Metode za izolacijo
membranskih proteinov

Extracellular Fluid Carbohydrate

Protein channel
(transport protein)

Globular protein

Hydrophilic heads
Glycoprotein

Phaspholipid bilayer
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Homogenizacija

Fizikalni postopki

Terilnica

Steklene kroglice
Zamrzovanje-tajanje
Osmotski Sok
Teflonski homogenizatorji
MeSala z nozi
Francoska presa




Homogenizacija

Kemijski postopki
= Detergenti

Encimski postopki
= Uporaba encimov za razgradnjo celicne stene in membran

= Lizocim, celulaze, fosfolipaze,...  a typical Eukaryote Cel ,

Cell Wall

es
Golyi Body Cell Membrane Mitochondria



|zolacija membranskih struktur

Celicni organeli imajo razliCne lastnosti, zato jih lahko
med seboj loCimo s centrifugiranjem:

= diferencialno centrifugiranje
zaradi razlicnih sedimentacijskih hitrosti se organeli posedajo
razliCno hitro (trajanje, pospeski)

= centrifugiranje v gostotnem gradientu

organeli se zaradi razlicnih gostot v vhaprej pripravljenem
gradientu (npr. saharoze) posedajo do ravni z enako gostoto.

Size and density of seme typical organelles”

(i) (g/en®)
Huclei 5-10 1.4
Mitochondria 1-z 1.1
Rikoscomes 0.02 1.6
Ly=sosomes 1-2 1.1

"carolina Tips, Nowv. 1, 1873.



|zolacija membranskih struktur

= diferencialno centrifugiranje

Centrifuge

e at 500 x g
for 10 minutes
|| ———— _—

—
Supernatant

Pellet: Nuclear
fraction

Homogenate
forms 10,000 x g

20 minutes

Pellet: Mitochondrial

0 o005g fraction

1 hour

Cytosol
(soluble proteins)

Pellet: Microsomal
fraction

| Filter
homogenate
to remove
clumps of
unbroken
cells,
connective
tissue, etc.
Centrifuge
A
’ ™
— | S— — — — —3
Pour out: |-—- . Four out: Paour out:
600 g = 15,000 g = 100,000 g =|- 300,000 g =
10 min E min 60 min | 2h —= » Pour out
1 = = s ——
L L—( - N
Filtered |:{I'-.Iuc:l.c:i Mitachondria, rF’I{asrr'na\ I—T’Jbosomal Soluble
homogenate chloroplasts, membrang,  subunits, portion
lysosomes, microsomal  small of
and fraction polyribo- cytoplasm
peroxisomes  (fragments S0Mmes leytosol}

of endoplas-
mic reticulum),
and large
palyribosomes



|zolacija membranskih struktur
= centrifugiranje v gostotnem gradientu

Low-density
solution

\

High-density
solution

/

Layering of
sample

Centrifuge tube

Density gradient
(A) (B)
e e
] e 1

QOrganelle
fraction

Lysosomes )
(1.12 g/cm3) "\,

Mitochondria— I
(1.18 g/cm3)

Increasing density of

sucrose (g/fcm?3)

Peroxisomes
(1.23 g/cm3)

«

After
centrifugation

Before
centrifugation

Separation by
sedimentation

%

coefficient Fractions
collected through
N hole in bottom
of tube
) Bl

© (D)

(kontinuirni gradient)

obogatitev membranske frakcije!

(diskontinuirni gradient)



Ekstrakcija membranskih proteinov

Transmembrane dmain GPl-anchored

membrane protein

1. periferni membranski
proteini

2. Integralni

Lipid bilayer

. - . Peripheral membrane Integral membrane
membranski proteini protein protein
3. proteini, zasidrani v \ '
membrani z lipidnimi Change In pH salsizaon

“repki”

Extracted protein




Ekstrakcija membranskih proteinov
- periferni m. proteini

........

Transmembrane ” & 9 GPl-anchored
membrane protein

''''''''''

Relativno mili pogoj
za ekstrakcljo

Porusenje Sibkih

Lipid bilayer

Integral membrane
protein

elektrostatskih :
Interakcij in vodikovih att oxtiaction petergent
. s aw Change in pH solllzation
vezi med proteini in
membrano VN G

Extracted protein




Ekstrakcija membranskih proteinov
- periferni m. proteini

Najpogosteje uporabljeni postopki:

= Visoka ionska jakost (1M NaCl ali KCI)

= BazicCni pufri (pH 8-12)

= Kisli pufri (pH 3-5)

= Kelatorji kovinskih ionov (EGTA ali EDTA)
= Organska topila (npr. butanol)

= Sonifikacija membranskih frakcij



Ekstrakcija membranskih proteinov
- periferni m. proteini

Ekstrakcija — centrifugiranje
= (60 min, 100 000g)

LR T I P

N R -

£ ..'." I R - e Odtopljeni protein je po

£ "" :. LN RO I B centrifugiranju v supernatantul!
5 me | |T@e| [ 2| |

J' :l-f | =
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&
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Tire ——%



Centrifugirke




Ekstrakcija membranskih proteinov

- Integralni m. proteini

Zaradi hidrofobnih
povrsin mocneje vsidrani
v lipidni dvosloj

Za ekstrakcijo so potrebni
detergenti

Transmembrane domain GPl-anchored
membrane protein

Peripheral membrane

protein
Salt extraction Detergent
Change in pH solubilization

K
[
RREk
e
ok

Extracted protein




Detergenti

AmfipatiCne molekule

= Dvojni znacaj: hidrofobni in
hidrofilni del
= Miceli




Detergenti

Table 1
Properties of Commonly Used Solubilizing Detergents

Relative molecular Critical micelle

mass (monomer) concentration Aggregation
Detergent (M,) (cmc) (M) number
Triton X-100 625 3.0 X 10—+ 150
Tween 20 1320 0.9 X 10> 60
Brij 35 1200 9.0 X 105 40
Lubrol PX 1000 4.0 X 10-6 90
Octyl-B-bp-glucoside 292 2.5 X 102 90
Zwittergent 3-14 364 3.0 X 10—+ 83
CHAPS 615 1.4 X 103 22
Cholate 430 1.4 X 103 4
Sodium dodecyl sulfate 288 7.0 X 103 62

Kriticha micelna koncentracija
Agregacijsko Stevilo
Hidrofilno-lipofilno ravnotezje (HLB)



Detergenti

Triton X-100 @) en-e o

/ CHOH
/ Nonionic Octylglucoside WV\’“@‘*
\ -
Detergent Type A Lubrol PX NN -y - g - O

N

Zwitterionic — Zwittergent 3-14 st'-o

Il
Nonionic Digitonin .
H
Gy — Glu - Gal - Gal - Xpt - O )
[+]

cH,

ch, Oy

-0

o=un=0

1] I
e b
Detergent Type B|- Zwitterionic —CHAPS C@‘)\W
WO N 'OH
o
HO o™ Nt
lonic Sodium cholate
HO? " Yon

Fig. 2. Commonly used detergents employed in the solubilization of biological membranes.

Tip A:
= Fleksibilni hidrofobni
repi in hidrofilne glave

Tip B:
= Toge strukture z
amfifilnimi lastnostmi;

na osnovi strukture
holesterola



Ekstrakcija membranskih proteinov
- Integralni m. proteini

Kriteriji za izbiro detergenta:

= Cistost

= Dostopnost

= UCcinkovitost odtapljanja membranskih proteinov

= Pri uporabi ne pride do ireverzibilne denaturacije membranskega
proteina

= UCcinkovitost odstranjevanja detergenta po ekstrakciji



Ekstrakcija membranskih proteinov
- Integralni m. proteini

Ekstrakcija membranskih proteinov z detergentom
= Pufrski sistemi s fizioloSkim pH in ionsko jakostjo
= Membranski vzorci s celokupno koncentracijo proteinov 1-5 mg/mL
= Koncentracija detergenta 0.1-5% (v/v)

= Po centrifugiranju (60 min, 100 000g) je membranski protein v
supernatantu



Odstranjevanje detergentov

Zacetna koncentracija detergentov je ponavadi
visoka.

Za nadaljnje postopke izolacije oziroma analize
je potrebno presezni detergent odstraniti ali
zamenjati z drugim.

Detergenti lahko negativno vplivajo na:

= Biolosko aktivhost membranskega proteina

= UcCinkovitost kromatografskih metod pri izolaciji
= RazliCne fizikalne in kemijske analize proteinov
= Bioloske analize v celiCnih sistemih



Metode za odstranjevanje detergentov

Pri izbiri metode za odstranjevanje moramo
upostevati naslednje lastnosti detergenta:

= Kriticho micelno koncentracijo (cmc)
= Hidrofilno-lipofilno ravnotezje (HLB)
= Molekulsko maso micele



Metode za odstranjevanje detergentov

Najpogosteje

uporabljene metode:

= Dializa
= Kromatografija:

= ionsko-izmenjevalna

= afinitetna

= hidrofobna adsorpcija

= gelska filtracija

= Precipitacija proteinov

(b) At equilibrium

Membrane protein rgent
Removal of detergent
/# X [Detergentbinding
(Sodium cholate, octylglucoside) (Triton X-100, sodium dodecy! sul

tate)
(Hidrofobna adsorpcija)

Membrane protein fraction
with greatly reduced amount of detergent

Fig. 1. Commonly used methods to remove detergent from protein fractions.

Kromatografije:
&y O
— E —_—

-
i



|zolacija membranskih proteinov

|zolacija celiCnih organelov
Ekstrakcija membranskih proteinov z detergentom
Znizanje koncentracije detergenta

Kombinacija standardnih biokemijskih tehnik -
kromatografij:

= Locdba na osnovi bioloskih lastnosti

m Afinitetna kromatografija (uporaba specificnih ligandov, sond ali
protiteles)

= LocCba na osnovi fizikalnih lastnosti (velikost, naboj)
m lonsko-izmenjevalna kromatografija
m  Gelska filtracija
m Elektroforeza

= LocCba na osnovi adsorpcijskih lastnosti
= Hidrofobna izmenjevalna kromatografija, adsorpcijska kromatografija
= Kromatografija na obrnjenih fazah

LoCba na osnovi bioloskih lastnosti ponavadi pripelje do boljSega izkoristka izolacije.

Strukturna karakterizacija proteina

_raztopina
pufra

__steklena

kolona

__ stacionarna

faza

__7zbiralec

frakcij



¥ speedvac’



Kontrola ucCinkovitosti ekstrakcije in izolacije
membranskih proteinov

Encimska aktivnost

Detekcija proteinov v gelu in na membranah
= Barvanje proteinov in detekcija s specificnimi protitelesi

Afinitetno oznacCevanje
Oznacevanje proteinov s fluorofori
Bioloska analiza v celiCnih sistemih



Encimska aktivnost

Primer:
= lzolacija citokrom c oksidaze — sledenje encimske aktivnosti po frakcijah

100
1000 2
160 90 =
160 ®
] - 80 a
140- :
] - 70 %
Sg A o 3
TE 100 <8
£EE ] -50 OO
e o I o 2.
8 g 80 40 5
g <q | K o
60- o
] 30 z
40- - 20 &
2] N
(1]
2 10 9
oM - - 0 N

1 2 ] g " 13 15 17 19 20 21 23 ] 27 29
St. frakcije

weww

Slika 13: Anionsko-izmenjevalna Kromatografija, zadmja stopnja ¢is¢enja CCOX iz prasi¢jega

cerebralnega Korteksa.

1z pradi¢je moZganske skorje smo izolirali celotno CCOX. V zadnji stopnji izolacije smo na FPLC-kolono
Mono Q pri pretoku 1 ml/min nanesli 1 ml supernatanta po odtapljanju membranskih proteinov s 3 % (m/v) TX-
100 (CS2). Nevezane proteine smo sprali s 4 ml pufra 50 mM Hepes (pH 7.6). 100 mM NaCl in 0.1 % (m/v)
TX-100. Vezane proteine smo eluirali z gradientom 100—500 mM NaCl v pufru 50 mM Hepes (pH 7.6) in 0.1 %
(m/v) TX-100. Zbirali smo frakcije po 1 ml. Frakcijam smo izmerili absorbanci pri 280 nm (modra linija) in 420
nm (zeleni stolpei) ter aktivnost CCOX (oranzni stolpei). Aktivnost frakeij smo prikazali kot delez aktivnosti

celotne frakcije CS2. Najbolj aktivne frakcije 19. 20 in 21 so poudarjene.



Detekclja proteinov v gelu in na membranah

Barvanje proteinov v gelu in na membranah

NaDS PAGE

Negative

-

Electrode | oad samples here ™y,

Buffer | i

Positive
Electrode

An illustration of an

apparatus used for SDS PAGE.

|

Glass
7PI ates

Barvila

Table 5. Characteristics of Total Protein Stains

Stain Detection Limit Nitrocellulose Nylon PVDF Comments
Ponceau S 1-2 ug + - + reversible
Amido Black* 1.5 ug + + permanent
low background
Coomassie blue* 1.5 g + + permanent
high background
India Ink 100 ng + + permanent
Biotin-aw'din. 30 ng + + + permanent
fades with time
Colloidal gold 3ng + + permanent

—— Aa
* Anionic Stains

Koloidno srebro

&
H—-——'__—_ -_—
~=*s=SS= 8§38
— -

- -
- - -
—_— -
=311 §
—
4 — Pr—

Coomassie modro



Detekclja proteinov v gelu in na membranah

Imunoloska detekcija proteinov na membranah

gel

filter papir

membrana
pena

elektrodi

Slika 3: Sistemi za elektroforezni prenos proteinov iz poliakrilamidnih gelov. (a)
Prenos v tanku. (b) Polsuhi prenos.

Prenos proteinov na membrano

Detekcija s specificnimi protitelesi

Lﬁmt %fﬁo_.wm

NaBO,

(]

Luminol
and
enhancer

protein on primary POD-labeled radical oxidation of X-ray film
membrane antibody secondary antibody ~ forma tion Luminol and
light emission
of the reactiol
pru(lucl
0 0
N-H H,0, 0 i
. _ > + +N, +light
N-H  Peroxidase 0
NH, O NH, O

Fig. 1: Reaction scheme

c
7 8
M [kDa]
— 123
— 86
— 44.6
H-31.4
N
-+ ..

Barvanje s koloidnim srebrom Detekcija s protitelesi




"Hypercassette” Razvit film

Membrana v kaseti



Afinitetno oznacevanje

Priprava radioaktivnho oznaCenega proteina (liganda)
Primer raidiojodiranje tirozinskih preostankov v proteinu

protein =—p12>|-protein

(o} (@)
H,N o H,N o H N
125 Ia + Tyrosine Monoiodinated
_— —_—
o o

AtxC > pH 7.4 22" 2T |




Afinitetno oznacCevanje

Kovalentno povezovanje proteinov z radioaktivho oznaCenimi ligandi —
uporaba precCnih povezovalcev

The general design of a homobifunctional cross-linking agent. The two reactive groups are
identical and typically are located at the ends of an organic spacer group. The length of the spacer may be
designed to date the distance b two molecules to be conjugated

Mg

= o : Obstaja veliko razli¢nih
oo Fowd tpovpren

o tipov precnih povezovalcev!
m¥1.4ia5

R—NH, HN—R
Amine Containing Amine Containing

SO,Na
o, o :
N
"oJ\/\/\/\!/o‘n i o o o
e o

BS®
Bis(;

membranski receptor + 125|-ligand DSS 125]-ligand-(rocica)-membranski-receptor

NaDS PAGE
Avtoradiografija —




Afinitetno oznacevanje

NaDS PAGE
Avtoradiografija

125_ligand-(roéica)-membranski-receptor mmp|

125]-ligand mmp

K* - dodan prebiten neoznaéen ligand



m Afinitetno oznacCevanje

m OznacCevanje proteinov s foto-reaktivnimi sondami

0] L b - /\
sulfo-SBED /}O‘N Vi X“\C M L)
S5 O;Q / -

o

NH NaOsS
o] amino-réaNtiD‘néﬂ\

o) a skupina
)\\ NH

NH .

HN
o)
N=N=N_
s

biotin foto-reaktivna
skupina




Oy NH
- NH fj '

HNQ‘“’\J? 0 Hs-s AtxC
NHLJNHD

NHJb
H,N— R N-N*N

UV light

activation

O, NH

0

%-NH f)‘I
S
HNQ‘\’\,};H o) er_-l_,s AIIt‘KC
\f\jr:m % R

Rel
DTT N

Specific interaction
to binding protein

0
Hl\ul\yk"'"-| SH
0
5 o]

Biotin labeling NH\,-\_J'NH o

}NH NH—UNH R

" W AtXC

Fotoaktivacija

Prenos biotinske rocdice z AtxC
na tarcni protein

Kemiluminescencna detekcija
na membrani

— +  MJkDa] — +
|— 126.4 —]

— 81.1— |

PI >

— 403 —{"

— 313 —

— 17.1 —

— 6.7

Fig. 3. Sulfo-SBED-AxC labelling of PDI and 14-3-3, Atx-binding proteins that cannot be affinity-labelled with
- AtxC and DSS. PDI (0.7 uM) and 14-3-3 proteins (0.14 pM) were incubated with sulfo-SBED-AtxC (0.7 uM)
in the dark. The cross-linking reaction proceeded for 10 min under UV radiation (312 nm). SDS-PAGE analysis
(12.5% acrylamide gels) under reducing conditions was followed by Western blotting of the samples and SA-
HRP/ECL detection on the membranes. Incubations in the presence or absence of 100-fold molar excess of the
native AtxC over sullo-SBED-AtxC are designated by (+) and (—). For experimental details see Section 2.



Oznacevanje proteinov z razlicnimi fluorofori

o

8]

Primer fluorofora: Alexa Fluor 546

Absorption

400 450 500 550 600 650

o

o Cl

Fluorescence emission

Wavelength (nm)

700

Absorption

1 Alexa Fluor 350
2 Alexa Fluor 405
3 Alexa Fluor 430

T T . T
350 400 450 500

Wavelength (nm)

550

Figure 1.34 Absorption spectra of our ultraviclet and blus light—shsorbing Alexs Fluor dyss.

Absorption

1 2345678

N
I|I

1. Alexa Fluor® 488
2. Alexa Fluor® 514
3. Alexa Fluor® 532
4, Alexa Flugr® 555
5. Alexa Fluor® 546
6. Alexa Fluor® 568
7. Alexa Fluor™ 594
8. Alexa Fluor® 610

T
450 500 550 600

Wavelength (nm)

T
650

700

Figure 1.17 Absorption spectra of our green, yellow and red fight—absorbing Alexas Fluor dyes.

Absorption

1234 5 6 7

v

1 Alexa Fluor 633
2 Alexa Fluor 647
3 Alexa Fluor 660
4 Alexa Fluor 680
5 Alexa Fluor 700
6 Alexa Fluor 750
7 Alexa Fluor 790

550

Figure 1.24 Absorption spectra of our far-red and infrared light—sbsorbing Alexs Fluor dyes. Alexa Fluor 835 dye, available conjugated to
antibodies, streptavidin and phalloidin, is not included here but its absorption spectrum is very similar to that of Alexa Fluor 632 dye.

T T 7 T T
B00 650 700 750 800 850

Wavelength (nm)



Primer: Identifikacija in izolacija membranskih
vezavnih proteinov za amoditoksin (Atx)

sekretorne fosfolipaze A, (SPLA,)
1z strupa modrasa
(Vipera ammodytes ammodytes)

presinapticni nevrotoksini
(B-nevrotoksini)

preprecitev sproscanja
acetilholina iz zivenih koncCicCev -
trifazni ucCinek

smrt zrtve zaradi paralize dihalnih
misic




Tkivo: praSiCji mozgani
(mozganska skorja)




Priprava membranskih frakcij z diferencialnim centrifugiranjem

HOMOGENAT KORTEKSA
10 ml 0.32 M saharoze / g tkiva

1000 g, 10 min

S1
raztapljanje
0.32 M saharoza .
1000 g, 12 min 12000 g, 20 min
R S2
raztapljanje
0.32 M saharoza 105000 g, 90 min
‘]edrna fr i 12000 g, 30 min j

S3

B2 p3 Mikrosomska frg

Sinaptosomsko- 032  saharoza
mitohondrijska frakcija

55000 g, 120 min



Detekcija Atx-vezavnih proteinov na membranah korteksa:

39 kDa, |-

FIG. 2. Affinity labeling of the AtxC-binding component in por-
cine synaptic membranes. The membrane preparation was incu-
bated with '?°I-AtxC in the absence (T) or presence (C) of a 600-fold
excess of unlabeled over labeled toxin. After cross-linking (DSS),
membranes were solubilized and analyzed on SDS-PAGE under
reducing conditions. The patterns shown are autoradiographs. The
apparent molecular mass of the specific adduct was determined
using Bio-Rad kaleidoscope prestained standards.

afinitetno oznaCevanje z uporabo
radioaktivho oznacCenega Atx in
precnega povezovalca DSS

Lo¢ba proteinov z NaDS PAGE

Avtoradiografija



Detekcija Atx-vezavnih proteinov na ekstraktih membran korteksa:

Ekstrakcija membranskih
proteinov z razlicnimi
koncentracijami NacCl ali
detergenta Triton X-100

afinitetno oznacCevanje z
uporabo radioaktivno
oznacenega Atx in preCnega
povezovalca DSS

LoCba proteinov z NaDS
PAGE

Avtoradiografija
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0.1%
0.2%
0.5%
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R180 in R25 sta integralna membranska proteina!



|zolacija 180-kDa membranskega proteina

A
M,
(kDa)
5 Uporaba lektin-afinitne in Atx-
afinitetne kromatografije
429
e T Protein (R180) izoliran v Cisti
il . B | ?‘-?i‘:'_“u Obllkl

FIG. 2. Purification of R180 from porcine cerebral cortex. A,
aliquots of the samples obtained in different steps of the purification

procedure were analyzed by 10% SDS-PAGE under reducing conditions. . . - v

The gel was silver-stained. Lane 1, molecular mass standards (B3-galac- IZOl Iran R 180 Oh rani bIOIOS kO
tosidase, 139 kDa; bovine serum albumin, 80 kDa; carbonic anhydrase, .

42.9 kDa; soybean trypsin inhibitor, 32.5 kDa); lane 2, crude membrane akt|vn oSt — SpOSOb NOSt vezave
extract, 5 ug of protein; lane 3, breakthrough from wheat germ lectin-

Sepharose 6MB, 4 pg of protein; lane 4, eluate from wheat germ lectin- Atx

Sepharose 6MB, 4 ul out of 8 ml; lane 5, breakthrough from AtxC-Affi-
Gel 10, 4 ul out of 8 ml; lane 6, AtxC-Affi-Gel 10 Triton X-100 (0.3%
(w/v)) washing, 4 ul out of 40 ml; lane 7, eluate from AtxC-Affi-Gel 10,
100 pl out of 4.2 ml. The position of pure R180 in lane 7 is indicated by
the arrow. B, the final product (lane 7) specifically reacted with 1251-
AtxC. An aliquot of the final product was incubated with 25I-AtxC in
the absence (T') or presence (C) of 200-fold excess of unlabeled AtxC over
the labeled toxin.



Del strukturne karakterizacije 180-kDa membranskega

proteina:

TABLE 1

Peptide Sequence Analysis ¢f R180 #nd L200

by Tandem Mass Spe

AtxC receptor Peptides®
R180 870 DGSPVIYQNWDK

1339 IPEGVWQLSSCQDK
825 SDILTIHSAHEQEFIHSK 842
870 DGSPVIYQNWDK 881
923 VWVIEK 928

1308 WFDGTPTDQSNWGIR 1322

1339 IPEGVWQLSSCQDKK 1353

qui to the corresponding parts in
the sequence of bovme M-type sPLA R (12).

Analiza s tandemsko masno
spetrometrijo sta pokazali, da
je R180 transmembranski
protein — receptor tipa M za
SPLA2.

FIG. 3. Effect of peptide N-glycosidase F (PNGF) treatment on
R180 and L200. The purified sPLA;Rs were treated with PNGF
(lanes 2 and 3) and analyzed on SDS-PAGE in comparison to PNGF-
untreated samples (for details see Materials and Methods). Lanes 1
and 2 contain R180 while lanes 3 and 4 contain L200.

Po obdelavi s peptidno N-
glikozidazo F se navidezna
molekulska masa proteina
zniza — R180 je glikoprotein!



Subcelularna lokalizacija 25-kda membranskega vezavnega proteina za Atx

39 kDa ,

FICG. 2. Affinity labeling of the AtxC-binding component in por
cine synaptic membranes. The membrane preparation was incu
bated with "*LAC in the absence (T) or presence (C) of a 600-fold
excess of unlabeled over labeled toxin, After cross-linking (DSS),
membranes were solubilized and analyzed on SDS-PAGE under
reducing conditions. The patterns shown are autoradiographs. The
apparent molecular mass of the specific adduct was determined
using Bio-Rad kaleidoscope prestained standards.
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Jedrna frakcija

HOMOGENAT KORTEKSA
10 ml 0.32 M saharoze / g tkiva

1000 g, 10 min

S1

raztapljanje
0.32 M saharoza
1000 g, 12 min

S2

12000 g, 20 min

raztapljanje
0.32 M saharoza

12000 g, 30 min
P1

P2
Sinaptosomsko-
mitohondrijska frakcija

0.32 M
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P1b  laitM
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pMikrosomska fraljcija

raztapljanje
0.32 M saharoza

55000 g, 120 min

0.32 M

P3a
0.8 M

P3b
1.0 M

P3c
P3d

1.2 M

Diskontinuirni saharozni gradienti



Porazdelitev specificnih oznaCevalcev za organele

relativna encimska aktivnost (%)
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—>porazdelitev R25 v frakcijah
prasi¢je mozganske skorje
(afinitetno oznacevanje z 12°|-Atx)
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P2d (40000x povecéava)

_
\L najdemo predvsem v frakciji P2d. " N __
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‘L Porazdelitev R25 se ujema s \L Elektronska mikroskopija je
porazdelitvijo mitohondrijev potrdila prisotnost

mitohondrijev v frakciji P2d.
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