
Page 1 of 32 

 

Instability of the terminal bond of ATP, phosphocreatine and arginine phosphate 

by Harold Hillman 

Institute of Neurobiology, University of Göteborg, Sweden; present address: Unity 

Laboratory of Applied Neurobiology, 76, Epsom Road, Guildford, Surrey, GU1 2BX, U.K. 

Abstract 

Adenosine triphosphate; (ATP) and phosphocreatine (PCr) both  at 37°C, and arginine 

phosphate, (PA) at 22°C, in 2 mM solutions at pH 7.3-7.5, absorbed visible light slightly, and 

released inorganic phosphate non-linearly. The quantity of inorganic phosphate extractable 

depended non-linearly, and on the time since subjection to, the following agents: light (500 

lux; 2-20 sec; 100-1000 lux; wave-length, 313-578 mɛ); sound (256 c/s, 100-1000 mW into a  

loudspeaker 1 metre away, fixed power, 100-1000 c/s); electromagnetic field around the test 

tubes 50 c/s  ( 48 watts, 2-20 sec; 24-240V); centrifugation (200 g 1 min, 1000 rev/min.).  

The extractable free phosphate was also dependent on the Na
+
, not K,

+
 concentration. 

Introduction  

During the course of experiments examining the ability of the retina to break down 

ATP, it was noticed that, at 370C, the ATP itself was sensitive to visible light.  It was further 

found that ATP was similarly sensitive to sound, electrical energy, centrifugation and Na
+
 

concentration. PCr at 37°C also re-acted to the same agents. Since the phosphate of high 

transfer potential in poikilotherms is PA (Lohmann, 1935), it was thought possible that this 

substance might exhibit these same properties at room temperature (22°C). This proved to be 

the case. 

Methods 

Na2ATP,3H20 (Sigma), phosphocreatine  4 H20 (Sigma), or Na arginine phosphate, 

were dissolved in water to approximately 4 mM, neutralized to pH 7.3- 7.5 by addition of  

about a third of the total volume of 0.6 M tris buffer.  The PA was a very pure sample kindly 

provided by Dr. J. Morrison of the Australian National University, through the good offices 

of Prof. A. Ennor. It had been prepared by the method of Ennor, Morrison and Rosenberg 

(1956).  It was diluted to make a 2 mM solution, which had a pH of 7.3-7.5. Aliquots, 0.5 ml 

of the 20 ml made up, were pipetted into test tubes.  Usually 24 such tubes containing ATP or 

PCr were taken to a thermostatically controlled room at a temperature between 36°C and 

37°C, in the dark.  The 24 tubes were kept in the quiet for at least 20 min, before the 

experiments were carried out. This allowed them and the solutions to warm to 37°C. The PA 

was placed under a black cloth in a quiet laboratory at a temperature of 22°-23°C. 

Meanwhile,  to each of 24 test tubes, was added  a mixture of, 2.0 ml of 1 N H2S04, 0.5 ml of 

5% ammonium molybdate, and 3 ml of isobutanol, and  they were placed in ice.  At the 

beginning of the experiment, 2 or 4 controls were taken, and then the light, sound or other 

agent, applied. As soon as possible after that, the 5.5 mls of cold contents of the tubes were 

decanted into the test tubes in the dark, and shaken vigorously 2-3 times. The test tubes were 

then put on ice in a large glass container in a black box. The addition of the reagents to the 

phosphate solution took about 1 sec, and placing them on ice took less than 5 sec.  Each 

extraction under a particular condition was replicated by two technicians at the same time, as 

can be seen from the graphs. As soon as possible after the end of the whole experiment - 

which took 5-20 minutes - the container with the stoppered tubes in ice was taken into a 
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laboratory at 20-23°C and in the least light in which it could be done (about 10 lux) the acid 

layer containing the high-energy phosphate, was pipetted out, and discarded. The quantity of 

inorganic phosphate in the isobutanol layer was then measured using a stannous chloride 

reagent by the method of Berenblum and Chain (1938). It was read at 700 mɛ on a Zeiss (PM 

Q11) or a Beckman (G 2400) spectrophotometer, both of which had their own calibration 

curves. Linear calibration curves were made by taking 5- 800 ɛl of 0.1 mM Na2HPO4 with 

micropipettes, and extracting and measuring these quantities by the same procedure. All 

glassware was washed with 95- 98% H2S04.Two to four experiments, each with  

simultaneous duplicate specimens throughout, were done, except for PA, where the shortage 

of material permitted sometimes only one double experiment, and the absorption of ATP on 

exposure to light, which was done 6 times (Fig. 3). The test tubes in which each of the 

reactions occurred were coded and analysed at random. The code was not revealed until  after 

the quantities of phosphate released had been  calculated. 

Light 

Light was obtained either from the commercial laboratory bench lamps which were 

250 V, 60 W, Tungsram, of 726 lumen, or from an Osram mercury high pressure lamp, 

model HD, filtered through water and used with a Zeiss monochromator M4QII. The 

illumination from the former light source was measured in luxes using an AVO Light Meter, 

Model 2. The energy in watts coming from the latter source was kindly measured by 

Engineer B. Olander, of Chalmers Technical High School, using a Philips 90 CV photocell, 

calibrated by the makers.  Throughout this paper, the commercial lamp source will be 

referred to as ólaboratoryô lamp, and the mercury lamp with the monochromator giving light 

of known wave lengths, as ómercuryô lamp. The intensities of illumination due to the 

laboratory lamp were 0-1000 lux, chosen to cover the range 20-50 lux ï the intensity 

recommended for - corridors up to 1000 lux recommended for operating theatres, or for 

minute detailed work. 

Sound 

The sound source was a Hewlett-Packard test oscillator model 650A, with a 

Telefunken audio amplifier, whose input went into a broad band loudspeaker (Sims PMB 

8003). The linearity between the input and the output of the loudspeaker was tested using a 

Shure dynamic microphone, Model 55S, and a Tektronix 502 oscilloscope. Where a fixed 

frequency was used, it was 256 c/s. When the frequency was altered from 0-1000 c/s the 

energy output of the loudspeaker was kept constant at 50 mW, equal to that coming from the 

loudspeaker at 256 c/s, with 50 mW input. This was tested by recording the amplitude of the 

a.c. signal coming out of the crystal microphone on an oscilloscope as a result of the sound 

directed to it.  When the intensity of the sound was measured, the 24 test tubes containing the 

phosphate were all put 1 metre away from the loudspeaker, and it was turned to zero input. 

The control phosphates were then extracted, and the input to the loudspeaker turned to 100 

mW for 4 sec, at the end of which the phosphate of 2 further tubes was extracted, and the 

loudspeaker then quickly turned to zero. The input was then put at 200 mW, and after 4 sec, a 

further 2 tubes extracted, and so on. This procedure was adopted, as it was found impossible 

to screen completely those samples from the sound, which were not being extracted under 

that condition. 

Electrical energy 

A commercial loudspeaker with a resistance of 2500 ɋ was found which had a hole of 

diameter 19 mm, in which a test tube stood vertically.  Current was taken from the 240 V a.c. 

50 c/s mains source  to a Berco Rotary Regavolt variable resistor, type 42 A, and into the 


