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There are clear differences in the behaviour of HK1 and HK2 relative to OXS and OAC that may be related to their 
behavior in cancer cells. For example, HK2 is strongly overexpressed in many cancer cells. Recent work suggests that 
HK2 is required for the tumorigenicity of human non-small cell lung cancer and breast cancer cells, despite on-going 
expression of HK1 (Patra et al., 2013). In oncogenic KRas-induced non-small cell lung cancer cells, HK2 is required, in 
addition to HK1, for nucleotide biosynthesis via the non-oxidative pentose phosphate pathway, for the flow of citrate 
into the TCA cycle, and for glutamine utilization in the TCA cycle (Patra et al., 2013). Metabolomics studies indicated 
a decrease in the serine biosynthesis pathway and fatty acid synthesis in the absence of HK2 (Patra et al., 2013). The 
present results suggest that much of this may be a consequence of a proliferative state that can be interrupted by cell 
cycle arrest, e.g. OAC interruption of DNA replication substantially reduces HK2 total and cytoplasmic abundance. If 
so, the low expression of HK2 in most adult tissues, but high expression in cancer cells, may mainly be a reflection of 
proliferation/cell cycle status. In mammals, the effects of HK1/HK2 on metabolism have mostly been interpreted in 
terms of entry to glycolysis (above) and the interaction of HK1/HK2 with the mitochondrial outer membrane, with 
effects on both metabolism and apoptosis (Robey et al., 2005, 2006). In yeast the situation seems to be different. HXK2 
is the predominant hexokinase in the presence of glucose, interaction with mitochondria apparently doesn’t occur and 
HXK2 has (separable) functions both in input to glycolysis and, via phosphorylation-mediated nuclear import, 
transcriptional activities related to glucose repression and AMPK (Fernández-García, P. et al. (2012). In the absence of 
HXK2, HXK1 may substitute for HXK2 in some yeast strains (Kummel, A. et al., 2010). There is a little evidence for a 
similar nuclear role of HK2 in HeLa cells (Neary et al., 2010). We did not detect HK2 in the nucleus, but did detect a 
strong increase of HK1 nuclear abundance for OXS, which seemingly has not been previously described and is of 
unknown functional consequences. IMR90 fibroblasts are not cancer cells, but fibroblast metabolism can be important 
in the cancer microenvironment (Peiris-Pagès et al., 2015). 
	
  

References: (See Supplementary References)	
   

Supplementary Figure 1. Network and joint spatial razor plot for 18 enzymes of glycolysis and the pentose phosphate 
shunt. The dominant changes are: 

OXS: For HK1, increased nuclear abundance, C → N redistribution, little change in total or cytoplasmic abundance. 
OAC: For HK2, decreased total and cytoplasmic abundance. 
Both: For TKT, moderate increase in total and cytoplasmic abundance. 
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Supplementary Figure 2. Correlation of SILAC ratios between OXS and OAC for proteins assigned to 
the SAME class.  
 
The relatively high correlations and the slopes of approximately one suggest that networks involving 
these proteins tend to show similar changes in abundance and distribution for both OXS and OAC. 
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Supplementary Figure 3. Overlap matrix (r = 1) for groups of CORUM complexes containing 19 proteins of 
the 49-set. Scanning of all CORUM complexes identified 381 complexes (with 1176 unique proteins) that 
contained at least one 401-set protein. 196 proteins of the 401-set were included in at least one CORUM 
complex. 65 of the CORUM complexes (with 447 proteins) contained at least one protein of the experimental 
49-set. The 4048-set detected 355 of the 447 proteins and 74 proteins were included in the 401-set. CORUM 
is partially redundant, i.e. some of the complexes were contained in other, larger complexes or were 
contained in groups of heavily overlapped complexes. Calculation of the overlap matrix for the 65 complexes 
led to condensation to the 16 groups of complexes shown.  The diagonal elements of the overlap matrix show 
all proteins in the group. The proteins are encoded by their inclusion in the 49-set, the 401-set or the 4048-set 
according to the legend at lower left. Off-diagonal elements of the overlap matrix identify proteins that are 
shared between different groups. Apart from substantial overlap between the ribosome and ribosome 
biogenesis groups, there are very few proteins shared between the 16 different groups of complexes and each 
group contains at most a few proteins of the 49-set. This suggests that the 19 proteins of the 49-set dominate 
cross talk between OXS/OAC of the respective groups of proteins. Of the 19 proteins, 7 were classified as 
SAME and 12 as MIXED. The behaviour of the individual proteins is shown in the joint spatial razor plots 
inserted above the diagonal.  



	
  
	
  

	
  
	
  
	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
   	
  

Supplementary Figure 4. Joint spatial razor plots for the Nop56p complex (104 proteins / 96 
detected) and FIB-associated complex (6/4) involved in ribosome biogenesis. For the ribosomal 
proteins that did not show significant changes in compartmental abundance, average positions over 
the set of proteins are shown (see main text). 
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The nine Emerin complexes compiled in CORUM contain 59 different proteins, of which 44 were detected in our 
experiments. Significant changes were observed only for complexes containing lamin B1 (LMNB1). No apparent 
change was observed for Emerin (EMD, star in panel B). These two proteins are included in all three complexes with 
multiple changes, which have strongly intertwined protein content (panel A). Complex 24, which contains DNA 
replication licensing factors MCM2,4,6, appears to be mostly sensitive to OAC (panel B). Complex 52 appears to 
have modest crosstalk between OXS and OAC mediated by increased nuclear abundance of IQGAP1 (Ras GTPase-
activating-like protein IQGAP1, panel C). Complex 25 has appreciable changes for OXS in nuclear/cytoplasmic 
distribution of G3BP1 (Ras GTPase-activating protein-binding protein 1) and substantial crosstalk between OXS and 
OAC mediated by opposing changes in the nuclear abundance of SSB (Lupus La protein, MIXED, panel D). The 
opposed changes in nuclear abundance of SSB result from a combination of increased total abundance (SAME) and 
redistribution between the nucleus and cytoplasm (OAC). For a given protein, its distribution over the different 
complexes and the functional consequences of changes in its abundance in each complex are under determined. 
Rebalancing over the abundance of the three complexes as a consequence of changes in total abundance and in 
compartmental distribution of individual proteins could result in functional intertwining. 
 
  

Supplementary Figure 5. Analysis of the response of emerin nuclear envelope complexes to oxidative 
stress (OXS) and the DNA replication origin activation checkpoint (OAC). (A) Summary of the 
distribution of detected proteins over emerin complexes 24, 25 and 52. Proteins with significant 
changes in SILAC ratios are shown in color. (B) – (D). Joint spatial razor plots for emerin complexes 
24, 52 and 25. 
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The CCT protein folding complex shows strong C → N redistribution for OXS only that results in 
strong increase in nuclear abundance with little change in total or cytoplasmic abundance. Ubiquitin-
associated protein 2-like (UBAP2L), which shows strong increase in total and nuclear abundance, is 
involved with the CCT complex in acrosomal membrane fusion processes. Nine different subunits of 
ATP synthase showed strongly reduced nuclear and total abundance for OXS only. Many subunits of 
the V1 subcomplex and 2 subunits of the V0 subcomplex of V-type ATPase show increased nuclear 
abundance for both OXS and OAC. This is achieved by C → N redistribution combined with increased 
total abundance for OXS and OAC (V0 subunits) or for OXS only (V1 subunits). 
 
 
	
  

	
  
	
  
	
   	
  

Supplementary Figure 6. Joint spatial razor plots for the CCT protein folding complex, ATP 
synthase and V-Type ATPase. 
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Protein KPNA2 shows SAME behaviour between OAC and OXS consisting of substantial reduction in total, 
nuclear and cytoplasmic abundance with limited redistribution for OXS. KPNB1 (MIXED) shows trends 
similar to KPNA2 for total abundance and redistribution with a different balance that predominantly results in 
substantial reduction in cytoplasmic abundance for both OXS and OAC. SET (MIXED) shows strong increases 
in total and cytoplasmic abundance for OXS/OAC, accompanied by very strong N → C redistribution 
predominantly for OAC that results in a substantial decrease in nuclear abundance for OAC. HSPA9 (MIXED) 
shows strong increase in total abundance for OXS/OAC, but strongly opposite N ↔ C redistribution that 
results in strong increase in nuclear abundance for OXS and strong increase in cytoplasmic abundance for 
OAC 
 
 

  

A	
   B	
   C	
  

Supplementary Figure 7. Joint spatial razor plots showing changes in subcellular abundance and compartmental 
distribution for proteins annotated by GO to nucleocytoplasmic transport (GO:0006913). (A) 197 proteins detected in the 
4048-set. (B) 16 proteins in the 401-set with at least one significant SILAC ratio pair in OXS or OAC. (C) 5 proteins in the 
49-set with at least one SILAC ratio pair significant in both OXS and OAC. 
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Two proteins (FTH1, FTL) included in the 49-set show SAME behaviour: strong increase in in total abundance 
with little or no redistribution. Although these two proteins are vesicle-bound, they appear to readily re-
equilibrate between the nuclear/cytoplasmic compartments. The other five proteins show MIXED behaviour, 
which can be complex. For example, COL1A2 shows same, strong C → N redistribution for OXS/OAC, but 
substantial decrease/increase in total abundance for OXS/OAC. The dominant effect is then a substantial 
decrease in cytoplasmic abundance for OXS, but a substantial increase in nuclear abundance for OAC. 
COL1A1 shows similar trends for total abundance/redistribution, but with different balance between the two. 
This produces substantial decrease/increase in both nuclear/cytoplasmic compartment abundances for 
OXS/OAC. RAB7A shows same, modest increase in total abundance, but strong N → C redistribution 
predominantly for OXS. The dominant feature is a strong decrease/increase in nuclear abundance for 
OXS/OAC. Note that 3 of these proteins (TFRC, FTH1, FTL) are involved in iron homeostasis. 

 
 
	
  
	
   	
  

Supplementary Figure 8. Joint spatial razor plots showing changes in subcellular abundance and compartmental 
distribution for proteins annotated to endocytosis (GO:0006897). (A) 162 proteins detected in the 4048-set. (B) 29 proteins 
in the 401-set with at least one significant SILAC ratio pair in OXS or OAC. (C) 7 proteins in the 49-set with at least one 
SILAC ratio pair significant in both OXS and OAC. 
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Supplementary	
  Figure	
  9.	
   	
   Joint	
  spatial	
  razor	
  plots	
   for	
  401-­‐set	
  proteins	
  annotated	
  by	
  GO	
  to	
  small	
  
GTPase	
  mediated	
   signal	
   transduction	
   (GO:0007264)	
  and/or	
  GTPase	
   activity	
   (GO:0003924).	
   	
   (A)	
  
Ras-­‐related	
   Rab	
   proteins	
   annotated	
   to	
   both	
   identifiers.	
   (B)	
   Other	
   proteins	
   annotated	
   to	
   both	
  
identifiers. (C) Proteins annotated to small GTPase mediated signal transduction. (D) Proteins annotated 
to GTPase activity. 

!"

#"!"

#"

!""#"

!""#"

#""#"!""!"

!"#$%

!&#$%

!'#$%

$#$%

'#$%

&#$%

"#$%

!"#$% !&#$% !'#$% $#$% '#$% &#$% "#$%

!"#$$%&'(#!)%")*+#,)*%!+-.#$$+.-%

!"# $% & !& '

!"# $% & ' & (

()*'%

+,-'-% +,-".% +,-/,% 0,+*'% 1"-*'% 1"-*&%
(23',&%

451,*'%
65678'%

9%!%(% 9%"%(%

2,(% 2:6%

;<=>%

?@@?;AB>%

./0$)/!% 01,23$#!"% ,2,#$% *+!,4+5/62.%

!"

#"!"

#"

!""#"

!""#"

#""#"!""!"

!"#$%

!&#$%

!'#$%

$#$%

'#$%

&#$%

"#$%

!"#$% !&#$% !'#$% $#$% '#$% &#$% "#$%

789%!"#$$%&'(#!)%")*+#,)*%!+-.#$$+.-%:%&'(#!)%#06;+,1%

./0$)/!% 01,23$#!"% ,2,#$% *+!,4+5/62.%

!"# $% & !& '

!"# $% & ' & (

+,-!'/%
+,-!&,CD,CD(C''-C'.%

+,-!D-%
+,-!E,%

9%!%(% 9%"%(%

2,(% 2:6%

;<=>%

?@@?;AB>%

!"

#"!"

#"

!""#"

!""#"

#""#"!""!"

!"#$%

!&#$%

!'#$%

$#$%

'#$%

&#$%

"#$%

!"#$% !&#$% !'#$% $#$% '#$% &#$% "#$%

2,<)4%!"#$$%&'(#!)%")*+#,)*%!+-.#$$+.-%:%&'(#!)%#06;+,1%

./0$)/!% 01,23$#!"% ,2,#$% *+!,4+5/62.%

!"# $% & !& '

!"# $% & ' & (

+9F"%++,6&%
+,*&-%

,+3/,% ,+3/,-%(F(.&%+,3,%
,+0.%

9%!%(% 9%"%(%

2,(% 2:6%

;<=>%

?@@?;AB>%

!"

#"!"

#"

!""#"

!""#"

#""#"!""!"

!"#$%

!&#$%

!'#$%

$#$%

'#$%

&#$%

"#$%

!"#$% !&#$% !'#$% $#$% '#$% &#$% "#$%

&'(#!)%#06;+,1%

./0$)/!% 01,23$#!"% ,2,#$% *+!,4+5/62.%

!"# $% & !& '

!"# $% & ' & (

19-&% 19-&3'%
+,*',%

7G08%
6,+',%

9%!%(% 9%"%(%

2,(% 2:6%

;<=>%

?@@?;AB>%

,% -%

(% F%



Overall, the substantial changes observed for both 
OXS/OAC for proteins involved in plasma 
membrane/ECM processes suggest complex, 
interrelated networks involving the plasma 
membrane, the extracellular matrix and the 
nucleus. Although the CORUM complexes 
certainly represent an incomplete sampling of 
ECM processes, the present results (see below) 
provide overwhelming evidence that there are 
strong interconnections between the nucleus and 
the plasma membrane/extracellular matrix, even 
for a nominally nuclear-centered process such as 
OAC. Many of these interconnections also involve 
proteins related to OXS. Notable is that many of 
the same proteins are widely investigated for their 
putative relationships to disease processes, 
especially cancer. The present results suggest that 
many of the changes/functions are inherent to both 
proliferation and oxidative state in normal cells and 
that better understanding of the functional 
networks in normal cells would aid enormously in 
identifying changes crucial to disease processes. 
Although it is still technically challenging, non-
biased monitoring of concurrent changes in the 
abundance, form and subcellular distribution of 
whole networks that may involve hundreds of 
proteins, rather than a few selected proteins, seems 
to be required.  
Distinctive changes in ITGA/ITGB pairs and 
collagens in both the nucleus and cytoplasm are 
observed for OXS/OAC. Among the family of 
integrins (Barczyk et al., 2010), we monitored pairs 
that bind to collagens (α1β1), laminins (α3β1) and 
fibronectin/vitronectin (α5β1; αvβ1) with large 
numbers of SILAC ratio counts. ITGA1, ITGA3 
and ITGA5 showed various changes in 
total/cytoplasmic abundance for OAC/OXS. No 
change was detected for ITGAV. There were 
increases in the ITGA3/ITGA5 vs. ITGA1 ratio 
(laminin-fibronectin vs. collagen binding) for both 
OXS/OAC. For ITGB1, there was a strong 
decrease in nuclear abundance for OXS. For 

collagens COL6A1, COL6A2 and COL12A1 there 
were generally moderate decreases in abundance 
for OXS/OAC. For OAC, COL1A1 and COL1A2 
showed strong increase in total and nuclear/ 
cytoplasmic abundance, with C → N redistribution 
resulting in the strongest changes in the nucleus. 
For OXS, COL1A1 and COL1A2 showed strong 
decrease in total/cytoplasmic abundance, but only 
COL1A1 decreased strongly in nuclear abundance. 
These decreases in cytoplasmic abundance parallel 
the decrease in ITGA1, suggesting re-balancing of 
collagen binding vs. laminin/fibronectin binding 
may be strongest for OXS. The distinctive changes 
detected for collagens such as COL1A1 are 
unanticipated, but are not entirely surprising. The 
trafficking of collagen to the ECM requires very 
elaborate post-translational processing to stabilize 
and target the collagen triple helix to the ECM. 
Without such processing, the collagen triple helix 
is unstable. A key step is hydroxylation of proline, 
for which ferrous ions, α-ketoglutarate, oxygen and 
ascorbic acid are all cofactors. That is, intimate 
connections to the oxidative state of cells and 
perhaps to TCA metabolism and iron homeostasis 
are implicit. We see extensive changes for the TCA 
cycle and iron/heme proteins (Baqader et al, 2014). 
Our set of significant proteins includes proline 4-
hydroxylase and also proline 3-hydroxylases-1,3, 
whose changes in nuclear abundance seem to 
parallel COL1A1. Glycosylation of collagens is 
also crucial and we also see changes in Procollagen 
galactosyltransferase 1 as well as several other 
glycosyltransferases of the endoplasmic reticulum. 
Studies of osteoblasts indicate that procollagen 
trafficking can be linked to cytoplasmic vesicles 
and RAB proteins such as RAB1, RAB3D and 
RAB27b (Nabavi et al, 2012). RAB1A is included 
in our set of significant proteins. 
A strong decrease of total and nuclear 
abundance of the small GTPase Rap1a for OXS 
is a distinctive change. Rap1a plays a crucial role 
in cell adhesion, migration and polarity. It cycles 

between the cytoplasm and the plasma membrane 
(Takahashi et al., 2013) and also locates to the 
perinuclear region (Wang et al., 2006). It is 
intimately involved in control of cell junctions 
through regulation of actin cytoskeletal dynamics 
(Ando et al., 2013, Post et al., 2015). Integrin 
activation can be controlled by Rap1a (Ahmed et 
al., 2010) and may involve microtubule transport 
since KIF14 negatively regulates Rap1a-Radil 
signalling and integrin activation during breast 
cancer progression (Ahmed et al., 2012). Rap1a 
has recently been linked to cell migration via 
TNFB induced ROS signalling involving NADPH 
Oxidase and NFKB-dependent activation of Rac1 
(Wang et al., 2015). Our results suggest that the 
many activities of Rap1a may be tied to the cell 
cycle/oxidative state of cells and that nuclear 
Rap1a may influence these states. A further 
connection to metabolic/oxidative state is the 
importance of cAMP to Rap1a activity (Wang et 
al., 2006) and the cAMP-dependent protein kinase 
type I-alpha regulatory subunit (PRKAR1A) is also 
included in the 401-set of proteins with significant 
changes (Supplementary Table 2). 
Basigin shows strongly reduced nuclear 
abundance for OXS. Basigin (BSG, also known as 
CDC147, HAb18G and EMMPRIN) is a trans-
membrane protein of the integrin superfamily with 
two C2-type immunoglobulin domains in the 
extracellular N-terminal sequence. It has been 
associated with a variety of diseases, including 
many types of cancer (Weidle et al., 2010, Xiong et 
al., 2014). Its functional activities include: (1) 
promotion of tumour invasion and metastasis by 
induced expression of matrix metalloproteinases in 
cancer and stromal cells (Weidle et al., 2010, 
Xiong et al., 2014); (2) induction of invadopodia-
like structures containing MMP14 in non-
cancerous epithelial cells (Grass et al., 2012); (3) 
interaction with integrins α3β1 (Tang et al., 2008) 
and α6β1 (Dai et al., 2009) as well as caveolin 
(Tang and Hemler, 2004); and, (4) complex 

Supplementary	
   Figure	
   10.	
   Overlap	
   matrix	
   with	
   radius	
   =	
   2	
   for	
   integrins,	
   collagens	
   and	
   related	
   proteins	
   contained	
   in	
   the	
   CORUM	
   database.	
   The	
   CORUM	
   database	
   was	
   scanned	
   for	
   complexes	
  
containing	
  one	
  or	
  more	
  of	
  the	
  49-­‐set	
  proteins	
  COL1A1,	
  COL1A2,	
  ITGA5	
  and	
  MMP14	
  (radius	
  =1).	
  This	
  identified	
  a	
  set	
  of	
  11	
  independent	
  complexes.	
  The	
  17	
  proteins	
  contained	
  in	
  these	
  complexes	
  
were	
  then	
  used	
  as	
  an	
  augmented	
  search	
  set	
  (radius	
  =	
  2)	
  to	
  identify	
  further	
  complexes.	
  The	
  radius	
  =	
  2	
  search	
  identified	
  106	
  partially	
  redundant	
  complexes	
  containing	
  90	
  unique	
  proteins.	
  Complexes	
  
containing	
  integrin	
  components	
  of	
  type	
  ITGA	
  and	
  ITGB	
  were	
  then	
  grouped	
  according	
  to	
  the	
  ITGA/ITGB	
  combination.	
  CORUM	
  also	
  contained	
  complexes	
  of	
  OTHER	
  proteins	
  for	
  (ITGB1/ITGB6	
  without	
  
ITGA)	
  and	
  (ITGAV	
  without	
  ITGB),	
  which	
  are	
  listed	
  in	
  separate	
  columns.	
  Some	
  of	
  the	
  OTHER	
  proteins	
  were	
  also	
  contained	
  in	
  complexes	
  without	
  ITGA	
  or	
  ITGB,	
  which	
  are	
  listed	
  in	
  the	
  OTHER	
  columns.	
  
Proteins	
  that	
  were	
  contained	
  in	
  more	
  than	
  one	
  type	
  of	
  ITGA/ITGB	
  or	
  OTHER	
  complex	
  are	
  indicated	
  by	
  the	
  (lower)	
  off-­‐diagonal	
  elements.	
  In	
  the	
  green	
  (ITGB1)	
  and	
  blue	
  (ITGB3)	
  regions,	
  off-­‐diagonal	
  
repetitions	
  of	
  ITGB1	
  and	
  ITGB3	
  were	
  omitted	
  to	
  improve	
  visualization	
  of	
  OTHER	
  proteins.	
  Proteins	
  detected	
  experimentally	
  are	
  classified	
  according	
  to	
  their	
  inclusion	
  in	
  the	
  4048-­‐set,	
  401-­‐set	
  or	
  49-­‐
set	
  according	
  to	
  the	
  legend	
  (lower	
  left).	
  The	
  joint	
  spatial	
  razor	
  plot	
  inserts	
  in	
  the	
  upper	
  off-­‐diagonal	
  region	
  show	
  the	
  experimental	
  behaviour	
  of	
  the	
  401-­‐set,	
  49-­‐set	
  and	
  selected	
  other	
  proteins.	
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formation with the MCT1/MCT4 lactate 
symporters that are critical to energetics and 
growth of glycolytic tumors (Kirk et al., 2000, Le 
Floch et al., 2011). We observed strong decrease in 
the nuclear abundance of BSG for OXS as a 
consequence of N → C redistribution with little 
change in total/cytoplasmic abundance. The 
influence of oxidative stress on BSG function 
seems to have been little investigated apart from 
reports of the inducible expression of BSG (Ke et 
al., 2012) and MCT4 (Ullah et al., 2006) by HIF1 
under hypoxic conditions. Functions associated 
with nuclear effects of BSG have also received 
only very limited attention (Weidle et al., 2010, 
Xiong et al., 2014). BSG in the vesicular exosome 
enhances tumour cell proliferation (Arendt et al., 
2014) and vesicular trafficking of MMP14 recently 
has been associated with various RAB small 
GTPases (Linder and Scita, 2015). The present 
results suggest that the nuclear transfer of BSG 
may be related to SNARE-based vesicle trafficking 
and RABs (see below). 
Numerous proteins involved in Transforming 
Growth Factor β pathways are changed. We 
monitored 196 proteins for which STRING 
contains interactions (medium confidence, 
combined score > 400) to TGFβ (TGFB1,2,3) or 
their receptor (TGFB1,2). Supplementary Table 2 
shows the data for 33 proteins contained in the 
401-set (preselected groups, filter = TGFB). Clear 
evidence for involvement of networks related to 
TGFB is the strong SAME increase in total/nuclear 
abundance for OAC/OXS observed for 
Transforming growth factor-beta-induced protein 
ig-h3 (TGFBI, also known as βig-H3). With small 
numbers of ratio counts. similar increases were 
observed in the cytoplasmic compartment 
(Supplementary Table 2). TGFBI has been 
characterized as a secreted ECM protein that can 
interact with collagens, proteoglycans and various 
integrins including α3β1 (Kim et al., 2000), α2β1 
(Guo et al., 2014) and αvβ3 (Choi et al., 2015), can 
be internalized via caveolae-mediated endocytosis 
(Choi et al., 2015), and is involved in a number of 
diseases, including various cancers (Ween et al., 
2012, Han et al., 2015). It has previously been 
reported in the nucleus (Billings et al., 2000), but 
this has been little further investigated. In keeping 
with upregulation of TGFBI and connections of 
TGF-beta to ECM remodelling, a variety of other 
ECM proteins that have STRING interactions with 
TGFB/TGFBR are in the 401-set: CAV1, 
COL1A1, COL1A2, COL6A1, CTNNB1, ITGA5, 
ITGB1, MMP14, SERPINE1, SPARC, TAGLN 
and TIMP1 (Supplementary Table 2, filter: 
preselected groups = TGFB). However, numerous 
other proteins (ANXA2, AP2B1, CDC42, CSRP2, 
F3, HADHB, HMGA2, HMOX1, IQGAP1, KRAS, 
LAMB1, LRP1, PCNA, PRKAR1A, RPS27A, 
SAR1A, SPTBN1, TRAP1, YBX1), including even 
nuclear export proteins (XPO1), are also included 
and many of these proteins show substantial 
nuclear changes. This emphasizes strong and 
intricate intertwining between nuclear and ECM 
processes for OAC/OXS. 
Matrix metalloproteinase 14 shows substantially 
increased total and cytoplasmic abundance for 
OAC. The best-characterized functions of MMP14 
(also known as MT1-MMP) are in remodelling the 
ECM via proteolysis of numerous ECM proteins, 
including collagens, as well as activation of other 
metalloproteinases such as MMP2 and MMP13 
(Zucker et al., 2003, Kessenbrock et al., 2010, 
Gingras and Beliveau, 2010, Rodriguez et al., 
2010). Shedding of MMP14-containing 
microvesicles by processes involving proteins such 
as the v-SNARE VAMP3 and tetraspanin CD9 can 
promote tumour invasion (Clancy et al., 2015) and 
MMP14 may also be involved in stromal fibroblast 
remodelling that facilitates cancer cell invasion by 
invadopodia-independent matrix degradation 
processes (Cao et al., 2015). However, in addition 

to proteolytic remodelling of ECM components, 
there is increasing evidence that MMP14 is also 
involved in other intracellular signalling systems 
that include non-proteolytic activation of 
AKT/ERK1,2 signalling (Valacca et al., 2015) as 
well as NF-κB-mediated cyclooxygenase-2 
(PTSG2) expression, fibroblast growth factor-2 
(FGF2) signalling, and activation of the YAP and 
TAZ transcriptional coactivators (see Refs in 
Valacca et al., 2015). A novel non-membrane 
activity is localization to centrosomes of dividing 
cells, where MMP14 cleaves pericentrin-2 
(Strongin, 2006). MMP14 is implicated in the 
breaching of basement membranes by tumour cells, 
in cell invasion through interstitial collagen tissues 
and it accumulates at invadopodia. It is subject 
endocytosis by clathrin- and caveolae-dependent 
pathways and recycled back to the plasma 
membrane via recycling endosomes or the post 
trans-Golgi network (Poincloux et al., 2009).  
Vesicle-mediated trafficking with the nucleus 
may be involved. For both OXS/OAC, changes 
involving N → C redistribution result in larger 
increases for cytoplasmic than nuclear abundance 
for MMP14. There is evidence for vesicle-
mediated trafficking involving SNAREs for matrix 
metalloproteinase secretion and for MMP14 
localization and cell invasion (Miyata et al., 2004; 
Steffen et al., 2008; Kean et al., 2009; Williams 
and Coppolino, 2011, Williams et al. 2014). This 
has been previously associated with Synaptosomal-
associated protein 23 (SNAP23), Vesicle-
associated membrane protein 7 (VAMP7), and 
syntaxin 4 (STX4) (Williams et al., 2014) or with 
SNAP23, VAMP3, and STX12 (Kean et al., 2009). 
Recently SNAP23, VAMP3, and STX12 have been 
associated with the transfer of SRC, EGFR, and 
ITGB1 from a RAB-11 enriched perinuclear 
compartment to invadopodia of MDA-MB-231 and 
HT1080 cancer cells (Williams and Coppolino, 
2014). 
Non-cancerous endothelial cells contain 
podosomes that are closely related to invadopodia 
(Jacob and Prekeris, 2015). For OXS we detected 
significant decreases in nuclear abundance for 
SNAP23, VAMP3, STX12 and STX7 that are 
suggestive of changes in SNARE-related 
trafficking with the nucleus (Supplementary Table 
2, preselected: filter = snare). VAMP7, VAT1 and 
VTI1B might be involved for OAC 
(Supplementary Table 1). For MMP14 such 
putative nuclear transfer via SNARE-related 
transport is mixed with more appreciable changes 
in total abundance. We did not detect SRC and 
EGFR in the nucleus, but there are other proteins 
such as ITGB1, basigin, Galectin-1 (LGAL1), 
Protein ERGIC-53 (LMAN1) and Utrophin 
(UTRN) that show little change in total abundance 
and closely parallel the strongly decreased nuclear 
abundance of SNAP23, VAMP3, STX7 and 
STX12 for OXS (Supplementary Table 2). All of 
them are known to have roles in ECM processes. 
We also detected many RAB proteins (RAB1A, 
RAB2A, RAB5A, RAB5C, RAB6A, RAB8A, 
RAB11B, RAB14) that closely paralleled the 
behaviour of SNAP23, VAMP3, STX12 and STX7 
for OXS (Supplementary Table 2).  RAB8 has 
previously been shown to be involved in delivery 
of MMP14 from a storage compartment to collagen 
contact sites (Bravo-Cordero et al., 2007). These 
results suggest that OXS changes what appear to be 
multiple vesicle-mediated processes for 
transferring proteins between the nuclear and 
cytoplasmic compartments. This could correspond 
to reduction of constitutive processes for transfer of 
proteins to the nucleus, to release of proteins from 
a (peri)-nuclear compartment, or to increasing 
evidence for involvement of endocytotic systems in 
mitotic processes. For example, RAB5 has been 
shown to contribute to lamin disassembly, 
chromosome alignment and transfer of NuMA to 
spindle poles (Capalbo et al., 2011) as well as to 

chromosome congression and transfer of CENPB 
to kinetochores (Serio et al., 2011). Rab11 
endosomes have been shown to be involved in 
spindle pole maturation and a number of other 
RABs, including RAB6, have been implicated in 
early mitosis (Das et al., 2014). The present results 
for RABs and MMP14 suggest further connections 
to endocytotic processes and the nuclear 
envelope/mitosis. Striking is that the changes in 
RAB proteins seem to be related to oxidative status 
(OXS) rather than suppression of DNA replication 
(OAC). These changes, and those for tetraspanins 
CD9 and CD63 (see below), might also be related 
to recent evidence for intricate involvement of 
vesicles enriched in endoplasmic components with 
the nuclear envelope in so-called “cytoplasmic 
capes” (Wu et al., 2014).  
Substantial changes for the tetraspanins CD9 and 
CD63 (OAC) are observed. Tetraspanins are a 
large family of proteins expressed on the cell 
surface, in intracellular vesicles and in exosomes. 
The 33 tetraspanins identified in mammals have 
intricate involvement in proliferation, 
differentiation and immune response, and have 
been associated with a large variety of different 
cancers (Detchokul et al., 2014). Tetraspanins are 
involved in a multitude of biological processes that 
include cell adhesion, motility, invasion, or 
membrane fusion as well as signalling and protein 
trafficking and integrins are prominent among the 
proteins with which tetraspanins interact. A key 
feature is segregation into tetraspanin-enriched-
microdomains (TEMs) that are distinct from lipid 
rafts or cavaolae (Hemler, 2003, Yáñez-Mó et al., 
2009). These domains are central for endosomal 
cycling and lead to a prominent role of tetraspanins 
in exosomes produced via multivesicular bodies 
(Andreu and Yáñez-Mó, 2014). We monitored three 
tetraspanins with high numbers of SILAC counts. 
CDC151 showed only modest SAME increases in 
total/cytoplasmic abundance (Supplementary Table 
1). CD63 and CD9 were included in the 401-set. 
Both showed strong increase in cytoplasmic/total 
abundance for OAC only. Unexpectedly, C → N 
redistribution resulted in the strongest increase in 
abundance in the nuclear compartment (Sn = 3.76, 
1.98 for CD63/CD9, Supplementary Table 2). 
Given that tetraspanins also modulate MMP14 
trafficking (Schroder-2013) and given the cleavage 
of pericentrin-2 by MMP14 (Strongin, 2006), this 
suggests another axis for involvement of 
endocytotic trafficking with the cell cycle, one 
which is potentially independent of the endosomal 
sorting complex required for transport (ESCRTs) 
(Stuffers et al., 2009, Van Niel et al., 2011, Andreu 
and Yáñez-Mó, 2014). 
An appreciable reduction in the nuclear 
abundance of catenins CTNNA1, CTNNB1, and 
CTNND1 for OXS, which are mostly a 
consequence of reduced total abundance 
(Supplementary Table 2), is another coordinated 
nuclear change of ECM-related proteins. These 
catenins are intimately involved both in cell 
junctions (cadherin complexes) and in 
transcriptional activities via many signalling 
pathways (McCrea et al., 2015, Klezovitch and 
Vasioukhin, 2015). Many of these pathways are 
also related to the epithelial-mesenchymal 
transition (EMT) or the closely related endothelial-
mesenchymal (EndMT) transition that are 
prominent in both organ fibrosis and cancer 
progression/metastasis (Gonzalez and Medici, 
2015). There is considerable and complicated 
overlap of the many signalling pathways, but in the 
present context the reduction of the nuclear 
abundance of catenins for OXS would appear to be 
a protective mechanism. 
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CLPTM1

NPC1

PSAT1

GTF2H1

NAE1

SHROOM2

INTS3

CCDC90A
ECHDC1

PEX11B

GLYR1

CCDC109B
USP10

CYB5R1

NUDT1

SLC25A20MED27

TMX4

LSM12

TBCC

TMTC3

RAN

RECQL

SEPT11

SELT

ECE1

CUL4A

MOSPD2

ARFIP1

PSMC4

TMEM14C PBK
FAP

APEX1

INTS5

ACSL1

GTPBP10

CEBPB

PML

DKFZP586J0619

SEC62

MLEC

TRAPPC5

SLC4A7

STX8

TRIM33
PLAA

USP47

GTF2H3

LOXL2

COPE

C1orf174

MORF4L2

PLEKHO2
OSTC

SSU72

WDR33

DSP

H2AFY2
BDH2

RAB5A

KANSL3 GTF3C5

CCDC43

CCNH VAC14

NUTF2

CDC42EP3

ERAP2

CHPF2

RANBP17

DNTTIP1

VPS37B

VPS28

TMX2

DCAF8;PEX19;WDR42A

OTUD6B

RBP1RAB5C

ZC3HAV1L

LIG1

DPP9

FHL3

CTHRC1

RAB5B

SLC25A30

GTF2H2

PPCS

CTSC

INTS8

BRD2

NUMB

AP1S1

CSGALNACT2

RNF7

TMEM41B

CHMP2B

GLTP

BASP1

PHC2

AP3S1

RBPJ

RRAGB

DCK

CFL2

MYL3

SNX5

PSMB1

ELOVL1

CBFB

PSMC5

GTF2H4

ACTA2

YRDC

IKBKGNUP214

UBE2K

BID

RAB12

PCYT1A

BRD8

PARVA

DCUN1D3

QSOX2

SLC25A40

PRC1

MCAM

SEC31A

AHDC1ALCAM

RAB13

HERC4

SMC3

GNAI2

ALKBH5

PSIP1

PDCD11

UBE2R2

VAMP4

ARFGAP3

BCKDHB

CDC34

MED7

UBE2S

GTF3C1

TRIM23

MOB3A

INA

PTRH2

NME1

HNRNPL
NOC2L

TCEA1

RAB27A

THUMPD1

DGKA FDX1

CBR1

TOR1A

YARS

LGALS1

RPS21

RCC2
PDCD6IP

RAB8A

TARDBP

MCM3AP

RPL34

TUBB2B

HECTD1
EPS15 GYS1

NRBP1

SPIN1
UHRF2

FHL2

MAP2K3

CALU

TUBG2

CD99

PROSC

MRPS25

GRHPR

MARCKS

KDM1A

CAT

QDPR
PIEZO1

HNRPLL

RPL29

SMTN

UBE2G1 HGS

SYNGR2

POLR2J2;POLR2J3

CISD2

RPL22

RPP38

RAB34

RPS6

LGALS3

SEC61A1

GINS1

ANP32B

C1QBP
IMPDH2

NBN SNRNP200

SFRS11

MRPS24

MORF4L1

CYGB
RPL6 TPM4

ITPR2

NDUFAF3

EIF2B2

CIAO1PSAP

PPP3R1

RP11-631M21.2;TUBB8

MRPS35

CD9

EXOC6B

PRKD1

ANP32E

UBE2E3
GNS RELATNPO1

DNAJA1

TPM3

FADD

NT5C2

MTA1
NUCKS1

RPS27A

SCCPDH

FH

NUDC

IQGAP3

MRPS16

SF3B5PPP1R12C

FBL

CDIPT

VARS
SEC24A

CS

TRAPPC1

FKBP14

PPP2R1B

DDAH1HSP90B1

BYSL

PPP1R2

SEPT7;DKFZp586I031

OSBPL8

GBA

PFDN2

EXOSC6

METAP2

UBE2L6

POLR3C
FRYL

S100A8

ITGB3

KIF11

ALDH9A1

IFITM3

PPFIBP1

CCS

ARF1

LETM1

RHOT2

UBXN1

ARPP19

ATP6V1B2

B4GALT7

TM9SF1

C14orf43

ALAD

XPO1

SUPT4H1

ETFB

UBE2H

PREP

COPG1

QSOX1

GALNT5

MRGBP

MED15

RPS19BP1

ALDH6A1

C7orf59

MFGE8

NUP160

PRKAR2A

GCLM

STAT2

QKI

CROTRHOC RPS17;RPS17L

CHMP4A

PIK3R4

TUBG1

CTNNB1

ATP5O

MRPL12

PAPSS1

DHX30

NCL

DHX36

MRRF

ZC3H14

XAB2

NDUFA5

EEF1A1

TSR1

PLRG1 DNAJB12

RPL22L1USE1

CALM1

SF3A1
PNO1

TXNRD2

HDHD1

ATPAF2

NDUFA6

MRE11A

PLOD1

SARS

MRPL20
ITGA6

SNRPB2

SRPK1

AP1B1

INO80TXNDC17

TWF1

PANX1

FAM160B1

TH1L

RAP2B

CLINT1

TOR1B

EDIL3

PRCP

MIEN1

MED12

LRP1
NPAT

CENPV

ITGA5

SSRP1

SRCAP

SUDS3

PIP4K2C

ASNA1

DPP4

ENG

YEATS2
SH3BGRL3

MPP5

PSMD12
PIP4K2A

RNF2

YME1L1

LUC7L2

IPO11

UBXN7

FAM213B

PPP2CB

DUT

APOB

POLR2J3

NADKD1
RAB21 ATAD2

SURF4

SLK

VTI1A

INTS12
CHP1

FAM96A

MYL12B

SUPV3L1

TIMP3

SDHC

PPID

TCIRG1

BTAF1

SERPINB1

ARFGAP2

KIAA1033MINPP1

OPA1

EP400

MAP2K4

TPP1

CCNC

BLOC1S2

ITGAV

APOA1

STX12

ETFDH
KIDINS220

YIF1A

PAPSS2

CTSB

SMARCD1
DCTN1

RAB2B
CNN2

ACAT2
ARF4

TOR1AIP2

TRIM4

C1GALT1

EFHA1

GBP1

PI4K2A

RBM45

PCNP

XPC

CPT2

STAM

RAB24

YTHDF2

NR2C2AP

SELH

LGALS7

NPC2

MYL9

SNX3
ERAP1

CPPED1
CMBL

KIF14

SRI

SEC16ANAA10

MAP7D1

BMP2K
CCBL2

ANPEP

SRGAP1

VKORC1

PKN2

RGS10

C6orf120

RETSAT

FERMT2

PDPR
CEP170

SAR1A

NEB

HOMER3

ARHGAP1ANTXR2

MSRB3
GTPBP1

CYB5A

GNAS

PGP

UQCRC2

MYL6 COL1A1

DBT

LIN7A

PCLO

ATP6V0D1

FHL1

ARMC1

ROCK2

BCKDK

CCDC132

DEDD

MDH2

PTGES2

POC1B-GALNT4

MEAF6

SERPINB8

MED20

HMBS

NAA25

SFXN1

CCDC90B

KDELC2

EFR3A

C1GALT1C1

IMPA1

UQCRQ

NTMT1

UROD
CTSD

ACP1

UQCR10

FBN1

STOML2

MYO6

ITCH

C20orf43SCYL1

ARL5B

YTHDC1

S100A4
PSMB3

ENSA
MUT

CAPZA2
PSMD8

NUDT15
HSPA13

ACAA2

ATP1A1

C11orf73

FDPS

EFHD2

NDUFS2

FTL

TMED3

GSN

MGAT5

RBMS1

SACM1L

NUDT16L1

RABGAP1

STAT3 PEA15

SLC1A5

NAPA

TRAPPC4
TAF5

MED30

MSH6

M6PR

NCOA5

ILVBL

SMEK2

BLVRA

HARS2

ANXA1

PSMD9

ANP32A

SNRPD1
IFI35

EHD1TRIM25

PDHA1

PARK7

RDH11

LONP1

TMF1

CAPN1

USP5

MFN2

FAM207A

UPF1

TRAM1

H1FX

TJP1

LBR

NCKAP1

FDXR

EEF1E1

PSPHRANBP2

RND3

EHD3

ITGA3

DIEXF

SYMPK

UBA6

CSE1L

HMGA2

TOMM34CAPNS1

GTF2H2C
RHOB

XRCC5

ARMC9

RABGGTA NUP98

FOSL2
RHOG

RAB35

MIF NAP1L1

FTO

UBE4B

NSMCE2

TSG101

SYNE3

SEC24D

STT3A
HSD17B12

HSDL1

TCEB3

PXMP4

ARL6IP1;RPS15ATK1

GLT25D1NME4NME3
LACTB

AP3B1

RING1

BNIP1

LAMTOR2

TMX1RAI1

SEC61B

INTS7
NT5C

MSTO1

TRAPPC6B

COG2

MTCH2

DNPEP

EPRS

IRF2BPL

DOCK7

SMEK1

TWSG1

MESDC2

DCTD

ACADSB

RPL35A

NAA15

SPTLC1

UBE2I

KLC1

EIF2AK2
IRF3

MNAT1

TM9SF2RAB4B

ARHGEF2

CPT1A

RPL7A

NUP85MRPS18BADD1

IPO9

CNEP1R1
RBPMS

GNPAT

TP53BP1

SAP30

RPS17

EXOSC10VPS36

MRPS36

QARS

BRD4

ASPSCR1

GGCT

MOB4
CHMP2A

MRPL10

ACOT9

RPS24

SVIL

TNPO2

MAFF

TFG PLAU
RNF181

MED4
MOGS

CCDC75

MPHOSPH8

RANBP6

ARMC8
SLC25A16

NECAP2

CDK7

ARSA

HBXIP

CDKN2A

JUNB

RPL37A
ORMDL3CDK2AP1

CAST

C12orf23

NUMA1

VCP

PFAS

ECM1

CCDC115

KHSRP
PPAP2B POLRMT

TIMMDC1
SEC63

CSDE1
UBE4AOGT

PEBP1

PEX12

S100A7

WFS1

SPAG7

CGGBP1

UBE3C

RPP25L

ARFRP1

NUPL1

RAB7L1

NES

RAB4A

TTC37

DNAJC7

COPS8

MVP

BAK1

HDGFRP3

RPL32

PRKAB1

ACADM

SCARB2

FSTL1

MED10

NAPG

CARHSP1

KDELR2

ERCC2

ARHGAP17

HLA-C

ACADVL

SEH1L

RPRD1B

MSN

RPS23SEC23IP

DCD

KDELR3

RPL35 GPS1

BCL7C

NCEH1EIF5

TRIM21EXT2

SLC30A7

ERLEC1

ANKRD13A

EXD2

TMEM201

SP110

MARC2

NDUFAF1 NCDN

NMRAL1

SNX12

SZRD1

STOM

PLCB4

MAGED2

ADD3

TIRAP3

COX6C
ARPC1BEPN2

COX7A2

SLC16A3

COL5A2

UBR4

WASH1

CCDC12

BAG5

IDH3A

ARHGEF1

TBL1XR1PFN2DBN1

CRKL

OMA1

OSBP

PREB

CHCHD3

ATP5D

MYO18A

GAS6

ABLIM3

WLS
PLCD3

SEMA7A

GALNT7

MBOAT7

ECI1 ICAM1
DLAT

PISD

GSTO1

GCLC

TRNT1

KIF20A

ANXA11

CHD2

CNN1

NLN

PHF5A

MLLT1

NUP205

APOA1BP

PLOD2

YEATS4GSTP1

CDK6

ANXA7

MYH9

SFT2D3

ACSS2

PALLD

WTAP

TP53BP2

CLTA

PITPNA

CHD4

CD248

MAN1B1

SUGP1 PRPF38A

HNRNPK

MYD88RABGGTB

WNK1
GTF2ICLPB

CASP7

WDR61

NAT14

SETD3

C6orf211

TOMM70A

SET

RBMS2

SEPT8

BRMS1

NDRG3

TRPM4

EPN3

SERBP1

SERPINB2

DNM1L

NDUFA9

WACSRP9PSMB4 TIMM50

PTCD1

MT-CO2

STT3B

NDUFC2

MTAP

NIP7

EIF2B5

HSPH1

RAB11B

RBM8A

TYMS
STAU1

MT2ASRPRB

MRPL49

MED6

NACA

NOP58

LAMB2

EIF3G

HSPA6

KIF23

COPS4 ARL8B SUMF2

HCA90

VPS29
HP1BP3

ATP6V0A1

LDHB

PRKACB

PRPF6

DNMT1
DARS

EEF1B2

PPP1R12A

GPC1

SF3A2

MRPL27

CLTC

GLB1

CASP6

SSR1

RSL24D1

PUSL1

SMARCB1
EEF1G

FN3KRP

ACOT13

TMED10

RAP1GDS1

MON2

SEC24B

VAMP3

TSFM

COASY

TAF10

PDGFRB
SAP30BP

CDK5 PDXDC1

CCDC25

EBP

C12orf43
SLTM

LRRC8ANQO2
C5

CNRIP1

GALNS

TIMM23;TIMM23B

C2orf43

LGALS8

COL6A1

DLST

CCAR1

C14orf1

MYH10

DNAJC13

PPIL1

RALYFLNC

ABCC4 PTGS1

SCO1

FGF2

NIT2

TTC9C

LAMB1

CMC1

ATP5J

C19orf12

TMEM97

KPRP

C4orf27

CROCC

C12orf57
CYBRD1

ATP5F1

MPZL1

SDF4HEBP1

PLCH1

PHRF1

CD151

NFU1

FLNA

APPL2

TMUB1

ZMYM4

OSBPL3

SAP18

ILK

RMND1

IDE

WBP11

NKTR

SNX9

IDI1
SEC22A

KIAA1468

UBL5

CSNK1A1

SFPQ

MFAP1

PTPLAD1

PRDX3

ATOX1

MPRIP

IGHA1

ZC3H13

CHRAC1

NCOR1

INTS4

CPQ

SPAG9

LYAR
TPX2

CASC4

RAD23A

ITGAM
CCDC101

NUFIP2

DCAF13

MAP2K1

PLCB3

TOM1

NUP188

BCAT2

NVL

TMEM192

PRDX4

SYNGR1

GYG1

CHCHD2

BAT1;DDX39B

MZT2B
SNRNP27

DNAH8

BET1L

MMP1

NDUFS1

BET1

MTUS2
NNMTMGMT

HNRNPH1

SPC24

UBQLN1

CNDP2

UQCRC1
ZNF292

USP4
SMARCC2

GOSR1

VPS25

LRRC59

PNPO

PRKRA

POLR2A

CLTCL1

AK1
GNL3

CPSF3L
EXOSC9

AIP

DYNLT1

ECH1

IKBKAP

DPP3
POGZ

ARPC5LVAPB

TBCE

IVD

PWP1

SEC61G

PLCG1

TRIM28

TAMM41

MAPK1

SRRT

PABPC1

SMARCC1

PAFAH1B2

MGAT4B

SEC13

MCTS1

OS9

AK2

TMEM11
CTNNA2

DLG1

TXNRD1

PELO

RAB9A

ZNF259

NHP2L1

NEDD4

KPNB1

CCDC6

RNF126

ABHD10

HSPA12A

CETN2

TCERG1

TBC1D9B

ATP6V0A2

TEAD1

GLG1
AKT2

SNRNP70

NHP2

CDK9

ERO1L

GALNT2

LEO1

MAD1L1

TPT1

RRM2B

CAPZB

EPHB2

TIMM13

WDR74
PYCR1

EPS8

SLC25A5

ALDH1L2
EIF4A2ARL2

PSMD4

SOD2

RAB2A

GRN

CD3EAP
DIDO1

DNAH7

DCUN1D1

RALA

ME1
LEPRE1

RBM28

ECM29

GAPVD1

KRAS

TEX264

LAMTOR1

SFXN3

INADL

C9orf64
SERPINE1

SMS

GTPBP4

DHPS

PA2G4

VPS33B ENDOG

SNRPE

EIF4G1

ICT1

S100A9DYNLL1

MED8

MLF2

FEM1B

TAF4

CDC5L

OXCT1

EIF3D

MECR

LMOD1
MICU1

RAB3A

METAP1

PDCL3

MOV10

GRPEL1

RPE

SRP14

AGPAT5

WDR18

EIF4B

EFTUD2

TSNAX

BTF3L4
HIF1AN

PWP2

GTF2E2
MDH1

RAC2

TMEM43

UBE2Z

TMOD3

NCAPGTFB2M
SSR3

SAE1

YY1 CALR

C6orf108

NDUFA7

PFDN4

NFIX

UBA3

USP15

TAGLN2
NEU1

EIF2S1

NLE1

RFC4
HEATR3

TES
ISG15

CKAP5

SCAF8

HNRNPM

CDK4

SLIRP
SUSD2PODXL

CDV3TBC1D23

WASF2

ATP6V1D

RDX

PRPF3

MRC2

ARL8A
TIMP1

S100A6

PI4KA

LEPREL1

LYN

FAHD1

CSRP1AKR7A2

TPBG

FTSJD2

TIMM44

PTRHD1

NUCB2

MC1R;TUBB3
GULP1

GLRX3

KHDRBS3

CCDC134

CRTAP

NDUFS6 SORBS3

PON2
PBXIP1

HDGFRP2
ALDH2

TBRG4

CUTAPCOLCE

CALD1

CSNK2B
MSRA

RBM4B

LRPAP1

LEPREL2

GLT8D1

BZW1

BCKDHA

HNRNPAB

C16orf80

GNA11

FRG1

NQO1

ATP6V1G1

PCID2

ABI1

PHLDB1

SGTB

LMNB2

THOC3

IFIT5

Em:AP000351.3

C16orf58

ADI1

STIM1

FLOT2

MTX2

FAM129A

RBM3

HMGB1

GM2ACYFIP1

SPRY4

IGF2R

SLC25A6

APEH

DCPS

FKBP9

ERH

C12orf29

CTIF
C17orf85

YWHAG

DDX46

GLO1

BICD2

NUDCD1

EXOC7

ZNF592

CLPPSMC4

WDR75

BCL2L1

ERCC3

RBM12B

DRG1 ENOPH1

KCMF1

ACTR1A

RBM14

KTN1 BPNT1

PINX1

DDX17

ZNHIT3

SH3KBP1

S100A13

RAB22A

PSME3

COPAKANK2

RCL1

DNAJA3

FAM45A

EXOC8

SNX18

PIGS

PTPN12

MLL5

UNC45A

PSMA7

TEX10

KIAA1429
PTPN11

NDUFS8
METTL15

RAB3B

DERL1

NOL12
STX4

DNAJB6

MEMO1

DCAKD

CFL1

GCC2
DHCR24

SQRDL

EXOC4

SMC1A

CPSF1

RCN1

MAPRE2

SLC25A13

AHCY

RPS6KA3

SPTY2D1

IMPAD1

TNC

COL4A1

DBI

GIT2

PGAM5

CHERP
GNAQ

VRK1
ITSN2

CPA4

DNAJB4

COX6B1

RTCA

RBM26

PTBP1

GATAD2B
TTBK2

CSTF3

ALDH1L1

SGTA

CNOT7

TADA1

FYCO1

PPP5C

FUSIP1

FKBP1A

CISD1

DPF3

SMNDC1

DDX19A

RAB1A

PNN

GALNT10

ZC3H11A

GOLGA5OVCA2
GAMT

DIAPH2

PTPN1

HTRA2 BAG2

PITPNB
FAM172A

NAP1L4

SMAD3

GCN1L1

RNF213

RAB1B

IKBIP

INF2

MGST1

KCTD18

RBM42

APOOL

CTSZ

SURF1

STEAP3

NDUFA3

NDUFA12

EXOG

SSFA2

MPC2

MGST3

TRIM16

PMVK

LARP4

COL5A1

COTL1

F3

NOM1

CPSF7
ARMCX3

NDUFS7

FUT8

DDX39B

COL6A3

FDFT1

AKAP8L

ACO1

TIMM21

GREM1

POC1B

ATP5I

U2SURP

ECSIT

BLZF1

TOX4

PRNP

NOP10
SEPHS1RBM34

HMOX2

ANKRD35

NDUFA10

PSMB6
TREX1

PTTG1IP
ELAC2

PKMGALNT1

PRKCDBP

URM1

TRMT1L

DHRSX

RUVBL1

PHF2

OGFR

USP48

UBTFBCS1L
PGM1

TFRC

ACYP1

KIAA1524

RAB43
HNRNPD

HIST1H1B

COA3

CTR9

ZYX

SLC7A5

CBR3
GLUD1

NDUFB6CSTB

TFB1M

ABT1

USP39

TMED2

HSDL2

UBQLN2TUFM

ACTBL2

GHITM
RCOR1 FSCN1ACTG2

EZR

WIZ

POTEF

POTEJ

UFC1

POTEE

SFRS2

ACIN1

FAM54B

SELM PRPS1

IGFBP5

NDEL1

MATR3

METTL1

IDH1
PRDX6

COL4A2

FKBP4

NDUFB10ACTG1

SFN

MVD

SYNCRIPSPG7

DNAJC25

MCFD2

PLP2

GOLIM4HNRNPH2

RABIF

HAGH

IDH2

WNT5A

CPNE1

SLC25A11

DFNA5

MTX1

COL12A1

LOX OCIAD2
ATP5H

GNB4

ZNF326

TIMM10

TMEM65

ARPC2

FAHD2A

TNFSF4

NUCB1

HSPB6

ATP6V1E1

GNAI3
TMEM126A

MTX3

TAX1BP3

C11orf67

INPP1

ZC3HAV1

NAA50

TMED9

FLNB

CSTF1

CYR61

CYP51A1

SLC25A12

RP2

CA1

DNAL1

UFSP2

ACP2

ANO10

NDUFS5

C16orf13

NDUFB4

TIMM23

DNAJB14

LSM3

NDUFB8

ZEB1

SLC2A1

NFKB2

SIPA1L3
CASP3

ATP6V1H

CTNNBL1
PRPS2

WDR55

KIAA0664 TMEM70

PRMT1

VAPA BZW2

RBMX2 NDUFB3

LUC7L3

ALDH7A1

SDF2
TMED4

PPM1G
DDX49

ACO2

MLLT4 PITRM1

AUP1

CLU

MLL HMGCL

GNA13

NUP43
TST

FAM129B

GSS

ZCCHC8

PRDX5

EMILIN1

ISG20L2

CHORDC1

ACTN4 HIST1H1A

LPP

CELF1

SLC12A4

BPTF

DNAJA2 PDE12

SRP72

DKFZp686D09174;PSMA2

QPCTL

ADPGK

SEC11A

RAB23

NUP153

YPEL5

NOP56 MRPL19

IMPDH1

TMCO1

NEMF

C9orf114

ADPRHL2

VBP1

RWDD4

LUZP1
COPS7B

RPP40

ATP13A1

MYBBP1A

GK

MRPS6

PPP2R2A

DDOST

MAP4

EIF4H

ARL6IP5

C11orf30

GFM1

DENR

CMPK1

RBBP6

HLA-G;HLA-G2.2

EFTUD1

HBG1

ERP29

RPL10A

MRPL43

PDCD5

ABCD3

LPCAT1

CCDC47

UAP1
BCL2L13 CARS2

NASP

PURB

C11orf54

ABHD12

ACOT1

AAED1;C9orf21

SPRYD4

UAP1L1

DECR2

EEF1D
HOOK3

DEGS1

PPP2CA

ALDH16A1

CPNE3

EIF3H

OAT

BCAM

EIF3B

FARSA

G3BP2
DHX16

EIF2S3

PTPN23

UBE2T

PLBD2

SART3

DAG1

CHMP4B

RRP1 NPM3

PLGRKT

AAK1

PRKAR1A

THOC5SLC25A32

SEC11CSND1
SMCHD1

PDF

DCTN5

NUDCD2

LIG3

WIBG

NUP54

URB1 EIF3E

GALK1

WDR1

VIMP

SGPL1

SARM1

UBL4A

TCOF1

IK

YWHAZ

RAD21

TRIM32

CDH13

KRR1

PPP2R1A

MRPL15

PUF60

TFAM

ALG1

SP100

SSR4

AIFM1
MRPS11

STAT1

SELENBP1

DDX42

MRPL4

FASTKD2
AP1G1

DCTN3

AP3M1
ARF5

PRPF31

EIF3A

ATL2

HSPD1

SEPT7

HDLBP

HSD17B4

GABARAPL2

CCT4

AGFG1

FAF1

TXNDC9

DNAH17MCM6

CTNNA1

POLR1E

RPA3

EIF4A3

NOMO1

CCT3

TMOD1

MAX

TRIP13

GMPPB

INCENP

PSMF1

MRPL22

EIF3K

CDC37
CYB5R3SEPT2

WDR44

SLC35B2

BSG

KDSR

CANX

COX6A1P2

MAFG

TWF2

POLE3

MYO1C

GORASP2

RCN2 MRPL24

ASNS

THOC2 NOMO2

CPSF2

TGOLN2

DERA

CLPX

RANGAP1

POLR3FH1F0

NAA38

LYPLAL1
HBG2

SCRIB

YWHAH
HLA-G

AKAP8
AKAP12

NMNAT1
SLFN5PFKPASAP1

MRPL3

SUZ12

PSMD10

GTF2B

NUDT5

BRK1

PDS5A

PDXP

HSPA9

MRPS7

RBMX

EML4

MACF1
HSPA5

UBE2L3

MYO5A

HSPA2

STARD9

RSL1D1
MYH11

SPRR2A

OBSL1

COMMD10
STMN2

SPG21

GALM
FRMD6

GNE

FBXO22

TMEM167A

LIMD2

TRUB2

COMMD5

NOL6

KIAA1279

PLXNB2RTN2

EI24

TRIOBP

ADARB1
NOL8

UTP15

CSTF2

VAT1L

SMN1

ABHD14B

PGD

NSA2

CNP

PMM2

SH3BGRL
KDM3B

SUGP2

EMC10

NHLRC2

ABCD1

MKI67IP

FKRP

IER3IP1

HARS

NIPSNAP1

DTD1

GMDS

GPD2

NUP133

ORC5
C20orf27

TUSC3

FAM162A

THOC6
ANXA3

IGF2BP3

PSMD2

MRPS5

YWHAE

NOP14

PGRMC2

EIF4A1

EIF3I
DHRS7B

CCT5
LTN1

RASA3

LTA4H

DNAJC11

SOD1

SPCS3
HNRNPA1

TGM2

ATRX

MAP1B

THOC1LRRC40SKIV2L

TBPL1

GMFB

HNRNPA3
PHPT1

SRP19

ORC3

MPHOSPH10

PELP1

CTPS2

FAM120A

PFKM

MAP1A

GOLGA3

CDK11B

CCNY

NUP37

PPP6C

UPF2AMPD2
DDX27

XPO7

EIF2B1

RAVER1

SPCS2

RNMT
ERBB2IPHNRNPU

THG1L

PSMB7

CECR5

HEXB
CIRBP

MRPL11

UNC119B

ILF2

RPF1

ETF1

MARCKSL1

EIF3J

HNRNPF

SCYL2MTA2

PSMD11

CALM1;CALM2

MRPL16

HINT1

GOLGA4

CCT2 EXOC3

PSMC2

CTPS1

MRPL2

MRPL1

WDR3
YBX1

RRS1

MRPS9

ACOT8

SERPINB9

CHAF1B

DNAJC17

SRPR

TCP1

NEDD8

SHPK

LEPREL4

AHNAK2

NUDT3

MCMBP
COMMD2

MBD1

MBNL1

WAPAL

FKBP7

UTP11L

CRAT
FKBP11

ST13

COPS7AEIF5B

FAM50A

NIT1

TBX2

VAT1

MRPL17

PSMA6 RPS27L

SUMF1

ATP1B3

DDX1

SSH1
HMG20B

ATIC

PEX10

SYNM

POP7

MAN2B1

RWDD1

EIF6

GFPT1

RNPEP

DUSP23

NXN

VTA1

GAA

GRB2

MAK16

EIF3C

MPDU1

ADSL

PDCD4

GIGYF2GOT2

UQCRB

WDR77

LZTFL1

ORMDL2

ZC3H4

ZNF512

NOP2

RNPS1

GBF1

SLC25A24
SMARCD3

EEF1A2

PRKACA

CCNT1

MRPS14

MRPS15

PDHX

NDRG1

NT5DC2

STX6

RAP2CTROVE2

MYH14

SDCBPSSNA1

CDH4

DBNL

MBD3

MRPS10

PSMD14

PPP1R7

PNKD

IDH3B

CCT7

ARL1

EBNA1BP2

PYGB DDB1

GDI1

AKT1

IFT20

HCFC1SAFB

CRYAB

KIAA0020

ZEB2

MBD2

SART1
STMN1

RBM4

DAP3

RARS

ITPA

CDCA8

WDR12

PDIA4

VDAC1
RARS2

SLC25A3

PPIE

MSH2

MECP2

FAM96B

AFAP1

ZCCHC9

SPG20

PSMD7

PITHD1

SF3B14

IWS1

ERP44
MICAL2

BLVRB

IGFBP7

NENF

TBCA

OPTN

TXNL4A

DDX23

EPHA2

ANXA4

SDPR
APIP

GPI

AMY1A

BMS1

CAND1

POP1

DNAJC8

ARPC5

GNB2L1

PPIL3

HAT1

SHOX2

TIGAR

EIF3EIP

POFUT2

PAICS

CDAN1

CNOT1

TP53I3YAP1
AKR1B1

OSBPL5

RALB

BIRC6

VAMP2

SPRR3

IMP4

COMMD4

TKT

GOLGB1

SYNE2

UQCC

FMNL3

ARL2BP

RRP12

HSPE1

CIAPIN1
UGGT2

SAMM50

HPRT1

PGM2

POP4

REXO2

H2AFV

ADH5

SUB1

BRCC3

PLS3

MPG

ARCN1

PRPSAP1 PTMA

EXOSC3HADHA

IPO7

NRD1

UQCRFS1

OGDH

SRXN1
MAT2B

HADHB

NCBP2

SCO2

CSNK2A2

PGLS
COG8

RAB3GAP1

LASP1

RHOA

ERAL1

DHX9

TTC1

AHCTF1

NPM1
LSS

RPL17-C18ORF32

UBE2M

WARS

COPB1

TTF1

UQCRH

BPGM

DCTN2

NCBP1COMMD8

DTYMK

SNAP23

RPL36AL

ATP5A1

IDH3G

GGH

PDLIM1

H2AFZ

CPSF4

STARD3NL

CUL9

KIAA1715

DCXR

NONO

BRIX1

IPO8

NMI

FXR2

PIH1D1

GBAS

CLIC5
SYNJ2BP

BAG3

SNRPF

THBS1

ACTR2

SCAF11

AHNAK

ESF1

NAGK

EIF1AD

HINT2

PTS

SLC25A19

DYNC1LI2

KRT6B

MRPS18A

RTN3

OLA1

EIF4E

PSMD3

CPD

ATG3

PAWR

NCLN

SHC1

RBM39

PGK1
PSMD13

DHX33

DDX52

RBM15B

ADNP
MAP1S

PPP6R3

NUP107

FBXO38

CCT6A

CAV2

PDLIM4

STX18

TIMP2
GART

ATP6V1F

HN1

DDRGK1

LYPLA1

NOL11

LSM2

YLPM1

TMED5

TCF25

FAM82A2

TPMT

SGCD

PFDN1

RNF6

G6PD CTTNC11orf58

RBM10RCN3

EMC6

FAM49B

LRCH4

EIF4G3

ETHE1

TPD52L2

SCAF1

GNL2

SNRPG

UTP23

PDIA6

CHCHD6

COMT

UGP2

HNRNPA0

SYF2

TMEM126B

RBM15

GRWD1

ENAH
FNBP4

REEP3

PSMA1

SRSF2

BAZ1B

TMEM55B

PDLIM5

RRAS

GNPNAT1
PXDN

NDUFAB1
NCAPD2

SPECC1

BUD31

LMNB1

ASMTL

DUSP3

DST

CIRH1AACBD3
DAZAP1

IFI16
PEPD

TXNDC12

FIP1L1

YARS2

P4HA2

DDX41

ITPR3

PPIB

SLC25A10

NAPRT1

AFG3L2

COG7

CDCA5
NFYC

PC
PSMD6

RPL36A MRPL45

TBL3

LARP7 UBA5

TUBB6
CMAS RPL21

NOP16

TUBB

SMARCE1

SMC2

HSPA4

SF3B2

MAFK

NRAS

PVRL2

PSMA4

ARGLU1
OXSR1

PIGK

SPARC

MGEA5

GATAD2A

NOC4L

UCHL3

RNF20

MKI67
MTHFD2

LAMC1

BAZ1A

ATP6V1A TGFB1I1

HRAS

CAAP1RAB8B

HIRA

TARS

INTS6 PPIG

SBDS
ADK

SSB

RAB10

PPP4C
GSPT1

RPS29

TIMM17A
MYL12A

RAP1A

SF3B1

PSMC1

TRPV2

MLST8

BCAS2

PIN4

RAB11A

RPL30

RPL14
MT-ND1

FILIP1L

MYO1E

PSMB10

UBXN4

KIAA1609

NDUFAF4

RRP15

PPP1R8

TMEM109

LPCAT2

KHDRBS1

ARPC4

ILKAP

CD59ERGIC3
USO1

RPLP1

MRI1

PRPF8

TBC1D10A

RAB14

SYNPO2SNRPA

CSDA

UFM1
NUP88

WDR43

AATF

DHFR

PARN

SCAMP3

JUP

CWC15

GSTT2

TMA16

SF3B4

EMC4

BCLAF1

NOP9
MT-ND5

DPY30

UTP6

EIF4G2

VDAC3

CTCF

UHRF1

ZMPSTE24
TUBB3

H6PD

FXR1

RBM19

SNRNP40

DNAJB1

GLRX5

ALDOA

NDUFB9

SPTBN1

NOL9

LLPH
FOXF1

RAB3GAP2

SREK1

PPWD1

CRNKL1

PMPCA

KLC2

UCHL1

WASL

GAR1

RAB3D

GSR

ELMO2

RQCD1

P4HA1

ANXA2

SRSF11

NDUFB11

TOMM22

COL3A1

TNKS1BP1

UTP3

GNG2

PSMA3

SDHA PYGL

CDKN2AIP

INPPL1

AARSD1;PTGES3L

CD276

CD47

PRKG1

MMAB

MYEF2

PRPF4

DYNC1I2DGCR8NIPBL

SNRPA1

CSK

DNAJC19

TAGLN

SNRPD2

ABCF2

C14orf166

SYNPO

DKFZp781K1356

PTDSS1

TMED1

SEL1L ATP5B

PSMB2

DEK

SH3GLB1

ESYT2

AHSA1

PARP1

LMAN2

EHMT2ARPC1A

RPL38

STK39HIST1H2BA
SF3B3

PTK7

TAF15

HMGCS1

HM13

PICALM

MARS

GLRX

PPIF

HMOX1

NXF1

COX15

EPB41L3

CRK
RPS10

CHUK

DAB2

CDK5RAP3

EHMT1

SDAD1

JUND

SPC25

SNIP1

TMPO

CBS

KIF4A

BOP1;KM-PA-2

ISCU

GOLGA2

ENO1

PTCD3

FOXK1

ENO2

SMARCD2

GNB2

RIF1 PNPLA6RRAS2

TRIP6

ZNF638

TNS3

TNS1

PIR

KIAA1967

MT-ND4
DPH5

COL8A1

SPECC1L

UFL1

HDDC2

IGKCAKAP17A

CCPG1

RBM6

GSTM4

HEBP2

PIGT

MPV17L2

FAM136A

GSTM3
TOE1

SNTB2

FAM3C

DNAJC15

COX7A2L

AASDHPPT

SLC25A4

SCAMP1

SNRPC

NDUFB1

RDH14

AQR

UTP14A

RBMXL1

TEFM

NDUFB5

ACBD5

MAGOHB

DYNLRB1

DHCR7

BAP18

LDHA

TM7SF2

TACO1
TFIP11

POFUT1

ARPC3

AMY2A

CRIP2

TIMM23B

COL15A1

APOL2

CCDC86

TAGLN3

MAGED1

CCDC51

NDUFA4

BUD13

ARMC10

CUX1

PQBP1

C19orf47

LYPLA2

FAM82A1

GSTK1

TBL2

NDUFA8

RRM1

EPN1

NF2

EIF1

UBA1

PHLDB2

REEP5

C12orf10

LRRC47

APRT

IPO4

EXOC5PPP6R1
DKC1

GARS

STAG1

PEX19

POLR1A

SIPA1L1

HMGB3

APOBEC3B

PSME4

GFPT2

PRRC1

RRAGA

TATDN1

C7orf50
MRPS23

MMTAG2

ZFR

EIF1AX

SIPA1

AAAS

UBASH3B

SEPT10

RRM2

ATF7IP

ACSL4

SRR

ADAR

PRMT5

SQSTM1

POLR3A

HDHD2

DHRS4

PSMA5

SPRR2E

EIF3M

DAD1

C15orf44

DCUN1D5

HUS1
RPUSD3

GID8

FAM98A

SYPL1

MGLL

UPP1

EIF2B4

CDYL2

GK2

RPP30

CCDC127

EMP3

C19orf10

FUNDC2

PCBD1

APOBEC3C

AK5

TMEM214

PCYOX1

TMEM245

IAH1

PEX3

LZIC

PRRC2C

CHST14

CCDC58

AK3

RNF114

CCDC124

ZNF281

GRSF1

STRN3SWAP70

DPYSL2

POLR2D
RBM25

RSU1
RBBP4

MTHFD1

CDC42EP2
S100A10

ANAPC1

CRSP3

UBA2

RBBP7

RRAGC

ANAPC2

CTBP2
TOP1 CLIP1

ACAA1

THOP1

BAX

CDC27SDHB

PEAK1

UTRN

OXA1L

CAP2

CDK12

MRPL18

PRKCA

SAMHD1
DYNC1LI1

HSD17B10

PTRF

COG4

XPO5

THRAP3
RRP8

TPRG1L

MYO9BMMS19

CPSF6

POLR2C
GTF2H2;GTF2H2C

DFFAUCHL5

CDC16

RIC8A

NEK9

ACACA

PURA

WDR82

TPST1

AHCYL1

GTF2F1

DDX5

CRELD2

KIAA2013

UACA

GLS

TP53RK

NOLC1

EMC1

HK1

BROXPOLR2G

HK2

LARP4B

DYNC1H1EXOSC1MOCS2

UMPS

CCDC50

ALG5

PPME1

CCDC59
BAG6

DAXX

HBS1L
BRD7

PSMD5

APOO

TERF2

SIN3A

YWHAB

MCM5

TPRKB

GJA1
MAGT1

LAMP2

C11orf68
S100A11

RPS25

ACSL3

RABL3

MRPS30

GOPCTPR
DDX50TXLNA

ZNF598

TAF6

HIBCH

MRPL37

RER1

AARSD1

POLQ

UBR5

TRMT61A

G3BP1

GCFC1

FARSB REXO4

PANK4
FUS

NSF

FNDC3A

NIPSNAP3A

COPS3RNF170

PEX14

LMAN2L

GMPR2

ARSB

ATAD3B

MRPL41
NGDN

PPM1F

MTCH1 RPL36 NSUN4RNF40PRDX1

SCRN1

MDN1

COX20

PRKAA1

HMHA1

DCTPP1

NUP62

ATXN2

DYNLT3

FASN

RABAC1

EIF2B3

PDIA5

JAGN1 DNAJC3

POLR3B

TRAP1

BCAR1STRAP

CUL5

ATL1

CD63

NOL10

CHMP1A

BCCIP
SRP68

ARL3

MTHFD1L

CAPG

NUDT16
DARS2

ATP5C1

EHD2

TMEM199

PRPF40A

KARS

ROCK1

CUL2

PGM3

DDX3X

PPP2R5E

MCM4

SUCLG1

UTP20

NCAPD3

NUBP2DKFZp686M2226

HDAC1

PTPMT1

CLTB

SMARCA5
HCCS RAC1

RBM7 ESD

TGFBI

NT5E

SKIV2L2

USP36

TMED7

EHD4

FBXO7DIMT1

SMPD1

TM9SF4

LRRFIP1

NPLOC4

UBE2C

TRAPPC3

GSTM2

TBC1D2

MCM7

GLE1

CYCS PHB

KIF2A

COG5

TMEM189

ATP6AP2

TACC1 GLTSCR2

PPIH

LRRC57

HDAC2

PCBP1

RPS15

PAFAH1B3

ENY2

RPS14

CSNK2A1

NOL7

ZNF207
SCAF4

VASN

LYRM7

KIF1A
STAM2

FKBP2

ERLIN2

VPS4A

SMARCA2

SNX2

SPR

TXNL1 MCAT
PDS5B

MCM3

TMEM209

NUDT11

SNX1

VPS4B

ARID2

KAT7

INTS9

EMC3

SRC

GTF2F2

CCDC22

PTGR1 CTNND1

COMMD6STX7

MED23

PDLIM2

GOT1

ZMAT2

NNTTWISTNB

EXOSC5

CARM1TNPO3

RFX1

CDC42

DDX10

GET4

EHHADH

IGF2BP2

IFT27

TSPO

MYL6B

RPS9

PNP

GSTT2B

ACOX1

FAM82B

RABL5

SENP3

PYCRL

XRCC1

IMP3

UFD1L

TMX3

FKBP10

TRIP4

DSCR3

C22orf28

HIGD2A

HEXA

PACSIN2

TRAPPC2

RRP36

ATAD1

UGDH

DDT

RFC1

NUP155MRPL13PCDH15
NOMO3

SIL1

DCTN4
BRP44

DDX18

TAF9

RAE1

DHRS1

NEK7

BCAP29

AP1M1

TRA2B

RPRD1A

C16orf62GPATCH4

KIAA0391

IARS2

YWHAQ

TAPBP
PSMC6

PRDX2

HMGN1
DDX51

EXT1

COMMD3
DPCD

TRA2A

GMPPA

SNX17

C17orf49
ARFIP2

MAN1A2HDAC3

FAM125A

RPS18
AIDA

SDF2L1

CIZ1

RAB33B MDC1

PABPN1
PFKL

CENPB

FHOD1

NLRX1

YKT6

SH3BP4

STXBP3 AFF4

CDK13

CORO7

LAMTOR3
MED24

FCF1
PIK3C2A

SUMO2

ALYREF

GAPDH

DLG5

COL6A2

API5

RAD50

ITGB5

MED17

NMD3

PLA2G15

CASP1 MRPL42

POLR1C

PHB2

RFC2

NSDHL

ENPP1

LNPEP

TMEM173

CTDNEP1

HMGA1

ARHGDIA

EGFR

GNPDA2

KTI12 GNB1

CYC1

PSMG1

ITGA1

RPS3A

COIL
ELMOD2

NAMPT

RPL15

ANLN

AKR1A1

DHX38

AP2A1

TAF9B

RANBP1

TSTA3

STXBP1

THY1

ZWILCH
C7orf26

PBRM1

EMC2

GPX4

DNAJC16

CHCHD1

FKBP8

NUDT2

PNPT1
NPEPPS

RPL7L1

EEA1

CCND1
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Supplementary Figure 11. The overall set of 134,850 binary interaction pairs for the 4048-set of 
proteins. 49-set proteins are shown in red and 401-set proteins in blue. These latter proteins involve 
3472 binary interactions (see main text). That is, although the overall network is enormously complex, a 
much smaller set of proteins and interactions seems to be adequate for coordination of spatially 
distributed responses across the cell.  



	
  

Supplementary	
  Figure	
  12.	
  Interaction	
  network	
  for	
  401-­‐set	
  proteins	
  clustered	
  with	
  the	
  ClustNSee	
  T-­‐fit	
  algorithm.	
  	
  
(A)	
  Combined	
  data	
  set.	
  382	
  proteins,	
  3472	
  interactions.	
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Supplementary Figure 13. Experimental weighted interactions for the 401-set proteins for the clusters of the combined 
data set (Table 6). The edges are colored by log2(SA*SB) according to the scale. 
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Supplementary Figure 14. The local STRING-based interaction networks for OXS/OAC around the proteins 
DNAJA1, GRPEL1, HSPA9 and TIMM44. A set of 317 binary pair interactions was constructed by identifying 
a set of 89 additional 401-set proteins with interactions with at least two of the four seed proteins. The STRING 
interaction pairs were classified into three types as shown in the figure: (a) co-expression, (b) binding, and (c) 
other interaction pairs, the latter without (a) or (b) and many of which are largely based on text-mining or other 
experimental correlations. The experimental St data for each pair A-B was then mapped to the STRING co-
expression pairs (!!! ∗ !!! , upper off diagonal region) while the experimental Sn data was mapped to the 
STRING binding pairs (!!! ∗ !!! , lower off diagonal region). The mechanism(s) underlying the correlation of 
the other pairs is often ambiguous and these pairs were therefore included symmetrically with mapping to 
!!! ∗ !!!  (upper off-diagonal region) and to !!! ∗ !!! (lower off-diagonal region). Changes in total abundance for 
individual proteins (St) were mapped to the diagonal.  




