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ABSTRACT "
Oat giobuLin has been characterized on the basis of its
protein chemistry, immunoclogical relationships and biosynthesis.

Results demonstrate widespread similarities between this

A

storage protein derived from monocotyledons and storage

L : proteins from dicotyledons.

- Oat globulin subunits were shown to -interact through .

i disulfide linkages. Subunits were purlfled by préparatlve A

gel-electrophoresis aﬂd their amino acid profiles are reported,

The « subunlt (Mr, 20 000) was shown to have basic isoelectric

‘points and the B subunit (Mr 40-000) contained neuiralland
i acidic iseglectric points |

| Antibodies were ralsed against 'oat globulln and isolated
\ u51ng protein A Sepharose and globulin- Sepharosef These

antibodies showed Cross-reactivity against rye and pea salt

soluble proteins.
. - 4
Polysomes were isolated from developing oat seeds and used

to direct in vitro translation in a wheat germ extract.

Globulin was isolated from the translated products, using anti-

globulin IgG and protein A-Sepharose. Results suggest that

oat globulin is synthesized as a 60 000 Mr precursor similar
S

to legume globulins. Two dimens}onal analysis of translation

products indicated that no o« subunit was synthesized as such

. . Lo * : .
/r il vitro. Intact mRNA was isolated and translated in vitro.



High molecular DNA was isoléted from groéts and blotted
i onfo nitrocellulose. A legumin clone was used to probe oat
‘ DNA. Results indica;e'that oat DNA and legumiﬁ DNA contain . -
complementary sequences, ,
-On the basis of these findings one may predict that oat
and legume gléﬁulin arise from similaTr gene€s or.gene families.
Qat lipas; was also investigated? An assay using
glycerol tri[l - 1%C] oleate was developed which could be
used to assay lipase from flour Suspensions and aqueous
extraéts. Li;ase was membrane bound, had a pH optimum of
7.5, a Km of 2-3 mM and afpeared to act on di- and mono-
glycerides. Lipase was purified 250 fold by extracting

microsomes with 0.2% Triton X-100 followed by hydrophobic

chromatogfaphy and gel filtration on Sephacryl $-200.
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Part A. Partial Characterization of Qat Lipase

p R _.
a
!

A ' INTRODUCT ION

1) The Role of Lipase in Cereals

During the germination of cereals various physiological
changes take place. One of‘these'change§ is the mobilization
of nutrient reserves such as 1lipids, carbohydrates and storage

protein. To breakdown these reserves varicus enzymes are

required which include amylases, proteases and lipases. The
aleurone layer (outer portion of the seed) acts as a source
of these enzymes. The release, of enzymes from the aleurcne

L

1a§er is largeiy under the control of the embryo. The embryo

! . releases the hormone gibbérellin which causes the release or
synthesis of aleurone enzymes (Tomos and Laidman 1979) .

'Triglycefides may sefve as the major source of metabolic
energy during:the early stages of germination (Tavener and
Laidman 71972). An increase in lipase activity of aleurone
tissue coincides with the stimqlation of fatty gcid oxidation
(Tomo; and Laidman 1979). Thus, lipase plays an important
role during the germination of cereals.

Qats contain about 5 to 9% o0il (Brown and Craddock 1972).

~Oats .are unique among cereals in that 80% of the groat lipid
is in the endosperm. About 50% of the total lipids in oats are

made up of triglycerides and about 30% are phospholipids’and

glycolipids {Sahasrabudhe 1979). Tbe predominant free fatty
- acids contained in triglycerides are oleic..acid (45%) and linoleic
acid {35%) (Sahasrabudhe 1979). In view of these observations

| | - N

/
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the predomihant ubstrate for lipase in oat is probably
triglycerides of which oleic acid and linoleic acid are the

most likely ﬂydro ysis products.

2)" Plant Lipas

-

Several lipases have.been described in plants of which
castor bean lipase has beeh studied in detail (Muto and
Beevers 1974, Ory et al. 1960, Ory.et al. 1968). Castor bean

contains two lipases, one has an acid pH optimum of 4.3 which-

'-hydrolyses'g;edominantly triglycerides of chain length bétween

C, to Cg. Unsaturated. fatty acids of C,, are also hydrolyzed
but not as répidly as the shdrt chain fayty‘acids. This lipase
is .most active after 2 days gérminatioﬁ. The gecond castor
bean iipé%em&f} an:alkaline pH bbtimum (pH 9.0). The alkaline
lipase is mgst active after 3 to 5 days germinétioﬂ. There is

very little lipase activity in the ungerminated seed. The

.alkaline lipase hydrolyses only monoglycerides. The acid lipase

is contained within fat-containing organelles (spherosomes).

The alkaline lipase is assaciated with the glyoiyéqme membranes.
Thus it aﬁpears that fgity acids are released in the spherosomes
and are then transferred to glyoxysomes. where B-oxidatfon 0CCUFS
in plants.  The exact function of the monoglyceride lipase of
the glyoxysomal membrane is mot qndérstood. ‘

Tayener and Laidman (19f2) hqve studied 1ipése in germiﬁating
wheaf. Wheat lipase activity appeared only after germination,
similar to castor bean. It was reveaied that glutamine was
respons&fﬁe‘for the iﬁductionfof lipase activity. The 1lipase

)
°
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activity originated in the aleurone cells. Inhibition of

"both RNA and protein synthesis prevented lipase induction

-~

‘suggesting that lipase is.synthesized upon germination and

-

is:not- stored in the mature grain.
Rosnitschek and Theimer (1980) have studied the properties
of lipase from rapeseed. A micresomal preparation was used

as the lipase source in this study. Lipase was assayed using

‘a titrimetric procedure -and sunflower cil as a substrate. The

initial lipqusis'ﬁgs linear for at leasf 5 min ané proceeded
thereafter for another 10 min. The Km of rapeseed lipase was
6.5 mM. Using radiocactive substrate (glycerol triolein
[carbdxyl C14]) mixed‘with sunflower oil they monitored the
production of free fatty acids, diglyﬁefides'and monéglycerides.
The variou% products were separated by thin layer chromatography
and thé distfibutioh-of fadioactivity in each was determined.

In' this manner ‘it was determined that libolytic‘membranes'of

rapeseed were capable of splitting triglycerides into glycerol

and free fatty acids. 1,3 -diglycerides were utilized more

éffidientiy than 1,2 -dig1YC¢rides. 'This lipase could not ‘
hydrolysé water-solub1e>triacetin or the phosphelipid lecithin.-
Rapeseed lipase showed a'preference for triglycerides that
conquned a high portion of‘unsaturatéd fatty.acids such as
oleic acid and linoleic acid. The activity of the microsomal
lipase increased five fold in the présence of 0.1 M_NaCl.‘ The
presence df 55 mM CaClé also increased lipase activity. Low .

conéentfations-of-digitonin, SDS, Triton X-100 and Tween 80

caused an inhibition of lipolysis.




Lipase activity‘was investigéted in the storage fissue‘of
several 0il seeds during germination by Htiang aﬁd Moreau (1978).
Lipase activity>was invgstiga%ed from castor bean, peanut,
sunflower, cucumber, éotton,;corn and_tomatd. It was détermined

that the two-lipase system observed in castor an was not present

in the other o0il seeds. The six other 01l seeds studied

contained no acid lipase and the aikaiine lipase‘predomigated.
Furthermore lipase was ﬁot contéiﬁed in the lipid bodies in the-
dry séed thus indicating that lipid hydrolysis occurréd<in other
cellular compartments. It was determinéd that pea lipaée’was
present in the glyoxysomes and mitochondrial membrane fractions.
The authors suggested that each kind of oil seed conEains,its‘own
uniﬁue mechanism of lipase action.

The study of rice bran. lipase is interesfing because this
is the only* seed 11pase which has been purified (Funatsu et aD
1971). Lipase was extracted from defatted rice bran in 10 mM
CaCl, pH. 6 0 followed by centrlfugatlon at 5 000 r.p.m., to
obtain a crude extract. The extract was brought to 60% satura-
tion with ammonium sulfate and the resulting. precipitate waé
fesuspended and dialysed. inéoluble material was reﬁoved
resulting in a clear suﬁernatant'wﬁich was chromatographed on

DEAE cellulost, -In‘this'manner 80% of the total enzyme activity

fwas recovered in the clear supernatant and 40% of the total

ac;ivify recovered from the DEAE column. The active peak from
the DEAE column was chromatographed on Sephadex G-75 frmnwmid120%
of the total activity could be Trecovered. Lipase was further

purifiedlby,tWO'Chromatogfaphy steps through carboxymethyl

.



PR —

. chrdmatography techniques.

Sephadex. The enzyme was pufified 4700 fold of which the

recofery from total was about 4%.> The enzyme was electrophoretically
homogeneous and had a basic isgelectric point of 8;56. It had

a molecular weight of about 40 000. .The kinetics of the enz&me
reéction and the suﬁstrate specficities were not investigated in .
their study.. The results obtained on ricé bran lipiase suggested

that this enzyme was not membrane bound. Detergents were not

U ! . B
required to solubilize the lipase prior to the various column
. s . )

3) Oat Lipase

_Oat lipase has been étudies in the most detail bY Martin’
and Peers (1953). The release of oiéic acid -and burtyric acid
from triolein and tributyrin was étﬁdied in their investigation.
They observed that the outer aleurone 1ayers_contained most of
the\-lipase acti;ity. I£ was feportedithat oat lipase was 2.5
tifles more active when using triolein 'as a substrate than if
*‘T bu@}rin was' used.

Groats were ground in distilled water followed by centrifu-

gation at 3 000 r.p.m. Thg result was an opalescent aqueous
solutipn which contained lipase activify. Adjﬁsting the pH of
this solution to 575—and 4.8 caused precipitation to occur
however 80% of the total lipase activity was lost by this ' -
procedure. Ethanol added to 75% (v/v) did not cause.a-precipi .
tate of this aqueous extract. The aqueous extract was made pp‘
to 80% saturation with'ammoniﬁm-sﬁlfate.' Howe;er,‘both the

p%icipitate and supernatant were inactive even after dialysis

against HZO' Lipase could be adsabed ontofa calcium phosphate
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gel;howeﬁer i& was not possible to elute the enzyme from the gel,
although it reﬁéined active on this -gel for 10 days .

o . A .

at 4 C. PFreezing any thawing the aqueous extract caused a

precipitate to form which contained most of the total lipase : :

activity. This precipitate~waskh2ﬂngf,insoluble in a wide

‘variety‘of solvents, hence further purificatjon of the oat . -

. Wlipase was not achieved. This Precipitate representéd a2 0 fold

purification on a dry we%ght basis. "
. Various solvents were used to extract lipids from groats
whiéh‘iﬁcluded petroleum ether,.benzeﬁe“;nd ether, acetone,
buﬁanol,,ﬁethanol and chlofofo;ﬁ.m,Nofioss_inmlipdéemaqtivijyﬁ
was observed after extracting groats Qith petroleuh ether or

-«

»benzene gnd ether. The other solvents caused a partial or
total lass in 1ipasé a“CtiVit)’(Martin and Peers 1953), \
Paper electrophoresis of the crude aquecus sclution
dqﬁonstrétéd the presence of 3 protein components, two of which:
-remaiga&-in solution after freéze-fhawing.A
The pH optimum‘of lipase obtgined after freeze-thawing
was 7.4. The optimum teﬁpgrature for'lipase'activity was 37°C.
The Km ;} the partially»purified‘emzymeiwas 6.2 mM when.dsing‘tri—
butyrin as a substraté. It was also rqported that this lipase could -
" hydrolyse only tributyrin and not di- or monobutyrin (Martin and Peers 1953).
Oat lipase was then re-investiggted by Berner and Hammond |
(1970). They investigated 'the specificity of lipases on lard

and cocoa butter. Oat lipase was pfépared by grinding oat in
B R .
buffer or water followed by centrifugation to obtain an agueous

-
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extract. They”ponfirméd Maré;q'and Peers (1953) obggrvatipn
that oat lipase had a pﬁ optimum of 7.4 aﬂd was mosf active
aéaiﬁsé long chain uﬂsatufated fatty acids similar to what
: Martin and Peers (1953) obéerved. Purification of 1ipase.waé
not attempted. | | T
Frey and Hammond (1975) investigaged the utilization of
oil from oat seéds. One of the factors involved in the use
of oat sged oil was the pﬁteﬁtrlipase which caused deteriora-
tion'ofjtﬁe oil qualit&ﬁ' Thus they'investigated lipase ;ctivify
f;om 352 éat varieties.- To screen out cultivars for lipﬁse'
,activity seeds were pressed ig;g_gzihggx;inﬂzgar. After 24 hrs
at room.temperaturé thelSize 6£ the ﬁ}ﬁé? zone was judged
visually on a scale from 0-4, quo'acxivity }eprésentéd no
visible clear iohe, By such a.method it ﬁas shown that 58
‘samples had no lipase and 12 sampies had large clear zones.
Lipase was a1§0 measufed colorimetrically in dough mixtures
containing various . levels of water. :Additionslof water.tg
25-50% ©of the séed ﬁeight increased lipase activity against
_soybean o0il, while 75-100% ﬁater caused inhibition of lipase

activity. Purification was not atempted. ,
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4. RESEARCH OBJECTIVE

.
1

The objective of this investigatioc was to purify
lipase from oats. A method of assayihé oat lipase using
rédioactivily labelled substrate was developed. This
method wasused during the purification studies and to
partially characterize oat lipase.

| The purpose of purifying lipase was so that studies

may be initiated regarding protéin biosynthesis in oats,

The strategy was to prepare anti-serum against purified

lipase. Using immunoprecipitation lipase could then be
identified from in !igzg translation products directeé by
mRNA. In this manner chould be determiried when the 1ifaase
éene is being exﬁressed.‘ The possibility that lipase is
synthesized as a precursor may have also been investigated

in this manner.

¢
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‘MATERTALS AND METHODS

B) Materials .
Cereal grains were obtained from the Ottawa Research

Station, -Agriculture Canada. In most of the experiments on

oat (Avena sativa L.), the cultivar Hinoat was used. Elgin,
Harmon, and Sentinel were used where indicated. In one
experiment, wheat (Neepawa), barley (Perth), aﬁd rye (Gazelle) j
were used. Grain was storéd‘at -20°C until required. Gum

-
arabic, olive o0il, sodium dodecyl sulfate (SDS),‘sodium

_deoxycholéte, sucrose, triolein, and Triton X-100 were obtained

from Sigma Chemical Co. 'Glycerol tri[1-14C]oleate (46.1 milli-
Cﬁrie/mmol) was obtained from tHe Raaiochemical Center,
Amersham, IL, and .diluted with cold trioleiﬁ or olive oil in
bénzene before use. Silica gél_G was obtained from Merck.

All other chemicals were reagent grade.

_ Methods '

1. Radioisetope Lipase'Assay

Dry, ungerminateds 0ats were manually dehulled and ground
for 30 sec.in a Phillips domestic electric coffee mill.
After éo£h1et lipid extraction in petroleum ether (40-60°C)
for,ZJhr, the defatted }1our was -air-dried and reground in a
narpatT and ﬁestle to disperse the powder. The standard assay

mixture for oat flour suspensions contained 0.05 M Tris-HCl

buffer, pH 7.5, 1% Triton X-100, 0.2% benzene, and 10 mM
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glycercl tri[1-14C]oieate (0.05 micro-Curie/mmol) in a final

volume of 10 ml in a 50 ml Erlenméyer\f%gsk.‘ The assay

water bath (37°C, similar to Mgrfin and Peers\1953). After
equilibration for 15 min, the reaction wao'stérted by adding
1 g samples of the defatted oat flour. Aliquots (1 ml) were
transferred at intervals of 0 to 30 ﬁin into lsyml glass

centrifuge tubes containing 2 ml of chloroform/methanol (1:1).

This mixture termlnated the reaction and extracted the lipids.

. B . T A
mixtures were agitated vigorously and then placed in a shaking-

The tubes were_then centrlfuged at 3,000 x g for 5 min, the -

lipid-containing, chloroform iayef transferred to small test
tubes, and the chloroform evaporated to dryhess under N,.

The 11p1d was then redlssolved in small. volumes of chloroform,
and aliquots were spotted on 5111ca gel G thin-layer plates-
(0.25 mm, prepéred in the laboratory). The lipids were
fractionated with petroleum ether/diethyl ether/acetic acid
(85:15:1, v/vy— IOdine vapor wos used to locate the separated
lipio components. Figure 1 demonstrates a TLC plate showing
the migration of free fatty acids and triglycerides after
variohs hydrolysis times. The free fatty acid, trigljcefioe,
and other lipid fractiono were then scfaped'iqto eparate
scintillatioﬁ viois and radioactivit§ determined bR liquid
scintillation'counting in 5 ml of Aquasol (New Englan
Nuclear), Kritchevski - and Maihotra 1970). Variations in>the
procedure {eg. changes in the reaction mixture, temp. and pH)

are given for individual experiments.
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FIGURE 1
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FIGURE I

Pt Zale L bl

Thin layer chromatography of lipids after various enzyme

reaction times. Lipids were fractionated in the presence

i of petroleum ether/diethyl ether/acetic acid (85:15:1, v/v).
Iodine vapour was used to locate lipid components.

Triglycerides.and free fatty acids were located by
»

comparison with standards.

TG - Triglycerides
DG - Diglycerides
MG - Mondglycerides ,
. FFA - Free Fatty Acids
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Liberated fatty acid,.labeled in the carbdnyl group, was .
determined by calculating the ratio of radiocactivity recovered
in the free fatty acid fraction to that in the total 1lipid
- recovered. This Tatio, multiplied by the number of moles of
triglyceride supplied times 3 (moles of fatty acid per mole
of triglyceride), gives the moles of fatty acid released for
each time interval. Rates of triglyceride hydrolysis were
calculated from the linear part of the time course. One unit
of acfivity was defined as lumole of fatty acid relegased per
minute under the condition described for this assay. A sample
calculation is as.follows. Given the free fatty acid spot
contains 115 DPM at a-given time and the total lipid radio-
activity for that time interval is 2175 DPM, the fatio of free
fatty acid to the total is 0.053. At zero.timeJthe total
radioactivity ocobserved for free fatty acids was négligible.

This ratio, .053, is multipliéd by 10 mM (substrate concentra-
tion) and by 3 (3 moles FFA.per mole of triglyceride). Thus the
final concentration of free fatty. acid is .053 x 10 x 3 = 1.59 mM

or 1.59 x 107 %

mMole FFA present in the 10 ml assay volume,
containing 1.0g flour. This calculation is carried out for
each time interval.

Lipase was &ssayed in a similar manner in aqueous solutions.
Extracts containing lipase were added into assay mixtures to

yield a final substrate concentration of 10 mM triolein under

the above described conditions.
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2. Cytochrome ¢ Reductase Assay

The reaction mixture contained 20 mM KHZPO4/K2HPO4,
pH 7.2, ®.2 mM NADH, 0.02 mM ékidized cytochrome c. To this
was added 0.2 ml of solution to be assayed, resulting in
a final volume of 3.5 ml. The absorption at 550 nm was

-

monitored and production of reduced cytochrome ¢ was

1 1

calculated using the formula Ac., = 21.1 mM “cm "X path leéngth X

[éoncentration of reduced cytochrome c].

3. SDS-PAGE dnd Protein Determinations

Performed as described in Part B Chapter 2, Methods

Section 2,4.

4. Many of the otﬁer techniques such as tcolumn chromatography

are described during the Results and Discussion section.

{ e
«




H

15

c) RESULTS AND DISCUSSIONS

1. Lipase Activity in Oat Flour Extracts

The time course for triglyceride hydrolysis was linear for
up to 6-10 min under the assay conditions described in the
" method section (Figure 2). The initial velocity was about

3 FFA reieased/min. Velocities were based on

- 6.5 mMole X 10
the hydrelysis during the first 5 min. A-linear relationship
was obtained between initial velocity and defatted oat flour
-of the range investigated (Figure 3). For subsequent experiments
1.0 g of defétteq.flour was used: The effect of substrate
concentration is shown ih Figure 4. The intercept of -I/Km
on fhe Lineweaver-Burk plot was -1/0.32. The apparent U
Michaelis constant was thus estimated to be abouf 3 mM. This
m ‘ was.lower1imnlthe.vaihe reported by«Martin and Peers (1953)
(' - who obtained a Km of about 6.5 mM. Martin and Peers (1953)
were however'using a.manopetric é%say in tﬂe pfesence of
tributyrin.l Tributyrin was not used as 5 substrate in my assays
because triolein is the majo;‘triglyceride in the mature seced
(Sahasrabudhe 1979)-, The pH optimum for the 3 oat varieties
tested was about 7.5 which is similar‘to‘ thé valug of 7.4
)

reported by Martin and Peers (1953

(Figure 5). Hinoat appeared to
have the highest lipase activity of the varieties tested here.
Frey and Harmon (19%5) reported a 20- fold vériation.in lipase
activity among 352 varieties. They assaygd*lipase by inserting *
a seed in agar containing tribdtyrin.. The lipase activity was
proportisnal to the clea;ing zone. In my study it aﬁpeéréd that

Hinoat contained about twice as much activity as Harmon.

- o~
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FIGURE 2

The release of free fatty. acids in the presence of 1.0 gram

defatted oat flour after various reaction times. Reactions

were carried out adcofding to Methods section 1. Each point

is taken from an average of three assays. The standard

deviations ranged from 1 to 2 mM FFA X 1073,
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FIGURE 3

GRAMS DEFATTED OAT FLOUR
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FIGURE 3

\\_‘__7__/

-The release of free fatty acids in the presence of various
amounts of defatted oat flour. Reactions were carried out

according to Methods section 1. Each point is taken from

an average of three assays. The standard deviations ranged

from 2 to 4 mM FFA X 1975, |
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FIGURE 4

The release oﬁﬂfree fatty acids in the presence of various
amounts of triolein.  One gram of defatted oat flour was
used per assay. Assays were carried out as described in
Methods section 1. A Lineweaver - Burk plot was obtained
from,plbtting the inverse éf the veiocity versus the

inverse of the substrate concefftration. Standard deviations

ranged from 5 to 10 mMole FFA X 1077, '
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FIGURE 5

The effect ofaﬁﬁ*on lipase ractivity from oat fleur suspensions
using the three varieties indicated. Asséys were carried out >
in the 'presence of 1.0 gram defatted oat flour and 10 mM

triolein as described in Methods section 1.

Pl

<
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Lipése activity réquired the presence of Triton X-100
(Table 1). Controls lacking detergent were
‘almest inactive, presumably because triolein i; insoluble
in aqueous media. In samplés containing
0.5-2:0% (v/ﬁ) Tfiton X-lOO,lipase activity.was significantly
Hiéher. Triton X-100 at 1% (v]v) was routinely used because
higher concentratioﬁs resulted. in difficulties ih separating
the lipid fractions by thin layef ¢hromatography. :

. ‘ N
Low levels of benzene (0.2 and. 0.3%) increased lipase

activity abdve the control with no be%zene (Table I11). Higher

levels (0.5 and 1.0%) significantly decreased the activity.
Hexane at 0.2% did not haﬁe the same effect as benzene. Higher
levels of hexane were not tried.

Lipase is believed to act .on the sdbstrate at a water-

>
lipid interface (Desnuelle 1961). Triton X-100 and benzene

may facilitate arrangement of the long chain fatty acids at

this interface. Im rapeseed, however Triton X-100 inhibited

lipase activity (Rosnitschek and Theimer 1980).

Several'studie§ on plant lipases have used gum arabic to
stgbilize water-lipid emulsions (Dundas et al 1978,.Muto and
Beevers 1974, Theimer and Rosnitschek 1978). 1In contfast,
this study showed no effect of gum arabic on oat lipase
activity (Table-III),_ The éffect of gum arabic in the absence
of Triton X-100 or bqnzene was no£ tried.

The methodé used moét cbmmonly for aésaying.plant lipases”

are titrimetric (Tavener and Laidman 1872, Theimer and

Rosnitschek 1978), colorimetric determination of copper soaps



TABLE I

~

Effect of Triton X-100 on Lipase Activity in Oat Flour Suspensions

-

- Lipase Activity

Triton X-1002 - ( umole/min/g flour)
0 : 0.25 ¢ 0.06
0.5 _ |  4.40 : 0.69
1.0 Co 5.56 & 040
2.0 o 6.19 * 0.57

a) Reaction mixtures contained 0.05 M Tris/HCl,‘pH 7.5, 0.2%

o

benzene and 10 mM triolein. Values are means of duplicate

experiments.
b) Percent Triton X-100 (v/v) in 10 ml of reaction mixture.

c) Standard deviation values.
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TABLE II

)

Effect of Benzene and Hexane on'Lipase Activitya

Lipase Activity

Solventb % v/v) umole/min/g flour
Hexane

none o | 1.44 + 0.82°
0.2 : | 1.17 + 0.55
Benzene ]

none ‘ ‘ 1.40 + 0.80 ..
0.2 ' . 4,76 + 0.97
0.3 : 3.30 + 0.02
0.5 SR 0.50 + 0.02
$1.0 . 0.21 + 0.06

£

aReactionrm_ixtures contained 0.05 M Tris/HC1, pH 7.5,
1.0% v/v Triton X-100 and 10 mM triolein. Values are means

of duplicate experiments.

bSolvént as percentage (v/v) in the 10-ml reaction mixture.

“standard deviation values.

e
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p
TABLE I1II

Effect of Gum Arabic on Lipase Activity a

Gum Arabic b . Lipase Activity
L) . | _ ' {y mole/min/g flour)
0 - 6.05 = 1.82°
1 7.02 + 2.18
2 _ 6.89 + 2.45
4 6.24 + 1.94
6 ‘ ) 5.05 + 0.19
8 4.26 + 0.64

a) Reaction mixtures contained 0.05 M Tris/HCl, pH 7.5,

1% Triton X-100, 0.2% benzene, 10 mM triolein. Values

g\\\\ are means of duplicate experiments.

b) Percent (w/v) gum arabic in 10 ml reaction mixture.

c) Standard deviation values.
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( Huang‘dnd Moreau 1978) and fluorimetric methods (Mutor and
Beevers (1974). Radioactive substrates have been uséd with
castor beanj(Borgstrom and Ory 1970) and rapeseed (Rognitschek
and Theimer 1980). My study on oat lipase also makes use of

a radioactive substrate (triclein). This was a suitable
substrate since this is the major storage triglyceride in oats
(Sahasrabudhe 1978). Martin and Peers (1953) used pfibutYrin
and triolein in their assays and determined that the ratio of
release qf oleic acid/butyric acid was about 2.5. Tributyrin
however is not found in mature oat grain (Sahasrabudhe 1979).
Nevertheless, the Km and pH optimum reported by Martin and
Peers (1953) using tributyrin are similar to those values
cbserved here using triolein. Martin and Peers (1953) did not

perform kinetic studies using triclein as a substrate.

2. Lipase Activity in Flour Extracts from other Cereals

The same assay was performed on wheat, rye and barley_and
compared to oat. The flour suspensions from ungerminated grain
had little activity as compared to cat (Table IV). Widhe and
Onselius (1948) repofted similarly that wheat and rye had no
lipase activity in the ungerminated grain. They also found no
increase in lipase activity in oats or rye after two days of
germination. In comparison the results presented here showed
increases in both oat§ and rye after two days germination.
Little activity was observed in wheat or barley either before
‘or after germination. Tavener and Laidman (1972) on the other

hand, demonstrated an increase in lipase activity in wheat after
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TABLE IV

~ . ~

Lipase Activity in Germinated and Un%ijggnated Cereals

Lipése Activity &

u mole FFA/min/g flour

, - 7
gé;éal ungerminated ’ germinated b
at (Hinoat) ‘ 8.43 ¢ 1.01 11.90 £ 1.05° - ‘
. TN
Wheat {Neepawa) 0.65 £ 0.04. 0.80 % 0.07
Barley (Perth) 1.09 £ 0.16 0.60 % 0.19
Rye (Gazelle) 0.93 % 0.05 3.20 * 0.08

a) Lipase activity was determiped from hydrolysis of glycercl
tri [1- 1%C] oleate in 0.05 M Tris/HC1, pH 7.5, 1% (v/v)
Triton X-lOO, 0.2% benzene, 10 mM triolein at 370C.3.Values

are means of duplicate experiments.

L 3
b) Soaked overnight in water, germinated on damp filter paper

v

at 25°C for two days.

¢} Standard deviation values.
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two days of germination. It should be noted however that the
optimum conditions for the assay of oat, wheat, rye and barley
lipases may vary for each Ceréal. The activities reported “in

Table IV are under the specific assay conditions described here

and have been optiﬁized only for oat.

Huang aﬂd Morgaq'(1978).have-similgfgp(reported that
peanut, §“pflower; cucumber, corn énd tomafb have little or
3ﬁg—lipase activity in the mature grain. The reason why oat
céntaihs aﬁ active lipase in ﬁﬁture.grain is unknown. Frey
and Hammond (1975) reported fhat this leads to o0il deterioration
during grain storage. Dr,lU;quhart in our 1abofatbry has
observed 1ipéii/§ctivity throughout seed development. Martin
and Peer§ (1953) similarly reported_the presence of liﬁ%ée
during seed development. Lipage may_be synthesized as an .
inactive precursor in o%ts. This precursor may-become activated‘
upon_storage or dqring enzyme -assays. The possibility also
exists that there is more than one enzyme which is .synthesized

at various times during development or germination. This has

been observed in castor bean (Muto and Beevers 1974}.

3. Solubilization and Partial Purificafidn of QOat.Lipase

Martiﬁ and Peers (1953) réported.thatrbecause_of the 1
insolubility ef liﬁése obtained frbm their most pure preparation
further purification wés not possiblé. Befner‘and‘Hammond (1970)

and Frey and Hammoﬂd (1975) studied lipase using aqueous extracts

e
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or crude %omogenates. Purification was not attempted.
The final strategy 1 adopted in attempting to purify
lipase .was arrived at after:pursuing several unsuccessful

approaches. The majority of the latter included vafipus chromato-

‘graphy techniques using a 1ipase—containihg‘aqueous extract,

‘The difficulties encountered arose mostly because lipase®

was not behaving as a soluble protein.> I then rescrted to

isolating membrane (a microsomal fraction) which contained

lipase activity. Muto and Beevers (1974} and Rosnitschek

and Theimer. (1980) observed in castor bean and rapeseed that
iipase was contained in microsomes. A fraction

enriched in microsomal bound proteins could be obtained, and
this fraétion was then treated with various amounts

of Triton X-100 in order to liberate lipase from the membrane
fraction. Having achieved this,- hydrophobic chromatogrgphy and
gel filtration steps were employed to try to purify lipase o

furﬁher'ffom the microsomal extract. -However additional problems

were encountered with stability and recovery once

lipase had been liberated from membranes.

The following protecel is the one which has been the most
successfﬁl. It is, reproducible but unfortunately has not been
improved upoh. Mature seeds (30g)‘ﬁ$re soaked overnight in
distilled water then ground to a homogeneous slurry with a mortar
and pestle at 4°C in 100 ml of 0.0SN'Tris/HCI; pH‘7.S, |

2.0 mM CaClZ, 15% (w/v)'sucrpse. The slurry was filtered
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through cheesecloth and the filtrate was cent?ifuged at’

5000 g for 15 min. The pelief was discarded and theaopaque'super-‘
natant (aqueous extract) reicentrifuged in the Ti60 rotor at

100 000 g for 3 hours to separate the cell soluble fraction

from the microsomal particles. The resulting supernatant

was about 70 ml and the microsomal pellets were taken up

.in 40 ml of the above buffer. Lipase activity was determined

for the mic;osomal suspénsion‘ana the cell soluble fraction.

Figufe 6 shows a time course for the two reactions. Taking

into atcounf the differencé in final volumés for each

fraction, the microsomal suspension stiil demonstrated abJUt 2 timeé‘
more totél activity than the celi soluble fraction (Table V, p.55).
To verify that the pellet obtained after ultracentrifugation
‘contained microsomes a cytochrome ¢ reductase assay Qas

. performed on the resuspgndgd pellet as described in the
methods section 2. Figure'f.dgmonstrates that cytochrome c\
reductase is within this suspension. Theimer and

Rosnitsthek (1978) have %ikewisé used cytochrome c

retluctase as a microsome marker for rapeseed. However, cyto-

chrome ¢ reductase should have-also béen assayed in the cell
solublelfractioﬁ. It may be possible that the cell soluble fraction
still contained microsomal particles. Thus, further experiments
involving higher speeds of ulfracentrifugation could increase

the yield of lipase in fhe microsome pellet.
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FIGURE 6

Lipase assays performed on microsomal suspensions and the
cell soluble fraction. Samples (1.0 ml) were added to
1.0 m1 of reaction mixture resulting in a mixture contain-

ing 0.05 N Tris/HCl, pH 7.5, 2.0 mM CaCl

-~

7 1.0% (v/v).

Triton X-100 and 10 mM triolein, Curve A was obtained
from assaying the microsomal suspension and curve B was

obtained from assaying the cell soluble fraction.
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FIGURE 7

Cytochrome C reductase assay performed on the microsomal
suspension. The-assay described in Methods section 2 ’

contained 20 mM KH2P04/K2HPO ‘pH 7.2, D.é mM NADH, -

4’
0.02 mM oxidized cytochrome C and 0.2 ml of microsomal
suspension. The final volume was 3.5 ml. Curve A was

obtained in.the presence of microsomal suspension and »

~curve ‘B was obtained for the blank.

o
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These tesults suggest that lipase is membrane‘bqund in mature
seeds or it becomes non-specifically attached to organelle
membranes during the microsomal preparation. Lipase has been

observed to be membrtane bound in rapeseed (Rosnitschek and

" Theimer 1980). Martin and Peers (1953) also pfesénted results

which suggested that lipase may be hembréne bound in oats.

They observed that grinding oats in distilled HZO followed by

-

centrifugation at 3000 rpm resulted in an opalescent solution.

They rgported'ghat this;solution could be clarified by repeated

filtratidﬁ through filter paper. The resulting clear filtered

extract contained very little lipase activity while the activity

was associated with the mﬁterial‘causing the opalescence. This

opalescent materia}lmay have beqn rich in microsomal particles.
"The effect of sﬁbstrate concentration on 1Lpasé activity in

the microsomai suépension wasAinvestigafed (Figure 8). The Km

value was approximately 2.1 as determined by the Lineweaver-Burk

plbt. This is slightly less than the value obtained when assay-

ing the flour suspension. Such a smalludifferen;e'may not. be’

éignifiéant, however this may also be due to a variety of réasbns.
Possibly‘this is because the substrate is more accessible to the
enzymé in microsomal suspensions than in flour suspensions, or
the‘subétrate may bind non-specificéliy to other méteriai in the
flqur. The pH qptimum of the microsomal bound lipase (Fig. 9) Ehows¥1
sharp-péak with an optimum of 7.5 similar to the valué repoftéd_
for flour suspensions (Flgure 5}. | .

In order” to determlne if this *ipase could act upon digly-
cerldes and monoglyoerldes, a d&strlbutlon was followed~

r
of the radioactivity in trloleln and in the products cf the

=y
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% FIGURE 8

The effect of triolein concentration on the release of

free fatty acid when assaying the microsomal suspension.
A-Lineweaver -Burk plot was obtained from plotting the
.in?erse of the velocit& vérsus the inverse of the substrate
concentratién. Microsomal sugpensidn samples (1.0 ml)

- .
were added to 1.0 ml of reaction mixture resulting in a

mixture'containihg 0.05 N Tris/HCl, pH 7.5, 2.0 mM CaClz, :

———

1.0% (v/Vv) %riton X-100 and varying amounts of triolein.

‘e

2
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FIGURE 9

The effectrof pH con lipase activity from the microsomal
suspension. Microsomal suspension samples (1.0 ml) were
added to 1.0 ml of reaction mixture resulting in a mixture
containing 0.05 N Tris/HC1 at various pHs, 2.0 mM CaClz;

1.0% Triton X-100 and 10 mM triolein.
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enzyme reac£ion. The same method has been used to investigate
lipase specificity in rapeseed (Rosnitschek and Theimer 1980).
Results are presented in Figure 10. Affér 6 minutes of
hydrolysis the diglyceride and monoglyceride fraction contained
about 38% of the total radioactivity. After 10 minutes of
hydrolysis this value dropped to about 30%. This suggests
that the microsomal-bound lipase is capable of hydrolysing
diglycerides and possibly monoglycerides, More studies however
must be undertaken using either pure diglfcerides or pure
monoglycerides as the enzyme substrate to verify the‘enzymes'
specificities.

Microsomal preparations (5.0 ml) were incubated with
varying amounts of Triton X-100 i; an attempt to release
lipase from the membrane. The incubations inlthe presence of
increasing amounts -of Triton X-1 were carried out at 4°C
with gentle shaking for 2 hrs.//P‘\ |

bThe samples were re-centrifuged at 100 000 xg for 3 hrs
and the pellets taken up in 5.0 ml of 0.05 N Tris/HCl, pH 7.5,
Z mM CaClz. The pellet suspensions and resulting supernatants
were assayed for lipase activity (Figure 11). Of the Triton
X-100 levels used the most effective was 0.2% (v/v). In—¥h§
absence of detergent (0% Triton X-100) no enzyme activity ,
could be detected in the superﬁatanq. Concentrations of ‘
Triton X-100 in excess of 0.5% (v/v) resulted in a drop of
enzymatic activity boéh in the supernatants and pelleté.' Thus
it apﬁears that lipase becomes inactive by prolonged exposure

to high concentrations of Triton X-100. This may be a reascn

why enzymatic activity drops after about 10 min during a routine

ALY
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FIGURE 10

The effect of lipase on di- and monoglycerides. Almicro-
soﬁal suspension (1.0 ml) was added to 1.0 ml of reaction
mixtu;e resulting in.a mixture containing 0.05 N Tris/HCI,
pit 7.5, 2.0 mM CaClZ;-l.O% Triton X-100 and %0 mM triq%ein.
Lipid cpmenepts were fractionated by TLC then identified;
isolated\and counted?i The di- and monoglycerideg were

(shown in Figure 1) were pooled together as one fraction.

A) Radioactivity Contained in the free fatty acid fraction.
. ' )}
B) Radioactivity-contained in the diglyceride fraction.

C) Radioactivity contained in the triglyceride fraction.
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FIGURE 11
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FIGURE 11 °
!

- The effect-of varyiné amﬁunts of Triton‘X—lOO in solubili- |
ziﬁg lipase grom microsomes. Microsomal Quspensiops

" containing iarying amounts of Triton X-100 were incubated
at 4°C for 2 hrs followed by ultracentrifugation. Pellets
were taken up in_b.dS N.Tri;/HCl; ﬁH.7.5,.é.0'mM CaClz.
Assays were carried out as described in Methods section 1.

/o : . . '
Curve A was obtained when -assaying the supernatants and

. curve B was obtained when a#éaying the resuspegﬁéﬁﬂpellets.

™



assay which uses 1% (v/v} Triton X~l00. The effect of other
detergents has not been investigated. This decréase in activity
may also be due to‘the decrease in the amount of substrate.
Attemﬁts were made to further purify lipasé from the
microsomal extract. Affinity chromatography of lipase on an
hydrophobic matrix was investigated. Alkylated agaroses were
used with alkyl chain lgngths varying from 0 to lO carbon atoms.
The bed volume of—gépﬁjiolumn which had been pfg-equilibrated

in 0.05 N TriS/HCl, pH 7.5, 2.0 mM CaCl ‘was 1.0 ml. Soluble

2
microsomal extraét (0.5 ml) obtained from the 0.2% (v/v) Triton
X-100 extract was applied to each column, theﬁ the columns were
washed with an additional 2.0 ml of the above buffer. Virtually
no énzyme was bound to the unsubstitutqd agarose column (Figure 12},
while about 30 and 70% of the ehzyme actiyity remained bound to
the éthyl and butyl agarose cblpmns, respectively. Almost all
the-enzyme activity remained on the hexyl, ‘octyl and decyl égarose L
-columns. Thus, as would bé expected for a membrane bound ‘/”f\“
enzyme, lipa;e demonstrated @lgreater affiﬁity for the more
hydrophoblc columns |

The above procedure was - scaled up using a 40 ml bed Volume
of butyl agarose. Microsomal extract (20 ml) was applied to
this\Eolumn and once the optical'densify at 280 nm returned to
baseline value, protein was eluted iﬁ the presence of 0.05 N
Tris/HC1, pH 7.5, ZmM CaCl2 and 0.5 M NaCl [Flgure 13). Judglng
from the optical dén51ty and enzyme activity prof1le5, the .

prote1n eluted w1th 0.5 M NaCl had the higher spec1f1c activity.

About 60% of the activity applled onto the column could be
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FIGURE 12

The éffinity for lipase on various alkyl chain agarose
columns., Lipase was solubilized from microsoﬁes in the
presence of 0.2% Triton X-100. Solubie ex;gact (0.5 ml)
was applied to each column which had a 1.0 ml bed volunme.
After the eitract had entered the columns, each column
was washed with 2.0 ml of 0.05 N Tris/HC1, pH 7.?,

ZTU mM CaClz. The resulting elﬁates.were assayed as
described in ﬁfthodé section 1. One hundfed percent

activity in eluate indicated that no lipase remained bound

to the column.
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FIGURE 13

Hydrophobic chromatography of lipase on butfl agarose.
Microsomal extract (20 ml) wasbapplied to the_column

(8 X 2.6 cm) thch contained a bed volume of 40.0 ml
and the absorbance at-ZSO nﬁ was monitored. The column
was pre-equilibrated with 0.05-N Tris/HCL, pH 7.5;

.

2.0 mM CaClz;' Fractions contained 5.0 ml each and the

flow rate was about 60 mls/hr. The above buffer:
containing 0.5 N NaCl was applied after fraction
number 19. Fractions were assayed as described in

’ »
Methods qection 1.
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recovered in this second peak (Table V page 55). Similar

_optical density profiles were obtained with hexylagarose.

However no lipase could be recovered by intreasing the salt
concentraticn up t0‘1;5 M NaCl. Tfiton X-100 waé‘al§o
ineffective in eiuting the bound lipase. However the lipase
remained active while bound to the column (résults not‘sﬁown).

| Lipase, eluted in the presence of 0.5 M NaCl from the
butyl agarose column, was applied to a Sephacryl S-ZOO column
which had been pré-equilibfated with 0105 N Tris/HCLl, pH 7.5,
2.0 mM CaClZ, 0.2% Triton X-100, 30% v/v glycerol (Figure .14).
In the absence of glycerol, no eniyﬁe activity could be recovered
from the column: One peak of lipase actfcity was recovered

from this column which appeared as a shoulder of the main

®,
~

‘A summary of ‘the iéolation steps is given in Table V.
Lipase could be purified about 250 fold using this procedure
which.resulted in about 7% recovery¥ Yjeld dropped substantially
during thé-isolation of microgomes.‘ This may be an indication
that there is more:-than one 1ipa§e, one of which is not -
membrane bound. Indeed there was lipase activity in the cell
soluble fraction which if added to the microsome bound enzyme
fraction would account for abou£‘80% of the total activity
in the aqueous extract. Studies have not been performed to
isolate the cell soluble-enzyme. It was also obseryedltﬁat each
step must be carried out 'promptly; not allowing any enzyme

preparation to stand overnight.
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FIGURE 14

Gel_filtrétion on Sephacryl S-200 of the lipase eluted
from butyl agarose.. The column (2.6 X 100 cmj had been
pre-equiliﬁrated in 0.05 N Tris/HCl, pH 7.5, 2.0 mM CaClz,'
0.2% Triton X-100, and 30% tv/v) giyceroi. The absorbance .
_at 280 nM was monitored continuously. The bed volume was
250 ml.and the'saﬁple volume was 15 ml. The flow rate was
about 20 ml/hr and each fraction contained about 5.0 ml.

Fractions were assayed as described in Methods section 1.

' | S~
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Gel electrdphoresis was performed on aliquots of each -

purification step (Figure 15). The fractions containing the highest

. specific activity (fractions 33,34,35) obtained from the

Sephacryl S-200 column were pooled and are shown in }ahe C.

This lane contains several protein bands inc#CEI;E’;.distinct
band at about Mr 90,000 (migrated -toc a similar position as

did phosphorylase b which.has a Mr of 92000). Lane A contains
proteins recovered from the major 280 nm absorbing peak (fractions
36 and 37) which demonstrated no dét%ctable lipase ﬁctivity.

Lane A and C contain similar proteins, however lane C contains

the 90,000.Mr protein which is not present in lane A. Since

' lane C contains protein with lipase activity and lane A does

not, this 90,000 Mr protein is a candidate for lipase.
However, in order to verify that this is lipase, further
purification must be acﬁievea.-

Lipése has successfully been purified from ricg bran
(Funatsu et al 1970) who reported a Mr of about 40,000. Since
oat and rice are both cereals it might be expected that they
should hé&e similar Mr lipases. However the lipase en;yme
isolated from fice bran was an aqueous soluble,protein.

During their pﬁrification it was reported that 80% of the

enzyﬁe activity could be recovereh in an aqueous ‘extract and

no detergents were required to remove it from membrane particles.
They were‘éble to proceed to column chromatography using the
aqueous extract. I observed that gel filtration on a Sephacryl

$-200 column using an aqueous extract (obtained after centrifuging

a crude homogenate at 5000 g) resulted in lipése eluting
a _ .

’
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FIGURE 15 |

i [ 3
Gel electrophoresis (SDS-PAGE) performed on various lipase
containing fractions. Electrophoresis was performed
_similarly:to that described in Part A, Methods section 2.l
The gel contained 9.0% acrylamide. Fractions containing
lipase activity were dialysed against HZO then freezedried
p}'or o electrophoresis. The various lanes contained the

following'fractions. Protein amounts in each lane are not !

known.

lane A: tubes 36 and 37 from the Sephacryl 5-200 column.
-) ’

lane B: Mr standards containing myosin 200 DOO, phosphorylase
. n *
‘b 92 000, BSA 67 000, ovalbumin 45 000, B-galactos&dase

-

«116 250. .
- L
lane C: tubes 33, 34, 35 from the Sephactyl S5-200 column.
" lane D: tubes 24 and 25 from the butyl agarose column. __
lane E: 0.2% Triton X-100 extraction of microsomes.

lane F: microsomal suspension proteins.

lane G: aqueous extract S?Uteins.
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oniy in the void volume (Figure‘lﬁj.. This indicated that
. lipase:was membrane bound. No ehzyme"activity was detected
,;n the soluble fractions. ‘ .
Further purification of oat lipase will be successful
only if a-means of further stabiliziﬁg the enzyme is found.
Possigly higher concentrations of glycerol would be useful
however, this makes column ehromatography increasingly
difficult. Thé presence of BSA or substrate in lipase
containing solutions Ha; not been tried and may bé helpful.
The use of other non polar detergents such as Tween 80,
Nonidet P-40 should be investigated. ' ’ “
Another approach‘may be to include detergent in the
aqueous extract. '~ Possibly affinity chromatography or gel
filtration foilowinglthis treatment would }esuit‘in a greater
enzyme recovery fhan I obtained by disolating microsomes.
Furthermore, the yield of lipase may be increased if a protease

inhibitor was included in all the buffers,
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; FIGURE 16

Gel filtraticn of an aqggous extfact (supernatant following

! centrifugation atJSDOO g of the crude homogenate) on
Sephacryl S-200 (1 X 45 cm). The absorbance at 280 nm was
menitered continuously. The colhmn had a bed volume of

30 mlsland was pre-equiliBrated in 0.05 N Tris/HCl, pH 7.5,
2.0 mM CaClZ. The sample volume was 2.0 ml and the fractions
contained about 2.0 mls. Lipase asséys were performed as

*

described in Methods section 1.
. "

o P
S ¢
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CONCLUSION AND FUTURE WORK

Preliminary experimeﬁts have been conducted to study
"
oat lipase. Llpase activity (trlglycerlde hydr01y51s) was
Aassayed in oat flour suspensions and soluble extracts by

14

mgasurlng-the.lncrease in D- C] oleic acid. Triton X-lOO

(0.5 - 2.0%) and benzene (0.2%) enhanced lipase activity.

-

/?EZ pH optimum of lipase in flour suspensions and microsomal
suspensions was 755, The Observedle for lipase was 3 mM in flour
suspensions and 2.1 in microsomal suSpensioné. Using these
assay conditions it was determined that oat had a greater |
gfipase activit; than wheat, rye and Larley.

- Preliminary evidencé was presented which %ngested the

@pase, .cont_ained' in microsomal suspensions, may be capable:
of hydrol sing di- and .monoglycerides. Lipase could be
releasé€d ﬁmoﬁ microsomes in the presence of 0.2% Triton X-100. N

Lipase was partially purified from the microsomal e#tract
using hydropﬁobic chromatography on butyl agaTosé‘and gel;filtfa—
tion on Sephacryl $-200. Gel electfobhoresis suggested that |
lipase may have a subunlt Mr of about 90 000. |

Work is belng continued in our labordtory to try and
determine the Mr of lipase. Presently Triton X-100 acrylamide
gelgﬁare being run of our most pure llpase preparation gflgure
15 1 Cj. Such gels are reported to separate proteins on
th¢ basis of Mr. “In this manner it may be pogsible :o verify

if. the 90 000 Mr protein containsﬁlipase activity. If this is

successful it will be the final purification step and the
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procedure described here will be scaled up. Once a pure
lipase has'beeﬁ obtained it will be used to conduct further
kinetic studies. Structural analysis will be initiated to

possibly determine wi{ich amino acids are involved in the

active site of this zyme. Research at this level may

some day provide clues as to how this enzyme may be inhibited

which may hopefully result in a longer shefgiife for ogats.

Further studies using purified lipase will include preparing
antibodies against this preparation.” Antibodies may then be used
to determine if lipase can be sythesized as a precursor molecule.

Furthermore in vitro translation gxpériments“may bée used to

determine when the lipase is being transcribed during develop-

ment. To do so, polysomes must be isolated during various develop-

mental stages, translated in vitro followed by:immunoprecipitation.

‘Such a study might provide information as to the best time to
harvest oats. For instance.lipase may be synthésized at a period
a%&fr the protein and lipids have been laid down. It thus may

be possible to harvest seeds before lipase’is sythesized and
‘i?ler the proteins and lipids are présent.

Howeﬁﬁr, because of the difficuitips encountered in obtaining
a pure lipase preparation,the next experiments wére“performed on
cat globulins wﬁich are abundant and éasy to obtain. The
biosynthetiﬁ study of ocat globulin polxpeg;ides wduld‘pfovide

a model system to investigate protein_skahesis in oats. This
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is dlso an intersting theoretical problem since globulin is

normally a low abundance protein in cereals. Furthermore,

in pursuing the study of globulin biosynthesis various

‘methodologies would be developed which could be used for the

- similar future'study on lipase.

wF
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Part B. The Structure and Biosythesis of Globulin

N

+

CHAPTER 1

INTRGDUCTION ’ : : ‘ .

1. 0Oat as a Model System

One of the objectives of modern agriculture is to improve

crops with respect to .protein quality (content of essential

camino acids) and.quantity: Much work has centered in this

area because of the important nutritional impli;ations.

Oat is a cereal crop which combines the bene}its of a
high protein éontent_with an excellent amino acid profile and)
is capable of thriving over many aréas of the world QPomcranz,
1973) ., ODat varieties grown in North America havé an average
protein content of 17% (Youngs 1972, Robbins ct al., 1971,

Pomeranz et al., 1973) while most other cereals contain about

10% protein. Oat proteins contain the highest amount of lysine

'compared to other cereals and are probably sccond with respect

to methionine and threonine (Yoﬁngs et al, 1973). |

Aside from these favourable qualities, cat contains
several poor dharafteristics. Qat i1s a poor yielding crop
tomﬁgiid to other cereals such as Qheat, barley, and corn
(Shukla, 1975). Programs have been initiated however, to
breed a high yielding oat variety (Youngs Eﬁ,él' 1973).
Another unfavorable characteristic in ocats is its lipase
activiff. This enzyme is active during grain storage
(Hutchinson and Martin, 1952) wh{ch giqestrise éo fatéf acid

rancidity'resulting in off flavours (Dundaé et él, 1978). For

this reason oat has been used predominanffy for animal feed

. -

7] -

~
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and seidom for human cons mption. Recentiy, studies have
been undertaken to characterize oat 1ipa§§ so that its high
activity may be better understood (Matlashewski, et al, 1982).
Apart from these important practical aspects, aeveloping
oat seeds'provide an exceilent system with which to study
gene expression. During seed dex&lopment, gene expressioq
takes place predominantly within the endosperm tissue. This
results in the synthesis of a major protein fraction (Tumer,
et al, 1981) known as storage protein. During recent studies
on prétein synthesis in developing seeds it has been

v

established that polypeptides of similar physical and antigenic
characteristics to authentic storage protein can b:\g

ynthesized

in vitgo (Larkins and Dalb 1975; Burr and Burr, 1976; Hall
2 ( Vs ,

-

et al, 1978 ; Beachy et al, 1978; Matthews and Miflin, 1981).

Chafacterizing these in vitro synthesized ﬁfoducts has been - l.
essential iﬂ understandiné their synthesis.

\u The characterization of oat.storage protein.and the study
of its‘synthesislmust be further invéstig;ted.f Such an invéstigation
may ¥yield information regarding why oat ﬁroteins have‘superior
qﬁalities to other cereal storage protein. For ‘instance, the
synthes%s‘Pf oat:stofage protein.may be regulated in a

different manner than other cereal storage protein.

2. Storage Proteins

Qats like»"oth‘* cereals and legumes, store seed nitrogen
in the form.ef protein. Storage proteins are deposited within

~- . o
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cellular organelles called protein bodies (Quail, 1979).
Protein bodies are'generally spherical and have diameters
from ¢.1 to 25 pm (Pernollet, 1978).. Storage proteins are
synthesized during seed development which begins after
"anthesis (flowering).. During this period through to seed
maturation nitrogen continues to be deposited in the form of -
storage proteins. During the period between two and five
weeks after anthesis it has been demonstrated in.several
seeds that the increas; in seed dry weight is paralleled by
the accumulation of storage protein (Shewry et al, 1979; Bain-
-EE al, 1966).. Within this period the éndospefm which is in a
soft milky stgte~is~the site of protein synthesis. Upon
reaching matﬁrafion the endosperm dehydrates.and protéin
synthesis stops. In cereals this complete process occupies a
period o% between six and eight weeks, Upon germination gf
the Sped, these storage proteins are broken down and the
-ﬁitrogen is utilized for plant development. »;éﬁﬁi

In the mature seed, storage proteins are located
predominantly .in the sub-aleurone and outer endosperm layers.
The middle of the.éndosperm contains mestly starch‘(WeBpf and
Neumann," 1980) |

=
3. Protein Bod?’Eontents

Storage protein were first classified by Osborn (1895)
into four classes according to their solubilities. Théy are: - ﬁi
. globulins - salt soluble, , .

’ albumins - aquedus soluble,
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prolamins - alcchoi solﬁble,
' glutelins - weak acid or weak alkali soluble.
This type of classification has come under much criticism
because of its crude nature. Never-the-lesé, a better
system of classification has not been forthéoming.

Albumins constitute a minor portion of the storage protein,
Their predominant role is to previde the seed with enzymatic
activity (Weber and Neumann, 1980). Prolamins and glutelins
are the major storage proteins in most cereals (monocytoledens)
such as wheat, rye, barley and rice (Weber and Neumann, 1980)!
Prolamins have the general chéracteristics of being rich in
proline (10 - 20%) and glutamine (15 - 30%) and 10Q in 1ysine,'
content (Miflin and Shewry,.1979). Gluéelins generally contain
more lysine and less proline and glutamine when compared to

prolamins,

Ih‘%Fgumes (dicotyledons) globulins constitute the major

storage protein fraction (Mattg et al, 1981). Globulins
_ p g et al

generally contain about 5% lysineﬁgnd proline with Fbout
.IO - 20% glutamine (Miflin and Shewry, 1979; Pernollet et al,
1982) . '

Among the cereals, cat is unique. The major class of
storage protein is globulin wh{ch constitutes about 50% of
the-total seed protein (Peterson, 1976). Thus, this renders -«

oat similar te ,Jlegumes with respect to its storage protein

characteristics. This does seem interesting since oat is

classified as a'monocotyledon while legymes are dicotyledons.

'

3
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‘4. Formation of Protein Bodies

Several hypotheses have been introduced to explain the

formation of proteinabodies in seeds. One theory suggests

that storage protein in legumes are synthesized on the

-

. L]
endoplasmic reticulum and subsequently enter into the lumen.

Once.in the lumen the storage protein enters into dictyosomes
(Golgi body), thén are deposited into vacubtles which are known
as protein bodies (Boutler, 1979; Dieckert and Dieckert, 1976}.
This isaanalogous to the situation in animal cells. Tor
example, in‘pancreatic cells, profeins enter intp the
endopiasmic'retiéuium, then aré deposited into the golgi bodies
and finally enter std%égp granules prior to being ex'créted;_w

(Bhagavan,1978).

Observations using electron microscopy of developing

.

_endosperm show it to be highly vacuolated. When cells start

synthesizing protein these vacuoles begin filling at the inner
Y
surface (Briarty et al, 1969). Pronase digestion of these

"'HéBBsits suggests they are protein {Neumann and Weber, 1978).

It has also been suggested that the diG{yosomes may not

o

play an active role and that vesicles bredk away from ‘the

endoplasmic reticulum and are transported directly to the
vacuoles (Boulter, 1é81).

In maize, electron microscopy of endosperm cells has
revealed membranes surrounding the profein‘bodies. These
membranes are continuous with thé endopiasmic reticulum

membrane (Larkins and Hurkman, 1978).' Both protein body and
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endoplasmic reticulum membranes contain ribosomes and
cytochrome C reductase activity. Furthermore, polyribosomes
isplated frmnhgggteiﬁ bodies and endoplasmic reticulum both
were capabie of synthesizing storage‘protein in 11322. These
results indicated that in maize,storage}proteins are formed as
deposits in thé endoplasmic reticulum, then ﬂud off to form
protéin bodies. This would seem feasible in light of the fact
that storage proteins are génerally insoluble. Thus, as they
accumuiate in the endoplasmic reticulum they would be expeéted
v -
to precipitate causing aggregat&on which could lead to the
budding process. . _
Hurrland Burr (1976) however, have demonstrated th?t
poly;ﬁbosomes isolated from pr;tein bodies in maiie synthesize
only storage protein in vitro and have thus postulated that

'protein bodies are independent protein synthesiiing organelles.

5. Protein Body Dégradation During Germination
Storage protéin degradation during seed ge;minqtion
correéﬁonds to changes in protein bedy ultra-structure. .Pfotein
bodies in legumes have been shown to’undergo internal
degradation which proceedé ﬁy a flocculati&ﬁ'of its contents
(Briarty et al, 1970; Kirk and Pyliotis, 1976). It has been

suggested that flocculent appearance of proteig bodies

S

indicates endogenous proteolytic activity within the organelle

(Ashton, 1976). Alternately, protein bodies mayjuhdergo
periphéral degradation as seEE\iZﬂziiidjpgai'ngs (Chfispeels
gi al, 1976). In this case, degradati®n of ;t:;ng\proteins

i -
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starts after de novo synthes1s of proteases (Baumgartner and
Chrlspeels, 1977, Baumgartner et al, 1978) These proteolytic-
enzymes presumably originate from outside the organelle

(Ashton, 1976) .

6. Storage Protein: Future Prospects and the Role of Oat Globulin

Recombinant DNA techniques may soon allow the transfer

and expression of specific, genes among plants. The evolution

\

of'sﬁchtechndﬂgy will overcome many barriers inherent in

conventional;breeding techniques. For insténce; it may become
favorable to have oat globulin in a high_yielding crop suéh as
wheat o; Barley. However, a more complete understanding of
eukaryotic molecular gehetics is necessary before thié is
accomplished. ‘ % |

' Storage proteins ‘have been clonedﬂiﬁto.prokatyotic
organisms (Forde et al, 1881; Barton'gt al, 1982; Croy et al,
1982). This will providt.an understgnding of the organization
and structure of these genes which may provide an ﬁndersténding

of their regulation. This level 'of research should be extended

- bl

~ towards oat globulin because:

cA)its hi level of expreséion is ﬁnique ;mong cereals, and
.B) pre11m1nary results indicate 1t may have more in
common with storage protein from legumes (dlcotyledons)
than from cereals (monocotyledons).
Thé work present;d in this thesis has focused on Cémparing
authentlc globulln with in vitro synthe51zed globulln so that

its biosynthesis may be better ungerstood. During the course

~ N\

-



of Sﬁis research, much of,théﬁéround'work)has been provided

which will allow a similar study to be performed on oat

B
lipase. ’ - ot
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CHAPTER 2

GLOBULIN SUBUNIT CHARACTERIZK%ION

A) INTRODUCTION

1. Globulin Structure in Legumes

The accepted model for the structure -of legQ@ip, the -
majér storage protein of pea (a legume) is as follbws. Each
molecule contains six subunit pairs. Each subunit pair has a
molecular weight (Mr) 6€ 60 000. Thus, the complete legumin
comp}éx'has a- Mr of about 350 000 and a sedimentation
‘: coefﬁf%ient of 12S. A-subunit -pair contains polypeptides of ;p
approximate Mr 40 000 and 20 000. Each of these proteins |
are in fact a heterogeneoﬁs group of polypeptides with
"similar Mr. The 40 000 Mr group are considgred acidic proteins
and the 20 000 Mr group are considered basic (Matta et al,
1981). The terms acidic and basic for the 1egumih large and
small subunits muét be considered as relative since many of
t $0 c/iled acidic proteins are in the neutral range. The
;:ziiéigiasic'subunits however all have higher isoelectric
points than the larger acidic subunits. There is considerably
less heterogeneity in the basic subunits- than in thelacidic
<ubunits. The 40 000 and 20 000 Mr subunits are held together
by one or more disulfide bonds (Derbyshire et al, 1976).

Upon rediaction in the presence. of 2-mercaptoethanol the

disulfide bonds a?e\éissociated and the subunits can be

N

iI.



separated by sodium dodecylsulfate (SDS} gel-electrophoresis.
If reducing agent is not present during SDS gel-electrophoresis
the disulfide bonds are not broken and legumin migrates as the
dimer with a Mr of about 60 000 (Matta et al, 1981).

In soybean, also a legume, the major storage prgteins fall
in the globulin class."This'class cdntains a groqixofproteins
called glycinins:which are analogous to legumin in pea. Thé‘
gly€inin compiex has a sedimentation coefficient of 12.35, a -

: Mr of 300 - 350 000 and is made up of six subunit pairs

(Badley et al, 1975). Six different polypeptides with acidic
isoelectric points and Mr in the region of 40 000 and five

with basic isocelectric points of 20 000 Mr have been identified.
Each of these polypeptides have similar but unique primary
sequences (Moreira et al, 1979). It has been established

using SDS gel-electrophoresis under }edﬁcing and non-reduciﬁg
conditiens that the acidic and basic subunits are linked

together through disulfide bonds to form a subunit pair

(Staswick et al, 1S81).

2. Globulin Structure in Cereals

Aside from oat globulin very little is known about
‘cereal globulins, ﬁrobably due to their low concentrations.
According to Peterson (1978) the definition of oat globulins is

those proteiné whichh are extracted from seeds with 1.0 M NaCl,

Tris/HC1l, pH 8,5, and are precipitated upon dialvsis against H.,C.
These precipitated gloBulinScontain two major subunits (c ;nd 6;

‘
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(major globuli%s) present in equimolar amounts and one to four
minor components (minor globulins).  Peterson and Smith (1976)
have shown that an increase in total oat protein is paralleled
with an increase in the globulin fraction. Globulin increases
linearlfrfro day 4 to 16 after anthesis and constitutes up

to 50% of the total protein by the twelfth déy ‘(Peterson, 1976) .
Oat globulin has a sedimentation coefficient of 12.1S and a
holoprotein molecular weight of 32 000 (Peterson, 1978). Oat
gloﬁulin was separated into two major subunits by SDS-

electrophoresis under reducifig conditions. The Mr were 21 700

.(a4subunit) and 31 700 (B-subunit). Heavier Mr cbmponents

(Mr 56 000) were always present in smaller quantities. It was

speculéted that the heavier peptides could be dimers or.

‘precursorg of the o and B subunits (Peterson 1978). In the

- absence of SDS globulin migrates as a single diffuse band

during electrophoresis (Peterson 1973). -

<+

Peterson (1978) isolated the two major-globulin subunits
by excising them from SDS poalyacrylamide gels. The amino
acid{composition of these subunits was reported and will 'be

preserited in a subsequent section.

. 3. Research-Objective

»

Peterson's results suggest homology between oat and
legume globulin. The objective of this chapter is to continue i
studying this aspect of oat globulin using the work of

Peterson (1978 , 1973) as a foundation.
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Ihis-chapter focuses.on som; ﬁhysicél characteriétics
which have been reported for legume storage globuli;‘but not
oat storage globulin. They are? | '
1) Mr and pl heterogeneity within tﬁe-a and B suBunits.
2) The effect of the présence and absence of reducing

agent on the é'and B subunits duwing SDS-PAGE.

3) The pl characteristics of the o and B subunit.

-

r’
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MATERIALS AND METHODS . L

B) MATERIALS:

1. Tissue:

Oat (Avena sativa L.) was used throughout this investigation.

The cultivar Hinoat was grown at the Ottawa Research Station,
T P
Agriculture Canada. Samples were harvested at maturity

{8 weeks after anthesis) and stored at -20°C.

3

2. Chemicals:
Sigma: bromophenol blue, Coomassie Brilliant Blue R,

dithiothreitol - (DTT), 2- mercaptoethan01,|fr15

(2- am1no 2-hydroxymethylpropane-1,3- dlol)

Blo—Rad Laboratorles. acrylamlde, bis (N,N'- methylcne -bis-

ﬁﬁrylamide),‘amMOnium persulfate, Temed (y,N,N‘N'-tetramethyl—

ethylenediamine), Bio-Rad Protein assay.

Pharmacia: ‘Pharmalyte 3-10. R ‘

Alil. other chemicals were analytical grade.
. . ’

L

LT
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1. Isolation df Globulin:

The ﬁrocedure for isolating globulin was based on that of
Luthe and Peterson, 1977. Twenty grams of matufe seed‘were.‘
ground to a fine powder in a coffee mill then defatted with
100 ml_of cold aceténe; The flour was allowed to dry at room
temperature followed bfw;egrinding in 2 coffee mill. Protein
was extracteé by stirring the defatted flour in 500 ml of
extraction buffer (0.05 M Tris/HCl, pH 8.0, 1.0 M NaCl, 1.0%
(v/v) Z-mercaptoéthanol) for 2 hrs at room temperature. The
suspensicn was centrifuged at 17 000 x g for 20 min and
the supernatant retained. The supernatant was brought tc 60%
saturation with (NH4)ZSO4 at 4°C and the suSpension,ceﬁtrifuged
at 17 000 x g for 10 min. * In this manner, fhe protein was
precipitated and pelleted. The pellet was redissolved in 100 ml
of e*traction bufferrahd‘allowed to stir overnight at 25°C.
Undissolved.partiéles'such s precipitated prolamins, giutelins
and albumins which may have been present in trace amounts in
the salt soluble extract were pelleted at 27 000 X g for 30 min.
The’supefnatént was dialyzed against 0.1% (v/v) Z—mercaptoethénoi
fdr'l hr followed by dialysis against distilled HZO for an
additicnal 2 hrs. The precipitate was pelleted at 20 000 x g
for 20 min and the‘globulin'pellet taken up in a sméll qunétity

of distilled HZO and lyophilized.



79

: 1
2. laemmli Gel- -Electrophoresis:

The method was a medification of that dESCleed by Laemmll,\¢
1970. The separatlng gel (18 x 14 x 0. 15 cm) contalned ’
between 12 - 18% (w/v) acrylamlde, 0“26% (w/v) bnsacrylamldc,
0.10% (w/v) sodium dodecylsulphate (SDS), 1.0 mM DTT, 0.375 M
Tris/HC1 pH 8.8, 4.0 M urea; 0.05% (v/v) Temed, and 0.005%
{w/v) ammonium persulphate. The staéking gel'cﬁntained 5.0%
(w/v) acrylamide, 0.625% (w/v) bisacrylamide, 125 mM Tris/HC1
pH 6.8, 0.1% (w/v) SDS, 4.0 M urea, 0.10% {v/v) Temed and
0;005% (w/v) ammonium peréhlphate. The sampie'buffer coﬂtainéd'
4.0 M urea, 1.0% (w/v) SDS, 1.0% {(v/v) 2-mefcaptoethanol, 65 mM
Tris/HC1 ﬁH 6.8 and 0.001% bromophernol blue. Samples were
dissolved in this buffer aﬁ& heated for 20 min.at 60 C prior
to electrophoresis. For non-reducing conditipns 2-mercapto-
ethanol was omitted from the sample buffer and DTT omitted from
the resolving gel. Electrode buffer contained 25 mM Tris/HCI1,
pH 8.3, 200 mM glycine, and 0.1% (w/v) SDS. Electrophoresis
was performed under constant voltage (60v) for about 16 hrs.
After electrophoresis the gel was fixed and stained in-lo% (w/v) g

trichloroacetic acid (TCA){‘40% (v/v) methanol and 0.20% (w/v)
Coomassie Brilliant Blue R for 4 hrs. Gels were destained'in

30% (v/v) methanol, 10% (v/v) acetic acid.
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3. Preparative Gel Electrophoresis:

Electrophbfesis was performed on a 170.m1'cy1iﬁder
containing_iz% (w/v) acrylamide, 0.13% (w/v) bisacrylamide,
0.125 M Tris-borate pH 8.9, 0.05% (v/v) Temed, 0.1% SDS,
0.04%.(w/v) ammonium ﬁersulphate. Electrode buffer contained
©0.125 M Tris-borate, pH 8.9, 0.1% (Q/v) SDS. Samples were

prepared by dissolving 150 mg.of- freeze dried globulin in 1.0%

L]

(w/v) SDS, IO%I(V/V}-Z—mercaptoethanol:and_stirred at 60 C for
30 min fallowed by diélysis against 0.1% (w/v) .SDS, 5.0%

(v/v) .2-mercaptoethanol. The éample_was placed on the gel
cylinder and electrophoresis was conducted under comstant
current (50 ma) for about 25 hrs. Profein was allowed to run
off the bottom of the gel into a dialysis bag. The contents
of the dialysis bag were pumped out every 10 minutes and

collected in 3.0 ml fractéons‘ ’ ) \

4, Protein Determinations:

Protéin concentrations were determined by the Coomassie
Blue dye-bipding method.described by Bradford, (1976).
Bio-Rad Protein Assay‘wéSused for these determinations. Bovine
gamma globulin was used as a standard. Dye reagent (Bio-Rad)
was dilutez five fold and filtered through Whatman Nb. 1 paper.
' The diluted dye was added to the protein samples, allowed to

stand for 10 min, and the absorption read at 595 nm.
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5. Analysis of Preparative Gel Electrophoresis Fractions:

The mini slab appafatus (GE-2/4) by Pharfacia was used
as follows. The separafing gei (10 x 10 x 0.2 cm) contained
17.5% (w/v) acrylamide, 0.18% (w/v) bisacrylamide, 0.10% .
(w/v) sodium dodecylsulphate (SDS), 0.125 M Tris/HC1, pH 8.9,
0.05% (v/v) Temed and 0.005% (w}vj ammonium persulphate. The
stacking gei contained 3.0%'(w/v) gFrylamide, 0.28% (w/v)
bisacrylamide, 50 mM Tris/HC1, .pH 6.8, 1.0% SDS, 0.05% (v/v)
Temed and 0.001% (w/v) aﬁmonium persulphate. Sample buffgr;
containe.d 0.5M Tris/HC1, pH 6.8, 8.0 M fnéea, 1.'.0‘%‘(w/v) SDS
and 10% (v/v) 2-mercaptoethanol. Electrode buffer contained
0.125 M Tris-borate, pH 8.9, 0:1% (w/v) SDS. Samples were
dissolved in this buffer-fhen héated for 20 wmin_at 60 C prior
to electrophoresis. Electrophoresis was performed ﬁnder
- constant current (40 ma}.for 4-6 hrs. Gels Jere stained and

destained as preq&stlf described.

6. Isoelectric Focusing (IEF):

Gels contained 5.0% (w/v)'acryiamide, 0.2% (w/v) bis-~
acrylamide, 6;0 M urea, 5.0% (v/v) Pharmalyte pH 3:10, 0.03%
(w/v) amﬁonium pefsulfate, 0.05% fv/v) Temed. The anode;and:‘
Ea;hode'buffers coﬁiéinea 0.05 M‘HZSO4 and 1.0 M NaOH
respectively. The élab was prefo;used at 10 waftslfor 30 min.
Sampies were dissolved in”0.0l‘M glycine pH 8.0, 6§0'Mlurea.
1.0%. (v/v) Triton X-100. .Focusing was pefforméé.aﬁ lslwatts :
for 2.5 hrs followed by fixing, ,staining and dgstéining as
pteviously describéd. The pH grédients were féund to be‘linear.
They were measured by_sbaking gel éliceglin HZO followeq by

testing the pH with a pH electrode.
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7. Two Dimensionkl Electrophoresis (IEF and SDS-PAGE): \

Tracks were removed from an unfixed fbcu;ing‘gel'with a
razor blade, placed in ﬁé mM Tris/HC1 pH 6.8, 1.0% (w/v)'SDS‘

- and heated to 60 C for 10 min. -The sfrip was.set on‘an SDS
elect?opﬂoresis resolving gel. Stacking‘gél solution was poufed
on top of the isoélectric focusing §trip and allowed to pol&merize.
_Electrdpho;esis was tarried out as described in section 2.

'
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D. RESULTS AND DISCUSSION

1. Molecular Weight Determination and Heterogeneity of

Globulin Sybunits:

The globulin fractionfwgé obtained from mature seeds on
the basis of its salt solubility (Osborne 1895) essentially by
_ the method’of Peterson.(1978). The major subunit components | .
descrlbed by Peterson (1978) were ;lways present in each
preparat;on. However, the presence and absence of minor bands
during SﬁS-PAGE v%ried among preparations, possibly due to
the crude nature of the Osborne fractionation technique. This
thesis focuses>on the méjor'components (¢ and B subunits) which
%®ere isolated by preparative gel electrophoresie‘6section 3):

About 400 mg of thé globuIin fraction was obtained from
20 gﬁ of'mature‘seeds. Globulln was subjected to SDS-PAGE
as described in methods section 2. Globulin was applled to
track B of Figure 1. Molecular weight standards (phosphorylasé
B 92 000, bovine serum albumin 67 000, ovalbumin 45 000, ‘
cérﬁoﬁic anhydrase 30 000, trypsin inhibitor.20 000) were

treated in a similar manner to globulin and applied to

track A.

The banding pattepp in track B demonstrates two major
groups of polypeptides. \The ¢ subunit contains at least 3
polypeptides from Mr 214000 .to 23,000. The B subunit contains

at least 4 polypepiides
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FIGURE 1

M'r}q:ﬂ')j-3

Minor Globulin peptides

. Beta subunit peptides

Alpla subunit peptides
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Figure 1. =

Track A)

Track B)

=

SDS-PAGE of the gloﬁplin.fracfion (Methods
section 2) . o

Molecular weight standards.

Globulin isolated ﬁccording to methods section 1.
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from Mr 35,000 to 41,000 (Figure Zj. Thus;-each subunit exhibits

»

a certain amount of Mr heterogeneity. Such heterogeneity may be
. e ) ,

due” in part to proteolysis-o¢curring-in the méture seed or during
the isolation‘procedure. In addition, there are small -amounts$ of
" polypeptides in tﬁe Mr region from 50 ObO to about 69,000 (Figure
2). { minor globulin band is also observed at Mr 30,000 which -
"~ will be discussed further in the subseéuént chapter. ‘

This is similar tofPeterson‘s (1978) previous results,.
Peteréon-(1978) howeﬁef feported no Mr heterégeneity within the -
¢ and B subunits. Such hetérogeneity has also'sinc; been observed
by Adeli (M.Sé. Thesié,-University of Ottawa 1982). The Mr of
.thé:B subunit: reported ﬁqré is slightly higher tban that reported
by Petérson (1978). A possible explanation for thig discrepancy
is the different Weber and Osborn (1969)‘ge1 svstem, gel anélysis
or the differences in cultivaré uéed. -Petérsqn's (1978) previous
study uses the cultivar Froker and a gei‘scanner fdllowing electre-
phorgsis while this study use§ Hinoat and direct measurement of
~stained pfoteins. Furthef_differen;és may have arisen from
comﬁaring diff?ren; holekularrweight marker ﬁroteins.‘

~

. Involvement of Disulfide'Linkages in the Native Globulin

Structure:

Globulin was separated by éleqtrophoresis in both the
_presence and absence of Z-mercaptoethanol-as shown in Figure 5.
Track A tonta;ns globulin fun under reducing conditions and

track B contains globulin resolved under mon-reducing conditions.
Track A and B demonstrate widely‘differing banding patterns.

_Underknon-reducing.tonditibns a major group of polypeptides
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Figure 2. Gréph of log Mr vs relative mobility.

-

Gel electrophoresis was performed according to

method section 2.

Mr weight standards were

Phosphorylase B, 92 000

bovine.serum alﬁumin} 67 000
o ovalbumin, 45 000 '

carbonic anhydrase, 30 000

trypsin inhiﬁitor, 20 000

a¢ S.U., B S.U., minor globulins and the a -f dimer

are indicated.
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Figure 3.

Track A)

Track B)

SDS-PAGE of oat globulin in the presence and

¢

absence of reducing agent (method section 2).

_Mr's are as indicated.

Globulin (20 - 30 ug) exposed to Z-mercaptoethanol

and 4.0 M urea prior to electrophoresis.

Globulin (20 - 30 ug) exposed to 4.0 M urea prior

to electrophoresis,
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have Mr of 56;70006-(Ff§ure Zj. Tﬁis is épproximatély the sum
of the two subunits.‘c?ﬁis suggests that the o and B subunits
confain disulfide bonds-whiéh gives'rise td.the_iarger molecular
weight products shown in track B. Also observeé ih'tféckB' are
small amounts of protefh corresponding to the reduced- o« and B
subunits  shown in track A. It is presumed that these are globulin
subunits'which have been dissociated from the dimer during the
isolation procedufe sigce ‘mercaptoethanol was used-in the
extraction buffer (Methods section 1).

This efperimeﬁt.suggEstsAthe invelvement of cysting Cross-

- links to.form a dimer between the o and B subunits. Such CTOSS-

linking may be between-the two subunits or between two half

cystines within the same or both subunits. chch disulfide

linkagés are probably important for proper association imto the
Jholoprotein described by Peterson, (1978). -

3. Purification of Globulin Subunits:

The purification of the individual subunits was performed
by preparative gel-electrophoresis as described in methods
section 3. This was a modificafion of the method described
by Peterson (1978) dﬁiéh separated globulin:subtnits by SDS-PAGE
followed by excising the subunit-containing gel pprtions.
Protein was then eluted from .the excised portions of the ‘gel.

The procedure used in this_gtudy allows the protein to
continue migrating out of the gel into a dialysis bag. The
‘bonteﬂtsxéf the dialysis bag-wére collected every 10 min.

Samples were run under constant current for about 25 hrs. The
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_élution ﬁrofile is shown in Figure 4. Samples containing equal
volumes (20 ulj from each fraction were.collected and subjected
tolelectrophoresis as described in methods section 5 (Figure gﬁ.
In addition to the o and B subunits the early fractions

contain polypeptides in the 14 000 Mr region, These.polypapxides-
were not apparent in the globulin preparation shown in Figure 1.
This globulin preparation was allowed to dialyse overnight rather
than for 2 hrs. The longer diélyds time may have resulted in the
lower Mr prote{ns precipitating or breakdown of the subunits.
Furthermore, the o and B subunits themselves are not resolved as
well in Figure 5 as in Figure 1. This is probably due.fo the
-different electrophoresis conditions used (Meth&d section 5) for
analysing eluted fractions‘which is considerabiy less expensive
and more rapid than the method<described in Method‘secgion 2, which
however does not dffer thq éame high 1eve1.of resolution.

| The fractions boﬁtaining the individual subunits were pooled,
dialyzed and iyophylized: In this manner the B subunit could be,
obtained with 1little contamination (Figure 6). However, the « sgb-
unit still contained a considerable amount of the lower Mr contaminating
protein. Al;ering the current (i.e. length of run) did not |
affect the purity of the subunits. The o subunit containing
fractions were pooled and re-subjected to preparative gel-
electrophoreéis. The fractions were collected and analysed for
purity iﬁ a manner similar to that already described. Figure 6
is an electrophoresis baﬁding pattern of the final isoclated
subunits. Electrophoresis was_performed according to metﬁods
sectionlé. About 20 ug of each sample was applied. Again the

heterogeneity within the subunits is observed.
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Figure 4.

Preparative electrophoresis of oat globulin.

Electrophoresis was performed under constant

current (50 ma) for about: 25 hours. The

elution was monitored continuously at 280 nm.

Fractions. containing 3.0 ml were collected.

{methods section 3).
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Figure 5.

Analysis of subunit fractions from Figure 4
using SDS-PAGE' (method section 5). 20 ul

Volumes from the fractions shown in Figure 4

" were applied to each well. Molecular weight

markers used were phosphorylagse b (92,000),
BSA (67,000) ovalbumin (45,000) and lysozyme
(14,000). The expected areas for the a and B

subunits are indicated.
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Figure 6. Eléctrophoretic pattern of i‘s;&];a;t,ed' o and B
subunits+ (method section 2). About 20 ug

of each sample was applied to each track. ~

-

Track A) Beta subunit.

Track B) Alpha subunit. .,
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‘well in Figure 6 as.in Figure 1. The minor bands' {Figure 1,

However, the B subunit does not appear to be resolved as.

‘band 2, 3, B S.U.) aﬁpeaf to be compressed in Figure 6. This
may be due to Slightrdiffe;ence;'in running conditions from
- gel to gel. Each subunit_demdnstrates‘Only small amounts of
pcontaminating protein as jﬁdged by'this'electrophoresis geli
It is difficult to defermine if thelisolation procedure
described here is an improveméﬂt over that described by

Peterson (1978). His study did hot'show_a gel of. -

the purified subunits to which a comparison may be made.

’

»~



4, Isoelectric Focusing of the Subunits:
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Isoelectric focusing was performed on the purified subunits

to defermine their rESpective pl ranges. The procedure 1s

‘descrlbed in methods sectlon 6. The‘reshlts are shown in’

Figure 7. . The a subunit mlgrates towards the ba51c range

between.pH 10 and 8.5 while the B8 subunit is situated-in the

. neutral and acidic region between pH 7.5 and 4.

Furthermore, considerable heterogeneity 1s demonstrated
within each subunit. -The acidic B subunit demonstrates. more
heterogeneity than the basic a subunit. This may however: be :

due to the narrow range of pI~values within the o subunit- - -

.maklng 1t more d1ff1cu1t to resolve Matta et al, (1981)

however, 51mllar1\ reports ‘more hetercgenelt\ in the acidic
subunlt of legumin. The ba51c subunit may be more conserved

than -the acidic subunit. ThlS heterogeneity may be due in part to
deamidation of glutamine and asparaginé resuiting,in a shift
toward the acidic region. Heterogene1t\ arisiﬁg from artifacts

in the 1soelectr1c focu51ng procedure are unlikely since

standdrds focused'under the,same cenditions demonstrated - n

such multiple banding patterns. Brinegar and Peterson (19820

have also demonstrated such heterogeneity.



101

FIGURE 7
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Figure 7. Isoelectric focUsing patterh observed for isolated
a and B subunits. A pH range of 3 to 10 was used

e e (Methods-section 6).and was generally found.to.be linear
_ by this procedure N

. Track A) Beta subunit.

Track B) Alpha subunit.

-y
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- High conservatlon xn\protelns generally indicates hlghly
specialized functions. Fo\\éx&mpTG_“CHTf~ mus and paa

histohe‘4 differ in sequence by oﬁly 2 out of lOZ\tgsidues

(Delange 1980). It is believed that such conservatlon is

-requ1red because'the functlon of th:s protcnn is depend@nt on
\

its entire structure, t hus small changes in sequence woulq
. e ) |
) result in a non-functlonal protein. Slmlﬂarly, the structp ~e

of the basic subunit of globulln may be more critical for ‘\; _
\_

globulln 5 b1010g1ca1 activities than the structure of the N

N
©acidic subunit. Thesé blologlcal activities would include its

blOSYﬂtthlC pathway, transport within the cell, paokaging.ih

the ccll and its degradatlon v

' Two" Dimensional Eléctrophoreéis (IEF and SDS-PAGE):

The isoelectric focuSing,reéultS obtained by?using the purified
‘subuntts were Tepeated by two dimeﬁsionalleleotrophoresis of total-
globulinu‘ -Isoelectric_focuSing\of'total globulin in the
first.dimensipn was followed{by SDS gel*éiootrophorgsis in the
second dihension. .Résults ate shown in Figure 8. Thé neutral
and'acidic group of polyﬁoptides (observed betwoen tH 4.5 and

7) co- mlgrdted with' the B subunlt and the basic group of
polypeptldes (observed between pH 10 and 8.5) with the o

subunlt This 1nd1cates that the acidic polypeptldes correspond

.to the B subunit and the ba51c polypeptldes are derlved from

the o subunit.
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Figure 8. Two dimensional electrophoresis (IEF and SDS-PAGE)

performed on total globulin (Methods section 10).

3

A) First dimension: Total globulin subjected to iscelectric

. R P
g focusing. _

Second dimension: SDS-PAGE performed on the isoelectric

focusing gel from the first dimension.

‘

B) Schematic taken from the original gel.
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The igoeiectric values fdr the subunits are simila¥ but
‘not identical to those observed in Figure 7. It has been noted
in our laboratory that thése values do vary slightly fér ali
isoclectric focusing experiments, ;ven when the same protein
prepaﬁﬁtion is ﬁsed. Similar isoelectric characteristics have
been demonstrated‘in legume globulin (Matta et al, 1981;

Moreira et gl; 1979).

L
' i

6. Amino Acid Composition of Oat Globulin Subunits: -

The amino acid compositions of tht isolated globulin subynits

were determined by the staff at the John Innes Institute (Norwi h,U.K.)

and are presented in Table 1. These values are compared to

‘those obtained by Peterson (1978),'soybean‘g16bulin (glycinin) -

subunits angd pea globulin (leguminq.' ﬁb notableﬁdifferences
are observed between Petérsonfs values and those reported
: ﬁere. Tﬁe only excépt%on is the availability of sulfur’
containing amino acid values. Tﬂere.is a striking ..
resemblance in the amino acid compositions of oat and legume"
giobulin, especially between oat and soybean basic suBun;ts.

" As coLl& be predicted by the isoelectric points of -the

subunits the basic (a«) subunit contains more lysine, histidine

and arginine than does the acidic {8) subunit, .
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' &7 .
Amino Acid Composition of Oat Globulin Sublmits

~

N
L

u

(MOLE PERCENT)

\ -
: .t

Oat Globulin 'Soibean Globulin? " Pea Globulin
) (Glycinin) (Legumin)

Acidic - Basic - Acidic Basic .Total

@l @ wl @? -
ASP/ASN 8.3 9.1 12.4  12.8 12.6 ' 12.9 12.0
THR 3.3 3.3 4.4 4.0 3.4 4.7 3.5
SER 6.6 7.9 7.0 " 6.3 6.0 6.9 6.8
GLU/GLN  23.7 21.4 14.9  15.3 25.0 14 .4, | 20.1
PRO 5.1 4.5 5.2 5.2 7.0 5.8 - 