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Amino acid sequences have been determined for a 25-residue C-terminal
peptide and for two 9-residue peptides, all derived from cyanogen bromide
fragmentation of a low molecular weight glutenin subunit (LMW-GS)
with the N-terminal sequence: serine-histidine-isoleucine-proline-glycine-
(LMW-s type). Previously, only N-terminal amino acid sequences have
been available for LMW-s types, which appear to be the predominant
LMW-GS type in hexaploid and tetraploid wheats. N-terminal sequences
and complete sequences based on DNA sequences have been available,
however, for subunits of the LMW-m type. These have the N-terminal

Direct sequence analysis of the low molecular weight glutenin
subunit (LMW-GS) proteins of hexaploid and tetraploid wheats
indicates that the two main types are coded at the Glu-3 loci,
with some minor types similar to a- and -y-gliadins coded at
the Gli-J and Gli-2 loci (Lew et al 1992). The predominant subunit
type coded at Glu-3 has an N-terminal sequence beginning with:
serine-histidine-isoleucine-proline-glycine- (Shewry et al 1986,
Tao and Kasarda 1989, Wieser et al 1990, Lew et al 1992, Masci
et al 1995). No DNA sequences have been reported for this subunit
type, designated as LMW-s; the only sequence information avail-
able are N-terminal amino acid sequences ranging up to 21 residues
in length. Complete DNA sequences have been available only
for the other type -of subunit, designated LMW-m, that has an
N-terminal sequence beginning with: methionine-glutamic acid-
threonine-serine-cysteine- (Lew et al 1992).

When the N-terminal amino acid sequence of an LMW-s type
subunit (Fig. 1, peak 10; Lew et al 1992) and an LMW-m type
amino acid sequence are aligned to maximize homologies, dis-
placing the N-termini by three residues, there is a 76% identity
between the aligned regions. Notable in this region is the presence
of a cysteine residue at position 5 in some LMW-m types and
its absence in the LMW-s type. Quality characteristics of the
wheat glutenin proteins are related to the number and arrangement
of cysteine residues in their primary structures, which determine
their ability to form polymers of protein subunits through inter-
molecular disulfide bond formation. The absence of a cysteine
residue at position 5 in the LMW-s type sequence (with consequent
implications for formation of disulfide polymers) and the failure
to clone genes corresponding to the LMW-s type sequence seemed
sufficient reason to make further structural comparisons between
the LMW-s and the LMW-m type subunits.

Additionally, because it would be desirable to have a complete
sequence of the LMW-s type subunit, we thought that if sufficient
differences at the C-termini were present, this would make it pos-
sible to synthesize DNA primers that could be used for PCR
amplification of the LMW-s type gene. Accordingly, we purified
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sequence: methionine-glutamic acid-threonine-serine-cysteine-. All three
peptides prepared from the LMW-s type subunit showed strong sequence
similarities to LMW-m type subunits from hexaploid and tetraploid bread
wheats. The 25-residue C-terminal fragment was 80% identical to DNA-
derived sequences of specific LMW-m types. Two of the peptides contained
cysteine and showed homology around these cysteines with LMW-m type
sequences. The results support the basic similarity between LMW-s and
LMW-m glutenin subunits.

the protein corresponding to peak 10 (LMW-s type) described
by Lew et al (1992) and conducted cyanogen bromide (CNBr)
fragmentation. We determined the amino acid sequence of the
C-terminal peptides and two smaller peptides, and compared them
with published DNA-derived sequences of LMW-m type glutenin
subunits.

MATERIALS AND METHODS

Glutenin Preparation
Wheat grain of the Triticum aestivum cultivar Yecora Rojo,

lot CWC-141, was obtained from the California Wheat Commis-
sion. Milling was performed using a Brabender Quadrumat Senior
mill (C. W. Brabender, South Hackensack, NJ). Protein content
was 11%, based on a 13% moisture content. The white flour frac-
tion (endosperm) was used for protein preparations. Glutenins
were prepared after the method of Singh et al (1991). Briefly,
50 mg of flour was placed in a 1.5-ml Eppendorf tube. Gliadins
were extracted for 30 min at 65°C with I ml of 2-propanol and
water (1:1). Samples were vigorously mixed at 10-min intervals.
The tube was then centrifuged for 10 min at 5,000 rpm in an
Eppendorf centrifuge. The gliadin-containing supernatant
solution was removed by aspiration and discarded. Extraction
and centrifugation were repeated three times. The final centri-
fugation was for 15 min at 14,000 rpm.

The gliadin-free pellet was suspended in 1 ml of pH 8.1, 0.1 M
Tris-HCl 2-propanol and water (1:1). Four mg of dithiothreitol
was added, the pellet was vortexed, and reduction was performed
at 650C for 30 min. During that interval, the pellet was vortexed
three times. After reduction, the pH was lowered by the addition
of 100 ,ul of 88% formic acid, and the suspension was centrifuged
for 15 min at 14,000 rpm. The supernatant solution was transferred
to a clean Eppendorf tube and centrifuged as before. In prepara-
tion for reverse-phase high-performance liquid chromatography
(RP-HPLC) purification of the glutenin proteins, 0.5 ml of the
centrifuged solution was diluted to 2 ml with 0.1% trifluoroacetic
acid (TFA) and loaded into a 2-ml HPLC injection loop.

HPLC Purification
The sample was injected onto an analytical (4.6- X 250-mm)

Vydac C-4 reverse-phase column equilibrated with a mixture of
70% of the aqueous solvent (A) and 30% of the organic solvent
(B). Five minutes after injection, a linear gradient of 1 10-min
duration, from 30 to 65% solvent B was used to elute the glutenins.
Solvent A was 0.1% TFA in water. Solvent B was 0.1% TFA
in acetonitrile (MeCN), 2-propanol, and H20 (6.75:2.25:1) (Vensel
et al 1989). The elution volume of the peak corresponding to
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peak 10 of Lew et al (1992) was collected and dried (Savant
Speed Vac) in preparation for reduction and alkylation.

Reduction and Alkylation
The peak 10 material was dissolved in 1 ml of 6M GuHCl

(pH 8.2) 0.1M in Tris-HCl. Then 3.2 mg of dithiothreitol was
added, and reduction was allowed to proceed for 1 hr at 650C.
The tube was cooled to room temperature, 6.4 AI of 4-vinylpyridine
was added, and the contents of the tube was thoroughly mixed.
Pyridylethylation was allowed to proceed at room temperature
for 30 min. After the addition of 100 /.d of 88% formic acid
to the reaction mixture, the tube was vortexed and the pyridyl-
ethylated proteins were immediately purified by HPLC.

CNBr Fragmentation
CNBr fragmentation of the material corresponding to peak

10 (Lew et al 1992) was performed by dissolving it in 50 /.d of
70% formic acid, adding 4 Ad of 4M CNBr (in MeCN), and allowing
the reaction to proceed for 22 hr, at room temperature, in the
dark. The reaction mixture was dried, treated with 2 1.l of neat
aminoethanol (Tarr and Crabb 1983) for 20 min at room tempera-
ture, then the aminoethanol was removed under vacuum.

Separation of CNBr Fragments
The dried CNBr fragmentation mixture was dissolved in 20

1AI of 0.1% TFA in water and injected onto a 2- X 250-mm Vydac
C-4 column. A linear gradient of 30-min duration, starting from
100% of solvent A (0.1% TFA and water) and extending to 60%
of solvent B (0.09% TFA and MeCN) at a flow rate of 250 Ml/
min, was delivered using a high-pressure liquid chromatograph
(Hewlett Packard HP1090); detection was made with a Hewlett
Packard diode array detector at wavelengths of 205, 215, 275,
and 285 nm.

Prediction of HPLC Elution Positions
The elution positions of peptides separated on RP-HPLC are

directly related to the peptide amino acid composition and can
be predicted from published retention coefficients (Meek 1979).
We used the known amino acid sequence of an LMW-m type
glutenin subunit (Okita et al 1985) to predict the peptides expected
upon CNBr cleavage. Determination of the expected peptides
and their relative RP-HPLC elution positions was made with

a program written by one of the authors (GET). The program
predicted a set of CNBr fragments, their expected elution order
at pH 2.1 from a reverse-phase silica-based column, and their
UV absorption characteristics. Programs that provide similar
information are readily available from commercial sources.

Sequence Determination
Sequence determination of peptides by the Edman degradation

method was performed using standard conditions with a protein
sequencer (Applied Biosystems 477A). The amount of each peptide
loaded was estimated, on the basis of the absorption at 205 nm,
to be -0. 15, 0.17, and 0.44,4g. The peptide sample to be sequenced
was applied to a preconditioned Biobrene-coated glass fiber filter
(Applied Biosystems).

RESULTS AND DISCUSSION

The results of the CNBr fragment separation are shown in
Figure 2. The material eluting at -5 min represents the break-
through volume of the column. Based on the assumption that
the elution pattern would be similar to that expected from peptides
of an LMW-m type of glutenin, we predicted that the peaks labeled
1 and 2 (which showed almost no absorption at 275 or 285 nm)
would correspond to internal fragments lacking aromatic residues.
The peak eluting just after peak 2 was associated with amino-
ethanol. The UV absorption at 275 and 285 nm and its elution
position suggested that peak 3 was the aromatic-containing
C-terminal peptide. The large UV-absorbing cluster of peaks
eluting between 24 and 28 min contained the remaining CNBr
fragments, which were not examined in this work.

Sequence analysis indicated that the amount of protein re-
covered was 25, 28, and 20 pmol, respectively, for peaks 1, 2,
and 3. Thus, based on an assumed initial sequence yield of 50%,
at least 50 pmol of the LMW-s protein was obtained from 12
mg of Yecora Rojo flour. The results of the protein sequencing
showed each sample to have a single sequence. The repetitive
efficiencies were: peptide 1, 89% (glutamine 2 and glutamine 8);
peptide 2, 85% (glutamine 2 and valine 9); peptide 3, 91% (valine
3 and valine 22).

The BLAST (Basic Local Alignment Search Tool) network
service at the National Center for Biological Information (Altschul
et al 1992) was used to conduct a database search of DNA-derived
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Fig. 1. DNA-derived amino acid sequence of a low molecular weight glutenin subunit (LMW-m) type glutenin (Colot et al 1989), along with the
amino acid sequence of the three cyanogen bromide (CNBr) peptides and the N-terminal sequence from the LMW-s glutenin subunit (Lew et al
1992). CNBr fragments obtained in this study (CNBr peaks 1-3) are underscored with an arrow (-), the N-terminal sequence is underscored with
a line (-), and positions where the LMW-m and LMW-s sequences differ are boxed. Single letter nomenclature for amino acids: C, cysteine;
D, aspartic acid; E, glutamic acid; G, glycine; H, histidine; I, isoleucine; K, lysine; L, leucine; M, methionine; N, asparagine; P, proline; Q, glutamine;
R, arginine; S, serine; T, threonine; V, valine; W, tryptophan.
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protein sequences for comparison with the amino acid sequences
of the peptide fragments shown in Figure 1. Some of the results
are shown in Figure 3. The DNA-derived sequence with the
greatest similarity to the three LMW-s type peptide sequences
was the LMW-m type sequence of Colot et al (1989). The sequences
of peptides 1, 2, and 3, along with the N-terminal sequence of
peak 10 (Lew et al 1992), are shown aligned on the LMW-s
sequence in Figure 1. Peptides 1 and 2, which terminated with
PTH-homoserine (a derivative of methionine that results from
CNBr cleavage at methionine residues), are indicated with the
C-terminal residue as methionine. Except for the substitution of
serine (S) for arginine (R) at the third position, the peak 1 fragment
is identical to a 9-amino acid fragment from the LMW-GS gene
of Triticum aestivum designated TAGLUlDl (Colot et al 1989).
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Fig. 2. Elution profile for the cyanogen bromide (CNBr) fragments of
the reduced and alkylated peak 10 protein. Large peak with a retention
time of -5 min represents the column breakthrough. Peaks labeled 1,
2, and 3 were analyzed by N-terminal protein sequencing. Four different
traces shown in Figure 1 represent detection at four wavelengths (205,
215, 275, and 285 nm). UV absorbancies at each wavelength were adjusted
(scaled absorbance) so that the chromatograms could all be fit into the
same figure. Chromatographic conditions for the separation are described
in the text.

The peak 2 fragment consisted of a 9-residue peptide, seven resi-
dues of which are identical to the fragment adjacent to the peak
2 fragment from the same clone. As expected, the peak 3 peptide
corresponded to the C-terminal sequence; it showed an 80%
identity with the C-terminus of the TAGLUlDl clone (Colot
et al 1989) and with the GDB3 _WHEAT sequence of Okita
(1984). The C-terminal LMW-m type glutenin sequences from
Triticum durum reported by D'Ovidio et al (1992) and by Cassidy
and Dvorak (1991), and the sequence from Triticum aestivum
reported by Pitts et al (1988) showed lesser degrees of similarity.

The number of methionines in the TAGLUlDI clone (Fig. 1)
suggests that there should have been a third small peptide of
11 residues (Fig. 1, residues 248-258) with a hydrophobicity that
would have caused it to elute between peptides 2 and 3. The
number of small peptides released by CNBr thus suggests that
the peak 10 LMW-s type subunit we sequenced has a different
number or distribution of methionine residues than are found
in the TAGLU1Dl sequence, or that the hydrophobicity of the
expected peptide was markedly different from that expected from
the TAGLUlD1 sequence.

The results presented here demonstrate that there is a high
degree of correspondence between C-terminal and N-terminal
regions of the LMW-s and the LMW-m type of glutenin subunits
and in sequences surrounding two of their cysteine residues (both
located in the C-terminal half of the molecule). The absence of
cysteine near the region of the N-terminus suggests that the LMW-
s types might possess an odd number of cysteine residues, and
thus could function as chain terminators. Yecora Rojo, however,
has strong mixing characteristics, and the predominance of the
LMW-s type sequence (Lew et al 1992) in this variety argues
against its function as a terminator of glutenin polymers. Alterna-
tively, there may be an extra cysteine, as yet unidentified, in the
LMW-s sequence that would cause it to behave as a chain extender
(Masci et al 1995) by providing two cysteine residues available
for intermolecular disulfide bond formation.

The high degree of correspondence between both the C-terminal
and N-terminal regions of the LMW-s and the LMW-m glutenin
subunits suggests that probes for PCR amplification based on
these sequences do not seem to be a likely basis for discriminating
LMW-s and LMW-m genes. The failure of molecular biologists
to find any clones that have an N-terminal sequence corresponding
to the LMW-s type is puzzling, but thus may simply be the result

PEPTIDE / LOCUS SEQUENCE IDENTITY Species Type ACCESSION NO. REFERENCE

PEAK 3 CNVNVSLYRTTTRVPHGVGTGVGGY

N S R H G
TAGLUlDI_5 CSVNVPLYRTTTSVPFGVGTGVGAY 80% T. ae. LMW-m X13306 Colot et al, 1989
GDB3_WHEAT CSVNVPLYRTTTSVPFGVGTGVGAY 80% T. ae. LMW-m P04730 Okita, 1984
TAGLUlDl_3 CSVNVPLYRTTTSVPFGVGTGVGAY 80% T. ae. LMW-m X13306 Colot et al, 1989
GLTB_WHEAT CSVNVPLYRTTTSVPFGVGTGVGAY 80% T. ae. LMW-m P10386 Colot et al, 1989.

N S RT R H G
GDB1_WHEAT CSVNVPLYSATTSVPFGVGTGVGAY 72% T. ae. gamma P04729 Okita et al, 1985
WHTGLIGBB_1 CSVNVPLYSATTSVPFGVGTGVGAY 72% T. ae. gamma M11336 Okita et al, 1985

S R R H T G
GLTAWHEAT CNVNVPLYETTTSVPLGVGIGVGVY 76% T. ae. LMW- P10385 Pitts et al, 1988

N S RT R HG G
TDGLUT_3 CSVNVPLYSSTTSVPFSVGTGVGAY 68% T. d. LMW-m X51759 Cassidy and Dvorak, 1991
GLTCWHEAT CSVNVPLYSSTTSVPFSVGTGVGAY 68% T. d. LMW-m P16315 Cassidy and Dvorak, 1991

N S RT R H
TDLMWG_1 CSVNVPLYSSTTSVPFGV 63% T. d. LMW-m X62588 D'Ovidio et al, 1992

Fig. 3. C-terminal amino acid sequence comparison between cyanogen bromide (CNBr) peak 3 fragment of the Yecora Rojo low molecular weight
(LMW-s) type glutenin subunit and the 10 top-scoring wheat DNA clone alignments. Differences between groupings (clones with the same degree
of identity) and the peak 10 C-terminal fragment are shown above each grouping. Gene locus and the accession number are shown for each fragment.
Species abbreviations: T. ae. = Triticum aestivum; T. d. = Triticum durum. Single letter nomenclature for amino acids as in Figure 1. Database
used in this search was the nonredundant PDB+SwissProt+SPupdate+PIR+GenPept (translated GenBank)+GPupdate (cumulative daily updates).
Accession numbers starting with X or M refer to the GenBank database; those starting with P refer to the SwissProt database.
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of chance. Until such clones are available, more extensive direct
sequencing is likely to be the best way to obtain information
about the structural differences between LMW-s and LMW-m
types of glutenin subunits.
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