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Abstract: 4,6-a-glucosyltransferases (4,6-a-GTs), which converts amylose into a(1-6) bonds-containing a-glucan, possesses
great application potential in enzymatic synthesis of dietary fiber. Primers were designed according to the conserved motifs
existing in the amino acid sequence of 4,6-a-GTs, and used to amplify a putative GTFB-Like 4,6-a-GTs gene (named as gtf16)
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from the genomic DNA of Lactobacillus. The gtf16 gene was cloned into the plasmid pET15b, expressed in Escherichia coli

BL21(DE3), followed by purification and characterization. The optimum pH and the optimum temperature of the purified

enzyme were 5.0 and 40 °C, respectively. The biotransformation product of this enzyme was systematically characterized by

thin-layer chromatography, NMR spectroscopy, and hydrolysis reaction. The Gtfl6-catalyzed product shows a similar

structure to that of the isomalto/malto-polysaccharide (IMMP), which is the amylose-derived product catalyzed by GtfB from

Lactobacillus reuteri 121. Moreover, The Gtfl6-catalyzed product contains up to 75% of a(1-6) bonds and has an average

molecular weight of 23 793 Da. Furthermore, the content of the anti-digestive components was 88.22% upon hydrolysis with

digestive enzymes.
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Table 1 Sequences used for primer design
WEiz Conserved
accession . Amino acid sequences Nucleotide sequences (5-3")
motifs
numbers
AOR73699.1 Motif [ DIVMNQMIG GATATTGTTATGAACCAGATGATTGGC (4 3394 365 bp)
AAU08014.2 DIVMNQMIG GATATTGTTATGAATCAAATGATCGGT (4 409—4 435 bp)
ABQ83597.1 VMNQMIG GTGATGAATCAGATGATTGGT (3 655-3 675 bp)
AAU08003.2 DIVMNQMIG GATATTGTTATGAATCAGATGATTGGT (4 438—4 464 bp)
ASA47879.1 DIVMNQMIG GATATTGTTATGAACCAGATGATTGGC (3 292-3 318 bp)
AOR73699.1 Motif II GNFDGFRIDAAD GGTAATTTTGATGGTTTCCGGATTGATGCTGCTGAT
(2 935-2 970 bp)
AAU08014.2 GNFDGFRVDAAD GGTAATTTTGATGGTTTCCGAGTTGATGCTGCTGAT
(2 992-3 027 bp)
ABQ83597.1 GNFDGFRVDAAD GGTAATTTTGATGGTTTCCGGGTAGATGCTGCAGAT
(2 230-2 265 bp)
AAU08003.2 GNFDGFRVDAAD GGTAATTTTGATGGCTTCCGAGTTGATGCTGCTGAT
(3 022-3 057 bp)
ASA47879.1 GNFDGFRIDAAD GGTAATTTTGACGGTTTCCGGATTGATGCTGCTGAT

(1 9001 935 bp)
Note: the position of the sequence in its nucleotide sequence is in the brackets.
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Table 2 Proteins used for constructing the phylogenetic tree

NCBI accession numbers

Bacterial strains

Enzymes

ASA47863.1
KRM39240.1
KRM39239.1
ASA47879.1
ABQ83579.1
AAU08014.2
AAU08003.2
ASA47903.1

WP_052702730.1

AJE22990.1
ACB62096.1
CCK33644.1
CCK33643.1
AAU08006.1
AAUO08011.1
AIMS52834.1
ACY92456.2
BAF96719.1
ACAS83218.1
CDX66641.1
AAB95453.1
ACT20911.1
ABC75033.1
AAUO08015.1
AAY86923.1
ABP88726.1
AAC63063.1
AAC41413.1
ABF85832.1
CAB76565.1
AAG38021.1
AAS79426.1
AFP53921.1
AAQ98615.2
AAG61158.1
AAD109521.1
BAA90527.1
AAU08008.1
AAA26898.1
AHU88292.1

Lactobacillus fermentum

Lactobacillus aviarius subsp. aviarius DSM 20655
Lactobacillus aviarius subsp. aviarius DSM 20655
Lactobacillus reuteri NCC 2613
Lactobacillus reuteri DSM 20016
Lactobacillus reuteri 121

Lactobacillus reuteri ML1

Streptococcus thermophilus

Paenibacillus beijingensis

Azotobacter chroococcum NCIMB 8003
Exiguobacterium sibiricum 255-15
Lactobacillus animalis TMW 1.971
Lactobacillus curvatus TMW 1.624
Lactobacillus parabuchneri 33
Lactobacillus sakei KG15

Leuconostoc citreum ABK-1

Leuconostoc citreum B/110-1-2
Leuconostoc citreum HJ-P4

Leuconostoc citreum KM20

Leuconostoc citreum NRRL B-1299
Leuconostoc citreum NRRL B-1299
Leuconostoc lactis EG0O01

Leuconostoc mesenteroides 0326
Lactobacillus reuteri 121

Lactobacillus reuteri ATCC 55730
Limosilactobacillus reuteri TMW 1.106
Streptococcus downei MFE 28
Streptococcus salivarius ATCC 25975
Leuconostoc mesenteroides B-1299CB4
Leuconostoc mesenteroides B-1355
Leuconostoc mesenteroides B-742CB
Leuconostoc mesenteroides IBT-PQ
Leuconostoc mesenteroides KIBGE-1B-22
Leuconostoc mesenteroides L0309
Leuconostoc mesenteroides LCC4
Leuconostoc mesenteroides NRRL B-512F
Leuconostoc mesenteroides NRRL B-512F
Limosilactobacillus fermentum KG3
Streptococcus downei MFE 28

Weissella confusa VTT E-90392

4,6-a-glucosyltransferase (Gtf16)
4,6-a-glucosyltransferase (GtfX)
4,6-a-glucosyltransferase (GtfY)
4,6-a-glucosyltransferase (GtfB)
4,6-0-glucosyltransferase (GtfW)
4,6-a-glucosyltransferase (GtfB)
4,6-aglucosyltransferase (GtfML4)
4,6-a-glucosyltransferase (GtfB)
4,6-a-glucosyltransferase (GtfD)
4,6-a-glucosyltransferase (GtfD)
4,6-a-glucosyltransferase (GtfC)
Dextransucrase (Gtf1971)
Dextransucrase (Gtf1624)
a-1,6-glucosyltransferase (GTF33)
Glucansucrase (GTF-Kgl5)
Alternansucrase

Dextransucrase (DSR-F)
Dextransucrase (DS; LeDS)
Dextransucrase (DexT; LCK 01394)
Dextransucrase

Dextransucrase

Glucansucrase

Dextransucrase (DexYG)
Reuteransucrase (GtfA)
Reuteransucrase (GtfO)
Dextransucrase (Gtf106A)
a-1,3-glucosyltransferase (Gtfl)
o-1,6-glucosyltransferase (GtfM)
Dextransucrase (DsrBCB4)
Dextransucrase (DsrC)
Dextransucrase (Dsrb742)
Dextransucrase (DsrP)
Dextransucrase (DsrN)
Dextransucrase (DsrX)
Dextransucrase (DsrD)
Dextransucrase (DsrS)
Dextransucrase (DsrT)
a-1,6-glucosyltransferase (GtfKg3)
Dextransucrase (GtfS)
Dextransucrase (Wc392-DSR)
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£ 40 CHYE R K A5 TPETE 10 min, 285 I AGE
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WMAZ] 3 800 pLMLAFH, PGS I T G
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[V B ARV S (0.1, 0.2, 0.3, 0.4, 0.5 mg/mL)
Tl E ELBE TR PR ER 2R . — A PRALETS J1 5 X
B AIEAE | mg BT T (0
142 HBERES5HKEpH

B TER 73 BIAE 30 °C .35 °C .40 C 45 C,
50 °C. 55 CFki, B FikJyikiilE Gef16 7F
AN TR E T AT, R e Bl A A 100%

A3l BpH 3.0, 4.0, 5.0, 6.0, 7.0, 8.0/
BEREVERY, TE R I T BN e IR R Ty ) A [
pH T BB , K f = S 2 R 100%.
1.4.3 JRYFRSFHENE

S 25 mmol/L ) 24 Bl . 22 2R AR B
(DP 2-7), JEME. SEZF M. SEF b
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i1 2% W R B R IS P F 9 2 il ) IS ) R S
P, Bt EAGHI6 5 ERKIRYWATE 37 CHE
10 hJ5, Z¥ 10 min FEERIGELIEN . id
i ¥97EpH 5.0 Y 0.2 mol/L Na,HPO,/0.1 mol/L
PR 2R Wi P R4 T, S R %L (TLC) 4%
BB Rl i S0 = 9 e 2E B

W2 OIS RS R IE T LR K
Q:1:1, Viviyy MRS ®IS; BaR: 76
ai LTI 5% IR BLER o KR A I A T A
(G1-G7) 1 20-30 pg S W 1R A 90 50 5l 5 RE 7
TLCHR I, ¥t feimshAH R 8-10 h, Xiish
FHAE S TLCHAR ORI LR, o A 9R T4
Je T sh A AT R IT UE PR 0 B
FFTLCHR 58 4 1M J5 il 55 € 700 0 Vv 5 s B
Th7 5 5 2580 043 B fioh , 2 S5 BUH TLCARFRAE 95 C
HHERE FP R 20 minl) WLER S ( 45

1.5 BN E

B ATk B HEETER (0.6%, WIV) Hid
B IGHF16 7£ 40 C . pH 5.0 5144 Fi#F 5 24 h)m,
RS IRAS YA 0 10 minbAZ 0k . IRESYIL
12 000 r/minf% 34 B .0 30 min, KRR A FIH KA
T, RS a- R YREY .

R Ay oW E . R R B ik
(HPGFC) W& Bk Wi o ik, s RUEERE o
ek Waters 1525, % lULtrahydrogel  Linear
(300 mmx7.8 mm i.d.x2) HEMAE, IR 45°C, i
Zli#H 0.1 mol/L NaNOs, ¥tk 0.9 mL/min, FrifEdh
4y 180, 2700, 9750, 36 800, 135 350 Da.

PEIRLILIR (NMR) %5 . ¥ ER % T
FEF=YIFREL 40 mg, JIA 500 pLiA3 0.03% — H
HERELE RIS (0.03% TMSP) ME /K (D,0) 58
VEFEN . TEAVANCE 11 400 MHZzE{7FNMR
Yei%{Y (Bruker Biospin International AG) IF
60 CHRIMAE 1) —AEZRE IR (NMR) &,
H10.03% TMSPEVENRIEANE (5) HIbRIE
i o B E T 7ES 5.39 F18 5.00 Ab 15 S I AR Y
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B KA B a(1-4) Flo(1-6) FER S E .

1.6 =3k EEIR TR
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12 h, ¥ EEEEN . &&= 20 e
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Tit A2b 3R 0 7 AR A A Tl 8 B X B I Ay
TR o-JE W () S TR A 0 200 ul 2 mol/L HCI
KLk N, TIN5 22 i A M T I 1) S 7
RAYE WS 10 minZK kSN o SN 45 o5 #
SRS Y B Cr, B WGE o TLCX ™ kA 7
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1.7 F=HYEKRIMTIE R

WHALEEF RS 2. BF 2 gl BRARERE (Sigma
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50 mLESOAE Y, SRIE A 0.4 mL %% B B i
3.6 mLZEMK MR A,

B 4 mLEGH AL 7€ 37 C R 10 min,
B 750 pLEg T AL, 20 minFl 120 min/i5 23 51 H
FE1mL, 100 CKE. KiGtEshid 12 000 r/min
B0 10 minim A 29 B0 G I s A0 . I
L AL BE R (Rapidly digestible starch, RDS)
R 0-20 min PN BT AL B TE RS . 18I AL TE R
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R 25 WA T A I s ) e A P v i
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SDS(%)=(50Ds05-120 min—50Ds05:20 min)/5.0952x
100;

RS(%)=100-RDS-SDS.,

2 HER5040
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B, Rix54a4
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E 1 GH70 ZFEstLH o
Fig. 1

4 5 TE A B B 2 BRI pET15b-gtf16 %% AE. coli
BL21(DE3)., 4 H A W8 AR, P15 M-
il v AR FE 4l ik, SDS-PAGE4S SR WK 2, 1E
102 kDalift i H B 5. — B 1 55y, FLAAR Al Ak BidiE an
# 3 iR

22 EHHREHHEEEMER
221 HEIEREREEpH

S EE L Gtf16 [ E PR, 2 BIAEAS [R] i
JEFUAS [FlpH 254 T I B, 25 R /R Gtfl6 Y
BOE IR N 40 °C (K 3A), feidpH N 5.0 (K 3B).
MIEEE M 25 CTHE E 40 CHF, Gtf16 By
wWETE, YR TS E 50 CRF, G HGE T %
Gtfl16 7EpH 4.0-6.0 Jufl N LA e, FILAMARE
80% LA I Tl o

. 010-64807509

Phylogenetic tree of representative GH70 protein sequences

en
I
<t
W
(=)}
/M
<
<

]

1'8689TVVY
I'EIvIvOvyY

. The Gtf16 is highlighted in black.

M 1 2

kDa

102.0 kDa

B2 ZEHGtf16 HISDS-PAGES #T
Fig. 2 SDS-PAGE analysis of the recombinant Gtf16.
M: marker; 1: crude enzyme; 2: purified enzyme.
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Table 3 Purification of the recombinant Gtf16

Purification steps

Total protein (mg) Total activity (U) Specific activity (U/mg)

Purified fold  Recovery rate (%)

Rude enzyme 1150.20 46.80 0.04 1.00 100.00
Ni-NTA 3.15 1.65 0.52 13.00 3.53
A 100 B 100 .
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Fig. 3  Effect of temperature (A) and pH (B) on the recombinant Gtf16.
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Fig. 4 Substrate specificity of the recombinant Gtf16.
M: G1-G7; 1: G1; 2: G2; 3: G3; 4: G4; 5: G5; 6: G6; 7!
G7; 8: sucrose; 9: isomaltobiose; 10: isomaltotriose; 11:
nigerose; 12: panose.
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Fig. 5 Structure analysis of the Gtf16-catalyzed product.
(A) The molecular weight of product. (B) 'H NMR
analysis of product. (C) TLC analysis of the resistance of
the product to hydrolase. M: marker G1-G7; 1: Gtfl6
polysaccharide; 2,4,6: positive control for a-amylase
(amylose), dextranase (dextran) and pullulanase (pullulan)
digestion; 3,5,7: Gtfl6 polysaccharide for a-amylase,
dextranase, pullulanase digestion.
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Table 4 The profile of different components after
digestion

RDS (%) SDS (%) RS (%)
Control 62.87 21.49 15.64
Treatment 10.50 1.28 88.22

a(1-6) B i ik 75%, &R EE AL BUH AL
B ) Rl IR E 88%.
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