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Abstract; Currently, graphene oxide (GO), as an important engineering nanomaterial, has a high potential to enter
the environment. Therefore, the combined ecological mechanism and health effects of GO and polycyclic aromatic
hydrocarbons (PAHs, a coexisting pollutants) on aquatic organisms need further study. In this study, adult zebrafish
was selected as animal model for sub-acute exposure toxic research of GO at predicted environment concentration
and 16 priority PAHs (typical pollutants) at environment concentration after 21 d of exposure. Then, combined tox-
ic effects and molecular mechanism of GO and PAHs on adult zebrafish brain were explored. Results showed that
both GO and PAHs-GO groups didn’ t induce death and malformation in adult zebrafish during 21 d of subacute
exposure, but decreased cytochrome P4501B1 (CYP1BI1) and B-galactosidase (8-Gal) content in zebrafish brain.
Based on differential expressed genes (DEGs) and altered function pathways induced by treatment groups, the alter-
ation order at the molecular level induced by 0.1 mg-L™" GO (GO group), 5 pg-L™' PAHs (PAHs group), and 0.1
mg-L™' GO & 5 ug-L™' PAHs (PAHs-GO group) was PAHs group > PAHs-GO group > GO group. In summary,
this study reveals that (1) GO play a dominant role in alteration of CYP1BI1 and B-Gal content in adult zebrafish
brain for 21 d exposure to GO and co-exposure to GO with PAHs; (2) PAHs-GO co-exposure group share a com-
mon characteristic in the toxic effects of both GO and PAHs group, indicating the potential toxicity induced by
PAHs-GO at environmental related concentration co-exposure need to notice; (3) For GO group, the alteration of
oxidase content were consistent with the transcriptomic result, indicating that transcriptomics may help explain the

molecular mechanism of oxidase alteration induced by GO. The results of this study can provide a reference for the

combined toxicity effect and mechanism of nanomaterials and environmental coexisting pollutants.

Keywords: graphene oxide; polycyclic aromatic hydrocarbons; zebrafish; sub-acute toxicity; transcriptome

VTAEK | Bifi 45 %8 1k f1 28 /% (graphene oxide, GO)
WF9E B34 22 707 i of F B9 354K, GO AN Tl sk 47l R
RN IC IR K AR S5 2 oK A LTS
Yy mT REREAE 7K P15 rh AR RE A7 78 B4 ik 24 K A I e
(I GO)J& KA R TS 5 A= 177 A B R B
RUNE, B KA 75 G ) 1 Ak 27 S5 7 TR R 5 i 4l oK
AR LA P & A B | DN 22 B PR /) | B oK
A RES 15 GG 1 M AT R PR IR Y 5 Y B0
MRS, GO W LA B 2 Rl HLTS G, dn ekt
P& Z 3557 42 (polycyclic aromatic hydrocarbons,
PAHs)FIA 25555 Hor PAHs [KILAERREE i 434
W kiz, HEABUE B0 FER AR SR 2 3 T
NATHY A R 6 3, L J2 B 2 A9 BF B R VG
P HRIE SR VA R TR 32 R K
PAHs &5 1E 104.78 ~7 596.56 ng-L™' Z [\ H
CL A T3 4l X 3k 3] v 25 5 B Y5 ek P AT 2
GO #HER B ARG it 4 57K R 1 % PAHSs 75
YWy defy OB TEp 2 5 282 SR A K 2

ISR 9 52 51 e i B B VA I 2 A RS
PR A IR IR AR KB X PAHS 56k
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YRR A AR 20 A T A, FL A SR 0
FNZ2 BERR AN AT T T LA i Xt PAHS B I B ok R
PAHSs (AP BES S8, t A FLABTF 5T 38 H 4l
KRS AEVIG YR GG, XA Y R BG REPERL
A g 26 3 P IR 48 P04 sl A A B
M4 SR, H R 9E T GO I PAHs X Bt 5 £ ik
0 Ji 41 21 52 A S R T M R H TR AL 1 A
AL, BEEh R — b 20 il ) IR0 7 B2 AR A )
B AFGTAKAELRT PAHS 197K A 25 551 1 3 A
R CYP1BI Al - 2L T 5 5 ) £ i 21 21
AR RN S AH G, T LA B A T G X 50 2 £
PEFAUS1 T A S 2 2 2 30T AP R B0 T £ B B AL ol A
FREEF B2, HIm, A% % GO 5 PAHs
X KA A W B B B 1 R, 8 A 5 0 e B 11
GO 5FREE Y ¥k & PAHS [A] i} 52 5% AR BE & 41 21
d, X R 5 B il 41 210 CYPIBL 1 B-F FLAk
TP KT B s 4 2 M o SR AT AR 5T, D3 U 38 3k I
JZ R AR R GO 1 PAHs X JAF BE £ fig 20 21 5B
BRI, A SO S5 R A AR 48 K
AL A7 5 e ) (0 Y 7 23 BRSO SR AR
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1 ## 57 % (Materials and methods)
1.1 GO 5 PAHSs Yl '& 5 g

GO I14F 5 5% 56 E UK BHE A ] (185 XF002-
1), 16 Fffi#% PAHs 1 H F 3¢ E AccuStandard 2\ 7]
(WIEEHE .2 mg-mL™"), GO Al PAHs F{AH 56 M Jii
FFAESE R PE WAL 2 BT TAER ), S5 5%
IR 3EHL0.01 mg-L™'A10.1 mg-L™" > GO
FEIREE I TINS5 ) £ 0 2R R
SUILRIES , 2% T i 4ok 3 B E 2Kk PAHs 19
B - I i e 298 B (97 1 A K ek 0
R (21 d), BB T R Al W B R A
PAHs ZR 8 WEE, 0 5 ng- L' Z5 I, A5 GO
55 pg-L"' PAHs 4 ,%E T 001 mg-L™' GO 5
5 wg-L™' PAHs & & % #% 41 (PAHs-GO01) 0.1 mg-
L™ GO 55 pg-L™' PAHs(PAHs-GO1)E & B4,
[ AN 5 weg- L™ PAHs X B 2 £ il S5 R R
WAL T 5 pg L™ PAHs 2 8841 (PAHs), #5554 %
BEMAFRGET R Fn, AR R i T2
HANG ot 21 d g, WA EE I fa 2l 2Lk 47
BT
1.2 BESfafsR SRR

YR 6 ~8 H iy AB RIMFAE pYARBE L fh
W) R L B2 e K A A B 5 T B D £ B R R
T4 5 52 S AT — 5 B 5 104 37 T e 45 PG R /K 5%
)30 L B EE/KAE P, 1R 3R K R 60 mg- L™ KR
KK R (28.0+1.0) C A FH R M £ fa Ak (o [
T DR PR BN HBEA TR R M R 2 IR,

R 1 FIELI PAHs 71 GO iRE

Table 1 Concentrations of PAHs
and GO in toxicity test
25 51 TG
Groups Pollutant concentration
Control 60 mg-L~ KA
60 mg-L™" sea salt
PAHs 5 wg-L7' PAHs
GOO01 001 mg-L™' GO
GOl 0.1 mg-L™! GO
PAHs-GOO01 5 pg-L™' PAHs+0.01 mg-L™' GO
PAHs-GO1 5 wg-L™!' PAHs+0.1 mg-L™' GO

E: PAHs A Z 33544 ; GO Ry el b A 820
Notes: PAHs and GO was abbreviation for polycyclic aromatic hydrocar-

bons and graphene oxide, respectively.
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AHIT ) BCAE B B £ T K JEBEDL L 23 1 6 4, T4 A
6 ZBE O fh AR IR 1 AL AR E R
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TFAHHRL 1 LGt b A7 o 21 d (3R  BE D) fa R i
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ST R AL S A i 1 3 44T, 3 AT
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mL B0 AT A 200 wL vk 1 4= BRER K i
SRR ZV513K 2 min, ] SCBE D) i A 25T 0K
4B A i 2 2SR A VS VR O HL(5804 R, 1 ]
Eppendorf A F))TE 4 °C 4 000 r-min~' &1 FE LS
min, WHR 35 4 . BE S £a ik 41 20 B-2F LT
AL AR B CYPIBL A9 5 = 4l FH g 3K fo 2% 75
(ELISA)IAG0 & (H [ b i iy G RS W)l o DU
TR R A e BRI S U R AT, B £ ik 41 4
A1 FIEE A S R BCA & HIRAH & (b FE R At
A R RN E , DU o ™ At 4 e300 4 156 W
FiAT,
1.4 FGsEdd ke St 5 45 58 0 Hr

HERSE GO 5 PAHs X B 1 £ fixi 41 21 9 1 R HL
B AR e S 20 2 0 FL o LA TS . FEACHIE
FH GO A 2 DU ,0.01 mg-L7'F10.1 mg-L™",
R ARA T S RO | B £ i 28 2 Sk AL A
mafd A 0.1 mg- L™ GO 41; [Al B, I #F5T PAHs 5
GO-PAHs & & Z# X BE D f i 252w, Hoh 5
GO ZHZE AR HF— 0, P AR W5 v 2 S AL 7 1

N JGCHRFLF M 10
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AR Z I TAED) R B LB T,

26, PR i RNA 48 B ] TRIzol W (35 [ In-
vitrogen 2\ H] ), SR F 248 L £ Bk £ BORE 5 Y
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366 (NP8 , 7 [ Implen 4% 7)) F1 Qubit® RNA
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S SR BE M A BN PSS RS B e 2
SEIERAEAMEFE | PRI 2 B 00 3 i rh A9 {1 BH
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DEGs){FiEbrifi N . | Log,(REEU A FEH Fikat/
IR EEH P RBE) [ =1, HEAEREH P<
0.0005, 53514 L RIER AT P B[Rl JE R Y
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1.5 HdlEgeitntr

FA B S Al 35935 8 3 A ek 3 AL AR E

2R bR IR 25 R . BT A5 S 50 A e

0.8r
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£ o 0.6r
o <o
S {—
o &
S 04p
= 8 %
bo 8
— Q
m — L
©Z
0.0
N N N > N N
N \) Q R \ Q
Yy
N R
yOpL i
Treatment

fii 1 SPSS 20.0 iR AF#EAT B R 7 22 (ANOVA)
3T, P<0.05 BF, UCHFEG T B A B,
B T £ i 2H 2L ) B A AT L R o B B 24 U
Tt #R LR A 4 R4 15 (KEGG) B s 5 . X
T SR A Y 2 2 Sl B 1 SR L A% B P<0.05
I, U223 i D A A AR Y B SR
L 8 F Origin 8.5 27,

2  Z55 (Results)
2.1 GRS R AE EE  CYPLIBI R Hl B-
e FUBEAT I AR L

TE AT BE LD A R 5 T 0 RAL AR 8 4l 21 d ),
R 0 R RN BT A R 5% 41 38 R X AT B ) £
FRIAE 15 R 35 5 T, % 45 R 5 B T G &5
J—F AR PR BU R ) GO .5 pg L
PAHs N HEABBHT T 2R ERETHAS
VR AR St LT M . S ILR ), B R4
TS BEL f1 1 X 2H 20 CYPIBI1 g A1 B-2F FLBE 15 i
SR HINE 1 () 1(b) TR, M TR RA 2
AWM BT TR, H GOl 411 PAHs-GO1 41
CYPIBI1 &1 i 3% N R (P<0.05, & 1(a)), W GO
XFBELh i CYPIBI 5 i i 1 A i 3 5,
PAHs-GOOl 411 CYPIBl & HIE B E Tk, 5
CYPIBI1 #2510, GO01 F1 GO1 £H Bt T £1 figi £ 21
B-FFUMEH e & i1 T R, Hh GOo1 4 B-2KFLbE

(b)

B FUMHTG 5 it/ (ng- (100 mg)™)
P-galactosidase content /(ng-(100 mg)™")

AbTHEZH

Treatment

1 GO 4 .PAHs 71 PAHs-GO E4EBRHMN M EM D& CYPIBl R ER B-H I BEHHEIENZMN
T ARSI AU X IR AL AT 35 % 25 5(P<0.05)
Fig. 1 Influences on brain CYP1BI1 content and 3-galactosidase content induced by GO, PAHs,

PAHs-GO co-exposure in adult zebrafish

Notes: * denote significant differences at P<0.05 compared with the control group.
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il & i T [ 23.90% , GO1 2H B-2K FLBE 1 & & 5
X IECZE AR TE 3R R (P<0.05, B 1 (b)), TR
5027% . SRS, 5% FEAH L, PAHS-GOO01 2 Al
PAHs-GO1 4 [FAIFE LT B-- 2L i 5 1 T %
%, 505 T F% 12.14% 11 35.05% (P<0.05), 1fii PAHs
g rp B-2f- UM Il ) 1 5 0 HR A A HE G I S
ZE5t .
2.2 GO PAHs FlHK & 2 8 X AR I B 0 5% S 41 1)
Al

ERFE GO 1 PAHs FI A A 4% B L £ fig 4 21
(53 F- 7K B2 M, XoF 2 588 20 RO R A 1) 3 5 0 fig
HAGHAT T e sk AL, Al B2 IR AR AH OC R %K
(Pearson correlation coefficient)F1 5 28 43 X A [A] 41
I CELAE X B2 ) B PR e I AHADLBE 64T T A3 B, 45 2R
wmE 2 i, XFIR4H5 GOl 41, PAHs-GO1 41 Al
PAHSs ZH 2 [8] ) B2 JR Bk R 053 31 0.966 ,0.966 Fl
0.942(& 2(a)), X T HIRRFREM S ,2 HZ A i
B 7 BT 1, 00 2 21 22 [B) % 356 PR3 a8 AR 0L b
o WTLATE K2 IR AR R B0 A, GOL 41 Fil PAHs-
GO1 AHXTF PAHs 41t , H AL N ek 230 T
XTREZH SR, EAS R B 7E KRB R BT
iF,GO1 41 Fll PAHs-GO1 ZH i) 22 B0AH [R] , T 25 1 W

(a)
Control 0.966 0.946 0.966

0.969 0.946 . 0.966

PAHs-GOO1
PAHs 0.942 . 0.946 0.946
GO1 . 0.942 0.969 0.966
\$ S D N
I Qv“z' & oo‘@
¥ ¢
QYV

GO1 4111 PAHs-GO1 2H & [F & 15 AH X F X B 41 119
D, PRI SR TR S o Mk 40 Hr 3 > R R 20 5 X
HEZH iy B R R X ), 25 SR A 2(b) s . SR 2K 41
BT 2 5 7R , PAHs 41 LR (1) ik 55 0] I 2 22 5 e
K, 1M GOl H By RIR S 3 DR FR A b 42 X
TR41HY , PAHs-GO1 21 5 % 8 41 366 (R 36 3k ) 25 5% A
T GO1 41 F1 PAHs 412 [a],
2.3 GO PAHs FHERA % #5175 A 1Y BUAF 3R 25 1 ik 26
41 DEGs 1943 Hr

H4fE 1.4 v DEGs B i e 4n 1 , A 5% v i 5
2 DEGs #0 & Mo fE o an il 3 fiR, H 3(a) ~
3(c)AI 1, GO 41 5| i 9 B0 o fii 2 2 2 S e i) 7%
fbfe/N 354 61 4~ DEGs, HiH 3 DEGs 29 4>, F
¥ DEGs 32 4~; PAHs 44 % i 2 1Y DEGs, Hh I
¥ DEGs 123 >, F 4 DEGs 39 />; PAHs-GO1 4H 14,
) DEGs 41T GOl 41 #1 PAHs 2 2 [a], Hoir F M
DEGs 34 >, Fi# DEGs 59 /~, % 3 MREMHAN
DEGs i#47 1 40t , H 45 & 3(d) s, TEAHF
S, 3 NERBRAILE R T 251 K B E AR,
20 > DEGs i 3 244,27 > DEGs 2 GO1
ZH I PAHs 4134 28 > DEGs & GO1 41 il PAHs-
GOl 434,27 4~ DEGs Jy GOl #4041 PAHs 413t4

2

GOl

|
=
=
=
S
&}

PAHs-GOI

2 GO #H.PAHs A7 PAHs-GO EGR#BAZ BHRRAREREERHM
TE: (a) BRFRAZBHT 5 (b) Helust AT,
Fig. 2 Analysis of differential expressed gene expression among GO, PAHs, PAHs-GO groups

Notes: (a) Pearson’ s coefficient analysis; (b) Helust analysis.
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(a) . L EEH (291)
L Up-regulated genes (29)
o AL (321Y)
Down-regulated genes (32)
—~ 102F
i
=3
a, >
i)
on
o o
2
51k
2.3f
log, (B ik 1t 22 545550
log, (gene fold change)
(©) : FI3ER (344)
® Up-regulated genes (34)
o L5914
Down-regulated genes (59),
166
~ 0
i 5
Q. -
=&
on =
S o
£ 83k
23 :
1 1 1 1
4 T 1 4
log, (KL Fe i ik 2 S H0)

log, (gene fold change)
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(b) : FARER (1234
L Up-regulated genes (123)
o [AEH(391Y)
Down-regulated genes (39)
54f
)
o3
[
vl
o
o o
= 27b
23F '

log, (B Fik 22 54550
log, (gene fold change)

(d)

GOl141 22573k H
DEGs in GOI group
- PAHs#[{ 22 5 JE A
DEGs in PAHs group
- PAHS-GO]?E_%E:%
DEGs in PAHs-GO1 group

3 GO1,PAHs 1 PAHs-GO1 i % HBE 5 & 3 5% 4 DEGs 5315 &
E:(a) ~ ()73 51°4 GO1 .PAHs Fll PAHs-GO1 41 DEGs (%h K 111515 () GOl \PAHs Fl PAHs-GO1 £  [i] DEGs (1 B4 ;
DEGs U3k I # 22 RIKFEEH
Fig. 3 DEGs and analysis in zebrafish of control, GO1 group, PAHs group and PAHs-GO1 group

Notes: (a) ~ (c) represent the amount volcano figure of DEGs in control, GOl group, PAHs group and PAHs-GOl1 group, respectively;

(d) represents the Venn diagram of DEGs in control, GO1 group, PAHs group and PAHs-GO1 group; DEGs was short for differential expressed genes.

30 > DEGs N PAHs-GO1 41 #1 PAHs 4134, Bifk
M ,3 A REE A WIW 2 [[] 1Y 3L 5] DEGs #5 & 4%
AT (HAR SRR i) DEGs B HAH 2270 K,
ek 2R S R N BRI G5 R FHitk
SEARTRN, HNI & 3 55 fa i 41 21 DEGs )80
F,3 N EBEAHET A GOl 41 <PAHs-GO1 4 <
PAHSs 41,

H 2 2 AT 7E 20 4 3 SRR 413 A (19 DEGs
I RE VS M ANAEARIH (U0 ckma) | %% 7% 2 (myhed
mylpfa) 55815535 (atp2al 1 T pvalb2 25) F 40 i &
I (tnni2b.2 M (pma 7). HER kets 7 GO1 4P |
J4 .RCVRN £ 3 A~ Gg ddrh 4, o4y DEGs 7F

3B RN A LT X IR 2 O 1
WITESZ BN A5 ), 0 H= 99K A4 8L PAHSs 7R B &
THEAMEOT A Y A U L 0 M R R A
SRR R, X P B G AE BRI 5% A TS
MY %48 3 A58 2 P A 1Y DEGs I, 3 > 2 5%
211y DEGs HIIIREW %47 22 57 : GO1 240 & A (L g
HHIM) DEGs , f14% steap4 A1 ncfl ;i PAHs 4 &
2T Re L ACHT RN R B B AH OCE N, AN ugerfSl
cldnd f1 cldng 55 ; PAHs-GO1 41 £, & K AR it i 72
FHE Y DEGs, i 5 A ML LA WAL B 19 am-
tla FIEFR I I R gpeal AR iz A G FE A
acap3a %
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Table 2 Function of partial differential expressed genes
FEH AT 2 Jeprifeid AL AL
Gene symbol Gene function Groups Alteration trende
SR D , [ i
steap4 ) ) GO1
Oxidoreductases, membrane trafficking Up-regulated
FhMERL AR MO BT R T, R LA
ncfl GO1
Neutrophil cytosolic factor, membrane trafficking Up-regulated
JIEL T 5 2532 AL g , Mg oA Qg i
ch25h GOl
Cholesterol 25-hydroxylase, lipid metabolism Up-regulated
VLR | 4 22 TR A 2 PR A3 T
ckma GOl, PAHs-GO1, PAHs
Creatine kinase, arginine and proline metabolism Down-regulated
JILEREE F 5, AR SR T
myhc4 ) GOl, PAHs-GO1, PAHs
Myosin heavy chain, cytoskeleton proteins Down-regulated
PR E A s, A A AR E Y T
mylipfa o ) ) GOl, PAHs-GO1, PAHs
Fast skeletal myosin light chain, cytoskeleton proteins Down-regulated
PRl Ca*' Fhid i 2A B (55 T
atp2all GOl, PAHs-GO1, PAHs
P-type Ca®" transporter type 2A, signal transduction Down-regulated
NG A2, {55 AR TR
pvalb2 ) o GOl, PAHs-GO1, PAHs
Parvalbumin-2, signaling and cellular processes Down-regulated
) WUESEE T, DR H L A0 2R e T
tni2b.2 GOl1, PAHs-GOl1, PAHs
Troponin [, fast skeletal muscle; cytoskeleton proteins Down-regulated
JEUEREE 1, 2 2R A T
tpma GOl, PAHs-GO1, PAHs
Tropomyosin 1, cytoskeleton proteins Down-regulated
s B F B, e, Bk MR £ 2 Gol i
Type II keratin, basic, acidic and basic keratins Up-regulated
I B EE Bl , B AR £y 3 T
krt5 PAHs-GOl1, PAHs
Type II keratin, basic, acidic and basic keratins Down-regulated
W EH EERGE LA
RCVRN GOl, PAHs-GO1, PAHs
Recoverin, sensory system Up-regulated
ZHE-AMEER C IR MR BE 5L , A LR 1L T
bl
uqerfsl Ubiquinol-cytochrome C reductase iron-sulfur subunit, PAHs
o ) Down-regulated
oxidative phosphorylation
TR 4, e iR -
cal5b PAHs
Carbonic anhydrase 4, energy metabolism Up-regulated
W ERE A, AR T TR
cldnd PAHs
Claudin, cell adhesion molecules Down-regulated
BWEREA AR T !
cldng ) ) PAHs
Claudin, cell adhesion molecules Down-regulated
A3 a-1/8 B Bz 9
kpna7 ) ) ) PAHs
Importin subunit alpha-1/8, nucleocytoplasmic transport Up-regulated
Arf-GAP 5% i 828  ANK T & )75 f# PH 25300 28 115, 52 i i
~
acap3a Arf-GAP with coiled-coil, ANK repeat and PH domain-containing PAHs-GO1
Up-regulated
protein, membrane trafficking
I AL TR 1 ek T i
arntll a Aryl hydrocarbon receptor nuclear translocator-like protein 1, PAHs-GO1
. Up-regulated
transcription factors
NAFREL ARG, AN LA
ap2l ) ) ) . PAHs-GOl1
Aminotransferase, amino acid metabolism Up-regulated
VEREAAR OGBS EEE 1, 32 R A AR LA
laptm4b PAHs-GO1

Lysosomal-associated transmembrane protein, transport and catabolism

Up-regulated
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2.4 GO PAHs FlHIK A 28 85 5 A 1) UAE B 1 £ i 21
g8 SR ST

IR TIRE Ty R E , FE P 5SS e i A i
L R A N R 5= W P T N o A I a7 4
ZH%) DEGs #17 T KEGG i %4> #T, GOl . PAHs #l
PAHs-GO1 411 KEGG & i f§ 45 R W3k 3 Fin,
25 B 78, GOl PAHs £l PAHs-GO1 ZH /) DEGs — 3t
W R T 38 N rh, Hoh GOl PAHs Fl PAHs-
GOl 411" DEGs 433 & %38 1 17 .25 F125 F&IEH
P, Hri, GOl 21 1 B kA Wi (P<0.05)A 2 1,
G35 R B i AN R R R 9 AR W A K PAHs 41

1) 5 35738 Ak A 3 BB (P<0.05) A 4 A, 43 3k B 85 i
F2 AR R O U 4 A A PAHS-GOL 4117 1
FAAAEYRE S (P<0.05)A 4 4, KiE BE . ECM-3Z /&
FEAEH BB ERADC T, AT ERE, 8%
A 3 R ER A b Y B R R R BRI T
7 HL¥ 0 5 A8 Ab A 038 55 (P<0.05) ; A AN, GO1
20 \PAHs-GO1 21 PAHs 4 75 5% 3% 23 % b & 4
() DEGs 4351 3 4 F16 1>, H GO1 A7 B % 48
% b & 4 19 DEGs (MYHI3, myhc4 Fl mylpfa) 1
PAHs-GO!1 21 il PAHs 20 H 344 3Rk FIE 48, 1l cldng
N cldnd J&: PAHs 20 H A () DEGs,,

*3 FHEHAEREF(DEGs) EEMERER
Table 3  Function pathways of differential expressed genes (DEGs) in exposure groups

A % 44 K

Pathway name

A

Pathway serial

S FE4] DEGs $&
DEGs amount mapped to

RAGAVER R P

. P value of exposure groups
function pathways

GOl PAHs PAHs-GO1 GO1 PAHs PAHs-GO1
B
o dre04530 3 6 4 0.0043 0.0002 0.0059
Tight junction
A
) o dre04020 2 2 2 0.0882 03743 02953
Calcium signaling pathway
TR
dre04145 3 2 02691 0.0485 0.1475
Phagosome
U 4E
dre04260 3 1 0.1694 0.0129 03318
Cardiac muscle contraction
O E IR RS
dre04261 1 1 03165 0.6288 0.5623
Adrenergic signaling in cardiomyocytes
Kt Kt
dre04510 2 2 5 0.0815 0353 0.0038
Focal adhesion
JULB A 1 20 M S 9
. . dre04810 3 2 0.4049 0.1508 03075
Regulation of actin cytoskeleton
KRR A = R
o ) ) dre00330 1 1 0.129 03022 02592
Arginine and proline metabolism
R R
dre01100 2 4 4 0.7076 0.8833 0.7787
Metabolic pathways
WA e
dre00010 0 1 0.1323 - 02653
Glycolysis/Gluconeogenesis
WIS AR
dre00230 0 1 0.3006 - 0.5399
Purine metabolism
heli]
dre01200 0 2 0.2096 - 0.0925
Carbon metabolism
BRI YA L
dre01230 0 2 0.1535 - 0.0512
Biosynthesis of amino acids
ECM-3Z /R E A
dre04512 0 3 0.1422 - 0.0047
ECM-receptor interaction
FoxO 155 #%
dre04068 0 3 1 - 0.0529 05062

FoxO signaling pathway




264 Ax O O# ¥ IR 517 %
243
S FE4] DEGs $&
SRS E A P1E
W 2 B i s DEGs amount mapped to TR ALERE R P A

Pathway name

Pathway serial

function pathways

P value of exposure groups

GOl PAHs PAHs-GO1 GO1 PAHs PAHs-GO1
s
dre04142 0 1 - 05117 0.4499
Lysosome
e
) dre04144 0 2 - 04143 03301
Endocytosis
b B 2 2
dre04520 0 1 - 04044 03508
Adherents junction
[i) B3
o dre04540 0 2 - 0.1334 0.0988
Gap junction
FIRNET R (4= 46
dre00120 1 0 0.0371 - -
Primary bile acid biosynthesis
20 [R5 A0 L K] 32 A AR ELAE
dre04060 1 0 02649 - -
Cytokine-cytokine receptor interaction
B A PR 115 e
. o dre04920 1 0 0.1487 - -
Adipocytokine signaling pathway
AR
dre00190 0 2 - 0.1622 -
Oxidative phosphorylation
RTERE IR BRIE I
dre00520 0 1 - 02559 -
Amino sugar and nucleotide sugar metabolism
BB
dre00830 0 1 - 0.1868 -
Retinol metabolism
RNA ¥z
dre03013 0 1 - 05377 -
RNA transport
mRNA &2
dre03015 0 1 - 03617 -
mRNA surveillance pathway
RNA [Ffift
dre03018 0 1 - 03326 -
RNA degradation
240 A 30
dre04110 0 4 - 0.0055 -
Cell cycle
P53 15 S m
dre04115 0 2 - 0.0522 -
p53 signaling pathway
H A L
dre04320 0 1 - 0.1287 -
Dorso-ventral axis formation
A0 HURS K221 (CAMSs)
dre04514 0 2 - 0.1451 -
Cell adhesion molecules (CAMs)
W A
dre00240 0 1 - - 03535
Pyrimidine metabolism
AR KRR RS
dre00250 0 1 - - 0.1583
Alanine, aspartate and glutamate metabolism
2- AR IR AR
o ) dre01210 0 1 - - 0.0825
2-oxocarboxylic acid metabolism
PRSI P G BN T
dre04141 0 1 - - 0.5341
Protein processing in endoplasmic reticulum
NOD 32 145 5 it i
dre04621 0 1 - - 0.1822
NOD-like receptor signaling pathway
pIRE S
dre04744 0 2 - - 0.0127

Phototransduction




5453 4

PN IR R SR M 2 IO R R

T W 5 R AT BRE L £ 2 U 2 W BB SY 265

3 iFi (Discussion)

YUK REEA KA S @ =R S
MG YWAH EAE R, T LAGE o 52 i A7 ALTS G Y
APy el R R R A W & R s e . BT
KT YRR WS e Y E AT YRR A —
AIHRE P70 ARSChRATRERE T GO 5B
PAHSs X} AR 3 By 0. 52 G 2 55 175 1) ik 40 2 il 55
AR S 2 B T HLEE,

%G, TEMEK T |, GOl 41/ PAHs-GO1 #H
3 B G AT BE D £ i 21 2 B-F 3L A Il A
CYP1BI &6, B-2FFLWEH M2 —Fh S 8 1% 240 Py
WERRE Y, H A g S A O 5
Hb TEED AR T, G- FUBETT Il (14 2R 35t [7] — 2
o s 6 XU 25 DI AR 6P i CYP1BI g /2 4 4
FREEY) — o, BT LA SR AL 24 9 o 3E 47 T 8 Ak
R Zindler SN WF TSR, H A S AR
SRR X R RNR AT E A R RS, AR
(2 e KB R FE AR T 25% ~40% , T B4 =i
X R AU GE 1 BEPE RN, FE A SCH, GOO01 4 | GOl
20 PAHs-GOO1 ZH#1 PAHs-GO1 2034 7] i & B-2F3,
BEFF il F1 CYPIB1 Jf§ & & F R, £ % GOl 41 Al
PAHs-GO1 - 5%f B A0 AH Hb A B 3% TR %, 0
J& PAHs 41 H1 5% FRALA L 0 2 3% 22 5%, GO0l 415
PAHs-GOO1 £ GOl 415 PAHs-GO1 £ i &
S WX RS AR AT REE L (DA SR BRI
GO Fl PAHs ¥ PREE TN & AR BE VR B | 5 BE 1
FHOCSE G ZR B 58 MR B (B A B 10 mg-L7' DAL= |
PAHs 4 70 ~735 pg-L A LK, R P& & &
T iR I 2 T MR S M AN (A il ) 1Y) 22 5 N B
5(2)GO Xt A ML PAHs 17 78 — % 11 W BF 3%
o422 AR A A i A G I Y R GO R R A
VR BRSO 7RG & & DR AL, B, 3RATTA
PRI FEA SCHRAIL I 52 A B R AR IE T FEXT AR
BF P R 1 PR 2550 (9 B2 T R GO 2 i 4 = T M
iy,

I3 TR B, GO SRV E PAHS X 5 5 £ i
L 200 A R R 1 R B BN S5 A T ) 4 SRR
] , 4% R 58 415 & (1) FE TR K 728 4k 19 Iy 4 PAHS
21 >PAHs-GO1 41>GOl1 4, 3 NREEAIELNILE
DEGs 1% /5§ DEGs & 40H) 8.0% , fu G 40t | S
PR BB s R A M AR A R T g A e
1) 35 R b AR A AR AR IR 2 i 1 TAE R AT T
BGTERT A 2 R 2H IR 1) 22 S 3 DR 1 8 o L

BAE 5> T2 0 B, B GO #jl PAHs #l PAHs-GO
A TG LR SR UL DO R IR K, JEHE
J& PAHs 1B —Fh & B IR 85575 e ), B R 7E AR
FERIVREE T AR XS B-F ZLBE 1T B A1 CYP1BI B i &
WA E R (AR T2 L, PAHs A TR
WVEEE A I cldnd TN cldng W R, A
8, cldng M cldnd J2 2% 1% % %% % 32 26 1 (clau-
din)(WEE L, i B S E O N T RE ST
LA 0 I A 5 R 51 473577 T AE GO 2 il PAHEs-
GOl 43X 2 A~ BB I oK 1 3R 5 2 A5 4k, vl W
PAHSs XA 9y 1 Fi 57 B 1) 5% i ] B BE B 4, 3 ml 2
T PAHs HA JRiEE, vl il 2 8ty
M DNA FIEE 11 A48 007 15 A6 0 PR 4800, AT 5
KM AR GOL 4 ARk i 5 Y
LD ) BE A S AR O 1) 56 PR 38 1 359 5 A A A At
B HRSFEDIREAH ¢, 173X 1E & GO 5 & 1 B I £ i 7Y
B TR P [R5 PAHSs 4H % Hrl & B, GOL
ZHAE SR AL AR O FE N 1 A8 L R BE(UN steap4 1 nef)
ZERT PAHs 41, 543 CYPIBI F##E GO 411y
AL A T PAHS 41 945 A0 —3%

1t PAHs-GO1 #HH, & & %% 8 41175 ) 1Y) DEGs
B 35 (K58 4 5 GO1 2 PAHs 4134 15 4538
BEAHIE , 58] PAHs-GO1 4 il 25 R0 v 7643 T HLEE
3 E GO1 4181 PAHs 41 A4 5, TRl o i il 1 2
H:(1)PAHs-GO1 & & # #4142 GO Fil PAHs 1y
Gy FRETE ROV /YRR A B-F FLNE 1T A CYP1BI
it (0 235 SR AR, BV HAZS & R ON A 2 PRl 2 R
Ha];2)H AR GO FE/K IREE h 2 %F PAHSs = 2 1
B, ELAE X B AT 3 2 £t fis 41 28400 H GO 7 £ F: b
B fHJEFE T2 L, 5 GO LR fF7E i PAHSs 4K
SRELAT T30, I HAE R G 5 T RE 23175 A i &
PR3 B2 AL (A FRAT T 2 Q) AR R IR GO
VA PAHSs IR FE A B/ 76 H AR IR BT of Ak R
H1 PAHSs 7% 12 1] BE O PRBE 28 & A s /K S04
PFMUR 4 K A8 Ak, IR T GO 45 8 578 6 1 PAHS
(o R BRSNS — B IRAGY . ARFIE4S
SRN] 0 J5 A G B AR W B 4K M R S IR B TS 4
ZIA A EAE RN A B E RO it T 2%
Yokt WA R AFSE GO 5 HAAM IR TG RM E
BRI SR T o S AR T

BIEEE N B E(1989—), B, W+ BB A, £
FH R T 0k kA AR A £ A AR
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