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Abstract of Thesis

With an alarming rise of cancer deaths and multi-drug resistant pathogens, the small cationic
cell-penetrating peptides are émerging as a key area of research for their multidimensional therapeutic
applications. In this report, the optimizations of two bovine cathelicidins {BMAP27 and BMAP28) with enhanced
therapeutic activity were described using a combinatorial inm silico, in vitro and in vivo techniques. The
major objectives are: (i)} establishment of structural model to unravel the mechanism of selective cell
cytotoxicity by BMAP27 and BMAP28; (ii)} Optimization of their cytotoxicity through novel peptide screening
methods; (iii) Cost-effective short BMAP28 analogue design with enhanced antimicrobial/anticancer potency;
and (iv) in vitro and animal model evidence for antibiotic/anticancer drug development. The bovine
cathelicidins mediated membrane biophysics was probed in cell-membrane systems that mimics simple anionic
(DbOPS) /zwitterionie (POPC), £ coli like, and complex eukaryotic thymecytes—like (TLM)/leukemia—like (LLM)
membrane systems. Circular dichroism and NMR spectroscopy studies revealed the helical peptide conformation
of bovine cathelicidins. Molecular dynamics (MD) simulations on multi-us scale using all-atom and
coarse—grained {CG) methods depicted membrane dependent peptide folding and interaction. A well-defined helix
eonformation was obtained only in membranes having anionic lipids on the exofacial leaflet; whereas structural
loss revealed in gzwitterionic systems, CG-MD presented stable peptide self-assemblies in zwitterionic/TLH,
and monomeric interaction with bacterial/LLM systems. A peptide tilt (7 35-45" ) and central helix kink were
found to be cruecial for the peptide attachment, orientation and penetration in bacterial/LLM membranes.
Tryptophan fluorescence analysis depicted polar and non—polar peptide orientation in anionic/bacterial/LLM
and TLM /DPPC, systems, respectively. The binding kinetics using isothermal titration calorimetry estimated
an exothermic (in PPPC) and endothermic (anionic) reactions with estimated apparent binding affinity "™A Gping
of —8.25, -6.78 and —6. 54, and -5.88 kcal mol™ in DOPS, leukemia, £ coli and DPPC liposomes, respectively.
On the basis of these studies, we designed peptide derivatives from BAMP28 and screened using potential of
mean force approach. Antimicrobial assay of BMAP28 and its analogues with leucine—zipper/kink residue mitation
(Synl/Syn2) and N-terminal truncation (Syn3} against bacteria, malaria parasites and tumor cells showed
optimized therapeutic activity. Minimum inhibitory concentrations were 1-2 and 30 pM against bacteria (except
F. coliDHB @) and malaria parasites, respectively. In contrast, Syn2 and Syn3 presented the loss of activity.
Electron microscopy, flow cytometry and luciferase synthesis analysis revealed a bimodal (membrane disruption
and protein synthesis inhibition) mechanism of action. The BAMP28, its C~terminal truncated analogue and Synl
exhibited potential anticancer activity against T/B-cell lymphoma, melanoma and ostecclasts at 2-10 pM
concentration., While at this concentration BMAP28 showed significant hemolysis and cytotoxity to healthy bone
marrow cells, Synl possesses a negligible toxic activity. The 7n vive mouse model study further established
the potential therapeutic activity of Synl against skin cancer. These findings reported the potential

therapeutic application of optimized BMAP28 analogues for the treatment of multiple diseases.
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27 F I bovine cathelicidin {ZJR9 25 BMAP27 & BMPA28 oW T, FOERMITIED
Ml L& BRLC, HEENREBITIRESE, ORI HiRE CORBREIT -,

LONRTFRIBRERT AU VB ZEBFEE UL, MREREFEE 2R3 2010, DOPS 6
2D RATENEFFOI, POPC b B p i, HEBOIEHZ S KIFEE 7 A0, WiRmEEs
MR, A IFEARE 7R E S Ui, £FEF8 LOMEASFIAEHE TR, Zhb i
HIREMREH - ZEHEE, B TORmBERTCHEERALTEREINEZ AT F FO~Y v s R
WG L CHEASRER, B~08osHili2H oM Lz, HEEEFATEY 7 2 U B o R
VIialb—YalFEETEE, BEREENARL LD, TEREIFWMOREEOREE L
TARTFFEY UV BB SER=A X %2 RO THEMUZ, T O I = L —
Va rRESFEFoREMES O R, ARG AN, BB, ST, Dis
L, WM EBSRNEETH O IERCRMAT 6, ZOfifr o % U T, BMPA28 @
B 22 CURiEIRL A~ Y w7 AR LA, v A Py Ao, TE/BMAEER
REEREEFHCEEGEH L, 2h b7 F Rk, K& Eieebiuvc, Mk
DFE D BHMEICEELZEEKE OWEERPERT I Z LB INE,

BUPA28 B X N DIRAEESRTF NIz 20 THIRBIROAEEER 2, KIBE, ~7 U 7HE
BB UCHE - R R, TBLXUBHIIAY YN[, A5/ —= oW THBAMELH
ARz, ZhE, O R EIERERIC R S M & ik U, MEREHE o iy
7T —EEE, BReMRO 7o —Y4 F A FY —PEIBEFEMUSIRESS SR, 2
NEIZ L -T, Bic8ON LY BMPA28 IREELTF Ko | 5Tk, EEMMICHEST, e
FIFER, BAMBEHT2HEEEZBROCED N EBbhot, 72, ZOMAEM
AIEFE BRI BET 52 L BRRB S,

DX DA, BEHMBRICEELEBEH TERE7F FLOMEERB OGS -
Wt L SEROMEIE & W S BRIEIF I H 5T 5100 TR, EOWMERTF FOERYBEEMLIC
LERTAZILEEZRLT WS, LoT, AHBCiTHLE (B ok LTHFAMEL S B
DLEDB,




