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woase of [HCImonogalactosyt diacylglycerol as substrate for enzymatic test, a lipolytic acylhvdrolase (HC 3.1 1200 swas
adold with a vield of 209 from soluble leafl extract of Vigne unguiculata 1. v EPACE-1. The procedur: iiols od
s sulfate precipitvion. Q-Sepharose Fast Flow chromatography, gel filtration on Sephacryl 300 HR and chromeefacus ng on
ot lewsd by a semi-preparative clectrophoresis on polyacrylamide gel The purified enzyme had a molecular mass of about 80
Wit s boermined by gel filtration Or SDS-PAGE. it showed u single band corresponding to a molecular mass of 400 kD The
s cocrt point o the enzyme was estimated to be 5.0-5.1 by isoelectric focusing and chromatofocusing. The K| value was 0,119 1M
fo e dactosy--diacylglveersl The hvdrolytic activity of the enzyme on different substrates was determined: the relative rates were
Booowt Loyt dveerol o monogalacresyl-diacylglycerol > phosphatidylcholine > phosphatidylglveerol. For all substrates the prot
ool sodialysiv were free fairy actds Triacylglveerols were not hydrolysed. The enzyme was activated by calcium but was

cryependenr Pyperiments concerning the enzyme stability as affected by temperature and pH demonstrated that it ws quite sta™ie,

Kewvord Acvidiolase, Tipobvtic: falactolipase; Phospholipase; Cowpea

1. Intreduction stress becomes too harmful, homeostasis could no more be
maintained and misfunctionings occur 1 thc cell
i plaats, membrane lipids have been found to play an metabolism.

ewstfide’ role o the maintenance of the cell integrity and Decreases in polar lipid content have been obuer: o
furtiorimg, especially under harsk environmental condi- during senescence [S- 7] and under various stresses ke
ticns i-e heat, cold, salinity or water deficit (see Refs. heat [8], cold [9,10], and water deficit {11 -14]. These
ft1]n Plans wre able to adapt i¢ these unfavourable variations are mainly due to activation of lipolytic ¢n-

surioapsdings thenks to @ particular composition of their zymes, particularly phospholipases and galaciolipase s.
snhree lipids or thanks to a capacity to modify them in Unlike plant phospholipases D and C, ver: few repont s
render them more resistant. However, when the exist on plant galactolipases and non specific acylly Jro-

lases which remove fatty acids from galactolipids, ¢ven
though the latter are the most abundant of lipids in pla 1,
found in high concentrations in the chloroplasts.

Under sressful conditions, gaactolipids, in part icular

W ations: ¢ APS, 3-develabexylamine]- 1-propanesulfonic  acid;
Cibs, 2 Necvelohe xylaminejethanesulfonic acid; DGDG. digalactosyl-
dus iglyocrol DTT oo -dithiothreitol; FA, Yaity acid; kDa, kilodaltons,

i o baetrofocuning. LA, tipolytic-acyihydiolase; MES, morpholi monogalactosyl-diacylglycerol  (MGDG) and  digalactosyl-

getiare cultone sads MGDG, monogalaciosyl-diacylglycerol; MW, diacylglycerol (DGDG), are rapidly hydroly_\cd The pr ¢ &

medoctla aeightt PAGE. polyascrylamide gel electrophoresis; PC, phos- ence of gdactolipase activities has been demonstrated in

it bl N ¢ T . : Avenral ivoeloctrie H : 1

pz‘m U‘\h“\'hmr[(f, ;)‘he)sphat‘x»{vlg;ltc»&r<)l. p1 f:@gl’u!rTc p()%nrf.,v P{%SI;. green leaves and in isolaed cell organclles i ]5__2(” The

pheryime bane sulfenyl fluoride: PVP, polyvinyi pyvrrolidone; TAG, tri- . . . R

acsiabyed ols; TLO, thin-layer chromatography pmdUCtS of |Ip0|ytIC enzyme d&‘]rajalon tnhibit sev cral
" Corrponding cathor, Fax 433 1 40517103, physiologic functions [21,22]. Endogenous galactolipases
PONRS URA TS0, thus play an important role in lesf metabolism.
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Altompts {0 panitying galactolipases and non specific
Lpolvie g yihe diolases are fourad ia literature [23--31]
Pacep the we +h o1 Burns, Galliard and Harwood [28].

who hove m,p.xuud two distinet hvdrolases from leaves of

Phasecius mudiifierus, one with galac tolipasc activity. the
ther with phopholipase activity, m all reports, a unique

cnayme has beer isolted, which appeared to be a non-

specifns acylhy drefase. wcting on galactolipids as well as
ot phespholipr s However, results concerning the other

Suracoristies of this nonsspecific lipolytic-acylhydrolase

S A were conradictory i particular, its molecular

e s foumd ovary from 40 kDa [31] w0 110 kDa [23];

i isoctectric point from 4.4 {30} 10 7.0 (23],

Iii paost reporis the enzyvme wis only partially purified

i- 20 28] wne 1n those where the authors claimed to have

the puz; erevnze. the B situ enzymalic test after polyacryl-

ande *cl clect opheresis, was a mcasure of esterase activ-

;w 29~ 31]

wr;:rmngl} sinee the late work of Matsuda and He-
coam o in 1970 13210 po secent report on purification of
sl padactolipases or lipelvtic acyl hydrolases was found

i litesatare, despite the great development of interest i

i

the ficid of stross and senescence
In the presen: study. we have purified a LAH from
wiubl. extract. ot Cowpea (Vigna unguiculata L.) leaves
J deerminec some of its biochemical properties.

=, Materials and methods
Pt mateorial

were performed using a cultivar of Vigna
wungitis wlata (10 Walp. EPACE-1. originating from Brazil.
‘The plants were grown in a greenhouse, in pots of diame-
we Y oom, in o mixture of vermiculite and peat, under
semperature centrolled conditions (22°C during the day
and 19°C ar night). as previously described [33]. They
were ased for experiments when S-weeks old, with 3
fallv-capanded mature leaves and 2 young leaves.

LX) eriments v

L Deeparation of substrates for enzymatic assays

The substrases used in this work: MGDG, DGDG, PG,
PCand TAG were prepared from young leaves (4th and
th leaves, ccunting from the cotyledons) of the same
dants described above. The leaf lipids were radioactively
anelled with [ Clacetic acid, sodium salt {CEA, France,
pecitic activity 1.85 GBgummol ') and extracted in chlo-
sferr “methanel /water following Allen and Good [34].
Lipid classes were sepi mtui by thin-layer chromatography
e siteca-gel plates (Merck G-60), using the solvent sys-
sms proposed by Lepage [35] and Mangold [36]. Lipids
were cdsualized under UV, seraped off and eluted from
?-i<*a ol Dets il of the methods are described in [19]. The
Pty sod composition of the different lipid substrates was
deterniined by gas chromatography and the radioactivity

“

;
H
H
i

meorporated i LAty actds was counted 1 seps ting
them following their degree of unsaturation on ectiv aled
siica-gel containing silver nitrate. as dJescribed b [37]
Assay for galactolipase aciii iy

(M CIMGDG, prepared from € owpea leaves o
scribed inthe previous paragraph, was used as subst veii
routine assavs for galactolipase activity. The substrate €550
Bg, 65 nmol) was dricd under @ stream of aitroges and
dissolved in 50 pl methanol containing D475 Priton X 1 0
(w/v). This mixture was brought to a fina! volume of 150
pl by adding 0.1 M MES buffet (pH 6.0) Emulsificutior
was ensured by sonication at room tempera ure for 15 min
(Sonicator W-10, Sonica. NY ).

The cnzvme assay mixture consisted +f the subsirate
preparation described above (150 p I and 200 uf enzyme
solution containing 5 mM CaCl,. After 3 I of inzubution
i na waterbath at 30°C. the reaction wi stopped The
products resulting {from enzymatic degradation we re sepa
rated by TLC on silica-gel plates as deseribed by 1 Lafid
et al. [19]. Radiouctivity of the free fatty acids hand wa
measured using a liquid scintillation analyrer @ Packard
1600CA).

2.4. FExtraction of leaf-soluble enzy me

Fresh leaves (300 g) frozen i n liquid mtrogen were
homogenized in 1000 ml extraction buffer: 0. 1 M MES
NaOH, pH 6.5 containing 1 0 mM DTT. | mM uvysteir,
mM sodium metabisulfite, protease inhibitors £1.5 mM
PMSF, 0.5 mM benzamidine, | #M pepstatin Al ine 100
glycerol (v/v), using a mortar and pestic, 2% msoluble
PVP (w/v) was added just before homogenization.

The homogenate was filtered through u faver of monyi
(64 pm pore size) and centrifuged at 34 000 X g tor 30
min (Beckman J2-21 M/E). The resulting supernatant was
acidified to apH of 51 with 1 M HCI. and the preciy atedd
membranes of the different organelles were sedimenied by
centrifugation under thc same conditions described shove.
The pH of the supernatant resulting from this centrifuga-
tion was increased to 6.5 and corresponded to the crude
extract.

2.5. Purification

Step 1. Ammonium sulfate precipitation

Ammonium sulfate was added to the ¢i ude exiract 10 g
concentration of 80% saturation. The nusture wi « lefd
stirring for 12 h at 4°C. The precipitared proiein was
centrifuged at 27000 X g for 15 min. The sedimer 1 was
resuspended in a limited volume of buffer A ¢ 16 mM
Tricine (pH 8.0), 0.5 mM DTT, 0. I mM cystein, (0 3 mM
sodium metabisulfite, 10% glycerol (v ; + ) and protease
inhibitors as in the extraction buffer). Ulndissolved m verisl
was removed by centrifugation under the « ime conditions
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siep o Desaling

The <lear vellow supernatant resulting from step T was
desalted on a0 Sephadex G223 column (2.5 X 100 cm,
tarmacts, Uppsala. Sweden), equilibrated with buffer A,

fhe protein was cluted at a flow rate of 1.3 mlmin
sing the same buffer. The protein peak was collected and
paayed for enzymatic activity

siep 30 lon-exchange chromatography

1ising an FPLC (Fast Protein Liquid Chromatography,
Pharmacial system. the protein fraction was applied at a
Jow rae of 53 mlmin . to a O-Sepharose Fast Flow
olumn 1 2.6 % 15 cm, Pharmacia). equilibrated with buffer
Y The column was washed, and bound proteins were
duted 1y a NaCl gradient of 0-i M NaCl in the same
suffer. Practions were collected every 2 min, and then
ssaved for enzymatic activity.

step o el ftration

The active fractions obtained from the preceeding step
sere pooled and concentrated. The concentrated protein
ohition (4 ml) was then applied. at a flow rate of 1
mbmin ' using a peristaltic pump. to a Sephacryl HR-300
cotumn (2.6 % 100 ¢m, Pharmacia), equilibrated with buffer
A. Elut:on was continued at the same flow rate; fractions
Af 4 m) were collectzd. The enzymatic activity of {ractions
was assaved. The column was calibrated using the same
separation procedure. Blue dextran marked the vid vol-
ume, o-amylase (230 KDag, aleohol dehydrogenase (150
£Da), bovine serum aibumin (66 kDa) and carbonic anhy-
drase (79 kDa), were used us molecular weight markers.

Step 50 Chromatofocusing

The active {ractiens resulting from step 4 were pooled
and applied at a flow rate of 0.5 ml.min~' to a Mono-P
column (5 % 20 cm, Pharmacia), equilibrated with 25 mM
Bis-Tri~ buffer (pH 7.1). Chromatofocusing was carried
sut with 35 ml 10% (v,”%) Polybuffer 74-HCI pH 4.0
{Pharm tcia). Fractions of 0.5 ml were collected and the
enzvmatic activities were measured.

lable |

Purificati n of g soluble MGDG-lipolytic-acylhydrolase from ( owpea leaves

Step 6: Semu-preparait ¢ poivacrviconde oo b clectrophese
A

Native-PAGE of the enzvme after chremaetoce disation
was performed using 4 Bio-Rad apparates (Mini Pro: s
). The gels were poalvmerized with conesatrations o
monomer from 7.5 to 1257, with a space gel of 2%
Electrophoresis was run with 25 miM Tris-glecine buife:
(pH 8.8), at constant current of 20 mA. Bromophenol bluc
was used as the tracking dye. Test bands of thae gel wene
stained with the Bio-Rad silver nitrate ctaining kit By
comparison, the colourless bands obtained, were cut yj
and carefully crushed in buffer A, Cold ditfusion for 24 h
followed by centrifugation at 15000 < g for 10 min &l
lowed the precipitation of acrylamide. The supornatant
were collected and their enzymatic activity teseed

2.6. Analytical polyacrviamide gel clectropheresis

Analytical native and SDS- PAGH were pertormed using
the PHAST system (Pharmacta) The gel . nse d wen
rcady-for-use Phast gels HI- 131 o sociecine focusing
Phast gels 4-6.5 were chosen The protein bands wer
ganed with the silver nitrate stainiag kit (Phasmacia).

2.7. Protein determination

Protein determination w as carricd out using the Bio-Rad
dye reagent based on thc method of Bradferd [38] will
ci-ygdline bovine serum albumin i . the standerd.

3. Results

3.1. Purification of the enzvme

Proteins in the crude extract, precipitated by ammorun
sulfate were applied to a Sephadex G-25 coluria (2 6 X 100
cm). This step allowed the removal of salts, seal
molecules and undesirable material as pigments and phe
nols. It could also be remarked that a slight mcrease in the

Ste Protein Total activity

{mg} (nmol
FA.min 1)

INH ), 50, T KL 157.3

jo28 333 6 167.8

¢ ) Sepha e 25 97 36.05

Sephaers 300 1 17.9

Meno-P TREN 3.92

Naave-PAGE 013 3.25

specifc activit Yield Purificaton
(nmol FA.min~" (@) + fold)
mg protein™ ')

0.412 Lon ' e e

0.503 107 § oo

1.388 139 2

13.76 1.4 334

25.71 25 03

108.3 20 263
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T ~ Activity (nmal FASmin/ml)
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: X
/
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/7 Lo Thtes .
e : . Py o i e 0
39 40 a9 60 7 80

fra-tion number
Tt m 2EC Am T Activity Nag:]

tianon poofile of protem Gabsorbance at 230 nm) and MGDG-
weinane ety on g Q-Sepharose fast flow column. The enzyme
foaaee witer anenontum sulfate precipitation and desalted on
o Boaded o a - Sepharese Lst How column (2.5 %15
S mbmin 'L Bound proteins were eluted with a lincar
I M N Fractions of 1006 mil were collected and

e fo 20zt uie assay.

ool el cnzymatic activity was recovered after this
{107 ¢ fable 1), probably due to the elimination of a
o e weight inhibitor. The resulting fraction was
+chisnat graphed on a Q-Sepharose column. As shown
.t the enzyme eluted between fractions 33 and S8,
Pusimar activit ¢, according to enzyme assay, corre-
pded o the fractions separating between 0.35 and 0.43
o tie Not | gradient Fractions separating within this

Jien g were Oilleeted and pooled Up to this point,

v ificatic n was achieved (Table 1).
G fract s were concentrated and further
aeno gel fil ration column (Sephacry]l 300 HR.

s
i i ‘! I
)

1 i
e g

i

v ety (22 50 33) having MGLoGacylhydrolase
vty thig I were collected and subjected to chromato-
wstit {Mi50-P, Pharmacia) using pff 4- 7 ampholytes
pre cutes in Fig s the maximum activity, situated
weet [ractions 70 and 90, corresponded to an isodectric
1. " 5.0 The protein recovery was | ow (0.04%), a

fold pueit -cation of the LAH from the homogenate was
neved, witha yield of 2,56 (Table 1),

S5 PAGE of the pooled active Mono-” fractions still
caled the existence of severa bands (2 magor and one
ot esufis not shown). Attempts to further purify the
sym uing  several  chromatographic  methods
vdros vlapatite, Bio-Rad; Mono-Q, Pharmacia; Octyl-
tharse  harmacia) did not allow the separation of
se hands,
A emiep eparativ ¢ Native-PAGE  ecctrophoretic step
therefors induded in the purification process. After
o of the proteies from the gd, only one of the bands
nwed palactolipase activity whilst nonc was detected for
I
ho ol it of the active hand was tested by SDS-PAGE:
e aed of MW = 40000 was visible (Fig. 4). TEF
- rovealo fone unigue band, at pf == 5.0 (results not
e T ulimare step led to a 263-fold purification of

seoa Acta [N (IY00) 6673 '
L Aps280 Activity (nmot FAymic mis
a5 o
. ,
v ta .
i . o
R
[N L
Go1s - : © \ .
¢ E . ! ! . G
! o \ .
" .. ] i
) / i ..
“ , i . .G
205 . . / \
ves (/, \\
fopomm el ey N b

0 5 10 15 20 25 30 35 40 45 50
Fraction number

* Abs280 T Activity

Fie 2. Elution profile of protein (absorbance at 280 ) ans MGD:

acvihydrolase activity on a Sephacryvl 300 HR column. “The poaled
frictions frem the Q-Sepharose column were concentrated and Joad:
onto a Sephacryl 300 HR column (2.6 % 100 cm} at a flow rate of
mimin ' Fractions of 4 ml were collected and subjected 1w enzym,

AN5AY.

the enzyme from the homegenaite of EPACE-1 leaves with
a vield of 2% (Table 1).

3.2, Characteristics of the purified enzyme

Molecular weight

Gel filtration on Sephacryl 300 HR (step ¢ in the
purification scheme) gave anestimate o f the molecules
mass of the enzyme. The elution point of the enzvme2 an
those of the reference standards plotted against the log:
rithms of their molecular masscs ac shown in Fg. 5. The
estimated molecularm a s s o 1 theenzyme as determinad n
ael titiration was found 1o he about 80 kDa. SDS-poh
acrylamide electrophoresis o T the purified enzvme, {
shown in Fig. 4, revealed one band of abow JO 0

Abs280 Activity (nmot FA/minsmi}
12 - R N
pH
R . .
. T
. S
b 081 . ot !
o -’ .\ O’; ‘
e -
0.06 ’
06, h "!'» e
Iy [ e -~
PR e
504 RN ‘, A L
v, 3
‘4 L //. /
Teete s,
vozé'-«v,J -y
S VS N S N S !

0 10 20 30 46 50 60 70
Fraction number

-~ Abs280 v Activity © pH (7-4)

Ig. 3. Elution profile of protein (absorbance at 280 nm) and MGDG
acylhydrolase activity on a Mono-P column. The active fractions from the
Sephacryl 300 HR column weie subjected to chromatofocalisation o1 a
Mono-P column (5X 20 cm) using ampholytes for the pH raage of 4 7.
Fractions of 0.5 ml were collected at a flow rate of 0.5 mimir "' ard
were assayed for enzymatic activities
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b T @ siconol cengdiogenase
2 -
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oooud e
o "
= secgn albume Hovice @
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o ~
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b carbonic anhydrase

| AN
.
L O SO S S
tsho14 15 16 L7 18 19
Ve /vVo
Pig 4. Dwteammanon of the melecular mass of the punfied enzyme by

sel filtra w a Sephacryl 306 HR column. The enzyme solution was
applicd tea columa (2550100 cm) of Sephacryl 300 HR at a flow rate of
iorbmin ©oand fractions of 4wl were collected. Void volume was
Jetermir d with blue dextran. The ratio of elution volume (V) to void
volume T3} was plotted against the oganthm of molecular masses for
the matkr proteins: a-amylase (250 kDal, alcohol dehydrogenase (150
kD), bevine serum albumin (66 kDa) and carbonic anhydrase (29 kDa).
the arro v o rdicvates the elution position of the MGDG-acylthvdrolase.

A

molecutar w eight. These observations demonstrated that
the Cowpea teal MGDG-acythydrolase is a dimer.

Effect of pli

Ulnder the conditions of routine assay, the purified
cnzyme shows activity at all the pHs tested, with a maxi-
mum ativity at pH 5.0 (Fig. 6).

S 67
S

43
L) e
- 30
20,1
14,4
{ 2 3

Fig 5 ~D3s-polyacrylamide gel clectrophoresis of the purificd MGDG-
acylhvds vlase from Cowpea lTeaves The active protein band from the
preparative Nutive-PAGE was cluted and subjected to SDS-PAGE (sec
section ') ind stained with silve rnitrate | ane 1 and 2, purified enzyme:
tane 3, & tandards. Molecular mass (kDa) 1 indicated on the right,

25 ]
i
Toa .
I 20 . . .
U . a i
Py -
o . N
> Q l5f »
i
T
2 g
S ]
O
< ' 10
e
<
ta 5
Es
£
o [ — 1 i L 1 1

Fig. 6. Lfteet of pH on the actvuy of MGDG sevi avdiolase. Th
punfied enzvme was incubated for 3 h at 30°C in the foliownp bufiers
0.1 M sodium acetate (pH 300 400 S0 00 mM MES (pH 6.03, 0 [\
Tris-HCT (pH 7.0), 0.1 M Tricine {(pl £0L ¢ 1M CHES (pH S0V 01 M
CAPS (pH 100, 11.0).

Thermal stability of the enzyvme

When the enzyme was heated for 11, 30, sed 60 min i
a waterbath at different temperatures, it was showa that i
exhibits a rather high resistance to heat inactivation, being
maximally active after 10 min incubation at 50°C. (Fig. 7)
At more longer incubation fimes and higher wemperatures
however, the activity of the enzyme began to fall.

Effect of calcium

Practically no effect on the cnzymatic sctivity was
observed at calcium concentrations of | mM and § mM
An increase In activity was observed from a concentration
of 50 mM. reaching the maximum @ a concentiation o

500 mM.

Effect OF substrate concentration
The curve relating the acylhvdrolase activity and differ
ent MGDG concentrations (Fig. ~A} indicates that the

[
P . i
25
< 1¢ m
8 .
e
2 20+ . S
. 8 .
2o — e
> s
S 15 .,
Y b1 s
2 N
g ) ~
< 10p A R
w N
— \\ \\‘
g . & B mn
L N a |
A
[o S NTEE— I R T

30 40 50 60
Temperature (0)

Fig. 7. Thermal stability of the punficd MGDG eyl avdrelese. The
enzyme was incubated at vanous tempenstures, for canons durstios
times. Enzymatic activity was then assaved it standasd coaditions € 1w

30°C, pH 6.0).
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sotive . tendes o reach a platean Beginning at 230

CMOBG The A wvalue of the enzye for this sub-
oowas ctedlated 1o be 119 oM from a Lineweaver-
Boplor (B SBY.

A

' he

Sl

Lo Hein
canfid enzvie was tested for activiy towards the

.absiates shown in Figo 9 Hvdolvzing activity

obianed Do the phospholipids and galoctolipids tested.
hvdiolvess rate for DGDG was the hichest (11,7 nmol

S speciticsy of the punf

:L)
o
s}
i
]
£
f
2 I I
s
TAG B P MG DGOS

¢ enzyvine. Substrates were

tom owpea laves as indicaeed in neonon 20 Enzymatic
s following the stidaid procedure w:th 001 nmol purified

OS ol of eah osebatriw

Labie 2

Fae weid compositon Gnoneess 50 o the pobar apnds ovtreies e

Conapea feaves and used as substriates tor LAH

batty  Clo0 Clerl O OIS D O s

actd
MuDG A 1.9 AR [ 24 U
I3 54 AR S R X
bobG A 17.3 22 [ o IR
I 257 37 13 2 07
P A 233 4.4 T Rt LA
B 41.7 iz 141 174 Ha
Pes A 31.2 22.0 N N 152 20
B 60.7 7.0 N4 2

i
o
ré

{A) Before the enzymatic degradation: (B aftes

FA.min “mg ' protein). This was folowed by MGG
and PC, which showed almost cqual rates (6.6 and 59
nmol FAmin ".mg™ ! protein. respectivelyv). PG showed
the lowest rate (2.1 nmol FA.min "me  protein) On the
other hand, the neutral lipid. TAG. was not affected.
Tuble 2 presents the faty acid composition of the
different polar lipids used as substrates. and Table ¥ show
the  distribution of radicactivity  among  the  saturated
(C16:0 + C18:0), mono- (Cle:1 + CIs L di- (CER:28 and
tri- (C18:3) unsaturated fatty acids. prior o and aft
degradation by LAH. As could be scen. the iptds remain
ing after enzymatic reaction were less unsaturated. and the
relative radioactivity of polvunsaturated fatty acids. vspe-
clally linolenic acid, decreased: in other word-. 1Al
degraded  preferentially the  polvunsaturated  nwlecula
species of polar lipids.

4, Discussion

In the present study, we have purificd @ MGDG-Hipe
Ivtic acylhydrolase from soluble extracts of Cowpen feaves,
and determined its biochemical characteristics.

The purified enzyme exhibited no activity towards TAG,
on the other hand it deacylated phospholipids as well s

Lable 3
Distribution of the radioactivity (in% of the total radioactivity) nong, th:
fatty acids of the polar lipids extracted from Cowpes leaves and used ax
substrates for LAH

double 0 11 2
bond
MGDG A 1.6 0.3
B 8.1 0.9
DGDG A 72
B 335 .4
P A 224 23
B 65.7
Pei A 251 30
B 86.7

{A) Before the enzymatic degradation: (B) after. ¢ - \(H!,:‘z";!l;‘(’f e w :
(C16:0 + C18.0), 01 = monounsaturated  (Cl6:1 < ({8 v, 2
dinsaturated (C18:2). :3 = triunsaturated (C18:3)
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colactol aids, with e preference tor the polvunsaturated

swolecul i speciost it was theretare sinsilar to the LAH first
Geseribe §by Gallard {24] i potate wbers: Similar resufts
ore ob-med by Matsuda cUal on Bean and Potato leaves
930) nd by Hiayama et sboon potato tubers [27) These
uthors suggest that the active site was the same for
MGDG and PC 271

The -nzvme wias shown o have a native molecular
Cuass of X yi\'i)u, This value was similar to those found by
Burns of al (28] on Phaseolus sadiiflorus leaves (70-90
£Da) and by Matsuda et al. {30} on leaves of Phaseolus
wlgarts (90 kDa), but difter noticeably from those found
v Helsing [23] on Phaseolus mudtiflorus leaves (110
D an by Anderson ot ab [26] on Phaseolus rudgaris
Blerophasts 155 kDa). By SDS-PAGE. we showed that the
mzvoe was g imer of 2 polvpeptides o 40 kbDa each.
oo report on the subunits of the LAH or of the
salactohoase could be found in literature,

The seciectiie point of the enzvime was at pl 5.0.
wpart trem Helmsing's report of a pl = 7 [23], the LAHs
fescribed e Biterature seemed generadly 1o be acidic pro-
i, with oo ranging from 2.4 {30] 0 5 [27]. In Rice
i, Matsuds and Hirayania {21} demonstrated the exis-
ence of multple isomeric forms of the enzyme.

The aciviy of the enzyvme was also found 0 be
nasimal @ rather ackd pHo 560 @ value consistant with
fose reported by other authiors

Ouwr cxpermmems on the thermostabibity of the enzyme
odicatce 01 s roativel heat-resistant. Helmsing [23],
Mutsids and Hiryvema [291 also found a good resistance
o hinh cempwerures of ther acvlhvdiolases, especially at
widie pil Morcover. Anderson et al {26] suggested the
sdsence i Bean lesves, of o heat-labile inhibiior of the
nzvme sinee they observed an increase in activity when
he Jeat extract was subjected o 65 C for 2 min. This
waudd exoln the increase inactivity that we obtained after
sl fihrotion of the crude enzyme. the inhibitor being
crobably separated en the Sephadex (6225 columa.

The cnzvme was slightly activated by CaCl,, but was
Aot calei im-dependent, at the difference of phospholipases
L from cnimel sources

In th present study, we have purified the MGDG-
wylhvdrolase from the particle-free extract of Cowpea
feaves. However, MGDG-ucyl hydrolytic activities have
Seer found in the chioroplast membranes [16,21,27]. Tt will
a0 of great interest o precise the ceventual differences or
~milarities between them. Further work on this problem is
i progress in our laboratory.

Recentv [39). it was demonstrated that the major stor-
e protctn of Potate tubers. patatin. has an acyl hydrolase
vty owards polar Tipids. However, patatin was pot
ound in leaves [401 and st has a specific activity with
sabactolivids 30-fold lTess than with phospholipids [40].
Phen, the molecular wentity between patatin and leaf LAH

Hl remesins ambiguous.,

i the other hand, our purification scheme leading to

the avatlability of the pure leat cievine nakes possible
more detailed studies on the subevebulian localizvion of e
cnzvime and on the mechinisms of g cegnlat o that may
provide a mare comprebiensive umdorsiamd: ,

oo the po-
coss of membrane fipid desiadation s plans,
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