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3 A B BE 5 1 I I AR £ B (VSPs) , 3 SR PR SR B BN B R 28 £ 15 B BE A AE NG S PRI VSPs Z ALY
RBAMRE, SRERYPELEME VSPs RIF 4 HEAR, 4 FRESHIH 33.5.28.21 M 19.5 ku; ENEEHHE
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Main Characteristics of Vegetative Storage Proteins in Pterocarpus indicus
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Abstract: Vegetative storage proteins ( VSPs) in Pterocarpus indicus, a tropical leguminosae tree, were identified by using
optical and electronic microscopy and SDS-PAGE. The immuno-relatedness of VSPs in five tropical trees was also examined by
Western-blotting. Under optical microscope, abundant vacuolar inclusions in fresh blue appearance were found in the xylem
parenchyma cells, xylem ray parenchyma cells, phloem parenchyma cells, phloem ray parenchyma cells and cortical parenchyma
cells in terminal branches and also observed in the phloem parenchyma cells and phloem ray parenchyma cells in trunk and large
roots stained with mercury-bromphenol blue specific for general proteins during leafless stage. So, the vacuolar inclusions were
obviously proteinaceous and the cells containing vacuolar protein inclusions were referred as protein-storing cells (PSCs) . Under
an electron microscope, nubbly, floccular and homogenous forms of VSPs could be distinguished in the phloem parenchyma cells
of terminal branches during leafless stage and their distribution was cell-specific. The protein inclusions in PSCs of the bark of
branches almost disappeared during new shoot development while those in the trunk and large roots had no detectable changes in
abundance . There were four prominent protein bands with molecular masses of about 33.5,28,21 and 19.5 ku respectively in the
SDS-PAGE profiles of soluble protein from the bark tissues of branches, trunk and large roots during leafless period. The four
proteins in the bark tissues of branches decreased obviously during new shoot development whereas were present in abundance in
the bark tissues of trunk and large roots. Based on the data above, the four proteins were the VSPs in P. indicus. With the
polyclonal antibodies raised against the 21 ku VSP in Swietenia macrophylla ( Meliaceae), the 22 ku VSP in Litchi chinensis
(Sapindaceae) and the 67 ku VSP in Hevea brasiliensis ( Euphorbiaceae) , immuno-relatedness were revealed by Western-blotting
between the VSPs in Pterocarpus indicus , Swietenia macrophylla , Litchi chinensis , Sapindus mukorossi , and Hevea brasiliensis .
There was strong immuno-relatedness of the VSPs in different tree species of the same family and no immuno-relatedness between
the VSPs in the hardwoods of different families. The diversity of VSPs in biochemical character suggested that VSPs in trees have
some special roles in addition to nitrogen storage .
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B 20 4t 80 R FHLIKR  EAFRBEM AN ERBERPLAA—LL NV EELR RS RRK
# H Ji (vegetative storage proteins, VSPs)(Stepien et al.,1994), WM E RV BMEAFRHETEHE R KB
RIRE,AFPBETERCEEARNERCEIGE (Wetzel et ol .,1989; 1991; HAESE,2000; 2001; HZE
,2003; Peng et al.,2004) ,3F H AR AP X E F R E A RN H RS AYEmaS FE9 5
1T T ARG A ML 5T (Sauter et al ., 1990; Wetzel et al . ,1991; Stepien et al.,1992; 1994), {HZ, 55|58
KEWHAREFTRELFRA L (Greenwood et al ., 1986; Wetzel et al ., 1991; ﬁ’j?‘i{:—z‘f;,ZOOl; Tian et al .,
2003; Wisniewski et al.,2004; EEHIS,2004), KE R FAMED R . X LR RBER K VSPs 1 41 i 2 A
ERHREA S, BB S (Prerocarpus indicus ) , — Fh #H W HH A6 4 , B T2 7E 7L (Fabaceae ) 1R , 7%
MRTR AR, A SO YRS A8 VSPs #AT B K E , B E MM R AR VSPs 89 2 B 48— PE R IA IR
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1.1 ##

e FARAE T8 5 5 78 20 A0 e B P R b KA R R P B ED R R A AR IR R, 43 B T A (2005 4E
12 A)ME R R B (2006 4F 4 H )RR, R ALEHE R /MR 2 ~ 3 FABEK W T KR MR EFAR
FE o

FHAL( Litchi chinensis )22 ku KM #k 7€ 0 K ( Swietenia macrophylla )21 ku ., B ¥4 8 & # ( Hevea brasiliensis ) 67
ku VSPs B Z e REHUIAR R VEH 4 . P b3k 3 Fpbuid sy B XF B0 BE St Z5 A KBk 780 K L B 2B F ( Sapindus
mukorossi ) L TG MBS A% B Bz 0] 1A M B B BEAT S BT ARG I
1.2 A%
1.2.1 AFSHEAEMHFAE UPEEEETPHNFHETHHRGDMEE 2~-3FEBEXZHT.K
R B AR IR I h 6 AR A S 4% —BH 0.1 mol- L' BB ik (pH7 5) X WA TEE 24 he
ZCEIETERIIBK, AHEEE, MHFEE 15 m) A5 —HEREHAMNK - R B & %S5 (Pearse,
1960) o
1.2.2 & FREENEMHRMNE DIEHHMER MR RS 6% 1 0.1 mol L' B EL
ZWB(pHT.2)FE 4 CHRHTEE24h, BHE 2% 050, WAHRIZEMBEEEE 6 he Z2ZBERIBK, AER
fi ik TS T Epon812 WAS . I LKB-V ABMEY] A HLYD K-, B Bk 4 AT B0 BR 4 Y2 65, JEM100CX-11 35 §F e
BIER
1.2.3 THEMWERGREBRA SDS-PAGE FAEMEEFHRISE Tian % (2003) 71k, 2 g H#EEB MM
5 mLIZHR K (0.1 mol+L™" Tris $8,0.05 mol- L' HiIF MR, 1 %B - FHE L BFE,0.1% Triton X-100, 1 mmol*L™'
PMSF, 2%PVP, pH8.5) , TEVKIG R4 TFHIEMR S, £ 4 €K 35000 g &4 F B0 30 min J5UWE L HE R,
A Bradford (1976) F M€ LERFER &R, SDS-PAGE #HIkE B Tian ¥ (2002) W ¥,
1.2.4 RAFERR REHEHEAS R Tian % (2003) 8 7
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2.1 B@ERARAR

AR - B G R A U0 i op , WK B B B2 50 VR 30 SR 0 /N B 0 A T B A D A St v B A
PRI PR AR A R R R A R T KRB B B I R ST R B A R AR
FEMNBEAMBRATYERT -1~5) SEECHBEASTYRBELGR. SLEROEARASWEDR
B A HER R R EOHTERBER— ERAREATEREGHRR (BRI -1~3), B/ T KR+
EHECTR(ERL -4~5). AHHEXFTRE, RRAERZTHREEARASYHEHEE, BREER
THARFHBEEEARASYE T HHERAEAREEABERFRER).

LR & WO R B B S R SR AR R, 7E TP S KO R B T BOE K BB, X S ORI A
THETURANBEEORATY . XELBEEARASYREARBEAR, KRBT L5353 i 73
FHHREBCR BRAE—RER] -6~7) BMEHMEARAMT R EA -—MPROBOEATRANEY,
HARERGBEEDRNEYHFETARNCEREA KA.
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ML EARRB AR 2 ~ 3 AR T KRR K T & B SDS-PAGE B A LAREE B 4 &4
MEREWELIES, P TFEAHN33.52821 195 ku, XA M BEHARUEFETRFHLF 2~3F4ER
AW THRRBOARBS,BERTAABRARTFHSEABBRTRBER 2~3 FEBLE 1.

EFHATH, X4 MBEORERRER 2~ 3FEELANWEAAFTHSEAREL , BERT K
BREMEHARST HEBRSEHPHALBREHB LA 2),
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Fig. 1 SDS-PAGE polypeptide profiles of soluble
protein frﬁm P indicus during leafless stage

#k 7R EP B S M VSPso Arrows indicate VSPs of P. indicus. S. ¥
B & Standard proteins; 1. K3/ B Bark of terminal branch; 2. 2~ 3
4 &K K Bark of 2 ~ 3-year-old branch; 3. # F K Bark of trunk; 4.
KM Bark of large root; 5. K¥#/MEAK Xylem of terminal branch; 6. 2
~3FE4EB KA Xylem of 2 ~ 3-year-old branch; 7. # T &K Xylem of
trunk ; 8. K4R K Xylem of large root. S BEBSWE N 14% , G L X
320 ug B E B o Concentration of SDS-polyacrylamide gels was 14% , and

2 EPREKIR IR B WY ¥ ¥4 28 (R SDS-PAGE [ i
Fig. 2 SDS-PAGE polypeptide profiles of soluble
protein from P. indicus during different stages
Hi LN EPFE %M VSPso Arrows indicate VSPs of P. indicus. S. REE
/R Standard proteins;1,3,5,7. 4 S0 MM MK R DB K | 2~ 3 &
EH&E W F B, KM KE Bark of terminal branch, 2 ~ 3-year-old
branch, trunk, large root during new shoot development stage respectively.
2,4,6,8. 53 HIAEM BRM/IBE . 2~ 3 FEBKK MTE . KH#
¢ Bark of terminal branch, 2 ~ 3-year-old branch, trunk, large root during
leafless stage respectively. 2B BWREEN 14% , B LR RR 20 pg &

totally 20 y+g protein sample was loaded per lane. F Ho Concentration of SDS-polyacrylamide gels was 14%, and totally

le was loaded

20 pg p per lane.

23 HERE.BE . AMHBRECK.TETF . BEH VSPs Z B AR EEXHE

NS FRER AR ENTHEESESRZEREE E(E3)TUED,X 3 HASS5EBEFHHER
B VSPs RAEGBER N ; EDEE %M 33.5.28.21.19.5 ku VSPs 5 X 3 B HEHREARARERBERI; 4 22
ku BRESIE SR T 22.5 ku VSPs RAEBAR AL, 5AMBEEL K 21 ku REH 67 ku VSPs R R £ 5
BERRL; KMHBEIELAK 21 ku ZFEHASHH 22 ku BB T 22.5 ku RBH 67 ku VSPs AR 4 S8R ;

kn § 1 2 3

4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

B C D

B3 5FRRARR B AT B B B R SDS-PAGE(A) 1 3 & VSP Hidk Xt & 49 % 8 Ef i A % (B, C, D)
Fig. 3 SDS-PAGE of soluble protein from bark of five tropical trees(A) and western immunoblot of
its duplication by using three antiserum against different VSPs(B,C,D)

B. 4 22 ku VSP Hifk(#3k) Antiserum against 22 ku VSP in L. chinensis(Amrow); C. KM BE#E0 & 21 ku VSP #i /K (#F3k) Antiserum against
21 ku VSP in S. macrophylla(Arrow); D. ELFEHREEH 67 ku VSP Hk (L) Antiserum against 67 ku VSP in H. brasiliensis (Arrow) ; S. 3R EH
& Standard proteins. 1-5 43S M EQRE M FH KM BRIE-O AR KB T BT MBI K T34 5K Soluble proteins of bark tissues from P.
indicus , L. chinensis, S. phylla , S. mukorossii, H. brasiliensis respectively. 7B BEWRBEN 12% , S L H &% 20 ug BB H . Concentration
of SDS-polyacrylamide gels was 12% , and totally 20 pg protein sample was loaded per lane.
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BRI 67 ku VSPs B Z LB HLIA 558 22 ku KM BEFEL K 21 ku BB F 22.5 ku VSPs IR A R A S8 M o
3 it

—BINAKABERCBECOREFUTRS: 1) HREBERES; 2) EURALN I EEES R Ex
FTER; D AHENEN LA ERREFTAERR, AW REHEK)GHK (Clausen et al . ,1991), ZETEH
B EEREEMEE WT KROWMEHAPFEMMNEBEN 4 HABEHESR, 2 TES N 33.5.28.
21 M 19.5 ku, AP G FEEFHNET FHREBRTHX4FEARPAEHER; S4MEARSL
BMEARARTHREEARN TR ARMEA -, REX4HESREBRBEARASYNEER
Gro BIL, X4 MEORMNYENELENERTREAR,

ERFRBERAT BEBEORATYNBHENEERRER, ANRABRBREARNSYHEM
ZEMRE-FER, AN RREEQARANTYHBEENE 2~3 FER(Wu et al.,1987; Wetzel e al .,
1989; Sauter et al.,1990; Hao ez al.,1993). EEE S MBI E AR A S Y 8@ MM KEAT LA A 3 I
RAREROEEFA S YA T AR MR S BR AP, BA 455 (Wetzel e al.,1989; Hao et
al., 1993), EEHHBME M ZR TS VSPs IR ERFAE X (Tian et al ., 2002).

EFHERATNN RBEMATHERUEREOREBHEK, MHREN THARPHERCEES
RSEMTHAELEAWE R, AT EREREARENBERATIIFAENEERE, MK
Ik 7.0 A 4 A KSR T VSPs 29 28 A B4 B 2 B K B /N (1 ~ 2 4R 22 ) VSPs BT R FIBT RS AL K R
B, A T F KR VSPs B934 25 B 5 B A 9 4E K (Tian et ol .,2003) . RBEM T HABRFWEREEEL K
B X B ER AV & B B 3R A K BT 1 #E (Tian et al . ,2003),

ARBHI MM ZE, ERCREORRRBEHAXN. REEFREBEEARNEENMES
( Sequoiadendron giganteum ) ¥} , ¥ F} ( Taxodiaceae ) # ¥ % FI #2 ( Taxodium distichum ) #) 35 ku & F R P& BB IR 51
[ —BHE Y1 K #2 ( Metasequoia glyptostroboides ) B 32 ku 1 34 ku & F i LA B 41 © 42 B} ( Taxaceae) BA M 4L G 42
( Taxus baccata ) K] 34 ku 1 36 ku & H i (Harms et al.,1991), BEAFBHEHMRFpZE, EREEEE K
P ST R R . B AR 32 ku 2 B R M FLAXT IR B PIFL (Salicaceae) W AR TZE IR 6 B 11 Fhil # ¥
MR R B AR B R B R AT T SRR B A AT L S SRR, RAE WAL K B B BT % 4 2 9 49 SDS-PAGE
BRI B 5B R A G IR A B R T (Wetzel et al . ,1991) , 75 SUR FH G ERB B AR , (6 L 4 3
#H W7 B (B TRl Sapindaceae )22 ku VSPs ., K M-k 7E 03 K (B F} Meliaceae) B 21 ku VSPs FI F 76 4% B¢ gt (K 8%
# Euphorbiaceae)67 ku VSPs f) % 5 B4 {4 Xt BV B 5648 (SR AE ) Rt BR 6.0 A (BRERL) | B P AR AR (R
B BB(RR TR MEE T CURFR) B E IR R A S AT R, 5 R %W, FR X
BB BEMER FHEFRTEEARFERBERLE, AR ANEREREARZ RS GE
MR, XA BB R B WA A B TR RS R. WABRDREORACERHESHEETRERRT 4
VI hEER e
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