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Abstract

Cadmium (Cd) is a demonstratedllptant in the aquatienvironment. The bioaccumulation of Cd in fish affects tr
mitochondrial viability such as free radicals generation and lipid peroxidaRBenoxisome proliferateactivated receptor

(PPARYacyt iocvaat dlra)a i SsP@C uci al
have been identified in fish, and their functions remain obscure. In the present study, ®GCg e n e

f og andmetalwolkisim. Hoveever, anly a few BE&Ce |
wa s

Ctenopharyngodon idellygrass carp). Sequencing analysis revealed that grass cafpf BGCa |l cont ai ned

site, a RNA recognition motif and several serarginine repeats like other P&GCa s ,
compar-ka eviprhe & shiadn

la in grass carp

suggesting a
i vna smanmanr aridb ycontePiGsC

mitochondria such as kidney and red muscle, then heart>brain> white muscle> liver > adipose. When the fish were e

cadmium for 24h, 5 M cadmium promoted mitokdoerdpr
enhancemen . While 20 pM cadmium slightly raised -theeempr:
increment. These results suggested that grass carplP6GCwas i nvol ved i n cadmium in
with mitochondrial function.

Keywords PGG1aq; grass carp; cadmiumyecinatedehydrogenasemitochondria

Introduction fish still hacdaedt been

Over the past decades, the ever increas
release of agricultural, industrial and domestic wa
led to a significant contamination of the environme
and particlarly of the aquatic compartment (Akaist
et al 2007; Clarkeet al 2009). Cadmium (Cd) is ¢
demonstrated pollutant in the aquatic environmi
(Burger 2008). Due to little excretion rate of tt
metal, it is retained within the body and thus, ever
very low concentration, the metal can be read
accumulated within the vital organs, causil
hepatotoxicity, nephrotoxicity, reproductive syste
toxicity (Mitsumori et al 1998; Tomaret al 2005;
Reynderset al 2006; Kumaret al 2007; Roodberger
et al 2008. Liver is one of the target organs in whic
cadmium primarily accumulates and exerts
deleterious effects, including histopathological a
cellular changes, enhancement of lipid peroxidati
influence on mitochondrial function and DNA cha
damage ifmammals (Tzirogiannist al 2003; Koyu
et al 2006). Some aquatic vertebrates like fish
more vulnerable to cadmiunBygrger 2008, but the
molecular mechanism of cadmium stress respons

In order to respond to cadmium stress, fish ce
must be able to perceive the signal and convert tt
into appropriate responses, which in turn confer
fish the ability to tolerate the unfavorable conditior
Mitochondria are the main orgarelfesponsible for
cell metabolism. The number, structure and functic
of mitochondria differ in animal cells and tissues
response to physiological or environmental alteratic
(Enriquezet al 1999; Moraes 2001). Mitochondri
function is tightly reguleed by peroxisome
proliferatoraci vat ed receptor -y
1la (-P&LC. Activatlaonnob
stimulates mitochondrial DNA replication but als
regulates other vital cellular events such
mitochondrial fusion, fission and antioxidant defen
(VenturaClapieret al 2008). PGC1 a i nt er
nuclear receptors and transcription factors to activ
specific target genes upon response to multiple stir
including calcium ion, reactive oxygen speci
(ROS), insulin, exercise, and cytokindsafig and Ji
2012). However, whether PGCa i s i n
regulating cell response under cadmium stress or
hasn’t b eelm the yprpsen rstady,. we

E Published by

Cent r altute f[OFRINTeabzoneTarkeg e s ear ¢ h

Il nsti

in cooperation with Japan International Cooperation Agency (JICA), Japan


http://ezproxy.student.twu.ca:2055/science/article/pii/S004565351300091X#b0040
https://www.google.com.hk/url?q=http://www.ncbi.nlm.nih.gov/pubmed/22903262&sa=U&ei=vfIqU9nDE_GQiQf1roHIDA&ved=0CB4QFjAA&usg=AFQjCNGggvZ-GKerhSO2qs_YfPf2A-kV_A
https://www.google.com.hk/url?q=http://www.ncbi.nlm.nih.gov/pubmed/22903262&sa=U&ei=vfIqU9nDE_GQiQf1roHIDA&ved=0CB4QFjAA&usg=AFQjCNGggvZ-GKerhSO2qs_YfPf2A-kV_A
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kang%20C%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Ji%20L%5Bauth%5D

840

Y. Zhao et al. / Turk. J. Fish. Aquat. Sci. 16: 839-845 (2016)

characterized PGC a i n
effect of cadmium on PGC a

grass cal
expressia

Materials and Methods
Experimental Fish

Heal thy grass carps |
from a local dealer (Chengdu, China). These fighe
transferred into automaticycle, glass aquaria, fe
with a commercial fish diet and kept fordays at
18+4° C before experiment
approved by the Southwest University f
Nationalities Institutional Committee for the Care a
Use of Animals.

Cloningof PGC-1 U Gene in Grass

Ten healthy grass carps were anesthetiz
slaughtered and liver samples were harvested. T
RNA was extracted from grass carp with TRIz
reagent (Invitrogen, Carlsbad, CA, USA) according
t he ma n u f a craction. e cDNA  wasi
synthesized by reverse
as described in the product protocol (Fermentas |
Science, Hanover, MD, US). The primers (Table
were designed to amplify the entire open read
frame of PGELa ¢ DNA i n sigy Paimes
Premier 5 software based on the sequences of P@!
from Danio rerio (GenBank accession N
XM_002667531, AY998087, FJ710604 and
DQO017637). PCR amplification was performed wi
the following program: 1 cycle at 95C  f nuirn; 38 ¢
cyclesat94 C f 6,62° £5 f g,ANdGD C |
90s; followed by 1 cycle at 72 C f onm. The0
PCR fragments were purified by 1% agarose
electrophoresis and cloned into pMDTI9 vector
(TaKaRa, Dalian, China), transformed inte.coli
DH5 a, and. seqguenced

Bioinformatics Sequence Analysis

The sequence, isoelectric point and molect
weight of the deduced PGCa pr ot ei n
using ExPASyTools (ttp://www.expasy.org/too)s
Signal peptide was identifiedoy SignalP 4.0
(http://www.cbs.dtu.dk/services/SignalP/) and ami
acid sequencéomology of PGG1 a pr ot e

Table 1.Primers for specific target genes

related species was established with Custalw2.
phylogenetic tree was constructed using neiginbc
joining (NJ) methods based on P@Cax a mi n
sequences using MEGA software version 3.1 (Kur
et al. 2004).

Waterborne Cadmium Exposure Experiment

Healthy grass carps were randomly distribut
into three groups (306:
31238 g, n=10) , and exp
CdCl, for 24 h, respectively. Then these fish we
anesthetized, sacrificed and liver samples w
collected for further processing.

Succinate Dehydrogenase Activity

About 200 mg liver sample from each fish swi
collected and triturated in liquid nitrogen, stirred a
dissolved in 2 ml PBS, then centrifuged at 10,00(
for 30 min. The total protein concentration
supernatant was analyzed with BCA kit (Biad,
Hercules, CA, USA). Activity of mitochondria
sucénate dehydrogenase (SDH) activity wi
measured by -84, 5dimethylthiazol2-yl)-2, 5
diphenyltetrazolium bromide (MTT) assay. 1QOL
solution of each sample was transformed inton@
plate, then 0.5 mg mtof MTT (SigmaAldrich, St.

Loui s, MO) di ssolved 1in
was incubated at 37 °C
2500 g for 10mi n, 15 Ontop

each well to solubilize the resulting formazan cryste
The optical density was read on a Microplate Rea
(Bio-Rad, Hercules, CA, USA) with a test wavelenc
of 570 nm. SDH activity was normalized to tt
control group, which was considered to be %00

Real Time Quantitative RT-PCR

Heart, liver, spleen, kidney, brain, qill, fin
adipose, red muscle and white muscle were collec
from ten healthy grass carpsLiver samples from
cadmium treated fish and controls were triturated
liquid nitrogen Total RNA and cDNA were prepare
as described above, regahe quantitative PCR was
carried out to analyze the levelBGGl a e x pr
in liver by a fluorescence temperature icycler (Bi
Rad, Hercules, CA, USAJThe gene specific primer:

Gene Primer SequemBcag (5’ Annealing temg
PGCG1 U S1 GGATGGCGTGGGACAGGTGTAATC 62
(clone) Al GCTGG GGTGGTGCTGTCTCGTT
S2 CTGAGCAAGGCGTCCTCCACTATG 62
A2 TTACCTT CTCAG GCTGTACTGGG
PGG1 U S CCAGTCAAGAGAACCCTTTCAA 58
(analyze) A CCCTTCCGAATAGAACCGC
b -Actin S ATCCTCCGTCTGGACTTGG 58
A TCCGTCAGGCAGCTCATAG


http://www.expasy.org/tools
http://www.iciba.com/homology
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for PGG1 awere presented in table 1. Conditions fi  (SPSS, Chicago, IL, USA). Differences we

amplification were 90 considered as significant B&€0.05.

cycles of 5 s at 95 °C

annealing, then 40 s at Resuls

mMRNA expression level was analyzed using 1

comparative Ctmethod [(ivak and Schmittgen, CharacterizationofPGC-1U i n Gr as s

2001) wi -actin af a loading control fo

normalization. Two fragments were amplified by RAFCR and
a total 2,640 bp cDNA of grass carp PGGx w

Statistical Analyses spliced (GenBank accession number JN19573¢

The obtained nucleotide seqoce covered an entir

Data were showed as ORF of 2638 bp encoding 878 amino acids (Fig!
differences between CdClreatments and control:  1). Molecular weight of the predicted PACa p r
were analyzed using SPSS13.0 for Windows Softw  was 97220.7 Da and the isoelectric point we835

-2 GGATGGCGTGGGACAGGTGTAATCAGGACTCGGTGTGGAGAGAACTAGAGTGTGCTGCCTTGGTTGGTGAAGACCAGCCCCTTTGOCCTGAC
1 MAWVDRCNQDS SVWRELECAALVGEDQPLTCEPD
91 CTGCCTGAGCTTGACCTCTCTGAGCTGGATGTCAGTGACCTCGATGCAGATAGCTT TCTGGGAGGACTCAAGTGG TACAGCGACCAATCA
31 LPELDLGSELDVYSDLDADS STFLGGLEKWYSDGO QS
181 GAAATCATTTCCAGTCAGTATGGCAATGAGGCATCAAACCTGTTTGAGAAGATAGATGAGGAAAATGAGGCCAACTTGCTGGCAGTGCTC
61 EIISSQYGNEASNLTFEEKTIDEENEANLLAVL
271 ACAGAAACCCTGGACAGTATCCCAGTGGACGAAGACGGTTTGCCTTCGTTCGAGGCCCTGGCAGATGAGGACGTGACCRATGCCAGTGAT
91 TETLDSTIPVDEDGLPSFEALADGDVYTNASDID
361 CAGAGCTGTCCTTCCACCCCOGATGGCTCGOCACGGACCCCAGAGCCAGAGGAGCCTTCCCTGCTGAAGAAGCTCCTCCTGGCECCTGCT
121 QSCPSTPFDGSPRTPEPEEPSL K K L,L LAPA
451 AACTCCCAGCTCAGCTATAATCAATACCCAGGTGGCAAGGCACAGAACCATGCAGCCAGCAACCAR CCCATCAGRCLAACALCTGETET
151 NSQLSYNQYPGGKAQNHAASNOQRIRPTPAYV
541 GCCAAGACAGAAAACCCTTGGAACAGCAAACCACGAGGGGCCTGTCCCAACCGGTCCATGAGACGCCCTTGCACTGAGCTGCTCAAGTAC
181 AKTENPWNSEKPRGACPNRSMRRPCTELLEKSY
631 CTCACCTCTAGTGACGAGGCCTTCCAGACCAAAGCCAGGGAAGCCAAGAGCACCTHGACAGGT TGEEGCAAGGACAGGGGAGGGGCTTGE
211 LTSSDEAFQTRAREAESTWTITOCGEKDRGGAC
721 ACCTCTTCCTGCTCATCTTCTICCTCTCCATCCTCCTCGTCCACCTCCTCTTTCTCATCCCTGTCGTCCTGCTCCTCTTCCACCGCCTCE
241 T8 S CS § 88 SPS S SSETSSFSSLSSCSSSTAS
811 AAAAAGAAGACATCCTCTGCCTCCCCATCATCACAACAGCAGCAGCAGCAGCAGCAGCAGCTGGCATTGCAGGCCCAGCGAGCCAAACCA
271 KKKTSSASPSSQQQQQQQQQLALQAQRAKTEP
901 ACCATCTTGCCACTTCCTTTGACCCCAGAGTCTCCAAATGACCACAAGGGATCTCCGTTTGAGAACAAAACCATTGAACGCACATTGAGT
301 T I.LPLPLAPESPNDHKGSPPRERENETIERTILS
991 GTGGAGATCTGTGGAACCCCAGGTCTGACACCACCTACCACGCCTCCTCACAAAGCCAGTCAAGAGAACCCTTTCAAAGTATCACTCAAA
331 VEICGTPGLTPPTTPPHEKASOQENPFEKVYVSLEK
1081 AACAAGCTTTCTTCATGCTCTCCCTCTGCCCTGACAAGCAAAAGGCCCAGGCTGAGCAATGGGGGCTCTTGCCCTCAGCCARACAGCGGT
361 NKLSSCSPSALTSEKRPRISNGGSCPQPNSSGE
1171 TCTATTCGGAAGGGCCCAGAGCAGACTGAGCTCTATGCCCAGCTGAGCAAGGCGTCCTCCACTATGCCCCTAGGGGGCTTGGAGGAGCGT
391 SITRKGPEQTELYAQLSEKASSTMPLGGLTEETETR
1261 CGGGGCAAGCGGCCCATGCCOCGCGTCTITGGCGATCACGACTATTGTCAGTATACAAGCACAAAACGAGACAGCACCACCCCAGCTACA
421 RGKRPMPRVFGDHDYCQYTSTEKRDSTTTPAT
1351 GCGGTAACTGGGCCAACGGAGGGCCGGCATGTGGAATGTAAAGACTCGAACATGCTGACCTCCTCTACTTCTACATCATCATTGTCTTCC
451 AVTGPTEGRHYECEKDS SNMNLTSSTSTSSLSS
1441 GCCTCCCCTTTGTCTTCCTCTCTGGCCAGGCAGCT TCAGGGCCTTTCCCCCACAGCTCAGGAGGCT TG TCOGGACATGGATGCTCACGGA
481 ASPLSSSLARQLOQGLSPTAQEACPDMDATHG
1531 CAGGACCATATGTCGACTTCGGACTCCAAAACGTCAGTGGATTGCAGTTCTGCTGGCAGGAAACTACTAAGGGACCAGGAGATCCGGGAA
511 QDHMSTSDSKTSVDCSSAGREKLLRDO QETIRE
1621 GAGCTCAACAAGCACTTTGGAAAGCCTCAGCAAGCCT TCTATAGCGGGG TAGTGGGAGAGCAGAGGGGCAACCAGCCACTAGAGGACAGT
541 ELNEKHFGEKPQQAFYSGVVGEQRGNG QPLETDS
1711 GACTCTGGGGATGAGTACCCCGGTCTTTICGGTGACTACATGCACCCGGGTCTGCCTGACTTTGAGGACCTGGAGGTAGGCCGGGAGCGE
571 DSGDEVYPGLFGDVYMHPGLPDTFEDLEVGREHR
1801 CTGCTCTACTTGGGGGAAGGTTCTCCACTCGAGCTGCTCCTCGAAGGGTCGCCCTCCAGCTCCCCTTCTAGCAGT TCATTCTCATGGAGE
601 LLYLEOEGCGSELRELLLEGSPSSSPSSSSFESNHS
1891 TCTGTCTCACCTCCTTCCACTCAGCTCTCCCCACAGCACCTCCGCTGGCCACGCTCCATCACCCGCTCCCGTTCCTCATCTCACTACAGA
631 SVSPPSTQLSPQHLRWWPRSITRSRSSSHY
1981 TGCAGATCCCTCTCCAGGTCTCCATACTCCCGCTCCGAGTCTCCCGACAGCCGTTCTCCCTCTCGGTCTCC’I‘CACAATATGGACGAC&-
661 CRSLSRSPYSRSESPDSRSPSRSPHNMDDS
2071 ACTTTTACTICCAGGATTTATAGAAGCCCTCGGCCCCAGTCTCATTCTATTTT1 GG TCGGAGACCCAGGTATGACAGCTACGAGGAATAC
691 TFTSRIYRSPRPQSHSIFGRRPRYDSTYTETEFY
2161 CAGCATGAGCGTCTGAAGCAGGAAGAGTTCCGACGOGACTATGAGAAACGGGAATGTGAGAGGGCCGAGCAGAGGGAGAGACAACGGCAA
721 QHERLEKQEETFRRDYEZKRECERAEGQRETRTQ QR
2251 AAAGCAATAGAGGAGAGGCGAGTGGTGTATGTGGGACGTCTCCGTGCCGACAGCACACGCACGGAGCTCAAACGCCGCTTTGAAGTCTTC
751 KAIEERRVVYVGRLRADSTRTELEKRRFELVETEF
2341 GGCGGGATTGAGGAGTGCACAGTCAACT TGAGACATGACGGAGACAACT TTGGC TTCATCAACTACCGCTACACT TG TGATGOGCTCGCT
781 GG IEECTVNLRHDGDNFGFTINYRYTCDATLA
2431 GCCCTTGAGAATGGACACACCTTGCGCAGG TCGAACGAGCCTCACT TTGAGCTCTGCCTTGGTGGACAAAAGCAGTACAGTAAATCAAAT
811 ALENGHTLRRSNEPHFELCLGGQEKQYSE KS SN
2521 TACACAGACTTAGATTCCCACTCTGACGACTTTGATCCAGCCTCCACTAAAAGCAAGTACGACTCCATGGATTTCGACAGCTTGTTGCGA
841 YTDLDSHSDDFDPASTEKSKYDSMDFDSLLTR
2611 GAAGCCCAGTACAGCCTGAGAAGGTAA

871 EAQYSLRR R *

[_"]CREB combination site 7777 MyoD combination site ~=— PPAR gamma combination site
< LXXLL motif — Ser/Arg rich region ——— RNA recognition motif

Figure 1. The cDNA and deduced amino acid sequence of grass carplRGC The ORF encode
pol ypeptide containing a LXXLL mdadniseguencaandsevril\seraiginimec
repeats as indicated in the figure. The asterisk represents termination codon. This sequence was submitted tc
GenBank with accession No. IN195739.1.
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No signal peptide was found in the deduced PIGE
protein with SignalP 4.0 anais. Amino acid
sequence analysis revealed that the AG&L pr
contained a canonical LXXLL (a.a. 1426) motif, a
PPARY binding -384),ta RNA:
recognition motif (RRM) (a.a. 75824) and several
serinearginine repeats (a.a. 64639), which were
conserved among PGCa s from di
(Figure 1). In addition, fish specific serine ar
glutamine rich sequences were found in grass c
PGCG1 a

The deduced amino acid sequence of grass ¢
PGCG1 a was 93. 74 %, 90. 9
54.9%%, 54.62%, 54.50%, 54.11%, 54.05%, 54.0¢
and 53.54% identical to schizothorax prenar
zebrafish, chicken, human, monkey, pig, chiru, cat
rat, goat, mouse PGC a respectiv
carp PGEGLl a protein exhi bi

sequence ideniés with schizothorax prenanti an
zebrafish, but relatively low identities with mamma
and birds (Figure 2). Thehylogenetic tree was
constructed according to the deduced grass carp F
la and -t1dhwheamGECo aci d sce
specieqFigure 3.
Tissue Distribution of PGG1 U i n Gr as s
Real time quantitative RPCR was employed tc
detect the relatively levels of PGCa mRNA
tissues of grass carp. High expression levels of Pt
la were observed in ki
heart, bain and white muscle, low expression leve
were detected in liver and adipose. A relatively Ic
level f PGCl 0 expression was
and fin (Figure 4).

CATTLE MAWDMCNQDS--VWSDIECAALVGEDQPLCPDLPELDLSELDVNDLDTDSFLGGLKWCSD S& QSEIT PSNIFEKI LAVLTETLDSLPVDEDGLPSFDALTDGDVITE 118
GOAT MAWDLCNQDS--VWSDIECAALVGEDQPLCPDLPELDLSELDVNDLDTDSFLGGLKWCSD S& QSEIISNQYNNEPSNIFEKIDEENEANLLAVLTETLDSLPVDEDGLPSFDALTDGDVITE 118
CHIRU DIECAAL .CPDLPELDLSELDVNDLDTDSFLGGLKWCSD 58 QSEIIX NIFEKI LAVLTETLDSLPVDEDGLPSFDALTDGDVITE 118
PIG /WIDIECAAL .CPDLPELDLSELDVNDLDTDSFLGGLKWCSD S5& QSEIISNQYNNEPSNIFEKIDEENEANLLAVLIETLDSLPVDEDGLPSFDALTDGDVITE 118
MOUSE MAWDMCSQDS--VWSDIECAALVGEDQPLCPDLPELDLSELDVNDLDTDSFLGGLKWCSD 58 QSEIISNQYNNEPANIFEKIDEENEANLLAVLTIETLDSLPVDEDGLPSFDALTDGAVITD 118
RAT MAWDMCSQDS - —VWSDIECAALVGEDQPLCPDLPELDLSELDVNDLDTDSFLGGLKWCSD S8 QSETI ANTFEKT LAVLTETLDSLPVDEDGLPSFDALTDGDVITD 118
MONKEY CPDLPELDLSELDVNDLDTDSFLGGLKWCSD 60 QSEIISNQYNNEPSNIFEKIDEENEANLLAVLTETLDSLPVDEDGLPSFDALTDGDVITD 120
HUMAN mwnucuqns:svwsmscauvszoopwpnnpmnsn.mmm.m'nsn.c.cx.«wcsp 60 QSEITSNQYNNEPSNIFEKIDEENEANLLAVLTETLDSLEVDEDGLPSFDALTDGDVITD 120
CHICKEN MAWDMCNQDS--VWSDIECAALVGEDQPLCPDLPELDLSELDVNDLDADSFLGGLKWYSD 58 QSEVISSQYSNEPANIFEKIDEENEANLLAVLTETLDSIPVDEDGLPSFDALTDGDVINE 118
s MAWDRCNQDS - ~VWRELECAALVGEDQPLCPDLPELDLSELDVSDLDADSFLGGLKWYSD S& QSEIISSQYGNEASNLFEKIDEENEANLLAVLTETLDSIPVDEDGLPSFEALADGDVINA 118
SCHIZOTHORAX MAWDRCNLDS--VWRELECAALVGEDQPLCPDLPELDLSELDVSDLDADSFLGGLKWYSD 58 QSEITSSQYGNEASNLFEKIDEENEANLLAVLTETLDSIPVDEDGLPSFEALADGDVINA 112
ZEBRAFISH MAWDRCNQDS--VWRELEWAALVGEDQPLCPDLPELDLSELDVSDLDADSFLGGLKXYSD S& QSEIISSQYGNEASNLFEKIDEENEANLLAVLTETLDSIPVDEDGLPSFEALADGDVINA 118
AR B AR eE ik SN AN LA AN AS A AN AR SARI AR NSRS B
CATTLE NEASPSSMPDGT PPPQEAEE PSLLKKLLLAPANTQLSYNECSGLSTQNHAN-HNHRIRTN 177 T < PQRRPCSELLKYLTTNDDPPHTKPTE 225
GORT NEASPSSMPDGT PPPQEAEE PSLLKKLLLAPANTQLSYNECSGLSTQNHAN-HNHRIRTN 177 PAVVEK-—————= ===~ T I PQRRPCSELLKYLTTNDDPPHIKETE 225
CHIRY NEASFSSHPDGIPPPQEAEEPSWANTQLSYNECSGLS‘IQNHAN HNHRIRTN 177 PAVY T PORRPCSELLKYLTTNDDPPHTKETE 225
P16 NEASPSSMPDGTPPPQEAEE PSLLKKLLLAPANTQLS' = IRTN 177 PAVV T ICQQOKPQRRPCSELLKYLTTNDDPPHTKPTE 225
MOUSE N'EAsPssnprx;xPpwmzpsnnmnupmowmcsswrmﬂrﬂnmrn 178 PATVK-——————m e == T ICQQOKPQRRPCSELLKYLTTNDDPPHTKPTE 226
RAT NEASPSSMPDGTPPPQEAEE PSLLKKLLLAPANTQLSYNECSGLSTQNHAN-HTHRIRIN 177 PAT T I DQRRPcSELLKYLTTNDDPPHTKFIE 225
MONKEY IR ICC LKYLTTNDDPPHTKPTE 227
HUMAN TNYY’WQRRN ELLKYLTTNDDPPHTKPTE 227
CHICKEN RRPCSELLKYLTTNDDPPQTKPRE 225
GRASS SDQSCPSTPDGSPRTPEPEEPSLLKKLLLAPANSQLSYNQY PGGKAQNHAA- mmsmsncpw—nsmpcr:x_x.mrssnumxmz 224
SCHIZOTHORAX SDQSCPSTPDGSPRTPEPEEHSLLKKLLLAPANSQLSYNQYPGGHAQNHAA ENPWNSKPRGSCPN-RSMRRPCTELLKYLTSSDEAFQTKVRE 224
ZEBRAFISH SDQSCPSTPDGSPRTPEPL:FSLLIGCLL!J\PANSQLSYHQYPGG!O\QNN LTEN: TELLKYLTSSDEAFQTKAGE 236
CATTLE ssnnms----mmnrgsm --QHLQAKHTLSLPLTPESPNDPKGSE!LNKIILHXLMLSGTAGLTPPTT 297
AT HTQSQT ~-QHLQAKPTTLSLPLTPESPNDPKGSPFENKT IERTLSVELSGTAGLTPPTT 297
CHIRU KCT TQSQT QHLQAKPTTLSLPLT PESPNDPKGSPFENKTIERTLSVELSGTAGLTPPTT 297
PIG TRN= === m e o ssnbms-—--maﬂrascs --QHLQAKPTSLSLPLTPESPNDPKGS PFENKTIERTLSVELSGTAGLTPPTT 297
MOUSE NRN. ~-QHAQAKPTTLSLPLT PESPNDPKGSPFENKT IERTLSVELSGTAGLTPPTT 298
T QHAQAKPTTLSLPLT PESPNDPKGSPFENKTIERTLSVELSGTAGLTPPTT 297
MONKEY DKCT. ~-QHLQAKPTTLSLPLT PESPNDPKGS PFENKT IERTLSVELSGTAGLTPPTT
HUMAN NRN DKCT.
CHICKEN KCT KPHLQSQT————
GRASS AKST T QQQ 284 ALQAQRAKPTILPLPLTPESPNDHKGSPFENKT IERTLSVEICGTPGLTPPTT 344
SCHIZOTHORAX AKSTWT T TSSF: TASKKKT: QQQ 284 QQOQ--LAVQAQRAKPTILPLPLTPES PKDHKGSPFENKIIERTLNVEICGTPGLTPPTT 342
ZEBRAFISH AKSTWIGC! CISSC SC TASKKKT Q0Q 296 Q-———- LAVOAQRAKPT ILPLPLTPESPNDHKGSPFENKT IERTLSVEICGTRGLTPETT 351
:. - s s e R o a aaaan
CATTLE PE) FRASPKLKPSCKT SCTQGSNSTKKGPEQSELYAQ 355 Lsmmr--senzmpsmrcnunycosmsx‘rz LVSTSQELHDSRQLENK 411
GOAT LKPSCKTVVEPP E--SSGTQGSNSTKKGPEQSELYAQ 355 LSKISVLI--SGHEERKAKRPSLRLFGDHDYCQSINSKIE--ILVSISQELHDSRQLENK 411
CHIRU ppﬂmompms;’msmvv‘nnmnm:——sssrmsnsrmy:osun\q 355 LSKTSVLT--SGHEERKAKRPSLRLFGDHDYCQSVNSKIE--ILVSISQELHDSRQLENK 411
PIG PPHKANQDNPFRASPKLKPPCKTVVPPPSKKTRYSE - -SSGTHGNNSTKKGPEQSELYAQ 355 LSKTSALG--GGHEERKARRPSLRLFGDHDYCQSINSKAE--ILINISQELHDSRQLDSK 411
MOUSE PPHMQDNPF!GSPKLK‘PSCKTVVPPPTRRARYSE——CSGTQGSHSTK!(GPZQSELYAQ 356 LSKSSGL: KRPSLRLFGDHDY! NSKTD--ILINISQELQDSRQLDFK 412
RAT FKASPKLKPSCKIVVPPPT ~—CSGTQGSHSTHKGP! 355 LSKSSVLS--RGHEERKTKRPSLRLFGDHDYCQSVNSKID--ILINISQELQDSRQLDFK 411
MONKEY KIVVPPP: nnrnx:g——SSGTQGN’NSTKKGFEQSELYAQ 357 LSKSTVLT--GGHEERKTKRHSLRLFGDHDYCQSINSKTE--ILIHISQELQDSRQLENK 413
HUMAN PPHKANQDNPFRAS PKLKSSCKTVVPPPSKKPRYSE--SSGTQGNNSTKKGPEQSELYAQ 357 LSKSSVLI--GGHEERKIKRPSLRLFGDHDYCQSINSKIE--ILINISQELQDSRQLENK 413
CHICKEN PPHKANQDNPFRTSPKPKSS APP-SKKPRYSE—— QTELYAQ 354 LSKTTALS--SGHEERKTKRPSLRLFGDHDYCQSVNSKSE--IHIKISQELQDSRQLEFK 410
GRASS ¥ HNKL SALTSKRP! PQPNSGSIRKGPEQTELYAQ 404 LSKASSTMPLGGL FGDHDYCQYTSTKRDSTTPATAVIGPTEGRHVECK 464
SCHIZOTHORAX PPHKASQENP! KNKLSSCSPSALTSKR PQPTSGSIRKGPEQTELYAQ 402 LSKASSTMPLGGL YCQSTSTKRDSTTPAAN ECK 462
ZEBRAFISH FKVSLKNKLSSCSPSALTSKRE! I’QP‘XSGSIRKGPEQ‘!!LYAQ 411 LSKASSTMP TSTKRDSTTPAAVVPGPTEG CK 471
CATTLE T EI PSQAVEFD---DKADKTSELRDSDEFSNEQFSKLPMFI 500
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Figure 2. Multiple alignment of the PGQ a
ofthePGECla s wused in this
performed using Clustal W2.

a atid saguences from twelve species. The GenBank accession nut
anal

ysis are indicated in t|
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—97: Aquila chrysaetos canadensis (XP_011583227.1)

Haliaeetus leucocephalus (XP_010575155.1)

_: Egretta garzetta (XP_009646331.1)
89 Nipponia nippon (XP_009472821.1)

Falco cherrug (XP_005435323.1)

Chaetura pelagica (XP_010005595.)

100
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100 100

Cariama cristata (XP_009706173.1)

100 Rattus norvegicus (NP_112637.1)
& l: Mus musculus (AAH66868.1)
100 Bos taurus (XP_010804311.1)
P 492|_£ Bubalus bubalis (XP_006080562.1)
Orcinus orca (XP_012387198.1)

Canis lupus familiaris (XP_851741.1)
433: Equus caballus (XP_001499979.1)

—— Esox lucius (XP_010888560.1)

| S Oncorhynchus mykiss (ACY24359.1)

M Danio rerio (XP_002667577.3)
E Ctenopharyngodon idella (AEL21374.1)
19 8 76 Notemigonus crysoleucas (ACY24360.1)

— Schizothorax prenanti (AEL21373.1)

100 49

L Carassius auratus (ACY24365.1)

Figure 3. Phylogenetic analysis of PGI&x a mi n o

Cyprinus carpio (BAQ15366.1)
a c.iThk phyleggnetie tree &vas generated using neighb

joining (NJ) methods (Kimura twparameter model, 10,000 replicates, boostrap phylogeny test) based eéh €GCa r
acid sequences using MEGA software version 3.1. Bootstrap \aldegenetic distance are also indicated.
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Figure 4. Relative levels ofyrass carpGG1 anRNA in different tissuesThe mRNA was detected by RPCR. (n10).

Effect of Cadmium on Liver Mitochondrial
Succinate Dehydrogenase Activity

MTT asay was usedto test succinate
dehydrogenase activity after 24 h cadmium exposi|
A stimulatory effect of CdGl on succinate
dehydrogenase activity
(149.4+£21. 8% vB=0.12)p @hiled &
relatively slightly enhanced effecta t 20
(137.8+£29. 8% Ws0.4B)0(Eiguré &)z
The result indicated that cadmium activat
mitochondrial succinate dehydrogenase after sh
term (24 h) exposure a
and the stimulatory effect decreased at hi
concentraton(@ p M) .

Influence of Cadmiumon PGG1 U Expr es

Furthermore, to explore the mechanis

underlying the effect of Cdgbn liver mitochondrial
function, the expression of the mitochondrial functi
regulator PGEL a was examined.

Figure 6, the expression level of PGCa W
18. 4H46.14 wi t h ,5admijnistratidd
(P=0.0018) and 3.2+0. 7%

administration P=0.006) compared to controls
Therefore, cadmium activated PACa e x pr €
liver with a more notable enhancement 5

at 20 M M. The i ncr emen
influence of cadmium on mitochondrial succina
dehydrogenase activity.

Discussion

Water pollution by heavy metals is a serio
environmental problem. Among heavy met
pollutants, cadmium igonsidered to be one of th
most toxicants. Because of its high solubility in wat
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Figure 5. Effect of cadmium oriver mitochondral succinatedehydrogenasactivity. Grass carpsvere exposed t0, 5
and20y M CgfdC 24 h. Siccinatedehydrogenasactivity was detected by MTT. The enzyme activitgs normalized

to controls which were considered to be 100@@atarepresent h e

n
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Figure 6. Influence ofcadmiumon expression dGG1 aGrass carpsvere exposed t0, 5and20y M CdaC 24 h.
The levels oPGG1 anRNA were detected by real tinflaorescen RT-PCR.PGG1 eexpression levelaerenormalized

to controls which were considered to be 100P@tarepresent h e

it is promptly taken up by fish. There is growir
evidence that oxidative stress via reactive oxyc
species (ROS) generation is one of the fundame
molecular mechanissnof cadmium toxicity Espinoza
et al. 2012; WilliamsandGallagher 2013).
Mitochondria are an important source of ROS
eukaryotic cells (Turrens 2003; Andreyetval 2005).
PGGl1la, a master regul at
modulates oxidative phosphorylation daffiatty acid
oxidation gene expression and has been repo
coordinated balancing of muscle oxidati
metabolism (Summermatet al 2010). Thus PGQ o
could be involved in cadmium induced stress.

In the present study, grass carp RGG@ w
identified andfound that it also contained a canonic
LXXLL pattern, a PP AR\
recognition motif and several seriaeginine repeats,
suggestingthat PGCa i n grass ca
regulator of mitochondria function.

In humans, PGQ a i s eaxadssed in
tissues with high content of mitochondria, such
heart, skeletal muscle, and kidnetyal (Larrouyet al
1999). Consistent with this, high expression levels
PGGla were observed i n
then heart, brain and white muscle in our stu
indicating that PGEL o e xpr essi on
mitochondrial biogenesis and functions.

Furthermore,the effect of cadmium on livel
mitochondrial succinate dehydrogenase activity v
explored. According to the report o¥elasquez
Vottelerd et al, Cd exposure effect omitochondrial

me a,m=18 (**&<.N1).

viability varied across fish tissues and was relatec
the exposure duration (Velasqueizal 2015). In our

study, 5 UM cadmium in

liver SDH activity after shosterm (24 h) exposure
and 20 pM c a dlighthyuimredsed SBDH
activity compared to control after shaerm (24 h)
exposure. The effects of cadmium on SDH activ
might also be associated to the level of cadmium
exposure duration.

Mitochondrial biogenesis and function al
regulated by maset transcriptional coactivator:
(VenturaClapieret al 2008). Undoubtedly, PGC a
is pivotal for mitochondrial function. Furthermore, tt
influence of cadmium on PGCa was de
found t hat 5 MM cadmi
PGCGl a e x pr e shoriterm (240h) éxposure
and 20 MM cadmium sl
expression compared to control, which was consis
with SDH activity improvement. The results sugge
that enhanced SDH activity could be parti
consequence of PGC a -regplation

Taken together, PGC o gene was
in grass carp and detected relative levels of AGEL
mRNA in different tissues, demonstrated it
involved in cadmium induced stress and may
associated with mitochondrial function.
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