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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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a l though no a t t e m p t s  have  been made  to iden t i fy  t he  
bacter ia l  species. The calcula ted yield, in grams of cells 
per  gram of cellulose used, was 0.29. ~Vhen the  med i u m 
was no t  supp lemen ted  wi th  corn s teep liquor, cell yield 
was 0.19. 

A second expe r imen t  was conduc ted  (Figure) in which  
the  non-ut i l ized paper  of the  previous  expe r imen t  was 
reused wi th  fresh f e rmen ta t ion  medium,  which  included 
all the  componen t s  except  newspaper .  The object  was to  
de t e rmined  if cellulose consumpt ion  in expe r imen t  1 was 
s topped  by  the  deficiency of some nut r ien t .  As can be 
observed,  the  values  of b iomass  p roduced  and cellulose 
ut i l ized were ve ry  small.  According to AMEMURA and 
TERUI 9, the  amorphous  regions in the  fringe micelles of 
pulp  cellulose are f i rs t  a t tacked,  leading to an en r i chmen t  
of crystal l ine segments ,  t he  la t te r  being the  mos t  difficult  
to solubilize. The res is tance of the  newspaper  to fu r the r  
degrada t ion  can p robab ly  be expla ined by  the  fact  t h a t  
the  cellulases p roduced  by  the  Y-11 cul ture  could only 

9 A. AMEMURA and G. TERUI, J. Ferment. Technol. Osaka 43, 281 
(1965). 

a t t ack  the  si tes more  accessible, leaving undegraded  mos t  
of the  crys ta l l ine  regions. 

The convers ion of cellulosic was tes  into microbia l  
p ro te in  is a t t r ac t ing  a t t en t ion .  F u r t h e r  s tudies  for the  
i m p r o v e m e n t  of the  subs t r a t e  u t i l iza t ion are being carr ied 
out.  

Resumen .  Se aisl6 un  cul t ivo mix to  denominado  Y-11 
con el cual se estudi6 la convers idn de papel  peri6dico a 
biomasa.  Los t r aba jos  se l levaron a cabo a n i v e l  de 
fe rmentador .  E1 residuo sdlido no degradado  de una  
fe rmentac i6n  previa ,  fu6 reut i l izado con nuevo medio  
de cult ivo con obje to  de de t e rmina r  si la hidrdlisis  de 
esta  fuente  celul6sica se de teMa p o t  el ago tamien to  de 
Mgfin nu t r i en te  o po t  otros factores.  
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Direct Shell Acquisition by Hermit Crabs from Gastropods 

H e r m i t  crabs  common ly  live in and  carry  abou t  
' e m p t y '  gas t ropod shells. Acquis i t ion of these  shells by  
means  of shell exchange  be tween  individuals  has been 
well documen ted  ~-~. However ,  for years,  biologists have  
wondered  how 'new'  gas t ropod  shells (i.e., f rom freshly  
killed gastropods)  are in t roducec in to  the  he rmi t  crab 
populat ion.  1VIAGELHAI~S 5 hypo thes i zed  t h a t  he rmi t  
crabs p rey  on gas t ropods  for the  shell, while  BRIGHT- 
W~LL 6-7 gave evidence f rom labora to ry  work  t h a t  the  
he rm i t  crab P agurus  bernhardus acquires shells by  re- 
moving  gas t ropods  injured by  p r eda to ry  fishes. No one 

to  date,  however,  has  observed the  acquis i t ion of 'new'  
gas t ropod  shells in the  field or descr ibed the  mechan i sms  
by  which  th is  essent ial  resource enters  t he  h e rmi t  crab 
communi ty .  This is of obvious  impor t ance  to a basic 
unde r s t and ing  of the  s t ruc tu re  of any  mar ine  ecosys tem 
ill which  h e rmi t  crabs  are found. This  pape r  presen ts  the  
f i rs t  account  of the  acquis i t ion  of new shells f rom 
gas t ropods  jus t  killed by  na tu ra l  predators .  

Four  species of h e rmi t  crabs,  P a g u r u s  poll icaris SAY,  
P .  longicarpus SAY, and  P.  annul ipes  (STIMPSON) f rom 
St, Joseph  Bay,  Gulf Co., Florida,  and  Paguris tes  grayi  

Sites of predation on gastropods attended by Pagurus pollicaris, species of predator and prey gastropods and outcome of competition for 
prey shell 

No. and type No. and species of Predator species Prey species Rank of crab getting new shell and 
of site crabs present outcome of competition for shell 

1 Prepared 
2 Prepared 
3 Prepared 
4 Prepared 
5 Natural 
6 Natural 
7 Prepared 
8 Prepared 
9 Prepared 

10 Prepared 
11 Prepared 

5 Pagurus pollicaris 
6 Pagurus pollicaris 
7 Pagurus pollicaris 

10 Pagurus pollicaris 
3 Pagurus pollicaris 
3 Pagurus pollicaris 

14 Pagurus pollicaris 
12 Pagurus pollicaris 
4 Pagurus pollicaris 
5 Pagurus pollicaris 
4 Pagurus pollicaris 
1 Pagurus longicarpus 

Fasciolaria tulipa 
Pleuroploca gigantea 
Pleuroploca gigantea 
Pleuroploca gigantea 
Pleuroploca gigantea 
Pleuroploca gigantea 
Pleuroploca gigantea 
Pleuroploca gigantea 
Pleuroploca gigantea 
F. tulips 
F. tulips 

FascioZaria hunteria 
Fasciolaria hunteria 
Fasciolaria hunteria 
Fasciolaria hunteria 
Fasciolaria hunteria 
Fasciolaria hunteria 
Fasciolaria hunteria 
Fasciolaria hunteria 
Fasciolaria hunteria 
Fasciolaria hunteria 
Fasciolaria hunteria 

12 Prepared 6 P. pollicaris F. tulips Fasciolaria hunteria 
13 Prepared 4 P. pollicaris Pleuroploca gigantea Fasciolaria hunteria 
14 Prepared 11 P. pollicaris F. tulipa Fasciolaria hunteria 

i P. longicarpus 
15 Prepared 4 P. pollicaris F. tulipa Fasciolaria hunteria 
16 Natural 4 P. pollicaris P. gigantea Fasciolaria hunteria 
17 Natural 6 P. pollicaris F. hunteria Polinices duplicatus 

2 P. longicarpus 
18 Prepared 1 P. pollicaris P. gigan~ea F. hunteria 
19 Prepared 1 P. pollicaris P. gigantea F. hunteria 
20 Natural 1 P. pollicaris P. gigantea F. hunteria 

1, Dominant acquired she11 
1, Dominant acquired shell 
1, Dominant acquired shell 
1, Dominant acquired shell 
1, Dominant acquired shell 
2, Dominant rejected small shell 
3, Dominant rejected small shell 
3, Dominant rejected small shell 
0,1 Dominant rejected small shell 
0, ~ Dominant rejected small shell 
2, Dominant rejected small shell 

4, Dominant lost shell while fighting 
3, Dominant lost shell while fighting 
2, Dominant not near enough to prey 

4, Dominant not near enough to prey 
3, Dominant not near enough to prey 
0, Gastropod not completely eaten 

0, Only one crab present 
0, Only one crab present 
0, Only one crab present 

i Shell too small for use. ~ Shell dragged from site, abandoned, then occupied by crab not present at site. 


