Qatar Univ. Sci. J. (2003), 23: 87-98

Improvement of the Quality of Soya Bean Seed Storage Proteins
by Genetic Engineering cDNA Encoding G2 Subunit

Reda Helmy Sammour

Botany Department, Faculty of Science, University of Tanta , Tanta, Egypt.

DA e bigaall Job gl 435 @lifi gl 4 58 Gamas
Y il Bany cadl jidal (JaSall) ") duia

P VI S
e elaihs Geals ¢ o slall A4S (ol o

(daSall) "L s DA e Lysaall J8 50 lifig pdie g gpend (I a1l s Gy g
Craadind celld oy LJerall 8 penil) o 5 Leheny Lae 'Y 2" cpidall saa g caadl il
& W maeatl 5 sl cJaral) 3 gl cJonall g geull g dea il AN A el L sl gl iy
e AN o Can all B el aad ¢ Sall (e ailag e o diall y i 3 o andl
AY) gaw 5 "PSP65/G4SacG2” laaaal aw ¢cpine Py eliy a5 . A<l il ¢ 4K
< Adadll) "Sact Adadl e gane DU (e e D S s sinl 23 5 "pSP65/G4SacG2HG4'
Usd) " )y " ol O (Roae Wl Al e S5V e e o pdadl g a1 e g 5ian
"pSP65/G4SacG2HGA™ aa Pl Jady (S . Slail bl D6 (yig 0 I A aandl oo
daali "¢ (sl " ol e dpmalall AL 8 o)y at oeadl e "Sac” Adadl ) ddl )
b — 4 o LS (Janall 8 paatll e 55080 agal e DU 1368 3] o e il Ja DI 23
pendll e o DU eda 5,08 Jlas) 23 Lo el Gl e e e el g e sl il e @
sl o g A el dglia 3 pia Cilaand A

*Key Words: Cloned cDNA; Glycinin subunit G2; In vitro transcription, In vitro translation;
Mutagenesis; SDS-polyacrylamide gel

&7
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ABSTRACT

The goal of this work is to improve nutritional quality of soybean seed proteins by altering cDNA-
encoding G2 subunit of Soybean glycinin to be capable of self-assembly in vitro. Two plasmids were
constructed; one designated pSP65/G4SacG2 and the other pSP65/G4SacG2HG4. The observation that
basic chain did not tolerate modification and that a 21 amino acids deletion in the basic chain of G4
proglycinin inhibited self-assembly into trimers [1], make the introduction of Sac fragment of GY4 to
GY2 is a possible key factor in getting G2 self-assemble. pSP65/G4SacG2HG4 construct includes, in
addition to G4 Sac fragment, the acidic chain of GY4 which was proved to tolerate an introduction of
three Met residues. This construct, therefore, had the ability to self-assemble in vitro and in the mean time
the ability to harbor a number of Met residues. The ability of these constructs to assemble into oligomer

similar to those that occur in the seed was tested.

Introduction

Glycinins are the predominant storage proteins in soybean seeds. They account for more than 20% of
the seed dry weight in some cultivars, have no known catalytic activity, and are thought to function as a
reserve for carbon and nitrogen to be used upon seed germination [2]. Glycinin proteins are produced
primarily in cotyledons where they are sequestered within subcellular organelles called protein bodies.
As 1solated from seed extracts, the glycinins are an oliogomer of six similar subunits [3]. The properties
of these subunits have been reviewed extensively [3 — 5], and five major subunits have been identified on
the basis of differences in their primary structures [6]. Each glycinin subunit is composed of two
disulphide-linked polypeptides. One polypeptide has an acidic isoelectric point, and the other is basic.
The two-polypeptide chains result from post-translation cleavage of proglycinin precursors [7], a step that
occurs after the precursor enters the protein bodies [8].

Nielsen et al., [2] characterized the structure, organization, and expression of genes that encode the
soybean glycinins. It was found that the predominant glycinin subunits found in soybean seeds were
encoded by a family of five genes. These genes have diverged into two subfamilies that are designated as
Group-I (G-I) and Group-II (G-1I) glycinin genes [5]. The genes in G-I (GY1, GY2, and GY3) have
nucleotide sequences that are more than 80% homologous to one another [2]. The nucleotide sequences
for members of G-II, which includes GY4, GYS5, are likewise more than 80% identical with one another,
but are less than 60% homologous with those in Group-I [9].

Dickinson et al. [10] developed an in vitro system that results in the self-assembly of subunit
precursors resembling to those found in vivo in the endoplasmic reticulum. This system shows that G-I

glycinin subunits (GY4, GYS5) are capable of self-assembly into trimers similar to those formed in
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endoplasmic reticulum. However, it was found that the G-I subunits were unable to assemble in the
absence of G-II subunits.

G-I 1s initially considered to be the best candidate into which to engineer additional sulfur amino acid
residues can be engineered, because it has higher sulfur content than the other glycinin subunits.
However, the observation that G-I does not self-assemble in vitro could mean that a protein engineered
from it and expressed at high level might not assemble efficiently in protein bodies. The aim of this
work, therefore, is to adopt a better strategy to improve nutritional quality of soybean seed proteins

through altered G-1 subunits, to be capable of self-assembly in vitro.

Materials and Methodes
Materials

Plasmids pSP65/248 and pMP18/MG2H served as the first step in the construction of the plasmids
pSP65/G4SacG2 and pSP65/G4SacG2HG4. The isolation of the plasmid carrying GY2 ¢cDNA (pG27)
was described in Scallon ef a/. [11]. The vectors pSP65 and pMp18 [12] were purchased from Promega
Biotec (Madison, WI).

Methods

Plasmid Construction

The two plasmids were derived from pSP65/248, which originated from a fusion between pSP65 and
pG248 [10, 13]. Plasmid pSP65/G4SacG2 was made by separately digestion of pSP65/MG2H and
pSP65/248 at Sacl and Hindlll sites in the polylinker (Fig. 1A). The 0.98 Kb (Kilobase) polylinker Sacl /
Hindlll fragment of pSP65/248 substituted Sacl / Hindlll fragment which includes MG2H of
pSP65/MG2H to form pSP65/MG2H. However this plasmid lakes Sacl fragment. Therefore, pSP65/248
was digested with Sacl, and the 0.16 Kb Sacl fragment was isolated, and then inserted at Sacl site in
pSP65/MG2H. The plasmid obtained is denoted pSP65/G4SacG2 (Fig. 1A).

Plasmid pSP65/G4SacG2HG4 was constructed by separately digestion of pMP18/MG2H and
pSP65/248 with BamH]I and Hindlll. However, a partial digestion was carried with Hindlll. The 0.5 Kb
BamH1 / HindIll fragment of pMP18/MG2H was substituted for the corresponding fragment from cDNA
clone pSP65/248 to form the plasmid pSP65/G2HG4 (Fig. IB). The plasmide denoted pSP65/G2HG4
and the plasmid pMP18/G2Sac were separately digested with Saml. The 0.31 Kb Saml fragment of
pMP18/G2Sac was trade with Saml fragment of pSP65/G2HG4 to construct the plasmide
pSP65/G2SacG2HG4.  Both pSP65/G2SacG2HG4 and pSP65/248 were separately digested Sacl and
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Xhol. The 0.72 Kb Sacl/Xhol fragment of pSP65/G2SacG2HG4 was ligated in the same sites of
pSP65/248 to form pSP65/G2HG4. pSP65/G2HG4 and pSP65/248 were separately digested with Sacl
and then the 0.16 Kb Sacl fragment of pSP65/248 was inserted in Sacl site of pSP65/G2HG4 to form the
plasmid pSP65/G4SacG2HG4.

DNA Sequence Analysis

Nucleotide sequence analysis was carried out by the chemical method of Maxam and Gilbert [14].
Synthetic oligonucleotides 5'GCGAGACAAGAAACGGGGTTGAGG and 5'GAGAACATTGCTC
GCCCTTCGCGC were used as primers for sequencing across the GY4 regions.

In Vitro Transcription

In vitro transcription with SP6 RNA polymerase followed by translation with rabbit reticulocyte lysate
was performed as described by Dickinson ef al.[1].

Plasmids were linearized with Pvu2 and Pstl and used as template for run-off transcription with SP6
RNA polymerase. Transcription reactions were carried out according to Melton et al. [12], except that
the DNA concentration was raised to 0.2ug/ul. GTP was reduced to 20 uM, and m7GpppG (Pharmacia)
was included at 500 uM. After 90 min at 40 °C, the GTP concentration was raised to 500 uM and the
incubation was continued for 30 min at 40 °C. The RNA was precipitated by the sequential addition of

Sodium acetate (pH 5.2) to 300 mM and 2.5 vol of absolute ethanol (Dickinson ef al. 1987).

In Vitro Translation and Assembly

In vitro translation with rabbit reticulocyte lysates and (*H) leucine were performed according to the
manufacturer's (Promega Biotec) specific reactions. After translation, EDTA was added to 2mM and
phenylmethyl-sulfonylfluoride was added to 250 uM. The *H-labeled proteins were incubated at 25°C

for 30 hours and placed on ice.

Sucrose Gradient Fractionation

Assembly products were assayed by layering 100 ul samples onto 11 ml linear 7-25% sucrose density

gradient as described elsewhere [15]. Immunoprecitations were performed according to Turner et al. [8].
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TCA Precipitations

The sample (100 ul) was mixed with a 25 ml of 1.5 NaOH, 2-25% hydrogen peroxide and incubated at
37 °C for 10 min. Then 1.5 ml of 25% trichloroacetic acid and 2% Casamino acids were added and
mixed. The mixture was placed on ice for at least 30 min. Samples were collected on glass fiber filters,
washed twice with 10 ml of 10 % TCA, and subsequently washed with 5 ml of ethanol. The filters were
dried and counted in 10 ml of ACS scintillation fluid (Amersham).

SDS/PAGE

SDS/polyacrylamide gel electrophoresis was performed in 12% gels [16]. Samples were diluted 10
fold with sample buffer (0.3 M Tris-HCI, pH 6.8 / 2% 2-mercaptoethanol / 10% glycerol) and boiled for 2

minutes before loading. Gels were stained with coomassie blue to visualize molecular weight standards,

En3Hance (New England Nuclear) treated, dried, and subjected to fluorography.

Results and Discussion

The construction of expression plasmid (pSP65/27), and its restriction map are reported elsewhere
[10]. It was reported that G-II subunits were able to self-assemble into trimers, but G-I subunits were
unable to assemble in the absence of G-II subunits [13]. In addition, it was found that self-assembly of G-
I could not be evaluated because the highest concentrations produced from pSP65/27 were still below the
threshold level at which GY4 self-assembles into trimers [1]. These results imply that there are structural
differences between the two groups of glycinin subunits that affect their ability to assemble into
oligomers. However, it was proved that both G-I and G-Il efficiently assemble with G-II proteins. The
inability of G-II to self-assemble, therefore, is unlikely to be due to improper folding of the subunits
produced in vitro. It was also suggested that G-II (and perhaps other group-1 subunits) has lost the ability
to self-assemble during evolution. Despite this change, however, the G-1 glycinins have remained
functional because all members of the glycinin gene family are coordinately expressed [11, 17] and the G-
II subunits promote the assembly of G-I subunits into oligomers. The importance of the basic domain for
trimer formation is also supported by an earlier observation that a 21 amino acid deletion in the basic
chain of GY4 proglycinin inhibited self-assembly into trimers [10]. Therefore, to make GY2 self-
assemble a plasmid that contains Sacl fragment (which includes N-terminal of the basic chain of G4) was
constructed, and designated pSP65/G4SacG2.

A system has been described that enables the assembly of proglycinin synthesized in vitro to be
studied [13]. The main advantage of the system is its speed and the ability to use recombinant DNA

techniques to probe for region of proglycinin important for self-assembly of trimers. It remains to be

91




Improvement The Quality of Soya Bean Seed Storage Proteins by Genetic Engineering Cdna Encoding G2 Subunit

shown, however, that the in vitro assembly described here accurately reflects the in vivo process. A
similar test may be possible in vivo with transformed tobacco plants; however, such experiments

would consume considerably more time. In addition, the tobacco seed itself has equivalent legumin-like

proteins that would complicate interpretations. Assembly assay results of Fig. 2B show the distribution of

radioactivity in sucrose gradient after self-assembly of oligomers using pSP65/G4SacG2. The assembled

products of pSP65/G4SacG2 were capable of self-assembly. In addition, their analysis after self-
assembly on SDS/PAGE showed assembled trimers with molecular weight 66 Kilo Dalton, similar to the
trimers produced by plasmid pSP65/27 (Fig. 3). Moreover, the assembly results of pSP65/G4SacG2
expressed a large quantity of proglycinin. The accumulation of large quantities of proglycinin is crucial
for adoption of protein engineering to improve quality of soybean proteins and to adopt an assembly
system.

Since G-II has higher sulfur content than the other glycinin subunits, it is consider to be the best
candidate into which additional sulfur amino acid residues can be engineered. The main obstacle to do
that was that G-II did not self-assemble in vitro. However, the plasmid pSP65/G4SacG2 that harbor GY2
overcome this obstacle. The successful introduce three Met amino acid residues in the acidic domain of
GY4 (unpublished data, R. Sammour) made the author to exchange the acidic chain of GY4.

Assembly assay results of Fig. 2 shows the distribution of radioactivity in sucrose gradient after self-
assembly of oligomers using the plasmid pSP65/G4SacG2HG4. This plasmid was found to be capable of
self-assembly. Analysis of the produced proteins in self-assembly of this plasmid and plasmid pSP65/27
on SDS/PAGE showed that the protein assembled is trimers with molecular weight 66 Kilo Dalton

(Fig. 3).

Conclusion

In conclusion, cloned cDNAs encoding glycinin subunit GY2 was modified. The modification was
carried out to get G2 self-assembled in vitro. Two plasmid contain Sacl ,and Sacl and acidic fragments of
GY4 have been constructed. These plasmids named pSP65/G4SacG2 and pSP65/G4SacG2HG4. Their
ability to assembly into oligomer similar to those, which occur in the seed, was confirmed. In addition,
electrophoretic separation of the proteins synthesized in vitro showed a subunit molecular weight similar

to that produced in vivo in the endoplasmic reticulum.
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- pSP65/G4SacG2 (B)
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Fig. 2. Self-assembly of *H-Leu labeled proglycinins produced from
pSP65/27, pSP65/G4SacG2, pSP65/G4SacG2HG4. The constructs
pSP65/27, pSP65/G4SacG2, pSP65/G4SacG2HG4.The position
of sedimentation standards is shown at the top of the figure.
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Fig. 3. In vitro synthesis of modified proglycinin. Products of in vitro
transcription and translation of the constructions pSP65/27, pSP65/G4SacG2
and pSP65/G4SacG2HG4 were separated on a 12.5% SDS polyacrylamid gel
and visualized by fluorography. Molecular weight standards are given in KD.
Lane 1 shows protein markers; Lane 2 shows the translation products derived
from plasmid pSP65/27; Lane 3 shows the translation products derived
from plasmid pSP65/G4SacG2; Lane 4 shows the translation products
derived from plasmid pSP65/G4SacG2HGA4.
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