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W%, PBEFHHEREA EMILMBRFEH ;7% Rubisco 47 M = it 2 #F, # 3 % Rubisco
BEIRE 5 HE M Rubisco BB BE T E ,AKBETHFLERRARE . TLEERHEY Ru-
bisco By B & 5 LW B G % v T FL# 3 % Rubisco MM B EHYEH TR E,

X@R
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P R BE-1, 5-Z 8% B2 R 1k BB/ N H BB (EC
4.1.1.39, fAi#F Rubisco) /& 6 & B A 1k 9 & 5
B, KR XA AL CO, 5 1,5- 8% B8 7%
%5 (RuBP) [ I A2 B 70 F B 3-B B8 H B, 2 3
EE CO, WIER (TLRISE, 1991). Bk FH Y
MEES B %K Rubisco — MBI 8 MPARERS 8
AN/ FE A AR, R B H o R R B SR 1, T /D
WHMEEFA%IG, Rubisco FARRFHE
EHEFEE . ACGHYPPTALERITAEEAN
50% VA b (FE4E5, 1985; ZESL A, 1999),

RS EMHY . F 2P mER. "
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B EM YA RN i & SR
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bisco B % b SRl & FAAM A A,
BEGBEREEPIAET AYREE . E
Jr3E bR M R SE ALY (FR, 1980) , IATE B
FEEE P AE T BEF YR (Bischof et al, 2002;
Beer et al, 1991), &£ 3 ( Bryopsis hypnoides ) /&2 —
Fh 2 gl Mo s 38, H BT XT 48 S Rubisco K 3k 49
FEHEEH —LHE (Kono et al, 1991) ,H 3T H A4
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BT Y AR, U N AT RIG
E LB B R TR,
1 #ME5HE
1.1 #E
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1.2 H&
1.2.1 Rubisco {45 # 40 1L S5 4 A 2 1
O—4°C [A] AT . IR fif 3R B (¥ 6 210 34 it K e ok
T Mg O R O S L B e B
T T AE i o e Y B SR W ( SOmmal /L. HEP-
Es, pH 8.0, lmmol/L EDTA, 20mmolsL MgCls,
10mmol/T. NaHCO,, 10mmol/L B-mercaploethanal )
hoa o 2 A BE L 8 W AE B00g. 4°C R 1 T B L
10min, 248 E 0, T00E AT 8 2R vP e i 1 kL B80S
fE 30W 2 {F F 4 5 ik o ol 2k K 2min. 0 R 6
15000g 4°C B0 30min, 2200 0E LT A% ) B
LR W 35 % —50% 1 F i /2 ¥ 7wl dE . gr
Pl 00 G I ) DD U 39 e 7 0 B A 4 2 gl o L A
I gk 71 5 FT 48 JCZ o T 1 1) Sephadex G-200
HAE 280nm 0, B 3ml o — 45 e fe sy 1 g
FE

SR R R Y B, IOAGE B AR Y
$it HUZ% v i (100mmol/ L Tris. pH7.6, 2mmal/L
EDTA, 10mmol/L MgCl. 10mmol/L. NaHCO;,
10mmol /1, 3-mercaptoethanol ) H 2 2048 5 HIL 385 6
S SRR H 4 AR Al 38, 2R 55 E 150005
4C R T B L 30min, 2 O00E 1S B ML . 1T
b A W8 [) 1) SHE Rubisco 41 8577 i
1.2.2  Rubisco 7§ 4 ] & Rubisco { £ 117 1]
AE (AR O S UV-240 7 EOLEIT . Rubisco 15
W 7 ik B % S (1985 ) 3 0 DA e . BE I S
PRFL N Iml, BT & & 100mmol/L Tris ( pH
8.0, 10mmol/L. MgCly, Smmol/L. ATP., Smmal /1.
DTT, 0.2mmol/l.  NADH. 10mmols/L.  NaHCO. .,
0. 1mmol<L. EDTA .5 #{i G,PDH/PGK ,0.3mmol/1.
RuBP. Rubisco % fk I {6 4 i F 8 i KOG . iz
LETE DA RuBP i 96 5 340nm 2 NADH [ #
UL, 28 57 A RuBP 82005 3400m 48 NADH
AL .
1.2.3  SDS-Z A 4 it il 35 B2 v ik SDS-% N
o B W RE B HL Yk 2 MO K (RS T %
1996 , 7 F 129 45 15 12 F11 5 9% e &l i ) 43 2
Rubiseo; 3 {6, 58 HI 8 3% 5 i (SR8 1, 1999).
? GRSt
2.1 #PR5%E Rubisco 5 5 411k f9 Lb 3

fil % T 1 R IR 0 BH 5 4 A 0 o
e 118 By 3 Rubiseo, 28 SDS-28 [ J7 18 Fig 58 1z o
Tk 65 0, b ] 3 FE 5 M Sephadex G-200 12 #T ik

SRR BE LW R, 58 1 W — R B T Y R
Rubisco O 5L 52l M 2h i 5 A 8 43, I i 4
0] B A<y % o % Rubiseo. % 3F Rubiseo 22§ M1
BT B IR 47 09 2l 4k, B B8 i Ve W b B T
Rubisco, i 5 — 287 B | . & H# Rubisco K IE A
TR ) e AS [ /A R T e S S
MHAE 1),

kD — =

aikl) —
b

*

M1 S5 Rubisco [fY SDS-PAGE [
Fig.1 SDS-PAGE of isolated Rubiseo from B, hypnoddes and
spinach
B HMEA G FRERE R 2 i8NS Sephadex
G-200%8 Be o pE SR IR 42 5 3.4 38 A8 T 4% Sephadex
G-200 BENZ 08 15 55 - 16 i e i 5 2 i A%

Rubisco 1) ¢ 8§ 4l fb 5 35 280, Horp i A
FA) A A B TR L TE 1 BE R Ak IR £ £ (MeCurry et
al , 1982} HEJr 5545 ik (F 3L A, 1999)
[ F 22 4 4 C Uemura et of , 1996  HF B 5 % &
Lo (Paech et of , 1986) 75 . 430 R AT 9 HIAY
Rubisco 43 25 8146 Jr ik . 5 W40, 0 B9 0 B ol
A i o] RAAS 2 4 4 ) 8 1 % Rubisco, 1 2 15 £
PEA)HE SE Rubiseo D55 $E0F— 44l k| (6] 40 28 5=
DEAE-52 £ o H € 75 ik it — 25 5l {k ( McCurry et
al . 19825 Uemura et al, 1996) . 2 T H 6% P 38
S HEHE Rubisco 2 fE R0 PE 00 (8], {4 35 3200 10 5 O
i SR B B TR R B AR P A
5 Rubisco ¥E— L #liflk . fEREREHE L P, —
PR B 22 i R B8 A PYP 5] PVPP 5 R &
L5 20l B 2 e T ) A SRR 0 R AR Ger-
ard et al, 1996; Uemura et af . 1996) , 16 46 7 B 41
A A [0 ol B 1 T . O UG O AR ML, &
By 5 2 ph e Mo E N A PVP 5k PVPP, £F
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i V1 38 Rubisco A X1 I S50 5) sl L , il iR 2 1A o ¥
3 # Rubisco & A & A H 0 SR (kb $2 1, Bk 1 5t
FERETRRRAES, ARS8k

53 4b , B K 7R #E P13 Rubisco /)N JIF B8 % 5
Rubisco /)N A5 F K, AT B J2 TR O 6 5P 6 2 i 3 =
FERIYRSE . RNA PRk 87 P) HLIRI IR A Il = =5
MY EE, — SN T TIFRA 2R, AT H /)R
HAmAK
2.2 ERNESHE Rubisco D EL TR FN

bt 32

23 50 I G R R L AR BR By TR UL IE S A K
Sephadex G-200 ¥E % 1ot I8 & ¥k % M Y Rubisco I
M, & BLAE P % H £ W 1Y Rubisco (& P HL 5 1 70 B
4L J5 1Y Rubisco 75 4 5 , 1M 3 32 HL48 W) #H K2,
SEOPI S SRR A B AR B 0y L ULTESS Rubis-
co G T 8 K. 3 3 Rubisco & J7 B4k + #5
PRI (R 1),

®1 BPRSHFSE LTI F Rubisco F A AE
[ mol CO,/(min* Asgy) ]
Tab.1 Determination of Rubisco activity from B. hypnoides and

spinach during the isolation [ gamol €O,/ (min® Asgy) ]

4k ' EEH #e3E
H W 0.0437 0.1373
AR MBI NE 0.0057 0.0076
Sephadex G-200 % i 70 B 0.0274 0.2525

VR & 5 ) Rubisco 178 1 — B ER 2
Wit o 0 BE ) T = LT O o ok B AS S0 3R
4 fL i B 9 B Rubisco 18 7710 E BAlE VX — &1, {H
ETEGLER B 0 BB ULYEIX — B BBIE /1 B E WL, B
25 MER BN MR Y B G, ERR T R B
HEGE H R B, IR o Bl 2 i R SR A 2, 6
Wk . BEP B Rubisco 7E 73 15 4l 1k if 2 o B 1
J1iy 2 A 0 B F R R AR B
£ X% 8% P B Rubisco HY 5% W 5 SE R AH TR, {H 2 B
ERG AL, S AV B R RE A B RN
T, R PITEE P 1Y Rubisco & YA, 7 51
MBS R TR, fEE S W E W LK
# ( Alexandrium sp. YEH PR %P 22 1) Rubisco &
P, B B2 M Rubisco 1% T 2 4 I i€ A ok, B 4
IEPEARH R, XA S LR &M A X AL
SENRENEA . AR LRl P 3 ( Symbio-
dinium sp. and Amphidinium carterae ) Rubisco I JJ 7£

R4 E T B (Whitney et al, 1995), 739F, A X
1 &% 1) Rubisco I& PEM € Jr ik F 2 & I € i b
B 5 fH Y Rubisco BY J7 5, A BE AN N&E & M 1 %
R HABEMNREATRBEEANHE KPR
HCO; 154 8 % (Badger et al, 1994), E#& F &
B 7 AR M B 5 B = S A B € Rubisco
JEHER AR AT R, T UL & H it & F 1Y Ru-
bisco Y& MW & ¥,
2.3 #PI%E Rubisco BIiEILEE

— M TE DU %€ Rubisco 1% BT, B 4315 1k, £
f2 I Bl 7% B 5 NaHCO, & MgCl, 217 H {85 , 4 B
KB RARIEME(FSL AN, 1999) . TE& F ¥ Rubisco
&S D R o R, D TG IR BE T B P
Rubisco & 77 1 % B WR], 45 R 278, 7€ 0—10C
A MERIR &5 F 1 %% P 3 Rubisco I8 S
15 FEF 5, # % Rubisco 1GME FFE(FE 2).

®2 AFEEEXNETEMIZHE Rubisco iF /1M

£ 1) [ zmol CO,/ (min® Asg) ]

Tab.2 Effects of temperature on the activity of Rubisco in crude

extract from B. hypnoides [ pumol CO,/ (min® Ay, ) ]

REE(C) 0 10 20 30
s H

0.0437 0.0670 0.0379 0.0262

Fli 7= S AR ) o 3 32 1Y Rubisco 3 LR B 2
30°C, K& 3 25C (Paech et al, 1986). iff ¥ ¥ 24
Rubisco {& L il BE 5 Fifi b =5 SE A M WA [R], A 267
M 5 B 7% A 52 7K 3 22 /1 B (Bischof et al, 2002) , 1§
WHE M E KN 17 3T 7 7K ¥ 1h (Gerard et al,
1996) , ' ¥ Symbiodinium sp. 1 A. carterae Kl 12
M AE Rubisco i& Y E Z 8l — HTEKH &G T &
At EL EIE RN E W R TR KR R T 3T IR
Ftim 2 {8 H Rubisco 1 1% T F& A% tR (Whitney et al,
1995) . Hi Al W78 7 BE S 1Y Rubisco & LR BE 5
Bhihim S AR LA ek tE, Mith s Sy
Rubisco 7 — E IR Fidid {ERBLIERALS
CO, & A, )55 Mg+ 45 5T iEE-CO,-Mg>* =7¢
SE Y, T fd B R I Ok B g R (2L A
1999) , #§ ¥ 3 28 Rubisco 2Z Ff LA A BB AR B b 75 4%
L Rubisco —FETER M IR T #1THEL, AT RE
RERBHEHRSL Rubisco REMAT,REHA ST L
ARG S Jy i TR, B R — B S E R &
%HF,
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ISOLATION AND ACTIVITY ASSAY OF RIBULOSE-1, 5-BISPHOSPHATE
CARBOXYLASE /OXYGENASE FROM MARINE ALGA BRYOPSIS HYPNOIDES

TIAN Chao, ZHANG Yan, WANG Guang-Ce ", ZENG Cheng-Kui (C. K. Tseng)’
( Key Laboratory of Experimental Marine Biology . Institute of Oceanology, Chinese Academy of Sciences ,
Qingdao, 266071; Graduate School ., Chinese Academy of Sciences, Beijing , 100039)
'( Key Laboratory of Experimental Marine Biology . Institute of Oceanology , Chinese Academy of Sciences, Qingdao . 266071)

Abstract Ribulose-1, 5-bisphosphate carboxylase/oxygenase ( Rubisco) plays an important role in photosynthetic
carbon fixation by controlling the initial stage of the Calvin cycle and possessing the functions of both CO, fixation and
ribulose-1,5-bisphosphate ( RuBP) oxygenation. Rubisco is commonly composed of eight large and eight small sub-
units. The large subunit is encoded by chloroplast genosome and the small subunit by nuclear genosome. Rubisco is
the most abundant enzyme in nature and comprises up to 50% of the soluble protein in the leaf of C; plants. Rubisco
from high plants has been studied in many plant species and the isolation method on alga is similar to that of high
plants. Regarding marine alga, many studies have previously been undertaken on Ulva and Kelp etc. In this paper
some physiological characteristics of Bryopsis hypnoides , a multi-nuclear unicellular green marine alga are discussed.
Activity of Rubisco isolated from B. hypnoides was measured at different stages of the isolation. The isolation
method was similar to higher plants but for the preparation of crude extract. Chloroplasts of B. hypnoides were ex-
tracted in 50mmol/L HEPES-KOH buffer (pH 8.0) containing 1mmol/L EDTA, 20mmol/L. MgCl,, 10mmol/L
NaHCO;, 10mmol/L B-mercaptoethanol and disintegrated by sonication, then centrifuged and the precipitate was dis-
carded. The supernatant was fractionated with ammonium sulfate. The precipitate between 35% and 50% saturation
was collected and loaded onto a Sephadex G-200 column equilibrated with extract buffer. The first peak meonitored at
280nm absorbance comprising mostly of Rubisco was collected. SDS-PAGE showed that enzymes from spinach eluted
from the gel column were not purified but those from B. hypnotdes purified. The molecular weight of the large sub-
unit of Rubisco from B. hypnoides was the same as that from spinach, while the small subunit of Rubisco from B.
hypnoides was larger. Enzyme activity was also measured using the spectrophotometric assay at three steps (crude ex-
tract, fractioned with ammonium sulfate and eluted from the gel column) during the period of isolation. Rubisco was
activated at different temperatures before the determination and the assay mixture contained 100mmol/L Trs ( pH
8.0), 10mmol/L MgCl,, 5mmol/L ATP, 5mmol/L DTT, 0.2mmol/L NADH, 10mmol/L NaHCO; and 0.1mmol/L
EDTA. After,that 5 units of GsPDH/PGK were added to the mixture and absorbance at 340nm ( Ay,,) was recorded
every 20 seconds for 3 minutes to get a native rate of NADH oxidation, then the reaction was initiated by adding
RuBP to a final cencentration of 0.3mmol/L and the determination was continued with As4 being recorded for 3 min-
utes. Rubisco activity was calculated according to the formula and the native rate of NADH oxidation should be con-
sidered. Compared with spinach, results of the assay indicated that the activity of Rubisco from B. hypnoides was
weak and exhibited obvious decline during the peniod of isolation. It was also found that enzyme activity value in
crude extract from B. hypnoides varied according to different pre-incubated temperatures before the enzyme assay.
All results showed that activity of Rubisco was affected by ammenium sulfate and that Rubisco from B. hypnoides was
less stable than that from higher plants.
Key words Ribulose-1, 5-bisphosphate carboxylase/oxygenase ( Rubisco), Enzyme activity, Bryopsis hypnoides ,

Isolation, Enzyme activity assay
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