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Antimicrobial activity of rationally designed amino
terminal modified peptides
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Abstract—Series of short amino terminal modified cationic peptides were designed and synthesized. All of the synthesized com-
pounds were tested against gram-positive as well as gram-negative bacterial strain. Some of the compounds exhibit potent antibac-
terial activity and no hemolytic activity even at high dose level (1000 lg/mL) in mammalian erythrocytes was observed.
� 2007 Elsevier Ltd. All rights reserved.
The extensive use of antibiotics has resulted in an alarm-
ing increase in resistant pathogenic bacteria.1,2 There is
great need to develop new class of antibiotics possessing
novel mode of action as well as different cellular targets
compared to existing antibiotics in order to decrease the
likelihood of development of resistance.3–9 Cationic
antimicrobial peptides represent their candidature for
the same.4,10,11 These peptides are believed to selectively
target bacterial cells while remaining nontoxic to the
host due to preferable charge interactions between the
dense population of negatively charged lipids on bacte-
rial cell surfaces and the cationic side chains of the pep-
tides.3,12 Although several studies have been reported on
cationic antimicrobial peptides, their large size is matter
of concern. It is thus need of the time to develop short
antimicrobial peptide to make it cost effective.13 It is evi-
dent from reported data that antimicrobial activity of
peptides is governed by charge and hydrophobicity of
residues and there should be a proper balance between
cationic and hydrophobic residues to avoid eukaryotic
toxicity.14 Keeping this in mind, we systematically inves-
tigated various known cationic antimicrobial peptides
and designed a series of short novel modified antimicro-
bial tetrapeptide. p-Hydroxy cinnamic acid (pHCA),
acetic anhydride (Ac), cinnamic acid (CIN), and 3-(4-
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hydroxyphenyl) propionic acid (HPPA) were used to
modify amino terminal of tetrapeptides.

Ornithine was chosen to represent the charged moiety as
it is unnatural and incorporation of noncoded amino
acid would provide stability against proteases.13 Trypto-
phan which frequently occurs in many gene encoded
antimicrobial peptides was picked up to represent prop-
erties of hydrophobic residues because it has a strong
preference for the membrane interface as compared to
other hydrophobic amino acid.15,16 It is well known that
cinnamic acid and its derivative possess moderate anti-
bacterial activity.17,18 p-Hydroxy cinnamic acid and
other related moieties were used to modify amino termi-
nal of tetrapeptides. To the best of our knowledge there
is no report in the literature which shows conjugation of
p-hydroxy cinnamic acid to peptides. Herein we report
first synthesis of cinnamic acid modified peptides and
evaluated them for antimicrobial activity. All modified
peptides show potent activity against various gram-posi-
tive and gram-negative bacteria.

The modified peptides were synthesized by following
solid phase synthesis technique on a solid support of
Rink amide MBHA resin by standard protocol19 using
1-hydroxy-benzotrizole (HOBT), diisopropyl-carbodii-
mide (DIPCDI) as a coupling reagent. The appropriate
amino acid (4 equivalents) was preactivated with HOBT
(4 equivalents) and DIPCDI (4 equivalents) in 2 ml of
DMF for 2 min followed by coupling for 1.5 h. Cou-
pling efficiencies were monitored by performing Kaiser
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Test.20 Total eight peptides have been synthesized using
this synthetic protocol. Crude peptides were purified by
gel filtration chromatography on Sephadex G-15 using
20% acetic acid as eluent followed by reverse phase
HPLC. Purity of peptides was assessed by analytical
reverse phase HPLC on C-18 columns. The molecular
mass of these peptides was determined by Maldi-Tof
(Table 1). As for example peptide MP-8 shows molecu-
lar ion peak at m/z 535.430, and purity of this com-
pound was found to be 95.45% as determined by
HPLC (Table 1). The RP-HPLC analyses were per-
formed on a Waters C18 column (4.6· 250 mm, 300 Å,
5-lm particle size) with linear gradients using acetoni-
trile (0.05% TFA) and water (0.05% TFA) as a mobile
phase.

Antimicrobial susceptibility testing was performed by a
modification of the method proposed by the Hancock
Laboratory (MIC Determination for Cationic Antimi-
crobial Peptides by Modified Micro Titer Broth Dilu-
tion Method).21 Briefly, the bacterial strains were
grown in Mueller-Hinton broth (HIMEDIA) until expo-
nential growth was achieved. Test compound was dis-
solved in water/DMSO to make a series of twofold
dilution. Ninty microliters of 2–7 · 105 CFUs/ml of bac-
terial sample per ml of Mueller-Hinton broth (HIME-
DIA) was dispensed into 96-well polypropylene
microtiter plate (SIGMA). Then 10 ll of serially diluted
peptides in 0.01% acetic acid and 0.2% bovine serum
Table 1. Sequence, charge, molecular weight, and % area (HPLC) of synthe

Name Sequence Qc

MP-1 NH2-O-O-W-W- NH2 +3

MP-2 pHCA-O-O-W-W-NH2 +2

MP-3 Ac-O-O-W-W- NH2 +2

MP-4 pHCA-O-O-W-W-COOH +1

MP-5 CIN-O-O-W-W- NH2 +2

MP-6 HPPA-O-O-W-W- NH2 +2

MP-7 pHCA-O-O-F-F- NH2 +2

MP-8 pHCA-W-W- NH2 0

a Molecular weights were analyzed by Maldi-Tof.
b % purity of peptides was obtained by using HPLC.
c Net charge.

Table 2. Minimum inhibitory concentration (MIC) of modified tetrapeptide

Name of Comp.

Pseudo. aeruginosa

(MTCCB, 741)

E. coli (MTCCB,

1610)

MP-1 256 512

MP-2 2 16

MP-3 128 32

MP-4 64 64

MP-5 16 2

MP-6 32 2

MP-7 2 4

MP-8 <512 <512

Genta 1 0. 25

Tetra 1 0. 5

Tetracycline and Gentamycin were used as standard antibiotics.
albumin of desired concentration were added. The
microtiter plates were incubated overnight at 37 �C
and the absorbance was read at 630 nm. Cultures with-
out the peptides were used as positive control. Uninoc-
ulated Mueller-Hinton broth was used as negative
control. The tests were carried out in triplicate. The min-
imum inhibitory concentration (MIC) is taken as the
lowest concentration of compound that inhibits 80%
growth of microorganism.

The minimum inhibitory concentrations (MIC) of syn-
thesized peptide are summarized in Table 2. The tetra-
peptide amide MP-1 (H2N-Orn-Orn-Trp-Trp-NH2)
showed moderate activity against gram-positive and
gram-negative bacteria studied. The peptide MP-2
(pHCA-Orn-Orn-Trp-Trp-NH2) was eightfold more
active than MP-1 (Table 2) which suggests the impor-
tance of pHCA at N-terminal in displaying antibacterial
activity. Peptides MP-2 (pHCA-Orn-Orn-Trp-Trp-
NH2) and MP-6 (HPPA-Orn-Orn-Trp-Trp-NH2) both
exhibit potent activity against different bacterial strains
implying that trans configuration across double bond
is not playing any role rather the molecule as a whole
is indispensable at N-terminal of tetrapeptides for
antimicrobial activity.

Acetylation of MP-1 improves its antibacterial activity
against Escherichia coli, Stahpylococcus aureus, and
Bacillus subtilis. It is already known that N-acylation
sized compounds

Molecular weighta Purityb (% area)

Calc. Obs.

617.726 618.236 91.87

763.726 764.291 88.56

659.726 660.204 95.64

764.726 765.292 <98

746.726 747.288 99.45

765.926 766.725 <98

685.592 685.592 98.65

535.430 535.430 95.45

MIC (lg/ml)

S. aureus

(MTCCB, 96)

B. subtilis

(NCIM, 2063)

E. coli

(Clinical Isolate)

128 512 256

2 1 8

2 2 128

128 128 128

2 32 4

1 2 4

32 2 8

2 1 <512

0. 062 0. 03 0. 5

0. 25 0. 125 2
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stabilizes structure and improves antimicrobial proper-
ties of short dermaseptin derivative and other antimicro-
bial peptides.24 The C-terminal amide seems to be
essential for biological activity as MP-4 (pHCA-Orn-
Orn-Trp-Trp-COOH) which has C-terminal carboxylic
acid demonstrates significantly high MIC value as com-
pared to MP-2.

MP-8 (pHCA-Trp-Trp-NH2) surprisingly showed
strong activity against gram-positive bacteria (S. aureus,
B. subtilis) studied, however it did not show any effect
on gram-negative bacterial strains (E. coli, Pseudo.
aeruginosa) up to 512 lg/ml. pCHA at N-terminal of
peptides may be responsible for the observed antimicro-
bial activity. Moreover it is well known that tryptophan
is unique amino acid having hydrophobic as well as
polar character. The two tryptophan moieties at C ter-
minal of MP-8 may provide it enough polarity and
hydrophobicity to interact with bacterial membrane of
gram-positive bacteria. MP-5 (CIN-Orn-Orn-Trp-Trp-
NH2) is found to be active against all bacterial strains
studied but its MIC against B. subtilis is comparatively
higher. This result indicates that hydroxyl group is play-
ing a role in killing of B. subtilis. MP-7 displayed anti-
microbial activity against gram-negative bacteria
equivalent to MP-2 but it showed (2–4) fold increase
in MIC against gram-positive bacteria. This result indi-
cates that Trp residues at C-terminal are crucial for
antimicrobial activity against gram-positive bacteria.
On studying antimicrobial data it was observed that
antimicrobial activity is associated with p-hydroxycin-
namic acid at amino terminal of tetrapeptide. There
was slight variation in antimicrobial activities on
modification of amino terminal with similar moiety like
cinnamic acid and p-hydroxyphenylpropionic acid.

Toxicity to erythrocytes was investigated using human
red blood cells (hRBC).22,23 Results demonstrated that
concentration up to 1000 lg/ml of these peptides lysed
only 0–2% of mammalian erythrocytes (Fig. 1). Com-
pared to tetracycline, these modified peptides are less
toxic to human erythrocytes. Mechanistic study of these
peptides may reveal whether they kill microbes by rup-
turing bacterial surface or have some intracellular
target.
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Figure 1. Hemolytic activity of modified peptides.
In conclusion, we report the synthesis and antimicrobial
activity of modified tetrapeptide. These peptides
specially MP-2, MP-5, and MP-6 were found to be more
active as compared to many cationic antibacterial pep-
tides of far larger size, such as the protegrins, Indolici-
din, and Tritrpticin.22 The mode of action of these
peptides is under intense investigation and may lead to
new peptide antibiotics. As all the synthesized peptides
were nontoxic, these can be used for development of
suitable antimicrobial drug.
Acknowledgment

The author (G.S.B.) is thankful to Council of Scientific
and Industrial Research (CSIR), New Delhi, India, for
the award of JRF and SRF.
References and notes

1. Neu, H. C. Science 1992, 257, 1064.
2. Travis, J. Science 1994, 264, 360.
3. Zasloff, M. Nature 2002, 415, 389.
4. Andreu, D.; Rivas, L. Biopolymers (Peptide Sci.) 1998, 47,

415.
5. Hancock, R. E.; Lehrer, R. Trends Biotechnol. 1998, 16,

82.
6. van’t, H. W.; Veerman, E. C.; Helmerhorst, E. J.;

Amerongen, A. V. Biol. Chem. 2001, 382, 597.
7. Yeaman, M. R.; Yount, N. Y. Pharmacol. Rev. 2003, 55,

27.
8. Coates, A.; Hu, Y.; Bax, R.; Page, C. Nat. Rev. Drug

Discov. 2002, 1, 895.
9. Moellering, R. C., Jr. J. Infect. Chemother. 2003, 9, 8.

10. Hancock, R. E. Lancet 1997, 349, 418.
11. Sitaram, N.; Nagaraj, R. Curr. Pharm. Des. 2002, 8, 727.
12. Tossi, A.; Sandri, L.; Giangaspero, A. Biopolymers 2000,

55, 4.
13. Strøm, M. B.; Haug, B. E.; Skar, M. L.; Stensen, W.;

Stiberg, T.; Svendsen, J. S. J. Med. Chem. 2003, 46, 1567.
14. Strøm, M. B.; Rekdal, Ø.; Svendsen, J. S. J. Pept. Sci.

2002, 8, 36.
15. Deber, C. M.; Goto, N. K. Nat. Struct. Biol. 1996, 3, 815.
16. Wimley, W. C.; White, S. H. Nat. Struct. Biol. 1996, 3,

842.
17. Takeichi, K. Chem. Abstr. 1962, 57, 2669.
18. Narsimhan, B.; Belsare, D.; Pharande, D.; Mourya, V.;

Dhake, A. Eur. J. Med. Chem. 2004, 39, 827.
19. Story, S. C.; Aldrich, J. V. Int. J. Pept. Prot. Res. 1992, 39,

87.
20. Kaiser, E.; Colescott, R. L.; Bossinger, C. D.; Cook, P. I.

Anal. Biochem. 1970, 34, 595.
21. Friedrich, C. L.; Moyles, D.; Beveridge, T. J.; Hancock, R.

E. Antimicrob. Agents Chemother. 2000, 44, 2086.
22. Yang, S. T.; Yub Shin, S. Y.; Kim, Y. C.; Kim, Y.; Hahm,

K. S.; Kim, J. I. Biochem. Biophys. Res. Commun. 2002,
296, 1044.

23. The hemolytic activities of the peptides were deter-
mined using human red blood cells (hRBC). The
hRBC were centrifuged for 15 min to remove the buffy
coat and washed three times with phosphate-buffered
saline (PBS: 35 mM phosphate buffer, pH 7.0/150 mM
NaCl). One hundred microliters of the hRBC sus-
pended 4% (v/v) in PBS was plated into sterilized 96-
well plates and then 100 ll peptide solution was added
to each well. The plates were incubated for 1 h at



4346 G. S. Bisht et al. / Bioorg. Med. Chem. Lett. 17 (2007) 4343–4346
37 �C and centrifuged at 1000g for 5 min. Aliquots
(100 ll) of the supernatant were transferred to 96-well
plates, where hemoglobin release was monitored using
ELISA plate reader by measuring the absorbance at
414 nm. Percent hemolysis was calculated by the
following formula: % HEMOLYSIS = [(Abs414 nm in
the peptide solution-Abs414 nm in PBS)/(Abs414 nm in
0.1% Triton X-100-Abs414 nm in PBS)] · 100. Zero
percentage and 100% hemolysis were determined in
PBS and 0.1% Triton X-100, respectively.

24. Rydlo, T.; Rotem, S.; Mor, A. Antimicrob. Agents
Chemother. 2006, 50, 490.


	Antimicrobial activity of rationally designed amino  terminal modified peptides
	Acknowledgment
	References and notes


