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accord ing  to  I~ING 16 and  t he  nucleic  acids spec t ropho to -  
me t r i ca l ly  by  m e a s u r i n g  e x t i n c t i o n  a t  260 nm,  us ing  calf 
t h y m u s  D N A  as a reference.  All resul t s  were expressed  as 
pe r cen t  of the  control .  

Results and discussion. I n  t he  F igure  t he  m e a n  of 2 inde-  
p e n d e n t  e x p e r i m e n t s  is given,  showing  u p t a k e  of 32p in to  
t he  nucleic acid, as well  as t he  CO 2 f ixat ion,  of sp inach  
leaves  in  t he  presence  of Ioxyn i l  a n d  P r o m e t r y n e .  As 
d e m o n s t r a t e d  in t he  Figure,  Ioxyn i l  and  P r o m e t r y n e  
af fec t  t he  a~p i nco rpo ra t i on  in to  t he  nucle ic  acid before  
CO 2 f ixa t ion  is inf luenced.  This  is pa r t i cu l a r ly  p r o n o u n c e d  
in t he  case of Ioxyni l .  The  a.~p incorpora t ion ,  t a k e n  to be  
a measure  of nucleic  acid me tabo l i sm,  shows a s imi la r  
p a t t e r n  for b o t h  herb ic ides :  the  u p t a k e  of a~p shows a 
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Time course stud}" ou the incorporation of pa2 into nucleic acid and 
CO 2 fixation. Result~ are expressed m percent of values obtained for 
the herbicide-free controls. ~, C~Oo fixation in the presence of 
Prometryne; II, p32 incorporation in the presence of Prometryne; 
A, C~O2 fixation in the presence of Ioxynil; A, pat incorporation in 
the presence of Ioxynil. The average rates recorded for the control 
plants were as follows : COo fixation, 150 ~zmole COz/mg chlorophyll/h ; 
pa2 incorporation, 1.75 btatom P/rag nuch, ic acid/b. 

m i n i m u m  a f t e r  12-18 h i n c u b a t i o n  a n d  increases  to  a 
m a x i m u m  level  a f te r  30 h. 

W i t h  regard  to t he  r a t e  of  p h o t o s y n t h e t i c  CO~ f ixa t ion  
of leaf discs f rom herb ic ide  i n c u b a t e d  p lan ts ,  i t  was  found  
t h a t  P r o m e t r y n e  i n h i b i t e d  p h o t o s y n t h e s i s  a f te r  12-30 h 
a n d  Ioxyn i l  a f te r  50 h. These  results ,  c o m p a r e d  w i th  those  
on 32p i nco rpo ra t i on  in to  nucleic  acid,  where  r a t e  of in- 
co rpora t ion  was a l m o s t  i m m e d i a t e l y  affected,  sugges t  
t h a t  t he  herb ic ides  do no t  in te r fere  p r i m a r i l y  w i th  the 
p h o t o s y n t h e t i c  r eac t ion  cycle. 

Th i s  f ind ing  was f u r t h e r  s u b s t a n t i a t e d  b y  fol lowing 
a4CO~ u p t a k e  in t he  he rb ic ide  t r e a t e d  p lan ts .  The  s t u d y  
revea led  t h a t  in t he  r ange  where  for  b o t h  herb ic ides  sup 
inco rpo ra t ion  in to  nucleic acid was a l r eady  affected,  t he  
'4CO 2 f ixa t ion  ra te ,  as well  as the  d i s t r i b u t i o n  p a t t e r n  of 
t he  ass imi la tes  {detected b y  r a d i o - c h r o m a t o g r a p h y ) ,  re- 
ma ined  u n c h a n g e d  when  compared  w i t h  t he  u n t r e a t e d  
control .  

A l t h o u g h  a p rope r  e v a l u a t i o n  of our  resul t s  is indeed  
diff icult ,  i t  m i g h t  r e a s o n a b l y  be  specu la ted  t h a t  b o t h  
herb ic ides  in te r fere  p r i m a r i l y  w i t h  t he  repl ica s y s t e m  be- 
fore t he  more  a u t o n o m o u s  func t ions  of t he  p h o t o s y n t h e t i c  
a p p a r a t u s  are affected.  

Zusammen[assung Sp ina tp f l anzen  (Spinacia oleracea 
L.) w u r d e n  in e iner  Nghr l6sung,  welche  die H e r b i m d e  
Ioxyn i l  r e spek t ive  P r o m e t r y n  en th ie l t en ,  ku l t iv ie r t .  Es  
zeigte sich, dass  in den  B1/i t tern dieser  P f l a n z e n  der  a2p_ 
E i n b a u  in die Nukleins/~uren bee inf luss t  wurde,  b e v o r  eine 
H e m m u n g  der  p h o t o s y n t h e t i s c h e n  COa-Fixierung e in t r a t .  
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P y r i d i n e  N u c l e o t i d e  O x i d i z e d  to  R e d u c e d  R a t i o  as  

Pyr id ine  nucleot ides  (DPN,  D P N H ,  TPN,  a n d / o r  
T P N H )  h a v e  been  ident i f ied  as i m p o r t a n t  cofactors  in 
a lmos t  all  m a j o r  me tabo l i c  p a t h w a y s .  I t  seems possible  
t h a t  the  abso lu te  levels and  the  s t a t e  of t he  oxidized 
to  reduced  moiet ies  could inf luence  t he  ac t iv i t ies  of t he  
severa l  me tabo l i c  p a t h w a y s .  The  pyr id ine  nuc leo t ide  
oxidized to  r educed  ra t io  has  been shown to be a l t e red  in 
several  me tabo l i c  s ta tes ,  inc lud ing  t issue i schemia  
(BuRcH and  VON DIPpE1), nerve s t i m u l a t i o n  (GIACOBINA 
and  GRASSO2), a n d  s t a r v a t i o n  (LARDY a and  GLOCK and  
McLEAN4). W e  hypo t he s i zed  t h a t  th i s  r a t io  could be 
ac t ing  as a fac to r  w i t h i n  t he  muscle  to  regu la te  per-  
formance .  T h a t  is, if a muscle  possessed t he  ab i l i ty  to  
m a i n t a i n  a h ighe r  ox id ized- to- reduced  ra t io  i t  would  
increase i ts pe r fo rmance  capabi l i ty .  

The  wel l -known ab i l i ty  of phys ica l  t r a i n i n g  to increase  
one ' s  capac i ty  for muscu l a r  pe r fo rmance  was ut i l ized in 
order  to  b r o a d e n  the  r ange  of responses  to  an  acu te  exer-  
cise s t imu la t ion .  2 groups  of 75-day-old Sp rague -Dawley  
ra t s  were chosen.  The  f i rs t  group h a d  been  s w u m  for 8 
weeks, twice  a day. for 2 h each session, wi th  up to 3 ~ of 
t he i r  b o d y  we igh t  a t t a c h e d  to the  tail. T he  second group 
was non - t r a ined .  At  t he  end  of the  t r a i n i n g  period,  the  
an imal s  were l igh t ly  a n a e s t h e t i z e d  w i t h  e ther ,  t he  

a R e g u l a t o r  of M u s c u l a r  P e r f o r m a n c e  

achil les t e n d o n  clipped,  a n d  the  d i s t a l  end  of t he  gas t ro-  
c n e m i u s - p l a n t a r i s  muscle  g roup  a t t a c h e d  to a l inear  
va r i ab l e  d i f fe ren t ia l  t r ans fo rmer .  The  muscle  g roup  was 
loaded  w i th  a 20-g weight .  D i rec t  muscle  s t i m u l a t i o n  
(0.2 mA) was appl ied  to t he  in s i tu  muscle  p r e p a r a t i o n  a t  
t he  r a t e  of 2 twi tches /sec .  A t  t he  end of 10 min  t he  con- 
t r a c t i n g  muscle  g roup  was  f reeze-c lamped wi th  a l u m i n i u m  
tongs,  precooled in l iquid  n i t rogen .  W o r k  pe r fo rmance  
was d e t e r m i n e d  b y  s u m m i n g  t he  d i s t ance  t he  20-g we igh t  
was  m o v e d  du r ing  each  of t he  1200 i n d i v i d u a l  twi tches .  
The  py r id ine  nuc leo t ides  (DPN,  D P N H ,  T P N ,  a n d  
T P N H )  were assayed  b y  a p p r o p r i a t e  e n z y m a t i c  r eac t ions  
(alcohol dehydrogenase ,  l ac t a t e  dehydrogenase ,  g lu ta-  
m a t e  dehydrogenase ,  a n d  g lueose -6 -phospha te  dehydro -  
genase, respect ively) .  The  change  in a b s o r b a n c e  a t  340 n m  
was measu red  on B e c k m a n  Model  D U  s p e c t r o p h o m e t e r .  

1 H. BURCH and P. VOW DIPPE, J. biol. Chem. 239, 1898 (1964). 
E. GIACOBINI and A. GRASSO, Acta physiol, scand. 66, 49 (1966). 

a H. LARDY~ Ct~ztrol o] E~7.crgy )~lelabotism (Ed. /3. C~ANC~, 
R. ESTABROOK, J. WILLIAMSON; Academic Press, New Yark t965), 
p. 246. 

4 G. GLOCK and P. MCLEAN, Biochem. J. 61,388 (1955). 
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The  Tab le  shows the  t o t a l  (free a n d  bound)  py r id ine  
nuc leo t ide  c o n c e n t r a t i o n s  found  in the  2 groups  of r a t s  a t  
t he  end  of t he  10-rain c o n t r a c t i o n  period.  T he  va lue  for 
muscle  D P N H  showed a s t a t i s t i ca l ly  s ign i f ican t  dif- 
ference be tween  t h e  2 groups.  The  a l t e r a t i on  in t he  D P N H  
va lue  was suff ic ient  to  cause  a s ign i f ican t  di f ference in t he  
py r id ine  nuc leo t ide  ox id ized- to- reduced  rat io.  As a resu l t  
of i n t r a - g r o u p  v a r i a t i o n  in work  pe r f o r m ance  a n d  
ox id ized- to- reduced  rat io ,  t he  s um  of t h e  oxid ized  pyr i -  
d ine  nucleot ides  d iv ided  b y  t h e  s um  of t he  r educed  
nuc leo t ides  did  n o t  (and m a t h e m a t i c a l l y  should  not)  
equa l  t he  m e a n  of t he  i nd iv idua l ly  ca lcu la ted  oxidized- to-  
reduced  rat ios.  

The  s t a t i s t i ca l  r e l a t ionsh ips  be t w een  the  muscle  
ox id ized- to - reduced  ra t io  (y) a n d  work  p e r f o r m a n c e  (x) 
were as follows: n o n - t r a i n e d  animals ,  y -- 7.7811 -- 
0.0041x; t r a i n e d  animals ,  y -  9 . 9 7 9 7 -  0.0006x. W o r k  

Pyridine nueleotide COlacentrations 

Non-trained Trained 

pe r fo rmance  equa led  2645 4- 142 m e t e r - g r a m s  for t he  
n o n - t r a i n e d  a n i m a l s  and  2715 4 - 1 4 5  for t he  t r a i n e d  
an imals .  These  r e l a t i onsh ips  ind ica te  t h a t ,  w i th in  each  
group,  t he  g rea t e r  t he  work  pe r fo rmance  the  more  
capab le  t he  cell was  of t o l e r a t i ng  a more  reduced  s ta te .  
F u r t h e r m o r e ,  for  a n y  g iven  work  pe r fo rmance  level, t h e  
muscle  of t he  t r a i ned  a n i m a l  h a d  a h igher  oxidized- to-  
reduced  ra t io  t h a n  t he  muscle  of t he  n o n - t r a i n e d  an imal .  

I t  seems l ikely t h a t  t h e  h ighe r  ox id ized- to- reduced  
ra t io  in  t he  muscles  of t he  t r a i n e d  r a t s  ind ica tes  a n  in- 
creased capac i t y  of t he  m i t o c h o n d r i a  to  keep the  cell in a 
more  oxid ized  s ta te .  Current ly ,  we are i nves t i ga t i ng  
a l t e r a t ions  in  t h e  ox ida t i on - r educ t i on  s t a t e  of the  var ious  
subce l lu la r  c o m p a r t m e n t s  w i t h i n  t he  muscle  cell 5. 

Zusammen/assung. Die P y r i d i n n u k l e o t i d - G e h a l t e  von  
t r a i n i e r t e n  und  u n t r a i n i e r t e n  Muske ln  werden  n a c h  zehn-  
min i i t iger  Arbe i t  m i t e i n a n d e r  vergl ichen.  Das  Ver-  
h~iltnis der  ox id i e r t en  zu r eduz i e r t en  P y r i d i n n u k l e o t i d e n  
is t  be im  t r a i n i e r t e n  Muskel  st~trker ox id ie r t  als b e i m  
n i c h t  t r a i n i e r t e n  Muskel.  

D. W. EDINGTON 

DPN 970.8 • 75.4 1027.3 ~ 90.0 
DPNH 262.8 ~ 51.5 ~ 124.9 t 19.4 
TPN 8.1 • 1.5 10.2 -4- 3.1 
TPNH 106.4 ~= 30.9" 66.9 ~ 15.9 
Oxidized/reduced 4.4 • 0.7 ~ 7.3 4- 1.2 
Total pyridine nucleotides 1348.1 =t- 109.4 1229.3 J= 94.2 

Human Energy Systems Laboratory, 
School of Physical Education, 
University o/ Massachusetts, 
Amherst (Massachusetts 01002, USA), 
72 November 7969. 

Values are in [zmoles]kg of tissue ~ S.E.M. N = 18. The pyridine 
nucleotide oxidized to reduced ratios represent the mean of the ratios 
(DPN+TPN) / (DPNH-t-TPNH) for each experiment. ~ p < 0.05. 

5 D. W. EDINGTON, Muscle Symposium (American College Sports 
Medicine, Atlanta, Georgia 1969). 

Inactivation of Cystathionase and of Cysteine Sulfinic Acid Decarboxylase by Proteolytic Enzymes: 
Effect of Pyridoxal Phosphate 

I t  has  been  r e p o r t e d  1,2 t h a t  t h e  ac t iv i t i es  of c rude  a n d  
of pa r t i a l ly  pruf ied  p r e p a r a t i o n s  of r a t  l iver  c y s t a t h i o n a s e  
(L homose r ine  hyd r o - l ya s e  EC 4.2.1.15) a n d  cys te ine  sul- 
finic acid (CSA) deca rboxy la se  (L cys te ine  su l f ina te  
ca rboxy- lyase  EC 4.1.1.29) are, a t  leas t  in pa r t ,  p ro t ec t ed  
aga ins t  h e a t  d e n a t u r a t i o n  a n d  u rea  i n a c t i v a t i o n  b y  t h e i r  
coenzyme,  p y r i d o x a l  p h o s p h a t e  (PLP) ,  whe reas  pyr id -  
oxine  and  o the r  de r iva t i ve s  (pyr idoxamine ,  pyr idoxa l ,  
p y r i d o x a m i n e  p h o s p h a t e )  afford no p ro tec t ion .  I t  
appea red  of i n t e r e s t  to  u n d e r t a k e  s tud ies  wh ich  would  
a t t e m p t  to  d e t e r m i n e  w h e t h e r  a s imi lar  p r o t e c t i o n  can  be  
obse rved  in o the r  s i tua t ions ,  more  closely r e l a t ed  to t he  
cond i t ions  of physio logica l  d e g r a d a t i o n  of t i s sue  pro te ins .  
I n  th i s  paper ,  s tud ies  of t h e  ac t ion  of p ro teo ly t i c  enzymes ,  
t r y p s i n  (Wor th ing ton) ,  a - c h y m o t r y p s i n  (Seravac  Lab. )  
and  p ronase  (Calbiochem) on  pa r t i a l ly  pur i f ied  cys ta -  
t h ionase  and  CSA deca rboxy la se  are descr ibed.  F u r t h e r -  
more,  to  ga in  a d d i t i o n a l  ins igh t  as to  t he  role t h a t  P L P  
plays,  t he  effect  of P L P  on these  reac t ions  of pro teolys is  
was  i nves t i ga t ed  a n d  is also described.  A p r e l i m i n a r y  re- 
p o r t  of some of these  f ind ings  ha s  a l r eady  appea red  a. 

C y s t a t h i o n a s e  a n d  CSA deca rboxy lase  were e x t r a c t e d  
f rom W i s t a r  ma le  r a t  l iver  and  pa r t i a l ly  pur i f ied  accord ing  
to t he  p rocedures  a l r eady  descr ibed  2 w i t h  s l ight  modif ica-  
t ions :  in  t h e  p r e p a r a t i o n  of CSA decarboxylase ,  t h e  
s u p e r n a t a n t  was  h e a t e d  to 55 ~ for 5 m i n  a n d  cen t r i fuged  
before  a d d i t i o n  of a m m o n i u m  su lpha te4 ;  in  the  p repa ra -  

t i on  of cys t a th ionase ,  d i t h io th r e i t o l  (DTT) was o m i t t e d  
in t he  solut ions  used and  t he  p r e p a r a t i o n  was in each  case 
lyophi l ized.  

I t  is n o t e w o r t h y  t h a t  c y s t a t h i o n a s e  was o b t a i n e d  essen- 
t ia l ly  in  t he  fo rm of apoenzyme,  for, before  or a f t e r  
lyophi l iza t ion ,  i t  exh ib i t ed  a v e r y  smal l  a c t i v i t y  unless  
P L P  was added  to  t he  i n c u b a t i o n  mix tu re ,  whereas  t h e  
a c t i v i t y  of pur i f ied  CSA deca rboxy lase  was t he  same 
w h e n  m e a s u r e d  w i t h  or w i t h o u t  add i t i on  of P L P .  

The  m e a s u r e m e n t s  of enzymic  ac t iv i t i es  were car r ied  
ou t  accord ing  to t h e  p rocedures  p rev ious ly  descr ibed 5,8, 
and  t he  modi f i ca t ions  a l r eady  r epo r t ed  1,~. 
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