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1.

HSPs
HSF1 HSF1

HSE

HSE
HSE

mEGFP HSF1 HSF1
HSF1

HSF1 (IDR)
HSF1

MED12
MED12 IDR HSF1 MED12

HSF1
HSF1

2.

[1,2,3] nGAAn(n
) HSE (HSFs) [4,5]

HSF1
HSF1 HSE

RNA
[6,7,8,9]

[10,11] DNA HSF1

RNA II
DNA HSF1

[26,27]
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[28,29] RNA II

( 1)[30-33]
HSF1

[34-37] 9
HSE

RNA [38,39] HSF1

[40] HSF1
HSF1

HSF1
[41,42]

HSF1 HSF1
[43] HSF1

HSF1
HSE

HSF1
( )

HSE 6 HSE(distal HSE: dHSE) HSE 9
HSE(proximal HSE: pHSE) [44,45]

HSF1
[46] HSF1

HSF1
HSF1

RNA II
(MKM) MED12

[46,47] MED12
HSF1

 ( 2) [24,48]

3.
HSF1-/-HSE64-HSP70pro-Luc MEF

HSF1 HSF1
HSF1 MED12
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4.
(1)

HSF1-/- (MEF) (clone #4)

(2)

HSE
pHSE SalI

XhoI DNA pShuttle-CMV(Stratagene) SalI XhoI site
nGAAn DNA KpnI HindIII

pGL3-Basic(Promega) pGL3-HSE1 vector
SalI XhoI HSE XhoI 

pGL3-HSE1 vector pGL3-HSE2 vector 2 pHSE
SalI XhoI pGL3-HSE2 vector SalI XhoI 

pGL3-HSE4 vector 4 64 HSE
pGL3-HSE64 (-230 +13) PCR

pGL3-HSE64 vector HindIII site pGL3-HSE64-hHSP70pro-Luc 
vector

HSF1 mEGFP
[49] pEGFP-C1(Clontec CA USA) KOD One 

PCR Master Mix(TOYOBO ) PCR A206K
pET21a(Novagen WI USA) NdeI EcoRI site

pET21a-mEGFP-MCS vector N mEGFP
hHSF1 hHSF1 IDR(221-529 )

pShuttle-CMV-hHSF1 HA [23] pET21a-mEGFP-MCS vector
EcoRI XhoI site pET21a-mEGFP-hHSF1 pET21a-mEGFP-hHSF1 
IDR

mEGFP-hHSF1 KpnI
EcoRI site mEGFP DNA EcoRI XhoI site hHSF1-HA

pET21a-mEGFP-MCS pShuttle-CMV-hHSF1 HA pSuttle CMV 
vector KpnI XhoI site AdEasy (Agilent 
Technologies) pAd-mEGFP-hHSF1 R71G

[50]
mCherry
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[51] pmCherry-C1(Addgene MA USA) mCherry
PCR pET21a NdeI SalI site NdeI EcoRI site
pET21a-mCherry HeLa RNA Primescript II Reverse 

Transcriptase(Takara ) cDNA PCR
MED1(948-1574 ) MED12(1724-2177 ) MED15(1-615

) DNA hMED12 IDR pET21a-mCherry
Hind III XhoI site pET21a-mCherry-hMED12 IDR

N SV40 (NLS) mCherry-
hMED12 IDR PCR pShuttle-CMV KpnI XhoI site
pShuttle-CMV-NLS-mCherry-hMED12 IDR pShuttle-CMV-NLS-mCherry-
hMED1 IDR pET21a-mCherry hMED1 IDR EcoRI XhoI site
pET21a-mCherry-hMED1 IDR NLS-
Cherry-hMED1 IDR pShuttle CMV pShuttle-CMV-NLS-
mCherry-hMED1 IDR pShuttle-CMV-NLS-mCherry-hMED15 IDR
hMED1 IDR

MED12 RNA
MED12 DNA pCR2.1-

h6 vector BamHI XhoI site XhoI HindIII
pShuttle-CMV [24] AdEasy 

HSF1-/-HSE64-HSP70pro-Luc MEF
HSF1-/- MEF (clone #4) 4.0 µg pGL3-HSE64-HSP70pro-Luc 0.4 µg pLoxPuro

Amaxa MEF2 Nucleofector Kit Lonza 1.0 µg/ml puromycin
DMEM DNA [15]

HSE64-HSP70pro-Luc

pGL3-HSE64-HSP70pro-Luc 2
DNA 500 bp PCR pcDNA3.1(+)

HSF1-/-

HSE64 MEF(clone 1, 2, 3) 100 µg DNA HSE64-HSP70pro-Luc
IL2 qPCR

StepOnePlus(Applied Biosystems) Power SYBR Green PCR Master 
Mix(Applied Biosystems) HSE64-
HSP70pro-Luc
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(Ad)
mEGFP HSF1(mEGFP-hHSF1) HSF1-/- HSE64-

hHSP70pro-Luc MEF(clone 1) 2 107 pfu/ml Ad-mEGFP-
hHSF1 Ad-mEGFP-hHSF1 R71G (FBS) DMEM

2 46
(PBS)

0 2.5 5 7.5 % 1,6-Hexanediol(1,6-Hex)/PBS 1
PSB 3 4 % /PBS 10

hHSF1 mCherry IDR Ad-NLS-
mCherry-hMED1 IDR Ad-NLS-mCherry-hMED12 IDR Ad-NLS-mCherry-
hMED15 IDR Ad-mEGFP-hHSF1 DMEM 2

46 MED12
hHSF1 4 107 pfu/ml Ad-sh-mMED12 KD1

DMEM 2 22
Ad-mEGFP-hHSF1 DMEM 2 46

MED12 scramble RNA(SCR)
4 107 pfu/ml Ad-sh-SCR DMEM 2

22 Ad-mEGFP-hHSF1 DMEM 2
46

mRNA
RNA TRIzol(Ambion) RNA PrimeScript 

II Reverse Transcriptase oligo dT primer mRNA cDNA
cDNA luciferase mRNA

-actin mRNA RT-qPCR StepOnePlus(Applied Biosystems)
Power SYBR Green PCR Master Mix(Applied Biosystems) -

actin

(WB) 
hHSF1 mMED12 HSF1-/- HSE64-hHSP70pro-Luc MEF

PBS 2 (1 mM 
phenylmethylsulfonyl fluorede 1 µg/ml leupeptin 1 µg/ml pepstatin) NP-
40 Lysis Buffer(150 mM NaCl 1.0 % Nonidit P-40 50 mM Tris (pH 8.0)) 

10 4 oC 16,000 g 10
Bradford SDS 
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buffer 100 mM DTT 95 oC 8 %
6 % -

5 % /PBS 30
MED12 HSF1 -actin 2 % /PBS 1/1000

 4 oC [15] PBS
2 % 

/PBS 1 0.1 % Tween-20 PBS
ECL detection reagents(GE Healthcare)
X (Super RX Fujifilm) -actin

(IF) 
HSF1-/- HSE64-hHSP70pro-Luc MEF (Matsunami C015001)

24 42oC PBS
2 4 % /PBS 10

PBS 0.2 % TritonX-100/PBS 10
2% /PBS 30

PBS MED1 MED12 MED15 RNA II CTD
2% /PBS 1

PBS Alexa Fluor 568
2 % /PBS 1

PBS D -diamino-2-phenylindole)
VECTASHIELD mounting medium(Vector Laboratories)

Alexa Fluor 568 mEGFP DAPI LSM510META 
(Zeiss) 63 1.5

512 512 pixel(1pixel=0.19 µm) 6 12 0.5 µm
z 11

Fiji(https://fiji.sc) 1 (z-stack )
5 µm

HSF1
Fiji Maximum Intensity Projection z-stack

DAPI hHSF1
Max Entropy hHSF1

Analyze Particle
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(size,>0.3 µm2 circularity,>0.2)

FRAP 
HSF1-/- HSE64-hHSP70pro-Luc MEF(clone 1) 35mm dish(MatTek P35G-1.5)

24 42oC
PBS DMEM (Sigma-Aldrich)

LSM5 Pascal (Carl Zeiss) 488nm
100% 10 5
40 1 1.09 63

2.0
( 2.5 µm) mEGFP-hHSF1 Fiji

1
5 µm

 (DE3) pET21a-mEGFP-hHSF1 pET21a-mEGFP-hHSF1 IDR
pET21a-mCherry-hMED12 IDR pET21a-mEGFP pET21a-mCherry

His C mEGFP-hHSF1 mEGFP-
hHSF1 IDR mCherry-hMED12 mEGFP mCherry 0.4 mM isopropyl -D-1-
thiogalactopyranoside LB 20oC 16 (mEGFP-
hHSF1) 16oC 16 (mEGFP-hHSF1 IDR mCherry-hMED12 IDR) 37oC 3

(mEGFP mCherry) 500 ml LB
(DE3) 10 ml Lysis Buffer(150 

mM Tris-HCl(pH 7.5) 500 mM NaCl 20 mM Imidazole) (FA-
073 SLM-AMINCO Urbana IL USA) 20,000 psi 2

4oC 17,500g 20 Ni-agarose 
beads(GE Healthcare) 4oC 1 Ni-agarose beads 10 ml
Lysis Buffer(150 mM Tris-HCl(pH 7.5) 500 mM NaCl 20 mM Imidazole) 3

1 ml Elution Buffer(150 mM Tris-HCl (pH 7.5) 500 mM NaCl 500 mM 
Imidazole) His

1 L Dialysis Buffer(150 mM Tris-HCl (pH 7.5) 125 mM NaCl (mCherry-
hMED12 IDR ) 500 mM (mCherry-hMED12 IDR) 10% glycerol 1 mM 
DTT) 2 4oC Amicon Ultra 
centrifugal filter(Amicon Ultra-4 10 kDa Millipore) 20 µl

-80oC
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3.2 µl Dialysis Buffer 4.3 µl MES Buffer(20 mM MES-
KOH(pH 5.0) 125 mM NaCl 10% glycerol 1 mM DTT) 7.5 µl 20% PEG8000

Dialysis Buffer 10% PEG8000 pH 
7.0 pH Dialysis Buffer MES Buffer

NaCl 20% PEG8000 Dialysis Buffer
NaCl 1,6-Hex 5-10% 1,6-Hex

MES Buffer 5 µl
mEGFP-hHSF1 LSM510META 

63 2.0
512 512 pixel(1pixel=0.14 µm) 10 Fiji Max Entropy

hHSF1
Analyze Particle

droplet(size,>0.07 µm2) mCherry mCherry-
hMED12 IDR mEGFP-hHSF1 IDR

mEGFP-hHSF1 IDR mCherry mCherry-hMED12 IDR
7.5 µl 7.5 µl 20% PEG8000 Dialysis Buffer

10% PEG8000 pH 7.0
5 µl mEGFP-

hHSF1 IDR mCherry mCherry-hMED12 IDR LSM5 Pascal
LSM510META Fiji Max 

Entropy hHSF1
Analyze Particle

droplet(size,>0.15 µm2) mEGFP-hHSF1 
IDR mCherry mCherry-hMED12 
IDR mCherry mCherry-
hMED12 IDR mEGFP-hHSF1 IDR

mCherry mCherry-hMED12 IDR Partition ratio
5 µm

(3)
JMP Pro 16(SAS Institute 

Inc.,Cary, NC  USA) Student t
One-way ANOVA Two-way ANOVA Tukey-Kramer
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5.
(1) HSE HSF1

HSF1
HSF1 (HSF1-/- MEF)

HSE DNA
( 3A) Luciferase(Luc) 3

DNA RT-qPCR
( 3B)

mEGFP-hHSF1
clone 1 HSF1

( 3C) DNA R71G clone 1
[52] HSF1 HSE

( 3D)
mEGFP-hHSF1

mEGFP-hHSF1
( 3E)

15 30 45
( 3F)

60 40% ( 3G)

60 mEGFP-hHSF1 ( 1)
( 2)

HSF1 HSF1
RNA Polymerase II(Pol II)

( 3H) Pol II
mEGFP-hHSF1

Pol II [53] 0 30
60 Luc mRNA

( 3I) HSF1 HSF1

(2) HSE HSF1
mEGFP-hHSF1

2 mEGFP-hHSF1
mEGFP
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mEGFP-hHSF1
( 4A) mEGFP-hHSF1

1 0 40%
mEGFP-hHSF1 ( 4B)

1,6-
Hex [54] mEGFP-hHSF1

( 4C) 5% 7.5% 1,6-Hex mEGFP-
hHSF1 ( 4D) 2.5%

( 4E)
HSE mEGFP-hHSF1

(3) HSF1 IDR
HSF1 mEGFP-hHSF1

( 5A) (IDR)
[28] HSF1

DNA HSF1 [43] hHSF1
IDR (mEGFP-hHSF1 IDR) HSF1

mEGFP ( 5B) HSF1 mEGFP 10% PEG8000
droplet mEGFP mEGFP-

hHSF1 mEGFP-hHSF1 IDR PEG8000
( 5C) hHSF1 IDR

1,6-Hex
( 5D) mEGFP-hHSF1 1,6-Hex

mEGFP-hHSF1 IDR 1,6-Hex
hHSF1 IDR droplet

hHSF1

IDR ( 5E)
pH NaCl pH

pH NaCl
hHSF1 IDR

pH NaCl

(4) MED12 HSE HSF1
HSE HSF1
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MED12
HSF1 mEGFP-hHSF1

MED12(Kinase module) MED1(Middle module) MED15(Tail 
module) ( 6A)

mEGFP-hHSF1 mEGFP-hHSF1
MED12 ( 6B) HSE

mEGFP-hHSF1 MED1 MED15
MED12

HSF1 HSF1
MED12 IDR C

[55] MED1 MED15
[33] IDR( 3A B C) HSE

mEGFP-hHSF1 ( 6C) IDR mCherry
IDR mEGFP-hHSF1

mCherry-hMED12 IDR 42%
mCherry-hMED15 IDR 75% mCherry-hMED1 
IDR mEGFP-hHSF1 MED12
MED15 HSF1 IDR

MED12 HSF1
MED12 IDR hHSF1 IDR

mCherry-hMED12 IDR ( 4A B)
mCherry mCherry-hMED12 IDR mEGFP-hHSF1 IDR

mCherry-hMED12 IDR mEGFP-hHSF1 IDR
mCherry-hMED12 IDR mCherry

mEGFP-hHSF1 IDR mEGFP-hHSF1 IDR
MED12 IDR mEGFP-hHSF1 IDR

( 7A 4C) MED12 IDR HSF1

MED12 HSF1
MED12 mEGFP-hHSF1

( 7B)
mEGFP-hHSF1
( 5)

MED12 mEGFP-hHSF1
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( 7C D) HSF1
MED12 Luc mRNA

( 7E)
MED12 HSE HSF1

( 8)

6.
Pol II DNA

Pol II
IDR

[29]
HSF1

[13,56,57,58] HSF1

[43]
HSE mEGFP-

hHSF1 HSF1
( 3 2) HSE HSF1

( 4)
Pol II HSF1
HSF1

( 3 6 7)
[59]

HSE HSE (-230 +13)
HSE HSF1

HSF
HSF1 [45]

HSE HSF1

mEGFP-hHSF1
HSF1 ( 5C D)

ENL CDK9 AFF4
[60] NELF

[61]
HSF1 HSF1

HSF1 IDR
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[62]
HSF1 IDR mEGFP-hHSF1 IDR

( 5C D) p53
[63] pH pH NaCl

IDR
HSF1 IDR HSF1

[40,43]

IDR [48] MED12
MKM RNA II

[46,47] MKM
MKM

[48] MKM
CDK8 CDK19 MED12 RNA

II STAT1 SREBP
[64-66] MED12 HSF1

HSF1 S326
[24] MED12 MED1 MED15

HSF1 ( 6A)
MKM HSF1 MED12

HSF1 ( 7)
MED12 HSF1 MED1

MED12
MED12

MED12 IDR(1724-2177a.a)
[59,67] MED12 IDR HSF1

MED12 HSF1
MED12 HSF1 (1401-1821a.a)

IDR HSF1 HSF1 MED12
[24] MED12 RNA HSF1

MED12 [48,68] MED12
MED12 [55]

MKM
HSF1 [69,70]
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HSF1
HSF1

[34-37,40,43] HSF-1
[71] HSF

[45]
HSF1

[72,73] HSE
HSF1 HSF1

7. 
HSF1

mEGFP-hHSF1
MED12

8. 

Pratibha Srivastava Akanksha Pandey

Mariko Okada, Mitsuaki Fujimoto, Pratibha Srivastava, 
Akanksha Pandey, Ryosuke Takii, and Akira Nakai (2023) The Mediator subunit 
MED12 promotes formation of HSF1 condensates on heat shock response element 
arrays in heat-shocked cells. .,10.1002.1873-3468.14617

9. 
(1)
(2)

(3)

(4)

(5)
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(6)

(7)

(8)
(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)
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(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)
(30)

(31)

(32)

(33)
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(34)

(35) Cotto J, Fox S, Morimoto R (1997) HSF1 granules: a novel stress-induced nuclear 
compartment of human cells. J Cell Sci 110, 2925-34. 

(36) Jolly C, Morimoto R, Robert-Nicoud M, Vourc'h C (1997) HSF1 transcription factor 
concentrates in nuclear foci during heat shock: relationship with transcription sites. J Cell 
Sci 110, 2935-41. 

(37) Eymery A, Souchier C, Vourc'h C, Jolly C (2010) Heat shock factor 1 binds to and 
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(38) Jolly C, Konecny L, Grady DL, Kutskova YA, Cotto JJ, Morimoto RI, Vourc'h C (2002) In 
vivo binding of active heat shock transcription factor 1 to human chromosome 9 
heterochromatin during stress. J Cell Biol 156, 775-81. 
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(40)

(41)

(42)

(43)

(44)

(45)



20 

(46)

(47)

(48)

(49) Zacharias DA, Violin JD, Newton AC, Tsien RY (2002) Partitioning of lipid-modified 
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1

HSF1
( )

( )

2

MED12 MKM RNA II
MED12 MKM

RNA II
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3
A                                                    B

(A) HSE
pHSE 64 ( 2,300 bp) pHSE dHSE 1

DNA Luciferase pGL3-Basic vector(pGL3-HSE64-
HSP70pro-Luc) pHSE GAA

(B) RT-qPCR clone 1, 2, 3 DNA

C

(C) mEGFP-hHSF1 clone 1, 2, 3
( ) 37oC 42oC 60

clone 40 ( )
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D

(D) HSE R71G
HSF1 ( ) WB

HSF1 R71G HSF1 ( )

E

F                                                   G

(E) 42oC HSF1
(F) (E) mEGFP-hHSF1 ( ) ( )

(G) 40 (n=3)
*P<0.01.



26

H                           I

(H) HSF1 RNA II

(I) Luc mRNA (n=3)
**P<0.05.
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4
A                                                          B

(A) HSF1

(B) 1 (A) 13

C

D                                                   E

(C) 1,6-Hex 1 HSF1
(D) (C) mEGFP-hHSF1 ( ) ( )

(E) 40 (n=3)
*P<0.01, **P<0.05.
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5
A                                                   B                           

(A) HSF1(WT) HSF1 IDR DBD DNA
HR heptad DHR HR-C
( ) PONDR HSF1

( )
(B) CBB mEGFP-hHSF1 WT
mEGFP-hHSF1 IDR 2.5 µM mEGFP 10 µM

C

(C) mEGFP 10 % PEG8000 Buffer
( ) mEGFP-hHSF1 WT mEGFP-hHSF1 IDR

( ) ( ) (n=3) P**<0.05.
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D

(D) 1,6-Hex 0.625 µM ( )
1,6-Hex

(n=3)( ) **P<0.05.

E

(E) 0.625 µM mEGFP-hHSF1 IDR pH NaCl
( )

(n=3)( )
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6
A                                                        B

(A) mEGFP-hHSF1 MED1 MED12 MED15
IF mEGFP-hHSF1

(B) HSF1 MED1 MED12 MED15

C

(C) mCherry hMED1 hMED12 hMED15 IDR mEGFP-hHSF1
HSF1 IDR

Merge HSF1 IDR ( )
Merge IDR( ) mEGFP-

hHSF1( ) ( )
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7
A

(A) mCherry 10 % PEG8000 Buffer
( ) mEGFP-hHSF1 IDR mCherry

mCherry-hMED12 IDR mCherry mCherry-hMED12 
IDR mCherry ( )
P**<0.05.
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B                                                    

C                                   D                   E

(B) MED12 HSF1
( ) WB MED12 (SCR) (MED12 

KD) mEGFP-hHSF1 ( )
(C) ( 3 ) mEGFP-hHSF1

( ) ( )
**P<0.05.

(D) (B) (n=3) n.s: 
(E) MED12 Luc mRNA
(n=4) **P<0.05.
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8

HSF1
HSF1 IDR

HSF1
MED12 MED15 IDR

HSF1 HSF1 MED12
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1
3E-G (37oC
) (42oC 60min )

40 mEGFP-hHSF1

2
A

B                                                    C

(A) 42oC 37 oC HSF1

(B) (A) mEGFP-hHSF1 ( ) ( )

(C) 40 (n=3)
*P<0.01.
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3
A                             B                              C

PONDR MED1(A) MED12(B) MED15(C)
IDR 4C

IDR
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4
A                                     B

C

(A) CBB mEGFP-hHSF1 IDR
mCherry-hMED12 IDR 2.5 µM mCherry 10 µM
(B) mCherry 10 % PEG8000 Buffer

(C) mCherry mEGFP-hHSF1 IDR 10 %
PEG8000 Buffer

5
7A

mEGFP-hHSF1
100-

300 µm2 4500-
12000 5B
C


