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' Piehled zakladnich biotechnologickych vyrob
ve farmacii

Enzymy » Hormony
Polysacharidy » Aminokyseliny
Steroidy » Cytokininy
Antibiotika

Antimykotika

Vitaminy
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» Produkty ziskané klasickymi
technikami mikrobialni
biotechnologie

» Produkty rekombinantnich
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Nejéastéjsi produkt = ENZYMY
Vyuziti enzymu ve farmacii

» priprava leciv — antibiotika, steroidy, aminokyseliny

» lécCiva — digestiva, rozpousteni krevnich srazenin atd.

» diagnosticke ucely — soucast detekCnich souprav

Vystupni formy enzymu

» Enzymovy preparat

» Enzym v Cisté forme
» Imobilizovany enzym
» Imobilizované bunky



Priklady enzymu
Proteazy
» trypsin, chymotrypsin, pepsin, chymosin
» papain, ficin, bromelain

» Dbakterialni proteazy (Bacillus)
» proteazy produkované plisnemi (Aspergillus)

Glukosidazy

» a-amylazy, B-amylazy
» produkuji bakterie (Bacillus) a plisne (Aspergillus)
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Pouziti amylaz

Medicina
» usnadneni traveni skrobu pri dyspepsii

» omezeni meteorismu pred chirurgickym vykonem a v
pooperacnim obdobi

Potravinarstvi
» vyroba piva, alkoholickych napoju, lihovin

» zpracovani skrobu na glukozove a maltoézoveé sirupy a
krystalickou glukozu

> sirupy s vysokym obsahem fruktozy



rLipézy

Katalyzuji hydrolyzu triacylglyceroli

Puvod

» pankreas
> psenicné klicky
» Aspergillus niger, Rhizopus sp., kvasinky

Pouziti

» soucast digestiv

> potravinarsky prumysl — vyroba syrt
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| Pemcﬂmacylaza

Hydrolazy stepici vazby jiné nez C-N

Mechanismus

» hydrolyza penicilinu na kyselinu 6-aminopenicilanovou

Puvod

» Escherichia coli, Neurospora crassa, Torula sp.,

Rhodotorulla sp.

Pouziti

> vyroba polosyntetickych penicilint
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Priklady enzymu II.

- e
Microbial enzymes Microorganism Application
a-Amylase Bacillus Baking, brewing, starch liquefaction
amyloliquefaciens Clarification of fruit juice

B. stearothermophilus
B. licheniformis

Textile industry
Paper industry

Microorganisms as Biocatalysts and Enzyme Sources
DOI: http:/ldx.doi.ovg/10.5772 fintechopen.9o 338

Glucoamylase

Aspergillus niger

A. awamori
Rhizopus oryzae

Beer production

High glucose and high fructose syrups

Proteases

A. usami

Lactase (f-
galactosidase)

Kluyveromyces lactis
K. fragilis

Lactose intolerance reduction in people
Prebiotic food ingredients

Lipase Candida antarctica Cheese flavor development

C. cylindraceae Ay30  Textile indutry

Helvina lanuginosa Medicinal applications

Preudomenas sp. Use in cosmetics

Geotvichum candidum  Use as biosensors

Use in biodegradation

Phospholipases Fusarium oxysporum Cheese flavor development
Esterases Bacillus licheniformis Enhancement of flavor and fragrance in fruit juice
Xylanases Streptomyces sp. Clarification of fruit juice

Bacillus sp. Beer quality improvement

Pseudomeonas sp.

Glucose oxidase

A. niger
Penicillium glaucum
P. adametzzi

Food shelf life important
Food flavor improvement

Laccase Funalia trogii Polyphenol removal from wine
Bacillus licheniformis baking
Bacillus vallismortis
Pectinases A, niger Clarification of fruit juice
A, wentii
Rhizopus sp.
Catalase A, niger Food preservation
Metarhizium Removal of H>O; from milk prior to cheese
anisapliae production
Psychrobacter
plscatorri
Peroxidase Streptomyces Development of flavor, color and nutritional quality

viridosporus

of food
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ANTIBIOTIKA

» Produkty bunék schopné v nizkych
koncentracich inhibovat rust jinych
bunék

» Nejcastejsi producenti G* bakterie rodu
Streptomyces

» Priprava novych ATB modifikaci
znameého ATB, tzv. mutacni syntéza

Mutace MO produkujici ATB + vhodny prekurzor

¢

nové ATB




4 STEROIDY

> fyziologicky ucCinek
zavisi na presneé
poloze substituentu
v zakladnim skeletu
chemicka syntéza je
velmi naro¢na

>

Biotransformace steroidu

1) Kultivace mikroorganismu - narust

biomasy

Pridani steroidu, nasledna
biotransformace

|zolace do organickeho rozpousted|a

Purifikace chromatograficky a
Krystalizaci

2)

3)
4)

Microorganisms as Biocatalysts and Enzyme Sources

DOI: http://dx.doi.org/10.5772/intechopen.90 338

(a) o
Hydroxylation of C-11

Rhizomucor tauricus \

Hydroxylation of C-Ta

Chaetomium sp
Gelasinospora restispors
Macrophoming phaseolina
Hydroxilation of C-7p

M

(c)

Hydroxilation of C-11f
Curvularia lunata
Cunninghamelia blakesleeana
C. echinulata

OH
OH

Figure 11.

(b)

Reduction of C-17
Hydroxylation of C-12
A. glauca

Reduction of C-17 8. obtuze
Hydroxylation of C-11 (a/p)
A. coorula

B. oblusa

Cephalosporium aphidicola
R. stolonifer

O  Reduction

Reduction of C17
Hydroxylation of C-15
A e

A. glauc

&, (57. blusa
Reduction of C-17
Hydroxylation of C-14
Bacillus sp

Reduction of C-17
Hydroxylation of C-7 (a/B)
A. coerula
Botrytis cinerea

Rhizopus stolonifer

Reduction of C-17
Hydroxylation of C-6
Bacillus stearothermophilus

B. obtusa

(d)

Hydroxilation of C-11p
Curvularia lunata
Cunninghamelia blakesleeana
C. echinulata

The ability of different fungi to transform DHEA (125), testosterone, cortexolone (126) and prednisone (127).
(a) Hydroxilation of 3f-hydroxy-5-androsten-17-one (DHEA) by various microorganisms. (b) Reduction of
C-17 and hydroxilation of testosterone by various microorganisms. (c) Hydroxylation of cortexolone (123) by
various microorganisms. (d) Reduction and hydroxylation of prednisone (126) microorganisms.
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Priklady biotransformaci |

11a-hydroxylace
priprava 11-a-progesteronu

Rhizopus nigricans, R. arrhizus, Aspergillus
ochraceus

113-hydroxylace O
priprava kortisolu
Curvularia lunata, Cunninghamella blakesleeana




Y . SN N TSN NS e

4 Priklady biotransformaci Il

16a-hydroxylace

priprava 16o-hydroxy-9a-fluoroprednisolonu
(triamcinolon) O

Streptomyces roseochromogenes

dehydrogenace mezi C1-C2
Bacillus lensus, Arthrobacter simplex
vyroba prednisonu, prednisolonu, O 7

triamcinolonu, 6-methylprednisolonu,
dexamethasonu...




" NAMELOVE ALKALOIDY

Zdroje
Claviceps purpurea (péstovani na zite)
Claviceps paspali (submerzni kultivace)

Vytrusnice na
sklerociu

Sklerocia palickovice
nachoveé na zitu



" VITAMINY
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esencialni zivocisné nutricni faktory

Vyroba

» chemicka
syntéza

> l1zolace z
prirodniho
materialu

> mikrobiélnl’
biosyntéza

> Dbilotransformace

RIB1

GTP —

2,5-Diamino-6-ribosylamino-4-(3H)-
pyrimidinone-5'-phosphate

RIB7
FAD
2,5-Diamino-6-ribitylamino-4-(3H)-
pyrimidinone-5'-phosphate T
iFIIB2 FMN
5-Amino-6-ribitylamino-2,4- T
Ribulose-5- (1H,3H)-pyrimidinedione-5'-phosphate

phosphate HO

lphosphatase
OH
\RIB3 5-Amino-6-ribitylamino-2,4- HO 3

(1H,3H)-pyrimidinedione

"OH
3,4-Dihydroxy-2-butanone- NN 0]
4-phosphate RIB4 ;@: ~ \I‘ITH
5-ohosohat RIB5 N
-phosphate
prosp 6,7-Dimethyl-8- 0

ribityl-lumazine Riboflavin
Fig. 21.6 Biosynthetic pathway of riboflavin in Ashbya gossypii. GTP = guanosine

5’-triphosphate; FAD = flavin adenine dinucleotide; FMN = flavin mononucleotide;
RIB (1-5 and 7) = riboflavin biosynthesis gene(s).

DOI: 10.1533/9780857093547.2.571

Vitaminy vyrabéne
biotechnologicky

» riboflavin (B2)

» kobalamin (B12)

» kyselina
askorbova (C)

» ergosterol (D2,
D3)

» provitamin A
» provitamin D




AMINOKYSELINY %

» Chemicka synteza Bakterie prirozene se
vyskytujici

- Corynebacterium
- Brevibacterium
- Micrococcus

> lzolace z pfirodnich zdroju
» Enzymove premeny

- kultivace MO obsahuijicich
prislusny enzym

- separace bunek Rekombinantni kmeny

- k bunkam se prida substrat urCeny - Escherichia coli

pro enzymovou premenu - Serratia marcescens

» Biosynteticky - kultivace
mikroorganismu - izolace AMK z
kultury
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Typy rekombmantnlch Iecw

» lidrem jsou USA (Food and Drug Administration)
> desitky léCiv, vSechny na bazi protein

V. V.V V V V V

hormony

enzymy

hematopoetické rustové a koagulacni faktory
cytokiny a interferony

protilatky a jejich derivaty

vakciny

dalsi produkty
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Rekombinantni hormony
alterace sekvence aminokyselin

|

zmeny farmakokinetiky

|

rozdilné biologické ucinky

|

sirsi leCebné postupy
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Rekomblnantnl hormony byly prvni

r. 1979 - Goeddel a kol. - produkce inzulinu a
somatotropinu pomoci Escherichia coli

Schéma molelmly mzulinn

r. 1982 (28.10.) - inzulin - prvni klinicky
pouzity rekombinantni hormon (USA) ineen_ @000 00y
(Humulin-R, Eli Lilly a Genentech) .-"a“

;\\ retezec A

r. 1985 - somatotropin

@O aminokyseliny
—+4- sulfid ové miisthy
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Analoga inzulinu

Lispro (HUMALOG)

» obracené poradi lysinu a prolinu v pozici
B28 a B29

» produkce v Escherichia coli
> kratce pusobici inzulin

Aspart (NOVORAPID)
» substituce prolinu kyselinou asparagovou
Vv pozici B28
» Saccharomyces cerevisiae
> kratce pusobici inzulin
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Dalsi typy inzulinu

Glargin (LANTUS)

> adice 2 argininu k C-konci retézce B a nahrada
asparaginu glycinem na A21

» Escherichia coll

i

> prodlouzeny uéinek .
| Lantus

- insulin glargine
. il (rDNA origin)
D et e m I r . injection
100 wnitsimt (v-100)

» odstraneni threoninu na B30 a o | [———
acylace (kys. myristova) lysinu na .
I " 5 E,“P"; - 10mL vial
pozici B29 [ Vs ¥Aventis
» prodlouzeny ucinek




pusobicim inzulinim

» rychlejsi a pravidelnéjsi vstrebavani
Zz podkozi

» nejlépe napodobuji prandialni sekreci

A\

lécba nemocnych od 3 let
» kratsi biologicky ucinek — nizsi riziko
hypoglykémie



y Glukagon i _

Polypeptidovy hormon (29 AMK)

Uéinky

» glykogenolyticke

» hyperglykemizujici

» relaxace hladke svaloviny GIT

Priprava
» Escherichia coli
» Saccharomyces cerevisiae

Indikace
» hypoglykémie
» radiologicka vysetreni — inhibice pohybu GIT



' Somatotropin

Druhove specificky polypeptid (191 AMK)

Uéinky

> stimulace rustu

> zvySuje proteosyntézu i
HUMATROPE®

» snizuje proteokatabolismus

41.U.(1.33 mg)

SOMATROPIN (rDNA origin)
FOR INJECTION

WITH 1 VIAL No. 7361

Indikace
» poruchy rustu S e
Priprava

» Escherichia coli (od konce 80. let)
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Folitropin
folikulostimulacni hormon (FSH)
Dve podjednotky — alfa (92 AMK), beta (111 AMK)

Produkce
» ovarialni bunky €inskeho krecka

Indikace

» anovulacni cykly

» amenorea

» poruchy spermatogeneze

urofollitropin



Rekombinantni enzymy

Priprava léciv
» antibiotika, steroidy, aminokyseliny

Léciva e -
» digestiva (rozpousteni krevnich Nortoxaclro, '_;;_"g’wes_

srazenin, lécba leukémie)

Diagnosticke ucely
» Tag polymeraza
» Restrikcni endonukleazy
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Hematopoetické a rustoveé faktory

Epoetin a (165 AK, glykosylovany)

Uginky
stimulace tvorby krevnich bunek

Priprava
savci bunky

Indikace
lécba anémie
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r&ytokiny a interferony

Interleukin IL-2
Uginky
iImunomodulachni ucinky
Priprava
Escherichia coli

Indikace
terapie nadorovych onemocneni

Interferony a, B, vy
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Antigen ! B cells Myeloma cells Screening by ELISA /
Immunization 3
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Monoclonal antibodies, Antlbod} pnoducmg Hybridoma screening for
expansion and stock hybridoma clones antibody of interest

DOI:10.3389/fmicb.2017.00495



Existuje nekolik strategii produkce

Metody reverzni genetiky
Rekombinantni subjednotkové vakciny
Produkce ,,virus-like* ¢astic

DNA a RNA vakciny

Vakciny na bazi virovych vektoru

VVVVY

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3548171/
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Transgenni zvirata

ovce Polly
> srazeci krevni faktor IX
> lécba hemofilie

kozy
> antitrombin Il

» zabranuje vzniku krevnich srazenin
» GTC Biotherapeuticals, USA

kravy
> lidsky laktoferin
» Pharming, Nizozemi
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Biotechnologické produkty pro
terapeutické pouziti musi byt
presné specifikovany, zvlaste

kdyz jsou uréeny k parenteralni

aplikaci.
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Protein Production
4 Protein Expression\ 4 Protein Purification

» Strain selection « Soluble Protein
* Godanioptim’2ation ) « Folding of insoluble protein
* Fusion systems :

* Membrane proteins

+ Co-expression : o
- Mutagenesis  Cleavage of fusion moieties

~

\ * Isotope labeling / \ /
A ﬁ Characterization ﬂ

" Physiochemical Functional )
* Mass Spectrometry » Biochemical
* Physical homogeneity * Immunochemical
* Association stoichiometry < Protein interactions

\_ * Conformational stability P

- Structure ﬂ

4 N
* Protein crystallization

« X ray analysis

* NMR

* Electron Microscopy

Ne. .
doi: 10.1002/0471140864.ps0601s80
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" Izolace a

uprava pH, zahrati, pridavek latek
zpusobujicich koagulaci proteint
a bunék

Oo,

uprava kultivaéni tekutiny

tekuta kultura

¥ > ¥ >

cisteni produktu

produkt v kapaliné

izolace produktu e
(extracelularni)

ax

odstredéni
nebo filtrace

separace bunék

produkt

v bunikach
(intracelularni)

srazeni, extrakce,
chromatografie

"4

dezintegrace bunék

oddéleni bunéénych stén

konecné upravy produktu ‘Z)
O
@) O

krystalizace, odparovani,
suseni, lyofilizace

odstredéni
nebo filtrace

Enzymaticka
chemicka
fyzikalni




Differential centrifugation of E. coli cell lysates. Cells are
broken with a French press or by lysozyme treatment.
Insoluble (inclusion body) proteins, from either the
cytoplasm or periplasm, are located in the low-speed pellet,
which is subjected to preextraction to remove outer
membrane and peptidoglycan material. Inclusion bodies are
extracted from washed pellets with strong protein
denaturants such as guanidine-HCL The solubilized protein,
which is denatured and reduced (free sulfhydryl residues),
is either directly folded and oxidized (disulfide bonds
formed) or purified before folding. Soluble proteins (from
the periplasm and cytoplasm) are located in the low-speed
and high-speed supernatants. The latter can be used directly
for chromatography, whereas the former requires
clarification by other techniques such as ammonium sulfate
fractionation or membrane filtration.

Curr Protoc Protein Sci. 2015; 80: 6.1.1-6.1.35.
Published online 2015 Apr 1. doi: 10.1002/0471140864.ps0601s80

cells

\

break cells
mechanical: French press
enzymatic: lysozyme

\

extract

'

centrifuge 30 min at 10,000 xg

low-speed supernatant: low-speed pellet:
polymers, inclusion bodies,
soluble proteins cell wall components
centrifuge 90 min extract
at >60,000 x g (Triton/EDTA/urea)
centrifuge 30 min
at 10,000 x g
v repeat two times
high-speed pellet: low-speed
membrane vesicles, extract supernatant:
ribosomal particles cell wall components
 /
high-speed supernatant: low-speed

cytoplasmic proteins,
periplasmic proteins

washed pellet:
inclusion bodies

\ '
- = = 3 purify solubilize

native protein

A

denatured protein

j=———
e Sl
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: fermentation broth
ripla 1ns‘m£" coll '

via a cretlon vector can leak . *
centrifuge 30 min at 10,000 xg
into the medium and be recovered by centrifugation

|
(supernatant, S1) or filtration. Washing cells with an Y super:atam_ =
isotonic solution such as lightly buffered 0.15 M NaCl or 0.25 peletiels secreted protein |~ | |
M sucrose can also release protein (S2). The \
. . . ; wash in isotonic medium withMg?2+
compartmentalized periplasmic proteins are released by et eSO 05
isotonic shock treatment by directly suspending normal cell ; | :
paste or plasmolyzed cell paste into hypotonic medium. Sellet po——— s
Plasmolyzed cell paste is derived by suspending cells in weshed cells wash ?
hypertOHiC medium and then pelleting- (Il’l hypertODiC suspend in hyptrtonic mgdium digest with lysozyme (200ug/ ml)
medium the cell contracts, separating the inner membrane (20% sucrose/EDTA/Tris*Cl) \ ————— dilute 1:2 with water
) ] ] o centrifuge 30 min at 10,000 xg centrifuge 30 min at 10,000 xg
from the cell wall, and is said to be osmotically sensitized.) ; L ! ; L !
The hypertonic wash often releases protein (P1). The = pellet Supematant e
Supernatant from Shocked CEHS (PZ) Wlll Contain wa:h plasmolyzed cells periplasmic proteins spheroplasts
constitutive E. coli proteins and the recombinant product. -
Osmotically sensitized cells can also be treated with 1 suspend in lyse cells
. hypotonic medium reat with aetergent,
VP treat with detergent
lysozyme to fragment the outer membrane, thus releasing (10 mM Tris+CI) sonicate,

. . . g trifuge 90 mi bject t
periplasmic proteins (P3).The pellet from the lysozyme o 60006 X"g"" Y Sforic ek
treatment contains spheroplasts (cells with fragmented ; l ! }
outer membranes), which are easily disrupted by supematant i p—
detergents, sonication, or hypotonic shock to release periplasric proteins

Y \
P P3

cytoplasmic proteins.




Purification of soluble proteins from bacterial cell and other
cell lysates. Abbreviations for ion-exchange resins are as
follows: CM, carboxymethyl; DEAE, diethylaminoethyl; Q,
quaternary ammonium; S, methyl sulfonate. The order of
preference for the stages of ion-exchange (2) and other
methods (3) is based on the author’s opinion and does not
necessarily represent a consensus view. On the other hand,
the use of a DEAE-based matrix at an early stage (1) is
common practice. Affinity methods (see text and Chapter 9)
can be performed at any stage following clarification of the
lysate.

(e.g., low-speed supernatant of Fig. 6.1.1)

cell lysate

\

clarify lysate

centrifuge (90 min at >60,000 xg)
filter
or salt fractionate and exchange buffer

A

perform
affinity methods

-

\

clarified lysate

conduct ion exchange (1)
DEAE-Sepharose

exchange buffer

conduct ion exchange (2)
weak cationic (CM)
strong cationic (S)
strong anionic (Q)
weak anionic (DEAE)
phosphocellulose

\

perform other
chromatography methods (3)
dye matrix
hydrophobic
hydroxylapatite
chromatofocusing

order of
preference

concentrate

perform gel filtration

sterile-filter

\

purified protein




low-speed washed pellet
(e.g., Fig. 6.1.1):
inclusion body protein

¥ /N

extract *
6-8 M GueHCI + DTT,
8 M urea + DTT,
or 10-20% acetic acid

Folding and purification of inclusion body proteins from E.

coli. The protein is extracted with protein denaturants such  Ppurify protein with ¥ puify protsinwith

o ] ] metal chelate ion-exchange
as guanidine-HCI (Gu-HCl), urea, or an organic acid. The chromatography denatured protein: chromatography
reductant dithiothreitol (DTT) is included to prevent (His-tagged proteins) " — monomeric and reduced protein using urea or

p using urea or ‘ nonionic detergents
artificial disulfide bond formation (especially intermolecular Gu-HClas solvent purify protein as solvent
: e : gel filtration using urea or Gu+HCI as solvent

bonds). The denatured prote}n can be purlfled by various FPLC tsing TFAlacetonifile 6 solveit
methods and then folded, or it can be directly folded. ‘
Typically, some purification (e.g., gel filtration in Gu-HCI) Senatured protein
prior to folding is recommended as it often results in higher purified protein '
folding yields. Protein folding and oxidation are carried out

Y -» fold and oxidize proteins

concurrently. Disulfide bond formation is catalyzed by low- 4 protein (1) remove denaturant by dilution or dialysis
(2) include cosolvents (e.g. ,1-4 M urea or

molecular-weight thiol /disulfide pairs such as reduced PEG or arginine or nonionic detergents)
(GSH) and oxidized (GSSG) glutathione. GSH/GSSG ratios of (3) Include:redoxisystom (6.9, 10:1 Goh/GSSG)
5:1 to 10:1 are normally used, which are similar to those Em— Y
. . . . . oliae rotein: . .
found in vivo in the endoplasmic reticulum (Hwang et al., ™| purified and oxldized srotsliy | € PO Rrolein
1992). A cosolvent is included to maintain solubility during .
folding. Folded protein is purified if necessary (purification C:hr:gl,f;tizlrszayt'fon
is usually needed if the protein is directly folded). Gel 'em,ﬁfs?oﬁgi’;egfggﬁf”d
filtration is a useful final step for removing aggregated and ¥

or misfolded protein. product




Preparation of washed pellets using lysozyme and the
French press. Cells are broken with the French press with or
without prior treatment with lysozyme. After low-speed
centrifugation using a fixed-angle rotor, the contents of the
centrifuge tubes have the characteristics shown. The
contents of tubes A and B are labeled: s, supernatant; lp,
loose pellet; ib, inclusion body protein; and ¢, unbroken cells
and large cellular debris. The loose pellet material is derived
from the outer cell wall and outer membrane (see text for
further details). After washing the insoluble material (UNIT
6.3), the pellet should consist mainly of the inclusion body
layer (tube C), and the supernatant should be fairly clear.

cells .
|
; v

break lysozyme- break untreated P~
treated cells with cells with
French press French press
Y Y
centrifuge 30 min at 10,000 xg centrifuge 30 min at 10,000 xg

low-speed centrifugation

A B

washing steps

c . Y

L



Kontaminu1|0| slozky

>

>

Kvalita se obvykle vyjadruje v terminech
cistoty a reprodukovatelnosti.

Cistota farmaceutickych pripravkd je
vetsinou vyssi nez 99%, pokud jsou
podavany parenteralne.

To wplati | pro proteinova terapeutika,
u kterych je vysledna cCistota velmi zavisla
na procesu purifikace.



" Pavod kontaminujicich slozek
proteinovych farmaceutik

» Hostitelsky organismus
» Produkt

» Proces



y Kontaminuijici slozky hostitelského .
organismu

Viry

Proteiny a DNA hostitele

Glykosylacni varianty

Variantni N a C konce

vV VYV V Y 'V

Endotoxiny (u gram-negativnich hostitelt)
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produktu

Substituce a delece aminokyselin
Denaturace proteinu
Konformacni izomery

Dimery a agregaty

Varianty disulfidickych mustku
Deaminované proteiny

V V.V VY V V VY

Fragmenty proteint



y Kontaminujici slozky vzniklé v ramci
procesu
Komponenty rustového média

Purifikacni reagencie

Kovy

vV VYV V VY

Materialy purifikacnich kolon



Inaktivace

viru

Odstranéni
viru

-

Teplo

Zareni

Dehydratace

Kroslinkujici latky,
denaturace, rozklad

Neutralizace
Chromatografie

Filtrace

Precipitace

Jak se zbavit virovych castic?

Pasterizace

UV zareni

Lyofilizace

[3-propionolakton, formaldehyd,
NaOH, org. rozpoustedla,
detergenty

Specificke protilatky
lontoménicova, imunoafinitni

nanofiltrace

Kryoprecipitace
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Co Je to nanofiltrace?
Filtrace pres 15 nm membrany,
kterymi lze zachytit i ty

nejmensi znameé neobalené viry
typu bovinniho parvoviru

————
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Bakterie jako kontaminujici slozka

» DBakterie z bunecnych kultur lze snadno

odstranit filtraci

» Pracovat sterilne, cisté prostory (sterilizace
vzduchu)

» Pracovat pod antibiotiky, ktera se ale pak
daji jen nesnadno odstranit!



Cim jeste bakterie skodi?
Pyrogeny — ruzné velké latky s ruznou
strukturou

» Citlivi lidé — hore€ka az s fatalnimi nasledky
» Odstranit iontomeénicovou chromatografii
» Horkovzdusna sterilizace nastroju

Mykoplasmata

» Méni charakteristiky metabolismu, rust, zivotnost
buneék, apod.

» Odstranit gentamycinem nebo ciprofloxacinem



VB_ﬁ—necna DNAjako kontamlnuj 14]
slozka

» Pri pouziti savcich bunék se v meédiu
vyskytuji fragmenty DNA

» Jaka je bezpecna uroven?

» Evropsky lékopis doporucuje, aby mnozstvi
DNA v kone¢ném preparatu terapeutického
proteinu nepresahlo 100 pg az 10 ng denni
davky podle druhu kultivacniho systému
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Kontaminujici proteiny

— T T

,,Cizi“ proteiny mohou byt rozpoznany jako
antigeny =-> imunitni odpoved za kterou
rekombinantni protein nemuze

Zdrojem hostitelska bunka nebo meédium

Pozor na varianty rekombinantnich
proteinu!

Detekce kontaminujicich proteinu
Imunologicky
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FSeparace bunek

» centrifugace
> filtrace (bubnové rotacni filtry)
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¥ Dozi

ezintegrace bunek

» enzymaticka: lysozym
» chemicka: alkalie, detergenty
> fyzikalni: osmoticky sok, drceni bunék s abrazivy, ultrazvuk
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Oddeleni bunecnych sten

» centrifugace
> filtrace
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" Izolace produktu z kapaliny

> Extrakce

» systém dvou nemisitelnych rozpoustedel

> pfi izolaci proteinti PEG a dextran nebo PEG a specifické soli jako K;PO, nebo

» Srazeni (precipitace)
> vysolovani proteini NH,SO,
» srazeni organickymi rozpoustéedly (EtOH, aceton, ...)

» Chromatografické metody (gelova, ionexova, bioafinitni, adsorpcni)

> Elektromigracni metody (elektroforéza, isoelektricka fokusace,
isotachoforéza)
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Konecne upravy produktu

Odparovani

» vakuove odparky
» pozor na termolabilni latky

» pro termolabilni enzymy, jsou
nejvhodneéjsi deskové (filmoveé) odparky

Suseni
» odnimani vody a tékavych latek z produktu
» susarny pasoveé, liskové, bubnové, rozprasovaci
>

Casté ve farmaceutickém primyslu

susarny fluidni-proudové (profoukavani materialu teplym vzduchem) -
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Metody separace proteinu

Izoelektricka fokusace

> Pohyb proteinti v gradientu pH po aplikaci
elektrického pole

» Proteiny migruji do tzv. ,izoelektrického bodu“

Dvourozmerna elektroforéza

» Separace izoelektrickou fokusaci — na zakladeée
elektrického naboje

» Separace elektroforézou — na zakladé velikosti

Chromatografie

Separace na zakladé odliSné propustnosti proteint
naplni chromatografické kolony
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Metody identifikace proteinu
Hmotnostni spektrometrie

» Na zakladé poméru hmotnosti a naboje
ionizovanych molekul (MALDI-TOF)

Detekce protilatkami

» Protilatky polyklonalni
» Protilatky monoklonalni

> Western blot

» Imunoprecipitace, imunocytochemie a
Imunohistochemie
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Chromatografické metody

» Je souhrnné oznaceni pro skupinu fyzikalne-
chemickych separacnich metod

» Slouzi k separaci a analyze slozitych smési latek

» Molekuly analyzované latky se u vsech typu
chromatografickych separaci rozdeluji mezi tzv.
stacionarni a mobilni fazi

» Deéleni je zalozeno na rozdilneé distribuci slozek smesi
mezi mobilni a stacionarni fazi
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Druhy chromatografickych metod |
Podle ucelu pouziti

» analyticka chromatografie
> preparativni chromatografie

Podle fyzikalne-chemického principu

» adsorpcni chromatografie
rozdelovaci chromatografie
iontové vymeénna chromatografie
gelova chromatografie
(bio)afinitni chromatografie
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Podle skupenstvi mobilni faze

» kapalinova chromatografie
» plynova chromatografie

Podle usporadani stacionarni faze

» kolonova (sloupcova) chromatografie
» kapilarni chromatografie

» chromatografie na tenké vrstve
(tenkovrstva chromatografie)

» chromatografie na papire



" Chromatografie

> biologicky aktivni latky tvori rozsahlou
skupinu sloucenin se specialnimi funkcemi

» zmeény pH, iontovée sily, koncentrace
kovovych iontu, kofaktoru atp. mohu mit
za nasledek velké ovlivnéni izolovanych
biologicky aktivhich molekul

» aby behem izolace nedochazelo ke ztratam
jejich biologickeé aktivity, je nutné pouzit
pokud mozno co nejmirneéjsi separacni
metody
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Strategie pfri purifikaci - |

» nizka koncentrace biologicky aktivnich latek

» smeés mnoha podobnych latek

Prvni stupen izolace = adsorpce

» biospecificka afinitni chromatografie
> pfi fyziologickych hodnotach pH je vétSina proteint
negativne nabitych — sorpce na anex

Dalsi stupen izolace

» gelova chromatografie
» elektroforetické metody
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Strategie pri purifikaci - |

Izolaci Cisté biologicky aktivni latky
dosahujeme nejcastéji kombinaci nekolika
separacnich metod

Pri volbeé purifikacniho schématu bychom meli
dbat na to, aby se neopakovaly metody
zalozeneé na stejnem delicim principu



- P TN

Adsorpcni chromatografie
Je zalozena na rozdilné adsorpci latek na
povrchu sorbentu, tvoriciho stacionarni fazi

» Latky, které jsou za danych podminek silnéji vazany
sorpcnimi silami, jsou v jednotlivych usecich
naadsorbovany casteéji a déle nez latky jiné

» Sorbenty stacionarni faze se lisi polaritou nebo

kyselosti
» nepolarni — aktivni uhli, polarni kysely silikagel (SiO,), polarni
bazicky hydratovany oxid hlinity nebo hore€¢naty

» Mobilni faze — smési rozpoustédel (... chloroform,

etanol, ...)
» U plynové adsorpéni chromatografie dusik nebo hélium
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Rozdelovaci chromatografie

Je zalozena na zalozena na rozdilné rozpustnosti delenych latek ve
dvou ruznych kapalinach, tedy na rozdilnych hodnotach
rozdelovaciho koeficientu (a =c/c.)

» Jedna z pouzitych kapalin je mobilni fazi, druha je
potom zakotvena na néjakém nosici a tvori tak
stacionarni fazi

» VysSsi hodnota a = silnéjSi vazba na stacionarni
slozku = pomalejsi prutok kolonou

» Normalni faze = ukotvenou stacionarni fazi je voda

» Obracena faze = ukotvenou stacionarni fazi tvori
nizkopolarni organické kapaliny

» Nosice - SiO,, sklo, polymery, skrob, celuloza, aj.
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lontovymenna (ionexova) chromatografie

» zakladem je vratna

e L
T Ty

., - . o . Gatbnit:lpmteinbinds ~laoele rir:‘*,.
vymeéna iontll mezi o neganvlyoharged Lot o
mobilni kapalnou a + "
stacionarni fazi Bt i tpicaly <o | S

=y Cation-Exchange
Chromatonraphy

» stacionarni faze — ionexy
(anex nebo katex)

Buffer/System pH

Buffer pH typically = pl
=p Anion-Exchange
Chromatography

Anionic pratein binds
to positively charged
anion exchanger

| —— - Protein retcharge vs pH |

Gendeh, Gurmil et al. “Exploration of pH-Gradient lon-Exchange
Chromatograp y High-Resolution Protein Separations in Biotechnology
d Pr teomics.” (2012).

>
‘
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Prubeh ionexove chromatografie

Aktivace Naneseni  Adsorbce Promyti Eluce
kolony vzorku castic kolony
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Gelova chromatografie

Separace makromolekul na zakladeé rozdilné
velikosti jednotlivych latek na porovite
stacionarni fazi (gelova filtrace)

Stacionarni faze - inertni porézni material nasyceny kapalinou

agaroza

zesit'ovany dextran (Sephadex)

polyakrylamid (BioGel P)

celulosa (Cellufin)

materialy zalozené na silikagelu nebo poréznim skle

YV V VYV VYV VY
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Gelova chromatografie
Jinymi slovy: je zalozena na rozdilné pruchodnosti otvoru a

dutych vyklenku na éasticich stacionarni faze pro ruzné velké
castice delené smesi

Size of proteins .. y. ...
$=0->
Porous beads ®
@
@
T N N N
o

Absorption by proteins /\ /\ /\

https://www.mblbio.com/bio/g/support/method/chromatography.htmi
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Princip gelove chromatografie

Pri priuchodu smési latek porézni stacionarni
fazi dochazi k tomu, ze

» malé molekuly jsou schopny difundovat dovnitr péru
matrice a jejich pohyb je tedy zpomalen

» velké molekuly se nezachyti a prochazi matrici
rychleji — ¢im vétsSi molekula, tim rychleji prochazi
ven z kolony

» Postupnym promyvani mobilni fazi se ven z kolony
vymyji i malé molekuly

> Dulezité je, aby mezi délenym roztokem a matrici
nedochazelo k zadnym vazbam nebo k denaturaci
deleného materialu



Gelova filtrace

Zesit'ované

Castice gell\//_\\“

&

Malé molekuly
mohou ,,vstoupit*
dovnitr -

Velké molekuly nemohou /{

,vstoupit” dovnitr ® @
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Afinitni (bioafinitni) chromatografie
zalozena na vyjimecné vilastnosti biologicky aktivnich latek

tvorit pevné specifické reversibilni komplexy s jinymi
komplexotvornymi slouceninami, tzv. afinitnimi ligandy

enzym — substrat, kofaktor — efektor, protilatka — antigen,
hormon — receptor, apod.

Principem izolacni metody je interakce izolovaného
proteinu s ligandem vazanym na pevny nosic

Ligand = sloucenina, ktera s danou izolovanou latkou
tvori biospecificky reversibilni komplex
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Ligandy v afinitni chromatografii

Jako ligand muze byt pouzita kazda sloucenina,
ktera s danou izolovanou latkou tvori biospecificky
reversibilni komplex

» musi obsahovat funkéni skupinu, kterou se
kovalentné vaze na pevny nosic

> musi mit dostatecnou afinitu k izolované latce

» imobilizované pyridinové nebo adeninové
nukleotidy

barviva s antrachinonovou strukturou

imobilizovany hemoglobin nebo kasein pro
proteolytické enzymy

Y VY
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Fusion protein construction strategy Expressed Fusion proteins

(basic purification modalities)

His tag for purification by IMAC
Affinity column

Epitope tag for purification by
Immunoaffinity column

o

Ligand-binding domain for purification
by conventional affinity column

Precipitation domain for purification
by non-chromatographic method

\ l' /

77 \

Compound tag for simultaneous
detection and purification

Current Opinion in Structural Biology

Expression Vector

Tag/Linker
Sequence

Target Protein Sequence

Cloning and
strain selection

Fermentation
and Harvest
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Hmotnostni spektrometrie
Metoda stanoveni molekulové hmotnosti

» Rozdéluje proteiny (peptidy) podle poméru jejich
hmoty a naboje

» Molekula se nejprve ionizuje metodou MALDI nebo
ESI (electrospray ionization)

» Vzniklé ionty jsou vtazeny do analyzatoru
elektrickym polem, kde se rozdeluji podle pomeru
hmotnosti a naboje

» Nasleduje pocitacové zpracovani dat



Princip MALDI-TOF
matrix-assisted laser desorption ionization time-of-flight

» varianta hmotnostni spektrometrie

> peptidy jsou ionizovany a stanovi se pomér hmoty
K naboji na zakladeé doby letu (time-of-flight)
k detektoru

Lager

» vypocte se M a ta
je specificka pro
kazdou
aminokyselinu

Matrix

Time-of-flight
Mass spec




 ReaaNErrAT U ERYZ
Vyhody a nevyhody

2 1) Neni zapotrebi sekvenovat proteiny
e . :
y 2) Staci jen znalost molekuloveé

hmotnosti

6 1) Nelze analyzovat multimerni

—5 proteiny
2) Mela by byt znama sekvence AK



" Protilatky jako zakladni detekéni a
identifikacni nastroj
> Slouzi ke studiu vysledku translace
» Vznikaji jako reakce organismu na antigen

n2/a/s

Oblast antigenu rozeznavana protilatkou se
oznacuje jako epitop
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Epitopy
Linearni

» Vazi se na ne protilatky bez ohledu
na konformaci

» Rozpoznavaji napr. denaturované
proteiny

Konformacni

» Vazi se na né protilatky v zavislosti na zpusobu
poskladani polypeptidovéeho retézce

> Protilatky specifické pro konformacni epitopy budou
reagovat pouze s proteiny o prirozené konformaci



Western blotting
Imunoblotting

> ldentifikace polypeptidu protilatkami po
rozdeleni na denaturacnim PAGE (alkalicky
pufr = proteiny ziskaji negativni naboj

» Rozpoznani neprobiha v gelu, ale
po preneseni polypeptidi na membranu
jako u Southernova prenosu
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Vysledek imunoblottingu

HelLa Cell Lysate

oDS-PAGE Western Blot
A 8
1 2 3 4 5 1 3 4 £ o
pe—
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Chemiluminescent Detection of CDKY
BioRad Bulletin 2032
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Imunoprecipitace

Immunoprecipitation

> Slouzi k izolaci q W @ ®
N
O O

specifickych proteint o *1 b }

z proteinovych smési oOo 0/%<\ o/<<\

prostrednictvim ° | o
rotilatek ° * 1 o
P b o &
> POUiiVé Se ke StUdiu @ Suitable antibody is added.

. ” - . @ Antibody binds to protein of interest.
interakci mezi proteiny

€© Protein A or G added to make antibody-protein complexes insoluble.

(4] Centrifugation of solution pellets antibody-protein complex.
Removal of supernatant and washing.

Diagram 1: lllustration of Immunoprecipitation process.

https://www.leinco.com/immunoprecipitation/
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