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Figure S1 Monomeric GAK in solution

(A) Size-exclusion chromatography profiles of the GAK and Nb complexes performed on Superdex S200 column. (B) Sedimentation velocity AUC of the GAK and Nb complexes performed at 98607 g

using a protein concentration of ~20 M. The peak at 1.2 S corresponds to the free Nb; the kinase domain has a sedimentation coefficient of 2.5S and the kinase Nb complexes sediment around
3S. Some dimerization is obvious at 4.5S.
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The crystal structures reported in this paper have been deposited in the PDB under codes 4038, 4C57, 4C58 and 4C59.
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Figure S2 Details of structural comparison of NbGAK_1 and NbGAK_4

(A) Structure-based sequence alignment with their corresponding secondary structures annotated. High amino acid variations are observed for the three variable CDRs, and are coloured according
to charge properties. NDGAK_4 has a shorter than normal CDR1 (H1). Highest sequence variation is found in CDR3 (H3), where a stretch of hydrophobic amino acids results in a helical segment
(oeA) for NbGAK_4 compared with a short anti-parallel two-stranded B-sheet insertion for NbGAK_1. (B) Surface representation and electrostatic potentials demonstrate distinct architectures
of the epitope-recognition sites between the two Nbs. The GAK-binding site of NDGAK_4 is defined by a surface-filled non-charged interaction site with positively charged pockets spreading along
the CDR surface. In contrast the epitope-binding site of NbGAK_1 forms a shallow groove between the CDR3 on one side and CDR1 and CDR2 on the other side, and exhibits a broad positively
charged electrostatic surface. Calculation of solvent-accessible area using the PISA server revealed a slightly larger contact surface on GAK (692 A?) for the NDGAK_1 interaction, compared with the
578 A2 surface area needed for tight complex formation with NbGAK_4.
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Structures of GAK—nanobody complexes

NbGAK_4

Figure 83 Intermolecular interaction between GAK and Nbs

Surface representation of the Nbs reveals shape and electrostatic complementarities between their epitopes and CDRs, which distinguish the binding sites of NbGAK_1 (A) and NbGAK_4 (C) on to
the kinase. Local intermolecular contacts including hydrogen bonds (distance <3.2 A) and salt bridges between the kinase and NDGAK_1 (B) and NbGAK_4 (D) are represented by broken lines.

Some interactions are mediated by water molecules, which are shown as green spheres.
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Figure S4 Stabilizing interactions of the active conformation of the activation segment in GAK

Comparison of detailed interactions between residues of GAK (left-hand panel) and MPSK1 (right-hand panel) within the activation loop (A) and the ASCH segment (B) of the active conformation of
the activation segments.
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Figure S5 NbGAK_1 distorted the GAK N-lobe and its overall stability

(A) Superimposition between GAK molecules from two Nb complexes reveals a distorted relatively open N-lobe in the GAK-NbGAK_1 complex that restricts salt bridge formation. (B) Cartoon
representations with colour mapping of temperature (B-) factors on the kinase. In addition to the N-lobe, the C-lobe of GAK in the NbGAK_1-complexed structure showed a higher degree of flexibility
compared with that of the kinase in the GAK-NbGAK_4 complex. (C) Comparison of the residue compositions of the C-spine in both complexes. Slight shifts in the positions of some residues are
observed between the two structures (right-hand panel).
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Table S1 Data collection and refinement statistics

Values in parentheses are for the highest-resolution shells. P/L/0, protein, ligand molecules and other (water and solvent molecules).

Complex Apo—GAK GAK-NDbGAK_1 indirubin GAK-NDGAK_4 GAK-NDGAK_4
E804 Wee1/Chk1 indirubin E804
PDB code 4038 4C57 4C58 4C59
Data collection Inflection Peak
Beamline APS 19-ID APS 19-ID Diamond, 102 Diamond, 104 Diamond, 104
Wavelength gf\) 0.9794 0.9791 0.9795 1.0121 1.0121
Resolution (A) 50-2.22 (2.26-2.22) 74.11-2.10(2.14-2.10) 83.39-2.55 (2.69-2.55) 45.09-2.16 (2.28-2.16) 19.75-2.80 (2.95-2.80)
Space group P3,21 P3,21 P2, C2 C2
Cell dimensions
a,b,c(A) 103.6,103.6,132.1  103.4,103.4,132.0 75.2,86.7,83.9 a=159,0=374  a=1743,b=378,
c=T76.0A c=756A
a, B,y (°) 90.0,90.0, 120.0 90.0, 90.0, 120.0 90.0, 96.4,90.0 90.0, 108.5, 90.0 90.0,111.5,90.0
Number of unique reflections 41031 (1,999) 48311 (2356) 34717 (4842) 22748 (3292) 11580 (1678)
Completeness (%) 99.9 (100) 99.9 (100.0) 99.1(95.1) 99.2(99.7) 99.5(99.8)
lol 413 (4.1) 36.6 (2.2) 10.5(21) 10.3 (2.0) 8.3(2.0)
Rinerge (%) 7.3(75.7) 8.2(95.7) 9.1(64.1) 10.9(77.7) 14.1(69.1)
Redundancy 14.5(14.7) 14.5(14.0) 52(35) 57(5.7) 36(3.7)
Phasing MAD MAD Molecular replacement Molecular replacement  Molecular replacement
Resolution (A) 74.11-2.1 7411-2.1
Phasing power 1.32 1.32
Figure of merit
Acentric/centric 0.84/0.8 0.84/0.8
After density modification 0.92 0.92
Refinement
Number of atoms in refinement (P/L/0) 4314/-/282 6676/54/223 3020/25/206 2976/27/63
Riact (%) 16.5 17.8 17.9 202
Riree (%) 195 228 242 26.2
By (P/L/0) (/32) 57/-/56 80/78/62 44/34/45 61/70/41
RMSD bond (A) 0.016 0.010 0.014 0.008
RMSD angle (°) 16 1.1 1.6 1.0
MolProbity
Ramachandran favour (%) 96.6 96.7 96.1 97.6
Ramachandran allowed (%) 100.0 100.0 100.0 100.0
Crystallization 1.0 M succinic acid (pH 7.0) and 0.1 M Bis-Tris propane (pH 7.0)  14% PEG 3350, 0.2 M sodium 12% PEG 3350 and 9% PEG 3350 and 0.06
sulfate, 0.1 M Bis-Tris 0.13 M magnesium M magnesium
propane (pH 7.0) and 10% formate formate

ethylene glycol
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