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ABSTEACT

Starch gel electrophoresis of the water~sgoluble,
salt-soluble, acid-soluble and alcohol-goluble proteins of

Triticale 6A190, Triticum durum, Secale cereale, Triticum

vulgare and Tritipyron 6458 revealed both qualitative and
quantitative differences, The experimental evidence ob-
tained indicated that the bilosynthetic integrity of the
alien genomes in the synthetic specieg(Triticale) was not
fully maintained, The apparent variable influence of the

tetraploid wheat (Triticum durum) genomes on protein synth-

esis in the three hexaploid cereals (Triticale 6A190, Triticum

vulgare and Tritipyron 6A58) was observed,
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INTRODUCTION

The first successful production of a synthetic cereal
species, Triticale, was reported by Rimpau as early as 1888,
Since then, intensive research has been carried out by cyto-
logiste and cytogeneticists with the aim of refining the

development of these synthetic species both in the octaploid

and the hexaplold levels, Bilochemical effects presumably due

to the presence of two alien genomeg in these synthetic species

had also been noted by scme investigators in the past. Thus,

Kowarski (1901) and Moritz (1933) both reported that serological

similarities existed between the proteins found in the extracts
of rye, wheat and the synthetic rye-wheat species (1,2), In
recent years, some further research involving immunological
techniques has been reported, Hall, in 1959, reported (3)
results of immuno-electrophoresis studles of the octaploid
Triticale and its parental species and implied that the inte-
grity of the rye genomes was generally maintained in the
speclies hybrid, More recently, Unrau and Vaisey (4), and
Unrau and Jenkins (5 ) made 2 comparative survey of the mill=-
ing, baking and some compositional characteristics between
Triticale and thelr parental species and attributed some ob-
served differences in these characteristice in the Triticale
to the influence of the rye genome,

The investligations herein described and discussed were

instigated in an attempt to establish whether an observable



change in the bilosynthetic integrity of both the alien
genomes present in the hexaploid synthetic speciesTriticale
might occur, Since the hexaploid Triticale 64190 is essen-
tially derived through a combination of the genomes of

Triticum dvurum and Secale cereale, both these parental

specles were lincluded in the study, Furthermore, because

Triticum vulgare (Kharkov) and Tritipyron 6A58 have the

parental genomes, namely "AABB" of 1., durum in common with

Triticale 6A190, they were also included in the investigation,




REVIEW OF LITERATURE

As early as the late 18th century, attempts had been
made to charzcterise the protein in wheat flour, A number
of investigators such as Becceri (1745), Einhof (1805),
Taddei (1820), de-Saussure, Berzelius, Boussingault, Lie=-
big, Dumas and Ritthsusen (1872) published reports on the
isolation snd characterisation of these wheat proteins,
However, these early reports Wefe confusing and somewhat
contradictory due to a general lack of agreement in termin-
clogy and in the number of individual components believed
to be present in the mosgt thoroughly studied protein —-
gluten (6,7). It éan be stated that Osborne (1907) carried
out the first comprehensive and systematic studies of wheat
proteins, He ohafaoterised and identifiled the protein con-
stituents of wheat flour on the basis of solubility in
various solvents in conjunction with analytical smnalysis of
the individual elements and amino acid composition of the
protein fractions, In his investigations which were published
in 1907, he stressed that gluten counstitutes about 80 per
cent of the total wheat flour protein and that gluten is an
intimate mixture of two distinct individual proteins, glute-
nin and gliadin, and that both these were present in essen-
tially equal amounts (7). With the introduction of ultracen-
trifuge and electrophoretic technidques in the 1930's, falirly

convincing evidence became availlable indicating that glladin




did not behave as a single molecular species (8,9,10), It
mugt be pointed out that many of the electrophoretic stud-
ies carried out at that time, using the Tiselius electro-
phoresis apparatus, did not give symmetrical electrophoretic
patterns (18), Even then, considerable work was conducted
under these unfavourable conditions, Thus, in 1948, Laws
and France reported that no significant differences could

be detected in wheat gluten proteins derived from verious
sources (11)., McCalla (1951) showed that electrophoresis

of plant proteins in sodium salicylate solution was unsat-
isfactory (12), Kondo et al (1951) demonstrated by electro-
rhoresis that gliadin and glutenin would only exist as a
mono~component protein using an alkaline buffer (Kolthoff's
buffer)(13,14),. Lontie et al (1952) found that gluten con-
sisted of three major and two minor components (15), Mills
et al (1954) suggested that at least four protein components
were present in gliadin (16), By using urea, Holme and
Briggs (1959) succeeded in obtaining enantiographic patterns
in moving boundary electrophoresis and found that three com-
ponents were present in gliadin (17). In a search for a
more suitable buffer system for wheat protein electrophor-
etic investigations, Jones et al (1959) discovered that
aluminium lactate buffer was particularly effective (18),
They showed that gluten contained at least four major and
one minor component, One of the major components could be

further resolved into two components when chloroacetate buffer




was used, Their findings were confirmed by Woychik et al
(1960) who isolated these electrophoretic components by
chromatographic fractionation end comparing their migration
properties (19). Further investigations of Woychik et al
(1961)gusing starch gel electrophoresis in the presence

of urea, regolved gluten protein into nine components {(20),
At almost the same time, Elton in Fngland also obtained
similar results, by using the same technique (21) as that
used by Woychik, Elton attributed the origin of the eight
components that migrated into the gel to the gliadin frac-~
tion while the portion that remained at the origin corres-
ponded to glutenin (22), Meanwhile, Zenter (1%60) reported
that seven components were detected in gluten by paper elec-
trophoresis (23), Meredith et al (1960) re-examined gluten
in the moving-boundary Tiselius apparatus and found that
seven peaks were obtained, however, lack of symmetry in the
patterns hindered interpretstion of the results (24), Sim-
monds and Winzor (1961) separated the gluten proteins into
eleven fractions by chromatography on carboxymethyl-cellulose
columng (25), Grahem (1963), using an improved apparatusg and
procedures for starch gel electrophoresis, showed that pro-
tein components having similar electrophoretic mobilities
occurred in the extracts of wheat flour obtained when using

a variety of solvents, However, there were marked differ-

ences in the proportions of these components 1in various



extracts (26)., Pence =znd co-workers (1963) carried out
electrophoresis of wheat proteins in poly-acrylamide gel,
When electrophoresis was carried out in either phosphate

or cacodylate buffer at pH 6, 15 to 17 protein components
were apparently obtained for the acetic acid soluble frac-—
tion, whereas in aluminium lactate buffer, at pE 3.2, about
9 to 10 bands were observed, All the bands in the gel were
accounted for in a fractionation involving the use of
diethylamino-ethylcellulose ion-exchange resin (27), Lee
and Wrigley (1963) investigated the gluten proteins of
different wheat varieties and some tetraploid Triticum spec-
ies by column chromatography on carboxymethyl-cellulose
and by electrophoresgis on polyacrylamide gel in basic
buffer (28), Obvious differences in the electrophoretic
patterns of the wheat varieties and the tetraploid species
were observed, However, ci%elation of these patterns to
baking guality could not be made because varieties having
gimilar chromatographic and electrophoretic patterns were
found to differ rather widely in baking dquality., From
results of moving boundary electrophoresis studies of some
flour proteins, Kelly and Koenig (1963) suggested that
wheats could be classified into groups according to their
electrophoretic patterns (29), Wright et al (1964) demon-
strated thst gel-filtration could be applied to the study
of cereal proteins together with starch gel electrophoresis

(30), Most recently (1964) Elton and Ewart published re-




sults of electrophoretic analysis of cereal proteins by
stsrch gel 2t higher resolution and suggested that the
protein components that migrated into the gel were probably
single proteins independsnt of each other (21).

In the field of species synthesis of cereals, much

effort has been directed towards the production of the
synthetic species appropriately referred to as "P.itic o

Thcoe cerenl species were synthesized by the combination

and Secale cereale

‘ea-’

of the genomes of Triticum durum (AALBB

(ER}. O'Mara, in his review, had reported thet successful
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crossing of Triticum with Secale had

as 1&77 (32?, but the first svccessful production of these

carried cut at that time and until the last decade were
confined to the octaploid triticale (33). It was not until
the last decade, when .. Sanchez-longe (1959) suggested the
hexaploids as possibly the optimum level of polyploidy,
that efforts on the development and irprovement of hexa-
ploid Triticale were intensified (34). Investigstions concerned
with the potentisl practical application of thesse cereal

crops are underway in the Department of Plant Science,
University of Manitoba (35,5).

Py

Biochemical studics of species relationships in cer-

eals were first conducted by Kowarski (1). In 1901, he

reported that there were antigenic similarities in the soluble

substances of wheat and rye flours. Later, Meritz (1933}




carried out compsrative immunological studies of the
entigenic specificity of the flour of rye wheat (Triticale)
and the two parental species (2), He concluded from his
results that the antigen composgition of triticsle included
the specific antigens of wheat and rye as well as the
antigens they had in common, Noting that both Kowarski

and Moritz had used unfractionated extracts for the serologi-
cal reactlons, thus permitting only a rough estimation of
the similarities and dissimilarities between the antigen
mixture, Hall (1959) re-examined the sntigenic specificity
of cereal proteins in triticale and the two parental species
by immuno-electrophoresis (3), In this study, antigens
identified by means of their electrophoretic mobilities were
found to be shared by the allopolyploid as well as, either
or both the parents, He thus concluded that the biochemical
complexity of cereal proteins increased in proportion to the

degree of polyploidy,
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MATERTALS AND METHODS
1. FLOUR SAMPLES

Flour samples used in this investigation were derived
from the grain of one hexaploid triticale (6A190]}, one

hexapleoid tritipyron (6A458), a bread wheat Triticum vulgare

&

(Kharkev), a tetreploid durum (Stewart) and a diploid rye
(Prolificj. Triticale (64190} is a cereal species synthe-

9

sized by the combination of the two alien species Secale
cereale and T. durum. Tritipyron (6458} is a synthetic species
derived in a similar menner from T. durum and Agropyron
elongatum. T. vulgare (kharkov) ccntains the genomes of T,

durum and Aegilops sguarrosa. 211 the grain samples were

harvested in the 1962-63 season. Crains of these cereals
were milled in a Quadruplex Experimental ill under identi-
cal conditions. The flour samples were stored in a cold

(¢]
room at 5 C.
2. BXTRACTION PROCEDURES

The extraction of proteins from the samples was car-
ried out using 2 Lourdes Multi-mixer. Four different solvents,
namely water, 0.2 M sodium chloride solution, 70 per cent
gthaﬁ? and 0,05 M acetic acid were used.,

Ten grams of each flour sample were macerated in the
mixer at 20 rpm for 15 minuvtes with water. After centri-

fugation at 2000 rpm, the residue was given a second treat-
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m

ment in the mixer and the suspension centrifuged. The
supernatent from the second treatment was added to the
first. The residue was submitted tc a2 similar extraction
with C.2M sodium chloride solution buffered at pH 7. After
the salt extraction, the residue was hand-kneaded in a
stream of distilled water to remove all starch and water
soluble materials. The gluten ball thus obtained was sxtracted
twice with 70 per cent ethanol. In this extraction and also
in the subsequent acetic acid extraction, the speed of the
mixer was raised to 40 ropm. During the extraction, the
outside of the container was cooled with ccld water. After
the second treatment with alcohol, the residus was washed
with distilled water before being dispersed in C.05 M acetic

acid.

1

o |

-
i

0 inactivate proteolytic enzymes and the amylases

{18, 36), the water, salt, alcohol and acetic acid extracts
were heated at 98 - 100°C for three minutes and cooled gquickly.
The alcohol fractions were ther reduced by approximately
one-third their original volume in a flash evaporator

(reduced pressure) followed by dispersion in 0.5 M acetic acid.
Zach of these four fractions of supernatent was further
clarified by centrifugation at 13,500 rom for 30 mi%@es after
which the salt samples were dialyzed against distilled water
for 12 hours. All the samples were then lyophilized and

e
stored in a dessicator placed in a cold room at 5°C




3. BESTIMATION OF THE CARBOHYDRATE CONTENT

The carbohydrate content of the water, salt and acid
fractions was estimated by the phenol-sulfuric acid method
(37)s A portion (5 mg) of each semple was dissolved in an
appropriate amount of solvent, An aliguot (1 ml) of each
gsample solution was transferred into optically-matched
pyrex test-tubes, An aliquot (1 ml) of a 20 per cent phenol
solution wasg added to each, followed by a rapid addition of
concentrated sulfuric acid (5 ml) from a Machlett burette,
The mixture was swirled and allowed to cool, The absorbance
of the solution wasg measured in a colorimeter (Bausch and
Lomb Spectronic 20) at 490 mp, A reagent blank was deter-
mined in the same way, The total carbohydrate was éeXpressed

as glucose by reference to a gtandard curve of this hexose,
L4, DETERMINATION OF THE NITROGEN CONTENT

The nitrogen content of the freeze-dried samples was
determined by a slightly modified method of Unrau (38) and
Hill-Cottingham (39), An aliquot (0,2 ml) of & solution
containing 5 mg of freeze-dried prqtein per ml of solvent,
was evaporated to dryness in & small pyrex test-tube at
80-~-90°C, An appropriate volume (0,4 ml) of 1:1;2 v/v sul-
furic acid-water solution was added to each tube, The
solution was refluxed by placing the test-tube into drilled
holes in a brass block and heating on a hot plate, After

5 hours of refluxing, the tubes were removed, cooled and




12

2 dropg of 30 per cent hydrogen peroxide added, The solu-
tion was refluxed again for 5 minutes, and then cooled,
Another 2 drops of 30 per cent hydrogen peroxide were added
to each tube and the solution refluxed for another 5 hours
before being removed and cooled, The solution which was
perfectly clear after the last reflux, was transferred
quantitatively to a 25 ml volumetric flask to which 1 ml

of gum ghatti solution (spproximately 0,2 per cent concen-
tration), 2,5 ml of Nessler reagent and 10 ml of 2N NaOH
solution were added, The solution, made to volume with
distilled water, was allowed to stand for 1 hour before
measuring the absorbance in the colorimeter at 515 mp, A
reagent blank was determined in the same manner as described
above, A standard curve was prepared by using smmonium sul-
fate in essentially the same way, Nitrogen content ranging
from 0-150 pg per ml of sample solution could be determined

in this manner,
5. STARCH GEL ELECTROPHORESIS

a, Apparatus

The starch gel tray was made of lucite, with dimenslions
30 x 22 x 0,6 centimeter, The tray had three removable side-
walls and a 1id, Moulds (0.4 x 0,1 x 3 cm) for casting
sample slots in the gel, were fastened at appropriste dist-
anceson the tray by use of the adhesive "Dope" (Eastman

Kodak Co, USA),
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Electrophoresis was carried out inside a migration
chember especially built for this purpose, In this chamber
were two buffer contalners and a support for the gel-plate
which was placed in between the two buffer tanks, The
buffer chambers were constructed of lucite, Each chamber
was divided into two compartments by partition so that two
different buffers could be used simultaneously, In each
compartment, an internal partition with g narrow opening
at the bottom, further divided each compartment, thug serv-
ing as a salt bridge, In the outer chamber was placed a
platinum wire electrode which extended across the two com=-
partments, The platinum electrode was fastened tightly to
a brass-rod, fitted at one end of the buffer chamber, A
brags socket which was soldered with insulation to the
floor of the chamber, connected the brass rod and the exter-
nal power supply, Electrical connectiong between the gel
resting on the support and the buffer solution in each tank
were made with filter paper strips,

Direct current was supplied from a stabllized power

unit (Kensington Scilentific Corporation) capable of deliver-

ing 150 - 400 volts and 150 milliamperes,

b. Preparation of buffer

A stock solution of 0,17 M aluminum lactate (18) was
prepared by activating 5,47 grams aluminum foil with a
small amount of saturated mercuric chloride solution and

then dissolving the metal in 38,5 ml of lactic acid, The




1h

reaction wags allowed to proceed overnight followed by
filtration of the solution through celite, The solutlion was
made to & volume of 1 liter, In the preparation of the
aluminum lactate - lactic acid buffer, pH 3.1, a volume

{100 ml) of the stock solution was added to a solution con-
taining 2 M urea in a 2-liter flask, After adjusting the
pH to 3,1, the solution was made to volume with distilled
water., The concentration of the solution was 0,0085 M and
the calculated ilonic strength was 0,05 assuming that alumi-

num exists as the trivalent ion A1TTH,

Cc, Preparation of gel

A quantity (65 gms) of partially hydrolysed starch
(Connaught Medical Research Leboratories, Toronto, Canada)
was mixed thoroughly with 500 ml of sluminum lactate buffer
in a 2 liter round bottom flask, The starch suspension was
heated on a water bath 80°C and the flask mechanically
rotated until a viscoug mobile ligquid was formed, The liquid
was poured immediately on to the gel-tray and thenuoovereé
with & sheet of polyethylene taking precautions to exclude
air bubbles, A 1id was screwed tight to the tray in order

to extrude excess gel,

d, Electrophoregis

After allowing the gel to set, the 1id was removed
from the tray and the gel transferred to a glass-plate
which was placed on the support stand inside the migration

chember, An appropriate smount of the sample solution, dis-
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persed in aluminum lactate buffer, was applied to the

sample slots., Electrophoresis was carried out with the gel
in a horizontal position at 12 v/cm for 15 to 24 hours depend-
ing on the type of protein samples uander investigatilon,

After electrophoresis, the gels were sliced to a thickness

of 2 mm by a thin wire held firmly between two supports,

A mixture (3:1 v/v) of 0.1 per cent Amido black 10B in 5

per cent acetic acid solution and 0,007 per cent Nigrosine

in 0.2 per cent trichloroacetic acid solution were used to
stain the gels overnight, The stained gels were washed
repeatedly with a mixed sclvent of methahol—water»aoetic

acid (50:50:10 v/v) until greatest contrasts between bands

in the gel were observed, Usually 5 washings were found to
be sufficient, The developed gels which were shrunk some-
what after destaining, were immefséd in 2 per cent trichloro-
acetic acid for 3 hours to restore them to the original size,
The stained gels were scanned in a recording densitométer
(Photovolt Corporation)., Finally, the gels were photographed
and wrapped in = "saran-wrap" for further storage and ref-

erence,
6; PREPARATION OF POLYACRYLAMIDE GEL

Gels containing 5 per cent (w/v) Cyanogum 41 (American
Cyanamid Company, N,Y,) were prepared according to the method
described by Raymond 2nd Wang (40)., It was noted that gela-

tions could be achieved easily in neutral and basic buffers.
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However, attempts to prepare the gels in acld buffers such
as aluminum lactate-lactic acid buffer were not successful,

hence, further attempts were not made,
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RESULTS AND DISCUSSION

1. FLOUR SAMPLES

The texture and appearance of the f{lour samples may
vary from one variety to another, Triticale (6A190) gave
a pale-white flour with a texture quite similar to those
obtained from Prolific rye, Stewart durum, Kharkov and
Tritipyron (6A58) gave flours with a light yellow appear-
ance, Unrau and Vaisey (4) reported that many of the hexa-
ploid triticale specles contained less yellow pigment than
the durum varieties, These observations give an indication
of an expression of a more dominant character of the rye
genomes 1in the synthetic cereal species; that is, where
the rye genomes and durum genomes existed together in one

cellular environment,
2. BXTRACTION

In some initial experiments, flour samples were
extracted with water-saturated n-butanol to remove lipids
prior to extraction of the proteinsg by the method described
in the Materisl and Methods section, When a sample of
triticale flour, which had been defatted by the water-
saturated n~-butanol treatment, was compared with a control
sample of the untreated flour (no butanol extraction), the
electrophoretic patterns showed no significant differences

(see Fig,l). In this figure, patterns in the odd numbered




FIGURE 1,

Starch-gel electrophoresis of proteins

from non-defatted and defatted flours

of Triticale (6A190).

Channel l-water fraction of non-defatted
flour;

Channel 2-defatted flour;

Channel 3-salt fraction of non-defatted flour;

Channel 4=-defatted flour;

Channel 5-acid fraction of non-defatted flour;

Channel 6-defatted flour;

Chamnnel 7=alcohol fraction of non-defatted flour;

Channel 8-defatted flour,

Al=lactate buffer 0,0085M+2M urea, pH 3,1

Potential gradient 12 v/cm, time-20 hrs,
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gels were of the non-defatted flour while patterns in the
even numbered gels were from the defatted flour, Consider-
ing the gels in the figure from left to right, they are,
the water-soluble proteins (gel No,l and 2), salt-soluble
proteins (gel No.3 and 4), acid-soluble proteins (gel No,5
and 6) and the alcohol=-soluble proteins (gel No, 7 and 8).
With one exception in the case of the pattern of the water-
soluble proteins, all the other electrophoretic patterns
showed practically no detectable differences between the
butanol extracted and non-extracted samples, In the water
fraction, it was noted that a component with o migration
distance of 4,6 cm was present in the electrophoretic pat-
tern of the non-defatted flour samples but not in the
defatted flour sample, The absence of this component in
the defatted flour sample might be due to the removal of
lipids or a lipoprotein from the sample; alternatively, the
lipo-protein might be present but in minute gquantities and
which did not contrast sufficiently against the background
stain, 1In view of the general similarity of the other
electrophnoretic patterns of thevvarious fractions, the
possibility that this particular component was present but
was obscured because of background staining seemed quite
probable, Jones et al (18) end Elton et al (22) also
reported no change in pattern in the gluten fraction of the
defatted and non-defatted flours, Because of thelr obser-

vations and the above mentioned results, untreated flours
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were used in the subsequent investigations of the cereal
proteins,

Conditions of extraction of the flour proteins were
maintained constant throughout so that any differences in
the electrophoretic patterns of these samples could be
attributed to molecular size and electrical differences
which might be a reflection of specific genome combinations
rather than to variations in the isolation techniques,

The inactivation of the proteolytic enzymes and amy-
lase activities in the extracts was effected by heating the
extracts at 98 - 100°C for 3 minutes and then cooling the
solutions quickly, It was noted that if the process of
heating was maintained longer than 3 minutes, coagulation
of the soluble proteins would occur, especially the water-
soluble and the salt-soluble proteins, Elton et al (22)
compared the electrophoretic pattern of the gluten frac-
tions treated as described sbove with those containing 50
ppm of mercuric chloride which acted as an enzyme inhibitor
and found no significant change in the electrophoretic pat-
terns, This indicated that the time of heating of the pro-
tein preparations was somewhat critical in that,to obtain
distinct electrophoretic patterns, enzymatic activity must
be eliminated with minimum physical change (coagulation) of
the particulsr protein preparations,

Prior to freeze-drying, the alcohol fractions were
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evaporated under reduced pressure to remove most of the
solvent, Generally one-third of the original volume of
solvent was removed in this way and replaced by an equal
volume of 0,5 M acetic acid, This also aided in freezing
the sclutions easily prior to lyophilization, The salt
samples were dlalyzed against distilled water to remove
most of the salts before being freeze-dried.

The freeze-~dried materisls had a white, fluffy and
soft texture, These freshly prepared materisls were
eaglily soluble or dispersed in the aluminum lactate buffer
at pH 3,1, but they tended to become more dAifficultly dis-
persed when stored in room temperature and prevailing
humidity. This phenomenon was particularly characterigtic
of the aclid-extracted protein samples, Such solubility
changes were not significant when the materials were
stored in a dessicator which wags placed in a cold room at

Q
5°C,

3., ESTIV

TION OF THE CARBOHYDRATE CONTENT

The carbohydrate content of the freeze-dried saumples
was determined by the phenol-sulfuric acid method (37).
The results are shown in Table I, The water fractions of
all the different cereal species contained about 60 per
cent carbohydrate while the salt-fractions had about 15

to 20 per cent, The acld and alcohol fractiong contained
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less than 5 per cent carbohydrates with the exception of the
acid fraction from rye which had 11,7 per cent, It 1s
interesting to mnote the fairly even distribution of the
smount of carbohydrate within the samples in each fraction,

TABLE I, Carbohydrate Content of Freeze-Dried
Samples,

Water. Salt Acid ‘Alcohol
Soluble Soluble Soluble Soluble
Fraction Fraction Fraction Fracticon

Rye (Prolific) 65.7% 17.3% 11,7% 2,0%
Durum (Stewart) 59,2 - 1.7 1,1
Triticale (6A190) 59.3 22.9 2.2 1.b
Wheat (Kharkov) 58,8 13,9 2.2 0.4
Tritipyron (6458) 59,2 22,1 2.3 1.0

This probably indirectly reflects the consistency of the
conditions of extraction and the treatment of the various
fractiong., The small amount of carbohydrate detected 1n

the acid snd alcohol fractions (less than 2 per cent) was
probably due to physical entrapment or protein-polysacchar-
ide intersctiong of these materisls in the gluten ball, The
relatively high content (11,7%) of carbohydrate in the acid
soluble fraction of rye was nobt unexpected because the parent
meterials which had been previously extracted with water and
salt solution, did not form a gluten ball that could be hand-

kneaded under a stream of distilled water. Instead, these
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rye residues were washed and the supernatent repeatedly
decanted until no starch granules asppeared to be left,
The inability of this treatment to remove 2ll the carbo-
hydrate material was therefore reflected in the observed
higher carbohydrate content of the acid soluble protein
fraction of rye particularly when compared to the other
samples which readily formed gluten balls that could be

hand-kneaded in the conventional manner,

4, DETERMINATION OF THE PROTEIN CONTENT

The protein content of the freeze-dried samples
was estimated by first determining the nitrogen content using
the modified method described in the Materials and Methods
section, The calculated nitrogen content was multiplied by
the usual factor of 5,7 to give the protein content of the

various frections. The results are presented in Table II,

TABLE II, Protein Content of Freeze-Dried Zamples

Water Salt Acid Alcohol
Soluble Soluble Soluble Soluble
Fractlon Fraction PFraction Fraction

Rye (Prolific) 31,2 % 78.2 % 80.2 % 9,2 4
Durum (Stewart) 36,4 — 92,6 oly 4
Triticale (6A190) 34,9 76,1 90,0 92,8
Wheat (Kharkov) 37.1 82.6 93,2 95,2

Tritipyron (6A58) 36,6 74,5 94,2 96,2
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The fraction extracted by water for the five species of
cereals ranged from 31 to 37 per cent protein while those
extracted by salt solution wers 75 to 83 per cent. The acid
and alcohol fractions contained more than 90 per cent protein
except the acid soluble fraction from rye. These two
fractions, with the above mentioned exception of the acid
soluble fraction of rye, could therefore be considered to
contain relatively small amounts of impurities. The reason
for the apparent lesser proportion of acid soluble proteins
in rye was pointed out in the previous section.

A comparison of Table I and II show that approximately
95 per cent of the material present in the freeze-dried
samples could be accounted for. Since the accuracy of the
phenol-suifuric acid determination of carbohydrstes lies in
the range of ¥ 5 per cent, the above results can therefore

be considered significant.

"D

:n interssting fact revealed by the results in Table

[

b~
=

I and is the considerable amount of carbohydrates pres-
ent in the water and salt fractions. These carbohydrates

are possibly assoclated with the proteins in the form of
glycoproteins. As indicated earlier, the occurrance of

rather strong protein-polysaccharide interactions is an
alternative possibility. Both fractions produced a relatively
large amount of humin during acid hydrolysis which is a

the rather significant amount of

L]

further reflection o

associsted polwvsaccharide.
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When the total recovery was mathematically normalised
te 100 per cent and the correspcnding percentages of carbo-~
hydrate 2nd prctein were calculated on this basis the fig-
ures shown in Table III were obtained for Prclific rye,
Stewart durum and Triticale (6A190). it was noticeable
that the protein content of Triticale (6A190) was consist-
ently intermediate between that of rye and durum. This
observation is interesting since Triticale (64100} is a

synthetic species containing the genomes of both diploid

rye (Secale cereale) and the tetraploid wheat (Iriticum

durum) .
5. STARCH GEL HLECTHEOPHOERESIS

Since the introduction, by Smithies (41}, of starch
gel as a medium for zone electrophoresis to study serum proteins,
its uvse as an analytical tool for the investigation of cereal
proteins had been envisaged. Woychik (20} first applied
this technique to study the protein cocmpcenents of gluten
cbteined from a hard red winter wheat, Ponca, and demon-
strated the greater resolving power of this technique. In
this laboratory, this technique had not been attempted,
hence, a standard method of preparing the gels, the buffer,
and generally suitable conditions for electrophoresis had
to be developed before any detailed study of the cereal

proteins could be carried out. To this effect, a series of
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exploratory experiments were conducted in order to select
the most appropriate buffer system to be used for disper-
sion of the protein samples, and to standardize the tech-
nigue of starch gel preparation snd determine the optimum

conditions for electrophoresis,

2, Buffer

In the past, the greatest difficulty encountered in
the study of cereal proteins had been the inability to
find a suitable buffer system whereby the gluten proteins
could be homogeneously dispersed, Thig problem had been
overcome in recent years by using aluminum lactate - lactic
acid buffer (18). Hence, selection of a suitable buffer
narrowed down to this particulsr one,

Preparation of this buffer was egsentially the same
as that employed by Jones (18), except with the addition
of 2 M urea,

The concentration of the buffer used throughout the
work was 0,0085 M, pH 3.1 and containing 2 M urea, This
concentration was found to give a well defined electropho-
retic pattern of the cereal proteins in the gels, The
effect of varying the concentration of the buffer on the
protein pattern had been studied, If the concentration wasg
doubled (0,017 M), a blurred, ill-defined electrophoretic
pattern with extensive trailing was obtained, Such an

alteration of the pattern might be due to the effect of
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heat which was produced in the gel because of the increased
ionic strength, The calculated ionic strength of the 0,017 M
buffer solution wss 0,1 while that of 0,0085 M was 0,05,
assuming that aluminum exlsted as a trivalent lion, AT,
The presence of urea in the buffer helped to reduce
intermoleculsr attractions in proteins and, therefore,

aided in the improvement of the resolving power of the starch

gel,

b. Prevesration of starch gel

A standardized ingredient and standsrd method of
preparing starch gels wag provided by the Commaught Research
Medical Laboratory (Csnada) which manufactures the par-
tially hydrclysed starch, However, this method was found
to be inadequate when a large quantity of the gel was to be
prepared, A more refined and incidentally more simplified
procedure was developed for making larger quantities of
starch gel., Instead of heating the starch suspension over
a free flasme and removing the air bubbles from the boiling
viscous liguid by suction, the starch was suspended in buf -
fer in & large round-bottom flagk and the contents were
stirred manually by rotating the container on a water bath
maintained at 80°C, It was found that by heating a 500 ml
guantity of starch suspension in this manner, & mobile lig-
uid would be formed in less than 5 minutes which could be

easily poured onto the gel tray, After the gel was set, no
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alir bubbles were found to be present in the gel provided
sufficient care had been exerciged not to mix the starch
suspension toc vigorously during prepsration, If a few
alr bubbles were present, they could easily be dispelled
by puncturing them with a capillary tube, It was found
that the physical properties of the gel were the same as
those when the standard method was used and consequently,
the simplified procedure of preparing the starch gel was
uged throughout,

A number of different concentrations of starch in
the gel were tested to determine whether this would have
any effect on the protein pattern, As antlicipated, it
was found that no change was evident in the patterns when

the proteins were subjected to electrophoresis in gels

B

containing 10,12,15 and 18 per cent of starch, The only
difference observed in the gel itself was of a physical
nature rather than chemical, in that a gel with a high
concentration of starch {18 per cent) was rigid while one
containing a low concentrstion of starch (10 per cent)
was soft, 1t was difficult to cut a rigid gel intc thin
sections having an even thickness, After several trials,
a gel of 13 per cent concentration was found most useful-

and chosen for all succeeding experiments,

¢, Blectrophoresis

Electrophoresis wes carried out in a cold room main-
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tained at 5°C., Buffer used was 0.0085 M, adjusted to pH

3.1 with lactic acid and containing 2 M urea. The buffer
sclution was changed after each experiment. HElectrical
connection between the gel and the buffer in the buffer

chambers was made with wetted (buffer) filter paver strips.

A potential gradient of 12 velts per centimeter was main-

taired throughout the duration of electrophoresis which

usually lasted from 15 to 24 hours (standard condition).

The optimum time of electrophoresis was determired by subjecting

h

ot
®

various protein fractions (water, salt, acid and
alcchol soluble fractions) to different time intervals
of electrophoresis. 4. oo fcw.d that 15 to 20 hours was
sufficient for migration of the faster components of the
salt soluble proteins to near the sdge of the gel. For
the resolution of the other protein fractions, 20 to 24
hours were required.

The freegze-dried protein samples were dispersed in
aluminun lsctate buffer before being placed in the sample
slots in the gel. A suitable concentration of each different

rotein fraction to be used was determined by running a series

3

of concentrations of the protein sample side by side in one

o

gel. fs would be expected, the intensities of the bands in
the stained gel diminished as the dilution increased. It was
found that a solution generally contsining 100 mg protein

per ml buffer gave a distinct electronhoretic pattern for

the salt soluble, water soluble and the alcohol soluble pro-




teins, while 75 mg protein per ml buffer was the upper
limit that could te used for the acid soluble fractions
due to difficulty of dissolving this protein. A volume of
100 pl of the sample solution was usually applied to each
slot.

At the end of an electrophorzstic run, the gel-plate
was removed from the migration chamber and the gel sectioned
into 3 layers, each with an even thickness of 2 mm.

A1l the 3 layers (the top, centre and bottom) were
stained to determine whether any variation in the migrated

5

distance of each component occured within the gzl body. The
developed gels showed no such noticeable differences, hence,
in subsequent staining procedures, only the second layer

of each gel was stained while the two remaining sections

were covered with saran wrap and stored in a cold room at 5°C,

Initially, the entire section of the gel strip was stained
but it was found in due course that rn0 protein components
migrated from the origin into the gel towards the anode.
This observation was in agreement with these reported

by Woychik (20} and Elton (22} who explained thet under
the conditions in which acidic buifers (pH 3.1} were
involved, the proteins would definitely be positively charged

and consequently they would mizrate into the gel towards

o

hode. In view of this, only the portion of the gel

ot

he c

t

W

extending from the point of sample insertion and extending

towards the cathode was stained.
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4

three diiferent staining methods were tried. In one pro=-

cedure the gels were immersed in C.1 per cent Amido Black
10B dissolved in 5 per cent acstic acid for 15 minutes and
destained by washing repeatedly in 5 per cent acetic acid
soluticn. The developed gels were transparent and soft.

It was noticed that some of the stained bands, especially

those of the water soluble and sa2lt soluble proteins,

ct
0]

ended to fade away when the gels were Teft to stand over-

ight in the wash solution. This phenomenon was observed

]
[fe]

even when the moistened gels were dried with paper-towel

strips and then stored. Attempts were made to transferm

the developed gels into permanent records by the glycerol-
benzyl alcchol "drying™ method of Jones (42}, however the
results were not satisfactory in that, before subjecting

the developed gels to the glycerol-benzyl alcohol trestment,
they were dehydrated in 95 per cent ethanol which not only
removed the water but 2lso a great proportion of the dye

from the stained protein components. This resulted in the loss

of many faintly stained pands in the gels and consequently

this methed of making permanent records of the gels was

-

rther.

¢

therefore not pursued M

-y

A second methcd of staining the gels ianvolved the
use of nigrosine. The gels were socked overnight in
0.007 per cent nigrosine dissolved in C.2 ver cent tri-

chloroacetic acid and then washe@ repeatedly in 0.2 per
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cent trichloroacetic acid until a maximum contrast of the
protein patterns was achieved, The developed gels were also
transparent snd soft, Although this staining method reduced
fading of the stained bands to 2 minimum, it suffered the
drawback in that most of the protein components were only
Taintly stained in comparison to the background,

Eventually, a combination of the above two methods
was found to give superior results, The gels were immersed
in a mixture of 0.1 per cent Amido Rlack 10B solution and
0,007 per cent Nigrosine solution overnight, The stained
gels were washed in a mixture of methanol-water-acetic acid
golution (5:5:1 v/v)., Washing with this solvent made the
gels translucent and rigid and some shriﬁkage of the gels
occured with this treatment, Usually five washlings were
found to be sufficient to attain maximum contrasts in
the electrophoretic patterns, The gels weré then immersed
in 2 per cent trichloroacetic acid solution for 3 hours
which restored the gels to thelr original size, This
staining procedure had the advantage of preventing the
stained components from fading and glso provided greater
contrasts between the stained bands and the background color,

The procedure of removing the background stalng by
washing was found to be a time consuming process, Consid-
erable success had been,reported‘by Ferris and co-workers
(43) in reducing the destaining time to half an hour by

subjecting the stained gels to electrolysis in a 10 per
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cent solutlion of acetic acid, This method was simplified
further by using a cylindrical tank of 5 liter volume as
the electrolytic cell, and two stainless steel sheets
folded into two cylinders of different diameter as elec—
trodes, When these electrodes were immnersed in the acetic
acid solution (10 per cent) contained in the cell, the
outer electrode was connected to the anode and the inner
electrode to the cathode of a 12-volt storage battery.
The gels were sandwiched between wet paper toweling and
positioned next to the inner surface of the anode, Current
was passed through the system for 30 minutes and the sppa-
ratus then disconnected, The gels were removed, washed
with water and sﬁored in saran wrap, This procedure gave
gatisfactory results, During the electrolytic process of
destaining, it was found necessary to agitate the sandwitched
gel occassionally in order to remove gas bubbles (hydrogen)
trapped between the paper toweling and the gel,

The developed gels were photographed and then scanned
in a recording densitometer modified to accomodate gel strips,
The recorder wag set on logarithmic response to glve read-

ings in terms of absorbance,
6, PREPARATION OF POLYACRYLAMIDE GEL

Prevaration of poly-acrylamide gel

It has been reported by many investigators that poly-
acrylamide gel possessed certain advantages over starch

gel Its greater rigidity, which facllitated easlier manipu-

-8
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lations, and its greater transparercy, which provided
better transmission in densitometry studies, were cited

as some examples. Preparation of polyacrylamide gels with
desiraple physical properties in neutral and basic mediums
by the method of Raymond and Wang (40} could be easily 2ccom-
plished. Lee (28) has reported results from investigation
of cereal proteins in which he ussd polyacrylamide gel
electrophoresis exclusively. However, the results did not
show that polyacrylamide gel had a greater or even compar-
able resolving power as that of starch gel. The difference
might probable be due to the different pH usad in nolvacry-

lamide gel (basic) and starch gel (acid). Preparation of

ah}

polyacrylamide gel in an acidic medium such as in aluminum
lactate butfer of rH 3.1 had not met with success. In the
writer's attempts, aluminum lactate Buffers of different

pH (3.1 to 4.5) and containing different concentrations of
urea ranging from O.to 3 molar were tried. None of these
favored gel formation even alter standing fro 48 hours.

It had heen suggested (L44) that atmospheric oxygen exerts

a delaying action on gel formation under the conditions
used. Since a device or apparatus to envelope the gel solu-
ticon in a nitrogen atmosphere was not available, this sug-
gestion was not tested experimentally and further experimen-
tation with polyscrylamide was discontinued. Later, Reisfeld
and co-werkers (45}, reported the use of disc electrophor-

esis to study preptides ond proteins and described = method
o & =z
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of preparing polysdylamide gel (smzll pore) at pH 4,3;'

Their method was tried and was found worksble but only

when small glass tubing containers were used (as speéified)
in which the gel solution could be photopolymerised, on

the other hand, an attempt to prepare the gel (large pore)

at pH 6,8 by the specified method was not successful.

Since thig technique was obviously still in the developmental
and refinement stages, no further experiments were carried
out, A recent comprehensive discussion of the theory and
application of disc electrophoresis has been prepared by

Davis and Omstein (46),
7. ELECTROPHORETIC PATTERNS OF CEREAL, PROTEINS

2, Deslgnabion

Figures 1 to 7 show the electrophoretic vatterns of
the different cereal proteins while figures 8 to 12 show
the densitometer spectra and calculated mobilities of the
verious bands in the afore-mentioned gel electrophoresis
patterns,

Abbreviations used in these figures include:

R = Rye (Prolific)

D = Durum (Stewart)

T =« Triticale (6A190)

K = Wheat (Kharkov)

Py = Tritipyron (6A58)

R/D - A mixture of the salt soluble proteins of
rye (Prolific) and Durum (Stewart),
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TIGURES 2 to 12 INCLUSIVE




FIGURE 2, Starch-gel electrophoresis of the water, saltb
and acid and alcohol soluble protein fractlons
of rye (Prolific) and Durum (Stewart),

1W - water fractlon,Rye
5% - water fraction, Durum
S2 - salt fraction, Rye
S6 - salt fraction, Durum
34 - aclid fraction, RBye

- gceid fraction, Durum
AL~ alcohol fraction, Rye
AL8~ alcohol fraction, Durum

Al=lactate buffer, 0,0085 M containing 2 M
urea pH 3.1.
Potential gradient 12 v/cm, Time - 20 hours,
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FIGURE 3.

Starch-gel electrophoresis of the water,
acid and alcohol solubfe protein

salt,
fractions of Triticale (6A190) and Tri-

tipyron (6A58).

1w -
5W =
S2 -
836 -
3A -
2
Al -
Af 8-

Al-lactate buffer, 0,0085 M containing 2 M

water fraction, Triticale
water fraction, Tritipyron
salt fraction, Triticale
salt fraction, Tritipyron
acld fraction, Triticale
acid fraction, Tritipyron
alcohol fraction, Triticale
alcohol fraction, Tritipyron

urea pH 3,1

Potential gradient 12 v/cm,

Time - 20 hours,
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FIGURE 4,

Starch gel electrophoresis of the salt
soluble protein fractions of Rye (Prolific),
Durum (Stewart) and s mixture of both,

5R - salt fraction, Rye.

R/D & - mixture of salt fractions of EKye
snd Durum (1l:1)

7D - salt fraction, Durum,

Al-lactate buffer, 0,0085 M containing
2M urea,pH 3.1,

Potential gradient 12 v/cm, Time - 20 hours,
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FIGURE 5,

Starch-gel electrophoresis of the water
soluble protein fraction of different
cereal specles,

R - Rye (Prolific)

D-  Durum (Stewart)

T - Triticale (6A190)
K - Wheat (Kharkov)
Py- Tritipyron (6A58)

Al-lactate buffer 00,0085 M contalning
2M urea, pH 3,1,

Potential gradient 12 v/em, Time - 24 hours,
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PIGURE 6, Starch-gel electrophoresis of the salt
goluble protein fraction of different
cereal speclies,

R - Rye (Prolific)

D - Durum (Stewart)

T - Triticale (6A190)
K - Wheat (Kharkov)

Py- Tritipyron (6A58)

Al~lactate buffer, 0,0085M containing
2M urea, pH 3.1,

Potentisl gradient 12 v/cm, Time - 15 hours,
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FIGURE 7.

Starch-gel electrophoresis of the acid
soluble protein fractions of different

B -
D-
T -
K -
Py=

cereal specles,

Rye (pProlific)
Durum (Stewart)
Triticale (6A190)
Wheat (Kharkov)
Tritipyron (6A58)

Al-lactate buffer, 0,0085 M contalning

2M urea, pH 3.l.

Potential gradient 12 v/em, Time = 20 hours,
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Ficure 8

Flecirorherograms and calculated mobilities of the scli-soluble

profeins of Prolific Rye,Stewart .Durum, and a mixture of both.
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rarmns and calculated mobilities

t

the salt—soluble proteins.
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4 Figure 12 _ '
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of the water-soluble proteins.
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W = water soluble protein fraction

-~ salt soluble protein fraction

A « 2cid soluble protein fraction

Al = alcohol soluble protein fraction

Numbers shown on the plates in Figures 1 to 7 corres-

pond to the respective channel on the gel-plates,

b, Beproduclbility of patterns

The electrophoresis of the various fractions of
cereal proteing demonsgstrated excellent agreement of the
duplicate:. patterns (Figs,5,6,7). Reproducibility of the
patterns was also obtained when two separate electrophor=-
etic runsvers performed under identical conditions. This
was evident by comparing the patterns shown in Figures 5,
6 and 7 with the patterns of the corresponding fraction
in Figures 2 and 3, For example, the over=-all pattern of
the water soluble fraction of Proliflc rye as shown in
Fig,5 was found to be the same as that shown in Fig.2 (1W),
The difference in the distance migrated by these protein
components in the two gls was due to the difference in the

total time of the individual electrophoretic runs,

¢, Calculation of mobilities

After a densitometric scanning of the entire gel-strip,
the positions of the various protein components were notat-
ed by visual observations and further checked with the mapped

out electropherograms, The distance migrated by each com-
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ponent was measured from the point of insertion (origin) in

the gel to the center of each band (component), The iden-

tity or a characteristic of each component in an electro-

phoretic pattern and also in the electropherogram is given

by its mobility which was calculated as follows:

}1 =

ax
dtdi

where p = mobility of a protein component

dx = distance migrated (cm)

at

i

time of electrophoresis (sec)

OF = applied potential per centimeter (V/cm)

The mobility of a protein component therefors contalns the

2,=1 -1

dimensions or psrameters of em 'V “sec ,

To avoid lengthy repetition, all mobilities which

will be quobed later will be given in numerical form, with

the magnitude (x 10‘5) and the dimensional units (cmzv"lsec”l)

omitted,

d, Characterisation of the migrating components

In an attempt to determine whether the protein com-

ponents that migrated into the gel were independent of each

other and were not co-acervates or polymeric or hydrogen-

bonded complexes of larger molecules, a mixture (1:1) of

the salt fradtions of rye and durum was run side by side

together with the originsl two fractions in one and the

game starch gel

plate,

The electrophoretic patterns are




shown in Fig,4, The electropherograms and calculated
mobilities of these patterns are presented in Fig.8,

Egch peak or hump in the electropherogram corresponded to

a protein component whose mobility was indicated in the
legend below the electropherograms, It was observed that
all the components present in the electrophoretic patterns
of the two original salt fractions could be accounted for
in the electrophoretic pattern of the mixture with possibly
two minor exceptions, Referring to the mobilities in Fig,

8, a rye component with a mobility of 1,27 and a durum com-

3
ponent with a mobility of 0,94 were both absent in the mix-
ture, However, close examination of the electropherogram

of the mixture and those of the two pure fractions indicated
that in the regions where these two components (1,27, 0.94)
should be present, high non-specific absorption was evident,
In the mobility region of 1,27, absorbance was approximately
95 per cent for the mixture and only 30 per cent for the

rye component (1,27)., In the 0,94 mobility region, the
absorbance was spproximately 54 per cent for the mixbure

and 24 per cent for the durum component (0,94), Therefore
it seemed very probable that both these two components

could have been present in the mixture but were not revealed
visually or in the electropherogram becausge they were

obscured by the much higher absorption intensities of the

neighboring components,




Blton and Bwart (31) esteblished the independent
nature of the protein components that migrated into the
gel by eluting four components from a developed gel and then

running each of them seperately under identical conditions,

Fach of these components gave the same distance of migra-

-

tion ag before in the mixture, From these results, 1t seemed

likely that the protein components that migrated into the
gel represented gingle protelns, Furthermore, because the
mobllities of the vprotein components were the same when
run either in pure fractions or in the mixture, this estab-

1

>

!...\.

1

lished the criterion whereby protein components of gim

{

mobility in the electrophoretic patterns developed under
identical conditiong were presumed to be structurally
gimilar if not identical, To further emphasize thisg, it
may be pointed out that Elton and Ewart (22) have suggested
that the mobility of & proteln component would change under

different conditions of electrophoresis,

e, Comparison of the electrophoretic natterng of

varioug orotein fractions within a specles

h

Figures 2 ard 3 show the electrophoretic patterns
of the verious fractions extracted from Prolific rye, Stewart
durum, Triticale (64190) =nd Tritipyron (6A58), 1In Fig,2,
channels 1W, 28, 3A and 4Al represent respectively, the
electrophoretic patterns of the wabter soluble, salt soluble,

acild soluble and slcohol soluble protelins of Prolific rye,
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Chanmels 5W,68,7A and 841 are the electrophoretic patterns of
Stewart durum, In Fig,3, chennels 1W,2S8,3A and 4Al are the
electrophoretic patterns of Triticale (64190) while chennels
5W,68,74 and 8ALl sre those of Tritipyron (6458). For ease
of comparigon snd discusslon, the electrophoretic pattern
in each channel has been divided into three regions, namely
region (a) which included those protein components with low
mobility, region (b) for those protein components with
intermediate mobilities and region (c) for proctein compon-
ents with faster mobilities (see Figs,2 and 3)., A cursory
examination of the electrophoretic patterns in Figs 2 and

3 showed that both qualitative and gquantitative differences
in the four protein fractions within a cereal speclesexist-
ed, For example, although the leading band in region (a)

of the alcohol fraction of rye was alsgo present in thé other
three fractions, they appeared in merkedly different inten-
sities, hence in different concentrations. The same was
also true for the three leading bands in reglon (b) of the
alcohol fraction of durum, Most of the components in reg-
ion (¢) and some in region (b) were not present in a2ll the
four fractions of a specie§, Coulson and Sim (47) attribu-
ted the presence cf similar proteins in different fractlons
to incomplete extraction, However, Grahem (26} found that
such gimilarity still persisted in different fractions even
after exhaustively extracting the sample with each solvent,

Recently, Elton and Ewart (3})reported that some of the
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alcohol soluble components in wheats were electrophoreti-
cally similar to those in the water extracts although they
differed markedly in quantities, It might be appropriate
to point out that although marked similarities of certain
protein components were observed in different fractions
extracted from the same cereal specle§, there were also
reproducible differences in the patterns of the various
fractions as wag demonstrated in Figs, 2 and 3, A coherent
explanation of these obgerved facts might awalt & more com=-
prenensive sbudy with pure probeins,

It is of interest to point out that in the electro-
phoretic pattern of the water extract of rye (Fig, 2, 1W),
a thin fringe-like sppearance was observed near the point
of insertion in region (a), Such a fringe-like appearance
was also observed by Elton and Ewart (22) and Pence and
co~workers {(27). These investigators atbtributed this fringe
development to B-amylase activity by suggesting that the
enzyme enlarged the pores of the gel thus allowing large
particles to penetrate into the enlarged gel network, These
particles then gathered at the aplces of these pores thus
accounting for the appearance of visually discernable par-
ticles, A view of this fringe development is shown in Fig,
5, top left-hand corner of the plate,

A typical characteristic in the acid soluble fraction

of each cereal specieswasg the relatively large quantity of
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protein material remaining at the point of insertion
(see Figs, 2 and 3), Woychik (20) eluted these proteins
from the origin and subjected them to moving boundary
electrophoresis, The result showed that these proteins
exist as & single homogeneous component which wasg later

i~dentified by the same investigator to be glutenin,

f, Comparison of electrophoretic patterns of

homologoug fractions between the different species

i) Alcohol soluble protein fractions

Figure 9 depicts the electrophoretic patterns

and calculated mobilities of the alcohol soluble protelins,

Only the electropherograms of Prolific rye (Secale cereale),

Stewart durum (Triticum durum) and Triticale 6A190 (Q;durum X

Se g@reéle) were shown as these three were the focus of
interest in this investigation, Since Triticale (6A190) is
a hexaploid cereal derived by 2 combination of the genomes
of diploid rye (8. cereale) and tetraploid wheat (T,8urum),
a comparison of the mobilities which, in a sense, correspond
to the migrated protein components in the electrophoretic

patterns might present the possibility of establishing

whether the individusal biosynthetic integrity of the alien

4

genomes was maintained when both were in intimate contact
in the intact cell, On the basgis that protein components
with similar mobilities were structurally similar under

identical conditiong of electrophoresis as discussed in a
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previousg section (item d of section 7), 211 the protelin
Triticale (6A190) could be considered as similar to those
heving similar mobilities in either or both the parent

8 (§° cereale, g‘durum). In other words, this implies

w0

]
[4)]
Q
=
D

that all the protein components present in the alcohol frac-
tion of Triticale (64190) were derived from elther or

both the parent specles, For ease of comparison end dis-
cussion, the mobilities of all the components of the
proteins of the cereal specles were classified into the
following groups according to whether a particular protein
component was present or absent in the electrophoretic

pattern of the synthetic cereal specles.

Group & Protein oompoﬁentg similsr to or common to all
the four species =--- 0,44 of rye,

Group b Protein components similar or common TO rye,
dqurum and Triticale --- 0,21 of rye,

Group © Protein components similar or common to durum
and Triticale --- 0,33, 0,42, 0,79, 1.06, 1,17
and 1,25 of Triticale,

Group d Protein components present in rye and durum but

not in Triticale =--- 0,31, 1,10 of rye,

Group e Protein components present in rye but absent in
Triticale =-- 0,13, 0,75 of rye,

Protein components pregent in durum but absent
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.

in Triticale =-- 0,56, 0.64 of durum.

Group f Protein components present in Tritipyron but

absent in durum --- 0,86 of Tritipyron.

presence of similar protein components of Triti-

£

The

cale (6A190} in either or both parent species suggested

"l £

a possible direct influence or contribution of the parent

1.-

genomes in the synthesis of these similar or cowmparable

.

protein components in the species hybrid (c¢f. group a, b
and c¢). This would also mean that these alien genomes
possibly maintained partial or complete biosynthetic integrity
in the cell,
Since Tritinyron (6458) is a hybrid derived in effect
by a combination of the genomes of I. durum and Agrcpyrom

elongstum, those protein components that were foumd in

Tritipyron btut not in T. durum (ref. group f) might be attri-
bucted to contributions from the "aEE" genomes of A. elongatunm

or, alternstively, they might be new proteins synthesiged
through a combination cf the codes controlling protein syn-
thesis of the alien genowes present in the cell. In view

of the fact that Triticale (64190} and Tritipyron (6458)

have cne of the parental genomes in common, namely, T. durum
a comparison cof the pattern ccantributed by the "AABEY genomes

of this tetraplcid wheat to those ol the synthetic hexapnloid

cereal specles indicated different degrees of influence.

i) 8alt soluble protein fractions

It

Figz. € shows the electrephoretic patterns of the
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ealt soluble protein frections of the five different

cereals while Ffig,10 presents the electropherograms and

the calculated mobilities for the patterns, By classify-

ing 211 the mobilities according to the method mentioned

above, the following groups are obtained,

Group &

Group b

Group ©

Group d

Group e

Group T

Protein components sgimilar to all the five
cereal specles --- 1,57 of rye,

Protein components similar to rye, durum and
Triticale =-- 1,26, 1,57 of rye,

Protein components similar to rye and Triti-
cale —-=-~ 0,19, 0,36, 0,99 of rye,

Proteins components similar to durum snd
Triticale --- 0,44, 1,32, 1,44, 1,70 of durum,
Protein components present in rye and durum but
not in Triticale --- 0,59, 0,86, 2,02 of rye,
Protein components present in rye bub absent

in Triticale --- 0,69 of rye,

Protein components present in durum but absent
in Triticale --- 0,56, 1.82, 2,32 of durum,
Protein components present in Tritipyron but
absent in durum --- 0,39, 0,77, 0,99, 1,16 and
1,96 of Tritipyron,

Protein components present in Kharkov but absent
in durum --- 0,08, 0,82, 1,10, 1,54, 1,96 and

2.27 of Kharkov,
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Group g Protein components present in Triticale but
abgent in rye and durum --- 0,82, 1,17 and 1,96
of Triticale,

Protein patterns as classified in group (2) (b) and
(¢c) suggerted direct contribution of the parent genomes
_responsible for the synthesis of these groups of protein
components in the species hybrid,

Group (4) and (e) suggested some possible interaction
or inhibition between the related alien genomes in the
hybrid species with the result that protein components
which were similar to eilther or both the parent species
were apparently not synthegized 1in the hybrid,

Proteins in group (f) were probably contributed by

the other parent specleswhich, in the case of Tritipyron

(6A58), was A.elongatum, and in the case of Triticum vul-

gare (Kharkov) was hegilops sguarrosa. It is of course
also possible that these ®"unaccounted" protein components
were new proteins synthesized through a combinatlion or
interaction of the alien genomes in the speciles hybrid,

A comparison of the protein patterns of T,durum with
the protein patterns of the three hexaplold cereals
(Triticale 6A190, Kharkov and Tritipyron 6A58) further
demonstrated the fact mentioned esrlier that the influence
of the "AABR" genomesg of T, durum on the pattern of protein

synthesis of these three hexaploid cereals was not congtant,

Protein components of Triticale (6A190) classified in
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group (g) were probably new proteins because they were
not present 1in either of the parent species (T, durum and
S.cereale), A careful comparison of these new Triticale
proteins with the neighbouring proteins in T,durum and
S.cereale (see Fig,l1l0,) revealed a rather striking chara-
cteristic which was also observed in the other protein
extracts, EReferring to the Triticsle proteins of 0,82 and
1,96 mobility renge, it was found that in the mobility
range of these two values, there appeared in the parent
species (L.durum, S,.cereale) protein components which had
no complementary proteins in the hybrid (Triticale 6A190),
Such observations again suggested possible interactions
between the two zlien genomes 1n the synthetic specieg

The pattern of synthesis of the protein components
with mobility 1,17 in Triticale (6£190) might differ from
that mentioned above because a careful examination of ﬁhe
protein components of the two parent species in this mo-
bility range (1.17) showed that they had complementary
kbands in the synthetic species, There was also the possi-
bility that the three new proteins (0,82, 1,17 and 1,96)
detected in the hybrid (Triticale 64190) were experimental
artifacts, However, the fact that all these three proteins
were also present in the extracts of such different cereals
species suegh as Kharkov and Tritipyron (6A58) and that such
patterns of protein formation were also cbserved in the

acld and water soluble protein fractions, the obgervation should
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therefore be congidered significent,

iii) Acid soluble protein fractionsg

Fig,7 shows the electrophoretic patterns of
the acid soluble proteins and Fig,ll gives the electro-
pherograms and calculated mobllities of these acid soluble
proteins,
Classifying all these protein components as before,

they are:

Group & Protein components similar to all the Tive

cereal species --- 0,0, 0,76, 0,91 and 1,09

of rye,

Group b Protein component similar to rye, durum and
Triticale --=- 1,22 of rye,

Group ¢ Protein components similar to durum and

Triticale =--- 0,68 and 1,53 of durum, Protein
components similer to rye and Triticale --- 0,41
and 1,37 of rye,

Group 4 Protein components present in rye and durum
but not in Triticale --=- 0,51 of rye,

Group e Protein components present in durum but absent
in Triticale --- 0,71, 1.33 and 1,63 of durum,
Protein components present in rye but absent
in Triticale -=-- 0,17, 0,32 and 1,02 of TV €,

Group f Protein components present in Tritipyron but
absent n durum --- 0,80, 0,86, 0,99, 1,15 and

1,46 of Tritipyron,
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Protein components of T.vulgare (Kharkov) but
absent in durum --- 0,40, 1,01, 1.15, 1,26 of
T.vulgare,

Group & Protein components present in Triticale butb
absent in rye and durum --- 0,45, 0,60 and 1,14

of Triticale,

Patterns of synthesis of the protein components in
group (a), (b) and (c) were probably due to direct contri-
bution of the parent genomes present in the synthetic
species, Agein, the absence of the protein components of
group (d) and {(e) in the species hybrid might possibly be
due to some form of interaction or inhibitory response
between the alilen genomes,

The formation of group (f) proteins in Tritipyron
and in T.vulgare possibly came about through a contribution
from the other parent specles, or alternatively, they were
formed as a result of certain interactions between the
allen genomes 1in the species hybrid,

The protein components in group (g) were probably new
components, They (0,45, 0,60) possibly arose through
interaction of genes of the parent specles, Evidence to
thig effect was the observed presence of non-complementary
protein components of quite similar mobilities in the

The protein component of 1,14 mobility in Triticale
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formed the same pattern as did the protein of 1,17 mobility

mentioned for the salt soluble protein fractions,

iv, Water soluble protein fractions

Fig.5 shows the electrophoretic patterns of the
water soluble protein fractions of the five cereal speciles
and the electropherograms snd calculated mobilitles are
cshown in Fig,12, According to the classification used

before, the protein components represented by the respec-

tive mobilities were clagsified as follows:

Group & Protein components similar to all the five
cereal species --- 0,71, 0,83 of rye,
Group b Protein components similar to rye, durum and

Triticale === 0,64 of rye,

Group ¢ Protein components similar to durum and triticale
-—= 0,89, 1,12, 1,44 and 1,51 of durum,
Protein components similar to rye and Triticale

- 0,59, 1,02 and 1,25 of rye,

Group d Protein components present in rye and durum but
not in Triticale --- 0,32, 0,56,:0,95 and 1,10 of
rye.,

Group € Protein components present in durum but not in

Triticale =-- 0,46 and 1,21 of durum,
Protein components present in rye but absent in

Triticale ==~ 0,83 and 1,38 of rye,
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Group f Protein components present in Tritipyron but

absent in duruvn --- 0.52, 0.60, 0,81, 1.00,
1.06 and 1.36 of Tritipyron.

Protein components present in 1. vulgare but
absent if Jurum --- 0.39, 0.52, 0.62, 0.83,

1,05, 1.26, 1.28 and 1.38 of T. vulpare.

Group g Protein componsnts present in Triticale but
absert in rye and durum --- 1.05 and 1.28 of

r.

'riticale.

{

The formation of prcteins in greup (2}, (b) and (c}

were probsbly due to direct contribution of the parent gen

I

1es present in the hybrid species. The absence of the pro-
S ’ o . A h] 3

tein components oI group (d} 2nd (e} in the species nybrid
again point to possible interaction or inhibition cf the

alien genomes in the cell.

]

The presence of group {(f) proteins in Tritipyron end

. vulgare may be due tc direct contribution of the other

[oN
S
]

parent species, or, alternatively, thev were formed as a

& 3

i

result of certain interactions between then’ien gencmes in
the species hybrid.

The protein compcnents in group (g} were probable new
componaents., They were possibly formed as 2 result of

ies. mvidence to

F’

interaction of genes of the parent speci
this effect was the observed presence of non~complemsntary
protein components cof quite similar mobilities from those

in the parent species {(1.00 of ryve, see fig. 12}.
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Alternatively, it definitcly appeared advantzgeous to

congsider 211 the mobilities of the proteir components ofthe

t

various fractions of a single cereal species together with a
similar composite of the other speciss end thus form one
general, over-all pattern of mobilities representative of
all the electrophoresis experiments. & comparison {
Table IV} of these over-all mobility patterns between the
different cereal species might prove more revealing in
considering the bilosynthetic integrity of the alien genomes
when in intimate cellular association.
It is interesting tc note that the general pattern of

2lationships of the wobilities of the rrotein components
between rye, durum and Triticale, and that bebween durum
and the three hexaploid ceresl species were found to be
virtually the same as those observed when homologous
protein extrscts of these cereals were considered separately
(cf. previous section). Classifying these over-all mobilities
as before, the follcowing groups were obtained.
Group a Protein components similar to all the five cereal

species --~ 0,42 and 1.24 of rye,

Group b Protein components similar to rye, durum and

Triticale -~~~ 0.19, 0.33, 0.59, 0.67 and 0.71 of rye.

Group ¢ Prctein comporents similar tc rye and Tritical

1.01, 1.38 and 1.57 of rye.

v

rotein components similar to durum znd Triticale

-~~~ 0.80, 0.89, 1.06, 1.44 and 1.70 of durum.
Group d Protein components present in rye and durum but

absent in Triticale --~ 0.93, 1.10 and 2.02 of rye.
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Croup e Protein components present in rye but absent in

Triticale --- 0.13, 0.53, 0.76 and 0.85 of rye.

Protein components present in durum but absent

in Triticale --- 0.29, 1.20, 1.33, 1.52, 1l.Cth4,

1.82 and 2.32 of durum.
Group T Protein components present in Tritipyron but absent

in durum --- 0.38, 0.50, 0.78, 0.86, 0.99, 1.16

and 1.96 of Tritipyron.

Protein components present in Kharkov but absent

in durum --- 0.08&, 0.40, 0.52, 0.63, 0.77, 1.18

1.28, 1.96 and 2.27 of Kharkov.
Group g FProtein components present in Triticale but absent

in rye and durum --- 1.15, 1.28, 1.48 and 1.96 of

Triticale.

In splitting the mobilities of the protein components

into similar arithmetic groups {as shown in Table IV} on the
basis of allowing a maximum variation of 0.03 (experimental error)
within each group, it was noted that some protein components
possessed mobilities which were intermediate between the mobilities 
of two presemably different groups of proteins. Examples of

this were 0.42 of rye, 1.28 of Tritiecale, 0.63, 0.77, 1.18

&

1.28 of Kharkov, and 0.38, 0.78, 0.86 & 1.67 of Tritipyron.
Protein patterns as classified in group (al} (b} and

(c} indicated a direct responsibility of the parent genomes

for the synthesis of these particular groups of proteins

in the srecies hybrid.
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OVERALL MORILITIES OF THE CEREAL
SPECIRES (x10-5

Eye Durum Triticale Wneat Tritipyron
(Prolific) [(Stewart) (64190) (Kharkov) (6458)
0.0 0,0 0,0 0.0 0.0
0,08
0.13
0,19 0417 0,20
0,29
0.33 0,36 0,36
0,40 0,38
0,42 0 Mb 0,4k 0,45 0, bk
0,53 0.52 0.50
0.59 0,57 0,60 0,57
0,63
0,67 0,65 0,68 0,68
0,71 0,71 0,72 0,70
0,76 0.77 0,78
0,80 0,80 0,83 0.81
0.85 0,86
0,89 0,89
0,93 0.93 0,92 0,92
1,01 0,97 0.99
1,06 1,06 1.03 1,04
1,10 1,11 : 1,09 1,11
1.15 1.18 1.16
1,20
1,24 1.25 1.24 1.25 1,22
1,28 1,28
1.33 1,31
1.38 1,36 1.36 1,38
1.4 1,44 1,43 1 44
1,48
1,52 1,54
1,57 1,56 1,59
1,64 1,62
1,70 1,71 1,67
1.82
1.96 1,96 1,96
2,02 2,05
2,27
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Group (d} and (e} were protein components detected

in either or both the parent species (T. durum and 3. cereale)

but they were absent in Triticale. The absence of these
protein companents in the hybrid species may be attributed
to some type of interection or inhibition resulting in some
manner from the new association of the alien genomes.

Protein components in group (f) were probably
contributed bv the genomes of another parent species,
which, in the case of Tritipyron (6A58) was A. elongatum,
and in the case of T. vulgare (Kharkov) was A. sguarrosa.
Since the seed protein complements of A. elongatum and A.
sguarrosa were not readily avsilable for study, little more
can be suggested at this point. Alternatively, these "un-
accounted™ pnrotein components might be new proteins synthesized
through some unknown interactions of the alien geromes in
the species hybrid.

As observed in the comparison of the mobilities in
homologous protein extracts, the patterns of contribution
of the MAABBY genomes of T. durum to those of the three
hexaploid ceresl species (Triticale 6A190, Tritipyron CA58
and T. vulgare]) were not constasnt or comparable. This
variability may be attributed to the dominance or repression
of certain genes in the "AABB" complement when they were
in intimste contact with one 2nother in the synthetic

species.
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Protein components classified in group (g} were those
found only in Triticale but not in either of the parent
species. A careful comparison of these "new'" protein components
(1.15, 1.28, 1.48 and 1.96) with the neighbouring protein
components of the parent species showed the same pattern

o

of relationship between them as observed in the homologous
fractions. These "new"™ protein components were found to be
present in the mobility range whecre protein components of
the parent species had no complementary ones in the hybrid.
For example, 1.15 of Triticale is an intermediate of 1.10
(rye), 1.11 (durum) and 1.20 (durumj). Mobility 2.28 (Triti-
cale) appears to be more closely related to 1.25 (durum}
than to 1.33 (durum) whereas, 1.48 of Triticale is probsably
an intermediaste of 1.4l (durum) and 1.52 (durum}. The protein
component of 1.96 mobility (Triticale) may be a "hybrid
product® of 1.82 (durum), 2.05 (durum} and 2.02 (ryej.

Since the relationship between the patterns of
protein components of the parent species and those of the
hybrid were consistent regardless whether comparing the
mobilities of the proteins in the hcmologous extracts or when
the over-all general mobilities of the proteirs cf each species
were considered, 1t seems reasonable to suggest that influence
(probably in the form of genome interactions) was exerted
when the alien genomes were in intimate cellular contact.
It appeared, as suggest previcusly that the alien genomes

were unable to maintain rigorously their bilosynthetic integrity.
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v) Digcussion

From the results of the electrophoretic analysis,

it is evident that some protein components present in the

different fractions of 3.,cereale were absent in the comparable

protein fractions of T.,durum or if present, occured only in

very small quantities, Counversely, it was evident that some

protein components present in the various extracts of T,

gurum were absent in the comparable S.cereale extracts or

if present, occured only in very small quantities, It
was also evident that some of the proteiln components were
electrophoretically similar or common to both specles,
Thig confirms the statement made by Kowarskil (1901) and
by Moritz (1933) that serologic similarities existed bet-
ween wheat snd rye (1,2), Hall (3) later showed that the
proteins which were found similar in thelr immunologlce
reactions were electrophoreticallyidentical,

As evident from the electrophoretic studiesg in this
investigation, not all the protein components detected in
either or both the parent species»were present in Triti-

cale, FPFurthermore, it was also observed that not all the

protein components present in Triticale were present in the

parent specles, These observations are therefore not in
complete agreement with those reported by Hall (3) who

stated that nearly all the protein components extracted
from rye and all of thosge from wheat were present in the

extracts of the hybrid rye-wheat species, Hall (3) has




71

mentioned that one protein component was observed in the
rye-wheat extracts which was not present in elther of the
two parent specles, However, he was reluctant to identify
this particular component as a "hybrid substance®, The

fact that very few, if any, of these "hybrid substances"
were detected by Hall but which were spparent in these
investigations might probably be due to the different
techniques employed in electrophoresis of the protein
preparations, It 1lg known that agar gel electrophoresis

has o much lower resolving power than that of starch gel
(48), This is also evident by comparing the number of
protein components resolved by starch gel in this investi-
gation to those resolved by agar gel electrophoreéis which
was employed by Hall (3). Further evidence indicating the
more complex nature of the cereal proteins has been provided
by column chromatographic fractionation (25), polyacrylamide
gel electrophoresis (27,28) and fractionation by means of
gel-filtration (30),

The absence in the hybrid species of certain protein
components, which were present in elther or both of the
parent speciles, may possibly indicate the inability of the
alien genomes, in the new cellular environment of the hybrid
specles, to meintain their individual blosynthetlic integrity.
The observation that the unaccounted protein components in

Triticale (possibly new proteins) were generally found in
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the mobility renge where some corresponding protein com-
ponents of the parent species were absent, lends further
evidence to the above suggestions, A plausible explanation
for the inability of the allien genomes to maintaln thelir
synthetic inmtegrity may be due to some form of interaction
between them which presumably caused inhibition or inacti-
vation of a certain portion of the genes responsible for
the replication of certain specific proteins, These

assumptions are given some further enlightenment when con-

dering the results of Rees (49) who reported that the

fomde

S

mean DNA content in the hexaploid wheat T, aestivum (vulgsre)

(AABBDD) was found to be essentlally the sum of the two
parent species, T, durum (AABB) and A. squarrosa (DD). If
the DNA content of the individual genomes were maintained in
the cell of the synthetic species, a plausible explanation
for the absence of certain proteins derived from the par-
ent specieg, in the hybrid, is the suggestion elaborated
above,

Tf the alien genomes did have interactiong in the nuc-
leus, giving rise to & new expression of the combined gen-
omes, there should be new proteins formed at the expense
of the original ones, Interestingly enough, proteins with
slightly different mobilities were observed to be present
in the different extracts of Triticale at the expense of

proteins of quite similar mobilitles in the parent specles,
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Kerber (50) reported that the reconstituted tetraploid

Qs

component (4ABB) of two haexaplolds Aiffered widely in mor=
phology from T. Surws (LARB} that existed in nature. The
process of reconsbitution was sccomplished by extracting

the ARBB complemen?t from an original cross between Canthatch
{44BBDD} and Stewart durun (44BB), resulting in a pentapleid
which was then backcrossed Seven times TO Canthatch (AABBDD]
finally giving, after selfing, the reconstituted tetraploid
(AABB}. His chservation lends further support to the postu-
lations elaborated here that some forms of interactions were
at play when these alien genomes existed togebner in intimate
contact in the hybrid speciles.

i point of cauticn which must be mentioned here is the
fact that those proteins which are considered jdentical
vnder the criterion of similar electrophoretic mobility,
nay, in fact, not be exactly jdentical. Because of the
sprarent characteristic that a protein can be resclved into
a spectrum of bands in the starch gel is presumably by
virtue of the component's molecular size and net electrical

+ is plausible that a molecule smaller in size and

e

charge,
carrying lower net electrical charge may have the same
mobility as ~one which 1is slightly larger ip size and carry-
ing higher aet electrical charge. Such differences can

only be resolved DY immuno—electrophoretic procecures.




I7 Mendel's law of dominance also holds in the sub-
cellular level, the difrerence in the patterns of contribubion

of" the "AARB" geromes of 1. durum,compare

fl\
hexsploid cereal species (Triticale 64190, T. vulgare and
Tritipyrén 6A58) as seen by comparing their mobility patt-
erns, mey be attributed to dominance or suppression of

certain genes in the "IABR" genomes when these are in intimate

enome and urder different cellular

envircnments. In conclusion, it may be stated, considering
the experimental evidence pressnted in this investigation,

that the synthetic hevaploid cereal species do possess cer-
tain abilities to syrthesize protéins which are guite dif-
ferent from those present in the perent species. 'Whether
this new synthetic ability is inherited through interaction
ot the code level of the alien gernomes when in intimat
contact in the cell is not definitely known but it may be

the inability of the nsw hybrid specics to

gynthesize certain 5. cereale proteins wss confirmed. Such

characteristics were also observed for proteins derived or
which might be expected to be derived from the tetranloid

witeat genomes, T. durum. The influerice of the WAARBH genomes

il

of this tetraploid wheat on the protein synthesis of the
three hexaplold ceresl species which contain the WALBBM

corplement, varies to a considersble extent.
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