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Toadfish muscle parvalbumin I& can bind two Tb3+ which displace the two Caz+ normally bound. This 
terbium derivative was crystallized with space group P2,2,2 and lattice constants a= 56.2 A, b = 59.5 A and 
c = 27.2 A. The structure at 3.2 A resolution was determined applying a molecular replacement method and 
using the known co-ordinates of carp Caz+-parvalbumin. The structure was refined to a conventional R 
factor of 26 % for 1166 reflections in the resolution range 3.2-6 A. The a-carbon backbone of the structures 

of toadtish and carp parvalbumins are very similar. 

Crystal X-ray crystallography Three-dimensional structure TF+ Parvalbumin Ca2+-binding site 

1. INTRODUCTION 

Parvalbumins are proteins belonging to the so- 
called family of calcium-modulated proteins [I] 
which initiate and regulate a considerable number 
of biological functions. These proteins have been 
mainly isolated from the fast-twitch muscles of 
fishes, amphibians and mammals in which they are 
considered as soluble relaxing factors [2-51. In- 
deed, the relation between relaxation speed and 
parvalbumin concentration in the muscle, sug- 
gested by Hamoir et al. and Gerday [6,7] is now 
well established [8,9]. A typical example is the 
superfast swimbladder muscle of the toadfish (Op- 
sums tau) which in particular differs from the 
trunk muscle by a 2-3-fold increase in parvalbu- 
min content [6]. The main parvalbumin (I&) of 
this superfast muscle has been purified to homo- 
geneity [IO] and its amino acid sequence is known 
(unpublished). This component has been crystal- 
lized and the preliminary X-ray data have been 
published [lo]. To complete the information about 
the 3-dimensional structure of this protein and to 
compare it to the published structure of carp mus- 
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cle parvalbumin [ll, 121, we were prompted to 
study this calcium-binding protein by X-ray dif- 
fraction. As rare earths can function as heavy 
atoms we tried to diffuse Tb3+ into the native 
crystal. Such derivatives have been obtained by ter- 
bium diffusion into carp parvalbumin crystals [ 13 ] 
and by neodymium diffusion into the vitamin D- 
dependent calcium-binding protein [14]; in both 
cases the substitution yielded isomorphous crys- 
tals. In our case, however, Tb3+ cracked the crystal 
even at low concentration (-FM). To avoid this 
problem the substitution of the two Ca2+ of native 
parvalbumin by Tb3+ was therefore attempted in 
solution. With this preparation, a new crystal form 
was obtained. The determination of this structure 
at high resolution is interesting for 3 reasons. First- 
ly, information has been collected using Tb3+ and 
other lanthanides as luminescence probes in carp 
[15,16] and cod parvalbumin [17-191 through 
radiationless energy transfer between aromatic 
amino acids, excited in their UV absorption bands 
and the lanthanide which, in this way, is sensitized 
to emit strongly. Secondly, new methods are 
developing in macromolecular crystallography. 
They take advantage of the high brilliance and the 
continuous spectrum of synchrotron radiation to 
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optimise the anomalous scattering effects of lan- 
thanide ions [20-261. Thirdly, two regions of the 
carp parvalbumin map were difficult to interpret. 
This new structure may overcome this problem. 

2. EXPERIMENTAL 

Extraction and purification of the main par- 
valbumin (I&) of the toadfish swimbladder muscle 
been described [lo]. The substitution of the two 
Ca2+ by Tb3+ was performed using a procedure 
similar to that described in [15]. The extent of 
replacement was first followed by fluorescence 
measurement and titration of a parvalbumin solu- 
tion (0.08 FM) in 30 mM imidazoie, 10 mM NaN3 
(pH 6.6) by a solution 6.4 mM TbCl3 in water. The 
results showed that the fluorescence enhancement 
at 544 nm was maximum for a Tb3+/protein ratio 
of 2. To prepare the crystals, a solution of par- 
valbumin in the above buffer was treated with an 
excess of 3 Tb3+ per mol protein, chromatograph- 
ed on a Biogel PZ column, concentrated on Amicon 
YM5, and adjusted to 35% saturation with 
(NH4)2S04. The final protein concentration was 
around 1%. The absence of calcium was checked 
by atomic absorption and the terbium occupancy 
was measured by proton activation [27] and found 
to be essentially complete. The crystals were grown 
from the above solution using the batch method. 
Thirty ~1 of the protein solution were mixed with 
7-9 ~1 of saturated (NH&S04 in the buffer. After 
centrifugation the samples were kept in small tubes 
at 20°C. The crystals appeared after a few weeks. 

For X-ray analysis, crystals were mounted by a 
conventional procedure in a quartz capillary and 
sealed along with a small volume of buffer 60% 
saturated with (NH4)zS04. X-ray diffraction 
photographs were recorded on a precession 
camera. The space group was found to be P2i2i2 
whereas the space group of the Ca-parvalbumin 
was P2r [lo]. A closer examination of the preces- 
sion photographs of the Ca2+ crystals soaked in 
Tb3+ solutions indicated a phase transition P2r -+ 
P2i2r2 induced by the lanthanide ions. Twelve 
strong reflections were centered with a Hilger- 
Watts diffractometer and cell parameters were 
refined by the least-squares method. The crystallo- 
graphic data are listed in table 1. The volume per 
asymmetric unit 22 7 14 A3 is much smaller than the 
values found for carp parvalbumin loaded with 
Ca’+, which are 24461 and 23 840A3, indicating a 
more compact structure. 

A full data set to 3.2A resolution has been col- 
Iected using Ni-filtered CuKcv radiation on a 
Hilger-Watts diffractometer. An w-scan technique 
was used and background intensities were measured 
on both sides of each reflection. Two reference 
reflections were regularly monitored during the 
data collection and the decay was less than 16%. 
The measurements were corrected for decay and 
absorption f28]. Two equivalent reflections and 
their Friedel pairs were collected in shells of in- 
creasing I!? values, giving a total of 5037 reflections. 
The RM = C 1 (I) -Z 1 )/I31 was 0.055 for 2886 
reflections, from which 1708 unique intensities 
were calculated. 
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Table 1 

Crystallographic data 

Carp III Ca2+ 0. tau Tb3+ 0. Tau 

a (A) 28.7 27.31 56.20 
b (A) 61.1 58.75 59.48 
c t& 54.7 30.83 27.18 

P 0 94”37’ 98”30’ 
Space group C2 P21 P2,2,2 
Z 4 2 4 
Volume per asymmetric unit (A3) 23 840 24461 22714 
M, 11500 11869 11919 
Crystallization conditions 75-80010 52-55% 49-50% 

saturated saturated saturated 
(NH&SO, (NH&S04 (NH&S04 
pH 5-8 PH 7 pH 6-7 
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3. RESULTS AND DISCUSSION 

The crystal structure was determined using rota- 
tion and translation search functions with the 
known molecular structure of carp III parvalbumin 
as a model [ 11,291. In this model, we have replaced 
4 amino acid side chains which are very different 
in the toadfish parvalbumin sequence by 4 alanine 
residues. The two Ca2+ were also removed. 

The orientation of the Tb-parvalbumin molecule 
within the unit cell of the crystal was found by ap- 
plying the rotation function [30,32]. The highest 
peak in the rotation function in 10” intervals in 
angle space (8,) 82, 6 _) was 7.12 o(R), and 5.9 
a(R) for the second highest one. A fine scan in 2” 
steps was then performed and yielded the final 
Eulerian angles 81 = 353”, 02 = 50”, 83 = 333”. 
The model was rotated according to these angles. 
The translation parameters were determined using 
a translation function similar to the function Tl 
[33]. The 3 Harker sections of the translation func- 
tions showed many peaks, but only two solutions 
could be found for the translation parameters. For 
the first solution the relative position of the peak 
was 1, 2, 2 and for the second solution 5, 3, 1, 
respectively for the X = l/2, Y = l/2 and Z = 
0 sections. The R value of the two models was not 
very different, but the packing of the molecules 
showed clearly that the first solution was incorrect. 
The R value calculated with the translation (0.215, 
0.325, 0.275) was 0.45 in the 10-4.5 A resolution 
range (576 reflections) after a few cycles of rigid 
body refinement [34]. The 6 helices were refined 
separately as a rigid body and the R factor droped 
to 0.41 (10-4.1 A resolution). For this solution, we 
have calculated all the interatomic vectors for the 
heavy atoms, assuming Tb3+ and Ca2+ have the 
same positions. In the anomalous dispersion dif- 
ference Patterson map, we found high peaks for 
only one terbium. 

A restrained least-squares procedure [35] was 
performed and after 8 cycles, the R factor was 0.26 
(6-3.2 A resolution) for 1166 reflections. The 
stereochemistry of the model was not allowed to 
diverge (r.m.s. deviation from ideal bond lengths 
was 0.03 A). 

Fourier and difference maps were inspected and 
electron density appeared in the two EF loops, 
which may indicate the presence of the Tb3+. After 
refinement, we compared the a-carbon backbone 

of carp parvalbumin and toadfish Tb-parvalbumin 
and we observed an r.m.s. discrepancy of 0.67 A 
over all the a-carbon positions. The largest values 
were found in the segment (2-4). This region of the 
molecule has a low electron density in the carp par- 
valbumin map and the interpretation was difficult. 
We found no similarity in the packing of carp par- 
valbumin [ll] and this protein. 

Because the Tb3+ is luminescent in aqueous solu- 
tion and generally retains this luminescence when 
bound to complex ligand systems, terbium is a par- 
ticularly attractive ion [36]. The X-ray data will be 
collected at high resolution and the structure will 
be refined. We expect interesting results by com- 
paring the two parvalbumin structures. 
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