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dehydrogenase was shown to be ac t iva ted  by  zinc 6, and 
e x p e r i m e n t s  carr ied out  on the  up take  of zinc by  av ian  
eggs suggested t h a t  zinc migh t  be a specific ac t iva to r  of 
several  enzymes 7. The  enzyme uricase was also repor ted  
to conta in  0.130/0 of zinc s. 

In  termites  which basical ly l ive on cellulose material ,  
the  enzyme cellulase is of major  impor tance  in digestion. 
This enzyme is synthesized by  higher  termites ,  like M. 
tragardhi, bu t  is produced by  microorganismic symbionts  
l iving in the  a l imen ta ry  sys tem in pr imi t ive  termites .  

The  role of zinc in the  digestion of cellulose was thus  
invest igated,  tes t ing  the  effect of zinc on the  ac t iv i ty  of 
cellulase in vi tro.  

Material and methods. The cellulase solution was pre- 
pared by  dissolving 100 mg (2 E.U.) of the  enzyme in 
100 ml  of phospha te  buffer  (pH 6). Cellulose (Wha tman  
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Activation of cellulase at 3 different concentrations, by zinc ions, in 
vitro. @, 0.1% cellulase; �9 0.2% cellulase; A, 0.3% cellulase. 

pure grade powder) was used as the  substrate.  100 mg  of 
the  substrate  were placed in each of 9 digestion tubes  and 
9 ml  of  the  enzyme prepara t ion  were added to each of the  
tubes.  The digestion mix tu re  in one tube  was made up to 
10 ml  by  adding distilled water ,  while i ml  of zinc sulphate  
solution, of different  concent ra t ion  was added, respect ively,  
to each of the  o ther  8 tubes. 

The digestion mix tures  were incubated  at  37 ~ (C.T.) 
for 48 h and then  centr i fuged for 15 min  to sediment  
undigested cellulose. The superna tan ts  were p ipe t ted  into 
separate  tes t  tubes. Al iquotes  (1 ml) of these solutions 
were used for the  quan t i t a t i ve  de te rmina t ion  of the  glu- 
cose resul t ing f rom the  enzymat ic  hydrolysis  of the  cel- 
lulose. The  me thod  adopted  was based on tha t  of CLARK 9 
The amoun t  of glucose produced has been taken  as a 
measure of the  ra te  of the  ac t iv i ty  of the  enzyme.  

The above exper iment  was repeated using higher  con- 
centra t ions  of cellulase: 0.2 and 0.3% (w/v) in phospha te  
buffer. 

Results and discussion. The mean  results of 8 replicates 
are summar ized  in the  Figure.  These demons t ra te  t h a t  
the  amoun t  of glucose produced at  different  concentra-  
t ions of the  enzyme was near ly  doubled when 0.25 M 
zinc sulphate  ( =  1.6345 mg of zinc per  ml  of the  digest ion 
mixture)  was added. 

The peak  of the  ac t iva t ion  of the  enzyme  was reached 
after  the  addi t ion of 0.5 M zinc sulphate.  Higher  con- 
centrat ions of zinc sulphate,  l~owever, resulted in a grad- 
ual  drop in the  amoun t  of glucose produced.  This 
reached a level where t h e  ac t iv i ty  of the  enzyme  was no 
longer affected by  the  addi t ion of more zinc ions. 

In  conclusion, i t  seems most  probable  t h a t  zinc, which 
occurs a t  an appreciable amoun t  in the  t e rmi te  body,  
functions as ac t iva to r  of the  enzyme cellulase. 
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C y t o g e n e t i c  O b s e r v a t i o n s  i n  Cerat i t is  capi ta ta  t 
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Summary. The 2n = 10 + X X / X Y  complement  of G. capitata includes 3 pairs of metacent r ic  and 2 pairs of submeta-  
centric autosomes;  the  X and Y chromosomes are acrocentrics.  The  sex chromosomes do no t  pair  somat ica l ly  dur ing 
mi to t ic  prophase, and, using the  C-banding technique,  band more extens ive ly  than  tile autosomes.  Male meiosis m a y  
be achiasmate ;  there  is no leptotene,  zygotene or diplotene. 

The  Medi ter ranean frui t  fly, Geratitis capitata (Family  
Tephri t idae) ,  is a pest  of par t icu la r  economic impor tance  
to  commercia l  growers of soft  fruits, in m a n y  parts, of the  
world. Females  hab i tua l ly  deposi t  the i r  eggs in hea l thy  
fruit, and, when the  larvae emerge about  8 days later, 
t hey  begin to feed and bur row into the  pulp of the  hos t  
causing considerable damage.  Different  eradicat ion mea- 
sures are cons tan t ly  being explored to a l leviate  the  prob-  
lem bu t  as ye t  re la t ive ly  l i t t le  research has been con- 
ducted  on genet ical  control  methods  which involve 

various forms of chromosome translocation, inversion 
hybridity and systems of meiotic drive. All essential 
prerequisite in this type of work is a thorough under- 
standing of the normal chromosome complement and 
how the various components behave during mitosis and 
meiosis. This paper presents a brief outline of these 
aspects. 

i Material kindly supplied by Dr. D. A. LINDQUIST, I.A.E.A./FAO 
Vienna, Austria. 
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Fig. 1. Male karyotype of Ceratitis capitata. • 3,500. 

Fig. 2. Giemsa stained female mitotic prophase ceil. Note somatic association of autosomes and unpaired X chromosomes. Arrows indicate 
positions of centromeres, x 3,100. 

Fig. 3. Nucleus emerging from pre-meiotic interphase. Arrow indicates the precociously condensed X - Y  bivalent. 

Fig. 4. Late paehytene showing 5 autosomal bivalents and highly condensed X - Y  bivalent. 

Fig. 5-7. Diakinesis/prometaphase - metaphase I. Note the apparent  end-to-end association of the 32 and Y (Figure 5 and 6), and some of 
the points of contact between the autosornes which may represent regions of crossing over (arrows). 

Fig. 8-9. Prophase II  i l lustrating differential condensation of the X chromosome (Figure 8)~ Y chromosome (Figure 9) and the autosomes, 

Fig. 10. Anaphase II. Figures 3-10. • 3,100, 
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Materials and methods. Mitosis was e x a m i n e d  m a i n l y  
in orcein s t a ined  ceils f rom t he  cerebra l  gangl ia  of 3rd 
i n s t a r  larvae,  and  meiosis  in  t he  deve lop ing  tes tes  of 
pupar ia .  The  Giemsa  s t a in ing  t e c h n i q u e  was iden t ica l  
to  t h a t  used on  t h e  ch romosomes  of O r t h o p t e r a n s  2 and  
Aeries aegypti 3. 

Mitosis. The  somat i c  pa i r ing  c o m m o n l y  found  in  m o s t  
D i p t e r a n s  is a f ea tu re  of t h i s  species, a n d  homologous  
au tosomes  i n v a r i a b l y  emerge f rom i n t e r p h a s e  a l r eady  
associa ted as  soma t i c  b iva len t s .  However ,  t he  sex chro-  
mosomes  are a n  except ion ,  for n e i t h e r  t he  two  X chro-  
mosomes  in females  no r  t he  X and  Y in males  ever  
a p p e a r  i n t i m a t e l y  associa ted  (Figure  2). As t h e  au tosomes  
c o n t r a c t  du r ing  p rophase  t he  close assoc ia t ion  t ends  to  
lapse a n d  t he  on ly  p o i n t  of c o n t a c t  is r e s t r i c t ed  to  a 
region s u r r o u n d i n g  homologous  cen t romeres .  B y  m e t a -  
phase  even  th i s  l ink  is lost. T he  r e m a i n d e r  of mi tos i s  is 
unexcep t iona l ,  s is ter  c h r o m a t i d s  m o v e  to  opposi te  poles 
a t  anaphase ,  a n d  fol lowing c leavage  of t he  c y t o p l a s m  to  
fo rm two  new ceils, t h e y  despira l ize  to  an  a m o r p h o u s  
nuc lea r  mass.  

I n  b o t h  sexes t h e  diploid c h r o m o s o m e  c o m p l e m e n t  in  
2 n = 10 + X X / X Y ,  a n d  the  male  k a r y o t y p e  is illus- 
t r a t e d  in t h e  id iogram (Figure 1). T he  la rges t  and  2 
sho r t e s t  a u t o s o m a l  pairs  are a lmos t  m e t a c e n t r i c  whereas  
pa i rs  2 a n d  3 are  n o t i c e a b l y  s ubm e t acen t r i c .  B o t h  t h e  
X a n d  Y c h r o m o s o m e s  are  ac roeen t r i cs  a l t h o u g h  t h e  
s h o r t  a r m  of t he  Y is app rec i ab ly  smal le r  t h a n  t h a i  of t h e  
X.  I n  overa l l  l e n g t h  t he  X resembles  t h a t  of ch romsosome  
1 whereas  t h e  Y is s l ight ly  s ho r t e r  t h a n  c h r o m o s o m e  5. 

The  C-band ing  t e c h n i q u e  was used to d iscover  w h e t h e r  
t he re  are a n y  add i t i ona l  cytological  m a r ke r s  ~ wh ich  
m i g h t  p rove  useful  in  research  i n v o l v i n g  c h r o m o s o m e  
m u t a t i o n s .  I n  th i s  respec t  t h e  m e t h o d  p roved  disap-  
po in t ing ,  for s imi lar  sized segmen t s  on  each  side of t h e  
c e n t r o m e r e  in all  t h e  au tosomes  s t a i ned  w i t h  equa i  
in t ens i ty ,  a n d  the re  were no  i n t e r c a l a r y  b a n d s  (Figure 2). 
However ,  t he  en t i r e  s h o r t  a rms  of t he  X a n d ' Y  chromo-  
somes s ta in ,  t o g e t h e r  w i t h  a s u b s t a n t i a l  s egm en t  p r o x i m a l  
to  t he  c e n t r o m e r e  in t h e i r  long arms.  

Meiosis. Cells in  meiosis  h a v e  been  iden t i f i ed  in 3rd 
i n s t a r  larvae,  p u p a e  a n d  adu l t s  t o g e t h e r  w i t h  a sub-  
s t a n t i a l  n u m b e r  of m i t o t i c a l l y  d iv id ing  cells. T he  onse t  
of meiosis  is h e r a l d e d  b y  the  a p p e a r a n c e  in t he  nuc leus  
of a d a r k  s t a in ing  h e t e r o c h r o m a t i c  mass  (Figure 3) wh ich  
cor responds  to  t h e  precoc ious ly  condensed  a n d  a l r eady  
associa ted  X a n d  Y chromosomes .  Like  o t h e r  D i p t e r a n  
species where  p r o n o u n c e d  soma t i c  pa i r ing  is a cha rac t e r -  
ist ic f ea tu re  t he re  is no  classical  l ep to t ene  or zygoten6~-% 

The  f i rs t  recognizable  s tage  is p a c h y t e n e ;  t he  a u t o s o m e s  
are closely synapsed  and  on ly  in occasional  cells can  t h e  
dup l i ca te  n a t u r e  of a c h r o m o s o m e  be ident i f ied.  A u t o s o m a l  
b i v a l e n t f f c o n t i n u e  to  c o n t r a c t  (Figure 4) u n t i l  a p o i n t  is 
r eached  w h e n  t he  i n t i m a t e  pa i r i ng  t ends  to lapse. Th i s  
is pa r t i cu l a r l y  no t i ceab le  in p rocen t r i c  regions b u t  can  
also be  de tec ted  a t  o the r  po in t s  a long  t he  b i v a l e n t s  
(Figure 5). I t  m a y  be  s ign i f ican t  t h a t  t h e r e  is no  d ip lo tene  
s tage of t he  t y p e  found,  for example ,  in t he  Culicini, for  
these  b i v a l e n t s  more  closely resemble  d iakines is  or pro-  
m e t a p h a s e  7. This  m a y  well  ref lect  a n  a c h i a s m a t e  mode  
of meiosis  a l t h o u g h  s t ruc tu re s  h a v e  been  obse rved  wh ich  
could be  i n t e r p r e t e d  as cross-overs  (Figures  5, 6 a n d  7). 
I t  seems a l m o s t  ce r t a in  t h a t  if t h e r e  is c h i a s m a  f o r m a t i o n  
on  t he  male  side t h e n  on ly  genet ica l  m e t h o d s  will p rov ide  
t he  answer,  for  t he  b i v a l e n t s  are so smal l  t h a t  n o r m a l  
cytological  t e chn iques  are i nadequa t e .  

T h r o u g h o u t  f i r s t  p rophase  t h e  h e t e r o m o r p h i c  s6x 
b i v a l e n t  r ema ins  h igh ly  condensed  a n d  in t he  m a j o r i t y  
of cells i t  is d i f f icul t  to  e s t ab l i sh  t he  pa i r ing  re l a t ionsh ip  
of t h e  X a n d  Y. However ,  i t  is t e n t a t i v e l y  sugges ted  t h a t  
t he re  is a n  e n d - t o - e n d  assoc ia t ion  of t h e  long a n d  s h o r t  
a rms  of t h e  2 ch romosomes  (Figures  5 a n d  6). The i r  
b e h a v i o u r  a t  a n a p h a s e  I is u n p r e d i c t a b l e  for t h e y  m a y  
move  to  oppos i te  poles in  conce r t  w i t h  t he  au tosomes ,  
t h e y  m a y  sepa ra te  precociously,  or t h e y  m a y  e x h i b i t  
delay.  

Fol lowing cy tok ines i s  a t  t h e  end  of t he  f i rs t  sequence  
meiosis, t h e  ch romosomes  re t i re  b r ie f ly  in to  an  in te r -  
phase  stage,  a n d  w h e n  t h e y  r e a p p e a r  a t  second p r o p h a s e  
c o n t r a c t  r ap id ly  to m e t a p h a s e  I I .  Precocious  c o n d e n s a t i o n  
is aga in  d i sp layed  b y  b o t h  t h e  X a n d  Y m e m b e r s  d u r i n g  
these  s tages  (Figures  8 a n d  9) a n d  is sti l l  ev iden t  a t  
a n a p h a s e  I I  (Figure 10). Af te r  t he  c h r o m a t i d s  h a v e  
a r r ived  a t  t h e  poles in  t e lophase  I I  t he  au tosomes  g radua l -  
ly  despira l ize  to  form a r e t i cu la t e  mass  in  t h e  s p e r m a t i d  
nucle i  b u t  b o t h  t h e  X and  Y ch romosomes  r e m a i n  as 
h e t e r o c h r o m a t i c  bodies.  
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E t h a n o l  as  a 'Food '  for  Drosophila melanogaster: I n f l u e n c e  of the  Ebony Gene  
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Summary. The  s u r v i v a l  t i m e  of a d u l t  Drosophila melanogaster flies w i t h o u t  food is g rea t e r  in  t i le  p resence  of e thanol ,  
especia l ly  io r  flies of s t r a in s  or  l ines w i t h  a h i g h e r  a lcohol  d e h y d r o g e n a s e  ac t iv i ty .  I t  seems t h a t  t h e  ebony gene can  
ac t  in  some popu la t i ons  as a se lect ive  f ac to r  f avor ing  t he  A D H  F allele, as well  as t he  m i n o r  genes  e n h a n c i n g  t h e  al- 
cohol  d e h y d r o g e n a s e  a c t i v i t y  level.  

I n  a d a p t i n g  i tself  to  t e m p e r a t e  c l imates ,  Drosophila 
melanogaster seems to  h a v e  modi f ied  i ts  ecological  n iche  
in order  to  explo i t  food sources  cha rac t e r i zed  b y  a h igher  
a lcohol  c o n c e n t r a t i o n :  E u r o p e a n  s t r a ins  are m u c h  more  
e t h a n o l - t o l e r a n t  t h a n  Af r i can  or A m e r i c a n  t rop ica l  
s t r a in s  2. Such  a n  a d a p t a t i o n  m u s t  be  in some w a y  r e l a t e d  
to  t he  genes con t ro l l ing  t he  a lcohol  dehyd rogenase  iso- 

zymic  p a t t e r n ,  as t he  ra t io  of t h e  A D H  r to  t h e  A D H  s al-  
lelic f requencies  var ies  in  t h e  E a s t e r n  U n i t e d  S t a t e s  
accord ing  to a c l ina l  p a t t e r n  f rom 1 to  9 in  t h e  S o u t h  to  
a b o u t  1 to  1 in  t h e  N o r t h  3. U n d e r  l a b o r a t o r y  condi t ions ,  
add i t i on  of a lcohol  to  t he  cu l tu re  m e d i u m  shi f ts  t he  A D H  F 
allelic f r equency  to  h ighe r  va lues  4. E n z y m a t i c  a c t i v i t y  is 
usua l ly  h ighe r  in  A D H F / A D H  F t h a n  in A D I t S / A D H S  


