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Abstract — The arylamine N-acetyltransferases (NATs) are a family of enzymes that N-acetylate arylhydra-
zines and arylamines through transfer of an acetyl group from acetyl coenzyme A. This activity was found to
vary among individuals as a Mendalian trait and the basis of the genetic differences in human NAT activity is
one of the best of the genetic studied examples of phannacogenetic variation. The classical N-acetylation poly-
morphism is regulated at the NAT2 locus, which segregates individuals into rapid, intermediate, and slow
acetylator phenotypes. In this study, the relationship between NAT?2 activity phenotype using HPLC:UV assay
for the determination of dapsone and monoacetyldapsone in plasma and NAT2 genotype by PCR-RFLP (poly-
merase chain reaction-restriction fragment length polymorphism) was investigated in the F2 hybrid (Fischer
344 vs Wistar-Kyoto) rats. Three common mutant alleles at the NAT2 gene locus have been identified in the F2
generation progeny of Fischer 344 rats as raid acetylator and Wistar-Kyoto rats as slow acetylator segregated
into three modes (low, intermediates, and high) with simple Mendelian inheritance. The metabolic activity of
NAT? of the intermediate and rapid acetylators is significantly greater than slow acetylator, but the metabolic
activity of rapid acetylator is not significantly different from Intermediate type. Therefore, we could observe
that complete trimodal NAT2 genotypic alleles and incomplete trimodal NAT2 metabolic phenotypic distri-
bution in the F2 hybrid rats. These observations suggest that the relationships between NAT2 genotype and
metabolic phenotype exists and F2 hybrid (Fischer 344: Wistar-Kyoto) animal models about NAT2 polymor-
phism might be applied in the toxicity and pharmacogenetic studies of arylamine drugs and carcinogens.

Keywords [] Fischer 344 rat, Wistar-Kyoto rat, F2 hybrids, N-acetyliransferase(NAT), arylamine, dapsone,
monoacetyldapsone, acetylators
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2 78] NAT -F-A Al NAT1Z NARE= 5 719 743
arylamine NAT £$| &4 4847w o]Toﬂ/ﬂ NAT2
FrAlAbel]l A7 GFeFEt AW el7E NATS 44 oA
2] Aqle] g} N-opH|E o] of&A)-2 arylamine A oF
E5 o3 X @83 Al FakE ) | Fell
qAAHozL) EAQTHOZ AS- F8F u|E A
I & 4 9jvh NAT:= oFEefAbA A A A H3Ad-s
B o] Phase Il thAlEAEA FEAAL A RAA A
A oekbde 9 9 shihE JdEFTh NATY| 25
A= ) E:Z ¢l oFEo|E isoniazid, dapsone, caffeine,
£2] sulfonamided] 9FE, hydrazine 5| 9l &%
FEE 7 233 vbel 4D 2ol Hele =gt
N-o}A|el 3} vladAd=) Aaig oo Eajel f-a)zhao]
e ko] AAE wo] AFEHIT gioh 2 NAT: w2
FEY dabel= F03 982 5122 NAT G459
ek 2@ Fodol FE Al g A
AR HE HFA o] EAHIL glom o] 9lEle] o7
Aol o3t ZhpAd ) NAT %"354 chE Ao e
o] gl & £ glvh gutH ez 7, 53 &F
Fischer 344(F-344) Al 217 arylamine] eHE4 o) &
G =A Aol wel Aol SeHMcDonald ¢}
Boorman, 1989). Z# v} N-ofx| &l ¥b-§- o}aAdel] gt
27 2 A7 199193 Hein 5o 28fe] By A

=9v}t. 53] dH9 FEIAFM= 2AF procain-
amide N-o}A|® 3} A2 o B4 (unimodal) 5 H.o
= Zlo] EBAelzlw R IHHSchneck &, 1978;
Roberts 5, 1985). 28|11 ABP NAT 842 434 &
FE BAA 1970 £FA 2l PABA NAT A
2 o]BA EXE Helupw el (Weber 2} Hein,
1985). o|F o] BA H-EF Mol FA|M F34474 =
RA #2022 oe]3 3l SA 722 Wistar-Kyoto A7} &
22 glvth azEe 2 97 NAT #4571 22RA
®¥%) F-344 A #5]e} NAT &4=7F @F2(SA &9
&) Wistar-Kyoto Al 3FHZHE] A2 ZF 24 (F-2)
AFE o] &sle] A NAT29) 4133} EH3o v
AL gelsty FA8s) 2863 ARAEL FEsld o
o gt AAF AAFLE2N ¢oZ NAT2 9] FA
[ FAY A6l g 2AS AFEle] NAT29
ofat sjA e AT NAT2 WalekEe] E4 Gdate]
FAA ol gk A S AT L Al =8l v

Yy
HEE S

%4 42  Fischer-344(F-344, Charles River Lab.
Wilmington, MA) &#H e} A4 £%F WistarKyoto 7

(WKY, Charles River Lab. Wilmington, MA) 33 E&
w3te] L MAEDE 22 1057 AS5A7 F FE 1

A71=] et e 2AIH(F2)E Aol 10538+ 4
ol ARg3dvt. 47k 2179 me|HS o] 83ke] NAT2
9 FH89E AANHT TLIT MAANA Queiroz T
(1997)2] v & o]-g5le] NAT29] F33-& A4 515t

NATS| REX} §8 ZEHHY

DNA =

7] mz) F BE 3mm XS Axbele] 9L w
Z gl X DNAE FZ39vh. DNA F%2 Qlaamp
Tissue Kits(Qiagen, Hilden Co. Germany)Z- o]-£-3}4] .
&3 DNAE 1:50202 3|4 zbe] zpo)Al B34 o A
A 260 nmek 280 nmell A FEEE S st DNAT®
2} A260/A2809] W]E &3t A260/A2808]7) 1.7¢]
4l A4F AHEEEoE 1.70]54¢] Aol DNA &
34L& w4l b AAslEE 9 FAAIA €S DNA
FEF 0.1 ugpulE T2 DNA T2 YA 5l
AR&-8lg o}

PCRO| 9|3t NAT2 REA E%

Dolls} Hein(1995)2] 7] MES ] &3] primerE
A sl vl (NAT2 forward : 5-CTG CTG TAC TGG
GCT CTG AC-3', NAT2 reverse:S5-AAA TCG ATC
ACC ATG TTT AGG C-3). PCRZ 72 7HA % 100ng?)
genomic DNA®l 10mM Tris-HCI(pH 7.5), 50 mM KCI,
dNTP 2+ 02mM, primer 2+ 1uyM 2 0.5 U Taqg DNA
polymerase (Takara.Tokyo, Japan)s F&r&le] FF 20 ul
S3Fe] HA ste] PG, PCR ¥ x£71L 2%
95°Cel| Al 387} denaturation, 95°Cl| A 1827F, 62°Cel| A
187}, 72°Ce) A 182k 353 WkEg 3 mpA|goz
720Ce| A 1027} extension HF--& A]Z Tl PCR ALE
(5 Uy 1.5% agarose AoljA 7| dFAZP o240 Eel3)
At

FHX /8 ZAEE 28 M 52 X2

Slow acetylatorel] £ el= 4712 S99 o|(Hein 5,
1997) & NAT2 f-31A12] 52285 4719] WelE A&
4 913 Tsps09I A8k EAE ©]83}e] PCR-RFLP H.2
Z $AA 73S AA s ohFig 1). Z44¢] PCR AHE
S5ulE 2009 Teps09l Agh EA=2 65°Ce A 4417 &
b Whg-3le] AAAF L, 7 HFEE2 2% agaroses]| A

A7) F st

NATS| E8E 78 2FYY

Dapsoned ©|-88 N-ofdE3z mdy AAYEL2
dapsones Foi8ti YA A7 el AFAT Fof) FHH @
ZhY monoacetyldapsone/dapsone(MADDS/DDS) & =R|E
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(A) Rapld acetylalor @ 187bp +
455bp
187bp 4550
[ | » ]
b I L
(B) Slow acelviator @ 114bp +187bp +
34lbp
187bp 114bp 341bp
I [ I
[ [ | l

(&) PCR-RFLP patterns of NAT2
polymorphisms

1 2 3 456 6 7 8 9

Fig 1. Schematic representations of PCR-RFLP patterns by
Tsp509T restriction enzyme of NAT?2 rapid form gene(A) and
NAT2 slow from gene(B). (C) PCR-RFLPs of NAT2 genotyp-
ing. Lane 1, size marker; Lane 2, 4, 6 and 8; PCR products
showing 642 bp band; Lane 3 and 5, homozygous slow acetyla-
tors showing 114 bp, 187 bp and 341 bp bands; Lane 7, homo-
zygous rapid acetylator showing 187 bp and 455 bp bands; Lane
9, heterozygote.

o] &3le] FEsIYv ZF ALY A 7uiE
dapsone(25 mgkg)e W E Foit o2 8AIZF A#
Foll A AAE HA-g AFHste] HPLC M+ |83}
o] DDS¢t 2 WAHEQL MADDS % ZA3sled 2 A&
2 NAT E49 3 EE SAsid

Alef

Dapsone (DDS, Sigma Co, St. Louis, MO)&}
monoacetyldapsone (MADDS, Kotobuki Co, Japan)<
methanol (Sigma Co, St. Louis, Mo)ell ZHz} 250, 625,
1250, 2500 ng/mi=} 100, 250, 500, 1000 ng/ml FE2 7+
7t ZEL49L Axzslar WEZEEZ phenacetin
(PHEN)S methanolell ¢ 50 mg/ml ¥%7} A 34
o} FEFE| ARSEE BE S0 HPLC-EAM§ A
k2.2 Sigma Abell Al T-d 8ot

D8N F 2 0LE12E| (HPLC) TAIR =A
HPLC H=Model 515, Waters Co, Milford, MA),

Rheodyne 57| (Model 7725i, Waters Co, Milford, MA),
2}9) 4% 7] (Model 486, Waters Co, Milford, MAYZ
AE el glal AzntEIYe] w3 wHAu| &S o35 A
22 Data Module (Waters 746, Waters Co, Milford,

12 AL-83ieh SFgRAel A4 HPLC 2YE
LlChIObpher 100 RP-8 (Merck, 4X 125 mm, 5 um) % 2.
o] AL 272} methanol 70:30 W] E&E E§stn
AHE e Rlsle] AT H5A) fe ¥
LomlZ A A4 54719 s 286 nmE
31 2 Data Module ¢ AT+ 1622 #}3 Chart Speed
= 025 c/min2. 2 114 s} ok

Alzdxe|

37 A 1 mle] NaCl 200 mge 1.5M NaOH 200
ul 2 ethyl ether 7miE E3HEF Fof WEZETEZ &4
9l phenacetin®} -2 50l A7t oh RF AG7]AA
B 2003 A2 $EE 0% F AT 108
<t 1000Xg 22 QJJQ—‘%?,]EIL' olw] A7 5ml A%

= %711 el vk A2l f
7189 & A=:A7 -r] % AR 50w n—"“}‘I =}
50 i) °5/~P°Il ol & 102 <t AR F o3

20 plE HPLCO F4 sl et
EE DDSt MADDSS| Xzt

A 27 ¥A 7mle] DDS EF9 (250, 625, 1250,
2500 ng/m)¥ MADDS FFH(100, 250, 500, 1000 ng/
mlE gEEE 47 25 WE Alsl] AE AR HAY
o FYg AAHG A F BN WEEFEAA]
)z WA WEE T3k 3=y wA e dEt deE
AEHL 2 FFFETAS 7 Fol A& A=
DDS$} MADDS®| 555 At&stsict.

[
o

dxt

NATS| FEX 73 23

2 F 2] NAT? rapid form®] A2 G7]A4 49 Doll#}
Hein (1995)°] X223 7 Zom, slow forms- 361,
399, 522, 796 471 A AA Gelalel AR A" el
o} NAT2 f# A= tgetgtactg ggctetgacce}  cctaaacatg
gtgatcgattS- primer® ARE-3le] 642 9719 Ho|E FE3)
9g.om, Tsps09l A& BAE X2)slE S o mpid formv~
187 bp+455 bpi A E ™, slow formS 187 bp +114 bp+
341 bp= o] Fo1 A S2 ¢ P A= Fig. D).

2l¥ % dapsoneill monoacetyldapsone®| AZOIE
J83 €5 s

Hetero-type

sl # o] 25 mg/ke?] dapsones 03Tt §
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Table 1. NAT2 %3 ¥ of] u}-2 DDS 2} MADDS %= 2 DDS:MADDS %5 H] &

2

= 5= DDS %= (ng/ml) MADDS 5= (ng/ml)  MADDS/DDS MEAN=+SD p-Value vs Slow
1086.4 2277 0.21
1140.7 3204 0.29
871.9 205.3 0.24
Slow Acetylator 1210.2 221.1 0.18 0.22 + 0.09
1507.1 264.6 0.18
1697.9 331.5 0.20
1119.8 294.3 0.26
8104 406.1 0.50
12435 393.6 0.32
1253.1 325.9 0.26
Hetero-type 1096.4 248.7 0.23 0.44 + 0.20 <0.05
947.7 556.8 0.59
908.8 718.7 0.79
1300.0 5334 041
564.8 151.0 0.27
4415 1473 0.33
289.2 152.1 0.53
Rapid Acetylator 564.3 242.6 0.43 049 £ 0.21 <0.05
149.9 132.7 0.88
211.0 1291 0.61
2483 90.5 0.36

DDS : C=39.62R+0.0315(r=0.989), MADDS: C=64.56R+0.027](r=0.992).

Retention Time(RT: min)

Fig. 2. HPLC chromatogram of a 20pl. sample injection ob-
tained from 1 ml plasma of hetero type of rat at 8hour after
intraperitoneal administration of 25mg/kg of dapsone : Peaks 1.
Dapsone (DDS, RT=3.81min), 2. Monoacetyldapsone (MA-
DDS, RT=7.88), 3: Phenacetin (PHN, internal standard;
RT =10.16).

AZr Fof| AF 3t Ao A SH G IR 7
29} Zew dapsone?] RT3= 3.8%-¢]Z monoacetyl-dap-
sone®] RTE 7.88%-0.% F33lA FE=e] FHHU
A7FA AN A &4 5 dapsone} W AFE-2l mono-
acetyldapsone?] g =R] < ME slow type 0.22+0.099]
v hetero-type¥} rapid type= ZFZ} 044+0.202} 049+
0212 slow typeol|A] hetero-typed} rapid typeE.t -] 8}
Ap<0.05) F7FE & 5 dsiet 3HREF hetero-typet
rapid typeAte] ol &1 g Abo] 7} ¢l (Table I).

[

a

40 H o] N-eo}A 2 3 uh-3-9] o83 A (polymorphism)-2
A Ao A FZEE isoniazid FA4J] o] HE o] F
the 7Hde] A5 AAEHEE BEHL2E jsoniazid =
g el s isoniazide] thAlel] dapH oz Thed sl A
FA Phase II E3ukS- & 49l N-acetyltransferase(EC
23.1.50e) ®g A 2ol wiEel] 7|8 Aol
of Fof FHAA FHuwh oW HFHAL AINARE
“jsoniazid acetylation polymorphism”.2.2 &% o1} o
2y o2 ohEH SRR F9 dAelE 249
P U DoT WAL 1 BaBRES) Dol
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Wakg=r) wE 2l rapid acetylator(RA)e} THARS=7}
g F4l slow acetylator(SA)E T2 A9 H - o7
A Fo A AFEA BE(RA: Intermediate: SA)E R0
Aoz oex g9lew, o]z WA wheAl-E procain-
amide(PA)?} #-2 arylamine A HEEQ] B} =
Aol A8 & 4 9l7] Wil dAE 2 A EH
o2 vl 83 oulE Ade & 5 3lTH(Hein,
1988). Abol| A o}A R & wkg-9] ohEA-E arylamine A
FHEF dPAde] e Tk BT} AFEe]
o] glelal 3l (Weber 2 Hein, 1985; Hein, 1988),
o] 2§} kA& arylamine Al YPZTHEL I F oM o
B A7) 9L AR dEA gloh 53] F-344
A 2z elA DMABP(3,2dimethyl-4-aminobiphenyl)s= 2
A AR @2 fubgietm slel(Fiala 5, 1981;
Shirai 5, 1991), 2-amino-3-methylimi-dazole quinoline®}
e BA4g arylamineo] ¥ A7 FokS Azl
o}1 8}¢d v (Takayama 5, 1984). AR N-obH2 & uk-S-
o] fiAde] tigt @ 1R FEEDe] AAHNEY A
et 28 9 EVE o] 43l Nopdd) uh-ge] o
Aol dgt fdg Ay BEAE A el &
43 AHEE L gl ol FEFOA B N-olA"
3 vk x= dhte] §-A32F #H9le] F702] codominant
WA AEe] Bedgl= et A9 A A"l [k
of st HARTII 3}oj(Tannen = Weber, 1980) ¥
HtA 0 g 3 H Fof F-344 A AFHA7} arylamine WEE
o] FAD wUeAd g o] 2o $olvl a3
N-obA = &} uh-3-2] Aol i3l Al2e =2 Ogolla
1990y &fsled BaiEgler], 31#9] PA NATS &
W gRAE E25) QT e DBl (unimodal) EEE
HGo}il ghel(Schneck &, 1978; Roberts &, 1985). =
g 197 €% 3AF A ABP NAT A== 34 £
XE BHXYF PABA NAT A== o34 FEXE X
93 L7 (Weber @ Hein, 1985), Wick ¥} Hanna(1990) <}
Martell # Weber(1993) 50| 2F 2bA|Ze} 3|3 Zof
Al PABA NAT &4 =2 b3y FX2 gelspsich £
AT M= RA 322 48zl F-344 A 3F9} SA 3
L= oEz] WistarKyoto A ZFH A NATS] +215S
PCR 7122 TxFAler A& QEANA FHelzjeln
o] F E7) #F 249 E o] NATY HAHL &
qlslel RA H3} SA B EE F7F 3H59) RSA &
dofr] B A 2L AHEA NATY {44 oA
2dE 2 4 9lgdeh 2% 12 PCR-RFLP wHH &
o]-&3F NAT2 419 AL HedFT 9)&dl Rapid
form®} Slow form W Hetero-type®] 37}%] el & wldd
A FAg A mel vepdg o4 s aEy
dapsoneg- ©|-83F N-opH &} HH-g2] Fa3 oM RA F

3 7HEF¢] RSA Fol| A= dapsoned N-opAd| = 3A]7]&=
NAT /=M= 2be]7} Helx] ¢igleh. RA ®3 SA
# E7)(Hein E, 1982), A (Hein =, 1985) & #XAE)
(Hein &, 1991) 52 vl=2] NAT §$] &4-7} E4317)
w Eell 718 webA ol e W2 e Hole
4 p-aminobenzoic acid, p-amino-salicylic acid ¥ 2-
aminofluorene 3 #Z-2> EHEL acetylator EHH(F,
RA, RSA, SA)el whabr] #Ade] o]z} 9lA|% procain-
amide9} 722 7]Ao) M op e} el w3t o
o] Ho|x| kvl sl vh(Hein 5, 1991). 1B E
2 ooy AL AR AR Fo3
arylamine 7| £22] ofAd 3} wh-&ofl gk NATS] opA)
23 oA dFg dsked vt Fas uE
Ao gk F344 A 327} o2 £X o acetamino-
phen®] v} aminophenol A1=Ael| v wIAE AL
aminophenold N-ol"H3FA] 7] 5] 7| wlgel=t
A 28} = (Newton 5, 1983) Al7hst 7bake] A=
W] p-aminophenol NAT &4de] RA $F7HA] w5
A& & 4 9ledvHHein &, 1991). 2 zhdzAo
W E = acetylator FHH ] HAHYE AN AHYE
NAT 984252 AR Blum 5, 19903 87 (Hein 7,
1997) % W2 (Hein 5, 1985; Hein £, 1986)¢] NAT
THESET FAbeE Aelet. Aol Me acetylator &3
[ FH3 NAT T BA(YEA)E NAT-128 FA] 5}
A acetylator 333 FHAYE NAT FTHIES(EEA)
2 NAT-2E FA18H{THBlum 5, 1990; Grant 5, 1991).
BlA T S FH o M= acetylator EHEHH AgE AL
NAT II2 FA3I3L #A=E AS NAT 122 BAI519
h(Wick % Hanna, 1990). Ozawa §(1990)% #2E] 71
AFANA 2718 NAT FHEAE WAzl AT-IH
AT-IE EAFEEH o] 752 Hein 5(1985; 1986)°]
o5 ;e 7P MAT(HHEA  acetyltransferase)$+
PAT(ZH2A] acetyltransferase)9} 548+ 7 o|v}. =gk ¥
Adel Al NATS w3 Ade] thgh B3l Hein 5(1991)¢]
o)sle] FZ:=E o|Fejzom F344 A FFsL 3.2-
dimethyl-4-aminobiphenylel] 2] 8t A3 At Ao gk
st FERE ek E1E 9 (Shirai 5, 1990; Ito
=, 1988).

ooz P ATl gt ZHl-g o]8-3te] NAT2
dfALeFE2] HAHG-olu) M EA S o] &3 A7t ¢ o
o]z B Aol A zpAE 2dal NAT2Y 44 o8
ko] FAA S 45T Dol Aot AhaE.

=]

B

# =

N-acetyltransferase(NAT)®] -F-21 37 £ 2] op3A
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= AME LA dEe] AL NAT Eoel| sl of
AR ZHE GRS DER R o8 S22 et
A w el eI SAetA 02 - F23 o)
F A= o] NAT &40 387 THF 34
A3t FEEL-T NAT B4 A7l vl$ f&Ade] et
2 AAHRL B AT A A=
NAT2 382 F53 454 (RA:RSA:SA) 2 T8
HHP2L NAT2 A5 £33 EFME 284 =
(RA=RSA:SA)2E F3=e] RATH RSA FAke] oA
NAT2 34 Sell= 533t Ao g hAstx] Eslgcd. ¢
o2 2 A7 g 2dS o]-gale] NAT2 whALeF
=2 FEHgout MEA S o] 48 AFrl ¥ o] FoiA]
E ATl 2R 2Ea NAT29 #44 9342
AN IS W84 9ddT AR

HAle| s

2 A7 TR st Ta 19989 FAd
THI S A& ol LA, o] ol A= G

ook

e

=
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