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Translace, techniky prace s DNA



Translace

 “preklad” z jazyka nukleotidi do jazyka aminokyselin
e daserozdélit na 5 krokU

aktivace aminokyslin

iniciace

elongace

terminace

sbalovani a posttranslacni modifikace

* prvni kodon vzdy Met, iniciatorova tRNA — pro Met

navazana aminokyselina je nasledné formylovana
vaze se pouze do P mista ribosomu (ostatni do A mista)



Cytosol ERIlumen




First letter of codon (5' end)
Second letter

of codon

U

A

G

uuu
uucC

UUA
uuG

Phe
Phe

Leu
Leu

ucu
uccC

UCA
ucG

Ser
Ser

Ser
Ser

UAU
UAC

Tyr
Tyr

UAA Stop
UAG Stop

uGuU
uGC

Cys
Cys

UGA Stop

UGG

Trp

cuu
cucC

CUA
cuG

Leu
Leu

Leu
Leu

ccu
ccC

CCA
CcCcG

Pro
Pro

Pro
Pro

CAU
CAC

CAA
CAG

His
His
Gin
Gln

cGU
cGC

CGA
CGG

Arg
Arg

Arg
Arg

AUU
AUC

AUA
AUG

lle
lle

lle
Met

ACU
ACC

ACA
ACG

Thr
Thr

Thr
Thr

AAU
AAC

AAA
AAG

Asn
Asn

Lys
Lys

AGU
AGC

AGA
AGG

Ser
Ser

Arg
Arg

GUU
GUC

GUA
GUG

Val
Val

Val
Val

GCU
GCcC

GCA
GCG

Ala
Ala

Ala
Ala

GAU
GAC

GAA
GAG

Asp
Asp

Glu
Glu

GGU
GGC

GGA
GGG

Gly
Gly

Gly
Gly

TABLE 27-3 Degeneracy of the Genetic Code

Number Number
Amino acid  of codons Amino acid  of codons
Met 1 Tyr 2
Trp 1 lle 3
Asn ¥, Ala 4
Asp 2 Gly 4
Cys 2 Pro 4
GIn 2 Thr 4
Glu 2 Val 4
His 2 Arg 6
Lys 2 Leu 6
Phe 2 Ser 6




Cteci ramce ORF

ICCGTTAGCCTATTAGCCG
ProLeuAlaTyr***Pro
CCGTTAGCCTATTAGCCG
Arg***ProlleSer
CCGTTAGCCTATTAGCCG
ValSerLeulLeuAla

Nonoverlapping A U A,C G A,G U C

N
code 1 2 3
Overlapping A UACGAGUC
code 1
Le———
2
Le———
3

mRNA 5'--4{G U A|[G € CJluU A c][c G A][lu---3'
(+)

Insertion --4G U A|lG C C|lU C A|[C G G||[A U---
(=)
Deletion --4G U AJlC € U|[A € G||G A U|---
(+) =]
Insertion and --4G U A][A G cll?lA clJ[c G AJlu---
deletion —

Reading frame
restored



TABLE 27-5 Components Required for the Five Major Stages of Protein

Synthesis in E. coli
Stage

Essential components

1. Activation of amino acids

2. Initiation

3. Elongation

4. Termination and release

5. Folding and posttranslational
processing

20 amino acids

20 aminoacyl-tRNA synthetases

32 or more tRNAs

ATP

Mg2+

mRNA

N-Formylmethionyl-tRNA™et

Initiation codon in mRNA (AUG)

30S ribosomal subunit

50S ribosomal subunit

Initiation factors (IF-1, IF-2, IF-3)

GTP

Mg2+

Functional 70S ribosome (initiation complex)

Aminoacyl-tRNAs specified by codons

Elongation factors (EF-Tu, EF-Ts, EF-G)

GTP

Mg2+

Termination codon in mRNA

Release factors (RF-1, RF-2, RF-3)

Specific enzymes, cofactors, and other components for
removal of initiating residues and signal sequences,
additional proteolytic processing, modification of
terminal residues, and attachment of phosphate,
methyl, carboxyl, carbohydrate, or prosthetic groups




Aktivace aminokyselin

nutna aktivace aminokyselin — vazba na tRNA
vysoce specifické, zajistuje spravnost prepisu
AA + ATP — AA-AMP + PPi

AA-AMP + tRNA — AA-tRNA + AMP
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Iniciace

e vazbainiciacnich faktoru na 30S
podjednotku

* tvorba iniciacniho komplexu — iniciacni
faktory, 30S podjednotka, fMet-tRNA, mRNA

* vznik 70S iniciacniho komplexu — 50S
podjednotka asociuje s iniciacnhim
komplexem



TABLE 27-6 RNA and Protein Components of the E. coli Ribosome

Number of Total number Protein Number and
Subunit different proteins of proteins designations type of rRNAs
30S 21 21 S1-S21 1 (16S rRNA)
50S 33 36 L1-L36* 2 (5S and 23S rRNAs)

“The L1 to L36 protein designations do not correspond to 36 different proteins. The protein originally designated L7 is in fact a modified
form of L12, and L8 is a complex of three other proteins. Also, L26 proved to be the same protein as S20 (and not part of the 50S sub-
unit). This gives 33 different proteins in the large subunit. There are four copies of the L7/L12 protein, with the three extra copies bringing
the total protein count to 36.
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Bacterial ribosome

708 M, 2.7 x 108

M, 1.8 x 10%
5SrRNA

(120 nucleotides)
23S rRNA

(3,200 nucleotides)
36 proteins

M, 0.9 x 10%

16S rRNA
(1,540 nucleotides)
21 proteins

Eukaryotic ribosome
80S M, 4.2 x 10°

M, 2.8 x 10°
5SrRNA

(120 nucleotides)
28S rRNA

(4,700 nucleotides)
5.8S rRNA

(160 nucleotides)

~ 49 proteins ¥

40S

M, 1.4 x 106

18S rRNA
(1,900 nucleotides)
~ 33 proteins
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TABLE 27-8 Protein Factors Required for Initiation of Translation in Bacterial and Eukaryotic Cells

Factor Function

Bacterial

IF-1 Prevents premature binding of tRNAs to A site

IF-2 Facilitates binding of fMet-tRNA™et to 30S ribosomal subunit
IF-3 Binds to 30S subunit; prevents premature association of 50S

subunit; enhances specificity of P site for fMet-tRNA™Met
Eukaryotic”

elF2 Facilitates binding of initiating Met-tRNAMet to 40S ribosomal subunit

elF2B, elF3 First factors to bind 40S subunit; facilitate subsequent steps

elF4A RNA helicase activity removes secondary structure in the mRNA to permit binding
to 40S subunit; part of the elF4F complex

elF4B Binds to mRNA; facilitates scanning of mRNA to locate the first AUG

elF4E Binds to the 5’ cap of mRNA; part of the elF4F complex

elFAG Binds to elFAE and to poly(A) binding protein (PAB); part of the elFAF complex

elF5 Promotes dissociation of several other initiation factors from 40S subunit as a
prelude to association of 60S subunit to form 80S initiation complex

elF6 Facilitates dissociation of inactive 80S ribosome into 40S and 60S subunits

“The prefix “e” identifies these as eukaryotic factors.



Elongace

vazba AA-tRNA do A mista ribosomu, hydrolysa
GTP na pomocném faktoru EF-Tu

tvorba peptidové vazby, prenos jiz vytvoreného
peptidového retézce na tRNA v A misté

uvolnéni tRNA z P mista z ribozomu

prenos tRNA s navazanym peptidem do P mista,
uvolnéni A mista

regenerace faktoru EF-Tu
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complex

s'

Incoming
aminoacyl-
tRNA

Tu)-GTP

binding of
incoming
aminoacyl-
tRNA




E site A site
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Terminace

do A mista se dostane terminacni kodon

terminacni kodon je rozpoznan terminacnim
faktorem RF1

na tRNA v P misté se vaze RF3
peptid je uvolnén od tRNA, hydrolysa GTP

oddéli se vSechny terminacni faktory, velka
podjednotka a mRNA
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Sbalovani a posttranslacni modifikace

tvorba disulfidovych mustkd — fixace struktury
fosforylace AK — Ser, Thr, doCasné i trvalé
hydroxylace AK — Pro, Lys, v kolagenu
methylace AK — Lys
karboxylace, amidace, acetylace, adenylace
glykosylace — N-glykosid —na Asn

O-glykosid — na Ser, Thr, Tyr

odolnost proti proteolyse, zvyseni rozpustnosti, konformacni stability, signalni
funkce

vznik pricnych vazeb —amidové vazby Glu-Lys

limitovana proteolysa — odstépeni N-konce, rozdéleni na vic retézcl
pripojeni kofaktord

spojovani v nadmolekulové celky
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Regulace transkripce

Repressor
Activator binding site
binding site (operator)
DNA | | | Promoter [//////////I A B C
\ / |\ v J

Regulatory sequences

Genes transcribed
as a unit



Ukazky regulace syntézy proteint na ruzné drovni

regulace syntézy
proteind na urovni
regulace transkripce

Negative regulation
(bound repressor inhibits transcription)

Positive regulation
(bound activator facilitates transcription)

(a) o () RNA polymerase
perator e
DNA @
I i R I 7/
) Promoter ’ U
Molecular signal
causes dissociation ' '
of regulatiry p:otein 1 l '{ > :an::\3
from DNA
Signal ' '
molecule 5" >3’
mRNA
(b) (d) .
\ 9 A
| vz | I /iR
Molecular signal u
uses bindi : !
:? r:;fjla:or;irotein L ' 1 L ' ’ n\;/R;:\ ’
to DNA
5. >3’

mRNA



hexosova represe - lac operon
pro prednostni vyuzivani vyhodnéjsich zdrojll energie
represor tvori v operatoru smycku, pres kterou polymerasa neprejde

Lactose Galactoside
Outside Nme—" permease

Inside

Lac repressor

Lactose

lﬁ’-galactosidase

HH /K OH
Hi 20 s OH H /.
Allolactose

H OH

mRNA\NANS

DNA _[P| | oy P VW) Z /9y | Y[A

H OH H OH
Galactose Glucose



Trp
repressor 1'P

4

11

Attenuator
1 Leader (trpl) _~
DNA [trpR[ | [P W e | wpp | wpc [Nl
j¢———————Regulatory region } Regulated genes
trmeNA A 4 A 4 A 4 A 4 v
(low tryptophan levels)
Attenuated
mRNA A 4 A 4 v A 4
(high tryptophan levels) J\N\N\»
Anthranilate Anthranilate Tryptophan Tryptophan
synthase, synthase, synthase, synthase,
component| component I [ subunit « subunit

. |

Anthranilate
synthase

(Izr "2)

N-(5"-Phosphoribosyl)-
anthranilate isomerase
Indole-3-glycerol
phosphate synthase

Chorismate TVAnthranilate 7-? N-(5"-Phosphoribosyl)- —Enol-1-o0-carboxy-
anthranilate phenylamino-
1-deoxyribulose
phosphate

Glutamine Glutamate PRPP PP,
+

Pyruvate H,0

N/

Tryptophan synthase
(@535)

Indole-3-glycerol
phosphate

Glyceraldehyde

L-Tryptophan

L-Serine

3-phosphate



atenuace - Trp operon

vyuziti spojeni transkripce a translace u prokaryot
nékolik kodonu pro Trp za sebou

pokud je dost tryptofanu, tohle misto ribosom
prejde, na mRNA se vytvori terminacni smycka a RNA
polymerasa se zastavi

pokud neni dost tryptofanu, ribosom misto s kodony
pro tryptofan neprejde, vytvori se jiny typ vlasenky a
prepis pokracuje dal



Completed Attenuato

r
leader peptide Bihssoma < )] structure
MKAIF I, ‘

G
"’@9 3 4 RNA
1 = 2 polymerase
L R — P = | f '_Jl) —-yuuu 3’
mRNA
DNA
Trp codons
—~— trplL

When tryptophan levels are high, the ribosome quickly translates sequence 1
(open reading frame encoding leader peptide) and blocks sequence 2 before
sequence 3 is transcribed. Continued transcription leads to attenuation at the
terminator-like attenuator structure formed by sequences 3 and 4.



Incomplete
leader peptide

trp-regulated genes

When tryptophan levels are low, the ribosome pauses at the Trp codons in
sequence 1. Formation of the paired structure between sequences 2 and 3
prevents attenuation, because sequence 3 is no longer available to form the
attenuator structure with sequence 4. The 2:3 structure, unlike the 3:4
attenuator, does not prevent transcription.



Urcovani sekvence DNA

» Existuje nékolik odlisnych principu sekvenace
— chemicka metoda (Maxam-Gilbertova)

* pouzivaji se fragmenty DNA termindalné znacené pomoci 3?P, které
jsou vystaveny pusobeni chemickych ¢inidel, stépicich specificky
pouze za jednim nebo dvéma nukleotidy. Metoda je zaloZzena na
schopnosti hydrazinu, dimethyl sulfatu (DMS) a kyseliny mravenci
specificky modifikovat rizné baze v molekule DNA. Poté je pridan
piperidin, ktery katalyzuje Stépeni retézcl v mistech obsahujicich
tyto modifikované baze. Za specifitu je tedy zodpovédna prvni
(modifikacni) reakce. Pro dobry vysledek sekvenovani je nutné
zajistit takové reakéni podminky, aby bylo modifikovano pouze

nizké procento prislusnych bazi. Druha, degradacni reakce musi
naopak byt zcela kvantitativni



Urcovani sekvence DNA

» dideoxy metoda (Sangerova) — enzymova

metoda vyuziva DNA polymerasu pro vytvoreni komplementarni kopie jednoretézcového templatu

zaloZzena na schopnosti DNA polymerasy pouzivat 2°, 3’-dideoxynukleosid trifosfaty (ddNTP) jako
substraty. Je-li takovato modifikovana baze inkorporovana do rostouciho retézce, dojde k zastaveni
jeho syntézy, nebot takovy retézec postrada terminalni 3" -hydroxylovou skupinu

DNA polymerasa nemUze iniciovat polymeraci bez prfitomnosti primeru z jehoz 3" konce pokracuje
elongace. Primer po pripojeni ke komplementarni ¢asti templatu vymezuje usek, ktery bude
sekvenovan. Deoxynukleotidy jsou pripojovany na zakladé komplementarity k templatu a retézec je
prodluzovan tvorbou fosfodiesterové vazby mezi 3" hydroxylovou skupinou a 5” fosfatovou skupinou
nove pripojovaného deoxynukleotidu.

Aby byly vytvoreny Ctyri sekvenacni smeési ukoncené specificky vzdy v pozici jediného nukleotidu, je
do téchto reakcni smési pridan vzdy pouze jeden typ ddNTP. Pomér ddNTP a smési vsech ¢tyr dNTP
je volen tak, aby jednotlivé podily elongacnich produktt byly ukonéeny se stejnou
pravdépodobnosti. Timto zpisobem vznikaji ve ¢tyrech elongacnich reakénich smésich podily
fetézcl se stejnym 5°koncem definovanym pouzitym primerem a s variabilnim 3" koncem,
zakoncenym specifickym dideoxynukleotidem. Tato metoda mize byt rlzné modifikovana. Po
zastaveni sekvenacni reakce jsou dvojretézcové molekuly DNA denaturovany tak, aby doslo

k oddéleni templatu od znacenych vlaken ukonéenych jednotlivymi dideoxynukleotidy. Tyto
fragmenty jsou pak elektroforeticky za denaturacnich podminek (vysoka teplota a pfitomnost
mocoviny) rozdéleny na polyakrylamidovém gelu
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FIGURE 8-36 DMNA sequencing by the Sanger method. This method
makes use of the mechanism of DMNA synthesis by DNA polymerases
(Chapter 25). {a) DNA polymerases require both a primer {a short
oligonuclectide strand), to which nuclectides are added, and a template
srand to guide selection of each new nuclectide, In cells, the 3°-hy-
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Urcovani sekvence DNA

* Pyrosekvenovani
- Podobné jako Sangerova zalozena na syntéze noveého vlakna, ale liSi se
zpusobem detekce (bez nutnosti elektroforézy)
- DNA polymerasa, ATP sulfurylasa, luciferasa, apyrasa
- Adenosinfosfosulfat, luciferin

- Pripojeni nového nukleotidu polymerasou — uvolnéni pyrofosfatu

- ATP suflurylasa prevede PP na ATP v pfitomnosti adenosinfosfosulfatu
- ATP se spotfebuje k oxidaci luciferinu na oxiluciferin, tvorba svétla

- Nespotrebované nukleotidy a ATP odboura apyrasa

- DalSi kolo cyklu

Pyrosequencing

[’ ""mm o
ACCTTGAGTACCATCTAGGA----------
Intensity AGATCCT-=-mmmmmn

aatp PPi

| ATP-Sulfurylase
Apyrase ATP

l Luciferase

(d)XMP

P
Time 3 !{'
) I Polymerase 2
DNAy + ONTP ————————» DNA, + PPi
, Sulfulylase
Coupled | PPi+APS  ————— 4 1p
Reactions| \1p + 0, + Luciferin _Luciferase s . ppj + O,
+ Oxyluciferase + Light
Apyrase
Degradation | ATP+dNTP ———————+ ADP+INDP +Pi
Reactions ADP + dNDP __PYrase AMP + ANMP + Pi



PCR — polymerasova retézova reakce

Polymerase Chain Reaction
REPLIKACE in vitro

specifické namnozeni urciteho useku DNA i z
komplexni smeési

DNA templat, termostabilni DNA polymerasa,
nukleotidy, primery vymezujici amplifikovany
usek



Amplifikace pomoci PCR

Pro zajisténi presnych teplotnich rezimu
a snadnéjsi priubéh amplifikace se vyuziva
programovatelnych termocyklert.

Vzorky se do termocykleru
vkladaji v mikrozkumavkach
0 obsahu 0,2ml.

Doba trvani amplifikace: 2 - 3 hodiny

[Thermocycler Biometra T-Gradient]



Vyhody a nevyhody PCR

Vyhody
+ nizka mez detekce
+ moznost sériovych analyz
+ moznost analyz nékolika parametru v jedné reakci (multiplex PCR)
+ malé reakcni objemy (nizsi cena stanoveni)
+ moznost analyz potravinarskych surovin i technologicky
opracovanych potravin
Nevyhody
- nemoznost kvantifikace pomoci klasické metody PCR
- nékteré sekvence podléhaji patentovému zakonu (v bézné praxi
jsou nedostupné pro navrh primert)
- pomérneé vysoka cena zakladniho vybaveni
- malé reakcni objemy (narocné na zkusenost experimentatora a
vybér vhodnych podminek reakce)



Templat pro PCR

e Staci velmi malé mnozstvi, teoreticky jedina
molekula

* Netreba izolovat tuto molekulu od jinych
* Netreba vysoka Cistota vzorku
=>

* Krey, sliny, skvrny semene, vlas, hmyz v jantaru

©




Aplikace

e Zdravotnicka diagnostika
e klonovani“

* Forensni vedy



Modifikace, odvozené techniky

Reverzni PCR
Multiplex PCR
Nested PCR

Kvantitativni kompetitivni PCR
Real time PCR



