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Heterologous expression, function and structure of amine
oxidase derived from Lactiplantibacillus plantarum
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Abstract: [Objective] Biogenic amines (BAs) widely exist in fermented food as a group of
potentially harmful substances which can be degraded by amine oxidases. This study aims to
explore, the enzymatic properties and amine-degrading abilities of amine oxidases from lactic
acid bacteria. [Methods] The recombinant protein of the multicopper oxidase gene Sufl in
Lactobacillus plantarum was obtained through heterologous expression. After expression
condition optimization and purification, the optimal reaction conditions, enzyme stability,
amine-reducing ability, spectrum, and structural characteristics of the recombinant protein were
investigated. [Results] The recombinant enzymes had the optimal performance at pH 3.5 and
20 °C. The relative activity of the recombinant enzyme was above 70% within pH 4.0-10.0 and
15-65 °C. This enzyme showed good stability, and was not affected by inhibitors such as
ethanol. In a reaction system containing eight BAs, the recombinant enzyme could degrade
403.23 pg/mL and showed the highest degradation rate of 34.99% (70 pg/mL) for tyramine. In
a reaction system containing single BAs, the recombinant enzyme had highest substrate
specificity affinity toward tyramine, demonstrating the activity of 18.33 U/mL. The UV-visible
scanning spectrum showed that the enzyme had a characteristic absorption peak at 600 nm.
According to Fourier transform infrared spectrum, the relative content of alpha helixes, beta
sheets, beta turns, and random coils in the secondary structure of amide was 21.52%,
20.72%, 33.80%, and 23.97%, respectively. Homologous modeling predicted that the
enzyme possessed three copper-binding domains, which contained histidine, cysteine,
methionine, glutamate, and other residues. The structure indicated that the recombinant
enzyme belonged to the multicopper oxidase family. [Conclusion] The multicopper oxidase
from L. plantarum JB1 showed good acid-base and thermal stability, and was capable of
degrading BAs, especially tyramine. It is expected to be further developed for fermented
food and beverages.

Keywords: biogenic amine degradation; amine oxidase; multicopper oxidase; heterologous
expression
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FE YRR, DRI S S T ik 5 A 22 b A= W) i 1
JITRESZ ML N FAAE Z Rl S AL, SR, BFSR
I B Z2 4 A AL ¥ (multicopper oxidase, MCO)H]
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7 R 25 4 3517 481k 1§ K 0% (cupredoxin  super
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Z e B R g5 M R AE Ty oY, IR
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FEAE R AT T h S 58 1 I ik 1) i A8 A il
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R (9.4 g K.HPO,, 2.2 g KH,PO,) .
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E. coli BL21, Ff¥ 54 LB IR A T LB ~F-Al e,
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Elfes
1.6 =% R 5PERRAE
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0.5 2 1 AbE) T HAH PR TG, 22 1 2H il
TEA R pH T ARG k. b, pH 2.0
FIBEERENZZ 0, pH 3.0-6.0 AT R ZE i,
pH 6.0-8.0 N BEIR %% il -

fitg2f 5 112 S50 5 « S H s ik,
TE f 3l S 25 4R, o i E R R rh A
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Burk US| BOE VA THE AT B AR Ky
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A S RIAR E . 40-85 °C (B 5 °C
A1 A3 K I AL B 30 min, I B E T 5EAH
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1 PyMOL (2.3.0)3xF rl AL 2 1 = 4ERi A, Jf
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% E. coli BL21, Kl 1 Hh¥FIkia b EH Kt
FE 7% PCR BIFZER, HHMAW A (1.5 kb)
SPHME, SREBUTUR I ST V) SR UE, 25
N BRSOk Ay i K, I B YIS
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(T7/T7 ter)% FHEEE 4 F 21700 /¥ 3545 1 671 bp
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(IR Sufl [AUEPE 100%, UEB R Rk Eiik
pET-28a-Sufl #4# i3 .
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Ko W T FERIE KRG R A5 7 AR A
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ST AL, DR Rk K, ik
HZES54RME 2 PR,

22 4 A A I — i LA A i DR 1 3 2
Fl, AIEWEER Cu® X T 45 oA B S vk 2 ¢
FE NEIRTLAE Y, 5 Cu™ Ve R34 i,
it 1) SR Tt R T R, H Cu® R EE R —
E VO 2 AR B A B, R T E D,
IE3ESE 23107 mol/L WRIEMITIAES . MiEIAS
BFR AR, PR SIS, HEOam,
SR F 5 R0 R K P A i, AL
AT TR, I 25 h Ry dedERt ] 5. IPTG
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Figure 1

D EF GM bp

2 000 —
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750 —]
500 —

250 —
100 —

Construction of expression vector and verification of recombinant plasmid. A: Genome DNA. B:

pET-28a plasmid. C: Target gene Sufl. The numbers mean PCR product of gene Sufl of transformed colony. D
and E: Positive recombinant plasmid. F and G: Negative recombinant plasmid.

NI AT B AL PRI, P 2.5%107* mol/L
IPTG Wb TENBEFH BN E, HE
REfE S AR A K . BRI ES 5 | A G R
%, WK T HERERLE g, SR g
PE—H TR, BIFEMR 15 CHEMETIES.
W HRIFE AN, EOBE NS
HIAY 73.75 U/L #2555 304.35 U/L, NL1LRET
m 4.14 £,
2.3 EHifAMAIEE4A K

PSR AR C 3 AT 6-His bRk,
FIRZbRZE SEAE R M RE R EHE S
PR VRS G, BRI e A e 2

R TR A B Atk i B . B 3 RS
TERAT Al Ak B A R IR B R DK AR
Al 3 AT H 8 T B A B —, glifk
BT i — 25 B b i

h# 1 nTEH, SENr s E
HE P PIBCRLE 74.18%, BAEEIIE TN
25.41 U/mg, gifbfE80dEst 3 5. gifb/aisE
14> KR%H 78 kDa, SHSE A .
2.4 BEEFMERANPERL RE

pH X 15 Y 52 MR o R ROAR Ay F A AR
12548 DL Il 5 I 0 0 f s RS T T v
SXHEINEG 5 5 0 9 R T T 2454 )L
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Figure 2 Effects of induced expression conditions on dry weight and enzyme activity. A: Copper ion
concentration. B: Induction time. C: IPTG concentration. D: Induction temperature. Three replicates per
sample were assayed and the error bars represent standard error.
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Figure 3 SDS-PAGE electrophoresis of recombinant
enzyme purification products. 1: Crude enzyme; 2:
Perforating fluid; 3, 4 and 5: Miscellaneous protein
eluents (0.02, 0.05, and 0.01 mol/L imidazole); 6:
Target protein eluent (0.25 mol/L imidazole). The
location and size of the target band are indicated by
the arrow and number.
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Table 1

Evaluation of purification effect of recombinant enzyme

Purification step ~ Volume Oxidase activity Protein content  Specific activity  Purification Recovery rate
(mL) (U/L) (mg/mL) (U/mg) fold (%)
Crude enzyme 30.0 318.09+8.90 1.15+0.11 8.29 1.00 100
Ni-NTA 50.0 178.30+5.33 0.52+0.03 13.80 1.67 93.42
Dialysis 55.0 128.70+1.71 0.28+0.06 25.61 3.09 74.18
A 100} ~ 5 B R A B CmE S SRR A B
90 + \ — S
s sof /\\ 30 min J5 RYFAXSEETG . B 5 SR 1 AR B BE
E I pH 5 KB L IHE FREME% . € pH
g s / 4.0-10.0 S FA P, TR AR IR LE S0%0L I,
2 30t H AR 3R 0 A5 1F R A BELREF 10% LA EAYTE
2 20 \\*ﬁﬂ Peo BEIREETEE , BRAORE PR T RE, B
05075303540 4350 55 60 00°C. HIXTRGIRRFIR 4, 70 “CLL it
B o pH IORIFTE 18% 751 -
100 - N 5
9mr+i\4#) AN [ 9 5 AN [] ol 28 465 g 5 - % il % A A
S 807 e, A, RS, KL Mg® . Zn* Rl Ca®*
g 60f STEEEE R A K, H Cu* RPN RS , X
s aof ' Yamada %0 EHRE Cut FEOER L
2 WLT Rk T, AT Cu A
10f ERE SR EmERMNT, A&
® 71572025 30 35 40 45 50 55 60 65 B TR TR AT R, L Fe,
T/°C
C 650 POHIVE HI R B G X, A RE R E SR
6.25+ ! Vainy 231 Vil v/
o S TSR 2 WA R K
5 575+ R*=0.998 KEEMR, X — S SRS S5 R A Iﬁj[g’u]o
E 5507 A T i AN Ti) ot 25 it 410 o) 500 % Tl 08 4/ P
L 525t ARAAE, PMSF 5 EDTA TGS v B o) il
5.00 F - S
pp | ALK, 117 SDS 5 B3 A2 BB i
450 HEOMPP R R R, DTT X RSPl e K. X

l.IO 1:2 Ij4 1:6 1:8 2i0

51 (L/10°* mol)
Bl 4 ZFLAHEEL ABTS AEYHIRIE pH A)5R
EB) R hFSEHMECC)
Figure 4 Optimal pH (A), temperature (B) and
kinetic parameter determination (C) of recombinant
enzymes for ABTS as substrate. Three replicates per

sample were assayed and the error bars represent
standard error.

FpZE Al GRS MHIMLIEA C, PMSF £ 52
QRIS EDTA BEREGERE T,
SDS 1 A fiff 557 RE R R 2R 1 I K 2544, B-ME
5 DTT ik s8], R T E A hi, Xt
W 25 DR A A FS PR R AT B SRR
E AR SR S, BB AL A
I, R G R, R 10%0
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Figure 5 Effect of different factors on the activity of recombinant enzyme. A, B, C, D, E and F are the
effects of pH, temperature, metal ions, enzyme inhibitors, NaCl and ethanol on enzyme activity after 30 min
treatment, respectively. Three replicates per sample were assayed and the error bars represent standard error.
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Figure 6 Oxidative activity (A) and degradation ability (B) of recombinant enzyme to different biogenic
amines. The uppercase letter represents the comparison of the same biogenic amine at different times and the
lowercase letter represents the comparison of different biogenic amines at the same time (P<0.05). Three
replicates per sample were assayed and the error bars represent standard error.
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enzyme.
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