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of Arabidopsis in Photosynthesis
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Abstract Chloroplast ribosome is an organelle which is specific to plants. Its main function is to synthetize proteins encoded by
plastogenes. Study shows that chloroplast ribosome contains six PSRPs (plastid-specific ribosomal proteins), named as PSRP1-
PSRP6; however, the study on the functions of those proteins in photosynthesis and protein synthesis in chloroplast is still in its
infancy. To investigate the roles of PSRP-4 in chloroplast development, RNAi vector of Psrp—4 gene (At2g38140) which was
subsequently transformed into wild type Arabidopsis was constructed using Gateway technology. psrp—4 mutant showed significant
reduction in expression level. Our results indicated that the growth rate of psrp—4 mutants was slightly lower than the wild type’s;
however, the leaf color of mutant and wild type plants were identical and photosynthesis in the mutant plants proceeded normally.
Under high light treatment, photosynthesis efficiency of psrp - mutant plants was similar to that of wild-type plants. Further western
blot analysis showed that the turnover rate of DI protein, the PSII reaction center, was not significantly affected by the down-
regulation of the Psrp—4 gene. The results above suggested that PSRP-4 might not play a pivotal role in protein synthesis or
photosynthesis in chloroplast.

Key words Chloroplast ribosome; High light stress; Psrp-4 gene; Arabidopsis
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PR D AL 2 R S R g se i, Herh 100 24 4R
A 75 SR AR A% BB A4 i (Martin et al., 2002).
AR R RIS 6 MEHEA,
CATHZERE g, Ffard PSRP, %45 1 £ 6
(plastid-specific ribosomal proteinl to 6) (Yamaguchi
and Subramanian, 2000).

PSRP-4 # H &M SRR BRI R E
—o WP SRR NE A B T TR W] PSRP-4 2
30S /NEHE B IE TR 2 A H, i E H SR
WE TR (Thermos thermophilus) 308 YV FEAZBEAA/NE
1 EL A = 2 AR M (Leontiadou et al., 2001). LRI 7+
LRI Psrp—4 [T, Hh—AN 505
Psrp—4 K& N = B2 R U, dw %N Ath-Psrp—4
(GenBank & 55}y AT2g38140). Ath-PSRP-4 &[]
ARG 50 MREERK ISR, I HEA 55
MR S ESBEBRSER Thx EAEZR
RS & IR IR K G5 53— R R
B E RN, iy 44 N Ath-Psrp—4h (Gene bank &3
TN AT2g2129), ZfBRFEFFEMH T EST #dh
FE o H % H B € ¥ 5% A (Yamaguchi and
Subramanian, 2003), Ath-PSRP-4h 1§ & &5 [ # 18
PREEHRL, #EMHATRERARMAEN. A, KT
Ath-PSRP-4 H H7EM SR H & A LSO S
R LA 1 A

HE PR R R AR A A R D REAIE LA 2K
FBZ—. Hr RNAI HFRIE RN —TUHRGE . &R
T B RBOR, 2 6 ) 3 PR ok 2 R AR 4 1) 7 2
J7¥%(Hannon, 2002), 7455 K D) Re B 50 15 2
J"¥Z 11 N F(Chuang and Meyerowitz, 2000).

AKICEISRE Psrp—4 FERHEAT 505047, FIH
Gateway Z 4t (Earley et al., 2006)#) i 1Z3E K ] RNAi
WAL IT, b 7RI T A 1R
FIHISEE, it — 35 3R SR AR 1 7 7~ P ML
e FAE I A 2 9 o e v (R A Y 35 el

18R 501
1.1 Psrp—4 A 5317 o[

Psrp—~4 JERERL R S 4K 730 bp, &7H =
NN T (B 1A). Psrp—4 FEH 75 N KRR P
BB, Z%IEE cDNA 4K 556 bp, Hrh
ORF (the open reading frame)Zwfiy—2cZ1N 118 4~
BRIEIER T . $REUE A B R T 2. RNA, 34T
1% IR HEEER kA A4S B 3L 3 2648, 407k

28S RNA. 18S RNA #1158 RNA. 1, 28S RNA
5 18S RNA M5 EHBIZIA 2:1, ODysp/ODag L
fHAE 1.9~2.0 2 [8], FWE RNA FERSS (K 1B).
AU BT 5 k4T PCR ¥ Psip—4
RNAi F B, JE&fiksall, B8 —%0TEN
150 bp £ A HIZH(E 1C), A BOR/NS TR H .

Forword primer

3’UTR
I::—(:—::r
Reverse primer
= 4eEF — NET
A
PR
N
Q\ﬂ' ,‘0\‘5\
F28'S N
X AR
188 VY
s =250 bp
— . 1100 bp
B C

1 Psrp—4 £ [R1 70 M1 & RNAi v B e

TE: A: Psrp—4 SRS K50 2 RNAL S 8ciHfr s B: &
RNA B BE WAL B ik C: Psrp—4 2P RNAI A B PCR ¥
34 (Marker: DL2000)

Figure 1 Psrp—4 gene analysis and clone.

Note: A: Analysis of Psrp—4 gene structure and primer sites
designed for RNAIi fragment cloning; B: Gel electrophoresis of
total RNA; C: PCR products of Psrp—4 RNAi fragment
(Marker: DL2000)

1.2 F|H Gateway FiARTE Psrp—~ F:H RNAI B4k

BP [N JEBHPE BRI : K se A 20 1) Psp—~
FH RNAI H B 5 Gateway A 1%k pGWC-T i
ITHEE R, A K # (E. coliy DH5a &2
A, WAAPAER T, VLT v I F 2 AT
i PCR N, ZBERHEEER FEIALI, PCR =4
R BOR/NG BRI B— BB 2A) . KA A
RPHPE RN T, W7 a5 RE x5 H )75
A, FKHI RNAQ F BEO I AN BN T8 R+,
4 Psrp—4-RNAi-pGWC. F| 1% Ukl 4T )5 42
LR RPLJE, PR RIAFEE(E. coli ) DHSo /&%
IR PUE R TR

LR 87 B s B i sl B i) RNAI
BUR TS 6 N\ B RNAI 2K pJawoh18 A,
PR W, BEAT PCR ¥ HAGI . 45 1%,
PCR =¥ 1y Be5 H W B3 B K MEIFEI(E 2B). Wl
JFIER, 1%kl 8 AN Psrp—~4-plaw ohl8.

Ak ¥ Psrp—4-pJawohl8 ik &4k i 4k
A ¥ # (Agrobacterium tumefaciens) GV3101, PCR
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- 250 bp
- - -
- W ww L 100 bp
A B
- 250 bp
- A S e e e
- 100 bp

C

2 Psrp—4 K] RNAI ik Hgt

T A: BP SR JE BAE S BE 0IE; B: LR SRS P ve ke
PCR ¥:ill; C: Psrp—~ 5P RNAi #/& PCR %5 (2% bt
H % 43 #T, Marker: DL2000)

Figure 2 Construction of Psrp—4 RNAI vector.

Note: A: PCR detection of positive clones derived from BP
reaction; B: PCR detection of positive clones derived from LR
reaction; C: PCR identification of Psrp— gene RNA interference
vector (2% agarose gel electrophoresis, Marker: DL.2000)

IR, SRAFPTE (K 20). IEIPHE SekE
MR, RGBS AL A AKT A -

1.3 B R RER I IR18 R RIE

pJawohl18 A4 H 4% 7 B 5 551 B 1 A 1 2 1A
Bar, V5l Basta f& 35 & AR (HP BF A BUL R IT)
FiACBET:, T S A AR L BR B 7], BN
grth, AIIEWAKWE 3A). B RS E IS
5 MREL LR RE AR

NEE Psrp—4 FERMFRIER, UL Actin Z:H
TERANSER, X 5 BRIEMEEERET TR ER
PCR. W& BB Psrp—4 FERAE 5 DNEFREK
BT R R IR sk R, (HRIA B [FIFE FE HY
RT B AT (K 3B), 1A 7R R L A A
ZIER RIS 2 T 4. FRATIESE Psrp~ £
FRING B ARG 2 SR MRAE N 5 211
SEESAEL, FEAn 4N psrp~ TARAE

1.4 BFAE RN psrp—4 RAZAAERR A #2000 2

FEIEF AR, AR AR S ER,
FRAK 3 G, psp—~ RARK R A RURERRIE /N,
MR EIEIES, FTHHMTIEWEDLE BIR(E 4A); 18
A AR R R v SRR A AR AR PR - A 8 o A L BT
R NS, (HER AR (A 4B), H5RA
ML R G5 R, fEIEWHIRZMET,
psrp—4 RAMRTIATIER AR, 5B AR
FH LG AT B X

1.5 38415 % psrp—4 RAFREDGIH B DL
AT I A BUR psrp—4 FRASHRIK BRI B 43

SSREHE(T 200 pmol m™ s b 1~4 h J5, K
HE RN EVFm) EN(E 5A). £0d 4 h
GRS, psrp—4 RAR R G 2 R
6 T8 B K i 5 BT AR R L Y T B L i AR
o @REY, HEAERMIL, psrp—4 RN
PS I XOGRERIM I BRI A KR, S RGBT
B IEW, A2

—— * S | Psrp-4
e e S e & » ACTIN
1 2 3 4 5 WT

3 W RL DR REAR RS- 5 0

TE: A: Basta Jiilfe e B IR, B: Psrp—4 JEIAIIA)E & RT-
PCR Al (1~5 Jyfe 5 L FE 715 WT: B A4 RUADL G 77)

Figure 3 Obtainment and analysis of transgenic plants.

Note: A: Basta resistance screening for transgenic plants; B:
Semi-quantitation RT-PCR detection of Psrp—4 gene expression
(1-5: transgenic Arabidopsis; WT: wild-type Arabidopsis)

AT BRI PS T RN H O D1 & A D2
FEAEMNARL, FRATEE SIS A S 1)
P AETURN psrp—4 FRAZRIUEETF I Fr 1 S FE A it
ITEEARBEENE T SRR, 5063 K
T, psrp—4 RAEF D1 E A D2 &AM
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ITAESR, AW SRARTIT TR B2 (1) 2% 3 B
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Kl 4 BFA TN psrp—4 TAZAREIR T B A i 2

A IEEAEKSH B ARLY porp—~ AR, B: BFAERY
psrp—4 FARMAAK 4

Figure 4 Phenotype and growth rate of WT and psrp—4 mutant plants.
Note: A: Phenotype of 5-week-old WT and psrp—4 mutant
under normal conditions; B: Growth kinetics of psrp— mutant
and WT plants

B, WEFFERAFI IR, 4 U5 iz
IR 2 B0 1R =40 5 6 T I 2R 44 (Leister, 2003), K4
IhfE M AN B f(Friso et al., 2004). H-Z4R 2% {4 2
TR A A0 P 5 A% A, I ST AIE SEVF 22 1 A
2 HE A 20 R I LE I SRR B B A O DG A AR
MR REEEN/EM. BK PRPSI7 3K 54
&, iR PSR -EW BRI, FEmDEG
F ) 4% 3% (Schultes et al., 2000); 7EfLE I+,
PRPLII #RRIG, Bt f A Ko 5 R A 284k,
(Pesaresi et al., 2001), 1 PRPS21 #imif% )5, FEPk
HeH A F 52 2401 (Morita-Yamamuro et al., 2004).
R IR, Psip4 HWANERE N,
AT2g38140 K AT2g2129. AT2g2129 NFHER, 7E

PRI EST H04 e A i EL VA i e S R
HEIRATIXNT AT2g38140 34T 7R H 7 FE 5 RNAL £k
Mg, FFT T A TIRETT AL .

R RER, HIEHEKEZSHT, 5HE
ML, psrp~4 FARAKIEEH RS, H2ZE
FHAHE, WHEIEFRAEKEZET Psp+4 3K
XL TR AR KR B IER A RE .
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—o— psrp-4
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4
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40 1 L 1 1 | I '

WT psrp-4

Oh 4h Oh 4h
B

D1

Kl 5 5ROGME AT psrp4RAARPS 1T AR 1 s 8
LD 1R F K B A

W A BFAER(T R M psip—4 R ALK (B B ) 1E 58 6
(1 200 pmol m™ s™) &b F 4 14~ PS 11 f) 5 K oAb 22 3
(Fv/Fm)[7A8 1k B: FEARAT B2 AFAE A4, 585%(1 200 umol
m?s)abE i PSTT H LD, D25E A& B2k

Figure 5 PS 1l activity changes and degradation of D1 protein,
the PSII reaction center, under photoinhibition conditions

Note: A: PSII photosynthesis efficiency (Fv/Fm) changes of
WT (squares) and psrp—4 mutant (circles) under high light
illumination (1 200 umol m™ s™); B: Amount changes of DI
and D2 proteins in PS I reaction center under high light illumi-
nation (1 200 pmol m™s™) in the presence lincomycin

AL TR, HIF L m, &
EOEE . YGRS (PSR AT IE S H i 2
SR AR B I FE AR AT, ARG
TR, DRI A T B A R R A psrp—~4 SRR
BRI R TR S, e RO E
FreE(Fv/Fm). 458875, M T B4 B e
Ir, psrp—~4 FARRIIN RGO RN [
B, D1 & AP # 2 PS I E ZAE E L
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(Long et al., 1994), i D2 Z& [ [t B4 /5 iz
D1 EAMK. NTIEW PSILE AR S KA T 21k,
FAILL D2 FEAEN D1 ARSI, #T7T
A RZEICEL . LRI, ST
HLL, psrp—4 58784K PSIL IO EE A D1/D2 ok
RAWEZL, X5 RN 8OR 1 525 45 1
.

DL ESEIGAHR Ui B, FER R RMEAR Y, Psrp—
R FRIEZ 2 T, HEAKE B RGR
TES B A RUAR LL I TC W AR AL, Wil Psrp—~ JERI7E
KRG IFARIEENIEH. H2EHET RNAi I
KRIEAMIR Psrp—~ 2K, TTREBURRIE RN Psrp~
SRR AT R A KR B IR E, R —
ISR W E N T-DNA 6 N RAKRE 4TI .
XEEYPG IR AR, kNIRRT iR Psip—4
FETERLEE I P B AL O T 254

3 MR ST
3. VEYIM R BERRAN R KL

FFTF NI AERL Col-0 (Arabidopsis thaliana)-
pGWC-T #Hfk. plawohl8 H M NLIEEFTH: K
JAFF B (E. coli ) DH5a J&J [ TaKaRa A ], RAFHE
GV3101 N ZELRAF

3.2 AFI 5 HE

)2 RNA $EHGAF & DNA PR FISGRF
B O FORRIGRA & R G &S B b
FARAEMRKFIE R A5 ; PCR 7). Solution I -
SO TR AL [ TaKaRa A#]; 51408 A
- AR E R 5E i o

3.3 & RNA 2B K& cDNA HI& 5K

& RNA [J32H 2 RNA prep pure Plant Kit
(QIANGEN) Ut i 11 i 17 ; cDNA & B 1% Prime
Script I 1** Strand cDNA Synthesis Kit (TaKaRa) it i
B

3.4 BERFE R Bk &7 5 e

4 NCBI 1 & A7 1) #8L B IF (Arabidopsis
thaliana) Psrp—4 %[N (GenBank %354 AT2G381
40)ff) 3'UTR XER5FX#1T 1 5EERPE PCR 514
F: 5-ATGAGATTCTTCACTTGTTGTC-3’; R:
5’-AAAGACTCAATGATTCATAAAGA-3’. #|H
A G, DL R IR A AR ST cDNA AR
W4T PCR ##, PCR MNFERFN: 95°C AL
P 5 min; 95°CAME 30 s, 52°CiEk 30s, 72C
HEAR 45 s, 29 NMEFR; 72°CLZEH 5 mine 2%3FH

JEpE SR KA I PCR 1), VIR Rl H 2%
FFREATERAL, RIS M EETHIE P MR L -

3.5 FIF Gateway BiARHIE Psrp—4 Z:F RNAi £k

BP J: BCil PN IR AR £ pGWC-T 1 uL
(%1 50 ng), Solution I 5 uL, Psrp—4 3£ PCR [AIHi
P 3 ul, ZARFH 10 pL. 25°C/RME 4 he ALK
i DHSa /523, JFRAEH Amp ) LB F
B FREE AR H S, BENLBRE R e pE, AT
PCR %5 Je i AR R R Y

FEE D 3 565 0E (1) BH 4 T T R4 N
1A, BT LR R,

LR jJ¥%: 7E 0.5 mL B5.008 Ll LR e B AA
RS 5 uL): ATTEAATRE 1 ul (30~50 ng),
pJawohl18 vector 1 uL (30~50 ng), LR Enzyme Mix
1 uL, ddH,O 2 pL. 25C/K¥% 4 h, FHAUKIGFH
DH5a 324, LM PCR &5 F. HREGN
J7 T P40 S 1 o 2 T R ) Ay 2 4

3.6 AT B KA IT AL $e 1k

R T 2H B0 R ik e A R ORT T A Ak
GV3101, RHTER R EZEFALE AR T . Hii
PSRRI AT T, B 4'CHAL 48 h a1y
SRR LA, 7 d JERRAET T e AR T
WIED 0.1%1F) Basta I RHEA T S I RARIE o

3.7 ¥ & & PCR (Semi-quantitation RT-PCR) 7 #7

L2 5 B RT-PCR V0 B3 KN TF Psrp—4
RERFRIEEHAT T, KA St 47 B
A LA R I RN B B DR R I I RNA 3RS
cDNA & . R¥EH IR GTHREF 519 PartF: 5-
CTCAGCCCAACTAAACCAT-3'; P4rtR: 5-CACCT
ATCAGGCACACCTT-3'. VAN AFEK Actins N
WSHREEK, 5155~ AcF: 5-TCTTCTTCCGCT
CTTTCTTTCC-3'; AcR: 5-TCTTACAATTTCCCGC
TCTGC-3's RT-PCR ¥ H4FE/7 M 94°CHiALH: 5 min;
94°CAZME 308, 60°CiB-K 455, 72°CHiEM 455, 28 7
PEH; 72°C 10 min. R HE PRI 25 SR VR HE AR
WEE, BEESFEMN Acting FEN Y18 47 = —
|, SRIERIH Psrp—~ 51003 SSRGS OB 32
PEIR, AT BRI R R SRR =

3.8 K Hh 2 E
G EEL 10 BRRASARFIEF LRI F SRR, AN
K PT B R INE D2 AR AR — AL B
2 JTME, R [ EAESEAR T Y R AR
{ZRCERBY N YRAR A 5 MR I 5 S A T AR R A
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2/ o BRGIBUR TG Xeray i IR G AR .
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