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Abstract: We are reporting potent antimicrobial activity of a,y-hybrid lipopeptides constituted
with 1:1 alternating a- and y-amino acids. Along with their potent antimicrobial activity against
various Gram positive and Gram negative bacteria, these hybrid lipopeptides were found to be
less haemolytic. The mechanism of action revealed that these short cationic lipopeptides bind
and disrupt the bacterial cell membrane. Further, the time kill kinetics analysis revealed that the
potent o, y-hybrid lipopeptides completely inhibit the bacterial growth in less than 20 minutes.
Overall, the promising antimicrobial activity along with less haemolytic activity displayed by the

o,y-hybrid lipopeptides can be further explored to design potent lipopeptide antibiotics.

Keywords: Hybrid lipopeptides; Microbial resistance; Antibiotics; Mode of action; Membrane

disruption.
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Introduction

The emergence of drug resistant microorganisms poses a great worldwide threat and created an
immediate need for the development of novel antibiotics.™! Antimicrobial resistance can affect
any one irrespective of the age and the country, and also jeopardise the progress in medical and
health sciences. In this context, the broad spectrum antimicrobial activity shown by the cationic
host-defence antimicrobial peptides (AMPs) and native lipopeptides have attracted considerable
attention.’) The AMPs have been serving as defensive agents against various pathogens in plant
and animal kingdoms.®! However, many natural AMPs have been associated with various
inherent limitations including higher haemolytic activity, poor selectivity and bioavailability.!!
These intrinsic problems hindered the potential therapeutic applications of natural AMPs. In
contrast to AMPs, lipopeptides are produced only by bacteria, fungi and yeast.®™ The native
lipopeptides are proved to be non-specific and also associated with high toxicity. The
mechanism of action suggested that the cationic AMPs and lipopeptides bind to the bacterial
membrane through charge interactions and disrupt the membrane.® Extensive efforts have been
made to improve the specificity and activity of AMPs and lipopeptides.”! Shai and colleagues!™
and others®® have designed a variety of short lipopeptides and examined their potential
antimicrobial properties. In addition to the lipopeptides consisting of completely L-amino acids
as well as alternating L- and D-amino acids,™ Schweizer and colleagues demonstrated the
antimicrobial activity of short lipo-p-peptides.**! Besides the utility of p-peptides to mimic
protein secondary structures,*?l they have also been explored to design potent antimicrobial

candidates.[**!

In addition to the B-peptides, potential of y-peptides built from y-amino acids
have been examined to derive protein secondary structure mimetics.*¥ In contrast to B-peptides,

the antimicrobial activity of y-peptides have not been systematically investigated. The advantage
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of B- and y-peptides compared to the a-peptides is that they are proteolytically and metabolically
stable.™ We hypothesize that the conformationally flexible y- and hybrid y-peptides can be
explored to design potent antimicrobial candidates. Recently, we demonstrated the
supramolecular assembly mediated antimicrobial activity of hybrid lipopeptides containing o, -
unsaturated y-amino acids.!*®! Herein, we are reporting the design, synthesis and antimicrobial
activity of short o,y-hybrid lipopeptides, their mechanism of action and haemolytic activity. In
comparison with o-peptide counterparts, these short o,y-hybrid lipopeptides showed potent
antimicrobial activity against various bacterial strains and lower hemolytic activity. In addition,
the study of time Kkill kinetics assay revealed that the o,y-hybrid lipopeptides completely

eradicate the bacteria in less than 20 minutes.
Results and Discussion

To examine the antimicrobial activity of short o,y-hybrid lipopeptides, we have designed
nine a,y-hybrid peptides (P1-P9) and an a-peptide P10. The sequences of these lipopeptides
are shown in the Scheme 1. We have utilized both octanoic acid and dodecanoic acid to
understand the importance of lipids in antimicrobial activity. Required y-amino acids (y-Ala, y-
Leu, y-Tyr and y-Phe) were synthesized starting from commercially available a-amino acids as
reported earlier.™™ Using solid phase synthesis we have synthesized all peptides on Knorr
amide resin. All o,y-hybrid peptides and the control a-peptide were purified using reverse
phase-HPLC on a Cyg column. The a,y-lipopeptides and the control o-peptide were subjected to

antimicrobial and haemolytic activity.
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Schemel. Sequences of a,y-hybrid lipopeptides (P1-P9) and control a-lipopeptide (P10)
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Table 1. Minimum inhibitory concentration* of o, y-hybrid lipopeptides in pg/mL (LM)

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

E. coli >250 163 32 250 >250 13 26 170 6 >250

(418)  (249) (43)  (333)  (>320) (16)  (31)  (249)  (8.1)  (>366)

E. coli K12 >250 163 32 250 >250 26 26 85 12 >250

(418)  (249) (43)  (333)  (>320) (32)  (31)  (124)  (162) (>366)

K. >250 81 16 125 97 6 3.3 85 3 >250

pneumoniae
(418)  (124) (21) (166) (124) (8) (3.9 (124) 4) (>366)

P. >250 163 16 62 97 13 13 42 6 >250
aeruginosa

(418) (249) (21) (83) (124) (16) (15.5) (62) (8.1) (>366)
S. aureus >250 81 16 125 195 13 13 85 6 >250

(418)  (124) (21)  (166)  (249) (16)  (155) (124)  (8.1)  (>366)

S. >250 81 8 62 195 13 6 42 6 >250

typhimurium (>366)
(418)  (124) (105) (83) (249) (16) (7.8) (62) (8.2)

Hemolysis >250 135 93 >250 >250 136 26 >250 183 >250

HD1o

(418)  (206)  (127) (>333) (>320) (168) (31)  (>367) (248)  (>366)

*The experiments were performed in triplicates and the least concentration of peptide required

for complete killing of bacteria is reported as minimum inhibitory concentration (MIC).

We examined the antibacterial activity of short lipopeptides, P1-P10 against Gram
negative bacteria Escherichia coli (NCIM 2065), Escherichia coli K12 (NCIM2563), Klebsiella
pneumoniae (NCIM 2957), Pseudomonas aeruginosa (NCIM 5029), Salmonella typhimurium

(NCIM 2501) and Gram positive Staphylococcus aureus (NCIM 5021). The antibacterial activity
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of all peptides were carried out using microbroth dilution method in a 96-well microtiter plate.
The minimum inhibitory concentration (MIC) was measured in triplicate and average values are
given in the Table 1. Among all a,,y-hybrid lipopeptides, peptides coupled with dodecanoic acid
showed better antimicrobial activity than the peptides coupled with octanoic acid. Among the
dodecanoic acid coupled a,y-hybrid peptides (P2, P3, P6, P7 and P9), peptide P9 with y-Leu
residues was found to be the best antimicrobial candidate. It inhibits various Gram —ve and Gram
+ve bacteria with low MIC (6 pg/mL) value. The excellent activity of P9 among all the hybrid
peptides motivated us to design a-peptide analogue P10. More interestingly, the a-peptide
counterpart displayed much higher MIC value under identical conditions. Replacing dodecanoic
acid by octanoic acid (P8) leads to drastic decrease in the antimicrobial activity of the peptide.
Among the Cg-fatty acid containing peptides, P8 was found to be the best. The a-peptide
counterpart of P9, peptide P10 showed poor antimicrobial activity under identical conditions. It
is worth mentioning that both amino acids side-chains and fatty acids play crucial role in the

antimicrobial activity.
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Figure 1. Hemolytic activity of short lipopeptides (The experiments were performed in triplicate

and average value of % hemolysis is reported).
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The encouraging antimicrobial activity of short o,y-hybrid lipopeptides motivated us to
investigate their haemolytic activity. We subjected all lipopeptides including control a-peptide
P10 for the haemolytic assay. Results of haemolytic activity of all lipopeptides are shown in
Figure 1. The HD;o values are given in the Table 1. Among the active peptides, peptide P7 with
v-Tyr residues and P3 with y-Ala and y-Phe were found to most haemolytic in the series. Highly
active peptide P9 showed comparatively less haemolytic activity. The active peptide P6 with y-
Phe was found to be relatively less haemolytic than P7. More importantly, at their MICs these
peptides are not haemolytic. Further, the peptides which displayed weak antimicrobial activity

(P1, P4, P5 and P8) were also found to be less haemolytic.

As o,y-hybrid lipopeptides P6 and P9 inhibit the growth of Gram positive and Gram
negative bacteria with comparable MIC values across the panel motivated us to examine their
mode of action. In order to understand whether these peptides act through membrane disruption
similar to other native antimicrobial peptides,® we undertook Field-emission scanning electron
microscopy analysis (FE-SEM). Figure 2A depicting the FE-SEM images of the bacteria before
and after the treatment of peptides P6 and P9. The FE-SEM images clearly suggested the
change in morphology of the microorganisms after the treatment of o,y-hybrid lipopeptides.
These results indeed indicate that the a,y-hybrid lipopeptides disrupt the bacterial membrane. In
order to authenticate whether these peptides really disrupt the bacterial membrane, B-
galactosidase leakage experiment was performed using E. coli containing LacZ reporter gene.!*®!
The p-galactosidase is expected to leak out from the E-coli upon disruption of the bacterial cell
wall. The peptides P6 and P9 were incubated with E. coli (TOP 10) and the release of p-
galactosidase was measured using standard fluorogenic substrate, 4-methylumbelliferyl-g-

galactosidase. The results are shown in the Figure 2B. Increased fluorescence intensity

8
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indicating the release of f-galactosidase upon the treatment of lipopeptides. In contrast, no /-
galactosidase release was observed in the control experiment without lipopeptides. The enzyme

leakage assay suggested that these lipopeptides bind and disrupt the bacterial cell membrane.

(i) PBS E. Coli (ii) +P6 2x MIC (iii) +P9 2x MIC

(iv) PBS S. aureus (v) +P6 2x MIC
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Figure 2. A) FE-SEM images of bacteria E. coli K12 (i) and S. aureus (iv) without lipopeptides.
Images of E. coli after the treatment with lipopeptides P6(ii) and P9(iii). Images of S. aureus
after the treatment with lipopeptides P6(v)and P9(vi). B) Peptide mediated p-galactosidase
leakage. The height of the graphs indicates the relative amount of S-galactosidase present in the

medium after the treatment of peptides.
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The potent antibacterial activity of lipopeptide P9 inspired us to further evaluate its
activity through time kill kinetics assay. This experiment gives the information about the rate at
which the lipopeptide is acting on the bacteria. We selected K. pneumoniae for time kill kinetics
experiment as the peptide displayed better MIC values against this microorganism. The peptide
was incubated with the bacterial solution at 2 x MIC (6 pg/mL) and 20 puL of the peptide treated
bacterial solution was drawn with increasing time intervals and diluted to ten times using 0.9%
saline and plated again on Mueller Hinton agar plates. After incubating for about 24 h, the
bacterial colonies were counted. These results were represented in CFU/mL scale. Results of
time kill kinetics assay are shown in Figure 3. These results clearly suggested that the lipopeptide

P9 completely eradicate the bacteria within 20 min.
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Figure 3. Time—kill kinetics of peptide P9 (2 x MIC) against K. pneumoniae (asterisks
correspond to <50 CFU/mL). (The experiments were performed in triplicates and the average

CFU values are reported.)

10

This article is protected by copyright. All rights reserved.



ChemMedChem 10.1002/cmdc.201700370

In conclusion, we have shown the potent antibacterial activity and the mechanism of
action of short a,y-hybrid lipopeptides. The hybrid peptides coupled with dodecanoic acids
showed better activity compared to the octanoic acid coupled hybrid peptides. Among the active
lipopeptides, peptides composed of aromatic residues showed higher haemolytic activity
compared to peptides with aliphatic residues. The mechanism of action suggested that these
cationic lipopeptides bind and disrupt the bacterial cell wall. Informatively, lipopeptide P10
with a-amino acid showed weaker antimicrobial activity compared to the o,y-hybrid
lipopeptides. Moreover, the time kill kinetics assay suggested that the lipopeptide P9 completely
inhibit the growth of bacteria within 20 min. Overall, the potent antibacterial activity, mechanism
of action, and fast killing of bacteria, less haemolytic activity displayed by the short o,y-hybrid
peptides, particularly peptide P9, provided an unique opportunity to further design peptide

antibiotics.
Experimental section

General. All reagents, amino acids, solvents were obtained from commercial sources and used
without further purification. Peptides were purified through reverse phase HPLC on a Cig
column using MeOH/H,0 gradient. '"H NMR spectra were recorded on 400 MHz and *C NMR
on100 MHz spectrometer using residual solvent as internal standard (DMSO-ds oy, 2.5 ppm, Jc
39.51 ppm) The chemical shifts (o) were reported in ppm and coupling constant (J) in Hz. Mass

spectra of the peptides were obtained from the MALDI-TOF/TOF.

Synthesis of N-Fmoc-protected y-amino acids: N-Fmoc-protected y-amino acids were
synthesized using reported procedure.'”! Briefly, the N-Boc-o, B-unsaturated y-amino acid (2

mmol) dissolved in ethanol was subjected to double bond reduction using 20% Pd/C and

11
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hydrogen. The progress of the reaction was monitored by TLC. After completion (approximately
2 h), Pd/C was filtered and ethanol was evaporated from the reaction mixture to give N-Boc-vy-
amino acid as gummy product in a quantitative yield. Further, the Boc group from N-Boc-y
gamma amino acid (1 mmol) was deprotected using 5 mL of neat TFA and the free amine was
protected again by Fmoc group using Fmoc-OSu (1 mmol) in basic conditions (10% NaHCOs3
and THF). The Fmoc-y-amino acid was utilized for solid phase peptide synthesis without further

purification.
Synthesis of peptides

All peptides were synthesized on Knorr amide resin at 0.25 mmol scale using standard Fmoc-
chemistry. All coupling reactions were performed using HBTU along with HOBt and monitored
by Kaiser Test. Finally, peptides were cleaved from the resin using the combination of TFA:
water: thioanisole (98:1:1) and filtered. The cleavage solution was evaporated under reduced
pressure to obtain crude product. The crude peptides were purified through reverse phase HPLC

on Cyg column using MeOH/H,0 gradient.
Antibacterial activity

The bacterial strains Escherichia coli (NCIM 2065), Escherichia coli K12 (NCIM2563),
Klebsiella pneumoniae (NCIM 2957), Pseudomonas aeruginosa (NCIM 5029), Salmonella
typhimurium (NCIM 2501), Staphylococcus aureus (NCIM 5021) used for the antibacterial

activity were obtined from National Collection of Industrial Microorganisms (NCIM).

The antibacterial activity of peptides were carried out in a 96-well microtiter plate using
microbroth dilution method. The cultures of bacteria were incubated over night at 37 °C, and the
solution was diluted with sterile MHB (Muller-Hinton broth) medium to a concentration of 10°

12

This article is protected by copyright. All rights reserved.



ChemMedChem 10.1002/cmdc.201700370

colony forming units/mL. Increasing concentration of peptides P1-P10 with the volume of 50uL
was added to the 50uL bacterial suspension to each well, and incubated for about 18 h at 37 °C.
Control experiment was performed without peptides. The inhibition of the growth of bacteria
was monitored through measuring the absorbance at 492 nm. The lowest peptide concentration

required for the complete killing was defined as the MIC value.

Hemolysis assay:

Hemolytic activity was performed on human red blood cells (hRBCs). The fresh hRBCs
collected with EDTA were washed four times with Tris-buffered saline (10 mM Tris, 150mM
NaCl, and pH 7.2). The hRBCs were again diluted to 4% v/v with Tris buffer. To the solution of
hRBCs (50 pL), increasing concentration of the peptides in Tris buffer were added by keeping
the total volume 100 pL. The combined hRBCs and peptides solution was incubated at 37 °C for
about 1 h. After 1 h, the solution was centrifuged for about 15 min at 3000 rpm. The supernatant
(50 pL) of the each well was transferred to another 96-well plated and diluted with 50 uL of
water and measure the absorbance of released hemoglobin at 540 nm. Simple Tris buffer
without peptides was used as a negative control and 1% Triton-X was used as a positive control.

All experiments were performed in triplicate.

B-Galactosidase leakage from E.coli cells:

Membrane deformation studies were performed using Escherichia coli (TOP10, Invitrogen) cells
containing LacZ reporter gene as reported earlier. Briefly, 90 uL of Luria Bertani broth
containing the E.coli cells producing B-galactosidase were incubated separately with 10 puL (200
ug/mL) of peptides P6 and P9. After incubating for about 1h, the bacterial solution was

centrifuged for10 min at 4000 rpm. The clear supernatant solution (80 pL) was treated with 20

13
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uL (400 pg/mL) of 4-methylumbelliferyl-p-galactosidase indicator. The release of the -
galactosidase was monitored for about 1 h by recording the fluorescence emission at 445 nm
after exciting the solution at 365 nm. The linear plot of fluorescence versus time gave the initial

velocity of the enzyme reaction. The control experiment was performed without peptides.
Time Kill kKinetics

To understand the rate at which the peptides can completely inhibit bacterial growth we have
performed the time Kill kinetics assay. The potent peptide P9 ( 6 ug/mL, 2 x MIC )was added to
the solution of K. peumoniae grown in Mueller Hinton broth (approximately 1.8 x 10° CFU/mL)
and incubated at 37 °C. From this solution, 20 pulL were drawn at 0, 1, 3, 6, 12, and 24 h
intervals and diluted 10 times with 0.9% saline. The solution extracted at different time intervals
were plated again on Mueller Hinton agar plates and incubated at 37 °C. Similar experiments
were performed at shorter time intervals 0, 10, 20, 30, 45, and 60 min. After 24 h incubation, the

bacterial colonies were counted.
FE-SEM Analysis

Peptides P6 and P9 (100 pL) at 2 x MIC values were pipetted into a 96-well cell culture plate.
To this peptide solution, 100 pL of either E. coli or S. aureus bacterial solution in Mueller
Hinton broth was added. The bacterial concentration was adjusted to 0.1-0.2 optical density at
600 nm. The peptide treated bacterial solution was incubated for about 2 h at 37 °C. The
bacterial cells were centrifuged and the pellet was washed with PBS. Using 2.5% glutaraldehyde
the cells were fixed and washed with PBS. The bacterial cells were centrifuged and washed with

30%, 50%, 70%, 95%, and 100% graded ethanol solution and finally with water. Finally, the

14
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dried bacterial cells were mounted on a silicon wafer and imaged under a field emission scanning

electron microscope after the gold coating.
Acknowledgements

This work was supported by Department of Science and Technology, Govt. of India. SNB is
thankful to UGC for research fellowship. We acknowledge Mr. S. Shiv Shankar for his help in

carrying out microbial assays.
References

(1) World Health Organization, Antimicrobial Resistance: Global Report on Surveillance, 2014;
ISBN: 978 924 156 4748, www.who.int/drugresistance/documents/surveillancereport/en/.

(2) R. E. W. Hancock, Lancet 1997, 349, 418-422.

(3) a) M. Zasloff, Nature 2002, 415, 389-395; b) G. Maréti, A. Kereszt, E. Kondorosi,

P. Mergaert, Res in Microbiol. 2011, 162, 363-374.

(4) R. E. W. Hancock, H. -G. Sahl, Nat. Biotechnol. 2006, 24, 1551-1557.

(5)a) S. H. Kim, E. J. Lim, S. O. Lee, J. D. Lee, T. H. Lee, Biotechnol. Appl. Biochem. 2000, 31,
249-253; b) A. Fiechter, Trends Biotechnol. 1992, 10, 208-217.

(6) a) K. A. Brogden, Nature 2005, 3, 238-250; b) S. K. Straus, R. E.W. Hancock, Biochim.
Biophys. Acta 2006, 1758, 1215-1223.

(7) a) C. D. Fjell, J. A. Hiss, R. E. W. Hancock, G. Schneider Nat. Rev. 2012, 11, 37-51; b) L. T.
Nguyen, E. F. Haney, H. J. Vogel, Trends in Biotechnol. 2011, 29, 464-472.

(8) a) Z. Oren, Y. Shai, Biochemistry 1997, 36, 1826-1835; b) A. Makovitzki, D. Avrahami, and
Y. Shai, Proc. Natl. Acad. Sci. USA 2006, 103, 15997-16002; ¢) D. Avrahami, Y. Shai, J. Biol.

Chem. 2004, 279, 12277-12285; d) A. Makovitzki, J. Baram, Y. Shai, Biochemistry 2008, 47,

15

This article is protected by copyright. All rights reserved.



ChemMedChem 10.1002/cmdc.201700370

10630-10636; e) C. J. Arnusch, H. B. Albada, M. V. Vaardegem, R. M. J. Liskamp, Hans-Georg
Sahl, Y. Shadkchan, N. Osherov, Y. Shai, J. Med. Chem. 2012, 55, 1296—1302.
[9] a) Y. Hu, M. N. Amin, S. Padhee, R. E. Wang, Q. Qiao, G. Bai, Y. Li, A. Mathew, C. Cao,

J. Cai, ACS Med. Chem. Lett. 2012, 3, 683—686; b) C. Toniolo, M. Crisma, F. Formaggio, C.

Peggion, R. F. Epand, R. M. Epand, Cell. Mol. Life Sci. 2001, 58, 1179-1188; c) G. Laverty, M.
McLaughlin, C. Shaw, S. P. Gorman, B. F. Gilmore, Chem. Biol. Drug. Des. 2010, 75, 563-569;
d) C. Ghosh, M. M. Konai, P. Sarkar, S. Samaddar, J. Haldar, ChemMedChem 2016, 11, 2367-
2371; e) J. -J. Koh, H. Lin, V. Caroline, Y. S. Chew, L. M. Pang, T. T. Aung, J. Li, R.
Lakshminarayanan, D. T. H. Tan, C. Verma, A. L. Tan, R. W. Beuerman, S. Liu, J. Med. Chem.
2015, 58, 6533-6548; f) H. Sarig, S. Rotem, L. Ziserman, D. Danino, A. Mor, Antimicrob.
agents. Chemother, 2008, 52, 4308-4314.

[10] D. Avrahami, Y. Shai, Biochemistry 2003, 42, 14946-14956.

[11] G. Serrano, G. Zhanel, F. Schweizer, Antimicrob. agents. chemother., 2009, 53, 2215-2217.
[12] a) D. Seebach, A. K. Beck and D. J. Bierbaum, Chem. Biodiversity 2004, 1, 1111-1239; b)
W. S. Horne, S. H. Gellman, Acc. Chem. Res. 2008, 41, 1399-1408.

[13] @) P. I. Arvidsson, J. Frackenpohl, N. S. Ryder, B. Liechty, F. Petersen, H. Zimmermann,
G. P. Camenisch, R. Woessner, D. Seebach, D. ChemBioChem 2001, 2, 771-773; b) T. L.
Raguse, E. A. Porter, B. Weisblum, S. H. Gellman, J. Am. Chem. Soc. 2002, 124, 12774-12785;
c) E. A. Porter, B. Weisblum, S. H. Gellman, J. Am. Chem. Soc. 2002, 124, 7324-7330; d) M. A.
Schmitt, B. Weisblum, S. H. Gellman, J. Am. Chem. Soc. 2007, 129, 417-428; €¢) D. Liu and W.
F. DeGrado, J. Am. Chem. Soc. 2001, 123, 7553-7559; f) T. Hansen, T. Alst, M. Havelkova, M.

B. Strgm, J. Med. Chem. 2010, 53, 595-606.

16

This article is protected by copyright. All rights reserved.



ChemMedChem 10.1002/cmdc.201700370

[14] a) P. G. Vasudev, S. Chatterjee, N. Shamala, P. Balaram, Chem. Rev. 2011, 111, 657-687,
b) F. Bouillere, S. Thétiot-Laurent, C. Kouklovsky, V. Alezra, Amino Acids 2011, 41, 687-707;
c) D. Seebach, J. Gardiner, Acc. Chem. Res. 2008, 41, 1366-1375; d) S. V. Jadhav, A.
Bandyopadhyay, H. N. Gopi, Org. Biomol. Chem. 2013, 11, 509 —514; e) A. Bandyopadhyay, S.
V. Jadhav, H. N. Gopi, Chem. Commun. 2012, 48, 7170-7172; f) L. Guo, Y. Chi, A. M. Almeida,
I. A. Guzei, B. K. Parker, S. H. Gellman, J. Am. Chem. Soc. 2009, 131, 16018-16020.

[15] J. Frackenpohl, P. I. Arvidsson, J. V. Schreiber, D. Seebach, ChemBioChem 2001, 2, 445-
455.

[16] S. S. Shankar, S. N. Benke, N. Nagendra, P. L. Srivastava, H. V. Thulasiram, H. N. Gopi, J.
Med. Chem. 2013, 56, 8468—8474.

[17] S. V. Jadhav, R. Misra, S. K. Singh, H. N. Gopi, Chemistry 2013, 25, 16256-16262.

[18] A. T. Ulijasz, A. Grenader, B. Weisblum, J. Bacteriol. 1996, 178, 6305—6309.

17

This article is protected by copyright. All rights reserved.



ChemMedChem

Table of Contents

Antimicrobial a,y hybrid lipopeptides

NH,

NH,
H O - 0
LipidTNMN N A~ A A NH:
O R H 0 R H

0)

Without peptide With peptide

\‘.
< -
V]

10.1002/cmdc.201700370

We are reporting the design, synthesis and potent antimicrobial activity of short a,y-hybrid

lipopeptides composed of 1:1 alternating a- and y-amino acids. Investigation of the mechanism
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of action revealed that these short cationic lipopeptides bind and disrupt the bacterial cell

membrane.
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