
stress becomes  too harmful,  homeostasis  CO~I+~~  ni1 niorc  Ix
maintained  a n d  m i s f u n c t i o n i n g s  occur  I[I  t h c 1Tll
metaholism.

Dccreascs  in polar lipid  content h;ivc tx::n ot:!“cr ,:d
during  senescence  [5-  7]  and under variouh  c;tr~ss~:~  ‘ii:zc
heat [Xl, cold  [9,10],  and water deficit [l / -I-I]. T’ll~:
vari.ations  are mainly due to  activation of lip~,lyt~c  in-
zymcs.  particularly phospholipases and galactolipasc  i.

LJnlikc plant phospholipases D and C’,  ver: fcw r:p 11 t >
cxist  on plant galactolipases and non specifir:  ;rcylh)  ;:Y-
lases  which remove fatty acids from galacrolipids.  t’:a:n
though the latter are the most abundant of lipids in I)la  I!X,
found  in high concentrations in the chloroplasts.

Under  stressful conditions, galactolipids, in par!  Iciilar
monogalactosyl-diacylglycerol (MGDG)  and di,~alac~to~:\~i-
diacylglycerol (DGDG),  are rapidly hydroly>cd. TI~C  p: c S-
ence of galactolipase activities has been dcmoi6tr,l!c;.  in
grccn leaves and in isolated cell  organelles  1 lS--ZlJj  .i‘x
produçts  of lipolytic enzyme degradation tnhibit SC:\ ztl

physiologie  functions  [21,22].  Endogenous  ;:alactolip:~ses
thu$.  play an important role in leaf metabolism.
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iric~orporat~~d  in l’.irl\ ;iL.iil\ M,i\  c~tlill!t~cl  ll‘:i i Qp:: t:rii
thcm following thlsir  dcgrec  of un\;Itul.Lti:~n .W ;~LYI\  %tt~l(i
sillca-ccl  containing  silvcr  nitr;i!(:.  .IS  IiiW:i’~Tii iri 13.‘)

L..’ 3:. :2.s.wv  for  glllLl<~ioii~‘l’.\”  (li‘lll ii)

[“~‘]hl(;l>G,  prepared  t’rom  ( o~pc‘a  IC.WLY  ;i’. .fc
scrihcd  in ihc prcvious  paragraph.  va\ uwSl  ;IS snbslr  i’t’  ii

routine assavs  for galactoiipasc  acti\.ilv.  Ti;‘. siihsirati  ‘5Sti
Bq,  65  nmc;l)  was dr icd under  a  ~trr’arn  ,:f :litr;!qc;:  ;tnti
dissolvcd  in 50  pi methanol  containin!:  O.-I’  b  :‘ritl:n  ?L 1 OI  i
(,w/v).  This mixture was  brought  ($1 ;i l‘in;:?  vc~ltrrrl:  (‘II‘  15(i

~1  1,~  adding  0.1 hI MES buffet (1’11  (?.O)  t’inuiiifii.;iti~~~’
was cnsured  by simication  at room ?i~riipcr~~  !Ii:  1’(1, 1 .i mil.
(Sonicator  W-10, Snnica.  NY  !.

The enzyme  assay misturc  c*ori\ist=d  -il !hc  ,,iit,\:rati
prcp;lr;ttion  described  :thovç  ( 150  /i 11 a:rti .“OO  ~1  cr:~~-rn~~
solution  çontaining 5 mM (‘;I(I-.  ;\t’~cr  .? II of in:ul~;.tior!
i n  a  waterbath  a! WY’. thç renctiori ib,Z . , >!opi-c-ti  ‘l‘h(~
product5 rcsulting  from  enzym,ilic  ili,!Y,rd::lic>ir  \\: rc ~XI
ratrcl  17.  T1.C  on \ilic;i--gel  platcas  a4  clc4,:r?jct!  tl> ‘I-1  ‘afici
e t  al. [I()I.  Radioactivity  of the frLhc>  ~:\I:I  -iciLIs  l1.tnil  V%X
mcasured  u s i n g  a liquid scintiilaticrn  ;ui.:ly,..cr  : P;~~k.ud
16OOC’A).

2.4. I:‘xlrruYion  of kif-îolrlhlcs  en.3  tuf

Fresh leaves  (300 g) frozen  i n  liqui~l riltrog<n ic’cr(’
homogenized in 1000 ml extraction huftcr:  0 1 RI tli3
NaOll,  pli 6.5  ctmtaining 1 0  mM D’l’l‘,  I mM  h’ist:,r~.  :h
mM  s o d i u m  metahisulfite, prote;~~c  inhiljitors t 1.5  rnFrl

PMSF,  0.5 mM benzamidinc,  1 phj pcpst.tiin  Al mr IW
glyccrol  Cv/v,,  u s i n g  a  mortar  and  pcstik  Y%  ~ih~~lubl(~

PVP  (w/v> was added just before homr)lc.lli7tltic,ii.
The homogenate  was  filtcred  through  <f Ia>,er  of rnnny!

(63  ~III pore size)  and  ccntrifuged  ;II 3’) 000 x j: for 311
min (Beckman  32-21  M/E). The rcsulting  \,ui~ern:rtarit  WX%
acidified  to a pH of 5.1 with 1 M HC’l.  ;md  thc prccil i.atcii
mzmhranes  of the different  organelies  werc sudimcnicd  b,
centrifugation under thc same  conditions clcsc~ribcci ;ihr:~c.
The pH of the supernatant  resulting from this csntrifuga~
tion was increased to 6.5 and correspondt!d  to  t3c  cru&
extract.

2..5.  Purification

Stq~  1: Ammonhm  .sulfate  prwipitcztirvz
Ammonium sulfate was added to thc C‘I  raclé:  e~,~;t~.~t  10  ,I

concentration of 80% saturation. Thc  n,isture  w: x le*‘1
stirring for 12 h at 4°C. The precipitari’tl  pro:ci,i ‘sa.,,
ccntrifuged at 27000 X g for 15  min. TLrr >edir-.lci  : wa*;
resuspendcd  in a limited vc~lur~~r  of hi’fcr  A ( I(I  rnhl
Tricine  (pH 8.01,  0.5 mM UIT, 0. I rnM 8:ysteir>,  0 \ mAl
sodium metabisulfitc,  10% glycer<)j  (L ,;  1 1. anti pr ~tt;lx

inhibitors as in the extraction buffer). l!nd:~.sc~lvci!  m i-tEri;“l
was removed by centrifugation under the 1: ~mt: cdrtion:.



Analytical  native ;III~  SI>S-  l’i\(il: were ~~t’rf~1rn11:tl  uxiii;
thc PI-IAST  systcm  (l’tl;~rn~:~i~~:~)  ‘Il~e  ~CI : II~I  d v.en
rcady-for -use  Phast gels  10 - 15 1 ‘l’r ~soc:~c~~:~K~  fl)cusing
Phast g e l s  4-0.5  wcrc’ chc~ri ‘I’iic  prot~:ir  hrl~.h  k~‘ri
staincd with the  silvcr  nitrate \taini;;g kit (I’li.1,.in~t,.:i;c!.

2.7. Protan  det~m~inritroti

Protein  deterniination  u a\ c.,uri~.il  out ~~III):  the l%io-kil,
due reagent  based o n  t h c  tn~th,xi  tif‘ 13rLl:lf~~1:i  [.‘S!.  l+h.itl
ci-ystalline bovine seruni  ;Ill~illlliil  &I ~ tiic  \t.inii;.rJ.

3. Results

Proteins  in thc cru&  cstr,i<:,  prci.ip!t;itc.!  Ikb  ;tminc~r:,;in
sulfate were applied to ii Sephadcx  Ci-25  ct1luri.i  (2  6 x ItW
cm). This step allolved  thc reriioval  of 9lL, sritid
molecules  and undesiraihle  matcriai  a<  prgmc~:nts  ;Ind  phc
nols. 11 could  also Lx remarketl  that a slight 1ncreacc’ in ths,

lable  i
I’urllicatl  )II  of L  S~~~IC  MGr>G-llpol~tic-;tcylhydrolase  from C  owpea  leaves

---.
MS:? I’rokin Tota l  activit‘ Specific activit) YK!ld

hgi (nrnol (nmol  FA.min-’ cc;  f

FA.min’  ’  1 mg protein‘  ’  )
- - - - - --.-_-.- .- .~._ -_ _.  ..---

IVlf,):.W,
.-. - - - - - - _. __. ._

3X1.5 1 5 7 . 3 0 .412 101~

/ ;.:ix S.S.3  0 107.8 0 .503 107
< ) :>epll3  se 2,  ‘r” x1.05 1 .388 7 >LI (1

~cphacr~  I S~JO 1  %II 1 7 . 9 13.76 Il.3

?4cno-f’ ,, !;:’ 3.92 25.71 2.5

~,w*c.r’~l!ii. 1) ‘1.: 3 .25 1 0 8 . 3 2.0
.-.--..- __- -..--.---~-



$1 (-1  ‘tI;di  infyni;t;ii ai.tivily \\a5 rccxlvercd  after t h i s
(iii: ;;i;I~I(: 1).  probablu  duc to  thc elimination  of a
IlliJB\. . L L \Vcight inhibitix. ‘l‘!:~’ resulting  fraction was

j iht 2: i~,ttc  graphcd  on a Q-Sspharose  column. As shown
.“Y,.  ! tk (~11~ym~ eluted  betwcen fracrions  33 and 5X.

t I;II,I:~~~‘I  activit  ;, aczording  to enzy;nc  assay, corre-
&C(i  ‘il 11:: fr,ictions  separating  bctwccn 0.35 and 0.43
.:! i?ll :<a; ‘1 gradiznt  Fractions separating  within this
./iCli ‘Il!& *.vcrc  c )Il~~ted  and pooled 1!p  to rhis point,

i 7/. ~.’ .,!  p.i ifiiatic n \i’ax  ;tchk.xd  (T:!~~IC  1).
ii:, l ,, 11 , :j f’!%i~.t;  w. wt’rc  O:~)r~ccntr;!t-J  ard further

i :c’ :/ ~~01  fil ration colu~nrl  (Scphacryl  300 HR.
Ii l1l.l .,t
I ..L  / <a.  1; I:ii (2.2 so .J?! hiiL’:J!g  M(;I 1( i.;~cylhydrOlasc
‘, :rj 1 I ;g .1l  \t’crc <oilcctccl arlJ  subjcckd  to  :ohromato-

.:,<IJ;::  :MI  w-l’,  J’iarmacia)  usinp  pff 1.  7 ampholytcs
i)tt:  ;ii:i’~  in Fig 3. the maximum ,ictivity,  situated

\‘,Lv!  t’rx!ions  70 ,md  90,  corrcspondcd  to  an isoelectric
II. 1* -.O  Thc  protein  recovcry  wa\ l o w  (!).04%),  a
i;G i;u~il  .c’ation  clî the LAI-I  from thé homogenate was
~icvc~.i, wlil! a yiel6i  of 2.5%  (Table 11.
W5.iz?iC~f:  of thc pooled active Mono-l’ fractions still
!..k:l thc  ïriistcnce  of several bands (2 major and one
IOI I~:~~II:~  net shown). Attempts to further purify the
~)‘Ill” u*.ing several chromatographic methods
!:drtt:\  ~lqttite, Blo-Rad; Mono-Q ,  I’harmacia; Octyl-
~Ih~lr:  1 .t: i”harmac,a)  did not allow  thc separation of
lit.* ir.m;is.
,‘$ Y-‘~:ii-f%  .:paratir,  e Native-PAGE elcctrophoretic step

‘. t!i;.li::oh:  included in the purification process. After
II<)I]  Ia1  th: protcirr,  from the gel, only  one of the bands
WP.~  +l~t:*tr~lipasc~  activitv  whilst  nonc n’as  detected for

) r? 1: t: ‘y,
!‘!l’  \ II ir ibt’ thc ‘tctive hand \%Cas  tested by  SE)S-PAGE:

ji I”I \ T:,I:I of MW  = 4000()  was visible  (Fig. 4). IEF
: 1, ‘.:.A i ow  cniquc  band, nt pl =: 5 . 0  (results  n o t
*‘:!!  8 ‘1 ht riltimar::  step led tf>  21 2fCGfoltl  purification of

,,’
f=--“d  ‘_  ,+,d> ??,A+  il. -4.  -_

0 5 10 1 5 2 0 2 5 3 0 3 5 4 0 4 5 50

Fraction  number

Ci~l  f i l t r a t i o n  o n  Sephacryl  ?OO  IIR (!.!ep  ; in  th:,
p\irification  scheme)  gave a11 c\tiJll3te  o f  thc ill~~~l~aJl“l

lli,ts> of thc CIU~IIIC. Thc: elutic)n p o i n t  o f  thch CII/\‘I!~J  ail
!I;(N~  o f  thc rcference  stanikrrds  pl~ottcd  :rgainst  rhc  log;
ritllms of their  molecular masses  arc shown in Fig. 5. l’h~
citimatcd  JlldccuIâr m a s s  o f  tlic  cIizsmc as cictcrrninrd  !)\

P:I f i l t r a t i o n  was f o u n d  10 lx alkt X0  kI:>a.  SIX-po!!
,k~rylarnidc  efectrophoresis o f  rhc  purified  tin7vmc,  ; ‘ >
sI1ow11  i n  f:ig.  4 ,  revealed  onr’  band of ahou\  J O  Ot  :(I

A b s 2 8 0
: 12,

I>l*- .

l -*.: os,



molecu;;tr  V.  cight.  These  observarions  demonstrawd  that
ihe (‘wvp  leaf  M(;D(;-acylhydrolase  is a dimer.

1 2 3

94

67

43

30

20,l

14,4

I‘iF 5 :~f)S-I>“ly.lcryl;inlitie  gel clectrophwesis  of the purificd MGDG-

.tcJ4!1ui, ILSC f rom Cl>wpea fea\cs Thc xtwe  protein  band from the
;sftp;t~at:‘:t! YaijVq:- f”Ar;!i was  rluted  and suhjected to SDS.PAGE  (sec

wcti<,n ‘1 +n,l rtaincd  with  silv:  r nitrate I .anc’  1 and 2, purified enzyme:

;:UN 3, !. ~antixds. Molecular  ma\>.  CkDa) i<. mtlicated  on the right.

 of .wh.sttutcJ  c‘orlr‘t’tlfr<~t:ot~

The  curw relating  the acylhydrolasc  açriviiv  ami dif:‘cr
ent MGDG  concentrations (Fig. <A)  indic~.~:es  that rh~

r------ --
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