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Ababaet-The N-ethyl carbon of theanine was signifleantly incorporated into the phloroglucinol nucleus of 
eateehim in tea shoots. This incorporation was controlled by light. Acetate-1-1% was also incorporated into 
the phloroghxinol m&us, but most of its activity was randomly distributed in other eompounds, and light 
had no effect. The physiological sign&we of theanine in eateehin biosynthesis in tea plants is d&us&. 

INTRODUCTION 

‘IHwww (r_glutamylethylamide) is a major constituent of the soluble nitrogen fraction of 
tea leaves (Thea &en~is),~ and has an important relationship to the taste of Japanese green 
tea. This amide has also been reported in Xerocomus badiw2 

The authors have studied the metabolism of theanine, because of its structural similarity 
to glutamine and the y-glutamyl peptides which occur in plants3 The biosynthesis of theanine 
in tea seedlings has been reported4ss and a theanine synthesizing enzyme which catalyses the 
synthesis of theanine from tglutamic acid and ethylamine in the presence of ATP has been 
isolated.6*7 However, its physiological signitlcance in tea plants has remained unsolved. 
In this paper, the metabolic fate of isotopically labelled N-ethyl carbon of theanine is described 
and shown to be a signitkant precursor of the phloroglucinol nucleus of tea catechins. 

RESULTS 

Incorporation of Radioactivity from N-Ethyl-14C-Theanine into Catechins in Tea Seedlings 

Almost all the radioactivity is extracted by 75 per cent ethanol from the tea seedlings, and 
this radioactivity remains in the whole seedlings throughout the incubation period, as shown 
in Table 1. This table also shows that the radioactivity adsorbed on the Amberlite IR-120 
column decreases and that not adsorbed on Amberlite IR-120 increases with time (see 
Experimental). All the radioactivity adsorbed on the Amber& IR-120 column corresponds 
only to theanine even after 28 days, as shown by paper chromatography and radioauto- 
graphy. Therefore, theanine is metabolized to some compounds not adsorbed on the Amber- 
lite IR-120 column. 

l Reseamh Institute of Tea Industry, Kyoto. 
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2 J. Gsnaa, J. Jm and M. RBNARD, Biochim. Biophys. Acfa 39,462 (1960). 
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TABLE 1. FATE OF N-ETHYL-*‘C-THEANINE IN ~BA SEEDLINGS’ 

Days 

Radioactivity in 
the ethanol extractt 

@pm x 10-5/seedline) 

Amberlite IR-120 column 
I \ 

Adsorbed Not adsorbed 
(%I$ (%I% 

0 9-l 99 1 
7 10.1 

:‘: 11.3 8.3 ;: 82 : 

28 10.3 49 :; 

l Seedlii were grown under 4ooo lx. 
t An average of 11.3 x 105 cpm each was initially contained at O-day per seedling. 
$ The radioactbity of the ethanol extract was regarded as 100 per cent. 

Table 2 shows the distribution of radioactivity in 28-day-old seedlings. In the roots and 
cotyledons, most of the radioactivity exists in theanine, whereas, in shoots, 90 per cent of 
the radioactivity is present in the fraction not adsorbed on Amberlite. Figure 1 shows a paper 
chromatogram of the Amberlite IR-120 eluate and a radioautogram prepared from that 
chromatogram. The radioactivity exists in catechins and in an unidentified compound, A. 
In this case, the radioactivity of catechins in this fraction is 90 per cent and the remaining 

TABLE 2. DLTTRIBUIION OF RADIOACTITWTY FROM &JXTHYL-‘%--NINE IN 28-DAY-OLD SEEDLINGS+ 

Radioactive compounds 
Roots Cotyledons 

@pm x 10-Y %) Mm x 10-V %I 
Shoots 

@pm x 10-5t %) 

Total 
Theanine 
Compounds not 

adsorbed on 
Amberlite 
IR-120 

2.00 100 3.61 100 5.72 100 
1.64 82 346 96 o-57 10 

@36 18 0.15 4 5.15 90 

+ Grown under 4000 lx, 
t per seedling. 

10 per cent is in compound A, which is not adsorbed on an Amberlite IR-45 column and which 
gives no reaction with ammoniacal silver nitrate. This compound is also formed during the 
anaerobic alkaline degradation of the radioactive catechins, and may be an artifact derived 
from cat&ins. No radioactivity was observed in the sugar and organic acid regions of the 
chromatogram. By the anaerobic alkaline degradation of the radioactive catechins, phloro- 
glucinol, protocatechuic acid and gallic acid were obtained, and the radioactivity was found 
only in the phloroglucinol. 

These results suggest that the N-ethyl carbon of theanine is specifically incorporated 
into the phloroglucinol nucleus of catechins in tea shoots. This incorporation is greatly 
a&.&d by illumination, as shown in Table 3. As can be seen, theanine is transported from 
roots and cotyledons to shoots in the 28-day period. In shoots, theanine is more rapidly 
converted under 4008 lx than under 150 lx. For example, in the shoots of the 28day-old 
seedlings grown under 4000 lx, 90 per cent of the radioactivity appears in catechins and the 
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TABLE 3. EFFWX OF ILLUMINATION ON THE CONVERSION OF h%iTHYL-‘%D mcA-s 

Days 

Distribution of radioactivity Distribution of radioactivity 
in whole seedlings (%)* in shoots (%)t 

c \ , , 
Roots and Catechinsand 

Lx cotyledons Shoots Theanine compound A 

7 3ooo 99 1 71 29 

14 4000 95 : 47 150 96 78 : 

21 4WO z 23 33 150 7 76 z 

28 4000 48 52 10 90 
150 83 17 83 17 

* All the radioactivity in whole seedlings (7.0 x 105 cpm per seedling, in average) was regarded as 100 per 
cent. 

t All the radioactivity in shoots was regarded as 100 per cent. 

compound A, whereas, in those grown under 150 lx, the radioactivity in this fraction is only 
17 per cent, and 83 per cent of the radioactivity still remains in theanine. 

Incorporation of the Radioactivity of N-Ethyl-14C-Theanine and Acetate-l-14C into 
Catechins in Young Tea Shoots from Adult Trees 

N-Ethyl-W-theanine and acetate-l-14C with the same specific activity were fed through 
the freshly cut end of young tea shoots taken from adult trees. As shown in Table 4, when 
N-ethylJ4Gtheanine is fed to the shoots, all the radioactivity absorbed into the shoots was 
extracted by 75 per cent ethanol, and the radioactivity is distributed between theanine, 
catechins and compound A. The radioactivity in catechins under 4000 lx is O-268 x lo5 cpm, 

TABLE 4. I~c~~porun~~ OF RALMOACTIW CARBON OF N-ETML-W-CANINE AND ADA=-1-W 
INTO CATECZ?lWS 

Lx 
Radioactive 
compounds 

Radioactivity Radioactivity in the ethanol extract 
absorbedin t , 

young shoots’ Total Theanine cak&ins Miscellaneous 
(cpm x 10-3 (cpm x KV) (cpm x 10-S) (cpm x 10-5) (cpm x 10-5) 

N-Ethyl-%- 
theanine 4.55 4.58 4.24 0.268 OG68t 

Acetate-l-W 8.98 3.05 0 o%JO 2.49% 

N-Ethyl-1’G 
100 1 theanine 2.84 2.97 2.61 0.034 Trace? 

A&awl-“C 8.86 2.17 0 0.699 1.47% 

l Difference between the initial radioactivity in the incubaGon medium and the remaining radioactivity 
after the incubation. 

t Compound A. 
$ Amino acids, sugars, organic acids, compound A and others. 
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which corresponds to 429 x lo5 cpm, since NethyPC-theanine absorbed is diluted ldfold 
by endogenous theanine in the shoots. The radioactivity in catechins only appears in the 
phloroglucinol nucleus. The rate of this incorporation into catechins under 4000 lx is 5-fold 
that under 100 lx. The same results were obtained when theanine was fed to tea seedlings 
under the same conditions. 

In the case of acetate, 8.98 x lo5 cpm of the radioactivity is absorbed in the shoots under 
4008 lx, but only3.05 x lo5 cpm is found in the 75 per cent ethanol extract after the incubation. 
This may be due to its release as *4cOz from leaves. 056 x 10” cpm is incorporated into cate- 
chins and the radioactivity again appears only in the phloroglucinol nucleus. However, 
unlike the case of N-ethyl-W-theanine, 90per cent of the radioactivity absorbed in the shoots 
is randomly distributed in amino acids, sugars, organic acids and others besides compound A. 
In the shoots incubated under 100 lx, the distribution pattern of the radioactivity is similar to 
that under 4000 lx. Thus, light has no effect upon the incorporation of the radioactivity into 
catechins from acetate-l-14C. 

DISCUSSION 

The refined Japanese green tea (Gyokuro) is manufactured from shaded young tea leaves. 
By shading tea leaves, large quantities of theanine accumulate (l-2 % dry weight),’ but, by 
contrast, the catechin content is lower than that in unshaded leaves.8 In this paper, the authors 
have shown that the N-ethyl carbon of theanine is converted to the phloroglucinol nucleus of 
catechins in tea shoots, and this conversion is controlled by light. These results may well 
explain the relationship between theanine and catechin content in shaded and unshaded 
tea leaves. 

Zaprometovg reported the incorporation of radioactive acetate into the phloroglucinol 
nucleus of catechins in tea leaves. In our present experiments, similar incorporation of 
acetate-l-14C into catechins was observed, but the greater part of the radioactivity was found 
to be randomly distributed in amino acids, organic acids and other compounds, and light 
was found to have no effect on the rate of incorporation of the radioactivity into catechins. 
The fact that theanine activity appears only in catechins and compound A suggests the 
existence of a restricted site of theanine degradation, where the N-ethyl carbon of theanine 
may be converted to the phloroglucinol nucleus of catechins probably by the condensation 
mechanism via acetyl-CoA.‘O Light may be needed for the degradation of theanine in that 
site. Zaprometovg described that the condensation of the acetate residues was the limiting 
factor in the synthesis of the phloroglucinol nucleus. But the low rate of the phloroglucinol 
synthesis in his experiments may have been due to the dilution of the labelled acetate residue 
by the cold acetate residue derived from endogenous theanine. 

EXPERIMENTAL 

Incubation of Tea Seedlings 

Twenty seedlii (1 l-day-old) were incubated in a medium containing 100 qoles of L-glutamic acid and 
33.4 pmoles of ethylamine-lJ4c (4-72 x 107 cpm”) in a total volume of 34 ml @H 56 with 3 x 10-Z M potas- 
sium phosphate buffer) in the dark at 25” for 2 or 3 days. By this incubation, radioactive theanine was synthe- 

s T. NAKABAYASIII, J. Agr. Chrn. Sot., Jam 27,274 (1953). 
9 M. N. ZAPR~MEKIV, B&khimiya 27,366 (1962). 

10 H. G-CH, In Chtif~ Md Bkxkendstty of Pfant Pigments (edited by T. W. Goo~wx~), pp. 279-308. 
Academic Press, New York (1965). 

11 Radioactivity was determined by a gas flow counter. 
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sized in the seedlings, and all the radioactivity incorporated existed only in the ethylamine part of theanine, as 
described previously5 (i.e. the radioactive theanine thus synthesized is N-ethyPCAknine). The seedlii 
with the labelled theanine in their roots and cotyledons at this stage were called O-day-old seedlings, and then 
further grown on moistened cotton at 25” under fluorescent light. After these seedlings were grown under 
3000 lx for the tirst 7 days, they were divided into two groups under different illumination (4000 and 150 lx). 
Two medhngs were used for each analysis. 

hcubatbn of Tea Shoots from Adult Trees 

Two young tea shoots from adult trees (one bud and two leaves) were incubated in a medium comaining 
N-ethyl-W-theanine (6G x 10s cpm, l-41 F/wale) or acetate-l-W (9.0 x 10s cpm, 1.41 &mle) in a total 
volume of 02 ml at 25” for 1.8 hr, and then the shoots were transferred to 30 ml of deionized water and the 
incubation was continued for 22 hr under the appropriate illumination (4000 or 100 lx). N-Ethyl-W-theanine 
of high specitic activity used in this incubation was emrymatically prepared, using a pigeon liver acetone 
powder extract,*2 from Gglutamic acid and ethyl-l-W. 

Analytical Methods 

Seventy-five per cent ethanol extracts of tea seedlings or tea shoots were fractionated on an Amberlite 
IR-120 (H+) column (1 x 17 cm) and an Amberlite IR45 (OH-) column (1 x 17 cm), previously equilibrated 
with 75 per cent ethanol. The cationic fraction was eluted with 1 N ammonia from the Amberlite IR-120 
column and refractionated by twodimensional paper chromatography, using tirst, phenol-water (4: 1) then 
n-butanol-acetic acid-water (4: 1: 1). The amount of theanine ln this fraction was quantitatively determined 
by an amino acid analyzer.tr The anionic fraction was eluted with 2 N (NH&CO3 from the Amberlite IR45 
column. 

The radioactivity of catechins was determined by the following two methods : (1) the fraction not adsorbed 
aon the Amberlite IR-120 column was concentrated in a rotary evaporator below 40”, and then separated by 
paper chromatography in 2 per cent acetic acid, and the radioactivity was measured by the use of a strip 
counter : (2) in these experiments, autoradiographic analyses showed that the radioactive compounds which 
were adsorbed on the Amberlite IR-45 column and could not be eluted with 2 N (NH4)sCOs, were only 
catechins, therefore the radioactivity adsorbed irreversibly on the Amberlite IR-45 column was regarded 
as that of cat&ins. 

Anaerobic Akalhe Degraabtion of Catechiu 

Catechins were extracted with small amounts of ethyl acetate from the Amberlite IR-120 eluate, which 
had been concentrated and dissolved in water, and were anaerobically degraded according to Zaprometov.9 

Acknowle&em&ts-The authors thank Miss K. Hori for her assistance and Mr. T. Higasa for the quantitative 
amino acid analyses. 

12 K. SASAOKA, M. Kno and Y. O~rsm, Agr. Biol. Chem. 28,325 (1964). 
13 Theanine appeared between the positions of glutamine and glutamic acid in the long column analysis 

at 50”. 


