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Stimulation of incorporation of a2p orthophosphate into histone 
fractions F1, FI" and F2b and into Iraction 'c' after injection of 
trypsin and papain. Indicated amounts of enzymes were dissolved 
in 1 ml 0.9% NaC1 and injected i.p. into 3-month-old male Sprague- 
Dawley rats (controls obtained the same amount of 0.9% NaC1). 
16 h later animals were injected i_p. with 1 ml (2.5 mCi) a2p, as 
described earlier la. 1 h thereafter animals were sacrificed. Livers 
were excized, histories extracted and separated on 15% poly- 
aeryiamide gels and specific activity was determined 16. C, control; 
T, trypsin treated; P, papain treated. Values represent arithmetic 
means of 3 determinations ~ S.D. 
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t u m o r  t h e r a p y  and  cons i s t ing  p r i m a r i l y  of p a n c r e a t i c  
e x t r a c t s  and  p a p a y o t i n .  The  p b o s p h o r y l a t i o n  of o t h e r  
nuc lea r  p r o t e i n  f rac t ions ,  however ,  is n o t  s ign i f i can t ly  
in f luenced  b y  these  agents .  

Ea r l i e r  resu l t s  sugges ted  t h a t  gone derepress ion  induced  
b y  t he  ac t ion  of p ro t eo ly t i c  enzymes  was caused  b y  a 
d e g r a d a t i o n  of nuc lear  p ro t e in s  ta, 14 However ,  s t i m u l a t e d  
p h o s p h o r y l a t i o n ,  as descr ibed in t he  p re sen t  paper ,  could  
be suff ic ient  to  resu l t  in  changes  of t he  t e r t i a r y  s t r u c t u r e  
of those  p ro t e in s  15, g iv ing  rise to  s t i m u l a t e d  D N A  
syn thes i s  and  cell p ro l i fe ra t ion .  

Results. I n t r a p e r i t o n e a l  in jec t ions  of p ro t eo ly t i c  
enzymes  or e n z y m e  p repa ra t i ons ,  inc lud ing  papa in ,  
t r yps in  and  'Wobe-Mugos ' ,  r esu l t  in a s ign i f ican t  s t imula -  
t ion  of p h o s p h a t e  i nco rpo ra t i on  in to  r a t  l iver  h i s tones  F1, 
FI" ,  and  F 2 b .  The  s t i m u l a t i o n  of D N A  syn thes i s  a n d  cell 
mu l t i p l i c a t i on  b y  these  agents ,  descr ibed  in ear l ier  
repor ts ,  m i g h t  be  a consequence  of s t i m u l a t e d  p h o s p h a t  e 
u p t a k e  b y  nuc lea r  prote ins .  

Zusammen/assung. Die i.p. I n j e k t i o n  tier p ro t eo ly t i s chen  
E n z y m e  P a p a i n  u n d  Tryps in ,  sowie des E n z y m p r ~ p a r a t e s  
Wobe-Mugos ,  b e w i r k t  eine s ign i f ikan te  S te ige rung  des 
P h o s p h a t e i n b a u e s  in die H i s tone  F1, F I "  u n d  2 F b  der  
R a t t e n l e b e r .  Die f r i iher  b e o b a c h t e t e  S t i m u l i e r u n g  der  
D N S - S y n t h e s e  und  Zel lpro l i fe ra t ion  d u r c h  pro teoly-  
t i sche  E n z y m e  k 6 n n t e  die Folge e iner  S te ige rung  der  
P h o s p h o r y l i e r u n g  yon  K e r n p r o t e i n e n  sein. 

K. LETNANSKY and  F. SEELICH 

[*zsiitut ]i~f KrebsJorschung der Universittit Wien, 
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C y t o t o x i c i t y  of  N e w  C y t o c h a l a s a n s  f r o m  C h a e t o m i u m  g l o b o s u m  

I n  the  course of the  sc reen ing  tes t s  for de t ec t i ng  
m y c o t o x i n - p r o d u c i n g  fungi  i so la ted  f rom foodstuffs ,  c rude  
ex t r ac t s  of t he  myce l i um and  the  cu l tu re  f i l t ra tes  f rom all 
t es ted  isola tes  of Chaetomium globosum K u n z  ex Tries 
were no t iced  t o  cause  p o l y n u c l e a t i o n  and  m u l t i p o l a r  
d iv i s ion  of H e L a  cells and  also acu te  t ox i c i ty  in  mice  1-a. 
Because  of these  d r a m a t i c  biological  effects, we c o n d u c t e d  
f u r t h e r  chemica l  a n d  biological  inves t iga t ions .  The  my-  
ce l ium of fungi  g rown  in l iquid  m e d i a  or on  rice was 
e x t r a c t e d  b y  chloroform.  The  e x t r a c t  was  s epa ra t ed  ,by 
c h r o m a t o g r a p h i c  m e t h o d s  which  led t h e  i so la t ion  of 6 
me tabo lKes  showing  t he  pecu l ia r  effect  on H e L a  cells; 

chae tog lobos in  A, m p  168-170 ~ B, m p  186-187 ~ C, m p  
259-261 ~ , D, m p  216 ~ , E, m p  279-280 ~ and  F, m p  177 
178 ~ . These  c o m p o u n d s  showed closely r e l a t ed  phys ica l  
proper t ies ,  sugges t ing  a c o m m o n  molecu la r  f ramework .  
T h e  molecu la r  formulae ,  Ca~Ha0OsN ~ for  A, B, C a n d  D, 
and  Ca2HasOhN z for E and  F, were es tab l i shed  b y  h igh  
reso lu t ion  mass  spec t rome t ry .  The  s t r u c t u r e s  of A and  B 
h a v e  been  proposed  p re l imina r i l y  as I and  I I ,  chief ly  f rom 
the  spect roscopic  d a t a  4. 

The  s t r u c t u r e s  sugges ted  t h a t  chae tog lobos ins  be long  
to cy tocha la sans ,  a series of cy tos t a t i cMly  ac t ive  mold  
me tabo l i t e s  such as p h o m i n s  f rom Photos sp., cy tochMas ins  
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Fig.  1-8. C inemic rog raphs  of H e L a  cells t r e a t e d  wi th  mycel ia l  e x t r a c t  of Chaetomium globosum ( N H L  2718) a t  100 g.g/ml for  3 d a y s  a n d  t hen  
t r ans f e r r ed  to  con t ro l  m e d i u m  (Phase  con t ras t ) .  1. H e L a  ceils before  the  t r e a t m e n t .  2. I m m e d i a t e l y  a f t e r  the  a d d i t i o n  of the  e x t r a c t .  The  
c y t o p l a s m  becomes  b izar re .  3. A t  6 h the  cells are  r o u n d e d  a n d  the  c y t o p l a s m i c  p r o t r u s i o n s  are  r e m a r k a b l e .  4. A t  24 h the  c y t o p l a s m  sp read  
on  the  glass surface .  E a c h  cell c o n t a i n s  2 nuclei .  5. A t  44 h the  ceils b e c a m e  en la rged .  3 cells are  in m u l t i p o l a r  mitosis .  6. A t  48 h g i a n t  ceils 
wi th  4 nuclei  are  cba rae te r i s t i caUy  observed .  7. Seven  h a f t e r  the  r e m o v a l  of the  e x t r a c t .  A mitos is  follows the  c y t o p l a s m i c  c leavage.  8. E igh t  
hours  a f t e r  the  r e m o v a l  of the  ex t r ac t .  The  cell wh ich  u n d e r w e n t  mitos is  in  F igu re  7 becomes  4 cells wi th  2 nuclei .  
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Cytotoxic degree of chaetoglobosins and cytochalasins oil HeLa cells 

32 10 3.2 1.0 0.32 ~xg/ml 

Chaetoglobosin A 
B 
C 
D 
E 
F 
A 
B 

Cytochalasin A 

B 
C 
D 

monoaeetate 
diacetate 

4 4 1 
4 3.5 0.5 
3.5 1 0.5 
4 4 2 
4 4 2 
4 2 1 
4 2 1 
4 2 0.5 

(dehydro- 
phomin) 4 4 2 0.5 0 
(phomin) 4 3.5 2.5 1 0 

3.5 3.5 3.5 3 3 
(zygo- 
sporin A) 3.5 3 3 2.5 1 

Samples were dissolved in dimethyl sulfoxide at 10 mg/ml and diluted 
in the medium. Cells on cover-glasses were treated for 3 days. 
Degree of cytotoxicity was estimated on a scale ranging '0' (little 
cellular damage) through '4' (complete eytolysis) by observing the 
stained cover-glasses. '2' denoted approximate 50 % growth-inhibitory 
dosel, 2. 

f rom Helminthosporium dematioideum, 2VIetarrhizium ani- 
sopliae, Rosellinia mcatrix and  Aspergillus clavatus, and 
zygospor ins  f rom Zygosporium masoniiK In  chaeto-  
globosins, the  benzyl  group in cy tocha lasans  so far r epor ted  
is replaced by  3-indolyl group;  i.e. chaetoglobosins  are 
fo rmed f rom a t r y p t o p h a n  uni t  ins tead  of pheny la lan ine  
in o ther  cytochalasans .  

About  cytochalasans ,  especially phomin  (cytochalasin 
B), an ex tens ive  s t u d y  has been  conduc ted  because of the  
mul t ip le  biological act ivi t ies  6. Thus,  it  is of grea t  in teres t  
to inves t iga te  t he  biological effects of chaetoglobosins ,  a 
new group of cytoehalasans .  For  cul ture  cell exper iments ,  
H e L a  cells grown in Eagle ' s  min imun l  essent ial  med i u m 
supp lemen ted  wi th  10% calf se rum were used.  Tile cells 
were grown on cover-glasses,  t r ea t ed  wi th  t he  samples,  
f ixed wi th  Carnoy ' s  f ixa t ive  and s ta ined wi th  hema toxy l in  
and eosin. Cytotoxic  degree and  cy tomorphologica l  
changes  were recorded on these  prepara t ions .  

W h e n  the  cells were t r ea t ed  wi th  3.2% of the  f i l t ra te  
f rom one isolate of Chaetomium globosum (NHL 2718), 
b inuclea te  cells were observed in abou t  1/3 of the  ceils 
af ter  24 h, and all cells became polynuclea te  af ter  48 h. 
I t  is remarkable  t h a t  the  observed  mi to t ic  ceils u n d e r w e n t  
t e t r apo la r  division resul t ing in 4 nucleate  cells. Thus, 
a f ter  72 h mul t inuc lear  cells wi th  4 or 8 nuclei, on some 
occasions wi th  6 nuclei, were demons t r a t ed .  The cells 
became very  large and  the  size of nuclei  in each cell was 
a lmost  equal. Mult ipolar  division was character is t ica l ly  
observed.  W h e n  the  concen t ra t ion  of the  f i l t ra te  was 
raised to 10%, the  cells de tached  f rom the  glass surface 
af ter  24 h, mak ing  fu r ther  observa t ion  impossible.  

The sequences of the  affect ion were precisely ana lyzed  
by t ak ing  c inemicrography,  using the  mycelial  ex t rac t  of 
Chaetomium globosum (NHL 2718). I m m e d i a t e l y  af ter  
the  addi t ion  of the  sample,  the  cellular conf igura t ion  
became bizarre and the  condi t ion  cont inued  for more  
t h a n  12 h (Figures 2 and 3). Af ter  abou t  18 hours  t he  
nuclei began  to divide.  Bu t  w i t h o u t  subsequen t  cyto-  
plasmic cleavage, t he  cy top la sm gradual ly  ex t ended  on 
the  glass surface to  form binuclea te  cells (Figure 4). At  
abou t  48 h, a f ter  ano the r  in te rphase  period,  second 
division of b inuclea te  cells occurred  (Figure 5). Bo th  
nuclei  in one cell en te red  the  mi to t ic  phase  s imul taneous ly  
and u n d e r w e n t  t e t r apo la r  division. Again no cytoplasmic  
division occurred following the  nuclear  division, giving 
rise to  a g iant  cell wi th  r nuclei of equal  size (Figure 6). 
W h e n  the  cul ture kep t  for 3 days  in the  presence of the  
sample  was washed  wi th  saline and t rans fe r red  to control  
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medium,  subsequen t  mul t ipo lar  separa t ion  of chromo-  
somes (not to  be exac t ly  enumera t ed  bu t  p robab ly  octa-  
polar  division) was followed on this  occasion by  cyto-  
plasmic cleavage, bu~ no t  to 8 ceils (Figure 7). Thus,  t he  
resul t  of the  division raised 3 to  4 cells wi th  1, 2 or more  
nuclei, respect ively  (Figure 8). 

The chaetoglobosins  isolated in crystal l ine form were 
tes ted  by  cover-glass cul tures  (Table). Af ter  3 days '  t rea t -  
ment ,  HeLa  cells were le thal ly  affected by  all chaeto-  
globosins a t  32 v.g/ml. Chaetoglobin C was less toxic  and  
the  app rox ima te  50% growth  inhib i tory  dose was abou t  
20 ~zg/ml. Those of o thers  were be tween  3.2 and 10 ~zg/ml. 
All these  crystals  induced  the  par t icu lar  mul t inuclear  
cells which had  been  induced  by  crude ex t rac t s  of the  
fungus. W h e n  the  au then t i c  cytochalas ins  were t e s t ed  by  
the  same m e t h o d  as above (Table), 5 0 % growth  inh ib i to ry  
doses were abou t  1 to  3 ~xg/ml, t h a t  is, cy tochalas ins  were 
a l i t t le more  effective t h a n  chaetoglobosins.  Morpholo- 
gically, qui te  similar character is t ic  changes  to  chaeto-  
globosins were elicited by  the  samples,  suggest ing t h a t  
chaetoglobosins  and  cytochalas ins  are similar in the  biolo- 
gical act ivi t ies  on cul tured  cells. W i t h  chaetoglobosins  
cy toplasmic  cleavage migh t  also be inhibi ted  af ter  normal  
nuclear  division because of t he  i m p a i r m e n t  of micro- 
f i l ament  func t ion  as precisely repor ted  in t he  case of 
cytochalasins .  

W h e n  ex t rac t s  of the  fungus or moldy  rice were in jec ted  
i.p. or s.c. into D D D  st ra in  of mice, the  resu l t an t  effects 

v G. BucHI, Y. KITAURA, S.-S. YUAN, H. E. WRIGHT, J. CLARDY, 
A. L. DEMAIN, T. GLINSUKON, N. HUNTAND, G. N. WOGAN, J. 
Amer. chem. Soc. 95, 5423 (1973). 

were rapid and  the  mice died wi th in  a few minutes  or 
hours.  Histological  examina t ion  of var ious  organs revealed 
scarce lesion. Mice which  passed th rough  this  crisis period,  
survived wi thou t  any  p r o m i n e n t  la te  effect. LD~0 of 
chaetoglobosin  A by  a single s.c. in ject ion was es t imated  
as 6.5 and  17.8 mg/kg  b o d y  weight  (Behrens) for 5-week- 
old male and female mice, respect ively.  The repor ted  LDa0 
values of cy tochalas in  E in ra t s  are 2.6 and 9.1 mg/kg  
body  weight  by  a single i.p. or oral admin is t ra t ion ,  
respect ively  v. 

F u r t h e r  chemical  and  biological works are now in 
progress  and the  detai ls  will be  p resen ted  elsewhere. 

Zusammen[assung. Nachweis ,  dass CHCla-Rohext rak te  
aus Myzelien und  F i l t r a t en  der  Zuch tmed ien  yon  Chaeto- 
mium globosum Kunze  ex Fries  e inen aku ten  tox i schen  
Effec t  auf HeLa-Zel len  in vi tro,  sowie auf Mguse zeigten. 
Chaetoglobosine,  die aus Mycel ium-IRohextrakt  isoliert 
wurden  und  chemisch  zu den Cytocha lasanen  geh6ren, 
induz ie r ten  in HeLa-Zel len  eine Po lynnkle ie rung  und  
mul t ipolare  Kernver te i lung .  Auch be im Chaetogobosin  
wird  eine Mikrofi lament-Sch/~digung angenommen .  

M. UMEDA, K. OHTSUBO, M. GAITO, S. SEKITA a, 
K.  YOSHIHIRA a, S. NATORI a, S. UDAGAWA b, 
F. SAKABE b a n d  H. KURATA b 

Department o/ Carcinogenesis and Cancer Susceptibility, 
Institute o/Medical Science, University o/ Tohyo, 
Minato-ku, Tokyo (Japan) and 
Department o/Phytochemistry a and Department 
o/ 2Vhcrobiology b, National Institute o[ Hyfienic Sciences, 
Setagaya-ku, Tokyo (Japan), 25 March ~974. 

Influence de la nature du mi l i eu  de cro i ssance  sur la r~duction des  s t~roides  
par les ac t inomyc~ta les  

Les Act inomyc~ta les  (Nocardia, Mycobacterium) p eu v en t  
oxyder  et  r6duire les st6roides. Alors que les voles m6ta-  
bol iques  d ' o x y d a t i o n  des st6roides sont  assez bien 
connues  1-3, les r6duct ions  de doubles  l iaisons des st6roides, 
n o t a m m e n t  en posi t ion 1, 4, 6 et  74-1~ on t  6t6 observ6es 
sans qu ' i l  ai~c 6t6 possible de les relier au ca tabol i sme 
oxyda t i f  des st6roides. D ' au t r e  par t ,  peu de r6ductases  
de st6roides on t  6t6 6tudi6es chez les Act inomyc6ta les .  
A not re  connaissance  seules la A1 r6ductase  de Myco- 
bacterium globi/orme n et  la A4 r6ductase  de Nocardia 
corallina 12 out  6t6 raises en 6vidence dans  les ex t ra i t s  
acellulaires. Quan t  aux  fac teurs  qui o r ien ten t  le m6ta-  
bol isme des st6roides dans  le sens oxyda t i f  ou r6dueteur,  
ils 6 ta ient  jusqu'5~ pr6sent  obscurs.  Darts une publ ica t ion  
ant6r ieure ~3 nous avions signal6 l ' inf luence de la composi-  
t ion du milieu de croissance des cellules de N. corallina 
sur l ' appar i t ion  de la A4 r6ductase.  Nous r appor tons  ici 
l '6 tude des fac teurs  qui cond i t i onnen t  la r6duct ion en 4 
des A4 c6to-3 st6roides par  N. corallina. 

N. corallina est  cultiv6e darts les condi t ions  d6crites 
p r6 r  10 dans  1 1 de milieu A c o n t e n a n t  3 g de 
peptone ,  1 g d ' ex t r a i t  de levure et  30 g de glucose. 
j u squ ' en  phase  s ta t ionna i re  (85 h) et  en pr6sence de 200 mg 
de progest6rone (I). Apr8s acidification,  ex t r ac t ion  au 
chloroforme,  pros ch roma tograph ie  sur couches minces de 
silicagel on ob t i en t  78 mg de 5e-pregnane-3 ,20-d ione  
(II) don t  les caract6r is t iques  co r responden t  5. celles de la 
l i t t6rature~,15:  F = 197-200~ ~ D  + 128 ~ (CHCla); 

I R  VcHcI, 1720 et  1732 cm-Z; SM m/e 316 (M+). E n  l 'ab-  
sence d ' a , e ' - d i p y r i d y l e  qui est  un inh ib i teur  d'hydro- 

xylaseslS, tv aucun  m6tabol i te  oxyd6 ne s 'accumule.  Dans  
un milieu t3, iden t ique  au milieu A, mais  ne c o n t e n a n t  
que 5 g/1 de glucose, apr~s 85 h de culture,  on ob t i en t  
seulement  9 mg de I I ~  pa r t i r  de 200 mg de I. 
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