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METABOL ITESOF RHIZOPUS ARRHI ZUS 3078

L1 Guo-you L1 Bo-gang L IU Guangye,ZHANG Guorlin

( Chengdu Institute of Biology, the Chinese Academy of Sciences,Chengdu 610041 ,China)

Abgtract  Nine compounds were iolated from the methanol extract of the mycdium of Rhizopus arrhizus 3078. On
the bads of spectra data,they were determined to be 51 , 8X-epidioxy- (20S,22 E, 24 R)-ergostar 6 ,22- dier- $-ol
(1) ,(92)-glycerin-1-monooleate (2) ,4 hydroxyacetophenone (3) ,4 hydroxyphenylacetic acid (4) ,(20S,22 E,
24 R)-ergostar 7 ,22-dienP 50 ,@B3-triol (5) , (9)-3-hydroxy-3-phenylpropionic acid (6) ,thymine (7) ,uracil (8)

and adenosne (9) .
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Introduction

In the process of food fermentation ,the nutrition and fla
vor were greatly changed due to two reaoons. Frgly ,some
proteins were converted into smal peptides and amino acid
by enzymes secreted by microorganism!*?!. Secondly ,the
metabolites of microorganism may &fect the nutrition and
flavor'®!. Fermented bean curd is a traditiond Chinese
food produced by fermentation ,which has good flavor and
nutrition. In our study ,we examined the metabolitesof the
Rhizopus arrhizus 3078 ,which was used in the bean curd
fermentation. Based on gectra data and comparion with
known compounds, nine compounds iolated were deter-
mined as 50 , 8a-epidioxy- (20 S, 22 E, 24 R)-ergosta 6,
22-dienrPB-ol (1) , (92)-glycerin-1-monooleate (2) ,4-
hydroxyacetophenone (3) , 4-hydroxyphenylacetic acid
(4) ,(20S,22 E,24 R)-ergostar7 ,22-dien-3P ,50 , 6P -tri-
ol (5), ( S)-3hydroxy-3-phenylpropionic acid (6) ,
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thymine (7) ,uracil (8) and adenosne (9) . Compound 1
exhibited ome cytotoxic effect!*!. Compound 5 possessed
antinociceptive activity (inhibition = 47. 6%, 5 mg/
kg !°!. From the resuts,it coud be estimated that the
metabolites of Rhizopus arrhizus 3078 used in the fer-
mentation of bean curd may have some dfect on human
beings.

Experimental
General

Méeting points were measured on XRC1 micromdting
point gpparatus and uncorrected. |R gectra were recorded
on a Perkin Bmer Sectrum One FT-IR gpectrometer.
Slica gd (200 300 mesh) for column chromatography
(CO) and GF254 (30 40p m) for TL C were purchased
from Qingdeo Marine Chemicd Factory ,Qingdeo ,China.
NMR gectra were carried out on Bruker Advance 600
goectrometer , TMS as internd standard. Optica rotations
were measured on Perkin Hmer Modd 341 polari meter.

Microorganism and culture media

Rhizopus arrhizus 3078 was obtained from Chengdu
Ingitute of Biology,the Chinee Academy of Sci-
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ences. It was maintai ned on potato dextrose agar dant
(PDA) at 4

Culture medium was comprised of dextrose (20 ¢/
L) ,yeast extract (1 g/L) ,KH2PO4(3 ¢g/L) ,MgS0,-
7H,O (1.5 ¢/L) ,potato extract (200 g potato was
extracted with 1 Liter boiling water for 20 min) ,and
itspH was adjusted to 6. 0 with NaOH (aqg) .

Fer mentation

The fresh mycelium grown on PDA medium at 28

for 5 d wasinoculated into 500 mL flasks containing

250 mL potato dextrose medium ,which were seril-

ized at 121  and 15 ps for 30 min. Hasks with in-

oculated medium were placed in rotary shaker at 28
and incubated at 180 rpm for 7 d.

Extraction and isolation

The totd mycdium was filtrated and dried at 55 in
oven. The dried mycdium (180 g) was extracted (1 L x
5) exhaugtively with methanol at 50 (2 h each) . Evap-
oration of the folvent from the extract in vacuo gave a
resdue (28 g) . The resdue was chromatographied on a
dlica gel column (420 g,5.5cm x 31.0 cm) duted grar
diently by petroleum ether (bp.60 90 )-acetone (20

1,151,101,51,2L exch) and CHOzCH3OH (20 1,
151,101,715 1,3 1,2L each).Baedonthe TLC
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Identif ication

50 , 8- Epidioxy-(20S, 22 E, 24 R)-ergosta-6 , 22-dien-
3B-d (1) Colorless needes (petroleum ether ,bp. 60
90 ) ,CxHaOs,[0]2-40.5°(c=0.1,CHd;) ,mp. 175
177  ;ESFMS m/ z:429[ M + H] * (podtive mode) ;
IRV cm™':3380 (-OH) , 2955, 2871, 1631 (-CH =
CH) ,1457 ,1378 ,1074 ,967 ;*H NMR(CDd3 ,600 M H?) :

monitoring, the collected fractions were combined into
nine fractions (A:0.59;B:8.59;C:1.1 g;DA:1.75 g;
DB:0.759;E:0.17 g;F:1.36 g;G:0.3 g;H:1.6 @) .
Fr. C was chromatographied over slica gd column (50 g,
2.6cm x 19.0cm) duted with chloroform-acetone (100
1,500 mL) to give 1 (25 mg) . CC (column chromato-
graphy) of DB with petroleum ether (bp.60 90 )-
acetone (5 1,300 mL ;3 1,300 mL) gave 2 (35 mg) .
Compound 3 (7 mg) was obtained from DA by CC over
dlica gd column euted with petroleum ether (bp. 60 90

)-acetone (10 1,200 mL) . CCof E over dlica gd col-
umn (30 g,2.5 cm x 14. 0 cm) duted with CHOx
CH3;OH (15:1,800 mL) gave EA ,EB and EC. Subse-
guent purification of EA by CC (8 g,0.8 cm x 20.0 cm)
duted with CHO3CH3;OH (15 1,150 mL) dforded 4
(10 mg) . EB was subjected to CC over dlicagd (8 g,0.8
cmx20.0 cm) with CHOxCH;OH (10 1,220 mL) to
dford5 (5 mg) and 6 (5 mg) . Further CCof ECover dl-
icagd (15 g,1.8 cm x 12.0 cm) duted with CHO 5
CH;OH (12 1,250 mL) yield 7 (15 mg) . Compound 8
(10 mg) wasislated from F by CC over dlica gd G18
(3.6 cm x 20. 0 cm) with H,O-CH;OH (10 1,1100
mL) . Compound 9 (25 mg) was obtained from H by CC
over dlica gd column (50 g,2.4 cm x 27.0 cm) duted
with CHO s CH;OH (5 1,1000 mL) .

OH
OH “
9 10 4 5 3
- * s 3 6 2
a a
6 2
1 0 7
7 8
a=17 8 0 OH
2 3 4
NH:
0
HN 4 HN * 7,
J\ %
2N 2N
o H o H
7 8

5 6.53 (1H,d,J=8.4 Hz,H6) ,6.27 (1H,d,J=8.4
Hz ,H7) 5.23 (1H,dd,J=13.5,7.6 Hz,H23) ,5.17
(1H,dd,J=13.5,7.6 Hz,H22) ,3.97 (1H,m,H3) ,
1.01 (3H,d,J=6.6 Hz,H21) ,0.94 (3H,d,J=4.3
Hz ,H28) ,0.92 (3H,s,H19) ,0.86 (3H,d,J=4.2
Hz ,H26) ,0.85 (3H,s,H18) ,0.83 (3H,d,J=4.2
Hz ,H27) ;*C NMR (CDd3,150 MHz) :8 135.6 (G
6) ,135.4 (G22) ,132.5 (G23) ,131.0 (CG7) ,82.4
(G5) ,79.7 (CG8) ,66.7 (G3) ,56.4 (G17) ,51.9 (C
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14) 51.2 (CG9) ,44.8 (C13) ,43.0 (C24) ,40.0 (C
20) ,39.5 (C12) ,37.2 (C4) ,37.1 (C10) ,34.9 (C
1) ,33.3 (CG25) ,30.3 (C2) ,28.9 (C16) ,23.6 (C
11) ,21.1 (G21) ,20.8 (CG15) ,20.2 (C26) ,19.9 (C
27) ,18.4 (C19) ,17.8 (C28) ,13.1 (C18). The
NMR data and optica rotation were in agreement with
those reported for 50 ,80-epidioxy- (20S,22 E, 24 R)-er-
sta 6 ,22-dienr 3PB-ol!®.

(9 2)- Gycerin-1-monooleate (2)  Colorless ail , Cy; Hyo
Os ,ESFMS m/ z:357 [M + H] * ,379[ M + Na] * (pos-
tive mode) ;'H NMR (CDO3,600 MHz) :8 5.36 (1H,
dt,J=12.0,6.1 Hz,H9) ,5.33 (1H,dt,J=12.0,6.1
Hz ,H10) ,4.19 (1H,dd,J =11.9,4.2 Hz ,H1') ,4.15
(1H,dd,J=11.9,4.2 Hz,H1) ,3.93 (1H,m,H2) ,
3.70 (1H,dd,J=11.4,3.6 Hz,H3) ,3.60 (1H,dd,J
=11.4 5.9 Hz ,H3) ,2.32 (2H,t,J=6.7 Hz,H2) ,
1.98 (4H,m,H8,11) ,1.28 (24H) ,0.86 (3H,t,J =6.
8 Hz ,H18) ;*C NMR (CDOj;,150 MHz) 3 174.6 (G
1) ,130.2 (G9) ,129.9 (CG10) ,70.5 (G2) ,65.4 (G
1) 63.6 (G3) ,34.4,32.1,29.9,29.7 ,29.5,29.4 ,29.
3127.4,25.1,22.9,14.3. The *H and *C NMR data
were identicd with those reported for (9 Z)-glycerin-1-
monooleate! ") .

4- Hydr oxyacetophenone (3)  Colorless needes (petrol-
eum ether ,bp.60 90 ) ,CgHgO,,mp. 107 108 ,
ESFMS m/ z:135[ M-H]- (negative mode) ; *H NMR
(Cbd;,600 MHz) :® 7.90 (2H,brd,J =6.6 Hz ,H3,
5) ,6.91 (2H ,brd,J =6.6 Hz,H2,6) ,2.56 (3H,s,H
8) ;"*C NMR (CDQ3,150 MHz) 16 198.2 (C7) ,161.1
(C4) 131.3 (C2,6) ,130.1 (C1) ,115.6 (C3,5),
26.5 (G8). The *H and *C NMR data were identica
with those reported for 4-hydroxyacetophenone®!.

4- Hydr oxyphenylacetic acid ( 4) Colorless needes
(CH30H) , CgHgO3, mp. 148 150 ,ESFMS m/ z:
153[ M + H] * (postive mode) ;*H NMR (CD;OD ,600
MHz) 0 7.08 (2H ,brd,J=8.4 Hz ,H2 ,6) ,6.72 (2H,
brd,J=8.4 Hz,H3,5) ,3.48 (2H,s,H7) ;"*C NMR
(CDs;0D ,150 MHz) :0 175.1 (CG8) ,156.2 (CG4) ,130.
1(C2,6) ,125.6 (C1) ,115.0 (C3,5) ,39.9 (C7).
The *H and *C NMR data were in agreement with those
reported for 4- hydroxyphenylacetic acid!®! .

(20S, 22 E, 24 R)-Ergoda-7, 22-dien-3p , 50 , 6B-trial
(5) Colorless needes (CHO3) ,CosHasOs , [0 ] 5-60. 2°
(c=0.1,GHsN) ,mp.250 252 JESIFMS m/ z:431
[M + H] " (postive mode) ; IRU /o cm™ *:3380 (-OH) ,
2955 ,2871,1631 (-CH = CH) ,1457,1378,1074 ,967 ;
'H NMR (CsDsN ,600 MHz) :® 5.72 (1H ,brs,H7) 5.
24 (1H,dd,J=15.2,7.2 Hz,H22) ,5.17 (1H,dd,J =
15.2,7.2 Hz ,H23) ,4.83 (1H,m,H3) ,4.30 (1H,
brs,H6) ,1.50 (3H,s,H19) ,1.03 (3H,d,J=6.7 Hz,

H21) ,0.92 (3H,d,J=6.7 Hz,H28) ,0.83 (6H,d,J
=4.9 Hz,H26,H27) ,0.63 (3H,s,H18) ;"*C NMR
(CsDsN ,150 MHz) :®& 141.5 (CG8) ,136.1 (CG22) ,
132.0 (G23) ,120.4 (CG7) ,76.1 (C5) ,74.2 (C6) ,
67.5 (G3) ,56.1 (CG17) ,55.2 (CG14) ,43.7 (G9,C
13) ,43.1 (CG24) ,41.9 (CG4) ,40.8 (C20) ,39.8 (C
12) ,38.0 (CG10) ,33.8 (CG2) ,33.3 (C25) ,32.6 (C
1) ,28.4 (CG16) ,23.4 (CG15) ,22.4 (C11) ,21.3 (C
27) ,20.1 (G26) ,19.8 (CG21) ,18.8 (C19) ,17.8 (C
28) ,12.5 (C18). The NMR data and opticd ratation
were identica with those reported for (20S,22 E,24 R)-
ergosta7 ,22-dien3P 500 ,6B-triol .

('S)-3- Hydroxy-3-phenylpropionic acid (6)  Colorless
needes ( CHsOH) , CoHy Os, [0 ]-30. 5° (¢ = 0. 1,
CH;OH) , mp. 117-119 ,ESFMS m/ z:189 (M +
Na) * (postive mode) ,165 (M-H) (negative mode) ; IR
VX cm 1:3295 (-OH) ,2965,2654,1698 (-C = O) ,
1496 ,1456 ,765,703;'H NMR (CDs0D,600 MHz) :0
7.38(2Ht ,J=7.4Hz,H+3 )5) ,7.33 (2H ,d,J =7.
4Hz,H2 6),7.26 (1H,t,J=7.4 Hz,H4) 0 5.08
(1H,dd,J=8.8,5.0 Hz ,H3) ,2.69 (1H,dd,J=15.2,
8.8 Hz,H2a) ,2.63 (1H,dd,J=15.2,5.0 Hz,H2b) ;
C NMR (CDs0D ,150 MH2) :173.7 (CG1) ,144.0 (C
1) ,128.2 (G2 ,6) ,127.4 (C4) ,125.7 (C3 ,5) ,
70.5 (C3) ,43.8 (CG2). The NMR data and optica rotar
tion were identica with those reported for ( S)-3-hydrox-
yl-3-phenylpropionic acid*® .

Thymine ( 7) White crystds (CHsOH) , GsHsO:N, ,
mp. >300 ,ESFMS m/ z:149[M + Na] * ,275[2M
+Na]* (pogtitive mode) ; IRV S cm™*: 3260, 3062,
1730,1679,1212;*"H NMR (DMSO- dg,600 MHz) :3
10.97 (1H,d,J=5.5 Hz,H1) ,10.56 (1H,s,H3) 7.
22 (1H,d,J =5.5 Hz,H6) ,1.71 (3H,s-CHs) ;®*C
NMR (DMSO-d6,150 MHz) :® 165.6 (G4) ,152.2 (G
2) ,138.4 (G6) ,108.3 (CG5) ,12.5 (CH3) . The *H and
®C NMR data were identicd with those reported for
thymine! ™!,

Uracil ( 8) White powder ( H,O + CH3OH) ,
CsHiN,O, ,mp. > 300 ,ESFMS m/ z:135[M +
Na]*; IRU/S: cm™': 3410, 3110, 1768, 1738, 1676,
1650, 1450, 1420, 1235; *H NMR (DMSO- dg, 600
MHz) :® 11.12 (1H,s,H1) ,10.85 (1H,s,H3) ,7.48
(1H,d,J=7.7 Hz,H6) ,5.75 (1H,d,J=7.7 Hz, K
5) ;*C NMR (DMSO- dg ,150 MHz) ® 165.0 (G4) ,
152.2 (G2) ,142.8 (G6) ,100.9 (G5). The *H and =
C NMR data were identicd with those reported for u-
raci|t*?.

Adenosing( 9)  White powder (CHO3; + CH30OH) , Cyo
HisNsO4 [ ]%-50. 6° (¢ = 0. 1,H,0) ,mp. 235236
IRL WKE; cm -1:3330 ,2935, 2850, 1684 , 1608 , 1595 ,
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1455 ,1422 ,1382 ,1338 ,1130; ESFMS m/ z:268[ M +
H]*,557 (2M + Na) * (postive mode) ; '"H NMR
(CsDsN ,600 MHz) :8 8.71 (1H,s,H8) ,8.60 (1H s,
H2) ,8.32 (2H,s,NH,) ,6.70 (1H,d,J=6.0 Hz,H
1) 5.49 (1H,t,J=4.8 Hz,H?2) ,5.05 (1H,dd,J =
4.8,3.0 Hz,H3) 4.74 (1H,m,H4) ,4.30 (1H,dd,
J=12.3,2.4 Hz,H5 a) ,4.13 (1H,dd,J =12.3,2. 4
Hz ,H5 b) ;**C NMR (GsDsN ,150 MHz) :8 157.7 (G
6) ,153.3 (G2) ,149.9 (CG4) ,140.5 (G8) ,121.5 (C
5) ,90.8 (G1) ,87.8 (G4) ,75.5 (G3) ,72.4 (G
2),63.0 (C5) The NMR data and opticad rotation
were identica with those reported for adenosne!™®! .
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