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Foszereplok:

fehérje szintézis
(transzlacio)

Dezoxy-ribo-Nuklein-Sav:
DNS az élet kodja

v g — aminosav
megkett6zodés ﬂ‘p
(replikacio) ww - —antikodon

é.tl'l’é.s U A G — stopjel

mRNS
~ riboszéma

(transzkripcio)

DNS -> RNS: a hirvivd
(messenger: mMRNS) Fehérje: épit6-elem
Ribo-Nuklein-Sav
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Az orokito anyag felfedezése

“kdzponti dogma

Francis Crick

1953 1958

1962

No.4xss April 25, 1953 NATURE

737

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish 1o suggest a structure for the salt of deoxyribose
Wmmle.: acid (D.N.AJ. This structure has novel features
which are of considerable blological interest.

A structure for nucleie acid has already been proposed by

Pauling and Corey'. They kindly made their manuscript available
io us n advance of publication. Their model consists of three Inter-
twined chains, with the phosphates near the fibre axis, and the
‘hases on the outside. In our opinion. this structure is unsatisfactory
for two reasons:
(1) We believe that the material which gives the X-ray diagrams is
the salt, not the free acid. Without the acidic hydrogen atoms it is
ot clear what forces would hold the structure Logether, especially
as the negatively charged phosphates near the axis will repel each
other. (2) Some of the van der Waals distances appear to be too
small

‘Another three-chain structure has also been suggested by Fraser
(in the press). In his model the phosphates are on the outside and
the bases on the inside, linked together by hydrogen bonds. This
structure as described is rather ill-defined, and for this reason we
shall not comment on it.

We wish 1o put forward a mdically different structure for the
salt of deoxyribose nucleie acid. This structure has two helical
chains each coiled round the same axis (see diagram). We have
made the usual chemical assumptions. namely, that each chain
consists of phosphate diester groups joining B-D-deoxy-
ribofuranose residuss with 3°3" linkages. The two chains (but not
their bases) are related by a dyad perpendicular 10 the fibre axis.
Both chains follow righthanded helices, but owing to the dyad the
sequences of the atoms in the two chains run in opposite directions,
Each chain loosely resembles Furberg's’
model No. 1: that is, the bases are on the
inside of the helix and the phosphates on
the outside. The configuration of the sugar
and the atoms near it Is close to Furberg’s
standard configuration’, the sugar being
roughly perpendictlar lo the altached
base. There is a residue on each chain
avery 3-4 A. in the z-direction. We have
assumed an angle of 36° between adjacent
residues In the same chain, so that the
strueture repeats after 10 residues on each
chain, that is, after 34 A, The distance of a
phosphorus atom from the fibre axis is 10
A. As the phosphates are on the oulside,
cations have easy access o them

The structuré is an open one, and its
water content is rather high. At lower
waler contents we would expect the bases
to tilt o that the structure could becoma
more compact.

The novel feature of the structure s the
manner in which the two chains are held
together by the purine and pyrimidine
hases. The planes of the bases are perpendicular to the fibre axs,
They are joined together in pairs, a single base fiom one chain
being hydrogen-bonded to a single base from the other chain, so

~ AN

This figure is purly diaarammatic
The two ribbens synibolize the o
phosphasigarchyins, and the
or ot rovds he pairs of Bases
holding the cheins topelher. The
wartizal ling marks the fibre axis

that the two lie side by side with identical z-co-ordinates. One of
the pairmust be a purine and the other a pyrimidine for bonding to
oceur. The hydrogen bonds are made as follows: purine position |
o pyrimidine position 1: purine position 6 to pyrimidine position
6.

IF it is assumed that the bases only oceur in the structure in the
most plausible tautomeric forms (that is, with the keto rather than
the enol configurations) it is found that anly specific pairs of bases
can bond together. These pairs are: adening (purine) with thymine
(pyrimicing). and guanine (purine) with cytosine  pyrimiding).

In other words, if an adenine forms one member of a pair, on
cither chain, then on these assumptions the other member must be
thymine: similarly for guanine and cytosine. The sequence of
bases on a single chain, does not appear to be resiricled in any
way. However, if only specific pairs of bases can be formed, it
follows that if the saquence of bases on one chain, is given, then
the sequence om the other chain is automatically determined.

It has been found experimentally™ that the ratio of the amounts
of adenine to thymine, and the ratio of guanine to cytosine. are
always very close to unity for deoxyribose nucleic acid.

It is probably impossible to build this structure with a ribose
sugar in place of the deoxyribose, as the extra oxygen atom would
‘make too closz @ van der Waals contact

The previously published X-ray data”™ on denxyribose nucleic
acid are insufficient for a rigorous test of our structure. So far as
we can tell, it is roughly compatible with the experimental data,
but it must be regarded as unproved until i has been checked
against mere exgel results. Seme of these are given in time
following, commumications. We were not aware of the details of
the results presented there when we devised our structure, which
Tests mainly though not entirely on published experimental data
and stereo-chemical arguments.

It has not escaped our notice that the specific pairing we have
postulated immediately suggests a possible copying mechanism
for the genetic materiai

Full details of the structure, including the conditions assumed
in building it, together with a set of co-ordinates for the atoms,
will be published elsewhere

We are much indebted to Dr. Jerry Domohue for constant
advice and eriticism, especially on interatomic distances. We have
also been stimulated by a knowladge of the general nature of the
unpublished experimental results and ideas of Dr. M. H. F.
Wilkins, Dr. R. E. Franklin and their co-workers at
King's College, London. One of us (J.D.W.) has been aided by a
fellowship from the National Foundation for Infantile Paralysis.

1D WATSON
FH C.CRICK

Medical Research Couneil Unit for the Study of the Molecular
Structwre  of Biological Systems, Cavendish Laboralory,
Cambridge. April 2.

Tanling, L Corsy, B. . maturs, 171, M6, (1953; Pros, U5, Nat Acal, Sci., 39, 81
(1953,

* Fubery, 8., Acta Chem, Scand 6, 634 (1952,

* Chargall, L., for elerences see Zamenhol, 5., Herverman, . and Clurgall, £,
iy, et Bispiys. Acts, 9402 (1952,

“Wyall, O, . Gen, Pgsiol, 36 201 11952),

= Asbury, W1, Syep. Soc. Exp. B, |, Nocleie Ackl, 66 (Canch, Unk. Press, 1947)
© Wik, M. 1L F. and Randll, . T Biechim, o, Biophys. Acta, 10, 102 (1953
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http://en.wikipedia.org/wiki/Image:NobelPrize.JPG�

A (molekularis) biologia alap tézise:
kozponti (centralis) dogma

fehérje szintézis
(transzlacio)

[rj}—mnmnﬂv

e - —antikodon

DNS az élet kodja

megkettozodés
(replikacio)  atiras
DNS-polimeradz (transzkripcio)
RNS-polimeraz

DNS -> RNS: a hirvivé

U A G — stopjel

‘..l.'b —rihoszoma

mRNS

Fehérje: épitd-elem
Riboszoma
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N\ =N

e =
Kozponti (centralis) dogma - jelenleg \\\\\m l

RNS virus: RNS alapu RNS polimeraz

megkett6zodés
(replikacio)

fehérje szintézis
(transzlacio)

ﬂ‘ﬁ_ aminosav

g - —antikodon

DNS az élet kddja

Reverz
transzkripcio

megkett6z6dés Retro virus:
(replikacio) RNS alapu DNS

. , R el
polimeraz UAS R

mRNS

-,
ﬂ —rihoszoma

megkettozodes
(replikacid)  Fehérje
Prion

atiras
(transzkripcid) DNS -> RNS: a hirvivo
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Szabalyozott mRNS lebontas: RNS interferencia
Bels6 RNS interferencia = mikro RNS (miRNS)

hosszU
dsRNS
(virus)

SIRNS
(szintetikus)

RNS indukalta
sendesité komplex
(RISC) aktivacidja

Cél mMRNS kotése,

L el —

-
)

liisl

THE EAME OF DLWBAL DENIAA. (RN

ok
.



Presenter
Presentation Notes
conserved mechanism for silencing gene expression, targeted degradation of mRNA. Short double-stranded RNAs, known as small interfering RNAs (siRNA), are incorporated into an RNA-induced silencing complex, degradation of RNA containing a homologous sequence. RNAi has been shown to work in mammalian cells, and can inhibit viral infection and control tumor cell growth in vitro


Az RNS interferencia felfedezése

1 =i I
RNS interferencia
Co-szuppresszio eukaryota szervezetben (C. elegans)
RNS interferencia = Géncsendesités
Richard Jorgensen Kettés szalu RNS-el
1990 1998

Andrew Z. Fire and Craig C. Mello

At
Wikd type Wik typis Twitthor

C. elegans


Presenter
Presentation Notes
In an attempt to make the petunia more purple, entrepreneurs at DNA Plant Technology Corp inserted an extra ‘make purple gene’ into the plant’s cells.
worm researchers Mello and Andrew Fire would discover how inserting more resulted in less.

http://en.wikipedia.org/wiki/Image:NobelPrize.JPG�

Akut vese karosodas (AVK)
=i - 1N

=> akut veseelégtelenség

e Intenziv terapias betegek akar 67%-a
 Magas halalozasi arany
o Szovodmeények (kronikus veseelégtelenség, dializis)

o A terapia korai alkalmazasa
noveli gyogyulast és a tulélést

826



Apoptozis: falevél hullas - programozott sejthalal
B -
Apoptozis receptor — a halalos csok

Halal receptorok

TNFRI D% TRAIL RI/R2

CD95L

Nature Reviews | Molecular Cell 8iology

“xd /.._
u @\&\

Transzplantalt patkany vese — elektronmlkroszkopos felvétel 9126




CD95 csendesités védo hatasa

oxigénhiany okozta akut vese elégtelenségben

I
a 100 = - Nem ischemiéas
5 A R

80 - b 2
X
o
o 60 -
D
‘O 40 -
= 20 29

T i T T — iR

24 36 40 44 48 52 72 96
|d6 (leszoritas utan) / ora

Hamar P et al. Proc Natl Aacad Sci 2004;101:14883-14888

©2004 by National Academy of Sciences
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Presenter
Presentation Notes
Hydrodynamic or renal vein injection of Fas siRNA protects mice from lethal kidney ischemia: survival and BUN levels of surviving mice after 35 min of kidney ischemia and reperfusion. (a) Mice were treated with saline (blue) (n = 5), GFP siRNA (green) (n = 5), or Fas siRNA (red) (n = 10) by hydrodynamic injection (♦), renal vein injection (▴), or both (▪). (b) BUN is reduced in surviving Fas-siRNA-treated mice (filled bars) compared with saline-treated controls (open bars). (c) Intraoperative (postischemia) treatment via the renal vein also offered some protection (color code as in a).
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Human genom projekt legfontosabb kovetkeztetései (2004)
= -

e 20,500 génunk van

e Ember — csimpanz: — 95% azonos genom,
99% azonos kodold genek

e — Kkb. 2x kerek féereg

e —agenom 1.1% - 1.4%-a kodol fehérjét

e 85-90% ‘szemét’ DNS: nem gén, nem
kodol fehérjét

e A nem kodolo szakaszoknak részben lehet
szabalyozO szerepe

12|26




RNS térszerkezet és funkcio

| - 1m
Az RNS is lehet 1 vagy 2 szalu .
: ye ID:II @ \%"ﬁ'ﬁﬂ-u

5 3
single strand double strand nngls- hairpin loop
nuc £
L]
¥
L3 3 L3 ¥
o i 5 l Sk TRa TR Db
¥ 5 L 4 5 I
mnma} p mmalloup

two-stemn junction threa-stam junction four-stem junction
or coaxial stack 3

RNS: 2. és 3.lagos térszerkezeti strukturak -5’
( IE. . . Ribonukleinsav (RNS) - enzim:
— T IR Ribozim (ribozyme)
1326
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Az RNS vilag hipotézis

present

solar first first

Sysiem cells mamimals
formad with
DA

|The RNA World | The Transitional Period

Vilagunk jelenleg

protein
nucleotides —» RNA
RNA
. DNA
protein -
TYUK VAGY ATOJAS RNA DNA § ‘S‘E.i
v o0 A sttt et v o 3- g
RNA
RNA
' RNA Ez
amino acids —» protein S
=
protein

. —m— -

14| 26
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Akar egyszalu RNS molekulak

Aptus <lat.>: helyes képesek komplex térszerkezet
Meros <Gr.>: rész kialakitasara

20-80 nucleotid (NT) Fehérjet kotd RNS aptamer

15| 26
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Epcam Aptamer

.....
- -

>
?C% Specifikus kotédeés

Fluorescensen
jelélt aptamer

APTAMERS

16| 26
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ptamer RNS omplex(e )

6\0

5'-G-C-G-A-C-U-G-G" ™
ke o2 99000 7

Sense strand A EpCAM aptamer

| €=IP-TP-¥-0-0-0-0-0-D-0-0-§-0-0--D-Y-Y-0--7-9-0-
5" -U-A-A-G-G-A-G-G-G-U-G-A-U-C-U-U-C-U-U-C-A-dT-dT-3"
PLK SiRNA Antisense strand
Inkubacios idd (hr)

43 22 43

BPE MDA-MB-468

17 ] 26
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Fluorescences jelolt EpCam-Asic a tumorba vandorol

Luciferase Alexa750
5 nap :
EpCAM + EpCAM- Y
1.nap
1,2 nap Luminescent és

Alexa750-EpCAM-

AsiCs sc E— fluorescent

képalkotas

2. nap

18| 26
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EpCAM-PLK-Asic elpusztitja a fluorescencesen jelolt rakot

5 nap 14 nap
EpCAM + EpCAM- — PLK1v eGFP . .
EpCAM-AsICs —> keépalkotas
EpCAM+ MB468 EpCAM- MB231
3 6 10 14 3 6 14

PLK1 AsiC

eGFP AsiC

|
!.

50 -
40 A
30 A
20
10 -
0 - . .
1 3 6 10 14 1 3 6 10 14 0 v . o

www.meetthescientist.hu 19| 26



RNS és fehérje

RNS funkcioi:
« MRNS: a hirvivé (postas)
= A kédolt informacio tovabbitasa
« tRNS: transfer (fehérje szintézis) fehérje
o Katalizis: enzim (ribozyme)
o (Génexpresszio szabalyozas:
 SIRNS
« MIRNS
o Tovabbi RNS-ek:
 INncCRNS
 pPIRNS
e SNRNS

20 | 26
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Javasolt olvasni valo

- W 1

= A DNS szerkezetének felfedezésérol:
= James Watson: A kettOs spiral
e In Pictures: The story behind DNA's double helix
(http://www.bbc.co.uk/science/0/22270604 )
e Az RNS vilagrol:
e The RNA World and the Origins of Life

In: Alberts B, Johnson A, Lewis J, et al. - Molecular Biology of the Cell. 4th edition. = :
New York: Garland Science; 2002. (http://www.ncbi.nlm.nih.gov/books/NBK26876/ )

e Pesthy Gabor, Simon Tamas: Ujabb Iépések az élet kialakulasanak megértéséhez. Origo:
http://www.origo.hu/tudomany/20090107-rnsvilag-enzimek-nelkul-szintetizaltak-
hosszabb-rnst.html

e Csermely Péter: Az élet szlletésének biokémiaja. Természet Vilaga, 128. évf. 1. sz.
1997. januar, 10-14. o., http://www.termeszetvilaga.hu/tv9701/csermely.html

e Génexpressziorol:
e mMRNS.hu: http://www.mrns.hu/fogalomtar/G/genexpresszio
e RNS interferenciarol:
e http://www.scilogs.com/microdyssey/charting-the-depths-of-rnai/

 Nyitrai Laszl6: A génexpresszio szabalyozasa
http://elte.prompt.hu/sites/default/files/tananyagok/biokemia alapjai/ch18s05.html

21|26
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