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Konjugace

Prenos DNA zprostfedkovany konjugativnimi plazmidy
Pod pojmem konjugace rozumime prenos DNA z donorové bunky do recipientni, k némuz
dochazi po jejich primém kontaktu. Tento prenos je necitlivy k nukleazam.

Donor —recipient s transkonjugant (konjugant)
(Exkonjuganti - v ramci téhoz druhu, transkonjuganti - v ramci réiznych druhd)
Prenasené typy elementt (DNA):

« Samoprenositelné (self-transmissible) plazmidy

* Mobilizovatelné plazmidy

« Chromozomova DNA

» Konjugativni transpozony (+ mobilizovatelné transpozony)

Videa Konjugace Bakterii:

https://www.youtube.com/watch?v=hm8SZaFmIWq

https://www.youtube.com/watch?v=HioOHys UaU



https://www.youtube.com/watch?v=hm8SZaFmlWghttps://www.youtube.com/watch?v=Hio0Hys_UaU
https://www.youtube.com/watch?v=hm8SZaFmlWghttps://www.youtube.com/watch?v=Hio0Hys_UaU

Konjugace - historie

1947 — Joshua Lederberg, Edward Tatum — konjugace u E. coli, neznali pfesnou podstatu konjugace

bavinéna zatka

| — tlak a podtlak
{/ Pokus s U-trubici: duakaz, zda je pro
S pfFenos gena nutny kontakt bunék

ks (Davies, 1950)

Kdyz se ma v novém systému prokazat, ze
gos By = i jde o konjugaci, musi se vyloucit alternativni
B tekeresst IR bekertedt” zpUsoby prenosu, tj. transformace a

transdukce. Pro vylou€eni transformace se
prida DNaza, pro vylouceni transdukce se k
ektemegum  recipientnim bunikam pfida filtrat ze
sbazou— suspenze donorovych bunék.
Filtrem nemohou prochazet Proces konjugace se liSi u grampozitivnich a
bakterie, ale viry a DNA ano gramnegativnich bakterii.




CHARAKTERISTICKE RYSY KONJUGACE

1. Jednosmérny prenos plazmid(, jednosmérny/obousmérny prenos chromozomovych marker

2. Je prenasen jen konjugativni plazmid, nebo dochazi k mobilizaci dalSich elementl (plazmidd,
transpozonl, chromozomu)

Vyskyt konjugace u bakterii G- (enterobakterie)
* prototypem je konjugace zprostfedkovana F-plazmidem

* fada konjugativnich R-plazmidt pribuznych F-plazmidu, mnoho jich ma Siroké rozmezi hostiteld, napr. RK2
(RP1, RP4)

Dalsi G-: Agrobacterium (Ti-plazmid), Pseudomonas

G+ (enterokoky, stafylokoky, streptokoky,streptomycety)
* prototypem je konjugace zprostfedkovana pAD1

* mnoho plazmidld ma Siroké rozmezi hostitel(



Konjugace u G-

Nejvice informaci bylo ziskano studiem prenosu F plazmidu a dalSich plazmidu
ze skupiny IncF u E. cali.
Konjugace u konjugativnich plazmidu je zprostredkovana geny tra:

e tvorba pilusd, na vnéjsi strané bunék, nezbytné pro kontakt donorové a
recipientni bunky. Pilusy: flexibilni (ohebné) a neohebné (tuhé)

e plazmid tvori flexibilni pilusy - pouziva se tekuté medium

 neohebné pilusy — pouziva se pevny podklad

* inkubaci pres noc - bunky smyty a preneseny na selekéni medium, kde
vyrostou transkonjuganty (exkonjuganty).

F* donor F- recipient

Lo C D)

C onjugation

(@)(@ )

F* donor fransconjugant F




Struktura F plazmidu (100 kb, 49% GC)

60 genu rozdélenych podle funkce do 5 oblasti

1. Tranferova oblast

33 kb, 31 gent vSechny funkce nezbytné pro prenos.
Biosyntéza a sestavovani F pilu (traA,B,C,E,F,G,H,L,K,Q,UV,W)
Stabilizace parujicich se bunék (traG,N)
Konjugativni metabolismus DNA (traD,l,M,Y,Z)
Regulace prenostu (tral,finO,finP)

Povrchova exkluze (traS,T)

OriF is the
beginning of attP attachment
2. Vedouci oblast ssDNA synthesis attP site for ssDNA
Oblast, ktera je pfi pfenosu DNA prenasena S~ polyniatase
jako prvnl'. 13 kb. X is cross-over area
. and its recombinase
3. Oblast replikace genes A pol Pol gene encodes

ve . . ssDNA polymerase
T¥i oblasti s geny a sekvencemi —

podilejicimi se na replikaci.

4. Oblast s inzerénimi sekvencemi Misc
(IS3a,b, |52, Tn 1000) Misc genes allow
host replication of
5. Pif oblast plasmid and o
Pif (phage inhibition by F). Tfi geny pifC. o s "

Pil genes govern
synthesis of pili and
other structures that
prevent F* x F* mating



Geneticka mapa F plazmidu

F plazmid
- tfi pocatky replikace: RepFlIA/oriV, RepFIB/oriS, RepFIC
FinO insertionally (ina ktivova nV n 1000)

inactivated

\153:1 RepFIC

e . R
abill LY
Tral TraX 1'I"”‘-E'r”,[‘ HN.ﬁ.r‘:ITI‘“

SmB TnpR \‘
('I IIml.} Repal TrpA
ra

Ine RMA
Tras Raepl

epAal

tra geny — ,trans acting genes”
oriT - “cis acting site”

Tnl000

Function Protein, site, or antisense RNA

Vegetative replication Origin RepFlA/oriV site (RepC, RepE)
Origin RepFIB/oriS site (RepB)

Origin RepFIC/inactivated origin (RepA2, ReplL,
Inc [RNA], RepA1)

Regulation of conjugation FinO, FinP (RNA), Tra|
Mating pair formation (Mpf component) TraA, TraB, TraC, TraD, TraE, TraF, TraG, TraH,
TraK, TraL, TraN, TraP, TraQ, TraV, TraW, TraX
DNA transfer and replication (Dtr component) oriT site, Tral, TraM, TraU, TraY
Plasmid SOS inhibition PsiA, PsiB
AT Flmd Surface exclusion Tra$, TraT
orn W :
Fim< " e s X
FIm R nt Plasmid partitioning SopA, SopB, and SopC sites
&;P‘-lﬁ“ Postsegregational killing SrnC (RNA) and SrnB

CcdA and CcdB
FImA, FImC, FImB (RNA)

v
\\ Ssb
‘\'

sapC RNA Pif
5ulﬁp N Ce f}ﬂ:_‘l_tlilrt.. Pﬁf;" Exclusion of T7 PifA, PifB
- fepE  ResD - w Transposon functions 1S3a (YaaA, YaaB)
- H
—— Tn1000 (TnpX, TnpR, TnpA)
. oriV
oris 1S3b (YbfA, YbfB)

1S2 (YbhB, YbiA, ThiB)

Known function, but unknown relation to conjugation OmpP, Int, ResD, SsB



F plazmid

3 pocatky replikace:

1. oriV—theta replikace
2. oriS—neni nutny pro zivotaschopnost, prerusen inzerci Tn1000 — stabilizace F plazmidu
3. oriT

Oblast tra — dvé komponenty — Dtr a Mpf

Dtr (DNA transfer and replication): geny pro prenos DNA a replikaci

Mpf (maiting-pair formation): geny pro s membranou asociovanou strukturou — pilus
Komunikaci mezi Dtr a Mpf zajistuje ,,coupling protein (TraD)“.

Transferova oblast F plazmidu (1/3 velikosti plazmidu)

Oblast obsahuje veskerou genetickou informaci nezbytnou pro prenos (33 kb). Asi 60 genu.
Geny lze podle funkce rozdélit do 5 skupin:

a. Biosyntéza a sestavovani F pilusu (traA,B,C,E,F,G,H,L,K,Q,U,V,W)

b. Stabilizace parujicich se bunék (traG,N)

c. Konjugativni metabolismus (traD,l,M,Y,Z)

d. Regulace prenosu (tral,finO,finP)

e. Povrchova exkluze (traS, traT)

TraT = vnéjsi membranovy protein zabranujici stabilnimu spojeni bunék obsahujicich plazmidy

TraS = protein vnitfni membrany zabranujici vstupu DNA do bunky pri ndhodném spojeni bunék F+

Fenokopie F- = bunky F+, které neexprimuji tra geny. Lze je pripravit napr. hladovénim.



Prubéh prenosu plazmidové DNA pri konjugaci

Stadia parovani:
1. Donorova bunka navaze kontakt s recipientni pomoci pilusu
2. Nasleduje priblizovani bunék depolymerizaci pilusu (retrakce pilusu)
3. Probiha syntéza plazmidové DNA — chromozom se nereplikuje
4. Dochazi k aktivni disagregaci donorovych a recipientnich bunék

Typickd burika F+ md asi 20 pilusi - kontakt jedné donorové buriky s nékolika recipientnimi.

* Dochazi k jednoretézcovému zlomu v oriT v misté nic

* Odvijeni DNA ve sméru5 -3’

* Prenos jednoretézcové DNA 5 koncem do recipienta

e V donorové bunce je doreplikovan komplementarni retézec replikaci otacivou
kruznici

* Vrecipientu je komplementarni retézec dosyntetizovan diskontinualné

e Cirkularizace DNA v recipientu (v pripadé prenosu plazmidu)



Typy pilusu a struktura pilusu u G- bakterii

RozliSuji se flexibilni (ohebné, napr. u F plazmidu) a neohebné (tuhé) pilusy (napf. plazmid PKM101).
Plazmid Col1b-P9 - tvorba obou typl pilust dle prostredi

Tip
e
Tra A
TraN, TraG (pilin) & TraB, TraK — tvofi por,
Stabilizace : prichyceny k membrané
parovam - prostfednictvim TraV
(e A i
Lpopo s;! gH U}t L A1 ‘! );ig ! SE z ;
saccharides l [ ‘ (
TraT, TraS %lgggrane 0000 EHE0000] '} ‘ A . b, SRR A
Povrchova ' — - ; HL

exkluze Peptidoglycan e S - > : e Rt T X

riplasm @ B

0

@2 o ; E\ =
! ol AR : L o R |
nq’;re!:brane TraQ X o W f‘* ‘ 8 s‘,),éj{v A B bRk \{
‘::*‘ o - e
C C’
s & | RELAXOZOM
ADP + P, N > ADP 4 P.
TraY, TraM, Tral, IHF
XM T
Y |
Inzerce pilinu do R (M) lika .
membrany, jeho o elikazovaa
acetylace 5’konec DNA relaxazova aktivita

vazan natyrozin
Tral (relaxaza)

(hydrolyza ATP)




MpF komponenta

Funkce - parovani donorové a recipientni buriky,
vytvoreni proteinové struktury (pilus) pro prenos
DNA.

Struktura:

TraA — pilin, 5 monomerd na jednu otdcku v
helikalni strukture

TraQ —inzerce TraA do IM

TraX — acetylace TraA

TraB, TraK — vytvoreni poru pro pilus, lipoprotein
TraV propojeni komplexu do OM

Tral — ukotveni pilu v IM

TraC — prenos ATP

TraG, TraN — stabilizace struktury; TraS, TraT —
rozklad MpF

Lipopoly-
saccharides

Outer
membrane

Peptidoglycan

Periplasm

Cytoplasm




Dtr komponenta — prenos DNA skrz pilus

Relaxaza (Tral):
Mistné-specificka endonukleaza — vytvoreni ssDNA
zlomu v misté , nick” v blizkosi oriT

Relaxosome:

Multimerni struktura tvorena vice proteiny, v
normalnich podminkach se jedna o proteiny vazajici se
na sekvenci v blizkosti oriT.

TraU, TraM, TraY, IHF (bakteridlni protein) — vazba na
DNA v misté oriT (nick), 5’konec nastépenéhho retézce
se vaze na tyrosinovy zbytek vazany na TraY, 3’konec je
také asociovan s Tra¥

TraC, TraD, Tral - vazba ATP

- helikazova aktivita, rozpoznani DNA polymerazou Il

oriT

- Zacatek prenosu DNA, recirkularizace plazmidu
- Regulece proteiny IHF, Tra¥, TraM
- Primase

Lipopoly-
saccharides

Outer
membrane

Peptidoglycan o, ] [ { ———

Periplasm

Cytoplasm



Skenovaci EM zobrazeni konjugativnich pilust a MPF u plazmidu pN3. (A) Zluté $ipky ukazuji na konjugativni
pili a bilé Sipky oznacuji mista kontaktu mezi burikami a tvorbu MPF. (B) Morfologie konjugacnich pilusti, 1 az 2
pil na bunku. (C) Délka (prdmeér 1,89 + 1,2 um) a prameér (prameér 14,85 + 1,89 nm) konjugacnich pill pN3. (D)
ZvétSeny obrazek konjugativniho mustku vytvoreného dvéma parujicimi se burikami.

DOI: https://doi.orq/10.1128/spectrum.03688-22



https://doi.org/10.1128/spectrum.03688-22

Variable length
depending on
pilus type

Cwuter
membrane

Inner
membrane

/ | N Pilin Pilin complex
Leader

peptide

C
Propilin
Sestavovani pilu na povrchu bunky

Propilin transportovan do vnitrni membrany — LepB peptidaza — Pilin — tvorba
Pilinového komplexu



Struktura pilusu

Systém prenosu F plazmidU je paradigmatem pro
bakterialni sekrecni systémy typu IV (T4SS).

I 30% N 5% ll 60 %
F1-Channel F2-Channel/Pilus F3-Stalk/Pilus
Quiescent T4SS Pilus Assembly Attachment
'*' Pilus Extension Pilus
- & Retraction Translocation
- - —>
RS
\'} \") |
Post- Activated . K§WQ< }b
Transfer Channel IEx
TraC
T D / TraMTra| F4-OM/Pilus
L . Relaxosome
‘ Aggregation/Biofilm
. Mate-Seeking Development
Mating Channel (Planktonic Growth) (Dense Growth)

https://doi.orq/10.1073/pnas.1904428116



https://doi.org/10.1073/pnas.1904428116

Diomor Recipient

,,

"fjj,“uglﬂrm_x\ J Mating Pair Formation

' T
ol
@7

Coupling protein
signals to relaxase
Relaxase

Helicase J Relaxase and helicase make

single-strand nick at oniT
OZ>
3'0OH A

Relaxase and helicase translocated
to recipient cell with DMNA

O/%—'"--Primase

=

Coupling proteim pumps DMA
out of donor cell; relaxase seals
nick in recipient cell

On O

Replication of second strand
completed in donor and
recipient cells

l Separation of mating pair

Dionor Transconjugant

/7 7/

Donorova bunka vytvari pilus, kterym

7

kontaktuje recipientni bunku.

(povaha signalu neni znama)

Dochazi k vytvoreni péru mezi obéma
bunkami

Relaxaza aktivovana ,,coupling”
proteiny vytvori zlom v oriT na DNA

Relaxaza a DNA prechazeji do recipientni
bunky, kde relaxaza cirkularizuje DNA

Primaza (kddovana plazmidem nebo
chromozomem) zahaji syntézu
komplementarniho retézce

(tvorba RNA-primeru)

Dochazi k separaci donorové bunky a
transkonjuganta



Plisobeni relaxazy pri prenosu plazmidu konjugaci

>

Donor cell

Relaxase

[

Chromosome

Relaxaza vytvori zlom v misté oriT, 5 fosfat je z DNA
prenesen transesterifikaCni reakci na tyrozinovy
zbytek relaxazy.

TraM protein se vdZe na ss zlom a rozsifi mezeru na 200 bp ve sméru

=)

5-3.

Covalent bond between Na tuto mezeru se vdze protein Tral (helikdza 1), kterd vytvari dalsi
relaxase and DNA

oriT

5

odvinuti DNA za spotreby ATP.
Tak se odvine asi 1200 bp. Jednoretézce jsou stabilizovany vazbou SSB

. Relaxas proteind.
0-P-0
Tyr

3’ OH Recipient cell Relaxaza vstupuje do recipientni buriky a vtahuje do ni i
jednofetézcovou DNA od 5 “konce (T-fetézec)
Donor cell

N

Relaxase
Tyr

0-P-0

Recipient a relaxaza se uvolni

cell

Zpétnou transesterifikaCni reakci je fosfat prenesen na
) 3 "OH konec pfenesené DNA, ¢im? se tato recirkularizuje




Donor Recipient

Mobilizace mobilizovatelnych plazmidu

Tra

©\.

Slozky mobilizovatelnych plazmidu:
Self-transmissible plasmid .
\ encodes the Mpf system, Or[T

including a coupling protein Dtr Systém B mob geny (mOb region)
OHTM i ) ) ) .
<© ®©) A Mpf systém je kédovan na F plazmidu.

Coupling protein signals to

T lrelaxaseo,mobi,izab,ep,asmid Mechanismus mobilizace plazmidu:

g Donorové bunky nesou dva plazmidy — F plazmid (tra geny),
<© % ) mobilizovatelny plazmid (modfe)
/ Plazmidy musi mit kompatibilni oriT.

kliiebll Elasiid Do recipientni buriky je pfenasen jen jeden ze dvou plazmidd -
kompetice o ,,coupling” protein.

CE -

\ Mobilizable plasmid

Helicase J

transferred

CID-ClD

Mobilizable plasmid is
replicated in the recipient

CIDICHD




Geneticka regulace tra-operonu

Je fizena dvéma regulacnimi okruhy:
1. Produkty genu finO a finP reguluji expresi genu tral negativné
2. Produkt genu tral reguluje expresi genutraM a traYZ operonu

pozitivne.
3. Gen tra) ma funkci transkripcniho aktivatoru — inicializace RNA syntézy.
U F plazmidu je gen finO inaktivovan IS3a.

Produkty genl finO a finP reprimuji transkripci gent tra. Zatimco gen
finO kéduje protein, exprimuje gen finP kratkou RNA (u F ma délku 78 b).
Gen finP lezi v oblasti genu tralJ, je vsSak transkribovan v opacné orientaci.
Produkt FinP RNA a transkriptu genu tral reguluje operon negativne:

1. Blokace RBS genu tral, ale RNA transkript je cilem pusobeni Rnase E.

2. FinO stabilizuje FinP antisense RNA.

Ve formé dsDNA je tra-operon reprimovan, k expresi dochazi pfri iniciaci
prenosu do recipienta, plsobeni relaxazy.



Tral =

A Genetic organization of tra region

pfl’lﬂ p”ﬂ ¥

mRNA

transkripcni aktivator — protein nutny pro RNA syntézu

tra¥

Antisense RNA A=~ Piinp

B Immediately after entry into cell

A

>

Activates p, .

trﬂx> ﬁﬂ0>---l---l

v

Nové vznikly konjugant pfenasi plazmid
do dalSich bunék s vysokou uéinnosti

Fili and transfer functions

N

; .

"

orT
w tra¥

C  After plasmid establishment

)

= traX A fin0O >~

Po ustaveni plazmidu v bunce se
exprimuji vSechny plazmidové geny a
plazmid se pfenasi pfi nizké frekvenci

traX A fin0O >~

D FinP blocks translation: no Tral
in
oriT R
-------- tra¥ >

|

FinO stabilizes FinP



(a)

Charakter bunéek F-, F+ a Hfr

burika F~ burika F* burika Hfr

zaclenény F-faktor

ey

chromozom uionomni h o h
E.faldnr chromozom N chromozom

O °0 0

(b) (c)



Integrace F plazmidu do chromozomu hostitele

V chromozomu pritomnost IS2 a IS3 elementl — moZznost homologni rekombinace, frekvence integrace

nebo excize 104

Integrace nezavisla na RecA proteinu
Transpozice

integrace nezavisla na RecA

Integrace zavisla na RecA proteinu
Homologni rekombinace

integrace zavisla na RecA

F-Faktor
F-Faktor
i s== Glromosom i 1 ZZZ Chromosom
l Transposase RecA-Protein [ 1S-Element
i 1 i Sea P ot
o . S ' it = 2= s JRED ‘ B s ‘
1 /{" :': gy
[ 1S-Element
P oriT
152 _~
\\‘ /
= —{"E -== . v chromozomu se objevi nova IS /,,X\\RN ombination
Chromosome | —— ]

152 P



Vznik kmenu Hfr za¢lenénim F plazmidu do riuznych mist
chromozomu E. coli. Zaclenéni probiha v mistech IS.

Frekvence integrace
nebo excize je 104 na
bakterii a generaci.

a a
b h b h
- g ¢ g
d d f
e e :
f

Hfr-Kmen 1 Hfr-Kmen 11 Hfr-Kmen I1I- Hfr-Kmen IV

g

Obr. 64.  Mechanismus vzniku riiznych typd Hfr-kmen (viz text)



Vznik bunky Hfr (HfrH) zaclenénim F-plazmidu do chromozomu E. coli

bunka F*
F-faktor

homologni

mistné-specificka
sekvence DNA

rekombinace

chromozom
E. coli

x zaClenény
burka Hfr F-faktor

Hfr H




F+ = Leu+ StrS .
2\ haredeéni
F L StrR
- = LEeu- %,
97
G 7
' Leu+StrS
o Ozdfenf suspenze bunékF* 2) Predivéi buiky F*sevysefi na kompletni
UV svétlem . pudu v takovén] reddni, aby na plotné
vyrostlo asi 300!;olonir

i

3) Na minimalni pddu se sfreptomycinem % Kolonie bunék F*se prerazitkuji
" senacckuje Cersiva kultura F'Leu Str”  naplotnu s ndristem bunék F~

3) Po %hodinécH se obé plotny srovnéva;

Rekombinanty
= Leu+ StrR

|

Selektivni piida ,
(Minimalni pida +streptomycin) -

" Komgletni pida

Mista na minimélni pudé vyznacujici se hustgm nérUstem predstavujf rekom-
“binanty Ley"Str ", které vanikly konjugaci bunék F~ s buiikami Hfr prenese-*

agmi na plotnii:razitkem-

Kolonie
bunék
Hfr



K¥rizeni kmene F+ a F-

RECIPIENT
DONOR :
Suspenze bunék F*  Kanjugacni’ Suspenze bunek F-
Thr'Leu"Bio Met™Str® “smés Thr™ Leu™Bio™Met* Str*

3 1 b

L

(il

s dl
”@Itll!”

Rozsev ha minimalni Rozsev po 60 minutdch Rozsev naminimalni

synfetickou plidu  kenjugace naminimalni , synfetickou pldu

ce streptomycinem  syntetickou plidu se se streptomycinem
streptomycinem }

- 33dné
kolonie

74dné
kelanie

A

Kolonie rekombinantnich
franskonjugantd
Thr*Leu*Bio*Met " Str"

Za vznik rekombinantd jsou zodeVédné bunky Hfr




Krizeni kmenu F*x F

Populace bunék F* bunky F

F* A

% X
Hfr
104

1.V populaci bunék F* je nizka proporce bunék Hfr, v nichzZ je F plazmid zac¢lenén do rliznych mist
chromozomu

2.Volny F-plazmid se prenasi do F- bunék za vzniku bunék F*
3. Z bunék Hfr se prendasi ¢ast chromozomu do F bunék za vzniku rekombinant

4. Dochazi k superinfekci rekombinant F plazmidem, v disledku ¢ehoZ vysledné rekombinanty
obsahuji F-plazmid




KFizeni prerusovanou konjugaci

buiika Hfr H buika F~

o s 5 &
B 8 8, X
Q 2NN

> \3,5.

F pilus o
\ itk F eV \o©
poiétal - it e
,\zaéienény &
=

F-faktor
RO,
l o 0 minut.

thr”

S
8
&

a‘.‘ 5 %o N
ot VIS 1©
T gal
e.\é - pocatek F s\i

80x b
o 9 minut po zahajeni kfizeni,

wRo,
@ 11 minut po zahajeni kiizeni

st & V§Syes o
=
gal
~ &

RO,
@ 18 minut po zahsjeni kizeni.

RO

ol 25 minut po zahajeni kfizeni.

Charakteristika prenosu:

1.
2.

Prfenos zac¢ina od oriT na F-plazmidu

Chromozomalni geny jsou prenaseny
v linearnim poradi od oriT

Doba prenosu genti je tmérna
jejich vzdalenosti od oriT

Pravdépodobnost prenosu gent
klesa s jejich vzdalenosti od oriT

Pravdépodobnost za€élenéni
genu prenesenych z donora do
chromozomu recipienta je pro
vS§echny prenesené geny stejna



I:viv ni:

Konkrétni pfiklad neprerufované konjugace

HfrH Leu'Pro'Lac'Gal Trp'Str* x F LeuProLac Gal Trp Str"

Selekce jednotlivych kategorii rekombinantt se provede na minimani padé

se streptomycinem a dopnéné takto:

REKOMBINANTI __ Pida

1. Leu*Str
2. Pro*Str
3. Lac*Str

4. Gal*Str* :
5. Trp*Str :

FREKVENCE REKOMBINANTU =

: + pro, gluy, trp

: +leu, glu, try
: + leu, pro,lak, trp
+ leu, pro,gal,trp

+ leu, pro, glu

FREKVENCE REKOMBINANTU

0,20
0,15
0,13
0,078
0,044

pocet rekombinanti daného typu
pocet bunék Hfr

Odvozené poradi genti na chromozomu kmene HirH:

O-leu-pro-lac-gal-trp

Donoroveé are-
cipientni bunky
se smichaji,
inkubuji 60
minut a vyseji
na plotny



Cetnost neselektovanych markerti u rekombinant thr+ strR pfi prerusované
konjugaci jako funkce ¢asového intervalu, v némz bylo krizeni preruseno

shrnuti vysledkl
100

s Po prenosu do recipientni
. tor® bunky maji vSechny geny
stejnou pravdepodobnost
zaclenéni do chromozomu

et (vyjma prvnich 1-27)

gal" Geny thr a leu prenasené jako
prvni (vysoka
pravdépodobnost prenosu)

procento genetickych markert kmene Hfr H
u rekombinant thr* feu* strf

0 10 20 30 40 50 60 vrs Vv s v ’
doba v minutach pfed prerusenim kfizeni Gen gal a daISI prenasene

(a) pozdéji (nizka
pravdépodobnost prenosu)

interpretace vysledku

pocatek prenosu

— gal* Krivky vychazeji ze sledovani
o v . o
(// prubehu konjugace v populaci
9 11 25 doba pfenosu (minuty)
Cas(v minufich)
F strS gal leu  thr| F

Geny, ktere se nezaclem



Vznik plazmidua F’

[ IS -Element
P ooriT

Y
B C

v chromozomu zustava ¢ast F plazmidu \

sfa = Sex factor affinity



VZNIK F'PLAZMIDU HOMOLOGNI REKOMBINACI
MEZI IDENTICKYMI IS ELEMENTY

E. coli chromosome

RUzna konstituce a
velikost F " plazmidu

W F factor carrying
H chromosomal genes




SELEKCE F'PLAZMIDU NA ZAKLADE CASNEHO
PRENOSU pozdniho MARKERU

A.Kmen Hfr pfenasejici
gen pro jako pozdni
marker. PFfi kfizeni s
kmenem F- bude gen pro
pfenasen zhruba po 60
minutach.

B.Vznik F'plazmidu se
zaClenénym genem pro.
PFi kfizeni s kmenem F-
bude F" pro pfenesen
béhem 5 minut. Vysledny
zdanlivé rekombinantni
kmen bude schopen gen
pro dale prenaset pfi
vysoké frekvenci

l Parcialni diploid

A piE 5=
g

/ oo =\ DalSi moznost:
] @ () | pouziti recipienta

recA”

e e T S S

E AR A N O ) L
F Pro*
apparent recombinant

Citlivi k fagu M13



Zavery, které vyplynuly z prvnich experimentu

1. PocCet rekombinant pribyva s dobou trvani konjugace, linearne az po
dosazeni vrcholu.

2. Razné markery jsou jsou prendaseny s ruznou frekvenci, kdyz byly srovnany
stejné doby trvani konjugace.

* Prenos z Hfr do F- probihal fizenym zptisobem (geny mély své presné poradi
a presny cas prenosu).

* Prenos chromozomu probihal od pevného mista (ori) orientované).

Zaver:
- pokud probiha prenos chromozomu konstantni rychlosti, je doba prenosu
genu Umérna vzdalenosti mezi nimi. To umoznilo pouzit minuty jako jednotky
genové mapy.



Salmonella: maji fadu svych plazmidu, ¢asto fin+. Po jejich odstranéni se do
salmonely vnesly F plazmidy.

U S. typhimurium se F vélenuje jen do jednoho mista (misto sfa, jehoz plivod
neni znam)

Pseudomonas: divergentni skupina druht a kment, ma rfadu konjugacnich
systému, samoprenositelnych nebo mobilizovatelnych. Plazmid FP2 muze
mobilizovat chromozom v jednom sméru z jediného chromozomového mista.
Byly popsany jiné plazmidy, mobilizujici od jinych mist. Mechanismus
mobilizace neni znam.



KONJUGACE U G* BAKTERII

Konjugacni prenos je znam u mnoha rodu:
Bacillus, Enterocococus, Lactococcus, Staphylococcus a Streptomyces.

Podobné jako u G- bakterii mohou byt plazmidy prenaseny i mezi rody a druhy.
Plazmidy stejné jako u G- kéduji vlastni relaxazu a oriT. Plazmidy koduji geny pro
postsegregacni usmrcovani bunék a partitioning. Kéduji virulentni determinanty a
geny pro ATB rezistenci, obsahuiji transpozony. Poskytuji selekcni vyhodu
hostitelskym bunkam.

Hlavni rozdil v Mpf systému (chybéjici vnéjsi membrana u G+).

Recipientni buniky produkuji feromontm podobné latky — kontakt s donorovou
bunkou.

FEROMONY = malé peptidy stimulujici parovani bunék, expresy tra genu

Zisk plazmidu vede k zastaveni exprese gent pro FEROMONY.



KONJUGACE U G* BAKTERII

Nékolik mechanismi konjugativniho prenosu u G+ bakterii:
a. prenos ssDNA (sekre¢ni systém typu 4 — T4SS)

- plazmidy s Sirokym rozmezim hostitele Inc18 (napft. pIP501)

- plazmidy rodu Enterococcus — pCF10 ,,sex pheromone-responsive”
b. pfenos dsDNA Type IVA

A. Tumefaciens

Ti plasmid )62 (o5 I Es e e )
- plazmidy rodu Streptomyces i ” » ﬂ

B. Pertussis g ' (82 83 84 , 66,87 83, B89, 810, Bl
I
H. Pylori o4 81  BIO 89 87 85 84 g2
e . Type IVB . i1 04 810 84
Obecna struktura a organizace T4SS Lreunopnia (1o laley. Gl ) Boo -
. ¢ = D \/irE Gram-positive
pilus y ' ravort-15

VirB2
VirB10

Rl vnéjsi membrdna

VirB7

peptidoglykan

VirD4 hexamer

D E

gl
s periplasmaticky prostor {Qs”f’fg £ *5*“%*@ e
VirB3 R A N

)

f’ ’ﬂiz“"“é"'_ NTD ~ gﬁ’;
%}%@: co”

vnitfni membrdna . _
VirB11 VirB11
hexamer monomer
/ H 7 o
Pty ‘
cytoplasma ‘% (é%l/
VirB11 ) 0P — Vir8s virsg
3 AT Pa Sy T4S system core

complex structure



pIP501 - plazmid s Sirokym spektrem hostitelu

- pGvod u Streptococcus agalactiae, prenositelny do témér vSech G+ bakterii a E. coli

Walker A B SLT Walker A B

oriT/P,,, orfl 2 3 4 5 7 8§ 9 10 12 1314 15
VirB4-like Lytic VirD4-like
Relaxase putative transglycosylase | putative coupling
76.4 kDa ATPase 404 kDa protein
75.8 kDa 63 kDa

TraA relaxaza — mistné specifickda DNA nikdza, negativni reguldtor exprese vsech proteint T4SS
kédovanych v tra operonu

,Motor Protein family“ — Trak, Tral (ekvivalent VirB, VirD) — ATPazy — proteiny interaguji s dalSimi geny
(traE, traH) ucastnici se DNA translokace pres vnitfni membranu

T4SS kanal — Tral (coupling protein) prenos plazmidu + Tral — vazba na bunéénou membranu
TraA + Tral - RELAXOZOM



Model prenosu DNA plazmidu pIP501

1. Na oriT se navaze relaxaza (TraA).
2. Po nastépeni se ssDNA plazmidu odviji a sméruje do kanalu v membrané — dva proteiny (Tral).
3. TraG (peptidoglykolaza) rozvolnuje strukturu PG.
4. Vytvoreni T4SS.
TraM Surface
Adhesin
= §& RF & §¢ R¢ N R XE RS RF ORE ORE RS ) e X e _ya R& & RS RE
© gt g g g gt g BE g - o - gl gt g i i |
30 30 36 36 R0 30 3o 30 g 36 o R 3E ) N - - -
_pf gt gE pE pf pE g pf pE pF g gl gE¢ . pb\ pif g g @ |
. g gF RE & EE g8 b af pE RE G RO g | - AC §F g gb b
- gt gi= g gi & pE 1 - g g g |
- g gF BF 3§ RF gF g RO & ' CNE @ a& @
- g g gt g g g g | P gE gF gE |
JE E6 R R0 R N B8 - onmom PG
- af & i gl g pit it L gl g gt pE

s e S e e e e e o P p Y e Povrchovy receptor (adhesiny)

TraA

Scientific Reports, Fercher et al., 2016.



Konjugativni prenos u rodu Enterococcus
»,Sex pheromone plasmids”

Kontakt mezi donorovou a recipientni burikou zajistén feromony (malé
peptidy) sekretovanymi recipientem (pAD1, PCF10 — E. faecalis).

PCF10 (66 kbp) prenasen prostrednictvim T4SS z E. faecalis.

pCF10- rezistence k tetracyklinu, feromon ,,sensing” a ,response” funkce,
konjugacni faktory, povrchové adhesiny (konjugace, virulence).

uvrC uvak
0oiZ [ uvrA uvaF prgO

rgP
pefX & prgWr z (@) S_—."
uvaB N prg
pofV, pofyuvrB®  Prg poY_
w ’ prg
pcfT, pe vy
oofR pcfu “prgﬂ Donor cell Recipient cell

pcfS prgQ prgT containing pCF10 lacking pCF10
pcfo/ prgs \ ( b ) (tacking p )
prgA y -

e "0 ezg"'~, ¢CF10 Recipient cells secrete high

- o) L concentrations of the
Aso10 ( \_/\ Q oligopeptide pheromone cCF10
pPCF10 )
P19
67,673 bp - 000

Donor cells respond by

. A 0 ! ek
p’z e? o upregulating conjugation
Pro factors such as ‘aggregation
substance’ or Asc10

@ @ pCF10 transferred to
recipient cell

oriT



sex-feromony streptokokii

Plazmid Velikost (kb) Feromon
PAD1 59,6 CAD1

pOB 1 71 cOB1
pPD1 . 54 cPD1
pAH71 E; 60 | : cAH71
pAMy2 ~ 60 CAM2
pAMy3 ~ 60 CAHy3
pPAM373 36 CAM373
pCF10 54 cCF10

* Jeden kmen mize tvofit vice druhl feromont a ziskavat tak rizné plazmidy.
* Plazmidy nesou geny pro tvorbu virulenénich faktory, bakteriocint a rezistence k antibiotikdim

* Plazmidy mohou byt pifendseny do jinych druhl bakterii (Staphylococcus)



Struktura plazmidu pAD1 (~60 kb)

59.6 70 kb

10 Agregacni
substance

AD1 inducible
(function unknown)

Povrchova

15 exkluze

Regulatory

Hemolyzin,

bakteriocin 35



ROLE FEROMONU V PRENOSU PLAZMIDU

A Recipient

and .

-, 53 L o
f 7’ . *1"'-"}& 4

~ 15;-"" oy
e ﬂ i
hd “

N

ChiRDMeoSome

B Donor-uninduced

i
el
gl foe

pAD o

[OF] i
traf

Fp 4950
CNromosoms

A. Feromony lokalizované
na chromozomu recipienta.
Pro-feromony » Feromony

B. Plazmid donora exprimuje
TraA — represor tra genl
kromé traC

TraC — povrchovy protein
citlivy k feromonlim

C [Donor-induced

Reciplent cell

() — @@

C. Vazba feromonu na TraC —
indukce —feromon se vaze na
represor TraA




D Mating pair

Dxamar
cell

ReCiplent

¥ e

E Shutdown in - A
transconjugant s |

F'*p(_n

A. Recipientni bunka tvori feromony:
geny pro feromony jsou umistény na
chromozomu. Feromony vznikaji
odstépenim signalnich sekvenci z
proferomon( (Pro-cAD1) pfi jejich
exportu z bunky. ,,Quorum sensing”. Na
povrchu se vytvari binding substance
(BS).

B. Donorova bunka: nese plazmid
exprimujici protein TraA (represor),
ktery reprimuje transkripci tra gen
vyjma traC, ktery kdduje povrchovy
protein TraC (receptor) zachytavajici
feromon.

C. Indukce parovani. Feromon se vaze
na TraC na povrchu donora a vstupuje
do bunky, kde se vaze na represor TraA,
tim jej inaktivuje a navozuje tvorbu
TraE, ktery pak aktivuje expresi tra genu
vCetné genu asa kodujiciho agregacni
substanci (Asa)

Asa — faktor virulence

D. Prenos plazmidu. Donorova
a recipientni burnka navazou
kontakt a plazmid se prenese
za vzniku transkonjuganta.

E. V recipientni burce
(transkonjugantu) se prestava
vytvaret zraly feromon.
Inhibitorovy peptid iAD1 se
vaze na TraC a zabranuje
parovani dvou donorovych
bunék. TraB je inhibitorovy
protein, ktery brani exkreci
feromonu.

Mechanismy zabrany pfijmu
homologniho plazmidu:
Tvorba povrchovych protein( -
exkluze vstupu

Tvorba peptidu (iAD1)
zabranujicich vazbé feromonu
Tvorba proteint (TraB) -
zabrana Upravy proferomonu a
jeho exkrece



Model konjugativniho prenosu plazmidu u
Streptoocccus faecalis

Enterococcus (Streptococcus) faecalis
| ==

cOB1

Donorova buiika Geny kodujici sex-feromony

cPD1

Regulatorovy gen, jehoz
produkt inaktivuje endogen
Regulatorovy gen, jehoz
produkt Fidi tvorbu
agregaclni substance

Vazebna
substance —»

>

adhezin A FEROMON

|
Vazba na recipientni buiku l

ye=mram—ER.\ | Recipientni buiika

Feromony = hydrofobni okta- nebo heptapeptidy odvozené upravami
signalnich sekvencilipoproteinovych prekurzort (7-8 aa z C-konce)



Konjugace u Streptomycet

Streptomycety — vyznamni producenti
antimikrobialnich latek

0 -16h spore germination and outgrowth

16h - 22h contact formation

22h - 32h detection of plasmid transfer and spreading




SPECIFICKE RYSY KONJUGATIVNIHO PRENOSU U STREPTOMYCET

Konjugace nevyzaduje plazmidem kodované geny pro kontakt
bunék (hyf)

Prenos dsDNA zprostredkovany proteinem TraB

Chromozomy se prenaseji obousmeérné, aniz v nich je plazmid
zaClenén: neni pozorovan gradient prenosu chromozomovych
genu

Plazmid plJ101 kéduje jen jeden Tra-protein, ktery asi napomaha
prenosu DNA mezi hyfy. Po prenosu se plazmid velmi rychle v
hyfech Siri.

phase contrast eGFP mCherry merged

Y . % -
https://ami-journals.onlinelibrary.wiley.com/doi/10.1111/1462-2920.13027



Model konjugativniho prenosu u Streptomycet:

* Vlakna hyf donora i recipienta rostou pohromadé a prenos plazmidl nevyzaduje plazmidy
kédované geny pro agregaci.

* K spojeni hyf dochazi plsobenim proteinu TraB, multimery Tra proteinu vytvari
prstencovou strukturu kolem dsDNA plazmidu.

* Prenos plazmidu je zavisly na ATP, nové ziskany plazmid je v mycéliu distribuovan
prostrednictvim hydrofébniho proteinu Spd (tvofi pory v recipientnich burikach).

Recipient

Donor

ei__-"\-\._d—\,__«l_

fy

ATPF ADF+P

https://journals.asm.org/doi/10.1128/mmbr.67.2.277-301.2003



Shrnuti procesu konjugace

1. Self-transmissible plasmids can transfer themselves to other
bacterial cells, a process called conjugation. Some plasmids can
transfer themselves into a wide variety of bacteria from different
genera. Such plasmids are said to be promiscuous.

2. The plasmid genes whose products are involved in transfer
are called the tra genes. The site on the plasmid DNA at which
transfer initiates is called the origin of transfer (oriT). The tra
genes can be divided into two groups, those whose products are
involved in mating pair formation (Mpf) and those whose prod-
ucts are involved in processing the plasmid DNA for transfer (Dtr).

3. The Mpf component includes a sex pilus that extrudes from
the cell and holds mating cells together. The pilus is the site to
which male-specific phages adsorb. The Mpf system also in-
cludes the channel in the membrane through which DNA and
proteins pass, as well as a coupling protein that lies on the chan-
nel, docks with the relaxase of the Dtr component, and translo-
cates DNA through the channel.

4. The Dtr component includes the relaxase, which makes a
nick within the oriT sequence and rejoins the ends of the

plasmid in the recipient cell. The relaxase often contains a
helicase activity, which separates the strands of DNA during
transfer. The Dtr component also includes proteins that bind
to the oriT sequence to form the multiprotein complex called
the relaxosome and a primase that primes replication in the
recipient cell and is sometimes transferred along with the
DNA.

5. Most plasmids transiently express their Mpf tra genes im-
mediately after transfer to a recipient cell and only intermittently
thereafter.

6. Mobilizable plasmids cannot transfer themselves but can be
transferred by other plasmids. Mobilizable plasmids encode only
a Dtr component; they lack genes to encode an Mpf component.
In the context of a mobilizable plasmid, the genes that encode
the Dtr component are called the mob genes. A mobilizable plas-
mid can be mobilized by a self-transmissible plasmid only if the
coupling protein of the self-transmissible plasmid can dock with
the relaxase of the mobilizable plasmid. Because they lack an
Mpf component, mobilizable plasmids can be much smaller than



Shrnuti procesu konjugace

self-transmissible plasmids, which makes them very useful in
molecular genetics and biotechnology.

7. Hir strains of bacteria have a self-transmissible plasmid inte-
grated into their chromosomes. Hfr strains have historically been
useful for genetic mapping in bacteria because they transfer chro-
mosomal DNA in a gradient, beginning at the site of integration
of the plasmid. Hfr crosses were an important early tool for order-
ing genetic markers on the entire genome,

8. Prime factors are self-transmissible plasmids that have picked
up part of the bacterial chromosome. They can be used to make
partial diploids for complementation tests. If a prime factor is
transferred into a cell, the cell will be a partial diploid (merodip-
loid) for the region of the chromosome carried on the prime fac-
tor, making it useful for complementation experiments.

9. Self-transmissible plasmids are found in a wide variety of
bacteria and also in archaea. Almost all of the systems use cer-
tain type IV secretion systems and Mpf and Dtr complexes and
appear to be related. Firmicutes, which lack an outer mem-
brane, use adhesins instead of a pilus to hold mating pairs to-
gether.

Virion

Attachment to host
entry receptor

Bakteriofagy - zajimavost
Pilus-Specific Phages

ome types of phages only infect cells that express a certain

type of conjugation-associated pilus on their surfaces. All
phages adsorb to specific sites on the cell surface to initiate in-
fection (see chapter 7), and some phages use the pilus of a self-
transmissible plasmid as their adsorption site. Phages that ad-
sorb to the conjugation pilus of a self-transmissible plasmid are
called pilus-specific phages because they infect only donor
cells. Pilus-specific phages are also known as male-specific
phages because only “male” (e.g., F*) cells produce the pilus.
Examples of pilus-specific phages are M13 and R17, which in-
fect only cells carrying the F plasmid, and Pf3 and PRR1, which
infect cells containing plasmid RP4 and related plasmids.

The susceptibility of pilus-expressing cells to certain phages
may in part explain why the tra genes of plasmids are usually
tightly regulated. Most self-transmissible plasmids express a pi-

lus only immediately after entering a cell and only intermit-
tently thereafter (see “Example: Regulation of tra Genes in F
Plasmids”). If cells containing the plasmid always expressed the
pilus, a pilus-specific phage could spread quickly through the
population, destroying many of the cells and with them the
plasmids they contain. By only intermittently expressing a pi-
lus, cells containing a self-transmissible plasmid limit their sus-

ceptibility to phages that use their pilus as an adsorption site.

For bacteria that reside in animal hosts, pili might also be ex-
pected to be highly immunogenic; therefore, regulating the

expression of proteins on the cell surface should also limit de-
tection and clearance of the plasmid’s bacterial host in the host
animal. Expression of the tra genes could also be a significant
burden on cellular resources and reduce host competitiveness

& ViralZone 2013 'f not fegulated.
Swiss Institute of Biojnformatics Host cytoplasm




