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Supplementary Table 1 

ITC-analysis of the NatA (Naa15-Naa10DC) complex interaction with different 

HypK variants. 
 HypK HypKDN50 HypK-THB 
Kd (nM) 38.3 ± 7.3  28.6 ± 3.3  46.9 ± 12.6  
n  0.98 ± 0.006  0.93 ± 0.03  1.13 ± 0.009 
DH (kcal mol-1) - 20.3 ± 0.2 - 9.29 ± 0.05 -  10.1 ± 0.01 
-TDS (kcal mol-1) 10.2 - 0.92 52.4 
DG (kcal mol-1) - 10.1 - 10.2 42.3 
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Supplementary Table 2 
Exact sequence of the TPRs in CtNaa15 as predicted by the TPR-prediction 
server1 (https://toolkit.tuebingen.mpg.de/tprpred). 

Cluster TPR Start 
residue 

End 
residue 

Sequence 

TPR-N 1 9 42 EANLFRTVIRHYEDKQYKRGLKAAEQILKKNPKH 

TPR-N 2 43 76 GDTMSMKALILNAQGKTEEAFALAKEALTIDMKS 

TPR-N 3 77 110 YICWHVYGILYRTNKNFDEAIKAYKFALKLEPES 

TPR-N 4 111 144 HQIQRDLAVLQIQMRDYAGYVQSRLNMLKARPQI 

TPR-N 5 145 178 RQNWTALAIAYHLEGNLEKAEHILTTYEKSLTTP 

TPR-M1 6 187 220 SEALLYKNTIIAERGDIERALQHLETDCKHCLDR 

TPR-M1 7 221 254 LAVMELRASYLSKLARKDEAAKAYRALLDRNPEH 

TPR-M2 8 373 406 ALYYLAQHYNYYMSRDLTRALEYVEKAIELDPKN 

TPR-M2 9 407 440 VDFHMTKARIFKHQGDLAKAAETMDYARSLDPKD 

TPR-M2 10 443 476 INSKAAKYQLRNNENEKALATMGLFTRAETAGGP 

TPR-M2 11 486 519 IWFLTEDGEAWQRRGNTALALKRYHTVFSIFDTW 

TPR-C 12 638 671 KDDDPNGEKLAATKDPLGDAMKFLNYILQFSPKN 

TPR-C 13 672 705 IDGQIAGFEVYIRKKKYLLALRCLKAASAIDKNH 
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Supplementary Table 3 
Interactions between HypK-THB and Naa15 as evaluated using PISA from 
CCP42. 

 HypK-THB Naa15 

Hydrogen bonds a3: Asp88 a38: Lys729 

 a3: Glu94 loop a35-a36: Lys687 

 a5: Gln123 a38: Glu737 

 loop a3-a4: Glu97 loop a35-a36: Lys685 

 a5: Tyr121 a36: Arg693 

 a5: Gln123 a36: Arg696 

   

Salt bridges a3: Asp88 a38: Lys729 

 a3: Glu94 loop a35-a36: Lys687 

 loop a3-a4: Glu97 loop a35-a36: Lys685 

 loop a3-a4: Glu97 loop a35-a36: Lys687 
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Supplementary Table 4 
Primers used in this study. 

Name of primer Sequence      5’                                                      3’ 
ct-Nat1-F ATGCCGCAGCCACTGAG 
ct-Nat1-R CTAGGCGCCAGGCACCA 
Nat-dNco-A-F GGCTGCAGAAACTATGGACTATGCGCGG 
Nat-dNco-A-R CCGCGCATAGTCCATAGTTTCTGCAGCC 
Nat-dNco-B-F GCCCTTGCCACTATGGGCTTGTTCACTC 
Nat-dNco-B-R GAGTGAACAAGCCCATAGTGGCAAGGGC 
Nat1-NcoI-oH-F TTAACCATGGGCCCGCAGCCACTGAGTAC 
Nat-Nco-H6-F TTAACCATGGGCCACCATCACCATCACCATCCGCAGCCACT

GAGTAC 
Nat1-Bam-R TTAAGGATCCTTAGGCGCCAGGCACACCAAC 
Ard1-delNco-F GAGCCAACTAGCAATGGTAGAAACCTAC 
Ard1-delNco-R GTAGGTTTCTACCATTGCTAGTTGGCTC 
Ard1-Nco-F TTAACCATGGACATCCGCCTCCTCCG 
Ard1-6H-Bam-R TTAAGGATCCTTAATGGTGATGGTGATGGTGTGTATGCTTA

CTCTCATCC 
Ard1-Bam-R TTAAGGATCCTTATGTATGCTTACTCTCATCCC 
Ard1-dC54-R TTAAGGATCCTTAATGGTGATGGTGATGGTGATTAACGCCA

TTCGAACCTGCAGC 
HypK-NcoI-6H-F TTAACCATGGGCCACCATCACCATCACCATGCTG 

CCGAGGACAGACAGCCC 
HypK_Nco_F TTAACCATGGGCGCTGCCGAGGACAGACAGCCC 
HypK-BamHI-R TTAAGGATCCTTAAAAAGCAGGCTGGATATAAGCCTTCA 
ctHypKDN1CStrep_F GTCTGTCCTCGGCAGCCTGAAAATAAAGATTCTCAG 
ctHypKDN1CStrep_R CTGAGAATCTTTATTTTTCAGGCTGCCGAGGACAGAC 
ctHypKDN14CStrep_F CTGAGAATCTTTATTTTCAGGCCACCGCAGGCGATG 
ctHypKDN14CStrep_R CATCGCCTGCGGTGGCCTGAAAATAAAGATTCTCAG 
ctHypKDN25CStrep_F GAGAATCTTTATTTTCAGGCCCCGGCCGCCAAG 
ctHypKDN25CStrep_R CTTGGCGGCCGGGGCCTGAAAATAAAGATTCTC 
HypKDC44_Ba_R AATTAAGGATCCTTACTTCTTGACCTCCTTCTTCTCC 
HypKdN50_Nco_F TTAATTCCATGGCCCCGGCCCGCGAAG 
HypK_THB_Nco_F TTAATTCCATGGGGAAGGTCGACCCGGCTGATGT 
ctHypK_CStrepII_R TTAATTAAGCTTTTATTTTTCGAACTGCGGGTGGCTCCAGC

TACCACTACCGGATCCAAAAGCAGGCTGGATATAAGCCTT 
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Supplementary Figure 1: Purification of the HypK - NatA complex. Uncropped 

SDS-PAGE showing all SEC fractions of Fig. 1b. M: protein ladder. Peak: fractions 

from the SEC peak (Fig. 1b). 
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Supplementary Figure 2: Analytical size exclusion chromatography and SEC-

MALS of the NatA - HypK complex. (a) Sequential runs of NatA (Naa15-NaaDC, 

gray line), HypK (black dotted line) and NatA-HypK (black line) on a Superdex S200 

10/300. The peak was analyzed by SDS-PAGE (shown as an inset). (b) SEC-MALS 

analysis of the NatA - HypK complex (theoretical calculated molar mass: 122 kDa). 

The differential refractive index is shown as blue line, the absolute molecular mass 

as black dotted line. 
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CtNaa15  358       G            Y L QHY          A E    AIE  P         A                   A  Y A       S      L YV          VD  M K RSDNQAD DGS..KGKGA L       NYYM RDLTR     EK   LD KN  FH T   

CgNaa15  335       G            Y L QHY          A E    AIE  P         A                   A  F         S        YV          VD  M K R....AN DSS..KGEGA L   G   NYFM RDLSK T   EK   LD KN  FH T   

MtNaa15  358       G            Y L QHY          A E    AIE  P         A                   A  F A       S        FV          VD  M K RTDGQTN DSS..KGEGA L       NYHM RDLSR T   EK   LD QN  FH T   

TtNaa15  340       G            Y L QHY          A E    AIE  P         A                   A  F A       S      M YV          VD  M R RARDQAN DSS..KGEGA L       DYYL RDLAR     EK   LD KS  FH T   

NcNaa15  358       G            Y L QHY          A E    AIE  P         A                   A  F A       S      M YV          VD  M K R....AN DSS..KGVGA L       NYHL RDLAK     EQ   LD KN  FH T   

NtNaa15  358       G            Y L QHY          A E    AIE  P         A                   A  F A       S      M YV          VD  M K R....AN DSS..KGVGA L       NYHL RDLAK     EQ   LD KN  FH T   

MmNaa15  359       G            Y L QHY          A E    AIE  P         A                   V  Y A       Q      L YI          IE  L K KFNPNDD KEEPPTTLLW Q       DKIG ..PSI     NT   ST TL  LF V   

RnNaa15  359       G            Y L QHY          A E    AIE  P         A                   V  Y A       Q      L YI          IE  L K KFNPNDD KEEPPTTLLW Q       DKIG ..PSI     NT   ST TL  LF V   

HsNaa15  359       G            Y L QHY          A E    AIE  P         A                   V  Y A       Q      L YI          IE  L K KFNPNDD KEEPPTTLLW Q       DKIG ..PSI     NT   ST TL  LF V   

                                                            

CtNaa15  416 I KH G    A   MD A  LD  DR INSK AKY L       A      FTR  T    F     L   A              Y          R N                        Q D AK  ET  Y RS  PK       A   Q  N ENEK LATMGL   AE AG G

CgNaa15  389 I KH G    A   MD A  LD  DR INSK AKY L       A      FTR  T    F     I   A          T   Y          R                          Q E AK  EA  H RS   R       A   Q  NDENEK LATMGL   AE VG G

MtNaa15  416 I KH G    A   MD A  LD  DR INSK AKY L       A      FTR  T    F     I   A          T   Y          R N                        Q E AK  EA  Y RS   K       A   Q  N ENEK LATLGL   AE VG G

TtNaa15  398 I KH G    A   MD A  LD  DR INSK AKY L       A      FTR  T    F     I   A          T   Y          R N                        Q E AR  EA  H RS   K       A   Q  N ENEK LATMGL   AE VG G

NcNaa15  412 I KH G    A   MD A  LD  DR INSK AKY L       A      FTR  T    F                    T   Y          R N                        Q DTAK SET  R RS   K       A   Q  N ENEK LETMGL   AE VG G

NtNaa15  412 I KH G    A   MD A  LD  DR INSK AKY L       A      FTR  T    F                    T   Y          R N                        Q DTAK SET  R RS   K       A   Q  N ENEK LETMGL   AE VG G

MmNaa15  417 I KH G    A   MD A  LD  DR INSK AKY L       A      FTR  T    Y     I   A          T   F          K N                        A N KE  RW  E QA   A       C   M  A LIKE EEMCSK   EG S. .

RnNaa15  417 I KH G    A   MD A  LD  DR INSK AKY L       A      FTR  T    Y     I   A          T   F          K N                        A N KE  RW  E QA   A       C   M  A LIKE EEMCSK   EG S. .

HsNaa15  417 I KH G    A   MD A  LD  DR INSK AKY L       A      FTR  T    Y     I   A          T   F          K N                        A N KE  RW  E QA   A       C   M  A LIKE EEMCSK   EG S. .

                                                            

CtNaa15  476     L  MQC WF TE   A         ALK        F     DQFDFH    RK   L   TD   I         W           R H V       QE      SF L   QP AD         L  DGE  QRRGNTAL    Y T FSI DTW          S   G  

CgNaa15  449     L  MQC WF TE   A         ALK        F     DQFDFH    RK   L   TD   I         W      G    R H I       QE      SF L   QP VD         L  DGE  QRRGDI L    Y T FNI DIW          S   G  

MtNaa15  476     L  MQC WF TE   A         ALK        F     DQFDFH    RK   L   TD   I         W      G    R H V       QE      SF L   QP AD         L  DGE  QRRGNI L    Y T FNI DVW          S   G  

TtNaa15  458     L  MQC WF TE   A         ALK        F     DQFDFH    RK   L    D   V         W      G    R H V       QE      SF L   QP AD V       L  DGE  QRRGNL L    Y T FNI DTW          S   G  

NcNaa15  472     L  MQC WF TE   A         ALK        F     DQFDFH    RK   L   TD   M         W      G    R   I       QE      SF L   QP AD         L  DGE  QRRGNT L    FTT HNI DIW          S   G  

NtNaa15  472     L  MQC WF TE   A         ALK        F     DQFDFH    RK   L   TD   M         W      G    R   I       QE      SF L   QP AD         L  DGE  QRRGNT L    FTT HNI DIW          S   G  

MmNaa15  475     L  MQC WF TE   A         ALK        F     DQFDFH    RK   V   NE   M         Y      G    K H I       TD      TY M   TA EN         Q  CAQ  KAMNKF E    C E ERH IEI          C   I  

RnNaa15  475     L  MQC WF TE   A         ALK        F     DQFDFH    RK   V   NE   M         Y      G    K H I       TD      TY M   TA EN         Q  CAQ  KAMNKF E    C E ERH IEI          C   I  

HsNaa15  475     L  MQC WF TE   A         ALK        F     DQFDFH    RK   V   NE   M         Y      G    K H I       TD      TY M   TA EN         Q  CAQ  KAMNKF E    C E ERH IEI          C   I  

CtNaa15  536  R Y      ED  R HPFYF AA  A   YL          N                 I   VDMVR    L       R     V L   M D P          E    N  E     A      W  R  E        LD  N   S Y K QS.A GANGT AANP G. DA A

CgNaa15  509  R Y      ED  R HPFYF AA  A   YL          N                 I   IDLVR    L       R     V L   M D P          E    N  D     A      W  Q  E        LD  N   S Y K Q... GANGV GSHT GE AA A

MtNaa15  536  R Y      ED  R HPFYF AA  A   YL          N                 I   IELIR    L       R     V L   M D P          D    N  D     A      W  R  E        LD  N   S H K Q... GTNGA GSHS G. DT V

TtNaa15  518  R Y      ED  R HPFYF AA  A   YL          N                 I   IDLIR    L       R     V L   M D P          E    N  E     A      W  R  E        LN  N   S H K Q... GTNGV AGQA G. DA A

NcNaa15  532  R Y      ED  R HPFYF AA  A   YL          N                 I   VDMIR    I       R     V L   M E                 N  E     A      W  S  E        LD  K   D F KQQASA GTNGTG.EAT G. DA A

NtNaa15  532  R Y      ED  R HPFYF AA  A   YL          N                 I   VDMIR    I       R     V L   M E                 N  E     A      W  S  E        LD  K   D F KQQASA GTNGTG.EAT G. DA A

MmNaa15  535  R Y      ED  R HPFYF AA  A   YL          N                 L   VDLLK    L       K     I I   L D P          D    S  E     S      L  V  Q        RI  E   K H N LTDE KEHEA TANM DK LK K

RnNaa15  535  R Y      ED  R HPFYF AA  A   YL          N                 L   VDLLK    L       K     I I   L D P          D    S  E     S      L  V  Q        RI  E   K H N LTDE KEHEA TANM DK LK K

HsNaa15  535  R Y      ED  R HPFYF AA  A   YL          N                 L   VDLLK    L       K     I I   L D P          D    S  E     S      L  V  Q        RI  E   K H N LTDE KEHEA TANM DK LK K

CtNaa15  594    K      K     E   AE    Q   K         E            KLA     K    K  R       R    R      N     K  E  DI    DD  G        E K AA KA  EAQKA  EA   AAK DP  PGAQ GK .   KKKD  PN E   ATK D

CgNaa15  566    K      K     E   AE    Q   K         E            KLA     K    K  R       R    K      N     K  D  EV    ED  G        E K AA KA  EAQKA  EA   AAK DP  GGAQ NK G   KKKD  PN V   ATT D

MtNaa15  592    K      K     E   AE    Q   K         E            KLA     R    K  K       R    K      N     K  D  EA    DD  G        E K AA KA  EAQKA  EA   AAK DP  .... SA G   KKKD  PN L   ATT D

TtNaa15  574    K      K     E   AE    Q   K         E            KLA     R    K  K       R    K      N     K  D  EA    ED  G        E K AA KA  EAQKA  EA   AAK DP  AGAQ GK G   KKKD  PN V   ATT D

NcNaa15  590    K      K     E   AE    Q   K         E            KLA     K    K  R       R    K      N           E     DD  G        E K AA KA  EAQKA  EA   AAK DP  ...ATAKKD  PKKKD  PN L   ATT D

NtNaa15  590    K      K     E   AE    Q   K         E            KLA     K    K  R       R    K      N           E     DD  G        E K AA KA  EAQKA  EA   AAK DP  ...ATAKKD  PKKKD  PN L   ATA D

MmNaa15  595    K      K     E   AE    Q   K         E            KLA     R    R  K       K    K      Q     K  D  EI    EE  P        L N QR AQ  AQIEE  KN   EKQ RN  ..KK DD D   GGPK  LI E   KVE T

RnNaa15  595    K      K     E   AE    Q   K         E            KLA     R    R  K       K    K      Q     K  D  EI    EE  P        L N QR AQ  AQIEE  KN   EKQ RN  ..KK DD D   GGPK  LI E   KVE T

HsNaa15  595    K      K     E   AE    Q   K         E            KLA     R    R  K       K    K      Q     K  D  EI    EE  P        L N QR AQ  AQIEE  KN   EKQ RN  ..KK DD D   GGPK  LI E   KVE T

                                                            

CtNaa15  653 PL  A KFL          I      F    R  K L  L       A    H    E     D M     I Q      D  I   EVY  K  Y LA   LK A  ID   P V   A  G      NY L FSPKN  GQ AG    I  K      RC  A S   KN  K L Q  

CgNaa15  626 PL  A KFL          I      F    R  K L  L       A    H    E     D M     L Q      E  I   EVY  R  Y  A   LK    LD   P V   A  G      LH L FSPKN  GQ AG    I  N   P  RC  ASL   KD  K S Q  

MtNaa15  648 PL  A KFL          I      F    R  K L  L       A    H    E     D M     L Q      E  I   EVF  R  Y LA   LK A  I    P I   A  G      WH L FSPKN  GQ AG    I  G      RC  A L  NKD  K L Q  

TtNaa15  634 PL  A KFL          I      F    R  K L  L       A    H    E     D M     L Q      E      EVF  R  Y LA   LK A  ID     V   A  G      WP L FSPRN  GQFAG    V  K      RC  A V   RG TR L Q  

NcNaa15  647 PL  A KFL          I      F    R  K L  L       A    H    E     D M     I Q      E  V   DVY  R  Y LA   L  A  L    P V      G      TN L FSPKN  GQ AG    I  K      RC NA Q  NPE  R K Q F

NtNaa15  647 PL  A KFL          I      F    R  K L  L       A    H    E     D M     I Q      E  I   DVY  R  Y LA   L  A  LD   P V      G      TN L FSPKN  GQ AG    I  K      RC NA Q   PE  R K Q F

MmNaa15  653 PL  A KFL          I      F    R  K L  L       A    H    E     E I     L N      E  L   EIY  K  F LM   VK A  ID   P L   M  E      TP K LVKNK  TH FA    F  E      QS  R F   SS  W H C  

RnNaa15  653 PL  A KFL          I      F    R  K L  L       A    H    E     E I     L N      E  L   EIY  K  F LM   VK A  ID   P L   M  E      TP K LVKNK  TH FA    F  E      QS  R F   SS  W H C  

HsNaa15  653 PL  A KFL          I      F    R  K L  L       A    H    E     E I     L N      E  L   EIY  K  F LM   VK A  ID   P L   M  E      TP K LVKNK  TH FA    F  E      QS  R F   SS  W H C  

α21 α22 α23

α24 α25 α26

α27 α28 α29-1 α29-2

α30 α31

α34 α35 α36 α37

α32 α33
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Supplementary Figure 3: Multiple sequence alignment of Naa15 homologs. 
Highly conserved residues are marked with red boxes. Ct: Chaetomium 

thermophilum, Cg: Chaetomium globosum, Mt: Myceliophthora thermophilia, Tt: 

Thielavia terrestris, Nc: Neurospora crassa, Nt: Neurospora tetrasperma, Mm: Mus 

musculus, Rn: Rattus norvegicus and Hs: Homo sapiens. Multiple sequence 

alignments were generated using ClustalW2 (ref. 3) and visualized using the ESPript 

server4 (http://espript.ibcp.fr). Residues involved in the interaction with HypK are 

highlighted with a black dot. Secondary structure elements are based on the crystal 

structure and are represented at the top. 

 

 

 

 

CtNaa15  713   L                 V                                       AK  K V      M   LR  I  EL  V GA                               R I SSALDS APK  E  QA  VG P  ........................... .

CgNaa15  686   L                 V                                       AR  K L      L   AK  I  EL  V GA                               R A EGAVDS APK  E  ES  AT P  ........................... .

MtNaa15  708   L                 V                                       VR  K L      L   VK  I  EL  V GA                               R A DGAIGS AQK  E  ES  AA P  ........................... .

TtNaa15  694   L                 V                                       AR  K L      L   VK  I  EL  V GA                               R V DGAMDS APK  G  ET  AE P  ........................... .

NcNaa15  707   L                 V                                       A   K V          VK  L                                       E Q A ESLDDAQSAK  E  KAKFSS............................... .

NtNaa15  707   L                 V                                       A   K V          VK  L                                       E Q A ESLDDAQSAK  E  KAKFSS............................... .

MmNaa15  713   L                 V                                       IR  H        L   VR  L  EM  L GA                               F .SVCESKD PET  T  KQ  NR F  TNPKNFNETFLKRNSDSLPHRLSAAKM V

RnNaa15  713   L                 V                                       IR           L   VR  L  EM  L GA                               FN.SVCESKD PEA  T  KQ  NR F  TNPKNFNETFLKRNSDSLPHRLSAAKM I

HsNaa15  713   L                 V                                       IR    A      L   VR  L  EM  L GA                               FNT VCESKD SDT  T  KQ  NR F  TNPKNFNETFLKRNSDSLPHRLSAAKM V

                                                            

CtNaa15 ........................................................... .

CgNaa15 ........................................................... .

MtNaa15 ........................................................... .

TtNaa15 ........................................................... .

NcNaa15 ........................................................... .

NtNaa15 ........................................................... .

MmNaa15  772 YYLDSSSQKRAIELATTLDGSLTNRNLQTCMEVLEALCDGSLGDCKEAAEAYRASCHKL F

RnNaa15  772 YYLDSSSQKRAIELATTLDGSLTNRNLQTCMEVLEALCGGSLGDCKEAAEAYRVSCHKL F

HsNaa15  773 YYLDPSSQKRAIELATTLDESLTNRNLQTCMEVLEALYDGSLGDCKEAAEIYRANCHKL F

                                                            

CtNaa15 ..................................                          

CgNaa15 ..................................                          

MtNaa15 ..................................                          

TtNaa15 ..................................                          

NcNaa15 ..................................                          

NtNaa15 ..................................                          

MmNaa15  832 PYALAFMPPGYEEDMKITVNGDSSAETEELANEI                          

RnNaa15  832 PYALAFMPPGYEEDMKITVNGDSSAETEELANEI                          

HsNaa15  833 PYALAFMPPGYEEDMKITVNGDSSAEAEELANEI                          

 

α37 α38
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Supplementary Figure 4: Multiple sequence alignment of Naa10 homologs. 
Highly conserved residues are marked with red boxes. Ct: Chaetomium 

thermophilum, Cg: Chaetomium globosum, Mt: Myceliophthora thermophilia, Tt: 

Thielavia terrestris, Nc: Neurospora crassa, Nt: Neurospora tetrasperma, Mm: Mus 

musculus, Rn: Rattus norvegicus and Hs: Homo sapiens. Multiple sequence 

alignments were generated using ClustalW2 (ref. 3) and visualized using the ESPript 

server4 (http://espript.ibcp.fr). Secondary structure elements are based on the crystal 

structure (this study)  and are represented at the top.  

 

 

 

 

CtNaa10    1 M IR  R  D    QH N   LPENY  KYY YH LSWPQLS  A D            K     L P  I  I    L        L              FV              P   D  L   S  PL   A  EN     F    L  A          V VSRPAKSPYDY  

CgNaa10    1 M IR  R  D    QH N   LPENY  KYY YH LSWPQLS  A D            K     L    I  I    L        L              YV              P   D  L  SS  PL   A  EN     F    L  A          V VSRPPKTPYDY  

MtNaa10    1 M IR  R  D    QH N   LPENY  KYY YH LSWPQLS  A D            K     L    I  I    L        L              FV              P   D  L  AS  PL   A  EN     F    L  A          V VSRPPKTPYDY  

TtNaa10    1 M IR  R  D    QH N   LPENY  KYY YH LSWPQLS  A D            K     L P  I  I    L        L              FV              P   D  L   S  PL   A  EN     F    L  A          V VSRPPKTPYDY  

NcNaa10    1 M IR  R  D    QH N   LPENY  KYY YH LSWPQLS  A D            K     L P  I  I    I        L              YV              P   D  V   S  PL   A  EN     F    L  A          V VSRPAKSAYDY  

NtNaa10    1 M IR  R  D    QH N   LPENY  KYY YH LSWPQLS  A D            K     L P  I  I    I        L              YV              P   D  V   S  PL   A  EN     F    L  A          V VSRPAKSAYDY  

MmNaa10    1 M IR  R  D    QH N   LPENY  KYY YH LSWPQLS  A D            K     A P  L  M    L        M              YI              G   N  N   E  MN   C  LC     Q    F  G          E E.........N  

RnNaa10    1 M IR  R  D    QH N   LPENY  KYY YH LSWPQLS  A D            K     A P  L  M    L        M              YI              G   N  N   E  MN   C  LC     Q    F  G          E E.........N  

HsNaa10    1 M IR  R  D    QH N   LPENY  KYY YH LSWPQLS  A D            K     A P  L  M    L        M              YI              G   N  N   E  MN   C  LC     Q    F  G          E E.........N  

CtNaa10   61 IVGYVLAKMEE P D V HGHIT                       AM E     YVSL H           E           SL V RTHRRLGIA KLM Q Q   V TY AH                  A G P       S M         E   R S L      N       

CgNaa10   61 IVGYVLAKMEE P D V HGHIT                       AM E     YVSL H           E            A                   Q   V TF  H                  A G Q     F ..................L Q      GG      

MtNaa10   61 IVGYVLAKMEE P D V HGHIT                       AM E     YVSL H           E           SL V RTHRRLGIA KLM Q Q   V TF AH                  A G Q       S M         E   R S L      G       

TtNaa10   61 IVGYVLAKMEE P D V HGHIT                       AM E     YVSL H           E           SL V RTHRRLGIA KLM Q Q   V TF AH                  A G Q       S M         E   R S L      G       

NcNaa10   61 IVGYVLAKMEE P D V HGHIT                       AM E     YVSL H           E           SL V RTHRRLGIA KLM Q Q   V TF AH                  T G Q       S M         E   R S Q      G       

NtNaa10   61 IVGYVLAKMEE P D V HGHIT                       AM E     YVSL H           E           SL V RTHRRLGIA KLM Q Q   V TF AH                  T G Q       S M         E   R S Q      G       

MmNaa10   52 IVGYVLAKMEE P D V HGHIT                       AM E     YVSL H           D           SL V RSHRRLGLA KLM Q S   I NF AK                  . D P       A K         Q   D A R      N       

RnNaa10   52 IVGYVLAKMEE P D V HGHIT                       AM E     YVSL H           D           SL V RSHRRLGLA KLM Q S   I NF AK                  . D P       A K         Q   D A R      N       

HsNaa10   52 IVGYVLAKMEE P D V HGHIT                       AM E     YVSL H           D           SL V RSHRRLGLA KLM Q S   I NF AK                  . D P       A K         Q   D A R      N       

CtNaa10  121 VR SN AA HLY  TL F     E KYYADGEDA  MK  L                        K  I                         Y    D   L E I              V         RD  G KTEKV A          C  L  TA R Q AAQREKELEED K

CgNaa10  103 VR SN AA HLY  TL F     E KYYADGEDA  MK  L                        K  I                         F    E   I E L              V         RD  G KTEKT S          C  L  DF R Q REEQQQLEEAG E

MtNaa10  121 VR SN AA HLY  TL F     E KYYADGEDA  MK  L                        K  I                         Y    D   L E I              V         RD  G KTERI S          S  L  GF R Q REQQEEEEGKE E

TtNaa10  121 VR SN AA HLY  TL F     E KYYADGEDA  MK  L                        K  I                         Y    D   I E L              V         RD  G KTEKT S          C  L  GF R Q REEADAENDGA D

NcNaa10  121 VR SN AA HLY  TL F     E KYYADGEDA  MK  L                           I                         Y    D   I E L              V  A      RD  G KTEKT A          C  L  AP R A LAEQLDEKDAK .

NtNaa10  121 VR SN AA HLY  TL F     E KYYADGEDA  MK  L                           I                         F    D   I E L              V  A      RD  G KTEKT A          C  L  AP R A LAEQLDEKDEK K

MmNaa10  111 VR SN AA HLY  TL F     E KYYADGEDA  MK  L                        R  L                         Y    D   M D L              K         SN  N QISEV P          A  R  TQ A E RRHLELKEKGK H

RnNaa10  111 VR SN AA HLY  TL F     E KYYADGEDA  MK  L                        R  L                         Y    D   M D L              K         SN  N QISEV P          A  R  TQ A E RRHLELKEKGR H

HsNaa10  111 VR SN AA HLY  TL F     E KYYADGEDA  MK  L                        R  L                         Y    D   M D L              K         SN  N QISEV P          A  R  TQ A E RRHLELKEKGR H

CtNaa10  181                                                  E         DA..................................AAGSNGVNGAEAGT GVDEGEAVG  

CgNaa10  163 GAG................ADK..KKKKNKAGKDWGGGR.................... .

MtNaa10  181                                                  E         E............................GKADDESKGSKKKDGEQGQNG YADEGEPVG  

TtNaa10  181                                                  D         DDED................AAAAGRSEKAKKTRKAGGSGQADGKKDKEG AVDEGEPVG  

NcNaa10  180                                                  E         DP..................................KIE...EG...KGS GVDEGEAVG  

NtNaa10  181                                                  E         DP..................................QIE...EGKQGSST GVDEGEAVG  

MmNaa10  171                                                  E         DMVLAALENKAENKGNVLLSSGEACREEKGLAAEDSGGDSKDLSEVSETT .......ST  

RnNaa10  171                                                  E         DMVLSAMENKAENKGNVLLSSGEACREEKGLTAEDSGGDSKDLSEVSETT .......ST  

HsNaa10  171                                                  E         DVVLGAIENKVESKGNSPPSSGEACREEKGLAAEDSGGDSKDLSEVSETT .......ST  

                                                            

CtNaa10  207 V                                                            GRDPNADAK..KEKMVKVKVGRALGVGELVERDESKHT                     

CgNaa10 .......................................                     

MtNaa10  213 V                                                            GRDPAKGSK..GEQKIKVKVGRGLGVGELVEKVESKHS                     

TtNaa10  225 V                                                            GREPAELKK..AEPKFKVKVGRGLGVGELIEKDESKHS                     

NcNaa10  200 V                                                            GRDPEADS.KKEDKTVKVKVGRGLGVGELVERDESKH.                     

NtNaa10  204 V                                                            GRDPEADNNKKEDKTVKVKVGRGLGVGELVERDESKH.                     

MmNaa10  224 V                                                            KDSSEASDS..........................AS.                     

RnNaa10  224 V                                                            KDSSEASDS..........................AS.                     

HsNaa10  224 V                                                            KDSSEASDS..........................AS.                     

β1 α1 α2

α3

β2

β3 β4

α4 β6

β5

β7 α5
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Supplementary Figure 5: Multiple sequence alignment of HypK homologs. 
Highly conserved residues are marked with red boxes. Ct: Chaetomium 

thermophilum, Cg: Chaetomium globosum, Mt: Myceliophthora thermophilia, Tt: 

Thielavia terrestris, Nc: Neurospora crassa, Nt: Neurospora tetrasperma, Hs: Homo 

sapiens, Rn: Rattus norvegicus and Mm: Mus musculus. Multiple sequence 

alignments were generated using ClustalW2 (ref. 3) and visualized using the ESPript 

server4 (http://espript.ibcp.fr). Residues involved in the interaction with Naa15 are 

highlighted with a black dot. Secondary structure elements are based on the crystal 

structure (this study) and are represented at the top. 

 

 

 

 

 

 

 

 

 

 

 

CtHypK    1             EG      E E        E  RK       L                 A        I       DV     P  K           L   D      D     EV  M AEDRQPAD V  ATAG   E VA AA SA D.  AAAA SK  .AHADE MAPAR  D

CgHypK    1             EG      E E        E  RK       L                 M        I       DV    QP  K           L   D      E     EV  . AEDRQPAD V  ATSG   D V  TA SA D.  AAAA SK  .ARGDD GA.SR  D

MtHypK    1             EG      E E        E  RK       L                 M        I       DV    QP  K           L   D      E     EV  . AEDRQPAD V  ATA.   D V  TA SA D.  AAAA SK  DTRADD GA.AR  D

TtHypK    1             EG      E E        E  RK       L                 M        I       DV    QP  K           L   D      E     EV  . AEDRQPAD V  ATTG   D V  TA SA D.  AAAA SK  .AHGDD TAPAR  D

NcHypK    1             EG      E E        E  RK       L                 M        V       DV    QP  K           L   D      E      V  . AEDKQPPA V  ATGG   E V  TA SA D.  AAAA SS  .SNRED SS..AQ D

NtHypK    1             EG      E E        E  RK       L                 M        V       DV    QP  K           L   D      E      V  . AEDKQPPA V  ATGG   E V  TA SA D.  AAAA SS  .SNRED SS..AQ D

HsHypK    1             EG      E E        E  RK       L                 M        A       EL    SG  R           A   E      E     EI  . RRRGEIDM T  DVEL   T T  PE PP KP  HDSG AD  RVTDYA EK...  Q

RnHypK    1             EG      E E        E  RK       L                          A       EL    SG  R           A   E      E     EI  .........M T  DVEL   T T  PE PP KP  HDSG AD  RVTDYA EK...  Q

MmHypK    1             EG      E E        E  RK       L                 M        A       EL    SG  R           A   E      E     EI  . RRRGEIEM T  DVEL   T T  PE PP KP  HDSG AD  RVTDYA EK...  Q

CtHypK   59       A              K         V     D  L   E E     A   L  HQ  V N MS L         V            V    V  LV  L LSKA      K   EA K    A SGASTEKKE  ........K K DPA  N   E       K TEL  A  

CgHypK   57       A              K         V     D  L   E E     A   L  HQ  V N MS L         V            V    V  LV  L LSK       K   EA K    S GG.AAAKKD  ........T K DAA  K   D      PK TDL  A  

MtHypK   57       A              K         V     D  L   E E     A   L  HQ  V N VS L                      V    V  LV  L L KA      K   EA K    A GGGAGTKKET ........A K DAA  K   D    P  K TEL  A  

TtHypK   58       A              K         V     D  L   E E     A   L  HQ  V N MS L                      V    V  LV  L L KA      K   EA K    A GDGAVKKEVK ........A K DAA  N   D    P  K TEL  A  

NcHypK   56       A              K         V     D  L   E E     A   L  HQ  V N    L         V            V    V  LV  L LTKA      K   DA Q  FHS STAGSKQAE  ........K K DAA  A   E       K TEL  A  

NtHypK   56       A              K         V     D  L   E E     A   L  HQ  V N    L         V            V    V  LV  L LTKA      K   DA K  FHS STAGSKQAE  ........K K DAA  S   E       K TEL  A  

HsHypK   57       A              K         V     D  L   E E     A   L  HS  L T MS I         A            I    L  IM  M ISRA      R   SN E    V GDRRSREQK  QEREKELAK T KKE  E   T       A ERS  E  

RnHypK   49       A              K         V     D  L   E E     A   L  HS  L T MS I         A            I    L  IM  M ISRA      R   SN E    V GDRRSREQK  QEREKELAK T KKE  E   T       A ERS  E  

MmHypK   57       A              K         V     D  L   E E     A   L  HS  L T MS I         A            I    L  IM  M ISRA      R   SN E    V GDRRSREQK  QEREKELAK T KKE  E   T       A ERS  E  

CtHypK  111  G    A  A                                                     AI  M    Q                                               D D  K  K YI PAF.                                           

CgHypK  108  G    A  A                                                     AV  M    Q                                               D D  K  K YL PNF.                                           

MtHypK  109  G    A  A                                                     AV  M    Q                                               D D  K  K YL PAF.                                           

TtHypK  110  G    A  A                                                     AV  M    Q                                               D D  K  R YL PDF.                                           

NcHypK  108  G    A  A                                                     AV  I                                                    D D  K  N YVAAPAA                                           

NtHypK  108  G    A  A                                                     AV  I                                                    D D  K  N YVAAPAA                                           

HsHypK  117  G    A  A                                                     VV  L    N                                               M N  E  I LT ....                                           

RnHypK  109  G    A  A                                                     VV  L    N                                               M N  E  I LT ....                                           

MmHypK  117  G    A  A                                                     VV  L    N                                               M N  E  I LT ....                                           

α1

α2 α3 α4

α5
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Supplementary Figure 6: Characterization of the interaction between the NatA 
complex and different HypK-deletion variants by isothermal titration 

calorimetry. Titration of the NatA complex with HypKDN50 or HypK-THB (black 

square). The heats of dilution of the buffer-buffer (black star), buffer-NatA (empty 

circle) and HypK variants-buffer (empty triangle) are represented. 
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Supplementary Figure 7: Secondary structure prediction of CtHypK. The 

secondary structure prediction was generated using PSIPRED5. 
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Supplementary Figure 8: Structure of the CoA-SESS bi-substrate6. 
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Supplementary Figure 9: Electron density maps of selected regions of HypK. 
(a) Stereo view of the bi-substrate analog CoA-SESS, shown as orange sticks with 

corresponding electron density at contour level of 1 s (gray mesh) of a 2mFo-DFc 

simulated annealing composite omit map. The two CoA-SESS molecules were 

removed from the model prior to map calculation. The 2mFo-DFc composite omit 

map was calculated in Phenix7 using the torsion angle simulated annealing option 

with an omit fraction of 5% at a time. (b-c) Anomalous density map of the seleno-

methionine residue Se-Met118 (b) and Se-Met66 (c) used to assign the sequence is 

shown at contour level of 5 s (yellow mesh). HypK, blue;  Naa15, gray.  
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Supplementary Figure 10: B-factor plot for the Naa15 structure. (a) Atomic 

displacement parameter derived dynamics for CtNaa15 (this study) and SpNaa15 

(pdb: 4KVM (ref. 8)). The atomic displacement parameters (residue average, 

calculated with BAVERAGE in CCP4 (ref. 9)) are plotted as a function of the residue 

number for chain A. (b) Structure of HypK-THB - NatA complex. Naa15 is colored 

according to atomic displacement parameters (residue average), scaled from 20 

(blue) to 80 (red) Å2. 
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Supplementary Figure 11: B-factor plot for the Naa10 structure. (a) Atomic 

displacement parameter derived dynamics for CtNaa10 (this study) and SpNaa10 

(pdb: 4KVM (ref. 8)). The atomic displacement parameters (residue average, 

calculated with BAVERAGE in CCP4 (ref. 9)) are plotted as a function of the residue 

number for chain B. (b) Structure of HypK-THB - NatA complex. Naa10 is colored 

according to atomic displacement parameters (residue average), scaled from 20 

(blue) to 80 (red) Å2. 
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Supplementary Figure 12: B-factor plot for the HypK-THB structure. (a) Atomic 

displacement parameter derived dynamics for HypK-THB. The atomic displacement 

parameters (residue average, calculated with BAVERAGE in CCP4 (ref. 9)) are 

plotted as a function of the residue number for chain C. (b) Structure of HypK-THB - 

NatA complex. HypK-THB is colored according to atomic displacement parameters 

(residue average), scaled from 20 (blue) to 80 (red) Å2. 
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Supplementary Figure 13: Naa15 contains 13 conserved TPR repeats. (a) 

Ribbon representation of the Naa15 (orange, pink, blue, red and gray), Naa10DC 

(green), HypK-THB (light blue) and CoA-SESS (orange sticks) complex structure. 

The 13 TPR repeats of Naa15 are grouped in four clusters, the N-terminal cluster 

(TPR-N, orange), the two middle clusters (TPR-M1, pink; TPR-M2, blue) and the C- 

terminal cluster (TPR-C, red). (b) Schematic representation of the topology of Naa15. 

The TPR-repeats are colored according to (a). 
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Supplementary Figure 14: Structural comparison between CtNatA and SpNatA. 
(a) Superimposition of the CtNatA - HypK-THB (Naa15 in gray, Naa10 in green, 

HypK-THB in light blue and CoA-SESS in orange) with the SpNatA homolog (Naa15 

in wheat, Naa10 in mint and CoA-SASEA in red, pdb: 4KVM (ref. 8)). (b) Close-up 

view on the helix a5 of CtNatA structure, omitted in the construct used for SpNatA 

(pdb: 4KVM (ref. 8)). (c) Close up view on the helices a32 and a33. The highly 

mobile helices a32 and a33 are not resolved in the CtNatA structure, but in the 

SpNatA structure. The positions of the charged residues are labeled. (d) Close up 

view on the N-terminal rearrangement of Naa15. Helix a1- a4 of CtNaa15 are 

rearranged in comparison with the structure of SpNaa15. (e) Close up view on the C-

terminal rearrangement of Naa15. The additional helix a38 of CtNaa15 is visible. 
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Supplementary Figure 15: Surface charge distribution of the HypK-THB - 

Naa15-Naa10DC complex. (a) Cartoon representation of the heterotrimeric complex. 

Naa15 in gray, Naa10DC in green, HypK-THB in blue and CoA-SESS (orange 

sticks). (b) Electrostatic surface potential of the HypK-THB - Naa15-Naa10DC 

complex. The highly charged patch at the N-terminus of Naa15 is highlighted with a 

black box. The two glycerol molecules (white sticks) and phosphate ion (orange 

sticks) are shown. The surface charge spans from -5 kT/e (deep red) to +5 kT/e 

(deep blue). (c) Close up view of the charged cavity formed by lysine and arginine 

residues of Naa15 and Naa10. Residues forming the cavity are labeled and the 

coordination of the phosphate ion is shown as black lines. (d) Close up view of the 

charged cavity as electrostatic surface potential.  
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Supplementary Figure 16: Superimposition of Naa15 structures. Cartoon 

representation of the Naa15 N-terminal region (helix a1-7) of the HypK-THB - NatA 

complex (light gray) superimposed on HypK as part of the full-length HypK - NatA 

complex (dark gray). 
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Supplementary Figure 17: Uncropped image of Fig. 1a. 
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Supplementary Figure 18: Uncropped image of Supplementary Fig. 2. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 25 

 
Supplementary References 
1. Biegert, A. et al. The MPI Bioinformatics Toolkit for protein sequence 

analysis. Nucleic Acids Res. 34, W335-339 (2006). 
2. Krissinel, E. & Henrick, K. Inference of macromolecular assemblies from 

crystalline state. J. Mol. Biol. 372, 774-797 (2007). 
3. Sievers, F. et al. Fast, scalable generation of high-quality protein multiple 

sequence alignments using Clustal Omega. Mol. Syst. Biol. 7, 539 (2011). 
4. Robert, X. & Gouet, P. Deciphering key features in protein structures with the 

new ENDscript server. Nucleic Acids Res. 42, W320-324 (2014). 
5. Buchan, D.W. et al. Scalable web services for the PSIPRED Protein Analysis 

Workbench. Nucleic Acids Res. 41, W349-357 (2013). 
6. Foyn, H. et al. Design, Synthesis, and Kinetic Characterization of Protein N-

Terminal Acetyltransferase Inhibitors. ACS Chem. Biol. (2013). 
7. Adams, P.D. et al. PHENIX: a comprehensive Python-based system for 

macromolecular structure solution. Acta Crystallogr. D Biol. Crystallogr. 66, 
213-221 (2010). 

8. Liszczak, G. et al. Molecular basis for N-terminal acetylation by the 
heterodimeric NatA complex. Nat. Struct. Mol. Biol. 20, 1098-1105 (2013). 

9. Winn, M.D. et al. Overview of the CCP4 suite and current developments. Acta 
Crystallogr. D Biol. Crystallogr. 67, 235-242 (2011). 

 


