Analysis of Molecular Mechanisms for Adaptation of Aspergillus fumigatus to Iron Limitation
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Aspergillus fumigatus
opportunistic fungal pathogen
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Is A. fumigatus fpnA involved in iron

Does human fpnl mediate iron export
in A. fumigatus?

RIUYY 1239V
- 3 SNRNP localization Has domain(s) with
Annotation
AfuSg12920-T
Afu5g12620
Putative iron-requlated transporter
Transc I’i p tome istant strains - 29.9+ltra (unique) Coverage |

us

us

A. fumigatus CMEKLAATANTVAVERDWVIIVADTLAIERQDLNASMRRIDLFCKLVAPVVISLVDGLSTKV-AVWTVLG---VNALSVE  jyonsin: perween all three species
H. sapiens NIANLASTATATTIQORDWIVVVAGEDr sKLANMNAT IRRIDOLTN I LAPMAVGOIMTFGSPVIGCGFISG-—-WNLVSMC h
B. bacterioverus VMASLGSQITDISVGNDLAPSLVAPE--KLTQFNSWLRRIDLATEVGAPILAGTLFAFHPaqlPLAGLFLIGLWNLISFV
Amino acid identity:
A. fumigatus IEYTATAQVYNAIPELVRTASVPTDDG----FRAVEDAREHPT--ANQKGI IKSATHLVKRAASP-——————————————~
H. sapiens VEYVLLWKVYQKTPALAVKAGLKEEETELKQLNLHKDTEPKPLEGTHLMGVKDSNIHELEHEQE E e D e A, fumigaius B. bacteriovorus 5. cerevisiae 5. pombe
B. bacteriovorus PEYFLLKNVI------- OKSGLKVEKA--LAQVQSWKETFQIKLHGS — === ——— = — = m e mm e e e e e e e e e [ H. sapiens 25 % (344 aa) 26% (340) ]
A. fumigatus -WRQYVASPVFLASFALSLLYLTVLSFGTTMVTYLLH--MGFDPLQVSCMRIGAVLAELSGTWAAPFIMGRIGPIRSGLW Highly conserved in all A. fumigatus strains.
H. sapiens gWVSYYNQPVFLAGMGLAFLYMTVLGFDCI TTGYAYT-~0GLSGSILSI LMGASATITGIMGTVAFTWLRRKCGLVRTGLT Highly conserved in most Aspergillus species.
B. bacteriovorus —---- FADPIFWLILSYALLWLSVLSPHGVLLAAYLKdeMRLPEAEIGLFRGLGAVFGLISTVSFPYLVRQLGLIRSSRW
A. fumigatus FLNWQLGCLATAAVAFA - ————————m——m—mm——mmmmm e mmm e m e m e LYDSNSR-—————————————— LVAV
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A. fumigatus SLIL-GVALSRIGLWGFDLSVOFLVQEGVEEDTRGRFS STEMGVONVFEMLSFATTVVFPLPEQFKYPVFISYGATALAR
H. sapiens SLLFAGVIAARIGLWSFDLTVTOLLQENVIESERGI INGVONSMNYLLDLLEFIMVI LAPNPEAFGLLVLISVSFVAMGH
B. bacteriovorus YVFLGCILLSRVGLYGFSNGEFELRQRLIPEGRRGELNSLSSLMTTSATLILFAAGSLLPRTEDFKYLVYLSLIAVLVAN
A. fumigatus ICFAAYVRKERGHLLHI SRCHWGGD--KMRRSYQVLEPGGL-—m—=mm~
H. sapiens IMYFRFAQNTLGNKLFAC---GPDakEVRKENQANTSVValevl fqg
B. bacteriovorus VVFIKWSSRQ-GAPLRSAEPVEP-————-—-————-—mm—m— e e
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Biomass production and siderophore biosynthesis analysis of the generated mutants
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Background

invasive
' pulmonary :
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disease in humans

unsatisfying diagnostic and therapeutic
possibilities are reflected in a high mortality rate

(www.aspergillus.man.ac.uk)

iron acquisition plays an important role in pathogenicity

- iron is essential for both host and pathogen -> battle for iron
- mammalian host employs iron withholding mechanisms

Gene for functional analysis
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fpnl (Homo sapiens)

export?
fp ni pxylP-Ven us’ fp ni pxylIP

AFUA_5G12920

fpnA (Aspergillus fumigatus)
AfpnA , fpnA pr/P’ fp nAPxyIP-Venus

protein that shows homology to the
mammalian iron exporter ferroportin

(fenA)

Methods

Study Scheme: functional characterization of gene functions in A. fumigatus
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pib2

Does pib2 link TOR activity to iron
availability in
A. fumigatus?

Afulgl7070

pib2
Ap/bZ, pinprIP/ pinprlP—Venus

Homolog of the yeast phosphatidylinositol-3-
phosphate

binding protein pib2,

which regulates TOR activity in S. cerevisiae

Results

The A. fumigatus genome encodes a ferroportin homolog
however, with partially wrong exon/intron prediction
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New annotation:
MASQVDMNSHQEDLLEPTEALLEreappdvRTTRTASSRSVLIRIYVSHFLSTWNSRMFEFGAVLFLASIFQGTLLYASIYALVRSASAVVLSSWLGSKMDRSNRLVATRHSTIVWQRVPVAVSCcACEVAL
LMPSFRESEPLASGLFLAVVLLACMEKLAATANTVAVERDWVIIVADTLAIERQDLNASMRRIDLFCKLVAPVVISLVDGLSTKVAVWTVLGVNALSVFIEYIATAQVYNAIPELVRTASVPTDDGFRAV
EDAREHPTANQKGIIKSAIHLVKRAASPWRQYVASPVFLASFALSLLYLTVLSFGTTMVTYLLHMGEFDPLOQVSCMRIGAVLAELSGTWAAPFIMGRIGPIRSGLWELNWOQLGCLATAAVAFALYDSNSRL
VAVSLILGVALSRIGLWGEFDLSVQFLVQEGVEEDTRGRFSSTEMGVONVFEMLSFATTVVEFPLPEQFKYPVEFISYGAIALAAICFAAYVRKERGHLLHISRCWGGDKMRRSYQVLPGGL

Comparison of ferroportin homologs

MASQVDMNSHOQEDLLEPTEALLEreappdvRTTRTASSRSVLIRIYVSHFLSTWNSEMFEFGAVLEFLAS IFQGTLLYAST
MSTRAGDHNROQRGCCGSLADYLT------=—==———=—— SARFLLYLGHSLSTWGDRMWEFAVSVEFLVELYGNSLLLTAYV
—————————————————————————————— MSMEVOSLFRIETQLLVGRLLTRSGDOAWDFVVPFALLVIFPGELOVAAE
YALVRESASAVVLS SWLGSEMDRSHRLVATRHS IVWQRVEVAVScACEFVALLMPSFRESEPLA-———-——— SGLFLAVVLLA
¥ELVVAGSVLVLGAI IGDWVDENARTLEVAQTSLVVQNVSVIL---CGI ILMMVEFLHKHELLTmyhgWVLTSCYILIITIA
¥YYLIVKIGTFLLTPSSGEWIDTHPRIOVVEWGVWIQFFATLAG-MVFFGMLDNLIRDGGRDS——--WLLPVLEVALAL SG

Identity between H. sapiens and A. fumigatus or B. bacterovorus
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Northern blot analysis indicates that pib2 is not involved in TOR-mediated iron regulation
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- pib2 transcript level is higher in +Fe compared to —Fe
- pib2 transcription is induced within 15 min. in response to iron exposure (HapX)
- pib2 transcripts are missing in Apib2 mutant.

- Lack of pib2 has no significant impact on TOR-regulated rib5 and rsp6 or iron regulated acoA and mirB

- pib2 is xylose-inducible in pib2°¥"P and pib2P*/P-Venus jn —Fe and +Fe
- pib2 overexpression has no significant impact on TOR-regulated rib5 and rsp6 or iron regulated acoA and mirB

Role of Pib2?

Fluorescence microscopy indicates intracellular localization of fpnAr*¥Y/P-Venus gnd fpn1rxyIP-Venus

fp nA pxylP-Venus
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fp nil pxylP-Venus

Brightfield Venus

Conclusion

* Deletion or overexpression of fpnA, fpnl and pib2 did not impact growth on plates under different iron
availability.

* Interestingly, lack of fpnA increased extracellular siderophore production indicating increased iron
starvation, which is inconsistent with a role of FpnA in iron export.

* Fluorescence microscopy indicated intracellular localization of Venus-tagged FpnA, which might indicate a
role of FpnA in intracellular iron trafficking.

* Northern blot analysis confirmed iron regulation of pib2 expression and indicated that lack of pib2 does
not significantly alter the regulation of the ribosomal protein encoding genes rib5 and rsp6, which suggests
that Pib2 is in contrast to S. cerevisiae not involved in TOR-mediated regulation.

The exact functions of FpnA and Pib2 still remain elusive.
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