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Keratinocyte R ol 4] 1iIA]
olul 9] F(species)Zt

-
djt |
X
N
-l—l
e
X

2 o

ZE7HE F AEEE F8 IR o|¢NEgS
o}%1 (heterocyclic aromatic amine)ql Trp-P-
1 € Trp-P-27} human ¥ rat keratinocytes
o gid] Yehe AX A& colony expansion
Hell og AL ¥lmIArt. 53] Trp-P-2&
human keratinocytesdl Wsix= EAE Vel
WA eked] Wk rat keratinocytes(AA4 2-5)
o dalre 54E JYehie d94e Jelidd
t}. ©]83 Trp-P-29 F(species)t 5344
A Fol7t WAl EAA A olY mutagenic
activation’de] Aole] 71QI= &A1& AW A7,
CYP4501As ¥ CYPIB19 AlggAdoz £33
EROD®AS 474 Aot 2A Jedd
human ¥ rat keratinocytes®] microsomedi
A A9 Zsid, ol e A= CYP4501A1
2 CYPI1B1¢ mRNA9 ¥d FHEE northern
blotoll ¢j&] AW BI}H A= X3},

W Trp-P-2¢] dAlgAs 2 353l o
3= #4990 N,O- acetyltransferase(NAT) &4
<2 rat keratinocytes® 2t human kera-

olr | %

tinocytesol Al &St dWtdoz =4 EAo 3
=3ld] #d3= glutathione S-transferase
(GST) =% rat keratinocytes2t human
keratinocytesllAl A e Trp-P-271
mutagenic metabolite2 BAgHE IS
Salmonella microsome microsuspension assay
2 AME 23, 54 2g Zolrt 2A JER
d human 2 rat keratinocytes?te] 84L& )
£ Ao g Vehyth

DNA 2 9¥9Aa adductId s A+,
human ¥ rat keratinocytesZt DNA adduct
F%Fle zol7b A, @A adduct¥e
9] ZS% Trp-P-20] tid 573 =7t R
A rat keratinocytes7t O& A XS] vja =27
yERstTh

ol}e] AAE T E W, CYPIA- £
CYP1B1- #¥ rlojazd AAGA Y
mutagenic activation® human ¥ rat
keratinocytes3tel YEIRE 54 #5449l Aol
E AEE & glon, =3 ddde Z4 &
Aol F BAHJYD =4 A9 Aoldl o &
83 A4S = Aoz HAdh
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1. A&

AARdste} tBo] AFAT 2 /% 3 F9 1|
AE g 7Idske Adls BE AZAHAE S
A Bl rHE, AR 2z oA 23
Aoz QAEE ¥t & oA Edd 9% ¢
Aol dgAd BAZE AsA diFEn v} vl=
Q9] A% 8% AAboA <F 22 500 revertants
WoldS AHen tte EadAE vehdRo],
AA ool A 99& 80-90%7} HeEA @ 2]
o] 891% ¥ 373H 891 7|dHn E3 4
ole WdA F 30% o4& AFde Aew &
HA U,

A1 F ZYrtEFE AAEE o3 BIE oyl

(heterocyclic aromatic amines)< 1970:dd)

)

R-N
“H

Cytochrome P-450

/G - GHi———|R - N

L4
’
,
’
,
’

Sugimura®Atel Q& AF AH] £ ofw| At
oA S 71dE W dojx= FESANEZNE B
g 4 BFolth?. ©|F tryptophand] ¥E
&42H&l Trp-P-1(3-Amino-1,4-dimethyl-
5H-pyrido(4, 3-blindole) ¥ Trp-P-2(3-
Amino-1-methyl-5H-pyrido(4, 3-blindole)
v ZEE 2P, FF FREFY, 48, dla
712 299 AWM EAEE gBEHY ol
FZ olNlojt}, o] EAE 9% e WAYSE
& A3 #3Aa YA e gou ol BFo]
Wiz} A WolA cytochrome P4509] o8] 3-
amino”]7} N-hydroxylation® & ol+€s}t
Hg-of] o8] olMEslg o2 AAZSM Wiz}
2 gAY, o33 AR 7T ARt
Bo] fAlxate] il wrtdAos AHPgFo M

P
,C - CHs
OH

H

R-NHz-———-—>R-NHOH—>R-N-O—("3—CHa

Main pathway

CHs CHa
N/
Tp-P-2:R= |
sN /
H

N,O - acetyltransferase

o)

|

DNA - binding
Carcinogenesis

39 1. Proposed pathway for metabolic activation and carcinogenesis of heterocyclic aromatic

amine in mammalian cell.
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o& FAshs Ao g8A doh(adl. P).

o] FhLTE oiRle] F A H/E T(liver)olA
ot 7k o]9)e](extrahepatic) THAIE ZA| thA}ol
A g F Qo 2 olele] Z# F ouRe H
AEAS] R BRog FAA Yol EHEA
hAtellA] Fag &g 33t . ol o
& FA3%3 & keratinocytes ¥F #ul o}
Y&}l esophagus, oropharynx, exocervix,
vagina 2 conjunctiva oA AL §E o]F
B T AEP2A oS ofRl xFd ¥F
o] H§i gl Aotk

=4 39 93z HriA] 54 B olJg F
(species)?t %4 7549 Aole A79] HEF
< ZAF3ed sl F8F 842 FEFc,
Trp-P-1 & Trp-P-29] A dig A3 A7
A, ol EFE A o FI Aol JER
7bFsAol & Aoz BudAoh?. Aflatoxing
H %9 B2 54 EZE0] v T 54 A4
< YepH, ol i Y& T A7 Al
=% F2 cytochrome P450 =7} wt-g-ofjql =3t
5lo] o]FHP, iyt 29 AFAT 9
3 F3te] B AFAPL d=53 BaAd 27
EA4EA39] conjugateB 5T VAo ¢ &
< Aoz dEA T Y.

£ d3+E human ¥ rat epidermal kera-
tinocyte® Rd2 sld EAQ o|FYYE o}
9 Trp-P-1 2 TrpP-29 HAEXEAE colony
expansion§ 22 v 8o 28 F(species)It =
A A Aot veEieAE AFEgit. a3
oS vehd B4 5ol dAF B4A A4ov
mutagenic activationd<] Zold] 71QAEH X E
cytochrome p450 ## &4, N, O-acetyltr-
ansferase(NAT) % glutathione S-
transferase(GST) 5-¢] thAl ¥ 54 49 &
3, UAl B4 ¥4, @993 2 DNA adduct9
233} Salmonella microsome microsuspension
assay°l] °J¥ WoldA tiAMIES B4 Fog X
Arstdtt. watd £4 A9l $3H(human vs.

rat) Aolel BY sy A ANgo2H
oI BAEY AN WHE AR V2R U8
YA shaat AEsigint,

2. AR 9y
2.1 AIEF 9 AESY

A X3+ SIK(spontaneously immortalized
human keratinocyte, Aldi= 33-40), 3/ A2t
epidermal keratinocytes(Alth4= 3-5) ¥ rat
epidermal keratinocytes(Altl& 3-5)& g
ol &38l%t}. o|F M EFELS Dulbecco-Vogt
Eagle's ¥ Ham's F-129 3:1 &fdl 5%
fetal bovine serum, 0.4 g/ml hydrocortisone,
10 ng/ml epidermal growth factor. 10 ng/ml
cholera toxin, 5 g/ml insulin, 5 g/ml
transferrin, 20 pM triiodothyronine, 0.18
mM adenine ¥ antibioticsE H7I3F ¥R E ]
|3l WARIE ZAKE 3T3 feeder layer AoillA
g AT, AE E42 rhodanile bluegd A<k
< °o]83l FGMF the colony expansioniel
o3 FH3AFP,

2.2 A EH9 A=

EDTAZ 3T3 feeder AXE AAF o}
confluent A9} MEE 35 I A7LE
phosphate buffered saline (PBS, pH 7.4)2
2 Al Al AEE 1,850 x gollA 10
4 94893 948 #24 buffer(10 mM
Hepes (pH 7.9), 1.5 mM MgCl, 10 mM KCl
and 0.5 mM dithiothreitol)d] dgg %
Potter-Elvehjem¥ #&71& Al&sld #d3}s
At ©]& 3,300 x gollA 15%, 12,000 x gol
A 58 % 100,000 x gollA 60 dAIEAFE A
THE cytosol ¥¥o2, AAEE microsome
o= 3. Cytosol ¥ microsome £39]
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il ke bovine serum albumin(BSA)E
BFE42 319 bicinchoninic acid (BCA)H®
o2 233

2.3 2484

CYP4501A1, 1A2 and 1B1 9] X ¥ 2A 7-
Ethoxyresorufin O-deethylase (EROD)&4&
Reiners 5¢ #Wy®d we} &334, N,-
Acetyltransferase (NAT) €42 acetyl-CoA
regenerating system= &&3< 0.8mM p-
aminobenzoic acid (PABA) ¥ sulfamethazine
(SMZ)& 7132 3ld Z43IAP”. Glutathione
S-transferase (GST) ¥4< 1-chloro-2,4-
dinitrobenzene (CDNB)E 7|d = 3} Habig &
of WPl we}t 38t

2.4 Nothern blot*®

Confluent¥ AZo| 5nM 2,3,7,8-tetrachlo-
rodibenzo-p~dioxin (TCDD) %& 0.1% DMSO
£ A F, 24rto] A o 7R PBSE
28] AlA3t3 Trizol AlofE A3ty AES F
RNAE ®g33t. &% RNA+= 0.66M
formaldehyde® &3 1.5% agarose gel “3ollA
A719F3H(304g/lane) & nitrocellulose
membrane2.2 ©JPAIFAt. Membrane2 50%
formamide, 5x SSC, 5x Denhardt’ s solution,
50mM NaH2PO4 (pH 6.5), 0.1% SDS 2 0.1
mg/ml salmon sperm DNAE &#3l1 & &
o ZolAl 42CE 4A17t pre-hybridizeAl A ).
¢DNA probest Klenow polymeraseZ AM-3
random primingel] 98 (*P)dCTPEZ EX|E ©t
< hybridization mixtureol 71t ¥ 4274
24212t kg A} 3 1S membrane 62¢€
oA 2x SSC (0.1% SDS)Z 23] A3, 0.1x SSC
(0.1% SDS)2 13 AlA33tt. Autoradiography
o] 9J3] Eo|A<l hybridization signal® 73 &

¥ scanning densitometry2 B3It 2 Alg
% % RNA9Y %2 dlycera 1dehyde-3-phosphate
dehydrogenase mRNAZ 243t}

2.5 Adduct &3

(“C)Trp-P-2 (1#g/ml, 10 Ci/mol)E 49 %
Qt wiF Az X F, ME7}F A9 confluent
o 23l9& u AXE serum-free mediumog
28] Adsx 3T3 feeder layerE AAE oh-&
DNA € ©@93d adduct® 334t & Ax
€ 20#g/ml pancreatic ribonuclease AS o4
& 0.5% SDSE AMg-3td 37ColA 158 ¢ vt
2AAY. 28 o2 buffer-saturated phenol
(pH 8.0)2 F&3tx, ¥4¥ £% ¥ phenolF
o Zz} 0.02 M sodium acetateZ 7tg ¥ 2.5
v} 100% ice-cold &2 Arkel] A W&
s, @A adducte] A5, 70% ceE
2 A3z 0.1N NaOHel £33 5 liquid
scintillation counter(LSC)= Wiz AHA
(*C)Trp-P-29 <4< &%43xn 993 =%
BCA assayl 93l 233, DNA adducts]
AS, FFozREY UL DNAE B L&Azl
o dEgE AFAAZG. 260nmelA DNA
EEE =233 A260/A2808]4] 28 DNA £
& 91 o3 LSCZ DNA Z2%¥4d Trp-P-2
9] WAls& 233t

2.6 QYA A1Y

Ames A8 WMWY microsuspension
assay®& A&t Trp-P-2 ¥ Trp-P-19]
mutagenic metaboliteZ AH+ FxE =
A3t &, S9 cofactors® TRt e
microsome 0.1 ml, Salmonella typhimurium TA
98 (1 x 1010cells/ml PBS) 0.1 ml, DMSO9I
L3A1Z1 Trp-P-1 2 Trp-P-2 89 0.005 ml
£ 37¢elA 90 ¥2t preincubation AFLh. ¥
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t}2 top agarE minimal glucose platedl] 7}3k3L
37ColA 48 AZF B<F wjgEitt. MiniCount
colony counter (Imaging Products Interna-
tional, Chantilly, VA)E W% plated]
histidine revertant®& A3, 2€ A48 20
o] Wgo s 23] wHE-Ect.

3. Az g9 %

3.1 Rat @ human keratinocyteollA
Trp-P-1 ¥ Trp-P-2 toxicity

2Zo] 27 2 JFHRFCA AAEE dFEHU
AE f ol Wojdel TrpP-1 2 Trp-
P28 0.5 g/mld] =2 Arlstd AEE ug

Control

Rat
Epidermal
Keratinocytes

Human
Epidermal
Keratinocytes

Trp-P-1

S colony expansion®ol 28] AXEAAE A9
wgieh, o A3, a9 2.9 Zo] Trp-P-1¢] 4%
+ 58314 rat ¥ human keratinocytes(SIK)
o thal AEXHEAYL Bt ¥ dutdog Trp-
P-1e Hjg) fdsge] & A2 LBA Trp-
P-2+= rat keratinocyted| thalire MEXEAS
Yehll\ human keratinocytecll tdixe AES
A& veEhA] e HAEAdE BTt

Rat 2 human keratinocytes(SIK, hEp)ell
i8]l Trp-P-28 0.001 - 0.5 g/ml9] ¥%= ¥HY
2 3718laL cytochrome p450 H=21411 TCDD
7t AZEAC 9L AR E AHE 2= B
13 24} Trp-P-2% 0.001-0.5 p#g/ml] Ex9)
Al SIKel AEHAE JepliA] go} 71E giR
A v AggE BFeoen], TCDDE Trp-P-29

Trp-P-2

29 2. Trp-P-1 and Trp-P-2-induced toxicity toward cultured human and rat epidermal

keratinocytes.

The cultures were seeded with 200-500 cells and treated with 51 of DMSO containing 0 (-) or 2.5 g (+) of Trp-
P-2 and Trp-P-1. The cultures were fixed and stained after 10 days of treatment.
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E 1. Trp-P-2 toxicity toward cultured human and rat keratinocytes

Trp-P-2(ug/ml)*

Cells® -TCDD +TCDD

0.01 0.05 0.1 0.5 0.01 0.05 0.1 0.5
Sik - - - - - - - +
hEp - - - - - - - +
rEp - - + +++ - - + +H+

*Cultures were treated for 10days with Trp-P-2 in the presence or absence of TCDD{5nM) at indicated

concentrations.

*The degree of colony growth inhibition was examined in comparision with parallel solvent-treated controls ({0.1%

DMSO) and is reported as not toxic (-), marginally toxic(+), slightly toxic(+), moderately toxic (++) or highly

toxic(+++).

AEEe] vngt dFE F= Aoz Jehdd.
E3 Trp-P-2 B4 Aol g A2zl
hEpel disidx SIK# AN M¥EEA Age
Vehi it

o9l MEEY A} X Trp-P-2¥ human
keratinocyteo] talAe A& JelA] @2
o uHel rat keratinocyted] Haldye =A4L
el £33 4948 JeRiioh

ol9} & F3I+ AYAL cytochrome p450
F#E=AAQl TCDDE A3 A$ol= Ao 3%
S A ¥ AoE Kol cytochrome pd509)
Fx7t B4 vl 9 ax gon AL
4. =3 FA4Ae Adea Fed Axd
hEp$}t immortalization®] deoid A+ HaH
AEA SIKel didl Hl&g MEEAgdol #ad
Rog Hol F FA #FA Aolst SIKY
immortalization #3e]4 ok7jd A4 o]
dlA 7198 A ohety wE),

3.2 Rat @ human keratinocyteoll#¢]
Trp-P-2 vt #4 1484 F3

A+ f AMEFAY SIKH rat epidermal
keratinocyteite] =4 44 Hols} N-

hydroxylationel #3le CYP1Al € 1Bl &
o] A1FA FEA AelAA| | E3}] F2 Ho
She A2A Ha9 ARIAE golrr] 93ty
Trp-P-29] tiAl #d 284S 238 o
4 BARE TrpP-29 dAIEAsld Fodsle
Aoz 4 CYP1A1®, CYP1A2Y, 1B1¥
9 N-acetyltransferase(NAT)®?9} dwtxog
E4EHAY H53 #d asrz g2z
glutathione-S-transferase(GST)**& A¢3}
o 84& SFsh

Human ¥ rat keratinocytes® %8 d&
microsomeclAl CYP1Al, CYP1A2 2 1B19
AAEGHo2 ERODEAYS 3% A9 193
¥ Zowl IY 49 CYP1A1 ¥ 1B1¢l mRNA
2%4d HXE northern blotdl o8] 33 Az
& YeRidT

%, 54 44 Aelst A JElRE human
2 2-5 A42] rat epidermal keratinocyteZt
o] ERODE4-2 Aol7l f1l3 ol CYP1A1 ¥
1B19] mRNA 93 Fxze} 22 7l

Human ¥ rat keratinocytesZ2%E 2L
cytosol 84 NAT 2 GST 4% 3%
Azxe 2 2 37 Z A 134 8549
CYP1A1 ¥ 1Bl1ej8je] Trp-P-29 diAlgAdsl
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keratinocytes

rEp

Slk

0 1000 2000 3000 4000
EROD activity(pmole/min/mg microsomal protein)

29 3. TCDD inducible EROD activity of microsomes from human and rat keratinocytes.
Activities are expressed in pmole product formed mg-1 microsomal protein min-1 and each point represents the
mean value of triplicate determination.

SIK hEp early rEp

p450 1B1
p450 1A1

GAPDH

TCDD

2% 4. Northern blots of TCDD-inducible P4501A1 and P4501B1 mRNA expression in rat and
human keratinocytes.
RNA of newly confluent cultures were prepared after 12 h treatment with or without 5nM TCDD,
electrophoresed, blotted and probed with rat P4501A1 and P4501B1 ¢cDNA fragments. GAPDH was probed as
an internal control for loading variation.
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o #dsted NAT €48 Trp-P-24 s} =4
< YeEhX] ¢%d human keratinocyteselA
2318 A velg

EQEA g0 F2 Bl GST 84 &
% ratel ¥&] human keratinocytes®] @4jo]
ESi}.

o]39] Trp-P-2 lAte} #HAE F284 23
A%E A9E 1, CYPIA- £+ CYPIBI- &
¥ microsome E4284H S human ¥ rat
keratinocytes?tell Wl EA7A5AY] Ao
£ A% + glon, sEgd #oste cytosol
A 8o F(species)Zt FAHUY SAAS

e Aol FHAe] o ¥ Ao BAL

a8y NATE Trp-P-29 dAEAsie) &%
B} FFo FAE, 53] O-acetylation ¥-go]
WA Blo] BASkE Aog LEA Qe ups®
2 d7dA EHF NATEAL N-acetylation
7} O-acetylation® &7 4% 222 human
keratinocyte’t Holdqoz & Eld Fose
NATEA4 ] vz B 4+ gt GST =%
Trp-P-2 tiAte]l glo] £33 dgo] gajAx) @
I 3o FF Trp-P-29 dAE 29 B89 =
5t Z1&] tigk AAE A7t o] Folxol & A
ojtt,

® 2. N-acetyltransferase activity in cytosols from human and not keratinocytes

N-acetyltransferase(nmole/min/mg cytosolic protein)

Cells PABA SMZ
~TCDD +TCDD -TCDD +TCDD
Sik 2.0£0.11 2.1+0.09 ND ND
hEp 3.2+0.25 3.2+0.31 ND NDrEp
rEp 1.6%0.08 1.7£0.10 ND NDrEp
ND, not detectable
Each value represents the mean+SD of three determination.
# 3. GST activity in cytosols from rat and human keratinocytes
Glutathione S-transferase activity”
Keratinocytes -TCDD +TCDD
STk 16.2+8.34 33.9+0.64
hEp 20.2+7.78 30.4+2.26
rEp 1.2%£0.07 3.8+2.90

*nmole/min/mg cytosolic protein

100,000 x g supernatant fraction from rat and human keratinocytes was prepared as described in “Materials and

Methods” and GST activity with CDNB as a substrate was measured. Each value represents the mean+SD of three

determination.
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3.3Rat ¥ human keratinocytedl4]
Trp-P-2¢] Mutagenic activation

Salmonella microsuspension assayg ©|&3
o human @ rat keratinocytes28H @2
microsome®l &3 Trp-P-27} mutagenic
metabolite22] 843He =g S
a2 A 28 59 Jehtke] human R rat
epidermal keratinocyteollA] Trp-P-2¢] &%
Z7}d] Wl mutagenic metabolite® H]#H o
2 218l =3 microsomed] %S F7HAF
o] we} Trp-P-29] mutagenic metabolite® %
7Rt a8y BA A Zbelst A VR
3 human 2 rat epidermal keratinocytezt<]
mutagenic metabolite2 ZAZHE Fre X
ARt BE Trp-P-2 ¥2dA 9759 Zoj7} 8l

A} (p>0.05). ¢¥r3d 22 mutagenic
metabolite2 &A3=E FZE cytochrome
P45083d Z28A3 vlEshe Aoz A 4
o AXEAT gleA] AuljEsiAle ¥ os
Ayzret,

Trp-P-27} mutagenic metabolite2¢] @433}
¥+ FEE Salmonelle microsuspension assay
£ olg3led AWE d ojojA Trp-P-29 At
B BN A 9942 EXE Trp-
P-2& o] &3l HPLCEA S AAE o Al
2 B3l whibsS LSCE 233l A Ed S
4% 43, TCDD 7l wel human ¥ rat
keratinocytesoll Al Trp-P-29] AXJ dAlEd2
A7FsA @& A HlE Frhliey rat ¥
human keratinocyteZt tAIEA Folle F94
Q1 #ojzt k.

1000
900 [1 1ng Trp-P-2/plate
800 10ng Trp-P-2/plate
Il 100ng Trp-P-2/plate

o 700
€
£ 600
[00]
>
¢ 500
B
5 400
O
£ 300
2

200

100

o LIt Y |k
rEp-125 SIK-125 rEp-250 SIK-250
Microsome(ug/al)

29 5. Mutagenic activation of Trp-P-2 by microsomes from human and rat keratinocytes in
the Salmonella/microsome mutation assay system.

Results are expressed as means+SD of two independent experiments. Duplicate plates were tested per dose per

experiment. Positive control microsomes (125 g microsomal protein/ml) obtained from rat liver treated with
aroclor 1254 was used and revertants of control microsomes at 1, 10 and 100 ng Trp-P-2/plate were 1054:+352,

22461520 and 2313+ 25, respectively.
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3.4 Rat @ human keratinocyteodll]
Trp-P-29] <3 5] DNA adduct ¥

Trp-P-2& AA oA cytochrome P4509]
9J8] 3-amino7]7} N-hydroxylation®d th2 o}
AEsiubgo] o3 otdEslgozn AR
doiatz st F fAxte] ditolu YA
REA B4 vytgH oz Afgo=H HXEE
A& JeIAY & g43ke Aoz delA 3l
q_l&l'l).

wW2td human 2 rat keratinocytes ¥kl
o HAMY F994as ¥AE TrpP-28 #A7e
% DNA ¥ 994 adduct® 243 A3+ 84
o Zoh, 1 A3, 54 A4 Aelrt A vE
Wd human ¥ rat keratinocyteZtsl DNA
adduct#%2 zo|7F QI3 99 adduct FF
& 2 - 5 A9 rat keratinocytedld & #
o2 eyttt

ool AAE Fi& ¥ W, CYPIA- &
CYP1B1- #¥d microsomal E4& 84y
mutagenic activation, WAMME 2 adducte
human ¥ rat keratinocytes?tll veld =4
Ao AolE AIE 4 glon, S5 B
ke B4 BAdo]l F(species)t F|EHAD EA
549 Aol i F87 9TE e RoE B
Ak, zAY € dTte oS oYl APEL

7+&d Trp-P-2& $42% keratinocyte g
A AEE Agd Aoyl Wi gow Tt 24
el Aslstd f49E ke Aot okt
3RHE 9 2d& ddog o|Fojzjol & Aot}
T3 3 54 Be4E JdeEllE 713 g Al
T FRYEGAH A7t A&Hog o]Fojz o}
doa AzhE.

olg} Wesle] o|fWFEL olRIF A&HA
BUEHT A =2% Hrpt AAHeg olF
oA ol EAEQ 7k AR WF Y3
717t Sel® wE AlY o] o] Fojxor & A
ojc},
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Cell types DNA Protein
-TCDD +TCDD -TCDD +TCDD
Sik 1+0.4 4+1.4 17+4.3 23+5.7
hEp 2+0.6 7+4.7 25+7.1 37+4.8
rEp 2+0.9 6+3.3 19+1.7 25+3.0

Values (ng Trp-P-2/mg) are the mean+SD of three independent experiments run in triplicate or duplicate. Nonspecific

background values of DNA and protein add-ucts were 0.4 and 3, respectively.
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