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Characterization of a recombinant aminopeptidase Lmo1711
from Listeria monocytogenes

Zhan He, Hang Wang, Xiao Han, Tiantian Ma, Yi Hang, Huifei Yu, Fangfang Wei, Jing Sun,
Yongchun Yang, Changyong Cheng, and Houhui Song

College of Animal Science and Technology, Zhejiang A&F University, Lin’an 311300, Zhejiang, China

Abstract: We aimed to obtain the recombinant aminopeptidase encoded by Listeria monocytogenes (L. monocytogenes)
gene Imo1711, and characterized the enzyme. First, the amino acid sequences of Lmo1711 from L. monocytogenes EGD-e and
its homologues in other microbial species were aligned and the putative active sites were analyzed. The putative model of
Lmo1711 was constructed through the SWISS-MODEL Workspace. Then, the plasmid pET30a-Lmo01711 was constructed and
transformed into E. coli for expression of the recombinant Lmo1711. The his-tagged soluble protein was purified using the
nickel-chelated affinity column chromatography. With the amino acid-p-nitroaniline as the substrate, Lmo1711 hydrolyzed the
substrate to free p-nitroaniline monomers, whose absorbance measured at 405 nm reflected the aminopeptidase activity. The
specificity of Lmo1711 to substrates was then examined by changing various substrates, and the effect of metal ions on the
catalytic efficiency of this enzyme was further determined. Based on the bioinformatics data, Lmo1711 is a member of the
M29 family aminopeptidases, containing a highly conserved catalytic motif (Glu-Glu-His-Tyr-His-Asp) with typical structure
arrangements of the peptidase family. The recombinant Lmo1711 with a size of about 49.3 kDa exhibited aminopeptidase
activity and had a selectivity to the substrates, with the highest degree of affinity for leucine-p-nitroaniline. Interestingly, the
enzymatic activity of Lmo1711 can be activated by Cd?*, Zn?", and is strongly stimulated by Co?*. We here, for the first time

demonstrate that L. monocytogenes Imo1711 encodes a cobalt-activated aminopeptidase of M29 family.
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Lmo1603 HA3 Z JE KA 4 i, H Lmol1711 2%
LA G R T TG P 1 AR RN 5E o A B9 3Rk I ik
3T A Lmol71l &, LAZIEER -3k
TR AE R RS S8 ) HY Lmo1 711 A 52 5 Ok it 114 0%
PEFIXT TR A EREVE s T AAS [F] 43 8 8557
Az R TG P 2 S 2R I X 26 45 R B9 X Lmol1711 7
PERGSRACR AN o DL ESEHRIESC T Lmol711 J& T
FALRREE M29 ZEIG 5L, A i BE 6 B AR
Wik, PE—H R Imol711 78 BB AR AR B AR
N & FEBIVE AT RE B 2 T JL A

1 MREA®E

1.1 ##
111 MR, BRLIKREY

AR T r B0 00 R R R BRI AL A . R AR
Wi R 2 % Btk EGD-e. KT H DHS50 Al
Rosetta, #2418 )5 KKk pET30a(+), LA
AR TR R ARG 5 R A . L A R T
£:3%F BHI (Brain heart infusion, BHI) 3353, DH50
il Rosetta H R F T LB B5373EH AR T K
WRIGEESRAA R 37 °C (R sdiRy) Kige, Wi
K5k (FRIZLERREYIALA): Imol711-fwd:
5-CGG GGTACCATGACAGTATTTAGTGAAAAGT
TAGAAAAGTATGC-3'; Imol1711-rev: 5-CGCGGATCC

TTAGAACGCCCAGTCGCCTTTA-3,
1.1.2 &5

BHI 52 3L 04 H Oxoid 24 H] ; LB 32340 H
A TAEY THRAFR A ; KOD plus Neo PCR
A& A Toyobo 24 w]; PCR F*#&ifk Filalii
A& B EE SR AE R A R | R
IR N VI B NEB 23\ ; ok 3 BOR 5 &0 A
RAAEARH A R A BCA H e B I 15
B HE D RAE; BAEMZENEE Adee 6
IO T R A FRA A 5 2R - X JE R i 1
4 Sigma-Aldrich 23 7] ; A6 it F Ak 7300 24
Ry o A
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1.2 F%
1.2.1 Lmol71l BEHAYRE B4

R 4% Uniprot [0 sl 7000, B 3 4= 17 45 1
Lmo1711 4= 410 aa, 4> F i 45 kDa, i 5K,
J&F M29.002 K%, 1fii MEROPS 44, M29
R A S AR SR R AE Rl B AR, JF ELAR
SF 7 & Glu-Glu-His-Tyr-His-Asp . ] i CLC
Sequence Viewer 6 F 45 PR AR A9 Lmo1711
SASLTR T 9] ) L Ath 40 1 52 ik BR324 R A T LU A
Oy MO B R SRR R X, R R B R kA
Ft; 7E Swiss Model Workspace H LJili 48 5 5k 4
Streptococcus pneumoniae PepS & i Ak , Xt
Lmo1711 /945 [B) &5 F A T A0 HE X o
1.2.2  Lmol711 B4 R % B RiE BRI 2

NCBI % #5 E T 2 Imol711 % A ¥ 4
(GenBank % %5 NC_003210.1), 5 A Vector NTI
BT AT Imol711 523 ORF 514, frds h
Imo1711-fwd FI1 Imo1711-rev., Imol711 H5A LK%
B4 e o 1 pET30a A5 HULA) 4 o 2SSk . d 2:f PCR
X H B SER Y1, SR JE X E AR H R B Kpn 1
Al BamH [ HEAT AUV v, BEDI =9 LL T4
DNA ¥ [ %z, i Ja ¥ i i = Wy b e Ak
2 KGR DHS0 332 A4 . 384 PCR i 15
B\ AR (IR I = a4 A, dr s
pSL350) MHE A Mk, LMy Es 5T T
— A ME AR,
1.2.3 Lmol711 EAFHWIFEERE 54K

H 0 ) LE A 1) FE 4 A ORL pSL350 i i 4
TV A KT Rosetta /&2 5400, BL5 mL
Rosetta-pSL350 ik %1% % 500 mL LB (Kana),
i ODeoo & 0.6-0.8 HF, MIA IPTG (Isopropyl
B-D-1- thiogalactopyranoside, P4 J-B-D-Fift2k
FUBEE, TR 1 mmoL/L) (KIRiFES 12h, &
O AE R R, 50 mmol/L PBS PSS E A 2 %k, &
TUK AR S 20 EE S 25 mL k4 C
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BIEELES 6 h, JH 30-300 mmol/L Wk Mk 3k i 4= 25 11
W ERmER . WEAWEWEAHIT
SDS-PAGE itk 4l 5 kM. HinEH
W H BCA R &b A7 52 .
1.2.4  Lmol711 & Jk KBTS M4 47

WA ME 4 . Lmol71l & 1; 25 mmol/L
Tris-HCI (pH 7.4); 100 mmol/L % 3 & %l il 3 4 iz
aa-pNA, AR KXEHEH 3 FIKY, o5l 2
Arg-pNA . Leu-pNA . Lys-pNA. 4% 521 4318
&5 LA 200 pl /AR (Lmod711 TAEWE 0.1 pmol/L,
aa-pNA TAEH EE 0.1-10 mmol/L) finA 96 fL#,
WFIRA G, ST RV A bR SGHEA TR, I 5 Y
X il 5 A i W AL W 1 A 405 nm, [ N IR BE 37 °C
[P ESTE] 1 h, ZEZ2Ee4 12 h,
1.25 Lmol711 S ZEkEEE ¥ 1 & 8 B F i
P

T BAE Lmol711 275 B 4 mAR i bE , 1k
I Co®™ . Zn®". Mn*", Cd®*45 & 3t K 040 B
8 BT, LIAHIE TAEHREE (0.5 mmol/L)AA S
KZ, KN Leu-pNA, TEFYIWIE . ViR
BE 37 °C, [AIRFISHE] 5 min, E42152%% 60 min,

2 HX
2.1 BRIEAHMEE Lmol7ll B F S EAKES
M29 Z &

BRI M29 ZEIERIARIE R G A &
FEAKHE T(AmpT) . Z LKA 1T (Amp 1), PepS &
FLRREE . Z LIRS S(AmpS), E14%1)& T 001,
002,004 #1005 MEJ#% , H: Lmo1603 J& - AmpT.,
) 2 SR T A XS, I Lmol711 fRATIE AL
FiJ& Glu250, Glu316. His345, Tyr352. His378,
Asp380 (& 1A). AL 4rHT & B, Lmol711 52
FIRE A9 AmpT Lmo1603 JE%: 6 R e, 154k
H g HBE A A L AKEE T (Amp T M29.002) 3k
bR FRIIT, 5 UniProt [ i 45 5 —3 (&
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1B) . LI PepS (PDB:4ICQ) K £ #x F| /I
SWISS-MODEL Workspace Xf Lmo1711 £ 1 =%
SERIIEATREAL, R I 125 (R B 45 44 15 3 A
ol BI Lmol1711 Ay A 25 A4 I 2 — R AR I
FR&hty . ok, Lmol71l SFEET M29 ZiERY
AmpS (PDB: 1ZJC), AmpT (PDB:2AYI), Amp I
SGAEART AL, A RT3 X 34 b T 46
b (B 2) ML EA WG BAor b,
AR ASHEAR T Imo1711 JEN 4R A% AYEE 115 5 M29
RV A 1) 2 JIR il AT R A FE AR LB M 5T
2.2 RINAIE Lmol711 EAERIEHIK

I PCR ¢34 i EGD-e Imo1711 H ) A B,
SR RTE 1347 bp A0 HVEL T HA 4571 (& 3A),
5 R/N—% . PCR ¥ 5 EMAEBHMA
PET30a(+)E 4l . ik J5 BRI T B V5 #eF
LB Kana 3335, DL EGD-e JPHMEXTIE, FIHE
W PCR B UEAS 25 & H 19 4 /N BRI Bk,
H B9 46415 R/IMIBZE 1 347 bp (181 3B). #4505 1E 7
M4 R % A E. coli Rosetta, 53] Lmo1711
M RIA T

23 MINFES4 Lmol71l EHER

i f UniProt Xl L& Vector NTI 3444 #r
T Lmol711 % H K/NFE 44.96 kDa, 5 His-tag
B4 5 K /NE 49.3 kDa, KRB HE Rk &R
SR ARE, EEAEH SDS-PAGE 41
Br, BoRaifbE AR MR—50, KNS
MHE—3 (B 3C). A B 45 Rk & i JiA5 H 40
Lmol711 &, A THRIMgE AL

24 Lmol71l BB REMEENE M

Lmol711 REAE/KSFA RIS Ay 2 HERR- X i AR
fie, i HLXEAS [R] I W K o B AR AE 25 5
Lmo1711 7Kfi% Leu-pNA HYRE S5 T /K% Arg-pNA
Fl Lys-pNA (Bl 4A, 4B). WESE Lmol711 fEAZ R
xR A BEREE, FLARSE/KS# Leu-pNA.
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Fig. 1 Amino acid sequence alignment (A) and phylogenetic tree (B) of Lmol711 and the members of the M29
aminopeptidase family. The predicted active sites are denoted with “*”,
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S. pneumoniae PepS L. monocytogenes L mol1603 L. monocytogenes Lmol711

B2 L M29 Rk % & B Ak & AR S UM AR HL Lmol711 == 8] 4544

Fig. 2 Predicted protein structure of Lmo1711 based on the templates with known crystal structures from the members

of the M29 aminopeptidase.

M His-Lmol711

1347 bp
493 kDa

3 Imol711 (L ERFF(A). FHMEREINIEEXE (B) REIEZY SDS-PAGE 447 (C)
Fig. 3 Verification of the recombinant Lmo1711 expression strains using PCR (A-B) and protein purification using

SDS-PAGE analysis (C).
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Fig. 4 Enzymatic characteristics of the recombinant Lmol1711. (A-B) Kinetic aminopeptidase activity of Lmol1711
using 1 mmol/L or 10 mmol/L Leu-pNA, Arg-Pna or Lys-pNA as the substrate. (C-E) Effects of metal ions (Mg®*, Fe*",

Zn**, Mn*" and Co?*) on enzymatic activity of Lmo1711.
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SERKHE A8 M29 G20, Horh 55 g A0 v i) 2 SR K
fitf T (Amp Il M29.002) dEfbC R &Y,
I Lmol1711 J&F M29.002 Zji% . 24 3 Ik 3 & 2
AL RAF R SR O 5, TEZS B R AL e ) o 72
HROCHE AT, g A A ERIE AmpS BTG PE
B 2l o1 (VT RE R A AR B ) A
Glu3l9 HriEJred A MM &R E T, HEY
Glu253 #il His348 45645 3 M e @&+,
E T 2 5%l 11 3% 1 b I0 L MR B R R 91 4
Br, Lmol711 BA 6 MMRSFZIERR N A, 75k
Glu250, Glu316 ., His345, Tyr352 , His378 , Asp380,
XS S AT AE D AE T Lmol711 S 5k o

3 U TR (%) 240 VAT 52 R IR TS 2 BAA T L P
U2 B A e 2 AR I BR T 42 JR 2B 1 TAPg, 41,
I AR 2 B0 M29 5% 1 HAth 7S SR A 3L KT
UK A AR EA G R G AR 15 28 F AT B 1 2 SRR T
FETRIR, WEMEERRE Y PepS BRI M
Biozentrum MG, Lmol711 Jhy[a]JE — R IK,
=YAER AR, HE N SRS IR = 7 A
a- 888 i BBl S gk, FIRHEAE AT B-AT S
HEB, Cuinf 241 B-4r& i BL. TAPg, /&R K
A B R R B M29 FR A LRI, oS Rk
SER R R RRRE YRR T A, T RIEER
% 5 TAPg, BIRER A%, TRy s AL A T
W FELE, X5 M29 ZE% 197843 i 51 LA R
b B2 R (951 a2 1) 5 B T 2 e O g R A
FLRKEE A) Rz —s

AW B T UE S 2R RE I Lmo1711
REOS R MK A N-Rui LA 5 AL G 0 £
ik, HXF Leu-pNA. Arg-pNA. Lys-pNA Z5EJEY)
HARRZERIT] o 748 BT AL T Lmol711 i
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Lmol1711 iy 6 RSP s M AL BRI 45 6 2
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