
 

 1 

 
Supplementary Figure 1 │ Characterization of Ssb1-A577K (Ssb1*). (a) The A577K 
mutation within Ssb1 (Ssb1*) enhances recognition by αSsb. Aliquots of total protein 
extracts derived from galactose-grown wild type or Δssb1Δssb2 strains expressing His6-
Ssb1, His6-Ssb1-ΔNES, or His6-Ssb1* (Supplementary methods) were analyzed via 
immunoblotting using αSsb or αHis6. (b) Ribosome-binding of Ssb1* under low-salt (LS) 
and high-salt (HS) conditions analysed by immunoblotting using αSsb and αRpl24. (c) 
Complementation of the Δssb1Δssb2 deletion by Ssb1*. Log-phase cells of wild type, 
Δssb1Δssb2, and Δssb1Δssb2 strains complemented with plasmids encoding for Ssb1 or 
Ssb1* were spotted onto YPD plates and were incubated as indicated. The paromomycin 
concentration in plates (+ paro) was 25 µg ml-1. (d) αSsb recognizes crosslinks to Ssb1* 
more efficiently than crosslinks to wild type Ssb. Total extracts of Δssb1Δssb2 expressing 
either Ssb or Ssb1* were crosslinked with BS3 (+ BS3). As a control an aliquot was 
incubated without BS3 (- BS3). Samples were then split and were analyzed via 
immunoblotting using αSsb or αSse1. Ssb-Sse1 indicates the prominent crosslink 
product between Ssb/Ssb1* and Sse1. (e) The crosslinking pattern of wild type Ssb and 
Ssb1* is similar. Crosslinking was performed in total cell extracts of wild type or Ssb1* 
strains. Aliquots were analyzed via immunoblotting using antibodies directed against 
Rpl35, Rpl39, or Rpl19 as indicated. Crosslink products between Ssb/Ssb1* and 
ribosomal proteins (Ssb/Ssb1*-XL) are indicated with red asterisks. (f) The BS3 crosslink 
between Ssb and Rpl35 runs as double band. Total extracts of Δssb1Δssb2 expressing 
Ssb1* or Δssb1Δssb2Δrpl35aΔrpl35b expressing Ssb1* and Rpl35a-FLAG 
(Supplementary methods) were crosslinked with BS3. Samples were analyzed via 
immunoblotting using αRpl35. The crosslinks between Ssb1* and Rpl35a or Rpl35a-
FLAG, respectively, are boxed in red.  
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Supplementary Figure 2 | Multiple sequence alignment of Ssb family members 
and cytosolic Hsp70s. Domain boundaries and secondary structure elements 
based on the crystal structure of CtSsb are depicted on the top. Ct: Chaetomium 
thermophilum, Sc: Saccharomyces cerevisiae, Cg: Chaetomium globosum, An: 
Aspergillus nidulans, Sp: Schizosaccharomyces pombe, Hs: Homo sapiens, Ec: 
Escherichia coli. 
  

                                                                           .....           

CtSsb       1           GIDLGTT SCV            N  G   TPS    T   E L G  AK Q   NP NT F  K     RLIGR   D         GAI       Y   A Y    VEIIA EQ N T   FV F E   R I EA  N AAM     I DV           RF    MAEEVYD               V EGTN          F      S   N.                A       .....       D P T

ScSsb1      1           GIDLGTT SCV            N  G   TPS    T   E L G  AK Q   NP NT F  K     RLIGR   D         GAI       Y   A Y    VEIIA EQ NR    FVAF     R I DA  N AAL     V DA           RF    MAEGVFQ               T ESS.           V        PE.                R       .....       D E S

ScSsb2      1           GIDLGTT SCV            N  G   TPS    T   E L G  AK Q   NP NT F  K     RLIGR   D         GAI       Y   A Y    VEIIA EQ NR    FVAF     R I DA  N AAL     V DA           RF    MAEGVFQ               T ESS.           V        PQ.                R       .....       D E S

CgSsb       1           GIDLGTT SCV            N  G   TPS    T   E L G  AK Q   NP NT F  K     RLIGR   D         GAI       Y   A Y    VEIIA EQ S T   FV F E   R I EA  N AAM     V DV           RF    MADEVYD               T EGTN          F      S   D.                V       YGSLG       D P T

AnSsb       1           GIDLGTT SCV            N  G   TPS    T   E L G  AK Q   NP NT F  K     RLIGR   D         GAI       Y   A Y    VEIIA EQ S T   FV F D   R I EA  N AAM     I DI           RY    MSDEVYE               N EGTN          Y      S   K.                Q       .....       E P I

SpSks2      1           GIDLGTT SCV            N  G   TPS    T   E L G  AK Q   NP NT F  K     RLIGR   D         GAI       Y   A W    VEII  DQ  RT   FVAF E   R V DA  N AAM     V DA           RY    .MSEVYE               V ETAN    P    A           T.                R       .....       E P E

CtSsa       1           GIDLGTT SCV            N  G   TPS    T   E L G  AK Q   NP NT F  K     RLIGR   D         PAV       Y     F     EIIA DQ NRT   FVAF D   R I DA  N VAM     V DA           KF    .....MA              GV REDRC                    T.                H       .....       S P E

ScSsa1      1           GIDLGTT SCV            N  G   TPS    T   E L G  AK Q   NP NT F  K     RLIGR   D          AV       Y   A F    VDIIA DQ NRT   FVAF D   R I DA  N AAM     V DA            F    .....MSK              H ANDR                     T.                S       .....     N N P E

HsHspA1A    1           GIDLGTT SCV            N  G   TPS    T   E L G  AK Q   NP NT F  K     RLIGR   D          AI       Y     F    VEIIA DQ NRT   YVAF D   R I DA  N VAL     V DA           KF    ...MAKAA             GV QHGK                     T.                Q       .....       G P V

HsHsc70     1           GIDLGTT SCV            N  G   TPS    T   E L G  AK Q   NP NT F  K     RLIGR   D         PAV       Y     F    VEIIA DQ NRT   YVAF D   R I DA  N VAM     V DA           RF    ...MSKG              GV QHGK                     T.                T       .....       D A V

EcDnaK      1           GIDLGTT SCV            N  G   TPS    T   E L G  AK Q   NP NT F  K     RLIGR   D          II           A        VL      RT    IAY       V       AV      L  I           RF    .....MGK         N    IMDGTTPR  E AE D     I    QDG T   QP  R   T  Q    A  .....       Q E E

                                                                           .....           

                                                                                           

CtSsb      86    D    PF             V              S  VL KMK   E      V  AV TVPAYF D QR ATKDAG I G  V R IV   M  W  KVVD   G P V   Y G THTFSP EI  M  T   EIA   LG       I      N N  Q      A A LN L   KK  ES       D.N N K E Q L Q      Q   A           TK  KK EK                               

ScSsb1     85    D    PF             V              S  VL KMK   E      V  AV TVPAYF D QR ATKDAG I G  V R IVQ  M  W  KVID   G P I   Y  ETKTFSP EI  M  T   EIA   IG       I      N    Q      A   LN L    K  KT       V.D N V E Q LE       Q   A           AK  KK EK           A           S       

ScSsb2     85    D    PF             V              S  VL KMK   E      V  AV TVPAYF D QR ATKDAG I G  V R IVQ  M  W  KVID   G P I   Y  ETKTFSP EI  M  T   EIA   IG       I      N    Q      A   LN L    K  KT       V.D N V E Q LE       Q   A           AK  KK EK           A           S       

CgSsb      91    D    PF             V              S  VL KMK   E      V  AV TVPAYF D QR ATKDAG I G  V R IV   M  W  KVVD   G P V   Y G THTFSP EI  M  N   DIA   LG       I      N N  Q      A   MN L   KK  ES       DGN N K E Q L S      Q   A           VK  KK EK                       S       

AnSsb      86    D    PF             V              S  VL KMK   E      V  AV TVPAYF D QR ATKDAG I G  V R IV   V  W  KVVD   G P V   Y GETKTFTP EI  M      EVA   LG       I      N N  Q      A A LN L   KK  ES       Q.G N A E E L        Q   S   M       TK  KK EK                               

SpSks2     85    D    PF             V              S  VL KMK   E      V  AV TVPAYF D QR ATKDAG I G  V R I Q  I  W  KVID   G P I   Y GE KQFT  EI  M  T   EI    L        I      S S         A A LN L  T K  KH       N.N I T E N L  K    AQ   A         S AK NKR EK              A                

CtSsa      81    D    PF             V              S  VL KMK   E      V  AV TVPAYF D QR ATKDAG I G  V R IVQ  M  F  KVID   G P I   F GETK FTP EI  M  T   E A   LG       I      N S  Q      L A LN L    S  KH       R.N K V Q E K    V   E   S        T  SY  QP TS                               

ScSsa1     81    D    PF             V              S  VL KMK   E      V  AV TVPAYF D QR ATKDAG I G  V R IVQ  M  F  KLID   G P I   F GETKNFTP  I  M      E A   LG       V      N S  Q        A LN L    A  KH       V.D K Q Q E K        EQ  S   G    T  SY  AK ND                     T         

HsHspA1A   83    D    PF             V              S  VL KMK   E      V  AV TVPAYF D QR ATKDAG I G  V R IVQ  M  W   VI      P V   Y GETK F P EI  M  T   EIA   LG       I      N S  Q      V A LN L    S  KH   Q  ND.GDK K Q S K    A Y E   S           AY  YP TN                               

HsHsc70    83    D    PF             V              S  VL KMK   E      V  AV TVPAYF D QR ATKDAG I G  V R IVQ  M  W   VV    G P V   Y GETKSF P EV  M  T   EIA   LG       V      N S  Q        A LN L    S  KH   M  ND.A R K Q E K      Y E   S           AY  KT TN                     T         

EcDnaK     82    D    PF             V              S  VL KMK   E      V  AV TVPAYF D QR ATKDAG I G  V R IVQ  V     KII    G   V            P  I           A   LG       I      N    Q        A L       R  SIM     AADN DAW E K....GQKMA PQ  AE  K   KT  DY  EP TE           A         R    E K  

                                                                                           

                                                                                           

CtSsb     176 INEPTAAA AYGL              DLGGGTFD S   I          V  T G THLGG DFD         EF      D              I       K   ERNVLIY        V LL    G    VF  K  A D         T LL        RK    LS   R             GSG SDK                   N QG ....  T  A         Q    N  EYCKK  T  TKK   GDA  

ScSsb1    175 INEPTAAA AYGL              DLGGGTFD S   I          V  T G THLGG DFD         EF      D              I       K   ER VLIF        V LL    G    VY  K              T LL HF    KKK    IS   R             GAG SEK  H                H AG ....  T  S S N     Q    N  E  KA     TGL   DDA  

ScSsb2    175 INEPTAAA AYGL              DLGGGTFD S   I          V  T G THLGG DFD         EF      D              I       K   ER VLIF        V LL    G    VY  K              T LL HF    KKK    IS   R             GAG SEK  H                H AG ....  T  S S N     Q    N  E  KA     TGL   DDA  

CgSsb     182 INEPTAAA AYGL              DLGGGTFD S   I          V  T G THLGG DFD         EF      D              I       K   ERNVLIY        V LL    G    VF  K  A D         T LL H      RK    LS   R             GSG SDK                   N QG ....  T  A         Q    N  E CKK  A  AGS   GDA  

AnSsb     176 INEPTAAA AYGL              DLGGGTFD S   I          V  T G THLGG DFD         EF      D              I       K   ERNVLIY        V LL    G    VF  K  A D         T LL HF     KK    LS   R             GSG SEK                   N QG ....  T  A         Q    N  E  KK  Q  TGK   GDS  

SpSks2    175 INEPTAAA AYGL              DLGGGTFD S   I          V  T G THLGG DFD         EF      D              I       K    KNVLIF        V LL    G    VF     A D         N LV HF    KRK    IS   R             DA. SDKP                  K QG ....  E LA         E    A  E  IQ     QKI   DDP  

CtSsa     171 INEPTAAA AYGL              DLGGGTFD S   I          V  T G THLGG DFD         EF      D              I       K   ERNVLIF        V LL    G    IF  K  A D         N LV HF    KRK    LT   R             DK. AEG                   T ED ....  E  S         E    R  N  VA     FKK   TNA  

ScSsa1    171 INEPTAAA AYGL              DLGGGTFD S   I          V  T G THLGG DFD         EF      D              I       K   E  VLIF        V LL    G    IF  K  A D         N LV HF    KRK    LS   R             DK. GK. EH                S ED ....  E  A         E    R  N  IQ     NKK   TNQ  

HsHspA1A  173 INEPTAAA AYGL              DLGGGTFD S   I          V  T G THLGG DFD         EF      D              I           ERNVLIF        V IL    G    IF  K  A D         N LV HF    KRK    IS   R             DR.TGKG                   T DD ....  E  A         E    R  N  VE     HKK   QNK  

HsHsc70   173 INEPTAAA AYGL              DLGGGTFD S   I          V  T G THLGG DFD         EF      D              I       K   ERNVLIF        V IL    G    IF  K  A D         N MV HF    KRK    IS   R             DK. VGA                   T ED ....  E  S         E    R  N  IA     HKK   ENK  

EcDnaK    169 INEPTAAA AYGL              DLGGGTFD S   I          V  T G THLGG DFD         EF      D              L            RTIAVY        I II          F       D         S LI       KK     L                  DK..GTGN                  E DEVDGEKT E LA N       E    R  NYLVE    DQGI  RNDP L

                                                                                           

                                                                                           

CtSsb     263 A  RL  A E AK  LS   Q                      TRA  E            P    L D            LVGG TR P   LR  RT C R  RT  S   TTIEIDSLFDG D    F  QI   RF DL A AF  TLE V  V K A I K QV EIV    S  I R                  GA            E .... NI          N K  AG     AQ     G E H  D             

ScSsb1    262 A  RL  A E AK  LS   Q                      TRA  E            P    L D            LVGG TR P   LR  RT   R  RT  S   TTVEVDSLFDG D    F SSL   RF DL A LF  TLE V  V K A I KSQI EVV    S  I K        A         VT            E .... E           N A  KS     EQ     K S    D             

ScSsb2    262 A  RL  A E AK  LS   Q                      TRA  E            P    L D            LVGG TR P   LR  RT   R  RT  S   TTVEVDSLFDG D    F SSL   RF DL A LF  TLE V  V K A I KSQI EVV    S  I K        A         VT            E .... E           N A  KS     EQ     K S    D             

CgSsb     269 A  RL  A E AK  LS   Q                      TRA  E            P    L D            LVGG TR P   LR  RT C R  RT  S   TTIEIDSLFDG D       QI   RF DL A AF  TLE V  V K A I KS V EIV    S  I R                  GA            K ....LNM          N K  AG     AQ     N D  A D             

AnSsb     263 A  RL  A E AK  LS   Q                      TRA  E            P    L D            LVGG TR P   LR  RT C R  RT  N   TSVEIDSLFDG D    F TSI   RF DL A  F  TLE V  V K   L KNQV EIV    S  I R                  AT            E .... N           N KS SG     QQ    SG A    D             

SpSks2    261 A  RL  A E AK  LS   Q                      TRA  E            P    L D            LVGG TR P   LR  RS C R  R   S   TTVEVDSL  G D    F SSI   RF DI A  F  TID V  V K   V K  V DIV    S  I K              A   VT         SN I .... S           N TT KA     AK    SK P AD H             

CtSsa     257 A  RL  A E AK  LS   Q                      TRA  E            P    L D            LVGG TR P   LR  RT C R  RT  S   TSIEIDSLFEG D    F TSI   RF EL   LF  TL  V  V   A I KSQV EIV    S  I R                  SA            I .... Y           CQD  RS  I  DR  S  K D    H             

ScSsa1    256 A  RL  A E AK  LS   Q                      TRA  E            P    L D            LVGG TR P   LR  RT C R  RT  S   TSVEIDSLFEG D    F TSI   RF EL A LF  TLD V  V R A L KSQV EIV    S  I K                  SA            I .... Y           C D  RS     EK     K D    D             

HsHspA1A  259 A  RL  A E AK  LS   Q                      TRA  E            P    L D            LVGG TR P   VR  RT C R  RT  S    SLEIDSLFEG D    F TSI   RF EL   LF  TLE V  A R A L K QI DLV    S  I K                  ST A          I .... Y           CSD  RS     EK     K D A  H             

HsHsc70   259 A  RL  A E AK  LS   Q                      TRA  E            P    L D            LVGG TR P   VR  RT C R  RT  S    SIEIDSLYEG D    F TSI   RF EL A LF  TLD V  A R A L KSQI DIV    S  I K                  ST A          I .... Y           N D  RG     EK     K D    H             

EcDnaK    258 A  RL  A E AK  LS   Q                      TRA  E            P    L D            LVGG TR P   M   K    K      S   T V L  I             V   K   L   L   SIE L  A   A L  S I DVI    Q  M    Q   E A    IE   AQ  D N PY TADATGPKHMNIK     L S VED VNR     KV  Q  G SV D D            M

                                                                                           

                                                                                           

CtSsb     350  Q      F G       NPDEAVA GAAVQ   L            LLLDV PLSLG    G             PT     F T  DN QI KLLSEF   K L KSI       Y     A I SG  TS  TSDL     V     V     I   VV R QTV   K    T               D  K E                 G    KA  AD                AME N FAP  P G     I KRT   VA   

ScSsb1    349  Q      F G       NPDEAVA GAAVQ   L            LLLDV PLSLG    G             PT     F T  DN QV KLLSDF   K L KSI       Y       I TG  TS  T DL     A     V     M   VV RNTTV   K    T               D  Q E                GA    QS  DE K              GMQ D FGI  P       I RRT   CA   

ScSsb2    349  Q      F G       NPDEAVA GAAVQ   L            LLLDV PLSLG    G             PT     F T  DN QV KLLSDF   K L KSI       Y       I TG  TS  T DL     A     V     I   VV RNTTV   K    T               D  Q E                GA    QS  DE K              GMQ D FGI  P       I RRT   VS   

CgSsb     356  Q      F G       NPDEAVA GAAVQ   L            LLLDV PLSLG    G             PT     F T  DN QI KLLSEF   K L KSI       Y     A I SG  TS  TSDL     V     V     I   VV R QTV   K    T               N  K E                 G    KA  AD                AME N FAP  S G     I KRT   VA   

AnSsb     350  Q      F G       NPDEAVA GAAVQ   L            LLLDV PLSLG    G             PT     F T  DN QI KLLSDF   K L KSI       Y     A I SG  TS  TQDL     V     V     I   VV R QTV   K    T               D  K E                 G    KA  AE                AME N FAP  P G     I KRT   VV   

SpSks2    348  Q      F G       NPDEAVA GAAVQ   L            LLLDV PLSLG    G             PT     F T  DN QV RLVSDF   R L KSI       Y     A V T    S  TQDL     V     V     V   V  RNT I   K    T               D  A N                 A   NKAD DK                AME N FGV CP   P   I KRT   VA   

CtSsa     344  Q      F G       NPDEAVA GAAVQ   L            LLLDV PLSLG    G             PT     F T  DN QI KLISDY   K   KSI       Y     A I SG  SS  TNEI     A     I     I   LI RNTTI   K    S               N  EPN                 A    DT  KS                ETA G MTK  P       K SEI   FS   

ScSsa1    343  Q      F G       NPDEAVA GAAVQ   L            LLLDV PLSLG    G             PT     F T  DN QV KLVTDY   K   RSI       Y     A I TG  SS  TQDL     A     I     V   LI RNSTI   K    S               N  EPN                 A    DE  K.                ETA G MTK  P       K SEI   YA   

HsHspA1A  346  Q      F G       NPDEAVA GAAVQ   L            LLLDV PLSLG    G             PT     F T  DN QV KLLQDF   R L KSI       Y     A I  G  S    QDL     A     L     V   LI RNSTI        T               N  D N                 A  M DK EN.V               ETA G MTA  K       KQTQI   YS   

HsHsc70   346  Q      F G       NPDEAVA GAAVQ   L            LLLDV PLSLG    G             PT     F T  DN QI KLLQDF   K L KSI       Y     A I SG  S    QDL           I     V   LI RNTTI        T               N  E N                 A    DK EN.V        T      ETA G MTV  K       KQTQT   YS   

EcDnaK    349  Q      F G       NPDEAVA GAAVQ   L            LLLDV PLSLG    G             PT     F T  DN QV K V EF   K   K V               V TG        DV           I     V   LI KNTTI   H    S         K A   .  EPR D        I     GG    .....DVK       T      ETM G MTT  A       K SQV   AE   

                                                                                           

                                                                                           

CtSsb     441   V   V  GER     N  LG F L  I     G    E  F  D  GI  V A  K  G    I I    G L    I  M   A           Y    V   D T        P PPM    P L V  EV VN  L  T  E TS RS   T  N   K S DE EK I D EKF KQT QFP  Q    NCE   L  E T A     KA E V   V         K   T       AN   A SV    T       S      

ScSsb1    440   V   V  GER     N  LG F L  I     G    E  F  D  GI  V A  K  G    I I    G L    I  M   A           Y    V   E T          P MP   P L A  EV AN  L  T  E ST KS   T SN   R S EE EK V   E F KTT QFP  Q    NCK   L  E D KN  M  A E V   I         K   V       SN     AV    S       NQ  E  

ScSsb2    440   V   V  GER     N  LG F L  I     G    E  F  D  GI  V A  K  G    I I    G L    I  M   A           Y    V   E T          P MP   P L A  EV AN  L  T  E ST KS   T SN   R S EE EK V   E F KTT QFP  Q    NCK   L  E D KN  M  A E V   I         K   V       SN     AV    S       NQ  E  

CgSsb     447   V   V  GER     N  LG F L  I     G    E  F  D  GI  V A  K  G    I I    G L    I  M   A           F    V   D T        P PPM    P L V  EV VN  L  T  E TS RS   T SN   K S  E E  I D EKF KQT QFP  Q    NCE   S  E T A     KA E V   V         K   T       AN     SV    SG   S  N      

AnSsb     441   V   V  GER     N  LG F L  I     G    E  F  D  GI  V A  K  G    I I    G L    I  M   A           Y        D T        P PPM      L    EV VN  L  T  E SS RS   T SN   K S  E E  I D  KF KTT QFP  Q   TNCA   S  E T A     RA EAA  CV         K   T       AN     AV    TT   Q  D  A   

SpSks2    439   V   V  GER     N  LG F L  I     G    E  F  D  GI  V A  K  G    I I    G L    I  M   A           Y    V   E          G PPMP     L A  EL AN  L  T  E TT RS     TN   H S       I   DKF KTT TFP  Q    NCA  EP  E Q T      R QAE   T         K   V       AH E   SV    STK QE  EN     

CtSsa     435   V   V  GER     N  LG F L  I     G    E  F  D  GI  V A  K  G    I I    G L    I  M   A           Y        D N        G PPAP   P I V  DL AN  M  S  E  T KT   T TN   R S EE ER I E EKF KPG LIQ  E   QRTK   L  K E T      R V Q   T         N   V  G    NQ     DK    K       A      

ScSsa1    433   V   V  GER     N  LG F L  I     G    E  F  D  GI  V A  K  G    I I    G L    I  M   A           F    A   D N        G PPAP   P I V  DV  N  L  S  E  T KS   T TN   R S ED EK V E EKF KPG LIQ  E    KTK   L  K E S      R V Q   T    S    N   V  G    NK     DK    K       A      

HsHspA1A  436   V   V  GER     N  LG F L  I     G    E  F  D  GI  V A  K  G    I I    G L    I  M   A           Y    A   D N        G PPAP   P I V  DI AN  L  T  D ST K    T TN   R S EE ER V E EKY KPG LIQ  E    MTK   L  R E S      R V Q   T         N   T      ANK     DK    K       Q      

HsHsc70   436   V   V  GER     N  LG F L  I     G    E  F  D  GI  V A  K  G    I I    G L    I  M   A           Y    A   D N        G PPAP   P I V  DI AN  L  S  D ST K    T TN   R S ED ER V E EKY KPG LIQ  E    MTK   L  K E T      R V Q   T         N   V      ENK     DK    K       Q      

EcDnaK    434   V   V  GER     N  LG F L  I     G    E  F  D  GI  V A  K  G    I I    G L    I  M   A                    D          G  PAP   P I V  DI A   L  S  D NS K    T        N DE  K V D E   SA TIH LQ   KRAA  KS  Q N D  N   R M Q   T     D   H   K      EQK   KASS .  E   Q   R   AN A

                                                                                           

                                                                                           

CtSsb     532   D                               K                   L                 L                     E    R   KQ LESYI  V   ISD  L   L    K KI   LSEAM   E     T DE  K       LVT AM          SK  AFSK FEA  Q     SR EEI   PT SL  KRGQ D  EQA     AQ  IED.S A  LK KELA KR   K  ASR...... .

ScSsb1    531   D                               K                   L                 L                     E    K   RQ LESYV SI   VTD  L   L    K KI   LSDAL         S DE  K       VVT AM          AA  AFAK HEA  R     A  EQT   PV SS  KRGS S  EAA     AA QIED.P A  LR AEVG KR   K  SSR...... .

ScSsb2    531   D                               K                   L                 L                     E    K   RQ LESYV SI   VTD  L   L    K KI   LSDAL         S DE  K       VVT AM          AA  AFAK HEA  R     A  EQT   PV SS  KRGS S  EAA     AA QIED.P A  LR AEVG KR   K  SSR...... .

CgSsb     538   D                               K                   L                 L                     E    R   KQ LESYI  V   VSD  L   L    K KI   LSDAM   E     S DD  K       LVT AM          TK  AFSK FEA  Q     SR EEI   PT SL  KRGQ D  EQA     GQ  LDD.S A  LK KELA KR   K  SSR...... .

AnSsb     532   D                               K                   L                 L                     E    R   RQ LESYI  V   ISD  M   L    R KI   LSDAM   E     T ED  K       LIT AM          TS  AFTK FES  Q     SR EEI   PT SM  KRGN E  ESA     AQ  IED.S P  LK KELA KR   K  ATR...... .

SpSks2    530   D                               K                   L                 L                          K   KS LESYI NI   ISE  V   L    K KI   L E M   E     N D   K        VQ A           QQ KDFAK LEA  Q     S  ETT   PN MM  KRGD S  EAQ A C SQ  LED.T T ALR AELR KRT  K FASLR..... .

CtSsa     526   D                               K                   L                 L                     E    R   KN LESYA SL   LND  V   L    K KL   I  VV   D     T DE          VAN IM          EE  REAA IQA  G     Y  RNT   SK DE  DQAD D  RAE DK  HW  ENQQA K  YEDKQKE ES   P  MKFYGAGAG G

ScSsa1    524   D                               K                   L                 L                     E    R   KN LES A SL   IS   A   L    K  V   A E I   D     S EE          IAN IM          EE  KESQ IAS  Q   I Y  KNT  ..E GD  EQAD DT TKK E T SW  SNTTA K  FDDKLKE QD   P  SKLY..QAG G

HsHspA1A  527   D                               K                   L                 L                     E    R   KN LESYA NM   V D  L   I    K KV    QEVI   D       DE  H       V N II          AE  VQRE VSA  A     F  KSA E EG KG  SEAD K  LDKC    SW  ANTLAEK  FE KRKE EQ C P  SGLY.QGAG G

HsHsc70   527   D                               K                   L                 L                     E    K   KN LESYA NM   V D  L   I    K KI    NEII   D       EE  H       V N II          AE  KQRD VSS  S     F  KAT E EK QG  NDED Q  LDKC    NW  KNQTAEK  FE QQKE EK C P  TKLY.QSAG G

EcDnaK    524   D                               K                   L                 L                              RN  D  L S    V E  A   L    K  I   LT L                        V Q LM          EA RKFEELVQT  QG HL H TRKQ E .. GD  PADD TA ESA  A ETA KGED...KAAIEAKMQE AQ S K  EIAQQQHAQ .

                             ..                                                            

                                                                                           

CtSsb   ....................................                                                       

ScSsb1  ....................................                                                       

ScSsb2  ....................................                                                       

CgSsb   ....................................                                                       

AnSsb   ....................................                                                       

SpSks2  ....................................                                                       

CtSsa     617 VPGGMPGGAPGGFPGAAGGASHDNDGPTVEEVD...                                                       

ScSsa1    611 APGGAAGGAPGGFPGGAP.PAPEAEGPTVEEVD...                                                       

HsHspA1A  617 .PG..PGGF.....GAQGPKGGSGSGPTIEEVD...                                                       

HsHsc70   617 MPGGMPGGFPG...GGAPPSGGASSGPTIEEVD...                                                       

EcDnaK    609 .QQHAQQQTAGADASANNAKDDDVVDAEFEEVKDKK                                                       

                                                                                           

nucleotide binding domain

nucleotide binding domain

nucleotide binding domain

nucleotide binding domain

nucleotide binding domain linker substrate binding domain β

substrate binding domain β

substrate binding domain α
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Supplementary Figure 3 | Purification of Ssb for crystallization and CD 
spectroscopy. (a) IMAC (Ni2+ column) and ATP affinity chromatography (ATP 
column) of Ssb E51C-T208A-D534C. FT: flow-through, W: wash, E: elution, W1: first 
wash with lysis buffer supplemented with 20 mM imidazole, W2: second wash with 
lysis buffer supplemented with 500 mM NaCl. The last lane depicts the Ssb sample 
under non-reducing condition (oxidized form). (b) Size exclusion chromatography 
profile of oxidized Ssb. (c) SDS-PAGE of the purified Ssb 3HB (536-614) wild type 
and mutants used for the CD spectroscopy experiments. (d) CD spectrum showing 
the mean residue ellipticity of the C-terminal 3-helix bundle of Ssb. 
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Supplementary Figure 4 | Electron density map of selected regions in the Ssb 
nucleotide binding domain. (a) Stereoview of ATP (sticks), Mg2+ (green ball) and 
catalytic residues (sticks) including the T208A mutation. The 2Fo-Fc electron density 
map is contoured at 1.75 σ. (b) 2Fo-Fc electron density map contoured at 1 σ for the 
disulfide bridge C51-C534 between NBD and SBDα. 
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Supplementary Figure 5 | Structural comparison of Ssb and DnaK. (a) 
Comparison of the coordination of Mg2+ (green ball), ATP and catalytic residues in 
Ssb (left) and DnaK (right). (b) Superposition of the NBD of Ssb (blue color) with 
DnaK (PDB 4B9Q chain A, wheat color). (c, d) Comparison of the SBDβ of Ssb 
(purple color) with DnaK (wheat color).  
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Supplementary Figure 6 | B-factor plot for the Ssb structure. (a) Structure of Ssb 
colored according to atomic displacement parameters (residue average), scaled from 
20 (blue) to 80 (red) Å2. (b) Distribution of atomic displacement parameters, 
generated with Phenix.validate12 (c) Atomic displacement parameter derived 
dynamics. The atomic displacement parameters (residue average, calculated with 
BAVERAGE in CCP413) are plotted as a function of the residue number for chain A. 
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Supplementary Figure 7 │ Characterization of Ssb variants.  (a) Mutations within 
the C-terminus of Ssb strongly affect recognition by αSsb. Total extract obtained 
from strains expressing mycSsb1 variants as indicated were analyzed via 
immunoblotting employing either αmyc or αSsb. Sse1 served as a control for equal 
loading. (b) Example blot employed for the quantification of the fraction of mycSsb1 
variants bound to the ribosome (Figure 3c). Total cell extract of yeast strains 
expressing wild type or mutant variants of Ssb were separated into a cytosolic 
fraction (cyt) and a ribosomal pellet (ribo) under low-salt conditions as described in 
methods. Details on the quantification are described in Supplementary methods. 
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Supplementary Figure 8 │ Example blots for the quantification of ribosome-
bound Ssb in Δzuo1Δssz1, RAC-H128Q and Ssb1-K73A strains. Total cell extract 
of the strains indicated was separated into a cytosolic fraction (cyt) and a ribosomal 
pellet (ribo) under low-salt conditions as described in Methods. Details on the 
quantification are described in Supplementary methods. 
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Supplementary Figure 9 │ Molecular model of Ssb at the ribosomal tunnel exit. 
Ssb in the pre-hydrolysis state (ATP-bound, open conformation) is placed on the 
ribosome. SBDβ locates close to the tunnel exit, while SBDα locates between Rpl22 
and Rpl31, with the C-terminal positive patch close to ES41. Ribosomal proteins 
(red) and RNA (yellow) and Ssb (light blue) are shown as ribbon representation. 
Ribosomal surface is shown in white. 
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Supplementary Figure 10 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
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Supplementary Figure 11 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
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Supplementary Figure 12 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
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Supplementary Figure 13 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
  

Figure 4a, original Western Blots
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Supplementary Figure 14 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
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Supplementary Figure 15 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
  

Figure 4d, original Western Blots
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Supplementary Figure 16 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
  

Figure 4d, original Western Blots
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Supplementary Figure 17 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
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Supplementary Figure 18 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
  

Supplementary Figure 1b, original Western Blots

Supplementary Figure 1b, original Western Blots
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Supplementary Figure 19 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
  

Supplementary Figure 1b, original Western Blots

Supplementary Figure 1e, original Western Blots
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Supplementary Figure 20 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
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Supplementary Figure 21 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
  

Supplementary Figure 7a, original Western Blots
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Supplementary Figure 22 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
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Supplementary Figure 23 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
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Supplementary Figure 24 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
  

Supplementary Figure 7c, original Western Blots
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Supplementary Figure 25 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
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Supplementary Figure 26 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
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Supplementary Figure 27 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
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Supplementary Figure 28 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
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Supplementary Figure 29 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
  

Supplementary Figure 8, original Western Blots
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Supplementary Figure 30 | Validation of αRpl35, αRpl19 and αRpl26 antibodies 
Peptide antibodies directed against the ribosomal proteins (a) Rpl35 (13.9 kDa), (b) 
Rpl19 (21.7 kDa), and (c) Rpl26 (14.3 kDa) were raised in rabbits (EUROGENTEC, 
Bel S.A). Total yeast protein extract was separated via SDS-PAGE on Tris-Tricine 
gels, which were blotted onto nitrocellulose membranes. Subsequently the 
membranes were cut into strips, which were decorated with either pre-immune, or 
the final bleed of the same rabbit. Immunoblots were developed using ECL as 
described in the Methods section. Uncropped blots are shown in supplementary 
figures 31-32. 



 

 31 

Supplementary Figure 31 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 

Supplementary Figure 30, original Western Blots
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Supplementary Figure 32 | Uncropped images of Immunoblot. Blue boxes show 
cropped regions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Supplementary Figure 30, original Western Blots
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Supplementary Table 1 | Strains used in this study. 
 
Name Genotype Reference 
S. cerevisiae   
BY4742 MATα his3 leu2 lys2 ura3 1 
MH272-3f  MATa/α ura3/ura3 leu2/leu2 his3/his3 

trp1/trp1 ade2/ade2 

2 

BY4742::ProtA-TEV-
His6-Ssb1 

ProtA-TEV-His6:Ssb1:clonNAT This work 

Δssb1Δssb2 ssb1::ADE2 ssb2::HIS3  3 
Δssb1Δssb2 ssb1::kanMX ssb2::HIS3 4 
Δssb1Δssb2 ssb1::ADE2 ssb2::ADE2 5 
Δzuo1Δssz1 zuo1::TRP1 ssz1::LEU2 6 
Δssb1Δssb2Δzuo1 ssb1::ADE2 ssb2::ADE2 zuo1::TRP1 This work 
Δssb1Δssb2Δzuo1Δssz1 ssb1::ADE2 ssb2::ADE2 zuo1::TRP1 

ssz1::LEU2  
7 

RAC-H128Q zuo1::TRP1 + pYEPlac33-Zuo1-H128Q 6 
RAC-H128Q Ssb1* ssb1::ADE2 ssb2::ADE2 zuo1::TRP1 + 

pYEPlac181-zuoQPD + pYEPlac195-Ssb1-
A577K 

This work 

Ssb1* ssb1::ADE2 ssb2::HIS3 + pYEPlac195-Ssb1-
A577K 

This work 

Ssb1-K73A ssb1::ADE2 ssb2::HIS3 + pYCPlac33-Ssb-
K73A 

5 

Ssb1*-K73A ssb1::ADE2 ssb2::HIS3 + pYEPlac195-Ssb1-
A577K 

this work 

Δzuo1Δssz1 Ssb1* ssb1::ADE2 ssb2::ADE2 zuo1::TRP1 
ssz1::LEU2 + pYEPlac195-Ssb1-A577K 

This work 

mycSsb1 (and mycSsb1 
variants)  

ssb1::ADE2 ssb2::HIS3 + pCM190-mycSsb1 This work 

Δrpl35aΔrpl35b a/α RPL35a/rpl35a::TRP1 RPL35b/rpl35b::LEU2 This work 
Δrpl35aΔrpl35b + Rpl35a rpl35a::TRP1 rpl35b::LEU2 + pYCPlac33-

Rpl35a 
This work 

Δrpl35aΔrpl35b + 
Rpl35a-FLAG Ssb1* 

rpl35a::TRP1 rpl35b::LEU2 ssb1::kanMX 
ssb2::HIS3 + pYCPlac444-Rpl35a-FLAG + 
pYEPlac195-Ssb1A577K 

This work 

Ssb1 ssb1::ADE2 ssb2::HIS3 + pYCPlac33-Ssb1   This work 
Ssb1* ssb1::ADE2 ssb2::HIS3 + pYCPlac33-Ssb1-

A577K 
This work 

His-Ssb1 ssb1::ADE2 ssb2::HIS3 + pESC-Ura-
His6Ssb1 

This work 

His-Ssb1-ΔNES ssb1::ADE2 ssb2::HIS3 + pESC-Ura-
His6Ssb1-ΔNES 

This work 

His-Ssb1* ssb1::ADE2 ssb2::HIS3 + pESC-Ura-
His6Ssb1-ΔNES 

This work 

E. coli   
BL21(DE3) Rosetta2 F- ompT hsdSB(rB

- mB
-) gal dcm λ(DE3) tonA 

pRARE2 (CamR) 
Novagen 
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Supplementary Table 2 | Plasmids used in this study. 
Name  Description Reference 
pET24a Expression vector, KanR Novagen 

pET24a-His6-ctSsb-E51C-T208A-D534C KanR, E51C, T208A and D534C This work 

pET24a-His6-ctSsb536-614 KanR, Ssb residues A536 to R614 This work 

pET24a-His6-ctSsb536-614ΔNES KanR, deletion IEQALSEAM This work 

pET24a-His6-ctSsb536-614-LBC KanR, K568E and R569E This work 

pET24a-His6-ctSsb536-614-D1 KanR, K597D and K598D This work 

pET24a-His6-ctSsb536-614-D2 KanR, K604D and R605D This work 

pET24a-His6-ctSsb536-614-LBC-D1 KanR, K568E, R569E, K597D and 
K598D 

This work 

pET24a-His6-ctSsb536-614-LBC-D2 KanR, K568E, R569E, K604D and 
R605D 

This work 

pET24a-His6-ctSsb536-614-LBC-D1-D2 KanR, K568E, R569E 
,K597D,K598D, K604D and R605D 

This work 

pYCPlac33-Ssb1 ARS1-CEN4, URA3 This work 
pYCPlac33-Ssb1-A577K (Ssb1*) ARS1-CEN4, URA3 This work 
pYCPlac33-Zuo1-H128Q ARS1-CEN4, URA3 6 
pYCPlac33-Ssb1-K73A ARS1-CEN4, URA3 5 
pYEPlac195-Ssb1-K73A-A577K  2µ URA3 This work 
pYEPlac195-Ssb1-A577K 2 µ, URA3 This work 
pYEPlac181-Zuo1-H128Q 2 µ, LEU2 This work 
pYCPlac33-Rpl35a ARS1-CEN4 This work 
pYCPlac444 ARS1-CEN4 This work 
pYCPlac444-Rpl35a-FLAG ARS1-CEN4, ADE2 This work 
pESC-Ura-His6Ssb1 2 µ, URA3, expression under 

control of the GAL10 promoter 
This work 

pESC-Ura-His6Ssb1-ΔNES 2 µ, URA3, expression under 
control of the GAL10 promoter 

This work 

pESC-Ura-His6Ssb1-A577K (His6Ssb1*) 2 µ, URA3, expression under 
control of the GAL10 promoter 

This work 

pCM190-mycSsb1 2 µ, URA3  This work 
pCM190-mycSsb1-LBC 2 µ, URA3, K567E and R568E This work 

pCM190-mycSsb1-D1 2 µ, URA3, R596D and K597D This work 
pCM190-mycSsb1-D2 2 µ, URA3, K603D and R604D This work 
pCM190-mycSsb1-LBC-D1 2 µ, URA3, K567E,R568E, R596D, 

and K597D 
This work 

pCM190-mycSsb1-LBC-D2 2 µ, URA3, K567E, R568E, K603D, 
R604D 

This work 

pCM190-mycSsb1-LBC-D1-D2 2 µ, URA3, K567E, R568E, R596D, 
K597D, K603D, R604D 

This work 

pCM190-mycSsb1-ΔC3 2 µ, URA3, deletion of residues 
611-613 

This work 

pCM190-mycSsb1-ΔC8 2 µ, URA3, deletion of residues 
606-613 

This work 

pCM190-mycSsb1-ΔC23 2 µ, URA3, deletion of residues 
591-613 

This work 

pCM190-mycSsb1-ΔNES 2 µ, URA3, deletion of residues 
574-586 

This work 
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Supplementary Table 3 | Nomenclature of ribosomal proteins used in this 
study. 
 

Yeast name used New name 8 
Rpl17 uL22 

Rpl19 eL19 

Rpl22 eL22 

Rpl24 eL24 

Rpl25 uL23 

Rpl26 uL24 

Rpl31 eL31 

Rpl35 uL29 

Rpl39 eL39 
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Supplementary methods 
 
Strains and plasmids. N-terminally His-tagged (GSSHHHHHHSS) versions of 
Ssb1, Ssb1-ΔNES, and Ssb1* were generated by PCR technology and were cloned 
into pESCUra (Agilent Technologies) under control of the GAL10 promoter. RPL35a 
+/- 500 bp up- and down-stream was cloned into the EcoRI/SalI of pYCPlac339 
resulting in pYCPlac33-Rpl35a. pYCPlac33-FLAG-Rpl35a was constructed by fusing 
the FLAG-tag (DYKDDDDK) to the C-terminus of Rpl35a via PCR technology. Gene 
disruption cassettes were generated by replacing an internal 273 bp HindIII fragment 
in exon 2 of RPL35a with the TRP1 marker, or, in case of RPL35b with the LEU2 
marker. The disruption constructs were used to generate the diploid 
RPL35a/rpl35a::TRP1 RPL35b/rpl35b::LEU2 strain. Because the Δrpl35aΔrpl35b 
double deletion is lethal10 the diploid strain was transformed with pYCPlac33-Rpl35a 
prior to sporulation and tetrad analysis. A haploid rpl35a::TRP1 rpl35b::LEU2 strain 
complemented by pYCPlac33-Rpl35a (Δrpl35aΔrpl35b + Rpl35a) was selected for 
further experiments. The quadruple deletion strain Δssb1Δssb2Δrpl35aΔrpl35b + 
Rpl35a was generated by mating Δssb1Δssb2 (ssb1::kanR ssb2::HIS3)6 with 
Δrpl35aΔrpl35b + Rpl35a followed by sporulation and tetrad analysis. FLAG-RPL35 
was cloned into pYCPlac444, a derivate of pYCPlac1119 in which the LEU2 marker 
gene was replaced with ADE2 marker gene and pYCPlac33-Rpl35a was replaced by 
FLAG-Rpl35a via plasmid shuffling11. 
 
Quantification of the fraction of ribosome-bound Ssb via immunoblotting. Total 
cell extract of yeast strains expressing wild type or mutant variants of Ssb were 
separated into a cytosolic fraction (cyt) and a ribosomal pellet (ribo) under low-salt 
conditions as described in Methods. To obtain band intensities on immunoblots in the 
linear range, loading of the cytosolic and ribosomal fractions was adjusted such that 
the Ssb-band in the cytosolic and in the ribosomal fractions was in the same 
intensitiy range. Ssb-band intensities of cytosolic and ribosomal fractions were then 
determined on the same exposure of a single immunoblot using AIDA Image 
Analyzer software (Raytest). The sum of the Ssb-band in the cytosolic fraction plus 
the Ssb-band in the ribosomal fraction (multiplied by the appropriate factor to adjust 
for loading) was set to 100% total. The fraction of ribosome-bound Ssb is given as a 
percentage of the total. 
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