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W B ARBEHMER Sreptomyces coelicolor &4 2| 4540 AR (STreS), £ KMATH Escherichia coli
BL21(DE3) ¥ #ATT AR AL, i@id Ni-NTA Fheiixt £ A = M utAT 4 B 4 LiF 5| 4ulls, 2 SDSPAGE M H4F
$4 %4 62.3 kDa. AR B MR A N EBEZERE 35 C; ik pH 7.0, *FEM A iRk, @it R R EAE A
Bt oodr, st AR #ATE B R, R K246A WlEE LA BIR S T 14345, R4 A165T 485425 7
1.394%, HEBHAFESFHIRZT 14%F 10%. #)0 R EARELAE K246A BATA LKA 3 A 09 & AT
AKUAT S LA B, 2R R EELFAEKE 300g/L. #4s R LB E A2 pH 53] 4 35 CHe 7.0 (95T, 1L E R
BiAF) 71.3%, FEH 213.93¢g/L; HEMIKEIEME] 700 g/lL B, HEEAE B4RV A 3] 465.98 g/L.
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expressed in Escherichia coli BL21(DE3). The protein purified by Ni-NTA &ffinity column showed an apparent molecular weight (M)
of 62.3 kDa analyzed by SDS-PAGE. The optimum temperature of the enzyme was 35 °C and the optimum pH was 7.0; the enzyme was
sensitive to acidic conditions. By homologous modeling and sequence alignment, the enzyme was modified by site-directed mutagenesis.
The relative activities of the mutant enzymes K246A and A165T were 1.43 and 1.39 times that of the wild type, an increased conversion
rate of 14% and 10% respectively. To optimize the synthesis conditions of trehalose, the mutant strain K246A was cultivated in a 5-L
fermentor and used for whole-cell transformation. The results showed that with the substrate maltose concentration of 300 g/L at 35 °C
and pH 7.0, the highest conversion rate reached 71.3%, and the yield of trehalose was 213.93 g/L. However, when maltose

concentration was increased to 700 g/L, the yield of trehalose can reach 465.98 g/L. with a conversion rate of 66%.

Keywords: trehalose synthase, clone and expression, site-directed mutagenesis, whole-cell conversion
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KA AP AR R L o KIAAFE E. coli BL21
(DE3) FIJF ki pET-28a i A< 56 25 {5 .
1.1.2  FEFIHRF

EcoR 1 . Hind IIRR#IPEAN VI . DNA R4
fil Al Dpn [ %504 [ TaKaRa /A . i % EL PCR i |
7 5 T 2 il e o 3 ) B ) 1 i A A P R
BRRAF; BUBHE R DNA FEIGRA &, /M
Bk R BOGR & . AN DNA JE R4 BGA ) &
I+ LigsEE Y TRARAR,; RIBER. &
N IE-B-D-T AL E LA H (IPTG) W H A& LAY
T (Big) B aBRAR; 2R —KEY .
W . SR K A A 43 15 2 1
A [ 24 4 B A4 50 A BRA
1.1.3 BEFHE

R s TR "R MHIEM 20 g/L,
KNO; 1 g/L, K,HPO, 0.5 g/L, MgSO,4-7H,0 0.5 g/L,
NaCl 0.5¢g/L, FeS0,0.01g/L, pH 7.2-7.4,

x®1 AMARFERARISIY
Tablel Primersused in thisstudy

LB W iASEFR AL AWk 10.0 g/L, BELEK
5.0g/L, NaCl 10.0 g/L.

TY Rig3k. Wbk 8.0g/L, 11iHh 10.0g/L,
JEFE 1k 12.0g/L, K3PO,4.02g/L, NaCl 3g/L,
—IKEFER 2.1 gL, HFERBZE 03 gL,
(NH4),S04 2.5 g/L, MgS0,4-7H,0 0.5g/L, pH 7.2,
12 7k
121 EREEBAEI YRt

R 0 e A T i R L %) 4t B e R 4 1 3 PR 4
e R & Y vk S

WX NCBI_F L AT A9 BE R B R U 114 g e
SRR AT Z 8 Xt SIS |
¥ ScT-F 5 ScT-R, JF515 W 1.

122 EFEFEEMEARBEREHE

DUSR B SE DR 20 R il , (514 ScT-F #l
ScT-R #34 , # 4l fk 5 2% PCR 745 F EcoR I
Al Hind TIEEYI RIS pET28a 244 L1 — % HL Bl

Primer name Primer sequence (5'-3') Size (bp)
ScT-F TGGGTCGCGGATCCGAATTCATGATCGTCAACGAGCCCGT 40
ScT-R TCGAGTGCGGCCGCAAGCTTTCAGGCGGCGTCCTTGCGCA 40
K246A-F CTCAAGCGGGTCCGCGCAGAGATCGACGCCCACTA 35
A165T-F TTCGTCGACACCGAGACGTCCAACTGGACCTTCGA 35
F178Y-F GTCCGCAAGCAGTACTACTTCCACCGCTTCTTCTC 35
F179W-F CGCAAGCAGTACTTCIGGCACCGCTTCTTCTCCCA 35
Q125A-F AACCACACCAGCGACGCACACCCGTGGTTCCAGGA 35
1361A-F CGCGCCAACATCGGTGCACGCAGGCGCCTCGCCCC 35
T169S-F GAGGCCTCCAACTGGAGCTTCGACCCGGTCCGCAA 35
E340D-F GAAATGGTCACCGACGACGAACGCGACTACATG 33
L76A-F CCGCCCTTCTTCAAGGCACCGCTGAGGGACGGCGG 35
D188A-F TTCTCCCACCAGCCGGCACTCAACTACGAGAACCC 35
E331A-F CTGCGCAACCACGACGCACTGACCCTCGAAATGGT 35
pET28a-2254-R GCCTTACTGGTTAGCAGAATG 21

The italic sequences are the homologous arm and the underlined sequences are the mutated sites.
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SE RIS ERELIRT [ PCR S s g sy Jrplie 8
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5| NSRS R, TS 1R A SR pET28a | T iff
1 —BF9WE 51 (PET28a-2254-R), 25—
- PCR N4 3G 07 E R &G A8 P 9 K R
Bt5 1y, 7655 — 20 PCR U - A M A5 5] &
SEAE G FE R ) K TR, SO 5544 95 C AR
3min; 95 CA:ME30s, 55 CiEk 1 min, 72 ‘C4E
# 3 min, 5 & ;95 “C A5 30 ;68 “C 44 6 min,
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Wi 6000 r/min &5.0 30 min, £ B, WER
e, AT g s b Ptk sOv &5

2 HER5AW

21 ERFmEREAHFLE

PEIOK 4 €05k 75 o S R A it PCR 9
WHMIEN TreS, ## 1.2.2 FEW@EHE, i
TERE LR 7 A5 5 TreST¥ 41, B8R K/ 1701 bp
(Kl 1A), GenBank [ Protein ID & AZQ37515.1.

22 REMERIEE

[R5 22455 K B FHl Discovery Studio DAF 2f ¥
R, AT XA R LI 2, WA L
fil HLA MR (Bla) e iEAMEALZE I, IRYEE &

A B
bp M TreS TreS kDa M I 2 3

150
100

70—;"'“

50—
1 701 bp 35_. =
25— .

20 .

1 Streptomyces coelicolor TreS EREHTE (A)
MFBIERAELS T (B)

Fig. 1 The result of amplification and expression of
target TreS gene of Streptomyces coelicolor. (A) The
amplification result. (B) SDS-PAGE of the purified TreS
from E. coli BL21(DE3). M: marker; 1: crude enzyme;
2-3: purified TreS.

 Catil
GLU-260 27 AS 2187
111 ,7(_';‘ £

L

4

I &

2 ScTreS HARMEZFHRNFEEAE (A) MEVNEEMUR. RTFEREURM I REREBR =YL
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Fig. 2 The binding model of ScTreS 3D molecular with maltose substrate. (A) A surface structure of ScTreS with
maltose. (B) The location of substrate binding site, conserved domain (I, II, III, IV), and mutant amino

acids (A165, F178, K246).
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TERE IR MR MRS, 5007 N SR VR IS
H L B S T 2 T P A AR AT 12 AR e A 2
FREFERN BT a5 2R, HEDERSF P41 T XY Hisl21
FMIVIX [ His329 /- IR A, PRSP 51 11X A
X I St e, Hedr i Asp218 Fil Glu260 43
A Sy A 8 P R T R H A P 2 s
Ptk L76, Q125, A165, T169, F178, F179,
D188, K246, E331, E340. 1361 %4k ILik1TE
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WRIE . BN A MRS 45 R ANk 2 R,
AT K246A WP AT LTS 1R 1.43 £
A165T il F178Y 2%y 1.39 £ 1.18 fi5. it
T 4045 & R AT # Corynebacterium glutamicum, K
W {0 B 75 1 Sreptomyces coelicolor (Gene 1D:

8250619) . Bi4LiE %% [ Sreptomyces avermitilis,
KEETE T Streptomyces griseus, 25 ] A
Thermomonospora curvate KI5 TreS BEE /3514
55. 56. 57. 60 il 65 U/mg?, of IL#f4: % ScTreS
FF WO ATC , T AL65T 1 K246A YT I LA R
ST 3 AL 100 g/l HTE BRI, AEAE ]
ZF R ROV INAS ScTreS i TG 4 20.9 U/mg.
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it 7 S R) T2 T 045 A T 65 S DL BT A 28
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SEEGEE RN (1K 4B), 20 it R 58 A8 1Y) B
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A165T. F179W 7E pH 6.0-7.5 Z [l {E A4 K T
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Fig. 3 SDS-PAGE of the purified ScTreS and mutants from E. coli BL21(DE3). M: marker.
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&2 EAFEBMRETE ScTreS ERXTEEE
Table 2 Relative activities of wild type ScTreS and
mutants

Enzyme/ Specific activity Relative activity
mutant (U/mg) (%)
Wild type 47.9+0.6 100.0+1.2
K246A 68.5+0.8 143.0+1.7
A165T 66.5+0.3 139.0+0.7
F178Y 56.5+1.2 118.0+2.5
F179W 48.8£0.4 102.0+0.8
Q125A 43.2£0.5 90.3x1.1
1361A 7.3+0.5 15.2+0.9
T169S 41.1+0.9 85.9+1.8
E340D 32.3+0.5 67.4+1.1
L76A 0 0
D188A 0 0
E331A 0 0
A
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9 90 ¥
= 80 ° /,/ \
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f#12h )5, 35 CTERAIZIA 80%IHHTT, 40 CHI
5 CLA 43 BIFIAZ) 60%F1 ASY%r BT ; 1MifE
24h 5, BHAAE35°C. 40 °C. 45 CA&MF N RS
YRR EEIZ) 62%, 45%. 31%; A ULEFAE S /)
TE 45 CLUTF B Hefctase , 78 45 CHNAEfSA 2%
W54 'S T 35 °C. 40 °C. 45 CiR4F
24 h JE BRI L ER AR 15 - 5 AR WA X L, 45
RUNE 4D, ZEAE MR EVER e Tk 5 Y A= i Y 3 LA
I, AR TR, A B A R AL
244 SRS RS BTN RE S L
IS BB A A ScTreS FIZE A8 #k K246A |
A165T ., F178Y . F179W ., Q125A #iififf, 7£ 50 mmol/L
BERR N ZZ th i (pH 7.0). 100 g/L 22 ZEHH I vk
KZTF, 35 °C. 150 r/min Z0F 50, Fieimt BUke
PEAT HPLC Al . 25 Rl 5 Wi, [N 8 h i,
B

100 -
F
= 90
=
3
S 80t
E
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S 70t
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55 60 65 70 75 80
pH
D
807 . SCT
70 | B K246A
S EmAL65T
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S 40}
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= 20}
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Fig. 4 Optimal temperature (A), optimal pH (B) and thermal stability (C, D) of wild and mutant enzyme.
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80
70t
S 6of
25
2 / —o— K246A
5 30f / e A165T
£ 201} /f — F178Y
S ol F179W
QI25A

0 2 4 6 8 10
t(h)

B 5 FF4 A ScTreS FARLT# K246A. AL65T,
F178Y. F179W. Q125A & RiERIERE NRILLEL

Fig. 5 Comparison of the ability of wild-type ScTreS
and mutant enzyme K246A, A165T, F178Y, F179W and
Q125A to synthesize trehal ose.
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WE S 35 CHf, S bRk S, 5% 64.5%,
(] B A Bt AR B 12. 7% #i G B 5 7E 45 CHP b=
B, AR 50.7%, FfA: A 12.5%I1) 4 % Bl o
252 WIth pH X240 HEE 1L -& B SRR
HedF N 35 °C, IRPIHE 200 g/lL, W
it ODegoo 7 20, A Z&MAHFEIRIE LT, 7E4]
AR pH 4%k 55, 6.0, 6.5, 7.0, 7.5, 8.0
SR BT A 20 M AL G B N . pH X T R
il % AR 25 5L WL IE 6B, pH /NTF 7.0 BF, 441
FEL AL B pH 9 T+ = TR N, #£ pH 6.5 1 7.0
MG R, /il 62.4%F1 65.9%, &4
B AL R 7.82%F0 9.1%; 124 pH
FhF] 8.0 i, H AL T KEF] 50.7%.
253 TEEEX 24 MG BIEERERZNE
SR I H R T AR A SO AR AR A 7
A, A AR R AR B KR B O
o PEIEA SR ARTE], 76 NI 35 °C, WG
pH 7.0, JE¥IHEE 200 g/L, Tt ODgoo 73 H
5. 10, 15, 20, 25, 30 &M Fi redniuiiie
B TS . S5 RANE 6C, ALK ZR 4 il ODego
15 B, RS R AR, FALE R 69.2%.
254 JRYIVREEXT &4 MR AL A BLTE BEE
PRI N 35 °C, #ikh pH 7.0, HEikE
ODgoo M 15, TEZZ ZFHHVE 43 %124 100, 200, 300,
400, 500, 600, 700 g/L A4 F kA LWkt 4
ARG RANE 6D R, FF3A B
BRI, IR 300 glL # kaRiAE
e, 29 73.7%. MRk RS InE) 700 g/L B, %
bR REAERFTE 65.3% /47 -
255 5L etk
FH 1L pH 7.0, 50 mmol/L HIBERR4H 2% ik e
B P O IF S BL21/pET28a-K 246A
B4, fdiH ODeoo 4 15, 35 °C . 200 r/min s~
T AL, ORI % AL T L 22 2R
RO B . 25 R NEl 7 R, 300 g/L JiE
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600 - —e— Maltose
=) ——Glucose
& 500 +
==
2 400 ¢
s
= 300t
54
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o
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0 4 8 12 16 20 24
t (h)

Bl 7 ELHE BL21/pET28a-K246A 9 B R E S ¥
JREE 300 g/L (A) #1700 g/L (B) &M THY 5L Gk
Fig. 7 The whole-cell bioconversion with recombiant
BL21/pET28a-K246A under the condition of 300 g/L (A)
or 700 g/L (B) maltosein 5 L fermenter.

Yk s, dhAR g 213.93 /L HEEEME, 21.35g/L
iz hE, ¥R 71.3%. 700 g/L JEMHE T, 3t
" 465.98 g/L TR, 42.73 /L FZBE, 44k
% 66.5%.

3 it

SCH AR 0 B A P B S — el R TR
WA I 7E X FF# BL21 (DE3) HhitFfT T i
Feak o WIASILAR N W Bl MR T S 4k, SRl O
Ji 35 °C, fxifi pH 7.0, M BEA L AL R 5 5 65%.
] Y5 AR 4D A5 3] ScTreS 1Y = 4 4% 44 7 247 R
Yrxb e . MR 51 EL X A0 245 S AT = 4ERIRY Y



R FXECHSRSEESBNIRERE. FHEITREAESARZTHARISERNHRGMRL 1357

BT, RIS M O BT 8 o S LR AR L AT T
TERRAS, HEMZSAS A L76A . D188A | E331A.
Q125A ., T169S. 1361A Fil E340D FM IR Tk
YIEs AL SR AL L | B0 5T 42 2R 1 B AT 5
A165 F1 F178 73 5l T M 4h & 09 MRS a9k E 7,
AL 5 R EE ) R A s, R A S ik A F
Tt & P rpty . BT LA LU A 3 T 8 R, M
AL R T 10%7H1 6%:; 1] K246 15155 41
I DX TG R 25 44 I 1 26 4 A o BEUE 1 % £
RANNEARRIG , BEHKESS I, Y4k
SEM sk K A AN AL, XS AR T R
A5 00 BE M AL R 5 T 14%, X AR 5 2 —
e B 00 R AR DL R A 25 K G T 5 0 b ke ik AT
EAIE

Tit Y A Ak L 4 240 R b X s 7 2% 12 B in A
&, R RN, Mg ERe, THEL
MR R, P ESFH 3 WEEE
W= m A 54.7%, 3 404 Al A AL AS TR =1
AR IR — R m AR Y, AR TR
W R oy g aliA T H A KT A A AL T
W T R AN M S A, T AR W R AL
SV E R . FTUCH T G b4, AR
FE %7 FI) F 28 725 #k BL21/pET28a-K 246A 4> 4 Jits 4%
b B BT BB 1Y SN AR R AT T IR R Ak
2% L W/ TR 35 °C \pH 7.0 IS 473k i 300 g/L
MR IE S F T, ISR AL 3 73.7%; BUZ R
Wk, AR MIEAR KT 63%, 7EmIKEIR
P 700 g/L B AL 253 5 Dl 66%, £F G BT
AR T8 RS2 B oL i A i K BT 5 s i A
SRV OSLNE Y RGN L (Y Sl
AT By, ERCR A LA R A
R L5 Tk, SO Br ke g Y R 665 B T
Vi W G BT 0 5 728 ik B AR DG B 5 45 R Sy il
A O B A 7 U O B Tl Ak D E— 2
SE T PRI RN S50 SL A
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