Transcript profiling reveals new insights into the acclimation of
Synechococcus elongatus PCC 7942 to iron starvation
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Iron deficiency severely limits biomass production
In otherwise nutrient-rich habitats

Falkowski et al. 1998
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Iron deficiency often severely limits biomass production in otherwise nutrient-rich habitats.
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|di and Isii proteins accumulate under
LoFe growth conditions




Acclimation to iron starvation — Part |: IdiA

WT: iron-deficient Lax e{ al., 2007

WT: iron-sufficient
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IdiA protects the acceptor side of PS |l against oxidative stress,
especially when this stress is caused by iron-deficient growth conditions.



Acclimation to iron starvation — Part II: ISIA

IsiA has been assigned different functions besides the formation of an membrane-integral
Chl a-containing light-harvesting antenna around trimeric PS | complexes of LoFe cells.




|dentification of idiC/IdiC in S. elongatus PCC 7942 =

4744
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» The gene idiC is part of the iron-regulated idiB operon together with idiB and orf6. 1diB
encodes the transcription factor of idiA and orf6 encodes a yet uncharacterized protein.

» The gene idiC consists of 561 bps and overlaps by 3 bps with the upstream orf6.
» The gene idiC contains no detectable transcriptional start or termination sites.

» All attempts to insertionally inactivate idiC by interposon mutagenesis created
merodiploid mutants.

» The gene idiC encodes a soluble protein of 20.5 kDa, a pl of 9.17 (18 D/E and 24 R/K).




IdiC is a thioredoxin-like [2Fe-2S] ferredoxin

S. PCC 6301 ALELCDRLQA----EAKTC----AVEVRTRG
NuoE E. coli KGSEALLKALEKKLGIKPGETTADGKFTLEPVEQLG
PetF2 S. PCC 7942 GSTATILAAFQA----QAPA-—---- DVEVRQAG(
PetF H. NRC-1 AEGAPAVLERLRQ- - --EARDADE-DSLRVTRTSQ
HoxF S. PCC 6301 --3-VTKAVQQ----TIADQNLGDRCEAVSV{gnf

B. VPI-5482 ----T0GGTGCKASSS 13
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- Kk * ke -k
IdicC ELCDRLQAEAKTCAVEVRTRG ———————— G QGINVRRSSDNQILSQLSPQAAAEL 170
NuoE GIQAALEKKLNIKPGQTTFDGRFTLLPT G KGPNMMIDEDT--HAHLTPEAIPEL 161
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IdicC LSPWRTPAVVSGTAVG 186 .
NuoE LERYK--=-======== 166 RH : NuoEFG :
* - . 2 E
IdiC-similar proteins are present in: |
* S. elongatus PCC 6301 * Nodularia spumigena R NuoAJKMN
» S. elongatus JA-3-3AB * Lynghia sp. PCC 8106
» S. elongatus JA-2-3BA (2-13) -+ Nostoc punctiforme NDH complex
* Anabaena variabilis » Crocosphera watsonii WH 8501
* Anabaena PCC 7120 * Gloeobacter violaceus PCC 7421

* Trichodesmium erythraeum  * Thermosynechococcus elongatus BP-1




Model of IdiC-mediated photosynthetic cyclic electron transport
around PS |'in' S. elongatus PCC 7942

NOTE: S. elongatus PCC 7942 contains neither a
ssr2016- nor a slr1206-similar gene (Matthijs 2005).




Physiological conseguences of acclimation to LoFe
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Transcript profiling with S. elongatus PCC 7942 WT,
the IdiB-free mutant K10, and the 1diC-merodiploid mutant MuD

4744
bp 3221 3464 4090 4187 4747 5004 5239

il ¢ >y

idiB (orf4) idiC (orf5)  orf6 dpsA
| — |diC
|diB
|diA
+Fe -Fe +Fe -Fe +Fe -Fe
WT IdiB-free Merodiploid idiC
mutant K10 mutant MuD

* The IdiB-free mutant does not express IdiB but still contains
high amounts of |diC under iron-limiting growth conditions.

* The absence of |diB prevents expression of IdiA.

* The idiC-merodiploid mutant MuD has severely reduced
concentrations of IdiA, 1diB, and IdiC.




Transcript profiling of S. elongatus PCC 7942

24 h Fe-deficient vs. 24 h Fe-suyfficient growth
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Transcript profiling of S. elongatus PCC 7942 vs. LoFe cells
identified six iron-reponsive genome regions
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The irpAB operon and somB(1)
are transcribed in elevated amounts under LoFe

26 2'ir 085 26 249 18 26 25?51 26 26584 262 ?4 17 262 8250 262 9083 S?

=
¢ 1 < | <j —_ —
1458 1459 ycf3d irpB Sbpoverap ;. somB(1)
52-fold increase

WT 24 h LoFe: 7.5-fold increase

23-fold increase

Q irpA: Membrane-associated iron-regulated protein A with %‘ ﬂ:)
miscellaneous function.

Iron
Q@ irpB: Multiheme c-type cytochrome with two heme-binding sites.
Heterologous expression causes immediate growth arrest!

IrpA

@ somB: Outer membrane protein, which probably forms porin-like
[3-barrel structures and which might also connect to the S-layer.

Iron




25694[}1 25 ?0?33 25?2065 25? 3397 25?4?29 2576061

1405 futC futB mapA
WT 24 h LoFe: 5-fold increase 2-fold increase

Iron
@ fut operon: Ferric iron uptake transport system and is
widely distributed in different genera of cyanobacteria.

FutC

@ mapA: MapA partly resembles periplasmic solute-binding FutB

proteins and thus, is likely to belong to the Fut system or
another iron uptake system.

Iron




LoFe induces expression of a novel iron transporter

571395 5?2 645 5?3 895 5?5 145 57 6395 577645
1

>|r_3bpr—<

2076 2077 pgam ackA wecad

WT 24 h LoFe: 4-fold increase

Q@ ftrl: Ftrl is part of a high-affinity ferrous iron transporter first
identified in yeast.

Iron




The suf operon is transcribed in elevated amounts under LoFe

22E}I?'51 222251 223751 225251 226751
1 1
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sufR ftrC sufC sufD sufS merR

2-fold increase 2-fold increase

WT 24 h LoFe: 3-fold increase

@ suf operon: The suf operon encodes an [Fe-S] assembly system. SufR is the transcriptional
repressor of the suf operon.

Q@ ftrC: FtrC corresponds to the catalytic B-SU of the Fdx:Trx reductase.

@ merR: MerR is the transcriptional regulator of the mercury resistance operon.



ISIABC are transcribed in elevated amounts under LoFe

17364 16864 16364 15864 15364 14864 13864
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WT 24 h LoFe: 26-fold increase 62-fold increase  68-fold increase

Q@ iSIA: IsiA, the iron starvation-inducible CP43’ analog protein
modifying PS | complexes during selected stress conditions.

@ iSiB: Flavodoxin, which substitutes for the loss of ferredoxin in the
course of iron starvation.

Q@ iSIC.: IsiC, a putative hydrolase with a typical B-fold. Its function
remains enigmatic.




6688?3 669506 6?0339 6?’11 72 9 6?’2005 6?’2838 673676
[ ]

i

3 bp overlap
fur(2) dpsA idic: idiB icliA

18-fold increase 19-fold increase 75-fold increase

WT 24 h LoFe:

12-fold increase

the acceptor side of PS |l against ROS.
Q@ idiB: HTH transcriptional activator of idiA and the |diB

regulon.

Q@ idiC: (Fe-S) thioredoxin-like ferredoxin with similarity to
NuoE.

@ orf6: 10 kDa hypothetical protein with miscellaneous
function.
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Acclimation to LoFe changes acetate metabolism

571395 5?2 645 5?3 895 5?5 145 57 6395 577645
1

3 bp spacer
2076 pgam wecad

3-fold increase

WT 24 h LoFe: 5-fold increase
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@ pgam: Phosphoglycerate kinase catalyzes the

1,3-PGA

conversion of 3-phosphoglycerate (3-PGA) to soon e
2-phosphoglycerate (2-PGA). ] F'IG Am@

@ ackA: Acetate kinase A catalyzes the formation Con— TV con
acetate and ATP from acetyl phosphate and ADP. - Reatyicon —SZ acayiphosphat

KADP

TCC ATP
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Comparative transcript profiling of the IdiB-free mutant vs. WT
identified novel members of an IdiB regulon

Members of the IdiB regulon:

irpA ftrl idiA pgam
irpB ackA
somB
SOmA

== _=Ala=T==x PN . i
- N M S 0N O MO OO0 -~ N M S 0D O NN O OO0 - N
5 - - - - ™ ™ ™ ™ ™ ™ 040 N ™ -

weblogo.berkeley adu

IdiB-binding site consensus sequence




Reduced cellular IdiC concentrations predominantly
affect transcripts encoding proteins of the photosynthetic apparatus

&
& 5 g . $ ] Fé Transcripts specifically affected by the
FESS 856 s reduced amounts of IdiC in mutant MuD
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Summary — Part |
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Summary — Part Il

@ Transcript profiling of the IdiB-free mutant identified of novel members of an |diB regulon:

idiA, irpA, irpB, somB(1), somaA, firl, ftrC, ackA, and pgam.

@ Transcript profiling of the idiC-merodiploid mutant MuD showed that LoFe combined w/
low IdiC concentrations predominantly resulted in a higher decrease of the steady-state
level of transcripts encoding proteins of the photosynthetic apparatus — especially of PS .
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