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Three isoforms of the cDNA of the major 8S globulin of mungbean, 8Sa, 8Sa’, and 8Sp3, were isolated,
cloned, and characterized. The cDNA sequences of 8Sa, 8Sa’, and 8Sp had open reading frames
of 1362, 1359 or 1362, and 1359 bp, respectively, which code for 454, 453 or 454, and 453 amino
acids corresponding to molecular weights of 51 973, 51 627 or 51 758, and 51 779, respectively.
Homology in terms of cDNA and amino acid sequences was 91—92% between 8Sa and 8Sa’, 87%
between 8Sa and 8Sp, and 86—88% between 8Sa’ and 8Sp. The signal peptide was found to be
1-25,1-24 or 25, and 1—23 for 8Sa, 8Sa’, and 85, respectively, using the signalP website (Nielsen,
H.; Engelbrecht, J.; Brunak, S.; von Heijne, G. Protein Eng. 1997, 10, 1—6). The propeptide was
determined to be IVHREN. A single site for glycosylation (N-X-S/T) was observed about 90 amino
acids from the C terminus. Homology between mungbean 8S isoforms and other 7—8S proteins
ranged from 45 to 68% within members of the legume family and 29 to 34% for crops of different
species. The major isoform 8So was expressed in Escherichia coli and purified by successive
ammonium sulfate fractionation, hydrophobic interaction, and Mono Q column chromatography. The
recombinant 8Sa, but not the native form, was successfully crystallized producing rhombohedral
crystals.

KEYWORDS: 8S globulin; cDNA; isoforms; vicilin; amino acid sequence; crystallization; purification;
homology analysis; signal peptide; propeptide; mungbean; Vigna radiata L.; legumes

INTRODUCTION Storage proteins of legumes such as mungbean comprise most

Mungbean [Vigna radiatdl.) Wilczek] has been utilized as  ©f the seed proteins. We have previously reported the purifica-
food since ancient times. It has increased its popularity as dry tion and characterization of the storage proteins of mungbean,
beans and sprouts in Asia, especially in India where it traces which consist of the basic 7S, vicilin type (8S), and legumin
its origin, but also in South America, Australia, and the United type (11S) globulins at 3.4, 89, and 7.6% leveés (The major
States. In the United States, 7688000 tons of mungbean are  storage protein, the 8S, has a native molecular weight of 200 000
consumed annually and 75% of this is imported. Australia’s for the 8S globulin although it also coeluted with 11S, which
production of mungbean of 12 66@7 000 tons/year is mostly  has a molecular weight of 360 000. On sodium dodecyl sutfate
for export. Mungbean is grown widely in about 5.77 million polyacrylamide gel electrophoresis (SBBAGE), the 8S major
ha in Asia producing 2.9 million tons per yeat)( For globulin resolved into four bands with molecular weights of
developing countries, mungbean is a major source of protein. 60 000, 48 000, 32 000, and 26 000. The 8S globulin of
mungbean was found to have no disulfide linkages and was
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laguna.net. A.E.N.B. and R.N.G. contributed equally to this paper. positive for carbohydrate using conjugated peroxidase reaction.
lgnn{erﬂty of thti Philippines Los Bafios. Cross-reactivity of soybegfrconglycinin subunits (ag', and
yoto University. . . .
$ National Institute of Agrobiological Sciences. pB) was observed with the first three major banq|s of the 8_S,
' National Agricultural Research Center for Western Region. whereas only the fourth band cross-reacted with the /&nti-
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subunit. The 8S globulin could be extracted over a wide range plus 20 mg of salmon sperm DNA and 20§ of y3%P-(ATP) 5'-end-

of NaCl concentrations. The N-terminal sequences of the labeled probes. The membranes were washed three times for 20 min
different subunits or fragments had-4B38% homology in 16 at room temperature in 6xSSC/0.1% SDS followed by sequential
14 amino acid overlap with storage proteins of various legumes Washing at 42, 47, 52, and 3T in 6xSSC/0.1% SDS for 20 min each
and other crops. Earlier reports have been made on the storaggme' Membranes were exposed to the imaging plate, and the hybridized

. e L probe was detected by BAS2000 imaging analyzer (Fuji). Sixteen
proteins of mungbean (3) and the purification of vicil)( plaques corresponding to clones that exhibited a strong signal were

Attempts to improve the nutritional quality of mungbean e from the agar plates, replated, and underwent second screening.
through breeding have largely been unintentional since efforts seven positive clones were selected and excised in vivo with the
have primarily focused on improving its yield and pest ExAssist helper phage system (Stratagene).
resistance. However, it has been noted that the protein content DNA Sequencing. The polymerase chain reaction (PCR) was
of mungbean has steadily increased from 17 to 26%. In spite conducted on the full length 8S cDNAs in pBluescript plasmid using
of the higher protein level, its nutritional quality still remains T3 or T7 sequencing primers and some internal primers. The PCR
the same since mungbean, like other legumes, is deficient inconditions were as follows: 98 for 20 s, 25 cycles of 96C for 10
sulfur-containing amino acids methionine and cysteine. There S: 50°C for 5s, and 60C for 4 min. The PCR products were sequenced
are now studies worldwide, which aim at improving nutritional USing the Applied Biosystems automated sequencer (model 310A)
quality and functional properties of proteins of various food according to the manufacturer's protocol.

. Analysis of DNA and Amino Acid Sequences.The cDNA
crops such as soybeab7), rice @), corn @), etc. through sequences of the different 8S isoforms were aligned with each other

genet_lc en_gmeerlng. o . . and with sequences of 7S-8S seed proteins using the ClustalW algorithm
In line with our efforts to study the possibility of improving  of the AlignX module of VectorNTI {1). The cDNA sequences of 8S
the nutritional quality of mungbean by nonconventional methods isoforms were also compared with sequences found in the database
such as genetic engineering, we have isolated, cloned, andusing the BLASTN (12).
characterized the cDNAs of three isoforms of the major 8S  The deduced amino acid sequences of the different 8S isoforms were
globulin of mungbean, which we are reporting herein. Unlike analyzed using the BLASTP 2.2.2 modul). The conserved domains
other leguminous seed crops, there is a dearth of information of the protein were analyzed using RPS-BLAST 2.2L8)( Multiple
on the DNA or protein sequences of the storage proteins of the alignment analysis of the amino acid sequences of the isoforms YVIth
Vigna species, including that of mungbean. This is, therefore, oS of 7S-8S seed proteins was done using the ClustalW algorithm
the first report on the molecular and structural aspects of the gf the AlignX module of Vector NTI {1). The signal peptide was
. . . . etermined using the SignalP website (13).
major storage protein of rT_]ungbean. U_smg various softwares Expression of Recombinant 8Soin E. coli. The 8SacDNA was
and databases, we determined several important features of thgserteq into pET 21d (Novagen Inc., U.S.A.) expression vector using
mungbean 8S globulin isoforms such as their signal peptide, the following method. The vector was first cut with Ncol and then
propeptide, secondary structures, and phylogenetic relation withpjunt-ended resulting in CCATG-3The vector was dephosphorylated
other seed storage proteins, which affirmed mungbean’s clas-and then restricted with EcoRI to generate an open vector with one
sification in theVignainstead ofPhaseolus. Toward a detailed  blunt end and one sticky end. TheB&as amplified using KOD DNA
study of the structure of the mungbean vicilin, we expressed polymerase (TOYOBO, Japan) with primers 8SNHAFT GAT GGC

the major isoform 8Sdn Escherichia coliand successfully =~ GCA GAA GTG TCC GTT TCA AG-3'(designed based on the
crystallized the recombinant 8Sarotein. N-terminal protein sequence IDGAEVSVS) (from this paper) and 8SC1

5-GGAATT CTT CAG GTT GGG CTC ATT TAT TG-3(introducing
an EcoRl site next to the stop codon TGA). THeehd of the PCR
EXPERIMENTAL PROCEDURES product was phosphorylated and then cut with EcoRI. The PCR product
Materials. The ExAssist helper phage system was purchased from and expression vector were gel purified using Gene Clean (Bio 101)
Stratagene. Restriction enzymes were purchased from Takara, Japarand ligated.
y3?P-(ATP) was purchased from Daiichi Pure Chemicals, Japan. Other ~ The pET21d containing the 8Sinsert was transformed ig. coli
reagents of the highest purity were purchased from various vendors. strain HMS174(DE3), JM109(DE3), and BL21(DE3). The bacteria were
cDNA Library Construction. The mungbean cDNA library was  grown on LB medium containing carbenicillin, and when the culture
prepared using the following method. Total RNA was isolated from a reachedAsqo 0f 0.8, isopropyl-thio-fe-galactopyranoside (IPTG) was
mixture of 2—5 mm developing seeds of BC20F4 (cultivar Osaka- added to the medium to induce expression of the protein. The culture
ryokuto) resistant isogenic line of mungbean according to the method continued to be grown for 72 h at 2C. Then, the cells were harvested
of Hall et al. (L0). Poly(A)-RNA was obtained by two cycles of BioMag by centrifugation at 6000 rpm for 20 min at €. The cells were
Oligo(dT)20 chromatography (PerSeptive Biosystems Inc., Japan). Firstresuspended in buffer A [35 mM potassium phosphate (K-Pi) buffer,
and second strand cDNAs were synthesized using ZAP-cDNA SynthesispH 7.6, 0.4 M NaCl, 1 mM EDTA, 0.1 Mp-amidinophenyl-
kit and oligonucleotides consisting of oligo (dT)18 and Xho | restriction methylsulfonyl fluoride (APMSF), lug/mL leupeptin, and Lg/mL
enzyme recognition sequences as a primer (Stratagene, U.S.A.). Thepepstatin A] and sonicated. The protein contents of the crude extract,
cDNAs extended with EcoRI adaptors were digested with Xhol and supernatant, and precipitate resuspended in extraction buffer were
then directionally ligated into Uni-ZAP XR vector arms. The phages determined using Bradford method (14) and subjected to SDS—PAGE
were packaged in vitro, resulting in>4 1(° plaques. Positive plaques  using 11% acrylamide. Electrophoresis was run at 200 V for 35 min
were purified for three more rounds, and then, the inserts were for samples in low salt concentration and 150 V and 55 min for samples
subcloned into pBluescript SKby biological rescue as recommended in high salt concentration, using Tris-glycine buffer at pH 8L3)(

by the supplier (Stratagene). Six micrograms of protein was applied in each well. The recombinant
Probes. The oligonucleotide probes Mung8S1 [ATHGAYGCNGC- product was detected based on its expected size.

NGAAGT] and Mung8S2 [ATHGAYGCNGCNGAGGT] were de- Purification of Recombinant 8Sa. For large scale purification of

signed based on the results of the N-terminal amino acid sequence ofthe 8Sx globulin, a total of eight liters (1& 0.5 L) of E. coliHMS174-

the major 8S band 2 (2). (DE3) carrying the pET expression vector withc88ene insert were

cDNA Library Screening. About 100 000 pfu/plate of immature ~ grown on LB medium containing carbenicillin. Ao of 0.8, IPTG
mungbean seed cDNA library packagedAiBAPI (Stratagene) were  was added to induce expression of the protein. After 72 h, the bacterial
screened on HybondNmembranes (Amersham). Prehybridization in  cells were harvested by centrifugation at 6000 rpm5000g) for 20
6xSSC, 20 mM NakPQ,-2H,0, 0.4% SDS, and 10 mg of salmon  min at 4°C. The cells were resuspended in buffer A and sonicated.
sperm DNA was done at 42C for at least 2 h. Hybridization was Ammonium sulfate was added to the crude protein extract to 35%
carried out at 42C overnight in 10 mL of prehybridization solution  saturation, and then, the sample was subjected to hydrophobic interac-
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tion chromatography (HIC) using butyl toyopearl. The sample was ~ The deduced amino acid sequences fon,8%’, and 8Sf
eluted with ammonium sulfate gradient of 30 to 0% in buffer A. are shown and compared fFigure 2. As with the cDNA
Fractions were run on SDSPAGE, and those that contained then8S sequence comparison, the®38mino acid sequence had higher
protein were collected and dialyzed against buffer A containing 0.1 M homology with 88 (92%) than with 88 (87%), while 8%
NaCl. . ) - . was 88% homologous with S The detection of the three
The pooled and dialyzed HIC fractions were further purified using isoforms of 8S globulin indicates that the native 8S with a
Mono Q HR (Pharmacia Biotech) column developed at a flow rate of molecular weight of 200 0002] consists of heterotrimers

1.5 mL/min with a gradient of 0:20.4 M NaCl in buffer A. The 88 D N .
fractions resolved by SDSPAGE were pooled and dialyzed against However, the similarities between the individual subunits cloned

5 mM KPi buffer, pH 7.6, 0.30 M NaCl, 1 mM EDTA, 0.10 mM in this study are much higher than in the case of fheon-
APMSF, 1ug mL leupetin, and g/mL pepstatin A. After dialysis, glycinin subunits of soybean, which had homologies of around
the sample was concentrated to 1.4 mL using Centricon (Millipore). 75.5—90.4% (22).
The protein content of _the samples_was dgtermined using WAKO Analysis of the amino acid sequences using BLASTP (12)
Protein Assay Rapid Kit (WAKO) with bovine serum albumin as shows that the mungbean 8S globulins belong to the 7S seed
Standa.".d' . . . storage family. These proteins have two domains with similar
Purification of Native Mungbean 8So.. Native mungbean 8S was double-strandegi-helix folds and are a member of the “cupin”
purified from defatted seed meal following the procedures of Tecson- (the Latin term for barrel) superfamily on the basis of their

Mendoza et al.Z) except that buffer A was used for dialysis instead : . .
of water and 10 mM3-mercaptoethanol solution. conserved barrel domain (234). At the N-terminal domain,

Crystallization of the Recombinant and Native Mungbean 8. 44—244 sequence of mungbean &3o, and$ was found to
The hanging drop method.6) was used to crystallize the mungbean be 99.0% aligned with the corresponding sequence in the 7S
8S globulins. Various buffers and precipitating agents were used suchseed storage family. Similarly, at the C-terminal domain, the
as 0.1 M HEPES, pH 4.5 and 5.0; 0.1 M Tris, pH 7.0 and 7.5; 0.1 M sequence 260433 was 99.4% aligned with the 7S seed storage
sodium acetate buffer, pH 4.6, 5.0, and 5.38; and 0.10 M MES, pH family. The amino acid sequence from 88 to 146 was found to

6.0, with ammonium sulfate (50, 52, 54, 56, 58, and 60%). PEG 1000 pe 98.5% aligned with the domain involved in carbohydrate
and PEG 4000 (8, 10, 12, and 14%) were used with increasing binding and protein—protein interactions.
concentrations of NaCl in 35 mM KPi buffer, pH 7.6. The protein

concentration was 5 mg/mL, and crystallization was allowed to proceed The signal peptide was found to be_~25, 1__24 or 25, _and
at 20°C. 1-23 for 8Sa, 88/, and 8Sp, respectively, using the SignalP

N-Terminal Amino Acid Sequence AnalysisThe N-terminal amino ~ Website (13). The most likely cleavage site is at a conserved
acid sequence of the recombinant mungbean 8S globulin was deter-Site between SFG and IV for the three isoforms. A highly
mined using a Procise 492 Protein Sequencer. The sample wasconserved region in the signal peptide covers 15 amino acids.
transferred onto PVDF membrane using the Prosorb Sample PreparatiorConsidering that the N-terminal sequence earlier reported for
Cartridge by Perkin-Elmer. Briefly, the PVDF membrane at the bottom mungbean 8S globulin was IDAAR2), the propeptide, there-
of the sample reservoir was washed withd0of methanol. A 1uL fore, consists of six amino acids (IVHREN). The signal peptide
e erewor pples i oot wterl ot st it S POBepId comprse 3419 3266 or 397, an 3262 D for
750 uL 0.1% TFA. The membrane was punched out, washed with ﬁSa, 881,'anq 8%, resgectlvely, and this region is hlghly
4 uL of methanol, allowed to dry, and kept until use. ydro_phoblc with 55—-58% frequency. The ma_lture polype_ptlde

contains, on the other hand,-324% hydrophobic amino acids.
The signal peptide sequence is predicted to be3Damino
acids and usually consists of a conserved core of hydrophobic

Screening of cDNA Library. Two rounds of screening amino acid residues followed by a region of variable amino
resulted in the selection of seven positive clones. On the basisacids where cleavage occu)(25). However, we cannot rule
of the DNA sequences of these seven clones (data not shown)out the possibility that §& does not contain propeptide since
three types of 85 cDNAs from mungbean are evident as the amino acid just after IVHRE is not asparagine whose
follows: 8Sx, consisting of four clones; 85, consisting of two ~ C-terminal side would be cleaved by asparagynylendopeptidase.
clones; and 8Sp, with one clone. This indicates the presence of The 8S isoforms reported herein correspond to the major band
isoforms of the 8S globulin, with the 8Sbeing the major (no. 2) reported previously2] with a molecular weight of
isoform. The presence of isoforms in storage proteins has beer48 000, representing the mature polypeptide. The signal peptide

RESULTS AND DISCUSSION

shown for soybeap-conglycinin with itsa, o, and$ forms and propeptide comprise about 3 kDa, which with the mature
(17,18); phaseolin with the, 5, and C types (120); and pea polypeptide will be around 51 000 similar to the size obtained
vicilin with its o and 8 types (21), among others. from the derived amino acid sequence. The 8S band no. 3, which

cDNA Sequences of Isoforms of 8S Mungbean Globulin.  has an N-terminal sequence found past midway the amino acid
The nucleotide sequences of 8BS, and 8SScDNAs are sequence of the whole polypeptide, probably represents the
shown inFigure 1. The 8S cDNAs had open reading frames C-terminal domain. On the other hand, 8S band no. 4 represents
of 1362 for 8%, 1359 or 1362 for 8&', and 1359 bp for 8% the fragment of the N-terminal domain.

The tandem initiation codon of ATGATG was observed im8S However, none among the isolated 8S isoforms exhibited the
The 8SocDNA sequence was found to be highly homologous N-terminal sequence of 8S band no. 1 (EDKEEQ), which was

with 8Sa’ at 91% and was less homologous with38& 87%. noted to be similar to part of the extension regiorocdnd o’

The 8Sa’'cDNA sequence was 86% homologous with 8S5.  subunits of3-conglycinin. This observation indicates that there
Analysis of the Derived Amino Acid SequencesThe 8S is a convicilin type of protein in mungbean. The vicilin fraction

globulin cDNAs had open reading frames coding for 454, 453 of pea Pisum sativum) was first reported to contain major
or 454, and 453 amino acids for &S 8y, and 8Sp, polypeptides of 71 000, 50 000, and 33 0@6)( The polypep-
respectively, corresponding to molecular weights of 51 973, tide of M, 71 000 was found to be the third storage protein of
51 627 or 51 758, and 51 779, respectively. On the basis of thepea termed convicilin with a molecular weight of 290 000 in
cDNA sequence, it is possible for 8Sto have another met  its native form 27). The pea convicilin differs from vicilin by
after the initial met. the insertion of a 121 amino acid sequence near the N terminus
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5' UTR
1 50
VR alpha (1) ==--mmmmmmmmmmo - dEEgtat-tacadctcbgtcaatdttia---8
VR alpha' (1) aattcggcacgagacaatattccatctagtactactctaataccccaace
VR beta L B
Consensus (1) att at ta act ¢ ¢ aata ¢ c

51

VR alpha (29) taatagd-atac---EH
VR alpha’ (51) cascteatattfaa- “

VR beta (1) =------ ggcafiga
Consensus (51) aa ca atac a tATGGTGA GCAAGGGTTCCACTGCTGCTGTTGC
101 v 150
VR alpha (75) [ i
VR alpha' (100)
VR beta  (38) CTPICEGCATTATCERG
Consensus (101) TGGGAATTCTTTTCCTGGCATCACTTTCTGTCTCCTTCGGCATCGTACAC
151 200
VR alpha (125) COOGAGARCATTOATGECGOALAALTETCCET T AN ACCARAAAATAT
VR alpha' (150)
VR beta (88)
Consensus (151) CGGGAGAACCATGATGGCGCAGAAGTGTCCGTTTCARAGAGGARARANATAA

201

250
VR alpha  (175) Age
VR alpha’ (200)

VR beta (138) K A G A G T T O A e AT T A
Consensus (201) CCCTTTCTACTTCAACTCTGACAGGTGGTTCCACACTCTATTCAGAAACC
251 300

VR alpha (225) ¥
VR alpha' (250) EAATTC
VR beta  (188) BATATEETCATETTCCCETEATEERCRCETTCEACEARCEETEERRACH
Consensus (251) AATTCGGTCACCTTCGGGTCCTCCAGAGGTTCGACCAACGCTCCARACAA
301 350
VR alpha (275) F T T S P S
VR alpha' (300)
VR beta (238)

Consensus  (301) ATGCAGAATCTTGAAAACTACCGTGTTGTAGAGTTCAAGTCCAAACCCAL
351 400

VR alpha (325)
VR alpha’ (350)
VR beta {288) EACCETCORTCTTCOTCACCATGCTGATGECGRATITCOTCCTAGY
Consensus (351) CACCCTCCTTCTTCCTCACCATGCTGATECCGATTTCCTCCTAGTTGTCC
401 450

VR alpha (375)
VR alpha' (400)

VR beta (338) ; ! 1A
Consensus (401) TTAATGGGAGAGCCGTACTCACCTTGGTAAACCCTGACGGC AGAGAC
451 500

VR alpha (422)
VR alpha' (450)

VR beta  (385) HEETAGRTTON AGECCATGOTC? CEG
Consensus (451) TCC ACATTCTTGAGCAAGGCCATGCTCAGAAAATCCCTGCAGGAACCAC

501 550
VR alpha (472} A Bl e e e Vol e Y g . o i - L AR
VR alpha' (500)
VR beta (435) [ ! N T
Consensus (501) TTTCTTTTTGGTTAACCCTGACGACRACGA AATCTCAGAATAATCAAAC
551 600
VR alpha (522) [HEE TR (5 4 i
VR alpha' (550)
VR beta (485) EECCATATGCT i ETCAARARCTITTTCY
Consensus (551) TCGCCGTACCCGTTAACAACCCTCACAGATTTCAAGACTTTTTCCTATCT

601 650
VR alpha (572) B¢ \( :
VR alpha’ (600)
VR beta  (535) A ,
Consensus (601) AGCACAGAARGCCCAACAATCCTACTTGCAAGGATTCAGCAAGRATATTCT

651 700
VR alpha (622) HE I ' - e -
VR alpha' (650)
VR beta (585)

Consensus  (651) AGAGGCCTCCTTCGATAGCGACATCAAGGAGATAAACAGGGTTCTGTTTG
701 750
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VR alpha
VR alpha'

VR beta
Consensus

VR alpha
VR alpha'

VR beta
Consensus

VR alpha
VR alpha’

VR beta
Consensus

VR alpha
VR alpha’

VR beta
Consensus

VR alpha
VR alpha'

VR beta
Consensus

VR alpha
VR alpha'

VR beta
Consensus

VR alpha
VR alpha'
VR beta
Consensus

VR alpha
VR alpha'

VR beta
Consensus

VR alpha
VR alpha'

VE beta
Consensus

VR alpha
VR alpha'

VR beta
Consensus

VR alpha
VR alpha'

VR beta
Consensus

VR alpha
VR alpha'

VR beta
Consensus

VR alpha
VR alpha'

VR beta
Consensus

VR alpha
VR alpha'

VR beta
Consensus

(672)
(700)
(635)
(701)

(722)
(750)
(682)
(751)

(772)
(800)
(732)
(801)

(822)
(850)
(782)
(851)

{872)
(900)
(832)
(901)

(922)
(950)
(882)
{951)

(972)
(1000)
(932)
(1001)

(1022)
(1050)

(982)
(1051)

(1072)
(1097)
(1020)
(1101)

(1122)
(1147)
(1070)
(1151)

(1172)
(1197)
(1120)
(1201)

(1222)
(1247)
(1170)
(1251)

(1272)
(1297)
(1220)
(1301)

(1322)
(1347)
(1270)
(1351)

2004

GAGAGGAGGGACAGCAACAACAGCAAGGCCAGGAGAGTCAGCAAGAGGGA
751 800

GTGATTGTTGAACTTAAAAGGGAACAGATTCGGGAATTGACCAAACATGC
801 850

CAAATCTAGTTCAAAGAAATCCCTTTCCTCCGAAGATCAACCATTCAACC
851 900

TGAGAAACCAAAAACCCATCTACTCCAACAAATTTGGAAGGTGGTATGAG
901 950

ATCAC CCGGAGAAAAACCCCCAACTTAAGGACTTGGACGTGTTCATCAG
951 1000

TTCTGTGGATATGAAAGAGGGAAGCCTTCTTCTGCCACACTACAATTCTA
1001 1050

AGGCCATAGT ATACTGGTGATTAATGACGGAGAAGCAAACATTGAACTT

1051 1100
cITeeTe

ETIEEEECRARCE---§

GTTGGCC AAGAGAA AACAGCAGCAGCA G AG CAAGA GAAAG TT

1101 1150

GGAAGTGCAGAGGTATAGAGCTGAGTTGTCTGAAGACGATGTATTTGTAA
1151 1200

TCCCAGCAGCTTATCCAGTTGCCATCAACGCAACCTCCAATCTAAATTTC
1201 1250

TTTGCTTTCGGTATCAATGCTGAGAACALCCAGAGGAACTTCCTTGCAGE
1251 1300

TGAGAAAGACAATGTGAT AGCGAGATACCTACAGAGGTGTTGGATGTTA
1301 1350

C TTCCCTGCGTCTGGTGAGQAGGfTGAGAAGT&GAfAAAGAAGCAGHGf
1351 1400

1401 1450

Bernardo et al.
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VR alpha (1372) EEcTlAGEEE-ElAAGEEiGERE------------------ HETETAGT

)
VE alpha' (1397) TECIAACGERACANABCEICACTY------------------ CGTETACT
VR beta (1320) GEATAACCCAACGRAACCEITCATIATCTTCAATTTTGGGCAGICTCTACT
Consensus (1401) GC TAAGGGAAGARAGGGTCCATT TGTGTACT
1451 1500
VR alpha (1404) BAatdaatatgaagbasa--atgta---tgtatd------gtgcatatgy

VR alpha' (1429
VR beta (1370
Consensus (1451

GAdcadctatagfciasattatgtaaggtataadaacteagagagegtigy
CAStaaattictagidagatacaligtg-agagagctcagagtgageticy
Ghataaatat aagtaaa tatgta g tgtaag ¢ cagtgagc tgg

1501 1550
VR alpha (1443) gaatEat-grfategaaccatagtadacadidaat -gagcceaaactga----

VR beta (1419) gatEdacgigtdcgacatigbaatagadtadgtagagctocadatagtEit

)
VR alpha' (1479) agatEt-ghdtegaatcatigtascaastiaact -gagticectocigacttc
)
Consensus (1501) aaatat gtatcggaccatgtaa aaataa t gagctccacctga tt

1551 1591

VR alpha (1487) -------- dfasacaaag-gageatrat--------------

VR alpha' (1527) ttctatgaatasacasatcgagcatatataagtigettgeg

VR beta (1469) ttetact-atfgaatastgaataaattfagettEttet----
Consensus (1551) ttcta ataaacaaag gagcatata tt ¢t

Figure 1. DNA sequences of three isoforms of mungbean 8S globulin. The untranslated regions (5'UTR and 3'UTR) are in lowercase letters while the
translated regions are in uppercase; the propeptide site is marked with an arrowhead; VR, Vigna radiata.

characterized by a large proportion of charged and hydrophilic different species (data not shown). Both thand thes subunits
residues (28). The. anda' subunits of soybeafi-conglycinin of soybearg-conglycinin showed the highest homology of-58
contain extension regions{125 residuesy’, 141 residues) at  61% with 8Sa’, 59-61% with 8Sa, and 66—68% with 8Sg.
the N termini, which are rich in acidic amino acids and which Phaseolin ofP. vulgaris also showed high homology of 50—
exhibit high (>75%) homologies (22). 55% with the mungbean 8S globulins. Vicilin of peRigum

A single site for glycosylation (N-X-S/T) was observed within ~ sativum) and faba bearMicia fabg was 56-52%, and canavalin
the highly conserved region about 90 amino acids from the C from jackbean and swordbean was 46 to 52% homologous with

terminus. Similarly, thex anda’ subunits of soybeafi-con- the 8S mungbean globulins. Similar types of proteins from
glycinin contain two high-mannose glycans in the core regions Sesamum indic&Zucurbita maximaandMacademiavere least
while the subunit contains one (7). homologous at 31—33%.

Homology Analysis of the Mungbean 8S IsoformsHomol- Expression in E. coli and Purification of Recombinant

ogy analysis was done on both the cDNA and the amino acid Mungbean 8Sc. Before expression experiments were con-
sequences. The cDNA sequences of the three isoforms compareducted, the plasmid vector containing thex8fene was purified
with those from other plants using BLASTNZ) showed high and sequenced to check the fidelity of the inserted gene.
(81—84%) homology with the., o', andf subunits of soybean The mungbean &8globulin was expressed in thré&e coli
pB-conglycinin over 906-1000 bases (data not shown). Homol-  strains, namely, HMS174(DE3), IM109(DES3), and BL21(DE3).
ogy with Phaseolusulgaris andPhaseolus lunatusicilin type Expression of 8Sawvas highest in HMS174(DE3). Thus, this
genes was even higher at 86—89% over 600—900 bases. Withstrain was used for preliminary and large scale expression of
other legumes, there are short segments {BI® bases) in the 8Sayprotein.

their DNA sequences, which showed high homology<84%) On the basis of preliminary small scale purification, the
with corresponding short segments in the mungbean.88, following steps were found to efficiently purify recombinant
and S sequences. It was noted that the sequence-788 of mungbean 8Soglobulin from E. coli: 0—35% ammonium
8Saand the corresponding sequences in'88d 8Spfare the sulfate fractionation followed by hydrophobic interaction chro-
same as repeat regions of 7225 in phaseolin oP. vulgaris matography with a gradient of 3®% ammonium sulfate and

(19). However, the repeat region of 72840 in phaseolin is by chromatography on Mono ®igure 4 shows the purification
not exactly the same in mungbean where there are now insertecbf 8Sawith a molecular weight of 48 000 as monitored by using
nucleotides within this region. SDS gel electrophoretic patterns. Protein recovery was 75.8%
Figure 3 shows the phylogenetic tree analysis of the cDNA (23.6 mg).
sequences of the mungbean 8S isoforms and vicilin type proteins The first six amino acids of the recombinant mungbeaa 8S
of soybean Glycine may, kidney beanR. vulgaris), and lima were MIDG(A)AE. The presence of methionine signifies
bean (P. lunatus) using the Vector NTI (11). The mungbean bacterial translation. The next five amino acids are similar to
8S isoforms are clustered together and are separate fromthe first five amino acids of the 8Sobtained in this paper. It
although quite close to, thehaseolus. Previously, mungbean was noted though that the fourth amino acid is a mixture of G
was classified under thehaseolusamily asPhaseolus aureus.  and A as evident in the chromatogram (not shown). This mixture
Goel et al. (33) recently affirmed the recent classifications of could be due to mistranslation of G or recombinant protein
the Vigna and thePhaseolusbased largely on morphological, whose initial methionine was removed.
biochemical, cytogenetical, and palynological features by using Because of the molecular heterogeneity of most of seed
internal transcribed spacer (ITS) sequences. The mungbean 8Storage globulins, it has been difficult to study the structure—
isoforms are also farthest from the vicilin type of proteins from physicochemical function relationships of constituent subunits.
sesame, wheat, and oil palm. To obtain large amounts of homogeneous subunit species,
Comparison of the amino acid sequences of the three isoformsspecific subunit species has been expressésl oli systems
of mungbean 8S globulins with those of8S type of proteins (22, 34) or purified from mutant soybean cultivars containing
using BLASTP (2) shows homology ranging from 45 to 68% only specific subunit species gfconglycinin @5, 36). Previous
within the legume family and a lower 29 to 34% for crops of studies usinge. coli expression system showed that neither the
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1 50
VR Rlpha (1) MVRARIPLLLLLGILFLASLSVSFG;fHRENIDGAEVSVSRGKNNPFYFN
VR Alpha' (1) MEsARVPLLLALGILFLASLEVEHEIVERENHDALEVEVEREKNNPEYEN
VR Beta (1) MVRARVEEOLLLGILELASTSVSHETVHREHOBSOEESDERGONNPEYEN
Consensus (1) MVRARVPLLLLLGILFLASLSVSFGIVHREN DAREVSVSRGKNNPFYFN
51 100
VR Alpha (51) BERWEHTIERNorEHERYLORFICREROMINIEN R EEVEEPN s
VR Alpha' (50) EBRWERTLFRNEFEHLEVLOREDORSKOMONLENVRVEEQSHENTLLLE
VR Beta (49) EDEREHTLERNOYCHIRVIHRFOOREKGIONLENYRVVER KSKENTLILE
Consensus (51) SDRWFHTLFRNQFGHLRVLORFDQORSKQMONLENYRVVEF SKPNTLLLP
101 150
VR Alpha (101} HHADADFLLVVINCGEAVLTLVNEDG- ROSNILEQGHAQKIPAGTTEFLVN
VR Alpha' (100) HEAGADELEVVENCRAVETIUNEDGCRDSETHECOHASRIBAGT T FELVE
VR Beta (99) HHADADFLLVVLNGRAILTIVNEDG-EDSYTLEQCHAQKT FAGT TFELVN
Consensus (101) HHADADFLLVVLNGRAVLTLVNPDG RDSHILEQGHAQKIPAGTTFFLVN
151 200
VR Alpha (150) EDBNENIRINKLESVEVNNERRFEDEFISSTEAO0SYEOERSENILERASER
VR Alpha' (150} EDENENERTIRIEVENNEHRECDERISSTRR00S ¥ IoSESITIREASED
VR Beta (148) ENPNDNERIIKLEIEVNNPHRFCNEFLSESTEAOOSYLREESENILEASED
Consensus (151) PDDNENLRIIKLAVPVNNPHRFQDFFLSSTEAQQSYLQGFSKNILEASFD
201 250
VR Alpha (200) BBIEELSEURESEECOTIEOE RSO VENREED RS TIEARSSEK
VR Alpha' (200) SBIREENEECEECQODOQEQESEQNEIELEEROIREL THHERSSEK
VR Beta (198) SHFEEIDRVLEGEE-RODCHGEESOEECUVIVENRREQIRELTRHERESER
Congensus (201) SDIKEI RVLFGEEGQQQQQGQESQQEGVIVELKREQIRELTKHAKSSSK
251 300
VR Alpha (250) EsESSEBQPRNIRNQKEINSNELERWEELIPERNEOEROEEMETIREVENE
VR Alpha' (250) KSEESEBQPFNLENOKEIVENKFEEFYEINEKENPOLKDLDVEDSEVDMK
VR Beta (247) KERESORERENLRNSNEIVSNEFGRWYEITRERNPOLKOEDVELSEVDNER
Consensus (251) KSLSSEDQPFNLRNQKPIYSNKFGRWYEITPEKNPQLKDLDVFISSVDMK
301 350
VR Alpha (300) E@sUlNEESAINIVINEEKENTEIVEQREQEKOOEEPEESWEVGRY
VR Alpha' (300) EEsHIEHNCEE T INEGEANTEIVELREED - 000QBDERLENGRY
VR Beta (297) BEGIEFHENSKAIV LV INECEEKTIENIEPSDOl- - - -QEDESLEVERY
Consensus (301) EGSLLLPHYNSKAIVILVINEGEANIELVG REQQ QQ QQDESLEVQRY
351 * ok ok 400
VR Alpha (350) HEELEEEOVEDIEE B AINATSNINE A N NN P CERDN
VR Alpha' (349) RAEVSEIOVEvIEA A B AT NAT SN TR BN DR IAC RN
VR Beta (343) RAELSEDDVEVIDAAVEVATINATSNENEEASGINAENNORNELAGEIEDN
Consensus {351) RAELSEDDVFVIPAAYPVAINATSNLNFFAFGINAENNQENFLAGEKDNV
401 450
VR Alpha (400) IEEFPREVLDvVIEDASEREKED I KEOSEEoFDEORE OB ERERARKEGE
VR Alpha' (399) ISETEREVIELARPArEERVERINOEESTEHEVDAGPEECOREEGPRERE
VR Beta (393) MEEIETEVIDVERPECENEVERLIKEOSESHFUDAOPEQDOREECHEERE
Consensus (401) ISEIPTEVLDVSFPASGEKVEKLIKKQSESHFVDAQPEQQQREEG KGRK
451 461
VR Alpha (450) @------ PEVY
VR Alpha' (449) G------ HEVY
VR Beta (443) [ISLSSILGSL!
Consensus (451) G FVY

Bernardo et al.

Figure 2. Comparison of the deduced amino acid sequences of the three isoforms of 8S mungbean globulins showing the cleavage site of the signal
peptide (arrowhead), propeptide (italicized bold-faced letters), and glycosylation site (asterisks); VR, Vigna radiata.
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Figure 3. Phylogenetic analysis of the DNA sequences of the mungbean 8S isoforms and vicilin type cDNA from other crops using the Vector NTI
software (11). Legends: Vigna radiata (VR) 8S a, o', and j3, sequences from this paper; P. vulgaris (PVa) o type (X02980), ref 19; P. lunatus (PLa)
o type (U01122), ref 29; G. max (GMa) o, B-conglycinin (AB008678); G. max (GMa!') a', -conglycinin (AB008680); G. max (GMp) 3, 5-conglycinin
(AB008679) (22); T. aestivum (TAE) (AAA34269.1), ref 30; Sesame indicum (SI) (AAK15089) (31); Elaeis guineensis (EG) (AAK28402.1) (32).

propeptide region, the extension region, nor the glycans are34). By comparing homotrimers purified from mutant soybean
essential for the folding and self-assemblysetonglycinin @2,

and recombinant homotrimers, which lack the N-linked glycans,
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papers. The latter paper will also discuss the differences in the
properties of mungbean 8%and soybeap-conglycinin based
on their crystal structures.
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