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STUDIES ON GLYCOPROTEIN ENZYMES OF PLANT STORAGE TISSUES : PURIFICATION AND

CHARACTERIZATION OF ACID PHOSPHATASE ISOENZYMES FROM THE MEMBRANES OF PEANUT

COTYLEDON CELLS.

ABSTRACT

Highly enriched plasma membrane (PM), Golgi apparatus (GA) and endo

plasmic reticulum (ER) fractions were obtained from the germinating cotyledons

of peanut (Arachis hypogaea) and were identified by the presence of various

marker enzymes. All the three membrane fractions were shown to contain the

glycoprotein enzyme acid phosphatase (APase). The PM fraction exhibited the

maximum activity of APase, followed by GA and ER, respectively. Since the

microsomal membrane fraction of 2-days old cotyledons was found to be devoid

of 5'-nucleotidase activity but possessing considerable amount of APase acti

vity, it was used as the starting material for purifying APases present in

the PM traction. The isoenzymic pattern of APase in the PM fraction was found

to change with progressive germination along with changes in the relative

levels of the APase isoenzymes. The PM fraction of 0-days and 2-days old coty

ledons were found to contain three distinct APase isoenzymes whereas /-days

germinated cotyledons contained only two APase isoenzymes.

APases were purified from the PM fraction by the selective solubiliza

tion of the enzyme in an active and stable form with 0\5% n-octylglucoside

at a protein-to-detergent ratio of 2:3 in presence of Mg"* and EDTA, followed

by CM-Sephadex C-5G chromatography and gel filtration on Sephadex G-150 resin.

The chromatographic step identified and separated three APase isoenzymes named

APase I, APase II and APase III. Sodium dodecyl sulfate - polyaerylamide gel
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electrophoresis (SDS-PAGE) established the homogeneity of the APase isoenzymes.
The purification folds of APase I, APase II dnd APase III were 12.1, 10.6
and 9.9 while their respective molecular weights were 79 Kda, 76 Kda and 66

Kda. The PM-APases gave identical pH-activity profiles with a pH-opt unum of
5.0. The isoenzymes were found to exist in monomeric forms at pH 5.0 consisting
of single polypeptide chains, but they associated at pH 7.2 to grve higher
dimeric forms consisting of two polypeptide chains of identical molecular
weight. The higher d.meric forms subsequently dissociated back into monomers
on lowering the pH from 7.2 to 5.0.

The «4,trat. specificities of the PM-APases was eiso foood to he pH-
depeodeot. MpH 7.2, the ,Pase isoeoz^es showed ,,„(„ ,ui,t„t. specif icit,
•owards oodeoMde - sod .„„„ pto.pAit„, „„„„ „ pfl } Q^ ,̂ ^
<«.«»», soced M,i„„ specif icit, to„scds „_„„„ ^ ^^ f^
T"e ". Md \ax "•'»« <* ««. r. sPsse II sod .Psse III for t„ hydrolljsls
«*» were ,.« *,, 0.50 „ d„d „.„ „ ^ ^ ^^ ^^^ ^ ^
10 OToi/.io/^ sod ,., „20* „„,/*,„/„, c„wtJv.iv, Ortio(lh<„piat. mM_
M« -see Isod ,Psse II eo.petit^I, « i„,iMted „„. ,„ „0_peU_
Mwl,. Pespoose of ,he P„-,Psses t0„„ds ,„,„„ c«t ions aBt ^ _ ^
to be highly differential in nature.

Metidioe residues. C.steioe residues also appeared to he involved .«» the

to be associated with the PM-^p^cec tk«fl« P« APdses. 2he presence of Cu and Fe was not. detec
ted in any of the isoenzymes.

»*se I, APase U and tease UI contained 50,. 27,. and 10, oarhohgdra-e

111



sugars m case of APase' II and APase III were D-man and D-glu. The nature

of peptide-carbohydrate linkage of APase I appeared to be N-glycosidic but

O-glycosidic in case of APase II and APase III. Sodium metieriodate strongly
inhibited the activities of PM-APases.

The APase isoenzymes exhibited a broad range of thermal stability and
temperature activity profiles. They also appeared to be quite stable for a
considerable period of time when stored at -20"C.

Nonensin brought about an increase in the level ot GA-APase but . conco

mitant decrease in the level of PM-APase suggesting a blockage in intracellular

transport of APases from GA to PH, Gibberellic acid (GA,) treatment brought
about an accumulation of APase activity in the PM but fl decredSe t„ APdse
activity in GA dnd ER fractioa8t n is 5Ugges,ed thdt Apdses ^^^ ^

the peanut cotyledon cells are intracellularly transported by the route
ER -+GA —*PM.

Antibodies raised against peanut cotyiedon PM-APases were seen to immuno-
precipitate APase activity from ER and GA fractions as well. PM-APases were
found to be immunologically related to each other. They were also found to
be unmunologically related to an APase isoenzyme (AP-I) present, in >he plasma
membranes of pea cotyledons and APase present in the epididymis of ram and
assumed to share some common antigenic determinants with them. It is suggested
that APases from peanut cotyledon PM, pea cotyledon PM and ram epididymis
share common epitopic regions and all of them may have evolved from a common
ancestral gene.
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1

1.0 INTRODUCTION

Add phosphatases (±£.±±3,2) catalyze the hydrolysis of a variety
of. octhophosphate monoesters and are widely distributed m nature. In plants
they have been localized in a wide variety of tissues and shown to be present
in cell wau and Vdrious subcellular membranes (9,35,36,85,90,129,190). m
general, plant acid phosphatases (APases) have been found to exist in multiple
forms which vary considerably in their properties t90.9S,129.1S2.213.U2i.
Non-specific APases present in the cytosol have been known to be involved in
the mobilization of stored phosphorus from germinating cotyledons to other
anatomical parts of the plants for its early use and growth m) . Plant APases

bave also been implicated with the role of providing inorganic phosphate for
metabolic, excretory and secretory purposes (152).

Although soluble cytoplasmic APases have been purified from a number
of Plants (35,63,95,152,199). the purification of plant membrane-bound APases
ft«V so far proved to be difficult and, therefore, they still remain poorly
characterized. One of the reasons lor this lapse has been the difficulty in
preparation of various membrane fractions in pure form from plant cells since
specific markers for different plant membrane fractions are not properly defined.
The present investigation was undertaken with the purpose of characterizing
the plasma membrane-bound APases from peanut cotyledon cells in an effort to
bridge the gap of information regarding plant membrane-bound APases.

It is presently believed that the Golgi apparatus is involved in the
biosynthesis, modification and intracellular transport of macromolecules m
both plant and animal cells (177,193) and that it receives the biosynthetic



products from the endoplasmic reticulum (ER) which are destined for secretion

or to become a part of the plasma membrane (19,145,189). Thus, the glycoproteins

present on the external surface of the plasma membranes are presumably also

constructed within the ER and must then be transported from the interior of

the cell to the plasma membrane via Golgi apparatus. All along the route, the

glycoproteins within vesicles are known to add glycosyl units and make other

modifications. This process of intracellular transport of macromolecules, alth

ough well studied in animal cells, has not been properly studied in plant cells.

Since APase was found to be present in the plasma membrane, Golgi and ER mem

brane fractions of peanut cotyledons, it was thought that APase present m

the plasma membranes must be a useful glycoprotein for studying the process

of Intracellular transport in plant cells, which in turn would be useful in

understanding the process of storage of seed proteins, which are mostly glyco
proteins .jThus, the feasibility of using the plasma membrane-bound APase as
a model glycoprotein enzyme for studying the intracellular transport in plant
cells, particularly the storage cells, was also investigated.

The following were the main objectives that lay behind the present study.-
1. To obtain highly enriched plasma membrane, Golgi apparatus and smooth

endoplasmic reticulum fractions from germinating peanut cotyledons

2. To purify and characterize the APase isoenzymes present in the plasma
membranes of peanut cotyledon cells

3. To study the immunological relationship of the plasma membrane-bound

APase isoenzymes of peanut cotyledons with APases from other plant and
animal sources

4. To investigate the possibility of using APase as a model glycoprotein
for studying the process of intracellular transport and to establish



the route of intracellular transport of APase in peanut cotyledon cells.

It is hoped that the present, study would help in a better understanding

of the structural, functional and the evolutionary relationship between the

various plasma membrane-bound APase isoenzymes. In addition, the results will

also be useful in studying the intracellular transport of APases in cotyledon
cells.



2.0 LITERATURE REVIEW

2.1 Plant acid phosphatases

2.1.1 Occurence and subcellular localization

Acid phosphatases (orthophosphoric monoester phosphohydrolases,

EC 3.1.3.2) are hydrolytic enzymes that catalyze the hydrolysis of a variety

of orthophosphate esters and transphosphorylation reactions. They are widely

distributed in nature and have been identified in a large variety of organisms,

and tissues. Acid phosphatases (APases) from plant tissues have been generally

found to have a non-specific nature (152). Among various plant sources, APases

have been reported to occur in pea cotyledons (57,90,139,199), sunflower seeds

(152), maize scutellum (197), bean hypocotyls (129), barley seeds (9,10,93),
soybean (60), corn (36), tomato fruit (35), rice grains (86,213), wheat grains
(2), sweet potato tubers (201), rye (5S). yam tubers (95), grasses (119), cellu
lar slime mold (17), fungal myecelia (86,182), apricot kernels (86) and latex
of laticifer plants (63).

Histochemically, APases have been extensively localized in cell

walls from a number of plants. These include cell walls from pea cotyledons
(90), bean hypocotyls (129), cultured rice plant cells (85), cultured tobacco

cells (190), barley aleurones (9) and tomato fruit (J5). APases have also been
found to be present in the cytoplasm of corn cells (36J, bean hypocotyl (129),
yam tubers (95) and pea cotyledons (90); in the vacuoles of tobacco protoplasts

(126) and red beet U10); in the Golgi and endoplasmic reticulum fractions

of barley aleurone cells (93); in the microsomal fraction of bean hypocotyl



cells (129) and in the mitochondrial fraction of barley aleurones (93). The

plasma membranes from corn roots (1U) and corn leaf mesophyll protoplasts

(154} have also been shown to exhibit APase activity. In onion cells, APase

activities have been detected in and around the nucleolus, plasmalemma, dicty-

osomes and recitulum vesicles (130.175). Whole cell extracts of Phaseolus

vul?aris contain several APase isoenzymes that are partially segregated subcellu

lar^ in the chloroplast, mitochondria and nucleus (±44). Thus, APases seem

to have an apparently ubiquitous subcellular distribution within plant cells.

2.1,2 Multiple forms

Plant APases often exhibit a tendency to occur in multiple forms

and have been reported to occur in germinating peas (90), bean hypocotyl cells

(129), yam tubers (95), tomato fruit (35), rice grain aleurones (213), wheat

(2), rye (55), sunflower seed (152), barley (93), Aspergillus niger (182)
and slime molds (17).

Six isoenzymes of violet-coloured APase have been isolated from

cell wall preparations of rice plant cultured cells (85). All of them have

a characteristic violet coloration and exhibit many different properties compa
red with the cytoplasmic isoenzymes (85). Sunflower seeds contain two forms
of APase and it has been shown that these APase isoenzymes are specified by
a single gene which has at least four codominant alleles (152). Fractionation
of pea cotyledon extracts by gel filtration have confirmed the presence of



at least three isoenzymes of APase (isoenzymes I, II and III), of which there

is little or no synthesis of isoenzyme I during germination (90). By contrast,

isoenzyme II increases considerably in activity over the same period whereas

isoenzyme III characteristically appears between day 5 and 6 following imbi

bition (90).

In yam tubers, two membrane-bound APases show small differences

when compared to each other but show considerable differences in properties

when compared with the cytoplasmic APase (95). Using starch gel electrophoresis,

four isoenzymes of APase (AP-1, AP-2, AP-3 and AP-4) have been recognized in

the aqueous extract of isolated aleurone particles from rice grains and all

of them found to be glycoproteins (213). Of the four isoenzymes, AP-2 and AP-3

appear to be the products of enzymatic modification of AP-1 (213). Two mam

forms of APase have also been isolated from rye germs that are activated by
several plant lectins f55;.

APase represents one of the high abundance, developmentally regu

lated lysosomal enzyme in Dictyostelium discoideum. This enzyme exists in at

least two isozymic forms, apl and ap2, during various developmental stages

(17). The apl isozyme is present in vegetative cells and appears in both pre-

spore and pre-stalk cells during all stages of development, whereas, ap2 isozyme

represents the only known enzymatic marker of pre-stalk cells at the slug stage

of development (17). A strain of Aspergillus niger (A. niger U20-2-5) was found

to produce three forms of APase which differed in electrophoretic mobility

and molecular weight (182). The significance of the existance of multiple forms

of APases is still obscure although it is Suggested (129) that there exists

some functional assignment in the multiple forms of APase at least m case



of bean hypocotyl cells. Table I summarizes the occurence of multiple forms

of APase from different sources.

2.1,3 Purification

Column chromatography with ion-exchange resins has been found to

be a useful method for separation of APases by many investigators and conse

quently, has been the most widely utilized method for purification of APases,

particularly from plant sources. APases from rye germ (55), bean (129), rice

aleurone grain (213), soybean (60), sweet potato tuber (201), A. niger mycelia

(182), rice plant cell wall (85), tomato fruit (35) and yam tuber (95) have

been purified by various ion-exchange resins like CM-Sephadex, DEAE-Sephadex,
CM-Cellulose and DEAE-Cellulose. APases from the endosperms of a major winter

triticale have been recently purified to apparent homogeneity by employing
a succession of DEAE-Sephacel, Con A-Sepharose 4B and Bio-gel P60 columns (36).

Similarly, the APase from sunflower seeds was purified 1800-fold to homogeneity
by chromatography on Con A-Sepharose, Affigel Blue Sepharose, DEAE-Sepharose
and Sepnaeryl S-200 columns (152). An APase from the latex of Asclepias cura-

ssavica was purified by carboxymethy1-trisacry1 and Sephadex G-150 columns

(63) and a pea seed APase was purified 20-fold by application on a calcium-
phosphate gel (199).

Many detergents have been used to solubilize bound-AFases from

the membranes and cell walls of many plant cells as an initial purification
step. Triton X-100 has been used to solubilize APases from the cell wall of

rice grains (85) and from the microsomes, mitochondria and cell walls of Phaseo-

lus vulgaris (129). Ammonium sulfate preexcitation (35,36,55,60,95,129,201,213)



TABLE-1

MULTIPLE FORMS OF APases FROM VARIOUS SOURCES

Source No. of forms Reference

Pea cotyledon 3
90

Phaseolus vulgaris

i. Cell wall 2
129

ii. Mitochondria 3
129

Hi. Microsomes 1
129

iv . Soluble fraction 12
129

Yam tuber 4
95

Tomato pericarp 2
35

Rice grain 20
213

Rye germ 2
55

Sunflower seed 2
152

Dictyostelium discoideum 2

3Aspergillus niger
17

182



and acetone precipitation (182,201) are some of the other methods that have

been extensively used to purify APases in initial stages.

2.1.4 Substrate specificity

Most of the APases generally exhibit a broad specificity towards

orthophosphoric monoesters, the specificity heing Df nonspecific nature (36,63,
95,129,152,182,190). The APase from Asclepias curassavica latex hydropses
many phosphorylated compounds but does exhibit some specificity since it does

not hydrolyse UTP, fi-glycerophosphate or glucose-6-phosphate (63). Two membrane-

bound APases were found to be hignly active towards phosphorylated sugars,
particularly fructose 1,6-bisphosphate, unlike the cytoplasmic APase which

had very little activity towards the same in case of yam tubers (95). It is

thought that the high activity of the two membrane-bound APases with adenosine
s' -mono-, di- and tri-phosphates might yield the phosphate which is necessary
tor phosphorolysis reactions and also provide the energy necessary for transport
mechanisms in which the enzymes may take part (95).

The APase from the shriveled seeds of a triticale exhibited more
specificity towards glucose-l-Phosphate (G-l-P) than the APase from the plump
seeds of the triticale (36). This higher affinity may have significant conse
quences in situ as G-l-P is the substrate for ADP-Glc-PPase which provides
ADP-glucose for the synthesis of starch for the filling of endosperm tissue.
If G-l-P is depleted by the more active APase in shriveled seeds, the seed
will be less filled than plump seeds (36).

2,1,5 General properties

2.1.5.1 pH-optimum and pH-stability

APases isolated from various plant sources generally exhibit pH-optima
in the range of pH 4.0 - pH 6.0. In most cases pH-optima curves are relatively
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broad (63,90,129,153,182,190), whereas, in some cases the optima are fairly

sharp (95,201). The pH-optimum of APase in dormant maize seutellum is 5.2 which

changes to pH 5.4 after 48 hours of seed germination (197). Interestingly,
the pH-optimum of maize seutellum APase was found to be dislocated from pH
5,4 to PH 6.7 in presence of fluoride ions after 48 hours of germination although
the electrophoretie mobility of the APase was unaffected (197). Values of optimum-
PH and isoelectric points of some plant APases have been summarized in Table II.
2.1.5.2 Kinetic parameters

The Km values of APases for the hydrolysis of paranitro phenyl

phosphate (pNPP) vary greatly among various plant species as well as within

the same species. For instance, in yam tubers the ^ values of membrane-bound
APases were 2.9 and 3.1 mM (95), whereas, -the sunflower seed APases had K

m

values of 0.029 and 0.098 mM,respectively (152). Variations in K values exist
m

among APase isoenzymes even within the same cell. For example, m Phaseolus

vulgaris the APase isoenzyme present in the microsomes has a^ value of 6.0 x
1Q~4M, whereas, the APase isoenzyme present in the cell wail has aKof 18x

-3 m
10 Mfor the hydrolysis of pNPP (129).

Orthophosphate has been generally found to inhibit plant APases

in a competitive manner (55,63,95,152,167,182,197) with widely ranging K. values,
in a winter triticale, phosphate was found to inhibit APase at 1 mM or more
concentration in plump seeds unlike the shriveled seeds where phosphate stimu

lated APase at l to 6 mM concentration and inhibition observed only beyond
this concentration (36). The P. concentration which caused 50 percent inhibition
of APase activity was 11 mM for plump seeds and 62 mM for shriveled seeds indi

cating a very high tolerance toward P. concentration in the endosperm tissue
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TABLE-II

OPTIMUM-pH AND ISOELECTRIC POINTS OF ACID PHOSPHATASES FROM

VARIOUS PLANT SOURCES

Source

Optimum

pH

Aspergillus niger (i form) 5.6

Rice cell wall

i. Isoenzyme 1' 5,5

il. Isoenzyme 2' 5,5

Hi. Isoenzyme 3'a 5.5

iv. Isoenzyme 3'b 5.5

v. Isoenzyme 4'a 5.5

vi . Isoenzyme 4'b 5.5

Sweet potato tuber 5,8

Winter triticale 4,8

Tomato pericarp 5.5

Pea cotyledon

i. Isoenzyme I 4,9

ii. Isoenzyme II 5,6

Hi. Isoenzyme III s .8

Isoelectric

point

4.6

8.0

7.5

7.2

7.1

6.8

6.7

5.0

5.9

Reference

182

85

85

85

85

85

85

201

36

35

90

90

90
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of the APase in shriveled seeds (36).

2.1.5.3 Effectors and Inhibitors

Plant APases are affected by various ions to varying degrees. Diva

lent ions like Zn2+, Cu2+ , Mn2+, Hg2< and Mo2' generally bring about an inhi
bition of APases (36,55,95,129,190), whereas, activation by Mg2+ and Ca2+ has

been reported to occur in APases purified from the vacuoles of tobacco proto
plasts (126) and both plump and shriveled seeds of triticale (36). Although,
Zn + brings about a general inhibition, no effect of Zn2+ has been observed
on the activity of membrane-bound APases in bean hypocotyls (129). Astimulatory
effect of Mg + and a very important inhibition by EDTA of two membrane-bound
APases in yam tuber has led to the suggestion that these two APases may be
metalloproteins (95). F~ has been observed to greatly inhibit the activity
of most of the APases (36,129,190,197). However, tomato fruit APase does not

show any inhibition in presence of F~ ions (35). Effect of tartarate ions on

APases range from inhibitory f55) to stimulatory (36) to noneffective (35).

Hg2" ions have been found to have ahighly inhibitory effect on APases (36,55,95)
and in some cases effecting a total inhibition of the enzyme activity.
2.1.5.4 Glycoprotein nature

Most of the plant APases are reported to be glycoproteins (36,55,60,

85,95,119,152,197,182,213). The glycoprotein nature of APases has been demons

trated by various methods such as binding to Con A (36,55,119,152,182,213),
periodic acid-Schiff staining (60,85,95,182), anthrone method (36) and phenol-
H2S04 method (182,197). An Apase purified from the mycelia of A. niger_ has
been found to contain 29 percent carbohydrate -consisting of glucosamine, mannose
and galactose (182). APases purified from both plump and shriveled seeds of
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winter triticale are estimated to contain 12 percent carbohydrate (36). Two
APases (APase Band APase C) from yam tuber seem to have almost the same proper-
tions of hexoses and hexosamines which are slightly smaller than those found
in the cytoplasmic APase (95). All these three APases were devoid of sialic
acid (95). APases purified from maize seutellum both in dormant state and
during the first 24 hours of germination have been found to contain 6percent
neutral sugars (197). Two isoenzymes (APase Bj and APase b,) purified from
grass seeds are also reported to be glycoproteins containing D-mannose and
D-glueose units (119). The violet-coloured APase of sweet potato tuber contains
8.8 - 9.8 percent neutral sugars mainly composed of fucose, xylose, arabinose,
mannose and galactose (61).

H» perilled AP.ss fr„ roe gem extract is activated » severai
.actio, aod „ ,. .„„.„.< tlmt the carbohydra,s pait of thB mm ^ ^^
io t*e process of acti.atioo ,u>. sootfcer. report carries toe so?gestro„ t„at
sioce .Pases fro™ aleorooe particles of rice seed are ail glycoproteins, differ-
eoces io toeir caroo^drate -oieties „a9 oe respo„si6Ie for tfe „„Itipie fom,
of APase found in this system (213).

2.1.5.5 Immunological properties

in plants, immunological studies have been carried out on APases
Purified from wheat germ (3), tomato fru±f (143)> DictyosteUum ^

îdeum

(149), yam (96), grasses (133) ^ ^ ^^ sources_ ^ie immunochemicai

differences have been found in APase isoenzymes from wheat germ (3) and tomato
fruit (148), the cytoplasmic and membrane-bound APases from yam tuber (96)
have been found to be immunologically related. Purified APases from all tissues
of grass (independent of grass species) have shown cross-reactivity with
specific antibodies raised against Poa pratensis seed APa

mono-

se B^ indicating
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U. aotioeoic relarioosMp >et.ee„ t»e .Pases of various 5rass species <u3>.
2.1.5.6 Other properties

«« .Pases are oot easil, inactivated at elevated temperatures
- are generally resistaot to t„er„ai inactivatioo arouod aod afcove 50.c ,„ SS
H.iW. Violet-coloured ,Pase isoeor.es present ro t„e cell „aii prepara.^
Of rice piaot *. relatives fti9„ toermosta.ilit, aod retaio TOt of tteir
-«««, opto S5.C ,„, ln tomaro. me of fhe Apase isoenzmB refains ^^
—o a, ^ «. t„ _ isw retaina ^ peroM[ ^ ^ aCT^
« »<"» fW. Tore. ,Paae isoenz.es tm ,am rutef
J? "ioutes at 50»c »., , a°tl"'!' """'iw C t95;. io cultured tooacco cells ~li
retain on "a" ^M-aPasesretain 90 percent of toeir acrivito ,, «.„

* -ooilized .Pases r t • " "1—> *—'
"'"" ^ M™ """* — «-«-. cooditroos(190).

APases have been seen to exhibit *„,
differ , -^resting behaviour when store, «
different temperatures. Most of the APases .*

APases show staoility in activity when
stored at -20°r *„-^U C for prolonged peri or] ^ u„

»^u tjvrroas. However, fmarine k
' Ireezj-ng has been reported

to cause inactivation of APase isoenzyme
at -J7.C but 9ermmating peas when stQred

are transferred to 22°C uej,.

- piaot .Pasea are foood to , assoorated «, _„s _ „

ir™ r - *" ——-—• -- ««-«- — „aa foood to cootaio ..,,„ ,„__ „, „,g
i'-lsPJ-ir2cant amounts
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of caici™, „a,„esi„„ and siiicoo ,„,. „etals like ^^^^^ ^
aod siircon „ere also detected io toe porifred APase preparation f„ «.t potato
eofars ,»,,. APases present in toe graces of »„ tuber see, to cootain magne
sium and are reported to oe premie .etailcproteins ,Si, APases which nave
acharacteristic violet colour nave *een generaii9 found to oe „etaiioproteios
vith manganese as the chief metal 160.85,201).
2.2 Plant membranes

2.2.1 General considerations

io stud, oioc„e„ical properties and factions of subcellular co.po-
-*. the general approach io to disropt ceils and separate varices nineties
and cranes. To. isolate, components or Cranes are identifred * thelr asso-
dated markers. Markers have been aenenlh, ~i •* • *oeen generally classified as morphological, biochemi-
cal and cytochemical (25 Idl if,i \ u l ,125,141,161,. Morphological markers utilize the inherent
morphologg of some organelles to identif, them io sufoeiioiar Moreno fractrons
*— the specificity of ac.tocWcai marker .epen.s upon the presence of
. oniooe ccostitoeot or constituents in asutcelluiar component UU> „e„ce
~t Of the cytochemical markers are fioooe.ioai to natore. aiocneorcai markers
". oauali, intrinsic ccnatitoents of a5iven oroaneiie or Horace, toe .est
co^on oein, enz.atrc' „ar*ers. Pnric^ent t„ „ar*er activit, is taken to mean
enrichment of the associated membranes (141,161).

Tne chemical composition of a membrane influences its functional
properties including fluidity, permeability, protein activituv, yi.ui.ein activity, susceptibility
to antibiotics and the sfrnri-„r-^7structural configurations that the lipids assume onder
,iven t„er»al and ionic conditions „„;. „a„9 „„ ,,_„„ ^ ^
finding <1S6>. insertion of ne„Iy s.tnesired proteins rntc Cranes ,«,, ana
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host-pathogen interactions ,41, may he influenced hy the surface potential, i.e.,
o, electrostatic interactions fatten the charge* memhrane surface and cnarped
proteins. Pioiopicai memoranes nave heen found tc carrp anet nepatrve onarpe
at neutral pH (99).

"cot plant membrane isolation procedures nave involved differentiai
and sucrose pradient centrifupation ,70.71, out aserious profiem „it„ tol. app
roach is crops-contamination of memhrane fractions due to overlap in tneir densi
ties HO,. Pree-flc. electrophoresis ,176,, agueous t.o-phase partition^ ,99.
212.214, and isoelectric focusinp ,67, have heen used to separate membranes accor-
din9 to differences in their surface charge properties.
2.2.2 Plasma membranes

2.2.2.1 Biochemical properties

The plasma memhrane (PM) forms the outer oorder of plant ceils „„ic„
io in contact „it„ the variafie external medium. The outer surface of the P„
is the first site of interaction oet„een invadinp patrons anu plant cells an,
it Plays an important role in resistance towards pati.op.ns ,99,107,. i„ roots
the P„ is responsihle for the discrimination hereon and the uptake cf tons from
t» son soiutico ,99,. in addition. t*e P» ,. involved in several other important
functions sue, as transport of ions and pnotospntnetic products, „ormo„e-*i„di„,
and responses and cell-„ali spntfesrs ,107,. The P„s from plants as .ell as other
organisms are cynamic, their composition varying „rt„ environment and development
(210).

To date, comparative!,, little „ork has heen done to elucidate «.
composition of P„ of higher plants. One of the reaoons *as heen the inahility
to prepare highly enrrcned fractions of P„ from piants io puaotities sufficient
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for anaipsinp the composition an, suhseguent characterization of PM. „aitm
It ai. ,210, nave, *o„ever. characterized toe p*ospt,ciipJd composition of enriOed
« fraction from devaicpiop soposan root „ith respect to hoth polar hea, proups
and fatty acid composition.

though many proteins of t„e PM are pipoosplated, tnere is virtually
- data on the carnOpdrate moieties associated „it4 tw. _traM. ^.^
.rimes et ai. ,tt), af£ar .^ ^ .^^^^ ^ ^ ^
*ave found tfat protoplast-derived PM contains only mannose, paiactcse at, glu
cose Whereas to„ato-fruit derived PM contains rhamnose, arahinose, xpiose, mannose
Paiactcse and piucose. eo percent of t*e piuoose „as iipid-associated „hile total
car*o*pdrate distribution „as „ percent lipi, associated an, 57 percent protein-
associated in tomato fruit PM (68).

The PM surface in isolated vesicles is Wn to „ave findinp sites
for 1-M-naphthyl phthala^ic acid, an inciter cf auxin transport tmi. PK Cnm
-nter rpe „bibitm atenfold preater Mndinp specificitp towards „ap„t„pi phtha-
,smic aotd t»an the intraceliular memHranes and is not apprepated hy zncl unlike
the intracellular memhranes „„ic* are *eaviip apprepated hy 10 « Znci ,200,
Thus, the PM seems to possess surface properties .itt are reiativeip different
from tnose cf t»e intracellular membranes. These differences in surface proper-
ties may in turn be re>,ai-n* *-* *v ,related to the low protein content of the PM as compared
to the intracellular membranes in plant cells (107).
2.2.2.2 Isolation procedures and markers

Density gradient centrifugation is at present i-h*ctL present the most commonly

use, metho, for « isolation ,70,107,. Sucrose is the most „ideip used pradtent
material feeause it is inexpensive, transparent, Ugelg soluhle an, dees Oct
interfere With most marker assaps ,U1,. ln iinear SUCIOSe ^^ ^^
tne PM Ws at asucrose concentration epuivaient to adensitp ranpe of 114.
i." 9cm ,70,16V. less common pradtent materials inciuda serum alhumin, ficoii



1112,, sortihol, mannitol, dextran ,„, ar,d slUca ,., fJ„; ,^ ^^
sucrose ranpe ,as .sen used for purificaticn of PM fro, fractions oftatned fp
differential centrifupation ,20.70,122,. PM has fees successful!* isolated from
roots of ooro by ficoll densitp prsdient centrifupation ,112,.

.s an alternative to pradient centrifupation, partition t„ apuecus
dextra„-poIpet,piene pipcoi t„o-p„ase spstems .as introduced for t*e purification
ot ™ (121. 211,. By this method memhrane particles are separated accordinp to
their surface property ,4) rather than size and densitp. The PM vesicles oftamed
'" Pl'M mteIlal "'^ "•"' *"""» «• r*« side-cut and mainip sealed
HOP;, r*. PM preparations rsoiated »p phase partiticnin, from various plant
species ami organs are Aipnip purified ,107 onp puriued ,107,212, and have been shoun to be prac
tically free from contamination op intracellular memi,ra„es ,1077.

Other metnods cf PM isolation include froo-fic electrophoresis
UU, and isoelectric focusinp ,077 by making use of differences in surface-charge
Properties of PM. Although effective at fractronatrnp PM. free-flo. electrophoresis
requires a major investment in eauinment .nw •m equipment and is, therefore, not widely used (67)
isoelectric focustop on the other hand is relatively inexpensive but time eonsu-
-*• ,176,. isoelectric focusinp has been used to oftain small guantities of
P-e oat root P« apparentip free cf ccotammatton by mitochondria or ot.er mem-
brane fractions (188).

* sinpie marxcr 7,0s pet oeen found to be specific for plant P„
«*. tehee, acombination of different marxers rs peneraiip applied „ .„,,,.
• fi9h degree cf purity of the memfrane preparations ,1077. P*ospf,otunpstate-
chromate (PTA-Crn \ er>-=v~ >,Cr03> stain has been widely used as a cytochemical marker for
the PM in situ under defined conditions (172) even thouah th,t*i even enough the specificity of
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the PTA-Cr03 stain for u. pm is ciearip not absolute. This stain has, however,
been used to provide tentative identification of PM vesicles in isolated subcellu
lar fractions ,161,. The stales selective in situ for the PM relative to the
majoritp of otner cellular membranes has no. been documented for avarietp of
different plant tissues (142,172).

«P2' activated k' - ATPase has been suggested to be localized on
the PM and correlations in tne distribution of PTA - CrO} - positive vestoies
and K*-ATPase activitp nave been reported and interpreted as stronp. direct evi
dence that this enzyme is PM - localized ,92,112,. Another enzyme glucan spntnase
U is also suppested to be primarily localized on the PM and correlated distri-
futions of piuoan synthase u and PTA-CrO^-positive vesicles stronpip support
this suppestion ,72,20,,. person et ai. ,7, have presented convince tndirect
evidence tnat in vivo piucan synthesis in pea ceils occurs at the external surface
of intact ceils rather tnan on the internal membranes or tne inner surface cf
tne PM cf damped ceils at t.e excision surface. p„„ever. convrncinp consistencp
regarding correlations in the (PTA-CrO ) - (V wpncni / 7

1 ^rU31 (K -ATPa^)-(glucan synthase II) pattern
is lacking.

Several studies have employed Mapbthylpbthalamic acid IMPA,-binding
as a marker for the PM ,44,87,161.162, though independently - derived direct
evidence that the binding activitp i. primarily PM - ioca2i2ed ,, iaMng fJ<J,
It .ould seem, therefore, tnat tne Pl.-CrO^ stain, .hen used cautiousip ,142,
in combination .ith k'-ATPase, glucan synthase U or „P.-oi„di„p, or ideaiip
ail three, can provide apositive „ar*er pac*ape of some utiiitp for tentative
PM identification in membrane fractions (161).

2.2.3 Golgi apparatus

2.2.3.1 Biochemical properties

The Golgi apparatus (GA) is widely believed to be the site of synthesis
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of cell .all matrix poipsaccnarides ,124,. Early evidence for the involvement
cf the OA in the production of poipsaccnarides includes cptoOemica! and bioche
mical observations. Oata anaiopous to tnose obtained for poipsaccnaride spntnesis
indicate tnat the Oolgi are involved in the synthesis and secretioo cf tne ceii
.ail protein extensin ,„,. It has ^^ ^ ^^ ^ ^ ^ ^ ^
site of spntnesis of at least t„o ceil .all matrix poipsaccnarides and tnat
«. OA is the source of tne ceil plate material deposited durinp cptoittneeto
in clover root cells (134).

The 0. is believed to be a locus of dpnamro, steadp-state membrane
differentiation „„ere endoplasmic reticulum ,PP7 like membranes are progressively
transformed into PM - like membranes by tnserticn or modification of constituents
durinp mipration across t„e dictposcme stacx ,22,26.125,126,12s,. Amayor aspect
<* the proposed dual membrane modification and secretory functions of the Oolgi
is the implied physical transfer of memfrane constituents from op to Ooipr to
™ ,161,. Evidences indicate tnat ait.oupn the molecular constituents of the
Colgi membranes overlap .ith those of Pp and PM membranes ,125.129,, the mole
cular differences tnat underlie tne ofviouo structural differences fetoeen t»ese
components have the potential ^ „*• -^potential to provide unique biochemical markers (161).
2.2.3.2 Isolation procedures and markers

Isolation of GA in a pure intar-1- *„*pure, intact and active form is difficult
to attain as its dictyosomes unstalk into their ri.f

° their asternal components which may
—or * fomented tnto vesicles and may cosediment .ith other membranes
<»>. T.o methods for the isolation of 0. enrtcned fractions nave feen recentip
described ,037. Inferential centrifupatron usrnp different pradtent spatems
~e cf the most .idely used method of oftaminp highly enriched Oolgi frac-
tions from plant cell^ rn c,,„y am. ceils, in sucrose density gradient tha M „ ,y y auient, the GA bands at a sucrose
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concentration of 29-33 percent which is equivalent to a density of 1.12 - 1.15 g

U cm ' (65,161). Two fractions of GA have been recently isolated from protoplasts

of suspension cultured cells of sycamore by loading the mitochondrial and micro

somal fraction on linear sucrose density gradients of 15-50 percent and 10-50

percent and centrifuging at 21,000 x g for 3 hours (5,6). Golgi fractions from

corn coleoptiles have also been isolated by loading the 1000 x g supernatant

on linear and non-linear sucrose density gradients (32,33,34).

GA consists of stacks of cisternae having localized swelling and

isolated vesicles at the edges of cisternae thereby imparting a distinct morpho

logy to this organelle. This typical morphology has been used for its identifica

tion during purification (131). Ionosine-di-phosphatase (IDPase) has been demons

trated to be biochemically associated with the GA (164) and a direct quantitative

correlation between the distribution of IDPase activity and morphologically

identifiable GA has been reported (73). The Golgi-associated IDPase is charac

terized by its latency (137,164) and thus distinguished from other activities.

It is thus widely used as a Golgi marker (5,32,33,34).

Among the various glycosyl transferases detected in Golgi-rich

fractions, glucan synthetase I is evidenced to provide a reasonable positive

Golgi marker (161). The glucan synthetase I activity is expressed at low (jjM)

UDP-glucose and high Mg2' (10 mM) concentrations and forms primarilyfi -l,4 lin
kages (161,164). Another enzyme galactosyl transferase (UDP-Galactose N-acetyl

glucosamine galactosyl transferase) has been detected in Golgi fraction of onion

stem (160) and recently used as a marker for Golgi fractions from suspension

cultured cells of sycamore (5). Acid phosphatase (5) and ^-mannosidase (6) have

also been used as Golgi-markers from suspension cultured cells of sycamore.

Apeak of acid phosphatase has been found to coincide with latent IDPase activity
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in sucrose gradient of pea epicotyls and suggested to be a marker of GA at least
in pea (156).

2.2.4 Endoplasmic reticulum

2.2.4.1 Biochemical properties

Endoplasmic recitulum (ER) in plant cells forms an anastomosing
system of smooth-surfaced (smooth ER, -sER) or ribosomestuudded (rough ER, rER)
membranes which are folded into a series of flatted , •series or flattened sacs (cisternal ER, cER)

or appear as a„et„orP cf tubules itufuiar PP. tPP7 ,92,. oirect evideooea sup
port aroie for rPP in tne intraceiiuiar transport cf proteins from rPP to dtctp-
escmes ,74.75,94, and numerous interconnections fet.een plant diotposomea and
U suggest that protein transport can take different routes aocordinp to tne
type of proteins being sequenced (92).

ourinp mitosis in corn and fariep roots, disappearance of to. nuclear
envelope is coupled wtn the appearance of a„et„orx of opp tnat surrounds the
spindle apparatus (92,. This arranpement of PP seems to isolate to. spindle
tno„ tne cptopiasm and tnua exclude cptopiasmio orpaoelies. Piements of top
«. also found interspersed amcnp the dividinp cnromosomes cf Oariep aod corn
r9P7. PuOuiar OP forms acomplex net.orx „it„ vesicles durinp cell plate forma-
tloo ,70,79,007. These tubular elements are different from txaie uinrerent from the vesicles that
coalese to form the cell plate and it h*= xPlate, and it has been proposed (92) that the top acts

aa atemplate for tne conization of tne ne„ ceil .all. ft nas aZsc been sugges
ts tnat, op pia9i„9 a role „ CJ. ..^^ ^ ^ ^ ^^
to. fusron of veaicies mthe cell plate and, therefore, ceil „ali synthesis
(80).

Like other components of tne endomemfrane spstem, the PP of plant
cells is composed largely of protein tzn «9 or protein (60-65 percent of total membrane mass)
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and lipid (30 percent) (155). Based on the qualitative differences in polypeptide

composition, it has been suggested that in Ricinus communis, ER proteins from

endosperm of maturing seeds are qualitatively different from the endosperm of

germinating seedlings (92). Although there is a large body of evidence to

suggest that the ER of plant cells is involved in the synthesis of proteins
destined for transport to storage compartments or the cell exterior, the site

of synthesis of ER membrane proteins in plant cells is not well understood (92).

Phospholipids are asymmetrically distributed in ER membranes and

represent the major class of lipids of the ER membranes in plant tissues (92).

In castor bean endosperm, 74 percent of total ER lipid is accounted for by phos

phatidyl choline (33 percent), phosphatidyl ethanolamine (27 percent) and phos
phatidyl inositol (14 percent) (45). The ER is regarded as one of the major
sites of phospholipid biosynthesis in plant cells (132). Since the enzymes of
Phospholipid metabolism are concentrated in the ER, this membrane system may
Play a pivotal role in the biogenesis of other plant organelles (38).
2.2.4.2 Isolation procedures and markers

Density gradient centrifugation is the method of choice for the

purification of ER membranes and sucrose is the medium that has been the favoured

gradient material (92). Linear sucrose gradients that have been employed vary
from 6 to 45 or 52 percent (206) and 15 or 16 to 48 or 50 percent (203). In
step gradient, the ER is collected from the interface of 26/35 in a 4-step gra
dient of 35,26,23 and 13 percent (30) or the interface of 16/35 in a 2-step
gradient (1,203). An ER-enriched fraction from Lepidium sativum roots has been
recently prepared by loading the post mitochondrial fraction into a discontinuous
sucrose gradient of 0.6, 1.0, 1.14 and 1.2 M(28,29).
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Both rate-zonal and isopycnic density gradients have been utilized

for the separation of ER from plant cells, and in cases where organelles have

the same buoyant density but different size, a combination of both methods has

been used to achieve purification of ER (91,97,163). Rate-zonal gradient centri

fugation has been used to separate rough microsomes from mitochondria in barley

aleurones since both band in a density range of 1.18-1.19 g cm~ (91). Likewise,

isopycnic centrifugation has been successfully used to separate microsomal mem-

> branes of corn coleoptiles that could not be separated by rate-zonal centrifu

gation (163). When microsomes were subjected to isopycnic centrifugation, ER

and PM fractions were readily separated and were determined to have buoyant

densities of 1.15 g cm'' and 1.10 g cm'3, respectively (163). A combination

of rate-zonal and isopycnic centrifugation was used to separate ER from malate

synthase-containing particles in homogenates from cucumber cotyledons (97).

When isolating ER, particular attention must be paid to the cation

concentration and composition of the isolation medium. Plant ER has a high nega

tive surface charge, and addition of cations, particularly divalent cations,

to the isolation medium promotes aggregation of these membranes (92). The levels

of Mg and K m the medium must be rigorously controlled since these ions

influence dissociation of ribosomes and their consequent detachment from the

surface of the ER (174). The details of the various parameters of isolation

medium like pH, osmolarity and temperature have been excellently reviewed in

some recent reports (72,116,161,166).

Rough ER undergoes a shift in its buoyant density when the Mg2 +

^ level of the homogenate is changed (161) and this Mg2*-shift is the criterion

that has received the widest acceptance for the identification of ER (116,161).

In the absence of Mg2+ , ribosomes dissociate from the membrane resulting in



-r

25

a decrease in its buoyant density from 1.15-1.19 g cm to 1.10-1.13 g cm

(92,116,161). In barley aleurone cells, the ER membranes isolated in the presence

of 3 mM Mg have been found to be rough-surfaced possessing characteristic

features of rER, while those membranes isolated in the absence of Mg were

devoid of ribosomes (92).

The NADPH - cytochrome c reductase activity appears to be exclusively

confined to the ER (118) and has been used as a more reliable marker than NADH-

cytochrome c reductase which has a multiple location (92,118,161) in plant cells.

Choline phosphotransferase, an enzyme of phospholipid metabolism, has also been

used by many investigators as an ER marker enzyme (92). One of the features

which make enzymes of phospholipid metabolism particularly useful markers for

ER is their location within the ER membranes. In particular, the terminal enzyme

in phosphatidylcholine synthesis, CDP-choline : diglyceride transferase has

been shown to have a distribution profile on sucrose gradients precisely coincident

with that of NADPH-cytochrome c reductase and to respond in concert with the

2+
reductase in Mg density shift experiments in case of castor bean endosperm

(118). Combined with the accompanying microscopic evidence, there is little

doubt that both these activities are essentially absolute markers of the ER

in this system (118).

The binding of auxins to the ER is also a highly reliable feature

which helps characterize the ER system in plants (92,163,173). Ray (163) has

provided convincing evidence that NAA is bound specifically to the ER of Zea

mays coleoptiles. Microsomes of plant and animal origin are known to possess

a number of monooxygenase activities and evidence suggests (92) that these may

be found primarily on the ER.
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2. 3 Plant glycoproteins

2.3.1 General considerations

Plant glycoproteins are covalent conjugates of proteins and carbo

hydrates in which the protein component is substituted by one or more hetero-

saccharides with a relatively low number (2-15) of sugar residues (104). It

is now well known that the amino sugar D-glucosamine is a widespread component

of plants and is usually found in combined form as a constituent of glycoproteins

(89). Some of the glycoproteins secreted by maize endosperm cultures have terminal

N-Acetylglucosamine residues (169). Other amino-sugars are rarely found in plants.

The carbohydrate content of the storage glycoproteins is generally low (around

5 percent) and the main sugars are D-mannose and N-Acetyl-D-glucosamine (104).

Other various sugars of plant glycoproteins are D-galactose, D-glucose, L-fucose,

D-galactosamine, L-arabinose, D-xylose and D-mannosamine (104).

Higher plant glycoproteins include lectins, enzymes, reserve poly

mers, structural proteins, toxins and possibly primer molecules (179). Among

higher plant enzymes, so far only a few have been conclusively shown to be glyco

proteins. These include stem bromelain, fie in, horse radish peroxidases and

some invertases (179).

A great variety of N-linked glycoproteins containing mannose and

GLc NAc have been discovered in plants, particularly in seed storage materials

(12,15), lectins (115,205), membrane components and secreted hydrolases or pero

xidases (52,159). In addition, many and possibly all plants contain O-linked

proteoglycans which may be structural wall components such as extensin or cell

surface components such as arabinogalactan-proteins (104,105). The biosynthesis

of such functionally interesting glycoproteins in plants is not fully understood.
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particularly in growing tissues where cell surface and cell wall components

are widely regarded as morphogenic determinants (157). Many N-linked plant glyco

proteins contain high-mannose or modified oligosaccharides. The biosynthesis

of these oligosaccharides involves the assembly of Glc3 Mang (GlcNAc)2-PP-dolichol,
transfer of the oligosaccharide to protein and then assembly processing of the

oligosaccharides (191). But little is known about these processing reactions.

Phytohemagglutinin (PHA) is unique among plant glycoproteins which

have been studied in that it. has one high mannose (Man^ and one modified (fuco-
sylated) oligosaccharide side-chain on each polypeptide (39). The high mannose
chain is attached to Asn residue 12 and the modified chain to Asn residue 60
of PHA. Newly synthesized PHA in the rough ER has two high mannose (Mang) chains.
The modification of one of these chains in the Golgi requires the action of

^.-mannosidase and several glycosyltransferases (Glc NAc,Fuc,Xyl) (39).

Hydroxyproline-rich glycoproteins are substantial components of

Higher plant primary walls and are the sole components of Chlamydomonas walls
(64) .

The covalent attachment of carbohydrate to the peptide portion of
glycoproteins usually involves the C-l of the most internal sugar and the func
tional group of an amino acid in the peptide chain. The carbohydrate-pePtide
linkages in higher plant glycoproteins, which have been established with certam-
ity, can be broadly classified into three groups (Fig.l) ,

(A) N-Glycosidic Linkage . This is the glycosy lamme bond mvolvi
N-acetyl-D-glucosamine and the amide group of asparagine (114).

(B) Alkali labile O-glycosidic linkage -of D-galactose to serine (106).
(O Alkali stable O-glycosidic linkage involving L-arabmose and hydroxy

proline (103).

ng
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FIGURE - 1

GLYCOPEPTIDE LINKAGES FOUND IN PLANT GLYCOPROTEINS
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2.3.2 Biosynthesis

The synthesis of glycoproteins start like other proteins on ribosomes.

A specific amino acid region, the 'signal sequence' provides the attachment

point of mRNA/ribosomes/nascent polypeptide complex to the membranes (18). This

nascent polypeptide, led by 'signal sequence' passes to the cisternal space of

the ER membrane compartment (113).

The first step in the synthesis of Asn-Glc NAc linked oligosaccharide

is transfer of the core intermediate polyisoprenyl-pyrophosphoryl-Glc NAc -Man -

Glc3 to the endogenous proteins. Many plant membrane systems (12,49,51,52,187)

are capable of assembling this typical lipid-linked oligosaccharide which appears

to be the universal core intermediate for N-linked glycoprotein biosynthesis

in animals and microorganisms (157). Although the transfer of oligosaccharides

from this lipid to endogenous proteins was demonstrated with membrane-bound

enzymes from soya roots (187), this product or its glucose-capped derivative

accumulates and does not appear to be further metabolized in the crude pea sys

tems (11). This could be due to a lack of suitable endogenous peptide acceptors

in the system, unavailability of such acceptors at the site of glycolipid assembly
or the site of the required en bloc_ glycosytransferase,or inactivation of the

latter enzyme (157). Other plant membrane systems have been shown (125) to transfer

radioactivity from mannose-labeled lipids to added peptide acceptors which contain

the requisite amino acid sequence, i.e. -Asp - x - (Ser/Thr) (98).

Lipid-linked oligosaccharides have to be present on the inner (lumen)

surface of the ER in order for oligosaccharide transfer to nascent polypeptides
to take place, and transmembrane glycosyl transfer must occur in the Golgi dicty-
osomes if they are to catalyze terminal glycoprotein processing (205). Arecent
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report (185) suggests that lipid-Glc NAc -Man is indeed synthesized on the

cytoplasmic side of the ER membrane and then translocated to the lumen where

further mannose units and glucose are added. A similar set of reactions appears

to take place in pea membranes (157) where an oligosaccharide equivalent to

Glc NAc^-Man is the main product accumulated in charged glycolipids supplied

with the appropriate sugar nucleotides (11).

Post translational processing of N-linked oligosaccharide that invol

ves the removal of certain glycosyl residues as well as addition of new ones

and initiation cf O-linked oligosaccharides occur on Golgi-apparatus (177,193).

Regulation and processing is controlled both by the specificity of glycosidases

and the use of specific glycosyl transferase steps to trigger further glycosidase

activities (192).

2.3.3 Pbysioloical functions

Although the function of the oligosaccharide chains of many glyco

proteins is not yet established, there can be little doubt that in several instan

ces their presence has an important biological significance. The surface of

eukaryotic cells is decorated with a complex range of oligosaccharide chains,

many of which are linked to protein by an N-glycosyl bond. The pattern of these

chains changes during the biologically important transformation of cells associa

ted with differentiation and in several cases interference with the pattern

appears to effect a change in the transformation (78). Some glycosidases destined

for lysosomes depend upon the presence of N-linked oligosaccharides which are

subsequently phosphorylated to reach their subcellular site of action (78).

Plant membrane glycoproteins are mainly thought to be involved in

recognition phenomenon (100,104) at the cell surface. They are also thought
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to be involved in growth and differentiation of cells (104). A suggested function

for glycosylation of proteins, as illustrated in yeast, is to make the protein

very large and immobilize it outside the PM or in the cell wall (13). In higher

plants too, immobilization of proteins, resulting in their definite localization

in a tissue may be one of. the roles of glycosylation (179). Several instances

of the hydrophilicity of the oligosaccharide having a crucial effect on the

conformation and/or orientation of the glycoprotein in a membrane have been

described in the literature. In some cases, the hydrophilic mass has been shown

to confer protection against proteolysis (78). Table III describes the effect

of glycosylation on chemical and physical properties of some proteins.

2.4 Intracellular transport in plant cells

2.4.1 Biochemical aspects

The internal structure of a plant cell requires an elaborate system

of energy transducing membranes to carry out photochemical reactions because

of their ability to grow using sunlight as the only source of energy. Due to

the complexity of these reactions and the underlying cytoarchitecture necessary

to carry out these reactions, the problem of sorting, processing and transport

of various proteins in plants is intrinsically more demanding than in other

eukaryotic systems (43). Two models have been proposed to explain the transport

events of membrane components and secretory products : The membrane flow model

(133) and the membrane shuttle model (149). In the former model, the endomem-

brane system is viewed as a continuous system with a flow of information through

the cells connecting the nuclear membrane, ER, GA, PM, tonoplast and external

envelopes of the chloroplast and mitochondria. In the membrane-shuttle model,

each zone of the membrane system is viewed as a separate entity and communication

between them is through vesicular package of information.
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TABLE-III

EFFECT OF GLYCOSYLATION ON CHEMICAL AND PHYSICAL PROPERTIES OF PROTEINS*

Properties

Solubility

Thermal Stability

Resistance to

proteases

SDS binding

Effect of glycosylation Protein

Tends to enhance solubility Arabinogalactan proteins,

mucopolysaccharidesin trichloroacetic acid

Increases

Increases

Increases

Asparaginase, Glucose

oxidase, Invertase

Extensin, RNase B, Plasma

membrane glycoproteins,

ATPase, Asparaginase

Glycophorin

Details given in Ref. 104
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For many membrane proteins, the site of their primary insertion

is not the site of their final functional residence. This appears to be the

case with the integral membrane proteins of the Golgi complex, lysosomes and

plasmalemma (151). The transport is effected by vesicular carriers proved to

operate between the ER and the Golgi complex, in between different Golgi sub-

compartments, between the Golgi complex and lysosomes, and between the Golgi

complex and different domains of the PM (54). Vesicular transport is not limited

to newly synthesized membrane proteins. Cells use it. for the intracellular trans

port of secretory and lysosomal proteins (151), for exocytosis (149), endocyto-

sis (77,124), transcytosis (171), as well as for membrane recycling (54, 150).

There are indications that in certain cell types, secretory proteins and membrane

proteins destined to the PM are transported by different vesicular carriers

(69).

The mechanisms by which vesicular traffic is controlled are still

not properly understood. However, it is established that vesicular transport

involves membrane fusion-fission that leads to continuity between the lipid

bilayer of the carrier and that of either the donor compartment or the receiving

compartment at the two termini of the transport shuttle or circuit (150). It

is assumed that the mechanisms that control vesicular traffic involve mutual

recognition between signals and signal recognition complexes, as in the case

of secretory and membrane proteins at the initial ER entry (151).

2.4.2 Intracellular targets

Five major targets of protein transport in plant cells have been

recognized. These are the secretory pathway (ER,GA, vacuole and PM), the chloro-

plast, the mitochondria, the nucleus and the glyoxysome/peroxisome (43). Trans

port of proteins to these cellular compartments is mediated by amino terminal
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'topogenic sequences'. For nuclear encoded-mitochondrial and chloroplast proteins,

post translational targeting to the organelles involves recognition of a sequence

of amino acids usually at the amino terminal end of the protein (43). These

amino terminal TP (transit peptide) sequences are proteolytically removed after

import into the organelle. Proteins imported by chloroplasts are further sorted

into suborganelle compartments and recent evidences indiate that final targetting

information is also present in the TP sequence (43).

Many of the vacuole proteins are synthesized in the rough ER and pass

through the Golgi bodies. A few of these proteins (for example proteases and

chitinase) are further exported from the vacuole to the PM (19). In some tissues,

vacuoles differentiate to form 'protein bodies' which store proteins (19). The

most thoroughly studied vacuolar proteins are the ones that accumulate in the

•protein bodies' of developing embryos. Two approaches are being taken to dissect

the pathway(s) of vacuole-bound proteins (43). One approach is to express the

genes in heterologous systems (nonplant) such as Xenopus oocytes and yeast, and

the other is to express genes in transgenic plants. Recently, several research

groups have reported the expression of genes encoding phaseolin and soybean 7S

protein in petunia and tobacco plants and suggested that the signal sequences

and glycosylation sites of seed storage proteins are conserved among different

plant species (16,66,180) .

Newly synthesized malate synthase has been demonstrated to be initially

localized in the ER but found to be in the glyoxysome at later time intervals

in plant cells suggesting that the membrane-bound enzyme is transferred from

one compartment to another via a process of membrane flow (117). Catalase, a

soluble enzyme found in microbodies, is synthesized on free cytoplasmic ribosomes

(165). It is possible that the molecular assembly of glyoxysomes may involve
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a combination of both cotranslational and post-translational segregation events

(22).

The vast majority of chloroplast proteins that carry out complex bioche

mical processes are products of nuclear encoded genes (50) and as such they must

be imported from their site of synthesis in the cytoplasm (43). Although the

details of the actual import processes in chloroplasts are largely unknown, it

is now clear that the outer envelope of the organelle plays an important role

in precursor recognition (40). Recent experiments have shown that the TP (transit

peptide) is both necessary and sufficient to target a foreign protein to the

chloroplast compartment (27,84,178). Since cytosolic (120) and bacterial (42,207)

proteins (which normally do not cross membranes) can be efficiently delivered

to chloroplasts when presented as TP-fusions, it seems clear that organelle target-

ting is dependent only on the TP and the sequences surrounding the TP/mature

junction (43).

2.4.3 Effect of Ionophores

It has been found that intracellular transport of secretory proteins

is effectively slowed down by the action of certain ionophores (195). Several

authors have attempted to distinguish distinct pathways of transport occurring

within one and the same cell by making use of ionophores because the sensitivity

of the intracellular transport of a given protein towards an ionophore is clearly

diagnostic of the path the protein traverses (195). Monensin is a monovalent

carboxylic ionophore that has been found to greatly retard the intracellular

transport of several integral cell surface glycoproteins and some secretory pro

teins (24,195). Other carboxylic ionophores that are widely used include nigericin,

dianemycin, X537A and A23187. Monensin assumes a roughly cyclic structure with

the metal ion ringed by six liganding oxygens. Unlike nigericin, the carboxyl
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group of monensin does not participate directly in complexation. Literature indi

cates that monensin inserts into lipid bilayers and can complex a given ion at

one membrane interface and diffuse to the opposite face of the bilayer, where

the ion can be released (195). For a return voyage, the ionophore may either

carry another metal ion or become electroneutral by protonation of its carboxyl

group. Such electroneutral transport is sensitive to the viscosity of the bilayer

and is profoundly slowed at reduced temperature. Monansin-treated cells have

greatly reduced K ions and contracted mitochondria, suggesting extensive cation

efflux, although in many cell types a number of biosynthetic activities proceed

normally (195).

It has been possible experimentally to induce an alternative distribu

tion of proteins in cotyledon cells (24). Treatment of jack beans and pea cells

with monensin caused an accumulation of electron-dense deposits outside the PM.

In jack beans, immunogold-labelling indicated the presence of Conh. *{-mannosidase

and the storage reserve canavalin in the deposits (24). This distribution was

not observed normally, nor did it occur when the cotyledons were pre-treated

with cycloheximide. These results have led to the inference that in cotyledon

cells, monensin treatment induces a re-routing of newly synthesized products

such that several products destined for the vacuole are all affected in an identi

cal manner and are transported to the wronglocation (24).

Both monensin and nigericin, Na or K /H ionophores, cause swelling

of mature cisternae of plant GA (21). Swelling is inhibited by the protonophore

FCCP, by the inhibitor of lysosomal acidification, quercetin and by other agents

known or suspected to inhibit 'proton pump' (21). It is thought that the monensin-

induced swelling of GA cisternae may involve a proton gradient generating mechanism
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but with properties unique to its subcellular location in specific portion of

the GA (21).

2.4.4 Acid phosphatase as a model

Like several other secretory glycoproteins, APases have been found

to be associated with various membranes during their transport. These include

ER, vesicles derived from ER, proliferating ER, GA, central vacuole etc. (202).

Gibberellic acid treatment has been found to increase the rate of hydrolase secre

tion from aleurone layers (93). Organelle isolation experiments and cytochemical

data have also shown increased phosphatase activity in components of the endomem-

brane system having characteristics of ER and GA. Based on these observations

it has been concluded that the ER and GA are involved in the synthesis and intra

cellular transport of APase in barley aleurone layers (93).



3.0 EXPERIMENTAL PROCEDURES

3.1 Materials

Tris, n-octyl-p-D-glucopyranoside, sodium dodecyl sulfate (SDS),

CM-Sephadex C-50, Sephadex G-150, monensin and standard sugars such as D-

glucose, N-acetylglucosamine, D-mannose and D-xylose were obtained from Sigma

Chemical Co. (U.S.A.). Acrylamide, N,N'-methylene bis acrylamide, N,N,N',N'-

tetramethyl ethylene diamine and fi-mercaptoethanol were obtained from Serva

(FRG). The protein standards for molecular weight determination were obtained

from Bio-Rad (U.S.A.). Glucose-6-phosphate, glucose-1-phosphate, 5'-ribonucleo

tides and p-nitrophenyl phosphate used as substrates were purchased from

Pierce Chemical Co. (U.S.A.). Complete.and Incomplete Freund's adjuvants

were from Difco Laboratories (U.S.A.). High purity analytical grade sucrose

and agarose were purchased from Sisco Chemical Co. (India). All other chemi

cals used were reagent grade obtained from various commercial sources. Peanut

seeds (large variety) were purchased from local seed stores and rabbits from
local animal dealers.

3.2 Methods

3.2.1 Germination of seeds

Peanut seeds (Arachis hypogaea L.) were germinated on four layers

of damp cheese cloth in plastic trays in a seed germinator under aseptic

conditions. Surface sterilization of about 250 healthy seeds was carried

out by treatment with 0.1% NaOCl for 5minutes followed by thorough washing

with water. The seeds were then transferred to plastic trays which were main

tained at 35°C and 100% humidity in dark. During germination period the seeds

were washed twice a day and infected seeds, if any, were removed carefully.
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3.2.2 Preparation of membrane fractions

3.2.2.1 Crude membrane fraction

The crude microsomal membrane fraction was prepared by differential

centrifugation as described by Bonner (20). Approximately 400 cotyledons

(180-200 gm, fresh weight) of appropriate age were excised, washed and sus

pended in 400 ml of homogenizing buffer consisting of 50 mM Tris-HCl (pH

7.2), 0.25 Msucrose, 3 mM EDTA and 0.04% /3-mercaptoethanol. Homogenization

was performed by three 30 second bursts in a prechilled faring blender and

the homogenate filtered through 4-layers of cheese cloth. The filtrate was

subsequently centrifuged at 12,000xg for 20 min followed by centrifugation

at 105,000xg for 60 min. The 12,000xg to 105,000xg membrane pellet was suspen

ded in homogenizing buffer and centrifuged at 105,000xg for 60 min. The mem

brane fraction thus obtained contained ER, GA and PM fractions and was termed

as the crude microsomal membrane fraction. This fraction was suspended in

2 ml of 50 mM Tris-HCl buffer (pH 7.2) containing 0.04% f, -mercaptoethanol

and used for a number of preliminary experiments. Unless stated otherwise

all operations were carried out at 0-4°C.

3.2.2.2 Pure plasma membrane fraction

The plasma membrane (PM) fraction was prepared essentially by

the method of DuPont et a±. (48) with slight modifications. For the separa

tion of PM fraction from GA and ER fractions, the crude microsomal membrane

fraction (12,000xg to 105,000xg pellet) was suspended in 4 ml of 25 mM Tris-

HCl (pH 7.2) containing 20% (w/w) sucrose and 1 mM fi-mercaptoethanol and

layered carefully over 5 ml of 34% (w/w) sucrose prepared in the same buffer.

This system was centrifuged at 80,000xg for 90 min. After centrifugation
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the clear sucrose layers were removed carefully by aspiration. The microsomal

membrane fraction and GA fraction remaining at the interface of 34/20% sucrose

was removed with the help of a Pasteur pipette and the pellet containing

the PM fraction (48) was suspended in 2 ml of the same buffer containing

20% (w/w) sucrose and 1 mM /3-mercaptoethanol (Fig.2). The enzyme activities

and protein content were determined immediately. The total protein recovered

in the PM pellet varied between 16-20 mg per 100 gm fresh weight of cotyledons.

Alternatively, the PM vesicles were separated from other membranes

by a discontinuous sucrose gradient centrifugation method as described by

Hall (70). However, because of simplicity and ease of operation the method

of DuPont et al. (48) was used to prepare highly enriched PM fractions from

peanut cotyledons. The PM fractions were identified by the presence of the

marker enzyme glucan synthetase II (70).

3.2.2.3Pure Golgi apparatus fraction

The plasma membranes were removed from the crude microsomal mem

brane fraction (12,000xg to 105,000xg pellet) by a step gradient of 34/20%

(w/w) sucrose as described under 3.2.2.%. The membrane fraction staying at

34/20% interface was removed gently with the help of a Pasteur pipette and

fractionated further into GA and ER fractions by the method described by

Green (65) with slight modifications.

The 34/20% gradient interface membrane fraction was diluted with

an equal volume of homogenizing buffer and centrifuged at 105,000xg for 60

min . The resulting pellet was suspended in 4 ml of 25 mM Tris-HCl (pH 7.2)

containing 20% sucrose and 1 mMp-mercaptoethanol. This was carefully floated

on a sucrose gradient system prepared by successively layering 7 ml of each
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FIGURE - 2

200g peanut cotyledons + 400 ml homogenising buffer containing 0.25M

sucrose, 3mMEDTA and .04% Et-SH

Blended and filtered through

4 layers of cheese cloth

Filtrate Residue

(cell wall and ubnroken

cells; discarded)

1
Supernatant Pellet

105,000xg, 60min centrifugation (nuclei,mitochondria etc.

discarded)

12,000xg, 20 min centrifugation

Pellet

Suspended in buffer, homogenised
and centrifuged at 105,000xg, 60 min

Pellet .

Suspended in buffer and homogenised

I
Crude membrane fraction
(Plasma membrane, Golgi- and ER)

34/20% sucrose density gradient

centrifugation at 80,000xg, 90 min

34/20% interface

(Golgi+ER)

T
Supernatant

(ER)

43/37/25/20% sucrose density gradient

centrifugation at 105,000xg, 180 min

37/25% interface
(Golgi-apparatus)

T
25% sucrose

Supernatant

(ER)

I
Supernatant

(discarded)

Supernatant
(discarded)

I
Pellet

(Plasma membrane)

43/37% interface
(Plasma membrane)
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of 43%, 37% and 25% sucrose solution in the same buffer (Fig.2). This system

was then immediately centrifuged at 105,000xg for 180 min. A major band appe

ared at 37/25% gradient interface which was removed carefully as before.

This fraction represented the GA membrane fraction since the activity of

the marker enzyme glucan synthetase I was found to be exclusively localized

in this fraction. This fraction was used in all the experiments concerning

the GA.

3.2.2.4 Endoplasmic reticulum fraction

The 25% supernatant part obtained after 43/37/25/20% sucrose

density gradient centrifugation during GA purification (3.2.2.3) was removed

carefully and diluted with an equal volume of 25 mM Tris-HCl (pH 7.2) and

centrifuged at 105,000xg for 60 min. The pellet obtained was suspended in

homogenizing buffer and used as enriched ER membrane fraction (Fig.2). The

enrichment fold was determined by assaying the mannosyl transferase activity

in different membrane fractions, relative to enzyme activity present in the

crude microsomal membrane fraction.

3.2.3 Solubilization of membrane-bound acid phosphatases

All steps of solubilization and purification were carried out

at 0-4°C. The membrane fraction (112 mg protein) was suspended in 10 ml of

50 mM Tris-HCl (pH 7.2) containing 0.25 M sucrose, 0.04% (v/v) A -mercapto

ethanol, 20 mM MgCl2, 5 mM EDTA and 0.5% of the nonionic detergent n-octyl-

fi -D-glucopyranoside at a protein-to-detergent ratio of 2:3. This suspension

was gently stirred on a Vortex mixture for 2 min followed by three strokes

in a Teflon homogenizer. The homogenate was immediately centrifuged at 105,000xg

for 60 min and the supernatant used as solubilized enzyme for further purifica

tion and analysis.
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3.2.4 CM-Sephadex C-50 column chromatography

The solubilized enzyme was dialyzed 16 h against 100 volumes

of 50 mM sodium acetate buffer (pH 5.0). The dialyzed enzyme (20 mg protein)

was then loaded on a CM-Sephadex C-50 column (1.5 x 20 cm) which was preequi

librated with the same buffer. The column was washed with equilibration buffer

(twice the bed volume) to remove the unabsorbed proteins. The absorbed proteins

were eluted by a linear gradient of 0-500 mM NaCl using a single mixing con

tainer with 50 ml of 50 mM sodium acetate buffer (pH 5.0) and a reservoir

with 50 ml of the same buffer containing 500 mM NaCl. One ml fractions were

collected at a flow rate of 0.2 ml/min and aliquots (0.2 ml) from every other

traction were analyzed for the enzyme activity and protein content. Top few

fractions of each peak were pooled and concentrated by ultrafiltration.

3.2.5 Sephadex G-150 column chromatography

Sephadex G-150 columns (0.9 x 25 cm) were preequilibrated with

either 50 mM sodium acetate buffer (pH 5.0) or 10 mM Tris-HCl buffer (pH

7.2) for a sufficient period of time. The enzyme fractions obtained after

CM-Sephadex C-50 column chromatography were dialyzed overnight against 100

volumes of the equilibration buffer and loaded on to Sephadex G-150 columns.

One ml fractions were collected at a flow rate of 1 ml/15 min and aliquots

(0.2 ml) from every other fraction were analyzed for enzyme activity and
protein content.

3.2.6 Polyaerylamide gel electrophoresis

Polyaerylamide gel electrophoresis (PAGE) in presence of sodium

dodecyl sulfate (SDS) was carried out on 10% gels in cylindrical tubes (0.5x

8.0 cm) by procedures described by both Weber and Osborn (208) and Laemmli
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(101).

In case of SDS-PAGE performed by the method of Weber and Osborn

(208, 158), sample buffer contained 0.01 M sodium phosphate (pH 7.0), 1%

SDS and 5% fi -mercaptoethanol; gel buffer contained 0.1 M sodium phosphate

(pH 7.0) and 0.2% SDS and electrophoresis buffer contained 0.05 M sodium

phosphate (pH 7.0) and 0.1% SDS. When SDS-PAGE was carried out using a modi

fied Laemmli's discontinuous buffer system (101,158), sample buffer contained

0.01 MTris-HCl (pH 8.0), 1% SDS and 5% jS-mercaptoethanol; gel buffer conta

ined 0.125 MTris-HCl (pH 6.8) and 0.1% SDS while the electrophoresis buffer

contained 0.1% SDS, 0.05 M Tris and 0.384 Mglycine (pH 8.3).

The protein samples (40-100 »g) were first heated for 5 min

at 100°C and layered through the electrophoresis buffer in 40% sucrose solu

tion. Reference proteins used for molecular weight determination were also

subjected to the same treatment. Bromophenol blue was used as the tracker

dye. The gels were run at a constant current of 8 mA/tube at room temperature

and the protein bands located by staining in 0.5% Coomassie Brillian blue

prepared in a solution of water : methanol: acetic acid in the ratio of 50:45:5

(v/v/v) for 6 h. The gels were destained and stored in 7% acetic acid.

Polyaerylamide gel electrophoresis without SDS and fi -mercapto

ethanol were performed similar to SDS-PAGE. Staining and destaining procedures

were also identical to that of SDS-PAGE.

3.2.7 Analysis of sugar moieties of glycoprotein enzymes

3.2.7.1 Removal of N-glycosidically linked oligosaccharide from the glyco

protein enzyme

The glycoprotein sample (400 Mg protein) was treated with 1.5-

5.0 units of N-acetyl-fi-D-glucosaminidase (Sigma Chemicals Co.) and incubated
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at 37°C for 24 h. The reaction was stopped by placing the reaction vessel
in a boiling water bath for 10 min followed by the addition of 10% trichloro
acetic acid (TCA). After cooling the denatured protein precipitate was sepa
rated from the supernatant part by a 60 min centrifugation at 50,000xg. The
precipitate was washed twice with 7% TCA and the supernatants pooled. The
total carbohydrate content in both precipate and supernatant were determined.
The decrease in the carbohydrate content of the acid precipitated protein
and a corresponding increase in the carbohydrate content of the supernatant
indicated the removal of the carbohydrate by endo-N-acetyl-f-D-giucosaminidase
treatment.

3.2.7.2 Release of neutral sugars and hexosamine

Per the release of neutral aupars, the method of Spiro (1S61
.as fenced. 0.2 ml of t„e pipooprotein sample ,POO„p prctein7 .as hydroly.ed

the hydrolysate .as evaporated to drpness under astream of nitropen repeatedip
to remove tne residual lid. The resultant residue „as dissolved in 5ml cf
dietilied „ater and passed tnroupn acolumn packed .ith mixed bed resin of
*~ex-50 «,* form7 and Po„ex-I ,cr fcrm7. One eiuent „as collected in a
dean piaas vessel. The column .as then .ashed t.o times .ith 10 mi of disti
lled .ater and the combined filtrate evaporated to drpnesa in vacuo. This
fraction represented the neutral sugar fraction.

The hexosamine fraction .as obtained by eluting the mixed resin
column of Po„ex-50 ,0*7 and llo.ex-1 ,01', .ith 25 ml „ „ „cl ^ ^
elution of tne neutral supars. This fraction .as also evaporated tc drpness
in vacuo as before.
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3.2.7.3 Analysis of monosaccharide by HPLC

-eipsis of toe released neutral supers and nexosamine „as
Performed Op 7,ip0 performance iipurd cOromatoprapOp carried out .ith POrmadzu
«C« OPOC eputpped .ith aop spectrophotometry detector opp-p.0 aod acnro-
-opac C-OO.* data prooessmp spstem. i,e super samples for OPOC oere deriva-
tized to alditci acetate derivatives by the method of Opiro (19s, .ith slight
modifications as described below.

me dried sugar samples after the acid hydrolysis step were
dissolved in methanol and 0 2 ml (05 *n , *0.2 ml (25-50 Mg) transferred into acid washed
Vlass vials. These were dried under a stream of nit

szream Of nitrogen and washed two
times with 0.5 ml of methanol. After dryino the
„ „ " g^ SU9ar SamPles "«e subsequently

reduced by adding l ml of o ?<- u *0.25 Mfreshly prepared sodium borohydride solution
and left overnight at d°r mo„C. r„e reduced supers „ere dried and „as*ed tnree
times .ith ,., ml of metnanoi to remove ail traces of Ooric acid.

.oetpiaticn „as carried out fp the additoo of 0.P5 mi of pyridine
^ 0.2S ml of acetic aonpdride to drp samples an sealed tuOes at iOO-C for
' »• -er aoetpiation tne samples .ere .ashed t.ice .ith 0.29 ml ppridine
followed by two washings with 0 3 m? * ,

y& wlzn 0.2 ml acetonitrile (CH cm I r^t^tt^Nj. The samples were

iioally suspended in i ml of „,=, for in.ectinp into t*e ppic column, stan
dard super samples .ere also derivatized in a„ identical fasnion.

Sample (5 jul) was injected tn * 9<-njected to a 25 cm, 5pm Zorbax C-18 column.
The column was eluted with „• *

U1-ea with a mixture of CH CN• ft n 4~i*u3CN. H20 m a ratio of 80:20 for
15 min at a flow rate of n a •»»/ •of 0.8 ml/mm. The sugar peaks were detected by the
UV spectrophotometry detector at 250 nm th*250 nm. The monosaccharides of the glyco
protein enzymes were ident i f i~w x.* were identified by comparing their retention v-•v t-ueir retention times with those
of standard sugars.
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3.2.8 Enzyme assays

3.2.8.1 Acid phosphatase

acid phosphatase activitp „as measured „ . sligbtly modified
method ot Odds and Oiemcizer IMI using p-niUophenyl phosphate as substrate
The incubation mixture ,1 ml, contained 50-100 pp enzpme protetn, 2.0 m„
P-nitropAenpi pnospnate and 50 m„ acetate fuffer ,pO 5.07. The reaction .as
terminated after io min incarnation at 00-C by the addition of 1.5 ml of «
».,»,• The absorbance of peiio„ color of p-nitropnenpi released „as measured

- the reaction. Specific activrtp .as expressed as yimole p-nitrophenol pro-
duced per minute per milligram protein.
3.2.8.2 5'-nucleotidase

>•-nucleotidase activitp „as measured „itn 5.-adenosi„e mono-
phosphate (5'-AMP) ,=>c <?„hr.+ a.AMP) as substrate as described by Riemer and widnell (170)
with slight modifications. The standard ... 4..

^^ reacU°n mixt"* contained 1-2.5mM

««- (8-70 mprotein, depending on the form of enzyme assayed) which was
added last, in a total volume of i n miof 1.0 ml; control incubations contained no
substrate. Incubation was carried out at 30°C for 15 m- ,

^ o tor 15 mm and the enzyme
activity terminated by adding 0.5 ml of cold 30* *,, ^mi ot cold 204 trichloroacetic acid. Protein
was removed by centrifugation and Pi was determined in ,,

t-ermmed m the supernatant fluid
by the procedure of Fi<zi<o n.„w * LLui risne and Subba Row ( 5(,) Th~(56). The specific activity of 5>-
nucleotidase was expressed as umoles of Pi ,<*xumoles of Pi Iterated by dephosphory lation
of 5'-AMP per min per milligram protein under assay^^
3.2.8.3 Glucan synthetase I

Clacan synthetase r activitp .as measured as described by Oreen
<»> -9 io. concentration cf W^cm a„d „.,„ „^ ^ ^
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mixture contained 100 pg membrane protein, 100 mM Tris-HCl (pH 7.5), 20 mM

MgCl2, 10 mM cellobiose, 4 mM EDTA, 2 mM /i-mercaptoethanol and 0.1 pCi of UDP-
14

I C]-glucose (6 nmol) in a total volume of 0.1 ml. The reaction was terminated

by heating the mixture to 95°C followed by the addition of 10 mg of powdered

cellulose as carrier for newly synthesized p-glucans. The precipitate was collec

ted by centrifugation and washed sequentially three times (3X) with 1 ml ot

hot glass distilled water, IX with CHC1 /CH OH (1:2, v/v), IX with methanol

and 2X with IN NaOH. The alkali insoluble residue was rinsed with 1 ml of dis

tilled water and the radioactivity measured by suspending in scintillation

fluid (dioxane cocktail containing 10% naphthalene and 0.5% PPO in dioxane)

and reading in Beckman LS-1801 liquid scintillation counter.

3.2.8.4 Glucan synthetase II assay

Glucan synthetase II activity was measured as described by Ray

(163) using high concentration of UDP-glucose in the absence of Mg2+. Membrane

fractions (100 M9 protein) were incubated in 0.1 ml of reaction mixture contain

ing 50 mM Tris-HCl (pH 7.5), 0.1 pCi of UDP-[14CJ-glucose (260 Ci/mol) and

0.5 mM unlabelled UDP-glucose at 25°C for 20 min. The reaction was terminated

by the addition of 1 ml of 70% (v/v) ethanol, 50 jil of 50 mM MgCl and 50 Ml

of boiled plasma membranes (0.2 to 0.3 mg protein) as carrier for the labelled

products. The mixture was immediately boiled for 1 min and after standing over

night at 4°C, was centrifuged at 1500xg for 5 min. Precipitated particulate

material was washed 4X with 70% ethanol to remove all unreacted radioactive

substrate and ethanol soluble byproducts. The washed precipitate was suspended

m scintillation fluid and radioactivity measured in Beckman LS-1801 liquid

scintillation counter.
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3.2.8.5 Mannosyl transferase

The method of Lehle et aJ. (109) was used to measure the mannosyl

14
transfer trom GDP-[ Cj-mannose to endogenous as well as exogenous lipid acceptor

(dolichol phosphate). The reaction mixture contained 50 mM Tris-HCl (pH 7.5),

10 mM MnCl2, 5 mM MgCl2 and 0.1 mGI GDP-I C]-mannose. 100-200 Mg protein (parti

culate membrane fraction) was incubated with the reaction mixture in a total

volume of 70 mL For the incorporation of mannose to the exogenous lipid acceptor,

10 Ml of dolichol monophosphate (10 Mg) was mixed with 10 m1 of 0.1 MMg-EDTA

and dried under nitrogen. The dried lipid was dispersed with 10 pi of 5% nonidet.

This lipid was then incubated with the reaction mixture as described above.

The reaction was stopped after 30 min by the addition of 2 ml of chloroform/metha

nol (3:2, v/v). The precipitated protein was separated by centrifugation and

the soluble portion was partitioned with 0.4 ml of 4 mM MgCl solution. After

thorough mixing the phases were separated by centrifugation. Upper aqueous

phase was discarded and the lipid phase was washed by the method of Folch et

al. (58). The washed lipid was dried in a vial and the radioactivity measured

after suspending the dried material in scintillation fluid (dioxane cocktail).

Blank was prepared under identical conditions and the enzyme protein was added

after termination of the reaction.

3.2.8.6 Glucose-6-phosphatase

The activity of glucose-6-phosphatase was assayed as described

by Aronson (8). The reaction mixture contained 1 mM sodium acetate buffer (pH

5.0), 10 mM glucose-6-phosphate and 0.1 ml (50-100 M9 protein) of membrane

protein. The reaction mixture was incubated at . 35°C for 15 min. The liberated

Pi was determined by Fiske and Subba Row method (56).
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3.2.9 Protein estimation

Protein was estimated by the method of Lowry et al. (53) with

slight modifications using bovine serum albumin as standard. /3-mercaptoethanol

was removed by heating the protein samples at 60°C for 30-60 min in a water

bath before performing the Lowry method (194). Since the solubilized enzyme

contained 0.5% n-octylglucoside, all samples (including standard proteins)

were normalized with regard to detergent and the estimation was done in the

presence of 0.1% SDS (47).

3.2.10 Determination of optimum pH

A fixed amount of enzyme protein (50 pg) was incubated with 2 mM

p-nitrophenyl phosphate at 30°C for 15 min in suitable buffers of varying pH.

The buffers used were 50 mM sodium acetate buffer (pH 3.5-5.5) and 50 mM Tris-

HCl (pH 6.0 to 9.5). Control assays at each pH were run simultaneously. Enzyme
*

activities were represented as percentage of maximum activity by plotting pH
versus % maximum activity.

3.2.11 Determination of kinetic parameters

Lineweaver-Burk plots were plotted in order to determine the

values of apparent Michaelis-Menten constant (K ) and maximum velocity (V )
m max

of the glycoprotein enzymes. Enzyme assays were carried out in a normal manner

by using varying amounts of p-nitrophenyl phosphate (0.25 - 2.0 mM) in 50 mM

sodium acetate buffer (pH 5.0). Care was taken that levels of substrate concen

tration used were such so as to give from partially to fully saturated enzyme

system. Linear plots were obtained by plotting reciprocals of substrate concen

tration (1/S) and velocity (1/V). The intercepts on X-axis and Y-axis were

equal to -1/K and 1/V respectively,
m max 3

Inhibitor constant ,KJ and the type of inhibition of the enzymes

tenfral librara Universitu or i?ourKfr
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was calculated by plotting Lineweaver-Burk plots in the presence of a fixed

concentration of inhibitorf0.5 mM). Intercept on the X-axis was equal to -1/K .
i '

3.2.12 Production of monospecific antibodies against purified glycoprotein
enzymes

Monospecific polyclonal antibodies (Abs) were raised against

purified membrane glycoprotein isoenzymes in rabbits by following a predeter-
mined immunization schedule.

3.2.12.1 Antigen preparation

Purified glycoprotein samples were dialyzed extensively against

50 mM sodium acetate buffer (pH 5.0) and concentrated by ultrafiltration to

a protein concentration of 500 MgI ml. 300 Mg of each sample (0.6 ml) was emulsi

fied with an equal volume (0.6 ml) of Complete Freund's adjuvant by repeatedly
passing the emulsion through a 17G needle attached to a 2 ml syringe till the

mixture turned into a thick while uniform suspension. Before injecting the
homogeneity of this preparation was tested by gently floating a drop of it
in a beaker of water. The compactness of the drop over the water surface indi-
cated a good homogeneous preparation.

3.2.12.1.1 Purification of pea cotyledon PM-APases

The PM fraction from pea cotyledons was prepared similar to the

PM fraction from peanut cotyledons as described under 3.2.2.2. The homogenizing
buffer consisted of 50 mM Tris-HCl (pH 7.4), 0.25 Msucrose and 5 mMfi -mercapto
ethanol . The PM-bound APases were solubilized using 1% CHAPS in presence of

5 mM EDTA at a protein-to-detergent ratio of 2:3 as described under section

3.2.3. The solubilized PM fraction was dialyzed overnight against 100 volumes

of 10 mM Tris-HCl (pH 7.4) and loaded on a DEAE-Sephadex A-50 column (1.5x20cm)
which was preequilibrated with the same buffer. The absorbed proteins were
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eluted by a linear gradient of 0-250 mM NaCl using a single mixing container

with 50 ml of 10 mM Tris-HCl (pH 7.4) and a reservoir with 50 ml of the same

buffer containing 250 mM NaCl. 1 ml fractions were collected at a flow rate

of 0.2 ml/min. Two APase activity containing peaks eluted from the DEAE-Sephadex

A-50 column at 0 mM (washing) and 78 mM NaCl respectively. These were termed

as AP-I (minor peak) and AP-II (major peak). The AP-II peak was further purified

on CM-Sephadex C-50 column as described under secton 3.2.4. The AP-II eluted

from CM-Sephadex column at 100 mM NaCl. The AP-I and AP-II fractions were exten

sively dialyzed against 50 mM sodium acetate buffer (pH 5.0) to remove all

traces of salt and brought to a concentration of 500 jag/ml by ultrafiltration.

3.2.12.1.2 Partial purification of Ram epididymal APase

100 mg of Ram epididymal tissue was homogenized with 2 ml of

0.1 Msodium acetate buffer (pH 5.0) to a fine slurry in the presence of acid-

washed sand; the mixture was centrifuged at 1500 r.p.m. for 10 min to remove

sand and other precipitated matter. The supernatant was found to contain consi

derable amount of APase activity which was partially purified by 30-60% ammo

nium sulfate precipitation followed by extensive dialysis against 50 mM sodium

acetate buffer (pH 5.0). This partially purified APase fraction was also brought
to a concentration of 500 jig/ml.

3.2.12.2 Immunization schedule

1 ml of each of emulsified glycoprotein was injected subcuta-

neously into different rabbits. The injections were given on the dorsal side

of the animals at multiple sites. After the first injection, subsequent injec
tions were prepared by emulsifying the purified glycoproteins with Incomplete
Freund's adjuvant and administered at weekly intervals over a period of six
weeks.
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3.2.12.3 Collection of antisera

Six weeks after the first injection, the rabbits were bled by

the ear vein and around 2 ml of blood collected from each animalin conical

tubes. Immediately after collection of blood, the tubes were kept in an inclined

position at 37°C for 60 min till a straw coloured fluid was seen to appear

over the clot. The tubes were then centrifuged at 1000 r.p.m. for 10 min and

the antisera gently decanted into stoppered glass vials and stored at -20°C.

The tubes were kept at 4°C overnight for the extraction of the remaining anti

sera. The presence of antibodies in the antisera was detected by both immuno

diffusion and immunoprecipitation.

3.2.12.4 Detection of antibodies
r

3.2.12.4.1 Immunodiffusion

Immunodiffusions were performed in 1% agarose gels containing

0.9% NaCl (w/v) by the method of Ouchterlony (147). 4 ml of melted agarose

were poured on clean glass slides (7.5 x 2.5 cm) which were kept over a flat

surface and allowed to solidify at room temperature so that gels of 1.5 mm

thickness were formed. A 10 Ml well was punched out from the centre of the

agarose gel and 4 wells of 8 jtl capacity were punched out in a circular fashion

around the central well at an equidistance of 1 cm from it. The central well

was filled with 10 jxl of the purified glycoprotein (10 Mg protein) and three

surrounding wells with the corresponding antisera at different dilutions. The

fourth well was filled with preimmune sera and served as control. The loaded

gels were kept overnight at 37°C in a humid chamber. The appearance of white

precipitin bands between the central well and the surrounding wells indicated

the presence of antibodies in the antisera. No precipitin band was found to

appear between the central and the control well. The precipitin bands were

stained with 1% Coomassie Brilliant blue for 30 min and destained in 10% acetic

acid.
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3.2.12.4.2 Immunoprecipitation

0.2 ml (100 M9 protein) of each of the purified glycoprotein

isoenzyme was added to an equal volume of its corresponding antisera in conical

test tubes (0.8 x 8 cm). The tubes were vortexed for 20 seconds at low speed
and left undisturbed at 4°C for 7 days. The appearance of a white precipitate
at the bottom of the tubes indicated the presence of antibodies in the antisera.
Tubes containing purified glycoprotein isoenzymes without their corresponding
antisera were used as controls. Yet another set of controls was prepared by
adding preimmune sera (instead of antisera) to the purified isoenzymes. Control
tubes did not show any precipitation.

For determining the amount of immunoprecipitation, the tubes

were centrifuged at 1500 r.p.m. for 5min and the enzyme activity (APase acti

vity) in the supernatant fluids measured by taking 0.2 ml aliquots. The degree
of immunoprecipitation was calculated in terms of percentage residual activity
remaining in the supernatant with respect to the control whose percent residual
activity was considered to be 100%.



4.0 RESULTS

4.1 Preparation of membrane fractions

Fig. 2 shows the flow chart for the preparation of PM, GA and ER

membrane fractions from peanut cotyledons. The cell free extract was prepared

in a medium containing 0.25 M sucrose, 3 mM EDTA and 0.04% £ -mercaptoethanol

without MgCl . Under these conditions the ribosomes remained detached from the

rough ER and the integrity of PM as well as other organelles was maintained

(65,70). The centrifugation of the cell free extract at 12,000xg removed mito

chondria, nuclei, cell wall debris etc. This fraction was discarded. The super

natant when centrifuged at 105,000xg for 60 min resulted in a crude membrane

pellet mainly consisting of PM, GA and ER. The supernatant (cytosol fraction)

was discarded.

The PM fraction was separated from the GA and ER by involving a two-

step sucrose gradient (34/20%, w/w) in 25 mM Tris-HCl (pH 7.2) containing 1 mM

/3 -mercaptoethanol. On centrifugation at 80,000xg for 90 min, the crude membrane

fraction (12,000 - 105,000xg pellet) was fractionated into three clear bands,

(i) the pellet representing the PM (ii) A band at 34/20% interface representing

mainly GA and ER with some contamination of PM, and (Hi) a diffused band near

the top containing ER and lipids.

These bands were carefully separated. The 34/20% interface band was

subjected to a step-wise sucrose gradient (43/37/25/20%, w/w) centrifugation.

A major membrane band at the 37/25% interface represented the Golgi fraction.

The supernatant above the 37/25% interface containing mostly ER, was removed,

adjusted to a sucrose concentration of 12% and centrifuged at 105,000xg for

120 min. The pellet formed represented the ER fraction.
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4.2 Distribution of marker enzymes in various membrane fractions of Arachis

hypogaea cotyledons

The distribution pattern of various marker enzymes for the identifi

cation of PM, GA and ER membrane fractions of peanut cotyledon cells has been

summarized in Table IV. Results indicate that approximately 11-fold enrichment

of the PM fraction relative to the crude membrane fraction was obtained and

that the PM fraction was almost free of GA and ER contamination. The GA fraction

was found to be enriched more than 5-folds with no significant cross-contamination

by either the PM or ER as judged by the activity of glucan synthetase I. However,

some contamination of ER in GA cannot be ruled out completely since relatively

small activity of the dolichol monophosphate-GDP-mannose i mannosyl transferase

was found in the GA fraction. The ER fraction was found to exhibit maximum acti

vity of the marker enzymes mannosyl transferase and glucose-6-phosphatase and

appeared to be virtually free of any PM contamination. Thus, by using differential

centrifugation with sucrose gradients it was entirely possible to obtain suffi

ciently pure PM, GA and ER membrane fractions.

4.3 Subcellular distribution of APase in the various membrane fractions of

peanut cotyledons

Table V shows the subcellular distribution of APase in germinating

peanut cotyledons. The total crude membrane fraction (12,000xg - 105,000xg pellet),

containing the PM, GA and ER membranes, was used as the starting material for

the separation of various membrane fractions. Results show that a major portion

(66.6%) of the total precipitable APase activity was associated with the PM

fraction. The GA fraction contained 20.2% and the ER membrane fraction accounted

for 13.2% of the remaining APase activity. In terms of specific activity also,

the PM fraction showed the maximum activity (40.9 juM/min/mg) followed by GA
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TABLE TV

DISTRIBUTION OF MARKER ENZYMES IN VARIOUS MEMBRANE FRACTIONS OF Arachis hypogaea COTYLEDONS

Fraction

Activity of marker enzymes (Radioactivity incorporated)
Glucan synthetase I Glucan synthetase II Mannosyl trans-

_ a
ferase

(cpm/mg) (cpm/mg) (cpm/mg)

Crude membrane fraction

(12,000 - 105,000xg pellet) 3,314 8,100

88,246

1625

3224

61,288
(21,000)

3,080

(1,683)

18,661
(7208)

5,33,120
(38199)

Plasma membranes 1,230

Golgi apparatus 17,856

Smooth endoplasmic reticulum 1,972

Glucose-6-phosphatase
( Mmol Pi/min/mg)

30.5

13.36

19.8

39.4

Values in parentheses were obtained without dolicholmonophosphate as exogenous lipid acceptor of mannose
14

from GDP-[ CJ mannose as donor substrate.
b

The activity observed was higher than the actual glucose-6-phosphaiase activity ds"the enzyme preparation
contains other non-specific phosphatases also.

U1
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TABLE V

SUBCELLULAR DISTRIBUTION OF ACID PHOSPHATASE IN PEANUT COTYLEDON CELLS

Various membrane fractions were isolated as described under Experimental Proce
dures. Percent yields were computed relative to the crude microsomal membrane
fraction which was taken as 100%.

Fraction

Crude microsomal

membrane fraction

Plasma membranes

Smooth endoplasmic
reticulum

Golgi apparatus

Total protein Total APase Specific activity
activity

(mi3) (Mmol/min) (Mmol/min/mg)

428 .1 7332 17 .1

115.2 4722 40.9

70.3 1432 20.3

50.4 932 18.4

Yield

(%)

100

66.6

20.2

13.2
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(20.3 MM/min/mg) and ER (18 .4 MM/min/mg).

4.4 Tsoenzymic pattern of APase in the plasma membranes of germinating peanut

cotyledons

Fig. 3 shows the elution profiles of APase isoenzymes from the PM

fraction of peanut cotyledons at various stages of germination (O-days, 2-days

and 7-days) by CM-Sephadex column chromatography. Three isoenzymes of APase

(APase I, APase II and APase III) eluted at 0.0 mM, 75 mM and 125 mM NaCl gradients,
respectively, from the O-days and 2-days germinated cotyledons, whereas, only
two isoenzymes (APase I and APase III) eluted at 0.0 mM and 120 mM NaCl gradients

from 7-days germinated cotyledons. The APase II isoenzyme appeared to be absent

from the plasma membranes of 7-day old cotyledons.

Changes were also observed in the levels cf APase isoenzymes present

in the PM fraction with progressive germination period (Table VI). The level

of APase I increased throughout the germination period but APase II activity
disappeared completely within 7-days of germination. On the other hand, APase III

following an initial decrease, exhibited a substantial increase in activity
during the same germination period. Thus, it appears that the number and relative

levels of activities of PM-APase isoenzymes of peanut cotyledons are dependent
upon the physiological state of cotyledons.

4.5 Membrane-bound APase and 5'-nucleotidase activities in germinating peanut
cotyledons

The variation in the activities of APase and 5'-nucleotidase associated

with the microsomal membrane fraction (12,000xg - 105,000xg pellet) of peanut
y cotyledons during 14 days of germination is shown in Fig.4. Both enzymes exhi_

bited maximum activity between 6th and 7th day of germination at 35°C. However,



FIGURE 3

Elution profiles of plasma membrane-bound acid phosphatase isoenzymes of peanut cotyledons from

CM-Sephadex C-50 columns at various stages of germination. The plasma membrane (PM) fractions

from O-days, 2-days and 7-days germinated peanut cotyledons were isolated and solubilized as

described in the text. The solubilized PM fractions were dialyzed overnight against 100 volumes

of 50 mM sodium acetate buffer (pH 5.0) and 4 ml (15 mg protein) of each of the dialyzed PM frac

tion loaded on to separate CM-Sephadex C-50 columns (1.5x20 cm) that were previously equilibrated

with the same buffer. The columns were washed twice with equilibration buffer (twice the bed

volume) to remove the unabsorbed proteins. The absorbed proteins were eluted by a linear gradient

of 0-500 mM NaCl using a single mixing container with 50 ml of 50 mM sodium acetate buffer and

a reservoir with 50 ml of the same buffer containing 500 mM NaCl. 1 ml fractions were collected

at a flow rate of 0.2 ml/min and aliquots (0.2 ml) from every other fraction analyzed for the

enzyme activity ( •—0 ) and protein content ( O—O ).
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TABLE VI

CHANGES IN THE LEVELS OF ACID PHOSPHATASE ISOENZYMES WITH INCREASING

GERMINATION PERIOD

Plasma membrane fractions from O-days, 2-days and 7-days old peanut cotyledons
were prepared and solubilized as described in the text. The APase isoenzymes
were separated by CM-Sephadex C-50 chromatography, pooled and their percent rela
tive activities determined by assuming the total recoverable APase activity as
100%.

Period of

germination
Total protein

(mg)

Tot

(nm

al activi

ol/min)

tu Specific activi

(umol/min/mg)

•tu Relative

activity
(%)

O-days

APase I . 1.30 148 113.8 27 .0

Apase II 1.28 189 147 .6 34.4

APase III 1.10 212 192.7 38.6

2-days

Apase 1 1.23 225 182.9 39.1

APase II 1.26 200 158 .7 34.8

APase III 0.98 149 152.0 25.9

7-days

Apase I
a

1.02 342 335.2 57.4

APase

a

III 1.2 259 215.0 42.6

Based on chromatographic behaviour on CM-Sephadex C-50 column



FIGURE 4

Effect of germination period on the levels of membrane-bound acid phosphatase and 5'-nucleotidase.

Peanut seeds were germinated in dark at 35°C and 100% humidity for the indicated time periods.

200 cotyledons (80-100 g, fresh wt.) were excised, washed and membrane fractions (12,000-105,000xg

pellet) prepared as described under Experimental Procedures. Acid phosphatase ( •--• ) and 5'-

nucleotidase( g-g j activities were assayed as described in the text.
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the developmental patterns of the two enzymes were markedly different. For ins

tance, 5--nucleotidase emerged only after 48 h of imbibition, the period by

which the APase had attained 40% of the maximal level. Similarly, while after

14 days of germination, the 5'-nucleotidase activity was insignificant, that

of APase was substantially high. The specific activity was even higher. Thus,

by using 2-days germinated peanut cotyledons, it was possible to prepare the

desired membrane fractions devoid of 5'-nucleotidase activity for the purpose

of isolation of APase.

4.6 Purification of PM-APases

The 2-days old peanut cotyledons were used as the starting material

for isolating the PM-APase isoenzymes. The PM-APases were purified by following

a relatively simple purification scheme involving only four main steps, namely,

preparation of high specific activity PM fraction, solubilization of APases

by a suitable detergent and two subsequent ion-exchange chromatography on CM-

Sephadex C-50 and Sephadex G-150 resins, respectively.

Solubilization of PM-APases was effected by five different detergents

to find out the detergent best suited for solubilizing the PM-APases. Results

in Table VII show that of the five detergents (deoxycholate, taurocholate, triton

X-100, nonidet P-40 and n-octylglucoside) used, n-octylglucoside was clearly

the best one for the solubilization of PM-APases. Under the conditions employed,
nearly two-third of the total enzyme activity was solubilized by octylglucoside

and the specific activity increased about 6.7 folds. Triton X-100 and nonidet

P-40 were only half as effective as octylglucoside. The ionic detergents, deoxy

cholate and taurocholate, were strongly inhibitory. Since the critical micellar

concentration of n-octylglucoside is quite high ,7.5 mg/ml), it was also possible

to remove the detergent by dialysis before ion-exchange chromatography to avoid
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TABLE VII

SOLUBILIZATION OF PLASMA MEMBRANE-BOUND ACID PHOSPHATASE WITH DIFFERENT DETERGENTS

For solubilization of the plasma membrane-bound acid phosphatases, the plasma membrane fraction (10.75 mg

protein) was treated with 0.5% detergent at a protein-to-detergent ratio of 2:3 in presence of 20 mM

MgCl2 and 5 mM EDTA followed by centrifugation at 105,000xg for 60 min. The supernatant was assayed
for APase activity. Total activity was expressed as Mmol-pNP formed per min.

Fraction

Plasma membrane

Detergent extract

Deoxycholate

Taurocholate

Triton X-100

Nonidet P-40

n-octylglucoside

Specific activity
(Mmol pNP/min/mg)

21.20

4.45

6.18

29.92

31.25

60.60

Activity solubilized

(%)

4.8

7 .2

28.4

29.2

68.9

105,000 x g supernatant

Protein solubilized

(%)

8.8

9.5

10.2

10.3
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TABLE VIII

2 +
EFFECT OF Mg AND EDTA ON THE SOLUBILIZATION OF APase FROM THE MEMBRANE FRACTION OF PEANUT COTYLEDONS

Membrane fraction (12,000 - 105,000xg pellet) was extracted with 0.5% n-octylglucoside without and with
MgCl2 and EDTA as described under Experimental Procedures. The homogenate was centrifuged at 105,000xg for
60 min and the supernatant fraction used as solubilized enzyme. The APase activity was assayed in a routine
manner. Values expressed below are the average of three separate experiments.

Conditions of solubilization Protein solubilized APase activity solubilized Specific activity of APase
EDTA (mM) t MgCl2 (mM) (%) (%) (jjmol pNP/min/mg)

0.0 0.0 24.2 ± 1.0 15.1 ± 1.0 8.5 ± 2.0

0.0 20.0 12.8 ± 1.0 14.4 ± 2.0 9.7 t i.0

5.0 0.0 11.2 ± 2.0 17.8 ± 1.5 12.4 ± 1.0

5.0 5.0 9.3 t 1.5 19.2 ± 1.0 13.2 ± 2.0

5,0 10.0 10.0 ± 1.5 28.4 ± 0.5 11.2 ± 1.5

5.0 20.0 10.4 ± 0.5 35.4 ± 0.5 18.0 ± 1.5

5.0 25.0 10.2 ± 1.0 29.2 ± 1 15,4 ± 3.0



66

interference in the purification procedure.

2+
Mg and EDTA were found to be essential for selective solubilization

of the enzyme from the PM (Table VIII). Thus, solubilization of PM-APases was

done with the nonionic detergent n-octylglucoside in the presence of 20 mM MgCl

and 5 mM EDTA at a protein-to-detergent ratio of 2:3 as described under Experi

mental Procedures. The solubilized APase was dialyzed 16 h against 50 mM acetate

buffer (pH 5.0) and loaded (20 mg protein) on CM-Sephadex C-50 column.

Fig. 5A shows the elution profile of PM-APases from CM-Sephadex C-50

column. Three isoenzymes of APase were eluted at 0.0 mM, 75 mM and 125 mM NaCl

gradients and were designated as APase I, APase II and APase III, respectively.

Of the three isoenzymes, APase I showed maximum APase activity. Each isoenzyme

was again subjected to gel filtration by Sephadex G-150 chromatography. The

gel filtrations were carried out at pH 5.0. All the three isoenzymes emerged

as single peaks from Sephadex G-150 columns (Fig.5B)t Maximum specific activity

was exhibited by APase I (208.1 nmol/min/mg) followed by APase II (181.6 nmol/min/

mg) and APase III (170.6 umol/'min/mg). Their respective purification folds were

12.1, 10.6 and 9.9. The entire purification scheme of PM-APases has been summa

rized in Table IX. Although the yield of APase I, APase II and APase III (1.5%,

1.4% and 1.0%, respectively) was lowered considerably during the various steps

of purification, the purification scheme described here resulted in homogeneous

preparations of PM-APase isoenzymes as indicated by sodium dodecyl sulfate-poly

acrylamide gel electrophoresis (SDS-PAGE).

4.7 Homogeneity of purified PM-APases

The purified PM-APases were found to be homogeneous as indicated

by the presence of single protein bands when subjected to SDS-PAGE in the pre
sence of fi -mercaptoethanol. The apparent molecular weights of APase I, APase
II and APase III were estimated to be 79 Kda, 76 Kda and 66 Kda, respectively.



FIGURE 5A

Elution profile of plasma membrane-bound acid phosphatase isoenzymes from CM-Sephadex C-50 column.

The plasma membrane fraction from 2-days germinated peanut cotyledons was solubilized by the deter

gent n-octylglucoside as described under Experimental Procedures. The solubilized PM fraction was

dialyzed 16 h against 100 volumes of 50 mM sodium acetate buffer (pH 5.0) and 5 ml (20 mg protein)

loaded on a CM-Sephadex C-50 column (1.5x20 cm) which was preequilibrated with the same buffer.

The conditions for elution were the same as described in the legend of FIGURE 3. Aliquots (0.2

ml) from every alternate fraction were analyzed for acid phosphatase activity ( 0—O ) and protein

content ( •--• ). Top few fractions of each peak as indicated by the bar ( — ) were pooled,dialyzed

and concentrated by ultrafiltration and used for further purification by gel filtration.
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FIGURE 5B

Elution profiles of plasma membrane-bound acid phosphatase isoenzymes from Sephadex G-150 columns

equilibrated at pH 5.0. The enzyme fractions (APase I, APase II and APase III) obtained by CM-Sepha

dex C-50 chromatography were dialyzed overnight against 100 volumes of 50 mM sodium acetate buffer

(pH 5.0), concentrated by ultrafiltration and loaded on separate Sephadex G-150 columns (0.9x25 cm)

that were previously equilibrated with the same buffer. 1 ml fractions were collected at a flow

rate of 1 ml/15 min and aliquots (0.2 ml) from every other fraction were analyzed for acid phospha

tase activity ( 0—0 ) and protein content ( 9—• ). The fractions indicated by the bar f—; were

pooled and used for further studies.
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TABLE IX

PURIFICATION OF ACID PHOSPHATASES FROM THE PLASMA MEMBRANES OF PEANUT COTYLEDONS
Plasma membrane fraction was obtained from the crude particulate fraction (12 000 -
105,000xg pellet) from 2-days old peanut cotyledons as described in Experimental
Procedures. The plasma membranes (115.2 mg protein) were extracted with 0.5% n-
octylglucoside in presence of 20 mM MgCl2 and 5mM EDTA and centrifuged at 105,000xg
for 60 min. The supernatant fraction was used as the solubilized form of enzyme
CM-Sephadex peaks I,11 and III represent the pool of top six fractions while Sephadex
G-150 peaks represent the pool of top three fractions of each peak. The purification
and specific activity data were computed relative to the crude membrane fraction

Fraction

Crude microsomal

membrane fraction

Plasma membrane
fraction

Octylglucoside
extract

Total

protein
(mg)

428.1

115.2

20.4

CM-Sephadex C-50

Peak I(APase I) 0.82

Peak II(APase II) 0.84

Peak III(APase III) 0.70

Sephadex G-150

APase I o.54

APase II Q.60

APase III o.47

Total Specific
activity activity
(Mmol/min) (Mmol/min/mg)

7332 17 .1

4722 40.9

2314 113.4

149.7 182.5

133.2 158.5

106.4 152.0

112.4 208.1

108 .9 181.6

80.2 170.6

Purification Yield

(fold) (%)

100

2.4 64.4

6.6 31.5

10.7 2.0

9.3 1.8

8.9 1.4

12.1 1.5

10.6 1.4

9.9 1.0
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The SDS-PAGE patterns of the purified PM-APases are shown in Fig.6. Electropho

resis in native gels (in the absence of SDS and p -mercaptoethanol) also resulted

in the appearance of single protein bands. Thus, the PM-APases appear to have

only a single polypeptide chain each.

4.8 Formation of high molecular weight forms in vitro

When APase I, APase II and APase III were dialyzed for 48 h against

50 mM Tris-HCl buffer (pH 7.2) and th<n subjected to PAGE without SDS and p -
mercaptoethanol, the isoenzymes gave two protein bands each (Fig 7B). When the

PH of the same samples was adjusted back to pH 5.0 by dialyzing against 50 mM

sodium acetate buffer (pH 5.0) and subjected to PAGE as before, again single

bands were obtained (Fig. 7C) . However, SDS-PAGE in all cases yielded single

protein bands only (Fig. 8A, 8B, 8C). These results indicate that at pH 5.0,

the isoenzymes exist in monomeric forms containing single polypeptide chains,
but at pH 7.2 conversion of monomeric forms to higher molecular weight forms

occurs, with subsequent dissociation into monomers on lowering the pH to 5.0

from pH 7.2. The higher molecular weight forms of APases at pH 7.2 were found

to be dimers. That each dimer contained two polypeptide chains of identical

molecular weight was indicated by the fact that SDS-PAGE performed under completely
dissociating conditions yielded single protein bands (Fig. 8B) but two bands

in each case on native PAGE (Fig. 7B) . The molecular weight of the dimeric forms

of APase I, APase II and APase III were found to be 159 Kda, 150 Kda and 130 Kda,
respectively.

The formation of high molecular weight forms from monomeric forms

in vitro was also confirmed by actually separating the two forms of each iso

enzyme on Sephadex G-150 columns that were maintained at pH 7.2. After the elution

of the three APase isoenzymes from CM-Sephadex C-50 column during purification



FIGURE 6

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-P2iGE) of purified acid phosphatase
isoenzymes. SDS-PAGE of purified PM-APase isoenzymes was performed by the method of Weber and Osborn
using an SDS-Phosphate buffer system as described under Experimental Procedures. SDS-PAGE was carried
on 10% gels in cylindrical tubes (0.5x8.0 cm) at a constant current of 8 mA/tube at room temperature.
Samples and amounts loaded were : APase I (40 Mg), APase II (40 Mg), APase III (40 Mg) and standard
proteins (5 Mg each). The molecular weight standards were : Myosin, Mr = 200 Kda; fi-galactosidase,
M = 116 Kda; phosphorylase b, M =94 Kda; bovine serum albumin, M = 68 Kda; ovalbumin, M =

r r r

43 Kda; carbonic anhydrase, M = 30 Kda; soybean trypsin inhibitor, M^ = 21 Kda and lysozyme, M^ =
14.3 Kda. The direction of electrophoresis was from top to bottom. The molecular weight of the

purified isoenzymes were computed from the calibration plot of log.Q «r versus relative mobility
of standard proteins. Frac.I (APase I) corresponded to molecular weight, of 79 Kda, Frac. II (APase
II) corresponded to molecular weight of 76 Kda and Frac. Ill (Apase III) corresponded to molecular

weicht of 66 Kda.
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FIGURE 7

Polyaerylamide gel electrophoresis (PAGE) of purified acid phosphatase isoenzymes kept at different pH.

Native PAGE of purified APase isoenzymes were performed similar to SDS-PAGE but without the presence of

SDS and fi-mercaptoethanol. Condit ions for electrophoresis, staining and destaining of gels etc. were also

identical to those of SDS-PAGE. Samples and amounts loaded were : APase I (35 Mg), APase II (35 Mg) and

APase III (35 Mg) •

Group 7A : Purified APase I (Frac.I), APase II (Frac.II) and APase III (Frac. Ill) were dialyzed 16 h against

50 mM sodium acetate buffer (pH 5.0) and suitable aliquots subjected to native PAGE.

Group 7B : The above three fractions of Group 7A were further dialyzed overnight against 50 mM Tris-HCl

buffer (pH 7.2) and again suitable aliquots subjected to native PAGE.

Group 7C : The above three fractions of Group 75 were dialyzed back for 16 h against. 50 mM sodium acetate

buffer (pH 5.0) and subjected to native PAGE.
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FIGURE 8

Sodium dodecyl sulfate - polyaerylamide gel electrophoresis (SDS-PAGE) of purified acid phosphatase isoen

zymes kept at different pH. Conditions for SDS-PAGE were exactly those as described in the legend of FIGURE 6.

Samples and amounts loaded were : APase I (40 ng), APase II (40 Mg) and APase III (40 Mg). The direction

of electrophoresis was from top to bottom.

Group gjj : Purified APase I (Frac. I), APase II (Frac. II) and APase III (Frac. Ill) were dialyzed 16 h

against 50 mM sodium acetate buffer (pH 5.0) and suitable aliquots subjected to SDS-PAGE.

Group SB : The above three fractions of Group 8A were further dialyzed overnight against 50 mM Tris-HCl

buffer ipH 7.2) and again suitable aliquots subjected to SDS-PAGE.

Group 8C : The above three fractions of Group 8B were dialyzed back for 16 h against 50 mM sodium acetate

buffer (pH 5.0) was subjected to SDS-PAGE as before.
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procedure, these were dialyzed 48 h against Tris-HCl buffer (pH 7.2) and chromato-

graphed on Sephadex G-150 columns that were also equilibrated with the same

buffer (pH 7.2). The elution profiles of APase I, APase II and Apase III from

Sephadex G-150 columns at pH 7.2 are shown in Fig 9. Results clearly indicate

that during dialysis against pH 7.2, the monomeric forms were associated into

higher molecular weight forms to a large extent and these two molecular forms

could be separated by Sephadex G-150 columns maintained at pH 7.2. These higher

molecular weight forms of APase 1, APase II and APase III (peaks IA, IIA and

IIIA of Fig 9) were again found to be diners as before with respective molecular

weights of 162 Kda, 148 Kda and 125 Kda. When these dimeric forms were again

dialyzed against pH 5.0 and subjected to gel filtration on Sephadex G-150 at

pH 5.0, the elution pattern of these APases reverted back to that shown in Fig.5

and their monomeric character confirmed by SDS-PAGE and PAGE patterns. Thus,

in vitro association and dissociation of PM-APases is a pH-dependent phenomenon.

To avoid problems related to pH-dependent association exhibited by the PM-APase

isoenzymes, the purified isoenzymes were stored at pH 5.0 to ensure their mono

meric nature and unless mentioned otherwise, their characterization and other

experiments involving the purified APase isoenzymes were carried out at pH 5.0.

4.9 Properties of purified PM-APases

4.9.1 Optimum pH and pH stability

The purified PM-APases gave identical pH-activity profiles exhibiting

a single pH optimum at pH 5.0 (Fig 1.0). Below and above pH 5.0 the APase activity

was found to decline sharply in all the three cases. The PM-APases also exhibited

maximum stability at pH 5.0 (Fig 11).

4.9.2 Kinetic properties

The K and V values of APase I, APase II and APase III for the
ill ill a. A

hydrolysis of p-nitrophenyl phosphate as determined by Lineweaver-Burk plots



FIGURE 9

Elution profiles of plasma membrane-bound acid phosphatase isoenzymes from Sephadex G-150 columns equilibra
ted at pH 7.2. The enzyme fractions (APase I, APase II and APase III) obtained after CM- Sephadex C-50 chroma
tography were dialyzed overnight against 100 volumes of 10 mM Tris-HCl buffer (pH 7.2), concentrated by
ultrafiltration and loaded on separate Sephadex G-150 columns (0.9 x 25 cm) that were preequilibrated with
'0 mM Tris-HCl (pH 7.2). 1 ml fractions were collected at a flow rate of 1 ml/15 min and aliquots (0.2 ml)
from every other fraction analyzed for acid phosphatase activity ( 0—0 ) and protein content ( •—§ ).
7his gel filtration step was seen to resolve APase I, APase II and APase III into two distinct peaks each
zhat were designated as IA and IB ; IIA and TIB; IIIA and IIIB respectively.
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FIGURE 10

pH-activity profiles of purified acid phosphatase isoenzymes. The enzyme activities of APase I ( m-9 1

APase II ( § • ) and APase III ( 0 0 j were measured at different pH in standard assay systems. A fixed

amount of enzyme protein (50 Mg) was incubated with 2 mM p-nitro phenyl phosphate at 30°C for 15 min in

suitable buffers of varying pH. The buffers used were 50 mM sodium acetate buffer (pH 3.5 - 5.5; and 50

mM Tris-HCl buffer (pH 6.0 - 9.5). Control assays at each pH were run simultaneously. Enzyme activities
were represented as percentage of maximum activity.
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FIGURE 11

pH-stability profiles of purified acid phosphatase isoenzymes. Purified APase I ( JB-fl ), APase II ( #--# J

and APase III ( 0—0 ; were preincubated with suitable buffers of varying pH at 4°C for 3 h after which

the enzyme activities were assayed in a normal manner. The buffers used were 50 mM sodium acetate (pH 3.5 -

5.5; and 50 mM Tris-HCl (pH 6.0 - 9.5). Control assays at each pH were run simultaneously. Enzyme activities

were represented as percentage of maximum activity .
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2 9
were 0.43 mM, 0.50 mM, 0.48 mM and 2.1x10 MM/min/mg, 2.8x10 MM/min/mg and

2.4x10 MM/min/mg respectively (Fig 12). Orthophosphate (PO 3~) inhibited APase I

(Ki = 1.42 mM) and APase II (K. - 0.83 mM) competitively, but APase III was

inhibited noncompetitive^ (K. = 0.48 mM) (Fig 13).

4.9.3 Substrate specificity

The substrate specificities of the purified APase isoenzymes were

tested at pH 5.0 and pH 7.2 using GMP, UMP, CMP, AMP, UDP, ADP, GDP, GTP, ATP,

CTP, glucose-1-phosphate (glu-l-P), glucose-6-phosphate (glu-6-P), glyceraldehyde-

3-phosphate (gly-3-P) and para nitro phenyl phosphate (pNPP) as substrates.

The data are compared in Table X. All the isoenzymes showed broad substrate

specificity which was pH-dependent with degree of specificity for each isoenzyme

being significantly different. For'instance, while at pH 5.0 APase I, APase E and

APase III showed no activity towards GMP, AMP, UMP and glu-6-P, all these substrates,

except UMP, were substantially hydrolyzed .at pH 7.2. In addition the results

showed that at pH 7.2, the APase isoenzymes exhibit .greater substrate specificity
towards nucleotide phosphates and sugar phosphates than towards pNPP. However

at pH 5.0, the isoenzymes show maximal activity towards pNPP.

4.9.4 Effect of various cations and anions

Table XI shows the effect of some common cations and anions on the

APase isoenzymes. Ni2+, Ca2+, Zn2+, Cu2+, Mo2*, F~ and Po/' inhibited APase I,
APase II and APase III, although the degree of inhibition was different for

different APase isoenzymes. The effect of Mg2+, Mn2+, Mg2+, tartarate and citrate

ions on various isoenzymes was highly differential. For instance, Mg2+ strongly
inhibited APase III, but had no effect on APase I and APase II. Likewise, APase I

was strongly inhibited by Mn2+ and Hg2+ but APase II and APase III were not
inhibited. Interestingly, tartarate and citrate ions were found to activate



FIGURE 12

Lineweaver-Burk plots of purified acid phosphatase isoenzymes using p-nitro phenyl phosphate as substrate.

Enzyme assays were carried out in a normal manner with varying amounts of the substrate p-nitro phenyl phos-

y

phate (0.25 mM - 2 mM) and fixed amount of enzyme protein (50 Mg). K and V values of APase I ( BMB )
m max

APase II ( •—• ) and APase III ( 0--0 ) were computed from the intercepts on X-axes and Y-axes, respectivel
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FIGURE 13

Lineweaver-Burk plots of purified acid phosphatase isoenzymes showing inhibition by orthophosphate. Enzyme
assays were carried out in a normal manner with varying amounts of the substrate p-nitro phenyl phosphate
(0.25 mM - 2 mM) in the presence ( •--• ) and absence ( 0—0 ) of a fixed concentration (0.5 mM) of the
inhibitor sodium dihydrogen orthophosphate. Values of inhibition constant (K J of the APase isoenzymes were

computed from the intercepts on X-axes of plots obtained in the presence ( 0--0 ) of the inhibitctor.
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TABLE X

SUBSTRATE SPECIFICITY OF THE PURIFIED APase ISOENZYMES

The enzyme assays were performed at pH 5.0 and pH 7.2 using 1 mM of the indicated substrates as described under

Experimental Procedures.

Substrate

ATP

GTP

CTP

ADP

UDP

GDP

AMP

GMP

CMP

UMP

Gly-3-P

Glu-l-P

Glu-6-P

pNPP

pH 5.0

Specific Activity (MM/min/mg)

APase I

40.6

32.5

36.5

8.1

32.5

32.5

0.0

0.0

52.8

0.0

40.6

32.5

0.0

89.3

APase II

100.4

85.6

5.9

70.9

47.2

79.7

0.0

0.0

5.9

0.0

70.9

5.9

0.0

141.8

APase III

119.1

115.5

86.6

97 .5

46.9

79.4

0.0

0.0

0.0

0.0

133.6

0.0

0.0

155.2

pH 7.2

Specific Activity (MM/min/mg)

APase I

63.3

102.9

102.9

79.1

79.1

39.5

63.3

63.3

63.3

39.5

102.9

419.5

63.3

102.9

APase II

79.6

226.7

110.3

110.3

110.3

61.2

12.2

12.2

12.2

0.0

134.8

12.2

12.2

147 .0

APase III

157 .2

281.7

190.0

216.2

176.8

104.8

32.7

32.7

32.7

13.1

301.3

0.0

19.6

216.2



82

TABLE XI

EFFECT OF SOME CATIONS AND ANIONS ON THE PURIFIED APase ISOENZYMES

The enzyme assays were performed at pH 5.0 using 10 mM concentration of the

indicated cations and anions. Control reaction mixtures did not contain the

respective ion. Percent activities of APase were calculated by considering the

activity of the control as 100%.

Cations and Residual enzyme activity, %of control
anions APase I Apase II APase III
(10 mM)

Control 100 100 100
.2 +

Ni 51.6 78.5 42.8

Hg 100 100 42.8
2 +

Mn 24.1 100 95.3
„ 2 +
Ca 34.5 75.6 95.3
„ 2+
Zn 34.5 75.6 4.6

2 +
Hg 24.1 100 100

P04 " 34.5 25.6 11.8
F~ 17.1 52.8 30.8

2 +
Cu 0.0 57.1 0.0

2 +
Mo 0.0 0.0 0.0

Tmrt&rate 100 132.7 152,5

Citrate 96.6 125.6 143.0
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APase II and APase III but not APase I. Thus, it seems that the APase isoenzymes

2+ 2+ . . .
(APase II and APase III), which were not inhibited by Mn or Eg were activated

by tartarate and citrate ions, and in contrast APase I, which is sensitive to

2 + 2 +Mn and Hg , was not activated. Whether there is some correlation between the

2+ 2+inhibitory action of Mn and Hg , and activation by citrate and tartarate

ions is not clear. However, it is apparent that activation of APase II and APase

III by citrate and tartarate ions was not due to the chelating action of these

anions on Hg- and Mn . On the basis of the differential response of APase

I, APase II and APase III towards various cations and anions, it is possible

to distinguish between the various forms of APases by using appropriate combina

tions of cations or anions.

4.9.5 Identification of amino acids present near/at the active site

Inhibition of the purified APase isoenzymes by Rose-bengal, a histidine

specific dye, suggests the presence of histidine residues at the active sites

of the isoenzymes (Table XII). The inhibition of PM-APases by Rose-bengal was

found to be competitive in nature (Fig 14) indicating that it competes with

the substrate for the active site. The inhibitory action of Rose-bengal was

overcome by the addition of pNPP. Of the three isoenzymes, APase I seems to

contain the maximum number of histidine residues since its activity was maximally

inhibited (87.5%) followed by APase III (70%) and APase II (43.4%).

Free sulfhydryl groups (-SH groups) were also found to be associated

with the active sites of APase I and APase II since both the isoenzymes were

inhibited by iodoacetate and iodoacetamide, the reagents that alkylate the

-SH groups (Table XII). Inhibition was overcome by the addition of substrate.

However, no -SH groups were involved with the active site of APase III as indicated

by its lack of inhibition by either of the two reagents. It, thus, appears that
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TABLE XII

EFFECT OF SOME CHEMICAL INHIBITORS ON THE ACTIVITY OF ACID PHOSPHATASE ISOENZYMES

The purified APase isoenzymes were incubated with the chemical inhibitors at pH 5.0 and 4°C for 30 min after
which the APase activity was assayed in a normal manner. Control reaction mixtures were without the inhibitors.
Enzyme activities were represented as percent of residual activity with respect to the control, whose activity
was considered to be 100%.

Chemical

Residual activity (%)
(Inhibitor + Enzyme)

Residual

(Inhibitor +
activity
Substrate

(%)

* Enzyme)
inhibitor APase I APase II APase III APase I APase II APase III

Rose-bengal CD

(50 jug) 12.5 56.6 30.0 90.2 85.9 72.5
.ti.

Iodoacetate

(2 mM) 62.5 71.9 100 100 100 100

lodoacetamide

(2 mM) 58.2 64.3 98.2 95.2 100 98.2

Control 100 100 100 100 100 100



FIGURE 14

Lineweaver-Burk plots of purified acid phosphatase isoenzymes showing inhibition by Rose-bengal. Enzyme

assays were carried out in a normal manner with varying amounts of the substrate p-nitro phenyl phosphate

(0.25 mM - 2 mM) in the presence of 0, 25, 50 and 75 Mg of Rose bengal. All the three APase isoenzymes exhi

bited competitive type of inhibition with Rose bengal.
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cysteine residues are involved with the active sites of APase I and APase II

but not APaase III.

4.9.6 Glycoprotein nature

All three APase isoenzymes were found to be glycoproteins with 50%

(APase I), 27% (APase II) and 30% (APase III) carbohydrate as estimated by the

phenol/H SO acid method (46).

4.9.7 Effect of sodium meta periodate

Sodium metaperiodate treatment of the APase isoenzymes resulted in

a sharp decrease in the activities of APase I, APase II and APase III as shown

in Fig 15. More than 50% of the original activity was lost within 10 min of

reaction in all three cases which further decreased to less than 20% after 60

min of reaction. The results indicate that the carbohydrate moieties of the

APase isoenzymes are essential for maintaining them in their active forms.

4.9.8 Analysis of monosaccharides by HPLC

Table XIII shows the analysis of sugars present in purified APase

isoenzymes by HPLC. APase I was found to contain D-man and GlcNAc (Fig.16) while

APase II and APase III were mainly found to contain D-man and D-giu as the main

sugars (Fig.17 and Fig.18). Treatment of APase I with endo-N-acetyl-/3-D-glucosa-

minidase, which cleaves the glycosidic bond between two adjacent N-acetyl glucosa

mine residues releases almost total carbohydrate present in APase I but does

not release the carbohydrates of APase II and APase III. The nature of peptide-

carbohydrate linkage of APase I, therefore, appears to be N-glycosidic in nature.

Absence of GlcNAc and the inability of Endo-H to release the oligosaccharides

of APase II and APase III suggests O-glycosidic linkages and/or complex type

of carbohydrate in APase II and APase III isoenzymes.

4.9.9 Identification of associated metals

The APase isoenzymes showed the presence of considerable amounts



FIGURE 15

Effect of sodium metaperiodate on the activities of purified acid phosphatase isoenzymes. The purified APase

I ( 0—0 ), APase II ( •—• ) and APase III firA ) isoenzymes were incubated with 10 mM sodium metaperiodate

in dark at 4°C for various time periods. Sodium metaperiodate solution was prepared in 0.1 M sodium acetate

buffer (pH 5.0). The reactions were terminated at various time intervals by adding ethylene glycol to a

final concentration of 10%. The terminated reaction mixtures were dialyzed 6 h at 4°C against chilled 50

mM sodium acetate buffer (pH 5.0) to remove the excess ethylene glycol and enzyme activities assayed in

a normal manner. Control reaction mixtures were devoid of sodium metaperiodate. Enzyme activities were repre

sented as percentage of maximum activity with respect to control whose activity was considered to be 100%.
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TABLE XIII

ANALYSIS OF MONOSACCHARIDES BY HPLC

Hydrolyzed glycoprotein samples, prepared as described in Experimental Procedures,
were injected on Shimadzu LC-4A system on Zorbax C-18 column. The fractionation

was performed with the mobile phase of acetonitrile : water (80:20, v/v) at

a flow rate of 0.8 ml/min. The monosaccharide units were detected at 250 nm

wavelength.

Sugar

D-Man

GlcNAc

D-Glu

D-Gal

Retention time (min)'

APase I

4.03

("55.7%;

6.70

(42.9)

APase II

3.99

(8 .8%)

7 .27

(91.1%)

APase III

3.85

(11.5%)

7 .25

(86.1%)

Values in parentheses indicate the percentage of sugar present.

Standard

sample

3.83

6.88

7 .25

7 .06



FIGURE 16

Elution profile of monosaccharides present in APase I from the Zorbax C-18 column of HPLC. The glycoprotein
samples were hydrolyzed and derivatized as described under Experimental Procedures. Sample (5mD was injec
ted to a 25 en, 5 Mm Zorbax C-18 column of Shimadzu LC-4A HPLC system. Elution was performed with a mixture
of CH CN:H 0 in a ratio 80:20 for 15 min at a flow rate of 0.8 ml/min. The sugar peaks were detected by
the uv spectrophotometry detector at 250 nm wavelength. The monosaccharides of the glycoprotein enzyme
were identified by comparing their retention times with those of standard sugars.
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FIGURE 17

Elution profile of monosaccharides present in APasae II from the Zorbax C-18 column of EPLC. Conditions

for the detection of monosaccharide peaks were exactly the same as described in the legend of FIGURE 16.
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FIGURE 18

Elution profile of monosaccharides present in APase III from the Zorbax C-18 column of HPLC. Conditions

for the detection of monosaccharide peaks were exactly the same as. described in the legend of FIGURE 16.
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of Mn and little amounts of Zn as detected by atomic absorption spectroscopy

(Table XIV). APase III was found to contain maximum amount of Mn (1.55 Mg/g)

followed by APase II (1.02 jig/g) and APase I (0.62 M9/9) • The presence of Cu

and Fe was not detected in any of the APase isoenzymes. Mn and Zn were assumed

to be tightly attached to the APase isoenzyme molecules since they were detected

even after repeated dialysis against 2 mM EDTA.

4.9.10 Effect of monensin

Table XV describes the effect of monensin on the intracellular levels

of APase activity. It was found that total as well as specific activities of

APase in the microsomal membrane fraction containing ER, GA and PM from both

monensin-treated and untreated cotyledons were comparable. However, the APase

activity in the PM from the former (28 /lM/min/mg) was significantly lower than

the latter (43.4 MM/min/mg). In contrast, the APase activity in GA from the

monension-treated cotyledons (57.3 MM/min/mg) was nearly 3-fold higher than

that of the control (17.7 MM/min/mg). Thus, it appears that monensin treatment

brings about a decrease in the activity of APase in the PM fraction with a conco-

mitant increase in the GA fraction.

4.9.11 Effect of gibberellic acid

The effect of gibberellic acid (GA ) on the subcellular levels of APase

is summarized in Table XVI. It is seen that at a 10~4M concentration of GA

there is a substantial rise in the levels if both total activity and specific

activity of APase in the PM fraction of GA -treated cotyledons as compared to

the untreated (control) cotyledons. On the other hand the level of total activity

of APase in the GA fraction falls to almost half (6.2 MM/min) in the Ga -treated

cotyledons as compared to that of the control (12.0 pM/min). It, thus, seems

that GA3 treatment brings about an accumulation of APase activity in the plasma
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TABLE XIV

IDENTIFICATION OF ASSOCIATED METALS BY ATOMIC ABSORPTION SPECTROSCOPY

The purified APase isoenzymes were repeatedly dialyzed against deionized double-

distilled water and the presence of various metals detected by atomic absorption
spectroscopy on an Instrumentation Laboratory Inc. spectrometer. The amount

of detected metal was represented as Mg metal/g sample protein.

Metal (Mg/g protein)

Sample Mn Zn Cu Fe

APase I

APase II

APase III

Control

0.623 0.094 0.00 0.00

1.026 0.045 0.00 0.00

1.552 0.052 0.00 0.00

0.00 0.00 0.00 0.00

a

The absorption wavelengths of Mn,Zn,Cu and Fe were 279.5 nm, 213.9 nm, 324.7 nm
and 248.3 nm, respectively.
h

Deionized double-distilled water was used as control



TABLE XV

EFFECT OF MONENSIN ON THE SUBCELLULAR LEVELS OF APase ACTIVITY IN PEANUT COTYLEDONS

Peanut cotyledons were germinated in presence of 1 mM monensin and used to prepare PM, ER and GA fractions as

described in Experimental Procedures. Membrane fractions prepared from the normally germinated cotyledons (without
monensin) served as controls. The peanut cotyledons were germinated for 48 hours under identical conditions simul
taneously.

Fraction

Crude microsomal

membrane fraction

Plasma membrane

Smooth endoplasmic
reticulum

Golgi apparatus

Control (without monensin)
Total

protein
(mg)

Total

activity
(Mmol /min)

398.4 8296

104.0 4520

64.2 1604

56.6 1004

Specific
activity
(Mmol /min I mg)

20.8

43.4

24.9

17.7

Monensin treated

Total

protein

(mg)

407.2

80.0

60.4

59.4

Total

activity
(Mmol/min)

8038

2240

1536

3404

Specific

activity
(Mmol/minfmg )

19.7

28.0

25.4

57 .4
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TABLE XVI

EFFECT OF GIBBERELLIC ACID ON THE SUBCELLULAR LEVELS OF APase IN PEANUT COTYLEDONS

-4
Peanut cotyledons were grown in the presence of 10 M gibberellic acid (GA ) for 48 hours and various subcellular

fractions prepared as described in Experimental Procedures. Peanut cotyledons grown in the absence of GA under

identical conditions served as controls. Values of total APase activity and total protein content were represented

per gram fresh weight of cotyledons.

Control (without GA )

Fraction

Total Total Specific
protein activity activity

(mg) (Mmol/min) (Mmol/min/mg)

Crude microsomal

membrane fraction 5.99

Plasma membrane 1.38

Smooth endoplasmic
reticulum 0.99

Golgi apparatus 0.48

Cytosol 44.0

132

76.5

24.5

12.0

1288

22.0

55.4

24.7

25.0

29.2

GA treated (10 M)

Total Total Specific
protein activity activity

(mg) (Mmol/min) (Mmol/min/mg )

5.22

1.14

0.85

0.31

49.97

128.0

101.9

11.2

6.2

1856.5

24.5

89.3

13.17

19.4

37 .1
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membranes and a depletion of APase activity in the ER and GA fractions of peanut

cotyledon cells.

4.9.12 Effect of storage

APase I, APase II and APase III appeared to be quite stable when

stored at pH 5.0 and -20°C and retained more than 80% of their original activities

even after two weeks of storage (Table XVII).

4.9.13 Thermal properties

Fig. 19 shows the thermal stability of purified APase isoenzymes. As
is evident from Fig.19, APase I, APase II and APase III are quite stable upto
50°C and lose 50% of their original activity only after 65°C. Fig. 20 shows

the activity of purified APases as a function of temperature. The optimum-tempe
rature range of all three APase isoenzymes spans over a fairly wide range of
30°C to 45°C.

4.9.14 Immunological properties

4.9.14.1 Immunological relationship among .APase I, APase II and APase III isoenzymes
The PM-APase isoenzymes were found to be immunologically related

to each other since all of them cross-reacted with antisera raised against each
of the purified isoenzyme. Results have been shown in Fig. 21 (21A, 21B, 21C).
Table XVIII summarizes the immunoprecipitation of APase activity by anti-APase I
anti-APase II and anti-APase III from purified APase I, APase II and APase III

fractions. Anti-APase I immunoprecipitated 33.8% and 27.6% APase activity from
APase II and APase III; Anti-APase II precipitated 31% and 35.1% activities
from AP*e* I and APa„ in while Antl-APa.m jjj precipitated 25% and 39% APaee

activities from APase I and APase II, respectively. The three PM-APase isoenzymes,
thus, seem to share some common antigenic determinants with each other.
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TABLE XVII

STABILITY OF PURIFIED PEANUT COTYLEDON PM-APase ISOENZYMES AT -20°C

Purified APase I, APase II and APase III isoenzymes were stored at pH 5.0 for

varying time periods at -20°C and then assayed in a routine manner as described

in Experimental Procedures.

Period of storage
(days)

0

1

2

4

8

10

14

Residual APase activity (%)

APase I

100

98.3

92.0

90.4

88.2

85.6

82.0

APase II

100

95.0

90.1

89.5

85.0

84.8

84.0

central Llbraru University of JtoorKer
••OKKBl

APase III

100

97.0

95.8

93.2

89.7

86.8

85.3



FIGURE 19

Thermal stability of purified acid phosphatase isoenzymes. Purified APase I ( 0—0 ), APase II ( •—9 )

and APase III ( •*—* ) were kept at 50°C for the indicated periods of time after which their activities were

assayed in a normal manner. Enzyme activities were expressed in terms of percent residual activity with

respect to control whose activity was considered to be 100%.
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FIGURE 20

Temperature-activity profiles of purified acid phosphatase isoenzymes. The activities of purified APase

I ( 0—0 ), APase II ( *--§ ) and APase III ( Ar-A ) were assayed at various temperatures ranging from 20°C

to 60°C. Controls were run simultaneously under identical conditions. Enzyme activities were expressed in

terms of total acid phosphatase activity measured at the indicated temperatures.
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FIGURE 21

Immunodiffusion patterns of purified acid phosphatase isoenzymes of peanut cotyledon plasma membranes with

anti-APase I, anti-APase II and anti-APase III. Conditions employed for the immunodiffusions were those

as described under Experimental Procedures. The precipitin bands were stained with 1% Coomassie Brilliant

blue for 30 min and destained with 10% acetic acid. The central wells were filled with 10 m1 (10 Mg protein)
of each of the purified glycoprotein isoenzyme. Wells numbered 1, 2 and 3 were filled with antisera at a

dilution of 2X while the well number 4 was filled with 8 m1 of preimmune sera which served as control.

Figure 21A : Central well contained 10 m1 (10 Mg) of purified APase I; well no.l contained anti-APase I

(8 Ml); well no.2 contained anti-APase II (8 jul); well no.3 contained anti-APase III (8mD; well no.4 con
tained preimmune sera (8 jul)-

Figure 21B : Central well contained 10 jul (10 Mg) of purified APase II; well no.l contained anti-APase I

(8 Ml); well no.2 contained anti-APase II (8 jul); well no.3 contained anti-APase III (8 mD; well no.4 con
tained preimmune sera (8 jul).

Figure 21C : Central well contained 10 jil (10 Mg) of purified APase III; well no.l contained anti-APase

I (8 mD; well no.2 contained anti-APase II (8 mD; well no.3 contained anti-APase III (8 mD; well no.4
contained preimmune sera (8 jul).
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TABLE XVIII

IMMUNOPRECIPITATION OF APase ACTIVITY FROM THE PURIFIED APase ISOENZYMES
BY ANTI-PM-APases

The immunoprecipitation of APase activity by anti-APase I, anti-APase „ and
anti-APase III from purified PM-APases was carried out as described in Experimental
Procedure. Control 1 contained pre-immune sera while control 2 did not contain
any antisera. Amount, of immunoprecipitation was expressed in terms of percent
residual activity remaining in the supernatant fluid with respect to control
whose activity was considered to be 100%.

Fraction

APase I

APase II

APase III

Residual activity (%)

Anti-APase I Anti-APase II Anti-APase III Control Control
1 2

8 .2

66.,2

72. 4

69-° 75.0 97.2 100

9-4 61.0 92.8 100

64.9 9-9 91.9 100
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4.9.14.2 Immunoprecipitation ot APase activity by anti-APase 1, anti-APase II

and anti-APase III from the PM, GA and ER fractions of peanut cotyledons

Anti-APase I, anti-APase II and anti-APase III were seen to immuno-

precipitate APase activity from PM, GA and ER membrane fractions of peanut coty

ledons to varying degrees. Results are summarized in Table XIX. The degree of

precipitation of APase activity by all the three anti-APases was maximum in

the PM fraction, followed by GA and ER fractions, respectively.

4.9.14. i Immunological relationship ot PM-APase isoenzymes of peanut cotyledonu

with a PM-APase isoenzyme of pea cotyledons and epididymal APase of

Ram

The peanut cotyledon PM-APase isoenzymes were found to be immuno

logically related to AP-I isoenzyme of pea cotyledon PM (section 3.2.12.1.1)

since anti-APase I, anti-APase II and anti-APase III of peanut cotyledon PM

were found to cross-react with AP-I isoenzyme (Fig. 22A). However, no cross-

reactivity of peanut cotyledon anti-APases was seen with the AP-II isoenzyme

of pea cotyledon PM as is evident from Fig 22. Results are summarized in Table
XX.

APase present in the tissues cf Ram epididymis cross-reacted with

anti-APase I, anti-APase II and anti-APase III (Fig 22C), suggesting that peanut

cotyledon PM-APases share common epitopes with AP-I isoenzyme of pea cotyledon
PM and Ram epididymal APase.
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TABLE XIX

IMMUNOPRECIPITATION OF APase ACTIVITY FROM THE PM, GA AND ER FRACTIONS OF

PEANUT COTYLEDONS BY ANTI-PM-APases

The PM, GA and ER membrane fractions were prepared and solubilized by 0.5% n-
octylglucoside as described in the Experimental Procedures. The solubilized PM,
GA and ER membrane fractions were added to the antisera raised against the puri
fied PM-APase isoenzymes as described in the text and kept for immunoprecipitation
at 4°C for one week. The amount of immunoprecipitation was expressed in terms
of percent residual activity with respect to the control whose activity was consi
dered to be 100%. No antisera was added to control 1 whereas preimmune sera was
added to control 2.

Fraction

Solubilized PM

Solubilized GA

Solubilized ER

Anti-

APase I

Residual activity (%)
Anti- Anti- Control 1 Control 2
APase II APase III

46.4 37 .0 51.2 100 98.9

60.8 54.8 64.6 100 94.2

68.1 60.9 74.1 100 93.5



FIGURE 22

Immunodiffusion patterns of pea co': rdon PM-APase isoenzymes and ram epididymal APase with antisera raised

against purified PM-APase isoenzyrtm of peanut cotyledons. Conditions for immunodiffusion were those descri

bed in the text. Wells numbered 1,2 and 3 were filled with 8 pi each of undiluted antisera while well no.4
was filled with 8 Ml of preimmune sera which served as control.

Figure 22A : Central well contained 10 jul (10 Mg) of AP-I isoenzyme of pea cotyledon PM; well, no.l contained

anti-APase I; well no.2 contained fmti-APase II; well no.3 contained anti-APase III; well no.4 contained
preimmune sera.

Figure 22B : Central well contained M) Ml (10 Mg) of AP-II isoenzyme of pea cotyledon PM; well no.l contained

anti-APase I; well no.2 contained anti-APase II; well no.3 contained anti-APase III; well no.4 contained
preimmune sera.

Figure 22C : Central well contained 10 jul (10 Mg) of partially purified ram epididymal APase,- well no.l

contained anti-APase I; well no.2 contained anti-APase II; well no.3 contained anti-APase III; well no.4
contained preimmune sera.

i i i \
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TABLE XX

IMMUNOPRECIPITATION OF APase ACTIVITY BY ANTI-APases OF PEANUT COTYLEDON PM

FROM THE PEA COTYLEDON PM-APases AND RAM EPIDIDYMAL APase.

Immunoprecipitation of APase activity from the AP-I and AP-II isoenzymes of pea
cotyledon PM and ram epididymal APase by anti-PM-APases of peanut cotyledon cells
was carried out as described in Experimental Procedure. Control 1 did not contain

any antisera while control 2 contained preimmune sera. Degree of immunoprecipita-
t ion w*P attpraaamd it, terms of pvrcmni residual activity win, teapaot to control
whose activity was considered to be 100%.

Fraction
Residual activity (%)

Anti-APase I Anti-APase II Anti-APase III Copntrol 1 Control 2

Pea cotyledon
PM-APases

AP-I 60.7 54.2

AP-II 98.2 98.0

Ram epididymal
APase 75.2 68.4

49.3

95.6

70.8

100

100

100

97 .2

98.0

95.2



5.0 DISCUSSION

The purpose of the present work was to isolate and characterize the acid

phosphatase isoenzymes from the plasma membranes of peanut cotyledons and to

investigate the possibility of using acid phosphatase as a model glycoprotein

for studying the intracellular transport of proteins in plant storage cells.

Although acid phosphatase (APase) was present in the ER, GA and PM fractions

of peanut cotyledons, we chose to purify APase present in the PM fraction because

more than 66% of the total precipitable APase activity was found to be associated

with this membrane fraction. The PM fraction, obtained by the method described

in section 3.2.2.2, was of high purity as judged by the high specific activity

of glucan synthetase II, a marker enzyme for the plant plasma membranes (70,163)

and absence of glucan synthetase I activity, a marker enzyme for GA (65). Since

the PM fraction was prepared in the presence of EDTA and without Mg2+ ions,

the membrane fraction was also considered to be free from rough ER, a common

contaminant of PM (70). Furthermore, the presence of EDTA is also reported to

maintain the integral structure of the PM (70).

The isoenzymic pattern of peanut cotyledon PM-APases was found to change

with germination period as reflected by changes in relative levels of activities

of the APase isoenzymes. Such phenomenon is not uncommon in plant APases and

similar observations have been reported in APases from germinating maize seutellum

(197) and germinating pea cotyledons (90). It, thus, appears that the number

and relative levels of activity of APase isoenzymes present in the PM fractions

of Arachis hypogaea cotyledons are dependent upon the physiological state of

the cotyledons. It is possible that modification of PM-APase isoenzymes occurs

during germination and that these modifications play a role in the development

of peanut, seedlings as has been suggested in the case of maize seutellum APase
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(M).

For the purpose of purification of PM-APases we used 2-days old peanut

cotyledons becase at this stage of germination, interference of 5'-nucleotidase

in the purification of PM-APases was avoided since 5'-nucleotidase activity

emerged only after two days of imbibition. This step was thought to be essential

because one of the major difficulties was the separation of 5'-nucleotidase

from the APase as the two enzymes have similar solubilizing characteristics

(181) and in general APases exhibit 5'-nucleotidase activity (83). Further,

even the apparently pure 5'-nucleotidase preparation (homogeneous by SDS-PAGE)

was found to show APase activity as well (181,31). Our results show that by

choosing germinating cotyledons of appropriate age, interference of 5'-nucleoti

dase in the purification of PM-APases was totally avoided.

The treatment of PM fraction with n-octylglucoside in the presence of
2+

Mg and EDTA at a protein-to-detergent ratio of 2:3 resulted in a selective

and true solubilization of PM-bound APases since the enzyme remained soluble,

stable and active even after the removal of the detergent. Under these conditions,

a 6.6 fold purification with 31% yield was achieved. Column chromatography on

CM-Sephadex and Sephadex G-150 columns resulted in the separation of three dis

tinct APase isoenzymes, designated as APase I, APase II and APase III in the

order of their elution.

All the three APase isoenzymes exhibited a pH-optimum at pH 5.0. The stri

king feature of these APase isoenzymes was that all of them were found to exist

in monomeric forms at pH 5.0 which were subsequently converted to dimeric forms

when exposed to pH 7.2. The dimeric forms again exhibited a monomeric character

when the pH was lowered from pH 7.2 to pH 5.0. The pH stability data shows that

PM-APases are more stable at pH 5.0 than at pH 7.2. It, therefore, appears that
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APases in monomeric forms are more stable than the dimeric forms. The pH-dependent

association - dissociation phenomenon exhibited by the PM-APase isoenzymes may

provide the mechanism by which the activity of APases is regulated in plant

cells, particularly in the storage cells, during germination when large pH varia

tion is likely to occur. Since the physiological pH of the intracellular environ

ment is generally around 7.0, it is likely that acid phosphatase occurs as a

dimer in vivo.

APase I, APase XI and APase III were found to be glycoproteins; with 50%,

27% and 30% carbohydrate, respectively. In this respect they confirm the general

glycoprotein nature of plant APases (36,55,60,85,95,119,152,197,182,213). Inhi

bition of APase I and APase II by orthophosphate in a competitive manner is

also in agreement with other similar reports (55,63,95,152,167,182,197). It

is suggested that inhibition of PM-APase isoenzymes by orthophosphate may be

involved in the regulation of APase activity in the PM of germinating peanut

cotyledons. The broad range of thermal stability of APase I, APase II and APase

III follows the general pattern of resistance of plant APases to thermal inacti-

vation at high temperatures (35,85,95,190) .

The substrate specificities of the APase isoenzymes was found to be pH-

dependent with degree of specificity for each isoenzyme being significantly

different from the other. Since at pH 7.2, the APase isoenzymes exhibit greater

substrate specificity towards nucleotide phosphates and sugar phosphates as

compared to at pH 5.0, it appears that PM-APases in germinating peanut cotyledon

cells are capable of actively hydrolysing a vast array of available substrates

as the intracellular pH is generally around 7.0. This may also be essential

for the growing seedling because during germination the level of APase goes

up in the cells and consequently more amount of substrate is required. By hydro

lysing a variety of sugar-and nucleotide phosphates, the increased substrate
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demands of the growing levels of APases are met more easily.

APase isoenzymes showed highly differential response towards various cations

and anions. The differential response of the APase isoenzymes clearly demonstrates

that the three isoenzymes are different from each other and are not the modified

or proteolytic products of the same enzyme. All the three APases were found

to be metalloproteins containing significant amounts of Mn and little amounts

of Zn. These metals were found to be tightly bound to the isoenzyme molecules

since they could not be separated from the isoenzymes even after extensive dialy
sis against EDTA. The strong inhibition of APase I by Mn2+ ions inspite of the

presence of Mn can be explained by the fact that Mn is probably not associated

with the active site of APase I but tightly bound to the isoenzyme at sites

other than the active site and that association of Mn with these sites has no

effect on the catalytic activity of the enzyme molecule. The same arguement

also holds true in case of Zn. Also, in all probability, the Mn and Zn are bound

so tightly to these sites that any conformational flexibility of these metals

is restricted and they have no chance of interacting with the active sites of

APases and, thus, have no chance to inhibit them. The presence of Mn in APase I,
APase II and APase III is especially interesting because all the other Mn-contain-

ing plant APases have been generally found to possess a characteristic violet

color (60,85,201). This, perhaps, is the first report of Mn- containing APase

isoenzymes from a plant source without the characteristic violet color.

Histidine residues were found to be present near/at the active site of

APase I, APase II and APase III. The presence of essential histidine residues

has also previously been reported in Mn- containing APase of sweet potato (62).

Active sites of APase I and APase II were also found to contain essential -SH

groups. In all probability cysteine residues are involved with the active sites
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of APase I and APase II. However, APase III did not seem to contain any -SH

groups associated with its active site. Although APase II was found to contain

cysteine residues at its active site, its inhibition by Hg2+ ions was not obser

ved probably due to 'substrate protection- of APase II by p-nitrophenyl phosphate
present in the reaction mixture.

High degree of inhibition of APase activity by sodium meta periodate

treatment suggests a role for the carbohydrate moieties of APase I, APase II

and APase III in maintaining the catalytic activity of the enzyme. Since perio

date (I0~) cleaves the bonds between carbon atoms containing adjacent -OH groups,
it disrupts the sugar structures of the carbohydrates of the glycoprotein isoen

zymes. This disruption was seen to bring about a severe inhibition in the acti

vities of the APase isoenzymes and suggests that the carbohydrate chains of

APase I, APase II and APase III are required for maintaining the catalytic acti
vity of the isoenzymes and keeping them in an active conformation.

Carbohydrate analysis of purified APases showed the presence of D-man

and GlcNAc as the main sugars in case of APase I while APase II and APase III

were mainly found to contain D-man and D-glu. The high - mannose type glycoprotein
nature of APase I is similar to the APase ( i form) purified from the mycelia
of Aspergillus nicker that was found to contain 89% D-man of the total neutral
sugar content (182). The repressible APase from yeast is also reported to contain
*ore than 50% mannose (128). High glucose content of APase II and APase III
is not very surprising since APases from different sources have been found to
contain high amounts of glucose (88,119).

The nature of peptide-carbohydrate linkage seems to be N-glycosidic in

APase I with almost complete certainity since almost the whole of the carbohydrate
could be released by endo-N-acetyl-A-D-glucosaminidase treatment. On the other
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hand, the carbohydrate moieties of APase II and APase III do not appear to be

N-glycosidically linked since Endo-H treatment could not bring about a release

of their carbohydrate moieties and also because their sugar analysis show the

total absence of GlcNAc. The high glucose content of APase II (91%) and APase

III (86%) suggests that glucan chains may be attached through O-glycosidic lin

kages with serine or threonine residues of polypeptide chains of APase II and

APase III. This is an interesting observation since plant APases are generally

known to possess N-glycosidic linkages and O-glycosidic linkages are rare among
plant APases.

It was found that in the presence of monensin the level of PM-APase decreased

while the level of GA-APase increased significantly compared to the control

Since monensin is thought to disrupt the traffic of proteins within plant cells

(24), it seems that monensin blocks the intracellular transport of APase from

GA to PM in peanut cotyledon cells and therefore causes accumulation of APase

in the GA. It is generally accepted that proteins destined for export are synthe

sized on the rough ER, vectorially discharged into the lumen of rough ER, trans

located to Golgi in vesicles, move through various lamellae of the Golgi stack

and are finally packaged in secretory vesicles for transport to the plasma mem

branes (145,189). Since monensin treatment disrupts the traffic of APase from

GA to PM, the glycoprotein enzyme must pass from GA to PM. It may, thus, be

pertinent to assume that APase present in the peanut cotyledon cells must follow

the route ER-+GA-+PM for transport within the cell and must be a useful glyco
protein for studying the intracellular transport.

Gibberellic acid (GA3) treatment brought about an accumulation of APase

activity in the PM fraction but a decrease in the APase activities in GA and

ER fractions of peanut cotyledon cells as compared to control. This is in contrast
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to the situation observed in barley aleurones 'where GA - treatment was clearly

seen to increase the APase activity in ER and GA fractions (93). Our results

may be explained on the basis of observations made by Jones that the ER of the

GA -treated barley aleurone cells was seen to be closely associated with the

PM at several points as well as with the GA (93). If GA -treatment is also pre

sumed to bring about similar kind of direct connections of ER with the PM and

if APase is presumed to follow the route ER-*GA-4PM for intracellular transport,

then direct association of ER with the PM would ensure a direct and faster trans

port of APase from ER to PM with no intermediary passage through GA. The result

of this faster channelling would be a relatively high activity of APase in the

PM fraction and lesser APase activities in ER and GA fractions in GA - treated

cotyledons. The lower activities of APase in ER and GA fractions also suggests

that enhancement of APase activity by GA - treatment is by the activation of

preformed APase molecules and not by de novo synthesis. Had de novo synthesis

of APase occured, the ER fraction of GA- treated cotyledons would have shown
3 <

an increased level of APase activity since protein synthesis occurs in the ER

membranes. This is only a tentative proposition and more detailed experiments

are needed for confirmation. The work on these lines is in progress.

Immunological studies lend further support to the theory transport of

PM-APases via the route ER -+GA-* PM. It was reasoned that if APase isoenzymes

present in the plasma membranes have to pass through GA and ER as well, then

antibodies raised against purified PM-APase isoenzymes should be able to preci

pitate the APases present in GA and ER also. This hypothesis was put to test

by raising antibodies against purified APase I, APase II andAPase III from the

PM fraction and by immunoprecipitating APase activity from ER and GA fractions

along with the PM fraction. Anti-APase I, anti-APase II and anti-APase III immuno-

precipitated APase activity from all the three membrane fractions (Table XIX),
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thereby, strengthening our proposition that APase in peanut cotyledon cells

is intracellular^ transported via the route ER-4GA-+PM. Since all along this

route, major changes occur in the carbohydrate moieties of glycoproteins as

a result of increasing glycosylation, with the protein core remaining almost

unchanged, it may be assumed that the decreasing degree of immunoprecipitation

of APase activity from PM to GA to ER by anti-PM-APases (Table XIX) is mainly

due to changes in the carbohydrate structures of APases present in these membrane

fractions. Based on this assumption it is suggested that the carbohydrate moie

ties of APase I, APase II and APase III may act as antigenic determinants and

that APase isoenzymes present in the PM, GA and ER membranes may each have a

set of antigenic determinants in their carbohydrate regions that is membrane-

specific. These membrane-specific 'carbohydrate' epitopes would be valuable

markers for the identification of various membranes. Monoclonal antibodies raised

against these unique membrane-specific determinants would prove to be a powerful

and reliable tool in isolating and identifying the PM, GA and ER membrane frac

tions of peanut cotyledon cells.

APase I, APase II and APase III were found to be immunologically related

with each other and, thus, assumed to share some common epitopes. Similar immuno

logical relationship among APase isoenzymes have been reported to occur in the

cytoplasmic and membrane-bound ATPases from yam tuber (96) and among APases

of various grass species (133). Peanut cotyledon PM-APase isoenzymes were also

found to share common epitopic regions with an APase isoenzyme (AP-I) of pea

cotyledon PM, thereby, proving that immunological relationship exists between

PM-APases of peanut and pea cotyledons. This was not totally unexpected as APases

from various plant sources have been known to share common epitopic regions.

More surprising, though, was the immunological relationship of APase I, APase II
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and APase III with the APase present in the epididymal extract of ram (belongs

to goat family). Ram epididymal APase was cross-reacted with anti-APases of

peanut cotyledon PM to see whether PM-APases shared any epitopes with APase

from an animal source. The affirmative observation suggests an interesting evolu

tionary hypothesis. Since APases from peanut cotyledon PM, pea cotyledon PM

and Ram epididymis share common antigenic determinants, it is possible that

during the process of evolution some regions in these APase molecules have rema

ined conserved, as reflected by their common epitopic regions, irrespective

of the source (i.e. whether it is from a plant source or an animal source).

Possibility also exists that the above mentioned APases have all originated

from a common ancestral gene and during the lengthy and dynamic process of evolu

tion have become sufficiently distinct though still possessing some common resi

dual epitopic regions. In a broader sense it would mean that various plant and

animal APases have all originated from a common ancestral gene. This is merely

a hypothesis that requires detailed studies to carry sufficient weight.



6.0 SUMMARY AND CONCLUSIONS

Plasma membrane-bound acid phosphatase isoenzymes from peanut coty

ledon cells have been purified and characterized in the present investigation

in an attempt to provide more information regarding plant membrane-bound APases

since efforts to purify them have met with only partial success and they still

remain poorly characterized to date. The route of intracellular transport of

APase and its possible use as a model glycoprotein for studying the intracellular

transport of proteins in plant storage cells has also been investigated in
our present study.

Highly enriched PM, GA and ER membrane fractions from peanut coty

ledon cells were obtained by subjecting the crude microsomal membrane pellet
(12,000-105,000 x g pellet) to a series of step sucrose gradient centrifugation
that resulted in the separation of the PM, GA and ER fractions as judged by
the activities of marker enzymes in these three fractions. The PM fraction

was found to be almost free of any GA and ER contamination. The ER fraction

also appeared to be virtually free of any PM contamination. The GA fraction

exhibited a very high activity of the marker enzyme glucan synthetase I sugges
ting no significant cross-contamination by either the PM or ER.

APase isoenzymes were purified from the PM fraction because more

than 66% of the total precipitable APase activity was found to be associated

with this membrane fraction and in terms of specific activity also, the PM

fraction showed the maximum APase activity (40.9 Mm/min/mg). The isoenzyme

pattern of APase in the PM fraction of peanut cotyledons was found to change
With progressive germination along with changes in their relative levels. The

elution profiles of PM-APase isoenzymes from CM-Sephadex C-50 column indicated
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the presence of three APase isoenzymes (APase I, APase II and APase III) from

O-days and 2-days old cotyledons but only two isoenzymes (APase I and APase

III) from 7-days old cotyledons with the APase II isoenzyme being absent from

the latter. These observations suggest that the number and relative levels

of activities of PM-APase isoenzymes are dependent upon the physiological state

of the cotyledons.

Changes in the level of APase activity as a function of germination

period indicated maximum activity of the enzyme between 6th and 7th day of

germination. However, 2-days old peanut cotyledons were used for purifying

PM-APases because at this stage of germination, interference of 5'-nucleotidase

in the purification of PM-APases was totally avoided since 5'-nucleotidase
emerged only after two days of imbibition.

The purification scheme of PM-APases involved only four major steps,

namely, 'preparation of high specific activity PM fraction, solubilization of

APases by a suitable detergent, a subsequent ion-exchange chromatography on
CM-Sephade C-50 resin followed by gel filtration on Sephadex G-150 resin.

Of the five detergents used (deoxycholate, taurocholate, triton

X-100, nonidet P-40 and n-octylglucoside), n-octylglucoside was found to be

the best one for solubilizing the PM-APases since under the conditions employed,
it solubilized two-third of the total enzyme activity with a 6.7 fold increase
in specific activity. Mg2+ and EDTA were found to be essential for selective
solubilization of APases from the PM. Solubilization of PM-APases was perfor
med with 0.5% n-octylglucoside at a protein-to-detergent ratio of 2:3 in presence
of 20 mM M9C12 and 5 mM EDTA. Even after the removal of the detergent by dialysis,
the PM-APases were found to remain in soluble, stable and active form indicating



117

their true solubilization. Further purification was performed by CM-Sephadex

C-50 chromatography that resulted in the separation of three distinct APase

isoenzymes designated as APase I, APase II and APase III in the order of their

elution at 0.0 mM, 75 mM and 125 mM NaCl gradients, respectively. Each isoen

zyme was further purified by gel filtration on Sephadex G-150 column with res

pective purification folds of 12.1, 10.6 and 9.9. APase I, APase II and APase

III were found to be homogeneous as indicated by SDS-polyacrylamide gel electro

phoresis (SDS-PAGE) with apparent molecular weights of 79 Kda, 76 Kda and 66

Kda, respectively. All the three isoenzymes appear to possess only a single

polypeptide chain each since both SDS-PAGE and electrophoresis in native gels

(without SDS andfi-mercaptoethanol) resulted in the appearance of single protein
bands.

The purified PM-APases gave identical pH-activity profiles exhibiting

PH-optimum at pH 5.0. The isoenzymes were found to exist in monomeric forms

at pH 5.0 containing single polypeptide chains, but at pH 7.2 conversion of

monomeric forms to higher dimeric forms was observed, with subsequent dissocia

tion into monomers on lowering the pH to 5.0 from pH 7.2. The dimeric forms

of PM-APases at pH 7.2 were found to consist of two polypeptide chains of iden

tical molecular weight. The molecular weight of the dimeric forms of APase

I, APase II and APase III were found to be 159 Kda, 150 Kda and 130 Kda, respec
tively. The formation of high molecular weight forms from monomeric forms in

vitro was also confirmed by actually separating the two forms of each isoen

zyme by Sephadex G-150 chromatography. Thus, in vitro association and dissocia

tion of PM-APases appears to be a pH-dependent phenomenon and is suggested
to be the mechanism by which the activity of the APases is regulated in plant
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storage cells during germination when large pH variation is likely to occur.

It is also suggested that APases may exist as dimers in vivo.

The substrate specificities of the PM-APases was also found to be

pH-dependent with degree of specificity for each isoenzyme being significantly

different from the other. At pH 7.2, the APase isoenzymes showed greater subs

trate specificity towards nucleotide phosphates and sugar phosphates, whereas,
at pH 5.0 all the isoenzymes showed maximum specificity towards p-nitro phenyl
Phosphate (pNPP). The ^ and V^ values of APase I, APase II and APase III

for the hydrolysis of pNPP as determined by Lineweaver-Burk plots were 0.43 mM,
0.50 mM , 0.48 mM and 2.IxlO2 MM/min/mg, 2.8xl02 MM/min/mg and 2.4xl02 MM/min/mg,
respectively. Orthophosphate (PO^') inhibited APase I (K. -1.42 mM) and APase
II (K. - 0.83 mM) competitively, but APase III (K. = 0.48 mM) was inhibited
noncompetitively. PM-APases also showed highly differential response towards

various'cations, and anions thereby demonstrating that the three isoenzymes
are different from each other and are not the modified or proteolytic products
of the same enzyme.

Active sites of APase I, APase II and APase III were found to contain

histidine residues as judged from their inhibition by Rose-bengal, a histidine
specific dye. Cysteine residues also appeared to be involved with the active
sites of APase I and APase II but not APase III. Considerable amounts of Mn
and a little amount of Zn were found to be strongly associated with the purified
PM-APases. The presence of Cu and Fe was not detected in any of the PM-APase
isoenzymes. The presence of Mn in the PM-APases is especially interesting because
all the other Hn-containing plant APases have been generally found to possess
a characteristic violet colour and this, perhaps, is the first report of Mn-
containing APases from a plant membrane without the characteristic violet colour.
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APase I, APase II and APase III were found to be glycoproteins con

taining 50%, 27% and 30% carbohydrate, respectively. APase I was seen to contain

D-man and GlcNAc while APase II and APase III were mainly found to contain

D-man and D-glu as the main sugars. The nature of peptide-carbohydrate linkage

appeared to be N-glycosidic in case of APase I but O-glycosidic in case of

APase II and APase III. Sodium meta periodate treatment resulted in a sharp

decrease in the activities of the APase isoenzymes suggesting a role for the

carbohydrate moieties of APase I, APase II and APase III in maintaining the

catalytic activity of the enzymes and keeping them in an active conformation.

Monensin was seen to bring about a decrease in the level of PM-APase

with a concomitant increase in the level of GA-APase as compared to the control.

Since monensin is thought to disrupt the traffic of proteins within plant cells,

it seems that monensin blocks the intracellular transport of APase from GA

to PM. It may, thus, be pertinent to suggest that APase present in peanut coty

ledon cells must follow the route ER->GA-+PM for intracellular transport and

can be used as a model glycoprotein for studying the same in plant storage
cells.

Gibberellic acid (GA;) treatment was seen to bring about an accumu

lation of APase activity in PM but a decrease in APase activities in GA and

ER fractions of peanut cotyledon cells unlike the situation observed in case

of barley aleurones (93). It is suggested that if APases present in peanut

cotyledon cells follow the route ER -+ GA-+ PM for intracellular transport and

if GA3-treatment brings about direct connections of ER with the PM as has been

observed in case of G^ - treated barley aleurones (93), then higher activity
of APase in PM fraction could be as a result of direct and faster transport
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of 'APase from ER to PM with no intermediary passage through GA. Further work

along these lines is in progress.

Antibodies raised against purified PM-APase isoenzymes were seen

to immunoprecipitate APase activities from ER and GA fractions also, thereby,

supporting our theory of transport of PM-APases via the route ER -* GA -» PM

since it was reasoned that if PM-APases have to pass through ER and GA as well,

antibodies raised against PM-APases should be able to immunoprecipitate APase

activities from ER and GA also. It is further suggested that the carbohydrate
moieties of APase I, APase II and APase III may act as antigenic determinants

and that APases present in PM, GA and ER membranes may each contain a set of

membrane-specific epitopes in their carbohydrate regions.

APase I, APase II and APase III were found to be immunologically

related to each other and assumed to share some common epitopic regions. Anti-

APase I 'immunoprecipitated 33.8% and 27.6% APase activity from APase II and
APase III; anti-APase II precipitated 31% and 35.1% activities from APase I

and APase III while anti-APase III immunoprecipitated 25% and 39% activities

from APase I and APase II, respectively. The peanut cotyledon PM-APases were

also found to be immunologically related to an APase isoenzyme (AP-I) of pea
cotyledon PM and APase present in the epididymal extract of ram. It is suggested
that APases from peanut cotyledon PM, pea cotyledon PM and ram epididymis have
all evolved from a common ancestral gene and their common epitopic regions
have remained conserved throughout the process of evolution.
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Solubilization, Purification and Characterization ofan Acid Phosphatase
from the Plasma Membranes of Peanut Cotyledons
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1hree isoenzymes ol weld phosphatase (EC 3.1.3.2)(APtwe 1. APase II und APase III from peanut cotyledon plasma
membranes were purified 69, 26 and 16 fold by selective solubilization with octylglucoside in the presence of MgCl- and
EDTA followed by ion-exchange chromatography on DEAE-cellulose. The APase Iwas found to be relatively pure by
polyacrylamide gel electrophoresis giving only one prominent protein band with 0.23 electrophoretic mobility relative
to bromophenol blue. The enzyme appeared to be aglycoprotein containing 50'!,, carbohydrate On ST)S-poivacrvla-
mide gel electrophoresis the enzyme protein band was dissociated into two bands corresponding to apparent molecular
weights Of 46.7 kDaand 50.1 kDa, indicating the presence of two subunits The values of optimum pH, A: and 1 of
the enzyme were 4.7. 10 mAf and 5.5 u.mole/min/mg for p-nitfophenyl phosphate as substrate, respectively The en
zyme was non-competit.vely inhibited by inorganic phosphate (A', J4.5 mM). The purified enzyme was unstable and
lost its total activity within 12 hr at OT 1hemodynamic parameters lor the enzyme-/>nitrophenyl phosphate interac
lion were determined.

Acid phosphatases (EC 3.1.3.2, orthophosphoric
monoestcr phosphohydrolases) are widelydistribut
ed innatureand havebeen identified ina largevarie
ty of organisms and tissues1. The enzymes are also
ubiquitous in cell membranes and cell walls- In
yeast cells, the acid phosphatases reside on the outer
side of the cell membrane and have been used as se
cretory markers' Although soluble cytoplasmic
acid phosphatases^ have be«n purified from several
animal2'*'9 and plant10" sources, the membrane-
hound enzymes, especially in plants, are poorly
characterized and little is known about their func
tions. Perhaps one of the difficulties lies in purifying
theenzymes due to their instability in the solubilized
form. Recently, however, Crasnier et aLn have puri
fied and characterized the acid phosphatase from
thesycamore cell walls and it isexpected that indue
course oftime more reports would appearon thepu
rification and characterization of membrane-bound
enzyme from different sources. In the present pa
per, we describe isolation and characterization of an
acid phosphatase devoid of 5'-nucleotidasc activity
from the plasma membranes of peanut cotyledons.

Materials and Methods

p-Nitrophenyl phosphate and adenosine-.^'-mon
ophosphate used as substrates were purchased from
Pierce Chemical Co. (USA). Tris, /;-oclyl-(3-o-
glucopyranoside, Triton X-100. sodium dodecyl
sulphate (SDS), sodium deoxycholate, taurooleonyl
cholate and Nonidet P-40 were obtained from Sig
ma Acrylamide, N.N'-methylenc-bisacrylamide,

*To whom correspondence may beaddressed
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N,N,N\N'-tetramethyl ethylenediamine and
DEAE-cellulose (Servacel DEAE 23 SH) were ob
tained from Serva (FRG). The protein standards for
molecular weight determination were obtained from
Bio-Rad (USA). .All the other chemicals used were
reagent grade obtained from various commercial
sources. Peanut seeds(large variety) were purchased
from the local seed store*.

Preparation of membrane fraction-- Unless stat
ed otherwise, all operations were carried out at
0-4°C. Peanut seeds [Arachis hypogea L.) were ger
minated on four pieces of damp cheese-cloth
placed oneover the other in plastic trays kepi in dark
in a seed germinalor for indicated periods at 100%
humidity and 35°C. Approx. 200 cotyledons (80-
100g, fresh wt \of appropriate age were used for the
preparation of microsomal and plasma membrane
fractions, as described previously".

bttzyme assays Acid phosphatase activity was
measured by a slightly modified method of Odds
and Hierholzeru using /Miitrophenyl phosphate as
substrate. The incubation mixture (1 ml) contained
50-100 fig enzyme protein, 2.5 mM p-nitrophenyl
phosphate and 50 rnMacetate buffer [pll 5.0). The
reaction was terminated after 15 min incubation at
30V by the addition of 1.5 ml of 4% Na,CO„ The
absorbance of yellow colour of /;-nitrophenol re
leased was measured al 420 nm against the control
to which enzyme had been added after terminating
the reaction. Specific activity was expressed as
umole p-nitrophenol produced per minute per milli
gram protein. 5 Nucleotidase activity was assayed
as described previously1'
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Stabilization and purification of plasma metn-

brane acu phosphatase ~ All steps of solubilization
and purification were performed at 0-4°C The
membrane fraction (25 mg protein) was suspended
nlO ml of 50 mMTris-HCl (pH 7.2) containing
™«m r',Cr(-SC' °-°4%(v/v)Mcrervioeitanql, 20
S MgC1;' .5 mM EDTA and 0-5% octylglucoside
for VS"SS°" 3! glmly Stirred °" aVortex mixer'tot 2mm followed by three strokes in Teflon homog
enizer. The homogenate was then immediately cen
trifuged at 105,000 xgfor 60 min. The supernatantcontalning the solubiHzed ^^ -P^^nt
:srbyDEAE*

The solubilized enzyme was dialyzed overni.-h,

DFAF y,i i ( 16'5 mg protein> was >°aded on apEAE-cellulose column (1.5x10 em) ore-em Hi
brated with the dialyzing buffer. ThTcoCwt
washed with 20 ml of the equilibrating buff™ to re
move the unabsorbed proteins. The also b^d pro-"ems were then eluted batch-wise using ££*£
Iwft!brating buffcr containinS 5° 3mSmM, 200 mJWand 300 mMNaCl. One ml fraction
were collected at aflow rate of 0.2 nJ/m nand a'sayed for the activity of acid phosphatase"
ottdase and protein.

tofrfOtemteget electrophoresis - Polyacryla-
Tt£ ISMST^. PA°V was carried oufon(Osxf ^".fO'lam.de gel in cylindrical tubes(0.5 x9 crn) Wlth and withom SDS
modified procedures of Weber and OsW^d
Uavis as described previously11. Protein bands
.hCn,eR|C'at?d„by Stainmg W,th °'5% C°°™^ Bnl-hant Blue followed by destaintng in 7% acetic acid
Staining tor carbohydrates was done by the penod
ate-fucnm procedure". The mobilities were deter-
sT'indard ,tlVV° br°m?Pheno1 ^ ™« the proteinstandards used were: phosphorylase b(M 94000)
bovine .serurn albumin (Mr 68000); ovalbumin (M
43000); carbonic anhydrase (Mr 30000); and soy
bean trypsin inhibitor (M, 21000) y

For isolation, the PAGE was carried out at 4°C
and from multiple gels, the glycoprotein band show
ing enzyme activity was cut, homogenized in 2ml of
l('mA/SN m" TmC bl"'cr (/,H S-°» stainingtoo mM NaC !and centrifuged at 10,000 xufor 20
min Ihe supernatant containing APase I was con
centrated by ultrafiltration.

Determination ofkinetic and thermodynamic par
ameter, - The apparent inhibition constant (K jva
ue was obtained from the replot of the slopes of the
incweaver-Burk plots versus inhibitor concentra

tion ]hemodynamic parameters, viz. energy of
ac.ivaiioi, (/.;.,), e.uhalpy change (A//), live energy

change {MP, and the entropy change (A.S) were de
termined as described previously1" using A. and
i„,., values obtained at different temperatures"

Othermethods - Total carbohydrate content was
measured by the phenol/H2S04 method2" with glu
cose as standard. Protein was estimated by amodifi
cation-' of the method of Lowry et alP in the pres
ence of 0.1% SDS using bovine serum albums
standard. All samples were normalized with regard
u> detergent and buffer concentrations fi-
Mercaptoethanol was removed by heating the pro-
ten sample at 60'C for 30-60 min in awVte -b h
before performing the protein assays.
Results

M^mne-boundacidphosphatase and ^nucleotidase aamties ,„ germtnattngpeanut cotyledoT-
The variation in the activit.es of acd phospha ase
and 5-nucleotidase associated with the microsomal
membrane fraction (14000.10500o!fSl?3

SitvI f r CnZymCS CXhibi,ed maxi™™acuvmty between 6th, and 7th day of germination at
iw^n 'er' thC devel°Pme»tal Patterns of thewo enzymes were markedly different. For instance
5-nucleotidase emerged only after 48 hr of imb"b '
ttaine'jJS^^^ *« 3Cid I^^SElattained 40 /„ of the maximal level. Similarly, while

;Her 14 days germination, the 5'-nucleotidase •„•„
ity was insignificant, that of acid SSE^T
suhstqnti-jii1, hiok -t-l F^ospnatase was
to!Ttu7 ug ThC Spedfic actlvit>' was evenhigher. Thus, by using peanut cotyledons of aPPro
pr*te age it was possible to prepare the des rTd

2 * 6 8 io «"
GERMINATION PERIOO (DAYS)

Fig. 1- Effect of germination period on the levels of nu-m
brane-bound acd phosphatase and 5'-nucleotidase Germin"-"
on was earned out in dark a, 35«C and 100% humidty mT " .
c.mal membrane fraction (14000-105000Xgrfto) J" Z.for -he enzyme and protein assays as desenbed^ EleS

and Methods!

25
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membrane fractions devoid of5'-nuclcotidase activ
ity for the isolation ofacid phosphatase.

Purification ofplasma membrane acid phospha
tase —Table 1 summarizes the purification of the
plasma membrane acid phosphatase from the pea
nut cotyledons. The use ofa membrane fraction de
void of 5'-nucleotidase activity formed the crucial
step in the purification of the enzyme, as itwas diffi
cult to remove the contamination of 5'-nucleotidasc
specially when it also exhibited the acid phosphatase
activity with similar solubilization characteristics

Fractionation of plasma membranes from Golgi
apparatus and endoplasmic reticulum by sucrose
gradient resulted in 2.4-fold purification of acid
phosphatase. The next step involved the use of a
suitable detergent which would solubilize the mem
brane-bound enzyme in both active and stable
form. The data given in Table 2show that of the five
detergents (deoxycholate, taurocholate, Triton
X-100, Nonidet P-40 and octylglucoside) used the
octylglucoside was clearly the best one for the solu
bilization of acid phosphatase of plasma membrane
Under the conditions employed, nearly two-third of
total enzyme activity was solubilized by octylgluco
side and the specific activity increased about 6 7-

fold. Triton X-100 and Nonidet P-40 were only half
as effective. The ionic detergents, deoxycholate and
taurocholate, were strongly inhibitory. Mg2* were
found tohave a profound effect on the selective sol
ubilization of the enzyme from the plasma mem
brane (Fig. 2). At the optimal concentration of Mg:'
'20 mM). there was 2.5- and 3-fold increase in spe
cific and total activities of the solubilized enzyme re
spectively.

Further purification of the solubilized enzyme was
done on DEAE-cellulose column. The elution pro-
hies of the acid phosphatase activity and proteins arc
presented in Fig. 3. A significant amount of acid
phosphatase activity as well as of protein was eluted
in the washings. Three acid phosphatase containing
protein peaks (I, II and III) were obtained at 50 mAf
100 mA/and 200 mA/NaCl gradients respectively'
indicating the presence of multiple forms of the en
zyme in peanut cotyledon plasma membranes The
isoenzymes inpeaks I, II and III were referred toas
acid phosphatase (APase) I, APase II and APase III

Top three fractions in each peak were pooled and
the fold purification ofenzyme I, II and HI was 694
26.4 and 16.1 with yields of 29.1, 8.8 and 53% re
spectively. APase I was found sufficiently pure by

Table 1- Purification °^amit^ea^^
Fraction Total

protein
(mg)

Total

activity
(umoIep-NP/

min)

132'4.4

739.6

491.7

Crude microsomal
membrane

Plasma membrane
Octylglucoside

extract

DEAE-cellulose
Peak I

Peak II

Peak III

331.0

70.3

16.5

1.26

0.68

0.67

384.80

79.22

47.43

Sp. activity
(umolep-NP/

min/mg
protein)

4.4

10.5

29.8

305.4

116.5

70.8

Purification
(fold)

2.4

6.7

69.4

26.47

16.1

Yield

(%)

100.0

55.8

37.1

29.1

8.8

5.3

"r^^Ssasr-
Fraction

Plasma membrane
Detergent extract'

Deoxycholate
Taurocholate
Triton X-100
Nonidet P-40
Octylglucoside

'(105000 xgsupernatant)
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Total

protein
(mg)

10.75

0.94

0.89

1.01

0.99

1.05

Total

activity
(umolep-NP/

min)

112.9

4.7

6.1

33.1

33.2

73.9

Sp. activity
(nmolep-NIV

min/mg
protein)

10.5

2.21

3.09

14.96

15.00

30.30

Activity
solubilized

(%)

4.2

5.4

30.0

29.4

65.5

Protein

solubilized

(%)

8.7

8.3

9.4

9.2

9.8
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Fig. 2- Effect of Mg2' concentration on the solubilization of
membrane-bound and phosphatase by octylglucoside. [Solubili
zation was carried out as described under Materials and Meth-

odsl

BASBOA eta,, ACD PHOSPHATASE FROM PLASMA MEMBRANES OF PEANUT COTYLEDONS

40 "50 60
FRACTION, 1ml

Si IZ°EA,E-Cel,u'ose chromatography of the dialyzed octy glucostde solubi.ized acid phosphatase [A 10 ml samp" eil6 5
mg protein) was applied to the column (1.5 x10 cm) and the ab
sorbed proteins were eluted by step-wise gradient of NaC a t
scnbed ,n the text. Fractions indicating by bar were pooled and

used forfurther studies)

polyacrylamide gel electrophoresis with only one
major protein band with enzyme activity corre
sponding to an clectrophoretic mobility of 023 rel
ative to bromophenol blue. Two faint protein bands
of electrophotetic mobility of 0.17 and 0.5 were also
observed. The major protein band, whose intensity
increased during purification, also gave positive
staining for carbohydrates with periodate-Schiffs
reagent , tndtcating the glycoprotein nature of the
acd phosphatase I. On SDS-PAGE, the major pro
tein band showing enzyme activity was dissociated
'"to two bands; amajor and aminor corresponding
to molecular weights of 46.7 kl)A and 50 1kl)A re
spectively, suggesting the presence of two subunits
in the molecule of the enzyme. Since PAGE resulted

30

JOOmM NaCl

r

200mM NnCI

r
nM NaClj I

in sufficient loss of enzyme activity, this step was not
used on preparative scale. The APase I from
DEAE-cellulose was used for characterization.

Properties ofthe plasma membrane APase /-The
partially purified APase Ishowed optimum pH, K
and K,,ax for the /?-nitrophenyl phosphate of 47 10
mM and 5.5 umole/min/mg, respectively. The va
lues of £at„ AH, AGand ASfor the formation of en
zyme-substrate (^nitrophenyl phosphate) complex
were found to be 6155 eal/mole, 4.25 kcal/mole
2.77 kca /mole and 4.9 cal/deg/mole, respectively.
The positive A/Vindicates that the reaction between
APase I and p-nitrophenyl phosphate is endother-
m.c. Similarly, the positive AG is also indicative of
the endergoruc reaction. The relatively low positive
Msuggests that unfolding of the polypeptide chain
into a less ordered system has not occurred

APase I was inhibited by KH2P04 in a non-com-
petitive manner with an apparent K, of34.5 mMand
it neither showed any hydrolytic activity towards 5'-
mono-, di- and tri-nucleotides nor was inhibited by
these compounds. The purified enzyme was highly
unstable and lost its total activity within 12 hr at (Tor

Discussion

The purpose of this study was to characterize the
plasma membrane acid phosphatase of peanut coty-
tion n's ° the,maJ°r diffiCU,ties Was the separation of 5-nucleotidase from the acid phosphatase as
Scs"a^ymeS haV<i Slmilar SOlUbiU^5«S£•sties and in general acd phosphatases exhibit 5'-
nucleotidase activity'. Further, even the apparently
SDS' pirP e°tldafSe PrCParati0n (ho^neous by"SDS-PAGE) was found to show acid phosohatase
activity as we,,'--. The results describedST
that by choosing the germinating cotyledons of
proper age interference of 5'-nucleotidase in the pu
rification of plasma membrane acid phosphatase
was avoided. In addition, the results show that the
plasma membrane acid phosphatase was devoid of
5-nucleotidase activity which may be indicative of
the organelle specificity.

The treatment of plasma membrane fraction with
octylglucoside in the presence of Mg2+ and EDTA
at aprotein to detergent ratio of 1:2 resulted in ase
lective and true solubilization" of the membrane-
bound enzyme, since the enzyme remained soluble
stable and active even after the removal ofdetergent'

The results of anion-exchange chromatography
have revealed the presence of multiple ionic species

-Kid Phosphatase „, the peanut plasma mem-
l,,K " T'S ,u" unexpected, however, as plani

seeds have been shown to contain isoenzymes of ac
id phosphatase'"". The partially purified enzyme
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obtained from the DEAE-cellulose column was
very unstable losing its total activity within 12 hr at
-20°C. Thus, further purification could not be
achieved. It appears likely that some stabilizing fac
tors like phospholipids or lectins were lost during
purification on ion-exchange column. Recently, Fer-
ens and Morawiecka" have suggested that lectins
provide aprotective action to acid phosphatases.

The peanut cotyledon plasma membrane acid
phosphatase appears to be aglycoprotein. In this re
spect itconfirms the general nature ofacid phospha
tases2 ^•'"•"•'l I, is now well established that the
proteins which are destined for secretion or to be
come the part of the plasma membrane are synthes
ized in rough endoplasmic reticulum (RER), vectori-
ally discharged into the lumen of RER, translocated
to Golgi vesicles and finally packed in secretory vesi
cles for transport to plasma membranes25. Thus the
plasma membrane acid phosphatase in peanut coty
ledons should also follow the above mentioned path
as was shown in the case of yeast4. It is suggested that
acid phosphatase may serve as amodel glycoprotein
for studying the intracellular transport of proteins in
plant storage cells.
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..iSf^^^
of 8:8 mthe presence of 20 mM MgCl2 and 5mM EdS LhT *? T"08'^'at aPr°^n-to-detergent ratio
SfVA!,r,!£a8,lyC°Pr0tein *S™* carbohZte£ ^X^^T^^" DE^-ce..u.ose The(*, - 3.4 mM) and non-competitively by NaF (JG =41 mM) Th7v„l„ V' 2 Wa" lnhlbited competitively by ADP
were 6.0-6.B, 0.9 mM and 0.4 mM/min per mg espect^lv The enZStS"*£' *** V~ f°r the h-vdro1^ «AMP
ADP, GTP, GDP, GMP, UTP, UDP, UMP (OT aS CMP '^/n"riH1*T^ f°r mP Wlth no W™*™ of ATP
(PM) enzyme closely, except for asi ghtly iover cZtlZl contenIt *Sr5*reSemb'ed the Plasma ™«>branethe PM-AMPase in peanut cotyledon cells Carb°hydrate content' II IS suggested that GA-AMPase may be aprecursor of

Key WOrds: AraeHU hypogaea; AMPase; 5'-„ucleotidase; Golg, apparatus; purification

Introduction

In a previous communication from this
laboratory we reported the purification and
properties of a glycoprotein AMPase from the
plasma membrane (PM) of peanut cotyledons
UJ. During the course of these studies it was
observed that besides the PM, a sizeable
amount ofAMPase activity was also associated
with the membrane fraction containing mostly
Golgi-apparatus (GA). Since the GA is involved
in the biosynthesis, modification and intracellu
lar transport of macromolecules in both plant
and animal cells and itreceives the biosynthetic
products from the endoplasmic reticulum (ER)
which are destined for secretion or to become
the part of the PM [2-5], the AMPase found in
GA may be the precursor (or same) of the
enzyme present in the PM. Working on this
hypothesis we prepared highly enriched frac
tion of GA, which was essentially free from PM

*To whom all correspondence should be addressed.

0168-9452/8a/$03.50 ©1988 Elsevier Scientific Publishers
Printed and Published in Ireland

and ER, purified AMPase and compared its pro
perties with that of the PM enzyme. Both GA-
and PM-AMPases show similar properties with
slight differences.

Materials and methods

Materials

Adenosine 5'-monophosphate (AMP) and
other 5'-ribonucleotides, glucose-6-phosphate
glucose-1-phosphate, p-nitrophenyl phosphate'
used as substrates, were purchased from Pierce
Chemical Co. (U.S.A.). Tris, n-octyl-fl-D-
glucopyranoside, Triton J^-lOO, sodium dodecyl
sulfate (SDS), sodium deoxycholate
taurooleonyl cholate, Nonidet NP-40 and UDP-
glucose were obtained from Sigma. Acrylamide,
N,N' -methylene-bisacrylamide NJVJtf'fl'-tetra-
methyl ethylenediamine, and DEAE cellulose
(Servacel DEAE 23 SH) were obtained from
Serva (F.R.G.). The protein standards for
molecular weight determination were obtained
from Bio-Rad (U.S.A.). Radioactive UDP-["C]

Ireland Ltd.
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flZ^r-?6 nCL'm0l) and W****wmU& Ci/mol) were purchased from the
radiochemical Center. Amersham (UK) All
other chemicals were reagent grade from vari
ous commercial sources. Peanut seeds (large
variety) were purchased from the local seed
stores.

Preparation ofGA membrane fraction
The crude microsomal membrane fraction

(12 000-105 000 xgpellet) containing PM GA
and ER was prepared from 7-day-oId germinat
ing peanut cotyledons as described previously
HI. Ihe plasma membrane fraction was sepa
rated from the rest by a step gradient of34/20%
(w/w) sucrose as described by DuPont et al [6]
the membrane fraction staying at 34/20% suc
rose gradient interface was removed carefully
with the help of a Pasteur pipette and fraction
ated further into the GA and microsomes by the
sucrose density gradient method described by
Green [7] with slight modifications. The 34/20%
sucrose gradient interface membrane fraction
was diluted with an equal volume ofhomogeniz-
,nl n™er an? PeIleted by centrifugation at105 000 x g for 60 min. The pellet was sus
pended in 4ml of 25 mM Tris-HCl (pH 72) con
taining 20% sucrose and 1 mM /J-mercapto-
ethanol. This was then floated carefully on a
sucrose gradient system prepared by layering 7
ml ofeach of43%, 37% and 25% sucrose solution
successively in the same buffer. The system was
immediately centrifuged at105 000 xg for 3h
Amajor band was obtained at the 37/25% suc
rose gradient interface. The supernatant part
was removed carefully without disturbing the
interface and saved for the preparation of mic
rosomes. The membrane fraction at the inter
face was removed carefully as before. This frac
tion represented the GA as the activity of the
marker enzyme, glucan synthase I, was exclu
sively localized in this fraction and no activity
of glucan synthase II, a marker enzyme for the
PM, was found in it.

The glucan synthase I activity was measured
as described by Green [7] using 100 Mg mem
brane protein, 100 mM Tris-HCl (pH 7.5), 20
mM Mg Cl2, 10 mM cellobiose, 4 mM EDTA, 2
mM ^-mercaptoethanol and 0.1 p.C\ UDP-

[HC]gluccse (6 nrnol) in a total volume of0.1 ml
The glucan synthase IIactivity was determined
as described previously [1], The reaction mix
turecontained thefollowing ina total volume of
0.1 ml:100 fig membrane protein, 50 mM Tris-
HCl (pH 7.5), 0.1 MCi UDP.[«C]gIucose (260 Ci/
mol) and 0.5 mM unlabeled UDP-glucose The
mannosyl transferase, used as a marker
enzyme for ER [8], was measured by the method
of Lehle et al. [9] using dolichol monophosphate
as the acceptor substrate and GDP-rl<C]man-
nose asdonor ofmannosyl group.

Enzyme assays
5'-Nucleotidase activity was measured with

5'-AMP as substrate as described bv Riemer
and Widnell [10] with slight modifications. The
standard reaction mixture, unless stated othpr-
wise, contained 1- 2.5mM AMP, 50mM sodium
acetate buffer (pH 5.0) and 0.1 ml ofthe enzyme
preparation (8-70 ng protein, depending upon
the form ofenzyme assayed) which was added
last, in a total volume of1.0 ml; control incuba
tions contained no substrate. Incubation was
carried out at 30CC for 15 min and the enzyme
activity was terminated by adding 0.5 ml cold
20% trichloroacetic acid. Protein was removed
by centrifugation and Ps determined in the
supernatant fluid by the procedure ofFiske and
SubbaRow [11J. Under the assay conditions, P,
release was linear with time up to 60 min and
enzyme concentration provided not more than
half of the substrate was hydrolyzed at the
longest time interval (data not shown). The
specific activity ofAMPase corresponds to the
dephosphorylation of1Mmol of5'-AMP/min per
mg protein. When detergents especially Triton
AM00 and Nonidet NP-40 were present in the
assay system, the Ps was determined by the
modified Fiske and SubbaRow method as
described by Dulley [12]. In this method P,
analyses were done in the presence of3% SDS
which eliminated interference due to Triton
AT-100 and other detergents.

Solubilization andpurification ofAMPase
All steps of solubilization and purification

were carried out at 0-4°C. The membrane frac
tion obtained above was suspended (30 mg/ml)
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in 50 mM Tris-HCl buffer (pH 7.2) containing
0.25 M sucrose, 0.04% (v/v) /3-mercaptoethanol,
20 mM MgCl2 and 5 mM EDTA with a Teflon
tissue homogenizer. To 1 ml suspension (30 mg
protein) 11 ml of 0.6% (w/v) rc-octyl-/3-D-gluco-
side in the same buffer was added dropwise with
stirring so that the final detergent concentra
tion and the protein-to-detergent ratio were
0.5% and 2/3, respectively. The enzyme was sol
ubilized by gentle agitation on a Vortex mixer
for 2 min followed by three strokes in a Teflon
homogenizer and then immediately centrifuged
at 105 000 x g for 60 min to separate the soluble
enzyme from the insoluble material. The super
natant containing AMPase was dialyzed 6 h
against 100 vol. of 10 mM Tris-HCl buffer (pH
7.2). The dialyzed enzyme (11 ml, 4 mg protein)
was applied on a DEAE-cellulose column (1.5 x
10 cm) which was previously equilibrated with
the same buffer. The column was washed with
20 ml buffer to remove unabsorbed proteins.
The absorbed proteins were eluted by a linear
gradient from 0 to 300 mM NaCl using a single
mixing container with 50 ml of 10 mM Tris-
HCl buffer (pH 7.2) and reservoir with 50 ml of
the same buffer containing 300 mM NaCl. The
flow rate was 0.2 ml/min and 1-ml fractions were
collected. Aliquots (0.2 ml) from every other
fraction were analyzed for the protein content
and AMPase activity. The peak enzyme contain
ing fractions were pooled, concentrated by
ultrafiltration and analyzed by polyacrylamide
gel electrophoresis with and without, sodium
dodecyl sulfate (SDS). In some cases unconcen-
trated fractions were used for various assays.

SDS -Polyacrylamide gel electrophoresis
Polyacrylamide gel electrophoresis was car

ried out on a 10% gel in cylindrical tubes (0.5 x
9 cm) in the presence of 0.1% SDS according to
the procedure described by Weber and Osborn
[13]. Proteins were first heated for 5 min at
100°C in 0.01 M phosphate buffer (pH 7.4), con
taining 1% SDS and 1% /^-mercaptoethanol.
Reference proteins used for molecular weight
determination were also subjected to the same
treatment. Protein samples (40-100 u.g) were
layered through the electrode buffer in 40% suc
rose solution. Bromophenol blue was used as
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tracker dye. The gels were run at a constant cur
rent of 5 mA/tube for 2.5 h at room temperature.
Protein bands were located by staining with
0.5% Coomassie Brilliant blue in water/
methanol/acetic acid solution (50:45:7, by vol.)
for 6-8 h and were destained with 7% acetic
acid. The gels were stored in 7% acetic acid. The
mobilities were determined relative to

bromophenol dye in 7% polyacrylamide gels
without SDS at room temperature at pH 7.4 in
0.01 M phosphate buffer. The molecular weight
standards were phosphorylase b, Mr = 94 kDa;
bovine serum albumin, Mr = 68 kDa; ovalbu
min, Mr = 43 kDa; carbonic anhydrase, Mr= 30
kDa; soybean trypsin inhibitor, Mr = 21 kDa
and lysozyme, Mr = 14.3 kDa. The molecular
weight of the purified AMPase was computed
from the calibration plot of log10 Mrvs. relative
mobility of standard proteins. Molecular weight
results were based on an average of three inde
pendent electrophcretic runs.

Kinetic studies

Km and Vmax values were obtained from the
Lineweaver-Burk plots using AMP and p-nit
rophenyl phosphate (p-NPP) as substrates in 30
mM sodium acetate buffer (pH 5.0). Enzyme
assays with at least five substrate concentra
tions (AMP, 0.25-5 mM, and p-NPP, 15-50 mM)
were carried out for 10 min with 10 u.genzyme.
Values of apparent inhibition constant (K,)were
computed from the replots of slopes of a set of
four Lineweaver-Burk plots, obtained in the
presence of a fixed inhibitor concentration
(NaF.0,1,10,20 and 30 mM; or ADP, 0,1,2.5 and
3.5 mM), vs. inhibitor concentration. The inter
cept on X-axis equals the value of -Ky

Other methods

Total carbohydrate content was measured by
the phenol/H2S04 method [14] with glucose as
standard. Protein was estimated by the method
of Lowry et al. [15] as modified by Peterson [16]
in the presence of 0.1% SDS using bovine serum
albumin as standard. All samples were nor
malized with regard to detergent and buffer
concentrations. /^-Mercaptoethanol was re
moved by heating the protein sample at 60CC for
30-60 min in a water bath before performing
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Table I. Distribution of marker enzymes and AMPase in various membrane fractions of peanut cotyledons. Peanut cotyle
dons (200) were used for preparing various membrane fractions. Glucan synthase I(GS-I), glucan synthase II (GS-II> and man
nosyl transferase (MTase) were used as marker enzymes for Golgi apparatus, plasma membrane (PM iand smooth endoplasmic
reticulum (SER) fructions, respectively. Theenzymes were assayed as described underMaterials and methods.

Activity of marker enzymes
(radioactivity incorporated)

GS-I GS-II

(cpm/mg) (cpm/mg)
MTase*

(cpm/mg)

AMPase activity

Fraction Total

activity
Spec, act.-
Ijirao] P,

Percent

oftotal
(/xmol P,
mini

min/mg) activity

Crude membranes

(12 000-105 000 x A'pellet) 3314 HI 00 (it 2HH 2.198 4 2(> r; 10(1

Plasma membranes 1230 88 246

(21000)

3080 1400.0 86.0 58.3

Golgi apparatus 17856 1625

(1683)

18661 565.7 37.9 23.5

Smooth endoplasmic reticulum 1972 3224

17208>

53 3120

(38199)

298.3 26.8 12 4

"Values in parentheses were obtained without dolicholmonophosphate as exogeneous lipid acceptor of mannose from GPD-
[uC]mannose as donor substrate.

the protein assay according to the method of
Lowry et al.

Results

Preparation of Golgi apparatus membrane
fraction and distribution ofAMPase among var
ious membrane fractions of peanut cotyledons.

The total crude microsomal fraction (12 000-
105 000 x g pellet) from 7-day-old germinating
cotyledons, containing mainly PM, GA and ER
+ ribosomes, was used as the starting material
for the separation of various membrane frac
tions using step sucrose gradient centrifugation
and specific marker enzymes. The results are
shown in Table I. As judged from the distribu
tion ofvarious marker enzymes, specific for par
ticular membrane fractions, the PM, GA and ER
fractions were enriched by about 11-, 5.4- and
6.2-folds, respectively, relative to the crude
membrane fraction and appeared to be nearly
free from the cross contamination.

The distribution pattern of AMPase in vari
ous membrane fractions (Table I) shows that in
the germinating cotyledons of peanut, approxi
mately 58 and 23.7% of the total precipitable

AMPase activity were associated with PM and
GA fractions, respectively. The ER (Micro
somes) which stayed in 25% sucrose supernat
ant phase accounted for only 12.4% of the total
precipitable AMPase activity. In terms of
specific activity, PMshowed the highest specific
activity (86 /xmol/min per mg) followed by GA
(37.9 /Ltmol/min per mg) and ER (26.9 ^mol/min
permg).

Purification ofAMPase from GA
Table II summarizes the purification of

AMPase from GA. The separation of GA from
the crude membrane fraction (12 000-105 000 x
g pellet) resulted in 1.24-fold purification rela
tive to the crude fraction, with a yield of 23.7%.
The solubilization of the membrane-bound
enzyme by n-octylglucoside extract further
increased the purification 3-fold, the yield at
this stage was 7.7% with respect to the crude
membrane fraction. However, if GA is taken as
the starting material, yield would be about
32.5%. The value closely resembles the solubili
zation data of the PM enzyme by n-
octylglucoside[l].

The final purification step was the ion
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Table II Purification of AMPase from the peanut cotyledon Golgi-membrane fraction. Golgi-apparatus membranes were
obtained from the crude particulate fraction (12 000-105 000 xg) as described under Materials and methods. The ourified
Go gi-membranes (3.33 mg protein/ml) was extracted with 0.5% octylglucoside in presence of 20 mM MgCl2 and 5mM EDTA
followed by 05 000 xgcentrifugation. The supernatant fraction was used as the solubilized form ofenzyme DEAE-cellulose

ff^TSEffiS^St"fract,on8 of each peak The punficat,on and apecific ^ data - -
Fraction

Total

protein
(mg)

Total

AMPase

activity
(^mol P/min)

AMPase

specific
activity
(^mol P/min per
mg protein)

Purifi

cation

(foldi

Yield

Crude membrane fraction
(12000-105 000 x^pellet)

127.1 3128.5 24.6
- 100.00

Golgi-fraction
(37/25% sucrose interface)

24.3 740.4 30.47 1.24 23 70

Octylglucoside extract
(105 000 x ^supernatant)

DEAE-cellulose

3.2 240.6 74.5 3.02 7.70

Peak I

Peak II
0.271

0.232

45.49

27.68

167.74

119.35

6.81

4.85

1.4

0.9

exchange chromatography on DEAE-cellulose.
The elution profiles oftheAMPase activity and
the protein are shown in Fig. 1. Two major
peaks containing AMPase were eluted at 55 mM
and 107 mM NaCl gradient. Of these, peak I
accounted formostofthe enzyme activityeluted
from the column. The purification folds of
AMPase in peaks I and II were 6.8 and 4.8 with
per cent yields of 1.4 and 0.9, respectively. The
actual purificationfold and per centyieldwill be
more than the observed values, but for the pre
sence of other non-specific phosphorylases in
the crude as well as in the GA membrane frac
tions.

Homogeneity
On SDS-PAGE in the presence of2-mercap-

toethanol, the purified enzyme in DEAE-cel
lulose peak I gave a single protein band corres
ponding to an apparent Mr = 53.7 kDa (Fig. 2).
The relative intensity of this band increased
progessively during the successive steps of
AMPase purification, indicating that the pro
tein band was due to the enzyme. Since, elec
trophoresis was performed under completely
dissociated conditions, the peanut cotyledon
GA-AMPase seems to have only a single

polypeptide chain. However, the presence of
more than one polypetide chain of exactly the
same size cannot be ruled out.

Substrate specificity
The substrate specificity ofthe purified GA-

AMPase was tested using AMP, GMP, CMP,
UMP, ADP, GDP, UDP, ATP, CTP, UTP, GTP,'
glucose-6-phosphate, glucose 1-phosphate and
p-nitrophenyl phosphate as substrates at 2.5
mM concentration under standard assay condi
tions. The purified 5' nucleotidase was specific
for AMP(167 Mmol P/min per mg) with no hyd
rolysis of other nucleoside phosphates, includ
ing ADP and ATP, and phosphorylated sugars.
The p-nitrophenyl phosphate was hydrolyzed
only at a one-fifth rate (33.5 /^mol P/min per
mg) of that of the AMP, indicating that p-nit
rophenyl was a very poor substrate for the GA-
AMPase.

Optimum pH and kinetic properties of the
purified GA-AMPase

The purified GA-AMPase had a pH-optimum
range of pH 5.0-5.5 for the hydrolysis of AMP.
The enzyme activity declined rapidly below pH
5.0 and above pH 6.0. The Km and Vmax values
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FRACTION, 1ml

2ia'SSMSS^^ VT7tant) on DEAE—by a..near grad.ent ofsodium chloride (0-300 mM) in 10 mM"ri "hcHdH 7Z T Z, 7u^^^ ""•then eluted
by the bar(-) were pooled and used for further studies Fraction ffSsSr^S^^^1*lh*t,0Ml**"*trophoresis. 8 *raCt,0n ' f35-3 7) was <°und pure by SDS polyacrylamide gel elec-

fracl Std M.W

- 94 K

r*- 58K

.I43K

-30K
i

-21K

110 116

t m* - K 3K

2taJSWaR!a^^ G01* •«-«"*• ***"• Samples were prepared
membrane fraction, 100 Mg protein £IE^ octXl^oslde solubZS 'T-T -T^" l0aded Were: M' ^ W*"*™Frac. I, DEAE-cel.u.osefraction Iconta^^^
phorylase b, Mr =94 kDa; bovine serum albumin*- fiiTn/n k , w" molecular wel8ht <"«ndard protein. (phM.
soybean trypsin inhibitor £ ! ,kD™i£££!L£ UIS 7 ' ^ k|?a-carboni<: «M™". M, - 80W
"nnerasotherprote^
socat ng cond,fons. Mob,Mies were determined relative to the migration of bromophenofblue £S5g£ ^Zllll'r
ZZvem25E2: h Hinfraction'Te7li"gpurifiedAMPase'ascomputedfromthp-SSSWCRrelative mobility of standard proteins, was found to be 53.7 kDa.
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for AMP, as determined by Lineweaver-Burk
plot (Fig. 3), were found to be 0.91 mM and 04
mM/min per mg, respectively. ADP and NaF
inhibited the enzyme in a competitive and non
competitive manner (Fig. 3)with K{ values of3 4
mM and41 mM, respectively.

Effect ofmetal ions
The activity of GA-AMPase was not affected

by Mg*+, Ca2+, llg^, Mn2+, Zn»*,Ni»+, K+ Li +
and Na+. Since Hg2+ ions do not produce'any
inhibitory effect on the enzyme, the SH-groups
ofcysteine residues are probably not involved in
the interaction between the enzyme and the
substrate.

Stability ofGA -AMPase
The purified GA-AMPase was rendered

totally inactive within 24 h at -20°C orat 0°C
On the other hand both membrane-bound as
well as unpurified octylglucoside solubilized

-12 -10 -08 -06 -0 4 -0-2 0 02 0M

^[AMPJ.tmM)"1
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enzyme were stable for approximately 2 weeks
at -20°C without any significant loss ofactivity
indicating that some stabilizing factors, proba
bly phospholipids, that were responsible for the
stability of the enzyme in the crude form, were
lost during purification on DEAE-cellulose.

Glycoprotein nature ofGA-AMPase
The peanut cotyledon GA-AMPase was found

to contain 38.5% (w/w) carbohydrate and like
other plant 5'-nucleotidases [1,17] appears to be
a glycoprotein.

Comparison ofthe properties ofGA- and
PM-AMPases

Table III shews the comparison between the
propertiesofpurified AMPase from GA and PM
fractions ofpeanut cotyledons. The values ofthe
optimum pH, Km, electrophoretic mobilities
nature of inhibition by ADP and NaF including
K, values and elution behaviour from the

06 08 10 12

Fig. 3. Lineweaver-Burk plots ofAMP hydrolysis bvGA-AMPaso qtnr^lo^ „„„„ ul.
nedoutfoMOmmw.thlO.genzyme.V^
in presenceol 2.5mM ADP: A. 30 mM NaF. ' ' wunoutADr-andNaF; o,
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Tabic III. Acomparison ofP-perUes^MP^on, the Golg, and Plasma membrane fractions of peanut coty.edon,.
Properties

Molecular weight
Subunits present
Carbohydrate content
Electrophoretic

mobilityb
pH-optimum
Km
V

ma*

Inhibition by ADP
Inhibition by NaF

Metal ion requirement'
Substrate specificity

Stability at-20°C

Elution from DEAE-

cellulose column
Peak I

"Data from Ref. 1.

hElectrophoretic mobility was
bromophenol blue.

cMg2\Ca2*,Zn2\Mn2+,Hg2<

Golgi-apparatus
AMPase

53.7 kDa

Singlepolypeptide
38.5'/,

0.18

5.0-5.5

0.91 mM AMP

0.4mM/min permg
Competitive (K, • 3.4mM)
Non-competitive
(K, = 41 mM)
None

Highly specific for
AMP, nohydrolysis
of other nucleotides
Totallossofactivity
within 24 h

At55mMNaCI
gradient

Plasma membrane"
AMPase

55 kDa

Single polypeptide
42.70}

0.18

5.0-6.0

108 mM AMP

0.8mM/min per mg
Competitive (K, = 3.4mM)
Non-competitive
(A>35mM)
None

Highly specific for
AMP, nohydrolysis
ofother nucleotides
Totallossofactivity
within 24 h

At 50 mM NnCI
gradient

determined in 7% po.yacry.amide gel at 25X and pH 7.4 in 0.01 Mphosphate buffer, relat.ve to
,Ni2M<',andLit.

DEAE-cellulose column for both GA- and PM-
AMPase were comparable. The only significant
difference was found in the carbohydrate con
tent ofthe two enzymes, which was somewhat
lower in the case ofGA (38.5%) than thatof the
PM-AMPase. The close resemblance in the
properties of GA- and PM-AMPase suggests
that the GA-AMPase may be precursor of the
PM enzyme.

Discussion

The GA and the PM fractions used in this
study were essentially free from cross contami
nation as judged by the absence of the marker
enzymes ofthe PM(glucan synthase II) and the
GA (glucan synthase I) from the GA and PM
fractions, respectively. However, some contami
nation of ER in GA cannot be ruled out com

pletely, since relatively small activity of the
dolichol monophosphate - GDP - mannose
mannosyl transferase was found inthisfraction
(Table I).

The conditions ofsolubilization and scheme
of purification of the GA-AMPase were exactly
those used for the PM enzyme [1]. Thus, it was
reasonable to presume that the AMPases
obtained separately from GA and PM were rep
resentatives of the source from which the
enzyme was isolated. Asexpected, the patterns
of solubilization and elution from DEAE-cel
lulose of both GA- and PM-AMPase were the
same except that a third peak (peak III), which
eluted at 155 mM NaCl gradient from the PM
[1]was not present inGA. Inaddition, the kine
tic properties, response to metal ions (Mn2i
Zn2*, Mg^, Ca*+, NP+, Hg2-, K* and Li+) and
inhibitors (ADP and NaF), optimum pH, elec-
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trophoretic mobility, stability, molecular
weight and sub-unit structure of both GA and
PM-AMPases were comparable. The only differ
ence was found in the carbohydrate content.
However, the difference in carbohydrate con
tent, although small, was significant. This was
not unusual as processing ofcarbohydrate moi
ety of glycoprotein also takes place in GA [2J.
These results were interpreted to mean, but by
no means prove, that the AMPasepresent in the
GA may be the precursor (or same) enzyme,
with slightly modified carbohydrate moiety, as
found in the PM. In view of the above, it is
suggested that AMPase may provide a model
glycoprotein for studying the intracellular
transportofproteins in plant storage cells.
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