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Ethanol improves the apparent activity of whole-cell
glutamate decarboxylase in Enterococcus faecium

YANG Shengyuan*, XU Xiaoli, LTANG Yongxiang

College of Food Science and Engineering, Lingnan Normal University, Zhanjiang 524048, Guangdong, China

Abstract: [Background] The exchange rate of substances inside and outside cells has a significant
effect on the transformation activity of whole-cells. [Objective] To increase the yield of
y-aminobutyric acid (GABA) synthesized by whole-cell transformation, we investigated the
improving effect of ethanol on the apparent activity of whole-cell glutamate decarboxylase (GAD)
in Enterococcus faecium. [Methods] We explored the mechanism of ethanol in improving the
apparent activity of whole-cell GAD by comparing the effects of ethanol on the enzymatic
properties of pure GAD and whole-cell GAD, cell structure, and membrane permeability. [Results]
Low-concentration ethanol significantly promoted the activity of whole-cell GAD with the optimal
concentration of 7.5%. At this concentration, the apparent activity of whole-cell GAD was
increased by 41.63%, and the optimal reaction pH of whole-cell GAD did not change. However, the
sensitivity of whole-cell GAD to the changes of extracellular pH and the Michaelis constant (K;,) of
whole-cell GAD were both reduced. This concentration of ethanol had no significant effect on pure
GAD (P>0.05), and did not cause GAD leakage or cell damage. In addition, 7.5% ethanol increased
the activity of GAD only when it coexisted with the cells in reaction system. The results indicated
that 7.5% ethanol altered the cell permeability and enhanced the mass transfer rate of cells, thereby
improving the apparent activity of whole-cell GAD. [Conclusion] Due to the low price and high
safety, ethanol demonstrates great potential of application in the improvement of whole-cell GAD
activity for the industrial production of GABA.

Keywords: ethanol; glutamate decarboxylase; biotransformation; y-aminobutyric acid; improving
effect; Enterococcus faecium
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Figure 1 Effect of different reagents on the activity
of whole-cell GAD. Different letters marked at the

data points indicate significant differences between
the two groups (P<0.05). The same below.
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Figure 2 Effect of ethanol concentration on the
activity of whole-cell GAD.

BRIS AN GAD A0S it , 241 GAD
AR RS 3 TC ORI BRI P 41.63%. DRI,
X AL ARG 1 s B B Ry 7.5%
2.3 ZEEXTE RN GAD RO pH K A9 520
Z#ER

Kl 3 R 7.5% L BEXT PR I K TR 4 40 il GAD
() fcid SO, pH JCsEma, 4588 pH 4.4; {H 2N
T AR W, MAFHE 7.5% LR, 240
GAD 5 JJ M4 bl pH AR V22, Ui 44l

120 —o—7.5% ethanol

a —e— Distilled water

100 -

(o]
(e}
T

(o))
(=]
T

N
(o)

[\e]
(=]
T

(e

Relative activity of whole-cell GAD (%)

4.2 4.4 4.6 4.8 5.0 5.2

pH
&3 ZExtE4Hi GAD §9 pH KBTS
Figure 3  Effect of ethanol on the pH dependence of
whole-cell GAD.
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Figure 4  Effect of substrate concentration on
reaction rate.
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Lineweaver-Burk XU EE R (K 5), 7.5% BEL
A GAD #Y Koy 1 Vinax 739314 74.98 mmol/L
F1 106.38 umol/(mL-h), JCLBEXTBRZHAY K, A
Vi 73994 77.84 mmol/L F1 106.38 pmol/(mL-h).
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Figure 5 Lineweaver-Burk plot of the kinetic
constants of whole-cell GAD. Yy, is the linear
regression equation of the 7.5% ethanol experimental
group; Y, is the linear regression equation for the
control group without ethanol.
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Figure 6 Effect of ethanol on the activity of pure
GAD.
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E7 ZENRAIKEMAREHAEN A 7.5%CEAFRIGH. B: A FEL KA IR . 73k s

240 Ay 2R

Figure 7 Effect of ethanol on the cell structure of Enterococcus faecium. A: 7.5% ethanol treatment
experimental group. B: Physiological saline treatment control group. The cells indicated by the arrow were the

ruptured cells.
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Figure 8 Effect of ethanol on the membrane
permeabilization of whole-cell. A: The original cell
suspension, without alcohol conversion reaction
system. B: Cell suspension permeabilized by 7.5%
ethanol, without alcohol conversion reaction system.
C: The original cell suspension, 7.5% ethanol
conversion reaction system.
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TG 7 1R 343 448 2 0 2o 1 1 240 e B3 A T S B
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