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Capillary electrophoresis rinsing protocols and buffer compositions 0.05% hydroxypropylmethylcellulose. Twenty percent acetonitrile pro-
were optimized to improve the resolution and reproducibility of cereal vided optimal resolution, while maintaining excellent reproducibility.
prolamin separations. Capillary cleaning protocols were varied to im- That buffer provided high resolution of wheat and oat prolamins. Reso-
prove reproducibility. Four cleaning regimes were tested; the optimum lution of rice prolamins also improved using that buffer, but best resolu-
was a 4-min rinse with IM phosphoric acid. Several buffer modifiers tion of rice prolamins was found when lauryl-sulfobetain at its critical
were tested for use with 100 m.M phosphate buffer (pH 2.5) containing micelle concentration (26 mM) was also added.

Cereal proteins have been studied by many analytical
techniques due to their relationships with quality and varietal
identification. Polyacrylamide gel electrophoresis (PAGE) and
high-performance liquid chromatography are currently the
methods of choice. Gel electrophoresis, acid-PAGE, and sodium
dodecyl sulfate-PAGE are the established methods for protein
separations. However, these methods have several drawbacks,
including the use of toxic reagents, long analysis times, and diffi-
culties in quantifying and interpreting data. Electrophoretic meth-
ods and extraction conditions used to differentiate cultivars of all
major cereal crops were recently reviewed by Lookhart (1990)
and Lookhart and Wrigley (1995).

Reversed-phase high-performance liquid chromatography has
also been used to differentiate cereal cultivars, alone and as a
complement to acid-PAGE, for rice (Lookhart et al 1987, 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, Huebener and Bietz 1994).

Recently, wheat proteins were characterized by a new tech-
nique, capillary electrophoresis (CE) (Bietz and Lookhart 1994;
Werner et al 1994; Lookhart et al 1994, Bietz and Schmalzried
1995; Lookhart and Bean 1995a,b). An aluminum lactate buffer,
in conjunction with capillaries coated with Microcoat (Perkin-
Elmer), was used by Weiner et al (1994) to separate gliadins. The
other authors (Bietz and Lookhart 1994; Bietz and Schmalzried
1995; Lookhart and Bean 1995a,b) used primarily a low-pH (2.5)
commercial (Bio-Rad) phosphate buffer to separate cereal
proteins. Further modifications of this method reduced the time
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and optimized the resolution and reproducibility for separation of
those proteins (Lookhart and Bean 1995a). Gliadins were
separated in less than 10 min, with a relative standard deviation
(RSD) of 0.6% for migration times.

CE of cereal proteins has recently undergone considerable de-
velopment. It is a rapid technique, easily automated, that requires
little sample or reagents (Chen 1991). We have shown that reso-
lution and reproducibility could be further improved when wash
procedures were optimized and buffers containing organic modi-
fiers were used. These studies confirm that CE is a highly resolv-
ing, reproducible technique for rapid cereal cultivar identification
and protein characterization.

MATERIALS AND METHODS

Samples
Wheat cultivars (TAM 107 and TAM 105) used in this experi-

ment were from the Grain Quality and Structure Research Unit
(Hard Winter Wheat Quality Laboratory) in Manhattan, KS.
Flours from each wheat were produced by a Brabender Quadru-
mat Senior Experimental Mill.

One oat cultivar, Troy, was selected for analysis from those
already analyzed by CE (Lookhart and Bean 1995b). Likewise,
one rice cultivar (IR-28) was used (Lookhart and Bean 1995b).

Protein Extraction
Wheat proteins (gliadins) were extracted as previously

described (Lookhart and Bean 1995a). Oat proteins (avenins) and
rice prolamins were extracted as previously described by
Lookhart and Bean (1995b). Glutenins were extracted and pre-
cipitated as described by Marchylo et al (1988).

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

extracts. Capillaries used were uncoated fused-silica, 27 cm long
(20 cm separation length). Wheat and oat samples were analyzed
on a 20-km i.d. capillary, while rice samples were analyzed on a
50-gm i.d. capillary. Voltages and temperatures depended on the
buffer system used (see figure legends). All samples were pres-
sure-injected for 5 sec. Proteins were monitored by UV detection
at 200 nm.

Capillary cleaning protocols. Four capillary cleaning protocols
were used: 1) O.1M NaOH, IM phosphoric acid, water rinse; 2)
0.1M NaOH rinse; 3) water rinse; and 4) 1M phosphoric acid
rinse.
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Preinjection rinse. Before injection, capillaries were rinsed for
4 min with 0.1M phosphate buffer, pH 2.5, containing 0.05%
hydroxypropylmethylcellulose. When an organic modifier was
present in the buffer, capillaries were rinsed for 2 min with the
above phosphate buffer and then for 4 min with buffer containing
the organic modifier.

Buffer modifiers. Acetonitrile (ACN), dimethylsulfoxide,
dimethylformamide, methanol, 2-methoxyethanol, and 2-pro-
panol (each at 10, 20, and 30% v/v) and ethylene glycol (5 and
20% v/v) were tested as buffer modifiers. The ACN-modified
phosphate buffer was further tested at 15, 25, 30, and 40%.
Zwitterionic detergents CHAPS (3-[(3-cholamidopropyl)-
dimethylammonio]- 1 -propanesulfonate) (Sigma C-3023), lauryl-
sulfobetain (SB- 12) (N-dodecyl-NN-dimethyl-3-ammonio- 1-
propanesulfonate) (Sigma D-4516), and octyl-sulfobetain (SB-8)
(N-octyl-N,N-dimethyl-3-ammonio- 1-propanesulfonate) (Sigma
0-6626) and the nonionic detergent Brij-35 (polyoxyethylene 23
lauryl ether) (Sigma P-1254) were tested with the 20% ACN
buffer. Hexane sulfonic acid (HSA) (Sigma H-9026) was also
tested. The phosphate buffer used in all analyses was made as
previously described (Lookhart and Bean 1995b). In all cases, the
phosphate concentration of the buffer was 100 mM.

RESULTS AND DISCUSSION

Cleaning Protocols
Cleaning protocols were varied to give optimal reproducibility

with minimal wash time. We had previously rinsed capillaries
with 0. iM NaOH, IM phosphoric acid, and water (Lookhart and
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Fig. 1. Capillary electrophoresis gliadin patterns of TAM 107 separated
with 100 mM phosphate buffer, pH 2.5, containing 0.05% hydroxypro-
pylmethylcelluose (A), or buffer A plus an organic modifier; 20%
acetonitrile (B), 20% methanol (C), 20% 2-methoxyethanol (D), 20% 2-
propanol (E), or 20% ethylene glycol (F). Separations were carried out
in 27-cm (20-cm separation length) x 20-,um i.d. capillaries at 15 kV (+
to -) and 45°C. Samples were pressure-injected (5 sec).

Bean 1995b). This procedure yielded good reproducibility but
may not be the best possible method for several reasons. First,
phosphate binds to silica (Mitsyuk 1972), forming partially deac-
tivated capillaries (McCormick 1988). Furthermore, only alkaline
washes, and not buffer or water washes, can remove these phos-
phate groups from the capillary walls (McCormick 1988). Thus,
rinsing with NaOH may disrupt the uniformity of the capillary
walls from run to run. Second, the inside surfaces of silica capil-
laries display a charge hysteresis when the pH is changed (Kohr
and Englehardt 1991). Therefore, use of a high-pH rinse (e.g.,
NaOH) with a low-pH buffer may make it difficult to establish a
uniform surface on the capillary walls between runs. Third, capil-
laries rinsed with NaOH and organic solvents produce unstable
migration times (Smith et al 1991). This could lead to repro-
ducibility problems when using NaOH rinses and organic
modifiers in the buffers (see below).

Good results were obtained with all four cleaning procedures.
However, water alone does not remove many adsorbed proteins
from capillary walls and leads to long-term reproducibility
problems. Likewise, NaOH rinses lead to problems in
establishing a uniform capillary wall surface between runs, as
discussed above. Use of IM phosphoric acid as the only rinse
avoids many of these problems. It removes most adsorbed pro-
teins, does not perceptibly disturb the capillary walls, and main-
tains the bound phosphates between runs (Mitsyuk 1972). The
best reproducibility found in this study was obtained using IM
phosphoric acid as the only rinse. The phosphoric acid rinse pro-
duced RSDs for migration times ranging from 0.1 to 0.2%, while
the other rinses produced RSDs ranging from 0.6 to 2%. This
reproducibility was better than that reported for wheat gliadins
(Bietz and Schmalzreid 1995, Lookhart and Bean 1995a). Better
reproducibility of peptide separation times was also obtained
when capillaries using low-pH buffers were washed with acidic
rinses (Strickland and Strickland 1990). Finally, use of the single
postseparation rinse simplified the procedure and reduced the
total analysis time by 20-25%.

Buffer Modifiers
Effects of organic modifiers on cereal protein separations were

tested with several buffer systems. Figure 1 shows CE patterns of
TAM 107 gliadin extracts in the pH 2.5 phosphate buffer contain-
ing 0.05% hydroxypropylmethylcellulose modified with 20% of
either ACN, methanol, 2-methoxyethanol, 2-propanol, or ethylene

TABLE I
Reproducibility of Migration Times of 15 TAM 107 Gliadin Peaks

Using the P-ACNa Buffer System
over a Period of 20 Runs

Migration Time

Relative Standard
Average Standard Deviation

Peak No. Minutes Deviation (%)

1 6.81 0.0074 0.11
2 7.12 0.0088 0.12
3 7.60 0.0088 0.12
4 7.93 0.0094 0.12
5 8.50 0.0109 0.13
6 9.13 0.0132 0.14
7 9.54 0.0155 0.16
8 9.84 0.0150 0.15
9 10.19 0.0167 0.16

10 11.40 0.0203 0.18
11 12.02 0.0226 0.19
12 12.56 0.0247 0.20
13 13.70 0.0277 0.20
14 13.88 0.0273 0.20
15 16.58 0.0370 0.22

a 100 mM phosphate buffer (+0.05% hydroxypropylmethylcelluose)
containing 20% acetonitrile.
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