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Figure S1. Biochemical and Structural Characterisation of the DNAJC9 HBD – Related to Figure 2 and 
Table 1 
(A) Truncation mapping of DNAJC9 histone binding domain (HBD) using GST-pulldown. The pulldowns were 

between GST-DNAJC9 fragments and histone H3.3–H4, similar to Figure 2B but without the MCM2 HBD.  

(B) Pulldowns showing that C243S mutation on DNAJC9 HBD or aB did not influence histone binding.  

(C) Stereo view showing structural comparison of the two copies of the DNAJC9 HBD–H3.3–H4–MCM2 

HBD quaternary complexes in the crystallographic asymmetric unit. One complex is color-coded DNAJC9 

HBD (magenta), H3.3 (blue), H4 (green) and MCM2 HBD (pink), while the other is coloured silver. The color-

coded complex is the form presented in Figure 2C. The two complex structures superimposed well with a 

small root-mean-square deviation (rmsd) of 0.47 Å.  
(D) Superimposition of the DNAJC9 HBD–H3.3–H4–MCM2 HBD complex (colored in C) with the MCM2 

HBD–H3.3–H4 complex (silver; PDB 5BNV (Huang et al., 2015)). The aB helix of DNAJC9 HBD sterically 

occludes the H3.3’ a3’ helix (cyan) to block H3.3–H4 tetramerisation seen in the MCM2 HBD–H3.3–H4 

complex. The H4 C-terminus (‘C-ter’; orange) adopts a helical conformation upon DNAJC9 HBD binding, 

while it is partially disordered in the MCM2 HBD–H3.3–H4 complex.  

(E) Superimposition of the DNAJC9 HBD–H3.3–H4–MCM2 HBD complex (colored in C) with the H3.3–H4 

tetramer from a partial representation of the nucleosome (silver; PDB 3AV2 (Tachiwana et al., 2011)). The 

aB helix of DNAJC9 HBD sterically occludes the H3.3’ a3’ helix (cyan) to block H3–H4 tetramerisation 

observed in the nucleosome. The H4 C-terminus (‘C-ter’; orange) adopts a helical conformation upon 

DNAJC9 HBD binding, while it forms a b-strand with the H2A docking domain (yellow) in the nucleosome. 

(F) Superimposition of the DNAJC9 HBD–H3.3–H4–MCM2 HBD complex (colored in C) and the SPT2–

H3.2–H4 complex (H3.2–H4 tetramer, silver; SPT2, orange; PDB 5BS7 (Chen et al., 2015)), showing that 

observed binding modes of DNAJC9 HBD and SPT2 HBD with histone H3–H4 are mutually incompatible. 
(G) DNAJC9 HBD contacts MCM2 HBD in two points with interacting residues highlighted (see magnified 
inserts; colored in C).  

(H) Overall structure of the DNAJC9 aB–H3.3–H4–MCM2 HBD quaternary complex in cartoon 

representation (DNAJC9 aB, magenta; H3.3, blue; H4, green; MCM2 HBD, pink). This structure is almost 

identical to its counterpart containing the DNAJC9 HBD (rmsd 0.38 Å, Figure 2C). Data collection and 

refinement statistics presented in Table 1. 

(I) Superimposition of the DNAJC9 HBD–H3.3–H4–MCM2 HBD complex (colored in C) and the HJURP–

CENPA–H4 complex (CENPA–H4 dimer, silver; HJURP, orange; PDB 3R45 (Hu et al., 2011)), revealing that 

the aB helix of DNAJC9 HBD has a similar structural configuration to the aA helix of HJURP. 

 



 
Figure S2. Analysis of DNAJC9 Histone Binding Mutants and H3.1T Interactome - Related to Figure 4 
(A) Pull-downs from soluble extracts of DNAJC9 WT and mutant proteins expressed by transient transfection 

and analysed by Western blotting (representative of n=2 biological replicates).  
(B) DNAJC9 WT, 4A mutant and control purifications subjected to triple SILAC based mass spectrometry 

analysis. Data from the same experiment is shown with WT/C on the x-axis in Figure 4A. This plot highlights 

a histone-independent interaction between DNAJC9 and SPT2. Ratios averaged from n=2 biological 

replicates.  

(C) Analysis of the H3.1T interactome. Histone purifications from soluble extracts subjected to label-free 

mass spectrometry analysis (n=3 biological replicates, s0 = 0.5, FDR = 0.05). Volcano plots represent 

differences in median normalised LFQ intensities (LFQM.N.) with missing values imputed for factors observed 

3 times in either condition. Diamonds, protein level LFQ quantification; Red dots, median ratios and p values 
from peptide level LFQ intensities for peptides specific to either H3.1 (H31) or H3.1T (H31T), or shared H3 

peptides (H3).  

(B and C) Proteins referred to by human UniProt protein identification code. See also Table S1. 



 



Figure S3. Functional Proteomic Analysis of Histone H3.1 and H4 Complexes Using siRNA Depletion 
of DNAJC9 and the Heat Shock Machinery – Related to Figure 4 
(A-G) (A) Histone H3.1 and H4 purifications from soluble extracts siRNA depleted of DNAJC9 (B-C), BAG2 

(D-E) or HSC7C (F-G) compared to control siRNA depletions and subjected to label-free mass spectrometry 

analysis (H3.1 n=5 and H4 n=4 biological replicates, s0 = 0.5, FDR = 0.05). Volcano plots represent 

differences in median-normalised LFQ intensities (LFQM.N.) with missing values imputed for factors observed 

in all replicates of either condition for each volcano plot comparison.  
(H and I), Western blot controls for siRNA depletion in extracts used for (H) H3.1 and (I) H4 pulldowns.  

(J) Quantitation of the variant specific peptides showing a small but significant increase in H3.2 (P = 0.039) 

but not H3.3 peptides (P = 0.969) in H3.1 pulldowns depleted for DNAJC9 with no significant variant peptide 

gains in H3.1 pulldowns depleted for HSP7C (H3.2 P = 0.969, H3.3 P >0.999) and BAG2 (H3.2 P = 0.215, 

H3.3 P >0.999). P values represent unpaired t-tests Holm-Šídák corrected, alpha = 0.05, assuming sampling 

from populations with constant standard deviation. See also Table S2. 

(B-G) Proteins referred to by human UniProt protein identification code. See also Table S1. 



 
 
  



Figure S4. The DNAJC9 J Mutant is Trapped on Chromatin in a Histone Dependent Manner 
Throughout the Cell Cycle – Related to Figure 5 
(A-G) High-content microscopy of DNAJC9-MYC-Flag WT and mutants induced by tetracycline (+Tet) in 

direct fixed (total) or pre-extracted (chromatin-bound) U-2-OS cells pulsed with EdU (n=3 biological 

replicates). See also Table S2. 

(A) Mean flag intensity in nuclei defined by DAPI (error bars represent mean ± s.d). 

(B) Percentage of Flag positive cells (error bars represent mean ± s.d). 

(C) Gating strategy for identification of Flag positive cells in (B)  
(D) Left, Representative cell cycle gating showing G1, S and G2/M populations of pre-extracted Flag positive 

DNAJC9 J mutant cells. Right, Mean cell cycle populations ± s.d. of Flag positive DNAJC9 J mutant cells 
comparing direct or pre-extracted cells (for G1, S and G2M comparisons, adjusted P = 0.092, >0.999, 0.092, 

unpaired t-tests Holm-Šídák corrected, alpha = 0.05, assuming sampling from populations with constant 

standard deviation).  

(E) Mean nuclear Flag intensities in cell cycle gated populations for pre-extracted DNAJC9 J mutant cells 

(Flag positive) (Left; representative example, means indicated) and experimental means shown (Right; from 

left, P = 0.0404 and 0.0456, paired two-sided t-tests, error bars represent mean ± s.d.).  

(F) Mean EdU intensities ± s.d. in EdU positive cells comparing intensities with and without the expression 

(+/- Tet) of DNAJC9 WT and mutants (from left, adjusted P = 0.7127, 0.9872, 0.6763, 0.7736, unpaired t-

tests Holm-Šídák corrected, alpha = 0.05, assuming sampling from populations with constant standard 

deviation).  

(G) Mean cell cycle populations ± s.d. in direct fixed cells, comparing population percentages with and 

without expression (+/- Tet) of DNAJC9 WT and mutants (from left for G1, adjusted P = 0.9470, 0.9998, 

0.9998 and 0.9439; from left for S, adjusted P = 0.7540, 0.9608, >0.9999 and 0.9998; from left for G2M, 
adjusted P = 0.9998, 0.9962, 0.9998 and 0.9594, unpaired t-tests Holm-Šídák corrected, alpha = 0.05, 

assuming sampling from populations with constant standard deviation) 



 



Figure S5. Mass Spectrometry Analysis of DNAJC9 WT, J and 4A vs Control Purifications from 
Soluble Extracts – Related to Figure 6 

(A) Overview of data analysis workflow. Data from n=6 biological replicates.  

(B) Volcano plots of showing enrichment of factors associated with soluble DNAJC9 WT and mutants over 

beads. Factors highlighted in red are significant (s0 = 0, FDR = 0.01) and have a Log2 fold change of >1.5 in 

their ratio of LFQ intensity (DNAJC9/control). LFQ intensities of factors that met these filtering criteria for WT, 

J or 4A purifications were subsequently bait normalised.  
(C) DNAJC9 LFQ intensity in purifications before and after bait normalization. See also Table S2. 

(D and E) Volcano plots of showing enrichment of factors with DNAJC9 WT compared to mutants 4A (D) 
and J (E), ratios represent bait normalized LFQ intensities. Colours were used to highlight factors that show 

statistical differences in DNAJC9 WT and mutant comparisons (s0 = 2, FDR = 0.01), with the exception of 

DNAJC9 proteins labelled show significant differences.  

(F) Venn diagrams (InteractiVenn (Heberle et al., 2015)) colour coded as in (D-E), showing the overlap of 

factors classified as statistically changing between WT vs mutant. The top 5 GO biological process direct 

terms from indicated regions of Venn diagram from DAVID (Huang da et al., 2009a, b) version 6.8 analysis 
with the number of GO term associated proteins and fold change indicated compared to all factors identified 

(after filtering reverse hits, only identified by site and contaminants - step 2 in (A)); EASE = 0.01. See also 

Table S2. 

(B, D and E) Proteins referred to by human UniProt protein identification code. See also Table S1. 

 



 



Figure S6. Mass Spectrometry Analysis of DNAJC9 WT, J and 4A vs Control Purifications from 
Chromatin Extracts – Related to Figure 6 
(A) Overview of data analysis workflow. Data from n=6 biological replicates.  

(B) Volcano plots of showing enrichment of factors associated with chromatin bound DNAJC9 WT and 

mutants over beads. Factors highlighted in red are significant (s0 = 0, FDR = 0.01) and have a Log2 fold 

change of >1.5 in their ratio of LFQ intensity (DNAJC9/control). LFQ intensities of factors that met these 

filtering criteria for WT, J or 4A purifications were subsequently bait normalised.  
(C) DNAJC9 LFQ intensity in purifications before and after bait normalization. See also Table S2. 

(D and E) Volcano plots of showing enrichment of factors with DNAJC9 WT compared to mutants 4A (D) 
and J (E), ratios represent bait normalized LFQ intensities. Colours were used to highlight factors that show 

statistical differences in DNAJC9 WT and mutant comparisons (s0 = 2, FDR = 0.01), with the exception of 

DNAJC9 proteins labelled show significant differences.  

(F) Venn diagrams (InteractiVenn (Heberle et al., 2015)) colour coded as in (D-E), showing the overlap of 

factors classified as statistically changing between WT vs mutant. The top 5 GO biological process direct 

terms from indicated regions of Venn diagram from DAVID (Huang da et al., 2009a, b) version 6.8 analysis 
with the number of GO term associated proteins and fold change indicated compared to all factors identified 

(after filtering reverse hits, only identified by site and contaminants - step 2 in (A)); EASE = 0.01. See also 

Table S2. 

(G) Scatter plot of DNAJC9 WT vs 4A and WT vs J ratios; all factors that met the statistical filtering without 

imputation (diamonds) and additionally factors imputed (circles) that were not identified in 6/6 control samples 

but otherwise met filtering requirements set out in (A). 

(B, D, E and G) Proteins referred to by human UniProt protein identification code. See also Table S1. 
 

  


