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Perox idase  as B iochemica l  Measure  of Fresh Weight  and Sugar  Yield in S u g a r - B e e t  

The corre la t ion be tween  m e a n  fresh weigh t  in full- 
g rown sugar -bee t  t ube r s  and  sugar  yield is well k n o w n  by  
prac t ic ians  in the  sugar -bee t  indus t ry :  t he  bigger  are t he  
tubers ,  t he  lower t he  sugar  yie ld  (per kg), in general.  
Selection and  hybr id iza t ion  s tudies  t e n d  na tu ra l ly  to  
increase bo th  fresh weigh t  and  sugar  yield a t  t he  same 
t ime.  

P re l imina ry  exper imen t s  ~ on tube r s  ind ica ted  a posi-  
t ive  correla t ion be tween  sugar r ichness  and  peroxidase .  
The p resen t  expe r imen t s  were unde r t aken  to  ques t ion  
the  predic t ive  value of peroxidase  ac t iv i ty  in seedlings of 
new hybr ids  for es tabl i sh ing  the  degree of super ior i ty  
of yield in ful l -grown tubers .  

Perox idase  and  p ro te in  were measured  b y  m e t h o d s  
a l ready described1, ~, compara t ive ly  in ex t rac t s  f rom 
7-day-old.seedl ings (culture in sand,  25 ~ dark) and  f rom 
corresponding  field ful l -grown tubers .  
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Distribution of parents and sugar-beet hybrids on the basis of their 
relative fresh weight and sugar yield compared to those 6f the Polyx 
variety taken as reference. 

Peroxidase activity (measured by gaiacol) expressed in equivalents 
~zg HRP (horseradish peroxidase Fluka) per unit protein, in tubers 
and seedlings roots of the sugar-beet populations A, 13, D, E, F, A13, 
AD and EF (see Figure) 

A B D E F AB AD EF 

Tubers 0.83 0.78 0.59 
Seedlings 2.02 a 2.96 1.80 

1.81 a 1.92 1.60 
2.26 a 4.21 3.16 
2.19 a 3.69 2.54 

3.16 3.05 2.85 
4.21 4.50 2.95 

a MeaI1 values from different seed samples, studied at different times 
of a year. 

Character is t ics  of pa ren t s  and  hybr ids  used here  are  
indicated in the Figure. Comparisons of peroxidase activ- 
ity in seedlings and tubers are given in the Table. 

Let us consider the hybrids A]3 and AD obtained from 
the parents A, B and D. As can be seen in the Figure, 
the hybrid AB is bigger than the parents A and B, the 
size of the hybrid AD is between those of A and D. This 
situation is well reflected in peroxidase activities: pero- 
xidase activity in AB is lower than that in A and ]3; it 
is intermediate between A and ]9 in AD. Results obtain- 
ed with E, iv and Ely are in agreement with the preceding 
ones. Important is the fact, as already mentioned ~, that 
this peroxidase index for tuber growth can be measured 
early in young seedlings, as well as in full-grown tubers 
(example A, B, AB). So this correlation between perox- 
idase and capacity of growth is automatically associated 
with sugar yield in sugar-beet and can serve as bioche- 
mical measure in selection studies. 

The relationship between peroxidase and capacity of 
growth is well-known since the first experiments of VAN 
OVERBEZK 3 in maize dwarfism. It can be interpreted 
in terms of auxin available for growth through its con- 
trol by the auxin-oxidase activity of peroxidase 4. The 
link between sugar and peroxidase is not yet understood. 
But knowing that sugar is involved in ethylene biosyn- 
thesis s and that this gazeous hormone controls peroxi- 
dase 5, it would not be surprising to find a correlation 
between sugar yield peroxidase and ethylene biosynthesis 
in sugar-beet too. Experiments are being undertaken to 
clarify further the sugar yield capacity in this material 6. 

Rdsumd. L'ac t iv i t6  pe roxydas ique  est  tou jours  net~e- 
m e n t  plus 61ev6e dans  les tubercules  de popu la t ions  de 
Be t t e r ave  caract6ris4s pa r  un  poids  frais m o y e n  peu 61ev6 
et  pa r  une f o r t e  t eneu r  en sucre. Cet te  corr61ation est  
d6celable dans  les p lan tu les  de quelques  jours :  elle peu t  
donc servir  de  crit6re b iochimique  de s61ection. 
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The Influence of His tone  Fract ion F 1 and A T P  on the Ampl i tude  of Contract ions  of the 
Iso lated Right  Ventric le  of Rats  

In  our previous  work  1 we es tab l i shed  t h a t  add i t ion  of 
d i f ferent  f rac t ions  of h is tones  to  the  perfus ion fluid 
produces  changes  in t he  ampl i tude  of con t rac t ions  of the  
isolated ra t ' s  left  auricles. The mos t  effect ive among  t h e m  
was  f rac t ion  F 1 (lysine ve ry  r ich histones),  which  mos t  

powerful ly  inh ib i ted  the  ampl i tude  of cont rac t ions .  As 
A T P  is indispensable  for muscle  con t rac t ion  as t he  di rect  

x D. PETKOVI6, M. CVETKOVI6, R. KOVA6EVI~, R. SAVI6 and 
M. PAVLOVI~, Archs int. Physiol. Biochim. 77, 807 (1969). 
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donor  of t h e  energy,  a n d  h i s tones  i n h i b i t  i ts  sny thes i s  ~-4, 
we cons idered  i t  would  be  i n t e r e s t i n g  to  i nves t i ga t e  t h e  
i n t e r a c t i o n  a m o n g  h i s tones  a n d  A T P  on  t he  a m p l i t u d e  of 
c o n t r a c t i o n s  of t h e  i so la ted  r a t ' s  r i g h t  vent r ic le .  

Materials and method. The  e x p e r i m e n t s  were  ca r r ied  o u t  
on  a d u l t  r a t s  of b o t h  sexes we igh ing  200-300 g each.  T h e  
h e a r t  was  r e m o v e d  i m m e d i a t e l y  a f te r  k i l l ing  t h e  an imal ,  
t h e  r i g h t  ven t r i c l e  was  d issec ted  a n d  p u t  on  t h e  b o o t  
e lectrode.  The  e lec t rode  was  t h e n  p laced  in a n  o x y g e n a t e d  
b a t h  w i t h  T y r o d e ' s  solut ion.  The  v o l u m e  of t h e  b a t h  was 
30 m l  a n d  i ts  t e m p e r a t u r e  k e p t  a t  36-37 ~ S t i m u l a t i o n  
was  done  w i t h  squa re  wave  impulses  f rom a s t imu la to r .  
The  f r equency  of s t i m u l a t i o n  was 12/mii1, t i le  d u r a t i o n  of 
impul ses  was  1.5 msec  a n d  t h e  i n t e n s i t y  b e t w e e n  4-10  V. 
The  a m p l i t u d e  of c o n t r a c t i o n s  was  r ecorded  b y  a l igh t  
i so tonic  lever  on  s m o k e d  p a p e r  Of t h e  k y m o g r a p h .  

The  p r e p a r a t i o n s  were  d iv ided  in to  4 groups.  I n  t he  1st 
g roup  o n l y t h e  f r ac t ion  F 1 of h i s tones  (40 mg/ml)  was  added  
to  t h e  b a t h ;  in  t h e  2nd, f r ac t i on  F 1 (40 mg/ml)  a n d  w h e n  
t he  ven t r i c l e ' s  c o n t r a c t i o n s  s topped,  a n  e q u i v a l e n t  a m o u n t  
of A T P  (40 mg/ml)  was  a d d e d  ; in  t h e  3rd, A T P  (40 mg/ml )  
a n d  a f t e r  15 m i n  f r ac t ion  F~ (40 mg/ml) ,  a n d  ill t h e  4th,  
s i m u l t a n e o u s l y  h i s t one  F 1 (40 mg/ml)  a n d  A T P  (40 mg/ml) .  
I n  al l  g roups  t h e  ven t r i c l e s  were left  in  t h e  b a t h  for 30 ra in  
for s t a b i l i z a t i o n  before  t he  subs t ances  were  added.  

H i s t o n e  f r ac t ion  F 1 was  e x t r a c t e d  f rom calf t h y m u s  
acco rd ing  to  t he  J o H n s  ~ p rocedu re  (me thod  1). Commer -  
cial  A T P  (Boehr inger ,  M a n n h e i m )  was used. 

Results. The  resu l t s  are p r e sen t ed  in t h e  Figure .  I n  t h e  
1st g roup  of e x p e r i m e n t s  (13 specimens)  t he  a d d i t i o n  of 
h i s t one  F~ i n h i b i t s  t h e  c o n t r a c t i o n  of t h e  r i g h t  ven t r i c l e  
in  a b o u t  10.5 m i n  ( the  ave rage  value) .  I n  t h e  2nd  g roup  
(10 specimens)  c o n t r a c t i o n s  s t o p p e d  a t  nea r ly  t h e  same  

t i m e  a f te r  a d d i t i o n  of f rac t ion  F 1 as in  t h e  1st group.  
15 ra in  a f t e r  t h e  c o n t r a c t i o n s  were s topped ,  A T P  was  
a d d e d  to  t h e  b a t h  a n d  7 ra in  l a t e r  (average  value)  
c o n t r a c t i o n s  r e s t a r t e d  b u t  t h e  anap t i tude  was  smal l e r  
t h a n  before  a d d i t i o n  of h i s t o n e  F 1. These  c o n t r a c t i o n s  
pe r s i s t ed  t i l l  t h e  en d  of t h e  e x p e r i m e n t  (120 min) .  I n  t h e  
3rd g roup  (7 specimens) ,  15 m i n  a f t e r  add i t i on  of ATP ,  
wh ich  produces  on ly  a s l igh t  increase  of t h e  a m p l i t u d e  
of con t rac t ions ,  h l s tone  F1 was added  to  t h e  b a t h .  T h e  
a d d i t i o n  of h i s t o n e  F~ p roduces  on ly  a decrease  of t i le 
a m p l i t u d e  of con t rac t ions ,  wh ich  pers i s t ed  t i l l  t h e  end  of 
t i le  e x p e r i m e n t  (120 rain).  I n  t h e  4 t h  g roup  (6 specimens) ,  
s i m u l t a n e o u s  a d d i t i o n  of h i s tone  FI  a n d  A T P  abol ishes  
t h e  c o n t r a c t i o n s  a f te r  9 m i n  (average  value) ,  and,  t i l l  t h e  
end  of e x p e r i m e n t  (120 rain),  t h e y  r e m a i n e d  inh ib i t ed .  

Discussion. S t a r t i n g  f rom t h e  fac t  t h a t  h i s tones  i n h i b i t  
t h e  syn thes i s  of m a n y  i m p o r t a n t  t i s sue  me tabo l i t e s ,  
a m o n g  t h e m  A T P  2, 3, as well  as t h e  fac t  t h a t  A T P  is 
i nd i spensab le  for t h e  muscle  con t r ac t ion ,  we i n v e s t i g a t e d  
t h e  i n t e r ac t i o n s  b e t w e e n  h i s tones  a n d  ATP .  T h e  resu l t s  of 
our  e x p e r i m e n t s  showed  t h a t  h i s t o n e  f r ac t ion  F I h a s  
s ign i f ican t  i n h i b i t o r y  inf luence  on  t h e  a m p l i t u d e  of 
c o n t r a c t i o n s  of t h e  i so la ted  r a t ' s  r i g h t  vent r ic le ,  whi le  t h e  
a d d i t i o n  of A T P  a f t e r  cessa t ion of c o n t r a c t i o n s  p roduced  
b y  h i s t o n e  F1 r e s t a r t e d  t h e i r  con t rac t ions .  T h e  con t rac -  
t ions  were res to red  because,  up  to  t h e  t i m e  w h e n  A T P  

2 V. G. ALLFREY, ~Expl. Cell Res., Suppl. 9, 183 (1963). 
8 V. G. ALLFREV, ];Xp1. Cell Res., Suppl. 9, 418 (1963). 
4 V. G. ALLFREY, V. C. LITTAU and A. E. MI~SKY, Proc. natn. Acad. 

Sci. USA 4'9, 414 (1963). 
E. W. JoHNs, Biochem. J. 92, 55 (1964). 

Effect of histone F 1 and ATP on the amplitude of contractions of the isolated right ventricle of rats. For details see the text. 
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was adde  d, a p a r t  of t he  h i s tone  was spl i t  u n d e r  t he  
inf luence  of p ro t eo ly t i c  enzymes  in t he  m y o c a r d i u m  a n d  
t he  add i t i on  of A T P  to t h e  b a t h  al lowed A T P  dephospho-  
r y l a t i o n  outs ide  t i le ceils w i t h  l i be ra t ion  of inorgan ic  
p h o s p h a t e  a n d  adenosine .  Adenos ine  passes  in to  t he  cell 
where  A T P  resyn the t izes .  A t  t he  same  t i m e  t he  l i b e r a t e d  
inorganic  p h o s p h a t e  passes  s lowly in to  t h e  cell a n d  A T P  
is fo rmed  in t r ace l lu l a r ly  3. Therefore ,  t h e  c o n t r a c t i o n s  
wh ich  were s topped  u n d e r  t he  inf luence  of h i s tone  F 1, 
r e s t a r t e d  a f t e r  a d d i t i o n  of A T P  to t he  b a t h .  T he  a m o u n t  
of A T P  r e s y n t h e t i z e d  in th i s  w ay  is less, on  ti le one h a n d  
because  of increased  a c t i v i t y  of A T P - a s e  s t i m u l a t e d  b y  
h i s tones  7, a n d  on  t h e  o t h e r  ha l ld  w i t h  smal le r  p resence  of 
ATP .  If, on  t he  con t r a ry ,  A T P  is added  before  h i s t one  F 1, 
c o n t r a c t i o n s  on ly  decrease,  b u t  pers i s t  t i l l  t h e  end  of 
e x p e r i m e n t a l  per iod  (120 min) .  Th i s  can  be  exp la ined  as a 
resu l t  of more  A T P  wh ich  p roduces  a s l ight  increase  in 
t he  a m p l i t u d e  of con t rac t ions ,  and  l a t e r  add i t i on  of 
h i s tone  F 1 on ly  decreases  t he  a m p l i t u d e  w i t h o u t  comple te  
inh ib i t ion .  The  m e n t i o n e d  surp lus  of A T P  in t he  cell 
c a n n o t  be  comple te ly  decomposed  w i t h  A T P- as e  s t i m u l a t -  
ed b y  h is tones .  B u t  if h i s tone  F 1 a n d  A T P  were added  
s imu l t aneous ly  t h e r e  is a d i rec t  i n t e r a c t i o n  b e t w e e n  t h e m ,  
so t h a t  t i le effect  of A T P  is blocked,  and,  once inh ib i ted ,  
c o n t r a c t i o n s  c a n n o t  be  res tored.  

Rdsumd. L ' a c t i o n  de la f r ac t ion  F 1 des h i s tones  et  de  
I ' A T P  sur l ' a m p l i t u d e  des c o n t r a c t i o n s  a 6t6 examin6e  sur  
le ven t r i cu le  d ro i t  des r a t s  b lancs .  On a cons t a t6  que  
I ' A T P  app l iqu6  apr6s l ' a r r4 t  des c o n t r a c t i o n s  dfi 5. 
l ' h i s tone  F 1 p r o v o q u a i t  la reprise  de celles-ci. L a  pr6sence 
de I ' A T P  a v a n t  l ' app l i ca t i on  des h i s tones  F 1 abaisse  
s eu l emen t  l ' ampl i tude ,  mats  les c o n t r a c t i o n s  pe r s i s t en t  
jusqu'5,  la f i n  de l 'exp6rience.  L ' a p p l i c a t i o n  s imu l t an6e  
de I ' A T P  et  des h i s tones  F 1 p r o v o q u e  une  i n h i b i t i o n  
i r r6vers ible  des c o n t r a c t i o n s  vent r icu lMres .  
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Alka l ine  P h o s p h a t a s e  Act iv i ty  in Re la t ion  to D N A  

The  biological  role of a lka l ine  p h o s p h a t a s e  ill t h e  cell is 
no t  y e t  u n d e r s t o o d  a n d  i ts  subs t ra te (s )  in  v ivo  are n o t  
ye t  defined.  I n  v i t ro  e x p e r i m e n t s  w i t h  m a m m a l i a n  cell 
e x t r a c t s  show t h a t  t he  e n z y m e  is a nonspeci f ic  phospho -  
monoes te rase ,  able  to  c leave a wide v a r i e t y  of phos pho ry l -  
ated substrates i-3. The facts that it can dephosphorylate 
nucleotides (nucleotidase activity) 2 and transferphosphate 
groups from nucleotides to nucleosides (transphosphoryl- 
ase ac t iv i ty )  1,4 p r o m p t e d  GEORGATSOS 2 a n d  MELNY- 
KOVYCH et  al. 3 to  sugges t  t h a t  a lka l ine  p h o s p h a t a s e  m i g h t  
be  i nvo lved  in nucleic acid b iosyn thes i s  b y  r egu la t ing  t he  
levels  of free nuc leo t ides  in  t he  cell. 

I n  a d d i t i o n  to  t h e  t r a n s p h o s p h o r y l a s e  a c t i v i t y  asso- 
c i a t ed  w i t h  a lka l ine  phos pha t a s e ,  pur i f ied  p r e p a r a t i o n s  
of t he  e n z y m e  f rom var ious  sources, inc lud ing  m a m m a l i a n  
cells, possess inorgan ic  p y r o p h o s p h a t a s e  ac t iv i ty .  I t  has  
b e e n  sugges ted  5-~~ t h a t  al l  these  ac t iv i t i es  are assoc ia ted  
w i t h  a single e n z y m e  pro te in .  

Since inorganic  p y r o p h o s p h a t e  is a b y - p r o d u c t  of 
severa l  b i o s y n t h e t i c  reac t ions ,  inc lud ing  D N A  a n d  R N A  
synthes i s ,  i t  has  been  sugges ted  t h a t  i t  m i g h t  be  t he  
n a t u r a l  s u b s t r a t e  of a lka l ine  p h o s p h a t a s e  a c t i n g  as a 
p y r o p h o s p h a t a s e  5-9. Th i s  would  p r ov i de  a m e c h a n i s m  b y  
wh ich  t i le  p o l y m e r i z a t i o n  Of nucleic  acids would  be  irre- 
versible .  

I f  a lka l ine  p h o s p h a t a s e  is indeed  i nvo lved  in t h e  regula-  
t i on  of t i le level  of free nuc leo t ides  in  t h e  cell (as a 
t r ansphosphory l a se ) ,  or if i t  is i nvo lved  in t he  con t ro l  
of t he  p o l y m e r i z a t i o n  of nucleic  acids (as a p y r o p h o s p h a -  
tase),  t h e n  i ts  a c t i v i t y  in  t he  cell shou ld  h a v e  some pred ic t -  
able  r e l a t ionsh ip  to  D N A  synthes is .  

Materials and methods. H e L a  $3 cells (P 1287) were 
g rown as mono laye r s  in  a m e d i u m  cons i s t ing  of equa l  
p a r t s  of Eag le ' s  modi f ied  m e d i u m  a n d  m e d i u m  M199 
w i t h  10% calf se rum,  5 ml/1 of 3% g lu tamine ,  200 U / m l  
penic i l l in  G, a n d  20 U / m l  d i h y d r o s t r e p t o m y c i n .  Cells 
were synch ron i zed  b y  t h e  doub le  t h y m i d i n e  b lock ing  
t r e a t m e n t  as p rev ious ly  descr ibed  3, xx. A t  g iven  t i m e s  a f te r  
release f rom t h e  second t h y m i d i n e  block,  11.6 C i / m M  

S y n t h e s i s  in  S y n c h r o n i z e d  HeLa  $3 Cells  

3H(methyl) thymidine (3H TdR) was added to cell 
cultures to a final concentration of 0.8 ~Ci/ml. After 
60 rain at 37~ the radioactive medium was removed 
and cells were washed 3 times with Earle's balanced salt 
solution (BSS) containing 2 mM unlabeled thymidine. 
Cells were then collected by trypsine-versene, washed 
with BSS, counted,, and sonicated (MSE sonicator, 
9 microns between peaks) in 3 ml distilled water for 30 sec 
(2 x 15). The sonicate was centrifuged at i0,000 xg for 
60 rain at 4~ Next 0.2 ml sonicate was pipetted into 2 ml 
of cold 6% solution of trichloroacetic acid (TCA) and the 
acid insoluble fraction was collected by suction on 
milipore filters which had been prewashed with unlabeled 
2 mM thymidine to prevent nonspecific binding of the 
isotope to the filter. Tilters were then dried and counted 
in l0 ml of scintillation fluid (5 g PPO, 200 mg POPOP, 
1 l toluene) in a Packard Tri-Carb Spectrometer. 

Alkaline phosphatase was assayed in 2.5 ml reaction 
mixture of 0.i M Tris-HCl, pH 9, 2 mM disodium p- 
n i t r o p h e n y l  p h o s p h a t e  (Fluka),  a n d  50 tA cell sonicate .  
Af te r  i n c u b a t i o n  for 30 ra in  a t  37 ~ 0.5 ml  of 2 N N H 4 O H  
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