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Methodology for Adenosine Phosphate Determinations

in Bacterial Culture

Mewengkang Hanny Welly, Ryo ISHIMOTO
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Method for determination of adenosine phosphates in environmental samples by Karl & Holm-Hansen!’ was
reexamined. The results are as follows: (B

1) It is desirable that the sample for ATP determination which is put in proper quantity in a glass vial of the ATP
photometer (Labo science, TD-4000) is determined by injecting luciferase reagent from the silinge of the photometer
and that the light emitted in ATP determination is assayed by peak light emission.

2) It is necessary that commercial pyruvate kinase and myokinase (adenylate kinase) preparations for conversions
of ADP and AMP to ATP are dialyzed for 5 h and that the myokinase after dialysis is immediately used because of
the lability.

3) The conversions of ADP and AMP to ATP needed incubation at 30°C for 30 min.

4) It was able to determine AMP in substituting ADP for ATP which needs for AMP determination.

5) The light emitted in ATP determination decreased with increase of concentration of sea water in samples but the
strength of the light emission was proportional to the concentration of ATP at the same concentration of sea water.

6) The conversions of ADP and AMP to ATP were not prevented in sea water samples of adenosine phosphates.

7) Some commercial beef extract contained considerable amount of AMP.

8) Adenosine phosphate concentrations were not able to determine correctly by using cells in bacterial culture.

9) In adenosine phosphate determinations by using the whole of bacterial culture, it is necessary that the analysis is
immediately carried out after incubation and that the sampling from the culture define the point of it.

10) It was able to exactly and rapidly determine adenosine phosphates by calibration with standard solution of

adenosine phosphates.
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Fig. 3. Reaction system for enzymatic conversion of ADP and

Fig. 1. Reaction system for luminometric ATP determination. AMP to ATP.
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Fig. 2. Diagram for luminometric ATP determination.
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Fig. 4. Time course of light emission from 1 gm ATP with
firefly luciferase.

Table 1. Comparison of peak light emission and integrated
light flux measurement for quantitative ATP deter-
minations by two methods

Light emission (RLU*1)

Procedure Sample -
Peak height Integral
a 545 3.72E+04
b 593 3.90 E+04
Karl&Holm-Hansen'’s c 631 3.93E+04
method*2 d 655 4.33 E+04
e 689 4.82 E+04
: M=623+72 M= (4.15+0.55) E+04
a 563 5.35 E+04
b 593 5.63 E+04
Author’s method*3 c 622 5.91 E+04
d 638 6.07 E+04
e 649 6.15 E+04

M=613+43 M=(5.82+0.40) E+04 -

*1 Relative light unit.

*2 One micromolar ATP solution(100 p{ ) in syringe was in-
gected into luciferase preparation (500 ¢ ) in cuvette.

*3 Luciferase preparation (100 £ ) in syringe was injected in-
to 1M ATP solution (100 £ ) in cuvette.
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Table 2. Effect of volume of ATP solution in cuvette on
luminometric ATP determination

Volume of Volume of

luciferage 1M ATP P?ﬁli%%;zmi%gn
preparation solution lution)
(/1,0, ) (IUE ) solution
100 20 2.08
100 40 2.63
100 50 2.64
100 60 2.62
100 80 : 2.61
100 100 2.59

Luciferase preparation was injected into 1M ATP solution.
RLTU, relative light unit.
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Fig. 5. Stability of firefly luciferase preparation during preser-
vation at 4°C after reconstitution. The enzyme activity
was estimated periodically by measuring peak light
emission from 100 nM ATP.
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Table 3. Effect of dialysis on pyruvate kinase and myokinase
activities

Peak light emission (RLU*!)

ﬁﬁ:;;ﬁ:tl: Not dialyzed Dialyzed enzyme

enzyme 1h 3h 5h

ATP 14.70 ND ND ND
(100%4)

ATP-+ADP*? 11.36 12.79  13.75 14.68
(77.3) (87.0) (93.5) (99.9)

ATP+ADP+AMP*3  5.27 12.37 13.26 14.65
(35.0)  (84.1) (90.2) (99.7)

The mixture contains equimolecular adenosine phosphates (100
nM). '

*1 Relative light unit.

*2 Pyruvate kinase was used for ATP plus ADP determina-
tion(See Fig. 3).

*3 Pyruvate kinase and myokinase were used for ATP plus
ADP plus AMP determination (See Fig. 3 ).

*4 The numeral in parentheses shows percentage against
the light emited in ATP determination.
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Fig. 6. Stability of pyruvate kinase and myokinase during
preservation at 4°C after dialysis. The relative activities
of pyruvate kinase®) and myokinase(O) were periodical-
ly monitored by estimating the conversion of 100 nM
standard adenosine phosphates(ATP:ADP:AMP=
1:1:1) to ATP.

Table 4 . Effect of time during incubation at 30 °C on conver-
sion of ADP and AMP to ATP

Incubation Peak light emission (RLU)

time (min) ATP ADP AMP
15 5.97 5.74 5.83
30 5.99 5.99 5.98
45 5.99 5.97 5.99
60 6.01 5.97 5.99

The test for conversion of ADP and AMP to ATP was carried
out using the minxtures of equimolecular ATP, ADP, and
~AMP (100 nm).
RLU, relative light unit.

Table 5. Determination of adenosine phosphates in singles or

mixtures
. Peak light emission (RLU)
Adenosine T -
Determination of analytical system of :
phosphate
ATP ADP AMP
ATP 14.68 14.65 14.71
ADP / 14.67 14.71
AMP / / 0.00
ATP+ADP / 14.66 14.67
ATP+AMP e / 14.70
ADP+AMP J/ J/ 14.68
ATP+ADP+AMP / / 14.67

The mixtures contains equimolecular adenosine
phosphates (100 nM) .
RLU, relative light unit.
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Fig. 7. Representative standard curves of ATP@®), ADPQ,
and AMP(®).

Table 6 . Effect of sea water on adenosine phosphate determina-

tions
Adenosine Peak light emission (RLU)
phosphate 0% S. W. 25% S. W.50% S. W.75% S. W.
ATP 63. 4 55.3 46.0 35.7
ADP 62.3 54.8 45. 4 35.7
AMP 64.0 52.5 38.5 35.5

The mixture of ATP, ADP, and AMP (10 #M in total concen-
trations) was added into 0, 25, 50, and 75% sea water(S. W.).
RLU, relative light unit.
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Fig. 8. Effect of sea water on adenosine phosphate determina-
tions. The determinations were carried out using the
mixture of equimolecular ATP, ADP, and AMP which
were dissoleved in (0@, 25(), 50(4), and 75% @sea
water. The presentative curves were lined using the
result from the total adenosine phosphate because each
of equiimolecular adenosine phosphates showed the
same light emissions. RLU, relative light unit.

Table 7. Adenosine phosphates in bacterial media using in our

experiment
Concentraion of adenosine phosphate
Adenosine (nmol/m{)
phosphate PYBG medium  Nutrient Broth
(BBL)

ATP 0.02 0.03

ADP 0.02 0.01

AMP 12.42 0.13

PYBG medium contains 0.50% Bacto—Peptone (Difco),
0.25% yeast extract(Difco), 0.25% beef extract (Difco), 0.10
% glucose in 50% sea water.

Nutrient Broth(BBL) was dissolved as prescribed into 50%
sea water.
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Table 8 . Adenosine phosphates in ingredients of PYBG
medium

Adenosine Concentration of adenosine phosphate

(n mol/m{)
phosphate Bacto-Peptone Yeast extract Beef-extract
ATP 0.08 0.07 0.63
ADP 0.05 0.01 0.11
AMP 0.83 0.75 13.30

Ingredients of 0. 50% Bacto—Peptone (Difco), 0.25% yeast ex-
tract (Difco), and 0.25% beef extract(Difco) was dissolved in
50% sea water.

Table 9. ATP determination by using the resuspended cells in
Escherichia coli culture

Culture ATP(aM,m{ culture)
used Resuspended Resuspended
(mg) with toothpick by shaking
0.5 9.73 0.59
1.0 4.76 0.52
1.5 10. 67 0.63

The culture was incubated with Nutrient Broth (BBL)at 37
C for 18 h. ’

The cells were collected by centrifugation and then
resuspended in Tris buffer(0.02 M, pH 7.75) with
toothpick or by shaking.

Tablel0. ATP determination by using the whole in Escherichia
coli culture

ATP (M /m{ culture)

Sample Shaked Not shaked
a 453.2 86.1
405.2 70.1
¢ 447.8 72.5

The culture was incubated with Nutrient Broth (BBL)at 37°C
for 48 h.

Tablell. Change in concentration of adenosine phosphates in
Escherichia coli culture with standing at room
temperature after incubation at 37°C

Time  Temperature of Adnosine phosphate

elapsed  culture medium (oM, m¢{ culture)
(min) () ATP ADP AMP
0 36 49.6 359.7 340.0
5 33 30.0 333.3 327.5
10 30 18.7 271.2 262.8
15 28 9.3 250.5 257.0
20 26 7.5 245.8 202.9
30 25 6.6 247.7 161.4
40 23 5.6 244.8 159.4
60 21 4.6 242.9 157.5

The culture was incubated with Nutrient Broth (BBL)at 37°C
for 24 h. )
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