


Please cite this article in press as: Chao et al., Structural basis of the human transcriptional Mediator regulated by its dissociable kinase module, Mo-
lecular Cell (2024), https://doi.org/10.1016/j.molcel.2024.09.001

Molecular Cell ¢ CelPress

Structural basis
of the human transcriptional Mediator
regulated by its dissociable kinase module

Ti-Chun Chao,-® Shin-Fu Chen, - Hee Jong Kim,? Hui-Chi Tang,! Hsiang-Ching Tseng,' An Xu,* Leon Palao Ill,2
Subash Khadka,® Tao Li," Mo-Fan Huang,*° Dung-Fang Lee,*>¢7 Kenji Murakami,>* Thomas G. Boyer,3*

and Kuang-Lei Tsail:5:9*

1Department of Biochemistry and Molecular Biology, McGovern Medical School, University of Texas Health Science Center at Houston,
Houston, TX, USA

2Department of Biochemistry and Biophysics, Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA, USA
3Department of Molecular Medicine, University of Texas Health Science Center at San Antonio, San Antonio, TX, USA

4Department of Integrative Biology and Pharmacology, McGovern Medical School, University of Texas Health Science Center at Houston,
Houston, TX, USA

5MD Anderson Cancer Center UTHealth Houston Graduate School of Biomedical Sciences, Houston, TX, USA

8Center for Precision Health, McWilliams School of Biomedical Informatics, The University of Texas Health Science Center at Houston,
Houston, TX, USA

“Center for Stem Cell and Regenerative Medicine, The Brown Foundation Institute of Molecular Medicine for the Prevention of Human
Diseases, The University of Texas Health Science Center at Houston, Houston, TX, USA

8These authors contributed equally

9L ead contact

*Correspondence: kenjim@pennmedicine.upenn.edu (K.M.), boyer@uthscsa.edu (T.G.B.), kuang-lei.tsai@uth.tmc.edu (K.-L.T.)
https://doi.org/10.1016/j.molcel.2024.09.001

SUMMARY

The eukaryotic transcriptional Mediator comprises a large core (cMED) and a dissociable CDK8 kinase
module (CKM). cMED recruits RNA polymerase Il (RNA Pol Il) and promotes pre-initiation complex forma-
tion in a manner repressed by the CKM through mechanisms presently unknown. Herein, we report cryoe-
lectron microscopy structures of the complete human Mediator and its CKM. The CKM binds to multiple
regions on cMED through both MED12 and MED13, including a large intrinsically disordered region (IDR)
in the latter. MED12 and MED13 together anchor the CKM to the cMED hook, positioning CDK8 downstream
and proximal to the transcription start site. Notably, the MED13 IDR obstructs the recruitment of RNA Pol I/
MED26 onto cMED by direct occlusion of their respective binding sites, leading to functional repression of
cMED-dependent transcription. Combined with biochemical and functional analyses, these structures pro-
vide a conserved mechanistic framework to explain the basis for CKM-mediated repression of cMED
function.

INTRODUCTION

The eukaryotic Mediator complex is a multisubunit (25-30
proteins), evolutionarily conserved transcriptional coactivator
that transmits regulatory signals from activators and repres-
sors to the RNA polymerase Il (RNA Pol Il) transcription ma-
chinery.'™ Given its large size, inherent kinase activity, and
multiple subunit-specific protein interactions, Mediator is not
only involved in the assembly of the preinitiation complex
(PIC) at promoters during transcription initiation but also par-
ticipates in regulating RNA Pol Il pause and release prior to
productive elongation.®”

The Mediator complex is comprised of a large core (cMED),
consisting of head, middle, and tail modules, as well as a disso-

ciable CDK8 kinase module (CKM) (Figure 1A).%~"" Functionally,
cMED stimulates basal transcription by recruiting RNA Pol Il to
promoters, stabilizing PIC assembly, and stimulating phosphor-
ylation of the RNA Pol Il C-terminal domain (CTD).%'?"'® In meta-
zoans, cMED includes an additional subunit, MED26, which
participates in recruiting either transcription factor Il D (TFIID)
or super elongation complex (SEC) to promoters for gene acti-
vation.”'* The CKM, comprising MED12, MED13, CCNC, and
CDKS, can reversibly associate with cMED through its MED13
subunit.”'*"% In humans, MED12 directly interacts with and
functionally stimulates the enzymatic activity of CDKS, a colo-
rectal cancer oncoprotein.'” ' In vertebrates, the CKM
includes distinct paralogous subunit pairs (MED12/12L,
MED13/13L, and CDK8/CDK19) that assemble with CCNC in
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Figure 5. MED13 IDRc excludes RNA Pol II/MED26 interactions with cMED by occupying their binding sites

(A) The CKM main body does not overlap with RNA-Pol-lI-/MED26-binding sites on cMED, but URPs (green) with MED13/13L IDRc do.

(B) Crosslinks between cMED and MED13/13L IDRc are mapped onto the cMED-CKM structure.

(C) Structure of the MED13 IDRc-bound cMED complex. Three IDRc-binding sites (I-Ill) on cMED are indicated.

(D) MED13 IDRc (green density) bound to the MED21/7 hinge (l) of cMED.

(E) Sequence alignment of a conserved region within the MBR2 of MED13 IDRc.

(F) Pull-down experiment showing that GST-IDRc WT and Mut1, but not Mut2, interact with cMED proteins from 293-F NE. Mut1: F847D/S848Y/P849D. Mut2:
M916D/F917D/A918Y.

(G) MED13 IDRc bound to the neck of head module (Il).

(H) MED13 IDRc bridges the MED6 C terminus and the knob domain (Ill).

(legend continued on next page)
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