Bakterialni transpozony

Transpozon = sekvence DNA schopna transpozice, tj. premisténi
z jednoho mista v genomu do jin¢ého mista

Transpozice = proces piremisténi transpozonu

Transponaza (transpozaza) = enzym zprostredkujici transpozici

IS = inzercni sekvence (IS-elementy)

Tn = transpozony



Poprvé byly IS popsany v r. 1967 u E. coli analyzou mutant s témito
vlastnostmi:

1.

Mutace byly vysoce polarni - kazda se mapovala v prvnim genu operonu,
ale nebyly syntetizovany proteiny genu po sméru transkripce. Polarita
byla dusledkem pritomnosti transkripéné-terminaéni sekvence
inzer¢niho elementu.

. Tyto mutace nebylo mozné revertovat analogy bazi nebo frame-shift

mutageny, takze podstatou mutaci nemohly byt substituce ani adice nebo
delece bazi.

. Jestlize byly do kmentu s mutacemi preneseny plazmidy, podobné polarni

mutace (i kdyZ v jinych genech) se na nich obcas objevovaly. Napr.
F’lac+ se stal lac-.

. Fyzikalni studium plazmidu ukazalo, Ze plazmid s mutaci je delSi diky

inzerci elementu.



Specifické rysy transpozice:

cilova mista nejsou homologicka s misty donorovymi
obvykle dochazi Kk duplikaci prenasené sekvence, t;j.
transpozon zustava i v puvodnim donorovém misté

v misté inzerce se zdvojuji ve stejném sméru sekvence
DNA - transpozon je na obou koncich ohranicen primymi
repeticemi, coz je dusledek mechanismu transpozice

po inzerci transpozonu do cilového mista dochazi k
inaktivaci genu, po excizi transpozonu se funkce obnovuje.



Dukaz pritomnosti IS-sekvenci u E. coli

(a)

galoperon — 5

«——— A prophage »
A

A

1T A

+

- Vznik specificky
i — - transdukujicich faga

Excision site

Excision site

(b)
< —» :(—gai o> A gal
+ —t — + E— : o
! e == Vznik heteroduplexii
= A — & IS1
(c)
e TLMES D Sl Mapovani neznamych
151
: IS v gal operonu
A gal y
;s . heteroduplexni
B analyzou

ISx



Znazornéni pritomnosti transpozonti v EM - heteroduplexni analyza
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Struktura IS sekvenci a slozenych transpozonu

Transposase (402 amino acids)
Al

17 bp 22 bho

IR /
Bacterial h M :
: IS10 _ Bacterial
chromosome 1329 bp chromosome
FIGURE 10-1

Structure of IS10, a simple bacterial insertion sequence.
IS10 1s a 1329-bp transposable element found in E. ¢oli. The
element consists of a gene that encodes a 402 amino acid
protein, thought to be the transposase enzyme required for
IS movement, flanked by short inverted repeats (IR). The
IRs are blocks of similar (but not identical) sequence in op-
posite orientation to one another. The IRs are recognized
by the transposase enzyme in the first steps of transposition
and therefore define the ends of the sequence to be trans-
posed.

Transposase Functional IS10!
not functional TefR transposase

ol

Tnl0 is a 9300-bp-long movable element that encodes

genes for resistance to the antibiotic tetracycline (Tet®).
Each end contains an IS10 insertion element (oriented in
opposite directions). The right IS encodes a functional tran=
sposase that is required for movement of the transposon.
The left IS10 element has accumulated mutations so that it
no longer encodes an active transposase protein. Between
the IS elements are genes required for tetracycline resis-
tance. The IS elements can transpose individually or in tan=
dem; in the latter case they carry the intervening DNA with
them. '



Struktura transpozonu Tn3
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Cty¥i hlavni tiidy transpozoni u G- bakterii

Transposition functions
Comments

Other we]l—studjed
elements

"ISR: a = active transposase;

b = transposase inhibitor
ISL: inactive

Composite Tn, with two distal,
. nearly identical, ISs, of which

the lef_t one is inactive

Tn9 (I51) Cm
Tn10 (I510) Tc

tnpA transposase
tnpR resolvase

. IR 39bp

Tnl Ap

" Tn501 Hg

Tn2l 'Hg, Sm, Ap, Su

- Tn1000 (v%)
15101 (209 bp)

Two proteins: A and B

Largest known transposon

- Phage D108

A B C D
Class I Class IT Class I Class IV
Structure of a representative Tn5 Tn3 Phage Mu Tn7
example ' ‘
KnBlS, b
- B tmpAl  mpR bla A B TySmSp =
mRNAs o P o' - = F L
DNA JRIC ICIR IR . ; IR 5 C , IR - :IR
1S50 IS50 ; res SE Phage Tn7-R
L R functions
- Size of Tn _ 5.7kbp . 5kbp 39kbp 14kbp
Size of target duplication 9bp 5bp None 5bp
Markers?® Km, Sm, Bl Ap Phage functions - Tp, Sm, Sp

Five proteins necessary

IR 28bp

IR, IC, inverted repeats; res, site of co-integrate resolution; SE, c,' striped ends. a, See Table 3.5 (p. 76) for explanation of the symbols.



IS u gramnegativnich bakterii

Target
Inverted repeat® duplication Open reading

Designation Host DNA and copy number Size (in bp) (in bp) (in bp) frame (no.) Special properties

IS1 Enterobacterial 768 20/23 9 (8-11) 8 Several Class I transposons
chromosomes, phages and are formed by inverted or
plasmids (5-8 copies per direct repeats of 151 (Tn9,
strain) Tn2350, Tn1681)

12 E. coli chromosomes, 1327 32/41 5 2 Inverted repeats of Tn951
plasmids (F) .

1S3 E. coli chromosomes (4-5 1258 39/39 3 3 Behaves as a mobile
copies) promoter
Plasmid F (2 copies)

IS4 Chromosomes of E. coli K12 1426 16/18 11,12 or 14 2 1 specific insertion site
(1 copy at a single location)

1S5 E. coli 1195 15/16 4 3 The most abundant IS in

' Shigella E. coli; has a promoter
Phages A, Mu activity by creation of a
promoter

IS10 Tn10 1329 17/22 9 1 Tn10 inverted repeats

1515 E. coli Tn1525 direct repeats
Saimonella

Several plasmids



pokracovani

1521

1526

1546
IS50R

1552
IS66

15102

15136
(1S426)

1S200
15222

15476
154400
ISRm2

Inc P1 plasmids

Tn2680

Phage P1
E. coli

IncN plasmids
Tn5

Pseudomonas savastanoi

Agrobacterium plasmid
pTiA66

Plasmid pSC102

Agrobacterium tumefaciens
(pTC137)

Salmonella typhimurium
(6-10 copies)

Pseudomonas aeruginosa
chromosome and phage D3

Xanthomonas campestris
Bacteroides fragilis

Rhizobium meliloti

2100

820

1221

810
1534

1209

1057
1313

1350

1225
1150

2700

14/24
23/26

8/9

9/10

18
32/30

40

13

24/25

8

Mobile promoter active
only when in tandem

repeats
Tn2680 direct repeats

Insertion site quite specific

Mainly forms cointegrates

Tn5 inverted repeats; only
IS50R is active

Only found in Salmonella
species

a, The two figures refer to the sizes of the two inverted repeats, when these are not identical.



IS a transpozony u G+ bakterii

Size Terminal Target
Element Hosts Phenotype® (kbp)  repeats duplication  Class®
15231 Bacillus thuringiensis None 1.65 20 11
ISS1 Streptococcus lactis None 0.82 18 8 I (IS15)
IS110 Streptomyces coelicolor None 1.55 10/15 ND
15257 Streptococcus lactis None I (IS15)
15861 Streptococcus I (IS50, 1IS3)
Tn4001 Staphylococcus aureus Gm, Tm, Km 4.7 15256 ND I
Tn551 Staphylococcus aureus Em 5.3 40 5 II
Tn917 Streptococcus faecalis Em 5.27 38 5 II
Tn4430 Bacillus thuringiensis None 4.194 38 5 II
Tn4451 Clostridium perfringens Cm 6.2 12 ND Il
Tn4556 Streptomyces fradiae 6.62 II
Tn916 Streptococcus faecalis Tc o 16.4 Imperfect 0 v Nova tfida V
conjugative
Tn918 Streptococcus faecalis conjugative 16 ND ND \'% .r
Tn919 Streptococcus sanguis conjugative 16 ND ND \% - nemaji IR
Tn1545 Streptococcus pneumoniae  Tc, Em, Km 25.3 Imperfect 0 \' v,
' conjugative - netvori TD
Minicircle \ Streptomyces coelicolor None 2.6 Imperfect 0 \
Tn554 Staphylococcus aureus Em, Sp 6.69 0 0 \'

a, See Table 3.5, p. 76 for explanation of symbols; Gm, gentamycin; ND, not determined; Tm, tobramycin.
b, The IS in brackets indicates Gram-negative elements having homologies with those described.

Konjugativni transpozony



IS u archei

Target

Inverted duplication
Element Hosts Sizebp ©  repeats (bp) ORFs
[SH1 Halobacterium halobium 1118 8/9 8 1
ISH2 Halobacterium halobium 520 19 10, 11 or 20 3
ISH25 Halobacterium halobium 588 none none
ISH50 Halobacterium halobium 996 23/29 none 2
ISHS1 Halobacterium halobium 1700 26/27 8
ISH51 Haloferax volcanii 1371 15/16 3




Table 12-1 Properties of some E. coliinsertion
elements

Element Number of copies Number of
and location™ base pairs
IS 17 5-8 in chromosome 768
1S2 5 in chromosome; 1in F 1327
O3 5 in chromosome, 2 in F 1258
S4 1 or 2 in chromosome 1426
S5 Unknown 1195
Tn 1000 () 1 or more in chromosome; 5980

1inF




Struktura sloZzenych transpozonu
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Table 12-2 Properties of selected composite type | transposons
of E. coli

Terminal Relative
IS element directions
Size in and size in of terminal
Element Genes carried®* ©  base pairs base pairs IS Elements
Tnd kan 5818 IS50(1533) Inverted
Tng cam - 2638 IS7(768) Direct
Tni10 tet 9300 IS70(1329) Inverted
Tn204 cam, fus : 2457  1S7(768) Direct
Tn903 kan 3094 - 1S903(1057) Inverted
Tni1681 ent 2088 IS7(768) Inverted

-

*cam, chloramphenicol; ent, enterotoxin; fus, fusidic acid; kan, kanamycin,; tet, tetracycline.



Vznik primych repetic v cilovém misté po zaclenéni
transpozonu

ST

.’M123456789 ;
™. 123456789 |

Vet
........

s-..,,.

98 765432 1

98765432Lﬁ,5

B
et

Host DNA o Target site

"ATGCA123456789 e 98765432]ATGCA.
I, TACGT 123456789

: _Tqrget Inverted Tlfqnsposon . / |n_y¢ﬂed _Tu__rget

~ repeat re_peat _'-"-f-:";'f'- L D cepent repeat




Region of
(" insertion ™y

l

Figure 21-22 Duplication of a short sequence of nucleotides in the recipient DNA is associated with
the insertion of a transposable element; the two copies bracket the inserted element. Here the duplica-
tion that attends the insertion of IS1 is illustrated in a way that indicates how the duplication may
come about. IS1 insertion causes a nine-nucleotide duplication. If the two strands of the recipient
DNA are cleaved (arrow) at staggered sites that are nine nucleotides apart, as shown in (a), followed by
insertion of IS1 between the resulting single-stranded ends, then the subsequent filling in of single
strands on cach side of the newly inserted element, indicated by red letters in (b), with the right com-
plementary nucleotides could account for the duplicated sequences (boxes). (From S. N. Cohen and

J. A. Shapiro, “Transposable Genetic Elements.” Copyright © 1980 by Scientific American, Inc. All
rights reserved.)



Model nereplikativni (konzervativni) transpozice
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Diikaz konzervativni transpozice Tn10
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Vytvareni smési heteroduplext a homoduplext z transpozonti
Tn10, ktere nesou alely genu lacZ liSici se toliko 3 bazemu.
TnlO0 je pritomen v transdukujicich fagach lambda.



Figure 21-20 Consequences of conserva-

tive and replicative transposition. (a) The
heteroduplex of homoduplex nature of
DNA (see Figure 21-19) is transposed into a
target gene. If the starting DNA is heterodu-
plex, then the resulting DNA will still be het-
eroduplex only in a conservative, or non-
replicative, pathway. (b) Because the
heteroduplex results in a transposed cell that
maintains the heteroduplex nature of the
DNA during conservative transposition,
colonies will arise that are part Z¥ and part

T I T Z~. However, in a replicative pathway, trans-
position results in individual cells that are ei-

z- ther all Z* or all Z—, and all the colonies will
@ eitherbe Z* or Z~.
Konzervativni
transpozice
Growth of
subsequent
First division colony e etet .'.
ol e
@ ™
Individual cell
Replikativni
transpozice
First division
VEtSina pripadi
First division




Model transpozice prostfednictvim
tvorby kointegratu
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Model replikativni transpozice
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Donor plasmid

Recipient plasmid
containing target
sequence (solid orange bar)

kointegrat

Donor plasmid

Recipient plasmid
containing transposon
and duplicated

target sequence

1. Vytvoreni zlomu na DNA
transponazou, replikace
transpozonu a vznik kointegratu

2. Rozklad kointegratu:

a) homologni rekombinaci v
recA+

b) mistné specifickou rekombinaci
pusobenim resolvazy



Mechanismus replikativni transpozice

Transposase
cleaves target and
transposon DNA
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Resolution
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Target sequence Transposon integrated

P
//
/

Cointegrate

Rozklad kointegratu zprostredkovany mistné-specifickym enzymem
kodovanym transpozonem (resolvaza u Tn3) nebo rekombinacnim
aparatem hostitelske bunky (RecA)



Plasmid A

Inverted repeat
sequence

¥

Transposition Plasmid A

Plasmid B
Plasmid B

Figure 21-11 Transposition of the transposon Tn3, which carries a gene conferring resistance to the
antibiotic ampicillin (Amp®). It is shown as originally being part of plasmid A, which also includes a
gene for resistance to kanamycin (Kan®). A plasmid B, which confers resistance to tetracycline (Tet®),
acquires a copy of the transposon. The new plasmid B confers resistance to ampicillin and tetracycline.
(From S. N. Cohen and J. A. Shapiro, “Transposable Genetic Elements.” Copyright © 1980 by Scientific

American, Inc. All rights reserved.)




Delece pozorovane v misté za¢lenéni IS1

v lokusu gal E. coli
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Fig. 5.5 Excision of a transposable element during replication of host DNA. Excision
takes place by formation of a stem-and-loop structure, during the transient single-strand
form of the DNA at the replication fork. Excision is shown in one strand only (although it
may occur in both strands), involving the whole element (precise excision, a) or part of it
(imperfect excision, b).



Vznik deleci a inverzi po transpozici
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Figure 12-17. Model for production of genetic deletions

and inversions. The transposon DNA is inserted into the tar-

get sequence in orientation Lor I1. The circle could be a plas-
mid or the chromosome. Resolution by a site-specific strand

exchange at sites indicated by double-headed arrows or by
exchange in homologous sequences yields a deletion from
| and an inversion from |I.
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Fig. 5.7 DNA rearrangements involving transposon replication in the same replicon. (a)
Rearrangements may result from a rec-dependent recombination between the two copies
of the same transposon in the same replicon. This may happen whatever the process
which brought the two transposon copies into the replicon. (b) Rearrangments may
result from the formation of an intra-replicon co-integrate.



Inverzni transpozice

Fig. 5.8 Inverse transposition. The replicon carrying the mobile eIement is inserted into
the second replicon instead of the mobile element.



(@) G) Parg E P IS3 piisobi jako mobilni

, IS3 insertion site =35 -10 1
3 Y - promotor
Deletion
(i) Cteni bez zastavky
35 10
|
1‘ ) arg E
IS3 Deletion site
(b) () <€ s > NN
ACGTI . 0 ” - N M i Vznik kompletniho promotoru
— 7/ _—_l_— ] /4 /4
TGCA TGCA kombinaci promotorovych
-« > ,
Spacing = 17bp sekvenci -35 a -10
(if) J}//Qrvvvvv)
1521-R 1521-L
ACGT 10 35 ACGT 10 35 ACGT 10 aphA Vznik funkénih
D e SR S Ol LNOORORH) 05 e M 4, Gl g ZniIx funkenino
TGCA T TGCA TGCA ] 1
promotoru inzerci

Spacing = 18bp Spacing = 17bp dvou IS21 (R a L)

Fig. 5.4 Role of insertion sequences as mobile promoters. (a) IS3 as a mobile promoter
for argE in E. coli (i). IS3 can insert upstream of argE. A deletion, as indicated, removes
the -35 part of the argE promoter (ii). Transcription of argE is still performed, but starts
from a promoter site inside IS3. (b) IS21 as a mobile -35 promoter region. (i) Insertion of
one copy of IS21 in plasmid RP4. Its -35 region can complete the -10 region of aphA
(Km?"), allowing its transcription. (Standard spacing between the two regions for the

E. coli o factor of RNA polymerase: 16—18 base pairs). The 1521 is not transcribed.

(ii) Two tandem direct copies of IS21 into plasmid R6845. Formation of a complete and
functional promoter using the -35 region of I521-R and the -10 region of 1521-L allows
transcription of IS21. Transcription of aphA is still possible.



Charakteristické rysy transpozice
- frekvence transpozice 104 az 107 cilovy replikon

- specifita zaClenéni je pro ruzné elementy ruzna, lisi se pro
ruzné replikony (chromozom x plazmidy)

- mutace v genu pro transponazu ovliviiuje specifitu mista
zacClenéni

- transpozice vyzaduje neporusenost koncovych IR

- u Tn3 je znama imunita k transpozici podminéna
pritomnosti sekvencemi IR



Frekvence transpozice

transponaza je v bunkach pritomna ve velmi nizkych
koncentracich (0,15 molekuly na bunku)
aktivita transponazy se obtizné detekuje
preference pusobeni transponazy v cis: puisobi prednostné na
DNA, z niz byla transkribovana

po uvolnéni z DNA dochazi k rychlému rozkladu transponazy



~ "OUT" and "IN" transcripts

Regulace transpozice Tn10

Two promoters in opposrte
_orientation lie near the
_outside boundary of
IS10R. The strong
promoter Pouyt sponsors
jtranscrlptlon that may

~ continue into the flankzng
host DNA. The weaker
promoter P|y starts . .
transcription of an RNA - ' (
with a coding region that . . o
extends the length of

IS10R and represents a

' 47,000 dalton protein. The

OUT RNA (antlsense)
100 x vice nez IN RNA

have a 40-base overlap.

00000

TRANSPONAZA



. nds m crs on DNA template

Schopnost Tn10 se ------ . wona# | @ MistovIR -
transponovat je vazana na " L
replikacni cyklus a stav
metylace regulacnich sekvenci | transpe

- Promotor Pin .




Genom bakteriofaga Mu (dsDNA, 37 kb)

& E Represor ¢ reguluje negativné
53 _ expresi genti A a B kodujici
s e 2 _8 transponazu
o > [= I}
> e € 58
ER
E s S S,
S5 - ® et
s S £ Z8ZX S-konec
« 2 * Se=
C-konec &= £ 2823 gln /
\ ~ head and tall functions
cAB ¥ C lys inv.
seg. '
= Mu DNA -
attlL att Rl
0 5 10 o £ 20 25 30 35 kb

A protein se vaze ke konciim genomu Mu, coz stimuluje B protein. Vazba probiha
na 22 bp sekvencich. Vznikly komplex = transpososom. Na 3 '’koncich vznikaji
zlomy, stejné je zlomena DNA v hostitelském chromozomu.



Replikace faga Mu a jeho mutagenni ptisobeni

. * Po infekci bunék se fag
{Z :f::ﬂc zacleni do genomu

| ge#¢ a ziejmé konzervativni
@ . transpozici, béhem

_lytického cyklu se mnozi
| replikativni transpozici.

kv - i V obou pripadech jsou

| mista zaClenovani
P —1 profaga zcela nahodna
.Key:' --:’__:i:: Original Mu DNA; m'original,tafg;et DNA .
= o o mreplicated Mu DNA; Mreplicated target DNA;
host DNA; yort ghglg-gtranded nick

a) vznik ss zlomu na koncich profaga Mu a v cilovém misté

b) volny konec profaga Mu se spoji s retézcem cilového mista
c) doplnéni jednoretézcu replikaci

d) spojeni jednoretézcovych zlomu vede k duplikaci Mu



Uloha transpozont pfi evoluci R-plazmidi

- kazdy transpozon miize byt prenaSen nezavisle

Resistance-determinant segment

Resistance-transfer segment




Prubéh prenosu konjugativnich transpozonu

Donor

Recipient

Transpozon zaclenény do
chromozomu se vycleni a vytvori
kruznicovy intermediat.

Do recipientni bunky se prenasi
kopie jednoho z fetézctu
prostiednictvim multiproteinového
parovaciho aparatu spojujiciho ob¢
bunky.

Prenesena jednoretézcova kopie se
zmeéni na dvouretézcovou formu,
ktera se zacleni do chromozomu
recipientni bunky



Model excize a integrace konjugativnich transpozoni Tn916 a CTnDOT
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Mobilizace genetickych elementu konjugativnimi transpozony
(pusobeni in trans)

Mobilization of co-resident plasmids in trans . i . i )
e —— Mobilizovatelny rezidentni plazmid nese

geny kodujici proteiny vytvarejici zlom v
jeho DNA, CTn zajiSt’uje vytvoreni
multiproteinového parovaciho aparatu

CTn navozuje excizi rezidentniho
mobilizovatelného transpozonu (MTn) -
CTn poskytuje proteiny pro excizi a
cirkularizaci a pro prenos ss-formy MTn
do recipienta, kde se MTn jiZ samostatné
integruje do chromozomu




