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Abstract: [Background]

demonstrated capable of improving the gut microbiota and boosting the immunity of humans and

animals. Since it is increasingly utilized in food and feed industries, the market demand for

Lactosucrose, a novel functional oligosaccharide, has been

lactosucrose has been increasing year by year. The industrial production of lactosucrose mainly
uses P-fructofuranosidases due to the high product specificity. However, the conversion rates of
existing enzymes were generally low, which made the production cost remaining high.
[Objective] To identify new B-fructofuranosidases for the enzymatic properties and industrial
production of lactosucrose. [Methods] We identified a P-fructofuranosidase gene from
Arthrobacter sp. EpRS66 and expressed it in Escherichia coli. Furthermore, we characterized the
enzymatic properties of the recombinant B-fructofuranosidase and optimized the optimum
reaction conditions for the production of lactosucrose. [Results] The recombinant enzyme showed
the optimal performance at 40 °C and pH 6.0. It maintained good stability within the range of pH
5.0-8.0 and had a half-life of 20 min at 40 °C. Under the reaction conditions of 40 °C and pH 6.0,
the conversion rate of lactosucrose reached 32.2% at the time point of 3 h with substrates of 15%
sucrose and 15% lactose and an enzyme addition of 25 pg/mL. Moreover, with high
concentrations of substrates (30% sucrose and 30% lactose), the conversion rate reached 30.8%.
[Conclusion] This study provides a novel pB-fructofuranosidase that can effectively catalyze the
formation of lactosucrose, offering a new choice for industrial production of lactosucrose.

Keywords: lactosucrose; B-fructofuranosidase; enzymatic properties; enzymatic conversion
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Phylogenetic tree of representative proteins in GH68 family. The accession BAB72022.1 is the query

sequence, and the accession KUM30232.1 is the gene sequence used in the this experiment.
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Jor 2 BTG TR B 8 88 1 45, R R A3 6 T
KRBT, aifb R s —, K] B-mkmg R
WEFF RN 7E E. coli BL21(DE3)H &4l 33k, If
HE L B-Wk M AW T Bk 21 L UK 2 2]
2.3 ArFF MBS EMRNELS R
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W€ ArFF RO i B, 45 R ANl 3A s,
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LK 4B s, B-WEI AT EAE pH 5.0-8.0

kDa M 1 2 3 4 kDa
aes

97.2 ——

66.4 — N S ._#-—58.1

43— e BN
-

L

29.0 —==

I

2 EWHE p-FRMRIEEEER SDS-PAGE £1f
M: EEbRER 1o KB R 2: N B 3:
LA 4 BRARALALRE R

Figure 2 SDS-PAGE analysis of the recombinant
bacterial  B-fructofuranosidase. =~ M:  Molecular
standard marker; 1: Fermentation supernatant; 2:

Intracellular soluble supernatant; 3: Inclusion body;
4: Purified enzyme by Ni** affinity chromatography.

B3 EHE p-RBREFENRELEQ)FRE pH (B)

Figure 3 Optimal temperature (A) and optimal pH (B) of the recombinant bacterial B-fructofuranosidase.
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Figure 4 Temperature stability (A) and pH stability (B) of the recombinant bacterial B-fructofuranosidase.

P REE h FL AR E , TRAF 24 h IRRESR B 90% LA I
AR , ULRHIZEE R 90 pH Y0 N AR E PE R 4F
2.3.3 ArFF WEBR R [ sh 715

XTEZH B-k M RWE g A T 30 ) 2R Y
ZERANE 1 R, K00 178.3 g/L, K,
o161 g/L, Ky AT LUK S5 E R,
Kin TELER/INE BT 5 IR R R Koo
5630857, Ko™ K 651257, ko [UFE T H
NI FAE— RPN ALY G, Kea THBRR
T Yt e T A TGP0 %) 23 bR, 2 il e R
B KooK ™% R 31.6 LA(g'S)  Kea ™/ K 2105
J 40.4 L/(g-s).
24 ArFF H&RBARBELEIGHML
24.1 RE. pH MERIAREZURIE G

P TS5 1 P s ) 6 Tt 0 e B PR, H e
£ 1 Arthrobacter sp. EpRS66 p-Rk I R#EEHESHY

HEMNFSH

Table 1 Transglycosylation kinetic parameters of
the recombinant Arthrobacter sp. EpRS66
B-fructofuranosidase

Item Lactose Sucrose

K, (/L) 16.1+0.8 178.346.3

Keat (s 651.2+12.9 5630.8+92.1

Kea/Kom (L/(gs))  40.4 31.6

T B pH AT REAEFEAR AL, Il Bl A ISR 2L
AR A SA s, SiRERT
45 °CH}, (REFLFMERFE LR IIAE 30%L) |,
TE 40 °CH}, FfbFimm, K% 30.8%, MiE
T 45 °CH, FeAb 280 2 T R pH X & IR
FLIRBER AR & 5B fr/n, fE pH
5.0-8.0 i, B-ALWEITEGREA A A AR R FLAR
B, 4 pH 6.0 B, (RERFLIMENE R R
242 EYVFEBIRBEECENEIG

LA WFIE KB, AS R (4 REE AN LB B2 L 2L
X 49 5 1) B A8 T i R A0 R L SR R R e 4
RIDUL F AT et AR 3R B4 Ee B T T SR
WK 6A Fis, MIRYIRE R 1:1 B, RRALE
WAL R I . 25, [ T R LR H
IR 1:1, JEYI &5 20%42 5 & 70%, ik 6B
B, YRR T 30%m, (REFLRBRY
S AL BRI AT 25 I T B AR B T B8 5, vl RE 2
PRI Ay v JEC 0 W 5 o) 1 7K A 8 1 o AE XY I vk
FT 30%0T, EARILRILAEAKEE, |
IR LR F AL AT FTREAR, AEIRYN 60%
(30%EHH AT 30%FLM I vk BEI , SL bR m]
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Figure 5 Effect of temperature (A) and pH (B) on conversion rate of lactosucrose.

6 JRMILLBIA)FRE B) KB E R¥ELE LRI

Figure 6 Effect of substrate ratio (A) and concentratio (B) on conversion rate of lactosucrose.

K B AL S B RE AL FR(30.8%) 0 0 5 Y RSy e i T
AR T S B A R
243 MEEMRRIARBERUENZG
AN [R] i e RIS LA AL R 5
ZERNE 7 R, YN E S &2 25 pg/mL i,
TRER LA R b2y, Ik 25-40 pg/mL
i, LR LA JCHH B 22 1, At e ol
PSR, (BN S fe 2P A, Y I e 4
2 50 pg/mL B, FALREHE TR, CRILE
B PR K i

B ) 3R R L R L R

e S L BN Z5 AT R 5 g B i) Xof A1 2R 2L
RBEFAL A5, 16 40 °C. pH 6.0, 15%¥
R 15%FL0, NG 25 ng/mL BT, A
[Fi) S [ SRR A 0 454 7 ik, 25 SRR 8 o,
B S0 BRI, RERE A FLBE RS AR, I
RA R A R, N 3 h B, KRR
Fr ik E 96.6 g/L, FAbFIkF] 32.2%, FfE,
FOK R B RTH G, (RRALME 7 =
TR

2.4.4
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Figure 7 Effect of enzyme amount on conversion
rate of lactosucrose.
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Figure 8 Time course of the concentration of each
sugar component.
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B- I g SR B A S AR X 2L, A b et
TR ARG N K 4 o ABIF S i 5 AR LR
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Iy B 20 % 38 I 7 il P o, Xo) o 2 TR il v 7
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Ty 73R A5 48 FC B (Brenneria goodwinii ) AT T AL
B % 2F A TE (Bacillus methylotrophicus)! 'Sk i
MR R RERE S, A AR 2] T 2R RIR 45
Fo MIRYIA 15%MEEREF 15% RSB, /15
PR R FURE S (b i e, BB ISV B 1 3
i, AR LR R AT R U (H LR A
R, CARIE Y B-Pk MR SR W A (IR SR FL2R
BRI BE T 40% 1), 3 HL Bt 25 IS 4 ke
JERIAIBE N, S bR W TR, SR, SRR
T T FH 1 2 A1 2R L AR ) A IS e B A
BE/KY- B, L. mesenteroides B-512 FMC
S TR P L SR T T M AL AR SR LR A BT )
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EAF % | HHFF (Arthrobacter sp.) EpRS66 pB-Rx I RiEHEEEH R IARBIE A R IKB A RHE 3407

JIE )Mk B2 IR B 54% 5 A B ZF A AT I (Bacillus
subtilis) KCCM 32835 Sfe U At SR SR e b g o it
AR ZLIAE A BT P ISR B IR B 45%., A
WF5E 4248 1Y Arthrobacter sp. EpRS66 1) -k g 5
W il B B3 SIS IR FETE 30%, (B SRk BE
BETNE] 60%HT, £ [FIRE A fin Bl T ZE A S5 R B
], B AR BT T AR E] 30%, H
AR TN G T o ik, FRATTR BRBGH
T %o A8 3R L SR B ) e B AL RCR A S R IR R
B2, AN TR B 7 W) s e TR B2 AR P[] 7 il
IR GO T AR R LR 0 & L 25
PErm, (ER IR LA MH A 7K A 38 B AR LI pR, 3
) 770 e e Ve R B TR 5 T A TS I A A IR 1)
THOLT , IR B W) e i W B B IR AE G, 7=
TK i 3 W2 W 2 AR

MZ, 7540 °C. pH 6.0, 15%REREFD 15%
FUBE K N 25 pg/mL RS, KW 3 h 5
AR LR AR5 3] 32.2%, B
SRAZ I A A T SCHR R T 1 -1k g S0 7 it 174
FEAL2(36%)", (H AR 5% 4 A 2 e Y AL
it Y o5 AR LA, AR ARER LA, i
T AW R, MEgREAR, IRk
HEINE] 60%HT, ANHRE 5 e A 2R L AR A Ak
FANREIRF] 30.8%, FEHEE L= HOR T H A
g,

S 3 A IR FL AL AL R AR
DRI Jiz o 2t 8 H A A BRI 52y st B N T i £k
Hi AR S AL B 7= v] Ok 42 i i AR T
FIRT, B A2 A AR USRS o 4 2 i A Ak i)
TR O T g A 7 B m v AR 3L
Wi FTOL, [ A AR B [ Tt el 10 8 55 T 42
1o g B N Ak, R RI B B T A T AR
R, & S i SR AL B e A 3R = 1Y BTk
TV, X T HE SRR ZL A B A 7
HAME . AR08 Tk A A Pk B AL SR

BB BIRE SR, (Al S e — 20 ol 5 W T 38
IEE
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