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ABSTRACT

The main objective of this study was to isolate and characterize a major protein of

the S protein fraction of wheat endosperm (Zawistowska et a1., 1985a). A secondary

objective was to investigate a possible contribution of S protein to the intervarietal

diffe¡ences in technological properties of diverse wheat varieties.

S protein was found to be a heterogeneous mixture of proteins. Characteriz¿tion of

S fraction proteins by reversed phase high performance liquid chromatography retention

time QIPLC RT¡ facilitated identification of protein components and allowed comparison

of protein fractions prepared by different schemes.

Chlorofo¡m-methanol-soluble (CM) and water-soluble (WS) proteins were prepared

for comparison with S protein, These two preparations were also highly heterogeneous.

All three preparations contained protei¡s with identical RTs. These proteins had other

physico-chemical characteristics in common [molecular weight (MW) by sodium dodecyl

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), PAGE mobility (pH 3.1),

apparent pI (isoelectric point)l: they were considered to be identical.

Physico-chemical characteristics of five major S proæins wete as follows. 1) RT

14.0: SDS-PAGE MW 15,000; PAGE mobility equal to that of 52; pI 5.0-5.6. 2) RT

14.5: MW 15,000, mobility S1, pI 6.2-6.3.3) RT 16.0: MW 15,000, mobility 52, pI

6.6-6.7.4) RT 17.2: pI 4.4-4.7.5) RT 26.0: MW 17,000, mobility 53, pI 7.6.

A major protein of S fraction, designated as S' was purified fo¡ further cha¡acteriz-



ation. WS protein was chosen as the starting material for protein purification as it could

be prepared easily, quickly and in relatively large amounts. The method involved

preparative IEF (isoelectric focusing) followed by refocusing of a single prepa¡ative IEF

subf¡action. The advantage of this method was that amounts suitable for further

characterization could be quickly generated.

S. protein was the protein with RT 16.0. Paíial amino acid sequence analysis of $

protein showed that S. protein was identical to the previously sequenced dimeric

a-amylase inhibitor 0. 19 (Maeda et al., 1985a). The protein comprises 124 amino acid

residues and has a monomer formula weight of 13,250.

An intervarietål study of a small number of wheat va¡ieties with widely varying

breadmaking qualities was underiaken. P¡oteins with RTs 14.5 and 16.0 we¡e absent or

greatly reduced in the durum wheat varieties as compared to the common wheat varieties.

No other relationships were identified between HPLC p€âk area per gram flour and

technological characteristics of the varieties,
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T. IIYTRODUCTION

During the mixing of flour and water into dough, lipids interact with proteins to

modify gluten structure and influence the breadmaking potential of the flour.

Zawistowska et al. (1985a) identified a lipid-containing protein fraction of dough or

gluten which they called "S" protein, The main proteins in this fraction were of low

molecula¡ weight 114,500 and 15,300 by SDS-PAGE (sodium dodecyl

sulfate-polyacrylamide gel electrophoresis)1. Analysis by PAGE (Al lactate buffer, pH

3.1) revealed that S protein comprised six bands with mobilities greater than those of

gliadin proteins. These PAGE results together with results of two dimensional

electrophoresis IEF (isoelectric focusing) x SDS-PAGE; Zawistowska and Bushuk,

19861 and RP-IIPLC (reversed-phase high performance liquid chromatography;

Zawistowska et al., 1986) revealed that S protein is more heterogeneous than indicated

by SDS-PAGE alone.

P¡otein fractions prepared by other workers probably contained some or all of the

proteins found in the S fraction. For instance, F¡azier et al. (1981) identif,red a lipid-

containing fraction from dough by a method similar to that of Zawistowska et al. (1985a)

and named it ligolin. PAGE electrophoretic patterns of CM (chloroform-methanol-

soluble) proteins and albumins plus giobulins had bands with mobilities similar to those

of S fraction proteins (Zawistowska and Bushuk, 1986). CM proteins are considered to
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be part of the family of cereal trypsin/a-amylase inhibitors as judged by amino acid

sequence homologies @arber et al., 1986a; Shewry et al., 1984). Further comparison of

S proteins with these and other wheat proteins would prove instructive.

Although lipids are a minor constituent of wheat flour, they are important for the

breadmaking potential of the wheat. Specific lipids have been found to be associated with

the reversible aggregation of gliadin @ekes et al., 1983a,b). Zawistowska et al. (1984)

found that flours with a wide range of breadmaking potential showed va¡iations in

amount and composition of lipids. In addition, they observed differences in lipid

distribution among Osborne protein fractions of flour (Osbome, 1907). Their S protein

contained 36% of the lipid and represented L2% of the dry matter of the acetic acid-

soluble fraction of giuten (Zawistowska et al., 19854). The ratio of polar: nonpolar lipid

in S protein was 1.5:1 in comparison with 1.1:1 for the acetic acid-soluble fraction.

Glycolipid:phospholipid ratio in S protein preparations was 9.5:1 compared with 2.7:I

in the acetic acid-soluble material. These experimental results indicate that polar lipid,

especially glycolipid, is enriched in the S protein fraction. Numerous studies have shown

that glycolipid content is statistically related with breadmaking quality (Bekes et al.,

1983a; Chung et al., 1982; Daftary et al., 1968). Frazier et al. (1981) found that their

ligolin fraction contained lipid which precipitated with the protein on addition of 10%

TCA (trichloroacetic acid) indicating that the lipid was strongly bound to the protein.

The objective of the present study was to isolate and characterize a major protein of

the S fraction. The rationale for this objective was the elucidation of the structure -

function relationship in the lipid-binding ability of the S fraction proteins i¡r bread



doughs, It should be appreciated that the actual protein chosen, a priori

purification and eharacteriz¿tion study may not necessarily be involved

lipid-binding in dough. However, the work is a step toward characterization of a group

of flour proteins which a¡e functionally involved in the bre¿dmaking process through

their ability to interact with flour lipids. Throughout the study, emphasis was placed on

proteins of low molecular weight (about 15,000) and high mobility in PAGE.

Accordingly, proteins not meeting these criteria were not considered. Therefore, this

study covers the following:

1. Development of criteria for identification of specific proteins.

2. Comparison with othe¡ ¡elated flour proteins and protein f¡actions (eg. CM and

water-soluble proteins).

3. Development of methodology for purification of the selected protein.

4. Determination of the primary structure (amino acid sequence) of the purified

protein.

5. Comparison of the amounts of some S fraction proteins in a small number of

wheat varieties in the context of their potential contribution to the intervarietai diffe¡ence

in breadmaking potential.

3

fo¡ the

in the



tr. LITER,ATURE REVIEW

Ä. Introduction

This review will de¿l with S protein characterization, lipid-protein interactions in

breadmaking with emphasis on the involvement ofS proteins, and other protein fractions

of flour which may contain some of the S protein components. In addition, appropriate

literature on the structure-function relationship of proteins, in general, wiil be reviewed

as background information for this study.

B. Preparation and Characterization of S Protein Fraction

Gluten proteins with a high affinity for flour polar lipids were identified by

Zawistowska et al. (1985a) and designated as "S" proteins. The ammonium sulfate

precipitation method for preparation of glutenin (Wasik and Bushuk, i974) produced a

supernatant (after precipitation of glutenin, gliadin and albumin proteins) which was rich

in S proteins. The pH precipitation method for preparation of glutenin (Orth and Bushuk,

1973) resulted in fractionation of S proteins into the gliadin (supernatant) fraction.

The preparation procedure for ligolin @razier et a1., 1981) was similar to that for

S protein by the ammonium sulfate precipitation procedure (Zawistowska et al., 1985a)

except for minor modihcations in mixing conditions and the addition of r4C olive oil and

2Vo NaCl to the dough. Ligolin will be conside¡ed to be one of the S proteins for the

purposes of this discussion,
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Zawistowska et at. (1985a) reported that S protein represented 12% (dry matter

basis) of the acetic acid-soluble fraction of gluten. Ligolin comprised 16% of gluten

solids (Carr et al., 1989) or 10% of gluten protein (Frazier et al., 1981). In comparison,

glutenin and gliadin formed 52Vo and 34% respectively, of the acetic acid-soluble fraction

(Zawistowska et al., 1985a).

Apparent molecula¡ weight (MW) (by SDS-PAGE, with reduction) of the two major

protein bands of S protein was estimated as 14,500 and 15,300 (Zawistowska et a1.,

1985a). According to Frazier et al. (1984), the SDS-PAGE MW of ligolin is "about

12,000'. Its MW by gel filtration was reported as 9,000 (Frazier et al., 1981) and

10,50011500 @razier et al., 1984) both obtained using ammonium

bic¿rbonate-ammonium hydroxide (0.01 M, pH 8. 1) as the eluent. Generally, the proteins

of the S fraction have much lower MWs than the major gluten proteins, glutenin and

gliadin (for review see V/rigley and Bietz, 1988).

PAGE analysis revealed that the pattem of S protein contained six bands with

mobilities greâter than those of ø-gliadin proteins (Zawistowska et al., 1985a). Two

dimensional electrophoresis (IEF x SDS-PAGE) showed that S protein comprised about

14 poorly resolved spots in the neutral to acidic pH region (Zawistowska and Bushuk,

1986). RP-HPLC chromatograms indicated that S proteins are highly heterogeneous

(Zawistowska et al., 1986). In this study, S proteins eluted before the gliadin peaks

indicating that they are less hydrophobic than the gliadins.

The amino acid composition of S protein was distinctly different from those of Pl

(glutenin), P2 (gliadin) and P3 (gliadin plus albumin) fractions of gluten (Zawistowska
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et al., 1985a). Compared with P1 and P2, S proteins contained substantially less Glu and

Pro and more Asp, Lys, Ala and Arg. S protein had twice as much Gly as P2. (See

Appendix 1 for a list of th¡ee and one letter codes for amino acids,) Amino acid

composition of ligolin @razier et a1., 1981) was generally similar to that of S protein.

Both proteins contained less Glu and Pro and more Asp, Lys, Ala and Arg than Pl, S

protein and P3 are generally closer in amino acid composition than S protein and P1 or

P2. It has been suggested that differences in the amounts of some of the amino acids

could arise from differences in sample purity (Zawistowska et a1., 1985a).

Zawistowska and Bushuk (1986) reported that a subfraction of S protein was soluble

at levels of at leâst I mg/ml in diverse solvents such as 0.1 M NaCl, 70% ethanol and

chloroform-methanol (2:1). Solubility of proteins in organic solvents is an unusual

property and indicates a unique chemical stn¡cture. In the case of whe¿t endosperm

proteins, gliadins are soluble in 70% ethanol (Osbome, 1907). Additionally, a group of

proteins called CM proteins have been defined by their solubility in chloroform-methanol

mixtures (Garcia-Olmedo and Carbonero, 1970; Redman and Ewart, 1973). Purothionin

is soluble in petroleum ether (Balls eT aJ., 1942). Solubility in both polar and nonpolar

solvents, as is the case with S proteins, is uncommon.

On the basis of published information, the S protein fraction can be described as a

group of low MW proteins which are more mobile in PAGE and less hydrophobic in

RP-HPLC than the gliadins. The mobility and hydrophobicity are generally consistent

with the amino acid composition. Its unique solubility in organic solvents could result

t'rom lipid-binding as suggested by Zawistowska and Bushuk, (1986). Further resea¡ch
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is needed to fully characterize S protein in the context of its lipid-binding properties and

thereby its potential functionality in dough systems.

C. Lipid-Protein Interactions

The breadmaking potential of flour is influenced by lipid-protein interactions which

take place in the dough during mixing @ekes et al,, 1983a; MacRitchie, 1981). About

60% of the intercultivar variation in loaf volume can be explained in terms of HMW

(high molecular weight) subunits of glutenin (Lukow et al., 1989; Ng and Bushuk, 1988;

Payne et a1., 198Ð. Intercultiva¡ variation due to polar lipids has not been delineated

quantitatively but it is likely to be smaller than that due to glutenin subunit composition

and total protein content (Morrison, 1989).

Extraction and reconstitution experiments have shown that polar lipids (MacRitchie

and Gras, 1973; Morrison et al., 1989), especially the glycolipids (Bekes et al., 1983a,

1986; Chung et a1., 1980, 1982; Daftary et al., 1968) are essential for breadmaking

potential of wheat flour. De Stefanis and Ponte (1976) showed that the fatty acid

composition of the nonpolar fraction was important in reducing loaf volume, with linoleic

acid directly related to the detrimental effect, Bekes et al. (1983a) showed that polar

lipids were involved in gliadin aggregation. Additionally, Bekes et al. (1983b) showed

that this aggregation could be reversed by defatting the aggregated complex. Addition of

the polar lipids to the proteins resulted in reaggregation. Zawistowska et 41. (1985b)

showed that both carbohydrate and lipid were involved in glutenin aggregation. Bekes

et al. (1986) developed a prediction equation for loaf volume (remix baking test; Kilborn

and Tipples, 1981) based on the ratio of nonpolar lipids to poiar lipids or glycolipids.
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Other workers have obtained varying results on the role of lipids in breadmaking.

Bell et al. (1987) found no correlation between loaf volume and glycolipids for wheats

grown in the U,K. using the Chorleywood Bread Process (Chamberlain et al., 1962) or

a long fermentation baking test. I¿rsen et al. (1989) found no cor¡elation between lipid

carbohydrate (glycolipids) and loaf volume for New Z,eaJand wheats using a mechanical

dough development baking test,

Morrison (1989) suggested that the difference in ¡esults between the Chorleywood

Bre¿d Process test and the straight dough baking test used in Canada and the US may be

due to the fact that in the former test gas retention is less critical. The Chorleywood

Bread Process test is more dependent on the type and amount of fat added fKulp, 1988).

To obtain high correlations between loaf volume and lipid content for different flours,

it was necessary to normalize the loaf volume values to a constant protein content (Bekes

et al., 1986). Furthermore, Bekes et al. (1990) have shown that the relationship between

loaf volume and lipid content and composition is dependent on the baking test employed.

Chung (1986) has proposed a model for lipid-protein interactions in dough in which

specific hydrophobic interactions between polar lipids and glutenin, and hydrophilic

interactions between polar lipids and gliadin take place resulting in a three dimensional

network with improved gas retaining properties. This model has not been verified by

experiment. Morrison (1989) suggested that both hydrophobic and hydrophilic

interactions with lipids occur with glutenins and gliadins.

In intact endosperm, lipid reserves are deposited in the form of oil droplets or

spherosomes. The spherosome core of liquid triglyceride is cove¡ed by a membrane
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consisting of a monolayer of phospholipid and membrane proteins. On the other hand,

glycolipids are thought to be components of the amyloplast membrane (Morrison, 1989).

On addition of water to flour, polar lipids fo¡m lamellar structures (Morrison, 1989)

comparable to those formed by wheat polar lipids in water (Iårsson, 1986). The lipids

that are involved are no longer extractable with hexane. Typical vesicles and lamellar

structures range from 10-4000 nm and are completely entrapped within the gluten

netwo¡k (Marion et al., 1987; Morrison, 1989). Proteins associated with the polar lipid

lamellar structures and vesicles appear to be typical spherosome membrane proteins

(Jelsema etal., 1977; Morrison 1989).

The importance of lipid-protein interactions in breadmaking is generally áccepted.

The fine structure of the complex, ¡emains to be elucidated.

D. Lipid-S hotein Interactions

S fraction was initially identifred as a lipid containing protein fraction by Zawistow-

ska et al. (1985a). These worke¡s reported that S fraction contained 36Vo of the lipid in

the acetic acid-soluble fraction of gluten including over 50Vo of the recovered glycolipid.

Similarly, Carr et al. (1989) repofed that 40% of the recovered lipid was associated with

the ligolin fraction and that over 60Vo of the flour polar lipid was found in the ligolin

fraction.

Frazier et al. (1981) showed that in the ligolin fraction, the molar ratio of

protein: triglyceride (the laC olive oil which was included in the dough formula) was

about 1:1 suggesting a specific lipid-protein relationship. These workers concluded that

the lipid in the supernatant fraction was bound to the protein as most of it precipitated
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on addition of l0% TCA. Addition of SDS disrupted the complex so that lipid remained

in the supernatant when the protein was precipitated with TCA.

E. Comparison of S Protein with Other Fractions

1. Cereal Trypsin/ø-Amylase Inhibitors

The similarity of S protein to cerûain other low MW wheat proteins has been noted.

Specifically S has been compared with CM protein and the albumin-globulin fraction of

flour by Zawistowska and Bushuk (1986). In this comparison they found bands of similar

mobility in all three preparations by both SDS-PAGE and PAGE. Solubility of flour and

gluten proteins in chloroform-methanol mixtures was first demonstrated by Meredith et

al. (1960). CM proteins are part of the family of cereal trypsin/a-amylase inhibitors þart

of the albumin fraction) as judged by amino acid sequence homologies of preparations

from whe¿t @arber et al., 1986a; Shewry et al., 1984) and from barley (Barber et a1.,

1986b; hzaro et al., 1985). S and CM proteins apparently share some common

components, accordingly it may be useful to review the literature on CM proteins (i.e.

cereal trypsin/o-amylase inhibitors).

Enzyme inhibitors in wheat kernel represent three families of proteins: 1) cereal

trypsin/a-amylase inhibitors, 2) Kunitz type inhibitors and 3) Bowman-Birk type

inhibitors (Garcia-Olmedo et al., 1987). The cereal trypsin/c-amylase inhibitor family

represents proteins found in the albumin fraction of endosperm proteins (Petrucci et al.,

1974). Some proteins of this family inhibit trypsin or a-amylase while othe¡s have no

known activity (Barber et a1,, 1986a; Fra-Mon et al., 1984; Shewry et a1., 1984).

Solubility in chloroform-methanol mixtu¡es is a characteristic common to many of these
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proteins @arber et al., 1986a). Members of the cereal trypsin/a-amylase inhibitor family

exist in monomeric, dimeric and tetrameric forms with approximate molecular weights

of 12,000, 24,000 and 60,000, respectively, under nondenaturing conditions.

The major monomeric va¡iant is referred to as the 0.28 inhibito¡ @ased on

electrophoretic mobility vs bromophenol blue at basic pH; Deponte el aJ., 1976)

(Cantagalli et al., 1971). Silano et al. (1973) found that the 0.28 inhibitor appeared to

be electrophoretically identical to an albumin described by Ewart (1969) and albumin 138

prepared by Feillet and Nimmo (1970). AmIl, an a-amylase inhibitor isolated from

wheat flour, (Shainkin and Birk, 1970) may be identical to inhibitor 0.28, or it may be

another member of this family @uonocore et al., 1977), ln addition, inhibitors 0.32,

0.35, 0.39 and 0.48 have similar molecula¡ weights ranging from 13,000 to 14,600

(Silano et aJ., 1973). These five monomeric inhibitors appeår to be a closely related

family of proteins based on CD spectra (Silano et aJ., 1973) and inhibition pattems

@ePonte et a1., 1976; Petrucci et al., 1978). Cantagalli et al. (1971) reported pls

(isoelectric points) for inhibitors 0.28, 0.34 and 0.39 to be 6,4, 6.4 and 5.35,

respectively. Kashlan and Richardson (1981) reported the complete amino acid sequence

of one of the isoinhibito¡s of the 0.28 (monomeric) family.

The major dimeric inhibitor is a protein with mobility of 0.19. Dimeric inhibitors

reversibly dissociate in the presence of SDS (DePonte el al., 19761 O'Connor and

McGeeney, 1981), guanidine HCI @ePonte et al., 1976, Petrucci et al., 1974) or urea

(O'Connor and McGeeney, 1981) into subunits with molecular weight about 13,000. The

0.19 inhibitor is clearly different from the 0.28 family in amino acid composition and
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enzyme spe¿if,lcity but appears to be similar to AmI2 of Shainkin and Birk (1970)

@uonocore et al., 1977). Silano et al. (1973) suggested that the two subunits of the 0. 19

inhibitor were different, however, Maeda et al, (1985a) suggested that the 0.19 inhibitor

consisted of two identical subunits. Both the monomeric and dimeric inhibitors contain

one molecule of reducing sugar per subunit (O'Connor and McGeeney, 1981; Petrucci

et al., 1978; Silano et øI., L977).Inhibitor 0.19 is found in common wheat but not in

durum wheat (Sodini et al., 1970). Other members of the dimeric family that have been

reported have mobilities of 0.21, 0.27,,0.30,0.36, 0.38, 0.40, 0.48, 0.52 and 0.54

@ePonte et al., 1976). The 0.19 inhibitor has a pI of 7.3 (Sodini et al., 1970). Maeda

et al. (1983a; 1985a) have reported the complete amino acid sequences of the 0.53 and

0.19 inhibitors.

Wheat tetrameric inhibitors have also been described @ePonte et a1., L976),

Molecular weights have been reported as 60,000 (DePonte et al., 1976) and

47,000-48,000 @uonocore et al., 1985). These proteins appear to undergo reversible

dissociation under conditions similar to those that dissociate the dimeric inhibitors

(Buonocore et a1., 1985; DePonte et al,, 1976). No carbohydrate was detected in the

tetrameric inhibitor (O'Connor and McGeeney, 1981). Relative electrophoretic mobility

of the tetrameric inhibitor is between 0,40 and 0.52 @uonocore et al., 1985). CM2,

CM3, CM16 (from both tetraploid and hexaploid wheat) plus CMI and CMiT (exclusive

to hexaploid wheåts) are subunits of tetrameric inhibitors (Garcia-Olmedo et al., 1987,

Comez et a1., 1989). Gomez et al. (1989) determined, by means of reconstitution

experiments, that three different subunits, which have little or no inhibitory activity in
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themselves or in binary combinations, are required for the fully active inhibitors. The

N-terminal amino acid sequences of CM3 (Shewry et al., 1984), CM16 and CM17

@arber et al., 1986a) have been reported. More recently, complete sequences of CMl,

CM3 (Garcia-Maroto et al., 1990) and CMl6 (Gautier et al., 1990; Garcia-Maroto et al. ,

1990) have been derived from the nucleotide sequences of DNA clones.

Wheat a-amylase/subtilisin inhibito¡ (WASÐ represents the Kunitz family of

inhibitors. This type of inhibitor is characterized by a MW of about 20,000 and usually

two contains disulfide bonds. It is readily denatured by heat. Mundy et al. (1984)

reported that WASI inhibited subtilisin and wheat a-amylase (wheat malt extract). WASI

has a MW of about 20,500 and pI of 7 .2 (Mundy et al., 1984). Maeda (i986) reported

the complete amino acid sequence for this protein (180 amino acids) as well as predicted

secondary structure. Zawistowska et al. (1988) have shown that an o-amylase inhibito¡

from barley specific to wheat o-amylase enzymes, when included in bread formulation,

can limit the detrimental effect in breadmaking of high o-amylase activity in flour milled

from sprouted wheat.

The Bowman-Birk inhibitor family is characterized by proteins with MWs simila¡

to the Kunitz family which can simultaneous inhibit two molecules of serine protease.

They may contain up to l7 disulfide bonds per molecule and are more resistant to heat

than Kunitz-type inhibitors. Odani et al. (1986) described wheat germ trypsin inhibitors

(WGI) which exhibited significant homology with the soybean Bowman-Birk inhibitor.

TVGII has a molecular weight of 14,500 and inhibits two molecules of trypsin

simultaneously. WGI2 has a molecular weight of 7,000 and inhibits one molecule of
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trypsin. It has been proposed by Odani et al. (1986) that WGI2 may have evolved from

an ancesEal monovalent inhibitor while WGI1 may be the ¡esult of gene duplication.

2. I¡w Molecular Weight Sulfur Rich Glutenins (DSG)

DSGs have been compared to S, ligolin and CM proteins (Kobrehel et al., 1988),

Although their molecular weights are similar, their amino acid compositions and

solubility pattems were different; DSG proteins are insoluble in 70% ethanol. Similarities

between the N-te¡minal amino acid sequences of DSG1 and DSG2 with CM16 of

common wheat (Barber et a1., 1986a) and CM3 from Triticun turgidwn (Shewry et al.,

1984) have been noted (Kobrehel and Alary, 1989a; Gautier et al., 1989), although the

proteins may not be identical (Kobrehel et al., 1991).

DSG proteins represent about 5% of the total protein content of durum wheâts. It

appe$s that this protein may be functionally involved in the pasta-making properties of

durum wheat. A highly significant correlation between -SH plus S-S content of a DSG

rich fraction and cooking quality of pasta has been reported (41ary and Kobrehel, 1987;

Kob¡ehel and Alary 1989b; Kobrehel et a1., 1988). CMI was not found in appreciable

amounts in durum wheats but CM2 was found in both durum and common wheats

(Garcia-Olmedo and Carbonero, 1970). The presence of CMI in semolina or pasta can

be used to detect adulteration of durum wheat and its products with common wheåt

(Garcia-Olmedo and Garcia-Faure, 1969).

DSG- or CM-type proteins are extracted from bread wheât with the albumin-globulin

fraction (Kobrehel et al., 1991). In doughs these proteins may interact with other gluten

proteins via hydrophobic interactions to form part of the gluten network.
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3. Starch Granule Proteins

Friabilin is the name proposed for a 15,000 MW protein located on the surface of

starch granules of soft wheat (Greenwell and Schofield, 1986; Schofreld and Greenwell,

1987). It has been described as a nonstick protein for its proposed functional role in

endosperm softness. Removal of starch granule surface proteins, including the 15,000

MW SDS-PAGE band, with SDS or the proteolytic enzyme pronase incre¿sed the tensile

strength of tablets made from the starch, supporting the hypothesis of Greenwell and

Schofield (1986) (Malouf, 1989), The 15,000 MW band was, however, obtained from

both ha¡d and soft wheats (Malouf, 1989), Greænwell (personal communication) reported

that the N-terminal amino acid sequence of friabilin was identical to that of an c-amylase

inhibitor.

F. Central Role of kimary Structure in Protein Research

The basis for protein functionality is often ¡elated to the capacity of protein

molecules to interact with other constituents of a multicomponent system such as b¡eâd

or pasta doughs. This capacity is a product of the proæin structure and its environment.

As such, a discussion of protein structure seems appropriate in the context of this study.

For purposes of discussion and investigation, a four level hierarchy of protein

structu¡e has been developed (Iæhninger, 1975). Primary structure refers to the covalent

backbone of the polypeptide chain and the sequence of its amino acid residues. Secondary

structure refers to the regular, rerurring arangement in space of the polypeptide chain.

Secondary structure generally includes sho¡t-range structures such as o-helix and

B-structures, Tertiary structure refers to the way the polypeptide chain is bent or folded
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in three dimensions to form a compact, tightly-folded structure. Essentially, tertiary

structure represents the formation of domains as a result of the interaction of secondary

structural elements. Quaternary structure refers to the way individual polypeptide chains

(subunits) of an oligomeric protein are arranged in relation to each other including, if

applicable, the positions of interchain disulfide bonds.

The amino acid sequence or primary stn¡cture of a protein provides the basis fo¡ and

driving forces for the secondary and tertiary structural features which in turn dete¡mine

biochemical oÍ physiological function and technological functionality.

Denaturation/renaturation experiments have shown that the information required for

proteins to fold properly is intrinsic to the amino acid sequence (Anfinsen et al., 1961).

Secondary structure predictions may be based on statistical comparisons to data

bases (Chou and Fasman, 1978; Garnier et al., 1978) or on folding schemes based on

physical or chemical considerations (Lim, 1974). These methods have yielded predictions

that were cofiect to about 60% when compared to actual structures derived from X-ray

crystallography (Rooman and Wodak, 1988). The approach of Hopp and Woods (1981)

for determining antigenic sites (surface structures) from the point ofhighest locai average

hydrophilicity se€ms to be a useful tool for prediction of some types of structure,

especially p-turns. This method has some parallels to the method of Rose and Roy (1980)

for predicting protein packing from hydrophobicity values.

The primary structure (amino acid sequence) of a protein provides absolute

confirmation of identity and homology. If the primary structures of two proteins are

identic¿l then the two proteins a¡e the same. Sequence data is used as the ultimate
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criterion of protein identity.

The value of sequencing a protein from S fraction lies in confirming whether or not

S fraction contains proteins which are known by other names and found in the prepara-

tions of other workers. As a result of knowing the primary structure of one of the S

proteins, perhaps some further characteristics, in terms of functionality in breadmaking,

may be speculated upon. Specifically, it may provide a molecular level explanation of

the unique lipid-binding ability of this protein.



Itr. MATERIAI^S AND METHODS

A. Materials

The whe¿t varieties used in this study are listed in Table 1 along with their

Canadian grading class. Flour was prepared from the common wheat varieties on a

Buhle¡ labo¡atory mill to 72Vo exúacíon Durum wheat va¡ieties were milled on a

Brabender Quadrumat Junior mill to give a crude endosperm fraction. Samples were

stored at 4"C in airtight containers until used.

Unless otherwise stated the chemicals used were reagent grade or better. Water

refers to deionized distilled water. This was prepared with a glass distiller (Barnstead)

followed by further purification to 18 megohm resistivity on a Milli-Q system (Millipore,

Bedford, MA). Spectrapore #3 dialysis tubing [3,500 MWCO (molecular weight cutoff)]

(Spectrum Medical Industries Inc., Los Angeles, CA) was used for dialysis.

B. Sample Preparation

1. S Protein

Initially, S protein was prepared by method B of Zawistowska et al. (1985a), with

some modifications. Gluten was prepared from a flour-water dough by hand washing

with water, Washing was considered to be complete when there was no more starch

apparent in the washing water. The gluten was freeze dried. Water-soluble and acetic

acid-soluble fractions were prepared, sequentially, from the freeze dried gluten. The

acetic acid-soluble fraction was freeze dried, resolubilized in AUC (0,1M acetic acid;
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TABLE 1: Wheat Varieties Used in This Study and Their Canadian

Grading classes.

variety clas s

Neepawa

HY3 55

Hv320

clenlea

os lo
Marsha 11

Norstar

Fi elder

Wascana

wakooma

Canada Ì{estern Red Spring

Canada Prairie Spring

canada Prairie spling

canada Utility
Canada Prairie Spring

Unlicensed (hard red spring)

Canada western Red Winter

canada western soft Spring

canada western Amber Durum

canada Western Amber Durum
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3.0M urea and 0.01M cetyltrimethylammonium bromide; Wasik and Bushuk, 1974) and

subjected to stepwise ammonium sulfate precipitation. This procedure resulted in three

precipitates (P1, P2 and P3) and a supernatant (S) fraction.

The method of Zawistowska et at. (1985a) was modified as outlined in Figure 1.

In this scheme, modifications included: changing of the mixer, not freeze drying gluten

and addition of precipitation steps. Dough was mixed in an autobakery mixer (Funai

Electric Co. Ltd., Osaka, Iapan) from 200 g Neepawa fTour (14% moisture basis) and

127.6 mL water. Gluten (quantity and composition) appeared to be identical to that

prepared with the Brabender farinograph mixer. The wet gluten r,vas cut up and added

to 500 mL 0.05M acetic acid. This was stirred overnight at room temperature. The

resulting suspension was centrifuged at 16,000 x g for 20 min at 4oC. The acetic

acid-soluble upper layer was carefully decanted. Acetic acid-soluble and -insoluble

fractions were freeze dried separately (Freezemobile G with Unitop 600L, Virtis Co. Inc,

NY).

As in the original method, freeze dried acetic acid-soluble material (2 g) was

dissolved in 340 mL AUC by stirring for several hr at room temperature. Ammonium

sulfate (15 % of saturation; Dixon, 1953) was added slowly with stirring. The mixtu¡e

was allowed to sit ovemight at 4oC and then was centrifuged (16,000 x g, 20 min, 4'C).

The supematant was carefr¡lly de¡anted. Insoluble material was designated Pl.

Ammonium sulfate precipitation was repeated three times more at 30, 44 and 57% of

saturation resulting in Ð, P3 and P4. Ammonium sulfate was added to the supernatant

until saturation was reached (approximately two mo¡e aliquots). This was centrifuged to
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FLoUR 200 g
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DOUGII L27.6 mL water, Funai autobakery mixer
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GLUTEN hand washed, v¡ater
II 500 nL 0.05 M acetic acid
I

| ------------>, 
ACETIC ACID MSoLUBLES
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ÀCETIC ÀCID SOIJUBL,ES

I
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| ".*onirr^ sulfate, 1oo8 of saturation
I
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I

I TCÀ, LoZ w/v
I

¡ 
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v
SUPERNATÀNT discarded

Figure 1: Preparation of S protein by anmoniun sul-fate

fractionation.
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sepamte the insoluble material, resulting in fraction P5. TCA was added 1o l07o (wlv)

and the precipitate collected by centrifugation. The final supematânt was discarded. The

six precipitates were dialysed exhaustively Q0-25 days,2 changes daily) against water

and freeze dried. Fractions P4, P5 and TCA contain the material found in S f¡action of

the original method of Zawistowska et al. (1985a). The entire procedure was duplicated.

2. Chloroform-Methanol-Soluble (CM Protein

Initially, CM protein was prepared according to the method of Redman and Ewa¡t

(1973). Neepawa flour (100 g) was defatted by stirring with 500 mL petroleum ether for

two hr. This mixture was filtered under vacuum through glass fiber filter paper (Reeve

Angel 9344H). The defatted flour was dried ovemight in a fume hood and then extracted

with 600 mL chloroform-methanol Q:l vlv) for two hr. The chloroform-methanol extract

was removed f¡om the residue by filtration as described above. Solvent was removed

f¡om the extract using a rotary evaporator @otavapor, Buchi, Switzerland). The residue

was resuspended in 3M urea and dialysed agøinst 0.1Vo sodium chloride with frequent

changes for 36 hr. Suspended matter was removed by centrifugation (16,000 x g, 20 min,

4"C). The supernatant was carefully decanted and subjected to ammonium sulfate

precipitation at 35 % of saturation. The precipitate and supernatant were dialysed against

water and freeze dried.

The method of Redman and Ewa¡t (1973) was subsequently modified as follows.

After removal of the chloroform-methanol solvent, the residue was resuspended in 0.05M

acetic acid (about 130 mL) and dialysed for 36 hr against 0.1% (w/v) NaCl with several

changes. This material was centrifuged at 16,000 x g, 20 min, 4'C, The supernatant was



carefully decanted and subjected to ammonium sulfate precipitation at 10, 20 ar'd rcT"/"

of saturation resulting in fractions Cl, C2 and C3, respectively. The precipitates and

supernatant were dialysed against water and freeze dried.

For the preparation of the final CM protein sample, a further modification of the

method was employed. Ammonium sulfaæ precipitation was to l0% of saturation. CM

protein comprised the material found in the Cl, C2 and supernatant fractions. The entire

procedure was duplicated,

3. lVater-Soluble (WS) Protein

WS protein was prepared by extracting 20 g Neepawa flour with 200 mL cold

(4'C) 0.5M NaCl, This mixture was stiûed overnight at room temperature followed by

centrifugation (16,000 x g,2O min, 4"C). The supernatant (approx. 190 mL) was

dialysed for 48 hr vs water with several changes, at room temperature. The sample was

recentrifuged using the same conditions. Supernatant (WS protein) and precipitate were

freeze dried separately. The entire procedure was duplicated,

For the intervarietal comparison, the WS protein was prepared in a similar

manner using 10 g flour samples and 100 mL 0.5M NaCl solution.

C. Methods

1. Polyacrylanide Gel Electrophoresis

PAGE analysis was done by the method of Sapirstein and Bushuk (1985) with

minor modifications. Samples (10 ¡rL) were applied (11/gel) with a Hamilton syringe.

One sample of Neepawa gliadin extract was applied per gel as a reference sample.

Duration of electrophoresis was approximately 2 hr, with a constant current of 50 mA
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across the gel. Electrophoresis was te¡minated when the tracking dye (methyl green) band

with the higher mobility migrated to about 1 cm from the opposite end (bottom) of the

gel. Gels were stained overnight in a filtered solution of Coomassie Brilliant Blue R

[0.08 g per 250 mL of 12% (wlv) TCÃ}

2. Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis

SDS-PAGE was done by the procedure of Ng and Bushuk (1987) with minor

modifications as follows. Stacking gel was 1.5 cm in height and separating gel was 13.5

cm. The gel was usually loaded with 20 samples. One sample of Neepawa SDS-soluble

protein was applied per gel as a reference sample. Sample volume was 8 ¡.rL. Electro-

phoresis was at 17.5 mA per gel for 1.5 hr followed at 5 mA per gel for 16 hr. After

this running time, the tracking dye Pyronin Y was within I cm of the opposite end of the

gel and electrophoresis was terminated. Gels were fixed, stained, destained and

photographed as described by Ng and Bushuk (1987). Protein standards fo¡ MW

determination are listed in Table 2. MIV was determined by interpolation f¡om the linear

regression analysis of the log of the MW of the standard proteins vs mobility. Unless

otherwise stated, samples were not ¡educed.

3. High Performance Liquid Chromatography

HPLC analysis was by the method of Ng et al. (1989). The liquid chromatograph

was a Hewlett-Packard 1090M with DR5 binary solvent delivery system, autoinjector,

autosampler, heated column compartment, diode array detector monitoring at 210 nm,

and 310 computer workstation (Hewlett-Packard Ltd,, Mississauga, ON). The column

was a reve¡sed phase silica column (250 x 4.6 mm id) of 300 Ä pore size and C,,
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TABLE 2: Protein Standards Used in Molecular Weight

Deternination by SDS-PAGE.

Protein MoLecular Source
WeighÈa

phosphoryl-ase b 94,000 rabbit muscle
albumin 67,000 bovine serum
ovalbunin 43,000 egg white
carbonic anhydrase 30r000 bovine erythrocyte
trypsin inhibitor 20,100 soybean
a-Ìactal-bumin 14,400 bovine nilk

aPharnacia, 1987.
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hydrocæbon bonded phase (Synchropak) with a guard column of the same packing

material (SynChrom Inc, Oakville, ON). Flow rate was 1 mL per min. Gradient elution

involved an initial isocratic period of 5 min at 75% solvent A lwater + 0.1%

trifluoroacetic acid (IFA)I and 25Vo solvent B (acetonitrile * 0.17o TFA) followed by

increasing solvent B by 05% per min to 60Vo B fo¡ a total run time of 75 min. Samples

were made up to approximately 1 mg/ml and 10 ¡rL was injected.

4. Preparative koelectric Focusing

Preparative IEF was accomplished with a Rotofor apparatus @io-Rad Chemical

Division, CA) which is a preparative scale, f¡ee solution isoelectric focusing apparatus.

It was used according to the manufacturer's instructions @io-Rad, 1987; 1988).

Dried sample (70 to 500 mg) was dissolved in about 45 mL of 0.01M Tris-HCl

buffer, pH 8,0, by stirring ovemight at 4'C, Ampholytes were added as follows: 0.75

mL Ampholine pH5-7 (#1809-121, LKB Producter AB, Bromma, Sweden) and 0.75 mL

Pharmalyte pH 6.5-9 (#17-0454-01, Phæmacia Fine Chemicals AB, Uppsala, Sweden).

This mixture was introduced into the Rotofor cell. About 4 mL Tris buffer was used to

rinse glassware. This was added to the sample to give a final volume of about 50 mL.

Isoelecric focusing took place at 4'C and 12 W constant power. Focusing was

considered to be complete t hr after voltage stabilized or after 6 hr whichever occurred

frrst.

The focused sample was harvested by vacuum into 20 fractions, The pH was

measu¡ed with an Accumet 915 pH meter (Fisher Scientific) e4uipped with pencil-thin

gel-fiiled combination Ag/AgCl electrode (#13-639-252 Fisher Scientific). Absorption



at 280 nm was measured with an Hitachi modet 100-40 spectrophotometer luitaciri fi
Toþo, Japan). The fractions were concentated to dryness with a SpeedVac concentrator

(Savant Instruments Inc., Fæmingdale, l.IY) at room temperature,

5. Desalting

Ampholytes and buffer salts were separated from proteins by Ct, Sep-Pak

(Millipore). The Sep-Pak was pretreated sequentially with 2 mL ethanol, 2 mL water,

and2 mL lM Tris-HCl buffer, pH 6.8. The sample was dissolved in 2 mL Tris buffer

and passed through the Sep-Pak. Flow rate through the Sep-Pak was about 1 ml/min.

The Sep-Pak was washed sequentially with 2 mL water and 2 mL 25% (v/v) methanol

to remove ampholytes and salts. The protein was eluted with75% methanol. The samples

were dried in the concent¡ator and stored at -20"C.

6. Amino Acid Analysis

Hydrolysis of proteins was accomplished using a Pico-Tag workstation

fMillþre). Sample (1 mg) was weighed accurately and made to 1 mL with water.

Sample tubes (6 x 50 mm) were cleaned with constant boiling 6N HCL. Sample solution

(100 øL) was transfer¡ed to sample tubes. Hydrolysis of samples was according to

manufacturers instructions (Millþre, 1984) for 20 hr at 109'C. The hydrolysates were

dried under vacuum and stored in the sealed vial under vacuum until required.

Amino acid analysis was done on an LKB 4151 Alpha Plus Amino Acid Analyzer

equippe.d with ninhydrin postcolumn derivitization and an Hewlett-Packard 33934

integrator following the method of Condon et al. (1989) by P. Mills of the Animal

Science Depafment, University of Manitoba.
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7. Amino Acid Sequence Analysis

S. protein (1 mg) was dissolved in 0.3M Tris-HCl buffer, pH 8.5, with 2% SDS,

and reduced with dithiothreitol (0.1M) as described by Kortt et aI. (1988). An aliquot

(about 15 nmol) of S-carboxymethylated S" protein was digested into peptide fragments

with lysylendopeptidase (Wako) at37"C for 4 hr at an enzyme:protein ratio of 1:50 by

mass. The resulting peptides were separated by HPLC as described by Caldwell et al.

(1990).

Amino acid sequence analysis of S. protein and peptides were carried out with a

gas phase sequencer (Applied Biosystems, USA) by the method of Hewick et al. (1981)

using 1-2 nmol of sample. Phenylthiohydantion derivatives were identified by an on-line

HPLC system which is part of the sequencer. The conditions recommended by Applied

Biosystems were used. Sequence analysis was performed by Dr A.A. Kortt, Division of

Biomolecular Engineering, Institute of Industrial Technologies, CSIRO, Parkville,

Victoria, Australia on a fee for service basis.

8. Secondary Structure Prediction

Secondary structure prediction was by the method of Hopp and V/oods (1981).

Each amino acid was assigned a numerical hydrophilicity value. These values we¡e

repetitively averaged over the length of the peptide chain for hexapeptide sequence

segments,

D. Technological Tests

1. Protein Content

Total nitrogen of flour was dete¡mined by the macro-Kjeldahl method (method
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46-L2 AACC, 1983). Protein content was obtained by multiplying the nitrogen content

by the conversion factor 5.7 according to Tkachuk (1969) and reported on a 14%

moisture basis.

2. Moisture Content of Grain and Flour

The moisture content of whole grain samples was determined according to the

AACC standard method (method 44-11, AACC, 1983), using an electronic moisture

meter (Canadian Aviation Electronics, model CAE 919). The moisture content of the

flour was determined according to the AACC standard method (method 44-154, AACC,

1983) using a Brabender Rapid Moisture Tester.

3. Farinograph Test

Farinograms were oblained according to the AACC standard method (method

54-21, AACC, 1983) using 50 g flour.

4. Remix Baking Test

The remix baking test was according to Kilborn and Tippies (1981) for 100 g

flour. Volumes of the resulting loaves were meâsured using a pup{oaf volumeter

(National Mfg. Co., Lincoln, NB).
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IV. RESULTS AND DISCUSSION

Ä. Introduction

The results ofthis study will be presented and discussed in seven subsections. The

hrst three (B-D) will de¿l with isolation and partial characterization of three different

protein fractions of flour, all of which contain components of the protein (S) being

investigated. Subsection E will compare the three fractions by SDS-PAGE, PAGE, IEF

and HPLC. Subsection F will de¿l with the results of purification experiments carried out

to obtain a single pure component (S) of the S group of proteins from the wate¡-soluble

protein fraction of flour. Results of partial characterization of S" protein, including amino

acid composition and sequence analyses, will be presented in subse¡tion G. The final

subsection, H, will present some preliminary daa on the variation of selected S protein

components, including S", among whe¿t varieties of diverse breadmaking properties.

B. fsolation and Partial Characterization of S Protein

Preliminary experiments were carried out with the preparation procedure of

Zawistowska et al. (1985a) which employed the precipitation of protein with ammonium

sulfate f¡om AUC solvent. Complete removal of AUC from S protein by dialysis

re4uired considerable time - usually about three weeks. CTAB (cetyltrimethylammonium

bromide, the C of AUC) was the most difficult component to remove as indicated by

foaming of the discarded water. Perhaps, if a larger MWCO dialysis tubing (>3,500)

was used, dialysis rime could be reduced. However, this might also have the effect of
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further reducing the recovery of protein, Ca¡r et al. (1989) removed CTAB

contamination from ligolin by silicic acid fractionation; this approach r¡/as not attempted

in the present study. Wasik and Bushuk (1974) prepared glutenin by ammonium sulfate

precipitation from AUC solvent; they removed CTAB from the glutenin by washing the

precipitate three times wíth 70% ethanol. Because S protein is soluble in 7O% ethanol

(Zawistowska and Bushuk, 1986), the ethanol wash was not attempted.

Figure 2 shows the PAGE electrophoregrams of the fractions obtained by the

preparative procedure of Zawistowska et al. (1985a). The three resolved highly mobile

bands will be referred to as 51, 52 and 53 with Sl being the most mobile, after the

nomenclature system of Redman and Ewart (1973) for CM proteins. The presence of

residual CTAB in the samples is indicated by the heavy staining in the lanes of samples

Pl, P2 and S (lanes 4,5 and 6). P3 was not analyzed due to the small amount of

material obtained in this fraction.

PAGE electrophoresis of the water-soluble fraction (Figure 2, lane 2) indicates

that extraction of freeze dried gluten with water removed gliadin and S proteins;

accordingly, this step was subsequently omitted. The water-soluble fraction was not

analyzeÅ by Zawistowska et al. (1985a).

The CTAB-contaminated samples were not soluble in SDS-PAGE buffer,

the¡efore they were not analyzed by this electrophoretic technique. Frazier et al. (1981)

noted the difficulty of resolubilizing ligolin after dialysis and f¡eeze drying. These

workers speculated that protein aggregation probably occur¡ed during dialysis and/or

freeze drying. Carr et al. (1989) found CTAB in their preparations of ligolin at levels



Fj-gure 2: PAGE electrophoregrans of protein fractions
prepared by nethod B of Zawistowska et aL. (1985a)

from Neepawa flour.

1. Neepa$/a reference sanpLe
2. I{iater solubLe fraction
3. Acetic acid-soluble fraction
4. P1 fraction
5. P2 fraction
6. s fraction
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of 16-34% of dry matter. CTAB contamination may have contributed to the insolubility

of ligolin fractions prepared by Frazier et al. (1981).

In light of the results shown in Figure 2, it was decided to modify the method of

Zawistowska et al. (1985a) in an attempt to fractionate the low MW proteins. According-

ly, the method was extended from three to five precipitation steps. Details of the method

were shown in Figure 1. Two additional precipitation steps were implemented in an

attempt to separate the low MW proteins from other constituents and possibly from each

other. Addition of these steps had the effect of concenrating the protein and reducing the

amounts of AUC and ammonium sulfate that had to be removed from the protein.

Yield results of the modihed procedure are presented in Table 3. As indicated,

84% of lhe acetic acid-soluble material was recovered with this preparative scheme. The

losses in recovery in this procedure may arise from a number of sources. There may

have been a failure to quantitatively recover all precipitates from centrifuge bottles or

from crystallized ammonium sulfate @5 and TCA). Additionally, there may have been

a loss of nonprecipitable material in the supernatant, which was discarded. A small

amount of precipitate was produced when L0% TCA was added to the supernatant.

SDS-PAGE of unreduced samples of this precipitate, after dialysis, showed no protein

bands (data not shown), Finally, low MW proteins could be lost from any fraction during

the extensive dialysis used to remove CTAB.

In the dat¿ presented in Table 3, the sum of P4 * P5 + TCA fractions is

equivalent to S fraction of Zawistowska et al. (1985a). These three fractions represent

20% of the acetic acid-soluble material or 24Vo of rc*overed dry matter. By comparison,



TABLE 3: Fractionation of Dry Matter of Neepawa GJ.uten by

Àrnmoniu¡n SuLfate Precipitation fro¡n AUc Solvênta.

Frac¿ion I of
F lourb

åof
cluten

I of HAC I of Recovered
Solublesc Dry Matter

P1 1. 45t0. 15
P2 0.4010. 01
P3 0.0510. 01
P4 0. 3 0+0. 03
P5 0.25+0.00
TCA 0. 05+0.03

Total 2.47!O.09

sd o.59to. 06

L6.32+2.27
4.18+0. 31
0.60+0, 13
3 .36+0 .2 4
2.7A!0.!4
0.5010.29

22 .7 5+2 . 06

6.64+0.39

49.50t5. 68
72.72!O.64
1.8510.43

10.26J0.99
8.45+0.23
1.54+0.94

84.31+4.19

20 . 25!! .7 0

58.52+3.83
15. 08+0 . 00

2 .23+O . 62
72.26!7.78
10.0310.23
1.88+1.20

100. 0 +0. 00

24 . L7 +3 .27

aMean and standard deviation of tr,ro replications, 1 w/w.b14å rnoisture basis.
"Acetic acid-solubleds=P4+Ps+TcA. fraction of wet gluten,
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Zawistowska et al. (1985a) reported that S protein comprised 12% of the acetic acid-

soluble dry matter of gluten. S protein as prepared here represents 6.6% of gluten. This

may be compared with the results for ligolin which indicated that this protein formed

10% of gluten protein (Frazier et al., 1981) and L6Vo of gluten solids (Carr et al., 1989).

Intervarietal differences in S protein content could contribute to the diffe¡ent

results. Zawistowska et al. (1985a) used Neepawa flour as in the present study, while

Frazier et al. (1981) and Carr et al. (1989) used commercial breadmaking flour for their

isolation of ligolin, Zawistowska et al. (1986) found no significant difference in the yield

of S protein from two classes of Canadian wheat (hard red spring and soft white spring).

No such comparison was attempted in the present study. However, intervarietal

differences were found in the acetic acid solubility of hand washed gluten. While 32%

of Neepawa gluten wâs soluble in acetic acid, the analogous value for HY320 was 91To.

The overall effect of this difference in solubility is that for flours that yield the same

amount of gluten and the same ratio of S protein to acetic acid-soluble protein, HY320

would contain about three times as much S protein as Neepawa.

Figure 3 shows electrophoregrams of the fractions obtained by the modiflred

preparation procedure which was summarized in Figure 1. SDS-PAGE ele¡trophoregrams

of un¡educed samples (Figure 3a) show two major bands of protein in the low MW

region which are found primarily in fractions P4 and P5 (lanes 5 and 6). Figure 3b

shows PAGE electrophoregrams of the same fractions. Proteins with mobilities equal to

those ofSl and 52 are found is both P4 and P5 Qanes 5 and 6), P¡oteins with mobility

equal to 53 are found in P4 (lane 5), P5 contains a lower amount of gliadin proteins than



Figure 3: Electrophoregrans of protein fractions prepared

from Neepawa flour by the nethod outlined in Fígure

1.

a) SDS-PAGE
b) PAGE

1. Neepa¡,ra ref erence sanple
2. P1 fraction
3. P2 fracÈion
4. P3 fraction
5. P4 fraction
6. P5 fraction
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P2, P3 and P4 (lanes 3, 4 and 5). PAGE electrophoregrams of S protein have been

previously reported by Zawistowska et al. (1985a) and Zawistowska and Bushuk (1986);

their results indic¿ted that proteins with mobilities equal to those of 51, 52 and 53 were

present in the S fraction along with a number of less mobile bands.

HPLC chromatograms of P4 and P5 fractions are presented in Figure 4. Each

fraction exhibits a number of well defined pealc with RTs of 26 min and less (elution

region for S proteins). P4 has distinct peaks at 14.0, 14.5, 16.0, 17.2, 19.2 and 26.0 min

and P5 has distinct peaks at 13.2, 14.0 and 14.5 min. It is likely that peaks with common

RTs are identical proteins which are not completely fractionated into one or the other

fraction by ammonium sulfate precipitation. Both P4 and P5 have material with RTs

greater than 30 and 22 min, respectively. These later eluting peala may represent stonge

proteins which have not been precipitated by ammonium sulfate due to the solubilizing

influence of the AUC solvent. In P4, this later eluting material appears to predominate

over material with RTs of 26 min and less, IIPLC analyses of P4 and P5 fractions

@igure 4) seem to indicate that the proteins with RTs of 14.0 and 14.5 a¡e the major

protein species in S fraction.

Results presented in Figure 3 (SDS-PAGE and PAGE electrophoregrams) and

Figure 4 (IIPLC chromatograms) indicate that P4 and P5 fractions are heterogeneous.

IEF was chosen as the next step of S protein characterization. Protein pls are

characteristic of each protein and IEF is a powerful technique for fractionating and

characterizing proteins which are otherwise similar.

Preparative IEF of the relevant fractions was chosen over analytical IEF fo¡ a



Figure 4: Typical HPLC chromatogra¡ns of protein fractions
prepared from Neepavra fLour by the nethod outlined

in Figure 1.

4-l.. P4 fraction
4-2. P5 fraction

Peak identification:
! ]-3"2
2 L4.O
3 14.5
4 16.0
5 77 .2
6 ].9.2
7 26.0
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number of reasons. Due to the apparent complexity of the fractions, it was felt that the

preparative scale would produce more easily recoverable material for subsequent analysis

by SDS-PAGE, PAGE or FIPLC. In addition, preparative IEF could serve as the initial

step for the purification of a single protein(s) for further cha¡acterization. The disad-

vantÂge of preparative IEF as compared with analytical IEF derives from the relative

imprecision of the pls determined by the preparative technique.

Preparative IEF of P4 proteins was usually carried out with samples of 80-150

mg. Figure 5 shows SDS-PAGE electrophoregrams of subfractions of P4 fraction

obtained by preparative IEF. These electrophoregrams indicate that there are several

proteins in the MW region of 15,000. These proteins focused at pH 3.8-5.7 (lanes 2-7)

and 6.7-7.3 (lanes 12-14). In addition, proteins with MWs lower than 15,000 are

observed in fractions with pH 6. 1-8.0 (lanes 9-16).

Zawistowska and Bushuk (1986) reported two dimensional electrophoresis (IEF

x SDS-PAGE) results of S proteins fraction, Their results indicated that at least 14 low

MW proteins were present in their fraction. The majority of those proteins focused in the

acidic pH region but as the actual pH gradient of the gel was not reported, a direct

comparison of results is not possible. In Figure 5, proteins focusing below pH 6.0 (lanes

2-8) are probably among those reported by Zawistowska and Bushuk (1986).

The heterogeneity of P4 proteins is emphasized by the PAGE electrophoregrams

of the subfractions obtained by preparative IEF (Figure 6). It appears that Sl comprises

a single protein that focuses at pH 5.4-5.5 flanes 6-7). 52 appears to be two proæins with

pls of 5.4-5.5 (lanes 6-7) and 6.5-7.0 (lanes 12-14). 53 consists of two proteins with pls



Figure 5: SDS-PAGE electrophoregrams of subfractions of

P4 fraction prepared fron Neepawa flour by

preparative IEF.

1. Neepah¡a reference sanple
2. pH 3.8
3. pH 4.7
4. pH 5.2
5. pH s.4
6. pH 5.5
7. pH 5.7
8. pH 5.9
9. pH 6.1

10. pH 6.3
11. pH 6.5
12. pH 6.7
13. pH 7.0
14. pH 7.3
15. pH 7.6
16. pH 8.0
17. pH 8.4
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Figure 6: PAGB electrophoregrams of subfractions of P4

fraction prepared fron Neepar,/a flour by preparative

IEF.

1. Neepavra reference sample
2. pH 2.3
3. pH 3.8
4. pH 4.7
5. pH 5.2
6. pH s.4
7. pH 5.5
8. pH 5.7
9. pH 5.9

10. pH 6.1
11. pH 6.3
12. pH 6.5
13. pH 6.7
14. pH 7.0
15. pH 7.3
16. pH 7.6
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of 5.2-5,5 (lanes 5-7) and 7.0-'7.6 (lanes 14-16). A number of proteins, less mobile in

PAGE than 53, focused at and below pH 5.5 (lanes 2-7). These may have MWs of about

15,000 as proteins with other lvfWs are not indicated in these fractions by SDS-PAGE

(Figure 5, lanes 2-6).

Preparative IEF of P5 proteins was ca¡ried out with sâmples of 80-150 mg.

Addition of ampholytes to the protein solution resulted in immediate precipitation of

some proteins. This was probably due to a change in pH or ionic strength. Precipitated

material was not removed prior to IEF. During focusing, the opaque precipitate focused

in f¡actions with pH 6.1-6.9 (as observed visually), All other fractions collected were

clear,

Figure 7 shows the SDS-PAGE electrophoregrams of subfractions of P5 protein

obtained by preparative IEF. The bulk of the low MW protein in this fraction appears

to focus at pH 4.8-5,6 (lanes 3-7) and at pH 6.1-6.5 (lanes 10-12). The protein which

pre¿ipitated on addition of ampholytes may include some or all of the higher MW bands

which focus at pH 5.9-6.9 (lanes 9-14) and the protein with MW about 15,000 which

focuses at pH 6,1-6.5 Qanes 10-12). Ifthe 15,000 MW protein has coprecipitated with

higher MW proteins, then its pI may not be in the range of pH 6. i-6.5.

PAGE electrophoregrams of subfractions of P5 protein obtained by preparative

IEF are shown in Figure 8. The protein focusing atpH 5.4-5.6 (lanes 8-9) has a mobility

equal to that of 52. The protein at pH 6.1-6.5 Qanes 12-14) has a mobility equal to that

of 51. These two proteins appear to be present, in ¡educed amounts, in the P4 fraction

(Figure 6: lanes 7 and 10, respectively).



Figure 7: SDS-PAGE electrophoregraÌns of subfractions of

P5 fraction prepared from Neepawa flour by

preparative fEF.

1. Neepawa reference sarnple
2. pH 4.4
3. pH 4.8
4. pH s.1
5. pH 5.3
6. pH 5.4
7. pH 5.6
8. pH 5.7
9. pH 5.9

10. pH 6.1
11. pH 6.3
12. pH 6.5
13. pH 6.7
14. pH 6.9
15. pH 7.2
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Figure 8: PAGE electrophoregrans of subfractions of P5

fraction prepared frorn Neepawa fLour by preparatíve

IEF.

1. Neepawa reference sarnple
2. pH 3.2
3. pH 4.1
4. pH 4"4
5. pH 4.8
6. pH 5.1
7. pH 5.3
8. pH 5.4
9. pH 5.6

10. pH 5.7
r.1. pH 5. 9
12. pH 6.1
13. pH 6.3
14. pH 6.5
15. pH 6.7
16. pH 6.9
L7. pH 7.2
18. pH 7.7
19. pH 8.3
20. pH 9.5
21. pH 10.5
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Comparative examination of the SDS-PAGE (Figures 5 and 7) and PAGE

(Figures 6 and 8) electrophoregrams of preparative IEF subfractions of P4 and P5

indicates that there are a number of proteins present i¡ these fractions which have similar

MWs (about 15,000) but different PAGE mobilities and pls. Clearly, SDS-PAGE and

PAGE are not sufficient to establish identity of proteins in the two fractions.

HPLC chromatograms of individual subfractions of P4 and P5 obtained by

preparative IEF are presented in Figure 9, Subfractions of P4 are more heterogeneous

than those of P5. Proteins cha¡acterized by RTs of i4.0 and L4.5 are largely fractionated

into P5. A discussion of the specifrc subfractions and peaks follows,

Chromatogram 1 shows that P4 subfraction pH 4.7 is characterized by a major

peak at RT 17.2. This protein focused near pH 4.7 as judged by the reduced size of the

analogous peak for subfraction pH 5.2 (chromatogram 2). Protein 17.2 is also found in

P4 subfractions with pHs of 6.7 and 7.6 (chromatograms 3 and 4).

Chromatogram 2 shows that the P4 subfraction pH 5.2 is a highly heterogeneous

fraction with majorpeaks with RTs of 14.0, 19.2aulrd 26.0. This may represent thepl

of protein 19.2 as it is not found in large amounts in any other fraction.

Chromatogram 3 shows that the P4 subfraction with pH 6,7 has a major peak at

RT 16.0. The major protein in this f¡action (RT 16.0) has an SDS-PAGE MW of 15,000

(Figure 5, lane 12), PAGE mobility equal to that of 52 (Figure 6, lane 13) and pI of

about 6.7 as indicated by the way it is strongly focused at pH 6.7. Protein 16.0 is also

found in P4 subfractions focused at pH 4.7 and pH 5.2 (chromatograms 1 and 2).

Chromatogram 4 shows that the P4 subfraction pH 7,6 has a major peak which



FÍgure 9: HPLC chronatograms of selected subfractions of
P4 and P5 fractions prepared fron Neepawa flour by

preparative fEF.

9-1. P4 , pH 4.7
9-2. P4, pH 5.2
9-3. P4, pH 6.7
9-4. P4, pH 7.6
9-5. P5, pH 5.4
9-6. P5, pH 6.3

Peak identification:

1 14,0
2 t4.5
3 16.0
4 t7.2
5 L9.2
6 26.O
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elutes at RT 26.0. This fraction contains a protein which has an SDS-PAGE MW of

about 17,000 (Figure 5, lane 15) and PAGE mobility equal to that of53 (Figure 6, lane

16). This protein is also present in the P4 subfraction pH 5.2 (chromatogram 2).

Chromatogram 5 shows that the P5 subfraction pH 5.4 has a major peak which

elutes at RT 14.0. This fraction conüains a protein which has an SDS-PAGE MW of

15,000 (Figure 7, lane 6) and PAGE mobility equal to that of 52 (Figure 8, lane 8). This

protein has a pI of about 5.4 as indicated by the strong focusilg at pH 5.4. The same

protein is present in P4 subfractions pH 4.7 , 5,2 and 7 .6 (chromatograms l, 2 and 4).

Chromatogram 6 shows that the P5 subfraction pH 6.3 has a major peak which

elutes at RT 14.5. This fraction contains a protein which has an SDS-PAGE MW of

15,000 (Figure 7, lane 11) and PAGE mobility equal to that of S1 @igure 8, lane 13).

It has a pI of about 6.3 from the way it is strongly focused at pH 6.3. The same protein

is also found in P4 subfractions pH 4.7, 5,2 and 7 ,6 (chromatograms l, 2 and 4).

It is speculated that proteins which focus at pHs other than their pI do so be¡ause

they are components of protein complexes (either with proteins or other dough

components) which have different pls than those of the individual protein components.

The nondenaturing conditions employed for preparative IEF in this study would not

disrupt this type of complex. The complexes could exist in intact wheat endosperm or

could form during dialysis, freeze drying or reconstitution if the membe¡s of the complex

copurified.

Further to the above speculation, bands found in acidic fractions (pH <5.5) with

PAGE mobility less than 53 appear by SDS-PAGE and HPLC to be proteins which have
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mobility equal to S1, 52 or 53 when found in other fractions. The reduced mobility of

these proteins could arise from a number of sources. For example, mobility of these

proteins may be affected by the buffering effect of ampholytes on the PAGE system.

Altematively, protein complexes could form which are stable in the PAGE system (Al

lactate buffer, pH 3.1) and affect mobility but which are nor stable in SDS-PAGE

(fris-glycine buffer, pH 8.8, 0.1% SDS) or HPLC systems (acetonitrile-watert 0.7%

TFA). In contrast, proteins RT 14.0, 14,5, and 17 .2 (¡'Is 5.4, 6.3 and 4.7) are all found

at pH 7,6 with protein RT 26.0 which did not exhibit altered mobility.

Table 4 presents a summary of the characteristics of proteins found in P4 and P5

fractions. These cha¡acteristics have been determined by comparison of SDS-PAGE

(Figures 5 and Ð, PAGE (Figure 6 and 8) and HPLC @igure 9) analyses of preparative

IEF subfractions of P4 and P5. This comparison shows that there are at least five

proteins in the two fractions with SDS-PAGE MWs of about 15,000 and PAGE

mobilities equal to the mobilities of S1, 52 and 53. These characteristics are considered

to be important criteria for defining the components of S protein. In addition, evidence

was obtained (by comparison of results from SDS-PAGE, PAGE and HPLC of

preparative IEF fractions) which indicates the existence ofprotein complexes which focus

in the acidic pH region by preparative IEF and have PAGE mobilities less than that of

s3.

C. Isolation and Partial Characterization of CM hotein

Zawistowska and Bushuk (1986) compared S and CM protein preparations;

several proteins with similar mobility by SDS-PAGE and PAGE were identified. The aim
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TABLE 4: Sunmary of Characteristics of proteins in the p4 and

P5 Fractions of Neepawa FLour.

Fracti on
and plÊ

HPLC
RT

SDS-PÀGE PAGE OIher
MI,¡ Mobi)-ity Subfractionsb

P4. 4.7

6.7

7.6

P5: 5.4

6.3

17 .2

16.0

26.O

14.0

14.5

15 r 000

17, 000

15, 000

15,000

6.7, 7.6

- ' 7.6

- , 7.6

s2

s3

s2

S1

-t-,

4.7 , 5.3 ,

-Ê,'t J.rt

4.7 , 5.3 ,

4.7 | 5.3,

6pH of preparative fEF subfraction in which thÍs protein
focuses most strongly.

þH of other preparative IEF subfracÈions which contai.n
this protein, based on HPLC results.
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of the work reported in this section was to obtain information which could be used to

identify protein species common to both fractions. To this end, CM protein was prepared

and characterized by the same procedures as were used to characterize S protein

(discussed in the previous section).

Preliminary experiments on CM protein were caried out using the preparation

procedure of Redman and Ewart (1973), Figure 10 shows the SDS-PAGE and PAGE

electrophoregrams of the proteins of the sodium chloride-insoluble, the 35% ammonium

sulfate-insoluble and -soluble fractions of the chloroform-methanol extract of flour. By

SDS-PAGE, most of the low MW proteins together with some higher MIV proteìns are

found in the ammonium sulfate precipitated fraction (Figure 10a, lane 3). The PAGE

analysis of these fractions indicates that proteins with mobilities equal to those of S1, 52

and 53 are found in both the ammonium sulfate-insoluble and -soluble fractions (Figure

l0b, lanes 3 and 4). Bands which may be gliadin proteins are found in the sodium

chloride- and ammonium sulfate-insoluble fractions.

The CM protein preparation method of Redman and Ewart (1973) as implemented

here was not effective in separating the proteins of interest from other proteins, notably

the gliadins. Accordingly, a further trial was undertaken to determine if there was a more

suitable concentration of ammonium sulfate for protein precipitation. In the modified

procedure, ammonium sulfate was added stepwise to lÙVo, 20%, 30Vo and 100% of

saturation resulting in fractions Cl, C2, C3 and C4. A further modification to the

procedure was implemented. In the original method, after removal of

chlorofo¡m-methanol solvent, the extracted material was resuspended in 3M u¡ea. In the



Figure 10: Electrophoregra¡ns of cM protein prepared from

Neepav¡a flour by the nethod of Red¡nan and Ewart

(1e73).

a) SDS-PAGE
b) PAGE

1. Neepawa reference sanple
2. sodiu¡n chLoride insol-ubles
3. ammonium sulfate insolubles (35å of saturation)
4. ammonium sulfate solubles
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pres€nt study, this inaterial was resusp€nded in 0.05M acetic acid as it adequately

resusp€nded the extracted material and was easily removed by dialysis.

Dry matter yields for the modified procedure are presented in Table 5. In this

experiment, 5% of the flour was soluble in chlorofo¡m-methanol. Over 98% of the dry

matter recovered was found in the sodium chloride-insoluble and Cl f¡actions. The

amount of CM protein in flour found with the unmodified method (0.03%) is not greatly

diffe¡ent from the amount found with the modified method for C3 + C4 (0.04%).

Redman and Ewart (1973) found that CM protein constituted more than 1.07o of flour

protein. I-ower yields obtained in the present study [0.5% of flour protein (75.37o)] may

be due to differences in the method of preparation o¡ to intervarietal differences in the

amount of CM protein present in flours from different wheat varieties.

Figure 1 I shows SDS-PAGE and PAGE electrophoregrams of the fractions

obtained by the modified preparation procedure for CM protein outlined above. Analysis

of C4 is not sho, n due to the small amount of material available. Fractionation of gtiadin

proteins into Cl and low MW proteins into C2 and C3 is observed. A small amount of

gliadin protein is observed in the electrophoregram of C2. The PAGE electrophoregrams

of these samples (Figure 11b) show three bands of proteins with mobilities equal to those

of S1, 52 and 53. These proteins are largely concentrated in C2 and C3. Contaminating

gliadin proteins are evident in the lane of f¡action C2. However, the modif,red

fractionation procedure is an improvement compared with the method of Redman and

Ewart (1973), the electrophoretic results of which were shown in Figure 10.

Fractions C2 and C3 appeff to contain similil low MW proteins (Figure 11a).



TABLE 5: Fractionation of Neepav¡a Flour by the Preparation

Method for CM Proteina.

Fract ion ?of
Flour

åofcM
Extract

? of Recovered
Dry Matter

cM extract

Nacl
c1
c2
c3
c4

Sun

cMb

5.06+0.25

2.0910.35
1.81+0.03
0. 03J0. 00
0. 03+o. 00
0. 0110.00

3.97+0.38

0.07+0. 00

47. L4+4 .92
35.8011.21

0. 6910 . 00
0.51+0. 00
0. 15+0 . 00

7 8 .29+3 .7 2

1.35+0.00

52.3713.80
45.90!3 .73
0.8810.04
0.65J0.04
0. 19+0. 00

100.0010.00

1.73+0.08

aMean and standard deviation ofbcM=c2+c3+c4. two replications.



Figure 11: Electrophoregrams of cM protein prepared from

Neepawa flour by the ¡nethod of Rednan and Ewart

(L973, as modified in this study.

a) SDS-pAcE
b) PAGE

1. Neepa!¡a reference sanple
2. Cr
3. C2
4. C3
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The PAGE electrophoregrams (Figure 11b) of C2 and C3 are similar and have three

bands with mobilities equal to those of S1, 52 and 53, Accordingly, it was decided to

combine C2, C3 and C4 (Iable 5) into one fraction by modifying the CM protein

method. Therefore, for the preparation of additional CM protein fraction, the method was

further modified as follows. The chloroform-methanol extract was resuspended in 0.05M

acetic acid, Dialysis vs 0.7Vo NaCl precipitated the salt-insoluble protein which was

removed by centrifugation, From the supernatant, a protein fraction was precipitated by

10% ammonium sulfate. This modification combines fractions C2 + C3 * C4 into one

fraction which remains in the supematant, This combined fraction will be referred to as

CM protein. As before, the sâlts were removed by dialysis.

A typical HPLC ch¡omatogram of CM protein is presented in Figure 12. Major

peaks elute with RTs of 14.0, 14.5, 16.0, 17,2,23.6, 24.3,26.0,27.2,27.7 nd 28.2

min. The sample also contains material with higher RT which is presumed to be gliadin

protein. SDS-PAGE and PAGE electrophoregrams of the fractions presented in Figure

l1 indicate the presence of gliadin bands in C2 fraction.

Preparative IEF of CM protein typically employed a sample of 70-100 mg.

SDS-PAGE electrophoregrams of subfractions obtained by preparative IEF a¡e shown in

Figure 13. There a¡e a number of proteins with MW about 15,000 in the preparative IEF

subfractions of CM proteins. These proteins focus at pHs 4.2-5.6 (lanes 2-5) and 6.1-7,9

(lanes 8-17).

PAGE analysis of subfractions obtained by preparative IEF of CM protein (Figure

14) indicates that a relatively large number of different components are present in these



Figure 12: HPLC chromatogran of CM protein prepared fro¡n

Neepawa flour by the rnethod of Rednan and Er.¡art

(L973, as rnodif ied in this study.

Peak ídent,ification:

1 14.0
2 L4.5
3 16.0
4 L7.2
5 23.6
6 24.3
7 26.0
a 27.2
9 27.7

10 24.2
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Figure 13: SDS-PAGE electrophoregrans of subfractions of

cM protein prepared from Neepar,¡a flour by

preparative IEF.

1. Neepar,ra ref erence sarnple
2. pH 4.2
3. pH 4.7
4. pH 5.2
5. pH 5.6
6. pH 5.7
7. pH 5.9
8. pH 6.1
9. pH 6.2

10. pH 6.3
11. pH 6.4
12. pH 6.6
13. pH 6.7
t4. pH 7.2
15. pH 7.4
16. pH 7.6
L7. pH 7.9
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Figure 14: PÀGE electrophoregrans of subfractions of CM

protein prepared from Neepalra f l-our by preparative

IEF.

1. Neepar,ra ref erence sanple
2. pH 4.2
3. pH 4.7
4. pH 5.2
5. pH 5.6
6. pH 5.7
7. pH s.9
8. pH 6.1
9. pH 6.2

10. pH 6.3
11. pH 6.4
L2. pH 6.6
13. pH 6.7
L4. pH 7.2
15. pH 7.4
16. pH 7.6
77. pH 7.9
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subfractions. Proteins with mobility similar to that of S1 focused at pH 6.1-6.7 (lanes 8-

l3). Protein with 52 mobility focused at pH 5.6 (lane 5) wtd 6.4-6.7 (lanes 1l-13),

whereas proteins with 53 mobility focused at pH 5.2 and lower (lanes 2-4) urdpIJ6.7

and higher (lanes 13-17). Subfractions with pHs less than or equal to 5.9 (lanes 2-7)

contained a number of ba¡rds with mobility less than that of 53.

HPLC chromatograms of individual subf¡actions of CM protein are presented in

Figure 15. P¡oteins with RTs of 14.0, 14.5, 16.0, L7.2and 26.0 will be discussed as

they have also been found in S protein fractions. A discussion of specific subfractions

follows.

Chromatogram 1 shows that CM subfraction pH 4.7 is characterized by a major

peak at RT 26.0. Other peaks in this subfraction have RTs of 14.0, 14.5 and 17.2.

Proteins in this subfraction have MWs of about 13,000, 15,000 and 17,000 (Figure 13,

lane 3). PAGE analysis of this subfraction shows the presence of proteins with mobilities

equal to those of 51, 52 and 53 (Figure 14, lane 3). In addition, the subfraction contains

proteins with mobilities less than that of 53.

Chromatogram 2 shows that the CM protein subfraction pH 5.2 is characterized

by major peaks at RTs 14.0 and 26.0. In addition, peaks with RTs 14.5 and 17.2 a¡e

present. Proteins in this subfraction have MWs of about 13,000, 15,000 and 17,000

(Figure 13, lane 4). PAGE analysis of this subfraction shows the presence of proteins

with mobilities equal to those of S1, 52 and 53 (Figure 14, lane 4). In addition, the

subfraction contains proteins with mobilities lower than that of 53.

Chromatogram 3 shows that the CM protein subfraction pH 5.6 consists largely



Figure 15: HPLC chronatograrns of
protein prepared fron Neepawa

IEF.

15-1. pH 4.7
15-2. pH 5.2
1s-3. pH 5.5
15-4. pH 6.2
15-5. pH 6.6
15-6. pH 7.6

Peak identification:
1 14.0
2 L4.5
3 16.0
4 t7.2
5 18.3
6 19.2
7 24.4
I 26.0
9 28.2

subfractions of CM

flour by preparative
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of a peak with RT 14.0. The protein with RT 14.0 has a M1V of 15,000 (Figure 13, lane

5) and PAGE mobility equal to that of 52 (Figure 14, lane 5), This protein appeârs to

have a pI of 5,2-5,7 on the basis of its strong focusing in this pH range.

Chromatogram 4 shows that the CM protein subfraction pH 6.2 consists of peaks

with RTs of 14.5, 16.0, 17.2, 18.3 and 19.2. SDS-PAGE of this subfraction (Figure 13,

lane 9) reveals a major protein with MW about 15,000. PAGE analysis of this

subfraction shows a strongly stained band with mobility equal to that of 51 (Figure 14,

lane 9).

Chromatogram 5 shows that the CM protein subfraction pH 6.6 consists largely

of a peak with RT 16.0. Minor peaks with RTs of 14.5, l7 .2 and 26.0 are also present.

The major protein in this fraction has a MW of about 15,000 (Figure 13, lane 12). This

subf¡action contains proteins with PAGE mobilities equal to those of 51, 52 and 53

(Figure 14, lane l2).

Chromatogram 6 shows that the CM protein subfraction pH 7.6 contains a major

peak which elutes at RT 26.0, Pe¿ks with RTs of 16,0, 24.4 and28.2 are also present.

SDS-PAGE analysis of this subfraction reveals proteins with MWs of about 15,000 and

17,000 (Figure 13, lane 16). PAGE analysis of this subfraction reveals that it contains

proteins with mobilities equal to those of 52 and 53 (Figure 14, lane 16).

Table 6 presents a summary of the characteristics of proteins found in preparative

IEF subfractions of CM protein. These characteristics have been determined by

comparison of SDS-PAGE, PAGE and HPLC (Figures 13, 14 and 15, respectively)

analyses. This comparison shows that CM protein is a highly heterogeneous mixture of
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TABLE 6: sunmary of Characteristics of proÈeins in the cM

Fraction of Neepawa FLour.

pr" SDS-PAGE PAGE
Mw Mobility

HPLC
RT

Other
Subfract ionsb

4.7

5.6

6.2

6.6

7.6

17 .2

14.0

14.5

16.0

26.O

15, 000

15, O00

15, 000

17,000

s2

s2

s3

-t-t

4.7, 5.2,

4.7, - ¡

,t

4.7, 5.2,

apH of preparative IEF subfraction in which Èhis protein
focuses nost strongÌy.

ÞpH of other preparative fEF subfractions which contain
Èhis protein, based on HPLC resul-ts.
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proteins. Furthermore, SDS-PAGE and PAGE alone do not fully refle¿t this

heterogeneity. IEF and HPLC are critical tools for revealing this complex heterogeneity.

Heterogeneity of CM proteins and varietal differences have been shown by two

dimensional electrophoresis (IEF x SGE, pH 3.2) by Rodriguez-Loperena et al. (1975),

Salcedo et al. (1978) and Sanchez-Monge er al. (1986a,b). Rodriguez-Iæperena et al.

(1975) found that at the approximate mobility of CMl to CM3, twelve proteins focused

between pH 5.8 and 7.4.

D. Isolation and Partial Characterization of WS Protein

The WS protein fraction (albumins) of Neepawa flour was prepared as described

in the Materials and Methods section. Albumins typically comprise about 15% of the

protein in bread wheat flour @ushuk and Wrigley, 1974).'lhe Neepawa flour used in

this study contained 15.3% protein. Accordingly, a yield of about 0.023 g albumins per

gram of flour would be expected. A yield of 0.027 g per gram of flour was actually

obtained.

Figure 16 shows the SDS-PAGE and PAGE electrophoregrams of WS protein.

SDS-PAGE (Figure 16a) shows the presence of low MW protein as well as higher MW

material. PAGE (Figure 16b) shows the presence of proteins with mobilities equal to

those of S1, 52 and 53 as well as many other proteins with mobiiities similar to gliadins.

Partial solubility of gliadins in water has been reported by Mullen and Smith (1965) and

Yoshida and Danno (1989).

The HPLC chromatogram of r¡y'S protein is presented in Figure 17. Major peaks

can be identified with RTs of 14.0, 14.5, 16.0, 17.2 and 26.0 min, These frve peaks



Figure 16: Electrophoregrarns of ws protein prepared from

Neepavra flour.

a) SDS-PAGE
b) PAGE

1. Neepalra reference sanple
2. $¡ater sol-uble fraction
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Figure 17: HPLC chromatogran of WS protein prepared from

Nêepawa flour.

Peak identification:

1 14.0
2 t4 "53 16.0
4 !7.2
5 L7"9
6 18"3
7 t9.7
I 20.7
9 24.6

10 26.O
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were all observed in S protein fractions (Figure 4) and CM protein (Figure 12). Proteins

with RTs of 17 .9, L8.3, 79.7 ,20.7 and 24.6 te also present in the WS protein fraction.

The peaks with RTs of > 26.0 min a¡e probably gliadins. Material eluting near the

solvent front (about RT 2-6) is very hydrophilic and may be nonprotein.

Preparative IEF of WS protein typically employed a sample of 500 mg. Figure

18 shows the SDS-PAGE electrophoregrams of the subfractions obtained by this

procedure. There are a number ofproteins with MW about 15,000 in the preparative IEF

subfractions of WS protein.

Figure 19 presents the PAGE electrophoregrams of the subfractions of WS protein

obtained by preparative IEF. WS protein contains proteins with mobilities equal to 51,

52 and 53, The strongly stained protein in the lane of subfraction pH 6.7 (lane 14) has

a mobility equal to that of 52.

HPLC chromatograms of individual subfractions of WS proteins are presented in

Figure 20. Discussion of specific chromatograms follows. As before, peaks not found in

S protein will not be discussed.

Chromatogram 1 shows that the subfraction with pH 4.6 contains two main peaks

with RTs of 17.2 and 18.0. SDS-PAGE analysis of this subfraction (Figure 18, lane 3)

re¡¿eals a protein with MW about 15,000 as well as trace amounts of higher MW

material. PAGE aralysis of this subfraction (Figure 19, lane 3) reveals proteins with

mobilities equal to those of 52 and 53 as well as traces of less mobile material.

Chromatogram 2 shows that the subfraction with pH 5.0 contains peaks with RTs

of 14.0, 14.5, 16.0, 17.2, 19,2 and 26.0. This fraction conlains proteins with



Figure 18: SDS-PAGE electrophoregrams of subfractions of

I.{S protein prepared fron Neepawa flour by

preparative IEF.

1. Neepawa reference sarnple
2. pH 2.7
3. pH 4.6
4. pH 4.8
5. pH 5.0
6. pH 5"1
7. pH s"3
8. pH 5.5
9" pH 5.7

10. pH 5.9
11. pH 6.1
12. pH 6.2
13. pH 6.4
14. PH 6.7 't15. pH 7.0
16. pH 7.2
t7. pH 7.6
18. pH 7.9
19. pH 8.3
20. pH 8.7
21. pH 9.8

* indicates subfraction chosen for purification of S"
protein .
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Figure 19: PÀGE electrophoregrams of subfractions of WS

protein prepared froÍ¡ Neepawa flour by preparat.ive

IEF.

1. Neepar,ra ref erence sanple
2. pH 2.7
3. pH 4.6
4. pH 4.8
5. pH 5.0
6. pH 5.1
7. pH 5.3
8. pH 5.5
9. pH 5.7

10. pH 5.9
11. pH 6.1
72. pH 6.2
13. pH 6.4
14. PH 6.7 *
15. pH 7.0
!6. pH 7.2
r7. pH 7.6
18. pH 7.9
19. pH 8.3
20. pH 8.7
21. pH 9.8

* indicates subfraction chosen for purification of S.
protein.
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Figure 201. HPLC chromatograms of subfractions of WS

protein prepared from Neepawa fLour by preparative

IEF.

20-1. pH 4.6
20-2. pH 5.0
20-3. pH s.7
2O-4. PH 6.7 *

* indicates subfraction chosen for purificat.ion of Sã
protein.

Peak ident,ification:

t 14.O
2 1-4.5
3 16.0
4 r7.2
5 L7.9
6 18.0
7 L8.2
I 79.2
9 26.0
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SDS-PAGE MWs 13,000, 15,000 and 17,000 (Figure 18, lane 5) and PAGE mobilities

equal to those of S1, 52 and 53 (Figure 19, lane 5).

Chromatogram 3 shows that the subfraction with pH 5.7 contains peaks with RTs

of 16.0, 17.9, 18.2 and 19.2. This fraction contains proteins with SDS-PAGE MWs of

13,000 and 15,000 (Figure 18, lane 9) and PAGE mobilities equal to those of 52 and 53

(Figure 19, lane 9).

Chromatogram 4 shows that the subfraction with pH 6.7 contains a peak with RT

of 16.0. In addition, a minor peak elutes at RT 17.2, The major protein in this

subfraction has a MW of 15,000 (Figure 18, lane 14) and PAGE mobility of 52 (Figure

19, lane 14).

Table 7 presents a summary of characteristics of WS protein. These characteristics

have been dete¡mined by comparison of SDS-PAGE (Figure 18), PAGE (Figure 20) and

HPLC (Figure 20) analyses ofpreparative IEF subfractions.

E. Comparison of S, CM and WS Proteins

This subsection will compare the composition of the S, CM and WS protein

fractions prepared for this study.

This comparison ¡eve¿ls that protein species with apparently identical

physico-chemical characteristics þI, HPLC RT, SDS-PAGE MW, PAGE mobility) are

present in all th¡ee preparations. HPLC is useful in determining protein identity

especially since the information from SDS-PAGE and PAGE analyses appears to be

inconclusive. Similar results regarding the value of HPLC for studying the sodium

chloride extract of wheat flour have been reported by Feng et al. (1991).
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TABLE 7: Suì nary of Characteristics of proteins in the WS

Fraction of Neepawa Flour.

pr" HPLC
RT

SDS-PAGE
MW

PÀGE
Mobility

Other
Subfract ionsb

4.4

5.0

6.7

77 .2

14. 0

16.0

15, 000

15, 000 s2

5.0, - , 6.1

-t-¡-

5.O, 5.7 ,

apH of preparative fEF subfraction in which this protein
focuses nost strongly.

ÞpH of other preparative IEF subfractions which contain
this protein, based on HPLC results.
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HPLC chromatograms of S protein fractions (Figure 4), CM protein (Figure 12)

and WS protein (Figure 17) show that all thre€ fractions conlain some material with RTs

> 26.0 min. Results of Ng et al. (1989), obtained with the same methodology, indicate

that the high RT (>26.0) proteins are likely to be gliadins.

WS protein represents 2,7% of fTour,In comparison, S protein represents 0.5%

(Iable 3) and CMprotein represents 0.07Vo (lable5). Salcedo et at. (1980) reported that

barley CM proteins were more soluble in salt solution than in chloroform-methanol

solvent. These authors found that chlo¡oform-methanol solvent was more selective for

the extraction of CM proteins than salt solution. The WS protein prepared in this study

appears to contain the largest amount of hydrophilic components [material at the solvent

front of Figure 17 (RT about 2-6 min)1.

S, CM and IVS fractions all contain proteins with RTs L4.0,14.5,16.0,17.2 arñ

26,0. In S protein subfractions P4 and P5, proteins RT 14.0 and 14.5 are the

predominant components (Figure 4). In CM protein, protein RT 26.0 is the major species

(Figure l2), whereas in the WS fraction, protein RT 16.0 is the major species (Figure

r7).

Table 8 was prepared to facilitate comparison of S, CM and WS protein

preparations. These data were previously reported in Tables 4 (S protein), 6 (CM

protein) and 7 (WS protein).

Table 8 indicates that several proteins with similar electrophoretic and HPLC

characteristics are found in each f¡action. Subfractions of all three preparations contain

proteins with RTs of 14.0, 14.5 and 16.0, each in a preparative IEF subfraction with a
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TABLE 8: Sunnary of the characteristics of proteins Found in
S, CM and WS Fractions of Neepawa Ftour.

pH" HPLC
RT

SDS-PÀGE
Mt{

PAGE
Mobility

other
Fract ionsb

4 .4-4 .7 77 .2

s. 0-5. 6 14. 0

6.2-6.3 14.5

6.6-6.7 ]-6.O

7.6 26.0

ndc

15 r 000

15, 000

15, 000

17 r 000

nd

s2

s1

s2

s3

<5.3, 6.7t 7.6

<5.3, - ,7.6
<5.3, 6.7,7.6
(5.3, - ,7,6
<5.3, 6.6,

apH of preparative IEF subfraction in which this protein
focuses nost strongJ-y.

epH of other preparative IEF subfractions r¡hich contain
this protein, based on HPLC resulÈs.cNot deternined,
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characteristic pH. In addition, the pH 7.6 subfractions of S and CM proteins contain a

protein characterized by RT 26.0. This protein is also present in WS protein as indicated

by HPLC analysis of the whole fraction (Figure 1Ð. S, CM and WS fractions contain

a protein focusing at pH 4,4-4,7 with RT 17,2, Due to heterogeneity of proteins in the

subfractions in which it is found, SDS-PAGE and PAGE characteristics were not

determined.

It is interesting to note that five apparently identical proteins (Iable 8: RT 14.0,

14.5, 16.0, 17 ,2,26,0) can be prepared by such widely different purification techniques.

Water-soluble proteins a¡e considered to be hydrophilic species - soluble in water and

dilute salt solutions. During gluten preparation, water-soluble proteins are expected to

be washed out. However, some water-soluble proteins are found in the acetic acid-soluble

fraction of gluten from which S protein is prepared. Solubility of hydrophilic water--

soluble proteins in the relatively hydrophobic chlo¡ofo¡m-methanol solvent shows that a

high degree of hydrophobicity is a characteristic of S proteins.

The solubility of the five proteins ¡efer¡ed to in the previous paragraph over such

a wide range of solvent hydrophobicity may derive from a number of sources. Solubility

of hydrophobic proteins in polar solvents may be due to micelle formation, possibly in

combination with polar lipids. In this situation the molecules arrange themselves with

hydrophilic domains on the surface and hydrophobic domains interacting with each other

in the interior of the micelle. Solubility of hydrophilic proteins in hydrophobic solvents

may result from protein conformational changes which result in solvent exposure of

hydrophobic domains, These conformational changes may be accompanied by burying
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of hydrophilic elements, Conformational changes resulting from exposure to different

solvents has been demonst¡ated in other proteins (Norton et al., 1984),

Evidence that complexes may exist was obtained by HPLC analysis of

subfractions from preparative IEF. As summarized in Table 8, all three preparative

procedures produced apparently identical proteins that focus at more than one pH. In

particular, proteins which have apparent pls higher than pH 5.3 (RT 14.0, pI 5,4; RT

14.5, pI 6.2; RT 16.0, pI 6.7; ønd RT 26.0, p[7.6) are present in subfractions pH 5.3

and lower of all three preparative procedures used. As preparative IEF is accomptished

using nondenaturing conditions, noncovalent complexes of variable composition would

not necessarily be disrupted. The complex(es) could focus at a pH that is different from

the isoelectric point(s) of the components of the complex.

Incomplete focusing must be considered as a reason for proteins being found at

pH's other than their apparent pls, In Figure 15 protein RT 26.0 is found in

chromatograms I (pH 4.7), 2 (pH 5.2) and 6 þH 7.6) in large quantities. If incomplete

focusing was the cause of protein RT 26.0 being found in these fractions, greater

quantities would be expected in chromatograms 3, 4 and 5 þH 5.6, 6.2 and 6.6,

respectively).

PAGE analysis of subfractions with pH 5.3 and lower (Figures 6, 8, 14 and 19)

shows that bands which are less mobile than 53 are present. These bands may represent

complexes which are stable in aluminum lactate buffer at pH 3. 1 . The stability of such

complexes could involve hydrophobic interactions (because of the stability in polar

solvent). These bands could be protein-ampholyte artifacts which are formed during
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prep¿ì.rative IEF. (Ampholytes and buffer salts were not removed from preparative IEF

subfractions prior to SDS-PACE, PAGE or IIPLC.) Also ampholyte interference (due

to buffering) during PAGE could affect protein mobility. Evidence supporting the

suggestion of ampholyte involvement in the formation of bands with PAGE mobility

lower than that of 53 can be discerned from the PAGE electrophoregrams of the original

crude protein preparations (Figures 3, 11 and 16) where the less mobile bands appear to

be absent.

On the other hand, SDS-PAGE and HPLC results for the crude protein

preparations and subfractions obtained by preparative IEF indicate that these possible

complexes are disrupted into individual protein components under the conditions of

analysis of these two techniques. HPLC appears to be the best technique for identifying

protein species in these fractions.

F. Preparation of S" Protein

On the basis of the results for the three crude preparations discussed in the

previous sections, the S protein identifred by RT 16.0 was selected for complete

purification. This protein is characterized by a SDS-PAGE MW of 15,000 and a PAGE

mobility equal to that of 52. In preparative IEF, the protein focuses at pH 6.7. The

starting material selected for the final purification is the V/S fraction because of

simplicity and ease of preparation.

The purification procedure is summarized in Figure 21. The highly purified

protein obtained by this procedure will be referred to as S" protein, being the first of the

S fraction proteins to be so characterized.
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Figure 21: Preparation of Sa protein.
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Subfraction pH 6.7 obtained by the first preparative IEF step was analyzed by

SDS-PAGE, PAGE and HPLC. The results (not shown) were the same as those shown

fo¡ the same subfraction in Figures 18, 19 and 20 of the preliminary experiments.

tilhen subfraction pH 6.7 was subjected to a second preparative IEF step, the

protein focused over a wide range of pH. The reason for this spreading is not clear but

it is suspecæd that the concentration of ampholytes in the second preparative IEF may

have been too low. Nevertheless, three fractions (pH 6.6, 6.7 and 6.9), on the basis of

results shown in Figure 22 (SDS-PAGE and PAGE electrophoregrams) and Figure 23

(HPLC chromatograms), were pooled to yield the final "pure" S" protein. This

preparation was used for amino acid composition and sequence analysis, the results of

which are discussed in the next section.

G. Characterization of S. hotein

This subsection reports the results of partial characterization of S" protein.

Cha¡acterization involved SDS-PAGE MW, PAGE mobility and HPLC RT. In addition,

amino acid composition and partial sequence analyses were carried out.

Results of analyses of S" protein by SDS-PAGE, PAGE and HPLC a¡e

summarized in Figure 24.

S" protein appears to be homogeneous on the basis of SDS-PAGE without

reduction (Figure 24a), lilith reduction, SDS-PAGE resolved S" into two closely moving

bands with MWs 14,000 and 15,5@ (Figure 24b). The re¿son for the appearance of two

bands under these conditions is not clea¡. A possible explanation is that S" comprises two

very similar proteins or subunits that are not resolved by the other techniques used in this



Figure 22: Electrophoregrans of subfractions contaíning

S" protein prepared by second-step preparative IEF

and desalting.

a) SDS-PAGE
b) PAGE

1. Neepawa reference sanple
2. pH 6.5
3. PH 6.6 *
4. PH 6.7 )<

5. PH 6.9 't6. pH 7.1

* indicates subfractions in finat sarnple of S" protein.
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Figure 23: HPLC chronatograns of subfractions containing

ss protein prepared by second-st,ep preparative IEF

and desalting.

23-1. pH 6.5
23-2. PH 6.6 *
23-3. pH 6.7 *
23-4. pH 6.9 *
23-5. pH 7.L

* índicates subfractions in final sarnple of Sa protein.

Peak identification:
1 16.0
2 L7.2
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Figure 24: ELectrophoregrans of Neepar,ra reference sanple

(1) and S" protein (2) and HPLC chronatograrn of S"

protein.

a) SDS-PÀGE, unreduced sanples
b) SDS-PAGE, reduced samples
c) PAGE
d) HPLC

Peak ident,ification:
1 16.0
2 17.2
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study or that some of the S" molecules are not reduced completely under the conditions

used for SDS-PAGE. This phenomenon was not investigated further. @efer to discussion

on page 109.)

According to PAGE results (Figure 24c), S" contains proteins which migrate in

the region of mobility of the gliadins and some which migrate with mobility close to that

of S., It is not possible to estimate the degree of contamination from the results presented

here.

HPLC results (Figure 24d) show the presence of peaks with RTs similar to that

of S" and a suggestion of proteins with RTs similar to those of gliadins ( > 26 min). It is

estimated from the areas under the HPLC curves that the second largest peak in the

preparation would be about l0% the size of the S. peak.

On the basis of these ¡esults and relevant ¡esults from the preliminary experiments

described in the previous subsections, S. has the following properties:

SDS-PAGE MW 14,000-15,500 daltons

PAGE mobility equal to that of 52

ITPLC RT

pI

16.0 min

pH 6.6-6.7

It was decided at this point that S" was of sufficient purity to warrant proceeding

to the next stage of characterization - amino acid composition and sequence analyses.

Amino acid composition data for S", togethe¡ with literature data fo¡ S protein

(Zawistowska et al., 1985a) and ligolin (Frazier et al., 1981), are presented in Table 9.

S" contains less Asx, Thr, Ser, Ile and Lys and mo¡e P¡o and Ala than either S protein



TABLE 9: Amino ÀcÍd Cornposition of Sa protein Compared with S

Protein and Ligolin (noLes/100 rnoLes arnj_no acid).

Àmino Acida sbsa Ligol inc

Asxd
Thr
Ser
GLxe
Pro
cly
Ala
Val
Ile
Leu
Tyr
Phe
His
Lys
Arg
Met

5"8
2.6
5.8

18.7
11. 1
8.3

10.6
7.4
3.1
8.4
3.0
2.9
2.3
2.6
5.4
1.8

7.4
4.7
6.9

19.3
8.5
8.7
7.3
6.8
4.5
8.0
2.4
2.8
2.6
3.8
4"4
1.9

8.6
5.5
7.5

13 .4
6.5

10.6
9.2
6.6
4.2
4.7
3.0
4.O
1.8
4.5
6.0
0.0

acys and Trp not deter¡nined.
bZar^¡istowska et aL. , 1985a.cFrazier et at. , 1981.oAsp + Asn.eclu + cln.
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or ligolin.

Amino acid sequence analysis was carried out by Dr A.A. Kortt of the CSIRO

Biotechnology Division, Melboume, Australia on a fee for service basis. The university

of Manitoba does not have a protein sequencing facility. The Australian service was

selected because Dr Kortt has had prior experience with the sequencing of wheat

protei¡s.

Initially, the entire s" protein was subjected to automated amino acid sequence

analysis. This procedure determines the identity of each amino acid, beginning at the

N-terminal amino acid of the molecule. This procedure identified the first 24 ¡esidues

with the exception of residue 20 which remained unidentified (Figure 25). In accordance

with normal practice in protein sequencing, the amino acids are identified by single letter

abb¡eviations. The common amino acids and their three and one letter abb¡eviations a¡e

given in Appendix 1.

The automated sequence analysis of the total S" protein gave only one N-terminal

sequence. This result may indicate that the s" preparation used is homogeneous. The

trace impurities that are susp€cted to be present in s" did not interfe¡e with this analysis.

Fiman degradation requires a free o-amino group on the N-terminal amino acid.

Contaminating protein(s) may have a modified N-terminal amino acid. Examples of

modifications to amino acids which result in nonreaction are formylation, acetylation or

ô-glutamyl cyclization.

Unfortunately, it is not possible to sequence the entire molecule by this method

as the yield of successive residues gradually dec¡eases as the number of sequence steps



N-terminal:

S GPWMCYPGQAFQVPALPA-RPLL

K6:

DVAAYPDA

K9:

EHGAQ EGQAGTGAFPR- - R-VV

Figure 25: Amino acid sequences of the N-terninal section

and peptides K6 and K9 of Sa protein.
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incre¿ses. Accordingly, the usual subsequent step in amino acid sequence analysis is to

hydrolyse the protein molecule into peptide fragments by a specific protease, separate the

peptides by a technique such as HPLC, and sequence the peptides by the automated

procedure. If a sufficient number and kind of peptides are sequenced, then some of the

sequences will overlap, and gradually the entire sequence of the mole¡ule will be

determined.

In the present study, the enzyme lysylendopeptidase was selected for the initial

digestion. This enzyme is specific for the p€ptide bond between Lys and the residue on

its C-terminal side. On the basis of the proximate amino acid composition and the

SDS-PAGE MW, it was anticipated that this enzyme would produce four fragments from

S" (ie S" appears to contain three Lys residues per molecule).

Actual results (Appendix 2) showed that as many as 18 peptide fragments resulted

f¡om the digestion of S" by lysylendopeptidase. Such results are generally interpreted to

meån that the original protein was not pure. From the complex mixture of peptides, the

two major peptides (K6 and K9) were isolated by HPLC for automated sequence

analysis, The sequences of the two peptides are shown in Figure 25.'It is seen that 8

residues of peptide K6 and all but three of the first 22 residues of peptide K9 were

identified by the automated procedure.

At this stage in the sequence analysis, the achieved sequences (Figure 25) were

compared with published sequences for wheat proteins. This comparison showed that the

obtained sequences for S" were perfectly homologous with parts of sequences of the

wheat dimeric a-amylase inhibitor 0.19 (Io.re) sequenced by Maeda et al. (1985a), The
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complete sequence of I..re and the partial sequence of S", aligned with the homologous

sections of lo.,e, are shown in Figure 26.

Maeda et al. (1983a) reported the amino acid sequence of inhibitor 0.53 (Io.53),

a member of dimeric group of c-amylase inhibitors, Io,r, differs from Io.¡e by seven amino

acid substitutions in a chain of 124 amino acids (Maeda et al,, 1985a). The residue

substitutions by which lo.5, differs from I¡.1e are Gly for Ala (residue #19), Lys for Arg

(#25), Asp for His (#47), Pro for Cys (#52),VøJ for Ala (#70), Ser for Gln (#71) and

Ser for Arg (#82). Several of these substitutions have been sequenced in S, protein and

peptide K9, precluding the possibility that S. protein is lo,rr.

On the basis of the perfect homology of the sequenced portions of S" and the

equivalent portions of the total sequence of I¡.,e, it was concluded that S. and Io.,, are the

same protein. Accordingly, further sequencing of S" was not pursued. The results of

Maeda et al. (1985a) we¡e taken as the sequence of s. and used as a basis of subsequent

discussion of S" in the context of its functionality in flour during the breadmaking

pfocess.

Io.,, is a dimeric a-amylase inhibitor composed of two identical subunits not joined

by a disulfide bond fMaeda et al., 1985a). other workers have reported slight differences

in subunit MW for Io,, (Silano et aJ., 1973, 1977) leading to the suggestion that the two

subunits a¡e different. Note that SDS-PAGE of reduced s" protein in the present study

¡esulted in two bands (Figure 24b).

The MW of I¡.,e was reported from the amino acid sequence as 26,500 fo¡ the

intact protein, 13,250 for each subunit (Maeda et a1., 1985a). The value found for S"
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protein (14,000-15,500; Figure24a, b) compares well with this MW, The discrepancy

between MW values may result from the SDS-PAGE system in use in this laboratory,

which is optimized for the study of high molecular weight glutenin subunits.

Values for the pI of lo.,o have been reported as: 5.9 (Granum and \{hitaker

(1977), 7 .3 (Sodini et a1., 1970) and 9.4 (Shainkin and Birk (1970). With preparative

IEF, S" protein consistently focused in fractions with pH 6,6-6.7.

The dimeric inhibitor fnction is most active against marine, avian and mammalian

cu-amylases @uonocore et aJ., 1977).

Sanchez-Monge et al (1986a) determined that I¡.1e was encoded on the short arm

of chromosome 38.

Table 10 presents the amino acid composition of S" in comparison to the

composition of I0.,, from both sequence info¡mation and amino acid analysis (Maeda et

al,, 1985a). For this comparison, values for S. protein have been adjusted to rep¡esent

122 amino acids [24 minus Trp (2), which was not analyzed in SJ. preparation of I0.,,

included gel filtration and cation exchange chromatography (Maeda et al. 1985a) which

would have the effect of removing gliadin contaminants, S" is iower than lo.re in Ala,

Tyr, Arg and Cys. S" is higher than l6.re in Glx, Pro and Phe. This pattern indicates that

contaminating protein in S" is likely to be gliadin protein.

With the exception of Val, the two sets of data for Io.,, are very similar indicating

a very pure protein preparation. Maeda et al. (1985a) noted the low recovery of Val in

thei¡ work. Low recovery in their work and the current study may in part arise from the

sequences: Val87-Val88 and Ile103-Val104-Val105 which are resisrant to 24 hr acid



TABLE 10: Àmino Acid Cornpositions of Så protein fron Ànalysis

and Amino Acid sequence.

ro.lc

AnaIys i sa sequenceb Ana lys isc

sa

Aníno Àcid

Asx
Thr
Ser
G1x
Pro
cly
A1a
Va1
I1e
Leu
Tyr
Phe
fl ].s
Lys
Àr9
cys
Met
Trp
Tota I

6.6
3.0
6.6

21.5
12.7
9.5

!2.2
8.8
3.6
9.7
3.4
3.3
2.6
3.0
6.2
7.4
2.0

ndd
122 .1

7
3
7

13
9

10
77
10

3
10

5
2
2
3
8

10
3
2

124

7.2
3.2
6.8

13.0
8.1

ro.2
16. 0
7.8
2.6
9.5
4 "9
1.9
1.8
3.2
7.2
9.4
2.2
nd

115.2

âResidues/122 residues (Trp not included).ol'faeda et aL. , L985a, residues/no]e.
"Maeda et a]., 1985a, residues/115 residues.oNot determined.
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hydrolysis.

I0.,, is exceptionally rich in Cys (10 of 124 residues or 8% of residues). By

comparison, Cys represents 2.8% of residues in albumins, 2.2Vo in globulins, 2.4Vo in

gliadins and about 1% in glutenin (Wrigley and Bietz, 1988).

The role of SH and SS groups in breadmaking is well established @loksma and

Bushuk, 1988). Elasticity of dough is ascribed to deformation within glutenin subunits

and viscosity to slip betwe€n interacting molecules of gluten. A network with permanent

cross-linl$ can only be deformed elastically. As most defo¡mation in dough is viscous,

this indicates that crosslinks are either not permanent or a¡e broken under stress.

Addition of SH groups to dough results in viscous or permanent deformation. Only a

small proportion of SH and SS groups are rheologically active (i.e. result in viscous

deformation). Rheologically active SH groups are probably associated with peptides and

small proteins. Whether (S) is such a protein ¡emains to be seen.

Maeda et al. (1983b) reported the positions of the disulf,lde bonds in 16.53. The

positions were Cys6-Cysl 15, Cys20-Cys47 or 42, Cys99-Cys41 or 42 and Cys28-Cys83.

There was no evidence of involvement of Cys 54 in disulfide formation. Maeda et al.

(1985a) found no f¡ee SH groups in lo.rp md they proposed that Cys52 and Cys54 form

a disulfrde bond.

A monoclonal antibody to 10.53 was found to cross-react with b.re (Maeda et at.,

1985b). Reduction of the disulfide bonds in the inhibitors resulted in loss of recognition.

This indicates that disulfide bonds are important for the structure of the antigenic site and

that lo.re and L.ss have at least one identical disulfide bond.
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A limited secondary structure prediction, based on the amino acid sequence

results, was attempted in this study. Two types of structure were sought: 1) antigenic

determinant site, which is a surface structure, and 2) presence of extended stretches of

predominantly hydrophobic residues which could be sites of subunit interaction or

lipid-binding.

For this pulpose, the average hydrophilicity analysis ofHopp and Woods (198i)

was applied to the amino acid æquences of S. protein (Io.,r; Maeda et al., 1985a) and t.r,

(Maeda et al., 1983a). In this analysis, numerical hydrophilicity values are assigned to

each amino acid. The values are averaged for each hexapeptide segment. The point of

highest local average hydrophilicity will be located in, or adjacent to, an antigenic

determinant (Hopp and Woods, 1981).

Figure 27 shows the plot of hydrophilicity value vs sequence position for S"

protein. The residue hydrophilicity and calculated hexapeptide averages are given in

Appendix 3. Figure 27 indicates that the average hydrophilicity is highest for the

segment: Pro-Arg-Cys-Arg-Arg-Glu (residues 81-86) with a value of 1,83. The second

most hydrophilic site partially overlaps this siæ and is found in segment:

Arg-Arg-Glu-Va1-Va1-Lys (residues 84-89) with a value of 1.50. The most hydrophilic

site in Io.53 coincides exactly with the second of the sites determined for S".

The second objective of the average hydrophilicity analysis of the primary

structure of S" was to determine if the¡e were extended sequences of hydrophobic

residues. Hydrophobic segments would be expected to exist in hydrophobic environments

which could be created in two ways. They could be found in the interior of a protein (in
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the case of S" either the interior of the subunit or of the dimeric protein) or be part of

a surface lipid-binding site.

From the N-terminal to residue 24, all hexapeptide averages of hydrophiticity are

negative (ie are hydrophobic) and hexapeptide averages continue to be generally negative

until ¡esidue 34 (Figwe 27), The amino acid sequence also contains a number of shorter

hydrophobic segments. cys 52 and 54 are part of a short hydrophilic segment between

two hydrophobic segments ranging from residue 45 to 65. one possible structure is a

short surface element between two buried hydrophobic elements. This superficial analysis

indicates that s" protein could indeed have hydrophobic regions for interaction with flour

lipids.

The objective of this portion of the study was to characterize a member of the s

protein group in such a way that it could be identified une4uivocally with proteins

characterized by other workers. As such, the finding that s" protein is identical to lo.,n

by sequence homology should aid in the reading of the literature and in the future study

of other S fraction proteins.

H. Intervarietal Comparisons

Zawistowska et al. (1986) reported that SDS-pAGE and pAGE electrophoretic

patterns and RP-HPLC chromatograms of s protein from Neepawa (hard red spring) and

chile (soft white winter) wheat varieties were similar. Results of preparative IEF

experiments ca¡ried out in the present study indicated that s proteins with simila¡

molecular weight by sDs-PAGE were highly heterogeneous by other criteria (see Figures

5 and 7). S proteins are also cha¡acterized by similar mobility by pAGE (Figures 6 and
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8). As a result, one dimensional analysis by SDS-PAGE or pAGE yields limited

information, justifying analysis by HPLC to determine if intervarietal differences exist

in S proteins,

Accordingly, wheat va¡ieties with widely diffe¡ent breadmaking qualities were

compared by rrPLC for the presence of s fraction proteins. As the number of varieties

(10) and number of replicates (1) were low, this work is considered to be preliminary

and, therefore, is reported in Appendix 4. WS protein from the ten varieties was

prepared and analyzed by SDS-PAGE, PAGE and HPLC.

It is possible that some relationship between S proteins and wheât quality exits but

it appears to be largely masked by the predominant effect of HMW glutenin subunit

composition on quality. Further study'of this issue appeårs to be justified.
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V. GENER,AL DISCUSSION

Earlier studies in the same laboratory (Zawistowska et a1., 1985a) have shown

that the proteins of S fraction of bread wheat flour have a unique ability to form

complexes with specific flour lipids, Furthermore, preliminary evidence was presented

by the same authors that the lipid-S protein complexes were involved directly in the

aggregation of the gliadins and glutenins during dough mixing @ekes et al., 1983a,b;

Zawistowska et al., 1984). Those studies concluded that a full understanding of the

mechanism of lipid-binding by S proteins would require complete characterization of the

protein at primary, secondary and tertiary levels of protein structure. Accordingly, the

objective of this follow-up study was to isolate and purify one of the ,'S" proteins and,

if possible, determine its primary structure (amino acid sequence). The approach to the

overall objective, which has been generally achieved by this study, was through a series

of projects. A sepa¡ate brief section will be devoted to each.

A. Criteria for ldentification of Specific S Proteins

The present study confirmed previously published reports which showed that S

protein fraction of bread wheat flour is a heterogeneous mixture of several simila¡

proteins. SDS-PAGE and PAGE analyses were found to be of limited use as tests of

purity because some of the S proteins have the same SDS-PAGE MW or electrophoretic

mobility (PAGE). Better resolution was obtained by HPLC, alone or in combination with

prepæative IEF. HPLC ¡esults showed that the S protein fraction comprised five major
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proteins with RTs of 14.0, 14.5, 16.0, 17.2 and 26.0, whereas SDS-PAGE and PAGE

showed three bands each. Accordingly, HPLC was used as the "ultimate" test of identity

in this study.

B. Comparison of S Protein FYactions and Other Fractions

(CM and WS) that Contain S-Type hoteins

As was the case with the S protein fraction, CM and WS preparations were also

found to be highly heterogeneous mixtures of similar proteins. Each preparation

contained all of the five proteins identified by HPLC as the major proteins in S fraction.

Each preparation contained numerous minor proteins. On the basis of ease of preparation

and the superior apparent yield ofS proteins, the WS fraction was selected as the starting

material for the preparation of the "pure" S protein component.

C. Purification of S" Protein

A major protein of the S fraction, designated as S,, was purihed from the WS

fraction to a degree necessary for final characterization. The successful purification was

achieved by the use of two consecutive preparative IEF steps. The procedure gave a good

yield of S" protein of acceptable purity for amino acid sequence analysis. In SDS-PAGE,

the preparation produced one band without reduction and two poorly resolved bands after

reduction of disulfide bonds. The significance of the two bands on SDS-PAGE with

reduction was not investigated. Results of PAGE and HPLC analyses showed the

presence of t¡ace amounts of other proteins. HPLC ¡esults (area under the peaks)

suggested that the degree of purity of the S" preparation was of the order of 80%. Both

PAGE and HPLC ¡esults revealed the presence of gliadin proteins, Despite the p¡esence
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of impurities, it was decided that the preparation was of sufficient purity to proceed to

the final stage of characterization - amino acid sequence analysis.

D. Characterization of S" Protein

On the basis of electrophoretic and HPLC analyses, S. protein has the foliowing

properties:

SDS-PAGE MW

PAGE mobility

IIPLC RT

pI

14,000-15,500 daltons

equal to that of 52

16.0 min

pH 6.6-6.7

Amino acid composition data showed that S" protein was simila¡ in this regard to

S protein (Zawistowska et al., 1985a) and ligolin (Frazier et al., 1981).

Amino acid sequences were determined for the first 24 residues f¡om the

N-te¡minal of S" and two major peptides (K6, 8 residues and K9, 22 residues) obtained

by HPLC from the lysylendopeptidase hydrolysate. A complete search of, and sequence

comparison with, published info¡mation disclosed that the sequenced portions of S" were

fully homologous with the analogous portions of the sequence of a-amylase inhibitor 0. 19

(Io.,r) published by Maeda et al. (1985a). On the basis of complete homology of the

partial sequence of S", it was decided that S" was the same protein as I'.re. The complete

published amino acid sequence of I¡.,, was therefo¡e accepted as the sequence of S".

Accordingly, the monomer of S" comprises 124 amino acid ¡esidues and has a formula

weight of 13,250. As has been found for other wheat proteins (Tatham et al., 1990), the

formula weight is lower than that obtained by SDS-PAGE.
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Amino acid composition dat¿ for S. protein by analysis and from the sequence of

Io.ro showed large differences in some of the amino acids. The deviations may be due to

the contamination of S. by gliadin as Glx and Pro are higher in S. than in lo.,r.

A major objective of the amino acid sequence analysis was to ascerlain if the

primary structure would provide any evidence for the unique interaction of S" protein

with flour lipids. Hydrophilicity analysis (Hopp and Woods, 1981) of the sequence did

show that the S" molecule has regions which are predominantly hydrophobic in nature.

Amino acid sequence analysis of S. protein resulted in unequivocal identification

of this protein as the previously known I¡.,e. Absolute confirmation of identity of S"

protein would have been impossible without knowledge of the amino acid sequences of

both lo.r, and lo.s¡ The possible involvement of S" protein in lipid-binding during dough

mixing of flour and water into dough, opens the door to speculation about a similar role

for I0.,, and other o-amylase inhibitors.

E. Intervarietal Differences in S hotein Content

A practical objective of much of the ¡esearch on wheat quality is the elucidation

of the biochemical basis of the difference in breadmaking potential between flours milled

from different varieties (genotypes) of wheat, The present study had this as a secondary

objective. Accordingly, ten varieties of whe¿t were analysed for S protein composition

and content. Bec¿use of the exploratory nature of this portion of the overall study, the

¡esults a¡e recorded in Appendix 4 and are discussed here only briefly.

The¡e a¡e no obvious differences in the composition (by PAGE and SDS-PAGE)

of the S proteins among the common wheat varieties or betwe€n the two durum wheats
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that were analysed. By PAGE, the durum wheåts lacked proteins with mobilities of S1

and 52 which we¡e found in the common wheats.

Quantitative analysis, based on the areas of the HPLC peaks in the RT range of

14.0 to 26,0 min did not show any variation among the common wheat varieties of

dive¡se b¡e¿dmaking potential (see remix loaf volume, Table 1 1). The two durum

wheats, which diffe¡ed in pasta-making properties, also did not shor# any quantitative

differences in the peak areås. In this respect, the common wheat varieties appeared

different from the durum wheats.

Multivariate statistical analysis showed that modification of the Glul score @ayne

et al., 1987) or the BSI (Ng and Bushuk, 1988) breadmaking quality indices by

multiplying by the area of peak RT 16.0 per g flour improved the level of loaf volume

prediction over that obtained with either of the two parameters in its original form, It

should be noted that these preliminary results are based on a very small sample.

However, they do suggest that S proteins may be involved, with other flour constituents,

as a factor in intervarietal differences in technological properties. Further ¡esearch

appears waranted on this line of investigation on S protein.
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W. CONTRIBUTIONS TO KNOWLEDGE

The following findings of the present study are considered by the author to be

"new" contributions to knowledge.

1. Crude protein fractions containing all of the five components of the so-called

S proteins of wheat flour were prepared by several different methods. Three different

methods (S, CM and WS) were used successfully in the present study.

2. The analytical techniques that gave the optimum resolution of all five

components of the S proteins were HPLC and preparative IEF.

3. The five S protein components were cha¡acterized by SDS-PAGE MW, PAGE

mobility, HPLC RT and IEF isoelectric point.

4. One of the major S proteins, designated as S", was prepared in "pure,' form

from the WS crude preparation using a two-step preparative IEF procedure.

5. S" protein preparation gave one band on SDS-PAGE without reduction and two

poorly resolved bands with reduction, one major and several faint bands on pAGE, and

one major and several very small peaks on HPLC. The preparation was considered to be

of sufficient purity for amino acid sequence analysis.
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6, S" protein has the following characteristics:

sDs-PAcE MW 14,000-15,500

PAGE mobility equal to that of 52

HPLC RT 16.0 min

pI pH 6.6-6.7

7. The amino acid composition of S" protein was simila¡ to the published

composition of S protein (Zawistowska et al., 1985a) and ligolin (Frazier et al,, 1981).

However, S" contained more Glx and Pro, suggesting contamination by gliadin.

8. Partial amino acid sequence of S" determined as follows:

N te¡minal 24 residues

K6 peptide 8 residues

K9 peptide 22 ¡esidues

Peptides K6 and K9 were obtained by lysylendopeptidase hydrolysis.

9, Comparison of the partial amino acid sequence of S" protein and peptides K6

and K9 showed 100% homology with the analogous portions of the published sequence

of d-amylase inhibitor 0.19 (Maeda et al., 1985a). The published sequence of Io.,n was

assumed to be the sequence of S".

10. On the basis of the published complete amino acid sequence, S" protein

contains 124 amino acid residues and has a formula MW of 13,250.

11. S. contains three strongly hydrophobic regions which could be involved in

lipid-binding by hydrophobic inte¡action.
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12. Analysis of flours of eight common wheat varieties and two durum wheat

varieties showed that within each class there was no qualitative intervarieta-l difference

in the s proteins present. Durum wheat varieties lacked proteins with RTs 14.5 and 16.0.

The amount of s protein present in each variety did not appear to vary with any

technological quality of the wheat varieties. It was concluded that any contribution of s"

protein to breadmaking quality is masked by the well known contribution of HMW

subunits of glutenin but that some effect may be found with more detailed studies.
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LIST OF THREE ÀND ONE LETTER CODES FOR AMINOAPPENDIX
ACTDSA .

Arnino Acid Three Letter Code One Letter Code

Aspartic Acid
Asparagine
Asp + Asn
Threon ine
S erine
Gl-utarnic Àcid
GÌutanine
cl-u + Gln
Pro l ine
clycine
Al anine
Va l- ine
I so1êuc íne
Leucine
Tyrosine
Phenylalanine
Histidine
Lys ine
Arginine
Cysteine
Meth ion ine
Tryptophan

Asp
Àsn
Asx
Thr
Ser
GLu
c1n
GIx
Pro
GIy
Ala
Va1
Ile
Leu
Tyr
Phe
His
Lys
Àr9
cys
Met
Trp

D
N
B
T
S
E
o
z
P
G
À
It

I
L
Y
F
H
K
R
c
M
w

alJehninger, 1975.



APPENDIX 2: HPLC CHROMATOGRÀM OF THE LYSYLENDOPEPTIDASE DTGEST
oF sa PROTETN.
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APPENDIX 3: AMINO ÀCID SEQUENCE, ÀVERAGE HYDROPHII-,ICITY AND
HEXAPEPTIDE AVERÀGE HYDROPHILïCITY OF Io.1e AND 10.53.

ï o. 'rç ro.s¡

# Residue Value Hexapeptide
Àverage

Residue value Hexapeptide
Average

10

s
G
P
I¡¡

M
c
t
P
G

o
A
F
a
v
P
À
L
P
A
c
R
P
L
L
R
L
a
c
N
G

s
G
P
w
M
c
Y
P
G

o
A
F
Q
V
P
A
L
P
G
c
R
P
L
L
K
L
a
c
N
G

0.3
0"0
0.0

-3.4
-1. 3

-1. 0
-2 .3
0.0
0.0
o.2

-0.5
-2 .5
o.2

-1. 5
0.0

-0. 5
-1.8
0.0

-0.5
-1. 0
3.0
0.0

-1.8
-1. I
3.0

-1. I
o.2

-1. 0
o.2
0.0

-0. 90
-1.33
-1.33
-1.33
-o.73
-0.60
-0.85
-0.43
-0. 68
-0. 68
-0.80
-1. 02
-0.60
-o.72
-0. 63
-0. 13
-0. 05
-0.05
-0.35
0.23
0.10

-0.37
-0. 53
-0. 20

0. 10

0.3
0.0
0.0

-3 .4
-1. 3

-1.0
-2 .3
0.0
0.0
o.2

-0.5
-2.5
0.2

-1.5
0.0

-0.5
-1. I
0.0
0.0

-1. 0
3.0
0.0

-1. I
-1.8
3.0

-1. I
0.2

-1. 0
o.2
0.0

-0.90
-1. 33
-1.33
-1.33
-o.73
-0. 60
-0.85
-0.43
-0. 68
-0. 68
-0.80
-r.02
-0. 60
-0.63
-0.55
-0.05
0.03
0.03

-o .27
o .23
0. 10

-o .37
-0.53
-0.20

0. 10

20

30
continued
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Residue Value Hexapeptide
Àverage

Residue VaLue Hexapeptide
Average

40

s
o
V
P
E
A
v
L
R
D
c
c
a
o
L
A
H
ï
s
E
w
c
R
c
G
À
L
Y
s
M
L
D
s
M
Y
K
E
H
G
A

0.3
o.2

-1. 5
0.0
3.0

-0.5
-1. 5
-1.8
3"0
3.0

-1. 0
-1. 0
o.2
o.2

-1.8
-0.5
-0.5
-1. I
0.3
3.0

-3 .4
-1. 0
3.0

-1. 0
0.0

-0.5
-1. I
-2.3
0.3

-1. 3

-1.8
3.0
0.3

-1. 3
-2.3
3.0
3.0

-0. 5
0.0

-0.5

-0.35
-0. 02
-0.30
-0. 13
0.33
o.25

-0.05
-0.38

o .37
0"87
0.20
o.L2
0.40
0.73

-0.07
-0.65
-0.57
-0.70
-0. 68
-0.22
-0.48
-o .57
0.02
0.15
0. 10

-0.48
-o .22
-0.43
-0.88
-0.93
-L.23
-0. 65
-0.30
-0. 13
-0.57

0. 15
0.95
o.37
o.32
0.45

0"3
0.2

0.0
3.0

-0.5
-1. 5
-1.8
3.0
3.0

-1. 0
-1. 0

o"2
o.2

-1. I
-0. 5
3.0

-1.8
0.3
3.0

-3.4
0.0
3.0

-1. 0
0.0

-0,5
-1.8
-2.3
0.3

-1. 3

-1.8
3.0
0.3

-1. 3
-2.3
3.0
3.0

-0.5
0.0

-1.5

-0.35
-0.02
-0. 3 0
-0.13
0.33
o .25

-0. 05
-0.38

o .37
0.87
0.20
o.L2
0.40
o.73

-0.07
-0.65
0.02

-o.L2
-0.10
0.37
0. 10
0.18
0.18
o.32
o .27

-0.32
-0. 05
-0.43
-0.88
-0.93
-7 .23
-0. 65
-0.30
-0, 13
-o .57

0. 15
0.95
o .37
o .32
0.28

S

a
v
P
E
A
v
L
R
D
c
c
o
o
L
À
D
I
s
E
w
P
R
c
G

A
L
Y
s
M
L
D
S
M
Y
K
E
H
G
V

50

60

70
continued
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ro. rg ro.::

# Residue Value Hexapeptide
Averaqe

Residue Value Hexapeptíde
Average

0
E
G

a
A
G
T

À
80F

P
R
c
R
R
E
v
v
K

90 L
T
A
A
S
I
T
A
V
c

100 R
L
P
I
v
v
D
A
s
G

11 0 D

o.2
3.0
0.0
o.2

-0.5
0.0

-0"4
0.0

-0.5
-2.5
0.0
3.0

-1.0
3.0
3.0
3.0

-1. 5
-1 F

3.0
-1.8
-0.4
-0.5
-0.5
0.3

-1.8
-0.4
-0.5
-1. 5
-1.0
3.0

-1.8
0.0

-1.8
-1.5
-1.5
3.0

-0.5
0.3
0.0
3.0

0.87
0.87
o .37
0.48
0.40
0.48
0.38

-o "t2
-0.20
-0. 65
-0.57
-0"07
-0. 17
0.33
o.92
1.83
1. 58
0.83
1.50
0.70
0. 13

-0.45
-o.28
0. 02

-0.78
-0.55
-o .57
-o.73
-0.82
-o.37
-o .37
-0.30
-o.52
-0. 52
-0.60
-0.60
-0.38
-0.33
-0. 03
o.72

0.3
3.0
0.0
o.2

-0.5
0.0

-0. 4
0.0

-0.5
-2.5
0.0
0.3

-1. O

3.0
3.0
3.0

-'t F

-1.5
3.0

-1.8
-o .4
-0.5
-0.5
0.3

-1.8
-0.4
-0.5
-1.5
-1. 0
3.0

-1.8
0.0

-1.8
-1.5
-1. 5
3.0

-0.5
0.3
0.0
3.0

o.72
o.72
o.22
0.33
o.25
0.50
0"38

-0.L2
-0.20
-0. 65
-o .57
-o.52
-o .62
-o.12

o .47
1.38
1. 13
0.83
1.50
0.70
0. 13

-0.45
-0.28

0. 02
-0.78
-0.55
-o .57
-o.73
-0.82
-0.37
-o .37
-0.30
-0.52
-o .52
-0. 60
-0. 60
-0.38
-0.33
-0.03
o.72

Þ
E
G

o
A
G
T
G
À
F
P
s
c
R
R
E
v
\7

K
L
T
A
À
s
T
T
À
'(7

c
R
L
P
I
v
It

D
À
s
G
D

continued
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# Residue Value Hexapeptide
Average

Residue Value Hexapeptíde
Average

A
Y
v
c
K
D
v
À

120 A
v
P
D
A

0.0
-0.5
-2.3
-1.5
-1. 0
3.0
3.0

-1.5
-0.5
-0.5
-2.3
0.0
3.0

-0.5

o .97
0.38
0.08

-o.22
-0.38
-0.38

o. 12
-0. 05

o .25
o.42
0.20

-0.30
-0.30
-0. 13

0.0
-0.5
-2.3

-1. 0
3.0
3.0

-1.5
-0.5
-0. 5
-2.3
0.0
3"0

-0.5

o .97
0.38
0. 08

-o .22
-0.38
-0.38
0.12

-0. 05
o .25
o .42
0.20

-0.30
-0.30
-0. 13

G
A
Y
\t
c
K
D
It

A
A
Y
P
D
A



APPENDIX 4: INTERVARIETAL COMPARISONS

Wheat varieties with widely differenr breadmaking quality Clable l) were

compared for the presence of proteins belonging to S fraction. lVS proteins were

prepared from these varieties as described previously. The wheat varieties are listed in

Table 11 along with yields of WS proteins and some other characteristics.

Yield of WS fraction for these varieties of wheat was betwe€n 2.5% utd 3.8V0.

Yield of WS f¡action does not appear to vary with any other characteristic of these

wheats.

Electrophoretic analysis (Figure 28) of WS protein from these wheat varieties

revealed no major differences among the common whe¿t va¡ieties or between the durum

wheat varieties in the MW range of about 15,000 (SDS-PAGE, Figure 28a) or in the

PAGE mobility range of Sl to 53 (Figure 28b). The two durum varieties appear to have

less protein in these regions of the electrophoregrams, particularly proteins with S I and

52 mobility.

HPLC analysis of the WS fractions of the va¡ious whe¿t va¡ieties was carried out

to determine if proteins known to be in S fraction showed any relationship with

breadmaking quality (Figure 29). Peåks which have been identified ea¡lier in this study

asbeingpartof theSproteincomplex(RTs 14.0, 14.5, 16.0, l'7.2and,26.0)willbe

discussed. Peak areas a¡e cor¡ected for yieid of WS fraction, expressed as peak area./g

flou¡ and tabulated in Table 12,



145

TABLE 11: Yield of WS Protein and Some Characteristics of Some

Varieties of Wheat.

Var j.ety f{s a Fpro r{s/ RLv
Fpro

Neepawa

HY355

HY32 O

Gl enl ea

Os 1o

Marsha 11

Norstar

Fi e lder

Wa scana

wakooma

15. 3

10.5

10. o

72.L

11. 1

L2.7

11.3

10.0

16. O

14. 5

3.5

2.5

3"1

3.8

2 "9

3.4

3.3

3.2

3.3

3.7

o .23

o "24

0.31

0"31

o .26

o "27

o .29

o .32

o.21

r.26

990 52.4

650 64 "O

610 70.2

7 40 50. 1

765 63.5

825 54.5

7 40 60. 6

400 75.3

ndb nd

nd nd

6.0 25

5.0 35

5.0 30

2.5 25

10.0 20

4.5 40

7.5 30

2.O 85

nd nd

nd nd

al,¡S : water-soluble f raction, å of f lour w/w
Fpro: flour protein, Z (:-4Z nb) i AÀCC l_983
Rl-,V: renix Loaf volu¡ne, cc; Kilborn and Tipp1es, 1981
PSI: particle size index, å; hliJ.lians and Sobering, \986
DDT: farinograph dough development tine; ÀAcC, i983

.MTI: farinograph nixing toLerance index; .AÀCC, 1983Dl'Iot deternined



Figure 28: Electrophoregrans of vrheat varieties for the

Íntervarietal conparison of Ws protein.

A) SDS-PÀGE
b) PÀcE

1. Neepawa reference sample
2 . Neepar.ra
3. HY355
4. HY320
5. Glenlea
6. oslo
7. Marshall
8. Norstar
9. FieLder

10. Wascana
11. Wakoona
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(o)

æ

l5,ooo-+ çþç€.&ff@Ç

( b)



Figure 29: HPLC chronatograns of wheat varieties for the

intervarietal comparison of WS protein.

29- f . Neepavra
29- 2. HY355
29- 3. HY320
29- 4. clenlea
29- 5. Oslo
29- 6. MarshaLl
29- 7. Norstar
29- 8. Fielder
29- 9. Wascana
29-LO. WakooÌna

Peak identification:
1 14.0
2 L4.5
3 16.0
4 77.2
5 26.0

1.6 ng/nl
1.4 ng/nl
1 . 2 ng/nl.,
1.5 mg/nl
1.2 ürg/nI,
1.2 ng/mL
1 . 2 ng/nlJ
1.3 ng/nl
1.3 ng/ml
1. 2 ¡rg/nL
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TABLE 12: HPLC Integrated Peak Area of WS protein of Some

Varieties of Wheat (peak area/g flour) .

Area/g Flour of Peak with RT

Variety 14. O 14.5 16. 0 L7.2 26. O

Neepawa

HY355

HY32O

GIenlea

os 1o

MarshaLl

Norstar

Fielder

Wascana

Ì,¡akoona

Meanlsda

2 .63

1. 35

1.30

1.31

L.78

3.40

2 .09

7.7I

1.91

L.47

1.90
10. 64

2.30
.t ,tE

1. 16

1. 11

1.56

2.93

7.77

1. 61

0. 18

0.00

1.40
È0.83

5.99

3.66

3.80

3.57

4.95

6.64

5.63

7 .20

0.74

0.26

4 .24
!2.22

3.52

2.to

1. 68

1.35

2.06

5.00

3.38

2.77

3.55

3.46

2 .89
+1. 05

4.86 19.30

1.85 10.31

2.48 rO.42

1.81 9.15

3.01 13.36

5.83 23.80

3.24 16.11

2.06 75.42

2.54 8.92

I.79 6.92

2.95 13.37
+1. 31 +5. 03

sMean and standard deviation.
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SDS-PAGE and PAGE (Figure 28) and HPLC (Figure 29, ^lable 12) reveal

differences between coÍrmon and durum wheat varieties. By HPLC, some peaks are

missing or greatly ¡educed in the durum wheat varieties (RTs 14.5, 16.0) indicating

that these proteins may be associated \¡¡ith the D genome. Differences in CM

proteins between common and durum wheats have been reported r¡/ith CM1 being

found in durum only in reduced amounts (Garcia-Olmedo and Carbonero, 1970).

CM2 was found in both common and durum wheats, indicating by difference with the

cur¡ent results that 52 and CM2 are not synonymous te¡ms.

In addition, intervarietal differences in the areas of some peaks are observed.

For example, Marshall has the largest content of protein in peaks with RT 1,4.0, L4.5,

17.2 and 26.0. Fielder contained the Iargest amount of S. protein (peak with RT

1.6.0); Marshall had the second highest level of S" protein.

About 60Vo of the intercultiva¡ variation in loaf volume can be explained in

terms of HMW subunits of glutenin (Lukow et a1., 1989; Ng and Bushuk, 1988; Payne

et al., 1987). Two measures of the quality of HMW glutenin subunit composition are

Glul score (Payne et al., 1987) and BSI (Ng and Bushuk, 1988) (Table 13). As the

HMW subunit connposition has such a large effect on such breadmaking characteris-

tics as loaf volume, the HMW subunit composition will have the effect of masking

any effect of S protein(s) on b¡eadmaking quality. In order to correct for the large

and known effect of HMW subunits, new parameters were created: peak area of S

protein peaks/g flour were multþlied by GIul score or BSL



Table 13:

BSI Of

HMI^¡ Glutenin Subunit

Wheat Varieties Used

Cornposition, c1u1 score and

in Thís Study.

Variety HMW Subunit
Conpos it i ona

Glul
S coreb

BS I.

Neepawa
HY355
HY32O
Glenlea
os 1o
Marsha 11
Norstar
Fielder
Wascana
I^iakooma

z*, 7+9, s+10
I, 7+8, 2+!2
L, 7+8, 2+!2
2*, 7+9, s+!o
I, 7+A, 2+L2
2', 7+9, 5+10
1, 7+8, 5+10
nul]r 20,2+12
nul1, 6+8
nul-1, 6+8

9
ö

10

9
10

.)

2
2

LO3 "79
81.06
81.06

123.33
81.06

ro3 .7 9
115.53

7.7
49 "23
49 .23

"Ng et al-., 1988, except HY355 and Marshall which can be
found. in Figure 2 8a.

bPayne et aL. , !987cBsr = 7.70 + 6s.68[10s.5] + 41.53[100.2) + 34.47 1L29.r]+ 27.asltL4.7) + 21-.99[96.3] + 11.78[133.1] + 3.e81t47.4) +
l-5.69[113.6] (Ng and Bushuk, l-988)
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St¿tistical analysis revealed the following relationships when RLV is the

dependant variable:

Independent Variable

RT 16.0

Glul score

Glul score x RT 16.0

BSI

BSI * RT 16.0

R, P>F

0.0009 0.9447

0.5908 0.0258

0.6553 0.0149

0.6093 0.0222

0.7542 0.0051

As expected, RLV varies with Glul score and BSI with P)F of about 0.02 and

R2 of about 0.60. Both Glul score and BSI give similar results. Multiplying Glul score

or BSI by the area of S. protein (RT 16.0)/g flour (Table 12) results in an improvement

of fit as judged by increased R2 and de¡re¿sed probability values for the relationships

with the dependant variable RLV. It may be that S. protein is having a dire¡t effect on

breadmaking or it may be highly correlated with some other material in flour which

produces this effect. The limit¿tions of this preliminary study (small number of wheat

varieties and one replication only) prohibit more detailed speculation,


