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PODSTATA

CHROMATOGRAFIE

,Pri chromatografii dochazi k neustalemu vytvareni
rovnovaznych stavu separovane latky mezi dve faze —

stacionarni a mobilni.*

vzorek fiKsE




CHROMATOGRAFIE

- Mobilni faze Stacionarni faze
- kapalina— LC - pevna faze
- kapalina
- plyn— GC
* Eluce - — stejna elucni sila

— rostouci elucni sila

Pouziti - analyticka
preparativni



KAPALINOVA CHROMATOGRAFIE

LC

- Mobilni faze - kapalina

- Stacionarni faze - pevna faze,
kapalina



PROVEDENI LC x

|
. Papirové PC (SF - voda nebo | O H !
.|_ y ! e

polarni rozpoustédlo zakotvené na
vlaknech papiru)

- Tenkovrstva TLC (silikagel,

alumina, celuldza aj.) rozprostrena na
inertni podlozce

1. chromatograficky papir
) 2. sklen&ny vélec s ethanolem
+ r 3. zatka se zafezem

A — Zé&ra startu
B - Zelo rozpouitédla

- Kolonova CC — SF tvoii naplri kolony,
nebo je nanesena n. chemicky vazana na

sl

nosné castice, pripadne primo na vnitrnim
povrchu kolony



TEORETICKE ASPEKTY

CHROMATOGRAFIE




TEORIE -
JIDEALNI LINEARNi CHROMATOGRAFIE*

Nobelova cena za chemii 1952



TEORIE

IDEALNI LINEARNI
CHROMATOGRAFIE“ GC

1. Nekonecne rychle ustaveni rovnovah

Pistovy tok mobilni faze
Nulova difuse

= e

Linearni sorpcCni isoterma
piky analytt

Naneseni vzorku
na kolonu




CHROMATOGRAFIE

vzorek




CHROMATOGRAM




RETENCNI — ELUCNI CAS T,

- Doba od nastriku vzorku po dosazeni maxima
elucni krivky

Retencni — elucni objem V,

* Objem mobilni faze protekly od nastriku
vzorku po dosazeni maxima elucni krivky

F.. — objemova rychlost mobilni faze



MRTVY OBJEM

V, — zdanlivy retencni objem
V.- redukovany (skutecny) retencni objem
V- mrtvy objem — mimokolonové prispevky

+ mimocasticovy objem kolon




KAPACITNI FAKTOR K’

k’=1-10

V, — objem stacionarni faze
V,, — objem mobilni faze

Distribucni koeficient

C, — rovnovazna koncentrace latky ve stacionarni fazi
Cy — rovhovazna koncentrace latky ve mobilni fazi



SELEKTIVITA

RETENCNI FAKTOR «




UCINNOST KOLONY
(IZOKRATICKA ELUCE)
POCET TEORETICKYCH PATER N




UCINNOST KOLONY (IZOKRATICKA ELUCE)

VYSKOVY EKVIVALENT
TEORETICKEHO PATRAH

[ — délka kolony



UCINNOST KOLONY




UCINNOST KOLONY (GRADIENTOVA ELUCE)

KAPACITA PIKU P

t, — celkova doba gradientu



UCINNOST KOLONY
(GRADIENTOVA ELUCE)
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ROZLISENI

R=038

B

Figure 3. Resolution.




VLIV JEDNOTLIVYCH

FAKTORU NA ROZLISENI
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Selektivita Kapacita

Uc¢innost



VLIV JEDNOTLIVYCH

FAKTORU NA ROZLISENI

« faktor selektivity Ize ovlivnit:

-zmeénou stacionarni faze

-zmenou mobilni faze

-soucasnou zmeénou obou fazi
-zmenou rychlosti toku mobilni faze



VLIV JEDNOTLIVYCH

FAKTORU NA ROZLISENI

 faktor |lze ovlivnit:

-mnozstvim stacionarni faze v koloné
-zmenou stacionarni nebo mobilni faze
-zmenou teploty kolony



VLIV JEDNOTLIVYCH FAKTORU NA

ROZLISENI

 faktor |lze ovlivnit:

-delkou kolony

-rychlosti prutoku mobilni faze

-velikosti Castic sorbentu

-teplotou, viskozitou mobilni i stacionarni faze



VZNIK ELUCNI KRIVKY —
PEAKU (PiKU)

— kolona —>

|




,DYNAMICKA DIFUZN| TEORIE®

VAN DEEMTER

vliv rychlosti mobilni faze na rozsirovani zon

H-vyskovy ekvivalent teoretického patra,
A-viriva (turbulentni) difuze, B-podélna molekularni difuze,
C-odpor proti pfevodu hmoty



VAN DEEMTEROVA DIFUZNI

TEORIE

- Difuse turbulentni

- Difuse molekulova

- Odpor proti prevodu hmoty



DIFUSE TURBULENTNI A




DIFUSE MOLEKULOVA B




ODPOR PROTI PREVODU

HMOTY C




VAN DEEMTEROVA ROVNICE

Aterm
Flow rate

v minimum kfivky = optimalni prutokova rychlost

v dana kolona vykazuje nejvétsi ucinnost, nejméné rozsifuje
zony analytu



SILY A EFEKTY VYUZIVANE

PRI SEPARACI

= |lontove sily

Silné elektrostatické interakce mezi stacionarni a
analyzovanou latkou— ionexova chromatografie

= Polarni sily

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



SILY A EFEKTY VYUZIVANE

PRI SEPARACI

= Nepolarni sily (disperzni, van der Waalsovy)

Nejslabsi, tyto interakce se vyskytuji u latek, které nejsou
permanentni dipoly — adsorpc€ni, reverzneé fazova a
hydrofobni chromatografie

= Efekt velikosti molekul

Rozdily ve velikosti a tvaru molekul — gelova permeacni
chromatografie



SILY A EFEKTY VYUZIVANE

PRI SEPARACI

= Sterickeé interakce

Komplexni specificka interakce ligand
biomakromolekula kombinujici vSechny vySe uvedene
interakce a efekty — afinitni chromatografie



ROZDELOVACI
CHROMATOGRAFIE




ROZDELOVACI
CHROMATOGRAFIE
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ROZDELOVACI
CHROMATOGRAFIE

sample molecules carried
/n by mobile phase

sample molecules
held in sorbed solvent




ROZDELOVACI
CHROMATOGRAFIE

Pouziti — analyticka PC, TLC



PAPIROVA CHROMATOGRAFIE AMK

B stacionarni faze: voda
B mobilni faze: butanol-kyselina octova-voda (12:3:5)




ADSORPCNI CHROMATOGRAFIE
CHROMATOGRAFIE S NORMALNIMI
FAZEM]




ADSORPCNI CHROMATOGRAFIE

- Stacionarni faze — polarni

nese aktivni centra, jejich pocet, rozlozeni

a schopnost poutat molekuly rozdelované smesi
zavisi na charakteru adsorbentu, velikosti
povrchu a na vlastnostech separovanych latek



ADSORPCNI CHROMATOGRAFIE




ADSORPCNI CHROMATOGRAFIE

o H, H

S 0
4o 0 _Si-

- Stacionarni faze ol '
Silikagel SiO, . n H,0 solted silanol group  Viinal slanol group:

Vysoky specificky povrch a relativhé velky objem poru.
Hlavni soucasti aktivhich center jsou hydroxylové
(silanolové) skupiny, na néz je vodikovou vazbou
adsorbovana voda. Zahratim na 150 °C dojde
K odstraneni vody ® “aktivace silikagelu”. Labilni nad
pH 8. > 200 °C rozklad.

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




ADSORPCNI CHROMATOGRAFIE

- Stacionarni faze
Oxid hlinity Al,O,,

Obdobné vlastnosti jako u silikagelu (povrch, pory).
Vyskytuje se v rade modifikaci, dle mnozstvi vazané
vody, krystalické struktury. “Aktivace” vysusenim
[AI(OH), ® AIO(OH) © Al,O,].

Pri  vysokém obsahu vody (15%) se projevuji
rozdélovaci efekty. Vedle protondonornich hydroxylu se
na povrchu vyskytuji | centra s protonakceptornimi
viastnostmi.



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,);OH]

pripravuje se z CaCl,.6H,O0 a Na,HPO,.12H,0.
Jemna srazenina fosfatu vapenatého se vari
s 1% NaOH pri 96-98°C.

Pri interakci polarni az iontové sily. Karboxylove
skupiny bilkovin Ci fosfatove skupiny nukleovych
kyselin reaguji s Ca?* na povrchu adsorbentu. Eluce
se provadi gradientem iontoveé sily - rostouci
koncentraci fosfatu.
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HILIC CHROMATOGRAFIE

Hydrophilic Interaction Chromatography (1990)

varianta chromatografie s normalnimi fazemi pouzivajici organicka

rozpoustedla misitelna s vodou

retence analytu se zvysSuje spolecne s jeho polaritou a naopak snizuje
s rostouci polaritou (koncentraci vodné slozky) mobilni faze

Compound - analyte examples

OH

OH

CH3
o
HOOC * “NF, HC)l\CH o—@—o E:O
OH OH 8 -

logP=-32 LogP=-18 LogP=-0.2

Analyte
-4 =3 .4 -1
LT P — | | |

LogP =05

Normal Phase Separation
Column with hydrophilic surface

LogP=15 LocP=27 lLogP=48

Reverse Phase Separation
Column with hydrophobic surface




HILIC CHROMATOGRAFIE

Excellent A :
Sensitivity '*
Hue /| 2
v ™ Reversed Phase
ESI-MS
Sensitivity iy
Normal Phase \\ /‘
Poar “\ /’
Sensitivity >
Paolar Non-Polar

Analyte Polarity




HILIC CHROMATOGRAFIE

stacionarni bl o e
. Stacionarni faze faze chemicka strukt
, - a.
polarni - silikagel, silikagel [-OH
kyano, amino, diol, kyanopropyl [-(CH,),—CN

zwitterionty etc.

aminopropyl |-(CH,);—NH,

diol |-CH,~CH-CH,—OH
|

OH

b. PAC [4CH,—CH--
¢=0
on

C. CH,

|
zic CHz—fl\E(C H,),—SOf
CH,




HILIC CHROMATOGRAFIE

Velky obsah organickeho rozpoustedia A
malym mnozstvim vody nebo jiného polarniho
rozpoustéedl|a

; =, a 2 3 4
| | : t |

Partition (HILIC) Reverse Phase
MeCN > Hz0 H:0 > MeCN

Typical mobile phases




HILIC CHROMATOGRAFIE

. . . mobilni faze
. ' (acetonitrilivoda)

% » hydratovana
H0 HO% stacionarni faze
J

polarni stacionarni f aze




HILIC CHROMATOGRAFIE

ACN ACN ACN
ACN ACNACN — CH »CHCH
— |
ACN m o ACN NH’;
</ ACN
H,0
HO _CH2CHCH3H20 HO HO 5

= |
H,0
5 HO 7

NH" 7




HILIC CHROMATOGRAFIE




HILIC CHROMATOGRAFIE
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HILIC CHROMATOGRAFIE

- Nanaseni vzorku - vzorek rozpustén v mobilni fazi

- Eluce - zvysovanim polarity mobilni faze

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

Pouziti : analyza polarnich latek



HILIC CHROMATOGRAFIE
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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.




REVERZNE FAZOVA

CHROMATOGRAFIE

* Stacionarni faze — nepolarni
CSI C18

* 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 nosic¢
eporesni polymer — zvyseni efektivniho povrchu

enepolarni
estabilni v pH 2-11




REVERZNE FAZOVA

CHROMATOGRAFIE

Kartacovy typ stacionarni faze

Pouziti : analyticke — az 90 % analyz



REVERZNE FAZOVA
CHROMATOGRAFIE

Decrease polar
properties of eluent

E -E

Les pol
solvent

Decrease polar
properties of eluent

R CE

Less polar
solvent




REVERZNE FAZOVA
CHROMATOGRAFIE

Viiv délky retézce na rozliseni

hydrofobni
organickeé latky peptidy, proteiny




REVERZNE FAZOVA
CHROMATOGRAFIE

Organicke e

rozpouste ) Viskosita Poznamka
dio R

Methanol -Org. Stredni- mozna
molekuly nizka destabilisa
ce
struktury

-Org. Stredni- mozna
molekuly nizka destabilisa
ce
struktury

Isopropanol e<Proteiny Vysoka nejmensi
*Peptidy efekt na
strukturu

Acetonitril -Org. nizky efekt
(ACN) molekuly na
*Proteiny strukturu
*Peptidy




REVERZNE FAZOVA
CHROMATOGRAFIE

CHyO
CHyO

[8]
OCH, 0

Schizandrin Wuweizisu C

O
O

CHyO

CHyO

CH;O

OCH, OCH,y

Gomisin A Gomisin N

- Gomisin A

=
€
=
g

o
]
I
s

|

|

Fig. 5. HPLC analysis of Schisandra extract. Expenmental con-
ditions: column, Separon SGX C,, 5 pm. 150> 3 mum I D.: mobile
phase, methanol—deionised water (75:25): flow-rate. 0.3 ml/min:

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




IONTOVE PAROVA

CHROMATOGRAFIE

iontove parujici|Cinidlo analyt

——————
~~~~~
~

~
-~
S=ao -

+ - SDS, HCIO,

- - tetrabutylamonium



IONTOVE PAROVA

CHROMATOGRAFIE

- -———
- S~a
-

~
S~a -="
- I

Stacionarni, mobilni faze, eluce — RPC

pH — plna 1onizace analytu



IONTOVE PAROVA
CHROMATOGRAFIE

L
(A) (&)
0.08
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Fig. 1. Chromatogram of standards. Separation of standard containing 76.4 uM CrP, 72 uAM AMP, 58.53
#Af ADP and 45.35 uM ATP. Injection volume: 10 gl. Flow-rate: 2 mlymuin. Buffer: 0.52 g A potassium
dihydrogen phosphate, 0.04% TBAP and 1.25% methanol, pH 4.0. Column: Supelcosil LC-18, 53 um (25
cm x 0.46 cm). Detection: UV 210 nm.




HYDROFOBNI

CHROMATOGRAFIE

- Stacionarni faze - -C,, -Cg, -fenyl

* Mobilni faze — vodne roztoky (pufry)
1.7 M(NH,),SO,

* Eluce — snizovanim iontove sily

Pouziti : purifikace bilkovin



HYDROFOBNI
CHROMATOGRAFIE

-0-CH —CH—CH ~0—(CH,)~CH,
Butyl Sepharose 4 Fast Flow

- Stacionarni faze —

OH

Z
B g -0O-CH —CH—CH ,-O—(CH,)~CH,

Octyl Sepharose CL-4B

~0-CH —CH crg-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)

OH
[
D —0-CH;~CH-CH,-O-CH~C(CH,),
Alkyl Superose

Isopropyl < Butyl < Octyl < Phenyl



HYDROFOBNI CHROMATOGRAFIE

1.0 100 % B
actlivity
L.tkot/ml]

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,g.); dashed lines,
gradient; (O) G6P-DH activity; (@) LDH activity. Approximately 10 mg of protein were applied to the
column.




HYDROFOBNI
CHROMATOGRAFIE

Chromatcgraphy of the
1000 ceolumn. Buffers : A, 0.05 M potassium phosphate

1.3 M ammonium sulphate
phosphate

tion volume; —  _absorbance at 280
——D=—=DAD activity (ukat.ml.: . Approximately
applied to the column.

crude enzyme preparation on a Spheron
(pH 6.0) with

and 1 uM CuSOy ; B, D.0O5 M potassium
(pE 6.0) with 1 uM CuS0y; flow-rate 4.5 ml/min; Ve

rwm (Azgo )] ——————gradient:
30 g of protein were



IONEXOVA
CHROMATOGRAFIE




IONEXOVA CHROMATOGRAFIE

elektrostaticka interakce

Vazba |- + .

Eluce — = +& T+




- Katexy - = vazba kationtu

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

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

- Anexy - + vazba aniontd
slabe — dietylaminoetyl (DEAE) —(CH,),-NH(CH,CH,),
silne - trietylaminoetyl (TEAE)



SLABY IONEX

 Vykazuje zmeny vazebné kapacity v zavislosti
na pH

- Ma pufracni kapacitu

COO-
o 4




SLABY VERSUS SILNY IONEX
pH pH

D EAE Seph aden

R A

ml Q1R RacH

CM Sephade i

T T T T T i T 1
i 2 3 4 9 & ¥ &
mi 1R RacoH

12

10 -
5 -
5 —
4 4

2AE Seph aden

e |
[

1 2 3 4 4 & 7 &

mil 21k raOH

SP Seph aden

1 2 3 4 5 & 7 &
mi 0.1 R RacH




IONEXOVA CHROMATOGRAFIE

kapacita

lonexu

Forma adsorpCni chromatografie
lontova vymeéna je proces nazavisly na velikosti, tvaru a jinych fyzikalnich
vlastnostech separovane molekuly



VOLBA PODMINEK - pH + TYP

IONEXU
ol bilkoviny [ znam

Katex Ionex Anex
-1 +1
H,0" — > OH:
pl
o O @

Bilkovina




DONANUV EFEKT

H3 O+ H3 O+
OH- OH-

zvysovani pH snizovani pH



VOLBA PODMINEK — pH + TYP
IONEXU

pl bilkoviny neni znam

 Metoda pokusu a omyll‘]

UUU;@@@@@@M

UUU @@@@@@

Kpl_

. Metoda titracnich krivek




IONEXOVA

CHROMATOGRAFIE

- Nanaseni vzorku — nizka iontova sila

- Eluce — gradientova
- Zvysovanim iontove sily
- Zmenou pH
- Afinitni eluce

Pouziti — purifikace, zakoncentrovani,

vymena pufru,
peptidy, proteiny, nukleotidy, oligonukleotidy,
nukleove kyseliny



IONEXOVA CHROMATOGRAFIE

100% B

0.5 B /—

activity
[Pkct /ml]

4 2.0

Ao

i
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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 as in Fig.
[. Approximately 10 mg of protein were applied to the column.




IONEXOVA CHROMATOGRAFIE

A>80

L

1.0

S NacCcl
[mol- 11

—
!
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!
!
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4 N S TR S O BN, |

Ve [Mml]

FIGURE 3

Tonex chromatography of malate dehydrogenase on a Mono @ co—

lumn. Ve , elution volume; — , absorbance at 280 nm (Azso ) (4 ma—

O.02

(buffer A,

activity; —mMm8m —— yNaCl gradient

late dehydrogenase

(pH 6.0); buffer B, the same as buffer A but

mol /1 sodium phosphate

1.2 ml/min.

with 1.0 mol/1l NaCl); flow rate, approx.




CHROMATOFOKUSACE

A

s ‘ B
konecny pufr startcgm pufr koneé&ny pufr

startovaci pufr

objem [ml]




CHROMATOFOKUSACE

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




CHROMATOFOKUSACE

DEJ NA KOLONE




CHROMATOFOKUSACE

CHOVANI VZORKU




CHROMATOFOKUSACE
CHOVANI VZORKU

pH

Pouziti : analytické — stanoveni pl
preparativni — purifikace bilkovin




CHROMATOFOKUSACE

Column: Mono P high performance column,

5 x 200 mm (i.d. x bed height)
Sample: Partially purified HIV-1 reverse transcriptase
Start buffer: 25 mM ethanolamine, 10% glycerol, pH 9.4
Elution buffer: Polybuffer 96 (diluted 1:10), pH 6
Flow rate: 1 ml/min

A

2B80rvm

0.7 —

0.6 —

0.5 —

0.4 —

0.3 —

0.2 —

e e—

I | I
20 24 28

Elution volume (ml)




CHROMATOFOKUSACE

2
280
l — 6.0
4
i
//
P P H
i
7
Vs
ds - 6.5
7
/
/
s
/
x
s
/I
/ /.0
s
Vs
0.1 1 7
/
L/
v
/] L 7.5
r
¥ 4
y 4
v
V4
/
s
// 8.0
s
/
rd
77
//
o
10 20 30 40
Ve CmiL3
Figure 6
Chromatofocusing of the homogeneous DAC on Mono P colunmm;
———— pH value of the eluate, flow—rate O ml,/min, the other

symbols as in Fig. 1. DAO activity is indicated by an arrow.




GELOVA PERMEACNI
CHROMATOGRAFIE




GELOVA PERMEACNI

CHROMATOGRAFIE

Princip - stéricka exkluse

. - omezena difuse

Poradi eluce :
MrA>MrB>MrC




GELOVA PERMEACNI
CHROMATOGRAFIE
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GELOVA PERMEACNI

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

*Superdex sitovana agarosa a dextran
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SEPHADEX

Dry bead size

Fractionation
range

Fractionation range

Dextrans Swelling

Gel type

Lm

Globular

proteins

factor ml/g

Sephadex G-10

Sephadex G-15

Sephadex G-25 Coarse
Sephadex G-25 Medium
Sephadex G-25 Fine
Sephadex G-25 Superfine
Sephadex G-50 Coarse
Sephadex G-50 Medium
Sephadex G-50 Fine
Sephadex G-50 Supertfine
Sephadex G-75

Sephadex G-75 Superfine
Sephadex G-100
Sephadex G-100 Superfine
Sephadex G-150
Sephadex G-150 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- B8O
10- 40
40-120
10- 40
40-120
10- 40
40-120
10- 40
40-120
10- 40

- 700
- 13500
1000~ 5000
1 000- 5000
1000~ 5000
1 000~ 5000

— 700
- 1500
100- 5000
100~ 5000
100- 5000
100~ 5000

1 500 -
1 500-
1 500 -
1 500 -
3 000 -
3 000 -

30 000
30 000
30 000
30 000
80 000
70 000

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

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 - 150000
5 000 - 600 000
5000- 250000

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

| |
l,_
(%]
N

I
s OO O OB

— b —

@'@'@'@h-&hhhgut-a
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SEPHAROSA

I

S : - 45°C ageing :

sol state initial gel final gel structure

HO  cH,0H O
o
-
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SEPHAROSA

Gel type  Approx. %  Bead size
agarose um

Fractionation range Fractionation range
Globular proteins. Dextrans

Sepharose 6B 6
Sepharose 4B =
Sepharose 2B 2

Gel type

45-165
45-165
60 -200

Bead size um

10 000- 4000000 10 000- 1000 000
60 000-20 000 000 30000~ 5000 000
70 000-40 000 000 100 000-20 000 000

Fractionation range  Fractionation range
Globular proteins Dextrans

Superose 12 prep grade
Superose 12

Superose 6 prep grade
Superose 6

20 -40

§-12
20 - 40
11-15

1000~ 300000 ND
1000- 300000 ND
5 000-5000000 ND
5 000-5000000 ND




GELOVA PERMEACNI

CHROMATOGRAFIE

Bio-Rad
‘BioGel P akrylamid
‘BioGel A agarosa

Tosoh Bioscience
Toyopearl a TSKgel hydroxylovany methacrylat



BIOGEL P

Typical
Typical Fractionation
Particle Size Hydrated Bed Range/Nominal
Range, Hydrated Volume, ml/g Typical Flow Exclusion Limit

Gel Beads (uM) of Dry Gel Rates (cm/hr)* (Daltons)™, t
Bio-Gel P-2 Gel, Fine 45-90 3 5.0-10 100-1,800
Bio-Gel P-2 Gel, Extra Fine < 45 <10 100-1,800
Bio-Gel P-4 Gel, Medium 90-180 4 15-20 800-4,000
Bio-Gel P-4 Gel, Fine 45-90 10.0-15 800-4,000
Bio-Gel P-4 Gel, Extra Fine < 45 <10 800-4,000
Bio-Gel P-6 Gel, Medium 90-180 6.5 15-20 1,000-6,000
Bio-Gel P-6 Gel, Fine 45-90 10.0-15 1,000-6,000
Bio-Gel P-6 Gel, Extra Fine < 45 <10 1,000-6,000
Bio-Gel P-6DG Gel 90-180 6.5 15-20 1,000-6,000
Bio-Gel P-10 Gel, Medium 90-180 1.5 15-20 1,500-20,000
Bio-Gel P-10 Gel, Fine 45-90 10.0-15 1,500-20,000
Bio-Gel P-30 Gel, Medium 90-180 9 1.0-13 2,500-40,000
Bio-Gel P-30 Gel, Fine 45-90 6.0-11 2,500-40,000
Bio-Gel P-60 Gel, Medium 90-180 11 4.0-6 3,000-60,000
Bio-Gel P-60 Gel, Fine 45-90 3.0-5 3,000-60,000
Bio-Gel P-100 Gel, Medium 90-180 12 4.0-6 5,000-100,000
Bio-Gel P-100 Gel, Fine 45-90 3.0-5 5,000-100,000




GELOVA PERMEACNI
CHROMATOGRAFIE

30 cm- 10 cm-”
- . —
T 300 cm?| SRS 1
10 ecm kratka a silna dlouha a tenka
‘ il kolona kolona
Giagwenn s miiR s
1
v

30 cm

® siina kolona nema dostacujici rozliseni

ale ma lepsi prutok a kapacitu ¢




GELOVA PERMEACNI

CHROMATOGRAFIE

-Nanaseni vzorku
objem vzorku < 2% objemu kolony

- Eluce — izokraticka

Pouziti : stanoveni Mr, odsolovani,

purifikace



GELOVA PERMEACNI
CHROMATOGRAFIE

Figure 3

Chromatography of partially purified LAO on TSK 3000 SWG co-
lunn. Buffer: 0.05 M potassium phosphate (pH 6.5) with 0.15 M so-
dium chloride; flow rate 5 ml/min. The synmbols are as in Fig. 1.
JAO activity is indicated by an arrow. Approximately 100 meg of pro-
tein were arplisd to the colum.




GELOVA PERMEACNI
CHROMATOGRAFIE

ICDH activity

Absorbance

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; ( ) Asgo: (—) ICDH activity. Approximately 10 mg of protein was loaded
onto the column.




GELOVA PERMEACNI
CHROMATOGRAFIE

160

150

140
%n 130
3
g 120 + ICDH
E r'e
c
L 110
=
LJ

100

90 1 1

4 4.5 5 5.5

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
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AFINITNI INTERAKCE

Afinitni interakce
specificky

stabilni » komplex bitkovina - ligand

e

reverzibilni

elektrostaticke

polarni i prostorové vlastnosti

hydrofobni usporadani prostredi

van der Wsalsovy sily




INTERAKCE MEZI DNA A
ENDONUKLEASOU




AFINITNI PARY

AB—>A+B LT

Ligand Bilkovina

antigen polyvklonalni protilatka

antigen monoklonalni protilatka
biotin avidin

sacharid lektin

hormon, toxin vazebny protein
substrat enzym

inhibitor enzym




AFINITNI CHROMATOGRAFIE
NANESENI VZORKU




AFINITNI CHROMATOGRAFIE
VZNIK INTERAKCE




AFINITNi CHROMATOGRAFIE
VYMYTi BALASTU




AFINITNI CHROMATOGRAFIE
ELUCE




PREDPOKLADY PRO VZNIK

KOMPLEXU

- Sterické — pouziti raménka (spacer)

o o

o




PREDPOKLADY PRO VZNIK

KOMPLEXU

- Konformacni

- \VVazebné

- Optimalni pH, iontova sila




STACIONARNI FAZE

» velké pory umoznujici prunik velkych molekul

* co nejnizsi nespecificke adsorpce

* nejcaste)l agarosa (Sepharosa)
* ligand kovalentn€ navazany pres —OH skupinu

cukern¢ jednotky nosice



PROVEDENI

Naneseni vzorku — nizka iontova sila

Kp > 104 ~ slabd interakce

Ky <106 ~ silna interakce ) obtizna eluce




ELUCE

- Eluce — selektivni - volnym ligandem

nebo kompeticnhim Cinidlem




- Eluce — neselektivni - zmena pH,

lontoveé sily,

polarity




gradientova

Elutign
conditions :
Linear

change
in elution
conditions

Binding Binding
conditions conditions

Timelvol.




Monospecificke

ry N’

* vazi pouze jedinou biomakromolekulu
* nutne si pripravovat individualne

Skupinove specificke

*vazi biomakromolekuly s podobnymi
viastnostmi

* komercne dostupné



Immobilized Affinity
IMOBILIZACE LIGANDU Ligand Techniques
N-hydroxysukcinimid I

///
(NHS) -NH, %

Greg T. Hermanson

A. krishna Mallia
CNBr -NH, . Pau K. Smih

Karbodiimid -NH,,, -COOH

Epoxid -SH, -NH,,, -OH
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CNBR (CNBR AKTIVOVANA
SEPHAROSA)

NH
|

CNBr RNH,

N\

HO— Sepharose »  Sepharose —0OH

Isourea
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SKUPINOVE SPECIFICKE LIGANDY

skupinové specificky ligand

Protein A
Protein G
Lektiny

Cibacron Blue

Procion Red
Lysin
Arginin
Benzamidin
Kalmodulin

Heparin

Streptavidin
Oligo (dT, dA, ...)
Kovoveé iont

specifita

Fc region IgG
Fc region IgG

glukopyranosylové a mannopyranosylové
skupiny

sSiroka skupina enzymu, NAD* dependentni
enzymy, sérovy albumin

NADP*

plasminogen, rRNA

serinoveé proteasy

serinoveé proteasy

proteiny regulované kalmodulinem

kolagulacéni faktory, lipoproteiny, lipasy,
hormony, steroidni receptory, nukleovée kyseliny
vazajici enzymy

Biotin a biotinylované latky
MRNA, nukleasy

roteiny a peptidy obsahujici dostupny His




SKUPINOVE SPECIFICKE LIGANDY
PROTEINA A PROTEIN G

protein A — Staphylococcus aureus
protein G — Streptococcus
purifikace:
monoklonalni protilatky 1gG
polyklonalni protilatky IgG
imunokomplexy




SKUPINOVE SPECIFICKE LIGANDY
PROTEINA A PROTEING

Flow-through Wash Elute

- o o
ON A

OD at 280nm

Volume (L)

Fig. 3. Chromatogram of affinity chromatography using ProSep-vA Ultra. Antibody
fragment [F(ab)z] did not bind to ProSep-vA Ultra (fraction O—1.41) and majority of
the contaminants [Fc fragment] that bound to the affinity matrix eluted at pH 3.0
(fraction 1.84—2.181).

Retention Time

30 40
Minutes

Fig. 5. HPLC analysis of purifiecd F(ab)>. Elution profile of F(ab): as single homoge-—-
nous peak represents >99% purity of the procducr. Colummn: SEC, TSK Gel-2000
SWXL (TosoHass). Sample: 20 ]l of purified F(ab)z: eluent: 20 mmV phosphate
buffer in 150 MM sodiurm chloride solution, pH 7.2, Detection at 280 nm; flowvw-rate:

1 ml min—1.




SKUPINOVE SPECIFICKE LIGANDY
,DYE LIGAND*

Procion™ Red
(Red Sepharosa)

Cibacron™ Blue F3G-A
(Blue Sepharosa)

NADP"
Dependentni dehydrogenasy



Skupinove specificke ligandy
Cibacron Blue F4G-A

A e =%
280 activity .10 o
[Nnkat] NacCct
1.0 [ Mmool .~ 1]
2
0.5 1
fe s i
P
400 500
VR[mU
FIGURE 1
AFffinity chromatography of malate dehydrogenase frrom
P.denitrificans on Matrex Gel Blue A (step 2). Ve, elution volume;
_— , absorbance at 280 nm (Azso ); —e—, enzyme activity; ————— » NaCl1

gsradient (buffer A, 0.0Z2 mol/1l sodium phosphate (pH 8.0); buffer B,

the sSame as buffexr A but with 1.8 mol/1l NaCl and 5% ethyylene

g£lycol ) :; Flow rate, approx. 0.7 mi/mirn.
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SKUPINOVE SPECIFICKE LIGANDY

LEKTINY

Konkavalin A

*lektin z Canavalia ensiformis (jack bean)

tetramerni metalloprotein

vetvené mannosidy, cukry s terminalni mannosou
nebo glukosou (aMan > aGlc > GIcNACc)

» purifikace glycoproteinu, polysacharidu a glykolipida
» detekce zmeén ve slozeni latek obsahujicich cukry

* isolace povrchovych bunéénych glykoproteinu

sLentil‘“ lektin

*lektin z Lens culinaris (Cocka)

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

*membranove glykoproteiny, povrchove bunécné antigeny, viralni

glykoproteiny




SKUPINOVE SPECIFICKE LIGANDY
CONA

T ¥ A B
-
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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 mith. When the Ay, of the effluent fell
below 0.05, bound glycoproteins were desorbed with 50 mm-a-methylmannoside in Con A buffer. (fnset) Lane A: SDS elec-
trophoretic profile of proteins eluted in the wash peak (21 ug protein); lane B: SDS elecirophoretic profite of glycoproteins eluted
by 50 mMm-a-methylmannoside (12 ug protein). Arrowhead marks position of the sciatin band. Note the absence of this band in

the wash peak (lane A).




SKUPINOVE SPECIFICKE LIGANDY
CONA

A
~ {1007 B

- a0
activity
4 =20

B
~ 4 100%% B
P
-
-~
-
-
- 40
motivity
- =20
Velrnl]

Partial purification of the crude preparation of the rabbit muscle LLIDH on Con A Sepharose/Blue
1.5 mg of protein were applied

FIGURE 1

Dextran (Figure 1.A) or Blue Sepharose (Figure 1.B) columns. Approximately
on the column. Buffers: A = 20 mM Tris HCl (pH 7.4) B = 20 mM Tris HCIl (pH 7.4) withh 1 M NacCl and 5%
ethylene glycol flow rate — 0.05 mi/min during the loading of sample O.5 mi/min during the elution V_ — elution
absorbance at 280 nm: gradient B; - —-o-.- activity of LLIDH.

volume; ----—-




SKUPINOVE SPECIFICKE LIGANDY
LEKTINY

Glycopeptide standards
spiked into
plasma peptides
and glycopeptides

depleted
Plasma

sample ——
Trypsin m " i

Lactoferrin
"’“;‘:;ﬁ i{‘ i3 ,. g j L e,
g binds to:
< Sialic C

& Fucose
Invertase thcopeptrde M o
(negative ?

control)  e— ©
P— Short wash with

© jcading buffer
l -

© Deglycosylation using PNGaseF o
i Flow~through fraction Eluto bound fraction

¢ & ® ¢ acotic acid
2 a o A o A
o a_o a_o
© ©
=] m
%] o <
2 =2 1
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VYUZITI AC PRO PURIFIKACI
REKOMBINANTNICH PROTEINU

fuzni kotva

Glutathion S-
transferasa
GST

Histidinova
kotva
His-tag

Maltose Binding
Protein
MBP

Protein A

Green
Fluorescent
Protein
GFP

imobilizovany ligand

redukovany glutathion

Chelatovany nikl nebo
kobalt

Amylosa

1gG

Anti-GFP antibody

podminky vazby

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

Neutralni pH bez
redukénich a oxidacnich
latek

Neutraini 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
chelatacni €inidlo

maltosa

zmeéna pH, iontove
sily

nizké pH, iontova
sila




Analyticka afinitni chromatografie

Analyza vazby ligandu na biopolymer

ma vyznam zejména pro posouzeni vhodnosti nosiCe se
zakotvenym afinantem z hlediska praktické pouzitelnosti. Hodnota K~
se musi nachazet v intervalu (10° - 5.103) v jednotkach mol.I-".
Vazba na imobilizovany ligand byva zpravidla slabsi nez na ligand
volny.

1/ (Vr-Vo) =K 7 (Vo-Vy) ¢

Vy, - mrtvy objem kolony

V, - el. objem nezadrzovaného analog. biopolymeru (Mr)
VR - elucni objem studovanéeho 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 kompetitivné (metoda kompetitivni eluce). Na
kolonu obsahuijici nosiC s vhodnym afinantem naneseme biopolymer,
K eluci pouzijeme urcitou koncentraci kompetitivnino ligandu (c, ") a
zmérime eluCni objem biopolymeru V. Provedeme sérii pokusu
s ruznymi koncentracemi ligandu, ziskame ruzné elucni objemy.

1/ (Vg - Vo) = KT (Vo-Vy) e + [K™ ¢ ]/ [(Vg - Vy)c ™ K]



AFINITNI ULTRAFILTRACE

,:i'ss\{: makromolekuldrni afinitn{ ligand

), purifikovand bilkovina

O l balastni bilkovina

o O

O 0O

inkubace promyvani eluce



AFINITNI ULTRAFILTRACE

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

l

homogenizace

(specificka aktivita 3 413 j/mg proteinu)

l

ultrafiltrace —retenat

cut off limit membrany 300 000

l

permeat

(sp. akt. 17 149 j/mg proteinu

l

inkubace s chitosanem

60 minut pii 24 °C

l

afinitni ultrafiltrace _.Ipermes'ltl

cut off limit membrany 300 000

|

promyti
0.1 M NaH-,PO, pH 10

|

3x eluce

0.1M kyselina octova

l

produkt
sp. Aktivita -1. 47 386 j/mg
2. 106 497 j3/mg
3. 121 094 j/mg




AFINITNI PRECIPITACE

komplex (bilkovina - bis-ligand),
nerozpustny

vazba
+

separovana bilkovina precipitace




AFINITNI PRECIPITACE




AFINITNI PRECIPITACE

C 03 liver [46 g) ;‘1 C rak liver [10g] }

harnogenize for 1minin 10 wolurnes [w'% of 4 mbd sodium
phosphate buffer, pH ¥ 4, containing 0.5 mbk EDTAand 001 mkd PRSF

Stage 1 l
[horogenake]
add [MH 41250y [ 113 gAliter], stir far 20 min

centrifuge and discard pellet
add [MH 4250y [ 185 gsliter], stir for 20 min

centrifuge and discard pellet
dialvze against 20mkd sodium phasphate buffer, pH 7 4

Skage 2
[dialyvzed
[MHgl2 50y pellef]

applyto DEAE-cellulose column :)

phosphake, pH 7.4, gradient
and concentrate to~10ml

Skage 3

l elube with 20 to 200 mkd sodium
[DEAE eluate]

affinity precipitate with the apprapriate amount detemnined
frorn pilot precipitation expetirnent [Support Protocal 9)

of biz-RADY ik the presenice of T3mbkd glutaric acid
and keep onice overnight

centrifuge
discard supernatant

(redis&ulve pellet by stiring far 6 brin 1 ml of buffer )

containing 0.6 mkd NADH

dialvze against 20 mbk sadium

Stage 4 phosphate buffer, pH 7 4

[purified enzwrne]

( purified glutarmate debvdrogenase )




AFINITNI PRECIPITACE

Table 1.4.7 Purification of Glutamate Dehydrogenase From Ox Liver According to Alternate
Protocol 1

Stage (see  Volume Total protein Total activity  Specific activity Purification  Yield

Fig. 1.4.4) (ml) (mg)“ (umol/min) (umol/min/mg) (x-fold) (%)
| 370 8580 1920 0.2 | 100
2 75 2010 1640 0.3 4 86
3 3.4 139 408 2.9 13 21
4 1.2 9.4 376 40 180 20

“Protein concentration determined by the Lowry method.

Table 1.4.8 Purification of Glutamate Dehydrogenase From Rat Liver According to Alternate
Protocol 1

Stage (see  Volume Total protein Total activity ~ Specific activity Purification  Yield

Fig. 1.4.4)  (ml) (mg)“ (umol/min) (umol/min/mg) (x-fold) (%)
| 90 2720 760 0.3 | 100
2 35 980 505 0.5 ¥ 67
3 9.8 130 195 1S 5 26
4 1.0 9.4 190 37 140 Z5

“Protein concentration determined by the Lowry method.




AFINITNI PRECIPITACE

konjugat higand-polymer separovana bilkovmna
rozpustny
o . @)
N
! vazba

komplex bilkovina - ligand-polymer
T rozpustny

O /LO
konjugal hgand-polymer @

recgencrace

nerozpustmy
> /} /L("D \ precipitace
Yx

eluce
T

@ komplkx bikovina - hgand-polymer

nerozpustmy



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 40 °C for 5-10 min.

Precipitation of Eudragit
bound affinity complex

60 Desorption of ADH with 200 mM
o recovery iminodiacetic acid, pH 7.5, 4 °C.

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

ADH in Precipitate of
solution Eudragit-dye

Recycle
—f—




HISTORIE CHROMATOGRAFIE

= 1906 Tswett (Cvét)

Poprve pouzit pojem chromatografie, chromatogram
z freckych slov chroma (barva) a grafein (psati).

= 1931 Kuhn a Lederer
Znovu objeveni chromatografie
= 1940-49 Martin Synge

Papirova a tenkovrstva chromatografie

= 1950-1960 Sober, Peterson a Gutter

zavedli pouzivani medii na bazi celulosy (iontomenice).



HISTORIE CHROMATOGRAFIE

= 1950 Aminokyselinovy analyzator

= 1959 Porath a Flodin
poprvé pouzili media na bazi dextranu pro gelovou
filtraci.
= 1962 Hjerten
popsal pouziti separacnich medii na bazi agarosy.
= 1970-79 Halasz, Horvath, Kirkland

HPLC (“High Performance Liquid Chromatography”)



HISTORIE CHROMATOGRAFIE

= 1980-1989 Pharmacia

Nova media s vySSi mechanickou odolnosti ( CL-agarosa,
“cross-linked”) umoznuji pouziti vySSich tlaku pro
separaci;
novy strednetlaky systém “Fast Protein Liquid
Chromatography” (FPLC)

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



