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Prace s proteiny — Zisk proteinu

Protein je spravné sbaleny, aktivni, v dostate¢ném
mnoistvi a koncentraci
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Zisk proteint

* lzolace nativnich proteinu z prirozeného zdroje
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Zisk proteint

* lzolace nativnich proteinu z prirozeného zdroje

® S

- Je mozné ziskat velké mnozstvi * Organismus muze obsahovat
proteinu. velmi malo cilového proteinu,
navic pouze za specifickych
podminek a po omezenou
 Nemusime resit spravné dobu.
sbalovani (folding) proteini
a posttranslacéni modifikace.

* Muze byt levna.

« Organismus muze byt
nebezpecny (viry) nebo obtizné
kultivovatelny/chovatelny.




Zisk proteint

* lzolace nativnich proteinu z prirozeného zdroje

®

proteinu.
* Muze byt levné.

 Nemusime resit spravné
sbalovani (folding) proteini

a posttranslacéni modifikace.

Je mozné ziskat velké mnozstvi

@

Zisk a zpracovani materialu
muze byt velmi drahé a ¢asové
a technologicky naro¢né. Nebo
trestné.

http://www.zoovienna.at/



Zisk proteint

* lzolace nativnich proteinu z prirozeného zdroje

®

Je mozné ziskat velké mnozstvi
proteinu.
Muze byt levné.

Nemusime resit spravneé
sbalovani (folding) proteint
a posttranslacni modifikace.

@

* Problémem je rovneéz slozitost
prirodniho materialu. Je nutneé
vyuzivat mnozstvi purifikaCnich
a separacnich metod!

C4830 Instrumentalni biochemické metody
C7030 Separacni metody

C6260 Metody separace proteinu

C6200 Biochemické metody




Zisk proteint

« Kom€rcne dostupné proteiny

@

Jednoduché a (nekdy) rychie.

Definované slozeni.

Vyhodné, kdyz pouzivame
proteiny jako NASTROJE

v béznych metodach (enzymy,
stabilizatory).

S

Muze byt dost drahé.

Omezené mnozstvi (za hodneé
penéz malo proteinu).

Dostupna forma nemusi byt
vhodna pro nas ucel.




Zisk proteint

« Kom€rcneé dostupné proteiny

sicMA-ALDRICH: EEEGEGGEEEY
SAVE TIME,

EFFORT, AND CO

WITH PHARMACEUTICAL
SECONDARY STANDARDS

http://lwww.sigmaaldrich.com/czech-republic.html



Zisk proteint

« Kom€rcne dostupné proteiny

Price and Availability

SKU-Pack Size

AZ153-10G

A153-50G

A153-100G

AZ2153-500G

AM53-1HG

Bulk orders?

Availability

e Estimated Delivery 09.04.2013 -
9 Estimated Delivery 09.04.2013 -
0 Estimated Delivery 09.04.2013 -
0 Estimated Delivery 09.04.2013 -

0 Estimated Delivery 09.04.2013 -

Price
(ELRICZK)

1,708.20] 0 | (96
638300 0 | (9@
11,024.00 0 | (3@
4394001 0 | 1@
66,040.00 0 | (1@

= ADDTOCART ¥

CQuantity

Prace s proteiny

= Vétsina savcich protein zacina denaturovat jiz pfi
teplotach nad 40 °C. Pri teploté 95 °C dochazi k aplné
denaturaci témér véech proteini béhem nékolika minut.
K vyrazné destabilizaci a denaturaci mGze dochéazet jiz
za laboratorni teploty {25 °C).

S proteiny pracujeme ,,na ledu®.

Prace s proteiny

P¥i praci s nizkymi koncentracemi proteinu (< 1 mg/ml)
se mlZe vyrazné projevit ztrata zpliisobena vazbou
na stény pouzité nadobky {(zkumavky).

Pokud je to mozné, Ize pouzit inertni proteiny (BSA,
cca 2 mg/ml), které vazbé zabrani.




Zisk proteint

« Kom€rcneé dostupné proteiny

c +33 (0)4 76 40 71 61

OligoTech®

Matural polysaccharides
and Oligosaccharides
extracted from Biomass

Glycan Oligosaccharides

Glycobricks®

Glycosaminoglycans

Aminoglycoside
derivatives

Human & Bacterial Lectins

About ELICITYL About OligoTech® Plant Health Contact

ELICITYL Research and production of highly purified
oligosaccharides for agriculture, pharmacy, nutraceutics
and cosmetics.

ELICITYL has two commercial offers:

QligoTech®: a bank of tailor-made complex sugars
PEL101GV®: Complex sugars for Plant health

0|ig0TECh® Plant Health

$ Frost protection for
" vineyard:- PEL101GV®
Aide protection gel

: : } ) i pour la vigne:
for biomedical, cosmetic, nutraceutical and agriculture PEL101GV®

applications -

A library of tailor-made complex sugars

Catalogue

Customized delivery
Analysis services

http://lwww.elicityl-oligotech.com/




Zisk proteint

 Chemicka syntéza

« Chemicka syntéza peptidl — karbodiimidova metoda, produkce
prevazné kratSich rfetézcu (syntéza na nosicich, nutnost aktivace
funkénich skupin, blokovani, odblokovani)

« Chemicka syntéza proteini — metodicky rozvoj umoznil uplnou
chemickou pripravu i proteinti o délce cca 200 aminokyselin.

Chcete védét vic?
Lukas Zidek
Skripta predmétu C9530 Strukturni biochemie




Journal of

Peptide

Zisk proteint

Chemicka syntéza

Through the looking glass - a new world of
proteins enabled by chemical synthesis*

Stephen Kent,* Youhei Sohma, Suhuai Liu, Duhee Bang, Brad Pentelute and
Kalyaneswar Mandal

"fr “The chemical ligation approach... breaks the conceptual
Hy Iﬂ-l:.

veolide 1 i, peplids 2 shackles imposed by the peptide bond, frees us from the linear
; paradigm of the genetic code, and opens the world of proteins
o to the entire repertoire of chemistry."

S. Kent and associates [31]

00

1. Unprotected peptides :

lf"‘:z‘l’f“zl"::‘:;'f ronectipe Total protein synthesis based on _modem chemical ligation
P e O i methods e_nables the reproducible preparation raf protein me_le-
cules of a size that less than 20 years ago was considered to be in-
accessible to chemistry. Key to this ability is the covalent chemical
?‘r_ condensation of unprotected peptide segments by means of an
. unnatural link between the two reacting segments._In_the native
chemical ligation refinement of this approach, the initial thioe-
""""""'I"g"e ﬂ""“"“ ster-linked intermediate rearranges to give a native amide bond

at the ligation site.




Produkce rekombinantnich proteinu

IO OL

Rekombinantni DNA Hostitelska bunka

@ zolace a purifikace

|
Protein R proteinu

Geneticky modifikovany

o organismus
Rizena exprese (,,nadexprese*)

naseho genu: ,,Zac¢ni ho délat ted’
a hodné a neprestavej!“




Produkce rekombinantnich proteinu

IO OL

Rekombinantni DNA Hostitelska bunka

Klonovani DNA

Vytvareni identickych molekul DNA,

v tomto pripadé zmozenim
rekombinantnich molekul v hostitelské
bunce.

Cilem nemusi byt exprese proteinu, ale
napriklad vytvoreni dostate¢cného
mnozstvi materialu pro studium

(a manipulace) genu. Geneticky modifikovany
organismus

Priprava DNA, prenos do hostitelskych
bunék, selekce transformovanych
bunék.




Produkce rekombinantnich proteinu

Exprese genu

Cilem je zisk aktivniho (spravné sbaleného) proteinu v co nejvétsim
mnozstvi. Produkce ciziho proteinu bunky zatézuje, proto je exprese
genu indukovatelna — syntéza proteinu je vyvolana az po zmnozeni a
narustu bunécéné kultury.

Optimalizace exprese je naro¢na, je nutné brat v ivahu mnozstvi
parametru, napr. hustotu bunééné kultury, teplotu, koncentraci
induktoru, slozeni média, pH, dobu indukce...

Geneticky modifikovany

o organismus
Rizena exprese (,,nadexprese*)

naseho genu: ,,Zac¢ni ho délat ted’
a hodné a neprestavej!“




Produkce rekombinantnich proteint

Purifikace protein

Zahrnuje mnozstvi metodik, které je nutné kombinovat a optimalizovat.
Vybér zavisi na vlastnostech proteinu (stabilita, rozpustnost) a rovnéz

divodu proc¢ protein purifikujeme.

Pri charakterizaci novych
proteintli neni ¢asto zisk

proteinu ale teprve zacatkem vlastniho
vyzkumu...

Izolace a purifikace aktivniho proteinu koncem,
Protein

C8202 Zaklady proteomiky

Bi8202c Zaklady proteomiky - cviCeni

Rizena exprese (,,nadexprese®)
naseho genu: ,,Zac¢ni ho délat ted’
a hodné a neprestavej!“




Hostitelsky organismus

Znamy (tj. dobre prostudovany) organismus
Ochotné akceptujici cizorodou DNA

Bezpecny (tj. neohrozujici zdravi, nepatogenni)
Kratka generacni doba

Snadna kultivace/péstovani/chov

Nenaroény (,,levny“), pfizplsobivy

Vysoka produkce cizorodych proteinu
Moznost ruznych modifikaci

Bakterie

E. coli




Klonovani DNA

Izolace PCR produktu

>

Cca 2 hodiny

_* RBS | ATG BxHis| Xpress™ Epitope EK MCS [Stop

Stépeni

3-12 hodin

Stépeni

=

]

3-12 hodin

PRSET A-gen




Klonovani DNA

: 3.“. e Ated’ muzete

el
L ] L)
\i

Selekce Ampicillin

pPRSET A -gen

Transformace Heat shock
Cca 2-3 hodiny

BL21 (DE3) Expresni bunky

Neexpresni bunky XL-1-Blue

Transformace Heat shock

Selekce Ampicillin
Cca 12 hodin

Izolace plasmidu

Asi den...
pPRSET A -gen



http://www.intestinalflora.org/assets/images/PROBIOS-Candida-albicans-au03.jpg
http://www.intestinalflora.org/assets/images/PROBIOS-Candida-albicans-au03.jpg

DNA Cloning

Michael Andrew CQuail, The Weloome Trust Songer Institute, Combridge UK

Decgnibonuder: acid ({DMA) cloning & the &t of cming rcomiinant DMA
ol wiies St can be introduced info living s, mpicsed and sthly inherited, aich
at mulfpe ‘cloral mpie of Sat DMNA am produced. Tedmiques for cloning and

wariou verioe that coan be wed e deribed.

Introduction

Decxynbonuckacaad (DMNA) clning & & comers Lone
ol molacular eokegy. Hs power & such Usl withoul it
lar g proporbon of maodemn baokymcal soence woulkl
mply nost e paossihile.

A clone can he defined & an wlentical apy. DMNA
lonmg mvolves pumng or “hgling’, DNA wath a
vaolor” thal enzbles the resuling comsirud Lo he

lrslucesd mio a cell, rephcatal and pased on Lo

ughter cals & thal cell dovades {Figure 1). The resull

a population o cells all amlanme clones of the
srigmal DIMNA . Thenss Her that DMNA 15 o] teed
noe cells cam be grown b order amd DNA extractal
lor study or lurther mampulsbhon whenever 1l =

uarecl

DMNA clonmg has been made possble by the
moovery of bwo lypes o prodem, those thal bresk or

wlily INMA such that they have suilahle termma for
higation and those that ame capable of ligatng those

Mecules of DINA.

How to Clone

[DMNA exsls & a double helix of aniperalle]l polymer
siramds wath the nucleobds unils m each joined by 5-
¥ phosphodiesier bomds. The ahdity Lo selectivdy
and jvin these bonds = the bass of DRNA
lonmg. Far the delsmled expermmental protocads
wribal m ths arick the resder & refernsd Lo

jambrook and Fussell (20001}, an excdlent thres
wirl umie |abora lory manual of moleculsr aology.

Ligation
[DMA siramds can be jomed through the achion of the

pyme DMNA hgase, the nommal ological role of

hich is Lo jom the series of Okamki fragments that
re generalal on the lageme stramd dunng replics

Wi i e . i T_E__tET_ s
Lk

- Klonovani DNA

Ligation: Theory and
Practice

Karthikeyan Kandavelow, johns Hopkins Uinicemity, Mandond, L84

Mala Mani, johns Hopkins Lnfersity, Mardand US4

Sekhar PM Reddy, phos Hogkins Liniersity, Baltimane Marylond, 154
Srinivasan Chandrasegaran, jshn: Hoplins Lniversty, Baktimaor, Mandard, LS

Lig alon is the process by whiidh MAD DiNA i ases Catalyie the ormaon of phaphodiester
bandd Betwesn juatapdaied 3-hydmay groupand 5% phodphate termmini 0 duplex

Restriction Enzymes

Mala Mani, Doss FaberCoorarlogitae. Bbnn, M wchaasty 154
Karthikeyan Kandavelou, ptes opies U sy, St Moo, US4
Srinivasan Chandrasegaran, jhs Haphis lskenly, Bitinae, Mardand. U5

Type |l restricion enzymesan: fhe moleolar rimors that ciakese the dow b sand

cleavage of deanyribomudeic acd {DMA) at pecfic bawe wequen ez They am exoential
ool fior amip ulating (DA including bt not imited to dioning, analns and

T Ul S\VAWE S G W |

# Introd wdion

-llu':m.l.g—

# Opi '

+ Bicharmical Froperisn of CAALG e
&t function of MAL gem

# Ligams thain Bestion

# Surmmary

# dckrrd sxigurman

dheas wrilonucher cid (DA} Ligases use adendaine Fighephae of nicofnamide-

alerne dinucleotide (MAD) & ool adtard lor this cosslent janing of DAL

Introduction

O of the key steps in recomibd namt deo yribonwel e acid
(IMA) tachnology 15 the jomnme of lwo separale DNA
Fragments covalently o form a single DNA molasule that
15 capable of aulonomouws rephcalion in cells. The cons-
Lruetion of neeom binant DN A mokecules myvolves the joan-
ing of mserl ssquences milo plasmids or bacted ophage
clonang veclon. This crcal siep s perfomed by DNA
ligases. Like type 1] nesslnchion encymes, DINA ligases are
essenlial ok n recmbimant DNA technology for ana-
Iysmg and mampulatmg [DMNAL DNA ligases are essenbal
enzry mes in Lhe synihess of new [DMNA during cell dividon
and for matmiamdng the miegly of Uhe gendome.

DNA Ligase Reaction Properties and
Intermediates

DDMA hgaees calalyse the formaton of phosphodiester
bomnds belween jusiaposed F-phosphale gmoups and a2 3°-
hydroxyl temun m duplex [DMA. They can repar angle-
slranded nacks m duplex DMNA as well as covalently juan
’ compalible cohedve ends or
ool y usedd DINA hgases an
4 DMNA hgase and Excherichia
o Bgse was ongmally punfied
kol E colf i 5 the prosd et of
fF DM A ligase 5 the prodwet of
i ey el o] el Uhee encry mess

= v G s =

i 10 1B apey i 003233

joins resiriclion lragments with compatible cohesive or
slicky ends, 11 does not ligale rsindion lragmenls with
blunt ends under normal reachon condibons. See alao:
Bactenophage T4; [DNA heases DMNA repair by reversal of
damage: Muclee acxds: general proper e

[N A hgmses calalyse the DINA jomang reaclion in Lhnes
datmel stepe (1) the fomation of a covalent enzyme—
adenosme mondaphosphate (A MP) complex; (2) the lrans-
fer of the AMP modely Lo the 5'-phosphate al a mck m the
duplex [N A and (3) the formabon of the phosphodieser
o wilh concomulant relesse of AMP. See ako: DMA-
banla ey enoryres: slrwelural Lhemes

The firsl step of the reaction & Uhe best chamclenxed.
Studwes with ATP-dependent T4 DMNA lgase and NAD-
dependent E. coli DMNA e have shown the formati on ol
a covalenl enryme-nuckeosile monophosphale nsachon
miermediate. I appears thal the AMP moaely 15 hnked wa
a phosphaoramdite boned Lo & ] ysane nesad we i an activesile
molil, KXDGXE, thal & diagnostic for DNA ligases
{Figure 2). A luriher five comserved maolils have boen defined
by protein sequence abgnments of DMNA ligaes. See ala:
Protem molils for DNA binding

Theerysial siruciune ol baderiophage T7 DNA Hgse has
revailed thal thas encyme cxmprses v distmel domm@ms
hnked ogether o form a clell. The astive die molil,
EXINEXE, 5 aiithe base ol the clelt, and the other comerved
bl ane bocated on Uhe s urfiace of the two domams close Lo
the die of adenylation. 1 appesrs thal the moked duplex
[0 A s the clell between the two prosten domams,

il 110 L R0 O S0 L OO S e B

jutible {ie. compl emeniary) ends may he hgated
her using DA Hgases to produce recombina i
ecules. There are abo mumerous enzymes that
an asymmaric sequence and cleave a shon
fom that ssquence. These ame fermed as type
k=, whem %" stands for shified clmvage. These
o Tl Tecognize amy specific ssquence at the

iscoveries in modecular hiokgy since the 1970,
ial tooks of 2 genetic engneer are the errymes
hse spedific reactions on DNA molecules. The
enzymes that cleave DNA atdiscrete nucleotide
are critical for mrrying out the mast impartant
mwtved in recombinent DINA technology. The
jof restriction enzymes has made it possible to
Jogenanis DNA fragments of defined length by
dmning. The DMA fragments genetated by re
nzymes ane wsed as substraies for 2 wide vanety
ymatic manipulations. Funthermone, the spe
[g e sites provide wi que moleocular lendmarks for
2 physical map of DNA. Thus, restriction en
& proved to he essential toolk for analysng and
Jing DAL

Er_v tomanipulate DMNA in defned ways has led

e Specificity of Restriction
Es

restriction-madificton emeymes have heen
these oome from widdy diveme organisms,
l from haceria. Thse emrymes &l o o
(idemtically denving) groups with ahout 200
Frecifidties. REBASE, the restriction emzyme
provides  information regarding restricion

o S, LS ekl el




Vektory, enzymy, bunky, kity, induktory...

...Jsou komeréné dostupné, a to v Siroké nabidce.

ALL CATEGORIES

Biobanking
DNA and RNA Cuantitation, DNA Extraction for Biobanks,
Sample ID and Mixed Sample Detection

Biochemicals and Labware

Biechemical Buffers and Reagents, Nucleic Acidz, Nucleic

Acids Purification Accessories, Tips and Accessories

Biclogics
Bieanalytical Toole, Bioas=ays for Biclogics, Protein
Manipulation Teols

Cell Health Assays
ADME Assays, Apoptosis Assays, Cell Viabilty Assays,
Cytotoxiciy A

cell Signaling
AMP Detection System, GPCR Assays, Growth Factors,
Hiztene Deacetylaze Azzays, View All

Cloning and DNA Markers
Clening Tools and Competent Cellz, Molecular Weight
Markers, PCR Cloning, Restriction Enzymez

DNA and RNA Purification

DNA and RMA Quantitation, DNA Fragment Purification,
Genomic DNA Purification Kits, High-Threughput DNA and
RNA Purification, View Al

Drug Discovery
ADME Assays, Apoptosis Assays, Cell Viability Azsays,

Custom Assay Materials, View All

Molecular Diagnostics

Maxwell® Rezearch Systems, Systems for Molecular
Diagnostics Rezearch, Reagents for Molecular
Diagnostics Labs, View All

PCR
Het-Start PCR, Long PCR, PCR Clening, gPCR and RT-
gPCR, View Al

Protein Expression and Mass
Spectrometry

Eukaryotic Cell-Free Protein Expression, Prokaryetic Cell-
Free Protein Expression, Cell-Based Protein Expression,

Protein Purification and Interactions
HaloTag® Protein Purification, GST Protein Purification,
Magnetic Systems for Purification of Antibodies and
Affinity-Tagged Proteins, Protein Interactions, View All

Reporter Assays and Transfection
In vivo Imaging, Reporter Azzays, Reporter Wectorzs and
Cell Lines, Transfecticn Reagents

https://www.neb.com

http://worldwide.promega.com/products/

APPLICATIONS

Tools & Resources Overview
FAQs

Protocols

Selection Charts
Troubleshooting Guides
Usage Guidelines/Tips
Interactive Tools

Tutorials

. E‘JEW ENGLAND

1

TOOLS & RESOURCES SUPPORT

Popular Tools

Enzyme Finder

Double Digest Finder

MEBcutter

REBASE

DMA Sequences and Maps Tool

TM Calculator

PCR Selection Tool

BioLabs..




Vektory, enzymy, bunky, kity, induktory...

...Jsou komercné dostupné, a to v siroké nabidce.

Cloning http://www.lifetechnologies.com ,ﬂife
. technologies
o - M Get Started With Cloning

Life Technologies offers powerful and versatile Invitrogen™ cloning and expression vectors,
GeneAn® gene synthesis and assembly tools, and molecular biology essentials for that
w critical first step in your experiment. Unsure where to start? Which cloning method is

~ right for me?

=M An Introduction to Cloning

Trust is the most important ingredient http://www.qgiagen.com/

New! mericon Horse Kit=1

trust is the most important ingredient

Discover more




Il. A. Overview of the pET System Process

Getting
Started

Choose a pET Vector jpeg=27
= Application of the expressad protein
» Specific information known sbout target protein
* [(loning strateqy
Salubility and cellular lecalizations
Fusion tags; need for tag remdoval
Regulation of protein expression, [i.e, \

/ pramater and expressian strain)

Prepare pET Vector (page7)
= Digest with restriction enzymels) and
dephasphorylate (or use LIC vector)

» Gel-purify [or use LIC vectar] Gel-puify
= Gel-puri

Clone Insert into pET Wector jpege 1a) '
+« [Ligate or anneal insert with pET vector
# Transform into non-expression hast [e.g.

MNovaBlue]

+ |dentify positive clones; colomry PCR
prepeare plasmid DMA werify reading frame
by sequencing

Transform into Expression
Host jpege 10)

ey A A 7
Novagen -/ffiéf/ L_S{;{‘!"Zéi’f?f /L“ [(Kf!f{{r’_’/-

Prepare Insert DNA /pog= 5

* Plasmid andfor PCR DNA

» Restriction digest or generate
LiC owerhangs

S =

About the System

A. Description

B. Licensing and Use Agreement
C. System Components

Getting Started

A. Overview of the
pET System Process

B. Growth Media and Antibiotics
Growth media
Antibiotics and stock solutions
C. Vector Preparation

D. Insert Preparation

# Transform host carrying T7 RNA
polymerase gene [(LDEZ, lysogen
poge 45) or non-DE3 host compatible
with ACEG infection (poge 13)

Induce and Dptimize

Expression of Target Protein jpoge 15

# Determine time course and temperature
fior expression in total cell and subceliular

fractions; analyze solubiltty and activity jFoge 13)
« [etect target protein by S05-PAGE
Westem blot, guantitative assay (page 34)

Scale-up culture size

\ Extract
Target Protein joog- 25
* Detergent methods Purify Target Pratein
» Machanical meﬂlm\ s Affinity purification fpage 367

 Cleave tags and remowe
protease (if desired) fpoge 44)

. Cloning Inserts in pET Vectors

A. Ligation

B. Transformation
Handling tips
Procedure
Plating techniques
ColiRollers™ Plating Beads
Standard spreader




Stabilita proteinu

 N-koncové pravidlo - ProtParam

Jak stabilni je muj protein?

Amino acid Mammalian Yeast « Invivo halfife

4 hour T . I . In vivo half-life
. nour The half-life is a prediction of the time it takes for half of the amount of protein in a cell to disappear after its synthesis in the cell
ProtParam refies on the "N-end rule”, which relates the half-life of a protein to the identity of its N-terminal residue; the prediction
IS given for 3 model organisms (numan, yeast an coh e N-end rule (for a revi see ,10]) onginated irom the
observations that the identity of the N-terminal residue of a pi plays an important role in determining its stability in vivo ([2]
1 & our [3],[4]). The rule was established from experiments that explored the metabolic fate of artificial beta-galactosidase protein: h
- seEEms different N-terminal amino acids engineered by site-directed mutagenesis. The beta-gal proteins thus designed have strikingly
different half-lives in vivo, from more than 100 hours to less than 2 minutes, depending on the nature of the amino acid at the
amino terminus and on the experimental model (yeast in vivo, mammalian reticulocytes in vitro, Escherichia coli in vivo). In
. . addition, it has been shown that in eukaryotes, the association of a destabilizing N-terminal residue and of an internal lysine
nour no targets the protein to ubiquitin-mediated proteclytic degradation [6]. Note that the program gives an estimation of the protein
half-life and is not applicable for N-terminally modified proteins.

hour




Protein = problém pro hostitelskou bunku

Produkce toxickych proteinul.

Problémem muze byt i nadprodukce primarné netoxického
proteinu — naruseni metabolickych drah.

Produkce proteinti s hydrofobnimi oblastmi — mohou se
vazat na/do membrany.

E. coli BL21(DE3) strains, like Lucigen’s E. cloni® EXPRESS Competent Cells (see the
announcement on p. 8), provide reliable expression of many proteins cloned into T7 expression
vectors (e.q., pET or Lucigen’'s pSMART®-cDNA vectors). However, in some cases expression

is minimal or not detectable because the recombinant protein, when expressed, is deleterious or
lethal to these standard BL21 strains. Examples of such toxic proteins include many membrane
proteins, some cytoplasmic proteins, and nucleases. Unfortunately, successful expression of one or

more toxic proteins is often important {o the experimental goal.




Protein = problem pro hostitelskou bunku

Produkce toxickych proteinul.

Problémem muze byt i nadprodukce primarné netoxického
proteinu — naruseni metabolickych drah.

Produkce proteinti s hydrofobnimi oblastmi — mohou se
vazat na/do membrany.

!

BLAST, PubMed, ProtParam, Jpred, TMpred




Protein = problem pro hostitelskou bunku

Produkce toxickych proteinul.

Problémem muze byt i nadprodukce primarné netoxického
proteinu — naruseni metabolickych drah.

Produkce proteinti s hydrofobnimi oblastmi — mohou se
vazat na/do membrany.

Resenim je vysoka kontrola exprese nebo pouziti
specialnich kmenu hostitelskych bunék.

* The strain C41(DE3) was
derived from BL21(DE3) [E coli F~ ompT hsdsS, (r,- }ga! dem ( DES}] This strain has at Ieast

One erized mutation that preven --._1- od with expression of ma DX
_LammmuaanmlﬂDS_The strain C43(DE3) was derived from C41(DE3) by selecting for resistance
to a different toxic protein. It can express a different set of toxic proteins than C41(DE3).
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E. coli — vyuziti kodonu

Vyuziti kodonu odrazi dostupnost jejich tRNA.

Vzacneé kodony jsou vyuzivany zridka a navic jsou
rozeznavany tRNA dostupnou v malych mnozstvich.

Kodony vzacné v E. coli jsou velmi ¢asto obvyklé
v eukaryotickych organismech.

PROBLEMY S TRANSLACI!

Kodony na mRNA
AUG UCG CAU GCC

UAC AGC GUA CGG Antikodony natRNA

I

Met Ser His Ala | Aminokyseliny nesené tRNA




E. coli — vyuziti kodonu

Vyuziti kodonu odrazi dostupnost jejich tRNA.

Vzacneé kodony jsou vyuzivany zridka a navic jsou
rozeznavany tRNA dostupnou v malych mnozstvich.

Kodony vzacné v E. coli jsou velmi ¢asto obvyklé
v eukaryotickych organismech.

PROBLEMY S TRANSLACI! Gene Ther Mol Biol Vol 10, 1-12, 2006

Low-usage codons and rare codons of Escherichia
coli

Mini Review

Dequan Chen* and Donald E. Texada

Department of Ophthalmology. Louisiana State University Health Sciences Center. Shreveport. LA 71130




E. coli — vyuziti kodonu

The 8 least used codons in E. coli, yeast, Drosophila, and primates

E. coli yeast Drosophifa primates amino acid

AGG AGG arginine
AGA AG arginine Dalsi vzacné kodony:

AUA AU isoleucine GGA, GGG (glycin), AAG
CUA leucine (lysin), ACA (threonin),
con | | | arginine UGU, UGC (cystein)...
CGG arginine

cCC proline

LICG serine

http://www.embl.de/pepcore/pepcore_services/protein_expression/ecoli/codons1/index.html




E. coli — vyuziti kodonu

Vyuziti kodonu odrazi dostupnost jejich tRNA.

Vzacneé kodony jsou vyuzivany zridka a navic jsou
rozeznavany tRNA dostupnou v malych mnozstvich.

Kodony vzacné v E. coli jsou velmi ¢asto obvyklé
v eukaryotickych organismech.

PROBLEMY S TRANSLACI!

— PR A

MRNA

\2\ \2\ \2\ Proteinj Protein )\ )\
\2\ \2\ tRNA s aminokyselinami )\




E. coli — vyuziti kodonu

Vyuziti kodonu odrazi dostupnost jejich tRNA.

Vzacneé kodony jsou vyuzivany zridka a navic jsou
rozeznavany tRNA dostupnou v malych mnozstvich.

Kodony vzacné v E. coli jsou velmi ¢asto obvyklé
v eukaryotickych organismech.

PROBLEMY S TRANSLACI!

Predcasné ukonceni translace, zaména aminokyselin (misto
argininu je zaclenén lysin u kodonu AGA), zména cteciho
ramce, vynechani aminokyselin.




E. coli — vyuziti kodonu

* Problém vzacnych kodonu lze vyresSit vyuzitim specialnich
kmenu hostitelskych bunék (upravené, produkuji vétsi
mnozstvi tRNA pro vzacné kodony).

BL21 (DE3) CodonPlus-RIL  arginine (AGG, AGA), isoleucine (AUA) and leucine (CUA)
BL21 (DE3) CodonPlus-RP  arginine (AGG, AGA) and proline (CCC)

Rosetta or Rosetta (DE3) AGGIAGA (arginine), CGG (arginine), AUA (isoleucine)
CUA (leucineCCC (proline), and GGA (glycine)

http://www.embl.de/pepcore/pepcore_services/protein_expression/ecoli/optimisation_expression_levels/index.html

BL21-CodonPlus (DE3)-RIPL — extra kopie gent pro tRNA rozeznavajici
vzacné kodony argininu, isoleucinu, prolinu a leucinu




E. coli — vyuziti kodonu

« Dalsi moznosti je zména sekvence genu — cilena
mutageneze. Vzacné kodony zmeénime na bézné.

Problém: casova narocnost!

- Alternativa — SYNTETICKY GEN s optimalizovanym vyuzitim
kodondu.

Drahé, ale ve vysledku se dnes vyplati.

Lze samozrejmeé navrhnout i jiné modifikace nez ,,pouhou”
optimalizaci kodonu.

| SE SYNTETICKYM GENEM LZE DALE PRACOVAT A
DODATECNE HO ,,DOMA“ UPRAVOVAT!




Tvorba disulfidickych mustku (vazeb)

* V cytoplasme E. coli je redukcni prostredi — ,,wild-type*
kmeny netvori v cytoplasmé disulfidické mustky!
« Jsou disulfidické mustky pro spravné sbaleni proteinu
duilezité?
Obsah
BLAST cysteinﬁ PﬁVOd

Predikce proteinu/genu
struktury

NE

- D

Musite pouzit specialni kmeny E. coli. Vyborne! Muzete
resit jiné problémy.
Vyzkousejte cilenou produkci do periplasmy.




Tvorba disulfidickych mustku (vazeb)

Origami(DE3) (Novagen)

Origami™ host strains are K-12 derivatives that have mutations in both the thioredoxin reductase
(trxB) and glutathione reductase (gor) genes, which greatly enhance disulfide bond formation in the
E. coli cytoplasm. Studies have shown that expression in Origami(DE3) yielded 10-fold more active
protein than in another host even though overall expression levels were similar. The original Origami
strains are compatible with ampicillin-resistant plasmids and are ideal for use with pET-32 vectors,
since the thioredoxin fusion tag further enhances the formation of disulfide bonds in the cytoplasm.
The trxB and gor mutations are selectable on kanamycin and tetracycline, respectively; therefore,
these strains cannot be used with plasmids that can only be selected with kanamycin or tetracycline.
To reduce the possibility of disulfide bond formation between molecules, strains containing mutations
in trxB and gor are recommended only for the expression of proteins that require disulfide, bond
formation for proper folding. 4

Rosetta-Gami2(DE3)pLySRare (Novagen)

Rosetta-gami 2 host strains combine the advantages of Rosetta 2 and Origami 2 strains to alleviate
codon bias and enhance disulfide bond formation in the cytoplasm when heterologoous proteins are
expressed in E. coli. These trxB/gor mutants are compatible with kanamycin-resistant vectors, and
carry the chloramphenicol-resistant pPRAREZ2 plasmid, which supplies seven rare tRNAs.

pLysS strains express T7 lysozyme, which further suppresses basal expression of T7 RNA
polymerase prior to induction, thus stabilizing pET recombinants encoding target proteins that affect
cell growth and viability.




Tvorba disulfidickych mustku (vazeb)

VnéjsSi membrana
Bunééna sténa ) o
Jak donutite protein jit
do periplasmy?

Cytoplasmaticka
membrana

Cytoplasma
Periplasmaticky

prostor

« Oxidaéni prostredi v periplasmé umoziuje tvorbu -S-S- vazeb.
 Obsahuje enzymy, které vznik -S-S- katalyzuiji.




Tvorba disulfidickych mustku (vazeb)

VnéjsSi membrana

Bunécna sténa

Jak donutite protein jit
do periplasmy?

Cytoplasmaticka 1
membrana

Signalni peptid
(sekvence)

Cytoplasma
Periplasmaticky

prostor

« Oxidaéni prostredi v periplasmé umoziuje tvorbu -S-S- vazeb.
 Obsahuje enzymy, které vznik -S-S- katalyzuiji.




Posttranslacni modifikace

Molekulova hmotnost - M,, |zoelektricky bod - pl Stab i I ita

Note: It is not possible to specify p for your protein, nor will ProtParam know whether » lzoelektricky bod = pH, pii kterém ma protein nulovy sumarni
your mature profein forms dimers or multimers. I you do know thal your prolein forms a dirmer, you may Just ’

JUpTicale youT SEQUETICE (16 GPPEnd & S6Cond copy of the sequence (o the first), as all computations performed naboj. S t r u kt u r a

by ProtParam are based on either compositional data, or on the N-terminal amino acid.
ids described in Bjeliquist et al., which were defined by
obilised pH gradient gel environment M
158 tion of protein pl for highly basic proteins is yet 1o be studied and itis possible t
+ ProtParam nebere v ivahu moiné posttranslacni modifikace a Compute pi fictions may not be adequate for this purpose
oligomerizaci proteint.

Pro predikci PTM a oligomerizace existuji specializované + Problémem jsou opét posttranslacni modifikace!!!
nastroje.

+ Pouzité hodnoty pK jednotlivych aminokyselin — rGzni autofi,
Problematika PTM neni stale dofesena, predev$im u prokaryot. r;;rllzél Eudon;; Y Ph Jednotiivych aminokyselin — ruzni autert I nte ra kce

Glykosylace proteind, dfive povaZovand za proces probihajici peuze
u eukaryot, byla jiz prokdzana i u prokatryot.

Databaze prokaryotickych glykoproteinii: ProGlycProt L k I H

Predikce glykosylace u prokaryot: GlycoPP o a Iza ce
http:/f
http:/fisoelectric.ovh.org/

Reviews C.T Walsh et al.

i : DOI: 10.1002/anie 200501023
Protein Chemistry [anie

Protein Posttranslational Modifications: The Chemistry
of Proteome Diversifications

Christopher T Walsh,* Svivie Garneau-Tsodikova, and Gregory J. Gatio, Jr.




Posttranslacni modifikace

Molekulova hmotnost - M,, |zoelektricky bod - pl

Stabilita
Struktura
Funkce

Note: It is not possible to specily px for your protein, Il Proti « lzoelektricky bod = pH, pii kterém ma protein nulovy sumarni
your i you do kow you ma) nabaj

+ ProtParam nebere v uvahu moZné posttranslaéni modifikace a
oligomerizaci proteint.

= Pro predikci PTM a oligomerizace existuji specializované + Problémem jsou opét posttranslacni modifikace!!!
nastroje.

+ Pouzité hodnoty pK jednotlivych aminokyselin — rGzni autofi,
+ Problematika PTM neni stale dofe$ena, pfedev$im u prokaryot. r;;rllzél Eudon;; Y Ph Jednotiivych aminokyselin — ruzni autert I nte ra kce

+  Glykesylace protein(, dfive povaZovand za preces probihajici peuze
u eukaryot, byla jiz prokdzana i u prokaryot.

Databaze prokaryoti h glykoproteinil: ProGlycProt L k I H

Predikce glykosylace u prokaryot: GlycoPP o a Iza ce
http:/f PP

http:/fisoelectric.ovh.org/

The diversity of distinct covalent forms of proteins (the e E. coli ] e pro karyotlcky
proteome) greatly exceeds the number of proteins predicted by . _
DNA coding capacities owing to directed postiranslational organismus = proka ryota

modifications. Enzymes dedicated to such protein modifica- P ROVAD EJ i
tions include 500 human protein kinases, 150 protein phos- POSTTRANSL Aé N i

phatases, and 500 proteases. The major types of protein

covalent modifications, such as phosphorvlation, acetvlation, M (? D !,FI KAVC E MNOHEM
glvcosylation, methylation, and ubiquitylation, can be classi- MENE NEZ EUKARYOTA...

fied according to the type of amino acid side chain modified,
the category of the modifying enzyme, and the extent of
reversibility.




Posttranslacni modifikace

Available online at www.sciencedirect.com
ScienceDirect Structural Biology

Not just for Eukarya anymore: protein glycosylation in Bacteria
and Archaea
Mehtap Abu-Qarn', Jerry Eichler' and Nathan Sharon?®

& GLYCOPP v1.0

CSIR-IMTECH A webserver for glycosites prediction in prokaryotes

HOME SUBMIT BLAST HELP DOWNLOADS TEAM CONTACT

http:/www.imtech.res.in/raghava/glycopp/

PROGLYCPROT | @ﬁ
A Repository of Experimentally Characterized http//WWWproglprrOtorg/ A
Ghycoproteirs of Prokaryotes CSIRIMTECH

ProGlycProtdb Structure Gallery Tools Links



Problém s introny!

- E. coli je prokaryoticky organismus = prokaryota NEPROVADEJi
SESTRIH!

Exon Intron Exon
" b ]\ ') -

l Transkripce

meesssssss Primarni
transkript
Sestiih

meeessesessssssss MRNA

l Translace Eukaryoticky slozeny gen

eesssssssssssssmm Protein




Problém s introny!

- E. coli je prokaryoticky organismus = prokaryota NEPROVADEJi

SESTRIH! Dobie, délaji sestfih, ale mnohem Fidéeji nez eukaryota a vétsinou
u nekodujici RNA (tRNA).

JOURNAL OF BACTERIOLOGY, July 1995, p. 3897-3903 WVol. 177, No. 14
0021-9193/95/304.00+0
Copyright 1995, American Society for Microbiology

MINIREVIEW

Prokaryotic Introns and Inteins: a Panoply of Form and Function

MARLENE BELFORT, MARY E. REABAN, TIMOTHY COETZEE,T anp JACOB Z. DALGAARD

Molecular Genetics Program, Wadsworth Center and School of Public Health, State University of New York at Albany,
New York State Department of Health, P.O. Box 22002, Albany, New York 12201-2002




Problém s introny!

- E. coli je prokaryoticky organismus = prokaryota NEPROVADEJi
SESTRIH!

* Pro produkci eukaryotickych proteinti v E. coli vychazime
z komplementarni DNA — cDNA. Coz je DNA ziskana zpétnou
transkripci z mRNA.

Exon Intron Exon
EEessssseseeeeeeeeeeeeeessssss DNA

l Transkripce

l Sestrih

_ﬂ_

MRNA Reverzni
transkripce

Primarni
transkript




Problém s introny!

- E. coli je prokaryoticky organismus = prokaryota NEPROVADEJi
SESTRIH!

* Pro produkci eukaryotickych proteintl v E. coli vychazime
z komplementarni DNA — cDNA. Coz je DNA ziskana zpétnou
transkripci z mRNA.







Problém s introny!

- E. coli je prokaryoticky organismus = prokaryota NEPROVADEJi
SESTRIH!

* Pro produkci eukaryotickych proteint v E. coli vychazime
z komplementarni DNA — cDNA. Coz je DNA ziskana zpétnou
transkripci z mRNA.

$104.00




Problém s introny!

- E. coli je prokaryoticky organismus = prokaryota NEPROVADEJi
SESTRIH!

Pro produkci eukaryotickych proteint v E. coli vychazime
z komplementarni DNA — cDNA. Coz je DNA ziskana zpétnou
transkripci z mRNA.

Nebo si nechame pripravit synteticky gen. Pozor! Musime védét
(nebo dostatecné presné predikovat), kde jsou introny/exony!

Bioinformatics Reverse Translation Tool (Translate Polypeptide to DNA codons)

Use this tool to convert a Protein Sequence into it's complementary DNA (cDNA - DNA without introns) sequence

Enter a Protein Sequence below (e.g. ABABAEEDBDE)
HCWCCVLSDIMMAT SDCEDECWQFY VT SVLEAMCROPTCCCCATHYCLLSICRITIVENCG
HCCPCHHVHMCEMCERVW T Y THMVIWWCHY YEHICWHMCGHT IACQENEFYPQCEVIESCER
CGEPLEENTIGDCPREYPCDPCLH LI YGDREFCGECCWEF DQMGEAKCHEFCGQDOCVSAQACTE
CARSCYRCCENACFHNSLWES




Inkluzni teliska

Proteinova inkluzni téliska = nerozpustné proteinove
agregaty

Spatné sbalené proteiny (problém disulfidickych mustka,
hydrofobnich proteint, posttranslaénich modifikaci)

Toxické proteiny

Proteiny, které se tvofi az priliS dobfe — moc rychle a ve
velkém mnozstvi

Proteiny, které tvofri inkluzni téliska z neznamych duvodu...

Mohou se tvorit ve velkéem mnozstvi. @
Vysoka Cistota.

Nékdy Ize protein renaturovat.
Mozné feSeni produkce toxickych proteinu.

Nesbaleny protein!




Nevyhody E. coli jako expresniho systému

Rozdilné vyuzivani kodont u E. coli a eukaryot
Problém s tvorbou disulfidickych mustku
Problemy s posttranslacnimi modifikacemi
Neprovadi sestrih

Tvorba inkluznich télisek

Analyza genu/proteinu (i zakladni = rychla) pred vlastni expresi nam muze
usporit spoustu ¢asu!

Stabilita? Aminokyselinové slozeni?
Homologni proteiny? Funkce? Hydrofobni oblasti?
Dulezité posttransla¢ni modifikace?
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