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ABSTRACT : In this study, we have quantified genotype frequency of the cytochrome P450 (P450) 2E1
which codes for the P450 enzyme primarily responsible for the metabolic activation of carcinogenic ni-
trosamines and low molecular organic solvents, in Korean population by using PCR and RFLP at two sites
previously associated with some cancers; a Pst/ and Rsal RFLP in the transcriptional regulatory region of
the human P450 2E1 gene. The genotype frequencies of homozygous wild type (Pst] site-absent) and het-
erozygous mutant type (Pstl site-present) in Pst/ RFLP were 0.70 and 0.30, respectively. The homozygous
mutant type in Pst/ RFLP was not observed in Korean population. The genotype frequencies of homozygous
wild type (Rsal site-present), heterozygous mutant type (Rsal site-absent), and homozygous mutant type in

Rsal RFLP were 0.71, 0.26, and 0.03, respectively.

Key Words : Human, Cytochrome P450 2E1, PCR, RFLP, Korean population

Mo B

st detEAe AUl A B3 FAe] e F5
we} ZAHAQ ket (direct carcinogen)d AU
(procarcinogen) 0. 2 t]*¥ 50, |5 procarcinogen-< A 74
Al 3 A ZE o] gL, k2 A} EAAQ cytochrome
P450(P450)5oll ofsta] thatel ¥ AWAJE thAbAl(metabolite)
7} A2 134 712 A o], DNA, RNA = gy Eo
AT AdEAES Aslez2g 45Ys fEsh "o
(Guengerich et al., 1991; Guengerich and Shimada, 1991).
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S AAse 84
Qo] ohuls 1A Aol F2 BB it 2 oy
oj &= phase 13} phase IT 84-0] #3% T4 A«
o) 91& 4 stk B SHEAS Pastol SJ3to] haely
(Guengerich et al., 1991; Guengerich and Shimada, 1991), @-ok
229 Al #ddt= 2HE gael tigk AP S8 o))
7t SGUlEEA 54 e At @43 2 s Estel] o
ofdh= o] FFEAEC] W] AlastAtt. @A 1zt
ME 1009 74¢] P450 $F T A7} BAHAAY 24 Ao
2 251 9o (Gonzalez et al, 1991), EA ks 2 dtol

A0 et FHH G o] At U =Hof thaiA



98 Jeong, Gu, Lee, Yang, Jeong and Byun

wQlE E AR A 2folE B4lo|
=do) gt AR 7 o R EUEE
AP AIZIAY A E dAME EFHos A=
54 %E gAF E49 AL wet AAE 5 Rl
HiEo] gri(Alvan ef al., 1990; Ayesh, et al., 1984; Eichel-
baum and Gross, 1990; Nebert, 1991). Phase I & A~2A] 283}
B PASO FFEAES 5% F UYEES Yy
thAbA o] vl A girt. olE &, benzo(a)pyrenet 7,12-
dimethylbenz(a)anthracene 5-9] T34 w3 welea
(polycyclic aromatic hydrocarbon)= P450 [Al¢], webAd
arylamine 5-9] tjA}oll= P450 [A27}, 12 2 N-nitrosamine
2 AMdEEe A 22 AEA 718482 P50 2E10] of-
AR o2 dial EAsh A1 A T4 SR AL
o] ofz] H1E Eite ¢ZYrHGonzalez et al, 1991;
Nebert, 1991; Barstch and Montesano, 1984; Barstch et al.,
1987; Hong and Yang, 1985; Wrighton et al, 1988; Yoo et al.,
1988; Guengerich and Shimada, 1991; Guengerich et al., 1991,
Yang et al., 1990). N-nitrosamine &+ Ahd 37 o v} Hufjelv]
of = don A A Ay or FAHE gt
(Bartsch et al., 1987). o] 213} 3glEo] =28 Alge] HAE o
A} o] Qlgol o dEdT S oA dHA|A 5
¢ic}(Bartsch and Montesano, 1984; Lu et al., 1986a, 1986b;
Kamiyama et al., 1987; Chen et al., 1987). u}e}A], P450 2E12]
08 B 28Y Aole ol d 3t gk Al e
2ol slol Al s welol de & o
(Guengerich et al., 1991; Nebert, 1991; Wrighton et al., 1988;
Yoo et al.,, 1988). 121} o|2]gt zfole] F-HEH 7| 2w o}
A g eta] uslol 97 ok Aol

017ke] P450 2E1 f-4=}¢] Restriction Fragment Length
Polymorphisms(RFLPs)}2 A3t &4 Tagl(McBride et al,
1987), Dral(Uematsu et al., 1991a, 1991b), Rsal(Uematsu et
al., 1991a), 12] 31 Mspl(Uematsu et al., 1991c)l] &J3 #&2
F e oz 4 A gt w3k QI P450 2E1 #4749 §
upstream < QoA Psd 3} Rsalol th3t G T Exfgo] &
22 9l o (Watanabe et al., 1990; Hayashi et al., 1991), Pstl
3} Rsal RFLP9] 29 A3 2 BEo| A F534e] 2ho]7} 9l
Lo HuH v} dtHKato et al., 1992).
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FHH gL 2AsEIAE it 217ke] PAS0 2E19] 7
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alod 2|7 thg, DNA Al §HiAS o] 45 RFLP §g02
P4S0 2E19) 84 DA NES 2ASGO, £E ¢
13} 2 WEAfels] A FAUNEE vlwst R ST

Mz o e
olx oY elnt DNA 22l

204 %9 A7 ARl dd AUAEEFH A4S AT
wrol Ago o] &8t} A EZH EDTAE AHzste] A
3 3 Lymphoprep™(GIBCO, USA)E o] §:3}f 372
Ha)sl9iet. o9k DNAT phenol/chloroform©. 2 439 &
ethanolZ A AA|# 2|3 tH(Tefre et al., 1990). =& o}
o] ol F3ate] 93+l DNAZ ¥tk 5Smlg
EDTA-8H& 20 ml¢] 2}7}-& &8 2430(0.32 M Sucrose, 5
mM MgCl, 1 % Triton X-100, 0.01 M Tris-HCI, pH 7.5)2} &
ghalar SEIF EE U, A2 E G50l SET UXSAT Al
85 2,000% goll A 1581t A4l ataL, pelletd 25 mle] &
& 434S 7heka AEEHAIZ oy frEl o g TP A A
Folt}h. tha] 2,000x gol| A 108-7F Q4128 5 mle} PBS
(Mg+® and Ca+® free)ol] AHEA] 7] ThA] GAE] 3.
PelletS 300-400 ule) PBSol &4 A17]31 60 °CAA 5.6 ml9]
2 AFAN02X g8 9599} 30 Unit proteinase K) 14 mlE
7tk A B E EEEA 60 °ColA 1.5 A7HESH A8 7] 2,
phenol/chloroform © & FH FZ3}aL 58 °CoA FEo & &
23 o3 FEAE5S Atk FE&AF) 03mie 2 M
Na-acetate buffer?} 9 ml9] 96% ethanolS- 7}5le] DNAE +
A AHe T DNAE ZHate] 02mle) TE 294(10 mM
Tris-HCI, pH 7.6, 1 mM Na-EDTA)ol| 2| @€t 2iT}.

PCRS 0[®8t P450 2E12| RFLP 24

PCRE o] &3to] Pst3} Rsal a4 QALHE 2=
P450 2E1 A 2ke] WAL 5 9] (Hayashi et al., 1991)E 5%
591t} Genomic DNA(1 pg)Z P450 2E1 F4Ake] -13705-E
-13499] #|@3}= 5-CCAGTCGAGTCTACATTGTCA-3'9] A
g zb= primer 2 -999%E] -978¢] &HFelE 5-
TTCATTCTGTCTTCTAACTGG-3'¢] M<E& 2k= primer(Z}t
7} 100 nM)& o] 4-5}¢] 50 mM KCl, 3.5 mM MgCl, 200 uM
dNTP 2 2.5 U Taq polymerase(Promega, USA)7} sh+¥ 10
mM Tris-HCI(pH 8.3)&40]| 4] PCRE =85}e] 410 bpE 4
= DNAS SZ A7t PCRE th Z27e0|A] 303 4-e)5tSd
t}. WA 94 °CollA] 10527} denaturation2 & 3= 94 °CollA]

o i
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257} denaturation, 50 °Coll 4] 28-7} annealing, 72 °Col| 4] 2%
} primer extension, 7}2|2}3] PCR- 72 °Cell A 587} primer
extentiong &FGTh. PCR AHE(15 pyS Pstl A3 & A(10 unit;
GIBCO BRL, 50 mM Tris-HCI, pH 8.3, 50 mM NaCl, 10 mM
MgCl,, 1 mM dithiothreitol, 37 °Col A} 4 A|Z}) 5= Rsal A&
& 2(10 unit: GIBCO BRL, 50 mM Tris-HCl, pH 8.3, 90 mM
MgCl,, 1 mM dithiothreitol, 37 °Col A 4 A1ZHE Held th&
3% agarose gelodlx A7|GEEdt. dHe AV|E
HindIlII/ADNA ¥ += pUC19/Haelll & 2 A7 Fele &
sttt
o5 ABEAY HERIS FASE e Pl ADEL
of thate] 290 % 120 bpe} wHo| KA E L0 (mutant
type), Rsal A& Aol thated 3602} 50 bpo] FHE 2= 2
(wild type) 0. 2 FH5}9 o}

7

pu4

o o aF

P450 2E1 -4 2}¢] Pstl 2 Rsal RFLPE o] & A&E A 7
917} P450 2E1 f-A=te) AARAAH 02 A o] falxte @
d v X5 9Jgs ulxth(Kato et al., 1992). PCRE ©|
&3ato] Ps @ Rsal A|SHEAY] JANFHE Zhe P450 2E]
SaAke] AALZA R 9| (Hayashi 5, 1991)8 F% ¢ The Pofl
= Rsal A3 EAE H28tE-S w) Fig. 1(Psd RFLP)$} Fig.
2 (Rsal RFLP)SI A K.oiFi= npe} gho] 74zke] SARAS +
B & 2= 919} Psl RFLPo)A| homozygous wild type
Pstl A& a o] A )zt £x81A 9o} 410 bp DNA ¢+
gho] ZAkH mutantis o] ATFEAS] HUF-9H7E ERfsto]
heterozygous mutant type> 410, 290, 120 bpe] DNA G &
< w4r} 2907 120 bpe DNA ©#-& zH= homozygous
mutant typed =20l AdkolMi WAHR FrHFig. 1).
Rsal RFLPO\ME Rsal A3tz Aol HAR 7T S5
homozygous wild typedl| A= 3602} 50 bpe] DNA @& K.
Aqom, o Agrase] ARyt A %= mutantZ
heterozygous mutant type-> 410, 360, 50 bpe] DNA YHE&
59 o homozygous mutant type-2 410 bpe] DNA BHTHE
1 93 th(Fig. 2).

P450 2E1 S =}¢] PstI RFLPY| th3h gF2¢le] AT =
homozygous wild type¥} heterozygous mutant typeo| 747} 0.
703} 0.308 YERNTHTable 1). ejuh &<l Fdof e
Pst RFLPS] homozygous mutant type& 2HAE 2| it} 3
217} 7)Eo) MEH THE WMEALo]e] PASO 2E1 HH A2
Pstl RFLPZ v 33} H(Table 2). Psdol] tjst &85 S v)
T38S w 9213} Caucasian(chi-sqaure=42.1, P<0.003), Y

- 410
- 290

1 23456 7 8910

Fig. 1. Pst/ PCR-RFLP of P450 2E1. Amplified P450 2EIl
PCR product(412 bp) were digested with restriction enzyme
Pstl and analyzed by agarose gel(3%) electrophoresis. Lane
1-5; homozygous wild type(410 bp), Lane 6-10; het-
erozygous mutant type(410, 290, and 120 bp). Homozygous
mutant type was not observed.

410
t360

1 234567 8910

Fig. 2. Rsal PCR-RFLP of P450 2E1. Amplified P450 2E1
PCR product (410 bp) were digested with restriction enzyme
Rsal and analyzed by agarose gel(3%) electrophoresis. Lane
1, 2, 6, 7, 10; homozygous wild type(360 and 50 bp), Lane
3, 4, 8, 9; heterozygous mutant type(410, 360, and 50 bp),
Lane 5; homozygous mutant(410 bp)

Hol7} African-American(chi-square=21.9, P<0.005), ¥t=¢13}
Caucasian(chi-square=53.4, P<0.005), 12|11 $=<¢13} Africa-
American(chi-square=30.0, P<0.005) Ato]oll A} §-olAd%le A
o7} #EH T ¢y} Caucasian?} African-American(chi-
square=3.2, P<0.1), & #0139} 3h=<l(chi-suare=0.64, P<0.9) A}
olofl A= frel = Aol 7} gigiTt.

P450 2E1 %-717}2] Rsal RFLPo] w3t dh2¢le] FAwx
= homozygous wild type, heterozygous type, ~Z2] 1 homoz-
ygous mutant typeo] ztz}b 0.71, 0.26, 12] 2 0.035 YERNSL
thH(Table 1). 3t=¢la} 7]&ef HEH e FHAole] P450
2E1 §%2}9] Rsal RFLPZ 1] &S tH(Table 3). Rsalol o &
AN CE v WalH S wf JE<l7 Caucasian(chi-sqaure=47.
04, P<0.005), YE213} African-American(chi-square=40.05, P
<0.005), 87$13} Caucasian(chi-square=49.27, P<0.005), Z1&]
1 85+¢1 3} Africa-American(chi-square=42.85, P<0.005) A}¢]
oA felAdde wojrt #EEArh. 2@y Caucasian}
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Table 1. Ethnic distribution of Rstl and Rsal RFLP of P450 2E1 gene.

Race (n) Pstl RFLP Rsal RFLP Ref.
wild mutant wild mutant
Caucasian (214) 0.98 (210) 0.02 (4) 0.98 (210) 0.02 4) Kato et al., (1992)
African-American (174) 0.95 (165) 0.05 (9) 0.98 (171) 0.02 (3) Kato et al., (1992)
Japanese (98) 0.76 (74) 0.24 (24) 0.73 (72) 0.27 (26) Kato et al., (1992)
Korean (84) (61)* 0.70 (59) 0.30 (25) 0.71 (43) 0.29 (18)** The present study

Parentheses indicate number of alleles.

*; Rsal RFLP numbers, **; includes heterozygous mutant [0.26 (16)] and homozygous mutant [0.03 (2)].

Table 2. Chi-square test of ethnic distribution of P450 2E1
PstI RFLP

Race Caucasian African- Japanese
American
African-American | ¥’=3.233
0.05<p<0.1
Japanese X’=42.104 x’=21.944
p<0.005 p<0.005
Korean X=53.428  x’=29.937 x*=0.639
p<0.005 p<0.005  0.1<p<0.9

African-American(chi-square=0.01, 0.9<p<0.95), Y15} 3=
2l (chi-suare=0.17, 0.1<p<0.9) Alo]oj A= &A= po|7}
it

P450 2E1 +AR}2] Pstl %+ Rsal RFLPY|A wild type&
mutant typed]] B|3le] HT} & P450 2E] whl o] WH S
Hol& Aow dejx] glod, P450 2E19) whild why -F
B Ea BAEAME AIRIZEY B Aolrt el ¢EA
ATH(Wrighton ef al., 1988; Yoo ef al., 1988). Kato et al.(1992)
o o]3}H o H ol African-American, Caucasiano] 4] o] & &
Abo] @] P450 2E1 R 2ke] HAN L7} 4433] 2ol 7} 9lLol
B bl gle}. Psil heterozygous®] ¥15=7} Caucasian, Afri-
can-American, Y22 F oA Z}z} 0.02, 0.05, 0.242 x}A| &}
.01, Rsal heterozygous®] 7% 1 ¥1%7} 74z} 0.02, 0.02,
0.27 o|gith. o] & Fh BF w3 AFste £5& gy
o= Ao, HYH A9 P450 2E1 FriAe
Pstiz} Rsal RFLPo| A 9] 214 g1¢lt}. o] & RFLPY &
Zfolol A Caucasian #ghe] 7H=A 7} o] 9iglom Y&
AREY Aol Ao agpriddst #ee)l JAdt
(Kato et al., 1992; Uematsu et al., 1991b). P450 2E1 Psi 3}
Rsal RFLPoA] gh=919] 7 Y&} fARE f-44) vy
4e welFn glonz W4T HABANIE Ee
homozygous mutant typeo] WAE HoZ Mzix|m, Ao
A% homozygous mutant type2 7}2ALES ThE G 2189
HlalA St Aol w8 Ao Azt P450 2E1

Table 3. Chi-square test of ethnic distribution of P450
2E1 Rsal RRFLP.

Race Caucasian African- Japanese
American
African-American | %’=0.0114
0.9<p<0.95
Japanese x’=47.04 x’=40.05
p<0.005 p<0.005
Korean x’=49.27 X’=42.846  x’=0.166
p<0.005 p<0.005 0.1<p<0.9

742+ intron 69| Dral A 3t& o tig EA = By
of Stk Y& AdeMe oA dygL H
(Uematsu et al., 1991b) 2 9423} (Uematsu ef al., 1992)3}
DHE A7 ASol Buso] Yot Psda} Rsal 345}

o] AL obA] wrE A 4] ettt
Atgel 79 EAGE 9 B gig A%l 0y
Aol EAste FUELS dME AF € AR Ak
& S H4lo] ¢l glo] wtEAd g A, 1%
H A iR o] HUEAES BAYoE g &
e B4 dEUAEAY BRA R ot 449 + Qi
2z} 7Rl ok e BGEH O taks g =
of Wet ZheAde] Uid ARE FHsY w4 3lsid,
AR S viel Fd, F98 WA eER g 9
Ao

Sag A e e e g sleR B
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