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requi red  a demons t r a t i on  t h a t  tile t echniques  used were 
adequa te  to de tec t  Ar thus  p h e n o m e n a  i.e., t h a t  th is  
resul t  did no t  r epresen t  a false negat ive  finding. The 
f indings in expe r imen ta l ly  immunized  animals  t ended  to 
exclude th is  possibi l i ty.  In  con t r a s t  to  the  f indings in 
contro l  animals,  dermal  i n f l a m m a t o r y  reac t ions  w i th  
associa ted vasculi t is  and tissue necrosis were elicited in all 
ac t ive ly  immunized  animals.  The cells involved in the  
vascular  i n f l a m m a t o r y  react ion were po lymorphonuc lea r  
leukocytes .  Challenge of pass ively  immunized  animals  
p roduced  skin ulcerat ion and  associat ion Ar thus  vasculi t is  
as observed  for ac t ive ly  immunized  animals.  
This inabi l i ty  to d e m o n s t r a t e  Ar thus  reac t iv i ty  to 
endo tox in  is cons i s t en t  wi th  previous f indings t h a t  this  
species does no t  appea r  to  deve lop  an t ibodies  to  E. coli 
ant igens  under  na tu ra l  condi t ions  x8,~9. This lack of 
immune  p roduc t s  to endo tox in  possibly reflects  the  fact  
t h a t  guinea-pigs do no t  ha rbor  E. coli among  thei r  
na tu ra l  bowel  flora~0, 21, and consequen t ly  are no t  
normal ly  exposed to E. coli ant igens.  
Bacteriological  s tudy  of a var ie ty  of species ranging f rom 
cockroaches  to e lephants  has shown t h a t  E. coli are 
p resen t  among  the  bowel flora of mos t  animals ;  guinea- 

pigs, r abb i t s  and  gerbils r ep resen t  isolated except ions  20, 21 
This p a t t e rn  of f lora appears  to ~correlate w i t h  the  
deve lopmen t  of c i rcula t ing an t ibodies  in mos t  m a m m a l s  
s tudied  ~8. Consequen t ly  the  d e m o n s t r a t i o n  here t h a t  
endo tox ins  m a y  elicit  Ar thus  react ions  in immun ized  
animals  m i g h t  have  impl ica t ions  for the  pa thogenes i s  of 
a t  least  a c o m p o n e n t  of endo tox in  tox ic i ty  in the  m a j o r i t y  
of mammals .  More impor t an t ly ,  however ,  it  m a y  be 
concluded f rom th is  s t u d y  t h a t  there  is an in t r ins ic  
tox ic i ty  mechan i sm ac t iva ted  by  endo tox ins  which  is 
i n d e p e n d e n t  of th is  ma jor  class of immune ,  hypersens i -  
t i v i ty  process.  The combina t ion  of these  f indings and  
previous  f indings t h a t  Type  I mechan i sms  are no t  
involved~G make  i t  unl ikely t h a t  immunoglobul in -  
d e p e n d e n t  i mmu n e  mechan i sms  p lay  a n y  role in endo-  
toxin  tox ic i ty  b ey o n d  po ten t i a t i on  of other ,  as ye t  
undef ined,  toxic  mechanisms .  
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Summary. Polypep t ide  ant ibiot ics ,  t r i chopolyns  A and B, were isolated f rom the  cul ture  b ro th  of Trichoderma poly- 
sporum (Link ex Pers) Rifai (TMI 60146). Assessment  of biological ac t iv i ty  of the  ant ib io t ics  agains t  microorganisms 
was made.  

Lentinus edodes, one of the  mos t  popular  edible mush-  
rooms in Japan ,  is of ten  p reven ted  f rom growing by 
Hypocrea, Trichoderrna, Gliocladium and Cephalosporium, 
which causes serious damage  for cu l t iva tors  5 -s. Especial ly,  
Trichoderma polysporum (Link ex Pers.) Rifai (strain 
TMI 60146) has been known to have  a s t rong  inh ib i to ry  
act ion agains t  Lentinus edodes. Recent ly ,  the  novel  cyclic 
ol igopept ide an t i fungal  metabol i tes ,  cyclosporins  A and C 
have  been isolated f rom strain n u m b e r  N R R L  8044 of the  
same species,  and the i r  s t ruc tures  have  been de t e rmined  
by  chemical  inves t iga t ions  9 and  X- ray  analysis  1~ Our 
inves t iga t ions  on Trichoderma polysporum, s t ra in  TMI 
60146, resul ted in the  isolation of 2 new metabo l i t e s  t r i -  
chopolyns  ~ A and  B, which s t rongly  inh ib i t  g rowth  of 
h y m e n o m y c e t e s  as well as o ther  organisms.  In  this  com- 
munica t ion ,  p re l iminary  s tudies  on the  s t ruc tu re  and the  
biological ac t iv i ty  of t r i chopolyns  are repor ted .  
Material and methods. The f i l t rate  of the  cul ture  b ro th  of 
Trichoderma polysporum was concen t r a t ed  to abou t  1/s in 
volume at  45-50 ~ under  reduced pressure,  and  ex t r ac t ed  
witb. e ther .  The e ther  layer  was dried over  Na2SO ~ and 
concen t ra t ed  to dryness  followed by  c h r o m a t o g r a p h y  over  
silicic acid. E lu t ion  wi th  10% me thano l - ace tone  gave 
fract ions hav ing  a s t rong inh ib i to ry  ac t iv i ty  aga ins t  
Lentinus edodes. F u r t h e r  f rac t iona t ion  by  column chro- 
m a t o g r a p h y  and p repa ra t ive  th in- layer  c h r o m a t o g r a p h y  
(TLC) resul ted  in the  isolation of 2 new pep t ide  ant ibio-  
tics, t r i chopolyn  A as an amorphous  solid which was 
shown to  be homogeneous  on TLC over  silicic acid (Rr 
0.29; so lvent  sys tem,  70% d ich lo romethane-15% acetone-  

15% methanol)  and  t r i chopo lyn  B as crys ta ls  {m.p. 114- 
116 ~ from dichloromethane- l igroin)  whose Rf-value was 
0.27 under  the  same condi t ions  as t r ichopolyn  A. Maxi- 
m u m  yields (3-4 mg/1) of t r i chopotyns  A and  B were ob- 
t a ined  from the  cul ture  mediun ,  which consis ted of glu- 
cose (25 g), a m m o n i u m  t a r t a r a t e  (4 g), KH2PO 4 (2 g), 
MgSO 4 (1 g) and  FeC1 a (0.1 g) in 1000 ml of t ap  wa te r  a t  
initial  p H  3.5 under  artificial  ven t i la t ion  for 4-5 days.  
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Minimum inhibitory concentration ([xg/ml) of trichopolyns A and B 

Test organisms Triehopolyn Trichopolyn Conditions 
A B 

Lentinus edodes TMI 563 1.6 1.6 A 

Pholiota nameho TM1 30077 

Flammulina velutipes 
TMI 30076 

Pleurotus ostreatus 
TMI 30009 
Saccharomyces cerevisiae 
IFO 0209 
Candida albicans IFO 0583 
Candida utilis IFO 0619 
Cryptococcus neoJormans 
IFO 0410 
Penicillium chrysogenum 
IFO 4626 
Aspergillus niger IFO 4066 
Aspergillus lumigatus 
IFO 5480 
Trichophyton mentagrophytes 
IFO 7522 
Trichophyton rubrum 
IFO 5467 
Microsporum gypseum 
IFO 6078 
Pyricularia oryzae IFO 6193 
Staphylococcus aureus 
FDA 209P 
Staphylococcus aureus 308A-1 
Staphylococcu~ aureus 1840 
Staphylococcus epidermidis 
FS 5019 
Bacillus subtilis PCI 219 
Bacillus cereus IFO 3466 
Sarcina lutea PCI 1001 
Micrococcus flavus IFO 3242 
Mycobacterium sp. Takeo 
Mycobacterium sp. ATCC 607 
Mycobacterium phlei 
IFO 3158 

1.6 3.2 B 
1.6 3.2 A 
3.2 3.2 B 

3.2 3.2 A 
12.5 12.5 B 

6.3 6.3 A 
6.3 6.3 B 

25 12,5 C 
6.25 3.13 C 
0.78 0.78 C 

0.78 0.78 C 

3.13 3.13 C 
3.13 3.13 C 

6.25 3.13 C 

0.78 0,78 C 

3.13 1.56 C 

100 25 C 
0.78 0.78 C 

6.25 6.25 D 
6.25 6.25 D 
6.25 6,25 D 

3.13 6.25 D 
6.25 6.25 D 
6.25 6.25 D 
1,56 1.56 D 
0.78 0,78 D 
6.25 6.25 C 
3.13 3,13 C 

1,56 3.13 C 

a 

To  t h e  bes t  of o u r  knowledge ,  s ince no  e s t a b l i s h e d  m e t h o d s  
of a s s e s s m e n t  of a n t a g o n i s t i c  a c t i v i t y  a g a i n s t  h y m e n o m y -  
ce tes  h a v e  been  r e p o r t e d ,  m i n i m u m  i n h i b i t o r y  concen-  
t r a t i o n  (MIC) of t r i c h o p o l y n s  A a n d  B for  h y m e n o m y -  
ce tes  w a s  d e t e r m i n e d  b y  t h e  s imi l a r  m e t h o d  for  m o u l d  
fung i  12 14 a n d  b a c t e r i a  15,16. 

P a p e r  d i sk  m e t h o d .  I n t o  a p e t r i - d i s h  (90 m m  in d i a m e t e r )  
15 ml  of m e d i u m  (glucose,  20 g; y e a s t  ex t r ac t ,  5 g; agar ,  
15 g;  a n d  t a p  w a t e r  to  m a k e  1000 ml) w a s  p o u r e d .  Af t e r  
a l l owing  the  a g a r  su r face  to  dry ,  0.3 ml  of b a s i d i o s p o r e  
s u s p e n s i o n  (ca. 18 • 105 s p o r e s / m l )  of a t e s t  f u n g u s  w a s  
i n c u b a t e d  a n d  s p r e a d  o v e r  t h e  p l a t e  u n i f o r m l y .  A f t e r  p re -  
c u l t i v a t i o n  a t  20~ for  20 h, p a p e r  d i sks  (8 m m  in dia-  
me t e r )  c o n t a i n i n g  a g iven  a m o u n t  of  t r i c h o p o l y n  A or  B 
were  p laced  on  the  a g a r  p la te .  Clear  circles r e s u l t i n g  f r o m  
i n h i b i t i o n  of g r o w t h  were  f o r m e d  as s h o w n  in f igure  1 
a f t e r  c u l t i v a t i o n  a t  25 ~ for  10 days .  M a x i m u m  concen-  
t r a t i o n  w h e r e  t h e  zone of i n h i b i t i o n  w a s  n o t  f o rmed ,  w a s  
r e g a r d e d  as MIC.  
A g a r  d i lu t ion  m e t h o d .  I n t o  a p e t r i - d i s h  (60 m m  in dia- 
me t e r )  6 ml  of t he  s a m e  m e d i u m  as desc r ibed  a b o v e  w i t h  
a g iven  a m o u n t  of t r i c h o p o l y n  A o r  t3 w a s  p o u r e d  to  pre-  
p a r e  a n  a g a r  p la te .  A g a r  d i sks  (10 m m  in d i ame te r )  were  
t a k e n  o u t  b y  a s ter i le  cork  b o r e r  a n d  p laced  on  a pe t r i -  
d i sh  as  s h o w n  in f igure  2a. Af t e r  a d r o p  of b a s i d i o s p o r e  
s u s p e n s i o n  (ca. 18 • 104 spo re s /ml )  of a t e s t  f u n g u s  h a d  
b e e n  i n o c u l a t e d  in t h e  midd le  of each  d i sk  b y  a mic ro -  
p ipe t t e ,  i t  w a s  cove red  w i t h  a n o t h e r  p e t r i - d i s h  w i t h  w e t  

A, Paper disk method. B, Agar dilution method. C, Medium; 1% 
glucose bouillon agar, incubation; 28 ~ 40 h. D, Medium; tryptiease 
soy agar (BBL), incubation, 37~ 18 h, inoculum; a loopful of bac- 
terial suspension (ca. 10 ~ CFU/ml). 

Fig. 1. The zones of inhibition by trichopolyn B against Lentinus 
edodes. Concentrations: Upper left, 25 ~zg]ml; bottom left, 12.5 ~zg/ml; 
bottom right, 6.25 p.g/ml; upper right, 3.13 [xg/ml; middle, control. 

b 

Fig. 2. Assessment of activity of triehopolyn A against Pholiota 
nameko by agar dilution method, a Diagram showing arrangement 
of agar disks on a petri-dish. 2fold successive dilution of initial con- 
centration (3.13 [zg/ml, No. 1) gave each agar disk containing a given 
concentration of the antibiotic. Final concentration; 0.024 p.g/ml 
(No. 8). Control agar disk is placed in the middle, b Results obtained 
from cultivation at 25 ~ for 7 days. Clear zone indicates flourishing 
myeelial growth. 
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fi l ter  paper  to supply  suff ic ient  humid i ty .  Af te r  10 days  
cu l t iva t ion  at  25 ~ the  e x t e n t  of spore ge rmina t ion  and  
mycel ia l  g rowth  was judged  wi th  the  naked  eye and under  
a microscope.  
Results and discussion. Assessment  of biological ac t iv i ty  
of t r i chopolyns  A and B is summar ized  in the  table.  Tri- 
chopolyns  were found to be ineffect ive on the  following 
organisms up to a concen t ra t ion  of 100~zg/ml: Escherichia 
coli, Salmonella typhosa, Shigella ]lexneri, Shigella sonnei, 
Klebsiella pneumoniae, Proteus vulgaris, Proteus morganii, 
Proteus mirabilis, Pseudomonas aeruginosa, Serratia mar- 
cescens, Citrobacter freundii and Enterobacter aerogenes. 
Trichopolyns  have  s t rong inh ib i to ry  ac t iv i ty  agains t  
fungi, g ram-pos i t ive  bac te r ia  and acid-fast  bacter ia ,  
which  is quite  d i f ferent  f rom cyclosporins  17. The max ima l  
to le ra ted  dose of a 1:1 mix tu re  of t r i chopolyns  A and  B 
in mice was 5 mg/kg  when  admin is te red  i.p. I t  is note-  
w o r t h y  t h a t  MIC of t r i chopolyns  A and B agains t  Flam- 
mulina velutips is exceedingly  high as compared  to those  
aga ins t  o ther  h y m e n o m y c e t e s  in the  agar  di lut ion me thod ,  
while in the  paper  disk me thod  it r emains  on near ly  the  
same level as o ther  hymenomyce t e s .  The observed fact  
is well expla ined by  assuming t h a t  t r i chopolyns  inhibi t  
r a the r  the  mycelial  g rowth  than  spore ge rmina t ion  of 
Flammulina velutipes. 
Though  the  mol .wt  of t r i chopolyns  A and B have  no t  ye t  
been set t led,  de t e rmina t ion  by  gel f i l t ra t ion gave a value 
of abou t  2000 for b o t h  compounds .  Moreover,  infrared 
spec t ra  of these ant ib io t ics  showed very  similar absorp-  

t ion bands  charac ter i s t ic  of po lypep t ides  (v maxKBr', 3300, 
1670' and 1535 cm-~). Amino  acid compos i t ion  of t r icho-  

polyns  A and B was de t e rmined  to be [(e-amino iSobutyric 
acid)4, (Ala)2, (Ile)l, (Pro)l]n. I t  is in te res t ing  t h a t  cyclo- 
spor ins  con ta in  a n u m b e r  of m e t h y l a t e d  amino  acids 
which  are missing in t r ichopolyns .  In  the  hydro lysa te s  of 
bo th  t r i chopolyns  A and B wi th  6 N HC1 the  presence  of 
e -me t h y l  capric  acid, and a n inhydr in -pos i t i ve  com- 
p o u n d  whose s t ruc tu re  has  no t  been de te rmined ,  were re- 
cognized. Tr ichopolyn  A was easily conver t ed  to  t r icho-  
po lyn  B by  s t i r r ing i ts  hce tone  solut ion wi th  s a tu r a t ed  
aqueous  sod ium chloride solution,  while t r i chopolyn  B, 
on s t i r r ing its ace tone  solut ion wi th  10% aqueous  silver 
n i t ra te ,  gave t r i chopolyn  A. These in te rconvers ions  clearly 
indica te  t h a t  these  2 ant ib io t ics  have  the  same basic 
skeleton b u t  only  differ in counte r  anions,  t h a t  is NO a- 
for t r i chopo lyn  A and C1 for t r i chopo lyn  B. A more de- 
ta i led inves t iga t ion  on the  s t ruc tu re  of t r i chopolyns  is 
cu r ren t ly  underway .  
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Summary. H a m s t e r  chondrocy tes  could be t r ans fo rmed  in a quan t i t a t i ve  assay sys tem which used X- i r rad ia ted  feeder 
layer  cells. Morphological  t r ans fo rma t ion  occurred on addi t ion of, 4NQO, b u t  not  in contro l  cultures.  Different ia t ion 
was  classified in to  3 t ypes  (good, poor  and none);  normal  and  t r ans fo rmed  colonies con ta ined  similar p ropor t ions  
of the  3 types.  

Since the  1st r epor t  of chemical  carcinogenesis  in vi t ro  
by  Berwald  and Sachs a, var ious  m a m m a l i a n  cells have  
been  t r ans fo rmed  by  a n u m b e r  of chemical  carcinogens.  
However ,  a lmost  all s tudies  have  been  done wi th  fibro- 
blast ic  cells which have  no specific d i f fe ren t ia ted  charac-  
ters.  Recent ly ,  several  epi thel ial  cell sys tems,  such as ra t  
l iver p a r e n c h y m a l  cells 4 s, ra t  submand ibu l a r  gland 
cells 7, and ra t  u r inary  b ladder  cells 8, have  been es tab-  
lished, bu t  t h e y  have  no t  ye t  been used as model  sys tems  
to  inves t iga te  the  re la t ionship  be tween  carcinogenesis  
and  different ia t ion.  We repor ted  previous ly  t h a t  hams t e r  
chondrocytes ,  which or iginate  f lom mesode rm b u t  which 
have  clearly d i f fe rent ia ted  characters ,  could be t rans-  
formed into neoplast ic  cells w i th  chemicals  9,10. F r o m  our 
f indings we concluded t h a t  carcinogenesis  and differen- 
t ia t ion  are more or less incompat ib le .  However ,  it  was 
no t  clear whe the r  t r ans fo rma t ion  (or the  initial s tep  of 
carcinogenesis) and di f ferent ia t ion  were incompat ible ,  
because we only observed a close re la t ionship  be tween  
mal ignancy  and dedif ferent ia t ion.  This paper  repor t s  the  
in vi t ro  t r ans fo rma t ion  of h a m s t e r  chondrocy tes  w i th  
4-n i t roquinol ine- l -oxide  (4NQO) in a sys tem for quant i -  
t a t ive  assay of t r ans fo rmat ion .  

Chondrocy tes  were ob ta ined  f rom suckling hams te r s  as 
descr ibed previous ly  TM. Pr i mary  cul tures  of chondrocy te s  
were t ryps in ized  and s tored in liquid n i t rogen for use as 
t a rge t  ceils. The m e t h o d  for q u a n t i t a t i v e  assay of t rans -  
fo rmat ion  was essent ial ly  as r epor ted  previous ly  n.  The 
feeder  layer  ceils used were c ryoprese rved  h a m s t e r  cells 
der ived f rom 14 ges ta t ion  days  embryos .  W h e n  the  cells 
became confluent ,  t h e y  were i r rad ia ted  wi th  5,000 R, 
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