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Teorija velikog praska: Svemir se
poceo Siriti iz pocetnog vrlo gustog N _.
i neizmjerno vruceg stanja. : - Wy

Veliki prasak i starost svemira_

Starost svemira: 12-15 milijardi

godina (13,4 8 najnovije) Homs park
0 Energy
Dark G
v . . Matter
Proracuni na temelju: 23%
e starosti kemijskih elemenata (poluvrijeme raspada

radionuklida) roDAY

e luminoznosti i sastava najstarijih zvjezdanih klastera Dark

Matter
63%

Neutrinos
10 %

e stanja najstarijih bijelih patuljaka
Photons

. ve . . 15%
e brzine Sirenja Svemira

Atoms

12%
13.7 BILLION YEARS AGO
(Universe 380,000 years old)


http://en.wikipedia.org/wiki/Image:Universe_expansion2.png

MlijeCna staza ili Kumova slama

@ x - -

Tintoretto (1575), Juno odbija
dojiti Herakla.

200-400 milijardi zvijezda
Promjer oko 100 000 s.qg. o OO

(Jedna od oko 200 milijardi galaksija u poznatom svemiru)


http://www.wwu.edu/depts/skywise/a101/milkyway.jpg
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Modeli o podrijetlu zivih sustava

Prebioticki uvjeti 2 monomeri

Fosfolipidi = lipidni dvosloj, membrana
Samoumnazajuéi ribozim = (RNA-svijet)
Selekcijski pritisak na razini molekula =
udruzivanje RNA i proteina

Proteini postaju dominantni biopolimeri, a
nukleinske kiseline preuzimaju geneticku
funkciju.

DNA i PROTEINI definiraju zivot.



Kako je nastao zivot i kako se razvijao?

Pocetak zivota u obliku svijeta RNA?

Prvo gen ili prvo metabolizam?

HMNA
WORLD
™
15 bilkon years 8go 10 : | present
solar first first
. . Sy siem Calls mammals

big bang forrrreecd with
DNA

Figure 6-91. 2002 by Bruce Alberts, Alexander Johnson, Julian Lewis, Martin
Raff, Keith Roberts, and Peter Walter.
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RNA-svijet

- RNA sadrzi informaciju
* Djeluje kataliticki

* Moze se umnazati
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Vodikove veze nastaju lakse izmedu parovaCi Gte Ai U.

Polinukleotid djeluje poput kalupa ili Sablone (engl.
template) za sintezu komplementarnog polinukleotidnog

lanca.

lli polinukleotidi mogu formirati 3-D strukture
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6-101. Alberts et al. 2008 Zajednicki elementi RNA sekundarne strukture

Vodikove veze omogucuju sparivanje nukleotida u kompleksnije
trodimenzionalne strukture



v RNA katalizira cijepanje
BASE-PAIRING EIEF"I'::EEN drUQe RNA.

Ribozim, ili
kataliticka RNA.

e

The Nobel Prize in
Chemistry 1989
Sidney Altman, Thomas
R. Cech

Figure 6-96.

2002 by Bruce Alberts, Alexander
Johnson, Julian Lewis, Martin Raff, Keith
Roberts, and Peter Walter.
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DOKAZ: RNA od 88 nukleotida sintetizirana u laboratoriju moze
se presavinuti u dva razli¢ita ribozima, onaj lijevo katalizira
vlastito povezivanje (ligaza), a onaj desno vlastito cijepanje.

Figure 6-98. An RNA molecule that folds into two different ribozymes. ©
2002 by Bruce Alberts, Alexander Johnson, Julian Lewis, Martin Raff, Keith

Roberts, and Peter Walter.



Svijet prije RNA

A

Ij(o TNA - threose nucleic acid
o \H PNA - peptide nucleic acid
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Figure 6—100 Struktura RNA i dva sli¢na polimera
koji mogu pohraniti informacije. 2008 by Bruce
Alberts, Alexander Johnson, Julian Lewis, Martin
Raff, Keith Roberts, and Peter Walter.
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replication
catalysis Y,
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catalytic RN& molecule that
joing together nucleotides to
reproduce its own nucleotide
sequence and therefore its
shape

| B)

i)

family of mutwally supportive
catalytic RMA molecules, one
catalyzing the repreduction of
the othars

. coding RNA (template for protein
synthesis)

adaptor .—— >

RNAs ~.__nascent

protein

niw catalytic RMNAs evolve, some of which bind activated amino acids o
themselves. By base-pairing to a coding RNA molecule, these RNA
molecules allow an RMA sequence to act as a template for the synthesis
of amino acid polymers, causing the first genetically determined protein
sequences o appear. They thus serve as the first adacfors between
nucleotide and aming scid Sequences.

Tri koraka u
evoluciji
samoumnazajuceqg
RNA-sustava

(A) RNA katalizira
vlastitu reduplikaciju

(B) Jedna RNA katalizira
reprodukciju drugih
molekula

(C) Novi tip RNA sa
svojstvima
“adaptera”



pre-RNA-based systems

C Od jednostavnog
samo umnazajuéeqg
l sustava na temelju
pre-RNA do danasnjih
C stanica.

[ Danas je DNA

nasljedna tvar, a RNA je
prijenosnik geneticke
Informacije | katalizator
EVOLUTION OF NEW ENEYMES U sintezi proteina.

THAT REPLICATE DNA AND
MAKE RNA COPIES FROM IT

Prijelaz od RNA do @
C - ok DNA svijeta???

Figure 6-110 The hypothesis that RNA preceded DNA and proteins in

evolution.
© 2008 by Bruce Alberts, Alexander Johnson, Julian Lewis, Martin Raff, Keith Roberts, and Peter
Walter.

RNA and protein-based systems

RNA ——— protein


http://www.pdclipart.org/displayimage.php?album=108&pos=38

Kemijski sastav stanice
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Copyright @ 2003 Pearson Education, Inc., publishing as Benjamin Cummings.



Temelj biokemijskih reakcija predstavljaju makromolekule

bacterial
cell

i

g ™

SUBUNIT

amino
acid

v

nucleotide

ions, small
molecules (4%)

phospholipids (29%) =
DNA (1%)

RNA (6%)

proteins (15%)

|
- polysaccharides (2%) |

MACROMOLECULE

polysaccharide

00000

protein
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nucleic acid

)T IOWOHO VYW

S3N3

Slika 2-29

Najzastupljenije su organske
makromolekule u Zivoj stanici

* Osnovne gradevne jedinice svake
stanice i odgovorne za specificna
svojstva svake stanice

e Polimeri kovalentno povezanih
malih organskih molekula monomeraili

podjedinica) u dugacke lance

25 % sastava stanice su polimeri



Polimerni ugljikohidrati: struktura i pohranjivanje energije

Crystalline array Cellulose
of n:mlecules in microfibril
a micelle

Individual cellulose
molecules

(e
P
Polysaccharides

(other than
cellulose)

x Cellulose

» molecules

celuloza, www?2.estrellamountain.edu

Glycogen

Glycogen has a structure similar to that of
amylopectin-starch, except that the
polysaccharide chains are bonded to a protein.

(]
Glycogen is used in human muscles, liver, and ( i I I ko e I I
Q/ fat cells for short-term storage of glucose. 4
‘When blood-glucose levels are high, insulin
promotes removal of glucose from the

bloodstream, and the assembly of glycogen. . . .

When blood-glucose levels fall, glucagon CO u rS e s I O I n I a n a e u
<:>\/< promotes disassembly of glycogen, and L L L

release of glucose into the bloodstream.




Oligomerni ugljikohidrati: prepoznavanje i imunitet

=3 transmembrane  adsorbed transmembrane
A >, ¢ Lol glycoprotein glycoprotein proteoglycan
/ Vascular lumen " R
-7 Glycocalyx - 0
cell coat
} {glycocalyx)
lipid
bilayer

CYTOSOL

Endothelialicell - ¢

http://cardiovascres.oxfordjournals.org/content/83/2/388/F3.large.jpg
Figure 10-45

Simplified diagram of the cell coat (glycocalyx).



http://www.ncbi.nlm.nih.gov/books/NBK26878/figure/A1933/?report=objectonly

Nukleinske kiseline:

Thymine
- DNA Adenine

- Cuvanje informacija ,
5" end o 7
- RNA o’ NH 2 3" end
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Struktura nukleotida

v : ) Riboza ne bi mogla
1) Secer (pentoza - 5 ugljikovih atoma) | zamieniti deoksiribozu
u DNA jer bi -OH na 2’
poziciji onemogucio

3D strukturu.
5 5
HOCH, 0 OH HOCH, 0 OH
4C C1 4" <C1
A P w
i P
-
OH |OH OH H

W

riboza 2-deoksiriboza



Struktura nukleotida

2) Dusi¢na baza

(a) H
|

Guanine Adenine



Pohrana i prijenos informacija — glavna uloga nukleotida

G nukleotidi— gradevne jedinice nukleinskih kiselina
Fosfodiesterska veza — izmedu fosfatne skupine na
S— seceru
£r jednog nukleotida i hidroksilne skupine drugog
I T (slijedeéeg) nukleotida
L, Gy B
\’/ -\I /' Dva tipa nukleinskih kiselina:
0 ' *RNA —riboza+ A, G, Ci U; pretezno jednolancana
Cas i *DNA —deoksiriboza+ A, G, Ci T;
L HC N v .
Q ‘( = B dvolanéanazavojnica
CH, 0. N0
A

Citanje DNA zapotinje s 5’ kraja.

| Figure 2-28A small part of one chain of a
¥ end deoxyribonucleic acid (DNA) molecule



“A-D NA”

|“B-DNA’

U prirodi se javlja
desno-zavijena
DNA; smjer
kazaljke na satu,
gledano s vrha

)

Right-handed double helix Left-handed double helix




2. Masne kiseline grade membrane i pohrana su energije

Masne kiseline su dugolancane karboksilne kiseline,
koje se sastoje od dva kemijski razliCita dijela:
hidrofilne glave i hidrofobnog repa

Hidrofilna glava: COOH skupina, vrlo reaktivna

Hidrofobni rep: 4-28 C atoma, kemijski manje aktivna

* gotovo sve masne kis. u stanici su kovalentno
vezane za druge molekule svojim COOH
skupinama

hydrophobic hydroch
(A) (B) (C)

Figure 2-21A palmitinska
masna kiselina



Zasicene i nezasicene masne kiseline se razlikuju u konformaciji

Panel 2-5 Fatty Acids and Other Lipids

COMMON FATTY triaci |g| ice rol Fatty acids are stored as an energy reserve (fats and
ACIDS oils) through an ester linkage to glycerol to form
() . . .
S triacylglycerols, also known as triglycerides.
These are carboxylic acids Il Yigly gty
with long hydrocarbon tails. PR o B o W B e W S Y g Ve N
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2 2 2
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I I
CH, CH, CH, Hundreds of different kinds of fatty acids exist. Some have one or more double bonds in their
ydrocarbon tail and are said to be unsaturated. Fatty acids with no double bonds are saturated.
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SR T 0 o
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| - =/ 2
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stearinska, palmitinska, oleinska ., ..,
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Uloge lipida

* Membrane, rezerva energije

* koncentrirane rezerve hrane u stanici ->razgradnjom 1g masti
nastaje 6x vise energije nego razgradnjom 1g glukoze

* pohranjene u citoplazmi mnogih stanica u obliku kapljica
molekula triacilglicerola

e Zivotinjske masti u mesu, maslacu i vrhnju

* biljna ulja (ulje kukuruznih klica i maslinovo ulje)




Polimerne aminokiseline - Proteini

osobito zastupljeni i raznoliki odgovorni
za vedinu stanicnih aktivnosti

Enzimi katalizatori velikog broja kemijskih
reakcija

npr. fiksacija CO, za proizvodnju Secera u
fotosintezi

Rubisco (50% biomase)

Peptidni hormon inzulin

RuBisCo en.wikipedia.org

Inzulin, en.wikipedia.org


http://en.wikipedia.org/wiki/RuBisCO

Proteini odrzavaju strukturu stanice i DNA molekula

% 8 %
&
cb\ /®
.4?4 +end
B-Tubulin O ’ »
a-Tubulin O :
Tubulin dimer ; :;
bound 1o L,IJS b<><
Mk @ ke
OO0 :H
end
y-Tubulin 'S 4
Capping ’ﬁj\j()
proteins oo ____ o

Nature reviews, neurosciences

tubulin

Stanicni skelet oznacen
fluorescentim bojama

2
Nucleosome “bead”
(8 histone molecules +
146 base pairs of DNA)



Proteini: Molekularni motori

pokretanje stanica i stanicnih struktura, npr. miozin u misi¢ima

-
Troponin T a-lTropomyosin - Tropomn C Troponin | Myosin-binding —
(~15%) («5%) . protein C




3. Aminokiseline su podjedinice proteina
T;I;\M;N; Ac;oi NS e
The general formula of an amino acid is

_~ a-carbon atom

| : B _
amino “J\,__(::«_-'_C(x)“ karboksilna
rupa
grupa - grup

“-side-chain group

\

|

‘ R is commonly one of 20 different side chains.
At pH 7 both the amino and carboxyl groups

are ionized.
H
\ @ |
| H;N—C—COO
| R
amino karboksilna
grupa grupa
|I| |Ir
'l| II1 [ €

H H
! J Il 2 (l i F g
H;N—C —COOH —= H;N—C —COO0 :
é pH 7 J % L=
H) (.’ l'l %—

!
wa-carbon |/ _
side chain {R)

nonionized form ionized form

(A) (B) {C)

Figure 2-23 aminokiselina alanin



pre-RNA-based systems

C Od jednostavnog
samo umnazajuéeqg
l sustava na temelju
pre-RNA do danasnjih
C stanica.

[ Danas je DNA

nasljedna tvar, a RNA je
prijenosnik geneticke
Informacije | katalizator
EVOLUTION OF NEW ENEYMES U sintezi proteina.

THAT REPLICATE DNA AND
MAKE RNA COPIES FROM IT

Prijelaz od RNA do @
C - ok DNA svijeta???

Figure 6-110 The hypothesis that RNA preceded DNA and proteins in

evolution.
© 2008 by Bruce Alberts, Alexander Johnson, Julian Lewis, Martin Raff, Keith Roberts, and Peter
Walter.

RNA and protein-based systems

RNA ——— protein


http://www.pdclipart.org/displayimage.php?album=108&pos=38

PRAKTIKUM: PRVI PLAN
Vjezba 1. Mikroskopiranje

Vjezba 2. Plan stani¢ne grade i osnovni organizacijski
tipovi stanica

Vjezba 3. Biomembrane — indirektna opazanja
Vjezba 4. Plastidi

Vjezba 5. Izolacija kloroplasta. Stanic¢no frakcioniranje i
centrifugiranje

Vjezba 6. Stani¢na jezgra — Mitoza

Vjezba 7. Endomitoza. Politeni kromosomi i C-mitoza
Vjezba 8. Mejoza

Vjezba 9. Izolacija jezgara i izduzene niti DNA



	Slide 1 
	Veliki prasak i starost svemira
	Slide 3 
	Sunčev sustav
	Slide 5 
	Modeli o podrijetlu živih sustava
	Slide 7 
	Svijet monomera
	Slide 9 
	Slide 10 
	Slide 11 
	Slide 12 
	Slide 13 
	Slide 14 
	Svijet prije RNA
	Slide 16 
	Slide 17 
	Slide 18 
	Slide 19 
	Slide 20 
	Slide 21 
	Slide 22 
	Slide 23 
	Slide 24 
	Slide 25 
	Slide 26 
	Slide 27 
	Slide 28 
	Slide 29 
	Slide 30 
	Slide 31 
	Slide 32 
	Slide 33 
	Slide 34 
	Slide 35 

