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Research progress in live biotherapeutic products for treating
hyperuricemia based on synthetic biology
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Abstract: Hyperuricemia (HUA) is a common metabolic disorder characterized by the
accumulation of uric acid in the joints, which leads to the formation of urate crystals and the
development of gout. Additionally, HUA can trigger other health issues. Despite the diverse
urate-lowering drugs available on the market, they often come with side effects, including renal
damage. Live biotherapeutic products are considered safer and more effective for treating
hyperuricemia, with the additional benefits of regulating the gut microbiome. This article
primarily discusses the research progress in developing live biotherapeutics for treating
hyperuricemia based on synthetic biology. It focuses on the construction and expression of
functional modules, such as the degradation of purine precursors, the creation of new purine
metabolic pathways, the optimization of urate oxidase expression, and the enhancement of uric
acid oxidation reactions. This review aims to provide new insights for the development of live
biotherapeutic products for hyperuricemia.

Keywords: synthetic biology; hyperuricemia; uric acid; live biotherapeutic products
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A AL B (xanthine oxidase, XOD)WEHIAEMUIRIR ; FRIR I M TCI: B PRAE R, HEMTTURUBLR IR 2, f £k
(monosodium urate, MSU). (2) IRIERACE N AMP, AMP iff—H40 0 IMP 2 5IRIRAER. (3) £
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Figure 1 Distribution of human uric acid metabolic pathways. The generation of uric acid in the human
body is mainly consists of three parts: (1) Purine metabolism: (O Adenosine monophosphate (AMP) is
converted into inosine monophosphate (IMP), and IMP generates uric acid under the action of multiple
enzymatic reactions; @ Guanosine monophosphate (GMP) undergoes a series of enzymatic reactions to
ultimately form xanthine. This xanthine is subsequently oxidized into uric acid by the enzyme xanthine
oxidase (XOD); The human body lacks the ability to break down uric acid into allantoin, leading to the
accumulation of uric acid in the form of crystal salts. (2) Adenine is metabolized into AMP, and AMP is
further converted into IMP and then participates in uric acid generation. (3) Fructose intake: Fructose will
consume ATP through the phosphorylation of fructokinase to produce a large amount of AMP, which in turn
leads to excessive purine metabolism and decomposition into wuric acid. APRT: Adenine
phosphoribosyltransferase; PRPP: Phosphoribosyl pyrophosphate; XMP: Xanthosine monophosphate; PNP:
Purine nucleoside phosphorylase; HGPRT: Hypoxanthine-guanine phosphoribosyltransferase; GDA: Guanine
deaminase; XDH: Xanthine dehydrogenase; UOX: Urate oxidase.
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Figure 2 Schematic diagram of the hyperuricemia formation mechanism and therapeutic drugs.
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i 16 3] 7 DR 2 4 Ab i T B BT R NBRC 1777,
W R MRS AR . ANMNSImA £
ik, HCEERETE 50.54 U/mg. IWAN, BF5EEIdit
A YME B2 B 1 8h 1 S B A B b
PR R B AL 58 25 & HorUm (E183Y)Fl1 TetUm
(D265E) A BE I LB A= L4354 1T 2.02 5
1.17 1'%:[56-57]0

H PR R 48 A il 1) Tt A e o o B AR R &
PR EYR, it E LA, Zhao FFPMFYE T
— MR BB E S8 RIIR S8 A5 R T DR 6 i PR TR 1)
T #4k % ¥k Escherichia coli Nissle 1917 (EcN);
FLTF EoN 59U 2 5 5 2F FRAT TR R4 A DR iR AH ¢
il JE 5 pucL MDA pucM, 151 A SRR iE E M
YefU., iR RMMMLEN, R Efshy
SEBGUESE T % AR B ] LA SO AR PR R o I
Ak, Gencer SEPIIF & T — gk Akt B2 AT
T PucR. ZAYOGET GFP MRER A, T
TR TR LA W0 fizg s v DR R B2 9754k, PucR 2
22 5 SR MR A N SR BE s 5
M T R IR IR F A B, SR, IR
R s TR A LA R R I A ) PR R R L B
fiff PR R 3 IR I T B AR PR IR . {H He S50k
PIRBRSE 12 YefU A A BE M iz i R
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i, Jf HIREREL B AN s i Bt A5
M 53¢ ik R R B 503 5 AT TR R A 5 KA 5 3R 38
UOX, SRk A 4 127 & J5a 2 [a] A4 15 2] EcN
C6 TFEHME, LWAE, DR EcN C6 Al LA
o DRI IME K U 7R ) 1 R TR IALRE iR o X 8
WETE AT JE R B IR IR IR FR N 25, DA
ROV kA TR, FEIRIRYG S . IRIRA
FUR Tk 00 B P IE S, NBTIR AW G IR BR R
AL, AR RIR YT R R R MUAE S 3R 4 T 28
MK AN S B i

2.4 LBP ETEREMERANBTEIR
B I fiE X1 F

UGG WA Y 3R IR YT ) PRI I 45
BT B S ), (HET A A W o
LBP 54 Y4 & nl B YIS . X FiGiRA: 2y
B LG R E R L el Ty, WEa
L R PG 5 W i . B A A Y
ARG ANKEFE XA FRAE 4 FiR. o
. PrERm 2 E . Bom bt R EuE T s
[ B LRI V5 e A G AT 4 AR 2R . 3R
BER AL Bk . AR TE g . FERK
A B R P B R PR

B A R T ZA R oA T
2, HBET T A2 T T RE AR R T R R
WERf ek, JUHOR B ARG O AL IR R E T I
¥ A= it 2 A A 18 AR A 56 A Bl 4 S 06 R AR
=, ABAE MR N TS P I — IR R F AT . it
Ab, IERAE 2T RES | K S v s HAA AR A
BEME, KT BRI AR I H AT A TEAR 6
F T4 BUE W45 R (9 LBP J5 22 7l e A 7
ARE . R B 22 5 RS, a2
FIT RN A s X F IR BT 6 v] BE 1 B il A=
Wit 24 JE b A0 A= 0 AR S AU 1631,

TR A Y 2500 1 F V5 S A HR ), qn k[
i R . CRISPR/Cas9 it PR g 45 AR A7 7Nt
B (CTE H A 56 DR 1) g 8 2o A b o 3R H bR A
15 G ) W Vs A A 20 A m) s e TR 4R Rt
FETERE R FH AN A XRS5 S0 E AR 2

X5 A 4 o i B AN R B I, R AR
AT PR A S5 RN G SR A N A B A
HEZRA B DRATE 5T A9 45 LR 22 4 1Pk

B A AR T R PRIR AR PR35 1R A ) 2
ATREXT A M A KR, X SE S TR A
SR, W EMATRMIIRENT . I, 7
eSS AR M)A 10T R PR LAE 1) 7% TR A= 1) 24
I, TR0 BE K B TR A KU, ISR U . F)
FEE A DR 25 W 04 22 e PR RA 281 o

3 WwHRE

A= W 2535 97 v DR IR IUAE A 2 AL 3 2
PR IY s — R ARATH R A RN BT R 5T, MR
R 1A i A AT T R I i A T X i T A A S ER
SR, AR B BNG YT m R IR I s 2
M A, T SRR AL, 3 5 IR R R AL
B Rk, RSP LR)Z AR R R, X
HLR AR 0 5 A G 5 A 4 B R DA B B S
SRR R SRR R E Y DGR i [
B RS . 2P DL S T R B PR TR
AT, R IRV A o TR R A A A PR PR
BHIE & URIR , B35 B etk vy PRI ILAE A28
oo B, MG RAEYI GG ST R PRI LA A7
TENGRBFFE A o 29 dea . Py 7Rt &
[l 0] A o A S T

FURT, i A2 s e DR R IUAE R i i
PRV A G, e B A AR TR AT LA il A
FEANRZ M S A S 5 X B 2 2 A
PR 36 Uk BRI AR AL o sl ml s ] R A
FEARCTE S BR AR B AR BT, AR B B A 4
AR SO R figp PR TR, 1T 26 T3 A A R
ThAREAS A 6 T 0 A P9 7 1) BT, A
H TR IEE =7 ] A1 0318l 1 = B 4048 7R IR AR D B
MR S A Tl A 5 S AT 50 00 R ML

BRItz oh, T A MY IR )T IR IR I
AiE ) LBP 347 LA R JLAN i 28 5%5 S Ak o
(1) 7EF R 5 R IR A AL B A T2 I LIIR T &
PRBRIMAERS , BEACACBA R BT, i Sk
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PUESLR AR . HAl, AW 254 K
FFIA Nissle1917 BN BORL pMUT1 Fl pMUT2
SEBTCHTME R, Ak T LIF & e M AT
WA PERIBGRTRL, LAk, i CRISPR-Cas9
e TR Gt 0 5 R A A R B SR T LA SE B TC otk R
ik, HEHAEREGEmEGRER, SEd
A EFEL. JF A TR R, A%
R T IBAL . KRR AELD, BT
KRGS b5 sk & 5L R A48 DU, 0w
RGNS N RRE M . A U E SRR
A Ay B pE , SR AR DL ok JR 45 i s K
- VR R AR IR I BRI B, SEBUER LY
IR o WA I PR (U S S SRR
FRANACEEE AR E . Q) FFREF TR
PRI 114 1 T8 328 26 2R 0 7 B 2 ok A o 1 A A K
I ERARE ST . LBP BBk R0R M 25 30Rs A MEAE ()
RSOl PR, T — A A TR AR K R A
Z %A, e BRI T 20 25%0. (3) LBP LA
WA, R RETELS RN . bk
FEm A BRI Rk, EZR 1E kI
RIZEAE , TF2EXT LBP aE s . 25 BR2R 55t
5, WELLBP ISR P BB T ASE IR,
Ktimd AP (4) XTI KRR LBP Al
BEACI 42, BT LA B A B A 9 2 B R 4k &2
Ml . AN Zhang ZEHFSR TR T E AT RO
W 55 S S DR A bR, SIEI R R R T R A i AR
W o SRR A, A5 2 360 mg/L A JRFEER .
WA TEME A T A2 1 H o
I, LBP AR R, LAY,
R ff PRI T RE 25 A B & 5, (B2 3 09
2t i 1 o PR A PR R I BE ) IR 75 B 25
SRR FEITRAEYE R Rl
VEH AR A DA BE H B A7 PR IR T R 5 1 BRI K
SR 25 2B TR R AR & — DT 1. BB Ak,
Tran SE0F 5% SHIE B 7Kg 52 4 4H 56 IR R S L 1l &
BEAEGKR AR, it TR T UOX Rl )h
FRBEAL, AT DLTRE N IR PR ER KRR, IF
FEA BRTEIT 7 58 rh I Hh o R R I 5 | (1)

0554 I 1 T 2 R T
—EWBHH. BT, ATRRR AN
LRSI HLBIBLEL IS , 945 2 OB AL A
REFCRCE AL B L R T
SO . TR RS A 26
7 B B T LR 63 P R LA ) 505
RIS B . T REERT 8RR 69 )7
SOHE 2235 45 U T
1E& Tk = ¥

MK SO | 4 53S0 s 4B
BB B SRS Ft X
IUCREES S VAR LS Sl
LU LH

1E& A 25 o RN W
{5 7 W0 24 A7 T R W A SR AR 5
AR BRI R4 B A
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