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Synthesis, in-silico screening and preclinical evaluation studies of hexapeptide analogue for its
antimicrobial efficacy

Ankur Kaul, Anjani K. Tiwari, Raunak Varshney, and Anil K. Mishra

A novel Trp-Arg rich antimicrobial peptide was designed and the synthesized nonapeptide (hexapeptide
analogue AMP) was screened for its antimicrobial activity and hemolytic activity. The in-silico studies
were performed further against the microbial targeted protein to validate the findings. In vivo studies
were carried out for preclinical evaluation of the designed peptide sequence was carried out using *™Tc
as radioisotope. The results obtained from the in vitro studies revealed that the excellent antibacterial
activity against E.coli with low hemolytic activity. The in-silico studies with the crystal structure
of Ecoli Pencillin Binding Protein 1b (PBP1b) glycosyltransferase (PDB ID: 3VMA) shown higher
electrostatic and hydrophobic interactions than the co-crystallized ligand. The radio labeling yield of the
#mTc labeled AMP was found to be > 98% and the blood-kinetics in rabbits and the biodistribution
studies in mice confirmed the rapid renal excretion from the systemic circulation. The scintigraphic
analysis in infection and inflammation animal models revealed that the radiolabel was able to
discriminate between the infection and inflammation in both mice and rats. Furthermore, the blocking
experiments in scintigraphy were also done using cold peptide to confirm the specificity towards the
E.coli infection. Based on above findings, we consider the designed AMP as a novel antimicrobial agent

with ability to image bacterial infection in vivo by application of gamma emitting radioisotope.

Introduction

As the crisis of looming menace of bacterial resistance to currently
available antibiotic persists to grow, a substantial significance is
being given to explore the option of development of antimicrobial
peptides as a novel therapeutic approach as an antimicrobial
chemotherapy.'”  Antimicrobial —peptides have the unique
characteristic of the natural defence mechanism which occurs
practically in all the forms of life organisms ranging from unicellular
to multi-cellular organisms*®. The mechanism of anti-bacterial
action of the antimicrobial peptides is possibly by interacting with
bacterial membrane proteins which is critical to their antimicrobial
property, but their ultimate site of action is usually intracellular.”
Since our armory of anti-infective is getting older and less
efficacious, the R & D activities are being diverted to identify
templates of novel antimicrobial peptides by using newer methods of
Computer Aided Drug Design (CADD) such as docking to decipher
how antimicrobial peptides would interact with membranes in-vivo.
1012 The combinatorial chemistry approach is regarded to be an
additional option that is competent of screening and assorted
collection of different peptides in a short time and recognizing those
that have the novel or enhanced properties. Many of these peptides
have been screened and isolated from nature and the synthetic
combinatorial library.'*'3

Our group has been working in infection imaging field in the past '®
and here, report the design, synthesis and docking studies and its
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antimicrobial activity for application in systemic diseases. The study
was planned to include and
in-vivo studies for the assessment of the antimicrobial efficacy of the
designed ligand. The aim of current study to develop an infection
imaging agent which would interact with targeted membrane protein
to a greater extent and the selection of correct ligand for in vivo
infection visualization would be done through CADD platform. The
visual image of the target-site would be traced by a radioisotope
tagged to the antimicrobial peptide as a signal emitter. In the past,
many radiolabeled antimicrobial peptides have been evaluated for
the infection imaging application.'”? 1In this study, first, an
antimicrobial peptide sequence was designed, based on ‘templates
derived from naturally occurring antimicrobial peptides’ and making

in-silico, in-vitro

the amino-acid sequence viable for radiotracer conjugation for signal
detection. To start with in-silico screening studies, these were carried
out for the newly designed peptide with the available microbial
target to understand its extent of interaction with target proteins.
Then, the in-vitro study involved evaluation of antimicrobial activity
against commonly occurring bacterial strains. For in-vivo studies, the
post radiolabeling, various studies like Blood-clearance studies,
Tissue-distribution studies and further Gamma scintigraphy in
animal model of infection and histopathological studies were carried
out to examine whether this hexapeptide template linked to
tripeptide (Gly-Gly-Cys) chain when labeled with a radiotracer
would facilitate the imaging of infection non-invasively.
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2.0 Materials and Methods

2.1 Materials

Wang Resin and Fmoc-amino acids such as Gly, Phe, Arg (Pbf)
Trp(boc)- diisopropylcarbodimide (DIC), triisopropyl silane (TIS),
1,2-ethanedithiol, piperidine solution (20% (v/v) in DMF) were
procured from Fluka (USA) . N, N-diisopropyl ethylamine (DIPEA),
Trifluoroacetic acid (TFA) were purchased from Merck Germany. N,
N-dimethylformamide (DMF), and stannous chloride were
purchased from Sigma-Aldrich Co. (USA). HOBt was obtained from
Hi-Media, India and tissue culture media were obtained Fischer
Scientific (USA).

2.2 Instrumentation

The docking studies were carried out using Glide® (Schrodinger,
USA). Mass spectroscopy (ES+MS) experiment was recorded on an
Agilent 6310 Ion trap LCMS while Freeze drying was done using
Triad System from Labconco, USA. Capintech, Caprac-R gamma
scintillation well-type counter was used for the determination of
activity. The reverse HPLC 1200 series with C-18 column Zorbas
ODS 5 micron from Agilent Technologies was utilized for HPLC
analysis

2.3 Experimental Animals

All animal experiments protocols were approved by the INMAS
Animal Ethics Committee guidelines. BALB/c strain mice of 20-25
g and Sprague dawley rats of 220-250g were used for biodistribution
and scintigraphic studies. New Zealand albino rabbits of 2-3 kg were
used for the blood clearance studies. E. coli bacilli for the
development of the animal model of infection.

3.0 Experimentation Section

3.1 In-silico studies

3.1.1 Computational Methodology

A molecular modeling study was performed by using schrodinger
molecular docking program GLIDE 2!, version 9.7. During the
process of Docking, Glide carries out a systematic search of best
possible conformers of docked ligand with target protein with energy
optimisation method. PDB entry 3VMA, (X-ray crystal structure of
Penicillin-binding protein 1B; www.rcsb.org), having the resolution
of 1.6A were taken for our studies. The following criteria were
keeping in mind before choosing the protein- ligand complexes: non-
covalent binding between protein and ligand, crystallographic
resolution less than 2.5 A and known experimental binding data.
Preparation of the protein for docking included removal of
unnecessary heteroatom and solvent coupled with the addition of
hydrogen atoms, bond order for crystal ligand and protein were
adjusted and minimized up to 0.30 A RMSD. Using ‘Glide grid
generation’ the binding region was defined by a 17.04_9.31_0.58 A
box centred on the centroid of the crystallographic ligand to confine
the centroid of the docked ligand. No scaling factors were applied to
the Van der Waals radii. Default settings were used for all the
remaining parameters. Scores in form of GScore were analysed for
two purposes: during the docking process, they serve as fitness
functions in the optimization of ligand orientation and conformation,
and for comparison with other molecules they are used as estimates
of binding affinity for the completely docked molecule. *
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3.2 Peptide Synthesis

The hexapeptide analog template was synthesized using the Standard
solid phase synthesis technique on Wang resin support using the
Fmoc-chemistry.”® The first amino acid was anchored onto the wang
resin by adding a mixture consisting of excess Fmoc-Gly-OH and
HOBt and DIC in DMF. All other amino acids were coupled by
dissolving an excess (4 mol equiv.) of Fmoc-protected amino acid,
HOBt, and DIC in DMF. Removal of the N-terminal Fmoc group
was performed using a 20% (v/v) solution of piperidine in DMF for
20 min. Amino acid side chains were protected using protecting
groups like BOC (Trp) and PBF(Arg).The nonapeptide
RRWWRFGGC-NH, was synthesized with high yield. The peptide
was acetylated by using acetic anhydride in the solvent and the
Acetylated Peptide with an overall yield of 95% after HPLC
purification. Peptide was characterized by the retention time during
elution of the pure form by analytical RP-HPLC and was also
characterized by mass spectroscopy.

3.3 In-Vitro Studies

3.3.1 Antimicrobial activity assessment studies

The antimicrobial activity of the synthesized peptide was tested
against six bacterial strains by the microdilution technique. The
aliquots of 100ul of specific bacterial suspension (2x10° colony
forming units) (CFU) ml in 1% peptone were added serial dilutions
of 100ul peptide solution. After incubation of 18-20 h at 37°C, MIC
values in uM were determined by measuring absorbance at 620 nm
with the microplate reader.

3.3.2 Hemolytic activity studies

The assessment of the hemolytic activity of hexapeptide analog was
done using erythrocytes from the heparinized human blood sample.
Red blood cells extracted, were diluted to 1% and incubated with
various dilutions of peptide stock (ranging from 1 to 1000 pg/ml) at
37°C for 60 min. After centrifugation at 4000 rpm for 5 min and the
supernatant of incubated samples were collected for spectroscopic
analysis at 540 nm. 100% Hemolysis was defined by lysis by 1%
Triton X-100. The experiment was set in triplicate, and Hemolytic
level was expressed by the % Hemolysis was estimated by the ratio
of the value measured for each sample and that registered for the
total hemolysis.

3.3.3 Radio labeling Studies

The various parameters like concentration of stannous chloride, pH
of the solution, incubation time were optimized to obtain high
Labeling Efficiency. The % Labeling Efficiency of the radiolabel
was estimated chromatographically using ascending Instant Thin-
Layer Chromatography using silica gel-coated sheets (ITLC-SG)
strips (Pall Corporation, USA) as the stationary phase and methyl
ethyl ketone (MEK) as a mobile phase and the radioactivity was
determined using gamma counter.

This journal is © The Royal Society of Chemistry 2012
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4. In-Vivo Studies

4.1 Blood- clearance studies

Blood clearance study was carried out in normal albino New Zealand
rabbits (n = 03) 0.2 ml of radiolabeled hexapeptide analog was
administered intravenously through the dorsal auditory vein. At
different time intervals starting from 5 min up to 24 h post i.v.
administration and the blood samples were collected in pre-weighed
tubes and counted for radioactivity using the gamma counter.
Radioactivity in blood circulation after decay correction was
expressed as percent of the total activity in the blood volume taken
7.3% of total body weight as the weight of whole blood.

4.2 Tissue distribution studies

Tissue-distribution studies were carried on BALB/c mice (n = 03)
post i.v. administration of 0.1 ml of radiolabeled peptide through the
tail vein. The animals were sacrificed at 1 h, 4 h and 24 h post
injection and various organs of interest were removed and collected
into pre-weighed tubes and their corresponding radioactivity was
counted using the gamma counter.

Radioactivity accumulated in each organ was expressed as percent
administered dose per gram of tissue (% ID per gm). It was
calculated after decay correction.

4.3 Gamma Scintigraphic studies

The gamma scintigraphic study was designed to carry out two sets of
experiments in normal rats and in E.coli infected animal models. For
preparing animal models of infection and inflammation, BALB/c
mice (n = 03) were infected in anterior right caudal muscle with the
E. coli suspension (1x 10° (CFU) Colony Forming Units/ 100ul and
carragenan solution respectively. Twenty-four hours after the
inoculation, BALB/c mice were imaged on Siemens Symbia®
gamma camera 1 h and 4 h after i.v. administration of radiolabeled
peptide. The pre-blocking experiment was also carried out by pre-
injection of unlabeled peptide solution and then i.v. administration of
radiolabeled peptide in the same infected rats.

4.4 Histopathological studies

The three random specimens of the E.coli infected muscle were
dissected from the infection model developed in mice and were
stored in the formalin solution. The specimen along with a control
muscle sample (injected with normal saline) was sent for histological
examination. The dyes like hematoxylin and eosin (HE) were used
to stain the specimens and then viewed by microscopy and the
photographs were taken for interpretation and validation of the
infection model.

5.0 Results and Discussion

Peptide Antimicrobial agents form a component of the early innate
and the first line of defence for the majority of living organisms.?*26
The distinct attribute of peptide-antibiotic is its selectivity.> When in
competition with host and bacterial cells, the antimicrobial peptide
will interact with the bacterial cell in preference to mammalian cells,
which enables it to destroy microbes without being extensively toxic

This journal is © The Royal Society of Chemistry 2012
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to host cells.*’ Hence, these antimicrobial peptide agents have
recently got much consideration due to their capacity to prevail over
bacterial resistance and have come into sight as a newer prospective
category of antibacterial agents with new modes of actions.’6®
Here, a hexapeptide template was chosen from bovine lactoferricin
protein as a Trp and Arg rich amino acid sequence with reported
known antimicrobial efficacy which was obtained through the
screening of the hexapeptide combinatorial library.” The designed
sequence of Hexapeptide analogue included Arg-Arg-Trp-Trp-Arg-
Phe-Gly-Gly-Cys where N-terminal was acylated and at C-terminal
was amidated.

5.1 In-silico studies

The various factors influence the antibacterial activity of cationic
peptides which include:

e Net positive charge for increased interaction with anionic lipid
layer of bacterial cell-wall

* Hydrophobicity for insertion into the membrane

* Flexibility of the peptide to transition to membrane interacting
conformation

The designed sequence of peptide was analysed and these properties
calculated by the predictive tool available at Antimicrobial Peptide
Database v2.34 (APD2) using the Antimicrobial Peptide Database
(APD) and the results showed that the total hydrophobic ratio was
found to be 44%, and net charge was +3 and the number of rotatable
bonds which is a simple measure of conformational flexibility was
found to be 41. The hydrophobicity of the peptide governs the extent
to which the peptide can effectively permeate into the lipid bilayer.
Besides this, the net positive charge of + 3 which is due to the basic
residue ( Arg or Lys) also augments in its antimicrobial action. The
presence of Arg and Trp rich residues are known to play a vital role
in insertion into the cell-membrane. It is reported and well-
established by solid state NMR results that the electrostatic
interactions of guanidinium side chain of Arg with phosphate groups
form ‘ guanidinium-phosphate salt bridges’ to stabilize the protein-
membrane interaction** Further the Trp residues provide favorable
cation-tt interaction for stacking and stabilisation in aqueous

solutions. 3334

For the docking studies, PDB ID selected is 3VMA, the crystal
of E. PBPIlb a peptidoglycan
glycosyltransferase which represents a structural platform of
transglycosylase, especially for Gram-negative bacteria for the

structure coli bifunctional

antibacterial drug designing. Molecular docking was performed to
understand the interaction between the receptor (bacterial glycosyl-
transferase protein) and ligand (hexapeptide analogue-AMP)
molecule(Fig. 1). Docking results revealed the binding affinity in
terms of glide GScore of —9.22. The contribution of this docking
score was due to H-bond, electrostatic and hydrophobic interactions
where the electrostatic and hydrophobic interactions were much
higher than the co-crystallized moenomycin
(CoH,06N5034P).

The crucial 3VMA-Mol-1 interactions could be defined by ligands
interacting through both hydrogen and electrostatic bonding to Asn-
143, Arg-364, Ser-358, Glu-323, Lys-274, Glu-281, Thr-257 and
with Glu-233and their contributions were significant for ligand

molecule
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binding. These critical anchoring residues were also found to be
constant with further studies. The comprehensive study was done to
determine the hydrophobic and hydrophilic domains needed for high
anti-bacterial activity and low hemolytic activity. The reference
molecule was showing different interactions except Glu-281, which
was also confirmed by the contribution of GScore. It showed higher
hydrogen bonding rather than electrostatic and hydrophobic
interaction. This may be due to the different mode of action
possibilities.

It is reported that only peptides with an optimal binding affinity
toward the outer membrane could penetrate into the inner layer of a
bacterial cell.*® Categorically electrostatic or polar interaction were
found in two mode one as negative charge created at amino acid
residue of target protein like Glu-233, Glu-281 and Glu-323 while in
other negative charge was created on ligand side like on Arg-
364,Lys-274 and Ser-358 .The hydrophobic periphery was created
by Ala-254, Ala-258, Ala-265 , Tyr-310, Val-314, Tyr-315, Val-354
and Ala-357.The negatively charged bacterial membranes and the
cationic charge of the peptide offer an ideal interaction to attract the
peptides to these cells, and the electrostatic forces are important for
the selectivity and their interactions.*® 2%

rk
5;0*
Q?V T

C&ﬂl o

1oL

Fig. 1 Ligand —target protein interaction depicting the possible non-
covalent (especially hydrogen bonds) binding of important
anchoring residues present in the active site of bacterial protein to
the hexapeptide in (1A) Two-dimensional pictorial representation
mode and (1B) in Three dimensional mode view of active site of
target protein (PBDID: 3VMA) with the designed peptide.

5.2 Peptide Synthesis

The newly designed hexapeptide analogue (AMP) was such
designed such that the template RRWWRF was the targeting moiety
while the tripeptide (GGC) chain was chosen as a chelating moiety
for radiotracer (*™Tc) conjugation. The proposed structure of *™Tc-
nonapeptide (*”"Tc-AMP) shows that a strong chelation with
radiotracer *™Tc by N4 configuration that is well-established
chelation strategy.”’ Peptide Retention-time by HPLC was found to
be 11.96 min. The mass spectrum of HPLC purified AMP is
depicted in Fig. 2 that confirmed the synthesis of the final product as
the expected molecular weight of the synthesized peptide sequence
was 1264.5 and the observed mass was found to be Mass; m/z = -

4| J. Name., 2012, 00, 1-3

1288.6 -found [M+ Na]* (Fig. 2).

-MS, 0,7-0.2min #(2-9))
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Fig. 2 The mass spectrum of synthesized AMP peptide

5.3 In-Vitro Studies

5.3.1 Antimicrobial activity assessment studies

The antimicrobial activity of the hexapeptide analogue was assessed
against the six bacterial strains namely Salmonella enteritidis,
Escherichia coli (E. Coli), Listeria innocua , Micrococcus luteus and
Staphylococcus aureus and the MIC values against these strains are
shown in Table 1. The hexapeptide analogue (AMP) demonstrated a
strong inhibitory activity against the Gram-negative bacteria E. coli
with the minimum inhibitory concentration (MIC) value of 12.1 pM.
This data correlates with the docking study findings that the
designed hexapeptide has the excellent inhibitory action against the
E. coli strain.

Mean Minimum Inhibition conc.
values for the synthesized
peptide (AMP) (uM)

Micro-organism

Salmonella enteritidis 35
Escherichia coli 12.1
Listeria innocua 17.1

Micrococcus luteus 304

Staphylococcus aureus 21.0

The minimum inhibitory concentration (MIC) of the peptide was
determined in a microtiter plate assay system after 24 h incubation
at 37 °C.

Table 1 In vitro anti-bacterial activity was determined against the
different bacterial strains. Data expressed as mean Minimium
Inhibitory Concentration (MIC) values in units of pM.

5.3.2 Hemolytic Activity Studies

Hemolytic activity is utilized to measure the in-vivo toxicity of the
synthesized peptide. The short peptide synthesised in this study was
essentially non-hemolytic (< 5%) as illustrated in Fig. 3. It is
reported that there exists a strong relationship between the number of
aromatic acids such as tryptophan present in the sequence of the
antimicrobial peptide and its hemolytic action where peptide-
sequence with only three or fewer tryptophan residues are
predominately antimicrobial and non-toxic.*®

This journal is © The Royal Society of Chemistry 2012
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Fig. 3 Hemolytic activity of Hexapeptide analogue (AMP) on human
erythrocytes. The dose-dependent haemolytic effects were carried
out from 10° to 10° ug/ml of the synthesised peptide. The 100%
hemolysis of erythrocytes was carried out by addition of Triton-X
100. Error bars represent SD.

5.3. 3 Radio labeling studies

The radiolabeling of the newly synthesized AMP was carried out by
the method previously described ** and the radiochemical purity was
assessed by chromatographically was found to be more than 98%.
The structural similarity of the N4 configuration and the analogous
chromatographic nature, it seems rational to assume that the *™Tc-
complex of hexapeptide analogue will have a similar structure as for
mTc-MAG3 derivatives, as the complex in which the nitrogen
atoms of amide groups are deprotonated and a bond is formed with
the technetium oxo-core, which, additionally is bound to the nitrogen
atom of amine group. Even up to 6 h, the percentage labeling
efficiency of *™Tc labeled AMP was found to be 94.5%, implying
that the radiotagging with the peptide was quite stable and fit for in-
vivo evaluation studies.

5.4 In- Vivo Studies

5.4.1 Blood- Kinetics Studies

The pharmacokinetic profile of radiolabeled peptides demonstrated
biexponential clearance pattern with Ty, o and Ty, g calculated were
found to be 6.7 min and 79.2 min respectively (Table 2) The short
sequence of peptides are known for their rapid clearance from the
systemic circulation , and this feature is confirmed by 25.84% +
1.72 of the blood associated radioactivity at 5 min post injection
which could be further utilized for non-invasive diagnostic imaging
studies with the aim of early detection of the infectious site.

HALF-LIFE UNIT VALUE
T] 12a Min 6.7
T 128 Min 79.2

Table 2 The pharmacokinetic data of 9mTe- labeled AMP (n=3)

5.4. 2 Tissue distribution Studies

This journal is © The Royal Society of Chemistry 2012
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The specific organ distribution of radiolabeled peptide after i. v.
administration was expressed as percentage injected dose per gram
of organ (% ID per gm) in mice and is depicted in Fig. 4. Since the
fast clearance from the blood circulation was established in the
blood-kinetics data, the samples of urine and faeces at each time-
interval were also collected along with the organs. The concentration
of radiolabeled peptide was found to be maximum in organs like
Kidneys (33+ 5.12) followed by Liver (10.77+1.23) and Spleen
(3.1 0.31) at 1 h post injection. The radiolabel also demonstrated
negligible uptake in the non-target region like abdominal region with
low blood-pool activity. This attribute facilitates a faster specific
uptake in the target site which is a desirable characteristic for a good
infection imaging agent.

50

100.00
400 8000
s uih  wan 24h jra] # Urine
30 A - - 4000

2000 " Faeces
300
0.00

250 B 1h 4ah  24h

% ID per gm ORGAN
3
B

o e o L_I-_i-l}- L e e L

Blood  Brain  Heat  lungs  liver  Spleen  Kidney Stomach Intestine Muscle Infected

Fig. 4 Organ-distribution in infection model of BALB/c mice at 1 h,
4 h and 24 h after intravenous administration (i.v.) of 100ul of PmTe
labeled AMP (40KBq). The data (in inset) represents percent
injected dose per gm of the excreta: urine and faeces samples. Data
expressed as percent injected dose per gm organ/tissue + S.D. of 3
animals.

5.3.3 Gamma Scintigraphic Studies

The gamma scintigraphic study was designed to carry out three sets
of experiments in normal rats and in E. coli infected animal models.
Firstly, the whole body imaging carried out in normal rat confirmed
the fast renal clearance at 1 h and 4 h post administration as shown
in Fig. 5A and Fig. 5B respectively. The animal models of infection
and inflammation were developed in BALB/c mice and Fig. 6A and
Fig. 6B are infected mice scanned at 1h and 4h respectively while
Fig. 6C and Fig. 6D represent the inflammation model imaged at 1h
and 4h respectively. The higher uptake of the radioactivity was
observed in the infected muscle in comparison to the contra-lateral
area was observed at 1 h post injection for the group A as shown in
Fig. 6B while for both contralateral and inflamed side, similar uptake
was observed for the group B in case of Fig. 6C and Fig. 6D.

For the blocking experiments in scintigraphy, the animals used were
E. coli infected rats. To one group L, the radiolabeled peptide alone
was administered while to the group R, the pre-blocking with the
cold unlabeled peptide was carried out prior the administration of the
radiolabeled peptide. Since, the peptides are fast cleared from the
systemic circulation; the scintigraphic scan was scheduled at 1 h post
injection. The Fig. 7A and Fig. 7B represent the imaging done at 1 h
and 4 h post administration and Fig. 7C represent zoomed scan of

RSC Advances, 2014, 00, 1-3 | 5
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the lower region of the rats imaged at 4 h. The higher uptake in the & = 7B
group L as depicted in Fig. 7C proved the specific targeting of
thegiven peptide to the infectious lesion.

54 k . .

5A 5B ® b @,
L @ *r 3 R
‘ e » 7€
L R

l.‘. -~ = .’. ]

Fig. 5 Whole-body scintigraphic scan carried out in normal rat at

5A) 1 h 5B) 4 h post i.v. administration of *"Tc labeled AMP. Fig. 7 Gamma scintigraphic scans carried out in infection induced
rats. The Rat —L represent the animals which were y administered
the radiolabeled AMP alone and the Rat-R stand for the animals
which were administered cold unlabeled AMP prior the injection of
#mT¢ labeled AMP. 7A) and 7B) are gamma Images taken 1 h and 4
h p.i. respectively. 7C) is zoomed up scan taken at 4h p.i. to pinpoint
the lesion.

Note: The black oval shape marks the site of infection

3.54 Histopathological Studies

The microscopical appearances of the Sections from muscle sample
are depicted in Fig. 8B which showed several bacterial aggregates of
E. coli with a pronounced acute inflammatory cell infiltration around
the bacteria as seen by the presence of numerous polymorph nuclear
neutrophilic cells. The control group animal showed only normal
skeletal muscle as shown in Fig. 8A.

Fig. 6 Scintigraphic studies carried out after intravenous
administration (i.v.) of *™Tc labeled AMP in BALB/c mice models
where 6A) and 6B) represent infection model imaged at 1 h and 4 h
respectively. The images 6C) and 6D), here stand for inflammation
model scanned at 1 h and 4 h respectively. The black oval shape
points at the site of infection/ inflammation.

Fig. 8 Histopathological data is represented by A) Control Sample
section showed normal skeletal muscle fibres and B) Infected
Sample Section shows presence of numerous Bacterial groups along
with Polymorphonuclear Cell Infiltration around the bacteria.

Note: MF = Muscle fibre, Bac. = Bacteria, PMNs = Polymorphonuclear
Neutrophilic Cells.)

6. Conclusion

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012
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In search for developing a novel peptide-based infection imaging
agent, we have rationally designed a new nonapeptide from the
known sequence of the antimicrobial peptide. In vitro antimicrobial
study suggested best efficacy against the E. coli strains and in-silico
studies corroborated these findings. Since the agent exhibited fast
kinetics, the infectious lesion induced in a murine model was
detected by in-vivo gamma scintigraphy after administration of
radiolabeled hexapeptide analogue as early as lh post injection.
These results gave a simple, insightful
pharmacokinetics and preclinical considerations of *™Tcconjugate
with the designed peptide. Further experiments are being planned to
take this imaging agent to clinical evaluation after validating in other
animal models of E. coli infections.
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