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re lease  of A C T H  in t h e  m o r n i n g  a n d  t h a t  A C T H  s t i m u -  
la tes  t h e  a c t i v i t y  of a d e n y l  cyclase  to  p r o d u c e  cycl ic  
A M P  which ,  in  t u r n ,  s t i m u l a t e s  co r t i cos t e rone  p rodu c -  
t ion.  Th i s  is f u r t h e r  s u p p o r t e d  b y  o b s e r v a t i o n s  t h a t  t h e  
a d e n y l  cyclase  r h y t h m ,  l ike t h e  co r t i cos te rone  r h y t h m  1, 
ha s  t h e  p rope r t i e s  of a c i r cad ian  r h y t h m  and,  in  add i t ion ,  
is e l i m i n a t e d  b y  h y p o p h y s e c t o m y  n.  

T h e  a n i m a l s  w i t h  h y p o t h a l a m i c  les ions p r o v i d e  f u r t h e r  
i n f o r m a t i o n  o n  t h e  cen t r a l  p a t h w a y s  con t ro l l i ng  t h e  
r h y t h m s .  B o t h  t h e  co r t i cos t e rone  (F igure  1) a n d  a d e n y l  
cyclase  (F igure  2) r h y t h m s  are  abo l i shed  b y  b i l a t e r a l  
t r a n s e c t i o n  of t h e  M F B .  I n  these  o p e r a t e d  a n i m a l s  t h e  
co r t i cos te rone  levels  a re  al l  be low the  n o r m a l  levels  b u t  
t h e  d i f ferences  b e t w e e n  t h e  two  g roups  are  on ly  s ign i f i can t  
a t  t h e  p o i n t s  a r o u n d  t h e  p e a k  in  t h e  n o r m a l  curve .  T h e  
M F B  a n i m a l s  a p p e a r  to  show a n  a t t e n u a t e d  c u r v e  b u t  
t h e  d i f fe rence  b e t w e e n  t h e  low (19.00 h) a n d  h i g h  (13 .00h)  
p o i n t s  on ly  a p p r o a c h e s  s t a t i s t i ca l  s ign i f icance  (p < 0.10 
> 0.05; two- t a i l ed  t - test) .  T h e  a d e n y l  cyclase  levels  in  
t h e  M F B  a n i m a l s  show m i n o r  f l u c t u a t i o n s  in  a r a n g e  
a r o u n d  t h e  m i d - p o i n t  in  t h e  n o r m a l  cycle b u t  t h e  c u r v e  
is n e a r l y  f lat .  Thus ,  b o t h  r h y t h m s  are  e l i m i n a t e d  b y  
sec t ion  of t he  M F B ;  a n  ef fec t  i den t i ca l  to  t h a t  of b i l a t e r a l  
M F B  lesions on  p inea l  r h y t h m s  of s e ro ton in  a n d  t h e  
m e l a t o n i n - f o r m i n g  enzyme,  h y d r o x y i n d o l e - O - m e t h y l -  
t r a n s f e r a s e  (HIOMT)  lz. T h e  a l t e r a t i o n  of t h e  H I O M T  
r h y t h m  can  b e  a t t r i b u t e d  to  sec t ion  of a v i sua l  p a t h w a y ,  
t h e  infer ior  accessory  op t i c  t r a c t ,  w h i c h  r u n s  a m o n g  t h e  
f ibers  of t he  M F B  in  t h e  r a t  13 b u t  t h i s  will  n o t  a c c o u n t  
for  t h e  effects  of M F B  sec t ion  on  t he  p inea l  s e r o t o n i n  
or t h e  a d r e n a l  r h y t h m s ,  s ince e l i m i n a t i o n  of v i sua l  i n p u t  
shou ld  n o t  abo l i sh  these  c i r cad i an  r h y t h m s  b u t  on ly  
cause  t h e m  to  b e c o m e  f r e e - r u n n i n g  x, ix. Les ions  t r a n s e c t i n g  
t h e  m e d i a l  f o r e b r a i n  b u n d l e  are  k n o w n  t o  p roduce  sub-  
s t a n t i a l  decreases  in  b r a i n  m o n a m i n e s  14 a n d  shou ld  
des t roy ,  in  pa r t i cu l a r ,  s e r o t o n i n - c o n t a i n i n g  a x o n s  a r i s ing  
in t h e  b r a i n s t e m  r a p h e  nucle i  to  t r a v e r s e  t h e  m e d i a l  
f o r eb ra in  b u n d l e  before  i n n e r v a t i n g  t he  s u p r a c h i a s m a t i c  
nucle i  15 I t  ha s  been  sugges ted  r e c e n t l y  t h a t  t h e  c i r cad i an  
cor t i cos te ro id  r h y t h m  is m e d i a t e d  b y  se ro tonerg ic  n e u r a l  

m e c h a n i s m s  is. I f  t h i s  is t h e  case, a n d  t h e  se ro tonerg ic  
i n n e r v a t i o n  to  t h e  s u p r a c h i a s m a t i c  a r ea  is essent ia l ,  
r a p h e  lesions shou ld  be  e q u i v a l e n t  to  M F B  lesions in  
t h e i r  ef fects  o n  a d r e n a l  r h y t h m s .  T h e  M F B  lesion ef fec t  
on  t h e  a d r e n a l  co r t i cos t e rone  r h y t h m  is v e r y  s imi l a r  to  
t h a t  of a n t e r i o r  d e a f f e r e n t i a t i o n  of t h e  m e d i a l  h y p o -  
t b a l a m u s  1°, sugges t ing  t h a t  b o t h  lesions m i g h t  i n t e r r u p t  
a c r i t i ca l  p a t h w a y  to  t h e  t u b e r a l  h y p o t h a l a m u s .  R e g a r d -  
less of t h e  m e c h a n i s m  of  t h e  M F B  les ion effect,  i t  is 
e v i d e n t  t h a t  t h i s  p a t h w a y  p a r t i c i p a t e s  in  t h e  n e u r a l  
r e g u l a t i o n  of c i r cad i an  r h y t h m s  in t h e  r a t  a d r e n a l  g l a n d  1L 

Zusammen]assung. Nachweis ,  dass  die N e b e n n i e r e n -  
r inde  y o n  R a t t e n  n i c h t  n u r  e ine r h y t h m i s c h e  Tages-  
s c h w a n k u n g  in  i h r e m  G e h a l t  a n  Cor t icos te ron ,  s o n d e r n  
a u c h  e ine  S c h w a n k u n g  im G e h a l t  a n  Adeny l -Cyc la se  
aufweis t .  Diese R h y t h m e n  k C n n e n  d u r c h  eine s te reo-  
t a k t i s c h  ausgef i ih r t e  T r e n n u n g  des  m e d i a n e n  Vorde r -  
h i rnb i inde l s ,  welches  zum H y p o t h a l a m u s  f i ihr t ,  auf-  
g e h o b e n  werden .  
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A C o m p a r i s o n  of L - A s p a r a g i n a s e  f r o m  Erwinia aroideae and f r o m  E $ c h e r i c h i a  coU: B i o c h e m i c a l  
and B i o l o g i c a l  P r o p e r t i e s  

I n  sea rch  of L-asparag inases  f rom sources,  o t h e r  t h a n  
E. coli, w h i c h  were su i t ab l e  for  a large  scale p r o d u c t i o n  
WADE I-s a n d  PETERSON 4,~ f o u n d  seve ra l  s t r a i n s  of t h e  
p l a n t  p a t h o g e n s  Erwinia p r o d u c i n g  n -a spa rag inase  in  
h i g h  yield.  T r e a t m e n t  of mice  b e a r i n g  6 H 3  H E D  t u m o r s  
w i t h  L-asparag inase  f rom Erwinia caused  regress ion  of 
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t h e  t u mo r s .  NORTH e desc r ibed  t h e  c ry s t a l l i z a t i o n  of t h e  
e n z y m e  a n d  some phys i ca l  da t a .  

Since t h e r e  is no  i m m u n o l o g i c a l  c ross - reac t ion  b e t w e e n  
L-asparag inases  f r o m  Erwinia a n d  f r o m  E. coli (F igure  1), 
t h e i r  e x c h a n g e  d u r i n g  l e u k a e m i a  t h e r a p y  m i g h t  b e  
f a v o r a b l e  w h e n  al lergic  r eac t i ons  a re  to  be  expec ted .  
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Fig. 1. Immunodiffusion according to Ouch- 
terlony. Antisera from rabbits are applied to 
the center wells. The left exposure shows the 
precipitation with antiserum against L-aspar 
aginase from Erwinia aroideae, the right ex- 
posure the precipitation with antiserum 
against L-asparaginase from E. colL In both 
exposures sample 1 represents L-asparaginase 
from E. aroideae, sample 2-6 are EC2 L-aspar- 
aginases from various strains of E. coil. 
There is no immunological erossreaction 
between the 2 L-asparaginases. 
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Fig. 2. PAA gel electrophoresis, pH 8.6, 10 V/cm, 3 h. 1. EC2 
L-asparaginase A, E. coli, isoelectric point (IEP): pH 5.0. 2. EC2 
aeetyl L-asparaginase A, IEP: pH 4.5. 3. EC2 L-asparaginase B, 
I E P :  pH 4.8. 4. L-asparaginase, E. aroideae, IEP: pH 8.2. 5. Aeyl 
L-asparaginase, E. aroideae. The IEP is estimated to be in the vicinity 
of pH 4.5. Isoelectric focussing is not possible, since the substance 
decomposes below pH 5. 

E r w i n i a  aroideae N R R L  138 w a s  k i n d l y  s u p p l i e d  b y  
Dr .  PETERSON. T h e  b a c t e r i a  we re  g r o w n  in l iqu id  m e d i a  
a n d  h a r v e s t e d  b y  c e n t r i f u g a t i o n .  T h e  i so l a t i on  of  L-aspa-  
r a g i n a s e  is s h o w n  in T a b l e  I.  

L - a s p a r a g i n a s e  f r o m  E r w i n i a  aroideae is a bas i c  p r o t e i n  
w i t h  a n  i soe lec t r ic  p o i n t  of  p H  8.2. H o w e v e r ,  b y  a c y l a t i o n  
of free a m i n o  g r o u p s ,  t h e  i soelect r ic  p o i n t  sh i f t s  i n to  t h e  
r a n g e  of  p H  4.5. T h e  a c y l a t e d  e n z y m e  r e t a i n s  75% of t h e  
o r ig ina l  a c t i v i t y  ( F i g u r e  2). 

Table I. Purification of L-asparaginase from Erwinia aroideae 

Preparation Specific activity Recovery 
(IU/mg protein) (%) 

1 Homogenized cells 1.1 (100) 
2 Batchwise adsorption on cation 48 75 

exchanger, followed by elution 
3 Concentration by ultrafiltration 142 53 
4 Fractionated precipitation 264 43 
5 Chromatography on 495 33 

cation exchanger 
6 Gelfiltration 600 25 

100 ~ 10 
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0 0 
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pH 
Fig. 3. L-asparaginase and L-glutaminase activities at various 
pH-values. O--O, L-asparaginase from E. aroideae; ©--©, acyl 
L-asparaginase from E. aroideae. The dotted diagrams and the right 
ordinate illustrate the activities with L-glutaminase as the substrate. 

1 H. D. AMESBURY and H. E. WADE, British Patent 40, 343 (1968). 
2 H. E. WADE, British Patent 40, 344 (1968). 
a H. E. WADE, R. ELSWORTH, D. HERBERT, J. KEPPIE and K. SAR o 

GEANT, Lancet 2 (7571), 776 (1968). 
i R. E. PETERSON and A. CIEGLER, Appl. Microbiol. 17, 929 (1969). 

R. E. PETERSON and A. CIEGLER, Appl. Microbiol. 18, 64 (1969). 
A. C. T. NORTH, H. E. WADE and K. A. CAMACK, Nature, Lond. 
224, 595 (1969). 
K. R. WOODS and K. T. WANG, Bioehim. biophys. Acta 133, 369 
(1967). 

8 T. SVEDBERG and K. O. PEDERSEN, The Ultracentri]uge (Oxford 
University Press, New York 1940), p. 262. 

9 H. A. WHELAN and J. C. WRISTON, Biochemistry 8, 2386 (1969). 
10 j .  KIRSCHBAUM, J. C. WRISTON and O. T. RATYCH, Biochim. 

biophys. Acta 194, 161 (1969). 
11 A. ARENS, E. RAUENBUSCH, E. IRION, O. WAGNER, K. BAUER 

and W. KAUFMANN, Hoppe Seyler's Z. physiol. Chem. 351, 197 
(1970). 

12 j .  STAERK, H. HAUPT and T. KRANZ, Experientia 26, 131 (1970). 
12 D. A. YPHANTIS, Ann. N.Y. Acad. Sci. 88, 586 (1960). 
xi H. DETERMANN, Protides Biol. Fluids (Elsevier Publishing Com- 

pany, Amsterdam 1966), vol. 14, p. 563. 

Table I I 

Specific activity N-terminal S ° 20, w Molecular 
IU/mg protein amino acid SVEDBERG units s weight 

L-asparaginase, Erwinia aroideae 550-600 L-AIa 7.0 128,000-142,0006 
122,500 -4- 4,500 

Acyl-L-asparaginase, Erwinia aroideae 410-450 L-Ala, aeylated not estimated not estimated 
EC2 L-asparaginase A, E. coli 270-300 L-Leu 7.5 139,000 ° 

plus 13 255,000, 132,000 l° 
consecutive 240,000, 120,00011 
amino acids n 140,000 lz 
L-Leu, aeetylated 7.5 140,000 ~ 4,000 
L-Leu 7.5 240,000, 120,00011 

EC2 Acetyl-L-asparaginase A, E. coli 
EC2 g-asparaginase B 

190-200 
270-300 

a Our methods for the determination of molecular weight were equilibrium sedimentation la and gelfiltration 14, using a column of Sephadex® 
G 150, equilibrated with 0.1 M TrislHC1, pH 8.0 plus 1 M NaCI. There was good accordance with both methods. 
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L-aspaxaginase from Erwinia aroideae contains no 
carbohydrate. The N-terminal amino acid is L-alanin, 
as determined by dansylation of the pure enzyme fol- 
lowed by hydrolysis and chrorhatographyL 3.3% gluta- 
minase act ivi ty  was found at p H  8.5 with the original 
enzyme, and 2.5% with the acylated enzyme. The 
dependence of the ac t iv i ty  upon pH is shown in ~'igure 3. 
L-asparaginase from Erwinia aroideae loses its enzyme 
act ivi ty  rather quickly in plain buffer, between pH 4 

]OO 
°A 

:~ 50 

pH 
Fig. 4. Heat stability of L-asparaginase from E. aroideae. Residual 
activity was measured after exposure to 37°C for 1 h at pH 4-11. 
ID---O, L-asparaginase; ©--©, acyl L-asparaginase. 

and pH 9, when exposed to temperatures above 30°C; 
however at pH 10 it is rather stable under the same con- 
ditions (Figure 4). Data  from L-asparaginases from 
Erwinia aroideae and from E. coli have been compiled 
for comparison in Table II .  

The clinical application of L-asparaginase from Erwinia 
wilt show whether this enzyme is an agent as suitable 
as L-asparaginase from Escherichia coli for the t rea tment  
of certain types of leukaemia xS. 

Zusammen[assung. L-Asparaginase wurde aus Erwinia 
aroideae gewonnen und durch Fraktionierung wie F~I- 
lungsschritte und Chromatographie um das 500fache 
angereichert. Das Enzym zeigt keine immunologische 
Kreuzreaktion mit  L-Asparaginase aus Escherichia coli. 
Durch Acylierung li~sst sich das basische Protein t-Aspa- 
raginase aus E. aroideae in ein saures Protein unter weit- 
gehendem Erhal t  der EnzymaktiviUit  fiberfiihren. 

J. STAERK, O. ZVVISLER 
and H.-I~ONNEBERGER 

Behringwerke A G, D-355 ]VlarburglLahn 
(Germany), 15. September 1970. 
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E f f e c t  of  A n e s t h e t i c s  on  the  O r g a n i c  Ac id  T r a n s p o r t  S y s t e m  of  R e n a l  T u b u l e s  

Although the effects of anesthesia on renal function 
are often measured by determining the rate at  which 
compounds are secreted by the organic acid transport 
system of proximal convoluted tubules, data are not 
available on the effects of anesthetics on this transport  
system. Using the method of FORSTER and TAGGART 1 
we evaluated in vitro the response of this system to 
clinically effective concentrations of several anesthetics. 

Adult  goldfish (Carassius auratus) were decapitated 
and both kidneys rapidly removed and placed in chilled 
fish Ringer 's  solution (NaC1 100.0, KC1 2.5, CaCI~ 1.5, 
MgCI~ 1.0, NaH~PO 4 0.5, and NaHCO3 10.0 m3:r/1) where 
they were teased apart  into individual tubules which 
were then placed in split Petri  dishes containing 10-5AI 
chlorphenol red in 24 °C fish Ringer's. One side of the 
dish served for control studies (without anesthetic) while 
tubules from the same kipney were simultaneously 
exposed to anesthetic on the other side of the divider. 
Control observations confirmed tha t  functional viabil i ty 
persisted for over 6 h. Nitrous oxide (80% in oxygen) 
was compared to nitrogen (80% in oxygen) while halo- 
thane (2.0%) and methoxyflurane (1.2%) in oxygen were 
compared to paired controls exposed to 100% oxygen. 
Thiopental studies were performed during exposure to 
room air. Because of the high pH of thiopental  solutions, 
0.01M secondary-tertiary sodium phosphate buffer, 
pH  7.4, was added to the fish Ringer 's  solution and 
comparisons were made between effects of buffer alone 
and buffer plus thiopental. Anesthetics were insufflated 
through the media for 1 h before the tubules were added. 
The t ime required for the first discernable appearance 
of dye intraluminatly was determined visually using low 

power (×50-400) light microscopy, together with the 
t ime required before a t ta inment  of maximal  concentra- 
tion. Means and standard deviations were calculated for 
each series and its paired controls. The two-sample t-test 
was used to determine the statistical significance of the 
difference between two means. Significance was assumed 
if resulting p values were 0.05 or less. 

As shown in Tables I and I I  halothane had no effect 
on the rate at which dye was transported by renal tubules. 
Methoxyflurane did not  affect the t ime required for 
appearance of detectable amounts of intraluminaI dye 
but  did prolong the t ime for maximal  concentrations to 
be achieved. Nitrous oxide increased the t ime to first 
appearance of dye but had no effect on the t ime required 
for peak dye concentrations to be reached. Both con- 
centrations of thiopental  significantly prolonged the t ime 
of first dye appearance, as well as the t ime of peak 
concentration. 

The fact that  nitrous oxide and methoxyflurane had 
different effects on the 2 measurements (time of dye 
appearance and t ime for a t ta inment  of peak concentra- 
tion) suggests tha t  different anesthetics may act in dif- 
ferent ways. The fact that  halothane had no effect 
implies tha t  inhibition of this tubular transport  system 
is not a characteristic of all anesthetics. 

The concentrations of anesthetics used in the present 
study correspond to concentrations used in clinical 

R. P. FORSTER and J. V. TAGGART, J. Cell comp. Physiol. 36, 251 
(1950). 


