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ABSTRACT: Chlamydomonas reinhardticentrin is a 169-amino acid residue calcium binding protein
belonging to the EF-hand protein superfamily. Centrin is associated with the microtubule organizing center
(MTOC) in all eukaryotes, and i€hlamydomonascentrin is a component of the flagellar basal body
apparatus. Recombinant full-length centrin, calmodulin, and terminal domain fragments [Ccen-N (residues
1-94) and Ccen-C (residues 9269)] were used to examine hydrogeseuterium (H— D) exchange
dynamics using combined attenuated total reflectance (ATR) Fourier transform-infrared (FT-IR)
spectroscopy, curve fit, and two-dimensional correlation analysis. Analysis of the Ccen-N and Ccen-C
fragments allowed separation of domain specific solvent exchange events and together with analysis of
the full-length proteins provides novel insight into domain accessibility to the aqueous environment and
the internal dynamics of the protein.

Centrin is an acidic, low-molecular weight proteM,(~ carried out genetic studies i@. reinhardtii resulting in
20 000) that belongs to the EF-hand superfamily of calcium the implication of centrin’s role in the biogenesis of cen-
binding proteins I—4). This calcium binding protein is one trioles.

of ~350 proteins that are unique to eukaryotic ce8$. ( Structurally, centrin contains four hefitoop—helix motifs

It was first identified as a major component of the fibers o EF-hands, each of which has the potential to bind one
that link the nucleus to the flagellar apparatus in flagellated c\cjum atom {—3). The level of sequence identity shared
unicells €) and, later, shown to be a ubiquitous compo- petween centrin and calmodulin-igs0%, suggesting similar
nent of centrioles and mitotic spindle poles 8). CDC31  gecondary structure (Figure 1). Like calmodulin, the helix

(a yeast homologuefzhlamydomonas reinhardfihuman, |50p—helix motif in centrin is the most conserved feature in
and mice centrins have been shown to have an essentiafhe protein. The residues involved in the?Caoordination

role in the duplication and separation of the microtubule o, poth proteins are shown in Figure 1C. The affinity of
organizing center (MTOC)in their respective cells7( centrin for calcium in the C-terminal domain is lower than
9-18). Furthermore, Marshall and co-worke(20) have e affinity for the N-terminal domain or calmodulid, (3,

4). Upon closer inspection, centrin contains a positively
* This project is supported by NIH-SCORE Grant 5-S06GM08103 charged amino-term!nal end and an qromatic resiglue'located

(B.P.-R.) and RO1-GM40120 (W.J.C.), the University of Puerto Rico, at the carboxy terminus, both of which are lacking in the

and Vanderbilt University. calmodulin sequence. reinhardtii centrin has been char-
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s vanderbilt University. of centrin indicated that the central helix is highly mobile in
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peutics, Mayo Clinic and Foundation. contains two structurally independent domains (Ccen-N and
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1 Abbreviations: FT-IR, Fourier transform-infrared;-H D, hydro- 60% helical content for holocentrin has been determined by

gen—deuterium; ATR, attenuated total reflection; 2DCOS, two- FT-IR (21, 22), CD (3, 21, 23), and NMR Q). Self-
dimensional correlation spectroscopy; MTOC, microtubule organizing association was observed for centrin in the presence and
center; CaM, calmodulin; Ccer§. reinhardtii centrin; Ccen-N,C. . . .
reinhardtii centrin amino-terminal domain fragment comprised of 99 absence. of cations, but T the preser.‘c‘? of calcium and
residues; Ccen-CC. reinhardtii centrin carboxy-terminal domain ~ magnesium, less than 10% self-association was observed

fragment comprised of 77 residues; IPTG, isopropyi-thiogalacto- (refs21 and 22 and manuscript in preparation).
pyranoside; TOF, time-of-flight mass spectrometry; EDTA, ethylene- . .
diaminetetraacetic acid, tetrasodium salt; EGTA, ethylene glycol ~ Fourier transform infrared (FT-IR) spectroscojy,(25)

bis(aminoethyl ether)tetraacetic acid. has shown great promise for the study of conformational
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Ficure 1: (A) Evolutionary trace and (B) structural homology for calmodulin, troponin C, and centrin generated using NCBI-BLAST,
ClustalW, and Binding Site from Insight Il (Accelrys). (C) Sequence alignme@htémydomonasentrin and human calmodulin along

with a schematic representation of CaM structural motifs. The red striped helix is the proposed secondary structure for the amino-terminal
end of Ccen. Residues have been color-coded to show the Arg (blue) and Tyr (cyan) residues within each sequence and to depict the
conserved residues (purple). Furthermore, the asterisk denotesthed@adination site for the canonical and noncanonical binding site.
Finally, the terminal domain fragments Ccen-N and Ccen-C within the centrin sequence have been boxed in blue and red, respectively.

changes in protein2(, 22, 26, 27). The exchange of amide We have used ATR FT-IR, two-dimensional correlation
protons with DO has become increasingly important as a analysis, and a curve fitting approach to resolve the dynamic
means of characterizing the structure and dynamics of molecular events that occur upon+D exchange. H> D
proteins 28—31). A common technique used in these studies exchange of labile amide protons and other exchangeable
of hydrogen-deuterium (H— D) exchange is known as protons that have limited accessibility to their agueous
attenuated total reflectance (ATR) FT-IR spectroscd8/ ( environment is dependent on the structural properties of the
29) due to the ease of sample preparation for this type of protein. The advantage of this study is that+D exchange
experiment. For spectral analysis, two-dimensional correla- does not perturb the protein’s secondary structdgs §5).

tion has proven to be useful in enhancing spectral resolution A comparative study of full-length centrin with its domain
and determining the order of events during a perturbation fragments can provide further understanding of the molecular
(21, 26, 27, 29, 32—34). dynamics of these domains in holocentrin. The amfdihd
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is very sensitive to backbone conformation and is able to

distinguish several structural domairl (22, 24—27, 34—
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The recombinant terminal domain fragments Ccen-N and
Ccen-C were generated from bacterial expression and

36). Routinely, spectral band intensity changes are observedsubsequent isolation as described previoudly {[These

for the amide Il band (15001600 cn1!) and amide llband
(1400-1500 cn?) spectral regions upon exposure of the
protein to DO vapor. The concomitant band intensity
changes are indicative of H- D exchange. In addition, to

domains were also analyzed by MALDI MS to ensure purity.

For sample preparation, dialysis against 16 mM Hepes,
50 mM NacCl, 2 mM CaGl and 2 mM MgC} (pH 7.4) using
a dialysis membrane (Spectrum Laboratories Inc.) cutoff of

amide vibrational modes which provide secondary structure 109 pa (Ccen-N and Ccen-C) and 5 kDa (full-length centrin)
information, the arginine and the tyrosine side chain modes a5 carried out. All of the buffers and salts were purchased
(37) have exchangeable protons that can provide informationrom sigma-Aldrich and used without further purification.

about the extent of solvation in their immediate surroundings,

H,O was deionized with 18, and DO (99 at. % D) was

thus acting as an internal probe. This single tyrosine reSiduepurchased from Cambridge Isotopes Laboratories, Inc.

present only in the amino-terminal (helix A) domain of
centrin would provide insight about the solvation of this helix
with respect to the other helical motifs present in the
structure. Conversely, the H- D exchange observed for

the arginine residues in Ccen-C can be directly related to

calmodulin.
The biophysical study of centrin, its terminal fragments,

For these experiments, we used an FT-IR Mattson Infinity
Series spectrophotometer equipped with an ATR accessory
from Thermo Electron Corp. comprised of a horizontal ZnSe
crystal with a 45 incident angle and an HgCdTe (MCT)
detector. Typically, 0.51 mg of recombinant protein or
terminal domain fragment solution was spread over the ATR
crystal. The sample was purged with dry air until a dry film

and calmodulin H— D exchange discussed herein provides 55 obtained after1 h, and spectral acquisition was

an understanding of solvation dynamics in centrin. These in

initiated. Typically, 512 scans were taken, apodized with a

vitro studies are the groundwork for comparison of centrin triangular function, and Fourier transformed to provide a

and centrin complexes with other interacting proteins and

peptides such as Karlp, Mps3p,
ered, sfilp, involved in the duplication and assembly of
spindle pole body (SPB)1@, 16, 17). Future H— D

exchange dynamic studies will involve the study of these

resolution of 4 cm? with the data encoded every 2 cin

and, most recently diSCOV-gpacira were collected until no further changes were

observed within the absorption pattern.
Data obtained from FT-IR were processed with Grams

complexes fo provide insight into the biochemical changes (Galactic Industries) to introduce baseline correction into the

through which centrin plays a role in the process of cel
division.

METHODS

Recombinan€hlamydomonasentrin was overexpressed
using a pt7-5 plasmid construct Escherichia coliBL21-
ADEs. Bacterial cells were grown in 2XYT medium using a
Bioflo 3000 fermentor equipped whita 5 L vessel. Cell
growth was monitored with OD readings at 500 nm, and
protein expression was induced with 0.5 mM ITPG (isopro-
pyl p-p-thiogalactopyranoside) when cells reached the log
phase. Typically, ta 5 L bacterial culture yields-70 g of
pellet. Details of the routine isolation and purification
procedure followed in our laboratory are described by
Pastrana-Rios et al2{). Briefly, the solution was passed
through an affinity column containing phenyl-Sepharose CL-
4B. This column was equilibrated with a buffer containing
50 mM Tris, 0.5 mM EDTA, 0.5 M NaCl, 4.0 mM MgGl
2.0 mM CaCl}, 0.1% IGEPAL, and 0.04% NaiNChlamy-
domonasentrin eluted with an elution buffer that contained
50 mM Tris, 0.5 mM EDTA, 5.0 mM EGTA, 0.5 M NacCl,
4.0 mM MgCh, and 0.04% NaBl Fractions containing full-
length centrin that were identified through SBBAGE, the

| collected spectra within the spectral region that was studied

(1510-1710 cnr?).

Two-dimensional analysis FT-IR correlation analysis was
performed with MathCad 2000 Professional (MathSoft, Inc.).
Further analysis of spectra for curve fitting was performed
with Grams. The plots of the spectra were created with Origin
6 pro (MicroCal, Inc.).

RESULTS

H — D ExchangeThis experiment allows for the study
of exchangeable protons in proteins. Typical spectra acquired
for full-length Chlamydomonagentrin and human calm-
odulin in the spectral region of 1384710 cn* are shown
in panels A and B of Figure 2, respectively. The amide |
band shifts to lower wavenumber, from 1649.5 to 1645.6
cm™! and from 1648 to 1641 cm for centrin and calm-
odulin, respectively. The amide Il band-1576 cn1?)
shoulder at 1550 and 1547 cindecreases in intensity for
centrin and calmodulin, respectively, while the amiddénd
at 1450 and 1440 cm concomitantly increases in intensity
for centrin and calmodulin, respectively. Two-dimensional
correlation analyses were carried out within the spectral
region of 1406-1700 cnt? for centrin and 13861710 cn1?

Bradford assay, and Western blot analysis were pooled,for calmodulin are shown in panels C and E and panels D
concentrated, and dialyzed. A second chromatography usingand F of Figure 2 for the synchronous and asynchronous
an anion exchange column with a salt gradient was performedplots, respectively. Briefly, the peaks observed on the
to elute the desired protein with an estimated purity of 99%. diagonal of the synchronous plot (Figure 2B) are called auto
Fractions collected were analyzed through SIPRGE and peaks and represent the vibrational modes that are been
the Bradford assay. Purified centrin was subjected to time- perturbed by the H= D exchange. Assignments of these
of-flight or MALDI mass spectroscopy and partial amino peaks are as follows: the turn or loop (1675 ¢ the

acid sequencing to verify its purity and identity. Human o-helix (1640 and 1650 cn), the amino terminus (1560
calmodulin was purchased from Calbiochem and used cm™), the arginine modes (1570 and 1610 ¢mnthe N-H
without further purification. deformation mode~1550 cn1?), the Tyr side chain mode
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Ficure 2: H — D exchange of full-lengttChlamydomonasentrin and human calmodulin within the spectral region of 13B010 cnt?!

at 20°C shown as spectral overlays in panels A and B, respectively. The two-dimensional correlation analysis within the spectral region
of 1380-1710 cnv! for the time interval of 6-150 min: (C and E) synchronous plot and (D and F) asynchronous plot for Ccen and CaM,
respectively. The spectral features that are shown are the overlapped aarideamide | bands, side chain modes, aneH\deformation

modes comprised of the amide Il band, and the amidedhd comprised of the ND deformation mode.

[1510 cn! (D-form) and 1520 cm! (H-form)], and the To determine the temporal events that occur in this calcium
N—D deformation mode (14561440 cn1?). The asynchro-  binding protein during the H= D exchange perturbation,
nous plot provides detailed information about the order of we have chosen to study the spectral region of 50000
events upon perturbation of the centrin sample. One cancm2 in further detail. First, we temporally separated the
compare the spectral data acquired for the full-length and gpectral data that were acquired into two data sets: (1) the
terminal doma|r11 fragments W_'th'n the spectral region of j,itia| times (0=70 min) shown in Figure 4 and (2) the latter
1500—17(_)0 e for centrin (Figure 3)_' times of exchange (79150 min) shown in Figure 5. Second,
Dynamics of Exchangelhe dynamics of exchange of iy 4 gomain specific manner, we related the dynamics and
centrin and calmodulin were compared in Figure 2. The solvation effects observed in Ccen-N and Ccen-C with the

synchronous plots for calmodulin (Figure 2D) show the ) . o .

greatest intensity change in the-M and N-D deformation ful&?g:]hoﬂ;mﬁ?{f(lﬁ? E;ikfzsg'gnzr?;tggméng Zﬁg] g;?_
modes which are associated with the backbone amides. ThezsyI ) kp 9 ¢ e h ’h’ |

H — D exchange for calmodulin occurs in the following 'elation peaks determined from the asynchronous plots

order: loops and then arginine followed by toehelix (Figures 4B,D,F and 5B,D,F) at initial and latter times of
motifs. However, for centrin (Figure 2C), the intensity €xchange are summarized in Tables 1 and 2, respectively.
changes are in the loop and- and N-D deformation Good agreement was observed for all three centrin samples.
modes, thus suggesting different dynamics of solvent ex- These band assignments and positions will be used to
change was occurring for centrin and calmodulin. describe the dynamics of exchange observed for centrin.
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L L L a-helix (1650 cm?). The fg-strands were not observed,

r . suggesting little or no exchange.

A 1 To validate the results obtained for the full-length protein,
we have used the isolated domain constructs (Ccen-N and
Ccen-C) ofChlamydomonasentrin. This enabled further
understanding of the dynamics of exchange in centrin and
allowed us to discriminate among the differences in solvation
exchange dynamics in the heli#;strand, and loop motifs
within the protein.

Ccen-N.The dynamics of exchange at initial times<0
70 min) and at later times (#0150 min) are summarized in
Table 4 and Figures 4D and 5D . At initial times, the amino
terminus (1570 cmt) and tyrosine residue (1511 and 1520
cmY), in helix A, exchange first, followed by thg-strand
(1630 cnth). The arginine residues (1592 and 1605 ém
exchanged prior to tha-helix (1644 cn?). As a last step,
in the initial times was the exchange of the loop (1666 Hm
During the latter times (70150 min), the following dynam-
ics of exchange were observegi-strand (1638 cm')
exchanged prior to arginine (1578 and 1604 énfiollowed
by a-helix (1645 cn1?) and loop (1666 cmt).

Ccen-C.Similar dynamics in Ccen-C were observed for
the initial and latter times. The loop (1666 cHhexchanged
first, followed by thea-helix (1640 cm?), and as a final
step, thegS-strand (1630 cm') undergoes amide proton
exchange. During the latter times, the loop (1670 8m
exchanges prior to the-helix (1650 cm?) and finally the
B-strand (1634 cmt). In Ccen-C, two different helices (1640
. : . : . : cm ! at initial times and 1650 cni at latter times) were
' ' ' ' ' ' observed, suggesting different solvated states.

In summary, the dynamics of exchange of the loop and
the helical structural motifs are different in the N-terminal
domain when compared to those in the C-terminal domain.
Also, theS-strand motifs were observed to exchange in the
terminal domain fragments, providing key dynamic informa-
tion in the overall exchange process. The results also suggest
that self-association occurs in the carboxyl terminal end of
centrin. The H— D exchange of arginine residues in Ccen-C
could also be directly compared with that of arginine residues
in calmodulin, suggesting differences in solvation and self-
association of Ccen-C and the carboxyl-terminal end of full-
length centrin.

1500 1550 1600 1650 1700 Simu_la_tion of FT-IR Spectra Using Cug Fit An.alysis'.
Curve fitting methods that are based on the two-dimensional
Wavenumber /cm™ analysis allow for the simulation of the two-dimensional plots
Ficure 3: Overlaid spectra o€hlamydomonasentrin during H obtained experimentally and can be used to verify interpreta-
— D exchange in the spectral region of 1500700 cn1?, at 20 tions of the experimental spectra. Panels@ of Figure 6
°C for (A) the full-length centrin, (B) Ccen-N, and (C) Ccen-C. Jepresent the typical curve fit analysis for the fully exchanged
The spectral features that are shown are overlapped amide | an . o :
amide | bands and the amide Il band comprised of side chain modes sample. The simulated band positions were those Obta,med
and N=H deformation mode. from the auto peaks of the synchronous plots summarized
in Table 2 and described in an earlier publicati@a)( This

During the first 70 min of H— D exchange for full-length  approach was used because the dynamic spectral data
centrin summarized in Table 3 and Figure 4B, the loop (1678 obtained in H— D exchange experiments will only include
cm 1) exchanges prior to the amino terminus (1560 &m vibrational modes that contain exchangeable protons. These
The amino terminus (1560 cr¥) and tyrosine hydroxyl exchangeable protons would include amides found in the
group (1522 cm?t) found in helix A exchange at similar rates  backbone, amino terminus, and exchangeable side chain
prior to thea-helix (1646 cm?). The arginine side chains  protons such as arginine primary amines and the tyrosine
(1600 cnt?) also exchange prior to the-helix (1646 cni?). hydroxyl group. Therefore, the glutamates and aspartates
At latter times of exchange (#0140 min), summarized in  observed in the one-dimensional spectra would not be
Table 3 and Figure 5B, similar dynamics were observed: observed in the two-dimensional correlational analysis plots.
the loop (1670 cmt) exchanges prior to the Tyr (1510 ci The simulation of full-length Ccen (results not shown) agrees
and Arg residues (1580 and 1604 dinfollowed by the well with the experimental data and confirms the correlation

Absorbance
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Ficure 4. Two-dimensional correlational plots f@hlamydomonasentrin at initial times of H— D exchange (670 min) for the full-
length protein [(A) synchronous and (B) asynchronous], Ccen-N [(C) synchronous and (D) asynchronous], and Ccen-C [(E) synchronous
and (F) asynchronous].

between the arginine modes (1580 and 1606'¢rand the CaM (cyan spheres) is observed to exchange within the first
loops (1680 cm?) or a-helix mode (1646 cm'). 20 min, suggesting different solvation dynamics.

Comparison of H—~ D Exchange KineticsBy assuming
that the decrease in the intensity of the amide Il band is DISCUSSION
exclusively due to the exchange of the amide protons, the Detailed study of the solvent exchange kinetics is not
plot of the amide Il/amide I intensity ratio as a function of possible because of the unknown molar extinction for the
time (Figure 7) shows H~ D kinetics for (cyan spheres) carboxylate side chains (Aspand Glu) in the calcium
full-length CaM, (maroon spheres) full-length Cce) ( binding site when coordinated with &aor Mg?*. These
Ccen-N, and ®) Ccen-C. The time interval over which contributions must be subtracted before detailed kinetic
exchange occurs can be related to the vibrational modesanalysis is possible.
that are being affected by the chemical perturbation observed The method of spectral analysis used herein has proven
in the two-dimensional correlational plots shown in Figures to be successful in determining the dynamics of-HD
4 and 5. Specifically, the resulting kinetic curve observed exchange of this calcium binding protein and in theory can
for Ccen-N Q) plateaus after the first 20 min of the exchange be used on any protein. Temporal dynamics of exchange for
process, while Ccen-G) has a slower decay curve which full-length centrin were as follows: the-helix (1646 cn?)
plateaus after 100 min. Full-length centrin (maroon spheres) exchanged first, followed by the amino terminus and arginine
has two different rates of exchange for the amide protons; modes, followed by the calcium binding loops. In full-length
the biphasic exchange process can be attributed to thecentrin, the Tyr residue exchanges within the fir&0 min,
contributions from the two independent domains. In contrast, suggesting that this region of the helix is less accessible to
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Ficure 5: Two-dimensional correlational plots f@hlamydomonagentrin at later times of H— D exchange (76150 min) for the
full-length protein [(A) synchronous and (B) asynchronous], Ccen-N [(C) synchronous and (D) asynchronous], and Ccen-C [(E) synchronous
and (F) asynchronous].

Table 1: Auto Peak Assignment from Two-Dimensional Correlation Analysis Plots Obtained for Initial Tim&6 (@in) of H— D
Exchange in the FT-IR Spectral Region of 15Q¥00 cnt

full length centrin Ccen-N Ccen-C
synchronous asynchronous synchronous asynchronous synchronous asynchronous
assignment (cm™) (cm™) (cm™) (cm™) (cm™) (cm™)
Tyr 1510 1511
Tyr 1520 1522 1524 1520
N—H deformation 1546 1544 1538 1538 1548 1540
amino terminus 1560 1560 1574 1570 1570 1566
Arg 1580 1580 1594 1592 1590 1590
Arg 1606 1600 1600 1605 1600 1604
p-strand 1636 1630 1630
o-helix 1646 1644 1640 1640
a-helix 1648 1646 1652 1650
f-turn (loop) 1676 1678 1665 1666 1670 1666

its agueous environment. The tyrosine residue located incm™?), which are less accessible to the aqueous environment.
position 3 served as an internal probe for monitoring the H Meanwhile, for calmodulin, the exchange occurs first in the
— D exchange dynamics at the amino-terminal end of helix loops, then in the arginine residues, and finally in the helices.
A within centrin. During the latter times of exchange, These arginine residues are located almost exclusively at the
arginine residues continue to exchange followed by loop carboxyl-terminal end of CaM and exchange within the first
amide protons and the remaininghelical motifs (1650 20 min, suggesting that these residues are exposed when
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Table 2: Auto Peak Assignment from Two-Dimensional Correlation Analysis Plots Obtained for Later Timek5(/éhin) of H— D
Exchange in the FT-IR Spectral Region of 15Q¥00 cn?t

full-length centrin Ccen-N Ccen-C
synchronous asynchronous synchronous asynchronous synchronous asynchronous
assignment (cm™) (cm™) (cm™) (cm™) (cm™) (cm™)
Tyr 1510 1510 1510 1511
Tyr 1524 1522 1522 1520
N—H deformation 1546 1544 1536 1536 1550 1544
amino terminus 1560 1560 1564 1560 1568 1568
Arg 1580 1580 1574 1578 1590 1592
Arg 1608 1604 1600 1604 1606 1610
B-strand 1636 1638 1636 1634
a-helix 1652 1650 1648 1645 1654 1650
p-turn (loop) 1670 1670 1666 1666 1670 1670

Table 3: Summary of Phase Analysis Used To Determine HydreBemiterium Exchange Dynamics in Full-Lengi@ihlamydomona€entrin
within 0—150 min

event asynchronous plot analy8is
1 loop (1678 cm?) prior to Arg (1600 cm?)
2 N—H deformation (1546 crt) prior to Arg (1600 cn?)
3 loop (1678 cm?) prior to amino terminus and Tyr (1560 and 1522 ¢énmespectively)
4° amino terminus and Tyr (1560 and 1522 dnrespectively) prior to Arg (1600 cnd)
5e amino terminus and Tyr (1560 and 1522 ¢nrespectively) prior tax-helix (1646 cntt)
6 Arg (1600 cnt?) prior to a-helix (1646 cnt?)
7 loop (1670 cm?) prior to a-helix (1646 cntt)
8 loop (1670 cm?) prior to Tyr (1522 cm?)
9 Tyr (1522 cnt?) prior to Arg (1604 cm?)
10 loop (1678 cm?) prior to Arg (1580 and 1604 cmi)
11¢ Tyr (1522 cnt?) prior to a-helix (1646 cn?)
12 N—H deformation (1546 cnt) prior to Arg (1580 and 1604 cm)
13 amino terminus and Tyr (1560 and 1522 diprespectively) prior to N-H deformation (1546 crit)

2 Events 16 comprise the initial times of exchange{@0 min), and events-713 comprise the latter times of exchange-{1G0 min).? Peak
assignment and cross-peak positions have been used to describe each@weamino-terminal end and a single Tyr residue located only in helix
A.

Table 4: Summary of Phase Analysis Used To Determine Table 5: Summary of Phase Analysis Used To Determine
Hydrogen-Deuterium Exchange Dynamics in Ccen-N within Hydrogen-Deuterium Exchange Dynamics in Ccen-C within 150
0—150 min min
event asynchronous plot analy8is event asynchronous plot analy8is
1 loop (1666 cm?) prior to a-helix (1644 cm?t) 1 loop (1666 cm?) prior to Arg (1590 and 1604 cm)
2 loop (1666 cm?) prior to Arg (1592 and 1605 cnd) 2 N—H deformation (1540 crt) prior to Arg
3* loop (1666 cm?) prior to amino terminus (1574 crh) (1590 and 1604 cnt)
and Tyr (1510 cm?) 3 amino terminus (1566 cm, helix E) prior to Arg
4 Arg (1592 and 1605 cm) prior to 3-strand (1630 cmt) (1590 and 1604 cnt)
5¢ amino terminus (1574 cm) and Tyr (1510 cm?) prior 4 loop (1666 cm?) prior to a-helix (1640 cnm?)
to -strand (1630 cm) 5 loop (1666 cm?) prior to S-strand (1630 cmt)
6 loop (1666 cm?) prior to S-strand (1630 cm') 6 loop (1670 cm?) prior to Arg (1592 and 1610 cnd)
7 o-helix (1644 cm?) prior to $-strand (1630 crmt) 7 N—H deformation (1544 crt) prior to Arg
8 B-strand (1638 cm) prior to loop (1666 cm?) (1592 and 1610 cnt)
9 p-strand (1638 cmt) prior to Arg (1578 and 1604 cm) 8 Arg (1592 and 1610 cr) prior to amino terminus
10 Arg (1578 and 1604 cm) prior to loop (1666 cm?) (1568 cnt?, helix E)
11 o-helix (1645 cnt) prior to -strand (1638 cm') 9 loop (1670 cm?) prior to a-helix (1650 cn?)
12 B-strand (1638 cmt) prior to a-helix (1645 cmt) 10  Arg (1592 cm?) prior to A-strand (1634 cmf)
13 N—H deformation (1536 crt) prior to Arg 11 loop (1670 cm?) prior to 3-strand (1634 crmt)
(1578 and 1604 cnt) 12 N—H deformation (1544 cri) prior to S-strand (1634 crmt)
14 N—H deformation (1536 crt) prior to loop (1666 cm?) 2 - — . -
15 N—H deformation (1536 cmt) prior a-helix (1645 cn?) dEvents é—152compr|_se tT]e ||n|t|als_t|mes fOf exrc]:hangeji(g% min),
16 a-helix (1645 cnm?) prior to N—H deformation (1536 ct) ban events comprise the latter times of exc ange min). .
Peak assignment and cross-peak positions have been used to describe
aEvents -7 comprise the initials times of exchange-(@0 min), each event.

and events 716 comprise the latter times of exchange-{4®0 min).

b Peak assignment and cross-peak positions have been used to descrikgtretch vibrational mode weakening, due to the deuterium

each eventt A single tyrosine residue located in helix A. bonding from the solvent. In addition, the arginine side chain
mode has also served as an internal probe, and these residues

compared to Ccen-C. The-helices (1640 and 1650 ct) are found in the helices and are indicators of the extent of

observed in this study show two different environments, solvation of the helices.

reflecting differences in the degree of exposure of the amides Domain specific dynamics were obtained by studying the

to their aqueous environment. This lower-frequency shift of isolated domain under the same conditions that were used

the exposed helices results from the amide carbonyl bondfor the full-length protein. The amino terminus and tyrosine
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interact with specific targets38, 39). Holocentrin has been
found to self-associate at the carboxy-terminal domain
(manuscript in preparation). Therefore, thehelix (1650
cmY) found exclusively in the carboxy-terminal domain,
which is less exposed to its aqueous environment and has

1550 1600 1650 1700 slower rates of H— D exchange, may be due to its self-
Wavenumber /cm™ association. The internal probes (Arg and Tyr) provided
FiGUrRe 6: Typical curve-fit spectra dEhlamydomonasentrin fully additional information about temporal events duringH
exchanged in the spectral region of 140¥00 cnrt: (A) full- D exchange that could be assigned to specific regions within

length centrin, (B) Ccen-N, and (C) Ccen-C. All subbands used

for the curve fit have been assigned to a vibrational mode. the protein. These provided further information about the

extent of solvation in the helical structural motifs within

residue, located in helix A, exchange prior to the helix amide ¢cen-N and Ccen-C. _ _ _
protons (1644 cimf) in Ccen-N, suggesting helix A is more ~The biophysical study on centrin solvation dynamics
exposed to its agueous environment when compared to itsdiscussed herein provides further evidence of the structural
full-length counterpart. This event was followed by the independence of the domains. These in vitro studies are the
B-strand and then Arg side chain exchange and finally the 9roundwork for comparison with complexes of centrin, its
o-helix and loop amide protons. For Ccen-C, exchange terminal domain fragments, and other interacting proteins
dynamics involves the amino terminus (helix E) first and @nd peptides such as Karlp, Mps3p, and, most recently
then loops followed by the arginine residues. Once the dlscoyered, sfilp, involved in the dupl|cat!on and assgmbly
arginine exchanges, then thehelix (1650 cm?) amide  Of spindle pole body (SPBJLG, 16, 17). This last protein,
protons angB-strands are observed to exchange as the lastSfilP, has been found to have up to 23 centrin binding sites,
steps. Thes-strands are not observed to exchange in full- which have affinity for centrin at low calcium concentrations.
length centrin, and this may be due to solvation differences N contrast, Karlp and mps3p have been found to interact
in the full-length centrin when compared to the isolated With centrin at higher calcium concentrations. Future-H
domains or weak intensity changes for fhtrand vibra- D exchange dynamic studies will involve the study of these
tional mode in the spectrum. complexes in providing insight into the biochemical changes
Chlamydomonasentrin was observed to have differences by which centrin plays a role in the process of cell division.
in helix solvanon in its two domains; in contrast, calmoduh_n ACKNOWLEDGMENT
differences in solvation were not observed. This observation
is relevant to the biochemistry of centrin since the C-terminal ~ We thank Dr. Mike Holmes for the mass spectral analysis
domain, but not the N-terminal domain, has been found to used to verify centrin’s purity at the Protein Core Facility at
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