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|IZOLACE BIOMAKROMOLEKUL

Rozsah: 2/0 Zk
Vyucuijici: doc. Ing. Petra Lipovova, PhD.
Pfedmét navazuje na: Biochemie
Doporué&ena literatura: Dr. Ing. K. Bilkova, Prof. Ing. B. Kralova, CSc.: Izolace biomakromolekul, Vydavatelstvi VSCHT, 1997

e-learning
Obsah predmétu:
Uvod - zdroje bimakromolekul, dezintegrace, membranové procesy
Srazeni, extrakce a centrifugace

Zakladni rozdéleni a instrumentace, hydrofobni chromatografie a chromatografie
na reversni

Gelova permeacni chromatografie, lonexova chromatografie
Afinitni chromatogrefie + priprava rekombinantnich proteinu
CviCeni — navrzeni postupu pripravy rekombinantniho proteinu

Tenkovrstva chromatografie, sledovani prubéhu chromatografie a stanoveni
koncentrace bilkovin

CviCeni — prace s programem protNLab
Uvod do elektroforetickych metod

Typy elektroforetickych metod
Imunochemické metody |
Imunochemické metody Il



Uvod
zdroje biomakromolekul, dezintegrace,
membranoveé procesy



Zakladni izolacni kroky

vybér vhodného producenta

!

homogenizace a separace
bunék

L.

dezintegrace bunek

!

odstranéni bunécnych zbytk
koncentrovani

!

purifikace




Zdroje biomakromolekul

* Mikroorganismy, zivocCisné tkané, rostlinna pletiva, télni
tekutiny

* maximalni produkce pozadované latky

+ selekce producenta s pozadovanymi-vlastnostmi
* snadnost ziskani producenta

+ snadnost purifikacniho postupu



Mikroorganismy
Bakterie, kvasinky, plisneé, nektereé rasy

Vyhody:

" |ze je snadno ziskat v dostateCném mnozstvi (kultivace
ve fermentoru ...)

= selekce mutantt s pozadovanymi vlastnostmi

= thermofilni organismy (predukce enzymu s vy$Si teplotni
stabilitou), psychrofilni ‘organismy, halofilni ....

=genove inzenyrstvi




Zivoti§né zdroje

* Laboratorni zvirata — mysi, krysy, kralici

Caenorhabditis elegans

* Jatecni zvirata — organy, krev Cr—

* Clovek = téIni tekutiny (krev = plasmin, thrombin ; mo¢ = urokinasa ...)

* Bezobratli - hmyz, plzi, mlzi
* Tkanové kultury - napt. CHO

E
Rostlinné tkane

Spenat, fepa, hrach, Arabidopsis thaliana, tabak....

Nevyhoda: problematicky rust za definovanych podminek
rostlinné suspenzni kultury




Kde ziskat informace o moznych zdrojich?

*ATCC (American Type Culture Collection)
http://www.lgcpromochem-atcc.com/

Czech
*CCM (Czech Collection of Microorganisms) ( WN | Sollactioniot
Microorganisms

WWW.SCi.muni.cz/ccm/

IN PARTMERSHIP WITH LGC STANDARDS

*FDA (Food and Drug Administration) (2001), Partial list of microorganisms
and microbial-derived ingredients that are used in foods.

www.cfsan.fda.gov/~dms/opa-micr.html

‘AMFEP (The Association of Manufacturers and Formulators of Enzyme
Products)

www.amfep.org

Published Access to

Research . ,' publication
N AN = 8 ci
- addgene.com .« < >
Plasmid {} Plasmid

Deposit addgene Order
Author Researcher



http://www.lgcpromochem-atcc.com/
http://www.sci.muni.cz/ccm/
http://www.cfsan.fda.gov/~dms/opa-micr.html
http://www.amfep.org/

Vasim ukolem je izolovat ureasu z Helicobacter pylori

Ureasa (EC 3.5.1.5)

(NH,),CO + H,O0 — CO, + 2NH,

Helicobacter Pylori Urease drawn from PDB 1E9Z

o

http://www.madrimasd.org/blogs/microbiologia/wp-
content/blogs.dir/110/files/1431/o0_helicobacter.jpg



Bacteria

Showing 1 to 20 of 26 Results

ATCC® Number *

-

-

13315

43504

43526

43579

43629

43772

43773

43774

ATCC (American Type Culture Collection)
http://www.lgcpromochem-atcc.com/

Results per Page 20

Description

Proteus hauseri O'Hara et al. deposited as
Proteus vulgaris Hauser emend. Judicial
Commission

Helicobacter pyfori (Marshall et al.) Goodwin
et al. deposited as Campylobacter pyloridis
Marshall et al. Isolation: human gastric
antrum, Australia

Helicobacter pyfor (Marshall et al.) Goodwin
et al. deposited as Campylobacter gyfori
Marshall et al. Isolation: humarl(gaatric
antrum O
Helicobacter pylorn (Marsh al.) Goodwin
et al. deposited as Campylobacter pyloridis
Marshall et al. Isolation: human gastric
mucosa

Helicobacter pylori (Marshall et al.) Goodwin
et al. deposited as Campylobacter pylori
Marshall et al. Isolation: gastric biopsy
Helicobacter mustelse (Fox et al.) Goodwin et
al. deposited as Campylobacter pylori subsp.
mustelze Fox et al. Isolation: ferret gastric
mucosa, Mustela putorius furo

Helicobacter mustelse (Fox et al.) Goodwin et
al. deposited as Campyfobacter pylorf subsp.
mustelse Fox et al. Isolation: ferret gastric
mucosa, Mustela putorius furo

Helicobacter mustelae (Fox et al.) Goodwin et
al. Isolation: ferret gastric mucosa, Mustela
putorius furo

-

< =12 = ==

Designation

NCTC 4175 strain Lehmann [CCUG 6327, CDC
1086-80, CDC 2130-74, CDIC 9079-77, CIP
58.560, DSM 20118, NCIB 4175]

NCTC 11637 [JCM 7653, RPH 13487]

NCTC 11916 [JICM 7654]

DT 61A [JCM 7655]

NCTC 11639 [Hoye, JCM 7656, RSB6]

R85-13 6P

R85-13-12F

R85-13-11P


http://www.lgcpromochem-atcc.com/

Products Services Standards Resources Customer Support About

Home » Products » AllProducts » 43526 ™

Helicobacter pylori (Marshall et al.) Goodwin et al. (ATCC® 43526™)

Strain Designations: NCTC 11916 [JCM 7654] / Type Strain: ho / Biosafety Level: 2

« EMAIL | PRINT
GENERAL INFORMATION CHARACTERISTICS CULTURE METHOD HISTORY DOCUMENTATION [ Loy

SHARE
Deposited As Campylobacter pylorr Marshall et al. Helicobacter P}’J‘O!’f (Marshall et
al.) %oodwm et al.
Strain Designations NCTC 11916 [JCM 7654] ATCC™ 43526
M frozen €425.00
Application Enteric Research G«(&

ovl | [

Isolation Human gastric antrum

Biosafety Level 2

Biosafety classification is based on U S. Public Health Service

Guidelines, it is the responsibility of the customer to ensure that CUSTOMER
their facilities comply with biosafety requlations for their own SERVICE
country. Don't see what you are
looking for? Our Technical
Support team may be able to
Product Format frozen e
Storage Conditions Frozen: -80°C or colder Learn Mare

Freeze-Dried: 2°C to 8°C
Live Culture: See Propagation Section



Seminka Arabidopsis thaliana

www.arabidopsis.org

Gene v Search
®
’tﬂff Home Help Contact AboutUs Subscribe Login  Register
Search Browse Tools Portals Download Submit News ABRC Stocks
Home > Search > Seed/Germplasm
Germplasm Search Ecotype (Natural Variant) Search
[Help]

This search form allows you to search for germplasms/seed stocks using a number of parameters. If you are looking for specific natural
variants, please use our Ecotype (Natural Variant) Search which allows you to narrow your search using collection details.

Search for: [ any germplasm type ~]
Search by Name, Phenotype or Stock Number @
Species: | Arabidopsis thaliana _— ~]
[gene name (e.g. CULLIN 1. CUL1 ~|[ starts with v|[ & |and

7
[ phenotype/description (e.g. round | +|[ contains b2 |and
[ germplasm/stock name (e.g. C52¢ v |[exactly v || |

Search by Allele

mutant allele 1 (eg. stm-1) [starts with VH |i5| homozygous v]and

mutant allele 2 (eg. clv3-1) [starts with_~|| Jis[ any ~]and

mutant allele 3 {eg. hst-7) | starts with VH |is| any v‘




Showing 1 to 3 of 3 Results

ATCC® Number *
[ MGC-1724

I MGC-1742

[T MGC-40018

Showing 1 to 3 of 3 Results

Lidska hexokinasa

Description
BCOOEY20
BE261230
BEZ264512
BCOO1890
BI90O&8191
BCO28129

bl

Designation
3163058

2536582

5211860

brain/CNS
neuroblastoma cell line

lung, small cell carcinoma

leukocyte




Mammalian Gene Collection - Human

ATCC® Number:
Organism:

I.M.A.G.E. Clone ID:

GenBank Definition
Line:
Gene Symbol:

GenBank Number:

LocusID:

UniGene Cluster ID:

Tissue Description:

Species:

Vector:

Media Description:
Biozafety Lewvel:
Shipped:

Permits/Forms:

MGC-1724 Order this Item Price:
human
3163058

hexokinase 1
HK1

BCO08730
BE261230

3098

Hs.118625

brain/CNS
neurchblastoma cell line
neurchblastoma

Homo sapiens

pOTE7
ATCC medium 2272: LB Medium (Miller) with chloramphenicol 25
meca/ml
1

s
frozen c

In addition to the MTA mentioned above, other ATCAnd/or
regulatory permits may be reguired for the transfer of this ATCC
material. Anyone purchasing ATCC material s ultimately
responsible for obtaining the permits. Please click here for
information regarding the specific reguirements for shipment to
your location.

£89.00; €97.00
Related Links P

MCEI Entrez Search

Mzke 3 Deposit

Frequently Asked Questions
Material Transfer Agreement Newd
Technical Support

Related Products

M)
SP6 promotor (100.0%)
BamHi (80)
Sall (1812) [ attB1
Sca 1 (1775) |/ M13u{90.5%) Stul (155)
Sspl (1670) | S Bgr(maﬂ
Neol {1659)

EcoRI (166)
Mscl (1625)

““Xhol (186)
attB2

"Bl (279)

T7 promotor (100.0%)
__Hpa 1 (330)

Pt (356)

"Smal (361)

Not | (1092).."/
Eagl(1092),
Clal (1080)



Optimalizace kultivace

*Teplota

*Slozeni media

Aktivator
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‘ harvest pipe

225 g 1,90 £

YEAST EXTRACT

ADELICIOUS SPREAD WITH ADOED VITAMING
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Coiwles Sage | 1 Seween S
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OD590nm

Optimalizace kultivace

B mnozstvi proteinu B mnozstvi proteinu

&/ OD590nm

Q
(/E
%

c¢as / hod ¢as / hod



Homogenizace a
solubilizace materialu

Mechanicky: mleti (kulovy mlynek, masovy strojek), mixovani (vykonny
mixer), Krajeni, treci miska s piskem

“

Separace buneéek

« odstredovani (6000 g, 10 min, 4°C)
* filtrace



Distribuce biomakromolekul

* v intracelularnim prostoru
* v periplasmatickém prostoru
- v extracelularnim prostoru

@ _
&

@0& j
-* BUNKA



e Membranove vazané bilkoviny

Membranove bilkoviny
I

interaguijici

integralni

elektrostaticky

hydrofobné zanorené

transmembranoveé

Association of Proteins with the Cell Membrane

Glycolipid
anchor

Protein-protein
interactions

Protein-lipid
interactions




Bakterie

Mikroorganismy

G_

vnéjSi membrana

peptidoglykan

periplasmaticky prostor
»)

:L - cytoplasmatickéﬁ;embrénal

peptidoglykan
bunécna sténa —

|periplasmaticky
prostor

cytoplasmaticka _ 1}y
membrana

teichoova kyselina G +
polysacharid




Kvasinky

Yeast Cell Wall

- Mannoprotein
sereeser | —p-Glucan
BEEEA 7 — 5-Glucan + Chitin
— Mannoprotein

Sttt i ‘”f il |—Membrane




Rostlinné a zivocisné bunky
Rostlinné bunky

rostlinné bunky mohou byt vetsi

erostlinné bunky maji silngjsi a

robusnéjSi bunécnou stenu tvorenou

hlavné celulosou

srostlinné bunky se obtizne rozbijeji
*kultivované rostlinné bunky jsou 7

meéneé robustni nez bunky isolovane z
zivych rostlin

%

Middle {
Lamella e

Primary
Cellwall =

Plasma E
Membrane

Soluble
Protein

Cellulose
Microfibril

Hemicellulose

Nicotiana bentamiana

Ulva lactuca

Tobacco cell line BY-2




Anatomy of the Animal Cell
Mitochondria

Zivociéné bunky weonmans "I
A R Reticulum

~ Nucleus
\ Nuclear
Pores

Plasma
= Membrane

*nemaji bunécnou sténu

jsou velmi kfehkeé
—Nucleolus
kultivované zivocCiSné bunky jsou velké
nékolik mikronu

ATCC Number: CCL-2 A A il op

Designation:  Hela ‘ T HIRHNATD Reticulum
Endoplasmic
Reticulum

Low Density Scale Bar = 100pm


http://www.molecularexpressions.com/cells/animals/animalmodel.html

Dezintegrace bunék

Zpusoby
* fyzikalni
* chemické
* enzymove

cellular lysis and disruption of
_acell wall (arrows) 12000X




Fyzikalni zpUsoby dezintegrace

* Treci miska + balotina, kfemenny pisek
» Stridavé zmrazovani a rozmrazovani l

* X-press (protlacovani zmrazené

suspenze malym otvorem pod velkym
tlakem) P




* Dounceruv * Mini-BeatBeater, FastPrep
homogenizator — pomoci balotin — riizné rozméry




*French Press - protlacovani tekuté suspenze malym otvorem pod velkym tlakem
(136 MPa)

Mechanical Press

. Pressure Cells
| “ Al ;

* One Shot Disruptor

Power Rating | Yolume per Shot vs Maximum Pressure

40 KPsSI 20 KPSI 20 KPSI 15 KPSI
(2700 bar) | (2000 bar) | (1350 bar) | (1000 bar)
Max Head | Max Head | Max Head | Max Head

0.75 KW 1-&rml 1,5-10.5ml 2-16ml 3-20ml




eUltrazvuK - intezita - nad 50 Wicm2 — kavitace

i SpopiMagn ‘Det'\lv—'_—j!
L SE  UZsond
i f Z( o A




Chemické zpUsoby dezintegrace

- acetonova susina -homogenizace bunék ve vychlazeném acetonu
- osmoticka lyse (erythrocyty)-suspenze v hypotonickém prostiedi
- zména tlaku plynu

° pFl’davek org. rozpou§téd|a - toluen, diethyleter, chloroform - (toluen extrahuje pfri
35 — 40 °C fosfolipidy bunécéné stény — osmoticky Sok + enzymova autolyza zpusobi uvolnéni
bunééného obsahu)

Hypertonic Isotonic Hypotonic

» B B

Wikipedia



‘pridavkem detergentu

|

monomer
(C<CMC)

C — koncentrace detergentu

bbobbbb6 B

micel
(C>CMCQC)

CMC - kriticka micelarni koncentrace

'®) hydrofilni ¢ast surfaktantu

AAAA hydrofobni €ast surfaktantu

*http://www.science.co.il/Biomedical/detergent_selection_t
able.pdf



o o H
detergenty n
‘neionogeni
‘ionogeni .aniogenni
0
Na+O—Q—O CH, _CH, _CH, _CH, _CH, _CH,

»)

«amfoterni
4 HC Q) | Ohs
N/\ N/\/\SO3-
H CH,

\_ HO OH J

*These images show a Streptococcus
pyogenes cell experiencing lysis after
exposure to the enzyme PlyC. (Credit:
Daniel Nelson/UMD)

*Y-PER Reagent significantly disrupts yeast
cell wall and plasma membrane. Cells of
Saccharomyces cerevisiae stain DY150 after
lysis with Y-PER Yeast Protein Extraction
Reagent. Arrows indicate disruption of cell
wall, resulting in cell lysis.



Detergent CMC [mM] | MW [Da] | Odstranéni | aplikace
dialyzou
ANIOGENNI
SDS(dodecylsulfat sodny) 8,3 288,4 S denaturace proteinQ, pouziti pro DNA,
PAGE
DOC(deoxycholat sodny) 1-4 416,6 e solubilizace membranovych proteinu
N-lauroylsarkosin 7 488 ® solubilizace membr. prot., pfiprava
antigen(
KATIOGENNI
CTAB (hexadecyltrimethyl amonium 4-5 337 & rozpousti membrany, tvofi komplex s DNA,
bromide) odstranéni polysacharidl
NEIONOGENNI
Triton X-100 0,2 647 ® solubilizace protein(
[octylphenolpoly(ethylenglycolether),] n=10
Tween 20 [poly(oxyethylene),, sorbitan- | 0,06 ® imunobloty, ELISA
monolaurate]
NP-40 0,29 617 ® rozbijeni membran
AMFOTERNI
CHAPS 4 614,9 solubilizace membranovych protein(




Interference with protein assays

according to Stoscheck 1990 (modified)

Substance Lowry* BCA* Bradford* colloidal gold* UV*280 nm  UV* 205 nm
Brij®35 1% X 1% 1%
CHAPS 1 mM 1% 1 % 10 % <0.1 %
Deoxycholate  0.0625 % 0.25 % 0.3 % 0.1 %
Digitonin \ 10 %

Nonidet® P-40 1 % X X

Octylglucoside 1% 2 % 10 %

SDS 1.25 % 1% 0.1 % 0.1 % 0.1 % 0.1 %
Triton® X-100  0.25 % 1% 0.1% 1% 0.02 % <0.01 %
Tween® 20 0.1 % 1% X 1% 0.3 % 0.1 %

X = interferes; * tolerable limit



Extrakce membranovych proteinu

neionogenni detergenty (Triton X-114)

sonikace

chelatova Cinidla

alkalické podminky (pH 8 — 11) plus nizka iontova sila
castecné vodoumisitelna organicka rozpoustédla (n-butanol)
vysoka iontova sila (1M NaCl)

fosfolipasy



Odstranéni detergentu

fyzikalni vlastnosti detergentu
charakter proteinu (hydrofobni/hydrofilni)
slozeni pufru

lonogenni lonex
gelova chromatografie
nafedéni vzorku — dialyza
neionogenni  gelova chromatografie
afinitni chromatografie



Enzymové zpusoby dezintegrace

* Lysozym — nejc¢astéji z vajeCnych bilkl, T4 faga
hydrolysa 1,4-B-glykosidické vazby mezi NAG a NAM
u G- v kombinaci s chelatacnim Cinidlem napf. EDTA nebo

polykationty, Tris
pH 6,7-8,6 (4-10)

ezymolyasa, lytikasa - p-1,3-glukanasova aktivita

celulasa, pektinasa
*macerozym — multienzymovy komplex
(pektinasa, celulasa, hemicelulasa)



Jak vybrat spravny postup dezintegrace?

* typ organismu

« predpokladana stabilita proteinu
« lokalizace proteinu

« dostupné vybaveni

« cena

« ¢as -

« objem vzorku G e S
- v TT

sledovani uspésnosti dezintegrace e —



Problém - PROTEASY

. 7 og® g Cysteinové
Serinové :

Aspartatové H—O—y ¥
HF~ s

Enzyme Catalysis: The Serine Proteases
By: James J. Neitzel, Ph.D. (The Evergreen State College) © 2010 Nature Education
Citation: Neitzel, J. J. (2010) Enzyme Catalysis: The Serine Proteases . Nature Education 3(9):21



Inhibitory proteas

cOmplete Protease Inhibitor Cocktail Tablets*

o,-Macroglobulin

Protease Serine Cysteine Metallo-
Inhibitor proteases? proteases’ proteases®
Aprotinin _ E-64 Phosphoramidon
Pefabloc SC and Pefabloc _ Bestatin
(aminopeptidases)

Leupeptin (inhibits serine and cysteine pmte_
PAISE e

cOmplete, EDTA-free Protease Inhibit}r}oc_

O\)

Inhibitors included in the set

Antipain-dihydrochloride
Aprotinin

Bestatin

Chymostatin

E-64

EDTA-Na,

Leupeptin

Pefabloc SC
Pepstatin

Phosphoramidon

Specificity of inhibition

Papain, Trypsin, Cathepsin A and B
Trypsin, Plasmin, Chymotrypsin, Kallikrein
Aminopeptidases

a-, B-, y-, 8-Chymotrypsin

Cysteine Proteases

Metalloproteases

Serine and Cysteine Proteases such as Plasmin,
Trypsin, Papain, Cathepsin B

Serine Proteases
Aspartic Proteases

Metalloproteinases, specifically Thermolysin

General inhibitors for |

Aspartic
proteases’

Pepstatin

Quantity Supplied

3 mg
0.5 mg
0.5 mg
1 mg
3 mg
10 mg
0.5 mg

20 mg
0.5 mg

3mg




SERVA

WMserving scientists H

Product

Protease Inhibitor-Mix G universally
applicable, without organic solvents

Protease Inhibitor Mix M - far mammalian cell
extracts

Protease Inhibitor Mix P -
for plant extracts

Protease Inhibitor Mix FY - for fungi and yeast
extracts

Protease Inhibitor Mix HP PLUS -
to purify polyHis fusion proteins

Protease inhibitor mixes

$ 5 3 33

AEBSF, Aprotinin, E-64, Leupeptin and EDTA
free of EDTA and contains AEBSF, Aprotinin, Bestatin,
E-64, Leupeptin and Pepstatin A.

AEBSF, Bestatin, E-64, Leupeptin, Pepstatin A, and
1,10-Phenanthroline

AEBSF, E—%64, Pepstatin A, and 1,10-Phenanthroline.
AEBSF, Bestatin, E-64, Leupeptin, Pepstatin A, and
Phosphoramidon

inhibitor proteas
+ -



Problém - STABILITA PROTEINU

(2

salting-in salting- nut

Frotein solubility

— stabilizuji proteiny v roztoku
Hofmeisterova fada Mm_
(CH;),N* > NH,* > K* > Nat> Mg?* > Ca®* > Ba?*

SO,% > CI->Br >NO* >ClO, > SCN-
— naprf.BSA
— B-merkaptoethanol (5-20 mM), DTT (0,5-1 mM)
— polyalkoholy, glycerol, mono- a polysacharidy,

neutralni polymery 10 — 40 %

aminokyseliny — nenabité (Gly, Ala) 20-500 mM
polymery (PEG) 1-15 % zvySuje viskozitu a tak zabranuje

agregaci




Membranoveé procesy - filtrace

srozdéleni molekul z roztoku na zakladeé jejich velikosti, definovana
velikost pora = ,cut off (um, Da), gravitace, inertni plyn

mikroporesni anizotropni



SKLENENA

NITRO- ACETAT
PVDF PES TEFLON NYLON CELULOSA CELULOSY  VLAKNA
Hydrophilic o o o o o
Hydrophobic o o o o
Autoclave o o o J o o o
Flow rate High High High to Low to High High Very high
very high medium
.:y\
Throughput Low High High $ Low Medium Medium Very high
Extractables Low Low Very low Very low Medium Medium Low
Protein Low Low Very low High High Low Medium
binding

sklenéna a kremenna

viakna




charakteristika membran

edélici rozsah — NMWL ~ MWCO, NCO
prutonost membrany

‘rozsah povolenych pracovnich teplot, tlakt a pH
*odolnost membran

ezivotnost

Membrane: Durapore Membrane Filters - PVDFAAPolyvinylidene fluoride)
Features: Low Protein Binding
Specifications:

Pore sizes: 0.1, 0.22, 0.45, 0.65, 5 ym

Color: White

Surface: Plain

Wettability: Hydrophilic, hydrophobic

Thickness: 125 um

Sterilization: by autoclave (121°C at 1 bar), EO or gamma
Operating temperature: 85°C max.

Gravimetric extractables: <0.5%

Protein binding capacity: 4 ug/cm?



http://www.millipore.com/catalogue/module/c7631

Mikrofiltrace

eseparace koloidnich a nerozpustnych Castic (bakterie,
barevneé pigmenty, kvasinky)

*0,1-10 um
*hnaci silou - rozdil tlaku
*potrebny tlak - nizky




retentat

permeat



Ultrafiltrace

sseparace napf. bilkovin, virQ
frakcionace bilkovin

velikost poru priblizné 10 nm do 0,1 um
*hnaci silou — rozdil tlaku

tlak > 10 bar (145 psi, 1 MPa)
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Nanofiltrace

eseparace nizkomolekularnich latek
velikost poéru priblizné 1 nm do 10 nm ~ 200 — 15000 g/mol
*hnaci silou — rozdil tlaku 50-100 psi

polopropistna
memprana Hak

Pouziti o
sodsolovani potravin
*odsolovani syrovatky
ezakoncentrovavani

(O dvojmocné ionty

O jednomocné ionty




Reverzni osmoza

*separace nizkomolekularnich latek mensi nez 200 g/mol
*hnaci silou — rozdil tlaku

OSMOZA REVERZNI OSMOZzZA
) \ polopropusting

%\ polopropusina

fotok :Qﬂsta voda
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GEA Filtration



Mikrofiltrace

0,1-10 um
1- 9 bar

Ultrafiltrace

0,01-0,1 um
5-14 bar

Nanofiltrace

0,001 - 0,01 um
7 - 41 bar

Reversni osmoza

0,001 - 0,0001 um
28 - 68 bar

bakterie, Cervené krvinky,
barevne pigmenty,
nerozpustneé Castice

viry, proteiny/enzymy,
olejové emulse

aminokyseliny, cukry,
antibiotika, soli

jednomocne ionty,
voda



Size (nm)10-" 10° 10° 102 10° 104 10° 108

1 1 1 1 1 1
| 1 | | |
lons Viruses Bactenia Yeust Sand
cell
Size ratio of Sugar Pyrogens Pollen
substances x
separated Colloids Human hair
|
g Albumin Red Blood Cells
radius
« TR &
Reverse Ultra- :
osmosis filtration Macro-filtration
Separting —
process
Nano- Micro-
filtration filtration
e

zygota - Cryptosporidium




Dialyza

- difuze nizkomolekularnich latek polopropustnou membranou

Large molecules
cannot traverse
the membrane

Small molecules can
/traverse the membrane
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Princip hemodialysy

Krevni pumpa
Heparin

Venésni tlak

Detektor vzduchu

Vendsni

bezpeénostni

klapka >

*http://www.inmed.cz/index.php?page=princip_dialyzy



Priklady:

RT, c
+ = |nNat
Na P ZF  Cpnap
RT , ccnin
Cl- -~ Ih—
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E'n Cna: — RT In Ca
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CNalcCIl — CNa 2CCI2



* Do jednoho prostoru dialysacni nadoby je umistén roztok proteinu o

koncentraci 0,1 mmol/l, ktery je pfi pH 7 ve svém isoelektrickem bodé. Tento
roztok obsahuje jesté 10 mM NaCl. V druhém prostoru o stejném objemu je
deionizovana voda. Jaké bude rozloZeni iontu po ustanoveni rovnhovahy?

Cnai€ar = Cna2Car

(10 =x)* = x.X
100 — 20x&# x? = x2
100 = 20x
X =5mmol /I

J

Crar =2mmol /1

Cep =5mmol /1
Crnaz = 2Mmol /1
Ceio, =2mmol /|




* Do jednoho prostoru dialysacni nadoby je umistén roztok proteinu o
koncentraci 0,1 mmol/Il, ktery pfi pH 7 nese volny naboj -7; je tedy ve forme
soli, v naSem pripadé napr. sodné. Tento roztok obsahuje jesté 10 mM NacCl.
V druhém prostoru o stejném objemu je deionizovana voda. Jaké bude
rozlozeni iontl po ustanoveni rovnovahy?

Cnai€ar = Cna2Car

(01.7+(10-x).(10 —x) = x*
X =517mmol /1

U
Cpar = 9,93mmol /1
Cepy = 4,83mmol /1
Craz = 2,17mmol /1
Cep, =217mmol /1




* Do jednoho prostoru dialysacni nadoby je umistén roztok proteinu o
koncentraci 100 mmol/l, ktery pfi pH 7 nese volny naboj -7; je tedy ve forme
soli, v naSem pripadé napr. sodné. Tento roztok obsahuje jesté 10 mM NacCl.
V druhém prostoru o stejném objemu je deionizovana voda. Jaké bude
rozlozeni iontl po ustanoveni rovnovahy?

Cnai€ar = Cna2Car

(100.7 + (10 — x)}(10 — X) = X
X =0,139mmol /I

U
Cnat = 700,139mmol /1
Ccpy = 0,139mmol /1
Cnaz = 9,861mmol /1
Ccro =9,861mmol /1




* Zasobni roztok sodné soli proteinu (c=3.10-2 mol/l) mél takové pH, ze jeho
volny naboj Cinil -5. Roztok dale obsahoval pufr s pfidavkem 0,1 M NaCl. Do
druhého prostoru o stejném objemu je umistén pufr, ktery neobsahuje ani
sodné ani chloridoveé ionty. Jaké bude rozlozeni chloridovych a sodnych
iontu po ustanoveni rovnovahy?

Cnai€ai = Cna2Ca

(5.3.102 +(0,1- x))(0,1- x)= x?
(0,115- x).(0,1= x) = x?
0,0115= 0,215x
Crnaz = Ccpo = 0,05mol /|

U
Crar = 0,065mol /|
Ce; = 0,05mol /1

Crnae = 0,05mol /|
Cepo = 0,05mol /|




* Zasobni roztok sodné soli proteinu (c=3.10-2 mol/l) mél takové pH, ze jeho
volny naboj Cinil -5. Roztok dale obsahoval 0,1 M NaCl. Proti jakému objemu
vody je nutno dialyzovat 0,1 | tohoto roztoku, aby po ustanoveni rovnovahy
klesla koncentrace iontu Na* v roztoku bilkoviny na 0,02 mol/I?

Cnai€ai = Cna2Can

0,02.(0,02 - 5.3.107°) = €p,-Car;
Caz = Cai; = w/o 0001 = 0,01mol /|

Ng, =Ny —N¢,
Ny, = V,.C, — V..C,
ng, = 0,1.0,1-0,1.0,005
Ny, = 0,0095mol




Elektrodialysa

A HA LS LTSS TTTTTT




odsolovani syrovatky

odsolovani morskeé vody

odstranovani nitratd z pitné vody
odstranovani kyselin z organickych produktu
odstranéni kyselosti dzusu



dalSi zpusoby odsolovani a zahust’ovani:

*gelova chromatodrafie - Sephadex G-25, BioGel P-3

svakuove odparovani
spouziti polyethylenglykolu
olyofilizace

eprecipitace

schromatografie na reversni fazi (C42{ »

sjonexova chromatografie
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