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WX M F OE R
Frimi

BE, HRT TR ZBEOAWMERB L LEAKELIFR Y —BBLZ |
& 4000 57 FUIEQBIETEEINTVDS, ZLTRKEDEREZTFHRY v—23
EXREH L L TCHARAREFICEEIN TS, TFE, ZOMBERZMRRTIZD
WEDBETTRAF v 7B RA LEVHEINTE T, £DRM1TYH polybutylene
succinate (PBS) & T} polybutylene succinate-co-adipate (PBSA) 1X3={Z succinate, 1,4
butandiol EE SN T TELERHHERY) ~—ThHV, aVFX b, BILE &
WEISTR. WKFCENMEND, BEENBETTIATF v 7 DIRL A MO
EL EHIZHERAESNE D, bLIZaryFR MREEFTESBENT VB,
IOVDENRETTAF v 7 ZEELTVEE ) v —0F U = X5 L& [EIX
T5Z k&i*ﬁﬁﬁ'@&)éo % ZTHRAIIEE Aspergillus oryzae HfEEL L THW
72 PBSA DU YA I VIV AT LAOBEL B LT,

A. oryzae IXIEREVIEHE. HE, g?ﬁi&c‘:“ﬂ)%ﬁiﬁﬁil)ﬂb‘ 5L generally
regarded as safe (GRSA) & L TEDEEEBBAIN TV D, £z, A oryuae 1IE
NEE RV BEEDEETHY, 7IT7—ERT/ 07 7T —EOBEECRES
URVBODEEIZRAWVWLNTWS, ZO A. oryzae DFEREND A. oryzae O5 ./
LEFT BTN, £DET ) ABFIBAL N E 272, .

A. oryzae IX PBSA #ME—DRFEFE L THWRDEHMIZT PBSA 20 E
b33, 2D PBSA 4figEER L LT esterase D—FETdhH D CutLl PEBEIIT,
7= A. oryzae I3 PBSA 7 f#K:|Z hydorophobin O—FfET3H 5 RolA %@ ITIZFH
BLTWDIEBHLNER o, RolA IZFABEHEZ I ETHY ., PBSA O
BUKREICX L TRFET 5, PBSA REICHKE L7 RolA X Cutll LFHEEEMAT
5Z LIZd o T Cutll % PBSA KMEIZEHNE L. PBSA @ﬁﬁ@%ﬂ%iﬁf%o zh
ET A oryzae O PBSA SRIZBEDBZ /37 EE LT Cutll & RolA 23 RH
S, TNHITEKREICH L THEICHECEEEREZ TR TIEBALNE R
TW%, £Z T, A oryzae 75 PBSA S fERHCEAT HBKRERE .~ /7B,
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DBETHZ LITK o T, Fiz7z PBSA DFREES VANV BEEZRETIENTES
LE 2o, £ T THBIRIL A oryzae BEEET DHKRERFE S S0 B HEEL
%D PBSA SRREHREBRITHI LB L LT,

BL1E A oryue PELETIBHARARESF VN7 BEORERTEE

A. oryzae 15 PBSA G fERSIZEAT DX U NV BENOHAREREY VT ED
DB R T, BUKMERE L LT Octyl-cellulofine type-S 77 A% FV), A. oryzae
(2L D PBSA SEIRIENDZ DT A EBRNEEERETRT Z 7 EOSBE
fTo7, PBSA 77fRIEE%Z 30 % MZ THEMIEI T LT TIA Lk, v
RIBERMEZRE 30-0% OEBRABE THEHB L (Fig 1A), TLTREZERE 0%
fHECTHH L 145 kDa OF 7D N Rinz T L7CRER DASAVLA &
WO EFINREB LN, ZDEFIZ-DOVNT A. oryzae genome database (2T BLAST #&
REIToTMER, 145kDa ¥ UV EDWET I/ BEFIZRETIZ LN TE
7zo ELTZID 145 kDa # 7 EOHFEFIZHRE L-FER, £<FRF -
JBETHDHBZEBHELNIRY, ZDOHF /7 Z% Hydrophobic surface binding
protein A (HsbA) & & fHiT72,

EDICHEARBKRRERE S 7 A BT H72HIZ, HsbA ZEH LIZRO
BT bEREEKTREHR, 070 % O Et-OH ERAETH v 3 BOLHMEEIT-
Tz EOFEFR. 16, 20, 100kDa I[ZEHEZ 7 EBR 6= (Fig. 1B),

16 kDa # > S/ ED N KHEAEH LIcR, AKSVPGNNPL &\ 5 E2517378
biviz, ZOEFNZOVT blast ST EITo72L 2 A, A oryzae TERIZEE SN
TV'% phosphatidylglycerol/phosphatidylinositol transfer protein (PG/PI-TP, accession
number AAG13652) TH 5 Z L A B A & 72 o7z, PGPITP iTH AR O
phosphatidylglycerol & phosphatidylinositol DEEZ AL TV 5 & /3 7 BT
D, BENZLVANIETHD ZLBREENTWS, E/=, PG/PLTP OT I/ B
BLFIPSICIE lipid OREAICEESELTVWB L EZLN TS MD-2-related lipid-
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recognition (ML) FA A UBEENTWAS,

20 kDa & > /S7 BICONTH N KBRRINT5 2 LB TERPoTM,
CutLl HifE% FAV /= Western blot fEHTIZ LY Cutll THEZ EMBHALNL RS,

100 kDa # > /X7 EH® N ERi#kid ASDDSVFLLG T& ¥ . A. oryzae genome
database (Z%f L T BLAST fRZEZ 1T\ 100 kDa # /X7 EOH#ET I / BRELF| %
BT HIENTER, ZOHET I/ BES|OERAEFIZRELIZHER. 1
niayYa UNTOHMH ceramidase & 36 % DFHEREMEEZRLAEZZ L2256 100
kDa # > /X7 B X ceramide 43fEEEE TH D ceramidase TH B Z & NREBINTZ,
L&, Z® 100kDa # > /37 &% AO ceramidase & FE5,

CutLl (22 Tik PBSA fEHBIZ OV TBEICAR OGN TS, /2. PG/PL-
TP IXEAERS 7B THHERESNTEY . PBSA SFICEE LTV 5 FTHE
PIHEW L EX bz, £Z T HsbA & AO ceramidase (2O T, £ PBSA 4y
R~DOBEELRIET DI &I LT,

2 FHBKREBEE S 7K HsbA O PBSA HFR{RLEMIR

HsbA OHET I / ERELFIIZ D\ T BLAST 21T o =R, HsbA X
Aspergillus fumigatus & Aspergillus nidulans DOBSEERFNZ LRI L 28-44 % D
HEREEZ L BRERERIRE THSD Metarhizium anisopliae BEAT D 4MeS &
31 % DMEEMHEZT L, 4MeS IXTEHBERMTH o772, NCBI @ protein
database %5/32'&‘9—6 Z LiZX Y M. anisopliae BSRIRDBAEDE TCHIRRI F
77 ETCEFTTOHRICHEATIZENHALNERo72, £Z T HsbA I A. oryzae
23 PBSA DBKREETAETTIRICULETHLI U "IETHDLI EBERXD
N7z, A. oryzae DHsbA HREBKEER L. BKEME THS PBSA L XRY DL
FUETHDEFTEZBELI-L T A, HsbA BREBRKIIERS F KL LB L THE
WCHEBZ2EFE#R L (Fig. 2). £ Z T HsbA IZBUKRMAIZERE L, A. oryzae D
EFERLTNDLEX BTz, PBSA L fERIZET S HsbA ORFEEZFAIME
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F. HsbA [FHfESMC S TR Y, MigkE, MR, MREEII/REL TV
o7z (Fig. 3A), HsbA ORBBFMHEFTE =L Z 5, HsbA IE A. oryzae % PBSA
TEELEBEIZOAREELTEBY, £OF /) v—mH45 ThHD succinate & 1,4
butandiol TH:E L7=H&IXHBA L o7 (Fig. 3B),-

HsbA HREBKOLLEE EEN D HsbA 2R L. in vitro 1285 PBSA ~D
WEEFBE LTz, BE HsbA Bk L PBSA XLy FERA L., BHE+F D HsbA O
B ZBE L7203, HsbA I3 PBSA ICRF LARd o7z, &I THERPICK~ 218
EHMLIZEZ A, NaCl & CaCl, ZEML7-HEIZHB VT HsbA 23 PBSA XL
v MZH < &E L7z (Fig. 4A), IRIT HsbA 7% PBSA XL v MIFEA LIzREEIZ
BiF2BHEHEZHRE L, £OREE. PBSA XL v MIFEA LT3 HsbA i
Tween 80 X° Triton X-100 72 & DIEA A AR REFEEAIZTM LB A CER LE

(Fig. 4B), ZDZ & XY HsbA IIBKEHEEERIZL 2T PBSA XL > MIfE
ALTWAZ ENREEINTE, £L T, CaCl, #FH\T HsbA % PBSA XL v b
IS S HEITBWTIE EDTA i35 & HsbA &M L7z (Fig. 4B),
IO EDLELHA AL TIEAR L, Ca* S HsbA DRFIZHEL TWBZ LH
bd&irolz,

HsbA % PBSA REICT—7 17 L, CuLlic k5 PBSA HFHREDR &
M7=, HsbA (Z CaCl, ZHRMT B LIz >T PBSA ~A 7 aX—F 4 7 V&
HsbA Ta—F 47 L, ZD PBSA v 7 unX—F 4 7 VEHEELIEEIZ
CutLl Mz, BENIZEZOBEDOH L EZBE L, HsbA =—F 1 7 LI
PBSA <A 7 0/ —F 4 7 i HsbA /> I—F 4 2 7D PBSA <A 7 0/8—F
A 7NV EHBLTRRTH 24 % OofEEEEZIT- (Fig. 5). £7. PBSA [
LT HsbA =—F 4 v 7 %4iTb¥. Cutll & HsbA % FEHIHRM L5815
P BE I N2h o7 (Fig. 5), TOLFHEEBREL AT S7-DIZ PBSA 7 1
Vb BT HsbA ZEEMRL. B Cull Z2EATKBKRICEBLE, ZO7 4V
AEBEH%, B Cutll HEEAWTT 4 LA LT3 Cull ORELZEEL
7o EOFER. Cutll X HsbA ZEEMLIEARy P LICBESNWTHEET S Z
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LBNEALMNE o7 (Fig. 6), T Cutll E#EZHEA HsbA & Cutll OHEE
HTH5HEE X, Quartz crystal microbalance (QCM) fE4T%1T->7-, CutLl Z U 4
YRELEHEIETFTI4 FE LTHW: HsbA L ORBEERARZRON o7
2% (Fig. 7A, curve 1), HsbA # U > K& LTHWESGEIE Cutll & OBWEEA
. EAMBR O (Fig. 7B, curve 4), L7235 T, Cutll [IB/KEREICEE/LI N
7= HsbA LHEEAZFTIENHELN LR o7, HsbA 12X D PBSA 7fE{EHE
®F V% Fig. 8 127”7, PBSA REICHE L7 HsbA 1% Cutll EHHEEAL,
FEL Cutll # PBSA REICU 71— LIBHET 5, PBSA RHEICEHKINZ
CutLl IZ& > T PBSA RIMEL HBINBE LEZ b,

B3E A oryue BEAET S AO ceramidase @ PBSA 2R {EEHEHE

AO ceramidase DHEEZH~D57-HIT, A. oryzae D AO ceramidase HREHRK%E
B LT, ELTZOEBREOEELELY AO ceramidase % HEH L7 (Fig. 9),
Z OFERIEER IZx LT EndoH Z¥M L AO ceramidase DFEHFHSMEERATZ, £
D#EFR AO ceramidase DN X 91 kDa 27 h L7z, L7 ->T AO
ceramidase 13¥ES N7 HTHDH I LBHAL ML 20Tz, AO ceramidase D
ceramidase &% ceramide D HNKEE TH S5 C6-NBD-ceramide & C12-NBD-
ceramide %AV TH~7z, FEE L AO ceramidase #BEE L., 1 FaX—}FL
718, TLC CHEBDONRY B L7z, C6-NBD-ceramide TIXS T2 < B,
L Ier o728, Cl12-NBD-ceramide ([ZBWWTHMHA R S (Fig 10), Z 0
Z L6, AO ceramidase [XZEREIC ceramide AEIEMES D ceramidase Th B
TEMHERINT, £, ZOBRELY AO ceramidase IIIKFEHORVWEEEIF
DEMAHD 2 LARBEI NIz, KIZ C12-NBD-ceramide % iV T AO ceramidase
DEFEEEFNTZ, £LTED K& pH iX 6 THY, JEV pH IZBWTEE
ThdZLPHONER - (Fig 11A), £72, ZORKBIREILX 65°C THY . 40
°C ETIHEZET 80°C IZBWTERIZEELR (Fig. 11B),
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Ceramidase (X€ D& pH TT AL Y EI L FHEIZ ST O, —REICNI T
VT DHDRET NIV ETH Y HEEROCCEZEDO b OITTHR TH D (Table
1) AO ceramidase |35 pH % 6 [ZFOZ o FHRITH--, BEEEALE
¥ D ceramidase I EICEENBERTHIOIZH L, N2 T U TRUHED
ceramidase (X7 WH Tdh 5 (Table 1), AO ceramidase b WETH Y, EHiEHt
ceramide ZHEEIZL T3 LEX biLlc, £72 AO ceramidase DHHFEIEFI%Z RIK
B A. fumigatus. A. nidulans, Neurospora crassa, Magnaporthe grisea. = L C Fusarium
graminearum D5 ) LT —FZ N—ZATREBELILE ZAETDOT —FN—ZAHTH
FIECFIA B b7z (Table 2), —7F . BERETH D Saccharomyces cerevisiae
Shizosaccharomyces pombe, % L C Candida albicans DT — % ~— A Z |3 EIEL
IR 6NRnos72Z L 3D (Table 2), ceramidase RREIZHE THD Z &8
HoHNZRo T,

AO ceramidase ® PBSA 77E~DEAEZHENDDHT2DIT, PBSA v 7 1 /3—
T4 7 E BB AO ceramidase ZiBE., 1 Fa~—kL7%&, L22L. AO
ceramidase (Z X %5 PBSA <A 7 u/,X—F 4 7 )VOSHRITR bhieh -7z (Fig. 12),
KIZ, AO ceramidase & CutLl %Zi{E& L. PBSA ¥A 7 uX—FT 4 I VDGHE%
BE LT, TORER, PBSA v 7 a/X—F 1 7 L% Cutll BEMCTHMELZEE
LHE LT, Cutll & AO ceramidase Z{B&E LICHEIZHRAT 50% <D PBSA
ﬁﬁ@ﬁi@?ﬁ‘iﬁﬁéﬂf: (Fig. 12), AO ceramidase > PBSA 4y fiE{RiEHEHE % AZEA 5
%7®iZ, Cutll (2 X% PBS S3f##IZ%f LT AO ceramidase %12 T PBS 4
YMIDKRDELE Rz, TOFRER AO ceramidase ZMX=HAITEBNT 1 HFD
succinate, 2 43+ 1,4-butandiol, % L T 1,6-hexamethylene diisocyanate 7572 %
TZF A (LLF SBHB &35) 2% 68% £ TH4 L7- (Fig 13), SBHB %4
FHRIZIE 2 207 LVEUEAEREENTWS (Fg 14), YV EUVEELEET I
FESIIEERICEE LTS 725, AO ceramidase i3 PBSA 7RO L &2
BEEDMLTVD EEX DN, Cutll iIE4S5FD PBSA (ZXf L TEGFOF
VI —DHEMTLPEYHT I LATET exo BHICTH, £ZT A0
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ceramidase 7% PBSA 0 FHRD U L USSR TS C Licky., Cutll BEE
ELTHIATES PBSA Y Iv—OEHERKRSIEZ DL EX DR, Lizdio
T AO ceramidase {IF%5F® PBSA (2% LT endo HHIZH L B2 b7, Z
? CutLl & AO ceramidase ZEETHZ&IZX Y, exo B L endo HOEER L

fRIZE > TESFD PBSA BHFANICOMEND LEX b (Fig 15),
REEE

A. oryzae 1 PBSA LfEFFIZEAT B X LR B DRICBKERE L @ HHE
BERAERT I NV EEBR LEERToT, TORR. FIRBAKREREF
YR IETHSD HsbA, PG/PI-TP, Cutll, £L T AO ceramidase ZBUFT 5 &
BT&H, £OHMNPD HsbA & AO ceramidase (2O T PBSA #fE~DE5 %
BRFEL., ZO@Z /37 &R Cutll 2L % PBSA HfRERETIDHERSH D Z
L EHDHMPIT LT, HsbA i3 PBSA REICHAET S L Cutll LHEEMEML, PBSA
RMEIZ Cutll ZBMET D2 LICLY PBSA DX RETIHENDZ LEZ O
7= (Fig. 8), ¥£7= AO ceramidase |Z PBSA 5 FHADYVEZ U EEEHRTHIL
IZ& Y Cutll &HFARYIC PBSA 40T 5@BERNHH LB b (Fig. 15),

CutLl |THKHRT AT NVHEZEE L L, AO ceramidase (XBR/KAY72 ceramide
EELTOIMETHD, £ LT, PG/PLTP IIBU/ARRIEE ORBMKIZESE LT
% ML domain Z#OF U RIETHD, LizhBoT, ZTbDF U NI EIZIET
BAMEE LECHEEERTILEZON., AR CTHILIN-HAKRERE Y
VR B MEE R B R FEThH B L EL b, £ PG/PLTP &k
NEVRIETHD EBEINTV B HbBEOLTEEA L VRS h, 22
T PG/PI-TP REAENOEEZ8WET D & ) R RMOBEHREE L TV 5 FTREME
NEZ LI,

SIEE CRINEREAT 5 THMMS /7 E L LT hydrophobin 0 Z 3341 5
nTEY, ELIERIfTbhER, L LEFEICL > THROmELMEY

— 168 —



NRIBETHD HsbA 77 IV —F U RI7ERER I, TOHEEBRHL LR
Teo TOTZEITEY | RREIIRA REEOEBEMES T EETFHIZAG,
BABRBERICHFET BBAER ECRM L, ZOBKEER % SMEL L TL
HEZbhI,

BEE TEEEYM» ORI T U T £ THA 72 ceramidase IZ DOV TE DHE AR
_RENT&E~, LML ceramidase 7% ceramide PAZNDEE Z MK ST D &5
WEITEEL | ceramidase DEDEET TR F v 7 OB RET S Z LT E
LWERTHS, AO ceramidase O PBSA HEEEDHRLFHHATH—D2DEFT L
& LT AO ceramidase 7% PBSA 3 FHNDO U L Z U fESEDRTHIEVIET L Z
‘’ELE (Fig. 15), L L2RAB L, FHFFREIZIUVT AO ceramidase DSEHEHIC Y
LA VRERENELTCVAZ L RIERATHENTERNo72, Lo T, AO
ceramidase 233D T PBSA DHMEREL TV B AEELEL LN, 5%
AO ceramidase DFFHI72 PBSA DR RERBOMERAIHRFINS,

A. oryzae 7% PBSA &R T HABRICHEBEMES L RIETHD HsbA & hAk Sy
JREER TH D Cutll & AO ceramidase (XHFARYICBE, PBSA 2L T 5L
Exbhd, EOETN% Fig. 16 IZ7RT, PBSA OBUKREIL A. oryzae DEF
2575 (Fig. 16-1), LU A. oryzae IIEBEMES L RV EThHD HsbA %PE
AL, EOBKREEZI—T AV THILICL>THARBLETERZERS
¥3 (Fig. 16-2), BR/KRE L TR L A. oryae X Cutll & ceramidase %
AL, B PBSA 24 fEEL LTV (Fig. 16-34),

BEE TRREVPELET IHRARARES VN7 B2 BENICEN L L, R
BITONFEFNZIZE A ERV, BRFFRIZB T A. oryzae DELET HBHAREARE
BRI EOBEEFRAOMITHIZLIZLY ., RREOBAEEZICKT DH
REMENRAEZALMCTEIENTEE, S&LARBEOF - RHARE
WRHE 5 T BIZOWTHFRS T, RRE & BUAEEE 0HRER TR OMREH
SNBZERHFTEIND,
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L3 )

1) A. oryzae 7% PBSA WfRFFICELET HABKRERESY /N7 E L LT HsbA,
PG/PI-TP, CutLl, % LT AO ceramidase % Z7Bf L 7=,

2) HsbA & AO ceramidase {% Cutll {25 % PBSA SR RET HAHENRHL &
RO LT,

3) PBSA FEIZHE L7~ HsbA i% Cutll LHEEAL, FOREIZ Catll %8
METHZ LT > T PBSA DLRERET 2T LATRINT,

4) AO ceramidase |X PBSA b FHRD U L Z ViEE % RTHZ L2k, Cutll
i2& 5 PBSA ORERELTND EEZ LN,

RO
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30% Ammonium sulfate 0 % 0% Et-OH 70 %>
& g i o 4=
Fractions ———p> Fractions ——p
N-terminal sequence ' Identification
N-terminal sequence Identification - -
- b; ASDDSVFLLG  putative neutral ceramidase
a; DASAVLA  unknown protein — HsbA C; Notdetected Cutinase (CutL1)
d; AKSVPGNNPL  Phosphatidylglyceroliphosphatidylinositol
transfer protein (PG/PI-TP)

Fig. 1. Isolation and identification of hydrophobic surface binding proteins in eluted fractions from Octyl-
cellulofine. The culture supernatant of A. oryzae RIB40 grown in CD-PBSA was applied to an octyl-cellulofine column.
(A) Proteins were eluted from the column by a linear gradient (30-0 %) of ammonium sulfate. (B) Proteins were eluted
from the column by a linear gradient (0-70 %) of Et-OH. The N-terminal sequences of the hydrophobic surface binding
proteins were detected by protein sequencing. The proteins were identified by blast analysis against A. oryzae RIB40
genome database.

\od ¥
X X il
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Polyurethane*

PBSA pellets*

* The hydrphobic materials cortain YPM broth

Fig. 2. Growth of the HsbA overexpressing strain en the . . L
hydrophobic materials. Polyurethane sheet (6cmx 6cmx 6 Fig. 3. Expression and localization of HsbA.

mm) and PBSA pellets (average diameter, | mm) contained Western blot analysis was performed with an anti-
YPM broth (10 ml). Spores (106) of A. orzae strains, such as HsbA polyclonal antibody towards proteins (100
HsbA-overexpressing , RolA-overexpressing, and an empty ug) from (A) the supernatant, cell wall, cell mem-
vector strain were inoculated to the polyurethane sheets or brane and cytoplasmic fractions, (B) supernatants

PBSA pellets. The polyurethane sheet and PBSA pellets were from broths of culture grown on CD-glucose, CD-
incubated at 30 °C for 5 days. The HsbA-overexpressing and 1,4-butandiol, CD-succinate or CD-PBSA.

RolA overexpressing strains grew well on the hydrophobic

materials, but the empty vector strain indicated poor growth,
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N Ow
B F &

Sup.
Wash

Tween 80

Triton-X 100

EDTA

Fig. 4. Binding and release of HsbA to PBSA pellets.
PBSA pellets (0.2 g) and purified HsbA (10 ug) were
mixed in the presence of NaCl or CaCl,. (A) PBSA pel-
lets were removed by centrifugation. The supernatant
were analyzed by SDS-PAGE and HsbA was detected.
(B) PBSA pellets were washed three times with washing
buffer and then mixed with 0.01% (w/v) Tween 80,
0.01% (w/v) Triton-X 100, or 10 mM EDTA. The
PBSA pellets were removed by centrifugation, and the
HsbA remaining in the supernatant was precipitated with
TCA and then detected by SDS-PAGE.
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Fig. 5. HsbA and CutL1 combine to degrade PBSA.
HsbA was absorbed to PBSA miroparticles in the presence
(A) or absence (M) of CaCl, and (Q) denotes lack of HsbA
as control. PBSA microparticles were washed three times
with buffer. PBSA microparticles were resuspended in a
degradation buffer containing 5 pg/ml CutL1. OD,, of the
PBSA suspension was measured and the degradation ratio
was calculated. The percent degradation (P,) was calculat-
edas P, =(1-C/C,) x 100, where C, is the concentration
of the PBSA microparticles after degradation and C, is the
concentration of the PBSA microparticles before degrada-
tion. The data are the mean + SD for 6 measurements. Sta-

:)is(;ilcal analysis was performed with a Student ¢ test. *, P <

Anti-HsbA

Anti-CutL1

Fig. 6. Condensation of CutL1 on the HsbA immobi-
lized on the surface of PBSA film. Purified HsbA (10
#g) was immobilized on the surface of PBSA film. The
film was washed with purified water 3 times. The film
was soaked in CutL1 solution (10 xg/ml) for | hour at
37 °C. The film was washed with purified water 3
times. Then, the film was visualized by immunostaining
with anti-HsbA or anti-CutLL1 polyclonal antibodies fol-
lowed by alkaline phosphatase-conjugated anti-IgG anti-
bodies.
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Fig. 7. QCM monitoring of interaction between HsbA
and CutL1. (A) Interaction of soluble BSA (curve 2) or
HsbA (curve 1) with CutL1 coated on a QCM electrode. (B)
Interaction of soluble BSA (curve 3) or CutL1 (curve 4)
with HsbA coated on a QCM electrode. Curve 1: HsbA
(18-90 nM final concentrations) or was injected stepwise
into an analysis chamber in which a CutL 1-coated electrode
was immersed. Curve 2: BSA (18-90 nM final
concentrations) was injected stepwise into a analysis cham-
ber in which a CutL1-coated electrode was immersed. Curve
3: BSA (1048 nM final concentration) was injected step-
wise into the analysis chamber in which HsbA-coated elec-
trode was immersed. Curve 4: CutLL1 (10-48 nM final
concentration) was injected stepwise into the analysis cham-
ber in which HsbA-coated electrode was immersed.
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Fig. 8. The schematic model of HsbA and CutL1 combining to degrade PBSA. (A) CutL1 degrades PBSA
without any condensation by amphiphilic proteins. (B) CutL1 molecules are condensed on the PBSA surface by
interaction between CutLL1 molecules and HsbA molecules adsorbed on the PBSA surface. Consequently, CutL1

molecules rapidly accumulate on the PBSA surface and enzymatic degradation of PBSA could be stimulated.
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Fig. 10. Ceramide hydrolysis by A. oryzae ceramidase.
Reaction mixture contained 275 pmol C6-N BD-certailmlde or

io. 9, ificati i . C12-NBD-ceramide and an appropriate amount of the enzyme
f;ﬁ;:e Purification and deglycosylation of 4. 220 ul of 50 mM MES-N2OH butfer (pH 6.0). Following

deglycosylated by Endo H. Purified AO ceramidase  incubation at 37 °C for 30 min, the samples were evaporated,
angl (y,eggcosy,agd AO ceramidase were subjected dissolved in 20 ul of chloroform/methanol (2/1 v/v), and applid

_ i i to a TLC plate which was developed with the solvent

1o SDS-PAGE and stained with CBB. (chloroform/methanol/25% ammonia, 90/20/0.5, v/v).
(A) 120 (B) 120 .
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Fig. 11. Effects of pH (A) and temperature (B) on the ceramidase activity of the A. oryzae ceramidase. (A) The opti-
mal pH (circles) of the enzyme was measured at 37°C using C12-NBD-ceramide as the substrate. Ceramidase activities
were assayed at the pH values indicated, and are shown relative to the activity at pH 6.0. pH stability (squares) was mea-
sured with C12-NBD-ceramide as the substrate at 37°C and pH 6.0, after incubating the enzyme in 100 mM BCP buffer at
each pH value for 30 min at 37°C. Residual ceramidase activities were assayed at pH 6.0. (B) The optimal temperature
(circles) was evaluated by measuring the ceramidase activity with C12-NBD-ceramide as the substrate at different temper-
atures (20-80°C) and pH 6.0. Thermostability (squares) of the enzyme was measured at 37°C and pH 6.0 using C12-
NBD-ceramide as the substrate, after incubating the enzyme for 10 min at various temperatures (20-80°C) at pH 6.0.
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Table1 Identity, localization and optimal pH of AO ceramidase orthologs Table2 Ceramidase orthologs found in

Species ldentity (%)  Localization = Optimal pH
Rat 36 Intraceilular Neutrai
Maouse 36 Intraceliular Neutral
Human 36 intracellular Neutral
Fruit fly 36 Intracellular Neestral
| A oryzae - Extracellular  Neutrai |
Slime moid 36 Extracellular Agid
Pseudomonas aeruginosa 33 Extracellular Aikaiins
Mycaobacterium tuberculosis 32 Extracellular Alkaline
100
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Fig. 12. A. oryzae cermidase promotes degradation of PBSA
microparticles by CutL1l. PBSA microparticles were degraded
by 10 ug/ml of CutLl (A), 10 ug/ml of ceramidase (M), mixture of
CutL! (10 gg/ml) and ceramidase (10 pg/ml) (@), and no enzyme
(#). The PBSA microparticles were incubated at 37 °C and turbidi-
ty of the PBSA microparticles were monitored at ODg3q every 10
min. The percent degradation (Py) was calculated as Py = (1 -
C./Cy ) x 100, where C, is the concentration of the PBSA
microparticles after degradation and C; is the concentration of the
PBSA microparticles before degradation. The data are the mean +
SD for 6 measurements.
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fungal genome databases

Species Ceramidase

Aspergillus oryzae +
Aspergillus fumigatus
Aspergillus nidulans
Neurospora crassa
Magnaporthe grisea
Fusarium graminearum

Filamentous fungi
+ + + + +

Saccharomyces cerevisiae -
Schizosaccharomyces pombe -
Candida albicans -

Yeasts

+; a ceramidase ortholog was found in the genome database
- . no ceramidase orthologs were found in the genome database

BHB

SBHB

i 1 Il 1

o 20 40 60 80 100
Relative quantity of PBS olygomers (%)

Fig. 13. Hydrolysis of PBS oligomers by A.
oryzae ceramidase. S, B, and H indicate
succinate, 1,4-butandiol, and 1,6-hexamethylene
diisoocyanate. To prepare PBS olygomers, PBS

pellets were hydrolized by CutL1 and then

ultrafiltrated to remove CutL1. The ceramidase
(300 pU) was added to PBS olygomers and incu-
bated at 45 °C for 6 hours. The sample was
ultrafiltrated to remove ceramidase and analyzed
by reverse-phase chromatography. The relative
quantity of PBS olygomers (Rq) was calculated as

R = Qa/Qp x 100, where Qa is the quantity of the
PBS olygomers after incubation with the
ceramidase and Qy, is the quantity of PBS
olygomers after incubation without the
ceramidase as control.
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Fig. 14. The structure of PBS oligomers con-
taining urethane bond. S, B, and H denote
succinate, 1,4-butandiol, and 1,6-hexamethylene
diisoocyanate. The two urethane bonds were made
by condensation reaction between 1,4-butandiol
and 1,6-hexamethylene diisoocyanate in BHB and
SBHB molecule.
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Fig. 15. The shematic model of cooperative hydrolysis of

- PBSA by CutL1 and A. oryzae ceramidase. Because

CutL1 hydrolyzes only low-molecular-mass PBSA
oligomers, CutL1 seems to act like exo-enzyme against
PBSA polymers. CutL1 only hydrolyzes free terminals of
PBSA polymers. The ceramidase seems to hydrolyze ure-
thane bonds in PBSA polymers and act like endo-enzyme
against PBSA polymers. This cooperative hydrolysis of
PBSA polymer by the endo-enzyme (ceramidase) and exo-
enzyme (CutL1) enables effective degradation of PBSA.

CutL1
Ceramidase

Fig. 16. The shematic model of PBSA degradation by A. oryzae. 1; The hydrophobicity of PBSA inhibits fungal

growth on the surface of PBSA. 2; HsbA adsorbed on the PBSA surface enables fungal growth on the hydrophobic sur-
face of PBSA. 3; The fungal hypha produce CutL1 and ceramidase on PBSA surface and PBSA is effectively degraded
by cooperative action of HsbA, CutLL1 and ceramidase. 4; The fungal hypha enter in PBSA by hydrolyzing and assimi-

lating PBSA monomers.
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HE, RE~OREEO®EEVICLY, A0BETIRXF v 7 BEHZED TS, Polybutylene
succinate-co-adipate (PBSA) I succinate, 1,4-butandiol, % L T adipate B E A SN T T& L ED M
TIRF I THY, BERADT AN LR EDHBRITELNT NS, UL Aspergillus oryzae % IV T
PBSA ZFEBHIICHRL, Z0F/ =—F Y d~—%ER, VYA I7VTIRAABTORTND,

BTEE T PBSA D fEEER O Cutll BEBEIh, ZTOHEIFELIFARLORTNWD, £z, A oryuae
TEBEE Y R EO—FTH S RolA ZERBE S, BAEOEVPBSA 2RI ESMLT
WAHRZEBHELPRREINTND, £LT, Zivh PBSA SREHESY /X7 B TH 2 Cutll & RolA i
FER BRI 2 RACR L THRWHERREZFT. 202 55 A oryzae BEAT D Z X7 EPD
BB R BT U CTRVWHEAEREREZ R T Y VRV B2 BT 2 2 L3 TE Y, PBSA SEICEE S
TOHHDOZ ARV BEERBTHI LR TED LELZ LN, £ 2 THERMEIL A oryzae 5 PBSA 53fi#
FHIEEE T 2 5 V8 B DBKRERE 7 vV B 5B L, Th b O PBSA BAHEESR & MAE
+5Z LB AME LTARRICES L, |

BHE I EBKRERE ¥ L7 B & LT HsbA, AO ceramidase BB I 53 L 72, HsbA i
PBSA REICHE LIRIET Cutll 12 & B2 22 {EH#T 5. BRKRE K L7z HsbA i Cutll &4
A% L72Z &5 PBSA Rl I3 L7z HsbA i Cutll EMAEMERT S Z &£1Z X - T PBSA R
IZ Cutll ZEHNE L, PBSAZMEREEL TWD EEX bz, 7z, AO ceramidase I3 Z 1V H Tl
PBSA ERIR /R Slgdro7e 3, Cutll EIRET D L IEWITH S 2 PBSA S REENRZR L.
PBSA A Y d=—% AW EERIZE Y, AO ceramidase 73 PBSA B THIFEELTWE 7 L ¥ Ui
B%HEL, PBSA MEILETNSZ L ATRRENE, |

PR, EHEOHMEIIHF THO CRREBEET SHAKREREY V3V BICERL, 2048
BRI L W) ETHEFCHBWNTHS, £330, BEIhZFTHBARERES V28
BERRET T AF v 7 DRRERETIHRB S D Z L RFHALZARBWT, BEE—F, BHE
it (B ORMEREINDICKASREREE TS LBELE,
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