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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.

Key words: Urate oxidase; Lactococcus lactis; hyperuricemia model mouse; hyperuricemia; safety

PRIR (uricacid, UA) JEEERSACGHINZ ™Y, ANARNBIIRIRZY 2/3 th NIRPERERS & B4, 29 1/3
AN R B e A A PRI AR g 22 sl HEHIE > 2 S 80 JRBR INLAE ( hyperuricemia, HUA ) 1§
o TE T RIR AT R AT AT R B, SBURMR KT 55 1 SR B 1 W TR A Wl FE R & U
MRS R T . NN S (LB AR R AL (urate oxidase, Uox ) Bl i, il g nzns s (L it
(G H RITRYT = PRI IAE (8 SR (o2 Il . A vl b 55 TR IR AL RE A%
W PR IR B A G A R L 5-10 A5 PRAEZR , M IR BVEE IRIRHE RSN B 1, BERT7 = IR IR IMLAE )
TR B NS PR IR S AL Y 5 R 7 AL A vh 2R S O IRE T, IR BE R 1A T B
O AN FEANE IR R AR, 1T AR PR AR, BRI R R K. 225 B
N7 BRI B LA AL

FLA 7 R RS P R R 1) E 2 B R B R PR R R A e AR 2 SR I, g PR R I o6
PIAGSLREATT 4h, FRIGKST-RI AT E T8 FH B R 75 22 24 hOL, SR, FiA 57 Bl f& S MG AR 1
F2ily, TERNATRESA Ui 4 MO, Jiang MIE A PRI A LB L 5848 19 SR 1,
N RIRE ARV T B IRIRIE P , SR e AT SR B ) T AR AR LI o A A2 & e
PR AR T R E ARSI, TR A B AR — B3 A0 R P R PR | e A ILE
BRI . R . RS PERE I LA B i SR TRy 7 rh R I — e ORI, LR FLIR TS 2 &2l
mn A B TR (food and drug administration, FDA) HEHERYE S22ty , N H SHUEMERSS |
JUTAIT IR A . ANTER T8 v bl SR LSO £ Sl R 1R 1 IR i ez — 131, NZ9000
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AFBCRiAY PnisA Ji shF T4 NZ9000, it AE S FLIREEERE ALK (Nisin) AT LLESAMEIEA
Fik, T NZ9000 HyFEAFRZE pNZ8148l4 sl A HFsE %I, NZ9000 T FiF#Eik HSP65-
6P277 T (A 25 -10 SEAME I T FBRAR 2 R s 4 i3ay e,

AWFFEFIFH NZ9000 1M IS HAML , #55A Bt 25 IR IR AL ( Aspergillus flavus-derived Uox,
aUox ) 1 “PRE" WEPERY ATR IR IR E AL ( “resurrected” human-derived Uox, hUox ) MUIEK] [ ok 5
# NZ9000, i#il Nisin 37530415 7 BB AR b i i 2 IR A IR R IR S8 (LY NZ9000 T pH
o ZJEIRATVEM T T AR RRTE RSN AR PR IRIE P AN TE /N AR N B R PRBRACR: , 1% TR B X A
FIVEF ) FH 25 2 AT TR0 A o DASH by s PRI IAE A H IR 7 Rl s Sl — iy &80 F L %
MIRIT T
1 ®AB5FE
1.1 JRAL. BRI

kL pNZ8148 ( -3t BE 458 B sk ME A o0 51 UG ) TR v P ik 1 3Rk . FLERFLIK A
NZ9000 FHEEIZEIRAF, 75 GML7 KigRdt | 30 CIIRFE I, BRI N VIEG AT T4 DNA iEH I H
NEB A H] . Nisin FIG 8 2 W A ALt EEERH A BRA Al Bt His-Tag £ rifEbiik  HRP-1LEHi R 19G

(H+L) Pri A sm A b2 &I H R N e B A BR A F o BEREE W A 115 B2 H AR AR
N, BN (alanine aminotransferase, ALT ) . & H i ( aspartate transaminase, AST) .
BARZIE (total bilirubin, TBIL) . E#EAHZLZE (directbilirubin, DBIL) . AL ( creatinine, Crea) .
JRZ (Urea) . MEZ C (cystatinC, Cys-C) il p2-fEk#E 1 ( p2-microglobulin, B2-MG) iz 5]
&0 H AR EREY A BRA

1.2 pNZ8148-aUox F1 pNZ8148-hUox FRRIHIME S FRKIL

435K aUox 5 hUox JER P8t A7 4T d FLRR FLER A R R s ik, IR B B35
3°uiAs AN 6 xHis Tag, ZEAGA RV EYRHE A A R TIEF A 0 W BEDIE K 2 A H LA
I3 SRR pNZ8148 #A |-, A5 H 41 KA Tkl pNZ8148-aUox Fl pNZ8148-hUox ., K 41 [k Iz 25
BRI E 4k NZ9000 HLFE B2 252 ( 2,000V, 25 uF, 200Q ) , BAiERHEKE SHAEZ (10
ug/mL ) Lk GML7 [BAR-A, 30 CCHHEEEF 1-2 d EHIATCRREIL T . 20 BIPBGE & B v ek
EFZE ImL SHEAHEZR (10 pg/mL ) HUYER GML7 SRR FRIEH, 30 CCHFE L IE 12 h JEakil . il
FEIERAEY NZ9000 T FE B Mk A TE [/ 4 44 4 NZ9000-aUox il NZ9000-hUox, F-#57 1k 2s 2 Bk i
kAT 4 NZ9000-Mock.

B R 311 NZ9000-aUox F1 NZ9000-hUox 43l 4% 3% AR Lt 35 5 mL 5 55 2( 10 pg/mL )
1) GM17 #5535, 30 °Ciff B 3 B ATEE KIIN AL 10 po/mL 19 Nisin 5250, [R5 B —
HRERAINA S FE AT IR, kel 30 °cCRfrEH5 5% 4 h i, 12,000 r/min, 20 min BL.OYCERK, #H
W5 53 BIFFH SDS-PAGE . 2% 1h M7 i e (e i f i B A H Ay 6 R 2k
1.3 TIiZHAVELEMNESHI&
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3 0 535 NZ9000-aUox . NZ9000-hUox F1 NZ9000-Mock % 18 3%fAFH [t ##h T 50 mL &4
#R (10 pg/mL) [ GML7 WiikRR I, 30 CCHHE 37 X EUE KIS I ALK E R 10 pg/mL 11
Nisin 17537, 30 °Cifft 1 7% 4h, MIiE ODeoo AUESS, 430 10D (1 3 FhkFE4) 12,000 r/min, 5min
BRI, FEH 4mL JRER (1 mmol/L) #iEEFE AR, T 37°C. 200 r/min i E 16 h, W% 4
h BURE 200 pL M b yE TP ORTRIRBE . S5 TG ) 5 e I, K TR B A 2 2 o ) L 3% 2 B

( probiotics activity unit, PAU) & X K. 37 °CF, 1 0D (ODeoo) TR HE % h A2/ umol JRAZ
ERURTER . K TR NZ9000-aUox FiI NZ9000-hUox #" K EE 3 35S, il v s 4 i %
SR 15 PAUSZ I TARRE VR T8, -80 °CLRAE#E AT, Ml FHESFH 100 pL /4 PBS 7o43 H A -4 TG ML
k.

1.4 TiIEETFINRSKRERILTE
MR/ (18-22 g, 35-42 Hiy ) 60 Rl [k 4e@ A B/ w], SPF &M MasET45

BB A L K/ NEUBERLA A 6 201 (n=10) , 25 % BRLEL/NEUHE ) PBS ¥ (100 uL/d )
14 K (RIRAL) , JUfl 5 41 B4 TREBHT (20 ghkgld) 14 KAYFIRIES, H2I 100 pLid Y

FIHE S IE E 45T PBS iAW (HUA 4 ) . NZ9000-aUox T-FEE & (15PAU, 10 cfu, HUA +aUox
2 ) . NZ9000-hUox T &k (15PAU, 10°cfu , HUA+hUox 21 ) . NZ9000-Mock % H B &k
(10%cfu, HUA+Mock 4 ) LIK 5w (20 mg/kg, HUA+Apo 2H ) P9, ZedEE N5 0. 7 F114 K
G352 /N B T FE KB, WSCER I o VAR AR RS 5 A% J5 d el 26 Ak 43 B {3000 52 45 2 /N LA
PRERIKY- o FT AT S S 36 22 22 3 B 2 it 5 B S 95 s A8 B 5t FH 2% B 2 it #fE (IACUC-DWZ X -2023-007,
21 March 2023),
1.5 FFEIhgenzE

# 1.4 f Control 41, HUA 41, HUA + aUox 41. HUA + Apo 215256/ NI AL SE , i B /N
SUHFRERIE IE, H 4% 2 58 HRER 24 ho A2 E AW A DR TS T IRAKS -BH21( hematoxylin
and eosin staining, H&E ) %€t ; Y 7 A THE S o /N BULTE 8 A=A A 3Ok ALT . AST L TBIL .
DBIL. Crea, Urea. Cys-C fll p2-MG AY/KF,
1.6 SZitZEath

K GraphPad Prism 8.0 #4474 115071, SR ANOVA Jr 22 bR 2 2 [R5 SRA
Student’s t K 56 HEANH Z B2 R, M P<0.05 N EA BEER,

2 HER5aH
2.1 NZ9000 TiZESMIRFRER FILESRYIE S FRIEHEN

TRAT B S I T2 R ek SR PR FR SR AL 175 1 . SDS-PAGE % Sl ik Y a2 S R, i
S5 1 TR NZ9000-aUox F1 NZ9000-hUox 341774k 5 FiUiH A/ ME—Ery H & 45 (Bhg e
535k 34.2 kDa F1 36 kDa) (1 1A) o #F—2Pfi T His #1282 sa BT 15 10 TR 4 T
B AP TR PEEN L SLES, 450 R 2 Nisin 3755 09 T AR RS rh o] WARRS RS , IR IE A hhy 2
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FhANIE PR IR B AL L 2015 3 5 Y AT 76 NZ9000 TR E HhER#ik (K 1B,C) .

1 SNERPREREEBTE NZ9000 FRaRik

Figure 1  Expression of exogenous Uox in Lactococcus lactis NZ9000.

A: Determination of Uox expression by SDS-PAGE and Coomassie brilliant blue staining. Determination ofhUox
(B) and aUox (C) expression by western blotting assay with anti-His tag antibody.

2.2 TIZEARINEFRERFE MM

Xof T AR AR M PRI P AT 46: 0 % 38 NZ9000-hUox 75 16 h P AT 451U bR 1 Tk 5 I 22.(380.0 +
28.2)umol/L, JRIEZ/KFFEME 62.0%; 1 NZ9000-aUox 7E 16 h N A Kf IR R 4% % (36.7 +11.6) pmol/L, R
TR AR 96.3% (& 2) o FIFZEdEHATIHE, NZ9000-hUox HiGit#y-k 38.75 PAU, NZ9000-
auox LLidTE2R 60.25 PAU, FWILIZLERFLERBAE R 83808 SR R IR S AL G EL 2 (RSN IR IR 5 1k
A DUHF 2 R NP 5T

2 IiREAIMERERIR
Figure 2 The UA-lowering activity of the engineered strains in vitro.
UA solution samples were taken at an interval of 4 hand the concentration of UA was determined.

2.3 TIEEAAEREEISRITN

FIFR /IS BR 50 PR IR IMAE A B A TR AR PO B PRSI , 2526, X IR AL/ Bt PR R K- 1504 1
FAME, MHZF, B 7 KM 14 K, HUA 4/ EULPRBR /KP4 T %(190.0 +33.2) umol/L Fll
(217.5 £28.2) umol/L (£ 1, K 3) , BHIHAIME Tt 85.4%F1 106.2%), 15t HEEREE 1% 2 B v a2l
P T /DR IRIR IMAE o HE—25 X5 258 T 4L/ Ui FR R KE-SEF TR 43, RIS % IRZ ( Control
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4 ) tHLL, R NZ9000-Mock B ( Mock 2H ) /INERUALIRIRZKFAESS 7 IS 14 K- FHIEEE R 77.1%F1
101.4%, 5 HUA Z/NRAY; M2 T, aUox AL IRIRKF-F = E 50k 39.5%7F1 48.3%,
hUox T F2H ifi bR R 7K - T 248 23 591k 57.09% 1 82.9% (£ 1, 83) . LI E455KB], NZ9000 JiE At
REANEHAREIRIRRE ), 135k 2 FhAMEIR IR EALREFY NZ9000 T2 b A A % 11 il 1 A5 3 | e A /) Bt
FRIGTHE, o NZ9000-aUox 55 B i .,

1 XWEEREEE (pmol/L)
Table 1 UA level in each group (umol/L)
Control HUA HUA+Mock HUA+aUox HUA+hUox  HUA+Apo
0 day 96.5+221 985=+184  96.5%19.0 98.5 +20.7 925223 98.5+20.1
7 day 1025 +14.2 190.0+33.2 181.5+28.0 143.0=+20.1 161.0%24.7 111.0=*13.7
14 day 105.5+£22.8 2175282 21254297 156.5+22.1 193.0+37.1 99.5+16.4

AR, BIERE T F52H ( HUA+ApO IR RSP AESS 7 RFNEE 14 KAPRIR/KF-4351 4 (111.0 +13.7)
umol/L 1(99.5 +£16.4) umol/L (& 1, K& 3) , SXHHRA/NRANY, RIHHBEIRRICRET 2 4 T#
o

B3 IiEEERFEREEHR

Figure 3  The UA-lowering activity of the engineered strain in vivo.Serum samples were collected from day O,
day 7 and day 14, and the UA levels were determined. Different letter represents a significant statistical difference:
P < 0.05. Same letter represents non-significant between two groups.

2.4 IREESHEES/ R SINEERNR

DU RERE R X BRZ54) , X NZ9000-aUox T2 W B 418U 22 - A TIPAY o /N BRUH 2 4 2
FOTHT RIS LA YR BT AU i (Bl gy ) 5 JHEhREA Ak A6 s o 24 5 X0 B o4t
T22E5 (K AA-D) 5 UBH TR BRI 5 25 24 A 2/ N Bt P63
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4 IiEEx/NRAFIhEERISND
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.

L SV B AT 4 SRR B, TRER 4 ( HUA+aUOX ) S50 BRZH /N BUEE /N | B/ NBRES TS 48

TG B ER R (B 5A, C) o HUA 4/ BRI B B0, 00 B /N b Bz SRk ik L 4 i e
Bk . BE3RIRYY, AN AT WAL 23, (EoR DLAAE . SR5E . il (& 5B) o BIEEEEL] ( HUA+ApO )
/NEUE ZH 2RI Bk B S R B S, S AR AR (k) | ARt (L
) Abam (i) (K 5D) o BIREEIERRIMZE LR, TR EHSTEIRER (& 6A-
D) , mi%iEEEEse Urea FI1 Crea BEITTEbR-S5 X BALHAH L AR B B8 THE , R IIERELA 25 e T 5 o
AEZAL (B 6B, C) , framsbl rasat (185D ) o WFFTiER, AR A i n] e 3500 e gt
PR RIS TR B A P S A ey, P RGP DL R R, TR
NZ9000-aUox "5 Il 22 4L T e

5 IMERBIEREYIR HE BN
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Figure5 H&E staining analysis for mouse kidney sections.

Mice kidney histology of Control (A), HUA (B), NZ9000-aUox (C) and allopurinol (D) was analyzed. Blue arrow
represents immune cell infiltration; red arrow represents necrosis of renal cell; green arrow represents hemorrhage.
Black bar indicates 100 um; yellow bar indicates 20 um.

6 ITREEX/NERBEINERZNT

Figure 6  Effects of engineered strain on mouse kidney function.

Serum levels of B2-MG (A), Crea (B), Urea (C) and Cys-C (D) were determined at day 14. *: P < 0.05. **: P <
0.01.

3 WivtE&#

o PR R INAE T LA B0 X, I 508 B B AU I A5 B B 0 SR B VI AR 5G o 24 TE K30 of 97k v R
i KXo N2 fe e 28 DG E a1, (H A R DR R 25 A B SO N FN e e HE 7 S RIE T, AR B 1 1
FN Y2, AR5 R FHZLIR FLER B 1 £ s R A IMNE IR IR E ARG, lad IR 4h 2y, bR
SEARBEE A LIRS 5 e SO0, [t o i 1 e A 45 R PR IR AR R 281

AR5 ¥ 1 2 T8 MR PR R AL B LR FLER T NZ9000 T2 i A o R e /1N BRUASE r ACBE T i
SRR E MR RIRASCR: 5 11 IRk B B AR A i B4 /N FROR IR T = I EE AR L, TR NZ9000-aUox T 72 B
H/NFAEL LY T F 14 KIRFRTH R 08 EE 7051 F % 48.7%F01 52.4%., 744> PEJ7 T, NZ9000 J2& FDA it
WERE MRS AR, TEAARIZA 2G0T, TR FES /NS B DO R, i e o Jin 2 1/
B DI REFR IR AL IR B 45, A NZ9000 TRERR 1) 5 Wik 22 e MEAR TN, 1B W R 25 Rens
G 7 S0 M Pt 5 R 1 B 2 o IXUR: 270, R L B 5 v PR TR I P 09397 o

HGR—ZL 25 5IEEEEAR L, NZ9000 T H2 RAKTERE IRIRBCR FAATE—E 2500, AT REJF PR 2 il i
BELLGE BRI A7AE , T2 00 A0 T I A R IE S 48U B v, Rt i vy S f it = S e P o]
VERL, WD IRERIG P85 i pLBRFLER A NZ9000 J2& FRZA 2, FEAEMm Il N AR, MELIX 45
M RFRIEA T IR o SR, T ARAZG AN PR3 (5] 4-6 ) (i T RE BRI A 1 A Il R R K 4%
258, Jeeeal DLl AL TR R . AR R ) R R R B AL B e 1K K S — A R TR R
LIE

AR FHFLIRFLIK A 23K PRIR ARG 7 AR R TR AE YR SR TT 2 IRIR INE By Al AT, A
6T PRIR FAL RS 2500 25 25 A FIAE RO, B KRR Dbk T IR R S (L RS 25 10 5 | A Ho 8 IR Vi 1Y)
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