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Abstract-It has been reported elsewhere that Vigna radiata seeds contain a high concentration of y-glutamylS- 
methylcysteine and its sulphoxide and that these compounds serve as index compounds for the chemotaxonomy of V. 
radiata. Beside these two y-glutamyl peptides, nine other y-glutamyl derivatives, of which three are new compounds, 
have been isolated and identified from V. radiata seeds. The structures of the new peptides, y-glutamyl-d- 
methylcysteinyl+alanine (S-methylhomoglutathione), y-glutamyl-Nd-acetylornithine and y-glutamyl-y-glutamyl-S- 
methylcysteine, were confirmed by direct comparison with synthetic specimens. The other six y-glutamyl derivatives 
were homoglutathione, y-glutamyl glutamic acid, -aspartic acid, -phenylalanine, -1eucine and -isoleucine. 

INTRODUCTION 

Fifty to sixty thousand tons of Vigna radiata-muttgo 
complex are imported annually and consumed mostly as 
bean sprouts in Japan [l]. Most of them come from 
Southeast Asia; they contain large amounts of &u-met 
and its sulphoxide [2] and are identified as V. mungo on 
the basis of their y-glutamyl peptide pattern [3]. 
According to Otoul et al. [3], mature seeds of V. mungo 
(black gram) contain a high concentration of y-glu-met 
and its sulphoxide, while large amounts of their lower 
homologues, y-glu-S-Me-cys and its sulphoxide, are con- 
tained in V. radiuta (mung bean) seeds. Recently, the use of 
beans imported mainly from China for the production of 
bean sprouts has increased. These beans are nearly the 
same size and weight as V. mungo, but their seed coat is 
lighter in colour (green) than that of V. mungo (nearly 
black). In this paper, we report the identification of this 
bean as V. rudiata, L. from the high concentration of y- 
glu-S-Me-cys and its sulphoxide in its seeds. Nine other y- 
glutamyl derivatives, including three hitherto unknown 
compounds, have also been isolated from the same plant 
material. The y-glutamyl peptides isolated from V. rudiata 
seeds in this experiment are given in Table 1 along with 
the isolation method, yield and chromatographic pro- 
perties. Data for synthetic substances are also included in 
the Table for comparison. 

Abbreviations: glu-met, glutamylmethionine; glu-S-Mecys, 

glutamyl-S-methylcysteine; glu-S-Meqs+ala, glutamyl-d- 

methylcysteinyl-j?-alanine; glu-cys-p-ala, glutamylcysteinyl-p- 
alanine; glu-N-Ac-orn, glutamyl-N-acetylornithine; glu-leu, 

glutamylleucine; glu-ileu, glutamylisoleucine; glu-phe, glutamyl- 
phenylalanine; glu-glu, glutamylglutamic acid; glu-glu-S-Me-cys, 
glutamylglutamyl-S-methylcysteine; glu-asp, glutamylaspartic 
acid. 

RESULTS AND DISCUSSION 

2D-PC of the acidic amino acid fraction of the bean 
seeds showed the presence of several ninhydrin positive 
spots besides aspartic and glutamic acid. The compounds 
responsible for the colours were separated using ion 
exchange and cellulose column chromatography and 
preparative PC. The most abundant compound was 
identified as y-L-glu-S-Me-L-cys by ‘H NMR, FDMS, PC, 
HVE, R, in an amino acid analyser and specific rotation 
[4-6]. The second major compound was identified as y- 
glu-S-Mecys sulphoxide by application of the same 
methods. A high concentration of y-glu-S-Me-cys and its 
sulphoxide in seeds indicated clearly that the bean seeds 
analysed were those of V. radiata [3]. 

Other y-glutamyl derivatives isolated from V. radiata 
seeds are described in their order of elution from a Dowex 
1 x 4 (AcO-) column, rather than in order of quantity. 

The ‘HNMR spectrum of y-glu-S-Me-cys-p-ala, a 
hitherto unknown y-glutamyl peptide, was very similar to 
that of y-glu-S-Me-cys except for the signals correspond- 
ing to the p-ala residue. The PC, HVE and ‘HNMR 
properties of this tripeptide were identical to those of 
synthetic y-L-glu-S-Me-L-cys-/?-ala (see Experimental for 
syntheses of a- and y-glu-S-Me-cys-B-ala). The configur- 
ations of the glu and S-Me-cys residues of this isolated 
tripeptide are unknown. 

The disulphide form of y-L-glu-Lays-/?-ala (homo- 
glutathione) was identified on the basis of experimental 
data described in the Experimental. It was first detected in 
the leaves of Phaseolus uulgaris [7] and isolated later from 
seedlings of P. aureus [8]. 

The ‘H NMR spectrum of the new y-glutamyl derivat- 
ive, y-glu-Nd-Ac-om, in DzO soln revealed glu and orn 
residues and an NAc group. The chemical shift (6 3.76) of 
the glutamyl a-H indicated a y-glutamyl linkage [41. To 
determine whether the C-terminal residue is N”- or N -AC- 
orn, the peptide was heated in aq. soln [9]. The C-terminal 
amino acid obtained had the same R, as that of Nd-Ac-orn 
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Table 1. y-Glutamyl derivatives isolated from Vigna radiato seeds and synthesized materials and their behaviour on PC, HVE and an 
ammo acid analyser 

HVE 

PC Ammo acid 

Relative mobility analyser 

Amount RGI~ in R, in to glu in elution timet 

Peptide (mg)’ solvent lt solvent 21 buffer lt buffer 2t (mm) 

Natural peptides 
y-Glutamyl-S-methylcysteine(CC)S 1610 1.45 0.45 2.12 0.72 20.2 

y-Glutamyl-S-methylcysteine sulphoxide(CC) 402 0.42 0.46 2.72 0.72 8.2 

y-Glutamylglutamic acid 240 0.80 0.11 2.68 1.29 13.5 

y-Glutamylphenylalanine 66.5 2.60 0.59 1.99 0.63 71.3 

y-Glutamyl-y-glutamyl-S-methylcysteine(CC, PPCl) 55.3 1.00 0.23 3.134 1.09 10.5 
y-Glutamylaspartic acid(CC) 29.7 0.61 0.04 3.32 1.33 10.5 

Disulphide form of y-glutamylcysteinyl-/I-alanine 14.7 0.20 0.24 0.48 0.78 51.9 

y-Glutamyl-Nd-acetylornithine(PPC1, 2) 6.7 0.94 0.61 1.84 0.60 13.6 

y-Glutamyl-S-methylcysteinyl-b-alanine(PPC1) 5.1 1.58 0.67 0.48 0.58 nd. 

y-Glutamylleucine + y-glutamylisoleucine(PPC1) 9.3 2.17 n.d.8 1.67 0.70 n.d. 

Synthetic peptides 
y-Glutamyl-y-glutamyl-S-methylcysteine 1.02 0.23 n.d. 1.05 10.2 

a-Glutamyl-y-glutamyl-S-methylcysteine 1.37 n.d. nd. n.d. 26.7 
y-Glutamyl-Nd-acetylornithine 0.93 0.62 1.77 n.d. 14.8 

a-Glutamyl-iV’-acetylornithine 1.61 0.68,0.55/j 0.36 n.d. 43.0.58.811 

y-Glutamyl-N”-acetylornithine 1.00 0.66 1.88 0.59 16.2 

a-Glutamyl-N”-acetylornithine 1.34 0.66 0.18 0.61 54.2 

y-Glutamyl-S-methylcysteinyl+alanine 1.60 0.66 n.d. 0.57 n.d. 

a-Glutamyl-S-methylcysteinyl-/?-alanine 1.97 0.67 n.d. 0.57 n.d. 

*From 3 kg seeds. 

t gee Experimental for composition of solvents and buffers and conditions for ammo acid analysis. 

*Method of isolation from other coexisting components after Dowex 1 x 4 (AcO-) column chromatography. PPCl, PPCZ, Prep. 

PC with solvents 1 and 2, respectively; CC, cellulose column chromatography with solvent 1. 

gn.d., Not determined. 

/ISee text for comments about double spots and peaks. 

(43 min) in an amino acid analyser, while N”-Ac-orn was 
eluted at 100 min. The PC, HVE, ‘H NMR and analyser 
properties agreed with those of synthetic y-L-glu-Nd-AC-L- 
orn. The configurations of both residues of the isolated 
material are not known (see Experimental for syntheses of 
N”- and Nd-Ac-orn, CL- and y-glu-Na-Acorn and a- and y- 
glu-N”-Ac-om). Synthetic a-glu-Nd-Ac-orn gave double 
spots on PC (solvent 2) and was eluted as double peaks in 
the analyser. The ratio of peak areas of the faster to slower 
moving components was co 1: 5. The double peaks may 
indicate that the synthetic a-glu-NJ-Ac-orn is a mixture of 
diastereoisomers (L,D- and L,L-) in the ratio of ca 1: 5, 
because an a-L-glU-D-amino acid is eluted faster than an a- 
L-glu-L-amino acid on an analyser [lo]. Synthetic a-glu- 
N”-Ac-orn was eluted as a single peak in the analyser. 

y-Glu-leu and y-glu-ileu could not be separated from 
each other as in the case of the same peptides from Fagus 
siloatica seeds [l l] and seedlings [12] and Rumex ob- 
tusifolius roots [13]. The characterization of these pep- 
tides was based on a comparison of the ‘HNMR and 
FDMS with those of a mixture of y-glu-leu and y-glu-ileu 
obtained from bulbs of Allium cepa [14]. The ratio of y- 
glu-ileu to y-glu-leu was ca 1 : 2 from the ratio of glu, ileu 
and leu after hydrolysis. 

Identification of y-glu-phe was based on a comparison 
of the PC, HVE, ‘H NMR and analyser properties with 
those of an authentic specimen isolated from Trifolium 
repens seed [15]. 

Isolated y-glu-glu gave the same chromatographic and 
spectroscopic properties as those of synthesized y+glu-L- 
glu, but it seems that one glu residue of the isolated y-glu- 
glu is in the D-fOITII or the isolated material is a mixture of 
diastereoisomers judging from specific rotations of iso- 
lated peptide and its hydrolysate as shown in 
Experimental. 

Partial hydrolysis of y-L-glu-y-L-glu-S-Me-L-cys, gave 
five ninhydrin positive substances on PC and on the 
analyser which corresponded to unchanged material, y- 
glu-gly y-glu-S-Me-cys, glu and S-Me-cys. The specific 
rotation and spectral and chromatographic properties of 
the isolated peptide were consistent with those of syn- 
thesized y-t,-glu-y-t_-glu-S-Me-L-cys (see Experimental 
for syntheses of a- and y-glu-y-glu-S-Me-cys). Two tripep- 
tides having a y-glu-y-glu linkage have been found. They 
are, y-glu-y-glu-met from k’. mungo [ 163 and y-glu-y-glu- 
phe from F. silvatica var purpurea seeds [12]. 

y-Glu-asp was identified by comparison (‘H NMR, PC, 
HVE and analyser) with an authentic specimen isolated 
from T. repens seeds [15]. 

The y-glutamyl peptides found in mature seeds of V. 
radiata could not be detected in seedlings grown for 3 days 
at 40” in the dark (see ref. [17] for distribution of y- 
glutamyl derivatives in plant kingdom). Besides the 11 y- 
glutamyl derivatives described above, three non-protein 
amino acids, a-amino adipic acid and saccharopine, which 
are widely distributed in the plant kingdom, and S-(1,2- 
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analyser as authentic S-(1,2_dicarboxyethyI)cysteine isolated 
from Asparagus ofiimdis shoots [ 181. 

Syntheses of a- and y-L-glu-S-Me-L-cys+ala. Ethylchloro- 

carbonate (10 mmoi) was added to a soln of N-Boc-S-Me-L-cys 

prepared by the method of ref. [22] in THF (3.5 mmol in 10 ml 

with 9.6 mm01 of Et,N). After stirring for 30 min, an aq. soln of /?- 

ala (20 mmol in 5 ml with 20 mmol of EtSN) was added and 

stirred for another 2 hr. The Boc group was removed with 2 M 
HCI (20ml). ‘HNMR (90 MHz, D,O) of S-Me-L-cys-/?-ala: 

62.11 (s, 3H), 2.35 (t,J = 7 Hz, 2H), 2.87 (dd, J = 8, 14 Hz, IH), 

2.90 (dd,J = 6, 14 Hz, lH), 3.36 (t, J = 7 Hz, 2H), 3.97 (dd, J = 6, 
8 Hz, 1 H). FDMS m/z (rel. int.): 207 [M + 1] + (100). An aq. soln 

of S-Me-Lcys+ala (1.9 mmol in 1.5 ml with 7.8 mmol of Et,N) 

was mixed with N-Cbz-L-glu anhydride soln in DMF (2.5 mmol 

in 3 ml) and stirred for 30 min. The Cbz group was removed by 

hydrogenolysis over WC (400 mg) in 50 ‘;’ EtOH (20 ml). Thea- 

and y-L-glu-S-Me-L-cys-b-ala formed were separated by elution 

from Dowex I x 4 (AcO-) column with 0.2 M HOAc giving 

0.15 mmol of the a-isomer and 0.2 mmol of the y-isomer. a- 

Isomer. ‘HNMR (100 MHz, D20): 62.13 (s, 3H), 2.18 (m, 2H, 

overlap with a large singlet at 2.13), 2.46 (m, 2H), 2.54 (t, J 

= 6 Hz, 2H), 2.85 (dd, J = 6, 13 Hz, lH), 2.93 (dd, J = 8, 13 Hz, 

lH), 3.47 (r,J = 6 Hz, 2H),4.11 (t,J = 6 Hz, IH),4.50(dd,J = 6, 

8Hz, lH);FDMSm/z(rel.int.):318[M+I -H,O]+ (100),317 
(85.2); [a]‘,” -30.4” (c 1.0; H,O). y-Isomer. ‘HNMR (100 MHz, 

Dz0):62.11 (s, 3H), 2.16 (m,2H,overlap witha big singlet at 2.11), 

2.52 (m, 2H), 2.59 (I, J = 6 Hz, 2H), 2.78 (dd, J = 8, 14 Hz, lH), 
2.96 (dd, J = 6, 14 Hz, lH), 3.47 (t. J = 6 Hz, 2H), 3.78 (t, J 

= 6 Hz, 1 H), 4.44 (dd, J = 6,8 Hz, 1 H); FDMS m/z (rel. int.): 336 

[M+ 11’ (90), 318 (19.4), 291 (24.6), 272 (32.0), 207 (lOO), 130 
(66.5); [a]g -27.8” (c 1.0; H,O). 

Syntheses of a- and y-L-g/u-Nd-Ac-L-orn. An aq. soln of L-orn 

and NaHCO, (20 mmol and 50 mmol, respectively, in 50 ml) was 

mixed with Ac,O (25 mmol) and stirred for 2 hr in an ice bath to 

obtain N”- and Nd-Ac-orn, which were separated from each other 

by prep. HVE (1 M HOAc, 100 v/cm) giving, 9.7 mmol of N”- 

and 1.2 mmol of Nd-Ac-L-orn. N’-Isomer. ‘H NMR (90 MHz, 

D,O): 6 1.73 (m, 4H), 2.02 (s, 3H), 2.97 (t, J = 7 Hz, 2H),4.13 (t, J 
= 5 Hz, 1H). N6-isomer. ‘HNMR (90 MHz, D,O): 6 1.60 

(m. 2H), 1.76 (m, 2H), 1.98 (s, 3H), 3.16 (t, J = 7 Hz, 2H), 3.69 (t,J 
= 5 Hz, 1H). N-Cbz-L-glu anhydride soln in DMF (1.3 mmol in 

0.7 ml) was added to an aq. soln of Nd-Ac-L-orn (1 .O mmol in 1 ml 

with 4.0 mmol of Et,N) and stirred for 30 min at room temp. The 

Cbz group was removed by hydrogenolysis over Pd-C (600 mg) 
in 50% EtOH (15 ml). a- and y-L-Glu-N6-Ac-L-orn were sep- 
arated by elution from Dowex 1 x 4 (AcO-) column with 0.2 M 

HOAc giving 0.37 mm01 of the a-isomer and 0.49 mm01 of the y- 

isomer. The a-isomer gave two spots on PC with solvent 2 and 

two peaks on the analyser. Each of two components, which were 

separated to each other by prep. PC with solvent 2, gave nearly 

the same ‘H NMR spectrum, but considerably different specific 

rotation. ‘H NMR (100 MHz, D20): 6 1.65 (m, 4H), 1.97 (s, 3H), 

2.14 (m, 2H), 2.36 (m,2H), 3.18 (t,J = 7 Hz, 2H), 4.06 (t,J 
= 6 Hz, 1 H), 4.17 (dd, J = 5,5.5 HI partially overlap with triplet 
at 4.06). [a]g of the component with higher R, value on PC with 

solvent 2 and longer R, on an analyser, + 16.5” (c 3.4; H,O). [u]t;’ 
of other component, -28.4” (c 0.8; HZO). y-isomer. ‘HNMR 

(100 MHz, DZO): bl.73 (m, 4H), 1.97 (s, 3H), 2.18 (m, ZH), 2.51 

(m. 2H), 3.18 (t, J = 6 Hz, 2H), 3.83 (I, J = 6 Hz, lH), 4.30 (dd, J 
= 5, 6 Hz, 1H); FDMS m/z (rel. int.): 304 [M + 1] + (47.7), 175 
(lOa), 130 (98.2). [a]? -6.7” (c 2.3; HZO). 

Syntheses of a- and y-L-glu-NE-Ac-L-orn. Those two glutamyl 
peptides were synthesized by the same procedure as those used 

for the syntheses of a- and y-glu-N”-Ac-orn described above 

starting from N-Cbz-L-glu anhydride and N”-Ac-L-orn. a-Isomer. 

‘H NMR (90 MHz, J&O): 6 1.6 (m, 4H), 2.00 (s, 3H), 2.11 (m, ZH), 

2.40 (m, 2H), 3.18 (t,J = 6 Hz, 2H), 3.90 (t,J = 7 Hz, lH), 4.13 
(poor resolution, 1H); FDMS m/z (rel. int.): 286 [M + 1 - Hz01 + 

(100); [a]: +6.7” (c 1.6; H,O). y-Isomer. ‘H NMR (90 MHz, 

D,O): 61.6 (m,4H), 2.00 (s, 3H), 2.10 (m, 2H), 2.36 (m, 2H), 3.13 

(t, J = 6 Hz, 2H), 3.71 (t, J = 6 Hz, lH), 4.23 (overlap with a 

spinning side band of DOH); FDMS m/z (rel. int.): 304 [M + I] + 

(11.9), 175 (69.2), 130 (100); [a]g - 1.5” (c 3.1, H,O). 

Syntheses of a- and y-L-glu-y-L-glu-S-Me-L-cys. N-Cbz-L-glu 
anhydride soln in DMF (0.91 mmol in 0.6 ml) was mixed with an 

aq. soln of y+glu-S-Me-Lcys isolated from V. radioto seeds as 

described above (0.76 mmol in 0.5 ml with 3.0 mmol of Et,N) and 
stirred for 1 hr at room temp. The Cbz group was removed by 

hydrogenolysis over PdC (400 mg) in 50 T0 EtOH (20 ml). The a- 

and y-isomers formed were separated by elution from Dowex 1 

x4 (AcO-) column with 2 M HOAc followed by 8 M HOAc. 
FDMS m/z (rel. int.): 394 [M + 1] l (21.8), 376 (IOO), 137 (96.4). y- 

Isomer. ‘HNMR: (90MHz, D,O): 62.15 (s, 3H), 2.19 (m,4H, 

overlap with a big singlet at 2.15). 2.44 (m, 4H), 2.86 (dd, J = 9, 
15 Hz, 1 H), 3.04 (dd, J = 5, 15 Hz, 1 H), 3.86 (I, J = 6 Hz, 1 H), 

4.35 (overlap with a spinning side band of DOH), 4.57 (dd, J = 5, 

9 Hz, partial overlap with DOH). FDMS m/z (rei. int.): 394 [M 

+ l] + (48.3), 135 (37.7), 130 (100). [a]:: - 20.5” (c 1.3; 3 M HCI). 
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