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B B AL NAEETAERLST SR NSTAIESY, LETEATHR| R THRATRRAL, FA
Bk TR Ry KBRS b AW S EARIRER RN AT L —, AP RALET RBETAMAFEHG S
SREACBEIE, EXMAE T RAGEEEKTH 484 U/L, B34 FREMF ERFT b Z4A A B0 LhBE, 2
% 4R BB FIE R PR E A 50 °C, RIEBRE pH A 35, H Knh 1.3mmol/L, Vi A 7.67%x1072 mmol/(L-min).
X B A AR R, kBT R BEIATE ) % 4R BAEERT 18% (WIV) NaCl A — & et % i, 15T &t eu3%
Cle. RUhe. Bl Pl Ak, BlafeRAFefine TR AM k., L P etk Irg, o
Al % 51.6%7F= 40.9%. tob, ZBExtE ¥ ey A DA Fas AR R, RN EUKERE (500 U/L) BY, b
Bt IR 5452 10.6%. Z4A R L SEMAB RS T AYIEGE ), Hdt—F FIRX LR B E T EA
Hw k.
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Expression and characterization of a multicopper oxidase
from Lactobacillus fermentum
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Abstract: Biogenic amines (BAs) are low molecular weight organic compounds that present in fermented foods. Large
amount of ingested biogenic amines can cause allergy or significant symptoms. Reduction of BAs by enzymatic reaction in
fermented foods is one of the most efficient methods for removal of biohazard compounds and assurance food safety. In this
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study, the multicopper oxidase (M CO) gene in the genome of Lactobacillus fermentum was successfully cloned in Escherichia
coli BL21 and expressed at 484 U/L. The recombinant MCO was purified by the immobilized metal affinity chromatography
method. The optimal reaction temperature and pH for this enzyme was detected to be 50 °C and 3.5. The K, and Vs values of
the recombinant MCO was determined to be 1.30 mmol/L and 7.67x102 mmol/(L-min). Moreover, this MCO dramatically
degrades histamine and tyramine by 51.6% and 40.9%, and can degrade other BAs including tryptamine, phenylethylamine,
putrescine, cadaverine and spermidine, and was found to be tolerant to 18% (W/V) NaCl. The recombinant MCO is also
capable of degrading BAs in soy sauce. The degradation rate of total BAs in soy sauce reaches 10.6% though a relatively low
level of enzyme (500 U/L) is used. Multicopper oxidase has the potential to degrade biogenic amines in fermented foods,

which lays afoundation for the further application of this kind of food enzymes.

Keywords: multicopper oxidase, biogenic amines, cloning and expression, enzymatic properties, Lactobacillus fermentum

H: Wi (Biogenic amines, BAS)2 4 ¥k -
AR R FREAANACEYRNETR, 26
MR . EABR . A R A RN Ak
H B A B A e T (i 0 DE R AR BEYE , Tfa ad
BYRmAL R ST ERK . L. BIEK
SRR RN, T AT AR A AR AP A
£ V5 8 75 M A FH T A4S £t B A o 1) i 3 AN 25 /N
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M) 2 T it A 7= 120, R B 7 R AR XU 1) 52 i
A /NS T L A 0 M ) A
A 1L (Amine oxidases, AOs). # Jik i & i
(Histamine dehydrogenase, HADH) #1224l 1L i
(Multicopper oxidase, MCO)™2 ) e 4 £k, fifg F1
2 Jre 5t U R AR T A SR LA A
e, AT IE ML A N 2 £ E R AL S W
M, Hiad pH 20k, BRI 9 28 il 1 52
o 97 8 77 7 25 2 TR A 2 i 4 A T A A A
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e 2 Xk T 4 2 A 4T AR R P SRR IO PR R A
WA

PRI, 3 4RT T A T L il o A= W M )
224 S AL BT 0 Ll A RN AR EA T AT ST, XS
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B Lo AT B TR e AT HAT R A= Y i
RE 0 2 A AL, JFX HdRod v, pH | I 45
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AT ST T FE A0 B R e LA R SR 349 A A S G 2
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WA L,7- TR B . 59 5L -B-D-mi A it
M FLBE T (IPTG) . Bk BUR ) & A A4 1k
YU (RE) By BRA R AR I
F3E Sigma 2A#]; BREIPENUIEG. DNA KRG
fitt . DNA 4238 TaKaRa ™ i, A
AL R7 Wil 8

{X#%: Gel Doc BEM AR RS LI M AKTA &
44k {0 [ 26 [F Bio-Rad 23 1 ; 444848 1260 &
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&1 KWRETEBRAFEK
Tablel Plasmidsand strainsused in thisstudy

Name Description Source

Plasmids

pET28a Expression vector, kan® Lab stock
pET28a-MCO pET28a containing MCO This work
Strains

Escherichia coli BL21(DE3) Expression host Lab stock
E. coli BL21-pET28a-MCO E. coli BL21 harboring pET28a-MCO This work
Lactobacillus fermentum Y 29 Strain with capability of degradation of BA Lab stock
Weissella cibaria 17 Strain with capability of degradation of BA Lab stock
Weissella paramesenteroides 30 Strain with capability of degradation of BA Lab stock
Weissella confuse 14 Strain with capability of degradation of BA Lab stock
Bacillus amyloliquefaciens X J03 Strain with capability of degradation of BA Lab stock
Lactobacillus plantarum JP31 Strain with capability of degradation of BA Lab stock

L 10 min WA B AR I FH TG TR AR Bk K Tk % T AR
2 W, KEARLL 10° CRUIML ik i 5% RS
37 C#r & i 24 h, #&J5 10 000 r/min &> 5 min
JEHC I, ) HPLC e AR e iy & ik, iR
B R R W e e 1122

14 ZESUEBHRERESHL
141 REZHENBEHRNHE

LE RS WA AR, FA5 Y
MCOF/MCOR (MCOF: 5-CCGGAATTCATGAAA
ACCTATACGGACTATTTC-3"; MCOR: 5'-CCCAA
GCTTTTAGTGGTGGTGGTGATGATGCATTTTC
ATCCCCATTT-3) 4 H 24 b, PCR
FEW ATURE pET 284 F EcoR T il Hind TTTEF 5 X
WO FERES , B b KIGFFE IM109, 4RECE A
WE T AL R EA Rk, AL RGN
BL21, #4HEAYR L Z M A EA R w4 N
E. coli BL21- pET28a-MCO,
142 BEHEZHMEABEHERE Sk

FAIF LB K53t (% 50 mg/L KIBE %K)
37 'C. 220 r/min #5350 K . SRIEHE 1% (VIV) %
P TB B33 (% 50 mg/ll RAFE %), 37 °C.
220 r/min 55 5% 2 ODggo A1 0.6-0.8, il A 1 mmol/L
{9 Cu®* 1 0.1 mmol/L IPTG, 7E 20 ‘CH;: 20 h,
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W T 4 °C. 8000 r/min &.0> 5 min J5 4
A, FH 20 mmol/L #fREE 22 i PBS (pH 7.4)
VERTIA 2 WR R, PR T A, &
L (4°C, 12000r/min, 20 min) WdE b5 £
] S A TR R o 2 2 i) A R 1Y) R P
Healifh, F 0.5 mol/L BKMEVEW (pH 7.4) HEATHE
FEVERL, WCHEAE T I A 4 4 R A T I R A P S
J& S5 M TSR

15 ZESEIEEFHNE
SR FH AT D6 8 i 0 22 4 A AL Tl 0
BI L 2,2 Bk - WL -3- 2, 3 7 51 18 e vk -6- ik i
(ABTS) Miik¥y, @it fs it ABTS it
A2 AL BB TS o SN EA 2 min, K2R R
7 100 pL fif . 2.9 mL % 0.5 mmol/L ABTS il
1 mmol/L CuCl, FIAT B RR NS Wik o 5 573 B 4
1 1 pmol ABTS T i g i SRy — 1>l iG 77 2
i (U)o BIETHAE AL TR
N AODxV,
‘{Eﬁ(U/L):W
K. e ABTS1E 420 nm A4 BE /R WO 5
¥, £=3.6x10% L/(mol-cm); At Sy 2 W IFE] (min);
AOD 2y 420 nm bW RE B AR ARAR ;. Vo 2 SN
RFL (mL); Vo AR (100 pL).
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1.6 BHHEZFFIWEEEFEMERFAR
1.6.1 2 2H g Ay J5c 3 S o Y B B pH

T 7 T 1% 3 s L A pH B, R T S g i
FERN pH &b, oA 5550 2 2240 4801 it it 1 1 152
NS FAR A . 8 EE S 25-70 °C, pH 2k 2.5-5.0
(50 mmol/L ZRENZZ i), 5.5-7.0 (50 mmol/L
PBS 2% i) , 7.5-8.5 (50 mmol/L Tris-HCl Z& i) .
1.6.2 &R EFMENTEA S H EIIEIETE

I BTN B E RS - K VRS 1 mmol /L
4 B B 2 IR A, ORI 10 min J5 00 E S
71, VAR )& B 10 %t i

NaCl X 5 20 22 il S Ah i s P s i < 5 il
WAL A 10%, 15%. 18%7i1 20% (W/V) ) NaCl
Gz P ICE 1 h JE I E RS 7, IR NaCl 9
Xt B
1.6.3 EERN BN SIS EN E

TE @ SN 2T, e R R b &R
0.1-1.0 mmol/L ABTSHY # 5 , #2 % Lineweaver-
Burk UUE AR L 1535 21 H 20 22 4 AR AL T Y
Km+ Vimax {H
1.6.4 EHZHEEEXT B YR FEEEE S
43t

4 100 U/L Z 4 E Ak BES3 31 5 vk 2 A 50 mg/L 1Y
e, WERE . SRR R . Bk RO KR
MRS M s R A, T 37 CHrE 48 h ez
Yl i, X BRSNS TI e A AR YIS T, 4y
BT T 21 22 S ARt X A () JEC 40 1 5 e

1.7 FHEZFEIEIREE Y RRAERE

#4500 U/L Z 4 A A B 53 30 A A= P e 1
MR, T 37 CH#® 24 h 5 isE Wik
(S, X BEZH S AN T i) A 00 Mg v ik T S
T EE W T W v 5 2 W i 1% e JRE A T B
R R R, HARCh: i 20 mg/L,
JE e . P DR e 50 mg/L, K Z ik 150 mglL,
21 g FN s i 200 mgy/L .
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2 HERSAM

21 BEEYIEREMKAIERE

R T e — AT LU R R B R A
I, ABFR ST 6 MORIET & B fh i i
R R R P AR e BE T . BB 1L ATRAE
RBEFLFT BN SR R s, A 16.1%; It
Ah, BTG . AR SRR, BRI R
Bk 23.000H1 10.0%. A I i HH I I R 75
WA R, T A TR AFEER R R
iy R R LA AR A P R 6 bk
PR, R EEFLAF RS B L R R W R )
W I B MR . TRIUL, g e T A 0 e o £t ity
[ AH B 5T

22 ZNFLKBHRERESLHEL

WL AE NCBI 0 e rh 348 & e L T 5L
4 gt 2240 S AL SE R R IR DR 8, et T
FP 1 HI514 (MCOR Fl MCOF)., L& BEFL AT 15
Y29 FE[KZH DNA b, i3 1 & LA A
Y 29 K2 rh g i 2 0 S AR R SRR (] 2).
It PCR =¥ 5%k 14 pET28a WiV )5, #51k

= W. paramesenteroides 30
500 = B. amyloliquefaciens XJ03
= Control g
= L. plantarum JP31
= . cibaria 17 ”

N
4
[

= W. confusa 14
400 = L. fermentum Y29

Biogenic amines (mg/L)

B 1 EHEREBPEDRENNEER
Fig. 1 Comparison of degradation of biogenic amines
in soy source by microbial strains.
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bp

2000
1000

2 KREEFLATE Y29 h4mhL % S L EEE E AV 18
Fig. 2 Amplification of gene encoding multicopper
oxidase in the genome of L. fermentumY29. M: marker;
1. negative control; 2: amplification of gene encoding
multicopper oxidase.

KIGFF, B EE T 3R 35 1 20 2 4 S A0 Tl 1Y
E. coli BL21 pET28a-MCO,

W4 H E. coli BL21 pET28a-MCO £ iAH 4
ZH A AL RER IS 0 LI 3A . ZE, U254
ABEAE K FF TR H ) 2R 187K 484 VUL, Hir+
T2 58 kDa, K IHORH ik 38 2o B AT 2 R 2T
133 7 EH 2 AL 4G (18] 3B).

23 MCO WIBgZ M R R
231 ZWEAEEREGE RN pH XiRE

W R R, A 2 AT Y e S
pH iy 3.5, 47 )i pH N 3.0-4.5 i, BERYIEIEK

A B
kDa M 1 2 3 4 kDa M 1
198 — 198 —
98 — . - 98—
62 | == 62 e
38— - 38_ o
28— o 28
T
-

B3 HHZMAUBHRESHENK

Fig. 3 Expression and purification of recombinant
MCO. (A) Expression of MCO in E. coli BL21. M:
marker; 1-2: insoluble and soluble fractions of E. coli
BL21 pET28a; 3—4: insoluble and soluble fractions of E.
coli BL21 pET28a-MCO. (B) Purification of MCO. 1:
purified MCO.
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T 50% (K&l 4A). % 4 24 A ALY Beid v
pH {5 Hi ¥ FLAT# Lactobacillus plantarum 3 Ji
14 22 A S AL T AR [ 124 T ok T b A 2 T AT B
Bacillus licheniformis A1} #. /4 ;& Pseudomonas sp.
593 (1) 22 i AL BTS20 pH w5 P42 e
T REEZLFFR Y MCO Wi [ pH #iF5Ek
B], % MCO NymVvERs, HHEA N TAME
it T o

M &l 4B RI,  H 2H 22 4] AR A T 1Y) i S i
I EES 50 “C, 50 °C i 41 il i TG PR A2 30 CH Y
1.7 %,
232 ZRBETFMEX 241 E LGRS H R m

W T4 8 B 5 24 A A0 A Ak AR A S N
ZA—ERXRR, WHAMRER T &8 8 X

A

—o— Acetate buffer
—e— Phosphate buffer
—¢— Tris-HCI buffer
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Fig. 4 Detection of the optimal pH (A) and temperature
(B) of the recombinant MCO for enzymatic reaction.
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i 2H 225 ARG G 520 . i 18] 5A R, Cu®t
NiZFil Mg % 21 224 S AL Mg A s 1, L
Hh Cu?* S T 21 2 4 A A B O BT A R R, (A
TR T 1.89 1%, Cu® x4 £ i S AL B HO B
YER, FIRES ZH1 SIS 4 M3 Tas A 00
SRR M Zn? R Fe N A IR AT
Fe™ Xof WS G 0 0 1 PR A P S, 76 HEAE AR T MRS
1T R 57.7%,

TR E AR, NaCl WEZA R
18% (WIV). %52 Z 4 E AT xS $h iy 22 1, A
B F R %G TE = +h K W R N RS
Hi[& 5B R LA H, EA L4 LMt NaCl 17
TER AT, RS 2 8] — R A ), (H7E

A

(9%}
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Fig. 5 Effect of mental ions and NaCl on activity of
recombinant MCO.
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18% (W/V) NaCl H H 3G HA A 39.3%. 1% 5 41
SN E T 24 AR5, BEEAEIR pH 3
355 TP B 32 3 T8 - S R eT LB NaCl 3
i, R 10%5 15%(%) NaCl i i i o 30 i 7 T
18%f) NaCl, Alfiet5 pH F1 NaCl X fifi i) b [ £
A 2720
233  Z4EALEE SN B 1 F S50 E

DL ABTS MY, 02 I A2 55 38 S B 41
SR FR A A [ B VS ) I T O
28 H T4 MCO B I 3h 12 B 5
Lineweaver-Burk XU %14 (K 6). K&l 6 K1%
1) 20 % B FLFF I MCO (1) Ky {EN 1.3 mmol/L,
Vimax H 7.67%1072 mmol/(L-min). % 41 £ 4l &
R K 8T 50 5 1 IRFF A Klebsiella sp.f i
19 250 E AL B (Kw=5.63 mmol/(L-min))?®, %
BT EMFE Ochrobactrum sp. ok 5 Y 224 A Ak
fiti (Kw=0.072 mmol/(L-min))®%,
24 ZIFIEEIT R ANERZHPERRBE

S5 EE 2 224 AR T T R A A 0 B R R 2k
FRE ST, 52T T2 20 AL IR B A M e 11
FEfAEOL. B 7 aTLIE N, BRK A, EAZE
AL 25 22 1Y) 8 R AEIRE R Y 7 B AE PR
BRSO . oA . BRI . e . RS I

120
100 |
80 |

60 |

1/v (min/umol)

40

20k

S50 s 10 15 20
1/8 (mmol/L)

E6 XNEBEEEMNE MCOBRNINNESH
Fig. 6 Anaysis of enzyme kinetics of MCO by
Lineweaver-Burk plotting.
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B 7 HAZFEEIRENEDROMRER
Fig. 7 Degradation of individual biogenic amine by
MCO.

MR RCR R B %, 2 BIRRAR T 51.6%. 40.9%.
40.7%71 38.2%. 5K TAEYIFLAT I Lactobacillus
plantarum (1) Z 4 48 £k il AR I8 F 4 850 FF
Arthrobacter aurescens f i & b BEAH L™, % &
IR G . BERRARE T, ELEEfE .

25 ZFIEEREREIRTFERR

Sy itk — 2D R R IR T R LT Y 29 1Y) 22 4
AALBERE fR AR R BE ), AR T HAEXHR A4
IR (Rl 7 65 3 vl vh 45 2R AR e 1) % 1
FIBCE, Yk SR (720115 mg/L) Fili i
MR R ASOR . TEIR G AR R,
Z 0 A AT T DL R R b i . . R
O M. TR SRS RN 7 Fh AWM
FOrp o 21 e ) e R e, G5 3 81.5%, X G
(1 B 26 o0 41.7% (%] 8A) . 5 K P T Lactobacillus
plantarum J16 FIFL R F Bk 4 Pediococcus acidilactici
CECT 5930 iy Z il S AL MEAH 1L , 2 F 4 W o e 241
ey ae e, HEFEM#E, RIET Lactobacillus
plantarum J16 1) 2 il &1 il %o 20 e %) B e 3R
36% X rERE Mt 3 Fi LY, KT Pediococcus
acidilactici CECT 5930 1% £ il A fL. il /N R R fife 21
iz ELA fE [ 7 I i i — A e 21 . i 151 8B
ATLUE Y, AT T B il vh AR W i B ey
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881+13 mg/L , Z 4 S AL L L 1A 5 v mT LA R
FaM AR 7 AWMz, ek 2 Mg AR P 1 o ik 23
RBAF, BN 11.3%F1 6.8%, X LY
K% 10.6% (181 8B)., HuliHAA X THEHAZL
o] S A Tl L P T T AR A A W i (9 4, HL Rosa
Guarcell 25\ #IF 58 2 W] Lactobacillus paracasei
CBOCT . | T HE&FL#T 1 Lactobacillus paracasei
CACIO6CT . JiH Bk Pediococcus pentosaceus
M1 R R i W v A W e 1 5 L5 22 SR AL il
G, BRI A5 Y 8 20 2 40 A AL HL A R i
T £ S F A W e 4 7 PR 9 1B

A
1 Control [ MCO treated
200 | R &
) &
£
= 150 +
2 N
g 100}
2
5
2 50
Nins HT HT i HT
F & & & & &
& & &4@ %@‘Q ﬁ@& &
SO G S
Q\\
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1 Control [ MCO treated
450 | M.
= 400 [
g 350 N
Z 3001
()
g 250 L i
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F&FFFESF Y
FFE &S
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8 EHEZMEAMENESEYRME P LI
Y B

Fig. 8 Degradation of biogenic amines in mixed
biogenic amines solution (A) or soy sauce (B) by MCO.
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A= P vk vl Tt b i A= P e 2 H
HIECK RSN alaet /) /S e SR Ip e bz g P (EN =i D3¢
FREAR LR B FP D | BRARTEAS | BRARRAL,
¥ AN BB A2 S B g FH 1 T SR o A5 38 2 4 BT ok
VR K T LA TR 1) 2240 ST e 1) e e o A B e
fift A= WM RE T R B, % A 24 SR AL I T R
e, . RO K. B RS R
HMAENE 7 YN, JF HA] 825 s
S BB B PR AR W e Y —— A B RN . R
4 2 A AL BRVERE, XT 18%M NaCl f—i&
T A2, 6B 5O °C A A4 4 Ak M D 2 R
o MO, % A LA R e b 2R e
MIREST, XTEEREfFRAE] T 10.6%. ABF5EY)
PPN TR R BEFLAT TR ) 24 L AR K
1R R T AR A MR B RE T, A T A
(4B b B TR MR FR DL A 1 T 1) 3k 7K
A B — 474 22 0 AL B TE R R T R AR
PR RV T, SRtk — 2 S B A e ) S
B 1z ] B9 5 Al
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