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Stretch I n d u c e d  F o r m a t i o n  of  A T P - 3 2 P  in  G l y c e r i n a t e d  F i b r e s  of  I n s e c t  F l i g h t  M u s c l e  

In a preceding communication MANNIIERZ 1 showed 
that,  in glycerinated fibre bundles of insect flight muscles, 
~P-labelled inorganic phosphate may exchange with the 
terminal phosphate of ATP. He implicated tha t  this 
reaction may be dependent on the amount  of negative 
work absorbed by the fibres. In  this paper it wilt be 
shown .that the rate of exchange can be greatly increased 
by applying repeated quick stretches to the fibres. 
Stretch also act ivates the actomyosin ATPase in gty- 
cerinated insect fibrillar muscles ~ and causes a large 
delayed increase in contractile tension (followed by iso- 
metric oscillations~), but  no work. 

Methods. Glycerinated bundles of 8-10 fibres (5 mm 
long, 70 Fin thick) of flight muscles of Lethocerus max imus  
were attached to a driven oscillation apparatus described 
earlier 3 and suspended in 0 .3ml  solution containing 
15raM ATP, 1 5 r a m  MgC12, 1 0 r a m  Na-azide, 4 m M  
Ca-EGTA, 2 0 m 3 I  imidazole-buffer (pH 6.8; 20°C) and 
varying amounts of szP-Iabelled inorganic phosphate. In 
some experiments iodoacetate or oligomycin were added. 
At  the end of the experiment,  the 3~p incorporated into 
the ATP was quant i ta t ively transferred into glucose-6- 
phosphate by adding glucose (0.082¢I) and Hexokinase 
(Boehringer). The labelled glucose-6-phosphate was sepa- 
rated from 32P1 by paper chromatography 4 and quan- 
titatively, evaluated by liquid scintillation countingL 

Results. The Figure shows the chromatographic separa- 
tion of z2P-labelled glucose-6-phosphate from a2Pt in an 
experiment where the fibre bundle was held isometrically 
(dotted line) and, subsequently, repeatedly stretched 
(continuous line), each for period of 60 rain. The diagram 
demonstrates that,  in the sample from the stretch experi- 
ment, the area of the fast moving peak (glucose-6-~2P) 
is larger than in the case of the isometric experiment. 
I t  hence indicates a considerable increase of the rate of 
ATP-Z~P formation by the mechanical stretches. 

The Table shows that  in bundles of 8 or 9 fibres held 
isometrically contracted (about 5 dynes per fibre) 
0.3-1°/0 o of added Pf was found to be incorporated after 

60 rain. Repeated rectangular stretch and release (dura- 
t ion: 0.3 sec, rate:  1 or 1.5 per sec) of about 2-6% length 
change inducing 10-20 dynes tension development per 
fibre caused in all experiments an increase of the ex- 
change to 160-550% of the ' isometric'  exchange. Re- 
moval of calcium from the incubation solution with 
EGTA caused relaxation and reduction in the exchange 
rate. 

Discussion. Assuming an average P~ concentration of 
about 0.3 m M  in the incubation medium the calculated 
a2p exchange between inorganic phosphate and ATP is 
of the order of 0.1-0.5 pmoles/cm fibre min. This ex- 
change reaction is approximately 10/00 of the forward 
reaction - the ATP splitting - rate under the conditions 
of the experiment;  see alsoS. 

The experiments show tha t  the ATP splitting process 
by the contractile proteins may  be partially reversible 
and tha t  not only the rate of ATP splitting but  also the 
rate of back reaction can be greatly increased mechani- 
cally by stretching the contractile structures. On the 
other hand, an exchange of ~2p in ADP with the terminal 
phosphate of ATP could not be found e. 

In conclusion, the tension or stretch induced exchange 
reaction suggests the formation of a high energy inter- 
mediate (ADP-actomyosin?) in tension developmentL 
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Stretch induced PI-ATP exchange. Detection of exchanged ~2p (transferred from ATP into glucose-6-phosphate) by chromatographic 
separation. Fraction 3-5 = glucose-6-phosphate; fraction 12-15 = inorganic phosphate...., controle (without fibre); - - - ,  isometric 
contraction; , repeated quick stretches (1 per see). 
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3*p exchange in fibre bundles during isometric contraction (A) and 
during application of rectangular quick stretches (B) 

Experiment A B B/A 
No. Isometric Stretch 

contraction 

1 0 .94  1.53 1.63 
0.80 1.47 1,84 

2 1.08 1.94 1.79 
0.63 - - 

3 0 .36 0 .64  1.78 
- 0.38 - 

4 0.31 0.52 1.71 
0.32 0 .72  2.25 

5 0.37 1.35 3.65 
0.32 1.70 5.32 

ATP-~zP in °1o o of inorganic a*p. For additional data see text. 

Zusammen]assung. Wiederho l t e  D c h n u n g  yon  glyce- 
r in ie r ten  Fase rn  aus In sek t en f lugmuske ln  e rh6h t  die 
R a t e  des 32P-Austausches zwischen 1~ a n d  ATP.  Of fenbar  
b i lde t  sich eine energiereiche Zwischenve rb indung  im 
kon t r ak t i l en  P r o t e i n  (ADP-Myosin) .  
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Cocarc inogenic  Croton Oil Factor  A~ St imula tes  

Croton  oil fac tor  A 1 (12-O-Tetradecanoyl-phorbol-13-  
ace t a t e  = TPA)1,  2 was  found  to  inf luence p ro t e in  and  
nucleic acid me tabo l i sm  in vivo 3,4 and  in v i t ro  5. Ef fec t s  
on lysosomes  and  on m i t o c h o n d r i a  in cell cu l tures  h a v e  
been  r e p o r t e d  6,7 and  recen t ly  local izat ion of T P A  in 
p l a s m a  m e m b r a n e s  by  a u t o r a d i o g r a p h y  was  c la imed  s. 
These  effects  on  cell organel les  sugges t  t h a t  m e m b r a n e s  
m a y  be invo lved  in  the  b iochemica l  m e c h a n i s m s  a t  ac t ion  
of TPA.  Also ce r t a in  phys ico-chemica l  p rope r t i e s  of th i s  
c o m p o u n d  ind ica te  t h a t  d i rec t  in te rac t ions  w i t h  cell 
m e m b r a n e s  m i g h t  be possible.  Therefore  we .s tudied t h e  
incorpora t ion  of  rad ioac t ive  chol ine  in to  leci thin,  k n o w n  
to  be incorpora ted  in to  m e m b r a n e s .  

HeLa-  and  L-cells were  d i s t r i bu t ed  in 1 ml  por t ions  
in to  rol ler  tubes  and  roiled ove rn igh t  (12 rph)  (400,000 
cel ls /ml;  H e L a - m e d i u m :  80% Gey ' s  solut ion + 10% lactal-  
b u m i n e  ( 2 , 5 % ) +  10% ca l f - se rum;  L-cell  m e d i u m :  90% 
T C M - 1 9 9 +  10% calf  serum).  The  cu l ture  m e d i u m  was  
replaced by  TCM- 199 con ta in ing  0.5 % d imethy l - su l fox ide  
(DMSO) and  T P A  in the  final  concen t r a t i ons  indica ted .  
Af te r  5 h of incubat ion ,  ~H-labeled chol ine (specific 
ac t iv i ty  250 m C / m M ;  A m e r s h a m / E n g l a n d )  was  added  
(2 vtC/tube) and  incuba t ion  con t inued  for 1 add i t iona l  h. 
The incorpora t ion  was  s t opped  by  r emov ing  the  m e d i u m  
and  cooling the  rol ler  t ubes  in an  ice ba th .  A cell lysa te  
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was p r e p a r e d  by  add ing  1 ml  0.2% sodium dodecy lsu l fa te  
solut ion per  tube ,  shak ing  on a mechan ica l  v i b r a t o r  and  
incuba t ion  for  20 min  a t  37 °C. 0.1 mt  a l iquots  were placed 
on f i l ter  pape r  disks.  To process  such  disks  a modif ied  
IVIANs-NovELLI-procedure 9 was  used:  3 ex t r ac t ions  w i t h  
cold 5% TCA r e m o v e d  non- inco rpo ra t ed  acid soluble 
choline,  res idual  TCA was r e m o v e d  by  press ing  t h e  d isks  
on f i l ter  paper .  In  la te r  expe r imen t s ,  res iduai  TCA was 
r e m o v e d  by  an  add i t iona l  ex t r ac t i on  wi th  5% cold 
acet ic  ac id  fol lowed by  d ry ing  a t  60 °C. 

As a con t ro l  the  same cell tysa tes  were  processed  by  
ex t r ac t i on  w i t h  c h l o r o f o r m / m e t h a n o l  (3/1) z° to  o b t a i n  
the  l ipid mater ia l .  F r o m  t h e  la t ter ,  non - inco rpo ra t ed  
chol ine  was  e x t r a c t e d  w i t h  1 N H=SO 4. The  rad ioac t iv i t i es  
r ema in ing  in t he  organic phases  are prac t ica l ly  ident ica l  
w i t h  f i l ter  pape r  values  o b t a i n e d  f rom cor responding  
lysa tes  as descr ibed  above.  More t h a n  95 % of t he  radioact i -  
v i t y  was ex t r ac t ab l e  f rom tile pape r  disks w i th  chloroform] 
me thano l .  This  compar i son  ind ica tes  t h a t  TCA-insoluble  
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Fig. 1. Croton oil factor TPA dependent incorporation of 3H-choline 
into TCA-insoluble material of HeLa-cells. For each concentration 
of TPA 3 tubes have been incubated for 6 h, worked up and meas- 
ured (O). The average value from 3 tubes is indicated (a). 


