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4m e, &% P450 8 & (cytochrome P450 monooxygenases, CYP,

#RP450) XM FAK % ik HiL B (microsomal multisubstrate mixed
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Famils Sub-families

CYP1 Al,A2,Bl

CYP2 A6,A13,B6,C8,C9,C18,C19,D6,E1,F1,J2,R1,S1

CYP3 A4,A5,A7,A43

CYP4 All1,B1,F2,F3,F8,F12,V2

cyps.cypag  CYPS(AD-CYP7 (ALBI) - CYPS (A1BI) - CYPII (A1,B1,B2)

_CYP17 (Al) - CYP19 (A1) - CYP20 (A1)

CYP21 (A2) - CYP24 (A1) - CYP26 (A1,B1) - CYP27 (A1,B1) -
CYP39 (A1) - CYP46 (A1) - CYP51 (A1)

CYP21-CYP51

CYP1, CYP2, CYP3, CYP4 #» CYPT ik 4 JE HF AR Sh ARt $1 it f. %
WRA B KR @ EET ERKEA.
.
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A& CYPS B & FECYPEZ A B o PR
CYP1AZ others CYP1Al CYP1AZ
¥ - 12% CYP2A6 CYP3A4 6% 3% 11% CYP2AG

3%
CYPZB6
6%

CYPZC9
9%

CYP2C19
CYP2E1 1% CYPZE1 CYP2D8 8%

29% 6% 6% 14%

CYP1A2, CYP2A6, CYP2C9, CYP2C19, CYP2D6,
CYP2E1, CYP3A4#4-5 T 1190% % &9 # o




Currently, 18 CYP gene families, CYP1, CYP2, CYP3, CYP4, CYPS5, CYP7,
CYPS, CYP11, CYP17, CYP19, CYP20, CYP21, CYP24, CYP26, CYP27,
CYP39, CYP46 and CYP51 have been identified in fish (Unoa et al.,

2012) .

Fish P450s have provided insights into the regulation of P450

genes by environmental stresses including water pollution.

Gene family Gene symbol

Species

CYP1 CYP1A

Xenobiotic

CYP1B

CYPIC

CYP1D

Japanese pufferfish (Takifugu rubripes)
zebrafish (Danio rerio)

rainbow trout (Oncorhynchys rykiss)
mummichog (Fundulus heteroclitus)
European seabass (Dicentrarchus labrax)
atlantic salmon (Salmo salar)

medaka (Oryzias latipes)

yellow catfish (Siluriformes)

crucian carp (hybridized Prussian carp)
mangrove killifish (Rivulus marmoratus)

scup (Stenotomus chrysops)

European plaice (Pleuronectes platessa)
marine flatfish (Pleuronectes platessa)
carp (Cyprinus carpio)

Japanese pufferfish (Takifugu rubripes)
mummichog (Fundulus heteraclitus)
zebrafish (Danio rerio)

scup (Stenotomus chrysops)

carp (Cyprinus carpio)

mummichog (Fundulus heteroclitus)
Japanese pufferfish (Takifugu rubripes)
zebrafish (Danio rerio)

three-spined stickleback (Gasterosteus aculeatus)
medaka (Oryzias latipes)

zebrafish (Danio rerio)

mummichog (Fundulus heteroclitus)

CYP2

Xenobiotic

CYP2K

CYPZM

CYP2N

CYP2P

CYPZR

CYP2U

CYP2X

CYP2Z
CYP2Y2UL,

CYP2AA 2AD, 2AE

rainbow trout (Oncorhynchys mykiss)
zebrafish (Danio reio)

Japanese pufferfish (Takifugu rubripes)
rainbow trout (Oncorhynchys myRiss)

mummichog (Fundulus heteroclitus)
largemouth bass (Micropterus salmoides)
Japanese pufferfish (Takifugu rubripes)
zebrafish (Danio rerio)

mummichog (Fundulus heteroclitus)
largemouth bass (Micropterus salmoides)
Japanese pufferfish (Takifugu rubripes)
zebrafish (Danio rerio)

Japanese pufferfish (Takifugu rubripes)
zebrafish (Dania rerio)

Japanese pufferfish (Takifugu rubripes)
zebrafish (Danio rerig)

channel catfish (Ictalurus punctatus)
Japanese pufferfish (Takifugu rubripes)
zebrafish (Danio rerio}

Japanese pufferfish (Takifugu rubripes)
Japanese pufferfish (Takifugu rubripes)

zebrafish (Danio rerio}

zebrafish (Danio rerio)
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CYP4 35
CYP4V 5
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Expression patterns of metallothionein, cytochrome P450 1A b
and vitellogenin genes in western mosquitofish (Gambusia affinis)
in response to heavy metals

Guo-Yong Huang, Guang-Guo Ying *, Yan-Qiu Liang, Shuang-Shuang Liu, You-Sheng Liu

State Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China

The results showed that Zn, Cd and Pb could significantly induced
CYP1A mRNA expression levels in mosquitofish (£ #)
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Induction patterns of new CYP1 genes in environmentally exposed rainbow trout

Maria E. Jonsson®*, Kai Gao?, Jan A. Olsson?, Jared V. Goldstone®, Ingvar Brandt?

a Department of Environmental Toxicology, Evolutionary Biology Centre, Uppsala University, Norbyvigen 18A, 752 36 Uppsala, Sweden
b Biology Department, Redfield 3-42, MS #32, Woods Hole Oceanographic Institution, Woods Hole, MA 02543, USA
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In mammals, CYP2B genes are induced by phenobarbital (PB)(ZxE Lt
%) and a large number of structurally diverse xenochemicals. In
contrast, in fish, expression of CYP2 family mRNAs is not induced by
PB-type inducers. Thus, in fish, the CYP2 family catalyzes foreign and
endogenous compounds, but the gene regulatory systems may be
different from those of mammals (Unoa et al., 2012).

In mammals, expression of the CYP3A subfamily is induced by
dexamethasone and rifampicin. Control of CYP3A expression

is thought to be mediated by the Ah receptor/ARNT pathway in
zebrafish, whereas, the pregnane X receptor (PXR) is suggested to
activate CYP3A expression in Atlantic salmon (Finn, 2007)

Peroxisome proliferator-activated receptor alpha (PPARalpha), which is
the transcriptional factor of the CYP4 family in mammals, has been
shown by the use of anti-PPAR antibodies to be distributed primarily in
the liver and intestinal tract in zebra fish (Ibabe et al., 2002).
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Gossypol-enhanced P450 gene pool contributes to cotton
bollworm tolerance to a pyrethroid insecticide (Tao et @l.,2012)

The late 2nd instar larvae had previously fed on control (CK) or 1.0 mg/g

gossypol-supplemented (Gos) diet for 1 day.
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Gossypol-ingested cotton bollworm larvae showed higher midgut P450

enzyme activities and exhibited enhanced tolerance to deltamethrin(i®
HAE).




To illustrate the gossypol-induced defence reactions at gene expression level,
microarrays were used to analyse the changes in transcript abundance 1in midgut
in response to five phytochemicals (gossypol, xanthotoxin, tannic acid, quercetin
and b-pinene) and the insecticide deltamethrin.

Among the 6490 genes analysed, ®
gossypol upregulated 98 and M)

downregulated 55. ——
[Xan vs CK Gos vs CK Tac vsCK [Quevsck | Bpi vs CK

The microarray analysis totally
uncovered 37 differentially ® Pasos oo (O
regulated putative P450 genes, ’
which belong to CYP6A, CYPGB,
CYP9A, CYP337B and CYP321A
subfamilies.

Gossypol upregulated 20 putative
P450 Genes.
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because it was overexpressed in
the pyrethroid resistance strains

(Yang et al. 2006) and its
expression was inducible by both
gossypol and deltamethrin.
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To test this hypothesis, we generated transgenic Arabidopsis(1lF5
7+) plants expressing dsRNA against CYP9A14 (dsCYP9A14).

Data presented herein demonstrate the bollworm
tolerance of deltamethrin (JR& % i) can be reduced by
engineering plant-mediated RNAIi against gossypol-'

inducible P450s.




nature
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Silencing a cotton bollworm P450 monooxygenase gene by
plant-mediated RNAi impairs larval tolerance of gossypol (Mao

et al.,2007)

Induction of CYPGAE14 expression by gossypol is dose dependent in
the range of 0.1 to 1 mg/g(Fig. a). CYP6AE14 transcript level was high
in the midgut, low in malpighian tubes and fatty bodies, and
undetectable in the ovary and brain (Fig. b). Immunohistochemistry
revealed that CYP6AE14 proteins are densely localized on the inner

surface of the midgut (Fig. c).
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Larval weight increase correlated with CYP6AE14
expression levels when gossypol was included in the diet
(r<0.8; 2mg/g gossypol). However, this correlation was not

observed in the absence of gossypol.
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B AtdsGFP for4 d

In comparison with the wild-type = 2 _[
plant leaves, larval growth was :

. . c 40
slightly affected by feeding on -
dsCYP6AE14 for 4 d, but not by  ¢2°[
dsGFP expression. g o

CYP6AE14
Arabidopsis
4 7 days
1 2 1 2
cyreacts —, e
RNA 980T
Nicotiana § 40 b
1 2 4 days g
1 2 1 2 1 @2 B BT
R

CYPGAE14
- T

'J [0 AtdsCYP6AE14-3
Il

Test |

B NtdsGFP

O NidsCYP6AE14-2
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We transferred larvae reared 2 . el 7
on tobacco (NtdsCYPGAE14- ﬂ * - 25
2 and NtdsGFP) leaves for 4 o T E ?%ﬁ

g | § 10

d to artificial diets containing

Bollworms fed on transgenic dsCYP6AE14 plants
showed suppressed CYP6AE14 expression and reduced -+

growth on gossypol-containing diet.

- Gossypol

Their average weight even
decreased, whereas growth
of NtdsGFP larvae was
retarded.

CYPSAE14 R S B e



DOI 10.1007/s11248-010-9450-1
Cotton plants expressing CYP6AE14 double-stranded RNA
show enhanced resistance to bollworms (Mao ef al.,2011)

) bl (b) _ao 6D Cotton plants (Gossypium
@ :i: | - i = hirsutum cv. R15)
o 120 - | il
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(a) -

Second-instar larvae were
transferred to ds6-3 leaves;
during the first 3 days of the

assay, ingestion of the ds6-3
leaves wasreduced bv 21%.

B =]
(=] o

i of leaf consumption
£

(mg per worm)

First 3 days

1

i of leaf consumption &

(mg per worm)

[

4-6 days

Together, these data indicate that the transgenic

dsCYPG6AE14 cotton plants were less damaged by cotton

bollworms in comparison with the untransformed control.

consumed the contents, whereas the

larvae from the ds6-3 leaves chewed
only shallow gouges in the boll
surface, whereas the boll contents
were almost intact.
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RESEARCH ARTICLE

Identification of glucuronidation and biliary excretion as the main
mechanisms for gossypol clearance: in vivo and in vitro evidence

Hongming Liu, Hua Sun, Danyi Lu, Yuchen Zhang, Xingwang Zhang, Zhiquo Ma, and Baojian Wu

1: TOF MS ES-

Division of Pharmaceutics, College of Pharmacy, Jinan University, Guangzhou, China = o o
. . LT J’k llllllll

In bile duct cannulated rats, considerable LA i
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Further, gossypol was subjected to
rapid glucuronidation(ZEEER 4 & & M)
by liver and intestine microsomes.
Reaction phenotyping showed that
multiple UGT1A enzymes (including
UGT1A1, 1A3, 1A7 and 1A8) are mainly

responsible for gossypol metabolism.
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Co-treatment with the anti-malarial drugs mefloquine and primaquine @CmssMark
highly sensitizes drug-resistant cancer cells by increasing P-gp inhibition

Ju-Hwa Kim?, Ae-Ran Choi?, Yong Kee Kim ", Sungpil Yoon®*

 Research Institute, National Cancer Center, llsan-gu, Goyang-si, Gyeonggi-do, Republic of Korea
P College of Pharmacy, Seokmyung Women’s University, Seoul, Republic of Korea

The results demonstrated that the PRI (A& %) and
MEF (&%) sensitisation mechanism mainly
depends on the inhibition of p-glycoprotein (P-gp).
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P-gp expression in brown trout

erythrocytes: evidence of a detoxification
mechanism in fish erythrocytes

Emeline Valton'23, Christian Amblard?, lvan Wawrzyniak®, Frederique Penault-Llorca'2

& Mahchid Bamdad'23*

The results showed that in the presence of BaP(ZJ:t¢) at 10, 20 and 30
mM, the number of cells remained stable over time without signs of BaP

toxicity.

In the presence of both 20 and 30 mM BaP, P-gp expression was
clearly induced during the experiment.
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Tab.1 Statistical moment parameters of enrofloxacin and its metabolite ciprofloxacin in Exopalaemon carinicauda . i
S Eina 4g40 BIEILE enrofloxacin IRAM E ciprolloxacin E:_HE] Time/d
® o e Pt Y 5y 3K 4R Pt Y5 by 3 4R
paramelers unils Lissues % 2
control group verapamil group control group verapamil group
IR B AFRRAR 3.57240.245 4101 20.541° 0.292£0.036  0.214+0.034
peak concentration pelg :l1Nzs] 0. 880 £0.088 1.545 +0.089" 0.018 £0.003 0.012 £0.002 ﬁ‘ﬁ
(Coiae) ) 0.754 £0.074  0.940 +0. 12" 0.1460.010  0.029 +0.009"
ik UERTiE] FRiRAR 1 1 1 1 12 ¢ e e <
lime Lo peak d mnm 1 1 1 | - BRI IH4E Verapamil group
concentration (1,,,.) 8 1 1 1 1 3 1.0 B 8R4E Control group
e R FEEER 1157 0.036 0,109 0. 0147 0.158 0.025" =
elimination rate /d mm 0.509 £0.015  0.129 £0.001" - - 2 08
conslant : 0.066 £0.011  0.018 £0.004" 0. 166 = §
R BFERAR 0.599+0.121  6.331 £0.365" 4.376 27.81" § 0.6
elimination d ALA 1.361 £0.265 5.364 +0.845" - - g
halftime (11/2) ] 10.495£1.32  38.346 £3. 154" 1,163 - O 04
R Eh & TEE BFERAR 4.709 +1.001  5.986 +1.242" 3. 142 yrES ?‘:
area under concentration— mg/ (Led) nm 3.555+£0.891 5.466 +0.988" =) = 'ﬁ 0.2
time curve (AUC) 8 1.173£0.325  1.817 +0.547" 0.304 -
- BT 4.245£0.987  1.507 +0.365" 3.266 3.05° 0.0
R L/(d* ke) A 2.812+0.587  1.823 +0.245" - - 1 2 3 5 7 10 15 20 25
clearance rate (CL) "
] 14.645+2. 141 6.688 +1.254 28.262 - & 13 Time/d

i - SHELEME. Nole: Parameler values can not be fitted.
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Identification of P-Glycoprotein Inhibitors in Contaminated
Freshwater Sediments

Roko Zaja, Senka Terzi¢, Ivan Senta, Jovica Loncar, Marta Popovi¢, Marijan Ahel, and Tvrtko Smital™

Division for Marine and Environmental Research, Rudjer Boskovic Institute, Zagreb, Croatia

Testing of several commercial
mixtures confirmed their potential
to inhibit the fish P-glycoprotein
and modulate toxicity of other
xenobiotics present in complex

environmental samples.
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