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ABSTRACT

Dronzék, Bernard leo, Ph, D,, The University of Manitoba, February

1970, Nature of the Endosperm Protains of the Extracted Tetraploids

Derived from three Common Wheat Varieties,

Major Professor:t Dr, W, Bushuk

The protein compositionsof AABB tetraploid wheat derived from
three common wheat varieties, Prelude, Rescue and Thatcher, were
compared with those of the hexaploid counterparts, The proteins
'weré fractionated by solubility in approprigte solvents into albumins,
globulins, gliadins; glutenins and insoluble residue proteins, The
Solubility characteristics showsd that the tetraploid wheats of
\Rqscue and Thatcher cohtaingd considerably more gliadin, more glu-
tenin and less insoluble protein residue than the éorresponding‘hexa-
ploids, In contrast, Tetraprelude showed similar amounts of gliadin,
glutenin and insoluble protein residue.compared to its hexaploid,

Disc and starch-gel electrophoresis wére used to separales and
correlate the prdteins in the four soluble fractions from relatéd
wheats, The electrophoretic patterns shéwedvsignificant qualitative
differences among the varieties studied, although fhe patterns of
sach extracted tetraploid and its hexaploid counterpart were quits
similar, | A

Amino acid compositionsof the flours for each extracted tetra-
ploid aﬁd its hexaploid parent showed that tﬂe composition are eésen—
tially the same, The amino acid coﬁposition varied signifiéantly

among the solubility fractions; however, the differences for any




one fractlon among varlieties were insignificant,
In addition to the extracted tetraploids and their parents, the
proteins of five accessions of Ae., squarrosa, a synthetic hexaploid

and its durum parent were studied, Differences in the electropho=-

retic patterns were found in the slow-moving gliadin proteihs among
the five accessions of Ae, squarrosa, Similar patterns were obtained

‘for the synthetic hexaploid wheat and its durum wheat parent,

1




I INTRODUCTION

Common hexaploid wheat with the genomic formula AABBDD. is an
allopolyploid wheat., It has been established that the original an-
cestors of the three genomes A, B and D are the three diploid spe-
cies T, monococcum, Ae, speltoides and Ae. squarrosa respectively
(1). It is presumed that common hexaploid wheat originated through
two widely separated evolutionary events, First, the AABB amphi~
ploid resulted from a natural hybridization of the diploid species
1. monococcum, and Ae. speltoides. Much later, the Dvgénome of
| Ae, séuarrosa was added, alsc by natural hybridization. Since botﬁ
the durum (2n=4x=28=AABB) and the diploid wheats (2n=2x=1u=nnj
lack the breadmeking quality of the hexaploid bread wheats; the
final addition of the D genome chromosomes appears to have con-
tributed the genes for this quality.

Most of the wheat produced in the world is of the common hexa-
ploid type, I. aestivum L. em Thell, (2n=6x=42=AABEDD), It is
used primarily in the manufacture of flour fdr leavened baked pro-
ducts, For many centuries this cfop has served as the basic food
of man, Since wheat has been of such great econdmi¢ importance to
man himself, a great deal of effort has been devoted to reséarch ‘
designed to answer the basic questionf what prbperties of flour
constituents determine its breadmaking qu#lity? | _

It is nbw well established that the most import#nt single
constituent of bread wheat flour associated with its baking qua=-
lity is its protein., Moreover, it has been recognized for some

time that the breadmaking quality is determined by the very com-

plex nature of the‘proteins which interact to form gluten,




In addition to the psculiar quality factors of the bread wheat pro-
teins which give rise to baking quality; a relatively high quan-
tity of protein is required to produce good bread (2),

In recent years, with the advent of various electrophoretic
techﬁiques. numerous workers have tried to assqciate differences in
eloctrophoretic patterns obtained for various wheat varieties to
‘differences in their breadmaking potentialities (3-5). Although.
‘marked differences in the patterns were observed, no direct re-
lationship of particular protein bands to quality has been found,
Thus, the genetic control of these proteins, and their relation-

- ship to the complex characteristic quality are far from being under=-
stood,

The extraction of'the AABB components from three common wheat
varieties Prolude, Rescue and Thatcher was recently accomplishsd
in the‘Departmeht of Plant Science, University of Manitoba. Bread=
making quality studies on the extracted tetraploid lines havevdef'
monstrated the importance of the D genome in the inheritance §f
breadmaking qualiiy (6).v The breadmaking quﬁlity of two of the
<éxtracted tetraploids, Rescue and Thatcher; was relativeiy ﬁqor,
and not too unlike that of normal durum wheats, The tetraploid
of Prelude showed better breadmaking quality than the other tetra~-
. ploid lines, and was comparable to the three hexaploid wheats tsed
as parenfs. |

The genetic materials used in the present study were the

three AABB tetraploid wheats derived from common bread wheats

.hexaploids ', Prelude, Rescue and Thatcher. They will be‘reférrad




to aé Tetraprelude, Tetrarescue and Tetrathatcher respectively,
The purpose of the study was to compare the proteins of the three
extracted tetraploids and their hexaploid parents: 1) to determine
-if the removal of the D genome produced a deletion of certain pro-
teins or a shift in the quantitative distribution of the proteins | =
components which could be attributed to the loss of breadmaking
- quality, and 2) to determine if Ehe proteins of Tetraprelude, "the
| durum type wheat with the high breadmaking quality! were similar

‘to those of its hexaploid parent. Stewart 63 was included in the

study as the representative of the natural tetraploid wheats with

AABB genomic constitution,

In addition to the detailed investigation of the proteins of
the extracted tetraploids and their parents, the proteins of two
aneuploid lines involving chromosomes of the D genome of thé
common wheat variety, Chinese Spring, and fife accessions of ihe
species Ae, squarrosa and a synthetic AABBDD hex#ploid wers exa=-
~mined by gel electrophoresis, It was presumed that & study of
these moﬁld provide additional information on the proteins whose

‘synthesis is controlled by the D genome,
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II_LITERATURE REVIEW

1, Introduction

Wheat proteins have been of great interest to cereal chemists
for over sixty years, This constituent of bread wheat flour deter-
mines to a large extent the physicai properties of'the dough, and
in particular its breadmaking potential, It is generally accepted
today that breadmaking quelity is related primarily to the water-
insoluble proteins of the flour which are collectively called
gluten, In hydrated state, gluten, with its unique viscoelastic
properties, forms the supporting three-dimensional network of the
dough that is produced in the first step of the breadmaking pro-
cess,

| Berzelius in 1728 (7) was the first to describe the sepdra-
tion of gluten from wheat flour, but it was not until 1907 that
Osborne (8) fractionated and classified these proteins on the
‘basis of their solubility, He classified the proteins into four
broad groups: 1) water-soluble proteins or albumins; 2) salt-
soluble proteins or globulins; 3) alcohol=-soluble profeins or
gliadins; and 4) proteins soluble in dilute acid or base,“the
glutenins, Moreover, Osborne reported that gluten comprised
"about 80% of the proteins in flour, Gluten comprised two main
groups of proteins, gliadins ard glutenins, present in nearly
equal amounts, With the advent of modern techniques of protein
chemistry such as the analytical ultracentrifuge and electro-
phoresis, it was soon shown that each of the four,protein frac-

tions suggested by Osborne. was a heterogenous mixture of a




large mumber of molecularly different proteins,

2, Electrophoresis Studies of Wheat Proteins
Electrophoretic separation of proteins was first reported by

Tiselius in 1937 (9)., However, this technique was not applied to
the separation of the wheat proteins until 1944 (10). In recent
years, both moving-boundary and zone electrophoresis have been
successfully applied to studies of cereal grain'protains. Zoné

electrophoresis requires the use of various physical support

materials such as filter paper or gels on which the protein mi-
grates while in moving boundary electrophoresis, thé proteins move
freely in a buffer solution, '
Filter paper and agar gels were the first.support materials
used for separation of protéins by zone electrophoresis (11-12),
However, these materials have found very limited application in

the separation of cereal proteins. A major development,in zZone

electrdphoresis occurred in 1955 when Smithies introdﬁced the use
of starch gels as support material for the separation of serum pro-
teins (13). The resolution obtained by starch-gel'electrophoresis

was much superior to that obtained by other types of zone electro-

phorasis. Elton and Ewart (14) were the first to use this support
material, in conjunction with the aluminum lactate buffer system |

~ of Jones g&,gll(l5), for the separation of flour proteins. In

1961 Woyckik et al (16) improved the separation of flour proteins
by starph-gel_electr@phoresis by the addition of urea to the gel




to increase the solubility of the proteins,

Polyacrylamide gels were introduced for szcne electrophoresis
by Raymond and Wang in 1960 (17) and adapted to wheat proteins by
lee in 1962 (18), In contrast to starch gels, polyacrylamide gels
are transparent, thermostsble, non ionic, and their pore size can
be readily varied over a wide range by simply changing the con-
centration of acrylamidé used to prepare the gels (19), The electro-
focusing technique for separating wheat prdteins recently developed
by Wrigley (20) also employs polyacrylamide gels as the supporting

materisl,

3. Water and Salt-Soluble Proteins

The water-soluble proteins or albumins and the salt-soluble
proteins or globulins of wheat are éollectively referred to as
the soluble proteins, The first comprehensive study of these pro-
teins was that of Osborne (8). Subsequentvinvestigations prior to
194 have been reviewed by Bailey (21), In recent years, Pence
and coworkers (22-24) have extensively sfudied these proteins,
Most of the early findings were subsequentlj modified and iefined
by new techniques of protein chemistry, | ' |

Finney (25) reported that the water-solubles were neeeésany ,
for normal baking performaﬁce in two of his thrse recqnstitutéd
flours, In 1951, Pence et al (22) found thatbwater-soluble con=
| ponents from flours with widely differént_baking charactqristics ‘
were required for maximum performance of fiours reconstituted
from all glutens, except the one from durum wheat, 4 crude élbumin_




component isolated from the water-solubles produced a positive
volume response, and reduced the mixing time, In 1962 Pence (26)
concluded that albumin proteins sre implicated in the baking per=

formance of the flour, Furthermore, he suggested that differences

in soluble constituents might account for the variations in baking
quality of differént flours, \
| Recently, Hoseney et al (27) reported that the water-soluble
:% fraction of the flour was not involved in breadmeking quality

differences smong varieties, although it was required to produce a

normal loaf of bread, It was found that the water-solubles cone=
tributed to gas production and affected the physical‘prOperties
of the dough, However, the albumins and globulins were not ine
volved in the breadmaking quality since removal of these proteins
from the water-soluble fraction did not dscrease the loaf volume
- of the bread baked from reconstituted‘flours. On the basis of
their reconstitution studies, Hoseney st al (27) suggested that

goluble pentosans and glycolipids were the water—soluble'consti-[

tuents that were essential for baking performance.

There have been numerous studies of the physicochemical pro-

-perties of the soluble proteins of wheaf. Laws and France (28)
reported in 1948 that a water extract from three flours of different

breadmaking quality gave similar patterns in moving boundary eléctro-

| ‘phoresis, In 1953, Pence and Elder (23) separated the albumins by
paper electrophoresis into at least six individual components of B
similar molecular size, The albumins were characterized by a




8

higher tryptophan content, but a lower amide nitrogen content than
the other wheat proteins, The albumins had an apparent molecular
weight of about 28,000 in dilute salt solution, but in the pre-
sence of urea or sodium salicylate the molecular weight decreased
to about 20,000, A subsequent study by Pence (29) indicated that
as many as eleven water~soluble protein components could be detected
by paper electrophoresis, The approximate iscelectric points of
the eleven individual components varied from 4.5 to 8,7, In 1954 .

~ Pence et al (30) demonstrated distinct differences between the com-
positions_of the albumins of durum and common wheat flours, These
differences in component distribution appeared to be unaffected by
differences in growth location and crop year, . ‘

In 1954 Pence et al (24) determined the soluble protein con-
tent of 32 flours of widely different type and baking quality, The
total soluble protein contents varied in the range, from 13‘£o'22%
of the total flour protein, The amounts of albumins were generally
slightly higher,thdn the globulins, Both the aibﬁmin and globulin
contents, as well as the ratio of the two, varied signifiéantly
among the flours, _. |

More recently, Holme (31)‘separatéd the'albuﬁin fraction from
cake flour into ét least five components by noving boundary electro-
phoresis, Elton and Ewart (32) examined the albumins and globulins
- from 8 wheat varieties by starch-gel electrophoresis, No signi-
ficant differences were observed in their electrophoretic patterns,
Woychik et al (16) separated the water-soluble proteins into at




least 9 components on starch gel in the presence of urea, Later,
Elton and Ewart (33) improved the resolution of their starch-gel
electrophoresis technique and reported some minor differences in

the electrophoretic patterns of the water—soluble proteins from

‘several wheat varieties, In 1963 Nimmo et 2l (34),using polyscry-
lamide-gel electrophoresis,found at least 15 protein components in
a water extract of bread wheat flour,

Silano et al (35) used disc elsctrophoresis to analyze the

albumin and globulin fractions of several varietles of I, aestivum an&
I, durum, Fourteen albumin and 15 globulin bands were observed,
Varietal differences were found, particularly in the fast moving:
albumin bards. -

Recently, Feillet and Nimmo (36) isolated and characterized
two albumins (134 and 13B) from bread flour, Albumin 13B had a
relatively high valine content, and no hiétidine or phenylalanine-
while albumin 13A contained all the common amino acids and had a | ?[“
relatively high éontant of alanine, Novfree sulfhydryl groups |

were found in either protein, Molecular weights of 2lbumin 134

and albumin 13B were 24,800 and 13,950, respectively,determined
from sedimentation=-squilibrium data,
Relatively little is known about the salt-soluble proteins

(globulins) of wheat flour, Se far, no functional role has been

attributed to these proteins, although Pence (26) suggested that
they may be involved in breadmaking performance, Pence (26) was
nnsuccessful in his attempts to reconstitute flour from which‘

globulins had been removed, It was not possible to ascertain
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whether it was the deletion of the globulins that produced the
observed detrimental effect or whether the salt used in the extrac~
tion of the globulins damaged the protein system of the flour,

In 1949 Danislson (37) observed two distinct globulins, gammas
and alpha,in'salt solution extracts of fiour by means of fhe ana~-
lytical ultracentrifuge. According to this investigator, gamma
globulin has a molecular weight of about 210,000; Three different
globulin compenents were found by Pence and Elder (23) in pre-
perations from flour and defatted wheat germ, These globuliné were
characterized by relatively low tryptophan and amide nitrogen con-
tents, and a relatively high arginine content when compqred with
the total flour protein, Total globulin content of wheats of
different typesranged from 5 to 11% of the total flour protein,
Elton and Ewart (32) detected two globulin bands which migrated
most rapidly in starch-gel electrophoresis of dialyzed salt ex-
tracts of flour, Recently, Fisher et 2l (38) identified the fast-

noving globulin doublet found by Eltoh and Ewart (32) as purothionin,

4, Gluten or Insoluble: Proteins

Finney demonstrated in 1944 (25) that wheat gluten is the
fraction of flour that is primarily responsible for its breédmaking
quality, Since that time, many attempts have been ﬁade to detect
differences in the gluten fraction that could be related to
-differences in baking quality of the flour from which the gluten

was obtained, The separation and characterization of the gluten
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proteins has been hampered by.the lack of suitable solvents capablé
of solubilizing all the proteins comprising gluten, A major ad-
vﬁnce was made in 1959 when Jones et al (15) discovered that aluminum
lactate buffer of pH3.1 could be used in slectrophoresis to separate
gluten proteins, | |

Gluten is normally prepared by washing dcugh in a stream of
water or a dilute salt solution until the starch and solubles are
removed, Crude gluten contains about 85% protein, 8,3% lipid, 6%
starch, and 0,7% ash, (39). The protein component of gluten is
mainly gliadin and glutenin present ih approximately‘equal amounts,

The unique elastic and cohesive properties of doughs afe |
usually associated with analogous properties of the glutenin frac-
tion (15). The glutenin group appears to be a mixture of a number
of molecular species which contain a wide range of molecular sizes
with the molecular weight ranging from 50,000 to over 2 million
(40). Reduction of the glutenin disulfide~group§ decreases its
molecular weight to approximately 20,000 (41).

In starch-gel electrophoresis, glutenin does not migrafe into
~ the gel due to its large size (16), although, upon reduction 1t |
can be separated into approximately 20 components (42), Seven of
the components of reduced glutenin migrated at the same rate as
gomponents of reduéed gliadin suggesting that the gliadins might
be linked by SQS bonds to form glutenin, Elton and Ewart (43)
reduced the glutenin from four wheats and separated thq components

on starch gel, The electrophoretic patterns showed that there were




varietal differences among the reduced glutenins, Huebner et al
(44) compared the glutenins isolated from five different classes

of wheat; Electrophoretic patterns of the reduced-alkylated glu-
fénins showed significant differences among varieties of the same
clasé, but the greatest differences were among’different clasées of
wheat. Reduced-alkylated glutenin from durum wheat contained few
or nons of the slow moving components present in the bread wvheat

glutenins that were examined,

Gliadin, the alecohol-scluble proteins of wheat forms an inte-
gral part of gluten and plays an important role in determining the
breadmaking potentialities of flour (45)., It is highly'héterogeneous;
the actual number of févéaled components depsnds on the analytical
technique used for their separation., Its average molecular weight
| by sedimentation=diffusion was found to be about 45,000 (46) and_
its isoelectric point at a pH of about 6.5. Gliadin groﬁp cf pro=
teins is characterized by extremely high glutamine and proline econ-
 tents (47), It ﬁas-a much lower intrinsic viscosity than the glute=
nins probably because of its smaller size and a mofe compact glo~
. bular conformation (48), There is considersble evidence from

studies of reduced gliadin that its disulfide bonds are intpamole-
cular (49),

Schwert et al (10) found no differences in the electrophorstic
patternsd gliadins from a variety of fiour prepared.by & number of .
different methods, Laws and France (28) reported that no signi—
ficant differences could be detected by moving bonndary~electro-‘
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phoresis of wheat gluten proteins including gliadins derived from
different wheats, In 1954 Mills (50) reported that at least four

protein components were present in the gliadin group,

Jones et al (15) used aluminum lactate buffer solution in
conjunction with moving boundary elsctrophoresis to separate gluten
proteins into four major and one minor components, Further exami-
n#tion of the electropherograms from four bread wheats (two with
good and two with poor baking qualities) showed the same protein
composition, H0wever; glutens from two durum wheats, exsmined

similarly, showed quite different electropherograms,

In 1961 Cluskey et al (51) separated by moving boundary eleé-
trophoresis protein components of gluten and water solubles frém
hard and soft wheat flours., On the baéis of electrophoretic mobi-
lity they designated the,gluten proteins into five compénents iden=
tified by Greek letters alpha, betsa, g#mma, omega, and delta, Hard
wheat flours contained more alpha, gaﬁma;'and omega components but
the ‘same amounts of beta and gamma, the fast moving componsnfé.
They were able to distinguish Between hard and soft-bread wheats
on the basis of protein composition, aithough the differenc;s were

small,

Woychik et al (16) resolved gluten proteins into nine distinct
components by starch-gel electrophoresis in the presence of urea,
Eight of the nine components were attributed to the gliadin group.

In 1962 Elton and Ewart (32) reported significant differences in
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the starch-gel elesctrophoresis patterns for gluten proteins of
different bread wheats, They attributed these to real differences
in the proteins, It wés suggested that the observed differences
might be sufficient to account for the differences in breadmaking
quality of the wheats examined, Later the same authors (33).showed
that both qualitative and quantitativé differences existed between
starch-gel the patterns or the gliadiﬁs from several wheat v#rie-

ties,

Lee and Wrigley (5) compared-the’glutén proteins of eight
commercial wheat varietlses and four tetraploid wheats by ion-exchange
column chromatography and by polyacrylamide-gel electrophoresis, De-
finite differences in protein profiles for the.commércial vheats |
and tetraploid wheats wers observed, However, it was not possible

to relate a type of chromatographic pattern to baking qﬁality of the

eight commercial wheat studied,.

In 1963, Graham (52) using an imprbvéd apparatus and procedure
for starch-gel electrophoresis, showed that similar protein com=-
ponents were extracted with widely different solvents. Similar

patterns were obtained for proteins from similar genotypes while

different genotypes showed marked differences in the slow moving

or gliadin components, Using the same technique,‘Coulson and

Sim (3) examined the.proteins from 34 different varieties of I,

sestivum, Major differences in protein patterns were found in

the gliadin protsins while the patterns for the fast moving albumin

-and globulin components were similar for all varietiesrexémined;'




“having similar electropherograms, Group I comprised soft winter
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v Furthermore, there was no obvious correlation between the proteins

pafterns and the physical or baking-quality chafacteristics of the

flour,

Lee and Ronald (53) studied the effect of environment on
wheat gliadin in four T. aestivum varieties grown in Australia under
a wide range of growing conditions, Varietal differences in the

distribution of gliadin components were found to be much more sig=-

nificant that the differences that could be attributed to environ=-.

mental factors, -

More recently Huebner et al (54) compared the compositions
of . the gliadin group of proteins from a number of varieties of
cormon, durum, and club wheats by column chromatography éhd by
starch-gel slectrophoresis, Greatest differences were obsérved |
for varieties representing different classes while differences

among varieties of the same class were small,

Using stareh-gel electrophoresis, Doekes (4) classified

80 verieties and selected lines of wheat into 5 main groups

wheats with poor baking quality while group V included hard red

~wheat varieties of felatively good breadmaking quality, Further-

more, group I varieties showed a compact gliadin pattern while

group V displayed'a gliadin pattern in which the'éomponents showed

& broad range of mobilities, Groups II, III and IV included
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varleties with diverse origins, and considerable variation in
baking quality, Their gliadin patterns were intermediste between

those of group I and V,

5e Amino Acid Composition

Recent development of highly efficient and rapid analytical

techniques for determination of amino acid composition of proteins
has produced accurate amino acid analyses of wheat proteins, Ale

though_. ths= data hswe been extremely useful in relation to nutri-

tional quality of wheat proteins, they.are &f limfted value in-re-
lation to the breadmaking quality of wheat varieties (2), Amino
acid compositions for a wide variety of wheats that differ widely

in"baking quality were .found to be essentially the same (55),

Glutamine is the predominant amino acid pfesent. in wheat pro-
teins, and proline is also present in relatively high amounf:s (56),
Together they make up approximately 50% of the amino acids in
gluten proteins (55). Isoleucine, leucine, phenylalanine,' éerine, |
tyrosine and valine contents are relatively high in gluten compared -

to other ﬁrote:lns (55)s The soluble proteins generally contain

more cystine, tryptophan, basic amino acids and glutamic acid than
the gluten proteins (57), The albumins contein more cystine and

cysteine than the globulins or gluten proteins,

Glutamic acid and proline contents have been shown to increése,
whii_e lysine tends to decrease as the protein content of wheat in-

creases (55). Lawrence et al (58) found that lysine increased
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significantly as the protein'contént.décreased below 13,5%, How=
ever, for wheats with more than 13,5% protein, thers was no signi-

ficant correlation between lysine and protein contents,

In 1961 Woyehik gglgl (59) determined the amino acid compo-
sitions of six protein.components isolated from wheat gluten.
While their compositions were éimilar, significant differences were
observed which indicate the individuality of these proteiné.

~ Ewart (60) compared the amino acid compositions of the glu— |
tenins and gliadihs from two strong and'two weak wheats, The compo=-
sitions of the glutenins were similar to those of the gliadins,
There were minor differences in the amounts of some amino acids,

No significént differences in composition were observed for varietiss j

.of the same class or for strong and weak wheats,

Recently, Tkachuk (56) determined amino acid composition of
six flours which differed widely in their breadmsking quality. The
compositions for the six flours were essentially the same,

6, Genetic Inheritance of Protein Components in Bread Wheat and
Related Spscies

In recent years; & large number of reports have appeafed in the
literature of attempts to relats electrophoreticcorTchfomatographic
patterns for the proteins to genetic relationships among wheats:
and related grain species, For example, Johnson and Hall (61) used

polyascrylamide~gel electrophoresis to obtain eﬁidence of the genetic
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origih of bread wheat, The electrophoretic patterns for extracts

from T, monococeum, I, dicoceum, and T. aestivum showed that the

A and B genomes contributed different proteins, Some evolutionafy
divergence had apparently occurred in the A genome of T, dicoccum
since the proteins of this species were only partially homologous
with those of T, monococcum, ‘

Hall et al (62) examined the genome relationships in the
Tritiéinae in terms of protein homology based on electrophoretic
patterns, Different degrees of homology were found for the A, B; |
and D genomes. In 1967, Johnson et al (63) compared the disc eléc-
trophoretic patterns for protein extracts from 26 hexaploid and 64
tetraploid wheats. Homology uﬁs observed for-nine albumin bands
in the two groups of wheat examined, Three additional albuﬁin
bands in the hexaploids were attributed to the D genome. In addi-
btion, differences in the patterns for the slow moving protein
bands of thevgliadin group were found- among (the tetrgploid species, .
and also among the hexaploid sﬁbspeciés studied) varieties within
~eacﬁ group, _ |

The identification of wheat chromosomes involved in the'cén—
 .$ro1‘of breédmaking quality has been hamperéd by the polyploid
-nature of wheat, Aécordingly; aneuploid and substitution lines f
-have been used to determine the chromosomes which control flour
properties that are important in baking quality. A number of
chrbmosomes, mostly of the B and D genomes, have been reported to

‘be: involved in the genstic control of breadmaking quality (64-66),
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Welsh and Hehn (64) examined the quality of the complete set

- of monosomic lines of the hard red winter wheat,Kharkof MC22, They
obgerved that chromosome 1D resulted in a drastic reduction of the
doughball fermentation time (Pelshenke Test) and an extrems weakening
of‘the farinograph curve, '

Morris et al (65) and Schmidt et al (66) studied chromosome
substitution lines of the hard red winter variety Cheyenne into the
variety Chinese Spring, Mixograph and bake tests indicated that |
chromosomes 1B, 4B, 7B and 5D were primarily responsible fof the
high baking quality of Cheyenne, Recently, Welsh et al (67) examined
the milling and baking qualities of the complete sets of substitu-
tion lines of three hard red spring wheat varieties,rThatcher,

Hope and Timstein with Chinese Spring as the common background variety,
| Only chromosome 2A of Thatcher produced a marked change in the baking
ﬁroperties of the flour from the background varisty, Cn the other
hand,.li Hope and 16 Timstein chromosomss produced notable chahge.
Chromosome 2B of Hope and chromosomss 3B and 6B of Timstein had the
greatest effects, On the basis of current state of knowledge, it
appears that the genss for breadmaking quality are located on a

number of different chromosomes,

There have been a number of reports on the éffects of.hddi—
tions or removals of genores, and of specific chromosomes on ﬁhe :
proteins of bread wheats and related species. In 1967, Boyd'énd
lee (68) reported similar patterns were obtained by staréhégei

velectrophdresis for protein extracts from single seeds of the
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hexaploid wheat Canthatch and its extracted AABB tetraploid,.Tetrac
canthatch, In a subsequent paper, Boyd and Wrigley (69) reported
that the AABB Tetracahthatch lacked at least 4 protein bands pre-
sent in its hexaploid'parent. It was indicated that in the éarlier
study, two samples of the hexaploid parent variety instead of the
tetraploid and the hexaploid were examined due to a labelling error,
It appears, therefore, that removal of the D genome from the hard
red spring wheat variety Canthatch decreaées the number of protein
components, |

In a study of the'appropriate ditelocentric aneuploid‘lines
of Chinese Spring, Boyd and Lee (£8) showed that removal of the 1D
chromosome resulted in a loss of two slow movipg protein baﬁds in
starch-gel electrophoresis patterns, With the same technique
Shepherd (70) examined the endosperm pfoteins of compensating
mllisomic=-tetrasomic lines of Chinese‘S?ring and found that nulli
1D=-tetra 1A and nulli lDotefra 1B lacked tﬁo similarvslow moving
bands, These results agreed with the previous suggestion of Boyd
and Lee (68) that the genes for the two missing proteins are on
chromosome 1D, Of the 33 nullisomic-tetrasomic lines of ChineseA
Spring‘studied by Shepherd (70), 9°of the:17-major:protein band of
Chinese Spring were accounted for by the removal of individual
chromosomes, Presumably the synthesis of the remaining eight
éomponents is controlled by dipleid or triploid factors on more
than one chromosome pair,

Further evidenée'of the importance of the D genome, an@ spe-

c¢ifically the 1D chromosome, of hexaploid bread~whea£s to bread=-
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making quality was reported by Kaltsikes et al (6). For this study,
the AABB tetraploid components were extracted from three hard red
spring wheat varieties, Prelude, Rescue, and Thgtcher. The bread-
making qualities of the extracted tetraploid of Rescue and Thatcher
were relatively poor, and not too unlike that of normal durum wheats,
'On the other hand, tetraploid Prelude showed much superior bread-
making quality than the other two extracted tetraploids, and was
comparable in quality to the three hexaploid parent varieties. This
.Vhigher quality of Tetraprelude was attributed‘to two factorss 1)~'
a somswhat higher protein content; and 2) a translocation involviﬁg
the long arm of chromosoms 1D, to a chromosome of either the A or
the B genome,

Recent studies of Kerber and Tipples (71) provide further evi-
dence of the importance of the D genome in contfolling the baking
quality of bread wheats, Results of this study were similar to
those of Kaltsikes et al (6)., Extracted AABB tetréploid of
Canthatch had extremeiy poor baking quﬁlity compared with the hexa-
ploid Canthatch, Five synthetic hexaploids produced by combining
the extracted AABB tetraploid of Canthatch with different variéties
‘of Ae, sguarrosa which supplied the D genome were Superior in |
baking qualities than the extracted tetraploid but still considerably

inferior to Canthatch,

2. Proteins of Alien Genome Combinations

Yong and Unrau-(72) used starch-gel electrophoresis to compare

the proteins of hexaploid AABBRR Triticale (durum wheat x rye) and




22

its parental species, These authors reported that the synthetic
hybrid had four "new" proteins not present in the parents, It was
postulated that the "néw".proteins resulted from an interaction be-
tween the alien parental genomes, Barbar et al (73) compared the
esterases of one line of Triticale and its two parehts, and found
one "new" esterase band in the synthetic amphiploid.v
The proteins of the same strain of Triticale and its parents

as used by Yong and Unrau (72) were recently re-examined by Chen.
and Bushuk (7%) using a more elaborate separation and electro-
phoretic technique., No "new" proteins‘were detected, Chen and
Bushuk (74) concluded that the proteins in the.Triticale stﬁdied
were directly inherited from its paranfal species, Similar results
were obtained by Johnson and Hall (61) who examined the proteins
of an octaploid AABBDDRR Triticals and 1ts two parental species,
T, gestivum (AABBDD) and S, cereale (RR). The poljacrylamide-gel

electrophoresis pattern for thé Triticale was essantially the
same as the pattern for a mixture,of éxtracté from the parent spe=
cies durum whéat and rye, The discrepancy between the resuits of
Yong and Unrau (72) and Barber et al (73) on the other hand, and
those of Johnson and Hall (61) and Chen and Bushuk>(7h) on the

other remains to be clarified,
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JIT MATERTALS

Three common bread wheat varieties Prelude, Rescue and Thatcher,

théir extracted AABB tetraploids Tetraprelude, Tetrarescue, and

-Tetrathatcher, and a durum variety, Stewart 63, were used in this

investigation, The tetraploids were produced by Kaltsikes (75)
using the back-crossing technique developed by Kerber (76)., Genetic
extraction of the tetraploids from hexaploid wheats was accomplished
as follows, The variety Prelude will be used to'illustrate the
technique, First é cross was made betﬁeeh the common wheat variety
Prelude and the durum wheat variety Stewart 63, The r@sulting pen=
taploid was backerossed several times to Prelﬁde, which after selfing
gave a tetraploid wheat with the AA and BB genbmes derived from
Prelude, The seven wheats ﬁsed in thisbpart of the study were
grown together in 1967, | |

‘ The materials used in the secord part of this study, were ths
disomic parent and the aneuploid lines rulli 1D-tetra IA and nulli
lD-tétra'lB, of the common wheat variety Chinese Spring, & synthetic
AABBDD hexaploid wheat[?. durum (Iumillo x Ae, sguafrdsa) and five

speclies of Ae. squarrosa, one of the diploid progenitors of common

wheat, The seeds of Chinese Sprihg and its aneuploids were pro- ‘
vided by Dr, Feldman of the Plant Science Department; ﬂniversity of

‘Manitoba, while the Ae, sguarrosa seeds and the synthetic hexaploid

were part of the University of Manitoba collection. Since there
was not sufficient material of this group of samples to mill into

flour, their proteins were extracted from single seeds,
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IV_METHODS

1, Preparation of the Flour
The wheat (200 g,) was tempered to 15.5% moisture and milled

into flour on a Buhler experimental mill, The flour was stored at

4°C in sealed containers,

2, _Extraction of the Proteins from Flour

&

Flour proteins of the éxtracted‘tetraploids ana their hexa-
ploid counterparts were fractionated by the classicai technique
of Osborne (8), By this procedure five broad fractions are obtained:
1) water-soluble proteins or albumins; 2) salt-soluble proteins orl
globulins; 3) alcohol-soluble pfoteins'or gliadins; 4) acetic acid-
soluble proteins or glutenins; and 5) the insoluble-residue proteins.
The fractiohation procedure’is summarized in Fig., 1.

All extractions were in duplicate and were madé in a cold room

at 4°C to minimize enzymic activity and the possibility of denatu-

ration, The flour-solvent slurry was continuously stirred in 250 ml,

centrifuge bottles with a magnetic stirfer throughout the éxfraction

period, At the end of each extraction period, the mixture was cen~

trifuged at 3,000 rpm, (1860xg,) for 30 mirutes, The supernatant
was removed and the residue was extracted as above with the subse-

-qﬁent extraction solvent,

3, Water-and Salt-Soluble Proteins

Initially, 10g. (dry weight basis) of flour was extracted
with 70 ml, of 0,5M sodium chloride (salt) solution for 2 hours,
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followed by a second extraction with 40 ml, of 0,5M salt solution
for 1 hour, and a third extraction with 40 ml, of water for 1 hour
to remove the residual salt, The three supernatants were combined
Adna dlalysed against 4 liters of distilled watsr for 48 hours,

Four éhanges of fresh distilled water were usad invthe dialysis,
After dialysis, the suspension was centrifuged for BO‘minutes to
separate the precipitated salt-soluble protéins.‘ The precipitate
was washed severai times with water, and recentrifuged, The super-
natants obtained from all the centrifugations were combined, This
contained the water-solubles which will be designated as the water-
soluble fraction, The remaining precipitate will be referred to

as the salt-soluble fraction,

4, Extraction of Alcohol-and Acetic Acid-Soluble Proteins

The residue obtained from the salt solution and'wéter extrac~
tioﬁs describsd above was extracted for 2 hours with 70% ethanol
' solution, followed by a second 1 hour extraction with 40 mi, of
the same athanol §olution. The supernatants obtained were trans-
ferred into a 250 ml, round bottom flask, The aléohél wﬁs renoved
froﬁ the supernstants under reduced pressure on a rotary evaporator.
Thié fraction will be designated as the alcohol-soluble fraction,

" The residue remaining after the ethanol extraction was ex-
‘tracted for 2 hours with 70 ml. of 0.05N acetic acid solution
follcﬁed by a second extraction for 1 hour with 40 ml, of 0,05N
acetic acid solution, The two supernatants were combined to givé ,

~ the acetic acid-soluble fraction, The remaining material will be
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referred to as the insoluble-residue fraction,

All five fractions obtained weré transferred into weighed
trays and frozén. The samples were lyophilized, and the weights of
the dried materials were determined for caleulation of the yield of
various frections, The dried fractions were transfefred into plas-

tic air-tight bottles and stored in a desiccator at -20°C,

5¢ Detsrmination of Protein Content

Protein contents (N x 5.,7) of the flour and the various solu~
bility fractions were determined using the standard macro Kjeldahl

and micro Kjeldahl procedurss respectively,

6. _ Starch-gel Electrophoresis

Starch-gel electrophoresis was carried out in the presence of
2M urea in 0,1M4 aluminum lactate buffer of pH 3,2, Aluminum lac-
tate was prepared according to Jones and Cluskey(??).j To preparé
the gel, 65 g. of hydrolyzed starch (Connaught Medieal Research"
Ldboratories, University of Toronto,'Toroﬁto, Canada) was sus-
p;nded in 550 ml, of the buffereurea solution, One ml, of 1% ethjl—
morcurithioselicylic acid, sodium salt (Thimerosal) was added to
the gel mixture to inactivate bete émylase activity during electro- -
phoresis (78). ‘The mixture was heated in a vater bath with mild
continuous stirring until the temperature reached.?5°c. Vigourous
stirring was avoided since this procduced large air bubbles in the‘
slurry which, on cooling, gave & non-uniform gel. ‘Whaﬁ the tempera=
ture reached 75°C, 'the liquid was poured into a 12 x 30 x 0,6 em.
-plexiglass gel tray, The sample slots in the gel were cast using

a six-position slot former placed at one end of the tray; The
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starch‘slurry was allowed to cool for 2 hours and then stored in a
cold room at 4°C, for 22 hours, The following day, the slot former
was carefully 1ifted from the gel, Finally, the excess gel was

removed from the top of the plate by slicing with a cutter made

from a thin stainless steel wire,

For the electrophoresis experiment, 0.2 ml, of a 1% protein
solution or extract from a single seed was applied to each slot
and the slot covered with a glass cover slip.v During the egpéri—

ment, the entire gel was covered with saran wrap to prevent ex-

cessive drying out,

. The horizontal starch-gel arrangement was used in thé entire
investigation, The gel was connected to the buffer solutions in
the electrode boxes by several sheets of\Whatm#n No, 1 filter paper, _. E i
Electrophoresis was conducté&.in a cold room at 4°C, to prevent “
build up of excessive heat, Each run was for six hours at a po=-
tential of 6 volts per cm; At the concluéion of the electroﬁhorg-
sis, the gel was carefully removed from thg_tray and the topame.
of the gel was sliced off with the wire cutter ﬁnd discarded, The |
lower part of the gel was stained overnight in 200 ml, of 2% tri- |

chloracetic sclution containing 10 ml, of 0,7% nigrosin solution, -
The gel was removed from the staining solution, washed with water,

and photographed,

7. _Disc Electrophoresis

Disc electrophoresis on polyacrylamide gel was carried out in

manner similar to that of Davis (79). The apparatus used was
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purchased from Buchler Instrument Ine, In this apparatus, 12 tubes
can be run simultaneously, Stock solutions for preparing the gels
were made up as shown in Table 1,

The lower gel was prépared by mixing 0.3 ml, of acrylamide solu-

tion, 0,6 ml, of buffer solution and 0,3 ml, of catalyst 801utioh

per tube, This gave concentration of 7.5% of acrylamide, The gel
mixture was covered with a layer of water and photopolymerizéd for
30 minutes., Excess water was decanted, |

The upper gel, comprising 0,1 ml, of buffer soluticn, 0,05 ml,

of acrylamide solution and 0,05 ml, of catalyst solution per tube,
was photopolymerized for 15 mimutes, After polymerization, the
tubes were placed into the upper chamber of the electrophoresis

appﬁratus. The protein solution (25 to 50 Al of a 1% (W/V) in 15%

sucrose solution) was then added to each tube. The upper or the

-anode chamber contained 500 ml, of glycine-acetic acid buffer solu-

tion of pH 4,0 while the lower or the cathode chamber was filled
with 500 ml, of ;cetic acid-potassium hydroxide buffer solution of

pH 4.3, Electrophoresis was carried out in a water cooled appdra-

tus with a current of 4 ma, per tube applied for approximately 2

hours. Methyl green was used as the visual marker, After cample-
tion of the electrophoresis, the gels were removed from the tubes

and stained for several hours in 0,5% amido black in 7% acetic

g : acid solution saturated with mercuric chloride. The unabsorbed
dye was removed from the gel electrophoretically.' The gels were

‘stored in small test-tubes containing 7% acetic acids solution
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Table 1. Solutions for Preparation of Gels for Dise Electrophoresis

Catalyst solution

Ammonium persulfate
Riboflavin

Water

Aerylamide solution
N, N - methylene bisacylamide

Acrylamide

Water

Buffer solution

1N potassium hydroxide solution
Acefic acid (glecial)

Témed* |

Water

Lower gel

60 mg,

4 mg,
to 100 ml,

0.8 g.
30 g. -
to 100 ml.

2 ml,

53.2 ml,
0,48 ml,
to 100 ml,

*Temed = N, N, N*, N' - tetramethylethylenedismine

Upper gel

60 mg,

2 mg,

to 100 ml, .

0.8 g.
10 Ee

to 100 ml,

48 ml,

3.65 ml,
0.2 ml,
to 100 ml,
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during the time required for visual comparison and photographing,

8, Amino Acid Analyses
Amino acid compositions were determined for the flours and

the four freeze-dried fractions for each variety or line of grain
used in the first part of this study, The gnalyses were made on
a Beckman-Spinco Model 120 Automatic amino acid analyzer usiﬁg the
method of Spackmann et al (80). The amount of each amino acid
was determined by comparing the recovery of the particular amino
acid with that of ihe same acid using a standard amino acid mix-
tu;e. » |

For preparation of hydrolyzates, the quantity of material con-
taining 20 mg. of protein was mixed with 3 ml; of twics distilled
6N hydrochloric acid in a 17 mm, test tube. The contents of the
test tube were frozen and the tubes evacuated and sealed, Hydro-
lysis time was 18 hours at 110%, After hydrolyéis, the content§
of the test tube were frozen and the tube was opened, The frozen
hydrolyzates were placed in a desicecator containing solid sodium
>hydroxide and then evacuated to remove the HCI1, Fihally, thé amino .
aclds were dissolved in a known amount of citrate buffer and an o
aliquot was epplied to the ion-ekchange column of the amino acid

analyzer.

9, Extraction of Proteins from Single Seeds

For the analysis of proteins in individusl seeds used in the

second part of this study, the protein solutions were prepared by
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extracting ground endosperm with 2M urea or 4M diméthylformamide
solution in 0,1N acetic acid solution for 24 hoﬁrs at 4°C. in 15 ml,
centrifuge tubes, The suspensions were centrifuged, and proper
aliquots of the supernatant examined by‘starch-gel or disc elactro-

phoresis,

10, Reduction of Disulfide Bonds of Flour Proteins

Reduction of the disulfide bonds was carried out a2t room tem-
perature using 1% protéin solution in 0,1M phosphate buffer of pH |
8.0 containing 6M ;rea by treatment with 2-mercaptoethancl at s
- concentration spproximately 100 times the disulfide content, After
30 minutes, the liberated suifhydryl groups were alkylated for 15 |
minutes by adding a five-fold excess of acryloﬁitrile. The solﬁ-
tion contzining the reduced.alkyiated proteins was adjusted to pH
4,0 with acetic acid, dialysed against 0,1N acetic acid for 48 hours

and then freezed-dried,
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V_RESULTS AND DISCUSSION

1. Breadmaking Quality

The extracted tetraploids and their hexaploid parents used in
this study had been previously subjected to a large number of tests
to evaluate their baking quality by Kaltsikes et al (6). Since the
materials used in the present investigation were from the original
seed stocks produced by Kaltsikes, it was felt that the original
quality data might be of interest to cereal technologists ard plant
breeders, Accordingly, the data originally obtained by Kaltsikes .
et a1l (6) is included in this thesis as Appendix I, |
~ The results of Kaltsikes et al (6) can be summarized as follows:
(1) Each extracted tetraploid had a higher protein content and

gave a lower flour yleld than its hexaploid parent,

(2) The dough mixing curves for Tetrarescue_and Tetrathatcher‘
were weaker than those of their corresponding hexaploids,
Tetraprelude had a stronger mixing cufve than the other
tetraploids but it was somewhat weaker than that for the
hexaploid Preluds, - o

(3) Tetrarescue and Tetrathatcher had inferior breadmaking

| quelity (considersbly lowerlloaf volume) than their
hexaploid counterparts, Tetraprelude, on the other haﬁd,
gave a higher loaf volume than the other.tetraploids’and'
was comparable in this characteristic to the hexaploid
Prelude and the otherAhexaploid wheats,




Table 2, Protein and Mecisture Contents, and Flour Yields for the

Three Extracted AABB Tetraploid Wheats, Their AABBDD Hexsploid

Parents and Stewart 63 (a Durum Wheat),

Protein* Moisture Extraction

Tetraprslude | 15.9 - 12,6 - 63,0
Prelude - 14,8 12,9 80,0
Tetrarescue _ 16,4 12.6 50,0
Rescue o ' 13,1 13.1 77.5
Tetrathatcher 14,5 12,7 50.0
Thatcher | 14,3 13.2 - 7h.0
Stewart 63 13.3  13.b 70,0

*Protein contents are on a dry basis, .
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2, Milling of Flour

Protein and moisture contents of flour milled from 200 g, of
wheat of the three extracted tetraploids, their parents and 2 durum
wheat variety Stewart 63 are given in Table 2, These results are
essentially the same as those published by Keltsikes et al (6) for
the same wheat samples, As noted previously (6), Tetraprelude and
Tetrarescue had a higher protein content than their hexaploid |
parents while Thatcher and Tetrgthatcher had similar protein con-
tents, The hexaploid wheat gave a higher flour yield than their E
extracted tetraploids, |

3, _Solubility Fractionation

At the outset of the present study it was decided tb separate
and characterize the proteins of thé three extracted tetraploids and
their hexaploid parents acecording to thé Osﬁorne (8) classification
‘of cereal proteins, Extraction conditions were carefully controlled
throughout to ensure ﬁhat quantitative andvqualitaiive differences
between fractions for a particular wheat sample and between wheats
for a particular fraction would not be masked by variations in the

' fractionation procedure,

4, Solubility Distribution on 2 Weight Basis
The total weights of extractable materisl expressed in perceht

bf the total msterial recovered, are given in Table 3, Recoveries
of the total weight of the original flour were between 92,6 and

97.6%. The incompléte recovery could be attributed to lossesednring :
" dialysis of low molecular weight compounds that are extracted iﬁ thé

salt fraction,




Isble 3. Solubility Distributions of Flours from Extracted Totraploid Wheats and Their Hexaploid Counterparts

99

 97.4

Tetra- Tetra- Tetra- 3 :
thatcher Thatcher prelude Prelude rascue Rescue Stewart 63
I % % % % % %
Water-soluble b5 3.2 3.4 322 50 3.6 3.6
Salt-soluble 1.3 1.3 1.6 1.6 1.7 L5 1.k
Aleohol-soluble 6.9 5.6 6.3 - 56 7.6 5.2 6,7
Acetic acid-soluble I,6 3.4 3,7 31 6,1 34 2,6 I
Residue | 82.7 86.5 85.0 86,5 79,7 86.4 85,7
Recovery 97.4 97.5 | 92,6 97.6 - 96,0

9¢
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'It can be seen from Table 3 that the solubility distributions
for the extracted tetraploids are quite different from those for
the hexaploid parents, All except one of the soluble fractions from
the three extracted tetraploids contained mors material than the
analogous frgction from the.ﬁexaploids. The exception ﬁas the amount
of the salt-soluble fractions which was essentially the same for all
| the wheats studied, Of the four soluble fractions the alcchole
soluble fraction comprised the highest percentage of the original
flour, Of the three varieties, the distribution forvTetraprelude'
was clOsest‘to that of its hexaploid parent, This seems to parallel
the observation that this extracted tetraploid was similar to its

hexaploid counterpart in breadmaking quality,

5 Prctein Content of the Solubility Fractions -

The protein contents (N x 5.,7) of the various solubility frac-
tions are given in Table 4, Nitrogen recoveries for the samples ‘
were above 96% and are considered satiéfactory. In‘general,‘the
protein contents of the soluble fractions from the extracﬁed tetra=-
ploids were somewhat lower than those of the analogous fracﬁions
from the hexapioid parents, There were a number of minor devia-
tions from this,generalizatipn. The water-soluble fractious con=
tained from 45 to 58% protein while the alcohol—?oluble fractions
contained from 70 to 75¢ protein, The salt-soluble fractions were
the highest in protein (76 - 78%) while the insoluble residue had
the 1owes£ protein content, The fact that the protein content for
ail of the soluble fractions was considerably less. than 100% in- |

dicat@s that relatively large and variable amounts of non-protein




Table 4, Protein Contents of the Various Solubility Fractions

Salte-
Soluble

Alcohﬁl-

 Soluble

Water-
Soluble

%
Tetraprelude 51.3
Prelude 54,2
Tetrarescue 47.3
Rescue 57.6

Tetrathatcher 45,0
| : Thatcher 51.9
| : Stewart 63 47,9

%
77,0
76,5
76.0
77,9
77.5
76,4
75,7

‘s
s
75.1
7.1
70.5

- B2

75,0
69.8

Acid-
Seluble

T —

%
70.3
73.1
63.3
69.6
64.5
69.2
58.8

Residue

e ey

%
6,8

6.0»

5.6
5.3
5.0
5.7
bo2
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_material were extracted by the solvent used, Although carbohydrate
analyses were not made in this study, a comparison of the data of
Table 4 with those of Yong (8] suggests that most of the non=protein
material is probably carbohydrate,

6, Distribution of Proteins in the Solubility Fractions
| The distribution of proteins in the five fractions are given

in Figs, 2 and 3, Figure 2 compares the results for the extracted
tetraploid from Thatcher and Rescue with those for its hexaploid .
counterparts while'Fig. 3 shows analogous results for Prelude, Both
figures include results for Stewart 63, the durum wheat, for com-
parison purposes, '

A1l seven species containsd relatively small quantities of
water (about 12%) and salt (about 8%) soluble proteins, Together
these proteins made up approximately 20% of the floﬁr proteins,

There were no signiticant differences in the amounts of water-soluble
and salt-éoluble proteins among the seven wheats used in thisiinvesti-
gation,

On the other hand, Tetrarescue and Tetrathatcher contained cone
siderably more alcohol=soluble proteins, or "gliadin",'and acetic
acid-scluble protein, or ”gluteniﬁ” and less insoluble proteinzthsh
their hexaploid counterparts, in this respect, the extracted ﬁetrae '

‘ploids of‘these”th varieties were similar to the durum ﬁheat Stewart
63, 1In contrast Tetraprelude and Prelude contained essentially the |
same amounts éf protein in these three fractions,

It appéars'tkat removal of the D genome from the hexaploid to

produce the extracted tetraploid wheat markedly afféctad the
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Fig, 2, Distribution of proteins in the five selubility
fractions for Tetrathatcher, Tetrarescue, Thatcher,

Rescue and Stewart 63.
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Fig, 3. Distribution of proteins in the five solubility

fractions for Tetraprelude, Prelude and Stewart 63,
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quantitative distribution of the proteins among solubility fractions
in two of the three varieties. Tetraprelude, "the durum=-typs wheat
with the high breadmaking quality" had essentially the same quanti-

tative protein distribution as its hexaploid parent, These results

suggest that breadmaking quality of wheats is directly related to
the solubility composition of its proteins, However, since solu-
bility of protein depends on chemical composition and structure,
‘tha present findings do not preclude the possibility that there

might be rqualitative~differences within a particular solubility
fraction that can affect the breadmaking quality, In the sectiens
that follow, the proteins of various fractions will be examined to

determine if there are any qualitative differences among them,

Zs__Amino Acid Composition
The amineo acid compositiohs of the flour and of the varicus

solubility groups wore determined on a Beckman-Spinco Model 120
amino acid analyzer. In all enalyses, nitrogen recoveries following

chromatography of the hydrolyzates was over 955, No,corrections

were applied for the loss of threonine or serins during hydrolysis,

Cysteiné, cystine, and tryptophan contents were not determined, The
emino scid contents will be expressed in g, of amino acid per 100 g,
_protein,

Amino acid compositions of the flours from the three extracted
tetraploids, their parents and the durum wheat variety Stewart 63
are given in Table 5, Comparison of the data for each extracted

tetraploid and its hexaploid counterpart, shows that the compositions
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are essentially the same, No significant differences in amino acid
composition were found in all the seven flours analyzed, These re=
sults are in general agreement with the findings of Tkachuk (56)
who reported that hard red spring wheat flours of good and poor
baking quality as well as flours from four different élasses of
Cenadian wheat showed little variation in their amino acid composi—
tions, . |

The amino acid compositions of the various solubility fractions
obtained from the seven flours afe given in Tables 6, 7, 8 and 9. -
The compositions of the four protein fractions for é single variety -
or species are quite different, However, the compesitions of any
oné fraction, from different varieties and épecies were essentially
the same. There was no significant differences in amino acid com-~
position in any of the soluble protein fractions from wheats of good
and poor baking quality{ Although, the tetraploids of Rescue and
Thatcher had significantly differeht solubility distriﬁution pat=
-terns than their corresponding hexaploids (Fig, 2), this difference
was-not‘reflected by the amino #cid composition data, Presumably,
the differences in protein composition were not large enough to
show significant differences in amino acid composition of the total :
endosperm, |

Particular Solubility fractions were characterized by re=- _
latively high cgntents of certain amino acids, The water and salt-
solublénfractions were relatively rich in basic amino scids and
poor in glutamic acid (Tebles 6 and 7)., The alcohol-soluble frace

tion was characterized by high glutamic acid and proline contents _




Table 5, Amino Acid Compositions of the Flours

(g, of amino acid per 100 g, of protein)

Tetrathatcher ~ Thatcher Tetraprelude Prelude Tetrarescue Rescue Stewart 63
Lysine 2,5 | 2.3 2,7 2,7 ' 2.4 2,6 2.4
Histidine 2.5 2.3 2.5 2.5 2.3 2.7 2,2
Ammonia b 4,6 4,1 4,2 41 4.5 3.7
~ Arginine . 4,7 4,8 4,5 4,8 bk b 4,3
Aspartic - 5.8 | 5.4 | b9 5.2 ’ 5.7 5¢5 5.0
Threonine 3.2 3.1 | 31 3.2 3.1 3.1 2.9
Serine 51 s 4,9 5.3 5.8 5.5 4.8 3
 Glutamic 43.6 46,5 42,8 Wb 438 45,5 48.8 .
Proline 13.9 13,6 13,0 13.5 13.6 1,1 13.2
Glyeine L,2 b4 . 4,2 L6 h,2 | by % |
Alanine 3.5 N 3.5 3.7 3.8 3.9 3.5
Valine 5.1 sa Y 4,8 5.1 5.1 4,7
Methionine 1.4 BB 1.3 1.4 1.5 ) U 1.4
Isoleucihe ' 3.9 43 k,0 b,o 4.6 4,2 4,5 ;
Leucine 8.5 84 7.8 8.0 8.7 8.3 - 8.8 o
Tyrosine o 30 3.0 . 3.0 3.4 . 2.9 2,9 3.1
Phénylalanine 6;3  g ' 6.5 . 5.7 | 6.0 6.0 6.0 6.5




Table 6. Amino Acid Compositions of Water-Soluble Proteins

(gs_amino aeid per 100 g, of protein)

Tetrathatcher Thatcher Tetraprelude Prelude Tetravescue  Rescue Stewart 63
Clysine . 4.8 4,7 5.1 50 52 4.6 4,7
Histidine 2,6 2.3 2.7 2.7 2,8 2.4 2.3
Ammonia 29 2.8 2. 2.7 L7 2.3 2.4
Arginine 5.0 5.2 6.2 6.4 6.2 6.0 5.6
Aspartic 8.2 - 7.8 8.8 8.3 8.2 8.3 8.9
Threonine 4,2 3.9 4.3 b1 4,6 4,2 b
Serine ' 5.3 h,9 5.5 5.2 5.3 5.1 5.1
Glutamic 30.2 27,2 27,2 28,2 29.7 . 26,7 26,8
Proline ' _12.3 11.4 10,7 11,8 ' 11.3 ‘ 11,0 10.4
Glycine 5.0 49 . 5.5 o 51 5.5 5.0 5.3
Alanine | 5.6 5.4 4 6.3 6.3 _ 6.3 6,0 5.9
Valine 5.8 5.8 6.4 5.8 6,0 5.8 6.1
Methionine ) 2,1 1.9 2.3 2.6 2.7 2.3 2.5
Isoleucine _ b1 '3.8" h,2 b3 4ol 4,0 4,2
Leucine o 83 845 8.7 9.4 9.0 8.5 8.7
Tyrosine I X 3.9 4,1 367 3.8 4,0
Phenylalanine | | 59 60 5.2 5.6 5.4 5.0 5.0

i

i
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Table 7, Amine Acid Compositions of Salt-Soluble Proteins
(g. of amino acid per 100 g, of protein)

Tetrathatcher _ Thatecher  Tetraprelude Prelude Tetrarescue ‘ Rescue Stewart 63

Lysine 7.3 6,3 6.2 6.4 6,1 6,7 5.5

Histidine 3.6 3.1 3.3 3.3 3.1 | 3.1 3.2 |
' Ammonda 1.9 1.7 1.7 1.7 7 19 1.8 %
Arginine 8.6 8.2 10,3 9.4 9.5 9.8 9.6
Aspartie : 7.4 9.3 S5 7.9 8.4 7.4 6.9
Threonine 4,0 4.6 3.6 3.9 s 3.9 3.6
Serine , 5,2 5.6 : b7 b,7 5¢3 4,8 5.0
Glutamic 174 - 20,1 17,9 17.8 19,3 16,9 19,9
Proline 4.8 5,7 | 5.0 5.2 5.5 5.0 5.3
Glycine 6,7 | 5.9 - 6.2 5.5 : 6.2 5.6 5.1
Alanine 7.0 6.0 . 56 5.5 5.9 53 4,8
Valine 6.6 6. 62 6.0 6.1 6.2 b9
Methionine. 1.3 1.5 2.0 2,0 2,2 2,3 1.4
Isoleucine 4.3 6 50 kA s 4.6 4,0
leucine 8.4 8.6 7.5 8.0 8.5 8.2 7.3
Tyrosine S 3.2 3.2 3.7 3.6 3.1 3.5 3.1
PhenY1a1anine _4;6 ." 4.8 5.0 45 4,7 5,2 4,6 .




Table 8, Amino Acid Compositions of Acid-Soluble Proteins

(g. of amino acid per 100 g. protein)

Prslude

. Tetfathatcher Thatcher Tetraprelude Tetrarescue  Rescue Stewart 63

Lysine 1.7 1.7 1.5 1.4 1.5 1.4 1.6
Histidine 2.1 2.3 2.3 2.1 2.1 2.3 2.3
Anmonta 4.3 4.6 5.2 b9 e 5.0 5.l
Arginine 3.5 3.3 3.8 3.5 3.2 3.3 3.5
Aspartic 3.0 2.9 3.2 2.9 3.0 2.9 3.1
Threonine 2.3 2.7 3.1 2,7 2.9 2.9 2.7
Serine 5.4 5.1 5.6 5.0 5.1 5.6 5.4
Glutamic 50.2 - 55.1 58,8 55.1 49,6 54.5 58.5
Proline W4 15,6 15.9 15.0 12,9 15,0 16,0
Glycine 5. b 5.3 b7 4.6 4,3 b4
Alanine 2.8 2.4 2.7 2,3 2,6 | 2.5 2,7
Valine 3.7 3.8 4.1 4.6 3.5 4,1 4k
Methionine 1.5 1.3 1.7 1.5 1.2 1.5 1.2
Isoleucine 3.6 b1 4ot 3.8 3.9 4.7 4.9

Leucine 7k 7.9 8.1 7.2 7.7 8.3 8.5
Tyrosine 4,5 4.3 5.0 b 3.6 3.3 4,5
' Phenylalanine 6.1 7.3 6,7 7.1 5.8 7.7 8.4

e ey ey e ey




Table 9, Aﬁino Acid Compositions of Alcohol-Soluble Proteins
(g, of amino acid per 100 g, of protein)
Tatraihatcher Thatcher Tetraprelude Prslude Tetrarsscue Rgscue Stewart 63
Lysine 0.7 0.6 0.6 0.6 0.6 0.6 0.7 |
Histidine 2,0 2,1 - 2.3 2,2 2,1 2.3 2,0 é
Ammonia L,3 4,6 | “-5‘k 4,9 4,3 5.1 5'0 E
Arginine 2.4 2 2.7 2.4 2.5 2.7 2,8
Aspartic 2,7 2,8 2,9 3.0 2,9 3.0 3.3 ‘
" Threonine 2,0 2,0 2,0 2,0 | 2,1 2.3 1.8 é
Serine b b 4.8 ‘ 4,7 4,2 by 5.1 k2 é
Glutamic 54,1 57.3 55,8 55.8 540 5644 59.6
Proline 17.9 19.4 17,2 18,0 - 16,8 17.5 18,9
Glycine 1.5 1.6 1,6 1.7 - 1.6 1.8 1.9
Alanine 2.1 21 2.3 2,3 2.3 2.4 2,4
Valine 3.8 4,1 4,1 b4 b0 4.6 b7
Methionine 1.1 1.1 1,2 1,3 1.4 1.3 1,8
Tsoleucine 4,6 4,6 b,7 _ 4,6 4,5 | b,7 5.3.
Leucine 8,1 8.2 8.2 8.3 7.9 7.8 8.7
Tyrosine 2.5 2.9 - 2;8 3.3 2.4 2.8 3.8
Phenylalanine 7.4 7.6 6.7 7.0 73 7.2 8.3

05
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and low lysine content (Tablé 8).

The composition of the alcohol=soluble fractions was, in gensral,
quite similar to that of the acid~-soluble fractions, Similar re-
sults were obtained by Ewart (60), Some minor differences do exist
between these two fractions, The alcohol-soluble protein fraction
‘is richer in proline than the acid-soluble fraction, On the other
hand, the acetic acid-soluble fraction had much higher glycine,

lysine, and tyrosine contents,

8, Starch-Gel and Dise Eiectiqphores}g Results

(1) Introduction - Both disc and starch-gel electrophoresis
- were used to compare the proteins of the various solubility groups,
as well as the protein extracts obtained from'single'seeds of the
other cereal species studiéd. Disc electrophoresis has greater‘ré-
solving power than the starch-gel electrophoresis teehnique, Another

advantage of disc electrophoresis is its ability to yield rapid and
reproducible separations of the proteins studied, The main diffi»
"~ culties encountafed with starch-gel.electfophoresis were the lack |
of reproducibility and the overall inconvenience of the technique,
Accordingly, disc electrophoresis was used for most of this stu&y.
However, starch-gel electrophoresis results wers included in some
cases for comparison, . ‘ -,

The proteins of the extracted tetraploids, their parents as

well as the other cereal species studied were compared on the basis
of their patterns after electrophoresis. Relative mobility of the

protein components identifiedbas,individualﬂbands was usad as the
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criterion of identity.or homology of the proteins in the same frace
tion or extract from different varieties on species, This procedure
is similar to that empioyad by Johnson et al (63) in the analysis

of genome and species relationships in wheat, Protains which had the
same elsctrophoretic mobility were considered to‘be identical or

very similar in physical and chemical propqrties. To confirm the
electrophoretic identity of the protein components of each extracted
tetraploid and its pareﬁt, protein mixtures made up of equal parts -
~of the same fractions from the two related species were e#amined

by electrophoresis under identical conditions, Tdentical proteins

from the two species in the mixture will appear as é_single band,

(ii) Water=Soluble Proteins - Figures 4 = 6 show the disec
electrophoresis patterns of the watef;soluble proteins or the
"albumins" of the three axtracted tetraploids, their parents,
Stewart 63 and mixtures of the fractions from each tetraploid and
its parent, The water-soluble proteins arevcharactarized by inter—l
mediate and fast moving protein bands with relative mobilities
(Rf) from 0,35 to 0,90, The patterns fér each extracted*tetra- .
ploid was essentially the same as that for its hexaploid coﬁnter—
part, This was confirmed by comparing patteihs for the tetraploid,
its parent and their mixture, Detailed examination of the patterns
showed that the water-soluble proteins from hexaploid Rescue might
contain one very minor protein band (Rs of 0,75) that is not pre- |
sent in the pattern for the fraction of its extracted tetraploid,

~ On the basis of these results it appears that the removal of the




o
n\




Fig, &, Disc elsctrophoretic patterns for the albumins from
Tetraprelude (4xP), Prelude (6xP), Stewart 63 (ST63)
and a mixturs (M) of ths albumins from Tetraprelude

and Prslude,



ST63

6xP

4xP

ALBUMINS




1
A\




Fig. 5. Disc electrophoretic patterns for the albumins from
Tetrarescue (UxR), Resecue (6xR), Stewart 63 (ST63)
and a mixture (M) of albumins from Tetrarsscus and

Rescus,
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Fig, 6. Disc elsctrophoretic patterns for the albumins from

Tetrathatcher (4xT), Thatcher (6xT), Stewart 63

(8T763) and a mixture (M) of slbumins from Tetra-
thatcher and Thatchsr,
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Fige 7e

Dise electrophorstic patterns for the globulins from
Tetraprelude (4xP), Prelude (6xP), Stewart 63 (ST63)
and & mixture (M) of globulins from Tetraprelude and

Prelude,
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Fig, 8, Disc electrophoretic patterns for the globulins from
Tetrarescue (4xR), Rescue (6xR), Stewart 63 (ST63)
and & mixture (M) of globulins from Tetrarescue and

Rescue,
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Fig. 9. Disc electrophorstic patterns for the globulins from
Tetrathatcher (4xT), Thatcher (6xT), Stewart 63
(ST63) and a mixture (M) of globulins from Tetra=

thatcher and Thatcher,
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D genome from the three hexaploid wheats did not altsr the quali-
tative composition of the water-scluble proteins, except parheps
the deletion of ons minor protein band in the variety Rsscue,

The three hexaploid wheats studied were very homogenous with
respect to the water-soluble protsins, Their protein pstteras
comprised at least 10 detectible bands, Four wajor protein bands
appeared in the Ry region from 0,56 to 0,70, It was not possible
to ascertain by the electrophoretic technique used whether any of
these 4 major bands contained more than one protein, A derk band
&t the origin and a few light bands in the Ry region from 0 to
0.35 were observed for all the vheats examined, These appear to
bs due to contamination with the alechol and acetic acid-soluble
proteins extracted in the water-soluble fraction,

Comparison of patterns for the water=soluble proteins of the
durum and the three bresad wheat varieties showed that all of the
water-soluble proteins of the durum wheat were present in the
threse hezaploid wheats, Howsver, the hexaploid wheats had one
minor #dditicnal fast moving protein band at Ry 0,75 which was not
present in the durum wheat., Two of the thres extracted tetraploids
(Tetrapreluds and Tetrathatcher) retasined this minor, fast moving
band, Accordingly, it appsars that in the variety Rescus this
band wes contributed by the D genomse, while in Thatcher and Prelude,
the genes that control its synthesis are also present in the A and
B genomes,

(414) Salt-Soluble Proteins = The disc electrophoresis

patterns for the salt-soluble proteins or "globulins” of the three
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Fig, 10, Disec electrophoretic patterns for the albumins (Alb),

the globulins (Glo) and thsir mixture (M) from Prelude,
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Fig, 11, Disc electrophoretic patterns for the albumins (Alb),
the globulins (Glo) and their mixture (M) from Tetra-

prelude,









Fig, 12, Disc electrophoretic patterns for the albumins (Alb),

the globulins (Glo) and their mixture (M) from Rescus,
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Fig, 13, Disc electrophoretic patterns for the albumins (Alb),

the globulins (Glo) and their mixture (M) from Tetra-

rescue,



