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social consciousness @otrdh. &) HOLE 596 &rbyy vee
o). “In the social production of their life, men enter into
definite relations that are indispensable and independent
of their will; these relations of production correspond to
a definite stage of development of their material forces of
production. The sum total of these relations of production
constitutes the economic structure of society — the
real foundation, on which rises a legal and political
superstructure and to which correspond definite forms of
social consciousness. The mode of production of material
life determines the social, political and intellectual life
process in general. It is not the consciousness of men that
determines their being, but, on the contrary, their social
being that determines their consciousness.” ( Karl Marx,
“Economic Manuscripts: A Contribution to the Critique of
Political Economy 1859”. www.marxists.org.)
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If you have no knowledge, have no education,
And you yearn not for the same,

You posses intellect but work not on the same,
How then can you be called a human being?

Birds, animals, monkeys, human beings too,
All go through life and death

But if you gain no knowledge about this,
How then can you be called a human being?
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Begeen 80 ood 90 ﬁwég Seadefessd 2:0AS,70 00338y0Pe 0D
Q) 58, e Dgfesd 20 0o 30 IR 2:80rHE08 @l BDV0G.

Beo Dafesd el By dBeeo Botd Bewenrr DAL &5
DB, SPEDSE Beo 0 BERraine HEEPre BS5rS
3908, EHe EIDSLER, ©B; HB5E0E, HH% 88 &% HBD
80850,

gere BoEsdos® Dy ERrestimen Sedm K08 Lerdd
2oy H0@0EY SLrearoed) HIYEeI8 &d@eNdE DNA
wadod EOA Hotrow. DNA (Deoxyribonucleic acid)
©E0D0 ©B;08 KERS K50 TEDH BrHenere Hosron. 9
HOBen SBA DI I ez0eaVoegeso Ko (double helix)
20Een SHowe BBV &. IS.D. e BN ErHos® 1B 08.

Sugar Phosphate
Backbone

Base Pair

Guanine
Nitrogenous [~ Cytosine
Bases Thymine

Adenine

DNA
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59350800000 HER HOGG0HVEZ0N ?

Beo DefesdBoB Loty DNA $8en Erdrothéod o)
2eroed8, DNA 8 §%5en Hotrahidy $ords e HiEsto 8.
20 5BeB 0K RSO By TS, @R 85 TPgIBen
BrDowrd). B2 HRB080 SHBHE HED HRCHE.

Circular DNA

Linear DNA

D€0-5 © The Nobel Committee for Physiology or Medicine 2009

ersocsr $o8 eds £do DNA emder Sabore
Hotron. B8 Bhen 8. 0w, cndd sodmdHe DNA
©Enden SHHoM Hotran. St Jdfesd &67\‘;&3@0}6& BB we
Elen B Edore BRSSP PE eontParon. Hendrd 8L
BOPEHL0ST, B:ben 83°¢§ﬁ° ©He0%Y, Sasw, DNA eeden
3289 Dseaw.

Chromosomes replicate

w
2
2
=
=
]
8

Telomeres
progressively
shorten

D -6 B3R sme HEERTren DB EE0SE Eben woBEosse CuleReatay
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A
DNA i) 8800505 &F%Hoe (eng Smeardo abmegon)
e BAPHTVET HBH Edferen dor AGBPoHES
Kenthehamom? & 84S H)% warao IYKONK0MHE D88
56y, 86 G, &8 el 08 Jisaeg Soriod® 2009 $BS
@53"&0"@& 0OBEIS.

REROSSBBOrT, $E%h SIS, S Defed wORS HEIB
853 Lo PP FEr BCH IBoTd. N 58" wer
28KE0 Bth. ((Heodw -8 £ $6890508 ) Eben BANFD 0T Jor
BBEPDHO SCTEHHE ?

Beadefed w0AS BP0’ DNA o6 IS0
irven EDarom. & JEBD PIBHD a8 JoEH JB0X08.
5800 BARD FOTE o3 JOBK D)0k, 8.8 rh ndo
©0@° 8.8 PO HBEPHLIST, S08°8 DD Hn8)&0E)e0re Seodir
DB )HE0B. HEBY IS0 DD, IHEDHES) Dbrhenrr BHeeD.

DNA 5858 55 Bosm

Before cell division the genetic
material - DNA - takes the form
of chromosomes

i
@6 T O 06 ATOAGCSATAGSARES T aer T o
o Xeoh tap o Tl read vEoLiL s

HHn-7 E3r%HS DNA © The Nobel Committee for
Physiology or Medicine 2009

E 35S a5 wenHes® ©RIS (A), WS (T), ™IS
(G), 0805 RISk (C) H58 Bosm axdog N (genetic
code) DED06.
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Lagging strand P f}; ;
— of— -
=
Leading strand P el 'n‘
T P “
s =il : I.
- L} . .
AT : DNA is copied before
o Y the cell divides
Laggingstrand | %
73 DNA polymerzse requires a
<f— 1 T e— 11 ] e— | RR N5 "primer” to start copying.
(.‘ d b
DNA polymerase Primer
When the lagging stramd
|3 is copied, chort gaps form.
™ % These are then filled in to
-QL -.'ll‘ maka the DNA malecule
Complataly The gap - complete.
filled gap is filled Primar
Original strand The gap at the very end <annot
13 be filled. The new strand of
& DN A ic therefore shorter than
Newr strand shortened and - \\ the original.
Tha gap is
not filled
Expected result Observed result
Each time the cell divides, the chromosomes The chromesomes 2 ppeared (o
should bacoma shorter. Ultimately the chromo- have end sagments that protactad
somes should be broken down and destroyed. them from destruction. But how
This workad wa< 3 mystary.

Hesdw-8 © The Nobel Committee for Physiology or Medicine 2009
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1958 I35 588 Q&85 Jrore
(Frederick Sanger) m8 So§
B Eest DNA B8E 555 S5m0
BOVEKHON IS8 PSS Jperen
©DD0 IFH. IS S0
Frore 0SS 8 wEEE $o8ER
Job. 19758° e Y =S
HOEEE 0. IVAS BTN
&° 2008. & éo@g BRreiszeost
S &%) HOE°E HBepaedy ehE ot
adogde  Sogoeamedy(composition) Tty Sodod. 0 e
Do BT S FnGewS® wkigiordo O, TR
KoPBOE0 @il P05 HR. O Sl T Ferth £
PHOS S B 3°0% (Tetrahymena ) OF SesdQS® FHgore
&EH &) DNA S6Essm Hotnod @ &89 ogahTros®
H80TeE. B 0 B RIrALven; ©6E InFos® oS, B
o @rer ABSE ASNoT 308 (ciliate). a8 o & EQS°
40.000 ors° BS°airen Hotron. BS° A DNA. e9¢isoharen
J0HEeR8 Trer @IS FENE Surgore FHen HOHBID.

Heodw-9 Image: Rupal Thazhath/ Jacek Gaertig. Illustration: ©
The Nobel Committee for Physiology or Medicine 2009

S&S 108



§337e8800000 HEP HOG G 0I5 ?

TN

0B 35 .2rE5) 0o B IR sme D8 0 - BEDdire
R D200 Frdod. CCOCAA $88 E05me®, @8 20 $od 70
FE TS HIT BRI 1080008, & HOFLS wror 6y
ab EorriHod, 20 DNA S6RE0:0 $08% 808 efhaber
. 8 DB8eS HHOY) HEPd od0b. el WIEIPAED
DNA @8, SHIE00 Hdoedyzren 678 0 B 3rEsme
NI DO 2.8088° HoKer0sn. 88 Srdmrene 20R
DITDYBH HBE B0 0. BeodefeedS® € DNA $80:585050
B ZrBEme DHEEH EHhard $2) EerHd. 36 o athiH&iod
O3 285 0oty ().

8o Ederehe 8

80 19808° o8 Ferdd
$ErRe8 Iod. B 3o
$8855:56° &0 HBED0DS EHH HK
HOTrop Srerdod. © JXraaes
S50%.85 o"ﬁéog? DEES (‘\/D"’z,eg
$BEEEE o8 8 (Jack Szostak)
85 5SS 980D BAPH. ©BD
5585 B DNA  S5HHEEmRy
O&J°§ (yeas’c)c’S‘S SAEVNCLARFO AV
QAEZeAPELD BADEoW0s. OB
03 HOFEED S0oB JHSHD. 08 ©BH DKy DSy,

e785) &t DNA S5:5E500 3 &0 d83ek) 9085568
30050 DT 00 B8, 0B .8 XS DI, T 0GB oo
DHPS Bdep 208 T8, w8 warto W Srwro
O, @ PPN Eherdie Dy Ko doold 9OKMOTOM
QOBHD) OT0. BB B 3RS Y BS aPS
DNA $5808E5500 0o & DB IrESmen BASEL 0T Hosienid
HoBIP IrTrodH. FEHH0EPE  SrdS wansnBs &
BIrro Dahro Hogd sad, & HALEEDR Y 6! 6k
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TN

EIND; HRBPN0 DI, @8 858 HOB0 $V)0b. BEd FPED
o8y B DNA SHE5r) 0,39y ard &° a1
B3R5 BANESD. Ber 3PS Do) BEPST DNA 58
B0 U6 e QIE IR SEERN)0h. &b HBLNHY 28
588 5 DNA SHIE05m BSwase & 85T oferd
B30, DB £ o By 3rRD Bd) BODHIT DNA- o8
5o D3I o DNAS 85 )08 & ©AFK 50803 S,
& S0TeREw ) Eerdho Feednd - odddesr 508K
5% DHREHLD BeBOZ0B.

Chromesomes
with telomeres

1. Minichromosomes without telomeares
were imserted into yeast cells. They were

From diliate...
truncated and broken down.

Yaast cell

Yeastcell

2. Telomere DNA from Tetrahymena was attached to
the minichromosomes and inserted into yeast cells
The minichromosomes remained intact

Hes0-10 ©The Nobel Committee for Physiology or
Medicine 2009

0850w 2.8 S5 Eho H&°E S8 T60b.

e (GreR) BIODBTD. o Ty dyoh BE ke
HEHBBHY HYOSHOMTLD.

) & Sod  Sarndns 5% Eardtined® of
BSDP(03m SIrBLn  AIBS DY), P o Hwo
BpEsw) B2, m&)@;éoe’i’s ry Seine G, UG8
DNA $55% §b 5080 3oy, e dinsy, SardFine
@B-wxowd 2024
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ot Bnpairon. ) a8 DNA S60 o ard e
B 3B swe BASES 0T HOBRDHENEY KOowTD. ow°§
Serors® QDVT°K) B EK @"éz)r?’ 09 DNA 5808 Esvo Eﬁ)é&(‘.ﬁfb
@8 B TS ) DNA S50 E5mQ) D8O HHSQ Kadoaeis.
B8 QBP0 HRPTPOS® drer F08)en, 20H Ho ~-edber
od HAhmese - BS°WAT 0Er 98 HONOE) SOADH Hyob.
DITEYBHHERY SEHEDDD HEZDS Foes eLhosT
9 DNA D585 o8 55065 @ DEETma00 )5 Bob. & &2
LB 2H8 DNA 258 &8 BASPH08. 550 EPED Sr80800 !
a8)0), &8 @‘sgg e S HARAPrPoS® BOWATE o0 ED
DEHB ST, ewer PET ErTe ©HEr HoercHd BSOS

Basy w68 HE° HEH ST BebE ebs 5638
56) Bod. DNA 30538 2025 DNAD S65K0s, DNA 565
B ©dendiben $Eendd Sa5rd Bahre. = ad)H DNA
DD B55°08 0875508550 O el SR 2 QOB DoEH?
P FEHHOAS BoBSBEP T8 ABHA Q0B e8e3 Hyw°?

BOLTE Q0B K EoPLoto:

Artificial
:: telomere DMA
\\ :| . =
Extract fram Nu(leut\des
Tetrahymena
cells
‘\I
'."ﬂ ﬁ !
=
. |
G

Heasm-1185 (B, ar8)B) HRrHEw D8es © The Nobel
Committee for Physiology or Medicine 2009
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85 (55, ar8)6) parrwest
HATEK . Sad 85 50850 BdEE*H
ONA. §§ "B, 3?2%35& QBN
Beo Fr0  Sered Y BEAr
@8, DNA SHIES5rI8 Saae
@oirdo DB 8AD0DS ErEBrBE
o (DNA &Hoc G &T )DE5m
50 Frded. DEHos® Esesn DNA
FOLTE oBD  IreB HoB
B ToERED. 500 50 QB 98° oBH HBE S&Re Eosrde
HS 8RO0DS SrBIrBE ©8° BOMWAIren BETO. HRFKOS?
B00tH T8 HoAH HHS B FEHEE DHRH PEHKe
Dayom. 1984 Toad 255 885 (1K & 58 dog&o G, §ase
SoreR) (activity) Apde TR0, & Q0B 8 Sthard BOWTE
(telomerase) © DB e, (D -129 58890508 )

©030)8,8 e B0l & Jooee HABIEM EOAS BOKTE

1. Shart fesgments of telemare DNA §
nd ragsaactively tagged rudectides =
Eutract of Tetre-

A5 -12 Photo: Greider and Blackburn, Cell, 43, 405, 1985.
[Mustration: © The Nobel Committee for Physiology or Medicine 2009
88-vxod 2024
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T

NOB.

BOBTE 0 Ao e AGARH ? S8 BB
EODBORY  SHIBEEPR der BenEKeniHBHD? SO
SosBore HoEE e 85 (1K, ergy5) A Surard
B8BTS, I TZSTEo wBPEoN0s. BBY J0FH © oo
BO%0E Lt DNA $80:0887°R) d03iee BREIHN; S 0Feso
& doerr oo & 0B DNA grrisns® 8 865 wai»
SEVBEH0E SIPSHE S Bo Ko RNA grrisns 508
H0e0s. e BEDOT & IB0STI8 BOKTE 0B &
@080 88 @ B10¢5 K BT Hod. 1989¢° BOKITE BwE)
RNA griidn BODET @s) SHIEEPI8 $0DODG) $
BEPQ) S8 EOA Hoen0d. KoSB 0TI B 88 (HEIEID
awerd ar8)B) T PREe @)oo SPBKONCE.

T Erdodi) BEQAR; Sabik o Seren

Telomers DNA, sequence
from Tetrahymena

eoe

2 G addedon p\ece by
T 3 ph
=}

TTGGGG‘ITGGGGTTGGGGTTGGGGTTEBGE\. ~
AMCCCCAACCCCAAGCCCCAACCOCAA 5.
B}

@ T'Tﬂﬂeﬂ TTg RNA template
Ap -

rBAhCaccanc o

Frotein ‘6"

RNA

Hesn-13 8O 3& (Telomerase) EER3r&"S D93 8158 DNA 580850
205%08 T8 ES, RNA S6H5ESE Hinod. RNA gridn BE°wdim
DNA Qoegs0 &° 2.8 @by .(template) e $S5:5°0808 © The Nobel
Committee for Physiology or Medicine2009
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Y

The end of the DMA strand Oniginal strand )

containg telomere DMA that janinrefs)

is formed by telomesese. e e
' RMA mm{tate

DiNA palyierase copies
shert segments of the — [
lagg ing DN strand. gpe = N

5 S
-'- polymerase

||||||||

Gaps are filled

: :

T s ome e
L

i fille:

Thenew strand Is just as R R

fong as the original

New strand

Hersm—14 Sy P8 SEPSI HBERERQ VGBS0

2.8 Bead B0 B SR BeadElHeds ©Hddo
Stejfatelal

8 8 ot YIgen BOQAIrO Ehore PG
0Ky e Eered® ¢8)058en (mutations) HQ0TD.
Beo DKL Bogomne é@@‘séﬁ DS @ Lo Ko
Srdron. @85 @ypofo BEIebIe BOHOE RNAS
68050 &0, @8 e 0yol TFIEeE ool
$05°8 Hoé eHoaron.

&: 50870 H0 SoFPgorr Hi) BE ot EEardtind g gorr
D0H&00(385e08) @), Seasmn I0HD PBEREE (L0
HoHodn) Tt SKotd & wHIBer HurhEr ATBoTD.
EREERN BenHoe3 Hodrraredy O S et Efrand.
1988 &° SrdHe BSWores® rre 538 68 DNA $8
BERQ HB0T.

3000OSIW

2% H0H% o HEA8, LwhME TSerodn =88
DOBEEIen  SIHERPS Do, SwdOET0 TXEoP  DHew
©0 BP0 Hotnod. ES® BSMir (E53rARH 256
PHED) 288, & BET B 0P 20D HOFEE 3HB8
@éééézﬁwmﬁ Hoenod.




§337e8800000 HEP HOG G 0I5 ?

et vme Y

BOTE DoBSH 5  agioen
BS°DCSP, BONTE JoBED © @YT08  SEHEI
©0DGTe0 PEOMP HTo)0m. 85, 0805088 arghen, SnbdOSSH
©FEPen SNLSHD Q) GresTeSeaen.

D Low telomerase s tivity o=

[0 without telomense hachmma- .'hi_'
¥ somes are shortened sach time )
y thie oel diricls. =

Y
in genes enceding el f ..‘ \
or telomera-hinding protetns ars found Q\ |
0 agroup of rare inherited diseases A \ |
with rmaniifestations in Bore mamav, i
Seng aeck i, WA L)

The se dliseases are inked to the | wi o
presence of shorttalomeres and to A
dafectsim stam eell maimenanca i 1
n the bone rmarsow insuff dertcell |
diwid@ns in the stem cell compartment |
lead to sovare smemia. b 1~

High telomerase activity in cincer cells

Cancarcel lls cary dividas infinitaly and tharefon

et pracerve thaie tsfomerss. Talomsrass

activity is hcreased in 81-008 of ances
Fope iz riced thatnew cncer thersples

£3n be developad by tametin g talomerass,

Clinical trigls are und=mway including

studies evaluating weccines

directed against c=lls with

elevated telomerase.

% %k K

References for further study

»  Szostak JW, Blackburn EH. Cloning yeast telomeres on linear
plasmid vectors. Cell 1982; 29:245-55.

*  Greider CW, Blackburn EH. Identification of a specific telomere
terminal transferase activity in Tetrahymena extracts. Cell 1985;
43:405-13.

»  Greider CW, Blackburn EH. A telomeric sequence in the RNA
of Tetrahymena telomerase required for telomere repeat
synthesis. Nature 1989; 337:331-7.

*  https://www.nobelprize.org/prizes/medicine/2009/summary

*  https://www.nobelprize.org/prizes/medicine/2009/illustrated-
information/
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