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Design of nutrition conditions to increase productivity of fungal secondary metaboli
tes from large-scale transcriptome data
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To rationally design culture conditions suitable for the production of fungal seco
ndary metabolites, we built the method to analyze large-scale transcriptome datasets obtained under 190 Ki
nds of nutrition conditions. We sum up and normalize gene induction ratios per pathway in each condition.
The scores are further normalized in each pathway. Clustering analysis of the scores revealed that seconda
ry metabolic pathways can be classified into mainly three groups, and each group has corresponding type of

inducible nutrition conditions. Based on this result, more accurate and wide information for nutrition co
nditions inducing secondary metabolite production will be able to be obtained by applying this method to |
arger transcriptome datasets in public database.
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1. A. oryzae
Vongsangnak et al., BMC Genomics, 9, 245, 2008

A# Carbohydrate metabolism

AO01# Glucose conversion (3)

AO02# Glycolysis/Gluconeogenesis (39)

AO03# Pentose-phosphate pathway (20)

AO04# Tricarboxylic acid cycle and glyoxylate/Dicarboxylate
metabolism (51)

AO05# Pyruvate metabolism (33)

A06# Pentose and glucuronate interconversions (7)

AOQ7# Propanoate and butanoate metabolism (10)

A08# Inositol phosphate metabolism (14)

AO09# L-Arabinose/Arabitol and D-Xylose/D,L-Xylulose/Xylitol
metabolism (24)

A10# Gluconic acid/Gluconate metabolism (4)

A11# Galactose/Galactitol metabolism (17)

A12# Galactonic acid/Galactonate metabolism (4)

A13# Mannose/Mannitol, Fructose and Sorbose/Sorbitol
metabolism (16)

Al4# Disaccharide metabolism (Trehalose, Maltose, Lactose) (23)
A15# Polysaccharide metabolism (Starch, Cellulose, Chitin, and
Xylan) (114)

B# Energy metabolism

B01# Oxidative phosphorylation (65)
B02# Sulfur metabolism (7)

BO03# Nitrogen metabolism (22)

C# Amino acid metabolism

CO01# Alanine/aspartate and asparagine metabolism (26)
C02# Arginine and proline metabolism (43)

CO03# Cysteine metabolism (16)

C04# Glutamate and glutamine metabolism (30)

CO5# Glycine, serine and threonine metabolism (47)

C06# Histidine metabolism (15)

CO7# Valine, leucine and isoleucine metabolism (Branched-chain
amino acids) (43)

CO08# Lysine metabolism (16)

C09# Methionine metabolism (19)

C10# Phenylalanine, tyrosine and tryptophan biosynthesis
(Aromatic amino acids) (71)

C11# Beta-alanine metabolism (3)

C12# Cyanoamino acid metabolism (0)

C13# Taurine and hypotaurine metabolism (2)

C14# Glutathione biosynthesis (24)

D# Nucleotide metabolism

DO01# Purine Metabolism (32)

D02# Pyrimidine metabolism (25)
DO03# Nucleotide salvage pathway (16)

E# Lipid metabolism

EO01# Fatty acid biosynthesis (23)

E02# Fatty acid metabolism (14)

EO03# Glycerol metabolism (14)

EO04# Sterol metabolism (2)

EO5# Ergosterol esters metabolism (21)
E06# Mevalonate pathway (22)

EOQ7# Cholesterol Metabolism (7)

E08# Phospholipid metabolism (41)
E09# Ethanolamine, choline, phosphocholine metabolism (5)
E10# Sphingoglycolipid metabolism (18)
E11# Complex lipid metabolism (0)
E12# Glycerolipid Metabolism (15)

F# Cofactor Pathway

FO1# Folate biosynthesis (25)

FO02# Coenzyme A and pantothenate biosynthesis (10)
FO3#Thiamine Metabolism (4)

F04# NAD AND NADP Conversion (14)

FO5# Vitamin B6 Metabolism (4)

FO06# Porphyrin and Chrophyll metabolism (18)

FO7# Ubiquinone biosynthesis (6)

F08# Riboflavin, FMN and FAD metabolism (13)
FO09# Biotin Metabolism (6)

G# Secondary metabolism

GO01# Penincillin biosynthesis (13)

G02# Sterigmatocystin/Aflatoxin biosynthesis (21)
GO03# Flavonoid Biosynthesis (5)

G04# Melanin biosynthesis (9)

GO05# Pentaketide melanin biosynthesis (0)
GO06# Transport reaction (0)

GO7# Plasma membrane transport (0)
GO08# Carbohydrates (12)

G09# Amino acids NONE (16)

G10# Nucleotides (3)

G11# Other compounds (9)

G12# Alcohols and acids (0)

G13# Mitochondria membrane transport (8)
G144# Shuttle (0)

G15# Glycerol phosphate shuttle (0)

G16# Malate-Aspartate shuttle (0)

G17# Carnitine shuttle (1)

G18# Peroxisomal membrane transport (5)

2.

G 1

group a: A01 A04 CO1 CO7 C10

group b: A02 EO1 EO5 EO7 E10

group c: A0O3 A11 A13 BO1 C04 EO8 E09 G13

group d: AO5 A07 A09 A14 C11 C14 EO2 E03 G08

group e: A06 Al12 G01 G18

group f: A0O8 C03 C05 C08 C09 D01 D02 D03 E04 E06
group g: A10 A15 C12 E12 G02 G03 G04

group h: B02 B03 C02 C06 C13 G09 G10 G11 G17
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B3 3% Glc, 0.25% Yeast extract,
0.1% K,HPQO,, 0.05% MgSO4-7H,O group e
CDX 2% Glyceral,

2% Sodium acetate, 1% Polypeptone, 0.3%
NaNOs;, 0.1% KH,PO,;, 0.2% KCI, 0.05%
MgSO47H,O  group h

V8 20% V8 , 0.3% CaCO;3
A. oryzae
Aspergillus flavus
DNA
group g:
PKS group e
NRPS group h: RiPS
PKS aflatoxin

(AFLA_139100-AFLA_139440)
Smurf Khaldi et al.,
Fungal Genet. Biol., 47:736-41, 2010 NRPS
cluster 8

AFLA_010550-AFLA_010640
RiPS ustiloxin
AFLA_094940-AFLA_095110
3

2 aflatoxin, cluster 8,
ustiloxin B3, CDX, V8

aflatoxin 18



(a) Aflatoxin (PKS)
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(b) Smurf cluster 8 (NRPS)
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(c) Ustiloxin (Ribosomal peptide)
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(a)Aflatoxin, (b)NRPS cluster 8, (c)ustiloxin.
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