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Mutagenicity of Phenylenediamines and their Derivatives(I)

BYEON, Woo Hyeon, Sang Gi PAIK, and Se Yong LEE
(Molecular Biology Laboratory, Korea Atomic Energy Research Institute)

ABSTRACT

Mutagenic action of p-phenylenediamine(PA) and nitro-p-phenylenediamine(NPA)

has been investigated using auxotroph mutants of S. ¢yphimurium LT-2 strain. PA,

the major component of hair dye in South and East Asia and South America, was

proved as potent frame-shift mutagen only after activation system. On the contrary,

NPA was directly mutagenic in this system.
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F= A58 2 4 3+ (Garner, 1972). 9] histidine auxotroph3 base substitute
WA 8] ek g el aflatoxin By, dimet-  Sodwlo] #3541 hisG463) frame-shift 5o
hylnitrosoamine 52 3¢ Eoiwle] & Hell &4 hisD30528 5 #38 5o
dAe] o] oz AE= 1 9l on (Ames EHA Ackedl ulg FAHL Fols] o)
&, 1973) ol AHrlEE “s-9” fraction ate] T4 2ol lipopolysaccharides} =
microsomal §490 % ALEE Aolm o] 5 deep rough (rfa)® =} repair system
w2 A 7}=l & cofactors NADPe] ), o] Aol® fuvrByg Y F Zodwe]E At

+EEE A% A edd B¢ WY 247 wE TA15358 TAI5%88 = =
Tdde] EEE Y WAE Axs 24 F7F AA 2 A A n o] F T
T, AFA, A FHAYEA, TR o =4l plasmid pKM 1014 =¢)ak TA
254l A HFEE A%s A7 1005} TA98Sl =3 ol 37} A& ¢ o},
£ H9x HFEY 73 =L 45 FAEE Antibiotics resistant factor®] ol &l pKM
= A, ASd e Agn Ad e ] 101 plasmids] =q" o]& % F3: o
A maelvh ofgl e} ml due] 4wl #qle] #H4d Hald IR E gAnp o
dAeFo® ol ¢l p-phenylenediam- ol B e BL 2L et
ine (PA)3 3 8 Fnlol 4 xelx & A1z & R-factor Fo| A% utrechtit
nitro-p-phenylenediamine®] 5 wlskZ o} R-46 So] =ql®l FFE 7 7=Xd W
AEAEe] o] A3lelA ArE 2 or  He|T vrhix ettty mwslel o
o] 5 Eaddle] Al s AA m (McCann%, 1975).
microsomal activation systeme] 3k 2 ARERE TEEY AR FAL el
ol FA =gl ALx FF TA 1535, 59 el (Tanle 1).

TA 10p, TA 1538 9 TA98E B.N. Ames FIee] Ex ;J gl :BN Ammaiﬂ_ﬁ‘
i &g A lolvk o] AE A S if

ekl A4 el Agsm gl e @aiop
o 424 PArl microsomal §4F <)
S A" Ggo)H LY Solwo] 2 1) Deep rovgh (rfa)—crystal violetsh
ZEtA FEA 2o sle] EHalEgih sodium deoxycholatee] wl gk zb<=4] RAAlg
T, crystal violet 10pg E-& sodium  deoxy-
= cholate 2mg$ A7 ¢mm 2F o =d =
F5 ¢ Salmonella  typhimurium 1.T—2 A7 B Aol A &R (2x10%ells/plate)

Table 1. Genotvpe of the TA strains used for tewtmg n‘utagens

Induced Addmonal

R-factor _mutations in: _Histidine mutation in strain
pK‘\I 107 LPS Rep hisG46 hisD3052
— 4 . hisGi4s hlsDBOS”
- rfa ZsuvrB TA1525 TA1538
— rfa AuvrB TAIGO TA9S8

Abbreviation: LPS, lipopolysaccharide.
All strains were originally derived from S. fyphinmwrium LT-2. Wild-type genes are indicated
by a +. The deletion (A) through uvrB also includes the nitrate reductase (chl) and biotin

(bio) genes. The rfa mutations eleminate the polysaccharide side chain of the LPS that coats
the bacterial surface.



June, 19757

nutrient agarabell 4] 37°C=2 124 7k W) ok
W2 T el Aejukd Ty AR
7} o J 5o crystal violete] 7% 14
mm4z, sodium deoxycholate?] 7% 13
mmzE Zz vehve 5 Adgch

2) uvrB—io] A &= Petri dishe] agar
plate W= & 15W =194 AFFokz 33cm
o Azl A 627 FARRE § 1247k ¥ <k
AA el 2 +FEF ER

53) R-factor—pKMI10le] =413 TAI100
3} TA98L 3 Fo] 5l Petri dishd] ampi-
cilling spottingsled &)XY 7+ Az A
ANA ge TFE AGfo. o9 3w Fhe
o] & R-factors} 24132 =554 vk 723t
UV-resistancy+= MacPhee®] 2 1 (Mac
Phee, 1972)el] -§93le] uvrB deletiond]
gk 72443 R-factord] &3 =34 o]
AE 1Ak FEF L TF
factorzt 9l T3 uvrBsb A& T
] L2 vz, 2.

dol el A A ZelAl o] histidine

auxouoan. ARG golulglm S5y
ool el wild-typeo 2 el wg] A @&
Lrlob 34 A Aol of gl ox ¢]k histi-

dine>

O

£5H A

g 1o,

gk gko & sbefl X Spizizen's med-
5% o] gt E 2A 57

]
jumApel 4 T4

Yz 4% F-& v} nutrient brothe]

A E 244 7 S-ok w ok, uf ek} (. 8misk-
0.07mi¢] ¥ dimethylsulfoxide® <«
g5 [-dram cap viald]4 4.& = =
dry-icestd] A ¥8F A1# 80°C4 deep {re-
ezers] A Bk T4 AEAw dER
EA AEZLon EAR brothd =L F
o] B AR A4k Es AFLOR A
4% 2 nutrient brotha] 4 37°C= 244 7k
oI A3 v
Wl 7] e
Vogel-Bonner Citrate medium E(Vog-
el @ Bonner, 1975).
A. Agar 15 g

water 1!
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B. 50x VB salts 20 mi(in tube)

C. 40% glucose 50 m/ (in bottle)
Z7L w2 mobErE Fete] =A% d
A A& 4.& ¥ plateg wkErh. 50xXVB

Salts 282 Azt &z 7re] vt

Warm dist. Water (abouat 45°C) 670 m/
MgSO0.-7H.0 10 g
Citric acid-H,0 100 g
K,HPO, 500 g
NaHNH,P0..4H.0 175 g

7 FRAEE TAUNE Eelrte &skAsE
“/‘r =2 8 oS AL vy deoE 4
3] ¥ 179 5mi¢] chloroform-g vs) =}
7b & 2t wld] wghel A gol A maghet.

Spizizen's medium
A, 4x salt solution

(N11,),S0, 80¢g
K,HPO, 56.0 g
KH.PO, 24.0 ¢
Na-Citrate 4.0 g
Mgs0, 0.8 g
H.G upto 1/
B. Agar 15.0 ¢
1,0 to 650 m/
C. glucose 50 ¢
.0 to 100 m!

Zh7-8 w2 3.9t% 7] E (15 1b/in® 15min)
o4 150°CE 41815 250m/e] 4xsalt solu-
tion(A)= 100m/¢] 5% glucose solution
(C)-¢ 650m/s] agar solutione]] vfgreh. &
214 0.25mg,/'m/¢] biotin &4 & 177 2ml
gal HEFE7F 0.50g/miEA L F
Aol 4.0mg/ml FE histidine$- 1m/ ©
& HFo R L opg/mis] FE7F HA

top agar
Agar 6g
NaCl 58
H.0 1!

Al ¢k : p-phenylenediamine ¥ nitro-p-
phenylenediamine-& #r¢] =< Hoechst
AF AEoz T4 el gk Az A
A AgEE AEE YL e g FEFTl
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0.125mg/mi, 0.25mg/mi,
Img/miZ o top agard] 0.1mld
e o159 HYFEAL 2ol 1
< wke} zek(Fig. 1).

0.5mg/m/, ¥

HZN(\ JNHHN
/

\

p-Phenylenedi¢mine | Nitro-p-phenylenediamine

Fig. 1. Chemical structure of p-phenylenedi-
amine(PA) and nitro-p-phenylenediamine.

s-9 fraction: A o] EelHo]E 2o
3t Zale EAY A THEFEY liver
homogenate?] microsomal enzymeel] 2}
d ZAzts F A4L vdeble A9t B
o G RE worEAl.e olm Hfo] £
3te}(Ames, Durston, Yamasaki B Lee,
1973; Gletten 5, 1975: Larry %, 1974;
Malling, 1974; Weekes & Brusick, 1975).
o]e] & g3}t liver homogenate:x 9000 X gol)
Ao A AP (s-9 fraction)
NADPH generating systeme] XE3= s-9
mix A2 =g =gl 712 enzyme in-
duction$- -‘H%H 0.1% phenobarbital <88
4 200g AFY ratdlA =4 747 Al
A F 2 (Garner—s, 1672), =4= rat$] 7k
& FEHo2 Hd FEFH 0.5M KC
ol A 13} AlHFE weightd] 3] 0.15M KCl
2 t|& ¥ Potter Elvehjem 775 A&
homogenation®t % 9000 x g Al 1087+
Wb, o AAERS 3mix W@ TR
cap viale] vpo] g5 3 F3ke] 80°C
deep freezerel] ==+, = gAwbe} 3 vial

me 2

e

Table 2, Composition of s-9 mix.

Component Final concentration
s-9 fraction 30 %

MgCl, 8§ mM

KC1 33 mM
Glucose-6-phosphate 5 mM

NADP 4 mM

Sodium phosphate( pH7.4)100 mM

[Vol. 13, No.2

2 7y gl s-9 fractiong 4 e 2z
2 5 NADPH-generating system& =33t
Ao m qbel Fa 2 EFQY =24
< o431 e} (Table 2).

Top agar: = = top agare oA &
sy A 100mig lom/e] = -F5 0.5mM
bioting-od 5+ histidineg-<4 & }§iv}. His-
tidineg-<4.& & g o) wzl g Eade] 7=
E A3 A4gd4E 0.5mMEd 1omig,
total viable count® ¢34 &= 15mM-&d
lomiE A vz & H8 H AEA7
2 45°C geFze A4 nagt.
uly s A dw 73 cap test tube(13x100
mm)E 45°CY] g zo 4 2047k oo
F Fa) 3 top agard 2mid el g
ol o7l Al g FL Fo &
4¢l 4.8 dimethylsulfoxides] 3¢ &
o 0.1mlE ws A &&=k, Activation
system& A& A& s-9 mix 0.5m/E
le] 2 d3 2 F 1247k ol oksl Ty
(eF 2x10%cells/m?) 0. 1mIE =& A &3
3+ 5 ¢ 5 Vogel-Bonner agar platesy]
Hof, F71 A o8] wako g sjge] Frid
2% s{AA g s-9 mixsy} T& R
£] o] top agarE Petri plates] }-& =] 7}x]
4 A A zke] 144 dX ¢5F ot 45°
Cell 4 s-9 mixe| =33 T47 2243
517414 oiaf Al Aol doll s A& E w

& ubE 3 AzE AEEES

£+ F 7 a7 89 mixE ¥ X

Ul 2T = top agar®] volumed] 93

T3 A 2Ed Y A4 EZAE FdEA &

71 A& s-9 mixel 2L oFe 0.5m/
SFrrh e sl

Total viable count® A&}7] A=
histidined] k& 15mM=z Yo F9li A

—n—al:i ) ohou,q 105uq _/]/Hou 0.1mi
4 gol Sgie}. Top agar 100m/% 0.5
mM &8 1omid &l Al histidine k&
(0. 1xmole/plate) agar platedtell 4] Feod v
o] FukEAoel e ¢+ gEE /‘ﬂﬁ«l -
Fe] Rl W o ko g4 back ground

[~

F4J -i}‘ r-‘i &2 &»‘.’~
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5 e dedEy g% AFE AL
A #w oG Eewe] prototroph FFE

colonye] HAo] FAo g viehA At

I5mM g% 1om/4  7}gH(2pmole/plate)
histidine ¢ 2 = auxotroph® 2+ g}k colony
= HA4 3

s-9 mix& el T} s-9¢ A
or & T 2lole] A7l total viable counté)
o] 2 Al siFr] S s-9 Al e
L yeast extractE platesd 1mg = Al top
agare] #z| Fu o] HEX total viable
count®| <7+ s-9-& i T s sbt

opAA sk 2 aEEeolH

A 5 plate: aoar7} =& 5 FH A
37°Cell A 484] 7k v oF F- colonyE Al ¢l
% %F4] top agard] Hrlshe 7 FE 4
2ok s-9 2 o AL e Agd T
A e A s glglvt

Al bk

MF= His revertant/ml

e U/m! in undiluted exudate

__MF of experimented sample

ME/MFC=1F"of controlled sample

MF : Mutant frequency
CFU: Colony-forming unit

s R
PA 9 NPA7 Sisbe

Eadwoeld F

Table 3. Reversion of auxotroph strains of
S.typhimurinm 1'T-2 with p-phenylene-
diamine (PA) and nitro-p-phenylenedi-
amine (NPA). Concentration of chemi-
cals is 50ug/plate.

sTAISSD TA100 TA1538 TA98

\ Stra
Chemical( \

[ 9 o
o { + \ 11 99 2813 2776
IV R VR
1 + | 12 8 494 564
NPA |
L [ 16 97 434 484
Spontan—) + ‘ 7 103 12 18
eous re- !
vertant ’ - ] 8 85 9 11

Byeon, Paik & Lee: Mutagenicity of Phenylenediamines 55

F& 7kel7l $isl TAls35, TA100, TA
1538, @ TA98e] ul FFo platerd 50ug
4 Ars AUHEE @ 4P Ak £
dl A i ube} zep(Table 3).

& 3-EhEo] 25 base substituted mut-
antg) TA1535¢9F TAL00el W #) 4 & micro-
somal enzymee)] 213 A 3le] w4 g o]
Zgo] ¢ladcl. TA100%] spontaneous re-
vertion rater} =& AL Amesd] o&] o
3 vl wl2oleb. gk TA15383F TA9R2)
% frame-shift mutante] w&}4 L= PAs}
NPA7E BF =& Fadde] fuszas
debdlou o osarEe Agwde o
2 Aoz Vebgrsh, PAXE microsomal
activation systemo] #-23-& uj &= ofFo]
A e FL o 2Tl o ﬁn %<& mutant
2712 e
systeme] Hg-5x ¢ %oﬂ/ﬂ—t— of o]
HelE Tob A A g T Aol el
7F 714 glgdrl. ol PAr} microsomal
enzyme®] Z--& wkolop Eolwe] fE
Az AgschE A4 Jepich. @ NPA

frequency?] < , activation

H5 PAs: NPAg
FES FEE

¢l 7% microsomal activation system
& A A9 ohA Fkg A zel sk
el =5 Ealwe] fiAelgut.

1

o]} 4 TA15384]
dose response® x.7| %4l
12.5, 25, 50, % 100pg/platesAl A3
& oo dojAl Aze zHAA e whet
2reh(Fig 2).

PAE s-9 mixz} Aelsl ol A 5008/

plate7t=] 2] MF7} %ol w4 2
AElglom Aok FAA ex total
viable counte| stai T zkellA A4 ¢l
g}, NPAX s-9 mix 22T ¥ x2T
A AL e w g2 MFE S7H47 0

7% -9 2T MF
MF 370nt) <kzk

100pg/plate =] 2] 3k
7} s-9 ¥ A ] Tl 4 2
L 437 VEbdEh ol A dF
3} wlsl zro] s-9 mix 2] AT total
viable countr} =2l w8 & e Zh

g w9y «l &), auxotroph 7+ =}2hAl o
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TA1538

QKPAf S-9
J

M/ 107 cotln
b
C

Mg Mutagen

Fig. 2. Dose response of PA and NPA on
TA 1538

BE el 4] yeast extract—“é_— $-9 mix

£ o199 JoFEa g2 plate
Img JEE DﬁﬁﬂTH 7J91 34
Zteleolel. Img/plate o] A+-2] yeast ext-
ract A7t% s-9 st} 22 total viable

ooﬁ.ﬁr']r

o

KOR. JOUR. MICROBIOL.

Tronsmittanca

[Vol. 13, No.2

% revertant count®] sk 3k 3] Ho|1 ) -
°b7b 2 4 57ME AR eAE 2R
L FEE AR @9 ol &z To)
A MF#] Z7pe] (MFt/MFc)E wm o
Aol 238 gv Aoz vehdr} ox
W 2T A 50 A2l T 02T Aola)
4 437 spontaneous revertante] <Exprk

71 ¢l #Helr]l @ Eelel (Table

Tab’e 4. MFt/MFc of TA1538 with PA
and NPA

(onc of chcmlcal (z/g/pldte)

100

Chemical s-9 12.5 25 50
- 65.7 91.8 231. 238.2
PA - .
- 0.7 1.2 1.8 0.8
+ 11.7 28.7 46.6 72.8
N°PA e
— 14.8 34.0 46.0 74.0
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¥ &2} total viable Countﬂ- s AL PAE S oleld ek Ao m5e 34
AdolH ole Ames2¥e FubE FF Loz XFAAE o] B s 24
TA15383 TA980] 1ol 7}2115‘1_ mutation HEESol A oFzk may) =le] ghork
ol B dRaTHE HPHozm s} ool i g gl sbsA ol A =
A3 Yk FA =9 olE A5 B was ulrb glsleh. NPAR #2 oan
Aok A EAlelet. TA1538¢] PA® NPA sz qhgwsade] gobn nus dol s
o A& o EedolMAl 4L 2ol 2 o] dale] 29w PAL o]xy NPAuch
= vkek 2ep(Fig 3). 25l "4l I Zodwe] futEH o]
Ne Aom gaizion, 3Tz NPA
% = 9 HAI B ohiTh Ead el $0)
A7l Aste] A Jeld ub= PAgt NPA Aol A= NPASL F52 wWeld ooz
= e BEPES vl A A A e FAAA L) AAE-E QA
TdHe]l 4 E46 i, 2% A=t oF% Afelzb sglvka ek, gk PA
PAX microsomal enzyme”oﬂ o8 A3} £ e A a4 A akgk gL 4
b Elo]op Eolme] A& shAw NPA FHE RAAZIZ E F 04 AR B
= ARow Fsst g rn1c1‘0'<0mal enzy-  EdAel BA2 d¥ 4¥E Asd wz
med] gl AE A EA4E oA @F: d ool PAE 202 28] 34w uo} g
Aoz vebyteh. PAS microsomal enzy- 4l & Eadye] 849 AT gl Ao
med| &gk &4 3 hydroxylatione = 2 2 Jehdorn ointE Astz FA = diazo

s A ok A¥AeE

2 shajelc.

°l&

23 7 o

5

S. typhimurium LT- 24 histidine auxotroph& ¢] 43

o Edde] #EEE A

PA—‘E— microsomal enzymeo)] ¢
A Eane] fFuasE vebdlan
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