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Abstract: Urate oxidase (Uox) plays a pivotal role in uric acid (UA) degradation, and it has been
applied in controlling serum UA level in clinical treatment of hyperuricemia (HUA). However,
because Uox is a heterogenous protein to the human body, the immune rejections typically occur
after intravenous administration, which greatly hampers the application of Uox-based agents. In this
study, we used Lactococcus lactis NZ9000, a food-grade bacterium, as a host to express exogenous
Uox genes, to generate the Uox-expressing engineered strains to treat HUA. Aspergillus
flavus-derived Uox (aUox) and the “resurrected” human-derived Uox (hUox) were cloned into
vector and expressed in NZ9000, to generate engineered strains, respectively. The engineered
NZ9000 strains were confirmed to express Uox and showed UA-lowering activity in a
time-dependent manner in vitro. Next, in an HUA mice model established by oral gavage of yeast
paste, the UA levels were increased by 85.4% and 106.2% at day 7 and day 14. By contrast, in mice
fed with NZ9000-aUox, the UA levels were increased by 39.5% and 48.3% while in mice fed with
NZ9000-hUox were increased by 57.0% and 82.9%, suggesting a UA-lowering activity of both
engineered strains. Furthermore, compared with allopurinol, the first-line agent for HUA treatment,
mice fed with NZ9000-aUox exhibited comparable liver safety but better kidney safety than
allopurinol, indicating that the use of engineered NZ9000 strains not only alleviated kidney injury
caused by HUA, but could also avoided the risk of kidney injury elicited by using allopurinol.
Collectively, our study offers an effective and safe therapeutic approach for HUA long-term
treatment and controlling.
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JRL pNZ8148(ZEF = 2# 5% B sk A AL 58
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WA A, A RS 40 3R] SDS-PAGE . %
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http://journals.im.ac.cn/cjben

14 d (Control 41), HiAth 5 20 3% 2 B 44 T eHE
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B (10" CFU, HUA+Mock 2H) DL K 1) 1 s
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14 KA35I%5 25 2/ LA T R bk B, Wi di i
15 o MLIEFE R RE 5 A% 5 38 3 26 Ak 0 A 3000 2 &
/N MR IR K Y- o BT A7 sh ) S0 22 s e oy
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1.5 RFBThEENE
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AST). MJHZL % (total bilirubin, TBIL), E4EfH
41 % (direct bilirubin, DBIL) . L& (creatinine,
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F1 B2-1#FEK £ H (B2-microglobulin, 2-MG)H /K-,
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KA GraphPad Prism 8.0 4114115
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FI 2508 6471155, NZ9000-hUox L i 7
Z5°4 38.75 PAU, NZ9000-aUox Fbiifith 2R
60.25 PAU, EHDIFLIRFLIKEE IR &R
U5 PR IR SE AL HL 2 A SN R IR VG, W LA T3

(Control Z0)#HH, HARH NZ9000-Mock [ (HUA+
Mock 4)/INFUM PR BR K F-AESS 7 KA 14 K 1
FHIFE N 77.1%H1 101.4%, 5 HUA 4/ ;
FHHLZ R, aUox T T4 I R R /K 1 T i it 43
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Figure 1 Expression of exogenous Uox in
Lactococcus lactis NZ9000. A: Determination of
Uox expression by SDS-PAGE and Coomassie
brilliant blue staining. Determination of hUox (B)
and aUox (C) expression by Western blotting assay
with anti-His tag antibody.
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Figure 2 The UA-lowering activity of the
engineered strains in vitro.

Table 1 UA level in each group (umol/L)

Control HUA HUA-+Mock HUA-+aUox HUA-+hUox HUA+Apo
Day 0 96.5+£22.1 98.5+£18.4 96.5+£19.0 98.5+£20.7 92.5422.3 98.5+20.1
Day 7 102.5+14.2 190.0+£33.2 181.5+28.0 143.0+20.1 161.0+24.7 111.0£13.7
Day 14 105.5+£22.8 217.5+£28.2 212.5+£29.7 156.5+£22.1 193.0+37.1 99.5+16.4
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Figure 3 The UA-lowering activity of the
engineered strain in vivo. Different letter represents
a significant statistical difference (P<0.05); Same

letter represents non-significant between two
groups.
D
ALT AST
100 = Control
80 = HUA
= = HUA+aUox
2 = HUA+Apo
= 40
< 20
0

Figure 4 Effects of engineered strain on mouse liver function. Serum levels of TBIL (A), DBIL (B), ALT (C)

and AST (D) were determined at day 14.
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Figure 5 H&E staining analysis for mouse kidney sections. Mice kidney histology of Control (A), HUA (B),
HUA-+aUox (C) and HUA+Apo (D) was analyzed. Blue arrow represents immune cell infiltration; Red arrow
represents necrosis of renal cell; green arrow represents hemorrhage. Black bar indicates 100 pm; Yellow bar
indicates 20 pm.

A B C D
B2-MG Crea Urea Cys-C

- 0.3 30 ok 20 * . = Control

3 = 2 s = HUA

g 02 220 S = HUA+aUox

S El 210 = HUA+Apo

2 01 g 10 5

& O )

=00 0 0

6 TiEX/REINEEMSE
Figure 6 Effects of engineered strain on mouse kidney function. Serum levels of f2-MG (A), Crea (B), Urea
(C) and Cys-C (D) were determined at day 14. *: P<0.05; **: P<0.01.

3 Wb A5 M 1 3 1 4 PR 1 4 A B I L IR
N ‘ FLERT4 NZ9000 T BBk 7E 15 BRI/ B 80 o s
e PRI AR RT3 BOR X, TSR ERIIEE gy e i s R R R . 5 11 B

L LR O RE R DRGSR KRR peysosigs o /N RUR RIS REERAEL . TR NZ9000-
FRBUKP X ARG Z A quox TREAVINIEAZEE 7 TR 14 KIRR
FEIR RS T U DA R BERE IR S RIE I gl e 459 T e 48.79%1 52.4%. E%e &t )y
PR TR AR BRI FLRRFLERE 5, NZ9000 /& FDA i s, 1
YT ER AR ME IR IR A HE , i RS0 RIS 2R T, TR/ BT S IR s
Y52, RERPR IR EALBESE A MRS | A SR SN, S0, T S PR 0 2 T )N B S RE AR A S LA
[ 308 3o P S A R A2 A PR R BBCR L, BT AR5 , 18 B NZ9000 T T 1 B JE 22 4
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SR —Z 25 HIEREAR L, NZ9000 T-F2
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IEE RS LAY 25 B2 AEAE , T2 o0 A T IR A
JIF AR R BB o, Rl o 3 N A A i A T
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R 25 25 A4 AR A 4-6) (TR TR S
B VER MR BRI 25 o Ja 2] Lhsd o Ak
AR R L TR A () RD B i bR R S Ak R
KKV — PR TR PR R AR o

A58 R FH 2L IR 2L K TR 2 35 PR R S AL il (1)
J5 RIRZE T R AP BIA T 55 PRIR IUAE (1) 7]
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