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Screening of purine nucleoside-degrading lactic acid bacteria
and exploration of its probiotic properties

REN Yujie'?, SHAN Chengjun', WANG Ying', ZHANG Hui', LIU Haonan', LIU Xiaoli'?,
ZHOU Jianzhong "

1 Institute of Agri-Products Processing, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, Jiangsu, China
2 College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China

Abstract: [Background] Hyperuricemia is a chronic metabolic disease caused by the disorder
of purine metabolism and lactic acid bacteria can degrade purines. [Objective] To screen lactic
acid bacteria that efficiently degrade purine nucleoside and analyze the probiotic properties.
[Methods] High performance liquid chromatography was used to determine the strain with the
strongest ability to degrade inosine and guanosine. What’s more, probiotic properties of the
target strain were studied by drug sensitivity test, in vitro tolerance tests, and cell adhesion test.
[Results] Lactobacillus fermentum SR2-6 was screened out, which had the highest degradation
rates of inosine and guanosine (99.26% and 98.85%, respectively). This strain showed no
resistance to five common antibiotics such as penicillin and chloramphenicol. The survival rate
of the strain was 76.51% after treatment under pH 2.0 for 4 h. The count of the viable bacteria
was up to 6.85 Ig (CFU/mL) after 4 h treatment in artificial satiety intestinal juice. The number
bacteria adhered to Caco-2 cells was (52.29+15.14) CFU/cell. [Conclusion] SR2-6 can
efficiently degrade inosine and guanosine, with excellent probiotic properties. It is a potential
superior strain for the prevention and adjuvant treatment of hyperuricemia and can be applied
into the development of related functional products.

Keywords: lactic acid bacteria; inosine; guanosine; probiotic characteristics
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1 #HRE5r%E

1.1 #8
1.1.1 EMERIE

W 56 MRIFLIR T 40 A AN R &
af, AR STMIRIA . STMIIRY . BT IR 1)
SREEWY . BRSE . FFHEIR . MUR AR EER R
i A U5 S RERIRE S A B I B AR ISR 1 PR 52
55 Fir FH TR AR 2 R AEAE VL I3 48 AR B AR 7™ i i 1
W78 T & S AR TR A BA S =
1.1.2 EFEMEERF. U8

MRS A7 373 (/L) H A 10.00, 4
P 5.00, Fi%5HE 20.00, EERERY 4.00, ZBREN
5.00, BEBRE B 2.00, BRBREE 0.20, FrPEER
=8 2.00, HifR%E 0.05, HIR-80 1.00 mL. JL
BRSO L4 L S w1 I AR I 1 |
HIRAW; LA, RigERAY
PHEABR AR BRECAE . §SEAN, taR
REFHEABRA A L, By mplEa iR
/AHl; DMEM REFRSE | 5 %8 R - XM
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IARA R A HRIRGREIR, KEBRE S
ety AR E]; M5 5R46, Thermo Fisher £
] B4, Nikon 24 ] ; PCR 1X, Bio-Rad

AT

1.2 A&
1.2.1 EMIEL

PR ME T T, 4% (KRB
BOHFIT MRS W7 FREE, 37 °C #ERF
24 h JEHEAT AR R ZR I BRI TRV, , IR L) 4% 3
Tt 2EAH IR S5 P T kTG 4k, A9 2 IR B R0
122 SYERINE. SEIABREMNIGIL

W TR EE IR LA 5% (B HOEF T MRS
RzsEFR A, 37 CCHrEREFR 24 hE, 4 °C.
4 000 r/min 2.0 10 min Y& B IATTEE, FH 0.85%
A LR AACRE B A B R % R 1x10° CFU/mL™,
B2 mL A AR B0 BT 750 pul 500 mg/L
WL - 17 - R Eh 22 v (pH 6.8), T 37 °C.
120 r/min $E3% 0 1 h, B0 508 720 uL |
W, MA 80 pL JhZ k5 (0.1 mol/L
HCI10)Y', REAZS 0.22 pum fFL g I 1 8 5 B

Table 1 Isolated strains and corresponding sample sources
Sample Source Isolated strains Number of strains
Sour pork Dong farmers in Guizhou SR2-6, SR2-3, SR2-6-1, SR3-2, SR4-5 5
Sour soup Dong farmers in Guizhou SS3-1, SS3-2 2
Horse yogurt Xinjiang farmers G-C-1, G-C-2, 1-1, 1-3, 5-5, L9-1, Y11-4, 8
Y9-3
Camel yogurt Xinjiang farmers ALO7, MMS5, 3-5, L1, L2, L4, L5, L7, L8, 22

Sauerkraut
Kefir
Tibetan spirit mushroom

Starter culture

Natural fermentation
Jiangxi sampling
Ordinary Tibetan families

Commercial product

L13,L15,L16, L20, L21, L22, L23, L31,
M9-4, M-M2, M-M8, M10-3, M407
GS7, B,Ly, 9sh, K;M, ArnC1, MX-1, BIL2

AM-2, Y401, LX

7
Gd4, Axn-1, FL6, JX5 4
3
5

d2, d3, LGG, LGGd, AL3
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10 uL FF HPLC #il. g0, fid
0.8 mL/min, FEi 30 °C, FAEAEHA] 15 min,
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BLAST Lxi 7 #r, #fa A .
1.2.5 e

1E MRS AR FiG4 200 pL SR2-6 B
W, BT EXSE 3 MRS
fath, AT HEE. AEE. EhminH.
TIMRE R RINTP A, R WHRE, KK
Fm . SIS R R PO 10 Pt A R .
R E T 37 °C HigF 24 h, R R R
HINE B 42, L NCCLS Zh it bn e Ix 4%
AT
1.2.6 THEL MK

¥ SR2-6 BEFR LA 5%k FE 43 B3R T pH
6.2, 4.0, 3.0, 2.0 i) MRS Nz k573, 37 °C

FRERESE 4h, AIE 0, 1, 2, 4 h BUREUEA TR
L
1.2.7 THREFEIN G

$ SR2-6 REFRMLL 5% BE 43 4 Rh T 0
RHER . & 0.3%AEEL ) MRS %, 37 °C #rE
BiFES hy, 4PA#E 0. 1. 3. 5 h BB TG B
AU,
1.2.8 ALBR&EEIMEEIEHIRLE

PRSI A0 B0 A 25 IR AL 2 RS
THEAFORL g RS TN T B WA
A pH 2.0, 3.0 BB E MR . B3 mL
WT 4 °C. 4000 r/min B.L> 10 min, H 0.85%
AEFER KIS VE 2 G BT 3 mL A B,
37 °C. 150 r/min #%3% ¥ 2 h.4 °C .4 000 r/min
250 10 min WA IR B IATTIE AR T 2 mL
N T Iaierb, IR 4 he FEMEREF, 4391
TEO0. 2. 4. 6 hIFAPIGTETHEL, LIRINAE LY
NN 7 s S PO
1.2.9 ZhM} Caco-2 HHARAE M E

S R H I g, K 3 G
Caco-2 4088 B JH %%k 1x10° cells/mL, LL4EFL
2mL T 6 fLAR Y, FRAiMlAE K BUE )2
RAEETFE A . TR 24 h, FFEEAT
Bk 2 M5 TG AT DMEM 35758 3% 41 it 5% 35
0F & 5 — LR AL, >R A i Bk E50b % 2
W% H 978, B2 mL B53# £ 10° CFU/mL
P B, FH DMEM 35 33 ok TR A 5048 5 430l
AF|HA 5 AL, F 37°C. 5% CO, % F 1 h,
FH DPBS ¥ W17 1k 240 1t 35 1H1 A 26 B A 2L AR 1
B 250 pL 4 0.25%J# i -EDTA M4t 5 min,
J& F 250 uL DMEM K5 F2 3 (7% 10% FBS)Z 1 7H
Ao X AL b 7R A A % LR TR A T T T
TR, AR HEAT 2 B B8 1 i i 2L I A 1 g X
O O & 1 5 i RN
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Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FEF A BRI A% LR B 1 97 1 B 2 A RS PEAR R

545

S/ ALY A i SR (3)
LR 18 25 MK =(1g CFUsmmnmmn/lg CFUsinammm) ¥
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SR2-6, d2. AL07. SS3-2. LGGd HyF&f## Ik
| 95%Lh b FEfRRE T R Y R bR SR2-6 X 5
HF 1 5 R R (98.85+1.14)%, Ff iR Ny
(6.20+0.11) mg/(L-min); X WLEF i 5 258 N
(99.26+0.04)%, FEAFHE%EHK(5.90+0.11) mg/(L-min).
LR AR T R A 25 I 1R 0 S B FLAF B 5-1
T 1 W B USRS Ve Y Lactobacillus casei-S12,
XPWLH 55 A B R o m  11.15% .
6.06%7F1 65.43% . 97.70%. L8], XHALEF
o fige A ] i %) 2L TR T[] AR X6 15 T A, 7 o
SR B8 A A R o 3 AT BB 2 T FL R TR M N mT
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Chromatogram of guanosine and inosine. A: Chromatogram of guanosine and inosine. B:

Chromatogram of guanosine and inosine degraded by strain SR2-6.
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Table 2 Lactic acid bacteria that degrade inosine and guanosine more than 50%

Strain  Guanosine

Inosine

Degrading rate (%)  Degrading velocity (mg/(L-min)) Degrading rate (%)  Degrading velocity (mg/(L-min))
SR2-6 98.85+1.14 6.20+0.11 99.26+0.04 5.90+0.11
d2 98.07+2.05 6.20+0.14 99.03+1.49 5.87+0.08
ALO07  98.11+1.41 6.23+0.11 99.04+1.44 5.90+0.08
SS3-2  97.59+2.84 6.12+0.20 98.42+£2.26 5.85+0.13
LGGd 98.68+1.64 6.20+0.11 98.62+2.75 5.85+0.16
GS7 91.46+5.48 5.75+0.34 84.59+9.79 5.31+0.62
G-C-1  89.1343.38 5.61+0.20 80.17+6.70 5.04+0.43
d3 86.78+8.10 5.44+0.51 77.80+3.59 4.88+0.86
1-3 81.94+5.49 5.15+0.34 69.72+6.89 4.37+0.43
Gd4 72.28+5.30 4.53+0.65 59.63£1.86 3.73+0.75
SS3-1  71.81£9.16 4.50+0.57 58.80£7.99 3.70+0.51
AM-2  70.35+8.46 4.42+0.51 57.30+£7.61 3.59+0.48
IX5 68.18+4.82 4.28+0.31 54.59+4.25 3.43+0.27
B1L4  55.53+3.14 3.48+0.20 47.69+3.03 3.00+0.19

FE 77 7E RE 08 [ fifp 3 218 IS8 A% 1 40 o 1% A% 1 K
FE T KRR T A, MERR R R
e TR PR SR2-6 47— B B iyl 5 .
22 HHRSR2-6 £BEURNEELER
PRI Pk SR2-6 A= B AE AL LI 25 B AN 3R 3 o,
P VRRENS & WA . LB . AR FLRE .
WEWE . ZZEME . ORWE . BOFEREIR R A, T
HLAERE A AL, (EASREA) I H 88 B Fn e
LAl A AR S 56 18 S5 1 465 R ¥ A B . S BRCCH
U040 B & G856 8 F ) U] g 45 ) T Ak
SR2-6 N FLERFFIH & -
2.3 E#k SR2-6 A 16S rRNA EENFLER
1E NCBI M3l |2 BLAST 0 #7 HL X541,
B RE SR2-6 5 & T FL AT HBUAS62195 [ AH AL
PEFIIL 99.86%. K MEGA-X B {4A4 7 1) &
GREWME 2 P, melHERTR PR SR2-6
J& T R EFLAF F (Lactobacillus fermentum).
24 IMEZEMWZEEIIEN
KA R A 21 2 PO R 25 A AN i HLA ]
MR . Rk, R TR W b
FAUBEAT B T ke A B %) LR A 7

£3 BEHSR2-6 £ BAEURNER

Table 3 Physiological and biochemical reaction
results of strain SR2-6

Item Result

Glucose
Galactose
Fructose
Lactose
Sucrose
Maltose
Xylose
Arabic candy
Sorbitol

+ K o+ + + o+ o+ o+ +

Mannitol

Cottonseed sugar

+ o+

Catalase

Double hydrolysis of arginine
Starch hydrolysis -
Gelatin liquefaction

V-P test -
Indole test -
Nitrate reduction -
Hydrogen sulfide -

Esculin -

+o PAMERONE; — BAYERON; . S5FRPERON
+: Positive reaction; —: Negative reaction; +: Weak positive

reaction.
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Lactobacillus fermentum HBUAS62130 (OM320642.1)
97

Lactobacillus fermentum HBUAS62142 (OM320654.1)

100 Lactobacillus fermentum HBUAS62195 (OM320707.1)
99 SR2-6 (OP107263)
Lactobacillus reuteri 1509 (MT597457.1)

Lactobacillus plantarum subsp. plantarum Al (AB813055.1)

— Lactobacillus casei (D16548.1)
100l .
100 Lactobacillus rhamnosus ATCC 7469 (AF429485.1)

—_—

0.02

2 ET 168 rRNA ERFINARFLEN WA IE TGS PP SURIZERAE NCBI Ml I
i GenBank & 5¢'5; AL 4037 BT Mi% 43 B bootstrap {E, (LB R RN 4> 32 1) B A5 BB
s AR I 0.02 R %K B A9 73 SRS EE N 21 9 384 22 5 HE R 0.02 (%)

Figure 2 Phylogenetic tree based on the 16S rRNA gene sequence of isolate and sequences of relating
species. The serial number in brackets suffixed with the strain name represents the GenBank accession
number on the NCBI website of the strain; The number on the branch point of the evolutionary tree is the
bootstrap value of the branch, the larger the value, the higher the confidence of the branch; The phylogenetic

tree scale of 0.02 indicates that the branch of this length represents the genetic variability of the genome is
0.02 (%).

Hi2 4 JPHT AT AL, Witk SR2-6 X H®R . A% A SR2-6 XI5 % R M BUSMERR, 7w R B
R.OMAIER . AR CRAMREUE, XK 24(3.07£0.09) cm, X 27N PUAK B BUR M A
KGR PSRRI, XEIFHiEl . BNy EBERN 0 cm,

BLOTIER ., Z WM U Ho, RWRL 2.5 ABEZELATE SR2-6 MiER &8

24 FEREENEELSD FUIR R 2 R 4 AR DIRE, 152 B A I
Table 4 Results of inhibition zone of different ANV FIMRAK pH (HAYAESs o B HBAY pH fiT— e

antibiotics 2.0-4.0 yEREAZAL, ARLEEE T pH 2.0, 3.0,
Antibiotics P?I;{efef of - fenslitiVitY 4.0 X 3 MEREEEE R SR2-6 THERRE J1.
1nhibition zone (cm eve
v Sar } .

Chloramphenicol 2.50+0.04 S H E’:J ?L@f{{ﬁ %@Zﬁ:}%iﬂﬁ% , pH 3.0 5
gi:;?i’;ijzle g'jéig'gé l; pH 2.0 AbFRZH ()75 TRIEE AT B . i T IR #k SR2-6
Ciprofloxacin 0.63£0.00 R Bi 9% 24 h J5 iR pH B 3.83, K pH 4.0
Erythromycin 2.48+0.16 S IRE X Z R LR T A9 IR W AT A S5 T .
Tetracycline 1.11£0.06 R SKe fp - e e fope s

Gentamicin 1224003 I HZIMUIE, RARIFIENE L. curvatus 8
Ceftriaxone 2.61+0.19 S TE pH 4.0 54 F HG w4 0.3 1g (CFU/mL)

Ampicil}in O‘A.OOiO.OO _ R i E/‘J/J\fl]ﬁjiﬂ‘[slo 4!%”‘5{3 SR2-6 7{ pH 3.0 %i%qjm\
S: iU 1. A TFHUR S AR R A s o "
S: Sensitive; I: Between sensitive and insensitive; R: H4h Eéﬁﬁ(ﬁijg 97.05%. %E pH2.0 s AR

Insensitivel!. MEET, kK SR2-6 ITHHEECA I R, 4 h )5
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- CK —— pH 3.0
—— pH4.0 —~pH2.0
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o)

>

3

(o)

Total number of colonies (Ig (CFU/mL))

Time (h)
3 REEFLATE SR2-6 MR AE S
RN 22 5 i 3 (P<0.05)
Figure 3 Tolerability of Lactobacillus fermentum

SR2-6 to acid. Different lowercase letters indicate
significant differences (P<0.05).

KRNG5

IhtEik ] 6.48 Ig (CFU/mL), fAIG3%N 76.51%,
YL Lactobacillus fermentum SR2-6 H&GHEHT A
R ZHAE LT H SRR BT 1 fig
2.6 AFEFLFTE SR2-6 MIREELEE S

NAKR B PR IRER R B —h 0.3-3.0 g/L,
RE 7E I Mk B2 50 R N O A T 10 2L IBR TR B
HA T B A AW A R e . B 4wl

—
—

- CK — 3.0 g/L bile salt

S

Total number of colonies (Ig (CFU/mL))

Time (h)

4 EFEFLATE SR2-6M{AEEREE S
TRERIRZE 5 3 (P<0.05)
Figure 4 Tolerability of Lactobacillus fermentum

SR2-6 to bile salt. Different lowercase letters
indicate significant differences (P<0.05).

RANE

Lactobacillus fermentum SR2-6 ¥£ 3.0 g/L JH
U FE ) MRS RS SE 1 h IEE BT %
2.16 1g (CFU/mL). FifiZ5 B [a] A4, 376 TR A4k 2%
BEFREES, 75 3-5h NETFER, ¥ Sh)E
Il AT B2 4.79 1g (CFU/mL), 15 18 77 %
g 54.43%,
2.7 AEEFAFE SR2-6 AL EMiRMTZ6EN
JF SR SR2-6 BB 75 IUA £ 35 g i I
D7 — 28 K P B35 A, 43 e AR MBI
FZS JE 2 BRI HARTE R, & 5 A,
28 3k AR TR R) A b R, P RECIR S TR Y TS B R
A& T ERE . AERUE B BNk
2 hJ5 SR2-6 {EWE LI/, kL a4
G 4 h J5 HARTE RN 77.75%, TEH
M 6.85 1g (CFU/mL), FF4 A 25 1 50 1%
BB SR RO S B AR TR, R AN
HAb 2 h 5 REEILATH SR2-6 MYIE R ECH
7.3 lg (CFU/mL), REiA 2 Az 26 70 i9 i 1 2K
BUR, SRMARSETE IR 4 h 5 HIEE
BULAT 3.58 1g (CFU/mL), 5 [A] IS v 0 5 4% 1
T TR RO > 47.74% 6

r =+ CK -e- Full state -4 Fasting state

—
[\

—_
[w)

Total number of colonies (Ig (CFU/mL))
[e))

o

o 1 2 3 4 s
Time (h)

5 %BEITE SR2-6 AT BRI Z 8T

AN R R R 22 57+ 1 # (P<0.05)

Figure 5 Tolerability of Lactobacillus fermentum

SR2-6 to artificial gastrointestinal fluid Different

lowercase letters indicate significant differences
(P<0.05).
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2.8 %E2FL4FE SR2-6 FHMt Caco-2 ZHAR
g

FLIR L R A PRI RERR T F 2 HA —
1) W iE T 52 fe 1 b, T B A B A
MBI ARE 1. NI 6 R, SH LR
J& , TR BT T WA F] Caco-2 AL K A
A db BB P FLRR TR R A . EA T R B T, A
Pk SR2-6 H 15 H %M (1.2120.24)x10° CFU/mL.,
RS Caco-2 AL E L5 A5, Bk 40
Ji | Y3 TR B0 (6.2840.13)x10° CFU/mL., LR
T 286 50K (52.29+15.14) CFU/cell, ZhiFiE# -k
(74.52+1.45)%, 5 b7 B 25 P20 5 1 ) g iR L AT
P KLDS1.0901 FZKEE(12.73%)F0 & i 45
I 356 H ) B A BUBC AT B TR Ak DD98 1Y 4 i 26
W %50(581.17+62.79) CFU/100 cells AH [, & BEFL
FFTE SR2-6 1 4 MU 5 B 56 S ZH R AR 5, 2R
AEJT LT,

3 WREER

o PR IR MILAE fE 8 5 8 A EE, HmiE e
Yot b LA 1 A 5 O L Do A W s 2 R
AP ZER . A RGBS A LR Rk T B
38 T AT TS U6 7 R PR IR IILAE , 1 HL R A G
RIER . AT E IR S . BAK

6 %I #FE SR2-6 Mt Caco-2 ZHREIE

Figure 6  Lactobacillus fermentum SR2-6 that
colonize and adhere to Caco-2 cells.

BUAY— R LR T PA-3 BEWG W04 A% 1T KA M
T A P R LA ) M i, ek /D DR R A i Y
Ni S PV o 43 T X L A 1 A
RUCRTE 40% LA 1) 4 #RFLER BT . TR B R+
FLAT B PR IR V8 71 FLIR TR I 52 38 A X 8/, 7=
WAL s, Wik, F5 A% 54
FEPE R AT A LR DR TR A BT R

A5 R HPLC Jy i i 6 H — BR R AL
S TFERE S A 99.26%F1 99.85%H4 & BEFLAT
B SR2-6, 5—#XFWLIT A ST BEAR RN 59%
A S1%H9 & BEFLAT I TSF33 120141 L R A 3R
B3 KR W LRI AERAEER
AEE . MTER ., aBE . LB AR Z,
ARG A g AR TR o 2% B R AR R ER
B MREREREE . BLRURIE B i 5T A R
TR 32, 28 pH 2.0 38 B2 FREE AL FIS X B R Y
TR RN 76.51%, 835 & T — oo LT %A e
J1ik 99.32% M % FHICFLAFE NLO2 7EAH[A pH
ZAERALFE 3 h 519 54.41%4E0E %27 % E bk
NI B B PR R AL B 6 h J5 B9 IS AN
6.85 1g (CFU/mL), fEI&% N 77.75%, LLIF#R
STV H A — M LR 5 1 PR AR R TE 90% L)
FFLERE NL37 78 B Wil 35 b 7776 5
1.41 1%, ZBMRAE Caco-2 4HMI Y FHRTECH
(52.29+15.14) CFU/cell, 4R I8 M — R 7L IR
# C174P8 9 B it %k 7.4 CFU/cell 5 4-8 1§,
FhERE ARG, W £ AR T AR BRI BE IE R R
2R

H i 3¢ T 2L IR B I 5 DR BR K- HL A A A 5%
WA 4T, H R R o A ML LR TR X M
Al B WM R o F AR VR . A B
FLER T DM9218 S5/ b Bz 4l 5 4 W i 9
AT, DI RERAR/N BRUA I PR R K- o BHYR
R SH PV BT PA-3 Al LU/ g il Xt
BRAE . R ER A IR, DAk 3] AL i PR R 11 1)
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BE25 /)N A0 L 11 5 R S SR Al 1 i AL S 2R
A R RER . b, 3T FaR LR B 4 IR R
BT Ko R R A bl %, AS T 5 0 32 T 1 1) K 1%
FLAFIA SR2-6 AI LI 5 718 b R 4 i 5e 4 i
Gy AR ) PRERJEE P BRI WL . S, kb
HEEA R, N FREACRER K. BRI SR2-6
TEREMRNLET | A Bl R v = A /D I8 T e
AR A SRR , (R A~ AR D, 2
B A ] 2 5 B AR

AT U 2 — PR X L A0 5 T i
RE N B35 0 E LTI SR2-6, Hogk AR RrbELL
R, fF&amEm AR, afEy AR
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