
The nascent and abruptly devastat ing SARS-CoV-2 has launched a forcible
and terr ible attack on humankind eversince i t 's  purported or ig in from a wet
market in Wuhan,  China,  in September 2019,  and in response,  sc ient ists
have started to decode the Achi l le 's  heel  of  the virus from al l  quarters ,
from across the globe.  The virus has a lready infected 9,47,3214 individuals ,
and has c la imed 484249 l ives as of  26th June 2020,  as reported in the
WHO Situat ion Reports Stat ist ics (WHO, 2020) .  The virus continues to
intensify i t 's  war on the human community inf l ict ing mult i-organ fai lure,
especial ly  heralded by severe acute respiratory distress syndrome (ARDS)
and intravascular  coagulopathy engendering severe loss to human l ives.  
 
So,  what is  the problem with the virus? A virus is  a  v irus,  and has no other
subsistence other than hi jacking a susceptible cel l !  But ,  'what 's  the hel l
going on'  in the body? As soon as the virus takes charge of a susceptible
cel l ,  c lass ical ly ,  the c i l iated upper respiratory airway epithel ia l  cel l  in  the
host that a lmost a lways expresses ACE2 or TMPRSS2 receptor ,  especial ly  in
the upper respiratory mucosa,  i t  tr iggers a ser ies of  damaging mechanisms
in the cel l ,  which a c lever virus seldom does!  A shrewd virus does not
permit  a harboring cel l  to get k i l led because that indirect ly is  a imed at
ki l l ing the host ,  which means that the virus is  fool ishly k i l l ing i t 's  owner to
jeopardise i t 's  chances of  survival  in the infected individual !  The virus
appears to inf l ict  damage,  but the cel l  has a means to conceive and del iver
SOS signals  in the form of chemicals  cal led DAMPS (danger-associated
molecular  patterns)  into i ts  surrounding.  An infected cel l  upon sustaining
damage releases DAMPs that can alert  the patrol ing immune cel ls  in the
closer vic inity ,  which are known as inf lammatory cel ls ,  the neutrophi ls  and
the airway macrophages ( large cel ls  that can engulf  pathogens) .  These cel ls
concertedly arr ive at  the s ite of  SARS-CoV-2 presence in response to
DAMPs relesed by the infected airway epithel ia l  cel ls  that depends on a
concentrat ion gradient.  This  means,  the higher the concentrat ion of
DAMPs,  the greater the turnover rates of  inf lammatory cel ls .  Upon arr ival
at  the s ites of  infect ion,  inf lammatory cel ls  engage with the vira l ly- infected
cel ls  using pattern recognit ion receptors (notably the RAGE receptor) ,
which leads to act ivat ion of the inf lammatory cel ls .  On act ivat ion,  the
inf lammatory cel ls  release pro-inf lammatory mediators cal led cytokines
whose role is  to communicate with several  other inf lammatory cel ls
entai l ing their  recruitment at  the infect ion s ite ,  and their  concurrent
act ivat ion,  which eventual ly  magnif ies the inf lammatory cascade manifold
culminat ing in a c l in ical  condit ion col lect ively cal led as cytokine storm
a.k.a .  hypercytokinemia syndrome. The important proinf lammatory
cytokines released at  the inf lammed site in it ia l ly  happens to be by the
upper respiratory epithel ia l  and endothel ia l  cel ls  of  capi l lar ies ,  the former
r ich in c i l ia  (hair- l ike f ibrous structures that are meant to offer  a barr icade
against  v ira l  adherence to the underlying mucosa) .  But ,  once infect ion has
successful ly  manifested,  the infected cel ls  further release a battery of
cytokines,  especial ly  IL-1b,  IL-6,  TNF-a,  IL-8,  IL-9,   IL-13 etc.  Of these,  IL-9
is  effect ive at  recruit ing highly potent inf lammatory cel ls  cal led mast cel ls
(mastocytes)  in the mucosa that are effect ive at  magnifying inf lammation.
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Some of these proinf lammatory cytokines,  a .k .a endogenous pyrogens
(chemicals  causing r ise in body temperature) ,  travel  to the brain where
they arr ive at  a s ite cal led hypothalamus,  whose poster ior  aspect has
nuclei  that nest les a row of thermoregulatory centres.  Upon arr ival ,  the
cytokines ' tune'  the thermoregulatory knobs to increase the body
temperature (a .k .a .  fever or  pyrexia ,  which is  normal ly an innate
mechanism to alert  the host that an infect ion has occurred) .  The
cytokines direct  the pituitary gland to release ACTH, a hormone that acts
on the adrenal  cortex to release cort icosteroid hormones that in turn acts
on the l iver to release a bunch of inf lammatory proteins cal led acute-
phase proteins (complement,  C-react ive proteins,  f ibr inogen,  mannose-
binding lect ins ,  etc) .  Such proteins contr ibute s ignif icant ly to the
magnif icat ion of the exis it ing cytokine storm that becomes too
overwhelming.  Concurrently ,  cel lu lar  remnants cal led platelets release
clott ing factors that necessitate intravascular  coagulat ion (microthrombus
formation within capi l lar ies) .  The f inal  phase of inf lammation also
includes several  other inf lammatory mediators such as type 1 interferons
that adds to the severity of  symptoms.  Together ,  the exaggerated
inf lammation aggravates manifold leading to extensive swel l ing,  heat ,  pain
and redness,  the cardinal  s igns of  inf lammation.  In COVID-19,  the
mechanism is  often a c lassical  upper respiratory infect ion l ike for any
other upper respiratory vira l  infect ions,  excepting that COVID-19
engenders abort ive changes in the upper respiratory tract  that gradual ly
spreads to the bronchi  and alveol i ,  where alveolar  macrophages (dust
cel ls )  spearhead the inf lammatory cascade,  leading to accumulat ion of
pulmonary f luids.  The pathology deter iorates further due to damage
inf l icted on type 2 pneumocytes that are normal ly responsible for
producing chemicals  cal led as surfactants ( l ipoproteins)  that are necessary
to lower the surface tension at  the air-exchanging zones of  the alveol i .
Accumulat ion of f lu id (edema) within the alveol i  compromises O2-CO2
exchange at  the thin capi l lary-alveol i  interface entai l ing poor O2 tension
in the c irculat ion.  This  condit ion can end-up in t issue hypoxia ( lack of
oxygen)  and elevat ion of CO2 (hypercapnia)  in the blood circulat ion.  This
is  when an individual  requires mechanical  venti lat ion as he/she suffers
from shortness of  breath (asphyxia) .  
 
The systemic inf lammation prevai l ing in the body could a lso impact other
visceral  organs in the body,  especial ly  the heart ,  k idneys,  l iver  and brain
result ing in far-reaching consequences.  Magnif icat ion of cytokine storm
also gets a id from several  other pathophysiological  components,  for
instance intracel lu lar  sensors cal led inf lammasomes (v iz . ,  NLRP3,  AIM-2) ,
STING, RIG-1,  and cel ls  such as natural  k i l ler  (NK) cel ls .  Cytokine storm
remains the most widely accepted disease deter iorat ion mechanism.
While ,  COVID-19 severity is  reportedly grave,  a  vast  major ity of  infected
populat ion remain asymptomatic ,  and surpris ingly the global  mortal i ty
rates have remained relat ively far  lesser in third-world nat ions as
compared to the developed world,  which therefore,  remains a conundrum!
Does i t  has something to do with hygiene hypothesis ,  HLA/KIR
haplotypes,  gene alterat ions,  l i fe-style ,  food pract ices,  BCG vaccinat ion
and so on? No answers yet;  at  least  unti l  we identify the correlates of
protect ion!  Bats and Malayan pangol ins ,  the reservoir  hosts of  SARS-CoV-
2 and several  other insidious viruses,  remain asymptomatic (means no
cytokine storm in them),  a lthough might spread the viruses to human.
Avai lable evidence suggest that the inf lammatory cascade in the mammals
gets truncated largely owing to a 's i lence-maintained'  by host cel ls
despite seeing a load of v iruses.  Interest ing,  isn 't  i t?  Biology is
fascinat ing,  and lets hope the underlying mechanisms of COVID-19
pathophysiology are unvei led promptly for a healthy tomorrow. ( Image
Courtesy:  Business Insider ,  retr ieved on 16th May 2020 from
https://markets.businessinsider .com/news/stocks/visual iz ing-what-covid-
19-does-to-your-body-1029083496

I think it’s going to
take a really, really
long time to
understand the
mechanistic,
biological basis of
why some people get
sicker than others.
 
-Angela Rasmussen,
Columbia University
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Photosynthesis  and respirat ion being the two most important metabol ic
processes associated with carbon and energy metabol ism in higher plants
interact with mutual  benefits  at  biochemical  and molecular  levels .  The Plant
Molecular  Stress Physiology research group of Department of  L ife Sciences has
recently publ ished a research art ic le entit led Cytochrome oxidase (COX) and
alternat ive oxidase (AOX) pathways of  mitochondr ia l  e lectron transport  chain are
important  for  the photosynthet ic  performance of  pea plants  under  sa l in ity  stress
condit ions  in  the Plant  Physio logy and Biochemistry  Journal .  In the art ic le ,  the
importance of COX and AOX pathways of mitochondria l  oxidat ive electron
transport  chain for photosynthetic performance of pea plants (Pisum sat ivum  L .
Pea Arkel  cv)  was analysed by using the inhibitors ant imycin A (AA) and
sal icylhydroxamic acid (SHAM).  Whi le sal inity stress in pea plants resulted in
decreased CO2 assimi lat ion rates,  leaf  stomatal  conductance,  transpirat ion and
leaf intercel lular  CO2 concentrat ion in a stress dependent manner,
superimposit ion with AA and SHAM caused aggravation in their  decrease along
with enhanced damage to photosystem (PS)  I I  suggest ing the importance of
mitochondria l  oxidat ive electron transport  for photosynthesis .  Addit ional ly ,
restr ict ion of COX and AOX pathways caused cel lular  H2O2 and O2−
accumulat ion and promoted cel l  death.  Furthermore,  increased expression of
AOX1a and AOX2 transcr ipts a long with increased AOX protein levels  indicated
up regulat ion of AOX pathway in pea leaves during sal inity stress.  The results
suggested the benefic ia l  role of  COX and AOX pathways for optimal
photosynthetic performance in pea leaves during sal inity stress condit ions.
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Sustainabi l i ty aspects have dr iven the industry to renewable sources for
energy and chemical  production.  Fossi l  fuel  has the sustainabi l i ty issues of
deplet ion,  carbon emission and other environmental  impacts.  Recently
bioenergy derived from l ignocel lulosic biomass such as agr icultural  residues has
attracted more attention due to i ts  higher production rate,  easier  avai labi l i ty
and low cost .  In addit ion,  the ever increasing concern about the environmental
issues related with the use of plast ic  bags is  wel l-known for decades.  In this
aspect ,  bioplast ic  production (polyhydroxyalkanoate)  could be used as an
alternate due to their  environmental  fr iendly and easi ly  degradable nature.  A
new concept portrayed in Figure 1 could contr ibute to social  development of
rural  areas in India by ut i l iz ing agr icultural  waste as a raw materia l  for  the
production of mult iple products ,  to be able to reduce net greenhouse gas
emissions by replacing fossi l -based production.
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Figure 1: Proposed concept of
integrated biorefinery
 
Objectives:
 
Utilization of lignin for value
added chemical production
 
Isolation, screening and
identification of PHA and cellulase
secreting  bacteria
 
Optimization of conditions for
delignification and cellulosic
hydrolysate separation
 
Arriving and optimizing design
parameters for pilot scale
experiment (Figure 2)
 
Cost benefit analysis and Life
cycle assessment (LCA) of project
outcome

I t  is  expected that this  knowledge would not only lead to an improvement
of currently avai lable energy sources,  but could also enable the development of
a sustainable process on a large-scale and reduces the net greenhouse gas
emissions.  
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The Human Oral  Microbiome Database (HOMD) reported that 687 species
belong to 185 genera and 12 phyla of  bacter ia such as Bacteroidetes,
Firmicutes,  Act inobacter ia ,  Proteobacter ia ,  Fusobacter ia ,  Spirochaetes,
Synergistetes,  Chlamydiae,  Chlorof lexi ,  SR1,  Saccharibacter ia (TM7) and
Graci l ibacter ia (GN02).  What is  a  biof i lm? A typical  biof i lm is  made up of mono
or polymicrobial  cel ls ,  polysaccharide,  proteins,  nucleic acids,  and l ip ids.  Oral
biof i lms are composed of 700 different microbial  species,  a  strong extracel lular
matr ix ,  which encompasses DNA, proteins,  polysaccharides,  and several  other
l ipids and sal ivary glycoproteins,  g ig ingival  crevicular  f lu id,  a lbumin,  and host
cel l  components.  Bacter ia l  colonizat ion,  interact ion between bacter ia l  cel l
surface adhesins and host receptors and extracel lular  matr ix are the key factors
for the development,  and maturat ion of oral  biof i lms.  Good oral  hygiene is  key to
preventing access to pathogenic bacter ia .  Pathogens predominating in oral
biof i lms contr ibute to development of  dental  car ies ,  per iodontit is  and oral
cancer.  Bacter ia l  abi l i ty to bind to t issues in the oral  cavity is  the root cause of
pathogenesis!  Adherent bacter ia are unable to attach for longer t ime-periods on
shedding surfaces although teeth offers an excel lent binding surface.  Gram
posit ive aerobe communit ies are local ized in gingival  margin whereas Gram
negative anaerobes are found in supragingival  biof i lms.
 
Nutr ients for bacter ia? Sal iva is  the pr imary nutr ient source for those residing
in supragingival  biof i lms whereas gingival  crevicular  f lu id offers nutr it ion for
bacter ia residing in subgingival  biof i lms.  Formation of oral  biof i lms init ia l ly
occurs at  the supragingival  region fol lowed by the formation of subgingival
biof i lms.  Subgingival  biof i lms are dominated by Gram negative obl igate
anaerobes.  Gram posit ive aerobes such as Actinomyces  spp.  and oral
streptococci  are responsible for the init ia l  colonizat ion of dental  surfaces.
Streptococcal  AGI/I I  proteins induces co-aggregation between S.  gordoni i  and
A. or is .  Interact ion between f imbriae of Actinomyces naes lundi i  with prol iner ich
sal ivary proteins that regulates interbacter ia l  binding.  The Gram negative
anaerobic bacter ium Fusobacter ium nucleatum acts as a connecting l ink between
early and late colonizers of  the oral  biof i lms.  Evidence also suggests that F.
nucleatum  supports the growth of Porphyromonas g ingival is .  Metabol ic  products
such as ammonia and organic acid of  F.  nucleatum  favours growth of acid-
sensit ive bacter ium P.  g ingival is  through enhancement of  pH in biof i lm.
P.gingival is ,  Aggregat ibacter  act inomycetemcomitans ,  Prevotel la  intermedia ,
Eubacter ium  spp. ,  Tannerel la  forsythia ,  and a few others are considered as late
colonizers of  the oral  biof i lm.  Gram posit ive oral  bacter ia such as streptococci
use 17–21 amino acids long competence s ignal l ing peptides (CSP) and both Gram
posit ive and Gram negative bacter ia use autoinducer-2 (AI-2)  to communicate
each other in oral  biof i lms.  Lactates of  streptococci  and lactobaci l l i  has been
uti l ized by A. act inomycetemcomitans .  Glucosyltransferases (GTFB, GTFC, and
GTFD) of  car iogenic bacter ia such as S.  mutans are responsible for the synthesis
of glucans.  GbpA, GbpB, GbpC, and GbpD surface proteins of  bacter ia bind with
the glucans.  These enzymes and proteins are involved in sucrose-dependent
pathway that induces plaque formation.  Chemical  communicat ion among
bacter ia l  cel ls  v ia expression of genes in response to high cel l  density is  def ined
as quorum sensing.
 
Periodontal  anaerobic pathogens such as P.  g ingival is ,  Prevotel la  intermedia
and F.  nucleatum  produce highest levels  of  AI-2.  CSP is  responsible for the
formation of biof i lm,  bacter iocins,  stress responses,  acid tolerance and genetic
conversion by S.  mutans .  Commensal  and pathogenic bacter ia l  species bypass
host immune responses by forming biof i lm.  Streptococci  produce oral  adhesins,
such as PaG, SspA,  ant igen I/I I ,  amylase-binding proteins,  and type 1 f imbriae-
associated proteins.  S.  gordoni i  and P.  g ingival is  use AI-2 in oral  biof i lm.  S.
gordoni i  reduces dental  plaque formation through production of hydrogen
peroxide.  Hydrogen peroxide of S.  gordoni i  inhibits  the growth of Actinomyces
naeslundi i .  F.  nucleatum  can also associates with S.  cr istatus .  Streptococci ,
act inomyces,  and lactobaci l l i  inhibit  the growth of bacter ia l  species by
transforming the oral  microenvironment acidic .  Porphyromonas,
campylobacters ,  T.  forsythia ,  Treponema dent icola  and A.
act inomycetemcomitans  in  the biof i lm are responsible for augmenting
inf lammation in periodontit is .  Evidence is  a lso accumulat ing that chronic
inf lammation ar is ing from biof i lm formation in the oral  cavity plays a sol id role
in increasing the r isk of  development of  oral  cancer.
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SCIENCE CAFE
Mechanisms of Platelet Activation and Its

Impact on Health and Disease
 

Meganathan Kannan MSc PhD
B l o o d  a n d  V a s c u l a r  B i o l o g y  R e s e a r c h  G r o u p ,  D e p a r t m e n t  o f  L i f e  S c i e n c e s ,

C e n t r a l  U n i v e r s i t y  o f  T a m i l  N a d u ,  T h i r u v a r u r ,  I n d i a

T h e  a u t h o r  i s  a  p l a t e l e t  b i o l o g i s t ,  w h o  d e s c r i b e s  h e r e i n ,  s o m e  o f  t h e  k e y  m e c h a n i s m s  i m p l i c t a e d  w i t h  p l a t e l e t  a c t i v a t i o n
a n d  t h e  i m p a c t  i t  m i g h t  h a v e  o n  h e a l t h  a n d  d i s e a s e  m a n i f e s t a t i o n s .

Platelets become act ivated when they come in contact with exposed col lagen in
the areas of  endothel ia l  damage.   In normal ,  rest ing platelets are in discoid
shape,  inact ive and circulate in blood for about 7-10 days;  upon act ivat ion the
shape changes to a compact sphere with long dendrit ic  extensions faci l i tat ing
platelet  deposit ion at  the s ites of  in jury.  The morphological  and physiological
changes of the platelets and phosphatidylser ine exposure help in stable platelet
plug formation and thus part ic ipate in pr imary hemostasis .  The platelet
act ivat ion process involves var ious steps including adhesion,  aggregation and
secret ion of intermediate molecules.  The adhesion of c irculat ing platelets to
the vascular  sub-endothel ium is  faci l i tated by von Wil lebrand Factor (VWF),
which is  a  key for in it iat ing platelet  deposit ion and thrombus formation.  
A membrane glycoprotein,  GPIbα,  a const ituent of  GPIb-IX-V complex binds
to VWF and mediates the process of  platelet  adhesion.   The platelet  GPIb
comprises of  two subunits ,  α and β,  of  which the α subunit  exhibits  binding s ite
for VWF that faci l i tates the init ia l  process of  platelet  adhesion on injured sub-
endothel ium.  The immunoreceptor tyrosine-based act ivat ion motif  ( ITAM)
containing proteins associated with GPIb-IX complex play an important role in
signal  transduction during the process of  adhesion.  Though GPIb-IX does not
require ITAM for i ts  pr imary s ignal ing,  this  motif  great ly helps the ampl if icat ion
of s ignal ing init iated by GPIb-IX.  Act ivated platelets (a)  release granular
contents of  adenosine-di-phosphate that binds to P2Y1 and P2Y12 receptors ,
(b)  synthesize thrombin that binds to protease-act ivated receptors and (c)
produce thromboxane A2 which eventual ly ,  through G-protein coupled
receptors (GPCRs) ,  act ivate the GPIIb/I I Ia  (αI Ibβ3)  integrin receptors.  Final ly
the act ivated integrin receptors bind to f ibr inogen that results  in aggregation of
platelets .   The mechanism of platelet  act ivat ion is  not only based on the
receptor-mediated s ignal ing,  but a lso depends the bidirect ional  s ignal ing of
Inside-Out and Outside-In s ignal ing across the plasma membrane.  Upon platelet
act ivat ion,  the Inside-Out s ignal ing,  increases the aff inity of  integrin receptor
towards i ts  l igands such as f ibr inogen.  This  is  achieved with the help of  a key
protein,  Tal in ,  a  cytoskeletal  protein which induces integrin act ivat ion by
binding to the cytoplasmic domain of β integrin receptor.  The head domain of
Tal in binds to the integrin β cytoplasmic tai l  and thus mediates stable thrombus
formation.   Fol lowing inside-out s ignal ing,  a  range of cel lu lar  events occur
which mediate the augmentat ion of platelet  act ivat ion and thrombus growth.  
Simi lar  to Tal in which plays a cr it ical  role in Inside-Out s ignal ing,  the process of
Outside-In s ignal ing ut i l izes mult iple key adopter proteins such as Kindl in-3,
Dab2,  FAK, Syk,  etc.  Act ivated platelets aggregate and secrete biological ly
act ive intermediate substances that further potentiate platelet  act ivat ion
through autocrine as wel l  as paracr ine mechanisms.  Defects in any of the
functions result  in platelet  disorders such as Glanzmann thrombasthennia,
Bernard Soul ier  syndrome, etc.  Increased platelet  act ivat ion has been
associated with var ious pathological  condit ions such as acute coronary
syndrome, stroke,  per ipheral  vascular  disease and other inf lammatory diseases.
In addit ion,  the open canal icular  system, a connector between the interor and
 surface of platelets ,  p lays an importnt role in platelet  act ivat ion as
abnormal it ies of  this  system leads to the condit ions cal led Budd-Chiar i
syndrome and May-Heggl in anomaly.  

Images panels: FACS analysis
of activated platelets (top);
Electron micrography of  a
normal (middle) and an
activated (bottom) platelet.
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Ms N Sukritha  (R142002) ,  an iMSc alumnus of 2014-19,  has been selected for a PhD programme in
Chemical  Ecology at  the nGICE (Max Planck Next Generat ion Chemical  Ecology)  in Germany.  She
wil l  be working on mosquito behaviour under the supervis ion of Prof .  Rickard Ignel l  (SLU) in a
col laborat ive project  between the Swedish Agricultural  University (Stockholm, Sweden) ,  Max Planck
Inst itute (Germany)  and the Lund University (Scania ,  Sweden) .  The department congratulates Ms.
Sukritha for br inging laurels  to DLS and CUTN and wishes her with loads of  good luck.
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Ms Arpita Shukla  (R142001) ,  Research Scholar  working under the supervis ion of Dr.  Jayalakshmi
Krishnan ,  Department of  L ife Sciences defended her PhD research at  a publ ic  v iva voce held on
11th of June 2020.  The t i t le  of  her thesis  was Seasonal  f luctuat ions and insect ic ide resistance in
Aedes  (Stegomyia )  albopictus  (Skuse,  1895) in f ie ld populat ions in Thiruvarur Distr ict  of  Tamil  Nadu,
India.  Her research work focused on mosquitoes,  their  seasonal  changes and their  resistance
capacity at  Thiruvarur distr ict .  The f indings of  her study are useful  for  publ ic  health vector control
implementat ion by nat ional  programs.  The faculty,  staff  and students of  the Department of  L ife
Sciences congratulate Ms Arpita and wishes her a l l  the best in a l l  her future endeavors and
academic career.

Ms Madhusmita Panda  (R142002) ,  Research Scholar  working under the supervis ion of Dr.  Indrani l
Chattopadhyay ,  Department of  L ife Sciences,  del ivered the pre-thesis  submission seminar on 10th
of June 2020 via a Webex meeting at  11 AM at the Pro-VC Hal l ,  Central  University of  Tamil  Nadu,
Thiruvarur .  The t i t le  of  her seminar was Alterat ions in  oral  bacter ia l  communit ies  associated with
oropharyngeal ,  hypopharyngeal  and oral  cancer  in  Assam (North-East  India) .
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