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Historie chromatografie
¢ 1906 Tswett (Cveét)

Poprve pouzit pojem chromatografie,
chromatogram z reckych slov xnpopa (barva) a
ypagelv (psati).

¢ 1931 Kuhn a Lederer

znovu objeveni chromatografie

¢ 1940-49 Martin Synge

Papirova a tenkovrstva chromatografie




Historie chromatografie

¢ 1950 Aminokyselinovy analyzator

¢ 1950-1960

Sober, Peterson a Gutter zavedli pouzivani médii na
bazi celulosy (iontomeénice).

Porath a Flodin poprve pouzili média na bazi
dextranu pro gelovou filtraci.

Hjerten popsal pouziti separacnich médii na bazi
agarosy.




Historie chromatografie

¢ 1970-79 Halasz, Horvath, Kirkland
HPLC ("High Performance Liquid Chromatography”)

1980-1989 Pharmacia

Nova meédia s vyssi mechanickou odolnosti ( CL-
agarosa, “cross-linked”) umoznuji pouziti vyssich
tlaku pro separaci; novy stfednétlaky systém “Fast
Protein Liquid Chromatography” (FPLC)

¢ 2004 Waters
UPLC (“Ultra Performance Liquid Chromatography”)




Mikhail Semyonovich Tsvet
Chromatographia 1906
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Podstata

,Pri chromatografii dochazi
k neustaléemu vytvareni

rovnovaznych stavi
separovane latky mezi dve
faze — stacionarni a

mobilni."
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Chromatografie

¢ Mobilni faze - kapalina = LC
plyn - GC

¢ Eluce - Izokraticka - stejna elucni sila
Gradientova - rostouci elucni sila

¢ Pouziti - analyticka
preparativni




Kapalinova chromatografie
LC

o Mobilni faze - kapalina

¢ Stacionarni faze -  pevna faze,
kapalina




Provedeni LC

¢ Papirova PC
¢ Tenkovrstva TLC

¢ Kolonova CC




Teoreticke aspekty
chromatografie




Teorie
,Jdealni linearni chromatografie”

Martin, Synge




Martin Synge
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Teorie
,Jdealni linearni chromatografie”

1. Nekonecné rychlé ustaveni
rovnovah

2. Pistovy tok mobilni faze
3. Nulova difuse
4. Linearni sorpcni isoterma




Chromatografie
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Chromatogram
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Retencni — elucni cas t.

¢ Doba od nastiiku vzorku po dosazeni maxima
elucni ki1vky

Retencni — elucni objem V,

* Objem mobilni faze protekly od nastiiku vzorku
po dosazeni maxima elucni kiuvky

V.=tLF.,

F., — objemova rychlost mobilni faze




Mrtvy objem

V. — zdanlivy retenCni objem
V_.- redukovany (skuteCny) retencni objem

V - mrtvy objem — mimokolonové prispévky

+ mimocasticovy objem kolony




Kapacitni faktor k

k’=1-10

V. — objem stacionarni faze

Vy — objem mobilni faze

SO : __ Cs
Distribucéni koeficient Kpr=—
Cum

c, — rovnovazna koncentrace latky ve stacionarni {azi

Cy — rovnovazna koncentrace latky ve mobilni fazi




Selektivita
Retencni faktor o




Uginnost kolony (izokraticka eluce)
pocCet teoretickych pater N




Uginnost kolony (izokraticka eluce)
vyskovy ekvivalent teoretického patra H

1 — delka kolony




Uginnost kolony




Uginnost kolony (gradientova eluce)
kapacita piku P

t, — celkova doba gradientu




Uginnost kolony (gradientova eluce)
kapacita piku P

P=1+(tg/ wp)
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Rozliseni
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Rozliseni

B

Figure 3. Resolution.




Vliv jednotlivych faktoru na
rozliseni

Selektivita Kapacita  U¢innost




Sily a efekty vyuzivané
pri separaci

¢ Iontove sily

Silne elektrostatickeé interakce mezi
stacionarni fazi a analyzovanou latkou -
ionexova chromatografie

¢ Polarni sily

interakce dipolu a protondonorni, resp.
protonakceptorni vlastnosti (tvorba vodikovych
mustku) separovanych latek, mobilni a stacionarni
faze — adsorpcni chromatografie




Sily a efekty vyuzivané
pri separaci
¢ Nepolarni sily (disperzni, van der

Waalsovy)

Nejslabsi, tyto interakce se vyskytuji u latek, ktere
nejsou permanentni dipoly — adsorpcCni, reverzne
fazove a hydrofobni chromatografie

o Efekt velikosti molekul

Rozdily ve velikosti a tvaru molekul - gelova
permeacni chromatografie




Sily a efekty vyuzivané
pri separaci

¢ Sterické interakce

Komplexni specificka interakce ligand
biomakromolekula kombinujici vsechny vyse
uvedeneé interakce a efekty - afinitni
chromatografie




Rozdelovaci chromatografie




Rozdelovaci chromatografie

separatory
funnel

stopcock
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Rozdelovaci chromatografie

T\ Sample molecules carried
- by mobile phase

sample molecules
held in sorbed solvent




Rozdelovaci chromatografie

o /
cS /

Pouziti — analyticka PC, TLC




Papirova chromatografie AMK

EMstacionarni faze: voda
Bmobilni faze: butanol-kyselina octova-voda (12:3:5)




Adsorpcni chromatografie
chromatografie s normalnimi fazemi




Adsorpcni chromatografie

o Stacionarni faze - polarni

nese aktivni centra, jejich pocCet, rozlozeni a
schopnost poutat molekuly rozdelovane smesi
zavisi na charakteru adsorbentu, velikosti povrchu
a na vlastnostech separovanych latek




Adsorpcni chromatografie

alew > 1




Adsorpcni chromatografie

O

¢ Stacionarni faze

Silikagel SiO, . n H,0O
Vysoky specificky povrch a relativné velky objem
poru. Hlavni soudasti aktivnich center jsou
hydroxylove (silanolové) skupiny, na nez |je
vodikovou vazbou adsorbovana voda. Zahratim na

150°C dojde k odstranéni vody - “aktivace
silikagelu”. Labilni nad pH 8. > 200°C rozklad.

Adsorpce: Iinterakce se silanolovymi skupinami;
povrch silikagelu je slabe kysely (ma protondonorni
vlastnosti). Lépe jsou zadrzovany bazické latky.




Adsorpcni chromatografie

¢ Stacionarni faze

Oxid hlinity Al,Os,

Obdobnée vlastnosti jako u silikagelu (povrch, pory).
Vyskytuje se v rade modifikaci, dle mnozstvi
vazané vody, krystalicke struktury. “Aktivace”
vysuSenim [AI(OH); — AIO(OH) - AlL,O4].

Pri vysokem obsahu vody (15%) se projevuji
rozdelovaci  efekty. Vedle protondonornich

hydroxyliU se na povrchu vyskytuji i centra
s protonakceptornimi vlastnostmi.




Adsorpcni chromatografie

¢ Mobilni faze — nepolarni

¢ Eluce - zvysovanim polarity mobilni
faze

Eluotropicka rada:
uhlovodiky <subst.uhlovodiky <ketony <
aldehydy<alkoholy<voda




Adsorpcni chromatografie
chlorofylu




Adsorpcni chromatografie

¢ Stacionarni faze

Hydroxyapatit [Ca:(PO,);0H]

pripravuje se z CaCl,.6H,O a Na,HPO,.12H.,0.
Jemna srazenina fosfatu vapenatého se vari s 1%
NaOH pfi 96-98°C.

Pri interakci polarni az iontove sily. Karboxylove
skupiny bilkovin Ci fosfatove skupiny nukleovych
kyselin reaguji s Ca* na povrchu adsorbentu. Eluce

se provadi gradientem iontove sily - rostouci
koncentraci fosfatu.
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Fia. 1. Chromatogram of munne gy purification on the UNCephers 5 column
during small-scale process development. Diluted call culburs 20 mil) weas
loaded onto an UNCsphere S5 0.7 x5 cm column at a floes rate of GO0 crdhr in
0 m phosphate-citrate buffer, pH 4.0, The sample was sluted in 10 column
volumes (CV) of & 0005 M Nall gradient, followed by 5 OV of 1 B Mall in the
same buffer. The column wes then cleansd in 1 M MalH. The double-headed
arrcay indicates the fractions (1 ml each) containing g4 see Figurs 2). Blus
trace, Aogn: red trace, conductivity profile,




HILIC chromatografie

o HILIC

Hydrophilic Interaction Chromatography (1990)

varianta chromatografie s normalnimi fazemi
nepouzivajici rozpoustédla nemisitelna s vodou

Compound - analyte examples

LogP=-32 LogP=-18 LogP=-02 LlogP=05 LogP=15 LocP=27 LogP=

Normal Phase Separation Reverse Phase Separation
Column with hydrophilic surface Column with hydiophobic surface




Excellent A

Sensitivity

ESI-MS
Sensitivity

Poor
Sensitivity

HILIC chromatografie

&

Normal Phase

-

Reversed Phase

_

>

Polar

Analyte Polarity

Non-Polar
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HILIC chromatografie
g ecionarni faze

polarni - silikagel,
Kyano, amino, diol,
zwitterionty etc. FyanopropYl IH(CH,);mCN

silikagel |-OH

aminopropyl |-(CH,),—NH,

diol FCH,—CH-CH,—OH

T
CHz—Tﬁ(CHga—SOQ
CH,




HILIC chromatografie

+ Mobilni faze

Velky obsah organickeho rozpoustédla ACN (>
80%) s malym mnozstvim vody nebo jiného
polarniho rozpoustedlIa

Analyte

logp 4 3 = T -
et o R S | e | A i A

Partition (HILIC) Reverse Phase

MeCN > Hz0 H20 > MeCN

Typical mobile phases




HILIC chromatografie

mobilni faze
(acetonitrilivoda)

hydratovana
stacionarni faze

polarni stacionarni f aze




HILIC chromatografie

ACN

i —CH ,CHCH 4

— |
. H20 +

HO HO




HILIC chromatografie




Electrostatic
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HILIC chromatografie

+ Nanaseni vzorku - vzorek rozpusten v
mobilni fazi

¢ Eluce - zvysovanim polarity mobilni

faze
Dioxan>Aceton>ACN>THF>IPOH>EtOH>MetOH>H,0O

Pouziti : analyza polarnich latek




HILIC chromatografie

Et(OH),

Figure 5. Separation of the sets of
nucleobases and nucleosides on
(a) the TG, (b) the TGO and (c) the
bare silica (Daisogel) packing in
AQ-HILIC (water as modifier) and
NA-HILIC (Et(OH)., MeOH, EtOH
as modifiers) elution mode. Mobile
phase: 5 mM ammonium acetate in
ACN/modifier (90:10 v/v). Further
chromatographic details are given
in Section 2. Analytes: (1) thymine,
(2) uracil, (3) adenine, (4) cytosine,
(5) guanine; (1') thymidine, (2) uri-
dine, (3') adenosine, (4') cytidine
and (5') guanosine.




HILIC chromatografie
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Figure 3. The chromatograms for the separation of (a) higher molecular weight fructooliogsaccahrides and (b) chitooligosaccharides on an analytical ‘click’ maltose column
(100 x 4.6 mm id) with gradients 1 and 2, respectively. The numbers on the peaks are the DPs of the oligosaccharides. Gradient 1: 0-60 min, water-acetonitrile: 30:70 (v/
v)—50:50 (v/v). Gradient 2: 0-60 min, acetonitrile—ammonium formate buffer (100 mM, pH 3.0): 65:35 (v/v)—55:45 (v/v). Flow rate: 1.0 mL/min. Column temperature:
30 °C. ELS detector: gas pressure 30 psi, tube temperature 85 °C, gain 100.




Reverzné fazova

chromatografie
o Stacionarni faze - nepolarni

(:.
L "-".}'
Cs, Cis g‘:' ‘

s
‘..‘ ‘M

SES2as
+ Mobilni faze — polarni — vodné roztoky

pH - potlacit disociaci

¢ Eluce - snizovanim polarity mobilni faze
ACN, MetOH,




Reverzne fazova
chromatografie

Silikagel

eporesni silika gel — zvyseni efektivniho povrchu
*inertni material

estabilni v pH 2-7,5

Polymerni nosié¢
eporeshi polymer — zvyseni efektivniho povrchu

enepolami
estabilni v pH 2-11




Reverzne fazova
chromatografie

Phenwl

Alkylphenyl




Reverzne fazova
chromatografie

Kartacovy typ stacionarnifaze

Pouziti : analyticke — az 90 % analyz




Reverzne fazova
chromatografie

Decrease polar
propérties of eluent

E -E

solvent

Decrease polar

properties of eluent

L;E? \*.Ef’

Water Less polar
solvent




Reverzne fazova
chromatografie




Reverzne fazova
chromatografie

Vhodneée
pPro:

Organickeée
rozpouste
dlo

Methanol *Org. Stredni- mozZzna
molekuly nizka destabilisa

ce
struktury

Ethanol -Org. Stredni- mozZzna

molekuly nizka destabilisa
ce

struktury

Viskosita Poznamka

Isopropancl <Proteiny Vysoka nejmensi
*Peptidy efekt na
strukturu

Acetonitril =Org. nizky efekt

(ACN) molekuly na
*Proteiny strukturu

*Peptidy




Reverzne fazova
chromatografie
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Fig. 5. HPLC analysis of Schisandra extract. Expenmental con-
ditions: coluomn, Separon SGX C,, 5 pm, 150> 3 mm I I> . mobile
phase, methanol —deionised water (75:25) flow-rate, 0.3 ml //ming

detection at 254 nm. Twenty pl of Schisandra extract were loaded
on the colommn.




lontove parova chromatografie

1ontove parujici ¢inidlo analyt
+ - SDS, HCIO,

- - tetrabutylamonium




lontove parova chromatografie

Stacionarni, mobilni faze, eluce — RPC

pH — plna ionizace analytu




lontove parova chromatografie
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Fig. 1. Chromatogram of standards. Separation of standard containing 76.4 uM CrP, 72 pM AMP, 58.53
M ADP and 45.35 uM ATP. Injection volume: 10 pl. Flow-rate: 2 mlymin. Buffer: 0.52 uM potassium

dihydrogen phosphate, 0.04% TBAP and 1.25% methanol, pH 4.0. Column: Supelcosil LC-18, 5 um (25
cm = 0.46 cm). Detection: UV 210 nm.




Hydrofobni chromatografie

¢ Stacionarni faze - - Cg, -fenyl

¢ Mobilni faze — vodnée roztoky (pufry)
1.7 M (NH,),SO,

¢ Eluce - snizovanim iontove sily

Pouziti : purifikace bilkovin




Hydrofobni chromatografie

¢ Stacionarni faze -

A -0-CH —CH&&—O—(CH 2—CH,

Butyl Sepharose 4 Fast Flow

Octyl Sepharcse CL-4B

¢ Z —0-CHCH- C&b—O—@

Phenyl Superose

Phenyl Sepharose High Performance
Phenyl Sepharose CL-4B

Phenyl Sepharose 6 Fast Flow (low sub)
Phenyl Sepharose 6 Fast Flow (high sub)

g ~0-CH~CH-CH,~O~(CH,) ~CH,

OH
|
D =0-CH;~CH-CH,;=0-CH~C(CH,),
Alkyl Superose

Isopropyl < Butyl < Octyl < Phenyl




Hydrofobni chromatografie

100 2B
ac tivity
t.lkatfrnli

Fig. 1. Chromatography of crude enzyme preparation on a Phenyl-Superose column. Buffers: (A) 0.05
M sodium phosphate (pH 7.4) with 1.7 M sodium sulphate and 1 mM EDTA: (B) 0.05 M sodium phosphate
(pH 7.4); flow-rate, 0.5 ml/min. V., elution volume; solid line, absorbance at 280 nm (A4 ,4); dashed lines,
gradient; (O©) G6P-DH activity: (@) LDH activity. Approximately 10 mg of protein were applied to the
column.




Hydrofobni chromatografie

Chromatcgraphy of the corade enzyme preparation on a Iphearon
1000 oolumn. Buffers Ay 0,05 M potassium phosphate (pH B8.0) with
1.3 M ammonium sulphate and 1 o R - T P B, 0.05 M potassium
phosphate (pE 6.0) with 1 uM CuSly ; Flow-rate 4.5 ml/min; Ve - elu-
Tt ion weee vt — phenrhbareee aE 20 e (Agese ) —m——m————grwrliaent
— 0 aotivity (ukkat.ml.; . Approxcimately 30 g of protein wers
applied to the column.




lonexova chromatografie




lonexova chromatografie

elektrostaticka interakce

Vazba |- + L

Eluce +— < +& TR+




lonexy

+ Katexy - = vazba kationtu

silné - sulfo(S), sulfopropyl(SP) OSO;-

slabé - karboxy(C), karboxymetyl(CM)
COO-

s Anexy - + vazba aniontu
slabé - dietylaminoetyl(DEAE)
silné - trietylaminoetyl(TEAE)




Slaby ionex

¢ Vykazuje zmeny vazebne kapacity
v zavislosti na pH
+ Ma pufracni kapacitu

COOr
% A




Slaby versus silny ionex

pH

12 -

10 -
D EAE Seph ades @AE Seph adex

T4 3 & F2° = 3 4 45 B 7 @
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lonexova chromatografie

|




Volba podminek — pH + typ ionexu

pl bilkoviny je znam

Katex Ionex Anex
-1 +1
H3 O—|— < l | |
pl
0

Bilkovina




Donanuv efekt

zvysovani pH snizovani pH




Volba podminek — pH + typ ionexu

pl bilkoviny neni znam

* Metoda pokusu a omylu

HUUUEQUQU@@M

Kpl_

e Metoda titraCnich krivek




lonexova chromatografie

¢ Nanaseni vzorku - nizka iontova sila

¢ Eluce - gradientova
Zvysovanim iontoveé sily
Zmenou pH
Afinitni eluce

Pouziti — purifikace, zakoncentrovani,
vymena pufru




lonexova chromatografie

100% B

activity
[pkat/ml]

41 2.0

=

—_——

P e

Fig. 2. Chromatography of partially purified G6P-DH on a Mono Q column. Buffers: (A) 0.05 M sodium
phosphate (pH 7.4); (B) same as A but with [ M sodium chloride; flow-rate, | ml/min. Lines symbol asin Fig,
I. Approximately 10 mg ol protemn were appled to the column.




lonexova chromatografie

1.0

S NaCl
[Mmol.-1 1]

s T

FIGURE 3

Tornes< chromatographss of malate dehdydrogecnase on a Mono @ co—

luamri. Ve , elution volume; — , absorbance at 280 nom {(Azso ) ( 4) ma—

late dehydrogenase acti~ity; Sy MNaCl gradient (buffexr A, 0.02

mol 1 sodium phosphate (pH 6.0); buffer B, the same as buffer A but

with 1.0 moly/s1 NaCl); flow rate, approx. 1.2 ml/min.




Chromatofokusace

konecny pufr

startovaci pufr




Chromatofokusace

@® Polybuffer (pulypufr) obsahuje ampholyty
- smes latek majicich ruzne pKa




Chromatofokusace
dej na kolone




Chromatofokusace
chovani vzorku

pH < pl pH=pl pH> pl

RARARRRRAARNAN




Chromatofokusace
chovani vzorku

Pouziti : analytické — stanoveni pl

preparativni — purifikace bilkovin




Chromatofokusace

Column:

Sample:

Start buffer:
Elution buffer:
Flow rate:

Mono P high performance column,

S x 200 mm (i.d. x bed height)

Partially purified HIV-1 reverse transcriptas
25 mM ethanolamine, 109% glycerol, pH 9.4
Polybuffer 96 (diluted 1:10), pH 6

1 ml/min

S —

] | |
20 24 28
Elution volume [mil)




Chromatofokusace

40
Vs Tt 3

Figure 6

Chromatofocusing oft the homogeneous DAO on Mono P coliumn;
—_———— pH wvalue of the eluate, fFflow—rate e ml /min, the other
symbols as in Fig. 1. DAO activity is indicated by an arrow.




Gelova permeacni
chromatografie




Gelova permeacni
chromatografie




Gelova permeacni
chromatografie

Princip - stericka exkluse

- omezena difuse

Poradi eluce :
MrA>MrB>MrC




Gelova permeacni
chromatografie

Totalni exkluse

E |l-.ltiﬂl'l volume [mi




Gelova permeacni

chromatografie
Pharmacia LPC
*Sephadex dextran
*Sepharose agarosa
*Sephacryl glukosa + akryamid
*Sephacel cellulosa
Pharmacia FPLC
*Superose garosa

*Superdex sitovana agarosa a dextran
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Fractionatoon
range
Globular

Fractionation range
Dry bead size Dextrans

lm

Swelling
factor mlig

CGel tvpe

protemns

Sephadex G-10

Sephadex G-15

Sephadex G-235 Coarse
Sephadex G-25 Medium
Sephadex G-25 Fine
Sephadex G-235 Superfine
Sephadex G-50 Coarse
Sephadex G-50 Medium
Sephadex G-50 Fine
Sephadex G-50 Superfine
Sephadex G-735

Sephadex G-735 Superfine
Sephadex G-100
Sephadex G-100 Superfine
Sephadex G-150
Sephadex G-1350 Superfine
Sephadex G-200
Sephadex G-200 Superfine

40 -120
40 =120
100 = 300
50— 150
20 - 80
10- 40
100 = 300
50-150
20- 80
10- 40
40-120
10— 40
40-120
10- 40
40 =120
10- 40
40-120
10— 40

1 000 -
1 000 -
1 000 -
1 000 -
1 500 -
1 500 -
1 500 -
1 500 -
3000 -
3000 -

700

1 500
5 000
5 000
5 000
5 000
30000
30 000
30 000
30 000
80 000
70 000

100 -
100 -
100 -
100 -
500 -
500 -
500 -
500 -
1 000 -
1 000 -

700

1 500
5 000
5 000
5000
5 000
10 000
10 000
10 000
10 000

50 000

50 000

4 000 = 150 000
4 000 - 100 000
5 000 = 300 000
5000 =150 000
5 000 - 600 000
5 000 =250 000

1 000 = 100 000
1 000 =100 000
1 000 =150 000
1 000 =150 000
1 000 - 200 000
1 000 =150 000

2- 3

25=-3.5

4- 6
4- 6
4- 6
4- 6
9-11
9-11
9-11
9-11
12-15
12-15
15 =20
15-20
20 =30
18 - 22
30 -40
20-25




— AEO ageing b
Et , 45°C S
— 100°C ~— 100°C _

sol state initial gel final gel structure

CH,OH

HO




Sepharosa

Gel type ~ Approx. % Beadsize  Fractionation range Fractionation range
agarose Lm Globular proteins. Dextrans

Sepharose 6B 45-165 10000~ 4000000 10000~ 1000 000
Sepharose 4B 45-165 60 000-20 000000 30000~ 5000000
Sepharose 2B 60-200 70 000-40 000000 100 000-20 000 000

Gel type Bead size um  Fractionation range  Fractionation range
Globular proteins Dextrans

Superose 12 prep grade 20 -40 1000- 300000 ND
Superose 12 §-12 1000~ 300000 ND
Superose 6 prep grade 20 - 40 5 000-5000000 ND
Superose 6 11-15 5000-5000000 ND




Gelova permeacni

chromatografie
Bio-Rad
‘BioGel P akrylamid
‘BioGel A agarosa

Tosoh Bioscience
*Toyopearl a TSKgel hydroxylovany methacrylat




Gel

BioGel P

Particle Size
Range, Hydrated
Beads (uM)

Typical
Hydrated Bed
Volume, mi/g

of Dry Gel

Typical Flow
Rates (cm/hr)*

Typical
Fractionation
Range/Nominal
Exclusion Limit
(Daltons)™, 1

Bio-Gel P-2 Gel, Fine
Bio-Gel P-2 Gel, Extra Fine

45-90
< 45

3 5.0-10
<10

100-1,800
100-1,600

Bio-Gel P-4 Gel, Medium
Bio-Gel P-4 Gel, Fine
Bio-Gel P-4 Gel, Extra Fine

90-180
45-90
< 45

19-20

10.0-15

<10

800-4,000
800-4,000
800-4,000

Bio-Gel P-6 Gel, Medium
Bio Gel P-6 Gel, Fine
Bio-Gel P-6 Gel, Extra Fine

90-180
45-90
< 45

15-20

10.0-15

<10

1.000-6,000
1.000-6,000
1,000-6,000

Bio-Gel P-6DG Gel

90-180

15-20

1,000-6,000

Bio-Gel P-10 Gel, Medium
Bio-Gel P-10 Gel, Fine

90-180
4540

15-20

10.0-15

1,500-20,000
1,500-20,000

Bio-Gel P-30 Gel, Medium
Bio-Gel P-30 Gel, Fine

90-180
45-90)

[.0-13
b.0-11

2,500-40,000
2. 500-40,000

Bio-Gel P-60 Gel, Medium
Bio-Gel P-60 Gel, Fine

90-180
45-90

4.0-6
3.0-5

3.000-60,000

(
5 000-60,000

Bio-Gel P-100 Gel, Medium
Bio-Gel P-100 Gel, Fine

80-180
45-90

4.0-6
3.0:5

5,000-100,000
5,000-100,000




Gelova permeacni
chromatografie

¢ Nanaseni vzorku — objem vzorku <
2% objemu kolony
¢ Eluce - izokraticka

Pouziti : stanoveni Mr, odsolovani,
purifikace




Gelova permeacni
chromatografie

10 cm-

p——

. :

kolona

kratka a silna dlouha a tenka

kolona

JU

silna kolona nema dostacujici rozliseni

ale ma lepsi prutok a kapacitu




Gelova permeacni
chromatografie

Figure 3

Chromatography of partially purified AD on TSH 3000 SWG co-
lunn. Buffer: 0.058 M potassium phosphate (pH 6.5) with 0.15 M so-
dium chloride; flow mate 5 ml/min. The sywbhbols are as in Fig. 1.
240 activity is indicated by 8an arrow. Approximately 100 ms of pro-
ein vepe applisd to the column.




Gelova permeacni
chromatografie

ICDH activity

>
L]
o
=
e
[
o
]
=1

TN

100

Elution volume [mil]

Figure 2. Chromatography of partially purified ICDH (after ammonium sulphate
fractionation and ion exchange chromatography) on an UltroPac TSK G3000 SWG
column. Buffer—20 mM sodium phosphate, pH 6.8; flow-rate S mL /min. (V_.) elution
volume; ( Y Asga:; (—) ICDH activity. Approximately 10 mg of protein was loaded
onto the column.




Gelova permeacni
chromatografie

E
@
E
=
g
=
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=
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log M

Figure 3. Determination of relative molecular weight (M) of ICDH (@) by gel per-
meation chromatography on an UltroPac TSK 3000 SWG column. V. elution volume;
standards (O): catalase (240,000), aldolase (146,000), bovine serum albumin (67.000),
ovoalbumin (43,000), chymotrypsinogen (25,000), and RNAse (13,700).




Afinitni chromatografie

- W‘

ligand matrix

spacer




Afinitni interakce

Afinitni interakce
specificky

stabilni ————» komplex bilkovina - ligand

e

reverzibilni

elekirostaticke

polarni S prostorové vlastnosti

hvdrofobni uspoiiadani prostredi

van der Wsalsovy sily




Interakce mezi DNA a
endonukleasou




Afinitni pary

[Ligand Bilkovina

antigen polyklonalni protilatka
antigen monoklonalni protilatka
biotin avidin

sacharid lektin

hormon, toxin vazebny protein
substrat enzym

inhibitor enzym

Kp=10"-10"M



Afinitni chromatografie
naneseni vzorku




Afinitni chromatografie
vznik interakce




Afinitni chromatografie
vymyti balastu




Afinitni chromatografie
eluce




Predpoklady pro vznik
komplexu

¢ Stericke - pouziti raménka
(spacer)




Predpoklady pro vznik
komplexu
+ Konformacni

¢ Vazebné

o Optimalni pH, iontova sila




Stacionarni faze

svelkeé pory umoznujici prunik velkych molekul

M4

'nejcastey1 agarosa (Sepharosa)
Jigand kovalentné navazany pies —OH skupinu
cukerné jednotky nosice




Provedeni

¢ Naneseni vzorku - nizka iontova sila

Kp > 104 ~ slaba interakce

Ky <10 ~ silna interakce ® obtizna eluce




Eluce

¢ Eluce - selektivni - volnym ligandem
nebo kompeticnim Cinidlem




Eluce

¢ Eluce - neselektivni - zména pH,
iontove sily,
polarity




Eluce

¢ Eluce - pulsni x gradientova

Llnear
changa

cund rtlons
Binding Bmdmg ‘
Cmmmns

Time/vol.




Ligandy

Monospecifickeé
*vazi pouze jedinou biomakromolekulu

‘nutne s1 pripravovat individualné

Skupinové specifické

*vazi biomakromolekuly s podobnymi
vlastnostmi

*komercné dostupne




Imobilizace ligandu

Immobilized Affinity
Ligand Techniques

LY,
o
N

Greg T. Hermanson

| A. krishna Mallia
Paul K. Smith




Imobilizace ligandu
N-hydroxysukcinimid (NHS)  -NH,
CNBr -NH,

Karbodiimid NH,, -COOH

Epoxid -SH, -NH,, -OH




N-hydroxysukcinimid
(NHS-Sepharosa)

Q
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CNBr (CNBr aktivovana
Sepharosa)

NH
|

CNBr RNH,

N\

HO— Sepharose Sepharose —0OH

Isourea




N, N'-disubstituovany
karbondiimid

OH
|
—0=CHy=CH=CH ,~NH(CH,)e-COOH

OH
|

S
e
|
a
T
0
s
e

@ o= TJTOTOU

ECH Sepharose EAH Sepharose




Epoxid (Epoxy-aktivovana
Sepharosa 6B)

=0 =CH,=CH=CH 4~0=(CH,)~0=CH,=CH=CH,
l \/
OH 0

)
e
i
a
r
0
s
e




Skupinove specificke ligandy

skupinové specificky ligand specifita

Protein A Fc region IgG

Lektiny glukopyranosylové a mannopyranosylove
skupiny

Cibacron Blue Siroka skupina enzymu, NAD* dependentni
enzymy, serovy albumin

Procion Red NADP*

Lysin plasminogen, rRNA
Arginin serinoveé proteasy
Benzamidin serinové proteasy

Kalmodulin proteiny regulované kalmodulinem

Heparin kolagulacni faktory, lipoproteiny, lipasy,
hormony, steroidni receptory, nukleové kyseliny
vazajici enzymy

Oligo (dT, dA, ...
Kovoveée iont




Skupinove specifické ligandy
Protein A a Protein G

protein A — Staphylococcus aureus | sme
protein G — Streptococcus
purifikace:
mMonokKionaini protiatky 1d
polyklonalni protilatky 1gG
Imunokomplexy




Skupinove specificke ligand
Protein A a Protein G

Flow-through

-
=)
|

0D at 280nm

Volume (L)

Fig. 3. Chromatogram of affinity chromatography using ProSep-vA Ultra. Antibody
fragment [F(ab)2>] did not bind to ProSep-vA Ultra (fraction O—1.4 1) and majority of

the contaminants [Fc fragment] that bound to the affinity matrix eluted at pH 3.0
(fraction 1.84—2.181).

Retentiomn Time

30 <40
Minutes

Fig. 5. HPLC analysis of purified F(ab)>z. Elution profile of F(ab)z as single homoge—
nous peak represents 992 purity of the product. Colummn: SEC, TSK Gel-3000
SWXL (TosoHass). Sample: 20 1l of purified F(ab)>: eluent: Z0mmWv phosphate

buffer in 150 MM sodiurm chloride solution, pH 7.2, Detection at 280 nm; flow -rate:
1 ml minmn— 1.




Skupinove specifické ligandy
,2dye ligand”

Procion™ Red

Cibacron™ Blue F3G-A (Red Sepharosa)
(Blue Sepharosa)

0

NADP*
Dependentni dehydrogenasy




Skupinove specificke ligandy
Cibacron Blue F4G-A

Ee
activity .10
[mkat]

SNact
[ Mmool L]

=2

S500
VR[wﬂ]

FIGURE 1
AFFimity chromatogsraphs ot m=alate dehydrogenase from

P.denitrificans orn Matrex Gel Blue A (step 23 . Ve , elution wvolwane;

—_—, absorbance at Z80 nmnm {(Azso ) —_—-—, enzymc actisity;
sradient (buffer A, 0.02 mol.s/]1l sodium phosphate (pH 8.0); butffer B,

the SaUme as buffer e owuat ri tih 1.8 molys)l NaCl and 5% =sthiylene

Zlyvycol); fFflow rate, approx. 0.7 ml/miz:.




Skupinove specifické ligandy

Konkavalin A

-lektin z Canavalia ensiformis (jack bean)
tetramerni metalloprotein
veétvene mannosidy, cukry s terminalni mannosou

nebo glukosou (aMan = aGlc > GIcNACc)

* purifikace glycoproteinu, polysacharidu a glykolipidu
» detekce zmén ve slozeni latek obsahujicich cukry

* isolace povrchovych bunéénych glykoproteinu

,sLentil lektin

*lektin z Lens culinaris (Cocka)

vétvené mannosidy obsahujici fukosu o—1,6 vazanou na N-acetyl-
glukosamin (aMan > aGlc > GIcNACc)

*membranove glykoproteiny, povrchoveé bunécéne antigeny, viralni

glykoproteiny




Skupinove specifické ligandy
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FIG. 2. Step-eiution profile of sciatic nerve protein from concanavalin A-agarose. Sciatic nerve protein was applied to a 0.9 x 20
cm column of concanavalin A-agarose and eluted with Con A buffer at a flow rate of 10 mi/h. When the A, of the effluent fell

below 0.05, bound glycoproteins were desorbed with 50 mm-a-methylmannoside in Con A buffer. (Inset) Lane A: SDS elec-
ophore svrofile of proteins eluied in the wash peak g protein); lane B: SDS elecirophoretic profite of glycoproteins eluted

by 50 mm-a-methylmannoside {12 ug protein). Arrowhead marks position of the sciatin band. Note the absence of this band in

o w2 peak (lane A)




Skupinove specifické ligandy

FIGURE 1 Partial purification of the crude preparation of the rabbit muscle LDH on Con A Sepharose/Blue
Dextran (Figure 1.A) or Blue Sepharose (Figure 1.B) columns. Approximately 1.5 mg of protein were applied
on the column. Buffers: A = 20 mM Tris HC1 (pH 7.4) B = 20 mM Tris HCI (pH 7.<4) »withhi 1 I INaCl and S9%
ethylene glycol flow rate — 0.05 miymin during the loading of sample 0.5 mlYfmin during the elution VvV _ — elution
absorbance at 280 nmm; sradient B: -.—o-.- activity of LIDH.




Skupinove specifické ligandy

Glycopeptide standards
spiked into
plasma peptides
and glycopeptides
depleted
Plasma

samphe ié’ _—
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Vyuziti AC pro purifikaci
rekombinantnich proteinu

fuzni kotva

Glutathion S-
transferasa
GST

Histidinova
kotva
His-tag

Maltose Binding
Protein
MEP

Protein A

Green
Fluorescent
Protein
GFP

imobilizovany ligand

redukovany glutathion

Chelatovany nikl nebo
kobalt

Amylosa

IgG

Anti-GFP antibody

podminky vazby

Neutralni pH,
nedenaturujici prostredi,
glutathion musi byt
redukovany a GST musi
byt aktivni

MNeutralni pH bez
redukénich a oxidaénich
|atek

Neutralni pH,
nedenaturujici prostredi;
pridavek NaCl k sniZeni
nespecificke sorbce

Neutralni pH,
nedenaturujici prostredi

Neutralni pH,
nedenaturujici prostredi

podminky eluce

volny redukovany
glutathion

>200 mM Imidazol.
nizke pH, silne
chelatacéni €inidlo

maltosa

zmena pH, iontove
sily

nizké pH, iontova
sila




eluce redukovanym

' Bundény lysdl
GST fusnim prot.

) b mow
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Analyticka afinitni chromatografie

Analyza vazby ligandu na biopolymer

ma vyznam zejmeéna pro posouzeni vhodnosti nosiCe se zakotvenym
afinantem z hlediska prakticke pouzitelnosti. Hodnota K se musi nachazet
v intervalu (10 5.103) v jednotkach mol.I''. Vazba na immobilizovany
ligand byva zpravidla slabsi nez na ligand volny.

T/ (Vg-Vo) =K 1 (Vo-Vy)

V,, - mrtvy objem kolony

V, - el. objem nezadrZzovaného analog. biopolymeru (Mr)
Vg - elucni objem studovaneho biopolymeru

c, - koncentrace vazaneho ligandu




Analyticka afinitni chromatografie

Analyza vazby ligandu na biopolymer

vychazi z predpokladu, ze oba ligandy (volny i zakotveny) se vazou na
biopolymer kompetitivne (metoda kompetitivni eluce). Na kolonu obsahuijici
nosic s vhodnym afinantem naneseme biopolymer, k eluci pouzijeme urcitou
koncentraci kompetitivniho ligandu (c,") a zmeérime eluCni objem

biopolymeru V. Provedeme sérii pokusu s ruznymi koncentracemi ligandu,
ziskame ruzné elucni objemy.

11 (Ve - Vo) = K7 (Vo - Va)* ¢ + [K™ ¢l / [(Vs -
Ve ™ K]




Kovalentni chromatografie
tiol .disulfidicka vymena




Kovalentni chromatografie

Aktivace

r:\ /X‘:\ /—\ —
. _SH + <\\_ )55 /> — \/S—s—<x />+ s=< />
N N— N—

H

Vazba bilkoviny PSH

N— /-
H

Eluce bikoviny PSH

+ RE'_SR

|\/SSP # RS Pl TR



Kovalentni chromatografie

+ Nanaseni vzorku — monitorovani pri
343 nm

¢ Eluce - redukcni eluce

¢ 10-25 mM DTT
¢ 25-50 mM B-merkaptoethanol

¢ Reaktivace - reakce s reaktivhim

disulfidem
+ 20 mM 2,2'-dipyridyldisulfid

PouZiti : isolace bilkovin a peptidu
obsahujicich SH skupin




Kovalentni chromatografie GST

§-8G + GST

+ GSH
$-5G+0GST—s» §—5G-GST
REOUCTIVE ELUTIQN * DTT
SH+ GSH+ GST




Kovalentni chromatografie GST

\
/ \

Ve (mi) «0 50

oo
oo 2o

Fig. 2. Partial purification of the crude preparation of pig kidney
GST on glutathione-thiopropyl Sepharose column. Approximately
S0 mg of protein were applied on the column eguilibrated with S0
mif Tris—HC] pH 7.8 comtaining 1 mAf EDTA. After washing the
column with equilibrating buffer., the same buffer containing 0.2
A NaCl (A) and 0.2 M NaCl with 10 mA GSH or 20 mM DTT
{B) were applied at the positions marked with armows (A) and (B).
The flow-rate was 0.1 mil/min. V;=elution volume; solid line:
absorbance at 280 nm.




Boronatova chromatografie




Boronatova chromatografie




Boronatova chromatografie

+ Nanaseni vzorku — vyssi iontova sila
(0,2 M pufr)
¢ Eluce - polyoly (200 mM sorbitol)

Pouziti : purifikace glyko- proteinu a
peptidu, stanoveni GlyHb




Boronatova chromatografie

N
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Change

A

\:’-_‘l:lt-ﬂ Hb
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Elution Volume (mil)

Absorbance (415nm)

L
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Fig. 3. Separation of glycated Hb and non-glycated Hb on a 3-ml

VOO [ V1 L by _F1 L a ALUEL ) L u )

as described in Experimental; 100 ul of sample were applied to
the column, and 1-ml fractions were collected.




Thiofilni chromatografie

0 0
@-OH + Chy=CH CHCHy ——> ([TIHO-CHy Oy SCHeCH,
0 0 yssE

2ME g
HS-CHy-CHOH @"O'CH2"CH2‘§'CH2‘CH2"S"CH2‘CH20H

@ - .
+ or
0
HG-CHy CHOM-ChyOH wo-CHZ-CHz-§-CH2-CH2-S-CH2-QH-CH20H
3G 0 OH

Fig. 1. Preparation of thiophilic “T-gel™ chemical reaction schemes and structure. M = matrix (e.g., agarose);
V.S.EE. = vmyl-sulfonyl-ethyl ether; 2-ME = 2-mercapto-ethanol; 3-MG = 3-mercaptoglycerol.




Thiofilni chromatografie

+ Nanaseni vzorku - pufr s vyssi iontovou
silou (0,5 M Na,SO,
nebo NaCl)

¢ Eluce - snizovanim iontove sily,
snizovanim pH

Pouziti : isolace poly- a monoklonalnich
protildtek a jejich fragmentu




Thiofilni chromatografie

5EI 1 EIEI ruul
T RREEN D= e Biaoiecherafiogy

Fig. 2. Separation of monociomnal lgGZ2a (immunoglobolim 53
antibodies froom an ascites fluid om a colurmm of 4-mmernca poo—etryi-
pyridimne {MRE ) resin. After Filtration and difution with a 50 i Tois-HCl
bausffer, pH 8.5, ascites fiuid vwas Ioaded. The colurmm was then was e
twwice writh wwater {armowe "a’) ared 25 mifW sodium caprylaoe in Tris buffer
(armosws "B}, respectively. Finalily, i Za anti beoedies vwere de-sorbed with a
50 miWl acetare buaffer, pH 4.0 {amows "<’ {(Columnmm: 3.0 rrwrr LCE =< 10 marm
height: sarmpls volurmee: S ol of dilutbed ascites Fiwidl lirvear flowe rate

all along the process for both colfurmms: 85 crm hower—3 ) Insert:
Polyacrylamide gel electrophoresis in reduced conditions of fracticomns
collected froorm thhe columm (Lamne 1 boswime albuamin: ilame 27 elution atc

P H -=I O larre 3 ocrnede ascites fuid; the parity of Eeparated Er‘l.tl:l:lc:u:l}l' i=




Ch. na imobilizovanych
kovovych iontech

iminodiacetic acid (IDA)
nitrilotriacetic acid (NTA)
N, N, NO-tris-carboximethyl ethylene diamine (TED)




Ch. na imobilizovanych
kovovych iontech

¢ Ekvilibrace - imobilizace kovoveého iontu
(50 mM)

¢ Pouzivané ionty - pouzivaji se predevsim
ionty Cu?*, Zn2+, Ni2*,
Fe3+, Co2+, Mn2+ a Mg2+,
preferujici dusik jako
koordinacni ligand




Ch. na imobilizovanych
kovovych iontech

Chelating compound Coordination Metal-ions

Salicylaldehyde Bidentate Cu(ll)
S8-hydroxyquinoline (1im-8-HQ) Bidentate Al(ID). Ca(ll).
Fe(lll). Yb(III)
N-methacryloyl-(L)-histidine Bidentate Fe(lll)
methyl ester (MAH)
Dipicolylamine (DPA) Tridentate Ni(1l), Zn(1D)

Iminodiacetic acid (IDA) Tridentate Cudll), Ni(1I),
Zn(1l), GadllD)
O-phosphoserine (1im-0OPS) Tridentate Al(ID). Ca(ll).
Fe(lll). Yb(IILI)
Tris(2Z-aminoethyl)amine Tridentate Cu(ll)
(TREN)
1. 4. 7-triazocyclononane (tacn) Tridentate Cuddl), Cr(1ID),
Mn(1l). Co(ll).
Zn(1l), Ni(II)
Nitrilotriacetic acid (NTA) Tetradentate Cud1l), NidD).
Zn(ll)
Carboxymethylated aspartic Tetradentate Ca(ll)., Co(ll)
acid (CM-Asp)
N-methacryloyl-(L)-cysteine Fe(lll)
methyl ester (MACQC)




Ch. na imobilizovanych
kovovych iontech

CH2 CH2 NH CHOH
N7 N7 \7 \

CH CH CH, CH, CH;~

CH-CH —@N_ﬂr—%ﬁ




Ch. na imobilizovanych
kovovych iontech

+ Nanaseni vzorku - pufr s vyssi iontovou
silou (0.5 M NacCl)

¢ Eluce - snizeni pH (3-4), kompetitujici
latka (histidin, imidazol, glycin,
fosfat), EDTA

Pouziti : purifikace normalnich a
rekombinantnich bilkovin




Ch. na imobilizovanych
kovovych iontech
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Ch. na imobilizovanych
kovovych iontech




Dvoufazove separace

) © = target protein
Extraction Transfer of

T>CPT i% ® = contaminating proteins
—_— e

Back-extraction

Add new water/buffer phase
-

T>CPT
O opH

Recycling of copolymer




Afinitni dvoufazove separace

% Dn:trln rich phase

o~—~__g PEG molécule
wnh atfinity ligands

e Enzyme molecule

@ & Other proteins




Afinitni dvoufazove separace

Upper phase

PO-PEG 1n
with PO~PEG

upper phase

First extraction
Lower phase

with PY-Dx

Pure lower phase

Fig. 1. Multistep extraction of glucose-6-phosphate dehydrogenase from a protein extract of baker’s yeast.
Procion olive MX-3G PEG (PO-PEG) and Procion yellow HE-3G dextran (PY-Dx) were included in a
two-phase system containing 9% dextran (M, 70000), 5.5% PEG (M, 40000) and 45 mM sodium

phosphate buffer, pH 7.0. R = recovery of the enzyme; f = total purification factor. From Johansson and
Andersson (1984b).




Afinitni ultrafiltrace

M makromolekuldrni afinitni ligand
& purifikovand bilkovina

O i balastni bilkovina

O O

O 0O O O

inkubace promyvani eluce




Afinitni ultrafiltrace

vajecny bilek zredény v poméru 1:8
0.1 M NaH-PO, pH 10

l

I homogenizace

(specificka aktivita 3 413 j/mg proteinu)

ulrtrafiltrace

cut off limit membrany 300 000

l

pPermeart

(sp. akt. 17 149 j/mg proteinu

l

inkubace s chitosanem

60 minut pii 24 °C

afinitni aualtrafiltrace

cut off limit membrany 300 000

l

Promyviti
0.1 M NaHPO,4 pH 10

|

3 eluce

0.1M kwvselina octowva

l

produkt
sp. Aktivata -1. 47 386 j)/mg
2. 106 497 j3/mg
3.121 094 3/mg




Afinitni precipitace

komplex (bilkovina - bis-ligand),
nerozpustny

vazba
.|,.

separovand bilkovina precipitace




Afinitni precipitace




Afinitni precipitace

it the pr
andke

pernatant

rire 1 ral of buffer
1H

purfied glutarmate dehwdrog




Afinitni precipitace

Table 1.4.7
Protocol 1

Purification of Glutamate Dehydrogenase From Ox Liver According to Alternate

Volume
(ml)

Stage (see
Fig. 1.4.4)

Total protein Total activity
(mg)“ (Lmol/min)

Yield
(%)

Specific activity Purification
(umol/min/mg) (x-fold)

370

73
8.4
1.2

8580 1920
2010 1640
139 408
904 376

0.2 | 100
0.3 4 30
2.9 21
40 20

Protein concentration determined by the Lowry method.

Table 1.4.8
Protocol 1

Purification of Glutamate Dehydrogenase From Rat Liver According to Alternate

Volume
(ml)

Stage (see
Fig. 1.4.4)

Total protein Total activity

(mg)“ (Wmol/min)

Specific activity Purification

Yield

(umol/min/mg) (x-fold) (%)

90

35
0.8
1.0

2720 760
980 505
130 195

9.4 190

0.3 100
0.5 67
1.5 26
37 25

“Protein concentration determined by the Lowry method.




Afinitni precipitace

komugat kgand-polymer separovana bilk ovina

vazba

komplex bilkovina - ligand-polymer
rozpustny
regenerace

&

/7o
konjugal igand - polymer @

nerozpustny

é\‘) precipitace

. Frw

@ komplex bikovina - ligand-polymer

nerozpusiny




Afinitni precipitace

yeast cells

l high pressure homogenization

cell homogenate
l flocculation of cell debris with

0.25% PEI

cell extract

Incubate with 0.3% Eudragit-Cibacron
blue and 1.5 mM zink sulfate, pH 7.5 for
10 min. at 20 °C.

Add 50 mM calcium chloride and incubate
‘ at 46 °C for 5-10 min.

Precipitation of Eudragit
bound affinity complex

0 Desorption of ADH with 200 mM

60% recovery tminodiacetic acid, pH 7.5, 4 °C.

20 x enrichment Add 50 mM calicium chloride and incubate
at 40 °C for 5-10 min.

ADH in Precipitate of
solution Eudragit-dye

Recycle
-




