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Process in Enzymatic Synthesis of L-Theanine
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Abstract: L-theanine (y-glutamylethylamide), a unique non-protein-derived amino acid in tea, has a broad range of
bioactivities, such as improving food flavor, releasing pressure and enhancing the efficiency of anticancer agents. Herein,
the physiological and pharmacological activities of L-theanine and its applications in food, health and medical industries are

summarized with focus on the enzymatic synthesis of L-theanine. Moreover, directions for future research are also discussed

in the hope of providing a guideline for the large-scale industrial production of L-theanine.
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Fig. 1  Biosynthesis of L-theanine in the tea plant>!
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Fig.2  Biosynthesis of L-theanine by various enzymes
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Tablel Comparative analysis of the methods available for enzymatic
synthesis of L-theanine using Z-glutaminase from various sources
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Table2 Comparative analysis of the methods available for enzymatic synthesis of L-theanine using GGT from various sources
KRR R &/ (UimL) - i — SRR Fe i)/ 7 %/% Sk
PERBEMAIRE (mollL)  ZMEIKRIE/ (mollL)
04 L-ARAB 02 15 pH 10.0, 37°C 2 60 [34]
1.04 LR 0.01 0.04 pH 100, 37°C NR 45 135]
» 15 LB 2 0267 2 pH 105, 37°C 24 80 [38]
i (E. coli)

AR (. col 0.1 gmLEEHLGGTA  GAME 03 3 pH 100, 50T 18 87" 7]
0.02 /LRI R4 GAME 0.1 1 pH 10,0, 45°C 8 95 [36]
NR 7-GpNA 0.005 0.05 pH9.0. 37°C 6 93 [39]
0.06 L5 Bt 0.02 0.05 pH 100, 37°C 4 94 [40]
W R 2 LA A 02 22 pH 100, 37°C 5 78 42]
(B. subtillis) 6 L5 0.6 2 pH 10,0, 37°C 15 743 [43]
0.5 Zn (Gln) , 0.048 1.6 pH9.0, 37°C 3 63.8 [41]
WOAERIATE (B, licheniformis) 1 L AR 0.08 0.6 pH9.0, 37°C 4 84 [44]

i: GAME#Y&#Ry- T (L-glutamic acid y-methyl ester) ; #.£H6 #KJi7: »-GpNA. L-p-B & kX 3K % (L-y-glutamyl-p-nitroanilide) .
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Table3 Comparative enzymatic characterization of GS and GMAS from various sources
) . TR IR i k1% LHK | LARRK) R TR AR %
S NTEE 02 o " —_—— BEYH
it LTS ATREKD Rtk a ™ K (mmolL) (mmolL) e e S
BATRWERE (M. glutamicus) ATCC 13032 65 ;HO 6C0 100 NR NR NR 79 100 34 [46]
GS JiE R (P taetrolens) Y-30 55 p5H5 6C0 100 7 | 700 13 50 100 48]
RS (B, subrilis) 55 NR NR NR NR NR NR 25 100 51]
AR (M sp.) 56 [)3}0[ 5C5 478 100 757 0.5 0.77 39 100 53]
GMAS t
WA O mays) 51 pﬁ o 050 7 057 13 100 NR [54]

33 GSHALL-ZRAR A

GSTEATPAFLE KA T, MEALL-23 2R 6 A B & 4%
WNL-2RE Wi . TachikiZE"7 1 YOt K B 43 2 B ek
B Micrococcus glutamicus ATCC 13032 GS{EALL- 5
BRI & R L- 7% S IR 3k AT T . BEJS, Yamamoto
SISl B T35 RAW B 1 Pseudomonas taetrolens Y-301
PRIGSHEAT T 2tk S Bl 2 1t it 78, S RAEH B A A=
L- AR /1 ZRIEHRISGS IR CUHEE. colih L)
Lik, HHAMGSERERMGSEAMFIM IR, HixM
TERIB ARG L= RE I LR R IR AN P, taetrolens Y-301
2130 5, fEGSHELL-REIR S K, FEATPS S,
Rl Z PR A “ARIOR B S Re B 7 VI R I A
ATPHA RGN TGS G ML- R AR T, Nk &
Z iR, 200 mmol/L L-#3% 2 7] 7#/:170 mmol/L
L-ZEZ B, b, Zhou XinZE "B 5% % W1k [ B. subtilis
f(IGSHE/EE. coli BL21 (DE3) /pET28a-gInAZHffH1E )y
HAEE O RAERIA (L REE86%) 5 fEpH 7.5F1
Mn® "R E 10 mmol/LA 4 F, EAGS A R K ML
HAMA BE 7)) (6.4 Umg) .
34  GMASHEALL-ZE R A R

GMASTEATPHERE I 251 T HEALL- Z B A L 5 1k
»-BEBEF % (y-glutamylmethylamide, y-GMA) ; X T
R i A A B R BR VSR R IO 4R T, GMIASTE i
AR [E R p-GMA ) A P 4 b R 25 BB . A
EEGS, X S s B m s, S AR GMAS
ANGSHg 2 5T ) B IR 3

19924, Kimura% 9 MW F 3R B bk
Methylophaga sp. AA-30H 44k HEGMAS, ZE§7EpH
7.5 F140 C oA N A RORENME, R B 1R R
SO L, JF RS DL 2R ORT L -2 B R N TR ) A A A
L-FAR, HABITHERAN . 20074E, YamamotoZ5 !
M 200 2 Fifr FF Jig A1/ B R I ) A6 40 1R o O M. mays
No. OENL-FRAME W, NP EHGMAS, Z%
i 75 v PE p HAE 0 B 6 2 % B Bom s v s[RI A2
BARIRYIR E 260N, ZBEEAL-FE R B T

P. taetrolens Y-30 GSKZ120 5. B fFiZiREA M. mays
No. O 4 iSGMASISEKAEE. colith 34T T EAKIE, &5
R W 2 R A PE IR AT B R UB M. mays No. 95123 1%,
ifii 2L GM AS ) i 27 P i 5 R SRGMAS T6 I 22 AN 7],
XAFAF K& GMAS T Tk L- 4 &R A= 7= BN m]
fE; LAEAIGMASTE NUEILT, BT T (8 B P B I it
ATPHAMIL-FR AR ED A L, 45 FF W 600 mmol/L
L-BRE MR 600 mmol/LEEFR Z. % . 300 mmol/L# 4]
B 200 mmol/LEFREF 22 (pH 7.0) . 30 mmol/L
MgCl,. 5 mmol/L MnCl,. 5 mmol/L ¥ f B2 fig ¥
(adenosine monophosphate, AMP) . 30 U/mL GMAS #!
40 g/L I EEAL L mLIB G 1A R 9, 1E48 hAF LS
FRAI110 g/L L-ZXE R . Foh, %R 4LKE GMAS il
BE4H 0 355 P T3 A RS v, 122 I ) P g o) 62 T S B
600 mmol/L L-#3 & R A1 2 f100% 564k A L- 25 A 1, HAE
ENAD B A RN 6 URIE SR N AT BE R R R R
LA R R R 717

HL-BABEMGGTHLL, GMASTEMEILL-ZE&
B & R, CLERIN IL-B R RN R R, HOFR E N2
MER LN, T R L-A A B R i T oK
fif S 1B R RS2 SR R R = i) R . R T, 5 GSARTBL,
GMASTEMEAL-ZRE IR & b 2 R EATPS 511, ATP
AR R RBIGMASH T TR AE 72 L- 2R &R ) e 4t
T EHGMASTEL-F &R & P TR L s, &
WAL e T ABIECES T BRI (polyphosphate kinase,
PPK) WATPH A RG I BEIEL- A AR & K &Y,
WEsATs, @I PPRUEL, VLA 5 131 2 R iR
#h (polyphosphate, polyP) NKYISLIATPH A, 7E
200 mL Nk Z&r, A fb ERATP, LA400 mmol/L
L- B AN, LT L-Z A BR8A% I = %
Z R AR BRI T BVEATP R AR, AH LU BE 4 I R ATP FE
AL ARG, GRT TWALEFL-ZRE R, MG
R LA B AN R AT o
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Table4 Comparative analysis of the methods available for enzymatic synthesis of L-theanine using GS and GMAS from various sources

&Y
NS M = . o W N e i}
[ SR B Wk KaéL?%%% LRI LBk ATPIERH ZARHE T g% WA 72560% i§
(mmol/L) (mmol/L)
ATP (2.5 mmol/L)
HRBRIRE FDP (40 mmol/L) o pHS8.5
O, ghuamicus) R 275 50 50 NAD® (S0pgmiy M (20mmolL) POl 5 21 [47]
GS B REEH) (3.8 ¢/L)
(FEAD RS AMP (5 mmol/L) . 170
ik} 1 100 200 1200 %R 300mmol/L)  Mn*' (SmmolL) P 48 85 [49-50]
30°C
(P, taetrolens) FEREANA (60 /L)
e AMP (5 mmol/L) 2
(”fﬁ A E‘) 1 0.078 200 300 Hi%HE (200 mmol/L) 131’[": \ (%Somm"lf/L]}) f;% Zéo 24 30 [54]
. mays REREAIM (40 g/L) g 30 mmo) 3
AMP (5 mmol/L) 2
1 30 600 600 HE B (300 mmol/L) I\I)I’“L (<350mm°1{/LL)) 1’3% ZC'O 48 100 [56]
BRI (40 g/L) g mmo
GMAS
WY . ATP (5 mmol/L) 2+
(a4 HMEF% B 50 15 200 200 polyP (75 mmol/L) Mg 5 93
(M. mays) PPK (4 U/ (150 mmol/L)
'mL) pH7.0 (58]
ATP (5 mmol/L) Mo 37°¢C
200 30 400 400 polyP (150 mmol/L) 300 nf’mol L 24 84
PPK (8 U/mL)
VE: FDP.AHE-1,6- —#%f% (fructose-1,6-diphosphate) o
)OJ\/\/?L GMAS JO’\/\)OK &, (HAAEE— S . 1) ] L- SR B LR GG THE
/\ =3 e A e >, b = 2 N
HO™™ ot N HOT NS LSRG RAT S LA RL- R, R R
NH ) NH _ - . N
2 ATP  Mg’"  ADP ’ HFAREATPER Y, SR EEH T & 4 F AR &%
mwﬁi>?;41wwn PR N, LA R L-75 R W e /K A e 8 %% BRAE R

S AT PP ATP L A L T3Eb AT AE SR IR T A R A e A R AN e 1 ] AL

Fig.5 Enzymatic synthesis of L-theanine b;. GM./;S coupled with an 2) 1§ IGS. GMAS &V-GCS{% feL- ﬁ./ﬁ @ﬁ 5 oL ﬁ’&
ATP regeneration system based on PPK"* LI MR, ANAFAE IR K B B e Ik = ) S R, 84T

RN EATPS S, (A5 ATPHA SO KR, %5
HFAGMAS, N L-AR MR Tk 277 1 g 1)l [A]
g, ATABLUR LA T AT IRART T 1) 3 — B RAE
XL SRR SR, WTT B e 5 1 ) ) 2 45 4 DA R E
Ty 4 S e AR L - 5 R K IE AR & -2 R

3.5 GCSH MM EAL-F 2 IR & )
y-GCSTEATPHERE A T, DAL-B &R AL it

AR NIKIEAN A y- BT AR AR, ZEWHE

P A AR e H R i Y. Miyake S ORIE T

K HE. coliff)y-GCS A i fh.L-75 U8 F AR 17 i 95 4 B PN o o
aYile , b a H e S
D RS B I R S, FLIR I JE 5 T F 3 K R 1 53 FHL,  LABE G ) F 5 1) 5 Ak 3 R 3R S xT 2

ﬁ?‘% (IEWE’§>TH£>ZJH§>>EFIH’§) . %UmiéﬂE COll Hﬁﬁ"]ﬁ!é#@f%ﬁi‘ﬁ\ fé{&‘iﬁ’ﬁ*ﬂ*ﬁﬁ‘ﬁ, i&gf/{:?{é%—é\ ;
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WM. AT, SEE Z R R, wExsty  FORE JRECBOURRE RN & LR BRI, DOFR

AT Bk, DL R s S BB T L- AN T AR . 3) JFRFE N
ATPHA RS, VIR IRGMASZERGE Tl Ak A4 7= R F
4 & & PRI 20 1 751
SH LR
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