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Abstract: Based on genomic annotation information, this study aimed to explore the $-1,3-/a-1,3-glucan synthetic pathway
of Rhizobium pusense. It focused on the action mechanism and potential catalytic efficiency of f-D-fructofuranosidase, the
key enzyme in the first step of this synthetic pathway. High-throughput bioinformatic statistical and comparative analysis
was conducted by targeting and mining data of S-D-fructofuranosidase from other microbial sources. The results indicated
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that the sequence and structure of S-D-fructofuranosidase from Rhizobium pusense showed a high degree of similarity and
conservation. It was clarified that the key sites Tyr196 and Asp257 in its active site played a crucial role in catalyzing the
substrate. Through high - throughput targeted mining of the database, it was found that among the microorganisms with
potential f-D-fructofuranosidase expression, there were 6007 bacterial sources and 746 fungal sources. Among them, the -
D-fructofuranosidase of the representative bacterial strain Francisella tularensis OHARA and the fungal strain Fusarium
fisjikuroi IMI 58289 had relatively high potential catalytic efficiencies, which were 10.73 and 27.40 L-mol '-s™ respectively.
Further analysis suggested that differences in the size of the active cavity space and the bottleneck radius of f-D-
fructofuranosidase from different sources were one of the reasons for the differences in their catalytic efficiencies. This
study provides an important basis for a profound understanding of the synthesis mechanism of $-1,3-/a-1,3-glucan in
Rhizobium pusense. It also lays the foundation for the development and utilization of other microbial resources for the
efficient fermentation production of f-1,3-/a-1,3-glucan, and is of great significance for promoting the development of
related fields.

Key words: Rhizobium pusense; f-1,3/a-1,3-glucan; synthetic pathway; f-D-fructofuranosidase; high throughput targeted
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Fig.1 Analysis of the pathway for synthesis of f-1,3/a-1,3-glucan from sucrose metabolism of Rhizobium pusense
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00021329.1 : MTVVEAVTAEPESAIRTIHTDLPVNATFHVWLKAKKAGEPGAVS FSNONGKFAEVSSVNTEE : 62
MBP2610697 : MTVVEAVTAEPESATRTIHTDLPVNATFHVWLKAKKAGEPGAVSFSNQNGKFAEVSSVNTEE : 62
SDE29890.1 : MTVVEAVTAEPESATIRTIHTDLPVNATFHVWLKAKKAGEPGAVSFSNQNGKFAEVSSVNTEE : 62
0JH58622.1 MTVVEAVTAEPESAIRTIHTDLPVNATFHVWLKAKKAGEPGAVSFSNONGKFAEVSSVNTEE : 62
0JH54235.1 : TR —r— MTVVEAVTAEPESAIRTIHTDLPVNATFHVWLKAKKAGEPGAVSFSNONGKFAEVSSVNTEE : 62
MDR6188921 : MRAINAEVPPSPHSILRNELSIAIIVPMLDPONAERKGKAMTVVEAVTAEPESAIRTIHTDLPVNATFHVWLKAKKAGEPGAVSFSNONGKFAEVSSVNTEE : 102

MTVVEAVTAEPESAIRTIHTDLPVNATFHVWLKAKKAGEPGAVS FSNONGKFAEVSSVNTEE

* 120 + 140 * 160 * 180 * 200

00021329.1 YGFRIYQVFGGGHVELSYDTVTTAVSVIYWFTASDVLETGITVVHTKPDNAAPELPGSYHFRPPFGWMNDPNGFGRFEGRPHLFYQHYSHGLRWNTMHWGHA : 164
MBP2610697 : YGFRIYQVFGGGHVELSYDTVTTAVSVIYWFTASDVLETGITVVHTKPDNAAPELPGSYHFRPPFGWMNDPNGFGRFEGRPHLFYQHYSHGLRWNTMHWGHA : 164
SDE29890.1 YGFRIYQVFGGGHVELSYDTVTTAVSVIYWFTASDVLETGITVVHTKPDNAAPELPGSYHFRPPFGWMNDPNGFGRFEGRPHLFYQHYSHGLRWNTMHWGHA : 164
0JH58622.1 : YGFRIYQVFGGGHVELSYDTVTTAVSVIYWFTASDVLETGITVVHTKPDNAAPELPGSYHFRPPFGWMNDPNGFGRFEGRPHLFYQHYSHGLRWNTMHWGHA : 164
0JH54235.1 YGFRIYQVFGGGHVELSYDTVTTAVSVIYWFTASDVLETGITVVHTKPDNAAPELPGSYHFRPPFGWMNDPNGFGRFEGRPHLFYQHYSHGLRWNTMHWGHA : 164
MDR6188921 YGFRIYQVFGGGHVELSYDTVTTAVSVIYWFTASDVLETGITVVHTKPDNAAPELPGSYHFRPPFGWMNDPNGFGRFEGRPHLFYQHYSHGLRWNTMHWGHA : 204

YGFRIYQVFGGGHVELSYDTVTTAVSVIYWFTASDVLETGITVVHTKPDNAAPELPGSYHFRPPFGWMNDPNGFGRFEGRPHLFYQHYSHGLRWNTMHWGHA

% 220 % 240 e 260 o 280 5 300

00021329.1 VSSDYLRWRHLPIFLFPSEDLTTRPDKRGGAY SGSTIPLVEGTGIRVFFTEQVODRIPEQQIQLTATSSDL IMAGQADVI LGHRPDGQGLTPDFRDPYVFRG : 266
MBP2610697 VSSDYLRWRHLPIFLFPSEDLTTRPDKRGGAYSGSTI PLVEGT”TRVFF‘TEQVQT&!TPEQQIQI-TATSSDL[MAHQAUV]LGHR PDGOGLTPDFRDPYVFRG : 266
SDE29890.1 VSSDYLRWRHLPIFLFPSEDLTTRPDKRGGAY SGSTIPLVEGTGI RVFFTEQVQDRI?EQQIQLTATSSDLIM?\GQ]\DVI LGHRPDGQGLTPDFRDPYVFRG : 266
0JH58622.1 VSSDYLRWRHLPIFLFPSEDLTTRPDKRGGAYSGSTIPLVEGTGIRVFFTEQVQDGIPEQQIQLTATSSDLIMAGQADVI LGHRPDGQGLTPDFRDPYVFRG : 266
0JH54235.1 VSSDYLRWRHLPIFLFPSEDLTTRPDKRGGAYSGSTIPLVEGTGIRVFFTEQVQDGIPEQQIQLTATSSDLIMAGQADVI LGHRPDGQGLTPDFRDPYVFRG : 266
MDR6188921 VSSDYLRWRHLPIFLFPSEDLTTRPDKRGGAY SGSTIPLVEGTGIRVFFTEQVQDRIPEQQTIQLTATSSDL IMAGQADVI LGHRPDGQGLTPDFRDPYVFRG : 306

VSSDYLRWRHLPIFLFPSEDLTTRPDKRGGAYSGSTIPLVEGTGIRVFFTEQVQD IPEQQIQLTATSSDLIMAGQADVILGHRPDGQGLTPDFRDPYVFRG

* 320 & 340 * 360 * 380 * 400

00021329.1 PDGLWKMVLGSQSEGGGVILLYETLDPTAASGWTYVGKLWVETRYKTTAIECPCLLPLDGPANARSTRWVL IYGLMHSEDPETGRKNLTMADVGWFDGKVFT : 368
MBP2610697 : PDGLWKMVLGSQSEGGGVILLYETLDPTAASGWTYVGKLWVETRYKTTAIECPCLLPLDGPANARSTRWVLIYGLMHSEDPETGRKNLTMADVGWFDGKVFT : 368
SDE29890.1 PDGLWKMVLGSQSEGGGVILLYETLDPTAASGWTYVGKLWVETRYKTTAIECPCLLPLDGPANARSTRWVLIYGLMHSEDPETGRENLTMADVGWFDGKVET : 368
0JH58622.1 PDGLWKMVLGSQSEGGGVILLYETLDPTAASGWT YVGKLWVETRYKTTAIECPCLLPLDGPANARSTRWVLIYGLMHSEDPETGRENLTMADVGWFDGKVET : 368
0JH54235.1 PDGLWKMVLGSQSEGGGVILLYETLDPTAASGWTYVGKLWVETRYKTTAIECPCLLPLDGPANARSTRWVLIYGLMHSEDPETGRKNLTMADVGWFDGKVET : 368
MDR6188921 PDGLWKMVLGSQSEGGGVILLYETLDPTAASGWTYVGKLWVETRYKTTAIECPCLLPLDGPANARSTRWVLIYGLMHSEDPETGRKNLTMADVGWFDGKVET : 408

PDGLWKMVLGSQSEGGGVILLYETLDPTAASGWTYVGKLWVETRYKTTATECPCLLPLDGPANARSTRWVLIYGLMHSEDPETGRKNLTMADVGWFDGKVFT
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00021329.1 KESGQELDFGTDNYAFQAFLDGDSI IGIGWLANWADANPEIDFPTSMTLPRRITYVNGELLTPPIGAAESLRSHILDRTRLAAGERVTFINGAVEILIELAS : 470
MBP2610697 KESGQELDFGTDNYAFQAFLDGDST IGTIGWLANWADANFPEIDFPTSMTLPRRITYVNGELLTPPIGAAESLRSHILDRTRLAAGERVTFINGAVEILTELAS : 470
SDE29890.1 : KESGQELDFGTDNYAFQAFLDGDSIIGIGHLANWADANEEIDFPTSMTLPRRITYVNGELLTPPIGAAESLRSHILDRTRLAAGERVTFINGAVETLIELAS : 470
0JH58622.1 : KESGQELDFGTDNYAFQAFLDGDSIIGIGWLANWADANPEIDFPTSMTLPRRITYVNGELLTPPIGAAESLRSHILDRTRLAAGERVTFINGAVEILIELAS : 470
0OJH54235.1 KESGQELDFGTDNYAFQAFLDGDSI IGIGWLANWADANPEIDFPTSMTLPRRITYVNGELLTPPIGAAESLRSHILDRTRLAAGERVTFINGAVEILIELAS : 470
MDR6188921 KESGQELDFGTDNYAFQAFLDGDSIIGIGWLANWADANPEIDFPTSMTLPRRITYVNGELLTPPIGAAESLRSHILDRTRLAAGERVTFINGAVEILIELAS : 510

KESGQELDFGTDNYAFQAFLDGDSI IGIGWLANWADANPEIDFPTSMTLPRRITYVNGELLTPPIGAAESLRSHILDRTRLAAGERVTFINGAVEILIELAS

520 * 540 * 560 * 580 * 600 *

00021329.1 PGVPFELALDHPTVTLGLVSDETGLWI RHEDGREGBSPHY TAKGARASRVRIFLDYGSMEVFANRGRYVGTKRIEGFEPVRAALLKAEBGAVVHATTWALRP : 572
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Fig.2 Comparative analysis of f-D-fructofuranosidase sequences from Rhizobium pusense
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Fig.3 Analysis of the structure and catalytic mechanism of -D-fructofuranosidase from Rhizobium pusense
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Fig.4 Sequence alignment analysis of 5-D-fructofuranoside active centers
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Fig.5 Distribution of f-D-fructofuranosidase in microorganisms (bacteria, fungi) included in NCBI database
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Table 1 Potential catalytic properties of f-D-fructofuranosidase derived from other microorganisms
7 JF3ID Ky (s7) K,, (mol'L™) K o/K, (L-mol '+s7")

LV B IR B R
Rhizobium pusense CC134 MBP2610697.1 97.87 19.90 4.92
Rhizobium pusense CCGM10 OJH54235.1 99.29 20.22 4.91
Rhizobium pusense CCGM11 OJHS58622.1 99.29 20.22 4.91
Rhizobium pusense SORGH_AS_1083 MDR6188921.1 109.32 19.86 5.51
Rhizobium pusense NRCPB10 00021329.1 99.81 20.92 4.77
Rhizobium pusense LMG 25623 SDE29890.1 99.81 20.92 4.77

AL F b
Enterococcus faecium VRE006 X1Q57400.1 103.23 13.30 7.76
Enterococcus faecium VRE010 X1Q45802.1 103.23 13.30 7.76
Enterococcus faecium VRE029 XIP94265.1 103.23 13.30 7.76
Klebsiella pneumoniae UCI118 0OUI64186.1 140.25 28.92 4.85
Klebsiella pneumoniae UCI115 OUI54309.1 149.95 30.57 4.91
Klebsiella pneumoniae UCI116 0Ul44743.1 139.09 26.46 5.26
Streptococcus pneumoniae ND6097 CTM86144.1 135.35 31.86 4.25
Streptococcus pneumoniae 46 CKD91712.1 130.75 51.84 2.52
Streptococcus pneumoniae 22421 0ODJ76475.1 122.15 27.46 4.45
Enterobacter hormaechei NCTC 9394 CBK84909.1 64.99 18.60 3.49
Enterobacter hormaechei NCTC13405 STP67288.1 75.10 23.99 3.13
Enterobacter hormaechei NCTC e811 SAG93547.1 73.92 21.07 3.51
Bifidobacterium longum Jih1 BCB69039.1 124.07 25.06 4.95
Bifidobacterium longum APC1464 PKD09525.1 119.10 25.97 4.59
Bifidobacterium longum DPC6321 PKC77516.1 114.52 23.24 4.93
Francisella tularensis FDAARGOS 247 PNM29108.1 73.18 11.19 6.54
Francisella tularensis OHARA 0CQ69246.1 105.78 9.86 10.73
Francisella tularensis 15NIIEG QQL42852.1 113.29 10.85 10.44
Bacillus anthracis BA20200413YY XK078226.1 113.75 46.29 2.46
Bacillus anthracis 1AL 52 XHEO07578.1 113.75 46.29 2.46
Bacillus anthracis MH-JJ XIE20426.1 113.75 46.29 2.46
Bacillus cereus MB1 UTO041323.1 130.75 61.67 2.12
Bacillus cereus 132 TKJO08114.1 133.23 51.29 2.60
Bacillus cereus 11 TEX15508.1 130.75 61.67 2.12
Vibrio crassostreae 16SF1_87 ROP20739.1 132.23 33.45 3.95
Vibrio crassostreae 8H1 4 ROO55791.1 87.68 43.01 2.04
Vibrio crassostreae SOB1_3 TWD33539.1 132.23 33.45 3.95
Enterococcus faecalis VTMIR91 SDN37709.1 111.37 19.41 5.74
Enterococcus faecalis M7 ELA04915.1 109.39 22.24 4.92

Enterococcus faecalis OG1X ELA02140.1 109.39 22.24 4.92
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Phaffia rhodozyma ATCC 24230 AFP98791.1 179.38 8.38 21.40
Phaffia rhodozyma ATCC MYA-131 ACL79833.1 165.30 8.64 19.14
Phaffia rhodozyma taxon 264483 5047 A 184.20 8.56 21.51
Fusarium oxysporum Fo4287 KAJ9427098.1 68.33 4.75 14.37
Fusarium oxysporum 54008 EXL73886.1 75.06 4.57 16.41
Fusarium oxysporum NRRL 32931 EWZ01227.1 72.33 4.66 15.53
Saccharomyces cerevisiae 1014 KAJ1545737.1 72.92 11.32 6.44
Saccharomyces cerevisiae EM93 KAJ1535746.1 68.76 12.92 532
Saccharomyces cerevisiae Kagoshima no. 2 GAX71838.1 82.26 12.63 6.51
Claviceps purpurea Clav04 KAG6317355.1 96.22 15.84 6.07
Claviceps purpurea Clav26 KAG6312956.1 103.99 16.80 6.19
Claviceps purpurea Clav46 KAG6294402.1 100.16 13.94 7.19
Aspergillus niger taxon 5061 BAB67771.1 183.69 10.00 18.36
Aspergillus niger IBT10sb AAC08047.1 156.04 9.85 15.85
Aspergillus niger CBS 513.88 CAK45778.1 181.04 8.24 21.97
Rhodotorula dairenensis CECT 1416 QFG75712.1 89.91 10.33 8.70
Fusarium fujikuroi IMI 58289 XP_023436866.1 80.69 2.94 27.40
Fusarium fujikuroi E282 SCN98742.1 95.17 3.90 24.40
Fusarium fujikuroi FSU48 SCV49301.1 95.17 3.90 24.40
Cryptococcus neoformans var. grubii KN99 AUB23796.1 85.94 7.05 12.19
Cryptococcus neoformans var. grubii Bt63 OXM80191.1 130.62 4.86 26.89
Cryptococcus neoformans var. grubii CM64 OXH72680.1 130.62 4.85 26.94
Fusarium proliferatum MPVP 328 KAG4285994.1 79.26 4.87 16.26
Fusarium proliferatum KF3377 KAG4268311.1 101.82 4.84 21.05
Fusarium proliferatum ITEM 2341 RBA20836.1 100.43 5.21 19.27
Colletotrichum siamense Cg363 KAF5517067.1 75.98 3.10 24.53
Colletotrichum siamense CAD1 KAF4876674.1 78.66 4.27 18.42
Colletotrichum siamense CAD4 KAF4848634.1 83.06 3.74 22.22
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