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Fifteen years ago Wilson and Kilson 
(1) reported isolation of a fungal nie- 
tabolite from i lspergill is  J a ~ u s  Link 
ex Fr. with the unusual property of 
causing sustained tremor in mice, rats, 
and guinea pigs. Since then, 18 
tremorgenic mycotoxins have keen 
found, qome of d i i c h  have yet to 
yield to structural elucidation. An 
early revien- by Ciegler et al .  (2) 
grouped tlie tremorgens on the basis 
of the number of nitrogen atoms per 
molecule viz: one (the penitrem type), 
three (the verruculogen (1)-fumi- 
tremorgin type), and four (the trypto- 
quivaline type). This classification 
reflects their biosynthetic origins. X 
second type containing one nitrogen 
atom per molecule (the paspaline 
type) was subsequently reported, of 
n hich paxilline (2), isolated from 
Penicillium paxilZi Bain. (3), is a 
representative (4). 
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1. 1-ERRUCULOGES 

I n  the course of studies carried out 
in this laboratory into the neurological 
disorder of sheep and cattle lmon-n as 
ryegrxss staggers, P. panilli has been 
isolated from the feces of cattle in 
Tictoria and from soil from pastures 
on which an outbreak of ryegrass 
staggers occurred in South Australia. 
Both of these isolate,? of P. pas i l l i  

produced substantial quantitiea of 
verruculogen (1) as the only detected 
tremorgen. 

This result is a t  variance n-ith the 
published isolation of the much less 
potent (3) and structurally dissimilar 
( 5 )  tremorgen paxilline (2) from P. 
paxi l l i  and prompted a direct com- 
parison with tlie S o r t h  American iso- 
late (3). K h e n  cultured in quantity 
under conditions identical n-itli those 
used to  culture our isolates of P.  

2.  PAXILLINE 

paxilli, this isolate produced paxilline 
(2), as reported ( 3 ) .  and no detectable 
verruculogen (I), thus confirming a 
difference in iecondary chemistry of 
the Sort11 American and Australian 
isolat es. 

a%lthough the biosynthesis of ver- 
ruculogen ha; not been cloqely studied, 
it may be speculated that it is formed 
from the amino acids proline, trj-pto- 
phan. and tv-o separate iqoprene units 
(2). The biosynthesis of paxilline ( 6 )  
and related paqpaline-type compounds 
('7) ha5 been qtudied, however, and 
there is experimental widence that 
paxilline i- derived from tryptophan 
and the diterpene geranylgeraniol. 
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The production of verruculogen in our 
isolates of P. pas i l l i  therefore reflects 
a significant difference in their bio- 
spnthetic capability IT-lien conipared 
with the Sort11 -4nierican isolate of 
this species. 

ESPERIMEST-4L1 
CL-LTIT..LTIOS OF n-scr.-Isolates of PEUG 

cillizini pnsilli Bain. were obtained from sur- 
face soil IFRR 2196-Henninghausen, S th .  
hustral ia)  and fresh cattle feces (FRR 19i3- 
Jiickelhani, Gctor ia )  by the methods de- 
scribed previonsly (8). F R R  denotes the  
cnltnre collection of CPIRO Division of Food 
Research, S t h .  Ryde, X.S.W., .Australia. 
-1 cultiire of the S o r t h  American isolate of 
P. pa.xilli n-as obtained from the AAmerican 
Type , Ciilture Collection I-ATCC 20001). 
The isolates n-ere gron-n for tremorgen 
identification and bioassayed as described 
elsewhere ( 8 ) .  

llIelting (decomposition) points are cor- 
rected and were performed in sealed, evacn- 
a ted tubes. Elemental analyses were per- 
formed 1))- the  -Australian JIicroanal?-tical 
Service ICSIRO Division of .Applied Organic 
Chemistry, Melbourne). 'H (GO J I H z )  nmr 
spectra were recorded on a T-arian TGO 
spectrometer and nmr spectra were re- 
corded on a T-arian CFT-20 spectrometer 
with the sample dissolved in CDCl, and 
TJIS as internal s tandard.  The 1001IHz 'H 
nmr spectrum was run on a .JEOL FSlOO 
spectrorreter with the sample dissolved in 
acetone-ds with TJfS as internal standard. 
Lon- resolution mass spectra were recorded 
on a 1-arian Mat  111 GC 'J iS,  samples being 
introduced b y  means of a heated direct in- 
sertionprobe. Optical rotations were meas- 
!ired on a Perkin Elmer model 241 polar- 
imeter. Column chromatography eluant 
was monitored with a Pye  Unicam L C l I  2 
wire transport flame ionization detector. 
TIC vias performed on glass plates precoated 
with Silica Gel 60Frir and a concentration 
zone (E. Nerck, Darmstadt  1 ,  the developing 
solvent was tolnene 'ethylacetate forniic 
acid (50 '40 10) and tremorgens were visu- 
alized as  dark regions against a glon-ing 
green background under short wavelength 
1254 nm) IIV irradiation or as spots shon-irig a 
characteristic sequence of colors n-hen 
sprayed with a 10'; (w v)  solution of Cerium 
IT- sulfa7e (E .  l\Ierck, Darnistadt) in con- 
centrated phosphoric acid, diluted inimedi- 
ately heforeuse n-ith acetone (1:Q. Colrinin 
chromatography was performed with a 
glass column packed n-ith Florisil (00-100 
mesh, E .  J lerck.  Darmstadt ) ,  n-hicli formed 
a bed 2 .5  c n i s  93  cni. Flow rates were main- 
tained at 5 nil minute: the pimping system 
was a Hen-lett Packard lOlOB H P L C  
teni. .A11 sovents were analytical grade and 
redistilled in the 1ahorator)- before iise. 

EXTR.ACTIOS OF TREMORGESS FROM LIQC-ID 
cuLrrRE.-tyashed mycelia were covered 
with acetone and allowed to  s tand overnight 
t o  reduce the  viability of the  conidia, then 
macerated in acetone and allowed t o  stand 
several hours n-ith occasional stirring. 
h f te r  filtration, bioassay indicated tha t  
negligible tremorgenic activity remained 
in the mycelial material. The acetone es- 
t ract  n-as evaporated in i'iiciio below 40c, and 
the residue was redissolved in dry  acetone 
and reduced to  a small volume. ;It this 
stage the -Australian isolates deposited 
cr>-stalline tremorgen. Further  quantities 
of relative1)- piire tremorgens were prepared 
by column chromatograph>- on a bed of 
Florisil. The tremorgens n-ere eluted n-ith 
diethyl ether, after preliminary elution with 
hesane, and crytal l ized n-hen the ether 
eluate was evaporated. 

IDESTIFIC.\TIOS OF T-ERRUCL-LOGES tl I .- 
The coniponnd obtained from Australian 
isolates of P. plisiili  (FRR 19i3 and FI<R 
2196) was recrystallized to  constant mp 
(230-8" deconip.) [lit. 233-5' (9) 1 from 
ethanol-acetone (4:1), and the nimp with 
authentic verrucnlogen n-as not depressed. 
Thin layer chromatography and cochroma- 
tograph>- n-ith authentic verruculogen pro- 
duced a single spot (Ri0.48) of characteristic 
coloration (pinkish blue fading t o  yellow 
green)after spra>-ing. Elemental analysis 
(after drying 2 hr  at  GO' in a ~ c i i o )  foiind: C, 
03.5: H, G.6: S ,  7.9: 0, 21.5 Calc. for 

and [a]?jD (-29.9") are in agreement wlth 
data  reported by Cole e t  n l .  (9) and Fayos 
et ( ! I .  (10). 'H iGOMH,) and 13C nmr spectra 
of the isolated compound were identical with 
reference spectra of verruculogen, and low 
resolution ms showed Jf-  m e  511 and the 
reported losses of 15, 18 and 84 ill) and was 
identical to  tha t  of authentic verrucnlngen 
run under the same conditions. The iso- 
la ted compound is therefore concluded t o  he 
verruculogen. 

IDESTIFIC.~TIOS OF PIXILLISE 12) .-The 
tremorgenic fraction from a culture of the 
S o r t h  .American isolate of P. pnsi l l i  I I T C C  
26601 crystallized from acetone-he:ane as 
colorless prisms, decomp. 257-2A-1 (after 
drx-inn 2 hr  a t  60" i i i  2ticiio found: C.  i 3 . 0 :  

Cg;H,,S,O;: C,  63.4: H, 6,5: S ,  8.2: 0.  21,9) 

. ~ -- ~ ~~~ 

~~~ 

H, 7 . i :  S, 3.2: Oi16.2. Calc. for Cr:H:JO,; 
0.5 HgO: C, i 3 . 0 :  H: 7 . i :  S ,  3 . 2 :  0:  16.2). 
Pasilline is reported to  have a nip of 252" 
on a Iiofler nyicro melting point apparatus 
13 I .  Gnder oiir conditions ievacnated capil- 
l iar>-):  a sample from D r .  Cole decomposed 
a t  242-252'! unchanged 11)- recrystallization 
or by admixture xT-ith the  crystals isolated 
here. The isolated compound and the 
authentic sample had the same R: on tlc 
(0.52:.  eo-chromatograplied as a single spot, 
and gave the same characteristic color with 
ceric siilfate-HisPO: (purple hliie fading 
throiigh yellow n-ith a biiie border to  salmon 
p ink) .  -1 'H iimr spectrum j100MHz: m-as 



536 JOURSAL OF S A T U R A L  

in full  accord with published data for paxil- 
line ( 5 ) ,  and a Ion- resolution mass spectrum 
show-ed >I+ 435 and was identical with tha t  
of paxilline run under the same conditions. 
Despite the small difference in decomposi- 
tion temperature, due possibly to  a dif- 
ference in crystal form, the tremorgen iso- 
lated here is clearly identical with paxilline. 
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