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|zoelektricka

fokusace

K. Slais

TIsoelectric Points of Several

Protein jake amfolyt Table 5:2.

‘Common Proteins

Protein pl
Pepsin <1.0
Ovalbumin (hen) 4.6
Serum albumin (human) 49

Tropomyosin 5.1
Insulin (bovine) 5.4
Fibrinogen (human) 58
v-Globulin (human) 6.6
Collagen 6.6

Myoglobin (horse) 7.0
Hemoglobin (human) 7.1
Rib ! A (bovine) 9.4
Cytochrome ¢ (horse) 10.6
Histone (bovine) 10.8

yme (hen) 11.0

almine (salmon)
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Druhy |IEF

> Gelova IEF
— S nosnymi amfolyty
« S imobilizovanym gradientem (IPG)
« Dvourozmérna elektroforéza 2D = IEF + SDS PAGE

> Kapilarni IEF
> Preparativni IEF

« Free flow
. Komorova ( napr. Rotofor)
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Izoelektricka fokusace - IEF

> elektromigracni separacni analyticka metoda vyuzivajici existence
izoelektrického stavu amfolytl, kdy efektivni naboj je nulovy.
> pH = pl

> Analyty - proteiny

Separace - Apl < 0.01
Fokusace — zakoncentrovani

» Charakterizace - pl

12/1/2015.

Simul' 5
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Typicky vysledek gelové IEF

12345678910

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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Nizkomolekularni barevné pl markery
Standardy pl - proteiny,

gfﬂﬁ“!

Pozadavky na pl markery
_— - Skalapl od ~2do 11, po~ 0.5pl

nestabilni, - dobré amfolyty, -dz/dpH >0.05, ApK ~2< 4
- rozpustnost ve vodé pri p!
drahé, - ruzné barvy, k.,

. . - Cistota, >99 “./: ,
malo barevné, 5
Dostupnost, cena. markeru
Stabilita - hydrolyza, oxidace, fotodegradace, mikroorganismy.

nedisté,
malo rozpustné pfi pl
12/1/2015
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: Zluté pl markery
Aminomethylované nitrofenoly

TR, R
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Priklad barevného

Spektrofotometrické urceni pl
pl markeru
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Uréeni pl interpolaci v gelové IEF Dynamika fokusace v gelove IEF

Gradient pH

12/1/2015 12/1/2015. 1478

Dynamika pH gradientu Biolyt 3-10
J P Y amika fokusace v gelové IEF

Linearni gradient Po %2 hod malé zmény
pH4-10 pH gradientu
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yellow markers
Pardubice 2005

Mass spectrometric characterization of low-molecular-mass FWILEVVCH
a color pl markers and their use for direct determination of pl
ch p| markert value of proteins
Mazanec, K, Slais, K., Chmelik, J.

J. Mass Spectrom. 41 2006 1570-1577

Mass spectra of nitro-substituted pl markers Cytochrome

pl markers

101

fluorescence

B - amylase
2 4pl
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Zaznam typické IEF na IPG stripu

Time [h]
10

2D Gel electrophoresis

80000

Voltage practical
7000

Voltage theoretical ‘

6000

5000

PR PPN

25,4000

3000

2000

1000

Credit:

Deng, X., Hahne, T,, Schréder, S., Redweik, S., Nebija, D., Schmidt, H., Janssen, O., Lachmann,
B., Waétzig, H., (2012). The challenge to quantify proteins with charge trains due to isoforms or
conformers. Electrophoresis, 33(2), 263-9. doi:10.1002/elps.201100321
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Test of color pl markers - LM ladder

IEF of mixture of chosen pl markers in the first dimension strip of 2D gel
electrophoresis
W 20 green Hanspeter Schickle,

3.3 purple ETC Elektrophorese-Technik GmbH, Kirchentellinsfurt, Germany

in Clinical Proteomics. From Diagnosis to Therapy. J. Van Eyk and M.J. Dunn (Eds.),
W 4.3 orange Chapter 2, Protein Separation by Two-Dimensional Electrophoresis
Pamela M. Donoghue, Miroslava Stastna, Michael J. Dunn, p 13,
5.3 viokt 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
-

6.3red

Strips rehydrated 2 hours under; Kerosene
7.1 purple run native 7 hours with Nitrogen
Amersham Multiphor

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

=3 12/1/2015 =3

2D - typical result — silver staining 2D Gel electrophoresis - Software

(A) High-resolution
D clectrophoresis
using an immobilized pH-gra
dient in the first sonal
run (IPG-Dalt) {46)
proteins from yeast

Merill [48]. By kind permis
sion of Dr. A. Gorg [49]

12/1/2015 12/1/2015

IEF



|IEF in Granulated Sephadex Gels

Methods in Molecular Biology, vol. 424: Volume 1: Sample Preparation and Pre-

Protein identification by 2D gel electrophoresis -MS e

Chapter 22, Sample Prefractionation in Granulated Sephadex IEF Gels
Angelika Gorg, Carsten Liick, and Walter Weiss, p 277,
Humana Press Inc., 2007, Totowa, NJ

n by Sephadex-IEF, 10 mg protein-load por lane

Use of coloured pl - markers to
determine the slope of the pH
gradient and the position where
to ,cut’ and remove the
individual Sephadex fractions in
order to fit to the corresponding
narrow pH range IPGs

Courtesy of Carsten Liick
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(=P S e R ] (RO S Mikropreparativni sIEF v prouzku netkané textilie

Hodny Z., Pfidalova J.,

Institute of Experimental Medicine AV CR, v.v.i., Prague

Courtesy of Z. Hodny

pl markers - LM ladder
Home made strip,

linear gradient pH 4-10,
1icm, T
1. min 30V, Cr L
50 min 30V -> 3500V, =
2 hours 3500V ] 9
Courtesy of J. Pfidalova

2778 28/1/201
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Animace prubéhu separace

- separace probiha vétsinou cca 12 hodin
- vecer nadavkovani vzorku a zapnuti zdroje
- rano mozno sbirat frakcionovany vzorek
pokud neni moznost extrahovat frakce, zdroj udrzuje nejvyssi
napétil do prichodu obsluhy

85 86 87 88 89 90 91 92 93 94 95 96 97 98

2.0;2.8;3.9;5.3; 5.7, 6.2; 7.2; 8.0; 9.0; 10.0,
{

fokusovana smés:
0,15 ml zasobniho roztoku 12ti nosnych pufra v hydroxidu sodném

0,05 ml zasobniho roztoku barevnych pl markera
0,12/Md%hylen glykolu; 0,05 ml butanolu!&;1 ml vody

30/1/2015
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Odbeér frakci extrakce frakci - promyvani

dve zakladni konfigurace pro odbeér frakei:
1+ prouzek pri separaci v celku — frakce vybrany po IEF na zakladé

polohy markerd a vystrihnuty

prouzek dopredu nafezany na kousky definované délky a

kousky jsou pred separaci vyrovnany do fokusacniho korytka a

prilepeny roztokem sacharozy prip. jiné fixacni latky
pri lepeni moznost pridat i smes nosnych pufri a barevnych
markerl 2, jinstantni prouzek® - staci pridat vodu a vzorek a
zapnout zdroj

31/1/2015

Frakcionace syrovatky [t HPLC analyza frakci zisk

Filip Dusa

optimalizace pro dosazeni co nejvy3si Cistoty caseinomacropeptidu
separovany vzorek — 1% (m/V) roztok surové syrovatky.
pridani spacert — IMAC (imidazol-1-yl-octové kyseliny) a Tris
(tris(hydroxymethyl)aminnmetam)

program ext. zdroje:

100V —200 V 4 hod.

200 V - 1000 V 4 hod.
1000 V - 3000 V 4 hod
3000 V - do sbéru frakci

vzorek:

0,375 ml 1% (Wi) syrovatky;
0,05 ml z&sobniho roztoku;
barevnych pl markerd;

0,1 ml ethylen glykolu;

0,05 ml butanolu;

0,025 ml 0,1 mol-I* IMAC;
0,1 ml of 0,1 mol-H Tris;

extrakce: 6mm prouzek do
100 i vody oD

Obsah jednotlivych proteint ve frakcich
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Kapilarni IEF

I glycosylated CMP
nonglyc. CMP
a-lactalbumin
o | I p-lactoglobulin
—pH

o

Vytezek:
Sjgkosylovany CMP 44 % : .
Gy 7% ¥ 1211/2015 So/8
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Kapilarni IEF standar CIEF mikroorganismu

proteiny

The mieuse was sspaic s B oo 3050 CE ystem.

12/1/2015 3 12/1/2015 IEF

CIEF virt s UV detekci Patogeny z rliznych zdrojl

TSEI T The i o e oo ol T s iy, o of e et o, 1 s RS
of the mugration times, t. for each from the strains.
Ablwu:wml mFigs. S
o

Civitacter mOnGanensss sibsp. mishiganenss VURY 7018
Criavibiacier MC/NQANENSE SUDSp. MCHiganensis VURY 7030
€. micniganenss

Hanthomenas veswatora CCM 2101

Xanthompnas vestaioria LMG 67 41
X vesiaons RSD=07%

Pseunomanas syrmgas pv. tomato CFBP 5422 20
Faeuomanas sygee p. tanate CFE6 2212 a0
Poeudomonas syringoe pv. tomato. 1) 40
e . RSD=19%

Fseuganands comgara GG 201
ta CFBP 5455

Pseamnans:‘ gt CFOP 6683
comugara A 5145 5

24
RSD=08%
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Tapered capillary in clEF Supercritical water in preparation of
tapered fused silica capillaries

Transient electrophosetic processes in capillares af

Model of slectrophoretic focusing in a natural pH gradient
moving in 2 .a.mm eapillary

Effect of treatment of 100 pm i.d. fused silica capillary with supercritical
water in semi-dynamic mode. Experimental conditions: 400 °C, 32 MPa, 20
replacements of supercritical water.

12/1/2015 42/79
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Dependence the local internal diameter of etched fused silica

capillary on the capillary length. ical
The cutout of the segment used as the tapered capillary in clEF a‘dy&t’muﬂl'y
and the detection window are indicated.

Isoelectric Focusing in Continuously Tapered Fused Silica Capillary
Prepared by Etching with Supercritical Water
Karel $lais* Marie Horks, Pavel Kardsek, Josef Planeta, and Michal Roth

45 cm, 5.253 il " Inastute of Andlysial Chesmbtry of the ASCR, v. v. |, Ve 97, 602 00 e, Crach Repebibc
o e potentd of
e

sutable for capdlary woclectnc focusi

e ot The eiching proceduee provdu

singhe-prece comlumtion of the taperad spation space with

& olndrial comeion of the dtection window to the

electrede wal Selected proteins and colored i markars were
d

Internal diameter [ ym |

Geeeetian peirt

.

X docabad opeosthe wey 1 Incess the mumbarof wpasble ¥
" H{'H“H‘*uw compounds wthowt meoaing 10 ccadivdy Mgh vokage.

]

70 8
capillary length [cm]
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Resolution of several Dickeya bacterium species with
similar isoelectric points by capillary isoelectric focusing
employing

Preparative Liquid phase |IEF
MicroRotofor
Rotofor
cylindrical (left) and tapered (right) capillary. Total 2.5 ml sample

Ten 0.25 ml fractions
2 hours run time
H| ws

WL

HJJJ

Preparativni
autofokusace
peptidi + pl markera

Combination of Capillary Isoelectric Focusing in a Tapered Capillary with MALDI-TOF MS for

Rapid and Reliable Identification of Dickeya Species from Plant Samples Tomas, R; Yan, LS; Krenkova, J; Foret, F.
Horka, M; Salplachta, J; Karasek, P; Kubesova, A; Horky, J; Matouskova, H; Slais, K ; Roth, M BN ¢-s:  CLECTROPHORESIS, 28 (13): 22832290
ANALYTICAL CHEMISTRY Volume: 85 Pages: 6806-6812 , JUL 16 2013

12/1/2015 IEF 45 15/10PAE 2013

Agilent Technologies

ZOOM® IEF: Fractionator OFF - GEL electrophoresis
(Invitrogen)

PE. Michel, F. Reymond, I. L.
Arnaud, J. J
s.

2 Electrophor,
komitirka pro fokusaci je oddéle

polyakrylamidovymi disky: s - | Agilent 3100 OFFGEL Fractionator
definovanym pH = 3 B

. Y ,p . 9 x 5"" i E pl-based fractionation of proteins and
proteiny musi prochazet pres tyto J peptides with liquid-phase recovery.
disky dokud nedorazi do ~ g B - introduced May 30, 2006, Co-
izoelektrického bodu developed with DiagnoSwiss S.A.
objem kazdé casti 650 pl
vysoka reprodukovatelnost J Use of pl-dye markers as on-
priprava vzorku: rozpustit, N line trackers for the focusing
denaturovat, alkylovat, bez zakalu 2{923‘:;3;9“5‘:;"‘09” me
2 Sastic 7 OOt Lk e el e

OFFGEL fractionator device
(OGE). 22 hours runtime

e PR AR

Courtesy of M. Heller DKF,
University of Bern, Switzerland
e 48170

47/1/2015

IEF


http://www.agilent.com/

Use of pl-dye markers as on-line trackers for the focusing of peptides Free-Flow Electrophoresis

during electrophoresis on the OFFGEL fractionator device (OGE).

sample.
carrier medium

The miniaturization of FFE implies several advantages especially considering sample volume and
+pl-marker dyes were added at 10 ug (dark orange, pl 3.9; violet, pl 5.2; red, pl 6.2; bright separation speed. In contrast to the tens of millliters of sample consumed by conventional large scale FFE
orange, pl 8.0) or 30 ug (vellow, pl 10.1), respectively. devices, microfiuidic FFE systems require only tens of nanoliters up to hundreds of microliters of sample.
+Peptide/dye solution was distributed into the 13 wells of the OGE. This is especially interesting in clinical analysis where often only low sample volumes are available.

“IPG strips pH 3-10 from BioRad re-hydrated in OGE buffer were used. Furthermore, instead of residence times of up to tens of minutes, microfluidic FFE (u-FFE) devices
+Focusing was done by setting a maximal potential (1250 or 1500 /) and a current limit of 50 uA. separate within several seconds.

Courtesy of M. Heller, DKF, University of Bem, Switzerland
12/1/2015

Microfluidic high-resolution free-flow isoelectric focusing

Dr. Gerhard Weber
D-85551 Kirchheim

FFIEF of seven fluorescent IEF markers
Voltage = 150 V, current =50 mA

Markers (pl 4, 5.1, 6.2, 7.2, 8.1, 9, and 10.3) are fully separated
within less than 2 s

The sample flow rate was 0.4 mL/min (v = 2 mmys) PROTEOMICS RESEARCH 5

The apparent kinks in the fluorescent tracer paths are caused by
merging multiple photographs.

Copyright American Chemical Society. © 2008

Kohlheyer, D., Eijkel, J. C. T., Schlautmann, S., van den Berg, A., Schasfoort, R. B. M.,

Anal. Chem. 2007, 79, 8190-8198.
12212015 =3 12212015

IEF v rozbihavém toku (divergent flow IEF, DF IEF) IEF v rozbihaveém toku Fluidika — rozbihavy tok

|IEF — fizeni elektrického
Zakladni idea nosné amfolyty & analyty proudu vodivosti kapaliny x

. P iy o & a v anolyt katolyt & zafizeni:
« Fluidika — kontinualni rozsitovani plochého kanalu pfi =

toku kapaliny od vstupu k vystupu pfilcemz je Membrany eliminovény
generovan rozbihavy tok vysoka rychlost toku kratka separacni draha S prtirexeEiy
malé napéti X rychla separace pouzitim poreznfho loze

a soucasné, { ) Separacni plocha a vstupy a
vystupy kapaliny tvoreny
netkanou textilif

« |EF - malé pricné napétiina vstupu kanalu a

vysoke pficné napéti na vystupu kanalu vysoke napsti. M2 (ginna fokusace  Kontakty k elektrodam tvoreny
) netkanou textili

Tok generovany hydrostaticky

Separované frakce
12/1/2015 12/1/2015
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Divergent flow IEF Dynamics of divergent flow IEF

Slais K. Electrophoresis 29 2008 2451-2457
Slais K. Electrophoresis 29 2008 2451-2457
The polypropylene nonwoven web 0.1 mm thick lies on white
polyvinylchloride flexible sheet
) 1 W constant power load
input strips dipped in Petri dishes containing
above left — anolyte :
above middle - solution of carriers and pl markers at 11 hod 30 min
above right — catholyte
middle left - carbon rod anode at 11 hod 40 min
middle right — carbon rod cathode
Flow inputs:

-
——
F ﬁ output strips - bottom - microplate Anolyte: 0.05M H3PO, , 5.2 mS/cm,1 mL/h
1 S i  red pl markers from left Catholyte: 0.05 M NaOH, 11mS/cm, 1 mL/h
reamlines of red pl markers from left - .
pl=33,47, 62,76 110 Carriers and pl markers: 0.75 mS/cm, 4 m|
Flow due to hydrostatics and capillary elevation Holdup volume: 1 mi

Separation area: 71 cm?
Constant power load 1 W

Streamlines of red pl markers from left
G}

No cooling
pl=33,4.7, 6.2,

12/1/2015 IEF 8 12/1/2015 =3

. Preparativni DF IEF
Casova stabilita polohy linii |IEF v rozbihavém toku

"

osien i

;!‘é,.

Linie od leva

oranZova - methyl oranz, levandulova - marker pl 5.2

hnéda — hemoglobin, 0.5 mg/m, cihlové — cytochrom

C, 0.5 mg/ml, pritok 0.18 mL.min-1 S , 29, 4503-4507
Mazanec K., Bobalova J., Slais K. Anal Bioanal Chem 2009, 393, 1769-1778

12/1/2015] 57/78 12/1/2015 =3 58/78

Kombinovany sken IEF

DF IEF extraktli jecmene, sladu a piva " .
gelu frakci z DF IEF piva

TR

Kontinualné davkované pl markery: 1 kapka roztoku smési pl markerd
oranzova — marker pl 2.5
fialova - marker pl 11

Barevné pl markery skenované ihned po gel IEF

Proteiny skenované po vybarveni Commassie

Vstup - Extrakt je¢mene (neodsoleny) + pufry +markery pl 2.5 a 11 MALDI-MS spektra 20ti DF
pritok - 0.23 ml/ min, IEF  frakci  proteind  ze
VAR o HOMEED Mazanec K., Bobalova J., Slais K Mazanec K., Bobalova J., Slais K surového extraktu

) ) o .
VEIETI EELRAR O, A0 Anal Bioanal Chem 2009, 393, 1769-1778 Anal Bioanal Chem 2009, 393, 1769-1778 jeémenného sladu.
Vystupni elekirody: 6 mA, 800 V/

1212/2015 59/79 1212/2015 60/79
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Preparative divergent flow |IEF without carrier ampholytes
for separation oficomplex biological samples

Separation of proteins in individual
yeast lysate DF IEF fractions by
polyacrylamide gel IEF.

DF IEF without carrier ampholyt

lysate sample and colored pl
fractions 12 3 45 67 8 9101112 1314 15161718 markers,

Desalting, preconcentration, preseparatior

M. Stastna, K. Slais, Electrophoresis, 31, 2010,433-439

121212015 61/79

The composition of LB, LA and spacer electrolytes used
for simulation and in the experiment verification

abeie

anolyte.

damicacid 2. i

Envort

12/1/2015

The animation of the experiment with colored
indicators subjected to BITP electrofocusing in newly
suggested electrolyte system and carried out on
nonwoven strip in V-shape trough during 30 min.

12/1/2015

Electrolyte system for fast preparative focusing in wide pH
range based on bidirectional isotachophoresis (BITP)

L- leading anion of strong
acid
e e~ L* - leading cation of str
o remer| gt st | L W base,
C- - anionic counter ions,
C* - cationic counter ions,
S - anionic spacers,
S* - cationic spacers,
T - the fastest C-in LB in
anionic ITP part and
T+ - the fastest C* in LAiin
cationic ITP part.

‘.’?| b
7 —/—/—
2

L S S ¢S —C -

Computer simulation of dynamics in newly suggested
electrolyte system based on bidirectional ITP

Simulation

70 a0 an 400 110 120
Postion in capillary (mm)

The examples of representative images displaying
bidirectional ITP electrofocusing process in nonwoven
strip in V-shape trough with colored pH indicators taken
at 0, 12 and 30 minutes.

SPADNB Il VI VIl IX

12/1/2015 66/79
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The electrofocusing dynamics shown as dependence of
zone position on analysis time

simulation

experiment carried out
on linear nonwoven
strip in the V-shape
trough

The example of bidirectional ITP separation and
electrofocusing in continuous flow of cytochrome C
(cytC) and myoglobin (myo)

The separation of colored indicators in instrumentation with a larger void closed channel.

The images of bidirectional ITP electrofocusing with
continuous flow in rectangular (a) and trapezoidal (b)
separation beds under the same experimental conditions

12/1/2015

Continuous fast focusing in trapezoidal void channel based on
bidirectional isotachophoresis in wide pH range.

Stastna M., Slais K. Electrophoresis 36 2015 2579-2586

The details of the instrumentation output with collected fractions in twelve well plate

12
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The separation of two colored indicators and cytochrome C in smaller void channel.

12/1/2015

The separation of two colored indicators and myoglobin in smaller void channel.

13



