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Six cDNA clones encoding parts of protein Z, a major barley endosperm albumin, have been 1dentified.
Nucleotide and amino acid sequencing have established a 180 residues long C-terminal amino acid sequence
of protein Z as well as two mmor amino acid sequences (14 and 7 residues) These sequences show that
barley protein Z 1s homologous with human «,-antitrypsin, human a,-antichymotrypsin, human antithrom-
bin III, mouse contrapsin and chicken ovalbumin (26-32%; of the 180 residues 1n the C-termnal sequence
1n 1dentical posmons) The sequence homology and specific cleavage of protemn Z at a bond corresponding
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o the reactive site of the inhibitors indicate a pUbblb{C mhwumy function Inhibition of microbial or pan-
creatic serine proteases could, however, not be associated with protein Z

Barley seed Amuno acid sequence

Nucleotide sequence

Serine proteinase inhibitor Ovalbunun

Polyadenylation signal

1. INTRODUCTION

Protein Z 1s a major barley endosperm albumin

of —~43 kDa. obtained by ultracentrifueation
43 Risa, O0walllcG Oy UilaCliiiriiugation ll.j

The proten has been isolated and partially
characterized but not associated with any distinct
physiological function [1]. Like barley #-amylase,
protein Z is present in ‘free’ salt-soluble molecular
forms as well as thiol- or papain-extractable
‘bound’ forms in the mature grain [2]. During

grain f'ﬂhno prntmn 7 acts like a storagse nrotein
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and contrlbutes a substantial part of the grain
lysine [3—5]. Protein Z is resistant to thermal and
proteolytic modification during production of beer
from barley and appears to be the only protein of
barley origin present in significant amounis in beer
[6].

Recently, cDNA clones encoding parts of pro-
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tein Z have been identified [7]. The C-terminal
amino acid sequence, now obtained by nucleotide
and amino acid sequencing has revealed an unex-
pected homology between this plant protein and
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ai-antitrypsin  family of plasma protease in-
hibitors, which also includes ovalbumin [8,9].

2. MATERIALS AND METHODS

2.1. Materials

Isolation of protein Z from barley grains has
been described in detail [1]. Restriction en-
donucleases, DNA polymerase (Klenov fragment),
T4 DNA ligase, and primers for sequencing and

¢ e . . .
hvhridizatinn wars ahtainad fram Rashrinogar and
ayoridizauion were ¢olaincd irom oSoCannger, anc

deoxyadenosine 5'-[a->*P]triphosphate was from
New England Nuclear. All chemicals used in the
amino acid sequencer were from Rathburn, except
ethylacetate, which was from Merck, and
Polybrene, from Pierce. Clostripain was obtained
from Sigma, and iodosobenzoic acid from Pierce.
Rio- oelc were from Rio-Rad L aboratories.

2.2. Nucleotide sequence determination and data
analysis
¢DNA inserts were purified and sequenced as

_1-._-‘ f1n 1117 TL P RGP DIt [ S
UCSCT1 UCU lll 1iv,11]. 111C uuucuuuc dllu dllllllU
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tended and adapted to fit a Honeywell Bull DSP-8

computer.
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acid sequence data were analysed using a computer
programme obtained from R. Staden, Medical
Research Centre (Cambridge, UK) which was ex-
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2.3. Amuno acid sequence determination

Amino acid sequencing was done in a liquid
phase sequencer (Beckman model 890C) as in [12].
In most cases, Polybrene (hexadimethrine) was
added together with the peptide. Identification of
the phenylthiohydantoin-amino acids was made by
reverse-phase high performance liquid chroma-
tography [13]. Cleavage with cyanogen bromide
was made with a 10-fold excess of reagent over the
methionine content, and the resulting fragments
were separated by gel filtration 1n 30% acetic acid
on a Bio-gel P60 column. Cleavage with clostripain
was made i 0.1 M ammonium hydrogen car-
bonate containing 3 M urea. The resulting peptides
were separated by gel filtration in 30% acetic acid
on Bio-gel P30 and Bio-gel P10. Cleavage with
iodosobenzoic acid was done as in [14] and the
resulting peptides separated on Bio-gel P60.

3. RESULTS AND DISCUSSION

A barley endosperm cDNA collection was
screened for protein Z cDNA clones using the
previously identified clone pc pazl-1 [7] as
hybridization probe. The six cDNA clones have
1dentical nucleotide sequences in their overlapping
regions (fig.1) and, tentatively the sequences of pc
pazl-2 and pc pazl-3 are combined to give a
695 bp long nucleotide sequence (fig.2), cor-
responding to 40% of the protein Z mRNA size
[7.

The nucleotide sequence 1-540 preceding the
termination codon TAA could be translated into a
180 residue long amino acid sequence, which may
account for the C terminal half of protein Z
(fig.2). In addition, a 140 bp long 3'-noncoding
part between the termination codon and the
poly(A) tail was found. Two possible polyadenyla-
tion signals [15] are present at 22 and 30 bp
upstream from the polyadenylation site. Clone pc
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! 20 400 600
+———————® pc paz1-2
- — pc paz 1-3
- - pc paz 1-1
— —~  pc paz 1-4
b———— pc paz 1-5
+——® pc paz 1-6

Fig.1. Alignment of the 6 overlappng cDNA clones
encoding protein Z. Those having a poly(A) tail are
marked with A.

. 66
TACATTTCCTCTTCCGACAACTTGAAGGTACTTAAGCT TCCTTACGCGAAGGGTCATGACAAGAGG
Tyrl 1 eSerSerSerAspAs nLeulLysVallLeuLysLeuProTyrAlalysGlyH1sAspLysArg

132
CAGTTTTCCATGTACATTcTCCTTCCTGGAGcACAAGATGGTCTCTGGAGTTTGGCCMGCGGTTG
GInPheSerMet TyrlieLeuLeuProGlyAlaGl nAspG]yLeuTrpSerLeuAl alysArgLeu
~198

AGCACTGAACCGGAG TTCATCGAGAACCATATCCCAMGCAGACGGTTGAAGTTGGTCGGTTCCAG
SerThrGluProGluPhell eGl uAsnHisIleProlysGInThrValGluval Glyl\r‘gPhel.';_'l_ﬂ2

CTCCCCAAGTTCAAGATATCATATCAATTTGAAGCATCTAGCTTGCTCAGAGCTTTGGGTCTCCAA
LeuProLysPheLysIleSerTyrGInPheGluAlaSerSerLeul euArgAlaLeuGlyLeuGin
¢ m—d ™330

TTGCCATTTAGCGAAGAGGCTGATCTGTCAGAGATGGTGGATTCTTCGCAAGGGCTGGARATCTCA
LeuProPheSerGl uG'IduAl aAspLeuSerGluMetValAspSerSerGInGlyLeuGlulleSer
e 2396
CATGTCTTCCACAAGTCGTTTGTCGAAGTGAACGAAGAAGGAACTGAGGCTGGCGCAGCTACAGTT
HisValPheHy sL_ysSerPheVal GluValAsnGluGluGlyThrGluAlaGlyATaAlaThrVal

GCMTGGGCGTGGCCATGTCMTGCCcCTGAAGGTGGATTTGGTGGATTTTGTCGCGMTCACcCT
AlaMetflyVa lAlaMetSerMetProLeuLysValAspLeuValAspPheValMaAanfsPro
.528
TTCCTCTTCCTTATTcGGGMGACATTGCCGGTGTGGTGGTCTTCGTAGGTCATGTGACCAATCCC
PheLeuPheLeuHeArgGluAsleeAlaG]xVa ValValPheValGlyHisValThrAsnPro

CTCATATCTGCATAATGTGCTTGCTATGAATCTGCTETCCTGGGATCGACCTCTTCTATATCATTT
LeulleSerAla 560

AGAGTAAAACATGTAATAAGTGGATGGTTTCAACATCTGACCATGATGCCCATG TRATAAACRAT

.681
AARTGCTCATGTTCCTTTTALG
-ATAATAGCATGCTATTTGTGTATA5

Fig.2. Nucleotide sequence of pc pazl-2 (base 371-695)
and pc pazl-3 (base 1-409). The entire non-coding
region 1s shown including the additional 23 nucleotides
found 1n pc pazl-6. The two putative polyadenylation
signals are boxed. The predicted amino acid sequence is
shown below the nucleotide sequence. Eight sequences
confirmed by amino acid sequencing or amino acid
analyses are underlined and marked a—h.

B

Fig.3. Comparnison of the C-terminal amino acid sequence of barley protein Z (prot.-Z) with the corresponding

sequences of chicken ovalbumin (ovalb) [20], human a;-antitrypsin (2:-AT) [8,17], human a;-antichymotrypsin

(21-ACT) [18], human antithrombin III (AT-III) {19], and mouse contrapsin (Contrap) {21]. ? denotes unidentified

residues in protein Z. Residues which are 1dentical in protein Z and one or more of the animal proteins are boxed. Gaps

are introduced to maximize homology. Residues are arbitrarily numbered, starting at position 160 in a;-antitrypsin [8].

Arrows indicate the position of the reactive site of the inhibitors, which 1s also a specific cleavage site in ovalbumin
and protein Z (see text).
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pazl-6 is polyadenylated 23 bp downstream to that
of pc pazl-2 indicating a polymorphism 1n the
polyadenylation site of protein Z mRNA.

Amino acid sequencing of protein Z confirmed
the sequence deduced from the cDNA nucleotide
sequences and provided additional amino acid se-
quence information (sequences a—h, fig.2; see also
fig.3). Protein Z was cleaved with cyanogen
bromide, and the resulting peptides were separated
on Bio-gel P60. The first peak eluted contained
one N-terminally blocked peptide (CNBr-I,
~20 kDa) corresponding to the N-terminal half of
protein Z. The following peaks contained peptides
which were sequenced in part to give the sequences
b, e, and h (fig.2). Two small peptides identified by
their amino acid compositions (Gly;, Val;, Ala;,
Met;) and (Ser;, Met;) were compatible with the
sequences f and g, respectively.

The peptide with the N-terminal sequence b was
specifically cleaved at arginine residues with
clostripain. Four peptides which coeluted from the
Bio-gel P60 column were sequenced as a mixture.
Two of the sequences could be predicted from se-
quence b. The remaining amino acids identified in
each cycle (sequences c¢,d, fig.2) always cor-
responded to those predicted from the nucleotide
sequence. Finally, a peptide 1solated from a clostri-
pain digest of protein Z had the N-terminal
sequence: Leu-Thr-Lys-Lys-Gln-Tyr-Ile-Ser-Ser-
which overlaps the N-terminal sequence deduced
from nucleotide sequencing (peptide a, fig.2).
Thus, when Met and Arg residues are inferred at
the N-terminal ends of cyanogen bromide or
clostripain peptides, respectively, more than 70%
of the deduced amino acid sequence has been con-
firmed by amino acid sequencing, and no devia-
tions were observed.

When the C-terminal 180 residues of protein Z
are compared with the C-terminal sequences of
proteins which are members of the a;-antitrypsin
family, a high degree of sequence homology with
these proteins 1s observed (fig.3). Parts of the
angiotensinogen [16] sequence are also related to
amino acid sequences of the a-antitrypsin family
but, for clarity, this sequence was not included in
the comparison. The homology (fig.3) is not con-
fined to a smaller domain of the molecules, e.g.,
the reactive site region of the inhibitors, as seen
from the presence of Gly, Pro and bulky
hydrophobic (aromatic or alifatic) side chains in
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essentially all positions in protein Z where these
residues are conserved in the 5 other proteins. With
introduction of only two additional gaps to max-
1mize homology, the percentages of amino acids in
identical positions are 26%, 28%, 32%, 32%, and
30%, when protein Z is compared with
a-antitrypsin  [8,17], ai-antichymotrypsin [18],
antithrombin III [19], ovalbumin [20] and contrap-
sin [21], respectively. The same degree of similarity
was found when the four completed primary struc-
tures of animal proteins were compared with each
other [8], except that aj-antitrypsin and
ar-antichymotrypsin were more closely related
(42% of the amino acids in identical positions
[18]).

When the large N-terminally blocked cyanogen
bromide fragment (CNBr-I) was cleaved with
10dosobenzoic acid on the carboxyl side of tryp-
tophan residues, two of the peaks obtained after
gel filtration each contained one major peptide.
Sequencing of these two peptides gave the
sequences: Val-Glu-Gln-Val-Thr-?-Gly-Leu-Ile-?-
Glu-lle-Leu-Pro-Pro- and Gln-Lys-Phe-Asp-Glu-
7-Asn-. The two peptides could be aligned with the
inhibitor sequences starting with the highly con-
served aromatic residues at positions 160 and 196,
respectively (fig.3). Clearly, homology is not con-
fined to the C-terminal half of the molecules, and
the present results strongly suggest that barley pro-
tein Z is a member of the a;-antitrypsin (super)
family of homologous proteins.

The previously published N-terminal sequence
starting Pro-Leu-Lys- [7], which was obtained by
direct sequencing of the protein Z preparation,
corresponds to the sequence h (fig.2) at the C-
terminal of the molecule. Gel filtration of protein
Z in 30% acetic acid followed by amino acid and
sequence analyses showed that the protein Z
preparation contained N-terminally blocked pro-
tein as well as three coeluting peptide fragments
corresponding to a partial cleavage of the protein
at a bond near the beginning of sequence h. In ad-
dition to the major sequence: Pro-Leu-Lys-, minor
amounts of peptides with N-terminals: Ser-Met-
Pro-Leu- and Met-Pro-Leu- were also present (se-
quence g followed by sequence h, fig.2). These
observations clearly indicate that a part of the N-
terminally blocked protein Z has been cleaved pro-
teolytically at a Met—Ser bond at peptide g prior to
or during purification. Activity of amino pep-
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tidases, which are relatively abundant in mature
barley, may explain a further modification during
purification to give a peptide with an N-terminal
proline as the major component (sequence h).

The proposed cleavage site of proten Z
(Mets7,—Sers73, fig.3) matches exactly the pro-
posed reactive site bonds of the protease inhibitors
(fig.3), suggesting that protein Z may also be a
serine protease inhibitor. Measurements with
serine proteases, including subtilisin, Aspergillus
protease, pancreas elastase, chymotrypsin and
trypsin did not show any inhibitory activity of the
purified protein Z. Cleavage of the reactive site
bond as well as exposure to a pH below 5 (during
purification of protein Z [1]) are conditions which,
characteristically, inactivate inhibitors of the
ai-antitrypsin family [9]. However, attempts to
associate protein Z with inhibition of one of the
above tested enzymes in gel filtration experiments
using freshly prepared barley extracts were also
negative. Protein Z may still be an inhibitor of an
unidentified target enzyme, e.g., protein Z may
have a regulatory or protective inhibitory function
during grain filling or germination. It is, however,
also well-known that a-antitrypsin is sensitive to
other classes of proteases cleaving the active site
peptide bond [9], and alternatively, cleavage by
metallo- or thiol proteases followed by aminopep-
tidases, may explain a modification during
purification of protemn Z.

Ovalbumin has no known inhibitory function,
but the transformation of ovalbumin into
plakalbumin occurs in the presence of subtilisin
[22,23] by initial cleavage of a specific bond iden-
tified as Alas7>—Sers73 (fig.3). Thus, protein Z and
ovalbumin are both sensitive to proteolytic
modification at a position corresponding to the
reactive site of the inhibitors, and both proteins are
present in high amounts in tissues surrounding a
growing embryo. These tissues are rich in a
number of enzyme inhibitors with apparent protec-
tive functions. One may speculate that proteins
with an original physiological function as in-
hibitors may have acquired an important alter-
native function as amino acid storage during
evolution. Recently, amino acid sequence
homology has been shown between a 13.3-kDa
barley trypsin inhibitor and a castor bean protein
with typical storage functions consisting of two
disulfide-linked polypeptide chains of ~6.6 kDa
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and ~4.3 kDa, respectively [24].

Finally it should be noted that comparison of
nucleotide sequences corresponding to the C-
terminal parts of protemn Z and
ai-antichymotrypsin [18] by dot-matrix analysis
[25] did not reveal any obvious homology. Work is
in progress to isolate and characterize genomic
clones coding for protein Z. Comparison of the
protein Z gene(s) with those encoding the animal
protease 1nhibitors and ovalbumin may provide
new information concerning the evolution of the
ar-antitrypsin gene family,
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