Chromatofokusace

separace proteinu na zakladé jejich pl
vysoke rozliseni
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Polypufry - amfolyty

Stacionarni faze

Polybuffer 96 - pH 9-6 | PBE94
Polybuffer 74 - pH 7-4
Pharmalyte - pH 8-10,5 =—> PBE118
pH 101
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@ Polybuffer (pulypufr) obsahuje ampholyty
- smes latek majicich rizné pKa

objem




Princip fokusace
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MonoP Beads — smés kvartérnich a tercialnich amind

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
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Dvoudimensionalni chromatografie

Beckman Coulter — PF 2D

Fractions from the first dimension are automatically injected into
the second, eliminating the need for manual transfer.

Directed by the pH monitor, fraction
collection provides fractions according to pl.




Dvoudimensionalni chromatografie
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hydrofobicita
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Partial pI/UV map of colon cancer cell line before and after treatment
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Hydrofobni chromatografie



Hydrofobicita proteinu
Insulin

malwmrllpl lallalwgpd paaafvnghl cgshlvealy lvcgergffy tpktrreaed
lgvggvelgg gpgagslgpl alegslgkrg ivegcctsic slyglenycn

MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCGERGFFYTPKTRREAEDLQVGQVELGGGPGAGSLQPLALEGSLQKRGIVEQCCTSICSLYQLENYCN

= Green: hydrophobic uncharged residues, like FILMVWAand P
» Red: acidic residues, like D E and C-terminal -CCCH

« Blue: basic residues, like R K H and N-terminal -NH2

» Black: other residues, like GSTCN GQand P

» 7:Unrecognized codes are replaced of '?".

Acidic
Choosing suitable solvent:
For acidic peptide, initially try to dissolve the peptide in water; if the peptide does not dizsolve, add NH4OH{=50ul) and dilute to 1mi with deionized water.

Hydrophobic: 46.36%
Acidic: 9.09% N FrotScale output for user sequence
Basic: 8.18% !
Neutral: 36.36%

T T
Hphok., « Eisenkerg et al. ————

Score
@
T
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Fosition

http://peptide2.com/N_peptide hydrophobicity _hydrophilicity.php




vliv soli na protein -
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Stacionarni faze

vazba hydrofobnich oblasti na povrchu proteinu
v H,0 slabé interakce—=pridavek soli

méneé hydrofobni nez RPC

Mobilni faze
H,O/sul (~1 M) nejCastéji (NH,),SO,

4—— Increasing precipitation (“salting -out”) effect
Anions: PO,*, SO, CH,+ COO-, CI5, Br, NO,, CLO_, I, SCN-
Cations: NH,*, Rb*, K*, Na*, Cs*, Li*, Mg*, Ca*, Ba*

Increasing chaotropic (“salting-in”) effect ——»
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Eluce
klesajicim gradientem soli (1 M — 0 M)
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Prehled typu stacionarni faze

=Phenyl, Butyl nebo Octyl Sepharose Fast Flow (FF), FPLC kolony Phenyl
Superose fy GE Healtcare na polysacharidové (agarosove) bazi

*Macro-Prep t-Butyl HIC Support fy Bio-Rad na methakrylatové bazi

=Spheron 100 (300, 1000) fy Lachema zalozené na bazi kopolymeru
hydroxyethylmethakrylatu a ethylendimethakrylatu

= Separon HEMA-S 1000, Separon HEMA-Bio 1000 Phenyl fy TESSEK
jsou vyrabény na bazi hydroxyethylmethakrylatu

-O-CH; CH CH,~O—(CH,).~CH,
Butyl Sepharose 4 Fast Flow

Octyl Sepharose CL-4B

~O-CH, CH—CH2—0—©>

Phenyl Superose

Phenyl Sepharose High Performance
Phenyl Sepharose CL-4B

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

%—O—CH ~CH-CH,~O—(CH,) ~CH,

OH
|
D —0-CH;~CH-CH,~0-CHC(CH,),
Alkyl Superose




efekt ligandu na purifikaci

Buiyl Octyl Phenyl (hich sub )
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typy gradientu

Elution volume Elution volume
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Column:

Gel:

Sample:

Sample volume:

BPG 300/500

Phenyl Sepharose 6 Fast Flow (high sub), 10 cm
bed height

Yeast supernatant. Ammonium sulphate added to
0.5M

801

Sample load: 0.36 mg h-EGF/ml media
Flow rate: 300 cm/h; 212 I/h (loading)
60 cm/h; 42 I/h (elution)
Buffer A: 20 mM sodium phosphate pH 7.0 + 0.5 M ammo-
nium sulphate
Buffer B: 20 mM sodium phosphate pH 7.0
Purification time: 1.5 h
’&‘zan ms/cm
= 100
S_D-W_/
20+
= 00
1.0+
0.0 ' Y L

20 100 Volume (liter)




vysoké rozliseni
(gradientova eluce)

stacionarni  velikost Castic 10-30 um
faze

kolona délka1-10cm
(kratka kolona nevhodna pro
pozvolny gradient)

mobilni faze 20 — 50 mM pufry v rozmezi pH 4-8
(pH ma maly vliv na selektivitu)
gradient solis(nejcastéji (NH,),SO,)

objem vzorku na objemu nezalezi

mnozstvi 5-10 % celkové vazebné kapacity
vzorku (bez ztraty rozliSeni)

pouziti hydrofobni chromatografie

vysoké rozliseni skupinova separace
(gradientova eluce) (krokova eluce)

separace proteinu na zakladé jejich koncentrace nafedéného vzorku
hydrofobicity

vhodna jako prvni nebo stfedni vhodna jako purifikaéni krok po
purifikacni krok precipitaci siranem amonnym




Jako prvni krok purifikace alkoholdehydrogenasy z Pseudomonas sp. jste
zvolili srazeni siranem amonnym (Mr 132,14 g/mol). Pfi 50 % nasyceni se
jesté nesrazela, ale pfi 55 % nasyceni se jiz srazela. Mate k dispozici 20 mi
extraktu s alkoholdehydrogenasou. Jak byste postupovali, kdyz jako dalSi krok
purifikace chcete zvolit hydrofobni chromatografii na koloné Butyl-Sepharose?

Target percentage saturation

Initial percentage saturation | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60 | 65 | 70 | 75 | 80

0 106 | 134 | 164 | 194 | 226 | 258 | 291 326 | 361 | 398 | 436 | 476 | 516 | 559 | 603 | 650 | 697
5 79 108 | 137 | 166 | 197 | 229 | 262 | 296 | 331 | 368 | 405 | 444 | 484 | 526 | 570 | 615 | 662
10 53 81 109 | 139 | 169 | 2001233 | 266 | 301 337 | 374 | 412 | 452 | 493 | 536 | 581 627
15 26 54 82 111 141 172 | 204 | 237 | 271 | 306 | 343 | 381 | 420 | 460 | 503 | 547 | 592
20 27 55 83 1130143 | 1756 | 207 | 241 276 | 312 | 349 | 387 | 427 | 469 | 512 | 557
25 27 56 84 115 | 146 | 179 | 211 245 | 280 | 317 | 355 | 395 | 436 | 478 | 522
30 28 56 86 117 | 148 | 181 214 | 249 | 285 | 323 | 362 | 402 | 445 | 488
35 28 57 87 118 | 151 184 | 218 | 254 | 291 329 | 369 | 410 | 453
40 29 58 89 120 | 153 | 187 | 222 | 258 | 296 | 335 | 376 | 418
45 29 59 90 123 | 156 | 190 | 226 | 263 | 302 | 342 | 383
50 30 60 92 125 | 159 | 194 | 230 | 268 | 308 | 348
lats} 30 61 93 127 | 161 197 | 235 | 273 | 313
60 31 62 95 129 | 164 | 201 239 | 279
65 31 63 97 132 | 168 | 205 | 244
70 32 65 99 134 | 171 209
75 32 66 101 137 174
80 33 67 103 | 139
85 34 68 105
90 34 70

95 35




Chromatografie na reversni fazi
stacionarni faze - hydrofobni (nepolarni)
mobilni faze - polarngjSi nez stacionarni faze

Chromatografie na ,,normalni“ fazi - HILIC
stacionarni faze - hydrofilni (polarni)
mobilni faze - mene polarni nez stacionarni faze
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Chromatografie na reversni fazi
separace latek na zaklade jejich hydrofobicity

hydrofobni chromatografie x chromatografie na reversni fazi

*hydrofobni interakce musi byt stacionarni faze je vysoce
podporena soli substituovana CH retézci = vysoka
*eluce snizujici se koncentraci soli hydrofobicita

sproteiny, peptidy a oligonukleotidy se
adsorbuji i v Cisté H,O
lysozym -desorbce organicka rozpoustédia
>~ (napft. acetonitril v H,O)

vysoka hydrofobicita
nizsi hydrofobicita
vysoce hydrofilni

méné hydrofilni




Stacionarni faze
nosice

Silikagel

*poresni silika gel — zvySeni efektivniho povrchu
sinertni material

estabilni v pH 2-7,5

Polymerni nosic

sporesni polymer — zvySeni efektivniho povrchu
*nepolarni

estabilni v pH 2-11



Stacionarni faze - funkcni skupiny

Stationary phase Functionality
C —SICH ) C H
18 22 18 37
C —Si{CH )C H
f B 17
tC —SlC H
2
Aminopropyl —SI{CH } NH
Cyanopropy! C;SI(CH X }E(CH ) ]3 CN
Diol : 47 —Si(CH . }ED CH ECH{GH]CH 2CtH
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Mobilni faze

Organické
rozpousteé
dlo

Methanol

Ethanol

Isopropanol

Acetonitril
(ACN)

Vhodné
pro:

*Org.
molekuly

*Org.
molekuly

*Proteiny
*Peptidy

*Org.
molekuly
Proteiny
*Peptidy

Viskosita
Stredni-

nizka

Stredni-
nizka

Vysoka

Nizka

Poznamka

mozna
destabilisa
ce
struktury

mozna
destabilisa
ce
struktury
nejmensi
efekt na
strukturu

nizky efekt
na
strukturu

A 214nm
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Fef. Aguilar, k1. and Heam, k. hieth. Enzymol wol 270;3-26; 1995




Vliv typu mobilni faze

hA \
20% MeOH | __}.\j - J _

i

20% ACN _\_} VAVAN

Mobilni faze
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rast hydrofobicity

rast hydrofobicity
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N vx
Vv koncentrace rozpousteéedla

20% rozpoustédla

40% rozpoustédla

60% rozpoustédla

!
80% rozpoustédia .U_A A



Retencni ¢as x pH mobilni faze

klesajici pH
kyselina
R R R R
<>
@] \O @] \O HO)\O HO)\O
\(\C>
= slaba retence = dvé formy analytu = OK
baze
¥ N et )
NH, NH NH, NH

= OK = dvé formy analytu

= glaba retence



Spektrofotometrické vlastnosti rozpoustéedel

Solve nt A=10 [A=001 Solvent A=10 |(A=001
acetone 330 350 n-he xane 195 250
acetoniirile 190 225 iso-octane 215 ~240
n-butyl acetate 254 300 iso-butyl alcohol 220 ~310
n-butyl alcohol 215 278 iso-propyl alcohol 205 ~260
n-butyl chloride 220 250 methanol 205 ~260
chlorobenzene 287 ~375 2-methoxyethanol 210 ~280
chloroform 245 ~270 methyl t buiyl ether 210 ~290
cyclohe xane 200 ~275 methyl ethyl ketone 329 375
cyclopentane 198 ~290 Janethyl iso amyl ketone 330 375
decahydronapthalene 200 ~290 methyl iso hutyl ketone 334 ~390
g-dichlorobhenzene 295 ~390 n-propylalcohol 210 ~290
dichlorome thane 233 250 propylene carhonate 220 ~425
dime thyloretamide 268 ~340 tetrahydrafuran 212 ~320
NiNj dimethylformamide 268 ~340 toluene 284 ~340
dime thylsulfoxide 268 ~360 1,2,4,trichlorohenzene 308 375
p-dioxane 215 ~310 1,1, 2 trichlorotrifluoro e ther 231 ~290
ethylacetate 256 ~320 trifluorocetic acid 210 250
ethanol 210 270 water <190 190
ethyle ther 215 275 o-xylene 288 350
ethylene dichloride 228 ~290 methyl n-propyl ketone 331 ~360
glyme 220 350 n-methylp yrrolidone 285 400
n-heptane 200 250 pentane 190 250
hexadecane 190 ~260




rozpoustédlovy pik

A214nm

gradient

0 10 20 30

retenéni ¢as / min

Sekvence

RGGGGVGLGK
RGGGGVGVGK
RGGGGLGLGK

Pufr A: 0,1 % TFA + H,O
Pufr B: 0,1 % TFA + acetonitryl

Cas %A
0 100
3 100
30 70

15,0
10,5
20,5

% B

30



ZipTip

H,0/ TFA 50% ACN

— ZipTip

peptides, proteins,
nucleic acids, ...

MALDI target

® salts (Na*,...) waste

https://bart.chemi.muni.cz/content/04-teaching/special/Lab%20Cv%20MALDI%202015%20EN.pdf



stacionarni
faze

kolona

mobilni faze

objem
vzorku

mnozstvi
vzorku

Experiment

vysoké rozliseni
(gradientova eluce)

velikost Castic
10 - 30 um - pro purifikace

5-12 um - pro analytiku
polymerni —lepSi pro separaci
proteinu (Ize Cistit pomoci NaOH)

délka1-10cm
hydrofilngjsi

0,5 - 5% objemu kolony pfi
isokraticke eluci
bez omezeni pfi gradientove eluci

5 - 10 % celkové kapacity kolony
(dobré rozlisenti)

skupinova separace
(krokova eluce)

velikost Castic 30 um nebo vétsi —
vySSi pratok

nezalezi, kratka, silna lepsi pro
vySSi prutok
nema vyznamny vliv (50 %ACN)

na objemu nezalezi

40 % celkové kapacity kolony




pouziti RPC
vysoké rozliseni skupinova separace

(gradientova eluce) (krokova eluce)
separece peptidl, proteinla Zakoncentrovani
oligonukleotidl podle jejich oligonukleotidl a peptidu
hydrofobicity
Vhodna jako stfedni Vhodna pro odsolovani
purifika¢ni krok nebo peptidl a oligonukleotidu
zavérecCny purifikacni krok
Purifikace syntetickych
peptidu
Technika pro analysu peptidu
a peptidové mapovani

Tipy pro pripravu pufru
*Upravte pH pred pfidanim organického rozpoustédla
*Upravte pH pufru pfi teploté experimentu
*Ovérte stabilitu proteinu
*Pro analytické experimenty pouzijte ,HPLC grade” chemikalie



Afinitni chromatografie



Princip afinitni chromatografie

1. afinitni chromatografie

afinitni protein

ligand
. >
&
\ \

Matrix  Spacer arm

2. Imunoafinitni chromatografie

ligand Proteinovy epitop

protilatka
; —>

Matrix ~ Spacer arm



Priklady afinitnich interakci




Stacionarni faze




Ligand x ramenko

*ligand M,<1000 — raménko ’ |

*kratké rameénko — latka se na ligand
Spatné vaze

«dlouhé raménko — mozna
nespecificka vazba — snizeni L‘)
selektivity

*velka hustota ligandu - stericka /’
nepfistupnost prebytecnych ligandu




Vhodné vazebné a elucni podminky

-

A

vazba mezi ligandem a purifikovanogimolekulou

idealni podminky

K. — [L].[P] "
el b 2

( Ko 104 - 105 M g

vazba Ky 10¢ - 104 M ‘.
eluce Kp 10t - 102 M 9 ?“'




Kp > 104 ~ slaba interakce

|

[\

Kp < 10 ~ silna interakce mm) obtizna eluce

Moznosti eluce

/ Metoda 1
’ zména pH nebo iontoveé sily
1 l Metoda 2

2 &- ’ Extremni pH nebo vysoka koncentrace
] mocoviny nebo guanidin hydrochloridu
5" J Metoda 3 a 4

, pridavek kompeticniho Cinidla
‘-o) d

4
4

|




Gradientova x skokova eluce

pomala desorpce

_J

—




Typy afinitnich ligandu

Ligandy pouzivané pro mono-specifickou afinitni chromatografii

+ activating + L|gan|:1
agent E I E ;I E

Matrix Activated ggl@ Affinity gel

\’Sﬁé\

N
&




N-hydroxysukcinimid (NHS-Sepharosa)

S
e
ﬁ
a  —0-CH,=CH-CHy~NH=(CH,):-CO-0-N _
r ] Frodein coupled Img)
0 GH a0
1
e el
209

5 1}
€ b vy 7
ﬂ g 1%*‘.:'_-1_: N - L T T N T T

1 20 40 &0 a0 Lao
a =—0=CH 2-CH-GH2-NH'{|: HEJE-C-NH m-. L Protzin added {mg'l ml column}
r OH 0 4
s ' > 30 mg/ 1 ml nosiée
e

*pripojeni pres amino skupinu (Casto protilatka nebo antigen)
*prvni vybér pfi pripravé imunospecifickeho média



CNBr (CNBr aktivovana Sepharosa)

OH -alternativa k NHS aktivované Sepharose
o *vazba pres primarni aminoskupinu nebo pres
i | o jinou nukleofilni skupinu
*vhodna pro vetsi ligandy
proteiny, peptidy, aminokyseliny, nukleové

yseliny )
N
@NHZ‘
—L= R-NH 0=C
2 NH—R
S .
Cyanate ester Isourea derivative
{(very reactive)
0 R-NH 0
o TN —— | CNR
Cyclic imidocarbonate Substituted imidocarbonate

(slightly reactive)



N, N'-disubstituovany karbondiimid

+
e i
L 0—C—NH—(CH,}s-C—NH—(CH,),~NH, EAH Sepharosa + ligand-COOH
| ck
O "
N *NH
R C—-0OH c
1=athiyl-3-{ 3-dimethylaminopropyl
+ -carbodiimide hydrochloride
" g ¢
—O0—-C—NH—(CH,);-C—=NH—(CH,),-NH-C
Ligand coupled to EAH Sepharopore™ 4B 0% i
+
NH, 0O

Il [I
—0—-C—NH—(CH,)s-C—OH

EDC .\'H,

+
g i

Il
ooy -l

Ligand coupled to ECH Sepharopore™ 4B

ECH Sepharosa + ligand-NH,

*malé ligandy



Epoxid (Epoxy-aktivovana Sepharosa 6B)

OH H

O niwomsQ Futo
OH

O c/—\cu + Hooc{) pHn’l::) O c— cﬂz—o—g{)




Aktivovana thiolova skupina

1- 2 tvorba disulfidu (reversbilni-DTT)

3— kovalentni chromatografie

4— reakce s tézkymi kovy a jejich derivaty napf. p-chloromercuribenzoate — mraptidy
5- reakce s alkylovymi nebo arylovymi halogenidy — thioleterové derivaty

6- reakce s latkami obsahujicimi C=0, C=C a N=N

Covalent @
Chromatography 1
DTT | |PDS —S—'Hg-@- COOH
s el

-={0)
pd

—S—CHy—CONH;

N\
@K -
OH
—S—N=NHR 0
R
—s—[ j




Chemical group Length of Structure of spacer arm Product
on ligand spacer arm

Proteins, peptides, amino acids

OH o Q
amino 10-atom .,O\A,WLO_ HiTrap NHS-activated HP
NHS-activated Sepharose 4 Fast Flow

None - CNBr-activated Sepharose 4B
CNBr-activated Sepharose 4 Fast Flow

oS

10-atom ECH Sepharose 4B
OH
./O\)\/N\/\/\/\NH
carboxyl 11-atom EAH Sepharose 4B
thiol 4-atom ./ O Thiopropyl Sepharose 6B

S=5-
10-atom L l/T r _@ Activated Thiol Sepharose 4B

12-atom | 2 \)\’O\/\/\"%" Epoxy-activated Sepharose 6B
Sugars
0 O\
hydroxyl 12-atom L 4 \/V\O%G Epoxy-activated Sepharose 6B
OH o 2
0, N
amino 10-atom oo HiTrap NHS-activated HP
OH o
10-atom ‘O\A/N\/\/\)LOH ECH Sepharose 4B
12-atom .’0\)\/0\/\/\0%0 Epoxy-activated Sepharose 6B
carboxyl 11-atom “O\)\’N\/\/\/‘NHZ EAH Sepharose 4B
Polynucleotides
amino None CNBr-activated Sepharose 4B

CNBr-activated Sepharose 4 Fast Flow

mercurated base 4-atom e’ \)\/s TN Y Thiopropy! Sepharose 6B

Coenzymes, cofactors, antibiotics, steroids

amino, carboxyl, use matrix with spacer arm
thiol or hydroxyl (see above)




Ligandy pouZivané pro skupinové-specifickou afinitni chromatografii

skupinove specificky ligand

Protein A
Protein G
Lektiny

Cibacron Blue

Procion Red
Lysin
Arginin
Benzamidin
Kalmodulin
Heparin

Streptavidin
Oligo (dT, dA, ...)
| Kovové ionty

specifita

Fc region IgG
Fc region IgG

glukopyranosylové a mannopyranosylove
skupiny

Siroka skupina enzymu, NAD* dependentni
enzymy, sérovy albumin

NADP?*

plasminogen, rRNA

serinove proteasy

serinove proteasy

proteiny regulované kalmodulinem

kolagulacni faktory, lipoproteiny, lipasy,

hormony, steroidni receptory, nukleové kyseliny

vazajici enzymy

Biotin a biotinylované latky

MRNA, nukleasy

proteiny a peptidy obsahujici dostupny His




Protein A a Protein G

Protein A

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

Protein A nevaze albumin - docistovaci
krok pfi purifikaci IgM, 1gY

Immunoglobulin
Constant domain

(Fc)

in complex with
protein A

Y Fal Heawy minimized domain

LI\ JJ Chain
i—.‘f; L. j Fab-fragments
ﬁt" '\,R?L::hln
I- -~

J Fe-fragmant
" H-chaim




Species Protein A Protein G
Human Stron Strong
Mouse Strong Strong
Rat Weak Medium
Cow Weak Medium
Goat Weak Strong
Sheep Weak Strong
Horse Weak Strong
Rabbit Stron Strong
Guinea pig Strong Weak

Pig Stron Weak
Dog Strong Weak

Cat Strong Weak
Chicken Unknown Unknown




Heparin

(A) B) A hexuronova kyselina - D-glukuronova kyselina
C00- nebo L-iduronova kyselina (C-5 epimer)

B D-glukosamin
H,COR,

OH R1 = -H nebo -SO,
- @ - R2 = -SO; nebo -COCH..

« DNA vazajici proteiny — iniciaCni a elongacni faktory, restrik¢ni
endonukleasy, DNA ligasa, DNA and RNA polymerasa

* inhibitory serinovych proteas - antithrombin Il

* lipoprotein lipasy, koagulacni enzymy, superoxid dismutasa

* rustové faktory

* extracelularni matrixové proteiny

« hormonalni receptory - androgenni receptory

* Lipoproteiny



Streptavidin

streptavidin - molekula isolovana z Streptomyces avidinii

o]

X

*biotinylované protilatky — purifikace antigent #n" "y

5'-AMP-Sepharosa

*ATP-dependentni kinasy

2'5-ADP-Sepharosa

*NADP*-dependentni dehydrogenasy _
silné interaguiji s 2'5‘-ADP L

0
l
HO — P — 0 — CH,
| 0
OF)

HO 0O

HO—P =0

OE—)




anffe

L

Cibacron™ Blue F3G-A
(Blue Sepharosa)

0 NH,

0

Sepharose

Cibacron Blue F3G-A ~ ,analog“ NAD* = enzymy vyzadujici kofaktory obsahujici
adenyl - kinasy, dehydrogenasy

evazba albuminu, koagulac¢nich faktord, lipoproteinu a interferonu (elektrostatické a
hydrofobni interakce)



Procion™ Red
(Red Sepharosa)

N
I
S N

==

OH OH

SO3Na I\Sf N | N _<\I ’
gi;§>_NH_<<i___:>>_NH_<i:21H

N
0
I

S05Na

Sepharose

*enzymy vyzadujici kofaktor NADP+

*vazba albuminu, koagulacnich faktoru, lipoproteinu a interferonu
(elektrostatické a hydrofobni interakce)



Konkavalin A S

+lektin z Canavalia ensiformis (jack bean)
stetramerni metalloprotein

svétvené mannosidy, cukry s terminalni mannosou

nebo glukosou (aMan > aGlc > GIcNAC)

» purifikace glykoproteinu, polysacharidu a glykolipidu
» detekce zmén ve slozeni latek 'obsahujicich cukry

* isolace povrchovych bunécnych glykoproteinu

JLentil® lektin

*lektin z Lens culinaris (CoCka)

svétvené mannosidy obsahujici fukosu a—1,6 vazanou na N-acetyl-
glukosamin

*membranove glykoproteiny, povrchove bunécné antigeny, viralni
glykoproteiny



PsSenicny lektin

«ze semen Triticum vulgare (pSenice)
*homodimerni neglykosylovany protein

*vazba - N-acetylglukosaminovych zbytkUl, chitobiosového jadra N-oligosacharidu,
N-acetylneuraminové kyseliny




Kalmodulin

*vysoce konservovany regulacni protein eukaryotnich bunéek

*ucastni se mnoha bunécnych procesu — metabolismus glykogenu, pfenos
nervovych impulsu, regulace, kontrola poméru NAD*/NADP*

purifikace kalmodulin vazajicich proteint - ATPasy, adenylat cyklasy, protein
kinasy, fosfodiesterasy, neurotransmitery

(@] nodulin

Is Cca2t
calcium io r ‘
\ |
Calmodulin ~/ @ @) ('
& : g &7 CWad
G’ " Calcium- . é
/{k}/ calmodulin /1
(@ @ c$plex
= B
0 Calmodulin changes | - ‘\1’
conformation, resulting
in an active complex

Target

protein
6 The two globular
hands" of the complex
Nrap inc
e on a target
Calmodulin-
binding site
(a) Structure of Ca?*-calmodulin complex (b) Function of Ca?*-calmodulin complex

Copyright © 2009 Pearson Education, Inc.



Benzamidin

S
Y
purifikace/odtranéni sermo_\Qg@ﬁ proteas
R
N



Aktivovany thiol

Sepharose — S—5S (/ > +RSH = Sepharose — S—S—R+S=( />
N === N

/’
H

reducing agent
SEPHAIDSE == § o= G R e~ SEPHAIDSE = SH4RSH-

*Thiol-obsahujici latky
» ~ kovalentni chromatografie




Rekombinantni fuzni proteiny

Glutathion S- redukovany glutathion  Neutralni pH, volny redukovany
transferasa nedenaturujici prostredi,  glutathion
GST glutathion musi byt
redukovany a GST musi
byt aktivni
Histidinova Chelatovany nikl nebo  Neutralni pH bez >200 mM Imidazol,
kotva kobalt reg(tqkém’ch a oxidaCnich  nizké pH, silné
His-tag latek chelataéni ¢inidlo
Maltose Binding Amylosa Neutralni pH, maltosa
Protein nedenaturujici prostredi;
MBP pridavek NaCl k snizeni
nespecifické sorbce
Protein A fo[€ Neutralni pH, zmeéna pH, iontové
nedenaturujici prostfedi  sily
Green Anti-GFP antibody Neutralni pH, nizké pH, iontova
Fluorescent nedenaturujici prostfedi  sila
Protein

GFP




PLANARNI (PLOSNA)
CHROMATOGRAFIE



Tenkovrstva chromatografie
a
papirova chromatografie

techniky pro identifikaci a separaci smesi organickych latek
|dentifikace slozek smesi (nutné pouzit standard)
*analysa frakci sbiranych béhem purifikace

*analysa Cistoty latek




tenkovrstva chromatografie (TLC)

rozdélovaci -

adsorpcni -

kapalina zachycena v tenke vrstvé
kapalina

pevny adsorbent, ktery je soucasti
tenké vrstvy
kapalina

papirova chromatografie (PC)

rozdélovaci -

adsorpcéni -

kapalina zachycena v papire
kapalina

stacionarni faze jsou tuha vlakna
papiru
kapalina




Usporadani tenkovrstve a papirove

chromatografie
Vzestupné Sestupné
— ;




++<:>H0/

HO— /™
mobilni faze vzlina stacionarni fazi TLC — latky ‘<:> HO i)
v v , . r g _ v artcie
rozpustene v mobilni fazi putuji TLC deskou +
'S &=HO__
slozky smési putuji rozdilnou rychlosti, ktera zalezi na ~ #A™Ws BB S
intermolekularnich silach mezi latkou a silikagelem
stacionarni faze a latkou a slozkami mobilni faze
Solvent
Flow

http://mww.instructables.com/id/EW1YDCYF4RECOIU/

stacionarni faze SiOz2 je velmi polarni.~'silné dipdl-dipdl interakce, vodikové mustky

Cim polarnéjsi analyt, tim silngjSi vazba se stacionarni fazi, tim mensi rychlost

mobilni faze relativné nepolarni — silné Londonovy sily, dipdl-dipdl interakce,
vodikové mustky

nepolarni analyt interaguje se stacionarni méné silné nez s mobilni fazi — putuje
rychleji



Charakterizace separece

rychlost skvrny i-tého analytu

rychlost (¢ela) mobilni faze

vzdalenost stfedu skvrny i-tého analytu od startu
vzdalenost Cela mobilni faze od startu

5 =

jol
00 cc

3




Co nam rika hodnota R;?

- R; hodnoty Ize pouzit k usnadneni identifikace latky v
porovnani se standardy

- R¢hodnota neni fyzikalni konstanta, melo by byt
provedeno srovnani pouze skvrny na stejné desce za
stejnou dobu

- Dvé latky, které maji stejnou hodnotu R; mohou byt
totozné; ty, které maji ruzné hodnoty R; nejsou totozné



Typ latky

malo polarni

nejvice polarni

alkany

alkeny polarnéjsi latky se vazi
etery silnéji na stacionarni fazi
aromaty

aldehydy a ketony

alkoholy

aminy

organické kyseliny

soli

rozpoustédio

malo polarni

nejvice polarni

hexany
tetrachlormethan v s vy .
| elucni sila béznych
toluen rozpoustédel
chloroform

diethyleter

ethylacetat

aceton

methanol
Kys. octova
voda




mobilni faze: - dvou a viceslozkoveé systemy

bézna rozpoustedl|a:

«dichloromethan/hexan
*ether/hexan
*hexan/ethylacetat
«dichloromethan/methanol
chloroform/ethanol
chloroform/aceton



Detekce
*barevny produkt — SUPR ©

UV - fluoreskuijici latky, latky zhaSejici fluorescenci Cinidla
svizualizace postfikem s vhodnym chemickym Cinidlem (ninhydrin, H,SO,,
KMnO,, |,)




,Flash” chromatografie — pouziti pro purifikaci nizkomolekularnich
pfirodnich latek a produktu organickych synthes

Flash Chromatography Column

\

-«— Elution Solvent

-=— Sand

% Silica Gel

-«— Sand
Cotton Wool /[%[l




Stanoveni koncentrace
bilkovin



Kjeldahlova metoda — stanoveni N,

* Mineralizace vzorku — prevedeni organického dusiku na NH,*

* Stanoveni NH," - titrace, fotometrie, selektivni elektrody

O
O
&




UV spektrofotometrie

« 280 nm — aromatické AMK @

interference nukleotidu €280 = (NWx5500) + (nY*1490) + (nCx125)

proteiny — A3% ~ 4,0 - 24,0
« 180 - 230 nm — peptidova vazba A34p=10

_ molarni ext. koef.

Vyhody - nedestruktivni metoda \ W, Trp 5500 M-lcm'?
N Y, Tyr 1490 M-lcm't
| F, Phe 200 M1em (260 nm)
C,Cys-Cys 125 Mlcm?

0.

o

i Wm BSA 43 824 M-lcm?
5 r = Ntk
€ 4000 P Trp H lysozym 38940 Mlcm?
IgG 27? Miem
S/ Ty o -
g Phe m(OH Imunoglobuliny

%0 260 280 200 320 Tyr ° .

nm A}%~ 12 - 15

~__OH 0,1% __ ,1mg/ml _
A280 - A280 =14

Phe . Mw = 150000Da



VIS spektrofotometrie

« Pridavek Cinidla — barevny derivat
« Destruktivni metody

 Nutna kalibracni zavislost



Biuretova metoda

Princip:
chelatace médnatého iontu imidovymi strukturami polypeptidu ionizovanymi v
silné alkalickém prostredi za vzniku ¢erveno-fialového komplexu

Cinidlo obsahuje: CuSO,, vinan sodno-draselny a NaOH

Interference: NH,*, Tris, glukosa a jine.méed redukujici latky jako napr.
proteiny bohaté na sulfhydrylové skupiny (keratin)

T T
O——C C—0
NH NH/
R—H(|3/ .- ’ \TH—R
Cu
1-10 mg/ml 7 o A



Lowryho metoda

Princip:
kombinace Folinovy a biuretové metody — pridavek Folin-Ciocalteau Cinidla
(fosfomolybdenan a fosfowolframan), které reaguje s Cu*,Tyr, Trp, Cys

Méreni : 720-750 nm
5-250 mg/ml

pr

A\




Metoda dle Bradforda

Princip:

pfi vazbé Coomassie Brilliant Blue G 250 na bilkovinu (Arg, His, Lys, Tyr,
Trp, Phe) dochazi k posunu absorpcniho maxima z 465 na 595 nm

kompatibilni s redukujicimi latkami
Interference: detergenty

Mereni : 595 nm

1-1000 mg/ml
o T

2

0C,H;

Basic and Aromatic ~ Na03S
Side Chains

465 nm

CoHs
|

Q!
S0,

Coomassie® G-250

H+

Protein-Dye
Complex

Anax=595 nm

oD

), 90

LB ™~

) / \ 95 nm

). 70 .,/ \

), 64 / N

> \

).5001,~ ——

) 40 ot 3

A0 \

A

). 30 \

), 20 D
0.100 =

).000 . v - - T

400 450 500 550 600 65 /00 750 800
Wavelengtt



BCA metoda

protein + Cu'" —>» CU (Biuretova reakce)
‘00C N QOC N COO
N/ \ / \ / N\ /
-2 \ x> \
ooc—~’ N 00C / \ / \ ¢ N _coo

Mereni : 562 nm

0,4-100 mg/ml



Ninhydrinova metoda

0 0 0
OH
NH; + 2 — N
OH _
0 o} 0

Méreni: 575 nm




Stanoveni koncentrace
nukleovych kyselin



Metoda meéreni absorbance v UV oblasti
0

NH> ic\w:jm\NH
N XN oD NH; |
(Nf/) A (L -
H N ™ /K

O
N

HN
I
HQN)\“N H>

260 280



€ [(mg/ml)1cm1]

A=¢b.c
dsDNA 20
ssDNA 27 R
RNA 25 N
oligonukleotidy zaleZi na slozeni a délce \%9‘3(\

Glasel, J.A. (1995) Validity of Nucleic Acid Purities Monitored by A260/A280 Absorbance Ratios, Biotechniques 18:62-63.
Maniatis T., E.F. Fritsch, and J. Sambrook (1982) Molecular Cloning A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Springs Harbor, NY.



€ [(mg/ml)1cm1]

A=¢b.c
dsDNA 20 50 ug/ml
ssDNA 27 33 pg/ml &
RNA 25 40 pug/ml &
oligonukleotidy zaleZi na sloZeni a délce ®®gz°
K
g

Glasel, J.A. (1995) Validity of Nucleic Acid Purities Monitored by A260/A280 Absorbance Ratios, Biotechniques 18:62-63.
Maniatis T., E.F. Fritsch, and J. Sambrook (1982) Molecular Cloning A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Springs Harbor, NY.



* nejCastéjsi kontaminace: proteiny, organické latky, ...

100% DNA

60%DNA/40% protein
40%DNA/60% protein
30%DNA/70% protein

3- — 20%DNA/80% protein
s 149,DNA/B6% protein
s 10%DNA/90% protein
g s 6,5%DNA/93.5% prot.
= 2- = 49%DNA/96% protein  \o§
o ——— 29,DNA/98% protein %
8 s 100% protein ’
0
0
< 1
0 T T T 1
220 240 260 280 300

Wavelength (nm)

¥
10mm Absorbance

A = Normal
B = Guanidine
C = Phenol

220 230 240 250 260 270 280 290 300 310 320 330 340
Wavelength nm

http://elte.prompt.hu/sites/default/files/tananyagok/IntroductionToPracticalBiochemistry/ch04s06.htm



Jak posoudit Cistotu DNA/RNA?

Extin¢ni koeficienty:

dsDNA 20 (mg/ml)~" cm™’ 10 (mg/ml)~* cm™"

protein 0,57 (mg/ml)~*cm=" 1,00 (mg/ml)~" cm™"

€260DNA- %DNA + 8260pr%Q%PROT
Az60/280 = 3 =N o
€280DNA- YoDNA + 8280_pr0t- YPROT

100 0
75 25
50 50
25 75
0 100

Glasel, J.A. (1995) Validity of Nucleic Acid Purities Monitored by A260/A280 Absorbance Ratios, Biotechniques 18:62-63.
Maniatis T., E.F. Fritsch, and J. Sambrook (1982) Molecular Cloning A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Springs Harbor, NY.
Warburg, O. and W. Christian. 1942. Isolation and crystallization of enolase. Biochem. Z. 310:384-421.



Jak posoudit Cistu DNA?

Extin¢ni koeficienty:

dsDNA 20 (mg/ml)~" cm™’ 10 (mg/ml)~* cm™"

protein 0,57 (mg/ml)~*cm=" 1,00 (mg/ml)~" cm™"

€260DNA- %DNA + 8260pr%0%PROT
A260/280 = . N g
€280DNA- YoDNA + 8280_pr0t- YPROT

100 0 2

75 25 1,95

50 50 1,87 Dalsi ukazatel pomér 260:230
= 2 o7 Ar30:260:280 ~1:2:1

0 100 0,57

Glasel, J.A. (1995) Validity of Nucleic Acid Purities Monitored by A260/A280 Absorbance Ratios, Biotechniques 18:62-63.
Maniatis T., E.F. Fritsch, and J. Sambrook (1982) Molecular Cloning A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Springs Harbor, NY.



pomeér A,.,/A,;, | *kontaminace sacharidy (Casty problém u rostlin).
*zbytkovy fenol z extrakce
*zbytkovy guanidin (kity)

pomér A,.,/A,g, | *zbytkovy fenol nebo dalsi reagencie z purifikacniho
protokolu |
svelmi nizka koncentrace DNA ( < 10 ng/ml)



NanoDrop

NanoDrop One Spektrophotometer  NanoDrop One  Spektrophotometer

|

L
—

rameno

podstavec

Bq DataViewer A\ Contaminant Analysis

Sample 4 ng/l  A260/A280  A260/A230

W Original 4111 0.96 0.35

ng/pL % CV
® Corrected 262.3 23
Impurity AZ60 %CV

B Protein 8N

10 mm Absorbance

340

Wavelength (nm)




Jiné metody stanoveni koncentrace DNA

Metoda s diaminobenzoovou kyselinou
Méreni: depurinace + DABA

Méreni: 420 nm
25 ng

Metoda s difenylaminem

Meéreni: depurinace + DPA
Méreni: 595 nm

25 pg
NH
(F:HO ?HO CHO }
([JHZ CH ('j,:H

chon _H _ Cu

- 1 P RN
CHOH C-0OH =0 air c—C
! ’ | 0¢”  CH
CH,0H H, CH; 3 +
NH




Fluorescencni metody

Ethidiumbromid
4,6 -diamidino-2-phenylindol (DAPI)

2-(2-[4-hydroxyphenyl]-6-benzimidazolyl)-6- (1-methyl-4-
piperazyl)benzimidazol trihydrochlorid (Hoechst 33258)




Jiné metody stanoveni koncentrace DNA
Metoda s orcinolem

Princip: depurinace + reakce s orcinolem
Meéreni: 660 nm

OH

OH




