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The prestigious Nobel award, instituted at the
behest of the greatscientist and the inventor of
dynamite ‘AlfredNobel, is tribute to persons who
render mostvaluable serviceto humanityby their
resolute andconcerted workin differentfields of
physics,chemistry, physiologyand medicine,
economicsand peace.The awardis morethan a
mere symbol of recognition. The prize money of
1,66,000US dollarsis alsoof substantial help to
individual scientists tocarry forwardresearch in
their field of interestto satisfytheir insatiable
desire, in knowing the unknown for the benefit of
mankind forwhich they have devotedtheir lives
and effort. The Nobel Prize is an international
award administered by the Nobel Foundation in
Stockholm, Sweden.

Like everyyear, the Nobel Prize for physics and
chemistry forthe year 2009 wereannounced by
the Swedish Academyof Sciencewhile The
Stockholm Facultyof Medicinerecommended the
awards for physiologyand medicine.

Nobel Prize in Chemistry

This year's Nobel Prizein Chemistryhas been
awardedto three scientists: Venkatraman
Ramakrishnan, ThomasA. Steitz, and Ada E.

Yonath for enlighteningthe science community on
the ‘structure and function of the ribosome’. Out
of thethree bigmolecules forlife (DNA,RNA, and
Proteins), proteins arguablytake lion's share of
the work.Proteins provide structural stability to
thecells, give mechanical motionto muscles,
transport oxygenand play many otherkey role in
nearlyeverychemical reactionthat occursin the
cells. Thethree Nobelawardees, Ramakrishnan,
Steitz,and Yonath,used- X-raycrystallography to
identify and map the positions of the atoms in the
ribosome toprovide its3-D modelsto scientists
to facilitate further studies and dissectthem for
crucialinformation atthe atomic level. Thiswas a
unique achievement asthere are hundreds of
thousands of atoms involved. Their work has
benefitedmany otherareas of research, including
the study of antibiotics. As synthesis of proteins is
essential forthe survivalof bacteria, theribosome
is apractical targetfor drugs.The researches
carried outby Nobel laurates have provided vital
information for the design of new antibiotics.

The three-dimensional model (3-DJ,developed by
the threescientists showedhow different
antibiotics bind toribosomes. These models are
now used by scientistsin order to develop new
antibiotics, directly assistingthe savingof lives
and decreasinghumanity’s suffering.
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Fig. 1 : Nobel Prize awardees in Chemistry

Venkatraman Ramakrishnan, bornin 1952 in
Tamil Naduy, India, did his Ph.D from University of
Ohio in1976.He is a seniorscientist and now
leads astrong researchgroup atthe Medical
Research Council (MRC) Laboratoryof Molecular
Biology inCambridge, UK. He has determined the
structureof the 7hermus thermophius s(heat-
stable bacterium) 30S ribosomalsubunit in
complexwith severalantibiotics. Dr
Ramakrishnan’s researchinto theribosome and
its complexes withantibiotics, initiation factor 1
(IF1),aswell ascognate andnear-cognate tRNA
has resulted in anextensive body of publications.

Thomas A. Steitz, bornin 1940 in Milwaukee, WI,
did his Ph.D from Harvard University in 1966. He
is now SterlingProfessor of Molecular Biophysics
and Biochemistry, andan investigator of the
Howard Hughes Medical Institute. His scientific
career has been focused onstudying the
structural basis of the molecularand chemical
mechanisms by which proteins andnucleic acids
execute theirbiological functions.Dr Steitz's
imaged thefirst high-resolutioncrystal structure
of the large ribosomal subunit known as 50s

fro m Haloarculamarismortuiwitha resolution
of 9 A.

AdaE.Yonath,bornin1939 inJerusalem, Israel,
didher Ph.Din X-rayCrystallography from
Weizmann Institute, Israelin1968. Sheis presently
the Director of the KimmelmanCentre for
BiomolecularAssemblies atthe Wezmann
Institute of Science in Rehovot, Israel. The
ribosome was central toherresearchfrom the
initial crystallisationstudies inthe late 1970s to
her firstelectron densitymap of the small
ribosomal subunit from 7hermus thermophilus,
constructed at 4.5A.



Yonath and Ramakrishnan obtained the structure
of the small subunit (30S) from 7hermus
thermophilus. Thus, it was possible to map
ribosome functionality at the most basic, atomic
level.

Their research showedhow theribosome looks
like andhow itfunctions at the atomic Level.
Theyhave useda methodcalled X-ray
crystallography to map the position of every one
of the hundreds of thousands of atom s that
make upthe ribosome. This method dete rmines
the threedimensional structure of molecules
which are organised in different patternin the
crystals. Thesemolecules withinthe crystal
diffractthe X-raysin s pecificdirections when
these areexposed to a beam of X-rays.By
studying the diffraction pattern, the intensities
and position of the diffracted beam,
crystallographers canidentify the position and
atomic details ofthe molecules.

By buildinga (3-D) structure of the ribosome
using X-raycrystallography method,they solved
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an important part of the problem posed by
Francis Crick and James Watson,when they
proposedthe twisted double helical structure of
DNA, i.e.how does genetic codebecome a living
thing? DNA ismade avallable to theribosome by
“transcription” of genes into chunks of
messenger RNA (mRNA].In theribosome, these
mRNAare translatedinto variousamino acid
sequences bythe methodof translationand make
up anorganism’s proteins. The work is based on
a techniquecalled X-raycrystallography, where
protein molecules are removedfrom cells,
purified and made intocrystals thatcan be
examinedby X-rays.

Everycell of the organism have DNAmolecules in
their nucleus. They containthe blueprints for how
anorganism, saya human being, aplantora
bacterium, looksand functions.These blueprints
get transformed intoliving matter through the
function of ribosomes. Based upon the
information coded in DNA, proteins are formedin
ribosomes.There aretens of
thousands of proteins in the body of an
organism and theyhave different
structures and functions. They build
andcontrol lifeatthe chemical level.

ik

Ribosomes werefirst discoveredin the
mid1950s bya cellbiologist George
Palade using electronmicroscope and
the term ribosome’ forthem was
proposed by Biologist Richard B.

y Fig. 2: Translation Process
(the synthesis of protein]

(Source : http://www.ortodoxiatinerilor.ro/
20 08/0 9/genele-sint eza-proteinelor-
codul-genetic-5)
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Roberts. An understanding of structure and
function of the ribosome is important for a
scientific understandingof life.Ribosome is the
partofcelluar components that makethe protein.
Itis

20 nmindiametreand is made up ofa complex
comprising 65 per cent RNAsand 35per cent
Protein. Ribosomes are divided into two sub-units:
larger andsmaller. The unit of measurement of
sub-unit is Svedberg unit(s), ameasure of the rate
of sedimentation in centrifugation. The ribosome
is the site of protein synthesis (proteinfactory) ina
Livingcell. Theribosome translates genetic code
into proteins, which are the building blocks of all
living organisms. The sub-unit of ribosome in
prokaryotes andeukaryotes aredifferent, the
prokaryotes have 70S ribosomemadeupof larger
sub-unit of 50S andsmaller sub-unit of 30S.
Eukaryoteshave 80S ribosome, ithas larger
sub-unit of 60S and smaller sub-unitof 40S.
These sub-units play animportantrole in
translation, aprocess forthe synthesis of protein.
The three nucleotide genetic codon bind to these
sub-unit with the help of tRNA and make the
protein in this process.

Humanandbactenal ribosomes are slightly
different, making the ribosome a good target for
antibiotic therapy that works by blocking the
bacterium’s abilityto makethe proteinsit needs
to function. Nowadays, various antibiotics are in
use that cure diseases by blocking the function of
bactenal metabolicactivityinthe translation
process (proteinsynthesis).Dr Ramakrishnan
discovered the function of these ribosomal
sub-units complex withvarious antibiotics. He
also determined that how antibiotics bind to
specific pocketsin the ribosomestructure. The
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antibiotics cure the diseaseby interfering in the
function of bacterial (infecting) ribosomes by
preventing them to make the proteins they need
to survive.As makingproteins is essential for the
survival of bacteria,ribosome inthem isthe main
target of antibiotics, which stops the protein
synthesis.Without functional ribosomes, bacteria
cannot survive because of its inability to
synthesise protein. This is why ribosomeis such
animportant target for new antibiotics. This
research couldhelp scientiststo design
antibiotics totreat people who areinfected with a
bacterium thathas developedresistance against
traditional antibiotics. Bettertargeting of the
bacterialribosome shouldalso helpto avoid
negative effects onhuman cells thereby reducing
the side effects of taking antibiotics. Biologists in
pharmaceuticalandbiotechnology companies will
also usethis valuableinformation todevelop new
antibiotics to fight the growing problem of
bacterialdrug resistance.

Nobel Prizein Physics

The Nobel Prize in Physics-2009 has been
awarded jointly tothree Scientists— Charles K.
Kao, WillardS. Boyle,and George E.Smith. This
year's Nobel Prize inPhysics is awardedfor two
scientificachievements thathave helpedto shape
the foundations of today’s networked societies.
Charles K. Kao receivedtheaward forhis
“groundbreaking achievements concerning the
transmission of lightin fibres for optical
communication” while Makoto Kobayashi and
Toshihide Maskawawere nominatedfor the
“invention of an imaging semiconductor

circuit -the CCD sensor .



Charles KKao, bornin 1933 in Shanghai, China, is
also known as Fatherof Modern
Communications. Hedid his Ph.D from University
of Londonin 1965. He is retired Director of
Engineering atStandard Telecommunication
Laboratories, Harlow, UK andVice-Chancellor at
Chinese University of HongKong. He was cited
for his 1966 discovery that showed how to
transmitlight overlong distancesvia fibre-optic
cables,which becamethe backbone of modern
communication networksthat carryphone calls
and high-speed Internet data around the world.

Willard S. Boyle, bornin 1924 in Nova Scotia,
Canada, didhis Ph.D from McGill University in
1950. Hewas Executive Director of
CommunicationSciencesDivision, Bell
Laboratories,Murray Hill, New Jersey,USA. In
1962, heworked with Dr Nelsonand invented the
firstcontinuously operatingruby laser; he was
appointed as director of Bellcomm'’s (a Bell Labs
subsidiary) Space Science and Exploratory Studies
programme. Hereturned toBell Labs in1964. In
1969, heworked withGeorge E. Smithto develop
Charge-CoupledDevices (CCDs).

George Elwood Smith, bornin 1930 in White
Plains, New York, didhis Ph.D from University of
Chicago in1959. Heis retired Head of VLS| Device
Department, Bell Laboratories, MurrayHill, USA.
He was involved in a variety of investigations on
junction lasers,semiconducting ferroelectrics,
electroluminescence,transition-metal oxides,

the silicon-diode-array cameratube, and

Charge CoupledDevices (CCDs).

Boyle and Smith jointly inventedthe first
successful imagingtechnology usinga digital
sensor, aCharge CoupledDevice (CCD).
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Fig. 3- Nobel Prize awardees in Physics
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Fig. 4: Optical Fibres
(Source : ocw.mit.edu/.../det ail/f ibre_optics_hom.htm)

The CCD usessemiconductors, the samekind of
materials ascomputer chips,to capturelight and
turnitintoan electric signal. The CCD is the
electronic eyeof digitalcamera. Theinvention has
revolutionised photography, as light could now be
capturedelectronically instead of onfilms. The
digital form facilitates the processing and
distributionof theseimages. The CCD allowed
whole two-dimensional fields of optical datato be
read outmore quicklyand efficiently. The CCD has
beenthe backbone of thecommercial digital
camera industry.

The CCD technologymakes use of the
photoelectric effect,as theorised by Albert
Einstein andfor whichhe was awardedthe Nobel
Prize in the year 1921.By this effect, light is
transformed into electric signals. The challenge
when designingan image sensor was to gather
and read outthe signals inalarge number of
image points, pixels, ina shorttime. Digital
photographyhas becomean irreplaceabletool in
many fields of research.The CCD has provided
new possibilities to visualise the previously
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unseen.lt has given us crystal clearimages of
distantplaces inour universeaswellas the
depths of the oceans. The CCD contains a silicon
chip that is divided into cells or “pixels”. When
light hits a pixel, itexcites an electric chargein the
silicon, which then induces a charge in a tiny
electrode onthe surface of the chip.The charge
thenquickly passes from electrodeto electrode
down a whole rowof pixels known as “charge
coupling” and is read out at the edge of the chip.
The CCD technologyis alsoused inmany medical
applications, e.g. for imaging the inside of the
human body, both for diagnostics and for
microsurgery.

Todayoptical fibres make upthe circulatory
system that nourishes our communication
soclety. These low-loss glassfibres faciltate
global broadband communication suchas the
Internet. Light flows in thin threads of glass, and it
carriesalmost all of thetelephony and data traffic
in each and every direction. Music, video, Text and
images canbe transferredaround the globeina
splitsecond.Dr Kaocarefullycalculatedhow to
transmitlightover longdistances viaoptical glass
fibres. With a fibre of purest glass it would be
possibleto transmitlight signals over 100
kilometres,comparedto only 20 metres for the
fibres available previously. His passioninspired
other researchersto sharehis vision of the future
potential of fibre optics.The first ultrapure fibre
was successfully fabricatedin 1970.This is one of
the main technologies in modern photography. It
makes the capture and reading of light fast and
efficientanditessentially made photographic film
obsolete, the cost of capturing animage went
down to literallyzero. It is also one of the standard
technologies for investigationin astrophysics and



most importantly, it is not restricted tothe visible
spectrum. This mode of communication is
essential forhigh speedinternet andforms the
optical backbone of 21stcentury commerce.

Nobel Prizein Physiology and
Medicine

This year's Nobel Prize for physiologyand medicine
is sharedby threescientists: ElizabethH.Blackburn,
Carol W.Greider,and Jack W.Szostak for their
discovery “howchromosomes are protected by
telomeresandthetelomerase enzyme”.

Elizabeth H.Blackburn wasborn on26 November
1948 inHobart, Tasmania.She isan Australian
born U.S. biologist and done her Ph.D. at
University of California, San Francisco(UCSF), she
studied telomere,a structureat theend of
chromosomeswhich protects the chromosome.

Bornin1961at San Diego, California, Carol W.
Greidercompleted her Ph.D.inmolecular biology
in 1987 at the University of California, Berkeley,
under Elizabeth Blackburn.Presently, sheis a
Professorand Directorof MolecularBiology and
Genetics at the JohnHopkins Institute of Basic
Biomedical Sciences.She discoveredthe enzyme
telomerasein 1984 while workingwith Elizabeth
Blackburn. She pioneered researchon the
structureoftelomeres, theends of
chromosomes.

Jack W. Szostakwas born on 9 November 1952 in
London. Hecompleted his Ph.D.from Cornell
University (US).Presently, heis abiologist and
Professorof Genetics at HarvardMedical School
and Alexander Rich Distinguished Investigator at
Massachusetts General Hospital, Boston.He is
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Fig. 5: Nobel Prize awardees in
Physiology and Medicine
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credited with the constructionof the world’s first
yeastartificial chromosome.This construction
helped him to mapthe location of gene in
mammals whichplayed apivotal roleinHuman
Genome Project.Dr Szostak'sdiscoveries have
paved theway toclarifytheevents thatlead to
chromosomal recombination, the reshuffling of
genes thatoccurs during meiosis andalso to
unravel the function of telomere gene.

(1952-11-09) The DNA of allorganisms (whether
prokaryotic oreukaryotic) multiply (getdivided)by a
process calledDNA Replication,suchthatthe newly
formedstrandof DNA is the exact copyof its
parent DNA.Thereplicationprocessis different in
prokaryotes andeukaryotes. Inprokaryotes the
circular DNA replicationis terminated by Ter
(terminus)-Tus (terminus utlisationsequences)
complex sequences.But terminationof linear
eukaryotic chromosome involves the synthesis of
special structure, calledtelomeres chromosome,
present atthe endof all eukaryotic chromosome.
Telomeresconsist oftandem repetitivearrays of
the hexameric sequence TTAGGG and play an
important protective rolein the cells. Their
presenceonthetips of chromosomes prevents
important geneticmaterial from beinglost during
celldivision. The overall sizeof telomereis ranging
from ~15Kilobase (kb) at birthsometimes 55kbin
chronic disease states. The telomeric repeats help
maintain chromosomal integrityand provide a
buffer of potentially expendable DNA. The ends of
telomeres areprotected andregulated by
telomere-binding proteinsand form a special
lanat-lke structure called thet-loop. This
packaging or protective capat the end of linear
chromosomesis thoughtto mask telomeres from
being recognisedas brokenor DNAdamage, thus
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Fig. 8: Chromosome and Telomeric DNA

(Source : physics.berkeley .edu/.../ yildiz/Re searc h.ht ml)

protectingchromosome terminifrom degradation,
recombination and end-joining reactions.

Fig 6 depicts thechromosome in blue colour and
the white point like structure present at the tip of
chromosomeis thetelomeric DNA.

The inabilityof DNA polymerase toreplicate the
end of the chromosome during lagging strand
synthesis (‘end replication problem’)coupled with
possible processingevents in bothleading and
lagging daughters, results inthe lossof telomeric
repeats eachtime acell dvides and ultimately
leadsto replicatve senescence. This problem is
solvedbythe Telomeraseenzyme'. The
telomeraseis aribonucleoproteinenzyme
essential forthe replicationof chromosome
terminiineukaryotes. ltis anessential enzyme
thatmaintains telomeres oneukaryotic
chromosomes.Theimportance oftelomeres was
firstelucidated inplants 60years ago.Little is
known aboutthe role oftelomeres and
telomerase inplant growthand development.
enzyme addingtelomeric repeats onto the 32 This
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ends (3primeends) ofthe DNALlimits. Telomerase
actlikeacellular reversetranscriptase enzyme,
which is RNA dependent DNA synthesis.
Theenzyme telomerase,which builds
telomeres,enables theentire lengthof the
chromosome to be copied without missing the
end portion.

Telomerase usesits integralRNA componentas a
templatein orderto synthesisetelomeric DNA
(TTAGGG]n, directly ontothe ends of
chromosomes. Afteradding sixbases, the
enzyme pauseswhile itrepositions (translocates)
the template RNA forthe synthesis ofthe next

6 bp repeat. This extension of the 32 DNA
template eventually permits additional replication
of the C-rich strand,thus compensating for the
end-replication problem.Average telomere
length, gives someindication of how many
divisions the cell hasalready undergoneand how
many remainbefore itcan nolonger replicate.

All telomereshave thesame shortsequence of
DNAbases repeatedthousands of imes. Rather
than containing any genetic information, these
repetitive snippets helpkeep chromosomes
intact.Short telomeresare morecommonin
oldercells; telomerecapping problems may be
related tothedevelopmentof age-related
diseases. Telomerase expressionisalso detected
ina majorityof cancers, but isabsent in most
somatic tissuesandcorrelates toclinical outcome
inanumber of cancer types.Cancer and aging
researchmergein thestudy oftelomeres. The
tails atthe ends of chromosomesthat become
shorteras acell divides, is defectedin cancer
cells.ltdivides continuouslyas cancercell has
uncontrolled growthregulatorysystem.

Role of Telomere and Telomerase in
Cancer

In cancercells,telomeres act abnormally; they no
longershorten witheach celldivision. Healthy
humancellsare mortalbecause theycan divide
only afinite number of times,growing older each
time they divide. It has been proposed that
telomere shorteningmay bea molecular
clockmechanism thatcounts the number of
timesacell hasdivided anrdwhen telomeres
areshort,cellularsenescence(growth arrest)
occurs.

The cancercell hasuncontrolled growth
regulatory system as itdivides beyondthe normal
limits. Telomerase isan enzymethat “rewinds”
themitoticor cellularclocks.Telomerase
strengthensand lengthens the shortened
telomeresin thecells,replacingthe bits of DNA
lost innormal celldivision. Iftelomerase stops
telomere shortening,those cells with telomerase
canliveforever. Sincemostcancercells contain
telomerase,researchers believe tisacritical
factorin conferringimmortality uponthese cells.

DrBlackbum andDr Greiderdiscovered the
enzyme telomerase,which is not activein most
adultcells butbecomes activein advanced
cancers,enablingcellsto replace lost telomeric
sequences anddivide indefinitely. Their discovery
therefore, mightaid incancer treatment. Lots of
work is going oncancer which is related to
telomeraseenzyme. Ifthe telomeraseactivity in
the cancercell stops orreduces thenitiseasy to
cure tosome extentthe cancerin persons.
Telomerase expressionis associatedwih the
stage of differentiation but notnecessarily with



the rate of cell proliferation. The inhibition or
absence of telomerasemay resultin cell crisis in
cancercells andtumor regressionincancer
patients. Theseresults suggestthat cancer
therapy basedon telomeraseinhibition couldbe a
more effectiveand safertreatmentforcancer; it
couldaswell provide amoreaccurate means for
diagnosing and predicting clinical outcome in
cancer.In addition,some inheriteddiseases are
now knownto be causedbytelomerase defects,
including certainforms of congenttal aplastic
anemia, and someinherited skin and lung
diseases.

Role of Telomere and Telomerase in
Aging

Naturalaging involves the telomeres,which over
time losetheirability toreplicate as frequently as
when theywere younger. Aging isa progressive
decline invitality over time leading to death. ltis a
side productof metabolism. The process of cell
divisionis calledmitosis. Eachtime mitosis
occurs, the telomeres of thedividing cells get just
abitshorter.Once acell's telomeres have reached
acriticallyshortlength, thatcellcanno longer
divide. Its structure and function begins to fail,
and somecells evendie. Thetelomere hypothesis
of agingpostulatesthatas thetelomeres naturally
shorten during the lifetime of an individual, a
signal orset of signals is givento thecells to
causethe cellstoceasegrowing(senesce).
According to, Dr Langmore, at birth, human
telomeres areabout 10,000 base pairs long, but
by 100 years of agethis has been reduced to about
5,000base pairs.Many scientists speculated that
telomereshortening could be thereason for
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aging, not only in the individual cells but also in
the organismas awhole. But theaging process
has turned out to be complexand it is now
thought to depend onseveral different factors, the
telomere beingone of them. Inthe absence of
telomerase, thetelomerewillbecome shorter
after eachcell division. Whenit reaches a certain
length, the cell maycease todivide andthey die.
Therefore,telomerase playsan essertialrole in
the agingprocess. Thereis little evidence that
commonly observedchanges inolderindividuals,
such asanemia and impairedwound healing,
resultfrom impaired cellular proliferation which
would bethe anticipated consequence of
shortenedtelomeres. Despitethe lackof clear
evidence forimpaired proliferation inaging there
is, infact, good evidence for progressive telomere
shortening inmany human cell types, including
peripheralwhite blood cells,smoothmuscle cells,
endothelial cells,lens epithelial cells, muscle
satellite cells, andadrenocortical cells, etc. The
proliferative capacity iscloselyrelatedto telomere
lengthin endothelial cells. Telomerelengths in
endothelial cells decreases asa functionof donor
age,with agreater decline being observedin cells
isolatedfrom the iliacartery. Thegreater decline
intelomerelengthwas observedin the cells that
have likely undergone more proliferation /nvivo,
becausethey residedinapart ofthe vascular
system where blood flow mightcause most
chronicdamage tothe endothelium.

Thediscoveries of the Nobel laureates has

added a newdimension to the scientific
community’s understandingof the cell,shed light
on diseasemechanisms, and introduced new
directions forthe developmentof potential

new therapies.
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