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BN-PAGE analysis of thylakoid membrane protein complex during rapid
growth of Phyllostachys edulis
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Abstract: [Objective] The objective of this research is to reveal the photosynthetic characteristics and the
development of photosystem of the stem of Phyllostachys edulis. [Method] Blue-greengel electrophoresis
(BN-PAGE) was used to analyze the thylakoid membrane proteins in stems and leaves, and the changes in
pigment content and the 77 K low temperature fluorescence emission spectrum were measured. [Result] The
content of chlorophyll and carotenoid in stems was significantly lower than that in leaves (P<<0.01), and with
the development of stems, the pigment content increased significantly. The core complex of PSII in the
thylakoid membrane of stems and leaves was relatively complete and there were more light-catching pigments.
PsaA/B and PsaD subunits were mainly isolated from PSI core complex in leaves and the stem base, and
PsaA/B was obtained from the middle of stem, but no PsaA/B was found at the top of stem. There were two
obvious main peaks at 685 and 745 nm in the 77 K low temperature fluorescence emission spectrum of leaves
and stems, and six maximum values in the fourth derivative spectrum, which were mainly the fluorescence

emission peaks of the core complex of PSIl and PS I, and the shoulder peak caused by the emission
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fluorescence peak of the PSII peripheral light catching antenna (LHC 1I'), PS Il inner peripheral light catching
antenna (CP47), PS I inner peripheral light catching antenna (CP43), PS I reaction center complex (RCI), and
PSI light catching antenna (LHC ). The characteristic emission peak of LHC II and PS1I core complex at the
top of stem had obvious blue shifts compared with that of leaves. [Conclusion] The core complex of PSII in
stems of Ph. edulis has been formed. With the development of stems, the bamboo shoot coat gradually falls off,
the pigments are synthesized in large amount, the inner antenna proteins CP47 and CP43 and the peripheral
light-catching complex are formed gradually. Meanwhile, the PS I core proteins PsaA and PsaB begin to form
after the stems are exposed to light, and the core complex of PS I is gradually assembled and synthesized. [Ch,
4 fig. 2 tab. 45 ref.]
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YDA FESE RN R, RIS T R et A HOGEER, HAbZ @Rt 28
HWREBHITIEEMEMN ), NILSENP! & S Y 4 (L 25T B 5 i AL & RE ) ; MANETAS!Y #f
FERIKAE LR (10%~50%) 2 T Wi s SUN S5 BIFFE R B . BT AR BT il A B A 21 4k LA K A8
JH A BE XS AN [R) 7 1) BRSO 2k B R4 a9 25 ) OB 4 PE . HIBBERD 46V & 8. C #HY MR HL Nicotiana
tabacum 2% Apium graveliens 25 BAG C, Y& 848 . NILSENP A Ky B AR 5 KRR I & 12 (CAM) A1
Yt 20 G iie, (BHZENZH CAM &R, HMMEY ZEFOEER C ikt HARRE ST XL
Gossypium hirsutum W FAE RALAS B B9 5IE I T AR AL B XA E R oTmk . 289 R 2 2k vh
JGREmAL EREF AL EEG I, — B ROGEEMIE MR SRR NFOL AR, SBEER 4 4
ZUREAZGHE—CRGEN PSS, SERG [(PST). ATP 5 i (ATP-ase) AN (AR bef i 514
(Cytbgf) #BE (i TR RN 1070, X SE i U A AR 22 Ho A A B R 2 7] 58 06 & H AR DG &
itk Y, ok AR & A R B (PEG) M4 BORFZ A 7385 T IMAS Pinus tabulaeformis 19
. Pisum sativum WZEPERER, JFASR)5E %0 PS T, WEMAAEAE 2 b PS T, 1 HX FRAEAE B A — &
P ZREAETTEARIR (83 K) A AR ST G IE SRR PS I A0 B G W) h UL RE A& I #EAT T WF5E
R IR e RV T 57 B e DRSO B AN TR T & AR B s TEAR RO IR T, 028 hae sl
i IR AR AR . JE A AU R R 4% 0 RN I B Bk (BN-PAGE) ., 45 & Il 1% % 5 X 4% BE 45 3% Porphyra
yezoensis KK HE N E AW HAT THISE, KW H PSI #.0 &2 & ¥4 D2, D1, CP47. CP43 i
Cytochrome f %85 1o 7E4>F 7KV B4R & P F SR 45 1 S5 2hRE , X T8 G REFE AL I HLIILA.
HEZZ X, BAT Phyllostachys edulis J2&TT#TH XA & 25 AUESMEMAT R . HAT, XTBTHFR
FEAEBIOCEATRE | 2B SR IOCRHEADC G BRHEEDY L Bk A S0 g et
FE R 2 220 55T . X T BT MR RIEBE A ZEY) . P A KN BTG A Rtk AT 98 R WA
H . AR T BAT AP A K I RO A AR SR 77 KAWRZOE GG . SR
A LUK RAB R JE R IR B S s Ak, B AT 25A T G /R FHHL B SR S B A A
1 MEE 7%
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2018 4E 5 A%, TEWHTABUNTIINZ XA BRMER N, SRR A -2 AR R,
1 (6.040.2) m, FEARLY 15 em, FARMRAEST B S BAT AT, MZEFFIEERRE AR, 51y (] 4% BE DA 2
PR TR S, 1~6 7 GFAR T Wi ) MZEFFEEER, 7~13 15 ARIT W BTE, 2R Ea6) R
ZEFFRER, 1395 DL B GRS, EFF OB A) AR, BCEFANE R K, JEEE Y <3 mm,
6 JH], TEPEAENEERT 3~4 (i TCHRBE 4R A i B, BBORERSSTA] 2 10: 00-12: 00, HUFEf5 B He 17 At
FOCHYME ; HTOGE ORMABUKAERET fE, SR B A TR 7R, 77 T80 C &,
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W, IARTR > ECR 80% B 5 mL, FERGAMIZHE 48 h, 20 HI7E 470, 645 F1 663 nm Ab I Hol % i
D(\), % LICHTENTHALER™ {777, & M4 % a(Chla), M4 b(Chl b) FIZEHE M & (Car) Fift
OER. HEHL S BRFFATRN S BRIAT, BRRIEN 1o st 4 S kESR .
122 77 KA&B R L4k Em 2 FIF AvaSpec-HS-TEC # f& R SO G LF gAY (db T & 7 S i Rl
AT, WA (77 K) PR ARS T BATH B FIZEFF2O0 RS . RABREA G Jrik i
&k, LA AvaLight-LED A& 6UR (480 nm), JERESRFEEHIZE 3 000 pmol- m™-s™, EHFI TN 600~
900 nm, & $HEK N 1 nm, FHEHEEE K 500 nmes o R FT S HARME BRI 0, R SRR O
BEEATH 7 A RO A RS 20 L B RAORAERE 1k,
123 EERBEHRII R SCHAGGER %529 7R EE o, FRIBCEATIH A 10 g T 24T 50 g, i
A 100 mL Fi¥2 A9 $2 UK (0.1 mol- L7 M, 0.2 mol- L™ G444, 50 mmol-L™' pH 7.4 BEFR 2% vhiR, Jii=
WeBE R 2.5% 2 1 6000) 1, FH 50 ¢ ZIEEMAFAL (LT RS BERMA FRA R My 25K b
WA R IR CRZ0 1 min), BEAJ3KGE G 4 208, U8 3 000xg 2.0 10 min (4 °C), WEEDLTE. FILTE
FH 10 FEARBUH0R I 05 VR (O & R C ZEEM R BOR) Bk, 3 000xg B0 10 min (4 °C), UAEDT
W TR S AR IRFUR 1 VR HOR DU B IR, 500xg B0 5 min, FUURE, K LJEEM 3 000xg B L
10 min (4 °C), WeHEDLRE, JHHEIFK (0.3 mol- L' BEKE, 50 mmol-L™' 5 4L4N, 50 mmol- L™ M2 2% h
W, pH 6.9) B VE . 152 AYE IR BRI N BRI ER (il 200, I 4 3 T i BUR BT —-20 °C kAR
1.2.4 BN-PAGE #k  HLUKAE il & . BOSEEIRIEE il 457 1 000 uL (Z97% 10 000 pg & 1A 1 000 pg
M4r %), 3000xg &L 10 min(4 °C), BUHE, 1000 uL REZE#hiR [ACA ZZnhi . 750 mmol- L™ 43
CfR, 50 mmol-L™' pH 7.0 M (2-¥8 £, 3k) A3 (=B 4L) ¢ (Bis-Tris), 0.5 mmol-L™" Z —Ji& /U 2 1@
(EDTA)] =77, FMA 0.05 g BHLH 24T, WA Z 58 20, 7EvKiE i A TY88-TIN 75 Uik 24 M 53 i
ML (PO 2 A R I A FRA 71) AR A9 1 min, 4 °C FACE 30 min, #RJ5 8 780xg &5.0> 30 min,
B RV, A S uL % D2 i el R R 5% % D2 5 G250, 750 mmol- L' & FECR), 1R
SlJa BRE. BB I YK B B IRIE N 4% WRAR A 5%~13% BHBE S B I, AR R 30 pl.
A0 B 2% # (50 mmol- L™ 'Bis-Tris-HCI, pH 7.0) FIBAH 2% #fi#& A [15 mmol- L' Bis-Tris, 50 mmol:L™
N-= (B W 5 R H %R (Tricine), B 0.02% % HW=5i5 G250], 80 V IH EHIK, M4FEM5E4
PEAG I, W B ZE il A, $e PR 2% /& B (15 mmol: L' Bis-Tris, 50 mmol: L™ Tricine), 120 V
TH RIS e ARG FRAE 4 C T8, 55 2 MUk : AL ESRAR SRk FEE N R
EUREYVIT, FEER FAER BT (R EHR 5% + —Ie LR AN (SDS), B ECh 20% H
L, R 10% L4 BE, 50 mmol- L' Tris-HCI, pH 6.8) ¥ 30 min J5, T 50 °C /KinHH i
S min, SRJFHEE TRKUERHIE O . R AHCE FEMERLFI5E 2 MR -, SE4758 2 ik,
VKIE B IR T AT, 25 mA 1L, P shik . 100 mmol- L' Tris-HCI, 100 mmol:L ™" Tricine, Jiii&
WP R 0.1%SDS, pH 8.25, FHRZE##: 100 mmol- L' Tris-HC1, pH 8.9,
1.3 #EAE

DG R AR B A BHE 2 Multispec 5.1 #JA4bHE, H Origin 9 Goi 47410 b, BB
TEBEIE Y S, 20 —AbBE, SR & B RO 5O & SIS AT R, R R E A E A PO B A
FIEHIN, WP MR LT/, Fra BRI, 5 kS O bR IR 2 . FIH Origin 9 #1751
I FVER, St 771K One-way ANOVA, 4T Turkey £ H# (P<<0.01).
2 H#R53%
21 XEBERESH

BN A MERHZEDCE AR AR S EER (R 1), EEFFTHE, R MEHE N RN RS
AR, A BE T 93.4% 1 96.3% (P<0.01), Bl Z2FFAY K B R, MR M E N ZIFiH K
wR2R, AEEERAR RS, A 23K T 30.6% Fil 47.6%(P<0.01), ZEFFIF4RE ab YL F
AN, FEZEFFRLAGE R, MARER ab BT R . EFFIE AR R ab St 2 Mo E R, 2
FFTH 282 a/b LI ) 46.5% (P<0.01).
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Table 1 Pigment content in leaves and stems of Ph. edulis

Bt Ei(ng g

(ALS MHaeRa/ KNS PR 42K a/b
4% %a M4 2b FEUIES 3 K MR

it 311.60+0.07 A 89.30£0.01 A 400.90+0.08 A 96.00+0.01 A 3.23+0.25 A 3.46+0.27 B

ZEFTELTR 158.00+1.09 B 52.10£0.20 B 210.10£1.28 B 66.60+0.48 B 2.37+0.06 B 3.03£0.10 B

RS 64.90+0.29 C 17.00£0.09 C 81.90+0.23 C 28.90+0.17 C 2.25+0.15B 3.83+0.35B

ZEFFTIHR 12.50+0.01 D 2.50+0.01 D 15.00£0.01 D 6.30£0.09 D 2.02+0.31 B 5.07+0.23 A

VEHA : [FFR RS R 3R 25 540 i 3 (P<<0.01)

22 RECBIKER

K HEHEASPE BN-PAGE HLUKEEAR AT T BATH B FIZEFF 2RI E A2 A% (K 1), BT A BN &
WSS 2 LHCI-PSTH#E S9 . 29 600 kDa i PS T #%.0 —BAKM PS T . A4 T
() ATP 41 (ATP-synthase) 2014, #7290 kDa iy PS TAZEA Hivb CP43 L) PS TR, £ 140kDa
(RIE S LHC 1T = SR AAFNIE S LHC 1 3iAc . X bt B 28 AR 2 A4, 2541 BN SE I Wi 4%
WA LHCI-PSTEBEAY . PST L RIEJLF5 PST Mi# . ATP &4 HF. PSIAZ.LH &M LHCT #
. M BN BEI T, IEE MO REALZ AR LHCT = RK; MAEZEM BN SR, REn
M2 LHC T EfR, ZEFFJEHE PS T ER AR — R AR S it AL, iR/ CP43 MEEERY PS TT S04 Ay 25 5, 1] ik
Pt ik Bl Z5FF RO AL, PSTTBAMRH R R 2

L S, S, S,
669 kDa— >LHC I -PS I & &) - . SLHCII-PSIT @ E &Y
>PS1 +PS II —5fk e B >PST +PSTT —Rfk
440 kDa— .
>ATP—%@§ >ATP_%%
S - NN
12kpa— | oI LRk [ B BT
“ — CP43-less PSTT 10 i1k — CP43-less PS T 40 #i 4k
140 kDa— [ — LHC Il =%fk — LHCT =%k

y ' i
‘—LHCH LRI . l — LHCT #fk

BUHESR T H AR IRE A2 A WIEBN-PAGEF ()24, HIEE EVHARCTE NBATZEFEIS,) 35
(S,)FNTHR(S,) 35 FIBN-PAGE M IE (% N AL B . L. M

B 1 2A4EEARBEEG BN-PAGE &k B
Figure I Blue-native gel electrophoresis analysis of Ph. edulis thylakoid membrane protein complexes

KT HEAFH I 25, K 1 B RAYITT, #5175 2 1M Tricine-SDS-PAGE Hiik . BN-
PAGE % 1 [n] LUK 73 B TR RAKE Ry FEFE GY, 458 2 Ml Ik B84/ NN (8 2), &%
RANTALA SEP IR AR, WRCRFELEIH N . 20 S R m i asis, BrT5
CP47. CP43, D2, D1 Ffl LHC I WIEXT I A & . SRAESYX N T LHCI-PSITT@E &% . PSI#%
DR PSR LHC T =AM LHC I #fk, ATP A EE7EZE 2 [m Bk T 7 #4535 57 kDa 1Y
ATPa 1 55 kDa i ATPB. BATH A FIZEFTFRHR PS T 4558 2 6] M 7Kk 73 2515 3] PsaA/B Fll PsaD, ZEFT
135 PsaA/B, {HAEZEFF THR A A 5 A7 B fg b o 7R ) PsaA/B.
23 77T KRR &G HIE

WE 3A . DB ROGREAS %, BT R 77 K 9O6RSHEEEMAR M AL, Z350% 8T PS 1T
(685 nm) Fl1 PS I (745 nm). ZEFF9EC R FHEIERIA — N R KAE, DME T2 B2 [0 A IS B
Pk R bR . ZEFFEEER IS S BATH A 3 AR—B, ZZFF R EAE 685 nm X PSTT, 2 GHe B L BAT
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Figure 2 Two-dimension Tricine-SDS-PAGE results of protein complex in thylakoid membranes in Ph. edulis

MR 7E 745 nm XA PS T, ZOGimEEfcfK. SEFFIEAE 680 nm A HHBLERS RS . LAk, 2GR E S
ZEFFHER—3; 7F 745 nm AbZOGEREE LB AT BRI AR R .

XFEATHE F FIZEFFY 77 K 26K 6 HEAT DU B S 450 3 (] 3B). 206X BATH R 5 255365 LA
KR PO B SROEE A — 5, TWIITE 685 nm 4b, KA 1 ANHIEIITE 653 nm 4b; ZEFF TR PY By
SEOCHE I BB IIS . EIELE 680 nm 4b, FE 650 Al 710 nm 4bAg 2 MJE . BT R RIZEFEAY
OB FEOEIEFE IR 206 X 22 AR K, BATI 5 RIZEFF L K p o I8 TE 745 nm 4b, 7E 725 Fil 765 nm
A 2 A JE I ZERFTRERAY 206 7E 741 nm &b, 7F 725 F 750 nm ZbA 2 NI,

12 ¢ 0.015 [
A 685 nm 745 nm
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0.8
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Figure 3 77 K fluorescence emission spectrum and fourth-derivative spectrum from leaves and stems of Ph. edulis
18 77 K YOG RGHOCEIEE N, G m i s Ui b i 2 D eotiBa s (R 2, B4, LXK, &
Pyt i FZEFF Y DEOGIEARAE 685 nm ZcAy s TELLIGIX, BATH R A R EZEFF 192G IEAE 740 nm /2
A, AHZEFF TR EOGIETE 756 nm &b, HHELHI LA . AR TR 2 M EATIE AL (4,/4,) . WEs b
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F2 EMHMZERE 77 K RARSLESHBTER

Table 2 Results of Gaussian decomposition of 77 K fluorescence spectra for leaves and stems of Ph. edulis

U Tl g2 AL MR PMETEL T2 R W2 WAL R RIS
nt 687 741 18.94 42.20 26.38 50.87 057  0.66 0.45 0.52 0.86

ZEFFI 685 738 12.29 51.10 23.89 66.76 0.41 0.61 0.24 0.36 0.67

ZEFFH 688 768 31.39 23.92 30.32 41.30 0.83  0.46 131 0.73 1.80

ZEFF IR 684 756 20.09 61.85 28.09 130.48 0.57 038 0.32 0.22 1.50
0.8 r A R*=0.995 - B R*=0.976 e R*=0.928 D R*=0.984
0.6

B

=

504

P

K

0.2 / - \’ - \\

0 _ / \
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A. s B, ZEFTIEAS, C. 2T, D. 2R AT TR
B4 ZHetfeEaeg 77 K &S50 5 B b
Figure 4 77 K fluorescence emission spectra and results of Gaussian fitness for leaves and stems of Ph. edulis

{8 (H/H,) F1 2 D56 I 218 58 L (W /W) 4390 EEBAT I KK 46.7% F19.9% . 30.8% 1 41.1% ., 22.1%
F135.6% (P<<0.01); &R A,/Ay. H\/Hy WiIW, 53 LEBATH R 191.1% . 40.4% F11109.3% (P<<0.01).
3 it

SEAER A K P A RRIER, bR THE D —FhRe R R E LA IER, BB —Fih & (5 5 m il
W KPS ALEXANDER 25 PV 58 & B . 85 F#5 Pinus sylvestris var. mongolica &t W R |z i 2 &
a/b FZEHIE N RA WAL, AR E/R: ZFFZIER)E, QRRKEIVE. A2
F ab ML, (HEFFIRMLRE ab BE S T B Ao X oTREEy b B#A AR, ZRDEIRERE
Bl 25 AT T B TR TRES , b TGN X RIS, ZEFFIH SRR S R T4 a/b,

TET2 R Mangifera indica %5 & A FiK R v, PSTT R LA &, S5 B RCR A 248020
FERRONI %P2 BF5E 2 B, SR 52 CP43-less PS I A% O AR & i LU Fris, i8R 92rp LHCIT-PS 1T
S G & L (K. BONORA %509 & SIS S IARTE sV R R 2B, BlS A6 B R B R 2
8 NZ, PSR L& E D1 AT D2 409, Wi i ROt K& & 1 CP47 Hil CP43PY, K& % 5
PS IT A 56 i i 2 F AR AF 72 T AN A O K4 (LHC ) & A AR s B, BARSAND %7 & 81 % i Solanum
Iycopersicon WS [ £ 55 (4% A8 556 R 40 & AR ML WK (BEvwis i . MR EERA Y& R Akl .
RGAA) B—8, SSBOLRMEAMED . B R PST 44 & 58 T Ry H.0%EMH D2, DI,
MR R E 1 CP47. CP43 DL R KEAMNAMER&HE A, i PSITTAE 4 228 PSI &4 B i 2
T D2, D1, CP47. CP43 &, HAMNERIERLE IR L F/b, MEEFF AR B AP it R &
HECE WE b . RHEMZEF D PSTELESWCIE, BEEFFEET, FREHNE, 223
JERNGR, BRRKBIEW, MAEREEAZTN L, fR PSTIEARETEEE.

SMART %Y &I . psad 5 psaB FEH K TE WK T3 PS T B A WEREAR P EL, R PsaA 5§
PsaB RNREHIMIZ L RIK, 1M PsaA/B 7 ZRIKMAFLEZEEAN PS | E WA LT . PS 1 SHMNAE
1 PsaD il PsaE {o T2RBERIL ML Bl— o AR B8 : PsaD. PsaE #ll Fd Z B8 HAERL R,
36 T\ PsaD i i 547 £ HLfar Fd 22 (8] A9 # f BAE T R Fd 48 (R b BEAY 455 7 s, [A] B PsaD 1 )2
PS I # PsaC Fil PsaE IE#fi4H 25 pr b 75 1) . BT A PS T £ 025455 T PsaA/B #1 PsaD /N F HE, I H
PSI D REEA; XA T PsaA/B il PsaD WL, PS | BOESWCIEMS, /NFIEIEEZE A 5]
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PS | L ELSY Iy ZEFFHE & IR PsaA/B, (HA KA /NG HE, X0 REEH W ZEFFp 3 PS T O E
Bt gge i, NS R I EDRAS, ERRBCR R ER (R AT, XS/ NI R BN e L 4R
B ZEFFIIHRR & 2R PsaA/B FIVNIESE, PS T OB Gk ARAI%E . X RWZEFF PS T A B 2 MNILHIF
U1, BEE S, BHEENZEFFZEEI, R KB, PS T EOEAYITIRdIR T,

TP SRR AR R R B 2 AW R SO B T 2R 5 R FHEIEY, ke B A e A
YA AR & e i) ZEFFIEIAE LD XY 77 K 966 K BG5BT A A —50, Xl
JE RN L X BATI i 5 A AT PSTT O E A YR N TE B35 . £06 X N 9 06 = 2202 CP47 .,
CP43 1 LHC T 52 A9 G20 G IX BT A JE 42 i PS T S i HRuOf LHC T 5 AM, FELDEIX N Z5FT
TEB A e R B T iR G, Xl R il T2EFF IR AR, SEIR AR 4 S8 CP47 S5 WL &
WD R ARy PSTTH ) CP47. D1, D2 450 2K 1 R A5 DL R 4y T 1 25 (Rl & &
TR, SBUEBRRW ., BT RS a FIZEHE DR s TR, BT 29Otm B =k
K. X TRESZH PST O E AW HEEAMERE a fl B-HHE M E (B-Car), MIAOLH A PST L
BEWN, RARIHEEDRME B-1E b ZE o FUBGREMIN, mitstE a o T TRE R AL 1 2e
SERERUMAR /D, H & SO R B R AR, TELT 6 X N B GIERHAE FTRE Ll T B AT B AR AR LS A%
R PS [ .0 R G WHEARCIE, HZEF AT PS | OB SV RTELIE, BHKREZH
B LHC I M PST-LHC I, FrLlLGiEH g i,

ZELRTR, EERMEFRARY, PSTZOEAERCIER, MEZSTARE, HREHIE, GREX
HEM, WRKLE CP47 #1 CP43 LI ESMNARDERAE B WL, PSIHY 77 K & SHGIE 500
BTN Rn, ZFZRDGRE PS 1 #.08E [ PsaA Hl PsaB JHATE M, BWiHES M PS I OB
&, PS T 1Y 77 K &SSO BB WG K

4 BF ik
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