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RE Bk T L ERS Bk Cyt b fil ik, # 47 T % ¥ 5 3k —— AR W 3k (Bryopsis corticu-
lans)Cyt b fE U E KL BHMA R, R KXW, & Cyt bf ¥ A B Cyt £.Cyt b, Rieske[ Fe-
SIEUMTXIVERFTENSRIEXURDEW ChLa MEAWAE PFLAK. 4N SKRTE
ERSTELS Y 34.8.24.0.18.7 % 16.7kD, 3% Cyt b f 4% F ¥y Cyt b/f WtE ¥} 2.0, &
48 4 9. 9nmol Cyt f/mg, H 48 1k W F 4% # W & ¥ (C,,-PQH,—>PC) X 73e/s, L& AT %
A, BT ECyt b fEAR HEPRALERTEHEFERENTEEY RAEER LG H

W Cyt by f %] F AL,
x4
hESES Q5

MBEE b/ EAE AWK (Cyt b f)ERE
PRBR- TR S R EALE R RS, EEE S E M BT 15
BRERFAIBRTHHEEEENAC, E—
FHEAFHRG N(PSID) MRS 1(PSI) ZEH)
LR 53 I 52 PSI WPE 3R B T 1538, 5 —
FEAABETFEEIBRP BRI A & 68K
JR 1 DA 25 B S oy A1) BB A 32 B K MR IR 0
P, T B BB T AL B, O ATP &
B iR L RE B ( Cramer et al,1987 ;Hope,1993), it
Ab, BT LLE I 4 LHCI $8 B R 1k, 7
5 PSIT A PSI 2 f6) # % BE 4 B & A (An-
derson,1992) ,

A Cyt b fHIRS T 4 KT (33/34—
17kD) : FH —A c-BIM L EH Cyt f, FH B b-
B4 K Cyt by, Rieske[ Fe-s ] B H (& H —4
2Fe2S R ) 5 W& IV #1 4 ~/NTF 5kD &/
WHEAR, WMKEEP =N TEHAREY
REAEE SO, MR IV RN PQ S
EH(Liet al,1991), 5 ERESHA1 T8

WAEE, BRIAE,Cyrdf, 0 &, itk

HGER« M1 HFRET 1 2 FREHF MK,
B Hurt 55 (1981) Bk 4r B 4L A E A8
Cyt be fLAE , ATE MIF Z ARIEFE K HEY 4
BaifL T Cyt bS5, #40, & FHEY B 3
M P S (Huang et al,1994 ; Phillips et al,1983),
TR IK 45 3 v B3 B A< % ( Chlamydomonas reinhardtii)
kA 4 51 B ( Scenedesmus obliquus) (Wynn et al,
1988) , LA J& 95 40 B b Y i T 48 i€ % ( Spirulina
platensis ) . T Bl 3 ( Anabaena variabilis ) 1 4 il 35
( Synechocystis PCC6803 ) ( Hauska,2003)" , &4
Ak, MR RBIA REHELE Cyt b fHIRIE. B
R P ¥E ( Bryopsis corticula) AW B L A
A GH, BARKEREN, HHRERE, S/
BEZEE EREFAEOIEINE . 2— M40
B ALK BEAEEAS RN BRBENIE
MR, Bt , A EE T LI B A4k
Cyt b, fBI 1 (Yan et al,2001) , s Th Hi M B HE 5
BBl T R TIKER Cyt b fREY),
WX R AR AP EEHITTEE,
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70 w O O® 5 W ® 38 %
1 HE5H® K,
11 HE 1.6 REAAE

BREPET 2001 £9 ARAFT/ILAE, $ Lowry 2 (1951) 4T o
SrEEAL Cyt b fREFR B-F HAEE (8-00) % 1.7 Cyth fHFH &K E4A HPLC ST RE
P B 6% B L (PMSF) | R 4 (SC) . %% 3 i 1k B B M S o B9 U B

(Coo-PQ,) %W H Sigma 24 81 (USA)
1.2 SHBARSH

£ 18 Laemmili(1970) 9 + S R R H-R
T3 46 Bk f % JBE B 9k ( SDS-PAGE ) F ik 4T, 2+ &8
W R 15% AW E N 4% . Z DT E
G250 Fefa, Mk FERBAM T HTT,

1.3 SFAFEFERERBHIE

CytbfHI R BT E A, RAS R
UV-2550 BUSUEH 43 66 Bt . 3 it F 8%
FALHP[ K, Fe(CN) 14 Cyt b fE AL, FAPLIF I AR
& Cyt f3RJF, FHHE W HRMRME Cyt by IR, ##
a FP Cyt £ Cyt be FR¥E BE 38 i U & BB AR R &
FOCHEGE , THEE Cyt f A0 Cyt b TR ER S
S% F 18mM cm('5;4_540m) 1 20mM ! cm('5:53__575m)
(Hurt et al,1981),

1.4 BREBEROFE

KI5 £ (PC) ¥z Ellefson % (1980) i 77 &
AT 0 SR TP B 4, SR B LT
L5 HBFEBRAMARAE

Cyt b fHEALHE T 12 B G HE IO U E 2 B Rich
F8T) M B #HFT, ALE P Cyt bef
RS RIS E e FHK C,-PQH, ZEH T
F 4k PC-K,Fe (CN), iy F 8 ¥, PC fl
K;Fe(CN) ¢ B R E 451 4. 8mM ™' em hsom,
F il l.OmM'lcm(".'lzonm)0

B TR SR 25 28 B KR (C0-PQH, ) A4
W7 Co-PQ, ZEER P MO BWMELH
(KBH,) , R J5 H%sim/> & HC1 f KBH, PEf# I
[HITEM C,o-PQ, BIFH C,,-PQH,,

L %% 4K ¥ ¥: tH SOmmol/L Mes (pH 6.2),
2mmol/L EDTA,5pmol/L PC fl Immol/L K,Fe(CN),
o '

EHER W E 55 m C,,-PQH, B FZAEW
o LR B O B 20pmol/L, U 5E B BE 1, B
i Cyt b f3 e F 32 - o, 7 (b 1 75 08 48 L ¥ 3%
2 20nmol/L, R /G K L B K 2, KM HE 2 B
W1 UE Cyt b TR EE, BT
i@ E LA K;Fe(CN) ¢ 7E 420nm &b W g 449 75 4k

CytbfPERMME R Cyt b/ ERET
80% () 7 B AR 75 P AL B 2min, B0 WE B
BoEMERA LA EME—KR, EH LER
B bR TEBEMBER,

SOM HPLC: 8 % 9 48 HPLC 43 #7 i Dis-
covery C-18 # ( Supweleco.,25 x 4. 6mm, Smicro)
7E Waters 600HPLC 1% b #47. b AERTH B BOK
HFHF®& 10min, FHE, &4 EEB lnin
PR ECHk =4:1(BIREF) R HPB:
ECH =4 1(BR G F) %K 16min, E#
20pl, P 58 3 B 1ml/min, ¥k & 09 8 R B4
Water 996 ;B — 2% & [ 3| & il #% 7F 440nm 4k 2
TR,

Ve A4 3 B A G TR OO W 2 AE Wa-
ter 996 SH e R A B 5 K W 2% I S R A0 S 14
T, U B R R B4 R MOk SR A
A% Millennium 2010 ZEYE Bl Ak 24 1,

2 ZRESW
2.1 Cytb fHINE&L

LR EH, HRANEXREEES S
Baifl Cyt b fHI B (Yan et al ,2001) REEHA K
MBS HENXEBEREYTAACLZEAES
R, BREIE Cyt bfEFRIE—SRBREN
TERIPTH , BA NSRS EEN Cyt b fHIF, B
HAERMK. NI MEHEE T Cyt b f B H &
BNERBRETIEMNEME, ¥ EKE 38% —
5P HAMEHRBRET YR ENFTEREN
CytbfH 7, WEEN T EMLSRER/IATHE
KB Cyt b SR ,{H SDS-PAGE 247 8%,k 4
FEEOD I, & & FH M E A 40— 60kD %2
EH, WEHFHEHRXEA, S M Huang % (1994)
K Hut (198, R RBRRR L, 18
B —¥R Al 2mol/L NaBr f %% B 72, B T A
RBCR(E 1), FASESERNTE, RKE T B,
RIERBRRPIE Cyt b f, HARFNELR #,
BBt RBNE 2 xR, B4 2Bk
HEHEFHHEICTRER, HEAIBEPHE
EEERE L,
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30
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14

E1 BRFIFE Cyt b fHIF 15% SDS-PAGE FE 3%
Fig. 1 15% SDS-PAGE of preparation for Cyt

be f from Bryopsis corticulans

BAEAESP NS ESEASRAK
{ERAGE Cyt b fRIBIEE, Cyt b fHRIAM TR
#5% 100—104kD , K, , 24 H 4l BF o5 100% B, #
S Cytfﬂﬁﬁﬁyq 9. 6—10nmol Cyt f/mg, F*1
GERE 8% —45% WREVIRESS,Cnt fHI&
B9 9. 9nmol Cyt f/mg, 1% B3 F bk B ik 07 B 3R 48
B8 Cyt b fEIAEE R B Cyt bef MRy =N
19.50% (F 1),

2.2 Cytb fHIRIESH

2.2.1 Cyt by ) % Bk A B4 B 1k
A LB AR P BE Cyt b S 4h i) SDS-PAGE B3,
MR LAE H, & BB 2 K I F KRR 2
Cyt f.Cyt b, \Rieske-FeS BH RT3 IV, XMW F
& 4> 31 % 34.8kD . 24.0kD, 18. 7kD k& 16.7kD,
Mk E (B 1) RTLUE S, ZBREPE Cy
bfEEBBRAE, ATHESAN Cnt bfEH
Bokty b TR LEEAWAN b-AHHYMAR

1. 2L BB P Cyt b fEBAEAEK 2. I EEA (Heme b, #1 Heme b, ) ,f W3k F&5E&H —A c-Al
®1 Cyth fHABERFTREEAUTIBINIER

Tab. 1 Variation in purity and yield of Cyt b, f during purification
C Cyt b, C

Cyt b S 145 s " onbsons mammg VEIR s w)

(nmol) (nmol) (mg)
30000¢g & .05 171.00 434. 70 2.54 79.23 2.16 100. 00
40000g B .0 5 102. 13 253.65 2.48 12.76 8.00 59.70
38% —45% Wk 33.32 67. 60 2.02 3.37 9.90 19.50

Bl 41 % (Heme f) , itk , — 58 BH) Cyt b f
Cytbs 5 Cyt fROHME N R 2: 1, L {E R & A
KEE Cyt bR ERIE, B 34 Cyt bf Y
AL FEENE NPRTLLEH, BT Cyt by B
564nm &b &) B KR W E 5 % T8 Cyt f 89 554nm
A EI R R RBIE Y ST 2.02, REAES B ik
Bt Cyt b, B Cyt f WA EK,

2.2.2  Cyt b f i B 68 % 4l i B4 2H
80% PR M ABAR FIBE Cyt borfil M P HtR B AR
¥ A8 HPLC Ei% , NP el LI, fE LB LA
3AEEMBEBLIE (4 HI7E 9.54min, 14.07min
14.38min) , ' 9.54min YE R Bk B B E B R
g 1 0 37 FF 431.6nm #1664 .4nm(H 3 E o BIFF
W) BT BRI RE oo HETHFHA/D
Ve B RENRR o (RKEERRE), &
14.07min ¥ i B 6 R 0B B g A7 4 50 R

443 .2nm F1 471.4nm;14.38min ¥ BB 6 & 5
F R 7 438.4nm M1 465.6nm A B EE BRI
W4 R FE 330.20m b — S BEH BB B, A
57 W 06 4 FE2 4R BT LA 3 M7, 7 14.07 min # 14.38 min
VR ERN ARHEE PRI T,
2.2.3 etk TIEERE M X C,o-PQH,
BTk, SR PC T 3%k, 5 B Rich %
(1986) Jt Pierre 45 (1995) fy J5 ¥ , B o4 % ¥ Xt
Cyt bofREfLE FEB M EHHAIT TR E, HH
KWK 5),1 3T Cyt b fRFAT LIAELL 73 4
BFREEBE(T3e/s),
3 iFig
FHRERRA, AT NERLREE 2
Baifl Cyt b I F BEARE S BB FTE Cyt b fHY
BR,XTESBEPIETERSBRRR X
HHEMEAHSBERAX, Bk FEN#*
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72 B ¥ 5 W & 38 %

8% 44 (49 7 500mgrt 6 %)

_—— MAIL10mmol/L Tricine-NaOH(pH 8.0)
. i 2 ¥k %
1000g® .»35min
y Y
N T e T3 253787
———= F450mITBBS[10mmol/L Tricine-NaOH
sooog%,bzomin (DH 8.0).2mol/L NaBr,O.4mol/L ﬁﬁ].
¢ W' hEBREXES
BLEw W i
B LB RMAERIM—KX2mol/L NaBrit i, 8000gH 4+20min/s M & 1 i

l/,-f FI500ml 0.15mol/L NaCl ¥ % 2% 98 {4 &
5 4 fINaBr

8000g& 4220min
|

# Ll W £ IR i
l/ FI130ml& B 30mmol/L A-OGHI HE & 1 ¥ 1
# Cythf M B4 RE | M2 1 5%
3000g® 220min
!
¢ I
F UL gk b
B M4 4 4 5 B, 60002 .01 0min
| —
# LW W HE45%—60% M T 3E (Cytbef HH &)

l —— WT5mIT,SP[30mmol/L Tris-Suc(pH 7.0),
: 1%SC,40umol/LPMSF] & #i

EES00mITSNPH K 3B 471 2hEAME 32 B Cythef 4 1 & o 0 6 M 4
'

4000g# .»50min
|

¢ Y
#LH WO AR 5 CE 446 80 Cy tbf)
A &30mmol/L 8-OGH#)20mmol/L
1/' Tricine-NaOH(pH 8.0)# Cyt bef 3
WE B H20mmol/L
BB 4 B 4 B, 6000g% L>5min

|
' Y
El £ 1 W 38%—4 5% UL U BI S SEAL IR Cyt bf 0 7

B2 BRAECy b (RAEAESBALKEREE

Fig. 2 Purification procedures of Bryopsis corticulans Cyt b, f complex
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LA NG BARTE Cn b BAEZGRN B S 73
0.20 SE Cyt by f53 78 4 4k 0 72 o R 6 T 3 1) 4 0
584 HATT V%, B £ 40—60kD MZ & K1, fER R
BREHRY L, B0 T — Y%A 2mol/L NaBr ) ¥
S AR, SRRV, XHUHERE T R OMR (A
N 1) FF 78 Cyt by f &1 (94 BE % B T 9. 9nmol Cyt
& o104 ¥ /e, FLOEBE T 100% o A T JF S B B9 3 R
/523 AifL B AR FI B Cyt bof B, Cyt bof B = R A (A
oosl ) 19.5% 5 B i Cyr bof PR AL, FRET
. j/“ 1. 5—2 f& ( Pierre et al, 1995 ; Doyle et al,1985) ,
520 540 &SO 580 600 3 TT B 1 T A 4 7 A1 O o B R U B M

3 Cyt b S By HALE IR 2 61
Fig. 3 The redox difference in spectra of Cyt b, f preparation
— 3% W B R G958 IR - I i BRE TR BN 32 R R0
B ———— YU IR iR R SR -k UL B AL O 32 R R MOt

MEMHEAEEHE % NaBr i EEBRAEAE
B o

A Cyt b fHIFIEI 4 M REREKFZM 0 T8
&k 2 /N K IR & 34.8kD, 24kD, 18. 7kD &
16. 7kD, ML &M T HBIKLEREY, C. reinha-

8624 14.07 14.38 1
£ 600.00 617.42
= .
g .
A —
¥ 431 e 465.6__ — ———
& 400.00 ’ 1438.4
337. 330.2
260.0¢> 267.6< 263.6;
0.06 e B St
| i
[
D | [
< 0.04 : : '
1
g by
& 002 : I i
| [
l I
0-00 | !\f_l“ ] ] TLA T
2.00 6.00 10.00 14.00
Y& MBS [R)/ min

4 fEARFI#E Cyt by s %I o 5 % #Y HPLC %

Fig. 4 HPLC chromatogram of pigments extracted from Bryopsis corticulans Cyt b, f preparation

rdtii J% S. obliquus Cyt b, fH#IF K 4 N EHEMHER
4T84 5124 35kD 23kD . 19kD . 16kD % 35kD .
23kD 20kD ,16KD ( Black et al,1987) ; § K ) %
W4 F & & 33kD,23kD, 20kD, 17kD ( Huang et
al,1994) ; M. laminosus ) & M4 & F 33kD.
24kD ,21kD ., 18kD; Synechosystis PCC6803 ) 3= W,
4 F &% 38kD .24kD 19kD ,15kD( Roegner et al,
1990) . HIULATLAE i, BAR BB Cyt b fIIRM
SFRBYE C. reinhardtii M1 S. obliquus ) 32 W4 F
BENEIE, HRWPHHRD,Cnt b fRHEE
STHNRRTEYEERMWERER, IR Cxt

bofIRRBLSY , B4y T AL Cyt bR P&
AALI-LSFHMHGE M1 5 FRIETF 1
4 F B B-HHE N E (Pierre et al ,1997 ;Zhang et al,
1999;Yan et al,2001) ,Cyt b, fH) BRI R FE
LB Cyt b fRESTHRERL HTHHEE
a fl 1 578 B-8 % b &K (Kurisu et al,2003 ;Stro-
ebel et al,2003) , XA HPLC 43 #r % B, 4R )
Byt b fHRIMPRIBEEENZRE a REHYE b
0T, EEHATE LB K Cyt bR, B &
ZHE Synechosystis PCC6803 iy Cyt b, f&H WKW
B MNEHNB-WE NE-4 B (Boronowsky et al,
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74 ® ¥ 5 W # 8%
0.85 ification of active cytochrome b,f complex from spinach
Fo e——1 chloroplasts. Arch Biochem. Biophys,252 :655—661
0.84} -—2 Boronowsky U,Wenk S O, Schneider D et al,2001. Isolation
of membrane protein subunits in their native state: evi-
i o dence for selective binding of chlorophyll and carote-
@ 0.82 noid to the b, subunit of the cytochrome by f complex.
§ Biochim Biophys Acta,1506 .55—66
081¢ Cramer W A Black M T, Widger W R et al,1987. Structure
0.801 and function of photosynthetic cytochrome b-c, and b f
N complex. In; Barber J ed. The light reactions. Amster-
0.78'0 05 io 5 20 dam ; Elsevier science publishers ,447—493
B )/ min Doyle M F,Yu C A,1985. Preparation and reconstitution of a

B 5 Cytb Sl THBIEH
Fig. 5 Electron transfer activity of Cyt b, f preparation
1. PC +C,PQH, +K,Fe(CN),;
2. PC+C,PQH, +K,Fe(CN), + Cyt b f

2001) , 2B Cyt b fHEIKEAY PR g-HE
b # (Zhang et al,1999;Yan et al,2001) ,3+ H &2
f1EBEAE 9-cis B9 A ( Yan et al,2001), B-H B
b4 B E WO AL T 458nm,9-cisB-BH b E
B B R Wi F 444nm 1 471nm, 54|55
14. 07min F1 14. 38min Y B K HE P EH R
W s i 37 (443.2,471. 4nm; 438. 4, 465. 6nm ) &
BARMEN. BT R, BEFIE Cyt b h ik
WHEPEARES LAV LHS MRS T
XA REFN, BRAORHAT b EHRKGE
5HREKN -\ E b ERRBGEE NEL
AL EY Cyt bof AL H T 1% 3 B 35 1
S 73e/s(ES) , K Wynn % (1988) B K
RIAKZRBE Cyt b fEITEE & th 2—10 £5, 1 Huang
%5 (1994) .Black % (1987) Kt Wl € B 33 Cyt
bof B MM T . X T8 W1 4 3 4 fb i BAR B B o
FECHOANAEENGE MALEER
R EE M, R HEAT Cyt b fE5 M 5 DI RE BT 5T B9 3
HEm,

His TEMEREBEHATE RARR
FEMRRE TS T RERE D, EBUH

2 £ x W
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ISOLATION AND PURIFICATION OF CYT b,f COMPLEX
FROM BRYOPSIS CORTICULANS

LI Bin-Xing' , MAO Da-Zhang', GAO Zhen-Pan’, LI Liang-Bi'® | KUANG Ting-Yun!®
(1. Key Laboratory of Photosynthesis and Environmental Molecular Physiology, Institute of Botany,
Chinese Academy of Sciences, Beijing 100093
2. Key Laboratory of Experimental Marine Biology, Institute of Oceanology,

Chinese Academy of Sciences, Qingdao, 266071)

Abstract As a plastoquinol-plastocyanin oxidoreductase, cytochrome b f complex plays an important role
in electron transfer and energy transduction in photosynthesis. It mediates the linear electron flow between PSII
and PSI, catalyzes the cyclic electron flow around PSI, and sets up a transmembrane proton electrochemical
potential to support energy to form ATP. In addition, cytochrome b4 f complex is also involved in the regulation
of balanced light excitation energy distribution between photosystems since its redox states governs the activa-
tion of LHCII kinase. It consists of four major subunits( Cyt f, Cyt b, Rieske iron-sulfur protein, and subunit
IV) and four small subunits(pet G, L, M, and N). Besides, about one chlorophyll ¢ molecule and one or
less than one carotenoid molecule have been found in each cytochrome byf monomer. The cytochrome b, f
complex has been purified from higher plants, freshwater green algae and cyanobacteria. However, no case has

been reported of this complex from marine green alga. In this work, the cytochrome b, f complex was purified

from a marine green alga

Bryopsis corticulans successfully by an improved method, its composition and ac-
tivity were studied in this paper.

According to the purification of spinach b, f complex, Cyt bsf was not isolated from Bryopsis corticulans
thylakoid. It was shown that most of the b, f complex has gone before last ammonium sulfate fractionations. To
solve this problem, ammonium sulfate concentration was adjusted. Although this modification was proved to be
useful, some 40—60kD extrinsic proteins still existed. To effectively remove these extrinsic proteins, 2mol/L
NaBr membrane washing was repeated after that the extrinsic proteins were removed successfully shown by
SDS-PAGE. This modified purification procedures for Bryopsis corticulans b, f complex are ; Chloroplasts were
isolated from 2kg pre-chilled fresh Bryopsis corticulans as regular way. After osmotically broken, the chloro-
plasts were resuspended in 2mol/L NaBr, 10mmol/L Tricine-NaOH(pH 8.0) , 0. 4mol sucrose and the con-
centration of chloroplasts was diluted to 1mg/ml, then centrifuged at 8000g for 20min. This step ( 2mol/L
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NaBr membrane washing) was repeated. Cytochrome b f extraction was carried out as regular way. The crude
b, f complex then precipitated by raising ammonium sulfate concentration from 45% — 60% and was resus-
pended in 30mmol/L Tis-suc ( pH 7.0), containing 1% sodium cholate. After dialyzed for 12h against
30mmol/L Tis -suc(pH 7.0) , 25mmol/L sucrose, 10mmol/L NaCl and 40 pmol/L PMSF, the protein solu-
tion was centrifuged at 40000g for Smin. the cytochrome b f pellet was resuspended to about 20 pmol/L Cyt f
in 20mmol Tricine-NaQH(pH 8.0) , containing 30mmol/L B-0G and 0. 5% sodium cholate and was subjec-
ted to further ammonium sulfate fractionations. Precipitate formed in fractions from 38% —45% was the end
product of purified cytochrome b, f. All the tests were performed at 4°C under dim light.

Using this improved method, a pure and active Cyt b, f was purified from marine green alga Bryopsis cor-
ticulas. It was shown that the purity of this complex neared 100% (9. 9nmol cyt f/mg) and its activity was
73e/s(C,,PQH,—PC) . Molecular masses of the four major polypeptides were 34. 8kD, 24kD, 18. 7kD, and
16. 7kD. The ratio of Cyt b, to Cyt f was 2. 02: 1. Besides Chl a, there are two kinds of carotenoids in this
complex and their intensity peaks were around 443.2 and 471. 4nm, 438. 4 and 465. 6nm, respectively. They
were different from the carotenoids reported in b, f complex and their absorption spectra were similar to those of

a-carotene. Ongoing investigation is in progress.
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