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Abstract: Aminopeptidase A (Pep A) is a metal-dependent enzyme that specifically hydrolyze
peptides with the N-terminal amino acids glutamic acid (Glu) and aspartic acid (Asp). A
possible application of PepA is the hydrolysis of Glu/Asp-rich food proteins such as wheat
gluten and casein, increasing the flavor and solubility of food protein. In the present study, the
gene encoding a Pep A from Lactococcus lactis ssp. lactis 1L1403 was synthesized and
introduced into Pichia pastoris GS115 (His4). Lc-Pep A was successfully expressed and
secreted to the culture medium, followed by identification and purification to homogeneity.
Characteristics study demonstrated that Lc-Pep A could specifically hydrolyze the substrates
Glu-pNA and Asp-pNA with similar catalytic activity, and this was further confirmed by the
kinetics parameters measured. Additionally, Lc-Pep A showed a broad thermostability and pH
stability with an optimum temperature of 60 °C and an optimum pH of 8.0. The enzyme activity
of Lc-Pep A was activated by metal ions Co*", Mn?", and Zn*" but was strongly inhibited by
Ni*“and Cu®". The routine proteinase inhibitor had no effect on the activity of Lc-Pep A.
However, Lc-Pep A was strongly inhibited by the metallopeptidase inhibitor, EDTA, and
disulfide bond-reducing agents. The study may facilitate production and application of Lc-Pep A.
Keywords: aminopeptidase A; Lactococcus lactis subspecies lactis; food industry; meet
processing
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A TTBUREE R N AR ik B8 U0 1) 22 S 1R ik
B, — AR, R R — 2K
Hm &z Ty . MYy, —
S 288 P Al A 0 AT ] B A B T DA AR L2
FERR R AR A B, O IR AE 2 4 41 A )
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{B, PRk InEh Rl R 8 i K™,
RS DI AT Z W FHHHME. Pep A J2—F
&R E A, LMK LD Asp/Glu
NN RIREZ A, ATNH T E & Glu/Asp IR
YR LR K, T A R AR U
by () SR TG A PN BRI 52 5087, Pep A 7T IR 42
e B8 BT K AR B, i v B 1 JB L T A A
FMARFEER ), i HLA GER K M4 &5 Glu A9
i, EWIRIE O S, fERY I EA
A Bl i A U

FLER I (lactic acid bacteria, LAB)/&—2K 7
D5k B == [CBH PR AR TR ) SR, L3[R B R AR 2
REEWKACE I B AR, & E PR EA
A3 B BN R J2: 4 4= (generally recognized as
safe, GRAS) A" K240 LAB #l 2 & 2%
PRI E FRORFA R, (HEA M RE KRS,
RETESR A AR I B3 IR 2k EAE K, SR B K i it
FKEEMAEY R, HET, ©M LAB 1405
2 T ZAA R R SPE ) Z R4 Pep C . Pep
Y. PepN, Pep O, Pep X. Pep P % Pep A 55,
S B A 2 IR B AR AN O3 B e 2 AR ) o FLIRR
ZL.3K T (Lactococeus lactis, Lc. lactis) & LAB % jit
W SR 5T, T I T RO A I A o A
EEYE M Ak L HA N . B
A, A% LAB SRR Pep A HIMFFE B .
1985 - ZE A, U 5 f SCHR /i T 7L BR
i B FLAS WAk (Lc. lactis subspecies cremoris HP .
AM2) }2 FLBR A (Le. lactis ssp. Lactis GM1363 .
DSM 20481, NCDO712)% A [FE kA Pep A HY
S Bl e AERE RS O o, Pep A (T
R FECR AR B iy =, e
AN, REETAEN . 2001 48, B2 RK 58
T — A B FLEK & FLBR WA (Le. lactis ssp.
lactis) & #k 1L1403 (94 FEF LT, 7£ UniProt
Bl e PR 7 Pep A (Lo-Pep A)Z IR T 41
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(UniProt ID: Q9CIH3), {HIZAJ5&A %M
YR A A S E o ARG T X
Lc-Pep A gmfid &R, SCEL T Le-Pep A TEEEIRTH
B R iRk, FEXT Le-Pep A HEfT T4k
PRl 25 B B2 R B, SO Tl Ak
A 7RG FAZ I AT T IR S A

1 MR5r%

1.1 kL. BRI

kL E A pMD18-T 1 pHB905SM, HiA sz
5 F AR I ORAF . 430 T R TR A v e S B
JE# ik . KT (Escherichia coli) Top10 I [
RARAABHE RO A RA R, T4 A
R ARAF . BRI RE(Pichia pastori, P. pastori)
75 E4IME GS115 (Hisd) ARSI EARAF . PRI
PEN VIR . T4 DNA ##:0 . Pfu DNA REG R0 .
DNA [m]ifcial ) £ 58 W H K 3%E 5 4= W) (TaKaRa) .
Ni-NTA JE FlJZ #r & i W H  Amersham
Pharmacia A F) . Wi AL G Y02 L R - X il 2o
% (amino acid-p-nitroaniline, AA-pNA) i 55 & 4=
P RDOA BRAF A o B R 7] A — i bk
WIS H Sigma 2 F
1.2 Lc-Pep A EEERRFTIEEAFE

DLEE AR R % % % X Le. lactis ssp.
lactis IL1403 Pep A (Lc-Pep A)fW%d JLHR )T 4
(UniProt ID: Q9CIH3)#E47 I 1n) B, ARAS 4R E5
Lc-Pep A ®Z TR 74, £ Lc-Pep A &1 R 74
RN E 4 PR FRZS (histidine tag, His-tag)f)
TP, F-7E 5" 3" 435151 A Cpo 1 1 Not 1
A, B ML Le-Pep A Y 58 B 9w Y 1% 17 R )
G, R4 A 7 RS Le-Pep A 1 4 fish ik
K, 2 TA sofEi%E ABRL pMDI18-T, JERLE A
Jiki pMD-18T/PepA, AL KIWGHT 1 Topl0
PR B P AR TE . Le-Pep A Rk zk AR mIH
K 1 Fron, FH Cpo 1 #1 Not T X ik
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Figure 1

pHB905M/Pep A

Construction scheme of the expression vector of Lc-Pep A. The gene encoding Lc-Pep A was

synthesized and cloned into pHB905M via Cpo I and Not I sites, fused with the His-tag at the carboxyl
terminal, resulting the expression vector pHB905M/Pep A. Lc-Pep A is at the downstream of the a-factor
signal and is controlled by the promoter of yeast AOX1 allowing Lc-Pep A to be expressed and secreted into

culture medium.

pMD-18T/PepA I Jiki pHBO0SM, [elUs ] A
Br, ¥ Lc-Pep A 4t JL % ATk pHB90SM
i, JER Le-Pep A BYEEFRIBHIAK pHBIOSM/
PepA, FALKIGFF I Topl0, #EAT BRI AGY 3 |
SRR 51 E o B PR Le-Pep A g 5L DR A €
RUAFRATFNE S IE#
1.3 Lc-Pep A HI3{L, HFRIERERE
JFikE pHBO0SM/PepA 4 Sal 1 Y1k 14k,
AL (LR 1.5 kV, HLZE 25 uF, HBH 400 Q)
P. pastoris GS115 (His4)40fl, 45 MD i
[0.67% (JF AT 50 YNB, 2% (AR
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BomiEm, 1.5% (B a50808], 28 °C
EFRMEEES, HRERKRBANEE . ME
Hray K55, RIPGEHY] DNA, 4 PCR it
— AU E . PRI PR T, 80 25 mL
BMGY };3£2£[100 mmol/L Bl — &4, pH 6.0,
1% (BT AR P BOME RS, 2% (AR
SEOE AN, 4x107°% FREERBRSEED R,
1% (BB AE)H ], 30 CHEIEHRE
ODgoo 4 68, 3 000xg 5.0 10 min WA,

AT 250 mL BMMY 5% 7£ £:[100 mmol/L #§ i@
TEE, pH 6.0, 1% (R EO M RE
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W1, 2% (B R BOE AR, 4x107°% (F G
RFUEOEM R, 0.5% (AR50 F )
Hr, 30 CCARZEHE BN SR 120 h, BERR 24 h IMAZ
WRE R 0.5% M BE, {REFXT Le-Pep A B 2E15
TRk, 10 000xg &.0 10 min, Y& B, ¥
A e S PR - SR A A Tk e B HELTK (sodium
dodecyl sulfate-polyacrylamide gel electrophoresis,
SDS-PAGE)J3#r, - B EHIEN 12%., H#E
e I b B AR BT A R AF 4 B (0.45 pum, Pall
Gelman), 5%MIMAEAEE 4 °CEMALR, 1xPBS
BRI 3 K, B IK 3 min K BRI T 5 anti-His-tag
HRP-IgG (1:1 000)f4 1xPBS 1, 37 °Ci¢ & 2 h,
1xPBS VL% 3 ¥, BRI 3 min. LA DAB {45,
R O R AR, FRAKPBEL kSN .

1.4 Lc-Pep A BY41L#H &

F 250 mL FiRFE B HOmA SR
100% M MR R e, & T 4 *CEIEIESIR,
(B A UTTE . 12 000xg B0 30 min WA DT
T, DUEEET 20 mL B 7 2% ik [20 mmol/L
Tris-HCI (pH 8.0), 150 mmol/L NaCl]H, %% A%
Mra%, BT 1000 mL BRI, 4 CHitt
&M 24 h, 58 h e —RiBERTEMIK, o
ZBRE AR *Eﬁﬁ@a%ﬁ&ﬁﬁﬁ%ﬁ Mijs, &
I GE I e AR NP R RE Mt fraifh ., fi
B, BTG I E AR EEET 2 10 A IRFLE T
B WA NP SERZPTAE(NI-NTA), il
0.5 mL/min. ¥R SE)E, FH 2% W [20 mmol/L
Tris-HCI (pH 8.0), 500 mmol/L NaCl, 20 mmol/L
PRMR PR 2L, WY 1 mL/min, 70EBE

EEEMEAR. &F, EORHZ PR
[20 mmol/L Tris-HCI (pH 8.0), 150 mmol/L NaCl,
500 mmol/L PKMEIBERE, Wi~ 1 mL/min. U5
L 1 5IE, 17 SDS-PAGE #:, F#F 100 f%
TRFRR 1xPBS L2 PGB HT 24 h, % 8 h Hf—IK
Gr v, T4 2R AR 1 BT R ) K ek K H A TC L
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BT BRI T4 12 000xg 5.0 20 min,
0.22 pm JEMEILUE DL A B 8 UL TE P A
TETEM A9, F Bradford 5 AR IR
R TR
1.5 Lc-Pep A HUFR/EERYF 14 K BEE J1NE

T 54T Le-Pep A [P FE S PE R4 TG
Ji, BT — RG] L 5L AT Y R R
(p-nitroaniline, pNA)MZ Bt & ¥ (AA-pNA).
AN ) o S 1 S R AT e PRI K R -2 R IR Y
RAY) pNA BYZ I R e B , B A 4y
AL B 3 B4 5 pNA, i i X pNA E’J“”iﬂﬂ
AIXF Le-Pep A IS S P AR TS 0 64T 20
FrfE B9 S VAR 2 4 50 mmol/L Tris-HCl (pH
8.0), 100 mmol/L NaCl, 0.1 mmol/L CoCl,, F
200 pL FRUERBIAARHAIIA 1 ug Le-Pep A J¢
0.5 mmol/L BEfZIL G ¥I(AA-pNA), 50 °CK i H
JBE 10 min, SIASERFRAIBERZE (1 FO0, ¥
HJE T 405 nm PR MEWOEME . ALt 10, 20,
40, 60. 80. 100 umol/L HUHRE pNA K, T
405 nm P E WO GIE, DAk EE R ARDR, W
TCAE NN BRI BRI 2k R b3 2% B4 S 1
W 5E WO AR APRER 2R, 3153 pNA 197 &
it % J3 5 XM 2 1 min K% AA-pNA 77/E 1 pmol
pNA iy it S (1 il &y — WS ) 562 (T0), il
16 S TU/mg FoR o F 200 pL b ifE 52044 & A
JIMA 1 pug Lc-Pep A, 0.5 mmol/L Asp-pNA 1§
Glu-pNA, 50 °C/K #4351 s 1 10,20, 30 min,
A ERFBEERZE SO, RHIET 405 nm
A 8 R CAEL, AR SN ISR Le-Pep A 7K
fi#t Asp-pNA ¥, Glu-pNA fFEAL%E
1.6 Lc-Pep A WIEESN HEFE SR

T 200 pL FRAESO AR Z I [R] 2
AR AR PR X i 37K i (aspartic  acid-p-nitroaniline,
Asp-pNA) 2 7% & R XF filf 3% 78 I (glutamic
acid-p-nitroaniline, Glu-pNA) (0.5-100 pmol/L)
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Ml 1 pg Le-Pep A, 50 °C/KEH [ 10 min, fill
AR EE R 2 1L RO, R 35 T 405 nm i
KW WOGME, TN R YR T 0 2 g
i) pNA =i, LISEY 1 min 248 pNA [H5:
(nmol/L)VE A /A [R] I 9 BE T A AR S5 1 i JE
DU YR EE MR AR, S N FE AR AR,
GraphPad Prism 8.0 24X 84 #£1T Michaelis-
Menten Jy B2 [0, $RAT G 20 124 2 f s )
S8 8
1.7 BEXI Lc-Pep ASENFIAE MRS
F200 L _EiRFRER AR R HFIA 0.5 mmol/L
Glu-pNA 1 1 ug Lc-Pep A, 0. 10, 20, 30,
40, 50, 60, 70, 80. 90 °C/K¥AH ¥ 10 min,
INAERFUNBEFR AL N, 4% RS )b
VI 5 7 D R B3 AS R I BT ) A X il 1
T1(%), WM E R NRIE . ¥ Lc-Pep A
F 0. 10, 20, 30, 40, 50, 60, 70, 80, 90 °C
FIAKEHIEE 1 h, DIAARALBE R EEE 34 R Xt
HE, PR HEDN A2 5 00 7 R AR TG g, f o Tl
B ARG P o
1.8 pH Xf Lc-Pep A JE FIFNF2 E MY 2N
F 200 pL 9 50 mmol/L H & #&-HCl (pH
2.0-5.0). Z R4 (pH 5.0-6.0) . Bl 4 (pH
6.0—8.0) . Tris-HCI (pH 8.0-9.0) &% H & 2 -NaOH
(pH 9.0-11.0)ZZ tPi H1 3 BN 1 pg Le-Pep A,
0.5 mmol/L Glu-pNA, 100 mmol/L. NaCl, 0.1 mmol/L.
CoCly, TERGMHAEWRE T S 10 min, JIASE
IRFBERRZE 1 SNy, 4% R TG Al Ty
PN RE A AN pH AAIXT BTG 71(%), 15 i
W N pHo F IR ARTE pH (2.0-11.0)ZZ i
WHIIALHEE 7 100 pg/mL [ Le-Pep A, 4 °C
BEE 1 h, DIRAHRAEGTE JIVE X I, FbaiE
DU D7 D 2 B AR TS 0, e WY pH RSUE 1 o
1.9 £EBEFX Lc-Pep A 5EH1HISME
SRR R NR R M SR E T, o
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A 0.1, 1.0 mmol/L A6 A4 )@ & F B LA
WER VAR Z Y 0.1 mmol/L CoCly, T 200 pL
AR Z A 1 pg Le-Pep A #1 0.5 mmol/L
Glu-pNA, 50 °C/KEH SN 10 min, fIIASFA
TR BE TR E SN, A5 T 405 nm K58
W EAE o DA N4 B A Bl T3V S X R
FERR AR R 7 D0 E A A AR M e R T
T AT S F1 (%) o
1.10 =i F R EBEINFIXT Le-Pep A
& IR S0

T 200 pL bR A S A R 43 i A 2 T
0.1, 1.0 mmol/L (AN [a] () £ 2 34 50) sk 25 11 g
I L 1 ug Le-Pep A F1 0.5 mmol/L Glu-pNA,
50 °C/KHH RN 10 min, I S5 FH il ik iR 2%
1R, G T 405 nm K E OB . LA
A AL ) s A D ) 1 S T A AR
HE, e b R R v S 7 0 RN SRS ) e
27300 B AR A T AR X S (%) o

2 HZRE5OM

2.1 Lc-Pep A FRIZFHMAHE ., RiIEEHE

Lc-Pep A FIE# K pHBIOSM/PepA (45
MEEULIE 1. Le-Pep A FEDRA T PR B B Bl
(AOX )i 5 sh T Ml 2, I SEEEE o- K43
WME S IKRERA , A T [A]— B EHE N, fiff Le-Pep A
1E R 753 N BB A SE AR e B 4 A v s 20 R
KIF W EREFEHE . Le-Pep A W LA FA
[FI BT ARG 2 s TR R IE UL 2A, HFRGR
S FEEIEANDS, RRFBELE 1200, K
AEEAN FEREAM 15%, R85 TR ILE
IR W EGIN ., FH K2 41 kDa, S5#HHE
K/N—34, Western blotting #f—H+F5L 41 kDa
A 2 H B EE E (18] 2B). Le-Pep A £ 1]
FEALH) Ni**EfUZHT (immobilized metal ion
affinity chromatography, IMAC)— 4k n] DAk
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A 2 3 4 M kDa
130

100
70
o)

40

2 Lc-Pep A BIFRIE. EEMGL

Figure 2 Expression, identification, and purification of Lc-Pep A. A: SDS-PAGE analysis of the expression
of Lc-Pep A. The arrows indicate the expected Lc-Pep A. 1—4: Corresponding to 24 h, 48 h, 96 h and 120 h. B:
Identification of Lc-Pep A by Western blotting. 1: Lc-Pep A. C: SDS-PAGE showing the purification of
Lc-Pep A. 1: Lc-Pep A. M: The molecular mass standards (kDa). The molecular weight is on the right of the gel.

# 95% R4l BE (18] 2C)o M 1 L BRI 1s 5%
EyE AT E L3RS 40-50 mg A9 Le-Pep Ao
2.2 Lc-Pep A BENREBIRSINE

Pep A T —MAEH T LA Asp/Glu i N %
ke, JKf#E Asp/Glu BYFRILS T iF2d JE R = At
TE o8 1 O SHE (T Pl Bk ) , B30+ Wi 25 19 Asp 5K Gluo
i 3A. 3B FoR, #LXS pNA € fE5Hr
Pep A M 1o FEARUMER N 257 T, Le-Pep A
Kt g 2 L R A 2 R (arginine, Arg). 75 7 R
JER {42 1R (tryptophan, Trp). JEAR G iR %
A FER 55 2 TR (leucine, Leu) . ANy Hi, faf A AR PR
Bl R LR 22 Z R (serine, Ser) M 7 it & JE R 2 e
R (cysteine, Cys)5 pNA JE A& BEIL &)
IR KFEVERT, X R 1 2 I R A e e £k &
Y1 Asp-pNA B Glu-pNA HAT B30 (1K Ve
X I A G F143-50 R 4.65 TU/mg #il 4.82 TU/mg,
Wi Le-Pep A HABSRIEDFEFPEE 30).
Lc-Pep A 7K fi#t Asp-pNA 5, Glu-pNA 54kl
LA 3D, £33 10 min N, 40%LL FAY
Asp-pNA I Glu-pNA #/Kf#, 30 min J5 N4
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90%L) F ) Asp-pNA B, Glu-pNA (8K fi#, H.
TEASHTE] &5, Le-Pep A X Asp-pNA & Glu-pNA
P AR A B 022 5 (P>0.05), Lc-Pep A
XF Asp-pNA K Glu-pNA KB 5 1 2% e s 1 2%
SHNE 4 FMFE 1 PR, WTLIEH, Le-Pep A
X Asp-pNA f Glu-pNA HAG 550 i AL I 1,
XF 2 BRI 25 T 8l 1 SO AR, R
Lc-Pep A XJ Asp 5% Glu >A7 N ¥ (19 k% H A A AL
(R AR 1
2.3 EEM pH X Lc-Pep A SEHNRIREM
A

Glu-pNA FIEIR Y 40 T EE AT pH Xt
Le-Pep A & f1 e sg@ tEmsE . Wil 5 IR,
Lc-Pep A 7 30-70 °CHEARFFH I HOMEALTE T
(40%LA ), fiE WV 60 °C, 7 70 °CAJ
A 65%I11E 1, AFU R LB T 1 7 DG
£ 90 °CIE J1JLF-HZE . Le-Pep A 7£ 50 °CLA
TARHFAE, 25 1 h WIEE HIE A RE
Ak, YR K 50-70 °CHF, Lo-Pep A FEIHN
HEERESE , 60 °CIFR 1 h {545 60 %L I 5k 4y
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1=0.005 452x+1.562

n\/©/ pNA 16 B

R=0.995 0
NH. x l 4 . ; . ; }
Glu-pNA A405 0 20 40 60 80 100
Concentration (umol/L)
€ 6 D 90
[ Asp-pNA
— e @ 100 —[:l G]u_pNA g
2 s
£ dps 2 80|
= g
z 5 60
8 2 5 40
O 20}
Al R R R n

3 Lc-Pep A R¥IFFRMERIEN

Figure 3 Substrate specificity and activity of Lc-Pep A. A: The principle for activity measurement of
Lc-Pep A. B: The standard curve for the detection of pNA production. Mean values of three independent
experiments are fitted to a linear regression. C: Activities of Lc-Pep A to different type of substrates. Data are
expressed as X*S (n=3). D: Conversion rates of Asp-pNA and Glu-pNA hydrolysis with Lc-Pep A at
different times. Data are expressed as XtsS (n=5). The difference of two groups is determined with
Student’s t test and is considered as significant at P<0.05.

A B 135
g £ 20
= o
3 3
E =
= =
z ==
& Z
3 S s
= =3
1 1 1 1 ] 1 1 1 1 ]
0 10 20 30 40 50 0 10 20 30 40 50
Asp-pNA (umol/L) Glu-pNA (pumol/L)

4 Lc-Pep ABBIEZN %

Figure 4 Kinetics analysis of Lc-Pep A. A: Kinetics of Lc-Pep A toward Asp-pNA. B: Kinetics of Lc-Pep A
toward Glu-pNA. Mean values of three independent experiments were fitted to the Michaelis-Menten
equation by nonlinear regression, defining the K,, and Vy,.x values.
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#z1 Le-PepAHEHHFESH

Table 1 Kinetic parameters of Lc-Pep A towards Asp-pNA and Glu-pNA
Substrate K (pmol/L) Kear (umol/(L-min-g)) Kear/ Ky (/min-g) Vinax (pmol/(L-min))
Asp-pNA 3.9 2.6x107 1.5x1077 26.3
Glu-pNA 4.1 2.7x107 1.5x1077 26.8
A _—e— Optimum temperature B
120 p P _ , .
-+ Thermostability 120 ~e=Optimum pH
100 F 100k -0 pH stability
g ST < sof
5 =z
*g 60 - *g 60 F
2 ol 2
£ g 0
o
& 20f o 20+

0O 10 20 30 40 50 60 70 80 90

Temperature (°C)

Y I 1 1 1 | 1 J
0 1.0 2.03.04.05.06.07.08.09.010.011.012.0
pH

El 5 RE(A)F1 pH (B)Xt Lc-Pep A HISE N T2 E M HIS M
Figure 5 Effect of temperature (A) and pH (B) on the activity and stability of Lc-Pep A. Data are expressed

as XS (n=3).

5 97, AH 2SI 55T 60 °CH, 3% 7 U THGH T [
90 °CW##H 1 h, HILRWE AR 5%, Lc-Pep A
& pH M 8.0, 7 pH 6.0-9.0 N4 NiaE, W7
B 1 h, 5RAIE J57E 80% LA L. 7 pH 1.0-11.0
WEE 1 h, HIRRWE RS 50%LL 1, 3L
Lc-Pep A HATH 58 1) BR B fe o 1 o
24 “HERBRETI Le-Pep ASEHNHEMN
AFEB M4 )8 B FX) Le-Pep A I J1 R
Wi LI 6, SR T sk B S ) rsg i, BT
AW MR s TE A E Y . TTRUE I,
TCiE e R T AR Y Co™ . Mn*", Zn**
X} Le-Pep A BTG AR A BOE/ER, H Co® 1y
Ve fess, HOROE Mn®', Zo® HOVE 5 55 .
T v BE AR MR 1Y Ca® B Mg® X} Le-Pep A AYTE
FILFBA R, T TG 2 i e B I S AR e
) Ni* "8, Cu® X} Le-Pep A HOTE J1 88 HLAT & Y
e A
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2.5 BHRAFIREBEANGIFIX Le-Pep A
SENRE N

AN TR Al 23R e B B AR RI X Le-Pep
A TSI LI 7, 2 e 2R A e ] )
E64 . 22 % R & 11 B 4 ) 700 28 B L Tk 1t 9

300

T L 0.1 mmol/L
s =23 1.0 mmol/L.
3 s
& i
2 200F
e
3
¥
B
B 100f
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] ﬂ ﬂ
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Figure 6 Effect of metal ions on Lc-Pep A activity.
Data are expressed as X £S (n=3).
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120 —0.1 mmol/L
—_ T 1 I:E L1 =3 1.0 mmol/L
s
2 80F
E
g
&)

i
E 40
Q
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ﬂﬁ = | |

s E64 PMSF  Pep Phe DTT B-ME

7 BT RALFIRFIXT Le-Pep A SE SRR
Figure 7 Effect of inhibitors and chemical reagents
on Lc-Pep A activity. Pep, Phe, and B-ME
corresponding to pepstatin A, 1,10-phenantroline,
and pB-mercaptoethanol, respectively. Data are
expressed as XS (n=3).

(phenylmethylsulfonyl fluoride, PMSF) & #& K i
5% pepstatin A X} Lc-Pep A BOTG 1A 3%
SO, SR, <5 e AR AR R 1,10-9E 2 ik
(phenantroline) . 4 J& # & | £ — & U & 1R
(ethylenediamine tetra-acetic acid, EDTA) & —.fi
S A 5t ) B I B B (dithiothreitol, DTT) 5k,
B- #it H £ WE (B-mercaptoethanol, B-ME) M| X
Lc-Pep A BT J1 HAT 8 2 2 R A 45 1
3 W

HATFEVHMZE Pep A B2 0] &
(http://www.brenda-enzymes.org). HHI, #fBE4F
SEPEIK DL Asp 3 Glu R N i 9 JIR B 5 45 s e
% Asp 3K Glu [ AMIKEEFEFR K Pep AIHS1721,
TEMGRY 4328 b AR R IR T HAX 4 ML Y Pep A
RN Asp Z Ak, J&T M18 KEEFK i, Hor2k
5O EC 3.4.11.21, THEAR IR T FLIR 3 gL i i
AT AE YD Pep A FRN Glu ZU ik , J& T M42
IKEG G, HArd85 o EC 3.4.11.7, [T, A&
WX Le-Pep A J& F—Fh Glu Z Ik, &
2 FIRIEHT Pep A AR R IA i (H AT 7 5
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BUAHLR) = 4E4hky, FHHEA 2 MRS Asp.
2 AMRSF Glu ) 3 MRSFI Hiso HiH 2 4~ Asp.
2/~ His Al 1 /> Glu 73 MM & )8 s 4G,
S5 MMEEE T —1 Glu & His
— T R R T R, X RS A A R R A
FRPERRS2U, B, 2 FOASEDR IR Pep A 75—
Hr gl by FEAL AL E AR F AR . Bk
JR 1Y Pep A gt L AN RN, TG 148w, B
FEEMFERM RS, HA BN AN E",
HiT, CREFLIRFERIER Pep A ZHUE
BB N FLBR B AN M Hp R AR T
— B IR T KRG F B B s,
I R AR B R AN, B, SORAL,
11 H R FF 1 3R 35 1R R A% 50 T 1 1A BTG 7 1Y)
AR, X AE—EFEEE FRHAS T Pep A 19 Tk 1k
N o AWFFE AR T 75 A His-tag 1) Lc-Pep A 1Y
IS FE , MIEE T Le-Pep A IR B E A, 5230
T Lc-Pep A 7EMESRIEEE TP S AU b R ik, &
RTEYIEAE TR SR 3E, ZFER NIt EA
JEM—0 8, Ak 95%LL ERAiE, Wk
Hifdifb T Pep A Moyl st ®e . 1 H, 5ok
ML} 3 AR IR 1 Le-Pep A HA 58 55 1 A= W20
PRI E M, XSS R R R RSB R 5
JEAE I IR Pep A FUFRAH T H., Il
IR IR AN AT LA A0 i 2 B R )5 i 8 1 T
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1M FLA REAR R AZ Al — A 3 B G R, 5K
J e A At B Rk R A, AR AR A
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ARG Pep A #2417 — N A il 45 i
ARWFFEXT Le-Pep A BYCHIRESE . 16 77,
Iedd R VR . IRRE M L Bl Y pH . BRI
R PE R & 8 B 1 . Ak 2R A il 700 Xk il 1)
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PEZ B . 7 IR A AR . R AR . AE
At P AT AR P R TR N % ot B TR 1Y) pN A T Ji
& WEA BA K AERT, Ui HA BR i
W FRESsPE, 5 HETHRE A Pep A MR
B S — SO H a2 B W R TR
Pep A JKfit Asp-pNA 3% 115 T Glu-pNAI-7P1]
$E7R LA Asp SRy g B 1) IR BE A 288 Pep A MU
Y SR, ABFEH Le-Pep A X Asp-pNA
1 Glu-pNA B AT HHLEEARIE 11, /Kf# Glu-pNA
TG J1 5 28 Pep A B U Le-Pep A 11
N 60 °C, fRid pH 4 8.0, 524K
A RIEE) Pep A FHY, (HRETERS v 1) I BE
T B PR R RROE I, TSRS ROV IR BE AR 1h
545 60%LAh FIE Sy . [MHF, Le-Pep A 7€ pH
N 6.0-9.0 FIFRIE T AHXS L E , A5 MR
HTEWEARNKE, HhZHEW SR
s PE pH. XS R FESrR ] Le-Pep A 72X
Py A SR A b n T A B A i N RS T .
WEF G DTT . B-%i 5 2 B 55 6 5 20410 i
Lc-Pep A 1935, UiHH Le-Pep A W77 HA I
PEVATG B AR ERE, BN AR N FH B R A
SRR AAEAE . AR E Le-Pep A 5E R BLHY
FLER AR UE Pep A BERRE A9 LU ILF 2.

HAZ M AP R IR Pep A 86 R

#z2 AKEALR LM Pep A BIEGIFME

EOAM, TE_MEEE TS A BIE SR
EMAEE LY, ARBFEH, Le-Pep A BEHES
J& & E B A5 1,10-FE 2 itk )z EDTA 58 2141
Tl T4 ML T 3 — . BUEYIRIER Pep A
R E LR MR A S, (HERE A
SHEREE TSN, TEAE Glu, Asp
& His, X ILRRIR T 454 48 B FNEA
P45 A 0L A B B A RO B, o
i e [v) 2L St 1 35 1 PP s PO o™ Min® Bl Zn®”
X Le-Pep A HABGEIEN, Ca>'m Mgt
Lc-Pep A {6 JI WA AT 520, 17 Ni*'gf Cu* Xf
Lc-Pep A M HA BEMMEIEN. &BEE TS5
&RE R OAE A Z 44, AF4ER
EARIT S NEREFARMIE, s g
& Ca’, PR B S Zn®, IRIFE LI Ca®
o Zn®", MK ZHEKE & Co™ 8k Zn®", B,
M@ )8 B 5 58 2 R 2 I (LAP)AH B
R R R BLGIE sy . Y K&
A LAP B35 o0 B B A ST 1 R R
YLRGHY 2 A Zn> B5 A 008, B Zo® s A s 1
LS 2, TEARE Zn2-Zn> WA s o Horh v 1
5 2o WSS, AT SR E T
(C02+\ an+\ Zn2+\ Ca2+\ Mg2+\ Ni2+ﬁ cu?t
SEVE, P 2 W Zn? B L, RSkt

Table 2 Summary of selected characteristics of Pep A from Lactococcus lactis

Pep A source Optimum Optimum  Inhibitors Preferred  References
temperature pH substrate
(C)

Lc. lactis ssp. lactis DSM 65 8.0 1,10-phenantroline, EDTA, DTT,  Asp-pNA  [19]

20481 B-mercaptoethanol

Lc. lactis ssp. lactisNCDO 712 65 8.0 EDTA Asp-pNA  [17]

Lc. lactis ssp. cremoris HP 55 n.d. 1,10-phenantroline, EDTA, DTT n.d. [4]

Lc. lactis ssp. cremoris AM2 n.d. 8.3 1,10-phenantroline, EDTA Asp-pNA  [10]

Lc. lactis ssp. lactis L1403 60 8.0 1,10-phenantroline, EDTA, DTT, Asp-pNA, Current

B-mercaptoethanol Glu-pNA  study

n.d.: Not determined.
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ftb — A 42 )@ B 1 A . TEMREALIRR R, £ 2
) Zn* TS A TR YIK A N SR a2k, (8 1A
P 2 B Zn® [l 5 6 400 R 7 5 7 A %) I e e
SEAM AR, A 18 2o il ad 5 B VR 0
ICPIRR IR, JFRC G TEME L Arg336 kK
FRARAEAL, 2 A Zo® WHR AT LTS HLO 4 FIE
BTGP R I (OH )X i e A o ey, B A
FREEA WIS O 1A Zn®™ 5 bl
M EEEFERIEE Co®'-Zn®", Mn*-Zn* 5k
Cu*"-Zn B SRR e, AN A Y 42 ) B
Xk EEEOR HoO 2 F RI3TE VE R, LAP 78
AN TR 4 T S F 1 IR B v 3R B O T 1 A b T
M. Lc-Pep A [IFERE—Fh2 KA, tA 2 14
BB A0S, 548 & 1A AR
5 LAP HA MR e — i, HE
ADHITEH Co™ . Mn* 8 Zn® 4l B 1 AU F s
Xt B IS O R B A BURAE . MR, XilK
TSt Le-Pep A AILEMIEI T RN . Kim 2P0
Xl 28 #E BRI S6 ) Pep A 5 E T TS, K&

PiZEE His66 Fl Asp236 Fla—4 Zn®'.
Glu214 il His318 Bl &3 7h—4 Zn®*, Aspl81 [f]
W55 24 Zo” WMECAVER, X e Emm X H 4
A1 Zn*'Y5 Ser238. Leu255. Arg257. Thr309
F1 Gly311 e [m 4 sl i i A o, o Arg257
FENR 256 N AT I8 B — 71 1E LA 7 T8
DTG LIRS SR (Glu/Asp) i N Ui JIEH)
Ko B T RAEYIRIE Pep A HAT DRSF B4R 25 1
SEALA RGN Arg, KRS T
Lc-Pep A IYRINAL AL, 5000 & KA VIR
U Pep A HEAT TXTEE, WL 3. lad FLgmT LA
F i, ARFEDRIER) Pep A YA FRSFITETESEA,
TEMEALHLE FAEF AL, (B H T2 EEmR RIEEA
fH, PERRADE BTN RS IR . fRiE pH. AR
EVE FA—EMER, BT EIR N, A0
FEXF Le-Pep A [AEW2EREE B FCRR R 2L T
Asp-pNA 5 Glu-pNA {ENIRPIHF 7Y, X2 H T
Xof LSS TR 2R A3 AT 3 PR 31 1926
Le-Pep A X RR 7K i S OLAE B & K

*x3 TRMEMDKIERN pep A EEE Pep A EEMLLER

Table 3 Comparision of the pep A gene and Pep A protein from different microorganisms

Lactococcus lactis
ssp. lactisIL1403

Lactococcus lactis
ssp. cremoris

Lb. delbrueckii ssp. &. pneumoniae
lactis DSM 20072 R6

Pep A source

MG1363 (current study)

UniProt ID Q486778 FOHXE4["! Q8DNJ72% QYCIH3
pep A gene (bp) 1 068 1 086 1 065 1 068
Pep A protein (aa) 355 361 354 355
Gene homology (%) 100 26 38 85
Protein homology (%) 100 30 60 94
Residue to create a positive patch (Arg) 258 258 257 258
Metal binding site:

His 65 67 66 65

Asp 181 181 181 181

Glu 214 216 214 214

Asp 236 232 236 236

His 319 324 318 319

The pep A gene/Pep A protein from Lactococcus lactis ssp. cremoris MG1363 was used as a reference.
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