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Mercury (Hg) is a major concern in marine environment because of their bioaccumulation
and biomagnification properties, and adverse effects to aquatic organisms at even a trace
amount. However, little information on the effects of Hg, compared to other heavy metals,
is available in marine small crustaceans. Here, we investigated the transcriptional modulation
of metabolism-related genes in the brackish water flea, Diaphanosoma celebensis after
exposure to sublethal concentration (0.2, 0.4, 0.8 pg/l) of HgCl, for 48 h. Relative mRNA
expression levels of five detoxification enzyme-coding genes (cytochrome P450; ¢yp360A7,
yp3671AT, cyp4AP3, cyp4C122 and cyp370C5) and six digestive enzyme-coding genes
[alpha amylase (AMY), alpha amylase related protein (AMVY-/ike), trypsin (7RYA), chymotrypsin-
like protein (CHY), lipase (L/P), pancreatic lipase-related protein (PLRA)] were analyzed using
quantitative real time reverse transcription polymerase chain reaction (qRT-PCR). As results,
Hg increased the mRNA level of ¢p370C5 (clan2) and ¢yp4AP3 (cland) in a concentration
dependent manner. A significant increase in 7RYP mRNA was also concentration-
dependently observed after exposure to Hg. These findings suggest that cyp370C5 and
cyp4AP3 play a key role in Hg detoxification in D celebensis, and Hg can affect energy
metabolism by modulating the transcription of digestive enzyme. This study will provide

better understanding the molecular effects of Hg in marine small crustacean.
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1. ME 42

7|=A BHE Digphanosoma celebensis®| HIZ2 OlE sl
H(Instant Ocean, Aquarium system, France)@ 740 59 =
0.2 pm EE{(Whatman, Maidstone, Kent, UK)Z 0|3l 0futs}0]
15 psul| EEo| 2Zd+2 HZo HiY+E AFBSIAUL Ats

ZUS HE HYIIE Sl 2 25°C, EF7| 1212 (lightdark)
2 A EAon, HO|YoZ 8% =2 Tetraselmis suecicas

1.0~2.0%107 cells/I2] =2 O SZSHRALY.
2. A\EEE

MH0f AFRSH 22 mercury () chloride (HgClZ &= > 995%,
Sigma-Aldrich, Louis, MO, USA) At HE{O| =25 SF0| =0

1 mg/ml2| stock solutionS M ZSH & A0 ALES}RAC.
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4. Quantitative real-time polymerase chain reaction
(gRT-PCR)

F20] 48A17t =EE 7|54k EHE2 1.5 ml microtubed] &
74 500 pl@| TRIzol EU(Thermo Fisher Scientific Inc, USA)Z Ol
gdl 22t StA2H, O|F FZ=ArS| RO w2t total RNAS
FEBIRALE Total RNAS| == S =&+ NanoDrop (MaestroNano
Pro, NaestroGen Inc, Taiwan)1} agarose gel electrophoresisE &
o RlIsIA 2, A260/A280 H|20| 1.7~202! RNAE A0 At
&5l RALE cDNAE ReverTra Ace gPCR RT Master Mix (Toyobo Co,
Osaka, Japan)E AM&5H0] MZEALS| RO 2t & 500 ng2l
RNAE 0|83l Hd5tA 20, 0|2 TE bufferE 0|-83H 108 3|4
St0f REAL 200 ALESHRIC

7| BHEL| i BA R 5B (36047, gp36TAT,
QPAAP3, cypdC122, cyp370CH)t A3t2 A 65 [alpha amylase
(AMY}, alpha amylase related protein (AMY-/ike), trypsin (TRYP),
chymotrypsin-like protein (CHY}, lipase (L/P, pancreatic lipase-related
protein (PLRP)S| £&12 SYBR Master Mix (KAPA Bioassay System,
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Table 1. Primer set for cyp amplification in this study

T2 LE20| ME 74 SH RS AL 2E {HEXIS B Y 147

CYP classification Gene Sequence (5" — 3) Amplicon size (bp)
F: GGAGCACTTCCTGGATGAC
Clan 2 ap370C5 84
R: CCCAGACAAGATCGTTTCC
F: CAACTGCTACGACACTGACC
ap360AT 112
| R: CTCACATCGCCATACTGCTC
Clan 3
F: GATCGGGCAGTATCACATC
gp36TAT 98
R: CGAAGTGGAAAGGTTCAGG
F: CCCGAGTTGAAGTATCTGG
QP4AP3 102
R: CCCCAGTTGAACTTGTTGC
Clan 4
F: GATCCTGACCGTTTCCTAGC
gpdcizz 154
R: CGACATGGAATCGGCGTAG
F: CGGCTGTGTCGT TGAAGA
Dc EF-7 91
R: GGCAATGTCCAC ACTCTG
USA)E AR50 CFX Connect Thermal Cycler (Bio-Rad Inc, 54 =
j—
Hercules, CA, USA)OIAM 2AM5LUCE Gp FEAC ZE2l0|H FE 0.2 ug/l d
= Table 10 LIEMRD, A9l24s {AX S22 2o Z2l0|0& 41
Lee®f Lee (2020)2] XS AFESHRLE. gRT-PCRE| EHS2 95°COIM

152 #HY 2, 95°ColA 1021t 60°COlA 124 & 3
HSHACE 2 FTXLQ| qRT-PCRE HME & 33| e

Aoh, Bt FHEXL| LA L2 housekeeping XA EF-
12 0|83t E7S }C"SEH, 288¢t method (Livak and Schmittgen,
ol 2

s W AstEA FHAC mRNA 232 SigmaPlot version
120 2ZEQ|O{E 0|85}0{(Systat Software Inc, San Jose, CA,
USA) E(mean) + EF&HEX}(standard deviation, SD)ZE EA|SIH S
o, 2 === 20| Cish M2 Ot sk 187 SAX |l
2 SPSS version 230 AZEQ|0E 0|-&3}04(SPSS Inc, Chicago,
IL, USA) one-way analysis of variance (one-way ANOVA)Z H|1S
ALt SAHZMM SAX Fd2 p< 005 HHSIRALL
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Relative gene expression (fold of control)
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Cytochrome P450

4C122 370Cs

Fig. 1. Modulation of cytochrome P450 genes (36047, 367A7,
4AP3 4C122, and 370C5) in Diaphanosoma celebensis exposed
to HgCl, (0.2, 04, and 0.8 ug/l) for 48 h. Data are shown as
means + S.D. of three replicates. Significant differences between
different concentrations were determined by one-way analysis of
variance (ANOVA), followed by Turkey's test, and are indicated
using lowercase letter (o < 0.05).
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0.2 ug/l
0.4 ug/l
3 | | memm 0.8 ng/l c

Relative gene expression (fold of control)

AMY  AMY-like

TRYP CHY LiP PLRP

Digestive enzyme

Fig. 2. Modulation of digestive enzyme - coding genes (AMY,
AMY-like. TRYP, CHY, LIR and PLRP in Diaphanosoma celebensis
exposed to HgCl, (0.2, 04, and 0.8 pg/l) for 48 h. Data are shown
as means + S.D. of three replicates. Significant differences between
different concentrations were determined by one-way analysis
of variance (ANOVA), followed by Turkey's test, and are indicated
using lowercase letter (p < 0.05).

(p < 0.05) (Fig. 1).
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S FMARH 24 ZT (vP mRNAQ| 2H810| S48l QFAS B Al
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Table 2. CYP enzyme activity and gene expression after exposure to heavy metals in aquatic organism
Metal Conc(z;t/;a tion Duration Species CYP enzyme activity / gene expression References
10 and 40 24, 48, and Venerupis (Ruditapes) CYP474AT (+) Zhang et al,
9% h philippinarum (bivalve) 2012
3,100 3to 21 days  Mytilus coruscus (mussel) CYP3A-T (+), CYP3A-2 (+), CYP3A (+) Zhang et al,
2019
2,000 6h Diaphanosoma celebensis CYP306AT (+), CYP3681AT (+), CYP3682A2 (-), Han and Lee,
(water flea) CYP370A15 (+), CYPACT20(-), CYP4C122 (+), 2021
CYPAQRT (), CYP315A7 ()
Cadmium
2,000 12 h D celebensis (water flea) CYP18AT (-), CYP306AT1 (-), CYP3681AT (-), Han and Lee,
CYP3682A2 (-), CYP370A15 (<), CYP4C120(-), 2021
CYP4C122 (<), CYP4QRT (<), CYP315A7 (-)
2,000 24 h D celebensis (water flea) CYP18AT (-), CYP306A1 (-), CYP3682A2 (-), Han and Lee,
CYP370A15 (+), CYPLC120 (), CYP4C122(-), 2021
CYP4QRT (+), CYP315A7 (-)
40 to 700 5d Eriocheir sinensis (crab) CYP2A (+), CYP2B (+), CYP4 (+) Feng et al, 2022
1,000 and 24 h Silurus glanis L. (fish) CYP1A (+), CYP2B (+), CYP1, 2, and 3 (+) Henczova et al,,
10,000 2008
10,000 24 and 48 h Hypophtalmichtys molitriv -~ CYP1A (+), CYP2B (+), CYP1, 2, and 3 (+) Henczova et al,
V. (fish) 2008
10 and 40 24, 48, and Venerupis (Ruditapes) CYP474A7 (-) Zhang et al,
9% h philippinarum (bivalve) 2012
100 7d Carassius auratus (fish) CYPTA (+), CYP3A (+) Xie et al, 2019b
Copper 5 6h D celebensis (water flea) CYPT8AT (+), CYP306AT (-), CYP3681AT (+), Han and Lee,
CYP3682A2 (+), CYP370AT15 (+), CYP4C120(-), 2021
CYPAC122 (+), CYPAQRT (+), CYP3T5AT (+)
5 12 h D celebensis (water flea) CYPT8AT (-), CYP306AT (-), CYP368TAT (+), Han and Lee,
CYP368242 (+), CYP370A15(-), CYPAC120(-), 2021
CYP4C122 (<), CYP4QRT (+), CYP315A7 (-)
5 24 h D celebensis (water flea) CYP18AT (), CYP306AT (-), CYP3681AT (-), Han and Lee,
CYP368242 (+), CYP370A15(-), CYPAC120(-), 2021
CYPAC122 (-), CYPAQRT (+), CYP3T5AT ()
2,000 (dietary 1to6d Gyprinus carpio L. (fish) CYP1, 2,and 3 (-) Henczova et al,,
Lead exposure; 2008
Ho/kg diet)
4ol Zadte YAS EQCHZhao et al, 2010). 0|2+ TS0 X S0AM ERN 40| ZATH HIH 7RYP mRNAS| L0 =
S 2 0|20| A%tgAE 2H|St= hepatopancreas?| F Al O|EMo g [OI5HH F7tete LS B2l Ht UCHunpublished
ZE EHAZ AnY Aoz FHSIAULCL 7|ES| HEEQ ¢ data). Ol= 8% &0 23t =HZEH oA 2ad RA|
T= FE 2%taa0| 40| 20| HHKM A0IM FHAL U E {Isll trypsin 20| ZAgo| w2t 0|F 2&st7| /ot 7|%
Off CHSH Hj gt Dot Xtz7h 24T 2 AN =2 B2 o2 [{UA Ye0| It A2 HOZICE 0|2t FARSHA 7t
SEX =F0 A TRYP mRNAS| &si0] 5k 9IEXNOZ I EBO ==& D magnadlME 22tm4 RFRC| mRNA 2
Sotet ZItE HRUCE A2 YN H|A0 LEE 7|54 SH O] Z7t=|A=t, Olof CHal ZtAE o4 X| Z&0] Chet 24 7|
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Table 3. Digestive enzyme activity and gene expression after exposure to heavy metals in aquatic organism

Concentration

Digestive enzyme activity /

Metal Duration Species . References
(Mg/l) gene expression
0.8, 8, 80, 48 h Daphnia magna Beta-galactosidase (-/=/-/-), De Coen and
and 570 (water flea) Trypsin (-/=/-/-) Janssen, 1997
0.8, 8, and 80 9% h Daphnia magna Amylase (+/+/=), Beta-galactosidase (+), De Coen and
(water flea) Trypsin (+/+/=) Janssen, 1997
10 to 100 48 h D magna (water flea) Cellulase (+), Amylase (+) Soetaert et al,, 2007
7,250 to 9% h Sinopotamon henanense Sucrase (-), Amylase (-), Lactase (-), Wu et al, 2012
29,000 (crab) Maltase (-), Peptase (-)
1,450, 2,900, 10d S. henanense (crab) Pancreatic lipase (+), Yang et al, 2013
and 5,800 lipoprotein lipase (=/-/-)
Cadmium 1450, 2,900, 15d S. henanense (crab) Pancreatic lipase (=/-/-), Yang et al, 2013
and 5,800 lipoprotein lipase (-)
1,450, 2,900, 20d S. henanense (crab) Pancreatic lipase (-), lipoprotein lipase (-) Yang et al, 2013
and 5,800
1 90d Gasterosteus aculeatus Amylase (-), Trypsin (-) Hani et al, 2018
(fish)
50 and 200 56 d Pelteobagrus fulvidraco Amylase (-), Lipase (-), Amylase (-), Xie et al, 2019a
(fish) Lipase (-)
58.5, 117, 48 h Diaphanosoma celebensis Amylase (-), Amylase-like (-), Typsin (-), Lee and Lee,
and 234 (water flea) Chymotrypsin (-), Lipase (+/-/-), Pancreatic 2020
ljpase-related protein (-)
101, 202, 48 h D. celebensis (water flea) Amylase (+), Amylase-like (+), Typsin (+), Lee and Lee,
Arsenic and 404 Chymotrypsin (=/-/+), Lipase (=/=/+), 2020
Pancreatic ljpase-related protein (+/=/+)
1,000 8d Perna viridis (mussel) Amylase (-) Yan et al,, 1996
100 to 800 60 d Oreochromis niloticus Amylase (-), Trypsin (-), Lipase (-) Dai et al, 2008
(dietary exposure; (fish)
Lead Hg/g diet)
116, 232, 48 h D. celebensis (water flea) Amylase (=/=/-), Amylase-like (+/=/=), Lee and Lee, 2020
and 46.4 Typsin (+/-/-), Chymotrypsin (+/-/-),
Lipase (+/=/=), Pancreatic ljpase-related
protein (+/=/-)
Mercur 1.8, 3.2, 5.6, 48 h D. magna (water flea) Amylase (+/-/=/+/+), De Coen and
y 10, and 30 Beta-galactosidase (=/-/-/-/-), Trypsin (-) Janssen, 1997
75,000 21 Oreochromis sp. (fish) Amylase (-) Li et al, 2007
75,000 (ug/kg 21 Oreochromis sp. (fish) Amylase (+), Lipase (+) Li et al, 2007
with diet)
10 to 500 7d Macrobrachium rosenbergii  Tryptase (-), Pepsin (-), Cellulase (-), Li et al, 2008
Copper
(prawn) Amylase (-)
2,260 to 8,330 56 d Ctenopharyngodon idella Trypsin (+), Chymotrypsin (+), Lipase (+), Tang et al, 2013
(ug/kg with diet) (fish) Amylase (-)
20 and 100 25d Epinephelus coioides (fish) Amylase (-), Protease (-), Lipase (-) Wang et al, 2015




15 December 2022; 7(2): 145-153 F2

Mot 2ol Ut 2%k HE QI CHSoetaert et al, 2007).

SHE X|E CHALQL el 7|4t EHE L/A0F PLRP mRNAE
Sk OEXoR ZAsHE NS ERUCE 20| X|H AL 2HY
2 doisicte 27t M3 S50 20E Ht ACHSh et al,
2018). |2 =20 =EE J|A SHEO| ChAK| 24 Zato
ME £=20] 43|

ISHA AEDAZRE I 2M2 B3] 8| A
[e]

X

St A2 OfL|7| W{&20i|(Pradet-Balade et al, 2001), mRNA

Uy Bo2 +20| YIS Yo

BEAF CHAL S22 AR EON 2t XA CHAF AZQl 0] LA
SHCtn 2 ZHCHYoo et al, in press). 3 H[A0| =EE 7|4t
SHEME lipid &0 ZASIAD, lipase B2 S5
o, Ol £/PRt PLRP mRNA L0 ZAsH= Z2 2ACt
(unpublished data). mRNA Z&d kAt CHHE M2 HICA| Y
ur
=
2
Ll

MUl

& ° =

Tot 2 S| Zuts 20| AztmeA FHALS| mRNA &
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