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Abstract

To improve the functional properties of soybean proglycinins, cDNA
encoding soybean proglycinin was manipulated using the synthetic
oligonucleotides. Modified expression plasmid pKGA;.Bi»-3 was used as a
template for the insertional mutation. The synthetic oligonucleotides
encoding amino acid sequences of GIn-Leu-lle-Phe-Lys-Leu and
GIn-Leu-Phe-Asp-GIn-Thr-Pro-Arg-Val-Phe, respectively, were selectively
inserted between Pro”’ and GIn*® in the variable domain V of the clones.
The insertion of new oligonucleotide sequence in recombinant plasmid
pKG5S and pKG5P was confirmed by the presence of a Pvull restriction
site additionally created. ~Recombinant plasmids carrying modified cDNA

were overexpressed in Escherichia coli JM105. Modified soybean



proglycinins are soluble proteins; thus, they were purified by consecutive
treatments of salt precipitation, ion-exchange chromatography and
cryoprecipitation. Purified proglycinins were confirmed via western blotting

analysis.

Key words: soybean proglycinin, protein engineering, functional properties,

gene expression
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1. Introduction

Soybean proteins are composed of two major components, glycinin
(11S globulin) and P-conglycinin (7S globulin) (2). Glycinin is one of the
predominant storage proteins with various functional properties. It is
composed of six subunits, each of which consists of an acidic and a basic
polypeptide that are linked by a disulfide bridge (1). Modification for
improving functional properties of food protein has been carried out by
chemical, enzymatic and genetic methods (7,12). In particular, genetic
modification via protein engineering is now a powerful approach to attain
this goal (2,6,9). Glycinin is a suitable target for the improvement of
functional properties due to the  plethera of information reported about this
soybean proglycinin (3,4,10). A reasonable strategy for protein engineering
of glycinin protein has been established based on the information available
on the primary amino acid and tertiary structure of the protein as well as
cloning of cDNA encoding the target protein. An expression of cDNA
encoding the proglycinin Ai.Bip, subunit precursor has been reported (19).
Furthermore, the stepwise deletion of the cDNA region encoding the signal
sequence and N-terminal regions of the proglycinin Ai.Bi, resulted in the
overexpression and the stability of protein products in E. coli (5). From
comparing the homology of amino acid sequence among various 11S
globulins from various legumes, a series of alternating conserved and
variable domains were found. Previously, we succeeded in creating novel

proglycinins designed to improve their nutritional and functional properties
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(heat-induced gelation and emulsification) by protein engineering based on
the 3-dimensional structure of glycinin as well as their structure-function
relationships (6). For example, the removal of the variable domains and
insertions of continuous plural methionines into the variable domains were
created for improving the food quality of soybean glycinin (6). In
addition to nutritional and functional properties of soybean glycinin, it can
be considered as a physiologically functional food material. The
angiotensin I-converting enzyme (ACE) participates in the control of blood
pressure. A number of ACE inhibitory peptides have been isolated from
various food proteins (11,20). In particular, it was reported that protease
hydrolyzate derived from soybean product has a potent ACE inhibitory
activity (15). Their peptide sequences were also reported (14). Therefore,
it is possible to create a glycinin protein with higher content of bioactive
peptide sequences.  Unfortunately, it has been reported that cDNA
manipulation may cause no expression or no formation of the inclusion
body in E. coli. To evaluate the functional properties of novel glycinins,
the soluble glycinin protein need to be first accumulated in E. coli and
purified as a native form with conformational stability. A recent report
indicates that modified glycinins can be processed to mature form and
self-assembled into hexamers in transgenic tobacco seeds (16). It indicates
that engineered glycinins could be accumulated effectively in the transgenic
plants if modified glycinins have the proper conformation. Because soybean
glycinin plays an important role as a functional protein as well as a

physiologically functional food, the improvement of functional properties
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of soybean glycinin is important the food industry (7). In this paper, we
describe the expression and purification of soybean proglycinin proteins

modified with additional peptide sequences in E. coli.



II. MATERIALS AND METHODS

Bacterial strain and plasmids

E. coli JM105 and E. coli DH5a were used as the host cells for
gene expression and  plasmid manipulation, respectively.  Both strains
were grown in LB medium at 37 T.
Plasmid pKGS5S and pKGS5P were derived from an expression plasmid
pKGA:Biv-3, which contained c¢DNA encoding truncated proglycinin
without three N-terminal amino acid sequence. In an expression plasmid,
ATG codon is under the control of tac promoter in pKK233 (6). DNA

manipulation was performed as described in Sambrook et al. (13)

Construction of recombinant plasmids

A clone coding proglycinin contained a unique Eco811 restriction site
in variable region V. The synthetic oligonucleotides were inserted in this
region. Oligonucleotides used for mutation were constructed for the
purpose of increasing the hydrophobicity of glycinin as well as fortifying

the biologically active oligopeptide sequence.

(S) functional oligopeptide sequence: Gln-Leu-Ile-Phe-Lys-Leu-

Q L I F K L
SAMI8A 5-T CAG CTG ATC TTC AAG CT - 3'
PINISB 3 C GAC TAG AAG TTC GAA GT - §'



(P) biologically active oligopeptide sequence:

-Gln-Leu-Phe-Asp-Gln-Thr-Pro-Arg-Val-Phe-

Q L F D Q T P R v F
PEPA30T 5' - T CAG CTG TTC GAC CAG ACC CCT CGC GTG TT - 3¢
PEPB30B 3' - C GAC AAG CTG GTC TGG GGA GCG CAC AAA GT - 5'

Underlined oligonucleotides indicate a new Pvull restriction site.
Four oligonucleotides were synthesized from Korea Biotech. Inc. To make
the double strand oligonucleotide, a pair of oligonucleotides prepared for
the synthesis of each oligopeptide sequence was mixed with annealing
buffer (0.1M NaCl, 10 mM Tris-HCI, pH 7.8, 1.0 mM EDTA) at a final
concentration of Ing/pl (13). The reaction mixture was heated at 65 T
for 5 min and then cooled to room temperature for 30 min. To construct
the recombinant plasmids, pKGS5S and pKG5P containing new synthetic
oligonucleotide, an expression plasmid pKGA.Bi,-3 was digested with
Eco811 and then ligated with each paired oligonucleotide at 16 C for 16
h. A 30 0 of ligation mixture was treated with ice cold ethanol and 3
M sodium acetate at -20°C for 6 h. The ligated DNA was harvested by
centrifugation at 12,000 rpm for 10 min. In order to reduce self-ligation,
the resuspended DNA was again digested with FEco811 and then
transformed into E. coli DHS5a. Transformants were selected on LB agar
containing 50 ug/ml of ampicillin. Plasmid was prepared with 2.0 ml of
LB culture broth by SDS alkaline method. A new Pvull restriction site

was confirmed between an expression plasmid pKGA;.Bi,-3 and



recombinant plasmids pKG5S and pKGS5P.

Expression of modified proteins in E. coli

E. coli JMI105 strain harboring an individual expression plasmid
was grown for 20 hr at 37 C after inclusion of 2 mM of isopropyl P
-D-thiogalactopyranoside (13). Cells harvested by centrifugation were
disrupted by sonication in 50 mM of ice cold Tris-HCl buffer (pH 8.0)
containing 1 mM EDTA and 1.5 mM phenylmethelsulfonyl fluoride
(PMSF). Total cell lysate was analyzed by sodium dodecyl

sulfate-polyacrylamide gel electrophoresis (8).

Purification of modified proglycinins

Cells were harvested from 4 L of LB broth and disrupted by
sonication. The cell debris was removed by centrifugation at 5000 rpm
for 10 min. The supernatant was saved. The proglycinin in supernatant
was concentrated by ammonium sulfate fractionation in the condition of
40-65% saturation. Q-Sepharose column was equilibrated with buffer A
(35 mM potassium phosphate buffer, pH 7.0 containing 0.15 M NaCl, 1.5
mM PMSF, 10 mM 2-ME and 0.02% (w/v) sodium azide). A protein
sample loaded was eluted with a 500 ml of salt gradient buffer (0.15
M-0.5M NaCl in buffer A). Finally, the collected protein solution was
purified by cryoprecipitation as described previously (5). Amounts of
purified proglycinins were measured by densitomertic analysis after staining

a gel with coomassie brilliant blue solution.



Immunoblotting

The purified proglycinins were also confirmed by immunoblotting
assay with a rabbit antiserum against soybean proglycinin (18). Purified
soybean glycinin was injected into a rabbit three times in order to boost
antibody production. A rabbit antiserum was collected and purified by a
glycinin-Sepharose column.  Purified recombinant glycinin protein was
analyzed by SDS-PAGE. All proteins were transferred to the nitrocellulose
filter and western blotting was performed using glycinin-antiserum as

described previously (18).

N-terminal amino acid sequence

To confirm the production of proglycinin in E.coli. N-terminal
amino acid sequence of purified glycinin was determined. The analyses
were done at seoul branch of Korea Basic Science Center. Purified
proglycinin was concentrated by SDS-PAGE and then blotted to a
polyvinylidene difluoride membrane according to the procedure of
Matsudaira (10). N-terminal amino acid sequence was determined by the

Edman degradation method with a Milligen 660B protein sequencer.



III. RESULTS AND DISCUSSION

Construction of recombinant plasmids

Previously, pKGA.Bi,-3, an expression plasmid was constructed for
producing soybean proglycinin in E. coli (19). In order to produce
various proglycinin variants with enhanced functional properties, annealed
synthetic oligonucleotides were inserted into the variable domain V (Fig.1).
The recombinant plasmid pKGS5S and pKGS5P constructed  have the
functional and biologically active peptide sequence, respectively.  The
overall scheme for constructing pKG5S and pKGS5P is shown in Fig. 2.
The insertion of additional nucleotide sequences in c¢DNA encoding
proglycinin was confirmed by the presence of a Pyvull restriction site. As
shown in Fig. 3, the Pwvull digestion of pKGS5S and pKGS5P generated two
DNA fragments (3 kb and 2.5 kb), indicating that a new Pyull restriction
site.  Also, pKG5S and pKG5P were not digested with Eco81I restriction
enzyme. These plasmids were used for production of modified soybean

proglycinin in E. coli JM105.
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Fig. 1. Schematic representation of the proglycinin A;,B;, subunit and
modified proglycinins. The numbers of the residues from the N-terminus are
described for the variable domains (I-V) above the alignment. Open bar indicates
the conserved region. A1.BiV+P and A.Bi,V+S indicate the modified

proglycinin, respectively.
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Fig. 3. Restriction patterns of expression plasmid and recombinant plasmids
digested with Pvull. A-DNA digested with HindIll (lane M), pKGA.B1p-3 (lane
1), pKGA.Bi,V+4Met (lane 2), pKGSS (lane 3,4) and pKGS5P (5,6).

Expression and purification of proglycinin protein

The modified proglycinin proteins directed by pKGS5S and pKGS5SP
were analyzed with SDS-PAGE. The total cell lysate prepared from E.

coli containing recombinant plasmid showed different band patterns
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compared to those of E. coli JM105 harboring pKK233 (Fig. 4, 5). Cells
harboring a recombinant plasmid produced a modified protein with a
molecular weight of 55 kDa. The total cell lysate obtained from FE. coli
JMI105 containing plasmid pKGS5P was purified. Fig. 4 shows the protein
patterns between the total cell lysate and the modified glycinin protein
purified by ammonium sulfate fractionation, ion-exchange chromatography
and cryoprecipitation. Cells harboring pKG5P produced a protein with a
molecular weight of 55 kDa  which is identical with the estimated
molecular weight. The expressed protein was significantly concentrated by
ion-exchange chromatography and further purified by cryoprecipitation. The
yield of purified proglycinin was 21 mg/ L of culture. It also indicates
that the modified glycinin is accumulated as a soluble protein in E. coli.
Which allow us to evaluate the functional properties of  modified

proglycinin protein.

,12,



15

Fig. 4. SDS-PAGE analysis of purified various proglycinin obtained from
recombinant plasmids. Lane 1, high molecular weight standard proteins (15, 25,
35, 50, 75, 100 and 150 kDa); Lane 2, total «cell Iysate of
IM105/pKK233(control): Lane 3, JM105/pKGSS; Lane 4, IM105/pKG5P.

_13_
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Fig. 5. SDS-PAGE analysis of the total cell lysate . Lane S, low molecular
weight standard proteins; Lane 1, total cell lysate of IM105/pKGS5P; Lane 2,
ammonium sulfate fractionation (40-65%); Lane 3, Q-Sepharose pool;, Lane 4,
cryoprecipitation. The arrow indicates the modified proglycinin. The numbers

denote molecular weights of marker proteins.
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Immunoblotting

Immunoblotting analysis was carried out using a polyclonal
antibody prep.. Modified proglycinin proteins were obtained from FE.coli
cells harboring plasmid pKG5P or pKGS5S. Purified proglycinins showed
the positive signal indicating that the soybean proglycinin protein was
expressed in E. coli (Fig. 6).
Therefore, the proglycinins modified with additional oligopeptide sequences
were successfully expressed and purified via simple purification steps. The
soluble form of modified proglycinins will facilitate the purification as well
as the evaluation of the functionality of proglycinin in E. coli. The level
of production of proglycinins modified with additional oligopeptide
sequence was lower than that of the proglycinin from an expression
plasmid pKGA.Bix-3. The modified proglycinin was subjected to analysis
of its N-terminal amino acid sequence analysis. The modified proglycinin
obtained from pKGS5P showed the 8 mer amino acid sequence which is
identical with that predicted from the nucleotide sequences of the deleted
A1.Bi-3 cDNA.  Design and production of novel proglycinins which are
expected to exhibit better food and/or physiological functions than the
normal soybean glycinin is based on the relationships between the structure
and the functional properties. It is believed that modified proglycinins are
valuable for the study of structure-function relationships, in soybean

proglycinins.
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Fig. 6 . Western blot analysis of recombinant proglycinins.
Lane 1, proglycinin purified from E. coli/pKG5S; Lane 2, proglycinin purified

from E. colilpKG5P. The numbers indicate the molecular weight of marker

proteins low molecular weight marker.
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