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ABSTRACT *Correspondingauthor: mgbaik@snu.ac.kr W2
RESULTS
We report the complete genome sequence of a novel mucolytic bacterium, Table 2. List of predicted mucolytic enzymes in the complete genome of the P. Table 3. List of predicted starch utilization system (Sus) genes in the N —
Prevotella mucinisolvens sp. nov. Mucolytic bacteria were isolated from rumen Table 1. Genomic features of the P. mucinisolvens mucinisolvens complete genome of the P. mucinisolvens “P mucinisolvens  was
epithelium of the dorsal sac of Korean cattle steer using a targeted cultivation on a Number of Contigs | 1 ; [ Glycoside | I Gene Locus ID KEGG ID Prokka annotation pr‘e'dlct‘ed to use a starch
mucin defined medium as a sole carbon source in anaerobic conditions. The Genome Size (bp) | 2,730,135 Mucolytic enzymes hy"(‘gfzes Locus D8 KEGG B Prokkn DJPCDFCF_00002 - Hypothetical protein utilization system‘ ' (Su's)-llke
genome of P. mucinisolvens was sequenced by means of both the lllumina HiSeq™ G+ content (mol%) |47.69 Protei encodinT aamae 37 o | DIPCOFGF_01074 [KOTIS0 (f-galactosidase) |f-galactosidase DJPCDFCF_00066 - Hypothetical protein SVStejm for the utilization of
X and PacBio RSII platforms. The genome (2,730,135 bp) was found to contain 2,445 transfer RNA LA &1 | | DIPCDFCF_02139 KO1190 (f-galactosidase)  |-galactosidase DJPCDFCF_00068 - Hypothetical protein mucin glycan
. DJPCDFCF_00755 K12373 (B-h dase) |Hypothetical protsi " 3 i ifi
genes, 2,374 coding sequences, 61 transfer RNA, 1 transfer-messenger RNA, and 9 Number of Genes | 2,445 transfer-messenger RNA 1 poalactosidases pribeseibalindhad i (f-hexosaminidase) Hﬁ;lh:l::\ g:':: DJPCDFCE_00072 _ :‘er::neﬂ lt;?pseul'lsﬂct?nt R It'w_as identified that P
ribosomal RNA. The P. mucinisolvens had a total 51 glycoside hydrolases (GHs), of i RNA 9 GH20 | 1 PCDFCF 01788 K12373 (B-hexosaminidase) |&-hexosaminidase BJPCDFCE 00180 _ b ;heﬂeal tein mucinisolvens had putative
which 14 GHs, including B-galactosidases (GH2, GH20), a-N- Proteins with 1118 DJPCDFCF_02310 K12373 (f-hexosaminidase) |Hypothetical protein - Toy’;B-dependZnt SusCD'throu'gh a BlastP
acetylgalactosaminidases (GH101), a-N-acetylglucosaminidase (GH89), sialidase Predicted Functions | EndoATA . g:gg = = - DJPCDFCF_00363 - receptor SusC anaIy5|'s ?galnst the genome of
(GH33), and fucosidases (GH29, GH95), were identified as enzymes involved in Hf:::’i::';;g:‘::“ 1327 ' K01604 (methyimalanyl-CoA |Propianyl-CoA SusC DJPCOFCE 00481 TonB-dependent P. mucinisolvens
mucin degradation. Following the KEGG pathways, the putative mucolytic pathway Prateins with KEGG ‘ a-- GH101 | DJPCDFCF_01301 d‘ecarbﬂw‘ase subunit carboxylase beta - - receplor SusC
was constructed, including the metabolism of carbon sources such as galactose, N- Annotations | 22 acelvigalaciosaminidasss | s - gloha) chain DJPCDFCF_00483 - Hypothetical protein “p inisol had 12
acetylglucosamine, sialic acid (N-acetylneuraminic acid), and mannose. The Glycoside Hydrolase 51 Exo- and endo-f-N- GHB4 - - - DJPCDFCF_01522 - Hypothetical protein N t‘ i mutt‘mllso ver;s ) 2
presence of putative extracellular polysaccharide biosynthesis pathways, including Carbohydrate-Binding Module 2 acetylglucosaminidases GH85 - = - DJPCDFCF_01753 |K01951 (GMP synthase) TonE-de%endgnt E):J ?] ive viru ence_ ac OI'fS
Wzx/Wzy-dependent pathway (4 putative glycosyltransferases, 3 acetyltransferases Car Actl Iy 45 ot GHB9 | DUPCDFCF_00315 KO1209 (a-h- Hypothetical protein receplor Sus ) *They contain actors
X / 3 ) Enzymes 106 Polysaccharide Lyase 1 acetylglucosaminidases acetylglucosaminidases) DJPCDFCF_01951 - Hypothetical protein associated with adherence
1 flippase, 1 polymerase, 1 polysaccharide co-polymerase, and 1 outer membrane Carbohydrate Esterase 5 DJPCDFCF_00633 — Hypothetical protein DJPCDFCF 01956 - Hypothetical protein (hasB, KpsF, and htpB), stress
transport protein) and synthase-dependent pathway (1 putative synthase, 3 Auxiliary Activities 1 Sialidases GHag | DJPCDFCF_00814 KO1185 (sialidase-1) f.fr"cii?:e DJPCDFCF 00085 | /21572 (starch-binding | 0 o orotein reacti’ons ’(prP ar:]d ! clpC),
precursors of synthesis), was confirmed in P. mucinisolvens. Twelve putative Virulence Factors | 12 DJPCDFCF 01114 - oxygenase - outer membrane protein) | 210 o F O tioh s (hasB d
virulence factors associated with adherence (hasB, KpsF, and htpB), stress reactions Antibiotic-Resistant | rzg | DIFCDFCF_01076 [K01206 (arL-fucosidase) _|Hypothetical profein susD | DIPCDFCE 00362 k21572 (starch-binding SusD-lie protein antip agocv?oms asB  an
(clpP and clpC), antiphagocytosis (hasB and bcs1), O-antigen (gmd, fcl, and galE), Genes Fucosidases DJPCDFCF_02312 |K01206 (a—eruoos?daseJ Hypothetical protein = outer membrane protein) bcs1), O-antigen (gl'_“dr fcl, a_nd
and metabolic adaption (panD) were identified. This study contributes to a better BT TPRATGl Ve KISPE o Snaskis: 21 Lypetteticn prele DJPCDFCF_00aga [(21572 (starch-binding |0 oo orotein galE), and metabolic adaption
X . . R X L - outer membrane protein) (panD)
understanding of epimural bacteria in putative mucin-degrading ability. < Among 51 GHs, P. mucinisolvens had 14 GHs related to putative mucolytic enzymes, including B-galactosidases (GH2, GH20), a-N-
METERIALS & METHODS acetylgalactosaminidases (GH101), a-N-acetylglucosaminidases (GH89), sialidases (GH33), fucosidases (GH29, GH95) Table 5. List of predicted virulence factors in the complete genome of the P. mucinisolvens
Length VRprofile b
No. Locus ID (aa) 1D Ha-value Product VFDB® category
Purposes . Gal Asn = asparagine, Fuc = fucose, Gal = galactose,
! 4 4 clpP (ATP-dependent Clp protea .
. To analysis the complete genome sequence of a novel mucolytic bacterium, Mucin O-glycan \\ _/ GalNAc = N-acetylgalactosamine, GH = glycoside 1 DJPCDFCF_00298 221 VFGO077 045 S:pntjteolyti:psubunit) PP Stress protein
Prevotella mucinisolvens sp. nov. isolated from bovine rumen epithelium s b [] orevac thT°|3595'r\lG|;NAAC =NN’a‘itetlylgluc°§arl"i”e(dM;” = 2 DJPCDFCF 00549 862 VFGDO79 046 clpC (Chaperone protein ClpB) Stress protein
Sample collection GH2/20 = mannose, Neu5Ac = N-acetylneuraminic acid, Ser = hasB (Nucleotide sugar dehydra Antiphagocytosis; Adherence;
+  The rumen epithelium tissue samples were collected from the dorsal sac of W oo serine, Sus = starch utilization system, Thr = 3 DJPCDFCRO0799 431 VFGOSS 085 goase) . __ Tissue invasion B
rumen of Korean cattle, directly after slaughtering at the abattoir Ser/Thr ‘ NeiSAs threonine. 4 DJPCDFCF_00887 318 VFG1971 0.48  kpsF (KpsF/GutQ faml\y protein) Adherence; Phase variation
. . . GH2/20 Mucin N-glycan 5 DJPCDFCF_00939 542 VFG1855 0.58 htpB (60 kDa chaperonin) Adherence
Isolation of mucolytic bacteria X 8ly N . . . dIpC (ATP-dependent Clp prote
«  Atargeted cultivation on a mucin defined medium asa sole carbon source in e A > P mucmlfclvens had genes involved in 6 DJPCDFCF_01015 845 VFGOO79  0.45 H:E ATP-bindipng subuni1pC}|)pC) Stress protein
anaerobic conditions the metabolism of carbon sources such as gmd (GDP-mannose 4,6-dehydr
\dentification of mucolytic bacteria @ - galactose, GlcNAC, sialic acid (NeuSAc), and 7 DJPCDFCF 01134 381 VFG23%5 064  JHC O-antigen
. i i i mannose according to the results of KEGG 8 DJPCDFCF 01135 390 VFG2364 0.44  fcl (GDP-L-fucose synthase) O-antigen
DNA extraction and 16S rRNA gene amplicon PCR @ SusC like
« Sequencing of 165 rRNA gene and data analysis peotels pathways ) 9 DJPCDFCF 01304 115 VFG1416 051 2;’“[) (Aspartate 1-decarboxylas |\ jic adaptation
Whole genome sequencing SusDlike “* However, it is also incomplete because oHIE (UDP-galaciose 4-epimera
«  performed using both the lllumina HiSeq™ X and PacBio RSlI platforms at s of the absence of galactose 1-phosphate 1 DJPCDFCF 01438 345 VFG231 048 _, O-antigen
Macrogen to obtain a high-quality sequence by error correction o} Glycan urldyltransferas_e (EC 2.7.7.12) and N- bes1 (bifunctional; ribulose 5-ph
. Annotated using the Prokka Galaxy tool (version 1.13) Periplasm :'r::’::‘:’ acetylglucosamine-6-phosphate 11 DJPCDFCF_02188 255 VFGO700 0.44 osphate reductase; CDP-ribitol Antiphagocytosis
- . . K . deacetylase (EC 3.5.1.25) associated with pyrophesphorylase)
. Functional annotation of predicted proteins was evaluated using the ‘ .
BlastKOALA tool of Kyoto Encyclopedia of Genes and Genomes (KEGG) . ‘ o galactose and  GlcNAc  metabolisms, 12_DJPCDFCF 0232 420 VFG1823 <064 _mbiC (3-0x0acy) lron uptake; Sidarophare
. To analyze carbon-metabolism related enzymes, the genome sequence of — respectively 2VRprofile: a web-based tool for in silico profiling of virulence and antibiotic resistance traits encoded within genome
= 'y )00 000000000000 0000000000000 00 ¢ $0 0000000000000 0« ‘nident . . .
Prevotella mucinisolvens was annotated according to the Carbohydrate- FRFAAAR | PAARRARARAARRAATAY | RRAAAAAAARAAARR | AR |:| ampon sequences of bacteria. "VFDB: a reference database for bacterial virulence factors.
Active enZYmes (CAZy) database using a meta server for automated MALLLLAAAA AN | ALY MUY | I ooroomoo: Table 4. List of predicted genes related to extracellular polymeric substances biosynthesis in the plete of the P. mucinisol
carbohydrate-active enzyme annotation (dbCAN2) Cytoplasm EC5.138 Pathway Function Locus ID \
. Prediction of virulence factors and antibiotic-resistant genes was performed D-galactose GleNAe NeuSAc D-mannose DJPCDFCF_00841
i i DJPCDFCF_00842 |
using VRprofile l Ef ;:;:::: l EC2.7.1.59 l EC4.13.3 l EC27.1.7 Glycosyltransferase DJPCDFCF:00844
Degalactose-1P DJPCDFCF_00852
a-D-galactose- GleNAc-6P ManNAc D-mannose-6P DJPCDFCF 00827 s . L. .
CONCLUSION Wazx/Wzy- Acetyltransferase DJPCDFCF 00835 3 Figure 2. A transmission electron micrograph (TEM) of a
EC2.7.7.12 EC35.125 dependent DJPCDFCF 00845 P negatively stained cell of the P. mucinisolvens incubated
“  P. mucinisolvens had the mucin-degrading metabolic process using a starch Clecsp ECSas pathway Flippase DJPCDFCF 00787 in mucin agar medium at 39°C for 3 days. Bar, 0.1um
utilization system (Sus)-like system a-D-glucose-1P e Polymerase DJPCDFCF_00850 .
< P. mucinisolvens was identified the presence of putative extracellular e 5422 £C3599.6 Polysaccharide co-polymerase | DJPCDFCF_00782 N . ] . ] ]
polysaccharide biosynthesis mechanisms, Wzx/Wzy-dependent pathway and I Outer membrane transport | o oococ o0 % Characteristic phenotype trait of P. mucinisolvens included the formation of
synthase-dependent pathway @D-glucose-6P 4————— B-D-fuctose-6P —. protein . l::ra nched-shaped extracgllylar structures .
% P. mucinisolvens had 12 putative virulence factors related to adherence, stress . . ECs319 i N — . . Synthase- Synthase (HasA) DJPCDEC?DOSM **Through Blastp, P. mucinisolvens were confirmed the presence of putative
; _anti ; ion wi ; ; Figure 1. Putative mucin-degrading p y of P. muc Metabolic pathways that are present in dependent Precursors of synthesis | D0F COFCF_00799 1 extracellular polysaccharide biosynthesis mechanisms, including Wzx/Wzy-
reactions, O-antigen, and metabolic adaption without genes coding bacterial . > . . ) L P Y DJPCDFCF 00834
toxins as showing low-pathogenicity for the host the P. mucinisolvens are depicted in black, and metabolic pathways that are absent in the P. mucinisolvens pathway (HasBC) DJPGDECE 00851 dependent pathway and synthase-dependent pathway

are depicted in red.



