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ABSTRACT

An 8 kD methionine-rich protein (MRP) (2D-1) was purified through a combi-
nation of selective enrichment of the albumin fraction through heparin-Sepharose af-
finity chromatography, 2)-SDS-PAGE and radiolabeling of methionine-containing pro-
teins with {1-14C] iodoacctate. The MRP contains 8.6% methionine, 8.6% cysteine,
11.4% lysine and high amounts of glutamic and aspartic acids. The N-terminus se-
quence facilitated the synthesis of degencrate oligonucleotide primers for use in Poly-
merase Chain Reaction (PCR) to amplify ¢cDNA fragments specifically coding for the
gene. The PCR product was then used to screen a cDNA library and analyze the
DNA sequence which confirmed the high sulfur amino content of 17.2% Southem
analysis revealed the presence of two copies of the gene in the genome. This work lays
down the groundwork for cloning of the gene which actually encodes the 8 kD MRP
and a methionine poor 2.5 kD peptide .

Keywords: Methionine-rich proteins (MRP); soybean (Glycine max); Heparin-Sepharose

chromatography; Polymerase Chain Reaction (PCR); N-terminus; cDNA
library, Southern analysis
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INTRODUCTION

Legumes have become important sources of proteins with the increase in the
demand for high fiber, low cholesterol food. Their full utilization is however
limited by the deficiency in the sulfur amino acids, methionine, an essential amino
acid and cysteine, although a non-essential amino acid, imparts a sparing effect
on the former. Soybean, the world’s single largest cash crop in the US (Soya
Bluebook, 1982) contains only 56% as much sulfur amino acids as the nutrition-
ally complete Food and Agriculture (FAQ) reference protein (Kelley, 1973).

Several studies have already been conducted on a number of plant crops
with the objective of cloning a gene coding for a sulfur-rich protein. More otten
a heterologous gene was used to increase the methionine content. Unfortunately,
none had been applied successfully to soybean or any legume. More disturbing is
the result of a recent study indicating the allergenicity of the Brazil nut MRP
gene cloned in soybean. We propose that increasing the biosynthesis of naturally
occurring MRP found in very small amounts in soybean is the most feasible
genetic engineering strategy to address the deficiency. An endogenous gene com-
ing from soybean itself with a long history of non-allerginicity would be the most
likely candidate for cloning. This work lays down the foundation to cloning the
soybean MRP gene, thereby enhancing its expression and elucidating the possible
biological role in the seed.

This paper presents the purification of a sulfur-rich protein from soybecan
mature cotyledon using a combination of affinity chromatography and two dimen-
sional SDS-PAGE. The MRP was earlier identified as an 8 kD albumin (Revilleza
et al,, 1996). In addition, the N-terminal sequence of the protein was determined
which made possible the synthesis of oligonucleotide which were used in a
polymerase chain reaction (PCR) to amplify DNA fragments coding for the MRP.
The PCR product was later used as probe in cDNA library screening and Southern
analysis.

MRP DETECTION AND PURIFICATION

Methionine-rich proteins resolved electrophoretically and blotted on
Immobilon membrane, were identified based on the selective tagging of methion-
ine residues as reported by Kho and de Lumen (1987). MRPs were identified to be
in the low molecular weight albumin fraction of mature soy coteledon. The focus
then centered on this fraction which was subjected to a number of chromato-
graphic separations. This resulted in the identification on of heparin-sepharose
(affinity) chromatography which facilitated the enrichment of the 8 kD MRP prior
to two-dimensional electrophoresis. The single 8 kD band on one dimensional
SDS-PAGE was in fact a mixture of three 8 kD proteins where the major compo-
nent was referred as 2D-1 (Fig. 1). The 8 kD MRP was submitted for N-terminal
microsequencing.
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Figure. 1 2D-SDS-PAGE of soybean seed albumin methionine-rich protein en-
riched fraction eluted from heparin-sepharose affinity column. (Arrow
points to the position of 2D-1, the major acidic protcin).

c¢DNA LIBRARY SCREENING AND SEQUENCE ANALYSIS

Degenerate oligonucleotides deduced from the N-terminal sequence were
synthesized and used as the gene specific primer for amplifying MRP gene encod-
ing, with a mid maturation seed cDNA pool as template. PCR produced a trun-
cated fragment which encoded the MRP. This was used as probe for Southern
analysis and to fish out the cDNA clone harboring the MRP. The cDNA clone was
sequenced and characterized (Galvez et al, 1997; de Lumen et al, 1999).

DISCUSSION

Purification of the MRP

The 8 kD MRP is distinct from the first MRP reported in soybean with a
size of 10.8 kD and 12% methionine (George and de Lumen, 1991), although it is
possible that they belong to a family of MRP. MRP has been reported in cereals
and oil seeds such as Brazil nut, sunflower seed, corn and rice, but this is the
second time only that a report of another MRP was found in legumes. The initial
attempt to clone the 10.8 kD MRP was not successful due to the insufficient
amount of protein for further analyses. In the absence of conserved regions from
other known MRPs, gene cloning which encoded the soy MRP using heterologous
sequences, was not feasible. Achieving the objective through the protein route,
although more difficult, was a more logical solution.
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Amino Acid and N-Terminal Sequence Analyses

The MRP (2D-1) contained high amounts of acidic amino acids aspartic and
glutamic acids which then explained the acidic IpH on 2D-SDS-PAGE. The amino
acid profile also yielded high levels of sulfur-rich proteins with 8.6% methionine
and 8.6% cysteine. Lysine content was also high at 11.4% These represent the
limiting amino acids in legumes and cereals respectively and are of great impor-
tance since MRPs from other sources were found to be limiting in lysine (Altenbach,
1987; Kortt et al.,, 1991). Table | gives the amino acid composition of 2D-1,
defatted soy meal, Brazil nut MRP and FAO reference protemn. 1f the Brazil nut

Table I. Amino Acid Composition“ of 8 kDDa Soybean MRP,? Defatted Soymeal,*
Brazil Nut MRP,? and FAO Reference Protein®

Brazil

amino acid 8kDa-1D 2D-1 nut defatted FAO ref

MRP MRP MRP soymeal protein
methionine 7.7 8.6 18.8 1.4 3.5 (met + cys)
cysteine 5.0 1.5 7.9 1.3
lysine 12.7 1.4 0.0 6.0 5.5
tryptophan nd/ nd 0.0 1.2
threonine 23 3.1 0.0 3.7 4.0
isoleucine 4.0 4.0 1.0 4.4 40
leucine 7.7 7.7 5.0 6.7 7.0
phenylalanine 1.6 03 0.0 45 6.0 (phe + tyr)
tyrosine nd nd 0.0 4.6 5.0
asparagine nd nd 2.0 nd
aspartic acid . 103 11.2 1.0 10.4
serine 48 5.6 6.9 4.6
glutamine nd nd 119 nd
glutamic acid 28.8 35.1 14.9 18.4
proline 29 2.8 5.9 53
glycine 2.1 3.1 5.9 3.4
alanine 2.0 2.1 1.0 3.6
histidine 1.7 0.0 2.0 22 22
arginine 6.0 34 14.9 7.6

4Values are in g/100 g of protein as determined by amino acid analysis. bAmino acid analysis was
carried out on 8 kDa protein band on Immobilon membrane after 1D SDS-PAGE (8 kDa-1D) and on
2D-1 after 2D SDS-PAGE of fraction enriched for LMW proteins by heparin-Sepharose chromatogra-
phy. Rackis (1961). dDctermined from cloned cDNA encoding mature protein, % of total (Altenbach
and Simpson, 1990). ¢ FAQO/WHO Food and Agriculture Organization/World Health Organization of
the United Nations (1973). {4, not detected.
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MRP is to be overexpressed in a host plant, there is a possibility of the danger in
causing an imbalance in essential amino acids. This is so since evidence showed
that transgenic MRP increases at the expense of other proteins (Nordlee, 1994).

Protein microsequencing of the 8 kD MRP revealed the following 20 amino
acid N-terminal sequence.

EGKDEDEEEEGHMQKCATEM

A database search using Blast showed that the N-terminal sequence yielded
partial homology to glycinin in soybean and to a sucrose binding protein.

The middle N-terminal sequence of seven amino acids with the least codon
degeneracy was used to design oligonucleotide primers for PCR amplification of
the DNA coding for the 8 kD MRP.

PCR and Cloning of PCR Product

The PCR reactions using modified RACE protocols, yielded a 500 bp prod-
uct which was cloned to GEM-T vector. The recombinant plasmid was used to
transform an £. coli bacterial strain JM 109.

The deduced protein sequence of the 2D-1 PCR fragment which started
from residue 9 of the N-terminus sequence, codes for an 8 kD protein containing
8.6 methionine and 8.6% cystein for a total sulfur content of 17.2% (Fig. 2). A
stop codon was present after 211 bp. This cut short the open reading frame after
70 amino acids, leaving a large 3' untranslated region.

Southern Analysis and Library Screening

Southern hybridizations using 2D-1 PCR amplified product as probes re-
vealed at least two bands in the autoradiograph. This implied that there could be at
least two copies in the genome. Most of the genomic digests showed 2 restriction
bands on samples digested with 6 base cutters and a single band on a 4 base
cutter, Hinf I (Fig. 3).

A mid maturation seed cDNA library was probed with 2D-1 Ten positive
clones were plaque purified after screening 6 x 105 ¢cDNA clones

Characterization of the cDNA Clone Encoding the MRP

The ¢cDNA encoding 2D-1, renamed Gm2S-1, has been completely sequenced
and characterized (de Lumen, 1999). The number and position of the cysteine
residues are conserved so they play a role in the formation of disulfide bridges,
one of the determinants in the hierarchy of protein structure. Studies from MRP of
other oilseeds suggested that the protein is synthesized as a large single-chain
precursor which undergoes post-translational processing to yield 2 chain struc-
tures of the mature protein. In the case of Gm2S-1 cDNA, another low molecular
weight protein (2.5 kD), was coded by the ¢cDNA clone. Although this was
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Figure. 2 Deduced DNA sequence of 2D-1 PCR generated fragment (Arrows
flank coding region of 2D-1 which terminates after 21 1bb).
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Figure. 3 Southern blot analysis of soybean genomic DNA with the PCR gener-
ated fragment 2D-] as probe. (Ten micrograms of DNA was digested
separately by 11 enzymes as labeled in each lane. The probe hybridized
to at least two fragments in the genome as indicated by the number of
bands the autoradiogram).

methionine- "poor", initial studies suggested that it possesses anti-mitotic prop-
erty, a potential application in cancer research (Galvez and de Lumen, 1999).

The full length sequence of the 2.5 kb clone revealed a chimera of difterent
transcripts, a glycinin subunit, a fragment homologous to a serine-rich protein
from rice callus, a soybean oleosin gene, the complete coding region of Gm2S-1,
and an 18 rRNA c¢DNA. The coding region of Gm2S-1 is within the 1.5 kb
EcoR1-bAMH]I fragment between the oleosin fragment and the 18 S rNA ¢DNA
(Fig. 4).

The open reading frame of Gm2S-1 encodes for 158 amino acids where 69
of the amino acids revealed by PCR generatcd a fragment located near the 3' end
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Figure. 4 BamHI -EcoR1 Fragment containing the Gm2S-1 coding region

suggesting a post translational processing as verified by N-terminal sequence
which did not start with a methionine residue. The preproprotein consists of a
signal peptide (21 amino acids), a small subunit (43 amino acids), a linker polypep-
tide (17 amino acids) and a large subunit which is the 8 kD MRP (77 amino
acids) (Fig. 5). The MRP contains 8% methionine, 13% lysine and 8% cysteine.
The prepotein is highly hydrophilic with a predicted IpH of 5.6 while the mature
MRP had an IpH of 4.9 (de Lumen et al, 1999).

Possible Biological Roles of Sulfur-Rich Proteins

The methionine and cysteine-rich proteins represent storage spaces for sul-
fur in the seed. During germination, the sulfur is mobilized and used not only for
amino acid and protein structure, but also for the synthesis of cofactors and
coenzymes. In addition the methionine is important in the synthesis of S-adenosyl
methionine, a good alkylating agent and polyamines for DNA packaging (Lehninger
etal., 1999).

Comparison of the 2DI-PCR DNA sequence with the Genbank data base
showed 53% homology with a DNA binding protein from Arabidopsis thaliana
(Khun et al., 1993) and 60% homology with a cysteine-rich protein from lupine
(Gayler et al., 1990). Interestingly, the region of homology with the Gt-2 protein
was in the acidic region near the carboxyl terminus. Acidic regions of many NA-
binding proteins have been shown to function as transcriptional activators (Saha
et al., 1993).

A survey of protein data bases on proteins with high levels of sulfur-rich
proteins and enzymes with sulfur-rich motifs revealed some exciting results. Cer-
tain cysteine-rich proteins in animal cells have regulatory roles, including differ-
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Signal Peptide * Small subunit (lunasin)
MTKFTILLISLLFCIAHTCSASKWQSPARYVRKQLQGVNL
Linker
SPCEKHIMEKIQGRGDDDDDDDDDNHILRTMGGRINYI
* Large subunit (8 kDa MRP)
RRNEGKDEDEEEGHMQKCCTEMSELRSPKCQCKALQKI

MENQSEELEEKQKKKMEKELINLATMCRFGPMIQCDLSSDD

Figure 5. Complete protein encoded by the GM2S-1 ¢cDNA clone. (The protein
consists of a hydrophobic signal peptide, a small subunit (SSU) now
called lunasin, a linker peptide and the large subunit (LSU) 8 kDa MRP.
The arrows indicate proposed posttranslational proteolytic cleavate sites).

entiation, which makes one wonder if these plant protein counterparts play any
regulatory role in seed development. Animal metallothioneins (MTs) are cysteine-
rich, low-molecular-weight proteins that bind to heavy metals and are believe to
play a role in metabolism and detoxification. Genes encoding MT-like proteins
have been isolated in a number of plants although their function remains to be
educated (Foley and Singh, 1994).

An important new family of proteins has recently been described which
carries a novel cysteine-rich zinc-binding domain called the LIM domain. This
protein family is present in mammals, amphibians, flies, worms and plants and its
main function is in developmental regulation. Although a role in protein-protein
interaction seems likely, intriguing similarities to GATA zinc fingers imply that
are LIM domain may also be involved in binding to specific nucleic acids (Sanchez-
Garcia and Rabbitts, 1994).

One role of MRP is suggested by the hypothesis that the conserved methion-
ine-rich region of a nuclear protein from Drosophila and rat is proposed to play an
important indirect role in its DNA-binding property as a transcription factor that
controls terminal differentiation in Drosophila embryo (Weigel and Jackle, 1990).
The 10.2 kD soybean protein (4.7% cysteine and 4.7% methionine) that binds to
the regulatory sequence in leghemoglobin C3 gene is proposed to have a regula-
tory role during soybean nodule differentiation (Bergmann et al, 1991). Interest-
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ingly, the N-terminus sequence of one of the two methionine-cysteine-rich pro-
teins identified in Acha, an African underutilized cereal is at least 46% homolo-
gous with 3 eukaryotic transcription factors (de Lumen et al, 1993). Two proper-
ties of the 8kD soybean albumin that makes it a transcript factor role: it is non-
abundant, was detected early in seed development and maintained up to maturity.
The length of the 3' untranslated region of the 2D-1 PCR product might be of
significance concerning the stability of the transcript which explains its presence
in the seed at a very low concentration, 3 pug/g. The long tail could have prevented
the digestion of the coding region, thereby conferring stability. It is also possible
that 2D-1 is not a typical seed storage protein and may have some biological
function in seed development. In addition, 2D-1 may function as a trans-acting
factor involved in activating the desiccation machinery in maturing seeds.

Since sources of the sulfur-rich proteins reported so far are oilseeds, it is
possible that they play a role in lipid biosynthesis. It is noteworthy that the N-
terminus sequence to each of the proteins isolated indicate have been post
translationally processed.

SUMMARY AND CONCLUSION

With minimum number of steps, this study permitted the identification and
purification of LMW sulfur-rich proteins from soybean albumin. These steps are
central in the cloning and characterization of the gene encoding the MRP since
there are no continuous conserved regions among reported MRPs from several
sources. The use of heterologous probes for gene identification was therefore
ruled out. Thus, the determination of the N-terminal sequence facilitated the de-
sign of primers for use in PCR which generated a truncated DNA fragment par-
tially encoding the MRP. This served as probe for initial characterization studies
and cDNA clone identification.

The genes encoding methionine-rich proteins (MRP) in seeds are candidates
for overexpression to enhance the nutritional quality of legume proteins, which are
relatively deficient in methionine. This is significant because of the findings in
transgenic soybean. The transformation of soybean with Brazil nut MRP ¢DNA
driven by a B-phaseolin promoter leads to the accumulation of the Brazil nut MRP
up to 8% of the total protein, which is equivalent to a 26% increase in methionine
content (Nordlee et al., 1994; Townsend et al., 1992). It remains to be seen if this
increase is nutritionally significant. Using radioimmune allergosorbant test (RAST),
the Brazil nut MRP in the transgenic soybean binds human IgE from sera of
individuals allergic to Brazil nut whereas no binding is observed with comparable
amounts of protein extracted from a genetically equivalent line of non-transformed
soybean (Nordlee, 1994). Further, there are no extremely new cases of allergic
responses to soy proteins inspite of their long history and widespread use as human
food.
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Overexpression of these sulfur-rich genes from soybean provides a viable
means of increasing the methionine content of seed proteins in soybean and other
legumems through genetic engincering, resulting in the enhancement of their nu-
tritional and economic values as human food and animal feed, and in elucidating
their biological roles.
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