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L'objectiu d’aquesta xerrada és I'actualitzacié de sabers recollits sota la
formulacié geneérica:

“Els microorganismes i les formes acel-lulars:
Analisi dels mecanismes de transferéncia genética horitzontal en
bacteris”
que forma part dels sabers de segon curs de la materia Biologia d’acord

amb la nova descripci6 del curriculum per aquest nivell de

I'ensenyament (DOGC del 22 de setembre de 2022)

Aquesta xerrada en cap moment pretén ser una classe de Batxillerat,

sind una revisid 1 actualitzacié dels conceptes més rellevants sobre

| aquest tema que han sofert noves formulacions en, aproximadament, els

darrers 30 anys.
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DE QUE PARLAREM?? \
MECANISMES DE TRANSFERENCIA HORITZONTAL
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DE QUE PARLAREM??

% O Diferencies entre |la transferencia del DNA
O T \ .
plasmidic i del cromosomic
& Elements mobils. Els transposons i el seu

paper en la transferencia genetica.
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MECANISMES DE TRANSFERENCIA
HORITZONTAL EN BACTERIS

Soler, N. and Forterre, P. (2020), Vesiduction: the fourth way of HGT. Environ Microbiol, 22: 2457-2460.

Transferéncia de DNA
d’una cel-lula donadora a
una receptora i en una sola
direccio (no hi ha
intercanvi)



TRANSFORMACIO

Gene (transferred)

DEAD BACTERIUM LIVE BACTERIA



Transformacio en bacteris

Streptococcus pneumoniae

Mixture of heat-killed

Living S cells Living Rcells  Heat-killed S cells and living
(control) (control) S cells (control) R cells
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/) | arefound in Experiment de F.
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Griffith (1928)

https://testdimedicina.altervista.org/blog/ricerca-materiale-genetico/
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https://biolearnspot.blogspot.com/2017/11/experiments-of-avery-macleod-and.html

Experiments Avery
MacLeod i McCarthy (1944)



I A DNA fragment

TRANSFORMACIO NATURAL containing the ter* gene

binds to a cell surface
receplor.

the DNA into senalber
fragments.

and a single strand is

imported into the cell by

3 One strand is degraded, 1
a DNA wptake system.

D Tarepr—— 'lé&wmj '

" 5 ) 4 The imported DNA is
- DNAbndstothe | | ofthe DNA | break down binds | | on of the incorporated into the
menJ' one DNA strand. | | the DNA. | L 's DNA. bacterial chromosome,

http://www.nicerweb.com/doc/class/med/Transformation.jpg

Transformed cel that is resistant
10 the antiblotic tetracyclne



Estat de COMPETENCIA

HANS IS FEELING RATHER
INCOMPETENT ‘nuy
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Tfp (transformation pilus) Tfp (transformation pilus)

/ Gram-positive bacteria

Gram-negative bacteria
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La transformacio de DNA és un procés ACTIU que requereix de sistemes de captacio presents a la paret bacterianﬁ



Qualsevol DNA pot ser incorporat?

En gualsevol dsDNA
pot ser incorporat

En bacteris gramnegatius el sistema de
captacio detecta una sequencia
determinada que esta present en el DNA

Table L. Highly repeated oligonucleotide sequences in transformable bacteria with sequenced genomes.
Bacterial name Gram NTR®  Repeated sequence Siles tatal ~ SD*  Sites plus  Sites Sites

+/- Minus per kb
H. influenzae Rd - + AAGTGCGGT 1471 517 737 734 0.80
N. meningitidis Z2491 - + CCCGTCTGAA 1891 943 ©58 933 0.87
N. gonorrhoeae FA1090¢ - +  GCCGTCTGAA  1952¢ 974 g59¢  993d 0.914
~ Synechocystis sp. PCC6803 -~ +  GGCGATCCCC® 2823 1993 2823 NA' 0.79
B.subtilis 168 + + None

* Naturally tranﬂi.i-rming. b Standard deviation of the observed frequency compared to the mean frequency caleulated
from the base composition. © Sequence not completed. ¥ Data based on incomplete sequence, ® Not known to be involved
in DNA uptake. ¥ Nonapplicable; palindromic sequence has only the plus onentation. i .



Recipient cell

B, \F
,—-—/ c
DNA fragments Chromosomal DNA <
from donor cells Q Z
€D Recipient cell takes

up donor DNA

Que passa amb el
, DNA que és captat
9@?&3::’:.‘3:2:’:&?"] per la cel-lula?

and recipient DNA

[Dogwdod ] l
unrecombined DNA
AN

Cal que hi hagi homologia
perque el DNA s’incorpori
en el cromosoma de Ia

Genetically transformed cell

Copyright © 2004 Pecrzon Ecucation 'nc. | peblehing 2a Barjomin Cummings S O Ca re C e pto ra
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Funcio de la transformacio natural

= Qf’##‘## iy ‘Hh‘qhﬁl
’ . :
o saDMNA
i e s = - S
| -~ 1

DNA damage

o0 ©
©90,0 o)
ﬂgﬂ

Homologous
l recomoinaton
DNA replication Homologous l

EEEE recombination

(aname

Acquisition/delebon

Building blocks 2 DNA repai
uilding blocks of ganes (HGT) repair

15



TRANSFERENCIA PER VESSICULES

—t A

® o0




Mida de les vesicules
bacterianes

Gram negatius
Gram positius

10-500 nm
20-400 nm

Espécies bacterianes en les que s’han descrit vesicules

E. coli

Acinetobacter baumanii
Campylobacter jejunii
Porhpyromonas gingivalis
Thermus thermophilus
Bacillus anthracis
Clostridium perfringens
Mycobacterium tuberculosis

Mol Oral Microbiol. 2016 Oct;31(5):365-78. doi: 10.1111/omi.12134



Outer membrane Periplasmic

protein Cytoplasmic protein
Lipids y:)rotein

Life (Basel). 2020 Jul 31;10(8):129. doi: 10.3390/Iife10080129.
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Life (Basel). 2020 Jul 31;10(8):129. doi: 10.3390/1ife10080129.
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Funcio de les vessicules

Life (Basel). 2020 Jul 31;10(8):129. doi: 10.3390/Iife10080129.
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TRANSDUCCIO

Transferred Bacteriophage
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Phages Released
from Host

25

Lysogenic
Pathway

>

Host Cell Replication

Lysogenic Induction

Fig b, Mhage Wiecrien. Tovngor o phugrs com bnner | fheir gotvmnns |0 rod) oo the bumt b beriad Ot cmmmenna (i ) bo o o prophuage i e g i e
oy de. Foliowing hnogem 0 dadion. poophuge o e and eoter the e b onle.

PLoS Pathog. 2019 Aug; 15(8): e1007878

26



Fig 2. Mechamisms of genetic transdwction, Generaliaod (top ), specialined (maddie), and hteral transduction (bottom). The viral genome (im red) first underpoes theta
repication, Sollowad by roling arcle replication. In kateral transducton, theta replication oocurs prior to prophage excidon. Phage ermunase imstiates DNA packaging

froen phage poc sites (Dlack triangles) or pscado-pac sites (gray traangles ).
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Transduccio generalitzada

Error dempaquetament

b
conar gones. ﬁ A}:g/%'

\ |
O

Transddoed bacterium g Recipient bacterium

Cal recombinacio per estabilitzar
DNA en la soca receptora 28



Transduccid especialitzada

Error en l'escissio

Specialized

BB

PLoS Pathog. 2019 Aug; 15(8): €1007878
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Elements movils que aprofiten les capsides viriques
com a vehicle de transferencia

SaPI element O Q Q 7‘2@
(- B - G5

Ex. Movilitzacié de illes de patogenicitat de Staphylococcus aureus PLoS Pathog. 2019 Aug; 15(8): e1007878
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CONJUGACIO

Plasmid Gene (transferred)

&R © 85

DONOR CELL RECIPIENTCELL o



v'Plasmidi es un element autoreplicatiu

O extracromosomic
O O v'Una cel-lula pot tenir diferents
plasmidis

v El nombre de copies de cada plasmidi
per cel-lula varia de 2 a moltissimes
copies segons les caracteristiques del
plasmidi.

v'Els plasmidis acostumen a contenir gens que aporten caracteristiques
adicionals a les cel-lules que els contenen

32



v'Presenten sistemes que aseguren el seu manteniment dins de la
poblaciéon bacteriana

Manteniment pel nombre de copies Acoblament al citoesquelet Sistemes TOXINA/ANTITOXINA
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Conjugacio en bacteris gramnegatius

Donor
Bacternial
chromosome
’ Conjugation
bridge
Plasmicd <&
Pilus
Recipient
(a) (b)

Gnffiths et al. “An Introduction to Genetic Analysis” 7th Edition (2000)
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Formacio del pilus en la céllula
donadora i contacte amb la cél-lula
receptora

Acostament de les dues cel-lules per
un proces de despolimeritzacio per la
base de pilus i formacio de I'agregat
conjugatiu

Tall del DNA i transferencia d'una de
les cadenes (ssDNA) a través d'un

sistema de secrecio de tipus |V

Sintesi de la cadena complementaria i

generacio del transconjugat (nova
donadora)

Chromosome  Mobile ONA  Pius

@-

Donor bacterium

Agregat de conjugacio
C “

Donor bacterium

Recipient bacterium

Donor bacterium



Seyder and Champntas Woleculy Genaties of Bacteris’ 90 Eaton (2020)

EL DNA NO PASSA A TRAVES DEL PILUS!!!

Recapient
( MT: i )
MPF structure lom\won of mating pairs
Couphng proten —
Couplng protein
ugnah to relaxase
Relaxase
\
2c Relaxase and helicase make
ungle-strand nick at on/

(o )

Relaxase and el ase transdocatec
10 reciprent <ol with DNA

(E

l Couping protein pumps DNA

out of donor cell; relaxase seals
nick in recipient cell

(0RO )

Replication of second strand
completed in donor and
¢ recipient cells

Wnunon of mating pair

C 0)C© )

Tranwconjugant




F factor
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EL DNA S’INTRODUEIX AMB UN SISTEMA DE
SECRECIO T4SS

Recipient

Substrate transfer mode
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Agregat de conjugacio

“Molecular Genetics of Bacteria” L. Snyder and W, Champness. 2003. Third edition
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Si els sistemas de conjugacio entre bacteris grampositius i QZE%?
o

gramnegatius son tan diferents, creieu que pot haver-hi ﬂ}ﬁ?"
. .7 no o« . 857"
conjugacio entre un grampositiu i un gramnegatiu?? - ;
500%

Es poden generar agregats de conjugacidé espontanis.




. No només es transfereixen plasmids per conjugacié

Amu Bev. Genet (2015) 89, 577-601

ICE: Elements Integratius conjugatius
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| que passaria si un cromosoma bacteria
incorporés un OriT en la seva sequencia??

oriT

RECOMBINACIO
ADITIVA
S E————lie

EL CROMOSOMA HA
INCORPORAT UN oriT QUE
UNIT A LA PRESENCIA DE

L'OPERO Tra FA QUE PUGUI
SER TRANSFERIT PER
CONJUGACIO

CROMOSOMA D’ E. coli

SOCA Hfr

44
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A The F plasmid encodes
tra functions, including pils

=)

1 A nick at orT

initiates translor

(=) (=)

I The transterred fragment Includes

part of F attached to chromosomal
DNA of the Hir strain

The transferred fragment includes
part of F attached to chromosomal
DNA of the Hfr strain

(SHHD

' The transferred fragment undergoes
; recombination in the recipient

(=))(=)

(g

L'estabilitzacid depén de
recombinacié homologa
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_""O "o Elcromosoma bacteria pot transferir-se per conjugacié

202 VAP W5 TWEES 10 SIS0 ITVORDP, 158 BTy DT A3



Saoyder aad Champness ‘Moleculr geretcs of Bacwria™ rd Edtion (2007)

|l qué passaria si el plasmidi incorporat en el i,
. |cromosoma s’escindis de manera erronia?? | e

S96) ©96

F' His'
F Pro’ apparent recombinant;
apparent recombinant MERODIPLOID 0 ppamrm' diploid

DIPLOID PARCIAL
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Elements mobils. Els transposons i el seu paper en la

transferencia genetica.

Transposons

Composite iransposons, e.g. TnS

ISS50L ISS50R

R IR IR IR
P — 4 — 9
FOR FODR
} noo R ANA |
N\l/\/\b RNA v\/lv\
neomycin phospholransferase lransposase

Transposons lacking terminal 1Ss, e.g. TNA

IR res IR

FDR 1npA tnpR Apf FDR
*\/\/"\N\N\ : ENT N
NS
¢ . .
Iransposase resolvase beta-

laclamase
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% |l quésiun transposé salta d’'un cromosoma a i,
. lun plasmidi?? .
Cal recombinacio per estabilitzar el Tn? g
© o © X%
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TRANSDUCCIO???
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Conservative Transposition
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Target Site

ARA SALTA TOT AIXO
EMPORTANT-SE UNA PART
DE UELEMENT GENETIC QUE
PORTAVA EL TRANSPOSO
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