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e KAESENRBKRAT UGB A RARE &M, SR PSL, PSI, ATP &8, HiE
BERLIEEY, FLBESSYN 1,5-"RMREBE R, D458 SDS-Z MRN8 PR Jol s £ T
EF SR 50 EHEGRS T, FIARANENEGRESWHT TUEEE, RTENAEGRMRAKS
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Kigw BREBNRAEK, REBEEZAERY, ERABERERAEEK, REHT

FRORT Qs

MR EE A AE A R P A AT
AERAEEEEMM A, vnl BUFLRR R A1k
g, BECO,. XE-MhREMECRE &ML
FERERE, REEEYERFEnSIEERN 1,
5- MBI R LES (RuBPase) MEM 2152
BRBESEHNNAERR] (PSI), KERI
(PSI), ATP &8, HHEE bIE&W. FNE
AR b, FIREYCERG TE TR, A
CLEM MRS B BT T/ 2 IR0

R UK TR R R B RARIE B S 104A
. FYRAETERETERENER, A
BEEREEWLLIEURAFIRETE. RHANEA
HCEAGRE R SDS B/ AMAFE TR EHRFRE
{5 REEETRNE, RERir BB i L4 &
ReEEDQ (CP) W, HERKMNZHOE®
3 1991 5, Schagger ¥ N TR BI040
MEAENETPNEARESY, #x 7 —MER
FEHIK AR, FEFRZH bluenative polyacrylamide
gel electrophoresis (BN-PAGE). A BAESLH &
mHRAEERE NGNS, RAEN. B3
TR AR E AT REERAFFR TR
R IR R RS AR AR R SR B
IR AT, ik ar, B lEigAEg s
EAtR AR, AT Rk AR AR LRI 34T, B
TR e R T ORI B0 g R R ERIkES, 45
EHERENEARE S ES6, MAEHEER
BHEA, FIHZ A ESRFMREK RAILES
RARRKALER, GRIEEARATEREEESE
"EEREEWH.

1 FRSTE

1.1 SCISHTRL

B EMHTT 1 g/L HeCl, FIHE 30 min &,
FIEEAMEE2 h, KPR 24 h. FEEERFHE
Ft TR, FEFRAEIFDERA 120 pmol » m™2 « 571,
1.2 EBEEMEF

AR 7 RNBEE/ T 10g, T 150 ml &
330 mmol/L i # ¥, 2 mmol/L. EDTA-KOH,
1 mmol/L.  MgCl;, 50 mmol/l. Hepes-KOH,
pH 7.7, 5 mmol/L FLI L85 B35 T F 40 R 45 7
MLAHR, 2 ZEEAIEE, 1000 g0 2 min, JTHE
BFE T 330 mmol/L WA FE, 50 mmol/L Hepes-
KOH, pH 8.0, 1 mmol/L DTT #¥# (SH £
W T, BRBERET 35%, 70%H Percoll 8
k. 4500 g B0 5 min, PR R T ENLE
1300 g8 0 2 min, VTIEBE T SH & Mg,
1000 gB 0 2 min, 53T EHNREN. HE
50 mmol/L Hepes-KOH, pH 8.0, 1 mmol/L
MgCl, 0P K e SR Bk, 14 000 g B
5 min, 153 HTTEHERREE,
1.3 EBREENSETE

BEBREREIRE Chl 0.4 g/L 7, MMA
0.5% BHEER, KBEPHH 30 min, HE

PHEREELME AL BRITNEDEE, PEMERETAH
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S mmol/L. MgCl,, 50 mmol/L Ilepes KOII,
pll 8.0, 10 mmol/L NaF #1IEFE R =/ T 10 {7,
4 000 gBl> 5 min, FETIESH LET 10000 g
Bl 10 min, PAEMITE AEMEREEKE M
LET 40000 g BoD 30 min 5, B F M LE
100 000 gB50» 90 min, FIBANTIENE ML EHK
Jq:%[ﬁ].

1.4 EFRMAEHE

1.4.1 BESIE, BETEERET, AABRERS
{ESITER, WHABHATHEEK, 7TBEE 5K~

13. 52 BIRIE, IR RORIE N 4%, MmHIFE L
=1
Table 1 Solufion [or the preparation of 5% —~13. 5%

gradient blue nalive gel

Stacking  Separation Separation

(4%} (5% (13.5%)
480 g/L acrylamide and
0.807ml 0.707 ml  1.91 ml
1% g/L hisacrylamide %
150 1/L BieTris, 1.5 mal/L
HELCHASES T L il aml 288wl
B-amite-capraie acdd, pH 7.0
750 g/ L glyeeral o 0.47 ml 1,870 ml
H. () 5.733ml 2.427 ml  0.823 ml
TEMED Wl rou 7.0
50 g/L APS 100, 4004 40,04
Tatal 10 ml 10 ml 10 ml

1.4.2 FMESWEE, BEEAS 25 mmol/L BigTris
1ICL, 20% H i B iR i, T 14 000 g F &L
5 min, JIERFE T &R X FIRE G IE SR
F, BB T4 000 gZ0 10 min, £ EFBESF 0
AN 1Y% Serva G fGiRY), BNRIHfTHRMK. EHfr. &

Bl

410
-d

(R1E

RBRERBEATAREERRFBESIIA 1% 8
Serva G BIA].
1.4.3 ik BIREM#E R E 50 mmol/L Tricine,
15 mmol/L BisTris, pll 7.0 HIBAIR M@ N4
50 mmol/L BisTris IICl, pIl 7.0 89FA R 2 HiE.
AR 7E 4°C F#EAT.
1.5 SDS-IR-B A AL EE A rh bk

BEEFEMETENRRERESTERED
T, Z2FE&AEE (8 mol/L BE, 5% SDS,
20% i, 10%3E 2.8, 50 mmol/L Tris IICI,
pl16.8) ER T A 30 min, FHITE R B,
Bl SDS R BAGBLEE R Bk, =] FH#AT, 18
A 25 mA.
1.6 HEHD

TEFE A SDS R B 7 B e R Rk o
B, SFEMNEOMIER Sambrook B [ H L RE
BETHETER I, MR EEEA YD
5 10 mmol/L Tris IICI, pII 7.5, 150 mmol/L
NaCl M 0. 05% Tween 20 HMH 1 h, IMA—HERN
IR EMEEREREEG I RE I hE, I
AEH NBT M BCIP i W& EfE&5E A1k DL,
LIICI , PsaA/B, RubisCO B4k 57 Bl R ¥E T
Dr. Satch, Dr. Staehelin, Dr. Gray f Dr. Muto.

2 & B

2.1 ARGEMEEISITHASRERESRGY
ME 1 AEY, EFREMBERETEENR
IR SR A MR v A 3 53 1R R A R M 5 S

Fig. 1 Blue-nafive gel eleciropharesis analysis of pea thylakoid membrane prolein complexes
(a) Thylakeid membranes were solubilized by 0. 5% (I3, 1% (2) and 2% (33 DM in the pressnce ol Chl 0.5 /L, and 0. 5% (4, 1% (5)
and 2% (8> DM in the presence of Chl 1 g/L, (b} Thylakeid membranes were solubilized by 0. 5% (I3, 1% (2D and 2% (3) digitonin in the
presence of Chl 0.5 g/L, and 0. 5% (42, 1% (57 and 2% (6 digitonin in the presence of Chl 0. 5 /L,
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R, TERRkERES, AFRENTEIHER
MGERWRENET, EANSEENEAEEY
TZzRPRE6G4T, FEHEENEEAL
wel BAMTRAAFREN T - HEEZFMT
(DM> FIEMEER, DAMAFR MM REVS
WERETRAMITHEE. XH BN-PAGE 1T LUK #i
CERBEOFTBHETLAEESRS, S THREN
AR 100 ka B 600 ko AN H R ILLL Chl
0.5 g/LAVITEWRE 1% DM AN 4 K B &1F,
A LUK RuBP BALBE AU (R bl B & H
3, PR 6 ATEMTRIA (B 1a). MERmE,
AEMESFELEAEN, R HNEES
BEEVTE, XAUREATEERERAESY
A EEE G (B 1.
2.2 EBESEVARSITAESHIER
HTH—PHERBEEERESWRAR,
W 15 R R BRIk S FIAF SDS-BR-58 7 6 B e 8t Je
WK AT, SEMEER R LEMR
B, AEEENS FREARmMSE. A 1%
DM, LA Chl 0.5 g/L AVIEREESENFEST BN
B4, fE_mwikt, EEAREEHHNENT
Er D3RR S A (B 2b). A TSR ERE
ERE&EYWE BN RPHINE, 1§ SDS-T-FRAE
B B e BRIk AR _E RIS B T R B M AT 2
L, HRuBP ¥t KPE . LHC., PST /W
dl, D1 RIURRAT SIE B 4T, PST 4T
JREHN 540 ku, THEZKEFR L EEFERKE, PST
FNAFLEHE PsaA/B. 0% ETZESE B 417 %1
SFREMERRARS B (1] REMHEZ,
FEMRL 80 ku ) PsaA F PsaB, 21 ~25 ku §
LHCI MET T 20 ku ESH THEZEHFRA
B, TEAZEPRMBSFRER 450 ku 1 PS T
BE&W, 5540 ku I PS T BEEWMHLLE, KNz
PSI E&MEtb LHC ] EETEAM. RuBP &
WEEEZEBARPH T FRERAN 430 ku,
EBG, WAEHER, ER - mPr LT H 2
MEAM, TFRESHRE 53 ku f 13 ku. H—
Mk RS NSREEORATELICT, B/
ST RERLAN 180 ka D1 5% BRI 241
MERN260ku M 230 ku FIPSIEEEEY, 48
H T SDS-FR-28 P4 B R e R AR vk A =
260 kuEPSTERE &Y, & HCP47.CP43,

DA DI EFEEBR; MAaFHEERN 230 kn P E
CP43 R PSI EAEEY.

il m
e RuBPaseLS

Fig 2
thylakoid membrane pigient protein complex separated by blue

Two dimensional analysis of protein composition of

native gel electrophoresis and immunoblotiing identification
A lane of a bluenative gel (a) was cut out and transferred
hortzontally on a SDS urea-polyacrylamide gel for electrophoresis in
the second dimension (b)), The two-dimensional separated proteins
were electroblotted onto NC membranes and immunodetected with
antibodies of against specific protein components of thylakoid

metnbrane protein complexes (c},

2.3 EUME R ST E A R A AT
2R R TR AR o3 N BE R AR R AR, &L
JIRBAEABLLPS ] AE, BEREBAEES
PSTI M. W agi B 15 B RO T B fr 2 TR A
PLChl 0.5 g/L A¥IEAWE, FH 1% DM B, L
SMETEEEARGWAMMN DI, EHHREYH,
ERMENARGREEOEEMNAREREE,
H—BIER T PS T 1 PSIL7E &5 FI Ho 2K B i
HrarAatel. RSB AR Rk B AR
RIS, 7E SDS-FR-ERME R Ik RE P
T Zm k. EE R — D R AR T
BEMGARERESMHNZRAR (E 3.
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Fig. 3 Analysis of stromal thylakeid and granal thylakoid membrane protein complexes

The stromal thylakeid and granal thylakeid membrane protein complexes (a: 1, 23 were solubilized by 1% DM, then lanes of bluenative

gel were placed on urea-SDS gels and two-dimensional map of thylakoid membrane protein complexes are shown (b, c).
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RFNV K R AT LMEM SR E A R S TEIR
PRREPRET 07T, EENFARMEE RS
B AL, BT MR- EafE, RERERA
BARAEIRASEPR, AT THRKZAIERAST £
FUAERE RS, DEEARME L9 B TR,
5 TRIFMERE N, MERIEMRHEIK AL
FHETFEER, MEEEXZI, BEARES
B Il e, FEART ERRA, R T
EEEPWER M, NFEEEAREEYIRTE R
9T REMANRMN AL IR EX ZFESHE
RIS, W ERMN (B D, EXME R LR
TE—HREHERERSE ], HESL. AHERE bl
&Y. MiCEEW . ATP AEFf1 RuBP 31k
EEHF. M—HEREAMFTHAITE MRS
Wk HANE B R E A LARE AT R B
(2. RFAEAER R MR TR ESAT T
tBREEEEWMARSHT (B 3), B2M4ERIT
SETRTERMENAERBEESS &M TG
B Hr, BENRF R ERSRE T AEE R
§1. AR TFREMARME S ENERRE
EMR RIS .

BEREMKHIXKAEZEERGFEAOR DN
. OEERARHKE, NESEARE SR
FrE s, ARFHAEEMIAN PST PHEESL
K, PSTHIMEANAITLEE S HP—fAh
RN PST E&W, M5 — 2 CP43 5K 5
BEYS, EEALHHEMBTE PSS HTER
EMNFEE, BERITELBEPSI FERR
Jﬁ[llj .

EHARME RS, AER RS ] PR
STERENEARESY, BAEN. RENRNUR
A, BB RRHEAT. BAIATHNITEI BT
FRBAEAEEY, B THENAR, A
REERASE, HMEREREMRAE NIRRT T RIF
MTE.
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Blue Native Gel Electrophoresis Analysis of Chloroplast
Pigment Protein Complexes”

LI Bei-Bei” , GUO Jin-Kui”, ZHOU Yun”, ZHANG Zhu-Zhu" , ZHANG Li-Xin"® »
(D School of Life Science , Lanzhou University, Lanzhou 730000, China;
2 Cold and Arid Regions Environmental and Engineering Research Institute, The Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract Bluenative polvacrylamide gel electrophoresis is a very powerlul procedure that can bhe used to
analyze the components of chloroplast protein complexes. The two photosystems, the ATP synthase, the
cytochrome complex bgl complex, the light-harvesting complexes and the RubisCO are well resolved.
Analysis of chloroplast protein on a second gel dimension allows seperation of more than 50 different
proteins which are part ol multi-subunit enzymes. Western blotting analysis was also used to conflirm the

identity of the complex. The method has been used to analyze protein complexes ol grana and stromal
thylakoid.

Key words  blue native polyacrylamide gel electrophoresis, thylakoid membrane protein complexes,
Western blotting
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