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effekt iven Konzen t ra t ionen  der drei un tersuchten  Sub- 
s tanzen fiir beide Sys teme verschieden.  Fi i r  die inot rope 
Wirkung  ergibt  sich eine Rela t ion  fiir D ig i tox in :S t roph-  
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Oben. ProzentuaIe Hemmung der Aktivit~t des Na+-K+-stimulierten 
Anteils ether mikrosomalen ATPase aus dem Meersehweinehenhirn 
dureh Strophanthidin (S) 2 x 10-~M, Strophanthidin-3-bromazetat 
(SBA) 10-4M und Digitoxin (D) 10-aM (Dreifachbestimmung). 
Helle S~iulen: Hemmung naeh 20 rain Einwirkung dieser Snbstan- 
zen. Dunkle S~iulen: Hemmung nach 2stiindigem Auswasehen der 
Substanzen. 
Unten. Zeitdauer des Auswasehens yon 90% des maximalen positiv 
inotropen Effektes am Papillarmuskel des Meersehweinehens. Ein- 
zelheiten siehe Text. 
Dargestellt sind Mittelwerte ~= Standardabweiehung der Mittelwerte 
aus der jeweils in den Sfiulen angeffihrten Zahl yon Versuchen. 

an th id in :S t rophan th id in -3 -b romaze ta t  wie 1 : 10 : 20, fiir 
die H e m m w i r k u n g  auf die ATPase  d a g e g e n  wie 1: 2: 1. 
Diese Beobach tungen  lassen eine gewisse Vorsicht  be im 
Vergleich kard io toner  Ef fek te  mi t  der Wirkung  auf iso- 
l ierte Membran -ATPase  angebrach t  erscheinen, en tweder  
well  gewisse Eigenschaf ten  der  Membran -ATPase  ver-  
schiedener Organherkunf t  verschieden sind (trotz prin- 
zipiell gleichart iger  H e m m w i r k u n g  der Herzglykoside) ,  
oder well  die Wi rkung  auf isolierte ATPase  nicht  ver-  
gleichbar ist  m i t  der Wirkung  auf die Funk t ion  des 
in tak ten  Organs 14. 

Summary .  The revers ibi l i ty  of the  inhibi tory  act ion 
of s t rophanthidin,  s t rophanthid in-3-bromoaceta te ,  and 
digi toxin on the  Na+-K+-ATPase  ac t iv i ty  (microsomal 
fraction, guinea-pig brain) was compared  wi th  the  ra te  
of decline of thei r  pos i t ive  inotropic effects (papil lary 
muscle, guinea-pig heart)  af ter  exposure to drug-free 
solution. The  actions of s t rophanth id in  and digi toxin 
were �9 reduced on bo th  systems. S t rophanth id in-  
3-bromoacetate,  however,  was found to have  an i r rever-  
sible blocking effect on the  t ranspor t  ATPase,  whereas  
its inotropic  act, ion could be rapidly abolished. 
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Proteolyt ic  E n z y m e s  in the Sal ivary Gland of Chironomus tentans 

The larval  sa l ivary  glands of Chironomus and other  
Dip te ran  insects undergo autolysis  ear ly  in me tamor -  
phosis. This  is accompanied by  specific a l tera t ions  of the  
pa t t e rn  of chromosomal  puff  act ivi ty ,  thus  provid ing  a 
unique  sys tem for s tudying  nucleocytoplasmic  inter- 
act ions during a character is t ic  s t ep '  of insect develop-  
meri t  1. W e  found t h a t  a change in the  pa t t e rn  of pro- 
teolyt ic  enzymes,  including an increase in the  ac t iv i ty  
of an acid protease, is among  the  cytoplasmic  events  
preceding glandular  regression in Ch. tentans. A decline 
in glandular  pro teoly t ic  ac t iv i ty  ~, or  no proteoly t ic  
ac t iv i ty  a t  all  3 had  been found by  previous  invest igators .  

Methods.  Ch. tentaezs la rvae  were raised in the  labora-  
to ry  and staged as described previous ly  ~. Glands were 
collected in 0 .1M ice-cold NaC1 solution and disrupted 
by  t r e a t m e n t  on ice for 1 rain wi th  a Branson sonifier 
(special microtip)  at  se t t ing 2. Pro teo ly t ic  enzyme ac t iv i ty  
was assayed using a modif ica t ion  of ANSON'S me thod  
wi th  urea-dena tured  hemoglobin  as substrate  ~,~. Pro-  
duct  released by  the  enzyme was es t imated  using the  
m e t h o d  of LowRY et  aLL The  assay was per formed in a 
to t a l  vo lume  of 1 ml, conta in ing 0.1 ml  sonicate, 0.5 ml  
hemoglobin  solution, and 0.4 ml  buffer;  incubat ion  t ime  
was 3 h. Under  these condit ions measured  act ivi t ies  
increased l inearly wi th  enzyme concent ra t ion  and dura-  
t ion  of incubat ion  for a per iod of 6 h. In  controls e i ther  
0.1 M NaC1 solut ion was subs t i tu ted  for the  sonieate, or 
the  addi t ion  of sonicate was immed ia t e ly  followed by  
the  addi t ion  of TCA. 

Results  and discussion. Proteoly t ic  enzyme ac t iv i ty  is 
present  in glands of la rvae  of all deve lopmenta l  stages 
tested.  The  p H  o p t i m u m  of the  proteoly t ic  ac t iv i ty  dif- 
fers, however ,  at different  deve lopmenta l  stages (Figure 1). 
In  old prepupae  protease  ac t iv i ty  has its m a x i m u m  at  
p H  3.5. I n  glands of in te rmol t  larvae,  on the  o ther  hand,  
the  o p t i m u m  is a t  p H  5.5, wi th  only a sl ight  shoulder 
a t  p H  3.5. Mixtures  of prepupal  and larval  sonicates 
display p H  profiles wi th  dis t inct  peaks a t  p H  3.5 and 
a t  p H  5.5. 

Since i t  had  been suggested t h a t  the  sa l ivary  gland 
takes  up some of its enzymes  f rom the  h e m o l y m p h  ra ther  
t han  synthet iz ing t h e m  itself (cf. e), protease  ac t iv i ty  
was also assayed on h e m o l y m p h  samples f rom la rvae  
and prepupae.  The  assay was per formed in a to ta l  vo lume  
of 0 .2ml ,  conta ining 0 .005ml  hemolymph ,  0 .095ml  
buffer  and 0.1 ml  hemoglobin  solution. La rva l  h e m o l y m p h  
shows no indicat ion t h a t  the  la rva l  g landular  pro tease  
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is present  in the h e m o l y m p h  (Figure 1), In  prepupal  
hemolymph,  ac t iv i ty  is s l ight ly  higher  in the  lower p H  
range, possibly ref lect ing the  fact  t ha t  m a n y  larval  
tissues are in a s ta te  of regression at  this stage. 

F r o m  day  5 to day  15 of the  last  ins tar  the  average  
ac t iv i ty  of the  p H  5.5 protease increases about  twofold  
(F igure  2). This  difference is s ignif icant  in the  S tuden t ' s  
t- test  (a = 5%). Dur ing the  same period of t ime  the  
average  prote in  con ten t  per  gland increases f rom abou t  
7.5 ~g to about  16 b~g, indicat ing t h a t  the  increase in 
enzyme  ac t iv i ty  essential ly follows the  growth of the  
gland. The ac t iv i ty  of the  p H  5.5 protease drops sharply  
and s ignif icant ly  towards  the  end o f ' t h e  pupal  molt .  
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Fig. 1. pH dependence of proteolytic activity (b~M tyrosine released 
in 3 h/tzg protein) in 10-day-old last instar larvae (open circles) and 
in prepupae (filled circles). Solid lines, salivary gland sonieates; 
broken lines, hemolymph. Specific activities of hemolymph are 
compared with glandular activity at pH 3.5 (= 100%) for prepupae, 
and at pH 5.5 (= 100%) for larvae. Points are averages from 4-10 
determinations for the glands and from 15-25 determinations for 
1)emolymph. Bars give standard error of mean. 0.1M phosphate- 
citrate buffer was used between pH 3.0 and 6.5, and a 0.1M lris- 
maleate NaOH-buffer for pH 6.0 8.5. 
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Fig. 2. Total (A) and specific (B) proteolytic act iv i ty at p i t  3.5 
(filled circles) and pH 5.5 (open circles) in salivary glands from larvae 
of various stages in the last larval instar. Points are averages of 
7-9 experiments, bars indicate standard error of mean. 

The  ac t iv i ty  per  gland of the  p H  3.5 protease (Figure 2a) 
showed only a sl ight and s ta t is t ica l ly  not  s ignif icant  
increase wi th  larval  growth (day 5 to day I5). On the  
o ther  hand, since the  slight decrease in specific ac t iv i ty  
(Figure 2b) is also s ta t is t ica l ly  not  significant,  i t  appears  
t ha t  factors different  f rom glandular  growth grea t ly  
cont r ibute  to the  var ia t ion  of this enzyme in glands of 
in te rmol t  larvae.  The ac t i v i t y  of the p H  3.5 protease 
increases sharply,  and s ignif icant ly  dur ing the  pupal  
molt .  The  increase per  gland is more than  fivefold, the  
increase in specific ac t iv i ty  about  threefold (Figure 2). 
However ,  about  70% of to ta l  pro te in  in prepupal  glands 
is cont r ibuted  by  secretory proteins  conta ined  in the  
g landular  lumen, in contras t  to only about  40% of to ta l  
prote in  in in te rmol t  larvae.  Assuming tha t  all the  p H  3.5 
protease is intracel lular  (see below), one m a y  recalculate  
the  specific ac t iv i t ies  of Figure  2 on the  basis of cyto-  
plasmic prote in  to be 1.26 for prepupae,  and 0.23 for the  
15 day  larvae.  The  increase in specific a c t i v i t y  thus  
would equal  the  increase in to ta l  g landular  ac t iv i ty .  

Glandular  prote in  and R N A  syntheses are inhibi ted  
for 95% or more if cyc loheximide  (10 ~g/ml) or Act ino-  
myc in  D (2 ~zg/ml) respect ively,  are added to larval  cul- 
tures s. In  10-day-old larvae  the  ac t iv i ty  of the  p H  5.5 
protease declines to about  50% of their  controls wi th in  
24 h af ter  s topping prote in  synthesis  and wi th in  48 h 
af ter  s topping R N A  synthesis. In  contrast ,  nei ther  of 
the  2 drugs seems to affect  the  ac t i v i t y  of the  p H  3.5 
protease at  this stage. 

The  p H  op t imum of the  prepupal  protease corresponds 
to tha t  of cathepsin  D, a lysosomal  protease character is t ic  
of degrading tissues (cf. 9-18). Indeed,  the  prepara t ion  
for gland regression and changes of the  glandular  lysosome 
popula t ion  coincide wi th  the  increase of the  p H  3.5 
protease ac t iv i ty  1~. The  p H  5.5 protease, resembling in 
this respect  the  protease found in Ch. thummi 2, is maxi -  
mal ly  act ive  in funct ioning glands and becomes inac t ive  
before g landular  regression begins. Conceivably,  i t  is 
released as pa r t  of the  secretionlS. 

Zusammen/assung. Die in den larvalen Speicheldri isen 
von Chironomus tentans v o r k o m m e n d e  Protease  mi t  e inem 
p H - O p t i m u m  bei 5.5 wird vor  Beginn des Zellzerfalls in 
der Puppenhgu tung  durch eine Protease  mi t  e inem pH-  
O p t i m u m  bei 3.5 ersetzt.  Diese Enzymvergnde rungen  
stehen in zeitl icher Ubere ins t immung  mi t  Vergnderungen 
des Puffmusters  und der Lysosomenpopula t ion .  
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