Elektromigracni metody




Podstata

., Pohyb elektricky nabitych castic

v elektrickem poli“




1880
1897
1930

1962
1967

1970
1975
1976

Historicky prehled

prvni elektroforetické separace Smirnow,Hardy

regulacni frunkce Kohlrausch
volna elektroforéza Tiselius
(1948 Nobelova cena)
izoelektricka fokusace Vesterberg, Svensson
kapilarni elektroforéza v rotujici
1 - 3 mm kremenné kapilare Hjerten
SDS PAGE Laemmli
2D-elektroforeza O’Farrell

isotachoforéza Everaerts, Mikkers




Teoreticke aspekty
elektromigra¢nich metod




Mobilita
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Elektricka sila F,
F.=ExQ

E = intenzita elektrického pole [V/m]
O = naboj castice =z, x e []
Frikcni sila F,

Fr=vxf

v = rychlost Castice

f(frik¢ni koeficient) = 67.1.r




Ustaleny stav

ExQO=vxf
v
yEx
. _v_0
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Sekundarni jevy

* Jouleovo teplo

e Elektroosmoza




Jouleovo teplo

}%:Exi: i2

S KXS2

P =vykon [W.m"3]
S = prurez [m?]
k= vodivost [Q2'l.m]

i = elektricky proud [A]




Elektroosmoticky tok

Capillary wall with dissociated silanol groups

ol
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| | «f—p Distance (nmj}

Stern layer Diffuse layer Double layer

(fixed) thickness
SiOH == -SiO" + H* (pK,~ 6)




Elektroosmoticky tok

drnu,
f —
g

&= potencial Helmholtzovy dvojvrstvy
n = viskozita
g = dielektricka konstanta

u,, = elektroosmoticka mobilita

v, =——x EE
47




Puvod elektroosmotického toku




Elektroforéza

,Déleni nabitych cdstic na zaklade
rozdilnych elektroforetickych
mobilit‘




Elektroforéza

* Volna

e /Z0Nova
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Volna elektroforéza
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Z0nova elektroforéza
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Stabilizace

 Rotaci
* Gradienty hustoty
e Poréznimi medii

« Kapilarou




Pozadavky na porézni media

 Homogenita
* Inertnost - nespecificke interakce
- nulovy EOF
» Reprodukovatelna a snadna priprava
* Mechanicka pevnost

* transparentnost




Uporadani

Horizontalni




Uporadani

Vertikalni
+

—




Chromatograficky papir

Slozeni — celulosa

- Nehomogenni
- Pritomnost 1onogennich skupin
- Spatné se chladi — pali se

Pouziti : t€ém¢&f uz se nepouziva




Agar a agarosa

SloZeni — kopolymer galaktosy a anhydrogalaktosy

- Pritomnost ionogennich skupin — silny EOF
+ Velké pory

+ Snadna priprava

Pouziti : imunoelektroforetické metody
elektroforéza NK




Acetat celulosy

Slozeni — acetat celulosy

+ Komercné dostupny
+ Dobré mechanické vlastnosti

Pouziti : imunoelektroforetick€é metody

klinickée aplikace




Skrob

SloZeni — hydrolyzovany Skrob

+ poprve se uplatinuje efekt molekulového sita
- Spatné mechanické vlastnosti
- Komplikovana a nereprodukovatelna priprava

- Nenli transparetni

Pouziti : 1zoenzymova analyza




Sypane¢ vrstvy

SloZeni — Sephadex — zesitovany dextran

+ uplatiiuje efekt molekulového sita

Pouziti : preparativni




Polyakrylamid

Slozeni — kopolymer akrylamidu a

N,N,- methylenbisakrylamidu

+ plné spliiuje pozadavky

Pouziti : analyza bilkovin




Polyakrylamid

IlIHz NH NH, NH
+ | — > |

s s

NH NH, NH

|




Polyakrylamid - priprava

Radikdlova polymerace

« Katalyzator — tetramethylethylendiamin
TEMED
* Inicidtor - chemicky — (NH,),S,0q
- fotochemicky — ribloflavin + UV




Polyakrylamid - slozeni

a—+b

T = x100%

m

b
a—+b

C= x 100%

a — akrylamid (g)
b — methylenbisakrylamid (g)
m — objem (ml)




Fergussonova rovnice

PAGE neni pouze pasivnim nosi¢em, ale podili se
na separaci efektem molekulového sita.

log 11 =log o+ KF[T]
1 - mobilita

- mobilita pf1 limitnim zfedéni
K. —retardacni koeficient




Uplatnéni Fergussonovy rovnice

u A u A m A
\ B B

T ; T " T "
Mr,= Mry Mr, # Mrg Mr, # Mry
pla# plp pla=plg pla# plp




Provedeni PAGE

vertikalni x horizontalni
deskove x trubiCkové
homogenni x gradientové

kontinualni x diskontinualni




Provedeni PAGE




Provedeni PAGE

Casling Stand

\
el

L P
Casting Frame
and Glass
Plate SBHW_EL‘"T

A i / Clamping Frame
Plastic Comb " ~—u—_ 7 and Electrode

Aszeambly
Glass Plates with Sample | it

Inteqrated Spacers Guide




Diskontinualni PAGE
Orstein, Davis

Elektrodovy pufr Koncentracni gel

Inis Glycin pH 8.3 Izotachoforéza
Koncentra¢ni gel Koncetra¢ni pufr
T=3-5% Tris HC1 pH 6.8

Separacni pufr Separaéni gel
Tiee Clkein el 6.3 , , ,
fis Liyein p Z.6nova elektroforéza

Tris Glycin pH 8.3

Separacni gel
T=x%

+




SDS PAGE

OSO3Na"™

1 g bilkoviny vaze 1.4 g SDS =
uniformni naboj na jednotku MW




SDS PAGE




Stanoveni Mr pomoci SDS
PAGE




Stanoveni Mr pomoci SDS
PAGE - standardy

1 2 3-4:3 5 7 8910

____-_—.—._.—-‘_'—-




Pouziti SDS PAGE

Stanoveni Mr

Analyza komplexnich smési

Sledovani purifikace bilkovin
Stanoveni podjednotkového slozeni

+

+ - +




PAGE - sekvenace DNA

Starting template amounts

1 fmaol

5 fmaol
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Kapilarni zonova elektroforeza
CZE

Light
Capillary Electrophoresis (E-?) source
Computer
Data In P hotocat hode
® |a [ Data Out
Chart Recorder
~ Buffer
S
=
Cathode o Anode
—_ [ +
=
o|—
Time {min)




Mody CZE

Use CE Mode...

Capillary zone electrophoresis (CZE)

Micellar electrokinetic
chromatography (MEKC)

Chiral capillary electrophoresis (CCE)
Capillary electrochromatography (CEC)

Capillary gel electrophoresis
(CGE/SDS-PAGE)

Capillary isoelectric focussing (CIEF)

Capillary isotachophoresis (CITP)

For Analysis of...
Tons, etc.

Neutral and ionic analytes
Chiral molecules

Small molecules

DNA/RNA size/protein MW

Protein/peptide isoelectric point




Kapilarni zonova elektroforéza
ve voln¢ kapilare




Vysledna mobilita ¢astic pri CZE

He EOF cation — iti
it} g positive p,
* ]'121
g EQF neutral — zero y,
il n.
EOQF anion — negative y,
e
He Hy
Ha = Heor T+ He
== ] i
> n, = apparent mobility

Time M, = effective mobility




Separace aniontu pomoci CZE

[mAU]
40 8|
MO,
Cro,?
30 -
Br
I SCN-
20 - Mo0O,*
wo,*
Bri,
10 - Bl 10,
A h As0,? |||
a B
4 ] a8 10 12
Time [min]

Sample
100 mg/l each analyte

Buffer
20 M phosphate, pH 8.0

Capillary

DB WAXK (J&W)
1 = 56 cm

L = 64.5 cm

id = 50 pum

Injection
200 mbar - s

Temperature
20 °C

Electric Field

230 Vicm, reversed polarity

Detection
Signal 200,10 nm
Reference 450, 80 mm




Princip MEKC
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a — stfed — rozpustna v obou

b — siln€ hydrofilni — nerozpustna v
micele

¢ — silné hydrofobni — nerozpustna ve
vodné fazi




Micelarni elektrokineticka
chromatografie




o ) e =

Separace fenolu a alkoholu
pomoci MEKC

[mAL]
167 g8 10
141 56 11
12 | i =
] q
14 13
wi 1 3
i |2
E_
i |
| 1] L
2 hﬁhhhuhm__akt\ 2 -
75 10 125 15 175 20 225 25 255
Time [min]
d-hydroxybenzyl alcohol (18 ppm) B p-cresol (32 ppm)
3-hydroxybenzyl alcohol (9 ppm) 7 2-chlorophenol {22 ppm)
Phenaol {26 ppm) ] 2. 6-xylenol {36 ppm}
2-hydroxybenzyl alcohol (18 ppm) 9 o-ethylphenol (23 ppm)
m-cresol (19 ppm)

Buffer
) M borate, pH S.6, 70 mM SD

Capillary
PVA-coated (no EOF
1 = 56 cm

[. = G4.5 cm

id = 50 um BF 3

Injection
200 mhbar - s

Eleciric Field
A65 Vicm

Temperature
Capillary 12 °C

Detection
Signal 2004 10 non
Reference 350750 nim

10 2.3-wylenol (20 ppm)
11 25-wylenol (22ppm)
12 3.4-xylenol (23 ppm)
13 3.5-xylenol (19 ppm)
14 2 4-wylenol (27 ppm)




Kapilarni gelova elektroforéza




CGE fragmentu dsDNA

Absorbance
[mAL]
15 1 36bp
8- 2 51 bp
14 3 65 hp
i 13 4 T5hbp
5 126 bp
4 12 6 179 hp
sm 11 7 222 hp
8 8 350 bp
2 & 7
5
i ||
0 AL, f L e

8 5 1o 1" 12 13 14 15 1B 17

log [bpl]
3.2 4
3.0 1
2.8 1
2.6 -
2.4
2.2 -
2.0 -
1.8 -

0.030

Ferguson Plot
(calibration for size determination)

0.035 0.040 0.045 0.050

10
11
12
13
14
15

396 bp
460 hp
517 bp
676 bp
1198 bp
1605 bp
2645 hp

Time [min]

Time [min]

Capillary:
CEP Coated Capillary,
IY L 40/48.5 cm, i.d. 75 pnm

Sample:
pGEM DNA Markers, 1 pg/pl

Buffer:
DMNA Buffer + 1.5%

Electrokinetic Injection:
- kV,4 s

Voltage:
-16.5 kv

Temperature:
25 °C

Detection:

260 nm with DAD Glter for
2640 nn

(optiomal)




Instrumentace CZE




Schema zarizeni pro CZE

Qﬂ

PC control Detector

I

Power supply




Napajeci zdroj

stabilizovany + 30 kV 300 nA
konstantni napéti nebo proud
oboji polarita

ochrana obsluhy




Kapilara

 kifemenna - 25 -100 pm i.d
- 350 pm o.d.

o délka az 100 cm délka
* polyimidové vnéjsi pokryti

L Capillary opening
Fused silica

—— Polyimids coating




Davkovani - hydrodynamickeé

Pressure

I Slphunmg
lm

Vacuum ‘ H
P

03




Davkovani - elektrokinetické




Detekce spektrofotometricka

Abs = &l

UV light source .
£ = molar absorptivit

¢ = concentration
[ = pathlength

B 2HD® A @ e g B
2°%% e 8 e509% e 5%
® -0 e o ®@a® e o2 .0
a®F " me e L8eo® " ac® go® @

Ahsorbance




cni

Detekce fluorescen

Light %

E::ZEF {i;:iziﬂﬂﬂﬁﬂﬂ}»

Excitation

Time

-+
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Izoelektricka fokusace

.Elektroforéza v gradientu pH,
castice jsou separovany podle
svych pl¢




Tvorba gradientu
Anoda (+) H;0" 6H,0—>0,+4H,;O0"+4 ¢
Katoda(-) OH- 4H,0—-2H,+40H -4 ¢

Ampholyty

R
(CH,), - CH,COOH

| -H
NR;




Izoelektricka fokusace

H,0*

OH-

OH-




Izoelektricka fokusace

+

H,0*

t

X

OH-




Kapilarni 1zoelektricka fokusace

-;;M




Izoelektricka fokusace

analyticka
* Provedeni - v gelech — PAGE, agarosa

» Pouziti - sledovani komplexnich smeési

- 1Izoenzymove sloZeni

- stanoveni pl — rozrezani a eluce
— upH elektrody
— pl standardy




Izoelektricka tokusace
analyticka




Izoelektricka fokusace
analyticka




Izoelektricka fokusace
analyticka - standardy

Cytochrome o
_—'_'_'_‘“ Lentil iectin

— Human hemaglobin C
fHuman hemoghobin A

Equine myogkokin
.-="'"£E|::|ume n'%ngk:-tun‘"‘"x:\‘-..,_
MmAnor
e I'|-L'ITEI1 cabonc andrass

" Bowine carbonic anfydrase
= v —[i-Lactoglobulin B
v e P COC AN s B

IEF Standards for accurate pl callbration of
native IEF geols. A. 5 ul of the standards were
sfainoed with Coomassie biue R-250 dye and
croceln scarfet. B. 5 il of the standards were
left unstained.




Izoelektricka fokusace
preparativni

* Provedeni - v sypanych vrstvach — Sephadex

- v gradientech hustoty — sacharoza
- rotaci — Rotofor ( BloRad)

e Pouziti — 1izolace bilkovin




Dvourozmeérne metody

e Metoda titracnich krivek

e Dvourozmeérna elektroforéza




Metoda titracnich krivek

pH
Y 10.0
10.0 A = [ -—
pH ¥.
3.0
v _|_ _|_

[.rozmér — IEF II.rozmér — elektroforéza
bez vzorku se vzorkem




Dvojrozmeérna elektroforeza

[

.

T

10.0 v i it v

[.rozmér IEF II.rozmér SDS-PAGE




Dvojrozmeérna elektroforeza

-+ 4.5
~+ 5.1
T 5818
T 68

1+ 55
+ 70

- B85

" | Two-dimensional electrophoretic
76,000 L - pattern of the 2-0 SDS-PAGE
85,200 T Standards separsted on the
Min-PROTEAN I cell. 2.6 1l
were spplied to a 3.5% fube gef

o
-

& oot e . Crossifed wiih piperaine
2 A diacrylamide containing 8 M
= 1 i urea snd 2% Bio-Lyte
= 31,000 ampholytes (1 part 3710, 2 pars
% 5 S/7). The tube gal was run on s
= 15% continuous stab gel
I crosshinked with bis and silver
21,600 1 g stained, For details, see refer-

17,500 SRS enceg 21, 22, and 23.




Dvojrozmeérna elektroforeza
pl
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Izotachoforéza

., Vzorek je umisten mezi dva
elektrolyty : vedouci L (leading) s
nejvyssi mobilitou a - uzavirajici T

(terminating) s nejmensi
mobilitou




Izotachoforéza




Izotachoforéza




Izotachoforéza

My =~ Ha = Mg =~ K




Kohlrauschova regulacni funkce




Analyticka ITP

Napajeni
+ _
® ©
Detekce
N —1
N
Davkovani IT

el

Zapisovac




Analyticka ITP
Instrumentace

Napa3jeni - steynosmeérné 30 kV 0,2 — 0,5mA
Kapilara 0,1 —2 mm
Davkovani - davkovaci ventil
Detekce - universalni — konduktometricka
— potencialné

gradientova
- selektivni — UV-VIS




Analyticka ITP

Metoda spojovani kapilar

Predseparacni kapilara — 2 mm

Analyticka kapilara — 0.1 mm




[zotachoforeticky zaznam
kvantita




[zotachoforeticky zaznam
kvalita




Preparativni I'TP

V gelech - Sephadex

/= ™

J \




Preparativni I'TP

Kontinualni plosna

vV VY VY

T [ A+B L




Detekce po elektroforéze a
1zoelektricke fokusaci

/pi"imu v gelu
di:tcki:c\ /utisk
po pirenosu

blotting




Nespecificka detekce

Reakce s barvickou

Postup:  A. Fixace
B. Barveni

C. Odbarvovani

Pouzivané barvi¢ky Amido Black 10 B
Coomassie Brilliant Blue R 250
Coomassie Brilliant Blue G 250
Fast Green

Panceau S




Nespecificka detekce

Barveni Ag

/

Ag K\
AgNO;

amoniakalni Ag

Postup: A. Naviazini Ag' na bilkovinu
B. Redukce Ag” na Ag'




Nespecificka detekce

A D E

B
e
e

[ER ST
RN

l

SDS-PAGE Standards provide accurate molecu-

Lar we determinations, A. High range SDS-

PAGE Standards run on a 7.5% gel and siained

with Coomassie biue R-250 . B. Low ran

Sihver Stain SOS-PAGE Standards mumn on a 12%
| and stained with Bio-Rad'’s Silver Stain Kit,

. Broad range Biotinylated S0DS-PAGE stan-
dards run on a 4=-20% gradient gel, blotted to
nitroceliuiose, and defected with Avidin-AF D,
Pu.gpﬂprrd-: SDS-PAGE Standards run on a
T16.5% fricine gel and stained with Coomassie
bive G-250 dye. E. Broad range S05-FAGE stan-
dards for SYPRO Qrange staining mn on a
4-20% gel and staimed with Crange.




Fluorescencni detekce




Specificka detekce

Radioaktivni znaceni

specifické

o, B,y <

nespecifické
A. Autoradiografie ‘HP, |
znaceny protein ——p rentgenovy film

B. Fluorografie SH, “C, 35S

znaceny protein —p» fluorofor —»rentgenovy film




Autoradiografie




Specificka detekce

Detekce riznych skupin bilkovin

glykoproteiny

Schiffova reakce (oxidace s HJO,, reakce s Schiffovym

¢inidlem - bazicky fuchsin)

lipoproteiny E Sudan B
hemoproteiny . peroxidazova aktivita (hem + benzidin + H,O,)
Cu*’ - alizarin

3+ i
Fe - fenantrolin




Detekce glykoproteinu

180,000
97,000
82,000
66,000

42,000

29,000

18,000

14,000




Detekce na zakladé biologickeé
aktivity

Detekce na zakladé enzymové aktivity

Rozdéleni A. bezbarvy substrat —barevny produkt
B. barevny substrat — bezbarvy produkt
C. bezbarvy substrat — bezbarvy produkt
—sbarevny produkt

D. auxilidrni enzymy —barevny produkt

Detekce

primo v gelu
- pFimo v gelu se zapolymerovanymi substraty
- otisk - zymogram

- indikatorové gely




Detekce na zakladé biologickeé
aktivity

Imunodetekce

ANTIGEN

PRIMARNI PROTILATKA

PROTEIN G / T ‘\ PROTEIN A

SEKUNDARNI PROTILATKA
A

= - r I25 bd L4 r - - - » - L4
radioaktivni (1) fluorescenc¢ni enzymové avidin-biotin Kkoloidni Au
Zznaceni




Blotting

 Southern — DNA
e Nothern — RNA

* Western - bilkoviny




Difuzni blotting

’

e

NADOBA S

~

PRENOSOVYM
PUFREM

~ o,

| DRZAK

’

FILTRACNI

PAPIR
BLOTOVACI
MEMBRANA

|
|
|

’

PARIR
BLOTOVACI
MEMBRANA

FILTRACNI




Vakuovy blotting

FILTRACNI
PAPIR

BLOTOVACI
MEMBRANA

VYVEVA

AN POREZNIi

PODLOZKA

ZAKLADNA —




Kapilarni blotting

FILTRACNI

) ZAVAZI
PAPIR

BLOTOVACI
MEMBRANA

\

GEL

A Y FILTRACNI

PAPIR

AN\

NADOBAS
PRENOSOVYM
PUFREM
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FILTRACNI

HOUBA  ~_|
PAPIR

- KATODA D
DRZAK

Tankovy e

GEL




Tankovy elektroblotting




Tankovy elektroblotting
Mini Protean Trans Blot Cell




,semi1 dry* blotting

|I| ANODA
FILTRACNI | _ BLOTOVACI
PAPIR MEMBRANA
FILTRACNI | GEL
PAPIR

_f

KATODA




,semi1 dry* blotting




Kapkovaci dot blotting

JAMKY PRO NANASENI
VZORKU

vl

NANASECI
SABLONA

BLOTOVACI
MEMBRANA

TESNENI
VYVEVA

TESNENI

ZAKLADNA
POREZNi
PODLOZKA




