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Iron deficiency < free [Fe2*] < Toxic levels

Intracellular extracellular
<,j ensor | h
responses changes

@ Fur (Ferric uptake regulator)

»Iron uptake and incorporation (siderophores)

»Trigger the production of virulence factors

> Acidic stress response

»Concerted response to oxidative stress
>Intermediate metabolism (aconitase, fumarase)
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How does Fur

work? Active Fur repressor
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The Fur superfamily

Metal availability

Name Co-repressor Organism
E. coli
Fur (ferric uptake regulator) Fe2+ Anabaena 7120

P. aeruginosa

Zur (zinc uptake regulator)

Zn2*

M. tuberculosis

B. subtilis
Mur (manganese uptake regulator) Mn?2* R. leguminosarum
Nur (nickel yptake regulator) Ni2* S. coelicor
Oxidative stress
PerR (peroxide stress response) | Mn®/Fe?* iyif;/:/;fys vis 6803
Heme availability
Irr (iron responsive regulator) Fe-hemo | B japonicum
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Common features of Fur proteins

aCTATTACT

tGATAATGATAATCATTATCa
AGTAATAGE

pl 6-7

E. coli
H. pylori
S. aureus

Consensus H;:X,CX,C

HHHDHLICLDC

HHDHH 1 ICLHC
HHHHHF I CEKC

.— C-terminal domain: metal binding and dimerization

_— N-terminal domain: DNA binding
MW 13-19 kDa

D> <
GATAATGAT | A [ATCATTATC
CTATTACTA | T | TAGTAATAG
—_— — D> <—

ATAAT |G |ATAAT | C |ATTAT
TATTA|C |TATTA| G |TAATA

Consensus N ATA/TAT

They recognize similar DNA
sequences (iron boxes)

Pohl et al. (2003) Mol. Microbiol. 47:903-15
Lee et al. (2006) Biometals 20: 485-499
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Why to study Fur Proteins in Cyanobacteria?

B Nitrogen Metabolism
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Ferredoxin
(a) Nitrogenase Fe (b) Nitrogenase Fe-Mo

Catalase-peroxidase

Oxidative stress defense

-Fur is possibly involved in cyanotoxins production
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Fur Proteins in Cyanobacteria: Regulation and New Roles

SR

Anabaena (Nostoc) PCC 7120 M. aeruginosa PCC 7806

- Identification in the genome, purification,
biochemical characterizacion...

- Structure-function

- When and how (mechanism)
they work? +

l | /Regulatlon

- Which are their functions in cyanos?
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Fur proteins in Anabaena sp. PCC 7120
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Hernandez, JA et al. FEMS Letters, 2004
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Characterization of FurA (Anabaena)

MW (IES)=17259 + 7 Da pl=6.4
( i FurA Anabaena =0 Zn?*
- Lack of structural I(CP-mass —>
metal ESI-mass Fur E. coli = 2 Zn2* (positive control)
-Activity assays: _ o N
_ - - Oligomerization ability:
-FurA binds to specific DNA sequences Involves S-S bridges
- Mn2+ and DTT are positive effectors
¥ o« & +DTT
FurA - O - ,o/\xo/\xé\?’ 1234 5 67
Tt
o
O — T

e ‘4—D

Pfur —=»|f" 2= w._w'

Unspecific
DNA

Hernandez et al. Biochem.J., 2002

Molecular Bioenergetics of cyanobacteria. ESF-EMBO, 2008



Identification of FurA-protected sites
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FurA binds heme in vitro and impares FurA-DNA interaction

A Absorbance

FurA
Mn?>* l
Heme
| 1 1
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Hernandez et al. FEBS Lett, 2004



Are Fur proteins interregulated?
FurB binds to P,,., AR
W<

FurA FurA+ FurC

- A B C ABACBCABC
FurB FurB+FurC

But FurC influences in the ability
of FurA and FurB to bind DNA
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Transcriptional analysis of furA

fur alr1690
1 kb

all1692 all1691 alri690
by Jur )y

556 pb 130 pb

1251 pb 456 pb 1137 pb
> < > < » <
PA777

Assays performed several times using new probe and/or new RNA
Lack of signal using furB y furC as probes

The 2.2 kb signal appeared probing with alr1690, but not with sigC

“Molecular Bioenergetics of cyanobacteria. ESF-EMBO, 2008



Northern blot analysis of mutants in regions flanking furA

furA alr 3 alr 57
V\../,_.T...JAHl.__J_AH?’ WT JAH1 JAH3 WT JAH1 JAH3

2.2 kb»
2.2 kb

0.6 kb»

rnpB rmpB |
JAH1 JAH3 1 kb
(ups.furA::cs3)  (alrl690::CS3)
CS3 CS3
Stul Dral Hinlc” Stul EcoRV
—|—L sigC ! N alri69
> <
alr3” alry’ 22 kb
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The 2.2 kb signal is an antisense RNA (a-furA RNA)

furA

JAH3 strain

1 kb

A

rnpB -

JAH3 cells show:

v' Higher FurA expression

v  Lower iron content in cells
wt = 1326.9 ug Fe/ g células

H3 = 830.65 ug Fe/ g células

FurA

25 ug 12.5ug

lug 0.5pg

wt JAH3 wt JAHS3

g S—

Hernandez JA et al. J.Mol.Biol., 2006
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Nitrogenase reductase

Dinitrogenase HXPOTheSi S:
Nitrate reductase
Nitrite reductase +Iron and N meTaboIism are
GOGAT

rerredoxin | iNTeErregulated

Is FurA involved in the network that
controls nitrogen metabolism ?

-Is FurA expression dependent of N status?

-Identification of Fur-regulated genes involved in
N metabolism
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Influence of nitrogen deprivation in the
transcription and translation of furA

Is NtcA Involved in the

o CSE2 modulation of furA?
—N _N
NH,3 6 9 24 NH,*3 6 9 24
WT
2.2kb e i N
> :i»;,w,g G

NH* 6 9 24

0.6k | 1 L e
| « 0.35kb
CSE2  -N

L el el [

Lépez-Gomolldn et al., Microbiology (2007)
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Does NtcA bind to P, ?

NtcA
‘

EMSA -
footprinting

NtCA-Ps, A

I:)furA

Competitor
DNA

~TGTTAATAATAAGCATTGTTACTAGGTTTTT
GTAGGTGATT TTCACTA.. ..TAATAAATAT TCTCA,%I'AA

NtcA

+

T R

|
 REREEREERRRERR
Chb e

tspy

| CTCAATTAAC

|
GCAATGTTTG | TTGCAAATCA CTCCAAATAT TTGTTATATT

AAGCTTTGTT GAGAAAAATT AGTATGACTG TCTACACAAA TACTTCGCTC AAGGC

Met Thr Val Tyr Thr...



Expression of furA is strongly enhanced in heterocysts

PfurA—GFP Pfu B—GFP
A —Anagbaena sp. PCC 7120 contamning pCZS825 '

I'-"\.l ._l;‘:

T120 contaming pil A526

P 1, -GFP

C —Anagbaena sp. PCC 7120 contauie g s.5.2 1

%G% 3
%%Gr
t = 24h
"“ _ﬂﬁ _Seonet
T [
t="7d

Lopez-Gomollon et al. Microbiology, 2007



FurA binds to the promoters of key
genes involved in nitrogen metabolism

ginA (glutamine sinthetase) 2€-
ADP‘\/’ GLUTAMINE V 2-OXOGLUTARATE
Gateway of ammonium | S e
to carbonated skeletons | ,/\\
ATP I GLUTAMIC GLUTAMATE
INITROGENASE | NH.
N=N nifJ (piruvate-flavodoxin
— oxido-reductase)
pyruvate + CoA 2NH 3
ADP +Ha
reducing e quivalents - H D- HE% D H U S }[iSF rd?{NEI
TTkbp [ HHH H+M—~
) . Yegetative wokbp
xisA (excisase) =—p
Heterocyst ——H—-—3-H—H+—3—
k. DD H U 5 fdeM B
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How important is the overlap between both regulons?

"Molecular Bioenergetics of cyanobacteria. ESF-EMBO, 2008



| e ~

ldentification of gﬂepes modulated by FurA & NtcA

Metodology: = LOW cost mic S
- FurA is essential for the cell )(
. =
<

1.- Experimental identification of target sequences

of FurA in Anabaena (P;, , and Pz)

- l _:.— -

’ isiB (site 1) *—L

[caarg| c [TTarT| g [ARaTA| & [ATaTT| ¢ [AALAA] g [TTaAC] € _-!__ - CO ns %n SUs

. a _ : — - i
isiB (site 11) 24 PSSM-matrix + O PATSER
[rean] e[ aacra] | vrant| o|crann) e [aecr cfancarf a [ rcecn| e [aceat|a "::_,.: CUT-OFF: mean + SD
® e —- l
< fund e > 2.- Computational prediction
MTA'T [rrgre|A fratzc|r |§AaTT|A |ACaA§| Of p Otentl al targ ets
furA (site 1) y -t E *
[pres] = azecr] ¢ paean] s faans] e frrgre] 3.- Experimental validation
e | J (PCR+EMSA)
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Computational prediction of genes modulated by FurA & NtcA

Regulatory regions of 123

genes. 54 promoters

-108 bearing binding sites for —OE=1 PATSER | potentially

NtcA (*) CUT-OFF: mean + SD regulated by FurA
: & NtcA

-The other 15 were likely to be

under the control of both 1

- - f . . H 1
transcription tactors 30 Regulatory regions were amplified by PCR

and tested by EMSA using FurA & NtcA

R S R - R Sl PR P

.'f:w-u

MNon
specific
DMNA,

prbci ng:a.r pﬁa.rm pg-‘ri—‘ P.‘.".'CA Px:s.ﬂ.

“Molecular Bioenergetics of cyanobacteria. ESF-EMBO, 2008 (*) Su et al. NAR, 2005
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c GO G INTERACTS WITH INTERACTS
ATEGORY ENE FurA NtcA CATEGORY GENE WITH
furA Yes Yes FurA NtcA
Fur family furB Yes Yes trxA Yes Yes
furC Vo Yes Biosynthesis of ftrC Yes Yes
ntcA Yes Yes CquCtorS’ trxQ Yes Yes
Nitrogen prostetic groups :
Metaboli glnA Yes Yes and electron all2367 S Vs
etabolism gltS Yes Yes carriers alr2205 Yes Yes
nifH Yes Yes gor Yes Yes
Nitrogen nifJ1 No Yes Translation hanA Yes Yes
Fixation nifJ2 Yes Yes Transcription sigC Yes Yes
XiSA Yes Yes dpsA Yes No
— Others
iSiA Yes Yes alr1690-a-furA Yes Yes
isiB Yes No
rbcL Yes Yes
prk Yes Yes N | _ d
Photosynt. osal Voe Voe From the 30 regulatory regions tested,
& - y v 27 bound to FurA and NtcA.
Respiration pS es es
coxB2 Yes Yes
all1127 Yes Yes
ndhF Yes Yes Blue boxes show FurA and/or NtcA
petH Yes Yes targets reported for the first time




Is Fur involved in the regulation of microcystin ?
Hypothesis: '

+Iron can be one of the main factors
controlling microcystin synthesis

Microcystis PCC 7806

Microcystin LR/ Total Protein
50 |
PEJ 40 -
- 2 =
X o |
5% O+Fe
£ g 20 - O-Fe
£3 .,
0l :
0 2 4 8 10 12 14 S)_/nthe5|s_of
Time (days) microcystin

H H FEI
MIGROGYSTIN " N M
HN H H NH
HG
H H f H,
H .9 " !

OO _ :
1 1 Fe ) R oS ) XY ,;? %\N
X o T b




Fur recognises and binds to mcy promoters

b !
o e

'Promoter region KOI ) (uM)
mcy%@l 0.28+0.03
meyDg 0.3640.94
mcyH 0.48+0.03
mcyG 0.60+0.07 |
mcyE 0.77+0.03 |
mcyJ 1.53+0.1 |

Fur
(LM)

A e

[Fur-pmcyDA] [Fur-pmchA]

Martin-Luna et al. Phytochemistry, 2006
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Conclusions (I)

The regulation of FurA is complex

L - Transcriptional level
Heme FurC
& sl - Post-transcriptional
/ 4
»/ FI ] - Post-translational Mn*’
FurA @@ /ur' E'l:\'e
s “furA
NtcA /'|||||||||||||||H||||||||||
-

a-RNA furA

FurA is involved in the regulatory network
that controls nitrogen metabolism

At least 27 genes seems to be coordinately
regulated by FurA and NtcA

Molecular Bioenergetics of cyanobacteria. ESF-EMBO, 2008
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Conclusions (II) Fa2+
Oxidative stress
Efectors | < NH, /N,
Heme
\.
_ Synthesis of
Synthesis of _ | flavodoxin, IsiA
siderophores
/ “\ Modulation of
GS

Synthesis de NADH-

: Heterocysts differentiation
Dehidrogenase & sub.

: Modulation of the
Synthesis of PSI, PSII, cyt oxidative stress response:
subunits, soluble e- carriers Mn-SOD, trxA

Fe-SOD.

Mcy operon

To be continued...

"Molecular Bioenergetics of cyanobacteria. ESF-EMBO, 2008
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