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Drosophi la  E n z y m e - G e n e t i c s :  A Table  

.Drosophila melanogaster s u r e l y  r a n k s  f i r s t  a m o n g  t h e  
h i g h e r  o r g a n i s m s  as  a too l  for  gene t i c  s tud ies ,  a l t h o u g h  
i t  h a s  n o t  m a t c h e d  t h e  b a c t e r i a l  a n d  v i r a l  s y s t e m s  in 
e l u c i d a t i n g  m a j o r  gene t i ca l  c o n c e p t s .  I t s  c o n t r i b u t i o n s  
a t  t h e  b i o c h e m i c a l  level  d a t e  f r o m  t h e  c lass ic  s t ud i e s  of  
BEADLE a n d  EI'HRUSSI x on  Drosophila eye p i g m e n t s .  

I t  is s u r p r i s i n g  t h a t  r e l a t i v e l y  l i t t le  e n z y m o l o g i c a l  
w o r k  fo l lowed  t h o s e  e x c i t i n g  e x p e r i m e n t s .  O n l y  in  r e c e n t  
y e a r s  h a s  a m o r e  ac t i ve  i n t e r e s t  in. Drosophila e n z y m o l o g y  
b e c o m e  a p p a r e n t ,  p e r h a p s  b e c a u s e  i t  is b e c o m i n g  inc reas -  
ing ly  c lear  t h a t  w e  c a n n o t  e x p l a i n  all  gene t i c  p h e n o m e n a  
in  h i g h e r  o r g a n i s m s  in  t e r m s  of  m o d e l s  w h i c h  a re  suf -  
f i c ien t  fo r  b a c t e r i a  2,~. T h e  b u r d e n  of b r i d g i n g  t h i s  
p h y l o g e n e t i c  g a p  n o w  r e s t s  o n  t h e  Drosophila gene t i c i s t s ,  
a m o n g  o t h e r s .  

I n  t h e  p a s t  5 yea rs ,  t h e  n u m b e r  of m a p p e d  Drosophila 
e n z y m e s  h a s  i nc reased  f r o m  7 a to  21 (Table  I) .  F u r t h e r -  
more ,  a n u m b e r  of e n z y n l e s  h a v e  b e e n  p a r t i a l l y  o r  t o t a l l y  
p u r i f i e d  a n d  s eve ra l  e n z y m e s  h a v e  b e e n  local ized h i s t o -  
c h e m i c a l l y  (Table  I I ) .  I n  a d d i t i o n ,  s eve ra l  c o m p l e x  sys -  
t e m s  a re  k n o w n  in  w h i c h  n o n - s t r u c t u r a l  m o d i f i e r  genes  
a r e  ac t ive ,  e.g. t y r o s i n a s e  s, * a n d  t h e  x a n t h i n e  d e h y d r o -  
genase ,  a l d e h y d e  ox idase ,  p y r i d o x a l  o x i d a s e  t r i p l e t L  I t  
is a n t i c i p a t e d  t h a t  f u r t h e r  s t u d y  of  t h e  c o m p l e x  e n z y m e  
s y s t e m s ,  mod i f i e r  genes  a n d  ' b i o c h e m i c a l  m u t a t i o n s '  s wi l l  
b e g i n  t o  fill t h e  p h y l o g e n e t i c  gap .  

A n o t h e r  a p p r o a c h  w h i c h  m a y  b e n e f i t  f r o m  e n z y m o l o g i -  
cal  w o r k  in  Drosophila is t h a t  of  c o r r e l a t i n g  gene  a c t i v i t y  
w i t h  t h e  p h e n o t y p i c  e x p r e s s i o n  of  specif ic  e n d  p r o d u c t s .  
BEERMANN 9, BERENDESI0, GROSSBACH 11 a n d  ~LYZIN- 

Table I 

Name of enzyme Gene symbol a Genetic locus a Fold purification Molecular weight 

Acid phosphatase Acph-1 3-101.4 es 
Alcohol dehydrogenase Adh 2- 50.120 1455~ 44,000~4 
Aldolase 90 s5 
Aldehyde oxidase Aldox 3- 56.6 ~° 3503~ 250,0003° 
Alkaline phosphatase Aph 3-  46.3 ~-a~ 

3-  47.3 ~4 
~x-Amylase Amy 2- 77.71~,a5 3~ 
Esterase-6 Est-6 3- 36.8 .8 
Esterase-C Est-C 3- 49 s~ 
Glucose-6-phosphate dehydrogenase Zw 1- 63 ~° 242 ~6 317,000 ~6 
0c-Glyeerophosphate dehydrogenase ~-Gpdh 2- 20.5 ~° 555~ 63,000 ~7 

Gdh 2- 17,841 
Isoeitrate dehydrogenase Idh-NADP 3- 27.1 z1-~3 105 ~1 81,00021 
Lactate dehydrogenase 130 ~8 149,0005a 
Leucine aminopeptidase-A Lap-A 3- 98 ~ ~'~ 
Leueine aminopeptidase-D Lap-D 3- 98.3 ~,~a 
Malate dehydrogenase Mdh-1 2- 35,3 ~a 120,180 ~ ~ 52,000 ~ 

s-Mdh 2- 404- ~ 
Mdh-2 2- 41.2 ~ 

Oetanol dehydrogenase Odh 3- 49.2 4- ~* 
Phenol oxidase lz+ ~ 1- 27,7 ~,*~ Parfial~,~0 Particulatc~O, g0 
Pbosphogluconlutase Pgm 3- 43.4 ~ 
6-Phosphoglucouate dehydrogenase Pgd 1- 0.9 ~° Partial st 79,0004- st 
Pyridoxal oxidase lpo 3- 57 4- as 225,000s4 
Tryptophan pyrrolase v+ 1- 33.0 ~s,4~'~° 16 °~ 
Tyrosinase tyr-1 2- 52.4 ~,~ 

Tyr-2 2- 57 ~,~ 
Xanthine dehydrogenase ry + 3- 52.35 s~-~a 529 ~a 250,0006a'~5 

Several enzymes have been assigned gene symbols and genetic loci by more than one investigator. Differences in genetic loci are probably 
attributable to the use of different marker genes, b The lozenge gene may be the structural gene for a polypeptide common to the A com- 
ponents of the phenol oxidase complext% c The two MDHs purified by A~'DERSON ~ are the soluble (120 fold) and mitoehondrial (180 fold) 
forms. Both have a molecular weight of 52,000. 

Table II. Tissue distribution of enzymes in third instar larvae 

Enzyme Fat Intestine Malpighian Salivary 
body tubules gland 

Aldehyde oxidase 3° 4- + + --~ 
Alcohol dehydrogenase 6s + + + - -  
Alkaline phosphatase 67 - -  + - -  - -  
~-Amylase ~S + + ± + 
Deoxyribonuclease ~9 + + - -  __ 
~-Glycerophospbate dehydrogenase ~° + ~b N.D. + 
Isocitrate dehydrogenase ~t + + -b 4- 
Lactate dehydrogenase ~o - -  - -  N.D. 4- 
Xanthine dehydrogenase ~x-73 + + + N.D. 

q-, very low level of enzyme; + ,  enzyme present; - - ,  enzyme absent; N,D., no data. ~ Aldox is present in the stalk, but  not the body of 
the salivaries. 



15. 2. 1971 Specialia 219 

SKY 1~ h a v e  a l r e a d y  m a d e  s i g n i f i c a n t  p r o g r e s s  i n  t txis 
d i r e c t i o n  b y  c o r r e l a t i n g  t h e  p r e s e n c e  o r  a b s e n c e  o f  
spec i f i c  s a l i v a r y  g l a n d  p r o d u c t s  w i t h  t h e  p r e s e n c e  
o r  a b s e n c e  o f  spec i f i c  p u f f s  o n  t h e  s a l i v a r y  p o l y t e n e  
c h r o m o s o m e s  o f  Chironornus (Camptochironomus) a n d  
Drosophila. 

T h i s  s a m e  t e c h n i q u e  m a y  b e  f u r t h e r  e x p l o i t e d  w i t h  
Drosophila melanogaster u s i n g  o n e  o r  m o r e  o f  t h e  m a n y  
e n z y m e s  o f  k n o w n  g e n e t i c  loci  ( T a b l e  I) .  T h i s  i n f o r m a -  
t i o n ,  t o g e t h e r  w i t h  t h e  k n o w n  p u f f i n g  p a t t e r n s  fo r  s M i v a r y  
g l a n d  c h r o m o s o m e s  ~s-~ ,  s h o u l d  a l l o w  a c o r r e l a t i o n  
b e t w e e n  spec i f i c  p u f f s  a n d  t h e  a c t i v i t y  o f  t h e  m a p p e d  
e n z y m e s .  T h e  loc i  fo r  ~ - a m y l a s e  x6, a l c o h o l  d e h y d r o -  
g e n a s e ~ L  t r y p t o p h a n  p y r r o l a s e  ~s a n d  x a n t h i n e  d e h y d r o -  
g e n a s e  xo h a v e  a l r e a d y  b e e n  l o c a l i z e d  t o  f a i r l y  r e s t r i c t e d  
r e g i o n s  o n  t h e  c y t o g e n e t i c  m a p .  T h e s e  4 e n z y m e s  w o u l d  
t h e n  be  log ica l  f i r s t  c h o i c e s  for  s u c h  a s t u d y .  I n  a d d i t i o n ,  
s i n c e  i t  is k n o w n  t h a t  f a t  b o d y ,  m a l p i g h i a n  t u b u l e s  a n d  
g u t  a s  we l l  a s  s a l i v a r y  g l a n d s  p o s s e s s  g i a n t  c h r o m o s o m e s ,  
e n z y m e s  c a n  b e  u s e d  w h i c h  d i f f e r  i n  t h e i r  o r g a n  d i s t r i b u -  
t i o n  ( T a b l e  I I ) .  

A t  a m o r e  g e n e r a l  l eve l  o f  o r g a n i z a t i o n  i t  w o u l d  be  
i n t e r e s t i n g  t o  k n o w  if t h e  loci  o f  m e t a b o l i c a l l y  r e l a t e d  
Drosophila e n z y m e s  a r e  c l u s t e r e d  o r  d i s t r i b u t e d  a t  

r a n d o m  t h r o u g h o u t  t h e  g e n o m e .  S o m e  r e l e v a n t  d a t a  a r e  
a l r e a d y  a v a i l a b l e  i n  T a b l e  I :  t h e r e  is  l oose  l i n k a g e  b e -  
t w e e n  t h e  g e n e s  for  g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e  
a n d  6 - p h o s p h o g l u c o n a t e  d e h y d r o g e n a s e ~ 0 ;  t h e  s o l u b l e  
f o r m s  o f  i s o c i t r a t e  d e h y d r o g e n a s e  a n d  m a l a t e  d e h y d r o -  
g e n a s e  a r e  c o d e d  for  b y  g e n e s  o n  s e p a r a t e  c h r o m o -  
s o m e s  s~-=~. Of  i m m e d i a t e  i n t e r e s t ,  t h e n ,  w o u l d  b e  t h e  
g e n e t i c  loci  fo r  o t h e r  m e m b e r s  o f  t h e  g l y c o l y t i c  p a t h w a y  
a s  wel l  a s  t h o s e  of  t h e  s o l u b l e  c i t r i c  a c i d  cyc l e .  

I t  is  w o r t h  n o t i n g  t h a t  I-IuTTON a n d  I{ODERICK 27 h a v e  
s h o w n  in  m i c e  t h a t  t h e  loci  o f  s e v e r a l  e n z y m e s  o f  t h e  
g l y c o l y t i c  p a t h w a y  a r e  o n  s e p a r a t e  c h r o m o s o m e s .  ELSTON 
a n d  GLASSMAN ~ h a v e  s h o w n ,  h o w e v e r ,  t h a t  t h e r e  i s  a 
t e n d e n c y  for  f u n c t i o n a l l y  r e l a t e d  ( a c c o r d i n g  t o  t h e  b o d y  
p a r t  a f f e c t e d )  g e n e s  t o  b e  f o u n d  o n  a p a r t i c u l a r  c h r o m o -  
s o m e ,  b u t  t h a t  i n t r a - c h r o m o s o m a l  c l u s t e r i n g  m a y  b e  
a c c o u n t e d  fo r  b y  t h e  k n o w n  c l u s t e r i n g  o f  a l l  g e n e s  w i t h i n  
c h r o m o s o m e s .  W h i l e  t h e  p r e s e n t  d a t a  fo r  Drosophila 
e n z y m e s  a r e  t o o  s c a n t y  t o  m a k e  a n y  g e n e r a l i z a t i o n s ,  i t  
is e x p e c t e d  t h a t  in  t h e  n e a r  f u t u r e  m o r e  d a t a  wi l l  b e  
a v a i l a b l e .  

S i n c e  t h i s  m a n u s c r i p t  w a s  s u b m i t t e d ,  t h e  f o l l o w i n g  
a d d i t i o n a l  i n f o r m a t i o n  h a s  b e c o m e  a v a i l a b l e  : 1. T h e  m o l e -  
c u l a r  w e i g h t  o f  a l c o h o l  d e h y d r o g e n a s e  ~4 b y  a s o m e w h a t  
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d i f f e ren t  p r o c e d u r e  h a s  b e e n  e s t i m a t e d  to  b e  60,000 
(K. B.  JACOBSON a n d  P. PFUDERER, J.  biol.  Chem.  2d5, 
3938, 1970). 2. T h e  locus of a n o t h e r  g lycoly t ic  enzyme ,  
hexok inase ,  h a s  b e e n  m a p p e d  to  2-79 :i: (D. J .  F o x ,  
K.  MADHAVAN, a n d  H.  UI~SPRUI~G, unpub l i shed ) .  N o t e  
t h e  p r o x i m i t y  of t h i s  locus to  t h a t  of x -Amylase  (Tab le  I). 

Zusammen]assung. D u r c h  V e r w e n d u n g  e l ek t r opho r e t i -  
scher  E n z y m - M u t a n t e n  is t  es m6gl ich ,  bei  Drosophila 
melanogaster die  c h r o m o s o m a l e  Pos i t i on  de r  e n t s p r e c h e n -  
den  S t r u k t u r g e n e  zu b e s t i m m e n ,  l~ber  20 Gene  s ind  auf  
diese Weise  lokal i s ie r t  worden .  U n t e r s u c h u n g  de r  Gewebe-  
u n d  Stadienspezif i t /~ t  d ieser  E n z y m e ,  i m  V e r b a n d  m i t  
zy togene t i s che r  Ana lyse  de r  R i e s e n c h r o m o s o m e n ,  ve t -  

s p r i c h t  wer tvo l l e  E i n b l i c k e  in  da s  P r o b l e m  de r  Gen-  
regu la t ion .  I n  den  vo f l i egenden  Tabe l l en  s ind  die be r e i t s  
e rz ie l ten  E r g e b n i s s e  z u s a m m e n g e s t e l l t .  

D. J. Fox, ERIKA ABJ~CHERLI 
a n d  H.  URSPRUNG 74 

Zoology Institute, Eidgen6ssische Technische Hochschule, 
CH-8006 Z i~rich (Switzerland), 28 September 1970. 
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Karyotypes of Bats of the Subfamily  Carolliinae 
t ionary Implicat ions x 

T h e  N o r t h  A m e r i c a n  leaf -nosed  b a t s  of t h e  f a m i l y  
P h y l l o s t o m a t i d a e  a re  a m o s t  c o m p l e x  g roup  of an ima l s .  
Some  m e m b e r s  a re  a d a p t e d  to  feeding  on  o t h e r  ve r t e -  
b ra tes ,  insects ,  f rui t ,  nec ta r ,  b lood  (Desmodon t inae ,  see 
FORMAN et  al.*), a n d  we h a v e  obse rved  Carollia feeding 
on  t e n d e r  s t e m s  of p l an t s .  E v e n  t h o u g h  severa l  e x t r e m e  
morpho log ica l  mod i f i ca t i ons  a re  f o u n d  a n d  f o r m  t h e  
bas i s  for  t h e  severa l  subfami l ies ,  t h e  p h y l o g e n e t i c  affi-  
n i t i e s  of m o s t  g roups  a re  n o t  eas i ly  unde r s t ood .  K a r y o -  
typ ic  cha rac t e r i s t i c s  were  used b y  BAKER ~ to  h y p o t h e s i z e  
phy logene t i c  af f in i t ies  a n d  to  de l inea t e  severa l  l ines  of 
evo lu t i on  w i t h i n  t h e  fami ly .  One  l ine of evo lu t i on  
i n v o l v e d  t h e  Carol l i inae  a n d  p a r t  of t h e  Glossophaginae .  
A t  t h a t  t i m e  k a r y o t y p i c  d a t a  for  t h e  Carol l i inae  were  
based  on  two  species of Carollia. 

I n  t h i s  p r e s e n t  c o m m u n i c a t i o n  we descr ibe  t h e  chro-  
mosomes  of a n o t h e r  species of Carollia a n d  two  species 
of t h e  o t h e r  genus  (Rhinophylla) of t h e  Carol l i inae.  

Methods and Materials. Spec imens  were col lected f rom 
n a t u r a l  p o p u l a t i o n s  w i t h  t h e  a id  of m i s tne t s .  Chromo-  
soma l  p r e p a r a t i o n s  were  m a d e  a t  n e a r b y  field s ta t ions .  
A 2 h o u r  in  v i v o  cu l t u r e  of b o n e  m a r r o w  was  fol lowed b y  
t r e a t m e n t  w i t h  a 1 %  s o d i u m  c i t r a t e  so lu t ion .  F i x a t i o n  
was  b y  m e t h a n o l ,  ace t ic  ac id  (3:1) .  Mi to t i c  s l ides were  
b laze  dr ied  a n d  s t a i n e d  w i t h  G iemsa ' s  b lood  s ta in .  
Tes t i cu l a r  meio t ic  p r e p a r a t i o n s  were  b y  t h e  ace to -orce in  
s q u a s h  t echn ique .  V o u c h e r  spec imens  are  depos i t ed  in 
t he  col lec t ion of m a m m a l s ,  D e p a r t m e n t  of Biology,  

(Mammal ia;  Phyl lostomatidae)  and Their Evolu-  

T e x a s  T e c h  Un ive r s i t y .  To  m e a s u r e  t h e  r e l a t i ve  size of  
t h e  X t o  t h e  au tosomes ,  m i c r o p h o t o g r a p h s  were m a d e  
a n d  t h e  l e n g t h  of t h e  c h r o m o s o m e s  were m e a s u r e d  w i t h  
a pa i r  of d ia l  cal ipers.  

T h e  t o t a l  l e n g t h  of t h e  X c h r o m o s o m e  was  d e v i d e d  
b y  t h e  t o t a l  l e n g t h  of t h e  hap lo id  a u t o s o m a l  comple-  
m e n t .  T h e  X c h r o m o s o m e  is eas i ly  d e t e r m i n e d  in  
species of Carollia because  of i t s  s e c o n d a r y  cons t r i c -  
t i on  4,~. T h e  X of  Rhinophylla c a n n o t  b e  p o s i t i v e l y  
d e t e r m i n e d  b y  c o m p a r i n g  t h e  k a r y o t y p e s  of males  a n d  
females,  b u t  t h e  d e t e r m i n a t i o n  of t h e  genera l  size of t h e  
l a rges t  h e t e r o m o r p h i c  e l e m e n t  in  ma les  is r e a s o n a b l y  
accura te .  F u n d a m e n t a l  n u m b e r  is cons ide red  to  be  t h e  
n u m b e r  of a r m s  of t h e  a u t o s o m a l  c o m p l e m e n t .  
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Size of the X chromosome to the autosomal genome 

Karyotype Catalogue Sex Locality 
Number and Species in Colombia 

Size of X in relationship to haploid autosomal No. 
size expressed as a percentage of cells 

measured 
Low Mean High 

Z75 Carollia castanea ~ Villavicencio 
Z137 Carotlia subru]a ~ Leticia 
Z3 Carollia perspicillata ~ Restrepo 
Z146 Carollia perspicillata ~ Leticia 
Z62 Carollia perspicillata c~ Letieia 
Z124 Rhinophylla ]ischerae ~ Leticia 
Z125 Rhinophylla pumilio ~ Leticia 
Z192 Rkinopkylla pumilio c~ Leticia 

15.64 16.44 17.10 6 
14.94 17.32 18.71 6 
16.17 17.70 18.31 8 
15,44 16.51 19.61 5 
16.82 18.25 19.92 8 
6.04 6.94 8.31 7 
5.36 6.34 7.86 8 
5.02 5.39 5.65 4 

See text for method of determination. 


