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Capillary zone electrophoresis (CZE) of endosperm storage proteins phosphate, pH 2.5, containing 0.05% hydroxypropylmethylcellulose

was used to differentiate cultivars of both oats and rice in less than 12 (HPMC). Most cultivars were differentiated quickly and easily. Only themin. This is the first report that proteins of these two cereals have been patterns of two rice cultivars, IR36 and IR50, were nearly identical. Thereseparated by CZE. Cultivars were chosen for the difficulty of differen- were no differences between IR36 and IR50 extracts by high-performancetiating them by other means, electrophoretic or chromatographic. Ethanol liquid chromatography (HPLC) or acid (A)-polyacrylamide gel electro-(70%) extracts of the oat samples were separated on a 20-yrm i.d. untreated phoresis (PAGE). CZE is a faster method of separating endosperm storagefused-silica capillary, whereas rice samples were extracted with 60% 1- proteins than A-PAGE and separates as least as well and better in mostpropanol, and the solubilized proteins were separated on a 50-,um i.d. cases than either A-PAGE or reversed phase (RP)-HPLC.untreated fused-silica capillary. The CZE separation buffer was 0.1M

The ability to correctly differentiate and identify cultivars of
cereal grains is an important aspect of cereal science. Poly-
acrylamide gel electrophoresis (PAGE) and high-performance
liquid chromatography (HPLC) are the laboratory methods of
choice. Gel electrophoresis methods, usually acid (A)-PAGE or
sodium dodecyl sulfate (SDS)-PAGE, are the established tech-
niques for separation of proteins. However, they have several
drawbacks that include the use of toxic reagents, long analysis
times, and data that are difficult to quantify and interpret. The
electrophoretic methods and extraction conditions used to differ-
entiate cultivars of all major cereal crops were recently reviewed
by Lookhart (1990). Lookhart and Wrigley (1995) reviewed
electrophoretic methods for varietal identification. The methods
varied widely in extraction procedures, in proteins analyzed, and
in the type of electrophoresis. Analysis times ranged from 1 to
12 hr (Lookhart 1990, Lookhart and Wrigley 1995).

Reversed-phase (RP)-HPLC has also been used to differentiate
cereal cultivars, alone and as a complement to A-PAGE, for rice
(Lookhart et al 1987, Lookhart et al 1991, Huebner et al 1991,
Lookhart and Juliano 1994), oats (Lookhart 1985, Lookhart and
Pomeranz 1985, Bakhella et al 1992), barley (Marchylo and
Laberge 1980, Heisel et al 1986), and wheat (Bietz 1983, Lookhart
et al 1986, Lookhart and Albers 1988, Bakhella et al 1991).

Recently, wheat proteins were characterized by a new technique,
capillary zone electrophoresis (CZE) (Bietz and Schmalzried 1992,
1993; Bietz and Lookhart 1994; Lookhart et al 1994; Werner
et al 1994; Lookhart and Bean 1995). An aluminum lactate buffer,
in conjunction with capillaries coated with Microcoat (a patented
coating by Perkin-Elmer that reversed the charge on the inside
of the capillary), was used by Werner et al (1994) to separate
gliadins. The charge reversal on the capillary walls reduced the
interaction with, and improved the separation of, the positively
charged gliadins in the aluminum lactate buffer. In addition,
glutenins were separated by an entangled polymer, ProSort (Perkin

'Cooperative investigations: USDA-ARS and the Department of Grain Science
and Industry, Kansas State University. Contribution 95-204-J, Department of Grain
Science and Industry, Kansas State Agricultural Experiment Station, Manhattan.

Mention of firm names or trade products does not constitute endorsement by
the U.S. Department of Agriculture over others not mentioned.2
Research chemist, USDA-ARS, Grain Marketing Research Laboratory, Man-
hattan, KS.

3Research assistant, Department of Grain Science and Industry, Kansas State Uni-
versity, Manhattan.

This article is in the public domain and not copyrightable. It may be freely
reprinted with customary crediting of the source. American Association of
Cereal Chemists, Inc., 1995.

Elmer), after extraction with SDS (Werner et al 1994). The other
authors (Bietz and Schmalzried 1992, 1993; Bietz and Lookhart
1994; Lookhart et al 1994; Lookhart and Bean 1995) used a low
pH (2.5) commercial (Bio-Rad) phosphate buffer to separate
wheat gliadins. The method of Lookhart and Bean (1995) opti-
mized the time, resolution, and reproducibility for the separation
of those proteins. It allowed the separation of wheat gliadins
in less than 10 min, while providing a relative standard deviation
of 0.6% for elution times.

For uncoated capillaries, phosphate offers a distinct advantage
over other buffer systems. Phosphate forms complexes with silanol
groups present on the inside of silica capillaries, thus providing
capillaries that have been partially deactivated (Mitsyuk 1972,
McCormick 1988). As pH is decreased, the charge on the inside
wall of the capillary also decreases. At pH 2.5, the charge on
the capillary wall is almost zero (McCormick 1988, Zhu et al
1989, Kuhn and Hofstetter-Kuhn 1993). This reduces electro-
osmotic flow (EOF) (the bulk movement of solvent in a capillary
toward the cathode) due to the negative charged silanol groups
and reduces protein attraction to the wall. Therefore, we have
tested the ability of CZE using low pH phosphate buffers to
separate rice and oat prolamins. Hydroxypropylmethylcellulose
(HPMC) was added to the buffer to further reduce EOF (Kuhn
and Hofstetter-Kuhn 1993) and reduce attraction of proteins to
the wall, which may lead to improved reproducibility. In separa-
tions that depend on EOF, minor perturbations in pH, ionic
strength, and capillary-wall conditioning cause reproducibility
problems. On the other hand, separations that depend on electro-
phoretic mobility for transport through the capillary are not sub-
ject to those variations (McCormick 1988).

While not a new technology, CZE has recently undergone con-
siderable development and offers a rapid technique that is easily
automated and requires little sample or reagents to operate (Chen
1991). CZE is thus well suited for rapid cultivar identification
of rice and oats, alone and as a complement to older techniques.
This study demonstrates the use of CZE for rapid separation
and differentiation of rice and oat cultivars, and establishes the use
of CZE as an effective technique for rapid cultivar identification.

METHODS AND MATERIALS

Oat Samples
Eight oat cultivars (Dal, Garry, Kelsey, Lang, Lodi, Nodaway,

Nodaway 70, and Rodney) and two recent releases (Gopher and
Troy) were obtained from breeders of five major oat-producing
states (Lookhart 1985). A-PAGE was used to segregate the 23
major U.S. oat cultivars into three groups with identical electro-
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phoretic patterns (group 1: Benson, Dal, Garry, Lodi, Lyon,
Moore, and Wright; group 2: Harmon, Kelsey, Lang and Rodney;
and group 3: Nodaway and Nodaway 70) and 10 cultivars with
unique A-PAGE patterns. RP-HPLC subdivided group 1 into
two groups of similar patterns: group IA (Benson, Dal, Lyon,
and Wright) and group l B (Garry, Lodi, and Moore). The cultivars
chosen as examples for CZE differentiation were three cultivars
(Dal, Garry, and Lodi) from groups 1 A and 1 B; three cultivars
(Kelsey, Lang, and Rodney) from group 2; both cultivars in group
3; and the two new releases (Gopher and Troy).

Rice Samples
The rice cultivars tested for CZE differentiation were six rice

lines from B. 0. Juliano (International Rice Research Institute
[IRRI], Philippines) and five U.S. rice cultivars from Bill Webb
(USDA Rice Quality Lab, Beaumont, TX). Those cultivars were
previously analyzed by HPLC (Lookhart et al 1991). The IRRI
lines included IR28, IR30, IR36, IR42, IR50, and IR62. The
U.S. rice cultivars consisted of three long-grain cultivars (Lemont,
L202, and Newbonnet); a medium-grain cultivar (Mars); and a
short-grain cultivar (S201).

Extraction of Avenins
Avenins were extracted from crushed whole oats by 70% ethanol

as previously described for wheat prolamins (Lookhart et al 1986)
or ground oats (Lookhart 1985). All samples were analyzed within
24 hr of extraction. Extracts were stirred constantly with micro
stir bars (3 X 10 mm) on a Corning (PC-353) stirrer plate.

Extraction of Rice Prolamins
Ground rice or rice flour (200 mg) was placed in 3-dram (12-ml)
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Fig. 1. Capillary zone electrophoresis patterns of 70% ethanol extracts
(avenins) of oat cultivars Dal, Garry, and Lodi, whose polyacrylamide
gel electrophoresis and high-performance liquid chromatography patterns
were nearly identical. Extracts were pressure-injected (8 sec) into a 20-,m
i.d. fused-silica capillary and separated at 45°C and 22 kV using O.1M
phosphate buffer (pH 2.5) containing 0.05% hydroxypropylmethylcellu-
lose. Capillary was 27-cm long (20-cm, inlet to detector). Detection wave-
length was 200 nm.

glass vials (Kimble 60975-L) and extracted with 60% 1-propanol
(2.5 X weight) for 1 hr at room temperature. This method was
similar to that reported by Lookhart et al (1991) for HPLC analysis
of rice. Minor peak pattern variations were found when the sample
was not continuously stirred during extraction with 60% 1-propanol.
Other alcohol solvents (ethanol, methanol, and 2-propanol) and-
percentages (30-70%) caused minor CZE peak pattern variations.

Capillary Zone Electrophoresis
A Beckman P/ACE 2100 system was used to characterize all

extracts. Capillary cleaning protocols were identical to those re-
ported by Lookhart and Bean (1995) for wheat, except that
phosphoric acid (L.OM) was substituted for nitric acid. All capil-
laries used in this experiment were uncoated fused-silica and were
27-cm long (20 cm, inlet to detector). A 0.1 M phosphate buffer
at pH 2.5 (1.839 ml of concentrated phosphoric acid and 8.47 g
of sodium monobasic phosphate [MW = 120] to IL) containing
0.05% HPMC (Sigma Chemical, Co., H-7509, viscosity of 2%
solution 4,000 cp) (0.500 g/ L) was used for all separations. It
was as reproducible as the similar commercial phosphate buffer
from Bio-Rad. Detection was by absorbance at 200 nm. The total
run time including analysis, washing, and equilibration was 24 min.

Oats
All avenin separations were conducted in a 20-,tm i.d. untreated

fused-silica capillary (27-cm long; 20 cm, inlet to detector). The
separation conditions for avenins were the same as those used
by Lookhart and Bean (1995) for wheat gliadins (45° C and 22 kV),
except that avenins were loaded by pressure injection for 8 sec
(0.504 nl, Lookhart and Bean 1995).

Rice
Rice prolamins were separated using a 50-,tm i.d. fused-silica

capillary. Rice extracts were pressure-injected for 5 sec (12.2 nl)
(Lookhart and Bean 1995) and separated at 40'C and 10 kV.
The larger capillary i.d. permitted use of larger volumes of extract
(12.2 nl), necessary because of the limited amount of prolamin
in rice (<3%) (Lookhart 1990).

RESULTS AND DISCUSSION

Oats
Excellent separations of oat storage proteins were achieved by

CZE (Fig. 1). At least 12 peaks were found in the CZE patterns
of the alcohol extracts of cultivars Garry and Lodi. Using the
same extraction conditions, the storage proteins of oat cultivars
Garry and Lodi exhibited 11 peaks and 4 bands by RP-HPLC
and A-PAGE, respectively (Lookhart 1985). Clearly, CZE has
an advantage over A-PAGE in speed and resolution. CZE and
RP-HPLC techniques are similar in automation capabilities but
differ slightly in analysis time and resolution. CZE and RP-HPLC
techniques are complementary, since free-zone CZE separates on
the basis of charge (like A-PAGE), whereas RP-HPLC separates
on the basis of hydrophobicity.

Protein peaks eluting in the 3-4 min range using a 20-,tm i.d.
capillary from the oat extracts may be albumins or globulins,
since Lookhart and Bean (1995) found that 30% ethanol extracts
of ground wheat exhibited albumins and globulins eluting at 3-4
min. The difference in selectivity between 30% ethanol and 70%
ethanol, for water or salt soluble proteins, would result in more
albumins and globulins extracted in 30% ethanol than in 70%
ethanol. And, since up to 80% of oat proteins are albumins and
globulins (Lookhart 1990), compared to 15% in wheat, some oat
albumins and globulins would be extracted. The HPLC patterns
of the prolamin extracts (with the same solvent) would also be
expected to contain the same amount of albumins and globulins,
and those patterns have been used to diferentiate oat cultivars
(Lookhart 1985). Therefore, the CZE patterns, with the ability
to separate the albumins and globulins from the prolamins, are
even more powerful for cultivar differentiation.

Reproducibility of replicated (5X) CZE patterns of avenins
extracted from the cultivar Garry showed relative standard devia-
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