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Cytochrome P450 1 gene in Eel, Anguilla japonica: cloning and
expression patterns after exposure to benzo[a]pyrene

Hyun Ho Jo, Ju An Kim, Seung Hyun Lee and Joon Ki Chung'

Department of Aquatic Life Medicine, Pukyong National University, Busan 48513, Korea

Cytochrome P450(CYP) gene is involved in the biotransformation of drugs and environmental
pollutants. In this study, we analyzed the nucleotide sequence of the Anguilla japonica CYP1(AjCYPI)
family gene and examined the relative expression of AjJCYP1A, AjCYPIB and AjCYPICI in response
to the exposure to environmental pollutants. After exposure to B[a]P 20mg/kg bw, the expression
of AjCYP1 family gene increased over time. Among four tissues examined (liver, spleen, gill and
kidney), AjCYP1 family gene was expressed significantly in the kidney. Compared with the control
group, AjCYP1A was expressed about 5-fold at 48 hr, AJCYPIB about 6-fold at 24 hr, and AjCYP1C1
about 4-fold at 24 hr. However, after exposure to B[a]P 200mg/kg bw, AjCYP1A did not change
in all tissues. On the other hand, AjCYPIB was expressed at about 4-fold at 24 hr in the spleen
and 4-fold at 48 hr in the gill. Finally AjJCYP1C1 was expressed 3.7-fold and 4.3-fold in the spleen
and kidneys at 48 hr, respectively. Taken together, our results suggest that the expression of AjCYPI
gene in eel tissues might be used as a useful tool to assess the exposure to environmental pollutants
in aquaculture system
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(Nelson, 2003). ©] 5 CYP12 XT}A] CYPIA, 1B,
1C 2 1D9] 471 2] subfamily® o Xt} thi&
o} 7+ single CYP1AS} CYPIBI fZ#ke} T 7)1 9]
paralogous CYPIC gene?l CYPIC13} CYPIC2E
7FA 2 A H(Godard et al., 2005).

CYPIA, CYPIB % CYPICI mRNA % Thuiz
Hol ofg] oFl A aryl hydrocarbon receptor(AhR)
Zk-gA o o) FEHEThE o] B A th(Bugiak
and Weber, 2009; Wang et al., 2010). =3+ CYPI1A,
IB 2 ICE o 7oA oF& thA E42A AR 2
gAl =2H FEA AsHA fFr=2 #rk ohy
2} PAHs Al S ed=d S0l tsiAE ¢
Eoldo g whE3te] FEHTHWilliams et al.,
1998; Hu et al., 2007; Jonsson et al., 2010). Benzo[a]
pyrene(B[a]P)2 A& & Q0 PAHs EZAZA A AY
EollA 54 2 9ol 8 EEE dHA
A THScott et al., 2011). E3F B[a]PE= 0.1 pg/Le]
w2 8 s 7] GA FEstE W
A FFe A= A o2 UE THHose er
al., 1981). Channel catfish(Ictalurus pntatus)°l <,
CYPIB< B[a]P =& & ol7tv], 2H @ 9 A2
Ao A Ee FFo HHEES BHYH(Willett ef al.,
2006). ©]&} Hl g AF ol A= 2o 31, oty
2 A7 A CYPIBO 73 =5 E AT (Jons-
son et al., 2007). Z1#]EE, CYP #-Z#F & ©ad
LHS FA 8 2P HAANTEA FLA
ATk & 4= ATHMurk er al., 1996; Williams et
al., 2000; Nebert and Karp, 2008).
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AbEFe 10,9425 Zala Tl T1F 10,885E0)
Ao Falo] o3 FHEHE o] AFL FHAF
SoAA FAsA AF Aol EVFsdte] A4t
Ao & ol FA& FARE o] &3ta e,
HFolle S84 WA (Anguilla japonica)®] A+
Zhazoll o)k Auigole] o &g g7 o2 WiAo
G AA Y 7R xH A v e
22 A28, 84 o g AXA A Sl
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guilla Anguilla)o| | CYP Tdo] F7lstd e
(Agradi et al., 2000), &7 HFo = 54t
W2do] (4. anguilla)S} Y o (Leuciscus alburnoides)
ol A glutathione S-transferase(GST) &4 o] Z7}3t
Aoz BuH v} Ah(Lopes et al., 2001; Maria
et al., 2003).
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AR 2 AdeE o] g wigjollA 1t A F
39tk & mRNAE Trizol "(Invitrogen, Carlsbad,
CA, USA)E A&t FZ3A T F+5F RNAE
Nanodrop(Thermo Scientific, NanoDrop™ Lite Spec-
trophotometer) S AF8-3}4] 260/280 nm<] O.D.(opti-
cal density)E 7|F o2 HEIAT. ZE HAQ
TR HEL 187 H 2I7HA R S22 &5
£ YEN S tE cDNAE cDNA Synthesis kit(Enzo-
Life Science Inc., Farmingdale, NY, USA)E A}-8-3}
o HAEA AL, FAEE DNAE AHE-E w7h=] 80
Col A st

MY

AJjCYP1A, AJCYPIB % AjCYPIC1e 224

AjCYPIA, AjCYPIB ¥ AjCYPIC1 mRNAS]
A FHEA S 93] MG. Max 1T DNA Polymer-
ase(MG med, Korea)E ©]-83}%] polymerase chain
reaction(PCR)S A A3t B A g A AHE-H
primer<= Table 1] YEFHRAT. PCR W3 &
(Table 2)= 0.2 mL PCR F-E| ¥ ¥ LifeECO
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Table 1. Primers sequence sets used to amplify CYP gene for PCR

Primer name

5’-3° sequence

Product size (bp)

AjCYPIA-F
AjCYPIA-R
AjCYPIB-F
AjCYPIB-R
AjCYPICI-F
AjCYPICI-R

ATGGCACTGATGATTCTACCCTTGG
CTTAAACTGAATGTGCGCGCACAAC

ATGGACATTCAGGAGGTGATGGA
TTAGTTCTGTTCTGAGGATGTGCTTT

ATGGCACTGTGGGACTCAGAGTTT
TCATGCTGGTGAAACCAAGCCTAGA

1,603

1,619

1,580

ThermalCycler(Bioer Technology, Hangzhou, China)

39T FH gele

FZ3te] DNA 9714492

= ©] 83l DNAE SF A ZTH(Table 3). SZ4
PCR product= 1.2% agarose gel= A}-83}o PCR

HE E13} 3L, FaverPrep™ GEL/PCR Purifi-
cation Mini kit (FAVORGEN, Seoul, South Korea)E
o] &3] &332 pGEM®-T Easy Vector(Promega)
£ o] 83} ligations 33+ 3L, E. coli DH5a
MCR competent cellsS ©]-8-3} XALB(ampicillin
100pg/ml) Bl A o] beadsZ =L3to] A% 5l
37°Coll A overnight3}e] vl &3} TF. White colony
E A3} colony PCRS I 33FA L Gel Doc
image analysis system(Bio Rad, USA)E &3] &<l
3} AT}, Target samples A'Hal ALB Hl A of 6l &
B 100ul & o] 37Cel A 160 rppm S Z overnight

Table 2. Condition of working solution for PCR

Components of PCR Volume
10X reaction buffer 5 pl
dNTP mixture 5 pl
GC solution 2.5
F (10 pmole/ul) 1 o
R (10 pmole/pl) 1 o
DNA Polymerase 0.5 nd
Template DNA 0.5
DEPC water 34.5 pQ

Table 3. Condition of CYP gene for PCR

Step Temp (C) Time  Cycle
Initial denaturation 94 2 min
Denaturation 95 30sec
Annealing 55 30sec 30
Extension 72 30sec

Final elongation 72 5 min

T7 Promoter/ SP6 primerE AH83}] MACROGEN
Co, Ltd.,(DNA Sequencing Service, Seoul, Korea)®ll
A BAE .

AjCYP1 isoform?| E7|ME 2M

9714 ¢¥ B2+ National Center for Biotechnol-
ogy Information(NCB)®ll &% 7|4 E & o] &
stk E7144 3
ment Editor®} Basic Local Alignment Search Too
I(BLAST)S ©]-8-3}3. 2™, ClustalW multiple alihn-
ment(Bioedit)E  ©] &3] <13ttt ClustalW
multiple alihnmentE AHE3t F-32 AEE 4
SFal(Hall, 1999), ©]& zebrafish®] CYP1 protein se-
quence®} Ml AT 18al T F o] BARFe
AHg-3t] SA

42 BioEdit Sequence Align-

ExPASy(http://prosite.expasy.org) =
sHAH.

Bla]lP =&

300L F2(5& 15C, pH 6.5-7.0)0l 5uta]4 7
T =A7F ¢ BAAE I uE F 20, 200
mg/kg bwe] &% 2 DMSOo!| &3} ¥ Bla]P(Sig-
ma—Aldrich Co., MO, USA)S E7 FA}3139 ) o
Z3 5vhe] ol DMSOW 558 ¥e FASHA

FAF Z 12A47L, 2447 18] 484 7ol A Wl
o] & MS-222(Sigma, USA)E v Al A It of7}
m), A 9w A H s

AjCYP1A, AjCYP1B %! AjCYP1C1 & o| Fzk
=4

AjCYP1A, AjCYPIB =t AjCYPIC1 total RNA
isolation & first strand cDNA T4 & oA A
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Table 4. Oligonucleotide primers used for qPCR
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Primer name

5’-3° sequence

Product size (bp)

AjGAPDH-F CAATGGAGACACCCACTCCT 106
AjGAPDH-R TGCTGTAGCCGAACTCATTG
AjCYP1A-F GGAGGGTGAGTACCTGGTGA 43
AjCYPIA-R TCCTGGTCATCGTGGTTGTA
AjCYPIB-F CAGGGTTTAACAAGCTCTACGG 137
AjCYPIB-R CGGGAACCTTACAAGTACCAGA
AjCYPICI1-F CCATAGGGAAGAGAAGATGTATTG s
AjCYPICI-R GCTTATTTCCTGGGAAGGGTTG

gk RNA % % cDNA 4 837 o] zlgst3 (SPSS®Statistics)S AF&3+o] one way ANOVAS

t}. o] A8-E primere Table 49} 2T} Quantita-
tive polymerase chain reaction(qPCR)-> quantitative
thermal cycler(LightCycler®480 II; Roche Diagnos-
tics Ltd., Rotkreuz, Switzerland)E ©] &3} A3}
Ak 283 Jk-g 8992 TOP real qPCR 2xPre-
mix(SYBR Green, Enzynomics, Daejeon, Korea)©]
A A3k A Ao we} 95 31(Table 5), PCR &
& Table 69} o] At 4 A= HWF-
2702 AHS-E AJGAPDHO| %3} o] 5 27 8¢7
methodol] ©]3] Al4FetA T

=
ZAxte]l A A 2]& SPSS Version 25 program

Table 5. Condition of working solution for gPCR

Components of PCR Volume
TOP real qPCR 2 x preMIX 10.0 po
DEPC water 7.0 10
F (10 pmol/pQ) 1.0 uo
R (10 pmol/ud) 1.0 uo
Template DNA 1.0 uo

Table 6. PCR condition of CYP gene for qPCR

Step Temp (C) Time  Cycle
Initial denaturation 95 15 min 1
Denaturation 95 10 sec
Annealing variant 15 sec 40
Extension 72 20 sec
Final elongation 72 5 min 1

A A8 & Duncan's test® 18 H 7He] oA
(P<0.01)= A 3HATH
g

AJjCYP1A, AjCYP1B 2! AjCYPIC1o| EE2Y

T7/SP6 PrimerE &3to] #2413 DNA €714 €
o] AjCYPIA, AjCYPIB & AjCYPICIY S &<ls}
Rom 183 AjCYPIA, AjCYPIB & AjCYPICI
9] Full-length cDNA-2 L1, 535, 540, 532 =7]
o] il A S Q1Y 3= 1,605 bp, 1,620 bp L 1,597
bp ORE7} Z3tE o] Qlt}. ExPASyoll Al AjCYP1AY]
theoretical pI/Mw+= 7.07/57733.28°]™ AjCYP1B]
theoretical pI/Mw: 8.27/59363.23 AjCYPIC19]
theoretical pI/Mw+= 8.83/61024.05%9 & 213t}

A, japonica CYP1 protein2| EXIX01 J17x 90|

CYP4509] AAAR] T2+ FE Areo]olA
2o g2 & HEFUY. 53] CYP &40 AT
el A= 6712 substrate recognition site(SRS)->
714 A% E4 Wl Ta% IS gt
AjCYP1A, AjCYPIB % AjCYPIC1S] F3A A4E
AE3} D. rerio CYP1 proteinol A 6712 Ezj=
SRSE & 4= ATh(Fig. 1 and 2). SRSE| $Jx] 2} o}m
wAF A L Jonsson et al. (2007)°) Wl EAIEHS
ot W7ol e] CYPI @ o)A 67]<] SRS 9T
A Fasol wet g ¢ YA TE o F
CYPl BA&8} fTAFSHAl 712 9] Q143 Aol #

d Fiel e 7hHsAdol 2l

L
fu
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Fig. 1. Sequence alignment of 4. japonica and D. rerio CYP1 family proteins. Locations of the heme binding site
and substrate recognition sites(SRS 1~6) of the putative enzymes are indicated by red shading, respectively. Residues
identical to the AjCYP1A, AjCYPIB and AjCYPICI sequence are indicated by dots.
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SRS2

3bg
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R R

SRS5  SRS6
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Fig. 2. Sequence alignment of SRS(1~6) of 4. japonica and D. rerio CYP1 enzymes.

AjCYP1 mRNAS| XX| g5

B[a]P 20, 200mg/kg bw =& 270l A= AL
Eo] #ZHA &gt} Blalp= 47 =2 (3L, WA,
ol7jm] H A1) o4 AjCYPIA, AjCYPIB ¥
AJCYPIC1®] ¥dS FE3T) Bla]P 20mg/kg
bwoll A= AlZEe] Agol| whe} 3o F78kE A
< E T ATk e 24 F 53] AAelA 2
A Fdo] He AS B e, dxdRg

AJCYPIA-Z48AI1 2 o A 58] o], AjCYPIBE244]
Ztoll A 6u) 14, AjCYPICI-24A 7 ol A 4u) ©]
2 skt 13U AjCYPIASE AjCYPIBOIA]
= HETH s sAZ R Fo7 Aol
EfupA] @dgkom, AJCYPICIONA = A3 o7t
njo) A 48A1ZFel A th 2 vl sl SA A o
g z}o]E B ThFig. 3).

B[a]P 200mg/kg bwoll A1 = 20mg/kg bw L2}
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20mg/kg CYP1A 20mg/kg CYP1B

8.00

g 8.00 ﬁ .

8= 28 <

i 2 600 £ 8 600

g B =

bR LIRT]

= 400 = 400

5 . £E 20

=5 £ H

E = 000 é" 500

124 24H 43H
hour after Exposures hour after Exposures
mliver mspleen mgill =head kadney wliver mspleen mgill whead kidney
20mg/kg CYP1C1

Target gene / GAPDH

Relative mRNA expression

hour after Exposures
wmliver mspleen wpill «head kidney

Fig. 3. Relative expression of AjCYP1A, AjCYP1B and AjCYPICI in liver, spleen, gill, head kidney of A. japonica
exposed to 20mg/kg B[a]P. GAPDH gene expression was determined by qPCR. Gene expression is presented as
relative levels. Each value represents a mean value + SD of five replicates(n=>5). Significant different from control
by Duncan's test (p<0.01)

200mg/kg CYP1A 200mg/kg CYP1B
8.00 8.00
g,
iz
€8 600 o 600
B3 £
] g8 400
Ss 3 3 200
53 2k
3 = w g 000
17H 24H 484 E = 12H 24H 48H
hour after Exposures - = hour after Exposures
mliver mspleen mgill «head kidney mliver mspleen mpill whead kidney
200mg/kg CYP1C1

Relatire mRNA expression
Target gene / GAPDH

hour after Exposures

mhver mspleen ®gill whead kidney

Fig. 4. Relative expression induction of AjCYP1A, AjCYPIB and AjCYPICI in liver, spleen, gill, head kidney
of A. japonica exposed 200mg/kg B[a]P. GAPDH gene expression was determined by qPCR. Gene expression is
presented as relative levels. Each value represents a mean value + SD of five replicates(n=>5). Significant different
from control by Duncan's test (p<0.01)
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Zo] Bl e I EZE B 5 Aok xR
I vl FPES u AjCYPIAE 47 =22, w4, o}
7Hu] B A BRA F ApolE HolA] A
TF AJCYPIB-2 H]A ol A] 244 7bol] oF 4] o],
of7tul o A& 48A17tel 4uf do] EHoH,
AjCYPICI12 4847t B3} Ao A 2h2t 3.7
i, 438 o] LAEIT 22y AJCYP1ASH
AJCYPICI A& t2x 3 v FAHSE &
& ztol= YEUA ko™, AjCYPIBO A+
v 7ol A ut 24417kl th 2R F2]Z 3l 2o
E BT} (Fig. 4).
o oE
AjCYPIA, AjCYPIB % AjCYPIC1-& DNA 47|
A1 NCBIC 555 °] %1+ BLAST DNA A&
vl 43+t CAP Contig assembly program
(www.mbio.ncsu.edu/BioEdit/bioedit.html)= ©]-8-35}<]
AjCYPIAE 1,561bp, AjCYPIBE 1,680bp, AjCYPIC
= 1,581bp7kA] @71 E& vluste] EdstTh
AjCYPIAE 152bp, 433bp, 803bp, 819bp = 1,081bp
o A, AjCYPIBE 204bp, 407bp, 687bp, 1,359bp,
1,439bp 2 1,585bpoll A, AjCYPICE 609bp, 1,081
bp, 1,206bp, 1,233bp L 1,290bp F-8-2] G774 o]
YA shA] Ut 1 ol FEE T2 WAl CYP
FRAAA T A k] Zpol7t S AR AlmH
t}. 22y NCBI°| 5 =¥ BLAST DNA €714 4
7 B A3 o] DNA @7|Ade] MYEo] AP E=
g o] 2o AL s Wk 942 7]
Age] Aol7t Aol s FFS vAA G AS

H O g2 A79lA CYP1 gene PAHs 7l

dedEdsol g SolH o= Rkg3}t
FEETa &HA Atk AhRO| AEAZHA
CYPIAY] Fr=&EHolM g4 29 =42 b-naph-
thoflavone(b-NF)& ] €] €guilthead seabream(Sparus
aurata)®} grey mullet(Liza aura)?llX] CYP1AS] &
d AEE &<l 3+ K Cousinou ef al., 2000). EF},
dexamethasone ]l
chus mykiss)7} CYPIAE U %o] #dste= AS
& 4 A H(Burkina et al., 2015). TBT| =&3F

=%3 rainbow trout(Oncorhyn-

common carp(Cyprinus carpio) CYPS] oA =
CYPIA, CYPIB 2 CYPIC7} H3g & &&=
AJI(Li et al., 2016), 1ETF o} &} Bla]Poll =
E3F 23] E2(Sebastes scheledlii)o A= 273
H|23l] CYP1AS} CYPIBS] mRNA &S n] 7o
1 ZH2F 4508 9f 1790 2 3 24 F 3, CYPICH
2 o7t A 458) Z7}elAaL, CYPIC2E WHE}
A F& FEHE FASEA, A 22 oA thE W
= eglao) 2% CYPl Td o Ao]E e
TH(Woo and Chung, 2020). =3+ 23 EZ ¥ of
2 A2, d= A3t 2 oilo] E Hol Fo9t
& 2Ed 2 43S F9S W javanese ricefish
(Oryzias javanicus)| A= CYP1B<} CYPIC ¥3}
£ E 4 JUtH(Tuan et al, 2014). 1213 A5
ZRE CYPIo] 4] 84 299 AAAE A
= AL ¢ F A

H A= Bla]poll =8 4719 =4 (7,
H7E, o}7be] Bl 417 o] AjCYP1 HRlo] =& witt
AR 2A YeideE ZA%ES BEAT BlalP 20
mg/kg bw =Z° 4 AjCYPIAE Al (=T tiH]
oF suf), vl (= tiv] <F 3u))oll A kAl T
FHo] FEHYAL AjCYPIBE A= thH] <F
6Hl), I (= diB] oF 3u8)) dHo] ==
Tk AjCYPICI ESF A1, vl (o= diY] ¢F 4
el A Tdo] f=E ZS E 5 AT 200 mgkg
bw =Z A= AJCYPIAE TIZ2T3 HlaoA &
2}o] S Ho|A] %hTh AjCYPIB A&} o}r}w]
(= tin) 9F 48)), AjCYPICT A1&3) 8] 2(Th
Z7 i8] oF 4u)) FakA EdE RS & 5 Aok
20 mg/kg bwe} 200 mgkg bwoll Al FFH o= A%
I v A doH g A A fFEE Ae &
T A ole A% v A Bla]PE W2 A
AAYH=E A AP 5 Ut o]} v =g
H O 2 zebrafish(Danio rerio)y= %, o}7Hv] 2 2%
o Al AjCYPIBS] #3 =5 EATH(Jonsson er
al., 2007).

>

(D

AgHoR ¥ ATE B B ANEL Y
3ho] B, AJCYPIS] WELS WAo] Ao
A od Bde PASNE FET ETE H§T

T Jedzt Asdn.
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