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ABSTRACT

In the current era of multi-drug resistance, the conventional antibiotics are proving inefficient
in the treatment of serious life-threatening infections along with their debilitating side-effects
and development of resistance. To tackle this major challenge, alternative therapeutic
compounds are required and membrane active peptides (MAPs) are one such group of
therapeutics that have gained attention due to their ability to interact with various biological
membranes in both disruptive and non-disruptive manner. Concomitantly, the inability of
pathogens to mutate their membrane components as frequently in response to MAPs, keeps
the spread of antimicrobial resistance (AMR) under check. Two major classes of MAPs, namely
cell penetrating peptides (CPPs) and antimicrobial peptides (AMPs) have been extensively
studied and employed in therapeutics as drug delivery vectors and antimicrobial agents
respectively. MAPs from marine organisms were chosen for this study because of their
uniqueness and biochemical diversity that can be utilized for development of better peptide

therapeutics with multi-functional properties.

The present thesis addresses the antimicrobial, anti-biofilm, cell penetrating and other
functions of marine and toxin derived CPPs and AMPs along with elucidation of their
mechanisms of action. It is hypothesized that the peptides used in this study will prove to be
effective and multi-functional in their bioactivity with distinct mechanisms of action that can be

utilized for the development of better peptide therapeutics.

The research questions targeted in the first objective of the study were: How the marine
derived peptide Tachyplesin and snake-toxin derived peptide CyLoP-1 will fare as an anti-
mycobacterial peptide? What will be the role of cysteine and arginine residues in imparting
antimicrobial and cell penetrating activity to these peptides? What will be their mechanisms to
inhibit or kill mycobacterium cells? Will they be able to enter macrophage cells infected with
mycobacterium and kill the intracellular pathogen without disturbing the host cell? Will these
peptides would also be able to inhibit or eradicate mycobacterium biofilms? To answer these
guestions, antimicrobial and cell culture based studies and assays were performed. For

determination of anti-mycobacterial and anti-biofilm activity of peptides, minimum inhibitory



concentration (MIC), minimum bactericidal concentration (MBC), time-kill kinetics, co-culture
and crystal violet assays were employed. Further, the mechanistic insights were gained by
utilizing various microscopy and membrane-based assays such as transmission electron
microscopy (TEM), membrane integrity and membrane depolarization assays. Intracellular
reactive oxygen species (ROS) production was determined using fluorescent dye. The major
outcomes of this objective were potent anti-mycobacterial and anti-biofilm activity of both the
peptides with the ability to kill intracellular mycobacteria as well. Cysteine and arginine
residues proved to be crucial for cell penetrating and anti-mycobacterial activity of both the
peptides. Tachyplesin mainly followed membranolytic pathway whereas, CyLoP-1 employed

intracellular ROS production as the mechanism to kill mycobacterium cells.

The research questions to be addressed in the second objective were: How to design a novel
CPP from marine antimicrobial peptide and improve its functionality? What will be the overall
bioactivity and toxicity profile of the novel peptides and will they be suitable candidates for
further drug development pipeline? These research questions were answered using various in
silico and in vitro techniques. In this direction, a novel peptide from marine AMP clavanin was
designed in silico and an immunomodulatory sequence was added to its C-terminal. The
peptides were named clavanin derived peptides (CDPs) with 3 variants - CDP-1 (with
immunomodulatory sequence), CDP-2 (without immunomodulatory sequence) and CDP-3
(mutated version of CDP-2). The most significant results were excellent cell penetrating,
antimicrobial and anti-biofilm activity without considerable cytotoxicity demonstrated by CDP-1
as compared to the other two variants. However, cargo delivery abilities and cytotoxicity profile

of all the three peptides were similar.

In conclusion, novel AMPs and CPPs from marine sources displayed multi-functionality that can
be translated into viable therapeutics. This study highlights the importance of understanding
structure-activity relationship and mechanistic pathways of peptides against a host of cells and
microorganisms so as to develop antimicrobial peptide therapeutics for better management of

diseases.

Vi



A

9g-cdl TTeRIY & FoHTe o7 H, YRR TENTANIEHH 30T Gl ahial alel gowerral 3 gfekrer &
faehTar & WA 3187R ShaeT-GahTe aTel HohaAUN o 3TN # 3767 A1ad 8 @ ¢ | 50 987 Iolicr &
fAuea & foT, dwfeus Rifrcd T Hr 3maegedr gidr § 3R A tideg Iterssy (vaTd)
IR 3T Ueh AT HE &, Totdet [aaesTeh Y 3R IR-Taeestsrl aites & fafdtest Sifder Eifoerai &
Y ST et T 3T &TAAT & HRUT €T NI fhaT &1 Tgadt FT &, TATH & Sa1d
3TFER 3791 TSTeell Behl Sl Feelel o foIT AaTSTaTehl i 37ETHT, AMURTET FORIE (TUASR) & TEHR
H ST & RN A @ g TATH & & vHE 91, AT Gof 9aefder deerssw (@dd) iR
TEHATS ST T ol UTCIS5H (TUHUT) T §3 JAT U 31T TeT fohdT 1T & 3R hael: gar faaror dereX 3R
VaURIE Toiel & &9 # Rifsheda 7 Ao o o 81 58 3reaae & fovw e shat & wAwdy
oY 3eTeh fafRrsed iR Sia I iateh fafaerar s RoT YT 31T AT FSIEeht 3TN §g-hraiTcseh IOl &
T SR Ieerss Rafhcd & faera & forw forar s aswar g1

TUAYT & 3T AT & FTT-ATY SeAehT ST & dF HT STTEAT & AT NI AT &1 Tg IRFeTT dhr
IS & o 38 3TETTT H 3TN fohT 10 AeeTgsd 39 Sid-HishTdl H Ferdl 3R ag-shrdicHe Alfac
ghot, et foram & faflise o giet [T 3ueT SgaR Ueerss Rifecda & e & fow faar o
HhATE |

IEYA & Ugel 32T H oIfara e 9ol A: FHLY eFctee Yrerss el 3R AI9-fay egevest
UTEISS CyloP-1 Teh UCI-ATShHISHEIRT T ITETSS oh &9 H Hll i HIM? FoT ITTSSH i IIMORIET
AR @ welefeer afafafer yare e # RAEde 3R nfafae sast $r war gfaesr geie
HATSHIGFEIRIH HITABIIAT T ST et AT AR o [T 3oThT AT FAT BRTT? FAT I ATSHIGFCIRIH
U Tsh A Hshlthol HITRAAIIT & TN lel IR AT Yol T TRATT FhT T4 STl eR AdTeTeleh I
ARG H T&TH g2 T I U188 ATShIdael RIH Sl thead ol S1fad a7 fHer 3 & @87 gikre 3
FaTell T STATs &1 o forT, ATMURIE 3R Ao SheaR MR 31631 R q1eTor fhw a7 |

Ueergsd HT T-ARIFIRT R té-araifhes afafafr & uRor & fow, =gsas fRiureAs
TSI (VASTSH), wgeTcddl STl Tl (VASIE), TSHA-fohel Shaldlerd, He-TEpic 3R




fortcel a¥ec W@ FRT A1 3T 3iomEr, [Iffie A 3R B3Ry g sa
ST goterelel ATgshIEhId (EISTUH), fBreel 3r@sdr 3R fEreel fagauT Sirer &1 3u2eT ateh Taad
IARTSE Yo T 5| FelRIAC S8 &1 3TN Fleh Seiieger] TidTsharediel iferdistel Tarferat
(3TR3NTH) T ScuTee TR fohar I AT| 58 382 & YA YRUNH SEcgoR HTShHISTE AT i
AR ST §THAT & AT aldl TeI3sd Hl ATFaemell Te-AghIaFIRIe 3R vé-arifhes afafafer
| AT IeeTS3d H HIfAHT e 3R TE-ASRTFIRTS Ifarafe & forw e 3R nfafas
3T FAgIIOT HIT §UI S AT o 7T T H AFsil ferfeh AT T 3FTHIT fehT, STefeh CyLoP-
13 ATSHISFERIHA PRI hT AR o o & §9 H ST o INHATH 3cdTee i fAaiiord famam|
GER 32T A FITT U Siet arel ey 9eeT & HHAT VMR dcerss & U 3uaarg drdd 8
f3oTTgeT &Y 3N HRT SRIETHAT H UR 2 IUIN YTCIS5H I FHI Sia-Aisha R fasrererar
SIS el T g1 31X T 9 3TY Y & [ qIguess & fov 3uged 3Fdicar ghar? fafe ik
ST AT cehottent # Taffeet T 3UANET Fteh 3ot QMer Ge&T T 3cci T arar am| 34 feer #, |y
TUHY Folfafeed & Teh 39T UTerss ol fAfer! & 3amseT fhar arar a7 3R sas d-ecffiaa & v
SFIAIATSIRICY HFaH SIST aTT AT| ICSTH FY FolTaToted ShcToet GeeTssH (HISTY) A1 o ara
T Fore# 3 GehR & - HIS-1 (SFIAATSTAC 3Tshe o A1), WISIAT-2 (SFIATHAIST eIl 3HoJshH &
fo=mm) 3iR -3 (@Erd-2 &1 scaRafda @Ehon) | 3 &Y T9T ¥ Jefell 7 Md-1 gRT & fid
aifafafer 2| grenfer, At deerssd $r il fEelall &7adr IR arsceiFarad ThEd I I

3el &, FHGT Al & 3YITE TUA 3R A 7 ag-hrieTHar Y S {98 sgagr ffhcda A
3fefarfer foham ST Hehdl &1 I8 3TETTA HIRIAIT 3R Fearstal & T HAsfaled & et Ieegsd &
G-I fafer Geer 33 Iaaa Al S THsT & Jged T IR STeldT § difeh A91 & Sgal Jae= &
forT QMUY deerss Rifshediar fasn il fohar s &)
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