Molekularni biotechnologie C.7
Zvysovani ucinnosti translace

« ZvysSeni produkce rekombinatniho proteinu.
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Ovliviiovani ucinnosti translace

 Mnozstvi klonovaneho proteinu zavisi rovnez na
ucinnosti translace



U prokaryontnich bunek

* Nedochazi k translaci z ruiznych mRNA se stejnou
ucinnosti

« Hladiny v syntéze proteinu jsou az stonasobné

* Rozdily v uCinnosti translace (spolu s regulaci

transkripce) umoznuji bunce mit stovky a tisice molekul
nejakeho proteinu a jen nekolik molekul jiného proteinu



Molekularni zaklad rozdilné translace tkvi

V pritomnosti iniciaCniho translacniho signalu na mRNA,
Ktery se nazyva ribosomove vazebné misto

Je to sekvence 6-8 nukleotidu na mRNA, ktera se
paruje s komplementarni sekvenci RNA malé
ribosomove subjednotky

Tato sekvence se nazyva Shineova-Dalgarnova



Sekvence Shineova — Dalgarnova - definice

« Sekvence prepisujici se u baktérii z negativhiho DNA-
retézce do 5’konce mRNA jako 5’ AGGA 37,

« Kterou se pak mRNA vaze k sekvenci 3'UCCU &7,
nachazejici se na 3’konci 16S rRNA ribosomove

subjednotky 30S, a umoznuje tak v bakterialnich
bunkach vazbu mRNA k ribosomu



Udinnost translace

« Zavisi na sile vazby mRNA na ribosomovou RNA
« Cim je vétsi sila vazby, tim je vétsi iniciace translace



Expresni vektory E. coli byly optimalizovany

» aby bylo zajisteno, ze mMRNA klonovaného genu ma silné
ribosomové vazebni misto



K zabezpeceni spravné funkce rbs musi byt

« sekvence vazajici se na ribosom lokalizovana v presné
vzdalenosti od translacniho startovaciho kodonu
klonovaneho genu

 DNA nesmi obsahovat sekvenci, ktera by po transkripci
do mRNA tvorila vlasenky a tim branila interakci mRNA s
ribosomem — viz Obr. Pfiklad vlasenkové struktury



Viasenkova struktura mRNA
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Figure 6.16 Example of secondary
structure of the 5" end of an mRNA that
would prevent efficient translation. The
ribosome binding site is GGGGG, the
initiator codon is AUG (shown in red),
and the first few codons are CAG
CAU-GAU-UUA-UUU. The mRNA is
oriented with its 5" end to the left and
its 3’ end to the right. Note that in ad-
dition to the traditional A-U and G-C
base pairs in mRNA, G can also base
pair to some extent with U,



Expresni vektor pKK233-2 s transkripCnimi a translacnimi

signaly

* Pro vysokou expresi klonovaneho genu



Vektor obsahuje

Gen pro ampicilin rezistenci (selekcni
marker)

tac promotor
rbs genu lac Z
3 klonovaci mista (Ncol, Pstl, Hindlll)

2 sekvence pro terminaci transkripce (T1,
T2)



Expresni vektor obsahujici silne rbs

Figure 6.17 The expression vector
pKK233-2. The plasmid pKK233-2 codes
for the ampicillin resistance (Amp’) gene
as a selectable marker gene, the tac pro-
moter (p'), the lacZ ribosome-binding
site (rbs), three restriction endonuclease
cloning sites (Ncol, Pstl, and Hindlll), and
two transcription termination sequences
(T1 and T2). The arrow indicates the di-
rection of transcription. The plasmid is
not drawn to scale.
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Snizeni produkce klonovaného proteinu muze nastat

« Z ddvodu malého mnozstvi molekul tRNA v bunce, kdyz
klonovany gen obsahuje kodony malo vyuzivane
hostitelskou burikou (geneticky kod je degenerovany a
pro jednotlivé AK muzou byt ruzné tRNA)

 Potom lze chemicky syntetizovat novou verzi genu s
kodony, které jsou hostitelskou bunkou nejCastéji
pouzivany (tzv. optimalizace kodonu)

* nebo geneticky manipulovat bunky E. coli tak, aby
syntetizovaly vice vzacnych tRNA



Schéma znazornujici bunky E. coli geneticky manipulované
tak, aby produkovaly dostateCcné mnozstvi vzacnych tRNA
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DalSi moznosti

* Je integrace cizorode DNA do
hostitelského genomu

» Je-li klonovana DNA soucasti
chromosomu hostitelske bunky, je
relativne stabilni



Integrace cizorodé DNA do hostitelského genomu

« Se vyuziva, kdyz jsou problémy se stabilitou plasmidu

« Kdyz je treba zajistit, aby se klonovana DNA v
organismu udrzela bez selekéniho tlaku (v prumyslu je
pridavani antibiotika do média financné narocné)

* V bunkach se muze udrzZet po nékolik generaci bez
selekcniho tlaku



Integracni vektory

* Umoznuji vClenit klonovany gen do chromosomu
hostitelské bunky

« Kinserci nesmi dojit uvnitr genu, ktery je pro zivot bunky
esencialni

« Gen byva obvykle vlozen do chromosomu bunky tak,
aby byl pod kontrolou regulovatelného promotoru



Pro integraci se vyuziva

 Homologni rekombinace
* Pro ni je nezbytna sekvencni homologie
mezi integrujici DNA a chromosomem



Pro integraci cizorodeho genu do
chromosomu bunky

* Byly zkonstruovany integracni vektory



Konstrukce integra¢niho vektoru se sklada z téchto kroku

1. Identifikace vhodného mista na chromosomu buriky pro integraci
tj. identifikaci useku DNA, které muaze byt poruseno bez ovlivnéni
normalnich funkci bunky

2. l1zolace tohoto chromosomalniho integracniho mista a jeho
klonovani v integracnim vektoru

3. Vligovani klonovaného genu s regulovatelnym promotorem do
chromosomalniho integracniho mista

4. Prenos integracniho vektoru s klonovanym genem do
hostitelskych bunek. Vektor je konstruovan tak, ze se v hostitelskych
bunkach nemuze replikovat

5. Selekce a pomnozeni hostitelskych bunék, které exprimuji
klonovany gen. Klonovany gen se muze exprimovat jen tehdy, kdyz
byl integrovan do chromosomu hostitelské bunky.



K integraci muze dojit

« V dusledku dvojitého crossing-overu — integruje se ¢ast
integracniho vektoru

« Jednoduchého c-o — integruje se cely integracni vektor



Integrace genu do chromosomu jednoduchym a dvojitym
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Figure 6.21 Integration of a cloned gene into a chromosomal site. A. The cloned
gene has been inserted, on a plasmid, in the middie of a cloned segment of DNA
(ab) from the host chromosome. Homologous DNA pairing occurs between plas-
mid-borne DNA regions a and b and host chromosome DNA regions a’ and b’, re-
spectively. A double crossover event (X—X) results in the integration of the cloned
gene. B. The cloned gene is inserted adjacent to the cloned DNA from the host chro-
mosome (c). Homologous DNA pairing occurs between plasmid DNA region ¢ and
host chromosome DNA region ¢’. A single recombination event (X) within the
paired c-¢’ DNA region results in the integration of the entire plasmid, including the
cloned gene







Ovliviiovani mista sekrece cizorodého proteinu v bunce

« Stabilita klonovaného proteinu Casto zavisi na jeho
lokalizaci v bunce

* Napf. rekombinantni proinzulin je 10x stabilngjsi, je-li
sekretovan do periplasmy

* Proteiny sekretované do periplasmy nebo rustového
meédia se snadnéji purifikuji



Signalni peptid

* Na N-terminalnim konci proteinu
 Ovliviiuje prachod proteinu bakterialni membranou
« Zmenou signalniho peptidu Ize ovlivnit lokalizaci proteinu



Ovliviiovani sekrece proteinu v bunce

Figure 6.24 Schematic representation
of protein secretion. The ribosome is
attached to a cellular membrane, and
the signal peptide (signal sequence,
leader peptide) at the N terminus goes
through the membrane followed by the
rest of the amino acids that constitute
the mature protein or peptide. Once the
signal peptide has crossed the mem-
brane, it is cleaved by an enzyme associ-
ated with the membrane called a signal
peptidase. Membrane proteins as well
as secreted proteins generally contain a
signal peptide (prior to removal by pro-
cessing).
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Geneticky konstrukt pro produkci fuzniho proteinu se

signalnim a markerovym peptidem

figure6.10  Schematic representation of the genetic construct used to produce a se-
treted fusion protein consisting of a marker peptide and interleukin-2. The amino
acid sequence of the marker peptide is shown.

Promoter ~ Signal Marker Interleukin-2
peptide  peptide gene

N-Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys-C



Uprava sekrece interleukinu-2
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Figure 6.25 Engineering the secretion of interleukin-2. A. Interleukin-2 fused to the
E. coli maltose-binding protein signal peptide (MBI signal) is not secreted. B. When
interleukin-2 is fused to the E. coli maltose-binding protein and its signal peptide,
with the two proteins joined by a linker peptide, secretion occurs. Subsequently,
the maltose-binding protein and the linker peptide are removed by digestion with
factor X,.




Schématické znazornéni metabolické zateze pfi
nadprodukci proteinu bunkou

Figure 6.27 Schematic representation of the biological consequences for a host wIH
of overexpressing a foreign protein and generating a metabolic load. When there is
no metabolic load, the cell has access to sufficient energy and resources. The over-
expression of a foreign protein—shown here as being akin to the cell’s wearing a
heavy backpack—prevents the cell from obtaining sufficient energy and resources
for its growth and metabolism so that it is less able to grow rapidly and attain a high
cell density.
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Vliv pocCtu kopii plasmidu na rustovou
rychlost bunky

Table 6.6 FEffect of plasmid copv number on host cell
growth rate

E. coli HB101 Plasmid copy Relative specific
with plasmid number growth rate

None () .00

A I .92
B 24 (.91
L () (.87
[ [ 22 (.82
E 408 (.77

Adapted From Seo and Bailev, Biotechnol Bioere, 27: 16681674, 14985

The different plasmids, designated A, B, C, D and E, encode only [i-lac
tamase and are all the same size. The growth rates were normalized to the
growth rate value for E. coli HB101 without a plasmid



Pro produkci proteinu Ize pouzit jiné mikroorganismy nez E.
coli

Velké mnozstvi proteinu sekretuji do rustového média
vlaknité houby (rod Asperqillus)
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