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Amphiphile-assisted nonenzymatic 
synthesis reactions of biologically 
relevant monomers

PrasenjeetKawale & Dr. SudhaRajamani

Introduction
•	 	The	 origin	 of	 self	 replicating	 biopolymers	 is	 an	 intriguing	 paradox	 and	 the	 first	
step	 in	origin	of	 life.	

•	 	The	 RNA	 World	 Hypothesis	 believes	 RNA	 to	 be	 this	 first	 self-	 replicating	
molecule	due	to	 its	 informational	and	catalytic	 functionality.

•	 The	 earliest	 of	 biopolymers	 is	 credited	 to	 be	 of	 chemical	 origin.	 In	 the	
absence	 of	 enzymatic	 assistance	 in	 the	 prebiotic	 conditions	 nonenzymatic	
polymerization	 of	 5’	 mononucleoside	 phosphates	 to	 RNA-	 like	 oligomer	 is	 an	
uphill	 reaction.

•	 Earlier	 studies	 have	 demonstrated	 that	 alternating	 dehydration-rehydration	
(DH-RH)	 regime	 along	 with	 organizing	 effect	 contributed	 by	 lipids	 promotes	
this	polymerization	reaction	by	overcoming	the	energetic	barrier.1,	2

•	 	The	 presence	 of	 complex	 phospholipids	 under	 early	 Earth	 conditions	 is	
difficult	 to	 justify	 and	 therefore	 this	 project	 focuses	 on	 the	 contribution	 of	 fatty	
acids	to	 the	polymerization	reaction	as	they	are	more	prebiotically	plausible.

Objectives
•	 	To	 establish	 a	 fatty	 acid	 system	 that	 can	 withstand	 DH-RH	 cycling	 at	 high	
temperature	and	 low	pH	conditions.

•	 To	 observe	 the	 subsequent	 influence	 of	 this	 fatty	 acid	 system	 on	
nonenzymatic	polymerization	of	mononucleotides.

Results

Future Prospects
•	 To	 infer	 the	structure	of	 fatty	acid	vesicles	 in	dehydrated	state

•	 To	 characterize	 the	 physico-chemical	 effects	 on	 the	 fatty	 acid	 system	 during	
transitions	between	hydrated	and	dehydrated	state

•	 To	study	 the	effect	of	associating	 fatty	acid	system	with	other	known	 inorganic	
catalyst	such	as	montmorillonite	K-10	clay3
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Rationale
•	 	The	 alternate	 dehydration-	 rehydration	 periodic	 regime	 simulates	 the	
hypothesized	conditions	present	on	prebiotic	Earth.

•	 The	 hypothesis	 is	 that	 multi-lamellar	 vesicles	 formed	 by	 the	 amphiphilic	
fatty	 acid	 system	 could	 bring	 the	 mononucleotides	 in	 closer	 proximity	
effectively	 increasing	 local	 concentration	of	 the	 reactants	 leading	 to	 enhanced	
polymerization	rates.
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of	7th	 timepoint	of	DH-RH	
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Red:	control
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(DIC)	microscopy	of	 the	reaction	
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Abbreviations: 
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	 	 unsaturated	carboxylic	acids/esters
  Student: Mohite, Amar.R.
	 	 Supervisor:	Dr.	Ramkrishna	G.	Bhat
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	 TH11	 Chemistry	on	unnatural	amino	acid	peptide	building	blocks	and	bioinspired	peptide	synthesis
   Student: Mali, Sachitanand. M.
	 	 Supervisor:	Dr.	Hosahudya	N.	Gopi

	 TH12	 Total	sysntesis	of	1-deoxy-6,7,8a-epi-castanospermine,	(+)-epiquin	amide,	(+)-CP-99,994	and	
	 	 orthogonal	N-deacetylation	and	N-cbzdeprotection
  Student: Sultane, Prakash. R.
	 	 Supervisor:	Dr.	Ramkrishna	G.Bhat

	 TH13	 Photo-physical	properties	of	single	semiconductor	nanostructures	using	fluorescene	
	 	 correlation	spectroscopy
  Student: Murthy, A.V.R.
	 	 Supervisor:	Dr.	Shivprasad	Patil

	 TH14	 Synthesis	and	functional	studies	of	transition	metal	complexes	derived	from	amido	and	imido	
	 	 P(V)	ligands
	 	 Student:	Gupta,	Arvind	Kumar
	 	 Supervisor:	Dr.	R.	Bhoomi	Shankar

	 TH15	 Stereoselective	glycosidations	and	application	to	the	mycobacterial	arabinogalactan	by	gold		
	 	 (III)	Catalysis
	 	 Student:	Thadke,	Shivaji	Ashokrao
	 	 Supervisor:	Dr.	Srinivas	Hotha

	 TH16	 Atomistic	investigation	of	polymer	electrolyte	membrane	nanostructure	and	dynamics	of	
  molecular  transport in fuel cells
  Student: Sunda, Anurag. P.
	 	 Supervisor:	Dr.	Arun	Venkatnathan

	 TH17	 Electrical	and	optical	investigations	of	the	condensed	matter	physics	of	junction	diodes	
	 	 under	charge	carrier	injection
	 	 Student:	Bansal,	Kanika
	 	 Supervisor:	Dr.	Shouvik	Datta

	 TH18	 Electronic	structure	characterization	of	molecular	interactions	in	Clathrate	Hydrates
	 	 Student:	Ramya,	K.R.
	 	 Supervisor:	Dr.	Arun	Venkatnathan

	 TH19	 Excited	state	dynamics	and	photophysics	in	bulk,	confined	and	bio-mimetic	systems
	 	 Student:	Sengupta,	Abhigyan
	 	 Supervisor:	Dr.	Partha	Hazra

	 TH20	 Coronal	mass	ejections	from	the	sun	-	propagation	and	near	earth	effects
	 	 Student:	Arun	Babu,	K.P.
	 	 Supervisor:	Dr.	Prasad	Subramanian

            Go to top
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	 TH21	 Synthesis	of	semiconductor	quantum	dots,	study	of	their	optical	properties	and	their	
	 	 application	in	sensitized	solar	cells
	 	 Student:	Patil,	Padmashri
	 	 Supervisor:	Dr.	Shouvik	Datta

	 TH22	 Environment-sensitive	base-modified	fluorescent	ribonucleoside	analogue	probes:	Synthesis,	
	 	 incorporation	and	applications
	 	 Student:	Pawar,	Maroti.	G.
	 	 Supervisor:	Dr.	Seergazhi	G.	Srivatsan

	 TH23	 Synthesis	and	evaluation	of	organic	sources	of	reactive	sulfur	species
	 	 Student:	Malwal,	Satish.R.
	 	 Supervisor:	Dr.	Harinath	Chakrapani

	 TH24	 Synthesis	and	evaluation	of	small	molecule	based	reactive	oxygen	species	(ROS)	generations
	 	 Student:	Dharmaraja,	A.
	 	 Supervisor:	Dr.	Harinath	Chakrapani

	 TH25	 Probing	non-covalent	interactions	in	biomoleculaes	and	materials:	A	gas	phase	laser	s
	 	 pectroscopy	study	of	N-heterocyclic	aromatic	complexes
	 	 Student:	Kumar,	Sumit
	 	 Supervisor:	Dr.	Aloke	Das

	 TH26	 SUMOylation	in	the	Drosophila	Innate	immune	response:	Proteomics	to	immune	signaling
	 	 Student:	Handu,	Mithila
	 	 Supervisor:	Dr.	Girish.	S.	Ratnaparkhi

	 TH27	 Role	of	fluid	dynamics	in	nanofabrication:	Growth	mechanism	and	optical	properties	of	
  ligand free 
	 	 CdS	nanotubes	made	using	alumina	nano-reactor
  Student: Varghese, Arthur
	 	 Supervisor:		Dr.	Shouvik	Datta

	 TH28	 Design,	synthesis	and	functional	studies	of	biomolecule	based	coordination	polymers
	 	 Student:	Joarder,	Biplab
	 	 Supervisor:	Dr.	Sujit	K.	Ghosh

	 TH29	 Synthesis,	characterization	and	redox	properties	of	antiaromatic	expanded	isophlorins
	 	 Student:	Yadagiri,	Gopalakrishna	T
	 	 Supervisor:	Dr.	V.G.	Anand

	 TH30	 Design	and	synthesis	of	metal	organic	frameworks	for	selective	sensing	applications
	 	 Student:	Nagarkar,	Sanjog.	S.
	 	 Supervisor:	Dr.	Sujit	K.	Ghosh

            Go to top
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	 TH31	 Design	and	synthesis	of	fluorescent	probes	for	selective	detection	of	thiols
	 	 Student:	Kand,	Dnyaneshwar.S.
	 	 Supervisor:	Dr.	Pinaki	Talukdar

	 TH32	 A	Evolution	and	development	of	insect	wings:	A	comparative	analysis	of	the	genome	wide
	 	 targets	of		the	HOX	protein	Ultrabithorax	in	Bombyx	mori,	Apis	Mellifers	and	Drosophila	
  melanogaster
  Student: Shreeharsha T T
	 	 Supervisor:	Prof.	L.S.	Shashidhara

	 TH33	 Drosophila	models	of	motor	neuron	disease
  Student: Senthilkumar, D.
	 	 Supervisor:	Dr.	Girish	Ratnaparkhi

****
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