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Abstract

Human apolipoprotein (apo) C-II is one of several lipid-binding proteins that self-assemble into

fibrils and accumulate in disease-related amyloid deposits. A general characteristic of these

amyloid deposits is the presence of lipids, known to modulate individual steps in amyloid fibril

formation. ApoC-II fibril formation is activated by sub-micellar phospholipids but inhibited by

micellar lipids. We examined the mechanism for the activation by sub-micellar lipids using the

fluorescently-labelled, short-chain phospholipid, 1-dodecyl-[(7-nitro-2-1,3-benzoxadiazol-4-

yl)amino]-2-hydroxy-glycero-3-phosphocholine (NBD-lyso-12-PC). Addition of submicellar

NBD-lyso-12-PC increased the rate of fibril formation by apoC-II approximately two-fold.

Stopped flow kinetic analysis using fluorescence detection and low, non-fibril forming

concentrations of apoC-II indicated NBD-Lyso-12-PC binds rapidly, in the millisecond timescale,

followed by the slower formation of discrete apoC-II tetramers. Sedimentation velocity analysis

showed NBD-Lyso-12-PC binds to both apoC-II monomers and tetramers at approximately 5 sites

per monomer with an average dissociation constant of approximately 10 μM. Mature apoC-II

fibrils formed in the presence of NBD-Lyso-12-PC were devoid of lipid indicating a purely

catalytic role for sub-micellar lipids in the activation of apoC-II fibril formation. These studies

demonstrate the catalytic potential of small amphiphilic molecules to control protein folding and

fibril assembly pathways.

The aggregation of proteins into amyloid fibrils is associated with a wide variety of diseases,

ranging from neurodegenerative Alzheimer’s and Parkinson’s diseases through to systemic

amyloidoses (1). The formation of these fibrillar aggregates appears to be a general feature

of proteins, as over 20 individual proteins form amyloid in vivo (2), while several other

proteins readily form amyloid fibrils in vitro under a variety of solution conditions (1).

Amyloid deposits in vivo also contain non-fibrillar material, including the amyloid specific
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proteins apolipoprotein (apo) E and serum amyloid P, proteoglycans and lipids (2, 3). The

importance of lipids in amyloid deposits is underscored by the number of reports of lipid

modulation of amyloid fibril formation. Several studies (4–12) have noted that the effect of

lipids depends on the lipid-protein ratio and the nature of the interaction between the

polypeptide and the lipid surface. Insertion of the protein into the surface inhibits fibril

formation (4) while transient electrostatic interactions can enhance the process by increasing

the local protein concentration and providing a scaffold for amyloid prone conformations

(13). Studies with micellar and sub-micellar lipids provide an alternate approach to the

analysis of the effects of lipids on amyloid fibril formation and permit the role of individual

lipid molecules to be examined (10, 12, 14).

Apolipoproteins are lipid binding proteins that constitute a high proportion of the proteins

which form amyloid in vivo. ApoA-I, apoA-II and apoC-II deposit in atherosclerotic lesions,

and may contribute to the progression of cardiovascular diseases (15–18). In addition, apoA-

I, apoA-II and apoA-IV amyloid formation is associated with several hepatic, systemic and

renal amyloid diseases (19–24). Human apoC-II is an 8914 Da exchangeable apolipoprotein

that associates with VLDL and chylomicrons, where it acts as a co-factor for lipoprotein

lipase. In the presence of micellar lipid mimetics apoC-II adopts a predominantly α-helical

structure (25, 26). Conversely, lipid-free apoC-II rapidly self-assembles into homogenous

fibrils with increased β-structure and all of the hallmarks of amyloid (27). A structural

model for apoC-II fibrils composed of a linear assembly of monomers in a “letter G-like”

conformation has recently been described (28).

ApoC-II amyloid fibril formation is inhibited by micellar concentrations of phospholipids

such as dihexanoylphosphatidylcholine (DHPC) whereas sub-micellar DHPC enhances fibril

formation via the induction of a tetrameric intermediate which acts as a nucleus for fibril

elongation (29–31). Screening a large number of lipids and related amphiphiles at sub-

micellar concentrations identified a range of activators and inhibitors of apoC-II fibril

formation (32). Biophysical studies showed that activators promoted the formation of a

tetrameric intermediate enriched in β-structure while inhibitors induced dimeric species with

increased α-structure. To further investigate the mechanism for the effects of lipid

modulators on amyloid fibril formation pathways we have used the fluorescently-labelled,

short-chain phospholipid, 1-dodecyl-[(7-nitro-2-1,3-benzoxadiazol-4-yl)amino]-2-hydroxy-

glycero-3-phosphocholine (NBD-lyso-12-PC). Our results show that apoC-II monomers and

tetramers bind several molecules of lipid while mature fibrils are essentially lipid-free. The

observation that apoC-II fibrils formed in the presence of NBD-lyso-12-PC lack bound

fluorescence indicates that activation by NBD-lyso-12-PC is catalytic with the release of

monomer and tetramer bound lipid accompanying fibril elongation and growth.

EXPERIMENTAL PROCEDURES

Alexa 594 C5 maleimide was obtained from Invitrogen-Molecular Probes (Eugene, Oregon)

and 1-(dodecyl-[(7-nitro-2-1,3-benzoxadiazol-4-yl)amino]lauroyl)-2-hydroxy-sn-glycero-3-

phosphocholine (NBD-Lyso-12-PC) was obtained from Avanti Polar Lipids, Inc. (Alabaster,

Alabama). ApoC-II was expressed and purified as described previously (12). Purified apoC-

II stock solutions were stored in 5M guanidine hydrochloride, 10 mM Tris.HCl, pH 8.0 at a
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concentration of approximately 45 mg/ml. ApoC-IIS61C was provided by Dr. Chi Pham

(University of Melbourne) and was conjugated with Alexa 594 as described previously (29).

ApoC-II lipid interactions and fibril formation were performed by dilution of the stock

solution apoC-II solution into refolding buffer (100mM sodium phosphate, 0.1% sodium

azide, pH 7.4).

Fluorescence measurements

The time course of fibril formation was determined using a previously described centrifugal

pelleting assay (29), where the proportion of non-sedimenting material in the supernatant

was measured using tryptophan fluorescence (excitation 295nm, emission 350 nm).

Fluorescence resonance energy transfer (FRET) between NBD-Lyso-12-PC and Alexa 594-

labelled apoC-II was measured using a Cary Eclipse (Varian, Palo Alto, California), with

excitation at 430nm and emission spectra collected from 450–750 nm. Stopped flow

measurements were conducted using an RX-6200 portable stopped flow device (Applied

Photophysics, Leatherhead, Surrey, UK) equipped with a pneumatic drive and 2 × 2 mL

syringes for the ligand and acceptor solutions. In all cases stopped flow was conducted using

a stopping volume of 150 μL. A pelleting assay, described previously to measure the

interaction of HDL with apoC-II amyloid fibrils (33), was used to test whether NBD-

Lyso-12-PC binds to apoC-II fibrils. Briefly, apoC-II fibrils (0.3 mg/ml) in the presence and

absence of NBD-Lyso-12-PC were layered onto a 20% sucrose cushion and centrifuged for

30 min at 100,000 rpm (436,000g) in an OptimaMax centrifuge using a TLA-100 rotor

(Beckman Coulter Instruments, Inc., Fullarton, California). The original sample, pellet and

supernatant fractions were assayed for NBD-fluorescence.

Sedimentation velocity analysis

Sedimentation velocity experiments were conducted using an AnTi50 rotor and analytical

ultracentrifuge cells equipped with quartz windows and double sector charcoal epon

centerpieces. Sedimentation velocity experiments for apoC-II alone were conducted using

optical density measurements at 280 nm. Fluorescence detection sedimentation experiments

were conducted using an XL-A analytical ultracentrifuge (Beckman Coulter Instruments,

Inc., Fullarton, California) equipped with a fluorescence detection system (FDS; Aviv

Associates Inc). Sedimentation velocity data for NBD-Lyso-12-PC in the absence and

presence of unlabelled apoC-II or apoC-II fibrils were obtained at 20°C using a rotor speed

of 50,000 rpm (180,000 g). Fluorescence data were collected at 1 minute intervals from 6.0–

7.25 cm with the excitation laser focused to a spot 20 μm in diameter, 31 μm below the

surface of the sapphire window. Sedimentation velocity data obtained from these

experiments were analysed using the c(s) model in SEDFIT9.4 (34, 35). Data on the

concentration dependence of the weight-average sedimentation coefficient of apoC-II in the

presence of NBD-Lyso-12-PC were analysed according to a reversible monomer-tetramer

equilibrium model assuming a sedimentation coefficient of 0.93 and 2 S for the

sedimentation coefficient of apoC-II monomer and tetramer, respectively (29). For these

calculations data collected at apoC-II concentrations less than 1 μM were omitted due to

significant overlap of fluorescence from non-sedimenting NBD-Lyso-12-PC.
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RESULTS

Sub-micellar NBD-lyso-12-PC activates apoC-II fibril formation

The critical micelle concentration (CMC) for NBD-lyso-12-PC was determined from the

intensity of scattered 600 nm light as a function of NBD-lyso-12-PC concentration (Figure

1A). The data shows a shallow linear gradient at low concentrations of NBD-lyso-12-PC

followed by a much steeper gradient at higher concentrations. The breakpoint between these

two lines indicates a CMC of approximately 0.2mM for NBD-lyso-12-PC. While previous

studies have demonstrated the activation of apoC-II fibril formation by sub-micellar lipids

(29, 30) this has not been shown for sub-micellar NBD-lyso-12-PC. The effect of sub-

micellar NBD-lyso-12-PC on apoC-II amyloid fibril formation was measured using a

centrifugal pelleting assay (Figure 1B). ApoC-II (0.3 mg/ml) in the absence of lipid showed

a time-dependent increase in the amount sedimenting material, with time to half maximum

(t50) of approximately 28 h. Addition of 60 μM NBD-lyso-12-PC reduced the t50 to 11.8 h

indicating significant activation, comparable to the effects previously observed with other

sub-micellar phospholipids (29, 30).

NBD-Lyso-12-PC binds rapidly to apoC-II monomers

The association of Alexa 594-labelled apoC-II with NBD-Lyso-12-PC was examined using

FRET measurements. Figure 2A shows the spectra of NBD-Lyso-12-PC alone, Alexa 594

labelled apoC-II alone and a mixture at the same concentrations of NBD-Lyso-12-PC and

Alexa 594 labelled apoC-II. The decrease in intensity at 540 nm and the increase in intensity

at 620 nm indicate significant transfer of excitation from the NBD fluorophore to the Alexa

594 fluorophore, suggesting an interaction between non-fibrillar apoC-II and NBD-Lyso-12-

PC. This FRET signal was exploited to examine the millisecond time-scale kinetics of the

lipid-protein interactions using stopped flow analysis. Figure 2B shows the intensity of

NBD-Lyso-12-PC at 540 nm upon excitation at 430 nm over time in the presence and

absence of Alexa 594 apoC-II. In the absence of Alexa 594-labelled apoC-II, the NBD-

Lyso-12-PC fluorescence was constant over the time course of the experiment. Addition of

Alexa 594-labelled apoC-II induced a rapid decay in the fluorescence intensity which

reached completion over 100 milliseconds. The decay in fluorescence intensity due to FRET

was dependent on the concentration of labelled apoC-II and indicates a very rapid

association of protein with the lipid. These fluorescence decays were globally fitted to

provide a pseudo first order rate constant of 156,000 s−1.

NBD-Lyso-12-PC binds to multiple sites on apoC-II monomers and tetramers

The fluorescence properties of NBD-lyso-12-PC permitted fluorescence detection using the

analytical ultracentrifuge to measure the interaction of this lipid with apoC-II, at low non-

fibril-forming concentrations of apoC-II. Representative sedimentation velocity data sets

(Figures 3A and B) show an increased amount of fluorescence in the sedimenting boundary

compared to the non-sedimenting fluorescence as the concentration of apoC-II is increased.

Approximate values for the molecular mass and partial specific volume of NBD-Lyso-12-

PC (0.93 ml/g and 600 respectively) yield a sedimentation coefficient for NBD-lyso-12-PC

of less than 0.06S, consistent with the observation that this molecule does not sediment

appreciably at 50,000 rpm (180,000 g). With the small sedimentation coefficient of NBD-
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lyso-12-PC and the similarity of the sedimentation coefficient of free and NBD-lyso-12-PC

bound apoC-II (see below), the effective particle theory of sedimentation of reacting systems

(36) shows, supported by simulations, that the non-sedimenting fluorescence in the

supernatant provides a reliable estimate of the free NBD-lyso-12-PC in the original solution.

Accordingly, the dependence of the non-sedimenting fluorescence on the concentration of

added apoC-II (over the range 0.45 to 28 μM) was used to obtain the proportion of bound

NBD-lyso-12-PC per apoC-II molecule as a function of free lipid (Figure 3C). Analysis of

this data, assuming a multiple sites model, yielded a stoichiometry of approximately 5 lipid

molecules/molecule of apoC-II and an intrinsic dissociation constant of approximately 10

μM (Figure 3C). This binding constant may be considered as an average of the affinities of

NBD-lyso-12-PC for apoC-II monomers and tetramers, since under the condition studied the

protein existed as an equilibrium mixture of these two species (see Figure 4).

Sedimentation velocity data using fluorescence detection of NBD-lyso-12-PC over a range

of apoC-II concentrations was analysed using a c(s) model to obtain coefficient distributions

(Figure 4A). The distributions at the lower apoC-II concentrations show two distinct peaks

at approximately 1 S and 2 S, corresponding to the sedimentation coefficients observed for

monomeric and tetrameric apoC-II formed in the presence of DHPC (29). Increasing the

concentration of apoC-II shifted the distributions towards a single broad peak with a modal

sedimentation coefficient of 1.9 S. Since the measured fluorescence signal arises from the

lipid component, these distributions indicate that NBD-lyso-12-PC associates with apoC-II

and binds to both apoC-II monomers and tetramers.

The c(s) distributions in Figure 4 were integrated to obtain signal weighted average

sedimentation coefficients, sw,NBD. Based on the observation that the fluorescence emission

of NBD-lyso-12-PC does not change in the presence of apoC-II (data not shown), this will

correspond to the standard weight-average sedimentation coefficient of the ligand-bound

species. The sedimentation coefficient for apoC-II alone, detected using optical density

measurements, did not display any significant change over the course of the experiment.

However, sw,NBD of apoC-II in the presence of NBD-lyso-12-PC, displayed an increase that

was dependent on apoC-II concentration and consistent with lipid-induced tetramerisation.

Due to the low sedimentation coefficient of NBD-lyso-12-PC alone, the increasing sw,NBD

value cannot be attributed to multiple bound ligands. Analysis of the dependence of the

weight average sedimentation coefficient on apoC-II concentration yielded a value of 3.5 ×

10−3 μM−3 for the monomer-tetramer equilibrium constant (Figure 4B). This value is similar

in magnitude to estimates provided from previous kinetic analyses of DHPC-induced apoC-

II tetramerisation (29).

ApoC-II fibrils do not bind NBD-Lyso-12-PC

Our studies of apoC-II fibril formation show that sub-micellar phospholipids activate fibril

nucleation rather than elongation (37). However, these observations do not preclude

interactions between lipid and fibrillar material, which could also play a role in promoting

fibril aggregation. It was therefore of interest to determine if phospholipid remained

associated with the fibrillar end product. The binding of lipids to apoC-II amyloid fibrils was

initially investigated with a FRET assay (Figure 5). The time course for the change in FRET
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signal observed for NBD-Lyso-12-PC and monomer and tetramers of Alexa 594-labelled

apoC-II (Figure 2) decreased exponentially during incubation under fibril forming

conditions indicative of a loss of bound lipid. The lack of binding of NBD-lyso-12-PC to

apoC-II fibrils was supported by fluorescence emission spectra which showed no significant

increase in intensity at 620nm indicating that there is little or no FRET between the NBD-

Lyso-12-PC and Alexa 594-labelled fibrillar apoC-II (Figure 5). This result was confirmed

by sedimentation velocity analysis using the FDS, where no significant sedimentation was

observed at 50000 rpm for either NBD-Lyso-12-PC alone (60 μM) or in presence of apoC-II

fibrils (33 μM) which were either preformed or formed in the presence of NBD-Lyso-12-PC

(Figure 6). Further confirmation of the lack of an interaction between NBD-Lyso-12-PC and

apoC-II amyloid fibrils was provided by a centrifugal pelleting assay using a 20 % sucrose

cushion to separate free lipid from bound lipid (Table 1). This assay has previously been

used to identify the binding of HDL particles to apoC-II fibrils (33). NBD-Lyso-12-PC

alone (60 μM) did not pellet through the sucrose solution, as the control without any fibrillar

material contained <0.0003% of the fluorescence contained in the original solution and

supernatant fractions. A similar low level of fluorescence in the pellet fraction was observed

for NBD-Lyso-12-PC solutions containing preformed apoC-II amyloid fibrils or apoC-II

fibrils formed in the presence of NBD-Lyso-12-PC. Control experiments using apoC-II in

the absence of NBD-Lyso-12-PC displayed no fluorescence either prior to centrifugation or

after centrifugation.

DISCUSSION

Amphipathic lipids and lipid mimetics affect several amyloid forming systems (4–12) with

no obvious pattern concerning the magnitude and specificities of the effects observed. In the

case of apoC-II, sub-micellar concentrations of short-chain phospholipids (29, 31) and

oxidized cholesterol (38) activate apoC-II fibril formation whereas low concentrations of

micellar lipids and lipid bilayers, while initially inhibiting fibril formation, ultimately induce

apoC-II fibrils with a distinctive straight rod-like morphology (30). The complexity of the

interactions of apoC-II with lipids is further illustrated by the results of a screen of

amphipathic molecules which indentified a range of submicellar modulators that exerted

independent effects on fibril nucleation and elongation (32). Our present results provide new

insight into the apoC-II-lipid interaction, revealing multiple lipid-binding sites. The results

are consistent with mass spectrometry studies of apoC-II with lipids in the gas phase which

also indicate multiple lipid-bound apoC-II species (39). The existence of multiple lipid-

binding sites suggests the diversity of the effects of lipids on apoC-II fibril formation may

depend on the occupancy of specific sites and the role the individual sites play in the fibril

assembly process.

Our previous studies have shown that the activation of apoC-II fibril formation by DHPC

occurs by the rapid induction of a discrete tetramer followed by a slow isomerization of the

tetramer that precedes accelerated fibril growth (29). Activation by NBD-lyso-12-PC

appears to follow this pattern with the rapid binding of NBD-lyso-12-PC accompanied by

the formation of discrete tetramers. An important observation is that although NBD-lyso-12-

PC is bound to apoC-II oligomers the final mature fibrils are devoid of bound lipid. Figure 7

summarizes possible pathways to explain these observations. One pathway, available to
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lipid-free apoC-II, involves the slow isomerization of misfolded monomers to generate

species competent to rapidly assemble into mature fibrils. Evidence for this pathway is

provided by studies of cross-linked apoC-II dimers, which accelerate apoC-II fibril

formation (40). An alternate, NBD-lyso-12-PC-induced pathway is postulated to involve the

formation of a tetrameric intermediate which nucleates fibril formation via the slow

formation of a lipid-free apoC-II tetramer. The slow isomerisation of the apoC-II tetramer is

based on previous studies of a slow step in the DHPC-induced acceleration of apoC-II fibril

formation (29). While the molecular details of the initial NBD-lyso-12-PC tetramer complex

remain unclear, a possible mechanism for the formation of this species would be a sequential

process involving the transient formation of lipid-stabilised dimers followed by self-

assembly to form tetrahedral “dimer-of-dimers” structures. According to this model we

propose that the slow isomerisation of this tetrahedral structure is accompanied by lipid loss

to generate a linear tetramer that serves as a nucleus for fibril elongation.

A number of naturally occurring compounds are known to affect protein folding include

osmolytes such as trehalose which act in the molar concentration range (0.5–1 M), primarily

by non-specific, non-ideality effects (41). A recent example is the affects of the osmolytes

TMAO, proline and glycine-betaine on the huntington fibril forming pathway (42). Our

previous work identified high-affinity amphipathic activators and inhibitors of human

apolipoprotein (apo) C-II fibril formation, active in the micromolar concentration range,

including a number of physiological metabolites (32, 38). Other disease-related proteins

where amyloid fibril formation is affected by tight-binding amphiphiles include α-synuclein

(43), apoA-I (44), Aβ (4), β2-microglobulin (9), islet amyloid polypeptide (13), prions (45),

transthyretin (46) and medin (47). The importance of the present study is the demonstration

that sub-micellar NBD-lyso-12-PC activates apoC-II amyloid fibril formation without

incorporation into the final product. This suggests that small molecular weight metabolites

could play hitherto unrecognised catalytic roles in protein folding and assembly with the

potential to modulate aberrant protein misfolding and disease.
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Figure 1.
Effect of submicellar NBD-Lyso-12-PC on apoC-II fibril formation. A. Determination of

CMC for NBD-Lyso-12-PC using light scattering. B. ApoC-II fibril formation (0.3 mg/mL)

monitored using a centrifugal pelleting assay in the absence (squares) and presence (circles)

of NBD-Lyso-12-PC (60 μM) and control data where the apoC-II sample with NBD-

Lyso-12-PC was not centrifuged (triangles).
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Figure 2.
FRET analysis of the interaction between NBD-Lyso-12-PC and freshly refolded Alexa 594

apoC-II. A. Fluorescence spectra using excitation at 430 nm for NBD-Lyso-12-PC (60 μM)

alone (solid line), the same concentration of NBD-Lyso-12-PC in the presence of Alexa 594

apoC-II (5 μM) (dashed line) and Alexa 594 apoC-II (5 μM) alone (dashed dotted line). B.

Stopped flow analysis of the interaction of NBD-Lyso-12-PC with apoC-II monitored using

FRET (excitation 430 nm, emission 540 nm). Data obtained using NBD-Lyso-12-PC (60

μM) and Alexa 594 labelled apoC-II concentrations of 0 (diamonds), 1.25 (circles), 2.5

(squares) and 5 (triangles) μM Alexa 594 labelled apoC-II. The solid lines are global best-

fits to a pseudo first order rate constant.
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Figure 3.
Sedimentation velocity data using fluorescence detection of NBD-Lyso-12-PC (60 μM) in

the presence of apoC-II at 3.5 and 14 μM (panels A and B, respectively). C. The molar ratio

of bound NBD-Lyso-12-PC per apoC-II was estimated from the proportion of non-

sedimenting fluorescence material for NBD-Lyso-12-PC samples (60 μM) containing a

range of apoC-II concentrations (0.45 μM to 28 μM). The solid line is the best fit to the data

assuming a simple multiple site binding model.
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Figure 4.
Sedimentation velocity analysis of the interaction between NBD-Lyso-12-PC and apoC-II.

Sedimentation velocity data using fluorescence detection was obtained for NBD-Lyso-12-

PC samples (60 μM) containing a range of apoC-II concentrations (0.45 μM to 28 μM). A.

Analysis of the data assuming a continuous sedimentation coefficient distribution c(s)

model. B. The weight average sedimentation coefficients (closed circles), obtained by

integration of sedimentation coefficient distributions in panel A. The solid line is a fit to the

data assuming a monomer-tetramer model. The weight average sedimentation coefficients

for apoC-II samples alone, monitored by optical density measurements at 280 nm, are shown

for comparison (open squares).

Ryan et al. Page 14

Biochemistry. Author manuscript; available in PMC 2014 September 08.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 5.
FRET analysis of the interaction between Alexa 594 apoC-II fibrils and NBD-Lyso-12-PC.

A. Time course for the change in FRET during apoC-II fibril formation. Alexa 594-labelled

apoC-II (33 μM) was incubated with NBD-Lyso-12-PC (60 μM) at 20 °C and the

fluorescence emission at 620 nm measured with excitation at 430 nm. B. Fluorescence

emission spectra (in arbitrary units) for Alexa 594 apoC-II fibrils alone (5 μM, dashed line),

Alexa 594 apoC-II fibrils (5 μM) in the presence of 60 μM NBD-Lyso-12-PC (solid line)

and 60 μM NBD-Lyso-12-PC alone (dotted line) were acquired using excitation at 430nm.
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Figure 6.
Sedimentation velocity analysis using fluorescence detection of NBD-Lyso-12-PC in the

presence and absence of apoC-II fibrils. Samples of NBD-Lyso-12-PC alone (A) and in the

presence of apoC-II fibrils (33 μM) which were either preformed (B) or formed in the

presence of NBD-Lyso-12-PC (60 μM) by incubation at 20°C for 5 days (C) were analyzed

using fluorescence detection in the analytical ultracentrifuge. The radial scans are for data

collected after 20 min (solid circles) and 5 h (open triangles) using a rotor speed of 50000

rpm. For the sake of clarity only every 40th data point is presented.
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Figure 7. Model for lipid-induction of apoC-II fibril assembly
The model proposes a lipid-induced tetramerisation followed by a slow isomerisation and

loss of lipid to generate a nucleus for subsequent fibril elongation. An alternate slower

pathway available to lipid-free apoC-II proposes an initial isomerisation of apoC-II to form a

monomeric nucleus that self-assembles into fibrils. The model for apoC-II fibrils shows a

linear assembly of monomers in a “letter G-like” conformation as recently described (28).
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Table 1

Sedimentation analysis of NBD-Lyso-12-PC in the presence and absence of apoC-II fibrilsa

sample Original sample Supernatant Pellet fraction

NBD-Lyso-12-PC alone 1 1 2.16 × 10−6

NBD-Lyso-12-PC plus preformed apoC-II fibrils 1 1 2.26 × 10−6

ApoC-II fibrils formed in presence of NBD-Lyso-12-PC 1 1 2.23 × 10−6

ApoC-II fibrils alone 2.20 × 10−6 2.20 × 10−6 2.19 × 10−6

a
Samples of NBD-Lyso-12-PC (60 μM) were prepared in the absence and presence of apoC-II fibrils (33 μM) which were either preformed or

formed in the presence of NBD-Lyso-12-PC by incubation at 20°C for 5 days. The samples were centrifuged at 100,000 rpm (436,000g) in a
preparative ultracentrifuge for 30 min and the fluorescence emission of NBD-Lyso-12-PC (60 μM) determined for the original solution, supernatant
and pellet fractions made up to the original volume. Fluorescence emission is expressed relative to the initial NBD-Lyso-12-PC solution.
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