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I. This work was undertaken to determine the speci 
tycepin inhibits the growth of Bacillus subglis. Of a n t  
nucleosides of adenine and guanine were most effective 

fact, coupled with the failure to demonstrate the 
~rbing intermediates in the acid-soluble fraction of 
i ty of 5-amino-4-imidazolecarboxamide to partiall~ 
~th, suggests that  cordycepin exerts its growth inhibi 
:eactions in the synthesis of purines de novo. 
2. Bacillus subtitis is capable of cleaving cordycepin 1 
fact that  adenine can reverse cordycepin inhibition 

ity of this organism to overcome the inhibition at lo' 
3. Replacement of the 6-amino group of cordycepir 

~d the hypoxanthine analog of cordycepin which wa 

951, cordycepin, a nucleoside isolated from culture filt 

to adenine and cordycepose. 
probably best explains the 

low concentrations. 
zcepin by  a hydroxyl group pro- 

was much less effective as an 

filtrates of the mold Cordyceps 
t the growth of B. subtilis N.C.T.C. strain 6752 (ref. I).  More 

shown to antagonize the growth of the Ehrlich mouse 
and when incubated with the same cells in vitro was 
:e of labeled phosphate into nucleic acids 3. We have been 
le enzymatic site or sites at which this compound exerts 

his problem, we chose a strain of B. subtilis (ATCC 10783) 
at relatively low concentrations of cordycepin. Various 
~owth-inhibited cultures to determine which compounds 
this effect. This report presents the results of such a 
y way implicates pathways of purine biosynthesis as a 
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In I, 
militaris was found to inhibit 
recently this compound was 
ascites tumor cell in vivo ~ 
shown to suppress the uptake of 
interested in establishing the 
its growth inhibitory effect. 

As a first approach to this 
whose growth is inhibited 
metabolites were added to g 
had the ability to reverse 
study, and in a prel iminar 
site of inhibition. 
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e added to the solution, and the suspension was heat 

H- C~N/C~N / 

[owing this t reatment  and removing the resin by  cen 
he initial ultraviolet-absorbing material was found il 
the other hand, IOO % of the cordycepose, as determi 
:edure 4, still remained in the supernatant  fluid. The c 
t without further purification. 
The deaminated product of cordycepin was preparc 

:edure of LEVENE AND TIPSON 5. The process of d¢ 
"eed for 3 days at 25 °. The final reaction mixture was 
tuct absorbed on a Dowex-I  X8,  C1- resin column 

centrifugation, less than 0.2 % 
in the supernatant  fraction. 

determined by  a modified anthrone 
cordycepose so obtained was 

prepared by  a modification of the 
deamination was allowed to 

adjusted to pH 11. 4 and the 
, , 2 0 0 - 4 0 0  mesh. Unreacted 

n the resin with water adjusted to pH IO with aqueous 
was then washed with water (pH 6) and finally with o.I N 
dch eluted the deaminated product. The pooled fractions 
tary  evaporator at 4 o° under vacuum. The absorption 
~roduct agreed with that  of N- 9 substituted hypoxanthine 

1 media of HERRIOTT AND BARLOW 6, containing inorganic 
[ in these experiments. Inhibition studies were performed 
7olume of io  ml to which 0.2 ml of an I I -hour  culture of 
h of the organisms was followed turbidimetrically at  650 
Spectronic 2o photometer.  An initial s tudy was carried out 
to establish that  the observed increase in absorbancy 

increase in the number  of viable cells. 
ills ATCC lO783 (originally classified N R R L  otrain B543) 
md both yielded identical results. One of these, classified 
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of the 
On t 
procedure 4 
used 

procedure 
proceed 
product 
cordycepin was eluted from 
ammonia.  The resin column 
acetate buffer (pH 4.5), which 
were concentrated on a rotar '  
spectra of the deaminated product 
in both acid and alkali. 

The chemically defined 
salts and glucose, was used 
in culture tubes in a final volume 
B. subtilis was added.Growth 
my  in a Bausch and Lomb S 
under identical conditions 
corresponded to an actual increa 

Two sources of B. subtilis 
were used in these studies and 

INHIBITION BY CORDYCEPIN 

METHODS 

3o-day old cultures of C. milita~ 
vas recrystallized twice before use 
eoxyguanosine, inosine, deoxyinc 
e were purchased from Calbio 
7ere obtained from Schwarz Lab~ 
ratories. 
iety of cordycepin, was prepared 
+). 251 mg of cordycepin were sus 
et volume) of Dowex-5o X 8, H + pl 

heated for I t 

NH 2 
I 
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ical growth inhibitory experiment are shown in Fig. : 
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2. I n h i b i t i o n  of  B. subtilis g r o w t h  b y  c o r d y c e p i n .  C o r d y c e p i i  
[e c o n c e n t r a t i o n s  i n d i c a t e d  i n  t h e  f i g u r e .  G r o w t h  w a s  fo l lowe(  

ence of low concentrations of cordycepin was partiall 
re which follows the growth over 21 h, the growth 
:g/ml of cordycepin begins to approach that  of the 
rated in this figure, the erowth is about the same as th 
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bin w a s  a d d e d  b e f o r e  s t e r i l i z a t i o n  
f o l l o w e d  t u r b i d i m e t r i c a l l y  a s  d e s c r i b e d  

partially overcome. In fact, in this 
rowth of the culture containing 

control. Although it is not 
g o w t h  is about the same as that  for the control after 30 h. 
inhibition was not as pronounced, this growth inhibitory 

cordycepin was added under sterile conditions to cultures 

:y of cordycepin to adenosine or deoxyadenosine suggested 
npound might be functioning as an anti-metabolite and 
d synthesis. To test this hypothesis, various compounds 
g with cordycepin in an a t tempt  to prevent the inhibition. 
,'riment are given in Table I. Of a number of compounds 
e as their nucleoside derivatives were most effective. The 
;ate caused a stimulation of B. subtilis growth, but  cor- 
equally effective inhibitor in this supplemented media. 
D-xylose, D-ribose, L-rhamnose, D-mannose, D-fructose, 
:oncentration of I0 #g/ml, to cordycepin-inhibited cultures 
: in a significant reversal of the growth-inhibiting effect. 
ve been shown to reverse growth inhibition caused by 
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Fig. 
at the 

presence 
figure 
IO #gj 
indicated in this figure, the g 

Although the extent of 
effect was also noted when cord' 
in the log phase of growth, Fig. 3. 

The structural similarit 
the possibility that  this corn 
interfering with nucleic acid 
were added to cultures along 
The results of such an experiment 
tested, adenine and guanine 
addition of casein hydrolys 
dycepin still remained an 
The separate addition of 
and cordycepose, at a final concentr 
of B. subtilis did not result 
AMP and GMP, which have 
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• 3. Interruption of B. subtilis growth by cordycepin. Growt] 
tescribed in the text. Cordycepin was added under sterile c 

at the final concentrations indicated in t 

R E L I E F  O F  C O R D Y C E P I N  I N H I B I T I O N  B Y  I 

P Y R I M I D I N E S ,  A N D  T H E I R  N U C L E O S I D E  DE]  

relative efficiency of various compounds in relieving cordy( 
lescribed in the text. In each case, cordycepin was present in : 
tration of IOO/~g/ml while the compound being tested was a~ 

Deoxyadenosine 
Deoxyguanosine 

cordycepin inhibition was determined 
)resent in inhibited cultures at a final con- 

added at a final concentration ot 

, we re  found  to  be  w i t h o u t  effect  in r eve r s ing  cordycep in  
"owth. Th i s  m i g h t  be  e x p l a i n e d  b y  t h e  i n a b i l i t y  of these 
e in to  t he  cell. T h e  re l ief  of  i nh ib i t ion  shown b y  t h e  va r iou ,  

I was  o b t a i n e d  f rom d a t a  s imi la r  to  t h a t  i l l u s t r a t ed  f01 
a m o u n t  of c o r d y c e p i n  used  in each  case  was  I 0 0 / ~ g / m  
; t e s t ed  was  a d d e d  a t  a c o n c e n t r a t i o n  of  I 0  # g / m l .  Th¢ 
on of t he  g r o w t h  c u r v e  was  c o m p a r e d  to t h e  cor responding  
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A dditio~s 

Guanosine 
Adenosine 

Adenine 
Inosine 
Guanine 
Deoxyinosine 
Hypoxanthine 
Xanthine 
Cytidine 
Xanthosine 
Uridine 

p s i co fu ran ine  in S. aureuF 

i nh ib i t i on  of  B. subtilis g rowth .  
nuc l eo t i de s  to g a i n  e n t r a n c e  in to  
c o m p o u n d s  l i s t ed  in T a b l e  
adenos ine  in F ig .  4. T h e  
whi le  t h e  c o m p o u n d  be ing  
s lope of  t h e  log  phase  p o r t i o n  
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• 4. Rel ief  of co rdycep in  inh ib i t ion  b y  adenosine .  This  expe r in  
:he text•  The  c o n c e n t r a t i o n  of co rdycep in  in  each  case was  
ch  con ta ined  none .  T he  f inal  concen t r a t i on  of adenos ine  pn  

in t he  figure.  B o t h  adenos ine  and  cordycep in  were adde 

?e in the curve for the uninhibited culture. The ratio 
ttive efficiency of a compound in relieving inhibiti 
cent relief of inhibition. 

The reversal of cordycepin inhibition by adenosine 
ttionship was found to be competitive. The amount 
sence of both cordycepin and adenosine is propor' 
mentrations rather than the absolute amount of either i 

amount oi growtn oDservea m tm 
~ortional to the ratio of thei 

of either nucleoside. This is illustrate( 

A 

F 

1 

rdycep in  inh ib i t ion  b y  adenosine .  The  g rowth  of cells was  followe( 
1 A, no addi t ions .  B,  50 /zg /ml  cordycep in  and  2. 5 /~g/ml  adenos ine  
) / , g / m l  adenos ine .  D, ioo/~g/rnl  cordycep in  and  z .o/~g/ml  adenos ine  
2 .o /~g/ml  adenos ine .  F ,  i oo / zg /ml  cordyeepin.  B o t h  c o m p o u n d  
were  added  pr ior  to s ter i l izat ion.  
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vth of purine-requiring bacterial mutants,  but  at n 
1 required for intact  purines 8 is consistant with the hi~ 
)revent cordycepin inhibition. 
The ability of 5-amino-4-imidazolecarboxamide to o~ 

?ort the concept that  cordycepin is blocking some st( 
complete purine ring. If the interconversion of nucle 
ordycepin action, then the addition of a precursor 
tides should not relieve the inhibition. 
Replacement of the 6-amino group of cordycepin by  

hypoxanthine analog of eordycepin. When this comp 
bition, it was found to be effective. However, it req 
ions to produce the same degree of inhibition as obt'. 
nd (Fig. 6). 

o i ~ 0  pg /m l  
2 0  bK:j/n",l 

200P9/ml  
100 pg/ml 

S 
I I I I I 

growth by the hypoxanthine analog of cordycepin. The inhibitor 
otherwise incubation and growth were followed as described in 

Lcentration of inhibitor present is indicated in the figure. 

~. subtilis is capable of gradually overcoming the growth 
',pin at low concentrations of the inhibitor. Since adenine 
:ory effect (Table I), a possible explanation of this phe- 
[ity of the organism to cleave cordycepin giving adenine 
gradual accumulation of adenine at the expense of the 
Iowth.  To test this hypothesis, freshly grown cells were 
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nber  of t imes to insure the  comple te  remova l  of p y  

The  residues were dissolved in wate r  and  made  0.04 
of the  solut ion was ad jus t ed  to I I  wi th  N a O H  and  t 

wex- i  (C1-) column (2 × 15 cm). The resin column was 
'ate (pH io) ,  unt i l  the  abso rbancy  of the  effluent was lz 
the  resin column wi th  0.2 N NaC1 in o .o i  N tIC1 eh 
orbing compounds  which were adsorbed  on charco; 
h 20 % aqueous pyr idine.  Af ter  r emova l  of the  pyr  
:e ch roma tog raphed  on paper  b y  descending ch roma to  
?H IO with aqueous ammonia  as the  resolving fluid. TI 
oma tog rams  were visual ized wi th  an u l t rav io le t  lar  
r ed  were e lu ted  and  thei r  i d e n t i t y  conf i rmed b y  thei  
t alkal i .  

In  bo th  exper iments ,  the  med ia  in which the cel 
nbe r  of u l t r av io le t -absorb ing  substances.  However  th, 
I been added  conta ined  free adenine  (specific ac t iv i t  

(specific a c t i v i t y  of 250 counts /m 
sent  in the  control  media.  This ind ica ted  t ha t  the  tw 
~ctly from cordycepin  since thei r  specific ac t iv i t ies  we 
dycepin.  Whe the r  the  process of deamina t ion  form 
the nucleoside or free base level is not  known a t  thi, 

A t t e m p t s  were made  to de tec t  the  accumula t ion  

cells were grown conta ined  a 
the  media  to which cordycepin 

ac t i v i t y  of 19o counts/min//~mole) 
/min//~mole) which were not 
two bases  were der ived  ra thm 
were close to tha t  of the  added 

forming hypoxa n th ine  occurred 
this t ime. 

of an in te rmedia te  bo th  in 
~tic ac id -ex t rac tab le  fract ion of cordycepin- inhib i ted  cells 
was f rac t iona ted  on a resin column of Dowex- I (C l - )  by  a 
echnique, and  in no case d id  we observe the  accumulat ion 
fide level of an u l t rav io le t -absorb ing  compound not  present  

control  cells or media.  I f  cordycepin  were blocking the 
lcleotide,  one might  expect  t ha t  nueleoside der iva t ive  in 
:ium of the  preceding react ion was favorable.  Such an 
psicofuranine inhibi t ion where xan thos ine  was found to 
~f cells grown in the  presence of the  inhibi tor  9. 

ot ide phosphory la t ion  to the  di- and  t r iphospha te  deriva- 
a the  acid-soluble  fract ion also. Since these changes were 

are compat ib le  wi th  the  suggestion t ha t  the  metabolic  
,, pr ior  to the  complet ion  of the  in tac t  pur ine  r ing sys tem 
imidazolecarboxamide  has the  ab i l i ty  to overcome this 
,x poorly,  also is in agreement  with this view. F u r t h e i  
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block occurs at  some stage 
The  fact  t ha t  5-amino-4- imidazo 
inhibi t ion,  a l though ra the r  
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