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MSM 

To put conformational observations on a more quantitative ground and to elucidate the 

energetics of the distinctive states, we took advantage of the extensive MD sampling for the 

Cdk4-2 and Cdk4-4 peptide (24 μs each) to construct Markov state models (MSMs) 

interconnecting diverse conformational states of Cdk4-2 and Cdk4-4.  

 

Cdk4-2 

Starting from the entire 24 μs MD metatrajectory of Cdk4-2, we selected C-alpha distances 

+ minimum side chain distance as input features to build the MSM. The selection of these 

features was guided by the analysis of VAMP2 score and by the need to balance a detailed 

representation of conformational transitions with their direct physical interpretability. We 

identified the components (tICs) that capture the slowest collective motions of the system 

through time-lagged independent components analysis (tICA, lagtime 1.4 ns). On these tICs, 

we managed to construct a MSM that recognizes three macrostates (Figure S1; see 

Methods section). As the lowest energy state (0.40 ± 0.67 G/kBT), the MSM identifies the 

S3 microstate. There then follows other two macrostates S1 and S2 with energies of 1.39 ± 

0.25 and 2.53 ± 0.08 G/kBT respectively. For further reference, the reweighted free energy 

surface of our MSM, plotted along tICs 1 and 2, is illustrated in Figure S1.  

 

Cdk4-4 

Starting from molecular dynamics simulations of Cdk4-4, we analyzed its entire 24 μs 

metatrajectory using C-alpha distances + residues-COM (center of mass) distances as input 

features. The selection of these features was guided by the analysis of VAMP2 score (see 

Methods section) and by the need to balance a detailed representation of conformational 

transitions with their direct physical interpretability. Through time-lagged (0.2 ns lagtime) 

independent component analysis (tICA), we identified the components (tICs) that capture 

the slowest collective motions of the system. These tICs were subsequently employed to 

construct a Markov state model (MSM), which recognizes two macrostates (Figure S1; see 

Methods section), with the lowest-energy state (0.05 ± 0.95 G/kBT) corresponding to the S2 

microstate. Higher-energy macrostate includes S1 with an energy of 3.10 ± 0.05 G/kBT. To 

provide further insights, the reweighted free energy surface along tICs 1 and 2 is depicted 

in Figure S1.  

 
 
 



 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure S1. Validation of Markov State Models and Corresponding 
Free Energy Surfaces. Reweighted free energy surfaces and Chapman-Kolmogorov tests 
for the two peptide MSMs (Cdk4-2 above and Cdk4-4 below). In both cases, the models 
display consistent Markovian behavior, as indicated by the good agreement between 
predicted and estimated transition probabilities. 
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Supplementary Figure S2. Bound peptides resemble the conformation of known 
clients. Time dependent RMSD of designed peptides from bound client structures along 
MD simulation trajectories. 
 
 
  



 
 

 
 
 

 

 

 

 

 

 

 

Supplementary Figure S3. Identifying CDK4 peptide-binding proteins in cell lysates. 

A) HEK293 cell lysates were incubated with biotinylated Cck4-2 and Cdk4-4 peptides for 1 hr 

prior to incubation with streptavidin-coated agarose beads. Samples were separated by SDS-

PAGE and protein was detected by Coomassie staining. The indicated bands were isolated and 

subject to mass spectrometry.  

B) 786-O cells were treated with CDK4-derived peptides for 24 hrs. DMSO was used as 

control. Induction of apoptosis was evaluated by immunoblotting using cleaved caspase 3 (CCP3) 

and GAPDH was used as a loading control.  

C) HK-2 cells were treated with indicated amount of CDK4 peptides for 24 hrs. DMSO was 

used as control. Induction of apoptosis was evaluated by immunoblotting using cleaved caspase 3 

(CCP3) and GAPDH was used as a loading control.  
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Supplementary Figure S4. NMR-investigation of peptide solubility and stability.   a) 

Superimposition of 1D 19F NMR spectra of cdk4-2 and CDK4-4  at 10, 50, 100 µM. b) 

Superimposition of 1D 19F NMR spectra of cdk4-2 and CDK4-4 at 50 µM recorded just after 

the samples preparation (t0) and after 48 hours (t1).   

 
  



 
 
Supplementary Figure S5. . Verification of Cdk4-2 binding to Hsp90 and Cdc37 by 
Microscale Thermophoresis (MST). Left Panel, filled dots: Analysis of the binding of 
Cdk4-2 to purified Hsp90. Average and error bars are calculated from experiments 
performed in triplicate. Right Panel, empty squares: Analysis of the binding of Cdk4-2 to 
purified Cdc37. Average and error bars are calculated from experiments performed in 
triplicate. The error bars are standard deviation of three measurements. 
 
Calculated Kd’s Hsp90: Kd = 95.4 +/- 20.6; Cdc37: Kd = 110.2 +/- 18.1, evaluated with 
Boltzmann Fit 
  



 
 

 
 
Supplementary Figure S6. Scrambled cdk4-2 does not bind to cdc37, as indicated by 

NMR. 19F T2 filter titration experiments of the 20 mM cdk4-2-scr peptide in the absence 

(black) and in presence of increasing concentrations (red, blue and green, violet) of cdc37. 

The spectra are shifted for a better comparison. 
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Table S1: Mass spectrometry results from Cdk4-2 pulldown experiments. 
 

Band Most Abundant Protein Gene Name 

S1  78 kDa glucose-regulated protein  HSPA5 

S2  Heat shock 70 kDa protein 1A  HSPA1A 

S3  Heat shock 70 kDa protein 1A  HSPA1A 

S4  Heat shock 70 kDa protein 1A  HSPA1A 

S5  78 kDa glucose-regulated protein  HSPA5 

S6  Heat shock 70 kDa protein 1A  HSPA1A 

S7  40S ribosomal protein S4  RPS4X 

S8  Ig kappa chain V-II region Cum  IGKV A18 

 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



PEPTIDE PURIFICATION AND CHARACTERIZATION 
 
 
RP-HPLC analysis and purification  

Analytical RP-HPLC was performed on a Shimadzu Prominence HPLC (Shimadzu) using a 

Shimadzu Shimpack GWS C18 column (5 micron, 4.6 mm i.d. x 150 mm). Analytes were 

eluted using a binary gradient of mobile phase A (97.5% H2O, 2.5% ACN, 0.7%TFA) and 

mobile phase B (30% H2O, 70% ACN, 0.7%TFA) using the following chromatographic 

method: 10% B to 100% B  in 14 min; flow rate, 1 ml/min. Preparative RP-HPLC was 

performed on a Shimadzu HPLC system using a Shimadzu C18 column (10 micron, 21.2 

mm i.d. x 250 mm) using the following chromatographic method: 0% B to 100% B in 45 min; 

flow rate, 14 ml/min. Pure RP-HPLC fractions (>95%) were combined and lyophilized. 

 
 
Electro-spray ionization mass spectrometry (ESI-MS) 

Electro-spray ionization mass spectrometry (ESI-MS) was performed using a Bruker Esquire 

3000+ instrument equipped with an electro-spray ionization source and a quadrupole ion 

trap detector (QITD).  

 

Table S2: List of 19F-labeled peptides. 
 

Code Sequence 

Cdk4_2  LPISTGGF(F)QMALTPVV 

Cdk4_4  GGF(F)QMALTPVV 

 
F(F) = 4-Fluoro-L-phenylalanine 
 
 
Table S3: Mass-spec analysis results for synthesized peptides. 
 

Code 
ESI-MS (m/z) 

found 

ESI-MS (m/z) 

calculated 
Rt 

Cdk4_2  1650 (M+), 825.7 (M2+) 1650 (M+), 825.5 (M2+) 11.7 min 

Cdk4_4 1138.0 (M+), 569.8 (M2+) 1138.3 (M+), 569.5 (M2+) 11.3 min 

 
 


