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The antibacterial mode of action of lexapeptide
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Abstract: [Background] Lexapeptide is the first member of the class V lanthipeptide family. In vitro
bioassay indicated that lexapeptide has remarkable antibacterial activity against various G* bacteria, and
shows stronger activity against methicillin-resistant  Staphylococcus aureus (MRSA) and
methicillin-resistant Staphylococcus epidermidis (MRSE) than nisin. Lexapeptide also exhibits better
thermo-stability and pH-stability than nisin. The mode of actions of lexapeptide remains uncovered,
hindering its potential application. [Objective] Through investigation into the antibacterial mode of action
of lexapeptide to lay the foundation for its further application. [Methods] The antibacterial kinetics of
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lexapeptide was characterized by colony-forming unit (CFU) counting and magnesium ion assay. The pore
forming ability of lexapeptide was assessed by flow cytometry (FCM) and transmission electron
microscopy (TEM). High performance liquid chromatography (HPLC) and matrix assisted laser desorption
ionization time-of-flight mass spectrometry (MALDI-TOF MS) were used to analyze lexapeptide’s effect
on the accumulation of peptidoglycan biosynthetic precursor in G* bacteria. [Results] Compared to nisin,
the antibacterial activity of lexapeptide was less sensitive to the inhibition by magnesium ion. Bacterial
cells treated with lexapeptide gained permealiability to fluorescent dye. Damaged morphology of those
cells was observed with TEM. A peptidoglycan biosynthetic precursor, UDP-NAcMur-pentapeptide, was
determined in the lexapeptide-treated cells. [Conclusion] Lexapeptide inhibits the growth of G* bacteria
by inhibiting the biosynthesis of peptidoglycan in cell wall as well as permeabilizing the cell membrane.
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Figure 1  Structure of nisin (A) and lexapeptide (B)
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Figure 4 Detection of membrane permeability with flow cytometry

TE: AL B C f5URE (4 T 40 ) M0 16 £ I (SSC-A) X T 18] A Bl (FSC-AME , BLIRREL N X IkifkA79¢ 03 eit4e; DL E. F:
ARl B ORI T AU . AL D Jy DMSO Ab3Z55; B, E SHEATAKALHEE IR, C. F oW FLMR Bk R AL A5 R & nl kAt
L) 2 5 L TR R 1 2% ALk B A 40 L 0 3 BT 45 SRR 3 22 5 (P>0..05)

Note: A, B, C are side scatter area (SSC-A) vs forward scatter area (FSC-A) plots. Border areas were selected to count the cell number of

different fluorescence value. D, E, F are counts vs fluorescence plots. DMSO is the solvent of nisin (B, E) and lexapeptide (C, F) solution,
served as negative control (A, D). Lexapeptide-treated cells display no significant difference with nisin-treated cells (P>0.05)
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5 EHBENREATRLENSECEERERLS
Figure 5 Morphological observation of lexapeptide-treated Staphylococcus aureus with TEM
W A BAIPEXTEE; B: 1xMIC ol B HEASSE 0 C. 2xMIC 5 Al BRAM RIS FBE4E SR o 5 Sk 755k 25 W 48 B A 1X 0

Note: A: Negative control; B: 1xMIC lexapeptide-treated; C: 2xMIC lexapeptide-treated. The arrow indicates the area near the
membrane where the electron density is lost
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Figure 6 Detection of peptidoglycan precursors in lexapeptide-treated cells

T8 A JRIEBERZTH IR N-ZMENRERR TUIK; B: HPLC A I RRBIHT AR 2R, K5I 2% (F . 210 nm, 0.6 mL/min; C: MALDI-TOF
MS J3- T RS M 1A

Note: A: Structure of UDP-NAcMur-pentapeptide; B: Profile of the accumulation of peptidoglycan precursors with HPLC (at 210 nm,
0.6 mL/min); C: Analysis of peptidoglycan precursor with MALDI-TOF MS

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2362 A

Microbiol. China

U, Ty R 2 R LR B BR TR 2K A BRI R R R
HHIR Y 22 5706 (K] 6B). 4 MALDI-TOF MS 4-#rf%
)25 SR = 43 TS A 1 150.358 87 (/&1 6C), 5
PRFF W B2 -N- £ T it B 8 K 43+ St B (E
(IM+H]"=1 150.359 42)—%k. 20 AT pkAabH# ]
Tl 2 R R SRR 5 B, A R R R R i A
PR WA — IR -N- £ T B i K
3 Wik

BE & LA RAE LT AR M RABL R
S RAE T BT A A = A W 2 R Ak, AnHRE AR
KPiE EPY BB E R PUBRBEER
FAE R B E A A 60 24F, 7650 24 H
K AZ I, AR IS A H A DR Y
i 245 TR e 1, AN A A3 1 LT G 4 3 o T
(Listeria monocytogenes) & F1yb ] [ i (Salmonella)®
WA A o XRRILG AT LS PR L R R A R
REA R TR AN TR AL, HA T 200 R 5 i 5 2 AL
{1 U TR 410 B VR AR N 25 5 e S 20 1 v ™ A Tt
2Pkl . I A R AL R 4 7 2 2 B 4
2 2% 254 1A T A 3

B9 2 B A AT IR LA O T FL AR B PR T R
9 410 B 3 P (MIC {8 3 RIS I e MK B
(Micrococcus luteus) X LR 5 BR 18 2 5 # B 4h,
B AT JHROGT 8 10003 P o > G B 1 0 T 04 1 3
s TFLIREEERIGZR, A4 MIC W78 AT B 42 8%
R ERET . R AR . R I R B
TR FLRREEER B 2 10 2-10 5%, o, AW
FERGIN Mg St B 5 Ak St 22 B, 55 AT kAN LI
BERRE 243 97E 0.0-8.0 mmol/L F1 0.0-3.5 mmol/L
MgP* e Fil A (R A5 e D T T 4, 48R 1 T Ik 7 o
K Mg™ RIS . M@™ T IZ A7 7E T H AR FR 8
H, RAEYIANGE 4 FENHE T, fEWILshY
AN R MoZ W B 5 30 mmol/L (L b s
Mg® % 0.1-0.5 mmol/L), 7EMYIZHL h&&E
R NI, TEZGW . frdh . RN AE R T Ik

FIRE AT B2 03E S

ARG B 2t ez il A
ASCRGE I |l 4558 SO 58 R JO SR S T A A B A ) %o
T A RID T ALH ST TR . BRI K
Wi e A BRI, IS FLRRBEER A R AE
M 20 B 25 . WAk &
ARRAL B S A A Mg LA TR, RS (A R L
RHEL; 45 A BB ASENE, RPFE KRR
A 85 2% [ BF I 200 A7 4 L S LA S 0B . S O
R 00 T G 000 380 B T JER Ak B A T B R B A X T
25 I IR A 22 708, 42 MALDI-TOF MS 4347 22
5414k UDP-N Tk REfR Hik, 2B 1T ikAE
0 0 ) A % G B 40 4 B R A B, ol O SR
FIHTATERN LR . FARZE K, F AR
A R A 5L REEER B K ALY 2 A 1E
PR, R0 ] 200 B 5 SR 4 R 27 1L

W RS R FLIREE BRI K A Y Ala3,
lle4 F1 Dhb5 Jz H:J& 5% 3% (Dhb2 FiI Abu8) ks &
B L S-S Lipid 17 AR I 4 T 100 o 4 e e
AP ALK T 45 4 5 LR B BR B R 22 A
KU 2 AHABR G (10 aa) il & BRAR R CEER A
R IR 1 AviMeCys 1) B~ 1 2 5 KRB &
K, SRR Lipid 11454 a5 IR A ik 12
HALEE S 255, WARRSRARE. 7o, F
B A A I e 2O E %
HIVEF, FLEREERRE K C %k 6 > aa (Ser29—Lys34)
A A IE ey 1 2 R e A B HLAR A T
for g 2 i 0% R AT K TR 18 R SR
FREEAI, EFLREEERER BN 3 5K, B
el R (1 R A A RS ) SRR, X R AR 25 4
W5 AT BB T 1 75 0T JEK 7 200 i JE P 0 5 5 ) 2 L
YEM

LE b, ABFE LB AT RAEAL TR Mg™ T
O PR R SR B TG, TR T A A A
N R RE A RN 20 LI ZE AL 2 Al ol A 4 )
BRI, R R AT BRI B 1 43T LA 5 BE A
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