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k%€ (L-% €&, L-dopa) Z&HFMEAMNEERY, 2T ML
10 ok, fl-% B4 FZdA2F, H025%MRHBANTEY: Al RTAT,
2 5% L- % AR RAE R, AR FRARE. AN, L% C AN
¥ 5 AN EERABE, B miaEf ik, #F@iAT Ak kA
A RoR LA @ in 0% EF N, SAES RAEE R fe AR BN R E BRI
WA BAFEER L-% CF kB aE S AR, mLEFMAR COr RAHFT
HERDZTZRF., MEMWERBRIEN MR E BT LTk, BOAAR
M FTREAREB NG TR, A, ARMEWER L5 CHLEBRERD
2., X ERBAFUAT A

METT EIK P 5 5 0f it b 69 —Ak L- 2 € %1% & Ak Burkholderia sp. Z-3. ® #
Z-3 Wyxig A K& M4 30C. pHS5.0, {2gt £ 37C. pH 7.0 B &AMk & &4 L-

S EeEMmENE. &8RN, SHEAME (ODe0=0.8) #&H# Z-3 T T AMM 0.5
mM 5 L-% B, FH L-%2 Eh5dbsh CO,, AMMmkEk5EM#ERFmi. R
X kA EE % K E A 2.5 mM, W28 AT R F AEMR, @it LC-MS 2 &
WZ3VUR LB ERE S, KIL-5 CATHAERERTE 4 3,4-—5%
A REJEB (DHPPA)Y, MG 8 K ANAL Zh 34- LK CH, HANTF
JiL 26 R 0 % AR A Bh B o5 8% (PLP) AR 4% A 55,

HORMERA BT LS ARANAFUR KEGG 28, N h = A8 L84
285 A B rBl. trB2. tyrB3) , ¥ & T B KB AME B, @I H 2 pET2%
W AKBIK, FE coil BL21 ¥ 57 F IR ALt oA =AY B R B3 4% A B TyrBI.
TyrB2, TyrB3 (5T &%) 43 kDa) . BgE R A, = APEIRMBER LS B
(PLP) Aeo-BR /X BB L- % ©F&#, =48R M0 miE RN &4, Ak
H+ a-FRR —BR KA K 0.6 mM, PLP K% % 120 pM, & & 4 40-45°C, pH % 7.0-7.5.
FHEFEREEY, = BHREERL-2E, ¥D-52E (L-% 2aafnk
FMIR) KA EN, AIE BTSN,

HULRAPWET, AHZIN TyB#HABERABRRY L-% @
( 42 Clostridium sporogenes, EDU38870.1 ;  Bifidobacterium longum, WP
162491401.1) #ALX A8, ARATFAERAMEYD T L- % CXAHE L IR IE
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. AlphaFold £ #) TN £ B, A ¥ =48k K B4 /85 5 PDB $4g & F 9984 &
Bidt A8 3TAT) &AM (RMSD<2A) , HfEio & F ) Lys-246. Glu-131
o Arg-374 S BART.

ST BEEREN, -3 25 L-BEABR L F L4425 (Glu-131. Arg-374) ,
{2 L-BERABE TRIAAELINR T L RGAERNL, L-2 05 L-BEARLE S L
A #7-8.368 kJ/mol #=-14.058 kJ/mol, ### 7 B 2 B 4 2.8 TyrBl 3 L-B& & B E-
HES%EA) (Kn - L-B& A 8=107.87£13.57 uM; L- % £.=265.26+116:01 uM) .
o FAF TR AE AL B Lys-246 5 R ApE AR RS54 4.3-4.6 A, L 2%
T i AF ARSI o- R AT, M™IK3) PLP & #i#948 A RE,-D-% 9 T
AEHARAAEE L-2 CRBFHERAR L Lys-246 e B30 %E 73 A, [
ARRL, %iFEELEERD-%E

B R BT T Lys-246 %48 4 Ala-246, B 7. 2% FEMEMN, R TARE
B8 nTrriEE R B, Ala-246 M54 58 L-% 654{%4&ﬁé 9 3B & & fa
Z91A FHHTFHRAEAANAET, FRERERETLE &K, ZERS5 PLP &
BB P RT Lys REN DAL —K, FLL-ZEERL 7&‘1’%@ | 7 $ 1k,

AKLRANBT T 4o B R A5 60947 B4 E Y Burkholderia sp. Z-3 ¥ TyrB % & B
ANF0L-% IR, A L-% EFRIPDBTGTERE T HOARZER TR,
AHEZE A%,

KR A L-2E MAEREDE FEAAAREAH
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Abstract

Levodopa (L-dopa) is an important drug for the treatment of Parkinson’s disease,
with an annual global production of over 100,000 tons. During the production of
L-dopa, approximately 0.25% of the raw drug is released into the environment;
additionally, about 5% of L-dopa is excreted in human urine, resulting= in
environmental residue. Toxicological studies have shown that L-dopa residues are
toxic to aquatic organisms, causing damage to animal cells and mitochondria, and
posing a severe threat to human health and the ecological environment. Existing
physical and chemical methods for L-dopa degradation have numerous limitations,
such as the inability to mineralize the drug to CO», high' coests, and limited
applicability. Microbial degradation technology, as a green and efficient remediation
method, is considered one of the most promising approaches for environmental
pollution restoration. Therefore, the need for research on microbial degradation of
L-dopa has become increasingly apparent. This study presents the following major
findings:

A strain of L-dopa-degrading bacterium, Burkholderia sp. Z-3, was isolated from
medical wastewater. The optimal growth conditions for strain Z-3 were 30°C and pH
5.0, but it exhibited the highest L-dopa’degradation activity at 37°C and pH 7.0.
Within 8 hours, Z-3, with a high inoculum density (ODe00=0.8), completely degraded
0.5 mM L-dopa and mineralized L-dopa to CO., with the degradation rate being
significantly correlated to-the inoculum concentration. The maximum substrate
tolerance concentrationswas 2.5 mM, and complete degradation occurred within 28
hours. LC-MS analysis of the degradation products from strain Z-3 and its crude
enzyme revealed-that L-dopa was degraded via a deamination pathway to produce the
intermediate  3,4-dihydroxyphenyl-lactic acid (DHPPA), which subsequently
spontaneously oxidized to the final product, 3,4-dihydroxyphenylacetic acid. The key
enzyme mediating this deamination pathway was hypothesized to be a pyridoxal
phosphate (PLP)-dependent transaminase.

Through metabolic pathway analysis and whole-genome sequencing with KEGG
annotation, three tyrosine transaminase genes (#yrB1, tyrB2, tyrB3) were identified, all
of which belong to the core pathway of tyrosine metabolism. The pET29a
overexpression vector was constructed, and the three tyrosine transaminases, TyrB1,
TyrB2, and TyrB3 (approximately 43 kDa), were successfully expressed and purified

in E. coli BL21. Enzyme activity assays showed that all three enzymes were PLP- and
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a-ketoglutarate-dependent in catalyzing L-dopa degradation. The three enzymes had

similar optimal reaction conditions: 0.6 mM oa-ketoglutarate, 120 uM PLP,

temperature of 40-45°C, and pH 7.0-7.5. Chiral selectivity experiments demonstrated

that all three enzymes could degrade L-dopa, but had no activity toward D-dopa
(enantiomer of L-dopa.) , exhibiting strict chiral selectivity.

Phylogenetic analysis revealed that the TyrB transaminases from strain Z-3 were
distantly related to L-dopa-degrading enzymes from anaerobic bacteria (e.g.,
Clostridium sporogenes, EDU38870.1; Bifidobacterium longum, WP 162491401.1),
indicating independent evolution of L-dopa metabolism pathways in“aerobic and
anaerobic microorganisms. AlphaFold structural predictions showed that the three
tyrosine transaminases were highly similar to the tyrosine transaminase (3TAT) in the
PDB database (RMSD < 2 A), with the catalytic pocket tesidues Lys-246, Glu-131,
and Arg-374 being highly conserved.

Molecular docking results showed that L-dopa-and L-tyrosine share binding sites
(Glu-131, Arg-374); however, L-tyrosine formed-a stronger hydrogen bond network
due to the hydroxyl group on the phenyl‘ring.. The binding energies of L-dopa and
L-tyrosine were -8.368 kJ/mol and -14.058 kJ/mol, respectively, explaining the higher
affinity of TyrB1 for L-tyrosine (Kn: L<tyrosine = 107.87 + 13.57 uM; L-dopa =
265.26 £ 116.01 uM). Molecular.docking predicted that the distance between the
catalytic residue Lys-246 and.the substrate's active group was 4.3—4.6 A, suggesting
that the side-chain amine.group could act as a catalytic base to abstract the a-amino
proton, driving the PLP-dependent transamination reaction. The active site of D-dopa
was positioned 7.37A_away from Lys-246, preventing the transamination reaction,
thus explaining the enzyme’s inability to degrade D-dopa.

Site-ditected mutagenesis of Lys-246 to Ala-246 completely abolished the
enzyme's degradation 'activity. Molecular docking results for the mutant protein
showed that the shortened side chain of Ala-246 increased the distance between
L-dopa and the-catalytic site to 9.1 A, and the change in the catalytic group fully
explained the loss of activity. This result is consistent with functional studies of
conserved Lys residues in PLP-dependent enzymes and was validated in the L-dopa
degradation process.

This study provides an in-depth understanding of the TyrB
transaminase-mediated L-dopa degradation pathway in the aerobic microorganism

Burkholderia sp. Z-3, offering new strains and genetic resources for the remediation
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of L-dopa-contaminated environments, with significant potential for practical
applications.
Keywords: Biodegradation; L- dopa; Burkholderia sp.; Aromatic amino acid

transaminase
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LWL E (L-ZH, L-dopa) , B 3.4- ¥R EIERETRN KR L- S0k (&
1-1) , 42 CoHnNOs, 4T84 197.190, L-Z [ ZM4E R (Parkinson’s
disease) M—ZIGITEY). FlAE EBREBAR IR0 AR B E BE A Wg i, L-
Z O E R E .

COOH

H:N
HO

HO

L-dopa

& 1-1 L-ZE 545X
Fig 1-1 The struetural formula of L- dopa

L-Z B &P h B & 1910-1911 4, 245} Torquato Torquati p{R M 2&x
E o X — L &Y (Homykiewicz, 2010). J52&, Holtz HikkiE | L-2 B
AT Sl Y PR %A VR i (Karoum et al., 1988), 5 i 22 B k& Kb 11 L-
Z BT

L-Z B 25 U ELPTE ) 2 1963 4F, Hornykiewicz 58 A& 3R 1 KT IH4 A%
WIRTT I K SEFIE IR AR 2 — P 2R T, L-2 /RN 2 BRI HTE,
REAS A7 250k b FEME A AR (L R b b T RS0 49 T R 2K 1) 22 L K T

1967 4, Cotzias 5| A T 1845 & Ok L-Z ELy7¥E(Cotzias et al., 1967), I
AT E] TEAIE, ORISR TR IE DT 26 YA B AU e IR AR
1Z % (Fahn,2008 5 Poewe et al., 2010 , Pezzoli and Zini, 2010),

1.2 "L-ZBERIFMERESX ARSI

i TERLS> (Active Pharmaceutical Ingredient, API) <&+5 H Tl 25 94
SR R A, TEZ I R AR 25 Y T A XS s R A 2
PGP ECHAt B, RERBAES W, RYT . SERGE . AL TR B i AR
KAEAEH,  BOMHLA R DI RE s g 147 A2 52

FFEL-Z AL N APTRETIGIE A KR W BES | A ™SI PREE M), X AR SR
B NS AR R 52 2 5 | RS [ Bkt & 1)) 12 % (Hignite and Azarnoff, 1977).
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APLATF]REFBUEY P M, Bilhn, FELREIEARTETG KT 324 7KIR Bk
HKEH 2% T I 25 APIR, WREAAAS ST, FEURHKIGY. 157K IR
TNREAE A, R N SRR 1 A G 3 (Linge et al., 2001 , Schwartz et al., 2003 ,
Crane et al., 2006),

BeAh, VFZRAMIFTERI, -2 BRI & R i 2 oA ARl 2o i 1 Hfy
s, HARPUNEArTE(De Andres et al,, 2009). HFMEE25 L-2 EAYH )
AALERIA R, Fbid e b & AR 2 Mo H Al B, iR HEAY) A S
FIREL B, DAAGE IS 2 1 R R AR AR i BRI . 1 R M ml
DA T SPUEA, R S IR A L A YR FEIBN S iteb et al., 1998).
W3R, L-Z2 Wl s g TR e di e, A A e U 1k ) il R A
MBI bR e T, SR AR R Z 0. SR E TR T L-
ZEn, 2B TR E TSR, wihgleds . BOEE. dHH
DNA W& I4 ., i, T L-Z 05 L-EERATHMHEM, Bl ieEn
Frrpr) L-BR AR, = E0E B 1 (Giannopoulos et al., 2019), 164k, L-Z 2
AERPUEFRE T, GHEARET LR GBI, Bk, S3hEGSER R RV
(Eisenman et al., 2007),

1.3 L-ZEFHEER

L-Z 1 R HAMAPTHE A K AR 2R AR 0045 (1) W25l i A7 K HER

REREFIALE;  (2) R ZEGWN I AP AT P Wi i HEH A 0 A KA
(3) WY ML E.,

L-Z BAERY T IR AR 1 Rl , 2R ER T2 . T RUARAT 250 R T2,
i HL-2 BRI AR I, T FR 2K G IR 2h, i N R AR 2R
3000-6000mgfiL-% [ A RE4ERH AP RIUR (Melamed et al., 1998 , Guan et al., 2016),
RAEAH R a5, L-2 B MR Rs, BRE AR
A R (WMA )~ il REHE R A AL, T2y 5%R9L-22 B AR A TE L
H R R W HEY (Galne et al., 1969 , Borud et al., 1972),

¥ -2 B A A N, S L-2 ERRK ST, A iedis
HEi R 5 PR 55 7 (Kaakkola et al., 1985 , Min et al., 2015 , Pappert et al., 1996 ,
Polanowska et al., 2020).

1.4 IR ZETEXL- S BREFRR S

HAT, 259075 Y B 52 SOR B8Rk Mok . ©A 2 MO0
PRI R, ST R R 25K L-2 10, BFsEERI, A AT
RATERZ BRI L-Z E (A, 2013), HFEEENRE, L-2 Bk E"
P ARG BN G R, AP R K i) A7 75 4 & (Chemical Oxygen Demand,

2
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COD) EEEAE 60%.,

Isariebel Quesada-Pefiate S AT T F1 FH 1< W B e AR Fe S iR BoR 25
% K Hr i) L-2£ B (Quesada-Penate et al., 2009 , Isariebel et al., 2009b , Isariebel et
al., 2009a). fff AR P IREOR KRR TP L-Z2 20, KR ) COD RA5 214 2%
Vs, HBEER AL, T ARG PIRAI T T AL G55 Rl )

1.5 5 L-ZBEEERXREEY

TEMHAB ARG T AR T, L-2 Bl 7R 2R S A BE A B 574k
FIIWESEIN A, L-2 EAE NS R N R 3 I S AL R iR B (Aromatic Amino
Acid Decarboxylase, AADC) P fift, 52025 W) JoVAA &5 o BB 2 A #4245
(Maini Rekdal et al., 2019). itt, 7 RAMERE, #fERL-2 2 5AADCH
W5 (ARl w) BREMEH. R, JREN, 56 24 56% M L- 2 EARAME A
W, FECEE RN YRR EEOR, H HECE N R, TR . 5
Iefrly, BoREZ puEERN, BiEMEY RS2 D EAE A, AR
ERNIRITROR . MU R, )i AE R ERE MGEL-2 AT RICR, X
PR W18 f0A ) AT REAE 245 P A A R vp T B 44 JH (Sampson et al., 2016,
Tsai et al., 2022 , Xu et al., 2023 , O'Neilly2019): FE[7ERE (Enterococcus faecalis)
BASFRE  (Eggerthella lenta) , MR (Clostridium sporogenes) , WA E
J& (Bifidobacterium sp.) , HWAIJWGEFTE (Helicobacter pylori)

1.6 L-ZBHRBEHEE

RAE L-Z2 O AR R 2, (BEA ZWFAE NS s
S I T 2 0k B2 AT 5K 14 M B TH (Ranjith et al., 2007), T L-
% B S5 5 0 A AT LU (Contin and Martinelli, 2010), A APy 2T 7
IR (AADC) XHBATIOREN, R 2 B, sk, 251
R R, AR L-2 DR & Yo s iR . IR, 4Rt
FEM, BT NEESAILE, BEMEYRRES R -2, I HHA
W ImEZE (F 1-2) (Abrams et al., 1971 , Rivera-Calimlim et al., 1970 ,
LeWitt, 2015).

117 AAREBRIFIENX

L-Z B2 ARG %02, ke slid 10 g, &) iz
BERHA, H2AWHFERE R, AR, 29 5% L-Z2 W RENRNY, HHERE
RWHES . 2P A = fe i, 29 0.25% 5B AR, X SeFR ) L-
Z B BRI GO A S AR G A A RO, BT H 2™ R RS

Jem,
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L-Z E R ISIEETE 280 nmAb AR 15128 (& 2-1) , WIb FIMIL-Z2 A 1.
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2-1 BEERMEEL-ZEHNENMIHE
Fig. 2-1 UV-Vis spectrum.of L-dopa degradation by enrichment
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Fig 2-2 HPLC of L-dopa degradation by strain Z-3
22 B Z-3 MEEESFESFUER EBELE
STREARZ-3, RHPHTIESMEL, LBV A KNk SRt e, B,
/NI, RTENRAED G, BERESY, AdEY] (8 2-3 A) |, Z-3 BHFIR (0.5 pm
x1.1um) (Kl 2-3B) , THiE,

| I
SUB010 5.0kV 9.8mm x30.0k SE(UL) 1.00um

2-3 BERRE Z-3 MEEES (A) SHRMERERE (B)
Fig2-3 Colony morphology (A) and scanning electron micrograph (B) of the degrading bacterium
Z-3
WPk Z-3 AR E N 54, V-P VI AA, BT 5l SN B
Pes ANEEKMRIERS, FACTIARE TR, WRRLL YA . X SRHIERT & CAREI )
Burkholderia sp. AR FAFHE
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2.3 Bk Z-3 EFZH DNA IRELE 16S rRNA EFE£7E
B

A Ml 1 M2 2
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& 2-4 EH#REEZE DNA (A) 5 16S rRNA IRBEHESERL ik B (B)

Fig 2-4 Agarose gel electrophoresis images of genomic DNA (A) 16S rRNA of the strain(B)
MI1:DL 15000 marker; 1:total DNA of stain Z-3;,M2:DL 5000 marker; 2:16S rRNA gene of stain
Z-3

AR EEN AL DNA SEECIRGPRINEFR (K 2-4 A) . RFRibk Z-3
[ 16S rRNA &[] 5 5175 £ 28 BzBilCloud A XA, 452 B Rtk Z2-3 58
o Rk FRur, HoY5 Burkholderia seminalis R-24196T F AP IL 99.79%, 5
Burkholderia paludis MShIT FH{LIVETR 99.73% . 5 G REESHE. A RAALEr
fIEPA K 16S TRNA BN E G KT8, WAk Z2-3 915 % A Burkholderia sp.(J&l
2-5).


https://www.ezbiocloud.net/taxonomy?tn=Burkholderia%20seminalis
https://www.ezbiocloud.net/taxonomy?tn=Burkholderia%20paludis

L AR R 4B

Burkholderia territorii LMG 28158T (LK023503)

Burkholderia latens R-5630T (AM747628)
Burkholderia anthina R-4183T (AJ420880)
Burkholderia aenigmatica LMG 130141 (LR760817)
Burkholderia pyrrocinia DSM 10685T (CP011503)
Burkholderia stagnalis LMG 281567 (LK023502)

Burkholderia sp. Z-3

2 Burkholderia paludism MSh1T (JPGL01000004)

45
Burkholderia arboris R-24201T (AM747630)

Burkholderia catarinensis 89T (KR013050)
Caballeronia peredens LMG 29314T (FCOH01000055)

Pandoraea morbifera LMG 311167 (LR536858)

0.0020
2-5 BF 16S RNA ERMZENEK Z-3 REXEW
Fig2-5 Phylogenetic tree of strain Z-3-based on 16S rRNA gene

24 B Z-3 MTFARIE RN
B Z-3 WRRESS S5 A 25805 10 LB EASE IR RO e, DA R & a
B 52 4000 B B ) A s = A i, Kﬁf@%iﬁﬂ@@%uﬁﬁﬁﬁﬁo ZERT
(F£2-1) , ZEHAMNTIOAEER, HEX, A NTER, S45EHLATMHE

X H AT RIA RSP,
R 2-1 W Z3 W FARMESMME

Table2-1 Strain Z-3 was resistant to different antibiotics
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25 BEXEK Z-3 £KAIEN
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& 2-6 BEXT Z-3 £ACHISSNE
Fig2-6 Effect of temperature on Z-3 growth

2.6 #1% pH X E#k Z-3 £KHYF N

FEAR IR Z-3 FEARR pH 5 PE R, RSN InE R (K 2-7) RRAE
% pH I, A KRB, Ui pH 4 T HAMRSRAVE R, 1
pH 9.0 I WA K fxee . 2L PR Z-3 fri&i Ak pH 4 5.0,

1.6

I 1] (h)

2-7 pH Xf Z-3 &K HI8M0
Fig2-7 Effect of pH on the growth of Z-3
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Wt R ARAEACHS L-2 ELNR IR Ao B S TR R RE R . TR ARAE I NI
A MM RN, w2 TR 58 ek i A E L-2 BN SEE IR R,
(EL 3 IS 8] R S R PR B PR 2 5, BRTRR A L-22 B BRI i D
B, IHIE 48 hif T L-2 BIHARSR R E A Al L2 B/ 45t
SRR A KB

0.6 0.25

0.5
04 F0.20
S g
é 0.3 8
Eg L0.15
= 0.21
—&— L-dopa
ol —o— Control
: —o— 0D
LU

0 12 24 36 48 60
i 18] (h)
B 3-1 E#k Z-3 WL L-B B AME—RRiRE KGR
Fig3-1 Z-3 took L-dopa as the only carbon source

32 EHRZ-3 FREEMEXTIER L-Z BRI

o (E 3-4) s, WPk Z-3 AIERERWE S 0.2, 0.6, 0.8, 1.0 B, 7E 8
/NI INSE AR 0.5 mM Y L-Z B, B AR G M R IEH K, RIS Rk
JERHE R, BEMRER. A8 4 /DI, EIRME (ODesoo {H) M 1.0 IfFE AR
B, A% 79.76%.
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20

0.2 0.6 0.8 1 @ontrol
ODGOU

B 3-2 Btk Z-3 AEEMEX L-5 B REHR N
Fig3-2 Effects of different inoculations of Z-3 on L-dopa degradation
33 %R L-BEREXNERK Z-3 EHFEL-Z BRI
o (83-3) PR, Joit L-Z2 ERa Ik, Z-3 Bk I 2Epri Pk
PRI L-2 B, HEEWEEAe, AWkEm 2T, xR
Ik 2-3 X L-2 B HABGRAIN Z M. 72 0.5 mM kT, Z-3 nHE 8 /NN A5
SPRfE AR 2.5 mM IRIETR, 28 /NNt RESE SRR L-Z 1L,

2.5

2.0

—=—10.5
—=—1.0
—=—1.5
%1-5 ——20
~ —_——2.5
®
10 ;T
0.5
) \ %
0 4 8 12 24 28

IS (h)

& 3-3 Btk Z-3 AEHEMEX L-5 B REFEFN
Fig3-3 Effects of different dose of Z-3 on L-dopa degradation
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3.4 #1%A pH XJ &tk Z-3 BEfE L-Z BRI

Wik pH X bR Z-3 Bef L-Z ERysgmaan (81 3-6) Fras. fE pH 5.0 £ 9.0
W, 12 /TR ST 60%, FREH pH XTRME Z-3 MR MRIE R AR,
B AR I B U R BEIE B . F pH 7.0 I, MR R, R —45 R s
BRI Bl A4 K pH A5e4—3 (pH 5.0) , {HYE pH 5.0 F1 pH 7.0 B, BEkkBAE
KEFARBE. WHENREZ, L-2 55 MRGEY HE Y pH $#8.7.0,

100

80 T

i T
3

HH

FEREA (%)
~

20

N

0 : y < : :
5.0 6.0 7.0 8.0 9.0

pH

& 3-4 BEHRZ-3 XA E pHL-% B REAZRRIR T
Fig3-4 Effects of Z-3'on L-dopa degradation at different pH

3.5 AEIBREXIERRZ-3 B L- 2B
m (Bl 3-5) s, 7E 30-35CIER N, Witk Z-3 XF L-Z BRI ARFRAE 12 /)N
BN T 90%. 7E 37CHY, PEMEEURRM, 53] 100%, X5EEKAE 37°CHY

R AR RAERER—E (182-6) . BEHERERAL, RN L-2 EAgR R
NG, W] e A R ARIER TR R, B PR IRIR T AR R A8 T EL
A2CH, WHRICERE L-2E, X 550H5% b & BRRAE 42°C I Joii A Ky

ZERAAT (18] 2-6)

12



=R TR Z-8 X L2 TR A 1 QAR AT

1004 ]

80+

204 ai
0 1

B 3-5 Btk Z-3 MARIRE L-% B FEMERIR0

Fig3-5 Effects of Z-3 on L-dopa degradation.at different temperatures
e 3, |:\-|
3.6 Etk Z-3 FSPEMHCI

M ARS8 T A Z AN, 27 L2 B ) Jo 8l 1o 4L AL
B, WiESA 5 AR S AR PR R AR AL, o A B REs 1, s
FHFE TR ERE R YRS A RSN KLY, ERSASHSAMLL,
AR Y SER G R, I HAR S A R A 42 B R R 3, B
JEAA N . il R R A SR AR R = R, W] AR L R Y
JEBh 2R,

m(K3-6) Fizs, i A ARG AR B ARE R, HARS AR B
W R RERTI], AT DAAEI i Ak Z-3 O L 0 o A2, i fE s S 2. T,
e Tkl id 7 iy 415 A S AL e R A 22 S ok i s e i 22 1), 5 28t R
7 IR
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——FiET
0.4
=
E
k)
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0.1 : . . ; : ]
0 2 4 6 8 10 12

i} 18] (h)

& 3-6 Btk Z-3 F SRR

Fig3-6 Induced degradation experiment of Z-3

3.7 Ekk Z-3 BERRE S

LC-MS 2 ¥rgs s (8 3-7) BiR, Z-3 B Rr=WutE 3,4- — HEE IR
(DHPLA) , X—r=#CAeeaitssiil, J8 T IEsEer it =y .
2R, BRIBERRHE =) (A2 B i &) & COMT &2/ 7=4) (40 3-OMD

4

VPA. VLA) RAESLY AT IE] o L, W Z-3 BB AR I s e
A

1: TOFMSES -
TiIC
6.0826

[ Time
1.00 2.00 3:00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 1100 12.00 13.00 14.00
. O e : TOF M:
9300 RT:2.630min -
100 100 1979445 1
O COOH
HO
HO'
o
HO
178.9761 2069715
1soss2 0 |97063 3 5.9253
$T687 1169275 1350432 228.9583
95,9605 ] S 1 L | N 1
or miz o /
60 80 100 1 1 160 180 200 220 240 60 80 100 120 140 160 180 200 220 240 260

B 3-7LC-MS BB FinE (A) K¥L-ZE (B) RN~% DHPLA(C)
Fig3-7 LC-MS total ion flow diagram (A) substrate L-dopa (B) reaction product DHPLA(C)
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3.8 Btk Z-3 tHEs R N

MEFTR (K 3-8) , HAZEAI PLP Flo-Fi % —#R)G, PRMRESA AEA R
TR, AR, YRR g B AR, X R, Z-3 BERRAY & b it
Mt T g2 PLP M Z L &, I H Aol BRVE N RS2 1 . 3 Al o % R
fRERPRAL T LR,

100+

I 2h
B b

804
O]

(=2}
[
1

40+

AR (%)

204

.
o
= Xf A 2R PLPZH  o-filk — G4 scibdm

& 3-8 itk Z-3 HEB AR R AP R
Fig3-8.Degradation rate of Z-3 crude enzyme reaction

RIEHINBIPTFER Z-3 AR DD, DA R HO b s A 5~ (PLP
Ho-F I —HR) ARHCPER 78T, Z-3 TRPRAY It i) 265 — 28 SO, i — b PLP 4
LA BN 2R, Z-3 WARTH AR = tyrB BL [N gm i1 PLP
WO EL A, X LERERENS KT L-2 ALy DHPPA, #X1f, T DHPPA 73§
SR o BER 1) A TR S5, XA 5 TR AR, AR TR IR . LC-MS
o bros R Ron, BOMOTY AU 34 TR E K &
( “2-(3,4-dihydroxyphenyl)acetaldehyde ) FlI 3,4- — ¥ H KX & W
(2-(3,4-dihydroxyphenyl)acetic acid) (L& 3-9B,C) . HH1, 34-"FEHR L
SURLLEAN, BN 3.4- TR ER IR . X2 LR T1E LC-MS T, 3.4-
TRER RN ERAR, HF HEEE N R, E2AMRER 3,4- T

2 2R B A (Wada and Fellman, 1973),
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300 ——DHPPAO h
——DHPPA2 h ﬂ
251 —— DHPPA 12 h .
201 m e ™~
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3-9 DHPPA HAMMEEE (A) RE~H#RERE (B) (O
Fig3-9/Natural degradation of DHPPA in liquid phase (A) spectrum of reaction products (B) (C)
TE Z-3 WIRLAE SR RE PR BEAL N 2] DHPPA (8] 3-x) . iX—BA I RER H
TAEL RS B FNER T DHPPA W40, SR, AR BEGS R iR
DHPPA F 8R4 = AR WR =4 (& 3-10) , X8 Z-3 il s e i L-%
B AL TR,
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& 3-10 Z-3 tHEE IR N ik AH E
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——Z7Z-312h
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Fig3-10 Z-3 crude enzyme reaction liquid phase diagram
3.9 HEkZ-3 MR L-ZBIEEEN

MRPEE A BT (Cirstea et ak;.2023), L-Z EAERUEY HRIMRIEIES LKA
BRANEL. L-Z BN L-P Gt 450 _E BRI, ELA B R R S 5
AL L. ad KEGG MR ACH s A 2-3 BN 04, KB Z-3 H A
A E IR AR A, HEN L-2 EagAGsHdr DU A R s A T (18
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Fig3-11 L-dopa metabolic pathway (A) and tyrosine metabolic pathway (B)
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FNE Ek Z-3 HEBERERERIESHEFRE
HIEEFF RS
4.1 PREEEEHEN

MR PE 4 BL DAL 0 45 2R 0 A v, MR I AR W AR Z-3 o = AN A
orf-2339 ,0rf-5869 ,orf-5957(5 5G4 A tyrB1,tyrB2,tyrB3) 4 itk Z-3 Hvl =4
¥l (644 h TyrBl, TyrB2,TyrB3) . MRy EHI A 7455 KEGG
P A B, 3k = A AT I S R 6 S e e P ) G B B Ty B 2 2 il
TyrB fH H 2 — RIS (PLP) WM ZNE, +%Z 5irFRaEmR (W
BREMR . RNARMOER) WA GRS . B el 52 5K Z A1)
RN, A A AR, W ARl S 25 o S A iR A B R

HR# InterPro B 4 Fh A FE XTS5 3R, A BHIX =A>TyrB /& T )1)@ T PLP &
W55 % B (Pyridoxal Phosphate-Dependent Aminotransferase) K, HAKANFF
T i B FE TR 2 il (Aromatic-amino-acid transaminase) V. Z % (EC:2.6.1.57) Ff H..
T -2 B B 2R S AR A, <HEAE Z-3 WA SO b, [ A
P Sk PLP FOMCHIZ T AT B bk Z=3. e i e 53X = A 35 R T G R P 6 i -
Edun

WAE T 2 ikiES S L2 TR IR A K — DR n, HhE
F1 EDU38870.1 s& & ¥k Clostridium sporogemes ATCC 1579 W) —FpiE i, W
PATE RS Nl 55 & L-2 1. 1 WP 162491401.1 (Bifidobacterium
longum) , FRAEAEEHEN W] DATEPR S TS L-2 B, X PR BEHAT n] DA
¥ L-Z U454k DHPPA, 5 TyrB AUl L-Z EAFEAHIE . SR 730 Ho w25 2R
K 4-1), BERE Z-3 1) TyrB % fif -5 X A DX AR TR R L-22 U o Al A it
b P BRI ESG R R, WA, TyrB NI, 53X R0 R AR I PR
ABALAUH B B R, X R L-2 B BRI ] fEEir 8 5 RE MY
TN AL (van Kessel et al., 2020 , Laursen et al., 2021),

19



I Rk Z-3 W fEL [ ve R 2k S e R B A R R ST

i': P71348.1 Glutamate-pyruvate aminotransferase AlaA (Haemophilus influenzae Rd KW20)

48 P0A959.1 Glutamate-pyruvate aminotransferase AlaA (Escherichia coli K-12)

e AlaA1(Burkholderia sp.Z-3)
100 P63499.1 Alanine aminotransferase (Mycobacterium bovis AF2122/97)

WP 162491401.1 aminotransferase class VI (Bifidobacterium longum)

99 | WP 007054291.1 aminotransferase class VIl (Bifidobacterium sp.)

3

9'WP 309464669.1 aminotransferase class VI (Bifidobacterium sp.)
[EDU38870.1 aminotransferase class VIl (Clostridium sporogenes ATCC 15579)

‘WP 045898117.1 pyridoxal phosphate-dependent aminotransferase (Clostridium sp.)

” lWP 012341976.1 pyridoxal phosphate-dependent aminotransferase (Clostridium botulimmn)
sg| TyrB3(Burkholderia sp.Z-3)
52|l'WP 174928745.1 amino acid aminotransferase (Burkholderia anthina)

99 | WP 006760842.1 amino acid aminotransferase (Burkholderia ambifaria)

WP 175748347.1 amino acid aminotransferase (Burkholderia ambifaria)

100 TyrB1 (Burkholderia sp.Z-3)

TyrB2 (Burkholderia sp.Z-3)
— 085746.1 TYRB KLEPN Tyrosine aminotransferase (Klebsiella pneumoniae)

95

99 P74861.3 TYRB Aromatic-amino-acid aminotransferase (phimurium str. LT2)

74
95 LEFN5051648.1 aromatic amino acid tranSaminase (Escherichia coli)

P04693.1 Aromatic-amino-acid aminotransferase (Escherichia coli K-12)

020

B 4-1 REER TS L-SEREEEXEE LR

Fig4-1 Evolutionary tree of enzymes related to L-dopa degradation under deamination pathway

42 [EMEEREARIE

MR Z-3 BRA Py tyrBLoyrB2,tyrB3 = AHE P fr, @R INE STE

J& f pET-29a #E47 [ YR E 4, “F A F| E.coli BL2I(DE3)H, #4# TyrBlI,
TyrB2,TyrB3 () S PR R E.coli BL21(pET-tyrBI), E.coli BL21(pET-tyrB2),
E.coli BL21(pET-tyrB3),. {1 T7-T7t 5| ¥ Ik =fpFakakik (& 4-2) , If
PRGN P B e To iR A FIR IR, T JR2ER) TyrB1, TyrB2,TyrB3 1) 3Ki5 5401k,
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5000bp
3000bp
2000bp
1500bp
1000bp
750bp

B 4-2 Ffidi{k PCR GuiF
Fig4-2 Plasmid vector PCR validation

M:DL5000 marker; 1:5yrB1 gene; 2:tyrB2'gene; 3:0yrB3 gene

43 BRABEFSREISERSK
2t IPTG 555, SO A B I 4E FiEw, 7181 Co-NTA
SERENTHE R T aifk. RN, = TyrB # @ L s —E 550, 2
HAER . SDS-PAGE s3#rdios, X = TyrB B FEAHIE, 2k 43 kDa
(Kl 4-3) .
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A 250200 150 100 75 50 30 10 ¥ L7 Uitk S4% Maker D
mM mM mM mM mM mM mM mM

10 2 3 c s2 0
DPILTLNENF Qb 0Q) LSIGIYFDAE EAETALQRDT

70 o %0 100 118 120
GPKPYLPMIG LAAYRDAVQS LVFGADHPAR AAGRIATVQT LGGSGALKVG ADFLKRYEPD

2kD:
97.2kDa 130 148 158 168 178 188
AQUWLSDPSH ENMRFIFERA GFTVNTYPYY DEATGGLKFD AMLAAIDALP ARSIVLLHAC
66.4kDa 198 200 218 220 232 240
CHNPTGVDLD EGQWEKLIOV IEARGLLPFV DMAYQGFGAG LDADAFAVRE LARRGVPALV
250 260 270 280 298 300
44.3kDa ANSFSKNFSL YGERVGELSY VCEDAAAAER WLGQLAGAVR SNYSHPQTYG AKVVATVLNT
318 320 339 350 58 368
29.0kDa PALRKQWEEE LAAMCRRIAR MRQSIHDGLR DHVSGEALTR YVKQRGMFTY TGLTESQVEA
20.1kDa 38 38 - 400
14.3kDa LREVHGVYIL RSGRMCTAGL MOSNUGIVAD ATGKVLESGY
Theorelical piifw: 5,96/ 43614.71

B

150 200 150 100 75 50 30 10 FilE LW R Maker
T 1 J Sequence:

10 20 38 46 58 56
MYEHIPAYPG DPILSLFQAF QQDAHPHKVN LSIGLYYDDAGRIPVLESTR IAAERLREAG

78 82 58 189 18 128
APHTYLPMEG LAAYRQGVQR LVFGADCAAL QT LGGSEALRLG
130 149 150 178 180
97.2kDa SAIWISDPTW DNHRVIFSAA GLOVHTYPYY DEAm\’D AMLAALDALP ARSIVLLQPC
66.4kDa CHPTOLDLS ROARAVIDY L\llam.rm. M\vweuc LOODAHAVRA IVEAGLOATY

250 60 220 280 290 300
SNSFSKNFSL YGERVGGLST, :'CISIEE“T VLSQLQAGVR RTYSSPPLFG AQLVSTVLND

44.3kDa 318 320 330 348 358 358
DALRARWEDE R_MRGALKARLD ARLPAPAFDA LVTQR!
29.0kDa
37e 380 3se a8e
20.1kDa LATSHGVYLL RSGRMCIAGL MDANVEHVAN ATADVLGGAP RQAA

Theoretical phiMw: 6.51 / 43759.80

‘Bequence:

18 29 22 - 58 62
MSLFSAVQLA PROPILGLWE AFNADARPTK VNLGVGYYTN EEGKIPLLRA VREAZKARVD

7 20 e 100 110 120
AGLPRGYLPT DOTAAYDAA QKLLLGNDSP LIAAGRVVTA QALGGTGALK TGADFLRTVN
97

iy 138 140 158 168 170 182
PNVKVAISDP SWENHRALFE AAGFEVVAYP YYDAATNGUN FEGMLSALNG YAAGTIVVLH

66.4kDa
z 198 200 218 220 238 218
ACCHHPTGVD LTEAQWQQVY DVVKARNLVP FLOMAYQGFG EMIEADAAAN RLFAAADLNA
303
44.3kDa FYSSSFSEER SLYGERVEAL STITSSKEER tmsquw TRTNYSNPPE SR
f 358
~ 29.0kDa ASPELUAM unusmr mmwﬁn lIASWWF sﬂunqumr SYSGLTSAQY

20.1kDa
14.3kDa m.ussﬁezv Avsrsucwx M.nrmwnv ATAVAAVLK

Theaoretical plMw: 616 / 42567 48

& 4-3 P&f#EEE TyrB1, TyrB2, TyrB3, 3 ERAWKE(AB.C), MEMEEEHENFTIRMNER
TMERYER (D.EF)
Fig4-3 Degrading enzyme TyrB1, TyrB2, TyrB3, protein purification gel diagram (A,B,C),
corresponding sequence of degrading enzyme and predicted protein sedimentation coefficient data

(D,E,F)
4.4~ HPLC JiEXT P AR L) BELSIE

n (K4<4) Fs, pET29a-BL21 WIS ISR ST AR, 20
BCE A s 8O IR AT O, SR R, 28O IRALRY L2 B A
N, AEARRMBULATRE . AHEZN, =Fhalifbn TyrB 2l Re e i
L-Z B, HrrAaMFER 7Y —34- " REIR O 3,4- IR OIR, XPFD
P Z-3 MBI R L- 2 B — 2, bRk T I =R e R R Z-3
Wefi L-2 R CHERG, A T 404k TyrB3 & IR EERAL, Hy= =tk mAH K
A, AR RE IR N Y ABAR ISR P My R (4] 4-4D)
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A B
100
100
——TyB10h —— Tym20h
%0 ——TyB12h — Tym22h
80
o coon 5
- JOT - ST
P oo
% 40
cHo ~coon cHo /@\m
2 4 6 8 10 12 Z 4 6 § W 2
SN i B[] (min)
C Hf 18] (min) D
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160
?ﬂ;g 3 ; ——TyB30h
140 yr 8 —==TyrB3 2 h
120
~Eooe 6 CooH
100 fa=]
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E Y E T
20 / ) VR
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L "GHO i COOH
. oo o e
HO' o oy o
| ] R
: \ LA ‘kﬁﬂlk
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" #f1) (min) F Fif 1] (mmin)
25 140
SHO0h 120 — %1 0h
20 —%#H2h —%H2h
100
% 15 m,»mu % 80 /@fﬁ/cmﬂ
HO' 60 HO" :
10 S VR
40
S
20
AV 0 o
2 4 6 8 10 12 [} 4 6 8 10 12

i), (min)

& 8] (min)

4-4 SRR L-ZBRIKRAEE. TyrBl MM L-ZEBiRAEE(A); TyrB2 fEfE L-SEB iR E
(B), TyrB3 B&f% L-£ B i&kiAE (C,D);pET2%a-BL21 =HHEEEMME L- S B iREE(E),=H4A
PEfE L-ZEiREE(F).

Fig 4-4 Liquid phase of L-dopa degradation by pure enzyme. TyrB1 degradation of L-dopa liquid
phase diagram (A); Liquid phase diagram of L-dopa degradation by TyrB2 (B), liquid phase
diagram of L-dopa degradation by TyrB3 (C,D); Degradation of L-dopa by no-load crude enzyme
in pET29a-BL21 (E); Liquid phase diagram of L-dopa degradation in blank group (F).

45 PEfRERRFIEERE

P AR ) P B AN s (181 4-5) = TyrB BARxT -2 EARA —
ERIEREE S, 16 2 h BREFERT 10%. X -2 B AR & D-Z2 E )
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BEAPRARRES) . YAWHX = b TyrB 2 el B RoR ) FAEReRerE, AR L-
Z B, JoikkEM D-Z .

601

I TyB1
I TyrB2
501 [ TyrB3
40 4
S
A 301
P&i—
X
201
101
0 D-dopa L-dopa

& 4-5 PERERYY L-Z B 5 D-ZERIMEMFRAE
Fig 4-5 The ability of degrading enzyme.to degrade L-dopa and D-dopa

4.6 PEIREERIRIGPERRFM

=A TyrB BRI b e MR PN BT s (K 4-6, 181 4-7) A TyrB1
FOB P AR AT R o I R M A 0.6 mM,  PLP ¥Rk 120 uM, HRJE N 45°C,
pH Ny 7.0. F#fiR TyrB2 smeid [ 5% A N o RN 0.6 mM,  PLP ¢
N 120 uM, RS 40°C, pH Ny 7.0, AR TyrB3 il e 55 (1N o- i I R
WeEER 0.6 mM, | PLP ¥R 120 uM, &R 45C, pH R 7.5. HITIRY L-Z

EAER pHIIFARRE, FrUABGFE S pH AR AR IE . T A B = Fhi A
it %) e T i TR 1R EERE — B R O o G RN 0.6 mM,  PLP K JE5H 120
uM,. H BAERIREERR A T A e P iR i B TR, R 2 Tl
RAVHIR DA, B2 T by pH, (SRR A R R,
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100 100
o =
= 504 = 5043 _
0 T T T T ) 4 0 T T T 1
0 1 2 3 4 5 0 100 200 300 400
C - i B 74 FE (mM1) D PLPHE(uM)
100 1004 %
< &
S e y
S 50+ = 500
&
0 T T T T 4 0 T T T 1
o 1 2 3 4 5 0 100 200 300 400
o - A ER 7 BE (mM) PLPKRE(nM)
100 100 P
-
f?
o -]
= 504 < 504
P
0 T T T T 0 T T T 1
0 1 %2 3 4 5 0 100 200 300 400
o <R S (mM) PLPHE(uM)

B 4-6 MEMEEEREHEFREMK. TyBl EXREMHEFRETHRBEZWNAB); TyB2

EARHEFRETPEREEZN(CD); TyrB3 AR EFRE THRBEEZHL(EF).

Fig 4-6 Determination of optimum cofactor concentration of degrading enzyme. The solution rate
of TyrB1 decreased with different cofactor concentrations (A,B);The solution rate of TyrB2
decreased with different cofactor concentrations (C,D); TyrB3 The solution rate changes at

different cofactor concentrations (E,F).

TE B A 38 P R PR A R0 R & B, =R TyrB B A fcid S i 7
40-45°C, il pH 7E 7.0-7.5, I H.=FPEEFE pH =5.0 LA RIS TCIE 1. S5 G Wk

Z-3 WEGEAE KA (B 2-6; K 2-7) pH=5.0, JFE30C, SHEEMmME: (B

3-4; [&]3-5) pH=7.0,i)% 37°C. H ARtk Z-3 Wikl pH, 5 =F TyrB [
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E'4-7 BERIEMREMAMNIX. TyBl EAREIRE, pH THRHEEZN(AB); TyB2,EAREER
FE, pH THEMEZH(CD); TyB3 EARREERE, pH THEBELHUETD).
Fig4-7 Test of optimal degradation conditions for enzymes. TyrB1 At different temperatures, the
pH drops and the solution rate changes (A,B); At TyrB2, the solution rate of pH decreased at
different temperatures (C,D); TyrB3 at different temperature, pH decreases with the solution rate

varying (E,F).
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47 [ERERHNFESH

MR RTTRE, X Bl A R R TG, & = Ah TyrB P 1 L-
Z B85 L-amzsh a2, WM s i R s (161 4-8) , 3 Ff
TyrB AR AT AR IR IR S L-2 18, HEWEM L-2 A, TEREm L-Fa
RIS, K /0N, UERA 3 FREEXH I ZIR RN SR, = A TyrB B b IRYIN
LK.

4 41
3- = 3-
E . 0 z ‘
£ = £ o —°
= c Vinax=4.7411.04 pM min™! ®, P ¥yr=2.8220.13 M min™!
e K,=265.26+116.01 pM 4 K,=107.87+13.57 pM
Keq=1.69+0.3Tmin™! kg =1.012:0.05min”!
0 T T T T 1 0 T T T T 1
0 100 200 300 400 500 0 100 200 300 400 500
L-dopa(pM) L-tyrosine(uM)
4- 4
3- 3
E = e 8
£ —_—
:E 24 ® e .E_ 2 e ?
el e »
el Ny oo g :
am Vinax=3.33+0.57 pMimin ! > Vpax=2.96::0.11 M min*
e K,~=145.47+66.82 pM K,=50.12+7.77 yM
keq0.20+0:03min™" K y=0.180.01min™"
0 T T T T 1 0 T T T T 1
0 100 200 300 400 500 0 100 200 300 400 500
L-dopa(uM) L-tyrosine(uM)
4- 4-
3- 3 i
E & E ® [ ] ®
E ° £
i Vypux=4.14+0.87 M min™! x + Vimax=3.86+0.64 uM min™!
14 K,=256.96+115.51 pM 14/ K,;=107.53+51.81 pM
. Kpu=1.94+0.41min"! key=1.81::0.30min""
0 T T T T 1 0 T T T T 1
0 100 200 300 400 500 0 100 200 300 400 500
L-dopa(pM) L-tyrosine(uM)

B 4-8 BEEhNF ik, TyBl (R L-BB, BRI NFHL(AB); TyrB2 [EfE L-ZE, B
KRN N F #H2(C.D); TyrB3 [ L-Z B, BRI NFHKED).
Fig 4-8 Enzyme kinetics curve. TyrBldegradation of L- dopa, tyrosine kinetics curve (A,B);
TyrB2 degradation of L- dopa, tyrosine kinetics curve (C,D); TyrB3 Degradation of L- dopa,

tyrosine inetics curve (E,F).
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Horr TyrB2 FERRBE) Kin, kea 557N (K (L-Z 1) =145.47£66.82 uM; K,n  (L-
& ER) =50.12+7.77 uM; ke (L-ZEL) =0.2040.03 min'; kewr  (L-FBEZR)
=0.18+0.01 min-!) , FREHILGIEWIAGFER I 08, (HAASCREAL, SOV 3R
M. MHRZT, TyrB3 BEMOEIEWT (Ko (L-ZHE) =256.96+115.51 uM;
Kn (L-BSEIR) =107.53£51.81 pM; kew (L-Z ) =1.9440.41 min'; ke AL~
k2R ) =1.810.30 min-') HJRYISEM SJEAR, (BRI Im, RV IHERENL.
4.8  PEFREEHI—B DI

FIRW = H B9 5 NCBI Hds ¢ i i BLAST #2152 A5 F ik
IR EGAT T —IR—ZUFHI R, Z5RME TR (K 4:9) . XL E
Z R ARG A, H HAAEZ MRS AL EATEERE, W3 NCBI XY
TyrB1 (RS EEREI AT, TyrB1 FE56 246 (12 IEIR Lys-246 Bl R 2L L
Mo =PI HEXS, AT K I Lys-246 {EiX L Gl rH i wm BERT 1Y . B4t
NCBI S /RixX 8 2 BHE 7 8 [FE 2R 1R (Bertoldi et al., 2002), X—{FE N5
SR A TR L T H BN S H KIS,
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Fig 4-9 Primary sequence comparison of three degradations and other aminotransferases

49 FEEEERILSHTINS & B S xd

[ AR S A TN 5 2 B 5 R RS R A0 (18] 4-10) B, Ho, fEEE
FH PDB 2 i 3TAT & b TS 45H . 3TAT HEAS TyrB HHAF
J&T I EIRAR TR E M50, I+ H5 3 R TyrB &l A m i e 21 A
P, PO AR AT S5 N 2%, DABIE AlphaFold Tl F) TyrB %% i

SERAHERE .

P2 R, = RhARE R TN 254035 5 3TAT 5495 B4R, H RMSD
fHI/NT 2 A, Ui AlphaFold3 i) TyrB 25 451 = FE R, Wl Tit—4

HIZHRERTE.
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4-10 =Fhi2fREBRILEIATAN SELXIER . TyrB1 FEAREBLS 1A S L XTEER(A.B). TyrB2
fRE M S X4 R(E C.D). TyrB3 BEMEEBLSHS LT EREF).

Fig 4-10 Structural prediction and comparison results of three degrading enzymes. Structure and

comparisontesults of TyrB1 degrading enzyme (A,B). Structure and comparison results of TyrB2

degrading enzyme (C,D). TyrB3 degradation enzyme structure and comparison results (E,F).

30



SBINE Ribk Z-3 MR R s8N 2k S R B A R R ST

4.10 PEFEBESIRMIAIS FXIHE

WA TyrB1 5 L-2 B 4 FXH R R (B 4-11), R T %A TyrB1
5 L-ZEMEGRE, EiZidd, L-ZEESAMISEAS TEGE, W
M HEAL AL Lys-246 50 SOy B B Z R BE R 4.6 A, X —BH B i PASC
FHEE NV R G548 R-8.368 kl/mol, K T°-5 kl/mol, FEHILLE R AA K
EORIE Y

;378
Fig 4-11 Results of molecular docking between degrading enzyme TyrB1 and L-dopa. Green:

binding site; blue: catalytic site; Red: substrate.

P ARNE TyrB1 5 L-IEIRM > TXHE AR (18 4-12) , R IR
Yy L-Fs & IR A 5 L-2 BRI 45 & (2 B4 Glu-131,Arg-374, 7 HH L-FR &R -5
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L-Z EA TR D48, e LA b, A7 5 Lys-246, 5 Y B F R iE
B AIAF] 4.3A, RN Autodock XN E RIS ARET, L-BAEIR S
(K25 G R T =7, 4 %1-14.058 kJ/mol., 1 B R 9 45 & BB A 3G NS S5 A BE ),
2 SRR AR I 1Y Ko /DS, X5 5ERTR 45 R TyrB1 (& 4-8) R
fi# T TyrB1 8 16 % & 2 19 K,=107.87+13.57 uM B B A% T f# 4k L- 2 B il
K,=265.26£116.01 pM 45 5 A0 —3K,

4-12 FEfRER TyrBl 5 L-BEBO FERER. F6. FaS, H6. #BHaS 4
@: ’E% o
Fig 4-12 The results of the docking of degrading enzyme TyrB1 with L-tyrosine molecule. Green:

binding site,;blue: catalytic site; Red: substrate.

el TyrB1 5 D-Z BAY D TR R (& 4-12) |, 5 TyrB1 54 L-
Z UM, 7£5 D-ZE4a0, 5 L-ZELTR—NEY AL, FER I
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450 Glu-131. Arg-374 DAS, Arg-20. Asp-11 Fil Asn-183 55 T 454,
KIRF T D-Z2 B S 45 A hE-14.351 ki/mol, {HX FhEEINFaE 451, [H15E
I S JE A i B T A ARA A Lys-246, (S WIELHA] 2 I FE Bk 5 7.3A, fifs
Ve i T VA AL D-2 e M I R SO, X SRR AR (18] 4-5) |, i
fifg oA D-Z EL R4S SR AH— 3K

r&‘-% o
Fig 4-13 Results of docking degradation enzyme TyrB1 with D-dopa molecule. Green: binding

site; Blue: catalytic site; Red: substrate.
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4.11 PEfEEE TyBl EU M RREARE
H T NER M A — N E ((CHs ) |, §tZ i SEMRESE

PERCH], DR Rs H AR5 A8 S PN 2R PT DAV Bk JEUR B2 L AR R AL et (ANt
SEALA A A EAER]) . XSRS BT B AR R S S R
AL RS G SR, A, d T INERRM/NMIEER TR RE) T
e /N, ARG R 5 | AK A TR B MBS (AR E S E R ) S EHISEAL IR AL,
MIHE B X5y “ThBEde R s by PR G ERERY, 12 H T 9848 F RS i
W MHZT, HER (Gly) M H— SR Fal, HRGTE/NEREAR
SREENE, WRESEW EHHYR, BNV E R IEREE A I, RN
FR M AR H @ RR AT AL, T skt ph T S R S P G i g LR ) AR S R,
(Rose, 1985 , Cunningham and Wells, 1989 , Kunkel, 1985).

ME TR (K 4-14) |, WHPE SR HAE pET-tyrBI/K246A, 5 55Tk
pET-tyrB1, K/NMH—EZ)N 5500 bp, I HiZ 5848 8 1 TyrB1/K246A K
43kDa 5 il TyrB1 [ K/ N—2, 2lifl )5 Al DA 2 B —ay 451, UiHiZH Ry

F A AR RAR By 4lidk.
A M 1 2

B 200 45010075 50 30 10
mM mM oM mM oM mM mM  FE B JiE Maker

15000bp
10000bp
7500bp
5000bp

130kDa

95kDa

2500bp 72kDa

55kDa
43kDa
33kDa
25kDa

25kDa
15kDa

El4-14 ERREHESEOMAWLE, FRH pET-1rBI/K246A §) DNA BkE(A), , SERR
L FEAEEE TyrB1/K246A ERALE(B).

Fig 4-14 Site-specific mutation vector and protein purification diagram, DNA electrophoresis
diagram of plasmid pET-#rB1/K246A, and site-specific mutation degrading enzyme
TyrB1/K246A protein purification diagram (B).

M:DL 15000 marker; 1: plasmid pET-#yrB1;2: recombinant plasmid pET-#yrB1/K246A

34



I Rk Z-3 MR D BB 2 S R A R R ST

WMEFR (K 4-14) , BT E SR HEH TyrBI/K246A 17 5 Lys-246 75
B Ala-246, FrATCYERERIRY) -2 25 L-iER, 5 TyrBl BREEHH L, K
WRE A PRAR, BICHNAEY 3,.4- R ER ORI 3,4- REFK IR E. IE
W S AT TyrB1 1Y Lys-246 4 AL LA
A

B
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150 — AMELEFH 2 h — FEMT A 2h
— LREZEZEA 4 h 5 _Eﬁ%m%ﬁ4h
=
T o /J\\/\;]/\fm % 60 i
NI — T
2 .
50
N 2
0 2 4 6 8 10 D 2 4 6 8 10
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B 4-15 ERREFH TyrBI/K246A HIFERRRE IR . TyrB1 FEFEEFEMR L- S E SRARK

HE(AB); ERREZEH TyrBI/K246A PEfE L-5EEEREEE(CD); TAHBKIHEEEF).

Fig 4-15 Degradation capacity of site-mutated protein TyrB1/K246A. Liquid phase diagram of L-
dopa and tyrosine degradation by TyrB1 degrading enzyme (A,B); Degradation of L- dopa and
tyrosine by site-mutated protein TyrB1/K246A (C,D); Blank group liquid phase diagram (E,F).

MK (K 4-16) |, BEREA—MREKEE, AT CARRIRYE T4 &I

MEACA G BN, T i Y 2R A D B PP SRR, HL A AR 8 S AR S
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HI TR Lys-246 S48 Ala-246 (F#3IRH) L-22 LT AL AL f 1 TS H 4.6 A1 il
N 9IA. 5 L-ERERRAET R 4.3A4 000 8.8A. MOy T XHEE R AT LAMR L4 it
FEAEE AL G R B THE R IR A, H S EL e i ¢

ﬁ\ e
TRP13 .

=

B 4-16 EERETEH TyrBI/K246A BN FIHELE R, P&fREE TyrB1 #1 TyrB1/K246A 5 L-
ZERSFXHEER(AB); FEMEEE TyrBl #1 TyrBI/K246A 5 L-BERERKI 5 FXHEER
CD).F&{ BGefis;, HE. HLUs; 46: kY, B REMA.
Fig 4-16 Molecular docking results of site-mutant protein TyrB1/K246A. Molecular docking
results of degrading enzymes TyrB1 and TyrB1/K246A with L- dopa (A,B); Molecular docking
results of degradation enzymes TyrB1 and TyrB1/K246A with L-tyrosine (C,D). Green: binding

site; Blue: catalytic site; Red: substrate, orange: mutation site.
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BTN I3 B U € T —Hk Burkholderia sp.Z-3, BT T H B ARFHE,
FIH LC-MS 434 TR Wy 40 T B, SRA 7AW T Bk 7 H
3ABEMRELIN, BFSE T 3 BRI PR MR, JE R ARG T S A T DA S
TR R TR D0 4 BRI SRR LN, R T X AN R S I 22
MR, FiE i e SRR E T R

LERR Z-3 I7E R A5 (ODe0o=0.8) [E L T 8 /N 52484k 0.5mM L-£
B, HAE 2.5 mM @ik B U RE e s e, I T AT 2K b FE i
W 7. WA SGE A K A4 30°C . pH 5.0, (HILPEMREEALE37C. pH 7.0
IR BN, =R e ) il SO 45 A R o= S R AR 0.6 mM,  PLP ik
JER 120 uM, IR 40-45°C, pH N 7.0-7.5. ULRH T ERKAY Icid M Al 25 1F S i
WA KA E R A

20 R RTS8, Z-3 i@ PLPKI 0 5% &S il 2012,
Ff L-Z BE4h DHPPA, Ffib—D 4840 R 3,4- IR LR VA K ITC T4 )
it RIERB S, RS =Rk B R TyrB1, TyrB2, TyrB3 #JREDA PLP 2
R AL L-Z EBE, FHPE S 23 MBS e A — 2 R
% 1 5k PR T S A <A B 1 AT S A 0 L2 R R AR RE T . AR E P
FRTS G R AL R T Rk

3 B RRmERT L2 OB S e B, D-2 U IR S b 5 AT ) S 3505 B
PAEE B Lys-246 35 7.3 A, PHAMEATCIARE MR, LTS 2008 1 ok ) 2N 4% (45
£rf8-14.058 kJ/mol) HEMT, 5 L-ZEMLL, AR RAEY LB
FEMAEE (K, (L-TBE R )=107.87+13.57 uM; K, (L- £ [)=265.26+116.01
uM) . Z-3 ) TytB i 5 IR A ROk R L-2 B (W Clostridium
sporogenes ,EDU38870.1 I Bifidobacterium longum ;WP 162491401.1) bk &R
B, HUHGE TREE T TyrB FRE R R = i, R TR A
PEAL. ARG DR T (7 s 972 Lys-246 28750 Ala-246, Se4{HFREEEM:, UESE
THETyrB 554 fgr Lys-246 f A W] B,
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EXTiR

ASCHFGE T IS8 R Mk Z-3 Wi L-2 B 4 AL S RSB 5 0 I ) .
L-Z BRI Am I OIRY 258, HABRAE - ROl 10 T, (22 5%R92Y
PR NI, EAERE RS, H2W At e A 2 0.25%0 L-2 EiA
R, SECT H A E A KRS e . A W B R R YR AR O L
WALy | Bess B 5t HAT ] S22 B A S BIR, T00 i A 4 I e R G v A5 ek AR A A P
CL A R I TS JL i 1 TSR

SR, H B AR X THZEY MR L-2 B R KPFTiE .. (A SCk -,
RERS MR L-2 I B AR 3R 68 T W vh i DR AU A 90 (Cirsteaeteal., 2023), Al
ifi Bifidobacterium sp.REEAE KA P L-2 1, (HHBEMERERAL, 7E 48
/NI A2 1%0Y L-22 54 DHPLA, #ERX — IR MR N 2 —2 L-Z B4%
1A DHPPA H5E— 25 S W AR PRAE IR A i) 3 J 8T X e AT Y 5 v 38 B A
W 2&AE,  Bifidobacterium sp FE L-22 BV IR Ao 1) Y FH S22 FR 1 .

TERTHIEIE A, Z-3 BN BEIT IR K 438, T4 % N Burkholderia sp.. 4
WREEWSAE R AE M B4 T (ODe00=0.8) 8 NN E W1k 0.5 mM L-2 [, JfH.
TEfRIR 2.5 mM B9V N ADRILL B m B PRAE R i T L-2 B S B m koK
ZNBRYE, Z-3 TERRIEIEL T RA R A KSR, PRI SR T HAEH 25 Bk ab
R Z I N I T

L LC-MS 3HT Z-3 M-, %5 i DHPLA, 3,4- " FREIE 2/ 3,4-
TRERRR, XY N L- 2 B @ AR Y. S A AN
BRI AT, D Z-3 343 PLP O 0 4% 2 IR s i s A2 AR L-2 L.
TEHEF AR, Z-3 IR R E S L-2 WA 1A I ) 32 A R R
P, W7 Z-3 ] gt A E gt ] B AL ) T X L-2 B R B A g ) (Tawfik
and biochemistry, 2010), PLP i 5455 2l i) IR A 5ai2 1 o] VA PR T HARR IR RO I
S ARSIy FEAB LR BV R F R IRY) (AR S o-FilR) HIk
A E|F—ARE - (PLP) BRSO, TSRS R, BeE
W ASANIT LI E AL PRI Y), TS E A A% . TR AL R A X Fhad b v
I 2 HRE % H 3 I R AU AL 2 AR W B 1Y 5 225 T (Eliot and Kirsch,
2004).

R TP E AR NN e T Wbk Z-3 th =I5 i sl B R 2 TyrB1
TyrB2. TyrB3, il Fifeih . Mase ot Kok ¥ X0, Ukse =& id PLP
W AR S S AL L-2 Bt AR S Z-3 MG A — S0 78 . IR AR )
DR A =R X LR BA s SRR ), X L-Z BRI B, I
fit = X T D-2 B AR e
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BRI, Z-3 1) TyrB F a5 CHGE I R A RDR I L-2 R (i
Clostridium sporogenes EDU38870.1 I Bifidobacterium longum WP 162491401.1)
PR R (18] 4-1) o R r B BE SO 1A R B T B ARAE B A
WFFE T RS T 14 TyrB Bl L-2 I w8 i, 40 Tz
W AEEIAAL.

T A b ) S AL TR 5 2R A B, =R ERAE B ] — IR 4R
iy, AL ES AN (Glu-131. Arg-374) |, DAKIRI— RSP RO A
Lys-246. 545 TyrBl1 el L-2 B L-REIRAYFE &, (AT L-MR 2R
AR REE 5 L-Z2 B, X5 L 20K AENS -5 B 1S Skt U6 I 45,
L-Fig R BR ) 45 A BE R-14.058 kI/mol, i L-22 ELA 25 A BE R-8.368 kI/mol (4] 4-12)
X—Z ARG AR T TyrB1 B8l 12 S0P R 258, TyrB1 X L-if %
BRIGSER S BE a8, e K 9 107.87£13.57 pM, 1% L-2 ELRSERU 858, H: Ko
B4 265.26£116.01 pM., iX—F5 KW, L-FEFRESHE RIS EAEN, 6
WA RS TyrBl 46, IR & HAE LR,

IR D-Z AR F-14.351 kl/mol (Bt T D-ZEREES L-Z 2K
R, SECOCHEAEIL A A Lys-246 L5 D-Z2 CLUR R A, FHAS TR
RSN A T AR B BORBEOR AT ROMEAL LKL Lys-246 978 H
Ala-246, SEATIHIR TGN, B0UE 7 HAEMEAL PRI, AN T TyrB P
BETE L-Z DM st mdlla e . 5IREE (W1 Clostridium sporogenes,
EDU38870.1 Fll Bifidobacterium. longum, WP 162491401.1) K it) B 2 i A [|]
Z-3 1) PLP ORI S BLAE T S8 T i A B AR SE B s Mk, #7148
B AR AL AL R 52 T

TS AR T R IR T 45 & R AL S, 5 L-BRERI S G AL
FOAEHE (Asn=183, Asp-11) , 5 L-ZEMEAAEMHS (Trp-130) , WK
PRVEBCVT T IE M AR AL TR AL, DAY IR I IR

RERIIENZ-3 Bl L-Z2 B Ry THLREREE TR AR B, Ehrie—
AR ZAL A BT A TyB Bl N BA m RPN, HIYRemsr i
filf -2 B oA T B ER DN R R A A2 e 7 TR eIk e A TH BRI Al 1, HLZ2 SBL DAY
Rl e BRI 4 RPEsh, 7oA u] B R R 242 k. (Baba et al., 2006). H:
W, SELG A 5N BB AR ) A AR R Z-3 A ir i) L-2 IR fE
(B AR AR A B K AL PSR SL PR B v AT IR IR . e Jim, BRZX Z-3 BRI
A9 AT, axX Al REBR ] 5 AR TS ey o A v 098 72 | ] (Perez-Pantoja et al.,
2012).
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G BBTE, ADICRAAA ALY . W ST, R T
23 WA L5 L0 THL, JERFREEIE S BRI T S S LR B T3
AR SRR . ARIITRFEREEU) FREFRHO A, Mk —BRST i A
DRGSR L, 5 B WK AT 5 S AR5 T B Y

BT =

LABFFE I 3 BT 408 T —MRAA Se 8 SR TE R & (Burkholderiasp.) Bk Z-3,
HORTDAXT L2 1 i sk e i

2 WS EIB T 446 Burkholderia sp i TyrB 2 v S0 I Z0R 12 R
L-Z MR, R T2 2 AR,

34678 T TyrB il =fed) (L-28, Lg%k, D-2ZU) Ay
BEFRPER A

MrRRE

AWFFERN AL GE o T E Y2 MU E Y12 L 38 7, RIS RIRR Burkholderia
sp.Z-3 WM L-Z2 A Rt . TEARSRISIFSE ] BE G 2o, PRI DRAR S5 2 Bl
TSy LRI MR SE, Blandl 2y K i ESJE (W Cu?') W BB d 54+ PLP
ZEEANHINGTS, TEARR T B BOARIGSRIN SZ0E,  DARS SR AR Z-3 X L-%
CRFEMREE ST . [RIETRR AR AR 2 XU, DHPPA [ [ & AL T REAE U 2
[, T 4h A A4 We R AL B AR AR AR [ A B - R R L it 4
FEPR I i A 5 ) A1, B OR Z-3 A BRBERERC B A= W42 Ak, A e kit T
FRATHE S I 5, BRSNS IR IE, T8 TR R 1%
TF, B A G5 B (s DI RE DA S IG5 i 5 IR 45 A, RIS T R AR RE T 1Y
By, (A ALDAZGE AR — U RSB IR i, AU TR 25 & 1148, T et 2
(RIS, BN fig D-22 EL(Svedendahl et al., 2010)
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