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Studies on the Metabolism of Aromatic Compounds of Aspergillus

(III) Formation of Protocatechuic Acid from Doapa

Tsugio Bizen, Shodo Hara, Toshiteru Ohba, Hideya Murakami

and Seinosuke Sugama

(Research Institute of Brewing, Tax Administration Agency,
2-6 Takinogawa, Kita-ku, Tokyo, Japan)

In previous papers, the authors found both 3, 4-dihydroxyphenyl-L-alanine (L-dopa)
and protocatechuic acid in rice koji as precursors of the brown pigment which develops
during storage in the air. Moreover, it was known that the L-dopa was formed from
tyrosine by the tyrosinase of A. Spergillus oryzae. In this paper, the formation of protoca-
techuic acid, another precursor, was studied.

1) When a strain of A. oryzae was cultured for 7 days at 30°C in Czapek solution
containing dopa, protocatechuic acid was formed from dopa.

2) Protocatechualdehyde was found to be an intermediate in this pathway.

3) Productivity of protocatechuic acid from dopa was found in most strains of Asper-
gillus produced protocatechuic acid from dopa.

4) From these results, we recognized a new pathway for the formation of protoca-
techuic acid via r1-dopa from tyrosine in Aspergillus.
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SIIEIRY TZ s dopa, protocatechuic acid T 2 A. oryzae @ RIB 128 (ATCC2278) % & LCH

&

ol

* BE NS (R

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

% 10 5, 10 A)

FHEIC X % Dopa %5 Protocatechuic Acid DARK

711

W, i EEESREBRATRERED Aspergillus B50TESA
% R WIRET L.

2. Dopa XV protocatechuic acid DARKER

a. WREOEE  fHeREBEIC pH 5.0 Czapek &
{kBEchx (NaNOs 3g, K:HPO: 1g, MgSO,-7TH;O
0.5g, KCl 0.5g, FeS0,-7H,O 0.01 g, sucrose 30 g,
HO 1) 4ml, 0.5% dopa ¥ 1ml 28O, &
& UTEKEE 0.1% @ dopa &% Czapek #iik
A ER Lic. CONMICEEAEREL. 30°C7 R
FBMEBRERIGE Tli-T. Ele 75V 27 &UT,
Crapek HE{A3EHIC B4 308 U 7o RBRE, 0. 1% dopa
&4 Czapek iAo 2B MRS O RBRE £ Ak
&HobEThEL ..

b. REERHOH T LEosE A kTR,
PA 1N HCl T pH 2.0 icBA¥E, RBT—7v
T 3 EHH ATV, T FEEROKEREREL .
c. RMERHOSMRER = — 7 VBFEKD paper
chromatography %1718 - 7ckE8R, #E spot ASHER
ENIcDTHERY DI R OFRETIE -7,

T —FEKETE % polyamido column (F#ifE 10 g,
IclkE ¢ HO, 20~100%
methonol, acetone : acetic acid : water (6:1:3) @
FEBAE TRATE - . ZEBARIEREXNC
ST Folin RSATEV, FUGEHXS%EUL, B
FE#fEL, BUOT—F v TlihiziTn .
d. Paper chromatography i & % M2

column AW#X 20 mm)

Polyamido

Medivm

(O.5 % dopa solution 1 m!

Czapeck solution (pH 5.0)4ml
inoculated with spores of- Aspergr//us

cultured at 30°C for 7 days
Cultured broth

] filtered
Residue Filtrate ‘
adjusted to pH 2.0 with 1 N HCL
extracted with ether
Residue Extract
| concentrated
Folyamide column chromatography
| eluted with 20 % methanol
Eluate eluted with
extracted with acetone : acetic acid: water
ether Eluate (6:1:3
Extract ( the positive fractions on Folin
S fCOfl’CEI’\f;O?ed reaction) extract with ether
pols Aand 8 Extract
| concentrated
Spot C

Fig. 1. Isolation of protocatechuic acid from the
broth cultured with dopa.

column chromatography 1z%13 % Folin FiGEMHX
3EI =T L, T— 7 VET B L e SR
& UTHE 4 D phenol H#E E Re E, 2EMEEZHE
L7
1) PR BEPHE No. 50 = pH 7.4, 0.05M #%
BEEK CRE/LETE - k.
2) EBEE Ro3EMAEFERUL.
7% 1 n-butanol : acetic acid : water
4:1:2)
AT benzene : methanol : acetic acid
(45:4:8)
AHEI sec-butanol : water (4 :1)
3) wmiFE FIHY OFECRENROFEE BV,
uv : ESE (2,537A) ToOEDE
Folin i : 0.4 M Na.COs #1EF%E#% Folin 338
ZEHT 5.
Diazo i : p-diazobenzene sulfonic acid % 0.4
M Na,COs JFHIC 0.2% Eh LItk ABET 5.
Nihydrin JJ& : nihydrin %4 acetone 2 0.2% &
U7 EH % 100°C, 55 HmET 2.
FeCls Jis : 0.5% FeCls &S 3.
Ferricyanide UG @ /RIME% pH 7 ~ 8 DBEE
B 0.5% W LIk =M% 7 2.
BTB 5§ : 0.1% BTB 0 ethanol W% WS
9 5.
ArNOW DG : ArRNOW RIEALMEFET 3.
DNP & : 2,4-dinitropheny hydrazine ¢ metha-
nol 7AHAETEET 5.
e. Gas chromatography iz & 2 /e
D, gas chromatography A {775 - 71z,

B DT

Polyamido column chromatography &k 0 {87 = — 5
VBRI —EER, TRV — 2 —TREREL,
B ® methanol ICIFRLEEID » F Vb2 T8 - 1.

FEID 4 F (LT diazomethane & T8 - 7z,
D methanol IFIKAEBRHIL, oL LHBHLT
& % diazomethane Z ¥, =R TI5~20BRIR G X
. TOREHEEZEMEL, GC ORptE L, 1
HEEHENED 2 FULOF L, HE 10mg % 1ml
@ methanol IZ/AMEL, LEERBRISHELT 2 FvL
ZITIRVEEERR & L.

3. Protocatechualdehyde X U protocatechuic acid @
HEnR R ER

a. BEMEAKICE 2RI Protocatechualdehyde (%
IKICHERRS 505, RISHBET 2 LBIERTE0D,
dopa 7> 5 protocatechuic acid DAERKOFEE ENLD
ROFHEEER L.
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% Crapek HERREHICHERE L £ O BEK & [EIY,
EEKTLRIER, CoOHEE 500~1,000mg, pH 6.5
DB BE W ICEHE L LT protocatechualdehyde %
0.1% B GRE RERREICAN, 30C T
24 MR B R PURETTIS - 1.

b. SEEOME  EEEERIGEE P& TE
X, IN HCl T pH 2.0 BT —~FVTREES
B ZTRE 7. T—FVEEREIN, BiElLeog
faw e Rk E Lz,

X R B R

1. Dopa &% Czapek #HFIZEFE DD phenol
HHEDSE, B8 HED dopa 4% Czapek i
FRIEBROPRD T —F ViR Z BRI T (ben-
zene : Ac-OH : Me-OH) T paper chromatography %
718 - 723, Rr 0.82 (A), Rr 0.52 (B), Rr 0.23
(© D 3@ED Folin KM spot 28RN &tz
(Fig. 2). TN 5D 3ED spot YEAEIET 270
polyamido column chromatography %4775 - 7o %548,
spot A, B @&, 20% methanol X4 ciEE X,
spot C 47’8 (3 acetone : acetic acid : water (6 ;1 : 3)
DORE&HERICX - TEB Nk,

RE T
0.5l082 A
0.6
(052) BY 9
04}
o0.2l023) c§ ]
® 9 ] »

extract dopa  protocatechu- protocatechu-

ic acid aldehyde

Fig. 2. Paper chromatogram of the extract with
ether from culture broth.

Solvent : Benzene : Acetic acid : Water
(45:4: 8).
Color reaction : Folin’s reagent.

2. Spot A, B, C i3E® paper chromatography
ICk B 7 4 O phenol #/& & polyamido column
chromatography T4} L7z spot C EAGE T (n-
butanol : acetic acid : water) TREBIL, Rr & diazo

BISIC & 2 281, 725 TR OILEE
Uik a Table 1 TR U, = —FvEGH,
Rr 8, 26, 3EEHILT spot C HEE proto-
catechuic acid MS—FH U7z, FHAAEBEI, MicoNT
paper chromatography %7775\  protocatechuic acid
EHE LI Re {H, BEEMEDFREA Table 21237 U 7.
ZDFER spot C #9134 T protocatechuic acid &
—% Lkl &hd, ToWHEIlT protocatechuic acid
Py HEVIG INIC B UYE THBEEZI SN
3.

Table 1. Rr value, diazo reaction, and flourescence
of spot C in comparison with those of some
phenols.

Substances R¢ |Diazo reaction uv
C 0. 80 | Orange-red Violet

Catechol 0.86 | Orange-red Violet

Resorcinol 0.89 | Light-brown | Violet

Hydroquinone 0.85 | Orange Violet

Pyrogallol 0.72 | Brown Violet

Phloroglucinol 0.73 | Yellow Violet

Protocatechuic acid | 0. 80 | Orange-red Violet

Gentisic acid 0.83 | Light brown |Light blue

Caffeic acid 0.83 | Brown Blue

p-Cumaric acid 0.91 | Red Violet

Protocatchualdehyde; 0.83 | Orange-red Violet

Table 2. Identification of spot C with protocatechuic
acid.
Rt value
Solvent C Protocatechuic
acid

7n-BuOH: AcOH: H:O

(4:1:2 0. 80 0. 80
Benzene: AcOH: MeOH

(45 4 : 8) 0.23 0.23
sec-BuOH:H.O

(4:1) 0.34 0.34
color reaction Color
uv Violet Violet
Folin Blue Blue
Diazo Orange-red Orange-red
FeCls Dark green Dark green
Ferricyanide Orange-red: | Orange-red
B.TB Yellow Yellow
Ninhydrin — —
ARNOW’s reagent | Red Red

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

%102, 10 A) B C L B Dopa % 5 Protocatechuic Acid DA, 713

% 7z polyamido column chromatography iz & ¥ 4%
H X7z spot A, B #HiC-D\ T paper chromato-
graphy %Zf3734 spot C #9E L[k 3 BIEDOREBEEA
%, EARGEZBOBREUCERIE Table 3 1TRL
7z. Spot B #HI3 3EMOREHETD R 8, £
ki BT, #HiC aldehyde DRGIC BEEICRT
DNP R G588t 75 & 5 protocatechualdehyde & [F]
YEEBbN S, %7 spot A #FIL, FTEHY ITRL
7z vanillin X ¥ vanillalcohol stk &N 5 KIG4A#E
3 5 & protocatechu alcohol TH 2 EHEE I 225
ERA i r et AR
3. Spot C PHD gas chromatography [k 3
FERR Polyamido column chromatography 2k -
THEL &1z spot C #E(Z, paper chromatography

catechuic acid Tk 2 LRI N7,

D Re B IUEEM I D protocatechuic acid &1
B THBEEZ 5B, gas chromatography
Tk DEt Uik,

HoMUD X FMELETTIE -1z spot C B4 gas
chromatographiziE AL, E34 #ErE = 3K protocatechuic
acid & 2 DRMKE FIRIC ¥ F LB - o By
B & O retention time % i LU 7o #5513 Fig. 3, Table
4 TR U7z

DR LD, spot C #HEIZ SE-30, F-60 0
column {CTEUT[A retention time ASPIE XN, FTi-
spot #E & EEHEYE protocatechuic acid D »x F 1l
BOIEHDREHEETFAUIKER, B— peak &L
THERINK. Dz XD spot C #Hi proto-

6 8 10 12 14 16 18 min

Fig. 3. Gas chromatogram of methylated dihydrox-
ybenzoic acids and methylated C.
a : Methyl-2, 5-dimethoxybenzoate.
: Methyl-2, 4-dimethoxybenzoate.
: Methyl-2, 6-dimethoxybenzoate.
: Methyl-3, 5-dimethoxybenzoate.
: Methyl-3, 4-dimethoxybenzoate and
methylated C.
Gas chromatography parameters :
Column, 1mX3mmé¢ stainless-steel; packing, 10
9% SE-30 on 80~100-mesh Diasolid-L; gas flow,
N2(5.5ml/min), Hs (10.7 ml/min), Air (138.0
ml/min); injector temperature, 215°C; column
temperature, 160°C; sample size, 10 ul.

o Lo o

Table 3. Rt value on paper chromatogram and color reaction of spots A and B.

Rf value
Sollvent
A B Protocatechu-aldehyde

n-BuOH: AcOH: H:O

(4:1:2 — 0. 83 0.83
Benzene: AcOH: MeOH

(45 4 : B) 0.82 0.52 0.52
sec-BuOH:H,O

(4:1 0.83 0.94 0.94

Color reaction Color
Diazo Orange-red Orange-red Orange-red
Folin Blue Blue Blue
FeCls Green Blue-green Blue-green
Ferricyanide Brown Brown Brown
Ninhydrin — — —
ARNOW’s reagent Red Red Red
.D.N.P — Yellow Yellow
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Table 4. Retention time of methylated dihydroxy benzoic acids and methylated C by gas
chromatography.
Column packing
Compound
SE-30 F-60
Methyl-2, 4-dimethoxybenzoate 9.3 (min) 8.6 (min)
Methyl-2, 5-dimethoxybenzoate 8.1 7.4
Methyl-2, 6-dimethoxybenzoate 11.4 —
Methyl-3, 4-dimethoxybenzoate 14.2 13.4
Methyl-3, 5-dimethoxybenzoate 13.6 —
Methylated C 14.2 13.4

SE-30 : Silicon SE-30

4. Protocatechualdehyde & © protocatechuic
acid O&ERE  Fi¥E 2 T protocatechualdehyde D&
BHT &Y, TOPESTEHETENE, 0P
BAREEUTHEEER 7§52 &ic &> T proto-
catechuic acid PSR ai1 3 T &2 H#EE USERZ1TE
-7

B E R L REBEBSE T80, BRATIC
paper chromatography #£775\> Folin KIGMCTESE
U, EROBFE, EEEECER, 18~24K/ick
WTEEED protocatechuic acid &[5 Rr B (Al
I, Rr0.32) @ spot HBENRAL &N, TAEETH
% protocatechualdehyde (3SR BR SN,
F7z spot (C) HEBUREKR L DRBITHIL, 48
B RICB WO TIRIE & A SHERTRISO X 5 IRAEIC
WHTEMBED LN, TR OERINIYEM
SRELTITL D EBEDLN 3.

IRESUG 24859 % 1 B L 7c BARHC DUV T paper
chromatography @ Rr il XU Efalkid, Table 2
@ spot C PEEBE U THY protocatechuic acid &
[FE L7z (Table 2). ch Xk b#Rick -~ T proto-
catechualdehyde 7» 5 protocatechuic acid AsEpE X
AT EISHER I NI
5. Aspergillus R50f858%(C & % protocatechuic
acid OEME  AWRHEBERGHE2 SREBKIC
ZNTNOEKIC OV THERGEZITRV, BERE
BIEFHRIC spot U, AT <EBY, Folin A¥TE
BAEFIRVEROEREF . TOR protocate-
chuic acid DERIZ IFLAED BHRICASH, i
protocatechuic acid DO 1{hiz Rr 0.52 @ protocatechu-
aldehyde, Rr 0.82 o spot SR SN 7. ORI
Table 5 iT;R U7z,

F-60 : Silicon DC F-60

Table 5. Productivity of protocatechuic acid from
dopa by various strains.

Productivity
of P. A.
Asp. oryzae (10 strains)
Asp. flavus (10 strains)
Asp. sojae (5 strains)
Asp. awamori (5 strains)
Asp. usami (2 strains)
Asp. tamari (6 strains)

Asp. parasiticus (3 strains)
Asp. toxicarius (3 strains)
Asp. niger (IAM 3008)
Asp. avenaceus (WB 517)

Asp. clavatus (IAM 2120)
Asp. flavipes (1AM 2160)
Asp. fumigatus (1AM 2176)
Asp. ochraceus (IAM 2135)

Asp. terreus (1AM 2179)
Asp. wentii (1AM 2133)
Asp. rugulosus (1AM 2052)
Asp. ustus (IAM 2075)

Asp. vercicolor (IAM 2080)
Asp. restrictus (IAM 2008)
Asp. amstelodami

+ ++++FFFEFFEEFEEFEFTEFEFF

(IAM 2035)

Asp. glaucus (1AM 2124) -
Asp. repens (IAM 2123) -
Asp. ruber (IAM 2051) -
Asp. zonatus (WB 5079) -

P. A.: Protocatechuic acid

% =

SikdEiic X 2 protocatechuic acid DHRICEL T
{3 Tatum 57 3% Neurospora crassa DEERZ R,
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1P iON

NH, COOH OH NHp COOH
Tyrosine L -Dopa

Protocatechuacidehyde

CHO COOH
—— —_—
HO HO

OH OH
Protocatechuic ocid

Fig. 4. Pathway of the formation of protocatechuic acid in Aspergillus.

5-dihydroshikimic acid #» 5 protocatechuic acid DA
RAERD, FH S 13 A. oryzae 7% shikimic acid,
quinic acid X ¥ protocatechuic acid Z#E#irhic EFE
TEHLEEBELTNE. T i S2 3 KR T
protocatechuic acid Z#H Ufc. EHSRFIHY T%
ST KRBT & BELTL 288 BEEE#R) hic
dopa 73 5 U protocatechuic acid 2B H L, i &8
BEGEHETH L LHME L. SSRZOMEDD
HERERIEE TH % dopa (2 tyrosine 2> SHE D
tyrosinase (T K » THERIN B T &b/, 2L,
dopa, protocatechuic acid (3 T2 RIB 128 &
DX BEMBAOE U cicosRildh, RIB
647 WD & 5 IIFRAMMEOYKIE L /TR &
v, FESSHESO #i&ic Lichsly, shikimic
acid, quinic acid 5 protocatechuic acid DAL
BTV, ThAERERULY, TORBIIREY,
FEBEHED KA BEL. Lich-TREY
BicoAHRONH XN B protocatechuic acid DA KIT
shikimic acid, quinic acid 2LV BIITRERDELEDS
EZELoN 5.

REETIIH L #HFICXD dopa 75 protocate-
chuic acid »4ERKd 2 EAZERAL 7245, dopa 1348
EUMCDLREHINZDT, 25 BEEHTO
protocatechuic acid {3, Z® dopa L oAERIN B
DEHEEINS.

753, dopa #» 5 protocatechuic acid DAFRITE W
THRIE & LT protocatechualdehyde % 2372 25,
protocatechualdehyde 7Z» 5 protocatechuic acid DAL
OV TILRIREIC DWW TEHEND V. BEFHFRSW®
b A.oryzae THELTVAE., X LICEE S ISHIERD
T4 L7 & Hig, vanillin 2p 5 vanillic acid DA
EEZHENET 2 ELLDRECELLNS.

PIED#ERH» S, Fig. 4 CRT X HIC tyrosine i
5 dopa %#% T protocatechuic acid ZHFKT 2H L
W pathway DSEBICHEIET 5 &osmbhie.

-3 =
B TEE S RBEM T 3,4-dihydroxyphenyl-

L-alanine (L-dopa), protocatechuic acid #SEZET 3

TEz R, INOHHOBEFEBMETHLER
EL. 51T, TOmMEDD LEEEMNBHETDH

% L-dopa [3#F D tyrosinase Tk - T tyrosine Zn

LERZINZTEERONH L. AETIE, $5—

DHIERE TH B protocatechuic acid DHFRERERIC

DN THRE L.

1. #E D dopa %41y Czapek solution, JE{ABLE

BT, dopa 5 protocatechuic acid H3A:pk L7z,
2. o RERD PEHE L LT protocatechualde-

hyde SR I,

3. Dopa # 5 protocatechuic -acid Z 4583 2 8E/71T

Aspergillus BOKEHOBEKICB O TROB I,
4, PIEDOWHED D Aspergillus [BEICEL D tyrosin

5 L-dopa %#XTC protocatechuic acid DAERRICE

2 UORBOEIEARDI.

FEEICEL, BOMERERS REFUSIHIEE
BRI LE LTRBBELET. ARRREOKRE
12, BAUWEE BABREFLSREICBOTRELE.
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