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>

18°C, 40 pmol/(m*s),
L : D (Light : Dark) =12 : 12,

1.2 A . R & RS

RNA RNAprep pure (Tiangen,
USA), cDNA MMLV
(Promega, USA) Taq DNA
DNA marker marker
pMD 19-T TaKaRa
: Escherichia coli
DHS5a  E.coli TB1
PCR
Eppendorf
1.3 PhCA AR &K &KF
EST [
PhCAF PhCAR( 1), cDNA
PCR PCR :94°C 5 min;
94°C 30, 58°C 30, 72°C 1 min, 30
; 72°C 10 min; 4°C PCR 1%
pMD19-T ,
DH5a , LB
) PCR ,
ABI3730
s cDNA
(RACE)
5 3
CA-3°( 1), adapter ()
3’RACE PhCA 3
CA-5’1 CA-52 (1) 5’RACE
Outer  Inner PCR
, PhCA
1.4 F3I5H
NCBI BLAST (http: //www.ncbi.
nlm.nih.gov/blast) ; NCBI
ORF Finder (http: //www.ncbi.nlm.nih.gov/gorf/
gorf.html) ORF; ExPASy

(http: //www.expasy.org/)

x1 ALBATASY

Tab.1 Primers used in this study
(57-3%)

PhCAF GACAACTGGCTGACGCACAT
PhCAR CCACATCCACACAAAATCGCT
CA-3° AGTCTGCTTGGAACGATGGC

Adapter Uni GGCCACGCGTCGACTAGTAC

CA-5’1 AGTCCGAGCAGCCAATCCAAAG

CA-52 AGTTCTGGAAGTAGTTGGGGTC

PhCAorfF GATGAATTCATGGCGTCCCAGATGGCCTTC
PhCAorfR GCTAAGCTTCCATCCACACAAAATCGCTC

; SignalP (http: //www.cbs.dtu.dk/services/
SignalP/) ; TMHMM (http: //
www.cbs.dtu.dk/services/ TMHMM-2.0/)

Clustal X (1.83)
2

x2 ZFIILLXETARS

Tab.2 CA isoforms used for multiple sequence alignment

Aeromonas hydrophila YP_854904
Arabidopsis thaliana NP 974782
Chlamydomonas reinhardtii AAC49888
Escherichia coli SE11 BAG75888
Oryza sativa AAAB6943
Phaeodactylum tricornutum AAL07493
Pisum sativum 1710354A

Porphyra yezoensis ACI01451

Porphyridium purpureum BAA12980

Clustal X (1.83)

MEGA 2.0 , (Neighbor-Joining),
1 000 , p
(p-distance) 3
1.5 ZRERETEEQEFREL thib
PhCA R NCBI
ORF Finder (Open
Reading Frame, ORF) ORF pMAL
PhCAorfF
PhCAorfR (1), ORF
pMAL , E.coli
TB1 37°C 200 r/min
OD (optical density) 0.5 , 1 mmol/L
-p-D- (IPTG), 16C,
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x3 HERZEAKETAFT

Tab.3 CA isoforms used for phylogenetic analysis

Aeromonas hydrophila YP_854904
Arabidopsis thaliana NP 974782
Chlamydomonas reinhardtii AAC49888
Chlamydomonas reinhardtii chl. AAR82948
Chloroherpeton thalassium ATCC 35110  YP_001996270
Coccomyxa sp. PA AAC33484
Escherichia coli SE11 BAG75888
Griffithsia japonica AAM93979
emaoophicts AACAISII
Oryza sativa AAAR6943
Phaeodactylum tricornutum AAL07493
Pisum sativum 1710354A
Porphyra yezoensis ACIO01451
Porphyridium purpureum BAA12980
Spinacia oleracea P16016
Synechococcus elongatus PCC 6301 BAD78300
Synechocystis sp. PCC 6803 BAA18166
Zea mays AAAR6945
150 r/min
Amylose Resin
SDS- (SDS-polyacrylamide gel
electrophoresis, SDS-PAGE)
1.6 BEEAME
Haglund %)
5 mL (20 mmol/L
, 400 mmol/L , pH 8.4) s
3 mL CO, (
60 min CO, ), pH 8.0
7.0 , 4C
3 , )
(Acetazolamide, AZ) AZ
) 100 pmol/L
3 ,
2 HEREOM
21 RFIoH
1 081 bp, ORF Finder
ORF, 825 bp, 274

10 /2014

29.67 kDa 5
(Untranslated Regions, UTR) 111 bp, 3’
(UTR) 145 bp, Poly A
1
NCBI , PhnCA  B-CA SignalP
TMHMM
PROSITE ,

CA , PS00704 (CSDSRVPA)
PS00705 (EYAVKVLKVRHILVVGHDNCG)
Blastx ,
Blast PhCA
, (Arabidopsis thaliana)
37%, (Zea mays)  34%,
(Chloamydomonas reinhardtii chl.) 32%,
(Aeromonas hydrophila)  58%,

(PyCA) ,
96%
B CA , Cys-AA,-
His-AA,-Cys 3]
( 2) ,PhCA B CA
’ [17-18]
2.2 Ruitibatr
19 ,
3 ,

(Porphyra yezoensis) ,

(Phaeodactylum tricornutum)

(Porphyridium purpureum) (Chlor-
oherpeton thalassium) (Aeromonas
hydrophila)

Smith [
: B CA

B

[19-20]

23 BATOHERKXE WA
PhCA
R ORF
SDS-PAGE 4
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121
4
181
24
241
44
301
64
361
84
421
104
481
124
541
144
601
164
661
184
721
204
781
224
841
244
901
264
961
1021
1081
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cgeggatccacagectactgatgatcagtegatgggaaaacatcgaccttgatecteace
ctettteccaceetecceetteecteteacaacacceeccacttgtgeatcATGGCGTCC
M A S
CCGATGGCGTTCATGACGGCGGCGCCGCTCGTGCGCGGCGCCGCCGCTTCGCGTGCCCGC
PMAFMTAAPTLVRGAAAST RAR
TCCGTGGGCGTGTCTTCGCGCCGCGCGTCCGCTCTGCCGGCGCGCGCTGCCCGCCGCTCC
S v6VSSRRASALZPARAART RS
CCCGCGGCCGGTGTGTCCATGGTTGGTGGCTCCCTCAATGACCTCCTTGCCAACAACCTG
PAAGY SMVGGSLNUDTLTELANNL
GAGTGGAGCAAGCACATGACTGCGGATGACCCCAACTACTTCCAGAACTTGGTTGCTATG
EWSKHMTADTDPNYTFQNTLV AWM
CAGCAGCCCGACTACCTTTGGATTGGCTGCTCGGACTCCCGCGTGCCGGCCAACGTCATT
Q Q PDYLWTIGTCSDSZ RV PANUVI
GTCGGTCTGCCGCCGGGTGCCGTTTTCGTGCACCGTAACATTGCCAACGTCGTCGCGCAC
vGLPPGAVFVHRNTIANVYVAH
ACGGACTTCAACGTCCTGTCGGTCATCGAGTACGCCGTCAAGGTCCTCAAGGTCCGTCAC
T DFNVLSVIZEYA AV KV LKVRH
ATCCTGGTCGTTGGTCACGACAACTGCGGTGGCGTCAAGGCGTCGATGGGCGACGAGCGC
I L vv 66HDNZCGGY KASMGDER
GTTGGCCTGGTCGACAACTGGCTGACGCACATCCGTGATGTCCGCCGCCGCCACGCGGTC
v L VDNWLTHTIRDUVRIRRIUHAYV
CAGCTGTCCACCATTGACGACTTTGACGCGCGCATGGACCGCCTCGTGCAGCTCAACGTG
Q LS TTITDUDZ FDARMDTZ RTLVQLNWV
CTGGAGCAGGTGCACAACGTGTGCTCGACGACCACCGTGCAGTCTGCTTGGAACGATGGC
LEQVHNYCSTTTUVQSAWNIDG
CAGCCCCTTTCGGTCCACGGCTGGATTTACCGGCTGTCGGATGGTCTCATCCGCGACCTG
Q P L SVHGWTIYIRILSDGTLTRDL
GGCTTCCGCGTGGACGGCCCCGAGGGCATCGATTCGGTCTACCGGACGGTCGCGCCGAGG
G FRVDGPESGTIDSVYRTVAZPR
CCCCCGGCGGGCAAGGGCGTCGCTGCGGAGGTCTAGgetgtgtgtetagttatggegggg
PP AGK GV AAE V %
tgtatagcgtgttgtggeggagegattttgtgtggatgtggtecgtgtgggggggegeat
getetgtgtgttegtggacteccaaaaacgtttetatgetactttcaaaaaaaaaaaaaaa

a

1 CA cDNA
Fig. 1 The nucleotide sequence and deduced amino acid sequence of the full-length CA ¢cDNA from Porphyra haitanensis
The stop codon is indicated with asterisk
(Maltose Binding Protein, MBP) 42 kDa ,
, PhCA 72kDa a4 EEERIE
30 kDa MBP
[21]
1,2,3
CA
4 R 5 )
, , 5 pH 8.0 7.0
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A. hydrophila IKAEFFEF[ VHTDFNCLE-——— 81
A. thaliana { PEFDEVKYAGVG. 133
E. coli PSYG-DEPGGVESAS 81
O. sativa PAYCKIKHAGYGS 157
P. tricornutum : 136
P. sativum PEYDQAKYAGT G, 203
C. reinhardtii 164
P. purpureum 188
P. haitanensis 132
P. yezoensis 132
A. hydrophila 144
A. thaliana 1 200
E. coli TASCQC--MDHME RYADSARVVNEARPHS--DLPSKA : 145
0. sativa J¢LKDGAPDSFHE RTGFPAKKKVQTEHASL-PFDDQC : 224
P. tricornutum : ANVD----HAPP) NIRDVYRLHARELDAIKDPEDRH : 200

P. sativum : K] G HER GLiSF PEDGTYSTDF, [AKIGLPAKAKVEAQHGDA-PFAELC : 270
C. reinhardtii  : i TN GAA———-VDCVIS SLYY ST S PACKEAQA-———————— cDv @ 219
P. purpureum 'RHIRDVRRMNAKYLDKCKDGDEEL : 251
P. haitanensis ‘THIRDVRRRHAVQLSTIDDFDARM : 195

JEDSR————— LGLIDN|

P. yezoensis 195
A. hydrophila 205
A. thaliana 259
E. coli 205
O. sativa : 273
P. tricornutum : EARKLQVDFDEYMSELDA : 268
P. sativum ESFELWGLEFGLSSTESV- : 329
C. reinhardtii ERWMTETA———————————— : 267
P. purpureum EXRDLEVVVNSSDDISKE @ 312
P. haitanensis 21 'RDLGFRVDZDEGIDSV : 256
P. yezoensis ELRDLEFRVDSPEGIDEY @ 256
2 PhCA
Fig. 2 Multiple sequence alignment of PhCA
100%, 80%,

100% conserved residues are shown in black while 80% conserved residues are shown in gray. The active sites are indicated with asterisks

72 Spinacia oleracea
99

Arabidopsis thaliana

99

Pisum sativum
Zea mays
96 Oryza sativa
Escherichia coli SE11
53 —,7$ynechocystis sp. PCC 6803
100 ———Synechococcus elongatus PCC 6301
89 Chlamydomonas reinhardtii chl.
4‘— Chlamydomonas reinhardtii

Coccomyxa sp. PA

B3

Phaeodactylum tricornutum

92

100 | Porphyra yezoensis

‘ Porphyra haitanensis

Porphyridium purpureum
Chloroherpeton thalassium ATCC 35110
71 Aeromonas hydrophila

Griffithsia japonica
57 Methanothermobacter thermautotrophicus

P
0.2

3 B CA
Fig. 3 Phylogenetic tree constructed with B-class carbonic anhydrase sequences
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M 1 3 4 5
—
66 kDa ' www

|
:

nm -
I
bl

43kDa & ! -:g
- — —

31 kDa e ." . ; &

- ¥ ¥ ¥ |

4 12% SDS-PAGE PhCA
Fig. 4 12% SDS-PAGE assay for the induced PhCA gene

expression
M: Marker; 1: TB1  IPTG ;2: TB1 (pMAL)
IPTG ; 3: TB1 (pMAL- PhCA) IPTG ; 4: TBI
(PMAL- PhCA) IPTG ;58

M: Protein marker; 1: TB1 cells induced by IPTG; 2: TB1 cells with
plasmid pMAL induced by IPTG; 3: TBI1 cells with recombinant
plasmid pMAL-PhCA not induced by IPTG; 4: TBI cells with
recombinant plasmid pMAL-PhCA induced by IPTG; 5: The map of
the purified protein

8.0
7.8
=76
=74
7.2
7.0
6.8 : : : : ‘
0 20 40 60 80 100
I I 22/s
5 PhCA
Fig. 5 The activity of the induced protein PhCA
1: ;28 ;3

1: Control group; 2: Protein added; 3: Protein and extracellular CA
inhibitor added

AZ ,
PhCA
, AZ
CA
3 Wik
, (dissolved
inorganic carbon, DIC) HCO3 R
C02 CO2

) 3
C02 B
Co, 2]
HCO; Co, (231,
HCO; ,
C02[24]
, (Porphyridium cruentum)
COZJ
[25].
CO, , HCO; 2,
HCO; Cco," ,
[28] [29]
HCO;
[21]
HCO; )
CA HCO;
RACE , CA
1 081 bp,

825bp ORF, P CA,
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Gene cloning, expression and enzyme activity analysis of the
carbonic anhydrase from Porphyra haitanensis (Rhodophyta)
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Abstract: Carbonic anhydrase (CA), a zinc-containing enzyme is widespread in living organisms, catalyses the
reversible hydration of CO, and HCOj5. In this study, a full-length cDNA of CA was isolated from Porphyra
haitanensis with rapid amplification of cDNA ends (RACE). This sequence was 1 081 bp in length and encodes a
polypeptide of 274 amino acid residues. The deduced polypeptide showed high identities with the CA genes ranging
from unicellular algae and bacteria to green plant. Phylogenetic tree analysis showed that the CA gene from P.
haitanensis was more closely assembled with algae and bacteria. A ~72 kDa fused protein was obtained by the

recombinant prokaryotic expression and the enzyme activity analysis showed that it had the activity of CA.
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