tion of the sterols in soybeans; in West
Germany, investigations of the chem-
ical changes occurring at the surface
of the fat globules in stored foam-dried
whole milk; in Poland, study of the
antioxidant components of wood smoke
used in meat curing, and the effects of
methods of generation on the quantity
and activity of the antioxidant compo-
nents of the smoke; in Colombia, investi-
gation of the stabilization of flavor con-
centrates of tropical fruits; and in the
United Kingdom, investigations of the
carbohydrase enzyme systems of alfalfa
and their use in structural analysis of
alfalfa polysaccharides.

Marketing Research Grants

In Finland, studies are under way on
residues of insecticides and fungicides
applied to different plant products after
harvest, including stability of the residues
during marketing, storage, food pres-
ervation, and the effects of pesticides
on food quality; in Israel, development
of a rapid, simple test for protein nutri-
tive value of cereal grains and feeds;
in Poland, flaxseed storage and chem-
ical changes during storage; in Spain,
basic studies on the constituents of rice
influencing quality, and development
of objective methods for measuring
market quality of raw and precooked
rice; and in Italy, determination of the
persistence and fate of various insecticides
in or on wheat during storage, milling,
and baking or cooking of the products
made from treated wheat,

Since the beginning of this program
in 1958, the equivalent of somewhat
more than $30,000,000 in foreign cur-
rency has been made available to
finance agricultural research abroad.
About 500 research grants have been
executed. Publication of research results
is encouraged. Up to the present time
more than 400 research articles have
been published on grant results, most

WORLD-WIDE RESEARCH

of them in English. Reprints are avail-
able in the research divisions of the
department sponsoring the research.

Results of Program

Many useful results have stemmed
from this program. In the area of bio-
logical control of destructive insects,
a great deal of progress has been made in
finding predators for the balsam woolly
aphid through grants in Pakistan and
India. Several thousand of a dozen
different parasites which are effective in
parasitizing the balsam woolly aphid
have been shipped to the United States
and liberated in infested areas in the
Pacific Northwest and in Southern
Appalachia. The sugarcane borer is one
of the worst insect enemies of sugarcane,
corn, and sorghum along our Gulf
Coast.  Studies of several species of
sugarcane borers in widely scattered
areas of India resulted in the discovery
of a number of parasites. Five species
have been shipped to Florida for evalua-
tion under our environmental conditions.
Under a grant in Spain, two parasites for
gypsy moths have been found and last
year 30,000 were shipped to this country.
This year we are obtaining 19,000 more
for liberation in New Jersey.

African swine fever, a highly con-
tagious disease of swine, has spread to
Spain and Portugal in recent years
and is a potential threat to our own
hog industry. It is of special concern
because of its resemblance to hog
cholera, with which it may be confused.
Under a Spanish grant, a rapid diag-
nostic test has been found for African
swine fever, differentiating it readily
from hog cholera. TUnder a grant in
England on scrapie (a disease of sheep),
the English investigators have been able
for the first time to transmit the disease
from sheep to goats and to confer it on
mice. Since mice are more convenient
test animals than sheep, this should

Immunochemical Study of Wheat, Barley,

and Malt Proteins

IT 1s often difficult to define or isolate
a protein from a mixture and to
prove its purity or homogeneity. In
most cases, physical-chemical methods
are used, such as solubility, electro-
phoretic migration, sedimentation, and
chromatography, but several proteins in
a mixture may have identical or similar
physical properties and therefore be
difficult to distinguish.
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To define proteins simultaneously by
two completely distinct criteria, we estab-
lished a method, which we call “im-
munoelectrophoretic  analysis” (IEA)
(75). 'This allows one to define every
protein in a mixture by its electrophoretic
mobility, which depends on the number
and charge of ionizable groups on the
molecule, and by its immunochemical
specificity, which is based on the steric

facilitate progress in studies on scrapie.

Through this research program we
have been able to strengthen and broaden
enormously our search for new sup-
plemental crops through evaluation of
wild plants, Grants in Spain, Yugo-
slavia, Turkey, Israel, Pakistan, India,
Korea, and Uruguay have given us
world-wide coverage in this search.
About 3000 specimens of wild plants
have been shipped to our plant ex-
ploration group in Beltsville for evalua-
tion of agronomic characteristics and
are being screened by the Regional
Research Laboratories for chemical
utility. A number of promising wild
plants with unusual components have
been found.

Under a grant in England, the
antioxidants in oats have been isolated
and characterized. In Finland we have
a large grant under the guidance of
Virtanen on the components of plants
which confer undesirable flavor to
milk. Members of the brassica family-—
such as turnips and cabbage, and seed-
lings of wheat, corn, and rve—have
been studied. Several novel and unusual
components and their enzymic con-
version products have been identified,
including organic sulfoxides, thiocya-
nates, isothiocyanates, and hydroxyl-
amines.

In a world-wide research program
such as this, there is a serious problem
of communication in bringing the
results directly to the attention of
American scientists. This symposium
provides an opportunity for American
scientists to obtain detailed information
on a few of these PL 480 grantws. Fol-
lowing papers illustrate some of the
progress under these grants.
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configuration of certain groups on the
molecule called “antigenic determinants
or sites.” In some cases, when the
protein has certain prosthetic groups or
possesses an enzymatic activity, a third
definition of a constituent in a mixture
can be introduced by convenient color
reactions performed in the same experi-
ment (23).

The principle of this method is simple




Salt-soluble proteins of wheat, barley, and malt extracts were analyzed by electrophoresis
Ten, 20, and 12 independent constituents were enumerated
and their relative mobilities were calculated. Some of the proteins were characterized
by their enzymatic activities and two proteins of wheat were purified by chromatography.

and immunoelectrophoresis.

Changes in barley proteins during malting were observed.

Immunochemical investigations

indicate that 3-amylase undergoes physicochemical changes during malting but retains its
original antigenicity. No protein possessing even partial immunochemical identity with the

a-amylase of malt could be detected in barley.

germination.

Evidently, it is synthesized during
Gliadin and glutenin fractions obtained by chromatography were analyzed

by immunoelectrophoresis; the several gliadin fractions were immunochemically iden-

tical,

identity reaction with gliadin.

Glutenin migrates in agar gel containing 3M urea and gives an immunochemical

and it needs no complicated apparatus.
The sample to be analyzed is placed in a
gel (generally 19, agar) and submitted
to electrophoretic migration. Then a
trough, parallel to the axis of this migra-
tion, is made in the gel and an immune
serum is poured into it. The antibodies
diffuse into the gel; when they meet the
corresponding antigers, they give a
specific precipitate which deposits in the
form of arcs. The reaction being spe-
cific, every protein gives an independent
arc.

Thus, IEA allows the enumeration
and definition of every component of a
rixture, the detecton of even small
amounts of impurities, or the comparison
of components in different mixtures.
We could, for example, follow the fate of
some of the barley proteins during brew-
ing and identify them in beer, or even in
the ““cold haze.” because their immuno-
logical specificities were still present al-
though their mobilities were modified
(10,71, 14).

The main disadvantages of IEA are:

Immune sera are used to detect the
various constituents; as an animal’s
responses to immunization are not con-
stant, several immune sera have to be
tried and the number of constituents
detected is to be considered as a mini-
mum,.

Only soluble components can be
determined. This is an important
handicap in the case of some seed pro-
teins which are normally not water-
soluble, but by using 3M urea solution
(77) we overcame this difficulty.

Materials and Methods

Materials. The wheat used is a
genetically pure Magdalena variety;
the barley is the Aurore variety, and the
malt was always prepared in the same
manner from this variety of barley.
In our studies on the insoluble proteins
we used commercial preparations of
gliadin (Nutritional Bicchemicals Corp.),
a sample of poly-dl-alanine—gliadin,
which is a soluble derivative of gliadin
prepared by Sela (22), a sample of an
alcohol-soluble fraction of wheat given
to us by Mossé (78), ard our own prepa-
rations of insoluble proteins.

Extraction of Soluble Proteins. The
flour obtained from the seeds is suspended

in a phosphate buffer containing 0.5Af
NaCl (pH 7 for wheat and pH 6.6 for
barley and malt), the proportions being 1
gram] of flour for 2 or 3 ml. of buffer.
The suspension is stirred for 2 hours at
4° C., then centrifuged, filtered, and
dialyzed against the same buffer in order
to eliminate small molecules (3).

Extraction of Insoluble Proteins
from Wheat. After extraction of soluble
proteins from the flour by 0.534 NaCl,
the insoluble residue was extracted
either by acetic acid (0.05M, pH 3.5)
as recommended by Coates and Sim-
monds (7) or by a phosphate buffer
(pH 4.7, 4 = 0.05) containing 3M urea.

After extraction of soluble proteins,
gliadin was obtained by extraction with
609, alcohol and glutenin was extracted
from the residue of the gliadin prepara-
tion by a mixwre of 209, isopropyl
alcohol and 179, lactic acid as used by
Pinckney, Greenaway, and Zeleny (27)
and modified by the addition of 0.2,
sodium Dbisulfite (5). After dialysis
against water, the preparations were
lyophilized and stored.

Preparation of Immune Sera. The
immune sera were obtained by immuniz-
ing rabbits with increasing doses of solu-
tions of the soluble proteins or of gliadin
and glutenin in 3M urea.

Simple Electrophoresis (EA) or
Immunoelectrophoretic Analysis (IEA)
was performed 1n agar gel. In the case
of insoluble proteins, solutions in 3M
urea were submitted to electrophoresis
in agar gel containing 3M urea. At the
end of the electrophoretic migration,
the gel is washed in order to eliminate
the excess of urea, which would in-
hibit the formation of the specific precipi-
tate.

Fractionation of Extracts. Several
techniques have been used: ammonium
sulfate precipitations, preparative elec-
trophoresis in agar gels, Sephadex, and
diethylaminoethylcellulose, and car-
boxymethylcellulose  chromatography.
As eluents in this last case and in our
studies on insoluble proteins of wheat, the
three following have been utilized : acetate
buffer (pH 3.8) in 0.2M NaCl, phosphate
buffer (pH 11.5) in 0.2M NaCl, and
0.1M NaOH (8).

Results

Total Extracts of Soluble Proteins.
Simple electrophoresis in agar of barley
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and malt extracts shows modifications
due to the malting. Figure 1 represents
the results of simple elecirophoresis
{at the top) and a schematic representa-
tion of zones of migration in which we
found proteins and also some enzymatic
activities. Several differences are easily
seen, such as the concentration of protein
in different zones and particularly in the
amylase activities. The B-amylase activ-
ity has a much larger zone with malt
than with barley extracts and a-amvylase
activity has been observed only in malt.
This activity corresponds to a mobility of
around minus 3 X 107% sq. cm. volt™!
sec.”!; in this zone we also observe a
protein stain in the malt but nothing in
the barley extracts. These results sug-
gest either that the barley contains an
inactive precursor of wa-amylase possess-
ing a different mobility, or that this
enzyme is synthesized de nowo during
malting. This question could be an-
swered by the use of immunochemical
techniques.

IEA has allowed us to distinguish at
least 20 different proteins in barley,
about 12 in malt, and about 10 in wheat
extracts (72).

Figure 2 shows the quantitative dis-
tribution of barley proteins and the
position of the precipitin arcs in different
zones of electrophoretic mobility. Figure
3 shows a comparative IEA of barley and
malt developed with the same antibarley
immune serum. The diminished num-
ber of arcs and the alterations in their
positions prove that the malting process
has modified several of the proteins
(degradation, changes in solubility, in
mobility, etc.). Thus, for example, the
appearance of a new arc in zone 1 seen
with the malt and not with the barley
shows that it must correspond to a pro-
tein which exists in the barley, because it
reacts with an antibarley immune serum,
but possesses a faster mobility in malt.

Figure 4 shows that extracts of wheat
grains and of flour possess the same com-
ponents and that their mobilities are
practically the same. The only ap-
parent difference was that the extract of
grains contained a lipoprotein in zone 1,
which was stained by Sudan black. As
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proteins (2), and a preparation of
alcohol-soluble proteins of Mossé (3)
give confluent precipitin arcs. The
same result is obtained with other prepa-
rations of insoluble proteins, gliadin,
and poly-d/-alanine gliadin.

Chromatography on carboxymethyl-
cellulose of a commercial gliadin has
allowed us to obtain three subfractions.
The first eluate (Figure 13, 3) has a
mobility nearer to the reservoir; how-
ever, all three subfractions are anti-
genically identical.

From these experiments, we conclude
that:

All preparations of insoluble proteins
and of gliadin contain a common anti-
genic constituent, g.

Constituent g is the only protein
present in poly-dl-alanine gliadin. It is
the most important constituent in all
other preparations.

Immunochemical identity reactions
prove that protein constituents appearing
in electrophoresis with a mobility differ-
ent from that of g, with the exception of
component 1, nevertheless have a struc-
tural resemblance to g.

Comparative Studies on Gliadin and
Glutenin. Figure 14 shows comparative
electrophoretic and IE analyses of an
alcohol-purified preparation of gliadin
and of a glutenin preparation. Simple
electrophoresis (left side of Figure 14)
shows that the gliadin is rich in the ¢
component and relatively poor in the R
component, whereas for the glutenin
preparation the proportions are reversed.

Chromatography on carboxymethyl-
cellulose separates this gliadin intwo two
subfractions which appear in the first
and second eluates. With the glutenin
also we obtained two subfractions, but
they are eluted with the second and third
eluents.

The TEA (right side of Figure 14)
shows a protracted line of precipitation
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for both preparations, naturally more
pronounced in the case of gliadin.
When these two preparations are com-
pared by double diffusion, they give a
reaction of antigenic identity.

If the electrophoresis is done not at pH
8.2, as previously, but at pH 6.5 and
always with 3M urea, the aspect is some-
what different in simple electrophoresis
(Figure 15, left), but in IEA again we
see one main protracted line with the
gliadin, whereas the glutenin seems to
present an additional factor, migrating
as a short line (Figure 15, right). But
as this analysis has been made with an
antigliadin immune serum, both pre-
cipitin lines given by the glutenin must
correspond to constituents present in the
gliadin.  Some preliminary experi-
ments, in which fractions obtained by
preparative electrophoresis from gliadin
and from glutenin have been compared
by double diffusion in agar gel, have
shown that they are immunochemically
identical. Thus again, we may say that
these preparations contain proteins pos-
sessing some physical-chemical differ-
ences, such as solubility and electro-
phoretic mobility, but they have the
same antigenic structures.
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