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W OE: AREARAMHEARRLRABRETLLHSH (SHMT) A= & 285 (TPase), JAIARBEAK L-E 8. £
A PCR AXMAFH Ki2 ABEM by 3 EX AAAaeey L E, HA pET-28a #Hik, MAEL LA TR pET-SHMT.
pET-TPase o3k & ik #4042 pET-ST. 4§ Lk 3 # 20 /M 4545 AN K AT & BL21(DE3)i# 47 & iA. SDS-PAGE # % & 9,
¥ kXK E TA42H BL21(DE3)/pET-SHMT #= BL21(DE3)/pET-TPase 4% /£ 47 kDa (SHMT) #= 50 kDa (TPase) &4 &
B kA, AKX LAE ITAH BL2I(DE3)/pET-ST £ LR AL FEO AL F. ST d4, KA SHMT AR T
AW FHENRZT 6.44%5; £ £ TPase AH TAE 8 F MR G T 8.4/, KL SHMT 4= TPase KB TA2 1 /= B
FESAREGT 6.1 F2 6.9 15, AR LAEHT 7 BERAT A R & o L8 W EEm L-ERABR. BB RBEER L-E &
R BRERE 415 g/L, HRBEEE A 83.3% , Bl R4EFH 92.5%; LB NBA MR L- & RE ) ERE1XF) 28.9 g/L,
HRBAEEL 82.7%, "IREEILFEH 82.9%,
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Construction of co-expression SHMT and TPase recombinant
vector and dual-enzymatic synthesis of L-tryptophan
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Abstract: Hydroxymethyltransferase (SHMT) and tryptophanase (TPase) are key enzymes in biosynthesis of L-tryptophan. We
constructed three recombinant plasmids, including pET-SHMT, pET-TPase, and pET-ST for over-expression or co-expression of
SHMT and TPase in Escherichia coli BL21 (DE3). The SDS-PAGE analysis showed that the recombinant proteins of 47 kDa and
50 kDa were expressed of pET-SHMT and pET-TPase, respectively. As compared to the host stain, the enzyme activity of SHMT
and TPase was increased by 6.4 and 8.4 folds, respectively. Co-expression of both recombinant proteins, 47 kDa and 50 kDa, was
also successful by using pET-ST and the enzyme activities were enhanced by 6.1 and 6.9 folds. We designed two pathways of
dual-enzymatic synthesis of L-tryptophan by using these recombinant strains as source of SHMT and TPase. In the first pathway, the
pET-SHMT carrying strain was used to catalyze synthesis of L-serine, which was further transformed into L-tryptophan by the
pET-TPase expressing strain. These two steps sequentially took place in different bioreactors. In the second pathway, the pET-ST
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carrying strain, in which two enzymes were co-expressed, was used to catalyze simultaneously two steps in a single bioreactor.

HPLC analysis indicated a high yield of 41.5 g/L of L-tryptophan was achieved in the first pathway, while a lower yield of 28.9 g/L

was observed in the second pathway. In the first pathway, the calculated conversion rates for L-glycine and indole were 83.3% and

92.5%, respectively. In the second pathway, a comparable conversion rate, 82.7%, was achieved for L-glycine, while conversion of

indole was much lower, only 82.9%.

Keywords: hydroxymethyltransferase, tryptophanase, co-expression, dual-enzymatic synthesis

L-f @R Je N Fsh Y EE T3, FEE
2y B ARSI R T B A T Z iR, B
SEFRIE H AT R S8 B Tl A A 7 B D BU LR 2 B R
Z—, BAETEREND, L-ARRE T IRA R
I L B E | R R B R R A A . L
Hr, i3 MO RAFTEMRCRIEA IR . B2 LA M
SRR DL AR R SR SR, TG
AL ALY Rty . RO AR e
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pET-28a KikH A . KIGHFE K12, KIGHF
BL21(DE3) WA EHRAT .
1.1.2 iR

FRAITEN VIR . T4 DNA %38 K Pyrobest™
DNA BAM YW [ E40 T8 (KiE) ARAF;
ki /MERBGAF & . PCR ¥ IR & . A
R PR 21 A B 6 M B B I MR & A
IS A=) TR RA R, B (Acr) MW X
MR HEBENE (Bis) W Fluka A H]; PSR
(TEMED) M#ifRukEE (PLP) Iy [ Sigma 23] ; U
SR ARSI ZE A (SRR AT s oAl
FNB A 7= o B
1.1.3 A

BRORAH IS (4 1200 HPLC); R (%
FEME 1100/1200 PUTCH); kil (ZHEE 1200 7] 28
WA AIER)
1.2 A
1.2.1  HAH) PCR #18

PCR 51 BigAE TAY TREAR RS A RA
AL BT 1,

%1 PCR3I#FF
Table 1 PCR primer sequence

Primer name Primer sequence (5'-3")

CATGCCATGGGCTTAAAGCGTGAAATGAACA

SHMT-F TTG (the underline indicates Nco 1)

SHMT-R CGAGGATCCTTATGCGTAAACCGGGTAAC
(the underline indicates BamH I)

TPase-F CATGCCATGGGCGAAAACTTTAAACATCTCC
CT (the underline indicates Nco 1)
CGAGGATCCTTAAACTTCTTTAAGTTTTGCG

TPase-R

(the underline indicates BamH I)
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PCR WA Z (50 uL): JoH —25/K 40 pL, 10x
Buffer 5 uL, I TG94 1 pL, iz 1 pL, dNTPs
1 puL, Pyrobest DNA &M 1 Lo Wi PCR J2
DA . 94 CHIAE M S min; 94°C 1 min, 53°C
1 min, 72°C 2 min, 30 ME#; 72°CHEf 10 min,
1.2.2 FAREIHI1 2

# PCR 4" 34 5| () 4wy SHMT F1 TPase Y3 [K 43
BERE] pET-28a A& I, 4% o 380k f 4 Tk
pET-SHMT F1 pET-Tpase, Fi-A FH LA L 9> 55 41 o hr
iy s S IR T 2 FokE pET-ST., PCR 7=y 4li Ak Fl
IS0 G T B AT, R DR R i ) 3 4
I BT I 040 78T ot 0 ) A3 A T HRAE
1.2.3  FH TR 1757 R 5 W E

W A BURLEE A KBTI BL21(DE3), 4 #
PR TR BT o ) T o 20 R R A T A T i (O VA S IR pET
BAETFM, SRR NGBS H K (SDS-PAGE)
AW RSB, I E 4 TR B AT
g% E (SHMT FI TPase BT & J5 5 MR SCiHk
[8]F1[9])

1.2.4 WG XA L- (5717

B £ 520 LA 0.1 mol/L BEfRZZ #hil (pH 8.0) 1E
MR, ROSAE 500 mL PUFBE L E AT, RO R AR
R 350 mL, AP A 30 g 22 0.1% (W/V) +oxki
B S (CTAB) 24k AL B 1Y~ SHMT
(IR, 30 g H&R, 10 mg PLP, 0.5 g PSR,
[ SF o) S I VR I A S A O, T E AR R
RGO SO R AR ROBLIRLEE 37°C, WIlE pH
H 7.5, BEFEEEE 60 r/min. 53— KA EERIER A
B BE P I ZE 20 mmol/L LLF, IS AT AN A 7 =X
IMAH RS, RV pH e 6.8~7.2, X
W pH AR, RN IRBPAE, 45 kR . B0
PR, B IR N R S — RONEE, I o
A 30 g &[RRI R AL B 7= TPase IR, 9 ¢
W[, 5 mg PLP, 200 pL TritonX-100, 5 pH
WE 8.8, KN 37°C, HEFEEE 60 r/minl,
NEEATHEEERE 6 h AN — U R RV R IR CR
R Z R BRSO R A
By, 2 W B AN T AR AR 5 1k R
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AT — BN o SRt 3 B s IO IS 40 H 2 1 R s | gk il
WAL, PR —E BRERN L-GER, R
Wit 3 AH ARSI A G, 550 R T2 R+
e D20g+5g; @25g+7g; ®30g+9 g, M
LA R 2 [R] Fe 308 . W AR BT 350 mL.
AR R E AR, R 37°C, #I4G pH
J97.5, BEPEHEE 60 r/min, [FEARELLG A7 20mA
FHE AL+ I W W pH #EHITE 6.8~7.20 W pH
ANHEACLUG , BEFE 2 h AR S0 i s s E
2 WV H S R BE AN AR, 28 1k RO
1.2.6  EREMWNE L- (6508 75

K IR EEAR 1200 R 9N ZHEAE C-18 KU AH ik B i
(5 pm; 4.6 mmx250 mm); JishAH: HWEE 1%KL
fR=10:90; #¥ifE: 1 mL/min; #EiE: 30°C; AJ4g
P KA LEAME IS (VWD), Fl K 8280 nmt),

2 HR

2.1 FELARKI pET-SHMT #1 pET-TPase FIHE
PEECR AT K12 241, PCR 20509 3 g
SHMT [ 3E K F1 TPase HYFE , S5 UL 1,

bp M 1 2 bp

2000
1 400
1250
1000

750

500

200
100

B 1 PCR ¥ #4353 SHMT #0 TPase #9EH
Fig. 1 Amplification of gene coding SHMT and gene coding
TPase by PCR. M: DNA marker DL2000; 1: PCR product of
gene coding SHMT; 2: PCR product of gene coding TPase.
PG SR/ MEFT . B PCR 728, 28
Neo 1 H1 BamH 1 XUEGEYT, 73531 7 43 3 28 [R] B XUt D)
) pET-28a [, M NTLLFAR pET-SHMT Fl
pET-TPase, 4k AgeE L # I 2. H Bgl 11/
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Hind 1 SUBGY) 4 AN AL T0RL, BEUIZ5 R LI 3,
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Sl K/N—30 s F /NS A T7 3 8 F FAH R
B DNA Fr B, #8045 HAEH 1 PCR ¥ it
Ko GBS E B TR i i TAEY) TR
AR S5 A BRA /T, DT 45 RS R E 1 8
(GenBank Accession No. NC_000913) —Z{,
2.2 SHMT #A TPase #FiXFH kL pET-ST HY
MIE

¥ M EE Y Tkl pET-TPase 45 Bgl 11 il Hind 111
XUEEY), JEEWS T7 J3 311 TPase KK i) DNA
J B, 1 BamH 1 F1 Hind 111 XY Bk pET-SHMT,
WL BokL, 5% T7 38 FM TPase A 1)
DNA F B, bR AHE4 fok pET-ST, 3t
FIR L FORLAL A R LA 2.

K12 genome

PCR
PCR / \
/ Bel I Nco 1 BamH 1 Hind IN

Nco I SHMT BamH 1 pET-28a
| ——

~ /

Ncol TPase BamH 1
[ LA ©o—

~ -~
Nco I/BamH 1

Nco1/BamH 1
BamH 1 ngatlonT
Ligation Hind1II  Bgl1l Hind 11
AN / \ ) PET-TPase
pET-SHMT

l BamH 1/Hind 111 l Bgl 11/Hind 111

- = TPase

pET-SHMT
Ligation

v

2 pET-SHMT. pET-TPase #1 pET-ST = ¢H R #i Ay
32

Fig. 2 Construction of recombinant plasmids pET-SHMT,
pET-TPase and pET-ST.

Ik Tk | SHMT il TPase HUZ23A 145 H 1Y
BT . FH Bgl 11 A1 Hind 111 WUEG] % & &
Ak pET-ST, XUEFIIZE R WL E 3, BEYI ™A P

i, T KIZHT X N 2 W) S ) pET-28a K
B AN BIRIRMEY T T7 AR SHMT K
BEMIE T7 JE oh 1) TPase H BeZ Mil, I K BT
LR AEE 9N

bp M 1 2 3 4 bp

3100

2 000 1 600

1500
1000
750
500
200

100

B 3 BSYIEE 3 NEHRA pET-SHMT. pET-TPase
#1 pET-ST

Fig. 3 Identification of pET-SHMT, pET-TPase and pET-ST
recombinant plasmids. M: DNA marker DL2000; 1: digestion of
plasmid pET-28a by Bg/ 1I/Hind 1II; 2: digestion of plasmid
pET-SHMT by Bgl/ 1I/Hind III; 3: digestion of plasmid
pET-TPase by Bgl 1I/Hind 11I; 4: digestion of plasmid pET-ST
by Bgl 1I/Hind 111.

23 EHERTREENFSRIEREENE

PREUH A 25 AR 1) 15 £ BL21(DE3)/pET-28a
K 3 Fph KN T2 B BL21(DE3)/pET-SHMT
BL21(DE3)/pET-TPase il BL21(DE3)/pET-ST, 434l
A FISEA 20 mL LB (9 100 mL =i, HiR3t
FA 50 pg/mL RABEER (Kan), 37 CHiFR K
% 1% M4 A%E4T 50 mL LB 9 250 mL =l
i, 37°CHiFEE] ODgyo & 0.8~1.0, LA IPTG EX
WHER 1 mmol/L, S 6 h)5, MIE 3 Fhim 4l fr
P BRI T o

15 6 h 19 2 mL 40 EE 5 IR0 B ORI, 7K
Ve —WJE A 1 mL CTAB Z4#28 P (% 0.1%
CTAB. 0.1 mol/L B§fRZZ vfi (pH 8.0)) B IFHIA,
37°Ci¥ 30 min, E.OHCEW, K LIERES RS
6 h 4T AL S E4T SDS-PAGE Hi IR L A3 , 45 R
W 4 FR .

MATEHRIKERATI, %S 6 h 5, HEKE
T F2 W BL21(DE3)/pET-SHMT #11 BL21(DE3)/pET-
TPase 43 %I7E5> & 47 kDa (SHMT) Al 50 kDa
(TPase) A A HE I RELW,; LREFEN THE
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BL21(DE3)/pET-ST 7£ iR Wi Ab v & ¥ F 8 [ 2k
e FIEREM IR SRR, 3 R TR S
SR TEMEEMEAESS H EERTHES S
WY 50% UL I, A AT iSRS B IE A
kT i7 A Jisle o S DNE AR TR S e o
RN TR h A% % SHMT FI TPase Y4
AL T PR I8 SHMT LK TPase W) n i PEE

Ho

TPase
e — SHMT

;
e = —

4 SDS-PAGE HkSHTEMERAEEARPRIRIEA
REWAM

Fig. 4  SDS-PAGE analysis of protein expression and
solubility in recombinant strains. M: protein molecular weight
markers (20.1, 29.0, 44.3, 66.4, 97.2 kDa); 1: BL21(DE3)/
pET-ST; 2: BL21(DE3)/pET-TPase; 3: BL21(DE3)/pET-SHMT;
4: BL21(DE3)/pET-28a; 5: soluble proteins of SHMT and TPase
in BL21(DE3)/pET-ST; 6: soluble proteins of TPase in
BL21(DE3)/pET-TPase; 7: soluble proteins of SHMT in
BL21(DE3)/pET-SHMT.

XA 2 AR TE FERR 3 R R TR AT
Fitg i S, AR 5. A A AR 1 B
BL21(DE3)/pET-28a , M M L & ik 5& A T. & &
BL21(DE3)/pET-SHMT, BL21(DE3)/pET-Tpase 4k
FIRELH T BL21(DE3)/pET-ST #Y SHMT [
(U/mL)S3510k 34.3, 220.7, 35.1, 210.2; Tpase [iff
W (U/mL)r5h 13,5, 12.8, 113.7, 93.5, tHIL#E
S BN TE R, PR SRR TR SHMT
F1 TPase BEIG 40 e T 6.4 F5F0 8.4 £ ; HakikIk

R T F2 # B9 SHMT Ji 15 F11 TPase BTG 20 42 5 1 6.1
f&H1 6.9 1%,

250 r  @SHMT OTPase

=)

E 200 ¢ 7 %

)

2 150 f

g

> 100 |

£ 'T

S 50t

2 7771

0 Vi = U | [,

1 2 3 4

5 XMBEK. BREARLREERETZE SHMT,
TPase BiE LLE

Fig. 5 Activity of the enzymes SHMT, TPase in different
strains. 1: BL21(DE3)/pET-28a; 2: BL21(DE3)/pET-SHMT; 3:
BL21(DE3)/pET-TPase; 4: BL21(DE3)/pET-ST.

24 WENEEEM L-@ R

S AL SN 23 S WA AE T A BN e P R AT, 4 1
RN N L-22 22, RS AT 45 h ik B, 1H
FEH SR (PS8 40%) 2925 mL (25.4 g), H
R T LA A 77 =, 588 pH i T 7.2 FFIR TR
SRS, pHALT 6.8 f5 1k, AW EESS, KN
W pH FEAR, W B WHAESS , IV K pH 2218 [ 7,
M pH FFEEAE 6.8 ZEATANTEEI T, T 52 0 1k F)
VAT, LAy AOmA B, HAR B ARAL, THAERY
HE 23 T L-22 208, DA 2 i %
% H 83.3%, 524, W L-228R G U W %
BBy — T, AWM, 7£ TPase L &
W - IR, VAT 48 h, ERCRAEIE L-{4
HIRM BRI 41.5 g/L. A EB| L% R
92.5%.
25 BEWEELSK L-BRER

F LRI K TR B 7 IR, (P20 B K
SV AE ] — B I S o R B SHEA T o 3 A SRR A R L3R 2,

x2 BEREERAMBRETCEZHMETERNEESH L-2 SR

Table 2 Dual-enzymatic synthesis of L-tryptophan at different quantities of two substrates of glycine and indole

Group Quar_ltity of Quantity of R_eaction Consumption of Conv@rsion of C(_)nversion of Yield of
glycine (g) indole (g) time (h) formaldehyde (g) glycine (%) indole (%) L-tryptophan (g)
1 20 5 42 17.4 87 92.7 8.1
2 25 7 48 20.7 82.7 82.9 10.1
3 30 9 48 20.3 67.7 60.9 9.6
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51 S H AR Ao AR, SRR
PF R I AR AR A A K [R] B 4% 2k 1 2%
T, PIMEY R, (H L-OEmRr 2R
FHAFH , 55 2 A 3 A IIAE RN R], H
WETHAE LA - (MR 0 RF G P AHZEE D, (HFFp
IEVI AR AR 22, HEIIES 3 A SC e IR Pim A
i, MAESR SRR AR . 5 2 A5 R
BHEALR A=) RS, HEm %W L-EE R
iy AR 28.9 /L, HOZ A SEH Y ERHI A R N
T, AH LGB RUBGE 5 OU I A SO I T b 4
JE 45 h, WARENE, H -GN REEIE,
3 wWw

DA L-22 S B3| W g J5URL 6 B L- (V= R I i 45
SRR LR EERA, ZiRR FE
J& L-Z2 A MMk 5, 5 L-a& RN ILTAH K,
SHMT n] | F B4 4 H 202 AP 5 A L-22 2R
FOR T IX — B o Ak — A RN R T (SR
Wi, A CERG R, SRR A R ) )2
FROERA AL T (LR M, RO 2 — 0 5| e HoA
S Z AP e R X | LA R A R
Ve, b, AW BES SHMT Ml TPase PIFP i,
PR Rk SHMT A TR . HR 1K TPase 3 A
TRER ALK SHMT il TPase LN TR . — ik
Wk, ZSERAE ORISR 5K L il Fe ik i 1 25
REAIC. MARSCEGEERORA , HBRFERTHY SHMT S5
MRS A FU GG AR T HRIXAEJS Y TPase /3
R R AR, (A5 EREA R 6.9 %,
FRIAM R I EE R E S TR, BEAERSE
R E BT, F85 8 Y OB A I P A
(ERERATE P NINCE Sy o |27 i

ABIFGE BT R PSR B i L0 2R Joe KA A TE
T, AW L-Z2FRG ARG 08 KHlSL%, 1
BT L-aERNE R, AR T A, AT
PR BRI A I L SRR IR A% LB XU B
R o SR U UL A i L 2, th T
Folv it o ) eh R A PR A T ek, HLERIA I AT Ik
AR RUIT 7 A 0 TG A 305 e O R e R
Ko WLl AR AL R RN R SR S IR IEAT, R R

JSE#R T LAAE i 5 45 1 26 AF R 2B AT, RiTE P A S
ANEEARTENE , BN B TR R XA, i B S
AR E RO RS AL IR, SN TR
LR TN, M@ M L-0EAmR, RPN
FeAe A=) BBUR B, RO 45 Rl A
RLRI = IARD o BT WU WU ERE @12, A& ATH
SN PRI S R SOBE 26 AF - (B4 S BE AR ILEE . pH
RSB 25 07 ) AR — 2201k, 5838 WU XU
BT, R R L-ERR ™ E . SR U
(8 DIE B AE T R A WS 4 o Il R R e S 02 PR e ), L
SRR L DA T T T A Rl ) i O N B
B85 R R IR AR A i L- (0 202 i) AR 3R I T 8L
TR OIS, 0 AT B A i) B AE [R] — R B R RO,
S P o 14 SO, P R TC A IR B e e
A ORI R . G, PRTRDBURRRE & B L- 2R T
LSRN AR SRR, AL B oo P o il A ] — 4
T SRS B RIS, AR R A f
PP i ] B 8 AR B R TG 4, DUIBIARAS S i
JEUR AL 3 AN 1) R
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