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KR RUZI e TR s ik, e ARERETY , FIFHES S 5 PCR £ K% Undecl A
EAMAT 0Tt [ S50 VEDE B 2202 4878 Undecl A 25 (45 BV HIAY L2 I S0 sk 1 Jd 42 Tl A 7
KA RSSO RO R T 55 . o0 WHEEE R DR 2R 5L Val237 . Asp239. Asp266.
11e267. Ala268 Fil Lys298 S5k T 540+ LRI WAL (iR B Z5 Sk . DL L2 M i R A
JIEY), T4l UndeclA EAMEEIEM pH N 7.0, BEMETEE RN 35 °C; T i#wH Kn N
(1.557+0.015) mmol/L, Viax H(49.0743.19) pmol/(L-min), ke N (45.80+1.32)/min, FJFZELE 54 PCR $%
ARIER T RATG 7 F o, B0k 2] 7 — G 1 = R A5 M UndeclA-1180, 7EARALSMFT,
UndeclA-1180 A LUIE JIHRATE = T4 5.62 5. [ 458 | A M4 AR 1 A= 0 6 il T 2 4 it
TS, KmEA RS L.

KR PR, L-EROERRORME, RRNACE, EL55H PCR EAR, AL
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AR, 70 TN CHINOSS, 4534 HoN-CHy- g —Fh I g vz i TR bl . Gk A s 2545
CH-SO:H, iAW T ERFEFENIFE AR Tk,
iR, R AT ERRZ ", 4R AA 2 HErii % bmAT AR A 7 ik F A b
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CSA)Z L- I IV fifh iR % #% i (Cysteine  sulfinate
decarboxylase, CSD, EC 4.1.1.29) I & 5 . 4~ fifi iz
P AR B, BB R ER R R (RahE
Wi BUAF TR SN SR AR AN, 24, P TR
M H A5Gy, A #8255 30 MER R
B HIEHRTC AP L2 JbE 0 fith 2 10 2 G
PEERAE R KD, CSD AYTE M B R S e T AE A K
ARERR IR ST . D, M ESRFREEAR R b 43 B8
(Y L2 Dt IV i 2 442 il e PRI A et v 205 P TR T
WA A6 AR R B 125 AR B
-2 Jofe S i 22 I 4 il 4 B 0 5 1 P IR ZH 41
BN AR AR 5 BGR1R TH A PR, LR bk
i TR O R T P 0 = (I, BT 29 A B TR 110 5 K
O, BAUESk A FANAZUY CSD Far i T
JIEZH 2R CSD Tl AR FLAT I 72 > IR V. g R £ o i i
WAL INEE, SRR B, AR T R 2
() CSD, MZH 2L i) CSD FR 58 4 IR T R ik
Mg ORI IR IS Gk 4SRN UG 412
L-2F [ VR PR R 16 T L) 43 U K2, B CSD 1 7Y
A1 CSD 11 %4, Jrf CSD 11 B HAT 45 54 R B R T 1)
TRE; T CSD I Al F 250 TS, 54k
R N FIA SN AT BB R, Reymond %558
BT K B 22 U IR 20 L2 o 0 sl e vt 2 1 )
FER LR 5 0 48 TAE . AWE B2e o th &
BRI G EE R g i) H 8 T CSD 1T &Y, MR
JI R T HA W R P A — B, M 493 4>
IR ZIK, 5 Fi KNk 552 kDa,
HRTA SC L- D st R 5t 4 g 1) 2 32 ok
BT Bt REE, M4
ERRYEER IR . 7 TS A BRI TR
H R R ER T Do a] AL G el i 3% I 2R 1y
WAEMLISL, I AFTE R KRR IRMAEY.
RIGF A AR . R AR . A
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ANHEWR o BRIEF A SRR ARG T a7 4
ARUWE, AR AN R UK F TR
FH A SR 5 rh 325 AR 855 % 0 A 0 0 D A B
S N A SRR FR 7 S R A rp 4y B i L2
IHfE IV ik R I #8844 1 AL AF 9 LA Y
SR X AR Al b 0L Sk B TR
7% TR SCPE AR 4 -2 IO ST0 Tk 7R I R i 14y 24
R

B T A TR 2 T s e L 12 S A
YISCIRE, BT 0 T AR 0% 1B R 91 R 5 1 O 1 3R
W, DASCPE R 438 31 T — AN I S TR R IOt P T ik
B undec1A™, AWFFEHRIRATUL L-2F bk TR R 1
RIEY), 56T Undecl A FEHEHA L2 e fif iz
IR IR S BT, FIHZELE S5 PCR HOR, #4
TSR, SR T A HA B R 72
AR Undec1 A-1180 HYXEMIIE . AR IHTE T A
AT AR SR A PR IR A L2 I IV ik e I 382 il )
NI, LA R R 0 2R T R I A ) T2 4RIt T 4
ARS%

1A A
1.1 FESAA

43656 UV mini-124 24 Shimadzu 775 ;
B0 HLA Eppendorf 28 F] 7 i s PCR {3k EDC-810
IR A IR A FRAA 6] i T4 DNA % 4 il
i H TaKaRa 2\ ) ; Pfu DNA R4 MEHE H KA A Y)
AR PR BGAR & T HigEA Y TRERA
B E]; BEEI R PCR =P 2ifbil & F Bio
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Flux 28w HAth 45 AP0 H Promega 28 Al
B 2R 2 R A A At
1.2 DNA AHEFEHA RO

JJi i DNA PRy A 4G HE K v e . s it
E. coli J&3Z 75 AL 25 LA K PCR #AR I b 45
VER AR S S 7= UL, FRBIAR BRI . R
HIUESS RN AT E. coli MR IR, E L
Jz SDS-PAGE /& i bR i A AR
1.3 SCEERIE AR RIR

AHIF S FIT FH SC I A TR A i 0 A A A e
15 1 BE A SO . UL pGEM-3ZAf(+)
M vEREREAR, AU R 30000 4N TEkE, SME DNA
AR BAEBIR/AINA 3.5 kb A4 FEA undeclA
U2 R A FH T e 90 R S 1 D Y O3
28], FEHEK/NHN 1077 bp, AT AZHES—4~H 359
AR IR IR IE AL 2 K
1.4 DNA FF3 s ZE R 4514 % e

DNA J7 5150 # = 22 ] ABI Prism 3700
DNA LY bigdye 24453 V3.1 AR
(Applied Biosystems, USA). F| F7E£E 8 H B Bl%
T.H Expasy (http://www.expasy.org/tools/dna.html)
PEAT 2 15 #1135 . 7€ NCBI (the National Center for
Biotechnology Information) Entrez B Jfif i) 2 [ Ji A1l
A% TR B A T A R AH DG B A 1A 1 81 0 B L R
(http://www.ncbi.nlm.nih.gov//), F|H] BLAST 2.0
B AT e A0 AL M A R . Vector NTI
(Informax, North Bethesda, MD, USA)H Y Align
X A F Ay R U E A8 o b, W
blosum62mt2. i i) W A MR P 4 L, 58
BT — A Gt BT 8 L-F IO ST it 1R 1 7R il 1) i [
undeclA W% 5E . 34 Neighbor-Joining 345151 7
NFEAH AT Molecular Evolutionary Genetics Analysis

6.0 (MEGA, Version 6.0)!" {444 8 T gEAL R . K
S HEVHAG AR B AT 5 (1000 REEA). R
Swiss-Model i 55 #¥ (https://swissmodel.expasy.org/)
PEAT A Y [) U AL BB P A A IR 55 AR
UCLA-SAVES (http://services.mbi.ucla.edu/SAVES/)
BT K Autodock 4.2 SERUKYI T L-

eV AR A Undecl A 2 (M4 T X425 fii
PyMOL #1158 it A5 73—+ 1) KR WL
1.5 -2 S0 7 TR Tt R i R ) 22 2 ik PR A R
[ i3

A5 PCR SIYZRFET HilFAEY TRAR
ANEIE . MR B P S RRIE, X
AT 51941 Hr ORF (open reading frame):
514 5-ATAGTCGACATGATCACCCCTCTT
ACGCTGGCAAC-3"; Fiif514¥): 5-CGACGCGTG
TGAACCAGGGTAAGTATCTTCCG-3', fE k. F
WEs 1oy 351 Sal 1R Miu TRV & (T Rk
T43) . FLl 105548 Buffer: 1 mol/L KCI1, 1 mol/L
Tris-HC1; 10xdNTP 4 2 mmol/L dGTP. 2 mmol/L
dATP . 10 mmol/L dCTP F1 10 mmol/L dTTP. 100 uL
Syl PCR MR R AL E: 10 nL10x 54 Buffer,
10 pmol/L 5%, 10 U Tag DNA E4&TW, 20 ng it
KMk DNA, 4 mmol/L MgCl, il 0.5 mmol/L
MnClL, 5§, PCR RN AREEH: 96 °C 2 min;
94°C40s, 65°C30s, 72°C 2 min, 30 PMEH;
72 °C 10 min, ¥ #4455 1077 bp £ 47 1) DNA F Bt
FA A 800 1.0% 0 35 T W B Jie H ok 25 0 5 4
PCR 774y, A A e 1m0 & VI e IRl PCR 774
F—20 °C f#1F . 55— PCR P=¥ 44y s alifh
FIYESE — 48 5 5 PCR Bt o K& 5y 5 PCR 7))
2o I I o3 B Al 5, A R BRI PE R Sal T A1 Miu 1
U AL JE 5 it R FE AL B ) pGEM-3ZE(+) %
B2, WAL BT SN E. coli DHS5a, My B 285K %
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KA 2828 SO Hh E AL PHYE ok DNA, 5 BR
PV Sal 1 A1 Miu 1 XU ) pETBlue-2 %%
R iR, HALESZ S E. coli Tuner (DE3)
pLacl, FHZEEMR A 35 H{(Beckman 6300,
USA)IEA T2 AR (A PR 1 43 g i ) i 56 R 7E K
FF TR 2 4t (19 2 35 R0 25 111 4 B 4l A 2 B S
BR[13]401 T
1.6 FEAZAFEENEMEERE D K &E pH

4 Undecl A 2 1 M 2 R 2 5512 A 3
AT, W S Xk pH 7.0, 35 °C
T 1 s WAL 1 nmol/L L-2f Jbe IV fitfi i o 75 52
(TR 1 SRS BT BeiE pH ROl TR Y
0 1 2SR PR oy kT A S 3 T
3R, BOEE. E pH X Undecl A TG R0
i, pH BBEE pH 4.5-6.0 (20 mmol/L BEFRZE IR
pH 6.0-7.5 (20 mmol/L BEERZE ) pH 7.0-9.0
(Tris-HC1 28 b)), ZZop R ZH I 5 mmol/L
DTT. I A [R)E 2% {4 X Bl Vi P AR g i B, 7
20 mmol/L WEFRZE i (pH 7.0) I & A [m] ik B2
(20-50 °C) T W BETS 1k
1.7 BEBh1FESHNE

H4] Undecl A MBI )12 S8 F B R HE T
£ 35 °C. 20 mmol/L BFR S itk (pH 7.0)H, M
AR BE T (0.25-15.00 mmol/L) L-J b 7 Atk i Uik
AR BEARAS . R BBl ) 2R AR A T AR R
PRI SR Ko T Vi 51

2 ERFQM

2.0 B L-E e AR R AR R 2 R O
ST

BT R S S BRI P A A o, PRASAH

actamicro@im.ac.cn

SEM T undeclA FE[H(GenBank H(H FE %5 .
EF015465.1)i) 43 B i e o A A LC-MS FAR S8 T
UndeclA £ [1(GenBank 4% 2% 55 : ABJ80896.1)
REMS M 1L L-2F B 20 BR R A= i B-5i 5k & e 1y %
S, A5G A Y R B A W AE B AT A R
TEB] Undecl A 2 1 H 25 L-2 bk 202 1 42 Wi 1) 1)
BB, ZEWIE B2E I LS5 R IR AE DNA 7K
¥, undeclA FERFIE IR L-2 e V1 R i 2
A A AR — S0t . AEZUERR KT |, UndeclA
HEHYSHK B Danio rerio 1 L-2fJbe 1l g ki 72 il
(NP_001007349. 1) AR f &1, R 26.1%; 52K
H Ceratosolen solmsi marchali F) L-2 e il i i
FRIFXP_011497415) AL EE B, h 21.8%. )
R DX ST L JHTAY - e STV A 7 O 2 il e EL A 28
MERSFIE T (B 1), AR PRSI # PLP 254
BPAE, (HRRS

Ll PDB £(#5ZEH Bacillus anthracis 5 1
R 07 Bk S Ak £ e e 2 B2 I 2 i (PDB  ID: Sint)
AN, A Undecl A B—EEl 45.75%,
FIFH Swiss-Model Ik 55251, 52T UndeclA &
1A TR A (] 2-A). R F3HERARPY, 58
BT UndeclA 43 U 53+ L-F D Atk iR =[]
AT X HE (K] 2-B) o X HERERIE 7R T Undecl A 4R
F15 L2 e R R v] BB (W 25 5 1 sk Val237 .
Asp239., Asp266. 11e267. Ala268 Fl Lys298 53k
S5, USRS Lo A R 2 (A1 JE A S
XEZE R WHR T UndeclA FHEH S EHM L-2F
IO V. ik i o 2 Tl L A AR ARL 1 RS A 45 6 TE A AL
B,

ARG MR R T UndeclA &Y
Danio rerio Fl Papilio Xuthus S5 AR L-2 PV AsHR
BRI HAT SRR R (LRI R BT (E 3).
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Bl 1. UndeclA EEFHEHAM L- ¥ FEBRRRIEHNZ EFTSMLRER
Figure 1. Multiple sequence alignment of the UndeclA protein with other CSDs. From top to bottom, except the
first of Undec1A protein. Other proteins were including: the sequences are from the Ceratosolen solmsi marchali (GenBank
accession number: XP_011497415.1), the Danio rerio (GenBank accession number: NP_001007349.1), the Rattus
norvegicus (GenBank accession number: 2113203A), and the Bos taurus (GenBank accession number: DAA29988).

451 503

E 2. UndeclA BIEFEZEIZE(A) K UndeclA 5 L-éléﬂ;':][ﬁﬁ@zz H'Jﬁ%iﬁf & R(B)
Figure 2.  Homology modeling structure (A) and the docking result (B) of Undec1A with L-cysteine sulfinate acid, respectively.
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Anguilla japonica (BAL22277.1)

Scleropages formosus (KPP64425.1)
Paralichthys olivaceus (ALX34911.1)
Cyprinus carpio (BAE73113.1)

100—Danio rerio (NP_001007349.1)

Ophiophagus hannah (ETE60237.1)

Homo sapiens (NP_001231634.1)

-Mus musculus (NP_659191.1)

Rattus norvegicus (AAC42063.1)
Bathymodiolus septemdierum (BAQ00225.1)

IjBombyx mori (NP_001296491.1)
100 Papilio xuthus (NP_001298768.1)

+ Animals

Ciona intestinalis (NP_001027786.1)

Candida orthopsilosis (CCG23567.

1)} Fungi
aUndeclA } unet

_

0.2
3.
Figure 3.

UndeclA &AM L-F Bt EER R EERIBEIL X R 24
Phylogenetic relationship of UndeclA protein with related CSDs. The parentheses indicated the

different sources of CSDs. The phylogenetic tree was constructed by the neighbor-joining method using MEGA 6.0
and 1000 bootstrap replicates are indicated at branching points. The UndeclA was shown with red triangle. The
GenBank accession number and original genus of other CSD were also shown on the tree. The scale bar represents

the number of changes per amino acid position.

MR ORAF BB IS PEOLAS, A2 RURY L2 I 0 fit
PR SR B AL DI RE %5 4 F S5 R FRIE 20 A, Wi H%
UndeclA £ 4@ N —ANHT 0 L-2F bk 0 il 12 Jit
R
2.2 L-REMUERERMRE pH MEEIEA
TR

FI M pETBlue-2 Fik a4 A8 7417 undeclA
FEPR A A Gk TR K FL A AR IR A E. colli
Tuner (DE3) pLacl &3z 400, W TETHY
BER B R IR a8 T IS RIE R AT
ARG R sk, RABHEMETEAR, 5
BT R 1 4 B alidk

DL LB B iR ey, &K BAE pH 6.0-8.0
AU, Undecl A 2 XS L-2F4 e 7t R (R -5 AH
XiF HLR 8 147 77(>80%) . 7E pH 7.0 ZEAT MG LT
BEHG S AR e o IR, Undecl A 8 A FGE 1
JH pH {8} 7.0, 1E pH 5.5-8.0 UYL Y , Undecl A
FE X pH ER AL B T 48 AT 22k, gAY
W JIRFRA B, AR B 8 . R BAE 3040 °C
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MEEYE RN, UndeclA B FIXT L2 B 06 i R4+
FHXT HLE B BTG 1 (>70%) . 7E 35 °C AL
T, BEIESAX R . B, UndeclA &I
TEAE IR EE A 35 °C.

(A) 120

&~ N X O
S O O O

Relative activity/%

[\
(=]

0
45 50 55 6.0 6.5 7.0 7.5 8.0 85 9.0
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100
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20

(B)

Relative activity/%

20 25 30 35

7/°C

37 45 50

4. UndeclA EHHI&RIE pH A)FRIE1EHRBE®B)
Figure 4. The optimal pH (A) and temperature (B) of
recombinant Undec1A protein.
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2.3 JRYIIERHME

£ pH 7.0 YEHIIREEN 35 °C B4, Kl
£H Undecl A 25 XA ERPIIORTEBLER 1) 4527
%8 UndeclA fEIX} L-Cysteine, L-Asparaginate ,
L-Glutamate I L-Cysteine sulfinate acid %5 H
T RIBR R o
24 HTEHESH

£ pH 7.0 AE IR O 35 °C B9 AF T,
BIRY) L-FREWRERR WL N 025, 1.00,
3.00. 5.00, 8.00, 15.00 mmol/L, M ARIA]JiE
Yo B2 N UndeclA 2 Mg E /1 &d . RIS
Lineweaver-Burk YE®], Undecl A & [ %} L-2E eIV
B R B Km M (1.557£0.015) mmol/L , Vi N
(49.07£3.19) pmol/(L-min), k., "M(45.8+1.32)/min,
25 GBI

FIFHIESL S5 PCR HAR, AT T— 1K
A4 10000 PAME TR/ A R RAE IR . BT
G TR I 422 it P 1) B 7 126 SR Wt 1P 91 A S 1 )
FeD Fe 73 B3 0 EAR 45 5 RS g, Jr s3] T —4
IR NG 2E B/ 1 Undecl A-1180. 5 AR%
FMRFPHIHLEE, &L Undecl1 A-1180 5 4 AbZFE MR
RHEMUAE, 434 Val81Leu, Phe240Ser ., I1e250Ser
F Asp266Leu

F 1. UndeclA EAX A REAIIER RN
Table 1.
different substrates

Relative activities of Undec1A protein toward

Substrates Relative activity/%
L-Cysteine 99.67+2.52
L-Alanine 16.57+1.82
L-Proline 41.73+2.45
L-Asparaginate 88.97+2.37
L-Glutamate 84.33+1.68
L-Cysteine sulfinate acid 75.104£2.75

DL L-2F B i iR $h BR $h A ISy, A8
UndeclA-1180 7£ pH 7.0 1 35 °C Fifthfm. &
WK PG 3 Ko 4(1.105+0.022) mmol/L, i K
P Vax H(108.67+3.55) pmol/(L-min), Ak %k
Kear H(88.57+2.12) /min, SIEARREELE, RAR
UndeclA-1180 HYAEFd5cili A5 A R KR4,
B2 5 R SE R 3G , AR A )
MIRE I35 . TEOUILAIE T, TG 12 (24.1£1.6)
U/mg protein, HBREAEHEIN T2 5.62 £,

3 b

MHTA KA L AZERINEREE N
L1 2 A5 AN ) LA A M A 2R R Y -~ IR IV i 1 5t
R IR RIRARY S H BT A4 H AR [ R
(R L->F I IVt 2 I SR B E 5 A8 AT e E A AA e AR
MRBZERIEGR 2)o KA TRHALUY CSD )
BT 2L CSD AR FLAT R ~F D I e R R
AL 2R T RED), SRSl , AR B
IELHZL) CSD, M2 CSD AN 58 AR T
PRI 022 40 B T2 ) CSD B4
ESSAEAEY A R -2 TR (GABA) I B AT
B H BRI R (GAD) I RE . S5 A k4 |
H AN UK ZH 2L Y CSD BIFSE 45 ik — A5 T
L2 e STV Ak e it P g T LA )M K2, B CSD T
RIFN CSD 11 AY, Hirh CSD 11 B ELAT 45 S R I PR T
(TBE; T CSD I M 2B FIFAEA 4, 54
il 12 1) R N FRAAR S0 BLEAT AT R 2224, A
Ahazmir, DREBOTRERR MR, CSD 1) K,
54 0.05-0.20 mmol/L72%1, 3 /> JF 1 fii £ 21
rh 2 IO T R F 9 BE 0.1-0.2 mmol/L J& R H %
LRy ; CSD I BIAY Ko fH— 2 5-6 mmol/L. #H
XL, CSD IT AU bk v i |2 1% 2% i g L
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Fz 2. AEKIERY CSDs MR bLE
Table 2. Properties of CSDs from various sources
Source pH T/°C K /(mmol/L) keat Reference
UndeclA 7.0 35 1.557+£0.015 45.80£1.32/min This study
UndeclA-1180 7.0 35 1.105+0.022 88.57+2.12/min This study
Rainbow trout CSD 6.8 37 2.300+0.240 4.72+0.36/s Wang et al.*!]
Japanese flounder CSD 6.8 37 3.450+0.380 1.52+0.13 /s Wang et al.*!]
Rat liver CSD 7.4-7.8 - 0.045-0.050 - Oertel et al.?*
Rat brain CSD I 7.4-7.8 - 0.050-0.100 - Oertel et al.*?
Rat brain CSD II 7.4-7.5 - 6 - Oertel et al.**

CSD I BUIK 25-100 A5, 5 hifE A3 E AR J2&, CSD
I BRI IEARAS , B FLORT 2 I IV il 12 0 i i
NRABRESE; HZE CSD 11 BUAl LI £ A GAD i
P, ATABEA E IR HIT . MRS UndeclA W]
PIRIA GAD TR PERYINBEARAAE, HED UndeclA &
1% CSD 11 B L->f Jif 37 fisf i J3t PR

A W5 38 2 5 A% AR AN A ROk R 1 R B
CSD MZ5HIIEFE, RILT B R 5y Fig
PO . DIREWT ST 4SS 4G e S L 20 1 P A ZEAH
FECZE A CSD, LR B4 P& A7 2 e i AL
IR AT LLEAL L2 e 2R AR L CSA, X 2EAH ¢
TR SRR I A W) P A AE — 1 T B ) 240 TR 2 il
W2 LE) & s A AR FEMCETRF SR, R
i i Undecl A 2 HA REHS (I L-F B2 IR MR E
B B-FiE MR T EE! 0, Y SIS IE T AR
FIEAER AT, Undecl A & 1 HL4 L2 bk W7 fifh
PR R Tl A TGP o FRATTHE DU R 15 SRR R R Y
B SE A 50 B, MRafe & —E
BEZ AN TIRERFIE . ARSI TE T AR AR5
FCA ok 5 T Rk XL A T BB IA TR, o AR A
W LH ZUTE B A R L R PP Y -0 e S At 0
Tt T 3 AT R 291 ] SR (A3 1 2254k

BB, AFRA R ER AR, 5%
BT — NV e A R IR R B LR b
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STk PR 50 22 Tt 05 P 90 DY) wundlec 14 B 42 BHAE
2 H 791 LR R e i Ab G 3R 41T DA B[] Y A
45 %4578 T Undecl A 25 I F10Y L-2F JbE V. fis B2
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Protein engineering by random mutagenesis and analysis of a
metagenome-derived cysteine sulfinate decarboxylase

Jie Deng, Qiaofen Wu, Hua Gao, Yue Xu, Qian Ou, Bo Wu, Chengjian J iang*

State Key Laboratory for Conservation and Utilization of Subtropical Agro-bioresources, College of Life Science and Technology,
Guangxi University, Nanning 530004, Guangxi Province, China

Abstract: [Objective] The aim of this study was to identify a novel L-cysteine sulfinate decarboxylase from
alkaline polluted soil metagenome and to use non-rational design method to improve the enzyme. [Methods]
L-cysteine sulfinate decarboxylase gene undeciA was cloned into pETBlue-2 vector and expressed in Escherichia
coli Tuner (DE3) pLacl. The recombinant UndeclA protein was purified to homogeneity. The original UndeclA
protein was characterized and a mutagenesis library was constructed with sequential error-prone PCR method, then
an interesting variant was identified. [Results] Multiple sequence alignment analysis showed that Undecl A protein
shared the similar pyridoxal 5’-phosphate binding sites and the substrate recognition motif with the other known
L-cysteine sulfinate decarboxylases. Molecular docking results indicated that amino acid residues Val237, Asp239,
Asp266, 11e267, Ala268 and Lys298 contributed to the decarboxylation of L-cysteine sulfinate acid. Recombinant
Undec1A protein had an apparent K, of (1.557+0.015) mmol/L, a Vppx of (49.07+3.19) pmol/(L-min), and a k¢, of
(45.80+1.32) /min at the optimal reaction conditions of 35 °C and pH 7.0 when using L-cysteine sulfinate acid as
the substrate. Furthermore, the protein engineering approach of random mutagenesis via sequential error-prone PCR
was applied on the original UndeclA protein. Compared with the original UndeclA protein, the best variant of
Undec1A-1180 in the random mutagenesis library, exhibited 5.62-folds at the optimal reaction conditions of 35 °C
and pH 7.0. [Conclusion] These results are the first step towards a better understanding of the properties of
Undec1A protein. Protein engineering with error-prone PCR paves the way toward the metagenome-derived genes

for biotechnological applications.

Keywords: taurine, L-cysteine sulfinate decarboxylase, metagenomic library, sequential error-prone PCR, mutation
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