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Isolation, identification, whole-genome sequencing, and functional
analysis of a human-derived efficient uric acid-degrading
bacterium M2a
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ZHU Yugqiu!, DU Manxi!, SUN Yuping"®
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Abstract: [Background] Hyperuricemia is a purine metabolism disorder caused by an
imbalance between uric acid production and excretion. The gut microbiota plays a significant
role in purine metabolism, degrading approximately one-third of uric acid. Accordingly, gut
probiotics have garnered wide attention for their potential of lowering uric acid levels and
alleviating hyperuricemia. [Objective] To isolate human-derived uric acid-degrading bacteria
and identify the genes and functions potentially involved in uric acid degradation. [Methods]
After in vitro enrichment and acclimatization with uric acid, a strain capable of degrading uric
acid was isolated from the feces of healthy individuals with normal low uric acid levels.
Morphological observation, biochemical tests, 16S rRNA gene sequencing, bioinformatics
analysis, and identification were then carried out for this strain. In addition, whole-genome
sequencing and functional gene mining were performed. [Results] A Gram-positive bacterium
(M2a) with a high uric acid degradation rate of 82.73% was isolated and identified as
Lacticaseibacillus paracasei. Whole-genome sequencing revealed that M2a carried nine genes
associated with uric acid degradation. [Conclusion] M2a can efficiently degrade uric acid,
providing a scientific basis and bacterial resource for the future development and utilization of
microbial preparations for treating uric acid-related disorders.

Keywords: Lacticaseibacillus paracasei; strain identification; whole-genome sequencing; uric
acid degradation; functional analysis

% TR FLEEAT 1 (Lacticaseibacillus paracasel) — C 84 2 F L TR b il 4554, S5
JE—FE UL L IR PIYERT I, B TRLEAT I IR, ST RSB AT R B R B 1
J&(Lacticaseibacillus), | ZAFET AR . @ W, Bl BB, bbbt s
ERBEE MY, DU O R E Z R AEYE S, SR, N [R] FERELE T AR A
ZHER AR A, Nissh HA=4: 2851, LARVERHE FAFE B 2 F IO AAE R
AR5 A s A LA v e Ak T AR PR AR R b, X HE R S RE A BT
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FERART AL A AR 7 38 TR 55 e R HLAE PRI AR 5
PEDTFENA, AT R BR A 4 7 18 7T fiE
FAEHA EIRTR R AR . AIFFE R AL e 4
PR B IR B, AR PR e ) 608 rp /) s 4l
PEFE YL AT RE FL A v A5 IR BRI D RE B A 7R, I
A g 0 Py - S A T R e, B AEAZ
AP BT, S ARSI & A ol A= i 550 ik
FEIRBRIT T S B A I T A T AL

1 #HRE5r=E

1.1 #&m

R P B B A 2Rl 2 W 4L 550 L 4 77 7 i ik
HEYIRERCREEESE, YRR 10 44 20-22 % Hram it
K — A IR R YL RS 25 (E, 2 h
PRE I S22, B 4 CCUKEAIRAEAR . O AFR
W IE—H NG i &4 5 iR AR R
FPtA R, MRS LR LK F-<190 pmol/L
A, B B AR AR E . A
S AAT B R R A A — i s B R AR AR FE

Dy aHtECHEALS . K202105-08).

1.2 EHFRE

150 PRI : 225 SCRR[1STECH], FREX 1.076 g
PRER T 1 000 mL Z8187K , IR | — 46 pH
HFE 7.2-7.5, Hl&MAHKE N 6.40 mmol/L Y
PRIV WL R FHAEH BEKF 6.40 mmol/L [HFRFR
VI IR 3.20, 1,60, 0.80 mmol/L #¢J& #
JE 1 PR BR VAT

5 B 7L AT 18 5% 57 £ (de Man, Rogosa and
Sharpe, MRS 1A 5573 (g/L): & 10.00, 4
PIIZHT 8.00, MEEHEEY 4.00, #iZiFE 20.00, it
i-80 1.00, BERRE 4 2.00, ZFR4M 5.00, F745
PR — %4 2.00, BRREREE 0.20, BitBR%: 0.05,pH 5.5-5.9,

MRS [ FRIL: 78 MRS A% 57335
fit EHIA 15.0 g/L Bifig .

MRS & JRERRG 3 DL Bk 4 SRR

) R RS VR AE s 711, LA MRS 85 35 24 i
B BIAS B A M) MRS B IRBREE SR L, T
118 °CK [ 15 min £5 .
1.3 EFERFIFNERE

JRIR , 2 s bRAEAR 2wl B, BioFroxx
ONEly RERRIAR G, m ot @A TR s
FRA B AL AN 2 R AU GRAR &, dbat Rk
EREABRA ] Hlumina SCE H #5185 6 &
2xTaq PCR Master Mix II, JtEi4al4 A
WA BRZN 7] ;3 VITEK® 2 ANC R4 B S R AT
WY R R, MEIRZW ™ () FRAF
WOLILR AT R, b R A R A
Al MR- B IR . S H R A LR
H LA L 4 A s E 4 e s i, iR (L
YRS A BRA ] s BEARAX, FEERRHERFL
Fe (DA PR ] 88 A Y, Covaris A Al
14 EHRMSBEICERSENE

FACTH FRBEEL 0.2-0.5 g Brief 3efii, 4354
FhZE 4 ADNUPERLE R MRS 15 PR I A 55 55
o, FE 37 CCIRA LM TEEE SR 36-72 h, #&
JEEC 10 pL BEFR I SIURATAE 4 U BEAS FE 1Y)
MRS & JRR [E AR SR B 7oy 8, dhEehios
24-72h J&, MHREEENRN ., Bt Rt
TR Ml G B R ST SR IE, RN R T
%, RS XL EEZR ] 6.40 mmol/L MRS
I RIREE SR EEATTIME, bR E R 3-5 1K,
BRI IR FIRTEIE S — 2, N IE S TR A
TEFF AT 8 22 R YL A R B RS . PRIBUAAN T 7K 12
FirE % 1 mL MRS AR SR 5 15 mm BOEIE
REELRRESEM, 37 cCRAEREFE 48 h J5 i
AR FRER K AT IR VR, AR R b I
XTIV G BRI T R R K, FH Ak
Bl St T, A T3 B M - B T SR
AP RIS 4 Ab P, SR S FH A A AR LS T A
FHIE
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W5 fidp 23 = i s DR R Wk &5 (25 11 24— IR R ¥
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DNA, VIHAHR, RHAMEEHSY 27F
(5'-GAACCGCATGGTTCTTGGC-3")Fl 1492R
(5-ACCCCACATCTCACGACACG-3") 4" 1 4 1
16S rRNA H:[HF41, PCR FWAKZR (25 pL):
2xTaq PCR Master Mix II 12.5 uL, . FiiF5l
(10 pmol/L)4% 1 L, DNA 4z 1 uL, RNase
free water 9.5 uL. PCR JZ i 2:1F: 94 °C 5 min;
94°C30s, 55°C30s, 72 °C 1 min, 30 IXTGH;
72 °C 10 min, PCR ¥4 1.0%IE R HEEE L HL
VKA 6 H B B A7 e i e 26 2 4 TR
V) TR (R ey A PR W] 58 il 4 LR ZH D 7
K Ff Roary 7 #1520 3L K ¥ 471, il i MEGA
11 XF 4% .0 38 A 40 47 2 51 % 41 B X 3F DA
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PRI AE DGR, A0 D i 256 DX 41 1) e
1.8 ERFBMFRINaGEERZE

SRR R A A TAEY TR

Py A RS FIHE U DNA Jf 47 3 R 241 5 Al [
TE o R AR I e iR fastp HE TR
gt Bra PR AR B R sy, s e i AdE S
Nanopore $#& 18 1 Unicycler v0.4. 8! 4Kk (4 7147
P, FH M Pilon v1.22 JHTRAEFIE, BIE
PR FE b 0 BT AR AR DR SN BE AR ARG o
FH CGView!" A2 il AR SE R A1 P8 1], 4
INIEALRRIE, G5 IS FfEE FISEN | BR
W] 5 2[R 7% B BB 43 25 (clusters of orthologous
groups functional classification, COG)JJRE432S |
G+C Fr i S EER A R /NEAE B o X8 4wy
I T IRR RS, Ok S IR ER A A DG i )
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8511 B FEVEAT U, SERCRE R SRR TERE .
2 HERS540
2.1 REAMEMEKN S BdkRIER

I SR TEMN
2.1.1 BEHBESEYE

W Loy B B SR A AR — RIS, A4
h M2a, WVERAG, BN, KRG,
NGHETT . LR HYE, FRIR, BEHEs .
PR E T R AEEFR, K2 1-2 pm. 582
0.70-0.80 um, JCIEREMHEE, A= 2EH(E 1).
2.1.2  FERRERRIFMN

TERESMET, YMbR B REFE 5 d, %
TR A R PR I R 43 531 R 13.51%.21.95% .35.25%
46.91%. 82.73%, I H 5 EM A%
R X ER 1),
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Figure 1 Characteristics of strain M2a, Gram staining and scanning electron microscopy. A: Colony
morphology of the strain M2a. B: Gram staining. C: Scanning electron microscopy image (5 000x). D:
Scanning electron microscopy image (10 000x).

Fz 1 EFE M2a ELE 5 d RIMNRERPE R 2N ZE
Table I Determination of uric acid degradation rate in vitro for 5 consecutive days in strain M2a

Bi R i) [f) JEU b PR e B Wee A i DR IR VAR J3E AT N ES P
Incubation time Primary uric acid Uric acid concentration after Degradation efficiency of
concentration (mmol/L) degradation (mmol/L) uric acid (%)

% 1 K Day 1 5.873+2.31 5.080+6.41 13.51 0.114
%5 2 K Day 2 5.407+3.06 4.220+1.00 21.95 <0.01
% 3 X Day 3 5.33342.10 3.453+5.13 35.25 <0.01
% 4 X Day 4 5.713+3.01 3.033+2.89 46.91 <0.01
% 5K Day5 5.867+8.08 1.013+£1.42 82.73 <0.01
22 EHRM2aLELER 2.2.2 16S rRNA ERFFIN N R EG L
221 HURNEESER B

K MR VITEK® 2 ANC R 50 % E Fitk Y5 NCBI GenBank X )5 , #] f§ MEGA 11
M2a Sy 2& T B FLIE A 18 (% 2). B R L BT 2). KIEk M2a 5
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Table 2 Physiological and biochemical identification results of strain M2a

A AR B

Biochemical response

5

Result

p-FL I D-galactose

L-fifi 2 /R 75 B L-phenylalanine ammonia-lyase

N E R -8 TN R 2 -l 2 B2 )5 B¢ Alanine-phenylalanine-proline arylamidase
JEHE Sucrose

JR# T Urease

S-PR-4-5-3-M5| W -a-D-F FLME - 5-bromo-4-chloro-3-indolyl-a-D-galactopyranoside
7 2E = B Maltotriose

5-1R-4-54-3-15|We-o-D- H #E BT 5-bromo-4-chloro-3-indolyl-a-D-glucopyranoside
D-#HE 2 D-ribose 2

Ellman

D-£F- 4k —## D-cellobiose

p-H #¥# D-mannose

N-Z, I -D- 2 FE % M N-acetyl-D-glucosamine

-2} LA HE it AR Bl 05| W 1) B-galactopyranosidase indole phenol

15 %R GP Arginine GP

B-D-A WA B-D-fucosidase

WA Phosphatase

a-L-FTHi{A B8 a-L-arabinoside

TLE R 5 Bl Leucine arylamidase

L-FHL - Jot B 5% W i L-pyrroline-5-carboxylate deaminase

D-Hij % #l D-glucose

RESLTT Arbutin

5-1R-4-54 -3-15| Wt -0-D- 4] 2 M 5-bromo-4-chloro-3-indolyl-a-D-glucopyranoside
B-TH #& 4 F[if# B-mannosidases

Mt iz K M B Quercetin glucoside

o-L-7 BT B o-L-fucosidases

ZRILBEAREE Phenylphosphate

TR B2 J5 e i Phenylalanine ammonia-lyase

fi% 2 IR )5 B g Tyrosinase

D-ZZ ZE T D-maltosides

5-1R -4-4-3-15|Wk-B-D-# 2 H 5-bromo-4-chloro-3-indolyl B-D-glucoside
o-P R A HEF B a-arabinosidase

NERER L Pyruvate

S-PR-4-58 -3-M5| W 3L -N- 2, T -B-D-H Z B i 5-bromo-4-chloro-3-indolyl-N-acetyl-B-D-glucosaminide

L-B[H7 {4 L-arabinose
D- AW D-xylose

+

+
+
+

+

+r BHEs we B5PHTE; — AT

+: Positive; w: Weakly positive; —: Negative.
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2 ET 16S rRNA EEFFIEREK M2a HRAZLER

I3 F RT3 7R bootstrap E(1 000 ¥

HA); AR 0.001 0 fCKRAAHTE; 55 M N GenBank %575 .

Figure 2 Phylogenetic tree of strain M2a based on 16S rRNA gene sequence. The number on each node
represents the bootstrap value (1 000 replications); The scale data 0.001 O represents the evolutionary
distance; The serial numbers in parentheses are GenBank accession numbers.

J5 T i 7L % #T 7 (Lacticaseibacillus paracasei)
ZFM54 SL A 3 % 4 R — BUPE (average
nucleotide identity, ANI)Iik 99.2%, TERALE
W SR T EEILEEATEFAE— 13, KT
i L, 1% # T# (L acti caseibacillus paracasei)
2.3 M2a £ERFASH

Ry 20 M5 E TR AR T DI R KP4 75 HL )
fE, XTTERE M2a 1 T2 B Y . 25 R BN,
PR M2a 5 Bt b U854 A 1572 523 043 bp,
G+C it 46.26% , PHEAS 3] — &Y (A F1— 4>
JBORL, K/N3HISR 3 006 900 bp F1 34 148 bp, G+C
TR 46.36%F01 40.55% . LKA A

2 765 4 741 (coding sequences, CDS), 15 4~
rRNA FI1 58 1~ tRNA , 4t K 24 i FE R 2] 85.83%
AR, Bk M2a A1 & — K A8 ik, FE R 4H Circos
Bl AT LA 4T O i A TR T R L R AT
M2a FE 2 I FRFIE (B 3)

2.4 M2a IhgeERE

24.1 COG *#

KRR M2a MRS E 7515 COG
BPE P e i, A 2 073 ALK R A
20 41 COG HifigHr, i S gmtd B 1Y 69.51%.
Hrr gttt AL A5 2 R IE K 262 45
G — LD RE BN AR SCIE A 232 4S5 Zmit i

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1316 A 2 AR Microbiol. China

OGs category
L: Replication, recombination and repair
S: Function unknown
F: Nucleotide transport and metabolism
' J: Translation, ribosomal structure and biogenesis
C: Energy production and conversion
R: General function prediction only
V: Defense mechanisms
E: Amino acid transport and metabolism
[ T: Signal transduction mechanisms
G: Carbohydrate transport and metabolism
K: Transcription
. P: Inorganic ion transport and metabolism
B M: Cell wall/Membrane/Envelope biogenesis
. O: Posttranslational modification, protein turnover, chaperones
[ D: Cell cycle control, cell division, chromosome partitioning
[ I: Lipid transport and metabolism
U: Intracellular trafficking, secretion, and vesicular transport
. H: Coenzyme transport and metabolism

N+ Qarnndary matahnlitee hincuntheacie tranenart and ratahaliem

12 2960KD  Okb gp
28 £ tag,

Q%
Ay
i ord %

§ Sample ID: M2a.Chrom1
o Contig name: Chrom1

| RE Genome size: 3 006 900 bp
A\ b ' n.Contig shown: 1

3K 3aKkDUKb Ik

From outer to inner:
G+C%, depth, gene category and
COG category, respectively
Gene category

CDS

tRNA
[l RNA
B Pseudo

L

Sample ID: M2a.Plasmidl
Contig name: Plasmidl
Genome size: 34 148 bp

n.Contig shown: 1

9kb  ai®

104y

18 kb 17kb

3 EH#HM22a £ERFEENFTRE BRI AIRIKER GHC & PR | JEHE TR |
COG JiREJE/~ o

Figure 3 Completed whole-genome sequencing of strain M2a. From outer to inner: G+C%, depth, gene
category and COG category, respectively.

B ALY R A G I RESEIN 183 1> 242 GO E R

Gt B 28 KL TR B 15 A A S T RESE AT 173 45 PRk M2a fEEN 4 8 F 815 GO %L
G B 5% A SC LA 160 (B 4), XeE  WRIFEH T, 30A 1 575 ARG EIER.
ER 2R R A A E R LT A TIRRER, L0 T RO 2 iR A

WA PG TE . DNA 4545 | 70 1S5 R s P RS iz 1A
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Figure 4 COG classification statistics of strain M2a.

Pes AMRARALA . & B RSP A g
SEAMLA o R RO I 2 B4R il R AR
PR FES A R 5). X5 5
Bl 5 LA] 1 ) REAFTRT 10, 1 B B bk M2a S 83
Z: 55 W TR AL A0 AR BEAC S B Aok R AR W o
(3
2.4.3 KEGG i

He TR PR M2a (195 K 45 85 25 11741 5 KEGG
BHRPEATICRN, BIEA 1 358 D4 RE 17
FFER, H¥ 25 metabolism JZ R4 5 LK
EIRZH), A 844 DRI s HUCRIRELE
SAEHL, A 258 DHHREE (K 6).
2.5 REQIHE X IhRE B R 121

i COG Ml KEGG MfkERE, LY
WG FIPR RGOS RERE N AT 8 4%, 70l
o G i T IER 0 B R A B R 5% A% 1l (xanthine
phosphoribosyltransferase, XPT) . &% i fif
(purine permease, PBUX). MR- 1 B IR 1.1

12 LIpIA rdnsport ana metdoonsim

J: Translation, ribosomal structure and biogenesis

K: Transcription

L: Replication, recombination and repair

M: Cell wall/Membrane/Envelope biogenesis

N: Cell motility

O: Posttranslational modification, protein turnover, chaperones
P: Inorganic ion transport and metabolism

Q: Secondary metabolites biosynthesis, transport and catabolism
R: General function prediction only

S: Function unknown

T: Signal transduction mechanisms

U: Intracellular trafficking, secretion, and vesicular transport
V: Defense mechanisms

(purine-nucleoside phosphorylase, PNP/DeoD) .
W2 04 45 9\ - 4111 il F (purine operon repressor,
PurR) . B N R4 1l 12 A2 M % 7% I3 (hy poxanthine
phosphoribosyltransferase, HPRT). L] RE B
A A AR B K A R T Je Y Tt B % % I8 /IMIP 2
A i (bifunctional phosphoribosylaminoimidazole
carboxamide formyl transferase/IMP cyclohydrolase,
PurH) . B5 M 0%/ R WE g /4 A R C & 1L
(xanthine/uracil/vitamin C permease, PBUG) LA }
Jig WE2 4 gl iR 2% A % 7% il (adenine phosphoribosyl
transferase, APT) LA

3 Wik

ARHIF 5T F) A IR 20 H A AR B R R
R f R, ARG PR R AR 20 v 8 %
YIS —RE T M2a, 2R B R R0 & I
PRIAFE R 2R F] 82.73%, ML L5 . 4
b 27 B B PR 5 o P 43 A 2 BRI R M2a
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5 Bk M2a B9 GO ThEEER
Figure 5 GO Function notes of strain M2a.

5 Lacticaseibacillus paracasei ZFM54 Ht K 4H 1)
PR AF IR — BE(ANDIA ] T 99.2%, JEE
Pk M2a 2 T i LA 1A

KT ML BEAT = —Fh s AR/, 2
FAEG 0 R EEZL G b AR T ImiE T, HAT
9 1B R - A RN 3 5 S ) 45 R AR D RE .
PRI, 7R . BT DR S S LA S AR
I AE R £ 57 [ N M 5T 3 1 D020

A wE B P T Om AR W
(Lacticaseibacillus casel) 54 £, H A5 %
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Figure 6 Annotated diagram of the KEGG function of the strain M2a.
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