Molekularni biotechnologie C.8

Cilena mutageneze a proteinoveé inzenyrstvi



Gen kodujici jakykoliv protein

Ize izolovat z prirody,

kKlonovat,

exprimovat v hostitelskem organismu.
rekombinantni protein purifikovat a vyrabét komercné



Prirozené se vyskytujici proteiny

« Se jen vzacné hodi pfimo pro prumysloveé aplikace

« Napf. enzym alfa-amylaza (vyuzivan pro prumyslovou
produkci alkoholu ze skrobu) byl izolovan z Bacillus
Stearothermophilus.

« Je stabilni pfi vysokych teplotach (vyskytuje se v horkych
pramenech nad 90° C)



Pramyslové je vyuzivano

* Asi 20 enzymu
« Z mnoha tisic enzymu, které byly studovany a popsany



Priklad komeréné vyuzivanych enzymu

Table 8.1 Some industrial enzymes and their commercial uses

Enzyme

u-Amylase
Aminoacylase
Bromelain
Catalase
Cellulase

Ficin
Glucoamylase
Glucose isomerase
Glucose oxidase
Invertase
Lactase

Lipase

Papain
Pectinase
Protease

Rennet

Industrial use(s)

Beer making, alcohol production
Preparation of L-amino acids

Meat tenderizer, juice clarification
Antioxidant in prepared foods

Alcohol and glucose production

Meat tenderizer, juice clarification

Beer making, alcohol production
Manufacture of high-fructose syrups
Antioxidant in prepared foods

Sucrose inversion

Whey utilization, lactose hydrolysis
Cheese making, preparation of flavorings
Meat tenderizer, juice clarification
Clarifying fruit juices, alcohol production
Detergent, alcohol production

Cheese making




Prirozena aktivita enzymu obvykle neni vhodna pro
specifické funkce in vitro

* Prumyslové procesy probihaji za vysoké teploty

* a Vv pfitomnosti organickych rozpoustedel, které enzymy
denaturuji

« Extrémofilni organismy zadany enzym nemuseji
produkovat



Ve vétsiné pripadu

Je tfeba proteinovy produkt vylepsovat

tj. zavadét do proteinu cilené zmeény

Za ucCelem produkce enzymu s pfedem urCenymi
vlastnostmi

Zabyva se tim proteinove inzenyrstvi



Definice

* Proteinové inzenyrstvi: Vytvareni proteint s novymi
vlastnostmi pomoci metod genoveho inzenyrstvi (s
vyuzitim technologie rekombinantni DNA)

« Genoveé inzenyrstvi: Vytvareni rekombinantnich molekul
DNA predstavujicich pozménéné nebo noveé geny a
nebo nové kombinace genu a jejich zavadéni do
genomu organismu s cilem pozmeénit jejich vliastnosti.



Proteinové inzenyrstvi

Vyuziva technik rekombinantni DNA a cilenou
mutagenezi

Kk zméné proteinu na urovni DNA.
Vyuziva moznosti specificky ménit aminokyseliny s cilem
ziskat proteiny s vlastnostmi vhodnymi pro prumyslové a
dalSi (napf. terapeutické) aplikace

(Provadét zmeény proteinu na urovni DNA je jednodusSsi
nez provadét pfimé zmény proteinu)



Pomoci technologie rekombinantni DNA se da ovlivhovat

Vazba substratu k enzymu (Michaelisova konstanta)
Rychlost konverze substratu na produkt

Teplotni stabilita enzymu

Optimalni pH enzymu

Aktivita enzymu v nevodnych rozpoustedlech
Upravy enzymu tak, aby nevyzadoval kofaktor
Omezeni nezadoucich vedlejSich aktivit

Zvyseni rezistence k proteazam

Zmena regulace syntézy enzymu (proteinu)



Mutageneze in vitro

* Postupy, jimiz se méni primarni struktura izolovanych
molekul DNA

 Mutageneze in vitro nahodna — postupy, pfi nichz se na
nahodném miste izolované molekuly DNA meni jeji
primarni struktura

« Mutageneze mistne cilena — technika mutageneze in
vitro, pri niz se do izolované molekuly DNA vnasi mutace
do presne urceného mista



Mutageneze rizena oligonukleotidem

* Mistné cilena mutageneze

« technika mutageneze in vitro, pri niz se do izolované
molekuly DNA vnasi mutace do presne urCeneho mista
pomoci oligonukleotidu



Mutageneze rizena oligonukleotidem vyzaduje znalost

sekvence nukleotidi oblasti DNA kodujici kodon, ktery
chceme zmenit

zameénu aminokyseliny, kterou chceme provést
napr. zaménu sekvence ATT (isoleucin) za CTT (leucin)



Mutageneze rizena oligonukleotidem — zamena ATT
(isoleucin) za CTT (leucin)

Figure 8.1 Oligonucleotide-directed mutagenesis. Single-stranded bacteriop
M13 (M13 + strand), carrying a cloned gene,
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until the entire strand is copied. The newly synthesized DNA strand is circularized
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the progeny M13 phage. dNTPs, deoxynucleoside triphosphates
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Oligonukleotidem fizena mutageneze s vyuzitim
plasmidove DNA
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Oligonukleotidem fizena mutageneze s vyuzitim PCR
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Figure 8.4  Oligonucleotide-directed mutagenesis by PCR, This procedure is per-
formed in two separate reaction tubes, which contain the same double-stranded
plasmid DNA but different sets of PCR primers. Both primers 1 and 3 contain the
desired base change but are complementary to different strands of the plasmid
DNA. Primers 2 and 4, respectively, anneal to DNA strands that are complementary
10 the strands to which primer 1 and primer 3 anneal. The pairs of primers are po
sitioned at different sites, and each pair of primers is aligned end to end. After PCR
amplification of the plasmid DNA, linear molecules are produced in each reaction
tube. The linear PCR products from each reaction tube are mixed, denatured, and
then renatured. As a result, in addition to the two original linear PCR-amplified
molecules, two circular plasmid DNAs, each with two offset nicks (gaps), are pro-
duced. When the circular molecules are introduced into E. coli cells, the nicks are re-
paired by the host cell enzymes and the plasmid can then be propagated indefi-
nitely. The linearized DNA molecules are not maintained in E. coli







Proteinové inzenyrstvi vyuziva

 cilenych zmén v aminokyselinach proteinu, které
ovlivauji vlastnosti proteinu



Pridani disulfidickych vazeb

Zvysuje termostabilitu proteinu a
Odolnost k denaturaci organickymi rozpoustédly

Napfr. 6 variant lysozymu, v némz 2,4 nebo 6 AK bylo
zaménéno cysteinem, ¢imz v proteinu vznikly 1,2 nebo 3
disulfidické vazby

Disulfidické vazby ovlivnily stabilitu proteinu.
Nejoptimalnejsi varianta (D) byla urCena experimentalne.



Vlastnosti lysozymu a jeho variant

Table 8.2 Properties of T4 lysozyme and six engineered variants

Enzyme Amino acid at position: No. Yo |
3.9 21 54 97 142 164 955 Adivity O
wt lle lle Thr Cys Cys Thr Leu 0 100 419
pwit lle ITle Thr Thr Ala Thr Leu () 100 41.9
A Cys lle Thr Thr Cys Thr Leu | 96 46.7
B lle Cys Thr Thr Ala Thr Cys I 106 48.3
C lle Ile Cys Thr Ala Cys Leu | 0 025
D Cys Cys Thr Thr Cys Thr Cys 2 95 57.6
B lle Cys Cys Thr Ala Cys Cys 2 0 58.9
F Cys Cys Cys Thr Cys C ys Cys 3 0 65.5

Adapted from Matsumura et al., Nature 342:291-293 1980

wt, wild-type T4 lysozyme; pwt, pseudo-wild-type enzyme;

A through F, six engimeered cysteine vari-
ants; -5-5-, disulfide bonds: T, “melting” temperature (a me

asure of l]'wrnmﬁmhilitj;].



Protein, ktery obsahuje 2 disulfidické mustky

Figure 8.13 Schematic representation
of the engineering of a protein that con-
tains two engineered disulfide bridges
(colored lines in bottom diagram) that
hold together and may stabilize regions
of the protein that are often separated
in the primary amino acid sequence.

Native protein

Engineered protein



Priprava dimerické pankreatické RNazy

Figure 8.14 Schematic representation of native monomeric human pancreatic
RNase (A) and engineered dimeric human pancreatic RNase (B). The native protein
was modified by changing glutamine 28 to leucine, arginine 31 to cysteine, arginine
32 to cysteine, and asparagine 34 to lysine. The monomeric enzyme IS approxi-
mately 13.6 kilodaltons (kDa) while the dimeric form is approximately 27.2 kDa.
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Renaturace dimerické RNazy izolované z inkluznich telisek

L Inclusion body }

1. 6M guanidine HC|

2. Reduced glutathione

| Soluble, uniolded enzyme ]

. Dilute 20-fold

2. Reoxidize

Enzyme-glutathione
mixed disulfide

1. Dithiothreitol
2. Dialysis

Y

Active dimeric enzyme ]

o

L

Figure 8.15 Flowchart showing the
solubilization and renaturation of the
dimeric human pancreatic RNase from
E. coli inclusion bodies.



Ziskani nejlepsi varianty proteinu

 Nemusi byt jednoduché
 Musi se hledat zkusmo

* Vyuziva se predikce struktury proteinu modelovanim s
vyuzitim vypocetni techniky



Zamena asparaginu za jinou aminokyselinu

Za vySSi teploty podléhaji deaminaci asparagin a
glutamin za vzniku kyseliny asparagové a glutamovée
Tyto zmény vedou ke ztraté aktivity enzymu

Proto se asp a glu zamenuji za jiné AK

Napr. u enzymu triosofosfatisomerazy



V pripade enzymu triosofosfatisomerazy vedla zaména asp
a glu

« K zvySeni termostability
« K odolnosti vuci proteolyze



Snizeni pocCtu sulfhydrylovych skupin zaménou cysteinu za
serin

* Vedlo ke zvysSeni aktivity proteinu a ke zvyseni jeho
stability pfi dlouhodobém uchovavani

« Pri produkci lidského beta-interferonu v E. coli

« V E. coli mél protein pouze 10% aktivitu diky tvorbé
inaktivnich dimeru

* Vyuzilo se toho, ze ser a cys jsou strukturne identické
molekuly

« Zaménou ser za cys doSlo k omezeni tvorby dimeru



Figure 8.16  Positions of the cysteine residues and disul-
fide bonds of IFN-a and IFN-B. The known intramolecular
disulfide bond in IFN-u is indicated by a dashed line, and
the deduced intramolecular disulfide bond in IFN-f is in-
dicated by a dotted line.
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Zvysovani enzymove aktivity

Vyzaduje znalost geometrie aktivniho mista enzymu

Muze se modifikovat specificita vazby enzymu na
substrat

Napr. u enzymu tyrosyl-tRNA syntetaza Bacillus
staerothermophilus



Zvysovani enzymove aktivity

Table 8.4 Aminoacylation activity of native (Thr-51) and
modified (Ala-51 and Pro-51) tyrosyl-tRNA synthetases

Enzyme k.G K, (mM) k.. /K, (s' M)

Ihr-51 4.7 2.5 1,860

Ala-51 4.0 1.2 3,200

Pro-51 1.8 0.019 95,800
Adapted from Wilkinson et al., Nature 307:187-188, 1984,

The units for K, the binding constant of the enzyme for ATP, are millimolar
units (mM); the units for k_, the catalytic rate constant, are reciprocal seconds (s7');
and the units for k_, /K, the catalytic efficiency, are s ' M.



V biotechnologii muzeme vyuzivat

* | geny organismu, které neumime kultivovat
* Vyuzivaji se k tomu poznatky metagenomiky



Metagenomika

« Metagenomika: aplikace genomiky na nekultivovatelné
mikroorganismy

* Nekultivovatelnych mikroorganismu je vétSina (99%) a
jsou potencialnim zdrojem prumyslové vyuzitelnych
enzymu

« Geny kddujici tyto enzymy muzeme klonovat, aniz
bychom kultivovali organismus

« (Genomika: védni oblast molekularni biologie zabyvajici
se molekularni organisaci a strukturou genomu)



Z urcitého vzorku

* puda, gastrointestinalni trakt, zaludek pfezvykavcu,
mravenisté termitd, vzorky sedimentd, morska voda,
nafta, potraviny, bioreaktory

 muzeme izolovat DNA (bez kultivace bunék) a tu
analyzovat



Metagenom

 |zolované genomy (DNA) vSech organismu v urcitém
vzorku prostredi v urcité dobe



Postupy metagenomové analyzy

|zolace DNA ze vzorku prostfedi a jeji stépeni
nukleazami

Klonovani DNA ve vhodném vektoru (plasmidy, kosmidy,
BAC vektory)

Transformace do odpovidajicich bunék E. coli a
konstrukce metagenomové banky (knihovna)

Sekvencni analyza klonu
Vyhledavani v databazich — in silico analyza
Funkéni analyza klonu



Knihovha metagenomova

» Soubor klonovanych fragmentu pfipravenych Stépenim
DNA izolované z urcitého vzorku prostredi v urcité dobé



Obr. Konstrukce a skrining metagenomové knihovny

e Obr.



