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Research of microbial metabolisms that function in soil-humic acid homeostasis
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Humic acid (HA) is one of the major components of soil humic substance while

little is known about interaction between HA and soil microorganisms. This study indicated that
tens of filamentous fungi absorb HA, and metabolize HA to high-molecular weight compounds in
laboratory-scale cultures. A culture of the model filamentous fungus Aspergillus nidulans, which we
found efficiently metabolizes HA, converted HA to more oxidized compounds with higher content of
phenol and carboxy moieties. Transcriptome of the fungus cultured in the presence of HA indicated
that HA altered global transcription of the fungus. Biochemical studies indicated that HA switched
the fungal respiration mechanism to cyanide-resistant one, and stimulated cell growth under the
culture conditions. These results presented novel examples of physiological interaction between HA
and soil microorganisms, and impacts homeostasis of terrestrial HA that is mediated by natural
microorganisms.



10® 10°

Schulten, H.R.
(1995) Fresenius J. Anal. Chem., 65, 501

Aspergillus nidulans

@
BRC A. nidulans
A26(FGSC )
500 ml
0.1%
100 ml A. nidulans
1.0x 108 37 120 rpm

10 ml
A. nidulans 1.0x 107

28 280 rpm

®
0.1 MNaOH 200 mlI 2 g
(Sigma-Aldrich)

3000xg 5

pH 1.0 1.5
30 3000x g 5
0.1 M NaOH
200 ml 3
3000xg 5
pH 1.0
1.5 30 3000x g
5
0.01 N HCI

3000x g 5

100 ml

0.5 ml

(3) RNA CDNA
100 mg
Mini Kit Qiagen
RNA RNA

RNeasy Plant

260 nm
RNA 10 ung oligo
dT20 1 pmol 70 2
2
Reverse Transcriptase XL 42
90 CDNA

*

A. nidulans

3 8 16 24

®
RNA DNA

GeneChip  Affymetrix, SantaClara, CA,
USA GeneChip  A. nidulans
10,701 version 3; The Broad
Institute, Cambridge, MA, USA
perfectly matched
mismatched 23
ORF 3
500
cDNA CRNA



GeneChip® 3’
Affymetrix

IVT  Express Kit

GeneChip Scanner 3000
Affymetrix
GeneChip® Command Console Software (AGCC)
Affymetrix

®)
50 mM HEPES
2 mM
(6)
PCR DNA
FT-IR NMR
@
68
0.1% PD
10 ml 28 280 rpm
6
44
41
E|
=
S Control
<
D
(%)
=
g Supernatant-HA
o
(%
e}
<
5 10 15 20
Time(min)
1
A.nidulans 48
supernatant (CelD)

(2) A. nidulans

A. nidulans

FT-1IR
BC-NMR

A.
nidulans
_ - Cell
S
]
[$]
c
&
€
@ I
& | | Phenol
= - -
Aliphatic Arvl ether
OH coot —! L pre¥
3400 2400 1400 400
cm-!
* Mixture of 24, 48, 73 h samples
2 FT-IR
(€)
A.
nidulans
3
0.7
EXT:
_‘?fﬂ 0.5
2 0.4
— 0.3
202
£0.1
0 e
0 10 20 30 40
time (h)
3 A. nidulans
-HA
+HA
)



DNA

Gene ontology

ANO896  carC AN8793

mdhC
AN6499

acuD AN5634
acukE AN6653

A. nidulans

I ANT459 N AN2867
I Avecso N AN5S1

a-Glucose ————» Glucose-6P <— Glucose-1P
I AN6037

Frucose-6P

Anseod I n I AN3223

AN3184
B-Glucose

Frucose-1,6P,
I £ V2875
Glycerol-P «— Glyceraldehyde-3P

AN5908 I .o
I 44041
ANeo00 I ..,

Glycerate-1,3P,
I #1246

W Glycerate-3P i
log, ratio I I AN8720
Glycerate-2P
Acetate I AN5746
I <ot Phosphoenol pyruvate

NAD*

AN0554 AN1689 I AN5210

Acetaldehyde«—» Pyruvate
——— Al
NADH

[ ——
AN2286 AN5913 NAO"

Ethanol

8 16 24 heat map

®)
Trametes maxima

(Klein, 0.1. Isakova, E.P.,
Deryabina, Y.l. et al. J. Chem. Ecol.

(2014))

KCN

©)

100
80
60
40

20

dissolved Oxygen (%)

0, consuption
(pg O/min/g wet dry weight)

AOX
48

Expression ratio

AN2099 aoxA

A. nidulans

A. nidulans

A. nidulans

(Alternative Oxidase )
5
o
”“:__.%Bm"msmgﬁﬂ -HA
<~._: L ”'Bﬂﬁ.,_r
b, ™ T
+I—IA Lo PO )
o 5 Time (min)!® 15
30
-KCN | +KCN
25
20 =+
15
10
5 =
0
-HA+HA - HA+HA
A. nidulans
2 mM
+HA
-HA

AN2099 (aoxA)
AOX
PCR
aoxA

6
5
a
6 A. nidulans
3 aoxA
2
A. nidulans

1 +HA
0

-HA +HA -HA 48



2

Aspergillus nidulans

28 11 5

Aspergillus nidulans
14

26 11
15-16

http://dpas.agbi - tsukuba.ac. jp/~microbe
s/takaya/

o
TAKAYA, Naoki

50282322



