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Enzymatic properties and modification of sucrose phosphorylase
from the metagenome of sucrose-enriched environment
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Abstract: [Background] The metagenome of sucrose-enriched soil is one of the important sources of
sucrose phosphorylase. The enzyme has important applications in industries, as it can catalyze
transglycosylation reaction to improve the properties of the receptors using cheap sucrose. [Objective]
The properties and transglycosylation activity of sucrose phosphorylase isolated from the metagenome
were studied, providing foundation and research materials for better modification. [Methods] A gene
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encoding sucrose phosphorylase from metagenomic library was cloned into the expression vector pSE380,
and the recombinant strain was constructed. Then, the target protein was purified by nickel affinity
chromatography. The properties were determined using sucrose as substrate, and transglycosylation
activities of the carbohydrate receptors were also investigated. After protein modeling and substrate
channel were analyzed, the site-saturation mutagenesis at the amino acid 155 was performed by reverse
PCR. The enzymatic properties and transglycosylation activity of the mutants also were studied in detail.
[Results] The molecular weight of purified protein is about 56 kD. And the recombinant protein exists in
the form of a trimer in the active state. The optimum temperature and pH value were 55 °C and 6.5,
respectively; Ky, and Vyax value were 23.1+2.4 mmol/L and 407.94£8.5 umol/(mg-min) using sucrose as
substrate. Among the site-directed saturation mutants of the amino acid 155, some mutants showed
improved enzymatic properties or transglycosylation activities. [Conclusion] The study of sucrose
phosphorylase from the metagenomics enriched the enzymatic data. The mutants with better properties
were obtained, which provides theoretical foundation for researching on key amino acids related to

transglycosylation and the applications of sucrose phosphorylase.
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Figure 1 SDS-PAGE (A) and GPC analysis (B) of recombin

ant protein Bspase

IE: M: FpiEE T Marker; CK: S A pSE380 AR F1A; 1. FA pSE-Bspase (U5 {A; 2: 4liflG Bspase.
Note: M: Standard protein marker; CK: Protein of E. coli XL1-Blue/pSE380 with induction; 1: Protein of E. coli XL1-Blue/pSE-Bspase with

induction; 2: Purified protein Bspase.
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Figure 4 Effect of metal ions on the recombinant Bspase enzyme activity
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Figure 5 Effect of organic agents on the Bspase enzyme
activity

AN AWERE S HAT R IG TR0, HX L-
1AL AT D- ﬂﬁﬁﬁﬁ/\%ﬁﬁﬁfﬁ%ﬁzﬁi Bspase
X IR VAL I 1,

DAZEHR BE 159 %5 W5 -1-B A LRI RS, H.
AT RO EIR 2 T LD 4%5E0 0 b4
Y, Hrp D L-Brhpis e B, BA
T3.7%I AL
% 1 Bspase #{EH KM HIFLESRT

Table 1 Analysis conversion rate of transglycosylation of
Bspase (%0)

2k (ETEN
Receptor Donor
Sucrose a-Glc-1-P
D-Arabinose 17.0 8.3
L-Arabinose = 73.7
D-Fructose = 2.9
D-Galactose = 11.0
D-Glucose 4.2 1.7
D-Mannose - -
D-Mannitol = 10.0
L-Rhamnose = 1.3
D-Glucitol = 13.5
L-Sorbose 14.7 4.6
D-Xylose = 21.7
D-Xylitol = 24.2
D(+)-Cellobiose = =
Isomaltose = =
Lactose = =
Maltose = =
Melibiose = =
Raffinose = =
Trehalose = =
Turanose = =
Note: —: No transglycosylation activity.
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Figure 6 Analysis of substrate channel (A, B) and amino acids around (C) for Bspase
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Figure 7 The optimal temperature, optimum pH (A) and K.,, Vima Value (B) of mutants
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T155M Fl T155Q XJ L-BaJfiAri o) b 1 i 1 Sk A%
AAF, T155C. T155D. T155M. T155Q & T155R
X D-SFHEFERE G IEAAAR ;. T155V X D-K
WEA A IR VR IEAARAS o BRILZ AL, ZEAR RN 45

Table 2 The HPLC analysis of transglycosylation products of Bspase and its mutants

Item Bspase T155A T155C T155D T155E T155F T155G T155H T1551 T155M T155Q T155R T155S T155V T155Y

D-Arabinose  + + + + + + +
L-Arabinose
D-Fructose

+ 4+ o+

D-Galactose

+ + + +
+ + + +
+ + + +
D-Glucose * * * *
+ + + +

D-Mannose

D-Mannitol
L-Rhamnose

+ + + 4+ 4+ o+ o+
+ + + 4+ 4+ o+ o+

L-Sorbose ++ ++ ++ ++ ++ ++ +
D-Glucitol + - - + + — _
D-Xylose + + + + + + +
D-Xylitol + + + + + + +

D(+)- - - - - = = -
Cellobiose
Isomaltose = = = = = = =

Lactose - - - - - - -
Maltose = = = = = = =
Melibiose = = = = = = =
Raffinose = = = = = = =
Trehalose = = = = = = =
Turanose - - - - - - -

+ + + + + + + +
+ + + + + + + +
+ + + + + + + +
+ + + + + + + +
+ + + + - + + +
+ + + + - + + +
_ _ _ _ _ + _ _
_ _ _ _ _ + _ _
++ ++ ++ ++ + ++ ++ ++
+ + + + - + + -
+ + + + + + + +
+ + + + + + + +

T+ — DR ++ TIN5 — JCRRRHTG L.

Note: +: One transglycoside product; ++: Two transglycoside products; —: No transglycosylation activity.
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A ZARIE D R BT IS YRR A R IRRREE A TR, R
A HB A3 AR RN — e Z AR e L T A T A
AT IE PE
3 WikE4®

fitf 43 F- S 470 30 3 P W 980 TR e Sk L T
WG 1 M R TGRSR A BEA G ME L, RE
WF 5T N 5% 38 2o XoF JPS 47 3 T ) B 9 BUAS T i  F E
SRBB] AR RE R L Bspase JiS 4y i K
LR 155 (LR AR TIRANIEAS , A% T 8845
PEREMCE Y AR M, Hirp T155S AR A A oy 1
JEAFE TR JE T B, IR (Thr)Fl22 2
M2 (Ser) A M R B EH RN AR, =&
SRR, A 22 SRR H AE F 5 B Av>—A-H
D S i1 - A sy |1 VA E R ) N = 74
(Thr) AR R PR, TR R AR RE 15555, T2
SRR (Ser) T R FRANIE , 15 T 5 HA S Y AL
FERRE I S LARRE 4y TR S R 52, X/
L I A AT BB i v e B A

ST TE VR A B, FEAERE IR (L B 7E 23 A8
FJG X A — AR I R R vE o, —
SERRRE BRI T BRSNS B N X Y
ZAR, Kitao SFEHIE K 3 7 M5B 5 2R R Y R
PR AL & B T 2R R, X AT g vl T A
SRR R R, LN A B A 1 11 4%
SEIT AL ERIE I B (EA T AR, 2 Kitao LA 20%
ARSI - 1-E R LA, LA 209%F% D-Blhir P b (3
WE) R SZ ARG THE T, [AREAS A FHR S . (2
TEAM T RFHASE T, Bspase X D-BilifA
WEELA BTG, OF HH AR R SR AR FF 0L 15
PE, X ARE AR IR £ i 55— i 1
w1,

SRS 25, AGE R i SR
RARRT T R ZEOR YA R 8RR A2
RAASE AN . ORI A A 2 A R [
(s R %, ARIEIE RIS A ROV EEE, KPS
filt & FEAE IR 22 R A — B R RS, XFE A

ZRAEME 1 A B AR A Rl 2 1R 5 W A S 2
2%, MEGTEM TG, BEIC ., RIERT R SE N R
ANIE T 3 R i BE B R LT I BLG . I
e, EARER X TR E RS RCR, Zad
JERH) R AT R P20 A S 3T 3 — A RE R 1 o 1 B T
EARR = gms i HAEVE R Y fe
5 DR L T 5 PE A PP S S RS 9 pH L L
RS2 A R 5 TR SR AR EL 2, (AT =2 8] ELAH B
IRty DAk 21— A B A FRCR e B 45 256
HE,
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