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Materials and Methods 
Full-length, truncated and mutant constructs of the doc-1 gene from Homo Sapiens were 

cloned into pET21 expression vectors (Novagen) containing a N-terminal affinity tag 
(MGHHHHHHSH), yielding the plasmids HR3057-14, HR3057H-14 and HR3057H-C105A-14.  
Plasmids were transformed into codon enhanced BL21 (DE3) pMGK E. coli cells, which were 
cultured at 37oC in MJ minimal medium (1) containing (15NH4)2SO4 and U-13C-glucose as the 
sole nitrogen and carbon sources.  Initial cell growth was carried out at 37oC and protein 
expression was induced at 17oC by isopropyl-β-D-thiogalactopyranoside (IPTG). Expressed 
proteins were purified using an AKTAexpress (GE Healthcare) two-step protocol consisting of 
HisTrap HP affinity chromatography followed directly by HiLoad 26/60 Superdex 75 gel 
filtration chromatography.  Samples of [U-13C,15N]-CDK2AP1 and [U-13C,15N]-CDK2AP1(61-
115) for NMR spectroscopy were concentrated to 0.7 to 0.9 mM in 95% H2O/5% 2H2O solution 
containing 20 mM MES, 200 mM NaCl, 10 mM DTT, 5 mM CaCl2 at pH 6.5.  Sample purity and 
identity were confirmed by SDS-PAGE, MALDI-TOF mass spectrometry, and NMR 
spectroscopy.  Both proteins are dimers according to static light scattering data. 

All NMR data were collected at 25oC on Varian INOVA 600 and Bruker AVANCE 800 
NMR spectrometers, processed with NMRPipe (2), and visualized using SPARKY (3). Complete 
1H, 13C, and 15N resonance assignments for CDK2AP1(61-115) were determined using 
conventional (4) triple resonance NMR methods, respectively, and deposited in the 
BioMagResDB (BMRB accession number 16808). Stereospecific isopropyl methyl assignments 
for all Val and Leu residues were deduced from characteristic cross-peak fine structures in high 
resolution 2D 1H-13C HSQC spectra of 5%-13C,100%-15N CDK2AP1(61-115) (5). Resonance 
assignments were validated using the Assignment Validation Suite (AVS) software package (6). 
1H-15N heteronuclear NOEs were measured with gradient sensitivity-enhanced 2D heteronuclear 
NOE approaches (7,8).  

The one bond 1H-15N couplings for isotropic and aligned samples of CDK2AP1(61-115) 
were measured using an interleaved TROSY HSQC set of experiments (9).  The one bond 15N-
13C’ couplings for isotropic and aligned samples of CDK2AP1(61-115) were measured using NC’ 
J-modulation experiments (10).   

CDK2AP1(61-115) was first aligned in a positively charged (50% 3-acrylamidopropyl-
trimethylammonium chloride + 50% acrylamide) compressed gel medium.(11) The positively 
charged gel was initially cast in a 3.2 mm diameter plastic tube.  The polymerized gel was first 
washed extensively in deionized water followed by washing with protein buffer to equilibrate the 
pH.  Finally, the gel was washed with deionized water to remove the buffer.  The swelled gel (~7 
mm diameter) was trimmed to a length of 35 mm and dried in open air for two days.  The gel 
pellet was swollen in a 5 mm Shigemi NMR tube using the protein solution.  The plunger of the 
Shigemi tube was fixed at a height of 12 mm from the bottom of the tube. 
 For the truncated CDK2AP1(61-115) structure determination, initial structure 
calculations were performed by CYANA 3.0 (12,13), using peak intensities from 3D 
simultaneous CN-NOESY (14) (τm = 120 ms), dihedral angle constraints computed by TALOS (φ 
± 20°; ψ ± 20°) (15), and N-HN and N-C’ RDC constraints.  The 20 structures with lowest target 
function out of 100 in the final cycle were further were refined by restrained molecular dynamics 
in explicit water using CNS 1.1 (16,17), using the final NOE derived distance, TALOS dihedral 
angle and RDC constraints. The final refined ensemble of 20 structures was deposited into the 
Protein Data Bank (PDB ID, 2KW6). Structural statistics and global structure quality factors, 
including Verify3D (18), ProsaII (19), PROCHECK (20), and MolProbity (21) raw and statistical 
Z-scores, were computed using the PSVS 1.3 software package (22). The global goodness-of-fit 
of the final structure ensembles with the NOESY peak list data were determined using the RPF 
analysis program (23).  PALES was used to back calculate the alignment tensor and the RDC 
values from the final structures (24), which allows additional validation statistics for the final 
ensemble.  
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Supplementary Figure S1. Multiple sequence alignment for CDK2AP1 computed by 
CLUSTALW. The sequence numbering for CDK2AP1 and secondary structure elements are 
based on the NMR structure for human CDK2AP1(61-115) are shown in rows above the 
alignment. The phosphorylation site, Ser46 is indicated by a triangle.  
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Supplementary Figure S2. Overlay of 600 MHz 1H-15N HSQC spectra of full-length (red) and 
61-115 construct (blue) of CDK2AP1. Both spectra were recorded at 298 K in at ~ 0.5 mM 
protein concentration in 20 mM MES buffer at pH 6.5, containing 0.02% NaN3, 10 mM DTT, 5 
mM CaCl2, 200 mM NaCl, 1x Protease Inhibitors, 10% 2H2O, and 50 µM DSS. 
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Supplementary Figure S3. 15N NMR relaxation values, T1 and T2, at 25 °C for wt 
CDK2AP1(61-115) (a and b) and CDK2AP1(61-115)-C105A (c and d) are shown. The rotational 
correlation time, τc, calculated from T1 and T2 of known monomeric proteins (blue circles), wt 
CDK2AP1(61-115) (magenta diamond) and CDK2AP1(61-115)-C105A (green triangle) are 
plotted with respect to their molecular weights (e). CDK2AP1(61-115) samples were prepared in 
20 mM MES buffer at pH 6.5, containing 0.02% NaN3, 10 mM DTT, 5 mM CaCl2, 200 mM 
NaCl, 1x Protease Inhibitors, 10% 2H2O, and 50 µM DSS. 

a) b) 

c) d) 

e) 
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Supplementary Figure S4. Sedimentation velocity analytical ultracentrifugation analysis of 
CDK2AP1(61-115) using the Sedphat hybrid local continuous distribution model with a single 
discrete species. Samples of CDK2AP1(61-115) were dissolved in 20 mM HEPES, 200 mM 
NaCl, 5 mM CaCl2, 10 mM DTT at pH 7.0 were analyzed at six loading concentrations: A. 300 
µM, B. 200 µM, C. 100 µM, D. 50 µM, E. 20 µM and F. 10 µM. Boundary fits of the 
sedimentation scans recorded using interference optics at 50,000 r.p.m. are shown for each 
protein concentration. For clarity, only every tenth scan of the 300 scans recorded is depicted, 
with the raw data points shown as blue open circles and the line of best fit shown in red. The 
residuals for each data set are shown in the lower panel for each dataset.  
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Supplementary Figure S5. Static light scattering results for full-length CDK2AP1. The NMR 
sample (30 µl) of CDK2AP1 in a buffer containing 20 mM MES (pH 6.5), 200 mM NaCl, 5 mM 
CaCl2, 10 mM DTT, 1X Proteinase Inhibitors, 0.02% NaN3 was injected onto an analytical gel-
filtration column (Protein KW-802.5, Shodex, Japan) with the effluent monitored by refractive 
index (black trace, Optilab rEX) and 90° static light-scattering detectors. The resulting 
experimental molecular weight of CDK2AP1 is 27.83 kDa (red), the expected MW of the single 
chain, including affinity tag, is 13.78 kDa. 
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Supplementary Figure S6. Electrostatic potential map for the lowest-energy solution NMR 
structure of CDK2AP1(61-115), calculated using the APBS (25) add-on in Pymol.  
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Supplementary Figure S7. MALDI-TOF mass spectrometry disulfide bond mapping results for 
CDK2AP1(61-115) (a) without DTT and b) with 10 mM DTT. In the absence of DTT (a), 
peptides containing both reduced and oxidized (circled) cysteine are observed.  Upon addition of 
10 mM DTT (b), only fragments containing reduced cysteine are observed. 
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Supplementary Figure S8. Overlay of 600 MHz 1H-15N HSQC spectra of wt (magenta) and 
C105A mutant (blue) CDK2AP1(61-115) at 25 °C.  The sequence-specific 1H-15N resonance for 
the wt protein are labeled.   Samples were prepared at ~ 0.7 mM protein concentration in 20 mM 
MES buffer at pH 6.5, containing 0.02% NaN3, 10 mM DTT, 5 mM CaCl2, 200 mM NaCl, 1x 
Protease Inhibitors, 10% 2H2O, and 50 µM DSS.  
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Supplementary Figure S9. The LC/MS/MS chromatograms of peptides after trypsin digestion of 
phosphorylated (reacted with IKKε) and control (unreacted) samples. Chromatograms of non-
phosphorylated peptide from control (a) and reaction samples (b) and phosphorylated peptide 
from control (c) and reaction sample (d) proteins are shown. The red arrows indicate the retention 
times for the non-phosphorylated and phosphorylated peptide. 
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Supplementary Figure S10. MS/MS spectrum of QLLSDYGPPSpLGYTQGTGNSQVPQSK 
peptide. S46 is identified as the only phosphorylated site after the IKKε phosphorylation reaction. 
 



 13 

 
Supplementary Figure S11. Overlay of 600 MHz 1H-15N HSQC spectra of wild-type (red) and 
phosphorylated (green) full-length CDK2AP1 at 25 °C.  Samples were prepared at ~ 0.1 mM 
protein concentration in 20 mM MES buffer at pH 6.5, containing 0.02% NaN3, 10 mM DTT, 5 
mM CaCl2, 200 mM NaCl, 1x Protease Inhibitors, 10% 2H2O, and 50 µM DSS,. 
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Supplementary Figure S12. Two dimensional 800 MHz 1H-15N HSQC spectrum of CDK1-
AP1(61-115) at 25 °C.  The sample was prepared at ~ 0.9 mM protein concentration  in 20 mM 
MES buffer at pH 6.5, containing 0.02% NaN3, 10 mM DTT, 5 mM CaCl2, 200 mM NaCl, 1x 
Protease Inhibitors, 10% 2H2O, and 50 µM DSS,.  
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Supplementary Figure S13.  Triple resonance NMR connectivity map (6) and summary of other 
NMR data used to determine resonance assignments and secondary structure for CDK2AP1(61-
115).  Triple resonance intraresidue (i) and sequential (s) connectivities for matching intraresidue 
and sequential C’, Cα and Cβ resonances are shown as horizontal red and yellow lines, 
respectively. Bar graphs of Chemical Shift Index (CSI) and 1H-15N heteronuclear NOE data are 
shown in blue.   
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Supplementary Figure S14. Consurf analysis based on sequence conservation within the same 
Pfam domain family (Pfam Id: PF09806) are shown on a single chain of CDK2AP1(61-115) in 
space filling representation.  The darker colors indicate higher level of conservation. The second 
chain of the dimer is shown in transparent gold color. 
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Supplementary Figure S15. 15N relaxation rates R1 (a), R2 (b) and 1H-15N heteronuclear NOEs 
(c) of backbone amides for CDK2AP1(61-115) at 600 MHz and 25 °C . The sample was prepared 
at ~ 0.9 mM protein concentration is 20 mM MES buffer at pH 6.5, containing 0.02% NaN3, 10 
mM DTT, 5 mM CaCl2, 200 mM NaCl, 1x Protease Inhibitors, 10% 2H2O, and 50 µM DSS,. The 
secondary structure elements are shown above. 
  

a) 

b) 

c) 
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