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=EXE: Cytochrome P450 2E1 (CYP2E1)2] retropseudogene®] Altoll &) 5l x| &913}7] )
g Yogolr F2l3k DNAE F3 o2 % polymerase chain reaction (PCR)-Z 4-3)3}53th. Primer:
CYP2EI §AAE 7123t ai2i7) Aers A8E 2@l ek B85} retropseudogeneo]
A FEFE F UARFE utech B A7) An 2% 4L HQAIT DNA 2964 o]H
2= A] 239 CYP2E19] retropseudogeneS 2|3 ZFZ &l 4 YUtk A® 7TZE Southem
blotting=} DNA 714 @ AW olH H% 245Utk PCR H202 ZEH 2R E G714 Do|
mRNAS} ¢43] dx)3ln 9= Ho 2 n)Fola CYP2E1S retropseudogene-S Yl m & & Zof WAl

A& Aoz FHHAG

N =

Cytochrome P450 (P450)= 450 nmol| x| & F~
HEH S Y A4 59 $Holt. oL
W, 194 sgES] tits 8 2HZE o
Abeh APEAde] Xt o|27]7kA] chekdt ub
SES 2AANNGY. P450 EAE0] I RE 3
E2}8 o] ojdli=d] v]s} cytochrome P450 2E1
(CYP2EN)T} 2 U P450E 7122 23|82 A
2AMNA 2N Z+F 489 9] He Ao
2 3 golA YUY 588 CYPEL) e
o o8l EsE Ae Tz e Ao, 5
E4EE T 21 ot CYP2EIL ¢32&
B A% APAA Ado] I Wk opizh 2
% g3 @24 HARE 229 9o
€8 Aow FHGm AP HIZo| fetal al-
cohol syndrome2] @9l o 2] CYP2E1S &23&
Juchau 5] EnE o] FL A T2 5

Ao}, CYP2E12] mRNAE ©|n] F, 4, A}

T=EA 4 19989 89 219
2 A5 19989 119 279
EEE R

@, E719] oM & BelHo] glen? g4
A @A) A2 7o) Al T2 B4l o) F
oA AT,

Pseudogene& F A A7} A 3pale AP &
AE FAoR 7T & AET FAFEE 4R
golott?. ojE e fALEY de AAE W
FA 7= g EQde] g 378 7%
& AR Aol WEoIH AxL AR E
g9jolt oFd 58 el TA U4 o
t}. Pseudogene FoM = 5W3] A thido]
T+ AL retropseudogeneo] &} -2 FFojt}.
Retropseudogene-2 introno] A AE cytoplasmic
mRNAJ} retroviral activityol] 2|8 GAALE H A
T2 AF Ho2 FHE A2 AR E VT
o] A m}&Holt}. o)u] HH cytochrome EA4E
o &= retropseudogeneo] HAHE A7)t AISF
NI cytochrome bs 22 7 fole o7 FFHe
retropseudogene] #9157 = 3P} B
€ Atge Ass Bdste A EHe
CYP2E19] retropseudogenes H 22 2lgt B3
ojth. & AT AT CYPEILRE 1% &=
2/ AEE 3 DNA AddlA A& F&stA 2
@etn, Fx AgyE Adetr] A gEH 7|
ZE Y Aoz 7.
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XH=. Genomic DNA #2] S 93 d o4& 204
o] A A4 o, A= B Z7 AQAFsH
Human liver CYP2E1 ¢cDNA probe+= Dr. Guenger-
ich (Vanderbilt University, USA)Z & EFuqt
t}. DIG DNA labeling and Detection kit®} DNA
sequencing kit Boehringer Mannheim (Germany)3}
USB (USA)Z5H Ztzt 74314t} Polymerase
chain reaction (PCR)E 93t primere (F)Hlo] 2
Yok (34, Koreayoll <1 3tel 212, 3 Ajshsach.
APELE v £F ZF T4 9 nylon membrane,
71et }FAEEL Promega (USA), Amersham
(UK), Stratagene (USA) 5225 € T35 o

Genomic DNA2| £2|. @< 10 ml-2 hemolysis
buffer (155 mM NHiCl, 10 mM KHCO;, 0.1 mM
EDTA)9} & 4o ¥k-g-A17] T} 10% SDS &<
T} proteinase K (10 mg/mhE # 2] &t 37CoA
Bha} WHS-A)Z o} Phenold} chloroformo. 2 13]
7P A 228 oS 171092 3M NaAc (pH 5.2)
<} 21} 9] ethanols F7Hetfn AAE FelHe
DNA 7}%& UAtg ez F5d feddz A
AWt DNAE B 5 5o YA ODzot
ODxgos FA st Tt €& 2z 23
Aot

Polymerase chain reaction (PCR). PCR ¥t2-&
denaturationS- 94T oA 1%, annealingS- 55T ol A
452, extensionS 72C oA 184 T 35 cycled
Al ct g6 b= pre-denaturationit}
post-extension W8-S Z+z} 94C oA 18, 281
72¢ell Al 583F A A8t} PCR w82 FA o)
ZF 2 2+ human liver CYP2E1 cDNAE, &4
) =T 2 2 pBluescript KS plasmidS A}-8-3}%]
o). dgolE FHog A2 E DNA 20~25 ng,
10X buffer (20 mM Tris-Cl, 1.5 mM MgCh, 25 mM
KCl, 0.1 mg/ml gelatin (pH 8.4)) 2 pl, dNTP &%
£ 500 pM, Z+2+e} primer 100pmole, Taqg DNA
polymerase 0.5 unit® 3 7}sld HZ 20 ulz %
st ot

PCR producte] 22%4). PCR Wtg ¥ = 10 ul
£ 3] 1.2% agarose gelol| 4] ZZ 5 DNAS| =
71€ &Qstn, & ¥h-59 10 pls} EcoRV A g
%} pBluescript KS vector 100 ng2 £3sle] 16T
o] A 3A|zF ligation ¥HEAJF ) whgo] Eubw

electroporation . 2 JM1099] & A A A7) 1, in-
sert7} S29H FAMTANE L X-gal, IPTG, am-
picillino] z}z} 40 pg/ml, 5 mM, L) 31 100 pg/ml
Z A7} viR] o A blue/white color selection© &
gt

Southern blot analysis. A7} 3% DNAE&
0.5 N NaOH £98-2 vt2 buffer2 A}&3}1AA]
Hybond N* nylon membrane® 2 o] %EA]Z]c}. Hy-
bridization probe=+ human liver CYP2E1 ¢cDNA
2 123+ ¢}, Hybridization ¥H8-& 60Tl A A
A18l] 21 Digoxigening ©] &3+ probeo] E X
o Ao} 1L kit A7 S| Atol A A A
2 AA5EH ot

DNA sequencing. ¥+3-2 913t DNA 32 al-
kaline lysis g o2 Fu)3q . whg-9] Axle
Sanger€] primer extension ¥ol 315 USB
3) A} (USA)2] Sequenase Version 2.0 kit-S AF-&3}
of AN AT

2 1

At el Aol A CYP2E1 retropseudogene2 &
Q7] g AP A AL Figure 1] 251
t}. PCR primere} | Z}tel = Songy} Umeno 5-°)
B3l cDNAS] g7 |AdDat {229 exon/in-
tron T&E At = sense} antisense
F¥hgE primerE Z}Zt Q14 S+ 471 9] exon (exons
6-9)0ll 7] Zx3ted A 2tstE] 2 Alolel] 2831 bp,
499 bp, 884 bp2] intronE-o] X¢H F Y= KL E
< A3tk o ¥ A A 2& 3F 7] primers}
exon 69 7] %3 P1 (ACCACCAGCACAACTCT-
GAGATATGG, sense)¥} exon 79| 7] =%} P2 (AT-
GCCCTACATGGATGCTGTGGTGCA, sense), L
2] 12 exon 99} 7] &3k P3 (CAATTCCATGCGGG-
CCAGGCCTTCTCC, antisense)33 .

o] 2% vtk Abgte] Alsell CYP2E! retropseu-
dogeneo] EAB}A| oW, & HA{FHAN &
A gt primer P1, P32] 2% o] A= P15-E P3
E 712 9] exon sequence 435 bp (61+188+142+44)
o} intronoll S)F3HE 4214 bp (28314499+884)
& & °F 4.6 kb DNA HHo] FE 5 ojo} & F o]
o} vl 2 7+ CYP2E1 retropseudogeneo] &7
Z7] 3 o] 4.6 kb DNAE E Eo| 11, intron©]
2% AlAE Fx2] 435 bpe] DNA dH o] &7
ZZ5 oo} & Rolth. aeiuh A ZE Taq po-
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—>
Exon 6 Int 6
(2831bp)
B
Py P2 &
l Exon 6 l Exon 7 I Exon 8 ] Exon 9 f
e117bp= 142bp :44bp=
6lbp 188bp  14%bp  4dbp

| 2 <3
(499bp) (884bp)

P2/P3: 303bp

P1/P3: 435bp

Figure 1. Strategy to amplify both functional CYP2E1 gene (A) and its retropseudogene (B) from human
genomic DNA. Only part of the gene (from exon 6 to exon 9) is shown in this picture. PCR primers (P1, P2, P3)
were designed based on exon 6, exon 7 and exon 9. Int means intron. The size of exons is exaggerated for the
graphic purpose. There is no corresponding sequence to introns within the structure of retropseudogene.

Figure 2. Results of electrophoresis (left panel) of PCR products and Southern blot analysis (right panel).
PCR templates were human genomic DNA isolated from male (lanes 1, 2) and female (lanes 3, 4) or human liver
CYP2E1 cDNA (lanes 5, 6). PCR primers were P1/P3 for lanes 1, 3, 5 and P2/P3 for lanes 2, 4, 6. Lane M

represents the size marker, 100 bp ladder.

lymerase®] F% 71 < 2 kb W90 AL #
Stet W 4.6 kb band/} ZEE7)E Y] Y=
Aol dFHAAT. wets A d +EE &
Ae AIe FBHAAT = ArHE o F
& band7t SQ1HA] @& AR, retropseudogene
o] ¥ Z=Agcha 435 bp band7} EQ1E Ao
2 F3EAG

Figure 20 F2]® AAH P1, P38) 2§o =
A A3 PCROA 435 bp bandgte] #olsgich
(left panel, lanes 1, 3). ©] 271+ LA AP
721 213 CYP2E1 retropseudogene]] 73 &3] x|
ghe Aol zeiv A Alsdle 2R
AA7E BA3] lolof Fel= BF3}al 4.6 kb
band&= A3 &3] gtrt. o) dAPEH R

Taq polymerase2| FZ W& Wolyd A7je]7]
gEQD RAer FHEHUG. o] 435 bp bandE 2
Southern blotting 2 ¥} o] A] = human liver CYP2E1
cDNA probeo] 73t AEE& Jetlr]ol (right
panel, lanes 1, 3) CYP2Ele] §o]& ] FZo| o]
FolASE ABAAIA FUa, 25 A A
9 CYP2E1 retropseudogene©] &8-S 7323
A AFat Rt

ey 94 b ARAQYD FAE Y
PCRO A 3 A7 A9} retropseudogene-2- & A of]
ot gsts AY Aotk A7 oA e
FAAFAAZL AR A FFHFHA X371 ol
ol = 2831 bp2] introno] EFE X ¢ P29} P39
ZY¥Co 2 PCR &S AAAISA o] Z{ol
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V¥ Int. 6
accaccagcacaactctgagatat;ggctcctgattctcatgaaataccctgagatcgaagagaagctccatgaagaaattgacagggtg
Primer P1
attgggccaagccgaatccctgccatcaaggataggcaagagatgccctacatgggtgctgtggtgsétgagattcagcggttcatcacc

Primer P2 V¥ Int. 7
ctcgtgccctccaacctgccccatgaagcaacccgagacaccattttcagaggatacctcatcoccaagggcacagtcgtagtgccaact

ctggactctgt tttgtatgacaaccaagaatttcctgatccagaaaagtttaagccagaacacttcctgaatgaaaatggaaagt tcaag

V¥ Int. 8

tacagtgactatttcaagccattt tccacaggaaaacgagtgtgtgctgigaaggcctggctcgcatggagt tg

Primer P3

) _Figure 3. Nucleotide sequence of PCR product (435 bp) representing a CYP2E1 retropseudogene. The po-
sitions for Primers P1, P2, P3 are indicated as underlined. This retropseudogene does not contain any intronic
sequences at all, however, the relative locations for introns are indicated with arrows when compared to a func-

tional CYP2E1 gene. Int means intron.

e AAAGAA7T exon sequence 303 bp (117+
142+44)9} F 712] Z-£ intron (499 bp, 884 bp) S
23t 1686 bp2 FZF A7}, retropseudogene©]
303 bp2 FE9 o] JAHATH (Figure 1). 2
dA3= FJA| Figure 20| A719F Al ol 32
S99 th. o 4Th = 1686 bpe} 303 bpe] band7} £
Alell gRl=]%l o n (lanes 2, 4). ©]E & THA] hu-
man liver CYP2E1 cDNA probe= Southern blot-
tingS & AN E 25 T A5 E vk
271l CYP2ElS] HolF oz FEHIFS A
#9085 ANTH (right panel). AP A= 5 H
1686 bp bandy= HAF-AA ] Pt AR,
18] 12 303 bp band= 2= <919 CYP2EL re-
tropseudogenecl] | F3dl= Aoz AE&AUt ¢
< AYF 42 9)8le human liver CYP2EL
cDNAE F3o2 @ PCRHS S xTFoz 4
A) 8+ o} Retropseudogene cytoplasmic mRNAZ}
GAALE Rel7]o] cDNASH 7271 F4& 2]
7] wj Zo}c}. Primer P17} P3, P29} P32 2}z} Al
A} PCRol|A] 435 bp, 303 bpe] DNA band7} 2z}
Zt ZZ5 95 (left panel, lanes 5, 6), Southern
blottingo| M = 733 N5 E YehlAon (right
panel), lane 13} 22] retropseudogenedi| A olzl
27 vlw3 A7 FLF A2 FAHU
QA0 DE AEAA FAL 9shed primer
P13} P3e)] Zjto = FHEZ3H retropseudogene?]
PCR AFE- (435 bp)ol] th3le] DNA sequencing=
FstAct 1 A 3= Figure 39 F st

of 3l 2 introndl] 8] Fete BEL glon, B
E 974 < o] human liver CYP2E1 mRNAS} &
g3s) ARG AEA o2 A AEde
Ao]x 1F7F2] CYP2EL retropseudogeneo] Z )
314, o] & introno] A AE P ZA HAHo=
human liver CYP2E1 mRNAS} 971N QoA &
daAV -5 FAME Re 2 HF AE2XAU

!

]

il

Retropseudogene-2 £913}7] 93 4utAQl vt

& genomic Southern blottingol| ] 291 DNA
bandE F BARAA AFeA e RES
Qo] ZZgstel EH3AL genomic libraryol
A &3 DNA d9& 2aste Rolt”. 28yt
o] W Azko] Bol 2293 E Ho] ¥}
ke He] Aot B3] A4352] retropseu-
dogeneo] A FREUE AdFET Al 0
2 Z8=A o] 1 &) B F o AF
ot

& dFMe Btk AP Holnk A& &2
2 93l genomic DNAZ $4 2 3 AF2-3 PCRE
CYP2E19] retropseudogeneS FE3le AMZE
AZE A=A CYP2ELS /AR 72 F
exon 69 4] exon 9 Alo]d] 3| FEtE LES A
& ol fr< primerE H A3 2ol wet Fd
F 229} retropseudogeneS FAld FEZUiE
R o] &o]s}t7] W Fo|t}. Primer P1, P3 18] 11
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P2, P32] ¥ o)A F3) CYP2E19) retropseudo-
gened EAE 4 gt AR FZE Southem
blotting#} DNA sequencingdil 4] {89151, &
oL B AFqMe dAT oo o
Aoz gl AR AU FEE R Eq
Ae 4714 9°] mRNAS} @43 Axetn 9l
471l CYP2E19)] retropseudogene- Bj 2 & 2
o MAYNE Aoz A

7§l WM+ retropseudogeneo] £Hd 37|
FAL3Y AAHA AAE fAHUA g2
FrA2t2] promoter 91X 2 Eol7} HAL 7}5A
= wiA"Y 4 glch. CYP2E19)] retropseudogene™
FE7F TEF R R FHME A A
AL ARl o)A AL WA 5 9
< Ao 2 4G ARHUS. B AP o
T AdE HAAT uA Fogx ggd
CYP2E19] retropseudogene-2- DNA z}g1olA] 2 H
28 4 U9t #49 ¥ £F9 CYPEL re-
tropseudogene©] Alge] Aol AT AQXA,
azi olge] A FEE F U AUYA Ay
o # AT €oe2% AL Fg5jojo} &
A o]},
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=Abstract=

Molecular Evidence for the Presence of CYP2E1 Retropseudogene
in Human Genome

Min Yoo' and Song-Woo Shin

Department of Biology, Keimyung University, Taegu, 704-701, Korea

We have carried out polymerase chain reaction (PCR) to investigate if retropseudogene for
CYP2E1 is present in human genome. PCR primers were designed based on the structure of
functional CYP2E1 gene and used to amplify both functional gene and retropseudogene in one
reaction. From the repeated experiments we were able to amplify a previously unidentified CYP2E1
retropseudogene that was present in human genome. Its detailed structure was confirmed by
Southern blotting and DNA sequencing. Nucleotide sequence of this retropseudogene was
completely matched up to human liver CYP2E1 mRNA suggesting that the development of this
retropseudogene might be a relatively recent event.

Key Words: CYP2E1, Retropseudogene
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