Il contenuto intracellulare di una cellula batterica e diviso tra
due principali compartimenti
nucleoide nel quale e situato il genoma
citoplasmacont enete | 0apparato di

Quali sono i costituenti del
nucleoide

Genoma batterico
RNA
RNA polimerasi
Topoisomerasi
Proteine basiche
(definite Proteine Associate al
Nucleoide NAP o Proteine
Istone - simili)




IL NUCLEOIDE

Aa molecola di DNA cromosomico di E.coli & lunga circa
1.6mm

e contenuta in una cellula di 2 mm di lunghezza e 1mm di
larghezza

AUn compattamento casuale della molecola determinerebbe
un volume di circa 200mm 2 circa 400 volte superiore al
volume del nucleoide

Al volume del nucleoide & di circadi E.coli0.5 mm

Al cromosoma & quindi estremamente organizzato in anse
topologicamente indipendenti circa 100 da 50 kb



Loorgani zzazione del genoma batter
presenza di macrodomini funzionali , ampie regioni di DNA nel qule
ogni singolo gene ha un corretto livello di espressione che dipende
dal suo orientamento dalla sua Ppos

Se alcune regioni vengono invertite come orientamento sul genoma
(pur rimanendo presenti i geni) si puo avere la non espressione 0
espressione molto ridotta: queste grandi inversioni possono indurre
anche morte nella cellula .

El emento i mportante  anche 1| P OS
geni posi zionat.i Il N posSi zione pr os
pit in modo statisticamente significativo rispetto a quelli in

posizione distale



A. Circular E. coli genome B. Random coil C. Genome
of the DNA organization in vivo

oriC : N Nucleoid  Cell membrane
ot S-R i 1) 1000-fold
Escherichia coli Inherent ~( condensation
genome 2. polymeric 2) Spatial
> 4,641,652 bp % property organization
177}
- 240 um > ) —> 1L

0.5 um
Random coil volume = ~523 um3 Nucleoid volume < 1.0 um3



Organizzazione del cromosoma batterico ad anse

Il cromosoma potrebbe
essere organizzato in domini
topologicamante indipendenti ,
superavvolti negativamente.
Analizzando il numero di tagli
necessari per rilassare
completamente il DNA e stato

Folded

B possibile valutare la quantita di
= | topodomini presenti in E.coli
- S“"”"‘“"V (100). Tenendo conto che il

cromosoma di E.coli € di 4.600
Partial kb la taglia media dei domini e
DNase valutata di circa 50 kb

Reaction
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Ancoraggi nel nucleoide batterico

I
Base of each
loop secured by
unknown forces

Average loop

contains

Loop consists of
duplex DNA
condensed by
basic proteins in
unknown way

-40 kb

e
./

Componenti degli ancoraggi:

ARNA?

- 1) in vivo | 6RNA nascent

periferia del nucleoide
+2) in vitro | 6RNasi ril
viscosita, diminuzione del coeff.di sedimentaz.)
+ 3) Gli inbitori della trascrizione non influenzano il
numero di domini cromosomici, ma i nucleoidi
si rilassano piu facilmente

AParete -Membrana? (replicazione)
AProteine istone-simili? (HU, H-NS, é)

ADNA ancorato?

Rilevanza funzionale in vivo?

a S



Il cromosoma batterico e organizzato in numerosi
domini superavvolti stabilizzati dal legame con

proteil ne

In Escherichia
coli si calcolano
circa 100 domini

speci fiche all a
L= oo,
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(d) Cromosoma con domini superavvolti
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Quali sono le proteine associate al nucleoide?
Come riescono a compattare il cromosoma batterico?

SMC complex corrisponde alle proteine MUK



Organizzazione del nucleoide batterico: le principali
proteine associate al nucleoide

b Nucleoid-associated proteins and SMC complexe:




Bacterial chromatin organization

Plectonemic
condition

Toroidal
condition

Co-existence of
plectonemic and toroidal conditions




A. Bacteria B. Eukaryotes

Negative plectonemic supercoils Negative toroidal supercoils

Fig 5. Basic units of genomic organization in bacteria and eukaryotes. A. A bacterial genome organizes as plectonemic
supercoils. Half of the supercoils are present in free form, and nucleoid-associated proteins (NAPs), shown as colored spheres,
restrain the remaining half. B. In contrast, a eukaryotic genome organizes as toroidal supercoils, induced by the wrapping of
DNA around histone proteins (orange color). An octamer of histones with 146 wrapped DNA refers to as nucleosome, and
the genome organizes into a repeating array of nucleosomes.




Le proteine associate al nucleoide (NAP proteins)

Anche nel batteri esistono proteine implicate

nel |l 0organi zzazione struttur :
LOI sol amento e | a caratteri z:
nucleoide (definite precedentemente istone simili) e

risultato complesso

Aperché in molti casi mostrano una stretta associazione
con altre proteine prevalentemente quelle rlbosomlah

Aperch® il 1l oro | egame me n o
forza ionica<

HU

IHF UURT : .

IS Principali proteine associate

H- NS all nucleoide

Dps

Lrp /



Le principali proteine associate al nucleoide batterico
(NAP nucleoid associated proteins)

NAP Properties and abundance Structure Genes Main functional activities
HU . basic heterodimer: _ . .compacts DNA into nucleosome-like structures
(Heat Unstable . . hupA (90.4 min) « induces DNA curvature
. « abundant in exponential phase HU@,9.2kDa - . . L
micleoid (15000-30000 dimers/cell) HUB. 9.5 kD hupB (9.9 min) « recognizes aurved DNA, gapped regions, and 3-/4way junctions
protein) P.9- a + involved in DNA replication and recombination
+ basic
« abundant in stationary phase
IHF (25000-3000 dimers/cell) heterodimer; himA (38.6 min) « induces very strong DNA curvature (up to 140°)
(Integration « high amino acid identity between IHF IHFq, 11.2 kDa himD (2 5In1in) « participates in site-specific recombination. transposition, and
Host Factor) and HU subunits THFB, 10.7kDa DNA replication
« DNA binding preference:
WATCAANNNNTIR
FIS » basic induces strong DNA curvature (up to 90°)
. « abundant in exponential phase _— ' ] & P
(Factor for . homodimer, . « alters DNA topology
. (20000-40000 dimers/cell) fis (73.4 min) A L . N .
Inversion o L . 2x11.2kDa « participates in site-specific recombination, transposition, and
Stimulation) » DNA binding preference: DNA replication
GNYAWWWTRNC P
H-NS « non basic ] . )
(Histone-like + 20000-40000 dimers/cell - » recogaizes airved DNA
Nucleoid + binding form may be tetramer or higher homodimer, hns (27.8 min) - alters DNA topology
. . ' ' 2x15.4kDa ' + induces DNA awvature
Structuring oligomer

protein) « induced during cold-shock « influences recombination



Table 1. Properties and the abundance of major nucleoid-associated proteins of E. coli.

Protein Molecular mass (kDa) Native functional unit Abundance' in growth phase Abundance' in stationary phase
HUwu and HUR ~9 Homo- and hetero-dimer 55,000 (23) 30,000 (12.5)

[HFu and THFB ~11 Heterodimer 12,000 (5) 55,000 (23)

H-NS ~ 15 Homodimer 20,000 (8) 15,000 (6)

Fis ~11 Homodimer 60,000 (25) Undetectable

Dps ~19 Dodecamer 6,000 (0.4) 180,000(12.5)

! Abundance (molecules/cell) data were taken from [16]. The number in the parenthesis is micromolar concentration calculated using the following formula: (number of

native functional units/Avogadro number) x (1/cell volume in liter) x 10°. Cell volume in liter (2 x 107'*) was determined by assuming volume of the E. coli cell to be
2 um®,



A. DNA bending

0\

Sharp bending

0900

Flexible bending

B. DNA stiffening (coating)

000000

C. DNA bridging

20a_ 2o

D. DNA bunching

E. DNA wrapping

Non sol o c
diverse funzioni delle
proteine associate al
nucleoide sul DNA

A. Bend curvare

B. Stiffen irrigidire,
Coat rivestire

C. Bridge creare ponti

B. Bunch raggruppare

E. Wrap avvolgere

ur v .



Le proteine associate al nucleoide (NAP proteins)

Anche nel batteri esistono proteine implicate

nel |l 0organi zzazione struttur :
LOI sol amento e | a caratteri z:
simili e risultato complesso

Aperché in molti casi mostrano una stretta associazione
con altre proteine prevalentemente quelle rlbosomlall

Aperch® il |l oro | egame me n o
forza ionica

HU )

IHF T : :

IS Principali proteine associate

H- NS all nucleoide

Dps

Lrp /



Struttura ed organizzazione delle prinicipali proteine associate al nucleoide (NAP)

Definite anche HLP (Histone

Smactural and fimctvonal features of the major HLPs

- Like Proteins)

HLP Properties and atundance Stmacrure Crenes Mam functional activities
HU » basic Eeterodimer; » compacts DNA iofo mucleosome-1ike struchares
(heat umstable  » abumdant i exponential phase HUi, 8 2kDR bvpA (904 min)  » mdoces DNA convature
maclenid (1500030000 dimers /el HUR, 83 kDa b (9.9 nnin) » recoprizes curved DMA, gapped regrans,
Protein) and 34wy junctions
« Imalved m OA replication and recambiration

IHF » basic beterodimer; » mauces very strong DMA curvahare (up fo 140°)
(iotesration » dbumdant m stationary phaze IHFx 11.2kDa  wmd (3BOmin) . partdpates in site-specific recombination,
hast factor) (2F000-3000 dimers,cell) IHFp, 10.7kDa  fwed (25 mim) ransposition, and DNA replication

and HU subunsts

« DNA binding preference:

WATCAANNNNTTE
FIS » basic bomodimer, » miuces srong DA amature (up to 807
(factar for « Abumdant m exponential phaze 2x112kDa 3= {73 4 mim) » alrers DA topolozy
imerzion (200000000 dimers /cell) = participares in site-specific recombination,
stinmulation) » DMA bindimg preference: ransposition, and DNA replication

GMYAWRR TR
H-X5 » D Biasic bamodimer, » recogmizes curved DNA
(histome-like .« 200000000 dimers el 2x154kDa fares (278 mim) » alrers DNA topelogy
macleoid » binding form may be tetramer or kigher « miuces DA canature
struormg olizomer « Imffoences recombinaton
profein) « mdnced during cold-shock
SpA » basic dimer?, «» BNA chaperom
(auppressar of  » DOQOO-13000 copdes/cell onx 153 kDa s (60,2 min) » recopmizes curved DA
fa Cmitamt » bigh amino acid identty with H-INS
phemafipe A) o« able to form heterodimers with H-WS

All HLP: ind DA noo-specifically (some of them show a higher afinity for a specific DA sequence) and act as tramscniptional regulacors. Malecular mass
data are faken fom [3] W=AGC @ T, R=Ga A W=Taw A ¥Y=Car T



La proteina HU

Caratteristiche
Aproteina basica
Amolto abbondante 30000 copie/cellula
Ala piti abbondante tra le proteine del nucleoide
Anessuna sequenza consenso di legame al DNA

Struttura pM geni

eterodimero

Hua 9.2 kDa hupA  (90.4 min)

Hub 9.5 kDa hupB (9.9 min)



La proteina HU

Funzioni
Acompatta il DNA in strutture nucleosoma  -simili

Ainduce curvatura nel DNA

Ariconosce il DNA curvo
Ainterviene nella ricombinazione generale

|solata nella maggior parte delle specie batteriche
proteine simili ad HU conservate anche negli Archea

Anticorpi anti HU si legano sulla superficie del

nucleoide piuttosto che al suo interno supportando

| 6Ii potesi che HU si associ
ruolo anche nella trascrizione e traduzione dei mRNA



THF HU

C-domain
FIS é@g (DNA binding)
L

X
N-domain b}
—

(protein oligomerization

Nucleoid
proteins are
homo- or
heterodimers



HU lega il DNA e lo ripiega




Superavvolgimento mediato da HU. | dimeri di HU si legano in vitro a
distanza di circa 9 bp. In vitro associazione di8 -10 dimeri con
frammenti di 275 -290 bp

Il legame di HU ogni 9 bp prevede interazioni con i dimeri adiacenti
con formazione di una struttura solenoidale che si avvolge in senso
sinistrorso. Ciascun avvolgimento toroidale avverrebbe intorno a 6
dimeri di HU

HU dimer
€




Le proteine che ripiegano il DNA




La proteina IHF Integration Host factor

Caratteristiche

Aproteina basica

A5-10 volte meno abbondante di HU

Aabbondante in fase stazionaria

Adebole specificita di sequenza per il legame al DNA
(YAANNNNTTGATW )

Struttura pPM geni
Eterodimero

IHF a 11.2 kDa himA (38.6 min)

IHF b 10.5 kDa himD (25 min)



IHF : Caratteristiche funzionali

Anduce forte curvatura nel DNA ( fino a 140 °)
Anterviene nella ricombinazione sito specifica
Anterviene nella trasposizione

Si lega al solco minore del DNA utilizzando due foglietti

B che 1 n opposi zione | 0uno all
I DNA
Al sol ata come fattore dell dos

del fago | & coinvolta in molte funzioni cellulari

AForte ruolo strutturale; curvando il DNA fino a
140°C permette a siti di DNA distanti di trovarsi
ravvicinati favorendo cosi sia processi di trascrizione
che di regolazione



La curvatura
mediata da IHF puo
facilitare il legame
dellla Proteina Int
con siti di DNA
distanti tra loro.

cleavage
site
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Ka rqer < Transcriptional Regulation

ournal of Molecular Microbiology and Biotechnology

From: Function of Nucleoid -Associated Proteins in Chromosome Structuring and

. 2015;24(5-6):316-331. d0i:10.1159/000368850

a IHF dimer
naQ:;g?on "" RNA polymerase
000 W =
dimer
‘ol
Enhancer IHF site promoter Activated transcription complex
Inactive transcription complex
b IHF-Alpha
P65
IHF-Alpha IHF-Beta
R46
CREEAAAAAR CATTGC ATTTGiWeCA-3"'
i GTAAC CLV:eGT-5"
I“Fgﬁipha IHF-Alpha
R63
IHF-Beta
P64
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IHF and its paralogue HU. a The interaction of IHF with its target site and the consequences for the pathway of the DNA are shown. Here,

RNA polymerase (containing

054) has formed an inactive compl ex

transcription factor, bound as two dimers to two copies of the upstream-located enhancer sequence, to make physical contact with RNA
polymerase, activating transcription. Not to scale. b The details of the IHF site sequence are shown, with the highlighted residues being the

conserved members of the |
sequence are shown. I n the
groove of the DNA duplex, bending it by up to 180° .c A n

HF bindingasidt ¢eshemtda leiftsatirgeract With¢he GNAI n o
csadesi o @ubahi)ifhé grotaindnskesian iasertioR Bits the mihor
al i gnme at dsubunits bf the garalogous IHF and HU proteins from

E. coli strain W3110 is shown together with a summary of the main structural features of each monomer. Amino acids that are completely

conserved in all four proteins are highlighted..
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Intrinsically curved DNA

e.g

Wedge model

IT)5. §GCTCG(A/T)5. §GCG /

Junction model
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FIS Factor for Inversion Stimulation
Caratteristiche

AProteina basica

Aabbondante in fase esponenziale
A10.000-60.000 copie

Ascarsa specificita di sequenza

(KNNYRNNWNNYRNNM)
Struttura pPM geni
OMODIMERO

FIS 2x 11.5 kDa fis (

27.4 min)

W TA
R GA
K GT
Y CT
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The role of nucleoidZssociated proteins in the organization and compaction of bacterial chromatin

Molecular Microbiology, Volume: 56, Issue: 4, Pages: 858-870, First published: 07 April 2005, DOI: (10.1111/j.1365-2958.2005.04598.x)




The nucleoid is very dynamic in nature. The organization of the supercoiled loops and the relative
orientation of sites within are affected by the binding of nucleoid-associated proteins such as HU, H-
NS, IHF and Fis. Each of these proteins has different functional interactions with DNA and the
proteins of this family can be roughly fitted into two categories: DNA-bridgers and DNA-benders (see
main text). Within the context of a supercoiled loop, the configuration is determined by the proteins
that are simultaneously bound within the loop. The organization within loops is important for DNA
compaction and can also play a role in the modulation of transcription. DNA is depicted in cyan. The
green spheres correspond to H-NS (following the mechanism of binding as shown in Fig. 1B). The
red spheres correspond to HU (either in its bending or its rigidification mode). The grey sphere
corresponds to a DNA bending protein, such as IHF, Fis or HU. Although the described type of
reorganization can take place only within a supercoiled loop, DNA topology has been omitted in the
visualization of these loops for the purpose of simplicity.

The (arbitrary) starting configuration of a loop is shown in B. H-NS bridges hold together DNA tracts
within the loop, some HU molecules are shown rigidifying the DNA, or bending it at another site and
one tract of DNA is covered with H-NS but not bridged. A binding site is present within the tip of the
loop (in purple, and indicated with an asterisk). The binding of proteins at this site results in
reconfiguration of the loop. In the first example (A), this site is bound by a protein that bends DNA
(e.g. IHF), which imposes relocation of the bound protein to the tip of the loop. In parallel, other
bound proteins within the loop will become relocated. In this example, one of the H-NS tracts (2) and
the adjacent region with HU bound (3) follow the left-ward directed movement of the tip of the loop. A
part of a second H-NS tract (1) is found back bound on the right side of the region with HU. Finally,
the spatial vicinity of the loose H-NS tract (4) has changed such that it has become bound to the DNA
alongside the DNA bending HU molecule (5). In the second example (C), HU becomes co-operatively
bound to the binding site (or rather region). It is energetically unfavourable for a rigid tract of DNA to
find itself located within the tip of a loop and therefore it moves away into the stem. The H-NS tract
directly aside of the bound HU (1) moves along with it to the right (where it remains loose), whereas
the second H-NS tract (2) is found back bridging an area on the left of the region with HU bound (3).
Finally, the spatial vicinity of an initially loose H-NS tract (4) has also changed such that it has
become bound to the DNA alongside the DNA bending HU molecule (5).


https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2958.2005.04598.x#f1

Proteine del nucleoide come regolatori globali
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Espressione di IHF e FIS in funzione della curva di crescita
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lag phase

eHU @ Fis
H-NS
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exponential phase
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stationary phase

®HU @ Dps

®IHF H-NS

Chromosome organization during the growth of

Escherichia coli . The expression patterns of

E. coli NAPs reflect

the chromosome compaction level (higher in the stationary than in the exponential phase) and cellular processes

that involve certain NAPs



Lag phase~log phase Log phase-stationary
transition phase transition
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Log cell number

Protein concentrat

Growth
curve

1ime
The expression patterns of the four nucleoid -associated proteins (NAPs), DNA
protection from starvation protein (Dps), factor for inversion stimulation (Fis),
histone -like nucleoid -structuring protein (H -NS) and integration host factor
(IHF). A typical bacterial growth curve is shown, with the lag phase dog phase
and log phasedstationary phase transitions indicated



H--NS
(Histane-like: Nucleoid Structuring protein)

A Abundant peptide: (~ 20000’ copies/cell)

A small (136 aminoacids, 15.5 kD), non-basic peptide

A Mainly acts as a homodimer or tetramer

A Able to form heterodimers:- with StpA' or HhA

A 1 vitro binding ta DNA is non-specific; induces high DNA compaction

A Higher- affinity for- intrinsicallyy curved DNA ; able ta bend DNA in vitro

A Global regulatorr: controls: 5 % of the: whole E.coli protein: coding sequences

A Generally acts as a transcriptional: ' repressor- of virulence: genes outside the: host



La proteina H - NS A
riconosce sequenze di

DNA curvo ed e in grado

di indurre curvatura nel

DNA




Le proteine NAP che oltre a ripiegare il DNA
formano ponti : un esempio H -NS

H- NS viene considerata una proteine in grado di formare ponti

A) Strutture proposte perildimerodiH  -NS

B) Analisi dei monomeri di H -NS

C) Formazione delle anse mediate da H -NS

D) 2 diversi modelli di interazione nella formazione complessi

Altre proteine NAP che formano ponti su LRP e MuKB



I~ : : : . :
Ka rger < From: Function of Nucleoid -Associated Proteins in Chromosome Structuring and
Transcriptional Regulation

Journal of Molecular Microbiology and Biotechnology. 2015;24(5-6):316-331. d0i:10.1159/000368850

RNA POLYMERASE
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H-NS: DNA BRIDGING MODE

Date of Download: 10/24/2023 Copyright © 2023 Karger Publishers. All rights reserved.




H-NS, transcription silencing and chromosome microdomain formation. a A standard
representation of RNA polymerase bound to a transcription promoter is shown
consisting of the principal c¢sobumt,amtweorcap®es o f
with their carboxyl-terminal domains (CTD) and amino terminal domains (NTD) shown
connected by f | e-xi-& Nje-subuhits &reeatss illustratbdeThed
locations of the transcription start site (TSS, +1), the -10 and -35 elements are also
shown together with the consensus DNA sequences for the -10 and -35 motifs of
promoters that are bound by the RpoD sigma factor of RNA polymerase. b The same
promoter sequence is shown decorated by the H-NS protein in its DNA stiffening mode,
excluding RNA polymerase and silencing transcription. Here H-NS polymerizes along
the DNA duplex, and the two DNA-binding motifs of each H-NS dimer bind to the same
DNA molecule in cis. The H-NS monomers are arranged in an antiparallel orientation
within each dimer. ¢ H-NS is shown bound to the same promoter element in its bridging
mode. Here, the DNA-binding domains of each H-NS dimer (shown in antiparallel
configuration) bind to spatially widely separated segments of the same DNA molecule,
creating a DNA-protein-DNA bridge that excludes RNA polymerase from the promoter.
d The bridging function of H-NS can also form loops in DNA, including the 10- to 15-kb
microdomain loops that contribute to the higher-order structure of the bacterial
nucleoid. The drawings are not to scale.



Struttura della proteina H - NS

The flucrescance of Pro 116 has a role in
H-NS has a Cvs 0109 changes on discriminating betwoon curved
pasihis a-_"pm‘-'{[{gn _ DMA binding and non-curved DNA
21, wheraas Stpd Caornsarting Lew 30 - —
has a Phe, making o Pro blocks E ml?cg'?:ln-;raed
the latter sensitiva dimer formation TWTEKEENP gnily Consen
o the Lon proteass and ONA, binding S . throughout the
., ’ H-MS protain
\ " ~ family
108 16

Higher-order oligomerization
M MNucleic-acid binding o
Dimarization Linker

| \\ A7 &5 ] 137

Arg 12 and Arg 15 contribute to cunwed-
M recognition and DNA binding

La proteina H -NS é costituita da soli 137 AA

Il dominio di oligomerizzazione € localizzato al N terminale ed e
costituito da brevi sequenze diAA (1 -8, 12-19, e 23-47) capaci
di formare 3 strutture ad alfa elica. | linker flesibili che

separano le 3 a eliche permettono alle eliche 1 e 2 di ripiegarsi
facilitando la formazione di oligomeri tra i diversi dimeri



H-NS ed il silenziamento di regione geniche acquisite per HGT

membrane

<D
AT-rich Q O
sequence ‘

<
N V)
O 4 O

chromosome

silencing

(polymerization of
H-NS after initial

silenced

high-affinity O
DNA binding D

protein

Q O

—

nucleation event)

regulatory
integration

(can develop over
evolutionary time)

Il legame di H -NS a regioni di DNA
esogeno ricche in AT silenzia
| Oespressione geni ca.

Loeventual e presenza
regolatrice sequenza specifica con un
elevata affinita per il DNA puo

competere con H -NS per eliminare il
silenziamento e permettere
nuovamente | 0espressi
condizioni specifiche.

In questo modo, la cellula ospite puo
tollerare la presenza di sequenze di
DNA estraneo e in seguito inserire la
seguenza in un network di regolazione
preesistente



a Regulatory gene
Horizontally transferred MJ-\-/-\-/J__LI\-
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tramite HGT

Figure 1 | H-N5 as a gene sllencer. The figure shows a model for the involvement of H-M5 in the
repression of horizontally transferred genes, and how this repression can be relieved. a | A segment of
DMA camying six genes enters the cell as aresult of horizontal transfer. One of these is a regulatory gene
that encodes a transcription activator that is specific for its own gene and the other five genes in the
cluster. The newly arrived genes integrate into the chromosome of the host bacterium (shown in red).
b | Once inserted, the horizontally transferred genes and the ancestral genes coexist as a contiguous
DMNA sequence that is distinguished by the higher AT content of the insertion (blue). ¢ | The H-N5 protein
quickly targets and downregulates the promoters of the genes with high AT sequences. d | This tran-
scription repression can be relieved in numerousways. Changes to DNA structure, particularly the
planar curvature, induced by ervironmental sigmals. such as an increase in temperature, might dislodge
H-MN5. The activator protein encoded by the horizontally transferred regulatory gene (blue) might dis-
place H-N3 by remodelling the DNA near its binding sites through structural perturbations, such as DNA
bending. An activator encoded by a regulatony gene in the ancestral chromosome (red) might displace
H-N5 by the same mechanism. A regulatory relationship between the ancestral activator and the new
DMA sequences could arise by different routes: (i) suitably positioned sites for activator binding might
fortuitously already exist in the horizontally transferred genes; (i the activator protein might evolve to
bind to appropriately positioned sites; (jii) sites might evolve in the horizontally transferred DNA to
which the ancestral activator can now bind; () or some combination of these scenarios might apphy.
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La proteina MukB una proteina SMC like

La proteina MukB e una proteina SMC like ( Structural Maintanance of
Chromosome) presente in molti batteri.

In assenza della proteina MukB i batteri diventano termosensibili e a
temperatura permissiva hanno una crescita ridottissima : si osserva una
decondensazione del DNA ed una perdita del nucleoide ad alta
frequenza.

La proteina MukB svolge un ruolo importante anche nella segregazione
dei cromosomi in seguito a divisione cellulare.

La perdita di MukB e della proteina del nucleoide HU e letale per la
cellula.



cerniera

La proteina Muk B come molte proteine della famiglia SMC ,e

costituita da due domini globulari N - e C- terminali (teste) separati da
2 regione coiled -coil intervallate da una terza regione globulare che
costituisce una cerniera flessibile.

Le proteine MuKB sono omodimeri ed hanno nelle regioni C - e N-
terminali dei domini ATPasici conservati.



ATP-dependent change

Intermolecular bridging
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Thick fiber-like structure

Globular structure

AAAAAA
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Nella forma chiusa la
proteina scorre sul DNA
ed e in grado di indurne
Il ripiegamento.

La proteina MukB
potrebbe legare il DNA
In due punti interagendo
con | domini testa e poi
grazie alla flessibilita
della regione cerniera
provocarne |l
ripiegamento e la
condensazione



e COmp La condensina Batterica costituita dalla proteina
MuUKE homodiones MukB che appartiene alla famiglia delle SMC
hinga proteins ( Structural Maintance of
Chromosome) e dalle proteine MukFE € in grado
di compattare il DNA in presenza di ATP con un

. meccanismo simile a quello osservato negli
euc -
@  (Condensin Cohesin Bacterial SMC
(S. cerevisiae) (S. cerevisiae)
CAM H gl e

gemamn @s
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La proteina Dps ( Dna Binding protein from
starved cells)

forma un complesso costituito da 12 monomeri di
19 KDa

Il complesso Dps contiene uno ione Fe e rende Il
DNA resistente allo stress ossidativo

E0O presente I n alto numero

Silega al DNA a livello di sequenze non
specifiche



DNA looping and l
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Lrp Leucine responsive

. Influenza ala trascrizione del 10%
regulatory protein

dei geni di E.coli e a seconda del
target il suo effetto puo essere
potenziato o meno dalla presenza di
leucina.

| geni regolati comprendono geni
coil nvol ti nel | dacqu
metablismo degli AA oltre a geni di
virulenza quali quelli coinvolti nella

®%  sintesi di alcuni pili.

Lrp riconosce una sequenza consenso
degenerata sul DNA e modifica la
struttura del DNA con il suo legame.

Esiste in diversi stati oligomerici ,
dimero, ottamero o esadecamero.

Ottamero di LRP



The structure of the archaeal nucleoid varies among different
archaeal species depending on the chromatin proteins they express

@ Euryarchaeal nucleoid b Euryarchaeal nucleoid

H. volcani I. kodakare
0 bo 101t P 1580 I‘

444444 P F o8

Alby ramer

a,b | The euryarchaeal nucleoid is mainly organized by histone proteins that bend or wrap DNA, as well

as by Alba that binds to DNA as a homodimer or a heterodimer and that forms looped structures by
bridging two DNA duplexes. In  Haloferax volcanii , histone proteins form tetrameric nucleoprotein
structures that wrap about 60 bp of DNA around their surface (part a). These nucleosomes form a
regular 'beads -on-a-string' structure similar to eukaryotic chromatin. In Thermococcus kodakarensis ,
histone proteins assemble into multimeric forms that cover variable sizes of DNA ranging from 30 bp
(indicative of a dimer binding) to 450 bp (part b).
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c | The crenarchaeal nucleoid is organized by proteins that bend DNA (for example, Cren7 and
Sul7 in Sulfolobus spp.), as well as by Alba that either forms looped structures by bridging

two DNA duplexes or forms stiff filaments by binding cooperatively side by side. The best -
studied chromatin proteins belong to the Alba superfamily, which is widely distributed and

almost universally present in archaea . Alba seems to have an ancient evolutionary history and
considerable functional plasticity . Most Alba proteins interact with RNA in addition to

binding to double -stranded DNA (dsDNA)and have been suggested to function in RNA
metabolism- In euryarchaeal methanogenic archaea, Alba proteins are low -abundance,
sequence-specific dsDNA -binding proteins , whereas in crenarchaeal organisms, it was shown
that Alba is a highly abundant cellular protein that binds to dsDNA without apparent
sequence specificity. Alba assembles into dimers, which are homodimeric or heterodimeric
depending on whether paralogues are encoded and on their relative amounts.


https://www.nature.com/articles/nrmicro3467#ref15
https://www.nature.com/articles/nrmicro3467#ref16
https://www.nature.com/articles/nrmicro3467#ref19

H-NS displacement with nucleoid alteration by sequence
transcriptional activation specific transcription factors

(e.g. ToxT, RovA, SsrB) s ' (e.g. SiyA at pagC promoter)
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alteration of local structure due ) _
by alternative sigma factors alteration of nucleoid structure

by alternative nucleoid proteins
(e.9. v® at hdeAB promoter) fe.a. Fis IHE. HLU. Lro)




Shigella

Ais a Gram negative, facultative anaerobe

Ais an intracellular pathogen

Ais the etiological agent of bacillary dysentery, an
acute diarrheal disease

Acauses 160 million of episodes, determining 1.1
million deaths/year in children and infants in
developing countries.

Infection is spread
via fecal -oral route

Subgrouped i n four osp 4em

AShigella flexneri P {%
P 2R
x“‘

AShigella dysenteriae
AShigella boydii \\
AShigella sonnei
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Model for Shigella
Invasion of the colonic mucosa

Inflammatory cytokines
cascade
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IpaD

IpaB,
IpaC

IcCSA
(virG)

IcsB

Actin
filaments —=

nucleus ®

Proteins involved
IN the Invasion
process are

encoded by
a virulence
plasmid (pINV)
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The expression ocascadeo

FIS ‘
s VirF is ...
vire Aé express€d at 37
Aé is controlled ant
by two nucleoid proteins H -NS
HNS @ icsA (W) (repressor) and FIS (activator)

Yirk

By which mechanism is the virF gene

allowed to be expressed
only at the host temperature?



H-NS is able to bind to and repress virF

only at low temperature

- HNS + HNS

2 4 6 8 1015 20 2 4 6 8 10 15 20

émore precisel
virF transcription is inhibited

L. | g 30C by H-NS only below 32 °C
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