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’Q Basic concepts of bioll

Cell

The basic form of the organization of living matter. It is the main structural and
functional element of plants and animals, it can also be an independent
organism (eg bacteria, protozoa). Its existence was discovered in the 17th
century by the English physicist and biologist Robert Hooke, watching the
cork fragments

The beginning

- 1590 discovery of the first optical microscope - microclimate

- 1665 Robert Hooke announces the discovery of the Micrographia cell

- 1676 Antonie van Leeuwenhoek builds an optical microscope for cell research

- 1831 Discovery of the cell nucleus by Robert Brown

- 1838 Formulation of cell theory of the structure of organisms by Matthias Jacob
Schleiden

- 1839 Teodor Schwann states that animals and plants are made of cells

- 1861 Max Schultze gives modern cell theory as a nugget of live protoplasmatic
mass containing cellular shudder

- 1972 J.F. Kerr, A. H. Wylie and A. R. Currie - the concept of apoptosis



Genetics - branch of biology dedicated to
gene research

- molecular
- cytogenetics
- population



’Q Issues of molecular

o

* Nucleic acids: DNA and RNA as genetic material

» Organization of genomes

* DNA metabolism: replication, repair, recombination

» Genetic variation

* Transcription and translation

» Regulation of gene expression

» The participation of genes in the functioning and differentiation of cells
and in the development of organisms

* Recombinant DNA technology - practical use of molecular genetics



’Q Dogma of molecula
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Experimental
evidence
that DNA Is a genetic
material




’& Experimnental evi

Frederick Griffith 1928

An experiment suggesting the
possibility
transfer of genetic information
between bacteria



’& Experimnental evi

Patogenicznos¢ Streptococcus pneumoniae
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’Q Experimental evide

Experiment Hershey & Chasey’a
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’& Experimental evi

Hammerling’s experiment

1 — czapeczka
2 —todyga
3 — podstawa (jgdro)

A. crenulata
A. mediterranea

Wzrost




DNA



’Qme basic concept 0

o

DNA

A substance that carries genetic information.

Beginning

- 1869 discovery DNA- J. F. Mischera

- 1944 Avery- DNA is a substance that carries genetic information

- 1953 J.D. Watsona i F. H. C. Cricka DNA double helix model

- 1959 Ochoa & Kronberg explain the mechanism of biological DNA and RNA
synthesis

- 1967 Kornberg i Goulian- they synthesize virus DNA

- 1983 PCR- efficient duplication technique DNA
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'M Nucleic Acids

Nucleotide of nucleic acids

All nucleotides have a similar structure, consist of:

NH.,
Base (ZASADA)
\N
Phosphate (FOSFORAN) ‘ /L
o) NS
N O
'O-I|3-O-CH2
O 0
Sugar (CUKIER)
OH OH

Nucleotides are monomeric units of nucleic acids




’“ Nucleic Acids

Nucleotide phosphates (Fosforany nukleotydéw)

Phosphates are normally linked to the 5 'hydroxyl of ribose or deoxyribose residues. Mono-, di- and triphosphates are
common

o)
| :
-o-||3-o-cH2 as in AMP
O-
I '
-O_T_O_T,_O_CHZ as in ADP
o O
SRR -
-0-P-0-P-0-P-O-CH, as In ATP

O O O



’& Nucleic Acids

Sugars in nucleotides

B-D-ryboza
wystepuje w kwasach
rvbonukleinowych

B-D-2-deoksyryboza
wystepuje w kwasach
deoksyrybonukleinowych

PENTOZA
cukier piecioweglowy




’MNucVe'v'c Acids

Binding sugar- base
N-glycosidic bond

wigzanie N-glikozydowe




'“Nuc?eiic Acids

Nucleobases, also known as nitrogenous (Zasady azotowe nukleotydéw)
bases or often simply bases

guanina



’MNUCVEVC Acids

Base (ZASADA) nucleoside (NUKLEOZYD)

Nomenclature

adenina adenozyna

guanina guanozyna
cytozyna cytydyna
tymina tymidyna
uracyl urydyna

ZASADA + CUKIER + FOSFORAN = NUKLEOTYD



’MNucVe'v'c Acids

Combination of nucleotides

wigzanie fosfodiestrowe O—P=0

T

5'CHy

3" OH
koniec 3’ fancucha



’M

ucleic Acids

Nitrogenous base pairing (Parowanie zasad)




"

ucleic Acids

DNA structure

Linus Pauling Francis Crick James Watson [Maurice Wilkins Rosalind Franklin



’& ucleic Acids

DNA structure
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nuclelc Acid

E wish 10 sugpest & structure for the st

of deoxyriboss mucleie soid (D.N.A.).  This
wiructure has novel features which are of considorable
bénd Intecost

A strocture for nockée sokd has alrcady boon
progrosed by Peuling and Corey®, They kindly made
their manuseript avadlable o us in advacses of
publicstion. Their model conssts of three inter-
twined ehains, with the phosphates nesr the fibes
axin, sl the buses on tho outside. Tn our opinion,
this struntuse is wnsatinflsctory for two ressons
(1) We bolieve that the materinl whish gives the
Xoray dingroens i the salt, not the fron acid. Withous
the acidio hydi T tomn it ks 0ot olear what foroes
wouthd hokl the striaoture together, eepocially as the
nogatively charged plesphates noar the axis will
ropel sach other. (21 Some of the vau der Waale
distances appesr to be too small,

Another three-chain structure has also bren sug
gested by Frasor (in the peess).  Tn his model the
phosphates are on the outside and the baws on the
insido, Lnked together by hydrogen boouds, This
struecture an ribed Is rather il defined, and for
this reason we sha!l not eomaens
on it

Wo wish to put forward
rodically different structure for
the salt of deoxyribose nuokele
woid,  Thes structiere has two
Bedienl chaine sach coiled round
the saene axis (soe dingram). We
have mode the usal chomioal
assumptions, namely, that esch
chain conmi of wphate di
wtar grosps joinmg §-o-deaxy
sibofurnmose rowidom with 3°.5°
Nnkagen. The two chains (but
not their bases) are rolated by &
dynd perpendicular to the fibee
axie.  Both chans follow righe-
bacded holices, but owing to
the dynd the sequencos of the
wtommw in the two ohaine ren
o opposite  directions.  Each
chain loowsly ressmbies Fur
berg's® model No, 1; that i,

(

G /

{ — - the bases are on the inmide of
the helix and the phesphates on

Tah Ggwe % ety gl ousside, The configurtion
e rketus s 0f the wigar and the atoms
twe phophaie—ssext  pear it @ close to Furberg's
sental peds the iy o 'standard configuration’, \Ec
Busch bobling Larchales  wpar boing roughly porpendi
Tine mmaris the thow axse  une 10 tho atached bose, Theew

NATURE 787

15 6 rowidue on wach ohain every 3.4 AL in the s-diree
tion. We have nasumed an angle of 38° between
adjncent residucs In the same chisin, o that the
stewcture ropeats aftor 10 rescdues on cech ehain, that
In, ofter 34 A, The distance of & phosphoras atom
from tho fibee axis is 10 A, Ax the phosphates are on
the outeide, cations have eaay acoss to them.

The struoture is an open one, and its water confent
is mather high., At lower water contenta wo would
expoct the basse o tilt »o that the siructure could
beooins morw comgpset

The novel foatuse of the strunture is the manner
im whioh the two chmins aee bedd togethor by the
prarice and pyrimidine bases. The planes of the bases
aro porperclicular to the fibre axis, They are joined
togother in pairs, o single base from one ohain being
hydrogon-bonded to & single hawe fromn the other
chinin, #o thas the two be side by sido with ideatioal
soo-onfinsos. One of the pair pust be & purine sod
the other & pyrimidine for bonding to coour. ‘The
hipdrogen bonds are made ss follows © purine position
1 to pyrimidine posstion 1; puarine pesition 8 to
pyrimidine position 6,

TF it in assamod that the bases only ocour in the
stroctury in the most plasible tautomorie forme
(that s, with the koto rather than the emol oom
figarations) it is fousd that caly speeific pairs of
bases can bond together. Thess pairs are : adenine
(puarine) with thymine (pyrimidine), and gosnine
(prariree) with eytosine (pyvimidine)

In other M\i‘. if wn adenine foros ono member of
o pair, on sither chasm, then on these ssasnptions
the other member must be thymimne ; simalarly for
guanine and oytosine, The sequonce of bases on &
sirgle chain dom not eppear to bo rwtrioted in any
way. However, if only specific pairs of bases can be
forned, it follows that if the soquenn of hass on
one ohialm is given, then the sequents on the other
chain s aatomatioally determined.

Tt has boen found experimentaliy™ that the mtio
of the armounts of adenise 1o thymine, and the mtio
of gusnine 10 cytosine, are always very closs Lo unity
for deoxyriboss munkese aend,

T4 in peobably impossible to budd this stracture
with & riboss sugar in place of the deaxyribose, s
the extra oxygon stom would make (oo clos & van
dee Waals oontaot,

The previously publshod X.ray data** on deoxy-
ribose musleio acid wro invufficlent for m rigorous test
of our strunture. So far as we can tell, it » roughly
vompatible with the experimsntal data, but it must
bo regarded as unproved until it has been checked
Against more exsot resulta, Some of these aro given
in the following communications, We were not awaee
of the detaile of the reeults prosonted there when wo
dovised our strooture, which reats mainly though mot
ontirely on published experimental data and stervo
chemacal arpuments,

It has mot esonped our notice that the speciflo
paitirg wo bave postulatod lintoly suggeets &
possibile copying mochaninn for the genetio matorinl,

Pall detosls of the strweture, including the con
ditions assmumed in buidding it, together with o set
of co-ordinatos for the atams, will be published
olarwhore.

Wo are much indedted 10 Dy, Jurry Dosclise for
oconstant advice and criticisn, copocially om inter-
stomio distanoes, We have nlso beon stimulated by
» knowledge of the genoral nasure of the unpublisted
expmrimontal rosalte aod ideas of Dr. M, H. F.
Wilkine, Dr. R. E. Prankdin and their co-workers at
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ucleic Acids

Nobel Prize AD 1962

Francis Crick James Watson Maurice Wilkins Rosalind Franklin

1958



' MNUCVG'I'C Acids

DNA structure

Loty ot 1 S g Uit Gh g,

Zdjecie 51, B-DNA, 2 Maj
1952, Franklin, Gosling




"

ucleic Acids

B-DNA A-DNA Z-DNA

prawoskretna prawoskretna lewoskretna



"

Different forms of DNA helix

B-DNA

ucleic Acids

A-DNA Z-DNA
3 prawoskretna prawoskretna lewoskretna

Typ helisy | prawoskretna

Srednica helisy (nm) 2.37
Przyrost na pz (nm) 0.34
Liczba zasad na skret 10

Topologia wiekszego rowka szeroki, gteboki
Topologia mniejszego rowka waski, ptytki

Inne formy: B’,C,C’,C”,D,EIiT

prawoskretna

prawoskretna

prawoskretna
2.95

0.29

11

waski, gteboki
szeroki, ptytki

lewoskretna

lewoskretna
1.84
0.37

12
ptaski
wasKi, gteboki



Nucleic Acids

In DNA, reversible thread separation can occur

(W DNA moze dojs¢ do odwracalnego rozdzielenia nici)
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ucleic Acids

Parameters used to describe the local structure of the double helix

T (ang. Twist)= (skret): Torsion: Specifies the torsion angle of
the planes relative to each other along the longitudinal axis of
the helix (okreSla kgt skrecenia w stosunku do siebie
ptaszczyzn wzdtuz podtuznej osi helisy)

R (ang. Roll)= (obrot): defines the angle of inclination of
adjacent planes relative to the longitudinal axis of the helix
(okresla kat rozchylenia sgsiadujgcych ptaszczyzn wzgledem
0si podtuznej helisy)

S (ang. Slide)= (przesuniecie). wskazuje wielkos¢ przesuniecia
ptaszczyzn zasad w warstwach w stosunku do siebie,
wzgledem osi podtuznej helisy (indicates the amount of shift of
base planes in layers relative to each other, relative to the
longitudinal axis of the helix)

€. 3

)

T

0
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’M

ucleic Acids

Propeller twist

Propeller twist (Skrecenie smigtowe) base planes relative to each other caused by the
pursuit of maximum strong hydrophobic interactions in adjacent layers

(Skrecenie ptaszczyzn zasad w stosunku do siebie wywofane dgzeniem do
maksymalnie silnych oddziatywan hydrofobowych w sgsiadujgcych warstwach)

LR
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Super helical forms of DNA curled circular spaces of DNA molecules
(Superhelikalne formy DNA zwiniete przestrzenie koliste czgsteczek DNA)

ucleic Acids

Lk (ang. linking number)- iiczba oplecen

Lk=Wr+Tw

Wr (ang. writh 6)- liczba zwojow wskazuje ile razy o$ podwdjnej helisy owija (krzyzuje) sie ze sobg
Tw (ang. tWiSt)- liczba skretow- wskazuje ile razy kolisty DNA zostat skrecony wokét osi helisy
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ucleic Acids

Liczba zasad przypadajaca na skok podwadjnej spirali (h)

h= N/Lk-Wr lub h=N/Tw

N- liczba zasad w czgsteczce DNA
Lk- liczba oplecen
Wr- Liczba zwojow



