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L F9o] AEA] DNA £4S AT F g
AAE 7ML ik s A avke] Awlvr He
shu] dlolel & 487 S8t SEz 2] v}
Aol AYUAA ul whdo] 9ow, AA7IA %
Ag AE7t BA &> Aol

SqelE $7ehn scoel AEAE HeE
o chekelel, AHShA-gol S% HA

% 54, 2l WA S A &4 5=

(ot

ko & screeningdl=d] H&3 F glow #P
A Fedol ¥aARE it WAool
screening . 2 4] T&FS MZsle] SCGEE Al Y}
W 970l B0 g $AEY f72 Bekel
£ 2 el B FE Ik o] Aol
w2 DNA £42 RIgbsiAl 5488 o 3+ Singh

versiong ©] 8319 om, o] WIS &7g A=

ARE APFez td 7he DNA 42 it
gsto], F 7l DNA 4 ZAT + J= F
A pH W E o Rzt 235 A& F AE
AR 7HAAL et

SCGE®] A# Zije] Wizt FAlozZE v
HamingtonA+2] Komet 4™-g o]g&alo] R Aslg]
t}. Komet 4™ol|4] 243} DNA £AEE ethi-

dium bromideZ 3= Q] head F-<¢| 9} DNA &
4o 2 Ity xo] A7) Foll we} o] FH taili
9] Zo] gl DNA kol whe} ZA =, g FEo
4 50712] DNAE &4 3} tail momentZ }ERH
3 Pt oluf aile] Aol el FA FXo
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