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Production of penitrem A by Penicil l ium crustosum 
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Szxty one isolates of Pemcdhurn crustosum originating from various foodstuffs were screened for pemtrem 
A production by than-layer chromatography The haghest producers of penltrem A (4 xsolates) were grown 
m various hqmd media. Skimmed rmlk (2%)/potato  extract (2%)/sucrose (2%) (SPS) medmm supported 
the haghest toxan production and P erustosurn Sp 1552 was selected as the best producer of penltrem A 
Opumal  condmons  for the production of pemtrem A were to grow the isolate Sp 1552 (stationary) in 100 
ml of SPS medmm (with 49~ sucrose) m 500-ml flasks for 3 weeks at 2 5 ° C  with mmal  pH 5 7 The 
zsolauon and punficat ton of pemtrem A ~s descrtbed Approximately 246 mg of pure pemtrem A was 
obtained from 200 flasks each contmmng 100 ml of SPS m e d m m  
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Introduction 

Penitrem A, (C3vH44OrNC1) is a member of a group of tremorgenlc funga[ 
metabohtes, now known as penltrems (but mltmlly called tremortms) (Wdson et al., 
1968; Steyn and Vleggaar, 1985). This mycotoxm causes tremor, hmb weakness, 
ataxaa and convulsion m mice. Its LDs0 for mace dosed intraperitoneally is 1.05 
mg/kg.  Other animals that are susceptible to neurotoxac effects of pemtrem A are 
calf, rat, chicken, rabbit, guinea pig, hamster, dog and sheep (Hayes et al., 1976; 
Penny et al., 1979; Cole and Cox, 1981). 

Penitrem A has been detected in nature on mouldy cream cheese. The fungx 
which are capable of producing tremorgemc mycotoxlns can be found on several 
tmportant agricultural commodities. Also, the toxin has been produced by several 
species of fungi when grown on maize, rice, wheat, oat, rye, barley and sorghum 
(Hou et al., 1971a; Rachard and Arp, 1979; Steyn and Vleggaar, 1985). 
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Pemtrem A has been reported to be produced by Pemcllllum crustosum, P. 
cycloplum, P. granulatum, P pahtans, P. puberulum (Wilson et al., 1968; Clegler, 
1969, Ciegler and Pitt, 1970, Hou et al., 1971b). However, Pitt (1979) concluded that 
all isolates involved m the production of penitrem A belong to P crustosum. 
E1-Banna et al (1987) confirmed the production of pemtrem A by P crustosum. 
Penltrem A has also been isolated from P. commune (Wagener et al., 1980), P. 
canescens and P janczewsku (DI Menna et al., 1986). 

Penitrem A has been produced at incubation temperatures from 4 to 30 ° C, and 
after 7 to 120 days of incubation. A wide variety of media have been used at an 
m~tml pH from 3.9 to 6.8 for penitrem A production (Clegler, 1969; Hou et al., 
1971c, Yoshizawa et al., 1976, Wagener et al., 1980). 

In this contribution we record some effects of medmm, pH, incubation tempera-  
ture and time, as well as medium volume per flask on the producuon of penitrem A 
by P crustosum The isolation and purificauon of penltrem A are also reported. 

Materials and Methods 

Fungi 
1420 isolates of the genus Pemctlhum from the culture collection of the Federal 

Centre for Meat Research, Kulmbach; have been re-identified in 1985 by Dr. John 
I. Pitt (CSIRO, Australia). According to P~tt (personal communication) 61 (4 3%) of 
these isolates represented P. crustosum. These 61 isolates were drawn from several 
culture collections (9) or ~solated from foods" meat and meat products (30), fruits 
(6), cereal and cereal products (5), cheese (4), spices (2), vegetables (2), fat (1), 
pudding (1), pistachio nuts (1). Conidia from 7-day-old subcultures, started from 
lyophihzed stock-cultures and grown on malt extract agar at 25°C,  served as 
mocula 

Screening the isolates for pemtrem A productton 

The isolates were inoculated on malt extract agar (Merck) with three points per 
Petn dish (90 mm diameter). From each isolate, the mould colonies of 5 Petn dishes 
were cut out and extracted with acetone (100 ml) in a stomacher for 4 mxn. The 
acetone extract of each isolate was filtered through sodium sulphate. Then the 
extract was evaporated to dryness by using a rotary evaporator at 40°C.  The 
residue was redissolved in acetone and transferred to a test tube. The extract was 
concentrated to 1 ml by using a stream of nitrogen. The concentrated extract was 
used for penitrem A deterrmnatlon 

Medta and cultlL, atlon for pemtrem ,4 productton 

P crustosum was grown (stationary) in 500-ml Erlenmeyer flasks in 100 ml of 7 
different media (Table II). The media were incubated at 25°C for 1, 2, 3 and 4 
weeks. SPS medium (containing 2% of each skimmed rmlk, potato extract and 
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sucrose) was used to study the effect of some nutnents,  mitml p H  of the medium, 
the temperature of incubanon and the medium volume per 500-ml flasks on the 
yield of pemtrem A. In these experiments, static cultures in 500-ml flasks were 
incubated for 2 and 3 weeks. All media were autoclaved at 121°C, cooled, and 
inoculated with 1 ml of a spore suspension, containing approx. 104 spores per ml. 

Production and purtftcatwn of penttrem A 

A selected isolate of P crustosum was grown in stationary culture at 25°C  xn 
Erlenmeyer flasks (200 × 500) containing SPS medium (100 ml) After 3 weeks the 
culture was filtered and the mycehum was macerated with acetone in a Warlng 
blender. The homogenate was filtered and the acetone evaporated. The aqueous 
residue was extracted with dlchloromethane. After evaporation of the solvent, the 
residue was partitioned between 90% methanol and hexane (1 : 1, v /v) .  The methanol 
layer was evaporated and the aqueous residue extracted with d~chloromethane. The 
crude extract, after evaporation of the solvent was percolated through a silica gel 
column with dlchloromethane-acetone (75:25, v /v )  (De Jesus et al., 1983). The 
eluent was treated with activated charcoal, concentrated and purified by column 
chromatography on silica gel (Merck, 0.065-0.200 ram) using benzene-acetone 
(85" 15, v /v) .  Fractions (2 ml) were evaluated by thin-layer chromatography (TLC), 
fractions containing pemtrem A were combined and concentrated. The concentrate 
was further purified by preparative T I C  on silica gel F254 plates (Merck, type 60, 2 
mm thick) with hexane-acetone (70:30, v /v) .  The chromatogram was developed 
twice m this solvent system. The toxin-containing band was scraped off and the 
toxin was eluted with hexane-acetone (70:30, v /v) .  The penitrem A solution was 
permitted to evaporate slowly at room temperature and dried In vacuo at 40 ° C. 

Penttrem A quantltatton 

TLC was used for quantltatlon of pemtrem A. The toxin was chromatographed 
on glass plates precoated with silica gel F254 (Merck, type 60, 0.25 mm thack) and 
developed in benzene-acetone (85:15, v /v) .  The developed plates were examined 
under ultravxolet light and sprayed with two spray reagents: 2% FeC13 m butanol  
and 1% Ce(SO4) 2 in 6 N H2SO 4. The characteristic colours of pemtrem A were. 
light purple at 254 nm, green after heating at l l 0 ° C  for 5 man and purple after 
heating at 110°C for 5 mln, respectively (Gorst-Allman and Steyn. 1979: Maes et 
al., 1982). The estimation of the pemtrem A concentration rehed on visual compan-  
son with standards. Two standards of penitrem A were kindly supphed by Dr. A. 
Ciegler, Northern Regional Research Laboratory,  USDA, Peoria, U.S.A. and Dr. 
P,S. Steyn, Council for Scientific and Industrial Research, Pretona, South Africa. 

Results and Discussion 

The amounts of pemtrem A produced by P. cru~tosum were widely variable 
among the isolates tested (Table I). The highest amount  of penitrem A (100 
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TABLE I 

Screening of 61 P crustosum isolates for pemtrem A production d 

Amount  of pemtrem A Number of isolates which produced the 

( / zg /Pe tn  dish) correspondmg amounts of the to~n  

No detectable amount b 6 

up to 10 7 

20-45 21 

50-60 18 

70-80 5 

100 4 

a Isolates were cultured on malt extract agar medmm for 7 days at 25 ° C  
h Detection hnut of the method used is 10 7 g pemtrem A 

TABLE II 

Effect of different hqmd media on pemtrem A producnon m mycehum of selected P crustosum isolates 

Isolate No lncubatlon t~me Amounts 

at 2 5 ° C  CD 
(weeks) 

of pemtrem A produced using the following medm ~ h 

CDY CDP CDT MEB YES SPS 

Sp 1444 1 ND ~ ND ND ND 0 03 ND 0 75 
2 0 02 ND 0 04 0 03 0 05 ND 1.42 

3 0 15 ND 0 08 0 13 0 10 ND 1 50 
4 010  028 033 013 008 ND 206 

Sp 1552 1 002  250 438 013 005 004  256 
2 1 38 313 475 188 018 002  594 
3 3 88 4 75 5 00 4 06 0 50 0 10 6 87 

4 5 00 3 75 6 25 3 94 0 25 0 05 6 56 

Sp 1891 1 0 05 0 03 0 05 0 01 0 08 ND 2 06 
2 0 04 0 05 0 50 0 08 0 25 ND 4 37 
3 0 38 0 13 1 50 0 38 0 25 ND 4 50 
4 0.06 0 04 1 25 0 23 0 20 N D  4 50 

Sp 2300 1 0 04 0.30 0 30 0 03 0 15 ND 3 44 
2 ND 0 73 0 85 0 15 0 40 ND 4 16 
3 075 070  125 020  015 002  500 
4 1 42 0 81 1 15 0 28 0 20 0.0l 4 81 

" Amounts of pemtrem A produced are expressed m mg per flask, contalmng 100 ml of the medmm 
(average of 2 flasks, difference between single values of duphcate determmauons ranged from 0 0 to 

15 0~)  
b CD = Czapek-Dox broth, CDY = Czapek-Dox broth + 2% yeast extract, CDP = Czapek-Dox broth + 

2,% peptone, C D T = C z a p e k - D o x  b r o t h + 0  1% tryptophan, M E B =  malt e~tract broth, Y E S = 2 %  
yeast extract +4,% sucrose SPS = 2% skimmed mi lk+2% potato extract + 2% sucrose lmtml pH of 
MEB, YES and SPS was 5 5, 6 5 and 5 7, respecu*ely The mmal  pH of the other media was 6 8 

c ND = no detectable amounts (detection hmlt of the method used ~s 10 -7 g pemtrem A) 
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Effect of some nutnents on pemtrem A production of P crustosum Sp 1552 
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No of Composition of cultivation 
cultivation medium a b 
medmm 

Amounts of pemtrem A produced 
after incubation at 25 o C for ~ 

2 weeks 3 v, eeks 

1 SPS 5 01 6 78 
2 SPS + 2% yeast extract 4 96 6 96 
3 SPS+0 5% peptone 5 22 7 07 
4 SPS + 2% peptone 5 22 7 05 
5 SPS+0 1% tryptophan 4 95 7 07 
6 2% skammed milk+ 2% sucrose 2 61 3 61 
7 2% potato extract + 2% sucrose 4 44 5 99 
8 2% skammed milk+ 2% potato extract 4 89 6 66 
9 SP+4% sucrose 6 03 8 16 

10 SP+ 8% sucrose 5 19 7 35 
11 SP + 16% sucrose 2 83 3 26 
12 SP+2% lactose 5 92 7 98 
13 SP+ 2% maltose 4 90 6 77 
14 SP+ 2% galactose 5 50 6 77 
15 SP+ 2% fructose 5 30 6 66 
16 SP+2% glucose 5 30 6 70 
17 SP+2% xylose 5 30 6 75 

a Imtlal pH of the medm ranged from 5 0 to 6 5 
SPS = 2% skimmed rrulk + 2% potato extract + 2% sucrose, SP = 2% skimmed mall< + 2% potato extract 

• Amounts of pemtrem A produced are expressed m mg per 500-ml flask contalmng 100 ml of the 
corresponding medium (average of 2 flasks, difference between single values of duphcate determina- 
tions ranged from 0 0 to 15 0%) 

~ g / P e t n  d i s h )  w a s  p r o d u c e d  b y  f o u r  i so la tes .  T h e s e  i so l a t e s  w e r e  s e l e c t e d  fo r  

s t u d y i n g  t he  p r o d u c t t o n  o f  p e m t r e m  A o n  s e v e n  h q m d  m e d i a  m s t a t i o n a r y  c u l t u r e .  

S h a k e n  c u l t u r e s  h a v e  b e e n  r e p o r t e d  to b e  u n s m t a b l e  f o r  t he  p r o d u c t i o n  of  p e n i t r e m  

A ( W a g e n e r ,  1980;  D i  M e n n a  et  al., 1986).  T h e  r e s u l t s  a re  p r e s e n t e d  m T a b l e  II. 

SPS  m e d t u m  s u p p o r t e d  h i g h e r  t o x i n  p r o d u c t i o n  t h a n  t he  o t h e r  l t q m d  m e d m  t e s t ed .  

I s o l a t e  Sp 1552  p r o d u c e d  t he  h i g h e s t  a m o u n t s  o f  t he  t o x i n  m c o m p a n s o n  w i t h  t he  

o t h e r  3 i so l a t e s  i n v e s t i g a t e d .  T h e  h i g h e s t  a m o u n t  of  p e m t r e m  A (6.87 m g / 1 0 0  ml  

m e d m m )  was  p r o d u c e d  b y  Sp 1552  in  SPS  m e d m m  a f t e r  3 w e e k s  m c u b a t l o n  a t  

25 ° C. C z a p e k - D o x  m e d m m  c o n t a i n i n g  yeas t  e x t r a c t  w h i c h  was  u s e d  b y  s o m e  o t h e r  

i n v e s t i g a t o r s  for  t he  p r o d u c u o n  o f  p e n i t r e m  A b y  P c r u s t o s u r n  ( D e  J e s u s  et  al., 

1981,  1983;  M a e s  et  al., 1982)  is i n f e r i o r  to  SPS.  

T h e  e f fec t  of  s o m e  n u t r i e n t s  o n  p e m t r e m  A p r o d u c t i o n  of  P c r u ~ t o s u m  Sp 1552 

Is s h o w n  m T a b l e  I I I .  S u p p l e m e n t a u o n  of  SPS  m e d i u m  w~th y e a s t  e x t r a c t ,  p e p t o n e  

o r  t r y p t o p h a n  d i d  n o t  a f f ec t  p e m t r e m  A p r o d u c t i o n  b y  P c r u s t o s u m  Sp 1552 ( m e d i a  

1 to  5). R e m o v a l  of  p o t a t o  e x t r a c t  f r o m  SPS m e d m m  ( m e d t u m  6) r e s u l t e d  m a 

r e m a r k a b l e  d e c r e a s e  of  t h e  a m o u n t  of  p e m t r e m  A p r o d u c e d ,  w h i l e  t h e  r e m o v a l  o f  

s k i m m e d  m i l k  or  s u c r o s e  ( m e d i a  7, 8) f r o m  SPS m e d m  o n l y  s h g h t l y  d e c r e a s e d  t he  

a m o u n t  of  p e n l t r e m  A p r o d u c e d .  H o w e v e r ,  a n  i n c r e a s e  m the  a m o u n t  o f  s u c r o s e  to  
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TABLE IV 

Effect of pH of the SPS medium on pemtrem A production of P crustosum Sp 1552 ~ 

Inmal Amounts of pemtrem A produced after incubation 
pH of at 25 °C for b 

SPS medmm 2 v, eeks 3 weeks 

3 4 00 5 00 
4 4 00 5 00 
5 4 00 5 00 
5 7 4 06 6 88 
6 4 00 6 50 
7 4 00 5 00 
8 3 88 5 00 
9 3 81 5 00 

SPS = 2% skimmed milk + 2% potato extract + 2% sucrose 
h Amounts of pemtrem A produced are expressed m mg per 500-ml flask containing 100 ml of SPS 

medium (axerage of 2 flasks, difference between single values of duphcate detertmnatlons ranged from 
00 to 15 0r?) 

4% In SPS m e d i u m  ( m e d i u m  9) a p p e a r e d  to m c r e a s e  the  p r o d u c t i o n  o f  the  t ox in  O n  

the  o t h e r  h a n d ,  an  i nc r ea se  in the  a m o u n t  o f  s u c ro s e  to 16% d e c r e a s e d  the  a m o u n t  

o f  the  tox in  by  m o r e  t h a n  50% R e p l a c e m e n t  o f  s u c ro s e  by  l ac tose  in SPS m e d i u m  

( m e d i u m  12) a p p e a r e d  to i nc r ea se  the  a m o u n t  o f  the  tox in ,  whi le  the  r e p l a c e m e n t  o f  

suc ro se  by  ma l to se ,  ga lac tose ,  f ruc tose ,  g lucose  or  xy lose  in SPS m e d i u m  ( m e d i a  

1 3 - 1 7 )  d id  no t  a f f ec t  the  p r o d u c t i o n  o f  p e n i t r e m  A by  P c r u s t o s u m  Sp 1552. 

A c h a n g e  o f  the  mitIal  p H  o f  SPS m e d i u m  to 5 or  lower  a n d  to 7 o r  hagher  

r e su l t ed  in a r e m a r k a b l e  d e c r e a s e  o f  the  a m o u n t  o f  p e n l t r e m  A p r o d u c e d  by  P 

c r u s t o s u m  Sp 1552 a f t e r  3 weeks  i n c u b a t i o n  (Tab l e  IV) 

TABLE V 

Effect of lncubanon temperature on pemtrem A production b~ P crustosum Sp 1552 

[ncubanon 
temperature 
(°C)  

Amounts of penltrem A produced after mcubatmn 
at the corresponding temperature for a 

2 v, eeks 3 weeks 

5 008 0 15 
10 1 50 2 00 
15 4 06 4 50 
20 5 00 5 00 
25 4 38 6 50 
30 2 50 2 75 

Amount,, of pemtrem A produced are expressed in mg per 500-ml flask containing 100 ml of SPS 
medmm (a,,erage of 2 flasks, difference between single values of duphcate deterrmnat~ons ranged from 
0 0 to 15 0%) SPS = 2'~ skimmed rmlk+2% potato extract +2% sucrose (mmal pH = 5 7) 
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Effect of medtum volume per 500-ml flask on pemtrem A production by P crustosum Sp 1552 
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Volume of SPS 
medium m 500-ml 
flasks ~ (ml) 

Amounts of pemtrem A produced after mcubauon 
at 25 ° C for b 

2 weeks 3 weeks 

50 2 50 2 75 
100 4 50 6 86 
200 8 00 9 00 
300 9 00 10 00 

a The tmtlal pH of SPS medtum was 5 7 SPS = 2% skimmed mdk + 2% potato extract + 2% sucrose 
h Amounts of pemtrem A produced are expressed m mg per flask conta~mng the corresponding medium 

volume (average of 2 flasks, difference between single values of duphcate deterrmnauons ranged from 
0 0 to 15 0%) 

The effect of incubation temperature on pemtrem A production by P crustosum 

Sp 1552 is presented m Table V. Maxamum toxin yxeld (6.5 rag) was observed after 3 
weeks at 25 ° C. 

The yield of penltrem A in 500-ml flasks containing different medm volumes is 
shown m Table VI. The myceha of P crustosum spread more rapidly in flasks 

TABLE VII 

Recovery of pemtrem A, produced by P crustosum Sp 1552, dunng purification steps ~ b 

Treatment Total amount of Recovery. (%) 
pemtrem A (mg) 

Acetone extract 1 362 0 100 0 

Parutlon chromatography 
d~chloromethane - aqueous restdue 

after evaporauon of acetone 1296 0 95 2 
aqueous methanol 90% - hexane 949 0 69 7 
d~chloromethane - aqueous residue 

after evaporauon of methanol 815 0 59 8 

Percolation through short sdlca gel column 
with dlchloromethane-acetone (75 25) 740 0 54.3 

Filtration through activated charcoal 666 8 49 0 

Separation on sdtca gel column 
with benzene-acetone (85 15) 633 5 46 5 

Preparauve thin layer chromatography 
on sthca gel 1::25 a (hexane-acetone, 70 30) 246 0 18 1 

d Total amount of culture medium used was 20 hters (200 × 100 ml m 500-ml Erlenmeyer flasks) 
b The fungus was grown in stationary culture at 25 ° C  for 3 weeks m Erlenmeyer flasks contaLmng SPS 

medium SPS = 2% sktmmed lrulk + 2~ potato extract + 2% sucrose (,mtlal pH 5 7) 
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contatmng small amounts of SPS medium than in flasks with more medmm; 
consequently, the mttlal growth rate and tmt~al toxin producuon were higher at the 
lower volumes. After 3 weeks of incubation at 25 ° C, the highest toxin level (10 mg) 
was encountered with 300 ml of SPS medium per 500-ml flask. Similar results have 
been observed by Wagener et al. (1980) during their study with penitrem A and 
roquefortme production by P c o m m u n e  

The recovery of pemtrem A, produced by P c r u s t o s u m  Sp 1552, during purifica- 
tion ~s shown m Table VII. Pemtrem A was extracted only from the mycehum of P 
c r u s t o s u m  Sp 1552 (the toxin ts an mtracellular metabolite and is formed only wltl~n 
the mycehal mat" Wilson et al., 1968; Clegler, 1969; Hou et al., 1971b), and acetone 
proved suitable for extraction. Chloroform has been used by other investigators for 
extraction of the toxin (Caegler, 1969, Hou et al.. 1971b: Wagener et al., 1980): 
however, pemtrem A is very unstable m chloroform when directly exposed to light, 
presumably as a result of acid formation in the solvent (Hou et al., 1971b: Steyn 
and Vleggaar, 1985). Therefore, any contact of penltrem A with chloroform or 
rmneral actds was avoided throughout our mvestigatton. Approximately 246 mg 
pure pemtrem A were recovered from 200 flasks, each containing 100 ml SPS 
medmm. 

The vacuum-dried wtute amorphous solid of pure pemtrem A showed typical 
physlco-chermcal characteristics and biological activmes (m mice), and corresponds 
with the two standards we obtained from Dr. Steyn and Dr. Ciegler (data not 
included) 
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