A C T A
AGRICULTURAE 43t R F 4R - 2015,30(2) :64-71
BOREALI-SINICA

BEZARARE ChbX EAMEZRIES AL

W le, Ea, AKX

(MR K= S AR A, B 201306)

T . WIS % R S5 Y nucCbbX 25 A 25 /8 I D 68 , MR 3 v 21 B TR 4% 2L 5 cbbX ( GenBank 5% 5.
NP_053838) Wit A REYIO s (U514, il 1k RT-PCR Jy kAR KRG IEHE Nde | Xho | BEYIN s HY5E%E ORF, JFHI{R
SPE A U TN (A A nucChbbX & T4 & B AAA + 45138 Walker-A Fl Walker-B ATP 45403/ &5 )z ATP
K f#EFFN RuBisCo 16 fUEE PEAHICA 85, JFFIARARLE 2307 2R B, 184 nucCbbX 5 H BT 5L R 4 4w 5 i1 ptChbX FZSak
ZTANB Y RsChbX 2R %3 1R 7 51 A fBL B8 Y 41K, 43 531K 37. 4% 1 36. 8% , # Lt ptCbbX 5 RsChbX HHALLEE 44 /55 K
57.6% .k RsChbX & [ HUIA S AR SE MR A AR, FIUI 2R A5 A9V nucCbbX R [ =445 N o h—4> o/ B FHLE
54 o« BBHEM S A~ BB, C ol o WHETIEA 5 A o 18E, NiE—B I nucCbbX 2 [ fhIARSE # , 38 1t
UL V42 SIS BIAG HE pET28a-chbX R R 4R AK  HF 4L E BI21 B2 52 , 378 pET28a-chbbX/BI21 T
Bk, FIFHZCHE N 1% 9 IPTC #4715 S5 , EAE A EZ AL FTE, 4 T84 50. 2 kDa, % nucChbX BLAGE
F(44.7 kDa) K, EHAHT LM difbME MG T E OS5, 9125 K518 nucCbbX & M4,

SR AT R FE N4 ChbX R 1 ik S alifk
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Prokaryotic Expression and Purification of Nulear-genomic
cbbX Gene of Saccharina japonica

XIE Wei-yi, Bl Yan-hui,ZHOU Zhi-gang
(College of Fisheries and Life Science,Shanghai Ocean University , Shanghai 201306, China)

Abstract ; Calvin-benson-bassham cycle-related enzyme ( CbbX) is regarded as red-like RuBisCo activase that
activates RuBisCo in Chromophyta. In Saccharina japonica ,cbbX gene is encoded in nuclear genome (nucchbbX) and
plastid genome (ptcbbX ). With RT-PCR, the fragment containing intact ORF of nuccbbX gene and restriction en-
zyme cutting site was amplified in this study. Multiple sequence alignment carried out for the protein sequences of
nucCbbX, ptCbbX of S. japonica and CbbX of Rhodobacter sphaeroides ( RsCbbX) revealed the predicted mature nu-
c¢CbbX contained AAA + domain, Walker-A and -B motifs and residues related to CbbX functions ( ATPase ,binding
RuBP and keeping hexamer structure stability ). The pairwise sequence similarities between nucCbbX and ptCbhbX,
nucChbX and RsCbbX were 37.4% and 36. 8% . While the similarity between ptCbbX and RsCbbX was relatively
high 57.6% . The predicted 3D structure of nucCbbX contained three subdomains which were N-terminal extension
consisting of one a-helix, o/ subdomain containing 5 a-helixs and 5 B-foldes,and C-terminal 5-helix bundle sub-
domain. For further study the crystal structure of nucCbbX,the target fragment was then successfully subcloned into
the express vector pET28a and was expressed in E. coli BL21 (DE3) induced with 1% IPTG. The result of SDS-
PAGE showed that the fusion protein expressed mainly in the form of inclusion bodies with molecular weight of 50. 2
kDa which is greater than that of nucCbbX mature protein 44.7 kDa. The fusion proteins were purified after being
denatured by urea. And the purified proteins were proven that they could be used in protein crystallization after re-

naturation.
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axais (Saccharina Jjaponica ) B E FE R
B, RGP G AR 70% DL R g
Z T LARETE D A5 B R TR, 2 T HAA S
HOEE AR RCR BT R B RE TN H, 36 Ross
S Ve S R G S VR AR 6% ~
8% i ThiHAEY) (1.8% ~2.2% ) . D34, Shlik
CA HWARLL T3 18 7 A A BRI ] 9, 9 o
FEEAGA 15 000 g/m’ (FH24F 150 v/hm®) , & H
BORAF Y 2.8 A (BEBTREZY 95 v/hm?) P
YRGB FHRCR TR th TR S R B
A LB R R RS -1, 5-— W B2 R 1b/ i % ( RuBi-
sCo) , B 5 P A= SE A 1 48 38 75 RuBisCo AH L,
HATRE ) CO,/ 0, IR T

RuBisCo J&)A VR T Y O B il , 7 H A AL AR ]
F,CO, SEEAME-1,5- "W (RuBP) A A S
AP FRY 3R H R , S BTG HLER 1Y & E . 5
J&,RuBisCo HA &Gk A EA #ikEe )1, HAT
CUESE 209 | = SF AR S 2k (0 3 2R P B fE 7E RuBi-
sCo 16 TL I, ENM1/E T AAA + ( ATPase associated
with various cellular activities) 7 [1'°~7) . 3l o i {4
ZERY P HTIE S, ChbX 2 2% (B R A £1 B B RuBisCo
(GG (R BRPE FILEE AT A, i 2
Zu a2 —Ff, o CbbX )& F 2038 RuBisCo
PTG AL , (H G TFH ChbbX & A MR D, H ATl
HEEH BA IS cbbX FEIH, 43 00 T A% KL R 2H (nu-
ccbbX ) FFUAAR KL R 2H ( ptebbX ) , LA K nucchbX FE A
HATME MR TR 25 5 3RR M RR IR L ARBIFSE LA
BRET 20 A ( Rhodobacter sphaeroides ) i CbbX & M &
PRGERE SR, i AR 015 R4 7 43 Frialy nue-
CbbX 2 F By =itk 1, T JFA Rk S 2k
ARAF AT T 45 5 9 F 20 A nueCbbX EE T,
WIHARZE nucChbX 145 i B, g6 45 34 A B
THE BRI ChbX FE 1 1 0 40 i 5 oz, it A
4544 \RuBisCo JBI1E FHHLE , I f 28 45 78 T3
G AR AR AL A S s T e A VR R
FRRAE

1A

1.1 BHERFEES

FEARIE M L") 7E PES 5537 3 oh 43 i8S 7%
VT ME HET AR, ERARKEEFR AR E R
(17+1) C 65N 40 pmol/(m® -s) G I N
16 h/d, FIH Philips HAIZE AT E 4L A @R

1.2 RNA ZEFIRER

FIFH RNAiso 7 ( TaKaRa) #& B R RNA, 2R
JG I DNase I 7£37 °CX%f.4L RNA 4bFH 30 min, )
BRZEFEHZH DNA, FE A 1 pL 25 mmol/L EDTA,
65 CALFE 10 min PAK % DNase 1, #i)5E - 80 C
TAEEH

DL H5 BE 7K B RNA SN B K, 1 JH] Prime-
Script ™ RT i #] £ ( TaKaRa ) #£17 ¢DNA 2% — 4 &
Mo 10 wL AR Z 2 wL 5 x PrimeScript™ 28 #
7.0.5 wL PrimeScript™ RT BHEAW 1 0.5 pL Ol-
igo dT 5% (50 pmol/L) 0.5 wL BEHLFIH (100
pmol/L) & RNA 150 ng S JC RNase 1Y dH,0 ZHAL,
S RUNAE 37 CUE 15 min, R)5 85 CHUL S s
AR o SR - 20 CORFE
1.3 BMERERE

ARV e T nucchbX FE[H ( GenBank % 5%
5 NP_053838) WY F 5N 1TS54, Fl T3 52 & Y
ORF, 3 51 A ¥ 467 &5, FF 5 @ F, Nucl; 5'-te
CATATGAAGGCAGCAGCGATG-3'Fl Nuc2 :5'-cgCTG
CAGAGCAACGATAGCGTCAAGC-3" (/N5 F4E {4
PRI, QIR N Nde T F Xho T FOUBEEIN ) o
I A T A TRA A ES R, DL
cDNA 55— AR 1T PCR [,

25 pL AR R A14E 10 x PCR ZE 0P 2.5 plL,
dNTP (2.5 mmol/L) 2 pL,Mg>* (25 mmol/L) 1.5
wL, Taq (5 U/wL)0.25 wL, IE[5 149 (25 wmol/L)
1 wL, IA151H (25 wmol/L)1 pL, itk 1 pL, K
&K 15.75 uL, PCR KW 4c 4. 94 °C i A %
5 min;35 MEFRALHE 94 C 7251k 30 5,55 C Bk
30 5,72 CHEH 2 min; fe)5 72 CHEfH 10 min, PCR
FEY A AR G R pMD19-T 84K b | R Jim % e
16 F 16 E. coli DH5 o, 14 1 K77 126 BH 1 5 B, E 477
7% PCR KGN, 8K J5 4700 13 45 5
1.4 E£WMEEESR
1.4.1 73 nucchbX FERBYFF 508 M NCBI
(http ://www. ncbi. nlm. nih. gov) B9 % 26 H T 2%
Y nucCbbX , ptCbbX FIZEBRZI 414 RsChbX & H Y
I MR T 5] ( GenBank % 5% 5. ADG62366. 1,
AFC40130. 1 1 AAC44827. 1) , %Rk J5 #I ] CLUSTAL
X1. 8 B Sk 3 AR S8R 7 51 HE AT L
XiF, T X 45 5 ] BioEdit k4 318K (¥
S , FIIH GeneDoc B4 HEAT FF IR ST X 43
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BT, SingalP3. 0 R 4: 0 A5 5 ik, A FH 190 45 IR 45
#% PROSITE 23 i nucCbbX 2 [ 093 RESS 38,
1.4.2 1§47 nucCbbX & W23 R Z5H B i
7 nucChbX # [ 7 41| 4 32 0[5 48 R 27 7 T2 B
WM BN 4R Y 3D-PSSM IR %5 281 3B T
1D-3D JEHE 456 R E AT &R
SIFITRI | 75 )% 4 nucCbbX Y 3D 45H, RsCbbX
FIRZER) R 3 PDB 40 2 (hitp : //www. resb. Org/
pdb) o i Pymol K44 I 1hi T A A nuc-
ChbX 4544 1848 4 b RsChbX B 1y 4540 HE AT B
£ HRYE RsCbbX i) ATP 454 1 5 & ATPase FI
Rubisco {5 T B AR A7 5 1 23 (RIS &, B3l ik ay
nucChbX FHAH I Z B R 19 25 (B0
1.5 ERZREHEHEFEE

FIH oA B B0 ) & (SEFE S A H] ) 4R
pMD19T-cbbX H4H FTkL, Hf I A% %3k kL pET28a
(S E A=) e 4 R pMD19T-cbbX 43 51 H
Nde 1 1 Xho 1 FgY), EInli H /) F B, il it T4 %
P21 (TaKaRa) 16 °C 3 #3 00, 54018 £ E. coli
DHS o, W5 FABE L FHPE ek 1 Bk H R & (3
TSN SEIBUTORL SR 5 EA TR AN P45
1.6 E#ZREZEEWNIFESMON
1.6.1 JFEFRIXEAMIES 250 W EHE E
%) B 20 5 KE pET28a-chbX %% 4k BL21 ( DE3 ) J&
AN (B RR TR A R ) U ARk A T
PHPEEEZH TR, PREHME S sa PRl T 3 mL Uk By
100 mg/L RARTFE W LB ;724 37 CE %R
W, UH P 1100 R LRG3 & RIRBE /Y LB
R 37 CHRG 3R 2 0D} 0.6 I, il IPTG
AW J 1.0 mmol/L,37 CUKLEREF 0.5,1,
1.5,2 h Ja B A,
1.6.2 JEERIEEATEEEE 4 pET28a-cb-
bX/BI21 HARAY IAE 37,14 CiESFIEF, £ 1 mL
BT SET 1.5 mL B0, B0 S min, YLHEH
PBS(pH fH 7. 4) B T%, R FH ¥k ok m o o 14 )
4 C A 20 000 r/min B .L> 10 min, 73 B 4E |
THAULYE, UOUE R PBS &, BOKIE S 1 7k 2L i
W5 R AR R W DTTE F R R4S 20 L,
e 1:1 BBl A 2 x 5879 M Tk i 58 1 B, 9k ( SDA-
PAGE) b FE 22 ik, /K & W 10 min, #F17 12%
SDS-PAGE HLUK ., 58 PR IO i s >R FH 2% 5 7 4 W 12
AT,
1.7 BEFEANAESHLEEN
1.7.1 ARIRR Sl &gt 37 C &M N R
W R 1 mmol/L Y TPTG 5% 4 L FAL I, 10 000

r/min B OUCEE AR, £ 500 mL B S 10 T 1A
F50 mL P28 npil B, AT VKIS | 2 RS o
AFEEF, A 500 wL PMSF, 10 000 r/min &.0> 20
min, JTLVE B AL A AL TR TTTE 4351 H 2 mol/L
JRZ .50 mmol/L Tris-HCI 1 2 mol/L £ i WK% %% ,
H1 8 mol/L JRZEFE WM 2 h J5,10 000 r/min 5.0
20 min, |3 BI o0 He e 4l £ AR PE B B B TR
Bt BRI CE A )84 ( GE Ni Sepharose 6 Fast
Flow) , 5 A & 10 mmol/L WK fit 175 fife Ui , 4k &2
A 2 RO AR | DK BE L e H & T, 4300l
WAL VR 58 T % 1 Wi W, SDS-PAGE #6025 47 H i &
FI TR R, W B 4l B 959% LA E R Ve, & )5
JnA PMSF 45,
1.7.2 HWEANEMN R Faife)sny2e v
HE AWK E T ENZ R EES h, B S
FEEEWR AL A 1:10, Z )5 H 20 mmol/L Tris-
HCI(pH {f 8.0) & Hr 2 ¥, 10 000 r/min 7 L» 20
min, W EIFH A E R R ER, WERER,
¥ EVE WA 10 kDa #8 38 25045, 12 000 t/min,
4 CEHMT B O, B 20 min (5T WS 4k
W2 A 66 BE 1 280 nm A5 2 1k R 20
mg/mL B, 43%% 10 wL & PCR &, —80 CI#AF,
1.8 ELH4E&H

1 24 FLAWVIARA KA FLIY i 25 ik b s LA ik
B HU 1.5 L I v T il P — W R Sk etk
GF RSB TP ] i SRR U W (AR K
P P I A BUR E) TRA ) TESLIN A
AHREDTVE R 500 WL, K 35 3% Fr (51411 78 fh i A= K AR AL
b R R W R E AR R A KR E T
16 CHEFRAR 5 W T AR

2 R G

2.1 PCR &3R5 nucchbX EE ORF £ K575

DL B R cDNA A #HR, | Nucl , Nuc2
I T PCR 438 [N 7= W) 28 1% B As B e i v
WGk — ARG BN (E 1) iR
BRI FRTPE, PCR P29 4 v b P APk,
FASERHT BE T4 nucebbX F:K ORF K75, HH
5'F1 3353 A Nde 1 F1 Xho 1 BYBEFEIN 15,
2.2 B nucCbbX EAF TN

& 2 45 nucCbbX | ptChbX Fl 2 Bk 21 41 14
RsCbbX &R e 51 X 45 51 . 2 50 A 4B B 43
Hr#&W], nucCbbX 5 ptCbbX F RsCbbX [1AHBLJE 1
B, 735K 37. 4% F136. 8% , 1fij ptCbbX 5 RsCbbX
HAALBE B 1 M 57 . 6% o7 - IR TUIN 1 AF Singal P3. 0
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1 281 bp

1. Nucl \Nuc2 5|#)3R#5H9 PCR F=# K
M. DL2000 ffJ DNA 43 F bzt .
1. The RT-PCR products with Nucl ,Nuc2 as primers;
M. DI2000 molecular weight Marker.

1 RT-PCR ¥ &= 4 i Rk B i
Fig.1 RT-PCR products stained with ethidium

bromide and run on 1% agarose gels

ST A A 7R nucChbX & 19 2 BEPR K B 1Y it
AT RN 4 D2 BERR A B2 Y SRR SR ik, 451
Sl TN 235 SR AR ST 2 SRR A3 A 45 SR s R
HEA AAA + 45H 18 (176 Asn ~ 312 Phe), BT
AAA + B, H 4 Walker-A (183 Thr ~190 Lys) |
Walker-B (242 Gly ~247 Asp) 45 ik, ATP &5 4 iz
F1(184 Gly ~191Thr,246 Val 286 Gly) FlfG 14 AH
KAif 5 (158 Ala 224 Tyr 233 Lys 304 Arg 308 His,
349 Arg 363 Asn 367 Arg 1373 Ala) ,

K 3-A ZVEH nucCbbX & [ I ) = 2% 45 44
B, AT DR HH =50 N idh T 131 cly,JL

100

T 404 Gln, 1fij 24 Phe ~ 130 Glu #1405 Val ~424 Ala
H T RsChbX AH I 2 FE R ToAH AL (FE 2) , il
A TR A R 45 R (181 3-C) o 5 RsCbbX 45H925 1,
17 nucChbX Y = G025 A4t /2 i =38 5348 B, 53 31)
J& N B X (131 Gly ~ 144 Val) Lo/B T30 (145
Gly ~316 Thr) Fl C ¥ ) o $2J5EF 3K (317 Asp ~ 404
Gln) , Hrp N RX &A1 4 o g o/p FEE
A5 a BHEM S 1 B &, Walker-A i1 T o3 I,
Walker-B {7 F B2 ;o MRHETFIEH 5 A4 o BRiE,

&l 3-B FE 3-D 4351 445 nucCbbX F1 RsCh-
bX I AT BEAR 5 (ATPase . 454 RuBP {345 CbbX
ANEIRRLE R E ) BIERR 4> T 1 25 [ 43 A, FE T
Kl 2 PRAFEERR M 245 5, RsChbX Y5 CbbX 75
RARHY S5 A B4 E A 54 1 48 Ala F1 263 Ala, 5 AT-
Pase WG VEA JCAHY 114 Tyr #1123 Lys, 5 RuBP 454
AN 194 Arg £ 198 His 15 BEARST | 43500 %F B 16
7 nucCbbX fY 158 Ala £l 373 Ala, 224 Tyr F1 233
Lys,304 Arg 11308 His; Ifii RsCbbX 53 4h—2%5 4 i
FRAR S 7 1Y & LR 239 Arg 250 Ser.253 Asn 257
Arg 261 Arg A 3 ML 239 Arg 253 Asn Fll 257
Arg PRSE, 405X FHF nucCbbX (1) 349 Arg 363
Asn 1367 Arg, i 5340 2 AN 15, 250 Ser 1261 Arg
TEHER nueCbbX H kA28 R

120 140 160

ptCbbX
nueChbX : ¥
RsCbbX ¢

200

IrelarfrriEusye

IR COIMORMEYCR
AgacIurIfevvRE
M L G

ptCbhbX . [
nucCbbX : (8§
RsCbbX : IE&"

ptCbbX . -fR=n L::Q QFSEE -pan.
nucCbbX : RIS ARDLEMFMODSELAVEE
RsCobX ¢ EHERG: L::Q "b- TPERETALRA

420
ptChbX :i:rr—,——ssvr ———————————— SL--

l.."![]l"

nucCbbX : FQVLLDELLEYEAIGELDAIVA—-—
RsCbbX EIRA--SRVFEGGLCDSERRAREARLAR

360
RE! S s
1K TVEN A
RN i S B
F F NAR RN
— A

280

—————— DSGEGRVLTEAIGVIITD
VENCAIIATGAGGMVSERIMAVITD
—————— TRASSGPLDARMESTMAE

L

TR, BRSSO G i 12 K 37 k. BUAAE 5 IRBE DAL 15
TrHE. Walker-A Fil Walker-B; # . ATP 4550051 ; A PRSP I AEARALE s A RSP IIREALA
Line. The putative signal peptide targeting the plastid and chloroplast transit peptides ; Arrow. Enzyme digestion site;
Boxes. The Walker-A and-B ATP-binding motifs; * . ATP-binding site; A. The conserved residue required for
normal activase function; A. Sulphate binding residue mutant.

2 R nucCbbX E A FE 544

Fig.2 Sequence analysis of CbbX protein encoded by nuclear genome of S. japonica
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N
AL nucChbX 2 1 =AML N SR IX. al;0/B T o2 ~ a6 F1 B ~ BS ;0 BIEF I o7 ~ all50/B FHIR G K ISIKIK K Walker-A
Hl Walker-B; B. ¥ nucChbX HIREH AL i M BB AR B9 45 & AL (25 18] 53 A, & S B RR 431 IR R 454 175 5 CL ¥ nueCbbX T A9 = 9%
4595 RsChbX 2K [ BRI I 23 1R T, B3k M R T & (0 2L X 3 ; D. RsChbX T REM A7 41 KB FRAR B 45 & LA 43 A1 40 A1, 4% R IR
S3F MBS R

A. The predicted 3D structure of S. japonica nucCbbX: N-terminal extension. al ; The o/ subdomain; a2 ~ a6 and B1 ~ 35;The a-helical subdomain.
o7 —all;The Walker-A and -B motifs are shown in dark ; B. The spatial distribution of the conserved residues required for normal activase function as well
as residues binding sulphate in nucCbbX of S. japonica ,they are shown in ball-and-stick form; C. Comparison of 3D structures of S. japonica nucCbbX and
RsCbbX monomer , arrows indicate structures not overlapped; D. The spatial distribution of the residues required for normal activase function as well as res-
idues binding sulphate in RsChbX.

B 3 #E%H# nucCbbX EH 5 RsCbbX FEH BT LML

Fig.3 Comparison of the predicted 3D structure of S. japonica nucCbbX and RsCbbX monomer structure

2.3 EBRFRERMOHEREARNMNET

P E A% FR Ik TR pET28a FIE 20 JFik: pMD-cbbX
S3HIH Nde T F1 Xho 1 XU, i G 22 , 44 4
W 4] R ORL pET28a-chbX, pET28a-chbX %%
DH5 o, # FBEG 18 FH 4 o B, ) P BoRE 32 G 7h) &
(SCABSEN R ) $EHUTORL, U] B e B, 41
R ok T YT H R/ 1269 bp (946 AR Bt
(B 4) s ib—2 M R0 B AL Rk ok cbbX
SEPR P 3 A 58 48 HLISE AR HE IE BV A A0, 26 B A%
TG I e TS nucebbX W JRAZ Fe TR kT
2.4 BHAFAMNRZFIEFMG4WL

¥ pET28a-cbbX Ak E. coli BL21 J&Z A 4M,
37 CZ IPTG 155 0.5,1,1.5,2 h, B .U CEE T R4
SDS-PAGE Z3#r, HETK 45 3R (& 5-A) WoR, BEE 5

A PRI ZE S, T 20 A 1 Y Rk s W i, T i

W AES 5RIEMTWETIA T RHE R %, &

HE A 452 MNMEIERAN, 7 F 729 50. 2 kDa, K

T nucCbbX M 15> (44.7 kDa) , B 51T
M 1

5 500 bp

1 000 bp —=1 269 bp

M. Marker IV 43FitARif; 1. SESTIHY pET28a-cbbX AR KA,
M. Marker 1V ;1. Digested recombinant protein expression vector.
B4 BHERIEHE pET28a-chbX WERYIH K EELER
Fig.4 Electrophoresis pattern of restriction enzyme-digested
recombinant protein pET28a-cbbX expression vector
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1) T 20 2 1 o R/ I3, TR A7 3 1 R R ) 3%
HEMAEARK,

Wk 37,14 °C IPTG R RIN G MEAR, &
22 AR 4 °C .20 000 r/min B0, 43 B H B
T MULIE#E 4T SDS-PAGE HiJk, & ¥ 37,14 C 4
PF R T 00 T AL AR Y 32 DA TR R Y T A

s Bl EREEE N ES, HAR RS
Baif, 756,37 CHAM T HEAEARBLEMNS
T 14 C (K 5-B),

Ni Sepharose 6 Fast Flow #li{b [a] Wt % 1) SDS-
PAGE HLIK&5 & B, 78 50. 2 kDa AbA5 — 4 WA 8. 4%
i (& 5-C) Al H RS PR Sl 95% Aifq

M. R T ihn i s AL T4 B (O )5 SR ) 5 Fak % . 1. BAPEXT IR ;2 ~ 5. 9 36345 0.5,1,1.5,2 h; B. SDS-PAGE 434 5 41 & 1 A 7 it

PE 1 FAIPEXT IR 2 45,37 Cif ' 3RIA Y H 4 R UE B B GBS AR 2.0 5 1 IS FIDINE;3,6,7. 14 CIEFR AN HELA DB E 5 RO
J5 B9 B3 FIYUTE ; C. SDS-PAGE 343 B 25 1 ALRE . 1. BIPEXT I 2. Feak Tl P 24 ;3. alifbi B A

M. Protein molecular weight Marker; A. Expression profile of recombinant nucChbX in E. coli with different time ;1. Control ;2 ~5. Expression of recombi-
nant bacteria at 0.5,1,1.5,2 h post induction respectively ; B. SDS-PAGE analysis of the solubility of the recombinant nucchbX in E. coli:1. Control;2 ,4,
5. Total protein,supernatant and precipitation of supersonic lysates of recombinant bacteria induced at 37 °C ;3,6,7. Total protein , supernatant and precipi-
tation of supersonic lysates of recombinant bacteria induced at 14 °C ;C. SDS-PAGE analysis of the purified recombinant CbbX ;1. Control ;2. Total protein ;
3. The purified recombinant CbbX.

B 5 EZHEH SDS-PAGE B
Fig.5 SDS-PAGE of recombinant nucCbbX proteins

2.5 BEARE&

i FH| Crystal Screen i3] &5 Al Crystal Screen 2 i
F &1 96 LHIRFAINT 2 S S EA T | 45 SR A A
0.01 mol/L 444L45 .0. 1 mol/L EAZ4M pH 15 4. 6.
30% MPD % 30% PEG400 4511 T , BE 4125 15 21 1
a7 nueCbbX 2 1 A (1 6) | T 7E HAB A5 4 T
SELTC SO AR 3 B B HUTTE A, B LA &
PEEAF I E W T U TR A RS &, %
R R ARIE BT A%, (R IR I HES I AN 55, 7E
T Ik AT o AR R A A, R AN B 2R R A
W 5, H T v T AR A i 0 Y A e Sk
T 00 Ao R Y U R Ve B pHL A TR AR AT
g AL, DU 3R A 5 BT & 1Y 4 nucCbbX
T SR G XS 2R A S R o E
o T = 4E 454,

B 6 #iFE2IHES nucCbbX EH R
Fig.6 Crystal of S. japonica nucleus-encoded CbbX

3 itk

LB BB | cbbX FE R 5 [R5 F A 3
L1 rbel F rbeS & PIE B rbeL-rbeS-cbbX FE X
T TERARMILT ¥ Cyanidioschyzon merolae HY |5
FARTERI A cbbX b, A —A cbbX e PRI T 4% Kk
A, B4t ChbX & H & A iR (s 5 Ik, 5
H A% i) ChbX & [ e &t e for T i i {02
X 2 SRR ChbX M RUE AR, K 50.9% 7
5 C. merolae #[R] B3 Guillardia theta ™, EF 2
A cbbX FEPR 53 55 T J5T AR B D 2 FIA% Bk TR 4 v
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