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Abstract�The disulfide bonds in γ-46 gliadin were identified: Cys
173

�Cys
192

, Cys
212

�Cys
291

, Cys
165
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199

 (or
Cys

200
), Cys

283
�Cys

200
 (or Cys

199
). The disulfide-containing peptides were obtained by limited hydrolysis of the

intact protein with chymotrypsin at an enzyme/substrate ratio of 1:1000 at 20°C for 22 h with subsequent
digestion of disulfide-containing fragments with trypsin and chymotrypsin. The locations of disulfide bonds
were determined by sequencing disulfide-containing fractions and constituent peptides and comparison of the
obtained sequences with the partial amino acid sequence of γ-46 gliadin determined earlier.
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The main storage proteins of wheat grains, also
known as gluten proteins, are classically subdivided into
the monomeric gliadins, which either contain (α- and
γ-type gliadins) or lack cysteine residues (ω-type
gliadins), and the polymeric glutenins consisting of high-
and low-molecular-weight subunits. The major differ-
ence between these two groups of proteins consists in
the ability of high- and low-molecular-weight glutenin
subunits to form polymers stabilized by inter-chain
disulfide bonds, while the gliadins are monomeric
proteins with intra-chain disulfide bonds [1]. Disulfide
bonds play a key role in the formation and viscoelastic
properties of the gluten. However, the determination
of disulfide bonds in prolamins is a challenging prob-
lem due to the unusual sequences and properties of
these proteins and their high heterogeneity. Neverthe-
less, in recent years considerable progress has been
achieved in this field [2]. However, it should be noted
that the disulfide bonds were determined in α- and γ-
type gliadins of unknown structure, and the proteins
isolated were not characterized except for the number
of cysteine residues [3, 4]. The determination of disulfide
bonds in these works was based on several known amino
acid sequences of the α- and γ-type gliadins [5-9], which
are highly homologous, especially around the cysteine
residues. It is evident that these results provide a general
idea of the disulfide bond arrangement in the gluten

proteins; however, it is impossible to assign these data
to a particular protein, taking into account that about
50 proteins are present in wheat endosperm. Therefore,
these data need to be confirmed. Earlier, in order to
identify disulfide bonds in gliadins, we determined the
partial amino acid sequence of γ-46 gliadin and showed
by mass spectrometry that all eight cysteine residues of
this protein were involved in intra-chain disulfide bonds
[10].

The objective of this work was to locate the disulfide
bonds in γ-46 gliadin. Preliminary results on this sub-
ject were reported earlier [11].

MATERIALS AND METHODS

Materials. Trypsin treated with tosylphenylalanine
chloromethyl ketone, Tris-HCl, and guanidine hydro-
chloride were obtained from Sigma (USA). Chymo-
trypsin (3 × recrystallized) was from Serva (Germany).
4-Vinylpyridine (Fluka, Switzerland) was distilled under
argon. All reagents and solvents for sequencing were
obtained from Applied Biosystems (USA). Acetonitrile
UV was obtained from Lekbiofarm (Russia). Water was
purified using a Milli Q System (Millipore, USA). All
other reagents were of analytical grade.

Protein purification. The γ-46 gliadin isolated from
the Hardi cultivar was provided by Y. Popineau (Labo-
ratory of Technology and Biochemistry of Proteins,
Nantes, France). It was additionally purified by RP-
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HPLC on an Aquapore RP-300 column (4.6 × 220 mm)
with a linear acetonitrile gradient from 20 to 50% for
40 min at a flow rate of 0.5 ml/min. Solvent A was
0.1% (v/v) TFA in water, and solvent B was acetonitrile
in 0.08% (v/v) TFA.

Limited hydrolysis of γγγγγ-46 gliadin with chymotrypsin.
One milligram of the intact protein was digested with
1 µg of chymotrypsin in 1 ml of 0.05 M ammonium
bicarbonate buffer containing 10% dioxane and 0.002 M
CaCl2 at 22°C for 22 h. The peptides obtained were
separated by RP-HPLC. This allowed us to isolate a
disulfide-containing fragment (fraction 10) [10].

Exhaustive enzymatic hydrolysis of disulfide-contain-
ing fragments. Fraction 10 obtained by limited hydroly-
sis of the intact γ-46 gliadin with chymotrypsin was
further digested with 5 µg of trypsin at 37°C for 6 h.
The disulfide-containing fraction 10-5 was further di-
gested with 5 µg of chymotrypsin at 37°C for 16 h. The
peptides were separated by RP-HPLC.

Identification of disulfide-containing fragments. The
disulfide-bonded peptides isolated by RP-HPLC were
identified, as described in [10], by reduction and alkyla-
tion of the chromatographic fractions with subsequent
separation of peptides in the same acetonitrile gradient
as for separation of the original mixture.

Determination of N-terminal amino acid sequences
was performed on a model 816 protein sequencer
(Knauer, Germany) supplied with a PTH Analyzer
(Applied Biosystems, USA) operating according to the
manufacturers� protocols. Peptide samples were dis-
solved in 30% acetonitrile containing 0.1% TFA and
applied to Immobilon P membrane (Millipore, USA)
pretreated with polybrene (Sigma) and subjected to three
cycles of sequencing.

RESULTS AND DISCUSSION

Several complete amino acid sequences of α- and
γ-type gliadins deduced from cDNA are presently
available [5-9]. α- and γ-type gliadins differ not only
in size, but in the number of cysteine residues as well:
the α-type gliadins contain six cysteine residues, while
γ-gliadins have eight cysteine residues, and six of them
are conserved. The sequences around cysteine residues
are highly homologous [2]. Using modern methods of
protein chemistry, we determined the partial amino acid
sequence (207 amino acid residues) of γ-46 gliadin [10].
Using time-of-flight electrospray mass spectrometry, we
were the first to show that this protein contains eight
cysteine residues, and all of them are involved in the
formation of disulfide bonds. In addition, by limited
hydrolysis of intact γ-46 gliadin with chymotrypsin, we
isolated a disulfide-containing fragment (fraction 10).
The primary structure of γ-46 gliadin was most similar
to the pW1621 clone gliadin (308 amino acid residues)

[8], whose structure was later refined: Ser-173 was
substituted by Cys173 (G. Gallili, personal communica-
tion). The Mr (measured) of γ-46 gliadin is 35191.3,
while Mr (calculated without considering disulfide
bonds) of the clone pW1621 gliadin is 35144.6. In both
proteins the number of cysteine residues and surround-
ing amino acid sequences are similar. Of 207 amino
acid residues determined in γ-46, only three substitu-
tions (compared to the pW1621 clone gliadin) were
found [10]. So, for convenience, the amino acid residues
in the γ-46 gliadin were numbered as in the clone
pW1621 gliadin [8].

In this work, to locate disulfide bonds in γ-46, the
disulfide-containing fraction 10 was first digested with
trypsin, and the peptides obtained were separated by
RP-HPLC (the figure, panel (a)). For identification of
disulfide-containing fragments, the main chromato-
graphic fractions were reduced, alkylated with 4-
vinylpyridine, and separated by RP-HPLC under the
same conditions as for fraction 10. The peptides ob-
tained and the original disulfide-containing fractions
were sequenced. Accordingly, we identified two major
disulfide-containing fractions: fraction 10-4 and frac-
tion 10-5. Fraction 10-4 consisted of two peptides
containing Cys173 (K) and Cys192 (L) (designations of
cysteine residues in the superfamily of cereal prolamins
are given in [12]), and fraction 10-5 consisted of three
peptides containing six cysteine residues Cys165 (B),
Cys199 (C), Cys200 (D), Cys212 (F), Cys283 (G), and Cys291

(H) (the table). Fraction 10-5 was further subjected to
exhaustive hydrolysis with chymotrypsin, and the prod-
ucts of the reaction were separated by RP-HPLC (the
figure, panel (b)). The subsequent analysis allowed us
to identify two cysteine-containing fractions: 10-5-5 and
10-5-8 (the table). Of them, fraction 10-5-5 consisted
only of two peptides containing cysteine residues Cys212

(F) and Cys291 (H), while fraction 10-5-8 consisted of
three peptides containing Cys165 (B), Cys199 (C), Cys200

(D), and Cys283 (G). As follows from the partial struc-
ture of γ-46, two cysteine residues, Cys199 (C) and Cys200

(D), are adjacent. These results show that Cys165 (B)
is either connected with Cys199 (C) or with Cys200 (D);
and similarly, Cys283 (G) is either linked to Cys199 (C)
or Cys200 (D). All attempts to identify disulfide bonds
involving adjacent cysteine residues were unsuccessful.
Recently, the disulfide bonds in γ- [4] and α-type [3]
gliadins of unknown structure and in γ-46 gliadin (H.
Wieser, personal communication) have been reported.
These data agree with our findings. The arrangement
of disulfide bonds in these proteins was determined by
sequencing disulfide-containing fragments and compari-
son of the obtained sequences with α- and γ-gliadins,
whose amino acid sequences were deduced from the
cDNA of hexaploid wheat. In these communications,
as in our work, the disulfide bonds involving adjacent
cysteine residues Cys199 (C) and Cys200 (D) were not
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RP-HPLC separation of disulfide-containing peptides of γ-46 gliadin on an Aquapore RP-300 column (4.6 × 220 mm). Peptides
were eluted with an acetonitrile gradient at a flow rate of 0.5 ml/min. Solvent A, 0.1% TFA; solvent B, acetonitrile in 0.1% TFA.
a) Separation of the tryptic peptides of fraction 10. Peptides were eluted with an acetonitrile gradient: 0-40% B for 60 min and
40-60% B for 30 min. b) Separation of the chymotryptic peptides of fraction 10-5 (panel (a)) with an acetonitrile gradient from
0 to 50% B for 70 min.
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Disulfide-containing fragments of γ-46 gliadin

154IQPSLQQQLNPCKNILLQQCKPASLVSSLW183

184SIIWQSDCQVMRQQCCQQLAQIPQQLQCAAIHSVVHSI...PL242

273SQQVG...IRSLV...TMCNVYVPPECSIMRA...Q308

167NILLQQCKPASLVSSLW183

184SIIWQSDCQVMR196

154IQPSLQQQLNPCK166

197QQCCQQLAOIPQQLQCAAIHSVVSI...PL242

273SLVLQTLPTMCNVYVPPECSIMR295

204AQIPQQLQCAAIHSVVHSI...PL242

287VPPECSIMR295

159QQQLNPCK166

197QQCCQQL203

277QTLPTMCNVY286

Cys165, Cys173

Cys192, Cys199,
Cys200, Cys212

Cys283, Cys291

Cys173�Cys173

Cys165

Cys199, Cys200,
Cys212

Cys283, Cys291

Cys212�Cys291

Cys165�Cys199

(or Cys200)

Cys283�Cys200

(or Cys199)

S�S-containing frag-
ment (fraction 10)
obtained by limited
hydrolysis of the in-
tact protein with
chymotrypsin [10]

obtained by diges-
tion of fraction 10
with trypsin

same as above

obtained by diges-
tion of fraction 10-
5 with chymotrypsin

same as above

Fraction
number

Amino acid sequence of disulfide-containing peptides*
Cysteine residues,

S�S bonds
Note

Sequenced amino acid sequences of disulfide-containing fragments are underlined. The partial amino acid sequence of γ-46 necessary
for the identification of disulfide-containing fragments is shown in [10]. Cysteine, lysine, and arginine residues are given in bold.

 *
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10-5-5

10-5-8
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located. Our data show that γ-gliadins have four
disulfide bridges (K�L, B�C, or D, G�B or C, and F�
H) and lack free sulfhydryl groups. Comparative analy-
sis indicates that, in α-type gliadins, the disulfide bridge
F�H is missing.

This work was supported in part by the Russian
Foundation for Basic Research (grant No. 96-04-49850).
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