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Centrin: Its Secondary Structure in the Presence and Absence of Cations
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ABSTRACT. Centrin is a low molecular mass (20 kDa) protein that belongs to the EF-hand superfamily of
calcium-binding proteins. Local and overall changes were investigated for interactions between cations
and Chlamydomonasentrin using Fourier transform infrared (FT-IR) and circular dichroic (CD)
spectroscopies. FT-IR spectral features studied included the anidied and the side-chain absorbances

for aspartate residues located almost exclusively at the calcium-binding sites in the spectral region of
1700-1500 cnt. The amide 'l band is exquisitely sensitive to changes in protein secondary structure
and is observed to shift from 1626.5 to 1642.7-énn the presence and absence of calcium. These
spectral bands are complex and were further studied using two-dimensional Fourier transform infrared
(2D-FT-IR) correlation along with curve-fitting routines. Using these methods the secondary structure
contributions were determined for holocentrin and apocentrin. deelical content in centrin was
determined to be 60%53% in the presence and absence of cations, respectively. Furthermgiestitaed

content was determined to be 12%6%, while the random coil component remained almost constant at
7%—13.5% in the presence and absence of cations, respectively. Changes in the side-chain band are
mostly due to the monodentate coordination of aspartate to the cation. A shift afr? (for the COO
antisymmetric stretch in Asp) from 1565 to 1569 Tis observed for apocentrin and holocentrin,
respectively. Thermal dependence revealed reversible conformational transition temperatures for apocentrin
at 37°C and holocentrin at 43C, suggesting greater stability for holocentrin.

Centrin is an acidic, low molecular weightl{ ~20000) co-workers 10) reported an overall increase in thehelical
protein that belongs to the EF-hand superfamily of calcium- content of the molecule upon calcium binding. We, therefore,
binding proteins{, 2). This calcium-binding protein (centrin)  have undertaken a careful examination of the biophysical
was first identified as a major component of the fibers that properties of centrin. These studies utilize highly purified
link the nucleus to the flagellar apparatus in flagellated preparations of bacterially expressed recombinant centrin.
unicells @, 4), and later, it was shown to be a ubiquitous This material was subjected to Fourier transformed infrared
component of centrioles, centrosomes, and mitotic spindle (FT-IR) and CD spectroscopies to assess the effects of
poles 6). A distinguishing feature of centrin-based fiber calcium binding on protein secondary structure. The amide
systems is that they all show calcium-induced contractile I' band is very sensitive to backbone conformation and is
behavior, which typically results in a dramatic and rapid representative of several structural domaihg (12). Two-
change in the orientation of centrioles relative to one anotherdimensional Fourier transform infrared (2D-FT-IR) correla-
and to the nucleus or to changes in the overall shape anction (13) along with curve fitting were used to analyze the
extent of the centrosome,(6, 7). spectral data. This novel approach toward the study of protein

Little is known about the molecular basis for centrin-based or peptide conformational changes and specific side-chain
fiber contraction or about the association of accessory interactions has proven to be usefilifi(15). We have used
proteins in centrin-based fibers. Furthermore, the precise rolethis combined FT-IR, two-dimensional correlation analysis
of calcium binding in the contraction process remains unclear and curve-fiiting approach to resolve the conflict in results
(8). Conflicting results have been reported using circular reported earlierq, 10). Circular dichroism is a conventional
dichroic (CD} analyses to demonstrate the effects of calcium technique for the study of protein conformatid®,(17). In
on protein conformation. Huang and co-workédsréported this study, CD was used to confirm the results obtained by
no significant changes in the CD spectrum, while Wiech and FT-IR.
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Scheme 1: Schematic Representation Summarizing the
Purification Protocol Used fo€hlamydomona€entrin
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EXPERIMENTAL PROCEDURES

Materials

The materials used were all of the highest purity com-
mercially available and were used without further purifica-
tion. Deionized HO (18 MQ) and D,O (99.9% atom D)
(Cambridge Isotope Laboratories, Inc., Andover, MA) were
used as indicated below. Hepes buffer (Sigma Chemical Co
St. Louis, MO) adjusted to a pH of 7.4 was used for the
spectroscopic studies.

Methods

Bacterial Expression and Purification of Centrin. Chlamy-
domonascentrin was overexpressed off a pt7-5 plasmid
construct inEscherichia colBL21 ADE; induced with IPTG
(Gibco BRL, Ann Habor, MI) to yield milligram quantities

Pastrana-Rios et al.

a b c d e f

Ficure 1: 16% bisacrylamide SDSPAGE developed with Coo-
massie blue stain. Lanes marked as a are void volume fractions.
Lanes b and e are low molecular weight standards (66000, 45000,
36000, 29000 24000, 20000, 14200), and in lanes c and d are
fractions containing centrin. Lanes not labeled are eluted fractions
prior to the desired buffer for the elution of centrin.

PES membrane filter (Millipore Corp., Bedford, MA) with

2 um pore size. The filtered supernatant was applied to a
phenyl-Sepharose CL-4B (Pharmacia Inc., Piscataway, NJ)
column equilibrated with buffer and then eluted with a low-
calcium-containing buffer. Fractions containing centrin were
identified via SDS-PAGE (Figure 1).

Figure 1 fractions obtained using EGTA and EDTA
containing elution buffer were analyzed for protein content
and run on an SDSPAGE. A single intense band with a
relative mobility of approximateli, 20000 was determined
to be centrin on the basis of western blot analysis (results
not shown). The fractions containing centrin were pooled,
concentrated, re-equilibrated in buffer (20 mM Hepes, 1 mM
CaCh, and 1 mM DTT at pH 7.4), and subjected to
chromatography using a strong anion-exchange (High Q)
column (Bio-Rad, Hercules, CA). Elution using a NaCl

'gradient was monitored at 280 nm, fractions were collected,

and aliquots from every other fraction were analyzed by
SDS-PAGE. Fractions containing centrin were pooled for
mass spectral analysis and amino acid sequencing. Time of
flight (TOF) mass spectrometry was carried out (at the Mayo
Mass Spectrometry Core Facility) to determine the molecular
mass and purity of centrin. Typical mass spectral results are
presented in Figure 2.

Four TOF peaks were observed (Figure 2) with mass/

of the desired protein. Transformation and expression werecharge ratios of 19255, 9637, 6427, and 4814 for the single,

done with modifications to the protocol of Baroni§].

Briefly, transformecE. coli cells were grown in 2XYT media
(Biol 101, Vista, CA) containing 5@g/mL ampicillin and
incubated at 377C while monitoring its growth via OD

double, triple, and quadruple protonated species, respectively.
These results are consistent with the known molecular mass
of centrin based on its sequence and demonstrate the relative
purity of the preparation to be greater than 99%. To verify

measurements at 500 nm. Once the cells entered log phaséts identity, the protein was subjected to an amino-terminal

0.5 mM IPTG was added to the culture,da@ h later, the

sequence analysis at the Mayo Peptide Core Facility. The

cells were harvested and frozen. The isolation protocol usedsequence results confirm the identity @alamydomonas
is summarized in Scheme 1. Frozen cells were thawed incentrin and are presented in Table 1.

lysis buffer containing a cocktail of protease inhibitors and

A portion of the purified recombinant protein was dialyzed

sonicated with a macro probe (Heat Systems-Ultrasonics Inc.,extensively at #C using 50 mM Hepes, 150 mM NaCl, 4
Farmingdale, NY) at maximum power for three 30 s pulses mM EDTA, and 4 mM EGTA at pH 7.4 to generate
and 1 min rest periods while on ice. The lysate was cream apocentrin. The rest of the sample (holocentrin) was dialyzed

colored and free flowing (low viscosity). This solution was
centrifuged at 10009for 15 min at 4°C. The supernatant
was recovered and adjusted to 2 mM Gatid 4 mM MgC}
followed by a second centrifugation at 100@d0r 30 min

at 4°C. This solution was filtered using a low protein affinity

against 50 mM Hepes, 150 mM NaCl, 4 mM CaGind 4
mM MgCl, at pH 7.4.

Centrin’s concentration was determined by several meth-
ods: colorimetric, nitrogen determination, and direct UV
absorbance at 274 nm. The molar extinction coefficient for



Centrin’s Secondary Structure Biochemistry, Vol. 41, No. 22, 20056913

700

il

600
] 9637
L]

$00

400

300

P SR

200

100

| SENIMNE SN S SEnS NN S S SE e SIS S

v — —— —T V—r—r v
5000 10000 15000 20000 25000 Jooao m/z

Ficure 2: TOF mass spectral results demonstrating its high purity by the mass/charge ratios observed. Four TOF peaks with mass/charge

ratios of 19255, 9637, 6427, and 4814 for the single, double, triple, and quadruple protonated species are observed. This mass/charge ratio
confirms theChlamydomonasentrin molecular weight and demonstrates its relative purity te 88%.

containing 4 mM CaGl 4 mM MgCl, and 150 mM NacCl
at pD 6.65 in DO was used. The complex was deposited in

Table 1: Summary of Amino Acid Sequence Results

gmlﬁor_'to;minal é % i : K5 T6 V7 V8 89 A10R11R12 a similar manner as mentioned above using 25 mm,CaF
analysis windows with a 4Qum spacer. A reference cell was prepared

Chlamydomonas S Y K A K TV V S A R R similarly. The temperature within the cell was controlled
centrin sequence a Neslab circulating bath (Newington, NH) and monitored
aThis sequence was obtained from signals greater than 100 pmol,with a thermocouple positioned in close contact with the

and all calls were confident. sample. The temperature accuracy was estimated to be within

1°C. Routinely, 10 min was allowed for thermal equilibrium

this protein was determined to be 1309:80.4 and 1136.3  to be reached before spectral acquisition was begun. The

+ 127.6 M cmt in the presence and absence of cations, iNstrument was an FTS-40 Bio-Rad (Cambridge, MA) with
respectively. custom sample shuttle and interface. Typically, 512 scans

Circular Dichroism. Centrin (2.3¢M) in 8 mM Hepes, 2 were coadded, apodized with a triangular function, and

Fourier transformed to provide a resolution of 4 ¢nwith
deCfaClzk,] 2| mM tMgCIZ’r]andlgo 1r\n/IM NaCl ?t pl_-| 7é4 Wﬁs the data encoded every 2 chEight spectra were collected
ﬂsee esorl n?l\ﬁ(ljze[r;_lfgl 1Wmll\i EGI'}I'SA aﬁgogoerr]n”,\; I\Ilr;CI ?t H at sequential increments of temperature, allowing for equi-
7 4pwa:<, used. CD méasurements were made on aJascg 37 li rium., and used in the two-dimensional FT-IR correlation
spectropolarimeter (Tokyo, Japan). The instrument was naIyS|S.. , ) )
calibrated using+)-10-camphorsulfonic acid. Five scans, _ Two-dimensional FT-IR correlation analysis was per-
within the spectral range of 2590 nm, were collected at  formed using MathCad 6 (MathSoft, Inc., Cambridge, MA)
a scan rate of 20 nm/min to yield each spectrum at the desired>°ftware. The curve-fitting routines were done using the
equilibrated temperature. Temperature dependence spectri’@ms 3.01 (Galactic Industries Corp., Salem, NH) program.
were also collected from O to 85 while monitoring at The Origin 6 program was used to plot curve-fitted data.
222 nm.

FT-IR SpectroscopySpectra were collected following
complete H— D exchange in the centrin preparation. For FT-IR ResultsFT-IR spectra were obtained f@hlamy-
this, the protein was dialyzed under the desired conditions domonasentrin as a function of temperature in the presence
and then lyophilized repeatedly while redissolving the sample and absence of cations. The results obtained atQ%or
in D;O. A 25 uL aliquot of 24 mg/mL centrin in 50 mM  holocentrin and apocentrin are shown in Figure 3. There are
Hepes buffer at pD 6.65 containing 4 mM EGTA, 4 mM definite changes in the spectrum due to the coordination of
EDTA, and 150 mM NaCl in BO (for apocentrin) was  cations, and these changes are not limited to protein
deposited on a AgGwindow (Spectral Systems, Hopewell conformation. The amide€ band as well as the side-chain
Junction, NJ), and a spacer of 4th was set between this  band is shifted by 20 cm (1642.7 cm?, holocentrin; 1626.5
and a second window. For holocentrin, 50 mM Hepes buffer cm™, apocentrin) and 10 cm (1585.7 cm?, apocentrin;

RESULTS



6914 Biochemistry, Vol. 41, No. 22, 2002 Pastrana-Rios et al.

T

Table 2: Contributing Bands Obtained from 2D-FT-IR Correlation
Analysis for the FT-IR Spectral Region 1720500 cnt?

frequency (cm?)

D
§ sample synchronous asynchronous
% apocentrin 1657 1668
§ 1629 1632
1623 1620
1599 1600
: , , , 1591 1592
1530 1580 1630 1680 1581 1585
P 1557 1561
Wavenumber /cm holocentrin 1658 1664
Ficure 3: Overlaid FT-IR spectra o€hlamydomonagentrin: 1639 1645
(—) holocentrin and (---) apocentrin in the spectral region of 1720 1623 1625
1510 cntl, 1592 1592
1584 1587
1576 cnt, holocentrin), respectively. 2D-FT-IR correlation 1563 1562
analysis was used to interpret these results. 1557 1555
2D-FT-IR. FT-IR spectra were studied using two- aAssignmt_ant for th_is region is estimated due to the broad nature of
dimensional correlation techniques developed by Noda et al.t® tl)a”c? which can include two overlapped bands that could not be
resolved.

(13, 20—22). This technique enhances the resolution of the
amide | band and confirms the curve-fitting analysis. Results
obtained for holocentrin are shown in Figure 4. The Results obtained for apocentrin are shown in panels A and
asynchronous plot (Figure 4B) confirms the existence of the B of Figure 5 for synchronous and asynchronous plots,
subbands in the synchronous plot (Figure 4A) and thereforerespectively. The apocentrin two-dimensional plots are
was used in the curve-fitting analysis. The results, sum- markedly different from those obtained for holocentrin,
marized in Table 2, demonstrate the consistency of the suggesting the possibility of different conformational states.
methods for spectral analysis. Subbands of the curve-fitting In the synchronous plots, Figures 4A and 5A for holo-
analysis for the amide' band (associated with backbone centrin and apocentrin, respectively, a series of cross-peaks
conformation) were used to simulate the 2D correlation (peaks observed away from the diagonal))(are observed.
obtained for the experimental spectra (data not shown). TheCross-peaks are generated when two dipole-transition mo-
simulated 2D-FT-IR plots (synchronous and asynchronous) ments (vibrational modes) of different functional groups are
were remarkably similar to the experimental plots. In reorienting simultaneously. The cross-peaks represent coor-
addition, the side-chain bands, mainly due to the vibrational dinated or cooperative motion of local structures occurring
modes, are sensitive to calcium coordination; this is observedwhen interactions exist among the functional group@).(

by the shift from 1569 to 1565 cm for aspartate and 1548 These peaks suggest the existence of inter- or intramolecular
to 1556 cm! for glutamate in the presence and absence of interactions among the functional groups. More importantly,
cations, respectively. This effect on the aspartate bandthe synchronous plots in Figure 5A show that the cross-peak
position due to calcium coordination demonstrates the due to the aspartate vibration (1565 ¢inis strongly
sensitivity of this technique toward the carboxyl dipole. interacting with the amide band (backbone vibration, 1640

17 17

1710 1500 1521 1342 1563 1384 1605 1626 1647 1668 1680 1710

Wavenumber /cm-1, v; vs Wavenumber /cm-1, v,

Ficure 4: 2D-FT-IR contour plots of holocentrin. (A) Synchronous plot and (B) asynchronous plot; colors represent the phase of the
peaks.
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Ficure 5: 2D-FT-IR contour plots of apocentrin. (A) Synchronous plot and (B) asynchronous plot.

Table 3: Summary of Phase Analysis of the Asynchronous Plots for
Apocentrin and Holocentrin

A

event§  apocentrin asynchronous analysis comment/vibration

1 1628 cnttoccurs prior to 1592 ¢t B-strand prior to Arg

2 1628 cmitoccurs prior to 1556 cmt B-strand prior to Glu

3 1570 cnmtoccurs prior to 1628 cmt  Asp~ prior to -strand

4 1628 cnmtoccurs prior to 1660 crt  transition fromB-strand
to random coil

events holocentrin asynchronous analysis comment/vibration . . ) L
1540 1590 1640 1690

1 1631 cnt occurs prior to 1658 crmt B-strand prior to
a-helix

2 1631 cmi! occurs prior to 1560 cmt  S-strand prior to Asp I B

3 1631 cmt occurs prior to 1587 cmt B-strand prior to Arg

aSequence of spectral intensity changes in ascending order of
temperature.

cm1), and in the simulated 2D-FT-IR correlation analysis I
with only the side-chain modes (data not shown) the aspartate r

! oy , , XN
band is correlated to the arginine symmetric and asymmetric

stretch bands, thus suggesting coupling between the aspartate 1540 1590 1640 1690
and the arginine in the absence of cations. Similar effects

have been reported with glutamate and arginine in a model ) i
Ficure 6: Typical curve-fitted FT-IR spectra @@hlamydomonas

peptide study 15). . . .. centrin at 25°C. (—) are the experimental spectrum and (---) are
The asynchronous plots can also describe the time line inthe contributing subbands and simulated spectrum for (A) holo-
which the changes in protein structure occurred. This centrin in the spectral region of 1720500 cnt! and (B)

interpretation is based on the phase of the cross-peaksapocentrin in the spectral region of 17606520 cnt.

generated in the asynchronous plots (red is positive and blueand number of subbands used were determined from the
is negative). For the apocentrin plot the backbone vibrational 2D-FT-IR correlation analysis presented in Table 2. Further-
mode (1628 cm') was affected by thermal perturbation prior more, the subbands used for the curve-fitting analysis in the
to the arginine symmetric stretching vibration (1592 € spectral region of 15201700 cntt at 20°C in the presence
These results are summarized in Table 3. The asynchronousf cations (holocentrin) were at 1642 cho-helix), 1656
plots also verified the existence of the autopeaks (peaks alongcm 2 (loop), 1672 cm? (random coil), 1625 cmi (5-strand
the diagonal) observed in the synchronous plots, and thesepr aggregation), 1610 and 1587 ch{arginine asymmetric
peak positions were used to curve-fit the spectra obtainedand symmetric stretch, respectively), 1568 éifaspartate),
for apocentrin and holocentrin (Table 3). and 1548 cm! (glutamate), while in the absence of cations
FT-IR Cure-Fitting RoutineRepresentative curve-fitting  (apocentrin) the subbands used were at 1622 aygrega-
analysis is shown in Figure 6. Subbands associated with thetion), 1633 cm* (3-strand), 1654 cit (a-helix), 1672 cm*
backbone conformation and side-chain absorbances wergrandom coil), 1604 and 1581 crh(arginine asymmetric
used to simulate the experimental spectrum. The positionand symmetric stretch, respectively), 1566 ¢ifaspartate),

Absorbance vs Wavenumber /cm™
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Table 4: Summary of CD Fit Using the Self-Consistent Method (SELCONS3) and the FT-IR Curve-Fitting Analysis for Estimating the
Secondary Structure below and above the Conformational Transition of Centrin in the Presence and Absence of Cations

random estd no. of segments for av no. of residues
spectra T/°C a-helix/% [S-strand/% turn/% coil/% sum/% o-helix/s-strand per segment
Apocentrin
CD 5 39.1 35 27.6 29.7 99.9 8.8)(1.8 (6) 8 (@)/3.2 (B)
IR 0 53.5 36.4 3.1 7.0 100 rfla n/a
CD 920 14.3 31.3 21 33.2 99.8 3.8)(9.6 8) 7 ()/5.6 (B)
IR 78.4 36 43.6 2.8 17.1 99.5 n/a n/a
Holocentrin
CD 5 60 0.0 16 26.2 102.2 @}/0.5 (6) 15 (@)/0 ()
IR 3 60 12 14.7 13 99.7 nfa n/a
CD 90 40.3 14.7 21 25.5 101.5 @)6.2 (%) 10 (@)/4 ()
IR 83 53.5 12 20.2 14.2 99.9 n/a n/a

an/a, not applicable.

and 1556 cm! (glutamate). Spectral results also render
information about holocentrin on side-chain absorbance of
aspartate, which is shifted by11 cni? from the model 40000 [
studies carried out by Venyamino2€). Similarly, results

were rendered for the glutamate band observed at 1548 cm
which is shifted by~12 cnT! when compared to Venyami-

nov's (26) assignments on model side-chain studies. This [e)
suggests that the transition dipole moment is affected by
coordination with the cation (calcium and/or magnesium).
Since, the majority of these residues are found in the cation- -20000
binding site, this result gives rise to information about the -
EF-hand loops in the protein. The aspartate side chains in - - . '
these loops are involved in coordination with the cati®8, (

20000

24, 25).

Data Analysis.For spectral curve fitting, a series of 40000 | B
subband assignments were made for the simulation of the
experimental spectra. In the curve-fitting routine the height, 20000

position, and width of the subband were not fixed and
optimized by least squares minimization. The resulting peak g,
positions could be assigned to a known backbone or
frequency summarized in Table 2 for apocentrin and holo-
centrin. Side-chain vibrational frequenci€6,27) such as -20000
aspartate (1578 cm), glutamate (1560 cr), and arginine

(1586 and 1606 cnt) were also considered. Resulting band ' . .
frequencies and assignments are summarized in Table 4 and 200 220 240

shown in Figures 6. Overall changes in the protein were also Wavenumber /cm’™

observed by studying the amidedand (1630 cm'). The  Fgure 7: Overlaid circular dichroic (CD) spectra @hlamy-
helical content is estimated to be 60% °@) and 53% (0 domonascentrin at ) 5 °C, (---) 25°C, and ¢:+) 85 °C in the
°C) in the presence and absence of cations, respectively. Thespectral region of 250190 nm for (A) holocentrin and (B)
S-strand conformation exposed to its aqueous environmentarocentrin.

or aggregation constituted 12% {@) and 36.4% (GC) for determined to be-25741.3 (5°C), —24048 (20°C), and

holocentrin and apocentrin, respectively. Thistrand as-  _10621 (90°C), while in the absence of cations were

signment has been reported previously felactoglobulin —11765.7 (5°C), —11269.9 (20°C), and—8775.6 (9C°C).

B (28). These results suggest greater helical content for holocentrin.
Circular Dichroism CD spectra obtained fo€hlamy- The spectra were also analyzed by estimating the secondary

domonascentrin corroborate the results obtained by FT-IR structural contribution based on following a self-consistent
spectroscopy. Greater helical content was observed formethod known as Selcon3 developed Sreerama eB@t: (
holocentrin when compared to apocentrin. The extent of 32). Matrices of CD spectral data for 29 reference proteins
thermal unfolding was studied using CD (Figure 7). Upon (33) were used along with the empirical CD spectrum of
first inspection, the spectrum has an isodichroic point, thus centrin under a given condition. The program employs a
suggesting protein conformational changes that do notsingular value decomposition algorithm by Forsythe et al.
involve a-helix to random coil transition but rather a different  (34) and variable selection using the locally linearized model
type of transition. Similar results have been obtained for by van Stokkum 35). Results obtained for CD spectra
simulated poly:-lysine CD spectra by Fasmans’ gro9). acquired at 5 and 90C in the presence and absence of
In addition, the molar ellipticity§] values in deg crhdmol/ cations are summarized in Table 4. The percent helicity of
residue at 222 nm for centrin in the presence of cations were60% calculated for holocentrin agrees with that from Huang



Centrin’s Secondary Structure Biochemistry, Vol. 41, No. 22, 2005917

(9) and is consistent with our FT-IR studies in the presence 8000 " ' ' " "
of cations. In addition, the random coil contribution remained w//
relatively constant £30% for apocentrin and-26% for -12000 -
holocentrin) with increase in temperature. The analysis of 16000 |
the CD spectra was not limited to the prediction of secondary [8]
structure percent contribution, but also the estimation of the -20000F
number ofo-helical ands-strand segments and the average
. -24000 F
length of the segments were determined. These results are
also summarized in Table 4. However, upon closer inspection  .2g000 L— : . : :
the CD and FT-IR estimates of secondary structure contribu- - 1644.0f e o 16362 35
tion agreed well only in the presence of cations; less 2= =
agreement (although same tendency) was observed for § 1643.5 o o o 17638 cf:
apocentrin secondary structure estimates that may be due to$ 1643.0 | s © 11635.0 ]
the spectral data set used in the fitting algorithm. 5 ’ B8 o & 5
Thermal DenaturationThermal transition was monitored ~ 8 1642.5} ° 116344 &
by CD and FT-IR spectroscopies in the range of temperature wa2ol © @ .3 o
studied, 6-90°C, in panels A and B of Figure 8 for centrin 3 ' ° 116338 3
in the presence and absence of cations, respectively. The 16415 L . . . s
conformational transition temperaturd & 37 °C) for < %7 ® o .
apocentrin was less than the conformational transition ¢ 55 ° ® |
temperature T = 45 °C) observed for holocentrin. This %‘:?r 0,50 ] ® . - ]
thermal unfolding process was reversible in the presence and~. & ™ oo o
absence of cations. Similar transitions have been reported2 . 0451 ° o ® °
, . . . . . 0 o (o}
by Cox’s group 40) using differential scanning calorimetry 3 2 o404 C .
(DSC) for calcium-binding vector protein (CAVP) which has ¢ s 0.35 1 o ]
30% identity to centrin. In addition, the normalizeehelical = °
fractions as a function of temperature were determined using > 0.30 = 20 40 60 80
the area of ther-helical subband determined from the FT- Temperature / °C

IR curve-fitting analysis. The results summarized in Figure ggyre 8: Chlamydomonasentrin temperature dependence plots
8C are assuming that the extinction coefficient does not for CD atA 220 nm and FT-IR spectroscopies (A) of holocentrin,
change with temperature. For holocentrin the fraction of CD (thick, solid line), and apocentrin, CD (thin, solid line). (B)

a-helical content decreased from 0.60 %0) to 0.46 (83 FT-IR o-helix frequencies for holocentrin (solid circles) in the
o ; : : hali spectral range of 164151644 cnt! and for apocentrin (open
C), while for apocentrin the fraction ai-helical content circles) in the spectral range of 1633.4636.4 cn1’. (C) Fraction

decreased from 0.54 (27C) to 0.33 (78.4C), suggesting  of g-helix contribution as a function of temperature for (solid
a conformational transition. This effect has also been circles) holocentrin and (open circles) apocentrin based on the FT-
observed in model helical peptides during thermal unfolding IR curve-fitted spectral data.
(14, 15, manuscript in preparation).
2D-FT-IR rendered a time line of events (structural changes)
DISCUSSION during thermal perturbation.
The aspartate and amidé imodes were chosen to
To clarify features of centrin secondary structures and to demonstrate the relationship between side-chain (local) and
resolve earlier discrepancies reported in the literature, we gyerall conformation (backbone) in centrin during thermal
produced highly purified (99%) preparations of recombinant perturbation. Lysine absorbance was not considered due to
Chlamydomonasentrin. its low molar extinction coefficient when compared to
We carried out FT-IR and CD spectroscopic studies of arginine. In the presence of cations the aspartate is coordi-
centrin in the presence and absence of cations. The result:ated 26, 27) in a monodentate fashion (COQL568 cnt?),
presented in Figure 3 of the overlaid FT-IR spectra of affecting its carboxyl transition dipole moment and ef-
holocentrin and apocentrin summarize this paper very well. fectively lowering its vibrational energy level, as compared
This novel approach toward the study of protein conforma- to the aspartate in its uncoordinated state (1578%m
tional changes has proven to be useful. Spectral changes thaaccording to Venyaminov’'s published worR6). Similar
relate to the protein structure at the local level (aspartate) results have been reported for FT-IR studies of other calcium-
and its overall conformation (backbone) were observed. FT- binding proteins 36—38). The glutamate modes seem to also
IR spectral features were analyzed by a method first be affected by coordination with the cations or by salt
developed by Noddl@, 20), known as 2D-FT-IR correlation.  bridging with arginine or lysine residues also reported in the
The generation of two-dimensional plots to resolve complex study of a model helical peptidd%). Further investigation
bands (such as amideand side chain) was used to determine will be done in future studies by our laboratory using
the position and number of subbands needed for curve fitting simulated 2D-FT-IR and molecular modeling. We will also
the FT-IR spectral data. More importantly, the combination investigate other overtones associated with the carboxylate
of 2D-FT-IR and curve fitting allowed for a quantitative vibrational modes.
analysis of percent secondary structure and the determination CD was used to corroborate the overall change in centrin
of the normalized fraction af-helical content for each form  conformation and its behavior during the thermal perturbation
of the protein (apocentrin and holocentrin). In addition, in the presence and absence of cations. The CD spectral
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analysis agrees with the FT-IR spectroscopic results for suggest a direct correlation between the protein conformation
holocentrin and to a lesser degree with apocentrin reportedand the relaxation state of these fibers and flagella.

herein. The differences could be due to the data set available
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