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ABSTRACT 

An H3/H4  h i s tone  chape rone ,  As f1 ,  p lays  an  e s sen t ia l  ro le  in  ma in ta in ing  

genomic  s t ab i l i ty  in  many  spec ie s ,  inc lud ing  f i s s ion  yeas t .  Here ,  we  showed  

tha t  ove rexpress ion  o f  a  CENP-A chaperone  S im3  suppressed  the  

t empera tu re  sens i t ive  pheno type  o f  as f1 -33  and  as f1 -30  mu tan t s  and  the  

de fec t  in  ch romat in  s t ruc tu re ,  and  p reven ted  the  accumula t ion  o f  DNA 

damage  in  as f1 -33  mutan t s  a t  h igh  t empera tu res .  Fu r the rmore ,  as f1 -33  and  

∆ s im3  were  syn the t i c  l e tha l .  Cons i s ten t  w i th  th i s ,  shu tdown  o f  s im3  

exp ress ion  in  as f1 -33  ∆ s im3  doub le  mutan t s  tha t  con ta ined  ex t ragen ic  s im3  

r e su l t ed  in  g rowth  re ta rda t ion .  In  add i t ion ,  the  ∆ s im3  mutan t  d i sp layed  

sens i t iv i ty  to  th iabendazo l  and  hydroxyurea ,  which  sugges t s  tha t  S im3  p lays  

a  gene ra l  ro le  in  ma in ta in ing  ch romat in  s t ruc tu re .  Our  re su l t s  sugges t  a  

poss ib i l i ty  tha t  S im3  func t ions  a s  a  h i s tone  chaperone .   
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1 .  In troduct ion  

 His tone  chape rones  med ia te  changes  in  ch romat in  s t ruc tu re  th rough  the  

depos i t ion  and  ev ic t ion  o f  h i s tones  [1 ] .  The  s t ruc tu re  o f  ch romat in  i s  a l t e red  

in  r e sponse  to  ce l lu la r  p rocesses  tha t  occur  in  DNA,  such  as  DNA rep l i ca t ion ,  

t r ansc r ip t ion ,  r ecombina t ion ,  and  DNA repa i r.  Fo r  example ,  when  a  gene  i s  

expressed  in  r e sponse  to  ce r ta in  s igna l s ,  h i s tone  p ro te ins  a re  ev ic ted  f rom 

the  p romote r  r eg ion  by  h i s tone  chaperones  to  d i sas semble  ch romat in  fo r  

t r ansc r ip t ion  [2 ] .  In  add i t ion ,  when  DNA damage  i s  r epa i red ,  h i s tone  

p ro te ins  a re  t empora r i ly  ev ic ted  f rom the  damaged  s i t e  by  h i s tone  

chaperones  to  enab le  r epa i r  f ac to r s  to  func t ion .  Then ,  h i s tone  p ro te ins  a re  

depos i t ed  back  on to  the  repa i red  s i t e s  by  h i s tone  chaperones  a f t e r  the  

comple t ion  o f  r epa i r  [3 ] .   

 H is tone  chape rones  a re  ca tegor ized  in to  seve ra l  g roups  by  the i r  p re fe rence  

fo r  h i s tone  p ro te ins :  As f1  (an t i - s i l enc ing  func t ion  1 )  [4 ] ,  CAF1  (ch romat in  

a s sembly  fac to r  1 )  [5 ] ,  and  HIRA (h i s tone  in te rac t ing  p ro te in  A)  [5 ]  a re  

cons ide red  to  be  h i s tone  H3 /H4  chaperones ,  wh i le  Nap1  (nuc leosome  

assembly  p ro te in  1 )  [5 ]  (E i toku ,  Sa to ,  Senda ,  &  Hor ikosh i ,  2008) i s  a  h i s tone  

H2A/H2B chaperone .  H is tone  va r ian t s  a re  a s sembled  o r  d i sas sembled  in to  

ch romat in  by  spec ia l  h i s tone  chaperones  tha t  a re  spec i f i c  fo r  each  h i s tone  

va r ian t .  Fo r  example ,  As f1  gene ra l ly  depos i t s  ( and  ev ic t s )  h i s tone  H3 /H4  

on to  ch romat in .  However,  As f1  does  no t  b ind  to  h i s tone  H3  va r ian t  CENP -A;  

in s tead ,  HJURP incorpora te s  CENP-A on to  cen t romeres  in  human  ce l l s  [6 ] .  

Chromosome  seg rega t ion  i s  a  p ivo ta l  p rocess  r equ i red  fo r  the  t r ansmiss ion  

o f  gene t i c  ma te r i a l  to  daugh te r  ce l l s .  W hen  ch romosomes  seg rega te ,  sp ind le  

mic ro tubu les  emana t ing  f rom SPB ( sp ind le  po le  bod ies )  o r  cen t rosomes  

a t t ach  to  the  k ine tochores  o f  ch romosomes .  The  k ine tochore  i s  composed  o f  

l a rge  p ro te in  complexes  and  cen t romer ic  DNA [7 ] ,  and  i t s  fo rma t ion  i s  

spec i f i ed  by  CENP-A [8 ] .  CENP-A i s  spec i f i ca l ly  loca l i zed  to  the  cen te r  o f  

the  cen t romere  reg ion ,  wh i le  h i s tone  H3  i s  d i s t r ibu ted  to  a l l  o the r  

ch romosomal  r eg ions .  The  load ing  o f  CENP -A on to  cen t romeres  r equ i re s  

many  fac to r s  inc lud ing  S im3  and  Scm3.  S im3  was  iden t i f i ed  a s  a  f ac to r  tha t  

func t ions  in  the  ma in tenance  o f  s i l enc ing  a t  the  cen te r  cen t romer ic  r eg ions  

in  f i s s ion  yeas t  Sch i zosaccharomyces  pombe  [9 ] .  S im3  b inds  to  CENP-A  C n p 1 ,  

and  t r ans fe r s  i t  to  a  CENP -A  C n p 1  r ecep to r,  Scm3 [10] ,  on  cen t romere  
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chromat in .  Th i s  r e su l t s  in  the  inco rpora t ion  o f  CENP -A  C n p 1  in to  the  cen te r  

r eg ion  o f  cen t romeres  in  S .  pombe .   
  P rev ious ly,  we  repor ted  tha t  an  as f1  t s  mu tan t  (as f1 -33 )  showed  de fec t s  in  

bu lk  ch romat in  s t ruc tu re  and  d i sp layed  e leva ted  l eve l s  o f  DNA damage ,  

wh ich  was  a s soc ia ted  w i th  ac t iva t ion  o f  the  DNA damage  checkpo in t  [11 ] .  

Based  on  these  obse rva t ions ,  we  sugges ted  tha t  f i s s ion  yeas t  Asf1  i s  

e s sen t i a l  fo r  the  ma in tenance  o f  genomic  s t ab i l i ty.  In  add i t ion ,  we  found  tha t  

ove rexpress ion  o f  CENP-A  C n p 1  h i s tone  chaperone  s im3  suppressed  the  

t empera tu re  sens i t ive  pheno type  o f  the  as f1 -33  mu tan t .  Here ,  we  showed  tha t  

ove rexpress ion  o f  s im3  a l so  suppressed  the  de fec t s  in  ch romat in  s t ruc tu re  

and  p reven ted  the  accumula t ion  o f  DNA damage  in  the  as f1 -33  mu tan t .  

Fu r the rmore ,  ou r  r e su l t s  r evea l  tha t  as f1 -33  ∆ s im3  doub le  mutan t s  were  

syn the t i ca l ly  l e tha l .  In  summary,  ou r  r e su l t s  ind ica te  tha t  CENP-A h i s tone  

chaperone  S im3  sha res  some  func t iona l  cha rac te r i s t i c s  w i th  Asf1  a s  a  

h i s tone  H3 /H4  chaperone  in  f i s s ion  yeas t .  

 

 

2 .  M ater ia l s  and  m ethods  

2 .1 .  F i s s ion  yeas t  med ia  and  genera l  man ipu la t ions  

The  yeas t  s t r a ins  examined  in  th i s  s tudy  a re  a l l  l i s t ed  in  Tab le  1 .  Each  s t r a in  

was  cu l tu red  in  YES med ium (0 .5%  yeas t  ex t rac t ,  3%  g lucose ,  225  mg/ l i t e r  

aden ine ,  h i s t id ine ,  l euc ine ,  u rac i l ,  and  lys ine  hydroch lo r ide )  o r  EM M  

medium [12] .  N i t rogen- f ree  EM M  medium was  used  to  ma te  h +  and  h -  s t r a ins .  

S tanda rd  me thods  used  fo r  S .  pombe  were  desc r ibed  p rev ious ly  [12 ] .  

 

2 .2 .  De tec t ion  o f  Rad22-GFP foc i  

Rad22-GFP foc i  in  as f1 -33  mu tan t s  ha rbor ing  pREP41  o r  pREP41-s im3  +  

were  obse rved  by  a  confoca l  l a se r  scann ing  mic roscope  (Le ica  TCS SP-5 ,  

Le ica  M ic rosys tems ,  Tokyo) .  The  number  o f  Rad22-GFP pos i t ive  ce l l s  was  

ca lcu la ted  by  coun t ing  100  ce l l s .   

 

2 .3 .  M icrococca l  nuc lease  assay  

M icrococca l  nuc lease  a s say  was  pe r fo rmed  as  desc r ibed  p rev ious ly  [13 ] .  

Ce l l s  were  cu l tu red  in  EM M  a t  36°C  fo r  6  h .  Af te r  incuba t ion ,  ce l l s  were  

co l l ec ted  by  cen t r i fuga t ion .  Then ,  sphe rop las t s  were  p repa red  w i th  
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Zymolyase  100T.  Chromat in  DNA was  d iges ted  w i th  M Nase .  D iges ted  

ch romat in  DNA was  re so lved  on  a  1 .2%  agarose  ge l  and  was  v i sua l i zed  by  

e th id ium b romide  s t a in ing .   

 

2 .4 .  Cons t ruc t ion  o f  a  s im3  gene  de le t ion  s t ra in  and  pREP81-s im3  

Gene  de le t ion  o f  s im3  was  ca r r i ed  ou t  u s ing  a  PCR-based  me thod  [14 ] .  The  

kanM X6 modu le  was  ampl i f i ed  us ing  pFA6a-kanM X6 as  a  t empla te  toge the r  

w i th  the  pFA6a  F  and  pFA6a  R  p r imers  (Tab le  S1) .  F ragmen ts  approx ima te ly  

500  bp  in  l eng th  were  ampl i f i ed  us ing  s im3d1 ,  s im3d2 ,  s im3d3 ,  and  s im3d4  

p r imers ,  wh ich  con ta ined  homologous  sequences  co r re spond ing  to  the  5 ’ and  

3 ’ r eg ions  o f  s im3  tha t  were  a t t ached  to  the  ends  o f  the  kanM X6 modu le .  The  

re su l t ing  f ragmen ts  were  in t roduced  in to  S .  pombe  ce l l s .  G418  re s i s t an t  

co lon ies  were  se lec ted  on  YES p la te s  con ta in ing  G418  (100  µg /ml ) .  Co lony  

PCR (us ing  the  p r imers  chkHR12-42  and  s im3  check)  was  pe r fo rmed  to  

conf i rm  the  cons t ruc t ion  o f  a  ∆ s im3  s t r a in .  For  the  cons t ruc t ion  o f  

pREP81-s im3 ,  the  s im3  gene  was  c loned  in to  pREP81  us ing  a  gap- repa i r  

c lon ing  me thod  [15 ] .  The  ORF reg ion  o f  s im3  con ta in ing  a  sequence  

homologous  to  pREP81  was  ampl i f i ed  by  PCR.  Th is  f r agmen t ,  toge the r  w i th  

BamHI d iges ted  pREP81 ,  was  in t roduced  in to  PR110  (h -  l eu1 -32  ura4-D18 ) ,  

and  t r ans fo rman ts  were  se lec ted  on  EM M-Leu .  The  p la smids  were  ex t rac ted  

f rom the  t r ans fo rman ts  and  in t roduced  in to  Escher ich ia  co l i  DH5a to  

ampl i fy  the  p la smids .  The  co r rec t  cons t ruc t ion  o f  the  p la smid  was  conf i rmed  

by  sequenc ing  us ing  the  p r imers  Pnmt1  80  bp  F  and  Tnmt1  80  bp  R .  

An  a s f1 -33  ∆ s im3  s t r a in  ha rbor ing  pREP41-s im3  o r  pREP81-s im3  was  

cons t ruc ted  by  ch romosomal  de le t ion  o f  s im3  f rom an  as f1 -33  s t r a in  

ha rbor ing  pREP41-s im3  o r  pREP81-s im3 .  P rope r  de le t ion  o f  s im3  was  

conf i rmed  by  PCR as  desc r ibed  above .  

 

 

3 .  Resu l t s  

 

3 .1 .  Overexpress ion  o f  s im3  suppressed  the  de fec t  in  chromat in  s t ruc ture  and  

preven ted  the  accumula t ion  o f  DNA damage  in  the  as f1 -33  mutan t  

  We  p rev ious ly  repor ted  tha t  ove rexpress ion  o f  s im3  suppressed  the  

t empera tu re  sens i t ive  pheno type  o f  the  as f1 -33  mutan t  in  S .  pombe  [11 ] .  In  
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add i t ion  to  the  ro le  o f  S im3  as  a  CENP-A  C n p 1  h i s tone  chaperone  tha t  

t r ans fe r s  CENP-A  C n p 1  p ro te in  to  the  cen te r  r eg ion  o f  cen t romeres  (cn t ,  imr ) ,  

i t  has  a l so  been  repor ted  tha t  S im3  has  an  ab i l i ty  to  b ind  h i s tone  H3  [17] .  

There fo re ,  we  hypo thes ized  tha t  S im3  migh t  be  ab le  to  r ep lace  Asf1  a s  a  

H3 /H4  h i s tone  chape rone .  To  t e s t  th i s  idea ,  we  used  an  M Nase  a s say  to  

examine  the  bu lk  ch romat in  s t ruc tu re  o f  an  as f1 -33  mu tan t  tha t  

ove rexpressed  s im3 .  In  the  as f1 -33  mu tan t  ha rbor ing  the  con t ro l  vec to r,  

add ing  inc reas ing  amoun ts  o f  M Nase  showed  tha t  the  bu lk  ch romat in  was  

d iges ted  in to  sma l l  un i t s  o f  ch romat in .  By  con t ra s t ,  the  ch romat in  f rom the  

as f1 -33  mu tan t  tha t  ove rexpressed  s im3  was  re s i s t an t  to  M Nase  d iges t ion  

(F ig .1A) ,  wh ich  ind ica te s  tha t  s im3  complemen ted  the  func t ion  o f  as f1  i n  

ma in ta in ing  ch romat in  s t ruc tu re .  

 To  examine  fu r the r  the  re la t ionsh ip  be tween  as f1  and  s im3 ,  t he  

he te rochromat in  s t ruc tu re  a t  the  ou te r  r epea t s  o f  cen t romeres  in  the  as f1 -33  

mu tan t  ove rexpress ing  s im3  was  ana lyzed .  He te rochromat in  exh ib i t s  a  

condensed  ch romat in  s t ruc tu re  in  wh ich  gene  express ion  i s  r ep ressed  [18 ] .  

By  mon i to r ing  the  ura4 +  marker  gene  in se r ted  a t  the  ou te r  r epea t s  o f  a  

cen t romere ,  we  p rev ious ly  repor ted  tha t  he te rochromat in  s t ruc tu re  a t  the  

ou te r  cen t romer ic  r epea t s  was  d i s rup ted  in  the  as f1 -33  mu tan t  [11 ] .  5 -FOA 

sens i t iv i ty  was  obse rved  a s  a  r e su l t  o f  inc reas ing  the  t r ansc r ip t iona l  l eve l  o f  

the  ura4 +  gene  a t  the  ou te r  r epea t s  o f  the  cen t romere  in  the  as f1 -33  mu tan t .  

To  examine  whe the r  s im3  wou ld  suppress  the  de fec t  in  he te rochromat in  

s t ruc tu re  in  the  as f1 -33  mu tan t ,  we  examined  the  express ion  o f  the  ura4 +  

gene  in se r ted  a t  the  ou te r  r epea t s  o f  a  cen t romere .  We  found  tha t  

ove rexpress ion  o f  s im3  suppressed  the  5 -FOA sens i t iv i ty  o f  the  as f1 -33  

mutan t  (F ig .1B) ,  and  l ike ly  i t s  de fec t  in  he te rochromat in  s t ruc tu re .   

  We  p rev ious ly  obse rved  tha t  the  as f1 -33  mu tan t  accumula te s  DNA damage  

tha t  r e su l t s  in  the  lo ss  o f  v iab i l i ty  a t  36°C  [11] .  We  p red ic ted  tha t  the  

suppress ion  o f  t empera tu re  sens i t iv i ty  in  the  as f1 -33  mu tan t  by  s im3  

overexpress ion  was  a t t r ibu tab le  to  r educed  l eve l s  o f  DNA damage .  To  

de te rmine  whe the r  the  l eve l s  o f  DNA damage  were  reduced  in  the  as f1 -33  

mu tan t  tha t  ove rexpressed  s im3 ,  we  ana lyzed  the  p resence  o f  Rad22-GFP 

foc i  in  these  ce l l s .  Rad22  p ro te in  invo lves  in  DNA repa i r  med ia ted  by  

homologous  recombina t ion .  W hen  DNA i s  damaged ,  th i s  p ro te in  accumula te s  

a t  the  s i t e s  o f  DNA damages  and  fo rms  foc i .  Overexpress ion  o f  s im3  
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dec reased  the  number  o f  Rad22-GFP foc i  f rom abou t  19%  to  6%  in  the  

as f1 -33  mu tan t  a t  36°C  (F ig .  1C) .  There fo re ,  the  l eve l s  o f  DNA damage  in  

the  as f1 -33  mu tan t  were  c lea r ly  r educed  by  s im3  overexpress ion .  Toge the r,  

these  re su l t s  sugges t  tha t  S im3  can  ac t  a s  a  subs t i tu te  fo r  Asf1  in  S .  pombe .  

 

3 .2 .  Overexpress ion  o f  s im3  suppressed  the  t empera ture  sens i t i v i t y  and  

chromat in  de fec t s  o f  the  as f1 -30  mutan t  

We prev ious ly  repor ted  tha t  the  mutan t  As f1  p ro te in  (Asf1-30) ,  wh ich  i s  

encoded  by  as f1 -30 ,  was  deg raded  by  the  ub iqu i t in -p ro teasome  sys tem a t  

h ighe r  t empera tu res  [19 ] .  The  muta t ion  s i t e s  o f  as f1 -30  d i ffe r  f rom as f1 -33 ,  

and  i t  was  found  tha t  as f1 -30  d isp layed  a  h ighe r  deg ree  o f  t empera tu re  

sens i t iv i ty  because  o f  the  absence  o f  any  de tec tab le  Asf1  p ro te in  a t  h ighe r  

t empera tu res  [19 ] .  To  t e s t  whe the r  s im3  can  suppress  the  de fec t s  o f  the  

as f1 -30  mutan t ,  we  examined  the  t empera tu re  sens i t iv i ty  o f  an  as f1 -30  

mutan t  s t r a in  tha t  ove rexpressed  s im3 .  W hi le  the  as f1 -30  mutan t  d id  no t  

g row a t  t empera tu res  h ighe r  than  32°C ,  s im3  exp ress ion  c lea r ly  r e s to red  the  

g rowth  o f  the  as f1 -30  mutan t  a t  h ighe r  t empera tu res  (F ig .  2A) .  Repress ing  

s im3  exp ress ion  by  the  add i t ion  o f  th iamine  in  the  as f1 -30  mutan t  ha rbor ing  

pREP41-s im3  aga in  re su l t ed  in  t empera tu re  sens i t iv i ty.  These  re su l t s  

ind ica te  tha t  s im3  can  rep lace  the  func t ion  o f  Asf1  even  when  Asf1  func t ion  

i s  seve re ly  impa i red .  

 To  exc lude  the  poss ib i l i t i e s  tha t  ove rexpressed  s im3  m igh t  change  

loca l i za t ion  o r  a  p ro te in  l eve l  o f  As f1 -30  (o r  Asf1 -33) ,  we  obse rved  the  

loca l i za t ion  o f  Asf1  p ro te ins  by  ind i rec t  immunof luorescence  mic roscope  

and  p ro te in  l eve l s  by  wes te rn  b lo t t ing .  The  re su l t s  showed  tha t  

ove rexpress ion  o f  s im3  d id  no t  change  the  loca l i za t ion  and  p ro te in  l eve l s  o f  

As f1 -33  and  Asf1 -30  bo th  a t  26  o C  and  36 o C  (Supp lemen ta ry  F ig .  1A and  1B) .  

Pa r t i cu la r ly,  a  lower  p ro te in  l eve l  o f  Asf1 -30  a t  h ighe r  t empera tu re  was  no t  

r ecovered  even  when  s im3  was  overexpressed .  These  re su l t s  ind ica te  tha t  

up - regu la t ion  o f  Asf1  p ro te ins  o r  change  o f  the  loca l i za t ion  was  no t  a  r eason  

fo r  suppress ion  o f  t empera tu re  sens i t iv i ty  o f  as f1 -30  and  a s f1 -33  mu tan t s  by  

s im3 .  

We  nex t  examined  the  s t ruc tu re  o f  he te rochromat in  in  the  as f1 -30  mu tan t  

tha t  ove rexpressed  s im3 .  The  ura4  gene  in  the  o tr1  l ocus  i s  shu t  o ff  in  

w i ld - type  ce l l s  and  i s  thus  no t  sens i t ive  to  5 -FOA.  The  as f1 -30  mu ta t ion  
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r e s to red  5 -FOA sens i t iv i ty  due  to  the  r eve r s ion  o f  ura4  gene  express ion  a t   

30 o C  (F ig .  2B) .  However,  i t  i s  no t  c lea r  tha t  ove rexpress ion  o f  s im3  can  

suppress  the  5 -FOA sens i t iv i ty  o f  the  as f1 -30  mu tan t ,  because  i t  i s  d i ff i cu l t  

to  sepa ra te  the  e ffec t  o f  ove rexpress ion  o f  s im3  on  the  t empera tu re  

sens i t iv i ty  and  the  5 -FOA sens i t iv i ty  in  the  as f1 -30  mu tan t  (F ig .  2B) .   

Ce l lu la r  morpho logy  and  ph lox in  B  s ta in ing  o f  as f1 -30  ce l l s  express ing  

s im3  was  a l so  a s sessed  (F ig .  2C) .  We  found  tha t  the  number  o f  s t a ined  and  

e longa ted  ce l l s  were  reduced  in  as f1 -30  ce l l s  by  the  ove rexpress ion  o f  s im3 ,  

which  suppor t s  the  idea  tha t  s im3  has  a  suppress ive  e ffec t  on  a s f1 -30  ce l l s .   

 

 

3 .4 .  a s f1 -33  ∆ s im3  doub le  mu tan t s  d i sp lay  syn the t i c  l e tha l i t y  

To fu r the r  inves t iga te  the  gene t i c  r e la t ionsh ip  be tween  a s f1  and  s im3 ,  we  

t r i ed  to  cons t ruc t  an  as f1 -33  ∆ s im3  doub le  mutan t .  S t ra in  TYP48  (h -  

as f1 -33 -13myc-hphM X6)  was  c rossed  w i th  KT146  (h +  s im3 : :kanM X6) ,  and  

the i r  t e t r ads  were  ana lyzed .  A l though  19  se t s  o f  t e t r ads  were  d i s sec ted ,  we  

were  unab le  to  i so la te  any  doub le  mutan t s  tha t  were  r e s i s t an t  to  bo th  G418  

and  Hygromyc in  B  (F ig .  3A) .  We  a l so  pe r fo rmed  random spore  ana lys i s  to  

i so la te  doub le  mutan t s ,  bu t  no  as f1  ∆ s im3  doub le  mutan t s  were  ob ta ined  

(da ta  no t  shown) .   

Because  as f1 -33  ∆ s im3  doub le  mutan t s  d i sp lay  syn the t i c  l e tha l i ty,  we  

cons t ruc ted  an  as f1 -33  and  ∆ s im3  s t r a in  tha t  ha rbored  e i the r  the  p la smid  

pREP41-s im3  or  pREP81-s im3 .  The  express ion  o f  s im3  gene  was  regu la ted  

by  the  nmt41  o r  nmt81  p romote r  in  these  doub le  mutan t s ,  and  the  add i t ion  o f  

th iamine  pa r t i a l ly  and  comple te ly  rep ressed  s im3  gene  express ion  in  

pREP41(nmt41 )  and  pREP81(nmt81 ) ,  r e spec t ive ly.  Wi thou t  th iamine ,  an  

as f1 -33  ∆ s im3  s t r a in  tha t  ha rbored  pREP41-s im3  or  pREP81-s im3  grew we l l  

a t  34°C .  However,  the  add i t ion  o f  th iamine  to  the  same  ce l l s  r e su l t ed  in  a  

g rowth  de fec t  (F ig .  3B) .  The  as f1 -33  ∆ s im3  s t r a in  ha rbor ing  pREP81-s im3  

exh ib i t ed  a  more  seve re  pheno type  than  the  s t r a in  ha rbor ing  pREP41-s im3 ,  

wh ich  ind ica ted  tha t  even  in  the  p resence  o f  th iamine ,  s t r a ins  con ta in ing  

pREP41-s im3  d i sp lay  re s idua l  l eve l s  o f  s im3 .  G rowth  de fec t  was  obse rved  in  

the  as f1 -33  ∆ s im3  s t r a in  ha rbor ing  pREP81-s im3  a t  34°C  when  th iamine  was  

added .  Toge the r,  these  re su l t s  ind ica te  tha t  s im3  i s  r equ i red  fo r  the  g rowth  o f  

the  as f1 -33  mu tan t .  
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3 .5 .  De le t ion  o f  s im3  resu l t s  in  TBZ  and  HU sens i t i v i t y  

 

We nex t  examined  the  d rug  sens i t iv i ty  o f  ∆ s im3  ce l l s .  We  found  tha t  ∆ s im3  

ce l l s  d i sp layed  g rea te r  sens i t iv i ty  to  a  sp ind le  po i son ,  TBZ ( th iabendazo le ) ,  

a t  a l l  t empera tu res ,  and  to  a  DNA rep l i ca t ion  inh ib i to r,  HU (hydroxyurea ) ,  a t  

h ighe r  t empera tu res  than  wi ld - type  ce l l s  (F ig .  4 ) .  Because  S im3  i s  a  

cen t romere  ch romat in  a s sembly  fac to r  and  s im3  mu tan t  ce l l s  show de fec t s  in  

ch romosome  seg rega t ion  [1 ] ,  i t  was  a  r easonab le  p red ic t ion  tha t  ∆ s im3  ce l l s  

m igh t  be  sens i t ive  to  TBZ.  The  HU sens i t iv i ty  o f  ∆ s im3  ce l l s  sugges ted  tha t  

the re  migh t  be  de fec t s  in  S  phase  p rogress ion .  However,  FACS ana lys i s  d id  

no t  r evea l  a  de lay  in  S  phase  p rogress ion  in  ∆ s im3  ce l l s  (da ta  no t  shown) .  

The  g rowth  de fec t  in  ∆ s im3  ce l l s  appea red  to  be  more  p ronounced  a t  lower  

t empera tu res  (26°C)  than  a t  h ighe r  t empera tu res  (30°C  o r  h ighe r ) .  The re fo re ,  

the  HU sens i t iv i ty  o f  ∆ s im3  ce l l s  a t  h ighe r  t empera tu res  m igh t  no t  cause  

seve re  de fec t s .  In  con t ra s t  to  TBZ and  HU,  ∆ s im3  ce l l s  d id  no t  show any  

sens i t iv i ty  to  a  DNA damag ing  agen t ,  M M S (me thy l  me thanesu l fona te ) .  Th i s  

i s  in  con t ra s t  w i th  ou r  p rev ious  re su l t s  showing  tha t  the  as f1 -33  mu tan t  

d i sp layed  sens i t iv i ty  to  M M S,  bu t  no t  to  HU [11] .   

 

4 .  D iscuss ion  

 Asf1  i s  a  commonly  found  h i s tone  chape rone  tha t  p redominan t ly  in te rac t s  

w i th  H3 /H4  in  many  eukaryo tes  [1 ,  4 ] .  Our  ana lys i s  o f  as f1  mu tan t s  in  S .  

pombe  r evea led  tha t  as f1  i s  e s sen t i a l  fo r  g rowth ,  and  tha t  i t s  t empera tu re  

sens i t ive  muta t ion  re su l t ed  in  the  accumula t ion  o f  DNA damage  and  DNA 

breaks  tha t  induced  DNA damage  checkpo in t s  a t  r e s t r i c t ed  t empera tu res  [11 ] .  

A gene  tha t  encodes  fo r  a  NASP type  p ro te in ,  s im3 ,  was  i so la ted  a s  a  h igh  

copy  suppresso r  o f  the  t empera tu re  sens i t ive  as f1 -33  mu tan t  in  S .  pombe .  

S im3  was  o r ig ina l ly  iden t i f i ed  a s  a  f ac to r  tha t  in te rac t s  w i th  CENP-A C n p 1 [17 ] ,  

bu t  ou r  ana lys i s  sugges ted  tha t  S im3  p lays  a  ro le  a s  a  H3 /H4 .  I t  i s  in te re s t ing  

to  no te  tha t  the  amino  ac id  sequence  and  p ro te in  s t ruc tu re  o f  Asf1  and  S im3  

bea r  no  s im i la r i ty  [17 ] ,  desp i t e  the i r  s im i la r  func t ions .   

 We  showed  tha t  the  ove rexpress ion  o f  s im3  suppressed  the  de fec t  in  bu lk  

ch romat in  s t ruc tu re  (F ig .1A)  and  reduced  the  accumula t ion  o f  DNA damage  
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in  the  as f1 -33  mu tan t  (F ig .1C) .  In  add i t ion ,  the  s i l enc ing  de fec t  a t  the  ou te r  

cen t romer ic  r epea t s  o f  the  as f1 -30  and  as f1 -33  mu tan t s  was  a l so  suppressed  

by  ove rexpress ing  s im3  (F ig .1B  and  2B) .  There fo re ,  S im3  sha res  some  

common ro le s  w i th  Asf1 .  S ince  i t  i s  r epor ted  tha t  S im3  b inds  to  h i s tone  H3  

in  add i t ion  to  CENP-A C n p 1  [17 ] ,  ou r  r e su l t s  suppor t  the  idea  tha t  S im3  can  

func t ion  a s  a  H3 /H4  h i s tone  chaperone .  In  add i t ion ,  we  fa i l ed  to  cons t ruc t  an  

as f1 -33  ∆ s im3  doub le  mutan t ;  in  o the r  words ,  as f1 -33  and  ∆ s im3  i s  a  

syn the t i ca l ly  l e tha l  combina t ion .  We  a l so  found  tha t  the  ∆ s im3  mu tan t  

a ffec t s  s i l enc ing  a t  the  cen t romer ic  r eg ion  [17 ] ,  bu t  g rows  no rmal ly  a t  30°C .  

W hen  i t  was  combined  w i th  the  as f1 -33  mu tan t ,  s im3  was  requ i red  fo r  

v iab i l i ty,  wh ich  sugges t s  tha t  s im3  sha res  an  impor tan t  ro le  w i th  as f1 .  S ince  

ou r  p rev ious  ana lys i s  ind ica ted  tha t  mu ta ted  Asf1-33  p ro te ins  were  unab le  to  

b ind  h i s tone  H3 ,  the  ab i l i ty  o f  the  S im3  p ro te in  to  b ind  h i s tone  H3  migh t  be  

requ i red  fo r  the  su rv iva l  o f  the  as f1 -33  mu tan t .   

 In  add i t ion  to  i t s  h i s tone  H3  chaperone  func t ions ,  As f1  a l so  p lays  a  ro le  in  

ma in ta in ing  he te rochromat in  s t ruc tu re  a t  the  cen t romere .  He te rochromat in  

s t ruc tu re  was  impa i red  in  the  as f1  mu tan t s  ( e i the r  as f1 -30  o r  as f1 -33 ) ,  bu t  

was  then  suppressed  by  S im 3  overexpress ion .  The  ro le  o f  S im 3  was  repor ted  

to  be  re s t r i c ted  to  the  cen te r  o f  the  cen t romere  reg ion ,  bu t  i t  s eems  tha t  S im3  

may  po ten t i a l ly  ac t  a s  a  s i l enc ing  ma in tenance  fac to r  a t  the  ou te r  

cen t romer ic  r epea t s  a s  we l l .  S im3  can  subs t i tu te  fo r  Asf1  by  inco rpora t ing  

(o r  r emoving)  h i s tone  p ro te ins  on to  ch romat in .  We  found  tha t  the  de le t ion  o f  

s im3  r e su l t ed  in  the  sens i t iv i ty  to  a  sp ind le  po i son ,  TBZ,  wh ich  i s  cons i s t en t  

w i th  p rev ious  re su l t s  by  P idoux  e t  a l  (P idoux ,  R icha rdson ,  &  Al l sh i re ,  2003) .  

In  add i t ion ,  ∆ s im3  ce l l s  d i sp layed  sens i t iv i ty  to  HU a t  30°C  o r  h ighe r.  

However,  ce l l  cyc le  p rogress ion  du r ing  S  phase  was  no t  de layed  in  ∆ s im3  

ce l l s .  There fo re ,  the  e ffec t  o f  HU on  ∆ s im3  ce l l s  was  l im i ted .  As  the  de le t ion  

o f  s im3  con fe r red  sens i t iv i ty  to  HU and  a s f1 -33  confe r red  sens i t iv i ty  to  

M M S,  S im3  l ike ly  p lays  a  g rea te r  ro le  in  r ep l i ca t ion ,  wh i le  Asf1  may  be  

more  c ruc ia l  in  r e sponse  to  DNA damage .  D i ffe ren t  ro le s  o f  S im3  and  Asf1  

a s  a  chaperone  a re  env i saged  f rom these  d rug  sens i t iv i ty  t e s t s .   

  Scm3 (and  i t s  homolog ,  HJURP)  has  been  shown  to  be  invo lved  in  the  

inco rpora t ion  o f  CENP-A to  the  cen te r  r eg ion  o f  cen t romeres  in  seve ra l  

spec ie s ,  such  a s  S .  pombe  [20 ] ,  S .  cerev i s iae  [21 ]  and  humans  [6 ] .  Scm3 

loca l i zes  to  the  cen te r  r eg ion  o f  cen t romeres  and  incorpora te s  CENP -A in to  
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cen t romeres .  A l though  s im3  ove rexpress ion  suppressed  the  t empera tu re  

sens i t iv i ty  o f  the  as f1 -33  mu tan t ,  scm3  ove rexpress ion  d id  no t  (da ta  no t  

shown) .  L ikewise ,  ove rexpress ion  o f  a s f1  d id  no t  suppress  the  t empera tu re  

sens i t iv i ty  o f  the  scm3  mu tan t  (da ta  no t  shown) .  Un l ike  S im3 ,  wh ich  i s  

loca l i zed  th roughou t  the  nuc leus  (Dun leavy  e t  a l . ,  2007) ,  Scm3 loca l i zes  to  

and  func t ions  a t  on ly  the  cen t romere  reg ion .  Th i s  spec i f i c  loca l i za t ion  o f  

Scm3 may  be  one  reason  why  we  were  unab le  to  de tec t  a  gene t i c  in te rac t ion  

be tween  scm3  and  as f1 .   

 In  conc lus ion ,  ou r  ana lys i s  o f  s im3  and  as f1  i nd ica te s  tha t  S im3  and  Asf1  

sha re  some  common ro le s  a s  h i s tone  chaperones .  A l though  Asf1  func t ions  a s  

the  p redominan t  h i s tone  chaperone  in  f i s s ion  yeas t ,  we  sugges t  tha t  S im3  

may  a l so  p lay  a  ro le  a s  h i s tone  chaperone .   
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Figure  l egends  

 

F ig .  1 .  s im3  overexpress ion  suppressed  the  ch romat in  de fec t s  o f  the  as f1 -33  

mu tan t .  (A)  Overexpress ion  o f  s im3  suppressed  the  de fec t s  in  bu lk  ch romat in  

s t ruc tu re  o f  the  as f1 -33  mu tan t .  SKP605-33  (h +  l eu1 -32  ura4-D18  

as f1 -33 -13myc-kanM X6)  ha rbor ing  pREP41  o r  pREP41-s im3  was  incuba ted  

in  EM M  ( -Th i )  a t  36°C  fo r  6  h .  Ce l l s  were  co l l ec ted  by  cen t r i fuga t ion ,  and  

sphe rop las t s  were  p repa red  w i th  Zymolyase  100T.  M Nase  was  added  to  each  

sphe rop las t  to  d iges t  ch romat in  DNA.  D iges ted  ch romat in  DNA was  re so lved  

on  a  1 .2%  aga rose  ge l  and  was  s t a ined  w i th  e th id ium b romide .  (B)  Defec t s  in  

he te rochromat in  s t ruc tu re  in  the  as f1 -33  mu tan t  were  suppressed  by  the  

ove rexpress ion  o f  s im3 .  Logar i thmica l ly  g rowing  L972  (h - ) ,  SKP551-6  (h +  

l eu1 -32  ura4-D18  o tr1 : :ura4 + )  ha rbor ing  pREP41 ,and  SKP593-34  (h +  

l eu1 -32  ura4-D18  o tr1 : :ura4 +  as f1 -33 -13myc-kanM X6)  ce l l s  ha rbor ing  

pREP41  o r  pREP41-as f1  o r  pREP41-s im3were  d i lu ted  10 - fo ld  f rom 3x  10 6  

ce l l s  w i th  s t e r i l i zed  wa te r,  and  spo t ted  on to  EM M  (+ ,  -5FOA)  .  P la te s  were  

incuba ted  a t  26°C ,  30°C ,  32°C ,  34°C ,  and  36°C  fo r  5  days .  (C)  KT166  (h -  

rad22-GFP-kan r  a s f1 -33-13myc-kanM X6  l eu1 -32 )  ha rbor ing  pREP41  o r  

pREP41-s im3  were  incuba ted  in  EM M  ( -Th i )  a t  36°C  fo r  6  h .  Rad22-GFP foc i  

were  obse rved  w i th  a  confoca l  l a se r  scann ing  mic roscope  (Le ica  TCS SP-5 ) .  

The  ra te  o f  nuc lea r  Rad22  foc i  was  ca lcu la ted  by  coun t ing  100  ce l l s .  

 

Fig .  2 .  Overexpress ion  o f  s im3  suppressed  the  t empera tu re  sens i t iv i ty  and  

de fec t  in  he te rochromat in  s t ruc tu re  o f  the  a s f1 -30  mu tan t .  (A)  

Overexpress ion  o f  s im3  suppressed  the  t empera tu re  sens i t iv i ty  o f  the  as f1 -30  

mu tan t  a t  32°C ,  34°C ,  and  36°C .  Logar i thmica l ly  g rowing  L972 ,  SKP620  (h- 

l eu1 -32  as f1 -30 -13myc-kanM X6)  ce l l s  ha rbor ing  pREP41  o r  pREP41-s im3  

were  d i lu ted  5 - fo ld  f rom 3x  10 7  ce l l s  w i th  s t e r i l i zed  wa te r,  and  spo t ted  on to  

EM M  (+ , - th i ) .  P la te s  were  incuba ted  a t  26°C ,  32°C ,  34°C ,  and  36°C  fo r  3  

days .  (B)  Overexpress ion  o f  s im3  suppressed  the  de fec t  in  he te rochromat in  

s t ruc tu re  o f  the  as f1 -30  mu tan t  a t  30°C ,  32°C ,  34°C ,  and  36°C .  

Logar i thmica l ly  g rowing  L972  (h - ) ,  SKP551-6  (h +  l eu1 -32  ura4-D18  

o tr1 : :ura4 + )  ha rbor ing  pREP41 ,  and  SKP593-35  (h +  l eu1 -32  ura4-D18  

o tr1 : :ura4 +  as f1 -30-13myc-kan r )  ce l l s  ha rbor ing  pREP41  o r  pREP41-as f1  o r  

pREP41-s im3  were  d i lu ted  10 - fo ld  f rom 3x  10 6  ce l l s  w i th  s t e r i l i zed  wa te r,  
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and  spo t t ed  on to  EM M  (+ , -5FOA)  .  P la te s  were  incuba ted  a t  26°C ,  32°C ,  

34°C ,  and  36°C  fo r  5  days .  (C)  Overexpress ion  o f  s im3  suppressed  the  

e longa ted  ce l l  shape  and  p reven ted  ce l l  dea th  o f  the  as f1 -30  mutan t .  S K P 620  

(h- l eu1 -32  a s f1 -30 -13m yc-kanM X 6)  ce l l s  ha rbo r ing  pR E P 41  o r  pR E P 41- s im 3  

w e re  s t a ined  w i th  ph lox in  B  and  obse rved  by  m ic roscopy.  

 

Fig .  3 .  as f1 -33  and  ∆ s im3  doub le  mutan t s  were  syn the t i ca l ly  l e tha l .  (A)  

TYP48  (h- as f1 -33 -13myc-hphM X6 l eu1 -32  ura4-D18 )  was  ma ted  w i th  

KT146  (h +  s im3 : :kanM X6 l eu1 -32  ura4-D18 )  on  EM M  (wi thou t  n i t rogen)  fo r  

seve ra l  days  a t  26°C .  Then ,  t e t r ad  ana lys i s  was  ca r r i ed  ou t ,  and  sporu la ted  

ce l l s  were  cu l tu red  on  YES (+G418  and  Hygromyc in  to  se lec t  as f1 -33  ∆ s im3  

doub le  mutan t s .  However,  no  G418  and  Hygromyc in  B  re s i s t an t  s t r a ins  were  

ob ta ined .  (B)  The  s im 3  g ene  w as  d i s rup ted  in  T Y P 48  (h -  

as f1 -33 -13m yc-hphM X 6 l eu1 -32  ura4 -D 18 )  s t r a in s  ha rbo r ing  pR E P 41- s im 3  o r  

pR E P 81- s im 3 .  T hen ,  cu l tu re s  o f  t h i s  s t r a in  (as f1 -33  ∆ s im 3  m u tan t  ha rbo r ing  

pR E P 41- s im 3  o r  pR E P 81- s im 3 ) ,  L 972  (as f1 + ) ,  and  T Y P 48  (as f1 -33  m u tan t )  

ha rbo r ing  pR E P 41  o r  pR E P 41- s im 3  w e re  d i lu t ed  10 - fo ld  f rom  3x  10 6  ce l l s  w i th  

s t e r i l i z ed  w a te r,  and  spo t t ed  on to  E M M  (w i th  o r  w i thou t  2µM t h i am ine ) .  

T h iam ine  r ep re s sed  the  exp re s s ion  o f  s im 3  p a r t l y  i n  pR E P 41 ,  and  com ple t e ly  in  

pR E P 81 .  E ach  p l a t e  w as  cu l tu red  a t  26°C ,  30°C ,  34°C ,  and  36°C  fo r  5  days .  

 

Fig .  4 .  Dele t ion  o f  s im3  caused  pa r t i a l  s ens i t iv i ty  to  DNA rep l i ca t ion  

inh ib i to r,  HU.  Logar i thmica l ly  g rowing  KT146  (h +  l eu1 -32  ura4-D18  

s im3 : :kanM X6)  ce l l s  were  d i lu ted  10 - fo ld  f rom 3x  10 6  ce l l s  w i th  s t e r i l i zed  

wa te r,  and  spo t ted  on to  YES (No  d rug ,  18mg/ml  TBZ 10mM  HU,  5mM  CPT,  

0 .0075%  M M S)  p la te s .  P la te s  were  incuba ted  a t  18 ,  26 ,  30 ,  and  36°C  fo r  3  

days .   
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Ta b l e  1 .   S .  p o m b e  s t r a i n s  u s e d  i n  t h i s  s t u d y  

 

s t r a i n              g e n o t y p e                                                  r e s o u r c e  

 

L 9 7 2               h -                                             L a b  s t o c k  

P R 11 0              h -  l e u 1 - 3 2  u r a 4 - D 1 8                                         L a b  s t o c k  

S K P 6 0 5 - 3 3     h +  l e u 1 - 3 2  u r a 4 - D 1 8  a s f 1 - 3 3 - 1 3 m y c - k a n r                 L a b  s t o c k  

S K P 5 9 3 - 3 3 P    h -  a s f 1 - 3 3 - 1 3 m y c - k a n r                                   L a b  s t o c k  

S K P 5 6 1 - 1 5     h -  l e u 1 - 3 2  u r a 4 - D 1 8  a s f 1 - 1 3 m y c - k a n r                    L a b  s t o c k  

S K P 5 9 3 - 3 4  h +  l e u 1 - 3 2  u r a 4 - D 1 8  o t r 1 : : u r a 4 +  a s f 1 - 3 3 - 1 3 m y c - k a n r              L a b  s t o c k  

S K P 5 5 1 - 1          h + l e u 1 - 3 2 u r a 4 - D 1 8 o t r 1 : : u r a 4 +                              L a b  s t o c k  

S K P 6 2 0           h -  l e u 1 - 3 2  a s f 1 - 3 0 - 1 3 m y c -  k a n r                             L a b  s t o c k  

S K P 5 9 3 - 3 5       h +  l e u 1 - 3 2  u r a 4 - D 1 8  o t r 1 : : u r a 4 +  a s f 1 - 3 0 - 1 3 m y c - k a n r    L a b  s t o c k  

K T 1 4 6              h +  l e u 1 - 3 2  u r a 4 - D 1 8  s i m 3 : : k a n r                                     T h i s  s t u d y  

M B Y 1 8 3 8         h -  l e u 1 - 3 2  u r a 4 - D 1 8  r a d 3 : : u r a 4 +                  M o h a n  B a l a s u b r a m a n i a n  

K T 1 6 6             h -  r a d 2 2 - G F P - k a n r  a s f 1 - 3 3 - 1 3 m y c - k a n r  l e u 1 - 3 2                L a b  s t o c k  

T Y P 4 8             h -  l e u 1 - 3 2  u r a 4 - D 1 8  a s f 1 - 3 3 - 1 3 m y c - h p h r                    t h i s  s t u d y  
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Ta b l e  S１ .   O l i g o n u c l e o t i d e s  u s e d  i n  t h i s  s t u d y  

N a m e               S e q u e n c e  

s i m 3  d 1             T G A AT G C T TA G C C AT G G C T G  

s i m 3  d 2            C G T C G A C C T G C A G C G TA C G AT T T T C G C G TA A C T T T TA A A A AT TAT  

s i m 3  d 3            C G A G C T C G A AT T C AT C G AT G T T G AT C A C A AT TA G T T G A A G T TA G  

s i m 3  d 4    T TA G G A G TA A A G G A G T T G G C  

s i m 3  c h e c k  C TATA G G T G A A C A G C G C TA C  

p FA 6 a - F             T C G TA C G C T G C A G G T C G A C G  

p FA 6 a - R  C AT C G AT G A AT T C G A G C T C G  

c h k  H R  4 2 - 1 4         G C TA G G ATA C A G T T C T C A C A  

s i m 3 - g r c 1   T C G C T T T G T TA A AT C ATAT G T C T T C T G ATA C G A A A A C A C T  

s i m 3 - g r c 2   TA C T G G C A A G G G A G A C AT T C T TA AT C C T T C T T T T T C T TAT C  

P n m t 1  8 0 b p  F   G G C ATAT C AT C A AT T G A ATA  

T n m t 1  8 0 b p  R  TA ATAT G C A G C T T G A AT G G G  
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M ater ia l s  and  m ethods  for supplem entary  F ig .  1 .  

 

Ind i rec t  immuno f luorescence  o f  As f1  pro te ins  

Ind i rec t  immunof luo rescence  was  pe r fo rmed  as  desc r ibed  p rev ious ly  [11 ] .  

Ce l l s  were  incuba ted  in  EM M  (wi thou t  th iamine )  fo r  6h .  Af te r  ce l l  f ixa t ion ,  

ce l l s  were  t r ea ted  w i th  Zymolyase100T (Se ikagaku)  and  Tr i tonX -100 .  Then ,  

b lock ing  bu ffe r  was  added  to  ce l l s ,  and  incuba ted  fo r  seve ra l  hours .  

As f1 -13myc  p ro te ins  were  s t a ined  w i th  an t i -myc  an t ibody  (San ta  Cruz  

B io techno logy,  Inc . )  and  A lexa f luo r  488  goa t  an t i -mouse  IgG  (M olecu la r  

P robes ) .  F luo rescence  o f  Asf1-13myc  p ro te ins  was  obse rved  by  a  confoca l  

l a se r  scann ing  mic roscope  (Le ica  TCS SP-5 ,  Le ica  M ic rosys tems ,  Tokyo) .  

 

Western  b lo t t ing   

Cel lu la r  p ro te ins  were  p repa red  by  a  r ap id  p ro te in  ex t rac t ion  me thod  f rom 

f i s s ion  yeas t  a s  desc r ibed  p rev ious ly  [16 ] .  P repa red  p ro te ins  were  re so lved  

w i th  SDS-PAGE,  and  t r ans fe r red  to  PVDF membrane .  Asf1 -13myc  p ro te ins  

were  de tec ted  w i th  an  an t i -M yc  an t ibody  (San ta  Cruz  B io techno logy,  Inc . ) .  

Tubu l in  p ro te ins  ( load ing  con t ro l )  were  de tec ted  us ing  an  an t i - tubu l in  

an t ibody  (S igma) .  

 

Supplem entary  F ig .1 .   

Overexpress ion  o f  s im3  d id  no t  a ffec t  loca l i za t ion  and  p ro te in  l eve l  o f  Asf1  

mutan t  p ro te ins .  (A)  L972  (No  tag ) ,  SKP561-15  (h -  l eu1 -32  ura4-D18  

as f1 -13myc-kanM X6)  ha rbor ing  pREP41  o r  pREP41-s im3 ,  SKP605-33  (h +  

l eu1 -32  ura4-D18  as f1 -33 -13myc-kanM X6)  ha rbor ing  pREP41  o r  

pREP41-s im3 ,  and  SKP620  (h -  l eu1 -32  as f1 -30 -13myc-kanM X6)  ha rbor ing  

pREP41  o r  pREP41-s im3  were  incuba ted  in  EM M  medium (wi thou t  th iamine )  

a t  26  o C  and  36 o C  fo r  6h .  Ce l l s  were  co l l ec ted  by  cen t r i fuga t ion ,  and  f ixed  

w i th  fo rma ldehyde .  Af te r  t r ea tmen t  w i th  Zymolyase100T and  Tr i tonX-100 ,  

ce l l s  were  incuba ted  in  b lock ing  buffe r.  As f1 -13myc  p ro te ins  were  s t a ined  

w i th  an t i -M yc  an t ibody  and  A lexaf luo r  488  goa t  an t i -mouse  IgG .  

Obse rva t ion  o f  f luo rescence  was  pe r fo rmed  us ing  a  confoca l  l a se r  scann ing  

mic roscope  (Le ica ,  TCS-SP5) .  (B)  L972  (No  tag ) ,  SKP561-15  (h -  l eu1 -32  

ura4-D18  as f1 -13myc-kanM X6)  ha rbor ing  pREP41  o r  pREP41-s im3 ,  
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SKP605-33  (h +  l eu1 -32  ura4-D18  as f1 -33 -13myc-kanM X6)  ha rbor ing  

pREP41  o r  pREP41-s im3 ,  and  SKP620  (h -  l eu1 -32  as f1 -30 -13myc-kanM X6)  

ha rbor ing  pREP41  o r  pREP41-s im3  were  cu l tu red  in  EM M  (wi thou t  

th iamine )  con ta in ing  100  µg /ml  CHX a t  26 o C  and  36 o C  fo r  6h .  Ce l lu la r  

p ro te ins  were  p repa red  a s  desc r ibed  in  M ate r ia l s  and  me thods .  As f1 -13myc  

p ro te ins  were  de tec ted  w i th  an  an t i -M yc  an t ibody.  Tubu l in  was  used  as  a  

load ing  con t ro l .  

 

 



Fig.1	


(A)	


(B)	


vector                       　　　　　 sim3 +	


M  	


MNase	


M  	


MNase	


(C)	


L972 
	
　otr1::ura4/-　　	


　asf1-33 otr1::ura4/-	

asf1-33 otr1::ura4/asf1+ 

	
asf1-33 otr1::ura4/sim3+ 

	


　26oC　　　　　　　　　30oC　　　　　　　　　32oC　　　　　　　　34oC　　　　　　　36oC	


No drug	


5FOA	


L972 
	
　otr1::ura4/-	


　asf1-33 otr1::ura4/-	

asf1-33 otr1::ura4/asf1+ 

	
asf1-33 otr1::ura4/sim3+ 

	


vector      sim3 +	


N
uc

le
ar

 R
ad

22
-G

FP
 fo

ci
 (%

)	
vector                                        sim3 +	


0 

5 

10 

15 

20 



34oC	
 36oC	
32oC	
26oC	


asf1-30 / pREP41	


asf1-30 / pREP41-sim3+	


	


L972	


asf1-30 / pREP41	


asf1-30 / pREP41-sim3+	


	


L972	


-Thi	


+Thi	


 Fig.2	


(A)	


(B)	


 pREP41-sim3+	


	


vector	


36oC	
32oC	
26oC	


(C)	


　26oC　　　　　　　　　30oC　　　　　　　　　32oC　　　　　　　　　34oC　　　　　　　　　36oC	


No drug	


5FOA	


L972 
	


otr1::ura4/-	


asf1-30 otr1::ura4/-	


asf1-30 otr1::ura4/asf1 +	


asf1-30 otr1::ura4/sim3+ 
	


L972 
	


　　otr1::ura4/-	


asf1-30 otr1::ura4/-	


asf1-30 otr1::ura4/asf1 +	


asf1-30 otr1::ura4/sim3+ 
	




No.1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
14 
15 
16 
17 
19 
20 
21 
22 

a              b            c           d 

G418 

a             b           c         d 

HygB 

Fig.3	


L972 (asf1+)	


asf1-33/pREP41-sim3+	


asf1-33 Δsim3/pREP41-sim3+	


asf1-33/pREP41	


26oC	
 34oC	
 36oC	
30oC	


+	


-	


Thi	


(A)	


(B)	


+	


-	


Thi	
26oC	
 34oC	
 36oC	
30oC	


L972 (asf1+)	


asf1-33/pREP41-sim3+	


asf1-33 Δsim3/pREP41-sim3+	


asf1-33/pREP41	


L972 (asf1+)	


asf1-33/pREP81-sim3+	


asf1-33 Δsim3/pREP81-sim3+	


asf1-33/pREP81	


L972 (asf1+)	


asf1-33/pREP81-sim3+	


asf1-33 Δsim3/pREP81-sim3+	


asf1-33/pREP81	




No  drug                 18µg/ml  TBZ              5µM  CPT                  10mM  HU            0.0075% MMS	


18oC 
 
 
 
 
26oC 
 
 
 
30oC 
 
 
 
36oC 

WT 
 
	


WT 
 
	


WT 
 
	


WT 
 
	


  Δrad3	

 Δsim3	


 Δsim3	

  Δrad3	


 Δsim3	


  Δrad3	


 Δsim3	

  Δrad3	


Fig.4	




No tag	


26oC 
 
 
 
 
 
 
 
36oC	


Asf1-WT                        Asf1-33                            Asf1-30	

vector                    sim3	
 vector                    sim3	
 vector                    sim3	


Supplementary Figure. 1	


Asf1	


DAPI	


Asf1	


DAPI	


(A)	


(B)	


‐Thi	

Anti-myc	


Anti-tubulin	


    Asf1-wt                              Asf1-33       　　　                Asf1-30	


26oC　　　　　36oC　　　 　    26oC　       　 36oC　　        26oC　　    　36oC	


vector  sim3	
vector  sim3	
No tag	
 vector  sim3	
 vector  sim3	
 vector  sim3	
 vector  sim3	



	e15542表紙
	e15542

