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Effects of pH on CO, Concentrating Mechanism of

Pyropia haitanensis Conchocelis
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(Fisheries College, Jimei University, Xiamen 361021, China)

Abstract: Generally, algae apply CO, concentrating mechanism (CCM) to effectively obtain inorganic car-
bon, and knowledge is limited on CCM of Pyropia haitanensts conchocelis. To evaluate the effects of long-term
seawater alkalization (thigh pH/low [ CO,]) on CCM of conchocelis, this study investigated the response of ab-
sorption pathways of inorganic carbon to low pH/high [ CO,]. Our results showed that, the major components of
CCM of conchocelis were the extracellular carbonic anhydrase( CA) and intracellular CA, and the HCO, ~
transporter. Under sustain conditions (pH =9), the contribution of extracellular CA to net photosynthetic rate
was 80% . However, in normal seawater ( pH =8), the extracellular CA and HCO, ™ transporter respectively
contributed 45% and 31% , and no significant difference was found between them. The decrease of pH from 9
to 8 significantly increased the photosynthesis by 74% , and meanwhile the contribution of intracellular CA sig-
nificantly increased. Low pH inhibited the expression of key genes of CCM and carbon fixation. The study found
that, even after long-term incubation in seawater at pH =9, the conchocelis still could respond quickly at physi-
ological and molecular levels.
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I BB FBR BB IR R (I o WK iR i B JCHLER LA 3 FE U 4E, B HCO, . CO° ™ I
CO,. IEHMEK (pH=8) th, HCO, ¥ L BIHBRAY 92% , CO° 2147% , CO, Z551% 7,
=R IEHUER, HAA HCO, ™ il CO, R ifESE T LA 422 MR WSCR FH A0 5L, (L 3K 79 v G AL sk 1 380 b o B
il T B AR CO, &/ T, BT A RAR [ A A A O AL, (ROR AR, FETE
K Y EOE B L s Ao g —r A, SRS E B CO, THAESEJA 0SB A 75 HCO, ™ ST
KM £ By, (BT RE T, Aot g, S sreaeik Eahpg "0 W
U, KM CO, WRBEARTIEA BRI SR —— B A% - 1, 5 - ZBEMRRILEE/ & EE (rubisco)
i) CO, AN, w25 CO, M4 HLHl ( CO, concentrating mechanism, CCM) 3B 5GA B bk 52 R
Tk CO, MMREE([CO, ) . Hit, CCM ZHEIIEE MmO ILE, 28 FLE B EA CCM

[1,3,6]
o

XA BB AR CCM PRI, ST ACHE 1304 3 S Ul fe . aniimsd
I L) CO, 38 18 2 WO K Fr i CO, o T HCO, ™ MR A 2 A% 1) Tk HCO,
W T R 2s () MU MR R TG (CA) EfRAE AR CO,, £ CO, JlIE R FIE AL, R&WH TS
BBk 2) WK P HCO, - 4 HCO, " 55T (A AL, Sl CA fifk HCO, A CO,, KRG
CO, WU TR FR . L3t R A, BARRRA AR, B R B R R A AR
FIRUE AR A 2R AR . AR AOTIFSE S B 5232 g bR At B B R 3 B2 2 0K b 9 HCO, —, il
a4k CA fitfk HCO, ~ ik A= 1% CO, gt a7, @it B8 THAEE B R, AR
H 20Kk 2208 1 HCO, ™ $533 K PR3N HCO, ™), H R B4 8 45 223 2201k CCML 1y F
52, DRI TR ML i AR R AN 2

YE%83% (Pyropia haitanensis) S35 (2 GG, HAR 8 G S5 85 100 75% UL .
W T X A TR R T, ISR B2 B R R, AR ROk, R TR LS R R
R, RSN DVHESE TR SRR, ALK TR RO (A NS R IR 2830 R . 94, T4
SRR, BET CHME TS SRR R SR R Z - 61 [ 2005 FikE
JRINLAG , H2 R 2 fAh A 12 48 (RANH T 00 2R (A B AR s, Hok Rk, A A
FNFE T UCHH SR . MEROC A FREY, 5SS ORI E R FOR S T RO K P Y HCO, #EAT
B, XS8Rk pH THE, [CO, ] FHe, BIREM, —SeigdEMsmEs JLER (L2 4) Wi
[CO, L& G, HOGA R PRI K A 45052 5 WY 5], e ) G TR MR A A1) P AL s 0 o i G
TR TR CO, I FAK M S TIPf IR 23 2Rk () CCM 75K 0B AL)S , 275 e Desde i v pH. [
15/ [ CO, 11, ASWIFEAT T 15 2838 22 R PR A6 A A RITEAURR I SOGHIG pHL A J o

1 #R5AEE
1.1 SEIedFRiFA pH 46 B

AT BT PR S S0 R IR 5850 238 i 2R 7 — 61 BUZZ0RAA, e 5850 B R e Y5 58 h AR Ak 12 48
ZA o FEBLIN E F o ¢ I T R R 2R AR 8 pH (B, RBHAE N (8.8 £0.6) (n = 17) , BiHI220R1K
KHTEIRBETE RS K AR K . FRRIEKEL E /) PES ( provasoli’s enrichment solution ) 335 5% 22
R, REFRIESE R 21 C, JGHRBRIE 60 wmol/ (m® - s), JEHAFEMI 12 L: 12 D, A HE9%, M2 K
T 1 IR, XS EIRMUEE 2RIk, R5HZ 2] pH AR 1G5 4 h, AP IR
H4NpHERE: 6. 7. 8.9, H0.1 mol/L HCI #10. 1 mol/L NaOH &5 /K pH, &A% 3 4
5o
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1.2 SEEIREEE PCR

A IBNAR IR S 22 A2 0. 1 g, HIUELRW Ky, TEA OIS, H E.Z. N A fi%) RNA $i2
WOk & (OMEGA, fE[E) $2ECE RNA, MRIGEEN FHIBT qPCR IER mGIH, s #r &K 7EA R pH
AEBER R IAZE S o PRI S RNA $% PrimeScript RT reagent kit (TaKaRa, KiZ) BIULHIAS#EATHAR
25 L MRNAR R AL 12.5 pl. 2 x SYBR Premix Ex Tag™ Il (TaKaRa), 0.2 pmol/L 5[##12 L 2
Weskr=W) . YHREFE R 95 CZZME 1 ming 95 CALPE 10 s, 62 CALFE30 s, HL40 NMEHH, TRIEHIS
M55 CHEMETHRE 95 C, RIFLilfrihd, YOt i PCR §7 7L ABI7300 B3 & PCR 134T,
PL10 x BBEERRRERY cDNA SHBIHR A T3¢ 5 PCR U3, WIMERERZE . TR S0n; B 15 B B P Xt BRI G
BRI, B BE 3 APATE AL AWTHE P R K5 B M R A 5 |0t R A T
PARAR G, FIAFMFImME L Fs.

F1 IWHATASIMKNZFRAEFET
Tab.1 Sequence of primers used in the present study

FEA Gene fiff Enzyme J# 51 Sequence(5' —3")
Tl 12 I qF:CCTGGAGTGGAGCAAGCA
el Carbonic anhydrase qR:GAGCAGCCAATCCAAAGGTAG
TR I ity qF : TGACGAAGAGCACGTGGATG
PhpcAz Carbonic anhydrase qR:CTACGTTGTACATGGCCCCC
TR TR T T qF : TCGACGAGGATGGGTTTGTG
FHeens Carbonic anhydrase qR:GACTACCTTGACACGTCCCG
i R T il qF : CCTGTTTGTGGGCGACTATGTGG
Pyl Carbonic anhydrase qR : CCCGGCTCAATGACCGTGTT
) S5 R B — R qF : CGTTTTCTGCAACCCTTCGTCC
PhsBP Sedoheptulose-bisphosphatase qR: TCCGTGTTCTCCACCTTGATGTCC
21 i 5 SR -1 ,6 - B R T qF : GCAAAGATGGAGCCAATCGACACG
PhefBPase Cytoplasm fructose-1 ,6-bisphosphatase qR: TGCCAATGACACCTTCAAGGTGAACA
Tl o A Tt = TR IR R 92 L Tl qF : ATGTGCTTCACCCCATCCGA
PhPEPC Phosphoenolpyruvate carboxylase qR: CTGTGCCTTGTAAAGCTCCCA
A T s Tt =X, 0 L T R 1 T qF : CGACTATGCGGATGCGTCGT
PhPEPCK Phosphoenolpyruvate carboxykinase qR:GGACCCCAAACGCGTCAGAA
. KA B TR AR AL T qF : GATGATGTAGTTCTTCAGTTTGGTGGTG
Fhltubisco Ribulose bisphosphate carboxylase qR: CGACCTTCATTTCTTGCCATAACC
AR RE-1,6 - iR qF:GTGCCGCAAGTTCCACGTCA
PhepFBP Chloroplast fructose-1,6-bisphosphatase qR:ACCACGTCCACGTCCCGATT
PEELTH qF : TCACAACGAGGATTTACCACC
PhUBC Ubiquitin-conjugating enzyme qR: GAGGAGCACCTTGGAAACG

1.3 St Rz g2

] 8 AN RFEHREE (166, 607, 1267, 1795, 2724, 3395, 4934, 6578 wmol - m™> - s™') | 54k
IR R 10 s A6k ok I s s S o7 i e, I 52 {48 4 Diving-PAM (F8[E) o A X L 1% i o 5
(rETR) A ZN: rETR =yield x0. 84 x0.5 x PAR, Hrfr, yield ARG T A ROGIFRCR,
0. 84 M EEHEL, 0.5 RFELH 50% BRI ICHE A FLEIE RS 1T, PAR W yGAbGmsm g, P
MR 2B 4820k . ETR =ETR,, xtanh (a x PAR/P,. ), H:f, ETRmax 4 ETR iy K {i, PAR
WA EA GRS, o A IGRREIFR A I RIG AR
1.4 St i SR A0 PR IR 5 2R

FHRB UL I E 22RO 0 B U R R e . A4 pH AL 'S 3 ANEE, A EE A3
WE TAFRM AR, FURBCEE RO T34 h, BIRNZERL 4 h, BB EEEfE 21 C,
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ANIA] pH (IR R IR ER BEIC Oy, 3557 4 h J5 B9 FURUFISBIRAY ER BE 10 O F1 00 Oy Fl1 O, 1 25
(BRI AR FHEFERY S, T T SEFGE SR, T O, F O, W 22 (H R A OGS ERIHAER &,
TAREOCE AR B s, s a0 5 o VA A S B0 1 5 A e T 1 27 [E bR e, R
G20 H A AL (METTLER-TOLEDO) [ G i i 2 s R B 45 2 i, b, @ A 35 3 b i
PIHMAGR], RV B SRR TG . MY BRIR BTG HCO; iz 45 1 A A 3 A JCAIL B W WAL ) X D' 5 4R
TR, CA BEINHIFIA AZ (acetazolamide) H1EZ (6-ethoxyzolamide), AZ NEEIZ AN H A H
fIh CA FRYTEE, 1 EZ GBS 7 40 M T30 ] B N AL A CA W25 B T6 P . BB 22 46 A 1 BEL i )
DIDS (4, 4'- diisothiocyanatostilbene-2, 2’'-disulfonic acid) wJ LAFNHIEAANT HCO, ~ (1Y EHE I,
1.5 HES

KR I 2 (one-way ANOVA, LSD) J3#RHIANIE pH AbBR 2 (8] 22 5%, P >0.05 Jy 22 5
AR P<0.05 HEFEER,

2 #R
2.1 EEIERFERER

IRER 7 - 61 Z2RURIY L 5 R W B3 pH BRI E R (P < 0.01) , 3 M pH S04
JCE RPN T 74% (W 1) o FEARR pH T, 05006 40 & 3R A R0 22 A0k e f
T (pH=9), AZ Fl EZ X ¥ota B AR MM RiAF) 80% , it T DIDS fyifl A (WK 2), X
VIR SR 2R A E G b 26 PF T 2 28008 ik o Sk I I A R ARG LA, HOOR: HCO, ™ iz i E, i
JE A BRTR Al ) STRRES /N o ANTR] pH R, DIDS O A3 E 7 40% LAR, I HANE pH 892/
1 EZ B 3R EE pH FEARM R ZFEAR, XU 2R BRI CO, [ pH &L/ [ CO, ] B hnmis
Mo 7EpH =6 T, AZ I EZ XF 't G s AR A4 il 3 0 22 S Bk, 150 D I P i P T o D't 5 T 23R 19 5
MR, K% 54% , RFEFT pH=9 K (P <0.001) .

A = Control X =y
- a = =
Toa a = DS == s
x 31 == AZ+DIDS & B AZ+DIDS b
Il \E/ == EZ+DIDS 5 100 . mm EZ+DIDS ¢ ¢ a
=S b _qf a C
QE g 21 = a c
R E N 2 aby al
= = 50+ bh @ b
= 14 = a al
g = all, @
2
~
0- 0-
6 7 pH 8 9 6 7 pH 8 9
LW« AR TCAR ] 5 BE 7R S 25 22 5 YW« B AR TOAR ] 5 B 7R 2 22 5
Notes : Superscripts represent significant difference among treatments.  Notes : Superscripts represent significant difference among treatments.
B 1 AEpH TH&ELEEGEER Bl 2 CCM &%t e & 3 2= i 0  &
Fig.1 The net photosynthetic rates at different pH Fig.2 The inhibition of CCM inhibitors on

photosynthetic rates

B2, PEOE e ng i e A0, FEAK pH 50 7 rETR (WLIE13), rETRmax (e ARXE
HFZ MK, maximal tETR) | I, (OGAEAIS, the light saturation point) Flnp (FRWEALFRCR, the
apparent photo chemical offciency) #RFEZE pH BRI ZEM (WFE2) ., Uil Z -61 Z2RIEKHDERSE
11323 743 pH ALFRA S IISZIR, 241 CO, VG MIEAR T XG0 3R 5230 22 AR A4 (4 W Wi A i Al
BE pH FEARA T RS, Hrp, pH =6 FRYIFRERE ZFRT pH=9 (WK 4) . UK pH T
P IR AR A A AT
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2507 -® pH=6 -m pH=7 -4 pH=8 -e- pH=9 0.4

ab b
£ 2007 } } }% ______________ { ______________ S 03-
= L 2o
g 150 } =
B A & zo 2
¥ 1007 ""ﬁ__::i::: S N % £
N I |~ a ab
i S e = 0.1+
R -
O‘ T T T 0 -
2000 4000 6000 6 7 pH 8 9
HeAb ot E PAR/(mol - m2-s7) VL. EAR AR F RN B E R
B3 AE pH THYIRE & Note : Superscripts represent significant difference among treatments.
Fig.3 The rapid light curve of thalli treated 4 pH 3ot 22K 4 P R 32 2 B 2 0
with 4 different pH Fig.4 Effects of pH on respiration rates of thalli

R2 REXHEHESHE I ASH
Tab.2 Three parameters fitted from the rapid light curves (Fig.3) of thalli treated different with pH

pH tETR,,. 1, U]

6 67.5+5.9° 632.9 +14.8" 0.11 £0.00*
7 88.2 +11.1" 502.9 £91.5° 0.18 £0.01"
8 102.8 +4.4° 538.0 +59. 8" 0.19 £0.01"
9 180.2 +24.3° 872.6 +102.6" 0.21 +0.02°

Uil . EAR TR R B R Note: Superscripts represent significant difference among treatments.
2.2 K pH WEERIEM N
ARV pH X 4 SRR Il AL Y AV I A AHTRD (ULIETS) o

W
J

d

AH X 2 34 i Relative expression
A X 23K 1 Relative expression

6 7 " 8 9
= g b y
g g PhBCA2
£ £ 1.5
%‘ % b ab
: Z 10
kE = ab
) =
o'} a
il
r_f@j « 051
® ®
= =
= -E 0 -
ES 6 7 8 9 6 7 8 9
pH pH
¢ PhBCA3 d PhBCA L

VLU . AR JCAH A7 B3R 7R 1k 2 22 5 . Note : Superscripts represent significant difference among treatments.
E 5 pH 3t CCM & ERiAK TR
Fig.5 Effects of pH on expression of CCM genes
4 pH AERER] 7 A1 8 IR F AR PRBCAL 33k (P < 0.05) o i pH =6 N AR PRBCAL Fi
PhBCA2 )33k /K (P < 0.05) , HIXf PhBCA3 Fl PhyCAl WSS ABI & (P > 0.05)
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pH FEALEEFHR T 6 5064 B OCHBEE I 28K (WLEL6), FEillE pH =6 2 PhRubisco |
PhepFBP | PhcFBP . PhSBP, PhPEPC Il PRPEPCK B)ZRIAKE43 IR T 85% LU L (P < 0.05) , 1fif pH =8
XA T PRPEPCK , PhcFBP Fll PhRubisco H3%35, FEARIREL 73 k5] 93% | 61% F188% (P < 0.05)

b b 201 3 c
£ 157 g 5 b g |
I 2 mg 7 157 I & 2 )
% £ 1.0 K & X2 ab
® e €107 ® e
£ 05 e ZE1
= 5 0. el 5 el a
Tz Tz . a a Tz
0 0- 0
6 7 8 9 6 7 8 9 6 7 8 9
pH pH pH
a PhepFBP b PhPEPCK ¢ PhcFBP

—_

o
T

o

—_ —_
(=) )]
T 1

o
W

FHXT F b5
Relative expression
RO E Sty
Relative expression
W

AHXF 2R 35
Relative expression

=

pH pH

pH
d PhPEPC e PhRubisco f PhSBP

PLHT . AR JCAH ] 7 B 3R 7R W25 25 5% . Note : Superscripts represent significant differenceamong treatments.

B 6 pHMXEGERERFKEKFEHNZN
Fig.6 Effects of pH on expression of genesof carbon fixation

3 iFig

k) pH 5[ CO, 22k asi i, 4 pH Fhm, [CO, JITFRE; i pH BEAR, [CO, I &, @i
MsEARF pH MoK iR, Xu % SES0X— 4, I H pH FEI%/[ CO, 1 Fhi 4 B H| CCM JE[H
FRIK. Mig7K pH (N 8 110 B, IR 285 m-tR A4 S ZEAREE M SN R I Bl A AL 17K v ) HCO, A8
CO,, JE#MItIE Y B AN S S G WmiER . AR, ERMAE (pH=9) T,
IR B L2 R, 325580 1 [RVRE (%) 7 R AR B /K A TCAIL , R A Mo R I TR D' 65 1 i 88 238 114) BT R S3ak
3 80% . XAEHN CO, WA, 2R ICHEA BRI CO, . WRIFHEABRERER RG>, A
I pH =9 fyiE/K [ HCO; [ #5715 mmol/L, [CO, ]2 0.002 mmol/L ( ~50 ppmv), 74k, HIKR
[HCO, ™ JiEm F[CO, |, [HLZRMTF A F 21k HCO, ™ Heiza 8 2k B4 il K hil i HCO, , 7E
pH =89ig7khr, [HCO, ™ ]#7 2 mmol/L, [CO, ] 0.02 mmol/L. ( ~400 ppmv) . 5 pH =9 i KAH
b, [HCO; [l BE RS /DN, Mi[ CO, |38 T 10 £%. {HAE pH =8 Ay IEH MoK, Jf A1 ik ik 1 1 A1
HCO, ~ #5585 DGR B TTR A 90 46% F131% . Ak, 4 pH BN 9 B&F) 8 If, 22RO 1A 14
i CO, (Y ECHEM . T RENINJE: CO, W MRIREIR T Rubisco MAAIHE o LTI, IEE3400R
& CCM (%02 SR BESSRBAGHAL 7, B X BRBE IO LBR A i AR AN )

pH =7 Tk d [ HCO,; 129242 mmol/L, [CO,] 0.2 mmol/L ( ~6500 ppmv) ; pH =6 Hyifg/Kh
[HCO; ]Zj/ 0.8 mmol/L, [CO,]} 0.9 mmol/L ( ~30 000 ppmv), Hitt, FEZE pH FIFE(L, [ CO, ]
SR, B3 MK pH S50 T B0 A Rk R BCR W 22 R, BRI HOG A Bk © 478 pH =8 Ity
M, JFH, 7EMK pH T, CCM FISEA [k FE R 32 1) 1o il . ASAF5E & 30 PhBCAL Fil PRBCAL 3Rk
IKOFEBIEA pH/ 5[ CO, 1 F B E AR, 3X 5 Chen 5 IR HIAY 45—, Chen 2 il T 6 4154
SRR A, HRIAA W Rt 5, ZARIKd PRECAL | PRBCAL Fil PhBCAL fZRIEIKF-fm Tt
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AR, T R A Tk PR I AL PR 0 2 TR /K AE RS [ CO, 1R BRI 1 SRS R R HHA R T BB AR TR Y
FIRRRAE, ORISR C3 @ik, MR C4 32" FEAISE T, C4 BARREREBEIE K PRPEPC
Tl PRPEPCK, LI J% C3 & A2 W45 AEME LN PhRubisco 93558832 B85 [ CO, TR, 108 W T Fitid A2 40
SZFIMIE pH/ = [ CO, ] i T 520

AWFFEERI, G ik 12 45 pH/IRL CO, JAbBE, 3545858 7 - 61 22ARIRKAR REAE AE B AN 43
FoKFBRE R R R K [ CO, TR RHRBE TG . — i PEmE g LA (L2 4F) [ CO, 1dE i,
HOEA VR AL K T 3R 254032 I B S8 5 0, e 9902 JE G AL MR e ) T AL A A 1833 17 35 [ €O, 1R
A BRI A (Emiliania huxleyi) 75 [ CO,] (1000 ~2000 ppmv) & i 500 U5,
AR R AR 2 T I A I AR, HAS AL R I AR . COM 7R S R ] FLAS 7] i 2R ] Y S5 W) )2
LT A WIRR AL R X TCHLBR RIS, BRI LR A MR b o T 3 A S [R] i 2 %) 2R
55[ CO, 1AL E R BE ST AR, HeE T TERHA TP A L o S5 Se e Rk XAk [ CO, T Y B g
BifE ST, ARG [ CO, I RIS A 1 RO S UEVE T, AR 15 30 2R A 32 35 T R < €O, 1 TH R
[FAFEIR 2SR R AR 1 A KD A AR 32 45 T CO, ] Fhim/pH BRI, BERSLCO, [ THE, IR5ERE
F RIS 32 25 T [ CO, 1, BFAR 2 S22 DRI TG A B A5 ) 1B 4 A 258 R G P 3RS T 235 Gl 3

[ & % X #f ]

[1] GIORDANO M, BEARDALL J, RAVEN J A. CO, concentrating mechanisms in algae; mechanisms, environmental
modulation, and evolution [J]. Annual Review of Plant Biology, 2005, 56(1) : 99-131.
[2] ZEEBE R E, WOLF-GLADROW D A. CO, in Seawater; Equilibrium, Kinetics, Isotopes [ M]. Amsterdam; Elsevier,
2001, 2-22.
[3] WANG Y, STESSMAN D J, SPALDING M H. The CO, concentrating mechanism and photosynthetic carbon assimilation
in limiting CO, : how Chlamydomonas works against the gradient [ J]. Plant Journal, 2015, 82(3) ; 429-48.
[4] BRATATI M, MORONEY J V. Algal carbon dioxide concentrating mechanisms [ M]. Chichester; John Wiley & Sons,
Lid, 2011 1-10.
[5] ENDEWARD V, AL-SAMIR S, ITEL F, et al. How does carbon dioxide permeate cell membranes? a discussion of con-
cepts, results and methods [J]. Front Physiol, 2014, 4. 382.
[6] BEARDALL J, ROBERTS S. Inorganic carbon acquisition by two species of Antarctic macroalgae; Porphyra endivifolium ( Rho-
dophyta: Bangiales) and Palmaria decipiens (Rhodophyta: Palmariales) [J]. Polar Biology, 1999, 21(5): 310-315.
[7] LIX, XUJ, HE P. Comparative research on inorganic carbon acquisition by the macroalgae Ulva prolifera ( Chlorophyta)
and Pyropia yezoensis ( Rhodophyta) [J]. Journal of Applied Phycology, 2016, 28(1) ; 491-497.
(8] AR:EME, Wil IRSSOCEEIXTEmREL WA [J]. Bz, 2002, 47(12) : 926-930.
(9] BEHOH, 467, WA, 55 ISR A R R TEHLRM A [T]. K724, 2002, 26(5) : 477-480.
[10] gk Bl B R, rhEfPAES [M]. dbat: shERL R, 2017 34.
[11] COLLINS S. Marine microbiology: evolution on acid [J]. Nature Geoscience, 2012, 5(5) ; 310-311.
[12] COLLINS S, ROST B, RYNEARSON T A. Evolutionary potential of marine phytoplankton under ocean acidification
[J]. Evol Appl, 2014, 7(1) : 140-1455.
[13] XU K, CHEN H, WANG W, et al. Responses of photosynthesis and CO, concentrating mechanisms of marine crop Py-
ropia haitanensis thalli to large pH variations at different time scales [J]. Algal Research, 2017, 28. 200-210.
[14] CHEN C, DAIZ, XU Y, et al. Cloning, expression, and characterization of carbonic anhydrase genes from Pyropia
haitanensis ( Bangiales, Rhodophyta) [J]. Journal of Applied Phycology, 2016, 28(2) ; 1403-17.
[15] XIE C, BING L, YAN X, et al. Characterization of the global transcriptome for Pyropia haitanensis ( Bangiales, Rho-
dophyta) and development of ¢SSR markers [J]. BMC Genomics, 2013, 14(1) ; 73-83.
[16] LOHBECK K T, RIEBESELL U, REUSCH T B H. Adaptive evolution of a key phytoplankton species to ocean acidifica-

tion [J]. Nature Geoscience, 2012, 5(5) : 346-351. (EEFRE KREE HXEK =H1T)

http : /xuebaobangong. jmu. edu. ecn/zkb





