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Isolation, identification, whole genome sequencing, and functional
analysis of a frog-derived chitin-degrading bacterium JD-3
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Abstract: [Objective| To establish a theoretical foundation for the application and development of
chitinases, this study isolated and screened chitin-degrading bacteria from the intestines of
amphibians, optimized their fermentation conditions, characterized their enzymatic properties, and
analyzed their whole genomes. [Methods] A strain capable of producing chitinase was isolated
from the intestinal contents of Rana kukunoris and identified based on morphological
characteristics and molecular biological evidence. The enzyme production conditions of the strain
were optimized by single factor and response surface methodology (RSM) experiments, and the
enzymatic properties were studied. Whole genome sequencing was carried out for identification of
the chitinase gene family.[Results] The chitin-degrading strain JD-3 was identified as Carnobacterium
maltaromaticum. This strain achieved the highest enzyme activity of 12 mU/mL after fermentation
with the inoculum amount of 4% at 31.4 °C and initial pH 4.9 for 2.47 d. The optimal reaction
conditions of the enzyme were 20 °C and pH 3.0, and the enzyme maintained good stability at
room temperature and under acidic conditions. The genome of JD-3 was 4 195 636 bp long,
containing 6 circular contigs, 63 tRNA genes, 19 rRNA genes, and 3 864 protein coding sequences.
Two chitinase genes belonging to the glycoside hydrolase family 18 (GH18) were identified and
phylogenetically classified into two distinct categories. [Conclusion] We isolated an acid-tolerant
chitin-degrading bacterium, C. maltaromaticum JD-3, from the intestines of plateau amphibians.
The findings provide new insights into the development and utilization of microbial resources in
the digestive systems of animals.

Keywords: Rana kukunoris; gut microbiota; chitin-degrading bacterium; optimization of enzyme
production conditions; bacterial whole genome sequence

JL T J5 (chitin) /2 1 N- £ Pt &0 B &5 0 4ePl. JL T J5T Wi (chitinase) J& T B 11 7K i il
(N-acetylgluco-samine, GleNAc)¥ICil i B-1,4-8#  (glycoside hydrolases, GH), HEWEHELL JL T Jii it
TGS 2R, fFEARAPR &R K N-COBESMARE, Wil T i, R
WFLAE RN, 7T KA AR R EHAERVLEORE, JUT BE AT 5 NPy A
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B E JL T B Y v (B) ER AL AL L B-1,4 BEH
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Bl =JUT REEE R IFIE

Figure 1  Screening of chitinase-producing strains.

A: Preliminary screening results; B: Growth results of

strain cultured in culture medium for 4 d.
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5 B AR A LT RS M, B RE TD-3 LT R
BTG PRS0, W) LA I MK F) 0.010 U/mL. X
ID-3 DR T TRVE 43
2.2 JD-3 EHRHIEE

¥tk ID-3 %ﬁ@ LB ‘P4 I, F 30°ClE
MR 3 d e, WERBIEE IR A IEE, i

P4 actamicro@im.ac.cn, 7% 010-64807516
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LB 7 A SRR (18 2)
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(XS5 100%. [RZIR PP 8 A A7 it 7 < Bk
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B AG LT (A 3), HRER, Bk
D3 5 FZFFHF R B M (Carnobacterium
maltarom) . FLBR A FF # (Lactobacillus carnis) .
4 f21 A2 T B8 (Carnobacterium piscicola) % b —
%, IS5 RAFF (Carnobacterium gallinarum)
ok kB, B 5T MR R A
(Carnobacterium divergens) 35 . A H Ik ID-3
LA 22 %52 I 16S rRNA FEFFHI504T, HRek

B 1 U8 52 N A 2F & N B FT B (Carnobacterium
maltaromaticum)
2.3 E#k ID-3 FESR AR

WEA KRR RRE RS, Rk TD-3 P ERJLT
2 KiFikFIRAH 0.020 UmL,

JRORH G AR 2R

Signal A=SE2
Mag=20.00KX
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Date:22 Jun 2024
Apeture Size=30.00 um

B2 BE#kID-3RII R EE]
Figure 2 Scanning electron microscopy (SEM) of
strain JD-3.
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Carnobacterium piscicola (AF184247.1)

Carnobacterium sp. ARCTIC-P2 (AY573049.1)

— Lactobacillus carnis (M58812.1)

— Carnobacterium maltaromaticum JD-3 (NMDC40066841)

99 | —— Carnobacterium maltaromaticum (MT192710.1)

0.0050

Carnobacterium maltaromaticum (MZ713002.1)

Carnobacterium piscicola (AY374117.1)

Carnobacterium gallinarum (NR042093.1)

Carnobacterium divergens (NZUFVP01000001.1)

E3 BE#RID-3ET16S rRNAEEFHIMEN ARG L B
Figure 3 Phylogenetic tree of strain JD-3 based on the 16S rRNA gene sequence. The evolutionary history was

inferred using the maximum likelihood method based on the Kimura 2-parameter model. The bootstrap consensus

tree inferred from 1 000 replicates is taken to represent the evolutionary history of the taxa analyzed.
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Figure 4 Effect of single factor experiment on the activity of chitin crude enzyme. A: Fermentation time; B:
Initial pH; C: Initial inoculum size; D: Fermentation temperature. The different lowercase letters in the picture
indicate significant differences among treatments at P<0.05.
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Figure 5 Response surface diagrams of the interactions between two factors. A: Temperature and pH; B:
Temperature and time; C: Time and pH.
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Figure 7 Reaction proceeding curve (A) and Lineweaver-Burk curve (B).
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20 5S rRNA: contig 1 pilon:566 018-566 128 ()
5S rRNA: contig 1 pilon:835 240-835 350 (-)
5S rRNA: contig 1 pilon:439 559-439 669 (-)
5S rRNA: contig 1 pilon:829-939 (-)
5S rRNA: contig 1 pilon:229 755 0-229 766 0 (+)
5S rRNA: contig 1 pilon:145 197 7-145 208 8 (+)
5S rRNA: contig 1 pilon:429 632-429 743 (-)
—————————23S rRNA: contig | pilon:229 437 1-229 728 9 (+)
23S rRNA: contig 1 pilon:439 930-442 848 (-)
23S rRNA: contig 1 pilon:1 200-4 118 (-)

52’ 23S rRNA: contig 1 pilon:144 880 0-145 171 8 (+)
130

Carnobaclerium maltaromalicum
complele genome

§ 195 6360p 23S rRNA: contig 1 pilon:566 388-569 306 (~)

23S rRNA: contig 1 pilon:835 611-838 529 (-)
16S rRNA: contig 1 pilon:838 922-840 474 (-)
16S rRNA: contig 1 pilon:4 511-6 063 (-)
16S rRNA: contig 1 pilon:443 322-444 874 (-)
10 16S rRNA: contig 1 pilon:229 242 6-229 397 8 (+)
60 2 16S rRNA: contig | pilon:144 664 1-144 819 3 (+)
16S rRNA: contig 1 pilon:569 699-571 251 (-)

El8 BERID-32EFLETR
Figure 8 JD-3 gene structure annotation. A: Characterization and characteristics of the JD-3 genome (Orbital 1

represents the contig length, orbital 2 represents the gene density, orbital 3 represents the gene G+C content,

orbital 4 represents the gene G+C offset, and orbital 5 represents the N base content in the gene); B: Phylogenetic

tree based on predicted ribosomal RNA.
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Table 2 Distribution of repetitive sequences in the

genome

Sequence Sequence description Number of

index repetitive sequences
1 Contig 1 pilonontig 1 pilon 130

Contig 2 pilonontig 1 pilon 7
Contig 3 pilonontig 1 pilon 34
Contig 4 pilonontig 1 pilon 2
Contig 5 pilonontig 1 pilon 6

AN B W

Contig 6 pilonontig 1 pilon 2
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HOoRILT BAYSCHAE AT, k52 B R 5 L
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BB SRS 168 TRNA JE PR 123 5 [ 28 0]
FiRw, PHELEBL Erysipelotrichaceae) . $UFT
W F}  (Bacteroidaceae) 1 JE B W Fl
(Ruminococcaceae) 5 JL T Ji 43 figt A 520, Xt o

AL RWEWR (Bufo gargarizans) Bz IR AN B G AE ¥y 4l
Ao A A B, I B R AR AR W b DA A T R
(Caulobacteraceae) F1 5 2 BE H f & F}
(Sphingomonadaceae) i F, W iE 254 W LA 2%
i W K R BE (Coxiellaceae) 1 % Ji & F}
(Mycoplasmataceae) ) ¥, {5 R I35 A1 8 4~
PRFRAE T B 23 3L ) 5% i WAV Bh i 2B A Y
AT N 9 o i 2R 7 DX )92 o3 A 1Y e SRR
EEIE N ARG E F RN B E, K
REA R IL T Bi. WEMFEIRIER—F) 2z
O3 AR BRI L AR A IR R A ) B
Hivh . Nicholson %51V W P8 F 1| MY b X 75 + 1 43
AT 6 Bh AL H R 9 N AT R 5 Kosiorek
SFPOE R - HE R T h A B 10 AR
B REF . HRaECIONRIS T AR
(A Y S B Y NS R S = BV S
HHNEMRE, RN E RS KR
FREE, Leisner ZP7VR I, 7E 115 Bk B 29 Fhl
RR R R AP, SR AT ) A AT
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wour10 3 FTONDAAVEA VEQEGVOUCCANACY: NASQDLRYSH ML

WP 015075292.1 MULTISPECIES: glycosyl hydrolase family 18 protein Carnobacterium
_|_£ WP 332630804.1 glycosyl hydrolase family 18 protein Carnobacterium sp.
contig 1730 ghl9

WP 322808469.1 glycosyl hydrolase family 18 protein Carnobacterium maltaromaticum
WP 201735698.1 glycosyl hydrolase family 18 protein Carnobacterium maltaromaticum

WP 0345618931 glycosyl hydrolase family 18 protein Carnobacterium gallinarum

EMES8179355.1 chitinase Enterococcus faecitm

WP 252703172.1 glycosyl hydrolase family 18 protein Enterococcus hirae
AE WP 161639842.1 glycosyl hydrolase family 18 protein Enterococcus hirae
WP 081123354.1 glycosyl hydrolase family 18 protein Enterococcus hirae

WP 135018279.1 glycosyl hydrolase family 18 protein Carnobacterium divergens

WP 074401482.1 glycosyl hydrolase family 18 protein Carnobacterium divergens

[ r EFS0110909.1 chitinase Listeria monocytogenes

] WP 003731591.1 chitinase ChiB I ria monocytogenes

——— ODF22613.1 chitinase Listeria monocytogenes
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Figure 9 Chitinase gene family identification. A: Chromosome distribution of chitinase gene family; B: Ten

motif sequences predicted by chitinase gene family; C: Phylogenetic map of conserved motifs of 3-20 chitinase

gene family.
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PERINED, 878 T S IR P Zh W 7EIR A B T
AL R ILT By s, S LT 070 A v 4%
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REgFE MR

HIEAL C. maltaromaticum Rk TD-3 XHJLT
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