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Application of the *2P-Postlabelling Technique :
A Study on Detection of DNA Adduct Induced by
Azo Dyes and Flavonoid Compounds
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Abstract—DNA adducts induced by putative chemical related to carcinogenesis were detected and determined
by *P-Postlabelling assay after exposure of 4 compounds comprising two azo dyes (amaranth, new coccine)
and two flavonoid compounds (rutin, quercetin) to ICR mouse. DNA was isolated from mouse liver and digested
enzymatically to deoxyribonucleoside 3'-monophosphate. The postincubation of DNA digests with nuclease
P1 before #P-labelling enhanced, the technique’s sensitivity. Nuclease P1 cleaves deoxyribonucleoside 3'-mono-
phosphates of normal nucleotides to deoxyr1bonuc1e051des which do not serve as substrates for polynucleotide
kinase, while most of adducts were 'found to be totally or partially resistant to the 3'-dephosphorylating action
of nuclease P1. The adducted deoxyribonucleoside 3'-monophosphate was converted to 5'-%P-labelled deoxynu-
cleoside 3',5"-bisphosphate by T4 polynucleotide kinase. The nucleotides were separated by anion-exchange
thin layer chromatography(TLC) on polyethyleneimine cellulose by 4-dimensional or 2-dimensional TLC then
detected by autoradiography. The results show that DNA adducts were detected in liver DNA of ICR mouse
after administration of amaranth and quercetin by 2-dimensional and/or 4-dimensional TLC.

Keywords (] ¥P-postlabelling, amaranth, new coccine, rutin, quercetin, DNA adduct.

5o ofs] F5%= DNA £4-& DNA adduct
3 X(Ames, 1979), strand breakage(Petzoid £, 1978),
gene AZ3H(Lavi, 1982) 2 gene ampllflcatlon(CalrnS,
1981) F°] sloew, 2% DNA adduct& A& Hhe}bAd 2]
faksrA (initiation stage)e} WA #AE 7R Y&
weteh gl (Watson, 1981), #¢kde] g 5‘_74°1Ui
DNA adduct Z&o] &S &A= $83 98-S
FehPoirier 5, 1991). W79 A7) 9 @r] wdYd
734 AlgH(ongterm and shori-term carcinogen
screening test)oll A& Ut 28 §5% adducte
e FATZA LYY Ad=AE =EHPEAE
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qrtshe Z1FoE Aot in viveold AAdEE
adduct®] o2 =-¢- H7] widd o WUR=Es} &
Hel 87=e] S} old FHo2 AgFE wyo
24 WA 299927 ZXF e ALy, EA
anti-adduct 37| 2] Al-g, ¥P-postlabelling ¥hy So] ¢}
Lom(Venitt 5, 1986), L& % *P-postlabelling A
HEH W A3 +2F 9 F 9eJ= DNA ad-
ductg ¥}, A&¢ 5 3= “’] N3 %7} v ol kel
AR F @7 Al o1 Adsicha Barste
o] Wb o83 DNA adductZd &9 Fo8ge 7=z}
sJtHRanderath %, 1981).
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Fig. 1. ¥P-Postlabelling methods for DNA adduct detection.
(A) standard procedure, (B) butanol extraction enhancement,
(C) nuclease P, enhancement.

A= FodA DNAE 293 F F432 35k nucleo-
tidesZ(deoxyribonucleoside ~ 3'-monophosphate).2 2
7leEa) A7) [-PPJATPS} T.-polynucleotide kinase
2 2 =)sle] PR labellingA) A (Deoxyribonucleoside 3/,
5'-bisphosphate) Thin Layer Chromatography(TLC)E
adduct® Z&sle ZolchFig. 1 #=). 28wt 7] 7]
2l (standard procedure)ell x| A} wIZFEE 3FALA|
7171 9§ ko) AERPEe] FrpA] HJ2 wbel
A ZHecl B ALl o]&sted adduct nucleo-
tide2 ¥E AHArH<l nucleotide® AAsH= 434 A
Aup-a A28 w3} tetrabutyl ammonium chlo-
ride®] &5} A n-butanolE adduct nucleotideE ©]
PA)A AAA Q) nucleotide® AAd = W oE U
EE g Ae(Gupta 5, 1982 ; Randerath 35,
1985 ; Gupta, 1985), nuclease P1E z]slo] A4tA«ql
nucleotides 2 A|A ¥P EXZ A& slA o2
autoradiography#] adductel] &3 #d%5& F4 3l
75 S A cHFig 1 A2)Reddy 5, 1986 5 Re-
ddy =, 1987). =& 22 Fololv A=A o2 gkl
2" Aol =3 ARE grisied ¥P-postlabel-

ling¥hd & A4 A3l in vivedl| A F3] 2= AL
DNA adduct® #H&7}s8le QUAE Y 289
4 9J&S w3 chPhilips 5, 1988 ; Philips 5, 1988).
Amaranth+ 1970134 A& gtAde] H.Z(Andria-
nova, 1970)2 ojH=E FHIT7AE EgAdTHY AV}
g 2s] QFEHA g2 Ak In vitro APl ama-
ranth®] 712 AXFEA LS FAs B 2
3}, wrota)l Hald 7 o2 A+ hydrocarbon hydro-
xylase ¥ guanylate cyclase®] &A=} oF 28] A=}
Z7)3+2 H.astd(Rochat 5, 1983), F<Ad Aol o
A4 &xwyo g q)=s}gl 21}, amaranthE #7)7k
Fojalel e of oud wgERs LSt dskthe
Aukgl ¥ 9.8 819 Clode 5, 1983). ¢]£}3ko] amara-
nthe $aviels E3t 2 el AMEEAE it
e A} wEks] gheal Rar) gle] AFHVER
W kAo el gt AmZe AFe] o] 2
). ©]$7] amaranth®} new coccined E % off
9 azod a7t AWAFE s DNAS vh-gAo)
gl vlEkEolul(aromatic amine). 22 #FHF vl By
(Chung, 1983)& u]se] DNA adduct@A7FeAde] o=
Z4o] ®x 9lct. ¥4 flavonoidA k4% rutins}
quercetin® ets} A7} ofF] HEFE] WEHAA ¥
HEEZ2ZM azoxymethanole] 23] G=== AAFUF
24 dstaar} 9l em(Deschmer %, 1991) hams-
terg o3k wrtA Al E FEAGE Letadst
QA E]A] gro} wietale] FAlE Fslchs Rav) ok
(Morino %, 1982). &} rutin® quercetin flavo-
noidA| g AtAE 20712 F ol A& 2= HEA
EAo)zhe AulE A2 B valgitHKodansha, 1987).
w2 Aol AE Kim F(Kim 5, 1991)°] AR
nuclease P1& o]4-3 234 AN o) & A5t
NRTF A 434 A7) 8hEE o] -45}e] amara-
ntht} new coccine 59 azo¥A 2 rutin, quercetin
%9 flavonoidAl A<FAdE2] DNA adduct® 55
2A5ho 2 ek gte) BAE FHHn AFHIE
ol ko gae] g Frsled 2 Aol 9ok

iy

AHEE ¥ A=A

AP EE-2 FYPRALGRAATANA AR AF 55
o] A7} Al %% ICRA $4 mouse(33+ 2g)&
Aol Agg o S AAE Feishs] Aol 12
AR B ANAAT Be AHEA AANZ S
Z7& &% 23+ 1T, AYEE 55+ 5%, Pdaof 12
A1ZHZEHA)3E 06 : 00~18 : 0002 FA3ch
HAH H Al

Amaranth, New coccine, Rutin, Quercetin, Proteinase
K, Ribonuclease A, Micrococcal nuclease, Spleen phos-
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phodiesterase, T4 polynucleotide kinase, Nuclease P1,
Potato apyrase: Sigma Co.Z2HE F4lslg.ed, [y
ZPIATP(3000 Ci/mmole) Amersham Co.BEE] 2
shodc) w3t Jlel Ajeke EF(GRIE Ao Alg-she]
o}
AMe HZEe o

Amaranth®} new coccine2 FAME 7ol o 15
g/kge] §%2 %, 497 A7FHELAL, rutind 1% CMC
(carboxymethylcellulose)-8-<of] Hesled 1g/kgSak2
2, querceting 1% CMCE-Yo #=sle] 30 mg/kgd
Ho T ztzh 447k AFFAsiR e, d2TE 1%
CMCE-9-& 497t Aoy sky JAREFT oS A4
aflatoxin Bl & 3000g/kg®, benzo(a)pyrene-2- 500 mg
/kg?] &2 77t 135 Fo3gick o] AA Y Fo
FE LDu(MbrA A A8 elsty Fod7|7kg el A}
3] g A & dAs] Fosigck
ZNOBRE| DNA HaEx|

‘Ausubel’ 5] wH§(1987)y& WE &) o7 3ol
DNAE AAFHc)h A7 & H4EFA A4 24
gl ARG F AMA 0T ol 28 FolT 03gE
Fsled, 0C digestion buffer(100 mM NaCl, 10 mM
Tris-Cl, 25 mM EDTA, 05% sodium dodecyl sulfate,
0.1 mg/ml proteinase K : pH 8.0)2 3.6 m/4 713l &
ASErRh o) 898 50T FEA A 1218417 Er
100 rpm e zgralgdc), of 7)o E-832] phenol ! ch-
loroform : isoamylalcohol(?5 : 24 : 1; v/v) E&A(Ma-
niatis %5, 1989)% 7} 537t ke 3 3000 rpmell A
A5t AR5l 59 ST sl Bk
chloroform& 7}sted 23] ubE, AAsiedc}. 42g 3
3oy 1/283k9] 75 M ammonium acetate®} 26l 2-2k9]
100% ethanol(ice-cold)S- ¥-2 ¥ A 3] s} 3000
rpmell A 577 fAdRE st AAEAE A *
A2 welm 3083 b Esle] 1 mig] TE buffer
(10 mM Tris-HCl, 1mM EDTA : pH8.0)o =<ic}.

#4 1g% 0.5 mg ribonuclease A(RNase A)S ¥
37C o)A 30%-7F incubation¥ t+-& phenol-chloroform-
isoamylalcohol ¢ 4-& w}2] 7}ale] g4l ribonuc-
lease AS A A F At TE(AE)E A3t ¢
Aol HEETr 01Me] HE=E 1M NaCl £d8<
oy 20 £-k2] 100% ethanol (ice-cold)& do) £33
= —20C A 1417} vkAskedet. 3000 rpmol A 587}
AAEEF 459E vzin 94 AAEDONAS 30
*2b 74t Axskdel A%¥ DNAE TE buffere] =
F4%& 3mlE B F 3¢9 CsClg derl 2Rl
10 mg/ml ethidium bromide® 024 m/¥ d3u 4& %
=4E0] 1.3860¢) HE=E L5 D&vhE 100,000 rpm
L 24X JAERF 3 UVE 29 339 E P340
DNA band & #H3tglch 25 Eol 23470 E2] hu-
thanolg F1 ubets] 4&-2 A A ale uhd & wlEalod

ethidium bromideS AAstedct w3k sbgkd] CsClE
AAz7] st 4C o)A BFE TE buffer 2 F2i(dial-
ysis)dled ieixl DNAE 3097k 3FAzsts] 1mig)
TE buffere] =91 ¥ 260 nmolA EF=0D)E &3
sled DNAE A=ksla 0.7% agarose gel A7)2%5S
Al sl DNAY 58 23spgivh(H714358 A9
UEhRAl ekskek)
DNAS| M2

TE buffersl] =<l DNA&9-2 260 pmel4] EFE
FAst] FF=ot 1 AT 50 ug/miB FAlEG
128
32p-postlabellingol] 23t 24(Reddy %, 1936)

DNA digestion : 10 ugel] si<sH= DNA&9%o] 20
mM sodium succinate, 10 mM CaCl{pH 7.6) 4§ 10

£ Y% $ micrococcal nuclease(0.67 unit/1 4 20
mM sodium succinate, 10mM CaCl, I pH78) 14 %
spleen phosphodiesterase{0.015 unit/1 4 20mM so-
dium succinate, 10 mM CaCl, : pH7.8) 1 45 7}t
oA} A E3sled 37C FEAbelA 3417 2t incuba-
tionskslvh

Nuclease P1 X2} ;| ¢ &%) 0.25M sodium acetate
(PH5.0089 304 2 03mM ZnCl, €9 18 uZE 7}
st & B¢ F i nuclease P15 ug/l i 025 M
sodium acetate, 0.3 mM ZnCly) 1.2 W& 7ol o) &
Egrsle] 37T ol A 4087} incubation3}¢it). incubation
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Fig. 2. Diagram of 4-D PEI-cellulose T.L.C. for the separation
of ¥P-labelled DNA adducts. The labelled DNA digest was
applied close to the center of thin layer, at the point marked
OR. A whatman 1 wick was attached to the top of the sheet.
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# 05M tris base-&¥ 24 Y= 7135tk
p.postlabelling : Nuclease P1.22 #=[3} 4ol 24
w2 L buffer(200 mM Bicine-NaOH, 100 mM MgCl,,
100 mM Dithiothreitol, 10 mM Spermidine : pH 7.6)¢ll
2.0 2} (*P)ATP(10 ci/id), 0.5 2] T4 polynucleotide
kinase(10 unit/1 4 025M sodium acetate : pH 5.0)%}
1149 BFEF5E 71k o) o A& 37T oA 30£7
incubation¥l ¥ potato apyrase 1 unit/u-£% 176 4&
7}8le] 37C o 4] 3087} incubationd}gith.
2D-TL.C(two dimensional thin layer chromatography)
B B8] 1wk g 4(28.2 W)E PEl(polyethyleneimine)
cellulose sheete] 9& 7}AAlE]o| BAPo g 22AE
% 1M ammonium acetate(pH 3.5)= Z7A(DLE & 10
2.7} 100% methanolel] 4 saltE A AHF thg Ab2-of A
Az}, o] PEI cellulose® ¥3% ammonium sul-
fate(pH 3.5)2. thA] AND2)E F A2 Az}t

4D-TLC(four dimensional thin layer chromatography)
2 E2|(Gupta =, 1982) : ¥+ 1 A-Z PEI cellulose
sheet®] F7b-H-of Fig. 29} o] mAH#o 2 HAZ F
AFetHoll Whatman No. 1 papers £<]3 1.1 M lithium
chloride(pH 6.0)2 A )(D1)s}>] paperE Z33g Abgt
52 AR ohy 584 23] "olggel whize] A
L] 8 A AT o Z7|2 Axstyrh o] PEI cellu-
lose€ 25M ammonium formate(pH 3.5)2 oA AN (D
2) F AN-E A, AAste Zo] 2ol 57 T
Foohrt ARe A AxEgoh 2 & 3.0M lithium for-
mate/8M urea(pH 3.5)°] AN(D3)% o iz W
Hog 23 AH AzxxF) = opRde® 08M -
thium chloride/0.5 M tris-HCl/8 M urea(pH 8.0)ol )
(D43t "ol 2ol 587 ©ae] FHTrt Aol A
Azt

Autoradiography : 1= % PEI cellulose sheet]e] X-

(@)

(e)

@

Fig. 3. Autoradiogram of **P-labeled nucleotides DNA with no treatment (panel a), positive control DNA treated with Aflatoxin
B1, Benzo(a)pyrene(panel b,c), and DNA treated with amaranth, new coccine, quercetin and rutin (panel d-g) by 4-dimensional
TLC. Normal nucleotides and *Pj were removed by development was in 1.1 M LiCI(D,) and 2.5 M ammonium formate, pH 3.5(Dy),
while the adducts were ratained at or close to origin. Labelled adducts were finally resolved by development in 3M lithium
formate, 7M urea, pH 3.5(Ds), followed by developed in 0.8 M lithium chloride, 0.5 M Tris-HCI, 7M urea, pH 8.0(D,). The
closed circle into autoradiograph film is origin. The adduct spot induced by each agent is circled.
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()

(e)
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Fig. 4. Autoradiogram of #P-labeled nucleotides DNA with no treatment (panela), positive control DNA treated with Aflatoxin
B: , Benzo(a)pyrene(panel bc), and DNA treated with amaranth, new coccine, quercetin and rutin (panel d-g) by 2-dimensional
TLC. Solvent of development was in 1M ammonium acetate, pH 3.5(Dy) and saturated ammonium sulfate, pH 3.5(D;). The

closed circle into autoradiograph film is origin. The adduct spot induced by each agent is circled.

ray filmg 93 12417} A= Al WA v} kAl
ol &Ab kgl 2 X-ray developerdl A 587k #7)
3haL B2 Fofl 182 WAst oL AW F ra-
pid fixero| A ©}A] 587 AAsly 1587 52+ F2
A& sle] autoradiography ¥E-S <d¢ivh

HEdn

AzoA4-9] amaranth®} new coccine2 1.5g/kg, flavo-
noid ¥ ¥4 -4l quercetin®} rutin® z+7 30 mg/kg, 1
g/kg?] EL £FOR whplo) 447 FoAg F o]
213k DNA adduct 3458 #P-postlabelling¥}¥ &. 2
Zrell A #AFG e 2 A oS Zrh

4719 AN-E o]4-8 ZP-postlabelling®h 9] 7
¥+ AAHe nucleotide® PEI(polyethyleneimine)
TLC Aol Al A4l & o] 831 AAAZ7] dFol 1%
CMCE Folst SAdETLAAE oJwg spotx L7
] ergke) vt kA EF(aflatoxin By, benzo[a]
pyrene)ell A= adduct® HolE @ spotEo] HaH]
o]Sol 2J3t DNA adduct® o] Fal=lgich wbH =
A4 DNA adduct® ZHAst7] ¢l 1= B
amaranthto] adduct® H.o]i= spote] FHelxgle &
new coccine, rutin, quercetinel £]& adductdZ&& X

o] edsteh(Fig. 3).

2x}%d NS ©]-8-3F PP-postlabelling®lyd ] 7%
AN ETANA A nucleotide B Kol ofzfr) e
spote] HAFGlow], FHfzT o AMEE aflatoxin
B,# benzo[alpyrene?] Fojiolids L4d2Tds
A4 %+ adduct® FAH=HE spote] 7+ 144
AT, =7 2 Aol A4 4 F amara-
nth$} quercetine] 27zt Aol ¢l spote]
#5e] adducts TS 44 2 5 ddckFig 4.

o

52 steEAo 98 3dAs" DNA adducts 98
A YA F -fkgdA (initiation stage)ell d¥-g v &
A2} F T2 in vivo 2 in vitrod g o4 DNA ad-
duct®] FAulge] 2713 o} Foptgew =738
™, adduct®] E(repair)z¥e] #3}2 FPLYgof
& 84S FrH 7 cHRanderath 5, 1983). a2 -
2 adductd] 43} +E HFE2FL A= E Hrlsle
AFER AE g o ANEE g S0 oE
ekl ZAAY e 2 #Ppostlabelling® 7Z& DNA ad-
ductZHEA gdWo] &8rled Ao R P23}, oo g
FAEY o8 arylamines, azo®3HE, nitroaromatic,
polycyclic aromatic hydrocarbon¥ 2 methylating=#
24 287125 #P-postlabelling®hy o & 43193 o
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DNA adduct®) Fxel= FastA A4 £ 9les
Hustgom(Reddy 5, 1984), ¥ )% benzolalpy-
rene, 7,12-dimethylbenz[alanthracene, dibenzo[c.g]
carbazole, 4-aminophenyl, safrole %! mitomycin C¢}
22 vlokat whekglel] 93 ¥Ad=E aromatic €2 bu-
lky non-aromatic DNA adduct® Z&3l=d] 4% 4
gl-e-& B3l c(Reddy 5, 1986).

=3k BAYAA AR upge IR EE
#tod nuclease P19] A&7 43123 7/H & 3p.
postlabelling- ©]88tE2.%24, autoradiography+] £}
£ FAANA BHrhfe 27 AAstr] $1g Alde] A
o2 ARErh. 25 & 7o) A8 mitomycin
C, malotilate % malotilate§- =4« £)s) A= DNA
adduct A2l o]2% " (nuclease P1 &) 1§ ¥ 22191
AN a4 243 #P-postlabelling®}4 ; Kim %, 1991)
L WSSt TR T AHY Ale] ] Holof] dsiAE
wlars] & ¢ gloh
Azo MA-

Azo At 95, 4, $FE 4E L AF Ak
Aol A A AEA AHg=EleE BAZA, 25 amaranthe
19704 o|Hel= kg e FA | st 3= w}
glort 1970 o] FAlo] gkl A ek e] 9l-8(An-
drianova, 1970)e] wW& A ejAlelE: Zda vlebol A
Abg-o]l 2] Hglov T13em fEVElEs E3e o
vt A Al AREE Sleh 2% AlSEE ATl A
W azodTEEC] A ATF s azoZ@gge] 7
IR M A] aromatic amine®.E Y= S gleL =x)
3k, 3% azo¥ A 2] mutagenesis®} carcinogenesis®}2
#AE Agst] azo¥Aie] HHE g wobslke] rh5
Aol &l AA‘E vl 9lew(Chung, 1983), =3+ s}
£ wkerzbe}l #2139 arylhydrocarbon hydroxylase$}
guanylate cyclase®] T B4} amaranthe] 2] 24
Axv}t 27198 #As 7 (Rochat 5, 1983), ] azoX
A7} AEpEA] el o R AErledE FHsA
t}h &k azoEdE<9) congo red ¥ Evan’s blueE n}
F28] w Rl Hgste] w|FERE 223 DNAE *P-
postlabelling® ¢} &3] adduct® Z%3F 27} adduct
spote] EFFAXY wWAEle] azozlE] 23l adductd
Aol A7) whe 2w A&/=L B uslgcHReddy
5, 1984).
B A#H A azoW 4 2 amaranth D new coccine-2
o3k ICRA wl-~2XE] A& 74 DNAE &
ste] PP-postlabelling® 2= DNA adduct2] 34 o]
L2 A5t Ay, AAkH ol DNAS &2 A7 st 434
Nebgell A= amaranthe] ©§ DNA-adduct’} #H2&
=gl om(Fig. 3), A& el DNAL &4 HEHE 229
Ao A =T & 702 adduct spote)
k= o] adductsAde] &l = Aok(Fig. 4).

HH new coccineFoq¢l| 2]8k DNA adduct® A& £
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Mo et
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A&led new coccine®] DNA adduct® #A3H=7] o
F& AZRE ste Ao vlEA] ¥ AR AlsEd, o
2ol B Algd4 DNA adduct¥dAde] &rel® amara-
nthe] A$= oiofg Arlz7dE 7|4, 43l DNA
adduct 3] 5-2 A Falsle] FA A FAF R
7 EZ o Tzl ool & oA whgkelz} A7)
gk B AgolA] AFEEF azoY4e] ok IEH6g/kg/4
days)®] AEE A7kl AR Fodt ZolBR HE
7t gy A7)7E 2 EEE azod o] ARgol diF]
A AR 8-o] et W eg AlFe] zlF s ofo}
sl =gk DNA adduct®] A5 repair7] 32l #4
o AEZHLe AFE ol IAlzln ALEFETh
Flavonoid 3}&t=

Rutin¥} quercetin 2gtAlo] el wi=d(Maltz 5,
1981 : Tang &, 1992) 23]z shotas) gl wlo]glAo]
AAHrE B Z(Deschner =, 1991 ; Francis <,
1989) o] A oigl welAdAA S} F3=]A] o} T+
A el A7) AP ojof & EAEZHN A U7t
HAE AYshs o] -AY A= Amgol 2 A
FHol| Aa= Flavonoid#] AeFAE-2 ¥P-postlabellingy}
2.2 DNA adduct®] gAAR-S HFstey £ Fd A
237 <ql DNAE ®3 AASE 4344 AMuhgddAe
DNA adductZ7} ZHZ=A kA7hFig. 3), AHArzal
DNAE 37 7AZsL 23 A /NaoldE querce-
tinFedLoll A Rz obZ G909 spote] TEE o
DNA adduct®Ado] =al=9lrh(Fig. 4).

o|A#} e AT B A¥ At azoY4t B flavo-
noidAl AekF Aol g wekAde] Hug ol R i
AT AL HEe A ¢JE2¥ A 2L amaranth)
quercetin®] DNA adductg 3AAE 7}%Ae] gl A
22 salEgdcl 2= quercetinFod 9] A% 2344
AN 4= DNA adductz} &41€ wbd 4309 &
Nubel e G g2 Aog njFojrnoel 4314
A7jebg el Dy 9 Dy, Aol 8] DNA adduct7}=]
AARG-E o2 FAHH olo] adducts] E2] 33+
A3 2 ANEl T AHAg A shetsle] o e
A9 HdAe] ged Ao g AtmHch
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