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Supplementary Information

Fig. S1: Top: Charge distribution in the FATC domains of different human PIKKs.

Negatively charged residues are colored red and positively charged ones blue. Bottom:

Sequence conservation of the FATC domains of ATM, ATR, SMG1, and TRRAP illustrated

by alignments of the respective sequences from different organisms. All sequence alignments

were generated using the program ESPript (1). See also Fig. 1B.

Fig. S2: Amino acid sequences of the used hDNAPKfatc GB1 fusion proteins and NMR

spectra of hDNAPK-gb1ent and of the GB1 tag with a factor Xa instead of a enterokinase site
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(gb1xa). Top: Superposition of the 1H-15N-HSQC spectra of free 15N-hDNAPKfatc-gb1ent

(black) and 15N-gb1xa (red). The resonance assignments that were derived based on the NMR

spectra for hDNAPKfatc-gb1ent are indicated by the one-letter amino acid code and the

sequence position. The amino acid sequences are shown below. The 56 residues of the GB1

domain are colored in red, the linking thrombin-enterokinase or thrombin-factor Xa sites and

the C-terminal 33 residues of the human DNA-PKcs FATC domain (4096-4128 in full-

length) in black. Residues corresponding to the thrombin cleavage site are additionally

labeled with a black circle and these corresponding to the enterokinase cleavage site with a

black asterisk. The small insert shows the spectral region containing the resonances for the

tryptophan side chain amide protons.

Fig. S3: NMR-titration of 15N-hDNAPKfatc with DPC (A) and a 4:1 mixture of

DioctPA/DOPA (B). See also Fig. 2 A, B. In contrast to Fig. 2 the full 1H-15N-HSQC spectra

including the region showing the tryptophan side chain amide are shown. The color-coding is

indicated at the top of each plot.

Fig. S4: Evaluation of the influence of charged residues in the linking enterokinase (ent,

DDDDK) or factor Xa (xa, IEGR) site on the interaction of the respective GB1-hDNAPKfatc

fusion proteins with DPC micelles. A-B, Superposition of the 1H-15N HSQC spectra of the

hDNAPKfatc-gb1ent and hDNAPkfatc-gb1xa in the presence of increasing amounts of DPC,

respectively. The used DPC concentrations and the respective color coding are indicated to

right side of each plot.

Fig. S5: Superposition of the 1H-15N-HSQC spectra of 15N-hDNAPKfatc-gb1ent in the

absence (black) and presence of <30 mM DMPC liposomes (red) or <60 mM DMPC

liposomes (green). See also Fig. 2F.

Fig. S6: Chemical shift changes of hDNAPKfatc due the presence of high concentrations of

DPC micelles (150 mM, Fig. 2D) or DihepPC/DMPC bicelles (Fig. 2E) as a function of the

sequence position. The data was recorded using hDNAPKfatc-gb1ent.  The chemical shifts of

the nuclei of the micelle-immersed state have been assigned as described in the methods

section. Assignments for residues of the bicelle-immersed form were adapted from those of

the micelle-immersed where this was possible based on a comparison of the respective
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spectra in Fig. 2 D and E. The average chemical shift change for the backbone amide

nitrogen and proton Δδ(N,H)av for hDNAPKfatc due to the presence of DPC micelles or

DihepPC/DMPC bicelles was calculated as [(ΔδHN)2 + (ΔδN/5)2]1/2.

Fig. S7: Supplementary NMR analysis of the interaction of selected human PIKK FATC

domains with different membrane-mimetics. A) Superposition of 1H-15N-HSQC spectra of

hATMfatc-gb1ent in the absence and presence of increasing amounts of DPC. The color

coding and the respective DPC concentrations are given in the spectrum. To better identify

the signals of the ATM FATC part, the spectrum of the GB1 tag (GB1-xa) is additionally

shown in green on top. B) Superposition of the natural abundance 1H-15N-HSQC spectra of

hSMG1fatc in the absence and presence of DihepPC micelles.

Fig. S8: Analysis of the interaction of the hATRfatc peptide with DPC micelles by 1D 1H-

NMR spectra.  The spectrum of the free form is shown in blue, the one in the presence of 50

mM d38-DPC in red. The top panel shows the full spectrum. The middle panel shows only the

amide region. Here almost all signals arise from the protein. Only the sharp signal at about

7.6 ppm presumably arises from residual chloroform or another substance present in the DPC

stock. The bottom panel shows part of the aliphatic region. Here, several signals from buffer

substances are visible (see labels in the plot).

Fig. S9: The free isolated DNA-PKcs FATC domain is largely unstructured. The CD

spectrum of hDNAPKfatc (top) shows a minimum around 200 nm typical for unstructured

proteins and only a very weak minimum around 222 nm that usually together with a second

minimum a 208 nm indicates the presence of α-helical secondary structure. This is consistent

with the 13Cα secondary shifts measured for free hDNAPKfatc-gb1ent (Fig. 3) and the

measured 1Hα shifts (not shown) and 3JHNHα coupling constants (bottom) of hDNAPKfatc. The
3JHNHα coupling constants were derived from a 3D HNHA spectrum (grey uncorrected, black

corrected by 11% as suggested in the literature, see methods). Values below about 6-6.5 Hz

are typically observed in α-helical regions, whereas values above about 8-8.5 Hz are

characteristic for residues in β-sheets. Values in the range of about 6.5-8 Hz are typical for

protein regions undergoing conformational exchange (see also methods).
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Fig. S10: A-C, additional secondary shifts for micelle-immersed hDNAPKfatc based on data

recorded using hDNAPKfatc-gb1ent. The 1Hα-secondary shifts are similar to the 13Cα-

secondary shifts given in Fig. 4A sensitive to the adopted secondary structure (2). The 1HN-

and 15N- secondary shift are not very sensitive to the particular secondary structure and were

just plotted to show that the respective chemical shift values of the micelle immersed state

deviate significantly from reported for random coil values (3). D, the shown table lists the

presence of 1H-1H NOE-correlations typically observed in helical protein regions (4) for

micelle-immersed hDNAPKfatc.

Fig. S11: Backbone dynamics of hDNAPKfatc-gb1ent in the free (A) and micelle-immersed

state induced by the presence of 150 mM DPC (B), in each subfigure: 15N-T1 (top panel), 15N

-T2 (middle panel) and {1H}-15N NOE values (bottom panel).

Fig. S12: Top two panels, additional secondary shifts for micelle-immersed hATMfatc to

complement Fig. 4B. The 1HN- and 15N- secondary shift are not very sensitive to the particular

secondary structure and were just plotted to show that the respective chemical shift values of

the micelle immersed state deviate significantly from reported for random coil values (3).

Bottom plot, 3JHNHα values for micelle-immersed hATMfatc. For more explanations see

legend of Fig. S9. The data was recorded using the construct hATMfatc-gb1ent.

Fig. S13: Analysis of changes in the backbone dynamics of hATMfatc-gb1ent upon

interaction with DPC micelles based on {1H}-15N-NOE data. The data for the free form is

shown in the top spectra, the one in the presence of DPC in the bottom ones. Positive peaks

are colored black and red, negative peaks in blue and yellow. Each plot shows a superposition

of the spectrum without (reference) and with NOE-effect. The plots to the right are the same

as the ones to the left but show additionally the spectrum of the GB1 tag followed by factor

xa site (gb1xa) in green on top to facilitate the identification of the peaks corresponding to

the FATC part (no green peaks on top). For peaks corresponding clearly to the linker region

(mostly in the more crowded central region) or the FATC part (for comparison see also the

assigned spectra for hDNAPKfatc in Fig. 2 and SI Fig. S2) and that are labeled by numbers,

the NOE-values have been determined and are displayed below. The assignments for the

micelle-immersed ATM FATC domain are indicated by the one-letter amino acid code and

the sequence position. For labels in brackets the NOE value is not given below. Since several
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peaks of the free state of the ATM FATC domain are not visible, presumably due to motional

averaging, which broadens them beyond detection, the respective chemical shift assignment

was hampered.
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Q13315_human                      L   A     L     GW      LSV  QVN  IQQ  D  N   LF      VTV   GG   L     I PK  SR  P  KAW 
B3VMJ2_dog                        L   A     L     GW      LSV  QVN  IQQ  D  N   LF      VTV   GG   L     M PK  SR  P  KAW 
Q6PQD5_pig                        L   A     L     GW      LSV  QVN  IQQ  D  N   LF      VTV   GG   F     M PK  SK  S  KAW 
Q62388_mouse                      L   A     L     GW      LSV  QVN  IQQ  D  N   LF      VTV   GG   L     M PK  SR  P  KAW 
D4ACL8_rat                        L   A     L     GW      LSV  QVN  IQQ  D  N   LF      VTV   GG   L     M PK  SR  P  KAW 
Q5MPF8_frog                       L   A     L     GW      LSV  QVN  IQQ  D  N   LF      VMV   GG   H     M PK  SS  P  KAW 
Q59IS5_zebrafish                  L   A     L     GW      LSV  QVN  IQQ  D  N   LF      VTV   GG   L     M PK  SR  P  QAW 
H2MBY9_japanesericefish            L   A     L     GW      LSV  QVN  IQQ  D  N   LF      VAV   GG   L     M PK  SR  S  QAW 
Q9N3Q4_seaurchin                  L   A     L     GW      LSV  QVS  IQE  D  N   LY      LVT   AG   L     R PK  SR  P  SPW 
Q9N3Q4_worm                       L   A     L     GW      QSS  QIR  LRE  S  N   MF      LTA   NL   R     T AD  SR  C  MPF 
Q5EAK6_fruitfly                   L   A     L     GW      SNV  QVE  INE  L  N   LF      LGD   EA   R     T PS  CM  P  DPH 
Q9M3G7_mouseearcress              L   A     L     GW      RSI  QAQ  IQD  D  R   MF      MEM   HG   Q     I TD  SH  P  GAW 
B9RB21_castorbean                 L   A     L     GW      RSV  QVQ  IQD  D  R   LF      MEL   HG   Q     T AD  CQ  P  GAW 
P38110_bakersyeast                L   A     L     GW      LSV  SVQ  IQQ  D  N   IY      YNG   ES   D     T PS  SV  M  SPF 
O74630_fissionyeast               L   A     L     GW      LSV  SVG  IRI  D  Y   MF      QST   EA   E     Q PS  AL  C  SAF 

1       10        20        30   

Q9Y4A5_human                                    D    P       ESKVN  VAAANS  NL R   A   WLQFEGG     TL      LD  C M P WH   
F7F6R5_macaque                                  D    P       ESKVN  VAAANS  NL R   A   WLQFEGG     TL      LD  C M P WH   
E2RJS8_dog                                      D    P       ESKVN  VAAANS  NL R   A   WLQFEGG     TL      LD  C M P WH   
E1BKJ5_pig                                      D    P       ESKVN  VAAANS  NL R   A   WLQFEGG     TL      LD  C M P WH   
G1LJY3_giantpanda                               D    P       ESKVN  VAAANS  NL R   A   WLQFEGG     TL      LD  C M P WH   
E9PWT1_mouse                                    D    P       ESKVN  VAAANS  NL R   A   WLQFDGG     TL      LD  C M P WH   
D3ZGS2_rat                                      D    P       ESKVN  VAAANS  NL R   A   WLQFDGG     TL      LD  C M P WH   
H2V1S0_fugu                                     D    P       ESKVN  VAAANS  NL R   A   WLQFEGG     TL      LD  C M P WH   
C5NN12_japanesericefish                          D    P       ESKVN  VAAANS  NL R   A   WLQFEGG     TL      LD  C M P WH   
A5AAC6_aspergillusniger                          D    P       NQTTI  ISKAVN  HL A   L   YLGNLPA     DL      PQ  A C A WM   
P38811_bakersyeast                              D    P       TQFIL  IGSAVS  NL R   N   WFTPTVT     DC      PR  A T V FM   
Q9HFE8_fissionyeast                             D    P       NQTAI  LAQASS  VL Q   L   WLGNLPV     DY      SK  A M V WA   
Q54T85_dictyostelium                            D    P       IVKKV  LIQNSL  NI Q   L   WLCFISP     NQ      SS  S L Q SC   
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Q13535_human                                   M        LPLSIEG V  LIQEAT  NLL Q YL W           H HY      DE   C    G TPYM
G3QYI4_gorilla                                 M        LPLSIEG V  LIQEAT  NLL Q YL W           H HY      DE   C    G TPYM
H2PBM9_orangutan                               M        LPLSIEG V  LIQEAT  NLL Q YL W           H HY      DE   C    G TPYM
F7HT00_macaque                                 M        LPLSIEG V  LIQEAT  NLL Q YL W           H HY      DE   C    G TPYM
E2QXA4_dog                                     M        LPLSIEG V  LIQEAT  NLL Q YL W           H HY      DE   C    G TPYM
F1SKG2_pig                                     M        LPLSIEG V  LIQEAT  NLL Q YL W           H HY      DE   C    G TPYM
G3TF68_elefant                                 M        LPLSIEG V  LIQEAT  NLL Q YL W           H HY      DE   C    G TPYM
Q9JKK8_mouse                                   M        LPLSIEG V  LIQEAT  NLL Q YL W           H HY      DE   C    G TPYM
D3Z822_rat                                     M        LPLSIEG V  LIQEAT  NLL Q YL W           H HY      DE   C    G TPYM
G1SGC5_rabbit                                  M        LPLSIEG V  LIQEAT  NLL Q YL W           H HY      DA   C    G TPYM
H0V935_guineapig                               M        LPLSIEG V  LIQEAT  NLL Q YL W           H HY      DE   C    G TPYM
F6TZV8_oposum                                  M        LPLSIEG V  LIQEAT  NLL Q YL W           H HY      DE   C    G TPYL
G3WTE5_tasmaniandevil                          M        MVNGMGP G  GLFRRA  VTM L RD R           M TE      CE   R    Q EPLM
F6T1S2_turkey                                  M        LPLSIEG V  LIQEAT  NLL Q YL W           H HY      DE   C    G TPYM
F1NGW1_chicken                                 M        LPLSIEG V  LIQEAS  NLL Q YM W           H HY      DD   C    G APYM
G1KDD8_chameleon                               M        LPLSIEG V  LIQDAT  TLL Q YL W           H HH      DE   C    G APYM
Q9DE14_frog                                    M        LPLSIEG V  LIQEAT  NLL Q YL W           H HY      DE   S    G APYM
F1R6S9_zebrafish                               M        LPLSIEG V  LIQEAT  NLL M YL W           H HY      DD   C    G GPYL
H2M9Q9_japanesericefish                         M        LPLSIEG V  LIQEAT  KLL Q YL W           H HY      DE   C    G GPYL
H2UEP9_fugu                                    M        LPLSIEG V  LIQEAT  KLL Q YL W           H HY      DD   C    G GPYL
Q22258_worm                                    M        HPMQVSQ A  LIELAT  EKL E YL W           L SS      SE   S    G MATL
Q9VXG8_fruitfly                                M        IPLSTEG V  LINEAT  DNL S YI W           Q NF      KV   A    G GAFL
Q9FKS4_mouseearcress                           M        VPLPVEG A  LIADAV  ENL K YI W           Q RR      SL   G    W MPWF
A2YH41_riceindian                              M        LPLSVEG A  LIAEAV  SNL K YV W           Q RR      SH   G    W MAWF
Q5Z987_ricejapanese                            M        LPLSVEG A  LIAEAV  SNL K YV W           Q RR      SH   G    W MAWF
Q59LR2_candidaalbicans                         M        LPMNIHG V  LIQEAT  ERL Q YA W           Q DV      SL   S    G AAYM
P38111_bakersyeast                             M        LVLSVAG T  LIQEAT  DNL K YI W           Q ET      SE   S    G LPFW
Q75DB8_ashbyagossypii                          M        LPLSVPG V  VVQQAS  ENL Q YI W           Q DT      SD   A    G LPFW
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Q96Q15_human                            A    NL   YEGWT WVRR S AEQVD VIKE TNL   AQL     A    M V     Y        D             
H9F9J1_macaque                          A    NL   YEGWT WVRR S AEQVD VIKE TNL   AQL     A    M V     Y        D             
F1PBU5_dog                              A    NL   YEGWT WVRR S AEQVD VIKE TNL   AQL     A    M V     Y        D             
F1MBL6_pig                              A    NL   YEGWT WVRR S AEQVD VIKE TNL   AQL     A    M V     Y        D             
G3TL75_elefant                          A    NL   YEGWT WVRR S AEQVD VIKE TNL   AQL     A    M V     Y        D             
G1LX38_giantpanda                       A    NL   YEGWT WVRR S AEQVD VIKE TNL   AQL     A    M V     Y        D             
Q8BKX6_mouse                            A    NL   YEGWT WVRR S AEQVD VIKE TNL   AQL     A    M V     Y        D             
G3IKE4_chinesehamster                   A    NL   YEGWT WVRR S AEQVD VIKE TNL   AQL     A    M V     Y        D             
G1N769_turkey                           A    NL   YEGWT WVRR S AEQVD VIKE TNL   AQL     A    M V     F        D             
C5J7W8_zebrafish                        A    NL   YEGWT WVRR S TEQVD VIKE TNV   AQL     A    M V     Y        D             
K1QQ53_oyster                           A    NL   YEGWT WVKR S AEQVE VLKE RNL   SVL     P    F V     F        D             
O01510_worm                             A    NL   YEGWT WVRK S REEAD LIAE TST   SQM     A    L P     I        P             
H9XVZ7_freshwaterflatworm                A    NL   YEGWT WVSK A NQYID LIKS RSA   ARM     A    P I     K        E             
F1KPQ3_pigroundworm                     A    NL   YEGWT WVKP T IEQAD LIRE TSL   ALM     A    M P     A        S             
Q70PP2_fruitfly                         A    NL   YEGWT WVQR T AEQVD VIRE CNP   AVL     P    S V     Y        E             
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P42345_TOR 2517-2549             V      A     L      W      L        LI Q T      Q   G     DT DVPTQ EL  K   SHEN C CYI  CPFW
P78527_DNA-PKcs 4096-4128         V      A     L      W      L        LM Q T      R   G     SG SEETQ KC  D   DPNI GRTWE  EPWM
Q13315_ATM 3024-3056            V      A     L      W      L        LI Q I      R   G     TV SVGGQ NL  Q   DPKN SRLFP  KAWV
Q13535_ATR 2612-2644            V      A     L      W      L        LI E T      Q   G     LP SIEGH HY  QE  DENL C MYL  TPYM
Q96Q15_SMG1 3629-3661           V      A     L      W      M        VI E T      Q   G     RR SVAEQ DY  KE  NLDN A LYE  TAWV
Q9Y4A5_TRRAP 3827-3859          V      A     L      W      E        LV A N      R   A     QFEGGESK NT  A   SLDN CRMDP  HPWL
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