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Fig. 1 Western blot analysis of yeast total protein extracts
Yeast cells were transformed with the indicated pNCW-D1 construct
and empty pNCW vector and grown on the minimal medium lacking
leucine. The total protein extracts were subjected to SDS-PAGE, then
the separated proteins were transferred to nitrocellulose membrane and
immunodetected with the D1 antibody. The thylakoid membrane
proteins and total protein extract from pNCW transformed yeast cell
were used as positive and negative control, respectively. Thy: thylakoid
membrane proteins; pNCW-D1: total protein extract from yeast cells
transformed by bait expressing vector pPNCW/D1; pNCW: total protein
extracts from yeast cells transformed by empty bait vector pNCW.



2006; 33 (4)

AMEZ. HETEUBENRRRAMTASBESREER . 353 .

75 SDS- ZE M I Il vk i, o LA A H ik P i
H R RS I 2] 55 O BRI AT S AR pNCW (1) 5
40 ) 22 S W S I AH N 4% i (BRI D1 R Skt
RS R IN S5 R, AR R A VT E 1 1) 40 i T A
W2 T R Y] Wik 5 T 2R84 D1 HE T
BRI ). XA 7 i b 2E 5 5 1o 45 5 A
¥, OISR 7 REAE il NMY32 H 24245 31
Fik.
22 FRiEEBAEATIEMSIFE

TR 382 FAERERR A R Girh, ZERiF IR
FIE G R A ST e A, TS B A
T [5G S5 R 1R Cub 241 W) S0 20 5 5% 1 4 il
SR, X2 T2 R R I AR A A A TR
I BE b oy An IR Zxld. 4 KL 5 LexA-Vp16-Cub-Dl
RKiLJGRGEAAMIE DR, LA LN Sl
SR S R v A (VA ml B P o 71| )
pAI-Alg5 (Fik 5 4 Alg5-Nubl) ¢ pDI-Alg5 (£ ik
HE Alg5-NubG) 7 & 81 % &, /b & ¥ fb
NMY32/NCW-D1, % Frfs 4 41 o 73 sl k47 B-
P A P 1 A 2 TR ol o Y P AR A AT
g WA 2 fror. 5 pAI-Alg5 (Alg5-Nubl) 8 4k
Joi o AN BT IR 7 B B IR 1Y) SD-His-Leu-Trp
PR ERERS A, H VA B B f0, RIS 4%
PR A5 BOAH 5% (3R 75 JE IR His3 A1 R VE A 45 1 A 9
(1) Ade2 $i5 JE PRI WG . RN, %45 Rk R W
P H 85 11 LexA-Vpl6-Cub-D1 & 44 N it M 1 g

@) 1 1710 1/100 1/1000

Alge-Nubl B "~

Alg-NubG |

NubG-D2

D,-NubG

%

NubG-b,

D,-NubG

Bt -

i, BN HAE cab B ABES WK EA
Alg5-Nubl 11 [ Nubl 731 A 25 & T30S i
B R GE . B A0 gl M A T Ok Y R R A 1)
SD-Ade-His-Leu-Trp “FH_E A EK (G R RS 1),
X2 A AN D1 2 AR BE NMY32 iR IA
I, % E IR T B S AR B
fH, 4R AlgS-Nubl ' [¥] Nubl 1 LexA-Vplé-
Cub-D1 H'[f) Cub figh® H kS, JFBEGE T 52
AR S LR Ade2 RIS (53 WO, IR
WA Sz B, SRR AR LR, RV
YRR, (HkBIFHREE A Cub 71 IR
XSG FRIL K, BT &5 Nubl DL - Rl (1
BT & A YD Re 0 2= TR ECR:, AT
0] T BEREAH M AR L £E R R SD-Ade-His-Leu-Trp
SR AE K (R A 5 Daniel 11 A2 W), £ 5
pDI-Alg5 L4k, A6 40 Jfi /& SD-His-Leu-Trp
ay, SD-Ade-His-Leu-Trp - B A 4K, HE
SD-Trp-Leu “F-H - (1) 18 V& 520Ky 21 (0 (45 FR 45 ).
X T D1 5 AlgS WAHAMHEAREH, NubG Al Cub
AR RN R E S, WA E Iz 25+
e s M il 454 pNCW-D1 5 pAl-Algs K&
pDI-Alg5 JLHAL A0 H ¥y B- 1 FL B Tl % 1 20 B &5
(& 2b), TLAKBFELG 52 LexA-Vpl6- Cub-D1
AHRA BEEDIRE, (EREREA I NMY32 R IA
J . AELAN sy T B i) 7 e A7 T 9 5 I
M0 HLAE 40 5T AT oAl (G 7 40 i ik b 43 A
(b)

AlgS_NUbI _

Algs-NubG
NubG-D2
D,-NubG

NubG-b,

D,-NubG

Fig. 2 Growth (a) and [3-galactosidase activity (b) of the yeast cells expressing LexA-Vp16-Cub- D1 with
Alg5 controls and preys
Yeast cells containing bait protein were co-transformed with each prey or control. (a) Growth of the co-transformants on SD plates

lacking histidine. The resulting cells on agar plates lacking tryptophan and leucine were grown to logarithmic phase, 5 plof 1 2 10

serial dilutions was spotted on the SD plates lacking tryptophan, leucine and histidine, and incubated at 30°C for 3 days. The

construct Alg5-Nubl was also used as a positive control, and construct Alg5-NubG as a negative control. (b) B-galactosidase
activity assay of the co-transformants. Cells were grown on plates lacking tryptophan and leucine, transferred to Whatman filters,
permeabilized, and incubated in the presence of X-gal (0.1 g/L). The blue color development is positive.
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Fig. 3 Analysis of the location of thylakoid membrane protein expressed in yeast cell

(a) Western blotting analyses of the yeast cell cytosolic and membrane fractions. Each co-transformant cells were used for

preparation of a cytosolic and a membrane fraction as described in Methods and materials. Western blotting analyses were

performed using the antibodies against D2, D1, and Cytb,, respectively. The thyalkoid membrane proteins were used as

positive control in each blot. T thylakoid membrane; C: cytosolic fraction of yeast cells; M: membrane fraction of yeast cells.

(b) and (c) Analyzing the location of bait protein expressed in yeast cells by virtue of different prey controls. The yeast cells

containing bait protein were transformed respectively with construct Ost1-Nubl, Ostl-NubG, Fur4-Nubl, Fur4-NubG. The

co-transformants were used to assay the growth on SD agar plates lacking tryptophan, leucine, and histidine (b) and

B-galactosidase activity by filter assays (c) as described above.
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Studying of The Thylakoid Membrane Protein Interactions
Through The Split-ubiquitin Yeast Two Hybrid System”
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The Chinese Academy of Sciences, Beijing 100093, China;
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Abstract The major photosynthetic complexes PS I, PS I, the cytochrome bef complex and the ATP synthase
complex are located in the thylakoid membrane. Here, the newly developed split-ubiquitin two hybrid system was
used to investigate protein-protein interactions of thylakoid membrane proteins. The reaction center D1 protein of
PSII, which is encoded by plastid gene psbA, was used as the bait protein, while the D2 encoded by plastid gene
psbD, another PS II reaction center protein, and Cytbs encoded by plastid gene petB, a component of Cytbgf
complex, were used as prey proteins. The yeast two hybrid analysis showed that the D1 protein interacts with D2,
but not with the Cytb,. This result confirms the protein interaction model of thylakoid membrane protein complex,
and also means the availability of this system in detecting thylakoid membrane protein interactions. Thus, the
split-ubiquitin two hybrid systems could provide an efficient tool to reveal the regulation mechanism of chloroplast
proteins biogenesis.
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