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Figure S1. Expression of Htt derivatives in fission yeast (A) (Left panel) Endogenous Pap1 and en-

dogenously tagged Pap1-GFP steady-state levels were determined by Western blot of native extracts 

from a wild-type strain (972) or a strain expressing Pap1-GFP (IC132). Sty1 was used as loading 

control. (Right panel) Endogenously tagged Pap1-GFP and tpx1-driven HttNTD.25Q-GFP, 

HttNTD.47Q-GFP and HttNTD.103Q-GFP steady-state levels determined by Western blot of non-di-

luted native extracts from a strain expressing Pap1-GFP (IC132) and of a 1/40 dilution of native 

extracts from strains expressing HttNTD.nQ-GFP (AB1.25Q, AB1.47Q and AB1.103Q). Non diluted 

extracts to determine Sty1 levels were used as loading control. (*) indicates a non-specific band de-

tected by the polyclonal GFP antibody. (B) Wild-type (972) and strains expressing tpx1-driven 

HttNTD.nQ-GFP (AB1.25Q, AB1.47Q and AB1.103Q) or sty1-driven HttNTD.nQ-GFP (SB293.25Q, 

LM30.47Q and LM30.103Q) were serially diluted and spotted on solid MM plates.  (C) Resistance to 
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different stresses. Wild-type (972), ∆sty1 (AV18) and strains expressing tpx1-driven HttNTD.nQ-GFP 

(AB1.47Q and AB1.103Q) growing logarithmically were either serially diluted and plated on YE5S 

plates at 30 °C, with and without 1mM H2O2, and at 37 °C or subjected to a 50 °C 20 min treatment 

preceded by 2h at 37 °C and then serially diluted and plated on YE5S plates. (D) Schematic repre-

sentation of the HttNTD.nQ-GFP constructs expressed under the control of the integrative tpx1 pro-

moter. Gray box: N-terminal region of human HTT containing a stretch of 25, 47 or 103 glutamines; 

purple box: the proline-rich domain; green box: GFP. (E) Wild-type (972) and cells expressing tpx1-

driven HttNTD.nQ-GFP (AB1.47Q and AB1.103Q), HttNTD.nQ∆P-GFP (AB19.46Q and AB19.109Q) 

were serially diluted onto YE5S plates. (F) Fluorescence microscopy of cells expressing episomal 

GFP or HttNTD.25Q-GFP under the control of the nmt1 promoter [HM123 transformed with p690.3x 

(GFP) or with p659.25Q.3x (HttNTD.25Q-GFP)] grown in MM. The percentage of cells with aggregates 

is indicated. N = 50 for 25Q construct. 

 

Figure S2. Expression of TDP-43 derivatives in fission yeast. Steady-state levels of HttNTD.nQ-GFP 

and TDP-43-YFP determined by Western blot of TCA extracts from strains expressing episomal 

nmt1-driven HttNTD.nQ-GFP (HM123 transformed with p659.25Q.3x, p659.47Q.3x and 

p659.103Q.3x), integrative nmt1-driven TDP-43-YFP and TDP-43.M322K-YFP (LM218 and 

LM218.M322K) and episomal nmt1-driven TDP-43-YFP and TDP-43.M322K-YFP [HM123 trans-

formed with p660.3x (WT) and p660.M322K.3x (M322K)] and grown in MM.  Sty1 was used as load-

ing control. 



3 
 

 

Figure S3. HttNTD.nQ-GFP and TDP-43-YFP are not degraded by the UPS or autophagy. (A) Fluo-

rescence microscopy of wild-type, mts2-1, mts3-1 and mts4-1 strains expressing tpx1-driven 

HttNTD.nQ-GFP (WT: AB1.47Q, AB1.103Q; mts2-1: LM236.47Q and LM236.103Q; mts3-1: LM237.47Q 

and LM237.103Q; mts4-1: LM238.47Q and LM238.103Q) and growing at 25 °C or 30 °C. The percent-

age of cells with aggregates is indicated. N =50, 100, 100, 100, 100, 100 and 100, for 103Q constructs 

from left to right. (B) Steady-state levels of HttNTD.nQ-GFP, TDP43-YFP and TDP43.M322K-YFP de-

termined by Western blot of TCA extracts from wild-type and ∆atg1 cells grown in MM and ex-

pressing episomal nmt1-driven HttNTD.nQ-GFP (HM123 and SK1 transformed with p659.25Q.3x, 

p659.47Q.3x and p659.103Q.3x) or expressing episomal nmt1-driven TDP-43-YFP and TDP-

43.M322K-YFP (HM123 and SK1 transformed with p660.3x (WT) and p660.M322K.3x (M322K). (C) 

Strains as in B were serially diluted and spotted onto MM plates as in Figure 1C. 
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Figure S4. Only few components of the PQC system are involved in HttNTD.nQ-GFP aggregation. 

(A) Fluorescence microscopy of strains expressing HttNTD.103Q-GFP under the control of constitu-

tive tpx1 promoter in wild-type (AB1.103Q) and ∆hsp16 (LM52.103Q) strains. The percentage of cells 

with aggregates is indicated. N = 56 and N = 100 for WT and ∆hsp16 respectively. (B) Fluorescence 

microscopy of strains expressing HttNTD.nQ-GFP under the control of constitutive tpx1 promoter in 

wild-type (AB1.47Q and AB1.103Q), ∆hul5 (LM20.47Q and LM20.103Q), ∆ubp8 (LM24.47Q and 

LM24.103Q), ∆san1 (LM10.47Q and LM10.103Q), ∆ubp3 (LM13.47Q and LM13.103Q), ∆bag101 

(LM27.47Q and LM27.103Q), ∆rpt4 (LM21.47Q and LM21.103Q), ∆SPBC17A3.05c (AB7.47Q and 

AB7.103Q), ∆def1 (AB8.47Q and AB8.103Q), ∆ssa1 (AB9.47Q and AB9.103Q), ∆ubp16 (LM25.47Q and 

LM25.103Q), ∆ubr1 (LM235.47Q and LM235.103Q), and ∆ltn1 (LM247.47Q and LM247.103Q). The 

percentage of cells with aggregates is indicated. N =54, 72, 51, 59, 52, 127 and 58 for 103Q constructs 

in upper panel from left to right. N = 51, 68, 74, 52, 100 and 85 for 103Q constructs in lower panel 

from left to right. 
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Figure S5. Expression of tpx1 promoter-driven 103Q promotes lifespan extension. (A) Steady-state 

levels of and HttNTD.nQ-GFP and TDP-43-YFP determined by Western blot of TCA extracts from 

strains expressing tpx1-driven HttNTD.nQ-GFP (AB1.47Q and AB1.103Q), or tpx1-driven TDP-43-YFP 

and TDP43.M233K-YFP (LM210 (WT) and LM210.M322K (M322K). Sty1 was used as loading con-

trol. (B) Fluorescence microscopy of strains expressing TDP-43-YFP under the control of the consti-

tutive tpx1 promoter (LM210 (WT) and, LM210.M322K (M322K).  The percentage of cells with ag-

gregates is indicated. N = 50. (C) Wild-type (972), ∆sty1 (AV18), ∆pyp1 (EP48), wild-type strains 

expressing tpx1-driven HttNTD.nQ-GFP (AB1.47Q and AB1.103Q), ∆atf1 (MS98) and ∆atf1 strains ex-

pressing tpx1-driven HttNTD.nQ-GFP (LM23.47Q and LM23.103Q) were grown in YE5S for 4 days.  

Cultures from logarithmic (Log) or stationary phase (Day 4) were serially diluted and spotted onto 

YE5S plates. (D) The mRNA levels of pyp1 were determined by RT-qPCR in a wild-type strain with 

an empty vector (SB472), a wild-type strain with an extra copy of pyp1 under the control of its own 

promoter (SB706) and a strain expressing tpx1-driven HttNTD.103Q-GFP with an extra copy of pyp1 

under the control of its own promoter (SB707). Data are expressed as the mRNA copy number (Cn) 

relative to actin Cn and represent the average of three biological replicates. Error bars represent SD. 

Statistical significance was calculated between the indicated samples with an unpaired Student's t 

test and 95% confidence level with p values of 0.01. (E) The mRNA levels of the Hsf1-dependent 

genes hsp16, psi1 and fes1 were determined by RT-qPCR in a wild-type and in strains expressing 

tpx1-driven HttNTD.nQ-GFP (AB1.47Q and AB1.103Q).  Data are expressed as the mRNA copy num-

ber (Cn) relative to actin Cn and represent the average of at least three biological replicates. Error 

bars represent SD.  Statistical significance was calculated between the indicated samples with an 

unpaired Student's t test and 95% confidence level with * p = 0.05 and * p = 0.01. 

  



6 
 

Table S1. Strains used in this study. 

Strain Genotype Origin 

972 h- [1] 

AB1.25Q h- tpx1::httNTD.25Q-GFP::leu1 This work 

AB1.47Q h- tpx1::httNTD.47Q-GFP::leu1 This work 

AB1.103Q h- tpx1::httNTD.103Q-GFP::leu1 This work 

AB2.47Q h- hsp104::kanMX6 tpx1::httNTD.47Q-GFP::leu1 This work 

AB2.103Q h- hsp104::kanMX6 tpx1::httNTD.103Q-GFP::leu1 This work 

AB6.103Q h- leu1-32 tpx1::httNTD.Q103-GFP::leu1 leu1::natMX6 This work 

AB7.47Q h- SPBC17A3.05c::kanMX6 tpx1::httNTD.47Q-GFP::leu1 This work 

AB8.47Q h- def1::kanMX6 tpx1::httNTD.47Q-GFP::leu1 This work 

AB9.47Q h- ssa1::kanMX6 tpx1::httNTD.47Q-GFP::leu1 This work 

AB19.46QP h- tpx1::httNTD.46QP-GFP::leu1 This work 

AB19.109QP tpx1::httNTD.109QP-GFP::leu1 This work 

AV18 h- sty1::kanMX6  [2] 

EP48 h+ pyp1::natMX6 This work 

HM123 h- leu1-32 [3] 

LM10.47Q h+ san1::kanMX6 tpx1::httNTD.47Q-GFP::leu1 ade6-M210 ura4-D18 This work 

LM10.103Q h+ san1::kanMX6 tpx1::httNTD.103Q-GFP::leu1 ade6-M210 ura4-D18 This work 

LM13.47Q h+ ubp3::kanMX6 tpx1::httNTD.47Q-GFP::leu1 ade6-M210 ura4-D18 This work 

LM13.103Q h+ ubp3::kanMX6 tpx1::httNTD.103Q-GFP::leu1 ade6-M210 ura4-D18 This work 

LM18.47Q h- mas5::kanMX6 sty1::httNTD.47Q-GFP::leu1 This work 

LM18.103Q h- mas5::kanMX6 sty1::httNTD.103Q-GFP::leu1 This work 

LM20.47Q h+ hul5::kanMX6 tpx1::httNTD.47Q-GFP::leu1 ade6-M210 ura4-D18 This work 

LM20.103Q h+ hul5::kanMX6 tpx1::httNTD.103Q-GFP::leu1 ade6-M210 ura4-D18 This work 

LM21.47Q h+ rpt4::kanMX6 tpx1::httNTD.47Q-GFP::leu1 ade6-M210 ura4-D18 This work 

LM21.103Q h+ rpt4::kanMX6 tpx1::httNTD.103Q-GFP::leu1 ade6-M210 ura4-D18 This work 

LM23.47Q h- atf1::kanMX6 tpx1::httNTD.47Q-GFP::leu1 This work 

LM23.103Q h- atf1::kanMX6 tpx1::httNTD.103Q-GFP::leu1 This work 

LM24.47Q h+ ubp8::kanMX6 tpx1::httNTD.47Q-GFP::leu1 ade6-M210 ura4-D18 This work 

LM24.103Q h+ ubp8::kanMX6 tpx1::httNTD.103Q-GFP::leu1 ade6-M210 ura4-D18 This work 

LM25.47Q h+ ubp16::kanMX6 tpx1::httNTD.47Q-GFP::leu1 ade6-M210 ura4-D18 This work 

LM25.103Q h+ ubp16::kanMX6 tpx1::httNTD.103Q-GFP::leu1 ade6-M210 ura4-D18 This work 

LM27.47Q h+  bag101::kanMX6 tpx1::httNTD.47Q-GFP::leu1 ade6-M210 ura4-D18 This work 

LM27.103Q h+ bag101::kanMX6 tpx1::httNTD.103Q-GFP::leu1 ade6-M210 ura4-D18 This work 

LM30.47Q h- sty1::httNTD.47Q-GFP::leu1 This work 

LM30.103Q h- sty1::httNTD.103Q-GFP::leu1 This work 

LM52.103Q h- hsp16::kanMX6 tpx1::httNTD.103Q-GFP::leu1 This work 

LM208.25Q h- nmt1::httNTD.25Q-GFP::leu1 This work 

LM208.47Q h- nmt1::httNTD.47Q-GFP::leu1 This work 

LM208.103Q h- nmt1::httNTD.103Q-GFP::leu1 This work 

LM210 h- tpx1::tdp-43-YFP::leu1 This work 

LM210.M322K h- tpx1::tdp-43.M322K-YFP::leu1 This work 

LM217.47Q h- sty1::mCherry-mas5::leu1 tpx1::httNTD.47Q-GFP::leu1::kanMX6 This work 

LM217.103Q h- sty1::mCherry-mas5::leu1 tpx1::httNTD.103Q-GFP::leu1::kanMX6 This work 

LM218 h- nmt1::tdp-43-YFP::leu1 This work 

LM218.M322K h- nmt1::tdp-43.M322K-YFP::leu1 This work 

LM219 h- hsp104::kanMX6 nmt1::TDP-43-YFP::leu1 This work 

LM219.M322K h- hsp104::kanMX6 nmt1’::TDP-43.M322K-YFP::leu1 This work 

LM225 h- mas5::kanMX6 nmt1::TDP-43-YFP::leu1 This work 

LM225.M322K h- mas5::kanMX6 nmt1::TDP-43.M322K-YFP::leu1 This work 

LM233 h- nmt41::tdp-43-YFP::leu1 This work 

LM233.M322K h- nmt41::tdp-43.M322K-YFP::leu1 This work 

LM235.47Q h+ ubr1::kanMX6 tpx1’::httNTD.47Q-GFP::leu1 This work 

LM235.103Q h+ ubr1::kanMX6 tpx1’::httNTD.103Q-GFP::leu1 This work 

LM236.47Q h- mts2-1 tpx1::httNTD.47Q-GFP::leu1 This work 

LM236.103Q h- mts2-1 tpx1::httNTD.103Q-GFP::leu1 This work 

LM237.47Q h- mts3-1 tpx1::httNTD.47Q-GFP::leu1 This work 
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LM237.103Q h- mts3-1 tpx1::httNTD.103Q-GFP::leu1 This work 

LM238.47Q h- mts4-1 tpx1::httNTD.47Q-GFP::leu1 This work 

LM238.103Q h- mts4-1 tpx1::httNTD.103Q-GFP::leu1 This work 

MS98  h- atf1::natMX [4]  

RB44 h- pgk1-GFP::natMX6 Corral-Ramos 2021 

SB293.25Q h- sty1::httNTD.25Q-GFP::leu1 ura4-D18 This work 

SB413.47Q h- mas5::kanMX6 tpx1’::httNTD.47Q-GFP::leu1 This work 

SB413.103Q h- mas5::kanMX6 tpx1’::httNTD.103Q-GFP::leu1 This work 

SG287 h+ hsp104::natMX6 This work 

SK1 h- atg1::ura4+ ura4-C190T leu1-32 [5] 

BY4741 MAT his3Δ1 leu2Δ0 met15Δ0 ura3Δ0 [6] 

Table S2. Plasmids used in this study. 

Plasmid Genotype Origin 

pRS426-GFP GAL1::GFP::ura3 Addgene 

pRS416-TDP-43-YFP GAL1::TDP-43-YFP::ura3 [7] 

pRS416-TDP-43. M322K-YFP GAL1::TDP-43.M322K-YFP::ura3 [8] 

p426/PQ25 GPD:: httNTD.25Q-GFP::ura3 [9] 

p426/PQ47 GPD:: httNTD.47Q-GFP::ura3 [9] 

p426/PQ103 GPD:: httNTD.103Q-GFP::ura3 [9] 

p499.25Q sty1::httNTD.25Q-GFP::leu1 This work 

p499.47Q sty1::httNTD.47Q-GFP::leu1 This work 

p499.103Q sty1::httNTD.103Q-GFP::leu1 This work 

p503.25Q. tpx1::httNTD.25Q-GFP::leu1 This work 

p503.47Q tpx1::httNTD.47Q-GFP::leu1 This work 

p503.103Q tpx1::httNTD.103Q-GFP::leu1 This work 

p520.41x nmt41::hsp104::leu1 (episomal) This work 

p414GPD.47Q GPD:: httNTD.47QP-GFP [10] 

p414GPD.103Q GPD:: httNTD.103QP-GFP [10] 

p521.46QP tpx1::httNTD.46QP-GFP::leu1 This work 

p521.109QP tpx1::httNTD.109P-GFP::leu1 This work 

p659.25Q.3x nmt1::httNTD.25Q-GFP::leu1 (episomal) This work 

p659.47Q.3x nmt1::httNTD.47Q-GFP::leu1 (episomal) This work 

p659.103Q.3x nmt1::httNTD.103Q-GFP::leu1 (episomal) This work 

p660.3x nmt1::tdp-43-YFP::leu1 (episomal) This work 

p660.M322K.3x nmt1::tdp-43.M322K-YFP::leu1 (episomal) This work 

p660.41x nmt41::tdp-43-YFP::leu1 (episomal) This work 

p660.M322K.41x nmt41::tdp-43.M322K-YFP::leu1 (episomal) This work 

p688.25Q.3x’ nmt1::httNTD.25Q-GFP::leu1 This work 

p688.47Q.3x’ nmt1::httNTD.47Q-GFP::leu1 This work 

p688.103Q.3x’ nmt1::httNTD.103Q-GFP::leu1 This work 

p689 tpx1::tdp-43-YFP::leu1 This work 

p689.M322K tpx1::tdp-43.M322K-YFP::leu1 This work 

p690.3x nmt1::GFP::leu1 (episomal) This work 

p710.3x’ nmt1::tdp-43-YFP::leu1 This work 

p710.M322K.3x’ nmt1::tdp-43.M322K-YFP::leu1 This work 

p710.41x’ nmt41::tdp-43-YFP::leu1 This work 

p710.M322K.41x’ nmt41::tdp-43.M322K-YFP::leu1 This work 

p723.47Q tpx1::httNTD.47Q-GFP::kanMX6 This work 

p723.103Q tpx1::httNTD.103Q-GFP::kanMX6 This work 

p819’ pyp1::pyp1::hphMX6::leu1 This work 
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Table S3. % of cells with Htt or TDP-43 aggregates in different genetic backgrounds. 

Medium Strain Promoter Htt.25Q Htt.47Q Htt.103Q TDP-43 
TDP-43 

M322K 

MM 

WT 

nmt41 (int) - - - 100 (nuc) 0 

nmt41 (epi) - - - 100 (nuc) 100 (cyt) 

sty1 0 0 0 - - 

tpx1 0 0 60 100 (nuc) 100 (cyt) 

nmt1 (int) 0 0 30 100 (nuc) 100 (cyt) 

nmt1 (epi) 6 50 20 100 (nuc/ cit) 100 (cyt) 

∆mas5 nmt1 (int) - - - 100 (nuc) 100 (cyt) 

∆hsp104 nmt1 (int) - - - 100 (nuc) 100 (cyt) 

YE5S 

WT 
sty1 0 0 0 - - 

tpx1 0 0 24 - - 

∆mas5 
sty1 - 0 24 - - 

tpx1 - 27 98 - - 

∆hsp104 tpx1 - 0 0 - - 

O/E hsp104 tpx1 - - 0 - - 

∆hsp16 tpx1 - 0 45 - - 

∆hul5 tpx1 - 0 22 - - 

∆ubp8 tpx1 - 0 20 - - 

∆san1 tpx1 - 0 25 - - 

∆ubp3 tpx1 - 0 27 - - 

∆bag101 tpx1 - 0 22 - - 

∆rpt4 tpx1 - 0 48 - - 

∆SPBC17a3 

.05c 
tpx1 - 0 27 - - 

∆def1 tpx1 - 0 28 - - 

∆ssa1 tpx1 - 0 40 - - 

∆ubp16 tpx1 - 0 25 - - 

∆ubr1 tpx1 - 0 24 - - 

∆ltn1 tpx1 - 0 30 - - 

mts2-1 25°C tpx1 - 0 45 - - 

mts2-1 30°C tpx1 - 0 47 - - 

mts3-1 25°C tpx1 - 0 21 - - 

mts3-1 30°C tpx1 - 0 2 - - 

mts4-1 25°C tpx1 - 0 73 - - 

mts4-1 30°C tpx1 - 0 91 - - 

The medium used is indicated. The temperature-sensitive mutants were analyzed at the permissive (25°C) and restrictive 

(30°C) temperatures. The nuclear of cytoplasmic localization of the TDP-43 aggregates is indicated. 
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