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Occurrence of Amanita Toxins in American 
Collections of Deadly Amanitas 

By V. E. TYLER, JR.,  R. G. BENEDICT, L. R. BRADY, and J. E. ROBBERS* 

Chromatographic examination of Amanita phalloides carpophores collected in the 
Pacific Northwest revealed the presence of relatively large amounts (1.5-1.9 mg./ 
Gm. dry-wt.) of p-amanitin but lesser concentrations (trace to 0.93 mg./Gm.) of 
a-amanitin. It was concluded that these represent a distinct chemical race of A. 
phalloides, apparently restricted in its occurrence to the states of Washington, Ore- 
gon, and California. Other species investigated included Amnnita bisporigera, the 
most toxic yet found in the United States, containing 2.25-5.0 mg. of a- and 8- 
amanitins per Gm. Amanita verna specimens contained variable amounts of the two 
toxins (0 to 1.7 mg./Gm.), but very small quantities (0 to <0.1 mg./Gm.) of a- 

amanitin only were detected in samples of Amanita virosa. 

ONFUSION ABOUNDS in the literature per- c taining to the identity and toxicity of 
Amanita species. In the Unitcd States this is 
particularly true of Amnnitu phalloides (Fr.) 
Secr. and related species (so-called deadly 
amanitas) ; in fact, all literature prior to the last 
decade or two must be carefully cvaluated to de- 
termine, if possihlc, the identity of the mushroom 
which was actually studied under a particular 
designation. 

Until 1918, all species of deadly amanitas oc- 
curring in the U. S. were generally referred to A .  
phulloides, which wa,s considered to represent a 
single polymorphic species. For example, Mur- 
rill (l), rcferring to A .  phalloides in 1916, wrote of 
“The variety of colors assumed by this species- 
white, yellow, green, gray, brown, blackish . . .” 
In 1918, Atkinson (2) recognized that the most 
common Amanita species in thc eastern IJ. S., 
usually interpreted as a dark brown form of A .  
phalloides, was actually a different species. ITe 
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subsequcnt1~- described it arid assigned the name 
Amanita bvimnescens Atk. The various color 
forms were gradually sorted out with the passing 
years, the white forms being identified as Amanifn 
veriia (Fr.) Vitt. s. Boud., Amanita oirosa Secr., 
or Amanita bisporigera Atk., the yellow or 
green as Amani ta  citrina S. F. Gray, and the 
blackish or gray as Amanita porphyria (Fr.) Secr. 
Finally, none remained which could actually bc 
designated A. phalloides 

Changes in nomenclature are generally ac- 
cepted with reluctance; thus, A .  plzalloides is still 
frcquently referred to in the popular press and 
even in scientific writings. As late as 1955, the 
term “brown A. phaltoides” was used to designate 
A brz~nnescens ( 3 ) .  Disregarding this use of 
antiquated nomenclature, mycologists began to 
assume that authentic A. phalloides did not occur 
in the U. S. (4). 

In 1958, Smith ( 5 )  reported that the species 
did occur rarely in California, but details were not 
presented ,4 year later, specimens were found 
in Ashland, Ore., which greatly resembled A. 
plznlloides, and analysis of them revealed the 
prcsenre of C-amanitin (6) as well as a smaller 
amount of a-amanitin (7). -1 fatal case of mush- 
room poisoning with symptoms identical to those 
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erice, a- and p-amanitin2 were chromatograplied 
concurrently and in admixture with the extracts. 
Spraying the chroniatograms with 15; cinnamalde- 
hydt. in nicthanol followed by exposure to hydro- 
chloric acid vapor revealed tlic amanita toxins a.s 
violct-colorcd spots. 4 s  little as 0.3 mcg. of pure a- 
or p-amanitin could be detected with certainty by 
this procedurc. The results, including average R, 
values and approximate quantities determincd by 
visual comparison of the sizc and intensity of the 
spots with those of the reference standards, are 
summarized in Table 11. 

Quantities (< 20 p l . )  of both extracts A and H and 
of the I-efcrence conipounds were also chromato- 
graphed on Silica Gel G platcs with n-butanol-acetic 
acid-water ( 4 :  1 : 1) as described by Benedict et al. 
(10) and on  Whatman No. 1 and No. 3 filter papers 
with methyl ethyl ketone-acctone-water-n-butanol 
(20:6:5:1) as rccotnmendcd by Block et al. ( 3 ) .  In  
:dl of these systems extract A yielded relatively largc 
amounts of p-amanitin; cxtract A contained a very 
small ainouiit of p-amanitin arid a trace only of 
a-amanitin. 

Analysis of Other Deadly Amanitas.-Additional 
ilnzanita species which have been suspectcd of con- 
taining ariianita toxins include A .  bzsporigera, A .  
tenuifolia Murr., A .  zierna. and A .  zirosa (11). Of 
these, samples of A .  tenuifolia and A .  zwnu were 
examincd chromatographically by Block et n l .  ( 3 ) ;  
the former was found to contain only ,8-amariititi but 
the latter both LY- and 8-amanitin. However, 
scvrral specimens identified as A .  zwnu contained 
no amanita toxins. 

For their studies the authors were able to obtain 
several samples of A .  bispovigera,3 A .  phalloides 
(European origin), A.  phalloides (Oregon origin), A.  
~8ernu,~ and -4. oirosa. Details of thcsc collcctions 
are presented in Table I. One-hundred-milligram 
samples of A.  bisporigeru arid 500-mg. samples of A .  
phalloides, A .  uerna, and A .  uivosa were extracted 
with methanol in a Soxhlet apparatus and quantities 
of the concentrated extracts were spotted and 
chromatographed in the metha1iol-1netliy1 ethyl 
kctonc systcm as previously described. The amani- 
tins were detected with cinnairialdehyde spray and 
verified, in doubtful cases, with Pauly's reagcnt (12). 
Rf values and cstimated quantities of toxins de- 
tectcd are described in Table 11. 

RESULTS AND DISCUSSION 

Chromatographic cxamination of cxtracts of the 
specimen of Anzanita collcctcd in the fall of 1965 in 
Seattle, Wash., revealed the presence of ainanita 
toxins. The results were similar but not identical to 
those obtained by analysis of a similar specimen col- 
lcctcd in Oregon in 1959 (6). &Amanitin prc- 
dominated in both samplcs, but only traces of 
a-amanitin could be detectecl with difficulty in  the 
Seattle specimen following a second extraction of the 
carpophore with aqueous ethanol. A somewhat 
larger amount of e-amanitin was presrnt in the 
Oregon mushroo~n. Although the total concentra- 
tions of these two amanitins (1.9-2.43 ~ng./Grn.) 

Fig 1 .-A manita 
phalloirks carpo- 
phore collected in 
Seattle, Wash. 

produced by amanita toxins was reported from 
California in 1965 (8). The  species responsible 
was identified as A.  phalloides, hut botanical de- 
tails were not presented. I n  October 1965, Mrs. 
Betty Dorland collected speciniens on Mercer 
Island, Seattle, Wash., which were identical to the 
1959 collection from Oregon. The carpophorcs 
(Fig. l), found p-oiving in sandy grass-covered 
soil under old birch trees, were identified as A.  
p7zuZloides1 (Table I). 

This discovery of specimens of deadly amanitas 
in the Pacific hTorthwest prompted the present 
study with its dual objectives: (u) to determine 
if the specimens of A .  ph,uZZoides collected in the 
U. S. were similar in their toxin content to 
specimens of European origin and (b)  to cvaluate 
the quality and quantity of toxins in other 
Anierican collections of deadly amanitas. 

EXPERIMENTAL 

Analysis of Washington A. phal1oides.---Dried 
carpophore tissue (550 mg.) was exhaustively ex- 
tracted with mcthanol in a Soxhlet apparatus and 
the resulting extract ( A )  conccntratcd to a volume 
of 2.0 nil. To insure complete extraction, the dricd 
marc was subsequently re-extracted with 7OYo etha- 
nol, and this cxtract ( B )  was evaporated to dryness, 
and the rcsiduc redissolved in 1.0 ml. of 707',, ethanol. 

Quantities of these extracts ranging from 1-10 pl.  
werc spottcd un thin-layer plates prepared with Silica 
Gel G and were chromatographed in a solvent mix- 
ture composed of methanol-niethyl ethyl ketonc 
(1 : l), as described by Sullivan et al. (9). For refer- 

1 The authors are indebted to Pro[. D. E. Stuntz,  Depart- 
ment of Botany, University of Washington. Seattle, for 
authoritative identification of all Pacific Northwrst  and 
Texas specimens utilized in this investigation. 

2 Supplied through the  courtesy of Prof. Dr. Theodor 
Wieland, Institrit fiir Organische Chemir, dcr ITnivet-sitiit 
Frankfur t  a m  Main, Frankfur t  a m  Main, West Germany. 

3 Two collections of A .  bisporigeva (No. 27518 and  27653) 
and four- of t h e  collections of A .  s u i m  (No. 5882, 22085, 2'7055, 
25698) werc sripplicd through the  couitcsy of Dr. T,. I<. 
Hesler, University of Tennessee, Knoxville. 
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TABLE I.-TIME AND PLACE OF DEADLY Amanita COLLECTIONS 
~~ ~ 

~ ~ 

Collectioii No. Species Collection Site Date 
27518 A .  bisporigera Atk. Toxalvay Gorge, x. c .  7/29/1961 

2i653 A .  bisporigera Gatlinhurg, Tcnn. 8/6/1963 
E l  A .  phnlloides (Fr.) Secr. Harz Mountains, Gcrmany 9/1 l/l963 
01 A.  phalloides Ashland, Orr. Fall 1959 
W l  A .  phalloides Seattle, Wash. 10/24/1965 
5362 A .  verna (Fr.) Vitt. s. Roud. Knoxville, Tcnn. 8/19/1934 
22065 A .  zwna Highlands, N. C. 8/24/1955 
27055 A.  verna Hergen, N.  Y .  10/11/1962 
256398 11. a'erna Cadrs Cove, Tcnn. 7/27/1963 
B1 A .  r w n a  Fall City Falls, Tenn. 8/3 / 1963 
'Ta A .  v e r m  Huntsville State Park, Tex. 11 /X/1964 
l'b A .  verna Huntsville State Park, Tex. 11/8/1964 
7'2a A .  aerna Huntsville State Park, Tex .  11/14/1965 
TZb A .  vema Huntsville State Park, Tex. 11 /14/1965 

A .  nerna Huntsville State Park, Tex. 11/14/1965 TZc 
T l a  A .  zlirosn Sccr. Huntsville State Park, Tex. 11 /8/1964 
T l b  A .  nivosa Huntsvillc State Park, Tex. 11/8/1964 
T4 A.  virosa Huntsville State Park, Tex. 11/14/1965 

B2 A .  bispovigera Cadcs Cove, Tenn. 7/27/1963 

TABLE II.-R, VALUES AND ESTIMATED CUNCENTRATIOiiS OF h l A N I T A  TOXINS DETECTED I N  DEADLY 
Amanita SPECIES 

~~ 

~~~~ ~~~~ 

7 A v .  Rj Values (MEK:MeOH)- -. - -Estimated Quantity, mg./Cm.-- 
Species Investigated a-Amanitin 6-Amanilin a-Amanitin &Amanitin 

A .  hisporigera No. 27518 0.15 0.21 1 .75  0 . 5  
A .  hispovigrra No. B2 0 . 4 i  0.24 3 . 5  1 . 5  
A .  bisporzgera No. 27653 0.46 0.23 2.G3 0 .75  

A .  phalloides No. 01 0.44 0.21 0.93 1 . 5  
A .  phalloides No. H 1  0.47 0.24 1 . 2  0 . 8  

A .  phalloides No. W1 
Ext. 4 
Ext. 13 

A .  vevna No. 5362 
A .  verna No. 22065 
A .  a'erna No. 27055 
A .  verna No. 25698 
A .  verna No. B1 
A .  oerna No. T a  
A .  oerna No. T b  
A .  nerna No. T2a 
A .  oerna No. T2b 
A.  verna No. 1'2c 
A.  airosa KO. T l a  
A .  vivosa No. T l b  
A .  virosa No. T4 
Reference amanitiris 

. . .  
0.47 

0.24 
0.23 1 tr. 1 .9  

. . .  . . .  0 0 
0.45 0.22 0.28 tr. 
0.46 . . .  <0.1 0 
0.45 . . .  <0.1 0 
. . .  . . .  

0.46 0.22 
0.46 0.23 
0 . 4 i  0.24 

n n 
i .4 0 . 3  
0.7 0 . 3  
0.58 0.25 

0.46 0.22 0.72 tr. 
0.47 0.23 
. . .  . . .  

0.44 . . .  
0.45 . . .  
0.46 0.23 

1 . 4  0 . 3  
0 0 

<0.1 0 
<0.1 0 

approximated that detected in a typical European 
collection of A .  phalloides (2.0 mg./Gm.), the un- 
usually high proportions oi 8- to a-amanitin (1.9/ 
trace, 1.5/0.93) are quitc differcnt from that de- 
tected in European specimens (about 2/3) .  

However, since morphological differences between 
the Pacific Northwest collections and European 
specimens of A.  phalloides are essentially non- 
existent, i t  appears most useful to describe the 
former as members of a chemical race of A .  phal- 
loides in which p-amanitin is the predominant 
amanitin. Until large numbers of singlc carpophores 
of the European species can be investigated for their 
content of both LY- and p-amanitin, it  is not possible 
to determine if this chemical race was transfcrred 
relatively recently to the Pacific coast together with 
the various introduced trccs (Betulu,  Populus), under 
which i t  has been found and with which it probably 
forms mycorrhizal associations, or if i t  is a race 
originating in the Pacific Northwest and restricted 
there in its occurrence. In any event, the evidence 

indicates conclusively the existcnce of a chemical 
race of A.  phalloides distinguished by a high propor- 
tion of p-amanitin, specimens of which are rare in 
Washington, Oregon, and presumably California. 

It is apparent from the data in Table I1 that A .  
bisporigera is the most toxic American mushroom yet 
examined. Its total content of of- and 8-amanitins 
was found to range from 2.25-5.0 mg./Gm. in con- 
trast to 1.9-2.43 mg./Gm. for the native A .  phal- 
loides, 0-1.7 mg./Gm. for A .  uerna, and 0-<0.1 
mg./Grn. for A .  virosa. Singer (13) does not classify 
A .  bisporigera in section 6, Euamani ta ,  of subgenus 
11, Euamanita,  together with other amanita toxin- 
containing species, but instead lists it under section 
5 ,  Amidellae. On the basis of its high concentration 
of a- and p-amanitin, as well as its botanical afini- 
ties to A .  nrirosa (14), i t  would seem that the species 
should properly be classified in section 6, Euumanila. 

The finding of variable concentrations of toxins in 
A.  verna was not unexpected. Although the corn- 
plete absence of toxins from collection No. 5362 may 
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be attributed to its excessive age and prolonged 
storage (31 years) preceding analysis, failure to 
detect toxins in the more rcceut collection No. B1 
must  be due to natural variablility. Block et al. ( 3 )  
report similar results from their study of toxin-con- 
taining A manita species in w-hich several specimens 
identified as A .  vema produced no toxic symptoms in 
mice nor could toxins be detected in them chrornato- 
graphically. I t  is not clear whether the differences 
obscrved by Block el al. and by the authors are due 
to environmental conditions, ontogenetic considera- 
tions, or genetic factors, but it must be concluded 
that the amanita-toxin content of A .  i ~ n a  carpo- 
phores is extremely variahlc and, in general, appre- 
ciably less than that of A.  bisporigera or A .  phal- 
loides . 

No amanitins were detected in one samplc of A .  
ziivosa (Tla), but another carpophore (Tlb) collected 
a t  the same timc from the same site contnincd a very 
small amount of a-amanitin (<0.1 mg./C:m.), as did 
another, more rccent collectioii (T4). Although 
standard reference works (15, 16) all refer to A.  
U ~ F U S U  as a deadly poisonous species, apparently the 
only previous experimental work on thc subject was 
that of Ford (17). He found an extract to be toxic to 
guinea pigs and concluded that thc toxins of the 
species were idcntical to those of A.  phelloides. 
Identification of small amounts of a-amanitin in two 
carpophores from different collections confirms this 
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earlicr finding. However, as in the case of A.  verna, 
the effects of environmcnt, ontogenesis, and genetics 
must all be investigated beforr a definite explanation 
can be given for the irregular low-level occurrence 
of toxins in A .  airosa. 
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Kinetics and Mechanisms of Action of 
Antibiotics on Microorganisms V 

Chloramphenicol and Tetracycline Affected Escherichid coli 
Generation Rates 

By EDWARD R. GARRETT, GEORGE H. MILLER, and M. R. W. BROWN* 
Total and viable count methods were used to  study Eschericbia coli generation rates 
at various temperatures and tetracycline and chloramphenicol concentrations. The 
negative dependence of apparent first-order generation rate constants on concenrra- 
tions of these antibiotics was determined for all temperatures. The coincidence 
of the heat of activation for E. coli growth in antibiotic-free media and for the in- 
hibitory rate constants was observed. The facile reversibility of antibiotic effects 
to  predictable rates of E. coli generation in the subinhibitory concentration ranges 
of these antibiotics was demonstrated. A quantitative model consistent with the 
observed concentration dependencies and observed reversibilities is proposed 
which relates antibiotic partitioning from the media, a critical value for protein 
synthesis that results in microbial generation, and the present concept that these 
antibiotics compete for ribosomal binding sites and so inhibit the function of mes- 

senger RNA in  protein synthesis. 

arid tetracycliiie has resulted in i~ia~iy in- 
._ 
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vestigations of thcir bioclieiiiical inodc of action 
(1-4) and is grricrally ascribed to tlic inhibition 
of protein synlheds filiicli has been principally 
obsenred under conditions of complete inhibition 
of growth. A more complete understanding of 
the  action of these antibiotics could be realized if 
the kinetics or bacterial generation was more 
completely elucidated in  antibiotic concentra- 
tions less than those tha t  result in  complete 
growth inhibition, i.e., subinhibitory concentra- 
tions. 




