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Development of the new measurement method of koji mold,
Aspergillus oryzae acid protease

Koushou Oohigashi', Nobuo Yamashita!, Shugo Tsuda?, Shun Masuda?, Takahiro Yamauchi!,
Takafumi Kubodera!, Taku Yoshiya?, Takahiro Akashi' (Hakutsuru Sake Brewing Corporation.,
Ltd., 4-5-5, Sumiyoshiminami-machi, Higashinada-ku, Kobe, Hyogo, 658-0041, Japan', Peptide
Institute Inc, 7-2-9, Saito-asagi, Ibaraki Osaka, 567-0085, Japan?) Seibutsu-kogaku 97: 168—
172, 20109.

We developed a novel measurement method for koji mold, Aspergillus oryzae acid protease (AP). To
identify the amino acid sequence that 4. oryzae AP preferentially cleaves, we employed the FRETS-25Xaa
series (Peptide Institute Inc.) peptide library. LC-MS analysis of the fragments generated by the AP indi-
cated that -Arg/Phe-Ile-Arg- is suitable sequence as a substrate for A. oryzae AP. Thus, we designed and
synthesized a novel heptapeptidic probe (HAP-01). HAP-01 cannot be cleaved by exopeptidase because of
p-Arg block at both the N- and C-terminal. Upon enzymatic digestion with AP, para-nitrophenol (pNP) is
liberated from HAP-01 as a chromosphore. We found that the increase in absorbance at 400 nm caused by
the liberation of pNP in association with enzymatic cleavage of HAP-01 was proportional to the 4. oryzae
AP activity.
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1. 73 /BEINORIV—=20 737 BES
D—R/A 27 ) —=> 7 IZIZFRETS-25Xaa series ((#k)
KT F FRFZERT) (Fig. 1) w7z, Fig. 1 TRL7ZX
IITARBGFIZIE25Y (5 X 5) ORTF FHARE S
NTws, M Xaad7 I 7 BOENIE Y 19FE0D
mAH b, LIizho T, 19F% B3 475 (25 x
19) BYDORHNEAZ ) ==V F L2 8lhb. A
oryzae FH KK FHLEE 32 3 VX BB T 58 AT 12 &
DI L 7., REEZDMSOTHML, 1 mMIZHHEL
72 19#E 0 FRETS-25Xaa series # ¥ v F LA U FR1HiE
(pH3.0) TI100 uMICA R LRBERW & L7z, EE
W 190 pL (M EE SR 10 uL 2 2., 40°C THRE D
SV AT R YA 70T L= ) —F— (T
71 ~#Linfinite M200pro) 2& ) PL—Z L7z, KA
V==V TE—RAZ) == 2L DAL
KoY % LC-MS (7 ¥ L~ +4#:G1956B LC/MSD
detector, 1100 series HPLC system) (& CH#AT L, MMk
TuFT7—BICLUMIC LV E AL ZMROT I
FRICH & e L 7.

2. RTFFFTA—TDAEM  Fmoc B G2
T2 7 3 FEIREICIRERTF FeEL . RE
NTF FEEE MY 7V alER s 7 7OV TR LT

Nma (fluorophore) Dnp (quencher)

NO,

N
.
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Phe | | Pro NO,
Ala || Tyr
D-Azpr-Gly-| Val || Lys --AIa-Phe-Pro—Lys-D—Arg-D-Arg
Glu || Tle

Arg | | Asp
Zaa Yaa

Each Xaa-library (19 kinds available) contains 25 peptides.

Fig. 1. Structure of FRETS-25Xaa. For primary screening,
fluorescence increments were assessed using a microplate-
reader to determine whether the Xaa-containing peptide
mixture [5 (Yaa) *5(Zaa) = 25] was efficiently cleaved.
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3. EMRIEREORE LEEE L OEBEEDORER
IS G oBEHE EFDMSOB L O~ v FU RS Uik
i (pH 3.0) THAP-01 % 500 pM (7% U B E i
L7 A oryzaeRBME 7077 —¥BEHA T a7
7—¥M7</ [SD] (R¥F ¥4 4 (#) %#4%
AAIZED LT, BRHESHT I O A & JE 8 & kA1l % 7
FelL7z, FEEEWS0 pLIck LT, BRI A SO ulim z,
40°CTIIB E 72, 0.4MDjEEF b Y 7 4 %200 ul
Mz, pHI10THRIGEE/. 20k, 55°C T304 Mg
#HL, OD400 nmOYOLE A WME L7z, X REL )
BE LTRUSHEIC04MEREF MY 7 A% 15l iz
T, pH7IZLTHh 5 100°C TS5 MM 4 2 = & Tk
WS, SHIC04MOEEEF b Y A% 185 ulilz
TpH10IZLTH 5, FilTOD 400 nm @ WG % il
EL7. —HHRHEIZ L0, 7vh ) TR %
&, FEFEHEN L pNP ORI X D HEMEDH 2 00 5
Thb. WWHEINEREZRE L2, UthEEER R
U 7o BB 2 7 1), WEPEICERA D 2 oK % BN
LT, fEMEGHTEEY & oMY E AR
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1. —RRYV—=2T  GrbEgE il Lok
LD fh LM EE R R 2 H v, 19D FRETS-
25Xaa series & 40°C TRUS &, #IFE 100 HIZH KL
7o 2 R L7z (Fig. 2). CoOfRE LD, Xaand
MEOT I/ BROBENZEY, XTF FHOYIRIZRE
REDELTED, GlyRProo#Aidizs A & ntE
BrwEEZ NIz FTFRERIVNEWT I RIE, G
PEDMRNERICH 205, Trphr ERETETCHHEL LS
I A A S N7z HOGIREE O & W IIHIZ FRETS-25Met,
-lle, -Glu, -Arg®42>%EY, “KRAZ)—=V 7|
HEATZ

2. ZRRYU V==Y  —RAZ) ==V T TiE
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Fig. 2. Primary screening results
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A. FRETS-25Met B. FRETS-25Arg

(%)

Normalized peak area
3
Normalized peak area (%)

GFKMA GR GVKMA  GAKMA GFIR GR GRIR  GRDR  GFDR

v

p3—P2—P1-P1'—P2’
Phe lle Arg Phe Pro

p3—P2—P1—P1'—P2’
Lys Met Ala Phe Pro

P3iP2—P1iP1’—P2’
Arg lle Arg Phe Pro

Fig. 3. Secondary screening results using FRETS-25Xaa
selected. A: Main fragments of digested FRETS-25Met by acid
protease. When Xaa was Met, most hydrolyzed fragments were
D-A2pr (Nma)-GFKMA, D-A2pr (Nma)-GR, D-A2pr (Nma)-
GVKMA, D-A2pr (Nma)-GAKMA. The results for Xaa=Ile/
Glu were similar to those for Met. Arrow: cleavage site. B:
Main fragments of digested FRETS-25Arg by acid protease.
When Xaa was Arg, the most hydrolyzed fragments were
D-A2pr (Nma)-GFIR, D-A2pr (Nma)-GR, D-A2pr (Nma)-
GRIR, D-A2pr (Nma)-GRDR, D-A2pr (Nma)-GFDR, Arrows:
cleavage sites. *GR (D-A2pr (Nma)-GR) is present both A and
B. All FRETS-25 series contain this sequence as shown in Fig. 1.

A 72 4FE D FRETS-25Xaa O hiK 53 % LC-MS 2 7
T4 LT, WMEEZE= - LTHLNZE—=21C
X0, BEUWHOT I BRI O 2175 72

% FFRETS-25Met I2BWTIFAladEH T, X<
WrSMCTw/z. Fig. 3A X ) AlaofziE % P1 & L7234,
P2 (Xaa) 1&ZMet, P3 (Yaa) IZLysH# L T3 &%
25Nz, F7-FRETS-25series ®ECH & b P1'id Phe,
P2 Pro TH MBI X 2 L\ T LG h -7z Fig
SATRLZZELCZ2MH OE— 2 8%% — » IZFRETS-
251le, FRETS-25GIu T R TH > 72 MO %1
FIXECEERZ 5N 5). FRETS-25ArglC B\ TY)
Witk SRETVDDIZAIEDEBRTH -7z, TOHH,
FRETS-25Arg 2813 %P2 (Yaa) @7 3 /&iZ1le T,
P3 (Zaa) 13Phed L { iZArg T - 7z (Fig. 3B). %
7z Arg DEH%IZPhe-Pro THYIMTIZ LR E B L) T
LN olz. %3, Fig. 3ABICHE L TGR (-Gly-
Arg-) BHIFSLNTWVDEH, ZOBRMNIZTNTO
FRETS-2512& 5. fitik L 72 FRETS-25 ORHI D 7%
PT, bo L UM SN THE UM DENENSL >
727 3/ BRRCHIIE -Arg/Phe-Tle-Arg- Tdh % & 53 h o 7-.
3. RTFFTO—THAP-01D#EE Dlozxs
) == Y TREROAIR L ) RTF F T u—THAP-01 %
Rt L7 (Fig. 4). A7 —7R7TRENPSR LT I/
B CHE S, NB XU CRUilEp-Arg T7 a7 Eh,
SHIINFKGHE T v F b, CRmIE7 I ML /g
WERREOZD, ETH XV BORTF ¥ —BIIEH
TEZWV., YW ShbERTF NS TH 5 Arg- A
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Cleavage site

Fig. 4. Structure of HAP-01 (4. oryzae acid protease chromo-
genic substrate).

T73I/7BEICBENT, AL7 I/ BoM§ic pNP %
a7, EBMEE LD FRETS-25Arg @ Arg-Phe [
DXRTF AU S N5 2 LAhoiz720, HIsH
IR VY VFHBARTH S pNP ZHiH, Phe & AT
EEZEZONDLANLT I/ BEBAL . MWA. oryzae
HROBRNE 7 077 — €%, PrEiBiz s s i
L0, Fig. STRLI LD % A H = XL TpNP AL,
TN ) FTHMT 5. -Phe-Tle-Arg- b L { 1&-Arg-
Ile-Arg-HS i & % 2 H 17225, -Phe-Tle-Arg- 128\ T
Phe (3 BUKPEAYE <, BED AL PRSI N/ DT
Wiz, F7z-Arg-lle-Arg- ¥y, NEMD Arg DEET
LI YWENZ2DT, ZOWMASMEND L, N
WO THIEIE 0T, TFVATHLT I /RS
FE—EMEA L, WiEREIEI L LRI
7D ZaadT I W% LysiC L7z, LysiZ L72BHNE, 1)
Arg L FIRROIERYE T I V& v T &, 2) FRETS-
25Arg 2B\ T Yaa DI iEIZH % Lys D% THIH S
VAN E SRS/ VAR AN I bl A P 2o K

4. FINFHEOBRE SRR ST T E L 720G &
LML, BEEA CEEYE T 1 7 7 — € 0400 U/mL
VZERBE L 72, TR TEICAHRE L C B 2 AR AR S /.
COWEMEORPCRERIREL —E & LWa, 0-6045
A E CHMIICTELEEDHM T 5 2 R S 7272
PG % 40°C, 2040 & L7z, I Ty v i
20, BERROSHICH LOISHEAERD0.4 MEEET b
Vo A2 MATpH7IZLTH 5, 95-100°C T 5 45 fj
ML, ZRICETHALTH S, SHITISHERE
DO0AMEREEF M)y AZMATz RICEHITpH 1012
CilEdE L 72 pNPISE K § % 564 2 OD 400 nm O WOGE
HTHE L7z, ZORRHAP-01IZ X 2583kt 7 1
77 —BIHEICHBE T 5 2 & 239500 72 (Fig. 6A).
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Fig. 5. Reaction mechanisms. [HAP-01: Ac-D-Arg-Lys-Ile-Arg-A2bu (Me, CO-pNP)-Pro-D-Arg-NH2]
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Fig. 6. Comparison of HAP-01 protease assay method with
the standard method. A: Acid protease from A. oryzae can be
quantified using HAP-01 by absorption at 400 nm. B:
Correlation between the proposed HAP-01 method and the
standard method. Note: 17 types of koji produced in the factory
were used for the each assay to evaluate acid protease activity.

2 & BIETEE O BIVE 2 S X7z, HEER R L A
EOYpE, il L CHIERPHIC A % 25, L TR -
72b DIFAERAKT2RHEMML 72, P’ =0.9902 T
B2 AHBAYEASH & 1 7= (Fig. 6B).

6. FETOTT7—€, REBEOBREIOTT—E
[Extd 2 REHE  HAP-01 2\ TA. oryzae kD
mETo7r 7 —ERMWELZ. <y FIUANS ViR E
v, pH6F723pH 712 LTI Z4T>72%% pH3D
& ) MM, CoMAEpHA 62> 5 712 EAT
BIZHNTHETH o 72, BHEEESEICBW TS0
77 —BHEEOHR LI pH3 < pH6 Th b, O &
M5, A oryzae®wik7 v 57 —EIZHAP-01 23 HED
73 BEY BT a7 7 — I ERATYIR L 2w

EEZ NI FBEEWTH 5D A kawachii DFEY:
777 —E b K EAME L, g L O AEIERRD
LNGhoe.
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z =

EHSIZ Y FHoOTOTFT—EThHhIBET T T
7 —EoffifElEdomEE HiEL, ¥ -7
BN TF FIEEAKT 57 IV BEHIZ A2 ) —=
Y7 LT WA oryzae DB T T 7T —BIT VA
VT T 7 — IR, RERREDE V& v R
HEYDH DA, TOPTHHMICITTBE I N TR nE
BhdpsrrEzoN, BETOTF 7T —BIZX )UK sh
RFVT IR ZRET S EICLZ. —RAY
V==V 7, ZRAZ )= T RB LT, BT 77—
VT L EEMICUR STV T I RIS H 5
EWGHY, FETHIENTE. ZOH T-Phe/
Arg-lle-Arg- D Arg DIEHERD - & YRS NPT WT
IVBERINO—D LN T WG oT. TNIEESET
HOENC BTV WA TS 5.

HHERDHRTF FTU—=TOGENIBWT, EAf
DOPhe lZHEKBEETH L Z E OB L. T 72 Arg-
Ile-Arg IZOWTIEIN KU D Arg DEHZIZBWTH )
WrastieZ ), NRWmPBENLTT I/ RTF¥—LiZk

ARSI NI L5 NEKEHE D Arg Db D 12
Lys %38 A L7z, LysiC L7z#HIE, 1) Arg & Ak
HMET I /JME v T &, 2) FRETS-25ArgllBWVT
Yaa D& IZH % Lys O EZ TYIW & 7zl id o5
Lotz ) F—=7 I3 M)l Ik A. oryzae
DT T T —Exs b LysE b o & il
BEL R T W EHE L TWwAA®Y, FRETS-25Arg, -Glu,
-lle, -MetlZBWTIE, LysEEOXRTF FHiGTEAL
YW s ABR IR SN o7, o ORGIER%E
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DEIWLTT IV BERENS 2B XTF F7u—7 (HAP-
01) Z&H L7z, HAP-01 D70y 7 EhTnwT,
IXFYVBXRTF ¥ =X D5z 2T v, 72 AT
p-=bta7x/—) (pNP) Z#EHEEETED, Arg-A
T7 B TOXRTF FEGOUIRIZ L gL, 7
VA1) G F Toh L 7z (chromogenic substrate). 7 —
7 R E RV, EEIZHAP-01 12 A. oryzae DY 7
077 — B2 X DIFRICArg DIEHZBDORTF FHEET
YWWs b2 L ZLC-MSIZX DHEFRL TW5D, FERRIC
HAP-01 O 7 a5 7 — X2 & A0, et 3k
IZBWCHIBEE R AT0-400 U/mL 2 554, DL
OB AR SNz, Z ORI E ST E TR
B DAMEER I L2286 @ H, o 12-1 15
FHRL HWVITHNT 5. MRS E CRE L2217/ o
KH A O ORI W E LR E, HAP-01 2 JH W72
PEEREEOR T = 0.9902 &\ ) BATF 2B % R
L7z, COMBELY, HBICHBE LB 7 s 7—¥
OWEHEZFEHALOTRES RV EEZ O,

Z DHAP-0113 4. oryzae Dk 70 577 —BIZIE K
WEDSE Dy o 72, F 7 BENIEI T A, kawachii 2k o W
Tu7 7 =Xl G5 REREr o 7 FRCHRED
BB TH B H, M X BEEE OB RYE 02D
AR S THEBRE . DX ), HAP-01 %2 H W CTHIHA.
oryzae THEL L 72K OMRYE 7 0 7 7 — X % i A 1)
ECXLIERMER L. ZOHEOFERLIZINTTE
LI Z21T> TV 5.

B B

EEREE IS BV CHEEZRBORME T a7 7 — ik
EEEICHETE L FiE2E L. FTHBRETo T
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T —EPFATOW TS 7 IV BENEA ) —= 7
L7, —kRAZ1)—=>2r kLT, FRETS-25Xaa
series ((#R) ~X7F FOFEHT) = Hv, ZIRAZ ) —=
Y7 TIELC-MSIZ XY, kG HEmOW R o7 3 /8
MCH 2 FpE L7z, C ofH & D -Phe/Arg-Ile-Arg- A3
WEMIT L2, A2 ) —= v I TIEORAMB LY, B
Whr~R7F F7a—7 (HAP-01) # &)W L72. HAP-
01X 78RIEDOT I VA 5%, N, C-Kimlid7ay »
ENTWVELD, TFIVBMONRTF & —BIMEH L.
MzZ<T, p-=ta7=/—) (pNP) 2 HISHICHEE L2
ANLT7 I 7 ReF>. ArghkIEE NTT I VRO O
TF RV S5 & pNP 2SS L Ty 5.
X HITHAP-01 T W kB omME: 7 a7 7 —EillE
M EFEL, pNPOT VA YT THOOD 400 nm ®
W SERE AR IE AT X AT v 7 7 — ik L mw»
%A > 2R L.
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