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B RERETER R E Sja-CASHINE 5% E

A 1 N 1 = 1 1,2 1,3
SEHE, T B, E T, E#HeT, AEN

(1. LR R K= FhR IR AR SA AZE P E AR, L 2013065 2. LGRS K- RHEE R RS
R TG, BE 2013065 3. BRI RS: AR EPREG ARG, B 201306)

W OE: AR TR SR T 2] — R T o IR RR R I (CA) MY 3K T SIARSE (EST) . T
1) 5 B 4R 17 B a-CA Z 58 5 Sja-CA 1 FIT Sja-CA2 A AL EE 43 51 J9 68.02% il 77.32% , 7 W H: AT fig
BEFIE—A BG4 4 Sjo-CA3, it RACE A, 315 T Sja-CA3 )41 cDNAJF4I, h1 1 469 bp,
Horp 15 840 bp fY 52 BT il FE352HE (ORF) .332 bp A 57 - AR5 X (UTR) #1297 bp (193" -UTR ., Sja-CA3 FE:[H
S 1A H 279 S SE IR FRIL AL AU B 1T, BISAE N 43 F i o 31.19 ku, 5 HL SN 4. 85, 241 L 3]
Sja-CA3 WD REN s A S ST . BB L F W45 R R, Sjo-CA3 5 HAh ) a-CA LU= B B
(99/81 ,NI/ML) BH4r—i , #k— U T HIE T a-CA R iE ., #id FIHEHF AT pET32a-SjaCA3 i
MRk L A E. coli BL21 (DE3) EZ 4N, 1A S FAMAifb/s 3718 T TR 240 45 ku W&
ZHAE 1 (rSja-CA3) o % P 12 45 5 @R, rSja-CA3 BA /K & B GG 2 , H G I% 143 51124 0.82 U/mg Fil
2.157 U/g. Sja-CA3 M RLEN43 B -5 %5 28 S il — 2B i Ar HL AR g 2ty JC ARG A A7 BIL R w4, DA S s JE ML
WAEHLH CCM M FT 41t 1 B 22 A B0 S 5

SRR WA s LA BRIRTEFAG ; JRAZ IR BIRSI

HESHES: S917.3 XHRFRER: A

B2 I i ( Carbonic anhydrase, CA ) /& — &5
Zn (1145 JB i , A1k CO, T 17K & F b, A2 #E CO,
FIHCO; 1544 , 7EE 2R TTHLIIR A HLI (CO,-
concentrating mechanism CCM ) H & 4% S5 E FH o
CAJ IZAFET HAR S s BB (B
Pt D)) R EAZ AR Cn A A )
CAZIEN N o, B,v,8,5,m.0, Fl-8 A 455
YR 7 51 TN A5 R4 AR AL BE A, 28 LA D) R 1) [ it
B, H RS GRS B 4B (Chlamydomonas
reinhardtii) \) CCM Fll CA W5 IR A, HERE R 41
EOH IS CAZEN M E a By 3THE. H
&M 34~ 0-CAs, 9 1> B-CAs (£ 45 i1 3] & B
LCIB & H Z G 3 AR IR EE ), A3 Ay -
CAs'"7' . TER P AP CCM H, A [F] CA 3 [+]
YEF, 52 B JT LA 14 W2 i L % 1z A AE Rubisco Bt
I CO, M4, T2 = e & fE AR, HR

s B HE: 2024-10-06 EE BH: 2024-12-11

TRV IR 3 8 CCM HILTRI B2 CA 7 o iV FH it A 5
2 fET

W4 (Saccharina japonica) VE i — i K 4
B TR E L H A ik E A RS R
T H R mE AR SRR . R IRFE A AT
GG AL B it i, A R AT
FAESME. AT CAZEIEA 118 (54
0-CA 34~ B-CAFI3 4~ y-CA)™  Hi 54~ CA B 9k
Y, HE 24 a-CA(Sjo-CAl 1 Sja-CA2) |
11~ B-CA(SjB-CA1) #1241~ y-CA(Sjy-CALl Fl
Sjy-CA2)! " A5 38 4ok Vi 2 S 4 B3 P
ik, AR T a-CA B 53— 5t (Sja-CA3) Y
cDNA ¥ 51, 33 i RACE £ R fi e 7 H 4 K
cDNA. #—2 il FIRFLIE AT Sja-CA3 [ EHAL
M IS T AL SO AT RS PR E . RS
SN IEIR Sjo-CA3 TR TCALRRAA A7 T 1 T fig
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Feitt— 2 fitrifEay CCMARME T8l 308
LR i

1.1 BHERFEES

P L ARIE MY 7 VE 76 PES 55 35 3 b B JR g
Be AR B FRA R FR A R R (17+1) °C .
S BESH JE Ky 40 wmol photons/(m?+s) % HR J& 1
16 h/8 h(JE:HE/S M) . I A Philips ELRZEGIT 4
AL AV IR . BRI R R 1RGSR
1.2 RNAREFN cDNA K& B

FI FH RNAiso i 7 (TaKaRa) £ B &L RNA.
SRJG A DNase 1 7E37 °CX 5 RNA AL 30 min,
PLBR 2 36 H 41 DNA, F il A 1 pl 25 mmol/L
EDTA, 65 °CAbEE 10 min PLKJE DNase 1. SR+
75 et = H L AL % (Cetyltrimethyl-ammonium
bromide , CTAB) % 4/ HU 47 it 1A 5E 5 24H DNA .
B BT -20 5-80 °CLA 7 DNA B RNA % H .

PLIEAT BE T4 6 RNA SR, A1 FH s ik
£ (TaKaRa) X RNA #1755 566 il cDNA ; Fil
1 SMART RACE cDNA " 3431 5 £ (Clontech)
S ARAS 57 -F137 -cDNA, |2 W 14 2 F1 R W 4%
2 B & U . R ) T 20 °C R
o
1.3 iB% Sjo-CA3 EE cDNA X DNA £ K 52 f&

W G S A Y R B ) 1 45K 774 bp
(1) a-CA FEH 1 contig J741 , F| H NCBUE U 21 7
BlastX 48 % , & I H 547 Sjo-CA1(JF827608.1)
J Sja-CA2(MN661399.1) 551 AHALLEE H7 68.02%
F177.32% , IR a-CAZIERI 3 AN LA e 44
4 Sja-CA3., F&F It contig ¥ %1 FH Primer 5.0 #k {F
Syt 5 v A 3 v YRR S 1) a5SG2/05NG2
1 03G2/03NG2(5 1), FIJH RACE £ R 2835 Wi %6
PCR " 843515 Sjo-CA3 R Ay 57 81 37 A3 P 41
5 — R O 2 DL R A Y S i B 3 S 1Y)
cDNA J#Ax , DA aSG2 5% a3G2 M5 14, K WA -
94 °CTHIAZ M 5 min; 94 °C7EME45 5,1 B A (F1)45 s,
72 °CHEfH 2 min, 40 DGR ; 72 CCAFEH 10 min.
55 S PCR, BB WL 55 —40 I S =4
R, LA oSNG2 5 03NG2 A5 14, S i A LA [
B, RV HL20 uL 1 PCR ™)
R HL PRI R [ i Ak R A Y e RN
Y E I PRECHPE T AL T-00)F , PRI 35 Sja-CA3
i) cDNA £ K751

R Sja-CA3 1 42 K cDNA ¥ 41 % it 3 %t
519 (F 1), LLIE R 4] DNA /E A #t E 47 PCR
RV Y3 Sja-CA3 FE , B FE P Ry 94 °C TS
PE 5 min; 94 °CAS M 45 s, i K 45 s, 72 °C 4 fif
1 min, 35 MG 5 72 °CLEfH 10 min, JZ I 45
J& , B 20 uL 9 PCR 7™ 4 28 v UK A I | e [T fie | 3%
2 B Ak E AL R IR RE RS IS, PR A
T, PHEJG 345 Sja-CA3 ) DNA 2 K751
1.4 4YEBFSH

i i NCBI ¥ /% H () ORF Finder #£47
BE] 52 HE (Y T , A K BLAST %8 % #4715 51 1 [
U 48 2 AL X . R H ProtParam tool (http://
Www. expasy. org/tools/protparam. html) "' il ] 2
BT Y 3 1 A4 HL s, K Deep TMHMM 2.0
(https://dtu. biolib. com/DeepTMHMM ) '8! it fil] #5
X, F| FH TargetP 2.0 (https: //services.healthtech.
dtu. dk/services/TargetP-2.0/) " Fii illl 4% iz Jik . ]
FHNCBI H Blastp T 248 R A1~ 2 Sja-CA3 1 [F]
TEIT5 98 Je X AS [ 9 1) CA S 1R T 51 1)
ClustalX 2.0 #3647 2 )5 91 text, 3 ) FILH
MEGA 11 S8z Fl e RABLSR 1AL 1 R e dE AL o
| H] SWISSMODE (https://swissmodel. expasy.
org/) XY Sjo-CA3 £ (T 41 — G534 T 7
A28 PDB 3L, i FH PyMOL #2-2 FI ] Sja-CA3
i) PDB %4 ¥4 2 Sjo-CA3 1Y 3D 4544 .
1.5 8% Sjo-CA3 [RIZRIZH MM EETE

h T #E— W R A Sjo-CA3 & 75 A T BE
LR AR A TR RS . 4
WA B o BT il AL, Sja-CA3 FE R 4 L 4 2 1 7
N i 2 3L TR 19 55 10 His~32 Val {37 22 6] 4 B5 X,
W EAT KN 27 AR SRR 15 5 BRI B 33
NG ILRR I SR RF S K, AT RE S X R i A
FIRA TN, T EEH 34Ser~279 Val i & LR I
X AT R A% F A A . AR Sjo-CA3
H % 7 Bt 1% cDNA J37 81 LA & v b Ji R pMD19-T
FNFRIR R pET32a 1Y 2 sw B s P 9T 5 A
it U145 5 19 514 EcoRI-aF/Xhol-aR (F 1), 471
L2 B R AR 32 JOK s A VA7 04 A 1 T
J¥31 . DL cDNA 55 —#f N B , #E17 PCR, PCR
P25 I M % A pMD19-T 32 kAR v, SRk
Je ¥ e fiE - E. coli DHS5a( KAR A= AL B 5 A BR
ONTL) W BE S 1 BH A v B, UEAT T 95 PCR A
T, 8% Fo B4 700 e 5
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Tab.1 Primers employed in the present research and their sequences
SR S(53) st ik
Primer Sequence (5'-3") temperature/°C Application

a5G2 GCACGCACCTCCGTTCTCGTGCTCGG 63.9
aSNG2 GAGAAGTTGAGCTCCTCGCTCGAGCAC 61.5
a3G2 TCCGGGAGAGCACCAATGGATGGTGAAC 69.3 RACE
a3NG2 CCGAGCACGAGAACGGAGGTGCGTGC 66.4
NUP AAGCAGTGGTATCAACGCAGAGT 58.7
aolF TGGCTGCGGATGCACGACATACAA
alR ACGGTCCAGCTGGCGTCTCTC 66.0
o2F GAGAGACGCCAGCTGGACCGT 643 DNA &
a2R CACCATGTGGATCTCGGCGTCGT DNA cloning
o3F ACGACGCCGAGATCCACATGGTG
a3R GCTCCACACACTCACACCAACTAACC 643
Eco RI-aF GAATTCTCGTTTGCGAAAAAACATCACGA SRR
Xho T-oR CTCGAGTTATACGACTGATACGTAGTGG 60.0 Heterelogous expression
18S-F TCGGACGGTTTTGTGGTGA
18S-R CCTTCCTTGGATGTGGTAGCC 200
Q-F GGGCGTTAAGTGGATCGTCA 570 aPer
Q-R GTGTTGCCCAACGAGTCAAC

Y AR FR I
Notes: Italics indicate restriction enzyme cleavage sites.

I SR AR B (RARAE AR RHEE AT FRA
7)) $2 B pMD19T-SjaCA3 T 20 JFokr . W5 R A% 2
ik UKL pET-32a Fll 5 41 5 A7 pMD19T-SjaCA3 43
% Eco RI 1 Xho 1(TaKaRa) ], Ji%¢ 18] 4 i 18
1 T4 ¥ $2 il (TaKaRa) 16 °Ci%E 514 7% , #7159 H 41
3K JFURL pET32a-SjaCA3, | FH #4312 % A E.
coli DHSa J8% 32 2% 40 MY, W /1 BRE 07 126 PH 1 v e
7% PCR A J5 HEA T4 AR B o 4500 P 1
It 2 U V) 56 UE 1Y pET32a-SjaCA3 ¥4k E. coli
BL21 (DE3) J&& 37 2 fi5 & 4il ffd , 15 21 4% It (A #k
pET32a-SjaCA3/BL21, T -80 °C VK Fi {17 . LA
pET-32a %5 AR B X RE
1.6 Sjo-CA3EHAEBHFSRIESEE

W #8545 T 4 6 38 R pET32a-SjaCA3 Fl %5
#X pET-32a (1 R 73 5 #F0 F & Amp 19 LB K
Br R e, 6 A BOR 15 97 2 I OD600
0.6~0.8, YN N Z ¥ FE 4 1.0 mmol/L i) 55 N 3 -B-
D-HiAC 2 FLBHF (IPTG) , 37 °CF 180 r/min i S
FiE4h, WEREMK, B mLERDZET 1.5mL
B, B0 5 min, PLE ] PBS(pH 7.4) &% .
K FH R Rl W B TR AR I, 4 °C 2544 F 20 000 t/min
20 10 min, 43 B 3 FPLEE , DL3E A PBS

http://www.shhydxxb.com

i, BORA SRR 55 AR 2R
IR DTTE FE R A 20 ul, 2 101 FR A 2
R TN M L iz s Jie L Yk (SDS-PAGE) b FE 28 Pl
K 8 10 min, #E17 12% SDS-PAGE ik . %
TR T PG Jse R FH 2% 0 W vk R A T g

2: SDS-PAGE £l , H 09 & H & 2 7E Uil
o, DR IE R . B H A SEDR  BRR
F B AL , 289 2 mol/L R £ .0.1% [ Triton
X-100 MR EH T , F1] 8 mol/L R &R IA it A,
il 9€ J5 ¥ BR Bio-ScaleTM Mini ProfinityTM
IMAC Cartridges & [ 7% 1 /2 7 4li {b 15 28 4+ (Bio-
Rad 2~ & ) i 156 B 45 4l fk & 41 i Sja -CA3
(Recombinant Sjo-CA3,1Sja-CA3)., 1EW4lifkrv)
1rSjo-CA3 # i 47 SDS-PAGE Ji5 , 1H % 100 V it
BE 1 h B AEFRET Y KWL, B Yk 4k AR vk
HEAT , AT His bR piik ( Lifg A B Y RHE A B
AT, 1:6 000) —Pi, 4 °CHFF 3% , LA HRP-
PR 1Ge ( Ll AR AR AR AR, 1
10 000) %0, W H 1 h, 4% 14 58 A HRP-
DAB iKY 2 il 5 & (CRAR A AL BHE (db s A R
NEIDNIORUNL IR PR TS AN (CN TR E SN M ¢ 2
SDS-PAGE HLIK /& , NBEIE 14315 th H (1 4541,
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it P IR 2 1 G TR S R AT R AR Al
JH W AR €335 - B 3% /53 3% (LC-MS/MSS) 5K JH X il
i J5 1) 22 IKFE S AT 40 AT o SR B 22 JIORN 22 ik i
0 JB St FL AT L A AR AR T R R
It 5 Sjo-CA3 Ur it 2 117 )7 91 e X, LSS
rSja-CA3 2B IF 51
1.7 Sje-CAJEAZANEMSEHFENE

W 20 %2 I ALY rSjo-CA3, FH 100x A FH /Y
M 2% bk (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/L JK % . Arg 0.4 mol/L . 5% H i,
pH 8.0) 7E 4 °C T iBHT 24 h; 2 J5 IR AE IR 2k i
2.1 10 mol/L AT 22 il h i 12 h DL
P, fE4 °CF LA 10 000 r/min A543 50> 30 min,
Wb W, W AR v R O e 4, Rl A SDS-
PAGE HLJKAGIN , B T 4 °CORFEIRAT 5 H

FIFH Wilbur 1 Anderson Fit HE AR 3222 52 4tk
J5 1Sja-CA3 1) CO K G RHEE . FERIVZ S mL
M2 P (B G2 0.184 g, [ L2241 1.030 g,
A ZER K 902 25 2 100 mL, #8797 pH & 8.4,
AR VORI G P as D oA gifb )5 i
675 uL(0.502 mg) , % pH i+ 50k %€ J5 , 5z B i
A 3 mL A1 CO, 7K CFt CO, il A F 0 °CHY £ 5 F
H,0 1, FF228 < 1 h A E3RTS) . ic5 pH R 1
A B T B T] o AN RO o e T 4 A
0 °CIeAT o ARSI 2 21 - AINEHR L (55 L%
HRLAD) TN A B A, B4 3N H A . RIS ki
N

U=(t,-1)/t (1)

K UK CA TGP 5 2,025 U0 HRZH pH R R 1
A H BT FH B TE], ming ¢ A B pH R 14
PR BT FH A B[R], min

a-CA I8 ELAT BRI M, BB £ e X il S5 28
fii (p-NPA ) 7K fift i X fif§ 25 28 3 (p-NP) ', 4%
0.2 mL 1xPBSI&F# 0.6 mL [ £H 11 (0.533 mg/
mL) 5 0.1 mL [ p-NPA T2 11 A LA ) 2 8 i S
WA Z, IE A 43060 BE 6 37 B SR s 1)
OD,,;, bt J& B 3 min il 1 X OD,,5 LA Tris-HCI
2 WA X R AR X 1R ZH TS 56 4H 19 OD, B
E ARk SR KGN rSja-C A3 By TR 15 P, 4840 34
8o VABEEYE AL (U) 2 UAFE 0 °C R 4f min
7242 1 mol £ p-NP™2* , rSja-CA3 F4 ik il 75 7 7T 11
aiwa

U gi=(C-C,) Vit (2)
K s U N CABRBETE 4 5 C Ry I 7™ A= 1) p-
NP ¥ , umol/mL; C, A%} BAZH 7= A (1) p-NP #e JiE
umol/mL ; VA S S W AR AR, mL 5 ¢ Sk s g ]
min. SN AR Z TR AR Y p-NP AT AR 3 p-NP i
£ 5 OD, s Z [8] A BRI 2R 15

2 45

2.1 B Sja-CA3EREH cDNA £ K E[E

i i RACE £ R 9™ 3 3 Sjo-C43 5 H 1Y
5'-RACE #13'-RACE [ PCR =¥ (&l 1 Jki& 1,
2), & milE N F IS AR A BE 4300 A 616 bp A
770 bp. PFHEFRAFZEE A 1Y cDNA 4K ¥ 51 K
/N A1 469 bp, £ 2 840 bp 1Y T EHEZE (ORF) ,
332 bp B9 5'- 9k #l ¥ X (UTR ) 1 297 bp #
3'-UTR. N 3K1E Sja-CA3 3 X ) DNA £ K 7
g1, R 1 9 35514, LE I 41 DNA B4R
AT PCRY 1Y, HARAS 3 2574y (KT 1 KB 3 .4
MS5), & sk Al e AT 8K R S B
1 603 bp. 1486 bp F12 389 bp., M Ji7 3 if P2
315 Sja-CA3 KB DNA 2K, h 5 485 bp., £
oMW F RS u & 3 Y, NP
KKK K1 391 bp. 356 bp., 545 bp. 605 bp.
486 bp .633 bp, MM KF 1% 5L [H 1 ORF 43 i 7 4>
SR (E1).
2.2 BHSjo-CA3EARF IR RGEL AT

Sjo-CA3 B K G bt 14> 55 279 A28 1 R 5% ik
B8, A 4 T 8 R 31019 ku, 5 HL AR
4.85. F FH TMHMM 54 %F Sja-CA3 i 17 5 fif
A3 M, 45 J 7R % 8 11N U 10 His-32 Val A7 1
B KRR S BR IX . TargetP 2.0 4 T 45 5 &
L, B 33 AN S LR A B i Sk A 32 K
(1 2) , PIBRIZ XA 15 2 14> 246 DR SE R
B R T, ARG 43 R Ry 27.52 Kk, S5 LT
461,

¥ Sja-CA3 Fr w1 B 11 5 1 CHRGE 19 2
A a-CA M K 27K = (Ectocarpus siliculosus) . 3¢
A< ¥ (Chlamydomonas reinhardtii) 1 1 F§ I
(Arabidopsis thaliana) i a-CA #4172 ¥ 5 LT,
I Sja-CA3 7 215 Gly-222 Cys kb ([ 2) 774E 1
A~“GSLTTPPC” LR 5F IX. , X 5 0l 2L 50 4y 1 L 1
B9 a-CA AL, H 25 8 N LR (Cys, &
MR ) R Ik B AR ST , 25 T B TE B AR e L

http://www.shhydxxb.com
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34 %

ZER . 53 4b, Sjo-CA3 1% His 127 . His 129 #1454 &5 (His 163 .His 165 . His 182)—%>*, fil 1
His146 2 &5 B PRSP (1 Zn> 5 A0 0t (1 2) 3 ASuKar /%058 A0 ) B8~ 20 R Y T A e 437 4 78 1)

5P ACHE P CAHI (B 555 . BAA14232.2) [l 5¥ PG, LI TR AL T RE

M 1 M 2 M 3 4 5 6
2000 bp -
1000 bp -
500 bp -
250 bp -

350 bp
222 bp 84bp 9bp 120bp 147bp 90bp  78bp
5-UTR ——{iilk — ' i ' | f— 3'-UTR
332 bp 1391bp  356bp 545bp 60Sbp 486bp 633bp 297 bp
ATG TAA

VKiA 1. 5" RACE ¥ ;7K1 2. 3' RACE /=¥ ; Uk 3-5. 43R al 02 .03 5345 1 Sja-CA3 KL K ) DNA 334 74 ; UK IH 6.
fE ;M :D2000 70 T biift ; BEAE RR AN T, BRER IR N T, IKEEFIR UTR,

25 X

Lane 1. products of 5" RACE; Lane 2. products of 3’ RACE; Lanes 3-5. products of segmental amplification with primers al, 02, and a3 in

turn; Lane 6. control only with H,O as a template; M: D2000 Marker; Extrons and introns are shown in black boxes and black lines,

respectively; UTRs are indicated by grey linesstructure (lower panel) of Sja-CA3.

El1 Sja-CA3H) cDNAFIDNA ¥ #E7=4 (L) BkEREFRALEH(T)~EE

Fig. 1 Electrophoresis of cDNA and DNA amplified products (upper panel) and gene structure(lower panel) of Sja-CA3

Saccharina japonica Sja-CA3
Saccharina japonica (AEF33616.1) Sja-CA1
Saccharina japonica Sja-CA2

Ectocarpus siliculosus (CBN76519.1) m ------------- PSFAQVTSSLLVLALAAQAS--GRKIQEK-GBG
Chlamydomonas reinhardtii (BAA14232.2) CAH1 o TGALLLVALALAGCAQACIYKFGTSPDSKATVSGDHWDHGLN
Chlamydomonas reinhardtii (XP_001692290.1) CAH2 H%MGHKFGTSPBSMTHTGDMHSLN
Arabidopsis thaliana (NP_850685.1) - KIMMMIKLCFFSMSLICIAPADAQTEGVVFGY!
AKKHHDIPQNS-----=--——-—=————————— D<WGESFED 'YG-DM INESEA---HQVIKHAGEYDLEFHAELCSSEEENFS
------- GGEPAAAEWTYRRTSTNGQQPYGPSDWHKGYPDEGK- D ---LETVVKGSAYELKFYPNECKSDEELLFQ
GPTTADEPEESSFPDWTYRRASHEGERPYSPSDWEIGYPDEGG-DS NLSAN---VGTLVEATEFNLELFGAECASKELDFE

RLRNLAETDDEAAAEWTYRATGVVGEEPYGPDDWYLGYPDCAG-TKQTPINIAAD---VMGTATMQEQAIAFFPSECNSTELVFK
NWEGKDGAGNAWVCKTGRKQSPINVPQYQVLDGKGSKIANGLQ- TQ&DS:SNGTSVQVINNGHT IQVOWTYNYACHATIAIP
PD

NWEGKDGAGNPWVCKTGRKQSPINVPQYHVLDGKGSKIATGLQ-TQ SNGSSVQVINNGHTIQVOQWTYDYACHATIAIP
NGPNQWGHLNP HFTTEAVGKL| DIQRR QIFYNHKLNSIHREYYFTNATEVN-

a-CA DOMAIN
GVLFDTTDYG----
IGVFLDAKEHG----
GIMFEVSDYG----
vTGILFQLDNGP——-—
DKLEACKGGCFSIYTGILFQLDNGP----
KDGSFAQVASLFKIGTEEPFLS
-YNNELTPMWEVLAKGEEEGDEEHE-FSLSPYEMLPASRAY SH| IVMTDPTLLGLGQLTTFRAANG--SH
-SNVEIEHLWDVLDIGETTTKEV---FTTRIYDIMPSNPVFSH| gg%Eég:SDPVTMSKMQLDE 1 VALFDD
-WNVALEPLWDVLGSGAKPRG------ VINPYELIPSDMAY SH) STPTVIGDLQLDIF] VATATN

-ONVELEPMWNVMDLNQDIAEEQ---FMAAAYSLLPATPSFTTMS eifigigdy GVRuILHSEPNYMSTWQLD

—DNELLEPIFANMPTREGTFTNLPAGTTIKLGELLPSDRDYVTHEGSLTTPPOS
QMKEKLVKLKEERLKGNHTAQVEVG--RIDTRHIERKTRKYYRMI €I figg3{e S|

MM D S — = = = = = - LGNTNI"‘PV'O‘PLiD REVHYVSVV
1

SKVDE === = == = = = == = — = m o e HGNTNIIPGHSL

NSTET---AADAG-HHHHHRRLLHNHAHLEEVPAATSEPKHYFRRVMLAESANPDAYTCKAVAFGQONFIS
NSTETDAAHADAGEHHHHHRRLLHNHAHLEEVPAATSEPKHYFRRVM—EETENPDAYTCTTVAFGQNF&N

80% —E MR E IR K CUISE IR RSP S AR T B GBI AR IR . BRSO LR T 87, B0 1 5 T R Rk 3w

279

Amino acids with 80% identity are shaded in grey, and the conserved amino acids are shaded in black. Asterisks indicate the Zn-binding

sites, and the underlines show the putative signal peptide.
B2 o-CASERFIINSFIILEx

Fig. 2 Multi-alignment of deduced amino acid sequences of a-CAs from the selected species

http://www.shhydxxb.com
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& 3 2 F J] SWISS-MODEL il PyMOL 3
[i] Y5 AR AR A AT Sjo-CA3 Y = ZEgh 1], H
TN E RS T A CAT 1 3D 25447 W] 5
WA . Sjo-CA3 & BAARES, (15 104 -1
B ARG8T B A0 24 74 o- BB , R T 2 97 4
LT e A AL (B 3) . CA R4 RN, Himtk =
DTRE R A SR T X AR B T
Zn*, K 3R JEIR T Sjo-CA3 )4 )8 B 1 (Zn*)
SEA LSS A A [ 25 .

ARG R EE R (F 4) BIR,33 Z AR
Fiil CA B B 4% BT & W R 3R Ry 3 32, 43 ok o= 80
B-AIFy-AICA. a-CAZCH M) a-CA R AE—
i, 2 Sjo-CA3 5 Sjo-CA2 FH—3, i Sjo-CAL1
A B B B S ORI 1Y) a-CA RN — 32, Ui B
AT Sja-CA1, Sja-CA3 5 Sja-CA2 BA HITHY
FGKFR . XA CA BIARIZ R TG R 5%
A, B TYRe R L, B30 Sja-CA3 Mgy
I3 B a-CA KR 5 — A 5L, AT BEFE 4
TCHLARI SRR e ¥ Pt 35 FEZE VR

100/91 Saccharina japonica (AEF33616.1) Sja-CA1 -
52150 Laminaria digitata (CAB61337.1)
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Fig.3 Modeling of 3D structure of Sja-CA3
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Fig. 4 Phylogenetic tree inferred from the deduced amino acid sequences of CA genes from several species
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M. prestained protein ladder; Lanes 1 to 7. the whole bacterial proteins induced by IPTG at 0, 1, 2, 3, 4, 5 and 6 h, respectively; Lane 8.

empty load comparison; Lane 9. immunoblotting of the whole bacterial proteins.
El5 rSjo-CA3KIESRIEAR & TR
Fig. 5 SDS-PAGE analysis of rSjo-CA3 induced at various time pionts and western blot analysis using anti-His tag antibody
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Lane 1. whole bacteria; Lane 2. supernatant of recombinant strain; Lane 3. pellet; Lane 4. elution with 5 mmol/L imidazole; Lane 5. elution
with 10 mmol/L imidazole; M. pre-stained protein ladder.
6 Sjo-CA3EAZTAKARMERN (L) gk (H)
Fig. 6 SDS-PAGE pattern of whole bacterial protein, supernatant and precipitate in bacteria disruption product
(left) , and the purified protein eluted with different concentration of imidazole (right)

2. AL FEMR T UKAE 3. UITE ; kGE 4. 5 mmol/L WKIRYEIEE ; FKE 5. 10 mmol/L BRIEVEIE ; M. FiYeZE (i 7+

100 Y20 Y19 2Y11 Y10 Yo Vs 6 Y5 Ya

ol Gwﬁm%;ﬂ;&emqm

bs bs b1 byz b13 b1s
g
°
1 {

900 1000 1100

70
60
50
40 |
30
20

_ll.“| |

100 200

y4+4302
y9+ 106-

b2+187.07
y6+6743
_y7+ 80341

Relative intensity/%
VA%

A+ 175.12

+262.13—
6.11
19
yo+

o

._h10¢ 1141.39

— 20+ 116251
E—b12+1375.48

—b14+1575.63

=
3
0
&
+
<
>
|

F—y10+575.78
= y11+ 126365
|— b11+1288.46

b4+445.16

F—b9+1012.35

o
Q@
i
>
=]
+
>
I

| y12+ 1350 68
[ b13+1488.59

E

400

L

500

=Y

Il 1 n
600

Il

e
)
©
~
o
+
~
=
7

L
00 800
m/z

MHPAVVDTHHIFASLSVFLVFCCPSSLLHARVRSFAKKHHDIPQONSDWGESFEDCYGDMQSPI
NLSEAHQVIKHAGEYDLEFHAELCSSEELNFSPGEHQWMVNFADCTDRSSLTFDGDHYQLLNV
HIHSVSEHENGGACHDAEIHMVHVREGTDDELLVVGVLLDASMFGYNNELTPMWEVLAKGEEE
GDEEHEFSLSPYEMLPASRAYSHYMGSLTTPPCTEGVKWIVMTDPTLLGLGQLTTFRAAVGSH
MMVDSLGNTNRPVQPLNGREVHYVSVV

R S R R 5 B P 1) | £ 6,5 — TR R N 7 S LR P

Underline indicates the sequence of the peptide detected by mass spectrometry, and the red letter indicates the amino acid sequence
corresponding to the secondary mass spectrum.
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Fig. 7 Mass spectrum of recombinant Sja-CA3
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Isolation and identification of the carbonic anhydrase gene Sja-CA3 in
Saccharina japonica

WENG Jigjian', XU Ling', WANG Wen', BI Yanhui'*, ZHOU Zhigang'*

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University, Shanghai 201306, China; 2. National Demonstration Center for the Experimental Teaching of Fisheries
Science, Shanghai Ocean University, Shanghai 201306, China; 3. International Research Center for Marine Biosciences,

Ministry of Science and Technology , Shanghai Ocean University, Shanghai 201306, China)

Abstract: In this study, an expressed sequence tag (EST) belonging to the a-type carbonic anhydrase
(CA) was identified from the transcriptome database of Saccharina japonica gametophytes. This sequence
shares 68.02% and 77.32% similarity with previously reported a -CA family members in S. japonica,
namely Sjo-CA1 and Sja-CA2, suggesting that it might be a new member of the a-CA family, designated
as Sjo -CA3. Using RACE technology, the full-length ¢cDNA sequence of Sja -CA3 was obtained,
measuring 1469 bp in total and comprising an 840 bp open reading frame (ORF), a 332 bp 5’ -untranslated
region (UTR) , and a 297 bp 3’'-UTR. The Sja-CA3 gene encodes a protein of 279 amino acid residues
with a theoretical molecular weight of 31.19 kDa and an isoelectric point of 4.85. Multiple sequence
alignments indicate that the functional sites of Sja-CA3 are highly conserved. Phylogenetic analysis shows
that Sja-CA3 clusters with a-CA proteins from other algae with high confidence (99/81, NJ/ML), further
supporting its classification within the a-CA family. A pET32a-SjaCA3 prokaryotic expression vector was
constructed through heterologous recombination technology and introduced into E. coli BL21 (DE3)
competent cells. Following induction and purification, a recombinant protein (rSja -CA3) with an
approximate molecular weight of 45 ku was obtained. Enzyme activity assays revealed that rSjo-CA3
exhibits both hydration and esterase activities, with specific activities of 0.82 U/mg protein and 2.157 U/g
protein, respectively. The successful isolation and identification of Sjo -CA3 provide crucial data for
further analysis of its role in the inorganic carbon storage mechanism in S. japonica, as well as for
advancing studies on the carbon concentrating mechanism (CCM) in this kelp.
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