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Supplementary Figure S1. Visible and invisible regions of the Cryo-EM structures of the human
apo and yeast holo TFIIH Core complexes. 
(A and B) The 10 subunits of human (A) and yeast (B) TFIIH. Regions that are visible in the Cryo-EM 
structures of the human apo TFIIH Core complex (PDB ID: 6NMI) and yeast holo TFIIH Core complex 
(PDB ID: 5OQJ) are shown in yellow; those that are invisible are shown in red. Invisible residues and 
their percentage in each subunit are indicated on the right. 

Ssl2

C
or

e
co

m
pl

ex
C

A
K

 s
ub

-
co

m
pl

ex

Rad3

800400 500 600 700200 3001001

843aa
778aa

Tfb5 72aa

Tfb1 642aa

Tfb2 513aa

Ssl1 461aa

Tfb4 338aa

Kin28 306aa

Ccl1 393aa

Tfb3

yeast holo TFIIH

321aa

51.6

invisible 
residues (%)

1,68-72

1-2,282-379,420-432,509-513 

1-362, 771-843

1-17, 724-778

1-122,458-461

9.3

  23.5

  27.3

8.3

  23.0

1-21,98-102,324-338 12.1

1-7,146-321 57.0

1-393 100.0

1-306 100.0

122–167,354–368,395–464,
520-536, 640-642

2

XPB

C
or

e
co

m
pl

ex
C

A
K

 s
ub

-
co

m
pl

ex

XPD

782aa

760aa

TTDA 71aa

p62 548aa

p52 462aa

p44 395aa

p34 308aa

CDK7 346aa

Cyclin H 323aa

MAT1

human apo TFIIH

309aa

16.5

invisible 
residues (%)

1–33,204–247,731–782

1–106,174–182,322–345,548

1–15,275-280,388-395

1,68-71

1-6,459-462

0.0

  25.5

  7.3

7.0

  2.2

1-7,73-94,293-308 14.6

211-309 32.0

1-323 100.0

1-346 100.0

800400 500 600 700200 3001001



Supplementary Figure S2. Sequence alignment of human p62 and yeast Tfb1. 
Light gray indicates amino acids not seen in the Cryo-EM structure. Gray indicates unidentified
amino acids. Arrows and bars above and below the sequence indicate β-strands and α-helices, 
respectively.

HUMAN   MATSSEEVLLIVKKVRQKKQDGALYLMAE----RIAWAPEGKDRFTISHMYADIKCQKISPEGKAKIQLQLVLHAG-----------------DTTNFHFSNESTAVKERDAVKDLLQQLLPKF---------K
YEAST          MSHSGA-AIFEKVSGIIAINEDVSPAELTWRSTDGDKV-HTVVLSTIDKLQATPASSEKMMLRLIGKVDESKKRKDNEGNEVVPKPQRHMFSFN----NRTVMDNIKMTLQQIISRYKDADIYEEKR

PH
Interactions with PIC, activators, NER machinery

120

1031

1

HUMAN   RKAN--------------------------------------------------KELEEKNRMLQEDPVLFQLYKDLVVSQVISAEEFWANRLNVNATDSSSTSNHKQDVGISAAFLADVRPQTDGCNGLRYNL
YEAST   RREESAQHTETPMSSSSVTAGTPTPHLDTPQLNNGAPLINTAKLDDSLSKEKLLTNLKLQQSLLKGNKVLMKVFQETVINAGLPPSEFWSTRIPLLRAFALSTS---QKVGP-YNVLSTIKPVASSENKVNVNL

p34 binding architecture

109

171 224 230 238

147BSD1

Interaction with/regulation of XPD

309 329

241 257 296

371

         DLFAECAKIDEKGLKTMVSLGVKNPLLDLTALEDKPLDEGYGISSVPSASNSKSI----KENSNAAIIKRFNHHSAMV
         DVIIDRYLTLDQEFDRKDDDMLLHPVKKIIDLDGNIQDDPVVRGNRPDFTMQPGVDINGNSDGTVDILKGMNRLSEKM

HUMAN   TSDIIESIFRTYPAVKMKYAENVPHNMTEKEFWTRFFQSHYFHRDR----LNTGSK
YEAST   SREKILNIFENYPIVKKAYTDNVPKNFKEPEFWARFFSSKLFRKLRGEKIMQNDRG

252

189 225

295

BSD2

HUMAN   LAAGLRKQEAQNEQTSEPSNMDGNSGDADCFQ----------PAVKRAKLQESIEYEDLGKNNSVKTIALNLKKSDRYYHGPTPIQSLQYAT-----SQDIINSFQSIRQEMEAYTPKLTQVLSSSAASSTITA
YEAST   IMALKNEYSRTNLQNKSNITNDEEDEDNDERNELKIDDLNESYKTNYAIIHLKRNAHEKTTDNDAKSSADSIKNADLKVSNQQMLQQLSLVMDNLINKLDLNQVVPNNEVSNKINKRVITAIKINAKQAKHNNV

p34 binding architecture

467 482 494

318 347 359 379 384 397 411 423

393 516

HUMAN   LSPGGALMQGGTQQ---AINQMVPNDIQSELKHLYVAVGELLRHFWSCFPVNTPFLEEKVVKMKSNLERFQVTKLCPFQEKIRR--QYLSTNLVSHIEEMLQTAYNKLHTWQSRRLMKKT--- 548
YEAST   NSALGSFVDNTSQANELEVKSTLPIDLLESCRMLHTTCCEFLKHFYIHFQSGEQKQASTVKKLYNHLKDCIEKLNELFQDVLNGDGESMSNTCTAYLKPVLNSITLATHKYDEYFNEYNNNSN 642

3-helix bundle435 454 546

542 638

3



Supplementary Figure S3.  Dynamics of the PH and BSD1 domains of human TFIIH p62. 
(A) 15N longitudinal relaxation rate (R1). (B) Transverse relaxation rate (R2). (C) Ratio of R2 to R1. 
(D) 15N–{1H} nuclear Overhauser effect (NOE). (E and F) Water–amide proton exchange rate (kex) 
measured by HETex-BEST-TROSY (E) and CLEANEX-PM (F).
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Supplementary Figure S4. Population of helix or 310 helix structures for (A) apo TFIIH and (B) TFIIH with 
a p62-binding partner.
The population of the helix or 310 helix structures is the average of (A) six or (B) five MD simulations. The green 
line in (B) indicates the population for the TFIIH in complex with TFIIEα. The bar represents the standard error. 
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Supplementary Figure S5. Root mean square fluctuation of the PH-D and the linker for (A) apo TFIIH and 
(B) TFIIH with a p62-binding partner.
The RMSF value of each residue is the average of (A) six or (B) five MD simulations. The bar represents
the standard error.
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Supplementary Figure S6. Solvent-accessible surface area of the amide hydrogens for (A) apo TFIIH and 
(B) TFIIH with a p62-binding partner.
The SASA value of each residue is the average of (A) six or (B) five MD simulations. The bar represents
the standard error.
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Supplementary Figure S7. Structural comparison of the p62 PH-D between the apo and holo TFIIH complexes.
(A) Structure of the TFIIH complex. Left, holo TFIIH complex in the PIC (PBD code 6O9L); right, apo TFIIH complex (our
       structural model). For clarity, only the XPB and XPD subunits, PH-D, linker and BSD1 domain of p62 are colored. 
(B) Structure of the PH-D and BSD1 domain of p62 in the TFIIH complex. Left, holo TFIIH complex (PBD code 6O9L); 
       right, apo TFIIH complex (our structural model). 
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Supplementary Figure S8. MD simulation models suggest electrostatic interactions between lysine residues
in the linker of p62 and acidic residues around the C-terminus of the binding sites of p62-binding 
partners.
Complex of TFIIH (gray) with TFIIEα (green) (A), p53 (cyan) (B), DP1 (magenta) (C), XPC (orange) (D) and 
UVSSA (light blue) (E). The PH-D, BSD1 domain and linker of p62 are shown in red, blue and yellow, respectively.
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Supplementary Figure S9. NMR chemical shift perturbation for the 15N-labeled PH and BSD1 domains of human 
TFIIH p62 with five p62-binding partners.
1H,15N-HSQC spectra of p62 PH and BSD1 domains (black) alone (A and B) and mixed with TFIIEα (green) (C and D), 
p53 (cyan) (E and F), DP1 (magenta) (G and H), XPC (orange) (I and J) and UVSSA (light blue) (K and L). An overlay of 
1H,15N-HSQC spectra before (black) and after the addition of unlabeled p62-binding partner is shown in the righthand panels.
Arrows indicate basic residues showing a significant chemical shift change, and dotted circles indicate unassigned signals 
due to disappearance or overlap with other signals after addition of the unlabeled sample. (M) Histogram showing the 
chemical shift change(Δδ) per residue of the inter-domain linker of p62. Δδ was calculated as Δδ = {(Δδ1H)2+(Δδ15N/5)2}1/2. 
Asterisks indicate residues whose signals were unassigned due to disappearance or overlap with other signals.
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