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In  screening various fungi for anti- 
microbial metabolites, the authors iso- 
lated oosponol and oospolactone as 
antifungal conctituents of Gloeophyl- 
lum sepiarium (Wulf. ex Fr.) Karsten 
(1, 2 ) .  Further investigation of this 
type led us to  the finding that Peuicil- 
lium odoratana Christenqen & Backus 

produced an  antibacterial metabolite 
in its culture broth and also that Peizi- 
cillium briclzneo-stoloniferum -\be pro- 
duced an antifungal metabolite in  its 
culture broth and mycelium. These 
two compounds were identified as 
citrinin (1) and mycophenolic acid (2), 
respectively. The yields of theie tn-o 
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---__ antimicrobial compounds were escel- 

lent ad comparedn-ith thoqe from other 
fungi reported in the literature ( 3 ,  4). 

]Part 5 in the qei-ies "Studies on Fungal 
prod,lcts," F~~ part 4 see LITERATL-RE 
CITED 2 .  
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EXPERIMEXTAL2 
CLLr~RES. -PenZC. l~ iZZ~~? i  odoratzt7n Chris- 

tensen and Backus (IF0 7741) and Penzcii- 
I i i c n i  hririi}zeo-stoloiiiferunr .kbe (IF0 5 i 2 7 )  
were obtained from the  Insti tute for Fermen- 
tation, Osaka, Japan, and n-ere maintained 
on potato extract slants containing 0.03 g 
per ml of sucrose. 0.03 g per ml of sodium 
chloride. and 0.02 g per ml of agar Each 
strain LTas eroivn in stationarv culture for 
20 days at-27" in a medium containing: 
sucrose, 30 g; iKaiK08, B g; KtHPO,, 1 g: 
UgS0 , .7Ht0 ,  0.5 g :  KC1, 0.5 g;  corn steep 
l iauor,  0.1 e :  FeSO4.iHIO. 0.01 e :  biotin and 
viiarnin B,;trace; $-ater, '1 1iter;and NaOH 
to  bring the  p H  t o  5 . 5 .  Growth of the  
fungus was s ta r ted  in 200 ml of this medium 
contained in a Roux flask by  innoculation 
with a heavy spore suspension obtained b y  
the  addition of sterile water t o  cultures on 
potato es t rac t  agar slants.  One hundred 
and ,sisty flasks TT-ere innoculated for each 
strain.  

~ T I M I C R O B I . \ L  TEST.-The antimicrobial 
activity was determined by  the  cylinder- 
agar plate assay with Bacillzts szibtilis (IF0 
31081, Escherichia col i  (IF0 3014), Giberelln 
zene  (IF0 4471), Ll-ezrrosporn siiopiiila (IF0 
459B) and .4,/ternaria innrii i i i in UFO 8618) 
as  test organisms. The  medium for growing 
bacteria was prepared by  dissolving 1.75 g 
of antibiotic medium (Difco)s and 1.G g of 
agar in 100 ml of water.  Fungi were culti- 
vated in Czapek-Dox medium containing 1.6 
w-:v cc agar.  In  the  preliminary assay, 1 
mi of a 5-day-old mycelial suspension or 
1-day-old bacterial suspension and 19 ml of 
the  corresponding above-mentioned medium 
were combined to  prepare the  assay plates. 
Paper discs (0.B ern diameter) n-ere dipped 
into acetone solutions prepared either from 
c3lumn eluate fractions or from crystalline 
material and placed on the  assay plates. 
Zones of inhibition n-ere recorded after 24 
hours' incubation a t  37" in case of bacteria,  
and after 72 hours' incubarion a t  27" in case 
of fungi. 

To quant i ta te  the  activity,  the  minimum 
inhibitory concentration (MIC)  was de- 
termined by a two-fold dilution method. 
T o  prepare the  individual assa>- plates, t he  
original acetone solution, 8 nig in 1 ml: %-as 
diluted two-fold serially u-ith acetone, and 
0.5 ml of each of the  serial tx-o-fold dilutions 

Wel t ing  points were not corrected. The  
i r  spectra were obtained on a Hitachi model 
215 recording spectrophotometer, in XBr  
pellets. The  proton nmr spectra were ob- 
tained in deuterated solvents on a JEOL 
model FS-100 (100 MIIz) spectrometer 
with TMS as  internal standard.  Electron 
impact mass spectra were obtained on a 
Hitachi model FMS-4 instrument. The  
LIV spectra m-ere ob ta ined 'on  a Hitachi 
model 124 spectrophotometer. 

%nkyo Junyakii Co. L td .  

was combined with 19.5 ml of medium a t  45" 
and then cooled. I n  the  antibacterial assay, 
the  bacterial suspension was streaked; 
whereas in the  antifungal assay, a round disc 
of the  agar medium, 0.6 cm in diameter and 
0.5 cm in depth,  on which the  test organism 
was grown R-RS placed upside don-n, on the  
assay plate.  After cultivation for the  same 
period as in the  preliminary test ,  the  lowest 
concentration to  inhibit completely the  
growth of microbes was determined by  
visual examinat ion. 

ISOLITION OF c I . r R I s I x  (1) FROM P. odora- 
tztvi.-The culture of P. odoratuni was har- 
vested by  filtration through cheesecloth t o  
remove mycelia. The  filtrate was acidified 
to  p H  2 with hydrochloric acid, producing a 
precipitatation of a yellon- powder. The  
resulting suspension M-as extracted with one 
half of i t s  volume of methylene chloride. 
The  resulting extractive was dried over 
anhydrous sodium sulfate, filtered, and con- 
centrated in E ~ U C Z ~ O .  The  sticky brown solid, 
amounting t o  45 g, thus obtained liecame 
crystalline after 12 hours. Purification b y  
recrystallization from ethanol gave yellow 
needles of mp 175"; nile 250 (MA). The  
identity of this compound with citrinin (1) 
was established b y  noting t h a t  the mised 
melting point with an authentic sample was 
not depressed. 

Ergosterol (3.2 g) n-as isolated from the  
dried and pulverized mycelium (250 g) by  
extraction for 135 hours with e ther  in an 
hsahina-type extractor ( 5 ) .  I t  was identi- 
fied q-ith an authentic sample4 by  mixed 
fusion. 

ISOLATIOS OF MTCOPHESOLIC ACID (2), 

bri~nneo-stoloniferz~ni .- 
culture broth of P. bzirttnneo-stolon~erum 
was carried out R-ith methylene chloride 
in the  manner described for P. odorcltzrm. 
The  yellowish crystalline extract was mostly 
soluble in 10% sodium bicarbonate solution. 
The  small insoluble fraction was separated 
b y  filtration, and the  filtrate was acidified 
to  give 65 g of crude crystals, which were 
purified b y  recrystallization from benzene 
t o  give colorless feather-like crystals of 
mp 140'; d e  320 (M+). The  identity of 
this compound with mycopheno!ic acid 12) 
was established by  mmp determination with 
an authentic sample. 

Brevianamide A was obtained from the  
bicarbonate insoluble fraction ( 1 . 7  g ) ,  which 
was washed with water and dried. X por- 
tion (20 mg) was dissolved in benzene and 
poured onto a column of silica gel> ( l . 8X5  
cm) and chromatographed x i t h  benzene- 
acetone (5 : l )  as the  eluting solvent. After 
removal of the  solvent, the  53rd and 54th 
50 ml fractions gave yellow cubes, which 
melted a t  254' after purification by recrys- 

hIAKSITOL A S D  BRE\-I. 
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tallization from chloroform. The  yield was 
6 mg. Anal .  Calcd for C*1H,,O2i,,CHCl,: 
C, 54.44: H ,  5.08: S ,  8.47. Found: c', 54.22: 
H, -1.96: S .  8.70. J I l e  365. This compound 
(500 mg, was converted to  the  monoacetate 
(a  ne%- derivative~l by  refluxing for two 
hours with acetic anh>-dride, followed by 
recry ta l l iza t ion  from methanol, yielding 
420 mg rlf yellow needles of nip 241'. A l l i d .  
Calcd. for C O J ~ O ~ S ~ O ~ :  C, G7.16: H, 5.96. 
Found: C, GT.79: H ,  6.18. I t  showed IIV 
A mas  IEtOH) 235, 250, 405 nrn ($-indoxyl 

SI  ructure) ; 111 e 407 (AI-). These and vari- 
oils spectral iiiv: ir and nnir) da ta  identified 
this metabolite, which had no antimicrobial 
activity.  as  hrevianarnide 10, 7 ) .  

Mannitol was obtained when the  dried 
nnd pulverized mycelium n-as extracted in 
an -1sahina-type extractor ( 5 1  for 140 hours 
with e ther  and subsequently for 160 hours 
with acetone. The  ethereal extract (2.1 g )  
was diss;?lved in benzene and chromato- 
graphed over silica gel4 (90 g! using henzene- 
acetone i1O:l) as the  eluting solvent. The  
12th and 13th 100-ml-fractions gave my- 
cophenolic acid (50 mgi .  The  acetone ex- 

TIME-COTRSE v.iRI.ITIOS I S  I'RODCCTIOS OF 
CITRISIS . ~ S D  JITCOPHESOLIC . i c ~ ~ . - T h e  time- 
course change in the  amount of citrinin and 
mycophenolic acid in the  culture fluid of each 
fungus n-as determined spectrophotometric- 
all>-. Czapek-Dos medium, pH 5 .5 ,  R-as 
sterilized in an Erlenmeyer flask. A volume 
of 15 ml was taken out as a control solution. 
The  main par t  was innoculated with P. 
odorutitni or  P. hrioineo-s!oloniferioii  and 
kep t ,  as stationary cultures. At every 2 
days interval, 10 nil of culture fluid was 
pipetted out and was extracted twice with 
30 nil of chloroform6. The  combined chloro- 
form extracts in each case ne re  washed TT-ith 
10 ml of water,  dried over a small anioiint of 
anhydrous sodium sulfate, concentrated to  
5 ml, and the  volumes adjusted to  exactly 10 
nil6. The  IIV absorption was measured at  
332 nm in case of citrinin and 306 nni in 
case of mycophenolic acid. The  control 
solution was treated in the  same way. The  
time-course variation in the  amount of the 
tlx-o antimicrobial substances was calciilated 
from the  respective standard curves pre- 
pared with the  respective authentic samples. 

4 a 12 16 20 24 days 

FIG. 1. Time-coiiree variation in the amount of citrinin [.---.) in Pe,iicii/iuni otlo- 
r i z t i i i i i ,  and mycophenolic acid iz--- - I in Peizicil!iiiiii h r i i ~ i i i ~ o - . r t o l c ~ ~ i ~ C C Y I I ) I ~ .  
i n  the  ciiltiire bro th .  

A 

tract  (6 .4  g i  Tvas mixed with 100 nil of water RESULTS -4SD DISCUSSIOS 
ond filtered. The  residiial solid 11.0 g ~ ,  
after removal of water,  was acet>-inted hy  In a preliminarj- te.st, it \~-a. slio\\-n 

11' 40 minutes with 3 nil o!' acetic Illat TIle culture fluid of p .  otiorutll,n 
e i n  the presence or a few drops of 

;nlfnric :icid. . lf trr  removal o i  the solvent possesed antibacterial acti\-it>-. On 
x c u c ,  the  i,esidiip was piirified 1))- re- acidification of the  culture filtl;3te2 

rr>-stailizntion from ethanol yielding color- precipitation of a )-ello,\. po\,-cler oc- 
less leares,  nip 121.5'. This derirnrive was 
identifiecl as mnnnitol hexnncetate by  mmp 
tieterminntion with the  mannitol hexa- Y; r ade SU ffi c i en t io r spec t roph o t i I me t ri c 
acetate made irom alitlientic niannito1.'. iise: Kaiito Iiagukii C'n.. Lid .  
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curred. This substance, mp 175’, 
was demonstrated to be responsible 
for the antibacterial activitF of the 
culture broth, completely inhibiting 
the growth of Bacillus subtilis at a 
minimum concentration of 25 mcg per 
ml. S o  other active materials were 
detected. This compound rapidly ab- 
sorbed one mole of hydrogen in the 
preqence of a catalyst in methanol, 
yielding a colorless dihydro compound, 
mp 1’71’. In  contrast to the parent 
compound. this derivative was posi- 
tive in the ferric chloride test indicat- 
ing that the parent compound is of a 
quinoid structure. These and the 
various spectral data (ut-, ir, nnir and 
mass) confirmed this compound to be 
citrinin (1). 
h preliminary test showed that the 

culture fluid of P. bruizIreo-stoloizi~eri.tm 
possessed antifungal activity. Color- 
less feather-like crystals of mp 140’ 
were isolated from the culture fluid as 
the sole substance responsible for the 
activity. This substance inhibited the 
growth of Giberella zeae and Alteriraria 
maritima completely at a minimum 
concentration of 200 mcg per ml. No 
other metabolites with antifungal ac- 
tivity could be detected. This com- 
pound was shown to have properties 
of a phenol by color formation n i th  
ferric chloride. The spectral (uv, ir, 
nmr and mass) and analytical data un- 
equivocally demonstrated that this 
compound is mycophenolic acid (2). 

A survey of the literature revealed 
that a maximum yield of citrinin of 
2.4 g per liter of the culture broth was 
reported by Terui et al. in Peiiicillium 
celutiizum (3). However, the original 
strain used in the earlier work is no 
longer available (Terui. personal com- 
munication) and PeTiicillium Lelutinum 

van Beyma strain S o .  6064 obtained 
from the Institute for Fermentation, 
Osaka, Japan, had apparently lost the 
ability to produce citrinin. As seen in 
figure 1, P. odoratum used in the pres- 
ent work could produce this compound 
at a level of 1.9 g per liter in a syn- 
thetic medium. The yield of myco- 
phenolic acid with P. bruweo-stoloni- 
ferum reached 3.25 g per liter. This 
amount is more than seven times 
higher than the highest yield ever re- 
ported in a species of Pe~icilli7~m (4). 

Brevianamide was also obtained 
from P. bruizi?eo-stolo?ti~erum. This 
same compound was obtained by Dr. 
J. E. Robbers, from Peiticillium och- 
raceum Bainier ex Thom ATCC 10112, 
a strain isolated from “blue-eye corn” 
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