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Total hordein and purified hordein polypeptides Bl and C2 have been analyzed by carboxypeptidase Y
digestion and sequential Edman degradation. The carboxypeptidase Y-catalyzed release of amino acids reveals
the sequence (Ile, Ser)-Ser-Met-Val-COOH for the carboxy terminus of the C2 polypeptide. The same amino
acids, with an additional glycine, were released from a total hordein preparation. Glycine has previously been
found in the carboxyterminal sequence -Gly-Val-COOH of the Bl polypeptide.

The Bl polypeptide was blocked to Edman degradation. The C2 polypeptide yielded a single amino acid

10 20
sequence: HaN-Arg-Gln-Leu-Asn-Pro-Ser-Ser-Gln-Glu-Leu- X -Ser-Pro-GIn-Gln-Pro-Tyr-Leu-Gln-Gln-Pro-
2

5
Tyr-Pro-Gin-Asn-. . . One sequence obtained from the total hordein preparation was identical with the C2
sequence and proved in addition glutamine to be the amino acid in position 1. This sequence continued with the

following residues: -zg( -Tyr-Leu-Glu- X -GBlly-.

More than one amino acid was identified at positions 7, 12, 15, 16, 27 and 31, suggesting the presence of
several hordein polypeptides with very similar N-terminal sequences in the total hordein preparation. If the
polymorphisms at these positions have arisen by amino acid substitutions, then seven of the twelve possible
substitutions require two nucleotide changes in their codons. We tentatively propose that the amino termini of

the hordein polypeptides accessible to Edman degradation are from an evolutionary point of view under
functional constraint.

Abbreviations: HPLC = high performance liquid chromatography, PTH = Phenylthiohydantoin, SDS =
sodium dodecyl sulfate, THEED = N,N,N,'N,-tetrakis (2-hydroxyethylethylenediamine.
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1. INTRODUCTION

The nutritional requirements of germinating
barley grains are partially met by the mobiliza-
tion of endosperm storage proteins. This group
of proteins includes prolamin, the name refer-
ring to its high proline and glutamine content.
The prolamin of barley is called hordein and
consists of a mixture of polypeptides which can
be resolved by electrophoresis in the presence of
sodium dodecyl sulfate and by isoelectric fo-
cusing (14, 18, 22). The hordein precursor
polypeptides are translated from different
mRNAs (6) on the rough endoplasmic reticulum
(8). They are transported through the membrane
of the endoplasmic reticulum and deposited in
protein bodies after part of the protein chain has
been cleaved off (7, 10, 25).

The recent advances in the understanding of
hordein biosynthesis make it important to obtain
more precise information on the molecular
structure of hordein polypeptides. One distin-
guishes the C polypeptides with an apparent
molecular weight ranging from 45.000 to
70.000 and the B polypeptides ranging from
25.000 to 40.000 (14). These two groups of
polypeptides are considered to be coded for by
two different loci on chromosome 5 (12, 19, 23,
24). In a recent communication (2 1) methods for
the purification of individual hordein polypep-
tides have been reported and it was found that
the hordein polypeptides C2 and B1 differed in
the amino acid composition of the total chain as
well as their carboxy-terminal sequences. In
continuation of this work we present in this
paper the amino-terminal sequence and the
carboxy-terminal sequence of the C2 polypep-
tide. The B1 polypeptide was not accessible to
Edman degradation but sequencing of the total
hordein fraction revealed the presence of hordein
polypeptides differing in their primary structure
from the C2 polypeptide.

2. MATERIALS AND METHODS
2.1. Isolation of total hordein

Hordein was extracted from barley meal (cv.
Bomi) as described previously (21) but with the
following modifications: The preliminary water-
extraction was omitted. To the first isopropanol
medium 1% (v/v) of a 100 mM-ethanolamine-
HCI solution, pH 7, was added to scavenge

possible aldehyde impurities. After dialysis
against 100 mm-mercaptoethanol, the residue
was centrifuged as described previously and the
pellet redissolved in 0.5 1 of 55% isopropanol,
100 mwm-mercaptoethanol, 5 mm-ammonium
acetate pH 7. A 1 ml aliquot, corresponding to
140 nmoles of polypeptide based on an average
molecular weight of 40.000 was dried in vacuo
and subsequently freeze-dried first from water,
then from 1% acetic acid, and used for
sequencing.

2.2. Purification of hordein polypeptides C2
and B1
Hordein polypeptides C2 and B were isolated
by gel filtration on Sephacryl S300 as described
previously (21, section 2.3).

2.3. Determination of amino acid sequences

These were made by automated Edman
degradation on a Beckman sequencer, Model
830C, using the Beckman programme 122974.
Instead of 1.0 M-Quadrol, THEED (2) was used
in a 0.1 M-concentration. The C2 hordein
polypeptide was dissolved in 60 % propanol and
total hordein in ethanol — 88 % formic acid (7:3
v/v). In neither case was complete dissolution of
the polypeptide achieved. After centrifugation
the clear supernatant was introduced into the
cup.

Identification of phenylthiohydantoin (PTH)-
amino acids was done by high performance
liquid chromatography (HPLC) using a Hewlett-
Packard chromatograph Model 1084B, equipped
with an RP-8, 10 um reverse phase column. The
PTH-amino acids were eluted with a linear
gradient from 0.01 M-sodium acetate buffer, pH
4 — acetonitril — methanol (9:1:1 v/v) (as the A
eluant) to methanol-water (9:1 v/v) (as the B
eluant). In some cases the identification was
confirmed by thin-layer chromatography on
polyamide sheets (17).

2.4. Carboxypeptidase Y digestion

Carboxypeptidase Y digestion was performed
essentially as described previously (21), incuba-
ting 2.5 mg of C2 hordein with 1.5 pg
carboxypeptidase Y and 12 mg of total hordein
with 12 pg carboxypeptidase Y.
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total hordein
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total hordein
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N-Arg-Gln-Leu-Asn-Pro-Ser-Ser-GIn-Glu-Leu- X -Ser-Pro-GIn-Gln-

H2N~Arg-G1n-Leu-Asn-Pro-Ser-Ser-G]n-Glu-Leu—Gln-Ser—Pro-G]n-G]n—
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26 30
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Figure 1. The N-terminal amino acid sequences of the C2-hordein polypeptide and a total hordein preparation.

Repetitive yields were in both cases about 98 %, based on the leucine content in position 3 and 10. Molar
ratios have not been determined for the amino acids in positions where more than one amino acid was observed.
The variation in recovery of the PTH-amino acids precludes a meaningful interpretation of such an analysis.

3. RESULTS

Edman degradation of the purified C2 hordein
polypeptide in the sequencer yielded the single
amino acid sequence presented in Figure [.
Assuming a molecular weight of 50.000 (14) for
the polypeptide and disregarding that only part
of the polypeptide was dissolved, the initial yield
was at least 20 % . Sequencing beyond residue 25
was not possible and the amino acid at position
11 remained unidentified.

The purified B! polypeptide was unaccessible
to Edman degradation in the sequencer.

When a preparation of total hordein was
subjected to automated Edman degradation a
sequence was obtained which was identical to the
C2 polypeptide sequence (Figure 1) up to residue
25. The sequence identified the amino acid in
position 11 as glutamine and yielded information
up to residue 31. One or two amino acids in
addition to the one characteristic for the C2
polypeptide were present at steps 7, 12, 15 and
16. Three amino acids were found in position 27
and two in position 31. Repetitive yield was
98 %, but the build-up of background prevented
a meaningful interpretation of the results beyond
step 31.

It has previously been shown that the isolated
hordein polypeptides C2 and B1 release different
amino acids when treated with carboxypeptidase
Y in the presence of SDS (21). The sequence
-Gly-Val-COOH could be deduced for the Bl
polypeptide. The amino acids valine, serine,

methionine and isoleucine were liberated from
the C2 polypeptide, but the kinetics were not
readily interpretable with respect to sequence.
We therefore reinvestigated the C2 polypeptide,
optimizing the enzyme/substrate ratio. The
result is shown in Figure 2. Slightly more than
one serine was released per polypeptide chain,
assuming a molecular weight of 50.000 (14).
This may indicate two serine residues near the
carboxy-terminus. Since there exists some uncer-
tainty about the true molecular weight (see
discussion), this result has to be interpreted with
caution. With this reservation in mind we
suggest the sequence (Ser, lle)-Ser-Met-Val-
COOH for C2 hordein.

Digestion of total hordein yielded only the
amino acids already found in the Bl and C2
polypeptides (Figure 2).

3. DISCUSSION

Edman degradation of the isolated hordein
polypeptide C2 yielded a single sequence. The
amino terminal sequence obtained from a total
hordein preparation was identical with the C2
sequence but up to three different residues were
released at steps, 7, 12, 15, 16, 27, and 31
(Figure 1). The high purity of the C2 polypeptide
as judged by gel electrophoresis (21) gives us
confidence that the sequence reported derives
from authentic hordein. Among the amino acid
residues identified there are about 54%
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Figure 2. Time course of carboxypeptidase Y
digestion of the C2 hordein polypeptide (a) and the
total hordein preparation (b).

Val (@), Ser (¥), Met (W), Ile (@), Gly (O).

Gln+Glu + Pro. The high content of these
amino acids is diagnostic for hordein and
compares favourably to the 68.5% Glx + Pro
which has been found by amino acid analysis
(21). Comparison with amino terminal sequen-
ces of prolamins from hexaploid and tetraploid
wheat (4), rye, Aegilops squarrosa (1) and maize
(5), respectively, revealed no obvious sequence
similarities. An amino terminal sequence has
recently been obtained for a total hordein
preparation of the barley line Hiproly by Bierz

(3). Up to step 28 this sequence is identical to the
one reported in the present paper.

It is interesting that the C2 component yielded
a unique sequence through 25 steps, although gel
electrophoresis shows that it consists of two
closely migrating polypeptides (21). From the
reinvestigation of the carboxy terminus under
optimized conditions a single sequence could be
derived (Figure 2). This suggests that either one
of the two chains is blocked to Edman degrada-
tion or they differ in the part of the polypeptide
chain not yet analysed.

From total hordein two or three different
amino acids were released at steps 7, 12, 15, 16,
27, and 31 upon Edman degradation. This can
be due to the presence of a minimum of three
polypeptides with closely similar N-terminal
sequences. If each of the additional amino acids
represents a separate chain ten polypeptides can
be expected in the mixture. Considering all
possible combinations the unlikely number of
216 polypeptides is obtained.

Treatment of the total hordein preparation
with carboxypeptidase Y released isoleucine,
serine, methionine, glycine, and valine (Figure
2). All of these residues have been found at the
carboxy terminus of the B1 and C2 polypeptides,
respectively. Other amino acids have been
released in trace amounts only. Thus, no further
indication of heterogeneity is found by carboxy
terminal analysis.

In the carboxypeptidase Y experiments with
the purified hordein polypeptide Bl the C-
terminal valine was released in super-molar
amounts when calculated on the basis of the
apparent molecular weight as determined by
sodium dodecyl sulfate electrophoresis. This
implies that the electrophoresis technique overes-
timated the molecular weights of this hordein
polypeptide, as has been observed for instance
with collagen, which like the hordeins has a high
proline content (13). In the ultracentrifuge
studies of QuenseL and SvepBerG (20) from
1938 the hordein polypeptides sedimented in
65% alcohol as one narrow, symmetrical peak
with a sedimentation coefficient of 2.0, which
was interpreted to signify a molecular weight of
27.500. In ultracentrifugation experiments car-
ried out with T. G. PEDERSEN in this laboratory
we found the same sedimentation coefficients for
both the total hordein preparation and the
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purified Bl hordein polypeptide. At present it
cannot be decided whether the uniform sedimen-
tation characteristics and the widely differing
migration velocities in the SDS electrophero-
grams are due to the special behaviour of a series
of hydrophobic polypeptides with similar or
dissimilar size.

Characterization of the N-terminal blocked B1
hordein polypeptide is attempted by sequencing
fragments obtained by cyanogen bromide clea-
vage. So far a total of 30 residues have been
located in two cyanogen bromide fragments
showing that this approach is possible.

Hordein consists of a group of polypeptides
having storage function but no known enzymatic
functions. These polypeptides display consider-
able genetic polymorphisms as judged by gel
electrophoretic techniques (16) and the poly-
morphisms are thought to reflect permissiveness
towards mutations in reserve proteins.

The amino acid variations found among the
amino termini of the total hordein polypeptides
(Figure 1) were evaluated as to their evolutionary
and structural implications. To our surprise,
only 5 of the 12 possible amino acid substitu-
tions could be accounted for by single basepair
changes (Pro-Gln, 2 X Ser-Pro, Val-Leu, Glo-
Leu) in their codons. This may indicate con-
straint in the amino terminal part of the hordein
polypeptides as to the type of amino acid
substitution which is tolerated by the endosperm
cell. We compared further the amino acid
substitutions with respect to their probability to
be part of an a-helical or B-sheet structure, by the
predictive algorithms of CHou and Fasman (11).
Here the changes can be regarded as conserva-
tive: Only at position 27 is there an exchange of
an a-forming glutamine with an alpha-breaking
tyrosine or proline residue. All other substitu-
tions fall into the classes of an a-former changed
to another a-former or strong a-former and of
an a-former converted into an o-indifferent
residue. The substitution of an indifferent
residue, serine, for an a-former, glutamine, at
step seven would not break the a-helix predicted
between residues 6 to | 1. The same conclusion is
reached for the B-sheet predictions. Exchanges
are primarily observed between P-formers and
from a p-former to an indifferent residue. The
substitution of a (-breaker, serine, with a f-
former, glutamine, at position 7 is regarded to be

of little significance, since these residues are
situated within an a-helical region (position 6—
t.

Based on these considerations, we tentatively
propose that the amino termini of the hordein
polypeptides available for Edman degradation
are under structural constraint. A number of
functions of the N-terminal sequences may
necessitate these constraints: They could com-
prise the correct synthesis of the precursors from
the different mRNAs (6), their transport across
the membrane of the endoplasmic reticulum,
suitable cleavage of the prepeptide (9), the
optimal packing into dense protein bodies (15,
25) or the remobilization of the stored peptides
during germination of the grain.
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