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| solation of hypouricemic probiotics and exploration their effects on
hyperuricemic rats

JN Fang YANG Hong'
(School of Life Sciences and Biotechnology, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: [Background] Hyperuricemiais well-known as a kind of metabolic disease with abnormal
higher serum uric acid level. It is becoming a new method for treating hyperuricemia by degrading
exogenous purine components ingested from food through probiotics. [Objective] Thirty probiotic
strains of thirteen species were investigated for their abilities of lowering serum uric acid, we
preliminarily propose the mechanism of its effects on hyperuricemic rats. [M ethods] The ability of
degrading nucleotides (adenosine monophosphate, guanosine monophosphate) , nucleosides
(adenosine, guanosine), purines (xanthine, hypoxanthine and guanine) and uric acid by different
prabiotics were determined with HPLC, the probiotic strain with the fastest degrading ability was
selected as the candidate strain for further test on hyperuricemic rats. Metabolites in the process of
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degrading nucleosides and nucleotides by probiotics were detected by mass, the mechanism of
probiotics lowering the blood uric acid was preliminarily explored. [Results] Lactobacillus casei
ZM15 was selected with the highest degradation rates of nucleosides and nucleotides. The animal
experimental results showed that ZM15 had effects on hyperuricemia. Mass spectrometry results
showed that after degradation of nucleotides and nucleotides in cell, guanine, xanthine and
hypoxanthine appeared both inside and outside ZM15 cells, three kinds of purine content were
markedly higher than those in normal cells, uric acid and allantoin were not found both inside and
outside. [Conclusion] Lactobacillus casei ZM 15 has the fasted degradation ability of nucleotide and
nucleotide, and it has obvious effects of lowering uric acid on hyperuricemic model rats by
mechanism of competition.

Keywords: Blood uric acid, Purine compounds, Degradation, Hyperuricemic rats
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x1 ZWEM
Tablel Lactobacillusstrainsin experiment

Species name Strains name Origins
Lactobacillus acidophilus ZM23 Human
Lactobacillus casei ZM15 (CGMCC N0.13980) Human
Lactobacillus reuteri ZM122 Human
Lactobacillus fermentum ZMO05 Human
Lactobacillus plantarum ZM529 Human
Lactobacillus paracasei ZM79 Human
Lactobacillus salivarius ZM55 Human
Lactobacillus rhamnosus ZM18 Human
Sreptococcus salivarius ZM252 Oral mucosa
Bifidobacterium longum YH295, HM44, HM11, HM12, HM 14, HM 34, HM51, Human

HM270, HM 31, HM410, HM32, HM8, HM211
B. adolescentis HM29 Human
B. bifidum HM24, HM21 Human
B. pseudocatenulatum HM37, HM13, HM2, HM52, HM56 Human

Wistar 7 200-220g
SCXK( ) 2017-0005
112 FERAFIFMLEE
Sigma-Aldrich MRS
HPLC HPLC/MS

RP-HPLC [(1000mL pH25) 20 mmol/L
Phosphate Buffer (PB) RP-HPLC II
(1000 mL pH5.0) 20 mmol/L

10 mmol/L
0.2 g/L

—

(100 mL) -10 mmol/L

I (100 mL) 38.1 pg/mL

-34.5 pg/mL -36.5 upg/mL
-10 mmol/L I
(100 mL) 0.828 g/L -0.822 g/L -10 mmol/L
IV(100mL) 0.83g/L
-0.90 g/L -10 mmol/L
V (100 mL) 0.83 g/L -0.90 g/L
-0.828 g/L -0.822 g/L -10 mmol/L
(100 mL) 54 pg/mL
-108 pg/mL -320 pg/mL
-40 pg/mL -80 pg/mL -10 mmol/L
( 100 g
40 g 29)

Agilent Bonus-RP C18 (250 mmx4.0 mm
4.6 pm) Agilent Technologies
COSMOSIL-PAQ (250 mmx4.0 mm 4.6 um)
Nacalai Tesque
C18-EP (250 mmx4.0 mm 4.6 um)

Dikma Spursil
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12 7 (0.1 mol/L) 20 uL
121 FHEREFE
D HPLC
900 pL [ 100 pL
(0.1 mol/L) 20 uL 2mL
HPLC 750 pl 11 30 min (
COSMOSIL-PAQ ) 90 uL
20 mmol/L PB 1 mL/min 10 pL 20 uL
25°C 254 nm 40 min HPLC HPLC
3 1%
7 mL MRS 37°C (4 ( )
20 h 2mL 4°C (13]
5000 r/min 10 min 1 mL PBS 900 pL IV 100 pL
3 750 ub (0.1 mol/L) 20 uL
I 37°C 30min  4°C
5000 r/min 10 min 90 uL 10 puL HPLC Agilent
(0.1 mol/L) 20 pl Bonus-RP C18 20 mmol/L
HPLC HPLC (pH 5.0) 1 mL/min 25 °C
0.22 um HPLC 254 nm 40 min
2 mL
750 pL IV 30 min (
(2 ( ) 90 uL
) 10 uL 20 plL
900 pL I 100 pL HPLC HPLC
(0.1 mol/L) 20 pL ZMO5 ZM15
3 HPLC
122 #HERFTEK ZM 15 ERZERIZEDN
2mL b3
750 pL II 30 min ( ZM15
) 90 uL [14-15) ZM15
10 puL 20 uL 2mL 4°C 5000 r/min
HPLC HPLC 10 min 1 mL PBS
3 1mL Y
10° CFU/mL 37 °C 30 min
3 ( ) 4°C 4000 r/min 10 min 450 pL
( ) 450 uL IV 37°C
900 uL I 100 pL 30 min 100 pL 20 pL

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



1761

HPLC 1 mL PBS
(10 mmol/L  pH 7.2) (200 W
5s 59)5min  4°C 12000 r/min
10 min 450 pL ( ) 450 puL
IV 37 °C 30 min 100 pL
0.22 um 20 uL
HPLC
il

123 ZM15 PR G E RS FIAZ B B 151 A=At 11628

V2 U4 18 116
MRM (Multiple reaction monitoring)

Agilent MassHunter B4.0

Quantitative Analysis of Software

2mL 4°C
5000 r/min 10 min 1 mL PBS
3 4

ZM15 1 mL \Y

10° CFU/mL 37°C 2 8 12 24h

5 ZM15

1 mL

10° CFU/mL 37°C 0 2 8 12 24h
4°C 5000r/min 10 min
1mL
(200 W 5s

59 5min  4°C 12000 r/min 10 min

0.22 um

1.24 mHEEMNSKRERMAEER KR FstiE

32 Wistar 7d
(n=8) (n=8)
Dikma Spursil C18-EP 1 mL/min (n=8) (n=8) 4 8
25°C 254 nm 20 puL 3 100g
A 10 mmol/L B 250 mg -
Omin 1% B 20 min
70%B 22min 95%B 24min 1%B 30min 14 3
1% B Fragmentor 135V Capillary -
voltage 4kV Nozzlevoltage 500V Nebulizer gas 2x10° CFU
pressure (N2) 45 Psi Drying gasflow (N2) 5L/min ZM15 100 g
Gastemperature 300 °C  Sheath gas temperature 4.2 mg -
250°C Sheathgasflow 11L/min 2 14d
*2 REHIBRIED TG
Table2 MSanalysiscondition of metabolites
Compound name Precursor ion (m/2) Product ion (mV2) Collision energy (eV) Cell accelerator voltage (V)
Uric acid 169 96 30 5
Allantoin 159 116 5 5
Xanthine 153 136 10 5
Guanine 152 135 30 5
Hypoxanthine 137 119 30 5
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3.0
714 21 28 Adenosine
25t P
P
.
=~ 20¢} %
ol
‘ = .
125 HEAE 3 15} %
£
3 X*s g g
. = 10} %
IBM SPSS (Version 20.0) %
(OneWay ANOVA) 0.5} %
P<0.05 P<0.01 00 %
TOZMS529  ZMI22  ZMI8  ZMO5  ZMIS
2 %%55}1‘7? Strain names
21 mEEMTFE
- SR FRRA A Sop—- 1 HEREMREMSEREREE
211 THERAREKERAEINEE R Figure 1  The ability of degrading adenosine and
30 guanosine by different probiotic strains
20 3468.42C  +379.57 (R’=0.9998) A
C (mmol/L)
213 fRiERBRBEE(RENSHE) S V=(Ca=Ca)xVI(T=xm) v
45 [mmol/(h-g)] C4 / (mmol/L)
Ce=25mmol/L V=1mL T=05h m=0.0023%¢g
1459 min  20.05 min A = ZMO05 ZM15
1611.21C +167.78 (R2:0.999 9) A =346842C + 2 ZM15
379.57 (R*=0.999 8) A C (mmol/L) ZMO5 30 min  ZMO05
V=(C1—Co)xV/(Txm) v [mmol/(h-g)] C, 301 = anp
/ (mmol/L) Ci=2.5mmol/L V= 251 = amp —
= — N
1mL T=05h m=0.002394 g ~ 2 gl\\i\i\
30 5 = N
. S s —\
ZM05 ZM15 3 = 10} NN
30min  ZM15 ZMO05 0 Q\}
100% 2,56 mmol/(h-g) ' N\
RN
2.57 mmol/(h-g) 0.0 ZM15
214 THEEFRZER(RERMNSEHR)ERESH Strain names
Bk N
2 ZMO5. ZM15 P&RRARE FI 2 H RE SIELAR
Figure 2  The comparation between the ability of
13.98min  30.09 min degrading AMP and GMP by ZM05 and ZM 15
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93.05%
64.87% 0.93 mmol/(h-g) 3 37 °C 30 min  ZM15
1.46 mmol/(h-g) 30 min  ZM15 ZM15
100% 100% 0
2.57 mmol/(h-g) 4 37°C 30min  ZM15
2.28 mmol/(h-g) ZM15 100%
22 EMk ZM15 FERRIZERR . ZHEITEE 0
ZM15
ZM15
A Control (30 min)
3(5)8 Adenosine Guanosine
5 10 15 20 25
B .
600 ZM15 (30 min)
500 H
400 )’
300 |
200 ‘
100 .
_ 0 — ~ o ; . ; : i
o) 5 10 15 20 25 30
<
c E
~ 600 Cell-free extracts (30 min)
500 !
400
300
200 L
100 :
0 e ——— : : : : ]
5 10 15 20 25 30
D 400 ¢ Extracellular supematant (30 min)
330 Adenosine
%(5)8 Guanosine
200 \ﬁ \
i =
58 L |5 S S — j\"-—
5 10 15 20 25
¢ (min)

3 ZMI15EERREFMEE
Figure3 Thedegradation of adenosine and guanosine by ZM 15

A - (QoopuL - 37°C 30min 100 pL 20 L
HPLC ) B ZM15 - 37°C  30min C ZM15 -
37°C  30min D ZMi15 - 37°C 30min. 12.2.

Note: A: Adenosine-guanosine solution without incubation with ZM15 (900 pL adenosine-guanosine solution was incubated at 37 °C for
30 min, then 100 puL HCIO, was added, 20 pL of the mixture was analyzed by HPLC); B: ZM15 cells were incubated with
adenosine-guanosine solution for 30 min; C: Cell-free extracts of ZM15 was incubated with adenosine-guanosine solution for 30 min; D:
Extracellular supernatant of ZM 15 was incubated with adenosine-guanosine solution for 30 min. See detailsin methods as 1.2.2.
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A ' .
700 A Control (30 min)
@ ol
400 \ \
300

N\
200 L j
100
0 : : : :

510 15 20 25 30 35 40 45

B ZM15 (30 min)
600
200
400
300
200
ol

5\ T I 1

= 35

g

C < 700} Cell-free extracts (30 min)
600 1
500 [
400 [
300 [
M
5 35 40
D 200 i
173 AMP Extracellular supematant (30 min)
133 GMP
100
2 d e /\
SRS ASE S =
40
t (mm)
El 4 ZM15 FERRBREERFI S HER
Figure4 Thedegradation of AMP and GMP by ZM 15
A - (900 pL - 37°C 30 min 100 puL
20 pL HPLC B ZM15 - 37°C 30min C ZzZM15
- 37°C 30min D ZM15 - 37°C 30 min.

122

Note: A: AMP-GMP solution without incubation with ZM15 (900 uL. AMP-GMP solution was incubated at 37 °C for 30 min, then 100 pL
HCIO,4 was added, 20 pL of the mixture was analyzed by HPLC); B: ZM15 living cells were incubated with AMP-GMP solution for 30 min;
C: Ceéll free extract of ZM 15 was incubated with AMP-GMP solution for 30 min; D: Extracellular supernatant of ZM 15 was incubated with
AMP-GMP solution for 30 min. See detailsin methods as 1.2.2.

(9 ZM15

ZM15

24 h
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¢ )
MRM
5 2.3 FYPsEIE
A =2E+06C  (Re=0.992) A =
4E+06C  (R2=0.991) A =5E+06C
(Re=0.996) A C (mmol/L) 10°CFU  zZM15 6A
ZM15 3 pmol 3 umol 3 pumol 7d
3 umol 1mL 37°C ZM15
30 min 226.02 pmol/L
2h 3.08 (P<0.01)
A +ESI MRM Frag=135.0V CF=0.000 DF=0.000 CID@30.0 (169.0—96.0) 5 stds MRM.d
Z 25+ 14/854
= 20+ 59789
i |
g o5l |
0.0 WuE T .
B, +ESIMRM Frag-135.0V CF-0.000 DF~0.000 CID@5.0 (159—116.0) 5 stds MRM.d
S 10t 363
X 8% i -
5 04l R
=02t —
0.0 == ————= |
¢ +ESI MRM Frag=135.0V CF=0.000 DF=0.000 CID@10.0 (153.0—136.0) 5 stds MRM.d
= 8 155044
= 6l WV
= 4t .
g 2 [N
0 e
D_ +ESI MRM Frag=135.0V CF=0.000 DF=0.000 CID@30.0 (150.0—135.0) 5 stds_MRM.d
o 25¢ 153803
S 20t A
s 180 6%%
5 10F
Q05 t
0.0
E 59l  +ESIMRM Frag=135.0V CF=0.000 DF=0.000 CTD@30.0 (137.0—119.0) 5 stds MRM.d
S 251k 15027
<20+ 731420
b
N5t
0.0 \k

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

¢ (min)

5 ZEMEMFFRE MRM AN 5 Fhirtf
Figure5 Themass spectrum of five standards by QQQ (MRM)
A B C D E .
Note: A: Uric acid (UA); B: Allantoin; C: Xanthine; D: Guanine; E: Hypoxanthine.
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R 3 ZEMRITRIEEMNELE ZM 15 R ERMZESETER. INELSET

Table 3 Quantification of purines during the degradation of nucleotides and nucleosides by ZM 15 extracellularly and
intracellularly using QQQ (MRM)

TS UCHIENS 5 I

ik Xanthine (umol/L) Hypoxanthine (umol/L) Guanine (umol/L)

Group Ha4h out Ha In fshout K In Ha4h out Hap In
Control 0.000+0.000 0.008+0.001 0.000£0.000  0.002+0.001 0.000+0.000  0.125+0.005
Experiment-2h 0.066:+0.001 0.040+0.002" 0.114+0.001  0.040+0.001% 0.716+0.025  0.439+0.00824
Experiment-8h 0.046+0.000 0.051+0.001" 0.115¢+0.001  0.058+0.001* 0.838+0.005 0.788+0.00144
Experiment-12h 0.053+0.002 0.044+0.000™ 0.124+0.001  0.033+0.001* 0.970+0.015 0.805+0.00544
Experiment-24h 0.067+0.001 0.063+0.001" 0.110+0.001  0.042+0.001" 1.028+0.018  0.858+0.00324

TE: SLRBUR AL RN, A 3 K. T S IR O RO L A I B 2SR (P<0.01); M PN BEIEERS

T B M 25 (P<0.01); A8 5 PN S IEERA A vt HL ELAT W B 1 24 R (P< 0.01).
Note: Each value represents MeanstS, n=3. ~': P<0.01 compare with the content of intracellular xanthine in control; *: P<0.01 compare

with the content of intracellular hypoxanthine in control; 24: P<0.01 compare with the content of intracellular guanine in control.

TR PR MAE RS RIEE ST o 55 14 K IF 4R X il g ng
R BT HIERRYT, ESL 7-14 d BIRYT
KB PR R K V- i 251K T v PR R i A A5E AR R B
(P<0.01), #EZAKRHES ZM15 7 d 5, ZM15
1B 7 2H K RUIML PR PR 7K ~F- 5 485 AU K B FL i 3 R
R (P<0.01), H£:HEH 14 d J5 ZM15 349741 K B
PREGK V- S5HEE 7 d M HiE—25 B RN (P<0.05),

IR ZM15 BAT FEAR A UL PR R B VR F , [ o 4%
AT 3 S 7R HAA T AR FHS Qi R 24 49 ) 2 il
fig. & 6B, C i/~ dtAs i R] = PR AR MLAELL . ZM 15
20, MR 2 K SR PR R AL JLIFAE 3 3 s T
KRR (P<0.05), [HRAEFIE#H LRI, Ak
R R HH B /ISR 1 S B, 76 DR R I A TR
S o

[ Control Sy ZMI5 777 Hyperuricemia Allopurinol
A B C
r 15 30
2
50 . ~ sl
—_ = -
g 200 | =10t 320
2 150 i £ E
2 2 g RN
< 100 ‘ Z 5t & 10f
i
| = 5t
21 0 14 21 0 14 21 28

1(d)

t(d)

t(d)

6 Btk ZM 15 FRHINRS EE X S FRER M AEAR B K R AV

Figure6 Effectsof ZM15 and allopurinol on hyperuricemicrats

T Ar IRBKF; 7 SXEIRLUR B B R 25 5 (P<0.0L), ™o 5 0 BRI I AR R 2 R BRURT HE LA 1 3k 2
(P<0.01), »a: 5 ZM15 JAITLH R AT L BA R B TEZE R (P<0.01); B: JRERKF; C: WEKFE; Scueiots AErfhshnik
#FoR, HE 3K,

Note: A: The level of serum uric acid (UA); ~*: P<0.01 compare with control rats, *: P<0.01 compare with hyperuricemic rats, 42: P<0.01

compare with alopurinol treated rats; B: The level of BUN (blood urea nitrogen); C: The level of Cr (creatining). Each value represents
MeanstSD, n=3.
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3 WHE&ER

ZM15
3
[21]
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7d
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) 2 ( ) 3 (
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ZM15 ZM15
[9] [10]
[11] _ _
- 3 1)
DM9218
= (2) PA-3
24 (3) ONRIC
b0185
[25]
1-
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ZM15
10° CFU zM15 3 pmol
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( ZM15
)
12 pmol
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