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1981 - JORGENSON

LUKACSOVA

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:
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PROC CE

A BIOCHEMIE ?



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



Aplikacni diverzita
Jednoducha instrumentace

 CGE, ChCE _
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Aplikacni diverzita

Jednoducha instrumentace

Vysoke rozliseni a ucinnost separaci
Mala spotreba vzorku

Rychlost analyzy

Mala spotreba chemikalii a malé mnozstvi
odpadu



Use CE Mode...

For Analysis of...

Capillary zone electrophoresis (CZE)

Ions, etc.

Micellar electrokinetic
chromatography (MEEKC)

Neutral and i1onic 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 ZONOVA ,
ELEKTROFOREZA VE VOLNE
KAPILARE




VYSLEDNA MOBILITA
CASTIC PRI CZE

cation — positive

neutral — zero |,

anion — negative y,

Ha = Hgor + He

), = apparent mobility
p. = effective mobility




SEPARACE ANIONTU POMOCI
CZE

Sample
100 mg/l each analyte

Buffer
20 mM phosphate, pH 8.0

Capillary

DB WAX (J&W)
1 =56cm

L = 64.5 cm

id = 50 pm

Injection
200 mbar - s

Temperature
20 °C

' Electric Field

12 P r :
Time [min] 230 V/cm, reversed polarity

Detection
Signal 200,10 nm
Reference 450, 80 nm




STANOVENI AKTIVITY HD
POMOCI CZE
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Fig. 1. CZE analysis of haloalkane dehalogenase catalysed re-
action using indirect detection. Overlaid electropherograms show Fig. 2. CZE analysis of haloalkane dehalogenase catalysed re-

the reaction mixture of 10 mM 1.3-dibromopropane in 50 mM action using long-end injection in combination with direct de-
elycine buffer (pH 9.0) at 30°C before and 9, 18, 27, 36 and 45 tection. The enzyme preparation was 4 times diluted with 50 mM
min after addition of 10 pl of enzyme solution. The separation phosphate buffer (pH 7.5). Separation conditions are the same as

conditions are the same as in Table 1. in Table 2. The other conditions are the same as in Fig. 1.




MICELARNI ELEKTROKINETICKA
CHROMATOGRAFIE




MICELA

a — stred — rozpustna v obou

b — silné hydrofilni — nerozpustna
vV micele

c — silné hydrofdbni — nerozpustna
ve vodné fazi



SEPARACE FENOLU A
ALKOHOLU POMOCI MEKC

Buffer
90 mM borate, pH 8.6, 70 mM SI

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

L =645 em

id = 50 yum BF 3

Injection
20 mbar - s

Elecirie Field
465 Viem

Temperature
Capillary 12 °C

Detection
—J]-'"nwu.....ﬁ_u.._,hulu-__z Signal 200/10 nm

Reference 350/30 nm

75 10 125 15 175 20 225 325 255

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)
Phenal (26 ppm) 2.6-xylenol (36 ppm) 3.4-xylenol (23 ppm)
2-hydroxybenzyl alcohal (18 ppm) o-ethylphenol (23 ppm) 3.5-xylenol (19 ppm)
m-cresol {19 ppm) 2 4-xylenol (27 ppm)




STANOVENI| AKTIVITY CYP 2C9

POMOCI MEKC

H
" Diclofenac Fal ®
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0 4'-hydroxydiclofenac
. i |
" | “ Figure 3. MEKC analysis of
| | | | /Y CYP2C9 reaction. Overlaid elec-
6- i
{0minutes, | | “ A tropherograms show the enzy-
""“""."—-“—L-l..-w\...._....f AL N ‘-f matic reaction under standard
‘ Wmlnu_tm . L |19 NP | W \.u'uf\-*”% conditions as described in Sec-
| 60 minutes VN e A A LIS i tion 2; the final concentrations
el T E i M, of CYP2C9 and diclofenac in
f\"‘%_'..ul.x\.. bt b ] reaction mixture were 9.7 nM
'] | | | and 100 uM, respectively. MEKC
2 : 6 ' 10 2 " 1 ® ma conditions as in Fig. 2.




KAPILARNI GELOVA
ELEKTROFOREZA




CGE FRAGMENTU dsDNA

Ahsorbance {?apil!am A
[mAU| CEP Coated Capillary,

g 9 396 bp I L A48.5 em, i.d. 75 pm
10 460 bp
11 517 bp Sample:
12 676 bp pGEM DNA Markers, 1 pg/plL
13 1198 bp
14 1605 bp Buffer:
15 2645 bp DNA Buffer + 1.5%

Electrokinetic Injection:
SHkV,4s

N el

: _ _ Yoltage:
1 13 14 15 16 17 Time[min] 165 kV

log [bp] Ferguson Plot Temperature:
3.2 (calibration for size determination) aR o
3.0 4

284 Deiection:
26 260 nm with DAD filter for
24 260 nm

2.2 (optional)
210 1

18-
0030 0035 0040 0045 0050 Time [min]




INSTRUMENTACE CZE

SCHEMA ZARIZENI PRO CZE




NAPAJECI| ZDROJ

KAPILARA

- stabilizovany + 30 kV 300 pA
- konstantni napeti nebo proud
- 0boji polarita

- ochrana ObSIUhy LCupillarrnpﬁning
Fused silica

Polyimide coating

- kremenna - 25 -100 ym i1.d
- 350 um o.d.
- delka 10 az 100 cm

- polyimidové vnéjsi pokryti



DAVKOVANI -
HYDRODYNAMICKE




DAVKOVANI -
ELEKTROKINETICKE




DETEKCE
SPEKTROFOTOMETRICKA

8 = £

UV light source

where

£ = molar absorptivil
¢ = concentration

' = pathlength




DETEKCE FLUORESCENCNI

Light %

Excitatiﬂﬂ& @Emissiﬂnl




2003 - PROJEKT LIDSKEHO
GENOMU
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3730XL DNAANALYZER
APPLIED BIOSYSTEMS




1997 uCE
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KLASICKACZE  \icrROCHIP CZE




Bioanalyser Agilent 2100

High Sensitivity progei

- Agitent
o i e At i

250 Reagents
2100 Sosmuy




Bioanalyser Agilent 2100

Protein \

Frotein Skxing
Protein Guamiification







AFINITNI ELEKTROFOREZA

,V Inertni matrici je imobilizovan ligand, se kterym
specificky interaguje separovany biopolymer”







IMOBILIZACE LIGANDU

- Chemicka — kovalentni vazba

* Fyzikalni — ligand vazan na makromolekulu

Pouziti :
Studium interakce mezi ligandem a biomakromolekulou



IZOELEKTRICKA FOKUSACE

,Elektroforeza v gradientu pH,

castice jsou separovany podle
svych pl

1961 Svensson — Rilbe (1968) |




TVORBA GRADIENTU

H,0* 6H,0-0, + 4H,0* + de-

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

Ampholyty

R
(CH,), - CH,COOH

| H
NR,




IZOELEKTRICKA FOKUSACE




|IZOELEKTRICKA FOKUSACE




KAPILARNI IZOELEKTRICKA
FOKUSACE




IZOELEKTRICKA FOKUSACE

ANALYTICKA

 Provedeni - v gelech — PAGE, agarosa

- Pouziti - sledovani komplexnich smesi

- izoenzymove slozeni

- stanoveni pl — rozrezani a eluce

— upH elektrody
— pl standardy



IZOELEKTRICKA FOKUSACE
ANALYTICKA




IZOELEKTRICKA FOKUSACE
ANALYTICKA - STANDARDY

Cytochrome ¢
_'_'_"""—* entil lectin

Pl _H_,...-!-Iun'.tan hemoglobin G-
R— I-hEm:an hﬂ-rr{-nlﬁl:t:iun A\\‘:_:
. quine myoglokbin

— quumE miyoglobin T

g e,
— " minor band
= Human carbonic anhvdrass

T Bowine carbonic anfydrase
fi-Lactoglobulin B

2 - e Phiy COCYANIN s——— B

IEF Standards for accurate pi calibration of
native IEF gels. A. 5 ul of the standards were
slained with Coomassie bitue R-250 dye and
crocein scarlel. B. 5 ui of the standards were

et unstatned.




|IZOELEKTRICKA FOKUSACE
IMOBILINE

CH> =CH—(|:I—NH—R

-




IZOELEKTRICKA FOKUSACE
PREPARATIVNI




IZOELEKTRICKA FOKUSACE

PREPARATIVNI

- Provedeni - v sypanych vrstvach (Sephadex)

- v gradientech hustoty (sacharoza)

Pouziti — 1izolace bilkovin




DVOUROZMERNE METODY

- Metoda titracnich krivek

- Dvourozmeérna elektroforéza



METODA TITRACNICH KRIVEK

3.0 10.0
10.0 f . ] —
pH 2
3.0 |
v + +
I. rozmér — IEF bez vzorku IT.rozmér — elektroforéza

se vzorkem



METODA TITRACNICH KRIVEK




METODA TITRACNICH KRIVEK




DVOJROZMERNA
ELEKTROFOREZA

Molecular weight (kD a)

«

SDS-PAGE




DVOJROZMERNA
ELEKTROFOREZA
1975 O'FARRELL

I. rozmér IEF I1. rozmér SDS-PAGE




DVOJROZMERNA
ELEKTROFOREZA

Two-dimensional electrophoretic
pattern of the 2-0 SD5-PAGE
Standards separated on the
Mini-PROTEAMN I cell, 2.5 pl
were spplied to a 3.5% tube gel
crosslinked with piperazine
digcrytamide containing & M
urea agnd 2% Bio-Lyte

holytes (1 part 3710, 2 parts
&¢7). The tube gel was run an s
15% continuous alab gel
crozeiinked with biz and silver
stained, For details, see rafer-
ences 21, 22, and 23.
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DVOJROZMERNA
ELEKTROFOREZA




Zakladni schéma analyzy uzivané v proteomice

@s prote@ 1. Separace
2D-PAGE

2. Izolace @otlivé pro@
St&peni trypsinem

Peptidy
4. Sekvencni analyza 3. Hmotnostni analyza

Fragmentace peptiV Hmotnostni spekrometrie
@ence pep@ motnostni spektra
peptidu

5. Porovnani s
databazi
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DIGE — DIFERENCNIiI GELOVA ELEKTROFORESA

- \
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O reat of the sequence T

—CHNEt

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




pooled sample hecalthy diseased

= internal standard Cy3 label Cy5 label
CyZ label \ + /
=g

mixure

v

I1IPG strip "<

2-D electrophoresis o

scan at different wavelencths

l

’ 4

image of Cy2 image of Cy3 image of Cy5
internal standerd hoalthy ticcuo dicoasad ticsnea

B

Cvye 3 channel Cye 5 channel

Cye 3/ Cye 5 chamnel overiay




IZOTACHOFOREZA

1976 EVERAERTS

g H | “\ \ “,};.ﬂ'% |:"\ \H'

,Vzorek je umisten mezi dva
elektrolyty: vedouci L (leading)

S nejvyssi mobilitou a - uzavirajici T

(terminating) s nejmensi mobilitou”




IZOTACHOFOREZA




IZOTACHOFOREZA

Hp = Ha =~ U = Mt




KOHLRAUSCHOVA
REGULACNi FUNKCE




ANALYTICKA ITP

Napajeni
+ -

Detekce

N
N4

Davkovani

Zapisovac



ANALYTICKA ITP

INSTRUMENTACE

- Napajeni — stejnosmerné 3 kV 0,2 -0,5 mA
- Kapilara 0,1 -2 mm

- Davkovani - davkovaci ventil

- Detekce - universalni — konduktometricka
— potencialove gradientova
- selektivni — UV-VIS



IZOTACHOFORETICKY ZAZNAM

KVANTITA




IZOTACHOFORETICKY ZAZNAM

KVALITA




IZOTACHOFORETICKY

ZAZNAM

I
18
Time [min]

Time [min]

Fig. 2. Isotachopherograms of non-smoker saliva (A) and
smoker saliva (B). L. leading ion (chloride); T, terminating
ion (acetate); R, increasing resistance.

-

Isoascorbic acid Ascorbic acid '

uv (254 nm)




ANALYTICKA ITP
VILLA LABECO

e - T TT TRy e e
-




ANALYTICKA ITP

METODA SPOJOVANI KAPILAR

Predseparacni kapilara — 2 mm

Analyticka kapilara — 0.1 mm




PREPARATIVNI ITP

V gelech - Sephadex




PREPARATIVNI ITP

Kontinualni plosna

VVYVV




DETEKCE PO ELEKTROFOREZE
A IZOELEKTRICKE FOKUSACI

_pFimo v gelu

detekce _-otisk

“po pFenosu

“blotti 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 Ag

amoniakalni Ag"

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




NESPECIFICKA DETEKCE

=DS-PAGE Standards provide accurate molecu-
Lar wed determinations, A, High range SDS-
FPAGE ards rur o a Z.5% gel and stained
with Coomassie biue R-250 dye, B. Low ran
Silver Stain S05-PAGE Standards mn on a 12%
gm' and stained with Bio-Rad’s Siver Stain Kit,

. Broad range Biotinylated SDS-PAGE stan-
dards run on a 4=20% gradient gel, blotted to
nitroceliuiose, and defected with Avidin-AF D.

ide SDS-PAGE Standards run on a
16, fricine gaf and stained with Coomassie
Blue G-250 . E. Broad range S0D5-PAGE stan-
dards for SY Fi'ﬂﬂrm amln mnma
4=-20% gel and s-tarnﬂn' with SY




FLUORESCENCNI DETEKCE




SPECIFICKA DETEKCE

Radioaktivni znaceni

specifické

el
S

nespecifické
A. Autoradiografie 2p, 1%
znaceny protein ——p rentgenovy film

B. Fluorografie SH, 1“‘l’J, S

znaceny protein —p fluorofor —»rentgenovy film




AUTORADIOGRAFIE




SPECIFICKA DETEKCE

Detekce ruznych skupin bilkovin

glykoproteiny Schiffova reakce (oxidace s HIO,, reakce s Schiffovym
¢inidlem - bazicky fuchsin)
lipoproteiny Sudan B
hemoproteiny peroxidazova aktivita (hem + benzidin + H,O,)
alizarin

fenantrolin




DETEKCE GLYKOPROTEINU




DETEKCE NA ZAKLADE
BIOLOGICKE AKTIVITY

Detekce na zakladé enzymové aktivit

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

- . i 5 . = i T . -
radioaktivni ("*’I) fluorescenéni enzymové avidin-biotin koloidni Au
znaceni




- Southern — DNA

- Nothern — RNA

- Western - bilkoviny



BLOTTING

Protein Blotting

Springer Protocols

A Practical Approach

Protein Blotting

5.5, DUNBAR and Detection
g — — Methods and Protocols
:;;I;?_Futien

B. HalStofield




MEMBRANY

‘nitrocelulosa - nejbéznéjsi

polyviniliden difluorid — vysoka vazebna kapacita

«diazobenzyloxymethyl — chemicka aktivace

*lonexové membrany - preparativni

«aktivovana sklenena vlakna — pro primou sekvenaci




BLOTTING

Side View:
Before Transfes:

(4 electrode A
——
F
* ¢ ® | el

{-) dectrode (=) electrode
bands m gel nitrocelulose sheet

bands on
Note: All the layers are pressed tightly together. nirocelulose




VYHODY BLOTTINGU

- Dostupnost biomakromolekul

- Zakoncentrovani biomakromolekul

 Redukce doby a mnozstvi potrebnych chemikalii

- Imobilizace biomakromolekul — moznost uchovavani
- Moznost vicenasobne detekce

- Mechanicka stabilita



DIFUZNI BLOTTING

DRZAK
HOUBA
FILTRACNI
PARJR
BLOTOVACI
MEMBRANA

NADOBA S
PRENOSOVYM
PUFREM

DRZAK

HOUBA

FILTRACNI

Ve
DAI:

BLOTOVACI
MEMBRANA

GEL




VAKUOVY BLOTTING

POREZNI
PODLOZKA

FILTRACNI
PAPIR
BLOTOVACI
MEMBRANA
GEL
I ———  B\/YVEVA
ZAKLADNA ‘



KAPILARNI BLOTTING

S ZAVAZI
FILTRACNI
PAPIR
BLOTOVACI
MEMBRANA

v s

FILTRACNI

z

PAPIR

NADOBA S
PRENOSOVYM

PUFREM



TANKOVY ELEKTROBLOTTING

DRZAK
HOUBA
FILTRACNI
PAPIR

GEL

NADOBA S
PRENOSOVYM

FILTRACNI
BLOTOVACI
MEMBRANA




TANKOVY ELEKTROBLOTTING




TANKOVY ELEKTROBLOTTING
MINI PROTEAN TRANS BLOT CELL




,SEMI|I DRY" BLOTTING

FILTRACNI BLOTOVACI
PAPIR MEMBRANA

FILTRACNI
PAPIR

- KATODA




KAPKOVACI DOT BLOTTING

JAMKY PRO NANASENI S
VZORKU) NANASEC
SABLONA

BLOTOVACI

MEMBRANA
TESNENI

VYVEVA

POREZNI
PODLOZKA




DETEKCE

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

REAKCE SE SUBSTRATEM nativni enzym, nedifundujici substrat

“IMUNOBLOTTING® 125|-protein A

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

zlatem znacena sekundarni protilatka (100 pg)

Light
emission . — o ggr woiws
¥ chemiluminiscence — nejcitlivejSi

Delﬂxide\)acndlmum acridan
em{/

subslrate
/

[ v< 1 streptavidin
secondary ‘L‘ f <l horseradish peroxidase
antibody-biotin t ¥ "% complex

conjugate : l )

primary antibod
\
A N
AR S
\ 4
target proteiry \ ’




DETEKCE

®

L i
ff,-“’k Primary arlibody
Secondary antibody _ - Elocking egent




DETEKCE

Silver stain Western
Standard Blot




SPECIALNI APLIKACE

BLOTTINGU

- Ziskani homogennich preparatu
- Studium slozeni a struktury bilkovin

* MS bilkovin — MALDI, DESI

* Priprava protilatek

- Purifikace protilatek



DETEKCE

Video
Camera

Stained I %

[
[ 5
Fi L ]
Gel
L LY
/ \
’ 1

Light Box Electrophoretic Mobility

Absorbance




DETEKCE




