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G IR PR T B TH A D R BT e S BOUK ik pH AR,
AT M LR 00 7 f o AR AR 5T 3 K Bk S
ISl b E B R RR XS pH AT A2, JEAfE
TR B pH, 5 R RACE AR o3k
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3V SR T AN HEA T Y1 o R BB b R
Sy SR ING HE =, M TS A e
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P NJ RGEilem .
1.4 RERLHREEE PCR(RT-gPCR)

B Trizol 3:HEHUAY 4520 v [ BH X HREE | 6
R ML LA i R L L O SR ZTAY L RNA,
fd ] TaKaRa Prime Script™™ RT &7 & k4T 5 4%
R cDNA, A4 FCNHE3 %& PR I ik sl 35 HE )
5|, F|H Primer Premier 5.0 4111 2¢ G = 5]
Y1, WS E#E 18S rRNA, T4 T4 TG
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Tab.1 Primer used in the study

5194 FK primer name 751 (5'-3") sequence (5'-3") JHi& usage
FCcNHE-F AGGTGGTGGACTTGCTGAGT RT-qPCR
FCcNHE-R TTGGTTGGTGAATCTGGTGA RT-qPCR
Fcl18s-F TATACGCTAGTGGAGCTGGAA RT-qPCR
Fcl18s-R GGGGAGGTAGTGACGAAAAAT RT-qPCR
UPM(short) CTAATACGACTCACTATAGGGC RACE
NUP AAGCAGTGGTATCAACGCAGAGT RACE
NHE3' GCGTCAAGAGAGCAGAGAAGCGAACACT 3’RACE
NHES’ GAAGAAGACATCAGAGGTGAGAGGAGAC 5’RACE
si-1 sense CCUCUGAUGUCUUCUUCUUTT RNAI
si-1 antisense AAGAAGAAGACAUCAGAGGTT RNAI
si-2 sense CCAUCAACUCGUCCCACAUTT RNAI
si-2 antisense AUGUGGGACGAGUUGAUGGTT RNAi
si-3 sense CCAUCGCUAUGGUCUAUUUTT RNAI
si-3 antisense AAAUAGACCAUAGCGAUGGTT RNAI
NC sense UUCUCCGAACGUGUCACGUTT RNAi
NC antisense ACGUGACACGUUCGGAGAATT RNAI

153007, RNk Z % TaKaRa SYBR® Premix Ex
Taq 1T UL 20 pL /R R FRiE, PCR [N AR T A4
95°C 30 s; 95°C 55, 60°C 345, 40 MEER; 95°C
15s, 60°C 1 min, 95°C 15 s, FCNHE3 3K it 4%
TR R 2704k, R PR SPSS 17.0
A7 B R R 5 2247 BT (One-Way  ANOVA) Fl
Duncan #i 4, F|H Origin Pro 9.0 X} &8 1145 R E 4T
fEE, P<0.05 o HA7 o 222 bk
1.5 RNA F#is

£ RNA THi(RNA interference, fij#K RNAI)
Szaerh, FR4E Elbashir S 19 siRNA #3140 00)12021,
M siDirectversion2.0 7F £k 4K 4 (http://sidirect2.
rnai.jp/)i% it FCNHE3 3£ [H 1) 3 4~ siRNA #1F51), 3
X} siRNA(si-1, si-2, si-3, W D¥7EETAY T
PRIy (M)A BR AR AL, S5 1 6B TR
siRNA(NC), A& K T4 52 50 FHEF A 5 4(3.0+0.5) g,
FEVEAT TS 80 2 mr, WS i 2 T TR
FINRIEE B, TP 1 pg/g F1 2 pg/g TR ST
WRZERAR, BIE 1 pg/lg RLLGEEITHHA,
DR M AS S 86 R BRI N 1 nglg. ¥ 50 AR5
B S A, B4 10 B, DRSS DEPC KFNES T
NC siRNA [URVE R BT BR L, ST si-1, si-2.
si-3 AR SLgR 2, TS E3hA6 h, 455

B3 RBAFAYEE, F RNA H2VRTERARTT, 2.4
TR T R I FCNHES JL P (1) 3635150 . ik
EAHFE R — RA LA, M 3 VAT, BT
7 10 AR, P35 /K44 pH & 5.2, @M AR5
B pH fHAEE, WEIFIC#IES] siRNA J5§ 0~24 h
WML, 3. 6. 12, 24 hySET-/MEEE, 5%
HRAE pH B E T BIAEE 5

2 #EREHSW

21 pHBEME 72h BT R R FEEIE pH
A pH BEEE A FAET R L5 Rk 2 Fir,
pH N 4.6 F19.7 1}, 72 h 3T %1k 5] 100%, pH
9 6.6 F1 8.1 Bif H IR A AU T AMA, 38 4 5 Gk
THE b E B X R M B0 pH BB 2 2
B pH 435I 5.2 A1 9.1,
2.2 FcNHE3E[E cDNA F 54 % % F 51tk XF
FCNHE3 cDNA 4K 3508 bp, GenBank % 5
5 MF373587, 51 3 s gt X 43 5114 530 bp
F1173 bp, JFik i EEHE (ORF) K 2805 bp, %ifi 934
MEERE 1), BINEARS 5K 104.8 kD,
PRIS S 5 N 6.66, SMART 434 1 2 B 12 & [
HAFTHK, difd i 451 45 12 /> 25 15 8 e
458 M1-M12(J& 1) (5~24 aa . 79~101 aa.114~131 aa.
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Tab.2 Themortality of Fenneropenaeus chinensisunder different pH stress

n=3; X+SD
A ] /h time
pH
3 6 12 24 48 72

4.6 0.00+0.00* 13.33+3.33° 20.00+5.00° 50.00+0.00° 86.67+3.33" 100.00+0.00°
5.1 0.00+0.00? 3.33+3.33° 13.33+£3.33% 20.00+5.00° 26.67+£3.33" 53.33+3.33"
5.6 0.00+0.00* 0.00+0.00° 0.00+0.00° 13.33+3.33¢ 20.00+5.00° 26.67+3.33°
6.1 0.00+0.00* 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 3.33+3.33¢
6.6 0.00+0.00° 0.00+0.00° 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00°
8.1 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00¢ 0.00+0.00° 0.00+0.00°
8.5 0.00+0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00¢ 0.00+0.00° 3.33+3.33¢
8.9 0.00+0.00" 0.00+0.00° 0.00£0.00° 3.33+3.33¢ 16.67+3.33¢ 16.67+3.33¢
9.3 3.33+3.33" 20.00+5.00° 50.00+5.00¢ 63.3343.33° 70.00+5.00° 73.33+3.33f
9.7 83.33+6.66" 93.33+3.33¢ 96.67+3.33° 96.67+3.33" 96.67+3.33" 100.00£0.00*

TE: FIZVECR L ARAN IR 22 7R 25 1] A7 7 1 35 22 53¢ (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).
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acatgggggagtcagetgttggtegegetggaggaaccaccatgaggegctetctecacctaacgetactcactecctcacgecgtcacctetegetgeca
ccggcccccttgegttgtetttgeacgeaaccgeactecetttgeccettagetegggaacgaacaaactcaattegttgettaaaagetgtgttacttt
taaagattcttttcgagtcgtagtgaaaaggtgcaactttccgtctcgcagtagttggtatcagagagaaatcacgaaacgtegggagegecttgagteaga
cttcaaatttattatatttgtctccctegttctttaaaacaaagagtcatctagtgggcgcacagcagegacttcttecttetetccctegagettatag
tcccttgaacttgaggaatagttgaccaattgataatacg[ATG IGCG CGG TTC TTG CTC ATG CTA GGG GTA ATG GCT CTC GTC CTC

Moa R OF L L M LG V M A IV 1

GTG CTG GTC TCG GCC AAC ACG CCC ACG GAG TCA GCC CAC ATT GCC ACC ACT TTG CCC ACC CAC CCC ATG TCC AAG
N T P T E S A H I A T T L P T H P M S K

GGA GCG GAT GTC ACA AGC CAT TCC GTG AAC GCG ACG CAC CTG TCT GAC CAC GGG GGC GGA GGG CAC GAA GGG AAG
G A D v T S H S ¥ N A T H L S D H G G G G H E G K

TTG GAG AGA TAC CCC GTG GCC GTG ATC GAC TTC GAG AGG GTC CAG ACG CCC TTC ATC ATC GGC CTC TGG ATC TTC

| 4 v v v L i3]

L E R Y A I D F E R Q 1 Iz B i I G w I

TGC GCC TGC CTC GGG AAA ATA GGC TTC CAC ATG GCG CCC AAA CTG TCG CAC ATT TTC CCC GAG TGC ATG CTG
c A C L I G = H M A P L S H B | M

ATC GTC CTC GGC GTG TTC ATC GGC CTC CTG CTC TTC TAC ACC AAC GCG GCC TCC GTG TCT CCT ACC TCT GAT
L N A v S

GTC TTC TTC TTG TAC ATG CTT CCT CCC ATT ATC TTG GAC GCT GGC TAT TTC ATG CCC AAC CGT TTC TTY GAT
i G F

CAC CTG GGT ACC ATT CTC GTC TTT GCC GTC GTG GGT ACC ATC TGG AAC TGC ATG ACC ATT GGC TCC ATG TAT
L G A N N M

GCC GTG AAC CTC ACA GGC CTC TTC GGC GTIC GAC GTIC CCT ATG CTG CAC ATG TTC CTC TTC GCC CTC ATC TCG

¥ G G v D v

D 152 i A Vi L A F E E I H E v L
GGC GAG TCC CTG CTC AAC GAT GGT GTG ACT GTG GTG CTG TAC CAC ATG TTC GAG GCC TTC AGC
S L D G T L b4 H M F F S

L E 3
GGA_GTC _ATC TGG GGA TTC CTC ACG GCC TTC GTC ACC AGA TTC ACC AAC CAA GTT CGC GTG ATT CCC ATC TTC
T ¥ T 4 R I
GTA TTC GTC ATG TCT TAC TTG GCT TAC CTC AAT GCC GAG ATC TTC CAC TTG TCT GGA ATT TTG ATC ACG TTC
N A S T
TGC GGA ATA ACA ATG AAG AAC TAC GTA GAG CAA AAT ATT TCG GCC AAA TCC CAC ACA ACC ATT TAT GCC ATG
C G o T M K N Y v E Q N I S A K S H T T I K A M
AAG ATG TTG GCG TCA TCT TCC GAA ACT ATT ATC TTC ATG TTC CTT GGC GTG TCG ACC GTG CAG TAC AAC CAC GAC
K M L A S S S E T I 10 F M F L G v S T X Q Y H
TGG AAT ACT TGG TTT GTG ATC CTG ACC ATC GTC TTC TGC AGC GIC TAC AGG ACA CTT GGA ACC TTG ATC TTC TCC
w N T w = v I L g1 I v iz C S A\ Y R T L G L F
TCG ATA TGC AAC CGC TTC CGT GTC AAG AAG ATC TCC TTC ACC GAT AAA TTT GTT ATC TCG TAC GGC GGC CTG CGA
I N v E T G R

S C R F R K K I S D K B v I S G L
GGA GCC GTG GCC TTC GCC TTG GTC CTC ACC ATC AAC TCG TCC CAC ATC CCC CTC CAG CCC ATG TTC CTC ACG GCC
A v A F A L v L T I N S H I P L B L T A

T P F L v R E Q N I F E K I L E T Y I M Q
GAG GCC TTA GAA AAC ATG ACA AAC AGC AAC ACT TCA AAC AAT ATC GAA TCT TTC ACT GGT CTC CTC AGG AAT GCA
L M T I T S I S T L L

E P S P K R v S T G P T v A I A L K
CGG TAC ACG GAT GAG GAC GCA CCA ACA AGC GCC AGG AAA CTT CAG CGA ACT GTT AGC CTC AAG CCA GAA GAA GAG
R k) T D E D » g S A R K L Q R T b § L K P E E
GAC AGC AGC ACA CCA GCC ATG GCC GAG GIT CTG CTG CCA TGG AAG CGA CCA GAA GAC GAG GTG ATG TGT GAC AAG
D S T ) 3§ A M A E v L L P w K R B D E W M C D K
CCT CTG CGC CAG TCC GAG TTC CCC GCA TGG GCC TCC AAC AAG GAG TAT GTIC GGA TAC TAC TCG CCT TCC AAC ACC
P L Q S E F » w A S K E ¥ v G x ¥ » s T
TTC CTT GGT GGA ATC GGA ATC AAG GAC CAC CGC CCC AAC ATC CGG GAC ATC TTT GGC AGA CGA AGC AGC AGC ACT
F L G I I K D H R P N I R I F G R S S S T
TCC CTG GGG TCA CGC CGC GGT TCC GTC AAG GAC ACT CCC TCC CCC TTG GCC ACC CCG ACT CAC CAG CCG GAC GTC
S L S R R G A K D i P S P A iy [ 3% i P D v
CCA CAG GCA GTG CGT CGT CGT TCG TCA ACG GGC GAC AAC TCC CTC CTG AAC ACG ACC ATC ACC GAG GAG GAC GCG
P Q A R R R S T G D S L L N oy T b T E E D A
AGG CGG GAC CAC GTC ATC GAG ATG GAC CCC GAC GGT GGC ACT CAG GAC ACC AAG ATG TAG ccgcgaggacctctagtgct
R R D H v I E M D P D G G T Q D T K M *

ttacattataaaaatctattttagctgtagtaaccattataattgtagatcaatgttaactggtggtattattattattactgtacgagtgctettgtaa
tgctagagagtcgtggtact g

Bl 1 HEBXEF FeNHES £ 1K cDNA J¥51 K 3 S 1 & 3L R 7 51
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AR T I RERRTE, ZR% T IR SR, R RIZACRE 5P, 12 A5 A5 ST BT b i
Nucleotide and deduced amino acid sequence of FCNHE3 ¢cDNA in Fenneropenaeus chinensis

The initiation codon (ATG) is tagged with a box, and the assigned termination codon (TAG) is indicated by the asterisk;
the sequence for signal peptide is underlined, and the putative transmembrane domains are shadowed.

Fig. 1
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141~163 aa, 170~192 aa, 207~226 aa, 279~301 aa.
321~343 aa, 363~385 aa, 395~417 aa, 436~458 aa
1 468~490 aa), Blast Xf Husr#7 %, FCNHES %
[ 4 ity 22 B R )7 91) 5 75 8 (Carcinus maenas) ., —
PEAR T (Portunus trituberculatus) . i /2 H (Hya-
lella azteca) . i ¥ i 2 AF (Cherax cainii) . A
(Pediculus humanus cor poris)Fl i 17 XU (Papilio
xuthus) 1) [R1JEPE 7350 R 74% . 66% . 60%. 59%.

57%F1 55% . @ FEEM T 5 Z & X 7 Hr R,
FCNHE3 %L [F & 2L R)7 FI4E 110~700 &R X Bt
WIRSFYEE S -
2.3 FCNHE3 EE RStk it

R kA HER ER, T EBXEF FCNHE3
=R TFEMEEEZCRRE, B3,
SR 5 55 WY 5 2 R R B BL Ik SRR Oy — 2K,

100

100

5 B HCRAIE MESI ) 2R 5 8 R B (18] 2).

F4% I Helicoverpa armigera XP_021192846.1
i‘[jﬁﬁﬁwﬁ Papilio xuthus KP197271.1
94| 100 L 522 Bombyx mori XP_021207234.1

AL I8 Trachymyrmex septentrionalis KYN31487.1

100

100 WHEIE T FI Zootermapsis nevadensis XP_021928474.1

60 IR Y Tribolium castaneum KYB28465.1
B KA Aedes aegypti XP_021700619.1

100 [ WINIEEEMF Cherax cainii AJO70195.1

1555 FLIRWEZEUF Cherax destructor AJO70016.1

100 P E BAXTEF Fenneropenaeus chinensis MF373587
53 _|: =Y T Portunus trituberculatus ANV19765.1
100 FH#E Carcinus maenas AAC26968.1
— A& Homo sapiens NP_001271280.1

100 “— /B Mus musculus NP_001074529.1

WTL#4 Oncorhynchus mykiss NP_001124466.1
AEM TS Xenopus laevis AAT69945.1

0.1

100 L':ij‘( Canis lupus familiaris NP_001273957.1
97 JE3Y Gallus gallus NP_001038108.1

Kl 2 F:TF NHE S5 511 NI R Geit b

T B RO R IR N bootstrap B4 ELAF .

Fig. 2 The Neighbor-Joining phylogenetic tree of NHE from Fenneropenaeus chinensis and other animals

Bootstrap values are indicated at nodes.

2.4 FCNHE3 EREMARKIEDHFAR pH B
BTHREST

FIFH RT-qPCR 4347 T FCNHE3 2 [K 7E A Rl 41
LU RIB N, 455 WK, FCNHE3 LA 7
b RIR A, 0 R T H 4 21(P<0.05),
YR AL WE, 7E LR 2Rk i e IR 3),

WE 4 s, K pH Pha s, MHEF0h, P
B o AR i 2H 21 FCNHES & R 7R 344 5256 By B 4
W R FEIE(P<0.05), HFEKkEEZE FIH#
o %5 pH WHEJG 3~48 h, v [E B G HREEZH 21
FCNHE3 3 [K % 3k i A H 25 6 B4 B 8 T
(P<0.05), 7£ 12 h FRikmEAR, BEEA R B,
£ 72h Fika L,

1200
" 1140

d
= 10801 3 s T

—
O O O
S DN
S OO

mRNAMIXT KA R
relative mRNA expression lev
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Molecular cloning and sequence analysis of Na'/H"-exchanger isoform 3
In Fenneropenaeus chinensisand itsexpression in responseto pH stress
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Abstract: Na'/H -exchanger is a membrane-associated enzyme responsible for the active transport of Na” and H"
ions across cell membranes, and generates chemical and electrical gradients. It plays an important role in the
aquatic adaptation of aquatic crustaceans. To investigate the function of the Na'/H'-exchanger in Fenneropenaeus
chinensis under pH stress, Na'/H'-exchanger 3 ¢cDNA of Fenneropenaeus chinensis, named FCNHE3 (Gen-
Bank:MF373587), was cloned from the gill tissues of the animal by Reverse Transcription-Polymerase Chain Re-
action (RACE). The full-length of FCNHE3 cDNA was 3508 bp (base pairs), including a 2805 bp open reading
frame (ORF) encoding a 934-amino acid peptide with one signal peptide and 12 transmembrane domains. Com-
parison with homologous proteins showed that the deduced FCNHE3 amino acid sequence has the highest se-
quence identity with Carcinus maenas (74%), and along with Portunus trituberculatus, were clustered into one
group by phylogenetic analysis. Results of RT-qPCR showed that FCNHE3 expression level in the gills was sig-
nificantly higher than in other tissues (P<0.05). The expression level of FCNHES in the gills was up-regulated un-
der low pH stress (pH 5.2) during the entire duration of exposure. The expression level of FCNHE3 in the gills was
down-regulated during the first 48 h and up-regulated at 72 h under high pH stress (pH 9.1). After the knockdown
of FCNHE3 expression by RNA interference (RNA1i), shrimp mortality was found to be significantly higher under
low pH stress when compared with the control group. The results suggest that FCNHE3 may play a more important
role in regulating acid-base balance under low pH stress than under high pH stress.

Key words. Fenneropenaeus chinensis; Na'/H -exchanger (NHE); gene cloning; pH stress; RNA interference
(RNAI)
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