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Prenos snovi med celico in okolico

* Transportni procesi

* Pasivni transport

* Aktivni transport




Prenos snovi

 Difuzija: molekularni prenos

o Konvekcija:

snovi zaradi razlike v vezana na gibanje
koncentraciji topljenca tekodéine ob fazni
meji s plinom,
kapljevino al* trdne
I.= ® o° . 1]
Soet ¢ o . SNovj|o
-:.E: . ®e® .
L '. o ©®
e o 'l.
e © o °

o AKtivni transport:
nasproten difuziji, s
pomocjo kemijske
energije
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CeliCha ovojnica

* VecCina mikroorganizmov in rastline:

— CeliCna stena

— rigidna struktura
— sestava: polisaharidi, peptidoglukani, lipopolisaharidi

— vloga: zaScita pred mehanskimi in osmoznimi poskodbami
— Citoplazemska membrana

— fluidna struktura
— sestava: fosfolipidni dvosloj, proteini

— vloga: selektivnho permeabilna loCnica, skozi katero poteka
Izmenjava hranil in odpadkov



Zgradba celiCne stene - bakterije
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Zgradba celiCne stene eukariontov:
kvasovke, rastline
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Bioloske membrane - vlioga
*ZascCitni ovoj

*Selektivha permeabilnost: izmenjava snovi z okolico
*Sporazumevanje celic z okolico

@ Plant Cell Transmembrane Signaling Mechanism

* Mesto vezave A
~ receptorskih g
molekul in prenos
kemijskih
signalov:

L]
L Steroid binds
to receptor

Receptor
an surface
of membrane

pror binds and transmits
signal across membrane,
Signal says: “Start growing”

* Receptor veze

ligand (npr. hormon)
~* Inducira ali regulira
~Intracelularne
reakcije

Plant cell
& membrane
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Receptar's
domain inside
plat cell

~*Omogoca prenos energije (kompleksi proteinov)
* Mitohondrijske membrane: sinteza ATP
* Fotosintetski organizmi: svetlobna energija se s pomocjo proteinov v
tilakoidni membrani kloroplastov ujame v barvila




Nadmolekulske strukture:
povezani lipidi, proteini in ogljikovi
hidrati (vezani na lipide — glikolipidi
- ali proteine - glikoproteini)
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Citoplazemska membrana

Glycolipid Oligosaccharide Integral protein Hydrophobic
o helix
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Phospholipid Cholesterol

Figure 9-26 Fundamentals of Biochemistry, 2/a
& 2006 John Wiley & Sons
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Model tekoCega mozaika — Sec ondhle

Singer in Nicholson, 1972 * Four

Lateralno gibanje proteinov in Iipidov'r]te“:]r"’IInI prote:ny

periferni proteini

rzunanja povrsina

fosfolipidne répi maséobnih ogljikovi hidrari, holesterol
glave (polarne) 4  kislin (nepolarni) vezani v glikoproteinu

; | s ...1 |
periferni protein integralni proteini  periferni protein s kﬂ‘v‘ﬂ't'm““"%gﬁig

vezanim lipidnim sidrom

notranja povrsina

http://www.youtube.com/watch?v=GWOIgf4Fgpg
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~ Integralni proteini

Hudraphilic
region of protein
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/ Proteini v membrani
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- Primer: glikoforin A .,
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/ Vloge

proteinov v membrani
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Prenos skozi membrane:

¢ pasivni transport: difuzija, olajSana difuzija in osmoza
4 ° aktivni transport (potreben ATP): Crpalke, endocitoza, eksocitoz
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/ Nacini prenosa skozi membrane
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Prenos snovi pri razlicnih
mikroorganizmih

R N CHCR S BT SR RE RSt e

Compound  — Seconekdevel Fung

Amino acids Adairelskeyel Active transport
- Glucose Active transport (PTS and permease) Facilitated diffusion and active
| * Fourth level transport

Lactose Active transport {RTT and permease) Facilitated diffusion and active

eve transport

Glycerol Free and fac:hlated diffusion Free and facilitated diffusion

Ethanol Free difusion Free diffusion

Lactic acid Active transport and free diffusion Free diffusion

Acetic acid Free diffusion Free diffusion

Carbon dioxide Free diffusion Free diffusion

Oxygen Free diffusion Free diffusion

PTS — fosfotransferazni sistem



/ Permeabilnost membran za razliche
- topljence
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Pasivni prenos snovi membrane

Difuzija [T
* prenos snovi skozi
semipermeabilne

G G, Co membrane dolocCa razlika
koncentracij topljenca
‘ s ‘ l * neto pretok vedno poteka
2 B v smeri s podroéja z
I P I ' visjo k podrogju z nizjo
HRIE - koncentracijo topljenca
* energijsko ugoden

s Y il Sk proces (entropija

o i narasca, prosta entalpija
Se povecuje)

|

prost prenos skozi biolosSke membrane;
mascobne kisline, CO2, N2, O2, CH4




- Difuzija skozi fosfolipidni dvosloj

. Prenos topljenca iz zunajcelicnega vodnega okolja v hidrofobno notranjost
Difuzija skozi hidrofobno fosfolipidno plast
Prenos topljenca v notranjost celice — vodno okolje
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- Difuzija skozi membrane

e
1. Fickov zakon, predpostavljeno ravnotezje na fazni meji: Ja = —Dap-Viy
— w — . _ Dmem
] = T= P (c,-c) = I Ky(c,-c,)
J snovni fluks komponente v celico [mol/m? s]
w molski tok [mol/s]
A povrSina [m?] . Dpnemky
P koeficient permeabilnosti [m/s] Amem
Do difuzivnost komponente v membrani [m?/s]
Arem debelina membrane [m]

Kp=m porazdelitveni koeficient za komponento v sistemu membrana/voda

Coda®

C, koncentracija izven celice (abiotska faza) [mol/m?3]
C, koncentracija v citoplazmi (biotska faza) [mol/m?3]



Koeficient permeabilnosti in Kp
Click to editiiaster text style
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mem Butyric acid 44x107"
Acetamide 1.4%10°° 8.3x107°
Formamide 208 107 7.6%107°
. Lactamide 1.5%107°
PoraZde“tven Butyramide 5.0%10°°
" Glucose 50x10°®
| Glycerol 20x1077 7.0%10°

Chara ceratophylla and the olive oil-water partitioning coefficient, To evaluate the
permeability of other compounds one may use certain rough measures of how chemi-

kO}%flE]rgrmt Table 2.3. Permeability coefficients for compounds in membranes of the plant cell

voda* _ i
cal groupings on a permeant can be expected Lo affect the membrane permeability
f':L (Stein, 1990): An extra hydroxyl group on the molecule decreases the permeability
> ™. oeianol Co 100- or 1000-fold. A carboxyl group has an even larger effect. An extra amide group
K ow=C ol G is more or less equivalent to two extra hydroxyl groups. Conversely, an extra methyl
Water Cw group in the compound is likely to increase the permeability five-fold, while a

doubling of molecular volume decreases the permeability 30-fold.



/ Difuzija vode - osmoza

* Difuzija vode preko semipermeabilne
membrane s podrocja visje koncentracije vode
na podrocje z nizjo koncentracijo vode

Concentrated Dilute sugar water molecules passes
sugar solution through not sugar

partially
permeable
membrane

I

Osmosis

sugar water
molecules molecules



Hipertoni€Cna, izotonic¢na in
hipotoni€na raztopina

Hypotonic solution Isotonic solution Hypertonic solution
H,0 H,O H,0
@ C(\j Animal cell
Normal Shriveled IzotoniCna
raztopina 0,9 %
NacCl (9 g/L
. - o
Turgid (normal) Flaccid Plasmolyzed

Copyright & Pearson Education, Inc,, publishing as Benjamin Cummings.

HipotoniCna raztopina je raztopina z nizjim osmotskim tlakom od vsebine celic,
krvne plazme, medceliCne tekoCine. Primer: destilirana voda, raztopina NaCl s
koncentracijo pod 5 g/L. Eritrociti bi v hipotoniCni raztopini popokali, ker bi Sla voda

T RS N S——————— T ¥ S N N -



Olajsana difuzija
* S pomocjo transportnih proteinov

: < 2 * uniport: prenos 1 vrste
| molekul topljenca

* simport: prenos 2 vrst
molekul topljenca v
ISto smer

* antiport: prenos 2 vrst
molekul topljenca v
nasprotno smer

(a) uniport (b) simport (¢) anripgr[-
| |
| L
kotransport g proteini, Ki
omogocCajo prenos snovi s
Kiivni ali el —adv g konformacijsko spremembo
aktivnl all pasivni transport: odvisno O R proteini, ki

energijskih razmer omogocajo prenos vode
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/4 Olajsana difuzija: uniport
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Inside of cell

http://www.youtube.com/watch?v=BSIWPh71sZ4



Olajsana difuzija

e Protelni:

— Kanalcki: prenos ionov v smeri gradienta (konc.
ali el.)

— Transporterji: prenos povezan s konformacijsko

aomhn nrntaina
ﬁ-ﬂng -EI:'.T\ I transporteriji

(107107 iornsis) (10°=10" mclecules/s)

AU

http://www.youtube.com/watch?

'.-l rTT Y —

Kotransporterja



Primer: glukoza-permeaza

hidrofobno
prenos glukoze skozi membrane eritrocitov g - 7 Heoor
‘ glukoza
ick tosedit I\/Iasteﬂmtaxt styl
‘ membrana
‘Seconggle .
Thiro ST 1

+
CITOPLAZMA

FUNAJCELICNA

pnotrajeelicna glukoza—> energijski
TEKOCINA

Fifiiileve| Mot

CITOPLAZMA

a7

ZUNAJCELICNA
TEKOCINA

492 AK: 12 hidrofobnih
+ 13 hidrofilnih podrocij



- d

zacetna hitrost prenosa
glukoze Vo (WM/min)

Ifuzijo - kinetika

zunajceli¢na koncentracija
glukoze [S], (mM)

. Transport skozi membrane z olajsano

Primer: glukoza-permeaza v membrani eritrocita

* Hitrost transporta bistveno viSja kot samo
z difuzijo (ni koeficienta permeabilnosti)

* Podobnost z encimsko kinetiko, le da se
Substrat tu ne spremeni

* 3 stopnje:

— Vezava glukoze na specificno mesto na
zunajceliCni strani proteina

— Prehod glukoze skozi kanal

— SproScCanje glukoze na citoplazemski strani

| Facililated Diffusion |
-~ @
g AR

sipna & sl B



OlajSana difuzija: kotransport
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Kotransportni sistemi, ki jih poganjajo

gradienti H+ ali Na+

Transported solute Cotransported solute Type of
Er:ani_sm or tissue j _Emuuillg against its gradient) ) I:mnuin;_dw“ its gradient) transpor
E. col Lactose H~ Sympart
Proline H* Sympart
Dhcarboxylic acids H' Syrmpar
Intesting, kidney of wertebrates Glucose Ma” Symparl
Aminag acids Ma~ Sympar
Vertebrate cells (many typas) Ca’ Na' Antipart
Higher plants K" M Antipar
Fung [Neurospors] i £l Antipan
ammino dcid —@
4t = i i
NO—O' ° o == @
o] oy
: ° @ o
@ o
o »
@ Oi © - @
o 9 5
Extracellular fluid Inzide of Cell




AE1 protein, CI-/HCOS3 antiporter

* KljuCen za transport CO2 z eritrociti

In systemir capillaries In pulmionary capillaries
High COy pressure Loy CO- prossure:
Lo Oy pressure High Oy pressurs
o, O s 0,
't ~ damoglobin
Hj{] . H-_l:.E' ‘q.-
. e e | | L
o L T S —— e
C Il ‘ C Il
£0,+OH =t HCO, N~ C COp+ O S Hety, N7 T
g Carbonic 3 9 ! Tarlonit Oy N,
anhydrasa cl H anhydrage H
lIIlI
| R :
Erylhrocyle AEIEN

plasma merbrineg HCO, HEDS Cl




Stevilni kotransporterji uravnavajo pH
- cltosola

100 —

Cl tHCO,
entiporter

—  Na*/H*
antiporter

Fercent maximal rate

Na*HCO,/Cl
cotransporter

6.8 Tl 7.6
Intracellular pH Figu



Primer: ATP-sintaza

“rChick to edit Master text styles
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ktivni transport: zahteva ATP

* prenos snovi topljenca s
podrocja z manjso
koncentracijo na
podroc€je z visjo
koncentracijo

* za to je potrebna
energija: izvira iz cepitve
fosfoanhidridne vezi v
ATP ali iz svetlobne
energije

i
A




4 tipi ATP-gnanih Crpalk




Primer: Na+ / K+ -ATPazna Crpalka
ZUNAJCELICNA * Click to edit Master text styles
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2. stopnjaj Encimsko katalizirana |4. stopnjaj Encimsko katalizirana
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[Na+ ]'ﬁmrlr-’lj < [Na+ ]'.:unili

12mM 145 mM konformacijsko spre- fosfatne skupine vrne
membo, ki precrpa prenasalni protein v

K ory > [K Ty tri Na' na zunanjo njegovo prvotno kon-

140 oM 4 stran celice. formacijo in precrpa

dva K' v celico.
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4. Extracellular
potassium
binds to
exposec
sites.

Extracellular

Ha .12 AD;{%E’
Intracellular
1.Protein in 2_.ATP 3. Phosphorylation
membrane phosphorylates causes
binds protein with conformational
intracellular bound sodium. change in
sodium. protein, allowing
sodium to

leave.

ADP +P, &

5. Binding of 6. Dephos-
potassium phorylation of
causes protein triggers
dephos- change back to
phorylation of original
protein. conformation,

potassium moves
into cell, and
the cycle repeats.



- Aktivni transport: endo-in eksocitoza
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- Endocitoza

Celice v glavnem uporabljajo tri tipe endocitoze:

1. fagocitozo (za poziranje manjSih organizmov ali organskih
delCkov),

2. pinocitozo (za vsrkavanje tekocin) in

3. receptorsko vodeno endocitozo (za sprejemanje specifiCnih
molekul, kot so lipoproteini).

Endocytosis
Phagocytosis Pinocytosis Receptor-mediated
% ‘ endocytosis >
- . solid particle = 2§ * - " ol
& * ] w
g x = # 5

Pseudopodium @ @ Coated pit Receptor
i Coat protein
Phagosome Vesicle

(food vacuole)

r P T
cytoplasm

Coated vesicle



- Endocitoza
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(c) Receptor-mediated endocytosis
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Fagocitoza
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Receptorsko vodena endocitoza
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Eksocitoza — izloCanje snovi

konstitutivno in regulirano
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