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‘ : ABSTRACT '
Peroxida:e\(E.C..f§ll.1.7) has been widely used as a marker of .
altered growth ;np,deVelopment'in plants. However, aAdefinitive role‘of
physiological sigd\ficance has yet to’be ascribed. This'may:oe, |

-partially due to stddies_that have been‘performed with a peroxidase ’

molecule neither Tsolated to purity nor characterized from the system of

‘investigation. A cationio‘perOxidase (noiecuiar:weight 40 kD). had been:
purified to apparent homogeneity and characterized from peanut cel}s in
suspension culture. Antibodies were raised against this protein
moieonle in rabbits and used for~mon1toring biosynthetic ‘studies on the
peroxidase molecuie in peanut cells in culture.’ ‘ _ | i

The cationic peroxidase c0nstituted one sixth of the total proteins
released in the medium of cultured peanut cells. Peanut piant leaves
aiso~s:creted the same peroxidase into their intercellular spaces as
determined by " immunodiffusion assays. Peanut cet1s in cu1ture, however,
synthesized ten fold‘more peroxidase than peanut leaves,

The technique of differential centrifugation to isolate cell .
,organelles (amyloplasts, nuclei, mitochondria and microsones) was dsed
in conjunction with inmunoprecipitation to localize peroxidase during

its biosynthesis in cultured peanut ce]ls. Most of the newiy ’
synthesized peroxidase was‘found to be associated with the-microsomal
fraction. fhis peroxidase from the microsomal fraction was only
released when nicrosones‘uere treated with high‘sait,buffer (phosphate
buffer 0.05 M with 0,8 M potassium cnloride)s This indicated that the

", . ° -
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. synthesizing -polysomes from cultured peanut cells: It was'shounzthat

-

intracellular origin of high ionic extract of perogiease'was 3§sqciatedﬂ3
v . : - .

with the micfbsomal pellet. IgGs agdinst peroxidase were purified by

immunoaffinity chromatography and were used to precipitate peroxidase"

- most of the newlj synthesized peroxidase Q;s associated with membrane

N

Beund polysomes, -

The heme moiety of peroxidase was demonstrated to be synthesized

-

from glutamic acid and not from glyc1ne and succinyl CoA, as is the case'

for heme synthesis 1n animals, The heme moiety was identified as. .

protoheme, based on mass spectrometry. It was also determined.that the:

heme Qas.synthesized in mitochondria of cultured peanut cells. ;The heme.

moietjlappeared to be present in-equimolar concentration to apoprotein,.

in péroxﬁdase. . The di;kociation of the héme moiety;from the apoprotein;{

didlnot significantly alter the size or shape ofef%e molecule ae
determined by SDS-PKGE, analytical centrifugation and tmmunodiffusion
assays.. The heme moiety was found.to be essential for peroxidase as

. .

well as IAA-oxidase activitiés of ghis molecule. ]
" An anionic-fraction of peroxidase was also pur#fied froa the medium
of'cultpred.peanut cells, No appréciéhie differences in the enzymatic -

SN * ) |
activities assoctated with peroxidase could be detected, between these

_ two mdlecule;, as reported {n literature.~The cationic form of

" peroxidase was the major form that was secreted by peanut cel®™ in

culture. The significance of the secretion of cationic’ form in relation

d

';to its mode of action is discussed.

[
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CHAPTER 1 =~
INTRODUCTION

1.1 General
An understanding of processes ﬁnder]ying growth and differentiation
b ‘. still remains a challengingfbroblem; Grpggh may be defined as an
" jrreversible change in'size of a cei\,'organ éf whole organism and is
‘associated with- qualitative and quantitative changes. - The study of this
’ phenoqénon, féﬁ examble in higher plants, is much more complex, than
Qould be assumeq from a periphe?a] obsérvétiq;; In anipals growth
occur? throughout the oréknism,_in coﬁtrast to higher pl;nts, where
growth is restricted to localized embryonic regions. The basic )
S

definition of growth of plant cells has led to the utilization of plant

\t:ssue cul;urg, in an attempt to‘unravel the mysteries of plant growth
. 4 L , ‘ / .

ahd development. Nevertheless, both for tissue culture and in vivo.
studies of plants, fhé-identificatiop of specific markers, which could

be a;sociated with specific Stages of growth and-differentiation is

,

. reqdired.

1.2 Pgroxidasé as b10c§ggital marker of growth and differentiation}

Isoenzymes (multiple moleciilar.forms) have been used as biochemical

markers: in a nuuﬁfr of pjofogiqal investigations (see references cited . ~
d in Tanksley and Orton,‘1433;_Breubaker,'1984). Amongst the various

- ' ;' enzymes used in plants, peroxidasg.(E.C.1.11.1.7) has been most

. 4
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frequently employed both for in vivo and in vitro cultures (Scandalios

and Sorenson, 1977; Hettér and Dyck, 1983). The obvious reason is the
involvement of peroxidase in‘gpe metabolism of indole-3-acetic acid
(1AA) (Scandalios and Sofenson, 1977; Sembdner et al., ‘1980; Grambow and
Langenbeck-Schwich, 1983). Indole-3-acetic acid is the ubiquitious
naturél plant growth regulator and plays a major role in plant growth‘
;nd development ‘(Gamburg, 1982; Cleland, 1983; Trewavas, 1983),

Besides, the considera£1on mentioned above, another reason is the
ubiquity of peroxidase and the ease of its assay (van Huystee and
Cairns, 1980 1982). For these reasons, other workers such as
genet1c1sts and systematicists have also used it as a phylogenetic
marker {Reynolds, 1979; Gottlieb, 1981; Houston and Hood, 1982; Moore
and Collins, 1982; Santamour (Jr.), 1982, 1983). In addition, plant
pathologists have 1mplica£ed it in the host-pathogen interactions (fric,,
1976; Hanmerschmidt et al., 1982). Diverse functions have aléo been
attributed to this enzyme, - ‘i’he* include the o;ﬁdation of IAA (Sémbdner
et al., 1980; Grambow and Langenbeck-Schwich, 1983), the oxidation of

: phenols and their polymerization to lignin (Stafford, 1960 Gibson and

Liu, 1981, Deloire and Hebant, 1982), and more recently, the oxidatﬂm

of pigments (Huff, 1982; Matile and Martinoia, 1982), However, no
decisive role for peroxidase of physiological :importance has been
demonstrated. o

ﬁost of the studies-on péroxidases are concerned w1£h.é1ther the
specific activity (5.A.) in crude cellxextracts using different
substrates (Siegel et al., 1982 Boyer et al., 1983; Goldberg et al.,

1983; Klisurska and Dencheva, 1983) or the concomitant changes in

1soenzymes (Chibbar et al., 1980; Bredemei)er and Blaas, 1983; de

’
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Forchetti and ngier,'1983) with growth alterations. The ' number of
peroxidase isoenzymes varies from a meré one (Nash and ﬂavies,‘1975; T
Srivastava and van Huystee, 1977b) to more than three dozen (Hoyle,
1978; Thomas‘and Delincee; 1979). These reports of nlgh’ﬁuobers of\

peroxidase isoenzymes have led peopie‘to question/ﬁﬁether SO many

isoenzymes could actually have a function in the cell, aC whether these -

so-called isoenzymes are artifacts (Qfsh and Davj

and Cairns, 1980, 1982). Shaw (1969} as well

of Biochemistry classified isoenzymes into two ma gories (Enzywe

Nomenclature, 1972): ' - |

(a) distinct molecules (polypeptides) 3ﬂich are presumably encoded at
different genetic loci; )

(b) secondary modifications in the structure of a single polypept;de
species whicn in many cases may be dn vitro artifacts and may then
be termed as pseudo-enzymes (Tsai et al., 1983) !

It appears more likely that the peroxfﬂase isoenzymes reported in the

literature may be of the second category. It was shown by Srivastava

and van Huystee (1977b) that one maJor anionic isoenzyme may form ‘

. various so-calTed.isoenzsmes by the reaction with phenolics. “A similar

point was also made by Liu (1971) who could generate- mu]tiple forms of
peroxidase isoenzymes by changing either the pH of the extraction medium

or by other preparative procedures.

P
~

Thus in spite of the numerous reports in 11terature (see

references cited in Gaspar et al.. 1982) ‘no def1n1t1ve role for |
[

peroxidase in plants-has yet been postulated. Although it seems to be

:1n191~e§ in as ‘diverse processes as sex change in flowers (Kahlem, 1976)
d sal

tolerance (Siegel et’al., 1982). The reason for this anomaly
6 o ,

L]
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with regards to peroxidase is that most of the work has been done with

: .~ crude plant/cell extracts and very little attention has been paid to the
purification of peroxidase to protein level except in few cases such as

tomato (Kokkinakis and Brooks, 1979).
. -
: d

y
1.3 Structure of peroxidase molecule

Most of the structural aspects of peroxidase molecule have heen
elucideted using horseradish peroxiddse (HRP) isoenzymes (Ramshaw,
1982). The number of HRP isoenzyﬁes reported in literature varies with
the technique used (Hoyle 1978) A cationic isoenzyme of HRP,

e identified as 'c' is the most abundant and accounts for fifty percent of

peroxidase activity in the horseradish roots (Selvendran and 0'Neill,
1982). This molecule is a hemoglycoprotein (Fig. 1) and so are the

other perqxidases. The molecular weight fof*HRP isoenzyme ‘'c' is 44

kilodalton (kD) and it varies for other isoenzymes between 40 to 44 kD.

+

u

The HRP isoenzyme ‘'c' consists of a hemin prosthetic group, with two
Ca** and 308 amimo acid residues including four disulfide bridges in a
'single polypeptide chain that carries eight neutral carbohydrate side
chains (Welinder, 1976, 1979). The eight carbohydrate units varying in_“
- molecular weights from 1,600 to 3,000 atcount for approximetely twenty
percent pf.the totai molecular weight (Cierke and Shannon, 1976).
| The pther peroxidase isoenzyme, whose structupe has been studied is
derived from turnip apd termed as Py (Hezza and Welinder, 1980a,b).
This isoenzyme 1; also basic (cationic) in nature. It has essentially
the same structpral arrangment as HRP isoenzyme 'c'. However, only 49

percent of the amino acid sequences are identical to HRP isoenzyne ‘c'

L d
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Figure 1. Schematic diagram (proportfdés of each component may vary) to

illustrate the structure of peroxidase.
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Braithwaite (1976.) obtained the crystals of ﬁRP‘isoenzyme ‘c' by
the equilibriuo dialysis of Tris-buffered magnesiumfsulfafe-(?.len) at
‘pH 1.7. The light brown crxstals so formed were squaro_based pyramids” ‘
measuring up to 180um from cap to cap. The unit:cell of th; crystal.’
was almost tetragonal with a volume of 3.48 x 105 3 and axlal ]engths
were a = 968(6)% c =371 (2) R and o = § = v = 90°. ]

1.4 Heme moiety of peroxidases

The heme moiety of oeroxidases is of significance because the
enzymatic activfties attributed,to peroxodases'are partially due to the
electronic structure of iron én ;he heme moiety. The heme moiéfy d}
HRP, éytochroﬁé ¢ peroxidase and chloroperoxidase have been 1denfified
as ;erriprotoporphyrin IX, mainly based on spectrophotometric studies
(Ypmazaki? 1974)3 Equimolar rat1o-petween the heme and apoprotein are
estaolished_for cytochrome ¢ peroxidase by reconstitution experiments
(Yonetani,.196}). This homology has been used for peroxidases in

L

¢ .,
general to postulate an equimolar ratio of heme and apoprotein

(Scandalios 1974). No studies on the identification of heme have been .
done in other peroiidases 1nvestigated. There is enough evvdence in

animal systems which indicate that the heme prosthetlc group may be

-~

‘ ;. different in peroxidases from different sources. The peroxidase from

/thyroid (Krinsky and Alexander, 1971; Hosoya and Morrison, 1967) as well

from milk (Hultquist and Morrison,/1965)_contain protoheme as the
prosthetic group, while myeloperoxidase has heme 'a' as the prosthetic

group (Schultz and.Shmuckler, 19643 Newton et al., 1965). ’ Lo
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1,5 BiosyntheticC studies.

‘ The structtire of HRP isoenzyme 'c' is fairly yell.known,.but‘the ’
studies on biosynthesis of this peroxidase orﬁhny other isoenzjmé are
lacking, - Studies ‘with. inference on biosynthesis have been reported from
other un1dent&f1ed peroxidases using metdbol1c inhihdtors and assay of

'

peroxldase enzyme act1v1ty. Actinomycin 'D' an inhibitor of

_transcr1ptron was found to reduce’ the peroxidase activity, wh1ch

&
normally increases following excision in sugarcane stalk tissue (Gaylen

e \

-and Glasziou, 1968) and in lentil embryonic axis (khan et al., 1972).

GIn cultured peanut cells, the inhibitory effect of Actinomycin D occurs

only for a brief period following the lag phase of geowth (van Huystee,

. 1978). " But there are Several reports show!ng either no effect in wheat

emoryos (TaneJa and Sachar, 1976) or even a promotinq effect of
Actinomycin 'D' in pdtato roots lBirecka ond Miller, 1974) on peroxidase
activity or so-called'peroxjdase synthesis., Similarly the results of
protein syncnesis inhibitors are also‘conflicting. Cyclohexigide,'a

bl » . . -
potent inhibitor of protein synthesis, promoted the perdxidase synthesis

_in terms of increased activity in maize (Sharma et al. 1976). 1In

cultured peanut cells, cycloheximide completely blocked the synthesis
(activity) of peroxidase (van Huystee and Turcon, 1973), but did not
affect its release into the medium. ,

-Den§1cy labe]ling'with deuterium oxide has also been enpl%yed to
study the biosynthesis of peroxidase isoepzymes (Siegel ind Galscon, '

1966; Anstine et al., 1970). By using density 1abe111ng in combination

‘Athh‘§§1 electrqphoresis and 1sopycnic sedimehtag‘db equilibrium.

Anstine et al. ¢§I970) demonstrated the synthesis of new peroxidase
o N 4

1soenzymes by germinating bdrley- embryos. : \

]
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The only report of the in vitrp synthesis of peroxidase is derived

r

from the work by Stephan and van Huystee (1980, 1981). By isotating
. I4

free and membrane bound polysdmes, they showed that the membrane bound
polysomes could synthesize twice as much cationic peroxidase as the free

polysomes., - - ’ -

-

1.6 Subcellular localization and biosynthetic pathwéy in plaﬁt cells

The subcellular 1ocalii$tion of peroxidase, has been uﬂﬂéntaken
with the help of electron donor compounds hﬁich de¢eloﬁ colou}ed
pqoducts visible in sections. This simple-meang of detection has led to
many studies with conflicting results (Tab;e 1). As summarized'{n Table :
1, peroxidase éauld be detected in nearly all intracellular organelles
and compartments. This has.a1so led to the same questions raised
earlier regardjng the number of iséenzymes. Is it possible that such a.
reactive enzyme is so widely distributed (Gaspar et al., 1982)? Hﬁat ;
then is thé possible significance of its presence? The answer to these
questions is not easy to obtain and will be discussed in the following
paragrabhs. ] ,

The only unaniﬁity is ba;ed on the occurrence of perexidase thch
seems to be in its association/presence in the ribosomﬁg and endoplasmic
retic?mm (P;ennon et al,, 1970; van Huystee, ]€78;"Zaar_, 197‘9). Pennon
et al. (1970) reported the association of three perokidase isoenzymes | -
(one anionic and two cationic) with the ribosomes of lentil roots.
Based on incorporation of.14c-glycine they reported that the cationic
psroxidhses turned over more rapidly than the apionic one, They also
sugdested that IAA induced the synthesis of éationic'peroxidases and not, -

the anfonic peroxidase. Zaar (1979) working.iith root hairs of cress

-
.
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11
(Lep1d1um sativum' L.) found by assays with 3, 3‘-d1aminobenz1d1ne that

. peroxldase is associated with ribosomes. In fact he has proposed a

biosynthetic pathway for peroxidase (?) monitoring 55Fe** protoheme
contedt, in the cell walls, after feeding the ?bot hairs dith labelled
55Fett. The procedure is not specific for peroxidase and may represent .
data for all hemoproteins of whjch peroxidase may be one. Even in the"

case of the chloroplast membrane many hemoproteins have been shown to

occur (Hoyer-Hansen, 1980).

The results from literature presented above, show that the major
pf&ﬁ]em has been the identification of peroxidase as a single pfotein.
In most of the stud1es the 1dent1f1cation is based on the peroxidase

activity (e,g. development of colour by electron donofs such as

" guaiacol, benzidine based compounds, o d1an1sid1ne etc.). The

enzymatic activity is influenced by various factors such. as pH, presence
or absence of cofactors, inhibitors etc. Moreover, exogenous Hzoz is
used for all assays and localization. In the experiments dealing with
localization, other hemoproteins may also react (Hoyer-Hansen, 1980), if
consideration to pH, temperature,'percent aldehyde (in electron |
microscopic obsérvations) is not monitored carefully. ) o
Most of these problems associafted with the localigation and
detection based on enzymatic activity can be overcome by using the -
immunochemical technidues. In immunological tecpniques, antibodies
recognize the specific antigen against whieh'they were raised, .

Antibddies have been raised against the cationic peroxidase from peanut

cells in culture as described below, and used for studies on peroxidase,

¢

.in this laboratory (van Huystee and Cairns, 1982).
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1.7  Peanut cell suspension‘cu]ture - The system of investigation

e

Penoxidase is'an enzyme-and therefore~usually occurs in very low‘
concentrations. Braithwaite (1976) could extract 200 mg of cationic *
~ peroxidase from 50 Kg of horseradish roots, the richestesource of
" peroxidase. Peanut cells in culture selectively secrete peroxidase into
the medium that supports their grouth (van Huystee and Turcon, 1945)
cationic fraction isolated from this medium, accounts for three quarters
of the peroxidase activity in thesmedium (Haldonado and van'Huystee,
1980) This cationic fraction was purified to apparent homogeneity from
the medium of cultured cells in a relatively few steps (Maldonado and
van Huystee 1980) Cationic peroxidase is -also the most abundant .
.isoenzyme in HRP (Selvendran and 0'Neill, 1980). Moreover Pennon et

(1970) reported that IAA induced- the de novo synthesis of oationic '
.peroxidases and not anipnic. Hence, 1t is ‘considered tentatively that
cationic’ peroxidases may: have a greater role to.play in growth and
differentiation ip plants through IAA. Antibodies have been raised:
against this cationic peroxidase (van_Huystee and haldonado, }982).

Using these antibodies both i vivo'and in vitro it was shoun'that this

protein molecule accounted for two percent of total protein synthe515 in
peanut cells in culture (Stephan and van Huystee, 1980, 1981; van
Huystee aqd Lobarzewski 1982) Thus, peanut cells in culture provide a
suitable system for studies on peroxidase biosynthesis and regulation.
Mgreover cell suspension cultures have some definitive advantages over
working with whole plant systems (Ludden and Carlson 1980) Plant

cells can be'grown in a well: defined sterile,medium on a large scale.

Large population of plant cells can therefore be obtained in a

% -
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relatjvely homogenous state, as cowpared to whoTe plant (Vasil, 1980; .
T . - ’
Steward 1983) T A »
: .‘: t . W
1.8 -Research goals - - .
e “:r Using the peanut cell suspeqsion culture, the following aspects of
. perox1dase were intended to be explored in ShIS\gresentatlon 'using
A . b
1mmunolog1ca] techntques. ‘. .
(i) j;The 1ntracellu1ar loca11zatlon ‘of peroxIdase in peanut cells in '

1

culture, in order to.eluctdate-the biosynthetIC pathway of

catlonlc perox1dase, using cationic perox1dase spec1f1c
. antibodies. S '

v . N ¢ T

L}

(1) . The naturejaddeiogenesis of the heme moiety in péroxidase, with
" special reference to the precursors for the'ﬁeme moiety. - '
(xit) To pro’![t on ‘the functions of peroxidase in plant cells, based

*on the\results obtalned in ‘this 1nvest1gation.

SR
.

" ; . . T ‘ b e
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" wWhatman No. 1 filter paper and the filtered medium was stored at 4°C-

Virginia 56R type peanuts\(Arechis hypogeae- L. ) as described by Verma

" Peanut calli and cells were derived from cotyledon slices of

L]

" 2.1 Culturing of cells

and. van Huystee~(1970)

day culture period in L1nsmaier~and Skoog (1965) medium- on a gyratory

shaker as described by Kossatz and van Huystee (1976).

~

" The ceHs werj maintained rout'inely over a 14°

v

‘ CHAPTER 2 ~
MATERIAL- AND METHODS < ,

2:2 - Source of peroxidase

till further dse,

2 3 Purification of cationic*peroxidase -

Spent medium obtained after 14 days of culture was filtered over a

P

4

Pl

4,

The,cat1on1c fraction of. peanut peroxidase uas purified according

-

.o

o

o
¢

to the method of Haldonado and yan.ﬁuystee (1980) with s]ight

modifications (Fig. 2).

of d1alysate”at pH 5.0 (Fig. 2) was loaded onto & carboxy methyl

The supernatant.obtained after centrifugation

cellulose (CMC) column for ion exchange chromatography.

,2s 3 1 on-exchangg chromatograghx ‘
Carboxy nethyl cellu]ose was-regenera ed/precycled according to the

manufacturer S instructions.

[

*

)

4
T

. -

-

A colunn, 2x15 cm, was packed with 50 to

.

14

\

-
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S _ . Spent Medium

Brought to 70% (v/v) acetone

Left overn1ght at 4°C

Centrifuged at_9,000 g for 30 min at 4°C
[ :- 1 . |
Supernatant . -Pellet .
(discarded) Resuspended in 1/20th volume of
0.05 M phosphate buffer e

(0.05 M) pH 7.0 for 2-3 heurs

14

Centrifuged at 13,000 g for 10 min.

| }
Supernatant . Pellet (discarded)
Brought to 80% (w/v) )
Ammonium sulphate

, -»
-

Centrifuged at 13,b00 g for 10 min,
a
i l
Supernatant Pellet
(discarded) Resuspended in 1/306‘valume of 0,05 M
' ' phosphate buffer pH 7.0

’

i "

Dialysed againﬁt 0.01 M
acetate buffer, pH 5.0

, - - Centriflged dulysate at 13,000~ .for _
? , 10 min. ~ N
1 ] ‘\
‘ ' < . ; I ’ o
» * Pellet = - Supernatant at pH 5.0

(discarded) (for CMC. chromatography)

Figd?é 2. Flow sheet of extraction and preiininany purification of
cationic_peroxidaag from peanut cells in culture.
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60 ml of regenerated CMC at a flow rate of 1.5 to 2 ml.min-1 at room

temperature. The column wds washed with 100-200 m] of 0.01 M acetate
buffer pH 5.0 at a flow rate of 1.ml. min-I. The sample (Fig. 2) was
briefly brought to room temperature and loaded onto the column. Anionic
'proteins were removed by washing the CMC with 150 ml of 0,01 M acetate
buffer, until the Azggnm of the effloent returned to the baseline. The
anionic proteins were stored at 4°C for the isolation of.the anionic
fraction of peroxidase as discussed in Chapter 7. A gradient of 0.0I.h
to 0.25 M acetate buffer pH 5.0 (250 ml each) was applied to elute the .
cationic fraction. Fractions were collected at 5 minute intervals., The
effluent of the column was monitored at Aégonm with an ISCO model UA-2
Ultra;iolet analyser linked to a“chart recorder. Subsequently the
Ag07nm and A2g0nm for 1nd1v1dual fra /QKE) collected from the area that
had shown A280nm On the chart was mT:sqreq with a Pye-UnJ;am‘ . .
speetrophotometer to calculate the Reinheitzahl (RZ) values. 'The
absorption'et 407 nm retlected‘the concehtration of heme moiety.
Fract1ons with~RZ value of Tgre than 1 5 and less than 3.0 were
pooled and precipitated with 80% (w/v) ammon1um sulphate for 1 hour.
'The pellet obtained after centrifugation at 13, 000 g er 10 minutes was
dissolved-in 0.01 M acetate buffer, pH 5.0 and dlalysed overnight,
against S‘lltrés 0.01 M ecetate buffgr, pH 5.0 to remove oﬁmohium w
:sqlphate;' The dialysate was centrifuged at 13,000 g for 10 minutes and
the pellet,~lf eny, was diseardéd.  The supernatant\ygs agaih*chromato:
graphed'over another CMC column. ‘The cationjc ifroxioase from thl§isec:

ond column was eluted with a gradient of 0.01 ‘to\ 0,08 M acetate buffer,

pH 5.0,’(250 ml each). The conditions of chromatogrephy and purlty

»

measurements in terms of RZ value of peroxidase were as described- above.

.

. : . L

b

v
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This procedure generally yielded peroxidase of high purity (RZ >
3). A carboxj methyl .sephadex (CMS) column was used later in this
study, since the flow rates were greater than that of CMC. The
i separation process was quick and purity was comparable to CMC, .but the
samples were five to ten times more dilute than obtained from CMC
column. It was suggested to use CMS as the first column and CMC from
Biorad may be used for purification in the second column,

4 . -

2.4 Assay of peroxidase enzyme activity -

2.4.1 o-aminoantipyrine as substrateJ_

The method was adapted from Worthington Enzyme Manual (1978). .An
appropriate dilution of peroxidase in 0.1 ml was incubated with 00025 M
phenbf-aminoantipyrine solution (1.4'ml) with 0.0017 M H02 (1.5 ml1) in_
a cuvette in a recoqd1ng spectrophotometer. fhe reference cuvette had

'phenol-aminoantipyrin; and HZO?/put no peroxidase. The change in
absorbance at 510 nm for firsf‘4 minutes was recorded. The specific

’beroxidase activity was calculated as below:

5 Agyonm min-1

E.U. mg-1 protein =
. 6.58 x mg enzyme, mi-1 reaction mixtute

2.4.2 ¢t Guaitacol as substrate

The method of Racusen and Foote (1965) was followed. An -
appropriate dilution of peroxidase in 0.1 ml -of 0.05 M phosphate buffer, ,

- pH 7.0 was allowed to react with 15 mM Guaiach and. Hy02, respectively,
’ . . » .t 5

";.‘.4
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in a total volume of 3 ml in a cuvette of a recording ) .
spectrophotometer., The change in absorbance at 460 nm against a

reference cuvette containing eééentia\ly the same reactants except the .
peroxidase, was recofded over;a period of 5 minutes. The change in
absorbance at 460 nm per minute was calculated from the linear portion
of the curve. One enzyme unit (E.U.) was defined as a change of one

absorbance unit at 460 nm per minute.

2.4.3 Eugenol as substrate

. The method of Srivasiava and van Huystee (1977a) was followed. Te
an appropriate dilution of peroxidase in 0.1 ml of 0. 05 M phosphate
buffer, pH 7 was added 1.6 mM eugenol and 15 mM Hzoz in, a‘;otal volume
of 3 mi. The chahge in absorbance aL, 425 nm,. in; a“tuvette contaijning

L .

eugenol and Hz02, was followed for 5 m1nutes in a recording

spectrophotometer. The change in absorbance at 425 nm per minute was

calculated as in section'2.4.2. One E.U. was defined as change in one

absorbance unit per minute at 425 nm, . ' -

- §

2.5 Assay of IAA-<oxidase activity

Indole-3-acetic acid:- was used as the.FUDstrate for the assay of
IAA-oxidase activity. After the enzyme reaction, the reﬁaining IAA‘was:_ ’
.determined by a colorimetric method of Gofdonjand Hebér (1951)., To -
three ml of citrate-phosphaté buffer (Sober 1968) at the appropriate
pH, was added the requisite dilution of peroxidase in 0.5 ml and allowed

incubate with the buffer for 5 minutes at room temperature. This

mixture yas reacted with 100 uM IAA (final\concentration) in 0.2 m] at

be 15 to 30 minutes. The reict[on was. stopped by adding 4
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ml of Salkowski reagent (Gordon and Weber, 1951). This was incubated in

the dark for 30 minutes. The absorbance of the pink colour fhat
developed due to residual IAA, was measured at 530 nm, The. amount of
IAA in the mixture was calculated from a standard curve,

Specific IAA-oxidase activity was calcdlated as the amount of [AA

oxidized, mg-1 protein, min-1,

2.6 Assay of prptein b

Protein assays were performed according to the method of Lowry et

al. (i951).

r2.7 S.D.S. Polyactx]imideAggj-electrophoresis (SDS-PAGE)

:5.7.1 Gel‘prgparation

Dissociating PAGE in the presence ofisodiuleauryl-sulfate (Sbs)

was performed, essentially according to the method of Laemmli (1970).

Slab gels (14 cm x 14 cm x 1.5 mn) were used. The ratio of acrylamide

to methylene bisacrylamide in total acrylamide was kept constant«at.37:1.-
by weight for the separation and étacking'ge1s. | |

An 8.75% separation gel_contdﬁn;d 0.375 M.Tris-HC1 buffer, pH 8.8;
0.1% w/v SDS, 10% w/v total acrylamide, 0.1% v/v TEMED and 0.1% w/v
ammon ium pe?%ulphatg. TEMED and'Aqmohium per sulphate were added prior

to pouring the solution into the mold for chemical polymertzation. The

.gel was overlayed with distilled water. .

" To preﬁire a 7.5 to 15% gradient gel which was used and found
satisfactory for peroxidase separation the appropriate acrylamide

concentrations were prepared as describéd in Table 2. Fifteen ml of
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Table 2. Gel mixtures for gradient gels (15-7.5% acrylamide).

Acrylamide concentration

Component :  Dense (15%) - Light (7.5%)
30.8% Acrylamide-bisacrylamide 7.5 W - 3,75 ml
- 1.875 M Tris-C! (pH 8.8) and 3.0 ml 3.0 ml
0.5% SOS -
60% Sucrose ‘ - 4.42 ml 1.25 ml
Water. . | - 6.92 ml
LTEMED 5.0 yl 8.0 ul
' Ammonium per sulphate 75.0 ul g 75.0 ul

-

TOTAL VOLUME 4 15 . ml 15 m
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each solution was placed in a gradient mixer with the dense solution in '

the mixing arm. To prevent polymerization in the gradient maker, it was
kept on ice. Sucrose was added to stabilize the gradient; The gradieht.
was pumped into the mold at a speed of 2 ml, min-l, After the gel was
poured, the gel mi;ture was overlayed with eisti]led water. IE was
allowed to polymerize for 40 to 45 minuteé at room temperaturé.

After polxperization, the water was removed by a.h}eoderhagrsyringe
attached to a}thin intravenous tubing. The stacking gel containing 5%
. total acrylamide, 0.1% w/v SDS 0.125 M Tris-HCl pH 6.8, 0. 1% J?v TEMED and
0.1% (w/v) ammonium persulphate was overlayed on the separating geit A comb
with ‘10 slots was then p051tioned in the stacking gel. Thi§ was allowed to

3

polymerize for 30 to 35 minutes.

2.7.2 Sample preparation

An aliquot containing the proteins was precipitated with 2 volumes
of mefhanol over ice for 1 hour. The pellet was obtained by- .
. centrifuging at 7, 000 g for 2 minutes. -The pellet was dissolved in
sample buffer (0,05 M Tris-Cl, pH 6.8; 1% u/v SDS, 1% v/v, B
mercaptoethanol; 10% v/v glycerol and 0.0025% w/v bromophenol blue) and -
heated on a boiling-water bath for 4 to 5 minutes.’ Accordiq?,to the
requirements of the experimentt 10 to iS ug pure protein preparations
" and 100-150 ug crude protein preparation in no.more than 50 ul per
channel were lgaded on to the gel. L. . .

The running buffer was 0,025 M Tris pH 8. 3 0. 192 M glycine& 0.1% (w/v)
SDS and 2 ‘WM EDTA. A current of 15 mA- per siab was applied for stacking



i et A - St SETRTE T e T T R

. .
'y . - . . L]

. _ 22
{30 minutes) and then switched to 24 mA per slab for 5 to 6 hours for )

~

electrophoresis, ° ’ : . -

-

2.7.3 Staining of gels ' .

. 2.5.3.1 Protein-stain o ,
Upon co;pletion of electrophoresis, thé slab gel was submerged in
25% isopropanol-10% acetic acid for 2 to 3 hours to fix the proteins and
remove the 5DS. The gels were stained for 2 hours with 0.1% Coomassie
~ brilliant blue-R in 40% méthaﬁo], and }0% acetic acid (v/v). The gel

was destained with‘ZO% methanol and 7.5% acetic acid (v/v).

-
I -

2.7.3.2 Hemoprotein stain

The ﬁgthod of Hoyer-Hansen (1980) using TMBZ as tﬁe staining
reagent, was followed. Immediately ther-ele;trophoresis was completed,
ge1s weFe immersed in a solution cémprising of 3 pafts 6.3 mM TMBZ in
methanol and 7 pérts 0.25 M acetate buffer pH 5.0. The gel in this.
solution wég allowed tO‘develop_iﬁ the dark at room temperature with~ -
gentle shakihg for 2 ﬁours. Hydrogen peroxfde was added td a_fgnal

\concentrétipn 6? ImM , A-b1ue colour was visible after 5 @inuies an&
1nt§nsity.6f the colbgr increased slightly up to an hour. The gels Qere
washed w;th a solution compfiéing of 3 parts:qf isopropanol and 7 parts
of 0.25 M acetave buffer pH 5.0 to remove the excess TMBZ. The washing
procedure was repeated oﬁce or twice, after wHich the gels were ff"

photographed. After marking the placé ?or ﬁeméproteip Sands the same
gels were statned for profeins with Coomassie blue as described above

" (section 2.5.3.1).
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2.8 Immunological techniques

2.8.1 Antiserum preparation

At Teast one New Zealand rabbit was subcutaneously injected in the
thigh with an emulsion of 50% v/v complete Freunds adJuvant containing
1.5 mg of purified cationic peroxidase (RZ < 3) in 0.05 M phdsphate
buffer, pﬁ 7.0.‘ The injection Qas repeated after two weeks to give a

booster dose., Two weeks a%ter the second injection, 30 to 40 ml of

~ blood was collected by bleeding from the vein on the external side of

the.ear. The blood was allowed to clot for 2 hours at room temperature.

.

and then overnight at 4°C. Next day the serum was separated from the

-»clottéd red blood cells by centrifugation at 15,000 g for 15 minutes.

. ‘ et . : ]
The supernatant was the serum, which contained the antibodies. It was

stored in small aliquots (2.5-3 W) at -70°C.

2. 8 2 Ouchter]oqxfimmunodiffuslon assay

Twenty ml of 1.5% w/v of special Agar-Noble (Difco) was prepared in,
veronal buffer (0.05 M sod1um barbiturate buffer, pH 8.2) by heating to
90°C., The aga#~solution at 60°C, was poured over a glass plate (8 x 9 |
cm). Hhen the gel had formeq; wells were cut and the samplgs as well as
experimept. The gels on glass plate along with ;he'samples in the wells
were kept in a humidified petri dish (9 cm digmeter){ '}hé aniiserum and
antigens yeré allowed to diffuse and peact overnight.. i

-

2.8.3 One'dimensional fmmunoelectr&phoresis-

For 1mﬁunoelectrophoresis,'fhe samples were placed in the yells in

the center of the plate and electrophoregéd in 60 mA per gel for four

-~
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hours at room temperature., Gels were connected to the veronal buffer in

’ 4
‘the reservoir by means of paper wicks. Each wick consisted of six

'thickness,of Whatman number 1, filter paper. At the end of the

electrophoresis troughs in the agar were cut out, paraliel to the
antigen higration (Fig. 3) and filled with the antiserum or antigen as
needed for the experiment. The antigen and antiserum were allowed to.

diffuse for overnight (14 to 16 hours).

2.8.4 MWashing and drying the ggis
After immunodiffusion, the gels were extensively washed with

repeated changes of 0,015 M sodium chloride for 3 to 4 days to remove

-

all proteih§, not forming the_immunoprecipitin reaction arc. After

washing the gels wefe wrapped in a Whatman number 1 filter paper and

-

dried at rgeﬁfgemperasure. After drying the gel was stained.

»

2.8.5 Staining the gel

2.8.5.1 Protein . \_

Protein staining was performed as described for SDS-PAGE- in section

.2.7.3.1. However, the time for staining was only 10 to 15 minutes. The

destaining procedure was exactly as described before.

2.8.5.2. Peroxidase stain

Schrauwen's (1966) method was used for the staining of peroxidase

“on dried gels. The staining solution comprised of 20 ml of 0.5 M
, acetate buffer, PH 5, 30 ml' distilled water, 2.5 m] of 0.005 M manganese

sulphate, 2.5 ml of 0.3% Hp07 -and 6.25 ml of benzidiﬂéAguiiacol (0.4%
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.Figure 3. Schematic representation of the gel for one dimensional )
immunde]ectrophoresis. Sample to be electrophoresed was
placedain the well, Aftéé the electrophoretic migration had
taken place, the antiserum or IgG‘were plaéed in the trough
and the process of immunodiffusion was allowed to occur

overnight,

~
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benzidine and 0.25% guaiacdl .prepared together in 10% acetic acid).

After 5 to 10 minutes of staining, the peroxidase precipitin arcs =~ - 3%.-
appeared“brown. The gels‘weré deétained f0-7.5% acetic acid-to remove

excess stain. . L. -

- . . . s

After staining the gels on_p]atesﬂﬁould be dried.and stored at room
temperature, |
g

Lb .
- - . »

2.9 Ratio 6fgpgroxidase‘versus_protejn synthesis

i3

The cells in-suspensioﬁ culture were usually incubated with 1 M Bq
of 355 methionine for 2 hours to allow synthesis of Tabelled peroxidase

and proteins. -In the case of leaves;-the petioles of three or four

compound leaves were dipped in 2 to.3 ml of Linsmaier an& Skoog (.1965)

" medium containing 2.25 M Bq of 355 methiohine.for 12 to 14 hours. After
incubapion the cells were filtered under‘vaéuum and washed with _

- distilled water to remove any adsorbed peroxidase. Hdwever, before
washing the cells, the medium was removed in order to carry out

radioimmunoassays on the amount of peroxidase released.

2.9.1 Extraction of proteins and peroxidase

The tissue, cells or callus were extracted in 0;05 Mﬁphosphate s
buffer, pH 7.0, containing 0.005 M sodium metabisulphite (ratio of T e
tissue to buffer 1:3; weight/volume) and homogenized in a pfeéh111éd ‘
pestie and mortar with sand. The homogenate Was centrifuged at 12,000 g
for 10 minutes at 4°C. The superdatantvwas saved as the low ionfc
extract. The pellet was re-extractéd'witq_fﬁé same buffer and the

second supernatant was pooled uifh/the low ionic extract, The pellet
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remaining from low ionic extraction was then extracted with the-§ame

buffer, supplemented with 0.8 M potassium chloride.” The pellet after
dispersal in the high salt buffer was kept on ice a 4°C for 34
minutes. The slurry was centrifuged at 12,000 g for 10 minutes at 4°C.

This supernatant served as the high ienic extract.

2.9.2 Estimation of protein synthesis

The filter paper disc method of Mans and Novelli (1961) was

followed and essentially consisted of the following steps. An'aliquot

of 25 to 100 1 of extract was loaded on a'Schieicher and Schuell filter

paper disc (dia. 12.7 mm). . After evaporating excess liquid’under warm
air the filter papers with extracts, were immersed in an ice coid
solution of 10% TCA and 0.1 M of the amino acid used for labelling (ca
3 m] solution, disc-1), AlV {Pe discs were put in one beaker and left
in the TCA solution for’izué h'ur an ice. Next, the TCA so—lution was ‘
replaced by 5% TCA for 15 minutes. After draining this TQA, the discs
QZFg incubated in 5% TCA at 90°C for 30 minutea// The‘discgiwere again _
washed with 5% TCA. These TCA washed discs‘were suspended in
ether-ethanol mixtyre (vo]ume/volume) and incubated at 37°C for 30
minutes, Finally the discs were resuspended in ethyl ether for 15
minute§ at room temperature. Frequently another wash with ethy] ether’
was given and the discs were dried under low heat. The dried discs were
transferred to a scintiliation via] and 5 ml of aquasol was added and

. ]
the radioactivity of the sample measured.™ -

-
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. 2.9.3 Estimetion of peroxidase synthesis . '

An aliquot of 0.5 ml of radioactive cell or tissue extract or

¢

medium was added to 200 ul of'antiserum, prepared as in section 2.8.1.
To this mixture was added 50 ul of Q.01 M phosphate buffer (pH 7.5)
containing 0 15 M sod1um chlor)de 10% Tr1ton X-IOO and 10% deoxycholic
acid (DOC) and 30 ul (0.15 .49 protein) of pure cationic peroxidase and
imcubated for 2 hqurs:at‘room temperature and 12 to 14 hours (overnight)
at 6 to'10°C. The iumunoprec1p1tate so obtained was raised on a cushlon
of 400 u\ of 1 M sucrose containing 1% Triton X 100" and i% DOC
introduced by a hypodermal syringe. This was centrifuged at 7,000 g for
7*mﬂnutes and the supernatant was d1$carded The pellet was washed ,
twice by suspending in.a solution of 0.85% sodium ciitoride, 1% Triton
.XTIOO 9nd,1% Bﬁc and centrifuging.at 7,000 g for 3 minutes. The washed
peliet was solubilized in 5 ml aquasol in ; scintillatioh uiél and the
radioactivitj was heesured._ | s .
*The amount of peroxidase synthesis u;s_expressed_as cpms in
- immunoprecipitate, mg-1 protein, or f moles of 35s methionine
.incorporated in peroxidase, mg'1>proteinf |

-

Ratio of.peroxidase to total protein synthesis is:

cpm in immunoprecipitate

cpm in TCA-precipitate . .

rd

beroxidase in the experimental part of this thesis refers to cationic

fraction of peroxidase, unless mentioned otherwise. o
o

o




CHAPTER 3
° R THE SYSTEM OF INVESTIGATION

‘3.1 Introduction -

< A peanut cell suspensio; culture was used as a bio]ogical system
for gggidies on peroxidase &esc.r:ibed in this research. All cell culture
studies assume, that the Basic conditions in culture are essentially
similar to that of cells in'intact-piynt. How;ve;, doubts stilf persist
as' to the generation ?f mutations {n gene prodhcts during prolonged
culture period (Mein; Jr.,'1983£\CHaTeff, 1983; Chaleff and Ray,.1984).
Intraspecies (Shannon et al., }966}'Stgphpﬁ and van Huystee, 1981) as
well as inté;species; (Nelindé} and,Mazz;;~1975}iLobgrzowski and van. .'///
Huy§tee, 1982; van Huystee and Maldoni&o, 1982) variat%bpf pave been
observed in relation to peroxidase ktructu;e. Therefore, in this
‘chapter, the similarities of peanut cells in suspension culture to t
Tnfiéf peanut plant shall be stressed, specificaliy as to the facéts

(peroxidase Qecret16n and the immunological relatedness of pefoxidase

from plants and ‘that of their cultured cells) intended to'be studied.

In addition: the advantages offered by the peanut cells in suspension

cultures for studies on peroxidase will be discussed. -

3.2 Materials-.and methods

'3.2.1° Vacuum infiltration for extraction of intercellular peroxidase

The technique of Rathmell and’Sequeira (1974) with slight




\modifications was used The leaves of 2 to 3 months o]d peanut

(Virg1n1a 56R) plants were vacuum 1nfiltrated with 0, 05 M phosphate

' buffer (pH 7.0) three times for 5 m\nutes. The intercellular liquid was -
recovered after centrifugation of the whole leaf at 7,000 g for 20 -
minutes. Approximately 1 ml of intercellular fluid was recovered from

- 20 § fresh weight of leaves.

a

3.2.2 Ratie of peroxidase to total protein synthesis

The petioles of six compound leaves\(with 3 leaflets) were dipped
* in 2.26 M Bq of 395 methionine in 2 to 3 ml of Linsmaier and Skoog
(1965) medium overnight as described in section 2.9.1. Ten ml of
_enriched cell culture (4 days old ca= 2 g fresh weight of cells) was
incugetea with 0.75 M Bq 35§ methionine for 2 hoﬁ&s. Total proteins -
including peroxﬁdase.were extracted from the leaves dhq-cells as
‘described in section 2.9.1,

| Total proteins were precipififed,with 10% TCA and peroxidase by -
itmmunoprecipitation as described in sections 2.9.2 and 2.9.3, '
respectively. v

‘ A sjnﬁlar approach was used for ca]culatton of the‘ratig of
peroxidase to proteins 16 the medium after 1;cubating'the‘ce1ls with
Tabelled amino acids for 2 hours. Alllthe'experiments Qere

representative of at least 3 experiments with similar trends.

The SDS-PAGE was cirried -out as describe& in section 2.7, |

L4 ..

3.3 Results and Discussion

Table 3-showed that peroxidase activity could be detected in all

peanut plant parts in addition.to the cultured cells and callus.
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Table 3. Specific peroxidase activity in the extracts of peanut plant

o

organs, cultured calli, cells and medium that supported the

growth of cells.in culture.

Plant Part . Per ml Extract Specific

(Constituent)* . Activity
Protein Peroxidase Activity
(n9) (E.U, )
Root © . 600 - 146" 23
Stem ' .. 348 8.0 23
Leaf 392 2.3 .6

Leaf Interceliular
séaces*; 165 8.0 48
Callus A v 364 - 132.0 362

Cells (cultured)

14 days old 356 28.0 78 f
Medium** - ' 50 - 45.0 900
* For extraction of peroxidase from roots stem, leaves calli and

cells, app. 1 g was used.
Prior to extraction cells wére rinsed repeatedly with water to
reimove any adsorbed peroxidase.

** . Intercellular fluid (1 mi) was obtained from> app. 20 g of “fresh
weight of leaves. The conditioned medium and 1ntercellular fluid
were used as such for assays. N

*** . One enzyme unit (E.U.) of jperoxidase is the change in one
absorbance unit at 470 nm per miﬂute.



However, the S.A. of peroxidase varied from part to part, leaves

exhibiting the lowest value, Conversely it was sﬁown that the S.A. in

the intercellular spaces fn the leaves was high, compared to that from

whole leaves, thus indicating a rather selective release of peroxidase

by the cells in the plant. The S.A. of the callus was highér than that

of the'cél1s in suspension culture. This may largely be due to a .
difoSiqn gr;dient which builds up in the cailus grown stationary for at
least one month versus the cells whiéh were al]oweg/ 0 be continuously

agitated and bathed in fresh medium every fortnight (Kessatz and van'

Huystee, 1976). However, the greatest S.A. was obse(ved in"the ////

e

A

suspension medium of cultured cellé.- The-important-co usion to be
drawn from‘this wasthat peroxidase was secreted by'cells in culture as
well as in intact peanut plant. This secretion of'perox%dase-was not .
unique to peanut plants or cells in culture. Secretion of peroxidase_by
‘cells in the plant has been reported‘for tobacco (Rathmel] and Sequeira,
1974; Bredemeijer and Blaas, 1983) and petunia (Berb ahd van Huystee,
1984). Regarding cultured cells, thefe are also various reports on
peroxidase secretfon sbch’a§ for Spinach‘(Fry, 1979), beet rooé.(GaSpar .
_g.il., 1983) and carrots (Chibbar et al., 1984). In the secretory
process peroxidase accumulated in the medium of cultured peanut cells.

ihe increase in the*magnitude of secretion in the suspension cultured

cells might be due to the enhanced extracellular space in the ‘medium.

3.3.1. TheApercentage of cationic peroxidase to total proteins in the

culture medium

. . - e .
In Table 4, it was shown that the cationic peroxidase could

)
- ’

constitute dﬂ'tq one sixth of the total proteins in the culture medium.



Table 4, Comparison of peroxidase to total'proteins in the meidum of

peanut cells in suspension culture.

-~

34

Serial Labelled Volume 103 cpm for Percentage of
No. amino - - of 2 — peroxidase to
acid Medium Total Proteins Peroxidase Total Proteins
1 35g )
methionine 8.0 ml 235 | 39.4 16
(1 M Bq)
2 14¢
leucine 6.0 m} 29.8 4,6 15
(0.2 M Bq)

¢

Ten ml of enriched c%ll suspension culturce (4 day o)Jd ca 2 gm fresh

weight of cells) uer% incubated with the labelled amino acids for 2 hours

" Four aliquots (2 ml. for total proteins.and 0.5 ml for peroxidase) were

precipitated for total proteins with 10% TCA and peroxidase by
| - ~

in light. The mediui was separated from.the cells by filtrationﬂ

-

i 1mmunbprec1p1tationf (A representative of three experiments with

-
v

‘ -
Percentage of perpifdase in medium =

identical trends.) ;

+
1
i
|
I

,

cpm in immunoprecipitate

cpm in TCAprecipitate

x 100
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In petunia, based\on peroxidase enzyme activity; it has been reported -

" that ‘total peroxidase forms 15 percent of total proteins in the

intercellular spaces of stem (Berg and van Hyystee, ‘1984), The
secretion of peroxidase by peanut cells ‘is rather sefective: and an
energy dependent process‘(van Huystee and Lobarzewski, 1982) The

medium of cu]tured peanut cells contained few prdteins as seen from

" SDS-PAGE (Fig. 4). This was\i§¥good agreement w1th earlier studies

(Stephan and van Huystee 1980 In addition the cationic-peroxidase

purified'from the spent medium was 'a relatively homogenous protein, as -

“only a Single protein band could be seen on SDS-PAGE (Fig. 2). No-

additionai bands were visible with 35 ug proteins in each channel.

- =~ "\ ° e

3.3,2 Hemoiogy of cationic peroxidase from cultured cells to that

‘from peanut plant

The next investigation was whether the cationic peroxidase secreted

into the medium by peanut cells in culture was nelated to peroxidase in

the. peanut plant, Immunodiffusion assays using spec1fic antibodies have
been used (Kahlem, 1976 Raff and. Clarke, 1981; Conroy et al., 1982) and
still--are (Okabe gg_gl.\1984) in use for studying relatedness between

proteins from diverse sources. In a similar approach, antibodies raised

- against the purified cationic peroxidase (van Huystee and Maldonado,

1982) were used in Ouchterlony immunodiffusion assays for extracts of

plants, cultured cells and ca™i. Further comments on the specificity

~ of the antibodies for cationic peroxidase will be made in great detadl

in Chapter 4ﬂ The extracts from peanut plants, intercellular fluid and

. calli when challenged with the specific'antibodies formed precipitin

a

%& ’ R
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. Figure 4. ° SOS-PAGE on a 7.5-15% gradient gel of 35 (channel a) and 25 ug

.-

. . , .
(channei b) of cationic peroxidase; 150 {channel c¢) and 75 ug

(channel d) medium proteins. Channel_e is molecular weight . .

-

markers phosphorylase b (94kD); bovine- serum albumin (67kD),
ovalbumin (43kD); carbonic anhydrase-(30kD), soybean trypsin
inhibitor- (ZOKD) and o - lactalhumin (16. 4kD)

~

-
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arc, with.all (Fig. 5), excépt extracts from roots. Roots had_exhibited
a high S.A. oj‘peroxidqsé (Table 3). The fused precipitin afts in Fig. -
5, indicate the homology of fhe cationic peroxidase from the cells in
suspension culture to the péroxidase occurring in the intercellular
fluid of leaves, callus lysate, stems and leaves. Only in the case of .
callus lysate did a sbur occur suggesting incompleté homology (Crowle, .
1975) to the peroxidase in cell suspeﬁsion cultures. These results
should allay the ‘fears induced by reports on mutations of genes fof
prbtgﬁn structure regarding pefoxidase that do arise in cultured calli
and cells (McCoy and Bingham, 1537; Chaleff, 1981, 1983; Raff and
Clarke, 1981): This also suggested that observations with peroxidase
from cultured cells and the antibodies raised against it may be used for
studies on the role of peroxidase in plant development (van Huystee‘qu:
Cairns, 1982). However, the sigﬁificance‘of the minor additional
precipitin arc formed with the leaf extract (p, fig.45) was not

understood,

3.3.3 Proportion of peroxidase io iotalAprotein §1nthe§}s in peanut
leaf ' _ .

Table 5 showed that the radidbctixity incorporated in the | ““‘ﬁl
immunoprecipitate of peroxidase was only 0, 2% of that incorporated 1n
the total proteins, in-peanut legves. Hhereag. in peanut cells in . ~
suspension culture, it was 2% of that incorporated in fotal_propeins
(Table 5). Hence, it inferred tﬁat the cells in suspension culture were
synthesizing.approximately ten-fold more peroxtdase than 'the plant. In

comparison to carrot cells in culture, which are-used-extensively for in




Figure 5. - Ouchterlony

plant parts
peroxidase,

against the

cationic peroxidase.

&y

immunodiffusion of extracts of 4 month old peanut

-~

with antibodies raised against the cationic peanut -

[} J
.The center well contains the antiserum raised

The peripheral wells contain -

extracts from {a) roots 25 ug; (b) leaves 50 ,g; (c) stem 50

~ ug; (d) intercellular fluid 5 ug; and (e) callus cultured in

vitro - 35 1 g, protein, respectively, in eachqweli.

The gels were stained for protein with Coomassie blue and

washed with 7% acetic acid.

<
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Table 5. The synthesis_of peroxidase and proteins in peanut leave$ and cells

in suspension culture.

f
'

-

/

*Percentage of

293 x 103

Serial. System Total Proteins Peroxidase
- No. (TCA insoluble) (Immuno- peroxidase
precipitate) to total
- cpm cpm proteins
‘1 Peanut cells 3.5 x"106 81.4 x 103 2.3
in suspension
"~ culture
2 Peanut leaf 7 x 102 0.2

* Percentage of peroxidase to tota] protein synthesis =

cpm  in 1mun0pfecipitate

cpm in TCA percipitate

x 100
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vitro studies (Steward 1983), the peroxidase synthesis as comparedtto
. | total protein synthests 1s only 0.3 to 0. 7% depending on the cell line -
(Chibbar et al., 1984), The peroxidase activi;y in the medium of
cultured carrot cells is elso 10 to 20 times lower than.io the medium of
peanut cells (Chibbar et al., 1984). )
In conclusion, peaqut cells in suspension culture were si@dlar to

peanut plant as far as the secretion of perox1dase into the -
extrace]lular spaces and peroxidase structure (iumuno-de:.’ﬁ1nants) were
iooncerned. However, the ten-fold higher synthesis of peroxidase in

peanut cells in suspension culture over that in peanut leaves. and its

selective release into the medium (van Huystee and Turcon,‘1973) made it

‘. an ideal system for exploring the less studied aspects of peroxidase

-3

btosynthesis and regulation.
S
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) - CHAPTER 4 1,
IMMUNOAFFINITY STOPIES ON PEROXIDASE

. . ) v y
4,1 Introduction

This chapter deals further with the characterization of the system

of,iniesgigation particulgrly-in terms of the antibodies specificity

.against the cafionic peroxidase. By u51ng the technique of
1mmunoaff1nitx, m0qospec1fit IgGs had been isolated from the

anti eroxiddse serum. In addition, the potential use of these IgGs in,

AN

one sYep immunoaffinjty purificapion of peroxidase had been explored.

Howevar, the ultimate aim of these monospecific IgGs is to emplpy them

“in the isolation of mRNA for peroxidase (Boyer et al., 1983; Colbert et

al., TbBS)in future studies. Monospecific‘IgGs isolated by

' immunoaffinity chromatography,are still considered a reasonable

© 4,2°1 materials

alternative to monoclonal antibody generation (Gershoni and Palade,
1983).' In addition the monospecifictlgﬁs egainst peroxidase were used
to show that a ratio of 1:8 (w/w) of peroxidase to 1gGs was needed to

cohpleteix"immunoprecipigpte peroxidase. ' -

4.2 Materiai and Methods

A

The cationi; peroxidase (RZ > 3) from the spent nedium was Isolated

_and antibodies against it were raised in rabbits as described in section

L4

2.3 and 2 8.1; respectively. Staphgﬂococcus aureus bearing protein A

(Innuooprecipi%in) was obtained from Bethesda Research Lanratories.

oo q . - . . .
s .
: 43 ‘ CoL
* . . . a '
. hl
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U.S.A. It was also prepéred in our laboratory using S. aureus strain

Cowan 1 (ATCC 12598 and NCTC 8930) obtained from Dr. E. L. Medzon of the
Department of Microbiology and Immunology, University of Western
Ontario. The method of culture and isolation was essentially that is

outlined by Kessler (1981),

4.2.2 Purification of monospecific 1gGs

The procedure was basically that described by Hunt and Pratt (1979)

¢ for the purification of phytochrome, with minor modifications. One gram

of'thefactivated sepharose pgads (QNBr - sephérose 4B, obtained from
Pharmacia Chemicals) was washed extensively with 200 ml of 1 mM HCl.
The washed sepharose was gently'mixed with 2.5 mi of the cationic
peroxigase fract}on (7-8 mg protein and RZ > 3.0) in 0.1 M N;HC03 and
left for 14 hours at 4°C. ‘«The coupling of the peroxidase to sepharose
was considerably enhanced'wheh the cationic-peréxidase fraction ~

(Maldonado and van Huystee, }980) was precipitated with 70% acetone and

then resolubilized in 0.1 M NaHCO3 prior to binding. After. 14 hours the

‘beads were pelleted by centrifug%ng at 1000xg for 2 minutes and the

colourless supernatant was decanted. The charged Seads were incubated

overnight with'O 1M monoethanolamine "(pH 9.0, 4 ml/ml1 sepharose) at

s

4°C. The ‘sepharose 1mmobilized peroxidase was packed in a column (12 X -

L 4
75 mm) and-washed extensively with 25 mM MOPS-Tris (pH 7.8) containtpg 5
.MM EDTA (MTE buffer) Next, 3 M MgCl2 (volume/volume sepharose) brought

to pH 7 5 with Tris was percolated through the gel, 1mned1ately followed

by about 30 to 40 ml of MTE buffer to remove adsorbed material on the

gel. Sepharose immobilized peroxidase fraction was‘stored at 4°C in

MTE,: containing 0.02% (w/v) sodium a2ide’

. o

ol' /‘ L ' ’.' " ’
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Five ml of wﬁole serum containing antiperoxiQase 1gGs was mixed
with one.gram sepharose immobilized cationic peroxidase and left
overnlght at 4°C. Most of the unbound constitutents of serum in
solution were removed as the supernatant from the sepharose immobilized
peroxidase by centrifugation at 1000xg for 2 minutes. The ;epharose
immobilized peroxidase and Vinked [gGs and some components of the serum
remaining were packed into a column as above. Extensive wasﬁing with 10
mM MOPS-Tris (pH 7.8) followed until the Apgg nm returned to the base
line, Then the coiuyﬁ was washed with 20 to 30 mT MTE buffer, Next the
IgGs were eluted at pH 7.5 with 3 M MgClé (vo]/yo1 sepharose) foi1oweq
immediately by 20 to 30 ml MTE buffer. Fractions with Azgp nm > 0.02
were pooled and extensively dialysed against 4 liters of 0.25 mM MTE
buffer at 4°C to 'remove MgCl;. These IgGs were then concentrated by
precipitation with 50% ammonium sulphate. The pgllet was dissolved in
'0;2 M NaHCO3, if it was to be used for immunoaffinity purification of
péroxidase. br otherwise 1n'0.0§ ﬁ sodium phosphate bqffgr (pH 7.0)-and
' dialysed against several volumes of phosphate buffer ;o remove residual
ammonium sulphate. IgGs in small ‘aliquots were stored at -70°C. The

1%
= 96 concentratlon was determined using Epgg nm = 13.8 (Sober 1968).

Ly
- 4.2.3 Non- specific 1g6s S, I

"1 4.:-

* Non- specific IgGs were obtained frdm"ﬁhe aff¥hfty chronitography?of

A "

. l-l

non-immune serum over protein-A agarose (obtaineq from StgmaACheniqélf '
@,

Co., St. Lelis, Mo.), essentially accordinq 'to the techntqug af: Hje4l et
(1972) _One hundred mg-of protein-A aganose ‘was thoroughly ugshed

. » with at least 50 m1 of 0.1 M KHoPO4 (pH 7. 0) over a sc?ntered g1ass

rd

)

e
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funnel. After wash1ng, the agarose was packed into an Econo column (10

X &5 cm; Biorad). The efﬂuent from the column was-passed through a
peristaltic pump to an ISCO U¥ monitor, set at 280 nm. One ml of
non-immune serum was passed over the protein-A-agarose column and

non-1gG proteins were washed with phosphate buffer) till the Apgg nm of "

the eluant returned to the base line, The IgGs werd eluted with 0.1 M
glycine-HCI (pH 3.0) buffer. The IgGs were precipitpted with 50%
ammonium sulbhate and treated the same way as monos eq{fic IgGs in |
Section 4.2.2.

The purity of proteins from both columns was checked on SDS-PAGE as
described in §ection 2.7. Their 1dent1f1cat1on as 1qGs and specificity
was estab\1shed by immunoe]ectrophoresis as described in section 2,8.3.

Peroxidase activity was measured in the presence of 0.2% guaiacol’ as

described in section 2.4.2.

4.2.4 Immunoaffinity purification opreroxidase

The purified anti-cationic peroxidase fractlon IgGs were
immobilized on activated sepharose as describe above 1n Section 4.2.4
and stored at 4°C. The protein.;reparation (medium or cellular
proteins) resuspended in 0.1 M NaHCO3 was shaken gently with the .
sepharose immobilized monospecific Iggs for 30 min, The beads were
pe]leted'by centfifugation'at.IOOOxg and the supernatant was decanted:
The beade were packed into a (12 x 7§ mm) column as:described,ebove and
_washed with glass distilled witer,-until the Aggg N returned te'the

base 1ine (Fig. 9). Note that washing the Sepharose immobilized Iges -

and attached peroxidase protein with HTE buffer as for purification
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of IgGs and in other cases (Hunt and Pratt, 1979; Silvestrini et al.,

1983), prematurely detached the pe}oxidisé fraction _from the IgGs.
Hence, double distilled water was used to Qe‘ ve the adsor
on the gel The cationic fraction of peroxidase was eluted
MgC]g (pH 7.5) as above. This elution wa5~immediat31y fol owed by a -
further wash with double disiilleg water, until the Azgg.nm re urned to
the base line. The MgClZ'was removed by extensiv: gainst
water before the ourified peroxidése was employed,

>

4.3 Results_and Discussion

4,3.1 Specificity of IgGs

The only protéins that were eluted from the sepharose immobilized
cationicxperoxidase fraction cotumn by 3 M MgCl2 or frop the.protein-A
agarose column are IgGs as seen by an identical pair of protein bands
foilowing the SDS-PAGE (Figs 6). iny two bands conresponding to the 50
kD (neavy chain) and 23 kD (light chain) could be seen as the proteins
eluted’ from both columns (Fig. 6, channels b and c’ which were similar
to the ones reported. by Hunt and Pratt (1979) for antiphytochrome IgGs.
The results in Fig., 7, confirmed that both the proteins were IgGs,
because they react with antirabbit IgG goat serum (trough I, weils a and
b;‘c.f: Fig. 3). However,vthe non-speciiic IgGs in trough"a‘ did not
react with the cationic peroxidaoe in wells ‘c’, as those of the
monospecific 1gGs do in the adjoining treugh 'b'. This showed that the
Ioss from non-immune sérum eluted:frop protein-A-agarose column were
non-specific (channel b in Fig. 6 and well a in Fig. 7) and those from -
sepharosé-imuobilized-peroxidase were specific (channel ¢ in,Fig; 6 and

-

well b in Fig. 7). .

4



Figure 6.
o<

L
-

Compariébn of molecular weight of the non-specific ﬁchannel b) ‘\'
and monospecific antipe}oxidasé 1gG (channel c). A 20 ,g |
protein aliquot was employed and were electrophﬁre;e@:qﬁ-7.5 to

15% SDS-PAGE and Susbsequently‘staihé& with Coomassié.blue. .
Channel a repreéents the markérs, phosphory}ase b (94 -
kD); bovine sérum albumin (67 kD); bva]bumin’(43 kﬂ}; caﬁg;njc
anhydrase (30 kD); séybea; frypsin inhibitor (20 kD) and
lactalbumin (16.4 kD). |
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Figure 7. Comparisons'betwéen:peroxidaée'specific- and-nop-sbec{fié |
. O rahbit I,gg-a;\d their relation to antirabbit IgG. goat serum.
Non-specific (well a) and monospecific peroxid.as'e (we_n.fg) 196G
(10 ug each).v_tere i:.'h'g]-lenged‘ following electrophoresjs-;wigh , |
100 ul of antirabbit >Ig'G goat serum (trough’l)'. And 10 1;9
-cationic peanut pe'roxi-dasé ('wel] c) was challenged by either 50

-- ug non-specific (troﬁgh a).or peroxidase specifi¢ (trough.b)
- ’ :

H . a

IgGs.
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4.3.2 Quantitptive immunoprecipitation of antdgens s

The specificity of the 1g6s purified agaiﬁsﬁ the cationic
» e perox%dase fracfion was further examined through their capacity to
. peilet the soluble cationic peroxi&ase as antigeﬁ, in the case.shown
here as,peroxidase activity remaining in the supernatant. The results
'.presenfed in Fig. 8, showed that when a fixed amount (25 ng) of pure
cationic fraction of peroxidase wﬁs titrated against varying
S | concentrations of IgGs the peonidase activity in the resulting
| supernatant decreased with increasing céncgntration of IgGs. Ap‘a'ratio
. of 1§G to cationic peroxidase fraction equal to 6:1 (w/w), the

peroxidase fraction was totalfy.precipitathd.' Hence no peroxidase

e

activity could be detected in the supernatant (Fig. 8). Heat killed and

formalin fixed Staphylococcus aureus was used for pelleting the

_IgG-peroxidasé complex. Protein A from S. aureus has been shown to

. ’ * - . .
react nonspecifically with some plant glycqproteins"by peTletﬁng them -
along with the-antigen-antibody complex (Mau and Cl&rke, 1983). Since
peroxidase is also a glycoprotein, controls without IgGs for peroxidase
were mixed with killed S. aureus cells. No decrease in peroxidase
activity could be measured (Fig.-s); thus discounting the possibjlity of
non-specific precipitation. |

In conclusion, although a ratio of 6:1 was observed as a minimal

concentration for the complete lge-ﬁg.reaction. tn practice a slight]y

=]

higher concentration of 8:1 of IgG to Ag was normaliy used. -




K™

Figure 8. Quantitative immunoprecipitation of the peroxidase by purified

Specific IgG.

7

Twenty-five ug of cationic peroxidase (RZ = 3.2) in 25 ul

of 0.05 M sodium phosphate buffer (pH 7.0) was titrated against

~

varying concentrations of ,purified Ig6 in 250 pl (e—o»).

After allowing incubation for 4 hr, at room temperature and 2

»

hr. at 4°C, 50 ﬁl of Staphylococcus aureus was added to pellet

-“ the IgG and 1gG-Ag complex., The pellet was._separated by
éentrifqgation at 15,000xg for 5 min, aéd peroxidase activity
was measured in the supernatanf. '

Buffer'instead of 1gG added (m—=) and the same treatment
as above. '(A representative of 3 experiments with identical

trends.)

A
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¢ .4.3.3 Immunoaffinity purification of peroxidase

Immunoaffinity techniques, using the agarose‘immobi1ized IgGs have .
been so far reported for pur1f1cat1on of only a few plant: proteins such i
as ‘legumin (Casey, 1979) phytochrome (Hunt and Pratt, 1979) and
r1bu]ose 1 5 biphosphate carboxylase (Gray and Wildman, 1976). A method
ﬁor peroxidase purification, using IgGs separated from serum proteins by
CM affwgel blue was reported (Lobarzewskl and van Huystee, 1982) In
_ the present report we had used the meno-spec1f1c IgGs purified as
descrlbed above, for the lmmunoaff1nrty pur1f1cation of, perox1dase.5

The protein pr fi]e of the unfractionated medium (F1g. 98) obtained

- from the 1mmunoafffn ty column .$howed that the first peak conta1n1ng a

large amount,pf unabsorbed protepns was eluted with water., The second ' -
peak eluted thh 3, M MgClp conta?ned the peroxidase Yraction as |
; determ;ned by the absorptlon at’407 nm and RZ value (Table 6 and’ its
_ mob1laty on SDS-PAGE (F1gg 10 channelra) A similar e;ut1on proflle

s e " was also obtained follohdng ohromatogrﬁphy uith pEanut cell extract ﬁ" ‘ "
{Fig. 9C) but the peakdeluted wlth MgClz qonta1n1ng the peroxidase f'.,:z’%
fraction was small nebat1ve to the,unabsorbed flou through peak. Vhe " !
reason for thls ‘was ohvuous s{nce tﬂe peroxidase condentration-in 'f R
ce]lular extrae&s is Yol (2 p&re&nt of‘ihe tota} proteins) (Stephan and \_
vai Huystee 1981), as. coﬁpa’red."tb ;}6 petfcent in the medium &Chmbar qu ‘ \
van Huystee, 1983b) ﬁue to the 1ow conpentration o? peroxfuase in cell -
extract the protein could not readily be visua]ized&on SQS-PRSE (Stephan .t.,"
and van Huystee, 1980).,- Hhen the purified catioinBperoxidase was \\ . L
passed through this column, no proteins could be detected 1n the areaJ

where prev1ously the first_protein.peak had occurred (Fig. 9A) A l\?ge

we
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Figure 9. * Immunoaffinity of the peroxidase fraction (A); from the

t

unfractionated medium "proteins (B) and from a cultured cell
F3 . .

~

extract (C). ' e., - g
Purified peroxidase specific IgGs (7.5 mg) were é:Qalently

linked to 0.5 gaCNBreactiyated’sepharosé as descrjbed. (9A) An °°

a]iquot’of 1.§ mg of purifjed cationic peroxidase was mixgd

with the immobilized IgGs. Arrdw represents the point of

adding 3 M MgClz and the peak is the cationié peroxidase

fraction.- (96).A 10 mg aliquot of qnfractioﬁated medium
 proteins was ﬁiied with thelimmobilizea“lgss as above. (9C) A

20 mg protein a]iquot.froﬁ peanut cell extract® Note the

proportion of the first flow through peak to that of the second
- peak eluted with MgCl,.
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Purificatign of the cationic fraction of perox1dase by -

. Table §.
lmunoaffinit_y chromatography as evaluated by RZ value,
.
y RZ value "
®,
- ’ Before* After*=
N o+ i
1. CMC purified cationic . . f .
peroxidase . Lo 3.0 2,78
- 1 < ‘
2. Unfractionated ’me'\ X
proteins’ a C 0.6 e 2.0
3. Cellular proteins ' JENEEELE ' " 1.8¢
~ from cultured cells .
) 1
) . ~ '
" , L R «*
’ a . peak 1 of Fig. 9A. ..
" b peik ‘-2 of Fig. 98. - O
€. peak 2 of F1g. 9C.
»
A d . read1ng at 407 nm non-detectable,
y k. Before 1nunoaffinity cﬂronatography.
-

After immunoaffinity chromatography.

¢ -

® " *
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f?”ﬁ T compact protein'peak could be-detected when eiutedkwith MgClQ; which
J T
corresponded to the’ peroxidase fraction. Ther‘TBFET'fEE_BFEEET‘E\eiutEd

-with HgCiz appeared to be the peroxidase and the IgGs appeared to be
specifiC~for°that protein. ot DR
The purity. measured in terms of RZ value (Tabie 6) of the caxionic

peroxidase purified by immunoaffinity column, did not equal that )
obtained by conventional CMC chromatography (Maldonado and van Huystee,
1980). In foct; the RZ value of the cationic peroxidase decreased .from
3.0 to'2.7 (Table 6). However, on SDS-PAGE only a sihgie protein band
\couid be observed (Fig. 10, chanpel a) which had the same Rm as :\
conventionally purified cationic perdxidase (Fig. 10 channel b) This

decrease i value may be due ® the loss of heme from peroxidése, by

the high(salt concentration, used to detach peroxidase fracton from the .

loss of heme from a hemoprotein, with high salt
L “\\\ "\ 'concentration h been reported for cytochrome oxidasé (Si]vestrini et N

al., 1983). "

N . . .
- ’ ‘ ) . .
- . . . . .




Figure .10, SDS-PAGE [8.75%) of the (a) 8 ug* of 1mmunoaffinity

&
4

purified egroxidase from unfractionated medium proteins, peak
) of‘g 98; (b) 10 ng'of CMC purified cationic peroxidase,

(c) 50 ng of unfractionated mediuni proteins; (d) moleoolar

weight‘ stand’ards. Phosphorylase b (94 kD); Bovine Serum“
' albumin (67 kD), ovalbumin (43 kD), carbonic anhydrase (30

* kD); soybean trypsin inhibitor (20 kD) and a-lactalbumin (16 '

kD). o LT o
l'. * ‘. * ’ "“ ‘
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| | CHAPTER 5
LOCALIZATION OF THE BIOSYNTHETIC PATHMAY OF CATIONIC PEROXIDASE' IN
PEANUT CELLS IN CULTURE

LY

Lot
. -

. 5.1 Introduction
The results in Chapter 3 show that cationic derogidase was secreted
‘both by peanut cells in culture as wéll as in peanut planf. In thiﬁ*ﬂr
~ chapter,+4he object was to determéne whether'cat{;;;z\‘ rdxidasé was
present in the microsomgl fraction, where most of the proteins, destined
for export éfé processed, {p‘addjtion, attempts were made to examine by
fadioimmunoassays whether it was present or associated with other
cellular organelles, This,exaﬁihation is important becau;e peroxidase
had‘been reported to be‘assqciate& with almos® ai?’ce\1u{§r organelfes.
(Table 1). The other fe1evantupdiht is.that for ihe comple;ejextragtion
‘ of pero;idase activity from tissues and cells, a high salt extract}bn
has to foi]qw the low ionic buffer extraction (Lee, 1973;\Kos§atz and
v}n‘Huystee, 1976;°9an Huystee and Lobarzewski, i98;). Thé‘peroxidase‘
extracted B} the high salt puffer is localized jn,thé celf walls (Lee,
19739, put‘thé'intracellular origin and'prpéessing sitg of this secreted .
peroxidaselis hot‘ygt.ﬁnown.iPenel et al., 1984), Tﬁese’and other
_paints 1nvestigated'by immynochemical’ techniques are examined jﬁ Ehis.

chapter.. | ‘
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5.2 Haterlal and Methods

5 2.1 Extraction of organelles

The cells (4-6 days old).were,collected by filtering on a Whatman
No. 1 filter paper ugder vdtuum. These cells were then washed with 2
_oolumes of cold distilled water. The cells ;ere broken by mortar and a
pestle in 2 volumes of buffer [(300 mM mannitol, 5 mM EDTA, 0.05%
cysteine, 30 mM MOPS, pH 7.5) (Moore and Beevers, 1974} The slurry
was filtered through Nitex (22 u) to remove any unbroken eells and large .
pieces of cell wall. The filtrate was subjected to differential
centrifugation to separate grude preparation of'anyloplast,
‘

mitochondria, nuclei and microsomes (Fig. 11); The crude preparations

'were purified as described below.

a

5.2.1.1 Amyloplasts ‘ . | o
The method of Mills and Joy (1980) for’the Tapid 1solation of

chloroplasts;Las followed. The- amyloplast pellet was suspended in 3 ml .
of buffer (330 mM sorbitol, 50 mﬁ Trlclne-FOH, pH 7.9; 2 mM EDTA and 1

mi MgClé) The 3 wl suspension was layered over 10 ml, 40$,v/l percol,

330 mM sorbitol 50 mM Tricipe-KOH, pH 7. 9, lhis was oentflfugeq at

2, 500 g for 1 mlnute in a swinging bucket rotor. The nesulting white U
) pellet was later {dentified as amyloplasts (Section 5. 2 3 5) Howeyen,
most ef the amyloplasts were broken (Section 5.3.1).

5.2.1.2 Nuclet ! .

, The method of Price (1979) was used to purify ‘the crude nuclel

The nuclear pellet was resuspended in 2 ml of 0,05 M Trls-maleate pH

~e

. - *
4 +
LK . . . - ~
t . . 2 ’ L - . :

L4
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a .
Cells collected from suspension culture and washed
&>

-

Cells broken in 2 volumes of buffer and
. homogenate filtered through Nitex (22 u)

Filtrate centrifuged at 500 g for 5 min.

/
Pellet » : ) . Supernatant .
(Crude Amyloplast ’ centrifuged at 1000 g for 10 min.
preparation) - '
v ' ' ° o
X I ‘ 3 : B .‘ : E o
Supernatant ' Pellet - )
centr1fuged at 10,000 g (crude nuclei preparaxjdh)
~ for 10 min., 2-3 times S e _ .
v | S - *
l < . -
Pellet o " Supernatant . .
(Crude mitochondrial ¢ Centifuged at 177,000 g fgr 70 min.
preparat1on) B : AT | ~
Pellet ) Supernatant
(mtcrosomes ) N . (cytosol)
. ]
< .

) ’ \ Kl . L, ] .

$ . | i |

Figuré 11. Flow sheet for the frectiénation of éell‘honogenafe into
crude organellar prepacg;ion-frou cultured peanut cells..

.
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6,63 S.ﬁM CaClz, 5 mM Mg acetate, 5 mh B-mercaptoethanol containing 20%

glycerol, 6% w/v PVP (10,000 molecular weight), This was layered:over
30% w/v sucrose and 30% v/v éiyceroitand centrifuged at 15,000 g for ten
' minutes. The white bard at the interphase was. lateridentified. as -

- nuclei (Section 5.2.3.4). o o e

5.2.1.3 Mitochondria

,The'trude.mitochondriai pellet'was purified by the method df Bonner
Jr. (1967). The mitochondrial pellet Qas suspended in 5 ml of 0.} M
) mannitol, 5 mM EDTA,. 30 aM MOPS, pH 7.5 and centrifuged at 250 g for 10
"'minutes. The pellet was usuaily ndciei and used to enfich the crude
V_fnuclear fractidnT ~The ;hpernatant was centrifuged at 9,000 d for 15
minutes. The Supernatant so obtajned along with the f]uﬁfy greenish
layer on the top of the brown pellet was discarded .The brow; pe]iet'
| was washed’ in the mitochondriai buffer*bne or two more times to further
purify it, All centrifdgation were carried out in a swinging bulket

rotor,

5.2.1.4 Microsomes’

( The 177,000 g neiiet was suspended once agair in the extractidn':

o medium (section 5 2. I)Vand centrifuged at 177 000 g for 60 minutes in a

type 40 rotor. The pellet s0 obtained L used as microsomal peliet.

5.2. 7 Isolation ¢ 9ol¥§omes . G CoL

Rolysomes were isolated from peanut cells in cuiture, essentially

according to the method of Beachy et al. (197&) and Stephan and van

3
3

I
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. ) : 0 66.

N
' : . N
_Huystee (1980j/ﬁith slight modifications. Ten minutes before the

-.separation of 10 g of cells from the medium, 40 ug‘ml‘1 cycloheximide

. was ®dded to-the 50 ml of cell suspension cultures. After filtration

the cells were frozen in liquid nitrogen. These frozen cells were
’homogenized in the extraction buffer (1:3 weight/volume) which ciuprised
\150-mM Tris-Cl (pH 8.0), 200 mM sucrose, 50 mM KC1, 20 mM Mg acetate, 50
) mﬁ\ﬁTT and 25 mM EGTA (uH 8.5) in a~dless homogeniser. The cell ‘

~'.. hOMOgedate was filtered through 22 u Nitex to remové any unbroken celfs

* .»and Yarge pieces of cell wall. The filtrate was centrifuged atﬁl,OOO q ¢

fdr 10 minutes in $$34 -rotor. The pelletywas disEerded and the
supernatant’ centr1fuged at 66,000 q for 30 minutes in artype 30 rotor.
The 66 000 g supernatant was used for the 1solation of free polysomes.
}he.66,000 g peliet was.treated g1tq.1%.Tr1ton X-100 and 1% DOC in®
extraction buffer tor.30 minutes at room:temperature to liberate the
memBrane ‘bound ponsomes. The 66, 000 g pellet was dispersed gently with

' a round edged glass rod but vortexing was avoided. The 66,000 g
supernatant (free polysomes) as well as the membrane liberated polysomes
were layered over a 2 ml of 1A5 M suerose_cushionéjn extraction buffer
(see above in this section), in a type 40-rotor ceritrifuge tubes. 'This
was centrifuged at 130 000 g for 4 hours, to obtain a pellet. The

pel\ets were rinsed in sterile disti\led water and’ resuspended in 200 to , -

s

300 nl of resuspension buffer (50 mM Tris-acetate, pH 8.5 20 mM KC1; 10

A

mM Mg acetate, 10 wM DTT and 25 wH-EGTA). ' ‘ .
- Analtysis -of the population of the free and‘membrane 1iberated

polysomes was carried out’ following layering of one or two absorbance

‘wnits at 260 nm_of polysomes over a contiquous 12.5 to 50% (w/v) sucrose

AN | : . : ) \N‘.“il::\' . '

’\‘
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gradient prepared in resuspension buffer, Following’ééntrifugation at
105,000 g in a SW 41 rotor for 90 minutes, the _gradient was mon1tored by

an ISCO-UA 5 monitor set at 254 nm. ' e

5.2.3 Assays for markers for organelles

5.2.3.1 Cytochrome ‘c' oxidase (E.C.1.9.3.1) is a marker for
mitochondria (Quail, 1979)., '

To 0.1 ml of the organellar preparation (25-50 ug protein) in 50 mM
phosphate buffer, (pH 7.5) was added 0.1 ml of 0.3% (v/v) Triton-X 100
and then shaken for 30 to 45 seconds. To this organéllarwpreparatinn
. wWas ad;ed 2.7 ml of 50 mM phosphate buffer (pn 7.5) and 0.1 ml of.
redu&ed cytochrome ¢ (0.45'mM) in phosphatewbuffer. The final reaction
volume was 3 ml. The change in Agsg nm was recorded over 1 to 2
.minutes.b The rate of change in absorbance at 550 nm was calculated from

the linear portion of the line. The concentration of cjtochrome"c'

oxidized was calculated .as follows.

>

A Ags( ,nm, min-1

29,5

g£mM of cytochrome 'c' is 29.5 (from manufacturer).

¥

5.2.3.2 10P phdsphatase (E.C.3;Z:2.2) is a marker for the microsomal

’

fraction (Quail 1979).
To 0 9 wl of IDP (3.33 mM dissolved in 36 mM Tris-MES buffer pH 7.5 .
. containing 1.67 mM MgSO4, 55 5 mM KC1 was. added 0.1 ml of the membrane

A

(A
B ,',‘
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“with 5 ml atiquots of 1.5% perchloric acid.

68

fraction (25 to 50 ug protein). The reaction was allowed to proceed for
30 minutes at 30 to 35°C. Two ml of ice cold 1% (w/v) of Ammonium
molybdate was added to stop the reaction. The inorganic phosphate

released was determined directly by adding 4 m1 of reducing agent (Fiske

and Subba Row, 1925). This was mixed thoroughly by vortexing and then
incubated at room temperature for 35 minutes. A‘;;;;;BCe of each sample
was measured at 660 nm. The exact amount of inorganic-phosphate (pi) -
released was calculated from a standard curve using Pi Eg a standard.

A ]

5.2.3.3 Glucose-6-phosphatase (E.C.3.1.3.9), is a marker for, microsomal

,.fractioﬁ (Rip gg.gi.. 1981),

To 5 to 156 41 (25 to 50 ug proiein) of organellar prepafation was
- .

. . . 9’@ "
added 3.6 mM imidazdle-HC1 (pH 6.5) containing 2 mM glucose-6-phosphate
4_mM MgCl2 to a final volume of 3 ml (Rip and Cherry, 1976). Reactions

-

were carried on for 20 minutes at 37°C and terminated by addition of
cold-perchloric acid to a concentration 5%. Inorganic phosphate
liberated was calculated in 1 ml of the reaction mixture as described in

section 5.2.3.2,

§.2.3.4 Determination of RNA and DNA

RNA was also used as a marker for microsomes, while DNA was, used
for nuclei. Aliquots of all organellar fractiqné wﬁ?e sequentially'
extracted for RNA and DNA essentially according to the procedure
reported by Rip;gg_gl, (1981). 'Nucleic acid§ and‘proteins‘in extracts
yere'pbecipitated by adding cold perchloric gcid-to concentration of 5%

and were pelleted by bentrifugation. The prectpitate was washed twice ‘



Peilets obtained from PCA prediditatdqn were taken up in 5 ml of

0.3 N NaOH and RNA was hydrolyzed by incubation at 37°C for 2 hr. Each

incubation mixture was then adjusted to 5% perchloric acid, chilled and

centrifuged., The resu1t1ng pellets were washed twice with 5 ml aliquots

of cold 1.5% perchlor1c actd and the uashes were added to the initial

supernatant, A11quots of the combined. supernatant were used to ..

.
e

determine RNA.

" Pellets containing DNA and protein were suspended in 5 ml of 1.5%
perchloric acid and 1ncubated at 9Q°C for 45 minutes to hydrolyze DNA

Samples were ac1d1figd‘to 5% perchloric acid and protein‘precipitates

"

were collected by centrifugation. The-protein 5eflet was washed twice. -

with cold 1.5% perchloric acid and the suﬁernatant pooled with the
initial DNA hydrolyzate.DNA and RNA dbntents were calculated from the

absorption at 260 nm, by the relationship given by Maniatis gg;gl;

(1982). One absorbance unit at 260 nm for DNA i 50 ug/ml and for RNA

is 40 ug/ml. . L - R

Protein was calgulated by the method of Lowry gg_gl,.(195132

5.2:3.5 Starch
) 4
_ Starch, used as a marker for amyloplast was qualitatively tested
with‘thé jodine test .(van Huystee and Turcon, 1973).

5.2.4 Preparationh of samples for electron microscdpy

For transmission electron microscopy the procedure was the same as -

// reported by McKeen and Svircev (1981) The organe\lar peqleys were

/

K

fixed for 30 minutes in fresh cold mixture of equal.par€§;of a3

-~

-
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gluiaraldéhyde and 2% osium tetroxidelbuﬁferea in 6.1 M sodium
cacodylate dt pH 6.8, The figed organellar pellets were then r1nsed
with fresh cacodylate buffer and post fixed. for 30 minutes in 2% osmium
tetroxide. After f1xatton the materia\ was rinsed in water, stained in
5% uranyl acetate for 20 nonutes at room temperatnre, dehydrated in
graded acetone series and infiltrated wipn Epon-Araldite’(McKeen, :
1971). Sections cut with a diamond knife'on a~Ponteg-Blum ultra
.miorotome (Sorvall ﬂT-Z), were mounted on copper grids ano stained nigh
lead oitrate (Reynolds, 1963).. %he sections were exanined on a Phillips

EM 200, electron microscope.

‘<
-

5 2 5 Optimum period for incubation of cells with 35§ methionine
o

’

for in vivo peroXidase synthesis : . -

To find the optimum period for incubation with 35§ methxonine ten
ml 4 days old suspension cultures (ca =2 ¢ fresh weight) weré lncubated

sepqrately in 5 flasks with 0.9 M Bg of 35§ methionine, The cells fron

the first flask were harvested at 0.5 hour, the remaindér at'1, 2, 3 and ..

4 hours respectively, The total radioaotivity as well as the

radibactivity in TCA precipitated proteins and 1nnunopreciphtated
peroxldase was measured in the culture medium; low fonic and high ionic

“cell extracts, as described earlier in Materials and Methods sections -

y
<a

2.9.2 aﬂd 2.9.030 ', ) ’ ’ R - o fae -
. - i 4 T 'I . - - : ) « . ' .
5.2.6 Subcellular localization of peroxidase iy peanut cells in.
suspension culture . : .- ST

Based on the resglts of the above ekpeeiment,'so ml of enriched

- L . -
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_cell gultures (¢a=45=20 g fresh weight) were'incupated with 5 M Bq'o?'\
. 355 methionine for 2 ‘hours. The organelles were gktracted and isolated
as descﬁ&bgg in section 5,2.1, The radioactivity in the TCA
precipitsted proteins and immunoprecipitated péFoxida§e was measured

¢

for the ﬁédium, supérnatant of 177,000 g as well as crude cell
homogenates (Fig. 12). -t
The faar groups of cell organelles {Fig. 12) were first éitracted
with 2 mts of 0.05 M phosphate buffer, pH 7.0 (low fonic) for 3gp .
- minutes. The organelles after extraction.with low ionic buffer we?e
separated by centrifugatfon. Amyloplast, nuclei and mitochondria
2 could be pelleted individually at 15,000 g or less. The microsomes had
' 'to be centrifuged at 100,000 g for 30 minutes. A second extraction with
another 2 ml of low ionic buffer was done as above. Following the low
ionic extiictiongfhe organelles were extracted with high ionic (HI)
buffer (0.05 H~phosphate buffer and 0.8 M Kc1) for 30 minutes. The
orggggllg; were separated from the extract as described for low fonic

e :
. éxtraction. A brief outline of the experiment is described in Fig. 12.

Three aliquots of 0.1'ml and 0.5 ml were drebipitated, -

reSpeétively, for total proteins by TCA as well as peroxidase by

immu\pprecipttation with antiperoxidase IgGs, as described in section

2,9.2 and 2.9.3."Radibact1v1ty in both these precipitates was measured .

separately.
) N

[
4 ~

5.2.7 Localizatian of peroxidase gxﬁthesis 1n'bolisones - an immuno-

chemical appyoach . \

Fifty ml of enriched cell cultures (ca= 15 to 20 g fresh weight of

cells) at 2, 4, 6 and 8 days of culture, were incubatéd with 5 M Bq of

[

P
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Figure 1d.

4 -

Flowsheet for the experimental plan to study the intracellular
localization of peroxidase and origin’of high and low ionic *

extracts of peroxidase in peanut cells in culture.
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' 750 ml of Enriched Cell Culture .
Ca = 15-20 g fresh weight
incubated with 5 M Bq 55 meth e

for 2.hours

L

Filter under vacuum

‘+—— Medium

——— Saved
" 2.5 ml

L]

" TCA
precipitated
and
[mmuno-
precipitated
separately
(Table 7)

-

Cells

Homogenized in Buffer

Filtered through Nitex 22 u

Crude homogenate

) .

Cell debris (discarded)

Subjected to isolation of
organel]es as on Figure 11.

Mlylopla-st— Low Ionic—High lonic

Extract Extracts
Nuclei " “
4
Mitochondria ‘ "
£ ]

Microsomes

177,000 g supernatant

Low and high iontic
extracts from each
organelle were

TCA precipitated and
immunoprecipitated
(Table 8).



355 methionine for 2 hours (Sectien Z.Q.i).

After 2 hours of incubation, the cells were. filtered under vacuum
and extracted for polysomes (both feee and membrane.bqund) as described
abo%e in section 5.2,2, Thrde aliquots (1, 2 and 3x in terms of ~ .
coneeniration of RNA) of polysomes were mixed with specific igGs'in 0.1
M phosphate buffer pH 7.0 in a ratio of 6:1 (wt/wt. RNA/protein) as
suggested by Shapiro and Young {(1981). A control with non-specific IqGs
(section 4.2.3) in a similar manner‘ﬁas also run to check for -
non-speCific binding. The polysomes and IgGs were allowed to reaet ¢
overnight at 5-10°C. Next day 50 ul of 10 percent'formalin fixed

Staphylococcys aureus protein A (immunoprecipitin) was gently mixed with

polysome - nascent peroxidase - IgG and left to react with the Fc (class
specific) portion of IgG (Fig. 131/195 30 minutes at room tempereture.
This immunoprecipitated complex (Fig. 13) was treated as described in
" section 2.9.3. N .

The washed immunoprecipitated complex was finally dissoived in 5 ml
aquasol. The radioactivity due to'bither the nascent
peroxidase or protein§ (non-specific‘b+ndi;§) was measured for polysomes
associated‘with peroxidase synthesis. The radioactivity obtained with
the non-specific IgGs was subtracted from that of the mono- specific IgGs
to account for the non- specific binding.

’ The radioactivity for polysomes associated with total protein

synthesis was measured b§>the method of Mans and Novelli (1961) as -

described in sectien 2.9.2.

. A
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vFigure 13. Imunopr"ecipitation of peroxidase syntheéizing
polysomes. Schematic (not to scale) drawing to show the
formation of polysome-nascent peroxidase (protein) - IgG -

Protein A - S. aureus complex.
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5.3%Results and Discussion o .

5.3.1 Isolation of cell organelles from cultured cells

The results presented in Figs, 14 and 15 t6‘17 showed that
amylﬁpiasts, mitochondria,‘nuclei and microsomes had been isolated from
peanut cells in suspension culture, A relatively pure preparation of
these organelles was obtained as checkeq by high percent of respect%Ve
marker's activity (Fig.”14). The cross contamination was less than one
fifth between the microsomes and mitochondria, in eithér fraction (Fig..
14). .Thé same observation was supported by the electron microscopic
observatiops of the mitochondrial and miérosomal fractfoné'(Fig. 15 and
16). At least a dozen sections were scanned before choosing a )
representative 6ne. Electron micrographs for amyloplasts could not

readily be obtained because ;he’membrane:(uere easily fractured and

usually starch granules, with membranes ruptured at various places were
Y

.observed (Fig.-17A). The nuclear pellet obtained was atso small in

volume, Electron m{crographé were not taken. There have been few

reports on the isolation S? organelles from cultdred éel]s._‘The usual
approacﬁ has been to carry out an isopycnic ceﬁtrifagaii;n on sucrose
density gradiengg and monitor é%e enrichment of marker enzymes in the

fractions of those gradients (Moore and Qggvers, 1974; Quail, 1979).

’Thus, the technidue of different1$1 centrifhgatton'used in this study,
. 9 . .

is an 1mprovement’bf earlier methods as indicdted by high percent of

S.A. of the respective markers in each fraction. -

. . .
.
.
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Figure 14, Marker activita in the four group of organeUes. isolatgd
from cultured peanit celis. Amyloplasts (A); huclei (N),
mitochondria (Mt) and microsomes (M). The total marker
activity in all four fractions was added up to give 100
perﬁent. The perceht activity in each fraction was then,

calculated. This was a representative' of three experiments,

-
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Figure 15, Transmission electron micrograph’of mitochondria.

(Magnification 37,100x). A and B were two representative,

sections from at least a dozen preparations.







Figure 16.

~
. AR ~

Transmission electron micrographs of micfo;omal pellet,
[] ‘ . - .
A and B were two representative

“

sections, from a dozen preparationsﬂ

(Magnification 63,000x).

'g' denotes golgi

stacks. ’ .







Figure 17. Transmission electron micrograph of amyloplasts. (A) was

obtained from amyloplast pellet after isolation of

f? amyiop\ast. Note the broken membrane around starch
granule (Magnification 36,000x). (B) irtact amyloplast
obtained from sections of whole cells {Magnification
' 38,000x). S o .
3‘.& ‘:z, o - .
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§.3.2 Optimal time for incubation of cells with 355 methionine *for

- maximal peroxidase synthesis 4 ‘ ) '

The results presented in Figs. 18 and 19 suggested that’z hours was
the optimal time of inqubation in terms of maximal peroxidase synthesis,l
with the conditions used here. The amount of total radioactivity being
incorporated into the cells i.e. lost from Ehe medjum increased up to
two hours, After two hours the radiocactivity aimbst remained the same
in the mediuw, probably due to the release'of proteins frpm the cell

(Fig. 18A). These data agreed well with the amount of total

radioactivity -observed to accumulate in the low ionic extract (Fig.

18A), where it increased fof two hours but declined slightly after two
hours. However, in the case of high 1oniclextract, the increase of
radioactivity 1ncorp9ratéd did not change (Fig{ 18A). There was also a
gradual increase in the release of peroxidése into the medium, as
obsefved by radioimmuno assays (Fig, 18B). Maximal rates of peroxidase -
synthesis were observed at 2 hours in the case of high ionic buffer
extracts (Fig. 198). The radioactive peroxidase in the low ionic A~
éxtracts was highest at 3 hour {Fig. 19A). Total protein synthesis

showed a gradual increase in both low and high ionic extracts (Fig., 19A

and B). These dat: on total protein synthesis‘igreed well with the |
results of Verpa and van Huystee (1970). Using 14¢ teucine they also
observed a gradual increase up to 3 houfg\ﬁn total protein synthesis in
cultored peanut cells. Maxiﬁal péroxidase synthesis in this study was

d in further

4

]. observed at 2-hours, hence 2 hours of 1ncubétion was use

studies.
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Figure 18, A - Total radioactivity amongst the coﬁponents of the
culture; viz the medium, low ionic and high ionic cell
extracts of peanut cells in cultyre. The total

radioactivity in the three fractions was added up to- give °

<
100 percent., The percent radioactivity in each componenet
‘was then calculated in relation to this total radioactfvity
. at each sampling time.
B - Release of cationic peroxidase.into the medium of
. cultured cells, Five aliquots of 0.5 ml were taken for

e immunoprecipitation, with éntiperoxidase serbﬁ.vas described
in section 2.9.4. The mean radioactivity determined, was
used to calculate for the total peroxidase in the total

volume of medium.
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Figure 19."

Peroxida;e ‘(‘e*—o) and protein (H)' synthes;is in the
1ow (A) and high (B) ionic extracts of cultured peanut
cells, (

Two g fresh weight of“cellﬁ were sequenttaily

extracted at different time intervals in the low and high

_Yonic buffer as described in section 5.2.5. Three d3+quots ;> :

of 0.1 and 0.5 ml were TCA and 1mmunoprecipitéted for total
prote1n and peroxidase synthesis respective1y‘~ Results were

calculated as f mole 355 methionine incorporated mg'1 ' .

\hotein. . . - o .
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5.3.3 The overall per;egt«ofgperoxidase synthesis to total protein

o sinthesis I . -
, - . .
The results predented in Table 7 showed that the cationic

peroxidase represented.about 2.6% of the total proteins synthesized
which was similar to that reported in Chapter 3, section 3.3.3. ‘Tﬁe
cationic peroxidase also ﬁ%rmed one sixth of the total protelns in the
'med1um, as reported in Chapter 3, section 3 3.1. The interesting point
was that the catlonic peroxidase formed only 0.8% of the total protelns‘
in the solub]e phase of cells (i.e. 177,000 g supernatant) \Thls agreed
well with the results of low ionic_extractions as repdrte:/by van
Huystee and Loparze;%ki (1982). \

5.3.4 Association of peroxidase with cell organeliles

The results presented in Table 8 showed that a ten-fold higher

Iy

radioactivity was associated with peroxidase in the microsomal fractions
in the high.tbhicldver low ionic extracts. Conversely a nearly uniform _

| rad1oact1vity, less than 1, 000 cpm, was associated with all the
organe]les‘in the Tow fonic as well as high ionic extracts. This cou]d
be 1nterpreted in two ways. One was that peroxidase was associated with
all orgapelles as reported by other workers (Table 1) or conversely,
these 1 000 cpms may be taken as$ background and may represent a

non spec1f1clb1nd1ng.
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Table 7. D1str1bution of néw]y synthesizqd proteins and peroxjdase ’r'n )

fractions of cultured peanut cells. . .

W
‘ . 3 + cpm in ’. Percentage .
‘ . _ of peroxidase
) ,‘" k Proteins Peroxidase - to total
Fraction o ol (TCA - {immuno- | protein,
' ’ pr'e'cip.itate) precipitate) .
v 1. Crude homogenate o s x 106 0.4 x 108 2.6
2. Medium (secreted) ' 1.8'x 106 0.3x106.  16.6
3, Supernatant 177,000 g 8 x 106 0.06 x 106 0.8

_ L A z

* Data represents at least 3 independent experiments with identical

t f‘ends . ’ : . ' . A
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Table 8. Subcé‘lq&i:'distributﬁon of newly syathesized proteins and

»

peroxidase ﬁh.pyiiured peanut cells.*

J

93

Ay

v cpm “in Refcentage of
'ji peroxida;e
':; Proteins &efoxidasg * to total
‘Organelles : (TCA (immunq;: ' proteins
(Total fraction) precipitate) precipitate) o
" ? : Y

A. Low Ionic ExtractionV o .
Amyloplasts 7.9x 103 0.5°x 103 R
Nuclei 9.6 x 103 0.2x108 T .2
Mitochondria 52} x 103 '0.9 x 103\' 2 ‘ )
Microsomes 63 x 203 ~ 0.9 x 103 :,. 1.5

. ;. .

B. ﬁigh Iodﬁk Extraction _ ° ) .
Amyloplasts- 31 x 103 0.7 x10% 2 ~
Nuclei * 1.8 x 103 0,09 x 103 5. 7
Mitochondria 13 x103 1 x103 3
Microsories 757 k103 1 x 103 15

’

* Data represents at least 3 independent experiments with identical

trends,
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5.3.5 The intracellular origin of the high ionic extraction of

peroxidase
The results presenteqiin Table 88 clearly showed that the major

proportion of peroxidaSe extracted with the hioh salt buffer, originated

- from the microsomal fraction. F1fteen percent of the total proteins
extracted wlth}the ‘high 1on1c buffer was peroxidase as compared to only
1.5 percent in the low jonic buffer (Tab]e 8) }t may be noted here
that-almost the same amount;oﬁ aad1oact1v1ty was associated with TCA
precipitated proteihs;'in’the 1ow and high ionic extracts of "‘ ) =
mitochondria a:d m1crosome§ The m1tochondr1a served as a good coﬁtbol

for miérosomes. The reason for the four fold increase of ftractlon of -~ .
- : .

Ta

TCA prec1'p1tated proteins in the amylopl,ast,-mas got understood. The ‘
only explanation that could be offered was that there might have been
contam1nat10n of the small cell wa!l fragments of equal den51ty to that -

of amy]oplasts wh1ch mlght have glven rise to this increased ‘

radioact1v1ty (Table 88). This contamlnation was paﬁtly shown by the

results of electron micrographs (Fiq. ;TA), where some fragments may be

seen. Preliminary data from monensin treatmentbof peanut cells gave

support totthe'hypothesis of the nature of hiqh fonic extract (Appengix :

1), .

) I'd

5.3.6 In vivo localfzation of;peroxidase.synthesizing;golysomes

The observations in the preceding sections in-this chapter. shpwed'
the associatfon of peroxidase with microsomes. Polysomes are the ‘site, .
of synthesis of the proteins. Peroxidase has been reported to be

synthesized on membrane bound polysomes (van Huystee, 1978;-Stephan and



van Huystee, 1981). In this section it was shown that the in vivo ratio.

of peroxidase to total protein synthesis was higher on the membrane
bound polysomes than on the free polysomes by employing immunochémical

)

" techniques.

5.3.6.1 Isolation of polysomes

The results (Fig. 20) showed that polysomes could be isolated from
peanut cells in culture, As far as the class characterization was
considered,there were more polysomes (4-5, ribosomes) in the membrene
1iberateu than in the free bolysomeé (Fig. 20). D1fferent times of
. centrifugatfon at 66,000 g revealed that with increasing time, more
membrane bound polysomes could be pelleted based on RNA content (Table
9)." Since there is no unan1m1ty in the literature as to the percentage
of free to membrane bound po]ysomes in plants the centrifugation time ’
of 30 minutes was selected for further experiments. The time of e
centrifugat1on ‘for 30 m1nutes gave a reasonable yie]d of po]ysomes and
the ratio did not dev1ate cons1dera&ly from the on]y other report of
polysome from plant cells (Pfisterer and Kloppstech, 1976). De Robertis,
and De Robertis (1980).have suggested a ratio of 15 to 25% for membrane

bound to free.polysomes in maize mesophyll cells which is nearly

identical to that of 30 minutes of centrifugation for peanut polysomes.

- -

5.3.6.2 Percentage of free to membrane liberated polysomes during

culture cycle

The percentage of free-to membrane-]1berated polysomes as

determined by RNA cohtent in these poly;omes,~d1d not change over the
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Figure 20, Class characterization of the free (A) and membrane ™~ '
‘liberated (B).polysomes, froi cultured peanut cells, One ‘
absorbance unit at 260 nm was gently layered over a 12.5 to ¥
50 percent continuous -sucrose gradient. After : .
centrifugation the gradient was fractionated at a flow rate

'] .
of 2 ml minute'l and chart speed wa% 60 cms, hour=l., The -
ISCO—mdnitor was set,at 254 nm, . . =
-
‘.
. r : )
‘
. . !
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Table 9. Effeft of centrifugation time* on the relative recovﬂ%
ontent, **

free-_ and membrane-bound polysomes in terms of RNA ¢

Time Percent of RNA in free to membrane
bound

15 min ‘ 88:12

30 min - - 69:31

60 min’ ) 40:60

o

*  Time of centrifugation at 66,000 g to separate free- and membrane-

bdhnd,polysomes,

.- ‘ P

s %% . Free- aﬁd membrane-bound poﬁysomes_were'recovered from 66,000 g

pellet and supernatant, rqsdectively. .

[
-

N

LY
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period of days studied (Table 10). This was in agreement with the
results reported by Stephan and van Huystee (1980), who used the

approach of Payne,and‘%bu]ter (1969). AlthodghAPayne and Boulter (1969)

‘d¢id find an increase in the ratio of free to membcané liberated

polysomes during the growth cycle of bean. There are few reports in
literature, which support this hypothesis (Stephan and van Huystee,

1980).

5.3.6.3 Assoc%atfon of peroxidase with polysomes

Polysomes with nascent peroxidase could be immunoprecipitated on
all the days of culture period studied (Tablg‘ll). This indicated the
continued synthesis of péroxidase during the cufture cycle. The percent
of peroxidase to tbtal protein synthesis was three to four fold higher
in the membrane liberated than free polysome (Table 11). This gdggested
synthesized on {he membrane bound polysomes

]
than on free .polysomes (Table 11).

that more peroxidase was

The technique of immunoprecipitation of polysomes was used in this

‘r@search to show the assdciation of peroxidase with polysomegg but could

profitably be used by subsequent workers for detailed studies on
peroxidase regulation by mRNA isolation (Maurer, 1980;'Sharp1ro and
Young, 1981; Kraus and Rosenberg, 1982).

The results obtained by in vivo immunoprecipitation were fully in

_agreesilent with the results of in vitro synthesis of peroxidase reported

by Stephan and van Huystee (1981), where they found two fold higher

 peroxidase synthesis by'the membrane. 1iberated polysomes than the free

polysomes. However, the difference might have been nére amplified as in

4

v e ey Amflaryy s e o
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Table 10, Percentage of free-to membrane bound-polysoggs* during active

growth period in peanut cells in culture,

B

Days of culture

Fresh weight of

Percentage of free-

-

0 bound polysomes

cells for
w
extraction .
[
N '
2 10 g ' 77:23
4 10 g 74:26 ¢
6 10g ° 71:29
8 25 ¢ 79:21

N

)

* The concentration of polysomes was based of ‘the amount of RNA

determined by measurement of absorbance at 254 nm (see Appendix 2,

Table 1).



. . ' . | 101

Table 11. Percentage of polysomes associated with peroxidase* and

3

brotein synthesis during active growth of “peanut cells in

culture,
Days of ) " Percent of polysomes associated with
culture peroxidase to that with protein synthesis**
' T~ Free Bound © Tetalxx*
2 1.2 16.4 7.3
4 3.6 13.8 6.5
6 4.8 17.5 8.4
8 5.4 © 15.8 7.8

*  cpm  in immunoprecipitate (specific IgGs) - cpm in immuno-
precipitate (non-specific IgGs), per mg RNA

**  Polysomes associated with peroxidase to that of protein syﬁthesis
cpm in immunoprecipitate

= x 100
cpm in TCA precipitate

***  com in 1mmunqprecipi£ate and TCA precipitate for the free- and
© -  membrane-bound polysomes taken together, Percentage of total
polysomes associated with pgeroxidase to that of protein synthesis

cpm in immunoprecipitate (free + membrane 1iberated polysomes)

cpm in TCA precipitate (free + membrane 11berated polysomes)

Averagg radioactivuty of peroxidase associated with polysomes was
5 x 103 cpms, mg=1 RNA. (See Appendix 2, Tables 2 to 4)
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the present case, if their centrifugation for separation of free and
P .

membrane liberated polysomes would have been at a higher centrifugaf

force (Stephan and van Huystee, 1981). Penon et al. (1970) also

» 8 AL i VR i, <y e S

reported that two basic and one anionic peroxidase 1re aséociated with
lentil root ribosomes. .Furthermore', they Wso pointed out that
treatment of lentil roots with IAA, stimdlates the gg_ﬁg!g synthesis of
the bgsjg peroxidase (catjgnic) isoenzymes but not the acidic (anionic)

péroxidase. The significance of this wijl'be discussed in a following

’
g

chapter,

The results obtained in tris chapter were in agreement with the
secretory nature of ﬁeroxjdase.' Most of the secrétory‘prOteihs are
synthesized on membrane bound pr}somes and processed (glycosylation/ i
trimming) in the Bolgi apparatus (van Huystee, 1978; Hall et al., 1982

and references cited on pp. 213-214)."




CHAPTER 6

HEME MOIETY OF PEANUT PEROXIDASE

6.1 Introduction

The preceding Chapter 5 dealt with the loca}ization of the
biosynthetic pathway‘of cationic peroxidase in peanut cells.in culture.
Since peroxidaseﬁis a hemog]ycopno;ein, different aspects of the‘heme .
moiety had been inveotigated in this section. - Heme forms an important
part of the molecule, because of its involvement in the enzymatic
caia]ysis associated with this molecule (Ku et al., 1970; Ricard and
Job, 1974; Lee, 1977).

Moreover, heme could also exert an influence on the b1osynthesrs of
the apoprote1n moiety as shown for other hemoproteins. Th1s concept
could relate to the regulat1on of peroxidase synthesis (van Huystee and
Cairns, 1980; Hamilton e __._l., 1982). Mostlof the reports in literature
- on the heme moiety of peroxidase are based on‘homologies with other '
hemoproteins (Scandalios, 1974). In Chapter 6, it was shown that
peroxidase from cultured peanut celis was an ideal system to study’ the
precursors of heme. It was also demonstoated that the heme in
peroxidase was protoheme and was synthesized in the mitochondria in
cultured pea_nutaf.ls. In addition, the.removal of heme apparenhtly did
not affect the ph}sical structore of the molecule, but heme was

nevertheless needed for catalysts.

to3




- . . 104

6.2 Materials and ﬁethods

6.2.1 Extraction of heme from peroxidase and 6rganelles

The heme from the cationic peroxidasei immundprecipitated
peroxidasé‘or organelles was extracted by the method of §til]man and
Gassman (1978) with slight modification (Chibbar and van Huystee,
1983b).' The o}ganellar pél1et} {mmunoprecipitate, or the ﬁrecipitated
cationic pefoxidase (obtained from isolated péroxidase:in ph;sphate
'buffer by precipitating with 70% acetone) was extracted with 2 m} o€
chilled acidified acetone kZ% v/J, HC1). The heme moiety in acetone was
recovered in the supernatént by centrifugation at 14,006 g ét a°C for\10

' minuteé.. The white pellet that remaine& was the apoprotein. The 0
extraction of the apoprotein, or organelles was repeated as above to

. - .
o . increase the yield of heme 3nd to purify the apoprotein moiety. - The two

superﬁatants were’ pooled and half volume of peroxide free ether was

added. To this mixture was added 2 volumes of chilled distilled water.
‘This was shaken géhtly and centrifuged at 1,000 g for 5 minutes. The
organic phase containing tﬁe-hem; was removed Qﬁth a’ pasteur pipette.
The ether was evaboratgd under N2 and the dried heme was used for

measurements according to the needs of the experiment.

-~

6.2.2 Preparatign of the apoprotein

" Heme was cleaved from the purified cationic peroxidase 510 mg) as ~
described 1q sectibn,ﬁfz.l. The white apoprotein pellet, left afteé the -
removal of=héﬁg was dissolved in 0.1 M. phosphate buffer (pH 8.0) and

brought to a'final concentration of 251 M of apoperoxidase. A fraction

of this solution was dialysed extensivel& against 0.1 M phosphate buffer .

13

for further assays of enzymatic activities and reassocidtjon.

-
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6.2.3 Determination and identification of heme

6.2.3.1 Pyridine hemochrome difference épectrum

SampJes containing heme were dissolved in 5 ml of alkaline pyridine
(2 vo]umes, pyridine and 3 volumes of 0. 2 M KOH) and the solution
dfvided equally between the two cuvettes of the double beam
specfrophotometer:~ Sodium dithionite was added to the sample cuvette,
The diffeﬁ%nce spectrum of the reduced minus oxidized pyr1d1ne

hempchrome was recorded. The concentration of protoheme was calculated

using AE mM = 20.7, A’E represents the difference in extinction betweEH,-

the o band at 557 mm and.the trough at 540 nm‘between a and B peaks B

(Porra and Jones 1963).

A

- 6.2,3.2 High pressure 1iquid chroﬁetography' ‘
The isolated ﬁeme'and hemin (Eastman Kodak, N.Y.) were also
1dent1f1ed on reverse phase Hew]ett Packard 1084, B Tiquid
'chromatograph. A Lichsorb R.P.-18 column (25 cm X 4 6 mm) with 5 um
particles was used. The "HPLC so]vent employed was 80% ethanol (pH 3.0
edjusted with acetic acid). The running temperature was maintained at
30°C, and the flow rate was 1 ml. min-l., The heme isolated from
peroxidase.and the bemin were dissolved in 100 ul of 0.1 M NaOH. and

diluted with HPLC solvent. The eluant was monitored at 402 nm.

A ~

6.2.3.3 Mass spectrometric 1dent1fication

This was done on a VARIAN HAT 31fA mass éﬁectrometer. Conditions

are given in the - -legend for mass spectrum.
o P 1

d -

.
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6.2.4 Sedimentation analysis

© . The holoenzyme (2.2 mg.ml'%s and. apoperoxidase (2.0 mg.m1-1) in a
volume of 0.7 ml of 0.05 M phosphate buffer (pH 7.0) were analysed in an
AN-D rotor, of Beckman Model E ultracentéifuge.fbr sedimentation
coefficient determinétion. ‘The samples; were centrifuged at 50,740 rpm
at 20 to 25°C and photographs with the Schlieren OpthS were taken at 16
m1nute intervals. Sedimentation coe?f1c1ents were then calculated

'accprding to the method of Markham (1960) and corrected to water at.

-
- . .

20°C.

SDS-PAGE, immunodiffusion assays and enzyme'assays for peroxidase °

and IAA-oxidase were done as described under sections 2.7, 2.8, 2.4 and

2.5 respectively.

6.2.5 Reconstitution of peroxidase

The recanstitution petween apoperoxidase and hemin'was carried out |
Es describeq by Yonetani (1967). To the 400u1 of 25 uM solution of |
apoperoxidase were added varying amounts (0 to.201;M final,
con&entration) of 50u M hemin in 40011 of 0.1 M soa1um hydroxide. The
final volume of the reaction mixture was made up to 1 ml with 0.1 M
phosphate buffer (pH q'!P After alloWdng 10 minutes for reconstitution
the absorban%é at 407 nm was recorded for each sample. In the control )
experimen@lwithout_qpoprotein, 400 Hl aliquots of 0.1 M phosphate buffer
;ere aaded to the increasing amounts of hemin and the absorbance at 407

nm was recorded as above,.

L]

.
/

6.2.6, Determination of grecursd?]s) for_heme in peanut peroxidase

Aliquots (10 ml) of enriched peanut cell suspension cultures (3

/

Id
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days old ca='2 g fresh weight of cells) were incubated with
1-14c-glycine (1.1 M Bq), 2-14C-giycine (2.2 M Bq) and U-14C-glutamic
acid'(l.l M Bq) for 6 hours in light. The medium of each~tr§§tmént was
'separatéd by filfration and four aliquots of 0.5 ml each werefused for
immunoprecipitation of seéreted peroxidase. Peroxidase from the
immunoprecipitgtes was cleavéd'into the heme and apqprétein as described
in section GxE.l. The supé}natant containing the heme in ether from the
fouﬁ replica}es of each ireatment were pooled for the respectiVe
_ treatments to give sufficient radioac£§vjty per 2 ml medium, Similarly
the apoprété}n moieties from each treatﬁent were pooled to give

.corresponding data for 2 ml medium. At least three experiments were

carried out.

6.2.7 Search for the site of heme synthesis in cultured peanut cel\iJJ L .

Fifty ml of enriched cell cultures (3 days old ca' ;&15 to 20 g
fresh weight of cells) were incubated with 1.1 M Bq of, 14C-ALA for 4 ~ 2
hours. Then the cells’ and medium were éeparatgd by filtration, under
vacuum. The cells were washed with 200 mi of cold distilled water to
remove any'adsorbea radioactivity. The cells were homogenized in a
pestle and mo;tar and the organelles (amyloplast, mitochondria and
microsomes) were separated in the buffer and conditions described in
section 5.2.1. *

The mitochondria and amyloplast were subjected to the pfgcedung for ¥
. heme extraction as described in séction 6.2.1., The labelled heme (if

any) obtained in ether was dried under N in 'scintillation vials.

Following the addition of aquasol the radioactivity was measured.
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6.2.8 Percentage of peroxidase to other hemoproteins in medfum, c)¢osol
. T N

and microsomes ‘ \\‘n\

The microsomes isolated in section 6.2.7 were sequentially

extracted for proteins in low and high ionic buffers as described in
section 2.9.2. The~1pw and high ionic extracts were pooled to give the
m{crogomal extracfs. The ratio of peroxidase to tqta] hemoproteins was
determined in fhe microsomal extracts (this sectioﬁ), supernatant of
.+ 177,000 g and from the medium (in preceding 'section 6.2.]) by the
technique of immunoprecipitation and TCA precipitation é§ described in

" sections 2.9.2 and 2.9.3.

6.3 Results and Discussion

6.3.1 Hemoproteins in the medium

The peanut culture medium contained only a few hemoproteins, as
_seen onaSDS-ﬁAGE gel stained for hemoproteins (Fig. ZiA, channe} c) and
proteins (Fig. 21B, chapnel c). The cationic peroxidase formed the '
major, if not the sole hemoprotein in the medium (Figs. 21A and B). The
daﬁkly statneq blue band at the front tFig. 21A, channel b) might -be due
to the heme that was removed from the peroxidase, under denaturing
condifions. At the same p;sition no band was seen when the gels were
Staiﬁﬁn{with coomassie blue (Fig. 218, channel b). The pre-eminence of'
peroxidase as the major hemoprotein was further supported by the
following obseﬁvatiqn. When the cationic peroxidase was
Aimmunoprecipitated from the medium of cg[l; incubated with 14C-ALA a
level of radidactivity.was observed simi1;r to that in the TCA
precipitatéd proteins (Table 12). ALA is a committed precursor for the

porphyrin biosynthesis (Granick and Beale, 1978).

»



n

Figure 21, SDS-PAGE (7.5-15% gradient gel) analysis of peroxidase and '
medium proteins of cultured peanut cells. Channel a ~ 20 ug
apoperoxidase; b - 25 ug holo-enzyme; ¢ - 100 ug medium
proteins; d - markers (phosphorylase - 94 kD; boviné‘serum

_ albumin‘Gf kD; ovalbumin 43~kD;'tarboni§ anhydrase 30 kD;
soybean trypsin inhibitor 20 kD; a-lactalbumin 14.4 kD). '
Figure 21A - followiﬁg electrophoresis the gel was stained
fof hemoproteins..,Eigure 21IB was the same gel subsequently

* stained for proteins with Coomassie Blue.
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Table 12. Percentage of peroxidase to total hemoproteins* in
various fractions of cultured peanut cells,**
Tae 3 )
A dpm x 103
- : ) kk ok
Fraction Total peroxjﬂésé . _proteins ‘Percént”
volume - (immuno- (TCA 'peroxida§é to
(m1) precipitate) precipitate , hemo proteins

Medium 12 .29.3 32.4 S0
Supernatant 20 28.5 132.9 21
of 177,000 g '

b -
Microsomes 2.0 6.2 8.9 70

v ! =
~-*  The hemoproteins were labelled'by incubating thé-cells with .
4-14C-ALA (section 6.2.8). .
** A representative of three experiments with identical_trends.
**% dpm '1n immunoprecipitate - A
— x 100 ¢
dpm in TCA precipitate ' - ’ :
[ 3
* -
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Microsome; are known. to pro;ess‘and, or contain the<troteins
destined for secretion (Chapter B). The results of the
1mmunoprec1pitate versus TCA precipitate in Table 12, further suppoéteq
the above observation. Peroxidase forms almost three quarters of the
total hemoproteins in microsomes that were labelled by 14C{@LA.

This evidence pointed to the'fact that the cationic peroxidase-was
the major hemoprotein that was secreted by peanut celis in cdﬁture and <
hence found in the medium. This reinforced the earlter view expressed
in Chaptet 3, the spent medium of peanut cells in culture was a rich
source of peroxidase. Therefore peroxidase could be purified 19'
relatively few steps from the medium (Maldonado and van Huystee,~1980).

,The validity of these results :as supported by another observation
in the same table (Table 12). Eg the supernatant of 177,000 g
peeex{dase formed only one fifth of the total hemoproteins labelled by
%4C ALA, since there were definite)y other hemoproteins 1n the soluble

"

phase of cell. -'Hence, this observation was not unexpected.

6.3.2 Cleavage of heme from the“?ggprbtein by the cedg acidified
* ' S

aCetone method - -

) . 'Y
The purified betionic peroxidase, holoenzyme, showed at least three

fold‘mpre absorption at 407 nm than at 280 nm (Fig. 22). This meant a-
high RZ (>3.0) end indicated a satisfactory purity (Phelps and Antonini
1969). The apoprotein resulting from the cleavage of heme did not¥show
an absorption at 407 nm, 1nd1cat1ng complete removdl of heme (Fig. 22)

L8

A similar conclusion was also derived from the fact that apoperoxidase

.(F1g.'21A, channel a) was stained only with coomassie blue (Fig. 218B),



Figure 22. Absorption s;;ectra of peanut peroxidase (holo). (== );

ap‘operoxidase (o g)\';}\emin (=======); and reconstituted .

* peroxidase (&--A4).
-»
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" while the holoenzyme stained in both cases for heme and protein (Fig.
21A and B, channel b). Table 13, also supported the separation from the
heme moiZty from apoprotein. Mdst of the radioactivity was associated
with the heme, when the immunoprecipitated peroxidase from the medium ' -‘\;
and cytosol (177,000 g supernatant) was cleaved into heme and. N

apoprotein. The residual amount of radicactivity that was still

associated with the apoprotein might have represented the background.

6.3.3 Identification of the cleaved heme moiety

As e’first step in identification the cleaved heme moiety dried
from ether was dissolved in alka]ine pyridine and treated as described
in section 6.2,3,1. It yielded a typicai regqced minus oxidized
pyridine hemochrome spectrum (Fig. 23)* enus identifying the c]eaved
moiety as heme (Porra and Jones, 1963). This spectrum was also used so
calculate the molar ratio of heme to apoprotein in cationic peroxidase.
It yielded an equimolar ratio of heme to apoprotein. This was in‘
agreement to the value given by~$candaiios (1974) on the basis of -
homologies to other henoproteins.

The isolated heme from peroxidese was chromatographed on reverse
nhase HPLC, for two reasons. One teason was to check if there was only
one kind of heme motety and secondly to tentatively identify hene
moiety, based on retention times, niven by Weinstein and Beale (1983),
"Recrystalized hemin was run as a standard for heme. The results Y
presented in Fig. 24 showed thaf only a single peak could be detected, L
when efither the isolated heme from peroxidase or hemin was

" cAromatographed with the monitor set at 402 nm. " This indicated probably

.



Table 13. [Incorporation of ALA into the heme moiety of peanut

1186

peroxidase.
dpm- x 103
Vol,
Fraction : ml Immuhog;ecipitate Apoprotein Heme
Medium | 12 29.3 1.9 26.3
Supernatant 177,000 g 20 28.5 1.6 '25.2
»

"Immunoprecipitated peroxidase (section 6.2.7) corresponding to 1.0 ml of

medium and of 177,000 g supernatant was'cleaved into the heme and the

apoprotein moiety, by the cold acidified acetone method in section

6.2.1. The heme in ether wasdried and the radioactivity measured in

both heme and apoprotein. The data of 3 replicates was then calculated

to give the results for tqtal volumes.



»
L2

LT Figure 23, Reduced minus oxidized pyridine hemochrome spectrum of the
v {

[
T~ heme moiety extragcted from.the immunoprecipitate of the

peroxidase.
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Figure 24, HPLC separation of hemin (A) and heme extracted from peanut
!
peroxidase (8). Condtt1ons of run and other deta1ls were}

described in sectton 6.2.3.2.

F1gure 24C. Absorption spectrum of- hemin (.u.u-) and heme extracted ﬂ?om

peroxidase (mmeie) detected on HPLC. ’ ) L)

|
!
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4

only one type of heme was present in peroxidase. The retention time of
~the heme from peroxidase,(Fig.°24B) did not agree with that of hemin
(this experiment Fig. 24A) nor protoheme nor heme 'a' published by
Weinstein and Beale (1983). The HPLC run- conditions were ;1mi1ar to
those of Weinstein and Beale (1983) except the concentration of acetic
acid in HPLC solvent was less thaﬁ that used by Weinstein and Beale
(1983), Nevertheless, both i§d]ated heme from peroxidase and hemin gave
identical absorption spectrum, thus suggesting that both were
tetrapyrrole compounds. |

The next step was to identify this heme by miss spectrémetry, by
identifying the major mass ion. The majar mass ion, of the isolated
heme from peroxidase, was found at- 616 (ng. 25), corresponding to the
molé;ular weight of Rrotgheme (Stecher et al., 1968). The other peaks
with at least fifty percent intensity_could be observed at mass ion
565 and 555 after the loss of a pyrrole ring or iron. Ion fragmentation
pattern was not ;one, because.once the m&igr mass ion at 616

corresponding to protoheme was observed, the structure of protoheme i$

well established (Stecher et al., 1968).

6.3.4 Precursor(s) for heme moiety in peanut peroxidase

The results presented in Table 14 showed that most of the
radioactivity -associated with the heme moiety in peroxidase was derived
from glutamic 4cid and not from glyé%ﬁe regardless whether the latter °
was'}abglled at C-1 or C-2 posifion.’ In the classicél Shem{n patﬁway of

ALA synthesis (Fig. 26), following the condensation of glycine and



- L

Figure 25.. A portion of ;he mass-ion Spectrum of the heme extracted
from peanut peroxidase analysed on a MAT Varian 311A mass
spectrometer. The mass spectrometer was set at 70 e.V.
filter 100 Hz, with brobe température at 350°C and
resolution at 1000, The heme was dissolved in chlsroform.

4

The figure showed that at the three sensitivities 10, 1 and -

0.1 volts, the major mass ion peak corresponded to 616, the
molecular weight of protoheme. On the 'y' axis is the

intensity of the mass ions produced,
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Table 14. Incorporation of glycine and glutamic acid into the heme and

apoprotein moiety of the peroxidase secreted into the medium

by cultured peanut cells,

o
B cpm /2 wl of *
- | medium Percent cpm in
: heme to that in

Labelled amino acid : Apoprotein Heme apoprotein
[1-14C] Glycine (1.1 M Bq) 9,056 g 0.07
[2-14C] Glycine (2.2 M Bq) 19,165 v24 0.12
[u-14C] Glutamic-acid (1.1 M Bq) 4,868 255 5,20

.

The peroxidase’ immunoprecipitated from the medium (section 6.2.6), was

cleaved by cold acidified acetone, The hemes in ether from the four

replicates of each treatment were pooled together to give cpm/2 ml of

medium, Similarly the apoprotein moieties from each treatment were also

pooled to give corresponding data for 2 ml of medium.




, N '
Figure 26. Schahaq}p gfthway of porphyrin synthesis (Granick and Beale,
©1978). Animal and bacterial pathway is represented by

brokén line, plant bathway by solid line., &
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succinyl CoA to.form ALA, the first‘carbqn of the'glycine is
decarboxylated (Granick and Beale 1978, Akthar et al., 1976).

Therefore, it was logical to use [1-14C] glycine as control for
[2-14C]-glycine incorporation. Since no radioactivit; could be measured
in the heme fraction with glycine as precursor, it does not appear‘to be
the precursor for heme iﬁ peanut peroxidase, It should be noted here

‘hat there was - no obvious.hiﬁdrance to the uptake of glycine by the

-cells as seen by the incorporationi of glycine into the apo;;otein moiety
of immunoprecipitated’protein.a§ that (TSble-IA).' CelTé incubated with

- [u-14C] gqlutamic acid showed,.less of this amino acid as compared to
glycine was incbrporated into the apoprotein moiety._ More of glutamic -
acid was detected in the heme moiety compared to glycine (Table 14).
In add{kion, the free amino acid pool of gly;iné is half that of -
glutamic acid in these cultured cells (Verma and van Huystee,.1970); |

This together with the slightTy higher molar ratio of glycine to :

glutamic acid in thé peroxidase {van Huystee and Maldonaldo, 1982)

eip]ained.the higher incorporation of glycine into ;he apoprotein than
1ﬁﬁo thg heme moiéty. _Hdwgver, the high?r incorpo?\tion of glutamic
acid into the heme moiety, in spite of its relatively larger free pool
“in theacells, further stqghéthened thé reSu1t§ on the precursor of - heme
derived from this experiment (Chibbar and van Huystee, 1983b).. This was

consistant yitﬁ the results of others which suggest that glutamate is .

. the sole.brecursor for heme in red alga Cyan1q1um cafdarium'(wejnstein .
and Beale 1584). T '
Finally, it may be added that a 6 hour incubation period in this
experiment and 4 hour incubation with;14C-ALA in section 6.2.7 were

used, because earlier studies had indicated the presence of a

}
v \"];
\
|
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considerable heme pool in peanut cells (van Huystee 1977b). The
consideration that glutamic acid may be déaminaéed-and transformed to.
succinyl CoA (Fig. 26) and as such may enter the:porp;yrin ﬁathway,-was
rejected on the basis that [2-14C] g]yc%ne was not incorporated (Téble~

14). Therefore succinyi Co-A would not be needed for heme biosynthesis.

6.3.5 Site of heme synthesis in cultured peanut cells

a ®

The elucidation of the site of hemg synthesis in cultured peanﬁt
cells was necessary, since peanut cells cultured in a shcrose’rich
medium are achlorophyllous (van Huy§tee 1977c, van Huystee and Cairns
1980). It might be‘:argued that heme destined for-péroxidase, was a
mere djversioa of the porphyrin pathway in amyloplast (plastids) to heme
synthgsis (vSn Huystee and Turcon '1973). ‘Thus, the site aﬁn precursor
ofiheme may/not represent the true picture in plant. cells.

Peanut cells were incubated with 14C-ALA for 4 hours (section
6.3.4) ?hd the heme was exTracted from amyloplast'énd mitochondria.

Most 3f the radioactivity was associatéd with heme extracted from

mitoghondria\(Tablé iS). This suggested that the mitochondria wérg the

majof site of heme,synthesis in cultured peanut cells. Mitochondria do

coﬁtain endogenous hemoproteins (eg.'cy£ochromes) whose hemé moiety

might have been responsible for the radio;ct1v1ty observed in this
ganelte. The slow turn dver rate (1300 hours) of the cytochromes
resent in rat liver (écanick and Beale, 1978) fule out this )

jpossibility.  Therefore, the data in Table 15 was.taken as an indication

jof Qeme synthesis in the mitochondria as suggested by Granick and Beale

f (1978), These results aléo agfeed with the earlier suggestion (van
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Table 15. Site of heme synthesis in cultured peanut cells.

Organelle . dpm X 103 ‘Total protein
_ in heme derived from 14C ALA Lug)
. Amyloplasts 2.3t 0.7 - 202
Mitochondria =~ 33.2 t 4.4 1,738
4/ ' |
/
/
//
" . Amyloplasts and mitochondria were isolated from 15 to 20 g cells
/ incubated with 14C-ALA as described in section 6.2.7.' Total heme from 3
/// replicates was extracted from these fractions as described fn 6.2.1.




* ‘ 130

."'

Huystee, 1977c) as well as with the electron micrographs whiéh showed
that the amylop]asts were laden with starch (Figure 178). The methods
to isolate the mitochondria and to check their homégenity were the same

as reported in sections 5.2.1 and 5.2.3.

-

6.3.6 Site of attachment of heme to apoprotein |

No contlusive evidence was available as to the precise site of

attachment of heme to apoprotein during the overall biosynthesis of

1

pé}oxidase. This awaits some future study on peptide sequencing. IS

-

Nevertheless, the observation that the 14C-ALA labelled peroxidase was

detected in microsomes (Table 12) indicated heme was linked to the

apoprotein, at that stage or prior to it.

-

6.3.7 Effect of removal of heme on the structure of apoprotein -

The removal of heme from ihe holoenzyme does not significantly
effect the migration of the peptide on SDS-PAGE (Figuré 218, channel
a). This was expected considering the comparatively low molecular
weighf of heme,

The shape of the molecule as dete;mined by analytical
ultracentrifugation, did not appéar to be drastically altered. The
sedimentation coefficients (3S) for holoenzyme and abopecoxidase were
found to be closely similar (Fig; 27). Similar results were alsd -
obtained with horseradish peroxidsae (HRP) 1so§nzymes of comparable
.purity (Phelps et al., 1971). .Hodeve;, these authors showed that at
higher protein concentrations the sedimentation coefficients for the
apoperéﬁidase {s smaller than that of holoperoxidase, suggesting that

. the &poﬁeroxidase has a higher frictional coefficient.



L

Figure 27.

Ultracentrifugal analysis of the peanut peroxidase (holo)
(2.2 mg/m}) in top row and the apoperoxidase (2.0 mg/ml)

bottom row. Schlieren pattern at 64 minute of

centrifugation. Sedimentation ié towards right,
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On the other hand, wnen the apoperoxidase and the holoenzyme
were reacted with antibodies against the holo peroxidase in an
Quchterlony immunodiffusion assay, a precipitin arc was formed in both
cases (Fig. 28). This suggested that the immuno-determinant sites were

A

still intact and accessible to IgGs. This observation along with the
!

results of sedimentation analysis’ of our data and eariier work (Phelps

SE.El 1971) suggested that the removal of heme did not apprec1ably

"~ alter the tertiary structure of apoperoxidase. LT

- 6 3.8 Enzymatic actlx%ties of apoperoxidase ‘
. In spite bf the results reported in the preceding section where no
l chanqe'in the tertiary-structure of the apoperoxidase could be seen, the
enzymatic activities associated with peroxidase wéﬁé significantly ,
altered in the apoperoxidase. The perox1dative ‘activity with all the
substrates assayed was completely lost (Table 16). The IAA-oxidase
/ | actiVity'Qas reduced at least twenty fold (Table 17): The loss/oﬂ

peroxidase activity agreed'with_the earlier reportes in literature »

(Siegel and Galston 1967, Srivastava and van Huystee 1973) sihce heme is .
/;,M//////’g/;onstifuent of the active site (Ricard and Job;‘1974). Ihe!decrease f:}

. ‘ 'in IAA-oxidase activity -by more than twenty times was in contrast to .;4.

earlier reports (Siegel and Galston, 1967; Srivastava and van Huystee. ‘

- 7 1973). In the determination of IAA-oxidase activity. we did‘not nncTude

e

) ////// any of the commonly used cofactors as Mn** and DCP in’ the assay as’ in .-

.-

earlier studies. This could explain in part the differences observed in

e

our studies, as well as others (Ku et al., 1970 Lee, 1977) But, it is
now fairly well establishéd that the true IAA-oxidase activity ‘does not'

(]

require the use of cofactars (Lee, 1977).



_————"peanut peroxidase.
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4

. Tabie 16. Coﬁparison of the peroxidase activity of the holo-enzyme and

apop?dtein of. the cationic peanut peroxidase.

SO Specific Activity (E.U./mg protein)

Substrate Holo-enzyme Apoprotein
Guaiacol 637 30 n.d.*
Eugenol 4t 6 n.d.
a-aminoantipyrine T 62+ 3 - | n.d,

[

* n.d, = not detected

(o
l

= S.E.

Table 17. 1AA-oxidase activity of the holo, apo and reconstituted

(apoperoxidase t hemin) peanut peroxidase.

. : Specific Activity
Enzyme ) ~ (g IAA-oxidized/mg protein/min)
Hofo-enzyme . 12.3 £ 0.3
Apoprotein . 0.5 ¢ 0.02

Reconstituted enzyme ’ 5.0 £ 0.04

t = S,E.
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6.3.9 Further evidence for the equimolar ratio of ‘heme to apoperoxidase

- Reconstitution experiments

Reconstitution experiments were performed to determine the molar
ratio of heme to apoprotein in the peroxidase molecule, as well as to
. study the effect of heme on énzymatic activities associated with
peroxidase, The reconstjtution of the holoenzyme by the ad&itioﬁ of
heme to apoperoxidase QaS'complete as determined by the apsoéption
spectra at 280 and 407 nm of hemin alone and hemin reconstituted
holoenzyme (Fig., 22).

A change in the slope of the absorption at 407 nm of the
apoperoxidase and hemin mixture occurred at 9um hemin (ffgal
concentration)(Fig. 29A). An experimental micromolar ratio of
apoperoxiJ:se to hemin of 10:9 is observed. This view point of an
equimolar ratio is further reinforced by the data in Fig. 298, where the
peroxidase activity of the reconstituted enzyme was measured. The
maximum activity was reached at a ratio of 10:8 of apoperoxidase’to
hemin. Thus both these pieces of evidence supporteq the data on

measured contents of heme in peroxidase (section 6.3.3).

6.3.10 Enzymatic activities of the-reconstituted peroxi&ase holoenzyme
. The reconstituted peroxidasé holoenzyme showed a ten-fold }ncrease_
in the IAA-oxidase activity as compared to apoperoxida;e alone (Table‘
17). The activity of the reconstituted holoenzyme was still
approximately one half that of the native enzyme. Similébly the
perbxidase activity of the reconstituted holoenzyme was almost one fifth
that of the native enzyme. This may be due partly to the use of hemié,

which forms hematin in alkaline solutions (Stecher et ai., 1968).



N .
—

Figure 29A. Reconstitution of the holo-enzyme with hemin and
* apoperoxidase. The apoperoxidase was kept at 10 uM and

increasing amounts of hemin were added before measuring the
absorption at 407 nm (—0®). The control was obtained by

increasing concentrations of hemin alone (8—3q).

Fiéure 298. Specific peroxidase activity, usinga -amino-antipyrine as
3

substrate, of the reconstituted holo-enzyme formed by °

varying hemin concentrations. The concentration of

apoenzyme was same as in 29A.
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‘Hematin has an additional hydroxyl group with iron, instead of iron

il

(Fe**) alone in protoheme.  However, Ohlsson et al. (1977) reported that

hematin or its derivatives ar® properly oriented in the prosthetic

-

groups in HRP, bésed on circular dichroism studies.
: e y

4

6.3.11 "Effect of Heﬂé deficiency in cultured peanut cells on the

peroxidase secretion

Levulinic acid‘(LA) is an inhibitor of porphobilinogen synthesis
(B?ale {976)_thus blocking the §ynthesjs of porphyrins'and heme.. It had
-been shown-previougly by van Huystee (1977a) that by 1ncorpordtingf5 mM
LA int6 the meQium of cultqred peanut‘cel1s culture ALA was found t6

accumulate in\the cells_indicating a block in the pathway, Therefore, -

by incd}porating 3 mM LA in the medium of cultured peanut cells the
. ’release of peFoxidase into the culture medium was delayed (Figure 30).
The Iag'period was much smaller with 1 and 2 mM LA than with 3 ﬁM LA.
f\\\“ . ' I; was noted that 3 mM LA only induced a lag period and di& not kill the
'l cells, as the peroxiQase activiiy 1néreased in the medium after day 6;
] ' Further, this lag period could bé reduced, if the cells were transferred
.\a to fresh medium Qt}ﬁout LA after day 3 (Fig. 30), - Levulinic acid
apparenfly did nothha;e any effect on the measurement df‘peroxidase
activiiy, as shown by assay of ﬁeroxidase in presence of LA. Peroxidase
* éctivity in the‘medium was shoﬁn to be proport}onal to perpxiqase
synthesis uith.tﬂ: cglls (van Huyéiee and Lobarze?ski} 1982).
Therefore, by\gircumstantia],ev%dence it was suggested that hem; mayO\
'a1s; control th synthesis of.peroxida;e as in the case of other

hemoproteins (Hamilton et al., 1982). However, furtjer work on the

L d

\ . ‘
.



Figure 30.

™*-

Effect of levulinic acid on peroxidase released into the

medium, by cultured peanut cells.

Peanut cells (8 ml settled cell volume in 50 ml final volume

of .cultured medium) were rinsed 3x with 3 volumes of fresh

medium to remove adhered/residual perdxidase, before

sdbcultuging. Peroxidase activity was determined using
guajacol ‘as substrate. (Representative of 3 experiments

-

with similar'results.)

0 -. control
B—8-1mM LA
A - Z’mM LA
B0 - 3 mM LA
,6——@ - 3 mM LA removed after 3 days
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in vivo and im vitro synthesis is needed to verify this preliminary
fe;u1t. )

In summary-heme.in peanut beroxidase[was identified as protoheﬁg,
which Qas present in an equimolar ratio to\ apoprotein. The protoheme
was synthesized from glutamic acid in the m'fochondria. Heme‘was
{nvo1ved in the Sarious enzymatic activities| associated with
peroxidase. The re;ults were suggestive that heme was linked to the
apoprotein in of before.the molecule reached' the microsomal fraction. ;

Heme might have an influence on the secretion of peroxidase by peanut

cells in culture,

‘L




7.1 Introduction . v

The results reported in preceding chapters,had.rei
suggestion that cationic peroxidase was the major- peroxidase isoenzyme
secéeted by peanut cel}s in culture (Maldonado.and van Huystee L980).H .
This chapter examines (1) what4possfb1e functions it plays in peanut |
plant and (i) the reason(s) for its seCret1on (Penel et al., 1984)

"The studies on pur1f1ed HRP preparat1on showed that the oxidative
capabilities (u51ng oxalacetate oxidation) of peroxidase are.associated
with the cationic peroxidases and the péroxidativé’activities with the
aﬁionic peroxidases (Kay et al. 1967). This view on supremacy of the
" cationic fraction in oxidatiod is further extended by circumstantial
evidence based oﬁ.énzyﬁatic activities in cru‘E cell/ plant extracts
that the cationic peroxidases are associated with IAA-pxigase and the
anionic peroxidasés with lignin synthesis (Boyer et al. 1983 and
references éited there in). However, this does not explain why the '
cat1onic form is secreted ‘in peanut cells in suspension culture. In
fact the anionic form (1nvolved in 119n1n synthesis) should be the .
major form that is secreted, because lignin synthesds takes place on the
outer surface of cell, Té check on the working hypothesis postulated
above (Boyer et al. '1983), the anionic peroxidase {though in small

quantities) was purifiéd from the medium of cultured peanut gells.

‘
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These two peroxidase (anionic and cationic) were then compared as to
their capabilities for different enzyme-activities associated with

peroxidase.

7.2. Materials and Methods ’

7.?.1 Isolation of the anionic fraction of peanut peroxidase

. The anionic fraction was isolated from the “flow through” fractions
of chromatography of crude“medium proteins on a CMC column, as described
in section 2.3.1:' The anionic peroxid;se forms only 10 to 15% of t’é‘“-
total perbxidase activity in the medium (Maldonado and van Huystée
1980), thus the “flow through" fractions of 8 to 10 columns were pooled
togelhé}. The protein; were precipitated with 80 percent ammonium
sulphate, The bel]et obtained after 10,000 g centrifugation was .
dissolved in 10 to 15 m1 of 0.005 M Tris-C} buffer at pH 8.4. This
suspension of ‘proteins was diq]ysed against two or three‘thanges to a
total of 4 tq 6-11tres.of the same buffer over a period 2;_33 to 14
hours to remove ammonium sulphate. The dialysate was chromatographed

over DEAE-sepharose in Tris-Cl buffer>‘ The anionic peroxidase on this

column was eluted with a gradtent of 0 to 0.2 M NaCl in 0.005 M Tris-C}

buffer. The protein content of the effluent fractions was monitored on

~a ISCO UAZ monitor set at 280 nm. The RZ of the fractions were

+ LA

Y ‘ .

calculated as in section 2.3.1. Fractions with RZ values exceeding 2
: o

were pooled. These were then concentrated by precipitating with 70

perceﬁt acetone and resplubilizing in 0.05 M phosphate buffer pH 7.0 for

enzyme assays .and physical determinations. Those fractions with RZ Tess

than 2 were pooled,_precipigptqp with 80 perc;nt dmmonium sulphate and

-»
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rechromatographed over DEAE-sepharose as described above. In order to

4

obtain RZ of 2 the fractions were usually chromatographed twice over
DEAE -sepharose,
Y
A
7.2.2 Sed1mentat1on analys1s - .

The pur1fied cationic and anionic prote1ns dissolved in 0.05 M
phosphate buffer. pH 7.0 were analysed in Beckman model E u]trecentrlfuoe
for sedimentation coefficient determination. The samples were

centr1fuged at 50,740 rpm at 20-25°C in an AN-E rotor and photographs
.w1th Schlieren optics were taken at 16 m1nute 1ntervals.ﬂ Sedrmentat1on
coefficients were calculated accotding to the method of Markham (1960)
and corrected topweter at 20°C.

- The enzyme assays for peroxidase and IAA-oxidase eere carried .

out as described in sections 2.4 and 2.5, respectiver.

7.3 Results -and Discussion '

-7.3.1 Homogenity of anionic peroxidase

The résuﬁts‘presented in Figure 31 showed that a relatively
' homooenous anionic protein (channels a and f)-and a cationic protein
(channels d and e) had been isolated.from the medium proteins. A double
~ protein band (channel c) c0uld'be observed when the anionic—and cationic
proteins were electrophoreseJ together 1in one'sample; This 1nd1cated a
small variation in the molecular weight of the two proteins, ‘as reported
earlier (Stephan and van Huystee 4981), The cationic and anfonic
protetns exhibited RZ values of 3.6,anq\312’:espect1vely. This.:was 1n’
contrast to the observations made for‘HRP, where higher RZ values were
obtainéd for the anionic fraction than the/t;tiopig.fraction ’
VAR -

' - ' o
i
o 1 r n

N



Figure 31. Comparison of mqleculgr weight of anionic and gaxiqnic "

peroxidase from cultured peanﬁt cells. Electrophoresis was \

carried out on a 5 to 17.5%’gféd}ent slab gel, Jwe— - Yoo ;

. congentrations for anionic (a, 10 g and‘f}‘éd‘ug)'and for -
cationic {d, 40 . ug and e, 25 ug) and 15 ug'e{ch for thd

_ combined sample (c) were used. Channel b carries marker

~r proteing (serum albumiﬁ 67 kD; ova]bumihn§3 kD; soybean.

"~ ’frypsin inhibitor 20 kD and cytochfomeh(iz.S kb). Following

lectrophgresis the gel was stained with Coomassie blue.

~
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Figure 32. Ultracentrifugal analysis af the anionic peroxidase (0.7

mg/ml) alone (top row) and the anionic and cationic

peroxidases together at a final concentration o

mg/ml, respectively (bqttom row). Schlieren pa

f 1.0 and. 0.5
ern at 32

minute of‘tentrifugation. Sehimentatﬁopn1§/fbward5:right.
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(Shannon et al. 1966). j:§Ut $he single protein band on SDS-PAGE (Figure

31r1and a single peak iff the ultracentrifugal analysis (Figure 32)

- showed that homogeneity of the anionic peroxidase was obtained.

- L4
Cytochrome-c-peroxidase, which is also an acidic protein has a RZ of

1.25 (Yonetani, i9§7). Thus, these variations on RZ values imply that
RZ value alone based on heme absorption at 407 nm cannot'be taken as a
measure of purity for, different isoenzymes. The RZ depends equally on
the aromatic amino acid composition of each protein, whiéh yields

absorbance at 280 nm (Yonetani 1967).

7.3.2 Enzymatic activit{es ofgthe.anionjc and cationic peroxigases
Summary of the results presented in Table 18 shoded that no major
differences in peroxidase ﬁctivity between EEe_anionic and cationic
proteins could je observed. This was particularly true for the case of
eugenol, which is considered to bhe a natural substrate for detecting the
capability of lignin synthesis (Stafford 1960).v Even for assays with
quaiacol, a lignin precursor (Grand et al. 1979) the data were not
greatly different considering the S.E.- Furthermore, no differences
were observed in the capability of each 1soenzyme for IAA-oxidase
activity (Table 18). Even the pH optima for the two proteins of
1AA-oxidase activity was same (Berg et al., 1983). It was important to
note that cofactors like Mn**, DCP ahd Hp0p wére not needed in
IAAioxidasg assays for both proteins, HOJZVEr; the capability of the
cationic peroxidase for IAA-oxidation was enhanced 4 to 5 fold with the
addition of Mn** and especially for DCP (data not shown). But the o

’ .
addition of cofactors and Hp02 does not really represent the true

a
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Tablé 18, Comparison of the pr\operties of the anidnic and cationic

fractions of peanut peMdase.
. W
™~

- ..
™
Peroxidase f?zeuon\
Anibm‘c ;,%Catiom'c
1. Molecular weight 5 - 42KD © Y 40kD
2. Sedimentation coefficient 3.5 . 355
3. Spemf]c peroxidase act1v1ty e ' ) -
a) Guuaco] \ - 907 1133 E 637 t 30
i ~ o £ ’ L.
. b)’ Eugenol o ! . 37.0 t 2,03 - 44,3 * 6.4
' S ‘ Y Cp
\ c)a -ammoantripyrme LI . 78.4 £ 0.005 - '62.5 £ 3,77
'4_.' IAA-oxi‘Qase ;qtivi;y = | :, ; ﬁ,-;“’ . - o~
a) *pH optima S N R - N O
Tob) gpecificactivity | o ‘10 £ 0.25 SV o.j‘,zs
(u,g m Oxidized L b
.;ng'lpnetqin min'l) ‘4 o T - ’ )
5. RL (M07/280 N Y 3.6 :
AL tor » '
B 1 . ' / Lt "y !
v~ . . . \
| .. - t
,“ \I‘ ‘ , ij , . - 3 —:‘: ‘. X e
* tS.E. o I S

T L
4
-
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lAA-oxidgse activity (Lge, 1977).& Thﬁs, the similarity of ?he;g two |

peroxjdasg frqctions with oppo§ite charges was in quagreement, with the

general Hypothesis put forward by Boyer et al. (19833 and as' well as

with‘ the results of stﬁdiES on HRP (Kay et al., 1967). Our results N

sugg;sted thgt both proteins:were potentially capable of performing the .

same enzymatic activities. L

-

7.3.3. variation’ in the nature o(aniﬁm_beanut -

—_—
hd - "‘——A‘:\T_\\
.. T

..

peroxidases | - * T -
In spite of these similarities inicataiytic properties of these two--;\\;\‘\\\

peanut peroxidases, they differ in their tryptic cleavage patterns

-

(Stephanvénd van Huysteé, 1981) and are not immunologically related (van

-

Huystee and Maldonado, 1982). In addition, the cationic fraction

accounts for three fghrthS»of the peroxidase activity in the cell ° ‘ Dl

suspension medium (Maldonado and van Huystee 5580). The secretion of
peroxidase into the extracellular fluid has been reporied for st;dies on
several plants as mentioned in Chapter 3.-‘It'was also shown that the ¢
peroxidase secreted by the cells in peanut leaf was immunologically -
related to the cationic fraction of pq;px%dase denived from‘cells

(Chibbar and van Huystee, 1983a).

-

-

7.3.4 - A hypothesis for the secretion of the cationic~form of s
I . . ] "\

peroxidase  §§ )
It has been noted ‘in studies with rﬁf‘braih, that the cationic .form

aﬁp not the anfonic form of HRP is retrogradely transpofteu in the soma
- . . . N
of visual motor rieurons (Bunt et al., 1976). These workers (Haschke and

Friednoff, 1978) later reported that-the cationic form has 2.0 moles
v ~ '
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) and the cationic sfom of peroxidae is capam
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of Ca*t.per mole of protein as compared to 1.4 moles in the anionic form

of }grseradish peroxidase. The cationic form is also capable of

' ex_changi'ng the calciug, while the anionic is not (Haschke and Friedhoff,

1978). Calciusl has been implicated in the-structure of horseradish
geroxﬁese by Heliinder (1979). The involvement of calcium in protein

secretion in éeneral is well known (Peteréon and Maruyama 1984),

Pcalcium stimulates the release of peroxidase into the medium of cultured

L

(4

-beét cells (Sticﬁer et al., 1981) This calcium stimulated peroxidase
re]ease is further enhanced by auxins in non-habituated,

non-organogenio, ce]T lines in beet (Easpar et al., 1983). However,
.auxins do not enhance this. ca1c1um‘1nduced secretion of peroxidase in .
habituated cell Yinese{Gaspar et al., 1983) ‘Habituated cell lines do
not require exqgenous auxin for ‘their growth fnendEcessity of calcion
for auxin action is postu]ated (Roux and ‘Slocum,. 1982) and so :s the
necessity of*a protein for auxig action (Went 1974), Auxin is - -
tranSported from cell to cell (Goldsmith }977). The transport of‘aaxin _
is in the form of an anion (HErteI 1983) D } |

L] N [ .
An auxin anion carrier protefn has been 1mplicated (PQ‘:Z 1983),

3

'i'n auxin transport. Although there is no definite evidepce the . -

. 8

:(iv) auiin travels 'in the 'fom of an ‘anion

v ¢

1nvolvement of poroxidases, neve:theless it mey function a's an “auxin

anion careier, tons‘ering ‘the follow‘lng ci rcumstantin evidence:

(1) - for &uxin action Ca*"‘ is needed (Slocum and Roux 1982)

4

(41) - Ca” ﬂmns an\ntegral part o!peroxidase stn@tore

Ii.ﬂ) pe‘roxidase is secreted and its secretion-js Cp*t dependent

'
PR

ot transport

,‘\

oy . . t
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In éuﬂmary,it seems quite plausible to involve cationic peroxidase

-

in auxin téansport. Cationic peroxi&ase has been recently implicated as

an aux{n receptor (Lobarzewski and'Dayidowici, 1983). Conversely there

~is no doubt that, evidence Eontrary to this has been presented namely
that IAA-oxidase activity and auxin binding activities of ﬁa?ze .
membranes could be separated (Venis i979).' The main suggqgtion,
1ntepdeﬂ to be made here, was thatithe catijonic peroxidase appeared to

have the potential to act as an éuxjnranion carrier and be involved in

4

auxin tr;nsport and auxin a;tion. The working hypotheiis postulated by

. Bandurski {1982) that auxin is destroyed during the gréwth prbmogipg act

4

may be of intereé; here. More work on effect of Ca‘tt depletion; (using
Ca*t ionophores) is requirgg: Measurement of the level of IAA in the
cells and in the }dh, during the growth cycle of cells may lead to

'
some cofclusivg results in, future endeavours. The fgct that the anionic

)

" peroxidase does not fulfill these criteria is of interest particularly

S

since it abpears to be an intracellular protein instead of extracaclular

one,

~
~



_ CHAPTER 8
SUMMARY AND CONCLUSIONS

."

-

Peroxidase (E.C, i.11.1.7) has been a fevoured.marker'ehzxme for

: altered-piant growth and developnent (Scandalios and Soreson, 1977;
'Netter and Dyck 1983). .The precise'involvement of peroxidase in plant

~ growth and development is not yet understood (van Huystee and Cairns,

}980, 1982). Generally an increase in peroxidase enzyme‘activity has

"been considered as an increase in peroxidase synthesis (Birecka and ¥

Hiller 1974 TaneJa and Sachar 1976), even though little.is known

abo e biosynthesis of ghis’hemoglycoprotein (Fig. 1), Hhile-HRP has

n structuroliy examined, its biosynthesis in horseradish rootsphas‘

not vestigated, , Comparative studies on the structure of.a feu \

other p\a peroxidases with HRP have revealed a diversity -in structure

of peroxidases (Mazza and Heilinder 1980a b; van Huystee and Maidonado,'
- L e

Q982). Therefore, indicating the necessity of the structural

characterization and purification of peroxidases from the plant material

<

in which it is to be studied.
- A cationic frackion of peroxidase was isolated andt characterized
.from the proteins secreted by peanut cells in suspension culture .

(Ma]donado and van Huystee, 1980 vdh Huystee and Haidonado, 1982). The

, selective secretion‘gf the cationic peroxidese was shoun to be an energy
. dependent-process (van Huystee and Lobarzewski, 1982). ' It was also

"' shown that the secreted peroxidase originated from the peroxidase that ' .

" - - - .- - . .
.
v A . . - -, .




- the pathway of secretion of this ‘peroxidase’was identified,

.cationic peroxidase from cultured cells, could be used later in* applied o

. 'assays bn .the intracellular localizetion of peroxidng during its

L
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was extracted with a high salt buffer (van Huystee and Lobarzewski, v

1982). Neither the intracellular origin of this secreted peroxidase nor

’

In this'study, the question of intracellular localization of

EE eperoxidase to explain the origin of. high ionic e;traction of peroxidase
| and its. biOSynthetic pathway was considered (Penel et al., 1984)
" main feature of this study was the applicafion of immunological
) techniques. The antibodies recoqhized the protein molecule (cationic

peroxidase™ in this case) against which they were raised.

The first question to be considered was, whether the proteiﬁ',
structure of the cationic“peroxid;se had changed during the transition
of cells fndh explant to suspension culture (Chaleff 1983; Meins Jr. 3
1983)qmunodiffusion assays indicated that cationic peroxidase from
cells in culture was inmunologically related‘to that in the peanut plant
and als; to that uhich was secreted-hy the cells of ‘the leaf The .-

significance of this relatedness was. that antibodies rajsed against

studies of the enzyme from peahut plants, ﬂit was shown by
]
radioimmunassays. that the ratio of cationic peroxtdase to total

proteins was only one tenth in peanut leaves. as conpared o, thap of .

<

’ peanut cells in cuTture. Secondly if molecular probes like cDNA are

- ..’/
developed later on, tﬁey,may be used for growth and development studies

on peanut: plant (van. Huystee and Cairns, 1982) '
The studies by differ}ptial centrifugat:on coupled to radioiununo-

- biosynthesis uere done. - The results suggested that the peroxidase in

:
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the high ionic extracts.of cells originated from the microsomal

' fraction, "This was in agreement, with tﬁé\secretory nature of cationic
" peroxidase, and confirmed the earlier suggestion made Py van Huystee

' (1978). * In this study, monospecific IgGs were used for the, fir:t-time ‘

for 1n yivo immunoprec1pitation of peroxidase synthesizing poiyeomes.
The resuits indicated a three to four fold higher peroxidase over

protein sydthesis in the membrane liberated- to free-poiysomes. This

. strengthened the earlier suggestion made from in vitro studies on

peroxidase synthesis by Stephan and van Huystee (1980 1981) This
technique of immunoprecipitation of peroxidase syntheSIzing polysomes,
could be developed furtner to isolate the mRNA for peroxidase, as has

been done for other low abundance proteins (Maurer, 1980; Shapiro and

' Young, 1981; Kraus and Rosenberg, 1982).

Heme moietﬁ is an. important'component of peroxidase (Fig: l)‘ The
precursor(s) for the biosynthesis of heme is(are) important not only,
for peroxidase, byt have been questioned since the discovery of
glutamate as the precursor for ALA destined for chiorophyli (Beale and
'Castelfranco, 1974). Peanut cells in,suspension culture, provided an
ideai-system, because of the achiordpnyiious hatage of celis in culture
(van Huystee ind Cairns, 1980) and the ease of isolation of hemoprotein-

by selectively imnunOprecipitating the hemoprotein peroxiddse. Hence,L

f it was snown that the Neme moiety in peroxidase was derived Srom -,

glutamic acid-and not by condensation of. glycine and succinyl CoA, as is

. .
-
"

. the case in animzis (cpibﬁar and van Huystee, 1983b) Heinstein.and

Beale’ (1984) subsoquentiypreported that in red alga Cyanidium Caldarum

also. giutamate is the sole precursor fdr neme It.pus also shoun that

2 .
’

.
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: the heme moiety was synthesized in nitochondria. This was of 1nterest.

because arguments were raised, that since, the cells do not contain
chlorophyll, hence the synthesis of heme lay be a mere dive;s{:n of the =
porphyrin biosynthetic pathway in plastids (amyloplasts) towards heme
s&nthesis (van nuystee and Turcon, 1973}, The heme moiety from
. 'peroxidase was identified as protohene based on mass spectrometry. 1£
was also shown to be present in equinolar concentrations to a’oprotein
as in cytochrome ‘c’ peroxidose (!onesani, 1967). The peroxidase in the
microsomal fraction had a‘heme moiety attachem determined by
radiojgnunoassays. 1
- .Based on the observations, made in the current investigasion end
. previous resu}ts from this laboratory (van Huystee and Cairns, 1982{'van
. Huysoee and Lobarzewski, i982)‘a hiosyntnetic pathway for peroxidase and
its release is propdsedy(Fig. 33)} Nooother b{osynthetic pathway for
seoretion/of peroxidase has been-proposed yet (Penel’ ef.al.,.1984).
The current hypothesjs'for the oction o}’oeroxidoses (Gaspar gi
al., 1982; Boyer et al,, 1983) could not explain the secretion.of cat-
fonic peroxidase in peanut cells in culture, as wel1 as 1ts invo{;e-ent g
in plant growth and Uevelop-ent (yan-ﬂuystee and Cairns. 1982) The .
recent hypothesis (Boyer et al 1983) suggested. that cationic peroxid-
ases are involved in IAA-o!idation while anfontc in 1ignin synthesis,
This would imply that the anionic peroxidases should bé secreted sinee_'
lignin synthesis takes place on the outside of the cell membrane .

LY

Houever. evidenoe from different lines in our study (seé section 7, 3.4) :

' indicated to Epe contrary. Horeorer both the proteins (onionic and -

‘.
‘.
. L]

cationic) se‘;ed to be capable of sinilar enzylotic citalys4s,

» L ' : .r".. * v
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‘Figure 33. A possible scheme for the biosynthetic pathway of cationic

/e ’

peroxidase in cultured peanut qens based on data fr0m this o /

gudy and previous prelimn'ary stydies with ‘peoanut cells, s
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*

k' thus disagreeing with the broad.assignments of function proeposed b}
‘Gaspar et al. (1982) and Boyer et al. (1983), .

>
*

8.1 Prosge cts for Further Stydy . *
' Many questions on. the biosynthesis and function of peroxidases in
plants have emerged from-this study. The first major point of concern

, is. the significance of. the selective secretion of cationic peroxidase

over-the anionic peroxidases. Is-the anionic -form synthesized at Yower
leyels as conpared t?,F‘Fi°“‘c' so that it is’secreted at lower rate?
- Conversely, the anionic form?of peroxidase may be an intracellular |
'“:enzyme and the cationic. an extracellular enzyme, This compartmentation

. between the two forms of peroxidase may explain thair role in plant
growth and development (Chapter 7). The extracellular n;ture of ._
cationic peroxidase may be. of 1nterest to plant scientists in view of -
its use as a model for protein transport in animal motor néurons (Chan
and Haschke, 1981) It has been reported (Bunt and Haschke, 1978) that
.the cationic isoenzyme c of HRP is better capabie- of transport in the“
.soma of motor’ neurons than the anionic form, Thercalcium_related
prdperties of‘the anionic and cationic forms of HRP are also“of'interest
| (Haschke and Friedhoff 1978), since calcium has been’ inyolved in the
hormonal action of plants (Roux ang Slocum, 1982) However, for precise’
comparative studies, the first prerequisite is to purify the anionic
'peroxidase, as described in Chapter 1é Antibodies against this purified' {
‘.protein may be raised and "used in deternination of the biosynthétic rate -
of the'anionic peroxidase, as reported in this thesis. Once the

biasynthesis and structure of the anionic peroxidase 1s understood




7
/.

1/// ' B ~_- 1.6.3
their role in growth and dev]eppment of peanut plant, may be
O'investihated andEcompared'to the cationic peroxidase, beyond the
hypothesis made so far in this thesis. |
Further clarification of the nature end onigin of’the'cationic
. - peroxidase from the low and high ionic extracts of cells is also .
:A' needed. For this purpose, as well as to undenstand.the reguletion.of

>
1ts synthesis, a microsomal translation system may be developed (M1yata

* W and Akazawa, 1983). Glycosylation inhibitors like tunlcamycin, , ¢
| brassic1n and compactin may be used to study their effects on peroxidase
synthe51s (Miyata and Akazawa, 1982) . ’ ‘
) The technique of the isolation of mondspecific IgGs as well as the
. . 1mnunoprec1pitatiou of peroxidase synthesizing polysomes may~be used to
iso}ate-the mRNA_for,cat1on1c pecqniQese. The mRNA mey ‘be used to
* develop cDNA probes foq th1§'penoxidgse._ These may then be used to
invettiggte ;reciseli thelrnle of'peroxidase‘in the various stages of‘
growth and development-ivqn Huystee énﬂ Céiqns, 1982), _ oo

.
I\—\ + .
. - Y
. %
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Legend for Figure,

Peanut cells jn'culture (4 days old) were treated with 10'é (Eig: B
and C) and 10-6 (Fig, D~qnd E) monensin for 30 winutes. Fig, A is
. control, not treated with monensin. Cells were prepared for electron
micrography as described in section 5.2.4, g - represenf Goléi.
apparatus. Magnification = 38,000x, '
. ‘ '/;7"‘\\ ,
Monensin at a concentration of 10-6 M Egused\%he\giggrganization of

Golgi stécﬁs. i ) ] e /
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fab!e 1. Distribution of RNA in free and membrane liberated polysomes .

during the period of'actiyg-growth in cultured peanut cells.-
. . % / s )

Days of Culture Fresh weight . o “RNA in pdlysoqes ug) -
' of cells L ——— ‘
(9) * Free -Membrane - Total g‘1 fcgsh
| . 11berated o !eight Ny
. . - \*~ . : - 4 Y -
2’ 10 o 260 14 ‘ \ 334&..- 33.4
4 10 w0 T1s2 .58 582 o
6 10 420 1711 . s DTS
8 2 533 140 613 - 26,9
) e .
- b S g
Cells were incubated with 395 methionine (5 M Bq) for 2 hours.
Polysomes (free and membrane-liberated) were 1solated as described 1n o ‘q.

- sectiop 5.2.2. Peroxidase synthesizing polysones weire

~»

1mmunoprecip1tated as described in section S, z 7. Tho rddigactivity due
tv'non-specific binding with non-speci{(p IgGs was substracted from that
0 . obtained with specific IgGs. The net cpms obtadntd as a mean of 3U

P4

. ,replicates fron one experiment were shown_in Tables 2 and 3. Protein

synthesis was measured by the technique of Mans and Novelli {1961) -
described’ in section 2,9(.-2.' é
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.protein synthesis by polysomes during the perid& of

~~--attive growth of cultured peanut cells,

~

-

h 3

Days of 103 x cpm in . cpm, x 103
‘qulture Free  Membrane liberated Total mg-1 RNA
\2 27.4 11.4 38.8 116.4
"4 29.4 11.9 41.3 70.9 ‘
6 39.3 15.7 55,1 93.2
. . . \‘ .
8 "33;2 0 - 10.2 43,4 «+ -~ 64.5

gy

8

e s S
. \\‘\‘\ . *
- ‘e
~ Table 2. 1In vivo ﬁePOxiﬁasb synthesis by polysomes during the pér15d~
' . of-active‘growth of cultured peanut ;dfls.
ey Ratio of .
ég " cpm in . membrane
Days of membrane cpm_ x 103 liberated
culture Free liberated Total mg~1 RNA to free
- N
-2 328 1,879 2,863 . 8.57 5.7
4 11,062 1,650 . 2,712 4.65 & .6
6 1,896 2,733 4,629 7.8 1.4
8 1,800 1,605 3,405 5.1 0.9
N _/‘ .
. i' ,(‘~
Table 3. In vivo

e
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Table 4 Percentage of perxidase to protein synthesis in free-

membrane 1iberated-poiysoges and the two taken together.

Percentage of peroxidase to protein synthesis*

.. Days of _ 4
-AvCulfure Free - Membrane 1ibérated Total**
2 1.2 - 6.4 7.3
4 3.6 13.9 6.6
T 6 48 ' 17.4 " 8.4
8 © 5.4 . 15.8 7.8

* Rercentage of peroxidase to protein synthesis

cpm  in immunopréEﬁpitate
= x 100
cpm in TCA precipitate

**  Total represents the membrane liberated- and free-polysomes taken
together, : ’
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