P RGP 2011,1960): 513~518
Joumdl of Tropical and Subtropical Botany

E1T PsbS BRI E R R R &R IEFAET R
BERSFAFY B, 2S5, 4

(L. EIFRITHERZE PG, BEMORTEER 2 SEAR T ROTBSER S, JE5 100102; 2. REFERERZER , REBIHRHAM 47907
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Cloning of PsbS Gene from Moso Bamboo (Phyllostachys edulis) and Its
Characterization of Prokaryotic Expression

« . 1* « « 1 1 v 1 1
GAO Zhi-min"", YU Xiao-qing'?, ZHENG Bo', LI Xue-ping', HU Tao
(1. International Center for Bamboo and Rattan, SFA Key Laboratory of Bamboo and Rattan Science and Technology, Beijing 100102, China; 2. Department of
A gronomy, Purdue University, Indiana 47907, USA)

Abstract: PsbS protein plays an inmportant role in non-photochemical quenching (NPQ) in plants. A PsbS gene was
cloned from Moso bamboo (Phyllostachys edulis) leaves by RT-PCR method, which named PePsbS (GenBank No.
FJ600727) with 810 bp in length, and encoded a polypeptide with 269 amino acids. Homology analysis showed that the
deduced PsbS was highly homologous to those from other monocotyledon plants. The protein structure analysis
indicated that PePsbS consists of transit peptide and mature protein including four transmenmbrane domains. The
fragment of PePsbS gene encoding mature protein was constructed in multiple cloning site of pET23a and expressed in
Escherichia coli induced by IPTG. The expression of PePsbS was the best under 41°C for 4 hours, the recombinant
protein accounted for 21.5% of the total proteins with molecular weight about 22 kD. It indicated that there were
significant effects of temperature and IPTG induced time on protein expression.
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SHEOSHOCA M FIBLT M B e kR IR 4, H
RAUARAR T — 84T FORA A R NS, 47
FEEME AR R X, A8 SR BE
20T A 6 6 IR 1% B A 43 F HLBL B 5% ¥ e
25,

JeBe AR A YR R 3l 1, JeREA B2
AV ISR (HDGRE I £ MR X E A 1R
FEAIHIVE R, H BRI RSP . Bk, Y
TAEN HARF I E A A KGN, 78 A g
THAERHURS, IR T — B Y BRI )
AR 2EW DA S AR B B AL DG RR I %, T4
FOGA B ) R IR A G e 2 , v ke B
WHERY R HOC AV Sz BOGCRR G H 1K
EEHH . T RAERA LA ATk
SN, TS 2o 3800 B DA $ R T SRR AL, IR ikl
PR A ARG FHE R (NPQ),

AW, PsbS 7 I BRASAC K ™ A IR KAk
Bz —, BHRGRE T BEE S HRNE D40
Z—EAEBOLFICREAS rT SR BRI SY , 42 NPQ H &
HEEEEN A o % LF IF (4 rabidopsis thaliana)
NPQ ZASRIB SR Y], RER KM A4 PsbS
ST I B R IB IR BB R AL S, il e
T B BB AL SUE , SO e h T
MR 5 REANHICERE A RENEH
ASALHET P ECBAFER ™, 33 AE U R 7P 2 B (Col-
0).PsbS TR PsbS 1 8 F AR A 3] 1R
28 AW DL R BB AT RN AT (Phy llostachys
edulisYHH B, va 6 T 4515 PsbS 85 [ [f) PePsbS 5
N, IR R R e AT TS, DA R —
HAIH PePsbS AT FIGAR G p 4R 4Rk o 72
1 ABLA T
1.1 &4 BF0 K B4 & B

M R Ry kA Bl A F WK B AT
(Phyllostachys edulis)Ffi ¥, 76 [ X Ml JR 7 e B} 2
SR TR ST RS % N T R, I 4 AN H
FRIE T AT LR . K ¥ (Esherichia col) W
¥k DHSa Fi1 BL21(DE3)H1 A= S B 2 447
1.2 % RNA {285 ¢cDNA &5

ot B4 0 A, R Invitrogen /2 H] ) Trizol
reagent 42 B RNA'™ , il Promega 2 ] ) I %4 34

G A B cDNA,

1.3 EERNRE. UFESHHT

WK (Oryza sativa) T (Zea mays)FERiY)
PsbS YRR F S 53 PCR 5|4, PsbS-F:5'-ATG-
GCACGGTOGATGCTTAT-3' il PsbS-R: 5'-CTACTC-
TTOGTOGTCAGTGGTGA-3' , i [k TA4: 4 T R4
RIREABRAF A . PABAT cDNA MR, g1 7
BB PCR, [ B 25 R: 94°C 5 min, ¥C 1 min,
55C ~65°C 1 min,72°C 1.5 min,35 MG EF;72°C i
10 min, PCR =¥y H] L. it SR R AL Rl A B
HIA A i, #i2 I Promega 1) pGEM-T easy #R &
P E BN BN B BB L b K
F1 B DHSo BEAR , 28 W 1 B0 2 , 4868 H 9 v I
PR B AT IR G , R0 = R R
A BRATRIWF . F ] DNAStar, SMART %54 ¥k 44
X ARAG cDNA 331 K H: i 28 1 0 PR 445 4 2 A
HEAFS3T, 55 NCBI B4 127 Hh 19 4% BR IR 14 o ik
178,
1.4 PePshS BEEEAREHENME

FRE S5 42 6 3K BRAK (pET-232) I8 22 7 e 437 £ il
PePsbS S G AT 5 GBI s RHAE, a1
Nde 1 Fl Xho 1 AT . BETIESIMBFEIA 3
%) 5] ¥ PsbS-F1: 5'-AAcatatgGOOGOGOCGGCAA--
GGAAGGC-3' fl PsbhS-R1: 5'-ctcgagCTCTTOGTCOGT-
CAGIGGIG3', ¥ W/ Wyl ) L8 Ji , ] Nde 1 Rl
Xho 1 U J5 % $: 3 pET-23a 44, Mgt S 4 3%
iK# A pET-PePsbS-mature,

1.5 PePsbS BEERRZFRIES 4L

NP %S AL Y2 ¥ pET-PePsbS-mature % A\ 33k
f& £ B BL21(DE3), o UL 3 [, 28 1Y% PCR Ky il 1E
WG, BRI . TR ANEE 100 5 BT &N E
(100 mg L)Y LB 3383, 15 A WMk B 38 3
ODgo N 0.6 ~08 I, LA IPTG HEf 7B 88 5E . #5358
SRR 1% 1Y) SDS I ZU4R & i B, 15294 x g
B0 2 min, [FMIEST SDS-PAGE HLIK (5% FRIVE 4
JBE12% 1843 B 1Y), % T3t 56k R-250 F 46, Ky i 2K
EES2%y 1T

Bigs S 1 0 A W, i B MERCK /2 W] #2436 19
His- Tagfill A5 75 [ 44k 347 £ [ His- Bind Purification
Kit (Cat. No. 70239-3) ] B4 AEAS M 4644 T AT HIK
H itk
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2.1 EERESHH

PAFEAT cDNA JHBR , LA PsbS-F Fll PsbS-R
51 ¥4 PCR ™44, PCR 7= FH 1% B NEBBE I
HLYK, 28 BB Ye 45, 7F 800 bp Z45 5 — Sk asai (M
%), 5 W (R B R B R/INHAE , B0 25 4t S H K
FER A B B H RN A B O 88 pGEM-T
casy B b, R AEIW Y, WIPSEREBEY, AR
B L ANEs 45 X, K/ K 810 bp, 4 269
ANEIER AR A 1), 7 DNAStar #4743
W, 2 25 100 A s R RS e N R 8.929 Al
2806482 kD, JH] Motif scan 718 810 br W1, 3%
B EIINEE 79 ~218 hifuff 1 MR F G 44 a/
b G5 BRI, 55 160 ~ 163,166 ~ 169,237 ~ 240
DA 3 AN IR 1 BEIRALAL A, 55 12~ 17.81 ~
86.88 ~ 93,150 ~ 155,167 ~ 172,178 ~ 183,184 ~ 189,
209 ~ 214,233 ~238 {31 24 9 A~ N-§. 7% Bt AL A% £8, 55

17 ~19.49 ~ 51,117 ~ 119,220 ~222.259 ~ 261 {\i h 5
AN I C INBEIRAA o 2RI L AR,
BZEORTHSE ob SGHOBERENER . B
U, ¥ % 5 N fir 4 & PePsbS (GenBank No.
FJ600727), 4 £ £& 3K 4§ http://www. cbs. dtu. dk/
services/ChloroP/Hilll, 3L PePsbS 4% W) 4 3L 1R 55
1~ IR, Z G A BAE N, % T 4 MR
X.& 1),

2.2 PePsbS BEEEHREHEHAE
LA 5 TE 4 1) JORE A AR, 2R AR L
(pyrobest polymerase)itf 7 PCR, 434y ¥y i) SIS Ha,
WL B R, 51 PshS-F1 #l PsbS-R1 {94 7= Yy
£ 600 bp ZE477H — 2RI I IR S i (] 2), 5 00 Fr) 3k
R BER/MHIARF . I DNA R BOi A )5 i
3| T-easy 2Rk LU )F, 45 R RUIFA F BERADN R
632 bp, WA R HEAE AAEFDIHL AL Nde T F1 Xho
I DLAR B Wi IX . DL pET-23a N4 A, H

1

61

121

181

ATGGCACGGTCGATGCTTATGTCAAGCGTCAGCGGCGTGGCTTCTGCCTCCGGCAGGAGC
M A R 8§ M I. M § § V 8§ G V A § A S G R 8§
CTGCTGCATGCCGTCCGGCCAACGCCGCTCTCGCOGAGTTCGTGCTGTCGTCGCAGCCETCC
L L H A Vv R P T P L S R F V L § §S§ Q@ P 8
TACTGCAAGCGCATGGCGCCCCTCTCCGTCAAGACAGTCGCTCTGTTCGGCGGCAAGTCC
Y € K R M A P L §S§ VvV K T V A L F G G K §
AAGGCCAAAGCCGCGCCGGCAAGGAAGGCTGAAACGAAGCCCAAGTTTAAGACCGAGGAC
K A KA A P A R K A FE T K P K F K T E D

241 GGTATCTTTGGCACGTCCGGCGGGATCGGTTTCACCAAGGAGAACGAGCTGTTCGTTGGT
G 1 F G T S G G 1 G F T K E N E L F [v {
301 CGTGTTGCCATGCTTGGGTTTGCCGCATCGATATTGGGAGAGGCCATCACCGGGAAGGGC
R v A M L G ¥ A A s 1 1L G E A 1 7116 5 ¢
361 ATCCTTGCCCAGCTAAACCTGGAGACCGGCATCCCGATCTACGAGGCGGAGCCCCTCCTC
I L. A Q L N L E T ¢ 1 p I v & a8 p 1 1
421 CTCTTCTTCATCCTCTTCACACTCCTCGGCGCCATCGGCGCTCTCGGCGACCGTGGCAGC
L r F 1 L F T L L G A 1 6 AlL G D R G 5
481 TTCGTCGACGAGCCCACCGGCCTCGACAAGGCCATCGTCCCCCCCGGCAAGGGCTTGCGC
F VD E P T G L D K A 1 V P P G K G L R
541 TCCGCCCTCGGACTCGGCGAGGGAGGGCCGCTGTTTGGGTTCACCAAGGCGAACGAGCTG
S AL G L GE G G P L F GF T K A NGE L
601 TTCGTGGGGCGGCTGGCGCAGCTGGGCATCGCCTTCTCCATCATCGGGGAGATCATCACG
F vI[6 R L A g L G 1 A F s 1 1 6 B 1 1 1
661 GGGAAGGGCGCGCTGGCGCAGCTCAACATCGAGACGGGCGTGCCCATCAGCGAGATCGAG
H k ¢ A1 A 0 L ~NT1TE T G Vv P 1 s E 1 §
721 CCGCTCGTCCTTTTCAACGTCATCTTCTTCTTCGTCGCCGCCATCAACCCCGGCACCGGC
P 1. v L F N v I F F F VvV A A 1 N P ¢ 1 ¢
781 AAGTTCGTCACCACTGACGACGAAGAGTAG
K F V T T D D E E

Bl 1 PePsbS SIGXBUBUTS R HMAE NGRS, _ S8 — S@EG; O: BHK,

Fig. 1 Nucleotide sequence and deduced amino acid sequence of PePsbS cDNA. __ : Transit peptide; __: Mature protein; [1: Transmenbrane region.
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Nde 1 1 Xho 1 SUFY) , ¥ PePsbS 3k [H 4t LA
I K13 3] 348 43 (PePsbS-mature ) B 48 A 3] pET-23a
AR 2 B, A EE 7 & A T7 8 8l 7.
PePsbS-mature 41 218 )7 5 4 % (His - Tag) ¥ JF % 3R
KA pET-PePsbS-mature (& 3),

2.3 PePshS EE KR ZHAL FH

X AL ORI I D) R 5, T AR A
HiiJfd BL21(DE3), LA PePsbS FEPH B 2H F555 4044 1K) B
T BV AR , B PsbS-F1 #1 PsbS-R1 K519, JFl
W AR AL R ALK ) B, B Y% PCR 74y 1) L Tk
HiRE 4R, RS EE S A BN R R B, W)
HATFEAONBRERIRLE,

2.4 PePsbS EERE#FTIL
24.1 JREXFIR
P s R AU I e el B S I, A A

Nde 1

2kb —»

lkb —»

0.5 kb —»

B2 5% PsbS-F1 A PsbS-R1 Y B PCR MBI G R M. 20T
BiRig; 1~2. 3=,

Fig. 2 PCR anplification products by primers PsbS-F1 and PsbS-R1. M.
Maker; 1-2. Anplification products.

Xho 1

RB

ampicillin = T7promoter

LB

PePshS-mature W His « Tag = T7 terminator

f1 origin >

B3 JEAFA IR pET-PePsbS-mature
Fig. 3 Prokaryotic expression vector of pET-PePsbS -mature

[

2kb—p
—

1 kb —»

(o
oeee o

0.5 kb =

K4 HBERYE PCRIBIK. 1 ~4 HEETE; 5: pET23a %) JE;
6: AR BANT I 7: K; M: 4 FEAride

Fig. 4 PCR products of single clones. 1-4: Single clone amplification;
5: Control of pEI23a; 6: Control of reconstruction vector; 7: Water; M:
Maker.

28°C . 33°C, 37°C . 41°C . 43°C . 47°C . 49°C . 55C F %
7%, WK BE 2 ODgy 0.6 ~0.8 B, LA IPTG i St
Rt ah fa, WHEREME, H 1% ¢ SDS il F1 4i %
WL BSL, RO PRIk AT (B 5), SRR AL

M 28°C 33°C37C41°C43°C45C 47°C 49°C50°C
97.2 kD —p- =

443kD—> =
29.0 kD ==

20.1 kD—» =

14.3kD—» =

K5 EJE% pET-PePsbS-mature JEA%ZE L KIE
Fig. 5 Effects of temperature on prokaryotic expression of pEI-
PePsbS-mature

HOWReg IPTG 55 %, HB R REANWEAS TR
28 22.0 kD,

AT R JE B % 1 25 e W ., O 58 M AR 1)
ALPHA2000 i (8 A kA4 1 o e A , AL 6 )
W, 4 28°C ~41°CHE B, B IR ERS I, HIREE R
KRR B LTS, H ACT BRI HINE
HAr ) G B Y 21.5% ; T 78 43°C \45°C T il
T T 0, Z )5 BRI L T8 1 3R sk
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T,
242 BB )0 IR 5L

12 37 C TR B RE ODgy 06 ~ 0.8 I, il
A PTG 100 pmol/L)J5 41°C F #4785 S, 4>
BT 2.3.4.5 h )5, WA, LB 4T Rk
LERL 8 TR, 45 2 ~4 h IS S E) (K 1 in 7R
Y W FRBE AW, 5T 5 h HRBEH
T, ZiAHIRIRLTT XA BN H R RIRZM R
ACHFHEFRFE 4 h,

se)
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VLB Temperature ('C)

Ble BN H IR AR R IR
Fig. 6 Effects of temperature on relative contents of objective protein

97.2kD -

44.3 kD -

29.0kD - -

20.1kD

14.3kD —

K7 RN pET-PePsbS-mature %A M: 271
FRig; +: PTG B3 —: M,

Fig. 7 Effects of induced time on prokaryotic expression of pET-PePsbS-
mature. M: Marker; +: Induced by IPTG; —: Control.

2.5 PePshS BEEFERERBEALL SR
Y F Ik A BL21(DE3YpET-PePsbS-mature 25
IPTG J5F@1C 5% 4 hye , R A, A PR 4 T
P AR AN, i SDS-PAGE HIK 3T vl B4 43 1
AL, B I3 H 2 DA e,
FIRPPEE T LA (B ), SR ] His-Bind Ni-
NTA B 8 78 48 ¥ 45 4 F X BL21(DE3 YpET-PePsbS-
mature ZEAIK H R 744, 208 1 RGBSR
PYk I RZRE 1, T Ni-NTA E/BE2E vl 3 Y/t

Jo  HEATHRTKA I . AP 7 VT, T A T I A A
% ,é}%ﬁ—%ﬁﬁ@%ﬂ:—ﬁ ’ g@jﬁ 2 kD,

M 1 2 3 4

97.2kD = =~ = ‘;3

443kD =

5o -» I

20.1kD =

143kD =P =

8 pET-PePsbS-mature AR AE H M 4ith, M. 4 FEIRid; L
PET-232 ¥f/f; 2. R PTG i %5 3. PTG ¥ % 4. PTG B /5
itk

Fig. 8 Purified protein from prokaryotic expression of pET-PePsbS-mature.
M. Marker; 1. Control of pET-23a; 2. Induced without IPTG; 3. Induced
by IPTG; 4. Purification after induced by IPTG.

3 i1

PsbS J& T4t & a/b 454 H BN,
PePsbS %t % W) 8 H 5 K B, M % (Nicotiana
benthamiana) K3 1E(Gossypioides kirkii)\ 1% (Spinacia
oleracea). Bli # 1} (Gossypium hisutum), K %= i
(Plantago major)\ B B MR Ricinus communis). 35 i
(Lycopersicon esculentum). ) ¥ It J& 2% (Solanum
nigrum)i¥) R4 I 1Y) PsbS(22 kD) 1 i — S P A
£ 80% DA I, Fe4 s 1SR S AE AL L I AR
Yo BFGERWI, PsbS 15 Lhch SR 4% 4 1 HA
BRI IR , PsbS B4 4 B IR e T A A 2
LHCB % KL AT o ik, PePsbS W Al
PRI PsbS £ [ —#F, 7594 19 NPQ it H %
M.

AW S 45 2 F Wi, PePsbS Fk R 42 K I ¥
BL21(DE3)Hifs SR 0, W I X H W F &
R, A 28C ~41C, HIWE AW R B E S
& LI, (ERE IR B i — 20 Tt o, ARk
IR T 0, 5T 45°C I 5t B3 T e s, Ntk
PR SIRIE R 410, X5 HABHDEE AN
PRHM IR I G TR B (— R 37°CHA i 5, T BB
5 PePsbS 2 5 NPQ I BEA XK. A BEFER W,




518 P AT P 2 it

19 %

PsbS X NPQ KEA/EF, BR T 32 BE R 4, ik
22525 Mg®* Al pHEIKZ I, PsbS Hit Gu-122 Fl
Glu-226 v s VB AL IS RS T RE , 76 pH 7.5 I BB
5 RBEAST KA F (DCCDY&S &, M4 pH 7.8 B U4
WA, 78 NPQ i, PsbS &— ME#I T pH
ERB R Ao SRR 4% LTHCBI A PSTT 2
A AR, 51 PS T HC R GEM R LA,
LB PS I [l Mg 4¢3 PsbS #ish HLCII (¥
BN HES T, 6T PePsbS [WTGH: 5 Mgt ¥k B .
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