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S u m m a r y  

A n u m b e r  of ba s i ca l l y  s u b s t i t u t e d  b e n z i m i d a z o l e s  
show a s t r o n g  ana lges ic  a c t i v i t y  in  mice,  ra t s ,  r a b b i t s ,  
and  dogs.  Q u a l i t a t i v e l y  t h e y  a c t  v e r y  s imi l a r ly  t o  
m o r p h i n e  a n d  c o r r e s p o n d i n g  s y n t h e t i c  a n a l g e t i c s  a n d  
the  m o s t  a c t i v e  of t h e s e  c o m p o u n d s  a re  q u a n t i t a t i v e l y  
super ior  t o  all  a n a l g e t i c s  h i t h e r t o  desc r ibed .  

K i n e t i c s  o f  P e n i c i l l i n a s e  A c t i v i t y  

Penic i l l inase ,  n e x t  to  ca ta l a se ,  h a s  one  of t h e  h i g h e s t  
t u r n o v e r  n u m b e r s  k n o w n  (1.48 × 10 ~ M of s u b s t r a t e  
h y d r o l y s e d  pe r  ra in  a t  300)  1. I t  is of i n t e r e s t  t h e n  to  
d e t e r m i n e  w h e t h e r  MICHAELIs-MENTEN k ine t i c s  app l i e s  
in t h i s  i n s t ance .  

R a t e  of h y d r o l y s i s  of b e n z y l  pen ic i l l in  b y  pen ic i l l inase  
from B .  sub t i l i s  ( commerc i a l  p r e p a r a t i o n ;  C o m m o n -  
w e a l t h  S e r u m  L a b o r a t o r i e s ,  Aus t r a l i a )  h a s  b e e n  in-  
v e s t i g a t e d  b y  a s l igh t  m o d i f i c a t i o n  of t h e  m e t h o d  of 
WISE a n d  TWIGG 2. P r e l i m i n a r y  e x p e r i m e n t s  h a v i n g  
shown t h a t  t h e  ef fec t  of p o t a s s i u m  ch lo r ide  in  t h e  r a n g e  
of c o n c e n t r a t i o n  0 .002-0 .08  M on t h e  r a t e  was  negl igible ,  
a c o n s t a n t  ionic  s t r e n g t h  of 0.02 m a i n t a i n e d  b y  p o t a s s i u m  
chlor ide was  used  in t h e  p r e s e n t  i n v e s t i g a t i o n .  

R e s u l t s  i n d i c a t e  t h a t  t h e  r e a c t i o n  fol lows 1V[ICHAELIS- 
MENTEN k ine t i c s  3, a t  l e a s t  b e t w e e n  c o n c e n t r a t i o n s  of 
s u b s t r a t e  20 a n d  0-2 t i m e s  t h e  a p p a r e n t  MICHAELIS 
c o n s t a n t  K ". T h i s  is e v i d e n t  f r o m  a p lo t  of 

m 

(t + IS]) a g a i n s t  log IS?. 
V" 

(Fig. 1 ; w h e r e  t is t h e  t i m e  in m i n u t e s ,  IS? is t h e  con-  
c e n t r a t i o n  of pen ic i l l in  r e m a i n i n g ,  a n d  V'  is t h e  a p p a r e n t  
m a x i m u m  [zero order]  v e l o c i t y  e x p r e s s e d  as  mole  p e r  
rain • 105, a t  25 ° C, p H  6-58 a n d  ionic  s t r e n g t h  0.02.) 

T 

-..._ 

8'0 

5'0 

4.0 

3.0 

&O 

7.o 

0"5 7 Z 3 4 5 70 20 304050 
[S] (loft scale) - -  

Fig, 1. 
Time difference plot (see text for explanation). 
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L i n e a r i t y  of t h e  t i m e  d i f f e rence  

( t + [ S ] +  V' + cons tan t ;  

i.e. a c t u a l  t ime ,  less t i m e  c a l c u l a t e d  for  zero o rde r  k ine-  
t ics)  w i t h  log ES] is in  accord  w i t h  t h e  r e l a t i o n s h i p  

-- V'" t = IS? + K m" In IS? + cons tan t  

o b t a i n e d  on  i n t e g r a t i o n  of t h e  MICHAELlS-MENTEN r a t e  
e q u a t i o n  s . 

V a r i a t i o n  w i t h  p H  of  t h e  p a r a m e t e r s  V" a n d  Kin' ,  e s t i -  
m a t e d  b y  LINEWEAVER-BURK p lo t s  4 a n d  c o r r e c t e d  for  
t h e  s econd  d i s soc i a t i on  c o n s t a n t  of penic i l lo ic  ac id  
p K A , ,  5"35 G, is s u m m a r i s e d  in F i g u r e  2. T h e s e  r e su l t s  a re  

?5 

2 

7 

# × 
I 

I 

I x  
l / 

o ° o o ° o i t  

~,~ 

- - -~ - - - ,  2 -  ~ ' ~  ~ 

pll -, '- 

Fig. ~. 

Variation of the parameters V t and Kin' with pH. 
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c o n s i s t e n t  w i t h  c o m p e t i t i v e  i n h i b i t i o n  of t h e  e n z y m e  b y  
h y d r o x y l  ions  i n v o l v i n g  f u n c t i o n a l  g r o u p s  of p K A  "~ 7"9, 
a n d  w i t h  a n t i - c o m p e t i t i v e  i n h i b i t i o n  S i n v o l v i n g  f u n c t i o n -  
al  g r o u p s  of p K A  ~ 8"8. Curves  s h o w n  in  t h e  F i g u r e  re-  
p r e s e n t  t h e  e x p e c t e d  v a r i a t i o n  of t he  p a r a m e t e r s  
c a l c u l a t e d  7 on  t h i s  basis .  

A t  p H  7.14 a n d  in t h e  t e m p e r a t u r e  r a n g e  22 ° to  43 ° C, 
t h e  p a r a m e t e r s  V'  a n d  Kra '  show a v a r i a t i o n  w i t h  
t e m p e r a t u r e  in  acco rd  w i t h  t h e  ARRHENIUS equa t ionS :  

- 5700 
V" = A e R T  

a n d  
-- 700 

Kin" = 1"46×10-4e  R T  M 

where  R = 1.99 caI p e r  degree ,  a n d  A "is a c o n s t a n t .  A 
s l i gh t  d e v i a t i o n  o b s e r v e d  a t  47 ° m a y  be  d u e  to  p a r t i a l  
i n a c t i v a t i o n  of t h e  e n z y m e  u n d e r  these  cond i t i ons .  

V a r i a t i o n  of t h e  p a r a m e t e r s  Kra '  a n d  V'  were  less t h a n  
t h e  e x p e r i m e n t a l  e r ro r  e i t h e r  for  a t h r e e f o l d  d i l u t i o n  of  
t h e  e n z y m e  or  for  c h a n g e  in  c o n c e n t r a t i o n  of t h e  r eac -  
t i on  p r o d u c t s  in  t h e  r a n g e  3 × 10-4- -3  × 10 -8 M .  
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V a r i a t i o n  of V" w i t h  p H  (Fig. 2) is r e a s o n a b l y  in  ac- 
co rd  w i t h  t h e  r e su l t s  of POLLOCK et al. 9, w h o  f o u n d  t h e  
g r e a t e s t  zero o rde r  v e l o c i t y  to  occu r  in  t h e  reg ion  of 
p i t  6, b u t  d i f fers  c o n s i d e r a b l y  t r o m  t h a t  f o u n d  b y  
ear l ie r  workers .  I t  s h o u l d  be  n o t e d  t h a t  fa i lure  to  t a k e  
a c c o u n t  of s ing ly  ionised  penici l loic  ac id  (pKa 5.35~) m a y  
i n t r o d u c e  cons ide r ab l e  e r ro r  a t  p H  va lues  be low 7 w h e n  
a n  a l k a l i m e t r i c  or m a n o m e t r i c  m e t h o d  is emp loyed .  F o r  
e x a m p l e ,  the u n c o r r e c t e d  r e su l t s  of t h e  p r e s e n t  in-  
v e s t i g a t i o n  led to  a spu r ious  f l a t  t o p p e d  m a x i m u m  for  V'  
b e t w e e n  p H  v a l u e s  6.6 a n d  7.6. T h i s  m a y  a c c o u n t  in  p a r t  
for  some d i sc repanc ie s  in  t h e  l i t e r a t u r e ;  m a x i m a  h a v e  
b e e n  v a r i o u s l y  r e p o r t e d  a t  p H  7-8x, a n d  6-9-7-6 *°, for  
example .  I n  t h e  l a t t e r  case  ( m a n o m e t r i c  m e t h o d )  t h e  
f l a t  t o p p e d  c u r v e  de sc r ibed  a p p e a r s  l i t t l e  d i f f e r en t  f r o m  
the  p lo t  of u n c o r r e c t e d  V' va lues  o b t a i n e d  in t h e  p r e s e n t  
i n v e s t i g a t i o n .  

J.  E. BANFIELD 
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Armidale, N .S .W.  (Australia), February 19, 7957. 

Zusammenfassung 

Die K i n e t i k  d e r  P e n i c i l l i n h y d r o l y s e  d u t c h  Pen ic i l l i na se  
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B i o c h e m i c a l  P r e d e t e r m i n a t i o n  in Drosophila 

i n  t h e i r  p a p e r  c h r o m a t o g r a p h i c  s t u d y  of t h e  deve lop -  
m e n t  of Drosophila melanogaster, HA~ ORN a n d  MITCHELL 1 
d e m o n s t r a t e d  t h a t  t h e  eggs c o n t a i n e d  a b lue  f l uo r e s cen t  
s u b s t a n c e  r e f e r r ed  to  as F1 6, T he  m a t e r i a l  d i s a p p e a r e d  
a t  t h e  b e g i n n i n g  of l a r v a l  s t ages  a n d  d id  n o t  r e a p p e a r  
u n t i l  t h e  e n d  of l a r v a l  life. I n  y o u n g  a d u l t s  F1 6 w as  
c l ea r ly  d e m o n s t r a t e d  o n l y  in females .  No  o t h e r  f luores -  
c e n t  m a t e r i a l s  were  f o u n d  in  t h e  Drosophila eggs. I n  
Ephestia ki~hniella t h e  eggs h a v e  b e e n  s h o w n  to  c o n t a i n  
seve ra l  f l u o r e s c e n t  c o m p o u n d s %  D A N N E E L  a n d  ZIMMER-  
MANN f o u n d  t h a t  t h e  F1 6 of HADORN a n d  MITCHELL is 
k y n u r e n i n e  3, As wou ld  be  expec t ed ,  k y n u r e n i n e  was n o t  
found  in vermilion {v) flies, s ince  t h i s  m u t a n t  is u n a b l e  
to  c a r r y  o u t  t h e  s y n t h e s i s  of k y n u r e n i n e  f rom t r y p t o -  
p h a n e  4. 

The  classical  e x a m p l e  of p r e d e t e r m i n a t i o n  in Epheslia 
is be l ieved  to  be  due  to  t h e  d e p o s i t i o n  of k y n u r e n i n e  or  is 
some  r e l a t e d  c o m p o u n d  i n  t h e  eggs  of k y n u r e n i n e -  
c o n t a i n i n g  females  ~. T h u s  t h e  o f f sp r ing  of t he se  f ema les  
c a n  fo rm the  o m m o c h r o m e  p i g m e n t s  d e r i v e d  f r o m  
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Kynurenine in 200 eggs of various matings. The amount of kynure- 
nine is expressed in terms of arbitrary units of fluorescence. 

Mating 

+ +  x +  
+ v x o 

v v  "-x+ 
v v X v 

Fluorescence 

120 :}: 3,0 
110 ~ 5,O 
3,3 ± 1,1 
1,5 ± 1,2 

k y n u r e n i n e  r ega rd le s s  of t h e i r  g e n o t y p i c a l l y  induced 
i n a b i l i t y  to  s y n t h e s i z e  k y n u r e n i n e .  M a t e r n a l  inher i tance  
h a s  a lso b e e n  d e m o n s t r a t e d  w i t h  r e g a r d  to  t h e  egg pig- 
m e n t s  of t h e  s i lkworm,  Bombyx mori s. By  means  of 
p a p e r  c h r o m a t o g r a p h y  a n d  f luorescence  measurements ,  
k y n u r e n i n e  m e t a b o l i s m  c a n  r ead i l y  be  s t u d i e d  quanti-  
t a t i v e l y  desp i t e  t h e  a b s e n c e  of v i s ib le  p i g m e n t s  in 
Drosophila eggs. T h e r e f o r e  i t  a p p e a r e d  to  be  of some 
i n t e r e s t  to  i n v e s t i g a t e  poss ib le  m a t e r n a l  effects in 
Drosophila melanogaster. 

Eggs  f rom a v e r m i l i o n  s t r a i n  c l ea r ly  l acked  kynure-  
n ine  e v e n  w h e n  400 eggs were  used  for  a s ingle  chromato-  
g r a m .  \ V i t h  wi ld  t y p e  flies of t h e  s t r a i n  Sevelen,  a spot 
c o r r e s p o n d i n g  in R f  a n d  f luorescence  w i t h  kynuren ine  
cou ld  r ead i l y  b e  d e m o n s t r a t e d  w i t h  50 eggs. The  eggs 
were  col lec ted ,  f r o m  s t a n d a r d  food c o n t a i n i n g  yeast, 
w i t h  a need le  a n d  s q u a s h e d  w i t h  a glass rod  d i rec t ly  on 
t h e  p a p e r  for  c h r o m a t o g r a p h y .  No spec ia l  s teps  were 
t a k e n  to  free t h e  eggs f r o m  t h e  y e a s t  w i t h  which  they 
were  c o n t a m i n a t e d  s ince  c h r o m a t o g r a p h y  of yeas t  alone 
s h o w e d  no  f l uo re scen t  spo t s  w h i c h  would  in te r fe re  with 
m e a s u r e m e n t s  of k y n u r e n i n e .  A s c e n d i n g  chromato-  
g r a m s  were p r e p a r e d  u s i n g  p r o p a n o I - 1 %  aqueous  am- 
m o n i a  (2:1)  as  t h e  d e v e l o p i n g  so lven t .  I n  exper iments  
i n v o l v i n g  f l uo re scen t  m e a s u r e m e n t s ,  200 eggs 1 4- 1 h 
o ld  were  used.  Af t e r  t h e  s o l v e n t  f r o n t  h a d  m o v e d  ca. 22 
c m  t h e  c h r o m a t o g r a m s  were r e m o v e d  a n d  dr ied  a t  room 
t e m p e r a t u r e .  C h r o m a t o g r a m s  were  e x a m i n e d  for fluores- 
cence  w i t h  a long  w a v e  l e n g t h  U V  l a m p .  Measurement s  
were  m a d e  d i r e c t l y  on  t h e  p a p e r  u s ing  t he  me thod  of 
HADORr¢ a n d  KOHNL Eggs  p r o d u c e d  b y  t h e  matings 
+ v  × v a n d  vv × + were  c o m p a r e d  w i t h  e a c h  o the r  and 
w i t h  h o m o z y g o u s  + a n d  v eggs. B o t h  t h e  above-ment ion-  
ed  m a t i n g s  a re  e x p e c t e d  t o  p r o d u c e  5 0 %  + conta ining 
eggs a l t h o u g h  o b v i o u s l y  d i f f e r e n t  w i t h  r e g a r d  to  sex and 
h e t e r o z y g o s i t y .  

T h e  r e su l t s  of t h e  f luorescence  m e a s u r e m e n t s  are 
s h o w n  in t h e  Tab le .  T h e  d a t a  i n d i c a t e  t h a t  the  ky- 
n u r e n i n e  c o n t e n t  of t h e  eggs is d e t e r m i n e d  b y  the  geno- 
t y p e  of t h e  m o t h e r .  No k y n u r e n i n e  cou ld  be  de tec ted  in 
t h e  eggs of a v f emale  c rossed  w i t h  a + male ,  regardless 
of t h e  f a c t  t h a t  all  f ema le  eggs were  n o w  heterozygous 
for  + .  T h i s  was  also f o u n d  to  be  t r u e  w i t h i n  t i le l imits of 
t h e  t e c h n i q u e  w i t h  200 eggs f r o m  t h e  s a m e  cross  7 :1 :1  h 
old.  T h e  k y n u r e n i n e  w h i c h  is p r e s e n t  i n  1 h eggs from 
+ m o t h e r s  g r a d u a l l y  d i s a p p e a r s  a n d  b y  17 h can  barely 
be  d e t e c t e d  o n  t h e  c h r o m a t o g r a m s .  T h e  va lues  for the 
crosses  vv × + a n d  vv × v in  t he  T a b l e  a re  p r o b a b l y  due 
to  b a c k g r o u n d  f luorescence  a n d  do  n o t  d e m o n s t r a t e  the 
p r e sence  of a n y  k y n u r e n i n e .  

These  i n v e s t i g a t i o n s  s eem to  i n d i c a t e  t h a t  kynurenine  
a c c u m u l a t e s  in  t h e  ovar i e s  of Drosophila a n d  is deposited 
in  t h e  eggs. C h r o m a t o g r a m s  of t h e  ovar i e s  f rom mature 
f emales  r evea l  la rge  a m o u n t s  of t h i s  s u b s t a n c e .  I t  is not 
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