BAKTERIALNI TRANSPOZONY
(mobilni elementy)

O Transpozon = sekvence DNA schopna transpozice, tj.
premisténi z jednoho mista v genomu do jiného mista

O Transpozice = proces premisténi transpozonu

O Transponaza (transpozaza) = enzym zprostredkujici
transpozici

Zakladni typy bakteriadlnich transpozonti

IS = inzercni sekvence (IS-elementy)
Tn = transpozony (sloZzené transpozony)
Bakteriofag MU

Konjugativni transpozony

O0O00



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

Mutace byly vysoce polarni - kazda se mapovala v
prvnim genu operonu, ale nebyly syntetizoyany proteiny
genu po smeru transkripce. Polarita byla dusledkem
plFl'tomnosti transkripcne-terminacni sekvence inzercniho
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 kmenu s mutacemi pfeneseny 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 vlozeni inzercniho elementu.



SPECIFICKE RYSY TRANSPOZICE

O

O

cilova mista nejsou homologicka s misty
donorovymi

obvykle dochazi k duplikaci prenasené sekvence,
tj. transpozon zlistava i v pivodnim donorovém
misteé

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

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



DUKAZ PRITOMNOSTI IS-SEKVENCI U E. coli
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STRUKTURA IS SEKVENCI
A SLOZENYCH TRANSPOZONU

Transposase (402 amino c:cids]
AL

-

A
Bacterial M
: 1S10 Bacterial
chromosome 1329 bp chromosome
FIGURE 10-1

Strucrure of 1510, a simple bacterial insertion sequence.
IS10 is a 1329-bp transposable element found in E. coli. 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.

Functional 1S1 ,;:;'

Transposase
not functional TetR

FIGURE 10-2

Complex transposons are genes flanked by two IS elementss
Tn10 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 1s required for movement of the transposon. =
The left IS10 element has accumulated mutations so that i m
no longer encodes an active transposase protein. Between i
the IS elements are genes required for tetracycline resis-
tance. The IS elements can transpose 1nd1v1dually or in tan“
dem; in the latter case they carry the intervening DNA with
them.



Struktura slozenych transpozont

Inverted repeat f
ISL iRi| ISR |1Ro
i - <2 P <
K J f e J
i Antibiotic Y
IST—: resistance ~— 151
R —s segment 4

Direct repeat

3 om— > e T — e
J — J
Y G i
IS1— IS1 —
—_— | —_—
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
Tn5 kan 5818 IS50(1533) Inverted
Tng cam 2638 IS7(768) Direct
Tn10 tet 9300 1IS10(1329) Inverted
Tn204 cam, fus - 2457  1S1(768) Direct
Tn903 kan 3094 - 1S903(1057) Inverted
Tn1681 ent 2088 IS7(768) Inverted

-

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



Priklady genetické organizace slozenych transpozonii

Tns
e ~5700 np
=2500 np | A |
A
I gen ble’
gen cam’
gen kan" || gen str
768 np 768 np 1533 np 1533 np
— — E— -

IS1 - IS1 1S50L

— - — - — -

2 23- . : 9- : P
\L o Y obréggné

obracené
koncové repetice koncové repetice
(a) (b)
Tn10
=9300 np
I i |
gen tet’
1329 np A 1329 np
e -

\I/ 22-np \I/

obracené
koncové repetice




Struktura IS50

koncové obracene repetice

A\
[ |
5'- CTGACTCTT AAGAGACAG - 3
3'- GACTGAGAA TTCTCTGTC - 5'
\\\ II, |S5O \\\ ll,
1/ _b\\\ // _>\\\
ACATTAACC ACATTAACC
TGTAATTGG TGTAATTGG
I I
vV

duplikace cilového mista



Obsah transpozonu v R plazmidu

Vznik sloZzenych transpozonu tvofenych dvéma IS, mezi nimiz
se nachazi gen nebo geny pro ANTR

10



STRUKTURA TRANSPOZONU Tn3

Repressor and
resolution protein

(TnpR) Inverted
:F;;Eef:d « Transposase (TnpA) \ p-Lactamase o,qq
- —_— =,
- Internal
resolution
region

res

38 bp obracena opakovani

4957 np
A

bla
— —
J' misto res ¢ 4'

transponaza resolvaza/ B-laktamaza

represor
38-np obracené 11
koncové repetice




IS U GRAMNEGATIVNiICH BAKTERI{

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 copiés per direct repeats of IS1 (Tn9,
strain) Tn2350, Tn1681)

IS2 E. coli chromosomes, 1327 32/41 5 2 Inverted repeats of Tn951
plasmids (F) .

IS3 E. coli chromosomes (4-5 1258 39/39 3 3 Behaves as a mobile
copies) promoter
Plasmid F (2 copies)

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

IS5 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 Tnl0 inverted repeats

IS15 E. coli Tn1525 direct repeats
Salmonella

Several plasmids

~1 kb

rozdilnost IR jednotky bp transponaza soucast Tn

12



Is21

1526
IS30

IS46
IS50R

IS52
IS66

IS102

15136
(15426)

15200
15222

15476
154400
ISRm?2

IS U GRAMNEGATIVNICH BAKTERII

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
2548

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

Tnb 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.

13



CTYRI HLAVNI TRIDY TRANSPOZONU U G- BAKTERII

A B C D
Class I Class I Class I Class IV
Structure of a representative Tn5 Tn3 Phage Mu Tn7
example ‘
KnBlS, b
: T inpA4 tnpR bla A B TpSmSp ————
mRNAs _ < PSS 8 A% 58, o
DNA JRIC ICIR IR . : IR S c - IR - :IR
IS50 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 CAp Phage functions - Tp, Sm, Sp

Transposition functions ISR: a = active transposase;

b = transposase inhibitor

ISL: inactive
Comments Composite Tn, with two distal, -
5 nearly identical, ISs, of which
the lef_t one is inactive
Other well-studied Tn9 (IS1) Cm
elements

Tn10 (IS10) Tc

tnpA transposase
tnpR resolvase

. IR 39bp

Tnl Ap

- Tn501 Hg

Tn21 Hg, Sm, Ap, Su

© Tn1000 (v%)
- 15101 (209bp)

Two proteins: A and B

Largest known transposon

- Phage D108

Five proteins necessary

IR 28bp

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

14



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, IS3)
Tn4001 Staphylococcus aureus Gm, Tm, Km 4.7 1S256 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 II
Tn4556 Streptomyces fradiae 6.62 II
Tn916 Streptococcus faecalis Tc 16.4 Imperfect 0 \'
conjugative 2 axe
Tn918 Streptococcus faecalis con;ugative 16 ND ND Vv Nova trida V
Tn919 Streptococcus sanguis conjugative 16 ND ND V | - nemaji IR
Tn1545 Streptococcus pneumoniae  Tc, Em, Km 25.3 Imperfect 0 V| - netvoii TD
conjugative
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, tobramyecin.
b, The IS in bragkets indicates Gram-negative elements having homologies with those described.

Konjugativni transpozony 15



IS U ARCHEI

Target

Inverted duplication
Element Hosts Sizebp = repeats (bp) ORFs
ISH1 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

Byly vytvoreny umélé slozené transpozony (napr. z ISH2)
pouzitelné pro mutagenezu u archei

16



Viastnosti nékterych inzerénich elementi
u E. coli a jejich lokalizace v genomu

Element Number of copies Number of
and location* base pairs
1IS7 5-8 in chromosome 768
1S2 5 in chromosome; 1in F 1327
o3 5 in chromosome, 2in F 1258
S4 1 or 2 in chromosome 1426
S5 Unknown 1195
Tn 1000 (yd) 1 or more in chromosome; 5980
1inF

Vice kopii —— prestavby genomu, interakce replikonu 17



VZNIK PRIMYCH REPETICI V CILOVEM MISTE PO

ZACLENENI TRANSPOZONU

07
@ Ova fetézce cilové DNA
jsou Stépeny v riznych mistech (Sipky).

b L 4 5
ACCGTCGGCATCA
: TGGCAGCCGTAGT
] 5I
A
RO
o |S-element je zaclenén do mezery
vytvorené posunutymi zlomy cilové DNA.
| A
5' /
ACCGTCGGCAT CA
. TG GCAGCCGTAGT
107
o Mezery na obou stranéch |S-elementu
jsou zapInény syntézou DNA, Cimz se
v cilovém misté vytvofi duplikované
primé sekvence. IS

5!

ACCGTCGGCAT

J¢ GCAGCCGTA
LIV RSO0y

3!

v

S pp—————
CGTCGGCAT o
GCAGCCGTAGT

3'

18



Region of

Vytvofeni posunutych zlomu (" Insertion
transponazou

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 I81 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 each 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.)

19



MODEL NEREPLIKATIVNI TRANSPOZICE
(KONZERVATIVNI, ,,cut and paste™)

(A) Donor

Recipient

(B) Donor

Recipient

(C) Donor

Recipient

f L) f gy )] )

L
L 4
.
.
L 4
L 4
L 4
L
L 4
S
L 4

Vytvoreni
dvouretézcovych zlomu

.O
.0
L 4
L 4

Pusobeni
transponazy

Degradace
donorové molekuly

20



Transpozice po replikaci a nasledna reparace ds-zlomu

\ Replication fork

[ approaches the
f transposon

B
- -_\ \ Replication
H—j across the
transposon
activates
- transposition
l transpozon se vycleni a
c zacCleni do nového mista
3 5!'=—— Cut-and-paste
5’ 3! —————— transposition
+ leads to a DNA

double-strand
- m break

s DNA double-
— ———— strand break
repair is initiated
—— off the sister
L] chromosome

. Repair
111112

reestablishes the
transposon in
the donor DNA




Pribéh konzervativni transpozice
(,,CUT and PASTE¥)

\
Dvouretézcové zlomy na

| Il¢~ —  koncich transpozonu

v >

T Vytvoreni posunutych
(2 zloma v cilové molekule
DNA

B - e

(3) Spojeni konct transpozonu s
cilovou DNA

— —_—

Zlomy vytvari
transponaza

Reparacni replikace, kterou jsou zaplnény mezery a

vznikaji tak duplikace v misté zacClenéni transpozonu.

® Donorova molekula je rozlozena

22



Tns

© Direct repeats flanking Tn

5/
3/
Tnp binding
5 i I\/
3 1 ]
(1) l Hydrolysis
..3’
54 I 0 3¢
3 o P 57
3
3-8’
phosphodiester
halrplns\ 3
P—O:)
CﬁQ,—P
l Hydrolysis
o &3
3’0 P
@ | Tnp joins 3' OH
to target
P— 03
2 P
S'annnmfs OH 3’ P -=3
3enn el llLp 3/ Qe - === 5
© | Strand transfer
completed
5/nunammOH 3" P O P wnan 3
BT LLp P3 HO=======5’
@ | Replication repair
from 3’ OH
5lnmen——rvy T Aot
e Ll 111__.‘_5:
oz =>

Synapsis

Mechanismus transpozice Tnb5

(,,cut and paste®)

Molekuly transponazy se vazou na
konce transpozonu, pak se tyto
molekuly spoji za vzniku synapse.
Vytvofi se zlomy a znovuspojeni,
Cimz se transpozon vycleni z
donorové DNA a na jeho koncich se
vytvori vlasenky. Tyto vlasenky se
pak Stépi a konce transpozonu se
spoji s retézci v cilové DNA, v nichz
transponaza vytvofila posunuté
zlomy (9 bp). Probéhne reparace
mezer doreplikovanim chybgjicich
useku, ¢imz se vytvofi duplikace
(pfima opakovani) v misteé zaclenéni
transpozonu.

23
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Donor plasmid
containing
transposon

Recipient plasmid
containing target
sequence (solid orange bar)

kointegrat

Donor plasmid
restored

Recipient plasmid
containing transposon
and duplicated

. target sequence

1. Vytvoreni
jednoretézcovych
zlomul v donorové a
cilové DNA
transponazou,
spojeni volnych
koncll

2. Replikace
transpozonu

3. Vznik kointegratu

4. Rozklad kointegratu:

a) homologni rekombinaci
V recA+

b) mistné specifickou
rekombinaci plisobenim

resolvazy (Tn3)
24



Replikativni transpozice Tn3

(D) staggered cuts 5 bp
apart in target DNA

(@ Single-strand cuts at

Y ¥ @ outside ends of Tn3
.
o))

(3) Ligation of Tn3 ends
to target ends

---
! .
1
1
\ .

(%) 3’ ends prime replication
through Tn3

Cointegrate

res

(5 Recombination at res (=)
resolves cointegrate

z 5-bp duplicated sequence
flanking Tn3 insertion
into target DNA

(3) Detail of ends

25



MECHANISMUS REPLIKATIVNI TRANSPOZICE

Repressor and
resolution protein

" (TnpR) Inverted
s Transposase (TnpA) \ AB-Lactamase repeat
N =
| I ||
- >
Ir;toelar; iaol Transposase

cleaves target and

transposon DNA
/ Lo /
/A /
/ / i

s Strand invasion

Bacterial L
chromosome /

™~ Target site sequence

Ligation

Resolution

—_— -

// /// / /

Target sequence  Transposon integrated

O

Cointegrate

Rozklad kointegratu zprostredkovany mistné-specifickym
enzymem kodovanym transpozonem (resolvaza u Tn3)
nebo rekombinacCnim aparatem hostitelské bunky (RecA) .



DUKAZ KONZERVATIVNI TRANSPOZICE Tn10

/_———*—L E——— Tn10-Lacz+
Genom 10 \
. x Different base pairs
faga A
\ Z
— FFT—F——— Tn1o-Lacz-
1 Denature
l Reanneal
Heteroduplex and Homoduplex
ZT o7
——TE =
&~ ZF
2 i
I [ ﬁ — s -

7-

Vytvareni smési heteroduplexu a homoduplexu

z transpozonu Tn10, které nesou alely genu lacZ
liSici se toliko 3 bazemi. Tn10 je pritomen

v transdukujicich fagach lambda. 27



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

Donor (fég) target gene. If the starting DNA is heterodu-
plex, then the resulting DNA will still be het-
Cilova eroduplex only in a conservative, or non-
replicative, pathway. (b) Because the
molekula

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
Z~. However, in a replicative pathway, trans-
position results in individual cells that are ei-
ther all Z* or all Z~, and all the colonies will
eitherbe Z* or Z°~.

Infikovana burika, v niz
doslo k transpozici

Konzervativni
transpozice

Growth of
subsequent
colony

First division

Replikativni

transpozice

First division

VétsSina
pripadu

First division

(b)
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Dukaz konzervativni transpozice

A Prepare A::Tn70

lacZ* lacZ
l Denature
lacZ* Y
acZ \%{
— T J—
lacZ
—_—l T
lacZ
Anneal
lacZ*
lacZ* lacZ
lacZ lacZ+
o Package
in vitro

79
lacZtlacZ* lacZflacZ lacZllacZ*
C Plate

Medium with

tetracycline
and X-Gal

B Infect at low MOI

A cannot
integrate or
replicate

Transposition

Tet" colonies:
16% sectored
colonies

AlacZ sup T,
E. coli

Mutace Nam a Pam — fag neni
2Tn10 Nam Pam —— SCHOpeEN se replikovat ani
lyzogenizovat v kmeni sup-
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Vysledky konzervativni a replikativni transpozice transpozonu Tn10

Transposition

Colony

—Tn10—_
A:Tn10 < r KOCZ “Cut ancll? paste” N Tet" lacZ*
7y 3 | —
lacZ*/lacZ » > :.,/ !acZ%z: G
8 White/blue
Target /& @
ChromosomﬁN Replicative
(replication and
resolution)

Konzervativni transpozice:
Do chromozomu se zacleni
oba retézce transpozonu

Replikativni transpozice:
Do chromozomu se
zaClenuje jen jeden retézec
transpozonu

- Lo

nebo
:Tn1o0
Tet" lacz
Loss
of phage
e e

Tet" lacZt

Blue
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MODEL TRANSPOZICE PROSTREDNICTVIM TVORBY KOINTEGRATU

(meziprodukt replikativni transpozice Tn3)

donorovy plazmid recipientni plazmid

Tn3 ‘

mezi donorovym a recipientnim
plazmidem. Béhem tohoto procesu
se Tn3 replikuje, ¢imz v mistech
spojeni kointegratu vznika

kopie tohoto elementu.
kointegrat

Resolvaza kédovana genem tnpR

rozlozf kointegrat rekombinaci
mezi dvéma Tn3-elementy.

6 ?\O’i‘
o Donorovy a recipientni
plazmid se oddéli.

Oba plazmidy nyni
D obsahuji kopii Tn3.

e
a Transpanaza kddovana Tn3
katalyzuje vytvofeni kointegratu

31



Evoluce konjugativnich plazmidi obsahujicich geny pro rezistenci k

- - L] (<]
antibiotikum
str'
' nekonjugativni
\S5'4 R-plazmid
X
-
IS1
konjugativni
plazmid
== mobilizace nekonjugativnich
le + Jo ,
o Rekombinace mezi IS 1-elementy umisténymi plazmldu kondukci
v nekonjugativnim R-plazmidu a v konjugativnim
RTF-plazmidu vytvafi konjugativni R-plazmid
s genem pro rezistenci ke streptomycinu (str). tet”
80,
. o Rekombinace mezi konjugativnim
R-determinanta R-plazmidem a jinym nekonjugativnim 1S

RTF slozka

konjugativni
R-plazmid

@ c§ konjugativniho R-plazmidu se dvéma geny
o i pro rezistenci k antibiotikim (str" a tet).
>
RTF

R-plazmidem zprostfedkovana
IS 1-elementy vede ke vzniku slozeného

1S\

191

(RTF= resistance

RTF
transfer factor C :
konjugativni R-plazmid Sz Ty kBnjAnEtn 1P iAamid
zodpovédny za rezistenci ERifavTy = ezl -
ke streptomycinu ke streptomycinu a tetracyklinu

32



ULOHA TRANSPOZONU
PRI EVOLUCI R-PLAZMIDU

kazdy transpozon muZe byt prendsen nezavisle

Resistance-transfer segment
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Disledky presné a nepresné excize transpozonu

LE— —t

M B m ¢
<

r———
Direction of replication

B B
B
presna excize — nepresna excize —
aplna ztrata B B B R o ztrata éasti
transpozonu =~~~ ot LT -y Ty T transpozonu
A B ¢ A B <
@ ‘ (b

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 34
(imperfect excision, b).



DELECE POZOROVANE V MISTE ZACLENENI
IS1 V LOKUSU GAL E. coli

Deletions

Deletions
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Chromozomova preskupeni navozena transpozony

a. Vznik delece intrachromozomovou
rekombinaci mezi dvéma stejné
orientovanymi transpozony

chromozom se dvéma stejné
orientovanymi transpozony

A B c D E F G
07

0 Chromozom vytvafi smycku,
takZe transpozony

se mohou vzajemné parovat.

D
G
A B
C
deletovan oblast
chromozomu h =
D / o Rekombinace mezi
i sparovanymi transpozony
" vede k deleci oblasti
E C nachézejici se mezi nimi.
A B F G

chromozom s deletovanou oblasti C D E

(a)

b. Vznik inverze intrachromozomovou
rekombinaci mezi dvéma opac¢né
orientovanymi transpozony

chromozom se dvéma opaéné
orientovanymi transpozony

A B G D E F G
|
RO,

o Chromozom se ohyba nazpét,
takZe transpozony
se mohou vzajemné parovat.

o Rekombinace mezi sparovanymi
transpozony vede k inverzi oblasti
nachazejici se mezi nimi.

A B E D C F G
-

chromozom s invertovanou oblasti C D E

(b)
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VZNIK DELECI A INVERZI PO TRANSPOZICI

b
/‘V / c
Resolution a .
a > Inversion
c b
Transposon b
o
AN S > /
a
b
Nonfunctional, owing to
I / ¢ lack of replicati
Replication ' \ ack of replication
origin Target Resolution
sequence o ~A
a Functional
deletion
d

Figure 12-17. Model for production of genetic deletions

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

get sequence in orientation Lor Il. 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 II.
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INVERZNI TRANSPOZICE

Inverzni transpozice: do cilového replikonu se vlozi replikon nesouci
transpozon, nikoliv transpozon sam
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Zména typu flagelinu jako disledek zmény orientace
transpozonu u Salmonella typhimurium (variace fazi)

Promotor p fidi expresi flagelinového genu H2 a represoru rH1

Transposon 1kb Repression
| EE—— - H;’_a - Z promotoru p je
i X . z .
exprimovan H2 a rH1, je
- | L - - {Phase2 P !
= tvoren H2, exprese H1 je
5 ’ potlacena
(a) p Transcription
pusobeni
mistné Inversion
specifické
rekombinazy
r

(hin-invertazy) )

{ H2 rH1 H1

| | | Neni exprimovan H2 a
- == —}—{ Phase 1
' | ' — rH1, exprese H1 probiha

I
Bl

(b) p No transcription TR

P — promotor genu H1 39



Zména typu flagelinu jako dlisledek zmény orientace transpozonu u Salmonella
typhimurium (variace fazi) - Il

A
Il in =] [ —Hz—>[—mi—] Z promotoru p je
Salmonella Hin ,DL* H2 flagellin  Repressor exprimOVén H2 a rH1, je
e tvoren H2, exprese H1 je
P H1 flagellin potlaéena
Inverze useku obsahujiciho promotor
prostrednictvim Hin-invertazy
B

L. P
D> <—hin

—r——m1—]

Neni exprimovan H2 a
rH1, exprese H1 probiha

[—HI—]

P H1 flagellin
L
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@6 B RS IS3 plisobi jako

, IS3 insertion site =35 -10 1 - s
3 T e ....-. mobilni promotor
Deletion
Gi) Cteni bez zastavky
|
oo agE
IS3 Deletion site
(b) @) < 1521 . TR ‘
ACGT -10 j 35 ACGT -10 aph A Vznik kom p|etn tho
[ 7/ | - - ’
TGCA — Taca promotoru kombinaci
> ”
Spacing = 17bp promotorovych
" AR sekvenci -35a-10
IS21-R 1521-L
ACGT 10 5 ACGT 10 35 ACGT 10 amhA Vznik funkéniho
[y e oy g g - ’
TGCA — TGCA TGCA promotoru inzerci dvou
<> <>

Spacing = 18bp Spacing = 17bp IS 2 1 ( 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 1521 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 [S21 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 IS21-R and the -10 region of 1521-L allows

transcription of 1521. Transcription of aphA is still possible. 41



CHARAKTERISTICKE RYSY
TRANSPOZICE

O

O

frekvence transpozice 104 az 10-7/cilovy replikon

specifita zaclenéni je pro rizné elementy rizna,
lisi se pro ruzne replikony (chromozom Xx
plazmidy) - vyuziti malych definovanych plazmidi

mutace v genu pro transponazu ovliviiuje specifitu
mista zacleneni

transpozice vyzaduje neporusenost koncovych IR

u Tn3 aj. je znama imunita k transpozici
podminena pritomnosti sekvenci IR

- v blizkosti transpozonu nedochazi k zaclenéni
jeho dalsi kopie (100 000 bp, i cely replikon)

42



Priciny nizké FREKVENCE TRANSPOZICE

O

transponaza je v bunkach pritomna
ve velmi nizkych koncentracich
(0,15 molekuly na bunku)

aktivita transponazy se obtizné detekuje

preference plisobeni transponazy v cis: ptsobi
prednostné na DNA, z niz byla transkribovana

po uvolnéni transponazy z DNA dochazi k jejimu
rychlému rozkladu
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REGULACE TRANSPOZICE Tn10

Tn10
=9300 np
A

\I/ 22-np

obracené =
koncove repetice

Two promoters in opposite
orientation lie near the
~outside boundary of
IS10R. The strong
promoter Poyt sponsors
~ transcription that may
_ continue into the flanking
host DNA. The weaker
promoter Py starts
transcription of an RNA
with a coding region that
extends the length of
IS10R and represents a
- 47,000 dalton protein. The
~ "OUT" and "IN" transcripts
have a 40-base overlap.

_. Trans__p‘qs_a_se







Regulace transpozice Tn10 prostrednictvim antisense RNA

(a)

l IS10 right
|
Antisense RNAm
Pour
O _Trﬁ__r}fsposase gene | )
Transposon Pin
mRNA < rmm e
|
36 base pair
overla
(b) 3
High Tn10 copy number:

RNA: RNA pairing
is frequent

#r&

Translation of transposase
mRNA is blocked
(c)

low Tn10 copy number:
RNA: RNA pairing 5

is rare

Translation of transposase
mRNA is efficent

:

Pin fidi transkripci
transponazového genu,

Pout fidi transkripci antisense
RNA, ktera je stabilngjSi nez
MRNA

Pri vysokém poctu kopii Tn10 je
parovani antisenseRNA a mRNA
Castéjsi, k transpozici nedochazi

Pfi nizkém poctu kopii Tn10
dochazi k parovani
antisenseRNA s mRNA jen
vzacne a transpozice probiha
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GENOM BAKTERIOFAGA Mu (dsDNA, 37 kb)

Represor c reguluje
negativné expresi genll A a

~ 8§
S 3
n © =
5 o -

o € =% B kdodujicich transponazu
IR
E s E " 8°® .

£z > 2€%

es £ z82 S-konec
« 2 * Se=

C-konec 5 ¢ 2%% 6in
~ l hsad and tall functions
CAB C lys inv. r-
seqg.

- Mu DNA -

attL attRl

0 5 10 15 20 25 30 35 kb

Protein A se vaze ke konclim 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. 47



Bacteriophage Mu

Reprodukcéni cyklus faga Mu

==

Wy
= Host cell
¥ oy, g

&
hromosome

Po infekci bakterialni buriky se DNA faga MU
zaclenuje nahodné do chromozomu
konzervativni transpozici

bacterial chromosome

REPLIGATION
Pomnozovani fagovych genomu probiha
replikativni transpozici, Cimz dochazi k
inaktivaci genu hostitelské bunky, ktera

nasledné umira

Multiple Mu
genomes

NEW MU <
PARTICLES

48

Fragments of
host DNA



Konjugativni transpozony

Konjugativni transpozony (CTn) = integrované elementy (18-500
kbp), které se samy vyc¢lenuji zchromozomu donora, samy se
prenaseji konjugaci do recipienta a tam se zac¢lenuji do
chromozomu

Mobilizovatelné transpozony (MTn) = mensi integrované
transpozony (do 15 kbp), které se vyclenuji a prenaseji za

ucasti konjugativnich transpozonu

Souéasna terminologie

Ctn : Conjugative transposon

MTn: pro mobilizovatelné transpozony, drive Nbu (non-replicating Bacteroides units)
ICE - integrative and conjugal elements — pro integrujici se elementy

SXT - site-specific integrating elements

CTn — nesou geny kéduijici:
1. integrazu a excisionazu (protein pro excizi),
2. proteiny vytvarejici prenosovy aparat, jimz se pohybuje DNA z bunky
do bunky
3. mobilizaéni proteiny, které vytvareji jednoretézcové zlomy v oriT (geny
tra jsou podobné geniim plazmidu RP4 nebo F)
4. dalsi produkty, zodpovidajici za jiné znaky (napfr. rezistence
k antibiotikiim) 49



TABLE 1 Examples of conjugative and mobilizable transposon families’

Element Size First identified in ~ Marker genes Integratl.op (.“yr/.se;:-u'ir) Targr?t shels b Reeference(s)
(kb) -excision (xis (coupling seqs)
Conjugative transposons (CTns)
CTnDOT 65.0 ‘Bacteroides tetQ, ermkF tyr-int; xis and additional GTAnnTTTGC (5 bp) Cheng et al., 2001; Whittle
thetaiotaomicron CTn gene products; et al., 2002
tetracycline induced
excision and transfer
Tn916 18.3 Enterococcus tetM tyr-int family; xis; AT-rich sites (6 bp) Clewell et al., 1995
faecalis tetracycline induced
promoters for transfer
genes
Tn’252 47 Streptococcus cat, SOS tyr-int; xis 72-bp sequence in element end and in Alarcon-Chaidez et al., 1997;
pneumoniae operon primary target site; secondary sites in Kilic et al., 1994
some hosts missing primary sequence
CTn5397 20.658 Clostridium tetM ser-indX, for integration -GA-target (2 bp -GA-) Roberts et al., 2001; Wang
difficile and excission; Tra et al., 2000a
products ~Tn916.
CTn5276 70 Lactococeus lactis nisA (nisin), tyr-int; xis TTTTTG between ends and in Rauch and de Vos, 1994
sacA (sucrose- primary target site
6-phosphate
hydrolase)
Site-specific CTns
CTn-ICESt1| 34.734 Streptococcuis Type 11 tyr-int; xis 27-bp 3' end of fda (fructose-1, Burrus et al., 2002b
thermophilus restriction 6-diphosphate aldolase)
not shown to system
transfer yet PST84
resistance
SXT 99.483 Vibrio cholerae sul IT, dhf18, tyr-int; xis 17-bp 5' end of prfC Hochhut et al., 1997
strAB
CTnR391 88.532 Providencia mer operon (Hg), Beaber et al., 2002
(Inc]) rettgeri aph (Km), :

mmAB (UV
sensitivity)
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PRUBEH PRENOSU KONJUGATIVNICH TRANSPOZONU

Transpozon zaclenény do
chromozomu se vycleni a vytvori
kruznicovy intermediat.

\"& 4

Do recipientni bunky se prenasi
kopie jednoho z Fetézcu
prostrednictvim
multiproteinového parovaciho
aparatu spojujiciho obé bunky.

Prenesena jednoretézcova kopie
se zmeni na dvouretézcovou
formu, ktera se zacleni do
chromozomu recipientni bunky
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Mechanismus prenosu konjugativniho plazmidu Tn916

int/xis tetM  tra genes

------------

Donor

from oriT

transferred and

circularized
Synthesis of\
second strand

Integration

"-; Initiation of
-_ transfer
(£ '/‘:

Recipient

B N\ e 7%

Transpozon je excidovan z
chromozomu pomoci enzymu
Int a Xis a je cirkularizovan.

Cirkularizace umozni expresi
genu tra z promotoru P ~—

Z mista oriT je zahajen prenos
DNA ve form¢ jednofetézce.

V recipientu se prenesena DNA
cirkularizuje, doplni se druhy
fetézec a transpozon se integruje
do chromozomu.

52

transpozony typu Tn916 maji Siroké rozmezi hostitelti — gen tetR je rozsSiren u mnoha bakterii



Proces prenosu konjugativnich transpozonu Tn916 a CTnDOT

¥ Tn916 }
RUAKXK o0
YYYYYY RERRRR
o t
Excision @
Resolution
New Target

Resolution

AAAARA
BEBBEBE

\ CTnDOT b

Resolution 0
— T — T i—
I T —
New Target i
— AAAAR
i SEEEIEE
0 t
Integration
Resolution v/
— ]
T RERER
or
_':Snf}mﬁ — ¥R
R SEERD

- Transpozon se exciduje z DNA v donorové bunice. Podobné
jako fag lambda, Tn916 potiebuje dva proteiny: Int a Xis.

- Excize vyzaduje dva zlomy pobliz zaélenéného transpozonu
- Nejdiive integraza vytvoii posunuté zlomy pobliz konct
transpozonu — sekvence jsou nahodné a lisi se podle mista
zaClenéni transpozonu v donorové DNA — a nejsou tudiz
komplementarni

- Tyto sekvence se presto paruji za tvorby kruznicového
transpozonového intermediatu — v misté spojenti je
heteroduplexni spojujici sekvence.

- V donorovém misté po vyc¢lenéni transpozonu vznika kratka
delece

- Kruznicovy intermediat se nemtize replikovat, ale je pfenesen
do jiné bunky procesem podobnym konjugaci plazmida.

- Transpozon ma sv¢ vlastni oriT misto a tra geny (jsou
podobné¢ plazmidu RP4 a F).

- Iniciace transferu za¢ind vytvofenim zlomu v oriT a do
recipientni bunky je pfenesen jeden fetézec.

- V recipientni buiice se konce transpozonu spoji a je
dosyntetizovan komplementarni fetézec.

- Int protein kodovany transpozonem pak integruje transpozon
do DNA recipientni buiiky vytvorenim tupych koncit v jeji
DNA - proto nevznikaji duplikace cilové DNA. 53



MODEL EXCIZE A INTEGRACE KONJUGATIVNICH
TRANSPOZONU Tn916 A CTnDOT

! Tn916 : CTnDOT
Ve Rananh T o oo000
Excision : V/ Formirice] ! v, seTacrricd] |
Excision
Spojovaci chromozomové
sekvence (XXX/YYY nebo
. (o) v
St b fesolition QQQ/RRR jsou puvodne
- 9 - - g = oA komplementarni).
New Target New Target | v, v s ’
e e Sipky naznacujl mista
JEBHF%BB . , o
o o vzniku posunutych zlomd
pred excizi nebo pred
Integration Integraci

Integration

QR0 AARINAR

—— " AAARA

T \[EUBEED \RRERLy R\ ERRER

Resolution v Resolution V/

ARAAAR 0 ) —  Jmmm—

BBBBEB ?{-{?‘%Q"{?( g%ﬁl\(ﬁ ggﬁl%\

—EEmeBESh —
or or

—) M
. ARRAAR 200)C) AAAAA
ggg%gg BEBBEB _,—.%gggg R 1211235
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MOBILIZACE GENETICKYCH oELEMEN:I'IOJ KONJUGATIVNIMI
TRANSPOZONY (PUSOBENI IN TRANS)

Mobilization of co-resident plasmids in trans

Mobilizovatelny rezidentni
plazmid nese geny koédujici
proteiny vytvarejici zlom v jeho
DNA, CTn zajistuje 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
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Prenos Tn918 do S. aureus prostrednictvim konjugativniho
plazmidu ( priklad ,,hitch-hiking*)

Transpozon se inzertuje do konjugativniho plazmidu Str. feacalis
a tento komplex je prenesen do S. aureus, kde se plazmid
nereplikuje, Tn se vy€leni a zacleni do chromozomu S. aureus.
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Regulace transpozice TnS u E. coli

Defektni Tnp a Inh

Dam-metylace

Tnp
inh PP D =asp; E=glu

]|
IS50R\ 111D

Bty
|

] Misto vazby transponazy
Koncova sekvence (TIP)

|IE = inside end; OE = outer end

Tnp = transponaza; Inh = inhibitor transponazy

\OE

Vazba zkracené verze
transponazy (Inh) na
transponazu vede k
vytvoreni dimeru. Tento
hybridni dimer je inaktivni.
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