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Supplementary Methods 
 

Protein secondary structure prediction. Predicted secondary structure of HIRA 

depicted in Supplementary Figure 1a was generated using the PSIPRED secondary 

structure prediction server 1. 

 

Multiple sequence alignment. Alignment for Supplementary Figure 1b was generated 

using Clustal Omega 2 and formatted for better visualization using ESPript version 3.0 3.  

 

SEC-MALS analysis. 20 µl of HIRA(644-1017) (5 mg/ml) was loaded on to WTC-030S5 

column (Wyatt) pre-equibrated with 20 mM HEPES-NaOH (pH 6.8), 10% (v/v) glycerol, 

500 mM NaCl and 2 mM DTT at 0.5 ml/min. DAWN HELEOS II detector (Wyatt) was 

used to measure MALS while the RH-101 detecor (Shodex) was used to detect 

refractive index. Data analysis was performed using ASTRA 6 software (Wyatt). 



	  

Supplementary Table1  
 
Sedimentation equilibrium fit results from SEDPHAT 
 

 

M = monomer, Tr = trimer, SS = single species 

a. Errors were determined by 1000 iterations of Monte-Carlo analysis 
b. Where A is a trimer of HIRA and B is a monomer of CABIN1 
 

Protein Loading 
Concentration 

(µM) 

Rotor 
speeds 
(kxg) 

Model 
fit 

Massa 
(kDa) 

Kd 
(µM) 

 

Global 
Reduced 

χ2 

HIRA 1.6, 3.2, 6.4 2.9,6.5, 
11.6 

SS 115,159 ± 
621 

 0.57 

   M-Tr 42,951 3.2 ± 0.01 0.61 
CABIN1 1.8, 2.7 2.9,6.5, 

11.6 
SS 245,360 ± 

1,586 
 0.73 

HIRA-
CABIN1 

0.38, 0.64, 0.90 1.3,2.9, 
6.5 

ABBBb (3:3) 867,780 Kd1 = 
0.002 
Kd2 = 
0.002 
Kd3 = 9.6 

1.12 

   ABB (3:2) 621,471  Kd1 = 
<0.001 
Kd2 = 
<0.001 

1.31 



	  

Supplementary Table 2 
 
 
Sedimentation equilibrium fitting for HIRA trimer in SEDPHAT 

	  
 
 
 

 

 

 

 

 

 

 

 

 

Fixed LOG(Ka)  X2 Kd (µM) Residuals 
9 2.81 

 
poor 

9.5 1.5 17.7 poor 
10 0.872 10 so-so 
11 0.612 3 ok 
12 0.713 1 ok 
13 0.823 0.3 ok 
14 0.881 0.1 so-so 
15 0.915 0.031 poor 

Float LOG(Ka) X2 Kd (µM) Residuals 
10.904 0.61 3.6 best 
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 360       370       380                              390   

Homo           G                                                     FS  EL   LS EE S I    YGK                                L    QD   DP  E  K R HQST   SLAIM...T....................EAQ ST

Mouse          G                                                     FS  EL   LS EE S I    YGK                                L    QD   DP  E  K R HQST   SLAIM...T....................EAQ ST

Xenopus        G                                                     FS  EL   LS EE N I    YGK                                L    QD   DP  E  K N HQST   SLAIT...T....................EPQ PN

Danio          G                                                     FS  EL   LN EE N I    YGK                                L    QD   DP  E  K A HQNI   SLAIT...M....................ESQ ST

Drosphila       G                                                     FT  EL   IS EE N I    YGK                                     EE   KA  E  Q A IRKM   NYVNG...L....................GK..SA

CElegans       G                                                      S   I   IS E  S L    Y                                     L ESV  EM  N AM D CYQI SIRPPRYELTDKE....EDESQDSFNLSDLSSSANNA

Hir1           G                                                     F   EL   I  E         YG                                 L   ENN   KP PL KNMEQLY.R  VDKDSLDFPESINQLLLEDQTKSFKHTKISTSK GE

Hir2           G                                                     FQ  DL   L   E   L      K                                I    EK   VA PQT IKS QE..VN KLPKLEEPL....................AEQ PK

    400       410       420       430       440             

Homo          P                                                        I   E L                          V  V    S   I K  L       AV EN  M KYQRRQQQQQLDQKSAATREMGSATS AG VNGE LED R NL .......

Mouse         P                                                        I   E L                          V  V    S   I K  L       AV EN  M KYQRRQQQQQLDQKNATTRETSSASS TG VNGE LED R NL .......

Xenopus       P                                                        I   E L                          M  M    S   I K  L       TV EN  M KFQQRQQLQQDGEHMVQAQMEAPIHN AS MNGE LED R NL .......

Danio         P                                                        I   E L                          L  V    S   I K  L       TI EN  M KYQQERQGNQNANVAQGSGPENQTPK TN LNGE LED R NL .......

Drosphila      P                                                        L     L                             L    N   A    I       PV EH QR LLPQGDKPTKF.................P ...S NNE NQRP .......

CElegans      P                                                        V   E V                          L       S     K          SF TC  D LIKRKKLVA........AQQ.SSDIQ TKSMEDN KENES NSEKTMMEER

Hir1          P                                                                                         V                I       ...NH T............LATNSASNQKDNNDAS ...........SRSEH NILIPKR

Hir2          P                                                            E I                             I        V K          ...SF  N KLEESASAA...................P PNDIGRSA G KPT......K

     450       460       470       480       490       500  

Homo      K            G                                             K     Q ET T D RRRITPL I Q     FST     I                      .... V  R A         C A LDTGD   AFFNS PLSGSLAGTMLSSHSSPQLL

Mouse     K            G                                             K     Q ET T D RRRITPL I Q     FST     I                      .... V  R A         C A LDTGD   AFFNS PLSSSLAGTMLSSPSGQQLL

Xenopus   K            G                                             K     Q ET T D RRRITPL I Q     FST     I                      .... V  R A         C A LDTGD   AFFNS PISGSLPGSMMSSQSNQQLI

Danio     K            G                                             K     Q ET T D RRRITPL I Q     FS      V                      .... V  R A         C A LDTGD  PALFNS PIL...PGSSASTQLTPQ.I

Drosphila  K            G                                                   Q ET T D KRRITPM I        S      V                    S .... T  R K         F PLHEDGPT LSM.NI SSSGSS..............

CElegans  K            G                                                   Q D    D KRRIQPV   T      TS     L                    N .... I .VRK         FCG TTADPM  ..... SSEGKK...........T..

Hir1      K            G                                             K     N        KKRV P  I T     FSN                            DAIL KAVTLKS     A TL S SSSSP   GIKKPTLDSKRIEN............

Hir2      K            G                                             K        N Q    K IQ           FNT                            .....TA N TN I T  STS......ME   ..........................

     510       520       530       540        550       560 

Homo                                      K S          L P           PLDSSTPNSFGASKPCTEPVVAASARPAGDSVN D MNATS.TPAA S SVLTTPSKIEP

Mouse                                     K S            P           PLDSSTP.SFGASKPCTEPVAATSARPTGESVS D MNATS.TPAASS SVLTTPSKIEP

Xenopus                                   K S          V P           SLDSNTTSSSGALKSNVE.LVGNNTKPAEETAN E GNVS..SSSP A TSITAQPKIEP

Danio                                     K S                        SSDSNTANSLGLR.PSHDPSTTSPNKTAEE..N D ATAPVNSIGMKSTLLLTSASKIEP

Drosphila                                    S          L P           .........TTALTSCSAAIGTLPAAAP.....TE AATPL...MP E LV....SKI.D

CElegans                                  K            L P           ................VAP...PPA........ .........RKA A AV.........

Hir1                                        S          V             ....NVKSS.......TK............TIN.. KNTLLNVPEG E............

Hir2                                      K            I P           ......PSY............TVPR....DLKR PKEAT....PSN A GS.........

      570       580        590       600       610          

Homo                                               R       S SD   E  MKAFDSRFTERSKATPGAPALTS.MTPTAVERLKEQNLVKEL PRDLLES .  .SD KV

Mouse                                              R       S SD   E  MKAFDSRFTERSKATPGAPSLTS.VIPTAVERLKEQNLVKEL SREL.ES .  .SD KV

Xenopus                                            K       S SD   E  MKALDSRFTERSKATSGTAGVAH.LNQTAVDRLKEQNVTKDS PRV.VES .  .SE KI

Danio                                              K       S SD   D  MKALDSRFTERSKATPGVTSVPITIGITPLDRAKDSSSVKEP G..KDET .  .SE KI

Drosphila                                           R       S S       LGRLDSRLKT....QPASQRR....QSLPFDPGQSNELLRTP L..EEHQ . T......

CElegans                                           K       S SD   D  ..................PA.....................K GEVDLED .  .SD DD

Hir1                                               K       S SE   D  ....................KKISISSFPLPRLGIHSLIMGT ERSAWKI N  LEN DA

Hir2     ............................................................

620       630        640       650        660       670      

Homo                  EL  VE V               M VSL V      T       L  PLAKASSLSKRKL  E.  T EKKKKGRPRKDS.RL P   S QSPAAL AEKEAMC SA

Mouse                 EL  VE V               L MSL V      S       L  HLAKPSSLSKRKL  E.  T EKKKKGRPRKDS.RL P   S QSPAAL TEKEAMC SA

Xenopus               EA  AD A               M VSL V      T       V  PASK..QLSKRKG  D.  L EKRKKGRPRKESQRL S   T QSQVAS SEKELTC TT

Danio                 EI   E V               M IS         S       L  MN.KTLSMAKRKG  EGG V EKRKKGRPRKDAKMM P  QPFPQT.PV VKEELPR AT

Drosphila                                        NL V      T          ...................................CSPS  N T....A GKSEF...VK

CElegans              EI  IE V               L L L                L  EE......EEEDM  SD  S RNKKRKVPATTSQPM A D KKPALRPME....PKS KT

Hir1                   I  I  L               M LNA L      S       L  DNAGGKGSDGTSNS DD AV SEEENDF......HR T   K TQEKIW EEPTTRC LQ

Hir2                  EL  ID L                   L L                 ........KKQKK  QP  F D................TG L P..............NT

 680       690       700       710                          

Homo       L LKL  P         V S   M IEV N V    G  L                  PA A   PI SPQRAFTLQ S DPS Y   E E TVVG VK S.................

Mouse      L LKL  P         V S   M IEV N V    G  L                  PA A   PI GPQRAFTLQ S DPS Y   E E TTVG IR S.................

Xenopus    L LRL  P         L S   M IEV N V    G  L                  SS T   PT TPQKSFTLQ S DPS Y   E E KTVG NK S.................

Danio      V LKL  P         V T     LEV N V    G  L                  PA V   PT SIQKSFSTQ G DAVTY   E E SVVS AR S.................

Drosphila   L  RL            V N           L    G  A                  AA DY  H........... S G.........H KTQH ML K.................

CElegans     V M  P         V     M VEI N      G                     QEGT L EA EQQPKLSQH VDRKG F   D RWKHG. VETTQIKLIKKKQQTAENEDD

Hir1       V      P               A LEI N V                          SD I..... DTDVVVLEGGSLDDI V   R G ERSIQ..FDSEAL..........LDN

Hir2         IRL  P           N   L LDV N         I                  SFSR   AT KIRSTFKYSPI NPN I   K GSGNEQRPT ..VKL.............

 720       730       740       750           760        770 

Homo                                                         G                    WE  L S IL AA S D   V C      R L VFS     RLL  I...RLKCNREGKE  TV T R  T  G C VVC A E....K M S   .TC R   SP 

Mouse                                                        G                    WE  L S VL AA S D   V C      R L VFS     RLL  I...RLKCNREGKE  TV S R  T  G C VVC A E....K M S   .TC R   PP 

Xenopus                                                      G                    WE  L S IV AA S E   V C      R L IFS     RI   I...QLKCHREGKE  AV T R  A  G K VVC A E....K M S   .GS R  FPP 

Danio                                                        G                    WD  L S II A  S D   V C      R L VFT     RLI  I...QLKWRREGRE  TL P R  I TG S VVA A E....D T S   .AC R   PS 

Drosphila                                                     G                    WE  V S LV  L   E   M C      R I M        V   I...VTASDSKEML  FY G P  N. NLC KYA L SLDGSM L S ...ET CP FPA 

CElegans                                                     G                    W   L S VI VA N     L C      K L VY      HIV   MMDGERRVNHECL MAV G P  I  A KHNVV G G....D C R  RTFC T   SLR

Hir1                                                         G                     E  I   II AI S D              I I S       I  IPTRILGYQGGKRTI TF PEV  C  G K CKCWCLASA..NGS Y L .YN QQR PK 

Hir2                                                         G                    F   I   I                      I IYS     KLM  L..TSKVLDQDQVL QDF PKL TICTAGDTFWSFCSE....DGS Y   .DS R   AP 

      780           790       800       810        820      

Homo                           L        W                             LP  IS L      T  YVMA T    L V DV    VVV    L   IL GS  TV QL  SP  T HC.... GS      AAAT S    HRQV   KEES H.S  A  DM  S 

Mouse                          L        W                             LP  IS L      T  YVMA T    L V DV    VVV    L   IL GS  TV QL  SP  T HC.... GP      AAAT S    HRQV   KEES H.S  S  DM  S 

Xenopus                        L        W                             LP  IS L      T  YVMA T    L V DV    III    L   LL GN  TV QI  SP  T QC.... GS      AAAA S    QNQN   KNES Q.P  S  DL  S 

Danio                          L        W                             LP  MS L      S  FVMA      L V DV    ALV    L   IL GT  TV QM  AP  A HC.... GH     MASAT S    QKQT   KNES N.P  S  DA  S 

Drosphila                       L        W                             L    S V          V V T    L I DI    V L    L   L      TA QS TS.. A HCAFSPDNSL G   ECGL R    AKKV S AAGC E.L ..NKHG  A 

CElegans                       L        W                                 L  L      T   A A T    L    L    AVV    L   V   T  SL S..... DS PVLIGV EHA Y   ENGR ST N KLGK   TRQP FDC EAS DN  I 

Hir1                           L        W                             LG  V  M      S  YLLV T      A DL    LVL    I   IL GQ      C  HK IK ....VT SK      ERGLFF    LDLK   RNVP L.P  N  PIHGNK

Hir2                           L        W                             LG  IS L         YLL  T    L    I    LA     I   LL PS      V  VS  F EA....CGT   C  SIGE YC N EQKK  FPTNT Y.P  N  LRYSD.

            830       840       850       860               

Homo                                           W                       L           T  GIPVM  S G  Y FN SL T  LV                  IL ........... QH     NL D KA C  P  S  N  SDKQDSLAQ.........

Mouse                                          W                       L           T  GIPVM  S G  Y FN SL T  LV                  IL ........... QH     NL D KA C  P  S  N  SDKQDSLAQ.........

Xenopus                                        W                       L           T  GIPVL  S G  Y FS SL T  LV                  TL ........... KR     SL N KA C  P  S  S  SDKQDSLAQ.........

Danio                                          W                       I           T  GV VV  S G  Y FN SL T  LI                  SL ........... QQ  A  SL N KT C  S  E  N  ADKQDSLVQ.........

Drosphila                                       W                       V           T  GMPLI    G  Y YS SL S  VL                  FS ........... NQ     GFPS NS S  T  Q  L  ATKDAIMYH.........

CElegans                                       W                       V           S  GVPLI  S G  F FN SL     A                  AD ........... ET     VF N SI T  V  SC IQ ITTNVLGRL.........

Hir1                                           W                       I           S   L L        Y WT  L    L                   VR NKVIKCFRLDG SCD L EVGDPKNV K  KD GC S YK.................

Hir2                                           W                       L           T  GVPLV  S G  Y F  NM T  LV                  DI TRAENITLCSI KK     TL N DG L DK  E  L  SDGWWAYGSQYWDTTNTT

                       870                880       890     

Homo                               R         L   Q D M   GPLA    R  N........C..............ADF .S......S PS. . A LCS    INQG TS 

Mouse                              R         L   Q D M   GPLA    R  N........C..............ADF .N......S PS. . A LCS    IIQG TS 

Xenopus                            R         M   Q D V   GPLA    R  N........C..............ADY .S......C PS. . A MCS    IIQG VS 

Danio                              R         L   Q D L   GPLA    R  S........C..............ADF .N......C SS. . V GSM    LTQG NL 

Drosphila                           R         L     D M    PLL       N........................GI .G......T PR.DM Q QQKF   SMQASSQ 

CElegans                                     L   S       GPLV    R   ........T..............SPISDA......Q SC. NGTTNSA    RLLK MRK

Hir1     ............................................................

Hir2                               K         L   T D L   G       R  NGLSSSKANTDSFNGSESNINEIVSDI NDNQSIINF ECK N E NRK ....... IK 

   900        910       920       930       940       950   

Homo              L      V     L  LEN V     L S  EY H LLVY   L   G E SG.RQAAR. FSVPHV QQETT AY   Q AAALT Q SH  R W    ARY VNE F Y

Mouse             L      V     L  LEN V     L S  EY H LLLY   L   G E SG.RQAAR. FSVPHV QQETT AY   Q AAALT Q SH  R W    ARY VNE F Y

Xenopus           L      V     M  LEN V     L S  EY H LLIY   L   G E AG.RQAAH. FTMPHL QKETT AY   Q AAALM Q SQ  R W    AQY VNE F Q

Danio             L      L     L  LEN L     L S  EY H LLIY   L   G E AG.RLASR. SSTPHH QQGMT AF   Q SSALM L AS  R W    ARF VNE Y H

Drosphila                       I  IEN I     L S  E  H   M    L   G E YFSFTGSM.ELRHSESWQQCAK RF   Q KLCEA Q LD LQ WHK LTFQ ATH S K

CElegans          A      V        LEQ L     L N  DY   LMLY   L   G E QA....T.. PGVAPQ VKAVKESQ   L HCAEQ G PQ  QTM    VET CEG S K

Hir1     ............................................................

Hir2              M      M     L  LEN I     L    EF K MMVY   L   G   LQRFARTIL KEGFEN EEIVT SH   K LISIR EEPE  S L    CIR SEL YMD

    960        970       980       990        1000      1010

Homo     RLR I  DL            W      L K  LL  LL VI        QRL T        E CK  LGPVHY.STGSQ ESTVVG R RE  KE  P  GQNLR..F   F ECQEQ

Mouse    RLR I  DL            W      L K  LL  LL VI        QRL T        E CK  LGPVHC.STGSQ ESTVVG R RE  KE  P  GQNLR..F   F ECQEQ

Xenopus  RLR V  DL            W      L K  LL  LL LI        QRL T        E CQ  LGPVHR.SSDSQ ESRILG W RE  KE  P  GQNLR..F   F EYQEQ

Danio    RLR L  DL            W      L K  LL  VL VI        QRL T        E CQ  LGPVHK.SSSSS ESTVLG R RD  TE  P  GQNLR..F   F EYQDQ

Drosphila RMR    DL            F      V K  LM  VL  L        NRL S        VFLD  LSMPEP.GIS.Q ...... P LE  QC  DT KPHSE..W   H EYTEL

CElegans KLK I  DL                   L R  L   V  MI         RI          N LN  SRSGAP........MQVCG R SA YDD TR  KLKQPAIAA  VA.....

Hir1     ............................................................

Hir2     RL  V   L            F        K  LL  IL A         QRV T       ND FQW YDDLPISGTGSA AD...KDF RN  KK  I CGDIRQ..V   T RYAKE

                                                            

Homo     L IL                                                         D  RDK.....................................................

Mouse    L IL                                                         D  RDK.....................................................

Xenopus  L IL                                                         D  RDK.....................................................

Danio    L LL                                                         E  RLK.....................................................

Drosphila L                                                            KECKSERQKDIFATPAPPQQKTASSAGSSPRSGEATGEEVTEKDGATAVAAAVVAGSRM

CElegans   VA                                                        .G  ASTTTKSLF...............................................

Hir1     ............................................................

Hir2     M II                                                         N  S.......................................................

 720       730       740       750           760        770 

Homo                                                         G                    WE  L S IL AA S D   V C      R L VFS     RLL  I...RLKCNREGKE  TV T R  T  G C VVC A E....K M S   .TC R   SP 

Mouse                                                        G                    WE  L S VL AA S D   V C      R L VFS     RLL  I...RLKCNREGKE  TV S R  T  G C VVC A E....K M S   .TC R   PP 

Xenopus                                                      G                    WE  L S IV AA S E   V C      R L IFS     RI   I...QLKCHREGKE  AV T R  A  G K VVC A E....K M S   .GS R  FPP 

Danio                                                        G                    WD  L S II A  S D   V C      R L VFT     RLI  I...QLKWRREGRE  TL P R  I TG S VVA A E....D T S   .AC R   PS 

Drosphila                                                     G                    WE  V S LV  L   E   M C      R I M        V   I...VTASDSKEML  FY G P  N. NLC KYA L SLDGSM L S ...ET CP FPA 

CElegans                                                     G                    W   L S VI VA N     L C      K L VY      HIV   MMDGERRVNHECL MAV G P  I  A KHNVV G G....D C R  RTFC T   SLR

Hir1                                                         G                     E  I   II AI S D              I I S       I  IPTRILGYQGGKRTI TF PEV  C  G K CKCWCLASA..NGS Y L .YN QQR PK 

Hir2                                                         G                    F   I   I                      I IYS     KLM  L..TSKVLDQDQVL QDF PKL TICTAGDTFWSFCSE....DGS Y   .DS R   AP 

      780           790       800       810        820      

Homo                           L        W                             LP  IS L      T  YVMA T    L V DV    VVV    L   IL GS  TV QL  SP  T HC.... GS      AAAT S    HRQV   KEES H.S  A  DM  S 

Mouse                          L        W                             LP  IS L      T  YVMA T    L V DV    VVV    L   IL GS  TV QL  SP  T HC.... GP      AAAT S    HRQV   KEES H.S  S  DM  S 

Xenopus                        L        W                             LP  IS L      T  YVMA T    L V DV    III    L   LL GN  TV QI  SP  T QC.... GS      AAAA S    QNQN   KNES Q.P  S  DL  S 

Danio                          L        W                             LP  MS L      S  FVMA      L V DV    ALV    L   IL GT  TV QM  AP  A HC.... GH     MASAT S    QKQT   KNES N.P  S  DA  S 

Drosphila                       L        W                             L    S V          V V T    L I DI    V L    L   L      TA QS TS.. A HCAFSPDNSL G   ECGL R    AKKV S AAGC E.L ..NKHG  A 

CElegans                       L        W                                 L  L      T   A A T    L    L    AVV    L   V   T  SL S..... DS PVLIGV EHA Y   ENGR ST N KLGK   TRQP FDC EAS DN  I 

Hir1                           L        W                             LG  V  M      S  YLLV T      A DL    LVL    I   IL GQ      C  HK IK ....VT SK      ERGLFF    LDLK   RNVP L.P  N  PIHGNK

Hir2                           L        W                             LG  IS L         YLL  T    L    I    LA     I   LL PS      V  VS  F EA....CGT   C  SIGE YC N EQKK  FPTNT Y.P  N  LRYSD.

            830       840       850       860               

Homo                                           W                       L           T  GIPVM  S G  Y FN SL T  LV                  IL ........... QH     NL D KA C  P  S  N  SDKQDSLAQ.........

Mouse                                          W                       L           T  GIPVM  S G  Y FN SL T  LV                  IL ........... QH     NL D KA C  P  S  N  SDKQDSLAQ.........

Xenopus                                        W                       L           T  GIPVL  S G  Y FS SL T  LV                  TL ........... KR     SL N KA C  P  S  S  SDKQDSLAQ.........

Danio                                          W                       I           T  GV VV  S G  Y FN SL T  LI                  SL ........... QQ  A  SL N KT C  S  E  N  ADKQDSLVQ.........

Drosphila                                       W                       V           T  GMPLI    G  Y YS SL S  VL                  FS ........... NQ     GFPS NS S  T  Q  L  ATKDAIMYH.........

CElegans                                       W                       V           S  GVPLI  S G  F FN SL     A                  AD ........... ET     VF N SI T  V  SC IQ ITTNVLGRL.........

Hir1                                           W                       I           S   L L        Y WT  L    L                   VR NKVIKCFRLDG SCD L EVGDPKNV K  KD GC S YK.................

Hir2                                           W                       L           T  GVPLV  S G  Y F  NM T  LV                  DI TRAENITLCSI KK     TL N DG L DK  E  L  SDGWWAYGSQYWDTTNTT

                       870                880       890     

Homo                               R         L   Q D M   GPLA    R  N........C..............ADF .S......S PS. . A LCS    INQG TS 

Mouse                              R         L   Q D M   GPLA    R  N........C..............ADF .N......S PS. . A LCS    IIQG TS 

Xenopus                            R         M   Q D V   GPLA    R  N........C..............ADY .S......C PS. . A MCS    IIQG VS 

Danio                              R         L   Q D L   GPLA    R  S........C..............ADF .N......C SS. . V GSM    LTQG NL 

Drosphila                           R         L     D M    PLL       N........................GI .G......T PR.DM Q QQKF   SMQASSQ 

CElegans                                     L   S       GPLV    R   ........T..............SPISDA......Q SC. NGTTNSA    RLLK MRK
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Supplementary Figure 1. HIRA secondary structure and sequence conservation. a Predicted secondary
structure for the human HIRA protein generated using the PSIPRED server (http://bioinf.cs.ucl.ac.uk/psipred/).
Three different structures matching the C domain are identified: a β-strand (aa 661-872), a loop (aa 873-904) and
a α-helical (aa 905-1017) domains. b Multiple sequence alignment depicting conservation among Homo sapiens (Hs)
HIRA, Mus musculus (Mm) HIRA, Xenopus laevis (Xl) HIRA, Danio rerio (Dr) HIRA, Drosophila melanogaster (Dm)
HIRA, Caenorhabditis elegans (Ce) HIRA, Saccharomyces cerevisiae (Sc) Hir1, and Saccharomyces cerevisiae (Sc)
Hir2. Alignment represents human HIRA residues 619-895 and was performed with Clustal Omega and formatted for
visualization with ESPript version 3.0. Highly conserved amino acids are shown in red boxes. Star indicates amino
acid subjected to mutagenesis in our study. The conserved AT-hook motif (aa 640-648) is boxed in green. 
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Supplementary Figure 2. HIRA sedimentation properties. a Representative gel of analytical ultracentrifuge input
samples for HIRA(661-1017), CABIN1 FL, and HIRA-CABIN1 complex from size-exclusion chromatography.  b (Left)
Sedimentation equilibrium performed with HIRA(661-1017) alone, three protein concentrations (0.3, 0.5, and 0.7 OD
A280) were analyzed at three speeds (2898, 6520, and 11591 xg). (Middle) Sedimentation equilibrium performed
with CABIN1 alone, three protein concentrations (0.2, 0.4, and 0.6 OD A280) were analyzed at three speeds (2898,
6520, and 11591 xg). (Right) Sedimentation equilibrium performed with the HIRA-CABIN1 complex, three different
protein concentrations (0.3, 0.5, and 0.7 OD A280) were analyzed at three different speeds (1288, 2898, and 6520 xg).
These data were fit using the ideal fitting model with the program HeteroAnalysis. 



d

c

Supplementary Figure 2. HIRA sedimentation properties. c Sedimentation equilibrium analysis of HIRA(661-1017),
CABIN1 (FL) and the HIRA-CABIN1 complex under the same experimental conditions but fit using the program
SEDPHAT.  d Sedimentation velocity analysis for HIRA(661-1017), CABIN1 FL, and the HIRA-CABIN1 complex
conducted at a centrifugation speed of 141,995 xg . Proteins were analyzed in buffer containing either 300 mM (top)
or 150 mM NaCl (bottom). Data were analyzed using SEDFIT to generate a continuous c(s) distribution to monitor
the presence of discrete populations in solution. 
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Supplementary Figure 3. Size exclusion analysis of HIRA(661-1017) constructs. a Superdex 200 fractionation of
GST-HIRA(661-1017) WT and GST-HIRA(661-1017) Δ759-782. b Superdex 200 size-exclusion chromatograms of
GST-HIRA(661-1017) WT and GST-HIRA(661-1017) Δ759-782. c Superdex 200 fractionation of GST-HIRA(661-1017)
WT and GST-HIRA(661-1017) W799A-D800A. d Superdex 200 size-exclusion chromatograms of GST-HIRA(661-1017)
WT and GST-HIRA(661-1017) W799A-D800A. e Superdex 200 fractionation of HIRA(661-1017) WT. f Superdex 200
size-exclusion chromatograms of HIRA(661-1017) WT.
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Supplementary Figure 4. a HIRA(W799A-D800A) interacts less efficiently with CABIN1 than the HIRA wt
protein. We used nuclear extracts from U2OS cells expressing both YFP-tagged and HIRA-HA proteins for anti-GFP
immunoprecipitation and showed the corresponding Western blots. Input corresponds to 10% of nuclear extract
used for each experiment. b Comparable protein stability for HIRA-YFP wt and mutant (W799A-D800A).
Non-transfected (Left) and transfected (Right) U2OS cells were treated with cycloheximide (50 μg/ml) during the
indicated times before preparing whole-cell extracts and analysis by Western blotting. c Both HIRA-YFP wt and
mutant (W799A-D800A) proteins interact with H3.3. We performed anti-HA or control immunoprecipitations using
nuclear extracts from transfected HeLa H3.3-SNAP-HA cells expressing either YFP, HIRA-YFP wt or mutant
(W799A-D800A). The co-immunoprecipitation of YFP proteins with H3.3-SNAP-HA was analyzed by Western
blotting. Input corresponds to 10% of nuclear extract used for each experiment.
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Supplementary Figure 5. HIRA interaction with CABIN1: co-immunoprecipitation, sedimentation equilibrium
and size-exclusion analysis. a YFP constructs of human HIRA and mutants. Star indicates single amino acid
substitution with alanine. The co-immunoprecipitation efficiency of endogenous CABIN1 (CABIN1 coIP) is indicated for
each construct, « + » means that the efficiency of coIP is similar to the one obtained with the wt HIRA construct and
« - » means that the efficiency of the coIP is decreased. b Western blot analysis of anti-GFP-immunoprecipitates from
U2OS nuclear extracts expressing YFP-tagged proteins. Input corresponds to 10% of nuclear extract used for each
experiment. c Sedimentation equilibrium performed with HIRA(661-1017) Δ873-904 alone, three protein concentrations
(0.3, 0.5, and 0.7 OD A280) were analyzed at three centrifugation speeds (6000, 9000, and 12000 RPM). d Superose 6
size-exclusion chromatograms of CABIN1 FL, CABIN1 FL + HIRA(661-1017) and CABIN1 FL + HIRA (661-1017)
Δ873-904 related to figure 3d.
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Supplementary Figure 5. HIRA interaction with CABIN1: co-immunoprecipitation, sedimentation equilibrium
and size-exclusion analysis. e Superose 6 fractionation of recombinant protein CABIN1 FL in combination with
different HIRA constructs: aa 661-1017 (β-strand+loop+α-helical), aa 661-1017 mutant (FRL870-71-74AAA), aa
661-872 (β-strand+loop) and aa 873-1017 (loop+α-helical). The dashes indicate the fractions in which free CABIN1 
FL elutes. Input corresponds to protein at the concentration that it was loaded onto the Superose 6 column.
f Superose 6 size-exclusion chromatograms of CABIN1 FL, CABIN1 FL + HIRA(661-1017) and CABIN1 FL +
HIRA(661-1017) (FRL870-71-74AAA) (Left) and of CABIN1 FL + HIRA(661-872) and CABIN1 FL + HIRA(873-1017)
(Right). 
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Supplementary Figure 6. Size-exclusion analysis and homotrimer formation of HIRA(644-1017). a HiLoad
16/600 Superdex 200 pg size-exclusion chromatograms for HIRA(644-1017). b HiLoad 16/600 Superdex 200 pg
fractionations of HIRA(644-1017). c Representative SDS-PAGE gel of HIRA(644-1017) and Se-Met HIRA(644-1017)
used for SEC-MALS or crystallization. d SEC-MALS analysis for HIRA(644-1017). Line indicates measured
differential refractive index (left axis) and dots indicated molar masses (right axis). e The electron density maps
showing the stereo image of HIRA(644-1017). 2mFo-DFc electron density map (blue) of the interface between
subunits A (yellow and pink) and B (cyan) of HIRA(644-1017) at 2.45 Å resolution. The density was contoured at 1σ.
The mFo-DFc simulated annealing (SA)-omit map for Trp799 in subunit A and Leu851 in subunit B is shown in green.
The density was contoured at 3σ, Yellow dashed line indicates the interaction between Trp799 and Leu851.
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Supplementary Figure 7. Expression and activity of HIRA wt and mutants in cells. a Expression of HIRA-YFP
constructs in U2OS cells. Enlarged images of one selected cell are presented. Scale bar, 10 μm. At the bottom right,
a scheme of the AT-hook mutant is shown. Amino acids substituted with alanines are indicated in red. b Western
blot analysis of cytosolic extracts (CE), nuclear extracts (NE) and chromatin fractions (ChF) from control and HIRA KO
HeLa H3.3-SNAP-HA cells. c Visualization of new H3.3 deposition (TMR) by Quench-Chase-Pulse (QCP) experiment
and endogenous HIRA by immunofluorescence in control and HIRA KO HeLa H3.3-SNAP-HA cells. d Graphs of the
QCP experiments shown in figure 5b including the results for the control HeLa H3.3-SNAP-HA cell line.

HIRA

Merge

HIRA KOCont
HeLa H3.3-SNAP-HA

a

b

HIRA
UBN1
CABIN1

CAF-1 p60
CAF-1 p150
DAXX
ASF1a

H3.3-SNAP-HA
Tubulin

5 10 5 105 105 105 105 10
KO KO KO ContCont Cont

μg

TM
R

 / 
TM

R
 N

on
-tr

an
sf

ec
te

d
H

IR
A 

KO
 ra

tio

TMR fluorescence

0.5

1

1.5

2

2.5

3

3.5

0
- wt A799-800-

Cont HIRA KO

*** ? 

HeLa H3.3-SNAP-HA
CE NE ChF

A799-800 K227 D461Δ862-962wt

DAPI

HIRA-YFP

10
20

30

40

50

60
70

0

80

- wt A799-800
Cont HIRA KO

-%
 c

el
ls

 w
ith

 H
3.

3 
de

po
si

tio
n 

pr
of

ile

640-KKAAGAPAA-648
     

WD40 B C
AT-hook mut YFPHIRA

d

c
 QCP

α
-H

A

-115

-25

kDa

-140

-50

-65

-115

-140

-40

-240



b

a

ds
D

N
A

be
ad

s
in

pu
t

ss
D

N
A

CABIN1

RPA3 

ASF1a

RPA1

HIRA

UBN1

Supplementary Figure 8. a Two schematic models of the 3(HIRA):2(CABIN1) complex formation. The first model is
based on the fact that the third molecule of CABIN1 is unable to bind HIRA due to steric occlusion (Left). The second
one proposes that the third molecule of CABIN1 is unable to bind due to one HIRA loop being burried, or another
structural rearrangement making the third HIRA subunit inaccessible for CABIN1 binding (Right). b The HIRA complex
binds both ds and ssDNA. dsDNA fixed on magnetic beads was treated with NaOH 0.2 M to get ssDNA fixed on
magnetic beads. For the DNA binding assay, mock, dsDNA or ssDNA beads were incubated with 16 μg of nuclear
extracts from U2OS cells and bound proteins were analyzed by Western blotting. RPA1 and RPA3 blots served as
ssDNA binding protein controls.
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Supplementary Figure 9. Uncropped Western blots for Fig.1 

for Fig.1b

for Fig.1d

for Fig.1c
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Supplementary Figure 10. Uncropped Western blots for Fig. 2 

for Fig. 2c

for Fig. 2b
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Supplementary Figure 11. Uncropped Western blots for Fig. 3 and Fig. 6 

for Fig. 3b

for Fig. 6b
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