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» Lidské télo zije v tesném spojeni s
vice nez 1012 bakteriemi, ktere patri
do 500-600 druhu

s 20-50% obsahu lidskych strev tvori
bakterie

= V&tSina bakterii nepusobi zadné
potize
» Patogenni se mohou stat ziskanim
7 (o)
novych genu




Geny rezistence

» Existuji v bakteriich jeste pred
pouzitim antibiotik

v Irvrs 7 (o) 7
= Rozsirl se v populacich pusobenim

selekcniho tlaku
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Brief History of Resistance

Antibiotic

Discovered

Introduced
into Clinical

Use

Resistance
Identified

Penicillin
Streptomycin
Tetracycline
Erythromycin
Vancomycin

Gentamycin

1943
1947
1952
1955
1972
1967

1940
1947
1956
1956
1987
1970




of N. gonorrhoeae
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Rezistence se rozvijl zejména v
nemochnicich ...

| %resistantto  |IP|OP

imipenem/Pseudomonas aeruginosa 12| 6
ceftazidime/P. aeruginosa 8| 4
vancomycin/Enterococcus species 6| 1

Archibald L1997. Antimicrobial resistance in isolates
from inpatients and outpatients in the United
States: Iincreasing importance of the intensive care

unit. Clinical Infectious Diseases. 24(2):211-215




Tremendous guantities of antibiotics are
produced and released into the environment.

90 — 180 million kg/year of antibiotics are used

(enough for 25 BILLION full treatment courses
~ 4 per human/yr!)

About 10 X more antibiotics are used In
agriculture than to treat people.




Pouzivani antibiotik v zemedeélstvi
podporuje vznik rezistenc!

Chickens fed tet-feed N \

In 1 week intestinal flora ~ entirely tetR "
organisms

{+ resistant intestinal bacteria in farm
members, not in neighbors

within 6months:

= farm dwellers: 31% weekly fecal samples > 80% tetR
= neighbors: 6.8%

= resistant bacteria contained transferable plasmids

= selective pressure by tet-feed extends to human
beings in contact with chickens and the feed




Zpusoby z iskani rezistence

. Adaptace (selekci) - velmi
rychla pri vysokem selekcnim

tlaku a kratké generacni
dobé

Horizontalni prenos genu
rezistence — R plazmidy




Generace plazmidu rezistentnich k Pen

Pen

— i

10° bunék




Evoluce genomu

s Ziskani novych sekvenci:

e a) Bakterie- konjugace plazmidu (F plasmid,
Hfr)

e b) Fagy - transdukce
e c) DNA transformace

e D) Transposony




Plazmidy

= Plazmidy jsou mezi bakteriemi velmi
bézne

s Az 25% vsech bakterii obsahuje
plazmid ...




Konjugace F (fertility)
plazmidu

F plasmn:l Eactenal chrnmusume
Ffc EIIU
Matmg%

bridge \
F- el Q}}'

e

.F

(a)Conjugation between an F* (male) and an F~ (female) bacterium

Copyright © 2002 Pearson Education, Inc., publisl@aadgenjamin Cummings




F plazmid se muze zaclenit
do genomu bakterie

Vznika Hfr bunka (high frequency of
recombination)

-:F;::d:‘-:;:i;'-..ll II..{F':::::
F* ::elllrrl: OO :}:I —_— |.[: © fﬁ Hfr cell
h:!-f___ _:.‘a':"'l "'Q‘-_-‘._ ;::.;;.F

(b) Conversion of an F* male into an Hfr male by integration of the F plasmid into the chromosome

Copyright © 2002 Pearson Education, Inc., publistaadg@enjamin Cummings




PFi konjugaci se muze F plazmid
chybné vystéepit a prenést do F- bunky
geny z Hfr bunky

Copyright © 2002 Pearson Education, Inc., publistaadg@enjamin Cummings




Rekombinaci dojde k vyméné genu v
chromozomu bakterie

Vysledkem je bakterie, ktera obsahuje
gen(y) z jiné bakterie

"":::i". Recombinant F-
!.-"I bacterium

—

d) Recombination between the Hfr chromosome fragment and the F~ chromosome

Copyright © 2002 Pearson Education, Inc., publistaadg@enjamin Cummings




Potvrzené prirozené konjugace
bakterii

donor recipient gen prostredi

Erwinia herbicola

E.cloacae

Plasmid s
rezistenci k Ab.

Larva hmyzu

Rhizobium
leguminosarum

R.leguminosarus

Symbioticky
plazmid fixujici N,

(e]

Puda

Pseudomonas
fluorescens

P.fluorescens

Mobilni plazmid

o

Puda

Ralstonia
eutrophus

P.fluorescens

Mobilni plazmid

Rhizosféra

Pseudomonas
syringae

E.amylowora

Plasmid s
rezistenci k Ab

Listy hrusné

P.syringae

P.syringae

Plasmid s rezist.
Ab, tézké kovy, Tn
AR

Listy bobu

Pseudomonas
putida

P.putida

Katabolicky
plazmid, plasmid s
GFP

Listy bobu




Charakteristiky konjugativnich plazmidu

Tend to be relatively large: > 50kb

Plasmid encoded features
e Origin of transfer (oriT)

e DNA replicating enzymes (e.g., helicase, relaxase,
replicase)

e Coupling proteins, transport proteins, aggregating
proteins

Konjugaci se mohou prenaset geny i mezi
velmi vzdalenymi bakterialnimi druhy
Konjugace je hlavni zpusob pfenosu genu
rezistence




Enterococcus faecalis Conjugative Plasmid

oriTl & oriV

Clewell, Plasmid 48:193 (2002)
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ATP
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ATF ADP+Pi

Pelaxosome W

Figurs 2 | Signature proteins of conjugative systems in Gram-negative bacteria.




Transdukce fagy

= V 1 ml morske vody je az 1 000 000
virt

» Bakteriofagy mohou prenést
genomove geny s frekvenci 108

= Mezidruhovy prenos genu v ocednu
je cca 201>/sec |




Potvrzené prirozené transdukce
bakterii

donor recipient fag prostredi

Pseudomonas | P.aeruginosa F116 Voda
aeruginosa

Pseudomonas | Pseudomonas Povrch listu
aeruginosa aeruginosa

Vibrio Vibrio Sladka voda

o

E.coli E.coli Puda

Vibrio Vibrio cholerae
cholerae




Transpozice

Proces premisteni DNA sekvence z jednoho
mista do druheého (inter-, intramolekularni)

Cilovym mistem je libovolna oblast genomu

Nejjednodussi transpozony = inzercni
elementy - (650-1600pb) obsahuji jen
gen(y) pro svou vlastni transpozici

Inzertovana sekvence obsahuje transpozazu
a obracené repetice (20-40nt dlouhé)

I E— __




Jak identifikovat horizontalni
prenos genu?

s Informace z DNA

e Fylogeneticke stromy
e Obsah G+C

e \Vyuzivani koddnu

~Nova" sekvence v genomu si podrzuje po
neéjaky Cas vlastnosti donoroveho
genomu a je tak odlisitelna od zbyvajici
DNA daného organismu




Podobnost daneho genu s
nepribuznym organismem

106 hits to 24 species similar to archael genes:

650 letters
o 3074 = THODOLS (650)

LF1388 (648)
2 1538 = MEOO70 (698)
s 1285 = MJO104 (663)

= g 2057 (530)




Obsah G+C

s Measure the amount of G+C content
In regions

= If one region varies from most of the
genome, than likely HGT

52% 47% SYA
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Neobvyklé slozeni DNA

U
synonymnich
kodonu se
oCekava
jejich stejne
Casty vyskyt
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Using base composition and codon usage to identify HT's
755 (17.6%) of the 4288 ORFs in the genome originated

through horizontal gene transfer.
Transferred in at least 234 events

Lawrence and Ochman. PNAS (1995)9413-941



Transponovatelné elementy

“*mobilni geneticke elementy”

bredstavuji 45% lidske chromosomalni
DNA

JcCastni se spontannich mutaci,
Dreusporadavani, horizontalnitho prenosu
Prispivaji speciaci a zmene genomu (u
pakteril jsou TE spojeny s geny
rezistence)

Bunky musi potlacovat transpozici aby
udrzely stabilitu genomu




Transpozaza
Rozeznava koncoveé repetice
Stépi cilové sekvence
Po transpozici spojuje cilove sekvence

—_—
ATCCGGT... .ACCGGAT 3

TAGGCCA. .. ...TGGCCTA 5

Inverted Transposase gene Inverted
repeat repeat

Insertion sequence
(simple transposon)

Copyright © 2002 Pearson Education, Inc., publistaadg@enjamin Cummings




s Mozné efekty transpozonu

Transposable element

Transcribed in certain cell types, protein product is active

Protein product not functional

Transcription activated in other cell types




Slozené Tn elementy

Jejich konce jsou tvoreny IS-elementy
Centralni ¢dst muZe nést geny rezistence




Slozené Tn elementy

Jejich konce jsou tvoreny IS-elementy
Centralni ¢dst muZe nést geny rezistence

Transponovat se mohou jak samotné IS-
elementy, tak cely slozeny transpozon




Properties of IS and Tn elements

Name Size Direct Terminal Repeats Genes

(bp)  Repeats Carried
IS1 768 9 bp 23 bp, inverted None

S2 1327 5 bp 32 bp, inverted None

1S3 1400 3-4 bp 32 bp, inverted None

Tn3 4957 5 bp 38 bp, inverted ampR

Tnb 5700 9bp 1400 bp (IS50), inverted  kan®, ble®, strt
Tn9 2500 9bp 768 (I1S7), direct cam®
10 9300 9bp 1400 bp (1S10), inverted tefR




Struktura Tn3

3 trans-acting genes:

/ //‘
‘repressor” ampicilin-rezist.
tnpA tnpR bla

Tn3 resolvaza —

pusobi @Ehém transpozice

transposase

2 cis-acting sites:
38 bp inverted repeat ends
120 bp “IRS” orresinternal resolution site




Slozené Tn
elementy

Konjugativni
plazmid R100 ze
Shigella flexneri
nese geny
rezistence proti
Tet (Tn10), Chl,
Str,
Spectinomycinu,
sulfonamidu,
kvarternim
amoniovym solim
(Tn2670)




= 1. Frekvence transpozice
e ~10-3-10* per element per generation

= 2. Frekvence spontannich mutaci
e ~10~-10"7 per generation

= 3. Frekvence reverze (presné vystépeni IS
elementu):
e ~10-6-10-10 per generation
e ~103 X méne Casta nez inzerce




Transposony u eukaryot

s ~3% lidského genomu jsou
transpozony

= Vétdina eukaryotickych transposonu
neni podobnych s prokaryotickymi

» Jiné sekvencemi pripominaji retroviry
(Retrotransposony)

s ~20% lidskeho genomu jsou
retrotransposony
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Transponovatelné elementy
kukurice

Barbara McClintock (1902-1992)
Cold Spring Harbor Laboratory, NY

Nobel Prize in Physiology and Medicine 1983
“for her discovery of mobil genetic elements”

o Studied transposable elements in corn (Zea mays) 1940s-
1950s




Transposon effects on corn kernel color.

a) Purple kernels

| Ac

Normal C gene
expressing
pigment product

b) Colorless kernels

Activates Ds Ds can transpose
transposition into C

|’
Wl A [ £

iy : y

Disrupted (mutant)
c gene

c) Spotted kernels

Activates Ds transposition out of C in
a few cells during kernel development

Wi
| 4c 11 y 4 | ey

Reversion of Mutant c gene

¢ mutation to C
T

| ac g/ 7/

Normal C gene




Gene sequences of (a)retroviruses and (b)
the Tyl retrotransposon.

Kelrovirus




Retroviry a rakovina

= Bunecny protoonkogen (strukturni gen,
kontrolujici déleni buriky) muze byt aktivovan

= Translokaci
= Muze byt za€lenén do retroviru

Provirus [ N

Capsid Polymerase gnyelope
proteins




Ty elementy kvasinek

Similar to bacterial transposons; terminal repeated sequences,
Integrate at non-homologous sites, target site duplication...

Ty elements share properties with retroviruses, retrotransposons:
 Synthesize RNA copy and make DNA using reverse transcriptase.
« cDNA integrates at a new chromosomal site.

Na genom pfipada 30-35 Ty-elementu
Méni expresi genu, kdyz se zacleni do regulacnich oblasti kvasinky

«~———— 5900bp—————————>

Long terminal Long terminal
repeat (delta) repeat (delta)

DNA —|» _‘,,

I—l—l
Encodes two proteins

RNA




Copia elementy Drosophila melanogaster

« ~15% of Drosophila genome thought to be
mobile.

Conserved, 5-100 scattered copies/genome
Structurally similar to yeast Ty elements
Use RNA intermediate and reverse
transcriptase

Aktivuji expresi vkladanim se do
regulacnich oblasti




Lidske elementy

Alul SINE (short-interspersed sequences)

« ~300 bp long, 300,000-1M x (10% genomu)
Flanked by 7-20 bp direct repeats
Some are transcribed, thought to move by RNA
iIntermediate
Alul SINEs detected in neurofibromatosis

L-1 LINE (long-interspersed sequences)
6.5 kb element, 50,000-100,000X (~20% genomu)
Contain ORFs with homology to reverse transcriptases;
nemaji LTR
Some cases of hemophilia

L TR elementy — proviry
e (Cca 100 000x v genomu (8%)




LINE structure

Long interspersed element (LINE]

e

AlT-rich Frotein-coding Target-site
region region direct repeat

ORF1 - RNA binding protein
ORF2 - RT. DNA endonuclease

Fig. 10-1F




Evoluce genomu

Existuji 4 zakladni cesty, jak ziskat nové geny z
jiz existujicich gend:
stary gen novy gen

Intragenni mutace
Duplikace gend
Promichani segmentt DNA

Old Organisms New Organisms

Horizontdlni prenos




Evoluce genomu

» Soubor gent v jednom organizmu je
potencidlné dostupny i dalsim
organizmum

Zdlezi jen na pravdépodobnosti prenosu...

Chranme blechy, nevime, jestli jednou
nebudou soucasti naseho genomu!




Evoluce genomu

* Pokud je pravdepodobnost
horizontalniho prenosu nejvyse v
radu 10-%, bude se tykat prevazne
mikrobidlniho svéta...




Potencialni mista HGT

Ekosystémy s vysokou koncentraci organism
a variabilitou

Plda

Voda

Sedimenty

Zaludky prezvykavci
Travici trakty
Povrch listt

Cévni svazky

Nemocnhice...
?27?




Evoluce genomu

s Ziskani novych sekvenci:
a) DNA transformace
b) Inkorporace do genomu rekombinaci
c) Bakterie- konjugace plazmidd (F plasmid, Hfr)
d) Fdgy - transdukce

e) Transposony - transpozice
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Tok genu u pudnich mikroorganizmu

» Mikroorganizmy tvori prevaznou ¢dst
pudnich spolecenstev a podstatné ovliviiuji
fungovani ekosystému jako je kolobéh Zivin
a jejich odbouravani. Jejich primé a
neprimé interakce s rostlinami tvori zpétné
vazby, které ovliviuji primarni produkci a
dynamiku vegetace. Jsou vyznamné z
patogenniho hlediska i z hlediska ochrany.




Tok genu u pudnich mikroorganizmu

» Mikroorganizmy tvori prevaznou ¢dst
pudnich spolecenstev a podstatné ovliviiuji
fungovani ekosystému jako je kolobéh Zivin
a jejich odbouravani. Jejich primé a
neprimé interakce s rostlinami tvori zpétné
vazby, které ovliviuji primarni produkci a
dynamiku vegetace. Jsou vyznamné z
patogenniho hlediska i z hlediska ochrany.




Tok genu u pudnich mikroorganizmu

= Vétsina pudnich mikroorganizmu je
nekultivovatelna (az 99%). V gramu pudy
jsou tisice druht bakterii, véetné mnoha,
které jsou pro ¢lovéka patogenni.




HGT u pudnich mikroorganismu

vv/

» Pravdépodobnost horizontdlniho prenosu je nejvyss
v pripadé, Ze obé bakterie maji homologni Useky

= U homolognich sekvenci muze byt frekvence az 10+
u nehomolognich bakterii se frekvence snizuje az na

107

= (the npt// gene in transgenic potato plants transforms soil bacteria
Pseudomonas stutzeri and Acinetobacter BD413 with the same high efficiency
as npft// genes on plasmid DNA ( 3x10-° -1x10-4) despite the presence of more
than 10° fold excess of plant DNA. However, in the absence of homologous
sequences in the recipient cells the transformation dropped to 10--10-17 (de

Vries J, Wackernagel 1998)




Homologni sekvence u pudnich

bakterii?

- U pudnich bakterii byly nalezeny geny
rezistence pro ampicilin a kanamycin (b/a a
nptill)

- Rovnéz geny rezistence k herbicidum!

*Bialaphos (Phosphinothricin-
— alanyl-alanine) is an antibiotic
E!lwi;?;rl‘nriqr?;a;ricirn Ejgtqbzg;rir1c_)tr1ricir‘n acetyl i?g:ﬁf;?;:i;bp that Inhlblts a key enz_yme in
bialaphos transferase) ] the nitrogen assimilation

aroA, EPSPS (3-enoyl pathway, glutamine
Glyphosate Phosphate synthase) | Agrobacterium sp. synthetase, leading to

gene accumulation of toxic levels
Bromoxynil BXN (Bromoxynil Kiebsiella Of ammonia N bOth baCteI‘ia

nitrilase) pneumoniae
and plant cells

Herbicide Resistance Gene Gene Source

. DHPS (dihydropteroate Broad host range
Sulfonamides _ _ - i
synthase), su/ plasmid
ALS (acetolactate

Nicotiana tabacum
synthase) “ at

Sulfonylurea




Faktory zvysujici pravdépodobnost
ziskani cizich gent

s Stabilita DNA

s Pritomnost homolognich sekvenci in resident
microorganisms

= Doba, po kterou zusdava DNA dostupna v
blizkosti potencidlnich recipientt




Factors that increase HGT

= Cokoli, co vyvola protistresovou
odpoved

x SOS odpovéd’ — indukce specifickych
genl reagujicich na poskozeni DNA—
zmirfiuje soucasné represi genu, které
jsou nezbytné pro HGT




Factors that increase HGT

= Stres mohou vyvolat bézné
zemedeélské aktivity - orba, aplikace

pesticidu, herbicidu, nebo rychlé
zmeény prostredi - zména expozice
UV, premokreni, sucho, zména
osvétleni...




Stabilita a pretrvavani DNA

= DNA miiZe pretrvdvat v ptidé i roky a
transformovat dalsi organismy

. Tr'anSQenni DNA se muze rozsirit do bakterii a

virll a'sirit tak napf. geny rezistence k
antibiotikum




Rizika HGT

Mnohem vyznamnéjsi nez frekvence prenosu je
selek¢ni tlak:

I velmi nizka frekvence mize mit velky dopad,
existuje-li silna selekce.

Velky dopad je i v pripadé vzniku evolucni novinky,
kdy se mUze projevit synergicky nebo aditivni
efekt




Risk analysis
Summary of unintended effects

Increased spread of

Increased , leading to
super-weed characteristics

Increased caused by
insertional mutagenesis and position effect
changes in gene expression.

due to tfransgene
selection

effects on genetic evolution
and ecosystem function




Potvrzené pripady prirozené
transformace bakterii

Pseudomonas sp.

Morska voda,
sedimenty

Multimery plazmidu

A.calcoaceticus

puda

Chromozomalni trp

A.calcoaceticus

voda

Plazmid

A.calcoaceticus

iCni sedimenty

Chromozomalni his

E.coli

Plazmid

P.stutzeri

Chromozomalni his,
plazmid

P.stutzeri

Morska voda

Chromozomalni rifR




Vymena DNA mezi vzdalenymi
organismy

= Bakterie — archea (bakt. Thermatoga
obsahuje 24% archebakterialni DNA)

s Bakterie — rostliny (Ti plazmid
A.tumefaciens)

Bakterie — kvasinky (konjugativni prenos
na S.cerevisiae)

Bakterie — savec (intracelularni bakterie
Shigella flexner)

Bakterie — eukaryota (endosymbiotickée
bakterie)

Konzumace DNA ?7?°?
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