
 1 

Supplementary Material to Brandt et al. “Characterisation of the conformational 

changes in platelet factor 4 induced by polyanions: towards in vitro prediction of 

antigenicity” (Thromb Haemost 2014; 112.1) 

 

Reliability of structural changes measured with CD spectroscopy on PF4:PA complexes –

 One could argue that the changes in PF4 secondary structure (observed in dependence of the PA 

concentration cPA) might be an artefact created by deconvolution of CD spectroscopic data which 

is subject to an additional, yet unaccounted adsorption process. For example, one could 

hypothesize that aggregate formation of PF4:PA-complexes increases the adsorption of the 

PF4:PA solution in the far UV region and that this additional adsorption leads to an erroneous 

alteration of the CD spectrum. In the literature it is suggested to remove aggregates from the 

solution by filtration before performing CD spectroscopy measurements to avoid such erroneous 

alterations (see S. M. Kelly et al. BBA 2005, 1751, 119 - 139). However, we cannot follow this 

recommendation as filtration would remove aggregated complexes, which leads to undefined PF4 

and PA concentrations during the course of the experiments. This impedes any attempt of 

quantification of the measured CD data. 

However, we can rule out that the presence of large structures like aggregates (e.g., made 

of PF4:PA complexes) are responsible for the changes in the CD spectra. This follows mainly 

from the observations that () the formation of PF4 aggregates has no influence on the CD 

spectra, and that () PF4/PA aggregates can have very similar size distributions (as judged by 

PCS/DLS) for “antigenic” and “non-antigenic” PAs, while the CD spectra of these PF4/PA-

complexes can differ substantially: 

() It is well known that dilution of the PF4 concentration shifts the association-

dissociation-equilibrium towards tetrameric and oligomeric states (see M. J. Chen et al. 

Biochemistry 1991, 30(26), 6402-6411). This dilution-induced PF4 aggregation allows roughly to 

control the size distribution of the formed aggregation. Measurements using photon correlation 

spectroscopy revealed that diluting the PF4 concentration to 100 µg/mL induces formation of 

µm-sized aggregates, while negligible aggregation occurs at 1000 µg/mL. If aggregation would 

affect the CD spectra, we would expect to see differences in the CD spectra recorded at PF4 

concentrations close to 100 and 1000 µg/mL, which we do not see in our experiments. 
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() Joglekar and co-workers compared the immunogenicity of heparin with ODSH, which 

is a partly desulfated heparin. Hence, the only difference between these 2 substances are the 

missing sulfate groups, which has a drastic influence on the immunogenicity as well as exposure 

of HIT-relevant epitopes (see M. V. Joglekaret al. Thrombosis and Haemostasis 2012, 107(4), 

717). The data provided by Joglekar and co-workers shows that PF4/heparin- and PF4/ODSH-

complexes have very similar size distributions of the formed aggregates. On the other hand, CD 

spectroscopy shows that heparin and ODSH differ strongly not only in the amount of 

conformational change but also in the shape of the PA titration curve (suggesting a different type 

of interaction). If aggregation would be the reason for the observed changes in the CD spectra, 

then heparin and ODSH should have very similar CD spectra, which is not observed. 

Taken these findings together, we conclude that aggregation cannot explain the observed 

changes in the CD spectra. Moreover, these findings and the high reproducibility of the 

measurements shows that skipping the filtration does not impair the measurements process. 

 

Moreover, we do not interpret the observed changes as PF4 unfolding, as CD 

measurements of temperature-induced denatured/unfolded PF4 show a pronounced, strongly 

negative band around 205 nm. This band has even stronger (negative) ellipticity values than the 2 

alpha-helix bands (at 205 and 220 nm) of native PF4. Hence, unfolding cannot explain the 

changes in the CD spectra that are observed upon PA binding, because this would drive the 205 

nm band to more negative ellipticity values, which is not observed. 

 

Taken together, such scenarios cannot account for the changes of the CD spectra and as 

control measurements performed on pure PA and pure buffer solutions also give no evidence for 

an erroneous crosstalk, only a PA concentration dependent change in PF4 secondary structure can 

explain the data. 
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CD spectroscopy of PF4:dextran and PF4:hyaluronic acid complexes 

 

 
 

 
 

Suppl. Figure 1: Antiparallel -sheet content of PF4 after mixing with either (top row) dextran or (bottom row) 
hyaluronic acid (PF4 concentration = 40 µg/ml). Red lines are to guide the eye. No refolding of PF4 is observed. 
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Correlation of antiparallel -sheet and OD (uncorrected version) 
 

 
 

Suppl. Figure 2: Correlation of antiparallel -sheet content of PF4/PA complexes (as measured with CD 
spectroscopy) with the OD of the same complexes (as determined with EIA) for: (○) UFH, (▲) reviparin, 

(pentagrams) ODSH, (□) chondroitin sulfate A, (►) dextran sulfate. The data was taken from Fig. 2. Strong PF4/PA 

complex antigenicity (indicated by OD >> 1) is accompanied by large PF4 refolding (indicated by antiparallel -sheet 
contents >> 30 %). 
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Prediction of PF4:UFH complex antigenicity using CD spectroscopy (corrected version) 
 

 
 
Suppl. Figure 3: Comparison of OD values predicted from the CD spectroscopic measurements (red dashed line and 
yellow area) with the ones measured by EIA (blue dots) for PF4:UFH complexes, if the UFH concentration of the CD 
spectroscopic data is adjusted by a factor of 1.75. The red dashed line is calculated according to Eq. 1 and translates 

the average value of PF4 antiparallel -sheet content (see symbols in Fig. 2) into a OD value of the PF4/UFH 
complex in EIA measurements. The yellow area is calculated in a similar way, but additionally accounts for 
measurement uncertainties in the determination of the secondary structure. By correcting the peak concentration, 
one obtains an almost perfect match between predicted and measured OD values. 
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Contribution of polyanions to the CD spectra of PF4/polyanion-complexes – For all 

polyanion concentrations used in this manuscript we observe that PF4 gives the major 

contribution to the measured CD spectra of the PF4/polyanion-complexes, while the influence of 

the polyanion can be negleted. Fig. S4 compares (as a representative example) the CD-spectra of 

unfractionated heparin (for the three highest concentrations used in this manuscript) with the one 

of PF4. It is evident from this figure that the PF4 contributes at least 95% to measured ellipticity. 

Hence, as the polyanion makes less than 5%, its contribution can be removed by subtraction of its 

ellipticity from the CD-spectra of PF4/polyanion-complexes. 

 

 

 

Suppl. Figure 4: Comparison of the CD spectra of native PF4 () and (as representative example) unfractionated 
heparin in the three highest concentrations used. 


