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in  a n o t h e r  e x t e n s i v e  s t u d y  ( u n p u b l i s h e d )  we  fa i l ed  to  
f i n d  a n y  s i g n i f i c a n t  c h a n g e s  in  t h e  p e r i p h e r a l  L H  con -  
c e n t r a t i o n  a f t e r  s e m i s p a y i n g  of  h a m s t e r s .  T h u s ,  o u r  
o b s e r v a t i o n s  do  n o t  s u p p o r t  t h e  h y p o t h e s i s  t h a t  s e m i s -  
p a y i n g  c a u s e s  o v u l a t o r y  c o m p e n s a t i o n  b y  a d e c r e a s e  in  
t h e  n e g a t i v e  f e e d b a c k  of  o e s t r o g e n  w i t h  a c o n s e q u e n t  
r i se  in  t h e  s e c r e t i o n  of  L H .  

Rdsumd. L ' o v a r i e c t o m i e  u n i l a % r a l e  p r a t i q u 6 e  c h e z  les 
h a m s t e r s  a u  p r e m i e r  j o u r  d u  cyc l e  f u t  s u i v i e  d ' u n  ac-  
c r o i s s e m e n t  s i g n i f i c a t i f  de  l a  s6c r6 t i on  d ' o e s t r a d i o l  
m e s u r 6 e  d a n s  le s a n g  de  la v e i n e  de  l ' o v a i r e  r e s t a n t ,  s a n s  
a u c u n e  v a r i a t i o n  d u  t a u x  de  p r o g e s t 6 r o n e  p e n d a n t  l a  
d n r 6 e  d u  cycle .  
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P i g m e n t  F o r m a t i o n  in a C o l o u r l e s s  S t r a i n  of  Trichophyton mentagrophytes af ter  P h o s f o n  D t r e a t m e n t  

It is well established that several dermatophytic fungi 
form, on the underside of their thallus, coloured sub- 
stances, occasionally diffusing into the culture medium I-8. 
The pigments vary from species to species and sometimes 
even among strains of the same species 4. Several studies 
have shown that the pigmentation is due to a mixture 
of compounds, many of which are of quinone structure 5-s 
and presumably similar to xanthomegnin, the only 
pigment in dermatophytes so far structurally defined% 
Qualitative analysis of these pigments by chromatogra- 
phic methods is a generally accepted criterion for the 
identification of a given dermatophyte I~ The physio- 
logical significance of these eoloured molecules remains 
t o  be  e s t a b l i s h e d .  

D u r i n g  i n v e s t i g a t i o n s  o n  t h e  a c t i o n  of P h o s f o n  D 13 
o n  d e r m a t o p h y t e s ,  we  o b s e r v e d  a n  i n h i b i t i o n  of g r o w t h  
a n d  t h e  a p p e a r a n c e  of  r ed  h y p h a I  s t r a n d s  on  t h e  u n d e r s i d e  
of  t h e  t h a l l u s  of  a c o l o u r l e s s  s t r a i n  o f  Trichophyton 
mentagrophytes. T h i s  p h e n o m e n o n  h a s  b e e n  s t u d i e d  a n d  
t h e  d a t a  o b t a i n e d  a r e  r e p o r t e d  in  t h e  p r e s e n t  p a p e r .  T h e  
n e w l y  f o r m e d  p i g n l e n t s  h a v e  b e e n  e x t r a c t e d  a n d  a n a l y z e d  
b y  t h i n - l a y e r  c h r o m a t o g r a p h y  a n d  s i m i l a r i t i e s  w i t h  
c o l o u r e d  s u b s t a n c e s  of  o t h e r  d e r m a t o p h y t e s  h a v e  b e e n  
e s t a b l i s h e d .  

Material and methods. Trychophyton mentagrophytes 
(Rob . )  B l a n c h a r d , s t r a i n  No.  560 .66  ( C e n t r a a l  B u r e a u  v o o r  
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Phosfon D (Virginia-Carolina Chemical Corporation, Richmond, 
Virginia, USA) is a chemical commonly employed for retarding 
growth in higher plants. The compound has been shown to inhibit 
the gibberellie acid synthetic pathway both in higher plants and 
in gibberellie acid producing fungi (see WEST and FALL 14 for ad- 
ditional details). 

Fig. 1. Inferior surface of cultures of Trichophyton meHtagrophytes CBS 560.66, photographed through the growing medium: A) Control 
culture, X 1; t3) Phosfon D treated culture, • 1.8. 



204 Speeialia EXPERIENTIA 30]2 

Sch immelcu l tu res ,  B a a r n ,  T h e  Ne the r l ands ) ,  was  cu l t iva -  
ted  a t  28 ~ on  S a b o u r a u d ' s  ma l to se  agar,  used as such  or 
c o n t a i n i n g  200 ~xg/ml of Phos fon  D (2 ,4-dichlorobenzyl-  
t r i b u t y l - p h o s f o n i u m  chloride).  I n  order  to  fac i l i ta te  t h e  
h a r v e s t i n g  of t he  cu l tu re  a n d  to  avo id  wash ing  proce-  
dures,  myce l i a  were grown on a t h i n  shee t  of cel lophane,  
laid over  t he  growing m e d i u m l K  W i t h  th i s  t echn ique ,  
wh ich  does no t  modi fy  t he  mac ro  a n d  microscopic  aspects  
of t he  myce l ium,  i t  is possible  to  avo id  a lmos t  comple te ly  
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Application 

Fig. 2. Thinqayer chromatography pattern of the chloroform extracts 
from control (A) and Phosfon D treated (B) Trichophyton menta- 
grophy#es cultures. In the control sample an aliquot of extract ten 
times higher than in the treated sample was applied. Adsorbing 
system: Silica Gel G (E. Merck, Darmstadt, Germany). Developing 
system: benzene-acetone 3:1 (v/v). The chromatogram was photo- 
graphed after spraying with 2 N NaOH to reveal quinone pigments xz. 

t h e  d i f fus ion of t h e  p i g m e n t  f rom t h e  tha l lu s  in to  t h e  
med i u m.  

Af te r  2 weeks of cul ture ,  myce l i a  m a t s  were r e m o v e d  
f rom t h e  ce l lophane  sheet ,  freeze-dried,  an d  s u b s e q u e n t l y  
r epea t ed ly  e x t r a c t e d  for 10-12 h w i t h  p e t r o l e u m  e the r  
to  r emove  l ipids  12. Af te r  c en t r i f u g a t i o n  t h e  so lven t  was 
d i sca r ted  b y  suct ion,  a n d  t h e  res idua l  pe l le t  was e x t r a c t e d  
w i t h  acid ace tone  (0 .1% HC1) n.  T h e  ex t r ac t s  were 
c o n c e n t r a t e d  to d ryness  u n d e r  v a c u u m ,  careful ly  washed  
w i t h  p e t r o l e u m  e the r  to  r emove  res idua l  l ip id  t races ,  
dissolved in  smal l  a l iquo t s  of ch lo roform a n d  f ina l ly  
s u b m i t t e d  to t h i n - l a y e r  c h r o m a t o g r a p h y  1~. 

Results and discussion. T h e  macroscopic  aspects  of 
Trichophyton mentagrophytes, cu l tu red  in t h e  absence  and  
presence  of Phos fon  D, is shown  in F igure  1. I t  is ev i den t  
t h a t ,  whi le  t h e  con t ro l  cu l tu re  shows a colourless lower 
surface,  t h e  Ph o s fo n  D t r e a t e d  fungi  show u n d e r  t he  
t h a l l u s  ( the d i a m e t e r  of wh ich  is r educed  b y  t h e  t r e a t m e n t  
an d  is 5 0 - 6 0 %  smal le r  t h a n  t h e  normal )  red  h y p h a l  
s t rands ,  which,  because  of t h e  presence  of t h e  m e m b r a n e  
of ce l lophane  over  t h e  med i u m,  c a n n o t  p e n e t r a t e  in to  it. 
T h e  same  f ind ing  was cons i s t en t ly  obse rved  in all  cu l tu res  
t rea ted .  I t  has  to  be no t ed  t h a t  in  b o t h  cases t h e  cu l tu re  
m e d i u m  did  n o t  show p i g m e n t s  of a n y  k ind  in de t ec t ab l e  
a m o u n t s .  

The  c h r o m a t o g r a p h i c  p a t t e r n  of t h e  ch lo roform 
e x t r a c t s  f rom con t ro l  an d  Ph o s fo n  D t r e a t e d  fungi  is 
shown  in F igure  2. 3 d i s t i nc t  yel low spots  are c lear ly  
v is ib le  in  t h e  t r e a t e d  samples .  Af te r  sp r ay ing  w i t h  2N 
NaOH,  t h e  spots  t u r n e d  to red-v io le t  colour  a n d  b a c k  
aga in  to  yel low a f t e r  H2S vapor i sa t ion .  Th i s  ox ido- redu-  
cing process  c an  be r epea t ed  severa l  t i m e s  in t h e  same  
p r ep a ra t i o n .  Such  b e h a v i o u r  is typ ica l  of qu inone  pig- 
m e n t s  2,11,16-18 

I n  con t ro l  samples ,  even  w h e n  10 t i m e s  t h e  n o r m a l  
a m o u n t  was  c h r o m a t o g r a p h e d ,  t h e  3 spots  were undec t -  
able.  T h e  Rf  va lues  of t h e  3 newly  syn thes i zed  spots  are  
0.54, 0.44 an d  0.32, respect ively .  The  same resul t s  h a v e  
been  o b t a i n e d  in all  de t e rmina t ions .  S imi lar  R f  va lues  
h a v e  been  d e m o n s t r a t e d  b y  ITo et  al. ~z for t h e  p i g m e n t s  
aurospor in ,  x a n t h o m e g n i n  a n d  c i t rospor in  o b t a i n e d  f rom 
8 d i f fe ren t  d e r m a t o p h y t e s ,  i nc lud ing  a coloured s t r a i n  
of Trichophyton mentagrophytes, a n d  in s imi la r  exper i -  
m e n t a l  condi t ions .  W e  h a v e  been  u n a b l e  to  o b t a i n  f rom 
o the r  l abora tor ies  pur i f ied  x a n t o m e g n i n  to use as i n t e rna l  
s t a n d a r d  in p i g m e n t  c h r o m a t o g r a p h y ;  never the less ,  on  
t h e  bas is  of t h e  i d e n t i t y  of t h e  Rf  values,  we h y p o t h e s i ze  
t h a t  t h e  coloured molecules  syn thes ized  in our  expe r imen-  
t a l  cond i t ions  cor respond  to t h e  3 p i g m e n t s  ident i f ied  b y  
ITO et  al. 12 

F r o m  t h e  d a t a  r epo r t ed  in th i s  p a p e r  i t  is ev i d en t  t h a t  
Ph o s fo n  D induces  t h e  a p p e a r a n c e  of 3 p i g m e n t s  in  cul- 
tu res  of Trichophyton mentagrophytes (Rob.)  B l a n c h a r d  
CBS 560.66, while  these  p i g m e n t s  are absen t ,  or p r e s en t  in  
u n d e t e c t a b l e  amoun t s ,  in  u n t r e a t e d  cul tures .  The  p i g m e n t  
i n d u c t i o n  b y  P h o s f o n  D seems to  be  specific, s ince t he  
use of severa l  o the r  chemica ls  k n o w n  to  i n h i b i t  t he  
g rowth  o f  d e r m a t o p h y t e s ,  inc lud ing  n i fura te l ,  miconazole  
a n d  coumar in ,  d id  n o t  resu l t  in  p i g m e n t  synthes is .  

The  f o r m a t i o n  of t h e  3 p i g m e n t s  c lear ly  requi res  t he  
presence  of enzymes  ca t a lyz ing  the i r  synthes is .  Conse- 
q u e n t l y  Ph o s fo n  D e i the r  a c t i v a t e s  these  enzymes ,  
i nac t ive  in n o r m a l  cond i t ions  or, more  p robab ly ,  t h e  
chemica l  de-represses  t h e  n o r m a l l y  repressed  genes for 
these  'colour '  enzymes .  I t  has  been  sugges ted  t h a t  severa l  
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Trichophyton mentagrophytes s t ra ins ,  n o r m a l l y  coloured,  
become  colourless on r epea t ed  s u b c u l t u r i n g  on  S a b o u r a u d ' s  
m e d i u m L  As shown  b y  t he  p r e s e n t  results ,  t h i s  could 
occur  also in  our  s t r a in  since we h a v e  shown  a p h e n o m e n o n  
ind i ca t i ng  t he  revers ib le  repress ion  of t i le  genes for  t he  
'colour '  enzymes .  

Our  obse rva t i ons  are of i n t e r e s t  in  t h a t  t h e y  sugges t  
t he  ex is tence  in fungi  of genes t h a t  can  be  a l t e r n a t i v e l y  
repressed  a n d  de-repressed,  d e p e n d i n g  on t he  env i ron-  
m e n t a l  condi t ions .  Our  s y s t e m  the re fo re  r ep resen t s  a 
model  for s t u d y i n g  t h e  sti l l  u n k n o w n  cont ro l s  of t h e  
genes express ion  in fungi.  

Riassunto. I1 Phos fon  D, compos to  r i t a r d a n t e  la 
cresci ta  nelle p i a n t e  superiori ,  i nduce  la c o m p a r s a  di 
p i g m e n t i  ch inonic i  in  u n  ceppo incolore  del fungo d e r m a t o -  
f i t a  Trichophyton mentagrophytes. Viene  ipo t i zza to  che il 

Phos fon  D d e r e p r i m a  i gent  pe r  gli enz imi  ca t a l i zzan t i  la 
s in tes i  dei p i g m e n t i  neoformat i .  
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Production of Single-Cel l  Protein from Waste Paper by a Mixed Culture 

The  indus t r i a l  d e v e l o p m e n t  of L a t i n  A m er i ca  has  
revea led  new prob lems ,  such  as t he  exodus  of t he  ru ra l  
masses  t o w a r d  u r b a n  cen te r s  in search  of e m p l o y m e n t <  
Th i s  ha s  c o n t r i b u t e d  cons ide rab ly  to  a spec t acu l a r  
increase  in t h e  mun ic ipa I  solid wastes ,  a fac t  especial ly  
obse rved  in Mexican  cit ies where  in t h e  las t  10 years  t h e  
o u t p u t  has  more  t h a n  doubled.  A b o u t  40% of t h a t  
refuse is r ep r e sen t ed  b y  p a p e r  and  ca rdboard~ ,K I n  h i g h  
deve loped  coun t r i e s  l ike  t h e  U n i t e d  K i n g d o m ,  t h e  l a t t e r  
f igure is close to  50% 4. 

The  necess i ty  of m a i n t a i n i n g  or i m p r o v i n g  t he  en- 
v i r o n m e n t ,  as well  as t h e  p r o t e i n  shor tage ,  m a k e  imper -  
a t ive  t he  research  of processes for convers ion  of cellulose 
was tes  in to  mic rob ia l  foods. I n  t h e  p r e s en t  paper ,  t h e  
resu l t s  o b t a i n e d  w i t h  t he  d i rec t  t r a n s f o r m a t i o n  of news- 
p a p e r  to  b iomass  will be given.  

Materials and methods. I so la t ion  of Y-11 cu l tu red  used 
in these  expe r imen t s ,  cons is t ing  of 2 g r am-pos i t i ve  a n d  
1 g r a m - n e g a t i v e  rods,  ha s  been  p rev ious ly  descr ibed% 
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Biomass production, cellulose utilization and variation of pH using 
the mixed culture Y-11. The non-degraded newspaper from a first 
experiment was washed and dried at 55~ and reused in a new 
fermentation run. 

Experiment 1 Experiment 2 
Biomass produced (g/1 i) @_@ O-- 0 

Cellulose utilized (g/1-1) �9 -- �9 [] -- 

pH A--A A--s 

The  f e r m e n t a t i o n  m e d i u m  c o n t a i n e d  (in g/1 of t a p  
water )  : f ine ly  g round  Excels ior  newspaper ,  20 ; (NHa)ySO4, 
4.0; KHyPO4, 1.0; t(C1, 0.5; MgSO 4 • 7H,~O, 0.5; a n d  corn  
s teep  l iquor,  1.0. The  f e r m e n t o r  used t h r o u g h o u t  th i s  
study was a 14-1iter total capacity (Fermentation 
Design, Inc.) with a working volume of 9 I. The fermentor 
was autoclaved at 15 psig for 30 min and operated 
aseptically. Temperature was controlled at 37~ initial 
p H  was 7.0 a n d  a g i t a t i o n  was  a t  a speed of 400 rpm.  
A e r a t i o n  was no t  a t  a c o n s t a n t  ra te ,  b u t  was  con t ro l led  
b y  a dissolved oxygen p r o b e <  On-off  con t ro l  was used 
and  a r r a n g e d  so t h a t  t he  dissolved oxygen  pa r t i a l  p ressure  
d id  n o t  fall  below 0.10 a tm .  I n o c u l u m  was g rown in 
500-ml E r l e n m e y e r  f lasks  c o n t a i n i n g  50 m l  of m e d i u m  
a n d  i n c u b a t i o n  was car r ied  ou t  for 1 day.  I n  all cases 5% 
(v/v) illOCulum was uti l ized.  E a c h  ana lyzed  sample  f rom 
the  f e r m e n t o r  was  usua l ly  composed  of 3 subsamples  
t a k e n  one Mter  each  o t h e r  w i t h  a n  i n t e rva l  of approx i -  
m a t e I y  4 m i n  b e t w e e n  subsamptes .  Cell c o n c e n t r a t i o n  was 
d e t e r m i n e d  on  a p ro t e in  bas is  b y  a modi f ied  LowRY 
m e t h o d  us ing  the  Fol in-Cioca l teu  r e a g e n t  s,7. Cellulose 
was m e a s u r e d  b y  a semimicro  methodS.  

Results and discussion. I n  e x p e r i m e n t  1 (Figure)  t h e  
h ighes t  cell mass  p r o d u c t i o n  was a t t a i n e d  a t  t he  56 th  h 
of cu l t iva t ion ,  dec l in ing  a f t e r  t h a t  t ime,  p r o b a b l y  due  to 
lysis of t he  mixed  cul ture .  The  u t i l i za t ion  of t he  news- 
p a p e r  also t e n d e d  to  decl ine fol lowing the  t i m e  per iod  
w h e n  2.55 g/1-1 of cellulose h a d  been  consumed .  The  p i t  
changed  f rom 7.0 to 6.7. D u r i n g  t he  f e r m e n t a t i o n  t he  
a p p r o x i m a t e  p o p u l a t i o n  ra t io  was cons t an t .  The  bac te r i a l  
cell c o u n t  cons is ted  of 99% of t he  2 g ram-pos i t i ve  rods  
a n d  1% of t he  g r a m - n e g a t i v e  rod. Some of t he  cha rac t e r -  
ist ics of t h e  Y-11 cu l tu re  h a v e  a l r eady  been  p u b l i s h e d  ~, 
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