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Wyklad I: Wprowadzenie — srodowisko
biologiczne i organizmy zywe
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Zycie biologiczne na Ziemi wydaje sie by¢ unikalnym w
skali Wszechswiata podobnie jak ziemskie srodowisko
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Roznorodnosé metod fizycznych
stosowanych w biologii 1
medycynie

rentgenografia

neutronografia

spektroskopia mossbauerowska
magnetyczny rezonans jagdrowy
elektronowy rezonans paramagnetyczny
spektroskopia optyczna w podczerwieni
spektroskopia optyczna UV /VIS
spektroskopia fotoelektronéw
mikroskopia

spektroskopia dielektryczna
spektrometria masowa

analiza fluoroscencyjna

chromatografia

fizyka promieniowania jadrowego
ultradzwieki

Swiatto laserowe
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Metody i sam przedmiot badan sg
wspolne dla wielu dziedzin nauki




Organizmy biologiczne

Biologiczna r6znorodnos¢
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Na poziomie molekularym wszystkie
organizmy sg znaczgco podobne



Metody fizyczne w biologii i
medycynie
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Podobienistwo na poziomie
molekularnym

* Wszystkie organizmy zbudowane sa z
podobnych molekularnych sktadnikéw

Przykladowe ,cegielki” biologiczne



Sekwencja DNA
GACTTCACTTCTAATGATTATGGGAGAA....

* Pierwsze techniki sekwencjonowania DNA ~ 30 lat temu

* Genomy wielu organizmoéw zostaty skatalogowane
¢ Genom ludzki -3 x10° liter G, A,C, T

Praktyczne zastosowania

® poznanie przyczyn wielu choréb

* przewidywanie pojawienia sie choréb
* lepsze metody diagnozowania

* lepsze metody leczenia

* Uwzglednianie indywidualnych cech pacjenta w diagnozowaniu i leczeniu

Pytania otwarte

* Ktora sekwencje odpowiadaja funkcjonalnym genom
e oddzialywania



Struktura DNA

No. 4356 .I“Pﬂi 25, 1953 NATURE 737

equipment, and to Dr. G. E. R. Deacon and the

captain and officers of R.R.8. Discovery II for their

part in making the observations,

'\'mn;gb B.. Cerrard, H.. and Jevoss, W, PAil. Mag,. 40, 149
i

. . 8., L Nl 3 2. e ., St )

b‘l‘,‘:ﬂ; l‘l'l'é‘:i'u Men. Kol. Koy. Awre. Sor.. Geophpu, Supp,

fVom Arx, W 5, Woods Hole Papers In Phys, Ocenrog, Meteor., 11
13) (1930,

Ekman, V. W Arkiv. Mal, Aefron. Freik, {Steckhafm), 8 (113 (1006),

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

WE wish to suggest & structure for the salt
of deoxyribose nucleic woid (D.N.A).  This
struoiure has novel features which are of considerable
binlogieal inteceat.

A structure for nucleic acid has alroady boon
proposed by Pauling and Corey'. They kindly made
thoir manuscript available to ws in advance of
publication.  Their model consists of three inter-
twined chains, with the phosphates nenr the fibre
axis, and the bases on the outside. In our opinion,
this structurs is unsatisfactory for two reasons:
{1} We believe that the material which gives tho
X-ray diagrams is the salt, not the free acid. Without
the aeidie hydrogen stoms it is not clear what forces
woulkd hold the structurs together, especially sy the

gati chargod phospl near the axis will
repel each other. (2} Some of the van der Waals
distances o v to be too small.

Another three-chain structuro has also been sug-
gestod by Frasor (in the press). In his modsl the
phosphates are on the outside and the basss on the
mgide, linked togother by hyd bowuls,  This
structure as described is rather ill-defined, and for

is & residne on vach chein every 3+4 A. in the z-direc
tion. Wo have mssumed an angle of 36° between
adjacent residucs in the same olsin, so that the
structure repesta after 10 rosiduss on each chain, that
is, after 34 A. The distance of & phosphorus atom
from the fibre axis ia 10 A. As the phosphates are on
the outside, cations have easy access to them,

The structurs is an open ono, and its water content
is rather high. At Jower water contenta wo would
expect the basw to Lilt 80 that the structure could
becoma mare compact.

The novel feature of the structure ia the manner
in which the two chains are held together by the
purine and pyrimidine basss, The plancs of the bascs
ore porpendicular to the fibre axis. They are joined
together in pairs, & single base from one chain being
hydrogen-bonded to & single base from the other
chain, so that the two lie side by sida with identical
z-00-ordinates. One of the pair must be & purine and
the other a pyrimidine for bonding to ocour. The
hydrogen bonds are made as follows : purine position
1 to pyrimidine position 1; purine position 8 to
pyrimidine position 6.

TF it in assumed that the bass only occur in the
structure in the most plansible tautomeric forma
(that is, with the keto rathor than the mnol oon-
figurations) it is found that only specific pairs of
bases can bond together, These pairs aro : adenine
(purine) with thymine (pyrimidi and i
{purine) with eytosine (pyrimidine).

In other words, if an adening forms one membor of
a pair, on either chain, then on thess sesumptions
the other msmber must be thymine ; similacly for
guanine ond cytosine. The sequence of bases on o
single ohain doea not sppear to be restricted in sny
way. However, if only spocifio pairs of bases can be
formed, it follows that if the sogquence of bases on
ong chwin is given, then the sequanca on the other
chain s sutomatically inod.

It hus been found experimentally® that tho ratio

thig reason we shall not
on it

We wish to put forward a
radically diffarent structum for
the salt of desxyriboss nucleic
acid, This structure haa two
helical ehaing enchi ecoiled round
the same axis (sco diagram), We
have made the umal chemical
ammumptions, namaly, that each

of pi

af the of adenine to thymine, and the ratio
of guanine to eytosine, are always very close to unity
for deoxyribose nucleio acid.

It iz probably impossible to build this structure
with & riboss suger in place of the deoxyriboss, wa
the extrn oxygen atom would make too close & van
dar Waals oontact.,

The previously published X-ray data** on deoxy-
ribose nucleio acid are insufficient for a rigorous test
of our structure. So far as we can tell, it is roughly

ble with the i 1 data, but it must

chain i phosphate di-
estar groups joining B-p-dooxy-
ribofuranose residues with 37,6
linkagea. 'The two chaina (but
not their basoes) sre relatod by &
dyad perpendicular to the fibre
axis. Hoth chains follow right-
handod helicos, but owing to
the dysd the, sequonces of the
atoms in the two chains run
in opposite directiens. Each
chain  loosely rescmbles Fur-
berg's’ model No. 1; that is,
the boses are on the insids of
tha helix and the phosphates on
the outside. The eonfiguration
of the sugar and the atoms
near jt s cless to Furberg's
‘atandord configuration’, the

sugar baing roughly clf-
o ki the abcs acla  cular to th nltMuF?od }w?:,r?.l"\lra‘om

o r{.-gm:lui as unproved until it has boen checked

ainst more exact results, Some of theso are given
in the following communications. We were not swnre
of the details of tho results presented there when we
davised onr strocture, which rests mainly though not
entirely on published experimental data and stereo-
chemical arguments.

It has not escaped our nolios that the specific
pairing we have lated i fintoly o
possible copying mechanikm for the genetic matorial,

Full dataila of the structure, including the con-
ditions d in building it, togethor with o set
of co-ordinates for the atoms, will be published
elsewhore.

We sro much indebted to Dr. Jorry Donohuno for
constant edvice and criticiemn, cepecially on inter-
atomie distances. We have alvo been stimulsted by
o knowlodgo of tho general nature of the unpublished
oxporimental results and ideas of Dir. M. H. F.
Wilkina, Dr. . E. Franklin and their eo-workers as
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Medical Hesoarch Couneil Unit for the
Htudy of the Molooular Structure of
Biological Systons,
Cavendish Lal ory, Cambridge,
April 2.
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DNA - deoxyribonucleic acid

DNA — Scista zalezno$¢ miedzy strukturg i funkcjg — bardzo wydajny i
wytrzymaty nosnik informaciji

e | 4
DNA jest liniowym polimerem, o T,
w ktérego sktad wchodza Q { ) N:/“N
cztery monomery HO o=p( .
. ey o 0 o
DNA posiada rdzen, z ktérego wystaja rézne o (K(_f "
podstawniki. Rdzeni zbudowany jest z il
powtarzajgcych sie jednostek cukrowo- i %Zgo %YO
fosforowych. Cukry s3 czgstkami deoxyrybozy. " on \CTNTNH
Do kazdej deoxyrybozy dolaczona jest jedna z s
czterech zasad: adenina (A) , guanina (G), :
cytozyna (C) , thymina (T)

Sekwencja zasad w nici DNA stanowi informacje genetyczna
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DNA — skltadniki molekularne

Tymina Cytozyna Adenina Guanina




DNA skladniki

deoxyribose deoxyribose
ball-stick view vire-frame view

deoxyadenosine deoxyadenosine
ball-stick rview e wire-frame yview




DNA - helisa

*  Wiekszosc¢ czgsteczek DNA sktada sie z dwoch nici

Strukture heliczng zaproponowali James Watson i Francis Crick — 1953

Dwie oplatajgce sie nici utozone sg tak, ze cukrowo-fosforanowy rdzen
lezy na zewnatrz, a zasady znajdujg sie we wnetrzu helisy

Cecha charakterystyczna — parowanie zasad
poprzez wigzania wodorowe A-T, G-C




DNA - parowanie zasad

sugar —
Cytosine and
Thymine

DNA &
Molecule: &
Two
Views

Adenine and
Guanine

Backbcmé -
Phosphate—"

Sugar —

e Wystepujgce wigzania wodorowe sg bardzo istotne dla uktadéw
biologicznych — s3 na tyle stabe by ulec odwracalnemu zerwaniu w
procesach biologicznych jednak gdy tworzy sie ich duzo sa
wystarczajgco silne by ustabilizowac specyficzng strukture



Cechy DNA

Struktura DN A ma dwie
glowne cechy:

* Jest kompatybilna z kazda
sekwencjq zasad

* Sekwencja zasad wzdtuz
jednej nici determinuje
catkowicie sekwencje
drugiej nici

Kopiowanie genetyczne —
kazda ni¢ to matryca

Aa— 5-phosphate

deoxyribose . S~
sugar “C2

,_.,- " Ir.-"J W
Phospho- ~ T
diester |t}
links between Y 3
deoxyribose -+— 3-hydroxyl
sugars




RNA

* RNA jest liniowym polimerem ztozonym z
monomerow

* Cukrem jest ryboza

e Zamiast tyminy mamy uracyl

* Zreguly jedna ni¢ ale moga by¢ dwie —
parowanie zasad G-C, A-U

* Niektore wirusy wykorzystuja RNA jako
materiat genetyczny

* Funkcja RNA w komorce — posredniczy w
przeptywie informacji od DNA do biatka




Metody badan DNA

« Sktadniki DNA sg drobinami
wieloatomowymi — ich fizyczne
witasciwosci mozna badac |
modelowac metodami dobrze
znanymi z fizyki atomowej |

molekularnej !




