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SUYIJARY: The calelectrins, a heterogeneous ,group of three new 
Ca -binding proteins of yF 67 000, 35 000 and 32 500, copurify 
with calmodulin during Can -dependent hydrophobic affinity 
chromatography (Stidhof et al., Biochemistry, in press, 1984). 
This property is exploited for the rapid purification of all 
three calelectrins including for the first time the M 35 000, 
from commercially available acetone powders from seveFa1 bovine 
tissues (>$art, liver, brain, pancreas and testis). The nature 
of the Ca- -dependent interaction of the calelectrins with 
hydrophobic sffini?y matrices has been investigated. As with 
calmodulin, the Ca- -bin3ing sites 3Tf a.11 three purified 

which hinds to them in a 
stoichiometric, -displaceable manner. However, 
using several hydrophobic fluorescence2probes which bind to the 
proteins, contrary to calmodufin no Ca -dependent exposure of 
hydrophobic sites could be 

Ca" 
tected in any of the three purifieii 

proteins. Therefore the -dependent purification of the 
calelectrins on hydrophobic affinity columns seems not to involve 
the surface exposure of hydrophobic sites and the calelectrins 
have in this respect little similarity to calmodulin. 

Calcium is a universal second messenger in animal and plant 

cells whose action is dependent on the presence of Ca 2+ -binding 

proteins; it is therefore of interest to characterize these 

proteins especially when they are evolutionarily conserved and 
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widely distributed. Cslelectrin (t-5) may be such a protein: it 

was originally isolated from Torpedo narmorata as a _I_---___ 

Ch2+ -dependent membrane-binding protein of Mr 34 000 (1); it was 

shown to be evolutionarily conserved from Torpedo to man (2) and ___- 

to be associated with vesicular structures in animal cells (3) 

where it might be involved in Ca- ‘+-dependent membrane traffic 

(4). 4e recently isolated two Ca2+-bindin : proteins from bovine 

liver, brain and adrenal medulla which cross-react 

immunologically with Torpedo calelectrin, one of M 
r 32 500 very 

strongly, the other (Mr 67 000) weakly, and identified a third 

Mr 35 00 protein in these tissues which also cross-reacts (5). 

These proteins were shown to bind Ca2+ at 1 uM Ca2+, to bind to 

membranes in a Cs2+ -dependent manner at micromolar Ca2+ 

concentrations and to possess mutual limited cross-reactivity. 

The mammalian calelectrins coelute with calmodulin from 

hydrophobic affinity columns in the presence of EGTA and we 

therefore decided to investigate whether they have 

cslmodulin-like properties as has been suggested (5) for proteins 

called 'calcimedins' (7) that coelute with calmodulin from 

hydrophobic affinity columns. I also report here a fast 

purification procefiure of all three proteins from several tissues 

based on commercially available acetone powders. 

METHODS 

Preparative procedures --------_ -- 

Acetone powders (obtained from Sigma, Munich, FRG) were 
extracted with 0.1 M NaCl, 50 mM r,ris pH 7.4, 2 8M PMSF and 2 my 
EGTA [15 yl.(g of acetone powder) ] for 1 h at 4 C, with 2 x 10 
units.ml- Trssylol (obtained from Bayer, Leverkusen) 
adfiitionally for pancreas acetone powders. 
centri.fuged for 30 min at 40 000 g . &12+ 

Extracts vere 
-dependent 

hydrophobic affinity chromatograp??~%n phenyl-Sepharose, gel 
filtration and column chromstofocusing were performed as 
described (5). 
as reported (2). 

SDS-PAGE and immuno blotting procedures were done 
Protein concentrations were determined 

according to Bradford (8). 
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Fluorescence measurements _____ 
These were done in a Perkin-Elmer MPF4 fluorescence 

spectroQhotometer in water-jacketted cuvette holders kept at 
25oc. (1) Solutions of the three pu?)fied proteins at different 
concentrations were titrated with Tb (99.98, Aldrich, Nettetal, 
FRG) by small sequential additions, and the fluorescence was 
monitored at 285 nm excitation and 545 
with a 430 nm emission cutoff filter. 

also characterized sp 
-displaceability of Tb 

metals at near saturation with Tb 
titrations in their presence and absence. 
the hydrophobic fluorescence probes NPN, 1,8-ANS and 2,6-TNS 
(obtained from Molecular Probes, El Paso, USA) with the three 
calel ctrins and with calmodulin was investigated as a function 
of Ca 5+ , spectra being taken of the probes at low concentrations 

the respective proteins in the presence and 
. All spectra reported here are uncorrected 

except for background. 

RWULTS AHD DISCUSSION 

Like calmodulin and the S 100 proteins, the calelectrins are 

Ca2+ -binding proteins. They can be specifically purified by 

Ca2'-dependent hydrophobic affinity chromatography (5), 

suggesting that they have properties like calmodulin. Therefore 

it seemed desirable to investigate the extent of the similarity 

between these proteins. As shown in Figs. 1 and 2, the 

calelectrins can be purified together with calmodulin from bovine 

tissue acetone powder extracts by Ca 2+ -dependent hydrophobic 

affinity chromatogrsphg as effectively as from fresh tissue 

extracts. Commercially available acetone powders are convenient 

starting materials for protein isolation (9,lO). Under our 

conditions, the calelectrins constituted the major components of 

the protein fraction that specifically bound to phenyl-Sepharose 

in the presence of Ca 2+ and was eluted in the presence of EGTA, 

and the calelectrins can be easily purified to near homogeneity 

by column chromatofocusing or gel filtration from the 

EGTA-eluent, including for the first time the Mr 35 000 protein 

(Fig. 1). Similar results to liver and testis were obtained with 

bovine brain, heart and pancreas acetone powders, and the 
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Analysis of purified mammalian calelectrins on 15% SDS 
r&ikiylamide gels. Lane 1 shows the Phenyl-Sepharose EGTA 
eluent from bovine liver from which the mammalian calelectrins 
were purified by chromatofocusing. Lane 2 shows the M 67 000, 
lane 3 the M 35 000 and lane 4 the M 32 500 calelectgin. 
Numbers to the right give the mobilitfes of the molecular weight 
markers bovine serum albumin (M 67 000), ovalabumin (Mr 35 000), 
trypsin (Mr 24 000) and -lacto&obulin (Mr 18 400). 

Ca2+-dependent hydrophobic affinity ch$ymatography of 
testis acetone powder extract and the Ca -dependent 

electrophoretic mobilities of the proteins in the EGTA eluent. 
The lanes show 109 SDS polyacrylamide gels of: 1, total bovine 
testis acetone powder extract; 2, Phenyl-Sepharose EGTA eluent 
from 1, run in the presence of mercaptoethanol without additions; 
3, EGTA eluent run without mercaptoethanol in the presence of 
102yM EGTA; 4, EGTA eluent without mercaptoethanol but with 502~M 
Ca ; 5, EGTA eluent without mercaptoethanol but with 50 mM Mg . 
Xhile there is a great change 
(CaMI 

in2$he mobility of calmodulin 
as a function of added Ca 

mobility pf the calelectrins (67, 
there is little change in the 

I$ 67 000; 35, Mr 35 000, 32.5, 
Mr 32 500). 

identity of the proteins was conf 

not shown). 

irmed by immunob lotting (3ata 

Proteins purifieg from acetone powder bound to membranes in a 

Caf-dependent manner were indistinguishable from that of proteins 

purified from fresh tissues (5), indicating that they retained 

their properties during acetone extraction. Some Ca2+-binding 

proteins, like calmodulin, show a Ca2+-dependent change in 

electrophoretic mobility. However, this is not so for the 

calelectrins (Fig. 2). Besides Ca2+, calmodulin binds Tb 3+ and 
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other metal ions (11, 12), which can be used as probes for the 

Ca2+ -binding sites. The same is true for the calelectrins. 

Spectra of Tb3+ show a several hundredfold increase in the 

specific Tb3+ -fluorescence in the presence of any of the three 

calelectrins (Fig. 3). The excitation spectra of the 

Tb3+ -calelectrin complexes show a maximum at 255 nm for all three 

proteins, a waveletqth at which there is no sbsorption band for 

Tb3+ suqP,estinq energ transfer from an aromatic amino sciil of 

the protein to bound Tb’+. The excitation maximum of the Thy+ 

calelectrin complexes indicates tryptophan as the donor fluorophor; 

it also constitutes the main excitation peak of the proteins' 

intrinsic fluorescence. Addition of Ca 2+ 
, ana, to a lesser 

extent, Mg 2+ , leads to Tb3+ -displacement (Fig. 3). Fluorescence 

a- 
260 300 nm 

(a) Excitation and (b) emission spectra of 0.24 mM Tb3+ 
(+) or absence (-) of 32 u 

P 
.ml of M 35 000 

'ver calelectrin (continuous lines and spectFa of the 
calelectrin com9J (dotted line) or $3 mM Ca 

exes after the addition of 62 mM Mq2+ (dashed line). Addition of 
solutions leads to a several hundredfold 

ce which can be partially reversed 
by the addition of Mg . Figure (a) also shows an 
excitation spectrum of the native prosfin (dots and dashes) whose 
maximum is the same as that of the Tb calelectrin complex. 
Spectra we3, taken in 0.1 mM KCl, 50 mM HEPES pH 7.4 with 4 nm 
slits. Tb calelectrin excitation spectra were recorded at an 
emission wavelength of 545 nm with a 430 nm cut 
protein excitation spectra at 330 nm and the Tb ? 

$f filter, the 
emission 

spectra at 285 nm excitation with a 430 nm emission cutoff 
filter. Very similar results were obtained with the other two 
calelectrins. 
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200 
ITb%pMl 

of M 67 000 calelectrin (circlef+and triangles) in 0.1 M KCl, 
502$ HEPES pH 7.4 with 33 mM Mg 
Ca (triangles) 

(inverted triangles) or 33 mM 

3+ 
dditionnlly. The titrations demonstrate that 

the bi !i!+ ding of Tb to calelectrins is stoichiometric, saturable 
and Ca -displaceable. Similar results were obtained with the 
other two calelectrins. The relative fluorescence (F) (arbitrary 
units) was monitored at excitation and emission wavelengths of 
285 nm and 545 nm with a 430 nm emission cutoff filter. 

titrations of calelectrin solutions with Tb3+ show that the 

binding of !I%'+ to the cslelectrins is linesr st low Tb3+ 

concentrations, stoichiometric and saturable (Fig. 4). I have 

not been able to calculate the exact ratio of qols of Tb 3+ bound 

per 301 of calelectrin, but it seems to be rather hiqh (> 7). 

Fig. 4 also demonstrates that the Tb3+-binding sites are 

Ca2f-displaceable and, to a lesser extent, Mg2+-displaceable. 

It has been shown by the use of hydrophobic fluorescent probes 

that Ca*+ -binding by calmodulin leads to the exposure of 

hydrophobic sites (13), and this has been identified as the 

probable mechanism whereby calmodulin binds to hyiirophobic 

matrices. However, using, the same fluorescent probes (1,8-ANS; 

2,6-TNS; and NPN), I could detect no significant Ca2+-dependent 

chann,e in the quantum yield in the presence of any of the 
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250 300 350 LOO nm 

(a) Excitation and (b) emission spectra of 13 uM 

66 ug.ml 
wfthout bovine liver calelectrin (spectrum 1) and with 

3.3 mM EGTA (2) or of 6.5 mM Ca 
of Mr 67 000 calelec$riT3\2,3) in the presence of 

. SDectra were taken of 
solutions in 0.2 M MOPS pH 6.8, 50 &M KCl-at excitation and 
emission wavelengths of 370 nm and 480 nm with 4 nm slits and 
emission cutoff filters of 430 nm (excitation spectra) or 390 nm 
(emission spectra). The spectra demonstrate a moderate 
fluorescence increase of the h.vdroDhobic fluorescent Drobe 

resence of calelectrin. This fluorescence 
. Identical results were obtained 

with all three calelekrins (M 32 500, 35 000 and 67 000) with 
1,8-ANS with two other hydrophgbic probes (2,6-TNS and NPN). 

purified calelectrins, slthouqh they xl1 caused moderate, 

CR2+ -independent probe fluorescence increases. This together 

with evidence for energy transfer from the aromatic amino acids 

of the proteins to the fluorescence probes indicate that the 

probes bind to the proteins (shown for the Mr 67 000 and l,&ANS 

calmodulin, however, 

in the fluorescence 2s 

in Fig. 5). Parallel experiments with 

showed an approximately IO-fold chaqe 

function of Ca*+. 

I conclude that the calelectrins, 1 ike calnodu lin, are 

Ca2+ -binding proteins whose Ca *+-bindin< sites can be probed by 

Tb'+ and which bind to phenyl-Sepharose in a Ca 2+ -dependent 

manner. However, they appear to have a high number of 

Ca2+-binding sites per protein, and do not expose hydrophobic 

sites on their surface as a function of Ca 2+ . Therefore the 

nature of their Ca 2+ -dependent binding to phenyl-Sepharose must 
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be different from calmodulin's, and they seem to belong to a 

different class of Ca 2+ -binding protein. 
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