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cholesterol  in M H V A - t r e a t e d  ra ts  was 84.8 g: 4.1 mg/  
100 m l v s  88.6 • 5.8 rag/100 ml in the  contro l  group 
(p > 0 . 1 0 ;  t-test).  The liver cholesterol  con ten t  in MHVA-  
t r e a t ed  ra ts  was also similar  to  t h a t  of cont ro l  ra t s  (265 
• 17 rag/100 g vs 260 -k 4 m g / 1 0 0 g  of fresh liver in 

the  control  group).  On the  contrary ,  in ra ts  wi th  a 1% 
cholesterol  diet, the  hepa t i c  cholesterol  con t en t  showed 
an 8% increase.  Table I shows t h a t  a diet  1% cholesterol  
plus 0.5% sodium deoxychola te ,  offered for 48 h, pro-  
duced 60% inhibi t ion of ace ta te  incorpora t ion  into he- 
pa t ic  cholesterol.  The admin i s t r a t ion  of M H V A  to cho- 
lesterol-fed ra ts  p roduced  77% inhibi t ion.  M H V A - t r e a t e d  

Table II. Activity of 3-hydroxy-3-methylglutaryl coenzyme A re- 
ductase in the liver of MHVA-treated, diosgenin-fed or cholesterol- 
fed rats 

Group Activity of HMG CoA rectuctase 

Control (9) �9 5.47 -~ 0.52 b 
MHVA (4) 5.31 ~ 0.28 p > 0.10 
1% diosgenin (10) 9.48 i 3.68 p % 0.005 
1% cholesterol (4) 2.15 • 0.15 p < 0.005 

The animals indicated received for 4 days before their sacrifice 
1.88 nlM per 100 g of body weight of MHVA, dissolved in phosphate 
buffer pH 7.8, or the equivalent volume of phosphate buffer alone. 
The animals of groups 3 and 4 received the diets indicated 48 h be- 
fore their sacrifice. Reductase activity is expressed as nm of meva- 
lonate formed per h per mg of microsomal protein. Generally 4 trials 
were run from each animal. The assay system consisted of 0.8 ml 
containing 100 mM phosphate buffer pH 7.2, 3 mM MgCI2, 3 mM 
NADP, 10 mM glucose 6 phosphate, 2.5 units glucose 6 phosphate 
detlydrogenase, 50 mM reduced glutatbione, 0.2 mM (3-1aC)-HNiG 
CoA and 0.7-0.9 mg microsomal protein; ~Number of rats of each 
group is indicated in parenthesis, b Standard error of the mean. 

r a t s  showed 69% inhib i t ion  of ace ta te  incorpora t ion  into 
cholesterol.  Diosgenin-fed ra ts  showed,  as indicate  previ-  
ous repor t s  9, increased incorpora t ion  of ace ta te  in to  
cholesterol.  The admin i s t r a t ion  of M H V A  to diosgenin- 
fed ra ts  pa r t l y  reversed the  act ion of diosgenin.  Finally,  
as M H V A  inhibi ts  bo th  ace ta te  and  meva lona te  incor- 
pora t ion  in to  cholesterol,  th is  effect  does no t  correlate  
wi th  a d i rect  act ion on HMG CoA reduc tase  act iv i ty .  This 
was conf i rmed when  the  enzyme was assayed in liver 
microsomes.  M H V A  did no t  inh ib i t  the  ac t iv i ty  of HMG 
CoA reductase  (Table II). On the  o the r  hand,  a l~ dios- 
genin diet  p roduced  a modera te ,  s ta t i s t ica l ly  s ignif icant  
increase in the  ac t iv i ty  of the  enzyme.  Also, in agreement  
wi th  previous  reports la ,  a h igh cholesterol  d ie t  inhibi ted  
tile ac t iv i ty  of HMG CoA reductase .  

Discussion. Al though  we canno t  ascer ta in  the  mecha-  
n ism of act ion of M H V A  wi th  the  d a t a  p resen ted  in th is  
paper ,  t i le resul ts  show t h a t  th is  valeric acid der ivat ive  
inhibi ts  hepa t ic  cholesterol  synthes is  f rom aceta te  or 
meva lona te  w i thou t  inhib i t ing  HMG CoA reduc tase  ac- 
t iv i ty .  On the  o ther  hand ,  diosgenin-fed ra ts  showed a 
modera t e  increase in HMG CoA reductase  ac t iv i ty  com- 
pa red  wittl  t he  3-fold increase in ace ta te  incorpora t ion  
in to  cholesterol,  w i th  no change in meva lona te  incorpo- 
ra t ion  into cholesterol  9. Therefore  diosgenin increases 
cholesterol  b iosynthes is  in the  l iver a t  least  as a result  of 
increasing the  ac t iv i ty  of the  ra te - l imi t ing  s tep  in bio- 
syn the t i c  pa thway .  On the  cont ra ry ,  M H V A  inhibi ts  
hepa t ic  cholesterol  synthesis ,  b u t  th is  effect  is no t  a d i rect  
ac t ion on the  ac t iv i ty  of HMG CoA reductase .  We canno t  
assure the  M H V A  act ion mechan i sm a t  the  p resen t  s ta te  
of our research,  b u t  t he  effect  r epor ted  here  cont r ibu tes  
to the  developing of new oral ly-act ive agents  for h u m a n  
t h e r a p y  in cholesterol  me tabo l i sm disorders.  
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Summary. Nico t inamide  adenine  dinucleot ide phospha t e  phosphomonoes t e ra se  was isolated and par t ia l ly  purified 
f rom whea t  (Triticum aeslivum L. var. Selkirk) leaves. The enzyme had  KNADP value of 1,4 • 10 -~ M and a p H  op t imum 
of 5.9. In vitro ac t iv i ty  of th is  enzyme was unaf fec ted  by  precursors  of NAD (nicot inamide and  nicot inic  acid) or cyto-  
kinins (kinetin and benzimidazole) .  However ,  when  de t ached  whea t  leaves were t r ea t ed  wi th  solut ions of these  com- 
pounds ,  the  precursors  lowered the  specific ac t iv i ty  while the  cy tokin ins  enhanced  the  act iv i ty .  I t  is suggested t h a t  
spat ia l  separa t ion  and  c o m p a r t m e n t a t i o n  of the  enzyme and  i ts  subs t r a t e  N A D P  account  for t he  similar effect of 
benzimidazole  on both.  

Ear l ier  inves t iga t ions  in th is  l abora to ry  in to  the  effects 
of benzimidazole  on the  me tabo l i sm of excised leaves 
p resen ted  a var ied and  complex  p a t t e r n  of its influences a. 
Amongs t  these  are the  effect  of benzimidazole  on s t ruc ture  
and  in tegr i ty  of chloroplas ts  ~ and the  metabo l i sm of ni- 
co t inamide  nucleot ides  5. A marked  increase was  r epor ted  
in N A D P  con ten t  and  in the  N A D P / N A D  rat io  in de- 
t ached  leaves of Wheat (Triticum aestivum vat .  Selkirk) 
t r e a t ed  wi th  solut ions of benzimidazole  or k ine t in  ~. Ben-  
zimidazole t r ea t ed  leaves fed wi th  radioact ive  precursors  
accumula ted  rad ioac t iv i ty  in N A D P  > NAD, while leaves 
f loated on wa te r  accumula ted  the  r ad ioac t iv i ty  in N A n  
> N A D P  5, L However  NAD b u t  no t  N A D P  was repor ted  

to accelarate  the  senescence of chloroplas ts  in plasmo- 
lyzed p ro top las t s  of Elodea leaves 8. X~OSHIDA'S work was 
ex t en d ed  in th is  l abora to ry  to d e t ach ed  unp lasmolyzed  
leaves of Elodea and wheat .  In  bo th  cases N A n  bu t  no t  
N A D P  accelerated the  senescence (as measured  by  chlo- 
rosis) of de t ached  leaves and  benzimidazole  overcame 
th is  effectL These s tudies  suggest  t h a t  the  senescence of 
de tached  w h e a t  leaves and the  effect  of cytokin ins  on se- 
nescence are d i rec t ly  or indi rec t ly  connec ted  to the  ratio 
of the  concen t ra t ions  of NAD and  N A D P  in w h e a t  leaves. 
NAD kinase (EC 2.7.1.23) which  phosphory la t e s  NAD to 
N A D P  9 and N A D P - p h o s p h a t a s e  (EC 3.1.3.2) which 
hydro lyzes  N A D P  to NAD 10,11 appea r  to  p lay  i m p o r t a n t  
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ro les  in  r e g u l a t i n g  t h e  r a t i o  of  N A D  to  N A D P .  I n  t h i s  in -  
v e s t i g a t i o n  t h e  e f f ec t  of  k i n e t i n  a n d  b e n z i m i d a z o l e  on  t h e  
a c t i v i t y  of  N A D P - p h o s p h a t a s e  a n d  on  t h e  l eve l s  of  t h e  
e n z y m e  in  d e t a c h e d  w h e a t  l e a v e s  t r e a t e d  w i t h  b e n z i m i -  
d a z o l e  a n d  k i n e t i n  we re  s t u d i e d .  

S e l k i r k  w h e a t  (Tr i t i cum aest ivum L.  va r .  Se lk i rk)  w a s  
g r o w n  in  t h e  g r e e n h o u s e  for  8 to  1 l  d a y s  a n d  t h e  p r i m a r y  
l e a v e s  we re  u s e d .  

E n z y m e  i s o l a t i o n  w a s  c a r r i e d  o u t  in  a co ld  r o o m  m a i n -  
t a i n e d  u n d e r  5 ~ L e a v e s  w e r e  w a s h e d  a n d  h o m o g e n i z e d  
w i t h  1.5 v o l u m e s  (w/v) of  50 m M  I r i s  a c e t a t e  bu f f e r ,  p H  
7.3, c o n t a i n i n g  1.0 m M  E D T A  for  5 r a in  a t  0 to  5~ T h e  
h o m o g e n a t e  w a s  s q u e e z e d  t h r o u g h  4 l a y e r s  of  c h e e s e c l o t h  
a n d  c e n t r i f u g e d  (as all  s u b s e q u e n t  c e n t r i f u g a t i o n s  were)  a t  
20 ,000  x g  for  20 m i n .  T h e  s u p e r n a t a n t  w a s  s u b j e c t e d  to  a 
s t e p - w i s e  f r a c t i o n a t i o n  b y  t h e  a d d i t i o n  of  so l id  a m m o n i u m  
s u l p h a t e  a n d  t h e  s u s p e n s i o n  w a s  s t i r r e d  s l o w l y  for  2 h 
a f t e r  e a c h  s t e p .  T h e  p r o t e i n  p r e c i p i t a t e d  b e t w e e n  2 5 %  to  
8 0 %  a m m o n i u m  s u l p h a t e  s a t u r a t i o n  w a s  c o l l e c t e d  b y  
c e n t r i f u g a t i o n  a n d  r e d i s s o l v e d  in  a v o l u m e  of  50 m M  
Tris  a c e t a t e  bu f f e r ,  p H  7.3 c o n t a i n i n g  1.0 m M  E D T A  
e q u a l  to  x/2 t h e  v o l u m e  of  t h e  i n i t i a l  c r u d e  e x t r a c t .  A n  
e q u a l  v o l u m e  of 2 %  p r o t a m i n e  s u l p h a t e  w a s  a d d e d  
s l o w l y  w i t h  c o n s t a n t  s t i r r i n g  to  t h e  f i r s t  a m m o n i u m  su l -  
p h a t e  f r a c t i o n .  T h e  d e n a t u r e d  p r o t e i n  w a s  r e m o v e d  b y  
c e n t r i f u g a t i o n .  T h e  s u p e r n a t a n t  w a s  d i a l y z e d  o v e r n i g h t  
a g a i n s t  2 c h a n g e s  of  a t o t a l  of  20 v o l u m e s  of  50 m M  Tris  
a c e t a t e  b u f f e r  a t  p H  6.0 c o n t a i n i n g  1.0 m M  E D T A .  T h e  
p r e c i p i t a t e  f o r m e d  d u r i n g  d i a l y s i s  w a s  r e m o v e d  b y  c e n t r i -  
f u g a t i o n  a n d  d i s c a r d e d .  T h e  d i a l y s a t e  w a s  f r a c t i o n a t e d  
b y  t h e  a d d i t i o n  of so l id  a m m o n i u m  s u l p h a t e  a n d  t h e  
p r o t e i n  p r e c i p i t a t i n g  b e t w e e n  4 5 %  t o  6 5 %  a m m o n i u m  
s u l p h a t e  s a t u r a t i o n  w a s  co l l e c t ed  b y  c e n t r i f u g a t i o n .  I t  
w a s  d i s s o l v e d  in  a s m a l l  v o l u m e  of  50 m M  Tris  a c e t a t e  
b u f f e r ,  p H  7.3, c o n t a i n i n g  1.0 m M  E D T A  a n d  d i a l y z e d  
for  48 h a g a i n s t  2 c h a n g e s  of  t h e  s a m e  bu f fe r .  T h e  e n z y m e  
w a s  c e n t r i f u g e d  a f t e r  d i a l y s i s  to  r e m o v e  a n y  i n s o l u b l e  
p r o t e i n s  p r e s e n t  ~~ 11 

T h e  d a t a  o n  t h e  i n t r a c e l l u l a r  l o c a l i z a t i o n  of  N A D P  
p h o s p h o m o n e s t e r a s e  a re  s h o w n  in  T a b l e  1. N A D P  p h o s -  
p h a t a s e  a c t i v i t y  c o u l d  n o t  b e  d e t e c t e d  in  t h e  h i g h l y  p u f f -  
I ied c h l o r o p l a s t s  i s o l a t e d  b y  t h e  ' l a c e r a t i o n  t e c h n i q u e '  of  
MACHE a n d  WAYGOOD ~2. O n  t h e  o t h e r  h a n d ,  t h e  e n z y m e  
a c t i v i t y  w a s  a p p a r e n t l y  r e s t r i c t e d  c o m p l e t e l y  t o  t h e  
s u p e r n a t a n t .  

N i c o t i n i c  a c id  a n d  n i c o t i n a m i d e ,  p r e c u r s o r s  of  N A D  
b i o s y n t h e s i s  S, 7 h a d  l i t t l e  o r  n o  e f f ec t  o n  t h e  in  v i t r o  ac -  
t i v i t y  of  N A D P - p h o s p h a t a s e .  S i m i l a r l y  b e n z i m i d a z o l e  
a n d  k i n e t i n  w h i c h  i n f l u e n c e  t h e  l eve l s  of  N A D P  in  t h e  
w h e a t  l e a v e s ~  we re  w i t h o u t  e f fec t .  T h e  r e s u l t s  a r e  s h o w n  
in  T a b l e  I I .  
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E x c i s e d  l e a v e s  in  5 g b a t c h e s  we re  w a s h e d ,  d r i e d  w i t h  
p a p e r  t o w e l s  a n d  f l o a t e d  for  3 d a y s  in  g l a s s  t r a y s  w h i c h  
c o n t a i n e d  e i t h e r  250 m l  of  d i s t i l l ed  w a t e r  o r  a s o l u t i o n  of  
o n e  of  t h e  fo l l owing  c h e m i c a l s :  n i c o t i n i c  a c id  (1.0 m M ) ;  
n i c o t i n a m i d e  (1.0 m M ) ;  N A D  (1.0 r a M ) ;  b e n z i m i d a z o l e  
(424 # M )  or  k i n e t i n  (93 # M ) .  T h e  t r a y s  we re  c o v e r e d  
w i t h  S a r a n  W r a p  a n d  p l a c e d  in  a g r o w t h  c h a m b e r  a t  
21~  u n d e r  c o n t i n u o u s  i l l u m i n a t i o n  a t  a l i g h t  i n t e n s i t y  
of  1500 f t  c. 

T h e  t r e a t e d  l e a v e s  we re  r i n s e d  s e v e r a l  t i m e s  w i t h  
d i s t i l l ed  w a t e r  a n d  t h e  e n z y m e s  e x t r a c t e d  as  d e s c r i b e d  
ear l ie r .  T h e  r e s u l t  of  t h e  e f fec t  of  v a r i o u s  t r e a t m e n t s  on  
t h e  l eve l  of  N A D P  p h o s p h o m o n o s t e r a s e  in  d e t a c h e d  
w h e a t  l e a v e s  a r e  s h o w n  in  T a b l e  I I I .  T h e  l eve l s  of  N A D P  
p h o s p h a t a s e  a c t i v i t y  d e c r e a s e d  in  t h e  l e a v e s  f l o a t e d  on  

Table I. Intracellular localization of NADP Phosphomonoesterase ~. 

Total enzyme units b 

Fraction Experiment I Experiment II 

Chloroplast sonicate 0 0 
Supernatant 7.5 8 

~The assay system contained Tris acetate buffer pH 6.5,100 p.moles; 
EDTA 0 1 p.mole; ethanol, 180 ~xmoles; alcohol dehydrogenase from 
Baker's yeast in excess; enzyme preparation 0.1 ml; and NADP, 0.5 
p.mole in a total volume of 3.0 ml. The reaction was started with 
the addition of NADP. The NAD formed was reduced by the alcohol 
dehydrogenase system 15 to NADH and the increase in absorbance at 
340 nm was measured using silica euvettes of 1 cm light path in a 
Unicam SP800 automatic recording spectrophotometer, bOne en- 
zyme unit is defined as the amount  of enzyme which catalyses the 
formation of 1 [zmole of product in 5 minutes. 

Table II. Effect of nicotinic acid, nicotinamide, benzimidazole and 
kinetin on NADP phosphonlonoesterase 

Compounds Concentration (M) Activity 

Nicotinic acid 10 -4 96.6 
2 X 10 4 93.3 
2 • 10 -~ 93.3 
4 • 10 -3 90 

Nieotinamide 10 .4 95 
10 a 93.3 
2 • 10 -8 93.3 

Kinetin 3.1 • 10 -~ 100 
7.7 • 10 .6 100 
1.5 • 10 -5 103 
3.1 • 10 .5 106.6 

13enzimidazole 1.4 • 10 -5 100 
7.0 x 10 -5 93.3 
1.4 • 10 _4 93.3 

Assay system contained Tris acetate buffer, pH 6.0, 100 p.moles; 
EDTA 0.1 [*mole; and 0.1 ml enzyme preparation in a total volume 
of 3.0 ml. No preincubation with added compounds. The reaction 
was started by the addition of enzyme preparation and incubated 
at 37~ It was terminated by heating at 100~ for 2 rain. Or- 
thophosphate liberated was determined at 650 nm as a phospho- 
molybdate complex reduced by ascorbie acid according to the 
method of WAYGOOD 16. The system contained 1.0 M Am. acetate 
(pH 4.0) 2.0 ml, 5% Am. molybdate 0.5 ml, an aliquot of Pi, 1% 
ascorbie acid 1.0 ml, made up to a final volume 10 ml with distilled 
H20.  
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Table III. NADP phosphatase ~ activity in detached wheat leaves 
treated with nicotinic acid, nieotinamide, NAD, benzimidazole or 
kinetin 

Specific activity b 
Protein (mg/ml) (EU/mg protein) 

Experiment No. Experiment No. 
I II I II 

hnmediately detached 11.0 10.2 2.19 2.3 
Water 9.8 9.5 2.33 2.40 
Nicotinic acid 9.5 9.2 1.77 2.22 
Nieotinamide 9.6 9.0 3.27 2.89 
NAD 10.0 9.1 1.44 1.89 
Benzimidazole 10.2 9.8 2.51 3.09 
Kinetin 10.1 9.8 3.53 3.38 

�9 Spectrophotometric assay for NAD formed in 33 mM Tris at pH 6.0. 
bOne enzyme unit is defined as the amount of enzyme which cata- 
lyses the formation of 1 ~xmole of NAD in 5 min. 

NAD and nicotinic acid. The leaves f loated on kinet in  
and  benzimidazole  showed an increase in N A D P  phos-  
pha tase  act iv i ty .  

The N A D P - p h o s p h a t a s e  in this  s t u d y  resembles  the  
enzyme  from pea  leaves isolated by  FORTI et a111. Both  
are acid phospha tases  which hydro lyze  N A D P  at  h igh 
rates.  The KNADP value of t he  acid phospha ta se  f rom 
whea t  leaves was 1.4 x 10 -4 M in this  s t u d y  (c.f. 3 X 10 -4 
M for the  pea leaf enzyme).  Or thophospa t e  was found to 
be a compet i t ive  inhibi tor  of b o t h  whea t  leaf phospha ta se  
and  pea leaf phospha tase .  The Kiq (K, (p,)) was 1.7 • 10 4 
M in th is  s tudy.  

The specific ac t iv i ty  of N A D P - p h o s p h a t a s e  in excised 
w h e a t  leaves t r ea ted  wi th  solutions of k inet in  or benzi-  

midazole  increased ap p ro x i ma t e l y  20% while t he  leaves 
t r e a t ed  wi th  solutions of nicotinic acid or NAD lost  abou t  
20% of the  specific act ivi ty .  However ,  MISHRA and 
WAYaOOD 6 repor ted  t h a t  w h e a t  leaves t r e a t ed  wi th  
benzimidazole  or kinet in  had  an i n c r e a s e d  N A D P  con- 
t e n t  and a fairly co n s t an t  N A D - N A D P  rat io in fresh 
leaves. As the  N A D P  phospha ta se  was an act ive enzyme 
even in the  crude  whea t  leaf ex t r ac t  th is  indicates  t h a t  a 
regula tory  factor  o ther  t h a n  the  enzyme level controls  
the  N A D / N A D P  rat io in t he  leaves. If so, an increase in 
the  specific ac t iv i ty  of N A D P - p h o s p h a t a s e  in v i t ro  will 
no t  necessar i ly  cause the  decrease of N A D P  co n t en t  in 
vivo. This regula t ion is faci l i ta ted fu r ther  by  the  com- 
p a r t m e n t a t i o n  of the  enzyme and  subs t ra te  in separa te  
loci. The main  pool of N A D P  in leaves t r ea t ed  wi th  the  
cytokin ins  is poss ib ly  in the  chloroplas ts  while N A D P -  
phospha ta se  was located outside the  chloroplasts .  Benzi-  
midazole  by  main ta in ing  the  s t ruc tura l  in tegr i ty  of the  
chloroplas ts  p reven t s  ' leaching'  of the  N A D P  f rom chlo- 
roplas ts  and hence  the  enzymic  hydro lys is  to NAD.  Ben- 
zimidazole also favours  the  synthes is  of N A D P  (presum- 
ably  f rom NAD).  Benzimidazole  sus t i tu t ion  for the  ni- 
co t inamide  moie ty  of NAD has been repor ted  by  KAPOOR 
and  WAYGOOD la. This subs t i tu t ion  react ion toge the r  
wi th  enhanced  t r anshydrogenase  14 and  p re sumab ly  also 
NAD kinase ac t iv i ty  and the  spat ial  separa t ion  of N A D P -  
phospha ta se  f rom its subs t ra te  poss ibly  explain  the  
seemingly con t rad ic to ry  s i tua t ion  of an increase in the  
levels of bo th  N A D P  and N A D P - p h o s p h a t a s e  in leaves 
t r ea t ed  wi th  benzimidazole15. 

16 M. KAPOOR and E.R. WAYGOOD, Can. J.Biocheln. 43, 165 (1965). 
14 C. E. JoG M. Sci. Thesis, University of Manitoba (1970). 
15 E. RACKER in Methods of Enzymology (Eds. S. P. COLOWlCK and 

N. O. KAPLAN; Academic Press, New York, 1955), vol. 1, p. 500. 
16 E. R. WAYGOOD, Can. J. Res. 26c, 461 (1948). 
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s o m e  I n v e r s i o n  

C. van HEEMERT and W. J. VAN DEN BRINK 
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lands), 23 October 1975. 

Summary. W i t h  the  use of a per icentr ic  inversion in chromosome 3, an eye color m u t a n t  in the  onion fly was located in 
ch romosome  3. No recombina t ion  occurs in males;  40.2% recombina t ion  was observed in females. This l inkage th rough  
the  male facil i tates fu r ther  cy togenet ic  research on s t ruc tura l  aber ra t ions  involving chromosome 3. 

Genet ic  research on the  onion fly Hylemya antiqua 
Meigen has  been unde r t aken  in the  con t ex t  of genet ic  in- 
sect  control .  Several  X - r a y  induced  chromosomal  re- 
a r r angemen t s  ( t ranslocat ions  and  inversions) associated 
wi th  reduced  fer t i l i ty  have  been  s tudied  1-a. Unfo r tun -  
ately,  no morphological  markers  have  ye t  been  isolated. 
Such markers  are useful for the  isolation of homozygous  
t rans loca t ions  or inversions;  cy togene t ic  analysis  alone 
being more  t ime-consuming.  Recen t ly  we have  received 
a whi te  eye (ww) marker  s tock f rom Canada4;  t he  wild 
t y p e  flies are red eyed (w+w+). This m u t a n t  is no t  sex- 
l inked 5, t hus  i t  will be located on 1 of the  5 au tosomes  
(2n=12). W i t h  the  aid of a per icent r ic  inversion,  i t  was 
possible to  assess on which ch romosome  this  whi te  eye 
marker  is located.  

Invers ion  In(3)2 was used in which  ch romosome  3 is 
involved 1, see Figure.  In  mi to t ic  metaphases ,  the  in- 
vers ion he te rozygous  ( In /+)  ka ryo types  could be dis- 
c r imina ted  f rom the  + / +  types  on the  basis of the  dif- 
fe rent  a rm-ra t io  of the  inver ted  chromosome in com- 
b ina t ion  wi th  t he  t ranspos i t ion  of a secondary  constr ic t ion 
f rom the  shor t  a r m  of the  no rma l  ch romosome  to  t he  long 
a rm of the  inve r t ed  chromosome (Figures c and  e). In  
meiot ic  stages, t he  inversion he te rozygous  types  could 
be ident i f ied b y  the  presence  of a clear r ing or b u m p  a t  
one end of the  ch romosome  3 b iva len t  (Figures d and f). 
The fer t i l i ty  is app rox ima te ly  30% reduced  (70% egg 
hatch) ,  as measured  f rom tes t -crossed  invers ion hetero-  
zygous ( I~ /+)  females (chiasmate),  while In~+ males 
have  a normal  fer t i l i ty  due to  the  absence  of ch iasmata .  


