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ABSTRACT

Cdc25B phosphatases are involved in cell cycle checkpoints and have become a possible target for developing new anticancer

drugs. A more rational design of Cdc25B ligands would benefit from detailed knowledge of its tertiary structure. The con-

formational flexibility of the C-terminal region of the Cdc25B catalytic domain has been debated recently and suggested to

play an important structural role. Here, a combination of experimental NMR measurements and molecular dynamics simu-

lations for the complete catalytic domain of the Cdc25B phosphatase is presented. The stability of the C-terminal a-helix is

confirmed, but the last 20 residues in the complete catalytic domain are very flexible, partially occlude the active site and

may establish transient contacts with the protein core. This flexibility in the C-terminal tail may modulate the molecular

recognition of natural substrates and competitive inhibitors by Cdc25B.
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INTRODUCTION

Progression in the cell cycle is controlled by molecular

checkpoints where activation of cyclin-dependent kinases

(Cdk) by Cdc25 phosphatases is an essential step.1 Three

Cdc25 homologous forms (A, B, and C) are encoded in

the human genome. For instance, Cdc25A has been

linked to the G1/S transition of the cell cycle, while

Cdc25B acts in the G2/M transition.2 Not surprisingly,

the three forms have been found to be over-expressed in

several types of human tumors,3 and Cdc25 phospha-

tases have become active targets for the development of

new anticancer drugs.4,5

Cdc25 phosphatases are considered members of the

protein tyrosine phosphatase (PTP) family,6 but they

share very low sequence and structural similarity with

other PTPs besides the conserved active site motif Cys–

(Xxx)5–Arg, known as the phosphate binding loop (P-

loop). This low similarity may be useful for the design of

selective inhibitors. Cdc25s also show substrate promis-

cuity as they dephosphorylate both pThr and pTyr resi-

dues found in Cdk via the same cysteine side-chain

nucleophile.1,7,8

The similarity between the amino-acid sequences of the

three human Cdc25 homologous forms is approximately

70% for the complete catalytic domain but drops to less

than 45% in the C-terminus (last 33 residues). Crystal

structures are available for Cdc25A and Cdc25B catalytic

domains.9,10 The most notable structural difference

between the two forms is a C-terminal a-helix found only

in Cdc25B, whereas a coiled coil is found in the same

region of Cdc25A. Additional segments of 27 (Cdc25A)

and 16 (Cdc25B) amino-acids were present in the

C-terminus of protein constructs used for crystallography,

but structures for these terminal regions were not provided

in both crystallographic models probably due to an unde-

fined electronic density.9,10

Previous computer simulations suggested that the

C-terminal a-helix observed in Cdc25B could be (partial-

ly) unfolded in solution.11,12 But, recent nuclear
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magnetic resonance (NMR) experiments refuted this

conclusion and provided evidence that the C-terminal

helix has little flexibility and is well folded in the ps–ms

time scale.13 Unfortunately, the protein construct used

for that NMR study lacked the last 15 residues present in

the full-length C-terminal tail of wild-type (WT)

Cdc25B.

Notably, the C-terminus is involved in Cdc25 substrate

recognition and discrimination between Cdk/Cyclin com-

plexes.14,15 Removal of residues 556R and 562R in the

Cdc25B C-terminal tail decreases more than 10-fold the

phosphatase activity toward the bis-phosphorylated

Cdk2-pYpT/Cyclin-A natural substrate.14 Although the

homologous Cdc25C has a 100-fold lower activity

toward Cdk2-pYpT/Cyclin-A, a chimeric construct with

the last 18 residues from the Cdc25B C-terminal tail

fused to the Cdc25C catalytic core shows a gain-of-

function with a 50-fold increase in activity.14 Given the

spatial proximity of the C-terminus and the P-loop in

the Cdc25B structure,10 the terminal region could play

important roles in complexation processes such as:

release and egress of the product inorganic phosphate,7,8

binding and stability of bulky artificial phosphatase sub-

strates such as O-methyl fluorescein phosphate,5 and

complexation of competitive inhibitors.11

Here, the conformational flexibility of the complete

catalytic domain of Cdc25B was probed with experimen-

tal NMR and molecular dynamics simulations. The last

20 residues in the Cdc25B C-terminus were found to be

highly flexible, partially occlude the active site and estab-

lish contacts with the protein core.

METHODS

Cloning, expression, and purification of
Cdc25B

The complete Cdc25B catalytic domain (residues

373S–566Q) and a C-terminal truncated construct (resi-

dues 373S–534E) were amplified from a plasmid pur-

chased from Origene (code: NM_021873) with the cDNA

sequence of human Cdc25B and cloned into pET-28a

vector using NdeI/BamHI restriction enzymes.

Expression of Cdc25B fused to a His6-tag followed by

thrombin cleavage site at the N-terminal end was done

in Escherichia coli BL21 (DE3-Gold). Cells were grown in

M9 medium labeled with 15NH4Cl and 13C-glucose at

378C until they reach log phase of growth

(OD600nm 5 0.6–0.8). At this point, the temperature was

set to 208C and the protein expression was induced with

0.8 mM IPTG for 18 h before collection of cells by cen-

trifugation. NMR samples used for backbone assignment

were expressed in M9 medium prepared with 2H2O to

allow random and partial deuteration of the protein.

Cells were lysed by sonication in buffer containing

20 mM Tris pH 7.4, 500 mM NaCl, 10% glycerol, 5 mM

b-mercaptoethanol, and 1 mM phenylmethylsulfonyl

fluoride (PMSF). After centrifugation, the supernatant

was incubated with Ni21 resin and washed with phos-

phate buffer (20 mM NaPi, pH 6.7, 500 mM NaCl,

5 mM b-mercaptoethanol, and 20 mM imidazole) before

elution of the protein with phosphate buffer containing

500 mM imidazole.

The His6-tag was cleaved by incubation with throm-

bin–agarose resin (Sigma) under gentle shaking for 2 h

at room temperature before submitting to size exclusion

chromatography on a Hiload 26/600 Superdex 75 (GE

Healthcare) column equilibrated with buffer containing

20 mM NaPi (pH 6.7), 50 mM NaCl, 2 mM b-mercap-

toethanol, and 2 mM DTT. The homogeneity of eluted

fractions was evaluated by SDS polyacrylamide gel elec-

trophoresis. Homogeneous fractions were pooled and

concentrated for NMR spectroscopy experiments using

an Amicon Ultra device (cut-off 10 kDa, Millipore).

NMR experiments and assignment of the
complete catalytic domain

Samples of approximately 0.2 mM 13C/15N-labeled

and partially deuterated Cdc25B in buffer containing

20 mM NaPi (pH 6.7), 50 mM NaCl, 5% 2H2O, 2 mM

b-mercaptoethanol, and 2 mM DTT were used in NMR

experiments.

Backbone resonance assignments were obtained from

the analysis of a standard set of three-dimensional experi-

ments with deuterium decoupling: HNCA, HN(CO)CA,

HN(CA)CB, HN(COCA)CB, HNCO, HN(CO)CA, using

traditional pulse sequences.16 All spectra were acquired at

298 K on a 800 MHz Bruker AvanceTM III spectrometer

equipped with a cryogenic probe and processed with

NMRPipe package.17 Spectra visualization and assignment

were done in CCPNMR Analysis 2.4 software.18

A chemical shift perturbation (CSP) index of NH

amide groups in the backbone was calculated as:

CSP 5

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðDd1HÞ210:15ðDd15NÞ2

q
; (1)

where DdX is the difference between the chemical shifts

measured for X5 1H or 15N nuclei.

Relaxation rates, heteronuclear NOE, and
model-free analysis

Spin-lattice relaxation (R1) and rotating frame relaxa-

tion (R1q) rates of backbone amide resonances from uni-

formly labeled 15N Cdc25B were measured by inverse

detected 2D NMR experiments.19,20 R1 and R1q relaxa-

tion rates were calculated using 12 different relaxation

delays for the acquisition of pseudo-3D planes. Delay

times used for R1 were: 0.1, 0.2, 0.35, 0.5, 0.6, 0.75, 0.9,

1.2, 1.4, 1.6, 1.8, and 2.0 s. Delay times used for R1q

were: 0.01, 0.024, 0.04, 0.054 (23), 0.08, 0.096, 0.112,
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0.124, 0.14, 0.16, and 0.18 s. Exponential decay of peak

intensities were fitted in MATLAB
VR

R2009b software.

Spectra were acquired with 16 scans and a recycle delay

of 3 s.

Spin–spin relaxation rates (R2) were calculated from

R1q rates using the following relation:20

R1q 5 R2cos 2u1R1sin 2u

where u5tan 21ð2pDm=gNB1Þ; Dm is the resonance offset

and gNB1 is the strength of the spin-lock field. A spin-

lock field-strength of 1 kHz was used in the R1q

experiments.

Heteronuclear NOE of 15N spins was obtained from the

ratios of the peak intensities on 2D 1H–15N spectra recorded

in the presence or in the absence of proton saturation. Satura-

tion time of 3 s and recycle delay of 6 s were used.

Order parameters of 15N spins were calculated with

ModelFree21 and FAST-Modelfree22 programs. The central

structure of the most populated cluster from a MD simula-

tion of the Cdc25B complete catalytic domain was used to

obtain the initial parameters of an axially symmetric diffu-

sion tensor using PDBinertia23 to align the protein refer-

ence axis with its moments of inertia and R2R1_diffusion

program:24 sc512:6 ns; Dk=?51:26; u5½0�� and /50�.
Parameters were adjusted with 15N chemical shift

anisotropy and NH bond length values of 2160 ppm

and 1.02 Å, respectively. The axially symmetric rotational

diffusion tensor was optimized together with the

motional models for the 15N spins in a global grid

search that converged after 5 iteractions and 600 Monte

Carlo simulation steps were used to estimate the preci-

sion of fitted parameters.

Residual dipolar couplings

Partial alignment was achieved in liquid crystalline

media prepared with PEG C12E5/n-hexanol.25 Scalar

couplings of backbone amides (1JNH) were measured in

isotropic media using anti-phase in-phase experiments.26

Residual dipolar couplings of backbone amides (DNH)

were calculated by subtracting 1JNH from NH splittings

measured in the presence of anisotropic media.

A comparison between calculated and measured DNH

was performed with the DC program included in

NMRPipe package.17 The crystal structure of the Cdc25B

catalytic domain (PDB: 1QB0)10 was used to calculate

DNH. Hydrogens were added to the PDB structure with

pdb2gmx tool, available in GROMACS suite of pro-

grams,27 followed by an energy minimization procedure

with heavy atoms restrained to their initial coordinates.

Molecular dynamics simulation

Simulations of the Cdc25B complete catalytic domain

were started with coordinates from the crystal structure

deposited in PDB (code 1QB0). Additional N-terminal

residues (GSHMEFQ) resulting from the adapter

sequence used for cloning and the C-terminal residues

(552G–566Q) absent in the crystal structure were manu-

ally added in an extended conformation. Crystallographic

waters, ions, and b-mercaptoethanol were removed,

hydrogens were added to the structure and an inorganic

phosphate was modeled in the P-loop in the dianionic

form. A MD simulation in implicit solvent with coordi-

nate restrains for all atoms present in the crystal struc-

ture was initially carried out for 12 ns. The final

structure was solvated in a dodecahedron water box and

NaCl was added to neutralize the system up to a 10 mM

salt concentration.

The Amber99SB-ILDN force field28–30 was used for

protein and ions and the TIP3P model31 was used for

water molecules. A 2 ls-long MD simulations was per-

formed at 300 K and 1 bar pressure with a 2 fs integra-

tion step in the NPT ensemble, using the structure

described in the last paragraph as a starting geometry.

The PME method32 with 0.9 nm real space cutoff and a

0.15 nm Fourier spacing in the mesh was used to treat

long-range electrostatics. The Berendsen barostat33 and

the Bussi thermostat34 were both used with period 0.5

ps. Construction of the models, MD simulations and

analysis of results were performed with the GROMACS

4.6.1 suite of programs.27

RESULTS AND DISCUSSION

Assignment of the Cdc25B complete
catalytic domain

Backbone atoms of the complete catalytic domain of

WT Cdc25B (segment 373S–566Q) were assigned by con-

ventional NMR triple resonance experiments. The 1H–
15N HSQC spectrum [Fig. 1(A)] showed relatively good

peak dispersion, except for the region around d1H58:2
ppm and d15N5120 ppm which suggests the presence of

conformational disorder in the polypeptide chain.35 Out

of 187 expected backbone amide resonances in the

HSQC spectrum, 173 were observed and 143 were

assigned (�82%). All backbone amide resonances of the

C-terminal segment 552G–566Q absent in the crystal

structure and in the Cdc25B construct used by Lund and

Cierpicki13 were located in regions of the HSQC spec-

trum expected for residues in random coil conformation

(red dots in Fig. 1).35

The assigned backbone resonances (1H and 15N) were

in close agreement with the chemical shifts provided by

Lund and Cierpicki, except for residues 434G, 509K,

511G, and 529R. These differences are probably due to a

shorter spectral window used by Lund and Cierpicki for

the acquisition of NMR spectra in the 15N dimension.13

The complete assignment obtained here was deposited in

the BMRB databank (accession number 26779).

Conformational Flexibility of Cdc25B Phosphatases
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Most of the unassigned or unobserved resonances cor-

respond to segments of the protein located in exposed

loop regions [378L–388L, 458I–467V, and 499S–502Y,

Fig. 1(C)] where conformational exchange should broad-

en the NMR signal. Although relatively rigid, the active

site P-loop (474E–480G) was also not assigned due to

signal broadening probably caused by intermediate rate

exchange of HOPO22
3 ions with the buffer, as also

observed in a low molecular weight protein tyrosine

phosphatase.36 Part of this P-loop (475F–480G) was

assigned by Lund and Cierpicki,13 but using a truncated

protein construct and with a point mutation at the

Figure 1
Assignment of backbone amide resonances. Panel A shows the 1H–15N HSQC spectrum of the Cdc25B complete catalytic domain where residues

of the C-terminal segment (552G–566Q) are marked with red dots. Panel B is a magnification of the central region in the spectrum. Panel C shows
a snapshot structure where Cdc25B regions with assigned NMR chemical shift are colored in blue and residues 534E and 413K are represented by

balls. [Color figure can be viewed at wileyonlinelibrary.com]
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catalytic cysteine (C473S) that could alter the binding

and dynamic proprieties of the active site.

Residues 373S–377E, 394K, 396Q, 416N, 439T, 446E,

495N–497Y, 510G, and 547T–550W were assigned here

but not by Lund and Cierpicki. On the other hand, they

assigned 387L, 388L, 420K–422V, 433E, 438K, 459A,

468I, 488R, 505M, 506Y, and 535A, which was not done

here. These differences may be attributed to the partial

deuteration of the protein conducted here and to differ-

ent buffers used in protein samples for acquisition of

NMR spectra.

Fast dynamics in the Cdc25B terminals

Values of R1 and R15
2 N relaxation rates and heteronu-

clear {1H}-15N NOE of the N-terminal 373S–377E and

C-terminal 547T–566Q segments shown in Figure 2 are

clearly different from the rest of the protein. Higher R1

and lower R2 and NOE values found in the Cdc25B ter-

minals in comparison to the rest of the protein chain are

related to the presence of considerable motion in the ps–

ns time scale in these terminal regions.

The amplitude of motions on fast (ps–ns) time scales

was quantified with order parameters (S2) adjusted from

the 15N relaxation and NOE measurements. Lower S2

values also pointed to increased conformational flexibility

of the terminal regions and S2 values close to unity indi-

cate a relative rigidity of the protein core [Fig. 3(A)]. A

significant contribution of conformational exchange (Rex)

for residues 413K and 534E [Fig. 1(C)] was determined

here, indicating motion in the ls–ms time scale for these

two residues [Fig. 3(B)]. Lund and Cierpicki have not

observed a large Rex contribution for 534E, but their R2

value for the same residue in the WT Cdc25B is consid-

erably higher than in the C473S mutant, suggesting that

this point mutation has altered the conformational flexi-

bility around the active site. Correlation times obtained

from adjustment of relaxation measurements are pre-

sented as Supporting Information (Fig. S1).

The last 20 residues in Cdc25B C-terminus
are disordered

Experimental residual dipolar couplings (DNH) of the

Cdc25B complete catalytic domain measured in neutral

PEG/hexanol alignment media agree well with DNH cal-

culated for the residues present in the crystal structure

with a Q 5 0.26 quality factor as shown in Figure 4(A).

Thus, the protein core and the C-terminal a-helix are

well folded and populate conformations in solution simi-

lar to the crystal structure.

However, the observed Dobs
NH for residues in the C-

terminus (549S–566Q) decay to values closer to 0 Hz

when compared with the rest of polypeptide chain [Fig.

4(B)], suggesting again conformational disorder in this

region. The same is also observed for the N-terminus.

Given that the Cdc25B C-terminus is enriched with

charged residues, partial alignment in a neutral media as

performed here should perturb the C-terminus confor-

mational distribution less than alignment in a charged

media.

The global flexibility of Cdc25B has been debated in

the literature.11–13 Previous simulations employing

either molecular dynamics11 with the OPLS-AA force

field37 or a library of rotamers sampled by Monte

Carlo12 suggested that the Cdc25B C-terminal a-helix

may (partially) unfold in solution. NMR experiments

Figure 2
R1 and R2 relaxation rates and {1H}–15N NOE of backbone 15N spins

measured for the Cdc25B complete catalytic domain.

Figure 3
Order parameters (S2) and rates of conformational exchange (Rex)

obtained after the adjustment of relaxation measurements with Lipari–
Szabo formalism.
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presented previously for a truncated construct of the

Cdc25B catalytic domain13 and obtained here for the

complete catalytic domain show this C-terminal a-helix

is folded and has little flexibility. Thus, the energy func-

tions used in previous simulations11,12 artificially desta-

bilized helical conformations. This supports the notion

that force fields should be carefully tested and further

developed, and simulations should be compared and val-

idated with experimental data.38,39

Although NMR measurements are excellent probes of

protein dynamics in solution, the broad time range of

small to large scale motions expected in disordered pro-

tein regions results in highly averaged NMR observables

that often cannot be used to resolve conformational sub-

states.40 Thus, in order to investigate the conformations

visited by the C-terminus and its possible contacts with

the protein core, a long MD simulation was carried out

with the Amber99SB-ILDN force field, which has a bal-

anced helix–coil description and has been used success-

fully to simulate disordered protein regions.38,41

Figure 5 shows that the protein core (residues 373–

546) and the C-terminal helix (534–546) remained stable

and well folded during the whole MD trajectory, in

agreement with the NMR observations. The C-terminal

tail has a large deviation from the initial structure. The

tail shows periods of high flexibility (between 450–750 ns

and 1500–1900 ns) and periods of relative stability

(between 800 and 1500 ns) when it forms transient con-

tacts with the protein core. The Ca root mean-square

fluctuations [RMSF, Fig. 5(B)] characterize large flexibili-

ty and local disorder in the Cdc25B terminals. The simu-

lated RMSF profile is similar to the fluctuations derived

from random coil index (RCI) analysis of referenced42

backbone (CA, CB, C, and N) chemical shifts.43 This is

particularly true for the protein C-terminal and suggests

that the simulation approximately samples the amplitude

of movements for this region. Backbone order parame-

ters (Supporting Information Fig. S2) and residual

dipolar couplings (Supporting Information Fig. S3)

back-calculated from the MD simulation trajectory are

also in good agreement with the measured values.44,45

Structures obtained from the MD trajectory [Fig.

5(C)] show that the C-terminus fluctuates widely and

occupies a large volume close to the active site. Thus, it

may directly interact with possible competitive inhibitors

binding to Cdc25B.11 Note that the side-chains of resi-

dues 556R and particularly 562R, involved in Cdc25 sub-

strate recognition, are mostly exposed to solvent during

the MD trajectory. However, some residual structure

should still be found around residues 553E–557R which

display smaller RMSF, a plateau in the S2 values (Fig. 3)

and Dobs
NH different from zero (Fig. 4).

The flexible C-terminus may establish
contacts with the protein core

The molecular dynamics simulation also suggests that

the flexible C-terminus may establish transient contacts

with exposed side-chains in helical regions on the pro-

tein core. Notably, there is a large fraction of arginine

residues (13 out of the 17 found in the Cdc25B catalytic

domain) exposed to solvent in the surface of the P-loop

helix, the C-terminal helix and the disordered C-

terminus. Although these arginine side-chains form tran-

sient salt-bridges with acidic residues (e.g., between 482R

and 553E), more stable contacts with half-life of 100–300

ns are cation–p stacking interactions46,47 formed

between the indole of 550W and the guanidinium groups

of 447R, 482R, 485R, and 544R [Fig. 6(A); Supporting

Information Fig. S4).

A multiple sequence alignment of the human Cdc25B

with sequences from other species indicates that residues

482R, 485R, 544R, and 550W are strongly conserved

(Supporting Information Fig. S5)48 and suggests a possi-

ble functional role for these residues and their transient

contacts. On the other hand, 447R is not conserved and

Figure 4
Residual dipolar couplings of backbone amides of the Cdc25B complete catalytic domain. Panel A shows a comparison between DNH calculated

from crystal structure (PDB: 1QB0) and measured in neutral PEG/n-hexanol alignment media. Panel B shows the measured DNH for each residue.
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found only in a few sequences other than the human

one.

In order to probe experimentally the stability of some

of these transient contacts, the 1H–15N HSQC spectra

measured for the complete Cdc25B catalytic domain

(segment 373S–566Q) was compared with the spectra of

a truncated construct (segment 373S–534E) which lacks

the last 32 residues containing the C-terminal a-helix

and disordered region, including 550 W found to estab-

lish transient cation–p contacts in the MD simulation

[Fig. 6(B)]. The highest chemical shift pertubations are

observed in the C-terminus of the truncated construct

[residues 528Y–534E, Fig. 6(C)] and in regions in close

contact to it such as the a-helix segments 426C–435G

and 510G–513K [red and blue segments in Fig. 6(A,C)].

The increased flexibility and different conformational

distribution of the new terminal region in the truncated

construct should cause a large perturbation on its NMR

spectra and of the nearby protein regions.

Smaller but still significant perturbations (0:1 <
CSP< 0.05 ppm) are observed for segments 443L–449A

and 482R–487I [Fig. 6(A,C)]. These regions are spatially

Figure 5
Conformational flexibility of the Cdc25B complete catalytic domain probed by a molecular dynamics simulation. Panel A shows Ca root mean-

square deviations (RMSD) of the protein core (orange), C-terminal helix (green) and C-terminal tail (magenta) with the respective primary
sequences given in brackets. Panel B shows root mean-square fluctuations (RMSF) of the trajectory (black) and derived from RCI analysis (red).

Panel C shows a superposition of eight representative snapshots taken from the trajectory.

Figure 6
Possible transient contacts between the disorded C-terminal and the stable Cdc25B protein core. Panel A shows residues forming transient cation–p
contacts with 550 W in the MD simulations. The region colored in green corresponds to the removed segment in the truncated construct. Regions

in red, orange, yellow, blue, and black correspond to residues with CSP greater than 0.05 ppm as shown in Panel C. Panel B shows a superposition
of the 1H–15N HSQC spectra for the complete (orange) and truncated (blue) constructs. Panel C shows the CSP index for each residue calculated

from the perturbations measured in Panel B. [Color figure can be viewed at wileyonlinelibrary.com]
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distant from the terminal residues of the truncated con-

struct. But, accordingly to the molecular dynamics simu-

lation presented above, these two segments make

contacts with the disordered C-terminus of the complete

construct, particularly transient cation–p interactions of

550W with 447R, 482R, and 485R. Thus, in the truncat-

ed construct the observed CSP on the two segments

443L–449A and 482R–487I, that contain the arginine res-

idues just mentioned, might be caused by disruption of

contacts with the disordered region found in the com-

plete Cdc25B construct.

CONCLUSIONS

The conformational flexibility of the Cdc25B complete

catalytic domain was evaluated with experimental NMR

measurements and MD simulations. The protein construct

used here contains all residues at the C-terminus that were

not present in studies previously published.11–13

Our results show that the last 20 C-terminal residues

(547T–566G) show large fluctuations when compared

with the rest of the chain. Conformational disorder for

the C-terminal tail is supported by a range of observa-

tions such as NMR chemical shifts compatible with ran-

dom coil conformation, 15N relaxation rates in accord

with fast backbone motions, dynamic averaging of resid-

ual dipolar couplings, and large mean fluctuations in the

long time MD simulation.

The C-terminal helix is well folded during the whole

MD trajectory presented here (Fig. 5), in disagreement

with previous simulations.11,12 This is due to the previ-

ous use of the OPLS-AA force field which has been

shown to give an unbalanced description of helix–coil

conformations.38,41 Additionally, the inclusion of the

last 15 residues in the C-terminal tail might stabilize the

terminal helix in the simulations.

The large fluctuations in position observed here in the

MD simulations are validated by the RCI indexes derived

from the NMR chemical-shifts. The volume occupied by

the terminal residues partially occludes the entrance of the

shallow Cdc25B active site. Transient contacts between the

C-terminus and the protein core were also observed.

The combination of experimental NMR spectroscopy

and computer simulation is a powerful method to

describe in atomic detail the conformational flexibility of

proteins in solution. We are now applying this combina-

tion to determine the role of the C-terminal tail in the

recognition of small-molecule ligands by Cdc25B.
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