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SWY : 

The specificity of the cation-aequorin luminescent reaction w s investigated 
Contrary to present belief, this reaction was not specific for Ca fi and Sr2+. 
Over a dozen cations were capable of eliciting light emission from aequorin. 
Although these cations are not normally present in significant amounts in 
biological fluids, the present observations may be of importance in interpret- 
ting the luminescence obtained after the intracellular injection of aequorin. 

IUTRODUCTION: 

Aequorin is a protein that is isolated from the luminescent jellyfish 

Aequorea aequorea. It is unique in that it emits light in the presence 

of Ca2+, and the rate of light emission is dependent on the Ca 
2+ concentration 

(1,2). These properties have led to the use of aequorin as a Ca 
2+ indicator 

in biological preparations (3-9). The validity of this use of aequorin 

depends in part on a previous finding that only Ca 2+ (and to a lesser degree, Sr2 

can elicit light emission from aequorin (1,2,10,11). While developing a serum 

Ca2+ assay with aequorin as a reagent, we discovered that a large number of 

cations can react with aequorin and produce this luminescence. We report here 

on qualitative features of this observation and how they would affect the inter- 

pretation of aequorin luminescence in biological applications. 

METHODS: 

The aequorin was extracted from the jeliyfish by the method of Shimomura 

et al (1) and purified by multiple gel filtration on Sephadex (G-150, G-100, 

G-SO and G-25) as described earlier (12). Desalting was done on a wide bed 
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Sephadex G-10 column (3.5 au by 40 cm, sample volume 5 mls). Elution was done 

with triple distilled water and separate peaks for aequorin and EDTA were 

obtained spectrophotometrically (280 mu). The aequorin prepared in this way 

was similar to that prepared by Blinks (13) in that it ran as three bands 

on polyacrylsmide gel electrophoresis (7.5%, pH 8.9). 

The cation-aequorin reaction was performed in a test tube suspended 

over the photo-cathode of a photomultiplier tube (E.M.I. 9524B, -95OV) 

equipped with a shutter to facilitate exchange of the test tubes. The 

reaction was initiated by injecting 0.5 ml of the appropriate salt solution 

(at a concentration of either 1mM or lOuM)l with an automatic pipette into 

a test tube containing 0.2 ml of an aequorin solution (usually about 0.1 

mgm protein/ml). This concentration of aequorin resulted in luminescent 

reactions that were within the response time of our equipment. The current 

from the photomultiplier tube was read on an ammeter (Keithley, model 602) 

and also photographed on a Hewlett-Packard storage oscilloscope (Model 181A). 

The time constant for the system was 3 msecs. The light emission from the 

aequorin reaction usually reached a maximum at about 500 msecs after mixing. 

Thus no correction for the unintentional integration of the current signal 

was necessary. The pH values at which the reactions were performed are indicated 

in Table I. All results were corrected for Ca2+ contamination which was measured 

by atomic absorption using a Perkin-Elmer model 107 spectrophotometer. 

The aequorin emission spectra (uncorrected) for different cations were 

compared using a Perkin Elmer MPF 2A spectrofluorimeter with a 20 mn slit width. 

HBSIJLTS AND DISCUSSION: ~--~ 

The results are listed in Table I. The main finding is that numerous other 

cations are capable of activating aequorin in addition to the two ions (Ca2+ 

and Sr*+) that were previously recognized. In addition, the ability of these 

cations to elicit aequorin light emission (relative to Ca*') varied with their 

1 
These values were chosen to approximate the Ca2+ concentrations in extracellular 

and intracellular fluids. 
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concentration. At a concentration of lmM, nine cations had maximum reaction 

rates that were equal to or greater than that for Ca2+. At a concentration of 

lOuM, Cu2+, Sr2+, Pb2+, and Co2+, and some of the lanthanides had reaction 

rates that were comparable to that for Ca 2+ . In addition, the aequorin light 

emission spectrum had a maximum at approximately 460 mp independent of whether 

Ca2+, Pb2+ or Tm 3+ was used as the activating cation. These results may be of 

importance in view of the low value of intracellular Ca2+ concentration. 

It is also of interest that the valence of the interacting cations does 

not seem to be critical for aequorin activation. Both Ca2+ and Sr2+ are 

dipositive while all of the lanthanides listed in Table I are tripositive. 

Cerium was tested in the tripositive (cerous) and tetrapositive (ceric) states, 

and the cerous ion (1.07 angstroms) was capable of aequorin activation while 

the ceric ion (0.94 angstroms) was not. 

These results are not consistent with the earlier studies on the specificity 

of the aequorin reaction. Pb2+ and Cd2+ in particular were previously found to 

be ineffective (1,2). However, these earlier measurements were done in the 

presence of EDTA (ethylenediamine-tetraacetic acid) while ours were not, and 

therein was the difference. Because the binding constant betwen Pb2+ and EDTA 

is 6 orders of magnitude greater than that between Ca2+ and EDTA, a greater 

suppresion of the Pb2+ induced luminescence (relative to the Ca 2+ induced 

luminescence) would be expected in the presence of EDTA. This is what was 

found (Fig. I). Two other cations (Y3+ and Sr2+) whose binding constants are 

greater than and less than that of Ca2+ were also tested. In both instances 

the differential effect could be predicted from a consideration of the relative 

binding constants. 

We conclude that there are may ions in addition to Ca2+ and Sr 2+ which 

are capable of eliciting light emission from aequorin, and that the current 

belief in a high ionic specificity for the aequorin luminescence reaction is 

based on an artifact caused by the inclusion of EDTA in the assay tubes. We 

appreciate that none of the above cations are normally present in biological 
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Fig. 1 (above) Two superimposed oscilloscope traces of current from the 

photomultiplier tube used to monitor the light emitted from the aequorin 

reaction. The first upward current trace to the left resulted from light 

emission from a Pb2+(lmM)-aequorin reaction. The second upward current 

trace resulted from a Ca2+(lmM)-aequorin reaction. No EDTA was present 

in either test tube. (below) Same as above except in the presence of 

EDTA (1mM) which markedly reduced the Pb 
2+ 

-aequorin reaction relative to 

the Ca'+-aequorin reaction. 

fluids in significant concentrations as compared to the Ca2+ concentration. 

However, the above findings should be borne in mind when interpreting the 

aequorin luminescence in intracellular injection studies where the value of 
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the Ca2+ concentration is low and the concentrations and physiology of the 

trace metals have not yet been determined. 
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