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Study on theanine biosynthesis in tea
cell suspension culture
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Abstract: The suspension culture on the callus obtained from Wuyuan tea were conducted in a fermenter and then the
effects of different factors on the growth of tea cells and the amount of synthesized theanine were analyzed. The re-
sult showed;the theanine accumulation peaked between nineteenth day and twenty-second day in a culture period.
The growth of tea cells and the amount of theanine presented an optimal increment, when there are NHi" /NQO30. 0/
60. 0 mmol/L,K+100, 0 mmol/L,Mg++ 3.0 mmol/L, ’Hz POz 3. 0 mmol/L,sugar 30, 0 g/L.,protein 2. 0 g/L in the
medium. The log phase and the stationary phase were enhanced when the amount of sugar and protein raised in the
medium, The simultaneity of tea cells growth and theanine accumulation was changed by the different amount of
H2POs in the medium. The activity of theanine-synthatase (I-glutamate; ethylamine lingase) was effected by K+
and Mgt +. Accumulating-content of theanine could greatly raised when ethyl-amine(ZtNHz-HCIl) added, with multi-
addition ZtNH2-HCI performing better than the one-time addition of ZtNH;-HCI at a specific amount at first and
then a smaller amounts,
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FE B (N-Z H-L-2 & Bt fE » N-ethyl-L-gluta-
mine) EFEFE FILFREAEY o, AR HRFIEER
ER UERXTHERYRZ - HEBESRKHHH
FRMEREFHXFEPLE,2004), FEERTF
TEALRBEK.SC-RARSWEERSVE RA
bagy 127t (- A EaY 3 & N & 3
B IR (ERO-E M IR KIS RE S £ 5 W R 2y HAE
RIS ,2004) ;3 A L FIR A EBRAHE
fERMMH HEARAEKMBEESE (G NLE,
2004);fENERBMA L KERTHHEERRT
MERMBEKYR.AETHRAR(BDLE,
2004) ; EER GMMBEH TP RA R K AR,
HW ELBAINRERNETEEERLES
B A LB . RRAGHLEFMEMTPRER
&, EEXRFHAGAAE RS RARERARDS
HEAAMFTER. BEEFEMBEEEFERR
GG SRR, [0 3% 55 2 op BI040 Bk 2K A0 14
YR (R /N %, 2004 5 k3R 1 45, 20035 F 8%, 2002;
Takanobu %5, 1992; Tsutomu %8, 1990) . 1& ‘B A 44
YIMRA S R %, 2004; 4%, 2002; P R,
19D KIEEREAGHATERS LR B
FERTEASER . BRE AESERBMNRMAMAE
KESREAKRARERA RNEE W RS, 2004;
/NI %, 2004 4P RIESE,1997) . (B RIS
FRMES R, AICRAEHEGEF A RET R
AGASRBEER EHERFRANMEHLLR
B RN AR OEM L #TT KAERT 4
BMEFERABRFEARLIELGRUBR.

1 MR E57E

1.1 B AR
HIHAEREEANMRKRENBESFEM
M2 10 KERBHER 1S min REAHBERER
HIEHRELFFRAIAGHR, B PENARE
AGHRES 0.5 ALREEN MS BikEHES
4L 30 min FEME MS A FRETERKER
535 3 (3% 3 100+ 10 rpm, R 1B 2~3 cm), 48 7 d
SRI1IKEMBAREFRE : Hefgrgt=1:2.
EEER T REH =AM E 30 min, R EEHK
BEIBFEFAME.
1.2 %A *E
Bt & B2 HE (20 L, Bioengineering NLF22),

Rt BAR BB RS, #5290 rpm, BRE 1.0~1.2
vvm; R E 5g SE4IHE/100 mL 33 E; FIEHE S
KA 25 mmol/L #MZiZ B FBE 261 C,
1.3 ERliEsFE

MS 3% # 5 (& IBA 2 mg/L,6-BA 4 mg/L),
L4 EFEASTNAMEREREAMAHLENRIT

FAERXEZRRIT, HFRERXAEEFR LIRS E
FEPEE . BRE.K Mgt H,PO; .NH{ /NO;
FHEXMNAKREKEMREARREANZ .

1 ARKFER

Table 1 Factors and levels

H#% Factor

k% NHF/ K+ Mg+ H:POi 7k K 9% B

Level NOs (o 001/1) (mmol/L) (mmol/Ly(g/L) 25
(mmol/L) (g/L)
B C b E @

A
1 10.0/60.0 80.0 1.0 2.0 30.0 0.0
2 4.0/60.0 100.0: 2.0 3.0 40,0 1.0
3 0.0/60.0 120.0 3.0 4.0 50.0 2.0

1.5 MREAREFMEBAE

BERBF MW 2 000 rpm B L 10 min, L
V70 CHEHRMAT TR EEEREREHAKAE
B, BHRESHRABEESFAI9DHHEHT.
1.6 XEHMIBNUE

KEREERL70 CEHATREEEMNAN,
BRGER 80U ZBEW (75~80 T 2 h, B
BETWEENLELHEBE. RASERSWNNBRE
835-50 &) ; 44T & 44 B 0 B AE 94 X 150 mm, #} fig
B 2619 F; A o4 X 150 mm, #J§ B Fi 2650;
Zrhw 1 pHL. 6, BB ERE 0. 45 mL/min, E 5
90 kg/cm?; EN=EA K 2 0. 30 mL/min, JEJ7 10 kg/
cm’ ; EEER 500 L.

2 &R

.1 BEER S MAREREFARSKBHEW

F 2 10~28"d FIEIE A R EHRA R R E
BEERNER B3 P& GRS ERUEGR
R —IFRE AR 4 S B (g/100mL) , =47
BEIFEBRPTEER (mg/gDW). ER E W,
NH} /NO; . K* Mg*t \H,PO, ZEZBLEARE
BLUREW KBEEARNRKENAEX A
BEHEEAM AKEMREARBRABYTEEW.
MR, EFREP R AREBEMFTEARRRERA
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FUXRFURHTARBMEXERBRARAIEER
iR, 6 MEFERRWBELE N ABCDEF,
B NH; /NO;0. 0/60. 0 mmol/L.K* 100. 0 mmol/
L.Mg*™* 3. 0 mmol/L, H,PO;3. 0 mmol/L. R ¥
30.0 g/LKBMER 2.0 g/L &4 T, X4
KBE@ER)MRERAEEYLIBHME. SRE
B REEFEPREBENKBREORETEH

X BER MR ENBBER, ATTE M TFRE
MRR;H PO MEXEEWAREKERNRE
M B ERME LS MK H PO, MBS P RER
R RIEE TG T 40 A3 K R IEH, & H,PO;
¥ BE IR AP IR EBR AR R 2 AR {1 BUAY ] RS K
M Mg M ARERKEMARE, BERKXEAR
ARBBENE, FRHERM KT M Mg™ A THRE

#*2 LIS(I)EXZREHRBRERRK

Table 2 Design and results of orthogonal test

iysikﬁ A B C D E F 10t d 13thd 16%d 19td 22thd 25%d 28%d
1 1 1 1 1 1 1 5.73 8.99 14,06 14.99 13. 96 12,54 11.79
31.04 74.74 81.00 137. 44 138.69 101. 01 93.71

2 1 2 2 2 2 2 5.98 8.79 14.36 14,72 14.48 13.93 12,99
29,22 99. 16 153. 24 179. 90 183. 37 150, 32 150. 11

3 1 3 3 3 3 3 5.77 9.33 13.75 14, 61 14.02 14,00 13.67
30, 64 87.71 109. 45 108. 36 102, 22 103.13 96. 99

4 2 1 1 2 2 3 6.01 10. 43 12. 60 13. 90 13.81 13. 82 13.18
31.97 90. 02 98. 33 133.93 134. 44 120.92 118.07

5 2 2 2 3 3 1 6.33 11.01 14.07 13.61 13.563 12. 26 11.04
28,80 84.14 109, 81 109. 81 100. 10 97.77 96. 39

6 2 3 3 1 1 2 5.65 9.74 15,00 14,67 14,01 13. 66 12. 20
29.11 92.10 17. 34 149.01 156. 43 120. 09 106. 66

7 3 1 2 1 3 2 5,60 10,59 13,97 15. 84 15,02 14,41 13.16
29,92 104, 59 136. 87 196. 32 206. 00 197.33 194, 04

8 3 2 3 2 1 3 5.96 10. 22 14, 39 16. 09 16.33 16.19 14, 84
30.07 51,26 107.05 204. 11 205. 57 201. 00 192. 82

9 3 3 1 3 2 1 5.88 9.87 15. 02 15. 64 13.97 12.05 11.63
28,35 164. 42 201, 09 196. 74 183.15 180.00 156. 40

10 1 1 3 3 2 2 5.69 9.95 14,99 15.31 14.05 13.33 13.19
27.43 151. 39 189. 99 183. 63 183.01 178. 56 179.70

1 1 2 1 1 3 3 5.57 10.01 15. 34 15,77 14,61 14,00 13.06
28.01 99.35 148.57 160. 33 166. 05 160. 00 158,12

12 1 3 2 2 1 1 5.90 10,04 15.22 15.01 14,02 11,96 10.81
30.00 98. 96 130.11 147.37 132.70 121. 29 105.05

13 2 1 2 3 1 3 5.99 9.99 15. 46 15, 46 15.03 13. 44 13. 16
31.03 117. 64 150. 48 150.10 145.04 141,74 129. 96

14 2 2 3 1 2 1 5.41 8. 94 14. 43 14,22 13.79 13.05 12,77
30.77 79.46 101. 37 128.92 159. 38 130. 67 124.99

15 2 3 1 2 3 2 5.55 9.38 14.57 14, 54 14.55 14,17 12.00
31.21 110. 00 140. 04 173. 14 170. 90 167. 77 168.12

16 3 1 3 2 3 1 5.76 9.43 14,11 14,00 13,37 13.04 12,83
29.55 106. 54 151. 02 197. 25 196. 50 183. 37 169. 56

17 3 2 1 3 1 2 5.48 10.00 14.70 14.59 13.75 12.99 12,57
26.53 111. 21 150. 67 150. 70 149. 31 144.51 145. 69

18 3 3 2 1 2 3 5.93 10. 27 14, 32 15,01 15,00 14. 20 13,01
27,44 89. 78 160. 09 197,28 187.01 174,43 161,55

H: (D10~28d FIBIEA N AR AR REMERNER M3 FH LRMHME. DORMLERPE - ITRERRT AR SR &/
100mL) , 8 =47 B AR E M B R &’ (mg/gDW).,

Note: (1) The data were tested separately on 10 ~28t™d during the culture, The result was valued by three samples, (2)The data in 1st line
is cell quantity(g/100mL) during the culture . The data in second line is accumulation of theanine (mg/gDW)during the culture .

MRE. AMERZE: B T HEBRNERE S KRMA 25
22 HMZEBREERAMARXNEZMHEMERKERFE mmol/LEMZEE=TRIEIERBES XNA
BURRHMM 20 mmol/L M, HHEREMERZ U

RIPHINVE SRBGEF—FHEF  mmol/L), TR, RMFXEREBATHYRERZ
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X ARAE K BEmEBN, R REK
BEA - EREHEMAT AN AREKERST
Bm. BEE.AMBERZEENZERSBRENE
WAEE A, ERTFMATEY FEa, B aE P
WREERAREBRPLFAILFEARM HFEMT
BERZKRE ARTHRERERERNERESE
10 R TR g hn, 35 7 B 55 19~22 RiEH %,
BEZFTRE. UARFRMARRIEMFRER

ARBEREAIHER; EMA—EBERCERS
REGLOBATE, REMA ME R —REMAK
BOREWF REM A AL G B R 22 d 3L,
BRI A YRR AR B S AR P RERE RS
f , B840 B FE 20 B PR RO AR AT R BBR A A s SE R I
TR REHEELH AR LA TR P4
F—ERENERZE AR TRARERG RE
BHNHRE,

R3 BBRZEMAFRASEHAREK/FIRARMOXR

Table 3 Growth dynamics of tea cell and accumulation of theanine with ethyl-amine added in different methods

3% 3% Bt j6] Cultured duration(d) 10thd 13thd 16thd 19thd 22thd 25t 28thd
# LGB (g/100mL) 6.07 10. 89 14.34 15.87 16. 00 15. 47 14,52
Cell quantity 5.96 10. 22 14, 39 16. 09 16. 33 16.19 14.84

5.99 10, 05 15.00 16. 27 16,09 15. 80 14.77
FEMBERE (mg/ghW) 32.13 46, 66 45,02 44,04 43,15 34.10 29.76
Accumulation of theanine 30.07 51.26 107. 05 204.11 205,57 201.00 160. 28

30.01 68.72 122, 33 207. 05 206. 16 197. 64 172, 31

W HOANTH GRS TREATMERZE S ST RIERIERE 5 XMA 25 mmol/L BMZEG BT BB ABHRE SdMA

20 mmol/L :i M Z 1 3 H 8 R F ML 8 Z & (1 mmol/L),

Note: The result was valued with three samples from fermenter;the data in the 1st row without precursor;the 2nd row added with ZtNH;-
HCI(25 mmol/L)on the 5th day during the culture; the 3rd row added with ZtNH;-HCI as 20 mmol/L on the 5th day and 1 mmol/L in every

day during the culture.

3 ik

EER, ZMAGHARAEREFEFERRIH
RAAREERREREMBEERERZKRPDAS
HITHEROBER L, (HR AR BEE RS HIT
FOREL R, FXERRERAREM LR TS
XHFEHZZERR K, @l ELRITHTREE
MARERAE, ERER  E—TERAMD, B0
RGEALARERIUNI AR EKG B, ERKE
10 R FF 45 5% vt 40 B A K 3 A N 3 38 (acceleration
phase) , IS EZ B E I ; 5 13 RIF LA AT
4 K (log phase) , 41 g S BB I ms WS 19 K
RS 40 O 38 4 5 B 048 T % A B2 Ak K 1 (station-
ary phase), XEMHN SR EEEABRITHRERKF
BT RAEE N, R B E RS THREK.E
¥iEED H PO, WER S, REMBA B EHEA
B HAFERFRERSHGHAERKBERIHARX.
Takanobu Z(1992) 1 Tsutomu Z(1990) WKL
TORBIEFRATO KA ERBERRE, 4 EH
BB SRR ENREREBAEER: K
EMBEERKRBREE THAREE K, FXHHR
GRBIET EARRER. ZXHRTHHBH 6 F

FTEREMBREAEHN ABCDEF,, B NH,*/
NO;0. 0/60. 0 mmol/L.K* 100. 0 mmol/L,Mg**
3.0 mmol/L,H,PQO;3. 0 mmol/L. X 30. 0 g/L.
KEBEH 2.0 g/LEUT . ZHAREKEGE
BMXERAREYZIERME SHEXR
(Takanobu %, 1992; Tsutomu %, 1990; 7k & %,
00D MEMAERMBRMBE AP RBRELAEE
FERRXSRA—ENER. &5, BRERKESE
HIZSRARERATHRAER:#FTTLEKR
MESGAEBEMEREM.

MREH, RERES RELUAEMFHER, X
LAER.ZEMATP ERENEREEMS
(Matsuura %,1965) ; {H 7E & A IS N R0 R 97 3 49 %%
HFRARZEZMHAGARPRERN S RE
NEH, HP UM M AGARREREN S REES
X (R¥ES,2004), HEFREFHFNERL
BEMRBEREYRETREERGAGARFT R
28 4 B2 (Takanobu %, 1992; Tsutomu %,
1990) . ¥ERHRIE, L FEF T 25 mmol/L
B, X RGAANRERSREL TR
BRI, 1997; B 3%, 2002; K % %,2003), &
SCBR 9338 2t X — WP AR 00 A0 Z 25 i hn 7 R Ab FERT i
VHBEHRERER  BRETERIIERBELESR
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# 20 mmol/L LA LB, K- A GHA MR ER A M
BfMaMA KB R RTFRES; RAELE 0
PAFE iy kb FE R (4 T 6 40 e P SRR BR A BB TR
KL FREESRES,  EHAREEREGNERMM;
XURERERERARERFEERF—MRENITE
VRWEA L TFRERS,

WREFAODRE  MMBERETRERER
FMFFREREXRERBY N BT BEFRETRN
WEGHRAERAE KR BRBKFRBER, AKX
HBRFBHKIEFRS (HERIFEFHRM 58.72 mg/
gDW 27 2| 167. 87mg/gDW) . X & R R &
REBASBERAKMRFHETMICFERNGER
(PP RHIESF 1997) . KRN, ERE A REEER
THAAEBRMZEGHE ATP) A RXER; R
KW EIE AL, RER S B AB RS ML, K%
REE5REBBREETHXY RSB Bk, 4%
SYERME KEHTHRERLEANARARE
MEBMEE MKEFRGERARBURERAER
ReF (F#%,2002) , FRBEKAF(1994) 8 , 6 AL
JUBHERRFEERER. FXHAEER, BEIH
FETERAMKBEEASETREHAMARER
RER, XMHFESRHENFTERE RFTE -3
HEHRTREES FRE TR HRKERIULES.
A, KMEBREF R MR MRIFELENAE
P MBVLERE, UM FREBRKERER.

H A2 # Matsuura 25 (1965) B %IR8 M 25 #
WA 2B 2N E B8 5 B B (theanine-synthatase , L-
glutamate : ethylamine lingase) , 3 1F 32 % W X &
HER.ZEMATP EREWNEM L B THER
WBEENMERE . BRHTFREARE RBEH
RAAREHRE K I Mg™* & RE FXEEE
HMERIKIIR AR EMAER. FHREE
BAE%,2002), L 13 MBBHAEEFESLRE
T &R & A8 (metalloenzyme) 5 B HE S A W
BEE£BRE TN Fett [ Fett* 45), 2 B-HIEH S0
HEEHHEMM RS RE T (I Na* \K* Mg*™
HCat %), & RETHEILESIRY I RN E M.
AN e RN R ARTEEE
ERSMELIE. TRRXERSHABE—XLR
%1% B8 (metal-activated enzyme) , K™ #l Mgt 44
BRETHELER Mg*"-ATP E Y™ £ 8B R

%5 R4 HE IR » B 1 K B B T 16 1E AR R A A
LS5 HLH T X 28 R R & AL M AR LT TR A R A
A EXEMaRERBIRS.

HTFAEXRERRBFRGTRE, FRTER
AR RS E P LR BN REARRRREAR
REREW, RENZERNEMEFER R T
— BB, WA A XA FREEMKBEEAN
— YR, H T KA IR AR 7 X+ EF
PLRIR R VR T 2038 K B AR AR A R R 4
ARTHRAELE.
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