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ABSTRACT: Acinetobacter baumanniiis typically coccobacillus Gram-
Negative bacterium, resists almost all antibiotics in use. Synthetic
antimicrobial peptides (AMPS) against this bacterium were designed with the
aid of computational software and databases to be with the accepted models.

Antimicrobial peptides (AMPs) might be the candidate solution for the this
problems. Four peptides designated MY1, MY2, MY3 and MY4 were
synthesized with length 11-14 amino acids, they were rich in Arginine and
Tryptophan. The MICs of the peptides against colistin sensitive A.
baumannii were 2.4, 6.2, 6.9, 6.6 ug/ml (mean for 10 strains) respectively vs
Mastoparan as control was 10.4 pg/ml, whereas the MICs of peptides against
colistin resistant A. baumannii were 3.8, 6.2, 6.8, 6.4 ug/ml (mean for 10
strains) respectively vs Mastoparan 13.6 pg/ml. The designed peptides
showed no hemolytic activity at effective MICs. The practical calculated
Therapeutic Index were 141.7, 67.7, 60.9, 77.3 vs 7.7 for Mastoparan
(Colistin sensitive strains) and for resistant strains were 89.5, 67.7, 61.8, 79.7
vs Mastoparan 5.9.
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INTRODUCTION: Acinetobacter baumannii is
typically coccobacillus Gram-Negative bacterium,
highly resistant to antibiotics and other
antimicrobial agents, some strains of this bacterium
resist all antibiotics have been reported, in addition
to the resistance to many hostile environments such
as desiccation. This emerging resistance is
supported by uncanny ability of A. baumannii to
survive a hospital and other environments *, and is
commonly isolated from wounds of soldiers from
Iraqg and Afghanistan, therefore it has been called
Iragibacter .
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It has been designated as Red Alert human
pathogen and encompassed in ESKAPE groug
according to CDC (Center of Disease Control) °.
Over the last years, the rapid emergence of multi-
drug resistant pathogens has become a global
concern, and emphasized the shortcomings in
antibiotic drug development which has promoted
the search for alternative antibacterial agents .

Antimicrobial peptides (AMPs) might be the
candidate solution for the above problems, for their
ability and specificity to kill the target pathogens,
while sparing the commensal microorganisms °
AMPs are ubiquitous elements of the innate
immune response in a variety of organisms, and
most of them included in different databases °.
They are generally comprising from 10-50 amino
acids, and share a cationic character due to
prevalence of basic residues, and an amphipathic
structure in membrane —mimicking environments ’.
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Their mechanism of antibacterial action is largely
due to electrostatic interactions with anionic
moieties of the microbial cell membranes leading
to disintegration/ perturbation of cell membrane
resulting in cell death ® 8 they are less likely to
induce resistance in microbes °. Three model of
actions were suggested, barrel-stave, carpet model
and toroidal-pore model in addition to other
mechanisms '°, their mechanisms are completely
different from the action of common antibiotics .
Despite their great potentials, AMPs have several
drawbacks that limits their clinical utility, including
hemolytic activity **, rapid turnover in human body
12" deactivation by high salt concertation =3, and
high cost of production®. But computational tools
may improve the design or create novel AMPs .

Aim: The aim of this work was to design AMPs
active against A. baumannii strains either sensitive
or resistant to colistin, as the latter is the choice for
this bacterium treatments

MATERIALS AND METHODS:

Bacterial Strains: Different  stains  of
Acinetobacter baumannii were isolated and their
antibiogram was estimated from previous study *°,
with special emphasis on colistin.

Different Computational software,
Websites used for different purposes:

Databases,

APD
(http://aps.unmc.edu/AP/main.php) for constructing
Mini Database.

CAMPR3
(http://www.camp.bicnirrh.res.in/predict,
find some properties of the peptides *°.

used to

Cell PPD:
(http://crdd.osdd.net/raghava/cellppd/index.htm)
used to estimate the penetration of peptides *'.

Helical Wheel Projections:
(http://rzlab.ucr.edu/scriptswheel/wheel.cgi)
estimate Helical wheel of the designed peptides.

Toxin Pred:
(http://crdd.osdd.net/raghava/toxinpred/design) 2,
to estimate the toxicity and other physiochemical
properties.

Heli Quest:

International Journal of Pharmaceutical Sciences and Research

E-ISSN: 0975-8232; P-ISSN: 2320-5148

(http://heliquest.ipmc.cnrs.fr/cgi-bin/Comput
ParamsV2.py) used to measure the hydrophobicity.

Discovery Studio v.2.5was used for visualizing the
peptides.

Peptides were synthesized by Beijing SBS
Genetech using Solid phase, and HPLC was used
for purification (Purity, 90%)

Antimicrobial Assay: The minimum inhibitory
concertation (MIC) was determined by
microdilution susceptibility test or disc diffusion
method 2.

Hemolytic Activity (HC50): The test was carried
out using human RBCs %%,

Therapeutic Index: This was done bzy calculating
the ratio of MIC: Hemolytic Activity .

RESULTS AND DISCUSSION: In this study
different strains of Acinetobacter baumannii (50
strains) were used and were resist different
antibiotics *. Strains were divided into two groups,
the first sensitive to colistin and the second resist to
colistin. As the high resistance of A. baumannii, it
has been termed as the Gram —Negative MRSA,
and has all levels of resistance, i.e., Multi,
Extensively and Pan-drug resistance (MDR, XDR,
PDR) due to high ability of natural genetic
transformation 2,

Colistin (Polymyxin E) is a positively charged
antimicrobial peptide, targets the anionic LPS
molecules in the outer cell membranes of Gram —
Negative bacteria, leading to interactions between
the inner and outer membranes, with associated
lipid exchange, membrane disturbance, osmotic
instability, and eventual cell death *. The cationic
AMPs act primarily by disturbing the cell
membranes and share a similar structures and
charged profile with polymyxins, so it may provide
an alternative treatment, but XDR strains were
emerged and were found to be resist to colistin * 2.
Colistin considered as the last option to treat
infection with A. baumannii in spite of its
nephrotoxic effects. Electrostatic forces mediate the
initial interactions between cationic colistin and
Gram-Negative bacterial cells, and loss of LPS
mediates colistin resistance in some A. baumannii
strains, which could be reflected as a differences in
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Zeta potentials that impact the electrostatic literatures, this mini database contains the AMPs
interactions **. against the Gram Negative Acinetobacter

o ] . . (Supplement 1). Four AMPs were designed in this
Designing of peptides: At first step, mini database study, shown in Table 1.

was constructed using conventional databases and

TABLE 1: SEQUENCES OF AMINO ACIDS OF DESIGNED PEPTIDES

Peptides Amino Acids Sequence Number of Amino Acids Molecular Weight
MY1 AC-RLIRRIWRRIRW-NH2 12 1820.14
MY2 AC-RIWKKIRRWWR-NH2 11 1724.04
MY3 AC-RIVKRIAKKIWKC-NH2 13 1682.04
MY4 AC-RWIKLIKKKVRIVR-NH2 14 1875.25

Mastoparan*® AC-INLKALAALAKKIL-NH2 14 1519.99

*Used as control

SUPPLEMENT 1:
i e uotertte | somere rgpe | Penzmgmen | ameniemicn | e i cnge: |00 | Aming Acid Squences
an 07 13898 | Unknown A5 04 068 03 2 13 |AGFVLKGYTKTSO
1061 0.5 2189 Helx A4 on 063 0453 5 A1 | ALWMTLRKEEVLKAAARKALNAVLVGANS
8% 0.8 150308 | Unknown Ham AR 0.5 oo 2 13 |FFPIGVFCKIFKTC
961 0.5 261461 | Unknown | .66 0657 4 24 |FFPIVAGVAGOVLKKIYCTISKKC
942 0.43 1657.37 Hekr A75 005 074 [E ] 14 |FFPLALLCKVFKKC
1n 05 15782 Unknown 4% A 044 0gsel 2 14 [FITGLVRGLTELF
98 0.5 265367 | Unknown A am 0.5 0w 4 24 |FLPFIARLAAKNFPSIICSNTRKG
an 0.31 139793 | Unknown A6 038 0.28 0 1 13 |FLSALASMLGKFL
8 15482 | Unknown D8 018 0.8 [ K 13 |PWGKLWEGVINA
a3 062 24 Beta 28 02 0.23 0y 2 M |GCRFCCNCCPNMBGCGVCCRF
an 04 23812 Har 45 04 0.5 042) 25 | 25 |GHGAAILSAGKSALKGLAKGLAEHF
i) [4 Ll Helix A 05 04 0489 15 2 |GIGAAILSAGKSIKGLANGLAEHF
an 048 25241 Hel A4 05 051 0365 25 1 |GIGASILSAGKSALKGLAKIGLAEHFAN
1203) 08 284781 Hefix 238 0 071 051 5 W | GIRAVLKVLTTGLPALISWIKREROO
1001) 08 241053 | Unknown D8 01 0.76 0395 35 2 |GIGKFLHSAGKFGKAFLGEVMKS
1001 061 M1 Helix D58 05 0.76 0313 35 B | GIGKFLHSAKKFGKAFVGEIMNS
061 0n 210596 | Unknown L4 041 135 ol 7 19 |GLKKLLGK.LKKLGRLLLE,
| o 187668 |  Unimown A8 012 058 05mE 2 19 |GLVDVLGKVGOLIKKLLPG
E .1 Hn Rich A1 e 056 Mg 35 18 [GNNRPIYIFQPRPPHPRL
1 11 21087 Rich RE T 0.56 03 35 18 |GNNRPVYIPQPRPPHPRI
1 1.1 21087 Rich 13 03 0.56 038 35 18 |GNNRPYYIPQPRPPHPRL
12m 112 1794.28 Rich 4 o 063 03| 35 16 |GRANPYNNKPTPHRL
1M 106 1807.31 Rich A7 0 054 [F2] K] 15 |GRNPYNTKPTPYPRL
1034 057 148013 Helix 0% 078 05Tl 3 14 |INLKALAALAKKIL
a0 035 9303 | Uniknown 18 1n 046 T o |KIFLA
1061 0.5 181175 Heli A 14 in I I 18 [KLALKLALKALKAALKLA
173 EIREERE 40 13 g 4 | 12 [RVORKDRR
L 14 121574 | nonaphabele 115 079 i A6 10 (KTRKKLLKKT
120 126 119431 Hel 29 4% | 1.L'ﬂ~5| 3 12 |LPHKWPWINPHRR
1201 1 1866 | Unmown| 38 A 0 0 3 10 [LRPALVRK
4 1 10835 | Unnown| 04 4% 07 0 4 | 9 RACRAGDD
1218 12 245 Rich AT 0 01 55 | Z |ORFHPTYRPPPOPRRPVIMRA
127 25 05 Heli 28 087 11 064 6 12 [RWWRIVWRRIWWRR
12 15 182346 | UBsia {64 076 156 iwq 1 14 |TWLKKRRWKKAKPP
103 04 149716 | Unimown A8 09 01 H.H-il 3 14 [VIVKAIATLSKKLL
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Mastoparan was chosen as it has the activity
against colistin —susceptible and colistin —resistant
A. baumannii clinical isolates *. The designed
peptides were short to mitigate the production
costs. These peptides were modified by amidation
and acetylation to increase their stability, as it is
known that amidated peptides exhibit higher
antimicrobial activities, but also be hemolytic more
than that of natural AMPs. However, the C-
terminal amidation stabilizes amphipathic helix
formation upon binding to the membrane bilayer
leading to strong activity % 2. Fig. 1 shows some
characters of the designed AMPs.

EMYL EMY2 EMY3 0 MY4 mMastoparan

M

L]

b 4 a

A8 K12

Ka
+3

Mastoparan

K11

A7

L3
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A10
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FIG. 1 : DESIGNED PEPTIDES, (a) 3D STRUCTURE
OF PEPTIDES, (b) RADAR DISTRIBUTION OF
AMINO ACIDS, (c) HELICAL WHEEL STRUCTURE

The other measured characters of the peptides are
shown in Fig. 2.
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FIG. 2: SOME CHARACTERS OF THE DESIGNED
PEPTIDES

The peptides were with different amphipathicity,
hydrophobicity and so on. They were designed in
the light of the currently accepted model for the
mechanism of action of a-helical AMPs. Some
parameters were considered during design: the
length, cationicity, amphipathicity and helicity as
each parameter is quite important for the activity
which could be considered as multifactorial issue.
For example, the a-helical peptides were found
more effective in lysing membranes rich in anionic
phospholipids. Amphipathicity plays an essential
role in activity . The activity was measured as
MIC against colistin sensitive strains is shown in
Fig. 3a, and resist strains in Fig. 3b.

a

Number of Amino Acids

Gs £
" o
4 ] 5
o
| H |

Y1 MY2 MY3 Y4 Mastoparan '

-—r el - CommmYW sV om0 mma s — Activily
7 1
136
b
6 12
]

2 s !
s =
g 4 s £
=
§ 638 g
é 3 = 6 9
= =

3 s

2

o

MYl My2 MY Mvs Mastoparan

EEmR Emml ses! S EEmW .Y S EESA BN e Resizant

FIG. 3: (a) ACTIVITY OF DESIGNED PEPTIDES FOR
SENSITIVE STRAINS, (b) RESISTANT STRAINS
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It would be expected that the designed AMPs
action followed the pore forming mechanism as the
membrane surface coverage by many peptides at
the MIC is estimated to be much lower than would
be required for the carpet mechanism 2.

The problem for AMPs is the effect on host cells
such as hemolysis of red blood cells (RBCs). The
hemolytic activity of designed peptides is shown in
Fig. 4.

% HCS0

Cone (ug/ml)

FIG. 4: HEMOLYSIS EFFECT OF AMPs

None of the peptides showed hemolytic activity at
their MICs and were with no toxicity. Other
characters of AMPs were studied in relation to
hemolysis, most of them had no correlations,
except the hydrophobicity as shown in Fig. 5.

7 05
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8 55 0994 04 '_5
I . 2
® 5 gag 035§
5
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4
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WY1 MYz MY3 Y4
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FIG. 5: RELATIONSHIP BETWEEN AMPs

HYDROPHOBICITY AND HEMOLYSIS

It was documented that hydrophobicity are
positively correlated to hemolytic activity, the
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results of this study were in agreement with other
for this approach 2°.

The AMPs were designed to be polycationic with
different  amphipathicity and simple by
manipulation the residues included, using repeated
residues with alternating hydrophobic and
positively charged residues with reduced hemolytic
activity at antimicrobial concentrations. Screening
of AMPs libraries showed that the highest levels of
activities reordered to AMPs rich in Arginine and
Tryptophan emphasizing the importance of these
residues in AMPs.

Therefore the focusing during designing was on
Arginine (R) and Tryptophan (W) as these residues
represent a recurring theme among many AMPs
and almost always play important roles for activity.
Tryptophan has a strong preference for the
interfacial region of the lipid bilayers and involved
in protein folding *°, and represent the most
suitable amino acid to enable the peptide's
prolonged association with the membrane.

On the other hand, Arginine with its cationic
charges provide an effective means of attracting the
peptides to the target membranes and hydrogen
bonding facilitates it interaction with negatively
charged surfaces such as LPS and other molecules.
It is effectively shielded from the highly
hydrophobic nature of the bilayer by associating
with tryptophan residues.

Overall, the cationic nature and unique hydrogen
bonding geometry of Arginine and the complex
properties of Tryptophan seem to complement each
other well for the purposes of AMPs. So for their
many advantageous properties, it appears that both
Tryptophan and Arginine residues are exceedingly
suitable to contribute to potent antimicrobial agents
that eventually may be used for humans as it agreed
with others .

The other important criterion in designing and
choosing the AMPs is the Therapeutic Index (TI).
The latter calculated by dividing the concentration
of AMPs causes lysis of 50% of RBCs by MIC
(See Materials and Methods). Fig. 6 shows this
parameter for both colistin sensitive and colistin
resistant strains compared to Mastoparan.
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Designed Peptides
FIG. 6: THERAPEUTIC INDEX OF DESIGNED
PEPTIDES

Therapeutic Index

It is known that high Therapeutic Index is
necessary for avoiding hemolysis of host cells *.

CONCLUSION: The designed peptides seem
promising for eradication of A. baumannii with
different phenotypes, if it pass some tests.
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