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Table 1 The experimental strains
@ Ak % AR BT 444 kR B

R ALATE M1 Lactobacillus gasseri JM1 1 B 3L UM i

TP R R SLAFE J1 Limosilactobacillus reuteri J1 VG A SR B L s
& T B FLEE AT JYS56 Lactobacillus paracasei JY56 B B G K B SLA S
& TR ELES AT 92-3 Lacticaseibacillus paracasei 923 0 A o K BE SLAH)
&) F 8 LB AF 1 TD062 Lacticaseibacillus paracasei TD062 G A G R B L S
& T e sLE AT DI Lacticaseibacillus paracasei D1 VG A R B L) o
& TR SLES AT D9 Lacticaseibacillus paracasei D9 B B G K BE SLA S
& T 85 5LBS AF H TDO60 Lacticaseibacillus paracasei TDO60 0 58 A% Yo K BE SLH) S
& T B SLEAF @ TDO89 Lacticaseibacillus paracasei TDO89 VG A R B L) o
& T8 SLBSAF @ TD091 Lacticaseibacillus paracasei TD091 B B G K BE SLA S
& T 85 SLBS AF ) TD099 Lacticaseibacillus paracasei TD099 0 8 Yo K BE SLH
&) T 85 5L AF 1§ TDO62 Lacticaseibacillus paracasei TD093 0 A o KB SLAH e
& T 85 5LB&AF 1 TDO39 Lacticaseibacillus paracasei TD039 B B G K BE SLA
REHESLEATE JY027 Lacticaseibacillus rhamnosus JY027 1 e 2L U W i
AEHILBAH JLI Lacticaseibacillus rhamnosus JL1 Al B 3L U i

RE LA E 20-3 Lacticaseibacillus rhamnosus 20-3 1 BB )L M i
REAEILBEATE 20-1 Lacticaseibacillus rhamnosus 20-1 R BL LI i
REBEILBEAFA 19-1 Lacticaseibacillus rhamnosus 19-1 il B 3L U i
REBEILBEAFA 19-36 Lacticaseibacillus rhamnosus 19-36 1 BB LM iE
REBEILBEAFA GG Lacticaseibacillus rhamnosus GG TEBRADAFRBRETEER LB B AN PO
A4 & SLAFH HDBR Levilactobacillus brevis HDBR W A R B U o
AL A SAFE 71 Levilactobacillus brevis 7.1 G A K B L o
s ESUATH 72 Levilactobacillus brevis 72 B B G K BESLA S
AL AEIAFE 23 Levilactobacillus brevis 7.3 W A S K B U o
BIRESAR 74 Levilactobacillus brevis 74 V5 A S R B L s
IR AESAR Z11 Levilactobacillus brevis 711 B B G KB SLA
R SLAFE M-97-3-9 Levilactobacillus brevis M—97-3-9 0 A o K BE SLAH)
AL A SUAFE SC Levilactobacillus brevis SC WG FEAE S8 K B L s
A FLAATE ]26 Lactiplantibacillus plantarum J26 VG A R B L) oo
A ILHATH 63-16 Lactiplantibacillus plantarum 63-16 B B G K BE SLA)
M LA H 63-15 Lactiplantibacillus plantarum 63-15 0 58 Yo K BE SLH) S
AL FLHLAT ) 63-17 Lactiplantibacillus plantarum 63-17 VG A K B L) o
A LA H 64-14 Lactiplantibacillus plantarum 64-14 W A R B L) o
AL FLALATE 43-11 Lactiplantibacillus plantarum 43-11 0 A o K BE SLH
A LA H 1004 Lactiplantibacillus plantarum 100-4 VG A S R B L o

KB Rs R FUAT A TSF331
X WA E ATCC 25922

& ® EHEHHE ATCC 25923

Limosilactobacillus fermentum TSF331
Escherichia coli ATCC 25922
Staphylococcus aureus ATCC 25923
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1.2 UEH5E&

= R R B O L, T [ Sigma A PR A 51260
Infinity T 78 5 20 AH 354, S ZHEIE AT,
B BRI , 5% E Molecular Devices 23 H] .
1.3 FEBEXNEEHMANEFREEE DNE

PR L R BR DL 5% 1 LB 280 T JC T MRS #
Ry IR 37 CIRAEREF 17T h, IR 2 5,4
7 000 r/min #.0> 10 min J&7, YWHEFETR, i HLHE
PBS Vi 2 Wi , AT PBS W, & H . AR TR ik
JE°4 108 CFU/mL, B 1 mL B &K £ 7 000 t/min
B0 10 min J5, 40 3N A 1 mL 79 1.21 mmol/L 1Y
AP RN PR W, R IR 5, F 37 CIRA S
7% 60 min,7 000 r/min £ .0> 10 min J5 37 Z] B 900
L VW, A 240k 7] 100 WL, 280k g, TR
A1JE M 0.22 wm A9 UE R B8 B 20 L FRR I
i HPLC 4347, (35 454 . R AH (15 E clipse
Plus C18 (250 mmx4.6 mm), ¥ishHH N 2861 20
mmol/L 1 KH,PO, ¥ i : H #E=90: 10 (V/V) , Iii i
M 1 mL/min, #1588 25 °C, KM% 8 254 nm, 47
HrEF ]2 10 min, FEAR 3 A ()15

i (%) = L x100 (1)

0

A Co I ST (UEF ) bn HERS R A W 6 Tk %
mmol/L; C 2 SV J& 55 1 (WUH ) b 1 95 WA 1 4
W mmol/L,

1.4 FHIEWSLEAGRNNE

141 WEWR ., WEW RS G&  HER
1) il & - B Ak 2 AR5 40 0 R Bk, 28 7 000 1/min
250 10 min, WAL B, (8 I JC I PBS BE¥ 2 1K,
el H B W 24 10° CFU/mL, 558 T PBS 2% ih il
e, . WA . BB LR R R D)5
200 W 54 F, TAE 5 s, 4500 5 s, 241 10 min, ¥
A )G P E W T 7 000 v/min 2.0 10 min J& , B E
A 0.22 wm JERET U8 S, PR BRI i
B 45 B R T 37 CIRERE 3% 17 h, 48 7 000
r/min &0 10 min J5 , BCEE , #H 0.22 pm 38 5
wTugfE  REA A

1.4.2  TRPRXT B RS S AL BRI PE R Sk
R HR 2,10 96 FLAR I PBS 28 #hifk .0.20 U/
mlL B S 4 S A T V25 VR R I VR (O EE 8y st i
W), T 37 CHEHE 5 min J&5, ilA 1.77 mmol/L 11

WA V5 VR, 0 P B A AL 0 1 295 nm A0 3 22 W '
B AER 1 min J0E 1 W, JETHIE 5 min K20 45
TR B AR A D ) R BE A 2 (2) T

. _ /1_0D,-0D,
IR (%) = (1 OD.—0D. )x100 (2)

P A S ESINARE R ) BRI 2 B
S TR S5t AN 45 Jon g ) FE A 6 IR 25 € S S A
TN i ) B S 2H 5 D SR AN S 0 e TR
EREDOPIEAi

&2 XOD EFMHMHRE TR
Table 2 XOD activity inhibition assay protocol

28 31 A B C D
b ik /L 0 50 50 100

XOD/pL. 50 0 50 0

A o vh B /L 50 50 0 0
3R A /L 100 100 100 100

1.5 EFHAHSH

15,1 R E T & AR DNA 5 &
Ui W9 5 45 B BR B9 5 DNA, 2% 2 IR 18 2 & I
I o SR 4 2 DA S A 7 SR s A AN R 47 A B
B SCHEE R 2 AR R £ R | % T Tllumina No-
vaSeq M ¥ -5, [A] R 268 = AR 5 20 00 )3 42
A, FHF PacBio Sequel Il J5F £ X 33 46 3C )% 43 51
HEATINT .

1.5.2 WG R0 R LG XY R s T
BAE S R AR B B Al . HGAPRUAT CANUP %K
PEPRR U T pilon™ R AR RS IE J5 |, 4R 15 56 5 11
FEH A K GeneMark SRR A4 3E 47 g i FE [H
T 3B 3 DR D R IR DA VE RS, 538 FH ) e A dE
JE L% T 8 g B DAL ) s 00 5 PR] 1 2 1 o
FF 5143 51 5 eggNOG KEGG GO %5 ¥ 5 )% it 17
BLAST X, X B A 11 35k R T B 2R 47 3303000 43 A7
1.5.3  PRERACIEHAE CEE H T X6 FR R A% 1 AH 5¢
FEHFEATEIRA M, A R SCHk v R R AR5 1 A G
L, f# ] diamond blastp ¥ & P 4 5 85 11 )5 471)
5 NCBI . KEGG %5 %4 2 v R A AH DG Y 25
JF 30 R A7 Ll X2, X6 6 R 21 Hp R BR R AR A O 1
FEH AT I RR R

1.5.4 B IHFRIUERSOES T R BLAST
A, B R gm s 1 E 8 5 R AR OGS
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B4 5 (VEDB) LA Kbt A= bt M 54l 7% (CARD)
(B JE TR 7 90 AT L, T A i TR 4 TP A A 1Y
TR S SE R DL B A R UM G 3E

1.6 ZEMiE

1.6.1 WIS E 45 5% 42 Rl i 43 51 12 Fh 1) 25
FRK B TR 3 Rl R AT 28 W |, T 37 C4%
PERREFR 72 h 0, i AR 9 W, WLEE T N
US| R 5 2 R, A R R B e R AT ER AR
55 0, W) kg B 5 25 00 ok ) e T AN AR, )y
B

1.6.2 Wit R 142 B PR E I A 1 Al
FRIZ, T 37 CE&AMF TR 3% 48 h Ji , LB A LI
Ui FE B, 5 7E 5 3R 5 00 A K TR R R R % BB
SRt Oh = I 5 A5 TE A VK 8 L IR B P, ol -
VES ML 5 XoF 375 0 TG AR FH SRV L, oy =5 0L

1.6.3 il iR 45 38 DR B 15 MEAG T $4 5% 11 2 Fh
WA lIE: o ES R g e e e S i i i el = PO (O
F 37 CEMTHFE S d i, Jein 5%n m Ak A
(KI) ¥ 10 35 , 8245 1 0 5% 1) V& ¥ % 10 75
WL Z T I KTV TFNVE Ry 35 WIS i 25 51 | 3 Jk
VAR D) SRy BH Y S VS VRO AR A T SR B
1.6.4 25O A5 e UL R E WL bk
FONMEAHER 45X ARDE ARDE R
WA | ERTUMAE 20 Rl R T 258056,
1 A L A O T LT 2 45
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K 11 SPSS HLIA R J5 2243 BT (ANOVA ) 2 4
AREIME, WP LR A LSD K56 % S-N-K K5
P<0.05 RWI4 R BA W E 2R, i Origin

2021 2214,

2 ZHR5HW
2.1 EFLEEX SEMAEF MR

WFoE W], FLAR B T LU i B 1 5 FDLEE
oK O fifk ey PRI IRE, Ay 0 18 2L A 98¢ oo o A A 1Y
A R FLIR P, % 35 Ak LR DA A ik S5 1 R UL 1)
Al AR TIE , Offof FH  E ELA % DR R T RE Y A
Ky VE R BHPEXT B 25 SR A& 1 BT L35 BRiE R
XF 5 R B AN AR R A ol R 1a
ATRVE Y R ZL AT I8 1Y 027 % P RS W 3L
FEIE I8 LM AT 1 923 L fl T g 7L AT
D1 %F &5 45 /Y B i 22 43 5 80.27% ,71.24% ,
61.12%,63.23%, H & & T HE R K S0
W fif %2 (P<0.05) , Ho b B 2450 2L & AT 7/ JY 027 XF
B B R A R v T T A IR R AE IR
B FLAT A TSF331 AR IE4] (75.6%), Wi 1b
N, BUEBEFLESAT I JY027 . % FORS W FLAT B
J1 BT P LB AT R 92-3 @Il T & 2L FF B D1 X
WU 1Y B it %05 ) N 87.33% ,70.71% ,67.25% ,
64.83% , H 1 % w5 T 8 O L 00 B i R (P<

2
1

LT R fifp 5
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g€ & 2 g 2 g

T T T T T T

w2
S
T

s
T

B BR 44 P

Strain name

(b)

T AN A /NG 5 BEACR ] — I ) A [R] 41 2 i 28 53 o %5 (P<0.05) .

1
Fig.1

FBREXN B (a)MIFEF (b) WREFEE

Degradation rate of guanosine (a) and inosine (b) by lactic acid bacteria
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0.05) , B4 7L B AT T8 JY027 X UL B B i R Al
e TR HA R RIRAE TR X IR (76.39%) .
DAL 308 Ao X % TR Ak 5 0 LT R foe 23R 0, 4
A 4 MRS R Y 5 55 s B v e )
BRI PE
22 HER.ANBFWERAREYI XOD HilFl =
WFFTF W], 38 2o 410 1) B S S g ) 3 1 T
[ 2 77 N S T i N s 1B S I B2
17 356 1) B2 7L I FF TR Y027 . % B ECOR Vi LA
B 1 BT S LR AT 92-3 Bl R FLES AT I D1

100
100 -
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8
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FS
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40

XOD il %
Inhibition rate of XOD/%
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8
T

20

XOD il %
Inhibition rate of XOD/%

4 FR LR TR TR R NS B AR ) X XOD i
il SR O, 1O 3 LA A v AR PR TR A 1 3L
R DA WL 2 B 0 55 5 R0 LT L3¢ e B il 3 1
RSB JY027, Ho Bl N & 8 S AR
P X XOD i 2 AR & 0 30 == 4 ik )
85.71%,78.34% ,84.05% , i T #5 e (U H & 3 VR
(P<0.05) , AT BHM: X HE 245 47 5 REE RS 2. (95.95% )
FH O, AT O B b L B AT I JY 027 HAA R m Y
R PRIRAEFH o PRI, I 2520 06 o Bl 2 # 7L 6 AT 7
JY027 47 e SE A K& et Hr

XOD i i %
Inhibition rate of XOD/%

(b) (c)

2 HE®(a).BEANEY(b) EEKSEY (c)3F XOD Byl %=
Fig.2 Inhibition rate of XOD by bacterial suspension (a), bacterial contents (b), bacterial metabolites (c)

2.3 REMIABITHEIV027 2EFAHTER
231 SERAFI N R cgview 23l 2=
WEZLEE AT B JY027 SEH AL B I, & 3a i,
2 VR PR 1) 5 DR R — A A B TR ) 9 B R AR
AR R, H R B R K B R 2 989 570 bp,GC % &=
H 46.8% ., FIH GeneMarkS # {4 T B, 25 4 3L s
FFBE JY027 J PR 4H v i g i i P, o0 35 2 767
A Gt (RS 84.6%

FIH egeNOG-mapper 3% 14 1 B B A A ) %
e A I g AD LR, amad o bR B R AN 2
A BRI — A eggeNOG(COG) H, I Fi I 2
FPHIAH T8 . R ZLEE A B JY 027 1) COG )
B2, K 3b i, R FL B R
JY027 5& K4 /) 8 175 £ 2R R oKL &9
iz i ARG (280 A4™) % 5 (195 ) = AL R s i
AR (173 A) B WL F i S (117 4)
LrRer . WY 2 LR B T LA SE A T SAEAR

T3 % OB A I UL LA B 0 Y v SR S B0 B i
VAR 25 L 2 1 o A0S /0 R A) BR 1R 7K S8 AT skt e
PR I ok Ak G AR D g 5 R IR AR A 1R KOG
1 ,COG 41 R FLRE AT 18 Y027 HA K £
R K AL A AR A L PR, 1 9 0 32 TR ik T
DA 2 815 e K A G A e 8 4 R R AR
GO(Gene ontology ) FH >k 4 11 1 14 £E 9y {4 v &
PRI S5 DR 7= 0 1) D A2 2 ) il 38 i R A 43 7 D
JIT b B A0 AL DL e 2 S AR A R GO TERE
K HI BLAST2GO AR 58 1, 8] 3¢ 2 B2 HE FL I
FFER JY027 19 GO TR 25, 78 =0 2L
FFEE JY027 HALyERE T 12 389 3L, F Z iR B
FEY R R (1905 ) o FIIEE(1 841 ) 41
M AL A B AR (729 ) B T4 A (635 1)
A G G (616 4N) FFsr2erh, Hd A )%
o 8 SR S 2R B R A AR R A A DG
Fit A5 TR AT D o T i 5 3R R A X A A 1
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Fig.3 Results of genosphere map (a), COG annotation (b), GO annotation (c¢) and KEGG annotation (d)
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AE R TR A (68 1) (K AL & WX
(313 ) = LR i AL (147 4>) FRE £ AL (83
AR ER T Hrh AR A 5 IR R A %
FHOG, PRt — 20 4 #r 55 IR IR A A 5% 1 EAK G
LA
232 IREACHEIAHCEE 00T X B ZL RS T
B JY027 A7 IR R AR A DG B K 2 i, i
BB AR S R A A DG R SR R, AEE PR Y
£ BE 53 B TR AR ELAT [ PR R D he iy D I

3 i, RZEMEFLBEAT B JY027 3L A
4 T A G i OB R S A R I A (IMPDH) |
9, I8 1V — Tl PR 2 TS (GMIPS) | M2 V& 427 4 i R A il
(PNP) | 15 WS B 2 A2 W HE 3 #E Wl (XPRT) R H 2
BE IR 444 T (ADSL) |1 04 I 42 B (GDA )P iR
WEE W8> Tl TR A% W i B RS TfE (APRYT) | i 1 I 20 1 (A-
DA ) B35 YR N B 1R A% R L % A% i (HPRT) AN
8 2 A 2 T TR 98 il (PRPS ) P LI JE IR, B3k
JLRN Y 2 5 PRI AR 72

WE 4 2R A Bos BE, 5 5 - R A% b
=W B2 IR AF (ATP)TE PRPS VEJH R 4= il S-#i iz
K1 FETE TR |, 5T R A% W —1 - FE W IR AE — 2 1
FH R A Bk ¥ 2204 % 7 iR (IMP) , IMP 7 IMPDH
MAE T A BB I S % R (XMP) , XMP 7
GMPS W /E I F Az il 5 B2 0% 4 1 B2 (GMP) ,GMP
FERG IR T A2 B S | S5 7E GDA AR
AR R NS R AR OR R TS SR ET DLAE
HPRT (7EH T 4= i GMP, PRt a) ARG ARG 2 i 1
MRS ) KF, HEE RS E XPRT M1E AR A pl
WL WA A% A5 IR (XMP) , DT BEAIG T Az B3 3 I M4 1) 7K
S, 1 A B B DR IR (1 H e IMP 38 AT LR
ADSL A/EHI T A= IR 28 4% H R (AMP) , AMP 7£
% B A AL R A2 U, BT R P AAE ADA /Y
YERF AR R B IR A% 1, R B IR A% A
PR B R AR IMP, - R4 T LATE PNP F 48
bR A R RS | BRI RS ZE APRT 9 1E F R A %
AMP, SR R B> AMP #4680 IMP Y, A
It AMP HRE7E IR AL A VR T A= i ATP, 8] 422 05
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Table 3 Analysis of genes related to uric acid metabolism
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Fig.4 Schematic diagram of uric acid synthesis
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Table 4 Analysis of virulence related genes
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Table 5 Gene analysis of antibiotic resistance 2
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Table 6 Drug resistance results of L. rhamnosus JY027
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Screening and Whole Genome Sequencing Analysis of Lactic Acid Bacteria

with Lowering Uric Acid

Miao Chao, Zhang Yu, Yang Xinyan, Jiang Yujun, Man Chaoxin®, Zhao Qianyu
(Key Lab of Dairy Science, Ministry of Education, College of Food Science, Northeast Agricultural University,
Harbin 150030)

Abstract Hyperuricemia is the biochemical basis for the development of gout and is a serious threat to human life. In
this paper, focusing on the relief of hyperuricemia by lactic acid bacteria, the guanosine and inosine degradation ability
of 35 strains of lactic acid bacteria was measured, and it was found that four lactic acid bacteria had high degradation
ability to guanosine and inosine. Subsequently, the bacterial suspension, contents and metabolites of these four strains
were used to the inhibition experiment of xanthine oxidase activity, and the strain with the highest inhibitory ability was
selected for whole genome sequencing and safety verification. The experimental results showed that the degradation rates
of guanosine and inosine by Lacticaseibacillus rhamnosus JY027 reached 80.27% and 87.33%, and the inhibition rates of
the bacterial suspension, contents and metabolites of this strain on xanthine oxidase (XOD) were 85.71%, 78.34% and
84.05% , respectively. This indicated that the strain had strong potential uric acid—lowering ability. In addition, through
the whole genome coding gene prediction of Lacticaseibacillus rhamnosus JY027, it was found that the strain has multiple
genes related to uric acid metabolism. The safety of the strain was verified by indole, hemolysis and other experiments.
This study provides a theoretical basis for the application of Lacticaseibacillus rhamnosus JY027 for relieving hyper-
uricemia.

Keywords lactic acid bacteria; hyperuricemia; Lacticaseibacillus rhamnosus; whole genome; safety



