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Abstract

Apolipoprotein A-I is the major protein in high-density lipoprotein (HDL) and plays an important 

role during the process of reverse cholesterol transport (RCT). Knowledge of the high-resolution 

structure of full-length apoA-I is vital for a molecular understanding of the function of HDL at the 

various steps of the RCT pathway. Due to the flexible nature of apoA-I and aggregation 

properties, the structure of full-length lipid-free apoA-I has evaded description for over three 

decades. Sequence analysis of apoA-I suggested that the amphipathic α-helix is the structural 

motif of exchangeable apolipoprotein, and NMR, X-ray and MD simulation studies have 

confirmed this. Different laboratories have used different methods to probe the secondary structure 

distribution and organization of both the lipid-free and lipid-bound apoA-I structure. Mutation 

analysis, synthetic peptide models, surface chemistry and crystal structures have converged on the 

lipid-free apoA-I domain structure and function: the N-terminal domain [1–184] forms a helix 

bundle while the C-terminal domain [185–243] mostly lacks defined structure and is responsible 

for initiating lipid-binding, aggregation and is also involved in cholesterol efflux. The first 43 

residues of apoA-I are essential to stabilize the lipid-free structure. In addition, the crystal 

structure of C-terminally truncated apoA-I suggests a monomer-dimer conversation mechanism 

mediated through helix 5 reorganization and dimerization during the formation of HDL. Based on 

previous research, we have proposed a structural model for full-length monomeric apoA-I in 

solution and updated the HDL formation mechanism through three intermediate states. Mapping 

the known natural mutations on the full-length monomeric apoA-I model provides insight into 

atherosclerosis development through disruption of the N-terminal helix bundle or deletion of the 

C-terminal lipid-binding domain.
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Introduction

Diseases of lipid metabolism, in particular cardiovascular disease, remain the number one 

cause of health problems and death, especially CHD caused by atherosclerosis (1). One of 

the main risk factors for atherosclerosis is high blood cholesterol. Plasma levels of high-

density lipoprotein (HDL) are negatively correlated with the incidence of atherosclerosis and 

the mechanism of the anti-atherogenic effects of HDL are mainly related to its involvement 

in the pathways of reverse cholesterol transport (RCT). It has been recently demonstrated 

that it does not simply lower HDL cholesterol levels in plasma that correlate with the anti-

atherogenic role of HDL but the cholesterol efflux ability of the HDL that determines the 

role in RCT (2) underscore the need for molecular understanding of the function of HDL at 

the various steps of the RCT pathway.

Apolipoprotein A-I (apoA-I), the major protein component of HDL, plays vital roles 

throughout the RCT process as follows: formation and stabilization of the HDL particle 

structure, interacting with the ABCA-I transporter (3), activating lecithin cholesterol acyl 

transferase (LCAT) (4) and acting as a ligand for the hepatic scavenger receptor (SRB1) (5).

Plasma apoA-I (243 amino acids, 28kd) exists in lipid-free, lipid-poor and lipid-bound states 

and, as a consequence, has a flexible and adaptable structure similar to the molten globular 

state (6). This flexible nature has hindered high-resolution structural studies. Until now, the 

high-resolution structure of full-length lipid-free apoA-I remains enigmatic. A lipid-free 

apoA-I structure in full-length is crucial to understanding HDL formation and 

atherosclerosis development.

Structural Motif of Exchangeable Apolipoproteins

Amphipathic α-helices that exist in the exchangeable apolipoproteins (apoA-I, apoA-IV and 

apoE) were first proposed as a unique structural and functional motif involved in lipid 

interaction by Segrest (7, 8). The class A amphipathic helix is a major lipid-binding motif 

and is characterized by basic residues near the hydrophobic/hydrophilic interface with acidic 

residues at the center of the polar face. The hydrophobic interface provides the lipid-binding 

surface. Based on the sequence analysis of apoA-I, apoA-IV and apoE-3, consensus 

sequence units A (PLAEELRARLR) and B (AQLEELRERLG) were classified in early 

studies (9). A helix-wheel representation of the AB repeat shows the typical class A 

amphipathic helix (Figure 1). In addition, salt bridges between acidic and basic residues at 

positions (i, i+3/i, i+4) may provide additional stabilization of the helical structure. X-ray, 

NMR and MD simulations have confirmed the formation of helix-loop-helix structure by the 

ABAB repeat sequence peptide (10–12).

Secondary Structure

Figure 2 summarizes the helical distribution of apoA-I probed by different methods and the 

details are as the follows. Mature apoA-I contains 243 residues that are encoded by two 

exons. The first 43 residues are endcoded by exon-3 and the 44–243 region is encoded by 

exon-4 (13). Segrest first proposed a G* helix in the exon-3 encoded region followed by ten 

continuous tandem repeat helices (22 or 11 residues) in the exon 4 encoded region separated 
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by prolines: H1 [44–65], H2 [66–87], H3 [88–98], H4 [99–120], H5 [21–142], H6 [143–

164], H7 [165–187], H8 [188–208], H9 [209–219], and H10 [220–243] (Figure 2) (7). The 

22 amino acid repeat was further classified into the two 11-mer repeats sequence units A and 

B with different homology to consensus sequence units (9). The exon-4 encoded region is 

thus divided into a series of putative helical segments with different homologies: H1 (BB), 

H2 (AA), H3 (B), H4 (AB), H5 (AB), H 6(AB), H7 (AB), H8 (BB), H9 (A), H10 (BB) 

(Figure 2). This classification results in five AB (22 residues) repeating motifs in the center 

of the apoA-I sequence: AB1 (H2/H3), AB2 (H4), AB3 (H5), AB4 (H6) and AB5 (H7).

Nolte and Atkinson proposed a secondary structure model of lipid-free apoA-I based on 

circular dichroism data and computer modeling (Figure 2) (9). N-terminal residues 1–59 

contained the most ambiguously defined structure composed mostly of random coil or β-

structure with a short region of amphipathic alpha-helix in residues 9–13. The central region 

of apoA-I [60–184] was suggested to be composed solely of amphipathic α-helix. C-

terminal residues 185–243 were predicted as helices from residues 187–223 and 231–243. 

Residues 224–230 are very hydrophobic and assigned to a random coil conformation. 

Mutation and deletion studies in our laboratory further refined the secondary structure 

model. Double substitution (G185P, G186P) increased the protein stability without altering 

the secondary structure, suggesting G185 and G186 are located in a loop/disordered region 

(14). Deletion of residues 136–143 led to stabilization without altering the number of 

residues in helical conformation, suggesting that this region is unstructured in lipid-free 

apoA-I (15). The quadruple substitution E125K/E128K/K133E/E139K led to ~17 additional 

residues in helical conformation consistent with a disordered structure in the segment of 

residues 123–142 that becomes helical as a result of the quadruple mutation or upon lipid 

binding (15). Deletion of residues 121–142 led to a loss of ~8 residues in helical 

conformation compared to WT apoA-I (16). Considering that the region [136–143] is 

unstructured in lipid-free apoA-I suggests that these eight helical residues are in the region 

[123–130], whereas P121 and L122 may form a kink between H4 and H5. Thus, the 

segment of residues 131–143 is disordered and may function as a “hinge domain.” 

Furthermore, single and double terminal truncations (Δ[1–41], Δ[1–59], Δ[198–243], Δ[209–

243], Δ[1–41 and 185–243], and Δ[1–59 and 185–243]) suggested the close proximity of the 

N- and C-termini in the lipid-free apoA-I tertiary conformation (17). With these mutation 

studies, our laboratory suggested an updated secondary structure model of lipid-free apoA-I 

(Figure 2).

Other investigators have used different methods to probe the secondary structure distribution 

of lipid-free apoA-I or lipid-bound apoA-I, which have suggested different helix 

distributions. Site-directed spin-label electron paramagnetic resonance spectroscopy (SDSL-

EPR) studies of the C-terminal fragment [163–243] of apoA-I (18) suggested a β-strand in 

this region from residues 208–219 as shown in Figure 2 that can bind lipid and change into 

helical structure. Recent hydrogen-deuterium exchange experiments on plasma apoA-I in 

solution suggested that residues 7–44, 54–65, 70–78, 81–115, 147–178 form α-helices, 

whereas residues 116–146 and 179–243 lack defined structure (19). An EPR study of full-

length apoA-I suggested different helical distribution compared to the HX experiments (20). 

In order to gain insight into the lipid-bound apoA-I structure, NMR assignment data for 

intact A-I in SDS have been reported and are shown in Figure 2 (21). EPR studies of the N-
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terminal [6–98] (22), central [99–163] and C-terminal [164–238] fragments on nascent 

rHDL also combine to suggest a secondary structure assignment for full-length lipid-bound 

apoA-I (23). The helical distribution of apoA-I on 9.6 nm rHDL has been proposed by HX 

and indicates continuous helical structure except for the central region 125–158 that 

functions to give a bimodal structure (Figure 2) (23, 24).

Folding Domains and Domain Function

Studies of Δ[1–43] and Δ[187–243] compared to plasma apoA-I suggested that Δ[187–243] 

has a similar tertiary structure to plasma apoA-I (25). However, Δ[1–43] exhibits a different 

conformation in comparison to plasma apoA-I, suggesting that the N-terminus [1–43] is 

important to stabilize the lipid-free apoA-I structure in solution.

Point mutations and the 11-residue helix deletions in the region 165–243 of apoA-I 

suggested that residues 165–175 corresponding to H7A are critical for proper folding of 

apoA-I in its lipid-free form (14). Eleven residue helix deletions and reverse charged 

mutations (E125K/E128K/K133E/E139K) of the central region of apoA-I [123–165] 

suggested that the 144–165, H6 region forms a helical structure whereas 123–142, H5, had a 

disordered structure (15). Deletion studies of residues 121–142 further confirmed that the 

131–143 segment is disordered and may function as a “hinge domain” as discussed 

previously (16). Thus, the central region H5 [121–143] may function as a hinge region to 

connect the two terminal regions, N [1–120] and C [145–243].

Two truncation mutants [44–186]A-I (26) and [1–192]A-I (27) were shown to be a mixture 

of monomer and dimer in solution with decreased phospholipid binding ability, which 

suggested that the C-terminal [193–243] region is responsible for the self-association of A-I 

and the initiation of phospholipid binding. Cross-linking experiments confirmed that the C-

terminal domain of apoA-I participates in the self-association of the protein as demonstrated 

by the inability of the C-terminal deletion mutants Δ[185–243] and Δ[209–243] to form 

higher order aggregates in solution (28). Studies of the peptide representing the C-terminal 

46-residues [198–243]apoA-I suggested that it is responsible for self-association and has 

high lipid affinity (29). Thus, results from different laboratories converge on the concept that 

the C-terminus, possibly residues 185–243, is responsible for the aggregation of lipid-free 

apoA-I. Single or multiple point mutations of hydrophobic residues in this region 

significantly decreased dimyristoyl-phophatidylcholine (DMPC) clearance and 8-anilino-1-

naphthalenesulfonate (ANS) binding also suggests that the C-terminal domain is responsible 

for lipid binding and aggregation (30–32). Deletion of residues 191–220 showed 

intermediate lipid binding between wild type and Δ[223–243], suggesting that residues 191–

220 play a role in enhancing the ability of apoA-I to bind to and solubilized lipids by 

forming helical structure upon lipid interaction (33). Segment deletion (34), replacement 

with the sequence of the C-terminal segment (35) and reversal of the sequence (36) suggest 

that residues 143–164, H6 are involved in LCAT activation. Mutations of R149, R153, and 

R160 in this region lead to loss of LCAT activity possibly through the disruption of charge 

interactions between LCAT and apoA-I (37). Mutation E110A/E111A (H4) has also been 

shown to affect LCAT activation (38).
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In contrast to the activation of LCAT, the interactions between A-I and SR-BI or ABCA1 

are less well understood. A binding and cross-linking study suggested the class A 

amphipathic helix as a recognition motif by SR-BI (39). A natural mutant, apoA-I Nichinan, 

Glu235del, showed decreased cellular cholesterol efflux and thus the C-terminus of apoA-I 

was suggested to be involved in the interaction with ABCA1 (40). Single or multiple 

mutations of hydrophobic residues in the C-terminal region [185–243] significantly decrease 

cholesterol efflux activity (30–32).

The phospholipid-binding affinities of the different helix repeats have been studied using 

synthetic peptide models by a number of groups including our laboratory. Forty-four residue 

consensus sequence peptides (ABAB), real sequence peptides, RSP-1 (H4–5) and RSP-2 

(H5–H6) were studied in our laboratory. RSP-1 exhibited higher lipid affinity than RSP-2 in 

terms of helical structure induced by detergent, suggesting that H4 has higher lipid-binding 

affinity than H6 (41). Twenty-two residue peptides (42) followed by 33 residue (G*/[1–

33]A-I, H2–3, H3–4, H8–9 and H9–10), 44 residue (H1–2, H4–5, H5–6, H6–7 and H7–8) 

and 55 residue peptides (H2–3–4) (43) have also been studied. These studies suggest that 

only the helices corresponding to amino acids 44–87 (H1) and 220–241 (H9 and H10) had 

significant high affinity for lipid. In contrast, H4–H5 and H5–H6 had low lipid binding 

affinity. The lipid affinity of H6–7 was suggested to be moderate. In addition, little 

difference was seen in the α-helical content or lipid affinity of the larger vs. the 22-mer 

peptides, indicating that the individual domains do not fold/bind lipid cooperatively as was 

proposed earlier (43). Comparison of the [198–243]apoA-I and [1–43]apoA-I peptides 

suggested that the C-terminal peptide has higher lipid affinity that was confirmed by surface 

monolayer experiments (44, 45). Comparison of the surface behavior of Δ[1–59][185–

243]apoA-I to Δ[185–243]apoA-I showed that Δ[1–59][185–243]apoA-I desorbs at lower 

pressures compared with wild type apoA-I and Δ[185–243]apoA-I indicating that it is 

missing a strong lipid association motif (H1) (46). In summary, it is generally accepted that 

the N-terminus (residues 1–43) is important to stabilize lipid-free apoA-I conformation; H5 

in the central region may function as a hinge segment between the N and C terminal 

domains; the region of H4 and H6 is required for LACT activation; and the extreme C-

terminal domain (H9, H10) possesses the highest lipid binding affinity and thus may initiate 

the lipid binding of apoA-I and be responsible for the aggregation properties of apoA-I. 

Additionally the region may be involved in cholesterol efflux as shown in Figure 2. Phillips’ 

group first suggested a two-folding domain structure of lipid-free apoA-I through analyzing 

a series of deletion mutants (47) and suggested that the lipid-free apoA-I molecule is 

organized into a two-domain structure similar to apoE; the N-terminal domain [1–189] 

forms a helix bundle, whereas the C-terminal domain [190–243] forms a less organized 

structure. ApoA-I initially binds to a lipid surface through amphipathic helices in the C-

terminal domain followed by opening of the helix bundle in the N-terminal domain. ApoE 

behaves similarly; this mechanism may represent a general feature for lipid interaction of 

other exchangeable apolipoproteins, such as apoA-IV. The two-domain structure of apoE 

has been verified by the full-length apoE3 NMR structure (48). In addition, a mouse apoA-I 

NMR structure deposited in the Protein Data Bank has shown the residues corresponding to 

human apoA-I 1–184 forms the N-terminal helix bundle (PDB: 2LEM). This is consistent 
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with our model in which residues 1–184 forms a N-terminal helix bundle, whereas residues 

185–243 form a C-terminal domain with little defined structure (49).

Crystal Structures of apoA-I

High resolution structural information is critical to explore the biological function of the 

apolipoprotein. However, multiple conformations and the tendency to aggregate in lipid-free 

solution due to large hydrophobic surfaces have prevented the growth of crystals 

apolipoproteins in general. There are only two legitimate crystal structures of apoA-I; both 

are truncated forms and represent a lipid-bound and intermediate state.

N-terminal Truncated ApoA-I

The low resolution (4Å) crystal structure of a N-terminal truncated apoA-I, Δ[1–43] (PDB: 

1AV1) was determined by Borhani et al. (50) (Figure 3A). In this structure, two apoA-l 

molecules with elongated α-helical structure are aligned antiparallel to form a horseshoe-

like shape (Figure 3A). Two dimers are aligned antiparallel to form a tetramer with their 

hydrophobic surfaces facing each other and well shielded from the aqueous solution (Figure 

3A). Each dimer was suggested to be stabilized by salt bridges. In the crystal structure, Δ[1–

43]apoA-I has an α-helical content >90% and was thus proposed to be a lipid-bound state of 

apoA-I during the process of HDL formation. In fact, the crystal was grown in the presence 

of high salt, which is a highly hydrophilic environment, possibly enhancing the hydrophobic 

interaction between monomers and thus simulating a lipid-bound conformation. The 

hydrophobic surface between the dimers is presumably the lipid-binding interface. Notably, 

the pseudo-continuous α-helix has regular kinks containing proline residues. However, the 

poor quality of the diffraction data (resolution at 4Å, completeness 85% Rmerge = 16.6%) 

and the final model (Rwork = 38.2% and Rfree = 42.8%) preclude any detailed interpretation 

of this structure.

C-terminal truncated apoA-I

Following deletion of the C-terminal domain [185–243] of apoA-I that is responsible for 

aggregation, we successfully crystallized and solved the high-resolution structure of apoA-I 

at a resolution of 2.2Å for the first time (49). As shown in Figure 3B, two monomers of 

apoA-I form a half-circle dimer. The backbone of the dimer consists of two elongated 

antiparallel proline-kinked helices. The N-terminal domain of each molecule forms a four-

helix bundle with the helical C-terminal region of the symmetry-related partner. The central 

region (H5) forms a flexible segment with two antiparallel helices connecting the bundles at 

each end. The structure substantiates many features of the secondary structure predictions of 

the type A and type B helical repeats with different homologies. The structure also shows 

the molecular details of the stabilization of lipid-free apoA-I by the N-terminal exon-3 

encoded residues and suggests the role of dimerization in the assembly of HDL. In addition, 

the structure suggests how the central domain (H5) may function as a hinge region to 

facilitate a monomer to dimer conversion. With a semicircular backbone formed from 

antiparallel helical repeats, the structure allows us to model the formation of discoidal HDL 

particles with different geometries.
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Comparison of the Two Crystal Structures

The prior crystal structure of Δ[1–43]apoA-I shows the formation of a dimer of dimers 

because it lacks the first 43 residues that are responsible for stabilizing the lipid-free 

structure and shielding the hydrophobic surface of the helices resulting in a dimer-dimer 

interaction to cover the hydrophobic surface. Although the resolution of the Δ[1–43]apoA-I 

crystal structure is low, dimerization of the five AB-repeating motifs is clearly a common 

feature with both structures exhibiting the same five AB repeat antiparallel interacting-

motifs (Figure 3). H5 is in the center of the five AB repeat dimerization motifs. In the Δ[1–

43]apoA-I crystal structure, H1 and the first A unit of H2 forms a dimer interaction with the 

C-terminal H8 and H9. This implies potential dimerization ability and a possible 

dimerization interface in full-length apoA-I. Following lipid binding and unfolding of the N-

terminal helix bundle, interaction of the exposed H1 and the first A unit of H2 with the C-

terminal H8 and H9 to form the dimer results in a “double belt” model as seen for Δ[1–

43]apoA-I. Thus, the Δ[185–243]apoA-I structure may represent the intermediate state 

during the process of HDL formation.

Lipid-free ApoA-I in Solution and HDL Formation Through Dimerization

Previously we proposed the monomer conformation of Δ[185–243]apoA-I with the helix 5 

region changed from helical structure into a loop conformation leading the H6 and H7 

helices folding back to form the helical bundle with the N-terminal region based on the 

crystal dimer of Δ[185–243]apoA-I (Figure 4). This domain swap mechanism, also found in 

the apoA-IV crystal structure (51), suggests a common mechanism of lipid binding to form 

lipoprotein particles through dimerization. With the knowledge of C-terminal domain 

formation by the loop region and interaction between the N and C terminal domains, we 

proposed a full-length lipid-free apoA-I monomer model in solution with the C-terminal 

domain folded back. This result is consistent with Segrest’s simulation models (52). Based 

on the full-length apoA-I model, we updated our HDL formation mechanism. In the initial 

state, the monomeric apoA-I forms a helix bundle with the C- terminal domain presenting 

exposed hydrophobic surface with little defined structure. In the intermediate state, when the 

monomeric apoA-I is close to the lipid surface of the cell membrane, the C-terminal domain, 

especially the H10 region will bind the lipid to form helical structure. This binding 

facilitates the anchoring of apoA-I to the lipid bilayer that can bring two monomeric apoA-I 

in close juxtaposition for dimerization to occur through helix formation in the H5 hinge 

region. It is possible that apoA-I interaction with the ABCA1 transporter plays a role in the 

juxtaposition of two apoA-I molecules for dimerization. Furthermore, interaction with the 

lipid surface may play a role in the H5 region transitioning from loop to the helix facilitating 

the dimerization. The dimeric organization in our crystal structure thus represents the 

intermediate state. In the final state, lipids will fill the double loop and transform the 

remainder of C terminal domain from unstructured into helical conformation and result in 

the formation and release of a discoidal, nascent HDL from the cell membrane (Figure 5).
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Disease-related Mutations

With the full-length apoA-I model based on the high-resolution crystal structure in hand, the 

detailed molecular information aids in understanding disease related mutations to better 

clarify the HDL formation mechanism and atherosclerosis development.

A novel apoA-I truncation (apoA-I Mytilene) due to a heterozygous nonsense mutation 

(Gln216) has been reported to be associated with markedly decreased levels of HDL-C and 

decreased total cholesterol efflux associated with premature CHD and is consistent with the 

model that the C-terminal domain is responsible for the initiation of the lipid binding and 

cholesterol efflux (53). Partial deletion of the C-terminal domain as shown in Figure 6 

inhibits the lipid binding and interaction with ABCA1 resulting in low HDL and decreased 

cholesterol efflux. A naturally occurring human apoA-I mutation, apoA-I[Lys107del], 

associated with hypertriglyceridemia (HTG), showed enhanced binding to TG-rich particles, 

lower stability, and greater exposure of hydrophobic surfaces compared to wild-type apoA-I. 

The location lys107 on the apoA-I monomer model (Figure 6A) suggests that deletion of 

Lys107 disrupts helix registration and disturbs a stabilizing salt bridge network in the N-

terminal helical bundle and might lead to the opening of the helix bundle. Mutation studies 

of lys107del and lys107A confirmed that the registry shift and ensuing disruption of the 

inter-helical salt bridges in apoA-I[Lys107del] result in destabilization of the helical bundle 

structure and greater exposure of hydrophobic surfaces. Opening of the N-terminal helical 

bundle in the apoA-I[Lys107del] variant facilitated its binding to TG-rich lipoproteins and 

thus, may reduce their lipolysis and contribute to the development of HTG in carriers of the 

mutation (54).

Previously we have mapped the HDL deficiencies mutations apoA-I Milano (R173C) and 

apoA-I Paris (R151C) on the crystal structure dimer and found that both are in the center of 

the salt bridge networks that hold the dimer together (49). Mutation of these residues is 

likely to cause the disruption of the inter-helical salt bridges that determine the H5/H5 

registration. In the Milano and Paris double-belt model, different helix registration is 

proposed due to the formation of the disulfide bond between the cysteine residues with 

fewer or no inter-helical salt bridges (55). This decrease in inter-helical salt bridge 

interaction may cause instability in the antiparallel double helix backbone, thus leading to 

the monomeric form of the protein. We mapped the mutations on the monomeric apoA-I 

model (Figures 6A and 6B), and they are both located in the center of salt bridge networks 

that stabilized the N-terminal helix bundle. Introduction of a negatively charged residue will 

disrupt the salt bridge network and thus lead to instability of the helix bundle in addition to 

shifting the dimerization registration. In summary, these mutations disrupt the helix bundle 

domain in the apoA-I molecule and modify the lipid-binding characteristics to higher 

dynamics due to different helix registration (56, 57).

Family members with the apoA-I Fin (L159R) mutation have been reported with reduced 

plasma HDL cholesterol (20%) and apoA-I (25%) compared with unaffected family 

members. Proteolytic degradation of apoA-I Fin in plasma is thought to be the reason for the 

low apoA-I concentrations (55). As shown in Figure 6C, Leu159 is situated in the middle of 

the N-terminal bundle in the hydrophobic core. Mutation of this Leu into a strongly charged 

Arg will disrupt the hydrophobic core and lead to the disruption of the N-terminal helix 
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bundle and its stabilizing role in the structure may render the lipid-free apoA-I accessible to 

the protease thus leading to degradation.

In summary, mapping the naturally occurred mutations on the full-length monomeric apoA-I 

model provides insight into atherosclerosis development. Mutations (L159R, K107del) in 

the N-terminal domain causing the destabilization of the helical bundle that lead to opening 

up of the helix bundle resulting in degradation of the protein or binding to TG-rich particles, 

thus leading to HTG. Cysteine mutations (Milano and Paris) in the N-terminal domain will 

disrupt the helix bundle as well as modifying the lipid-binding characteristics due to 

different helix registration. Truncation mutations like Mytilene at the C-terminal domain 

will result in decreased HDL and cholesterol efflux due to the lack of interaction with lipids 

and ABCA-1.

Conclusion

The full-length lipid-free apoA-I monomeric model based on high-resolution crystal 

structure of C-terminal truncated apoA-I provides molecular details to study the function of 

apoA-I during HDL formation and reverse cholesterol transport. The structure verified 

previous functional studies of apoA-I and the low-resolution crystal structure. In addition, it 

helps us to propose the formation of HDL through dimerization governed by the H5 region 

through three states. However, the C-terminal domain that plays a vital role during this 

process is still missing. The high-resolution structure of full-length apoA-I will result in a 

better understanding of the HDL formation and its function at various steps of the RCT 

pathways, which may lead to strategies for the prevention of atherosclerosis development.
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Figure 1. 
Helix wheel diagrams of the consensus sequence AB model. Consensus sequence AB shows 

typical class A amphipathic helix.
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Figure 2. 
Illustration of helix distribution of lipid-free, lipid-bound apoA-I derived from different 

methods and crystal structures of truncated apoA-I. Exon-3-encoded region (residues 1–43) 

is green. Exon-4-encoded region [44–243] is ice-blue. Consensus sequence peptide (CSP) A 

and B homology sequences are in purple and cyan, respectively. Prolines are labeled in 

yellow. Five AB repeats are labeled with black dotted lines with arrows. Helical structure is 

labeled with a rectangle while beta strand is labeled with a red arrow. Bimodal structure is 

labeled with a rectangle with mesh.
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Figure 3. 
Comparison of the two crystal structures of truncated apoA-I. A, Δ(1–43)apoA-I: N-terminal 

truncated apoA-I dimer. The small picture shows the tetramer structure formed by two 

dimers. B, Δ[185–243]apoA-I: C-terminal truncated apoA-I dimer. Each region is colored to 

correspond to Figure 2.
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Figure 4. 
Monomer dimer conversation of Δ[185–243] in solution governed by the H5 region. The H5 

region functions as a hinge through folding and unfolding to control the dimerization of 

Δ[185–243] monomer through a domain swap of the H6/H7 helices.
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Figure 5. 
Proposed full-length apoA-I monomeric model and HDL formation mechanism through 

three states.
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Figure 6. 
Mapping the natural mutations on full-length apoA-I monomeric model. A, K107 and R151 

are in the salt-bridge network that stabilize the N-terminal helix bundle. B, R173 is in the 

salt-bridge network that stabilized the N-terminal helix bundle. C, L159 is located in the 

hydrophobic center inside of the N-terminal helix bundle. Orange color shows hydrophobic 

surface, whereas blue shows hydrophilic surface.
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