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Abstract

Specific mutations in Apolipoprotein A-1 (ApoA-I) of high-density lipoprotein (HDL) are
responsible for a late-onset systemic amyloidosis. Carriers do not exhibit increased
cardiovascular disease risk despite reduced levels of ApoA-I/ HDL-cholesterol. To explain
this paradox, we show that the HDL patrticle profile of L75P and L174S patients presents a
higher relative abundance of the 8.4 nm vs 9.6 nm particles, and that serum from patients, as
well as reconstituted 8.4 and 9.6 nm HDL particles (rHDL), possess increased capacity to
catalyze cholesterol efflux from macrophages. Synchrotron radiation circular dichroism and
hydrogen-deuterium exchange revealed that the variants in 8.4 nm rHDL have altered
secondary structure composition and display a more flexible binding to lipids compared to
their native counterpart. The reduced HDL-cholesterol levels of patients carrying ApoA-I
amyloidogenic variants are thus balanced by higher proportion of small, dense HDL patrticles

and better cholesterol efflux due to altered, region-specific protein structure dynamics.

Keywords
Apolipoprotein A-1, amyloidosis, high-density lipoprotein, cholesterol efflux, cardiovascular

disease

Abbreviations

ABCAL, ATP binding cassette Al; ABCG1, ATP binding cassette G1, ApoA-I, apolipoprotein
A-l; ApoB, apolipoprotein B; CD, circular dichroism; CVD, cardiovascular disease; FC,
unesterified free cholesterol; HDL, high-density lipoprotein; HDX, hydrogen-deuterium
exchange; LCAT, lecithin-cholesteryl acyl transferase; PBS, phosphate buffer saline; POPC,
1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine; rHDL, reconstituted HDL; SRCD,
Synchrotron Radiation Circular Dichroism; TEV, tobacco etch virus; Tm, transition

temperature; WT, wild-type.
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Main

Amyloidoses are a broad group of diseases caused by protein instability and misfolding that
leads to pathological aggregation of proteins as amyloid deposits in tissues and organs’.
These amyloid deposits are either localized, as in Alzheimer’s and Parkinson’s diseases, or
systemic, as is the case of transthyretin and light-chain amyloidoses. The different types of
amyloidoses commonly lead to severe and age-related damage of the tissues where
aggregation takes place. The understanding of the determinants leading to protein fibril
formation and amyloidosis development is thus key for finding ways to develop efficient
treatments for the affected individuals.

Apolipoprotein A-l (ApoA-Il), associated with hereditary systemic amyloidosis, has a key role
for the transportation of cholesterol and lipids in the circulation between peripheral tissues
and the liver®. Following its synthesis in the liver and intestines, ApoA-l mediates this
transportation by the formation of high-density lipoprotein (HDL) particles. These load
cholesterol and lipids from macrophages at the artery wall via a regulated efflux mechanism
catalyzed by the cellular ATP-binding cassette (ABC)A1 receptor. HDLs are then carried to
the liver in the bloodstream for cholesterol processing and/or excretion as bile. This is an
important process since well-balanced levels of cholesterol, particularly at the artery wall,
may reduce the build-up of atherosclerotic plaques and hence the risk of cardiovascular
disease (CVD). HDL particles are further modified by interaction with additional cellular
receptors (ABCGL1 and scavenger receptor Bl (SR-BI)) and with soluble enzymes, including
the lecithin-cholesteryl acyl transferase (LCAT) protein®*. During these processes the HDL
particle grows from the initially formed discoidal pre-beta HDL species to larger, spherical
HDL particles, a process that is facilitated by flexibility in the ApoA-I structure®. The
interaction with these receptors and soluble enzymes, as well as the protein flexibility, are
critical for HDL biogenesis. The qualitative features and the size-distribution of the HDL
species, rather than the absolute quantity of ApoA-I/HDL, are indeed regarded as major

determinants for function® and for the prevention of CVD’.


https://doi.org/10.1101/2020.04.08.031211
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.04.08.031211; this version posted April 10, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

78 A high degree of flexibility in the ApoA-I structure is thus important for lipid-binding and

79  functionality of ApoA-1 in HDL. However, in ApoA-| variants carrying single amino acid

80  substitutions, this flexibility might be causative for increased susceptibility to proteolytic

81 remodeling and subsequent protein aggregation. Indeed, this is the case for twenty-three

82  currently known human amyloidogenic variants of the APOAL gene that lead to progressive

83 accumulation of ApoA-I protein in liver, heart, kidneys, larynx, skin and/or testis®*2. These

84  mutations are localized to two major regions of the ApoA-I structure, either within residues 25

85 to 75 in the N-terminal domain or within residues 170 to 178 in the central domain of ApoA-I.

86  The reason for the high occurrence of amyloid-prone variants in these two regions is not

87  known, but this might indicate that these regions have specific functions in lipid-association

88 and/or in protein structure dynamics®®. Interestingly, carriers of several ApoA-| variants,

89 including Gly26Arg **, Leu75Pro™*®, and Leu174Ser*’'®, have decreased blood levels of

90 ApoA-l, yet do not have increased risk of CVD. Recently, in vitro cell studies using

91 recombinant lipid-free and HDL-reconstituted ApoA-I amyloidogenic variants provided an

92  explanation to this apparent paradox, as these variants showed a significantly higher

93  cholesterol efflux capacity compared to the native protein®®. However, the structural basis for

94  the improved catalytic function of the ApoA-I variants is not understood. It is also not clear

95  how the complexity and HDL-species distribution in circulation contribute to the improved

96 efficacy of the variants. Here, we use clinical samples from Leu75Pro (L75P) and Leul74Ser

97 (L174S) patients, as well as from matched control individuals, to investigate their unique HDL

98 particle distribution and functionality. In order to explain the in vivo phenotype of the L75P

99 and L174S variants, synchrotron-radiation circular dichroism (SRCD), hydrogen-deuterium
100 exchange (HDX) mass-spectroscopy on reconstituted HDL (rHDL), and the measurement of
101  cholesterol efflux from macrophages to both rHDL and patient serum samples are used to
102  analyze the functionality and structure of discoidal pre-beta HDL particles of defined sizes.
103
104 Results

105 Patients carrying ApoA-l amyloidogenic variants have distinctive HDL patterns
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106  Serum samples from patients carrying ApoA-I amyloidogenic variants (heterozygotic for

107  either L75P or L174S) and from unrelated control subjects were depleted for Apolipoprotein
108 B (potential cholesterol acceptor) prior to the analyses. To examine the levels and profile of
109 HDL species, equal volumes of serum samples were separated by denaturant and native
110 PAGE and analyzed by western blot for ApoA-I protein content by using anti-human ApoA-I
111 antibodies. Serum from L75P heterozygotic patients presented lower amounts of total ApoA-I
112 protein (33 % reduction compared to control subjects, Figure 1A), which agrees with previous

113 reports®®72°

, Whereas ApoA-I levels in serum of L174S patients were similar to those of

114  control subjects. Analysis of the samples by native western blot supported this observation
115 and also revealed differences in the distribution of HDL species (Figure 1B). Specifically,

116  serum from control subjects displayed an additional species of particles around 12 nm and
117  also a higher relative abundance of the 9.6 nm patrticles in relation to the 8.4 nm particles
118 (9.6 nmto 8.4 nm ratio is 1.09) compared to serum from L75P and L174S patients (ratios of
119 0.57 and 0.71, respectively) (Figure 1B, right panel).

120

121 HDL from patients carrying ApoA-l amyloidogenic variants show improved ability to
122 promote cholesterol mobilization

123  Reconstituted 9.6 nm HDL patrticles containing ApoA-I variants have been shown to be more
124  efficient than the wild-type (WT) counterpart at mediating cholesterol efflux from

125  macrophages®. In order to test if HDL from patients carrying L75P and L174S amyloidogenic
126  variants possess an improved ability to mediate cholesterol mobilization, dose-response

127  cholesterol efflux experiments were performed by using serum samples as acceptors of

128 cholesterol. Cholesterol-loaded J774 macrophages were incubated (4 h) with serum samples
129  from L75P and L174S patients, or from control subjects, in a dose-dependent manner

130 normalized for the amount of total ApoA-I. Spontaneous cholesterol release into the media
131  was measured and the efflux for each treatment subtracted for this value.

132 As shown in Figure 1c, patients with the L75P substitution displayed a 33% increase in

133  cholesterol binding capacity (Bmax) as compared to control subjects (p<0.05) but with no
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134  difference in binding affinity (Kd). A similar increase in the efflux capacity of serum from

135 L174S patients was observed. However, the increase in Bmax did not reach statistical

136  significance, most likely due the lower number of clinical samples available for this variant.
137  The improved efflux capacity observed for the amyloidogenic ApoA-I patients may be sex-
138  specific as serum from male patients showed the larger difference in Bmax compared to
139 male control subjects (Figure S1).

140 In order to evaluate if the relatively higher serum concentrations of 8.4 nm HDL particles
141  (compared to the 9.6 nm HDL patrticles) contributed to the improved cholesterol mobilization,
142  cholesterol efflux experiments were performed by using reconstituted HDL (rHDL;

143  POPC:ApoA-I) particles with sizes of either 8.4 or 9.6 nm. The effect of unesterified free
144  cholesterol (FC) already being present in the synthesized rHDL particles (POPC:FC:ApoA-I)
145  was also evaluated.

146 In general, several of the rHDL particles containing the amyloidogenic variants displayed
147  greater ability to promote cholesterol efflux compared to WT ApoA-I (Figure 2). In particular,
148 9.6 nm POPC:FC:ApoA-I particles containing either L75P or L174S ApoA-I protein were
149  characterized by a higher cholesterol binding capacity (from 20 to 30 % higher cholesterol
150 binding at all concentrations tested; Figure 2, top panels) when compared to WT rHDL.

151  Similarly, it was previously observed that 9.6 nm POPC:ApoA-I rHDL containing either L75P
152 or L174S amyloidogenic variant showed improved cholesterol efflux ability, however, in that
153  case due to a higher affinity to cholesterol™. Interestingly, in the case of 8.4 nm rHDL, only
154  the particles containing the L75P variant showed an increased cholesterol binding capacity.
155  This increase was particularly pronounced for L75P rHDL patrticles synthesized without FC
156 (POPC:ApoA-I), which were also characterized by a higher cholesterol binding affinity (lower
157  Kd) compared to WT- and L174S-containing rHDL.

158 These observations suggest that the improved efflux ability of HDL from L75P patients (Fig
159  1C) is due to the higher levels of 8.4 nm particles compared to controls.

160
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161  ApoA-l amyloidogenic variants in 8.4 nm particles are characterized by a higher

162  structural flexibility

163  Far-UV circular dichroism (CD) spectroscopy was used to analyze protein conformation and
164  stability of the ApoA-I variants, as well as the WT protein, in 8.4 nm rHDL.

165 The estimation of the secondary structure of the proteins in rHDL, performed by synchrotron
166 radiation CD, revealed interesting differences in the folding of the amyloidogenic variants and
167 the native protein (Figure 3a). In the absence of FC (POPC:ApoA-I), the L75P variant in 8.4
168 nm rHDL particles showed a remarkably high content of a-helices (90 % for L75P compared
169 to 64 % for WT), and a low content of turns and unordered structures. The L174S variant,
170 instead, was characterized by a lower percentage of a-helical structure (39 %) accompanied
171 by higher proportions of turns, beta-strands and unordered structures. In the presence of FC,
172 the amount of a-helical structure of both WT and L174S in 8.4 nm rHDL were increased

173  compared to the non-FC patrticles; however, the L174S a-helical content was still significantly
174  lower than that for both WT and L75P.

175  ApoA-Il proteins in 8.4 nm rHDL were next tested for their thermal stability by monitoring

176  changes in the CD signal at 222 nm. As already reported for 9.6 nm POPC:ApoA-I|

177  particles™, thermal denaturation of the rHDL particles follows a biphasic unfolding process,
178  showing two transition temperatures (Tm). These are considered to reflect structural

179 rearrangement of the protein (Tm1) and dissociation of protein from lipids (Tm2). As shown
180 in Figure 3b, the two ApoA-I variants showed similar Tm1 when compared to the WT (middle
181 panels) but were both characterized by lower Tm2 (right panels), suggesting a higher protein
182 flexibility and/or a lower affinity for lipids. Of note, the thermal denaturation profiles appeared
183  to be unaffected by the presence of FC, suggesting that cholesterol does not contribute to
184  the thermal stability of neither the ApoA-I protein nor to the protein-lipid association in rHDL.
185  To further explore the thermal denaturation process and the species formed, 8.4 nm

186 POPC:ApoA-I rHDL were incubated at 20°C, 65°C (temperature above Tm1), 85°C (slightly

187 above Tm2 for the variants but below Tm2 of the WT) and 98°C (temperature at the end of
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188 the thermal unfolding process and clearly above Tm2 for all three samples). The collected
189  samples were then separated by native PAGE and analyzed by western blot (Figure 4). Both
190 ApoA-l variants were characterized by higher amounts of the lipid-free species at equilibrium
191  (20°C; CTRL), which was particularly pronounced in the case of the L75P variant (5.3-fold
192  higher level of lipid-free L75P protein compared to WT). The relative abundances of lipid

193  bound and lipid-free species remained unchanged upon heating at 65°C. At 85°C, the L75P
194  sample showed the highest amount of lipid-free species, followed by the L174S sample, in
195 agreement with the observed lower Tm2 (Figure 3b). At the end of the thermal denaturation
196  process (98°C), almost all of the L75P and L174S proteins were in their lipid-free states

197 whereas a significant amount of the WT protein (18%) was still associated with lipids. The
198 more pronounced dissociation of the variants from lipids and the lower temperature at which
199 this occurred indicate that the ApoA-I variants in rHDL are characterized by a much higher
200 flexibility compared to the WT protein.

201  SRCD and thermal denaturation provide information on the global protein secondary

202  structure, as well as on protein stability and flexibility but do not describe which protein

203  regions or domains are specifically affected by the L75P and L174S substitutions. To

204  address this, hydrogen-deuterium exchange mass spectrometry analysis (HDX-MS) was
205 used to analyze domain-specific protein flexibility of the ApoA-I proteins in 8.4 nm rHDL. The
206 differential heatmaps between the variants and the WT rHDL (Figure 5a-b) indicated an

207  overall increase in deuterium uptake for both the ApoA-I amyloidogenic variants (heatmaps
208 for the individual proteins are shown in Figure S2). Notably, both L75P and L174S variants
209 showed region-specific structural flexibility, with the L75P variant presenting a stronger

210 destabilizing effect in the regions close to the mutation site (50-73 and 74-105 regions),

211  whereas the L174S variant was characterized by a decrease in stability in the 126-140 and
212  170-180 regions (deuterium uptake for the peptides covering the full proteins sequence are
213 shown in Supplementary data file S1). Furthermore, the differential heatmap showing L75P
214  vs L174S deuterium uptake (Figure 5c¢) depicted a much flexible N-terminal domain of L75P

215  rHDL, particularly in the region 50-73, where no significant difference between the WT and
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216  L174S rHDL could be detected (Figure 6, peptide ID 35 and 40), and a higher exchange rate
217  for the L174S in the 170-180 region already at the shortest deuterium exposure time (Figure
218 6, peptide ID 114).

219

220 Discussion

221  Subjects affected by ApoA-I hereditary systemic amyloidosis are characterized by low levels
222 of serum ApoA-I and HDL; however, although they also present reduced levels of HDL-

223 cholesterol, patients do not show higher risk of developing CVD***8, We previously showed
224 that ApoA-lI amyloidogenic variants in reconstituted 9.6 nm HDL particles exhibit improved
225  cholesterol efflux capability and we therefore hypothesized that this enhanced functionality
226  could serve to compensate the unfavorable lipid profile of amyloidogenic ApoA-I carriers™®.
227  The present study translates these findings and verifies that the amyloidogenic ApoA-I

228  variant L75P in serum from human patients displays improved cholesterol efflux activity (Fig
229 1c). A similar trend for the L174S variant was observed but was not statistically significant,
230  possibly due to the low number of available serum samples from L174S patients.

231

232 This study also establishes that the ApoA-I amyloidogenic variants L75P and L174S present
233 unique patterns in pre-beta HDL particle distribution in serum from the patients. In particular,
234 the level of smaller HDL particles (8.4 nm as compared to 9.6 nm patrticles) is higher in L75P
235 and L174S patients in comparison to the controls, and the larger 12 nm particles were

236  relatively more abundant in the controls (Fig 1b). HDL particle size has been shown to be a
237  critical determinant of ABCAl-mediated cholesterol efflux in macrophages, with small dense
238 particles being the most efficient mediators®?'. The shift towards a larger proportion of small,
239  dense particles in serum from patients could therefore potentially provide the explanation for
240 the observed improvement in cholesterol efflux. However, a contributing role of the amino
241  acid substitutions of the variants per se could not be ruled out. To investigate this possibility,
242  we compared the functionality of small, dense and variant-specific rHDL particles with

243  defined sizes and protein/lipid compositions. The fact that the cholesterol efflux to the 9.6 nm
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244  rHDL acceptor particles was higher for both variants compared to the WT ApoA-I rHDL

245  particles clearly indicated that the substitution at either residue 75 or 174 have a direct

246  impact on protein/rHDL functionality. Interestingly, when in 8.4 nm rHDL particles, only the
247  L75P variant showed elevated capacity for cholesterol efflux, and this difference appeared to
248  be particularly significant for particles reconstituted without free cholesterol. The data thus
249 indicate that the L75P and L174S substitutions affect, at least partly, different molecular

250 transitions/mechanisms and that this occurs in a particle-size-dependent manner. This may
251 not be surprising, as ApoA-I is likely to adopt specific conformations in HDL particles with
252  different sizes®. Similarly, since ApoA-I proteins showed differences in functionality between
253  the cholesterol/non-cholesterol particles, ApoA-I may adopt specific conformations that also
254  depend on the HDL lipid composition.

255  The organization of the primary structure into amphipathic alpha helices is a key feature in
256  the lipid binding process of the ApoA-I protein. The L75P variant in 8.4 nm rHDL, without free
257  cholesterol, was shown to have a significantly larger proportion of alpha-helices compared to
258 both L174S and WT rHDL particles (Fig 3a, left column). The high alpha helical content of
259  the L75P protein in 8.4 nm rHDL may thus indicate a readiness of the protein to accept

260 cholesterol, and that preloading of the particles with cholesterol (Fig 3a, right column)

261  triggers structural transitions to higher proportions of alpha helical secondary structure also in
262  the L174S and WT proteins. Considering the central role of ApoA-I amphipathic alpha helices
263 in HDL particle formation, the high level of beta-strand/turns and unordered structure in the
264  L174S variant in 8.4 nm rHDL, in particular the cholesterol-free particles, is intriguing. How
265  the characteristic structural organization of L174S in 8.4 nm HDL relates to protein function,
266 and also to the amyloidogenic propensity of L174S protein, is not clear, but may partly

267  explain the observed differences in cholesterol efflux capacity of the two variants (Fig 2; 8.4
268 nmrHDL), as well as the reduced phospholipid-binding capacity of lipid-free L174S™.

269  We also found that the overall stability of the variants in 8.4 nm rHDL patrticles is not affected
270  (Tm1l in Fig 3b), although their interactions with lipids are weaker than that observed for the

271  WT protein (Tm2 in Fig 3b). This finding indicates that the amyloidogenic amino acid

10
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272  substitutions impose regional changes in protein backbone flexibility without substantially
273  affecting the structural elements that contribute keeping the integrity of the entire protein.
274  These conclusions are further supported by the qualitative analysis of rHDL integrity, which
275 shows that the variants, in particular the L75P variant, are more prone to dissociate from the
276  phospholipids/cholesterol of the lipid-protein complexes.

277  Sequence analysis of the ApoA-I protein described one globular domain (residues 1-43)

278  followed by consecutive alpha helices (h1 to h10) with lengths of 11 or 22 amino acids?®. In
279 the discoidal HDL patrticles, two ApoA-I molecules are organized in an antiparallel fashion
280  (double belt) with a h5-h5 interaction between the two monomers®. The L75P and the L174S
281  substitutions are in the centers of h2 and h7, respectively. The h2 and h7 helices from the
282  two ApoA-I monomers in discoidal HDL particles are partially overlapping, which brings

283  residues 75 and 174 in relatively close proximity in the HDL particles. Moreover, a proline at
284  position 75 is likely to create a kink that effectively breaks the 22mer h2 helix into two shorter
285 11mer helices, i.e., the same length as h3 and h9.

286 HDX-MS has previously been successfully applied for the study of the ApoA-I dynamics in
287  rHDL ?*?. In a recent publication, the authors performed HDX on both lipid-free and -bound
288  forms of three ApoA-I variants (F71Y, L159R and L170P). Although these variants were

289  studied in rHDL particles with a different size (11-12 nm for F71Y, L159R and L170P vs 8.4
290 nm for L75P and L174S) and lipid composition (DMPC vs POPC), and despite the fact that
291  comparing HDX data is inherently complicated?®, the present study describes common trends
292  with the previous HDX data. Indeed, a general reduction in uptake when going from lipid-free
293  to lipid-bound form was observed (Fig S2), as well as a decreased protection of the region
294  spanning the h5 pair (L159R and L170P). Moreover, the HDX-MS analyses of 8.4 nm rHDL
295  particles (Fig 5) show a specific increase in backbone flexibility in the 55 to 89 region for the
296 L75P variant and in the 170 to 178 region for the L174S variant (Fig 6), and a general

297 increase in solvent accessibility for the variants compared to the WT protein in 8.4 nm rHDL
298  particles (Fig 5, Fig S3). Overall the variants provide a more dynamic protein-lipid interaction

299 that appears to be beneficial for their function.

11
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300 The HDX-MS analysis of L75P and L174S in rHDL showed that deuterium uptake increases
301 inregions that are already relatively flexible in the WT protein. Uptake is greatly increased at
302 the mutation site, but an increase in deuteration in the h5/5 region and a broadening of

303  solvent exposure towards the 4/6 helices could also be observed.

304 It appears that substitutions that break or weaken the alpha-helix hydrophobic face and/or
305 salt bridges of the ApoA-I double belt in HDL particles result in an increase in solvent

306 exposure as well as in flexibility of the protein. It is reasonable to assume that this will affect
307 the lipid dynamics and, hence, both the binding to and the ability to mediate cholesterol

308 efflux. In a recent paper, Manthei et.al.*®

present a convincing model that indicate the h 4/6
309 as the site for LCAT-HDL interaction, a site in close proximity to the dynamic h5/5 region.
310 Thus, itis possible to speculate that the affinity of the interaction between LCAT and HDL
311 might change as a consequence of the increased and expanded flexibility around the 4/6
312  helices observed in ApoA-I amyloidogenic variants in rHDL.

313  The significance of the findings is not fully clear but may indicate that structural relaxation of
314  this region improves the ApoA-I function as a cholesterol acceptor.

315

316 In conclusion, we have shown that the two amyloidogenic amino acid substitutions L75P and
317 L174S lead to increased local structure flexibility, which in turn affects the cholesterol efflux
318 capacity in a positive manner. The importance of understanding the mechanistic details in
319 cholesterol efflux is of general interest and extends beyond explaining the variant-specific

320 differences. For example, it has been shown that impaired cholesterol efflux capacity, due to

321  low® and dysfunctional®** HDL-cholesterol, may be an important mediator of

33,34 35,36

322 immunoactivation and subsequent cardiovascular disease in chronic kidney disease
323  Moreover, HDL subpopulation distribution and particle size has been shown to play a role in
324  coronary heart disease people with or without diabetes®®. The same study concludes that
325 abnormal particle distribution and particle size may contribute to higher risk of developing

326  coronary heart disease in diabetes patients®. Therefore, finding solutions to improve (or

327 restore) HDL'’s functionality is of interest. This could potentially be done by introducing
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328 destabilizing factors that lead to greater region-specific flexibility in the ApoA-I structure.

329 However, in such endeavors, care should be taken to not increase the amyloidogenic

330 potential of the ApoA-I structure.

331

332  Materials and Methods

333  Serum samples from patients carrying ApoA-l amyloidogenic variants

334  Serum samples from patients with ApoA-1 amyloidosis and from unrelated control subjects
335 (11 controls, 11 L75P patients and 4 L174S patients, between 37 to 77 years of age, both
336 female and male subjects) were obtained at the Amyloidosis Research and Treatment at
337 Fondazione IRCCS Policlinico San Matteo. Written informed consent for using biological
338 samples and clinical data for research purposes was obtained according to local Institutional
339  review board guidelines.

340

341 Apolipoprotein B depletion

342  Serum samples from patients carrying ApoA-l amyloidogenic variants and from control

343  subjects were subjected to ApoB depletion prior to perform cholesterol efflux experiments on
344  macrophages, as previously described®”. For this, 200 pl of serum was incubated with 80 pl
345  of 20 % polyethylene glycol (PEG) 6000 in 20 mM glycine buffer at pH 7.4, for 20 minutes at
346 25 °C, with gentle shaking. After incubation, serum samples were centrifuged at 10000 rpm
347  for 20 minutes at 4 °C and supernatants were analyzed by human ApoA-I ELISA (3710-1HP-
348 10, Mabtech Inc.), as well as by denaturant and native western blot (procedure is described
349 in the Supplementary Information file).

350

351 Protein expression and purification

352  Human ApoA-I proteins, containing a His-tag and tobacco etch virus (TEV) protease

353  recognition site at the N-terminus, were expressed in the bacterial Escherichia coli (E. coli)

354  BL21(DE3) pLysS strain (Invitrogen, Thermo Fisher Scientific) as described in 2.

13
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355 Recombinant proteins were then purified using immobilized metal affinity chromatography
356  (His-Trap-Nickel-chelating columns, GE Healthcare) followed by treatment with TEV

357 protease and a second immobilized metal affinity chromatography step to remove the His-
358 tag. Protein purity was analyzed by SDS-PAGE followed by Coomassie staining, and

359  concentration was determined by using a NanoDrop 2000c¢ spectrophotometer (Thermo
360 Fisher Scientific).

361

362 Preparation of reconstituted HDL

363 Lyophilized POPC (1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine, Avanti Polar Lipids)
364 and cholesterol (FC) (Avanti Polar Lipids) were dissolved in 3:1 chloroform:methanol, and the
365 solvent was evaporated by overnight incubation under a stream of nitrogen gas. POPC and
366 FC were dissolved in PBS, and lipoparticles were generated by using the cholate dialysis
367 method™. Details about the experimental procedure can be found in the Supplementary
368 Information file.

369

370 Cholesterol efflux from macrophages

371  Cholesterol efflux assay was performed as described in *° . The detailed procedure is

372  described in the Supplementary Information file.

373

374  Synchrotron Radiation Circular Dichroism

375 SRCD experiments were performed using a nitrogen-flushed Module-A end-station

376  spectrophotometer, equipped with a 6-cell turret, at B23 Beamline at the Diamond Light
377  Source®**. POPC particles were produced in Mcllvaine buffer, pH 7, and analyzed by SRCD
378 at0.15 mg/mlin a 0.2 mm quartz cuvette. Spectra were acquired at 25 °C in the far-Uv
379 range 185-260 nm, with 1 nm wavelength increment. All the spectra were corrected by

380 subtracting the background signal of the buffer. Secondary structure estimations from CD

381  spectra was carried out using the software CD Apps** and applying CONTILLN algorithm

14
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382  with reference data SP 43*%. The molar ellipticity ([©]) was calculated according to the

383  equation described in *.

384

385 Hydrogen—deuterium exchange mass spectrometry (HDX-MS)

386 8.4 nm POPC:ApoA-I particles containing WT, L75P or L174S protein were analysed by HDX
387 ata concentration of 0.3 mg/ml in PBS, at pH 7.4. Two different particle preparations were
388 analysed and data combined for the final HDX analysis. The detailed procedure is described
389 inthe Supplementary Information file.

390

391 Thermal stability analyses

392  CD spectroscopy measurements were performed on a Jasco J-810 spectropolarimeter

393  equipped with a Jasco CDF-426S Peltier. POPC particles (0.1 mg/mL ApoA-I in particle)
394  were diluted in PBS, loaded into a 1 mm quartz cuvette and CD signal at 220 nm was

395 acquired in the 20-98 °C range, with a 2 °C increment. The estimation of the transition

396 temperature (Tm) was performed by biphasic fitting using GraphPad Prism software.

397 A PCR thermal cycler (TC-Plus, Techne) was used to denature POPC particles with the

398 same temperature increment and incubation times as in the thermal unfolding at the CD

399 spectrometer. Samples were taken at 20, 65, 85 and 98°C and analyzed by native

400 electrophoretic analysis (2.5 pg of ApoA-I per lane) followed by western blot with anti-human
401  ApoA-Il antibodies. The quantification of the species visualized on the gel was performed by
402 using ImageJ software and the amount of each species was plotted as fold change with

403  respect to the total signal.

404

405  Statistical analysis

406 Data shown are the mean = SD or + SEM, as indicated. Analysis was performed by one- or
407  two-way ANOVA, as indicated, using the GraphPad Prism software. Outliers were identified
408 using GraphPad outlier test (alpha= 0.05).

409
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534  Figure Legends

535 Figure 1. Quantitative and qualitative analysis of HDL from patients with ApoA-I

536 amyloidosis

537 a, Patients carrying ApoA-I amyloidogenic variants possess reduced levels of plasma ApoA-
538 I. Proteins from serum sample from patients and control subjects were separated by

539 denaturant PAGE, analyzed by western blot by using anti-human ApoA-I antibody (upper
540 panel) and ApoA-I levels were quantified by using ImageJ software (lower panel). b, Patients
541  carrying ApoA-l amyloidogenic variants have a distinctive HDL pattern. Proteins from serum
542  samples from patients and control subjects were separated by native PAGE and analyzed by
543  western blot by using anti-human ApoA-I antibody (upper panel). The ratio between the

544  abundance of 9.6 nm and 8.4 nm patrticles was calculated and is displayed in the lower

545 panel. c, HDL from patients show improved ability to promote cholesterol mobilization.

546  Cholesterol efflux experiments were performed by using serum samples as acceptors of

547  cholesterol, in dose-response experiments. Radioactive cholesterol-loaded J774

548 macrophages were treated with serum samples, normalized for the amount of total ApoA-I,
549  and incubated for 4 h. The experimental data (left panel) were fitted and Bmax (middle panel)
550 and Kd (right panel) were calculated according to Michaelis - Menten equation.

551 Data shown are the mean = SEM and significance is calculated according to two-way

552  ANOVA (c, left panel, *p<0.05), or one-way ANOVA (c, middle panel, *p<0.5.

553 N =11 for L75P and controls, and N = 4 for L174S donors. Representative samples from
554  three donors per group are shown in panels a and b.

555

556  Figure 2. Cholesterol efflux ability of reconstituted HDL of different sizes

557 9.6 and 8.4 nm reconstituted HDL (rHDL) were produced by incubating recombinant ApoA-I
558 amyloidogenic variants with POPC, in the presence or absence of cholesterol, and tested for
559 their ability to mediate cholesterol efflux from J744 macrophages, in dose-response

560 experiments. The experimental data (upper panel) were fitted and Kd (middle panel) and

561 Bmax (lower panel) were calculated according to Michaelis - Menten equation.
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562 Data shown are the mean = SEM and significance is calculated according to two-way

563 ANOVA (*p<0.05, *p<0.005, ***p<0.001, ****p<0.0001, and ## p<0.005, ### p<0.001 for
564  L75P and L174S rHDL, respectively, as compared to WT rHDL). N = 4-5.

565

566 Figure 3. Conformation and stability of ApoA-l amyloidogenic variants in 8.4 nm rHDL
567 a, SRCD spectroscopy analysis of ApoA-I variants in 8.4 nm rHDL patrticles, in the presence
568 or absence of FC. SRCD spectra (upper panels) were deconvoluted with the CONTINLL

569 algorithm for the estimation of the ApoA-I proteins’ secondary structure (lower panels). b,
570 thermal stability of ApoA-I variants in 8.4 nm rHDL patrticles, in the presence or absence of
571 FC. The unfolding curves (left panels) were obtained by monitoring the CD signal amplitude
572  at 222 nm as a function of temperature and Tm (right panels) were calculated by fitting the
573  experimental data with a biphasic non-linear regression. Data shown are the mean + SEM
574  and significance is calculated according to (a) two-way ANOVA (*p<0.05, **p<0.005,

575  **p<0.001, ***p<0.0001, and ## p<0.005, ### p<0.001 #### p<0.0001 for L75P and L174S
576  rHDL, respectively, as compared to WT rHDL, or (b) one-way ANOVA (*p<0.05, **p<0.005).
577  Data shown are the mean + SEM. N = 3.

578

579 Figure 4. Temperature-induced unfolding and lipid-dissociation of ApoA-I

580 amyloidogenic variants in 8.4 nm rHDL

581 8.4 nm rHDL particles, in the absence of FC, were incubated at 20°C (CTRL), 65°C, 85°C
582 and 98°C, separated by native PAGE and analyzed by western blot by using anti-human

583  ApoA-I antibody (upper panels). Lipid-free ApoA-I was used as control. The species obtained
584  upon thermal denaturation were quantified and the amount of each species was expressed
585 as percentage with respect to the total signal (lower panels). Data shown are the mean + SD
586  and significance is calculated according to two-way ANOVA (*p<0.05, **p<0.005, ***p<0.001
587  for groups as shown respect to fused HDL, # p<0.05, ## p<0.005 for groups as show respect
588 to lipid-free protein). N =2 (L75P and L174S rHDL), or 4 (WT rHDL).

589
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590 Figure 5. Hydrogen-deuterium exchange mass spectrometry reveals region with high
591 flexibility in 8.4 nm rHDL

592  a, Differential HDX heatmap of L75P vs WT, b, L174S vs WT and ¢, L174S vs L75P proteins
593 in 8.4 nm POPC particles. HDX peptide coverage is shown by the bars above each heatmap.
594  The heatmaps show the deuterium uptake at the different time points (30 s, 300 s, 3000 s
595 and 9000 s). Cold color = slower exchange; warm color = faster exchange.

596

597  Figure 6. Deuterium uptake of selected ApoA-I peptides

598 Individual deuterium uptake plots for the ApoA-I were the aminoacidic substitutions led to a
599  decreased structural stability compared to WT protein. The peptide ID number for the

600 selected experiment and sequence are reported above each plot. Black trace (WT), green

601 (L75P) and blue (L174S). * indicates peptides containing the aminoacidic substitution.
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639 Supplementary Materials and Methods

640  Western blot from Native and denaturant gel electrophoresis

641  Serum samples were separated on 4-15% Tris-Glycine pre-casted gels (BioRad), for the

642  denaturant PAGE and on NativePAGE Bis-Tris Gel System 4-16 % (Invitrogen, Thermo

643  Fisher Scientific), for the native PAGE, according to the manufacturer’s instructions.

644  In both cases, serum proteins were transferred from the gel to PVDF membranes and probed
645  with anti-human ApoA-I antibodies (64308, Abcam, for denaturant blot and Q0496, Dako,
646  Agilent Technologies, for native blot). Detection was performed by using HRP-conjugated
647  secondary antibodies (GE Healthcare) and a chemiluminescence detection substrate (Super-
648  Signal West Femto, Thermo Fisher Scientific). Blots were imaged using the Odyssey Fc

649  system (LI-COR Biosciences).

650

651 Preparation of reconstituted HDL

652 POPC and POPC:FC lipoparticles were produced by incubating POPC and cholesteroal,

653  diluted in sodium deoxycholate, with ApoA-I variants at 80:4:1 or 40:2:1 molar ratio (to

654  produce 9.6 and 8.4 nm particles, respectively) and at a 1 mg/ml protein concentration.

655  Mixtures were incubated at 37 °C for 1 h and then dialyzed against PBS for 72 h. At the end
656  of the incubation, homogeneous 9.6 nm and 8.4 nm POPC: and POPC:FC:ApoA-I particles
657  were isolated by a size-exclusion chromatography by using a preparative Superose 6

658 increase 10/300 GL column (GE Healthcare). Samples were eluted at a flow rate of 0.5

659  ml/min, in PBS, and analyzed by Blue Native PAGE using the NativePAGE Bis-Tris Gel

660  System 4-16 % (Invitrogen, Thermo Fisher Scientific) according to the manufacturer’'s

661 instructions, flushed with nitrogen and stored at -80 °C prior to experiments.

662

663  Cholesterol efflux from macrophages

664  J774 macrophages (TIB-67, ATCC) were plated into 24-well plates, in RPMI 1640 (Gibco)
665  supplemented with 10% FBS and 50 ug/ml gentamicin, at a cell density of 150,000 cells/well.
666 24 h after the plating, cells were loaded with 4 pCi/ml 3H-cholesterol (Perkin Elmer) in RPMI
667 1640 containing 5% FBS, 2 ug/ml ACAT inhibitor (inhibits formation of cholesteryl esters)
668 (Sandoz 58-035, Sigma) and gentamicin. Upon 24 h incubation, the medium was replaced
669  with RPMI 1640 supplemented with 0.2% BSA (low free fatty acids and low endotoxin,

670  Sigma), 2 yg/ml ACAT inhibitor, 0.3 mM Cpt-cAMP (promotes expression of ABCA1)

671 (Abcam) and gentamicin for 18 h. At the end of incubation, cells were washed twice with

672 serum free RPMI 1640 and then triplicate wells were treated with either ApoA-I

673  amyloidogenic variants or the WT protein in POPC particles, or serum from patients and

674  control subjects, in RPMI 1640 supplemented with 0.2% BSA, at the indicated concentrations

675 and for 4 h. Cholesterol efflux was measured by collecting the media, centrifuging at 4000 x
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676 g for 5 min at room temperature, and transferring of 100 pl supernatant to a scintillation vial.
677 5 ml of scintillation fluid was added to each sample before scintillation counting was

678  performed. The measure of the total cellular *H-cholesterol was obtained by incubating the
679 cells, in triplicate, with 1% sodium deoxycholate and lysates collected for scintillation

680  counting. Efflux for each treatment was calculated as % of the total *H-cholesterol.

681  Spontaneous basal efflux was measured in triplicate and the efflux for each treatment

682  subtracted for this value.

683

684 Hydrogen-deuterium exchange mass spectrometry (HDX-MS)

685  All chemicals for the HDX-MS analyses were purchased from Sigma Aldrich, except n-

686  Dodecyl-b-D-Maltopyranoside (DDM) which was from Thermo Scientific. pH measurements
687  were made using a SevenCompact pH-meter equipped with an InLab Micro electrode

688  (Mettler-Toledo) and, prior to all measurements, a 4-point calibration (pH 2,4,7,10) was

689  performed.

690 The ApoA-I particles were placed in the autosampler in such a way that no sample had a
691 permanence in the machine for longer than 12 hours.

692 The HDX-MS analysis was performed using automated sample preparation on a LEAP H/D-
693 X PAL™ platform interfaced to an LC-MS system, comprising an Ultimate 3000 micro-LC
694  coupled to an Orbitrap Q Exactive Plus MS. For the HDX-MS, 5 ul of POPC:ApoA-I particles
695  were diluted either in 25 pl of PBS, pH 7.4 or in HDX labelling buffer (PBS prepared in D0,
696  pHgeaq) 7.0) and the HDX reactions were carried out for t = 0, 30, 300, 3000 and 9000 s at
697  8°C. At the end of incubation, labelling was quenched by adding 25 ul of 1 % TFA, 0.2 %
698 DDM, 4 M urea, pH 2.5 at 1°C, to the samples. Then, 50 ul of the quenched sample were
699 directly subjected to online pepsin digestion at 4 °C, by injection on a pepsin column (2.1 x
700 30 mm, Life Technologies). In order to remove lipids from the samples, the pepsin column
701  was directly followed by a 2 x 20 mm guard column (Upchurch Scientific) packed with a

702  washed and equilibrated ZrO, material (Sigma Aldrich, Zirconium IV oxide, powder, <5

703  micron). The online digestion and trapping were performed for 4 minutes using a flow of 50
704  ulL/min 0.1 % formic acid (FA), pH 2.5. Peptides generated by pepsin digestion were

705  subjected to on-line SPE on a PepMap300 C18 trap column (1 mm x 15 mm) and washed
706  with 0.1% FA for 60 s. Thereafter, the trap column was switched in-line with a reversed-

707  phase analytical column, Hypersil GOLD, patrticle size 1.9 um, 1 x 50 mm, and separation
708 was performed at 1°C using a gradient of 5-50 % B over 8 minutes and then from 50 to 90 %
709 B for 5 minutes, the mobile phases were 0.1 % FA (A) and 95 % acetonitrile/0.1 % FA (B).
710 Following separation, the trap and column were equilibrated at 5 % organic content, until the

711  nextinjection. The needle port and sample loop were cleaned three times after each injection
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712 with mobile phase 5 % MeOH/0.1 % FA, followed by 90 % MeOH/0.1 % FA and a final wash
713  of 5% MeOH/0.1 % FA. After each sample and blank injection, the pepsin column was

714  washed by injecting 90 ul of pepsin wash solution 1 % FA /4 M urea /5 % MeOH. In order to
715  minimize carry-over, a full blank was run between each sample injection. Separated peptides
716  were analysed on a Q Exactive Plus MS, equipped with a HESI source operated at a

717  capillary temperature of 250 °C. For the undeuterated samples (t = 0 s), injections were

718 acquired using data dependent MS/MS HCD for identification of generated peptides. For the
719 HDX analysis (all labelled samples and one t= 0 s), MS full scan spectra at a setting of 70 K
720  resolution, AGC 3e6, Max IT 200 ms and scan range 300-2000 were collected.

721 PEAKS Studio 8.5 Bioinformatics Solutions Inc. (BSI, Waterloo, Canada) was used for

722  peptide identification after pepsin digestion of undeuterated samples (i.e. 0 s time point). The
723  search was done on a FASTA file with only the three different ApoA-I sequences; search
724  criteria included a mass error tolerance of 15 ppm and a fragment mass error tolerance of
725  0.05 Da, oxidation of methionine (15.99 Da) as variable modification and allowing for fully
726  unspecific cleavage by pepsin.

727  Peptides identified by PEAKS with a peptide score value of log P > 25 and no oxidation were
728 used to generate a peptide list containing peptide sequences, charge state and retention
729 time for the HDX analysis. HDX data analysis and visualization was performed using

730  HDExaminer, version 2.5 (Sierra Analytics Inc., Modesto, US). Due to the comparative

731  nature of the measurements, the deuterium incorporation levels for the peptic peptides were
732 derived from the observed mass difference between the deuterated and non-deuterated

733 peptides without back-exchange correction using a fully deuterated sample. HDX data was
734  normalized to 100 % D,O content with an estimated average deuterium recovery of 75 %.
735  The peptide deuteration of a peptide is the average of all high and medium confidence

736  results and the two first residues assumed unable to hold deuteration. The allowed retention
737  time window was + 0.5 minute. Heatmaps settings were uncoloured proline, heavy

738 smoothing and the difference heatmaps were drawn using the residual plot as significance
739  criterion (£ 0.5 Da). Since previous studies have described bimodal HDX kinetics for regions
740  of ApoA-l in HDL particles®, data was analysed allowing the software to try an EX1

741  deuteration envelope if the EX2 score was lower than 0.9, and to accept the result if the

742  score increased = 0.05. The spectra for all timepoints were manually inspected; low scoring
743  peptides, outliers and peptides were retention time correction could not be made consistent
744  were removed.

745  Supplementary References

746 1. Wilson, C.J., Das, M., Jayaraman, S., Gursky, O. & Engen, J.R. Effects of Disease-
747 Causing Mutations on the Conformation of Human Apolipoprotein A-l in Model
748 Lipoproteins. Biochemistry 57, 4583-4596 (2018).
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Supplementary Figure Legends:

Figure S1. The improved efflux capacity of the amyloidogenic ApoA-I patients is sex
specific

Cholesterol efflux data obtained from experiment shown in Figure 1c were plotted according
to donor’s sex. Experimental data (upper panels), calculated Bmax (middle panels) and Kd
(lower panels). Data shown are the mean £ SEM and significance is calculated according to
two-way ANOVA (*p<0.05, ***p<0.001, ****p<0.0001 for L75P patients as compared to
healthy donors).

Figure S2. Deuterium uptake of selected ApoA-I peptides

Individual deuterium uptake plots for ApoA-I in 8.4 nm POPC particles (nanodiscs, ND), or in
the lipid free (LF) form. LF data is from a single measurement. The peptide sequence is
reported above each individual plot. Black trace (ND_WT), red (LF_WT), green (ND_L75P),
magenta (LF_L75P), blue (ND_L174S) and pink (LF_L174S).

Figure S3. Individual HDX heatmaps of WT, L75P and L174S ApoA-Il in 8.4 nm rHDL
HDX peptide coverage is shown by the bars above each heatmap, color-coded to the
average deuterium uptake over the 4 observed time points (30 s, 300 s, 3000 s and 9000 s).
The color coding is based on a least square calculation of observed deuterium uptake with
moderate smoothing. Cold color = slower exchange; warm color = faster exchange. see color
key to the right. Individual deuterium uptake curves for all observed peptides can be found in

the supplementary file, Supplementary data file S1.pdf.

34


https://doi.org/10.1101/2020.04.08.031211
http://creativecommons.org/licenses/by/4.0/

Denaturant PAGE Native PAGE
MWV Controls L 75P L174S Controls L 75P 1.174S
(kDa) e
250 __ o |
150 -
100] e |
75 | 12nm p| :
ApPOA-| { - > | <
504 — in HDL .0 NM : :
— 8.4 nm P ’: {
Lipid free
ApPOA-|
200 * g 4 "
O ‘ | © ]
S5 150 . g
%% " : O 3 ®
I O
C = =
235 100 S
'c%'f_’ - e 2
1. O -
b
g 50 o>
< e
(o,
0 @
Controls  L75P L1745 Controls  L75P  L174S
c 3 s
% ) L Bmax Kd
~ B B O, _ % _
= T 9 = L75P 0 = 40] S 2001  *
e / = L1748 2O =
e ' G = 30 = 150- .
s 5o g 5 g
° ° 31 /2 o O 3
6 ®© /./ « 101 O 501
o |2 s =
s 0 | ) | | | w 0 O O
e 0 10 20 30 40 50 - Controls L75P L174S Controls L75P  L174S

Concentration (pg/mL)



https://doi.org/10.1101/2020.04.08.031211
http://creativecommons.org/licenses/by/4.0/

Cholesterol Efflux
(% of total cellular [3H]-cholesterol)

bioRxiv preprint doi: https://doi.org/10.1101/2020.04.08.031211; this version posted April 10, 2020. The copyright holder for this preprint
which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is

Cholesterol Efflux
(% of total cellular [3H]-cholesterol)

Concentration (ug/ml)

20

15

10:

5 i

0.
0

30-

20-

10-

9.6 nm POPC:FC:ApoA-|

# kkkk
dedk /

” //
s dh

%

10 20 30 40 50
Concentration (ug/mL)

Kd

30-

20-

10-

WT  L75P L174S

Bmax

4 <

WT  L75P L174S

8.4 nm POPC:ApoA-I
20-

15-

10-

5_

0 I I I I I
0 10 20 30 40 50
Concentration (ug/mL)

25 Kd

20 v
15-
10-

WT  L75P L174S

5 . Bmax

20 - -
15-
10-

WT  L75P L1745

8.4 nm POPC:FC:ApoA-I

20- .
A
15- *
10-
. - WT
5 -+ L75P
=+ L174S
0

0 10 20 30 40 50
Concentration (ug/mL)

Ka

A

100-
80

WT  L75P L174S

Bmax
50-

A

WT L75P L174S


https://doi.org/10.1101/2020.04.08.031211
http://creativecommons.org/licenses/by/4.0/

8.4 nm POPC:ApoA-|

® (deg cm“dmol™)

190 210 230

250

Wavelength (nm)

1 .OO *k*k*%k

0.75

secondary structure
(fraction of folding)
-
O
-

bioRxiv preprint doi: https://doi.org/10.1101/2020.04.08.031211; this version posted April 10, 2020. The copyright holder for this preprint
which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display th int in perpetuity. It is

2,
-
-
-
|_

Beta-strand

*
*

Unordered

1.00
0.75
0.50
0.25
0.00

190 210

8.4 nm POPC:FC:ApoA-I|

230 250
Wavelength (nm)

Alpha Helix
Beta-strand
Turns
Unordered

m WT

CD (mdeq)

8.4 nm POPC:ApoA-|

LN
q < 7

R
<

'25 | | | | | |
20 33 46 089 772 385 98
Temperature (°C)

3.4 nm POPC:FC:ApoA-I

I I I | I I
20 33 46 39 72 85 98
Temperature (°C)

v B L75P ¢« B L174S

Temperature (°C)

Temperature (°C)

707

O1 o) ~
5 g

N
<

Qo
-

WT

WT

Tm 1

L/5P

L/5P

L174S

L174S

95

90

85

80

907

85

80-

WT L75P L1745
1

WT

N

L75P

L174S


https://doi.org/10.1101/2020.04.08.031211
http://creativecommons.org/licenses/by/4.0/

B Fused HDL

BN HDL

BN Lipid free

O
0.86 A
0 0,58 )
= 0
1 D699 2
N
1410 _ m
©
934} pidi]
—
e
0,86 :
O m—.w _ _ _ _ _ _
= 8 8 R 8 & °©
=1 o.59]
[ %
141D
O
LO
n 0 0)
LO
™
0,86 m
o | 0.98] J
~ e
N
—l Oa@@ _PlV
_ _ _ _ _ _
19 & 8k 88 -°
994} pidi] T
: O
0.86 %
0,58/
= O
W Oﬂ@@ %
T
1410 = 5
H+ X __n._O
©
A A A )
. e
- =
= = 5
. . & S R 8 & -°

(leuBis 101110 %) 8ouBpPUNQY


https://doi.org/10.1101/2020.04.08.031211
http://creativecommons.org/licenses/by/4.0/

ed April 10, 2020. The copyright holder for this preprint

.04.08. sion post Y
w) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is

1; this ver:

rg/10.1101/2020.04.08.03121

tified by peer revie

xiv preprint doi: https://doi.o

bioR
(which was not cer

S
=g
iy
ARY,

< -20%
< -10%
< -5%
< 5%
<10%
< 20%
< 30%
< 90%
> 90%

30s 1|

300s |
3000s
9000s



https://doi.org/10.1101/2020.04.08.031211
http://creativecommons.org/licenses/by/4.0/

# Deut

# Deut

# Deut

# Deut

bioRxiv preprint doi: https://do

20-28: DVLKDSGRD (#10)

4 12

29-37: YVSQFEGSA (#12)

00-56: WDSVTST (#33)

i.0rg/10.1101/2020.04.08.031211; this version posted April 10, 2020. The copyright holder for this preprint
er review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is

09-7/1: STFSKLREQLGPVTQEF (#39)

_—

] ' ' Tz ' | S
100 1.000 10,000

Time (sec)

15 |

10-

72-89: WDNXEKETEGLRQEMSKD (#40) *

12 -

10 -

93-104: VKAKVQPYLDDF (#48)

115-124: YRQKVEPLRA (#59)

127-139: QEGARQKLHELQE (#77)

] ' ' T ] ' ' T ]
100 1.000 10,000

Time (sec)

12

10 -

15 -

10 -

147-159: EMRDRARAHVDAL (#94)

199-171: LRTHLAPYSDELR (#102)

170-178: LRQRXAARL (#114) *

204-222: SEKAKPALEDLRQGLLPVL (#149)

1 ' ' N R ' ' ]
100 1,000 10,000

Time (sec)

WT
L/75P
L1745


https://doi.org/10.1101/2020.04.08.031211
http://creativecommons.org/licenses/by/4.0/

S
O,
815 Females 15 Males
X O
= C
E i 10_ *kk%k
5o
O o
2 S - * Controls
D S 5 =
- [ = L75P
= © O | | | | | 0 | | , i | -+ LL174S
e 0 10 20 30 40 50 0 10 20 30 40 50
< Concentration (ug/mL) Concentration (ug/mL)
B
[s Bmax Bmax
2 *
=0 40 401 ]
e
% @, 30 ° A 30-
35 20 201
= =
S 3 10 10 -
©
s 0_
f 0 Controls L75P L174S Controls L75P L174S
O
<O
— | Kd
€ 190 “d 250-
O)
= 200f *
= 100 *
= _ ) 150 -
e 50 100
MU T
O
O 0

Controls  L7oP L1745 O Controls L75P L174S

bioRxiv preprint doi: https://doi.org/10.1101/2020.04.08.031211, this version posted April 10, 2020. The copyright holder for this preprint


https://doi.org/10.1101/2020.04.08.031211
http://creativecommons.org/licenses/by/4.0/

# Deut

# Deut

# Deut

# Deut

# Deut

17-46:
VYVDVLKDSGRDYVSQFEGSALGKQLNLKL
(#6)
30
- ND_WT ND_L75P ND_L174S LF_WT
25
20
15
10
]
0
100 1,000 10,000
Time (sec)
58-71: SKLREQLGPVTQEF (#50)
12
- ND_WT ND_L75P ND_L174S LF_WT
| LF_L75P LF_174S
10
8
b
4
2
0
100 1,000 10,000
Time (sec)
149-158: RDRARAHVDA (#153)
ND_WT ND_L75P ND_L174S LF_WT
8 | LF_L7sP LF_174S
b
4
2
0
100 1,000 10,000
Time (sec)
181-189: LKENGGARL (#198)
- ND_WT ND_L75P ND_L174S LF_WT
71 LF_L75P LF_174S
6
5
4
3
2
bioRxiv preprint doi: https://doi.org/10.1101/2020.04.08.031211; this version posted April 10, 2020. The copyright holder for this preprint
(WhiC:h was not certified by peer review) rls atgg g\L/Jgi]Igglfgrl]ﬁl%réyv;gg-%sYgfgtI?\?e?ri]%ﬁéir\lla?Iliiccgr?ss: to display the preprint in perpetuity. It is
1
0
100 1,000 10,000
Time (sec)
215-222: RQGLLPVL (#253)
- ND_WT ND_L75P ND_L174S LF_WT
> - LF_L75P
.q.
3 s___o———w)—-é
2
1
0
100 1,000 10,000
Time (sec)

47-56: LDNWDSVTST (#40)

- ND_WT ND_L75P ND_L174S
. LF_174S
b
el
D 4
Q
H
2
0
100 1,000
Time (sec)
93-103: VKAKVQPYLDD (#76)
g - ND_WT ND_L75P ND_L174S
b
L
2 4
Q
H
2
0
100 1,000
Time (sec)
159-171: LRTHLAPYSDELR
(#165)
10 ND_WT ND_L75P ND_L174S
LF_L75P LF_174S
8
6
4
2
0
100 1,000
Time (sec)
203-212: LSEKAKPALE (#232)
- ND_WT ND_L75P ND_L174S
f . LF_L75P LF_174S
b
2
4
hd
3
8 ;
H
2
1
0
100 1,000
Time (sec)
234-243: EEYTKKLNTQ (#257)
) ND_WT ND_L75P ND_L174S
LF_L75P LF_174S
b
et
2 4
(=]
#
2
0

100 1,000

Time (sec)

LF_WT

10,000

LF_WT

10,000

LF_WT

10,000

LF_WT

10,000

LF_WT

10,000

58-71: SKLREQLGPVTQEF (#50)
12

ND_WT ND_L75P ND_L174S LF_WT
LF_L75P
10
8
»
8 6
[
(-]
#
4
2
0
100 1,000 10,000
Time (sec)
115-126: YRQKVEPLRAEL (#97)
ND_WT ND_L75P ND_L174S LF_WT
- LF_L75P LF_174S
8
6
A
el
= y
- ;ﬁ
1#

2;/

D
100 1,000 10,000
Time (sec)
171-180: RQRXAARLEA (#188)
- ND_WT ND_L75P ND_L174S LF_WT
- LF_174S
6
el
8. A——
2
+
2
—_——
0
100 1,000 10,000
Time (sec)
213-219: DLRQGLL (#250)
i ND WT ND_L75P ND_L174S LF_WT
4
3
el
=
a
®*
1
0
100 1,000 10,000
Time (sec)


https://doi.org/10.1101/2020.04.08.031211
http://creativecommons.org/licenses/by/4.0/

%%b
50, =

- |
EHMH i
=-.l
»tmm:
WT

m:l
-II-‘I
-h;'num

|

“

L75P

=
N
.
m
et

-]

o

L174S



https://doi.org/10.1101/2020.04.08.031211
http://creativecommons.org/licenses/by/4.0/

