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Carcinogen-DNA adduct analysis has potential for
biomonitoring the earliest effects of exposure to
many chermical carcinogens. They are the covalent
reaction products of electrophiles and nucleophilic
sites on DNA and the initial damage to DNA in-
duced by many carcinogens. So many researchers
begin to use them as biomarker for monitoring the
earliest exposure of carcinogens and develop the
effective analytical techniques about them. Randerath,
Gupta and coworkers(1981, 1982) has also developed
a " P-postlabelling method as one among them.

A major project for biomonitoring workers with
carcinogen-DNA  adducts 1s to develop non-
invasive samples instead of tissues of target
organs such as baldder and lung. This study use
the exfoliated urothelial cells in urine for examine
benzidine-DNA. adducts.

The content of exfoliated urothelial cells is not
enough to significantly measure DNA content with
spectrophotometer, and require the another way. So
firstly washing the collected cells with PBS and
70% ethanol and centrifuge them for removing the
crystals in urine, which block the isolation of DNA

adducts And then, measure the total nucleotlde
after P~ postlabellmg for calculating RAL. [7

]ATP usmg for *P- postlabelling, can synthe31ze
with [“PIHsPOs, and reagent and enzyme mixture
(RM, EM), which is very economic in case of
requiring a lot of them. Chromatography was
composed of two steps. First step was to separate
adduct ones from unadducted nucleotide, and
secondary step was separate each adduct, which
were performed with 4 kinds of solvents and
different directions on TLC. With this procedure,
we measure the DNA adducts in exfoliated
urothelial celis of workers who were employed in
benzidine and benzidine-dye Company. RAL of
adducts were 89.0x10" and 57.0x10" in them.

In conclusion, we can significantly measure the
DNA ddduct in exfoliated urothelial cells by using
the above “P- postlabelling procedures, and use
them to be biomonitoring workers who exposed
carcinogens.
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L2AE Z2E fAEdY AARYEHPE Y5
of Y A A F (biomarker) 2 BEIs (biological exposure
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{(immunoassay, Muller & Rajewsky, 1980; Poirier et
al,, 1977, Santella et al,, 1985), 37| %% (electro-
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28 AHT Fol s BA(y -PPIATPIS ¥
Zake] DNA adductsE Z-A817] wjFo) Aozt
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(Talaska, et al., 1992) .

B AT 71 & oA wolA FHAEE A
Hste WASEH DNA adducts®] RAL(relative
adducts labeling}E AAEE GATA TEAE
Figure 13 o] 7434t
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HA17)1, RNASH 9ds are &

2 Bydl Buig DNA A8% MN(micrococcal
endonuclease)? SPD(spleen phosphodiesterase) ¢}
s3t2 2 7hRalste] 3'-phosphodeoxynucleotides
2 ¥427)3, polynucleotide kinasest [7-"P]
PE A}&-3ted 3, 5 hisphosphodeoxynucleotides
9] He 2 epdggn

ghilalgl AlEE  TLCanionexchange thinlayer
chromatography) ol Al 4e-Al2 A2 ulE 123 st
o} adducts¥ 7wHHLEHE=E 35 -bisphosphodeo-
xynucleotidesol| ] 2]ttt

TLCHl spotd el 2 ¥2]¥ adduct=
7Hdated #eletn Qo] LSCliquid scintilla-
tion counter) & spotel =A13k= ehE ¥ H adducts ]
CPM (count per minute)s &7 gt}

DNA adducts®] % & ofg} 47} Zo] Axkd
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RAL(relative adducts labeling) =

¥ adduct® FWEHLEIZS CPME AH&3ta #5
= HEYeEEe CPME AM43te  Axksith
(Talaska et al., 1992).
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Sampling

DNA Isolation

\4

DNA Hydrolysis

\

Tissue Sample
(non-invasive sample, such as urine)

- RNase A + RNase T,
- Proteinkeinase
Carcinogen adducted & unadducted DNA

- MN(Micrococcal Nuclease) and
SPD(Spleen Phosphodiesterase)

3’-bisphosphodeoxynucleotides
(Ap* Tp +Gp +Cp +mCp + Xp + Yp + Zp + + +)

« polynucleotide kinase and
{r -32P]JATP

32P—postlabeling 3’,5'-bisphosphodeoxynucleotides
(*pdGp + *pdAp + *pdCp + *pdeCp + *pXp + *pYp + + +)
Partial Solution
Chromatography
TLC Chromatography TLC Chromatography 1st
(normal nucleotide) (*pXp + *pYp + *pZp +++)
For Maps Fof Count TLC Chromatography 2nd
w} (4 steps)
! '
( Liquid CPM of unadducted DNA CPM of adducted DNA
Scintillation
Counter )
l RAL calculation
RAL (relative adducts labeling)

Figure 1. Fundamental procedures of “p-postlabeling method for DNA

adduts in exfoliated urothelial cells



REE 2l Fo] dgo] B9 e Foll Hu3HHA
’é:l?]"“ }%3}9&‘1 ANEE 15m A Corex

Nold)ell &7 Foll, 1000w 1% SDS(sodium
dodecul sulfate, Sigma 1L5750)8+ ImM EDTAS &
ggAnt 24p00 IM Tris(pH 74, Trizma base,
Sigma 15038 ¥ 3, 2% &4} 7|(Brinkman Homog-
enizen 2 MEE FHAZUG. APl 24t
RNase A(10mg/ml, Sigma #R-5125)¢} 8¢ RNase
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4) DNA sk
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&t a, wEAEAE stock&d iAol 10m9] 1%
SSCet ImM EDTA E#FEdE 843le] AdER
XEVHZ FF=E FAY.

5) DNA 7t

409 stock£- Al 24 MN((Micrococcal Nuclease)
¢} SPD(Spleen Phosphodiesterase) £, 24t 5
X salt(pH 7.0, calcium chioride®} succinic acid &
§E), 182 2 HoO T2 74 6 Y8
B A7H3te 37CAAM AT FF sl o] A &
Aot

o I

6) 7 -2PIATP houhy

ARAAN TYF [PP1SL.2 E 214+ (orthopho-
sphate, 1000 xCi/d *P-HsPO;, Amersham Phar-
macia Biotech)§7]7} WAls o2 QHHNEAE
golst 1 EM(Enzyme Mix)3 RM(Reagent Mix),
221 0N HCIE #7bsha 20-302 §<t 23T(A
L)el A weg A7 Fo [y -"PIATP7L 459
A Agsqth(Table 28t Table 3).

49 [y -"PIATPE A GHAEE 344
e 309 B 1250p0)& TLC(5emX 10cm)’d
oA 1.25M LiCIg do.2 AZvE 1873 2o g
E(Chronex 4 film)o2 #9181, AR &
A% (activity, pCi/ut)e= LSClliquid scintillation
counter) & &4t

—

7) %P-postiabeling 2

FERE7E 859 Al 0284 PNK(T, poly-
nucleotide kinase, Amersham Life Science, #£70031Z),
154¢ PNK buffer, Z12}3 10mM Bicine(pH 96,
Sigma #B-3876)2 w1 F¥AE 200~300xCily
“*PIATPZ 718 Foll 37ColM At ulo]41(40%)
3o “P-postlabeling 3+41T.



Table 1. Reagent Mix(RM, ICN Modification)

Reagent For mix

IM Tris-HCL pH 90 900
1M MgCl 210 pt
1M dTT( Dithiothreitol ) 210 p
10 mM L-glycerol-3-Phosphate(PO;) 210
100 mM NAD XN
200 mM Sodium Pyruvate(fresh) R0 ul
20 mM ADP(fresh) N
180 ml

Total Volume

Table 2. Enzyme Mix(EM, ICN Modification)

Reagent For mix
Glycerol-3-POs-Dehydrogenase(BM#127124) 90 ud
Triose-POs-Isomerase(BM#109754) 3 ul
Glyceraldehyde-POs-Dehydrogenase( BM#105686) 52 th
3-Phosphoglycerate Kinase(BM#108430) T b
Lactate Dehydrogenase(BM#127230) 52 it
50 mM Tris-HCl, pH 9.0 1789
IM dTT( Dithiothreitol ) )

Total Volume 20 ml
ghlgdo] Eubd 4ul apyrase(Sigma A-6539)E

A7reta 37CAA Aol A(B0E)sH WHEEtA)
gre o[y -"PIATP:  [*PlezE4A*P
HPON 22 Z3| Al 710

8 & w3EE FYUY

*P-postlabeling ® 4u09} A1 88 74640 10mM
Bicine(pH 96)& #7bste] gA84S e o
s gde A 5408 AF st TLC(thin-layer ion
exchange chromatography, 10cmx20cm)9 EH¥&
(¥ 1.5cm)ol spotting®tZ, 0.15M sodium phosphate
buffer(pH 6.0)2 05M LiCl€& ol H AZvlE 1] 3]
3to] & wEALEI=E B

TLCA #3¥ wEHLHES
(Chronex 4 film) .2 %3l #lstx, 1 #E
2ol 5ml ALLRL(T0%)0] EUe ATE
7l @e Fo) Ax Aol A4 7l(Liquid
Scintillation Counter)2 CPM(count per minute)g
2743te] RAL(relative adducts labeling)& #A4t3}
e Akl

)
ﬁ
e
el
o

nﬂq‘

9) 3 zotEaemlof 23t DNA adductsE2| 2

p-postlabeling® A& w ojemg A=v}
E3Y9)(TLC, thin-layer ion exchange chroma-
tography) & ©]438te] F ©AZ 43P0l -’F@?‘SPRM
AA Pp-postlabeling® A &AM FUEAR 4
¥ DNA adductsE #2831, th5& DNA adducts
g FHEE Z98dith

A goA weEA e 93te] 4 ¥ DNA adducts
v‘i— 2)3}7} $l5ke] AEF 01 (20cm > 30cm)& Al
223k TLC(10cm X 20cm)oll 1846 *P-postlabeling ¥
N&Z spottingdti, DIE#(065M NaHPO; pH
60)2 18X 7+ B¢t AZvtEIH st Fa]8 it
DNA adducts® FHHE=Z thA] 2837 fshd
TLCAl 915 DNA adducts®] $1%8 3918 39
28 A 2& TLC(10cm X 10cm)oll 4 D38 94(3.6M
Lithium Formate, 85M Urea, pH 35), D4-&94(0.8M
LiCl, 05M Tris-HCI, 85M Urea, pH 80), D5&<}
(L5M 0.65M NaH:POs, pH 6.0) 59 &0 & AL-&3}
o RS WA 1A 20~308 9 ARHE
229 8k tHFigure 2).

ru"\ru

10) DNA adduct &8

TLCAYY) 228 DNA adducts®] $1X& <18}
7} 915k TLCH ol &S EA0] -70TAHA 2-39
B ARG B VERG spotE E3k
TLCA) 91218 DNA adducts7t #<1=9d 749j2
334*1 70% ol&&(GEmh)e] £ WAbE Aed
7o W A Aedo]ld A7) liquid scintilla-
tion counter)® CPM(count per minute)& 3 3to

6 -



RAL(relative adducts labeling)& #A4shi=d] A&

3k th

D3 10cm

D4+ D5

+«— W0m —

Figure 2. Chromatography of Secondary procedures for
separating each adducts with D3 solvent(3.6M Lithium
Formate, 85M Urea, pH 35), D4 solvent(08M LiCl,
0.5M Tris-HCl, 85M Urea, pH 80) and D5 solvent(1.5M
NaH2PO4, Sodium Phosphate Monobasic, pH 6.0).

Table 3. lon-Exchange mobile phase used in
#P-postlabeling TLC

TLC . - .
direction Composition of mobile phases
Dl 0.66M Nall.POs(Sodium Phosphate

Monobasic, pH 6.0}
D3 36M Lithium Formate, 85M Urea, pH3.5

0.8M LiCl, 0.5M Tris-HCl, 85M Ures,
pH8.0

1.5M NaH:PO({Sodium Phosphate
Monobasic, pH 6.0)
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1) 2HERTEO[E QS & &
CPMEH

EL =i

(1) 292 ¥ EV|E] 93 DNASE &34

DNABES 243l & 72 E=9 CPME
FAE] fat 94 2HERYEVEHEZ T}
< DNAFEE Z48 ¢} drh Figure 3& 438 %
o 7 A XA £2)d DNAZ AHEZ ¥ En|E
4% DNA ¥x9 A#o]x, Figure 4= 224}
ko] MlE® 22 Ay E(exfoliated urothelial
cells)o] 4] DNAE £2|3le AdEZ T ENERZ &
A% DNA ¥59 Ao},

1 mg/ml DNAZ AHEZTENEHE 2339
260nm¢] 3 Absypo)o A FHE7F 200 H, F 1
mg/mt DNA = 20 Absxo, £ 2 Ao A& 10
DNA stock& & 5%0u 2o E¢3%7] dEd
DNAFEE ofdf A3} #o] Axleit), o] W
oste] AAE DNA 57 & AEE d7] 9
A= Absa/Absm® H&o] F 0450801
Absxy/Absxm®] H]&e] 2.0 o]iFelojo Fr}

HUN{U Hl-r

o

Absgg X Dilution factor
Absyy of 1 mg/ml DNA

(2) DNAEZA & 7w 2E =9 CPM #4
~HERTENEHEZ 243 DNASEE o]&3ld
TwEULEI=9 CPME FAst] AArs Az}
Table 49} 2t} ol& 93t B3 FFE34 ALt
T4 33 ZHReddy & Randerath, 1986).

1ug DNA = 3240 pmol of deoxynucleotide phosphate(dNp)
Specific Activity of [P = 37(+0.17) x10° CPM/pmol

Specific Activity of PPl thg3t o] AlAte &
011 -

CPM of ["P] = 3.75(£0.17)x 10° CPM/pmol

% 3240 pmol dNp/1pg DNA
= 1215(£0.17 x10° CPM/1ug DNA

[DNA] 5= =

i
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Figure 3. Absorbances of DNA solution isolated from bladder
tissue of experimental animals

Wavelength
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00 00174 A230: 0.089
208 00198 A260: 0.0809
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Figure 4. Absorbances of DNA solution isolated from exfoliated

urothelial cells in normal human’s urine.



Wk Xug/ut DNAAZAA 408 Hato “p-
postlabelingstHTHA, & wEHLEHEE UEhE
CPM(count per minute)& ©& 3219 93t A4t
& 4 Qi

% wEdesd o [YPle) 24 CPM

= 12.15(£0.17)x 10" CPM/1u¢ DNA X
X ug/pd DNA X 4uf

Table 4. Comparison of parameter between bladder
tissue of expeﬁmen@ ammal and
exfoliated urothelial cells in human’s urine

Bladder Tissue Exfoliated wrothelial

Parameter Cuideline  of Experimental  cells in Human's
Animal urine
Absz - 0.1017 0.0899
Absxo - 0.2277 00909
Absao - 0.017 0.0614
Abss/Absxy  below 045 0.4466 09390
Absx/Absase above 20 19412 14805
?::,;?Tem - 06831 07
CPM/pk of - 83% 10" 33710

total nucleotides

Abs © Absorbance

2) ®p-postiabelingoll 28t & LB E/=2

CPM 2¥Z

TEHLEI =Y CPME F4387] Hste] WA
] DNA §98 @782 93t 9719
gelaha, wek wEULE =g FAH
o2 BEstd LSClliquid scintillation counter)®
CPME ZA 8.

Stock A &AM 4utE AHAZT Fo 200xCi [
~EPIATP/sample® “P-postlabelings}ol TLCel
A dzldg Bk A3} Figure 501t} A7]E°]
ATP, Fohd(dG), oteld(dA), AEAC), 22la
E9l(dD)F S HEQMP) 9 #42 EeEAr
Figure 62 8709} stock A 8o A 2914 v 23 8}

N

i
03". ‘i)’ drN
ox r—pz

£ =)
i

p.

HoEj=e Asoln, 7 A5
2 239 277} Table 59

o £g& F wi
F wEd e =9 CP
2o

3) [y-ZPIATP BtA 3|

[“P]12 2 £ (orthophosphate, 1000 2 Ci/ il
“P HsPOy, Amersham Pharmacia Biotech)& &4
(RM3} EM)9l ¢J8ted @49 [y -“PIATPE 3144}
o3& Y-S 1250l B0 34) TLCA H7fg Fo
ggog 73A7)e d4ds ARVt Fgure 73 2
o 2% 259 ¥ R ¢4 [y-"PIATP7} &
Aispot) 2.2 YERI, W $o FAHA &2
“P-H;PO7t A H(spot) &2 UEIT $2 P8
< o AT 0E T 22REIHRHE &t [y

-“PIATP7} Adb7hA] AAE B5E BojFm 9l
Table 5% 3EAM8d4e (PME LSCliquid
scintillation counter)®  &Astd AP [y
-EPIATP] Activity( xCi/ul)E AAHE A3tolth(l
#Ci = 11x10° CPM = 22x10° DPMD.

4) DNA adducts@l RALAIA Zzxf

(1) RAL(relative adducts labelling)9] #14¢

TLCAo) A 4979 AZnlE1eiao] ofsta] &
21¥l DNA adductst ZE2Z 7HHste] AXE 3
otgla, 2 B9E 284 LSCliquid scintillation
counter) & CPM(count per minute)& 343 27 &
742131 A2k RAL(relative adducts labelling)©l
Table 59 £t

LSCE %49 gdge T s e
CPMAAZtSE vehdt) olA& o] g3t ZAA
Agsted Fujol #lgEi= CPMoR &ibad
RAWCPM#t& Alitstalch 9ok 4u0 AH$ stock
£ollo] postlabeling@ M HZF F37F 215 A
i, o} Fo A adductsE FA3sH71 A3t TLCH)
spotting ¥ H3)7} 18u001 A tH, 4ul stock-& A5l
A spotahEdl  85.7%(18/21=0857) AR Hol=

ol
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Figure 5. Chromatography for each base nucleotide(Thymine, dT; Cytosine,dC: AdeninedA;
Guanine,dG) with 0.15M sodium phosphate buffer(pH 6.0) solvent

L4 - w L;‘_

P000000000000000,
RN

‘& * e - &

Figure 6. Chromatography for total nucleotide(dNp) with 0.5M LiCl solvent
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Table 5. Activity of [7 “PJATP synthesized from [“P]HsPO; with enzymes

ADJUSTED ACTIVITY

xm O RAWCPM AVGOPM  AVGVOL  DPMt phep o
1 005 317140
1 005 3787348
1 045 W66 390375
> 045 3950994 3885002
2 005 3064774
2 045 74068 3966279
3 003 7292392 1489680 6.2E+08 2828361
3 003 7263957
3 0.3 T8 7283058
4 0.3 7282271 7287508
4 0.03 7300039
4 0.03 06 7292138
note : Volumes of diluted stock solution ; 1 and 2, 5¢8 3 and 4, 10u0
2 RAWCPME CPMAA/0S5T 2ol Aakalith. v.1 #

LSColl A AR&3 70% A8 ¥¢zLe CPMat# 4%
717b Eob B4 Ppel wiztr|g u#ete] RAE
&g Aakez) st ofel 2o oste] ADJCPM
Azl 3 TLCY sHRCPME A/AsH
58 adducts®] CPME NETCPM= #4kst ).

L=

Mr o

RAWCPM —70% ¥t-& CPM )

= [
&

+ 70%0°l && CPM

ADJCPM =(

(2) 98 ¥ o= A19149] DNA adducts &8
Az A d-98E Fashe WFY d'
Ao A A w AZOFEH A5 Q2T
Eojj A HA18 DNA adducts® RAL%H] Figure 83
Zo #gEdE PYA4¥ RAL(relative adducts
labelling)o] WA E F 3l 22 Al A& 89.0%
10701913, MAEA GRE AT RAANE

570x10'2 A Jebgct

Aol 2 thFEo UEAEL s B4
7] $13te] DNA adducts® FAst=d), o] AlH
of £2He AL FX 3 DNA adducts T&S
w3y ote] whAlE &S A @ F gden=E
HhekE- o) oigh A 2 Y E & (biomonitoring) 4] A&
A A 3 (biomarker)2 DNA adducts® AHE3}7] A
25t thHWogan, 1988). 28]} DNA adducts&
FUHHT Ao i TRV p|HEF
(non-invasive) &8 M#H3st= o] 17| fEo
ez oz g Y& o] &t A7t B
o] 489 1t Joppich-Kuhn, et al., 1997).

2o WA gatE AHME & a2 Ay
A E(exfoliated urothelial cells)&
sl Qo ol AU|HoR WgelA
so] et A i EI 917 Wil
(phenotype)S 3otsl7] gk HE=A
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Table 6. The RAL calculation with CPM of DNA adducts and total nucleotide.

Num

38
39
40
41
42
43
44
45
46
47

SQ
St
53
3

-
<

55

0

(1) CPM of DNA adducts

$ TIS DOSE
50.2217 45.1995
61.038 54.9342
$5.4304 55.5634 49.8874
2 1.2E+07 146,703 163.003
Cc 1.2E+07 996248 110.694
2 1.3E+07 246.859 274.288
C 1.3E+07 169.09 187.877
2 8110554 17781 197.567
c 8110554 130.764 145293
2 1E+Q7 1788.67 1987.41
o] 1E+07 1873.89 2082.21
2 1.2E+07 123.823 137.581
o} 1.26+07 9751 108344
2 1.4E+07 494064 548.96
c 1.4E+07 676952 752.168
2 1.1E+07 313.825 348694
Cc 1.1E+Q7 268.797 298.663
2 8168034 256.292 284.768
Cc 8168034 220.813 255348
o 8168034 116.283 129.203
2 1.2E+Q7 438.823 487.581
c 1.2E+07 416475 462.75
2 1.3E+07 103965 1155.17
c 1.3E+07 1311.58 1457.31
2 6168724 210.797 234.219
[#] 6168724 136.681 151.867
2 1E+07 218.872 243149
Cc 1E+Q7 147.045 163.334
2 9242117 135.768 150.853
C 9242117 74.058 B82.2867
2 8166173 137.225 152.472
7 8166173 146.034 16226
8166173 84.0926 93.4362
2 1.2E+07 1035 115
c 1.26+07 802512 89.168
o] 9973234 815113 90.5681
2 9973234 103851 11539
(2) CPM of total nucleotide
Countl Coun2 Mean Adjusted CPM CPM/0.9
S§7 52652.8 45180.4 48916.6 1.2E+07 473875 526528
58 545848 493283 51856.5 1.3E+07 491263 5458438
59 327149 32024.5 32369.7 8110554 294434 32714.9
60 43553.1 39503.4 415283 1E+07 39197.8 43553.1
61 496881 47820.7 48754.4 12E+07 447193 49688.1
62 563255 53967.1 551463 1.4E+07 508929 563255
33 448223 443989 446106 1.1E+07 40340 448223
64 335154 316825 32599 8168034 301639 335154
65 45921.4 50072.3 479969 12E+07 413293 459214
66 58917 55039.1 56978.1 1.4E+07 53025.3 58917
867 514278 46937.6 491827 1.2E+07 46285 514278
63 530845 51732.1 524083 1.3E+07 47776 530845
69 25856.7 23389.5 24623.1 6168724 23271 25856.7
70 435365 37597.1 40566.8 1E+07 391829 435365
71 3650S5.3 372625 36883.9 9242117 622316 691462
72 348872 30296 325916 8166173 313985 348872
73 500954 47889.2 489923 1.2E+07 45085.8 S50095.4
74 43772.4 35828.7 39800.6 9973234 393952 437724
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199.199 69,9311
129,268 -0.00029
347976 115522
232.454 -0.00031
245.408 69.8848
175.523 -0.00039
263825 -126.74
2764.99 -0.00052
165213 39.087
126.126 0.00029
715.185 -271.669
986.854 -0.00043
44745 66.8868
380.563 1.4E-05
361.987 39.3321
322,655 -3.7E-05
154.012 -168.643
633.127 33.1959
599.931 -42€-05
1525.62 403.941
1929.56 -0.00471
294,407 110.095
184312 0.00012
306.403 106.695
199.708 -TE-06
182.956 91.6665
91.2897 -7.7E-06
185121 78.9246
198.206 92.0102
106.196 -0.00048
135025 345357
100.489 0.00034
102.361 0.00014
135546 33.1848

ADINRMICPMAA  RAWCPN ADJCPM NETCPM RAL

57.0478
-0.00024
88.7241
-0.00024
86.1652
-0.00048
-121.791
-0.0005
31.9922
0.00024
-196.578
-0.00031
59.8328
1.2E05
48.1537
-4.6€E-05
-206.467
26.9337
34E-05
-307.563
<0.00359
178.474
0.0002
104.96
-6.9E-C6
99.1835
-8.3E-06
96.6483
112.672
-0.00059
28.1297
0.00027
0.00014
332738



P

Figure 7. Chromatography of [ 7 “PIATP synthesized from [“P]HsPO; with enzymes
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T value = 1.448
p value = 0.1577
N=18,15
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Benzidine Benzidine-Dye
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Figure 8 DNA-adducts levels in exfoliated urothelial cells of workers expoured bebzidine and
benzidine-dye. Error bars show standard errors.
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sto]  eef AEE] AMEEo]  SrHReali, 1937;
Talaska, et al,, 1990).

woll wjMdE Q34 M E(exfoliated urothelial
celis)ol Al DNA adductsE ZHE A$o veht
ol e wot g vide 4% B AR
wolth, o7lelle QA 4, AUME AARAE
of & e, AAHA g AAAES o
ZRIAILAM DNAS #el o Waaes @
ok ofye} TLCAAA A2ntE 21892 adducts
2 Bt FHNAE el 28& i Talaska,
et al, 1990). °|" AAMES PBS(phosphate
sucrose buffer)o] <late] ok 9% o)A AAL F

Actn B a¥A=d(Talaska, et al, 1990), 2
Tol A= PBSol 9l 2-33] AW Rad
DNAE1% SSC-ImM EDTAEHOE %9 3o
AR ofsted AYAE AN WY, 2
13 70% YR ofepd §&3ke gl
ostel AFAEE s AAsA

DNA adducts& RALZ el 9=
DNA $55 ZA4stodo} g} wo) wjAdy a2
JAMEE ok 7000070 916,800~ 109,200 74) o] 1,
AZ 7 o 4 pg DNA7F #3222 7b A 5o A
°F 280ng DNAS 4% 4 oltHTalaska, et al,
1990). 22t AAZ 2= DNAQ ¥ of 9 At}

™

Talaska 5199002 o2 9] °oF 46%S dAria
RRAGT web AYERYEUEE 559
DNAF =& AIEE7} v w7 Hﬂﬂwﬂ Aol
M FP-postlabelingol ©lslel £ FeQE|n
o] ¥& Z43sld RALAA *}%é}ﬁiﬂr.

¥eld  DNAE ["PIATPA  ogted 44

“P-postlabeling ¥ X 2+ polynucleotide kinase s A}-&
3l DNAS} 84 RNAR 2} 7] mj&o] RNA
& ¢d8 AAste Aol W FRHGuta &
Randerath, 1976; Guta, et al., 1980; Reddy, et al,
1981). & A9gdAE 024mge] RNase ASH 40U9)
RNase TvE& A}83ted RNAE 438}A]7]0] RNAS
A A8t H th Talaska, et al., 1990).

DNA®  7H9pE8E MN  SPD(micrococcal
nuclease & spleen phosphodiesteraselol] ¢]&te] &
HH O R Whgo] dojrtuy, o) a4 9l & pH 12
i H]»%/\] 7 54 ¢ 18ted A g8k bt}
(Talaska, et al., 1990). A&l 15ug/ul EAE &
8t pHE 6-THHE 243 3o 37T oA 347+
S HBAAINE AP MY antder 5
g7t STk 28 DNA adducts® 3418 wo
Ao Fol whet vbgAIzE pHE S 59 Wy
el gemz Foger dth dibenzo
[cglcarbazolZ ¥A® DNA adducts® 37°Col A
4-6A)7F W32 7]9S W, benzolalpyrene® A H
DNA adducts+ pH 791 Al 6-9A1 7 §H&-A) 71904 o,

712) 3L 4~aminobiphenyl-DNA adducts® pH 69141
3MZE WAIAINE ol EHo)oivty B 1E gy
THTalaska, et al., 1990).

PPe ]S A BT 2 2 ¥ ©(deoxyribonuc-
leotides)ol] b & A7) =d AU BAE poly-
nucleotide  kinase(PNK)©]tHGuta & Randerath,
1976, Guta, et al., 1980; Reddy, et al., 1981). Vodick
& Hemminki(1991)2- of @& #ehE-ol ojaled &4
¥ DNA adducts©] gt 4”5} ‘i}%_-ﬁ“& RHEAIA

II?‘J

T

&
3

-ﬂ—‘ U_,..
9

)
k

{3

o} B -t "1 ]B_ =3 0281z2 PNK, PNK buffer
283 10mM bicine(pH 96)& %11 whgA}7 01 7t
882 3449 3-phosphodeoxynucleotidesE 35~
diphosphodeoxynucleotides 3 €] & 2hl ) 6}
ehelo] ALk [PPIATPE Johnson & Walseth
(1979)7F ®.argk whg-2de]of ofzte] g alof A Qub
Yoz FAsch [*PIATPE ?jz}i“ ‘1 ThS
T UARE ALEShE o] W H - 0‘1 (AR
Aol wste] wig- vI7] W )OHH A
dted AbR-3tE Ao A H ol ]/4 & FANH)
o1& [("PIATP §4g o2 A 7et ("Plezkel
Aol D-2 AL dd =-3-Ua 9 wHgA 7)o
1,3-t)Q14k= 2] A 9 (diphosphoglycerate) & A4 417
al, phosphogylcerate kinase®] -Evufzlgof 2]d}od
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449 £33 ADPE RE [y “PIATPE 444
K™ + ppA — “pippA). o) HEE Abgahu
[“PIATPZ 08%9] & &% §A8 4 9la. BAE=
3000 Ci/mmolE #2112 4 sich w2 Az ¢
#Hate] FAAE s e B e ‘ﬁx}j FH 39

¥ 9 2 E 912 (ortho phosphate)oll #4171 Q1= 4
F7F thF-Folu, of# tfel = FAH T & % €
4% §lUH Talaska, et al., 1992). o]& A7} @A &}
A& 7%l PPIATPRR A A7kl F& &4
EEHlcocktail) ] F& F7HAIIZ, WMEREQ
700 FolAU MEARS Adsel ARAYL
°ft HYPAZ o EH E“é?i%% F7HA1 714t
‘P]ATPA S M gE ALt A TPy
%9 julgo.2 o) Ad oja “pehul
F=t) 53] carrier freedl 23}
[PPIATPS} 3'-Q14k) & 4]

—,

C‘i E}““E‘ a= 73—°r°ﬂr

724 ¥ =(phosphodeoxy nucleotide)®] B8] &9
oty epdygel FFol HATI] wEo, A=

["PIATP] &4 go] ehidze) 24 dag vz
A €cHJohnson & Walseth, 1979; Talaska, et al,
1992).

gy Alge dRvtEg e 98l adducts
%9 B3} “P-postlabeling ¥ H ol M= EafAE
o Fo 2 PEl(polyethyleneimine) S A&

(o3

| 234
g gre whubol L3t AZvME 2 #)s)(TLC, thin-
layer ion exchange chromatography)S 714 ol
AHE 8=, o] e PEIo] Z#E o] wghr)d
Ads shof thakgk ol BuE o] FHOE ALE
g 4 glon) B3 He pHHH(PH 1~pH 9)el A
ot43}7] W&ol tHTalaska, et al., 1992).
SR B
b, 94 AN 7wEULE =2 H-5 DNA adducts
& FEsta, tgde AREIYT sl
adductsE FFE= o8ttt s AsE
spotadt TLC2| Adtel] AFFolE F-&st Jejol A
DIgei= 1813 &<t AZnEaRIE A8
i wEALEEE AEFOlR o] FAA adducts

M2 28 5 3l

gt 3o th2 TLCAA &9} azrlETd
39| ek wHEEA adductsa 1-313}71 o o]

Aol B ASE( e 2 438 + 9
% 79 adducts a:% 2 4rz 2y

uju
=l
r
rol

w i ojt
te
o
N

2 AT e ol HAEHAA
8 ARl FAbetn Qe 2aAse 824
FolA dAIeZ P H DNA adductsE ¥ 5H%
oolAYE 229 ZEAEGAAN dEde] &
&2 SAEDE B& drddst Raugdn
(NIOSH, 1980; Martin, et al., 1982; 1983; Kadlubar,
et al, 1986). Aol 58 WAL 713 A ofA)
gstg o 3AEe DNASH At N-
(Deoxyguanosin-8-yD-N'-ABZ& &]¢]  adducts&
&4 Seh(Martin, et al, 1982). 3 XA 485
o2 A Zz2Ho] FaEE AUl 5o
Pz clo] F2|H7] Wi AMALH} 2-& adductsE
A8 HHNIOSH, 1980). & 4t = ‘”7‘]‘:4
A dgd 229 ZEREAAM adducts?t
FFog FAFYC

Jof oldte] gzet ot

vi.d E

golE ol L2 o) 2le & A5 = DNA adducts
£ A2 F(biomarker) 2 AHE-sle] A HUEE
a7 AAsiM = BV Ao g} e Uiy A
71258 E H#8H A &E(non- invasive sample)E
e B2 5 e WEE s Aol g
83k

2 AT s B3 Hudd AgR 2249
M Z(exfoliated urothelial cells)E A ei3led DNA
adducts& FAste WS 799 vy e
Ang A,

DNA adductsE w4 ’3}7]"1] %%‘-‘?} QEAIGAE
& d7) YeME FRAERRE B g9 (9%}
300ml o] e AFHHoF W”} AHEZ LEE
EERE 7 AE UF FEFDNA FRE S F
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28R F FEYQHEY ¢ twon g

04 75 sttt = #A widE 4% dFE
QE= 9 adducts® Felet=d Walz
37 ‘LH-'E': o olge AA d¥o| vl¢ Fo8t
£ AFoMe PBSY jHEAA, d4de g
T 70% AEgZel o3 £E24F i AFE
g &gy oz AAsA. “P-postlabelingol A&
HE [7-TPIATPE Q4A2RH 34 748 4 3
A 2EJAA(PIHPONE FYste] RM
EM 59 &4 EHE2 [y-"PIATPS 43819
(8:97%) AHEsHE wl-¢ FAHoIT208). [y
“PIATPE §4% Zfole wEA #AEe
activity & Al 3483, FAGHE Flalok st=
o &g o 97%elth

et E adducts® A F @A st 3=
st uste] Eatgnh A dAle A wEd
2E =% adductsE E3te AR, F HA
GAE adductsE FFHEE FEIE FAHoIAG 4
FTH guiet 4Wel AZetEIFHFA st
adductsE E#HHo=2 Fdtd DNA adductsE
RAL(relative adducts labelling) 2 AA+alc}. 2

To AgHge WAL wALA 45 &3t
I AE 48 D U4E ARy 2EAsY 228
HEAA adductsE Z4sted HE38k9irh DNA
adducts®] RALZte] WIADE HFdte 2RAE
A 890X 10701, MAHA ArE HFshs 22
A A 570102 Lep,

AZHog B Ao A oste] et §
A aj s Q248 2 P9 DNA adducts
RALFZS 348 + dlon, ¥y¢E4° DNA
adductsE BUH Y-8 Q249 EE v AEA

Nag #8888 5 35 FHsAT

A

ox ot
|
mm .!lN

tifo

oo oX oL ¥

o

REFERENCES

o]l kel spatefutel] #E HAATIF HHA

Y gt Eats]A) 1997, 1:53-54

ACGIH. TLVs and BELs - Threshold Limit Values
for chemical substances and physical agents,
Biological exposure indices, OH, 1998

Beland FA, Beranek DT, Dooley KL, Heflick RH,
Kadlubar FF. Arylamine-DNA adducts in vitro and
vivo: their role in bacterial mutagenesis and urinary
bladder carcinogenesis. Environ Health Perspec 1983
49:125-134

Fisher DH, Adams J, Giese RW. Trace
derivatization of cytosine with pertafluorobenzoyl
chloride and dimethyl sulfate. Environ Health
Perspect 1985,62:67

Gupta RC. Enhanced sensitivity of “P-postlabeling
analysis of aromatic carcinogen-DNA adducts.
Cancer Research 1985;45:5656~5662

Guta RC and Randerath K. Nucleic Acids Res 1976;
3:2%

Guta RC, Randerath K, Randerath E. Methods
Enzymol 1980 ; 65:638

Gupta RC. Reddy MV, Randerath K. *P-post-
labeling analysis
carcinogen DNA adducts. Carcinogenesis 1982; 3:1081

NIOSH.  Special Occupational Review  for
Benzidine-based dyes, OH:US department of Health,
Education and Welfare, CDC, NIOSH ; 1980

Joppich~Kuhn R, Hanggi R, Sagelsdorff P, Smith
AE, Weideli HJ, Joppich M. Determination of
dichlorobenzidine-hemoglobin adducts by GC/MS-
NCI. Int Arch Occup Environ Health 1997:69: 240-246

Kadlubar FF, Yamazoe Y, Lang NP, Chu DZ7],
Beland FA. Carconogen-DNA adduct formation as a
predictor of metabolic activation pathways and

of non-radicactive aromatic

reactive intermediates in benzidine carcinogenesis,
Biloogical Reactive Intermediates I, Plenum
Publishing Corporation ; 1986. p.337-549

Martin CN, Beland FA, Roth RW, Kadlubar FF.

- 16 -



Covalent binding of Benzidine and N-Acetylbenzidine
to DNA at the C-8 atom of deoxyguanosine in vivo
and in vitro. Cancer Research 198242 | 2673-269%6

Martin CN, Beland FA, Kennelly JC, Kadlubar FF.
Binding of benzidine, N-acetylbenzidine, NN'-
diacetylbenzidine and Direct blue 6 to rat liver DNA.
Environmental Health Perspectives 1983:49:101-106

Muller R, Rajewsky ME.
qualification by high-affinity antibodies of 06~ethy—
ldeoxyguanosine in DNA exposed to N-ethyl-N-
nitrosourea. Cancer Res 1980:40:887

NCI. National Cancer Institute Annual Report, NCI;
1994-19%

Poirier MC, Yuspa SH, Weinstein IB, Blobstein S.
Detection of carcinogen-DNA adducts by radioi-
mmunoassay. Nature 1977:270:186

Rahn RO, Chang SS, Holland JM, Shugart LR. A
fluorometric-HPLC  assay for quantitating the
binding of benzolalpyrene metabolites to DNA.
Biochem Biophys Res Commun 1982;109:262

Reali D, DiMarino F, Bahramandpour S, Carducci
A, Barale R, Loprieno N. Micronuclel in exfoliated
urothelial cells and urine mutagenicity in smokers.
Mutat Res 1987:192:145-149

Reddy MV, Gupta RC, Randerath K. Anal. Biochem
1981:117-271

Reddy MV and Randerath K. Nuclease I-
mediated enhancement of sensitivity of 1;3P~postl*
abeling test for structurally diverse DNA adducts.

Immunological

Carcinogenesis 1986,7(9):1543-1501

Santella RM, Hsieh LL, Lin CD, Weinstein IB.
Quantification of exposure to benzolalpyrene with
monoclonal antobodies. Envoron Health Perspect
1985,62:95

Siverberg E and Lubera J. Cancer statistics 1987
Ca-AJ, Clinicians, 37, 1987. p.2-19

Talaska G, Dooley KL, Kadlubar FF. Detection and
characterization of carcinogen-DNA adducts in
exfoliated  urothelial cells from  4-amino-
biphenyl-treated dogs by “P-postlabelling and
subsequent thin-layer and high-pressure liquid
chromatography. Carcinogenesis 1990 11(4):639-646

Talaska G, Roh. JH, Getek, T. “P-postlabeling and
mass spectrometric methods for analysis of bulky,
polyaromatic carcinogen-DNA adducts in humans. J
of Chromatography 1992:580:203-323

Vahakangas K, Haugen A, Harris CC. An applied
synchronous fluorescence spectrophotometric assay
to study benzolalpyrene-diolepoxide-DNA adducts.
Carcinogenesis 1985 6:1109

Vodick P and Hemminki K Chem.-Biol
Interactions 1991;77:39

Wogan GN. Detection of DNA damage in studies
on cancer etiology and prevention, In:Bartsch H,
Hemminki K, O'Neill 1K, editors. DNA Damaging
Agents  in Methods  of  Detection,
International Agency for Research on Cancer. Lyon,
France. 1988. p.32-51

Humans

17 -





