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Abstract: In this study, a novel fructosyltransferase (StFFase) was screened from Streptococcus troglodytae through gene
mining. The enzyme was then engineered via computer-aided rational design to improve both its catalytic efficiency and
thermostability. Based on EVCoupling predictions and experimental validation, three mutants (D104E, 1232S, and S684P)
with significantly enhanced enzymatic activity were selected from potential candidates. Their enzymatic activities were
2.20, 2.65, and 1.53 times that of the wild-type, respectively. Notably, the 1232S mutant maintained high relative enzyme
activity over a temperature range of 40~70 °C, and its half-life at 50 °C was extended to 6.60 h, demonstrating superior ther-
mostability. Kinetic analysis revealed that the 1232S mutant exhibited improved affinity for the substrate sucrose, with the
K., value decreasing to 171 mmol/L, and a significantly enhanced catalytic efficiency. Furthermore, a conversion rate of
42.17% for 1-kestose was achieved using this mutant under conditions of 50% sucrose concentration (w/w) and an enzyme

dosage of 15 U/g sucrose. Structural simulations revealed that the mutations improved catalytic performance and thermosta-
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bility by eliminating electrostatic repulsion (D104E), forming new hydrogen bonds (1232S), and stabilizing S-turn confor-

mations (S684P). This study provides a new strategy for the rational design of fructosyltransferases and highlights the

potential of the engineered enzyme for industrial fructooligosaccharide production.
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PR ARAT 14 BHE A T 75 51T DNA U5 LA
NG UERAYE . BRSSO 578 BRI % AL 3 E. coli
BL21(DE3)4tififiH, i 20 Wi 853K (MBS 100 g/
mL) RS IS AL AR PR FE
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Table 1 Design of mutant plasmid primers
519 73 (5°—3")
DI104E_F GACCAACgaaAAAGCGAAGGCGAGCAAAGAGA
DI104E R TCGCTTTttcGTTGGTCTGACCTACTTCAGAGGTG
H165T_F GGTaccCAGATGACCTACCAGGAGTTTGATAA
H165T R TAGGTCATCTGggtACCGGTCTGTGCGTCAGAGG
QIT0K_F CCAGATGACCTACaaaGAGTTTGATAAAATCGC
= TCAGACCC

Q170K_R CtttGTAGGTCATCTGGTGACCGGTCTGTGCG
1232S F CGAAGTTagcAACTGGAACGGCTACCAACTGG
1232S R TCCAGTTgctAACTTCGCCGGTTTTAGCATCT
232A_F CGAAGTTgegAACTGGAACGGCTACCAACTGG
1232A R TCCAGTTcgcAACTTCGCCGGTTTTAGCATCT
1232V_F CGAAGTTgtgAACTGGAACGGCTACCAACTGG
1232V R TCCAGTTcacAACTTCGCCGGTTTTAGCATCT
E295K_F TAACaaaGATGGCTCCCTGCAGCTGTTCTACA
E295K_R GGGAGCCATCtttGTTAACAGTTGCGGAACCGG
E295S F TGTTAACagcGATGGCTCCCTGCAGCTGTTCT
E295S R AGCCATCgctGTTAACAGTTGCGGAACCGGAC
L2991 F TGGCTCCattCAGCTGTTCTACACCAAGGTCG
L2991 R ACAGCTGaatGGAGCCATCTTCGTTAACAGTTG
V323L_F ACTGCAACCctgAACCTGGGTTTCGACGATCA
V323L R AGGTTcagGGTTGCAGTTGCCAGACGTTGGTT
K381D_F AGACGAAgatGGCGATCGTTACCTGGTTTTCG
K381D_R GATCGCCatcTTCGTCTTCAATCACGTGCGGG
K38IN_F AGACGAAaacGGCGATCGTTACCTGGTTTTCG
K38IN_R GATCGCCgttTTCGTCTTCAATCACGTGCGGG

K449E_ F GGTGACgaaAAAACTCCAGAAGTTGATCAATTTTATAC

K449E_R GGAGTTTTttcGTCACCTTTCAGTTTCAGAATGCC
T465P_F GTCTAGCccgATGGTGAGCGATGAACTGGAAC
T465P_R TCACCATcggGCTAGACAGCAGCGGGGTATAA
Q520N_F ATCCGATaacCTGACCAACGGTTACAAACCGC
Q520N_R TGGTCAGgttATCGGATACGTAACCCAGCATG
Q520S_F ATCCGATagcCTGACCAACGGTTACAAACCGC
Q520S_R TGGTCAGgctATCGGATACGTAACCCAGCATG
N523S_F CTGACCagcGGTTACAAACCGCTGAACAACTC
N523S_R TTGTAACCgctGGTCAGCTGATCGGATACGTAAC
N523G_F TGACCggcGGTTACAAACCGCTGAACAACTCC
N523G_R TTTGTAACCgeccGGTCAGCTGATCGGATACGTAAC
M564V_F TCTGCTGgtgACTGCTTATATGACTAACCGCAACG
M564V_R AAGCAGTcacCAGCAGAGTGTCAGAAGAGCCC
M6541_F ACTCCGGGCattTACCAGCCAACCGTACCTTCTAC
M6541_R TGGTAaatGCCCGGAGTATGCGGTTTCAGGCC
S684P F CTGGTTATCAAAccgGTAAAAGTGAACAACAA
- CGACTCTGC
S684P_R ACcggTTTGATAACCAGATGACCGTCGAAGGA

T NG TR RAENL AT o

1.2.3 BEmIZEaitl B 1.2.2 i ng S A8 A B
BRTE LB AAIAS 11 37 °C. 200 r/min 3535337, 3k
BT o BRI 3% (viv) IE R 3 A
LB 35553, 7E 200 r/min F1 37 °C FEEFRZE ODgyy N
0.6~0.8, LA 0.3 mmol/L IPTG J57E 20 °C FifES8%
% 20 h, FAFRIEHERRAR

e 45 B T AR 22 8000%g BS 0> 10 min i, A2
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pH7.0) H A, ff FHAE S e B AN (T AE 1 s/18]
BX 2's,20 min), AR LE 8000xg .0 10 min
JEWAE VEW, IR RN . 7E 4 °C A R T Ni-
NTA EFAZENT: 58, LiEWinZE] Ni-NTA #8E
FAE b, A 2 AR 4G 2% PR (500 mmol/L
NaCl, 50 mmol/L Tris-HCI, pH7.0) ¥4, )&, i1
Ve ZE Pk (500 mmol/L NaCl, 50 mmol/L Tris-HCI,
50 mmol/L BRkME, pH7.0) PEik KI5 A .. e, Bl
VERRZE vhk (500 mmol/L NaCl, 50 mmol/L Tris-HCI,
500 mmol/L BRI, pH7.0) 3F5 HARE - KFEElii
28 A 10 kDa F A - FHRABNTEE, JelEBrE iR
A (10 mmol/L EDTA-2Na, 50 mmol/L Tris, pH7.0)
T 4 °C BT 18 h, B 6 h He—UHTE MR A, DLEER
DRI AN 48 2T . B LENTSE vhY B(50 mmol/L
Tris, pH7.0) /1, [FIFESRA4 N aBHT 18 h, 4 6 h FHH#e—
WE MW B, BATE S, WAL 2= 10 mL
EP &, 4 CARAEAIH . X ol 118 2SS,
% BCA B MW I a2 i & B E Ui, 378
Tt B2 A A o
1.2.4  [fFiE J700RE B S0y g ER i i g S
(U): BRUER S5 , BN B TE] (min) AL TENE 5
1 umol SR =W TS AU

RIS (U/mL) =

JHE SR A B (ng/mL) x W B A5 40 x S B A%k %R (mL)

TSR =W 1 8 < B[R] (min) x R BERAAFR (mL)

FERT I : BEAEARRRE S5 T iR TE HEAE X T
FEAFRERF LIS PER FUAE . DA PR ERR A 75
F1 SRR FG HARXT IS F15E o 100%.

W AR 2R AR 1 mL, B 0.9 mL EEMATR
(100 g/L, f#i A 50 mmol/L, pH6.0 HIFF 15 AR -BE R =
TN PR ECH)) T 50 °C PRI KIES T IE 10 min,
A 0.1 mL 4l s 0.1 mL =4k . X W AE
50 °C BRI P 3HAT 20 min, G595 7 Bl T HhK %
#E 10 min PAZLE .

Wi K35 B9 I W AR 22 12000 r/min 55 .0 5 min,
0.22 um A YA 3E, FIAH HPLC /M EkE, DL
IR - N S Ly o2 SV A L S ) s
HPLC Rl 2544 : /R 22T A 25 5 (5544 Sepax
HP-Amino(4.6 mmx250 mm), #3758 30 °C; i ahAH
- (311, viv), ZEREVERG, W8 1 mL/
min; #FFEEH 10 ul.
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1.2.5.4 shJ12AZ%0 302 I S ) JEC 420 e 2 1 e
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1.2.6 Sy X1 R GARRIL5 58T L AlphaFold
2 K0 P2 FE b iy P11701.1 4 A% Bz, i JH SWISS-
MODEL JIR 45 %% 7l StFFase 1 3D 4544, {di FHHL
G %2 8] (Ramachandran plot) 56 JEAR 74 (1) & FRM:
M\ PubChem fh& #5588 727 v AR A BCAAS FE 119 537
2584, SR AutoDock Vina 1.2.2 #Ef 740 F%F42%, W%
HC BN TS A 148, T AU . Bk VEH Ak
LSS A RE. ] Pymol BN I G5 T
AT ARAL AN ZEAEA 25 22 TRl AH B AR A ST o
1.2.7 BEEG R =0E (S HEAESARAK, LU
53 50% DT RISY), BEBRINREGED 15 U/g b
FTHEALI N, 50 °C.. pH7.0. 180 r/min 4514 F 6] F&
EURE, 0 2 AR SR =R S AR AR
i oo, RER R T

FER = WAL Z (%) = R 100
1.3 HELIE

>R Origin Pro 2018 A4 8 a b4 145 I S o3
M, T L5 B A =R, 45 3L DLV M (E R o 22
(SD)FR/R. ZbBERHBREZR 72458 LSD
K5, b F K1 P<0.05,
2 HERESH
2.1 REBEEEBEOERIZSREFSISH

{fi JHl Enzyme Miner X FFase BE47RE K320, ik

BT o kIR T AU Lactobacillus johnsonii DPC
6026(LjFFase, AEB93562.1). S. troglodytae(StFFase,
BAQ25176.1) . Glutamicibacter halophytocola( GhF-
Fase, WP_060701086.1) . Arthrobacter sp. S41( AsF-
Fase, TAP26048.1). Vibrio natriegens(VnFFase, WP_
065300568.1)
(MsFFase, WP_244946418.1) . Arthrobacter pascens
(ApFFase, WP_307075722.1). Bacillus tropicus(BtF-

Fase, QIE35524.1). Candidatus Companilactobacillus
pullicola( CCpFFase, HIY92658.1) #l1 Burkholderia
cepacia(BcFFase, QFS39460.1) [ FFase BN . -~
A4S =7 FFase MR, X i 10 #) FFase #Ff73k
IR AN R BB R J1 I RE . S Wi e, KB
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Fig.1 Screening of fermentation enzyme activity of fructosyl-
transferases from different sources
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0.5 kcal'mol ' f& T 28 METERALM . L5511
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Fig.2 Evolutionary relationship and main sequence composition of fructosyltransferases from different sources
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Fig.3 Computer-assisted selection of mutation sites
and primary screening of mutants
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