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SUMMARY

Cortistatin A (CA) is a highly selective inhibitor of the
Mediator kinases CDK8 and CDK19. Using CA, we
now report a large-scale identification of Mediator ki-
nase substrates in human cells (HCT116). We identi-
fied over 16,000 quantified phosphosites including
78 high-confidence Mediator kinase targets within
64 proteins, including DNA-binding transcription fac-
tors and proteins associated with chromatin, DNA
repair, and RNA polymerase II. Although RNA-seq
data correlated with Mediator kinase targets, the
effects of CA on gene expression were limited and
distinct from CDK8 or CDK19 knockdown. Quanti-
tative proteome analyses, tracking around 7,000
proteins across six time points (0–24 hr), revealed
that CA selectively affected pathways implicated
in inflammation, growth, and metabolic regulation.
Contrary to expectations, increased turnover of
Mediator kinase targets was not generally observed.
Collectively, these data support Mediator kinases as
regulators of chromatin and RNA polymerase II activ-
ity and suggest their roles extend beyond transcrip-
tion to metabolism and DNA repair.

INTRODUCTION

An important first step in understanding the cellular function of

kinases is to identify the substrates that they modify. This first

step has remained a persistent challenge, in part because of

the difficulties in the development of highly potent and selective

kinase inhibitors. The human CDK8 kinase exists in a 600-kDa

complex known as the CDK8module, which consists of four pro-

teins (CDK8, CCNC, MED12, and MED13). The CDK8 module

associates with regulatory loci on a genome-wide scale (Kagey

et al., 2010; Pelish et al., 2015), and global targeting of the

CDK8 module appears to reflect its association with Mediator

(Allen and Taatjes, 2015). CDK19, a paralog of CDK8, emerged

in vertebrates and has high sequence similarity to CDK8,

including nearly identical cyclin binding and kinase domains.

Comparatively little is known about CDK19; however, it appears

to assemble into an analogous CDK19 module in human cells

(Daniels et al., 2013).

Based upon their association with Mediator—a global regu-

lator of RNA polymerase II (pol II) transcription—CDK8 or

CDK19 may broadly impact gene expression patterns; however,

physical knockdown of CDK8 or CDK19 protein levels had rela-

tively modest effects in HCT116 cells, with 2-fold or greater

changes in expression of several hundred genes (Donner et al.,

2010; Galbraith et al., 2013). Whereas knockdown studies do

not address the role of the kinase activity per se, these data sug-

gested limited roles for the Mediator kinases in transcriptional

regulation. In agreement, gene expression analyses with the

CDK8 ortholog in yeast, Srb10 (Holstege et al., 1998), revealed

that about 3% of genes were regulated by Srb10 kinase activity.

Similarly, limited effects on yeast transcription were observed

in vitro and in vivo upon selective inhibition of Srb10 (CDK8) ki-

nase activity using an analog-sensitive mutant (Liu et al., 2004).

Most genes affected by kinase-inactive mutant Srb10 (CDK8)

were involved in cellular response to nutrient stress (Holstege

et al., 1998).

The biological roles of human CDK8 and CDK19 remain poorly

understood, in part, because a more-comprehensive identifica-

tion of their substrates or the genes specifically regulated by their

activities has been lacking. Our recent studies with the natural

product, cortistatin A (CA), showed that CA is a potent and highly

selective inhibitor of the Mediator kinases CDK8 and CDK19

(Pelish et al., 2015). CA binds the CDK8-CCNC dimer with sub-

nanomolar affinity (Kd = 195 pM) and two distinct kinome

profiling assays, which collectively probed approximately 400 ki-

nases, ultimately confirmed only CDK8 and CDK19 as targets of

CA, even with analyses completed at 100 times the measured

half-maximum inhibitory concentration (IC50) for CDK8 (Pelish

et al., 2015). Given these and other data showing the unusual

selectivity of CA, we could begin to probe the cellular function

and targets of CDK8 and CDK19.

Here, we report the large-scale identification of Mediator ki-

nase (CDK8 and CDK19) substrates in human cells, using stable
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