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Bioinformatics analysis of urethane hydrolase family

ZHANG Xian, PENG Tao, ZHANG Yao, LI Ruoxi, YANG Lijuan”
( Liguor Making Bio-Technology & Application of Key Laboratory of Sichuan Province ( Sichuan University
of Science & Engineering) , Yibin 644000, Sichuan ,China)

Abstract ; Ethyl carbamate (EC) is a naturally produced by-product in the production of alcoholic beverages. It has
potential carcinogenicity and genetic toxicity, and has become a hidden danger that affects people’s health. The use
of urethane hydrolase (UH) to eliminate the existing EC in alcoholic beverages has a direct and efficient effect. In
order to further explore the function and role of EC hydrolase, the bioinformatics methods were adopted to analyze
the physical and chemical properties hydrophilicity and hydrophobicity, signal peptide, transmembrane domain,
protein secondary and tertiary structure, and functional domains of the of amino acid sequence annotated EC
hydrolase, and the EC hydrolase protein was subjected to multiple sequence comparison analysis. Results show that
the EC hydrolase gene encoded 472—-551 aa, the molecular weight was between 50-62 kD, and the theoretical
isoelectric point (pl) was about 5. They were all acidic hydrophilic proteins without transmembrane domain and
signal peptide. The secondary structure prediction results show that the amino acids of EC hydrolase were mainly
alpha helix and random coil, and the helix and fold were arranged in order. In addition, the method of homology
modeling was used to construct a model of EC hydrolase, and the quality evaluation of the prediction results was
good. The highly conserved amino acid residues of EC hydrolase were analyzed by homology comparison. These
analyses and predictions provide theoretical basis for further research on the binding sites of EC and EC hydrolase
and the modification of EC hydrolase.
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FIEH iR £ TE ( Ethyl carbamate T Urethane , fij
PR EC) fETE T 2 Fh & e £ b FNORS IRORE b, 2 —
R BURMER B Y 2007 4R EC [ B
SiE i 55 ML # TARC ( the International Agency for
Rescarch on Cancer) JA254 2A kg Es . H
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XF R BT A A B B A5 TR S e A
Lo A=W w4, Ferh A= WU L R BR EC 8
WA SO BAR M —Fp ko, T IHBR EC 1Y2E
Yo T EC THER B9 BEA TR, — M2 IR T
IR ( Acid urease) 5 73 Ab—Fh il 2 & 3L R £ R 7K
fi# ¥ ( Urethane hydrolase ¥ urethanase) , 1990 4,
Kobashi' %5 H A 2534 /N BB H Y Citrobacter sp.
HER — Rk B EC K fiff i, I 52 H R % B iR EC,
2006 4F, Akutsu-ShigenoY[S] N o4 R
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ity JESCHL T IR SRR ZERU Y AR R
) R e — R LA EC R RE T A R 2 1
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AR 0 I8 B A A S AL B A B T s B
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SCO2 9 EC /K fif Bt A7 2lis , B 1 i A9 i L A2,
FEVE HHX CBER I A2 0196 R A BTt Tt mst,
EC 7K fift i 19 28 B R 7 91 R 4% B A R A, 2019
4., Masaki VAR R 2 AR AR 22 B B Candida
parapsilosis 133 T EC KB, IF4RA5 1T i Mgy 2 A
FPa, BT, CHRIE R EC K A X 8 T M i K
J6, N EC 731 i45 ) AR, 18R I 5 e &1 70 il fig
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EC KM A e S5 . R FIAE D TR DA K i
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Fig.1 Hydrolysis mechanism of urethane
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Table 1 Basic information of amino acid sequence

HE WA B it 44 PR SIS GanBank
o7 BR A UH - DD320008.1
AR AT UH ANG60415.1 KU353448.1
i 24 P B UH BBP47208.1 LC511748.1
FE T RAAAER, GUREHAERTF &S N BET R
A
1.2 Jik

K H Expasy Wyl $& 4L %) ProtParam T. B X} EC



66 4 #H

=4

& % %20 A
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FEIEAE FH Expasy M5 ProtScale T. 2 EAT43H7 5 ff
JHTEL T A NPSA server 1) SOPMA #47{il EC 7K
St R 119 2 5 T 37— R 25 4 4 W R e
CDD F1 SMART™™' %t EC 7K fiff i £ <F 45 ¥4 1 53 #r 5
EC 7K fiff B A% = IR (09 23 B #0952 00 % FH T2 SignalP
5.0 server; izl TMHMM 2.0 Server #47 EC 7K fif i
) 5 235 R4 3 P18 4 AT TSI 5 NetPhosK 3.1 Server #f
17 EC 7K fif i (1) 2 55 W2 3 91 Bl 1R Ak A s 29 7 5 T
SWISS-MODEL'"™ il I-TASSER XF EC 7K fif iff i 17
3D HEAL LA B fdi ] SAVES' ') XA R HEA T PEAN . A
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Table 2 Websites of online biology analysis tools
TH [k
ProtParam http : // web.expasy.org/ protparam/
ProtScale http : //web.expasy.org/ protscale/
https ://npsa—prabi.ibep.fr/cgi—bin/npsa_
SOPMA ps://npsa=p p-fi/ cg p
automat.pl? page=npsa_sopma.html
CDD https : //www.ncbi.nlm.nih.gov/cdd/
SMART http ; //smart.embl—heidelberg. de/
SignalP 5.0
http ://www.cbs.dtu.dk/services/Signal P/
server
TMHMM 2.0
http : //www.cbs.dtu.dk/services/ TMHMM-2.0/
Server

NetPhosK 3.1

Server
SWISS-MODEL
I-TASSER
SAVES
Clustal Omega

ESPript3.0

http : //www.cbs.dtu.dk/services/NetPhos/

https://swissmodel.expasy.org/
https://zhanglab.ccmb.med.umich.edu/
https://servicesn.mbi.ucla.edu/SAVES

https://www.ebi.ac.uk/Tools/msa/ clustalo/

http : //espript.ibep.fr/ESPript/cgi—bin/ESPript. cgi
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KRN M EC /K i Bl 2 ZE W 7 4 v, L PR A 7
472-551 Z ), FIERA R i R I 22 BERE, O 551
aa, /3 FHH 61.74 kDa 747, FRIRAEHL L (pl) MU F
1£ 5.03~5.71 Z 8], 5 KA Candida parapsilosis, —
AR E BT ISR AR AL S (Asp + Glu) BBR T

1E AL IR R FE B (Arg + Lys) o [RIRE =~ EC
K ) PR B B 2H B AT T (IR 4) .
KIL3 A EC /KB F A R B R p £
FR AN AR (Ala) \ HZAZR (Gly) 52 &R (Leu) .
TEHE B e M7 1T, Rhodococcus equistrain TB-60 1]
EC KRBT EFRECH 34.70, o A RREEH,
HAPIRE A AT ER A, AN IR REW SR
R, 3 AN EHYERIU K,

&3 ECKBENEERSFIEUMER
Table 3 Physicochemical properties of amino acid

sequence of urethane hydrolase

. Rhodococcus Lysinibacillus Candida
K equistrain TB-60  fusiformis SCO2 parapsilosts
FHEEH aa 472 472 551
4y F42/kDa 50.70 51.48 61.74
pl 5.03 5.39 5.71
Asp + Glu 58 58 67
Arg + Lys 38 45 60
UNSVEEY i 34.70 40.70 40.20
LEIIER 83.35 94.85 87.97
SRR R B -0.213 -0.146 -0.256

F4 ECKBEZIKENERIERAMK S

Table 4 Analysis of amino acid composition of

members of urethane hydrolase family %

Composition of  Rhodococcus Lysinibacillus Candida
amino acid  equistrain TB-60  fusiformis SCO2  parapsilosis
Ala (A) 11.4 8.9 7.4
Arg (R) 6.1 3.4 3.8
Asn (N) 3.8 4.7 5.1
Asp (D) 7.2 6.4 6.0
Cys (C) 0.6 0.8 1.5
Gln (Q) 25 3.8 2.9
Glu (E) 5.1 5.9 6.2
Gly (G) 10.8 7.8 6.2
His (H) 2.8 2.3 1.3
Tle (1) 3.8 7.4 4.7
Leu (L) 9.1 9.1 1.1
Lys (K) 1.9 6.1 7.1
Met (M) 2.5 1.5 1.6
Phe (F) 2.3 3.6 4.2
Pro (P) 7.0 55 6.0
Ser (S) 4.9 6.8 6.5
Thr (T) 5.7 4.4 5.6
Trp (W) 2.8 0.8 1.6
Tyr (Y) 2.1 3.2 4.7
Val (V) 7.4 7.4 6.5
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Table 5 Statistics of phosphorylation sites of amino acid sequence of urethane hydrolase
, ‘ BRI
MR A A o
2251 R IR i 2R
Rhodococcus equistrain TB-60 10 6
Lysinibacillus fusiformis SC02 11 7
Candida parapsilosis 16 12
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Fig.4 Prediction of transmembrane domain of urethane hydrolase
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Fig.5 Prediction of secondary structure of urethane hydrolase
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Fig.6 Urethane hydrolase domain analysis
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Fig.7 Three-dimensional structure model and Ramachandran plot of urethane hydrolase



72 4 #H £ A 3 % 20 %
2.7.2  FE R = eI b TF R F IXBY S R R AR R AR K T 90% , If HoA

il FHAELR K SAVES H Y Verify_3D LKA IR
TG KON BEA T DEALY
60 ) EC 7K fi# B 1Y Verify _3D PE4> K 87.80%;
Lysinibacillus fusiformis SCO2 [1) EC 7K f# g ) Verify_
3D PN 89.44% ; Candida parapsilosis 1) EC 7K fift
FiEE (1) Verify_3D 434 84.39% ,

LAY % B 17 FR $7 EC Bl ( Ramachandran Plot) |
SOV T2 A B Y R 1R R i A o TG [T v 1 IXC sl 43
Aii o HEIRK LRI 53R PO A X 2160, X 2 fie i X
S, I XN IR H B | W3R 1% 8 R R Y
B SRR B P B DR AR DX P 8 X I
SR RV I T A DR AN AR/ DX X s
MR HY R A G B, MIET Ta 7h e R I
SWISS-MODEL L) & I-TASSER Jir ) EC 7K fift B

Rhodococcus equistrain TB-

Bacterium = 200000
70

Bacterium LERRIM
Rhodococcus TRAQ S i
Lysinibacillus VEQEILQGHY
Candida
consensus>50

B3

Bacterium
120
Bacterium 2D S|
Rhodococcus
Lysinibacillus
Candida

VY GFR
5 Y n:;
AWG|I

lerexmqgeplgmthva J.Kll

TTT
140

I H WKP “ p
I[P I VRRIP W ’
sIFslErTvla Yy NGML T

FVFXHRINT 5%,
2.8 EHBRZFIILLXSHT

F FHAE L34 Clustal Omega WA £ 1351 Lb X
HIRext 3 A~ EC /Kff# G5 Bacterium CSBLO0001 )75
L T Ok o Tl 11 S B R P B A T L (LI 8) o =
A EC 7K A B 7 S0 ARALE O 29.17%, R A T 11
W Candida parapsilosis 1) EC /K fif i 2 F R 1y 51 5
A ok U5 F 40 58 1 A L 881K, 5 Rhodococcus
equistrain ' TB-60 J¥ %1 A ol £ Ky 14. 499%, 5

Lysinibacillus fusiformis SCO2 F¢ 5 ALLE K 15.22%,
TR 5T 40 TR R P B PR R TR Y 8 A AL
31.3% BT AT WA T 160 437 26 A7 B 22 Bk iR 4% ik
PRSFIERCHR R0 GCSSGG , 1X S8 2 LR ik FE 7 Bt
iz WA o e P B R A PR ST

L. O Bt k. ThD. 1. dyds, Lve. Teqne

s
150

. AlY
consensus>50 lylgktn peygf. gttdn

Bacterium

Bacterium
Rhodococcus
Lysinibacillus
Candida
consensus>50

prtthfnld‘

DgaGS ! RxPaa chlekpt. Gt'p f

) aGGSSGGaaAlvaagaep ale

a7
kk\);\,\
230

A

yp nafsn . ‘yAGthrtv daalmSnv

B8 EC/KBEHZFIILLITER

Fig.8 Results of multiple sequence alignment of urethane hydrolase
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