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ABSTRACT: Effects of ATP and MgJ'2 concentrations on bioluminescence reaction
of luciferase (Photinus pyralis) were investigated by home-made luminometer. The
Michaelis constants of the enzyme for ATP and MgJ':2 obtained from the Lineweaver-
Burk graph, were 61.9 uM * 3.3 uM and 251.6 uM + 39.0' uM respectively. Optimum
concentration of Mg+2 for maximum luminescence was 0.004 M.
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INTRODUCTION

Thereure many known living organisms capable of
producing light, and a famous among them is the firefly
or glow-worm from Coleoptera order. The emission of
light, is a result of chemijcal reaction in the lantern of
firefty. The emission of light by living organism is
called bioluminescence(BL). The common firefly in
north America is Photinus pyralis [1].

The bioluminescence system of firefly which is
related 1o click beetle of the Pyrophorus, was dis-
covered hy Dubois in 1885 [2]. He extracted some of
the compounds present in firefly’s lantern by hot and
cold waler, separately. When the materials extracted
with hot warer were cooled very quickly and mixed
with the other, caused light emission. The materials
extracted with hot and cold water are named luciferin
and luciferuse respectively. Luciferin in the American
firefly, Photinus pyralis, and Japanese firefly, Luciola,

were discovered in 1916 and 1917 by Harvey respec-
tively [3-5]. Determination of chemical structure of
luciferin and it’s synthesis were performed in 1961 by
White et al. [6-7].

Identification and determination of luciferin in Ira-
nian firefly, Lampyris turkestanicus, has also been
reported [8]. The amino acid sequencing of luciferase
indifferent species of fireflies were reported in 1939 [9].

Chemiluminescence reaction
Generally speaking, bioluminescence reaction is a
special type of chemiluminescence (CL). These types
of reactions are called cold light reactions, because
the variation in temperature is low. A simple type of
CL reaction is as the following:
A + B—> C — hw(light) + D(product) (1
In this reaction, the reactants A and B produce
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electronic excited state C which looses its energy by
light emission through CL. The mechanism of light
emission in these types of reactions are shown in
Figs. 1. and 2.
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Fig. I: Relationship between different light producing processes.
A+ B— C —> hv (Light) + D{Producits)

~

Fig. 2: Formation of exciled state C from reactanis A and B.

The chemiluminescence quantum yield (Qgp), is
defined as the ratio of the number of emitted
photons to the total number of excited molecules.
The Q, for firefly BL is higher than 88% [10)].

Mechanism of firefly bioluminescence
The BL reaction for firefly is as follows:

. 0
Luciferase + Luciferin + ATP + Mg*? 2
dissolved
Oxyluciferin + AMP + PP
Oxyluciferin’ —— Oxyluciferin + hv (2)
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AMP = Adenosine monophosphate
PP = Pyrophosphate

These reactions perform in firefly lanterns in a
cyclic form. The luciferase enzyme have active sites
which could be occupied by luciferin, ATP, and Mg+2
substrates. After each emission, the enzyme is regene-
rated and could react again [4].

The kinetics of firefly BL reaction
For determination of Michaelis constant of ATP,
the BL reaction is rewritten in a general form:

k -
DE+S s ES—2> EP" 2 EP + b
2)EP ets E + P 3)

where constants and terms are defined as follows:
[11].
K; = equilibrium constant
k, , k3, ky = rate constants
5 = substrate
E = enzyme
ES, EP, EP" = intermediates
P = reaction product (oxyluciferin)

The reaction rate with respect to ATP is propor-
tional to emitted maximum light intensity:
V = Iy, = K[ATP)y/ (Ky arp + [ATP)) (4)
where I, , [ATP];, K ame and K respectively are:
maximum light intensity, original concentration of
ATP, Michaelis constant of enzyme for ATP and a cons-
tant. K, Michaelis constant, is defined as a concen-
tration of a substrate at which, the reaction rate is
halfof the maximum rate. For the case when [ATP]y< <
K, the Eq. (4) simplifies to:

= Const. [ATP], (5)

max

According to the Eq. (5) luminescence intensity is
a linear function of ATP concentration and its time
dependence can be written as:

dl/dt = Const. d[ATP]/dt (6)

The above equation provides a simple photomet-
ric means for following the variations in ATP and
related compounds during BL of firefly [4,11,12].

Since the light intensity is converted to voltage in
a luminometer, the Eq. (5) could be written on the
basis of voltage. Generally, the use of Michaelis-
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Menten equation, for determination of Michaelis
constant is difficult because of the nonlinearity of
light intensity vs substrate concentration. AccOI-
dingly, the reciprocal of this equation (Lineweaver-
Burk equation) is usually used for this type of deter-
mination [11,12].
VK—MS + VL [Lineweaver-Burk equation|

woelS] Vau o

In this equation V
when the active sites of enzyme are saturated with
substrate, V,; is the voltage at the start of the
reaction when the sites are yet unsaturaied case, and
[S] is the concentration of substrate.

1
Vo

is the voltage at the time

max *

EXPERIMENTAL
Chemicals

Chemicals were obtained from the following
sources: ATP assay mix, FL-AAM, and ATP stan-
dard, FL-AAS (Sigma Chemical Co., St. Louis,
Missouri, USA); magnesium chloride (Fluka, Buchs,
Switzerland).

Instrumentation
luminometry

The instrument used for measurement of light
intensity is called luminometer or photometer whose
general schematics {s shown in scheme below:

Light emitted

e [ Detestor|—[ Recoree

Scheme I

Detectors used are usually photomultipliers, photo-
cells, phototubes or photographic plates [12,13].

Home-made luminometer

Since the commercial luminometer were not
available in our department, we designed a home-
made luminometer using a photocell as its detector.
The schematic representation of this instrument is
shown in Fig. 4. The detector was a photocell,
BPY47 (Leybold, Huerth, Germany). For construction
of this instrument a wooden chasis was chosen. The
photocell was placed at the bottom of the chasis. A
hole of about 2.0 cm in diameter were just made

Measurement of michaelis constants ...

Vol 18, No. 2, 1999

above the photocell for inserting the flat bottom
glass sample cell as close to photocell as possible.
The chemicals were injected into sample cell through
a pin-hole above it. The whole system was placed in a
box to protect it from stray light from the environ-
ment. The photocell was connected o a recorder (Ser-
vogor 120, Leybold, Huerth, Germany) and a microvolt-
meter (Leybold) via proper switch. The light intensity-
time curves were recorded and the voltage was read
from microvoltmeter.
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Fig. 3: Bioluminescence intensity versus time.
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Fig. 4: Schematic diagram of the home-made luminometer.

Procedure
1) Solutions
a: ATP assay solutions

5SmL of double distilled water was added 10 a mix-
ture of ATP assay mix (FL-AAM), which is a lyophi-
lized powder containing. American firefly, Photinus
pyralis luciferase, D-luciferin, MgSQ, , enzyme sta-
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bilizeres and tricine buffer held in an ampoule, and
shaken to pet a clear solution.

b: ATP standard solution

Thiswas prepared by addition of 5 mL double dis-
tilled water to an ampoule containing 1.02 g of pow-
der of ATP (FL-AAS).

2) Effect of ATP on light emission

For removal of chemical interferences (specially
ATP) trom the glass cells, they were soaked in 1 M
HCI overnight, washed with double distilled water
and doed in an oven [14].

To measure the Michaelis constant of enzyme for
ATP substrate, the needed solutions were mixed as
follows:

{In the cen}
{v uL ATP [0.204 g/mL] + [0.5 mL + (100-V uL)]
100 »L FL-AAM injected

H,0} Light

The time at which the ATP assay solution (FL-
AAM) was injected is considered as the zero time
and the voltage was measured at different times after
injection. The K, ,1p was calculated from Lineweaver-
Burk equation using the maxmum light intensity at
the beginning of the reaction.

3) Effect of Mg** on light emission
The Michaelis constant of luciferase enzyme for
Mg*? substrate, was obtained from the light emitted
from the following mixture.
{In the cell}
{0.5 mL Mg** solution + 100 uL FL-AAS}

100 L. FL-AAM injected

» Light

RESULTS AND DISCUSSION

The light intensity-time curve from the detector is
shown in Fig. 3. This curve shows that the intensity
of light is maximum after a specific time. The maxi-
mum light intensity (or related voltage) against the
reciprocal concentration of ATP (Lineweaver-Burk
curve) was linear as shown in Fig. 5. The Michaelis
constant derived from this line was 61.9 uM=*3.3 uM.
The Michaelis constant derived by this method is in
the same range as reported by other methods {15-19].
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Fig. 5: Effect of ATP concentration on bioluminescence. Line-
weaver-Burk graph.

Generally, The Michaelis constant for ATP depends
on experimental conditions and concentration of
reagents.

The Lineweaver-Burk line for ATP had a correla-
tion coefficient of r= 0.9942 which confirms ATP as
a real substrate for luciferase enzyme. Similarly, the
Michaelis constant for Mg*? substrate was found to
be 251.6 xM=+39.0 uM.

The optimum concentration of Mg*” which corres-
ponds 10 the maximum voltage (maximum light emis-
sion) was 0.004 M (Fig. 6). Since the decreasing part
of the intensity-time curve for Mg+2 and ATP is expo-
nential (Fig. 3), the reaction is considered first order
and could be described by the following equation:
Ln V = kt + Const. 8)

The rate constant for decreasing light intensity at
optimum concentration of Mg2+ (0.004 M) derived
from Fig. 7 and Eq. (8) was (2.2+0.9)x107% sec™".
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Fig. 6: Maximum voltage versus Mg+2 concentration.
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The high concentration of Mg*? inhibits the acti-
vity of the enzyme. This might be due to increasing
of ionic strength and existence of Cl™ [1]. The results
presented show that the bioluminescence methods
based on ATP assay are sensitive and have a wide-
spread use in the studies of biological systems {20-
22]. Experimental data in this work and it's agree-
ment with previous works show that the home-made
luminometer, could be used for measurement of chemi-
and bioluminescence light intensity as well as deter-
mination of rate constants in kinetic investigations.
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Fig. 7: Ln voltage versus time at optimum concentration of
Me*? (0.004 M).
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