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Tandem coexpression of CaXMT and mutants of
TCS1 and analysis of enzyme activity in vitro
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Abstract ; Caffeine and theobromine as the major component of alkaloids in tea, while caffeine is the important taste com-
pound. As the application of caffeine increased extensively in the fields of food and medicine, caffeine biosynthesis becomes
a new hotspot. Nowadays, exploring the method of caffeine biosynthesis is of great significance, when caffeine synthesis
mainly relies on chemical synthesis on the market. This research concatenated coffee xanthosine methyltransferase gene
(CaXMT) and four mutants of tea caffeine synthase gene (TCS1) respectively in the same expression vector pMAL-c5X,
then induced coexpression of the fusion protein, which was analyzed by SDS-PAGE gel electrophoresis, and chromatography
were added into the crude enzyme solution by sonication methionine. At last, in vitro enzymatic reaction products were de-
tected by high performance liquid. The results showed that only theobromine generated in the products of pMAL-CaXMT-
TM2/3/4 without caffeine. This research provides the information for establishing tandem gene coexpression vector which
was used for the biosynthesis of caffeine and theobromine and new ideas to study on caffeine biosynthesis.
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MNAERR (1,3, 7-—F JL B EERA ) Fn] v] 6 (3, 7-
T RIS ) — [R5 UH IS R N A e, AEAE T
25 0 ME L Bz KR A3 R BE H (Ashihara et al,
2008) . WAEmE AN BE R 28 R G RIIT IR R 4
it G 48z s R g, i HLEA RR Boss Ve
( A% 2010 ; Panayiotis et al,2013) . Wi HERH A4
TR 5 B N TA B A6 i RAR SR
o N A B e sl i) 32 2k IR N T A
AR A E/IN TG G P B A ) B (2R 4F, 2011)
Bl 2 ARGz N T B S AR 25 T, A A
B TARTS s AR B AR M A2 200G . PR R
FIHAEY A BT A BRI X,

AR e A i B 2 A AR A,
et S R 2 | W HE B G A AR ) S5 RT AT
{UAEFE T Bt v (%8156 F 55,2015 ; Ashihara &
Crozier,1999) . MNMERK 1Y) 3222 A4 1) & IR A48 A2 75 R
ST (XR) —7-F 5L 8 GRS A% 4T (7-MXR ) —7-H
FEHEIENS (7-MX) — 7] Al 8 (Th ) —MIHERK ( Cf) |, 1%
RN A% DU A 21 A, A FE — 25 F Ak e A — 25
A A% 7 )2 W ( Koshiishia et al, 2001; Kato et al,
1996) A=W B 2 v A A T i 25 114 il 2 o i #5
WERS A% AT HH SR RS I, A1 A1 5 20 S T 1Y) il 2 A5 4
W ME B8 5 B B ( Ashihara et al, 1996 ; Waldhauser et
al, 1997 ; Kato et al,1999) . FEF TCS1 S8 (K B
FIRFEA L B 4 SRR TMX 5355 CaXMT %
IR ER I 7E 26 38 30K pMAL-c5X |, il i SDS-PAGE
R3S E T AR IR R B (3L ERaE . I Rl A T
BINFRIRJG  iE— 2038 i AR A1 il AR B 0 ok 56 IE £ B
FEARFARAIE P, 32K FH HPLC R4 K60 41 )2 17
T A P E A TA 0 JV EE A A oke 4 A i
MEGK, (H 2 45 5 UL A ol kB A= B, X pMAL-
CaXMT-TM2/3/4 f{) HPLC 4 2% SR /R A ] n i
AR, ARSI DL B RS A AT g SIS ), 3 i
IR R G CaXMT F1 TMX (LRI VE T, i3E
A7 AR SN A5 -6 B B R ] R R o X PR R A
Y6 BB AT R ] Bk 51— 2 1

1A S

1.1 Bk 5 RAL

WK E. coli B121(DE3) pLysS Fl E. coli transT1
W A b 44 20 Al 5 T bR pMAL-CaXMT-TCS1 #1
pPMAL-TMX H & AR ML K 2% 25 A 1 2 5 9% R

FHE 58 8 890 8 & 42 it Bkl pMD19-T 1 H
TaKaRa A ],

1.2 KFI5E

1.2.1 £FX 7 rTaq E\PrimeSTAR© HS DNA Pol-
ymerase T4 DNA Ligase Polymerase lJ H TaKaRa 7y
Fl, BRI N VI Sal 1.Sbf 1. Not 1 1) H Fermentas
/NH],DNA Marker Protein Marker I I B b5 424
o], ORGS0 SRR ERE i MR & [
Axygen AW,/ N H R R VHER IPTG W H L
ATAY TREABRAT ., WO GRS AR 6
TR, AR 5k [ = o B4l

1.22 T &ME @RS R S5 um 1Y
0ODS 250 mm X 4.6 mm C18 A4, 3¢ [E Waters 23
H) 3 B T4 1 K, METILER TOLEDO 7\ #; PCR
A B B A% 2 45 Power PAC 3000 HELJK X, 2
Bio-Rad 22 ] ; 8 75 I 40 ML B R4S, 77 B 2 A 25
FEIT 5 i R R 5 AL, Eppendorf 28 7] B #AviE i 1%
TR, LIRS R LIRS ARA T, B KR, -
M H BRI TR

1.3 ik

1.3.1 TCS1 REAR TMX KR &y . iE 50l 5 A4
K TMX AR E 5 TCS1T #H He, 43 9l Sk TMI
673CGT—CAT; TM2 949GTT—ATG, TM3 811TTT—
TGG ; TM4 814GCA—CCA(Jin et al,2014) . 4 Gen-
Bank H[ZiE ) TCS1 FE[K ORF 751, % it—%t ¥ 44 5]
Yy, 7 LS 55 A Sal 1 BEVIAL S, FUES 14
55 LA Sof 1Y s, B35 19) TM-F 2y 57-AT-
AGTCGACATGGACCTAGCTACTGCGG-3', R 5|4
TM-R 4 5'-CTCCCTGCAGGCTATCCATCAATCTTG-
G-3', 50 B LA B TMX SR R A AR , 32 I8 Prime-
STAR® HS DNA Polymerase ¥ ] #5747 PCR ¥ 14,
PCR W] 1.2% B e W5 BE A, F Axygen 23 ]
Ji IS B gl Ak B A FE P R B, K H 3 R i 4
FpapE R A pMD19-T I, #Ab AJERAZ S A1 transT1
TR S PCR KN, Bk HCBH 4 T 7% 1% Invitrogen o
AL

1.3.2 pMAL-CaXMT-TMX & ik H ka9 Mk M7 1E
B 5 TE 76 F pMAL-CaXMT-TCS1 #4735 35 , $2 e
ki PMD19-TM1/2/3/4 I pMAL-CaXMT-TCS1, Jii
FRANPE VB Sal T A1 Sbf 1 k47 BUEE Y, a1 ik H iy
B B TMX Fl R 38 48044 v BL pMAL-CaXMT, fif
A T4 DNA Ligase Polymerase %] W/~ [F1Uk Bz ik 47
SR, I A E. coli transT1 JBSZ S, #g:
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Fig. 1  Construction of tandem gene coexpression vector

HAFRTOR, BT HF AT HEREN LB AT
i e , Pk B PH 4 T 7% % Invitrogen oS E R, Ad
DNASTAR X285 S 3047 1 1% L4 #r

133 $BERSEaNFTRE RBABESES
BE(2012) 45 4E o B Oy £ B 2 3R 3k AR R, B
AZFILHE K E. coli BL21( DE3) pLysS H1, A1 8 &

AFRHEE(S0 g - mL™") FIEEFEZ (50 ug - mL")
) LB VA I, ik FHPE V% T 3 mL LB #5575
H 37 CHRZ AR5, 800 wL o 74 1A TR 4% Fh
T 40 mL LB Ri 32 5L 4k4E 37 C Ry B35, ERM
OD {4 0.6~0.8 B 1 mL B AE M BRIV IR, SR 5
INAZHEE R 1 mmol - LAY IPTG, 16 °C F IR H:
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6 7 8 9 101

E 2 pMAL-CaXMT-TM1/2/3/4 15 38 SDS-PAGE HLJkE A, pMAL-CaXMT-TM1/2 #5545 ['1 SDS-PAGE Hi7k & [ 1. % 147
e FHE (120 kD) ; 2, 4, 8. pMAL-¢5X  pMAL-CaXMT-TM1 , pMAL-CaXMT-TM2 %R S & ;5 3, 5, 9. MBP , pMAL-CaXMT-TM1 , pMAL-
CaXMT-TM2 )5 B H ; 6, 10. pMAL-CaXMT-TM1 ,pMAL-CaXMT-TM2 i /5 Al B H 3 7, 11. pMAL-CaXMT-TM1 ,pMAL-CaXMT-TM2 7
JRAL A A ], B. pMAL-CaXMT-TM3/4 i 8 1 SDS-PAGE LUKl [ 1. A4S F 1 (120 kD) ; 2, 6. pMAL-CaXMT-TM3  pMAL-
CaXMT-TM4 i F-H1 S E 1 ; 3, 7. pMAL-CaXMT-TM3 ,pMAL-CaXMT-TM4 555 B8 [1; 4, 8. pMAL-CaXMT-TM3 , pMAL-CaXMT-TM4 5)5
ATPEEM; 5,9. pMAL-CaXMT-TM3 | pMAL-CaXMT-TM4 /5 (Uil AE 1]

Fig. 2 SDS-PAGE analysis of the induced pMAL-CaXMT-TM1/2/3/4 expression ~A. SDS-PAGE analysis of the induced pMAL-
CaXMT-TM1/2 [ 1. Protein Marker Il 120 kD; 2, 4, 8. Total protein of pMAL-c5X, pMAL-CaXMT-TM1,pMAL-CaXMT-TM2 uninduced; 3, 5, 9. Total
protein of MBP, pMAL-CaXMT-TM1, pMAL-CaXMT-TM2 induced; 6, 10. pMAL-CaXMT-TM1, pMAL-CaXMT-TM2 supernatant of lysate after sonica-
tion; 7, 11. pMAL-CaXMT-TM1, pMAL-CaXMT-TM2 precipitation of lysate after sonication]. B. SDS-PAGE analysis of the induced pMAL-CaXMT-
TM3/4 expression [ 1. Protein Marker Il (120 kD) ; 2,6. Total protein of pMAL-CaXMT-TM3, pMAL-CaXMT-TM4 uninduced; 3, 7. Total protein of
pMAL-CaXMT-TM3, pMAL-CaXMT-TM4 induced; 4, 8. pMAL-CaXMT-TM3, pMAL-CaXMT-TM4 supernatant of lysate after sonication; 5, 9. pMAL-
CaXMT-TM3, pMAL-CaXMT-TM4 precipitation of lysate after sonication ].

F%20 h, FHFEHR)E, FHEAE 4 °C,6 000 r + min™
ZAF T B0 20 min, HlEEHEFT SDS-PAGE HL KK,
1.3.4 RINBEAR BB e #em) 5 S EE RSB R
B, I 4 mL Lysis Buffer(BUI DTT, 284
H55 mmol « L) FEFEM, vKIEAME T R B
J&,4 °C,12 000 r » min" B0 15 min, 15 15 EI R HL
i, 1.5 mL S WAK R 0156 pmol - L7 B{IERS
17,749 wmol + L S-IR 1 H A 2 M2, 200 wmol - L™
MgClL, , IR A2 1.5 mL, W TE 30 °C F k4T,
39T 2.4 .8 h BUS W 500 wL, @it 0.22 wm /K
AU, FE4T HPLC A, DL pMAL-c5X %5 2k /A
[Fi] &b ERLAROGT R

R RSCRORE E BE A I 25F  1 ml - min R
ST, A MR 0.2 % LR, B R4 2N Ltk AR
JGEEIN 0~4 min, A 1 95% ,B # 5% ;4 ~ 10 min, A
#H 40% , B #H 60% ;10 ~ 13 min, A A1 95% ,B 1 5%
13~30 min, A #H95% ,B #H 5%, £S5 #5 WS
KN 274 nm,

2 HERE5HM

2.1 TM1/2/3/4 EFEHEE
DU M A M, FI 514 TM-F Fil TM-R %} TMX

FEHEAT PCR U84, 1.2% A B i AEE RG99
HAE 1000 bp L H B — K82 5%, M H
HIF=) &, HoRk/NS TCS1 22K ORF B9 EE 1 110
bp M4F ., PCR F=# 2 [nl 3% 4 4k I, il
a4t SR JE TMX A [A]
2.2 pMAL-CaXMT-TM1/2/3/4 5 Bt Rk &k 19
HE

F2I PMD19-TM1/2/3/4 Bk Fl pMAL-CaXMT-
TCS1 JFOkE , 43591 FH BR 4 A VT Sal 1 0 Sbf 1 64T
XU, 56 B 5 R B TMX R ik 4004 R Bt
pMAL-CaXMT #AT I, Hrh i3+ 575 1 000 bp
i b1 5%t S TMX 2571, 4 F- 7 2 000 bp LA 1Y
ot IR AR R B

B RS R B e 3 3R A 15 FE A Bk,
PMAL-CaXMT-TM1/2/3/4( & 1) , H-5E AL & transT1
JERAZ S AN, B 75 PCR A I, 0 35 PH 1 B 7% 3% 2 )
W, 45 5L 38 o 80 5 B, JF B B A9 B pMAL-
CaXMT-TM1/2/3/4 SRR, i H T Z 5 flG
EHAMBRRIEK,
23 BREREHEMEEANIFSRIE

B4 TR pMAL-CaXMT-TM1/2/3/4 %% {k
ZBL21(DE3) pLysS, &I 52 Ay K3E 57, #ILH
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Bl 3 pMAL-CaXMT-TMX &SN G ) HPLC S04
A. XTHEZH ; B. pMAL-CaXMT-TM1; C. pMAL-CaXMT-TM2;
D. pMAL-CaXMT-TM3; E. pMAL-CaXMT-TM4,
Fig. 3 In vitro activity analysis of pMAL-CaXMT-TMX by
HPLC  A. Control group; B. pMAL-CaXMT-TM1;
C. pMAL-CaXMT-TM2; D. pMAL-CaXMT-TM3; E. pMAL-CaXMT-TM4.

IPTG 55 H 09 25 H A 8UA b5 %+ MBP Rl & %
ik, 16 CHE A 5 )5 fl G B R R I LU
H, RS EE A SDS-PAGE #:3 ( & 2) W8 1E 81
kD 2245 o0 B AT B S R AMIR AR 1 2%, I 5 3 R R
HK/NR 40 kD 13 35 1K pMAL-c5X 45 2% +
MBP , AJ 4 550 S PR AR R/ 41 kD, 5 E A
CaXMT F1 TMX B 7 HELS(E K/ 41.8 kD 1 41.3
kD FHAF ., HHF P ERIBEE R B R/ INAH B, A4S H
LR B 25 & INAE — kS, R — SR B Y
2.4 {KSMNEGTEERY HPLC #6i

CaXMT SEPRURN TMX B DR 5 R 3K 1) (4 A1 il 12
R4 HPLC R, 25 5 UL IR 3 X g b, %
HREH CK BRI 7-F 6k v e A i, o I o e 2 il
(EI3:A), SXTREEAA L, BRI B XR 05K
B FEAZH pMAL-CaXMT-TM1 {4 4B B2 17 77 )
U 7-H IS A (181 3:B) 1 3.C D E A
DI HRE S 4 pMAL-CaXMT-TM2/3/4 1A SN AE [z
L= XA BT AT (Th ) Az B, (ER 7= 4 2 UL i ek
(CH) A

3 it

WMPHER, A5 B 28 AR AR TMX 4 B 2 ik vy | A oh
TR S SR R TV H BB AL 7-F Ik 3 Iy A
BCAT AT, TM2/3/4 4 REAEAL 7-F 5 v gL A i mT
R 5 B R (1P 8 e o (A G R
2014) . AWFFEH A pMAL-CaXMT-TMX K i #T
AR BCR I RS, i SRR A A EE R,
HPLC R 3G P45 SR o, PR S B A 5 B 7= 4 ¥4 TG
IREBR A B, {2 pMAL-CaXMT-TM2/3/4 1A 4L 2
7B T AT AR A B, 3K U A 2 SR A — 2
2 FTREAETE LA R IR — 2 B A S R Y 3R A AN S8y
SR BIPAJ PR R A ] — ik A rp  mir— NS
PRI £ 1 o 3238, S5 — A FE TR 3 38 i A1 1 A 1)
(Lee & khosla, 2007) . Lee & khosla (2007 ) {3 5E
BT ZAFERAE R A T g 3325k ) IF Hal i
PNk RS N7 s B W (1887 s Ik vl ESINENEOPRSL Y/
B BRI, X755 (1996 ) A4 2t 1Y WU f ¥
FEIRFRAR , 38 YR /N B — it S5z - 3 PR 1R /N Sk 34
HEE AN RE R, AR BRI —1 5
B, Jouk S L R R Ak 1 o R g ] AR A
(2011) e i) 22 36 PR AR I e e R A B~ JE Rl Ay
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A2 A WIS s, I R R B2 A 5280 D A~ SE ] e
ek | HnT DU i e AR 45 B R g 2h 7 i 55 , aF
TR T 25 3 PR I Rk i

ILZRIE RGALIE Z ok I Ak R 58 A 2 i+
R (RE RS, 2000) , ZAFFE H AL 3L
IKRGE T 2T R G, 28 WA 5 R 2o —
LAY 5 58 )5 H R E] pMAL-c5X ik 44k I,
LRGP A £ B R G R F Y,
REM ST B, S T RUEE AR R AT B Rl 2R
P ATI PR RIS e T 2 BURL AL AL R h i B IR
PIEZEENRESE ¥ Jiiipry e

HTiT, A 5T O 4 B0 T iR 2E AR 4 T Y
WG BGRTE FJR A 5C T A & L HEs R
FNSEFRA = RS . APFFERIAE IR R T R IR
By XRFIH AR SAM, R K FT 58 B3 R 3 3
IR RGOk A A B B AT T T A (R 5 AR A 3
THIZE SR, SO =) FA I B Tl e, PR L, 2Rk ]
AP B EERR 1 B 1 38 T MR £ )5 SERE Y
B2 T ok nT LA s A 1) ek A S B 2 5 P
Fik I AL IR A SE R 4 Je kG A T IR AW IE
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