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Abstract: [Background] 4-vinylphenols produced by phenolic acid decarboxylase catalytic degradation of
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phenolic acid can be used in food additives, flavor and fragrance industries. The expression level of
phenolic acid decarboxylase is relatively low, so high levels of phenolic acid decarboxylase are a
prerequisite for the industrial scale production of 4-vinylphenols. [Objective] The gene of phenolic acid
decarboxylase from Bacillus amyloliquefaciens was cloned to achieve efficient heterologous expression in
E. coli. The substrate specificity of phenolic acid decarboxylase was analyzed and its expression
conditions were optimized. [Methods] The gene of phenolic acid decarboxylase was constructed using
PCR to construct a recombinant genetically engineered bacterium. The sequencing results were compared
with the phenolic acid decarboxylase family, and IPTG was used to induce protein expression. It was
reacted with four different substrates, and response surface experiments were designed to optimize the
inducing conditions. [Results] The specific enzyme activity ratios of phenolic acid decarboxylase to
p-coumaric acid, ferulic acid, caffeic acid, and sinapic acid were: 100, 23.33, 15.39, 10.51. Combined with
the comparison results with other phenolic acid decarboxylase, it was found that the amino acid sequence
of the C-terminal region had the highest rate of variation, which was related to the substrate specificity and
catalytic mechanism of the phenolic acid decarboxylase. The optimal conditions for expression of phenolic
acid decarboxylase by designing response surface experiments were: 2xYT medium, inducting
temperature 30 °C, inoculation amount 1.78%, inducing point 3.8 h, IPTG 1.25 mmol/L , inducing time
18 h, the predicted value and actual enzyme activity were 47.61 IU/mL and 47.55 IU/mL, respectively.
[Conclusion] It is feasible to optimize the induced expression of phenolic acid decarboxylase by response
surface methodology. This study provides an important theoretical basis for the production of stable and
high-yield phenolic acid decarboxylase and understanding of its catalytic mechanism.

Keywords: Bacillus amyloliquefaciens, Phenolic acid decarboxylase, Cloning and expression, Substrate
specificity
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Table 1 Central Composite test factors and levels

E-3 IKF Levels
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B iF R 3 3.5 4
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Figure 1 Agarose gel electrophoresis of DNA of BAPAD
TE: 1: DL2000 DNA Marker; 2. 3: MyFRIAEG DNA H B
Note: 1: DL2000 DNA Marker; 2, 3: DNA of BAPAD.
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Figure 2 Analysis of BAPAD by SDS-PAGE

7E: M: Protein Marker; 1: %5 X} BB [pET-28a(H) = #i4k]; 2.
MIREW; 3. Aifb B

Note: M: Protein Marker; 1: Blank control with the empty vector; 2:

Crude BAPAD; 3: Purified BAPAD.
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Table 2 Substrate specificity of BAPAD

37 i%7/ES s e

Substrate Specific activity (IU/mg)
X SR 13.22+0.17

p-coumaric acid

[y 3.0940.09

Ferulic acid

) 1L [Hid 2.02+0.02

Caffeic acid

TR 1.39+0.03

Sinapic acid
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Conf

Cant s L
PredHHCCCCCCCCHHHCCCCCCCCCCCCCCC
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N . 160 170 180 190 200
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St d C L Confid f dicti
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- Coil Pred: 3-state prediction
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C
N

3 PDBID1 K ZREM(A)RE T EAYFRTMNE(B)
Figure 3 The secondary structure (A) and topology of a subunit (B) of PDBID1

E: pirEh 1V EOIIR, BIrEh 2 MAGIIR, BIEh iR

Note: -sheet 1 is shown in blue and B-sheet 2 is shown in red, the spiral is depicted as a yellow circle.

pI= P2 B3 p4
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ol p1 p2 B3 B4 B5 p6 B7
BAPAD ME 77
BPAD ME] 77
BSPAD ME| 77
BAPAD ME] Y y 77
BSPAD MEDTE YNGW2 K R A NTEPTGTC 77
BHPAD MENgT(e YTY / ) Y A i ; 77
BSPAD ME 77
BAPAD ME 77
BSPAD ME YTY YR 77
LHPAD MIEKHETTLEIgL{E 3 YEI YINK 'R q g 85
BCPAD Y ! ) 80
LPPAD 84
LLPAD 83
DCPAD 85
DZPAD 85
PPPAD 85
LOPAD 84
PDBID1 100
PDBID2 85
PDBID3 77
BAPAD 162
BPAD 161
BSPAD 161
BAPAD 162
BSPAD 161
BHPAD 161
BSPAD 161
BAPAD 162
BSPAD 162
LHPAD 178
BCPAD ( 167
LPPAD G W\ A Y[ 1 Y H € ONNE DVISFAPYKEMPNPIRNGKY FCONYHRIN 177
LLPAD ( / SEF € KNNDDVVAQAPYCGMTNDIRNGK Y YNTSYEMIN 176
DCPAD ( o N v 168
DZPAD 169
PPPAD 169
LOPAD 157
PDBID1 193
PDBID2 168
PDBID3 161

El 4 EAERARFREEFIH fh AR SREB RO REBL P L Xy
Figure 4 Amino acid sequence alignment of phenolic acid decarboxylase and other decarboxylase

Note: The conventional secondary structure elements are represented by green boxes (a helix) and orange arrows (f chain), respectively.
BAPAD is phenolic acid decarboxylase in this experiment, BPAD is phenolic acid decarboxylase [Bacillus] [WP_003243190.1], BSPAS is
phenolic acid decarboxylase [Bacillus subtilis] (WP_119995789), BSPAS 1is phenolic acid decarboxylase [Bacillus subtilis]
(WP_087993521.1), BHPAD is phenolic acid decarboxylase [Bacillus halotolerans] (WP_059292497.1), BSPAS is phenolic acid
decarboxylase [Bacillus subtilis] (WP_044429457.1), BAPAD is phenolic acid decarboxylase [Bacillus amyloliquefaciens DSM 7]
(CBI44424.1), BSPAD is a phenolic acid decarboxylase [Bacillus subtilis] (WP_019715805.1), LHPAD is a phenolic acid decarboxylase
[Lactobacillus northsea JCM 18461] (BAP84656.1), BCPAD is a phenolic acid decarboxylase [Bacillus coagulans 36D1] (AEP00765.1),
LPPAD is phenolic acid decarboxylase [Lactobacillus plantarum] (BBA81990.1), LLPAD is phenolic acid decarboxylase [Lactococcus lactis
subspecies cremoris] (BBC75390.1), DCPAD is phenolic acid decarboxylase [Dickeya chrysanthemi Ech1591] (ACT06933.1), DZPAD is
phenolic acid decarboxylase [Dickeya zeae Ech586] (ACZ76892.1), PPPAD is phenolic acid decarboxylase [Pectobacterium] (ACX90155.1),
LOPAD is phenolic acid decarboxylase [Lactobacillus oryzae JCM 18671] (GAK47549.1), PDBIDI1 is phenolic acid decarboxylase
[Lactobacillus plantarum subspecies plantarum ATCC 14917] (ZP 07078975.1), PDBID2 is a fruit acid decarboxylase [Enterobacter spp.
Px6-4] (323462935), PDBID3 is a ferulate decarboxylase [Bacillus pumilus] (311772160).

232 ESREMNEERRARIEES RN PN, SECNEEAET LS R >, Diaz-Rincén
BFIEINA PTG JRHHFREOX FTHERE U 7 s Fh 7 (R T 85 8 4 K 1% 3k ) ok

AR R AAREREZEX. WE 5B R, MR (R RIS

TRIRBETEDS SRR 30 °C PR AFIRAM. 233 BSRNHBEEREESRIENZN

i T AN B 1 £ AN IR 1 4 A T S LA 7 A R T R A A

IR TR AR RS AN K, FERIEE ARSI, W SC TR, TR R MRS T

BB AR (R B AR IR 7EES LY 3.5 h R K, 1A% 38.86 U/mL. 4
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FLWE AR s A A R AT — e R ARIYE R, F
HEWER IPTG 2[ERAZMEA RNA 194 Bl
R, B HBELAHXTARME B Y IPTG 35 T AR
SV
2.3.6 PEMEXIHER AR R EER AR ND

WA A= 152 B PR RRAE I AT R i O S Y
Kl SF s, SRR 1.5%0), BEEE PR 2 R
Fi{H 38.86 TU/mL. MR M Bifi 5 B et A 4k 2238 in
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Figure 5 Optimization of expression conditions for BAPAD

H: A Bi5R3E; B S C: BT, D: BSEIA; E: 500 mmol/L IPTG fyht; F: At
Note: A: Medium; B: Inducing temperature; C: Inducing point; D: Inducing time; E: 500 mmol/L IPTG; F: Inoculum size.
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H1 Central Composite I30 /7%, >R FHM N [ 43 Hik RGBT s R LR 3,
X PR R I R A5 i IR | 15 it ek 4 Fos, A FAES AR R XRS5 R
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% 3 Central Composite iXIE AR5 ER

Table 3 Central Composite test plan and results

gl AF IR B iF AL C $5fim Y
Sequence Inducing temperature (°C) Inducing point (h) Inoculum size (%) Enzyme activity (IU/mL)
1 0.00 0.00 0.00 46.99
2 0.00 0.00 0.00 47.09
3 —1.00 1.00 1.00 43.06
4 0.00 0.00 0.00 47.03
5 —-1.00 1.00 —-1.00 40.28
6 1.00 —-1.00 —-1.00 39.55
7 1.00 —-1.00 1.00 42.64
8 —1.00 —-1.00 —-1.00 36.01
9 0.00 0.00 0.00 47.20
10 0.00 0.00 1.68 43.87
11 0.00 0.00 —1.68 38.95
12 0.00 0.00 0.00 46.86
13 —-1.00 —-1.00 1.00 38.69
14 0.00 —1.68 0.00 39.39
15 1.00 1.00 —-1.00 42.80
16 1.68 0.00 0.00 43.33
17 —1.68 0.00 0.00 37.89
18 0.00 0.00 0.00 46.93
19 0.00 1.68 0.00 45.57
20 1.00 1.00 1.00 44.98

x4 EEAREFED T

Table 4 Analysis of variance for regression models

AR SFJ7 A B ¥y Fid P {E(Prob>F)
Source Sum of square Degrees of freedom Mean square F value P value (Prob>F)
157 Model 250.28 9 27.81 698.04 <0.000 1**
A TR 32.53 1 32.53 816.65 <0.000 1**
Inducing temperature

B i ETHL 44.40 1 44.40 1114.39 <0.000 1**
Inducing point

C & 26.45 1 26.45 663.81 <0.000 1**
Inoculum size

AB 1.16 1 1.16 29.19 0.000 3**
AC 4.153E-0.003 1 4.153E-0.003 0.11 0.743 4
BC 0.082 1 0.082 2.06 0.1819

A 76.22 1 76.22 1913.13 <0.000 1**
B’ 38.69 1 38.69 971.25 <0.000 1**
c 58.62 1 58.62 1471.48 <0.000 1**
s 0.40 10 0.040 0.061 2
Residual

JRAh 0.33 5 0.065 4.54

Lack of fit

alifii s 0.072 5 0.014

Pure error

M 250.68 19

Cor total

R=0.9984 R%,;=0.9970

TR wx: MZERZERNEE(P<0.01); *: XTE5IR2ER 5§ E(P<0.05).
Note: **: Very significant difference in results (P<0.01); *: Significant difference in results (P<0.05).
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Figure 6 3D-surface plot
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Note: A: 3D-surface plot showing interactions between inducing
point and inducing temperature; B: 3D-surface plot showing
interactions between inoculum size and inducing temperature; C:
3D-surface plot showing interactions between inoculum size and
inducing point.
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