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Production of Vitamin C by Aspergillus oryzae and Its Extraction in Sake

Yoko NacaMmasu,® Kenji Ozexi, Axiziro Kanpa, Masaak: HamacHi, Cuieko Kumacal, and
YATARO NUNOKAWA (General Research Laboratory, Ozeki Corp., 4~9 Imazu Dezaike-cho, Nishinomiya, Hyogo
663) Seibutsu-kogaku 74: 1-6, 1996.

Vitamin C was detected in rice-koji containing Aspergillus oryzae transformants remarkably
expressing Escherichia coli f-glucuronidase (GUS). It was found that transformants possessing GUS
activity are able to biosynthesize vitamin G following cell growth. It is considered that glyco-
saminoglycan, etc. derived from 4. oryzae mycelium components are converted to D-glucuronic
acid by endogenous GUS, and finally vitamin C is biosynthesized in the kgji. We selected FAO 60 as
a practical 4. oryzae having GUS activity, and detected vitamin C in the koji (388 pg vitamin G/g koji).
Small-scale sake brewing was carried out using FAO 60 kgji. As the vitamin G content was not
increased, and decreased during fermentation, it is considered that vitamin C derived from the £oji
is extracted in the sake. Using this method, sake was made containing 40 gg/ml vitamin C, at
which level there was no effect on sensory evaluation.
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Fig. 1. Metabolic pathway of vitamin C. 2X-glu-
curonide represents hemicellulose derived from the

rice, and glycosaminoglycan, etc. derived from A.
oryzae mycelium components.
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HRER 4. oryzae WEERBEEIL, A niger X
DT wE—F —FEHAA - e GUS BAEHE (No. 8
AN Pro-GUS) &, A. opzae BRD 7 r % — & —FEMN
Aot GUS BAEEHE (No. 9 AO Pro-GUS) & LT
ThENBR LB AV, ¥, ALY
HEHE (FAO B, 1668%) D A. omzae E R FA L 7.

BORE oXk»rDLOoHBIFELOHEY KKK
V, 3ml DREEHK (0.5% KH,PO, & 1% NaNO;
D11 RK) CRFERE IR (109m]), Zhy aXk
10g (95°C, 2 R RERR) WiHmL, H—IBRIR
TR TIT -7, 30°C —BTHE L20BFHBIRE =
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38°C (RH85%, 12[¢f]) & RiE% L7 X ¢48RFREE
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GUS FHAE HrREEXRFETOAHSTYH
Fr#%, 10mM EDTA, 0.1% Triton X-100, 0.1% Sar-
kosyl, 10 mM p-mercaptoethanol % &3¢ 50 mM V v EE
BEE (pH 7.0) KRB, K ETOSoMBEL, &
HBREBRYHH L. & OBERER OV T Jefferson
B O FED ZHL, p-nitrophenylglucuronide % B
ELTGUSESRTE L. 22T 14K 1 nmol
? p-nitorophenol % HEET % GUS /&M% 1 Unit & L
7.

GUS FZFHOBBEOR YV —=24  0.005%
@ 5-bromo-4-chloro-3-indolyl-8-p-glucuronide % & ¢
Czapek-Dox 7" V' — t (3% Glucose, 0.3% NaNOs,
0.2% KCI, 0.1% KH,PO,, 0.05% MgSO,-7H,0,
0.002% FeSO,-5H,0, 1.5% Agar) THEE L (30°C, ¥
BRED, £FCHVESITRCRETHIEEY R 7
V) —=v 7L,

EYICCEEBE  HFoouwTiL, 0.5% NaCl
1 0.00 M B ER (pH 5.0) 22.5( S B % T=
BTIRRMEEAAL, 10% 42 ) VBBERYSE
MrxicdbDERERCH . BRI P52 v
BOEERE (=Y vH— =S AW, L-T A
2 EVBRIES » b (F-Kit 409677)), 1 Y ¥ 7 =
=B ERHE L. e PO vETIE, BTR
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FOREF I VvCEELLE. e F5 2 vEoBHR
Rix 50 pg/g ¥, 20 pe/mlBEETH 5.

£ ICCREMBEREZEOEHASE Dextrin-
Peptone ¥t #8 (2% Dextrin, 1% Polypepton, 0.5%
KH,PO,, 0.1% NaNO;, 0.05% MgSQ,-7H,0) T
30°C, 3 BRIRMAER LBEE, S50 bo
WHHEII GUSEHRERABFIC LTTo7. MEBEIT 20
mM V VEREER pH7.0) P T1HBEFR L, SESH
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Table 1. GUS activity in koji and vitamin C contents in sake and koji.
Sake Koji
Rice-kyji Sake meter  Alcohol  Solubilitys Vitamin G Vitamin C GUS
%) (%) (pg/ml)° (1g/g koj)> (U/mg protein)®
Control 4.5 18.2 76.5 0 0 0
No. 9 AO Pro-GUS-2 —1.1 17.8 77.3 N.D.4 N.D. 4700
No. 8 AN Pro-GUS-1  —3.3 17.6 77.4 47 330 23000
No. 8 AN Pro-GUS-2 —3.0 17.6 77.2 N.D. N.D. 14000
No. 8 AN Pro-GUS-3 —0.1 18.0 77.8 26 183 14000

2 Nagatani et al.19
b

¢ U, n mol/min.

Significant at levels of 20 pg/ml sake or 50 ug/g koji.

A sake mash composed of rice 32 g, koji 8 g (20%), and water 56 ml was fermented for 17 d at 15°C.

Rice-kosi: Control, 4. oryzae transformant (argB complementation); No. 9 AO Pro-GUS, 4. oryzae trans-
formant containing the promoter region derived from the 4. oryzae genome; No. 8 AN Pro-GUS, A. oryzae
transformant containing the promoter region derived from the 4. niger genome.

4 N.D., Not detected (Sake, <20 pg/ml sake; Koji, <50 pg/g koji).
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E#E% 1 Unit & L.
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JBERIVCBABEEZEBRTHESTIES i -
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REEFBEETH I LB L bNhE. T2 THEEHD
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BIEL, B THEBTTKRD~ I L a —AHMEHR
REZIh, RXOBERILETELYHEN, BR%
Table 1 iIZ/R L7,

GUS EHERIE L THEBEFIRES I v C2ARDHH
h, Wb T ug/ml BERB I L. BFoE
£2IVCEERR ABRBOE2 I VCEENEVD
DREBVEMELYRLL. 20 EnbEx I v C

AR TH Y, BERMRERRS B 5\ KBRS
PHERIhD LEZBRD. ¥, BERHIC GUS
BEH LT, BPD GUSTEMNH D b DILFEEE
FIRKDNI e e —ASBERELTVWDHEELD
nap, KOBERIL, BEAEER Lt 1.

FBEORST ©£3IvVOLUSNOEBE~DEE
WEEBRTAIDI, EEEOEVIC LSBT
— 7z (Table 2). B OWTIL, 7A2AEVEEAF
YE—-ERAVHIEREL, € FIOVELCERE
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Table 2. Vitamin C contents in koj measured by
various quantitative methods.

Vitamin C (ug/g koj7)

Rice-koji
J DNP= AsA - DOPIe
oxidase
Control 0 0 0
No. 8 AN Pro-GUS-1 123 100 176
No. 8 AN Pro-GUS-3 115 116 214

2 DNP, Dinitrophenyl hydrazine method.

b AsA oxidase, Ascorbic acid oxidase method (Boeh-
ringer Mannheim, F-Kit 409677).

¢ DCPI, Dichlorophenolindophenol method.

Rice-kosi: Control, 4. oryzae transformant (argB com-
plementation); No. 8 AN Pro-GUS, A. oryzae transform-
ant containing the promoter region derived from the 4.
niger genome.
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Table 3. Screening of practical Aspergillus oryzae
for producible vitamin C.

Rice-koii GUS Vitamin G
1ce-ro (U/mg protein) (1g/g kojr)?
FAO 44 0.11 129
FAOQ 51 0.08 196
FAO 60 0.07 388

2 Significant at a koji level of 50 pg/g koji.

TIEER AN IZ-Z D L5 2, REYOFE T
DHEL VEMELR LILEELONS. BHEOES
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LB ELTRETHB. F I TERE 166 Hico
W, BEXETHSL— Ty AL ) GUSTE
UEFFOMBEOAZ V) —= v 7 &2T, 1THREZBIRL
o, ThALEAWTHEYREE, GUSTHERL A
YCHEER L. —fI% Table3 IR L.

FAOG0 D X 5 kBB DOEFTLIRL, ¥x:vC
ERENBVIDRAZ ) —= v TEF. LHL,
p-nitrophenylglucuronide Z £E & 35 GUSFEH & &
FIVCEREEOHBMIR LI . GUS
X7 7Y 2 VAT AREREIIA VY, BERERIC X
S THENDD. €23 VvOrERTLIERBE S

A7) —=v B\ icEE 5-bromo-4-chloro-3-in-
dolyl-B-p-glucuronide {25t LT, B OEFTI LT
BEEXETH GUSEREXR L. LirL, EHEE
W\ ZEE p-nitrophenylglucuronide 12X LT, 7%
BRRSE O KBEBED GUS BBV EBRE 27RT
7, ERHEEO GUS BHRRENEVZ L3FLDA
. ZDZ ik, Aspergillus BREBEBRYEORKLS
BADGUSEEETDLEVSTESLOHRED LD
WEIhD. BV, HBEZEDOGUSHERLT
WABREBRH LTURVWATRATSH H, MEERR
DREOEBEIFETHEX I v CAEROE, &
BEEOGUSTERR AT IV C LLHEShS.
E7ICCERBROER. 531 vCARR
BERHETAED, FAIv VBMILOELX I VC
EREE, e PTRELTWDL-72/ 527+ vF
FUE—EDHEBETHEL-ZFR )52+ vhbOY
2 IV CHERERBIE L. Table4 REFOEGE
HlcYD, H5VCIBERBEROLREGRESCHD
X IV CAEREBRRLE.
FARICEHBEAOBES L OREEROBE S, S &
NICEBRE TR, A2 VvBBRIVDL-7r) 5
7 PN VREENILDE L I VCERMBRBDLRI. L
TehoT, WERHEE»OLDOE X I v CEARE
N, ZOZ b GUSBEREY AR ONE
X, €23 VCRBEBERNTERRTES Z E0HE
Ihd. Fi, BERCILIEAEDLYOE S I v
CEREL, BAEERCIIREREGAEDI- VO X
IVCHAREBYHE L. WESELI LD, HiEE

Table 4. Vitamin C production from p-glucuronic acid and r-gulono-7-lactone substrates.

Vitamin C

Substrate p-Glucuronic acid L-Gulono-y-lactone

Strain Kot Licaid Xoi Lionid
oji iqui o1 iqui

Culture (Ul Ulgy (Ulgy (Ulg)?
Control 940 N.D.c 4100 230
No. 8 AN Pro-GUS-1 2340 26 5100 400
FAO 60 1830 13 3640 58

2 g, g mycelium.

Mycelial weight in keji was calculated at the rate of 10 mg mycelium/g koji.

b g, g dry mycelium.

Cells were grown in Dextrin-Peptone medium for 3 d at 30°C with shaking at 100 rpm.
Mycelia were collected with a glass filter and used as samples.

Wet mycelia was dried at 100°C for 5 h.
¢ N.D., Not detected (<1 U/g dry mycelium).

Strains: Control, 4. oryzae (Higuchi moyashi); No. 8 AN Pro-GUS, 4. orpzae transformant producing
vitamin C; FAO 60, a practical 4. oryzae producing vitamin C.
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400 ———7— T 1000 Table 5. Time course of vitamin C content in
L . moromi mash.
'$ 300+ 1 % Vitamin C2
o i .
g, 8 g Koji Moromi (pg/ml)
= 200r 4500 % (1g/g ko) Brewing time (d)
p i J
I 12 Rice-koji - 4 8 12 14
£ 100+ )
> 7 Control 0 0 0 0 0
7 FAO 60 306 41 40 40 41
O—20 — @80
) A sake mash composed of rice 320 g, koji 80 g (20%),
Time (h) and water 560 ml was fermented for 17 d at 15°C.
Fig. 2. Time course of vitamin C content in koji. 2 Significant at levels of 50 pg/g koji or 20 p#g/ml sake.

Symbols: @, vitamin GC; O, N-acetylglucosamine
(GIcNAc). Strain: No. 8 AN Pro-GUS-1. Grown
mycelial content in koji was measured by the Yata-

lase method.” The GlcNAc content is an index of
the mycelial content in koj.
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W TEx I VORERL, 4SBT
ned, 2RISR INT W, e, &
AUV, EEAOEEIFIACELIBET I
», GUSHEMRRE\ agB % M L WEEREE
HEERASE @Bodel) BIUGUSEHRERT
No. 8 AN Pro-GUS-1 & FAO 60 DELFDOEE, p-'1
7 v VEEE BRI LcER, GUSTHERORE
BRI ST RTOHET, ©% 3 v COHEMIEE
dhhichote. LasL, B LcBOoMER T,
GUS EMY RE L VWRABE YT TXTOMET,
-7 A7 VEERLDE X IV CERIRD LRI
CEEEZAbLEL L, BEFROoEYx I vCDESR
i, KD~ 3 wie— @S EDOEENOFEEN

FIBIND DTk, HEOBEFEEN O
BRSO EZFIALTGUS A7V 27 v VEERAER L,
BRI EZ I VOCRERIND LD EHEINSD.
LicddoC, REAEDOHIEIT & A KR T 5 HERC,
EXIVOCHRERETLIIOEELDNS.

BHMPor s I CEBOTE BHMHFo
Ex 3V CEROBRE(LE Table 5 R Lic. ik
SO Y & I Vv CHBREBITL, b
DBY IS ote. EheBMighorr s VCEER
306 pg I AR V7o B 100 g s, ARBEORE
770ml TElofe, FTELEHIN 5 E 40 pg/ml &30
WEZ ot DT Eanb, BIERA, KBko~
S —REELLDE R I VvCERITIITWEE
2bhBb. FRERCIBAEX I VOO DARR
DBOTMEEIENEEZORS. LK T,
FAO 60 Tix, B&E L% 20% A5 BELADE
Bhov s s vVCEEN O pgml THDHZ LD,
A R 50 I BEhn X RS, 100 pg/ml DEEEN
THETH 5.

LABO—BINEBEETM Y53 v CER
B, FAO60 Dt ABEO—M o, BaEFNM%
Table 6 /R Lz, SEOHATEShABEE I, X
B, FAO60 L HE, 73/ BE, R, WEDT
B4R LI 2. ¥ 72 FAO 60 DOEst: H L F

Table 6. Analysis of fermented sake.
) . Sake Alcohol Acidity Amino ... Sensory evaluation® 5-point method
Rice-koji 0 acidity
meter %) (ml) (ml) (#g/ml) Flavor Quality
Control —1.4 17.7 3.50 2.00 0 3.0 3.3
FAO 60 2.8 18.1 3.70 2.70 41 3.4 3.5

2 1, good~5, poor.

Score points were expressed as mean value of 13 panellers’ point.
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BN EEYRIF LIz E3ELDRE. ZO8
TEHOFETHSH. Ll, BRLERVATREC
-7 AaAE VBRI L TCERSMET o s
%, 100 pg/ml ¥ TIXEFEMEEZIRDLRT, 0
BEOEETCI, ¥ I vCRERFMZETIE
AYPE TR EELBRB.
BEDX3w, A2V —=v 7 LTHBLRLEEN
BB EARTHEE I VCIL, DBLLEBS
~BTL, BHEE0%DERART 40 pg/ml D E X 3
VCEREETARE,LBLORI. TOZ EnD, E
£ 3V CAERBMBEIBE~OFALAET, F5&
hicez s vCoboFAREREENPRINS.
L5503, HiELEEL K oWTOKE E, IHIEE
L7858, I h EEFHIORVEELAC DWW THR
T5.

B ¥

-7 2w =F—¥ (GUS)EEYL b OHEILES
DEBIZE->TEX I vOCRESRTHEIRED
CEMHot. TR, GUSIKE ST, EEERD
Bre7 e VEER A 2 S EORENMRERR
Db rrre vBYERL, BEPKCES v C
RERENB EE2BbND. FARBE TGUS HEHLR
LOoBEXYAZ ) —=v L, ¥X3IVCDERK
DWTHER LIciER, FAOS0 23T <h, Mighich
388 ug DE X IV CHERL. FAO60 % VT
RN LU CHEERS 21T - &R, BHES, Bind
BLEIDMBINBZ LB, HAKOLEF IV C
BEBEPABTTBC 8 -7, DA CERERT

MY RE S VEBEO Y £ 3 v C % 40 pg/
ml EUFEEIEL I,

X ik
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