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A Rapid Method for Determining ATP by the Firefly Luciferin-Luciferase System 

E v e r  since the  classic work of IV[cELROY and  his 
colleagues on the  mechan i sm of ac t ion  of f irefly luciferase, 
there  have  appea red  m a n y  papers  on the  use of th is  
sys t em to de te rmine  small  amoun t s  of A T P  ~-1~ The 
various inves t iga tors  have  repor ted  on diverse m e t h o d s  to 
measure  the  l ight  produced,  i n s t rumen ta t i on ,  and  
p repa ra t i on  of the  luciferase. 

We repor t  a m e t h o d  t h a t  can re l iably de tec t  1 p icomole  
of A T P  ut i l iz ing pure  luciferin and  a par t i a l ly  purif ied 
p repa ra t ion  of f irefly luciferase. The m e t h o d  is rapid,  the  
i n s t r u m e n t a t i o n  easi ly obta ined,  and  the  d a t a  are 
reproducible.  The m e t h o d  has been  appl ied  to the  deter-  
mina t ion  of A T P  in a va r i e ty  of biological mater ia l  
including bacter ia ,  p l an t  mater ia l ,  and an imal  t issue. 

Mater ia l s  and methods. Luciferase:  Pa r t i a l ly  pur i f ied 
luciferase was p repa red  f rom a s tock of dess ica ted  and  
frozen f irefly tai ls  by  the  following procedure :  10 g of 
f irefly tai ls  were ground  in a m o r t a r  and pest le  to  a f ine 
powder .  This powder  was t h e n  placed in a beaker  con- 
t a in ing  50 ml  of ace tone  t h a t  had  prev ious ly  been  
chilled to  - -20~ or below. The powder  was well s t i r red 
in t he  acetone  and  t h e n  the  mix tu r e  was f i l tered th rough  a 
Buchne r  funnel .  The powde r  was dr ied by  dr iv ing air  
t h rough  it unt i l  there  was no odor  of acetone.  This powder  
can t h e n  be used i m m e d i a t e l y  in the  succeeding s teps  or it  
can be s tored  dry  in the  deep  freeze unt i l  required.  
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Fig. 1. Standard curve obtained by mixing 0.1 ml luciferin (0.1 mg/ 
ml), 0.1 ml 1KgSQ (0.1 M) and 0.1 ml of enzyme in appropriate 
dilutions and adding 0.1 ml ATP (10 -s g). 

The acetone  powder  was ex t r ac t ed  wi th  a p p r o x i m a t e l y  
25 to 35 ml of 0.1 M glycylglycine buffer,  pIK 7.8, t h a t  
con ta ined  1 X 10 -8 M versene by  homogen iza t ion  in the  
cold wi th  a P o t t e r - E l v e h j e m  homogenizer .  The mix tu re  
was t h e n  cent r i fuged in a Sorvall  SS-1 centr i fuge a t  
5,000 r p m  for 20 min  and  the  s u p e r n a t a n t  fluid was saved. 
The prec ip i ta te  was r eex t rac ted  wi th  20 ml  of 0.017 M 
N a O H  conta in ing  1 • 10 -~ M versene  and re-centr i fuged.  
The s u p e r n a t a n t  fluid was combined  wi th  the  f i rs t  
s u p e r n a t a n t  fluid. The N a O H  ex t rac t ion  s tep was r epea ted  
one t ime  wi th  the  s u p e r n a t a n t  fluid combined  wi th  the  
o thers  to give a vo lume be tween  50 and  75 ml. The 
p rec ip i t a t e  was discarded.  

The combined  s u p e r n a t a n t  fluid was t h e n  sub jec ted  to 
s tepwise  a m m o n i u m  sulfate f rac t iona t ion  in the  following 
man n e r :  solid a m m o n i u m  sulfate was added  to br ing  its 
concen t ra t ion  to  20% of sa tura t ion .  The resul t ing pre- 
c ipi ta te ,  af ter  recovery  by  centr i fugat ion,  was dissolved in 
10 ml of 0.10 M glycylglycine buffer,  p H  7.8, and  labelled 
0-20. The a m m o n i u m  sulfate  concen t ra t ion  was now 
raised to 30% and the  resul t ing prec ip i ta te  was recovered.  
This f rac t ion was labelled 20 30. In  a s imilar  fashion, 
f ract ions 30-40, 40-50, 50-60, and 60-80 were all p repared .  

The various f ract ions  were assayed;  the  results  of a 
typ ica l  p r epa ra t i on  are shown in the  Table. These da ta  
show t h a t  the  f rac t ion  p rec ip i t a t ing  be tween  40 and 50% 
sa tu ra t ion  con ta ined  65% of t he  original ac t iv i ty .  The 
f rac t ions  were assayed by  add ing  0.1 ml  fract ion,  0.1 ml  
luciferin (0.1 mg/ml) ,  and  0.1 ml  0.1 M M g S Q  to a t e s t  
tube  wi th  0.1 ml  of A T P  conta in ing  1 • 10 -s g added  to  
in i t ia te  the  react ion.  

Lucifer in:  The luciferin used in these  expe r imen t s  was 
syn thes ized  by  Mr. G~ORGE SVARNAS of the  Biological 
Sciences Laborator ies ,  Fo r t  Derrick,  and  by  the  McCollum- 
P r a t t  I n s t i t u t e  of The J o h n s  H o p k i n  Univers i ty .  The 
pure  luciferin is s tored unt i l  needed  in sealed ampules  
conta in ing  5 mg under  n i t rogen  in the  deep freeze. 
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Recovery and purity of luciferase fractionation 

% as precipitate Volume (ml) Activity/ml (mV) Total units Recovery (%) mg protein/ml Units/rag protein Relative purity 

1 ~ 50 1,450,000 72,500,000 100 26 55,800 1 
0-20 10 265,000 2,650,000 3.7 27 9,810 <21 

20-30 10 225,000 2,250,000 3.1 19 11,800 <21 
30-40 10 624,000 6,240,000 8.6 10 62,400 1.1 
40-50 10 4,740,000 47,400,000 65.4 25 190,000 3.4 
50-60 10 170,000 1,700,000 2.3 J~3 13,100 <21 

Initial extract. 
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ATP:  A T P  disodium 5H20 crystall ine,  Sigma grade 99 
to 100%. 5 mg of A T P  were di lu ted to 5 ml wi th  p t I  7.8 
0.01 M glycylglycine buffer;  fur ther  di lut ions were 
carried out  as needed. 

Ins t rumenta t ion :  The l ight  p roduced  by  the  addi t ion  of 
A T P  to the react ion mix tu re  was measured in an Aminco 
Chem-Glow pho tome te r  using a Hea thk i t -Se rvo  recorder. 
The  react ion is in i t ia ted  by  the  addi t ion  of 0.t  ml  of A T P  
into a tes t  tube  containing 20 ~l of a mix tu re  of luciferin, 
luciferase, and magnesium.  Fol lowing the  addi t ion of the  
ATP,  the  contents  are v igorously  mixed  on a Vor tex  
mixer  for 5 sec and then  placed into the  chamber .  The  
flash height  is read 7 sec af ter  the  addi t ion  of ATP.  I t  
has been ascer ta ined t h a t  th is  me thod  is m u c h  more 
reproducible  t h a n  the  inject ion procedure used b y  o ther  
invest igators .  

O p t i m u m  condit ions for assay: I t  was first  necessary to 
show t h a t  in the  presence of all components  (ATP, 
luciferin, Mg ++, and O~) the  ra te  of the  react ion was 
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Fig. 2. Effect of luciferin concentration on. light emission. 
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Fig. 3. The effect of ATP concentration on light production. 

di rect ly  propor t iona l  to the  luciferase concentrat ion.  
These data,  in which the  concent ra t ion  of luciferin, ATP,  
MG ++, and 0 2 were kep t  cons tan t  but  the  a m o u n t  of 
luciferase was varied,  are shown in F igure  1. These da ta  
are p lo t ted  as log of a rb i t ra ry  l ight  units  versus log of 
10 t imes  the  enzyme concent ra t ion  expressed in ml. 
I t  can be seen t h a t  the  response is d i rec t ly  propor t iona l  to 
the  enzyme concentrat ion.  Ac t iv i t y  is defined as the  
m a x i m u m  flash he ight  in mV (or any a rb i t ra ry  unit) 
achieved when A T P  is added to the  mix ture .  

Effect  of luciferin concent ra t ion :  Figure  2 shows the  
effect on the  l ight  in tens i ty  of va ry ing  luciferin concentra-  
t ions in the presence of a f ixed a m o u n t  of enzyme and ATP.  

P rob lem of inherent  l igh t :  Many methods  involv ing  
firefly luciferase suffer f rom the  p rob lem of inherent  
light.  We  have  found t h a t  by  prepar ing  a p remix  of pure 
luciferin and par t ia l ly  purif ied luciferase and pe rmi t t ing  
the mix tu re  to age for 24 to 36h in the  cold , tha t  t he inhe ren t  
l ight  decreases to a cons tan t  low level wi th  no loss of 
sensi t ivi ty  wi th  respect  to ATP.  

S tandard iza t ion  of the  me thod :  The  da t a  discussed 
above have  led to the es tabl i shment  of a s tandard  me thod  
for the  assay of u l t ramicro  amounts  of ATP.  These da ta  
indicate  t ha t  the p repara t ion  of a p remix  leads to condi- 
t ions offering the  m a x i m u m  sensi t iv i ty  wi th  respect  to 
A T P  at  the  lowest  inherent  l ight  level. The procedure has 
been s tandardized in the  fol lowing manne r :  1 mg of pure  
luciferin tha t  has been main ta ined  under  n i t rogen in the  
deep freeze is dissolved in 10 ml  of glycylglycine buffer, 
0.01 M, p H  7.8, conta ining 1 •  -3 M E D T A  (this can 
be used immedia te ly  or gassed wi th  n i t rogen and frozen) ; 
the  40-50 fract ion of luciferase, as shown in the  Table,  is 
prepared  and used immed ia t e ly  or frozen; and 0.01 7VI 
MgSO4 is prepared  in demineral ized water .  The p remix  
is then  prepared by adding equal  vo lumes  of luciferin, 
luciferase, and MgSO~. This  mix tu re  is then  al lowed to 
s tand in the  cold for a m i n i m u m  of 24 h before using ; i t  is 
never  frozen. This  p remix  can be used up to a week. 

Figure  3 shows the sensi t iv i ty  of the  assay cover ing a 
range of 1.56 pmole  to 1560 pmoles  of ATP.  

Zusammen/assung. Eine  schnelle Methode zur ]3estim- 
mung  yon A T P  in p icogramm-Mengen  wird beschrieben. 
Die Grundlage fiir die Methode ist  eine I~eaktion zwischen 
A T P  und einem Inkubat ionsansa tz ,  der Luciferin,  Mg ~+ 
und part ie l l  gereinigte Luciferase enth&lt, und ist  zur 
Bes t immung  yon A T P  in biologischem Mater ia l  yon 
unterschiedl icher  Beschaffenheit (t3akterien, Pflanzen- 
und Tiergewebe) geeignet. 
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