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Enzymatic Synthesis of y-Glutamylvaline to Improve the Bitter
Taste of Valine
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The taste of several bitter amino acids is reduced, sourness produced, and preference increased by
y-glutamylization. An enzymatic method for synthesizing y-Glu-Val involving bacterial y-glutamyl-
transpeptidase (GGT) was developed. The optimum reaction conditions for the synthesis of y-Glu-
Val were 20 mM GIn, 300 mM Val, and 0.04 U/ml GGT, pH 10. After 3-hr incubation at 37 °C, 17.6
mM vy-Glu-Val was obtained, with the yield being 88%. y-Glu-Val was purified on a Dowex 1 x 8
column and then identified by NMR.
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INTRODUCTION synthesized. In fact, aromatic amino acids and basic amino acids
Some L-amino acids are known as bitter amino acids. &€ good acceptors. Unfortunately, however, branched-chain
Branched-chain amino acids, basic amino acids, and aromatic2MiNC acids are poor ones, as described previo@iyaad we

amino acids are bitterl]. Several essential amino acids for have to overcome this problem to synthesigeglutamyl
human beings are bitter. Therefore, when an amino acid mixture Pranched-chain amino acids using bacterial GGT.

is administered orally, the bitterness of these amino acids is a

crucial problem. These days, various kinds and large amountsMATERIALS AND METHODS

of beverages called “supplements” are sold by several companies Reagents and the EnzymeThe amino acids ang-glutamyl amino

in Japan. These beverages contain large amounts of branchedacids used were all of theform. Amino acids were purchased from
chain amino acids, and some aromatic and/or basic amino acidsNacalai Tesque (Kyoto, Japan)Glu-Gin was from Sigma Chemical
Without the addition of sweeteners and flavoring, their taste Egﬁb;?llélgyrfMS?\ai,tZaer:?aj./r;(j)lEus-Zl‘?éria(:nh(::a)./;:GC)1;ltlie2uS¥¥:.{r? sfrﬁglfiiﬂf!r?
Vo b e e dicovered and repoed et e e T i oo GeT g v w1 26 1
7-g y S . LB broth containing 10&g/mL ampicillin, and the GGT over-produced
reduced their bitterness and improved preference of the p'_anelwas purified from the periplasmic fractiof)(as described previously
members of the taste te®)(We have developed an enzymatic (5.

method involving bacterigt-glutamyltranspeptidase (GGT, EC Measurement of GGT Activity. GGT activity was measured as
2.3.2.2) and various amino acids as substrates for synthesizingdescribed previously7j. One unit of enzyme was defined as the amount
y-glutamyl amino acids, including-glutamylphenylalanine,  of enzyme that released dmole of p-nitroaniline per min from
y-glutamyltyrosine methylester, angglutamylhistidine 2— y-glutamylp-nitroanilide through the transpeptidation reaction.

4). The method is superior because (i) glutamine, which is less ~Measurement ofy-Glutamyl Amino Acids and GIn. The concen-
expensive than glutathione, can be used asgtutamyl donor ~ trations of y-Glu-val, y-Glu-lle, y-Glu-Gln, GIn, and Vval were
efficiently; (i) GGT does not require any energy source such measured with a_high-performance liquid chromatograph (HPLC)
as ATP and product inhibition by ADP is not a problem; (iii) equipped with a Shim-pack Amino-Na column and a fluorescence

. . . . detector (model LC-9A; Shimadzu, Kyoto, Japan), watphthalalde-
a great deal of GGT is readily available because Ifticoli hyde as the detection reagent, as described previo@8)y That of

and B. subtilis GGTs can be purified by simple two-step , G|y-Leu was measured by a reverse phase HPLC as described
purification procedures from overexpressing strabsy; (iv) previously 1).

the protection and deblocking of reactive groups of substrates NMR Analysis. Purified y-Glu-Val (10 mg) was dissolved in {0

are not required, unlike for a chemical synthetic method; and and then analyzed with a Bruker 500 MHz spectrometer, the spectrum
(v) the substrate specificity of GGT fagr-glutamyl acceptors obtained being compared with that obtained witslu-Val purchased

is broad and thus varioug-glutamyl compounds can be from a commercial source.
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Figure 1. Enzymatic synthesis of y-Glu-Val involving bacterial GGT. The
reaction was carried out with 20 mM GIn, 20 mM Val, and 0.04 U/ml
GGT at pH 10 and 37 °C. A part of the reaction mixture was withdrawn
at the times indicated and the concentrations of amino acids, y-Glu-Val,
and y-Glu-GIn were determined by HPLC as described under Materials
and Methods. Glin (closed square), Val (open square), y-Glu-Val (closed
circle), and y-Glu-Gin (open circle).
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Figure 2. Effect of the Val concentration on y-Glu-Val synthesis. The
reaction was carried out with 20 mM GIn and 0.04 units/ml GGT at pH
10 and 37 °C for 3 h, the concentration of Val being varied as indicated
in the figure. y-Glu-Val was determined by HPLC as described under
Materials and Methods.

confirmed. GIn and Val were dissolved in water and then the
pH was adjusted to 10 with NaOH. Their concentrations in the
reaction mixture were 20 mM. GGT was added to this solution
(final, 0.04 U/ml) and then the reaction mixture (total volume,
2 mL) was incubated at 37C for 3 h. The reaction was
terminated by the addition of a 1/10 volume of 100% trichlo-
roacetic acid, and then the filtrate through the membrane filter
(Millex-LH, Millipore) was subjected to HPLC analysis.
Synthesis of-Glu-Val was observed; however, its concentration
was only 1.0 mM afte3 h of incubation, and morg-Glu-Gin
was formed Figure 1).

Optimization of the Reaction Conditions for the Synthesis
of y-Glu-Val with GGT. Because the yield of-Glu-Val was
far from satifactory, the reaction conditions for its synthesis were
investigated. First of all, the optimum ratio of GIn and Val was
investigated. The concentration of GIn was fixed at 20 mM,
while that of Val was varied. The highest amounte6lu-Val
was formed when 300 mM Val was usedidure 2). Because
the pH of the reaction mixture had a strong influence on the
synthesis ofy-glutamyl compounds involving GGT, the opti-
mum pH of the reaction mixture was investigated and deter-
mined to be 10 (data not shown). The concentration of GGT in
the reaction mixture was also varied, and its effect was
measured. The amount gfGlu-Val afte 3 h of incubation
was not so different when 0.69€.16 U/ml GGT was used
(Figure 3). To keep the amount of GGT as low as possible,
0.04 U/ml of GGT was determined to be the optimum
concentration. The optimum conditions for the synthesis of
y-Glu-Val were thus determined to be 20 mM GIn, 300 mM
Val, 0.04 U/ml GGT, pH 10, and incubation at 3 for 3 h,

Suzuki et al.

y -Glu-Val (mM)

0 1 1 I
3

Incubation time (hr)

Figure 3. Effect of the GGT concentration on y-Glu-Val synthesis. The
reaction was carried out with 20 mM GIn and 300 mM Val at pH 10 and
37 °C. The GGT concentrations were 0.02, 0.04, 0.08, 0.14, and 0.16
U/ml (open squares, closed squares, open circles, closed circles, and
open triangles, respectively). y-Glu-Val was determined by HPLC as
described under Materials and Methods.
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Figure 4. Effect of the feeding 20 mM Glin after 4 h of incubation on the
yield of y-Glu-Val. The reaction was carried out with 20 mM GIn, 300
mM Val, and 0.04 U/ml GGT at pH 10 and 37 °C. y-Glu-Val was
determined by HPLC as described under Materials and Methods.

the yield being 17.6 mM, and the conversion rate of GIn to
y-Glu-Val being 88%. In conclusion, the yield ¢fGlu-Val
synthesis involving bacterial GGT was dramatically improved.
Although a large amount of Val remained af8eh ofincubation,

we speculated that the conversion rate of Val could be improved
by feeding GIn and/or GGT after a few hours incubation or by
circulating the substrate using an immobilized enzyme. To
confirm it, 20 mM of GIn was added to the reaction mixture
after 4 h of incubation. As shown irFigure 4, the yield of
y-Glu-Val increased from 17 mM (without feeding) to 28 mM.

Isolation and Identification of y-Glu-Val. A 50-mL reaction
mixture was prepared to synthesizeGlu-Val. The reaction
mixture was applied to a column (2:37.2 cm) of Dowex 1x
8 that was prepared as the DO form. The column was
washed with water and 0.1 N GBOOH, and thery-Glu-Val
was eluted with 0.5 N CRCOOH. The fractions containing only
y-Glu-Val were collected and lyophilized. The purification yield
was 36.4%.

The NMR spectra of the synthesized and commerci@lu-
Val were identical Figure 5). We concluded that the sample
we had synthesized and purified was in faeGlu-Val.

y-Glutamylization of Leu and lle Involving Bacterial
GGT. Whether or noty-Glu-Leu can be synthesized similarly
was examined using a reaction mixture comprising 20 mM Gin,
100 mM Leu, and 0.08 U/ml GGT, pH 9.5, with incubation at
37 °C for 7 h. It was found that 3.4 mM of-Glu-Leu was
synthesized under these reaction conditions.

Similarly, y-Glu-lle was synthesized using a reaction mixture
comprising 20 mM GIn, 100 mM lle, and 0.08 U/ml GGT, pH
9.5, with incubation at 37C. The amount of a new peak was
such that we speculatg-Glu-lle increased along with the
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Figure 5. NMR spectra of commercial y-Glu-Val (top) and the isolated sample (bottom). The NMR spectra were measured in D,O with a Bruker 500
MHz spectrometer.

incubation time (data not shown). However, we could not source. Because the structuresyeGlu-Val, y-Glu-Leu, and
identify the peak ag-Glu-lle because-Glu-lle, which can be y-Glu-lle are quite similar, it is reasonable that GGT can
used as an authentic sample, is not available from a commercialcatalyze the synthesis gfGlu-lle.
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The results presented in this report indicate that the enzymatic
synthesis ofy-glutamyl branched-chain amino acids involving
GGT are promising.

ACKNOWLEDGMENT

We wish to thank Kazuhiro Irie, Kyoto University, for NMR
analysis ofy-Glu-Val.

LITERATURE CITED

(1) Kirimura, J.; Shimizu, A.; Kimizuka, A.; Ninomiya, T.; Katsuya,
N. The contribution of peptides and amino acids to the taste of
foodstuffs.J. Agric. Food Chem1969 17, 689-695.

(2) Suzuki, H.; Kajimoto, Y.; Kumagai, H. Improvement of the bitter
taste of amino acids through the transpeptidation reaction of
bacterialy-glutamyltranspeptidasd. Agric. Food Chem2002
50, 313-318.

(3) Kumagai, H.; Echigo, T.; Suzuki, H.; Tochikura, T. Enzymatic
synthesis ofy-glutamyltyrosine methyl ester fromglutamine
andL-tyrosine methyl ester witBscherichia colK-12 y-glutamyl-
transpeptidaseAgric. Biol. Chem.1989,53, 1429-1430.

(4) Kumagai, H.; Echigo, T.; Suzuki, H.; Tochikura, T. Enzymatic
synthesis of/-glutamyl+-histidine byy-glutamyltranspeptidase
from Escherichia colK-12. Lett. Appl. Microbiol.1989,8, 143—

146.

(5) Suzuki, H.; Kumagai, H.; Echigo, T.; Tochikura, T. Molecular
cloning of Escherichia coliK-12 ggt and rapid isolation of
y-glutamyltranspeptidaseBiochem. Biophys. Res. Commun.
1988 150, 33—38.

Suzuki et al.

(6) Minami, H.; Suzuki, H.; Kumagai, H. Salt-toleraptglutamyl-
transpeptidase fronBacillus subtilis 168 with glutaminase
activity. Enzyme Microb. Techno2003,32, 431-438.

(7) Suzuki, H.; Kumagai, H.; Tochikura, 7-Glutamyltranspeptidase
from Escherichia coliK-12: purification and properties].
Bacteriol. 1986 168,1325-1331.

(8) Hashimoto, W.; Suzuki, H.; Yamamoto, K.; Kumagai, H.
Analysis of low temperature inducible mechanisnyaflutamyl-
transpeptidase oEscherichia coliK-12. Biosci. Biotechnol.
Biochem.1997,61, 34—39.

(9) Suzuki, H.; Kumagai, H.; Tochikura, 7-Glutamyltranspeptidase
from Escherichia coliK-12: formation and localizationJ.
Bacteriol. 1986 168 1332-1335.

(10) Suzuki, H.; l1zuka, S.; Miyakawa, N.; Kumagai, H. Enzymatic
production of theanine, an “umami” component of tea, from
glutamine and ethylamine with bacteriglglutamyltranspepti-
dase.Enzyme Microb. Techno2002,31, 884—889.

(11) Suzuki, H.; Miyakawa, N.; Kumagai, H. Enzymatic production
of y-L-glutamyltaurine through the transpeptidation reaction of
y-glutamyltranspeptidase frofascherichia coliK-12. Enzyme
Microb. Technol.2002,30, 883—888.

Received for review July 10, 2003. Revised manuscript received
November 16, 2003. Accepted December 8, 2003. This work was
supported by a Grant-in-Aid for Scientific Research, No. 15580061 to
HS, from the Ministry of Education, Culture, Sports, Science, and
Technology of Japan, and by research funds from the Kaiun Mishima
Memorial Foundation to HS.

JF0347564



