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Consumption of molecular oxygen of growing cultures of F. lini in 
the presence of various substrates and of cyanide ions 

Substrate Period of Difference 
02-determination of O~-uptake 

of normal 
respiration 

10-aM KCN 1-8 h after addition --25 
10-4M KEN --24 
10-~M KCN --11 
Deoxycorticosterone Before hydroxylation 0 
Digitoxigenin Before hydroxylation 0 
Deoxycorfieosterone During hydroxylation - -  32 
Digitoxigenin During hydroxylation q- 12 
Deoxycorticosterone + During hydroxylation + 9 = to 
digitoxigenin of deoxycorticosterone + 23 b 
Deoxycorticosterone + During hydroxylation 
digitoxigcnin of digitoxigenin + 41 

Beginning of the hydroxylation, b End of the hydroxylation. 
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Fig. 1. Respiration of growing cultures of Fusarium lini in the 
presence of KCN + (Conditions of culture cf.n). The curves are based 
on the mean values of a great number of independent incubation 
experiments. 
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Fig. 2. O=-eonsumption of F. lini and concentration of mycelium 
in the culture fluid after 6-8 days of incubation. 

Th i s  e n h a n c e m e n t  is also o b s e r v e d  w h e n  deoxycor t i -  
cos te rone  or  d ig i t ox igen in  a re  a d d e d  to  t h e  cu l t u r e s  of 
F. lini. I t  t a k e s  p lace  d u r i n g  t h e  pe r iod  of t h e  h y d r o x y l a -  
t i on  t he  r a t e  of w h i c h  is also e n h a n c e d  a t  th i s  m o m e n t .  The  
m a x i m u m  of On-consumpt ion  is e n c o u n t e r e d  if cyanide ,  
deoxyco r t i co s t e rone  a n d  d ig i tox igen in  are  s i m u l t a n e o u s l y  
p resen t .  

I n  t he  course  of t h e s e  i n v e s t i g a t i o n s  i t  b e c a m e  a p p a r e n t  
t h a t  t h e  r e sp i r a t i on  of t h e  m i c r o - o r g a n i s m  d e p e n d s  u p o n  
t h e  q u a n t i t y  of mo lecu la r  oxygen  d isso lved  in t h e  cu l t u r e  
f lu id  a n d  t he  a m o u n t  m y c e l i u m  formed.  A s e m i q u a n t i t a -  
f ive  e s t i m a t i o n  of th i s  r e l a t i o n s h i p  is d e m o n s t r a t e d  b y  t he  
cu rve  of F igu re  2 in  wh ich  t h e  O2-up take  is p l o t t e d  
a g a i n s t  t h e  w e i g h t  of d r i ed  m y c e l i u m  p e r  v o l u m e  c u l t u r e  
f luid.  I t  shows t h a t  t h e  a m o u n t  of O,  c o n s u m e d  decreases  
w i t h  t he  inc reas ing  q u a n t i t y  of m y c e l i u m  p resen t .  

T h e  e x p e r i m e n t s  desc r ibed  d e m o n s t r a t e  t h a t  t he  respi-  
r a t i o n  of F. lini is in f luenced  b y  b o t h  d e o x y c o r t i c o s t e r o n e  
a n d  d ig i tox igen in  d u r i n g  t h e i r  h y d r o x y l a t i o n .  A d d i t i o n  of 
K C N  effects  i n h i b i t i o n  of t h e  O2-consumpt ion  of t h e  
mic ro -o rgan i sm,  t h e  e~ktent b e i n g  d e p e n d e n t  of t h e  con-  
c e n t r a t i o n  of t h e  cyan ide  ions.  However ,  w i t h  1 0 - 3 M  
KCN a n  e n h a n c e m e n t  of r e sp i r a t i on  is o b s e r v e d  wh ich  is 
also m a i n t a i n e d  in t he  p resence  of t h e  s t e ro ida l  subs t r a t e s .  
T h e  re su l t s  a re  in a g r e e m e n t  w i t h  t h e  v iew t h a t  t h e  ex t r a -  
neous  s te ro ids  a d d e d  to  t h e  cu l tu re  i n h i b i t  t h e  r e sp i r a t i on  
of t h e  mic ro -o rgan i sm.  B y  t h e  h y d r o x y l a t i o n  t h e  e x t r a -  
neous  s u b s t a n c e  is c o n v e r t e d  i n t o  a more  w a t e r  so luble  
fo rm a n d  can  t h u s  be  r e m o v e d  more  r a p i d l y  f rom t h e  
closer  e n v i r o n m e n t  of t h e  o rgan i sm.  B y  th i s  process  of 
de tox i f i c a t i on  n o r m a l  r e sp i r a t i on  is a ch i eved  z~. The  en-  
h a n c i n g  effect  of c y a n i d e  can  b e  e x p l a i n e d  b y  t h e i r  
b lock ing  a c t i o n  on  t h e  c y t o c h r o m o x i d a s e  of t he  mi to -  
c h o n d r i a  is, 19. 

Zusammen[assung. Die A t m u n g  von  w a c h s e n d e n  K u l t u -  
ren  yon  Fusarium lini (BOLLEY) wird  d u t c h  Cor t exon  u n d  
Dig i tox igen in  w/ ih rend  ih r e r  H y d r o x y l i e r u n g  e rh6h t .  
0, 001-molares  K a l i u m c y a n i d ,  a l le in  u n d  in G e g e n w a r t  v o n  
Cor t exon  u n d  Dig i tox igen in ,  b e w i r k t  ebenfa l l s  eine E r h 6 -  
h u n g  des  S a u e r s t o f f v e r b r a u c h s ,  I n  k l e ine ren  u n d  gr6sse- 
t e n  K o n z e n t r a t i o n e n  h ingegen  h e m m t  K a l i u m c y a n i d  die 
A t m u n g .  Die  v o m  M i k r o o r g a n i s m u s  a u f g e n o m m e n e  
Saue r s to f fmenge  n i m m t  m i t  dessen  W a c h s t u m  ab.  
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M y o f i b r i l l a r  A T P - S p l i t t i n g  in the Elementary Contractile Cycle o f  a n  I n s e c t  Flight Muscle 

T h e  e l e m e n t a r y  con t r a c t i l e  cycle  in  force g e n e r a t i o n  
is p r o b a b l y  a cyclic a t t a c h m e n t  a n d  d e t a c h m e n t  of a 
c ross-br idge  b e t w e e n  t h i c k  a n d  t h i n  m y o f i l a m e n t s ,  w h i c h  
m a y  b e  assoc ia ted  w i t h  t h e  s p l i t t i n g  of A T P  1. T h e  pos-  
s ib i l i ty  of c ross -br idge  s y n c h r o n i z a t i o n  w as  r e c e n t l y  
cons ide red  b y  SCHi~DLER e t  al, t, w h e n  t h e y  o b t a i n e d  

osc i l la t ions  of t h e  i some t r i c  t en s ion  in  g lyce r ina t ed  f l igh t  
musc les  s u b j e c t e d  to  qu ick  s t r e t ch ,  for osc i l la t ion  fre- 
q u e n c y  r o u g h l y  c o r r e s p o n d e d  to  t h e  molecu la r  t u r n o v e r -  
n u m b e r  of t h e  a c t o m y o s i n  ATPase .  O n  t h e  a s s u m p t i o n  
t h a t  one  such  i somet r i c  osc i l la t ion  pe r iod  does  co r r e spond  
to  t h e  pe r iod  of a c ross-br idge  cycle, i t  m a y  be  poss ib le  
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to f ind ou t :  1. whe ther  fast  and slow f l ight  muscles 
differ  in the  ra te  of cross-bridge cycling, 2. t he  n u m b e r  
of molecules  of A T P  spl i t  in one br idge cycle,  and 3. t h e  
course of  ATP-sp l i t t i ng  f rom m o m e n t  to  m o m e n t  in an  
osci l la tory cycle, af ter  suddenly  tu rn ing  on the  A T P a s e  
by  qu ick  s t re tch.  

Methods. Glycer ina ted  f ibre  bundles  of Letkocerus 
maximus and Lethocerus annulipes dorso longi tudina l  
f l ight  muscles (DLM) "were moun ted  to  a d r iven  oscilla- 
t ion appara tus  ~ and suspended in A T P  sal t  solut ion 
(15 m3/l K - A T P ,  15 m M  MgC1 v 10 m M  imidazole ,  4 m M  
Ca-EGTA,  2 m M  Na-Azid ,  p H  6.9), 20°C. Repe t i t i ve  
rec tangula r  s t re tches  of 15 to 1000 msec dura t ion  could 
be p roduced  by  app ly ing  squa rewave  pulses (Grass- 
S t imu la to r  T y p e  Sy) to  t he  G o d o m a n  V P  47 Vibrator .  
Length ,  tens ion and ATP-sp l i t t i ng  were  measured  as 
described earl ier  s. 

Results. 1. Compar ison of fas t  and slow muscle :  W h e n  
g lycer ina ted  f ibre bundles  were  suspended in A T P  sal t-  
solut ion and op t ima l ly  ac t i va t ed  wi th  ca lc ium ions 
(about  10-~M), cont rac t i le  tensiofl  and A T P a s e  a c t i v i t y  
were in the  range 5-10 dynes  per  f ibre and 5-10 pmoles  P 
per  cm f ibre  per  sec. A qu ick  s t re tch  by  5 -10% Lo 
appl ied  wi th in  5 msec caused a de layed  rise of tens ion  
(up to 40 dynes) and an a b r u p t  ac t iva t ion  of the  A T P a s e  
up to 50 pmoles  per  sec (Lethocerus maximus fibres) or  
80 pmoles  (L. annulipes fibres) when  m a x i m a l l y  ac t i va t ed  
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Fig. 1. The rate of ATP splitting of DLM fibres as a function of 
contractile tension induced by stretch-activation. Preparation: gly- 
cerinated dorso-longitudinal muscle fibres of Lethocerus maximus or 
Lethocerus annulipes. Conditions, see methods. 

(40 dynes/f ibre) .  As in previous  exper iments  2 t he  s t re tch-  
induced tension oscil lated t hough  the  recording condi-  
t ions  remained  isometr ic  (Figure 2). The  mechan ica l  
effect  on cont rac t i le  tens ion and A T P a s e  ac t i v i t y  could 
be graded by  va ry ing  the  ex ten t  of quick  s t re tch ;  in 
this  case s t re tch- induced  tens ion  and s t re tch- induced  
A T P a s e  ac t iv i ty  were  a lways  p ropor t iona l  to  each o the r  
(Figure 1), suggest ing t h a t  s t re tch  recrui ts  more  cross- 
br idges ~. The  slopes of the  s t ra igh t  lines (corresponding 
to the  ma in tenance  h e a t  in l ive  muscles) were re la ted 
to t he  respect ive  speeds of contrac t ion ,  Thus,  t he  fibres 
f rom L. maximus wi th  50 pmoles  per  sec m a x i m a l  ATPase  
ac t i v i t y  developped m a x i m a l  tension wi th in  65 msec, 
t h e y  oscil lated a t  a f requency  of 7 per  sec (Figure 2) 
and  t h e y  are  known to  opera te  in v i v o  a t  25 oscil lat ions 
per  sec (the wing bea t  f r equency  a t  35 °C). I n  t h e  f ibres 
f rom the  fast  f l ight  muscles of L. annulipes t he  ATPase  
ac t i v i t y  was 60% higher  a t  m a x i m a l  tens ion  which w a s  
deve loped  wi th in  40 msec, and fol lowed by  oscil lat ions 
of 12 Hz  (at 20°C); t he  opera t ion  f requency  of f l ight  
muscles in l ive Lethocerus annulipes (30°C) is 40 Hz  4. 

2. A T P  spli t  per  cross-bridge cycle:  L e t  us assume, 
t h a t  t h e  f requency  of isometr ic  oscil lat ions corresponds 
in fac t  to t he  t u rnove r  f requency  of pa r t i a l ly  synchronized  
cross-bridges (cf.~). Unde r  condi t ions  of m a x i m a l  ac t iva-  
t ion  and cross-bridge recru i tment ,  1 cm D L M  fibre of 
L. maximus spl i t  7 pmoles  A T P  per  cycle (----- 50:7) and 
1.cm D L M  fibre of L. annulipes spl i t  t he  same a m o u n t  
(80:12). Elec t ronmicroscope  - and biochemical  invest iga-  
tionsT, s revea led  the  exis tence of abou t  3 pmoles  cross- 
br idges per  cm leng th  of f ibre or  3-4 pmoles  of myosin,  
corresponding to 6 -8  pmoles  A T P  spl i t t ing sites (cf.6). 
I t  m a y  then  be concluded t h a t  in m a x i m a l l y  ac t iva t ed  
g lycer ina ted  f l igh t  muscle fibres of the  fast  and slow 
bug, abou t  2 molecules  of  A T P  were  spl i t  in each cyclic 
opera t ion  of the  cross-bridge. The  f requency  of i sometr ic  
oscil lat ions (7 or  12) obvious ly  did correspond to  t he  
respect ive  enzymic  t u rnove r  numbers  of the  A T P  
split thag sites. This  f inding is ano the r  s t rong a r g u m e n t  
for the  above  assumpt ion,  t h a t  the  isometr ic  osci l la t ion 
f requency  corresponds to the  f requency  of synchronized  
cross-bridge movemen t .  I t  fu r the r  suggests, t h a t  th is  
f requency  de te rmines  the  speed of con t rac t ion  (Figure 2) 
as wel l  as the  A T P a s e  ac t i v i t y  per  tension,  b u t  n o t  t he  
cont rac t i le  tension.  

3. Burs t  of ATP-sp l i t t i ng  af ter  qu ick  s t re tch  : The  above  
results  appa ren t l y  con t rad ic t  an  earl ier  f inding of on ly  
one molecule  A T P  spl i t  per  cross-bridge cycle ~. I n  those  
exper iments  the  fibres were cont inuous ly  s t re tched  while  
in t he  p resen t  exper iments  the  fibres were  sub jec ted  to 
(repeti t ive)  squarewaves  of s t re tch  and release, whe reby  
each ex tens ion  period las ted for only  one osci l lat ion 
per iod (e.g. 100 msec). F r o m  the  A T P  spl i t t ing of the  
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Fig. 2. Isometric oscillation of tension after quick stretch, a) DLM, 
L. annulipes; b) DLM, L. maximus. Abscissa, time; ordinate, ten- 
sion. Vertical bar: 30 dynes]fibre. Composition of ATP saltsolution, 
s ee  methods. 
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summed extension periods the splitting per period (or 
per oscillation cycle) could then be easily calculated on 
the assumption, tha t  stretch activated ATPase was 
turned on and off rather abrupt ly  by the process of 
stretch and release. The discrepancy suggests tha t  stretch 
increased the ATPase activity which, however, declined 
by about  50% shortly after stretching. Consequently we 
at tempted to determine the amount  of ATP splitt ing 
from moment  to moment  after repetitive stretch activa- 
tion. The stretch ATPase was stopped by quick releases 
applied after the desired t ime following the quick stretch, 
e.g. after 17, 33, 50, 100, 200, 300 or 500 msec corre- 
sponding to a fraction of the cycle or to e.g. 1, 2, 3, 4 or 5 
cycles of oscillation. Naturally, the amount  of ATP split 
in each extension was found to be a function of the exten- 
sion time, which was conveniently expressed in terms of 
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Fig. 3. Time course of stretch-induced ATP splitting after quick 
stretch. Ordinate: pmoles of P liberated per cm fibre (normalized 
for 40 dynes tension) after stretching as a function of the duration 
of stretch (number of isometric oscillation periods, see text. 1 cycle 
=~ 100 msec). DLM fibres L, maximus, 20¢C. 

oscillation periods rather than seconds (Figure 3), in order 
to normalize the results of about 70 fast and slow DLM 
fibre bundles. I t  may be seen from the time progress 
curve, tha t  about 6 pmoles of ATP per cm fibre were 
quickly hydrolyzed, long before the first oscillation cycle 
was completed (e.g. 50 msec after stretching). After this 
initial burst  reaction the rate of hydrolysis approached 
the steady rate of only 3 pmoles per cycle in 1 cm 
fibre (cf3). 

Discussion and conclusion. I t  has been shown that  in 
extracted insect flight muscle of Lethocerus about  80% 
of the maximal  tension output  and 80% of the ATPase 
activity may be controlled mechanically, by stretch and 
release. The time progress curve of ATP splitting within 
the first 200 msec after quick stretch suggests tha t  
muscle extension activates the contractile ATPase with 
very little delay (if any) and this finding seems to rule 
out a number  of suggested more indirect mechanisms 
of stretch activation implicating e.g. diffusionM delays. 
The  time course of ATP splitting also suggests the splitting 
of 2 molecules of ATP per cross-bridge cycle during the 
early tension development (the cross-bridge stroke ?) and 
the splitting of only 1 molecule per cycle during tension 
maintenance;  for a number  of reasons it  is quite unlikely 
that  the low steady state activities are rate-limited by 
diffusion. The early burst  is reminiscent of the early 
phosphate release (2 moles P per mole of myosin) observed 
about  50 msec after combination of myosin with its 
substrate (LYMIq and TAYLORg). Both findings could be 
taken to mean that  after ATP-splitting, ADP is still 
bound to myosin when phosphate is released zo. 

Zusammen[assung. In  glyzerinierten fibrill/iren Muskel- 
fasern yon Lethocerus werden schon 20 msec nach maxi- 
maler ,Dehnungsakt ivierung,  der ATP-ase (urn 5000%) 
2 Mot ATP pro Mol Myosin gespalten, worauf die Kon- 
t rakt ionsspannung mit  der "Nechselzahl yon Myosin- 
ATPase und Querbriicken (etwa 10 Hz) oszilliert, 
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Activation of Glutathione Reductase by Flavine 
Red Cells 

The enzyme, glutathione reductase (GR), which re- 
generates G SH in the presence of reduced nicotine adenine 
dinucleotide phosphate (NADPH), appears to be im- 
portant  in maintaining the integrity of red cells. Recently, 
it  has been reported that  GR is present in a t  least 2 
forms: the active form associated with r av ine  adenine 
dinucleotide (FAD), and the inactive form without 
FAD 1-3. GRoss et al.*, reported that  GR act ivi ty in 
cord red cells is significantly greater than that  of normal 
adult  red cells. However, the mechanism for this increased 
GR act ivi ty and the role of FAD in activation of GR 

Adenine Dinucleotide in Hu ma n  Adult and Cord 

in cord red ceils is not  known. In  this study, we com- 
pared the total  level of GR and the amount  of the active 
form associated with FAD in normal cord red cells with 
that  in red cells from normal adults and from patients 
with severe metabolic disorders, e.g., severe uremia and 
cirrhosis of liver, as well as G-f-PD deficiency and 
various hemolytic anemias. 

Hemolysates were prepared as previously described 5. 
GIR activity was assayed at  37°C according to the 
method of LoNG and CARSON e in hemolysates with 
130 m M  Tris EDTA buffer (pH 7.6), 5.3 m M  oxidized 


