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Introduction

Proteinase inhibitors are widely distributed
in animals, plants and microorganisms(Richard-
son 1977). In plants, proteinase inhibitors are
well studied especially in the Leguminosae,
Gramineae and Solanaceae because the species
which belong to these families are the impor-
tant food resources(Laskowski et al. 1980; Ryan
1973; Richardson 1977). They often form an
important part of the protein found in the tiss-
ues.

In soybean (Glycine mazx), at least three
different classes of proteinase inhibitors have
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been identified. These include the Kunitz
trypsin  inhibitor (SKTI), the Bowman-Birk
proteinase inhibitor(BBPI) and its isoinhibitors.
The SKTI which inhibits both trypsin and
chymotrypsin is a single polypeptide chain of
181 amino acids (MW 20K) including two di-
sulfide bonds(Kunitz 1946, 1947a, b). Three
kinds of SKTI variants, Ti* Ti* and Ti¢
which shows minor amino acid variation, are
known(Kim, 1985). The BBPI is a 71 amino
acid single chain polypeptide including 7 disul-
fide bonds. Its MW is about 8,000. The BBPI
is a double headed structure which have both
a trypsin and a chymotrypsin inhibitory site
(Odani et al. 1972, 1977, 1978; Ikenaka and
Norioka 1986). Although isoinhibitors and the
BBPI are about 70% homologous in amino acid
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sequences, they are slightly different in size(66
~76 amino acids), amino acid composition and
inhibition specificity.

The fungtion of proteinase inhibitors in pla-
nts, however, is poorly understood. In soybean
and potato, proteinase inhibitors are stored in
storage organ during maturation of seed or
tuber. Therefore, the proteinase inhibitor may
be part of a storage protein (Goldberg et al. 19
81b). In the Leguminosae and Gramineae the
proteinase inhibitors are associated particularly
with the resting stages of the storage organ
such as seeds and tend to decrease during ger-
mination. Therefore, these proteinase inhibitors
may regulate the endogeneous proteinase acti-
vity(Richardson 1977). As the digestive prote-
inases from a number of insect genera, are
inhibited by plant proteinase inhibitors, the
proteinase inhibitor found in plant may cons-
titute a defense mechanism against insect(Green
et al. 1972; Laskowski et al. 1980; Ryan 1968,
1973).

To study the molecular structure and expre-
asion characteristics of the SKTI, biosynthesis
and post-translational modification of the SKTI
was examined with antibody in this paper.
The antibody made against the SKTI purified
from seeds makes it possible to track down the
post-translational modification of the molecule.
A primary translation product is modified post-
translationally to vield mature SKTI. SKTI is
expressed with the maturation of the seeds in
tissue-specific and developmental stage-specific

manter.

Materials and Methods

1. Materials

Oligo(dT)-cellulose was purchased from Coli-
aborative Research, Inc. and nitrocellulose paper
was from Schleicher & Schuell, Inc. Protein A
—agarose was purchased from Boehringer Mann-
heim, GmbH. [**SImethionine was from Amer-
sham. SKTI was from Sigma Chemical Co.

2. Isolation of mRNA

Soyhean mRNA was isolated by phenol ext-
raction, LiCl precipitation and chromatography
on oligo(dT)-cellulose(Aviv and Leder 1972).
About 2g of either seeds or leaves of Glycine
max cultivar Paldal 30 days after flowering
were ground with 10ml extraction buffer(50mM
Tris-HCl, pHS8.0; 5mM EDTA; 100mM NaCl;
19, B-mercaptoethanol; 2% SDS) and 2g sea
sand in pre-chilled mortar for 2min. The super-
natant was treated with proteinase K(250ug/
ml) for 10min at 65°C and was extracted 3
times with equal volume of saturated phenol
and once with chloroform. The aqueous phase
was adjusted to 0.1M LiCl, and 2 volumes of
EtOH was added. It was placed at —20°C for
24hrs to precipitate nucleic acid. After centri-
fuge for 10min at 13,000g, the precipitate was
resuspended in 2ml of buffer(10mM Tris-HCI,
pH 8.0; ImM EDTA), adjusted to 2M LiCl
and RNA was precipitated for 12hrs at 4°C.
The precipitate was resuspended in 2ml elution
buffer(10mM Tris-HCl, pHS8.0; 1ImM EDTA;
0.05% SDS), adjusted to 0.5% SDS, heated
for 5min at 65°C and quenched. Adjusted to
0.5M LiCl, it was applied to oligo(dT) cellulose
column. After washing the column with 10ml
binding buffer(10mM Tris-HCI, pHS8.0; 1mM
EDTA; 0.5% SDS; 0.5M LiCl), the mRNA
retained by the oligo(dT)-cellulose was eluted
Adjusted to 1% SDS,
this eluted fraction was heated for 10min
at 65°C, quenched and repeated the oligo (dT)
cellulose chromatography. The mRNA fraction
was precipitated with 200mM NaCl and 2 vol-
umes of EtOH at —20°C overnight. After cen-
trifuge, the mRNA was resuspended in H,0 to
1mg/ml and stored at —20°C.

with 1ml elution buffer.

3. Translation in vitro

In vitro franslation was carried out in wheat
germ extract. Wheat germ extract was prepared
by the method of Roberts and Paterson(1973).
In vitro translation was carried out in 25ul
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translation mixture containing wheat germ
extract, [%S])methionine and the other amino
acids for 90min at 30°C. Proteins synthesized
in vitro were separated by 12.5% SDS-PAGE.
Gel was stained with Coomassie blue and im-
pregnated with 2, 5-diphenyloxazole and fluoro-
graphy was performed with X-ray film at
—70°C(Laskey 1975).

4. Preparation of antibodies

Purified SKTI was mixed with equal volume
of Freund's adjuvant and injected into rabbits
(New Zealand White) 3 times at 2 weeks inter-
val. Immunized rabbits were bled 2 weeks after
the 3rd injection and the serum was processed
by standard method(Garvey et al. 1980).

5. Immunoprecipitation and immunoblot

analysis

Immunoprecipitation was carried out accord-
ing to the procedure described previously (Choi
and Dreyfuss 1984a). Translation mixture was
diluted with 200x1 immunoprecipitation buffer
(50mM Tris-HCI, pH 8.0; 100mM NaCl; 0.5%
Triton X-100), 2zl antibody and 254! of protein
A-agarose. After incubation for 2hrs at 4°C,

the antigen-antibody and protein A-agarose

complex was washed 5 times with immunopre-
cipitation buffer. This complex was mixed with
2541 of SDS-PAGE sample buffer and analyzed
by SDS-PAGE and fluorography with PPO.

Blotting of proteins from SDS-PAGE gels
onto nitrocellulose paper was carried out by
electrotransfer at 0.15A for 12hrs in 50mM
Tris-glycine, pH9.1, containing 20% methanol
(Choi and Dreyfuss, 1984b). The nitrocellulose
blot was incubated first with anti-SKTI anti-
body (1 : 50) dilution and then with [*%1]-label-
ed goat anti-rabbit 2nd antibody. It was vi-
sualized by autoradiography.

6. Gel electrophoresis

Protein samples were analyzed by SDS-con-
taining discontinous polyacrylamide gel electro-
phoresis system (PAGE)Choi and Dreyfuss 19-

84a) or non-denaturing polyacrylamide gel elec-
trophoresis (Lee et al. 1985). The separating
gel of SDS-PAGE was prepared from a stock
of 33.5% acrylamide and 0.3% N, N’-bisacryl-
amide to a final concentration of 12.5% acryl-
amide. The separating gel buffer contained
0.38M Tris-HCl, pH 9.1. The stacking gel was
prepared from a stock of 30% acrylamide and
0.449% N, N’-bisacrylamide to a final acryl-
amide concentration of 49 in 0.125M Tris-HCI,
pH 6.8. Both gels contained 0.1% SDS and
were polymerized with ammonium persulfate and
N, N, N/, N’~tetramethylene diamine. The elec-
trode tank buffer was 25mM Tris-192mM gly-
cine containing 0.1% SDS. Samples were pre-
pared by boiling for 3min in a 0.125M Tris-HCI,
pH6.8, buffer containing 1% SDS, 5% mercap-
toethanol, 10% glycerol, and bromophenol blue.

Results and Discussion

1. Results

1) Purification of the SKTI polypeptides

To study the molecular structure of the SK-
T1, it was purified by preparative electropho-
resis and band isolation from commercially
available SKTI which was partially purified
from soybean. It was resolved into Ti* and
Ti* by non-denaturing PAGE (Fig. 1). The
identity of each band was assigned by measu-
ring the inhibitory activity of each band after
1985).
from the gel were extracted and purified SKTI
was obtained. The purity of the SKTI was
shown by SDS-PAGE in Fig. 2. Numerous ba-

nds of proteins including major storage proteins

extraction (Lee et al. Excised bands

are present in total soybean extract (lane Ext).
Commercially available SKTI is relatively pure
compared to total soybean extract (lane Tc).
The Ti* and Ti? purified by preparative elec-
trophoresis is pure on the basis of Coomassie
Blue staining (lanes Ti* and Tit*). SDS-PAGE
analysis of purified Ti* and Ti* shows that
these two SKTI variants have similar molecular
weight of 20K.
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Fig. 1. Non-denaturing PAGE of soybean Ku-
nitz trypsin inhibitor. Protein samples were
analyzed by non-denaturing PAGE. The gel
was run from the top (negative) to the bottom
(positive). Ti* and Ti* were assigned according
to the procedure described previously(Lee et al.
1985).

Lane Ext : Soybean total extract

Lane Tc: Commercial SKTI, partially purified

2) Preparation of anti-SKTI antibody

As a molecular probe for the SKTI, anti-
SKTI antibody was obtained by immunizing
rabbits with purified Ti* polypeptide of soy-
bean. Specificity of anti-SKTI antibody was de-
monstrated by immunoblot analysis(Fig. 3).
Proteins separated by SDS-PAGE as in Fig.
2 were transferred onto nitrocellulose paper and
the blot was probed with anti-SKTI antibody.
The antibody reacts specifically with the SKTI
of MW 20K present in both commercial SKTI
(lane Tc) and soybean seed total extract (lane
These
bands migrate at the same rate as purified
SKTI (lanes Ti®* and Tit). They correspond to

Ext) out numerous kinds of protein.
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Fig. 2. SDS-PAGE of soybean Kunitz trypsin
inhibitor. Protein samples were analyzed by
12,59 SDS-PAGE and stained with Coomassie
Blue.

Lane Ext : Soybean total extract

Lane Tc : Commercial SKTI, partially purified

Lane Ti®: Purified Ti?

Lane Ti®: Purified Ti®

the major or the only band in Fig. 2. These
results demonstrate the specificity of anti-SKTI
antibody. The antibody recognized not only Ti®
but also Ti* (Fig. 3, lanes Ti* and Tib). It
suggests that Ti* and Ti® are similar in their
molecular structure and therefore their antigenic

determinants seem to be quite similar.

3) Translation in vitro of soybean mRNA

To pursue the molecular origin of the SKTI,
total polyadenylated RNA was isolated from
immature soybean seeds by phenol extraction
and oligo(dT) chromatography and translation
was carried out in wheat germ extract in vitro.
In eukaryotic cells including plant and animal
cells, mRNA has been known to have about
200 nucleotides of adenylic acid at 3’ end(Birns-
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Fig. 3. Immunoblot analysis of anti-soybean
Kunitz trypsin inhibitor antibody. SDS-PAGE
was carried out with one third amount of sa-
mple as in Fig. 2, transferred onto nitrocellu-
lose paper and probed with anti-SK'TT antibody.
Lane Ext : Soybean total extract
Lane Tc : Commercial SKTI, partially purified
Lane Ti®: Purified Ti?®
Lane Ti®: Purified Ti®

tiel et al. 1985).
mRNA have the poly (A) tail, their relative
amounts are very little. The RNA, therefore,

Though some precursors of

isolate in this experiment could be considered as
mRNA. The presence and the species of the
mRNA encoding the SKTI was examined by
translation in vitro in wheat germ extract. Fig.
4 shows polypeptides translated in vitro in
wheat germ extract. They show the synthesis
of numerous kinds of polypeptides in the range
of MW~100K. Background translation by endo-
geneous mRNA in wheat germ extract was
almost none and the translation was quite
specific for exogeneous mRNA added. The pa-

tterns of proteins synthesized in vitro are quite
distirct in two different tissue‘types. The mRNAs
encoding the polypeptides of MW 13.5K,
18K, 24K, 48K, 59K, 65K, 86K and 90K are present
leaves, and of 14K
and 30K in leaves vice versa. This demonstrates

only in seeds but not in

that many genes are expressed in tissue specific
manner. However, those major polypeptides syn-
thesized in vitro(Fig. 4, lanes SEED and LEAF)
may not be the major proteins present in seeds
and leaves. The relative intensity of these
bands are related with both the content of [3§]
methionine in polypeptide used for label during
translation in vitro and the relative amount of
the mRNAs encoding those proteins. Even the
major proteins synthesized in vitro can not be
compared to the known proteins in seed direc-
tly on the basis of the mobility in SDS-PAGE.
In plant, a lot of proteins is known to be mo-
dified post-translationally(Argos et al. 1982;
Barton et al. 1982; Vodkin 1981). These reac-
tions can not be expected to occur identically
in translation in vitro in wheat germ extract.
To overcome these problems, anti-SKTI anti-
body was used to characterize the SKTI poly-
peptide translated in vitro.

The presence of the mRNA which code for
the SKTI was demonstrated by immunopreci-\
pitation of in vitro translates with anti-SKTI
antibody. The antibody did not immunoprecipi-
tate the SKTI of MW 20K but the protein of
MW 24K (Fig. 4, lane aSKTI).
detected by control immunoprecipitation with

It was not

non-immune serume demonstrating the specifi-
city of the immunoprecipitation (lane NI). It
was immunoprecipitated only from seed mRNA
translate but not from leaf mRNA translate
(data not shown). When the molecular size of
them were compared by running side by side
in SDS-PAGE, the MW 24K polypeptide is lar-
ger than the antigen, SKTI of MW 20K (Fig.

4, lanes aSKTI and SKTI). It suggests that
SKTI is synthesized as the precursor polypep-
tide of MW 24K, which is converted into the
SKTI of MW 20K by post-translational modi-
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Fig. 4. In vitro translates of mRNAs isolated

from soybean. Translation in vitro was carried

out in wheat germ extract with [**SJmethio-

nine as a label. They were separated by 12.5

%, SDS-PAGE and visualized by fluorography.

The position of mature SKTI purified from

soybean run side by side is shown by arrow

head.

Lane CONT : No exogeneous mRNA was added

Lane LEAF : Soybean leaf mRNA was added

Lane SEED : Soybean seed mRNA was added

Lane aSKTI : Immunoprecipitation with anti-SKTI
antibody

Lane NI : Immunoprecipitation with non-immune
serum

Lane SKTI : The position of mature SKTI from
soybean seed stained by Coomassie blue

fication. Post-translational processing, how-

ever, did not occur in the wheat germ extract
system in vitro,

4) The SKTI biosynthesis in soybean seeds

The expression characteristic of the SKTI
was examined in leaves and developing soybean
seeds. Total soluble seed proteins were extracted
with SDS-PAGE sample buffer from immature
seeds at different stages of development and
analyzed by immunoblotting. Developing soy-

Kim et al.: Precursor of Soybean Kunitz Trypsin Inhibitor

bean sceds were collected and divided into 5
groups by their size assuming that they are at
different stages of development. Embryo size
was about 5mm (average 23mg per seed) for
stage I, 8mm (62mg) for stage II, 11mm(110
mg) for stage I, 13mm(210mg) for stage 1V,
and 15mm(367mg) for stage V. The seeds at
stage V were vyellow-green and at their
maximum size.

The amount of the SKTI in unit weight of
seed increases abruptly with the development
of seeds suggesting that the level of the SKTI
is controlled in a developmental stage specific
manner(Fig. 5). Furthermore, the SKTI shows
a tissue-specific expression pattern since no
SKTI has been found in leaves (lane L), which

Fig. 5. Immunoblot analysis of soybean Kunitz
trypsin inhibitor in developing soybean seed.
Immature soybean seeds were collected and di-
vided into 5 groups by the size. Crude extract
was analyzed by immuncblot with anti~SKTI
antibody.

Lane I: Extract from seed at stage I

Lane II:Extract from seed at stage IT

Lane III : Extract from seed at stage III

Lane IV : Extract from seed at stage IV

Lane V : Extract from seed at stage V
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is consistent with in vitro translation result.
There were unknown band of MW 16K just
below the SKTI band detected by anti-SKTI
antibody(Fig. 5). It was not detected in mature
seed extract(Fig. 2). It might be proteolytic
degradation products of the SKTI generated
during the extraction of developing immature
seed, in which biological activities were*more
active than in mature dry seeds.

2. Discussion

The SKTI is one of the most extensively
studied proteins (Laskowsky and Kato 1980;
Read and James 1986). Iis physical and chem-
ical properties has been well studied. Its amino
acid sequences has been determined(Koide and
Ikenaka 1973a,b,¢; Kim et al. 1985) and the
elucidation of the three-dimensional structure
of the trypsin inhibitor complex has been one
of the classic achievement of protein chemistry
(Sweet et al. 1974). Its molecular biology inclu-
ding biosynthesis mechanism, however, is not
well studied. To understand the molecular me-
chanism of the SKTI biosynthesis in soybean
seed, mRNA of developing soybean seeds has
been isolated and protein synthesis was carried
out in wheat germ extract. Anti-SKTI antibody
has been utilized to identify the translation
product of the SKTI mRNA in this study.

Antibody has been recognized as a very use-
ful tool in protein chemistry to study the struc-
ture of the antigens and the identification of
the derivatives. The post-translational modific-
ation and the heterogeneity occur in general in
plant proteins(Argos et al. 1982; Barton et al.
1982; Vodkin 1981). The heterogeneity appears
in various kinds of way such as the size of
polypeptide, amino acid composition and charge
by post-translational modification such as pro-
teolysis and/or glycosylation. It is not easy,
therefore, to identify the primary translation
product in vivo and in vitro which are differ-
ent from the mature protein in cell. Anti-SKTI
antibody obtained in this experiment was hig-
hly specific for the mature SKTI as well as

its precursor. It also recognizes the SKTI var-
iants Ti* and Ti? as well reflecting structural
similarities each other. In fact, there are only
8 amino acids difference each other(Kim et al.
1985).

The presence of the SKTI precursor was
shown in vitro translation products by the im-
munoprecipitation with anti-SKTI antibody.
The antibody recognizes the polypeptide of MW
24K in the translates rather than mature SKTI
of MW 20K in soybean seed. It suggests that
the SKTI is synthesized as a precursor molecule
and subsequent post-translational modification
results in the mature protein in seed. The na-
ture of the post-translational modification for
the SKTI precursor, however, is not known.
Considering the reduction of molecular size,
endopeptidic cleavage might be considerable. It
is known that many proteins which are synth-
esized at rough endoplasmic reticulum(rER) and
transported to the organelle such as protein
body, peroxysome, lysozyme or outs.de plasma
membrane have signal peptide of 10~30 amino
acids at NH,-terminal(Blobel et al. 1975; Heijne
1986). These signal peptides are removed when
their NH,-terminals are translocated to the
lumen of rER. This process is explained by
the molecular cell biological process of vectorial
transport which occurs in cell. In fact, these
post-translational modifications are observed in
many proteing such as soybean glycinin(Ereken
~Tumer 1982), maize zein (Rhighetti et al. 19
87) and barley a-amylase(Chrispeels et al. 1982).
It is not known whether the SKTI is translated
in rER or free ribosome and where it is stored.
Considering the post-transiational modification
by proteolytic cleavage, the SKTI seems to be
synthesized in rER like glycinin and congly-
cinin in soybean. It suggests that such a endo-
peptidic cleavage need a specific peptidase and/
or cellular components such as microsomes
which are not present in wheat germ extract.
This result also has been observed in transla-
tion in vitro using reticulocyte lyzate, in which
no post-translational modification was occurred
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(Vodkin 1981). It is still possible that there
are additional endopeptidic cleavage at C-ter-
minal of the precursor molecule as observed in
soybean glycinin, The real nature of the post-
translational modification, however, might be
understoed by studying the structure of the
gene and the mRNA.

The polypeptides translated in vitro with
mRNA isolated from
seed specific expression pattern (Fig. 4). Imm-
unoblot analysis with the antibody of the tissue
extract is consistent with this result (Fig. 5).
The SKTI is synthesized predominantly during
cell expansion phase of seed development for

soybean seed show the

short period, but not synthesized in other tiss-
ues. The tissue specific and/or developmental
stage specific expression patterns have been re-
ported for several cases including plant storage
proteins. In case of potato and tomato, protei-
nase inhibitors are known to be expressed at
rery low level in leaves in normal condition.
But when their leaves are wounded by insects
or other mechanical forces, the proteinase inhi-
bitors are expressed at high level (Ryan 1968,
1973). Studying the mechanism of the develo-
pmental and tissue specific expression of the
SKTI might provide an opportunity to under-
stand the regulation of gene expression in eu-
karyotic cell, especially in plant cell, at mole-

cular level.

Abstract

Three classes of proteinase inhibitors are
known in soybean; the Kunitz trypsin inhibitor
(SKTI), the Bowman-Birk proteinase inhibitor
and its isoinhibitors. To study the molecular
structure and expression characteristics of the
SKTI, antibody was obtained by immunizing
rabbit with the SKTI purified from soybean by
preparative electrophoresis. Anti-SKTI antibody
was not only specific for mature SKTI in soy-
bean seed but also recognized the precursor
which was synthesized in vitro. Translation in

vitro was carried out in wheat germ extract

with polyadenylated mRNA isolated from de-
veloping soybean seeds. One of the seed specific
translation products, MW 24K, was identified
to be the precursor for the SKTI by immuno-
precipitation with anti-SKTI antibody. Mature
SKTI of MW 20K, however,

in the translates in vitro. These results suggest

was not detected

that the precursor polypeptide is synthesized
from the mRNA and is cleaved to yield mature
SKTI in soybean seed. The SKTI gene was
expressed with the maturation of soybean seed
in a tissue-specific and development stage-spe-
cific manner.

Abbreviations used:

SKTI1 : Soybean Kunitz trypsin inhibitor
BBPI : Bowman-Birk proteinase inhibitor
MW : Molecular weight

K 11,000 in molecular weight

PAGE : Polyacrylamide gel electrophoresis
SDS : Sodium dodecyl sulfate
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