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Terbium- and Calcium-binding Properties of N-terminal Domain of Euplotes Centrin

REN Lie-Xiang ZHAO Ya-Qin FENG Jiu-Ying HE Xiao-Jing LIANG Ai-Hua YANG Bin-Sheng”*
(Institute of Molecular Science, Key for Laboratory Chemical Biology and Molecular Engineering,
Education of Ministry, Shanxi University, Taiyuan 030006)

Abstract: FEuplotes centrins (EoCens) including full-length protein (apoEoCen) and semi-molecule centrin (/V-
apoEoCen) were expressed and purified by biological engineering. The binding of terbium (Th*) to apoEoCen was
monitored by fluorescence in 0.01 mol- L™ N-2-hydro-xyethylpiperazine-N-2-ethanesulfonic acid (Hepes), at pH
7.4. Tt could be seen that the protein binds two Th* with high affinity and two Th* with low affinity. The reac-
tions between N-apoEoCen and Th* or Ca® were also studied by Th* fluorescence probe and ionic competition in
0.01 mol - L™ Hepes, at pH 7.4. On the basis of fluorescence titration curves, the conditional binding constant of
Th,-N-EoCen was determined to be (2.13 + 0.10) x 10° L-mol™ and the relative binding constant of Ca,-N-EoCen
was calculated to be (7.52 £ 0.02) x 10> L-mol™".
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0 Introduction as free lanthanide ions were transported by
ionophores, Na*/Ca® exchange and self-facilitated dif-
Lanthanides have been known for their diversity fusion®. Evidently, the interaction of lanthanides with

in biological effect and widely applied in agriculture intracellular proteins is very important.
and medicine for the treatment of a series of diseases Centrin, also known as “caltractin”, was first i-
and diagnosis in magnetic resonance imaging!'?. It was dentified in the green alga Tetraselmis striata. It is an
suggested that the particulate- and protein-bound lan- acidic, 20-kDa calcium-binding protein, which be-
thanides entered cell by endocytosis, the anionic low- longs to the calmodulin superfamily of calcium-modu-
molecular-mass complexes, via anion channels, where- lated proteins and closely related to calmodulin. Cen-
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trins play a fundamental role in centrosome duplica-
tion and contraction of centrin-based fiber systems®!.
Both centrin and calmodulin are comprised of two
structurally independent globular domains connected
by a flexile linker, and each domain contains two he-
lix-loop-helix calcium binding motifs®. Like calmod-
ulin, the helix-loop-helix motif in centrin is the most
conserved feature in the protein”. As well known, the
lanthanides, due to the similarity to Ca** in coordina-
tion chemistry, can compete with Ca* at calcium bind-
ing sites®™. Since the fluorescence enhancement there
have been a number of studies on Th* binding to pro-

9.10]

teins™?, while there are few reports on the interaction

of terbium with centrin. In this paper we report the
Th**- and Ca’*- binding characteristics of N-terminal

domain of Euplotes centrin (NV-apoEoCen).
1 Experimental

1.1 Materials and instruments
N-2-hydroxyethylpiperazine-/N-2-ethanesulfonic
acid (Hepes), Potassium dihydrogen phosphate, sodi-
um hydrogen, metallic chlorides were all analytical
reagents , obtained from Sigma-Aldrich, USA. Terbium
oxide (Th,0,) was 99.99%, purchased from Rare Earth
Research Institute of Hunan, China.

Tryptone, yeast extract, ampicillin, isopropyl-B-D-
thiogalactopyranoside (IPTG), sodium chloride and a-
gar were obtained from Sangon Ltd.  Glutathione
Sepharose™ 4B (GST), Hitrap Q were purchased from
Pharmacia Ltd.

A pair of primers, p1(5'-GCC GGA TCC ATA AAG
AAG CCA GAA TTC-3") and p2 (5'-GCC GTC GAC
TTA TTC TAC AGG ATC TCT-3),

by Biological company of Shanghai.

were synthesized

The instruments used are Hewlett Packard 8453
spectrophotometer, F-2500 fluorescence spectropho-
tometer, Hitachi 850 fluorescence spectrophotometer
and pH meter.

1.2 Methods
1.2.1
Terbium stock solution (22.8 mmol -L™') was pre-

pared by dissolving the terbium oxide (Th,0,, ~0.853 3

g) in a small volume of concentrated hydrochloric

Stock solution

acid. The solution was diluted in a 50.00 mL volumet-
EDTA standardization

of the terbium stock solution was performed in acetate

ric flask with deionized water.

buffer at pH 5.5. Xylenol orange was selected as the
indicator. End point may be observed with change of
color from pink to yellow. The calcium stock solution

(1.0 mol - L™

CaCl, in a small volume of distilled water.

was prepared by dissolving 5.5510 g
The solu-
tion was diluted into a 50.00 mL volumeltric flask with
deionized water.

1.2.2  Expression and purification

A pair of primers, p1(5'-GCC GGA TCC ATA AAG
AAG CCA GAA TTC-3") and p2 (5'-GCC GTC GAC
TTA TTC TAC AGG ATC TCT-3') with BamH I and
Sal I restriction site were designed to obtain the ex-
pression recombinant plasmids pGEX-6P-1-N-Eocen-
trin.  ApoEoCen and N-apoEoCen proteins were ex-

The

concentration of N-apoEoCen was calculated from the

pressed and purified essentially as reported M.

absorbance at 276 nm based on an extinction coeffi-
cient of 4350 L-mol™-em™ by UV.

1.2.3  Spectral measurements

UV spectra were measured from 230~400 nm with
a Hewlett Packard 8453 spectrophotometer at room
temperature. Fluorescence spectra were recorded on
an F-2500 fluorescence spectrophotometer.  Fluores-
cence intensities were measured with a Hitachi 850

The solution of N-
apoEoCen in 0.01 mol L.~ Hepes at pH 7.4 was

fluorescence spectrophotometer.

added to a dry fluorescence cuvette and titrated with
Tb3+

mission wavelength was 545 nm with a filter of 390

The excitation wavelength was 280 nm and e-

nm. To correct for dilution during each titration, the
fluorescence intensity at the maximum emission peak
was converted to molar fluorescence intensity (Fy). Al-
lowing for equilibrium time, spectra were recorded at
Using Th**

Ca’*- binding properties were

2-min intervals after the addition of Th**.
as fluorescence probe,
explored from the competition between Ca* and Th*.
In the experiments, all glasswares including cu-
vette were routinely immersed in 1.0 mol -L~' HNO;

and then rinsed with deionized water before use.
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2 Results and discussion

2.1 Fluorescence of Tb* with apoEoCen

If there is an aromatic near-ultraviolet chro-
mophore in the coordination sphere, the sensitization
and enhancement of Th?* fluorescence via aromatic
chromophore to Th* radiationless energy-transfer pro-
cesses will be possible to appear when the complex is
irradiated in the near-ultraviolet absorption region of
the aromatic moiety. Fig.1 shows the Th** ion fluores-
cence titration spectra for Euplotes centrin (apoEo-
Cen) in 0.01 mol-L™" Hepes, pH 7.4, recorded in the
range 470~630 nm under excitation at 280 nm. In the
(5.5 pmol <L), the fluores-
cence of Th** at 490 nm, 545 nm, 590 nm, 623 nm,

the transition from °D, to "Fy, "Fs, 'F,, and "F;, respec-

presence of apokoCen

tively, is enhanced greatly, while the fluorescence of
free Th** (6.2 wmol L") can be neglected (curve a in
Fig.1). Tt means that the binding of apoEoCen to Th**
and the energy-transfer from Tyr residues to the bind-
ing Th* makes the fluorescence of Th* enhanced. The
plot of Fy, the fluorescence intensity of Th* at 545 nm

divided by the concentration of apoEoCen, versus ¢, ./

CpokioCen 18 shown as the insert in Fig.1.
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Fig.1 Tyrosine-sensitized fluorescence spectra
for (a) free Th* (6.2 pmol-L") and for Th*
bound to apoEoCen at ¢+ / ¢ e of 1 (b),
2 (c), 3 (d), 4 (e), respectively
It can be seen that there are four-binding sites in

apoEoCen for Th**,

into two classes.

the binding sites can be divided
At a stoichiometry of two Th** ions

per molecule of apoEoCen, there is little change in

fluorescence, suggesting that Th** binds first to the

strong binding sites with weak sensitization for Th**
Addition of three and four ions of Th**

per molecule of apoEoCen produces large increases in

fluorescence.

fluorescence, two weak binding sites with strong sensi-
tization for Th** fluorescence. From an analysis of the
amino acid sequence of apoEoCen, there is no trypto-
phan residue, the tyrosine (Tyr) 46 residue is located
in the Ca®-binding site I, and Tyr 79 residue in site
IT', respectively, while the Il and IV are short of Tyr.
The sensitization of Th** fluorescence is originated from
the energy-transfer from Tyr residues to the bound
Th**.
binding sites and the binding sites I and Il are the

So the binding sites Ill and IV are the strong

weak binding sites. To investigate the cooperation be-
tween I, I binding sites and I, IV binding sites,
the N-apoEoCen with two weak binding sites was ex-
pressed and its binding properties were studied by
Th* fluorescence probe.
2.2 Binding of Tb* to N-apoEoCen

The fluorescence of Th** was enhanced when the
solution of N-apoEoCen was titrated by the addition of
Th** in 0.01 mol -L™" Hepes, pH 7.4. Fig.2 shows the
fluorescence titration curve of N-apoEoCen, the plot of
Fy at 545 nm versus the total concentration of Th**.
Assuming that there are n Th**-binding sites and they
are independent and identical in N-apoEoCen, the

conditional binding constant can be fitted using equa-
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Fig.2 Titration curve for the addition of Th* to N-apoEoCen
in 0.01 mol- L™ Hepes, pH 7.4. Insert: the plot of

Co, /c, versus 1/(26c\,al,,p,(;‘,,,_(—c,l,l;—’]’).
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tion (1) from the data in Fig.2.

o =1+ K{nc :

1)

bound concentration of

Cop Pt Crnp }

Where ¢y,
Th*, respectively. cp, is the total concentration of pro-
tein. In 0.01 mol-L™" Hepes, pH 7.4, K (Tb,-N-Eo-
Cen) can be calculated to be (2.13 £ 0.10) x 10° L+

mol ™ and the numbers of binding sites are 2 for N-

¢y, 1 the total,

apoEoCen from the insert in Fig.2.
2.3 Binding of Ca* to N-apoEoCen

Ca” can make the fluorescence at 545 nm of Th,-
N-EoCen quenched. Fig.3 is the
quenching curve with the addition of Ca* to the solu-
tion of Th,-N-EoCen in 0.01 mol-L™" Hepes, pH 7.4.
It can be seen that Ca® in excess of 200-fold protein,
3 mmol ‘L,

quenched efficiently to 42%. Assuming that the fluo-

fluorescence-

makes the fluorescence at 545 nm

rescence quenching comes from the competition of
binding sites in N-apoEoCen between Ca®* and Th**,
or the transformation from Th,-N-EoCen to Ca,-N-Eo-
Cen, the relative binding constant of Cay,-N-EoCen can
be fitted from the fluorescence quenching curve in
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Fig.3  Fluorescence-quenching curve for the addition of
Ca*to Th,-N-EoCen in 0.01 mol - L' Hepes, pH 7.4.
The concentration of Th,-N-EoCen is about 18

pwmol - L. Insert is the plot of ¢ s ¢ o\ oo
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Fig.3 using equation 2. The relative binding constant
of Cay-N-EoCen, K(Cay,-N-EoCen) is calculated to be
(7.52 £ 0.02) x 10? L+-mol™ from the insert in Fig.3,
in which ¢, is replaced by cg,,.
Kican

= Cea
K (Th,-P)

CnCcap

(2)

Cp,—p
3 Conclusion

apoEoCen can bind two Th?* with high affinity
and two Th* with low affinity. The reactions between
N-apoEoCen and Th** or Ca?* were studied by Th**
fluorescence probe and ionic competition in 0.01 mol -
L™ Hepes,
titration curves, the conditional constant of Th,-N-Eo-
Cen was determined to be (2.13 £ 0.10) x 10° mol™-L
and the relative constant of Ca,-N-EoCen was calcu-

lated to be (7.52 £ 0.02) x 10* L-mol™.

at pH 7.4. On the basis of fluorescence
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