Elektromigra¢ni 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-elektroforéza O Farrell

isotachoforeéza Everaerts, Mikkers



Teoreticke aspekty
elektromigracnich metod



Mobilita
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Elektricka sila F,
F.= Ix )
E = intenzita elektrického pole [V/m]
O = naboj Castice =z, x e []
Frikcni sila F P,

Fi= x |

v =rychlost Castice

f(frik¢ni koeficient) = 67.1.r



Ustaleny stav
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Vliv velikosti molekuly na mobilitu
?

672"7 14

n - viskozita prostredi

r — polomér ¢astice



Vliv iontové sily na mobilitu

= u, — (023, z2z,|+31.3x 10-°|2]) x VI

1+ /1

z = naboj iontu
z. = naboj protiiontu

I —iontova sila



Vliv teploty na mobilitu

— r_ |
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T = standardni teplota

T = pracovni teplota



Sekundarni jevy

* Jouleovo teplo

e Elektroosmoza



Jouleovo teplo

P = vykon [W.m™]
S = prufez [m?]
k= vodivost [Q1.m]

i = elektricky proud [A]



Elektroosmoticky tok

Capillary wall with dissociated silanol groups

W I
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| | af—p Distance (nm}

Stern layer Diffuse layer Double layer

(fixed) thickness
-510H == -510 + H* (pK_ = 6)



Elektroosmoticky tok

4rnu,
,/f —
g

&= potencial Helmholtzovy dvojvrstvy

n = viskozita
¢ = dielektricka konstanta

u,, = elektroosmoticka mobilita
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47n






Elektroforéza

,Déleni nabitych castic na zaklade
rozdilnych elektroforetickych
mobilit*



Elektroforéza

* Volna

e /Z0Nnova
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Volna elektrotoréza

|

A+B+C

_|_

4|

B+C

A+B+C

Ha= Mg ZHe



Zonova elektroforéza
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| ﬂ!

A+B+C

| =——
| = >

La= Hp ZHc



Stabilizace

Rotaci
Gradienty hustoty
Poréznimi medii

Kapilarou



Pozadavky na porézni media

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

* transparentnost



Upotadani

Horizontalni




Upotadani

Vertikalni
+

—




Chromatograficky papir

Slozeni — celulosa

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

Pouziti : teme€r uz se nepouziva




Agar a agarosa

SloZeni — kopolymer galaktosy a anhydrogalaktosy

- Pritomnost ionogennich skupin — silny EOF
+ Velke pory
+ Snadna priprava

Pouziti : imunoelektroforetické metody
elektroforéza NK




Acetat celulosy

SloZeni — acetat celulosy

+ Komercné dostupny
+ Dobré mechanické vlastnosti

PouZiti : imunoelektroforetické metody

klinickée aplikace



Skrob

SloZeni — hydrolyzovany skrob

+ poprve se uplatnuje efekt molekuloveho sita
- Spatné mechanické vlastnosti
- Komplikovana a nereprodukovatelna priprava

- Neni transparetni

Pouziti : 1zoenzymova analyza




Sypane¢ vrstvy

SloZzeni — Sephadex — zesitovany dextran

+ uplatiuje efekt molekulového sita

Pouziti : preparativni




Polyakrylamid

SloZeni — kopolymer akrylamidu a
N,N,- methylenbisakrylamidu

+ plné spliuje pozadavky

Pouziti : analyza bilkovin




Polyakrylamid

(|3=O (|3=O (|3=O (|3=O
IlIHz NH NH, NH
¥ | — > |
e o
NH NH, NH

| |



Polyakrylamid - priprava

Radikalova polymerace

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



Polyakrylamid - slozeni

T = a+—b>< 00%

m

C = b—x 00%
a-+b

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



Fergussonova rovnice

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

log . =10g 1 + (I“:

1 - mobilita
lL,- mobilita pi1 limitnim zfedéni
K. —retardacni koeficient



Uplatnéni Fergussonovy rovnice
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Provedeni PAGE

vertikalni x horizontalni
deskové x trubickoveé
homogenni x gradientové

kontinualni x diskontinualni






Provedeni PAGE

Buffer Tank
and Lid

Casling Stand

Casting Frame

and Glass
Plate Sandwich

;"f Clamping Frame
Plastic Comb = —— =7 and Electrode
e Assembly

Glass Platas ;fi'ﬁi )
Integrated Spacers g-?:il:lila Loading



Diskontinualni PAGE
Orstein, Davis
| Elektrodovy puft Koncentracni gel
Tris Glycin pH 8.3 [zotachoforéza
Koncentracni gel Koncetracni pufr
T=3-5% Tris HCI pH 6.8
I BN

Separacni pufr Separaéni gel
e e 8l .3 , , ,
rs Llyein p Z0nova elektroforéza

Elektrodovy pufr

Tris Glycin pH 8.3

Separacni gel
T=x%

A




SDS PAGE

OSO3Na"

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



SDS PAGE




Stanoveni Mr pomoci SDS
PAGE

Log Mr




Stanoveni Mr pomoci SDS
PAGE - standardy

p—
S . ST



Pouziti SDS PAGE

Stanoveni Mr

Analyza komplexnich smési
Sledovani purifikace bilkovin

Stanoveni podjednotkového slozeni

+

+

+




PAGE - sekvenace DNA

Starting tem plate amounts
100 fmol 5 fmaol 1 fmol
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Kapilarni zonova elektroforeza
CZE

Light
Capillary Electrophoresis @) source
Computer .
Data |n P hotocathode
® |= [ Data Out
Chart Recorder
. EBuffer
=
=
Cathode |32 Anode
=
2=
Time {min)







CLIN. CHEM. 27/9, 1551-1553 (1981)
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Free-Zone Electrophoresis in Glass Capillaries

James W. Jorgenson and Krynn DeArman Lukacs

A simple theory of zone electrophoresis in open-tubular
capillaries is developed. According to this theory, to
achieve the highest resolution of zones, tubes with as small
an inside diameter as possible should be used in combi-
nation with as high an applied voltage as feasible. To test
this approach, we performed electrophoresis in glass
capillaries with an internal diameter of 75 um and a length
of 100 cm. A special fluorescence detector was used to
detect fluorescent zones while they migrated inside the
capillary. With the application of 30 kV potentials to this
system, rapid and efficient separations of amino acids,
peptides, and urinary amines were demonstrated. In all
cases fluorescent derivatives were necessary for detec-
tion. Preliminary results are encouraging, and with further
development of sensitive d devices, applicati

in clinical analyses may be feasible.

small diameter simultaneously facilitates heat transfer as well
as stabilizes the medium. Regardless of the diameter, some
radial tempe: dient will persist. Hi , this tem-
perature gradient is undesirable only to the extent that a
significant fraction of the solute molecules making up a zone
spend longer than average times migrating within “cool” or
“hot” regions of the tube radius. Here a more subtle effect of
reduced tube diameters comes into play. If the diameter is
small enough that solute molecules diffuse back and forth
across the tube many times during their migration, then the
probability that a significant fraction of molecules will spend
excessive amounts of time in any one portion of the tube ra-
dius is greatly reduced. Thus the solute molecules have an
excellent chance of traveling throughout all portions of the
tube radius, and any variations in migration velocity will tend
to average out.

To summarize, the possible advantages of performing zone
electrophoresis in open tubes of small diameter are:

genson Lukacsova

AB

_
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L 1
0 5 10 15
Time (minutes)

Fig. 1. Electropherogram of dansyl amino acids

20




Beckman 1987




MEASURE THE DIFFERENCE

= Four times the throughput = Lowest sequencing cogt per base
«More penomes per week «Batter efficiencles: less labor and lese space

Each of st arrays has
&4 capdlarics

Tha pairt of detection

Scan head

This Is tha scanning
confocl s objective

Anoda chamber

LP& matrix s injocted
urder high prasura from
thae tubes

Cathioda stage

24 DA samples ara
inectad Imutanaousty




Pro¢ CE a biochemie ?



Vyhody CE

nabité 1 neutralni latky
nizkomolekularni 1 vysokomolekularni latky
chiralni 1 achiralni latky

bakterie 1 viry



Vyhody CE



hody CE

Vy




Vyhody CE



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. ..
Ions, etc.

Neutral and ionic analytes

Chiral molecules

Small molecules

DNA/RNA size/protein MW

Protein/peptide isoelectric point







Vysledna mobilita ¢astic pri CZE

He EOF

it}
~ui}

Wy

EOF

Ad

Ha

EOF

He n,

Time

cation — positive p,

neutral — zero p,

anion — negative j,

H; = Beor + Pe

n, = apparent mobility
Hn, = effective mobility



Separace aniontu pomoci CZE

Sample
[mAU] LoD gl each analyte
40 4
NOy Buffer
; 20 M phosphate, pH 5.4
Cr0,2 I 1 I
Br Capillary
i DD WA (J&W)
SCN 1 =56 cm
20 - Mo0,* L = 64.5 cm
id = 50 pm

30 ~

wo,*

Injection
10, 200 mbar - s

Temperature
20 °C

. 6 g 10 e Electric Field
. : 290 Vie arity
e | 230 Viem, reversed polarity
Detection
Signal 200,10 nonm
Reference 4510, 80 mnm



Princip MEKC

» B o]
& + \ LWl
= = a7 & L=
e Jﬁﬁ'—"ﬂ b -b .-'1‘- & L4
g & % Ii % b. g b % I.J v

a — stted — rozpustna v obou

b — siln¢€ hydrofilni — nerozpustna v
micele

¢ — siln€ hydrofobni — nerozpustna ve
vodn¢ fazi




Micelarni elektrokineticka
chromatografie




ol Pl —

Separace fenolu a alkoholu
pomoci MEKC

Buffer

[In?lﬁ_l_] 8 10 D M borate, pH S5.6, 70 mM 50D
Capillary
14 56 11 PV A-coated (no EQOF)
i 1 -z : _—:}[iilt;:]:-]n
12 q —_— . g
r R 7 13 idd = 50 um BF 3
107 L d Injection
20 mbar - s
B1 |2 P
Eleciric Field
G 165 Vicm
Temperature
4 u Capillary 12 °C
| k L ‘ | L Detection
2 o e l'w—c—w—-—-' - Signal 200410 momn
Reference 350780 nim

e T T T S T e e
Time [min]

4-hydroxybenzyl alcohol (18 ppm) B p-cresol (32 ppm) 10 2.3-xylenaol (20 ppm)
3-hydroxybenzyl alcohol (9 ppm} 7 2-chlorophenol (22 ppm) 11 2.5-xylenaol (22ppm)
Phenol {26 ppm) 8 2,6-xylenol (36 ppm} 12 3.4-xylenol (23 ppm)
2-hydroxybenzyl alcohol (18 ppm) 9 o-ethylphenol (23 ppm} 13 3.5-xylenol (19 ppm)

m-cresol (19 ppm) 14 2 4-xylenol (27 ppm)



Kapilarni gelova elektroforeza




CGE fragmentu dsDNA

Absorbance
[mAL]
15 1 36bp 9 396 bp
8 2 51bp 10 4B0 bp
14 3 65bp 11 517 bp
6 12 4 Jshp 12 676 bp
5126 bp 13 1198 bp
. 12 6 179bp 14 1605 bp
910 1 7 222bp 15 2645 bp
g 8 350 bp
24 B 7
5
e L
0 ! | | L
8 Giag ] 19 Ty s ey Rk i)
log [bpl Ferguson Plot
3.2 {calibration for size determination)
3.0 -
2.8 -
2.6 -
2.4
2.2 -
2.0 -
1.8 -
0.030 0.035 0.040 0.045 0.050 Time [min]

Capillary:
CEDP Coated Capillary,
I/ L 40/48.5 cm, i.d. 75 pm

Sample:
Pl EN DMNA Markers, 1 pg/ul

Buffor:
DA Buffer + 1.5%

Electrokinetic Injection:
Sk, 4ds

Voltage:
“16.5 kW

Temperature:
25 7C

Detection:

2060 mum with DAD Olter for
2060 i

{optional)



Instrumentace CZE



Scheéma zarizeni pro CZE

«—»
i *0 I:ﬂl:""aﬂIr

PC control Detector
I
y 4

W e Wl
- L Outlet U R nlet
T._ reservoir reservoir

Sample
Power supply




Napajeci zdroj

stabilizovany 30 kV 300 pA
konstantni napéti nebo proud
oboji polarita

ochrana obsluhy



Kapilara

 kifemenna - 25 -100 pm i.d

- 350 pm o.d.
* délka az 100 cm délka ;
+ polyimidové vngjsi pokryti | LI

'—— Polyimide coafing



Davkovani - hydrodynamicke

Pressure

\ Slphunmg
| IIILIII

Vacuum ‘
P

W'i'




Davkovani - elektrokineticke




Detekce spektrofotometricka

Abs = &7/

UV light source where

£ = molar absorptivit

¢ = concentration
I = pathlength

& Q&2 A @ oo @
A LR AL R L
®_® 6 o @ a® B sa¥o
28 go0® 2 |A®a® aa® aoF s

=




cni

Detekce fluorescen

Light %

& &Emissinn "

Excitation

-4

BINEIFEHNY



2003 - Projekt lidskeho genomu

MEASURE THE DIFFERENCE

= Four timez the throughput = Lowest sequencing cogt per baze
=More genomes per week = Batter efficiencies: lese labor and lese cpace

Each of s arrays has
&4 capliarics

Tha pairt of detecton

Scan hoad

This Is tha scanning
canfacal lasar cojecng

HAnoda chamboer

LEA, masrix i= injoctsd
urder high prazura from
LheES DS

Cathodo stags

24 DA samples ora
Injectad @ mutanaoushy




3730x/ DNA Analyzer
Applied Biosystems







Klasicka CZE

)
o
1

A
__15f Cr
< [ UA
E 10} ”
§ 0.5} Cn
_g 0.0 PN
2 o5l EDTA
< i
1.0 ] ; ] ; ] ; ] ; ] ; ]
2 4 6 8 10 12
Time (min
B ( )
35 Cr
Eg 30
é 25_— UA
o 20 F Cn
2
c 15[
2 %
5 10
8 5|
< i J
O " 1 : X 1 .A | 1 1 |

0 5 10 15 20 25

Time (min)



Current (nA)

Microchip CZE

uric acid

unknown

0 10 20 30 40 50

Time (s)



lyser Agilent 2100

10ana

B




Afinitni elektroforéza

,, Vinertni matrici je imobilizovan ligand, se
kterym specificky interaguje separovany
biopolymer




Ligandy

Biopolymery Ligandy

Enzymy substrat, koenzym, inhibitor
Hormony receptory

Lektiny sacharidy

NK NK




Imobilizace ligandu

e Chemicka — kovalenti vazba
* Fyzikalni — ligand vazan na makromolekulu
Pouziti :

Studium interakce mezi ligandem a
biomakromolekulou



Izoelektricka fokusace

Elektroforéza v gradientu pH,
castice jsou separovany podle
svych pI



Tvorba gradientu
Anoda (+) H;0" 6H,0—>0,+4H;0"+4 ¢

Katoda (-) OH- 4H,0—->2H,+40H -4 ¢

Ampholyty
—CHy —N—(CHy),—N—CHy— RECLn
(CH,), R - CH,COOH

| “H
NR,



Izoelektricka fokusace

H,O" OH- H,O"




Izoelektricka fokusace

OH-







Izoelektricka fokusace

analyticka
* Provedeni - v gelech — PAGE, agarosa

* Pouziti - sledovani komplexnich smési

- 1zoenzymove sloZeni

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



Izoelektricka fokusace
analyticka
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Izoelektricka fokusace
analyticka - standardy

——Cytochrome ¢ e
_____:__: Lentil lectin

Human hemoglobin C
— -:-'_':::HIJH'I:-:IH hemoglobin .ﬁ.\“‘-\-ﬂq_

Equine myoghobin l‘"\_“
Il\'-I— -'_'_'_,-I-'-'-
— - Equine myoglobin h‘"‘“—-ﬁ
— minor band
~=Hurman cabonc anhydrasa
T Bowine catonic antydrase

——[i-Lactoglobulin B
= Py cocyanins—— B

A

IEF Standards for accurate pf callbration af

native IEF gels. A. 5 yl of the standards were
stained with Coomassie biue R-250 dye and
crocein scarlet. B. 5 i of the standards were

left unstafnecd.



Izoelektricka fokusace
preparativni

* Provedeni - v sypanych vrstvach — Sephadex

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

f"‘“ |-_
f—
l..l ‘lm

o= s cell ll_
y

e Pouziti — 1zolace bilkovin




Dvourozmeérne metody

e Metoda titracnich krivek

e Dvourozmeérna elektroforéza



Metoda titracnich krivek

10.0 f e. | -

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



3.0

10.0 v

Dvojrozmérna elektroforeza

pl
. A /|
.
i o o ¢
i Mr o ©

[.rozmeér IEF II.rozmér SDS-PAGE



Mlokscalar wizighl

Dvojrozmérna elektroforeza

o, 000
o5, 200 7

43,000
-5, 0010

41.000 |

| 500 |

17,500

-+ da

—+ ol

T S

+ 58 2
T B&

-+ 70
-+ B5

ro i

L5

Two-dimensional electrophoretic
pattern of the 2-0 SD5-PAGE
Standardsz separated on the
Mini-PROTEAN Il cell, 2.5 4l
wers spplied fo a 3.5% fube ge/f
crossiinked with plperazine
diacrylamide containing o &
urea and 2% Bio-Lyte
ampholytes (1 part 3710 2 parts
&/7). The tube gelwas runon a
15% continuous sfab gel
crosshinked with bis and silver
stained, For detailz, see refer-
ences 21, 22, and 23.



Dvojrozmérna 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 = B = Hp = Hy

T B A




Kohlrauschova regulacni funkce

S
22,

Ry 1y
pl otz

ch— i



Analyticka ITP

Napajeni
+ -
o ©
Detekce
o~ | |
4
Davkovani IT

el

Zapisovac



Analyticka I'TP
Instrumentace

Napajjeni - steyjnosmérné 30 kV 0,2 — 0,5mA
Kapilara 0,1 — 2 mm
Davkovani - davkovaci ventil
Detekce - universalni — konduktometricka
— potencialng

gradientova
- selektivni — UV-VIS



Analyticka ITP
Metoda spojovani kapilar

Predseparacni kapilara — 2 mm

Analyticka kapilara — 0.1 mm




Izotachoforeticky zaznam
kvantita




Izotachoforeticky zaznam
kvalita




Preparativni ITP

V gelech - Sephadex

/= ™

/ |




Preparativni ITP

Kontinualni ploSna

VVVYVYV

T | A+B L




_____...._...pﬁmu v gelu

detekce __otisk

“po pienosu
“blotting




Reak rvick

Postup:  A. Fixace

B. Barveni
C. Odbarvovani

PouZivané barvicky Amido Black 10 B
Coomassie Brilliant Blue R 250
Coomassie Brilliant Blue G 250
Fast Green

Panceau S




Barveni Ag

- amoniakilni Ag"
Ag
“AgNO;

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




Nespecificka detekce

A D E

L] =

c

l

SDS-PAGE Standards provide accurate molecur-

Lar weight determinations. A. High range SDS5-

PAGE Standards iy on a 7.8% gel and stained

with Coomassie biue R-250 dye, B. Low range

Silver Stain SDS-FAGE Standards run on a 12%
{ and stained with Bio-Rad's Sifver Stain Kit,

. Broad range Biotinylated SODS-PAGE stan-
dards mun on a 4=-20% gradient gel, blotted to
nitroceliulose, and defected with Avidin-AF D,
Polypeptide SD5-PAGE Standards mum on a
16.5% fricine gel and stained with Coomassie
biue G-250 dye. E. Broad range SD5-FPAGE stan-
dards for SYPRO Orange srmr'.-ln%mn or a
4-20% gel and stained with SYPRO Orange.



Fluorescencni detekce




Radioaktivni znaéeni

specifické

-
.

nespecifické
A. Autoradiografie 2p, 12y

znaleny protein —p rentgenovy film
B. Fluorografie H, ", S

znaceny protein —» fluorofor —®rentgenovy film




Autoradiografie




Detekce ruznych skupin bilkovin

glykoproteiny Schiffova reakce (oxidace s HJO,, reakce s Schiffovym

¢inidlem - bazicky fuchsin)
lipoproteiny Sudan B
hemoproteiny peroxidazové aktivita (hem + benzidin + H,O,)
Cu” alizarin

Fe' fenantrolin




Detekce glykoproteinu

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

42,000

29,000

18,000

14,000




Detekce na zakladé biologicke
aktivity

Detekce na zakladé enzymoveé aktivity

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

D. auxiliarni enzymy —barevny produkt

Detekce

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

- indikatorové gely



Imunodetekce

ANTIGEN

|

PRIMARNI PROTILATKA

PROTEIN G / T \ PROTEIN A

SEKUNDARNI PROTILATKA

radioaktivni ("**I) fluorescenéni enzymové avidin-biotin koloidni Au
znadeni




Blotting

 Southern — DNA
* Nothern — RNA

* Western - bilkoviny



DRZAK

HOUBA
FILTRACNI
PARIR

BLOTOVACI
MEMBRANA

Difuzni blotting

~

~

~

/s

AN

— NADOBAS
PRENOSOVYM
PUFREM

| DRZAK
|~ HOUBA

FILTRAGNI
" bAPIR

BLOTOVACI
— MEMBRANA

|~ GEL




GEL

ZAKLADNA

Vakuovy blotting

FILTRACNI
PAPIR

BLOTOVACI
MEMBRANA

VYVEVA

POREZNi
PODLOZKA



Kapilarni blotting

FILTRACNI
PAPIR

BLOTOVACI
| /L////MEMBRANA

GEL
FILTRAGNI

PAPIR

ZAVAZi

NADOBA S
PRENOSOVYM
PUFREM




Tankovy elektroblotting

KATODA - + ANODA

| NADOBAS
PRENOSOV
DRZAK YM PUFREM
AN
DRZAK
HOUBA ~_| -
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Tankovy elektroblotting




Tankovy elektroblotting
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,Semi dry* blotting
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Kapkovaci dot blotting
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