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ABSTRACT

Bean (Phaseolus vulgaris), an important component in the diet of people in developing countries, has low levels of the essen-
tial amino acid, methionine. We have attempted to correct this deficiency by introducing a transgene coding for a methionine-
rich storage albumin from the Brazil nut via biolistic methods. The transgene’s coding sequence was driven by a doubled 35S
CaMV promoter and AMV enhancer sequences. The transgene was stable and correctly expressed in homozygous R, to R,
seeds. In two of the five transgenic lines the methionine content was significantly increased (14 and 23%) over the values
found in untransformed plants.

INTRODUCTION pressed in several species, such as tobadmmt{ana
tabacumL., Solanaceae), canol8rassica napud..,

The advent of recombinant DNA technology com€ruciferae), field bearM{cia nabornensid.., Fabaceae),
bined with plant tissue culture methods has made it pgsstato Solanum tuberosuin, Solanaceae) and thale cress
sible to introduce foreign genes into host plants. This hé&rabidopsis thaliandL.) Heynh., Cruciferae). Increased
created hopes that nutritionally deficient crops could Hevels of methionine in seeds of transgeNictabacum
corrected through the introduction and expression of su{B0%),B. napug11 to 33%) and\. thaliana(20%) have
able transgenes. been reported (Altenbagt al., 1989, 1992; De Cleragt

In Latin America, India and parts of Africa, theal., 1990; Guerchet al, 1990; Conceicdet al, 1994;
bean Phaseolus vulgari., Fabaceae) and broad bearSaalbaclet al, 1994; Twet al, 1994; Pickardet al, 1995).
(Vicia fabal., Fabaceae) are among the most importa methionine-rich sunflower 2S-albumin gene has been
grain legumes used for human consumption. Howeversed to increase the methionine content of grain and pas-
although beans are rich in some essential amino acids, eigre legumes (Tabet al, 1993).
lysine, threonine, valine, isoleucine and leucine, their nu- We have reported the transient expression of the
tritional value is limited because of the small amounts &razil nut 2S-albumin gene in cells of the bean embryonic
the essential amino acid methionine and cysteine (Ma aaxis after transformation by particle bombardment (Aragéo
Bliss, 1978). One strategy to correct this deficiency is tt al, 1992). However, a reproducible system for stable
introduce transgenes encoding a methionine-rich storagansformation and subsequent regeneration of bean plants
albumin from the Brazil nuBertholletia excels#l.B.K., was not established; thus, no transgenic seeds were ob-
Lecythidaceae) into bean hosts. tained. Recently, we have overcome this handicap and

We have isolated and characterized one of the Brimansgenic bean plar(® vulgaris)containing and express-
zil nut’'s 2S-albumin genedé2slgene) (Gandeet al, ing the 2S-albumin gene were obtained through biolistic
1991). This gene codes for an 18-kDa precursor protejrocesses (Aragaet al., 1996). Here we report the ex-
which is processed by a complex series of steps to yigltession of the 2S-albumin gene from the Brazil nut in
two subunits of 3 and 9 kDa, joined by disulfide bridgeseveral lines of transgenic beans.
(Sunet al,, 1987). This protein (2S-BN protein) contains
18.8% methionine and is targeted to the seed protein vacu- MATERIAL AND METHODS
oles (Altenbactet al, 1987).

Sequences coding for 2S albumins have been eRXlant material

Transgenic bean plan®. {iulgarig cv Olathe were
obtained via particle bombardment of the apical meristem-
'Embrapa/Cenargen, S.A.LN. Parque Rural, Caixa Postal 02372, 708481iC region of embryos (Aragad al, 1996). Plants were
970 Brasilia, DF, Brasil. Send correspondence to FJ.L.A. Fax: +55-61¢0-transformed with plasmids pEA23 and pBl426 (circu-
340-3624. E-mall: aragao@cenargen.embrapa.br ..o Jar form). Plasmid pEA23 contains tffeglucuronidase
Centro Brasileiro de Seqiienciamento de Proteinas, Laboratério afGUS) coding regiorwdAgene) under control of the 35S
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nut (be2s2 (Ganderet al, 1991), driven by the doubled (0.5 M NaCl in 50 mM phosphate buffer, pH 7.2). The
35S CaMV promoter plus the AMV leader sequence (Datéxtraction was carried out in a 1.5-ml Eppendorf tube with
etal, 1993). Plasmid pBl426 containing thidA-neogene constant rotation, at 4°C, for 4 h. The protein extract was
fusion (Datlaet al, 1991), driven by the doubled 35Sclarified through repetitive centrifugation at 9,000 rpm in
CaMV promoter plus an enhancer sequence from AM¥n Eppendorf centrifuge at room temperature and dialyzed
was provided by Dr. William Crosby (Plant Biotechnolin a microdialyzer system 500 (Pierce, USA) fitted with a
ogy Institute, Saskatoon, Canada). Tie® gene confers 3.5-kDa cutoff dialysis membrane, for 15 h, at 4°C, against
resistance to the antibiotic kanamycin. Four lines (B34-8illi-RO water, at a flow rate of 10 ml/min. The dialyzed
E36-6, F40-4 and G41-14) containing e2slanduidA sample was dried in the Speed Vac and stored in a freezer.
and one line (D35-11) containing only thesgene were Each sample (0.2 mg) was oxidized with 700of
analyzed. The plants were cultivated in a greenhousepa&trformic acid for 4 h at 0°C (Moore, 1963). The reaction
28C and a relative humidity of 70%. The seeds of 30 was stopped with 4 ml of MilliQ water, followed by Speed
plants of each line were planted to obtainpRints. The Vac drying. Each sample was solubilized with 100 pl of
lines that hadiidA andbe2s2genesn all plants wereon- 0.1 N HCI, and transferred to a narrow glass tube, which
sidered homozygous. These plants were self-pollinategs placed inside a hydrolysis tube in a Pico-Tag work-

until the R generation. station (Waters, USA). The sample was dried under
vacuum. Gas-phase hydrolysis was performed by adding
ELISA and Western blot 200 ul of 6 N HCI at the bottom of the hydrolysis tube.

After three cycles of nitrogen and vacuum purge, hydroly-

Seed proteins were extracted from a pooled sampis took place at 150°C, for 1 h, under vacuum. The hydro-
of four mature or immature (15 days after flowering) bedgzed sample was dried, dissolved inf@®f 0.1 N HCI,
seeds from each line. The seeds were powdered in ligaidd transferred to a microcentrifuge tube, which was cen-
nitrogen and homogenized in 3 ml of extraction buffertrifuged at 10,000 rpm for 5 min, at room temperature.
(10 mM sodium phosphate, pH 7.2, 0.5 M NaCl, 1 mMhree 10ul replicas of hydrolyzed supernatant were as-
PMSF and 10 mM 2-mercaptoethanol). The extracts wesayed in a Hitachi L8500 amino acid analyzer. Each line
vigorously shaken at 4°C for 30 min and centrifuged atas analyzed three times. The amino acid methionine was
10,0009 for 15 min. The supernatant was recovered artetermined as methionine sulfone, and cysteine and cys-
used for ELISA and Western blots. Indirect ELISA was$ine were determined as cysteic acid.
carried out according to Hornbeck (1991). Each well was
loaded with 20Qug of total protein. Five wells were ana-Statistical testing
lyzed for each plant line. Each line was analyzed three
times. The Western blot was conducted as described by  The data were analyzed using the program
Grossi de S&t al. (1988). Seventy micrograms of totalSigmaStdil (Kuoet al.1992). The Tukey test was used to
protein for each sample was fractionated using SDS-PAGEake comparisons among the mean amino acid composi-
on a 12% acrylamide gel and electroblotted onto a nitrten (percentage) and optical density in ELISA analysis of
cellulose membrane. The 2S-BN protein was identifieshlt-soluble protein from transgenic and non-transgenic
using an anti-2S-BN polyclonal antibody raised in micégean seeds.
and rabbit anti-mouse IgG conjugated to alkaline phos-
phatase and visualized using 5-bromo-4-chloro-3-indolyl- RESULTS AND DISCUSSION
phosphate (BCIP) and nitroblue tetrazolium. Purified 2S-
BN protein (500 ng) was used as a positive control. The The 2S-BN methionine-rich albumin comprises
mouse antibodies utilized were produced in BALB/c mic80% of the total seed protein of the Brazil rRitéxcelsa
according to Grossi de S al (1988), against HPLC- The 18-kDa precursor is synthesized on membrane-bound

and SDS-PAGE-purified 2S-BN protein. polysomes, transferred through the secretory pathway into
the endomembrane system and, presumably, from the Golgi

Extraction of seed proteins and apparatus, into the protein bodies (Sheetl, 1995).

amino acid analysis During biosynthesis, at least three stepwise cleavages are

involved at the termini and internally. The final protein

Three pooled seeds of each bean line were grouadnsists of two polypeptide chains of 9 and 3 kDa, linked
in liquid nitrogen to a fine powder. The powder was defaby a disulfide bridge (Suet al, 1987).
ted three times with 25 ml of hexane for 10 min at room
temperature with periodic agitation, followed by centrifu2S-albumin expression
gation at 6,00@, for 6 min, at 4°C. The supernatant was
discarded. The defatted material was dried in a Savant Expression of the 2S-BN protein in the cotyledon
Speed Vac Concentrator, and stored at -20°C. The powtlssues of transgenic bean plants was determined by West-
(110 mg) was dissolved in 880 pl of extraction buffer lérn blot (Figure 1) and ELISA (Figure 2). The Western
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blot analysis revealed that the 2S-BN protein was correctiyaded prematurely or that the 2S-specific mRNA is less
expressed in some of the transgenic bean lines (B34skble in the storage cells of beans than in those of the
E36-6, F40-4 and G41-14), as judged from the presenBeazil nut. The Western blot analyses performed in this
of the mature 12-kDa protein (Figure 1). No signals wergudy were over-incubated and stained, so it is possible
observed in the control D35-11, containing onlydigA- that saturation had an influence, making it impracticable
neofusion gene, and in the untransformed control. It wde read these results quantitatively.

not possible to detect differences in the amount of 2S pro-

tein in the transgenic mature seeds. ELISAs were pékmino acid composition of seeds

formed on immature and mature seeds (Figure 2). Lines

B34-5, D35-11 and F40-4 revealed no significant signal The amino acid composition of seeds of five
increase when compared to the control plants. Both lingsansgenic lines and one control was analyzed (Table 1).
E36-6 and G41-14, showed 2S-BN protein accumulatiorhe methionine content significantly increased in all 2S-
in immature and mature seeds, with greater accumulatitvansgenic lines (B34-5, E36-6, F40-4 and G41-14) from
in immature seeds. During maturation, the 2S-BN proteitD to 23% over the values of the control. As expected, line
content in these lines decreased (Figure 2). This sugged85-11, which contains only thédA-neofusion genes,
that the 2S proteins are either not stored correctly and dé&owed no significant increase.

Transgenic canola and tobacco seeds expressing
the be2slsequence driven by thgphaseolin promoter
had an increase of 11 to 33% in methionine content
(Altenbachet al, 1989, 1992). ItV. nabornensidrans-
formed with 2S-albumin-coding sequences under the con-
trol of the legumin B4 promoter, a 3% increase in total
seed proteins was reported (Saalbeichl, 1995). Brazil
nut 2S sequences driven by the analogous 2S promoter
from A. thalianacaused a 20% increase in methionine
content in transgenié. thaliana(Conceicacet al., 1994).
However, whenever 2S-BN sequences were expressed
under the control of the 35S CaMV promoter, the expres-
Figure 1 - Western blot analysis using the anti-2S-BN protein antibody t8i0N levels observed were insufficient to alter the methio-
probe protein extracts of soluble protein of mature seeds of transgenic beane content in the target plants, eSy. tuberosun{Tu et

plants. Lane 1: 500 ng of purified 2S-BN protein; lane 2: line B34-5; lane 3; ;

line D35-11; lane 4: line E36-6; lane 5: line F40-4; lane 6: line G41-14; Iar%el't; 1994)&/\'/' na:lt?onenslséslzzlgacret al, 1995) andN.
7: negative control (non-transgenic plant). Each slot was loaded wijtg 70 a acum_( arce '”Pet a ! )

of total protein. Since the pioneering work of Murat al (1983),

0.4 -
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!
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Figure 2 - ELISA for detection of the 2S albumin from the Brazil nut in protein extracts from mature and immature (15 days after
flowering) cotyledons from transgenic bean plants. Each well was loaded witlg2ffGotal protein and the test was carried out as
described in Material and Methods. B34-5, D35-11, E36-6, F40-4 and G41-14: transgenic plants; Ct: non-transgenic; Bi¢inotal pro
extract from the Brazil nut. Means with different letters are significantly different (P < 0.05) according to Tukey’s test.
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Table | - Amino acid compositions (%) of salt-soluble proteins from transgenic and non-transgenic (control)
mature bean seeds and from the Brazil nut. The transgenic lines B34-5, E36-6, F40-4 and G41-14 contain the
be2slandgusgene. The transgenic line D35-11 contains onlygieegene.

Amino acid B34-5 D35-11 E36-6 F40-4 G41-14 Control  Brazil nut
Ala 6.76 6.78 6.72 6.76 6.7% 6.6 4.22
Arg 8.4 8.57 8.59 8.26 8.43 8.53 17.8F%
Asp 11.96 11.7¢ 12.0G 11.67° 11.63 11.97 6.7
CySOH 1.40 1.27 1.49 1.4 1.0e 1.3 2.48
Glu 15.19 17.14 14.97 15.0F 14.84 15.13 19.29
Gly 773 7.10 7.48 7.54 773 797 7.12
His 2.55 2.55 243 2.60¢ 2.6 2.48 1.58
lle 3.63 3.66 3.68 3.6¢ 3.64 3.54 2.09
Met 2.2F 2.00' 2.2r 2.19 2.40 1.99 13.1¢
Phe 6.75 7.43 7.2 6.73 7.5¢: 6.8 3.54
Pro 3.60° 3.43 3.49° 3.55° 3.3F 3.8¢ 4.46
Thr 459 3.44 4.32 459 4.42 4.46 1.74
Val 4.98 5.03 498 5.0% 5.42 4.9F 3.42

a, b, ¢, d: Mean values in the same columns with different superscripts are significantly different (P < 0.05)
according to Tukey'’s test.

expressing the bean phaseolin gene in sunflddedignthus  de uma proteina rica em metionina, a albumina 2S da castanha
annuud.., Compositae), numerous attempts to express chli Brasil. O gene desta albumih@®s3, clonado sob o controle
meric genes encoding storage proteins such as the 2 gg\promotor 35S dobrado do virus do mosaico da couve-flor e

protein have been made. With the exceptions cited aboy@2 Sequéncia "enhancer” do virus do mosaico da alfafa, foi
Htrodumdo em feijdo através do processo biobalistico. O gene

very low levels of trans-protein accumulation have be% X '
0i expressado corretamente em sementes homozigotas desde a

gChllive?et(Dle %Zfet ?jl 19|90; (t_‘;uerchet al, deggt?; segunda até a quinta geragcdo. Em duas linhagens transgénicas o
aalbactet al, ) and in almost no case could o SETYlivel de metionina foi incrementado em 14 e 23% nas sementes.

able changes in seed amino acid composition be observed.
In our study, we transformed bean plants with a
chimeric construct containing the doubled 35S CaMV pro-
moter plus the AMV enhancer sequence, assuming that{{s,,nach, s.B., Pearson, K.W., Leung, F\and Sun, S.S.M.(1987).
performance would be superior to the native 35S promoter.  cloning and sequence analysis of a cDNA encoding a Brazil nut
Indeed, in two of the transgenic lines a 14 and 23% in- protein exceptionally rich in methioninBlant Mol. Biol.8: 239-

i ; 250.
crease of methl?nrl]ne was aIChIeved' . ﬁltenbach, S.B., Pearson, K.W., Meeker, G., Staraci, L.@ndSun, S.S.M.
In view of these results, we are now assessing the (1989). Enhancement of the methionine content of seed protein by

possibility of achieving higher levels of methionine in the expression of a chimeric gene encoding a methionine-rich pro-
transgenic beans by using homologous and seed-specific tein in transgenic plant®lant Mol. Biol.13: 513-522.

; ltenbach, S.B., Kuo, C.-C., Staraci, L.C., Pearson, K.W., Wainwright,
promoters such as tiephaseolin promoter. These reSUItSA C., Georgescu, Aand Townsend, J.(1992). Accumulation of a

will form the foundatiqn for the prOdUCtion of gen_ef[ically Brazil nut albumin in seeds of transgenic canola results in enhanced
engineered commercial varieties of beans containing high levels of seed protein methionirant Mol. Biol. 18: 235-245.

levels of proteins rich in essential amino acids. Aragdo, F.J.L., Grossi de S4, M.-F.,, De Almeida, E.R., Gander, E.&d
Rech, E.L.(1992). Particle bombardment-mediated transient expres-
sion of a Brazil nut methionine-rich albumin in beBhdgseolus vul-
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