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Table S1 Characteristics of the BACE2 specific Xaperones 

Xaperone  #  Reference cdr3 and length  [mg/L] kon  (M
-

1
•s

-1
) 

Koff 

(s
-1

) 

KD 

(nM) 

XA4779 13 DGGYYGLDADEYDY 14 0.46 1.4E

+06 

7.2E-02 51.4 

XA4793  1 DGDRGYYGADELEYDN 16 0.44 1.1E

+06 

3.8E-02 34.5 

XA4787 5 DNSGYYGSSGSEYDS 15 0.23 4.5E

+06 

2.9E-02 6.4 

XA4813 6 GGR 3 0.55 3.1E

+06 

3.7E-03 1.2 

XA4815 1 NGH 3 0.15 1.5E

+06 

3.9E-02 26.0 

XA4781 1 DPAYYGSDSYEYDY 14 0.12 6.4E

+05 

7.4E-02 115.6 

N.S.C 1 LIRLRASDVQYREY 14     

N.S.C 1 GRYYSGSRDSYNYNY  15     

N.S.C 1 GFTSIGYNWGS 11     

# number of members in the same sequence family 

 

N.S.C not used, as no stable 1:1 BACE2 complex could be detected by SEC 

 

 

 

Table S2 Characteristics of the BACE2 binding Fynomers 

Fynomer 

Clone 

Sequence 

RT-loop 

Sequence 

src-loop 

Small scale 

Expression 

Level [mg/L] 

KD [nM] 

Biacore 

Koff  [s-
1
] 

Biacore 

IC50 

[nM] 

activity  

 

1B-G10  EARPNRPL APPR 8.6 260 1.3x10-1 1325  

2B-D2   EARGEQ NWWHVR 35 47 3.4x10-2 87  

1B-H10 EARGEY NWWHVR 30 45 2.5x10-2 51  

1B-B11 EARHTF NWWHVR 5.8 70 4.1x10-2 302  

1B-E11 EARPDTR NWWHVR 21 380 9.4x10-2 n.d.  

2B-E9 EARPGRKH NWWHVR 19 22 1.7x10-2 879  

2B-H11 EARPNRPL NWWHVR 3.2 6 2.8x10-3 174  

2B-B12 EARSDRPL NWWHVR 10 9 6.3x10-3 35  

1B-E10 EARTGTH NWWHVR 8.8 200 1.1x10-1 >10000  
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Figure S1 Examples of non-competition and competition in SPR binding measurements. In case of non-competition 

(Xaperones 4815 and 4793 binding different epitopes), the saturation signals of the individual Xaperones add up to 

the signal of the mixture. In case of competition (Xaperones 4793 and 4787 binding the same epitope), the signal of 

the mixture is the same as the saturation signal of the individual Xaperones. 
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Figure S2 Examples of binary and ternary BACE2 Xaperones complexes in AUC measurements. Sedimentation 

coefficient distributions c(s) for mutant BACE2 in complex with either XA4793 (no. 14, black) or XA4813 (no. 16, 

red) or a combination of XA4813/XA4787 (green) or XA4813/XA4815 (blue). The Xaperones 4815 and 4787 are 

non-competitive with 4813 and form a ternary complex with BACE2 and XA4813.The distribution for BACE2 is 

shown as reference (magenta). The differences in the total signals are due to different loading concentrations and 

absorption coefficients. All data were measured at 20°C and 50,000 (An50 Ti rotor). The data were analyzed with 

Sedfit (P. Schuck (2000) Size distribution analysis of macromolecules by sedimentation velocity ultracentrifugation 

and Lamm equation modeling. Biophysical Journal 78:1606-1619).   
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 Table S3  Crystallization conditions 
 

Crystal. aid 

Ligand  

PDB-ID 

E331A 

RO5464694 

3zki 

 E331A 

bis-tris-propane 

3zkg 

Fab 1/9 

RO5464694 

3zkn 

Fab 1/9 

- 

3zkm 

Crystallization 

condition 

0.1M Tris,pH 

8.0, 

25%PEG3350 

0.1M Tris,pH 

8.0, 

25%PEG3350 

0.2M Li2SO4, 

0.1M HEPES pH 

7.5, 25% 

PEG3350 

0.2M Li2SO4, 

0.1M HEPES pH 

7.5, 25% 

PEG3350 

     

 

 

Crystal. Aid 

 

Ligand  

PDB-ID 

XA4813  

 

RO5464694 

3zks 

XA4813 

 

bis-tris-propane  

3zkq 

XA4813 

+XA4815 

- 

3zkx 

Fynomer 

 

Fynomer 

1umab  

Crystallization 

condition 

25%PEG1500 25%PEG1500 0.2 M Na 

malonate pH 7.0, 

20% PEG3350 

1.8M Na/K 

phosphate pH 5.0 

 

 

 

 

Table S4 The amino acid sequence of the Xaperones giving crystal structures. The cdr sequences are colored as in 

Fig. 3b  

 XA4813 XA4815 

 
QVQLQESGGGLVQPGGSLRLS

CAASGFTFS 

QVQLQESGGGLVQAGGSLRLS

CAASGFTFS 

cdr1 SAIMT RAAMR 

 WVRQAPGKGREWVS WVRRAPERGLEWVA 

cdr2 TIGSDGSITTYADSVKG NINAGDGSASYADFVKG 

 
RFTISRDNARNTLYLQMNSLK

PEDTAVYYCTS 

RFTASRDKAGNRLYLQMDNLR

PNDTAVYYCIY 

cdr3 AGR NGH 

6His 

Tag 

RGPGTQVTVSSHHHHHHEPEA RGQGTQVTVSSHHHHHHEPEA 
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Table S5 The amino acid sequence of the light and heavy chains of MAB 1/9 

       1  METDTLLLWV LLLWIPGSTG NIVLSQSPGS LAVSLGQRAT ISCRASKSVD 

 

      51  TYGHSFIHWY QQKPGQPPNL LIHLASNLES GVPARFSGRG SGTDFTLTID 

 

     101  PVEADDAATY YCQQNNEDPW TFGGGTKLEI KRADAAPTVS IFPPSSEQLT 

 

     151  SGGASVVCFL NNFYPKDINV KWKIDGSERQ NGVLNSWTDQ DSKDSTYSMS 

 

     201  STLTLTKDEY ERHNSYTCEA THKTSTSPIV KSFNRNEC 

 

 

       1  MAVLVLFLCL VAFPSCVLSQ VQLKESGPVL VAPSQSLFIS CTVSGFSLTR 

 

      51  YGVHWVRQSP GKGLEWLGVI WAGGTTNYNS AFMSRLTISK DNSKSQVFLK 

 

     101  MNSLQTDDTA IYYCVKAYRN AMDYWGQGTS VTVSSAKTTA PSVYPLAPVC 

 

     151  GDTSGSSVTL GCLVKGYFPE PVTLTWNSGS LSSGVHTFPA VLQSDLYTLS 

 

     201  SSVTVTSSTW PSQSITCNVA HPASSTKVDK KIEPRGPTIK PCPPCKCPAP 

 

     251  NLLGGPSVFI FPPKIKDVLM ISLSPIVTCV VVDVSEDDPD VQISWFVNNV 

 

     301  EVHTAQTQTH REDYNSTLRV VSALPIQHQD WMSGKEFKCK VNNKDLPAPI 

 

     351  ERTISKPKGS VRAPQVYVLP PPEEEMTKKQ VTLTCMVTDF MPEDIYVEWT 

 

     401  NNGKTELNYK NTEPVLDSDG SYFMYSKLRV EKKNWVERNS YSCSVVHEGL 

 

     451  HNHHTTKSFS RTPGK 

 

 

 

Table S6 The amino acid sequence of Fynomer 2B-H11. The RT loop is red and the src loop magenta, as in Fig. 

4. 

       1  MRGSGVTLFV ALYDYEARPN RPLDLSFHKG EKFQILNWWH VRGDWWEARS 

 

      51  LTTGETGYIP SNYVAPVDSI QGEQKLISEE DLHHHHHH 
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Figure S3 A surface recognition motif found in 3 independent structures 

(a) PDB-entry 2ewy A and B chains. Residues A 278-283 (magenta) make an anti-parallel beta interaction with 

the same residues of molecule B (pink) across a local dyad axis. Loop 323-330 (gold) of each chain approaches the 

active site of the other, where Leu327 (spheres) interacts with the inhibitor (plum, sphers). The flap covers the ligand 

at the left. (b) A similar local dyad interaction in surface mutant E269A crystals. (c) In the ternary 

BACE2:XA4813:XA4815 complex, XA4815 residues 186-190 make a similar interaction. 

Despite the different crystallographic space groups, molecules A and B in crystals of surface mutant E269A and 

PDB-entry 2ewy are related by a similar local dyad axis, with residues 278-283 having an anti-parallel beta 

interaction. In PDB-entry 2ewy the neighboring loops are well ordered and place Leu327 in the other active site, 

where they interact with the co-crystallized inhibitor, whereas in the surface mutant crystal the loops are poorly 

ordered and do not penetrate the active sites, which are some 5 Å further apart (Fig. S2). Overlay of the A chains 

(xsae auto mode) gives rmsd 0.63 Å for 335 C pairs. Apart from the flap, which responds to inhibitor binding, there 

are no significant differences between the two structures other than in the dyad contact region. Residues 278-283 are 

also used for recognition by Xaperone XA4815, where the interaction is also anti-parallel beta, slightly distorted, and 

are also in the Fab 1/9 epitope, where they adopt a new helical structure (Fig. 2).  
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Table S7 Crystal forms of the BACE2:XA4813 complex 

Form Space Group a, b, c (Å) α, β, γ (°) 
Resolution Å 

(best) 

# of 

independent 

structures 

Complexes per 

a.u. 

1 P212121 64, 75, 109 90, 90, 90 1.51 2 1 

2 P212121 62, 72, 214 90, 90, 90 2.21 1 2§ 

3 P21 63, 62, 115 90, 101, 90 1.56 4 2§ 

4 P21221 47, 52, 208 90, 90, 90 1.95 2 1 

5 P21 47, 211, 53 90, 105, 90 1.89 5 2 

 
§ 

Here the second complex has XA4813 slightly shifted and rotated. The shift is ~1Å for Ile192 in the binding 

interface and ~7Å for residues most distant from that region. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

(f) 

Figure S4 Comparative mobility of BACE2 in different crystal structures. 

BACE2 is represented in ‘putty’ option in PYMOL (Delano 2000), which gives tube width and color as a function 

of the temperature factors of the Cα atoms of each residue. The catalytic aspartates mark the active site. Binding 

proteins are represented as grey ribbons. (a) The E269A surface mutant. (b) The Fab 1/9 complex. (c) The Xaperone 

XA4813 complex. (d) the ternary complex with Xaperones 4813 and 4815. (e) the Fynomer 2B-H11 complex. Here 

the temperature factors are shown after removal of the TLS contribution. (Without TLS refinement temperature 
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factors of 100-150 Å2 are observed – consistent with the low resolution of the Fynomer complex data.) (f) PDB-entry 

2ewy for comparison. 


