Transpozice a mobilni geneticke
elementy u baktérii



Transpozice

* umoznuje vedle mutaci a obecne
rekombinace

* zmeny v geneticke informaci



Obecna charakteristika transpozice

* Proces premisteni DNA sekvence z
jednoho mista tzv. donorového do jiného
mista tzv. ciloveho.

* Transpozon je DNA sekvence schopna
transpozice.

* Transpozony se vyskytuji jak u bakterii tak
u eukaryi.



Druhy transpozice

« K transpozicim dochazi mezi molekulami
DNA nebo uvnitf 1 molekuly DNA uvnitr 1
bunky. Rozlisuje se transpozice:

* Intermolekularni — probiha mezi
donorovou a recipientni molekulou DNA
(napr. mezi plasmidem a chromosomem)

* Intramolekularni - probiha mezi donorym
a recipientnim mistem na 1 molekule DNA
(napr. na molekule plasmidu)



Terminologie

Donorovym mistem pro transpozon se rozumi
misto na DNA obsazené transpozonem pred
jeho transpozici

Cilovym mistem (recipientnim) pro transpozon
se rozumi misto na DNA, do nehoz se vlozil
transpozon nebo jeho kopie

Podobné rozlisujeme donorovou molekulu
(donorovy replikon) Ci

Recipientni (cilovou) molekulu (replikon)



Transpozony se vyznacuji temito
viastnostmi

Spolecnou vlastnosti vSech transpozonu je schopnost
transpozice

Transponaza je enzym, ktery katalyzuje transpozici
Dalsi vlastnosti:

1. Cilova mista, do nichz se transpozony vkladaji, nejsou
s transpozony homologicka.

2. V miste inserce transpozonu se zdvojuji ve stejnem
smeru kratke sekvence DNA, takze transpozon je na
obou svych koncich ohranicen primymi repeticemi.



Vytvoreni primych repetici
ohranicCujicich transpozon (Rosypal
2003)

* V miste jeho inserce do ciloveho mista

l Stépeni cilové sekvence.

TATTGCATGGC
cilova sekvence

ATAACGTACCG
TS'tépenf cilové sekverice.

TTGCATGGC

— |
transpozon )
ATAACGT l ACCG
pFima repetice prima repetice
TAOTGCA _ _JTTGCATGGC
ATAACGT AACGTACCG
Obr. 511

VytvofFeni pFfimych repetici ohrani¢ujicich transpozon
v misté jeho inzerce do ciloveho mista



Transpozony vyvolavaji

* zmeny v geneticke informaci.

» Je-li cilovym mistem transpozice gen,
tak se mutacne zmeni (insercni
mutace)

« Behem transpozice muze dochazet k

vetsim strukturalnim zmenam
genomu (delece, preskupovani).



Zpusoby transpozice

» Konzervativni transpozice. Touto

transpozici se realizuje excise
transpozonu z donoroveho mista a jeho

inserce do mista cilovéeho (Obr.512)



Konzervativni transpozice
(Rosypal 2003)

donorovy replikon cilovy repiikon
transpozon | cilové misto .
l&mnspnzice

Obr. 512
Konzervativni transpozice



Replikativni transpozice

* Transpozon se v donorovem miste
zreplikuje a jeho kopie (replika) se vklada
do cilového mista (Obr. 513)



Replikativni transpozice
(Rosypal 2003)

donorovy replikon | cilovy replikon

- -transpozon =

cilg

Ve F

nisto

replikace

\t@nspozice |
\

donorovy replion

- franspozon
replika (kopie) transpozonu

QObr. 513
Replikativni transpozice

Y




Retropozice — transpozice zpetnou
transkripci

» Je transpozice, ktera se uskutecnuje
zpétnou transkripci a to tak,

» Ze transpozon v donorovém misté se
prepise do RNA, ktera se zpetnou
transkriptazou prepise do DNA vladajici se
do cilového mista.

* Transpozony schopnée retropozice se
oznacuji jako retroelementy



Retropozice

 Obr. 514



Na zakladé zpusobu transpozice
transpozony delime do dvou skupin
» Skupina transpozonu, které uskutecnuiji

transpozici konzervativnhe nebo
replikativne a nevyznacuji se retropozici

» Retroelementy tj. skupina transpozonu
vyznacujicich se retropozici



Bakterialni transpozony

* Se nevyznacuji retropozici.
» Jsou to: IS-elementy a Tn-elementy
 a integrony (In)



IS elementy se vyznacuji

* Délkou 650 az 1600 bp

* Obsahuiji jen geny pro svou viastni
transpozici, coz je obvykle gen kodujici
transponazu (gen tnp)

* VVSechny IS elementy maji na svych
koncich obracene repetice, ktere jsou
rozeznavany transponazami



Aktivity transponaz

* Rozeznavaji koncove obracene repetice
transpozonu

» Sté&pi cilové sekvence, do kterych se
vklada transpozon

* Po transpozici spojuji cilove sekvence s
vlozenym transpozonem



Insercni sekvence |IS3

Byla nalezena v chromozomu E. coli (vedle 6
kopii 1IS1, 7 kopii I1S2, 1S4; umoznuji vznik Hfr
kmenu)

Ma délku 750bp

Obsahuje jen gen kodujici transponazu a gen
pro protein regulujici transkripci transponazy

na svych koncich ma obracene repetice delky 40
bp, které jsou rozeznavany transponazami

Cilova sekvence, ktera je v misté inserce
duplikovana (a pro 1S3 charakteristicka) je
dlouha 3 bp

Opbrazky Snyder aq spol. 2003




Insercni element 1S3
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Tn-elementy

Jsou bakterialni transpozony

Mimo geny pro svou vilastni transpozici
obsahuji jeste strukturni geny,

ktere se projevuji ve fenotypu bakterialni
bunky (obvykle geny, ktere koduji enzymy
iInaktivujici antibiotika)

Tn-elementy na plasmidu nebo na
chromosomu bakterialni bunky udileji
bunce rezistenci na prislusne antibiotikum



Tn-elementy se klasifikuji do techto
skupin
* 1. Slozené Tn-elementy

» 2. Tn3 a pribuzné elementy
* Obr. 515



Slozeneé Tn-elementy

» Jsou to Tn elementy, jejichz konce jsou
tvoreny IS elementy

» Centralni ¢ast takového transpozonu
muze byt tvofena genem, jehoz produkt je
pricinou rezistence bakterialni bunky k
antibiotiku

* Mohou obsahovat i dalsi strukturni geny
projevujici se ve fenotypu bakterialni
bunky



Mezi slozeneé Tn-elementy

« Patri napr. transpozony Tn5, Tn9, Tn10

 Tn5a Tn10 ma IS elementy v opacné
orientaci

 Tn9 ma IS elementy ve stejné orientaci



Priklad slozenych transpozonu
Snyder 1997

Kan® Ble St 1550
«Ins 5,700 bp% I [ t@

1,500 bp‘

i51 Cany Y. _

L Tn9 2,638 bp
: 768 bp

1$10 Tel' 1S10

.1“&00 h&

iFlgure 8.3  Struclures nf some composite transposons.

tThe commonly used genes (or kanamycin resistance, Kan',

tand the gene for chloramphenicol resistance, Cam', come
from Tn3 and Tng, respectively. [ag
{can be | either the same of opposite orientation (arrows).
54, gene encoding streptomycin resistance; Tel’, gene en-
feoding tetracycline resistance; Ble', gene encoding

Eblcomycin resistance.

nTO 9,300 bp
| «




Konzervativni transpozicen
Snyder 1997

@ Double-strand breaks
at ends of transposon

(y Ligation of lransposon
ends and Larget DNA

=3 Sr3
{4) Repair replication of gaps in larget
DNA, generaling duplication
(5YDonor DNA (2zz) destroyed
Figure 8.11 Culand. n ilign. (1) Doubte-

strand breaks are made at the ends of the transposon
(arrows). (2) Slaggered Dreaks are made in the target DNA
(arrows). (3) The free 3" ends of the lransposon are ligated jg,
the 2 ends of the largel BNA. The dashed lines represent
the donar DNA, whicih will be degraded. (4) DNA
polymerase fills in the gaps of the target DNA, producing

the short duptication of target DNA at Lhe ends of the trans-
poson, (5) Donor DNA is destroyed.



Neslozené transpozony

« Patri sem napfr. transpozony Tn3, Tnd01,
Tn21, ydo (gamadelta)
* VVSechny Tn-elementy podobne jako |S-

elementy maji na koncich kratké obracenée
opakovani (invertovaneé repetice).

e Obr.8.8



Neslozené transpozony
Snyder 1997

Figure 8.8 Some examples of
noncompaosite transpusons. The
open reading lrames encoding the
proteins are boxed. The terminal in-
verted repeats ends are shown as
halched arrows, 4is the transpo-
sase; Ris the resolvase and Lepressoy
of A transcription; es is the site al
which resolvase acls;_f\_/ler' is the
mercury resislance region; and merR
is the regulator of mercury resis-
tance gene transcriplion. Tn3 was
originaily found on the broad-host-
range plasmid pR1drd19, Tn3a7
vwas found on Lhe Pseudomonas
plasmid pUST, Tn27 was found on
the Shigella flexneri plasmid R100,
and y3 was found on Lhe chromo-
some of £, coli and on the F plasmid.

' ke,

03 - e T

i07

A res R Amp’ IR
)
| — | R 2

A fl res ' Mer' merR
A B e — VA-L— 11—+ [

A R res Sul Strr Mer"  merR

—— i | —
A res R

inei R
Mer'

Terminal inverted repeats

Transposase

lesolvase and repressor of A and R transcription
Recombination sile

Regulator of Mer” and transposase

Mercury resislance



Transpozony jsou neseny na
plasmidech
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Tn3

« obsahuje 2 geny, jejichz produkty jsou vyuzivany
V procesu transpozice — gen tnpA kodujici
transponazu a gen tnpR kodujici resolvazu

« Kromé téchto genu je na Tn3 specifické misto

res, na ktere se vaze resolvaza pri rozkladu
kointegratu

« Zbyte
Ktery
hydro

K transpozonu je obsazen genem bla,
KOduje beta-laktamazu (enzym

yzujici beta-laktamova antibiotika)



Resolvaza je enzym

 ktery katalyzuje rozklad kointegratu, coz je
meziprodukt pri intermolekularni
transpozici (transpozice mezi plasmidem a
chromosomem)

* vznikly fuzi donoroveho a recipientniho
replikonu



Produkt genu tnpR ma 2 funkce

» PUsobi jako resolvaza

A jako represor regulujici
* vlastni syntezu

* a syntezu transponazy

» Aby se transpozice uskutecnila, jsou
potrebné obe obracené repetice Tn-3
elementu.



Schéma replikativni transpozice
ranspozonu Tn3 (Snyder 1997

f_‘) () staggered cuts 5 bp

apart in largel DNA

5 (2) Single-strand culs at
% / outside ends of 1n3

(@) Delail of ends

(&) 3 ends prime replicalion
through Tnd

(5) Recombinalion al 1es (E3)
& |
resolves cointegrale

e 5-bp duplicated sequence
flanking Tn3 insertion
into largel DNA

Figure 8.10 [eplicalive lrampoiitinn of Tn3 {blue) and
the formation and resolution of cointegrates. Al sites labeled
1 and 2, breaks are made in the target DNA and at the ends
of the transposon, respectively. (3} The 3 OH ends of the
transposon (dots) are ligated to 5 PO, ends of the largel
DNA. The inset (3) shows details of the ends. (4) The lree 3
ends of larget DNA prime replication in both direclions over
Lhe transposen Lo form the cointegrate, (5) The cointegrale
is resolved by recombination promoled by the resolvase
TnpR al the res sites




Bakteriofag Mu (E. coli)

Se mnozi transpozici
Meri asi 38 kb

Geny A a B jsou potrebné jak k transpozici tak i
k replikaci fagové DNA

Segment G je ohraniCen obracenymi repeticemi
Gen gin ma podobnou funkci jako gen tnpR

Jako i jiné transpozony zpusobuje fag Mu
duplikaci sekvenci v cilovem miste recipientniho
replikonu, neobsahuje vsak na koncich
obracene repetice

Produkt genu A je transponaza.



Konjugativni transpozony

U G+ bakterii
Mohou transponovat z 1 bunky do druhé bez
vektoru (plasmidu)

Koduji nezbytné funkce pro excisi z donorove
molekuly, prenos do jiné bunky a transpozici do
cilove sekvence druhé bunky.

Nedochazi pritom k duplikaci bazi v miste
iInserce

Z donoru se mohou transponovat |
netranspozonové sekvence



Transpozony a preskupovani
genomu

» U sloZenych transpozonu
* Vznikaji delece a inverze
* Muze vzniknout novy transpozon



Kazdy IS element slozeneho
transpozonu

* Se muze transponovat nezavisle, protoze
transponaza muze pusobit na obou
koncich elementu

« Konce obou IS elementu jsou shodné a
transponaza kdédovana jednim IS
elementem rozpoznava koce druheho

* VetSinou pouze jeden |S element
transpozonu koduje funkcni transpozazu,
druhy gen byva vyrazen mutaci



PuUsobi-li transponaza

* Na vzdalenegjsich, vnejsich koncich IS
sekvenci slozeneho transpozonu

 transponuji se oba IS elementy jako
jednotka spolu s geny, jez se nachazeji
mezi nimi (muze se jednat o jakékoliv
geny)

» Obr.



Dva IS elementy mohou transponovat DNA
mezi nimi (Snyder 1997

A IS element

= Transposase ———
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Figure 8.4 lwo IS eferments can transpose any DNA
between them, (A) Action of the lranspusase at the ends of
anisolated IS element causes il Lo transpose. (B) Two IS ale-
ments ol the same ype are ciose Lo each olher in the DNA.
Action of the ransposase on their oulside ends causes e
o Lanspose Wogether, carrying along the DNA between
theni Adenotes the DINA between the IS elements {hatched
bar), and arrows indicate the inverled repeated (IR}
sequences at Lthe ends of the 15 elements. Dashed lines rep-
resent the larget DA,




Transponaza

« Kbédovana IS elementem slozeného
transpozonu muze pusobit i na vnitfnich
koncich IS elementu

* Diky transpozici vyuzivajici vnitrnich
koncu se muze transponovat i jina DNA
napr. pocatek replikace plasmidu

« Obr. 85



Zbik nového transpozonu
(Snyder 1997)
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Figure 8.5 1he oulside o1 inside ends of the 15 elements in
a composile ransposon can Le used [or transposilion. Gut-
side-cnd (a) tansposition wilt transpose 1n 10 (Llue), indud-
ing the gene encoding lelracycline resistance (Tel'), whereas
inside-end (1) transposition will transpose the plasmid,
including the origin of replication and the gene for
ampicillin resistance (Amp').



Vznik noveho transpozonu

* s genem pro ampicilin resistenci a s ori
mistem

« Kdyz tento transpozon transponuje do
DNA bez ori oblasti, ziska DNA ori oblast
spolu s transpozonem a muze se sama
replikovat



Diky transpozici vyuzivajicich
vnitfnich koncu IS elementu

* Mohou pri prenosu na jiné misto DNA
molekuly vzniknout delece nebo inverse



Preskupovani DNA zpusobené slozenymi
transpozony — vznik delece a inverse
Snyder 1997

() Double-strand breaks at inside
ends (i and ii) of transposon Tnio

(@) Staggered break (1 and 1) in target DNA

(%) Ends | and i and ends
Il and ii are joined .+,

(3)Ends I and i and ends’
ltandiarejoined -

Inversion o
D C.B E 3

3

Figure 8.6 Rearrangemenls of DNA caused by composite
transposons. Atlempls Lo transpose by the inside ends of a
composile transposon {o a neighboring target sequence can
cause eilher a deletion or an inversion of the intervening ses
quences, depending upon how the ends are attached. For .
an explanaltion of steps 1 and 2, see Figure 8.11.



Transpozony

« Mohou byt preneseny konjugativnim plasmidem
do recipientni bunky a pak z tohoto plasmidu na
jiny plasmid nebo na chromosom bunky

« Jsou vyznamnym faktorem Sireni rezistence k
antibiotikim, zvlasté u patogennich baktérii,
nebot jsou na nich lokalizovany geny kddujici
enzymy, jimiz jsou antibiotika inaktivovana.



R faktory

Jsou plasmidy nesouci mnoho genu pro
rezistenci na antibiotika

Krome genu rezistence na antibiotika
nesou i jiné geny (napr. pro rezistenci vuci
tézkym kovum)

Obsahuji transpozony a integrony

Obr.



Struktura multiresistentniho R
plasmidu (Snyder 1997

igure 8.7 R-factors, of plasmidis containing many
ssistance genes, may have been assembled by (S elements.
he letracycline resislance (Tet") gene is bracketed by 153 ele-
nents, and the region containing the other resistance genes
the r determinant, blue) is pracketed by 1S1 elements.
aprinted with permission from H. Saedier, in A. 1. Bukhari, ].
.. Shapire, and S. Adhya (ed)., DNA Insertion Elements, Plos-
aids and Episotries, p. 66, Cold spring Harbor taboratory
ress, Cold Spring Harbor, N.Y,, 1977.



Integrony - In

Jsou mobilni genove kazety
Umoznuji horizontalni pfenos genu
Muzou zachytit useky cizorodé DNA

Zodpovédné za distribuci genu rezistence
na antibiotika a

za evoluci bakterialniho genomu



Zname 2 skupiny integronu

* Multirezistentni integrony (MRI) —
komponenty mobilnich elementu
(plasmidy, transpozony, konjugativni
transpozony)

» Superintegrony (Sl) detekovane v

bakterialnich chromosomech (vetsi
struktury, které mohou nést stovky genu)



Struktura integronu

Jedna se o DNA elementy

RozliSujeme 2 Casti:

- platforma

- genova kazeta (maly mobilni element)



Genove kazety

Jsou jedinecné malé mobilni elementy
Obsahuji pouze ORF (bez P)

A rekombinacni misto attC: 59 base
element (59be) rozpoznavane integrazou

Mohou existovat jako volne cirkularni
molekuly neschopnée replikace

Nebo se mohou integrovat do attl mista
integronové platformy



Struktura integronu (Midlin
2010

MINDLIN et &l

()
PE!.FL!

e nt e )
airl

(b)

Pum
I ORFE )

Fig. 4. The structure of an integron (scheme) (taken from
{84, with modifications). (a) The structure of 2 stationary
integron platform and a gene cassette in 2 free circular form.
Designations: int, integrase gene; Py, cassetie promoter;
artl, simple recombination site (depicted as a white semicir-
cle); ORF, open reading frame of the gene cassette; artC, the
arC site (shown as a dark oval). (b) An integron with one
cassette inserted inte the integron platform. Recombination
sites 59-befanf formed after cassette integration ave shown
as black-white elements.



Platforma integronu

» Obsahuje gen pro integrazu int
* Silny promotor P,
* a misto attl pro rekombinaci



Integraza katalyzuje

* mistne specifickou rekombinaci mezi
sekvencemi attC a attl

» Coz vede Kk integraci genove kazety do
integronoveé platformy pod P_,, promotor,
diky Cemuz muze dojit k expresi genu na
kazete.



Vetsina genovych kazet

 Nema promotory

» Exprese jejich gent muze byt indukovana
az po vcleneni do integronove platformy



Integrony mohou obsahovat

* Vice kazet exprimovanych z Pant
promotoru



Dnes je znamo

5 tfid integronu zodpovédnych za rezistenci k
vice ATB, obsahuiji vic jak 70 ruznych kazet

Vic jak 14 integrazovych genu

Kazety v superintegronech obsahuji bakterialni
geny virulence

Kazetove geny jsou bez P (az na 1 vyjimku)

Stejné geny se mohou vyskytovat ve 2 stavech:
jako aktivni a v kazenach (neaktivni)



Integrony s urcitymi kazetami

* Byly prokazany na konjugativnich
plasmidech

 Uvnitr transpozonu
* V dalsich plasmidech — R plasmidech



R plasmidy

Vznikly intergraci mobilnich elementu (hlavné
transpozonu a integronu) do plasmidové DNA

Do plasmidu se integruje integron a v ném
postupné pribyva kazetovych genu

Dochazi k integraci 1 transpozonu do druhého

Transpozony nesou integrony s vice geny pro
rezistenci (napr. rodina Tn21 nese integrony)

Vysledkem je mosaikova struktura plasmidu
Obr.5 plamid pTP10



Plasmid pTP10 (Midlin 2010

715

egment VI (TnS.

cmx tnp
Segment IV (Tn5564)

Fig. 5. The molecular—genetic stracture of plasmid pTP10 from Corynebacterium striarum. Based an the figure from [99], with
modifications and edditions. (e) The genetic map of pTP10. Designations: 1-VII], plasmid segments. Segment I conteins transposon
'n5432 for resistance to erythromyeiz. Identical sequences have been found in plasmid pNG2 from Corynebacrerium diphtheriae.
Segment IT contains fefAB genes homologous to genes of Mycobacterium is together with five genes hs s 10 g
of Mycobacteriuin tuberculosts. Segment 111 conteins the transposon of resistance to chloremphenicol Tn5564. A highly homelo-
gous region has been found in plasmid pXZ10145 isolated from the soil strain Corynebacteriun glutamicum 1014. Segment IV
contains an exect copy of transposon Tn3564 carrying a transposase gene with the integrated transposon of resistance to streptomy-
5716. Segment V contains the transposon of resistance to streptomycin Tn5776 with integrated Tn5715 (see segment V1) and
187250a. Tdentical sequances har found in plasmid pEA34 fri Erwinia amyiovora (se¢ the text also). Segment VI contains
the transposon of resistan kena neomycin TuS715 fank: 1526, A highly homologous regicn has been found in plas-
mids of a clinical isolate of Klebsislia preumoniae and the fish pathogen Pasteureliz piscicida. Segment VII consists of two uncou-
pled regions and contains genes encoding plasmid vital fanctions, including genes related to parA and repA. The product of the
iater gene is homologous to replicase of Shigeila flexneri. Segment VIII contains pene repE, which encodes a replicase related to
that of Corynebacterium diphuheriae. (b) Sequential stages of the formation of the pTP10 region containing se s IV, W, and V1,




Integrony s genovymi kazetami

* Nezname funkce

* Byly ve velkem poctu (vic jak 1000)

* |dentifikovany v chromosomech mnoha
druhu baktérii



Horizontalni pfenos genu

* Mezi G+ a G- baktériemi je velmi Casty



