Elektromigracni metody



Vizualizace DNA
ETHIDIUM BROMID

fluorescencni barva — interkalacni ¢inidlo

do gelu
«do pufru
*barveni po elfu
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Barveni proteint

Coommassie Brilliant Blue
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Method Detection limit

Coomassie Brilliant Blue R 250 Staining
- Standard Method

Coomassie Brilliant Blue B 250 Staining
- Maximal Sensitivity

Silver Staining
- Meutral Silver Staining

Silver Staining
- Amoniacal Silver Staining

Copper Staining

Staining with colloidal gold

Staining with SYPRO fluorescent dyes

‘Z’Fil]l'.l = 1000 ng per band

50 = 100 ng per band

1 = 10 ng per band

1 - 10 ng per band

10 = 100 ng per band for 0.5 mm gels
1.000 ng per band for 1. mm gels

3 ng per band

1 - 2 ng per band




Barva

Amidocern10B

Coomassie Brilliant Blue R-250
Coomassie Brilliant Blue G-250

Alcian Blue
Methylene Blue
Methyl Green
Fast Green FCF

Basic Fuschin
Pyronin'Y
Bromocresol Green
Bromophenol Blue
Crocein Scarlet
Ethidium Bromide
Toluidine Blue O

max

(nm)

620
590
595
630
665
635
610

550
510

595
505

620

Pouziti

barveni proteinu

barveni proteinu, 10 x citlivéjSi nez amidocern
barveni proteinu

Glykoproteiny

RNA, RNase

Nativni DNA, neutralni nebo kysela délici barva
baryeni proteinu

Glykoproteiny, nukleové kys., glykoproteiny bohaté na
sialovou kys.

RNA, kysela délici barva

délici barva pro DNA agarosovou elfo
neutrani nebo alkalicka délici barva
Immunoelektroforesa

Fluorometricka detekce DNA

RNA, RNase, mukopolysacharidy



Coomassie Blue x barveni stribrem

Porovnani identickych gelt po barveni Coomassie Blue (drahy 1-3) a
po barveni stfibrem (drahy 4-6).

[B. S. Dunbar, “Two-Dimensional Electrophoresis and Immunological Techniques”, Plenum Press,
New York,1987.]



Stain all

Biochem/physiol Actions Br
Stains-All is a cationic carbocyanine dye and is a

multipurpose dye. It stains sialoglycoproteins blue, .S CHs; S

Ca?* binding proteins deep blue to violet, proteins  H,C NWN CH
S, 3

red and lipids vyellow-orange. It also stains RNA ~

(bluish purple) and DNA (blue).

As little as 3 ng (123 BP fragment) of pPBR322/Hae
Il digest DNA and 90 ng tRNA can be detected ona =
polyacrylamide gel. PAGE gels are stained in the 'q“o ;
dark and then destaining by removing the gel fr@éﬁé\

the staining solution and exposing it to the Iight\?’?om
a light box until sufficient destaining has occurred. A
staining solution is typically made by dissolving the
dye in formamide and buffer.




Detekce glykoproteinti

The Glycoprotein Detection Kit is designed for the selective staining of
glycoproteins on polyacrylamide gels and membranes using a modification of the
Periodic Acid-Schiff (PAS) method. Staining of sugar moieties of glycoproteins
yields magenta bands with a colorless background. The periodic acid/Schiff
reagent stains vicinal diol groups found mainly on peripheral sugars and sialic
acids and is used as a general glycoprotein stain.
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Stain-Free Technology

pridavek trihalogenové slouceniny - zvySeni fluorescence Trp

Gel before transfer Membrane after transfer Gel after transfer

Bio-Rad




A Stain-free blotimage B PB-actin
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Figure 5. Comparison of protein normalization using stain-free technology and commonly used
housekeeping proteins. Tenfold dilutions of HeLa cell lysates ranging from 50 to 10 ug were loaded
for samples detected with stain-free technology (A) and the housekeeping genes B-actin (B), -
tubulin (C), and GAPDH (D). The protein quantification signal is higher with stain-free technology

than with housekeeping genes (E).

http://www.bio-rad.com/en-cz/applications-technologies/stain-free-imaging-technology

Bio-Rad



Prenos na membranu

ELECTROPHORETIC TRANSFER MICROFILTRATYON (DOT BLOTTING)
ep\“ 5
TANK TRANSFER SEMI-DRY TRANSFER $ »
L ® @ 0
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Blotovani - prenos

» prenos difuzi « tank® pfenos
Weight

Paper Towel Stack
Whatman Paper Stack
Membrane

Gel

Whatman Paper
Saran wrap
S

Platform &“c

Transfer buffer

* ,semi-dry” pfenos semi-dry transfer unit

cathode (=)

- 3x filter papers

acrylamide gel
PVDF membrane
= 3x filter papers

excess liquid
must be removed

anode (+)



Table 2.1. Comparison of electrophoretic protein transfer systems.

Tank Blolling Semi-Dry Blotting
Traditional Rapid
Transfer time 30 min-overnight 15-60 min 310 min
Handling convenience  Manual assembly of transfer Manual assembly of transfer Prepackaged, presaturated
components components components
Transfer parameters Widest range of power settings Power and transfer time limited Preinstalled, customizable programs
and transfer times due to lack of cooling options for transfers of most proteins,
user-programmable settings for
traditional semi-dry techniques
Molecular weight range Broad range Best for 30120 kD Broad range
Temperature control Cooling with ice pack or Mone Mone

refrigerated water recirculator

Buffer requirement 1-12 L, system-dependent 250 mi par blot

Mo additional buffer required

Membrany

nitrocelulosa - nejbéznéjsi

polyviniliden difluorid PVDF — vysoka vazebna kapacita
*nylon — nukleové kyseliny

«diazobenzyloxymethyl — chemicka aktivace

sionexove membrany - preparativni

«aktivovana sklenéna vlakna — pro pfimou sekvenaci

Bio-Rad



Detekce

HYBRIDIZACE °radioaktivni proba — vysoka senzitivita, Southern blot
*neradioaktivni proba — biotin — streptavidin, dioxigenin

REAKCE SE SUBSTRATEM - nativni enzym, nedifundujici substrat

IMUNOBLOT

125]-protein A

<]|<]|

zlatem znacCena sekundarni

- Inkubace s primarni protilatkou
protilatka (100 pQ)

@

enzymem znadéena sekundarni Odmyti primarni protilatky

protilatka — konjugace s . -
peroxidasou (tetrazoliova sil), Inkubace s konjugovanou protilatkou

alkalickou fosfatasou

.

@

Odmyti sekundarni protilatky

@

Méreni signalu v zavislosti na vybrané metode



Substraty pro enzymem znacenou sekundarni protilatku

Kolorimetrické stanoveni

Subsirate

Procuct COP-Star 2,3 - dioxethan Luminol
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DIGE — DIFERENCNIiI GELOVA ELEKTROFORESA

Cy2

—P—M{RY
MMTO l: :IE HO rest of the sequence §'

=CHEL

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

585/22 675/20

Relative fluorescence
Relative fluorescence
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GO0 2800 Wavelength (nm) Wavelength (nm)




Isotachoforesa

*migrace vSech iontl stejnou rychlosti
*separace slozek jako ,iontového viaku®
ezonovy zaostrovaci efekt

diskontinualni systém — vedouci a terminacni elektrolyt
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migrace vSech iontl stejnou rychlosti

A: Same migration speed

Before start

sample
components

L
high mobility

Wrong: ion gaps
are impossible!

re’

B L

© fow bty high mobility
—P different migration speeds ——————3p
are not possible!
Right:
Also sample components conduct the current
= N

e?- high mobility

-3 same migration speed =  —Pp

speed of T




separace slozek jako ,,iontového viaku“

B: “lon train” separation

high
field
strength

a) high
field
strength
low field strength
Fhiztda L- i rress = e
e high mobility ®
sample
mixture
b) |:A high N
field
strength
low field strength
high mobility ®

low field strength

L
high mobility

sample components
in the order of
decreasing mobilities




zonovy zaostrovaci efekt

C: Zone sharpening effect
a) M
high
E field sample
strength GRIPOREN! low field strength
en‘ i k high rkobility ?e

acceleration (E = high)

\‘\C
b) ;
low field strength
|_' ,,,,,,,,,, y
_____ - high mobility »0
kspeed reduction (E = low)
C) S
high
= field
strength low field strength
0 high mobility >

sharp borders between zones




TRIS/Gly elektrodovy pufr

Tris buffer

MH., . NH, y NH, Tris (hydroxymethyl)aminomethane
B [
[k - iH, ———] L-H, +
NH, NH,
L {0 L) I I
C. = o + H*
HOCH,™" | “CH,OH HOCH, ™’ | “CH,0H
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Isoelektricka fokusace

—CHZ—PTJH-CHz—CHz—CHz—;J'Hz—CHz—
. CH,
sagarosa nebo polyakrylamid G
*konstantni teplota - pK, je zavislé na teploté — 10°C ¢H, CH-CH—CH,~COO"
GHa
CQO0O

*volné nosice gradientu pH — pomoci ampholytu
simobilisovany gradient pH — linearni gradient dvou ruznych polymeriza¢nich
smesi —derivaty akrylamidu

before start in the electric field

2H,0 = O, +4H" +4¢  (Anode)
2HO+2¢ == 20H + H, (Cathode)

()

3 Cx10°M

&
= B & 2 B BCxi’M

separation distance separation distance separation distance

; oo N
carrier ampholytes () () () O . .

=

increasing pl







Kapilarni elektroforesa

Probrané elektromigra¢ni metody maji tfi hlavni nedostatky:

 zna¢na produkce Jouleova tepla béhem elektroforesy, hodnota
vlozeného napéti je tim limitovana, pouziti niz§iho napéti - odtud
c¢asova narocnost

» detekce - nutné barveni po elektroforese

* je obtizné automatizovat

kapilarni elektroforesa (CE)

metoda byla vyvijena od pocCatku 80. let (Jorgensen a
Lukacs), prvni komer¢ni pfistroj se objevil v roce 1988



Zpusoby provedeni kapilarni elektroforesy

kapilarni zonalni elektroforesa
kapilarni gelova elektroforesa
kapilarni izoelektricka fokusace
kapilarni izotachoforesa

&

‘micelarni elektrokineticka chromatografie



Kapilara

staveny kfemen

polyimidovy povlak

sochranny polyimidovy povlak

edélka 25 — 100 cm

svnitfni pramér 25 — 100 um
*vnitfni povrch Ize modifikovat

Detekce

*UV/Vis absorpce
fluorescence
sradiometrie

‘MS

N

taveny kfemen

o

O
O
PO

Simple
Z flowcell

Reflective

Polyimide
coating




TABLE 12.1. Detectors Used in Capillary Zone Electrophoresis Instruments®

Classification Property Measured Detection Limit (mol)
Optical Absorbance 10 "-10""
Fluorescence
(a) Precolumn derivatization 10 2'-10"
(b) On-column derivatization 8 x 10 1°
(¢) Postcolumn derivatization 2x 10 Y
Indirect fluorescence 5% 107"
Thermal lensing 4% 10"
Raman 2x 107"
Electrochemical Conductivity I x 10"
Current (amperometry) 7x 10"
Radiochemical 2P Emission I x 107"
Mass Electrospray 1onization MS I x 10"

“See Ref. 1. Reprinted, with permission, from A. G. Ewing, R. A. Wallingford, and T. M. Olefirowicz,
Anal. Chem. 61, 1989, 292A-301A. Copyright © 1989 American Chemical Society.
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stacionarni vrstva (Sternova) mobilni vrstva (Guy-Chapmanova)



princip: pohyb podle velikosti naboje + elektroosmoticky tok

0O- 0- 0- 0-0- O- O- O- O- O- O- O-
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Linearni elektroforeticka rychlost

U | 2
L e

... rychlost toku
...elektroforeticka pohyblivost
... intenzita elektrického pole
... hapéti

.. délka kapilary



Elektroosmoticky tok

_ G el .E

HeoF = axrn Veor = Meor -E = 4.75_”7

HEOE ... elektroosmoticka pohyblivost

C .. zeta potencial

g .. dielektricka konstanta

n .. viskosita elektrolytu

r .. polomer kapilary

Celkova rychlost pohybu analytu
H= He t HeoF

U L?

V:(:Ue"':uEOF)'E:(:ue+'quF)'f t:L/V:(/u + Heo )U
e T Heor )



Detector

light source

Anode (+) < Cathode (-)
(= (=) o O T & ®
2o o - o 2 DL By G
- S pu S
BulTer n= vV u \ﬁ—// BulTer
E~ 6xrm Photo receptor
recorder ~

E=V/d




Kapilarni zonalni elektroforesa

Light
Capillary Electrophoresis (‘% FOUrCE
Computer
= B 1 Data In P hotocat hode
] Data Out
Chart Recorder
- Buffer
=
'}
Cathode o Anode
_ i~ +
=
< l—
Time {minJ
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Figure 6. CZE Separation of a Tryptic Digest of Reduced, Denatured and
Alkylated Bovine Serum Albumin. Buffer, 21 mM sodium phosphate
(monobasic), 1.5 M urea, pH 2.5, capillary, 59 cm. Courtesy of R. Rush,
A. Cohen, and B. Karger, Northeastern University.



Analyte

Buffer Reference

Dipeptides/proteins
Angiotensin II octapeptides
Tryptic digest

B-Lactoglobulin

Carbonic anhydrase
Whale skeletal myoglobin
Myoglobins

Carbomic anhydrases
B-Lactoglobulins

Horse heart myoglobin

Endorphins
Ribonucleases
Immune complexes
Tobacco mosaic virus

Adenosine-5'[c-*PJtnphosphate

Lysozyme, t-chymotrypsin
Nucleoside phosphates
Collagens

Membrane proteins

Human growth hormone

Anions

150 mM H,PO,, pH 1.5
150 mM NaH,PO,. pH 3.0
12.5 mM phosphate, pH 6.86

Anal. Chem. 60,2322 (1988)
Anal. Chem. 60,2322 (1988)
J. Chromatogr. 352, 337
(1986)

J. Chromatogr. 447, 117
(1988)

50 mM borate, 50 mM KCL

10 mM tricine, 40 mMM KCL, pH 8.24 Anal. Chem. 58, 743a (1986)

10 mM borate, 40 mM ECL pH 9.5 7 Chromatogr. 480, 157
(1989)

Anal Chem. 61, 1186 (1989)
Anal. Chem. 61, 1186 (1989)
Anal. Chem. 61, 1186 (1989)
Anal. Chem. 62, 1592 (1990)
J. Chromatogr. 4580, 259
(1989)

J. Chromatogr. 480, 301
(1989)

J. Chromatogr. 480, 321
(1989)

J. Chromatogr. 480, 371
(1989)

J. Chromatogr. 516, 89 (1990)
J. Chromatogr. 480, 379
(1989)

J. Chromatogr. 480, 169
(1989)

20 mM citrate, p]—&i\cﬁk
20mM CAPSpH 11.0
0.1 M tricifie, pH 8.0

2 mM potassium borate
200 mM borate, pH 8.1

0.1 M CHES. 0.25 M K,50,, pH9
40 mM glutamic acid/GABA
2.5 mM sodium tetraborate

0.2 M borate, 7 M urea, pH 9.2
100 mM phosphate, pH 2.6, pH 8

25 mM salicylate, pH 4
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Kapilarni gelova elektroforesa

*na zakladé velikosti — polymerni sita (agarosa, bis-polyakrylamid,
methylcelulosa)

*kapilara je naplnéna gelem - zvysSuje rozdily mezi elektroforetickymi
rychlostmi velkych iont riznych tvaru, které jsou nuceny migrovat
pory gelu

*nevznika elektroosmoticky tok - Ize delitpouze jeden druh iontl

spouziva se pro velkeé ionty jako peptidy, bilkoviny, sacharidy, stépy
DNA a RNA

o CIEGetl @




Dodnes vsak nenahradila klasickou gelovou vertikalni a
horizontalni elfo.

Vyhody:

- vysoka rychlost priichodu vzorku
- piiméa kvantifikace

-moZnost automatizace
Nevyhody:

-drahé¢ pristrojove vybaveni

Pro sekvenovani DNA se na pristroji Applied Biosystems 3730
DNA analyzer paraleln¢ pouziva 96 kapilar, t0 umoznuje az
1000 analyz za 24 hodin.

PAA gely pro proteiny, PAA a agarosové gely pro nukleové
Kyseliny. Modifikace pii ptipravé gelti (linearné polymerovany
PAA), moznost pouziti fidSich geld oproti konven¢nim.



« kapilarni elektroforesa

TTCATCAGTTTCC|ACTGCCAAGGTCA AAGGCAACTGCTA|AGTTAATCTTTGA
20 | 700 710 | 1000 1010 | 1100 110

)f&Mx | hﬂ T MJMA M&




Kapilarni isoelektricka fokusace

«déli molekuly majici amfolytickou povahu na zakladée jejich
rozdilnych isoelektrickych bodu pl

«délici kapilara se naplni roztokem délenych amfolytickych latek a
pomocného amfolytu, ktery je schopen pufrovat cely rozsah pH

*z opacnych koncu migruji do kapilary OH- a H* ionty, které v ni
vytvareji spojity linearni pH gradient

«délené molekuly (ionty) putuji roztokem-dokud nedosahnou pH,
které se rovna jejich pl vytvori uzkou zénu (fokusuiji)

*po fokusaci se zény mobilizuji-(uvedou do pohybu), aby prosly
detektorem a byly detekovany

*kapilarni izoelektrické fokusovani je pouzitelné pouze pro
amfolytické molekuly



Kapilarni izotachoforesa

déli ionty na zakladé jejich rozdilnych elektroforetickych mobilit

sroztok délenych iontl je davkovan jako rozhrani dvou rozdilnych pufrd — vedouci,
terminacni iont

*kazdy separovany iont vytvari béhem analyzy svoji vlastni zonu

«zOny vSech délenych iontl jsou uzavieny mezi vedouci a terminacni pufr a jsou
sefazeny bezprostiredné za sebou podle klesajici elektroforetické pohyblivosti
délenych iontu

*kapilarni izotachoforéza je pouzitelna pouze pro molekuly s nabojem

*béhem jednoho experimentu Ize délit a detekovat pouze jeden druh iontu
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Figure 14. ITP of a Mixture of Anions with
Conductivity Detection. Capillary, 105 um i.d.
fluorinated ethylene-propvlene copolymer;
leader, 10 mM hvdrochloric acid titrated to pH
6.0 with histidine, 2 mM hvdroxyethylcellulose;
terminator, 5 mM MES; driving current, 10 [LA.
Keyv: R, signal on conductivity meter (increasing
resistance); L, chloride; 1, sulfate; 2, chlorate;
3, chromate, 4, malonate, 3, adipate; 6, benzo-
ate; 7, impurity; 8, acetate; 9, [;-bromopropion-
ate; 10, naphthalene-2-sulfonate; 11, glutamate;
12, enantate, T, MES. Reproduced in part from
J. Chromatogr., 267, 67 (19583) (Fig. 3).



Micelarni elektrokineticka chromatografie

déleni elektroneutralnich latek (hydrofobni a hydrofilni) na zakladé rozdilnych
rozdélovacich koeficientd mezi vodni a micelarni fazi

spovrchoveé aktivni latka pridana do pufru (detergent, napi. SDS, deoxycholat
sodny, CTAB)

*koncentrace detergentu musi byt vétSi nez je kriticka micelarni
koncentrace (CMC).

spovrchové nabité micely migruji uvnitf pufru viastni elektroforetickou rychlosti
a unasi molekuly a ionty separovanych sloucenin, které jsou vice Ci méné
pritomny uvnitf hydrofobnich dutin mice\l\‘“C

stupen solvatace molekul micelamicudava rychlost unaseni téchto molekul
micelami

_ -
+ Micelle velocity
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Figure 17. Separation of Chiral Amino Acids Derivatized
with Marfev’s Reagent. Buffer, 100 mM sodium borate,
200 mM SDS, 5% acetonitrile, pH 8.5.
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Tons Molecules Peptides Proteins Oligonucleotides DNA
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Mozné zmény parametr

ZmensSeni pruméru kapilary umoznuje pouziti vysSiho napéti
(lepsi odvod tepla). Zvysi se rozliSeni a snizi doba analyzy.
Snizenim pruméru se ale snizi tloustka optické drahy detektoru,
tim poklesne citlivost detekce.

Prodlouzeni kapildry umoznuje opét pouziti vyssiho napéti, avSak
prodlouZi se doba analyzy, vyssi difuze.

Diilezita je volba vhodného pufru. S rostouci iontovou silou roste
vodivost, ale 1 produkce tepla.



