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Other Supplementary Material for this manuscript includes the following:

Movie S1



 

Fig. S1. Immunohistochemical assessment of sPrP and (human) Aβ/APP in different brain regions of 5xFAD 

and 5xFAD/Prnp0/0 mice. Representative pictures showing areas of dentate gyrus, subiculum and cerebral 

cortex. Prominent Aβ plaques as well as cell-associated Aβ/APP are detected with the 6E10 antibody (DAB) 

in both genotypes, whereas (plaque-like) sPrP (using the sPrPG228 antibody) is only detected in 5xFAD mice 

with WT background (i.e., with PrP expression). This excludes unspecific binding of sPrPG228 (and/or the 

respective 2nd antibody used for detection) to Aβ deposits. 

  



 

 

Fig. S2. Scheme combining different concepts of PrP-associated protection in neurodegenerative diseases 

and referencing important respective studies of various groups. While diverse mechanisms may be involved 

in these aspects, note that (I) protective roles of extracellular PrP forms/fragments (see references 8, 39, 73, 

77, 101-110), (II) beneficial effects of some PrP-directed antibodies (references 41, 83, 111-128), (III) the 

plaque-promoting action of ‘PrP’ (references 39, 129-133), and (IV) protection by ADAM10 (references 25, 

33, 34) (besides its role as the major α-secretase in the non-amyloidogenic processing of APP not covered 

here) might all be connected by physiological PrP shedding and shed PrP (center). Further studies are clearly 

required to investigate this possible link.  



 

Fig. S3. A Biochemical assessment of sPrP and sAPPα (in precipitated conditioned media) and APP, 

ADAM10, and PrP (in corresponding cell lysates) upon overnight treatment of N2a cells (3 wells per condi-

tion) with 3F4 (negative control), 6D11, single-chain (scFv) and classical (IgG) POM1. Actin and total pro-

tein stain shown as loading controls. Quantifications of sPrP-to-PrP and sAPPα-to-APP ratios (as well as 

PrP-to-actin and APP-to-actin [small diagrams]) are shown below. All antibodies directed against mouse PrP 

significantly increased shedding compared to controls (3F4) without relevant effects on released sAPPα and 

cell-associated PrP and APP. (Arrow at the sPrP blot indicates presence of an unknown band in samples 

treated with scFvPOM1, which poses some degree of error to the quantification that should be considered). 

B Detection of aforementioned proteins upon overnight treatment of N2a cells (in triplicates) with ascending 

doses of 6D11 antibody. Quantifications presented below. Plotted data in A and B shows mean (controls set 

to 1) ± SE; Student’s t-test results considered significant at *p < 0.05, **p < 0.005, ***p < 0.001.  



 

Fig. S4. Western blot analysis of a surface biotinylation assay (A) showing membrane levels of ADAM10 

and PrP (flotillin shown as loading control) and corresponding total lysates (B) showing ADAM10 and PrP 

amounts (actin served as loading control) in N2a cells treated with POM2 or POM1 compared to cells treated 

with a non-PrP-directed control antibody. Quantification in C shows the relative levels of PrP in lysates 

(PrP/actin ratio) and at the cell surface (PrP/flotillin ratio; dotted graphs) with the respective control treatment 

set to 1. Note the decrease in PrP upon POM2 treatment, which is particularly pronounced at the cell surface. 

POM1 instead caused elevated PrP levels at the plasma membrane. Statistical analysis was carried out with 

n=3 for all experimental groups. For comparing cell surface PrP levels to the levels of PrP in lysates in each 

treatment, significance values were obtained by implementing one-way ANOVA followed by the Tukey post-

hoc test. Plotted data shows mean ± SEM. *p < 0.05, **p < 0.01. 

  



 

Fig. S5. Assessment of toxic effects of antibody treatments using an Annexin V apoptosis assay. Upon treat-

ment with the indicated antibodies, the percentage of Annexin V-positive cells was determined by FACS 

compared to untreated (untr.) or 3F4 IgG-treated negative controls (grey bars). Different concentrations of 

staurosporine were used as positive controls inducing cell death. Mean ± SE; n=3 independent experiments 

(except for for 250nM STS: n=2 due to an experimental outlier excluded from quantification).   

  



 

Fig. S6. Antibody-mediated effects on PrP shedding in the neuronal cell line mHippo E14. To confirm find-

ings in N2a cells we performed the same treatments in another murine brain-derived cell line. A Incubation 

with antibodies did not alter overall cell density or morphology compared to untreated controls, thus suggest-

ing lack of major toxicity (scale bar = 50 µm). B Representative western blot analysis showing similar 

changes caused by antibody treatment as observed in N2a cells (Figure 2C). However, while increased shed-

ding was again observed upon 6D11 or POM1 treatment, the reduction of total PrP caused by POM2, albeit 

detectable, was not significant after quantification of n=3 independent experiments (graphs represent mean 

± SEM) shown in C. Graphpad Prism (6.01) was used for calculating statistical significance in multiple 

comparisons by one-way ANOVA and uncorrected Fisher's LSD test (*p < 0.05). 

 

  



 

Fig. S7. SAXS profiles for the concentration series of (A) 6D11 antibody and (B) recPrP (23–230) / 6D11 

antibody complex (in a 2:1 ratio). C, D SAXS data and modelling of the 6D11 antibody. C Experimental 

SAXS profile (symbols) and CORAL fit (solid line) for the representative model of the 6D11 antibody 

(χ2=0.85). D A typical model of the 6D11 antibody obtained with CORAL from the IgG2a crystal structure 

1igt.pdb allowing for a flexible hinge region (the model was further used for the modelling of the 

recPrP/6D11 complex shown in Fig. 4). For further detail also refer to Table S1 and its associated infor-

mation. 

  



 

Fig. S8. No shedding-stimulating activity of four PrP-directed chemical compounds. A Structural represen-

tation of four known PrP-binding compounds (framed boxes) and their expected binding regions (coloured 

regions) within the globular part of PrP (center). B Biochemical assessment of total proteins (as loading 

control) and PrP levels in lysates as well as sPrP in corresponding media supernatants of HEK293 cells stably 

expressing murine PrP and treated with increasing concentrations of the respective substance (indicated). 

Densitometric quantifications of at least four independent experiments are shown under the representative 

blots. PrP signals (detected with D18 or sPrPG228 antibody) were normalized to the signal of total proteins in 

cell lysates. Bar graphs show PrP or sPrP levels expressed as the mean percentage of untreated (DMSO only) 

controls ± standard errors. Data was processed with the Prism software, version 7.0 (GraphPad) and analyzed 

with one-way ANOVA test, Dunnett`s post-hoc test; p-values are indicated as **<0.01, ***<0.001.  

  



 

Fig. S9. POM2 treatment time course. Western blot analysis showing PrP, ADAM10 and β-actin in N2a cells 

treated for the indicated duration with POM2 antibody (3 wells per condition). Total protein stain shown as 

additional loading control. Quantifications of PrP-to-actin ratios shown below. POM2 caused a relatively 

quick reduction cellular PrP levels which then stabilized at low levels after 20 min. Plotted data shows mean 

(controls at 0 min set to 1) ± SE; Student’s t-test results considered significant at *p < 0.05, **p < 0.005; 

significances calculated compared to the 0 min time-point. 

  



 



Fig. S10. Fluorescence microscopy demonstrating POM2-mediated clustering of PrP. A Live-microscopy 

pictures (see also Movie S1) of rat hippocampal neurons expressing GFP-tagged PrP (green) taken shortly 

before (left two columns; -5 and 0 min) and after (right three columns; 5, 10 and 60 min) treatment with 

POM2, 6D11 or 3F4 antibody (start of treatment indicated by red arrow). Overviews showing neuronal den-

dritic trees (scale bars = 20 µm) are followed by magnified view on individual dendrites indicated by white 

frames (scale bar in close-ups is 4 µm). Note that a strong clustering of PrP (green) is only detectable upon 

treatment with POM2. B IF analysis of WT rat neurons fixed after 30 min of POM2 treatment and stained 

for PrP (green) reveals that POM2-mediated clustering also occurs on endogenous PrP. Phalloidin (red) was 

used to stain actin for better display of neuronal processes. 

  



 
 

Fig. S11. Immuno-EM comparison between N2a cells treated for 5 min with either POM1 or POM2. Immu-

nogold-positive clusters were exclusively observed in samples incubated with POM2 (lower panel), whereas 

treatment with equal amounts of POM1 only resulted in isolated dots (upper panel). In this set of experiments, 

pan-PrP antibody 6D11 was used for detection, followed by a rabbit anti-mouse secondary antibody and 

protein A coupled to 10 nm colloidal gold. Ex: extracellular; in: intracellular. 

 

  



 
 

Fig. S12. Comparison of effects of single-chain POM2 and POM2 IgG in N2a cells. A Western blot analysis 

of sPrP and sAPPα (in precipitated conditioned media) and APP, ADAM10, and PrP (in corresponding cell 

lysates) upon overnight treatment (3 wells per condition) with scFvPOM2 or POM2 IgG. Actin and total 

protein stain serving as loading controls. Quantifications of sPrP-to-PrP, sAPPα-to-APP, PrP-to-actin and 

APP-to-actin ratios are shown on the right. Single-chain POM2 caused increased shedding, whereas POM2 

caused significant reductions in sPrP and cellular PrP levels compared to untreated controls (sAPPα and APP 

levels remained largely unaltered). Plotted data shows mean (controls set to 1) ± SE; Student’s t-test results 

considered significant at *p < 0.05, **p < 0.005. B Co-treatment with PrP-directed antibodies and Bafilomy-

cin (for lysosomal inhibition). Treatment with Baf A1 (+) consistently causes an increase in both, PrP and 

APP levels, compared to non-Baf A1 treatment (-). However, while cells incubated with single-chain POM2 

(scFvPOM2) share a similar pattern with cells treated with no antibody (Ctrl) or with 6D11, Baf A1 in POM2-

treated cells causes reappearance (bold arrow) of the otherwise largely vanished PrP signal (thin arrow), 

consistent with data in Fig. 6B. Actin and total protein stain serving as loading controls. C Immuno-EM 

comparison between cells treated for 10 min with POM2 or scFvPOM2. Immunogold-positive clusters were 

exclusively and consistently observed for POM2 treatment (upper panel; bold red arrows and magnifications 

highlight representative clusters at the surface and instances of invagination/uptake), whereas corresponding 

amounts of scFvPOM2 only resulted in sparse individual signals (lower panel) at the cell surface and occa-

sionally in intracellular compartments (red thin arrows and magnified detail). Detection was with 6D11 fol-

lowed by protein A-coupled gold; scale bars represent 200 nm. 

 

 

  



Table S1. SAXS data collection, parameters and additional information. 
 

Data collection parameters  

Radiation source Petra III (DESY) 

EMBL P12 

Pilatus 6M 

0.124 

3 

0.03 - 7.3 

6 (=60 x 0.1 s) or 2 (=20 x 0.1 s) 

293.2 

 

Beamline 

Detector 

Wavelength (nm) 

Sample-detector distance (m) 

s range (nm-1) 

Exposure time (s) 

Temperature (K) 

Overall parameters recPrP 6D11 Complex 2:1 

Concentration (mg/mL) 1.56 2.00 1.80 

Rg from Guinier approximation (nm) 2.78 ± 0.04 5.12 ± 0.03 8.13 ± 0.02 

Rg from PDDF* (nm) 2.9 ± 0.1 5.23 ± 0.09 7.60 ± 0.02 

Max.Intramolecular distance DMAX (nm) 9.9 17.6 24.8 

Porod Volume, VP (nm3) 43 330 954 

Molecular weight, I(0) (kDa) n/a 120 206 

Molecular weight from Bayesian estimate (kDa) 20.8 - 24 127 - 151  221 - 373 

Expected molecular weight (e.g. sequence) (kDa) 22.9 150** 196 

  

Software employed  

Primary data reduction SASFLOW 

Data processing PRIMUS 

Hybrid (rigid/random loops) and Rigid body modelling CORAL, SASpy 

 

*Pair distance distribution function 

**Typical IgG molecular mass 

 

Supplementary information on SAXS measurements and data 
SAXS data and modelling for pure recPrP accounting for its partial disorder are reported in detail elsewhere (SASBDB accession 

code: SASDHV9). The overall SAXS-derived parameters of recPrP are presented in Table S1, and an ensemble of CORAL models 

and their best fit to the data are shown in Fig. 4A,C (25% of conformers shown for clarity). The significant variability of the N-

terminal parts in these models suggests that recPrP, distal to the membrane anchoring site, samples multiple conformations includ-

ing very extended ones. The 6D11 antibody is a murine IgG2a. The SAXS profiles of the concentration series displayed in fig. S7 

overlap well, thus pointing to the absence of interparticle interactions in the concentration range probed here. In the following, the 

curve at 2 mg/mL, with the best signal to noise ratio, was employed. The derived overall parameters (Table S1) are indicative of a 

typical monomeric IgG. In order to model the conformation of 6D11, the crystal structure of another murine IgG2a (134), PDB 

accession code 1IGT, was employed. The conformation in the crystal structure does not fit satisfactorily the SAXS data (discrep-

ancy χ2=2.84, not shown). To obtain representative conformations for the solution state, the model was disconnected in the consti-

tuting Fab and Fc domains, and the hinge region of the heavy chains modelled in CORAL as two 20 amino acids long random 

loops. Ten independent CORAL reconstructions consistently revealed an approximately T-shaped conformation fitting the data 

well (χ2=0.84-0.87) (fig. S7), and thus yielding a representative model of the dominant antibody conformer in solution. 

The concentration series of the 2:1 recPrP/6D11-antibody complex also shows consistently overlapping curves without concentra-

tion-dependent effects (fig. S7B). The complex was modelled against the representative data set collected at 1.8 mg/mL. The 

overall parameters (Table S1) suggest a rather extended assembly and a representative model of a 2:1 complex, with χ2=0.83, 

modelled on the basis of these data is shown in Fig. 4D. Intriguingly, to explain the SAXS data, the complex had to be modelled 

by using very extended conformers for recPrP. While complex formation with such a flexible antigen will almost certainly result 

in multiple conformations, the solution scattering pattern is dominated by “open” conformations of the complex. This suggests 

that, in the presence of the 6D11 antibody, PrP (as assessed here for recPrP) tends to adopt predominantly extended conformations. 

 



Table S2. SPT-QD analysis. 

Median Diffusion Coefficient, D (µm2/s) for data plotted in Fig. 7B and 7D.  

Three experiments performed on independent cultures. Total number of QDs analyzed per condition.  

Kolmogorov-Smirnov test comparing the distribution of diffusion coefficient values. 

   

 

 

 

 

Movie S1. Time-resolved compilation of a representative live microscopy analysis of PrP-GFP-expressing 

rat neurons treated with POM2 (left), 6D11 (center) or 3F4 (right) antibodies (parts of it are highlighted in 

Fig. 6 and fig. S10A). Note the strong clustering of PrP upon POM2 administration visible all over the se-

lected dendritic tree. 
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