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AL ZI SRR Z T A R LER
BCCP T ERMERETESREDH

(LRI A K 5 A A B B 201306)

E: W THRTEAN KT 2 K ELENEHER (ArA) &R 5 R E W H v, ® T cDNA
Komk#EY 3 (RACE) g it H 4 5l AT R % FX(RT)-PCR ¥ ¥ , w2 T HBZEF M
BB H B ARNE (ACCase) W2 NAEM X AR LR K ZA(BCCP)WEREF7, HF
MiBCCP1 # [ # ¢cDNA 7 7| K 1 267 bp, & & & 5'-F & & X (UTR) Kk 44 bp,3'-UTR K
524 bp, I # 17 3 4E (ORF) K 699 bp, %% 4 232 N & KB & 7 45 N A E B F 7] 0y f &k
EALAE T IR M A & AL FE A K 20 ku, MiBCCP2 3 F #) ORF K 789 bp, % 4 263
NEHEBRIFGHAINAEBRN T ZRELEE R, BNRAAZTELTFTEA N 22 ku, £ H
REWGZEDRBEMMLAE, SEEXE(N)OHENRLXBETENSBET2 AT REB 2
F(HHEEHN100), XA FEEREF(RT)-PCRERQMX2ANELEANEAE, ERED
TLEANKAEBERLGT, CINNEAEZESLETATRERL TR, AT XA
WNHGRTBRONKREREN A THRENLES, £ RENAIALCEERERLAHTY
D R EIN MR P B A ACCase x{ 8k 2| 4 4 % ArA b K S M EREFEEE W
& Rl o

KEIR: ALK E; LB ARLE;, £ FAREHAEZG(BCCP); aflk; +EEXR

# 3 PCR
RESFES: Q785; S917.3

L BEH S A R 1L (acetyl-CoA carboxylase,
ACCase,EC6.4.1.2) & —Fli LY R 45 G50, ©
1k &1 CoA F1 CO, A= JH N TR Bt CoA, N G Il
T2 9 NSk 5 0 D K B s I IR 1) S K i — ke
fir "' DRk, ACCase ff 1k 9 5 1k J5 I8 A A S Mg
07 R N K B IR IA AR 1 B — 20 B, L IR T R &
I A B S PR A R TR I R o R O
NGl i 7R ol 7 I N A 3 o A - R
ACCase 4y 5 5 J5i I ( heteromeric ) F1 [A] Jfi %!
(homomeric) W25, R Al ACCase AW ER
AL ifF ( biotin carboxylase , BC) A4 ¥ & R L 4 (A 15

[ ( biotin carboxyl carrier protein, BCCP) ,a-Fl B-

R ILHE T4 W ( carboxyltransferase , CT ) 45 4 4~ 4k

%5 B #5 :2014-02-05 &[5 B #§ :2014-04-08

NEFRER A

N Z WG A, o, BCCP i 2 % £
ity 52 5 1A FL At 3 A I BE A A 2, 4 T SR ) T AR
Hiiy ACCase HIZ X FhZe A, [ Jii 8 ACCase &
— % Z K5, 4% & BC.BCCP Ll ¢ a-CT FiI B-
CT 4 > RE 8L, K2 B W M 5o i )
ACCase J& Tix—m

WF9% 3% B, ACCase 3 P4 04 3 N 78 Cyclotella
cryptica WU HREAS L BT SR . e A G R
SR B FE Chlorella zofingienesis B, Liu %87 % 31
KNG D7 R K R 5 i R 3 5 g i BC 2 AR
Fegan ERE IEAHIE, fE Chlorella sorokiniana
REE MR EW b, K4t B-CT H ik
accD FHE st 0 5 3 G A R R R %

FENE WK A RFAH 4 (31172389) 5 (1 5KV Jm) I FE AR BB VR % T (SHME2011SWO02 ) 5 | 36 5 15 1 PR 2% — it 2 R 2 00 H
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796 Ko

¥ 38 %

W€ (Spinacia oleracea) %i 5. ( Pisum sativum ) 2
T A W R R B JE CoA i 5T B, ACCase
T W R R A A R W, B,
ACCase [ 55 [F 6 s it TG M M g 5 == 500\ 02
5 5 2R A A b A S R B T B TR AR AR

ik %) 2% 4 3 ( Myrmecia incisa Reisigl) J§ T
Zx ¥ 11 ( Chlorophyta ), 3t Bk 3 %
( Trebouxiophyceae ) , & — F k& 7K B 41 ity 38 2%,
TR &K HE 2 AR R T R A6 A 1Y 96 IR
(arachidonic acid, ArA) , L HERIVIRESH T,
ArA F AR EER T E R 7% , 2 AE B A R AR
PET A 3.7 A5 o 8 2 Bl 220 2 S 3 49 G U PR 4
B B IVRAE TR an T ST B R 7 ok A L
7% (Arabidopsis thaliana) WRF 58345 " 48 1, H
20 Jf ) R 45 A P SE i 5 B iR ACCase 1Y
BCCP W5 25 &, T 58 36T g 105 B8 4 1 1 9
¥ o B4, W 20 k% g R A A LE X Rl A 5 AL
il 7 WAK, b %) 2t BCCP L 1 v B Je 1.
FRAE & AT L e A 5 — 20 . At 7E Bk
ZIG 8B R LR R R A R R AT
ao v 38 A S 2 AR A 2 4% G i BCCP I J&
f#) contig J5* 51 JEAiki |, 7 S5 F) H] cDNA A sty PR
i & £ A (rapid amplification of ¢cDNA ends,
RACE) 3 B I L BUX 2 > BCCP LA 1Y 7 51,
HHE ) Bk 21 2% 2 1 it KA AE 2 > BCCP W &k
SR 5 A E B PCR 20 A7 78 ULk 55 5 % 25 1
T, B2 S g b X 2 A DR A SR i R R A T
Blo Rk — 25 BT A YL AR oy XoF Bl 2 2k 2 B
ArA G BT AR WA Y 43 5 LI 5 B8 E B

LR Tk

1.1 EMEER

B 2 Gk St ok A AT A A PR A R B SR
A 0> ( Culture collection of algae of Charles
University of Prague, CAUP) , i % 55 2% 5K il 5t
HAZIT

Fo SR T BG-11 ik B R 2 7125 C
A1 115 wmol quanta/(m® - s) [ BRI 752 46 v 1%
Fr GO IR 14 he JBRIE 10 h, 4 KA E 1 3
R, HREBBUERKD,4 CF 5500 r/min 5
O 10 min, W HE e 40 T, KT 25 85 1 /K BE R IR
I eg 0 W g, o7 B B RNA 8 T W A R

-80 CHAF# .
1.2 2 RNARHERERER

Z: I8 TRIzol i 7 & (Invitrogen ) 2 7% i W] 45
AR B %) 25 43 9 19 24 RNA, #% 1 SMART RACE
cDNA 4" 54 J2 )i 1 77 £ ( Clontech ) fdi I $E 8, 73
B B 5 43 i 57 A 3'-RACE $4 R T 7 1) cDNA
% —#E. H,5'-RACE fir %5 i) cDNA 55— it
LA AL B RNA (300 ng/pnL) 3 pL,5'-CDS
primer A 1 pL,SMARTII A Oligo 1 uL, il A 200
pL EP 4 B0 A ROV RS 70 CHEE 2 min, &
FTok 2 ming 7832 SR IS x First-
Strand Buffer 2 pL \DTT(20 mmol/L)1 uL .dNTP
Mix (10 mmol/L ) 1 uL & MMLV Reverse
Transcriptase 1 pL, B0 %EE 42 CEEF 1.5 h
J5 , A 100 pL Tricine-EDTA #i #%,72 CHH 7
min PLZE . 3'-RACE JiF 5 i cDNA 2 — 4
B R SR & B S Sf A B2 A ] 5'-RACE, A
5 ¥ech 3'-CDS primer A,

1.3 BCCP EFER cDNA £ KF I =&

A 9 R AT I ol 20 2k S e e Y
s b, &7 5 L X ik B 2 5% AT RE S e A
BCCP i J& 1y 3 I 5 % ( contig22797 Fi
contigl0579) . H tp 4R & contig22797 JF % i i
Primer 5.0 # {4 1% it 5'-RACE 5|4 BCCP1-5 i
3’-RACE 5|4 BCCP1-3 J BCCP1-3N H [ ¥ I#
Fl¥(F£ 1), BIE contigl0579 51, ki BCCP2
IR Y 3 51 %) BCCP2-F (£ 1) 5 2 % 3K 14 A ¥
reinhardtii ) . B ( Volvox
carteri f. nagariensis) & % 7% /NEKR 3 ( Chlorella
variabilis) T () BCCP & 3L 8 )7 %1 ( GenBank 2
S 2 4y W %y EDP09857. 1. EFJ45055. 1 %
EFN53301. 1) , Jf i 48 ik 2] Zx & i 104 2% 05+ 5 ]
(i Bk e I i B £ 9 51 ) BCCP2-R (3%
1), A9 BCCP2 FEIH ¥ 4 5 )7 51

25 uwL BCCP1 5'-RACE f PCR )z Jij 1k % .
PCR #¢/K 17 nL, 10 x Advantage 2 PCR 2% i i
2.5 uL,dNTPs(10 mmol/L)0.5 wL,BCCP1-5 7]
¥ (10 pmol/L)0.5 pL,10 x UPM 2.5 pL,5'-
RACE ¢DNA 1.5 uL,50 x Advantage 2 & & fiff i
AW 0.5 L, AT :94 T84 5 min;94 C
A5 PE 30 5,64 Tl k 30 s,72 CHEf# 1 min,35 4~
PR ;72 CHEH 5 min,

( Chlamydomonas
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F1 KXHARAEHRN PCRIIMEHEFT

Tab.1 Sequences of the primers employed in the present research
519 741 J5EB:S

primer name primer sequence usage
BCCPI1-F 5'-ATGCAGCCCCACCTCGCT-3’ BCCP1 ORF §"1# amplication
BCCPI1-R 5'-TCAGGGCTTGATGATCAT-3’ BCCP1 ORF §"1# amplication
BCCP1-5 5'-GTCAACTCCTCAAAGTCCAACGGGT-3’ BCCP1 5'-RACE 5| %y primer
BCCP1-3 5'-CGGGAGAGGGCAACGGTGTAC-3’ BCCPI1 3’-RACE 5|4 primer
BCCP1-3N 5'-CCTCCGCAGCAGTATGCACAAGCCC-3’ BCCP1 3’-RACE #3( 5|4 nested primer
BCCP2-F 5-ATGGTCGCTTTGCAAGCG-3' BCCP2 %i#i% J¥ %1 4% amplication
BCCP2-R 5'.GCGTACTTGCTRTCSCCGAT-3’ BCCP2 %ifi% J¥ %1 ¥ 4% amplication
BCCPI1-QF 5'-CGGGAGAGGGCAACGGTG-3’ BCCP1 (¢ # 5|4 semiquantitative
BCCP1-QR 5'-GGTGCACTGGGAGCCGCT-3’ BCCPI (¢ # 5|4 semiquantitative
BCCP2-QF 5'-GCCTTCCTGGTCTATCCG-3’ BCCP2 (¢ # 5| ¥ semiquantitative
BCCP2-QR 5'-CGCAAGATGCCGACCTTG-3' BCCP2 (¢ # 5|4 semiquantitative
GAPDH-F 5'-CACAGCAGACAGCCACAACGA-3’ E RN Z 5|4 semiquantitative reference
GAPDH-R 5'-TCAGCACAGACTTCCAGCACG-3’ E RN Z 5|4 semiquantitative reference

25 pL BCCP1 3'-RACE [ i fk & A | [l
5'-RACE, {\ K 51 ) AR 43 53] 2 it BCCP1-3 (3
1) J2 3'-RACE c¢DNA, i #& )7 k4 b [ 5'-
RACE,{H i1 F 3'-RACE ¥ # i F § 5 PCR, % —
G B R 20 4>, PLEiR PCR KR P24 1 pL
g H , NUP Fil BCCP1-3N (10 wmol/L) 3} 8| ¥
PEATE Ry 1 94 C A8 M 30 5,63.7 TRk
45 5,72 C #Eff 2 min,25 G ;72 C4Efif1 5
min, 4 BCCP1 3£ [H RACE ¥ 34 3t §f 4 J5 15
F[f) cDNA 2K, 75l it b T iEs| # BCCPL-F
A1 BCCP1-R (% 1) #4T ORF J¥ 3401k

i F§ Tag PCR Mastermix i 7 & (4t 57 K AR
A AR A B2 ] ) 9 F| H BCCP2-F , BCCP2-R
I (£ 1) P 1445 5] BCCP2 5L A 1) G
50, 25 pl iy R {K & : 10 x PCR 28 i il
12.5 pL. E FHE51 49 (10 pmol/L) £ 1.0 pL . J%
#:5% cDNA 1.0 uL K TCHE7K 9.5 pL, PCR T
TR .94 CHIAS M 5 min;94 CAFPE 30 5,56 CiB
k30 5,72 CHEAH 1 min,35 P§ ;72 C T i
5 min,

H 1 7 W7 28 g nl i 44k 5 pMD19-T # 14 %
G AN KW 5 ( Escherichia coli) DHS o 5%
A (b RARA AR A BR A w0 28 BH
So LA TR AR (i) A3 B2 "IN Y .

1.4 BCCPEEFIMNEMEEREDN

F|F NCBI 1 1) BLAST ( http: // blast. ncbi.

nlm. nih. gov/Blast. cgi) X} 3518 #) BCCP #:[X 4>

KPP 90 AT B, 4 11 5 40 [) U1k 20 Ao R
ProtParam ( http: // www.
protparam. html) 7 £k 73 #7 8 [ 57 28 K& B2 41 A 73
F &, 2% htp: / www. ncbi. nlm. nih. gov/
Structure/cdd/cdd. shtml %} BCCP — % 4% #4 3 47
43Ht. FH BioEdit V 7.0 & Clustal X" %44
BEWR 7 A HE AT HE XS IR A A S K I A 1
ChloroP 1.1 Server (http; // genome. cbs. dtu. dk/
services/ChloroP/) %] BCCP ) % {v; i#F 17 7E 2% i
W R MEGA 4.0 BfF R g 4P B ik
( Neighbor-Joining , NJ) £ G J# {L 4% .

1.5 F¥FER%¥F PCR(RT-PCR)

T WEGE RN 38 %) kPR 3k 1 8 , 7R
SEA R IR AL A B ARG IR AR TOLI1.3.5.8,
12 b ZEI ] g, 23 0 3 A 35 35 AR i, AT
¥ RNA SO UG8 1 g, MR 40 S e G0 &
Prime Scrip™ Il 1st Strand cDNA Synthesis Kit
(TaKaRa) {# FH 5B , & i RT-PCR % i cDNA %
— HE, BCCP1 1y >} & & 5] ¥ y BCCP1-QF,
BCCPI-QR (% 1), BCCP2 i & & 5| ¥ K
BCCP2-QF \BCCP2-QR( % 1), LA 55 2H B4
) GAPDH %t A ( contigl6588 J% contigl3212)
TER P N2, it | R iF51 % GAPDH-F FI
GAPDH-R( 3 1), % it RT-PCR JZ i {k & Ky
10 x PCR ZEhifi 12.5 pL. F FHF51% (10 pmol/
L)% 1.0 pL 2% 5% cDNA 1.0 L X 7K 9.5
wLlo SRR N 94 CA: 4 30 s, BCCP1 . BCCP2

expasy. org/tool/
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EE ¢ 38 &

J: GAPDH F:[H 4y BIHE 56 .60 2 62 CiB Kk 45 s,
72 C #E At 1 min, 30 4~ F ¥ ; & )5 72 C 4E fif
5 min,
2 R0
2.1 Bz 45% BCCP1 ., BCCP2 & [F cDNA £
KEF IR RE

R B 2] S 2o i vy L A 3 2H RO R P Y
KO 1 #,# & 3| contig22797 Fil contigl0579 % 2
Z 751, BLAST Xf Lt 7R &A1 #9873 7 41 5 3%
B AKX ¥ K BCCP1 Fl BCCP2 5y S B A 75%
T4% W% AT IR )7 S0 AR AL PR o AR B% contig22797 J7
it 5P (£ 1), il ik RACE £OR 153 3] 5 2 2
243 BCCP1 £ [H K 308 bp A 5'-RACE F1{K 991
bp iy 3'-RACE #3474 (& 1 Jki& 1 FIYkiE 2)
o5 28 PF HE I FOR i 51 ) 54T PCR 55 1E /5 3K
39tz BCCP1 JL[H 1 267 bp i) cDNA 42K
J¥ 9, fir 45 i MiBCCP1, ‘B33 44 bp K11y 5'-3F
Bi% X (5'-UTR) ;3'-UTR K 524 bp, B4 B i 1
Poly(A) J2 ' ; ORF K 699 bp, % fiy 232 4~ 4 4t
2. ¥ ixE F R )y 5 4 BLAST 48 K, 45 R R
B R AW LA ST 1) BCCP1 R LR 7 51
( GenBank & 3 5 /3 %) & EDO98131. 1 K&
AED92173. 1) [a] 51443 51~ 60% Kz 52%

M 1 M 2

2000 bp=>

750 bp=>
500 bp=>
250 bp=>
100 bp=>

1 MiBCCP1 EEH] 5'-RACE 5 3’-RACE X
MiBCCP2 % [F ) 47 5 Fr 51 52 B% F8 ik &

M. 2 000 bp DNA 4 F bRk 1 Jkili. MiBCCP1 ) 5'-RACE
ZE3L. 2 JKil. MiBCCP1 [ 3'-RACE %5 % ; ykil 3. MiBCCP2
1 2 % )5 41

Fig.1 Electrophoresis patterns of amplified

products of MiBCCP1 5'- and 3’'-RACE and

MiBCCP2 coding sequence

M. 2 000 bp marker; Lane 1. amplified product of MiBCCP1 5'-
RACE; Lane 2. amplified product of MiBCCP1 3'-RACE; Lane
3. product of MiBCCP2 coding sequence

A contigl0579 J¥ 31| I 5 25 3 P A i | A1 3
5/Nek#EE BCCP2 I F A ki skt 51 Y
BCCP2-F 1 BCCP2-R( £ 1), 5 [ 3 5 Hr ik il 5l

Y50k 5 15 2 g i Bl %) Zx 4x i BCCP2 F: A 789
bp K 4 4 7 5 (W 1 9kl 3), w4 H
MiBCCP2, & 44t 263 4 5. % BLAST 8
2 MiBCCP2 53E 145 K % BCCP2 ( GenBank % it
525 EDP09857. 1) ) 2 B 1R )7 91| [a] M2 53%

% BLAST # R b X, & 1 MiBCCP1 &5
MiBCCP2 K& [H i 4% 1 BR 7 51 JC AR AL , T AR 4
B B Y 50 I HE DU 22 5 1R 4 0 ] U kA R
% o %45 W% G AR 2 A Y Y
BCCP A [d] i HE A
2.2 A G4kE BCCP1.BCCP2 EH 5 5 1 %F
ERRESH

F) FH ChloroP 1. 1 Server Xf MiBCCP1 X
MiBCCP2 Z 2 F7 5 #E 47 2 A5 )8 F , 45 51
7R Bk 2 2k £k B MiBCCPL 17 7 i ¢ K % 1 ik
(chloroplast transit peptide, ¢TP) ( T I 43 {H M
0.539) , JeEGUI L 5 fi T ValdS Hl Alad6 2 1] (]
2). KM MiBCCP1 iy #%iz ik 45 > 2 B R 241
B, T AL 24 1) MiBCCPL 2 [ 4r F & 29 20 ku,
MiBCCP2 5 MiBCCPI1 — ¢ B 77 7E TP ( Fi il 4y
B2 0. 533), {H H R /N K Wi U] A7 5 A [\,
MiBCCP2 7 Thr49 FI Ala50 2 [6] 1% 15 %% iz Jik i
Y s (K 2) 5z Ik 49 A & B 2H A, i
H MiBCCP2 #H A T2 24 22 ku,

MiBCCP1 JL “F A % A 47 L ff 1Y 2 JE 1R
MiBCCP2 H it 38 B 2 S LR & o oy S 2 KL TR 1Y
14.3% , Hij 10 > % HE PR 5% JE P AUA 2 D H &
ML A AR . XEfE RS TP fir A i 4 [
FRAE S A — %, MiBCCP1 J% MiBCCP2 #j H
HA Wi cTP, £ WX 2 4~ BCCP #f H fig
TE fife 2 2 53 3 P 63 K 11 25 T T AS 2 8 4K o 2 4
F AR A A 5 0 P ) B E LA i S TE S

B MiBCCP1 F1 MiBCCP2 3[R ¥ 0 2 15 1Y
GHETR Jy 5 5 A — 26 B Ry 8 AT N L,
LRI 2 Fron o BR A5 K X 4k, BCCP lF 5
A3 ARSI, Hd, XK T Al g2 5 BCCP
B 1145 H ATV B B I S5 il AR A X T
B oA NAR RN APAA J7 5], — AR
XS e 9 5 S MR A B TR AR AE A I AR
A7 5 1] B Bl A e 5 DX 3 TS A S 1) A ) 25 T
FAk ¥ ¥ ( biotinylation motif) , % 3 ¥ 3 B AL
TEAWRMBET, 2 5R 1M JR MR
Feni, FF HoA A — D RSF AR R 30 255
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6 1] =M, G Y T B Sk LRI A JR ML BCCP P KR 1 3 IR ye e 5 R A S A

799

MR (K) 5k

HIHL# 1 & , MiBCCP1 1l MiBCCP2 2 [i| Y ¥
G2 % AR T e A R b, (2B AT AR 2 o
AEXTORSY 3% S B T AR T DR AF 1Y 2R ) 2= o B Ak AR
FER 3 2 7 40 (2 KR TR 3540 ) 5 AN i,
MiBCCP1 & 45 {57 ity 194EAMKLMNEIE204 J5: 1]

(B2 KRS 5653 ) | 1 MiBCCP2 Ak Z 3% —
DXk, [5] B o 380 A7 8 2 R O A AR ) 3R L 25 45 A
Mo XA A [ R B & MIBCCP2 W] fig 5

MiBCCP1 {73 AN [F] 1) D1 G , [7] s A1 18] 2% 3t i ]
2R AR AT 47 B 2 N AR

R %44 (Myrmecia incisa) BCCP1 MQPHLAHAAGMLQPQPLCLAGARCGPARLPVPPT -~~~ QRROAGVPRAVAQEADSSLNGTTGTTTNPLD- 65
KWK (Chlamydomonas reinhardtii) ---MFALRAPVARPSAARSVQSGVASRVQRVVPR----- AAKTEEVEAATNGAAAS--NG--HASANMMO- 58
M+ (Arabidopsis thaliana) SPAAAASVYAVTQTSSHFPIQNRSRRVSFRLSAKPKLRFLSKPSRSSYPVVKAQSNKVSTGASSNAAKVDG 80
#HMIF (Synechocystis sp. PCCT509) === mmmmm oo o oo e e e MRS------— ILAVLLD- 10
KIGHH (Escherichia coli) = == s e MD- 2
FAK ¥ (Chlamydomonas reinhardtii) CRTVAPT-----—-—--- RPAGVARSVRSVRPS-PIARVP------ PMKATASTAEKKAEAAEVEEEFDG 54

% %53 (Myrmecia incisa) BCCP2

RCSVSATSASKAAQPCACPQPAFARQRVHSAKHRRSLARLP’FAALVTQTVEVSGKDEKEDKDPEVE FEDDG 78

——————————————————————————————— FDELS|

H * kx  * HE
——————————————————————————————— FEELTEIIRMVHDTDIVELELKSKRFSLAVRK REAVE -KPE PVYQQLPPQQYAQAPQOMHQAAP! PS-APSAPA 139
IIRLVHDTDIVEFELKSKRFSLSVRKKEALQAEQAAAYQAMLPOMLAAAPVAPIAAI PAPAPAPAA 134
PSSAEGKEKNSLKESSASSPELATEESISEFLTQVTIILVKLVDSRDIVELQLKQLDCELVIRKKEALPQPQAPASYVMMQOQOPNQPSYAQOMAPP 186

——————————————————————————————— FNELRPDLLITISQTDITEFALKSDEFELTIRKNSSVREE ISPGLAATEG-LKATLPSVTATNSQELVERRATDAAA 85

——————————————————————————————— IRKIKKLIELVEESGISELELS--EGEESVRIBRAAP----AASFPVMQQ----AYAAPMMOQ- PAQSNAA----A 63
PEVNP-——— === —mm—mmmmm oo STQEVAAFINTLCNDTE IAEMHLKMGSFELKVKRf------~ VSG------ GAHVYAHAPVAAPARPAPAATVSVDVP 124
GEEAPGL---——==========——=———— STQQVQSMLSVLCEETGIAEMDLKMGSFELRVRRE———---~ VTGSSGGPSGGASAAAAPAALEARAPSPATASMSSG 156

* ocir okroi:oroo: T kk iRk

EVQMP--VSAPPMEQKSVEVISPMVGTFYRAPAPGEAA
PATVPSMEAPAAAEISGHIVRSPMVGTFYRTPSPD.
APTVEDTVDE SLVYVNAPKVGVFRRGKYAGGKRVGK(

.. L R * . * . . %
APAAP-AAPAPAPKVDGVEVVSPMAGTFYRSPAPGEP. GDKVKKGQTICIIEAMKLMNE IEAEVGGEVVGIPAENGKPVTAGVPIMIIKP--~-————————-—— 232
APAAPAAAPAPAAAPKGIEVASPMGGTFYRKPAPGEPE GDKVKKGQTVCIIEAMKIMNE IEAEVGGEVIKFLVENGQPVIVGQPIMIIKP--~-—-———————— 228
KSSLPTVKSPMAGTFYRSPAPGE PPEIKVGDKVQKGQVLCIVEAMKIMNE I¥ SDHTGTVVDIVAEDGKPVSLDTPLEVVQP- -~ —=======—— 280
.VGDRIRLGQTVCIIEAMKLMNE IETEVSGQVIQILVQODGEPIEYGQPIMRINPN-~-—~—=—====— 178
EVGOKVNVGDTLCIVEAMKMMNQIEADKSGTVKAILVESGQPVEFDEPLVVIE--—~-——————=——— 156
EVGAQVKKGQCIGYVEQLGTFVEVKCPIAGELVKVHVEDGKPVEYQQLVAEVAPFFGGHIIGDSKYA 231
VGDKVKKGQTLCYIEQLGTFIPVESPLAGEVAEFIVEEGKPVEYNQLVLELAPFFGGHIIGDSKYA 263

QSLDEEDE SESLVPITAPKVGILRRGRYVKGKKVGKG!
AA

B2 ATE##H BCCP pSERRRF Xt
JrMER ST D RES 5 HE T < JE 18] 25 5 DX 5 HE 10 2 2 N RR - SRR 50, A1 B T IR S i A8 3l 5 O A L« 2 ) 3%t ik AL 3 e [X.
B v 7 FRIOR B IR UL A PR R SRR+ 7 ROR 570 % Y TR IR M AR 7 0N 5 AT R BC IRk B T B SS A L AR

Fig.2 Multisequence alignment of the deduced BCCP proteins from the selected five species

Empty box denoting the conservative domain;

| : functional domain for subunits interaction;

Il . functional domain contain pro/ala

residues for carboxy group moving; Il :biotinylation motif; \ indicating the restriction site of chloroplast signal peptide; * indicating the

conservative amino acid residues; :indicating the more than 70% identity residues; A denoting the putative binding site with BC subunit

FJH MEGA 4.0 % fx5 I NCBI Hr 8 2 51 1)
B B R AALY) £ W B B A R AL B BCCP I Ak
HEAT NI A R a0 Mo 45 2R (| 3) B R,
MiBCCP1 5 MiBCCP2 i i /)@ T 2 A6 iY 43
., MiBCCP1 5 HITIRE YL B 5+ BCCP1 % i
— 37, H¥E A {E (bootstrap value) 75 F] 100, H 5 H
BB AR PE 2B /NER P SE WK ) BCCPL JE &
KARW T, MiIBCCP2 1 5 Ml ¥ R K #2728
JINER 5 45 2 i) BCCP2 4 AR [ T+ BCCPIL (43
SC, e A 100,

B, BRI SRR I RRAE S R 2R Oy M 4 R 1
YLH, FRAT B B2 G e BEAR B AY 2 AT
FE R e 1) 1 2 o B B AE - £ A B b R AR T Y
BCCP WAk, i 2 4% 4 38 0 vt 2 AR P A2 7 2 A

BCCP & [, H H T8 K 45 #4 38 i 22 5% T ge 5
NG
2.3 %% 4RE BCCP1 . BCCP2 EEX RILE
A9 M Rz

Yt A &4 MiBCCP1 1 MiBCCP2 {3 A
sk i it AT F € 5 RT-PCR KU (& 4) , m] D) & B
MiBCCP1 J; MiBCCP2 Wy3LN%E F 1  fE 2255
FEIEFR AR TE W O BEEE 5 B () 1) A K A T 1
(Bl 4-a) o [HR B2 S5 2 B % 2 B R B 5 SR rh b
FEbt, Al 26 R 44, MiBCCP1 il MiBCCP2 3
R skt 78 3 h LA BT8G5 Bl &0 LAk it 2
IF ] S T ARG (8T 4-b) o Ll e B, ALk RS 77
ol e 20) k3 8 44K BCCP JL IR 5 St ), A 7l
REFRAR 1 i 10 R M3k JS ) 3 2

http ;: // www. scxuebao. cn



800 Ko

¥ 38 %

KE.(Glycine max)NP001235174.1

100

; 24 164 (Arachis hypogaea)AC0O53611.1
46 4|_|}Jﬁ AW (Jatropha curcas)ADN52613.1
76 — ¥ FIF(Arabidopsis thaliana)AED92173.1
100 — i3&(Brassica napus)AE116467.1
99 164 (Arachis hypogaea)ACO53609.1
88 KE(Glycine max)AAB67836.1

87 L BRI (Arabidopsis thaliana)BAB09606.1
99 W3E(Brassica napus)AEI16463.1

82
98

0.1

PR (Pyropia yezoensis)YP_536963.1
/NERE(Chlorella variabilis)EFN58349.1
(-2 %5 538 (Myrmecia incisa)
SV A W (Chlamydomonas reinhardtii)EDO98131.1
0 I: [##E(Volvox carteri f.nagariensis)EFJ46223.1 -
INSERGEEE(Physcomitrella patens)XP_001760912.1
— /NBR(Chlorella variabilis)EFN53301.1
50 R % Gk S48 (Myrmecia incisa)

100 Coccomyxa subellipsoideaC-169 EIE21470.1

78 3P4 A 8 Chlamydomonas reinhardtii)EDP09857.1

100 [#13 (Volvox carteri f.nagariensis)EFJ45055.1

BCCP1

BCCP2

3 ETBCCPRERFINMBERNMBEEHEUN
Fig.3 Phylogenetic tree analysis of the MiBCCP with other algae and plant BCCP

lh 3h 5h 8h 12h
MiBCCP1

lh 3h 5h 8h 12h

MiGAPDH [ i iy
control

nitrogen starvation

B4 AEIBFRFHET,MIBCCP1
MiBCCP2 EE ¥ E= RT-PCR Bk &
Fig.4 Relative transcription of MiBCCP1 and
MiBCCP2 genes during the normal culture and

nitrogen starvation

3 3t

T (0 38 5 A S AL P ARAR B2 SR 2 Ak S
Y fith ACCase BCCP W 45 2 1Y contig JF 1) 3 fil
bLoAMR R T EMNMERKFH (BT 58 2),
WL A A B BT AT AL 2 e S
R IF RO S 3 ( Brassica napus) | fE
1 K (Glycine max) ) 4 g AR ) —HE B
BHAT 2 4 BCCP J:H ., fE# 25, i@ i NCBI
W48 2R, S B 22 AR /N BR T LS T A L AT AR
HA 2 4%ty BCCP W % i 3 [N ( H {& GenBank
oS WK 3) , WA XPIE I AFAN K LT
B Bx BCCP [ T B 43 M B i A 2728, Li 25 % Bt
BCCP1 JEHE 0y /E N, v LA BCCP2 %
[ (19 28 A8 i 2 s (H BCCP1 J5 R i 2k R B 4k 45 1F
WK, TEBZI 4R BGX 2 A 4ifs BCCP 3 (1

JEH o MIBCCP2 B Z ) Z AL X8 (1] 2) , 7]
REJH 3 3% 4 M 45 A& ACCase W 1) BC K -5 B-
CT W5k 45 ACCase [y il i ¥ , W 11 52 B0 % g
iR Sk A B PR T . B4R, A SR W) BCCP
TV 56 2 Q{0 4 3 4 ot R AR 1) g I IR A Sk B
T R Y S R B

X 2 A4~ BCCP 37 3 3 X 1 °F % it RT-PCR £
REIRENTERIVRN ISR 40T, HIEH
MR AR N LR RSB (B 4) , R Gk
WG R BEAE RV FF S 54T I8 Wi R 1 Sk &
BCRE A T FER S, AR R, S R AR W) 21
T B4R 07 K 2 LA I W Al 5 2L R P B S
SEEH AR R R AR . R S AR
3 R A 22 S NI TR L R S 0 i O
JHh 28 3 oA 2 i AN O A Y A 1 T 5
FEARE S Mo %A BT 7 B0 R H Bt CoA
PEALR ik AL BT R A RETE M T rh K, i
FUP RN R BBt CoA H BB M I 5 AY [n) i 7Y
ACCase >k & B, X /& B T M & & v 5 Jig &Y
ACCase 3R (198 —FR ¥ BE CoA N fig i i -4 4
5 E N MR, A WF 5% & B MiBCCP1 Fil
MiBCCP2 K& [H % 53 5 B R LR R 941, T 46 < il 4k
PG 20 ArA & BRSO [ I ke 2 4 4
P 2 A R BUBE VLR AR /N, B T A Y
PR Sk e 2 W] Bk %) % 4 U M R o Y ) o 7Y
ACCase 7 RYLIHR 514 F X ArA &l 5 L2 e

http : / www. scxuebao. cn



6 1]

e G Y B ) G A ST A JR AL BCCP W0k 19 2k [ o B 5 3238 e i 801

W VE A fE [ S % ) ACCase 1 i BCCP 45 V1 5
BB HAHT, AT B 20 2 i SR A
B e B B 3 A SR AD %[ B ACCase
[ contig, [ I, A< BF 5 Jy i % Sk 4 e 55 W 2K
ACCase U1a] P\ 3k 45 BT 52 W) 22 A1 i1 i D5 1R LA
B 22 AN g 195 R AE R Uk G 97 25140 T RBU 43
FHLEE SRR W] T 05l

S H WK

(1]

[2]

[3]

[4]

[5]

[6]

[8]

[9]

[10]

Ohlrogge J, Browse J. Lipid biosynthesis [ J ]. Plant
Cell,1995,7(7) :957 -970.

Sasaki Y, Nagano Y. Plant acetyl-CoA carboxylase:
Structure, biosynthesis, regulation, and gene
manipulation for plant breeding [ J ]. Bioscience,
Biotechnology and Biochemistry, 2004, 68 (6 ) :
1175 - 1184.

Slabas A R, Fawcett T. The biochemistry and
molecular biology of plant lipid biosynthesis [ J ].
Plant Molecular Biology,1992,19(1) :169 - 191.
Kozaki A, Mayumi K, Sasaki Y. Thiol-disulfide
exchange between nuclear encode and chloroplast-
encode subunits of pea acetyl-CoA carboxylase[ J].
Journal of Biological Chemistry, 2001, 276 (43) .
39919 -3992.

Cronan Jr,J E, Waldrop G L. Multi-subunit acetyl-
CoA carboxylases [ J]. Progress in Lipid Research,
2002,41(5) :407 —435.

Roessler P G. Changes in the activities of various
lipid and carbohydrate biosynthetic enzymes in the
diatom Cyclotella cryptica in response to silicon
deficiency [ J ]. Archives
Biophysics, 1988 ,267(2) :521 - 528.

Liu J,Huan J C,Fan K W et al. Production potential

of Biochemistry and

of Chlorella zofingienesis as a feedstock for biodiesel
[J]. Bioresource Technology, 2010, 101 (22 ):
8658 —8663.

Wan M, Liu P,Xia J, et al. The effect of mixotrophy
on microalgal growth, lipid content, and expression
levels of three pathway Chlorella
[ J]. Applied
Biotechnology,2011,91(3) :835 - 844.

Post B D, Roughan G, Ohlrogge J B. Regulation of

genes in

sorokiniana Microbiology  and

plant fatty acid biosynthesis; Analysis of acyl-
coenzyme A and acyl-acyl carrier protein substrate
pools in spinach and pea chloroplasts [ J]. Plant
Physiology,1992,100(2) ;923 - 930.

Ouyang L L, Li H, Liu F, ef al. Accumulation of

[11]

[12]

[14]

[15]

[16]

[17]

[18]

arachidonic acid in a green microalga,

incisa H4301, enhanced by

green
microalga, Myrmecia
molecular

nitrogen starvation and its

mechanisms[ M ] / Dumancas G G, Murdianti B S,

regulation

Lucas E A(eds). Arachidonic Acid; Dietary Sources
and General Functions. New York: Nova Science
Publishers,2013 .1 - 20.

Ana B F B, Benoit V, Alain G, et al. Chloroplast
acetyl-CoA carboxylase activity is 2-oxoglutarate-
the biotin

regulated by interaction of PII with

carboxyl carrier subunit [ J ]. Proceedings of the
National Academy of Sciences of the United States of
America,2010,107(1) :502 - 507.

Ouyang L L,Chen S H, Li Y, ef al. Transcriptome
analysis reveals unique C4-like photosynthesis and oil

body formation in an arachidonic acid-rich microalga

Myrmecia incisa Reisigl H4301 [ J ]. BMC
Genomics,2013,14(6) :396.
Chen S H, Zhou Z G. The transcriptome

pyrosequencing and gene function annotation of the
green microalga Myrmecia incise [ J]. Journal of
Shanghai Ocean University,2012,21(5) :662 - 670.
[ WRIEEL, JHl 5 . ik 22 2% 43 8 e 53 240 Fe e g Tt
ACHAE G ik PR 33 . b 9 9 3 R o o 4, 2012, 21
(5):662 —670. ]

Stanier R Y, Kunisawa M M, Cohen-Bazir G.
Purification and properties of unicellular blue-green
algae ( Order Chlorococcales) [ J].
Review,1971,35(2) :171 - 201.
Ouyang LL,Du D H, Yu S Y, et al. Expressed

Bacteriological

sequence tags analysis revealing the taxonomic

position and fatty acid biosynthesis in an oleaginous

green  microalga, Myrmecia incisa  Reisigl
( Trebouxiophyceae, Chlorophyta ) [ J ]. Chinese
Science Bulletin,2012,57(25) :3342 - 3352.

Hall T A. BioEdit: A user-friendly biological

sequence alignment editor and analysis program for
Windows 95/98/NT[J]. Nucleic Acids Symposium
Series, 1999 ,41:95 - 98.

Thompson J D, Gibson T J, Plewniak F, et al. The
CLUSTAL_X windows interface; Flexible strategies
for multiple sequence alignment aided by quality
analysis tools[ J]. Nucleic Acids Research, 1997 ,25
(24) .4876 —4882.

Emanuelsson O, Brunak S, von Heijne G, et al.
Locating proteins in the cell using TargetP, SignalP
and related tools[ J ]. Nature Protocols,2007,2(4) .
953 -971.

http : / www. scxuebao. cn



802 S 38 &
[19] Tamura K, Dudley J, Nei M, etal. MEGA4. structural analysis of biotin carboxyl carrier protein
Molecular evolutionary genetics analysis ( MEGA ) genes in wild relatives of Arachis hypogaea[J]. Acta
software version 4. 0 [ J]. Molecular Biology and Agriculturae Boreali-Sinica,2009,24(6) :6 —10. [ Z&
Evolution,2007,24(8) :1596 - 1599. R RN BRI R A YRR
[20] von Heijne G, Steppuhn J, Herrmann R G. Domain LR LR G ST 5 5 A A b AR db Ak 2,
structure of mitochondrial and chloroplast targeting 2009,24(6) :6 —10. ]
peptides [ J ]. European Journal of Biochemistry, [26] Reverdatto S, Beilinson V, Nielsen N C. A
1989,180(3) :535 - 545. multisubunit acetyl coenzyme A carboxylase from
[21] Fall R R, Vagelos P R. Acetyl-coenzyme A soybean [ J ]. Plant Physiology, 1999, 119 (3 ).
carboxylase: Proteolytic modification of biotin 961 -978.
carboxyl carrier protein [ J ]. Journal of Biological [27] Thelen J J,Ohlrogge J B. Both antisense and sense
Chemistry,1973,248(6) :2078 —2088. expression of biotin carboxyl carrier protein isoform
[22] Broussard T C,Kobe M J, Pakhomova S, ef al. The 2 inactivates the plastid acetyl-coenzyme A
three-dimensional structure of the biotin carboxylase- carboxylase in Arabidopsis thaliana [ J]. Plant
biotin carboxyl carrier protein complex of E. coli Journal ,2002,32(4) :419 - 431
acetyl-CoA carboxylase. Structure, 2013, 21 (4 ). [28] Yu S Y,Li H, Tong M, et al. Identification of a A6
650 — 657. fatty acid elongase gene for arachidonic acid
[23] Li X,Ilarslan H, Brachova L, et al. Reverse-genetic biosynthesis localized to the endoplasmic reticulum in
analysis of the two biotin-containing subunit genes of the green microalga Myrmecia incisa Reisigl [ J].
the heteromeric acetyl-coenzyme A carboxylase in Gene,2012,493(2) :219 -227.
Arabidopsis indicates a unidirectional functional [29] Thelen J J,Mekhedov S, Ohlrogge J B. Brassicaceae
redundancy [ J ]. Plant Physiology, 2011, 155 (1) express multiple isoforms of biotin carboxyl carrier
293 -314. protein in a tissue-specific manner [ J ]. Plant
[24] Elborough K M, Winz R, Deka R K, et al. Biotin Physiology,2001,125(4) 2016 —2028.
carboxyl carrier protein and carboxyltransferase [30] Tong M,Yu S Y,Ouyang L L, et al. Comparison of
subunits of the multi-subunit form of acetyl-CoA increased arachidonic acid content in Myrmecia incisa
carboxylase from Brassica napus: Cloning and cultured during the course of nitrogen or phosphorus
analysis of expression during oilseed rape starvation[ J]. Journal of Fisheries of China,2011,35
embryogenesis [ J ]. Biochemical Journal, 1996, 315 (5):763 —=773. [ T4, T /K e, BRFHIE RS, %5, AL
(1):103 - 112. TS B LR A 0 e 2 5 o W A A= U TR 5 B S
[25] LiMJ, Xia H, Wang X J, et al. Cloning and B HL AR, K 7 2% 4% ,2011,35(5) :763 - 773. ]

http : / www. scxuebao. cn



6 1] e G Y B ) G A ST A JR AL BCCP W0k 19 2k [ o B 5 3238 e i 803

Cloning and transcription analysis of genes coding for BCCP subunit of
acetyl-CoA carboxylase in Myrmecia incisa

LI Yan,ZHOU Zhigang
(College of Fisheries and Life Science,Shanghai Ocean University ,Shanghai 201306, China)

Abstract; Acetyl-CoA carboxylase( ACCase ) catalyzes the biotin-dependent carboxylation of acetyl-CoA to
produce malonyl-CoA , which is a key and rate-limited step in the biosynthesis of fatty acids. In order to
investigate its effect on the arachidonic acid( ArA)in Myrmecia incisa grown under nitrogen starvation,two
genes coding for biotin carboxyl carrier protein ( BCCP) which was one subunit of the heteromeric ACCase
complex, were cloned by using Rapid Amplification Complementary DNA ends( RACE ) method and reverse
transcription( RT ) -PCR with designed degenerated primers. The full-length ¢cDNA sequence of MiBCCPI1
was composed of 1 267 bp,comprising a 44-bp 5'-untranslated region ( UTR ) and a 524-bp 3’-UTR with a
typical poly A tail. The open reading frame( ORF) was 699 bp in length encoding a 232-amino-acid protein.
After restriction of a 45-amino-acid chloroplast signal peptide, the putative molecular weight of mature
MiBCCP1 was about 20 ku. The coding sequence of MiBCCP2 gene was also cloned and it was 789 bp in
length encoding a 263-amino-acid protein with a 49-amino-acid chloroplast signal peptide, too. The putative
molecular weight of mature MiBCCP2 was approximately 22 ku but it lacked a characteristic biotinylation
domain at the C-terminus. Neighbor-joining ( NJ) dendrogram showed that these two cloned genes belonged
to BCCP1 and BCCP2 clades, which was supported by the bootstrip value of 100. Semi-quantitative reverse
transcription ( RT ) -PCR result showed that during the stress course of nitrogen starvation, the relative
transcription of both MiBCCP1 and MiBCCP2 genes increased temporally possibly due to shock, and
subsequently declined to the end of this experiment, suggesting that M. incisa had a trend to a declined ability
of fatty acid biosynthesis de novo. Taking the significantly increased ArA level in this microalga during this
culture course together,it was supposed that the homomeric ACCase in the cytosol playsed a more important
role than the heteromeric one in modulating biosynthesis and accumulation of ArA in M. incisa under the
nitrogen starvation stress.

Key words: Myrmecia incisa; acetyl-CoA carboxylase; biotincarboxyl carrier protein subunit; nitrogen
starvation; semi-quantitative RT-PCR
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