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Abstract: Ethyl carbamate (EC), a carcinogenic and teratogenic chemical that is widely distributed in various alcoholic
beverages, has attracted much attention. Microbial enzymatic degradation of EC in rice wine is always efficient and attractive.
In this review, we summarize the research progress and problems of microbial enzymatic elimination of EC in rice wine from
three aspects: the mechanisms of EC formation in rice wine, the research progress of acid urease, and the research progress of
urethanase. Then, we propose the corresponding strategies to solve the problems: screening new urethanase with satisfied
enzyme properties, food-grade expression and directed evolution of the bifunctional Fe**-dependent acid urease and acid
urease used in combination with urethanase to eliminate both urea and EC in rice wine.
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Fig. 1 Strategies for enzymatic elimination EC in rice
wine.
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Fig. 2 Structures of urease gene clustersin different microorganisms.
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Tablel Comparison of the representative acid urease in different microorganisms

Source lon-dependent Expression host Urease activity (U/L) Urea elimination efficiency Reference

L. fermentum Nickel L. fermentum NP Addition of urease in sake and [43]
reaction at 15 °C for 2 d, all the urea
were eliminated.

A. mobilis Nickel A. mobilis NP Addition of 0.09 U/mL ureasein [36]
sake and reaction at 15 °C for 13 d,
all the urea were eliminated.

Enterobacter sp. Nickel Enterobacter sp. 2 504 Addition of 0.08 U/mL ureaseinrice  [46]

R-SYB082 R-SYB082

L. reuteri CICC6124 Nickel L. lactis NZ9000 11 560

B. paralicheniformis Iron (Fe**) E. coli NP

ATCC 9945a

wine and reaction at 37 °C for 2 d,
85% urea were eliminated.
Addition of 0.5 U/mL ureasein rice
wine and reaction at 20 °C for 2 h,
all the urea were eliminated.
Addition of 6 U/mL ureasein rice [45]
wine and reaction at 37 °C for 50 h,

92% urea were eliminated.

[44, 47]

NP: not report.
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3 43 3h Sy SRR IE XA R S Akt
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X R DR G 1) B R s A o B IR B B
MR ER I RGA R, AR LA &N H—,
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Helix-turn-helix motif -

3 MRE§ UreC IERELREER S FIHEEME (A:
UreC 3-D #3[E; B: BREBMEWIEMEH L C: BREEIEYD
H#ank

Fig. 3 Homology modeling and molecular docking
structure of UreC. (A) 3-D structure of UreC. (B) Catalytic
sites of UreC. (C) Substrate binding pocket of UreC.
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0]
OH+ HZNLOH—‘» NH, + CO,

B 4 EC KEHLEI
Fig. 4 The mechanism of EC hydrolysis.
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AU i, R TR e PR = Y
AR AR I ARAR N £ Tt 32 1 R i R 1 - e AT
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FAEACKR AR, e DL R i B0 PR 1Y EC
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e, SBIREYS EC ZRIFIERYES. H
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Table2 Comparison of urethanase properties from different sources

Source Optical pH Relative activity (%) Km (mmol/L) Reference
Citrobacter sp. 6.0-8.0 8.9% 1.600 [53]
Bacillus licheniformis sp.1013 4.5 542 42.000 [56]
Bacillus licheniformis IFO 12107 4.5 642 0.170 [57]
Micrococcus species 4.5 82* 0.078 [58]
Rhodococcus equi TB-60 5.5 NP 6.590 [54]
Rhodotorula mucilaginosa LBMAE-8 NP 40° NP [59]
Penicillium variabile IN-A525 6.0 65° 27.200 [60]
Klebsiella pneumoniae 7.5 102 74.000 [61]
Lysinibacillus fusiformis SCO2 7.0 10° 37.200 [55]

The enzyme activity that measured in the absence of ethanol was considered as 100%. a: enzyme activity was measured in the
presence of 20% (V/V) ethanol; b: enzyme activity was measured in the presence of 15% (V/V) ethanol; NP: not report.
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