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THE ACTIVITY CHANGE OF ACTOMYOSIN-ADENOSINETRIPHOSPHATASE 

DURING INSECT METAMORPHOSIS 

by 
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Many insects undergo a remarkable  al terat ion during life-span wi th  respect  to muscular  ac t iv i ty .  
For  example,  the  housefly flies very  quickly, bu t  its larva can only crawl about  and its pupa  possesses 
no moti l i ty.  I t  is an interest ing problem to pursue these apparen t  changes from the  viewpoint  of 
muscular  biochemistry.  I t  is well known t h a t  the  adenosine t r iphosphate  (ATP)-actomyosin-adeno-  
s inet r iphosphatase  (ATPase) sys tem is closely related to muscular  contract ion in the  rabbi t  muscle 1. 
Insec t  ac tomyosin-ATPase  is repor ted  to have similar enzymic proper t ies  to the  rabbi t  one, a l though 
there  are some differences such as in p H  opt ima  and heat-stabili ty2, 3. 

In  the  present  s tudy,  ac tomyosin  was ext rac ted  from the  tota l  brei of the  housefly, Musca 
domestica, in the  different stages of metamorphosis ,  and the  ATP-dephosphoryla t ing  ac t iv i ty  was 
assayed in the  enzyme-l imit ing system. In  each case, ten  individuals were homogenized wi th  3 ml 
cold solution containing 0. 5 M KCI and o.o 3 M NaHCO a. The suspension was placed in the  ice-box 
for two hours wi th  occasional agitation,  and then  centrifuged. Once-washed ac tomyosin  was dissolved 
in 0. 5 M KC1 and used as enzyme solution. 

The react ion mixture  consisted of i ml ATP, prepared  from rabbi t  (15o #g labile P, K-salt) ,  
i ml o,15 M histidine buffer, o.I ml o.I M CaC12, o.i  ml 3 M KC1, three  different concentra t ions  of 
the  enzyme solution and H~O to a volume of 3.o ml. After  incubat ion for 5 minutes  a t  p H  6.0 a t  37 ° C, 
the mixture  was deproteinized and the  superna tan t  assayed for inorganic phospha te  by  the  LOHMANN- 
JENDRASSIK me thod  4, using an e lec t rophotometer .  The prote in  con ten t  was de te rmined  by  a micro- 
Kjeldahl  procedure.  

The results  are summarized  in Fig. I. The actomyosin con ten t  changed in accord wi th  the  so 
called " U - s h a p e d "  curve during metamorphos is  of the  housefly. I t  decreased at  pupa t ion  and in- 
creased again a t  emergence of the  adult .  The ATP conten t  is repor ted  to undergo a similar change 
during metamorphos is  of the  blowfly 5. More str iking is the  act ivi ty  change of the actolnyosin-ATPase.  
The decrease of the  ATPase ac t iv i ty  parallelled the  disappearance of mot i l i ty  of the  housefly larva. 
Actomyosin  from the  immoti le  pupa  possessed a lower ATPase act ivi ty  (Qp = 300-7o0 ). The act ivi ty  
rose suddenly  over t en  t imes,  in a few hours,  when  the  adul t  began to emerge from the  pupar ium.  
The flying adul t  had a powerful  ac tomyosin-ATPase  ac t iv i ty  (Qp = 5000). 

This t endency  t h a t  ATP-dephosphory la t ing  act ivi ty  corresponds 
Opx 10-3 to muscular  funct ion during insect  metamorphos is  was first observed 

~ . ~ g i n  the  tota l  brei of the  wasp, Vespula lewisii 6. The same was found at  
-~\\_ { ha tching of the  teleost,  Orysias latipes 7. In  the  wasp thorax  the  dephos- 

\~ -2  phoryla t ion of ATP was due par t ly  to the  ac tomyosin  and also to the  
\ * /  water -ex t rac tab le  magnes ium-ac t iva ted  ATPase s. Insec t  ac tomyosin  

\ ~ , ~  ~ ~ , . - ' /*  ! th read  rapidly shrinks on t r ea tmen t  wi th  ATP s. Viscosity drop 2 or super- 
. . . .  Ü precipi ta t ion s wi th  ATP was also observed. The parallelism between 

actomyosin ATPase ac t iv i ty  (and also its content)  and muscular  function 
during insect metamorphos is  m a y  suppor t  the  current  ATP-ac tomyos in-  
ATPase theory  of muscular  contract ion from the v iewpoint  of compa-  
rat ive biochemist ry .  
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1[ oox to Fig. i .  Actomyosin-ATPase  ac t iv i ty  during metamorphos is  of the  
housefly. Ordinate:  Left ,  ATPase act ivi ty,  expressed as Qp, right,  acto- 

r myosin  content ,  given as mg pro te in  per  IO individuals.  Abscissa:  Days  
0 II 21 3I 41 51 6' I of culture a t  3 °°  C. P means  the  t ime of pupa t ion  and  E of emergence.  
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E I N  N E U E S  P H O S P H A T - U B E R T R A G E N D E S  F E R M E N T  AUS H E F E  

von  

O. H O F F M A N N - O S T E N H O F ,  J. K E N E D Y ,  K. K E C K ,  

O. G A B R I E L  uNI) H. W. S C H O N F E L L I N G E R  

Erstes chemisehes Laboratorium der Universitg*t Wien ((~sterreieh) 

In  einer  fr t iheren Mi t te i lung  aus  d e m  Labora to r iun l  der Verfasser  1 wurde  postul ier t ,  dass  in 
der  Hefe  ein F e r m e n t  exist ier t ,  welches  ein Gleichgewicht  zwischen dem A d e n y l s R u r e - S y s t e m -  
A d e n o s i n t r i p h o s p h a t  (ATP) u n d  A d e n o s i n d i p h o s p h a t  (ADP) - - u n d  d e m  po lymeren  Metap l lospha t  
der  Hefe s einstel l t ,  das  fo lgendermassen  zu formul ie ren  is t :  

A T P  + ( N a I ) O s ) n ~  A D I '  ]- (NaPO3)n~ 1 

Es  ist  u n s  n u n m e h r  mi t  Hilfe von  r ad ioak t iv  m a r k i e r t e m  M e t a p h o s p h a t  ge lungen,  die Ex i s t enz  
eines F e r m e n t e s  zu beweisen,  das  die pos tu l ie r te  R e a k t i o n  z u m i n d e s t  yon  rechts  nach  l inks ka ta ly -  
siert,  d.h.  das  P h o s p h a t r e s t e  yon  M e t a p h o s p h a t  au f  A D P  iibertr/~gt. In  einer  Ve r suchsmi schung ,  
die a~P-Met.aphosphat ,  A D P  und  das  F e r m e n t p r i i p a r a t  enth ie l t ,  erfolgte in 3 ° Min. ein sehr  deut l ich  
messba re r  U b e r g a n g  yon  r a d i o a k t i v e m  P h o s p h a t  yore M e t a p h o s p h a t  au f  die Nucleo t id f rak t ion .  
Diese wurde  du rch  Adso rp t ion  an  Nor i t  yore  R e a k t i o n s g e m i s c h  a b g e t r e n n t  und  mi t  Pyr id in  eluiert .  
I n  B l i ndve r suchen  (analoge V e r s u c h s a n o r d n u n g e n  ohne  F e rmen t ,  nlit  g e k o c h t e m  Fe rmen t ,  ohne  
ADP) wurde  kein derar t iger  ~ b e r g a n g  beobach te t .  

Das  p H - O p t i m u m  der P h o s p h a t f i b e r t r a g u n g  liegt bei 6.7; A d e n o s i n - 5 ' - p h o s p h a t  (AMP) k a n n  
n ich t  als Akzep to r  fungieren.  Die Akt iv i t i i t  des E n z y m s  wird d u t c h  o.oi  M Fluor id  kon lp le t t  
g e h e m m t .  

Das  F e r m e n t  k o n n t e  b isher  noch  n ich t  in L 6 s u n g  geb rach t  werden.  Bei B e h a n d l u n g  der  Hefe 
mi t  fliissiger L u f t  u n d  fo lgendem Zent r i fug ieren  verb le ib t  es in den  Zellresten.  Aus  t echn i schen  
Grf inden - -  Mangel  an  r a d i o a k t i v e m  A T P - -  k o n n t e n  wir  b isher  noch  n ich t  i iberpriifen,  ob die ge- 
sehi lder te  W i r k u n g  revers ibel  ist.  

Seinen zurzei t  b e k a n n t e n  Spezif i tAtseigenschaf ten zufolge w~re das  E n z y m  n a c h  der von  e inem 
yon  u n s  vo rgesch lagenen  N o m e n k l a t u r  s als M e t a p h o s p h a t  - -+  A D P - t r a n s p h o s p h a t a s e  zu beze ichnen  ; 
der  t rad i t ionel len  N o m e n k l a t u r  entsprAche der  N a m e  M e t aphospha t -k ina se .  

Eine  ausff ihr l iehe Be sch re i bung  unse re r  Versuche  wird an  andere r  Stelle gegeben  werden.  
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