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Radiat ion in the v is ib le  reg ion  of the spec t rum (400-500 nm) f rom a 0.02 M aqueous solution 
of ATP  at 37~ was r e c o r d e d  with a photoelect ronic  mul t ip l i e r .  The rad ia t ion  was shown to 
depend on the pH of the solution. It  is absent  in an acid medium;  the intensity of chemi lumi -  
nescence  at  pH 7.0-7.5 is about 200 r  and with an inc rease  in pH to 10 it r i s e s  
sharp ly  - to 1,500 ~ / s e c / m l .  The quantum yie lds  of rad ia t ion  were  10-16-10 -i7 in a neut ra l  
and 10-15-10 -i~ in an alkal ine medium.  
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A T P  is now r e g a r d e d  as  the pr inc ipa l  accumula to r  and donor of energy  for cel l  p r o c e s s e s .  According 
to Szen t -Gyorgyi  [3, 5], one poss ib le  m e c h a n i s m  of function of this molecule  is connected with the weak 

�9 t r a n s f e r  of the cha rge  within the ATP molecule  i tself .  Under  these  c i r c u m s t a n c e s ,  excited s ta tes  of the 
molecu le  m a y  a r i s e  as  r a r e  events  and one mani fes ta t ion  of them could be the product ion of phottc quanta. 

The wr i t e r  has  shown [1] that  rad ia t ion  with a wavelength of over  350 rim, with an intensi ty of about 
200 r  and with a quantum yield  of 10-16-10 -iv can be r e l i ab ly  r e c o r d e d  by means  of a photoelec-  
t ron ic  mul t ip l i e r  (PEiVO f r o m  an aqueous solution of A T P  at pH 7.0-7.5 and at  37~ It  is in te res t ing  to note 
that  the addition of A T P a s e  (actomyosin)  to such a solution causes  the appea rance  of an u l t rav io le t  c o m -  
ponent, with an intensi ty  of 200-250 r  in addition to the v is ib le  radia t ion.  The p r e sence  of the weak 
u l t r av io le t  (mitogenetic)  r ad ia t ion  during in terac t ion  between ATP and A T P a s e  has  a lso  been demons t ra ted  
by  the use  of a b iological  de tec tor  [1]. The appea rance  of mi togenet ic  rad ia t ion  during in terac t ion  between 
subs t r a t e  and enzyme is a c h a r a c t e r i s t i c  f ea tu re  of many  enzymic  r eac t i ons  [2]. 

The object  of this invest igat ion was to study the re la t ionsh ip  between the chemi luminescence  of an 
ATP solution and its pH value.  

E X P E R I M E N T A L  M E T H O D  

The technique and the scheme  of the appara tus  w e r e  fully desc r ibed  prev ious ly  [1, 4]. The PEM used 
was a type FI~U-18A ins t rumen t  with quantum yield  of 2% for  250 nm and 5% for  450 nm. The PEM opera ted  
under  photon counting condit ions.  Glass  and quar tz  f i l t e r s  were  used.  The background t h e r m a l  emiss ion  
was 2-6 pu l ses /10  sec .  The " g l a s s - b a c k g r o u n d "  pulse d i f ference  co r re sponded  to v is ib le  rad ia t ion  with a 
wavelength of over  350 nm (the s h o r t - w a v e  l imi t  of the t r a n s m i s s i o n  band of the g lass  f i l ter) ,  whereas  the 
" q u a r t z - g l a s - s .  d i f fe rence  co r re sponded  to u l t rav io le t  rad ia t ion  with a wavelength of below 350 am.  The 
solut ions were  placed in a c o n s t a n t - t e m p e r a t u r e  quar tz  cel l  with a capaci ty  of l0 ml .  The pH was a l t e red  
by adding e i ther  2 N HCl or 5 N KOH to the ATP solution. The m e a s u r e m e n t s  taken with 0.02 M ATP solu-  
t ion a t  dif ferent  pH values  a r e  given in Tab le  1. In an acid med ium at  pH 0.2 and 3.4, when the intensity of 
nonenzymic hydro lys i s  is fa r  h igher ,  no rad ia t ion  was r e c o r d e d .  Weak rad ia t ion  with an intensi ty of about 
200 ~b/sec/ml  appea red  within the r a n g e  pH 7~ With an i n c r e a s e  in pH the intensi ty of the rad ia t ion  
r o s e  sharply ,  r each ing  1,500 ~ / s e c / m l  at pH about 10, beyond which it weakened slightly.  The rad ia t ion  of 
a l l  solutions t es ted  lay in the v is ib le  r eg ion  of the spec t rum with a wavelength of over  350 nm, for in every  
case  the "quar tz  - g l a s s "  pulse  d i f ference  was within the s ca t t e r  of the m e a s u r e m e n t s .  

Inst i tute  of N o r m a l  and Pathologica l  Physiology,  Academy of Medical  Sciences of the USSR, Moscow. 
(P resen ted  by Academic ian  of the Academy  of Medical  Sciences  of the USSR S. E. Severin.)  T rans l a t ed  
f romByu l l e t en"  ,Eksper imentaUnot  Biologii  i Meditsiny,  Vol. 78, No. 10, pp. 39-41, October ,  1974. Original  
a r t i c l e  submit ted  October  25, 1973. 

�9 19 75Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

1130 



TABLE 1. Radiation of a 0.02 M ATP 
Solution at 37~ in the Visible Region of 
the Spectrum during the F i r s t  10 min of 
Measurement  (M �9 m) 

Solution 
tested pH 

Mean "glass- I""o ~ 
background" t ~,~ o 
pulse differenc e ~ ,~ 

S ~ a  in 10 see /I 

0,02 M A TP 

0,2 

3,4 
7,0--7,5 

9,0--9,5 

9,5--10,5 

10,5--11,0 

11,0--11,5 

11,5--12,5 

0,49--0,22 (200) 
P<0,05 

0,08• (200) 
1,26-+0,19 (730) 

P<0,001 
7,28-+0,69 (I00) 

P<O ,oo 1 
9,58--+0,58 (60) 

P<O,O01 
9,43-+- 1,48 (120) 

P<0.001 
8,98 + 1,25 (140) 

P~0,001 
7,38-+0,84 (60) 

P<O,OOl 

0,02 M AMP 6,2 
9,5--10,5 

10,5--11,5 

--0,4~0,18 (40) 
0,96--0,57 (80) 
0,45~0,87 (120) 

200 

1100 

1500 

1500 

1400 

1100 

Legend: number  of 10-sec m e a s u r e -  
ments  in parentheses .  

TABLE 2, T ransmis s ion  
of Radiation f rom 0.02 M 
ATP Solutions with Alka-  
line pH Values by Fi l te rs  

Filter 

UFS-I 
FS-6 
SS-2 
ZhS-16 
0S-12 

I Wave- % Trans- 
length mission 
(in nm~ 

390 0 
440 25,6 
450 58,0 
490 40,0 
520 0 

For  compar ison ,  measurements  of radia t ion of AMP 
solution of the same concentrat ion a re  given in Table 1; in 
this case  no radiat ion was present .  The data given in Table 1 
re f lec t  the mean intensity of the radia t ion during the f i rs t  10- 
15 min after  prepara t ion  of the solution and the beginning of 
the measuremen t s .  The intensity of the radiat ion for ATP 
solutions with high pH values fell fa i r ly  sharply  with t ime. 
The ra te  of fall of intensity, moreover ,  increased  with an in- 
c r ease  in pH. For  instance, at pH 11.5-12.5 the intensity fell 
by half  within the course  of 30 min, at pH 9.5-10.5 it fell by 
25% during the same period, but at  pH 7.0-8.0 it remained  
vir tual ly unchanged. 

The re la t ive ly  high intensity of radia t ion of the ATP 
solution at alkaline pH values enabled its approximate  spec-  

t ra l  range to be determined with the aid of f i l ters .  F iRers  were  fixed to the movable f r ame  instead of the 
quar tz  and glass  discs.  The solutions used for this purpose var ied in pH from 9.5 to 11.5. Values of the 
radiat ion t ransmi t ted  by the f i l ters ,  in percentages  of the total intensity of radiat ion measured  without the 
f i l ter ,  a r e  given in Table 2. 

Consider ing that the spectra l  cha rac te r i s t i c  curve of the PEM had a maximum at 340 nm, falling off 
sharply on the long-wave side (from 70% at 400 nm to 10% at 600 nm) it can be concluded that the reg ion  of 
emiss ion of ATP is concentrated within the range 400-500 nm. 

The chemi luminescence  of an aqueous solution of ATP,  concentrated in the visible region of the spec-  
t rum,  is not the resu l t  of the spontaneous hydrolys is  of the te rminal  phosphas group, for it is absent  in an 
acid medium. This radia t ion is most  probably connected with the p resence  of excited molecules  in the 
solution and with in t ramolecular  changes in their e lectronic s t ruc ture .  The proport ion of these molecules  
in the solution, moreover ,  is ex t remely  smal l  for the quantum yield at neutral  pH values is 10-16-10 -l~, but 
at alkaline pH values it is an o rder  of magnitude higher.  The possibil i ty cannot be ruled out that chemi-  
luminescence  in the ATP solution may be due, for example, to the oxidation of ATP molecules  by oxygen or 
to format ion of complexes by them with metals .  The possibi l i ty that such high excitation values of the ATP 
molecules  may a r i s e  in r a r e  cases ,  when they br ing about the production of photic quanta, is in terest ing 
f rom the standpoint of an explanation of the mechanism of ATP function. 
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