Journal Club No.478 December 1, 2009

‘BoTWND” £EAREBEFZECTHOFEE
IR E A

WAMRA N ) DFREOFEER N E Y 7 ZAD—2L LT IKR#MER T2 W TE 5,
BEIC EOMERT ) ARSIV, £ OREER, Fox O TPRBAZEDNITEE SEO IR ED
EARBEFHOFERH LN > TnD, LOLRR L, ZORPEITET OEREOE:
BRUETIE RO REBIZHD ZERMOBNTND, £ WO mBIRTIZT 7 AT D8k~
T Ta—FNRLA LI, KT, B TERAEOHERELETLZ LY., {LAEYORE
WZRRZY L 72BN iE ST b (B0 JC#460, 462), Alalixzhn b &134e< B 5 51T,
IR > 7285 T OIEMALIZREI L TV D O TEY 5, MAEHOILERIZE S, (k& D4k
FEHEZ ST LYV TIE L7 DIIID TORITH Y | JEHtED > 757 TlidZe <. Pt
H7e M AEAERNEOFEICED > TND Z EAVRIBI N TE Y | FEFICHEBRE N,

#B ST 53X
“Intimate bacterial-fungal interaction triggers biosynthesis of archetypal polyketides in Aspergillus
nidulans” Schroeckh, V., et al., Hertweck, C., & Brakhage, A. A. (Leibniz Institute for Natural
Product Research and Infection Biology—-HKI, Jena, Germany)
PNAS, 106(34), 14558-14563 (2009)

4=

N CIE SRR ETENE 2 BT 22O/ FACEN Z EFET D, LALRD S, I EDORS
J LEFNOREFC KD, b DA D IR PE A PERE A/ N L CTW e 2 & S
27 oo, EiUE, < OGS HBE R ET OFEBRETHO O DREELRMTIX “IRoT
W57 T THhY, D OBEFIHIMNEMALT BN RS2 8 D5 2 L iE, EE
RBEO—DOTHDHEEZD, BxiZZxZT, T NVRIRETH D Adspergillus nidulans %
58 FREH D HHEHOIR A & ks U, BEMITIC LY . 1 E L HIEOMEIERN D o — Rk AHhE
B2 FrBANTIEM LT 2 2T L 2R Lo, B & Z LT, BT R & E BBl Rk
FiL, ME L H COEROER: LT MBI EAER N, FERNIEEEFHRT D DICNET
HHZLEERBL TS, B HHEERICLY, BENFEINTLEBLE 7 7AX—DUE
DM, orsellinic acid & ZDOBE LEMDOAEGEEH > TND Z & 2R LTz, LLEORER
X, RAA U ORL DAY CORRNMAEROFEZIEA L TR Y, JritEo > 7
NRFIZF TR, MBI EEN S 72, AR Oa I 2 =7—va B TNT “IR-
72" AR T ORBFEIC &K EH > T D AR A SRR L TV 5,



Journal Club #478, Naoki Kato, Dec 1, 2009

Another way to activate silent gene clusters

“Intimate bacterial-fungal interaction triggers biosynthesis
of archetypal polyketides in Aspergillus nidulans”

Schroeckh, V., Scherlach, K., Nutzmann, H.-W., Shelest, E., Schmidt-Heck, W.,
Schuemann, J., Martin, K., Hertweck, C.* & Brakhage, A. A.*

Leibniz Institute for Natural Product Research and Infection Biology—HKI

PNAS, 106, 14558-14563 (2009)

Many biosynthetic genes, few products |

Thousands of micobial
genome sequences

Genes typlcally involved in
secondary metabolite production
(PKS, NRPS, etc.)

Most of the genes remain silent under standard laboratory conditions...

ex.) a model fungus Aspergillus nidulans

46 predicted biosynthetic >S Products of 9 gene
gene clusters cluster identified

Ectopic expression of pathway regulators
Epigenetic methods (histone MT, HDAC, SUMO)

It is important to understand the physiological conditions
under which such dormant genes are activated.




What are the triggers to elicit
silent biosynthetic pathways?

Communication between organisms could be the trigger for the activation.

microbial world is probably pheromones, predator-prey molecules,
“chemistry”-based. metabolites of symbiotic associations, etc.

A common language in the : Huge natural product diversity

This concept has been applied to screen natural products.
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J. Nat. Prod. 70, 515-520 (2007)

However, most of such studies are empirical and at chemical level.

Objectives

To monitor the induced expression of silent biosynthetic gene clusters
in the model fungus A. nidulans systematically by microarray-based
approaches.

To examine whether the induction is triggered by the interaction
between the fungus and actinomycetes sharing the same habitat.




Cocultivation experiments

Heelliiti=l  Conidia of A. nidulans wild-type strain
Inoculated into 100-mL minimum medium (108 conidia per mL)

Collected by filtration
Transfer to 100-mL fresh minimum medium

Co-culture

Added 5 mL of a freshly prepared actinomycete culture
Incubated at 37°C with shaking

—> 3 h RIS CINEERENAES

Microarray (ASMA, full genome), Northern blotting, & gPCR

e 4VZ 30l HPLC analysis of metabolites

Transcriptome analyses (1)

V< 588 -

A. nidulans 58 soil actinomycetes
(—See page 16 for list of actinomycetes tested)

Expression analysis using ASMA

ASMA (A. nidulans secondary metabolism array)

» Comprising genes encoding backbone &
tailoring enzymes + regulatory genes

» 25-mers corresponding to 3’ half of each gene
were spotted in hexaplicates

J

Only a single strain specifically induced the fungal gene expression.
L Streptomyces hygroscopicus ATCC 29253

2 backbone genes, AN7909 and AN7884, were up-regulated.
PKS NRPS




Transcriptome analyses (2)

Full-genome microarray

l » 248 genes were up-regulated and 147 down.

» Most of the genes located near AN7909 and AN7884
were up-regulated.
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(—See page 17 for detailed information of the gene products oF AN7874-AN7914)

Northern blotting

l » Induced expression of the whole region with some exceptions

(—See page 18 for Northern blot analyses of this region)
gqRT-PCR

» The specific induction of the biosynthetic gene cluster from
AN7909 to AN7914

ANTER

Activation of the biosynthetic gene cluster
from AN7909 to AN7914

Full-genome microarray gRT-PCR
Northern blotting

An only An + Sh
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A distinct fungal-bacterial interaction leads to the specific activation
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of fungal gene clusters.




Next question is ...

% x » What causes the specific
activation?

A. nidulans S. hygroscopicus

Only a single strain specifically
\induced the fungal gene expression./

New metabolites? AP - |

The biosynthetic gene cluster from
AN7909 to AN7914 was clearly

\ up-regulated by co-cultivation. J

What caused the specific activation?

Expression analysis of the PKS gene AN7909 (orsA) by gRT-PCR

Relative quantity (2-44ct)
1 101 102 108 104 108

An alone
Co-culture with Sh

Culture sup. of Sh

Co-culture with Sh
(1/100 vol.)

Sh in dialysis bag

(1/100 vol.)

Culture sup. of co-culture
(WT of An + Sh)

Culture sup. of co-culture
(AorsA of An + Sh)

X Diffusible small molecules

Vi) } Non membrane-permeable signal molecules
Compounds only produced in co-culture
I

The fungal response appeared to depend on the direct contact with the bacterium.




Scanning electron microscopy
of the co-culture

A. nidulans alone

A. nidulans cocultivated with S. hygroscopicus
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Magnify

Intimate physical interaction of the bacterium and fungal mycelia was observed.
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Next question is ...

~
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A. nidulans S. hygroscopicus

Only a single strain specifically

=

Kinduced the fungal gene expression./

New metabolites?

The intimate physical interaction was

K required for the induction. j

The biosynthetic gene cluster from
AN7909 to AN7914 was clearly

K up-regulated by co-cultivation. /

1




New metabolites?

HPLC profiles of the culture extracts under the conditions I-VII

A - A ;“ 3 An only
3
N___’LL
I Co-culture with Sh
LU - r —— 3 Culture sup. of Sh
v A A Co-culture with Sh (1/100 vol.)
W el Sh in dialysis bag (1/100 vol.)
vi J\ S Culture sup. of co-culture (WT of An + Sh)
Vil hﬂ A Culture sup. of co-culture (AorsA of An + Sh)
'Iﬁ v IE 'i:l 2I3 2"5
time [min]

New peaks (1-4) were detected only when A. nidulans

—> could interact physically with S. hygroscopicus.

12

Orsellinic acid and related compounds |
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Orsellinic acid (1)  Lecanoric acid (2) F-9775A (3) F-9775B (4)
A typical lichen metabolite Cathepsin K inhibitors
(2 57)

Knockout experiment of the PKS gene AN7909 (orsA)

a— S A An WT only

2
4 3 N
b An WT with Sh

An AorsA with Sh

12 14 18 18 il 2 o =

The PKS gene is required for the biosynthesis of 1.

Compound 1 serves as a biosynthetic building block for 2-4.
13




Summary
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A. nidulans S. hygroscopicus

Kinduced the fungal gene expression./ \ required for the induction.

Only a single strain specifically The intimate physical interaction was

/
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The ors gene cluster was clearly
up-reaulated bv co-cultivation.

Orsellinic acid and related compounds

L Co-cultivation systems will provide a new strategy for activation
of silent biosynthetic gene clusters. ...Is it true?
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Is this a coincidence, or...?

Methyl m\‘ Subtelomeric
group 3 genes silent
y Repressed chromatin

— e (histone tails) genes at the chromatin level

tone deacetylase

methffitransferase Sublelomeric

& As! P Epigenetic regulation of biosynthetic

\ Aclive chromatin
a c
Knockout of stcus Widype ool
th |A 7 18 Time(h): 24 48 60 24 48 60
cec n ANFIOT 7 — .
e ge e stodd, cotdd ‘\, i‘ ANTI0S =
stedd, cetds, AN7909.4 AN?908 -
AN7S10 ——
10 15 20 25 30 35 ANrg11 | —
" Time (rin) il (OIS Cluster
2 2 o AN7913 .. =4
HO HO. AN7914 | —
AN7915 | W  ——
©. o o o AN7916
Ho OH Ho [ERLY Eeeet e o = |
o o

17 18

F-9775A/B were also detected in the AcclA mutant

Nat. Chem. Biol. 5, 450-452, 462-464 (2009)
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Supplementary Information

Actinomycetes tested for induction of silent gene clusters

Taxon and strain

Actinomadura hibisca ATCC 53646

Streptomyces antibioticus ATCC 8663

Streptomyces nogalater DSM 40546

Amycolatopsis mediterranei ATCC 13685

Streptomyces antibioticus ATCC 8663

Streptomyces olivaceus ATCC 11626

Amycolatopsis sulphurea DSM 46092

Streptomyces aurantiacus JA 04570

Streptomyces pactum DSM 40530

Kitasatospora azatica DSM 41650

Streptomyces aureofaciens ATCC 10762

Streptomyces ramulosus ATCC 19802

Kitasatospora griseola DSM 43859

Streptomyces chartreusis DSM 41255

Streptomyces rimosus JA 04696

Kitasatospora mediocidica ATCC 49055

Streptomyces clavuligerus DSM 738

Streptomyces rochei ATCC 10739

Kitasatospora phosalacinea DSM 43860

Streptomyces collinus DSM 40733

Streptomyces sp. D-82

Kitasatospora setae DSM 43861

Streptomyces eurythermus DSM 40014

Streptomyces sp. D-58

Micromonospora olivasterospora IFO 14303

Streptomyces fradiae ATCC 10745

Streptomyces sp. (avermitilis) ATCC 31267

Micromonospora sp. (fusca) CBS 253.48

Streptomyces galilaeus ATCC 31649

Streptomyces sp. (brunneogriseus) ATCC 29772

Micromonospora sp. (inyoensis) NRRL 3292

Streptomyces gelaticus DSM 40065

Streptomyces sp. (erythrochromogenes) JA 04400

Nonomuraea pusilla DSM 43357

Streptomyces gougerotii DSM 40324

Streptomyces sp. (humifer) DSM 40602

Saccharopolyspora erythrea ATCC 11635

Streptomyces griseus NCIB 9004

Streptomyces sp. (luteolutescens) JA 04654

Saccharopolyspora hirsuta ATCC 27875

Streptomyces hygroscopicus ATCC 53730

Streptomyces sp. (viridifaciens) DSM 40239

Saccharothrix mutabilis subsp. capreolus DSM 40225

Streptomyces hygroscopicus ATCC 29253

Streptomyces thioluteus DSM 40027

Saccharothrix mutabilis subsp. mutabilis ATCC 31520

Streptomyces kanamyceticus DSM 40500

Streptomyces tuirus ATCC 19007

Saccharothrix syringae INA 2240

Streptomyces laurentii ATCC 31255

Streptomyces zaomyceticus DSM 40196

Streptomyces aburaviensis DSM 40033

Streptomyces lavendulae DSM 40708

Streptosporangium sp. (sibiricum) ATCC 29053

Streptomyces albus DSM 41398

Streptomyces lincolnensis DSM 40355

Streptomyces ambofaciens JA 04927

Streptomyces matensis DSM 40188

Strains were received from the ATCC; The Netherlands Culture Collection of Bacteria (CBS); German Collection of Microorganisms and Cell Cultures (DSM); own
isolates (D); Institute for Fermentation (IFO), Osaka, Japan; Culture Collection of the Institute for New Antibiotics (INA), Russian Academy of Medical Sciences; former
collection of Jena Actinomycetes Germany (JA); National Collection of Industrial, Marine, and Food Bacteria (NCIMB), Aberdeen, United Kingdom; and Agricultural
Research Service Culture Collection (NRRL), United States.
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Proposed functions of the gene products from AN7874 to AN7914

a. Putative NRPS gene cluster (echinocandin B?)

b. Putative PKS gene cluster?

Protein Size (bp/aa) Deduced function Protein Size (bp/aa)  Deduced function
AN7874.4 921/306 hp AN7894 .4 333/110 hp
AN7875.4 378/125 hp AN7895.4 1,072/351 Similar to CipB protein
AN7876.4 1,047/348 Branched-chain amino-acid transaminase AN7896.4 1,755/584 C6 transcription factor
AN7877.4 1,214/383 RTA1 domain protein AN7897.4 1,182/393 FAD-binding domain protein
AN7878.4 1,191/396 Branched-chain amino-acid transaminase AN7898.4 1,335/444 hp
AN7879.4 4,674/1,557 ABC transporter AN7899.4 837/278 hp
AN7880.4 4,980/1,659 Fatty acid synthase subunit-a AN7900.4 1,404/467 hp
AN7881.4 1,626/518 Cytochrome P450 AN7901.4 1,263/420 C6 transcription factor
AN11028.4 945/314 hp AN7902.4 1,389/462 hp
AN11031.4 1,518/505 MFS multidrug transporter AN7903.4 723/240 PKS
AN7883.4 471/156 hp AN7904.4 978/325 hp
AN7884.4 21,778/7,214 NRPS AN7905.4 882/293 Oxidoreductase
AN7906.4 636/211 hp
P . AN7907 .4 489/162 h
c. Orsellinic acid gene (ors) cluster P
AN7908.4 1,435/325 Arabinoxylan arabinofuranohydrolase
Protein Size (bp/aa) Deduced function
OrsA/AN7909.4 6,312/2,103 PKS, orsellinic acid synthase
Abbreviations:
OrsB/AN7911.4 1,127/331 Amidohydrolase . .
hp, hypothetical protein
OrsC/AN7912.4  1,110/369 Tyrosinase ABC, ATP-binding cassette
OrsDIAN79134  1,562/501 C2H2 transcription factor MFS, major facilitator superfamily
NRPS, nonribosomal peptide synthetase
OrsE/AN7914.4  1,118/348 Zinc-binding dehydrogenase PKS, polyketide synthase
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Expression analysis of the region from AN7874 to AN7914
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