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Clone and Expression of GS Homologue
of Tea Plant (Camellia sinensis)
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Abstract:In this study, based the homologous sequence of glutamine synthetase (contigd8) screened out
from young root cDNA library, we designed primers and cloned its full length (named as GS1-2, GenBank
accession number: JQ925873. 1) using SMART RACE. The results indicated that; (1) the full-length cD-
NA of GS1-2 is 1 710 bp with an open reading frame (ORF) of 1 071 bp, encoding 356 amino acids with
deduced molecular weight of 39. 3 kD and theoretical pl value of 5. 65. The result of amino acid sequence a-
lignment in NCBI indicated that it has high similarity with the cloned theanine synthetase from Anji white
tea. (2) The gene was cloned into prokaryotic expression vector pET-32a and pMAL-c5x, which was fur-
ther transformed into Escherichia coli Rosetta and BL21 to induce fusion protein with IPTG, respectively.
The SDS-PAGE results showed that: after induction with IPTG, an insoluble inclusion body would be pro-
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duced in E. coli Rosetta using the pET-32a expression vector, while a soluble protein could be induced in
E. coli BL21(DE3)using the pMAL-c5x expression vector. (3) After the yeast expression vector pYES-

DEST52-CsGS1-2 was constructed by Gateway technology, the gene was expressed in Saccharomyces cere-

visiae (WAT11), and with addition of substrates in medium, the glutamine concentration in strains with

pYES-GS1-2 vector transformant was twice as high as that containing the pYES empty vector transfor-

mant using UPLC-MS analysis. The preliminary result suggested that the GS1-2 is capable of synthesizing

glutamine instead of theanine.

Key words: tea plant; glutamine; theanine; gene clone; prokaryotic expression; yeast expression; enzyma-

tic activity
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Table 1 Primers for clone of gene full length of GS1-2 and verification

5| ¥ 4 ¥R Primer name 2| )% %1 Sequence(5'—3")

& Purpose

P1 TTGTGGGTGGCTCGTTACATCCTTGA 3'-RACE dE#: 455319 GSP2 PCR primer for 3'-RACE
P2 TCAGGGTCGGGAGGGACACAGAGAA 3'-RACE {#%5 nGSP2 Nested PCR primer for 3'-RACE
P3 CGCTAACGCTGTGTTTGATTGGGAGA 5'-RACE Ei##ZE 5% GSP1 PCR primer for 5'-RACE
P4 CCATAAGAAGGTGTTGATGTCGGCGG 5'-RACE #: 48| % nGSP1 Nested PCR primer for 5'-RACE
P5 AAGCAGTGGTATCAACGCA AR EFIE [ 519 Forward primer for full-length verification
P6 CGAGAACACAAACAGAGCCT 4 KB 2 [ 5149 Reverse primer for full-length verification

(10 ymol/L)% 1 pL,dNTP 4 HL(% 2.5 mmol -
L™', TaKaRa), PrimerSTAR [iff (TaKaRa) 0. 5
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A CACC, iy 15 H B9 W 5" 4 & 47 CACC
Fesl, B E [ TOPO® o [ 8 AR #g 8 AT 38 4K
pENTR-CsGS1-2, #k J 5 # ik & &k pYES-
DEST52 Gateway™ Vector (Invitrogen) # 47 LR
JR 77 A H 20 RGBT pYES-CsGS1-2, ¥4 ¥
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Fig.1 Electrophoresis analysis of GS1-2 product
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Fig. 2 Electrophoresis analysis of PCR product
of GS1-2 full length
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The values in the fig. mean genetic distance

Fig. 3 Phylogenetic tree of GS1-2 amino acid sequences from Camellia sinensis and other plant species

M. DL2000; 1. GS1-2 ORF
K 4 pET-32a-CsGS1-2 % PCR 7= [ i vk &l
Fig. 4 Electrophoresis analysis of colony PCR product
of pET-32a-CsGS1-2
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1. Empty vector before induction; 2. Empty vector after
induction; 3. Recombinant vector before induction;
4. Recombinant vector after induction; 5. Supernatant
of pET-32a-CsGS1-2 after induction; 6. Precipitation
of pET-32a-CsGS1-2 after induction; M. Protein
marker; the arrow pionts to the GS1-2
SDS-PAGE analysis of fusion protein
pET-32a-CsGS1-2
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A% HE BT 4 F & BRI A 39. 3 kD, i A 4k
pMAL FEMHE 53 F 50 42,5 kD, iy e #E W 1
GS1-2 B RIXW A E A/ T2 0 82 kD, X
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1. Empty vector before induction; 2. Empty vector after
induction; 3. Recombinant vector before induction;
4. Recombinant vector after induction; 5. Supernatant of
pMAL-CsGS1-2 after induction; 6. Precipitation of
pMAL-CsGS1-2 after induction; M. Protein marker;
the arrows point to GS1-2 fusion protein
Fig. 6 SDS-PAGE analysis of fusion protein
of pMAL-CsGS1-2
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Fig. 7 PCR product of CsGS1-2 ORF
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Fig. 8 Electrophoresis analysis of yeast colony PCR product
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Fig. 9 Reaction product from recombinant GS1-2 proteins by UPLC-MS detection
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