Elektromigracni metody
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Historie elektromigracnich

mnetod
¢ 1906 Reuss

elektroforéza

¢ 1897 Kohlrausch

regulacni funkce

¢ 1930 Arne Tiselius

Volna a zonova elektroforéza (1948 Nobelova cena)




Historie elektromigracnich

mnetod
¢ 1962 Vesterberg, (Svensson) Rilbe

izoelektricka fokusace

¢ 196/ Hjerten

kapilarni elektroforéza v rotujici 1 - 3 mm
kremenné kapilare

¢ 1970 Laemmli
SDS PAGE




Historie elektromigracnich

mnetod
¢ 1975 O’Farrell

2D-elektroforéza

¢ 1976 Everaerts, Mikkers

isotachoforéza

¢ 2003 Karger
Multikapilarni CE - lidsky genom




Podstata

,Pohyb elektricky nabitych
castic
v elektrickém poli"




Teoretické aspekty
elektromigracnich metod




Mobilita




Elektricka sila F,

E = intenzita elektrického pole [V/m]

O = naboj Castice =z; x ¢ []

Frikcni sila F P

v =rychlost ¢astice

f(frikéni koeficient) = 6TLN.r




Ustaleny stav

EXQ:va




lontova mobilita
(limitni zredeni, teplota 298 K)

KATIONTY Mol 10° ANIONTY Mo/ 10°
H,O" 362.5 OH- 205.5
| 40.1 F- 57.4
Na* 51.9 CIl 79.1
K* 76.2 NO; 74.1
Tris* 29.5 SO, 82.9
B—alanin 36.7 k.mlécna 36.5
ethanolamin 44.3 k.octova 42.4

1midazol 52.0 MES 28.0




Efektivni mobilita

c ,= celkova analyticka koncentrace latky A

e molarni zlomek iontu 1




Zavislost efektivni mobility na pH

< pro slabou monovalentni kyselinu




Zavislost efektivni mobility na pH
pro slabou monovalentni zasadu

_ {
UTRIS = TYTRIS




Zavislost efektivni mobility na pH

pro slabou monovalentni kyselinu




Zavislost efektivni mobility na pH

pro bilkovinu




Vliv velikosti molekuly na mobilitu

O
671N.¥

ﬂ:

N - viskozita prostredi

r — polomér Castice




Vliv iontove sily na mobilitu

VI

=y |- -9
=, = (023,22 [ +313 3107 2) x -

Zz = naboj iontu
z. = naboj protiiontu

I —iontova sila




Vliv teploty na mobilitu

,uT = ,uTO X[1+0.02%(T —TO)]

T = standardni teplota

T = pracovni teplota




Sekundarni jevy

¢ Jouleovoteplo
¢ Elektroosmoza

o Difuze




Jouleovo teplo

P = vykon [W.m]

S = prirez [m?]
K = vodivost [Q1.m1]

i = elektricky proud [A]




Elektroosmoticky tok

Capillary wall with dissociated silanol groups

4—p Distance (nm}
Stern layer  Diffuse layer Double layer

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




Elektroosmoticky tok

4
£ = AT,

E

¢ = potencial Helmholtzovy dvojvrstvy
n = viskozita
£ = dielektricka konstanta

U,, = elektroosmoticka mobilita




Puvod elektroosmotického
toku




Elektroosmoticky tok [Laminarni tok

VAN




Elektroosmoticky tok v ruznych
kapilarach

& Pyrex
B Silica
A Teflon




Difuze

2
-/ 5)
C =cpe 42

0% = rozptyl
D = difuzni koeficient




Difuze

c
4
-x 0 x




Elektroforeza

~Déleni nabitych castic na
zaklade rozdilnych
elektroforetickych mobilit"




Elektroforeza

¢ Volna

e Z0N0OVa




Volna elektroforéza




Volna elektroforéza
Arne Tiselius




Zonova elektroforéza
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Stabilizace

+ Rotaci
¢ Gradienty hustoty
¢ Poréznimi medii

¢ Kapilarou




Stabilizace
Rotaci




Stabilizace

Gradienty hustoty
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Stabilizace

Gradienty hustoty

.E.Ieclr_. ) ,hﬂrali_iz:

sample kyer




Pozadavky na porezni media

¢ Homogenita
¢ Inertnost - nespecifické interakce
- nulovy EOF

¢ Reprodukovatelna a snadna priprava

¢ Mechanicka pevnost

¢ Transparentnost




Chromatograficky papir

Slozeni — celulosa

- Nehomogenni
- Pritomnost ionogennich skupin
. Spatné se chladi - pali se

Pouziti : témeér uz se nepouziva




Chromatograficky papir

452 W i DC (5 batteries of 9 V)

papet filter




Chromatograficky papir

Fakir Mattress

Glass Plate
l Paper Sample Strip
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Acetat celulosy

Slozeni — acetat celulosy

+ Komercné dostupny
+ Dobré mechanické vlastnosti

Pouziti : imunoelektroforeticke

metody, klinické aplikace




Acetat celulosy

: |
c:.a:-n-t;:-" C-CH,O
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HO-C




Acetat celulosy




Acetat celulosy

analyza sérovych bilkovin

Separaling serum probeins
by elchopaoresis




Acetat celulosy

hemoglobinu

HPFH —
dédi¢né pretrvavani
hemoglobinu F (“hereditary
persistence”)

pH 8.4

1. Normalni dospély
2. HPFH (heterozygot)
3. Hb S--HPFH

4. Hb C--HPFH
5. Normalni novorozenec

Hemoglobin S a C — mutace v primarni strukture, nahrada jedne
z aminokyselin za druhou.




Agar a agarosa

Slozeni — kopolymer galaktosy a
anhydrogalaktosy

- Pritomnost ionogennich skupin - silny EOF
+ Velké pory
+ Snadna priprava

Pouziti : imunoelektroforetické metody
elektroforéeza NK




Agar a agarosa




Agar a agarosa




Agar a agarosa

DC power supply

i+

agarose slab gel with /
wells '
\ gel support
Q.'

electrode buffer




Agar a agarosa




DNA agarosova elektroforéza

Ethidiumbromid - Cerven, kterd v roztoku fluoreskuje pouze
slabé, intenzita fluorescence se vyrazné zvysSuje vazbou na DNA
interkalaci mezi pary bazi. Excitacegpri 302 nm, Cerveno-oranzova
emise pi1 S10 nm. Velmi toxicka latka!
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Pulsni DNA elektroforéza
20 000 — 12 000 000 pb

-—"H'mf'v

CHEF Electrodes




Pulsni DNA elektroforéza
20 000 — 12 000 000 pb




Pulsni DNA elektroforéza
20 000 — 12 000 000 pb




Imunoelektroforéza
zonova elektroforéza + difuze

elektroforeticka
separace antigent

piidani smési antigend
a tvorba precipitacnich linil




Imunoelektroforéza
raketova

ael s protilatkou

jamky s

antigeny




Skrob

Slozeni — hydrolyzovany skrob

+ poprve se uplatnuje efekt molekulového
sita

- Spatné mechanické vlastnosti

- Komplikovana a nereprodukovatelna
priprava

- Neni transparetni

Pouziti : izoenzymova analyza




Sypane vrstvy

Slozeni - Sephadex - zesitovany dextran

+ uplatnuje efekt molekuloveho sita

Pouziti : preparativni




Polyakrylamid

Slozeni — kopolymer akrylamidu a
N,N,- methylenbisakrylamidu

+ plneé splnuje pozadavky

Pouziti : analyza bilkovin




Polyakrylamid

0
| H | |
H,C=C— CH,—=C—C—NH— /,CH

. 2
Acrylamide Methylenebisacrylamide

S,04°~ persulfate

1

250, sulfate free
radical

(I:ONH2 ?ONHE
—CH,—CH—CH,—CH—CH,—CH-

CONH

——UﬁmﬁHﬁmﬁ—meCHf
CONH, CONH,




Polyakrylamid - priprava

Radikalova polymerace

+ Katalyzator - tetramethylethylendiamin
TEMED

¢ Iniciator - chemicky — (NH,),S,0q4
- fotochemicky - ribloflavin + UV




Polyakrylamid - slozeni

C= b x100%
a+b

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




Fergussonova rovnice

PAGE neni pouze pasivnim nosicem, ale podili se

na separaci efektem molekuloveho sita.

1L - mobilita
Uo- mobilita pri limitnim zredéni
K. — retardacni koeficient




Uplatneni Fergussonovy rovnice
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Provedeni PAGE

vertikalni x horizontalni
deskove x trubickove
homogenni x gradientoveé
kontinualni x diskontinualni
nativni x SDS PAGE




Uporadani

Horizontalni




Uporadani
Vertikalni

+




Provedeni PAGE

deskove x trubickové




Provedeni PAGE

deskove x trubickové




Provedeni PAGE

deskové x trubickoveée

_ [rnrARRA )

slab gel
between
glass plates

L )

gel cassette electrophoresis apparatus




Provedeni PAGE
deskove x trubickoveée




Provedeni PAGE

deskove x trubickové

Buffer Tank
and Lid

Casling Stand

Casting Frame
and Glass

Plate Sandwich

Clamping Frame

Plastic Camb “'T‘L and Electroda

Azzambly

Glass Flalas I.|'.-II.I| )
Sample Load
Inteqrated Spacers E‘-uld?:a cading




Provedeni PAGE

homogenni x gradientové

% Acrylamide
10%




Provedeni PAGE

homogenni x gradientové




Provedeni PAGE

homogenni x gradientové

8-16% 10-20%:




Provedeni PAGE

kontinualni x diskontinualni

Upper
reserwvoir
buffer

Sampl

Stacking gel

Resolving
gel

Lower
reserwvoir
buffer

(a)

Sample well

Upper
reservoir
buffer

Stacking
gel

Resolving ————

gel

Lower
reservoir
buffer




Diskontinualni PAGE
Orstein, Davis

Elektrodovy pufr Koncentracni gel
11is Glycin pH 8.3 [zotachoforéza
Koncetra¢ni pufr
=_4§60 1
T=3-5% Tris HCI pH 6.8 Gly_ B- Cl-

A 4

Z0nova elektroforéza

Separaéni gel Separaéni pufr Separacni gel
T=x% Tris Glycin pH 8.3
+

Elektrodovy pufr B- Gly- Cl'

\ 4

Tris Glycin pH 8.3




Diskontinualni PAGE
Orstein, Davis

princip zaostrovani




SDS PAGE

|1 g bilkoviny vaze 1.4 g SDS =
uniformni ndboj na jednotku MW




SDS PAGE




Stanoveni Mr pomoci SDS
PAGE

Log Mr




Stanoveni Mr pomoci SDS
PAGE - standardy

12 34567 8810




Stanoveni Mr pomoci SDS
redukujici X neredukujici




Pouziti SDS PAGE

¢ Stanoveni Mr
¢ Analyza komplexnich smési
¢ Sledovani purifikace bilkovin
¢ Stanoveni podjednotkovéeho
slozeni

+ - -




PAGE - sekvenace DNA

Starting template amounts
100 fmol & imaol 1 fmol
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Chemicka metoda

Maxam-Gilbertova metoda

— znaéeni 5 konce <P

— specificke chemucke stépeni

— elektrotoréza




Enzymova metoda

lelieliclielielieielicieliclle

Template sirand

G A T C G A T C G A

Primer strand

dATP dATP

dGTP + ddGTP dGTP

dTTP dTTP + ddTTP

dCTP dCTP dCTP + ddCTP

ACT
ACTAGCTA ACTAGCTAG ACTAGCT ACTAGC

\\‘ ACTAGCTAGCT ACTAGCTAGC

%

Figure 11-29 Concepts in Biochemistry, 3/e

Extension of

Electrophoresis gel
primer strand

40040049
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Resulting X-ray image of primer strand sequence
?L ¢ T A G C T A G C T

| OH 3’
ollclicliciiclieliciiclicielie

Figure 11-30 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons
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Preparativni PAGE

)
horni el. pufr _ ' ‘ /
" pfipojeni k pumpé a

elucni pufr——

chladiCc— | - spodni el. pufr

elucni trubicka

gel —
proteiny

— -

elucni komor




Automatizace PAGE
Fast-system




Kapilarni zonova elektroforéza
CZE

Capillary Electrophoresis

Time {ring




Hjerten 1967




CLIN. CHEM. 27/9, 1551-1553 (1981)

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 detection devices, applications
in clinical analyses may be feasible.

small diameter simultaneously facilitates heat transfer as well
as stabilizes the medium. Regardless of the diameter, some
radial temperature gradient will persist. However, 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:

10 [E]
Time (minutes)




Beckman 1987
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Pro¢ CE a biochemie 7




Vyhody CE

¢ Aplikacni diverzita
nabite i neutralni latky
nizkomolekularni i vysokomolekularni latky
chiralni i achiralni latky
bakterie i viry




Vyhody CE

¢ Aplikacni diverzita
¢ Jednoducha instrumentace




Vyhody CE

o Aplikacni diverzita
¢ Jednoducha instrumentace




Vyhody CE

¢ Aplikacni diverzita

¢ Jednoducha instrumentace

¢ Vysoke rozliseni a ucinnost separaci
¢ Mala spotreba vzorku

¢ Rychlost analyzy

+ Mala spotreba chemikalii a malé
\Y4 Y 4 0
mnozstvi odpadu




Mody CZE

Use CE Mode...

For Analysis of...

Capillary zone electrophoresis (CZE)

Ions, etc.

Micellar electrokinetic
chromatography (MEKC)

Neutral and ionic analytes

Chiral capillary electrophoresis (CCE)

Chiral molecules

Capillary electrochromatography (CEC)

Small molecules

Capillary gel electrophoresis
(CGE/SDS-PAGE)

DNA/RNA size/protein MW

Capillary isoelectric focussing (CIEF)

Protein/peptide isoelectric point

Capillary isotachophoresis (CITP)

lons




Kapilarni zénova elektroforeza
ve volne kapilare




Vysledna mobilita castic pri CZE

cation — positive
neutral — zero p,

anion — negative |,

]“la = p‘EDF i ]-le

B, = apparent mobility
B, = effective mobility




Separace aniontu

SCN-
Mo0,*

WO,

E!rI::]:i
CIDy

l ‘ASDJ

'h L_l o SN | S

12

Time [min]

pomoci CZE

Sample
100 mg/l each analyte

Buffer
20 maM phosphate, pH 8.0

Capillary

DB WAX (J&W)
1 =56 cm

L = 64.5 cm

id = 50 um

Injection
200 mbar - s

Temperature
a0 °C

Electric Field
230 Viem, reversed polarity

Detection
Signal 200,10 nm
Reference 450, 80 nm




Stanoveni aktivity HD
pomoci CZE

45 min
36 min
I;f min
18 min

O min

T BN e e e e e
5 1 = 1 bi ! b b+ L] w

Fig. 1. CZE amalysis of haloalkane dehalogenase catalysed re-
action using indirect detection. Overlaid electropherograms show
the reaction muxture of 10 mM 1.3-dibromopropane in 50 mM
glycine buffer (pH 9.0) at 30°C before and 9, 18, 27, 36 and 45
mun after addition of 10 ul of enzyme solution. The separation
conditions are the same as in Table 1.

Fig. 2. CZE analysis of haloalkane dehalogenase catalysed re-
action using long-end injection in combimation with direct de-
tection. The enzyme preparation was 4 times diluted with 50 mM
phosphate buffer (pH 7.5). Separation conditions are the same as
in Table 2. The other conditions are the same as in Fig_ 1.




Princip MEKC

a — stfed — rozpustna v obou

b — siln€ hydrofilni — nerozpustna v
micele

¢ — siln€ hydrofobni — nerozpustna ve
vodn¢ fazi




Micelarni elektrokineticka
chromatografie




Separace fenolu a alkohold
pomoci MEKC

Buffer
0 mM borate, pH 8.6, 70 mM ST

Capillary
PVA-coated (no EOF)
| = 56 cm

L.=64.5 cm

id = 50 um BF 3

Injection
20 mbar - s

Elecirie Field
465 Viem

Temperature
Capillary 12 °C

Detection
Signal 200/ 10 nm
Reference 350/80 nm
ik 125 15 L) hE h
Time [min]
4-hydroxybenzyl alcohol (18 ppm) p-cresol {32 ppm) 2.3-xylenol (20 ppm)
3-hydroxybenzyl alcohol (9 ppm) 2-chlorophenol (22 ppm) 2.5-xylenol (22ppm)
Phenol {26 ppm) 3 2,6-xylenol (36 ppm) 3.4-xylenol (23 ppm)
2-hydroxybenzyl alcohol (18 ppm) o-ethylphenol (23 ppm) 3.5-xylenol (19 ppm)
m-cresol (19 ppm) 2 A-xylenol (27 ppm)




Stanoveni aktivity CYP 2C9
pomoci MEKC

Diclofenac
|

4"-hydroxydiclofenac

e |
ot B 9 | -' Figure 3. MEKC analysis of
0 i

| / CYP2C9 reaction. Overlaid elec-

. | tropherograms show the enzy-
120 minutes | n ,__m_«..,u)"*’ pherog

e/ -..|-1 b\ “--—-u--—JT*-—*“ matic reaction under standard
90 mi

L it uhu*—-w"wi"’ conditions as described in Sec-
Ominutes| | |1 |\ AL s _M.--' tion 2; the final concentrations

:Sﬁmingm : h ,_,,'._l_h._;#-.#' P e of CYP2C9 and diclofenac in
i

‘._.._ql-l-l-b-

reaction mixture were 9.7 nM
and 100 uM, respectively. MEKC
conditions asin Fig. 2.




Kapilarni gelova elektroforéza




CGE fragmentu dsDNA

Absorbance
[mAU]

: 1 36hp
Ll
3 B5bp
4 T5hp
5 126 bp
6 179 bp
7 222hp
8 350 bp

9 396 bp
10 460 bp
11 517 bp
12 676 bp
13 1198 bp
14 1605 bp
15 2645 bp

Time [min]

Ferguson Plot
(calibration faor size determination)

0.030 0.040 L Time [min]

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

Sample:
pGEM DNA Markers, 1 pg/pL.

Buffer:
DNA Buffer + 1.5%

Electrokinetic Injection:
- kV,4s

Voltage:
-16.5 kV

Temperature:

25°C

Detection:

260 nm with DAD filter for
260 nm

(optional)




Instrumentace CZE




Schéma zarizeni pro CZE

PC control DEtEEtﬂA

Power supply




Napajeci zdro

+ stabilizovany + 30 kV
300 pA

+ konstantni napeéti nebo
proud

+ oboji polarita
¢ ochrana obsluhy




Kapilara

+ kFremenna - 25 -100

Hm i.d
- 350 pm

o0.d.

e délka az 100 cm
deélka

+ polyimidoveé vneéjsi
pokryti

L Capillary opening
Fused silica

Polyimide coating




Davkovani - hydrodynamicke

Pressure

Slphunmg




Davkovani - elektrokineticke




Detekce spektrofotometricka

s = &0l

UV light source

where

£ = molar absorptivit
¢ = concentration

[ = pathlength




Detekce fluorescencni

| i 1.-::?:"'
e

Excitation l pY

= |
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2003 - Projekt lidskeho genomu
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3730xI DNA Analyzer
Applied Biosystems




1997 uCE




Klasicka CZE

Absorbance (mAu)

6 8
Time (min)

= =2 N N W W
o O ()]

Absorbance (mAu)
o 01 O O

10 15

Time (min)




Microchip CZE

uric acid

o
o

unknown

o
»

—
<
c
—’
id
c
Q
.
|
-
(&)

o
N

o
(=)




Bioanalyser Agilent 210.




Bioanalyser Agilent 210.

Praotein 4

Frot#in Sidng \
f | Protein Quastification £




Afinitni elektroforéeza

.V inertni 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

¢ Chemicka - kovalenti vazba

¢ Fyzikalni - ligand vazan na
. makromolekulu

Pouziti :

Studium interakce mezi ligandem a
biomakromolekulou




|zoelektricka fokusace

+Elektroforéza v gradientu pH,
castice jsou separovany podle
svych pI"




Tvorba gradientu

OH- 4H,0-2H, + 40H - 4 e

Ampholyty

CH2 - N_(CHz)n_ITI_CHz_

R - CH;
R
(CH,), - CH,COOH

| H
NR;




|zoelektricka fokusace




|zoelektricka fokusace




Kapilarni izoelektricka
fokusace




|zoelektricka fokusace
analyticka

¢ Provedeni - v gelech - PAGE, agarosa

¢ Pouziti - sledovani komplexnich smési

- izoenzymove slozeni

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




|zoelektricka fokusace
analyticka




|zoelektricka fokusace
analyticka




|zoelektricka fokusace
analyticka - standardy

Cytochrome c
— entil lectin

ol "_'__H_,-...-_i'-l_-.;n_ian hemoglobin G-,
B— -Human hemoglobin &
— ~ _~Equine wqr:-nt-tnn...::\\;
— " _~Equine myoglobin .
—_ minor band
== Hurman cabone anfydrase

- Biovine carbonic anhydrase
o fi-Lactoglobulin B
A st ———————ea Py COCYENIN s———— B

IEF Standards for accurate pl callbration of
native IEF gels. A. 5 Ul of the standards were

stained with Coomassie biue R=-250 dye and
crmcain scarlat. B & gl of the standards wara

laft unstained.




|zoelektricka fokusace
Imobiline

CHz =CH-C-NH-R




|zoelektricka fokusace
preparativni
¢ Provedeni - rotaci — Rotofor (BioRad)




|zoelektricka fokusace

preparativni
¢ Provedeni - v sypanych vrstvach (Sephadex)

- v gradientech hustoty (sacharoza)

Pouziti — izolace bilkovin




Dvourozmerne metody

¢ Metoda titracnich krivek

¢ Dvourozmerna elektroforéza




Metoda titracnich krivek

pH
3.0 10.0
10.0 f . | -
pH N\
3.0 |
\ + + |

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




Metoda titracnich krivek




Metoda titracnich krivek




Metoda titracnich krivek




Dvojrozmerna elektroforeza

SDS-PAGE




Dvojrozmerna elektroforeza

10.0 ¥

[.rozmér IEF II.rozmér SDS-PAGE




Dvojrozmerna elektroforeza

Twa-dimensional electrophoretic

76,000 . pattemn of the 2-0 SD5-PAGE

' standardzs separsted on the

Mini-PROTEAM I cell, 2.5 pl
were applied o a8 3.5% fube gel
croggiinged with piperazine
diacrylamide containing & &
urea and 2% Bio-Lyte
ﬂnilnhul'ytea (1 part 3710, 2 parts
5/7). The tube gel was run on &
15% continuous alab gef
crosefinked with bis and silver
stained, For details, zee refer-
encos 21, 23, and 23,




Dvojrozmerna elektroforeza




Compugen 73 DeskTop v.1.11 Beta

Eh Ed jmage mapg-m

n| | r_"jTi]'éIé]E] HfE || ElmsE wak

1. [

js|u|%:| ®j=3 2 | o0

58 Matching Dats Tabde

& B =3[nf

_Thuphhhu&umnuuu
! Qwnad

3
_r

al ol pol ool ) el sl vedeel B
-

S ) (210 Qg 1ol P L) [
25 45 m2 “JCI 5 3745 165 0003
2 4 2206 2% 51 o vy w's 0273
1% 49 S84 125 2 107 2650 053
100 50 e )] 108 ™ 478 7240 0 %1

» a2 %
N 2 561 a7 LIR 4555 0184
e e
w 53 078 15 120 $ms Q€25
20 5% 9%
5 1008

(V62,129 > (1t 127 2nd 184)







DIGE — DIFERENCNI GELOVA ELEKTROFORESA

N

?

eat of the sequence T

excitace 488 nm excitace 532 nm excitace 633 nm
emise 520 nm emise 580 nm emise 670 nm




pooled sample heaithy diseased

= internal standard Cy3 label CvS label
Cy2 label \ +
i _—

mixiure

v

IPG stirip s

2-D electrophoresis

scan at different wavelencths

I

.
A

image of Cy2 image: of Cy3 image aof Cy5
intermal atandeard heoalthy ticcuo dicaasard fiecie

B

Cvye 3 channel Cye 5 channel

Cye 3/ Cye 5 channel overiay




|zotachoforéza

Vzorek je umistéen mezi dva
elektrolyty : vedouci L
(leading) s nejvyssi mobilitou
a - uzavirajici T (terminating)

s nejmensi mobilitou™




|zotachoforéza

A T WE.E 1 + t,

_ T L + t,




|zotachoforéza




|zotachoforéza

T B A L




Kohlrauschova regulacni funkce




Analyticka ITP

Napajeni
AT
o ©
Detekce
N
Nt
Davkovani

O

Zapisovac




Analyticka ITP
Instrumentace

+ Napajeni - stejnosmerne 3 kv 0,2 - 0,5

mA

o Kapilara 0,1 - 2 mm

o 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

1
_____________________
e | e




Analyticka ITP
Villa Labeco




|lzotachoforeticky zaznam
kKvantita




|lzotachoforeticky zaznam
kvalita




Preparativni ITP

V gelech - Sephadex

_|_

[ ]




Preparativni ITP

Kontinualni ploSna

VVVVYV




Detekce po elektroforéze a
izoelektrické fokusaci

_pFimo v gelu

detekce _-otisk

“po pfenosu

“plotti ng




Nespecificka detekce

Reakce s barvickou

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




Nespecificka detekce

Barveni Agq

___ amoniakalni Ag”

T AgNO;

Postup:  A. Navézani Ag' na bilkovinu
B. Redukce Ag* na Ag’




Nespecificka detekce

wrr——
—
| m————

S DS-FPAGE Standards provide accurate molecu-
Lar weight determinations. A. High range S505-

PAGE Standards i on a 7.0% gel and stained
with Coomassie biue R-250 dye, B. Low ran
Silver Stain S05-PAGE Standards run on a 12%
gﬂi and stained with Bio-Rad'’s Silver Stain Kit,
Broad range Biotinylated SODS5-PAGE stan-
dard's rum on a $=20% gradient gel, blotted to
nitroceliuiose, and defociod wil Avidin-AP D.
ypeplide SDS-PAGE Standards mum on a
T16.5% tricine gel and stained with Coomassie
biue G-250 dye. E. Broad range SDS-FAGE stan-
dards for SYPRO QOrange H‘t.ln F%Sm on a
4—-2!5"’":- gl and stained with S orange.




Fluorescencni detekce




Specificka detekce

Radioaktivni znaceni

specifické

B,y <

nespecifické
A. Autoradiografie 2p, 15
znaceny protein ——p rentgenovy film

B. Fluorografie “H, “C, 38

znaceny protein —p fluorofor —rentgenovy film




Autoradiografie




Specificka detekce

Detekce ruzn vch skupin bilkovin

glykoproteiny Schiffova reakce (oxidace s HIOy, reakce s Schiffovym
¢inidlem - bazicky fuchsin)

lipoproteiny Sudan B

hemoproteiny peroxidazova aktivita (hem + benzidin + H,O,)

Cu*’ alizarin

1L

Fe”

fenantrolin




Detekce glykoproteinu




Detekce na zaklade biologicke
aktivity

Detekce na zakladée enzymoveé aktivity

Rozdéleni A. bezbarvy substrat —barevny produkt
B. barevny substriat — bezbarvy produkt
C. bezbarvy substrat — bezbarvy produkt
—>barevny produkt

D. auxiliarni enzymy —barevny produkt

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

indikatorové gely




Detekce na zaklade biologicke
aktivity

Imunodetekce

ANTIGEN

|

PRIMARNI PROTILATKA

PROTEIN G / T ‘\ PROTEIN A

SEKUNDARNI PROTILATKA
A

. . .25 . . .y . e ey -
radioaktivni ("**I) fluorescenéni enzymové avidin-biotin Kkoloidni Au
znaceni




Blotting

¢ Southern = DNA
¢ Nothern — RNA

o Western - bilkoviny




Blotting

After Transfes:
(¥ dectrode

! ; ; (=) electrode
bands n gel nitrocelulose sheet

bands on
Note: All the layers are pressed tightly together, nitroceBulose




Difuzni blotting

FILTRACNI
PARIR

e

BLOTOVACI

e

MEMBRANA

NADOBA S

PRENOSOVYM
PUFREM

DRZAK

H

OUBA

FILTRACNI

e
.A.:

BLOTOVACI
MEMBRANA

GEL




Vakuovy blotting

FILTRACNI
PAPIR

BLOTOVACI
MEMBRANA

GEL ..

I [ ] —
— lVYVEVA
ZAKLADNA s

POREZNI
PODLOZKA




Kapilarni blotting

PAPIR

BLOTOVACI

MEMBRANA

FILTRACNI
_ PAPIR

Q NADOBA 5

PRENOSOVYM

Y

PUFREM
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Tankovy elektroblotting




Tankovy elektroblotting
Mini Protean Trans Blot Cell




,oemi dry” blotting

FILTRACNI BLOTOVACI
PAPIR MEMBRANA

E) 1 111NN

FILTRACNI
PAPIR

- KATODA




,oemi dry” blotting




Kapkovaci dot blotting

JAMKY PRO NANASENI

VZORKU NANASECI
SABLONA

— I BLOTOVACi
TESNENI |. I I I I I . I I I I 'l MEMBRARA
TESNENI e o

- I
POREZNI
PODLOZKA




Membrany

‘nitrocelulosa - nejbéznéjsi

polyviniliden difluorid — vysoka vazebna kapacita
«diazobenzyloxymethyl — chemicka aktivace
‘lonexove membrany - preparativni

-aktivovana sklenéna vlakna — pro primou sekvenaci




Detekce

HYBRIDIZACE  «radioaktivni proba — vysoka senzitivita, Southern blot
‘neradioaktivni proba — biotin — streptavidin, dioxigenin

REAKCE SE SUBSTRATEM nativni enzym, nedifundujici substrat

‘IMUNOBLOTTING"

Light
L gmission
I-laru;id\S_) acridinium  aeridan
e,

substrate

h, 4

f\ somplex

antibody-biolin
conjugale

| . <« streptavidin i
i k] horseradisn peroxidase
-

|

ary anfibod)
primary an }_ |

125]-protein A

enzymem znacena sekundarni protilatka — konjugace
s peroxidasou (tetrazoliova sul), alkalickou fosfatasou

zlatem znacena sekundarni protilatka (100 pg)

chemiluminiscence — nejcitlivéjsi




Detekce

Secondary anfibody

|@rzyrme|




Detekce

Silver stain Western
Standard Blot




Detekce

Video
Camera

Stained

Gel \

Light Box Electrophoretic Mobility
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