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CARBON NANOTUBE REINFORCEMENT OF DNA-SILICA
NANOCOMPOSITES AS CELL INSTRUCTIVE BIOCOATINGS

Biomedical applications reguire substrata that allow for the graliing, colonization and control of
cukaryotic cells. Currently available matenals are oflen limited by msullicient possibiliies for the
integration of biological lunctions and means lor tuning the mechamical propertics. We repord on
tatlorable nanocomposite materials in which silica nanoparticles are inlerwoven with carbon nanotubes
by DNA polymenzation. The modular, well controllable and scalable synthesis vields materials whose
composition can be gradually adjusted o produce synergistic, non-lincar mechanical stilfness and
viscosily propertics. The materials were exploiled as substrata thal outperform conventional cullure
surlaces m the ability to control cellular adhesion, prolileration and transmigration through the hydrogel
matrix. The composile malerials also enable the construction ol layered cell archilectures, the expansion
ol embryonic stem cells by simphified cultivation methods and the on-demand release olunilormly sized
stem cell spheroids

The design of novel, programmable "inlelbhgent” cell cullure substrales 1o control the interaction of
cukaryotic cells with teehnical surfaces s of paramount interest for biomedical applications, such as
stem ecll therapies or tssue engincering. These applicabons call for biocompatible materials wath
tunable physical properlics in lerms of porosity and clasticity, which can be [unctionalized with
biomolecules, such as proleins, peplides, morphogens, and growth faclors, and which can be degraded
under mild conditions to release the cells or cell aggregaices afler cultivabiion. Synthetic hydrogels arc
very promising in this respeel because their three-dimensional (3D) porous struclure  yiclds
biocompatibility, high-waler contenl, and lssuc-like clastic propertics that allow [or clfeclive
permeation of oxyeen and nutnients, which s crucial for eellular colonization.

While approaches have been developed lor the systematic adjustment ol the mechanical properties ol
organic hydrogels by cross-linking with nanoparticles, synthelic hydrogels may suller from polential
drawbacks duc to adverse cffeets of chemical mgredienis. Hydrogel maienals from DNA offer
advantapes in this respecl, as they can be produced using exelusively non-loxie biochemical reactions.
These biopolymers can also be programmed very elficiently via their nuecleic acid sequence in order Lo
install shape memory persisicnce, molecular recogmtion capabiliies and stimuh responsivencess, for
example, w Eeilitate their degradation with a mild eneymatic treatment. However, the mechanical
propertics ol DNA hydrogels are dillicult to modify. A multitude of DNA-Tunclionalized nanoparticles
have been produced c.g. from gold, metalloxides, silica, or carbon nanotubes (CNT). DNA-decorated
silica NPs (SiNP) have unigue propertices in lerms ol biocompatibility and synthetic accessibility. Smee
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prefimimary studices indicated the utihiy ol CNT in reinforcing nanofiber networks and sugpested good compatibility with DNA
materials, we hypothesized that the combination of SiNP, CNT and DNA hydrogels should be able to produce mechanically
adjustable matenials that can be used o control cellular functions,

Here deseribe composiies m which silica nanoparticles are mterwoven with carbon nanotubes by DNA polymerzation. The
modular, well controllable and scalable synthesis yields malerials whose composition can be gradually adjusied 1o produce
synetgistic, non-hncar mechanical stiffness, and viscosily propertics. The matenials' talorable clastic propertics arc used o control
cellular adhesion, proliferation and transmigration through the hydrogel matrix. We also demonstraie conirolled cell release under
mild conditions. This allows for the construction of layered cell architectures, the expansion of embryomic stem cells by simplificd
cultivation methods and the production ol uniformly steed stem cell spheroids (Fig. 1).
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Since materials libranes can be readily constructed via automated synthesis, we belicve that the materials have a mgh potential for
[undamental studies and deviee applications in biomedical sciences

In conclusion, the developed elass ol nanocomposite DNA malenals can be customized lor cell culture applications by means of a
serics ol selscrews. Simee the matenals arereadily obtained from DNA-modihed nanoparticles through cneymatic biosynthesis, our
synthetic approach 18 genene and applicable o awide range ol nanomalenals, whose composition can be gradually tuned st will. As
demonstraled by varation ol the SiINP:CNT mass ratio, this can lead Lo non-hincar effects on the materials' physicochemical
properiies, such as mechamceal stilTness and viscosity, which are [undamental for the cstablishment, maintenanee and control of
cellular systems. Our exemplary demonstration that cellular adhesion, propagation and motility can be controlled by adjustment of
SiNP:UNT particle composition sugpesis thal incorporation of particles from other materials and/or different size, aspect ratio, or
binding valency will lead toan almost unlimmited vanetly of designer matenals. lmportantly, this synthetic approach s amenable 1o
automated synthesis as a means W creale and sereen hibranes ol'matenals for unpredictable properties that can anse [rom distmetive
compositions of building blocks. As imitial demonstration, il ok advantage of this combinatorial approach by establishing
substrata for control of cellular adhesion and transmigration through the hydrogel matnx. The composite matenals eould also be
applicd to enhance stermn cell proliferation with concomitant preservation of their stemness 1o enable less complex cullivalion
procedures. Based on these measures, the composiles clearly oulperform conventional tissue culture substrata, Another important
implication of this work anses from the (act that the matenals display not only the features emerging from those of the crosslinked
nanoparticles, such as cell attractiveness of SiNP and stilfness ol CNT particles hamessed here. However, distinel biomstructive

DEVAKI AMMA MEMORIAL COLLEGE OF PHARMACY



CHEM MASTERY Vo3 Ismue.1, Anguest 2019

propertics can be convemently implemented mio the materials through ratonal engineering of the connecting DNA polymer
backbone. Here demonstrated incorporation of eneymabic restniction siles enabled the control of vertical transmigration, as well as
the on-demand release of caplured cells. These mitial cxamples of "lunclionality by design” sugpest that implementation of basic
concepls ol DNA nanotechnology can open the door o even more sophisticated materials that enable control ol cell response.
Prepared by

Ayisha Nitha P.,
1 Sem M.Pharm

DNA SEQUENCING USING GRAPHENE NANOPORES

DM A sequencing is the process ol delermming the exaet order ol the bases [A, T, G and C] m amolecule ol DNA.

s Scientigis will be able 1o detect the defective penes responsible lor penetic discases like Alzheimer's discase, cancer, diabetes cic
and can replaced with the healthy ones.

o llisa promise [or [ulure 1o give paticnls precise personalized treatment developed on the basis of that patient's specific DNA
sequence.

o In crime forensics- 1o identifly a body & solving a erime: height, skeletal and Facial features, skin colour cie ol a person can be
determined.

e Determine the patermity

o Inagricullure- lo make pest resistant plants, 1o increase productivily and quality ofmilk & meat ele.

DNA sequencing has come a long way since 1970s, when the first technigue was miroduced by Frederick Sanger. The technigue

mvolves 4 sieps

o DNAamplilication

e Sequencing reaclion

s Scparation and detection of the [ragments

o Assembling of'the sequenced parts ofa gene

GRAPHENE NANOPORES

Graphene is a one atom thick sheel of C-aloms, arranged in a honey comb [hexagonal | lattice. Thickness is 0. 3mm. It is thinnest &

strongest known matenal and is very (exable, 111s continuows and cxhibit ligh erystal guality: 11 was considered as a ‘material that

could not exist’ since it was isolated for the first ime i 2004,

IL1s & greal electnical conduclor: Each atom 15 covalently bonded (o three olhers; bul sinee carbon has [oor valence clectrons, one 15

lefl free - allowing graphene Lo conduet cleetricity. Electrons are able to Mow as fast as 1/100th of the speed of light n vacuam.

Giraphene is transparent, cheap and pleniiful. 10s harder than diamond & 300 Gmes harder than stecl and stretchable up to 20% ol 1t

milial lenpth. Single layeér ol graphene  only 0.3nm thick, smaller than the distance between 2 bases. When a DNA strand passes

through iL, a single nueleotide can block the pore al any moment. These makes graphene nanopore a promising device [or DNA

SCOQUETICITIE,

The porcs arc oblained by placing a graphene sheel over a Spum sized hole m a SiN membrance and drilling a nanosized [aboul 5nm|

hole in the graphene using highly focused clectron beam ol a Transmission Electron Microscope | TEM |. Added a layer of Tilarmum

oxide Lo the graphene membrane Lo make the hydrophobic graphene more weltable. The layer is mounted inlo a microlhndic Mow

cell, added a TM saline solution [TM KCI, pH-8.0] on both sides of the membrane. A voltage is apphed across the membrane [or

which the current from 1on transport through pore is measured. Single or double siranded DNA was dnven clectrophoretically

through the nanopore a5 a long siring. Each nueleotide may obstruct the nanopore to a different charactenstic degree and the amount

of the current passing Lhrough the pore varies depending on the type ol nucleotide. Each temporary drop in measured conductance

arises from a single nucleotide that trenslocate through the pore.
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Advantages

» Lixccllent conductivity.

Chemically incrt & stable in operational cnvironment.
Low thickness.

Chesap.

Fast sequencing- 10 genome/day.

Direct secguencing without the need of an mtervening PCR amplification or a chemical labeling sicp or the need {or optical

instrumentation [lasers ] to identily the chemical label.

Conclusion

» This low-cost, ultra-last & accurate DNA sequencing could revolutionize both healtheare and biomedical rescarch, and lead to
major advances in drug development, preventalive medicne and personalized medicine.

» Several challenges sill remain 1o be overcome including controlling the speed with which DNA threads through the pore.

» DNAsequencing could get a lot laster and cheaper and thus closer Lo routine use in clinical diagnostics.

Prepared by
Mrs. Ayswaryva K,
Assistant Professor

DEPARTMENT ACTIVITIES

ON GOING RESEARCH PROJECTS:

Following are the research projects from Department of Pharmuaceutical Chemmstry and Pharmaceutical Analysis lor Post Graduate
students in the academic year 2019-2020:

Siudenis Name Project Title Guided by
R e I:f.liﬂ.liﬂnf ‘fwhmliun and analytical validation of newly formulated anshia from Dr. Biju C. R
Fiews religiosa rool bark
Sruthi R [.urm?dfmuu, ﬂm}unllmﬁllfm@dﬂnﬂ!?rhqr:uf validation ol newly l'urmullm:dumhmml Dr. Biju C. R.
contaming Calendula officinalis and Echinacea purpurae mother tinclures
Anali V.P DL‘:-::lgnl. synthesis and mvitro  anbidiabetic potenbal ol pipending]  coumnarn Dr. Shiny George
dervatives
: . Insilico docking studies, synthesis and biological evaluation of pymole linked
Shahana € | \pisolidinedione derivatives his Azanacy ks

SEMINARS/ CONFERENCES ATTENDED:

Dr. G. Babu, Mrs. Binjusha and Ms. Teena Thomas along with 5°

semester B Pharm and 17 semscter M_Pharm students has participated - WTLCOME
in AICTE sponsored International Conferenceonrecent trends innano. - B © | ; o
biogovernance on 27092019 and 28092019 at Al Shila College of (3 b
Pharmacy, Perinthalmanna, Kerala, D G, Babu chaired one session : & 3

Loo.
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Mrs. Shalima N. K. and I year M. Pharm Pharmaceutical
Chemistry studenls participaled in two days National level
Workshop on Molecular Docking and Drug  Discovery
Technology (MDDDT-2019) orgamixzed by Depariment of
Pharmaceutical Chemistry at Grace College ol Pharmacy,
Palakkad, Kerala on27.09.2019 and 28.09.2019.

Dr: Biju C. K. has invited as a speaker in Continumng Education
Progrum conducled by Kerala Stale Pharmacy Council,
Thiruvananthapuram. He has given a seminar on the lopic
"Good Pharmacy Practice” al Edappal hospital, Edappal,
Mafappuram on 06.10.2019.

DEVAKI

AMMA MEMORIAL COLLEGE OF

Dr. Shiny George and 1 year M. Pharm Pharmaceutical
Chemistry students allended National Conlerence on
Molccular tools and discase diagnosis organized by
Department of Biolechnology Engincering, Sahrdaya College
ol Engincering & Technology, Kodakara, Kerala on 03.10.2019
-05.102019.
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Mrs. Nimmi M., Dr- M. Kumanan and Mrs. Bhavya Sivadas
accompanicd 5° semester B. Pharm students for one day visit to
Vaudyaratnam P.S Vaner's Arya Vaidya Sala manulaetuning unil
al Kotlakkal on 21.10.2019.

PHARMACY



Ms. Neethu Dasan, Dr. Siraj Sundaran and Mrs. Binjusha
along with IV" Pharm D. studenis participated as delegate and
altended the seientific sessions of 2nd Pharmaceutical Sciences
Congress-20149 orgamised at SUPetees Institute of Pharmaceutical
Scicnces, Warangal, Telangana, India on 1.11.2019 and
2112019,

Dr. Shiny George, Mr. Arunlal V.B, Mrs. Anjali Narayanan, 1 and Il year M. Pharm Pharmaceutical Chemistry studenis
along with 6 B. Pharm siudents attended National Sceminar on New Insights m Pharmacogenomics and Recent Advances m
Computer Aided Drug Design held at JOT Islam College ol Pharmaey, Calicat on 16.11.2019. Dr. Shiny George chatred one session

and evaluated poster presentation also.

PAPER PUBLICATIONS
Biju C. R. eraf,

Activities ol Salix purpurea ( Purple willow bark }- A review, Journal of Pharmacy and Pharmaceutical Rescarch, 16{1). 2019, 372-
3812

PAPER PRESENTATION

Dr. Shiny George presenled paper on "Insilico studies and
synthesis. of novel mycobaclerium  wberculosis  enoyl-acp
reductase and CYP-51 inhibitors" during National Conference on
Molecular wols and Discase diagnosis organtzcd by Department
ol Biotechnology Engincering, Sahrdaya College of Engincering
& Technology, Kodakars, Keralaon 03102019 -05.10.2019.
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ACHIEVEMENTS
Mrs. Ayswarya K has completed cerificate programme in Health Science Education Technology (C-HSET) conducted al KUHS
Academic StalTCollege in 2019 batch on 23.10.2019.

Dr. G. Babu has honored with "Dr. APJ ABDUL KALAM AWARD FOR TEACHING EXCELLENCE-2019 of Marnna Labs
Rescarch and Development, Chennai on 24.11.2019.

SOCIAL ACTIVITY
Mrs. Nimmy M., Mr. Arunlal V.B., Dr. Shiny George and Mr. Mridul Mohan scecompanied 18t & llnd D.Pharm Stadents o
Gender Park, Vellhmadukunno, Koshikode on 12,07 2019 as part of NSS activity lor cleaning of child welliare campus and oldage

home premises. Also done health cheekup for immates of oldage home.
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