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egrading enzyme CutL1 and a novel
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e Novel Mo
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— Recruitment of soluble esterase CutL1l by RoIA
attached to hydrophobic surfaces



Fungi degrade biopolymers in nature
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PBSA mimics wax polyesters
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- Surface materials of plants
- Wax Polyesters (= biodegradable)



10 million t fyear in Japan CaPaCitY?
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PBSA recycling system mimics koji-fermentation
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PBSA degradation by A. oryzae R1B40
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CutLl, PBSA degrading esterase produced by A. oryzae
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14— - PBSA film
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et Incubation at 37 "C for 6 hours
Removal of the filter paper
SDS-PAGE analysis of purified CutL1
CutLl

Hydrophobic loops
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The schematic model of PBSA-degradation by CutL1 Degradation of a PBSA film by CutL1

Maeda, H. et. al. Appl. Microbiol. Biotechnol. 65:74-83 (2005)



What is hydrophobin?

* conidiospore

hyphae
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Feature - conserved 8 cysteine residues
- surface active

Hydrophilic Hydrophobic Localization - aerial hyphae
- outer - Hydrophobic phase
- no expression in liquid culture

Biosurfactant Function - protection layer

- resistant to drying



Alignment of deduced amino acid sequences of RolA homologs

Aspergillus oryzae RolA
Aspergillus fumigatus Hypl
Aspergillus nidulans RodA
Lentinula edodes Hyd?2
Flammulina velutipes Fvh1

Aspergillus oryzae RolA
Aspergillus fumigatus Hypl1
Aspergillus nidulans RodA

Lentinula edodes Hyd2
Flammulina velutipes Fvh1

Aspergillus oryzae RolA
Aspergillus fumigatus Hypl1
Aspergillus nidulans RodA

Lentinula edodes Hyd2
Flammulina velutipes F'vh1

Aspergillus oryzae RolA
Aspergillus fumigatus Hypl
Aspergillus nidulans RodA
Lentinula edodes Hyd?2
Flammulina velutipes Fvhl1
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PBSA degradation by recombinant A.oryzae

Strains Degradation ratio (%)
A.oryzae wt 7
RolA overexpressing strain 25

CutL1 overexpressing strain 61
CutL1, RolA

CO-overexpressing strain 7



TOPICS

e Novel Molecular Functions of RolA

— Recruitment of soluble esterase CutL1l by RoIA
attached to hydrophobic surfaces



Purification of RolA from culture broth of

A. oryzae overexpressing RolA

RolA overexpressing A.oryzae
conidiaspore suspension

_inoculated (1x106 spore per ml)
to CD medium (1 % Fructose)

—cultured at 30°C for 48 hr
—filtrated with MIRACLOTH

Culture broth; A

Su

|_added solid (NH4)2504 to

40 % saturation; B
—centrifuged 12000 g, 4°C, 20 min
pernatant

—Octyl-Cellulofine type S column; C

—S-Sepharose FF column; D

Purified RolA

(kDa)

36.5
26.6

20.1
14.3

4RolA




Effect of RolA on PBSA degradation by CutL1
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Takahashi et. al. Mol. Microbiol. 2005



Adsorption of CutL1l onto a PBSA film pre-coated
with RolA

Purified RolA

: A. Immunostaining with anti-RolA antibody
filter paper

PBSA film Y .

slide glass

incubate at 30— for 12 h
B. PBSA degradation by CutL1

wash with purified water - L
A. Immunostaining N A o
(anti-RolA antibody)

+ purified CutL1

B. Incubate at 37° for 6 h
(PBSA degradation) -

+ RolA - RolA
pre-coat pre-coat

C. Immunostaining

(anti_CUtLl antibOdy) Takahashi et. al. Mol. Microbiol. 2005



Molecular Interaction Analysis by QCM

A quartz crystal microbalance (QCM) is a
sensitive mass-measuring device. Its resonance

frequency decreases linearly upon the increase

of the mass on the QCM electrode at nanogram

levels. Change of 100Hz of frequency corresponds

crystal
to 3ng of protein bound to the QCM electrode.
clectrode

QCM €lectrode

analys's chamber

buffer

stirring bar



About QCM

CutL1 injection
stabmzatlon €  Moreinjection

rystal ‘
QCM electrode
Electrode \
attached with %

oscillation frequency down
Indicate Molecular interaction

Kp values which indicate binding affinity can be analyzed

by monitoring oscillation frequency change.



RolA (ligand) — CutL1 (analyte) interaction

|
— | [~
RoIA
|~ immobilized
(O« ocM electroc 25 nM 37.nM 50 nM 62 nM 74 nM
0 i Y VY VY
X _/ ' . Curve E

ncy (Hz)

CurveA CurveB

¥

y'd
que
§ -_—
1

v

- I L_| II-ZOO B c A
- | [ 250} urve
@ ° ° % 0 30 _ 60 90 120
.\/ OO 5 Time (min)
X )
@ CutL1 u % Concentrations in the figure indicate
O BSA (ContrOI) final concentrations of CutL1

and BSA in QCM step-wise analyses.

Takahashi et. al. Mol. Microbiol. 2005



CutLl (ligand) — RolA (analyte) interaction
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Preparation of CutL1l mutants for RolA-CutL1 binding assay

Six acidic amino acid residues (Glu3t, Glul%°_ Aspl4?, Aspl?5, Aspl’L, Asp?03) were
substituted with Ser, and all variants produced by A. oryzae were purified. .

!
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Red=Glu
Blue=Asp

C O

CutL1mutant MSDS-PAGE



\

Free CutL1l

RolA-CutLl binding assay

Teflon-RolA

Qﬁ"’" complex

Purified CutLl1l and its variants

e 2 oH
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Incubated at 30°C for 1h
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[0 NacC |
Spin-down
SDS-PAGE




Acidic amino acid residues (Asp,Glu) of CutLl involved in
CutL1-RolA interaction

RolA 5ug
2 x Teflon 24.5 ul o 4°C, CutLl mutant 5ug/ 4°C,
30°C 6300xg  WASh  10mMGTA (pH 5.0) 30°C 15000x g
0.5M MES 1ul > > S "5 ppt ZSDS-PAGE
(ph 5.0) 10min 10 sec 60 min 10 min
ddw 74.5 ul

Total 100 ul
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Ser-substitution variants

-

E31, D142, D171 are important residues for CutL1-RoIA interaction.




Schematic model of RolA-CutLl interaction

Active

i _— Hydrophilic side
RoIA iS32& Lys34

Abe et al. unpublished results Hydrophobic side



Models of PBSA degradation by RolA with CutL1

Fungal cell

hydrophilic side

@
3
3
=

hydrophobic side



SUMMARY

e ROIA adsorbed to the PBSA surface
recruits CutLl to the surface, resulting In
condensation of CutL1l and stimulation of
PBSA hydrolysis.

e Glu3l, Aspl42 and Aspl/1 of CutLl are
critically required for the RolA-CutL1
iInteraction by multivalent effect.

e H32 and K34 of RolA are important for the
RolA-CutLl interaction.
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Fluorescence recovery after photo-bleach (FRAP)

A. pre-Bleach B. Bleach C. post-Bleach D. post-Bleach

laserbeam
(low power)
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FRAP analysis of FITC-RoIA adsorbed to PBSA films
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*ROIA is laterally mobile on PBSA.

*Proteins that can interact with RolA inhibits the mobility.

Takahashi et. al. Mol. Microbiol. 2005



A phylogenetic relationship between HsbA and 4MeS

1 ATGCTTGCCAAACACGTCCTTGCTGTCCTTCTGTCTGTTGGCGCTTCCGCCATTCCTTTC
6 0
1 M L AKHV LAV L LSV GASATUPTF 20

61 GACAAGCGAGATGCATCCGCTGTCCTCGCTGATTTTAACACACTCTCAACCGACCTGTCG
1 e 2 0
21 D K R WBERINGISGAUGNCE A p F N T L S T D L S 40

121 GCTCTCGGCTCTGCTATTTCGAGCTTCGATGGAACGCTCAATGGTGCCTTGGGCGTCCAG
1 8 0
41 A L G S A1 S S F D GTULNGALGV Q 60

1 8 1
CAGAAGGAAGGCCAAGTAGAGACGGCGTTGAAGCAAACCGTCAGCGATGTGAAAGCGTCT
2 4 0

61 Q K E G Q V ETALIKQTV S DV K A S 80

241 ACTGCGTTCAGTGCTGCTGACAGCACAAGCGTGACCAATGCTGTGACTGGTCTGGAGCCT
3 0 0
81T A FSAADSTSVTNAVTAGLE P 100

301 AGCATTGTGAACGTTCTCAACGATCTCGTTTCCAAGAAATCCGGTTTTGACTCTGTTGGC
3 6 0
101s I VNV LNDIULVS KK S GFD SV G 120

361 GTTACCAGCATTGTCGTATCGGATCTCAACTCCCTCCATGATCTTACTGGCCAGCTGTCA
4 2 0
121v T S I vV S DULNSILMHDTILTGQL S 140

421 ACTGAGCTCCAGTCGAAGGTC GACGCATCCACTATTTCTGATGAGGCTGCG
4 0
141 T E L Q S KV TS GDASTTISDEA A 160

Hydrophobic §Uff@fé&<l<§é\klgéii§k%ﬁ¥&f%i ﬂf (HsbA)

161 R K * 175

4AMeS

A. nidulans hypothetical protein AN6795.2

A. oryzae HsbB

60.8 A. fumigatus hypothetical protein ,
Afu4g00870
I M. anisopliae 4MeS I
100 I A. oryzae HsbA I
ol 9.0 A. fumigatus hypothetical

protein Afu2g17630

The phylogenetic tree of HsbA and its orthologues

m Produced by a entomopathogenic fungus
m Transcribed in the fungal cells growing on the insect curticle

m Function unknown

M. anisopliae growing on
the surface of a insect



Expression and purification of

recombinant HsSbA

i

27 =]

20 =

14 =

(kDa)

" g DASAV

20 =

14 =

(kDa)




Recruitment of CutL1 on HsbA adsorbed on the PBSA surface

1 C} HsbA
l immobilization N
HsbA
2
OO + -
Anti-HsbA e
CutL1 R
Anti-CutLl s5iee -
OO0 _— :

Detected by immunostaining using
anti-HsbA or anti-CutL1 antibody
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Interaction between CutLl1l and HSbA
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CutL1
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Time [min]
Interaction between soluble CutL1 and

HsbA adsorbed on the hydrophobic
surface by QCM analysis

Immunoprecipitation

> & > &
AN R AN &
.0323 v‘o'o »ogé 00
> “b'Q > >
-—-ql' ¢— CutlL1
’ <4— HsbA

WB anti-HsbA WB anti-CutL1

Soluble HsbA did not interact with soluble CutL1.
(immunoprecipitation)

Ohtaki et al., Appl. Environ. Microbiol. 2006
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