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Brewing characteristics of carboxpeptidase O deficient strains from the koji mold, Aspergilius orvzae
Nobuo YamasHITA, Haruka NisuiMoTo, Yoshihiro TaMaDpa, Takafumi KUBODERA, Takahiro AKASHI

(Hakutsuru Sake Brewing Co., Ltd. Research dept,, 4-5-5, Sumiyoshiminami-machi, Higasinada-ku, Kobe, 658-0041)

We constructed carboxypeptidase O deficient strains (AocpO) from a koji mold, the Aspergillus ory-
zae industrial strain, and examined their brewing characteristics. Acid carboxypeptidase (ACP) activities
of the rice-koji prepared with AocpO strains were significantly reduced to approximately 35% of that of
the wild type parent strain, while other important enzyme activities, (glucose forming activity, a-amylase,
and acid protease) were almost identical. Sake brewed using the AocpO strains had almost the same
general analytical values as that produced with the parent strain with the exception of a slightly lower
amino acidity. All amino acids were present at lower concentrations in sake using the AocpO strains ex-
cept for L-arginine, which was significantly increased. The ACP substrate specificity of rice koji differed
between the docpO and parent strain, which likely explain the observed increase in L-arginine. The find-
ing that the amino acidity was only slightly lower in sake brewed with AocpO strains despite significant
decreases in the ACP activity of the rice koji is likely caused by the functions of the other ACP isozymes
and enzymes to produce amino acids in the sake mash. Finally, a taste sensor of sake brewed with the A
ocpO strains suggested that carboxypeptidase O affects the taste balance of the sake.
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BRI OME EST 7— # ~— 2 (http//nrib2.
nrib.gojp/EST2/indexhtml) 28172 HEEE L Y
FHEL, BEOAUgD R ICBVTEREMICIRES
Wiz, BEEEOEBTREICBV CIZEEREEERY
CRBTALEENZHINEFIRTFF—-¥ 0l %1
— F¥ % ocpA (DOGAN ID A0090012000706) ¥ 7%
BRELTWEEEZONDH, AocphABkD ACP
HEHEOERTRIIFARKROH 10%THY, 4 ocpO*k
DETEIIHEGEBTHo/Y TORERLY, KA
i 0ocpO (A0090020000351) Pz — FENB ALK
FYRSFF—¥ O FHEBEETRICB TEEY
BT WS ACP LB L7z, FXTAopOtk%
BHEEEHOERKIVIEL, ToBEEREIZOW
THARLZ LI LTz WL OPOEKRFEWVIHTRYNES
N72DTHET 5,

ESL R

1. HEERRUERER

ocpO BIZTF O LT A EEOW @ PCR H#IRIC
SBEIE LCTHWABHE O/ Mt A, oryzae RIB40
(BEERETER) 2ERA L. BETREICAY
LHIEEHRICIE B ERBERE A oryzae HL-1012
(wt) ZH\720 %72 ptrA BIET O HIE X pPTRIY
BRI L7z THETIHED -0 OFAREEHiE Difco
Potato dextrose agar, ¥V F7 3 (PT) Witz
BIETAERICIIEASES (04 ug/ml PT, 12M
D-VYWVE M=, 2% ZFVa—X, 06% NaNO,,
0.05% KCI, 015% KH,PO, 2mM MgSO, ZiEHME
&&, 06% (L&), 2% (T/&) agar) 2B L7
FBREEELEFTT A M2, Czapek-Dox %
EFLT2FHER Q%7 Va—R, 06%ERE,
0.05% KCI, 0.15% KH,PO, 2mM MgSO, MWMELE,

2% agar (pH 45)) #HH L7,
2. EBHE A. oryzae b5 D A ocpO HOWMG

prAP v —H — LB ocpO BIBFREA £ Y b
DOREHIZ, fusion PCR# Y12 & 5 72, fusion PCR IZ
/275 4 < —DOiEF| % Table 1 IZ/RT o RFDT
5 A< —FI1-Rl, F2-R2, F3-R3 CHIEL 723 WiH %
fusion PCR CTHEA L, R&EF -y NEMRELL, K
fhty FETUMNTT AN PEGEYTA oryae
HL-1012 (wt) CEAL, PT 28 UERELEHT
BAELZPTHME s - 2EEEL, ZhbiZon
TKOD FX Neo (RiEdh) #Hwi-au=—4%1 1L
27 b+ PCR CREM4EE (FO-R4) #IEL, HIRER
MBIl EoTHELR,
3. BT X b EBERFEHORIE

100 g A7 — VOEMF A ML, 70% RO BHEE
HV, [BEREEBESH221 (ARy 2#) 2#H
L, B4t 32C (RH 95%), 19 Bri— 35C (RH
90%), 12 ##fI—38C (RH 85%) 128sRI& L7210,

KE D b OMEER WO S EER AT FERTIELE 5
#r & (http//www.nrib.gojp/bun/nribanalysis.htm)
(LUFIBEEGHTIE L B2 Y) 0L ofze BE(ES, -7 3
F—¥, ACPiI* vy a—< HOBEEGFI*Y I,
BETa 77 - BIAEESTEIC L o7z, EEEEZ
72 ACP ORI ZERFITESE Vit sz v
v N U REEEETREL, pH 30, 37CT14H
AT RTFRED lug DT I /B EHET AR
FE%Z 1 Unit & L7z £HE LTRHWEERY XY
F F (Cbz-Glu-Tyr, Bz-Gly-Arg) 1387+ FIF%
BTk DEAL,
4. MEBATFZ B

#k 400 g D/MERF R b id Kitamoto S D 12
ToTo7z. BRI BEMEREEER: HL-171 2 v,

Table 1 Primers used for developing the deletion cassete

Sequence (5'—3")

Primer  Application

ocpO_F1 Amplification of ocpO deletion cassete (7 ocpO:ptrA)
ocpO_R1 s

ocpQ_F2 s

ocpO_R2 ”

ocpO_F3 ”

ocpO_R3 7

ocpO_F0 Identification of ocpO deletion

ocpO_R4 P

GATGCTGCTCTTGCTTATGCGGAC
ccaatgggatcccgtaatcaCAGATTGAACAAGGAACCCG
CGGGTTCCTTGTTCAATCTGtgattacgggatcccattgg
ctatgcagtgtatcctccccATGGGGTGACGATGAGCCGC
GCGGCTCATCGTCACCCCATggggaggatacactgcatag
ACATAGCCCTTGCGGGGATATATC
CGTGGATTTGATACTCGGCAGAAGC
ATACTTGAGTGCCAAGACACCTCG

*Lowercase; region of ptr4
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FARIL 70%HEK D H AN, Migid 15C—EE L7,
REEN AREAT125 g 2o 2B T R L7z, B
& O S HE R LR E 72,
5. — B LU7 I/ BEKES
—i R (AAEREE, 7 a—)y, FREE, 73 /8
B, M) \BESHTEICL o720 7 3 7 BEABOAT
i3 Prominence Amino Acid Analyzer System (&

BERTAL) Rz,
6. BEEEH— " (k& B EEEE

BRI O BE R EF i 12 1E Taste Sensing System TS-

5000Z (£ »F )Y zrbbr¥—F27 /03 —%)
FHW, FEEEMO T ba—vick o7z,

EREREER
1. A4 ocpO BDET &L HERR

au=—#%A4L2 b PCR CIENEE (#6 kb) %14
Mg &7z FAERNIZIE R, 0cpO B ptrA Tl X #ih
> 72 RRDIZRY I O B — P FTIEFES B Sphl 4T
PR R LI L 720 AR, 34k (4 ocpO-16, 31,
44) BTRLAETYE S, 0cpO BImT R I
tEz26N17: (Fig 1)o 2095 2% (4 ocpO-16,
31) 7% Czapek-Dox (CD) “FHE; #1235\ THERRE
FRIEFIZER Lzo 1 BRIZEBENED o 7272072,
L2l IS D A0cpO#RITEFEIE % NaNO; 7 &
Chz-Glu-Tyr I X2 7256, BRI VEFTIS -
Tz, (Fig 2)o EFEFE% CbzGlu-Tyr IZ{ER L 72
B, EEVHBERL RBOKLIYEFH 2o720Did 4
ocpOBRIZBWT ACPIEENET L0 EEZ S
b,
2. AocpO#HZERWHEAET X
0cpO DR EDHERT & 72 2% (4 ocpO-16, 31)

REHtY b (docpO::ptrA) FVERH L, A. ory-
zae HL-1012 (wt) ZEAT 25 Z LT, £ < @ PTiit
Wro—rvxfi, 2O B3 70— w HlEL,

ZHWT100 g A7 —VORBT A P &IT o720 KH
DiEMEE WE L 72K, ACP 25RO 35% & HZ

A 0cpO deletion cassete

2 kb 1.9 kb

1.9 kb
f\ ,] ptrA | ,l

Ss

wild type.”

z @
Parent
Parem/sp it
docpO-16
Aocp0-1 6/Sp/¢[
docp0-37
Aocp0_3 I/Sp/zl

AocpO  35kb Sphl  2.5kb
| |
1 |
[“I [ ptrA |
—>
FO

M; AHindIIl digest

Fig. 1 Generation and detection of ocpO deletants( A ocpO)from the wild type Aspergillus oryzae strain.
(A)The ocpO open reading frame (ORF)region of Aspergillus oryzae HL-1012 (wt) was deleted by homologous
recombination at the 5 - and 3’ -flanking regions of 0cpO with an ocpO deletion cassette. The arrows (F0, R4)
represent primers designed from outside the deletion cassette region.(B) The F0-R4 region amplified by colo-

ny-direct PCR with the conidia of each strain was digested with Sphl.
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Parent #0ocpO-16

MocpO-31

Fig. 2 Differences of individual strain growths among different nitrogen sources.
Each nitrogen source was adjusted at 0.6%. Each strain was cultured at 30C for 5d (pH 4.5).

Aocp0-16 4ocp0-16
Aocp0-31 A4ocp0-31
parent parent
(; 20'00 40‘00 60l00 80'00 (,) 5‘0 1(|)0 1.;:0 Z(IJO
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PR PIRIARTR e ——

Aocp0-31 Adocp0-31

parent parent
1 1 1 } {

0 200 400 600 800 1000 0 1000 2000 3000
Acid protease (U/g-koji)

a—amylase (U/g-koji)
Fig. 3 Enzyme activities of the rice-koji prepared with 4 ocpO and parent strains.

Cbz-Glu-Tyr Bz-Gly-Arg
Aocp0-16 mml‘ 4ocp0-16
docp0-31 | Aocp0-31
Parent LJf‘in‘I.F{" B , | —
0 5 10 15 20 : . ; T i
. 0 0.5 1 1.5 2
SRR Al ACP (U/g-koji)

Fig. 4 Changes of Acid-carboxipeptidase (ACP)subustrate specificity of 4 ocpO and parent strains.
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KWETLTWwW. —F, #ikh, e 7315 —¥B&
VB 7077 —Flion T EEE IR LAVT
Hot: (Fig. 3)o T/ ACPOKELEEESWF v b
@ Cbz-Tyr-Ala 7%, Cbz-Glu-Tyr B & U Bz-Gly-Arg
WCEZ R, AocpO#kiE, Cbhz-Glu-Tyr 125t LT
i, BBRICHS, RISESET LTwiz25, BzGly-
Arg 2 L TIE LR L Tw7: (Figd)s CbzGlu-Tyr
BT ESIECBIT 5 ACPIEROEETHY, 20
WA (6065%) IZMEESHF v P TORHERLER
—F L7 Morita 51, OcpA (HIVKRFIRTF5
—¥01) i 0cpO (I NKFIRTFF—F0) 12
), Cbz — Glu-Tyr 123 L TIEHE FE w25, Bz
Gly-Arg lZH LTI 10 BU LB 22 LHELT
WE YW, FoTZDEE I VEFVRTFF—F
OPRETHILIZLE ST, BWIVKRFINRSFF—E
Ol EDHENF L VHEZIIRNTELDDLHEESL
b0 ACPOTA VYA LAHE, ZOEBREBEITIE

BZoTWBIENFPoTVSE Y,
3. 4 ocpO ¥ % BV HEK 400 g D/MEBAT X b
ocpORR L D BIZRBAE VT, HEBET A%
FTotz0 AocpORITEMEZIZRSEOREREE /-
S, BBELRAEATRHoTEM Lz, BONEE
ABL, HEORET—HEITLIER 7TI /8
EVH1IEEVWEETEREE, Thra—b (v/v),
BeE, BEEBRE 4 ocpOROETIZIZEDL S b
o7z (Table 2)o ZB/MMEAT A Mid 3 EAT- 7225,
3EED AocpORDT IV BEEBHKRL DB 1K
{, fABBILBRMTHERENH > 72 (p<0.001),
727 3 BB 2T o 728, 4 ocpOMRiZ, B
FETERIBEAEDT I ) BETHRICIENESL T
2o =7, L-TFZIE# 2025% Bk L DML
Tw72 (Table 3)o L- 7 A F= Ui L 72 REIX
BEORBIERIEDL S Lh ol L SBED L DR
HTia%l, HEHO ACP IZB W THEBELI T

Table 2 General analysis brewed with the AocpO strains

Strain Sake-meter Ethanol Acidity Amino-acidity Abs430
(£) (%) (ml) (mD)
A4 ocp0-16 - 72 18.1 24 1.8 0.034
A ocp0-31 - 175 18.0 24 18 0.033
Parent - 173 181 24 2.0 0.036

Fermentation period is all 12d after Tome-zoe.

Table 3 Amino acid composition in the sake

Amino acid Parent A ocp0-16 Change in rate* A ocp0-31 Change in rate
(ppm) (ppm) (%) (ppm) (%)
Asp 70 58 - 17 64 -9
Thr 37 34 -8 34 -8
Ser 65 60 -8 61 -6
Asn 105 94 - 10 94 - 10
Glu 272 251 '~ 8 248 -9
Gln 125 107 - 14 109 - 13
Pro 171 153 - 11 155 -9
Gly 150 132 - 12 133 -11
Ala 296 270 -9 279 -6
Val 95 79 - 17 81 - 15
Cys 43 36 - 16 35 - 19
Ile 54 46 - 15 46 - 15
Leu 122 101 - 17 103 - 16
Tyr 125 101 - 19 103 - 18
Phe 82 65 -21 66 - 20
His 3 3 0 3 0
Lys 111 106 -5 107 -4
Arg 314 368 + 17 397 + 26

*Change in rate = AocpO (ppm) -paten (ppm) /parent (ppm) *100

B3 E 11 E

689



I - BAR - EH - 8F - WA © 8H Aspergillus oryzae 71 IVEF T RTF 5 —¥ O REFGOBEEET

Table 4 Results of the taste sensor analysis of small-scale-brewed sake

Strain Sourness  Bitterness Astringency  Umami Saltness Bitterness Astringency  Richness
(Initialtaste) (Initialtaste) (Initialtaste) (Aftertaste) (Aftertaste) (Aftertaste)
AocpO-16 0.31 0.07 - 0.02 - 018 0.05 0.06 - 004 0.04
Aocp0-31 0.26 0.10 - 0.02 - 016 0.01 0.04 - 0.04 0.09
parent 0 0 0 0 0 0 0 0.0

*Values shown are the means from three independent experiments and indicate relative scores compared with the parent.

L7222 bic X B2 &P GRIBE N, Bk EEDLSLT, —ROTEICBVWTIET I/
4, AocpO ¥%E AW EDEE T BREEAT 1 SRRV DA, KRERER LD
HEEryF—2Hne, BEFMEIT2, BRE 72o T3 BHESTICBWCIIREDT I B
Table 4 127~ &Pl 3 F5AT L7 ROTFHER WA LT 7As, L- 7V FZ /id20:25% 13 8
T QEHAYn=3 FAMEOTY FE3EE BEINL Tz, BEERBIZEN R L5,
SEL D). docpORIIFMRICHAS, EHO LRI ACP DRPITOEEREEOTALPHEL T
FRIFEREL BV OB HEL 2B LIZDW BT EDREENT, 4 ocpO¥RD/IEAATE R
TREL-HBHESRO N HEBREIIEKE BRE & o — TEME L7285 R, BARICIEN, 2%
AocpOBETEDL LV Ed, TIVE IR BRERDS5RL 2 ), BT ERISMET T2 EMMARS
TFEPBL L2 LI 2REREOBETHAELLN Nize TNIVINREIRSFF—EONBR
bho YNRTFFEFF—% EREHB VI, LC-MS/MS EF B ETHRONG VADPERTLEEZ bR
WKENBONRLYRTT FEOY— 7 ERENVET & 2o
D, SEEIIRRPHL L TVWAI EEZRIEL TV, (3) KHDO ACP FHEHESKESETLAIC EDLST,
FEH® (B oSS BRAESR O, Thid BEEDT I VBERRRBITIICEEE oL
TI/BOBIPELEL CWELEZLND, HERE Zeds, D ACP 7 A VA LEH ocpO D
PR O(SERE), RBREDEL, FERE (RER), &R (R, REFH ) L BEBTFTHV WD LEZ LN
BRI (B 1I22WTLHRE 4 ocpO kL DR 2o

CEBSRS N, HR (%K) OBINEL- 7L¥ P

ZUDOEIMCL D L LEBTEDY, TEO LNV =

P ehb, EREERIIERE P07, Ll 1) B 4 B, 105 (5), 262-72 (2010)
BELANRELRTFF—COPRETEIET 2) HBFHE BEEA EHRBEN 47 R

BEDINT Y ADEBT D EEE NS, W EE B, 79 (4), 274-78 (1984)
3) Machida M. and 63 authors. : Nature, 438,
g 9N 115761 (2005)

. e T AR BT i WE N T
HEME HL1012 () LY, #VRFLXTF 62 I B ALY TEAKAHEES L, 93(2010)

=¥ 0 &3~ F¥ % ocpO DRKIR (4 0cpO) % 5) Mizutani O, Kudo Y. Saito A, Matsuura T.,

PRL, TOBEREICIOWTIRE L7, Inoue H., Abe K., Gomi K. : Fungal Genet.

(1) docpOMk% VB LK ACP B I3 Biol, 45 (6) , 878-89 (2008)
MEDOH#IBBICKE LRR L TWizds, Foftio 6) Morita H, Kuriyama K., Akiyama H, Okamoto
FEERIZBREFE LAV THoTre 2O LM A, Yamagata Y., Kusumoto K, Koide Y., Ishi-
LANKEFIRTF & —F O D ACP FEHADE da H,, Takeuchi M. : Biosci. Biotechnol. Bio-

chem., 74 (5) ,1000-6 (2010)

7) Morita H.,, Okamoto A. Yamagata Y., Kusu-
moto K., Koide Y.Ishida H. Takeuchi M. :
Appl. Microbiol Biotechnol., 85, 335-496 (2009)

ERBIFEFIIREVWEEZONL, REEFEZT
ACPEELRBPE L 2R, 4ocpORIZHRIC
L OB TR LoEBEREROESR O NI,
(2) MMERREREAT o /MR, 4 ocpO RO FFEREE

890 B i (2018)



W - AR - EH - %5 - WA - BE Aspergillus oryzae 1 IWEF I _RTF ¥ —¥ O REGOBEERE

8)

9)

10)

11)

12)

Kubodera T. Yamashita N., Nishimura A. :
Biosci. Biotechnol Biochem., 66 (2) , 404-6
(2002)

Kubodera T., Yamashita N., Nishimura A. :
Biosci. Biotechnol Biochem., 64 (7) , 141621
(2000)

HiERET, BHRETF, BA%T, #ERF, 5
THIME, WHE 15, AH 1 EEXRE B,

106 (8), 556-61 (2011)

Gomi K., Iimura Y. Hara S.: Agric. Biol.
Chem., 51, 2549-55 (1987)

TR, EFE. B B EYTE, 78
(8), 311-15 (2000)

13)

14)

15)

16)

ENBERTHRESTEER (ARBEGS
HE) p226-28 (1993)

Kitamoto K., Oda-Miyazaki K., Gomi K., Kum-
agai C.. J. Fement. Bioeng., 75 (5) , 359-63
(1993)

SHEECER, MR, THAZ, =AEE,
WABRZ F&H B B 111 (1) 4958
(2016)

Morita H, Abo H. Okamoto A, Maeda H,, Ya-
magata Y., Kusumoto K., Amano H, Ishida H.,
Takeuchi M. : Biosci. Biotechnol. Biochem, 75
(4) , 662-68 (2011)

F113EF T 11 &

691


http://www.tcpdf.org

