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B : AH K K cDNAK 3 b 3 37 3 (RACE) % £ K 3K 4598 % B F 1k 40 g — A y- T &L ok
T B B2 (CA) 2L B 9 cDNA X DNAA K /5 7] . HcDNAK 4 1618bp, % 75 3054 & 2 8 41
& & ; DNAK A 11812bp, H64NW A F, I # ¥ 3 AE(ORF) 4 & s 74N B 7
HEH —Ngamma-CAW 48, HFEH - MNEFNLFFATP-Bies i, d36h
CAHBEABRFFIMENREEE R, ZCASHMY M WYy-CAR Y —%. B, ¥z
TEWERE G A Sy-CAe K THEREE ANy, KSy-CAHORFL 7 [# & & ik #H 1K
pET28at, SAAMHE RA W HBL2IY, EXRAFFEHWEE KL, FREN UL
E A& A . SDSHE T M B iz 5t Ik &, ik (SDS-PAGE®#, 7k )« % K BV fo L b R & ® 5 &
KW, ST E B EAR A ES)Y-CA. FIARRERSPELETE2ARNELLY
Sjy-CAZECO, 5 HCO; ¥ KA RN R E LB XM E KRB AMR N FHEE, R E
T, EUAS)y-CAWKEBILE ) H0.82U/mg, ERAEBRBEEE, KA LEET
Sjy-CAe ZHR AR ERHASY-CAEEHRBRTEIERTEREL I AL FH T 88 <M

R ERT A

R G KRS TR EEAK; LR

FESES:Q785,5917.3

Bk iR I5F 1§ (carbonic anhydrase, CA)J&—Fh
PEA BRI, RES A XU AELHCOS 5 COLZ IR Y
A3 RN, B C O,z i B 1,5 — W R A% I B 2R
TL B/ n % B (RuBisCO) ] Fil, A7 Bl T4 & e 2R 10
EVEMRE, BIHATIE, fERRPE i
MCAF MR, 735 }a-CA, B-CA. y-CA.
8-CA. (-CAFIO-CA", Hrr, y-CARR AT
H J5E )\ B BK Tl (Methanosarcina thermophila)™,
fE— S A B R PR BIUES . BN, 3R A
(Chlamydomonas reinhardtii)fg 31~y-CAR) FE [, H:
g/ R Sl S B Dal VA RES " A NI |= I AR %) i 2 51 e )

IFEHE: 2019-05-27  1EEIBHA: 2019-10-23

RkFRERRD: A

WIAD; =838 ¥ (Phaeodactylum tricornutum) 4
A~y-CASEH, Frf2y-CA(CA-IX. CA-VIIDY
FE N TR L, BDIRER A 7R
5% ¥ (Thalassiosira pseudonana) P 3% 38 54~ y-CA K
R, %R A B Tpy-CA2(CA-10)5E {57 76 20 Jifd i
Gh, HALA AN Tpy-CA1(CA-9). Tpy-CA3(CA-
12)F1 Tpy-CA4(CA-13) & i TR, Tpy-
CAS(CA-8)H T i 4 1 H AL A (1 4 K cDNAJY 4]
T A 275 A A1 B TR B 8 1 R R y-C AT
Tpy-CA3Z B KPR, RIAE AR X AR
) fe N Uy TR Bk 2 S Sk (Myrmecia
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incisa) % 5 L 50CHE e b 8 IR 1A G iy -CA Y
BEA X S SRR W] y-C AR 52T 12 A7 AL T 3
xrr,

TE WY (Saccharina japonica)H [ 241 PV} %% 5
ZHBCHE PRV R SR 1, BiSEU R g M s\ iR
WA 3N y-CAZER, JFEARE] T 4 KmRNAD T
GERMUESEY i — 20 T I Sey-CATE A Y 4y
TESThRE, AW 508 o 3 X v [ R 4R A5 1 A
BeF RSB 1A y-CARY LR T3, IF b T 454
H5RHE, @t R RIRFREAEA, IFE
T KA Bl R G M, OIS T i
KL DI RE o 3 26 45 51 S 117 y-C A B IV 41 Jif 5 A7
Ko TCHURR TE 5 40 Wl 25 22 18] 0 A 350 3 DU 55 16
A VEHTI AT % 29 Bl

1 M5 TR

1.1 SCIG#t R

TEJRE (17£1)°C . Y3540 pmol photons/(m’-s)
OG0 16/8CC BRI S T U, 1 45 Mk
(RFQ1). H:(RFJ40)AL+ 14 K; 5% T PESH: 5 5t
il oA B T LR SR . RIB AT R
(Escherichia coli)DH50/E&5Z A4 i . BL21(DE3)/8%
SR AR AR AL 5O A RA B 5 57T
LBEiFR 5L,

1.2 #%ZERHIIE BX A cDNAHI & B

K 7S b 2k = IR AL B (cetyltrimethyl-
ammonium bromide, CTAB)¥: U7 i F A
PHZHDNA, % TRIzolia 3l 32 1 4 v i 114
RNA, FIF % 563050 £ (TaKaRa A B )X RNA#E
1T K% 5% (RT)PCRIZ I & . cDNA, i F Smart™
RACE cDNA#" 34457 & (Clontech/A w ) & 4% 5 3K
75 5%t A1 305 (1 cDNA . HLAKRIRAE S A0 &
U5 17 . —208-80°C o3 Jl fR fF DNATRNA
LA

1.3 BT FIRy-CAEE I cDNAZ K F 5 7= [E

ARSIy =8 DA ok R D Y v A 3
T — 4K 4918 bpll & & 751 (contigF:51), FIH
NCBIE E #E 1T BlastX#8 %, KMHH5KHEK=
(Ectocarpus siliculosus)—~y-CA(GenBank & 5%
51 CBN79571. 1)U 4w it 19 85 1 H A 83% 1 ) 471
— Pk, RIEZ contighy 51 1% i1 14 5| 4 y-CAF/y-
CAR(F 1), LA A cDNA KM 17 PCRY™ 14
i [E 7K 77 %% 4> 32 /) sponsored by China Society of Fisheries

LB E Z contigh? 81 o R FE Y« 94°C AR P4
5min; 94°C7AE{:45 s, 66.4°CiE k45s, 72°CHEAH
1 min, 35PMEFF; 72°CIE{H 10 min.

F1 KHARFERBNSIHFT

Tab.1 Nucleotide sequence of primers

employed in this study

1R KGR
514 51 (5™-3") /C
primers sequences cannealing
temperature

TiRERAE
cloning for verification
y-CAF TGCAGCAGGCACGAAGCGCGGT 66.4
y-CAR TTCGGGTGTCGTCGGCTTCTCG
cDNARIRRES
rapid amplification of cDNA ends (RACE) cloning
75G2 ACGGTAGCGTTAGGAGCCACGAAGGAGG  66.0
ySNG2 GTGCGTCTCTAGCGCAACTCC 61.5
y3G2 GAGAAGGCCAGCCGCGACCCAACTTACG  66.3
y3NG2 GTTCAACACCAACTTGCGCGAGCCCGAC 64.6
NUP AAGCAGTGGTATCAACGCAGAGT 58.7
DNA%R&
DNA cloning
y1F ACCATTGCTGTTTTITTATTATTTTATTCGG  61.0
yIR GAAGCTGTCGTCATATGCAAGTCCACC
y2F GGTGGACTTGCATATGACGACAGCTTC 64.3
72R GGTCCATCAACAGCTACCTGCTCG
73F CGAGCAGGTAGCTGTTGATGGACC 62.6
73R AACACCGAACACTAACGTGCCGAC
y4F GTCGGCACGTTAGTGTTCGGTGTT 62.6
74R CAGGCGGTACGACGAAGAACGCATA
ySF TATGCGTTCTTCGTCGTACCGCCTG 62.6
y5R TACTGCTGTAGCTCCAGCCTCGTG
y6F GATGTTGAGACGAGCTGGGACAGGA 64.3
y6R GGCAGCGGAGCGTCTCTGTGGTA
yTF ACCAGCCACGTGGAGAACGGCAG 66.0
y7R GGCTCCTAACGCTACCGTCGTCG
y8F CGACGACCGTAGCGTTAGGAGCC 64.3
78R GACCTGAAATATGTTCTTGTCCCG
FIRRIE

heterologous expression

BamH I-918F  ggatccATGCTGCAGCAGGCACGAAGCGCG 72.1
Not1-918R  gcggecgc TTAAGCTTTTGCCCCAGTAGC

TE: NE RN

Notes: lower-case letter denotes the restriction site
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744 KopE o R 44 45

PCRY LA 5, HL20 pLAfE Sh R 47 BB b
W L UK RGN, 2 BEPCR ™ ) 4l Ak i 7 £ (Aidlab
2 EDULH B AL PCR™ Y, # % #: Z pMD19-T
ve PR IA (TaKaRaZA 1) S8 5 ARG AL A
KW FF o DHS g 3Z A A0, 88 1 B 5 v 0 ot
PHME STl s 3 i IR PCRIE T A TR L E, I
B BRECR BHE 4L 6 24 T AW TR )R
1A B2 B AT BT

R 38 55 UE 1 contig ¥ 51 43 5 15 115 " g 113 it
4 S | M1ySG2/ySNG2Rly3G2/y3NG2(#1), F)
FHRACEH; R £ 35 Wi 55 PCRY 14 4115 y- CAFE [H 11
5'E 3 RIS . BRI RN UL ARG Y
5" 53" 1Y cDNAH B, LLy5G2Ey3G2 0 5|
Vs VAR : 94°CHIAEMES min; 94°CHE 1
45 s, 1Bk (F1)45s, 72°CHEMI2 min, 401
5 720CZAAEH10 min, 5 4 N HizUPCR, AJ
B pL2s—5e B ROV AR, LLySNG2X)3NG2
Jgln, RNFRF ARG . £ TR
MESH T, H20 uLEYPCR™ ) Z B Ik AR | i
B, R, FE. EATFRITHE RS E, PR
PHPEFE A I, PR )5 315 -CAM cDNAE K
J¥ 3 .

1.4 BFHE FAy-CARE (Sjy-CA)FIDNAFFI
ThE

R4 Sjy-CAM) 4 K cDNAF 51 % 3 8% 51 4
(F1), LI DNAYE AR 4T PCRI W 3
Sjy-CAFEH | J W A 22 S F Iy 3k A< 2 [F] contigf T
GRS % 514 B XoF g )R R BE (R 1)
BV, W SRS, BL20 pLAYPCR™= ¥ 45 Tk
R, e, 4. ek AL 0 0 B A
Yo Ja ., BREUHMEEA T, PR R Siy-
CARYDNALKJFF1

15 BEE FAy-CAR R FHFIE S

il 1 NCBIXHs % 1) ORF Finder 217 T
Bl S AE A9 W, L B BLASTHE F i 47 ¢ 51 B4 [+
TEPEH AL XF . A ProtParam tool(http://web.
expasy.org/protparam/) il Il & [ [T (1) 43 F & 145
w5, | FH TMHMM (http://www.cbs.dtu.dk/services/
TMHMMY/)F1Phobius(http://phobius.sbe.su.se) 7
SRR X, | FH SignalP(http://www.cbs.dtu.dk/services/
SignalP/)F1iPSORT (http://ipsort.hge.jp/)T5 Ml N3 15
Sk, | FChloroP(http://www.cbs.dtu.dk/services/
ChloroP/) Tl Jl it 2 (4% 32 ik, | H TargetP(http://

http://www.scxuebao.cn

www.cbs.dtu.dk/services/TargetP/) I Protein Prowler
(http://bioinf.scmb.uqg.edu.au/pprowler_webapp 1-
2N 252, | FIPHYRE(http:/www.sbg.bio.
ic.ac.uk/~phyre/) Tl & M Bt 4549, FHMEGA
THRAT: v R B e vk T B KA IR TE AT RIS A0 HT o
1.6 Sjr-CANEEFIEHFMNESIEL

HR 3 Sjy-CA R ORF T 41 Fil 5 B B R pTOPO
FIk BT pET28a k) 2 b2 B A a7 91 B 3417 g 1)
B 5 151 4 BamH 1-918F/Not 1-918R, 73 Sjy-
CAWJORF ., ¥R Zero Background pTOPO-TAfiij HL
i B IR 6 (AidlabZ2s 7 Ul B A5 4 gt 5 E H Y g
[K] 114 52 B R p TOPO-SjyCA . Pk BA. 7 e A 7 Tk
PCRAG I I e LA £ B B B P 09 TE A 4 A o

T Bk £ B ) & R AR A AL B (db at)
A FR2Y A] 152 Bp TOPO-SjyCA M 15 it ki pET28a,
It FH BIR il 4 42 R P V1 BamH 11 Not 1(TaKaRaZy
] YB3 B AR KL T 37°C o B AT BT S 4 h,
PR Al L B A= T, e i, B85 H
4 R B B E 20 2 3K BRI pET28a-SjyCA . H F i
I 3 1 B I 28 AU D) 5 IE 1 pET28a-SjyCA
AL KA FT B BL21(DE3)EZ 50 T4, 7453
i B MRET28a-SjyCA/BL21, RFE T —80°CUK
Fi . JHpPET28a% #AEHIHEXS IR

1.7 EAESj;-CARIFTEREELE

K Y SFEV I Tk, R A 2 SRR R
pET28a-SjyCA %S 2 pET28al) B EAT 16 1k . ik
KRG 7 2 W K 1Y ODiggo fEL 2 0.6~0.8, WS Ik JiE
1.0 mmol/LAY 5 P4 3 -B-D-Bi AR 2 ZLHE H (IPTG),
FE37°CF . LA180 r/minf) % Wi T 321k 4 hfm 4k
PR, IBORE R F - e S R 4 (SDS) 3R TR 4 1k
Jhie 35 g L VK (PAGE)KE I 4% 2 Ak 1) 7 V2R
A R A VR R 3R O S R BV GBS . TE4°C
T LA14 000 r/minfy %% #2500 10 min, Y8 BIE
T FH U< R 2% v (PBS)F2 10 = 1(BH I = 1x
PBS)( LM 2 0VE , 430 B8 £ 3£ 47 SDS-PAGE
ol IS S WO oS N el - TR R TR NN
22332 mol/LJIR & . 0.1%H9 Triton X-1004K ¥R 7k 5
J&, P8 mol/LIR ZH W i AL AR, il ik f5 4 R
Bio-Scale™ Mini Profinity™ IMAC Cartridges? [ 3%
FIZ AT 4l AL T8 4 (Bio-Rad 2y 7)Y U8 B - 4l {k 5
2H 1) Sjy-CA(RP1Sjy-CA).,

144 2L AL R rSjy-CARE: i 17 SDS-PAGEHL Tk
Bf, $HR B S 4 Western blot 5 ik, 1R B 5%
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BEMRTAHERE -, YUY RHishr &Yk (LI
KEHEMRE AR AT, #iBE2 00065)7E R —
P, HRPHRICHEBL o =P (F B4 000751 —
P, KO A H A AR A Rk 0 R A & R AR
5 e n ISR W HRP-DABJE YY) B (3857 & [ K
R A AR L 5)F RA W3 B B 5, N
HRIE 5%,

TESDS-PAGEHLVK J5 , MEERL F 3B H i
S, T FH TR B P T AR SRR S R AT A
SR 5 6 FH RO €8 3% — F % — U 3% (nano LC-QE) X
FH X B e S 100 22 IKRE S R AT o0 AT . SREE Z IR
2 KB R 1 S5 rL o b, e R R R
BRI, It Sjy-CAFT % 2 A E 1T P 51 H X
PLSE B 1Sjy-CAM LR 7 4

1.8 rSjy-CAHIE 1t

B 22 9 2 IF 4l Ak rSjy-CA,  FH 100> 44 FHL i)
52 VE 2% wh#%(0.05 mol/L Tris-HCI, 150 mmol/L
NaCl., 1 mmol/L GSH., 0.2 mmol/L GSSG. 1
mmol/L EDTA. 4 mol/LJRZ . Arg 0.4 mol/L .
5% H i, pH 8.0)fE4°C T iEHT24 hy 2 Ja MKk 7E
PREZEWTE N2, 1 F10 mol/L A i A 2% wh i v i A
12hPAEPER, 7E4°CTF . LA10 000 r/minf) % 8 5.0
30 min, B LSV, NE AR PO IR kAR, A
SDS-PAGEHL KK, & F4°COKFAPRAEE H o
19 rSjy-CARIK & EEIE 1 E

R 4 Wilbur 5P e b ik i BN 52 2 Ak 5
rSjy-CAMI CO K A BiE TG PE o 76 T8 4 mLIE b %
SR (pH 8.4) T I A2 mL4li 4k 5 Y 5 20 4K 1A
W, FipHiHZERa EAES.3)m, L HIINA2 mLif
FTH CO K (K COLil A F0°CHY 25 B T H,0,
SR DL EEPAD) il sk pH R B LA B T 75
FRO IR TR] o A Rz I i B IR R R AE 0°C e A s
ARSIV 22 NN VR ZE (S R B AL
AMFRA, HHAINEE . B VB MR (U)
TE LR (tg=1)/177, o RN 43 AR 3 I i Bl R0 Jin A
it 5 pH T [ 14~ 557 07 FH B4 15F 8] (min) s 3K E
rSjy-CA MY LI 7 W L (t9—1)/t/mg s (4 5”3k it
=3
110 rSjy-CARIERESE 14 E

U T A7 BECARENS £ R X Al HE A5 TR (p-NPA) K
i LR L 2R 5 (p-NP)™!, A BF5F T°0.05 mL Tris-
HCIZE Wi (pH 8.0, 50 mmol/L)H /il A 839 pL 75 i

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

W, TR 5)J5 A0.05 mL 3 mmol/L Z & % i 1)
p-NPA, 4 5 ik i 5 o7 A 28 3 1) H 43016 0 BE 12 57
RIGC 5% T BEBF A ODyos, Bl 5 45 B 3 miniil] — Ik
ODyoso PATris-HCIZZ M 0 25 FXF IR, AR 40 X i
£ 1S 56 2H 19 O D 405 B 72 11 Ok 1 52 H: T8 i 1%
e, BHINHEE A DEEEERAL(U)E LH
TE0°CR . AEmin/= 4= 1 pmolfip-NPP, rSjy-CAF)
oG S BI Al FH«(C—Co)xVit/gdE AR K iH5E, C.
Cor S AR 2 im Tt 41 Fn X BE 41 7= 25 B p-NP e &
(umol/mL), VAR BRI (mL), ¢ KN [H]

(min),
2 4

2.1 BWE FAY-CARE R cDNAFIDNAF S
g

Tl o U O T i R B A KR
918 bplcontig, M ILITFI I I HE FHE 519
y-CAFHy-CAR(F 1), VLT L 714 A cDNA N 5
M, 3 — (& e, KB DBEY ., &
el MF K X, %77 5918 bpl¥contig
JPH 584 — 3, XAUERIE T 275, Wil
T T - A 200 ML A A A TR A SR
FESL IR I, FIHRACES: AR 438 2% H K 5'- I
3-RACEWPCR™=¥), Z7ike. My, ©145
£ 2811671 bp(El 1-a, JKiE2, 3). KFX3BF51
SR IFE O i T . ke . F
LIE, AT HZ I cDNAJF S &K1 618
bp( At Fpoly AR, fHF—4~K 918 bpiy
i ) 32 HE 22 (ORF) . 191 bpiy5'-JE 11 X (UTR) LA
}509 bpft3-UTR, Ff H EHA B B poly AR (K] 1-b).

22 ORF Finderfilill i] A1, %% (1) ORF i
(2R 1 305 EIE R4 1, AT 4> T i
31.26 ku, Z5HL 5 oM4.84, it NCBIFUHE 1% 7] I
PE RS ZB, ZEAE Ty-CARIE, 5
AHIE W Fh K 4K = y-CARE P (GenBank & 5 5 .
CBN79571.1) 4t i) 2 111 225 51 B A 155 34 83% 11
— Pk, JRTESE 10 8 R (Met) 2 55 236/ 1Y
1% MR (Tyr) Z [8] 7 7£ — 1~ gamma-C A A9 25 #4 15§,
(#12), PR iz B R i 44 0 Sjy-CA

HT Sjy-CARY 2 K cDNAFES%iT 518, &
ZWE R, H8X I (y1FFMyIR, y2FFly2R
y3FFIy3R . y4FHIp4R . ySFAIy5R. y6FFly6R |
yTEHIyTREL K y8FHIy8R) (K1), LIAENZIDNAY
AR nT 34 8] = Sk, SowabE . Wy, B

http://www.scxuebao.cn
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746 Ko %R 4t
M1 M 2 M 3 M 4 5 6 7 8 9 10 11 12
bp
f = g l
750
500
250
100
600 bp
106 bp 101 bp 160 bp 152bp87bp 98bp 214 bp
SCUTR = = . 3’UTR
191bp 1601bp 1327bp 4 005 bp 497bp1271bp 1493bp 509 bp
ATG TAA
(b)
E 1 Sjy-CAHIcDNAFIDNAY 18 = 4 68 ik B (a) B B | 28 £5 #4 'R = B (b)
(a) 1. y-CA¥E R I cDNAF B, 2. 5-RACERIPCR™ ¥, 3.3-RACERIPCR™ ¥, 4~11.y-CA¥: N IDNAY 74, 12. 55 A&,

D2000f1) 73 ¥ b 5

(b)FM 2T R 5 23 3l I RRAE AN R AR 3RoR . ARRH I X ARk R R

Fig.1 Electrophoresis of cDNA and DNA amplified products (a) and gene structure (b) of Sjy-CA
(a) 1. cDNA fragments of y-CA gene, 2. products of 5'-RACE, 3. products of 3'-RACE, 4-11. products of segmental DNA amplification, 12. control only

with H,O as a template, M. D2000 marker of DNA standard; (b) exons and introns are shown in black boxes and lines, respectively, and UTRs are

indicated by grey lines

W S, japonica Sjy-cA - Weemm e - LQQARSAVGAAARTLGRSHDGI 25
K KZ E.siliculosus (CBN79571.1) e mmmmmmmmm e mm e e e e LNQAKTAVGMAARRVGRSIADG 25
SEPIACHRE C. reinhardtii (XP_001696746.1) SLFKSSLPAGFLFPYRHPKAKGLVEGTLYGLGSLFRGVGAAMDEL[ds 48
UMITT A. thaliana (AED98222.1) e GTMGKAFYSVGFWIRETGQAMWDRILEC 27
Fi5e )\BERIE M. thermophile (WP_052721819.1)  Ml========——-=---oo-uuo o MFNKQIFTI--LILSLSLAMAGS[gC 24
ALET----- HPYHEQLLP---—--=-—--—————————————— STRSVAHKGKV[JS TAPASFVAPNET

ALET----- HPYTEKLLA--—-————-----———————~—~—~——— STRSVGHKGKV}ZSTAQASFVAPNI\SVI

RHRTLMNVFDKT|¥NVDKGAFVAPNL
IRENPVTPWNPEPSAJ IDPTAYIDPQHSVI

y-CA DOMAIN
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Fig. 2 Alignment of deduced amino acid sequences of y-CA in S. japonica

Amino acids with 80% identity are shaded in grey, and the conserved amino acids are shaded in black, the underline indicates the hexapeptide repeat unit,

asterisks indicate the putative Zn-binding sites

MR/IN A B KB4 JKGE 114031 198 1437,
1616, 1567, 1450, 1450, 1475F11 988 bp.
X 26751 5 cDNADFE ,, FIH1Sjy-CARIDNAJT
HIK 11 812 bp, HEIZDNAF I 5 Sjy-CAHY)
cDNAJFEF AT H R, & B Sjy-CAN ORF N 7 1E
6THNE T, ENHK/NNS-UTRHF IHARIK A
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1601, 1327, 4005, 497, 1271F11 493 bp, M
T 1% 3 R 19 ORF 3B i 74> 7 & - (K1 1-b) o

2.2 Sjy-CARIFFHFAE 5 4
1 Sjy-CAFT i 1 5 KK = . P AR
MG FF (Arabidopsis thaliana) B 5 — 76 5\
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B BR B P RGE 1 y-CAMHE AT & L8R 91 e Xt
AL Sjy-CATE P B 44 HE 1 Bl y-C ARE AH X
P, AREATS B\ E BRI 1 y-CA(I CAM)2E ¢
WAk, REWML, y-CATIRE b 5 2 A9 36 P A7 45
BRILH = BELRSE B nT BEFY 1 Sjy-CARE LA 1)
His104. Prol24. His129, DI A Arg83. AspS85.
Gly98. Asp995F SR 5% 1k 43 il 5 CAMEE it fir
)3/~ 4 24 R (His)5% 3 (His 115, His151F1His156)
MIArg93. Asp95. GInl09. Aspll0fi & 58 4> %t
W2 NS A A RIS K X 2R R e, X
I T CAMPY 575 21~ Hiss% J5 /2 £h i 2R (Pro) 5k 55k
R, S 10947 19 4 2 Bt (Gln) 3%k 2 1 GlyFk F:AX
B(#2).

FIFHPHYREXT Sjy-CAEAT 25 F i, 45 5
7R A Sjy-CA R HR AL 74> h B- B J2 i 21 i

100/87

71/85 AT S, japonica (AEF33616.1) Sja-CA1 -
94/56 |_| L ORI Laminaria digitata (CAB61337.1)
{ KF/K = E. siliculosus (CBN76519.1)

1§17 S. japonica Sjo-CA2

59/36 Aliivibrio fischeri ES114 (YP_205034.1)

BE 5 Danio rerio (NP_571185.1)

N Homo sapiens (AAA52293.1)

H

98/94 100/91 — 3¢ C. reinhardsii (XP_001692290.1) CAH2
L SEWACHE C. reinhardtii (BAA14232.2) CAHI

73/61 60/65

|
87/86l

9%'

100/96

100/81

0.1

A K D. salina (AAF04292.2) -
1 006/%/667 W% Spinacia oleracea (XP_021860182.1) 7
| 100/83 I—E MH¥E Nicotiana tabacum (BAA95793.1)
WEIIF A. thaliana (NP_974782.1)
82/70] L KFE Onzasativa (AAA86943.1)
FHAHE C. reinhardtii (AAR82948.1) CAH6
100/99 | 3K A BE C. reinhardtii (XP_001696003.1) CAH4
97/63 | SEBAK#E C. reinhardtii (AAC49888.1) CAHS
15 S. japonica (ARM53418.1) Sjp-CA
100/95 ——— LB AT C. reinhardtii (XP_001697606.1) CAHS
L SEBARHEE C. reinhardtii (XP_001699151.1) CAH7 i
— VA C. reinhardtii (XP_001701594.1) CAG2 —
ERAEAL K D. salina (ANE10537.1) CAG2
[ I Emiliania huxleyi ABG37688.1
91/86 T AL 553 T apseudonana CCMP1335 (BAO52722.1)

98/89 e 3P C. reinhardtii (XP_001703237.1) CAG1
L EAHLICHE D. salina (ANE10539.1) CAG3
| R YB5RZEFINT 8 Bacillus pseudofirmus OF4 (ADC48889.1)
74/51 Ferrimonas balearica DSM 9799 (ADN74249.1)
AL UNGEHT 3 Fragilariopsis cylindrus CCMP1102 (OEU12936.1)
LRI TT A. thaliana (AED98222.1)
100/99 —— 7 S. japonica Sjy-CA <
L— K#/K= E. siliculosus (CBN79571.1)
97/84 Chlorella sorokiniana (PRW57618.1)

Micractinium conductrix (PSC73935.1)
KA C. reinhardtii (XP_001696746.1) CAG3 J
ThAEM K% D. salina (ANE10538.1) CAG2

() B-BRJE -7 454, BV 22 T 147 B- W2 JE 25 #) 35
(LBH)®7, 2 =k HEdk s 78 B-U & 1 TR A5 — 4
Mo MBHE, A I a- MR E AL TR I, (H5B-
BEE Yl B ) AT 5 B-BERE A R D) T 2 A 0 = A
B, BN m AR A 2EE T, &
ASFSIK LT I 35 — A 3R 3k — 2 S22 &R (1le)
FE R IR (Lew) B 40 & R (Val) 25 I 1 i B 3L 1R (1912)

4 H NCBIH [F] P58 2 AR A5 19 3555 A [A] 49
CA 5 Sjy-CAMZ IR )T 51 F fe K ALSR 15 (ML) FI
AR (NDIEAT IR KT . S5 BIR, X367
1) U 5 b B SR B3R 3, 43 i T a-CA (NI A
ML 3l 47 1 43 51 98%/94%) . B-CA(NIFIMLIK
B (E 23 591 9 97%/63%) Fily-CA(NIFIMLE it 5 {4
I35 100%/81%)(1K13), ZHFTa-. B-. y-CAZE
B CAN R R P B 45820 . AR BESE A

o-CA

B-CA

y-CA

B3 ETCANSEBFIIFDEMNRERE
i K TR R AL Sjy-CA; REAMIRRL T 2% 4 5 T 36 5 WS B RWZM MK CAR AR HI S 7277 SRS B, 7050 94 4%
(NI S K ALK i (ML) #L 7 8
Fig. 3 Phylogenetic tree inferred from the deduced amino acid sequences of CA amino acid from several species

Sjy-CA is marked by an arrow; the accession numbers of CA proteins are shown in the parentheses behind Latin names of each species; the numbers
before and after slash at the nodes indicate the neighbour-joining and maximum likelihood bootstrap proportion (BP) values (only values =50% are

shown), respectively
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o IT 5 B 0 CA: Try-CA%Y 32, 5Tl JE 48 3 1)
K#EKBy-CAR R ; fEy-CASCH, ik
UG 5 5 CCMP 13351 Tpy-CA3(GenBank % 5%
5 BAOS52722. )T AE L AF RN UE LT, AT 2 B
Sjy-CAR & Fy-CAZK % o

H| F| TMHMM A1 Phobius#% {4 X Sjy-CA#EFT 43
Br, @8R B/RxEHATLERIX; 4 SignalPHl
iPSORTHM , Z&E AW IAFS IK; ZTargetP,
Protein Prowler il , Sjy-CAW] BE7E L L {A& o A& 4%
HAEM; BFHREAED, =M. Bl
TRV o VA At FUAZ B IS TP i 2 By-CA R B if
TR, e Sjy-CAR—ANE N T LB
# ;5 HZChloroPTi i, Sjy-CAEA 654 & 3
i 14 B A I SR R e a2 K, XK B A 1T BB
AT ek, Ht, 7 CH W40 & 75
SR FH 0 J AR 4 55 F Bk B 22

23 Sjy-CARNEHESRIX

TEXS Sjy-CAHATAWE BF e, KIE
ARG 55 RSP IVRAE, 6t
1% 747 B V07 25 B9 51 ) BamH 1-918F I Not 1-
918R, ¥ HESjy-CARISEHEORFIFH, ¥ 38 =44
FL DK AGL I AT DL B — ZR Al (114, JKIE 1), £ el .
R, HR /N 932 bp(7918 bpht H Ay 3 K
BRI 14 Bl S i U 47 6  Be), S EEIBPCR
PR R BN KT T W AL S T i
TE e ZARPTOPO I, 1581 5 i ki pTOPO-SjyCA ;
FIFH BamH TFI Not 143731 XU V] pTOPO-SjyCA K %

M1l 1

2 M2 3

4 M2
bp

2000
1000
750

[El 4 pET28a-SjyCA) i3 72 H 48 >< = ¥ 09 Lk (B1 1
1. 4 BE VAL 5 51 W ) Sjy-CA cDNAF= %), 2. pTOPO-SjyCA I XL
B Y074, 3. pET28alfi XU EGYI =4, 4. pET28a-SjyCAM) X Y]
FEYN, MIFIM2. 43 5] A D2000F1 Marker IV [ DNA %) - & A5 #E

Fig. 4 Electrophoresis patterns of related products in

the construction of recombinant vector pET28a-SjyCA
1. products of primers with restriction sites for amplification of partial
Sjy-CA cDNA, 2. double enzyme digestion products of pTOPO-SjyCA,
3. double enzyme digestion products of pET28a, 4. double enzyme
digestion products of pET28a-SjyCA, M1 and M2. D2000 and Marker
IV of DNA standard, respectively
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iKUK pET28a(¥14, JKIE2FI3), &EH: HM Bt
PAFA 2 H B 3 PR %) 55 2H 3638 B0k pET28a-SjyCA
RBOZFIB TR, 2 BamH TR Not TSR] B2 v il
HL KA (€14, VKkiE4), BEUI-Yh &S
H 1) B BER/IN932 bp)— B 445, I3 J TE A
ZAHEE T B W P 5 B A6 A [ 1E 6 o

¥ pET28a-SjyCA K 75 #pET28a%% 1k & K
FFRIBL2 LI SRz A5 4l L b, 43 S0l 4R 45 i 56 PR bk
ET28a-SjyCA/BL21 FIET28a/BL21, Zit# K55
JEWINIPTGIAE S H 3 ) £k )5, $RHGX &
KM S EE, 2 SDS-PAGEHL, Jk & 40 #r vl 41,
S ET28a/BL2IM (K5, WKiE3), #E4 H R
() %% K& [N BR ET28a-SjyCA/BL21([#5, kil 2) @4k
Z I — 42938 kuly & 1 A&, DN & H Y3
Y 3k 729 s (AT Lo B B 3 DX BT 4 1 25 14 19
PRI/ T 5 (05 31.26 kupht H b 5 K 4 i (1) 25 13
H13.56 kuh 234 JfBLpET28a Hishr 25 & £ v [
7 5B E T 4 A5 1 2 )R T 293 ku

1 M 2 3 - 4 M 5 6
180~ =

(@ (b)

5 Sjy-CAE?HZE A AISDS-PAGER k& (a)5
R FERITE S EN T [E (b)

M. B AR o FEARdE S, TR4. g MrSjy-CAE [, 2R5. &
IPTG% 3 51 74 h/G B H 2R B B E A, 3M6. #5430
VR A ET28a/BL2 11 %

Fig. 5 SDS-PAGE pattern (a) and Western blot analysis

with anti-His¢-tag antibody (b) of
the recombinant Sjy-CA

M. prestained protein ladder, 1 and 4. purified recombinant Sjy-CA, 2
and 5. the whole-cell protein of transformant ET28a-SjyCA/BL21
induced for 4 h by IPTG, 3 and 6. the whole-cell protein of ET28a/BL21

as a control
24 EFEFEASj-CARAGHKESEE

K175 T 15 % 1) TR VRS O R Tl 5 P I R R
3 590 b 3 VR IE BE HR AR E EAT E AR
R EVEWCRTOTE R B B R EH R/
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WAk . BT EERPEMEA TSR
MZHAE R G, MELLN B & Wb alifk 3 B
M, HBEMN R aifb EAE A

TSR e B R TR R B B A TR AR R A T
Ve . Bf#, ] Bio-Scale™ Mini Profinity™
IMAC Cartridges# [ 26 FlZ AT alifb Wike t, XI A
A5 T A Bt B R 1 AN ) e R R e 1Y) o
oA T Ak . FLrf, A 250 mmol/LIK e
VEMEZZ vl e T R B 71, 42 SDS-PAGEHLIK
Mg, 75 B A RK/NE R R (85,

VKIE D) IS A4, 3% A5 21 41k 1Y o 20 25
rSjy-CA.

HTIEMXAEANEHEHWER, #F
T TP R SE S . T2 R HIpET28a%k
PG AT Sjp-CARY B AL FRak ok, Horp H & A
S5 AR ) R Hishr 2 Rl 5 R IE 0, I L
) R FR R A 5T R Hishr & BP0k, X A 55
PRI TR ke b 4 B AR A 24l Y A R kAT
Western blot73 41, 5 R BN, HAERKZA38 kuky

A B AT B — 450 I ED IR (5, JKiB4F15), HH
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CAJIT Gt 25 11 AH VL R B 52 42 DR C (181 6-b)

BZ, B Western blot S 5 i 4 #r i) 45 S 41FE
B, alifbAs 30 0 520 8 F R B 09 SE R Sjy-CA T
AR A, PG EE BN A TR KN
31.26 ku, 5 H Y%K fr g i 8 A Y EIR r iE
—Z, N L pET28a3k Ak [ i His6-tag a5 35 43 bl ik
T gm 2R (1 (434 aa, 3.56 ku)4r T, 5 H
oy F ik #1135 ku, T A B (A BRIk ) B
R TR R 38 ku(J&lS), HEIINX 3 kuf) 22 5 1]
A i T8 A A 5 R

2.5 Sjy-CAEHZEBHIERE MM

S IR R IB I rSjy-CAZ AL A h itk 1,
W BRI A R L 22im v, Hife i1y
it 3% PE A DU 2 B, A 2N A A I e Sjy-CAREAT &
Ph o 28 X A [ B e 58 R 3R 9 A2 Ak B T )
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CTLEDDCMVGAGATVMDGATVSSGAMVAPGATVTPNTNVPTGQLWAGTPAAYVRDMSVNESASIV
AMAVETQALSLAHASECSKGPLEIELDERKWAEKASRDPTYVFQVPADGDDNLAYNDVEGRGVPG
RVFNTNLREPDVEPFVPEYAGDITTDVEPGSDEKPTTPEATGAKA

& 6 rSjy;-CA—NEXERHY Rtk

() B EL; (b) BB A1, TR R 2 2 7m B A DI 3 1k B

(b)

LB RIZREBRESjy-CAEAHHINE
2108 73 2 I BT BT 3 ) S R T 4
Fig. 6 Mass spectrum of a peptide digested from the recombinant Sjy-CA (a) and location of this peptide in

71,

the deduced amino acids encoded by Sjy-CA

(a) mass spectrometry; (b) peptide sequences, the underlined residues panel indicate peptide sequences, red parts show the amino acid sequence

corresponding to the panel

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

http://www.scxuebao.cn


http://www.scxuebao.cn

750 KopE o R 44 45

185 M rSjy-CA, R4 5 458 40 oL vk
W, HEAHE}0.117 mg/mL,

FEAR SN EE CO, 1 K A R (B CO,+H,0—
HCO3 +H )R FR , FI B 005 AT 0, ZE 3R
At ZYERSjy-CAR W R R, #F%2.08 min
(n=3), pHELM8.3 FF&H|7.3; MMi7EAIMrSjy-CARY)
KZ T, WF%2.49 min(n=3), pHA RET K3
735 ZRUAGE , INrSjy-CAS A hrSjy-CAR
A 25 1 B TE) AT B B 22 57 (P=0.000<0.01), &5
FW, 2B RSjy-CAEA BE M, nT Lo
HCOLM KA RN RE T, M B i A 3R A 48
R ] YT BB 2 (0 HT, X RE R B 1S pHBA T
o BT R0 . L TR, rSjy-CARIK G
SR G 4124 (0.82+0.023) U/mgdE 4 (n=3).

KT AHEECARAERMENG Y, S50 0 i
TGN R AR Z K p-NPAJK ff# B p-NP, K T fit
rSjy-CAJE 75 HLAT M i 0% 4 o A4k A [ vk B 1) p-
NPHR W 5405 nmi K A0 1Y WO BE 22 8] (19 5¢ &
el bR g b, K13 T ODyos 5 8 TR BE 1Y
KF: y=0.016 2x+0.018 9, H:FFR*=0.998 7, i /&
SR B K

P TR 2 (25 1 R ) R A il 9 2 53
S0 4 A TR TG O L R B A TR 2 A A
FNEE, HIE, A Sjy-CAS HAby-CA—FER
HA R E L, HEAKAEREH:, Mm% E
T Sjy-CAF 45 & (1 1 T fie

3 v

A BF 5 3 Ao R o o A R R DT A T 1R
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H %) p-CA(GenBank & 5% 5 : CBN79571) K /M
i, HEARIES3I%MTFH —E 0 ; 4 BlastPi¥
KEM, Sjy-CATES 11 MetZ 55236 TyrZ [H] 1%
£ —> gamma-CATRF &5 M3 (112) 5 [R]85
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ORI 28 R 254 5 FERZEEIT, L CAS H ALY
T y-CAZR hy— 3L (K13), X SLZ5]RERW], IR
FI R Fy-CAZ % . 38 i 5 U5 3 38 IR A 1% L
Bl 223K 1Y T 4 A 1 eSjy-CA ) H A v 46
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Cloning and functional characterization of a y-carbonic anhydrase (CA) gene
from the gametophytes of Saccharina japonica

XU Ling', BI Yanhui ’, ZHOU Zhigang **

(1. Key Laboratory of Exploitation and Utilization of Aquatic Germplasm Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China,
2. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China;

3. International Research Center for Marine Biosciences, Shanghai Ocean University, Shanghai 201306, China)

Abstract: In this study, the full-length cDNA and DNA of a y-type carbonic anhydrase (CA) gene was obtained
from the gametophyte of Saccharina japonica by the rapid amplification of cDNA ends (RACE) technique. The
results showed that the cDNA of this gene was 1 618 bp in length, encoding a protein consisting of 305 amino
acids, and the genomic DNA was 11 812 bp long, with 6 introns, so that the open reading frame (ORF) was
divided into 7 exons. It had a gamma-CA domain and a unique LBH domain. The Neighbor-joining and the
Maximum Likelihood phylogenetic tree constructed from the deduced amino acid sequences of 36 CAs showed
that the cloned CA was clustered with other y-CAs. Therefore, the gene was designated Sjy-CA. In order to
understand the function of the encoded protein, the ORF of Sjy-CA4 was subcloned and ligated into the expression
vector pET-28a to generate pET28a-SiyCA. Subsequently, this construct was introduced into Escherichia coli
BL21 for the heterologous expression of target protein. The recombinant Sjy-CA was purified by affinity
chromatography. After SDS-PAGE electrophoresis, Western blotting analysis and mass spectrometry, the purified
recombinant Sjy-CA was identified. The activity of 1Sjy-CA in the hydration reaction of CO, and HCO; was
detected by electrode method and its specific activity was 0.82 U/mg. The hydrolysis of p-nitrophenyl acetate was
detected by spectrophotometer, but no esterase activity was detected. Sjy-CA was thus identified functionally. This
study provides a basis for the subcellular localization of Sjy-CA in gametophyte and sporophyte cells or tissues of
S. japonica.
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