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(TEHMEREEHRE H5 266071)

BE T I98FIAEFSKTARERITLER, FEENEBBE RN 120pE/ (m? « s) B
FREE L%, EE MR O AR T R E NS KER pH EATHBRKEN L, BB TEH
FCHLBF A B30 ) 77 (Az. Van, DIDS. SITS) x4 KAl AL & #47 THR. SREH, (1)
A BEF A Al R4 HCO, . M4 B BEET B (CA) 4k HCO, /K B CO, 3™ Ut A HE P 2 4%
PERRTABAMAG ERA, G EBTARFAL 73% B E, Az KIS CA BHIM, 7T
HERWMS CAMFE, EARESMMEB. (2) &R EATKH T 41 - ATP 8 xt
HCO, Hik¥iz. R K I I EH (band 3 Protein) & Na* /HCO; hAHBRAHN S5,
(3) R BEFE K pH H#M K 9.83, CO,#ME B K 0.04umol /L.

XA KPOEX THB BEEER HERIE  RRETRS

ERSES  Qu4s1l

g 7K ALK (DIC) B R 1E 2 A LD HCO, I 3 (90% A /), Ml B # CO, R E 1%
(Skirrow, 1975). KE B 7 45 R R . Bk CO,%h, HCO, BB ¥ M £ B L ALK R
(Gao er al, 1994; Mercado et al, 1997a, b, 1998, Merrett er al, 1993; Sultemeyer et
al, 1993). HCO,; M F| FA PIRFHLH . — R B B2 B B F 2078 1 L 0% HCO, H#iZ 5 iy
N, AL CA KR CO,B RUBP AL / AR E & 5 —FEERS CAEALT,
HCO; 7K##& B CO¥™ Bt A4 MY, 1F 2 B[R] 6 B AT X B AR AL

FUEXRTEHAANFELRERZ - HABR TR EFEHE AR EE AL T
AL T 17 K R, 4 R B S e W IR R 4% BEAT G 95 B 3% SR B, Je LB IR A9 (4 B2k R b K g
RE. H A, Xt A B S8 3 TTHL AR A R AL i R AT RABTSE, X Gao % (1991) R CO,
HEIR R PESERAT, HEWT SR P SRR A A A HCO, WRE ST, A SUIRIE & B R
VI B GE R, LASH S Hobk 38 Ak 2 4R A} 2 AR 8.

1 #RSAE
1.1 B3R (Porphyra yezoensis) HHiR{K

F19REIARBFHR AR, REGABEBKREME T BEELE=
AR E . & 100ml K ERAR R 0.3g. KT 2 K, KRR 120uE/ (m® -
s), BB N (10 £ 0.5)C, & 2h WE—KIG/K pH H R ITHBKIKE.
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1.2 HHIFRIR i 2
TFeALB% A B A 40 #) 7]: acetazolamide (Az) s SLER L (Van) (L&A ); 4’ 4 —diisothi—
ocyanatosilbene—2, 2—disulfonic acid (DIDS) (Sigma 72 &) ; 4—acetamido—4" —isothiocyano—
2,2’ —stibene—disulfonate (SITS).
M xt B 4H DIC A & — MM A DIC KA &

xt 884 DIC MA &
1.3 pH ERTHERERMNE
PHS-3B¥ % pH {Hit (L FE IR ) @45 & /5 0 pH {H, % Parsons % (1989) 77
W ERE, HitERMBUE (Calk). % Stumm % (1970) HiEiTE LUK E .
[DIC] = (Calk + [H"] = [OH™ ])/(«, + 2a,)

= 1+£I‘{1+£ B = 1+[H+]+[H+] B
“= K H'] “T\V kK Tk

L 1

K, KK\ _
a =1+ ] + [H+]2) [CO,] = [DIC] * ¢,

A, K KRR HCOM — %, — BB E W, % Goyet % (1989) Al A Xt 5.
pK, = 812.27/T+ 3.356 — 0.0017 X S x InT + 0.000 091 X §°
pK, =1 450.87/T+ 4.604 — 0.00385 X Sx InT + 0.000 182 x S*

THEERE, S HEE.
1.4 PRSP EKERETER AT

¥ Sg KPTEHK (B H)E T 1 000ml 100pmol/L Az BIIEEEE K OLMIIE K 4h 5[ o658
H120uE/ (m* « s), IRE X (17 £ 0.5 CL B %3, AHFE KRR, BR_% 03g
PRI Y HE3E, — Y ESRTE 100pumol /L Az ITE BB /K e BIE I 5 —Ir BB HEE K
FHER. ARKSEMABRORIER 03, EHBBKPIBIEHR, BKERE R
100ml, 3 FF &4 F B, #5k 1.2 WE pH {8 K ToALBR B 6078 4L,
2 HRER
21 FBERTHHRMFIAR Az R

EEAERRED, EEFRRERNCSEAT TN FA, 8K pHEAKFHE,
Fo LBk ok B 2 3% [ IR (B 1a, b) , (EIG/K BB BE (R B B (BIERF)). pHEFAZE 983 FR
BIE, BLEE ¢ pHEAME S, At COMRERIETE (B o), SKR{E N 0.04pmol/L. Az
ZHES CA B FIR]. LR, 100umol /LT ABI B AMHFIRE. A 100pmol/L Az AT
SREUIDHI A& PEAE SR AU R A, pHE L F 8. L 2h N, K0 Az I3 BT
ML P& 0.41mmol/L, T NA Az # S F&AK 0.11mmol/L, BF Az &I TTAHLER A B 73% (B
1d). [t AE 1a ATIREER], & Az B EW pH EIAK ZE A .
2.2 Hash CA 5SLXHEMFIA

Az & CA HME ], KZHHRE NN EAT &S HMAE, 2 Williams % (1987) iA K
Az Al E S R HI A CA. ALREIARI Az A3 8, f i3 xF Az £0F8 L0k 15 9 4 B 4%
Xt FEALER 0 R I 22, R IL Az H A0 5 28 Uk Bt F5 ) 4% B 36 3 0t TOALBR A9 R A 55 2t BE
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Fig.1 pH and inorganic carbon concentration variation vs time caused by
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Fig.2 Effect of external CA on inorganic carbon
utilization by Porphyra yezoensis
we(Deee X, —@— £ 100pumol/L Az £bEF,
SWBHRRE WY —O— 100umol/L Az 43

A AT £ 5] (B 2), Bi8H Az 2R i 1 il B ok
CAREMENKMHA, BRI RPFELEFE
AR E, XK F i 4 ML,
2.3 FBEHERR HCO, MEERITS

HCO, A 5 M EN B S AERRKE
B B P, 72 I P9 K 4% R CO, 8 RUBP 4L/ &
B E £, Van % 5 M AEARE ATP 86 10 76 1,
DIDS M #i}# 1 & 3 (band 3 protein) fl ATP &§
5t HCO; B ¥ 5512, SITS BE 7T ) ) 45 111 B &9
Wtk AT &l Na* / HCO, ¥Rl # 15 & 48 ¢
HCO, H##iz. % 1 KWE%REY, van fl DIDS
I RE M 1l S BE S SE T EALBK AR . 43t pH
fH e 8.12 F+ & 9.47. TAHLBK B 2.10mmol/ L& E
1.26mmol / LAY, £ 100umol /L Van. 500umol /L
Van 1 500umol /L DIDS £, pHE 4+ B FAE
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R LFDERI R KBRS XL F A AR IR (n=4)

Tab.l Effect of several :nhibitors on inorganic carbon acquisition by Porphyra yezoensis (n=4)
pH{E [DIC](mmol /L)

455 . T PP = W (%)
Pogicbich 8.12 9.47+0.07 2.10 1.26+0.02 0
Van(100umol/L) 8.12 9.34+0.03 2,10 1.31+0.02 6.0+2.15
Van(500pumol/L) 8.12 9.26+0.06 2.10 1.35+0.03 10.7£3.26
DIDS(500umol/L) 8.12 9.35+£0.01 2.10 1.32+0.02 7.1+1.80
SITS(1mmol/L) 8.12 9.47+0.07 2.10 1.260.01 0.0£2.16
Az(100pmol /L) 8.12 8.64+0.04 2.10 1.7240.02 54.8+2.17

9.34.9.26 1 9.35, FLALER K & 7 5B ZE 1.31mmol /L. 1.35mmol /L 1.32mmol/L, 3t FHl
B A A B 0 18 23 1R 6.0%. 10.7% 1 7.1%. £ Immol/L SITS ZbHE #) % BF 46 3¢ 33 TLHL
Bk 9 F| BB 7 5 3% BEOR AT 2 5.
3 iFig
31 FEMERMITHRAFAEAD

Axelsson % (1988) xt 7 Fh4L 3 Furcellaria fastigiata (LELBEIR W) —FF) . Cystoclo-
nium purpureum (BB J& 8 — %) | Dilsea carnosa(LLEEBH —F), B L & (Poh-
siphonia nigrescens) . flli3€ (Ceramium rubrum) . ¥ JE B XS 3% (Dumontia incrassata) MEFTE
HK K (Porphyra umbilicalis) Y6 B IE IR M 5 R KW, 75 5 pH (4N S AT, X JUFP 20 3 3t
TALBH ARG EME R, BN pHE MR 25 H: 9.27.9.45,9.46. 9.68. 9.76.
9.82 F19.91, Maberly (1990) #1 1 I 6 % £ % fy pH H #MZ S HEF 9.0, CO, 42 H &
1.12—1.30pmol/LZ [8]. 4 BE 5 XA 16 R A A TCALBR B33 78 ob, B8 14 R R IFE &,
X5 Axelsson % (1988) K 25 L A8 FF. K pH HAMEAH 9.83, CO,#ME 4 0.04umol /L.
T RUERFHEE, WK R E R BT pH EMN K. pHEMESBE, FH
MR TCHLBR B B3R, AT M BT 45 R A (U3 B 4 BT 46 3 B 098 19 TOHLBR F1 i fig
J1, 3R] g FN TR 5 37 4 AF B D04k LA pH {80 18 300 Fo ML Bk B0 2 AL 4R 41 T B I 4K 4
3.2 FHMERI HCO, A8 FER i

Fsh 5 B Y B4k HCO, /KB CO,, AT T CO,MHEER:, B i, B S5k AR T A
RIFFTER HCO, B E# R A iEHE. HAT, AR RIIMKMETBEZERN FEMRE,
BRI RET — & FEBATE & KB Erh il P ML CO,H M HCO, FH pH A
THEHEERERN. XEHFEHFBRATE: —RAUEFERRK BRWEGHR -5, B2 55—
HIEBIRUE, BT FE T EWER (Mercado er al, 1997b)s Z R E M T E B EHRA
STE, U ml & T ng BWARHE CA AR, IREM R A G EEMRA LS, ME5EY
FE5r £ Ao, T BEAR ST CA WS h 7E BB R T A0 R, CA BWIR R Zih CO R4 i BE % 3
AR EREE W, 12 EERE SR, Ok AL R MR, BN AR HER 3 &
A B9 CA MR R A M T,

Mercado 4§ (1997b) ¥ & V.09 L IEMSN CAMEH S HENXSIER T MIERSS
K, AR TAERTENEZAL, BETREE. AXMHEMAET Az xH M EK AR

~EE, T Az BB R, —~HFH P W (Bjork er al, 1997; Mercado et al,
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1997b, 1998; Williams e al, 1987). Williams % (1987) ¥ Az i A B3 K ¥ (Chlamy—
domonas reinhardtii) W =R ZEE R FEMA LI REERRR, N Az Fid MRS 7
M CA. ALRF Az ITHIERLERGHER (B 2), W Az 283 ME ML CA R0
KPLEFX LA A A, BT L EERTMI CA, Az BER W FRERERMEE, XA
BEBE MM, X—ZRUTHTE IdHWER. FEEXR FEKBT RS CARFAA
FEALBERY , X Fp A X & 2T ITALBRF A # 73%.
3.3 FBEFEX HCO, MERKIZ

LR EL (Thielmann er al, 1990; Beer er al, 1997)#1 DIDS (Nimer et al, 1997) #% A
% ATP 8 F 3033 4% HCO, HI M #1771, Smith (1988) 4R T # M & A (3 DIDS. SITS
R K& Na* /HCO, (% SITS M) PrFl#%E R FxF HCO, EEFEZHIEM., HaK 1
LR, RMEXAGKRBT IR ATP Bt HCO, WEEHIZRN, B EH IR,
SITS 3k 3t £ BE4E SR FCHLBR A A 7= A2 %0, B8 Na* /HCO, fiHy I | A thR ¥ 2 R
*Z5XABMH A,
4 #iE

G ERR, KRB EFZRARET M CA 3t HCO, MR BE S, LR B KB T B
ATP B xf HCO, W H #4%izfie 1. (HIKE T M4t CA 3 HCO, KK, LI B # CO, ¥’
#HAK A RUBP R/ EEBEERHATIBRA M & EEST K.
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INORGANIC CARBON UTILIZATION BY
PORPHYRA YEZOENSIS UEDA

YUE Guo—-feng, ZHOU Bai—cheng
(Institute of Oceanology, The Chinese Academy of Sciences, Qingdao, 266071)

Abstract The mechanisms of inorganic carbon utilization were studied on the red macroalga
Porphyra yezoensis Ueda (collected in the Taiping Bay Qingdao in Mar., 1998) by pH drift
technique in a closed system by means of various inhibitors: Acetazolamide (Az), Vanadate (Van),
4’ , 4 —diisothiocyanatosilbene —2. 2-disulfonic acid (DIDS) and 4-acetamido—4’ —isothiocyano—2,2’ -
stibene —disulfonate (SITS). The results indicate that (1) Porphyra yezoensis can uptake HCO,
indirectly. Inorganic carbon utilization of Porphyra yezoensis can be strongly inhibited by 100umol/L
Az which inhibits external CA and regain its full photosynthetic capacity after rinsed three times.
Dissolved inorganic carbon was reduced 0.41mmol /L in two hours due to photosynthesis and only
0.1lmmol /L by addition of Az. Hence, extemal carbonic anhydrase dehydrating HCO, to CO, is
the main pathway of inorganic carbon utilization by Porphyra yezoensis, accounting for at least 73
percentage of total inorganic carbon acquisition. External CA can be detected simply by Az which
cannot penetrate the plasma membrane. (2) Porphyra yezoensis can also transport HCO, directly
dependent-ATPase as viewed by Van and DIDS inhibition, Band three protein and Na+/HC03'
cotransport system have not been found involving in the direct HCO, transportation since SITS has
no affection on carbon acquisition. (3) Porphyra yezoensis has a higher pH compensation point and
a lower CO, compensation point: 9.83 and 0.04pmol/L, respectively.

Key words Porphyra yezoensis Ueda Inorganic carbon Indirect uptake Direct transporta—
tion Carbonic anhydrase
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