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Enzymatic activity verification and protein three-dimensional
structural analysis of theanine synthetase
gene in Camellia sinensis

CHEN Qi, JIANG Xue-Mei, MENG Xiang-Yu, ZHANG Zheng-Zhu, WAN Xiao-Chun"

( State Key Laboratory of Tea Plant Biology and Utilization, College of Food Science
and Technology , Anhui Agricultural University, Hefel 230036, China )

Abstract: The aim of this study was to analyze the highly homologous sequences of theanine synthetase genes and
glutamine synthetase genes of tea plant, speculate their evolutionary relationship, predict their structures, natures,
functions and differences of enzyme active sites, and then to provide a basis for CsTS genes function studies of
tea. Two gene sequences logged on NCBI were cloned, the expression of enzymes activities was verificated through
HPLC and LC-MS and phylogenetic analysis was implemented within the searching result. The expression of en-
zymes in E. coli suggested CsTS and CsGS had different catalytic activities although their high homology. The pri-
mary and secondary protein structures of CsT'S and CsGS were analyzed and the result showed that there was no sig-

nificant difference between them, but the third protein structure analysis by homology modeling in the catalytic sites
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showed three differences in the catalytic sites, which could lead to the difference of enzyme activity. In this research,

CsTS gene sequences were firstly identified as the members of GS gene family through phylogenetic analysis. Accord-

ing to cellular localization prediction, CsTS should belong to cytoplasmic GS (GS1), for its kinship close to grape,

upland cotton, rubber tree, arabidopsis etc.

Key words: theanine synthetase; glutamine synthetase; protein three-dimensional structure; homology analysis

7 & M (Theanine, N-Z 3#-y-L- A KB 2%
WiRN P —RIEEAREER, H AU AEE (Xe-
rocomus badius) FH L 11 25 J& M ¥ (Camellia ja-
ponica, C. sasanqua ) 75 1% 18 (Casimir ez al.,
1960; Tsushida et al.,1984) . ZxERRTERHAH Z 1t Hh
AEWHEERSEN 700, et 2y 5Kt T
BB 1% ~2%, REmER ot Kok &) =B R AR B
(FEBEHE,2003) ., FWAVEN —FF ZE LML
T, BA S HEEY AR N EARRE®E, IE
RRAE 5 R ERA W EEMHBE G HER, 198D,
REBIEARM R SR FEHAEIME, BRW
ZHUTEMEERE., XEMR S B (Theanine
synthetase, T ) B RN FHRZMABRK EHE iz
ML EA EEE B X HE R 7 5 o 5T R U X g
S5H YN E 8K S W8 (Glutamine synthetase,
GS)H /= B [F IR, 7T LA & 1R A 7T #E 2 GS
RERG ., ZEHREAN GS2ZE 1 NMPHER
RIE RS, X B 2 /D R0 1 PR ELFD 3 ()
FAIT OB 5 A (ERF) B A GS £ Ik (Masakazu
et al.,2004;Martin et al.,2006), FEHYH GS
HECHFEE, M KFE.EXK. K. = % (Free-
man et al., 1990; Zhang et al., 1997; Lin et al.,
2000;Morey et al.,2002) ,{H B i R¥E Camellia JB
AP B R E RS TS TS BH, A
MAFR TS 5 GS BRI EF L#L X AR
BOAER R R R BRI . B TEBERW
CsTS 5 CsGS AR HE BB, A EHE T A
ORF EFW WA EZRM AW 2 FEKRFF TS
(DD410895) 5 GS(AB115184) i# 47 72 & il J5 4% 3%
KX EATRBEE AT LR S E , IR B A TE
ThBE b AT BB AF7E (9 AE S s R B R A 015 B F Y
C FRAOMEEEASH ERER, BT EE
ZHEHPLH

1 2R Gt Ak 59 2357 TF BORT LA A 4 00 49 b (8] 7E
BN HEEM R 2 57 K IR R0 E A L TR 2 A e 2
B8 AT T BE B IR 4 SRR, HE T T A ) A ] B AL G
R RUEENSFE, A E BB = 4E55 0 17 B
A THEEFE NI, F R SSOFEES

Lo BRI RERIEDEYEBBIENE R
5500, FREBENGS BH , METHEY GS A
B R GEBEALR , I F AR A BT AW TS &R
HZmdtfbk F& , R FH SWISS-MODEL #1264
REY GSEHHEMR, s HFRBEEEBEARWET
CsTS A, 3F X7 H 7T 88 0 A6 AL S5 3547 T F, 4
B HEEI R R R AEE L.

1 #MEE5F&®

1.1 & 5K H

ZEt AR AR 43 R B RKIE LR AR ; DHS5«,
Rosseta good KIGHFE B #R(E. coli) AARLIRE R
. TEBESIAN &M FRE %N EE.ANTP, Tag
plus DNA B & . PMD-19T 7 # ik . DNA mak-
er %W H TaKaRa 247 ; Oligo(dT) M-MLV ¥ %%
B H Promega A H] ;pMAL- C2X 84kl A Bi-
olab % 7] 5 In-Fusion Dry-Down PCR Cloning Kit
A Clontech A7 EFTEEE S HECEREE
FREF Y AEZRAF., PCREIYERSWF.
PCREIYH EBETAEY TERFHRAFEK;
W F & L1 Invitrogen 27 52/ .
1.2 B CsTS1 5 CsGS1 ERBER R EHENHME
5Ihee g iE
1.2.1 4=t A % RNA #9382 A cDNA # — 4t ¢
KA B—F et 43 B ERA P E R,
R S BUBUAR (2007) YT E6 , IR IR M #Y 8 RNA,
EA Oligo (dT) M54, BUE RNA 5 pg, B 5 F 4 WK
cDNA 55 —4%.,
1.2.2 cDNA # % } B RT-PCR ¥ % A8 Gen-
Bank B & 5% #J TS (Theanine synthetase, Acces-
sion:DD410895) 5 GS(Glutamine synthetase, Ac-
cession: AB115184) FF % ORF &4, Wit WXt 54 .
TS-F1: 5'-GCCAGATCTATG TCTCTTCTTTC-
CGA-3', TSR1: 5-TTGTCGACTTACGGTTTC-
CA GAGG-3'LL & GS-F1:5-GACGATATCATG-
GCTCAGCTTTCAGATCTC-3', GS-R1: 5'-GCA-
GAATTCTCATGGTTTCCACAGGATGGT-3',



386 i -

35 %

#5730 pL RIIK R . cDNA 1.6 puL(1.6 pg),3 puL
10X PCR &/ ,1.8 pL. 10 pmol * L primer up,
1.8 L. 10 pmol » L* primer down, 2.4 pL 25
mmol ¢« L' MgCl;,0.6 pI. 10 mmol « L' dNTP,0.3
pL TagDNA BE8 ., ¥#HEFH 94 °C 5 min 5,
94 °C 1 min,56 C 1 min,72 °C 1 min 20 5,30 P&
;72 CHEAH 10 min, fEALERG A 1.5 %35 I5 ¥
HATEER R UK S T [E U, 5 PMD-19T #,
TR ¥ KA DHSo, PEEBUSH B 5T I 5 .
1.2.3 & pMAL-C2X &k #4 f pMAL-C2X
REBEHTEMRBRYEZRE. HTEHEMA In-
Fusion Kit #F47 % 8 KN, 7 FH A 8048 P i &
15 MR E B4 E H 19 DNA 5|43 47 PCR, @ A%
PCR Y 58 EZEERE. TWITRHRTY:TSF2:
5'-GAGGGAAGGATTTCAGAA TCT CTT CTT
TCC GAT CTT TAC-3' #l TS-R2:5-ACGACG-
GCCAGTGCCAAG TTA CGG TTT CCA GAG
GAT GG-3" Lk K GSF2:. 5-GAGGGAAGGA
TTTCAGAA GCT CAG CTT TCA GAT CTC
AT-3" 1 GS-R2:5-TACTCTAGAGGATCCGAA
TCA TGG TTT CCA CAG GAT GG-3', Ll PMD-
TS/GS Ak DNA R4k, & FI 8 R & Taq DNA
RE®HIT PCR Y 3,93}t PCR gifbid 2 F I,
% A Rossetta Good R H T FHRK.

1.2.4 pMAL-TS # %% & LR #EATEL L 5
BEMA 0.1 mmol/L IPTG F 32 CHEFRREK 4 h
BHEBET 4 °C,5 000 r » min' & 10 min, %k
HE KB KRB R S ERENEFRBG KR
HIREE T HEAZ Wl (100 mmol/L Tris B R 2
¥ ,pH7.5,10 mmol/L EDTA,5 mmol/L DTT)
f L B AR 100 mg » mL EW, KA TS GBS 2
s-AfE 3 s,60 RO JF 4 °C,12 000 r » min' . 15
min, B T EVE M H B .

FAE R Wik & . 0.4 mL &M # (100 mmol/L
Tris-HCl 2 phi . pH7.5, L& 25 mmol/L Tris,
25 mmol/L L-Gln, 25 mmol/L EtNH, « HCI, 25
mmol/L MgCl,,250 pmol/L B-FiF L EE),0.2 mL
ATP4HEE,10 pmol/L),0.4 mL HEE®& , B S
1.0 mL, R MAERF 35°CKIERNL 45 min J5,
100 “CHE B 5 min £ 1L SR Cof BR . #H B8 42 BUR
ST 100 CA& B 5 min &1k B 5 AR WK
)., RMIBESH 12000« min' &L 10 min, F7E
BHAT =Y L-ZXEREN .

XHEE 1. Bl pMAL-C2X 25 # f& # A Rosseta
Good 1, PRBU I %1% IR FIR T kiR XK & L
BEH EERNERETRMGRMRERSE.

Xt HR 2. B pMAL-GS RIX# ik, BRI 7% 1%
MR A HI AR B, BN AR R AT RN S AR
MEERTE.

1.2.5 B4R A Bl & 89 HPLC & # &4 RN &
F 0 ROBOME (B35 R T Sk {4 Aglient 1200 3 R
45, Aglient ZORBAX Eclipse XDB C18 ¥ (4.6 X
250 mmol/L, B 5 pm), FEHA A 0.05%(V/V)
PP 1 O B o D B 0.05 % = 8L Z R G HE AD
FEVR 25 °C L, 1 mL » min', FREE .5 uL, W
MK 199 nm, 287 FRF 55 min, HoHd ke B A E
15 min, R J5 B & Y1 ¥ 41 2 WAL 25 min, B )
BB A 5 min (LB 3 AH 5 Z 55 B AH U
et RSP 5 min) .

1.2.6 BBAR R B 45 Ry J % BeiE SR F oL R 5 R i
(ESI-MS) X} B | bf 9 7= ) it 47 4 5 FE B ST R
3 1R 4 BT #2 A SR B R 9 EPI(Enhanced product
ion scam N, EFEH FRATHEBENE FHE
B R A 18 R 405004 4 500 M1 10V, 76 5 3 F AR
KT ZF 43 R-3 200 FI-10 V, LB 5 B3 (ESI-
MOBEFHSHE. EHERIE IS V. THERE
200, KR 20 DAL B A 10 A B BT
m/z I3 X [E] 2 50~400,

1.2.7 pMAL-GS #9872 WHE pMAL-
GS RBEME LR T EHETHERRE, I RE
MMEEOHBEHTHEEENE . BRYSITTE
BE(2002) B B, XHHR 1.8 pMAL-C2X % Bk ¥
A E. coli Rosseta Good 1, BkEX A B 75 3% I8 b iR
75 el S B AT RO A I RO E . X R 2.
B pMAL-TS Rix 8k, #& 8 bk #rai,
1.3 ZH CsTS1 5 CsGS1 BEMEMERE ST
1.3.1 A ALK R4  FIAH ExPASy B Prot-
Param T R G 7E &L/ E H & £ B 8 AL H#,
DNAstar 7.0 43 #7 & H 75 T B 45 4 5 &, NetPhos
2.0 server TEZR 41 2 H W] BEFF R U BERRFL A A,
1.3.2 %% 3-D &M 454  F|AH Inter ProScan, (ht-
tp://www. ebi. ac. uk/Tools/pfa/iprscan/) ¥ % T
HBMW CsTS1 5 CsGS1 & (A M 45 # 8, 8 i
Swiss-Model Chttp://swissmodel. expasy. org), X
EAHR =ZREMHET o, I BHiE i Meta pocket
(http://sysbio. zju. edu. en/metapocket/) # 17 [7] 1§
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Fig. 9 Phylogenetic relationships with plant GS proteins

MLBHEFTRS SN ERRNSEERMAZEN X
WFRR BRI N ZRNERFE, HFEL
RGeS 5T LMIESE
27 GSERAAZHUMAE

FIFH NCBI $#E B # #9 Blast 8% B £ A
WA EEMFF) S GeneBank = i & B/ 7P 51 i3
T AR I R I T RN Fasta X WK B
R & BEIF KB NE KE HE R T
LR B NLBEESE 17 4 GS FIE M 5L B 3
61 ZJFHHATEZ BRI ER ST (E O, WETWNE
B B THY W FHEYE 17 MAEREEN GS
HEFH,AE 9 mTLAE L P KRB 8= K3k,

HPE#EHXERTFHY AN X . EFHED PR
T Y S F MY HIh—. XFRUKREAR
RE R T HAEYBEAT TR, BB 16 K75
B GS AL T S5TheE/ b =28, B ot 3R f i A
(GS1) M ¥R AR A (GS2) 5B M| & (GSr) , H
fib B A 0 R HKAEMML. TR
BEAHER, UM AREBRRTFHEY GS &
EA 4> 0 MM R (GSD 5 RIA R (GS2) I k2, T
5XE HERMBEEMY P H GS K2, HBHFX
FTHEYMEZRE, ARMEY + GS BEHE N B
G, WIIRBPRH GSEESHE . RSy
Pl RSB R , B TR AR A B 45 PEATS BT S0k R 43 O
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=R INFEE GS BE#FE LN HL BEARA
BRAERBEEFE T 25 5 AR CsGS 75 B,
M5 CsGS(AB115184) B B34, f M o] ) & 1 12
FEMREMEERN GS HHENF KRR, FE# LT
B i T RAESEE QST SR T HA4#
T B L T BB R B D BE

3 ik

EEEFNAT P, BAT R AN X E R
A RS 5 A S B A R EE A R B R, A S
4 1B (glutamine synthetase, GS,EC6.3.1.2) f& &
LAY & R AR 14 50 8 B, T 2% | R B Al R AR
EXAWEREMANE S BEPEREEHN. #HY P
JLRN A [6] 28 8 &) 47 48 Bk i & BB (glutamine syn-
thetase,GS,EC6.3. 1.2 M EEWHAE T .GS1 &2 5
B & Bl F A BIR 558 LU R I A R AR
PR GS2 FEE M TSI, 2 5060 % bR
AR ERHE B EIREFEEN GSr FE
R AR A AL AR 5 , B 6k 55 M R b & Wk BE B Y
YEH (Miflin et al.,2002; 258 8% ,2001) . XFH &
HBE NI, XN ELE ZREAERE N
BEME R E (R EAREREF, NN E S &
ARG E . MEFNRERTEREZH
Y, 52 44 o o R S ) BN 5 5K, R B CsTS B2l
5 GSHMEBIF Z AL, 3 CsTS HLER
BB 55 W (Deng er al..2009),CsTS TEZE R %5 4%
BERHERE P CTS M MERRE®. M
CsTS2 EMMRBLRE m  HEXEIHWZ AN EAR
BEFRAEE SRR LUMBERDIITRY,
CsTS WyFetE 5 MR GS Mk .

TR RIELRBR AT RAFEREA
Bg? N CsTS 5 GS ¥ 5 a0 AR T, 1 76 1 A9 A1
PP IR R IAEM GS RN BE SR ERM
TiRe? WATHEN A a2 i FARW L B P FAEE
HEMOEH EERERESBEERE SN AMN
A5 Ak T 2R T R B 456 TR A AL FE TR TR A
FRBMWT 3N BREEERENIRYE G A, TR
CsTS1 5 GSWMRWE G AES B LR#EE,H
HERUNSAAMNER . TRSBES /N T8
gL X TR R F e REA AR A § L
Tk, HiE FH AT R T LIESE, Takashi
et al (1998 TEHHE P E WA —~LBEKEEMN

Glutaminase B F ERFFHHFE S EBEINGE,
BB RSB AK &SR v & & Bt
HEN v-AEB LK CGRER), M CsGS § CsTS
MY RAREENIGE, Z5 RAEFHIERKER
HBEIRERS-ARE L ABKE. MEERK L
R B LA B A — L G0 e e . FRATHE e,
TERM L F2 P AR T RB IR A 7E — 28 GS, BB [ B
BUERESZHBERRARG=Y, B TR EE
HMPF TAEMARZER. RINEREBREBFTAN
CsGS FFH), O M 6B 58 AR A/ 17 17

4 Hi

AR ENER T RBEEREHN CTS1 5
CsGS1 EE#HTmE S FEZEL, A H HPLC M
LC-MS % FXEL T RAB I WM S EEHNENL
e, MESEFMA P TS o] UF A BB S 2 ik
A HFER, WRE TR RFEERE K CGS1 &
AEFX—DIRE. M/5EAAEYEB# 0T B
FWMEEMRERBRER CTS MWEHLHHITH
M.t iE IR @0 H B E D =45 1§
MR AL R B 3 AN 545 A& R
ZRM A, FEEYEBBIREE DL 7 NEE
B FHEY 17T AN 63 ~EA CDS 2K ME
AR A REEERE @SR REHELW TS
T, EMEERANELNE THEY S AR S K
it 5 R R M A R
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