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Izoelektrick a fokusace - IEF

|zoelektrick a

elektromigraéni separacni analyticka metoda vyuzivajici existence
izoelektrického stavu amfolyti, kdy efektivni naboj je nulovy.

pH = pl
fokusace
Analyty - proteiny.
K. Slais Separace - Apl <0.01
Fokusace — zakoncentrovani
Charakterizace - pl
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Protein jako amfolyt Biproticky amfolyt
[-dz/d(pH)],,

Heg P
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¥ig 24: Protein molecule and the dependece of the net the pH
value. A protein with this net charge has two positive charges at pH 6
and one negative charge at pH 9.
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Vznik pH gradientu

Isoelectric Focusing I

CATHODE

HIGH pH
Figure 4.1.

Trick: modify the pH on-line = change the mobility on-line
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Druhy IEF

> Gelova I[EF

— S nosnymi amfolyty agarosa polyakrylamid
« S imobilizovanym gradientem (IPG)
« Dvourozm érna elektrofor éza 2D = |IEF + SDS PAGE

> Kapil arni IEF

> Preparativn i IEF
« Free flow
» Komorov a ( napr. Rotofor )
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Varianty gelov € IEF umentace

Model 111 Mini IEF Cell

horizontal gel on support film
Fig,5: Gel geomerris for electiophoretic spurtions
(1) outer chamber, (2) CCD camera, (3) graphite electrodes, 50 mm
distance between contact points, (4) glass plate, (5) polyacrylamide
gel of size 125 x 54 x 0.4 mm.
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Vertical gel IEF Typicky vysledek gelové IEF

234567 8191

Fig. 2. Typical separation in the Model 111 Mini IEF Cell (5%
polyacrylamide gel with 2% Bio-Lyte 3/10 ampholytes). Focusing
was carried out in a stepped fashion (100 V for 15 minutes, 200 V for
15 minutes, 450 V for 1 hour). Samples are: lanes 1 & 10: Bio-Rad’s
|IEF Standards; lanes 2-5: Dilutions of horseradish peroxidase; lanes
6-9: Dilutions of Japanese water moccasin snake venom.
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Nizkomolekul arni barevn é pl markery:
Standardy pl - proteiny

Pozadavky na pl markery.

bilni - Skalapl od ~2do 11, po~ 0.5pl
nestabilni, : dobré amfolyty, -dz/dpH ~0.5 > 0,05, ApK ~2 < 4
necisté, rozpustnost ve vodé pti pH = pl, > 1 mg/ml
drahé, rizné banvy, Ay, > 400 Ay, > 100
Cistota, >99 % ,
= s * Daostupnost, cena. markeru
malo rozpustné pii pl " &% Stabilita - hydrolyza, oxidace, fotodegradace, mikroorganismy:

malo barevné,
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: o Zluté pl markery
Aminomethylované nitrofenoly

CHANR,R) TITRATION CURVES OF pl MARKERS
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? Barevné pl markery ? 3 " E Chemie I: > nizkomolekularni barevné pl markery

Skélapl od 2do 11

dobr &
amfolyty, ApK~2<4

rozpustnost > 1 mg/ml

rizné barvy

Cistota
Dostupnost, cena

Stabilita
hydrolyza,
oxidace.
fotodegradace ,
mikroorganismy

separaéni
prost Fedf
dithiothreitol ,
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- . Spektrofotometrické ur  €eni pl
Priklad barevného pl markeru
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Urceni pl interpolac i v gelov é IEF Dynamika pH gradientu Biolyt 3-10

Gradient pH

Line arni gradient Po % hod malé zm
pH 4 - 10 pH gradientu
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. . . . IEF of mixture of chosen pl markers in the first dimension strip of 2D gel
Vyvoj fluorescen ¢€nich pl marker G electrophoresis

in Clinical Proteomics. From Diagnosis to Therapy. J. Van Eyk and M.J. Dunn (Eds.),
Chapter 2, Protein Separation by Two-Dimensional Electrophoresis

Pamela M. Donoghue, Miroslava Stastna, Michael J. Dunn, p 13,

2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Immobiline Dry Strip (Amersham Biosciences) pH 3-10, 18 cm.
Apparatus: Protean IEF Cell (BioRad).
| Sample: 10 ml of pl markers mixture diluted with 340ml of IEF buffer (8M urea, 2M thiourea, 4%
fluorescence CHAPS, 1% DTT, 0.01% bromophenal blue, 1.5% (v/v) hydroxyethyl disulfide, 0.2% (v/v) IPG
buffer pH 3-10).
The acidic end is on the left and the basic end on the right side of the strip.
The pl values of individual pl markers are marked in the picture
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7 cm IPG strip pH 3-10 NL

2D Gel electrophoresis

pI 3.3 - cervend
pI 4.3 - oranzova

pI 5.3 - levandulové

pI 7.6 - cervend
pI9.0 - Zutd

7 cm IPG strip pH 4-7

(T O AU TTIRN TTEET T T [

pI 4.3 - oranzové
pI 5.3 - levandulova
pI5.7 - Zlutd

pI 6.2 - cervend
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- typical result — silver staining Gel electrophoresis - Software

+==IPG 7-10— -

: (A) High-resolution

2D electrophoresis
using an immobilized pH-gra-
dient in the first-dimensional
run (IPG-Dalt) [46): basic
proteins from yeast cell lysate
(Saccharomyces ~ cerevisiae).
Silver staining according to
Merill [48]. By kind permis-
sion of Dr. A. Gorg [49)

JFFERFEREEE
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pl 31307

.. e . . LOW-MOLECULAR MASS Pl MARKERS IN
Protein identification by 2D gel electrophoresis -MS COMBINATION OF GEL IEF WITH MALDI -TOF MS

Cytochrome C
Myoglobin
pl markers Albumin

emoner| wm |
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8- amylase
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. IEF in Sephadex gels and IPG strips
IEF in Granulated Sephadex Gels = < :
Hodny Z., PridalovaJ.,

Methods in Molecular Biology, vol. 424: Volume 1: Sample Preparation and Pre-
Fractionation, Edited by: A. Posch , Institute of Experimental Medicine AV CR, v.v.i., Prague
Chapter 22, Sample Prefractionation in Granulated Sephadex IEF Gels
Angelika Gorg, Carsten Liick, and Walter Weiss, p 277,
Humana Press Inc., 2007, Totowa, NJ
Courtesy of Z. Hodny

Sample fractionation by Sephadex-IEF, 10 mg protein-load per lane

Use of coloured pl - markers to
determine the slope of the pH
gradient and the position where 3 : pl markers - LM ladder
to ,cut' and remove the Home made strip,
individual Sephadex fractions in Y . linear gradient pH 4-10,
order to fit to the corresponding 1icm,
narrow pH range IPGs | 1 min 30V,

[ 50 min 30V -> 3500V,

-~ A 2 hours 3500V,
Courtesy of Carsten Liick £ ) Courtesy of J. Pfidalova
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Kapil arni IEF Kapil arni IEF standard

proteiny pl markery

ot
Eoctrolte
Butter

Reservoir

S

€ o’
Ovaon T R ‘The mixiure was separated on the BloFocus 3000 CE system.

9/21/2009 33/60 9/21/2009 34/60

Capillary isoelectric focusing and fluorometric dete ction of proteins and

Kap”érm’ |IEF s DAD detekci microorganisms dynamically modified by poly(ethylen e glycol)
pyrenebutanoate
Horka, M., Ru: a, F., Horky, J., Hola, V., Slais, K.

Anal. Chem., 78 2006 8438-8444
CIEF pH 3- 10

prdr=ts zeiug
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CIEF mikroorganism

Mikroorganismy ( MO) = bakterie, kvasinky, viry, paraziti

Normalni fléra kazdého jedince = bakterie, event. plisné, ale nikdy viry.

gMikroorganismy‘ vyznam = vyrobni prost fedek v biotechnologiich
kolob éh latek, symbiotické organismy
Patogenni mikroorganismus = Zivé biologické agens schopné vyvolat masové
infek €ni onemocn éni nebo otravu lidi, zvi Fat €i
rostlin

% N s

Sample: E. coli; C. albicans, S. epidermidis, E. faecalis in
Robert Koch Mycobacterium tuberculosis physielogical saline solution, 4 x 108 cell mlL.
(1843 -1908)
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CIEF vira s UV detekci
280 nm, pH gradient 2 - 5

9/21/2009 S. epidernigeis S. aureus 39/60 9/21/2009 40/60.

ACS Publicatiol

Fighauaity ighimpact

sample-
carrier medium.
cathode

The miniaturization of FFE implies several advaetagspecially considering sample volume and
separation speed. In contrast to the tens of itliil of sample consumed by conventional largeesERE
devices, microfluidic FFE systems require only tefisanoliters up to hundreds of microliters of sample
This is especially interesting in clinical analysisere often only low sample volumes are available.
Furthermore, instead of residence times of uprte & minutes, microfluidic FFE (u-FFE) devices
separate within several seconds.
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Preparativn i IEF protein G

c

prckons wos GhAnd o dated watr and 2% Boyie® anpho (pH 3.10) The oo prions wore
phycocyann,
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Table T

. for each from the stains.

“Abbreviation in Figs,
C engansE T8
ganensis VURY C:
nensis VURV 24199
ahiganensis VU

nensis VURV 7030

. menganensi

X vesicatoria Xanthomonas vesicaoria COM 2101

Xanthomonas vesicatoria MG 557 41
X. vesicaloria pI=41, RSD=07%

P. syringae. Pseudomonas syingae pv. fomato CFBP 5422 40
Pseudomonas syngae pv. fomato CFBP 2212 40
Pseudomonas syingae pv fomato IVIA 17333 40
P syingae. pI=40, RSD=19%

Pseudomonas comugata CFBP 4501
Pseudomonas cormugata CFBP 5465

Pseudormonas corrugata CFBP 6653

PseLomonas comugata IVIA §14.5.3 24

P comigata pl=24, RSD=09%

45/60 9/21/2009 46/60.

micro-wells
filled with buffer pH=pI electrode
of protein
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Use of pl-dye markers as on-line trackers for the f  ocusing of peptides
during electrophoresis on the OFFGEL fractionator dev ice (OGE).

Heller, M.

DKF, University of Bern, Switzerland

AR
*pl-marker dyes were added at 10 ug (dark orange, pl 3.9; violet, pl 5.2;
red, pl 6.2; bright orange, pl 8.0) or 30 ug (yellow, pl 10.1), respectively.
+Peptide/dye solution was distributed into the 13 wells of the OGE.
«IPG strips pH 3-10 from BioRad re-hydrated in OGE buffer were used.
*Focusing was done by setting a maximal potential (1250 or 1500 V) and a

current limit of 50 uA.
Courtesy of M. Heller

IEF v rozbihavém toku (divergent flow IEF, DF IEF)

Zakladni idea

« Fluidika — kontinualni rozsirovani plochého kanalu pri toku kapaliny:
od vstupu k vystupu pri éemz je generovan rozbihavy tok

a soucasne,

o |EF- malé pricné napéti na vstupu kanalua
vysoké piicné napéti na vystupu kanalu
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Divergent flow IEF

K. Slais

Electrophoresis 2008 The polypropylene nonwoven web 0.1 mm thick lies on white
polyvinylchloride flexible sheet
input strips dipped in Petri dishes containing:
above left — anolyte
above middle - solution of carriers and pl markers
above right — catholyte

middle left - carbon rod anode
middle right — carbon rod cathode

output strips - bottom - microplate

Streamlines of red pl markers from left -
pl=33,4.7, 6.2,7.6,11.0

Flow due to hydrostatics and capillary elevation
Constant power load 1 W

No cooling
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Preparativni free flow IEF
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counterflow
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IEF v rozbihavém toku

Fluidika — rozbihavy tok

IEF — fizeni elektrického

nosné amfolyty & analyty proudu vodivosti kapaliny K

anolyt

vysoké rychlost toku

malé napéti

vysoké napéti

9/21/2009

ety Jednoduché zafizeni:

kratka separa¢ni draha

rychla separace 'm porézniho loze

Separacni plocha a vstupy a
vystupy kapaliny tvofeny
netkanou textilii

Uginna fokusace

Separované frakce

Dynamics of divergent flow:

IEF

K. Slais
Electrophoresis 2008

9/21/2009

1 W constant power load
at 11 hod 30 min
at 11 hod 40 min

Flow inputs:

Anolyte: 0.05M H;PO,, 5.2 mS/cm,1 mL/h
Catholyte: 0.05 M NaOH, 11mS/cm, 1 mL/h
Carriers and pl markers: 0.75 mS/cm, 4 mL/h,

Holdup volume: 1 ml

Separation area: 71 cm?

Streamlines of red pl markers from left
pl =33, 47, 6. NN
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IEF v rozbihavém toku IEF v rovnobézném toku IEF v rozbihavém toku s jednim vstupem

E9y
/4\ Linie &ervenych pl marker 4 a protein U od leva

oranzova - methyl oranz,
levandulové - marker pl 5.2
ervena — marker pl 6.2

hnéda — hemoglobin, 0.5 mg/ml
cihlova — cytochrom C, 0.5 mg/ml
fialova — marker pl 11

Material separagniho prostoru, délka 15 cm, vystupni $ifka 8 cm, vykon 1 W
Pracovni roztoky

Vystupni tok 6 mL/h = cm/min
jsou u obou geometrii

Vstupni roztok s pl markery a proteiny mé vodivost 1.05 mS.cm-1.

priitok 0.18 mL.min-1
- /stupni elektrody — 75V, 1.5 mA > .
Slais K. Electrophoresis 29 2008 2451-2457 i3 o 380V, 1 o Stastna M., Slais K., Electrophoresis, pfijato -00293
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IEF v rozbihavém toku s jednim vstupem Pouziti barevnych pl markert pfi preparativni S| DF IEF

asova stabilita polohy linii aplikované na extrakt jecmene

1 kapka roztoku smési pl markerd LM
Kontinualné davkované pl markery:

oranzova - MO,

fialova - marker pl 11

% o

 hemogiobin
 cyoctrom ©

i

i ‘ B
Vstup - Extrakt jeémene (neodsoleny) + pufry + MO + marker pl 11

Linie od leva Kolisani linii 3.96 %, 3.94 %, 1.26 % a 1.88 % pratok - 0.23 ml/ min
oranzova - methyl oranz, levandulova - marker pl 5.2 vodivost - 1.0 mS/cm
hnéda — hemoglobin, 0.5 mg/ml, cihlova — cytochrom

> - Vstupni elektrody: 4 mA, 20 V.
C, 0.5 mg/ml, pratok 0.18 mL.min-1 Stastna M., Slais K., Electrophoresis, pfijato -00293

Vystupnf elektrody: 6 mA, 800V Mazanec K., Bobélové J., Slais K., Anal. Bioanal. Chem, odeslano
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Kombinovany sken IEF gelu frakci z DF IEF piva

pH gradient

Barevné pl markery skenované ihned po gel IEF
Proteiny skenované po vybarveni Commassie

Mazanec K., Bobélova J., Slais K., Anal. Bioanal. Chem, odeslano
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