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Abstract

Adenosine triphosphate; (ATP) aptosphocreatin@PCr)both at 37°C, andrginine
phosphate(PA) at 22°C, in 2 mM solutions at pH 7735, absorbed visible ligistightly, and
released inorganic phosphate dimearly. The quantity ofnorganic phosphate extractable
depended natinearly, and on the time since subjectionth@ following agents: light (500
lux; 2-20 sec; 101000 lux; wavedength, 3135 78 me ) ; s o u-40d0 nf\2idtdba c / s ,
loudspeaker 1 metre away, fixed powdl-1L000 c/s); electromagnetic field around the test
tubes 50 c/q 48 watts, 220 sec; 248240V); centrifugation (200 g 1 mid000 rev/min.).
The extractable free phosphates also dependent on the NaotK," concentration.

Introduction

During the couse of experiments examining the abilitytbéretina to break down
ATP, it was noticed thaat 37C, the ATPitself was sensitive twisible light. It was further
found that ATPwassimilarly sensitive tasound, electrical energy, centrifugation and Na
concentration. PCr at 37°C alseaeted tahe 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 tempéeat@e This proved to be
the case.

Methods

NaATP,3H,0 (Sigma), phosphocreating H,0 (Sigma) or Na arginine phosphate,
were dissolved in water to approxitaly 4 mM, neutralizedo pH 7.3 7.5 by addition of
about a third of the total volume of 0.6 M trigfter. 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 EMwmrison and Rosenberg
(1956). It was diluted to make2 mM solution, which had a pH of 773%. Aliquots 0.5 ml
of the 20 ml made ypvere pipetted into test tuheblsually 24 such tubes containing ATP or
PCr were taken to a thermostatically controlled room at a temperature betw€eaand6°
37°C, in the drk. The 24 tubesverekept in the quiet for at least 20 mivefore the
experimersg werecarried 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 28°22°
Meanwhile to each oR4 test tubesvasadded a mixture of 2.0 ml of 1 N HSQ;, 0.5 ml of
5% ammonium molybdate, and 3 ml of isobutanol, #mely wereplaced in ice. At the
beginning of the experiment, 2 or 4 controls were taken, and then the light, saihdror
agent, applied. As soon as possible dftat the5.5 mis ofcold contents of the tubes were
decanted into the test tubes in the dark, and shaken vigore8giyn2s. The test tubes were
then puton ice in a large glass container in a black bdxe addition of the reagents to the
phosphate solution took about 1 sec, and placing timeize took less than 5 sec. Each
extraction under a particular condition wasglicatedoy two technicians at the same time, as
can be seen from the graphs. As sasipossible after the end of the whole experiment
which took 520 minutes the container with the stoppered tubes in ice was taken into a
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laboratory at 2@23°C and in the least light in which it could be done (about 10 luxadite
layer containing th@igh-energy phosphate, was pipetted out, and discarded. The quantity of
inorganic phosphate in thgobutanol layer was then measured using a stannous chloride

reagentbythemmt hod of Berenblum and Chain (1938).

Q11) or a Beckman (G 2400) spectrophotometer, both of which had their own calibration
curves. Linear calibration curves were made by taki§y6 0 8.1 mMoNgHPO, with
micropipétes, and extracting and measuring these quantities by the same procedure. All
glassware was washed with-@8% HS0,. Two to four experiments, each with
simultaneousluplicate specimens throughout, were done, excefptApwhere the shortage
of materid permitted sometimes only odeuble 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 amalysedhat random. The code was not revealatll after
the quantities of phosphate released had lzdculated.

Light

Light was obtained either from the commercial laboratory bench lamps which were
250 V, 60 W, Tungsram, af26 lumen, or from an Osram mercury high pressure lamp,
model HD, filtered througlvater and used with a Zeiss monochromator M4QIl. 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 ChalmseTechnical High School, using a Philips 90 CV photocell,
calibrated by the makers. Throughoustaperthe commercial lamp source will be
referred to aglaboratorylamp, and the mercury lamp with the monochromator giving light
of known wave lengthsasdmercurylamp. The intensities of illumination due to the
laboratory lamp were-Q000lux, chosen to cover the range-20 luxi the intensity
recommended forcorridors up to 1000 lux recommended operating theatres, or for
minute detailed work.

Sound

The sound source was a HewdBtickard 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
Shure dynamic microphone, Model 5%8d a Tektronix 502 oscilloscope. Where a fixed
frequency was used, it was 256 c/s. When the frequency was altered @00 @/s the
energy output othe loudspeaker was kept constant at 50 mW, equal to that cbonmghe
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 microphomean oscilloscopas a result of the sound
directed to it. When the intensity of the sound wasasued,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 theogphate 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 completglthose samples from the sound, which were not being extracted under
that condition.

Electrical energy

A commercial loudspeakerwith r esi st ance of 2500 q was
diameter 19 mm, in which a test tube stood vertically. Current was taken from the 240 V a.c.
50 c/s mainsourceto a Berco Rotary Regavolt variable resistor, type 42 A, and into the
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coil. The inputvoltage to the coil could thus be controlled from 0 to 100T%e alternating
current thus induced an electromagnetic field in the 0.5 ml of solution in the test tube without
the use of an electrode.

Centrifugation

In the dark at 37°C, 4 tubes were takesncontrols, then 16 others placed in the
Silverstolpe BEG 1100 centrifuge, and it was turned up to 1000 rev/min, so that, it was
revolving for 1 min, including the time of turning it up go its maximum speed. It was then
switched off and took between 50855 sec to stop. At 60 sec after switching off, the first 2
samples were taken out, and the phosphate extracted, and they were placed in the cold. Two
further samples were taken out every 30 sec.

The effect of Naand K concentrations

Stock solutions we made up containing concentrationsNd' or K* solutions
between 0 and 150 mM.In the experiments where the effect of the ions was studied
separatelythe Nd or K* solutions were made up to 150 mM with sucrose. When the effect
of the two ions was stuelil together, the total concentration df{us Nd was always 150
mM. Thus the solutioggicontained 150 mMoncentration oucrosepf Na',of K," orof Na’
plus K. The sample tubes were left in the dark at 37°C for 30 min, and then the phosphate
was etracted and measured.

General technique of experiments

With light, sound and electrical currents, a linearly increasing quantity of energy was
tested. They were also examined for exposure to these agents from 0 to 20 sec, at 2 sec
intervals. The agent walways switched off and the phosphate resgeaded as rapidly as
possible. The tubes weréhenplaced in the ice, in the darkom at 37°C. In the case of light,
electric currents and centrifugation, the organic phosphates were subjected to thiss®ragen
2-60 seconds, and examinad37C for 3-5 min at 30 sec intervatherefter.

Two sorts of controls were used: \{ijthout anyphysical or chemical reageriigsing
applied to themthe6 h egnhe rplgogpbates were extracted every 10 sec for 1QGadc
also every 1 min for 10 min to see if the extractability of the inorganic phosphate had a phasic
componentFigs 1,2); (ii) 0.1mM of NaaHPO, was subjected to the same agents under the
same conditions, and the phosphate extracted and measuredamthaay. This was to see
if the extraction process was itself affected significantly by the agents.

The absorption of similar 2 mM solutions of the organic and inorganic phosphates at
22-23°C (room temperature) arad 37° C was measuregith a Beckman sptrophotometer.
The measurements relevant to this paper are given in Table 1. Repeated experiments using
the same solution showed extremely small variation (see Figs. 13, 17, 31). Experiments
performed another day with solutions made up in the same wastisoes showed
significant differences in the free phosphate extractable in controls, and occasionally in the
amplitude of the phasic changes described. However, the marithe minimawere
always the same, i.e. the shapes of the graphs were alwagsrieeand values for two
samples of the same solution done consecutively can be seen on the graphs to be very close
together. At the end of a dayodés experi ment,
experimenter knowing the code. This was aelyealedafter theindividual samples had been
measured. The variation in the quantity of phosplia¢eatedin the controls of the PCr
experimentgvas attributed to the lability of PCr in acid molybdate conditjoespecially at
37°C (for review, see Bfrison and Ennor, 1960).
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Wave length 22°C 37°C
( me) ATP PCr PA ATP PCr
330 0.002 0.002 0.017 0.001 0.009
350 0.002 0.001 0.018 0.009 0.007
375 0.002 0.000 0.017 0.009 0.007
400 0.001 0.000 0.016 0.011 0.007
425 0.000 0.001 0.016 0.010 0.006
450 0.002 0.001 0.014 0.010 0.006
475 0.001 0.000 0.014 0.010 0.006
500 0.000 0.000 0.014 0.0010 0.004
525 0.000 -0.001 0.014 0.008 0.004
550 0.000 -0.001 0.013 0.007 0.004
575 0.000 0.001 0.013 0.006 0.004
600 -0.001 0.000 0.013 0.006 0.002
625 0.000 0.000 0.012 0.004 0.003
650 0.000 -0.001 0.012 0.004 0.001
675 0.000 0.001 0.012 0.002 0.001
700 0.000 0.000 0.012 0.002 0.000
725 0.000 0.000 0.012 0.002 0.000
750 0.000 0.000 0.011 0.002 0.000
800 0.000 0.000 0.010 0.002 0.000

Table 1. Optical dentsi of 2 mM solutions of ATRndPCrat 37C, andPA at22°C. The
ATP and PCr were prepared as described in Methbd&esgently in the cuvettes, then read
against water in a Beckman spectrophotometer, first at 37°C, and thedatran in the
same cugtte a22°C, then again at 37°C. The PA solution was only read al ZPR€.

values are the means afahreadingdone 4 times.

Results
Light

Whereas at 22°C neither ATP, nor PCr solutions had measurable absorption of light at
wavelength®f 3308 0 0 aBy°C, they bottabsorbed a small, but significant quaesof
light, less at the higher wave lengths u§€able 1). PA at 22°C absorbed slightly through
the visible range. The quammi$ of inorganic phosphate, which could be extractethe
absence of light or souricom the 2 mM solutions of ATP, PCr or PA, every 1 min for 10
min, and every 10 sec for 100 sebowed no significant tresqFigs. |, 2).
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Fig. 1. Measurement of phosphate extractable every 1 min fromeA@PCr at 37C, and

PA at22°C, withoutapplication of light, sound, electromagnetic field or centrifugatiomll
figures, 0.5 ml of buffered 2 mM ATP, PCr at 37°C or PA at 22°C were kepé ohark for

at least 20 min before experimenritsthis and all other figes, the two values for each point
represent the values obtained by two people doing precisely the same experiment
simultaneously.
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Fig. 2. Measurement of phosphate extractable every 10 sec from ATP, PCr at 37°C and PA at
22°C.

144 | o
1431 . @
w2r
X4 o o)
140} o g®@o
1391 d
138
B37F o o
136/ fo ) Page5 of 32
135, A .

i E

/

Absorbtion

T FOEE) (S () S| [ |

0 0306090120 . 180 . 240
Light Sec

1.4




Fig. 3. Effect of 2 selumination with laboratory lamplight of 500 lux at 37{&row)on
the absorption of 0.5 ml of 2 mM ATP. 1.5 ml oftHat OC was added to controls,
immediately after, and every 30 sec subsequently. 2mj®fnds added at 22°C to read
solutionsatB0me on t he spectrophotometer.

All the other samples were exposed to 500 luxes of laboratory lamp for 2 sec, and 1.5
ml of water added to each pair, every 30 sec. and they were put into ice. They had to be
diluted by a further 2 ml of water, to measureteh s or pt i on at 260 me.
immediately after the light, the absorption increased slightly, but 30 sec later it had increased
by 0.5%, and at 1 min the maximum increase was 0.8%. This rise in absorption gradually
reverted and had returnealthe previous level iR10sec to rise again B300sec (Fig.3).
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Fig. 4. Effect on ATP of 2 sec illumination of 500 lux of laboratory |digipt (arrow)on the
guantity of phosphate subsequently extractable every 30 sec at 37°C.
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Fig. 5. Effect on PCof 2 sec illumination of 500 lux of laboratory lamplight on the quantity
of phosphate subsequently extractable every 30 sec at 37°C

/omol. PA
O=NWHOIOHI®

pmmols
POg

o
| e}
3 8
)
L. o o
[ le) o
o)
B o O
o)
D o ©
~ (o}
| A o o
{ SO S LN N 0 I

i | l

0 030609010 . 180 . 240
Light sec

Fig. 6. Effect on PA of 2 sec illumination of 500 lux of laboratory lamplight on quantity of
phosphate subsequentlytectable every 30 sec at 22°C.

If, instead of measuring absorption after 2 sec light, the quantity of inorganic
phosphate was measurém ATP, it also showed a phasieehaviour. Within 2 sec of 500

luxes of light, the extractable PBad risen slighy from its levelof 26 nmol € mo | e

of

but 30 sec later, it had risen to about 36 nmoles;3Dsec later it had fallen to its original
value, but rose again without further stimulus to a mean of 38 nnf3@le®c later. The
maximum change in free P@as about 15 nmoles fromelmole of ATP (Fig. 4). The
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guantity of inorganic phosphate extractable from PCr after 2 secondsokghby 14

n mo | e s./lltshoweet @&decreased quantity of extractableI20-150 sec after light
(Fig.5). PA at 22°C was also sensitive to 2 sec Jighowing the same phasic behaviour,
although the maximum quantity of inorganic,R@s only about &émols’emol PA(Fig.6). It
should be noted that each of these organic phosphates liberates different quantitjes of PO
after the same light stimulus, andckdollows a specific pattern with time.
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Fig. 7. Exposure of ATP and MdPO, (0.1mM) to 500 lux of laboratory lamplight for-20
sec at 37°C.TheNaHPO4was a control.
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Fig. 8. Exposure of PCr to 500 lux of laboratory lamplight forZD sec at 37°Cr-or other
conditions, see Fig. 1.
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Fig. 9. Exposureof PA to 500 lux of laboratory lamplight for-®0 sec at 22°C.

Examination of the quantity of free phosphl#teratedimmediately after 220 sec
exposure to 500 luxes of laboratory lamp light revééie same phasic behaviour (Fig.7, 8,
9). ATP after2,14 and 20 seexposurePCr after B sec,and PA afteB and16 sec,showed
peaks of phosphate liberatiohTP after 6 sec, PCr after 20 sec, and PA after 14ils=ated
not significantly more phosmate than could be extracted in tlomtrols in the dark. The
guantitesoPO,e x t r act abl e f r oAPOL(Rige 7) Gid nbteshow sighificant
differences from the contrad (cf. Figs 1 and 2).

Light for 30 sec was increased fromid1000 lux, by bringinghe lampnearer. ATP is
seen to be maximally affected at 300 lu¥eSy at 600 luxes, and PA at 300 luxes and 600
luxes. On either side of these peaks, the phosphate bond was less easy to break. ATP
exposed td000luxes, and PA under 1&®00luxes,and400-600luxes, showed no increase
of extractable PQFigs. 10, 1112).
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Fig. 10. Exposureof ATP to 01000 lux of laboratory lamplight for 30 sec at 37°C. For
other conditions, see Fig.1.
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Fig.11. Exposure of PCr and M#PO, (0.1mM) to 0- 1000 lux of laboratory lamplight for
30 sec at 37°C. For other conditions, s&g E.
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Fig. 12. Exposuref PA to 31000 lux of laboratory lamplight for 30 sec at 22°C. For other
conditions see Fig. 1.

An Osram high pressure Hg lamp had peaks of energy output in the visible range at
wavelengthsofme , 313, 333, 346dnd578 Tk peakd@uegveredsdd |,
as readings for wavelengthHowever, each setting thus represented a much different band
width. Exposure of pairs of tubes for 30 sec to each of the coloured lights defined by these
conditions showed that diffarequantities of free RQvereextractable with the waviengths
used (Figs 13, 14 and 15). They were also extracted in the dark
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Fig. 13. Exposure oATP toOsram Hg high pressure lamp light of different wave lengths for
30 seconds at 8€. Circles wih black spots represent a second experiment under the same
conditions to show the variation between the experimdfds.other conditionsee Fig. 1.
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Fig. 14. Exposure of PCr to Osram Hg high pressure lamplight of different wave length
maxima for 30 seat 37°C. For other conditions, see Fig. 1.
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Fig. 15. Exposure of PA to Osram Hg high pressure lamplight of different wave length
maxima for 30 sec at 22°G-or other conditions, see Fig. 1.

None of the organic phosphates appeared to be sensitieltdtly ht at 403
PAnotat313ne or JF@S 13migl, 15). It is, of course, possible that during the time
of 30 sec, the free phosphate extractable was going through a manimakimal value, and
would have shown differentfigure for a diferent exposure time, Rige 13 shows 2
experiments on consecutive days on the same solutlinoh had beerkept at 4°C to show
the variation between experiments. Using the daghéng conditions, Engineds. Olander
measured the amount of light engrgceived in watts in the position in which the test tubes
were usually placed.
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Fig. 16. Exposure of ATRmM) and NaHPQO, (0.1 mM) to a loudspeaker 1 metre away with
an input of 21000 mW at 256 c/s, for 4 sec, at 37°C. This, and all subseqgerddiare of
experiments done in the dark. For other conditions, see Fig. 1.
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Fig. 17. Exposure of PCr to loudspeaker 1 metre away with an inptd@®@mW at 256 c/s
for 4 sec in the dark at 37°C. Circles with black spots represent a second experishent t
the variation between experiments on consecutive days.
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Fig. 18. Exposure of PA to loudspeakemetre away with an input o000 mW at 56 c/s
for 4 sec at 2.

A soundof 0-1000 mW into a calibrated linearly rising output loudd{® 1 metre tim all

the tubeat 256 c/swas turned on all the tubes for 4 sec for each powermdGand 700
800mW had most effect oATP, a100 mW and 800 mWbn PCrand100 miV and 700mwW

on PA. Each of thesaigh energy phosphates also showed intensities of poxkéth had
minimal effectson the highenergy phosphatégigs. 16, 17, 18)Fig. 16 shows the quantity
of inorganic phosphate extractable frompNBO, under similar conditions. Repetition of this
experiment showed no peaks but the large variation inmgadéemains. The quantities of
inorganic phosphate extracted at the fixed power input to the loudspeaker of 50rnW and
different frequencies from 0 to 1000 c/s also shothkeatithe liberation of inorganic
phosphate showealdistinct frequency sensitivity i@s. 19, 20, 21). Fig. 18hows the
variation between 2 experiments done on consecutive days with the same solutions.
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Fig. 19. Exposure of ATP to loudspeaker 1 metre away with constant power output, and
frequencies 0 1000 c/s for 4 sec at 37°C.
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Fig. 20. Exposure oPCr to loudspeaker 1 metagvay with constant power output, and
frequencies of Q000 c/s for 4 sec at 3Z° For other conditions, see Figs. 1, 16.
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Fig. 21.Exposure of PA to loudspeakkemetre away with constant power output, and
frequencies of 0 1000 c/s for 4 sec at@2For other conditions, see Fig. 1, 16.

Electric current

Linear increase of a.c. voltage round the coil from 0 to 240 V in 24 V steps showed
that all voltages produced some instabil&y P releasdbetween about 59 nmoles of
phosphate, except f60 V which had no effect (Fig.2. The quantity of inorganic
phosphate which was extracted from PCr was decreased between 168 to 240 V below the
control value (Fig. 23). PA (upon which only 1 experiment was done) wigsigsensitive
to 72, 96 and 216 V, but allowedl® nmol to be releaskby other voltages in the coil (Fig.
24).The current in the coil released phosphate from ATdPRCr in an oscillatory manner
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for 20 secgFigs 25, 26), and nodinearly in respectf voltage applied around the coil (Figs
27, 28, 29)I subsequently concluded that the effects of current in the coil could have been
partly due to heating the solutions.
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Fig. 22. Effect on ATP and Na&PO, (0.1mM) of 48 V in coil around the test tuben
subsequent extraction phosphateFor other conditions, see Figs. 1, 16. Note the large
variation in the NgHPQO, experiment, and that controls weaden before and afténe
electric current was turned on.
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Figure23. Effecton PCr of 48V in cib around test for 4 seconds at’87on subsequent
extraction of phosphate. For other conditions, see Figs. 1, 16. Please note that after 210 sec,
there is less extraction of phosphate than in controls.

%[ 0
Ear 8 5
- (o]
nmol 8 e }e))

(¢}
P04/um0| 16 }-(g) (0] 8

(@]
14#1111??114_1

0 0306090120 . 180 . 240
Electric current sec

(e]e]

Fig. 24. Effecton PA of 48 V in coil around tesiibe for 4 sec at 22°o0n subsequent
extraction of phosphate. For other conditions, see Figs. 1, 16.
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Fig. 25. Effect on ATP of 0 20 sec of 48 V i coil around test tube at 37°. For other
conditions, see Figs, 16.
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Fig. 26. Effect on PCof 0-20 sec of 48 V imcoil around test tube at 3. For other
conditions, see Figs 1, 16.
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Fig. 27. Effect on ATP of 8 240 V in coil around test tube for 10 sec at@7Por other
conditions, see Fg 1, 16.

Fig. 28. Effect on PCr of 0240 V in oil around test tube for 10 sec at @7For other
conditions, see Figs. 1, 16. Note that above 192 V, less phospsagéxtracted than from

the controls.
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