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Human apolipoproteins All, CllI, E3, and Al were studied from different points of view: secondary structure
prediction analysis, protein stability to overcome and revert thermal denaturation, and phase behavior of their
monolayer. We found a well-preserved relationship among the predicted secondary structure, amphipatic
a-helices, and the ability to recover their secondary protein structure after thermal treatment. With each one
of the apolipoproteins studied, the equilibrium character of the unfolding process and the presence of
isochromatic points suggested a two-state character for the process. Pressaresotherms were carried

out, as well as direct observations with a Brewster angle microscope of the apolipoproteins monolayers deposited
onto a highly ionic water subphase. We described the gas/liquid-phase transition in all of these proteins. The
apolipoproteins Al and All present a phase transition between two condensed phases at high lateral pressures.
A model of the secondary structure for these proteins is presented.

1. Introduction This paper is devoted to the study of the human apolipopro-
teins (APOs) All, Clll, E3, and Al. Because these molecules

thoroughly studied for a long time. However, sensible advances "2V€ not been X-ray solved, we present a complete secondary

have been obtained just in the past decade, because of neystructure prediction analysis. We also present measurements of
experimental techniques such as X-ray diffraction, polarized protein stability to overcome and revert thermal denaturation
fluorescence microscopy, and Brewster angle microscopy in different ionic strength conditions. This information helps

(BAM). These new experimental techniques have revealed thatys © understand the secondar_y structure prediptions m_ade_ in
most of the singularities in the surface presstarea isotherms our study and explore the stability of these apolipoproteins in

are due to phase changes, where each phase has a differeﬁ'ﬂe (jifferent experimental conditions_ employed. Final_ly, we
molecular organization. The work of many different groups has consider the monolayer phase behavior of these proteins, as a

contributed to obtain a general picture of the phase diagram of Step toward the _undqstanding of.thleir behavior at intgrfaces,
monolayers as well as the structure of their phases where their physiological function is important. The outline of

Several studies have been carried out in protein monolayersthe paperis Fhe _foIIowmg: In section 2, areview of the human
made of horse muscle cytochromé, acetylcholinesterase, apohpopro?ems IS presented. _Our experimental procedures are
streptavidirf human lung surfactant protein SP-B and its amino presented in section 3. In section 4, the results and a discussion
terminus (SP-B-»5),” tetraa-helical heme proteinsoés),,? are presented.
and quite recently, a study with the human apoliproteift ClI ) )

(APO ClI) presented by our group. When APO Cl was deposited 2- Human Apolipoproteins
onto a highly ionic water subphase, two first-order phase
transitions were found under compression. The first phase

transition involved the coexistence of a fluid condens_e_d phaseand protein produce lipoprotein particles of different density,
and a gas phase, whereas the second phase transition was &,¢ "anq. therefore, specific functions. APOs Al, All, AIV, CI,

transition between two condensed phases. A protein mpdel Wasci, clll, and E3 are known as exchangeable apolipoproteins
proposed,yvhere APO Cl is made of two-amphlpamhellces because of their capability to move and exchange between
bonded with a poorly structured polypeptide fragment. The 5 1einst2 Although this phenomenon has been well docu-
second phase transition could be explained as a conformational ented, the specific mechanisms that govern this behavior are
change in the protein. This conformational change has beeng not well understood.

studlij with X-ray diffractiof® and with atomic force micros- Human APO All is a major component of the HDL (high
copy: - . ) e . P
density lipoproteins) particles and it is synthesized mainly in

*To whom correspondence should be addressed. E-mail: rolandoc@ the liver!3~5 Recent advances with APO All genetics have
fenix.fisica.unam.mx. suggested that this molecule plays a significant role in HDL

10.1021/jp010714b CCC: $20.00 © 2001 American Chemical Society
Published on Web 06/14/2001

Langmuir monolayers at the air/water interphase have been

Apolipoproteins combine with lipids in order to form several
classes of lipoprotein particles. Different combinations of lipid
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metabolismt>~17 APO All has been also shown to be able to
displace APO Al from the surface of HDL particles, which in
turn might account for its ability to impair reverse cholesterol
transport induced by APO Al, therefore, enhancing the risk of
atherosclerosi¥®>'® APO CIIlI contained in HDL particles
corresponds up to 60% of its total protein m&&s¥ Although
their entire functions have not been revealed yet, APO CIII has
been postulated to be a modulator of the receptor-mediated
clearance of lipoprotein®:21 APO E3 is a plasma protein that
mediates the interaction of APO E3-containing lipoproteins with
the LDL (low-density lipoprotein) receptor and the chylomicron
remnant APO E3-receptor. In consequence, APO E3 plays a
critical role in determining the metabolic fate of several classes
of lipoproteins and plays a central role in cholesterol metabo-
lism.2223 APO Al is importantly associated to HDL particlés.
Human APO Al transgenic mice have established that APO Al
is responsible for the protective effect of HDL against coronary
artery diseas&> 27 APO Al is also a potent activator of the
lecithin acyl transferase, enzyme responsible for the formation
of most cholesterol esters in plasAfa3C

3. Experimental Section

Lyophilized recombinant human apoE3 was kindly provided
by Dr. K. H. Weisgraber (Gladstone Institute for Cardiovascular
Research, San Francisco, CA). Lyophilized APOs All, ClIl, and
Al, isolated from its natural source, were purchased from Sigma
Chemical Co. (San Louis, MO). Protein solutions were always
filtered using 0.22:m membrane filters before carrying out the
experiments.
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Figure 1. Secondary structure prediction for APO All, APO CIIl, APO

The protein concentration was determined according to the g3 and APO Al according to the PHD method.#H o helix, L =

equationA = €IC. Here,A is sample absorbanckis the path
length,e is the molar absorption coefficient, a@ds the protein

loop, and® = no prediction is made for these amino acid residues.

concentration.e at 280 nm was obtained according to the PTFE fitted with stiffening bars defining a working circular area,

procedure described by Pace efal.

starting at 1000 cA All experiments were carried out in a dust-

Far-UV circular dichroism (CD) spectra were recorded on free environment at 25C. The temperature in the trough was
an Aviv 62DS spectropolarimeter (Aviv 62DS; Aviv Associates  kept constant at 25C with the aid of a water circulation bath.
Inc., NJ) in a 0.1 cm quartz cell, using an average time of 0.3 The speed of compression was in the order of 5&im. This

s and a step size of 0.5 nm at 20 and pH 8.0. Thex-helix

compression rate corresponds to 145, 145, 462, and 784 A

content was calculated using the program PROSEC 3.1 (Aviv molec. min for APOs All, ClII, E3, and Al, respectively.
Associates Inc., NJ). These measurements were carried out to  BAM observations were performed in a BAM1 Plus (Nano-
evaluate protein stability during either chemical or thermal fjjm Technologie GmbH, Germany), with a spatial resolution
denaturation as well as to ensure protein integrity before the ca. 4 ym. Here, the interface is illuminated at the Brewster
monolayer preparation. For the heat unfolding studies, the jhcidence £53) with a polarized laser beam from a Hble

heating rate was 10C/h. Five independent curves for each

laser. A microscope receives the reflected beam that is analyzed

temperature were performed. The average protein concentrationyy a polarization analyzer, and the signal is received by a CCD
employed during these determinations ranged between 150 andjigeo camera to develop an image of the monolayer.

200 ug/mL.

For secondary structure predictions, the computer program

Apolipoproteins were solubilized in a buffered solution and ¢pjoyed was based on the Profile Network Prediction Heidel-
spread onto a subphase of a phosphate buffered solution (20Oerg method (PHD version 5.9817: Heidelberg). This

mM, pH 8.0) prepared with ultrapure water (Nanopure-UV) , 6qram consist of a neural network approach that averages

containing 3.5 M KCI (Baker, Mexico). The different apolipo-
protein spreading solutions were diluted to a final concentration

several independently trained networks before making the final
assessment with an average for successful prediction above

ca. 0.2 mg/mL. Itis important to note that before preparing the 759,32

KCI solution the KCl salt was heatedrfé h at 300°C to prevent

spurious organic compounds in the surface of the subphase.4 Results and Discussion

Monolayers were prepared on a computerized Nima Langmuir
Blodgett trough (TKB 2410A; Nima Technology Ltd., England)
using a Wilhelmy plate to measure the surface presdire,

Secondary Structure and Hydrophobic Moment. The

secondary structure predictions using the Profile Network

yo — v, i.e., the surface tension difference of the clean subphasePrediction Heidelberg program are presented in Figure 1 for
and that of the protein covered subphase. The cleanliness ofthe carboxyl-end region of APO E3 and for the full length of
the subphase can be assured making a compression of th&PO All, APO CIll, and APO Al. We only studied the
barriers without protein and obtaining a negligible pressure rise secondary structure of the carboxyl-end region of APO E3,

(IT < 0.1 mN/m).

because the three-dimensional structure of its amino end region

The trough was isolated from vibrations using a pneumatic (residues +191) has been crystallographically soh&8dAc-
tube incorporated into a steel base. The barriers are made ofcording to the results shown in Figure 1 and Table 1, three
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TABLE 1: Comparison between uH Values for the dispersed in high concentrated KCI solutions. This fact will be
Different Regions Predicted as Amphipathica. Helices in used later in the monolayer experiments described below. Figure
Four Exchangeable Apolipoproteins 3b shows the CD spectra of these proteins when dispersed into
number of a buffered (pH= 8.0) 3.5 M KCI solution. These dispersions,
_ residues in - molecular  protein  uH/ notwithstanding to be in a transient state, lasted enough time to
protein full protein _ weight (Da) _ region _ region make the CD experiments. These experiments support the fact
C terminal 299 34200 204221 0.28 that the amphiphatic character of the APOs is preserved when
region of APO E3 223263 0.22 they were deposited at the aiwater surface of a highly
APO All 77 8708 2667:537 8:23 concentrated KCI subphase.
32—67 0.34 To correlate protein stability and secondary structure content,
APO ClII 79 8760 467_5‘51% 8-% a series of thermal denaturation experiments were carried out.
APO Al 243 28 300 oa7 0.28 As it is shown in Flg_ures 47,_ APOs All, _C_III, E3, and_ Al,
5263 0.35 show a broad unfolding transition. In addition, all apolipopro-
69-163 0.27 teins showed a reversible heat unfolding character. Heating was
168-182 0.18 performed from 20 to 90C followed by a reequilibration period
189-240 0.28 at 20 °C, where the native structure was recovered (data not

. . . shown). Figures 47 show five independent curves for each
a-helices are present in the carboxyl-end region of APO E3, peating condition. Because these curves are completely super-
encompassing residues 20421, 223-263, and 266287. In imposable, the equilibrium character of the unfolding transition
the case of APO All, the predictetthelical segments include \yithin the heat unfolding process is demonstrateBurther-
residues 727 and 32-67. APO ClIl presents two amphipathic  more, the family of spectra recorded at several temperatures
a-helices that include residues-41 and 46-57. APO Al shows  5m 20°C to 90°C showed a well-defined isochromatic point
five sequences compatible with an amphipatiichelices 4t 204-205 nm for all of the APOs tested. In each case, the
practically covering the whole molecule and including residues presence of an isochromatic point strongly suggests a two-state

9-47, 52-63, 69-163, 168-182, and 189-240. The amphi-  character. These results also showed that preservation of the
pathica-helical regions of the four apolipoproteins studied are ; _heix structure is temperature dependent and its stabilization

shown in Figure 2 according to the helical wheel representation. ;g enthalpy-driverd” The heat unfolding curves found at 208
It is clearly observed the typical asymmetrical distribution of 5.4 222 hm for APO All and APO CllI during thermal
nonpolar and polar amino acid residues in the different segmentsyenaturation show two transition states (inset Figures 4 and 5).
shown. ) : Moreover, the heat unfolding behavior of APO All and APO
An estimation of the hydrophobic moméht® for the ClIl found at 222 nm suggests low cooperativity. In contrast,
amphipathica-helices of the APOs All, Clll, E3, and Alwas  Apo Al apparently presents only one transition state, because
made with the PCGene Program (IntelliGenetics Inc., 1991) herma| denaturation curves found at 208 and 222 nm present
using the following expression: a sigmoidal shape (inset Figure 6). According to our results, it
is not clear if the unfolding process observed for APO E3
1 N N involves two or three states (inset Figure 7). However, in
puH =— [ZHn sin@m]? + [y H, cospn)]? previous studies investigating APO E3 stability under chemical
Ny = n= denaturation conditions, it was proposed the existence of two
structural domains and the presence of stable intermediate
states’®
Isotherms and BAM Observations. Although apolipopro-
teins can be solublilized in water, they remain at the interface
when spread directly onto a 3.5 M KCI subphase solution, so
they behave as Langmuir monolayers. Below, we present several
monolayer stability tests supporting this fact for the APOs
studied here. It was recently confirmed that human APO CI
shares this behavidr.Although, we do not have a direct
experimental confirmation about the stability of thehelices
of the apolipoproteins studied here at the surface of the 3.5 M

higher that 0.2 kcal/mol per residue, as well as those of APO KCl SprhaS‘Tl' the CD %xperr]imengs revea(;_that th?jlin_elices
CIll. The only a-helix segment that does not fulfill this situation content is well preserved, when they are dispersed in concen-

is the region 168182 of APO Al, with axH value of 0.18 tr_ated _KCI solu_tions. In addition, grazing incidence X-ray
kcal/mol per residue. diffraction experiments for the APO CI monolayer have recently

Circular Dichroism. The far-ultraviolet CD spectra (pH: confirmed thatt helices remain stable at high lateral pressures,

8.0, 20°C) for APOs All, Clll, E3, and Al are presented in ©" this 3.5 M KCI subphas¥.

Figure 3a. These experiments were made before the preparation Figure 8 shows typical isotherms for the apolipoproteins
of the monolayers to ensure protein integrity. We observed two studied here, at pH 8.0 and 25C. Several features are clearly
minimum spectra values. The first one is around 222 nm, which recognized in these isotherms:

corresponds tax-helix n—s transitions. The second one is (a) A region ofIT ~ 0 mN/m, starting at a very low surface
around208 nm, which corresponds to botirhelix 7—z* and area density, whose ending is in the rangeaof= 5000
random coilr—a* transitions. In all cases, the mean molar A2/molec for APO All, a = 2500 A/molec. for APO Clll,a
ellipticity at 222 nm (P]22) was independent of protein = 12 000 A/molec for APO Al, anda = 10 500 &/molec.
concentration through the range of 1800 ug/mL. APOs for APO E3 when the number of molecules in the monolayer
secondary structure is well maintained when the proteins areis ca. 3.83x 10" This behavior is reminiscent of a gas/

Here,H, is a theoretical value of the degree of partition of an
amino acid between the surface and the interior of a globular
protein, and corresponds to the angle formed between amino
acid lateral chains of two adjacent residues with respect to the
plane of theo-helix (for an idealo-helix, 6 = 100°). a-helical
regions withuH values higher than 0.2 kcal/mol per residue
could be considered as good amphipatteelices®® According

to our calculations, which are presented in Table 1oteslical
motifs present in the C-terminal region of APO E3 correspond
to good amphipathio-helices, becaugeH > 0.2 kcal/mol per
residue. The twax-helices of APO All gave als@H values
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Figure 2. Helical wheel projections of amphipathic helices present in Apo All (a and b), APO CIlII (c and d), APO E3-¢¢ and APO Al
(h—1). Hydrophobic amino acid residues are circled with a thick line.



Monolayers of Apolipoproteins J. Phys. Chem. B, Vol. 105, No. 24, 2008761
80000 80000
L | _~ 12000
70000 |- . 70000 — e  E aeo0 [ o Z0Rmm
- - Ng 20000 [}~ 2220m
60000 [— 60000 (— H L
- L §, -24000 |~
<~ 50000 | < 50000 |- S aso00 [
5 L S L § -
3 £ E .32000
O 40000 — (\? 40000 - H 36000 |-
§ 30000 |- § 30000 | E oo |
@ - o - g ] ] Lot 1
) 5 44000 P S ) L
o 20000 — ﬁ 20000 — 20 30 40 S0 60 70 80 90  100)
£ i 2 B Temperature (0 C)
3 10000 |- T 10000 |-
B - =4 L
3 0 3 0
s - b -
g -1w000 |- g 10000
c - < -
2] ©
£ .20000 | 2 20000
-30000 |- -30000 [—
-40000 |- -40000
- L
50000 ] 50000 I N I N N | [ 1
180 190 200 210 220 230 240 250 190 200 210 220 230 240 250
Wavelength (nm) Wavelength (nm)
60000 Figure 4. Temperature denaturation of APO All studied by far-
| ° ultraviolet circular dichroism. Comparison of CD spectral characteristics
50000 at 20 @), 40 (O), 60 (a), 80 (A), and 90°C (¥). Inset: mean molar
L ellipticity as a function of temperature taken at 208 and 222 nm
_~ 40000 [~ 30600
2 L 5
5 30000 = 25000 — 5
e L E
S - ]
3 20000 _~ 20000 |- 5
g i e ¢
T 10000 £ 3
= S 1s000 — -
g i € s
=3 0 < K]
3 B 8 10000 — g
s g 5
S -10000 |~ A 3
E B > 5000 (— i L L 1 L ' |
2 k] 0 P O 0 0 M O W 10
£ -20000 — s 0 v Terrperature (°C)
- o v
-30000 |— 5
L E 5000 —
c
-40000 3
' 2 .to000
180 190 200 210 220 230 240 250
Wavelength (nm) -15000 —
Figure 3. (a) Far-ultraviolet circular dichroism of APO Al), APO 20000 R (TR DU TS R S I T B
Clll (O), APO E3 @), and APO Al @) in the phosphate buffered
solution at 20°C. (b) Far-ultraviolet circular dichroism of APO All 180 190 200 210 220 230 240 250

Wavelength (nm)

Figure 5. Thermal denaturation of APO CIII studied by far-ultraviolet
circular dichroism. Comparison of CD spectral characteristics at 20

condensed phase transition, although it was not possible to(e), 40 ©©), 60 (a), 80 (2), and 90°C (¥). Inset: mean molar ellipticity
observe domains of condensed phase with the BAM. Neverthe-as a function of temperature taken at 208 and 222 nm.
less, for the case of APO ES3 at very low densities ca. 100 000
A2molec., we can observe black circular areas corresponding (c) After this point, the different proteins tested behave in a
to gas-phase surrounded by bright condensed areas. At thelissimilar way, because as pressure increases, APO All and
ending of the coexistence in all protein monolayers, when the APO Al present, as described below, a second phase transition
lateral pressure starts to increase, there is a tenuous andefore the collapse. In the case of APO CIllI, as soon as pressure
continuous change in the reflectivity because of a more increases, the monolayer collapses. This collapse takes place
condensed phase. atIT ~ 32 mN/m, and it is confirmed with BAM observations

(b) Afterward, there is an important increase in lateral (Figure 9). Here, many defects and mountain shaped structures
pressure, typical of a low compressibility condensed phage ( typical of a collapse appear in the monolayer. However, in the
Nevertheless, BAM observations did not allow us to see any case of APO E3, at the end of the compression, this apolipo-
well-defined domains. However, we could see defects in the protein does not show a collapse, neither in the isotherms nor
monolayer and the way these defects move with a slower pacein BAM observations. We noticed that increasing the number
than similar defects in the gas/condensed phase coexistenceof molecules in the monolayer above ca.x410“ the gas
This fact reveals different viscosities in both phases. condensed phase transition end moves to higher area densities

(@), APO ClII (O), APO E3 (n), and APO Al @) in the same buffered
solution as in (a) containing 3.5 KCL at 2C.
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(Figure 8b). One possibility for this behavior could be explained
through protein solubilization in the subphase as soon as lateralcompression isotherm but the next compression presented the
pressure increases, similar to what has been observed in Gibbsame characteristics of the first compression, although some
monolayers. However, this seems not to be the case, because area is lost. These results are probably indicating that the protein
monolayer of APO E3 with 8.7% 10 molecules left for more monolayer is becoming organized in some way and not being
than 1 h at dateral pressure of 33.7 mN/m presented a loss in solubilized in the subphase. Because, this protein presents a more
lateral pressure of only 6 mN/m., for that elapsed time. complex tertiary structure than the other proteins studied here,
Therefore, the rate of lateral pressure loss is negligible for the it is not surprising that APO E3 might be more prone to
current compression times-{/, h). Also, at this concentration ~ molecular rearrangements.

of proteins in the monolayer, we ran cycles of compression (up  As mentioned above, APO All and APO Al present a second
to IT ~ 40 mN/m), expansion (down tbl ~ 0 mN/m), and phase transition before the collapse. In the case of APO All,
further recompression (up tbl ~ 40 mN/m). Because it is  when the condensed phakeis compressed, we find a wide
common in monolayers, the expansion does not retrace thekink at IT ~ 30—35 mN/m anda ~ 1000-2500 A2molec,
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Figure 9. APO CIlII collapsed monolayer & ~ 41 mN/m anda ~
200 A2molec. as observed with BAM.

typical of a phase transition between two condensed phases
(Ly/Ly). BAM observations (Figure 10a,b) revealed that the
monolayer changed from a tenuous gray to a bright gray. The
bright areas are quite big domains, covering the entire field of
view, without the presence of domains of different shades of
gray. This phase transition is reversible, because cycles of
compression and decompression show how the new phase
appears afl ~ 35 mN/m, but with hysteresis. These observa-
tions seem to indicate that tha/L, phase transition in APO

All is a first-order transition. At lateral pressures of the order
of IT ~ 22 mN/m, there is always a small change of slope in
the isotherms, but we could not confirm if this corresponds to
a phase transition. In the case of APO Al,Tat~ 30 mN/m
anda ~ 4500 A/molec, there is a change in the slope of the
isotherm. However, domains appear in the BAM images until
the lateral pressure reachids~ 35 mN/m (see Figure 11). The
domains are big bright stripes without any shade of gray. They
seem to be rigid, and in some cases, it is easy to observe with
the BAM how the other phase, which is more fluid, flows
between the big bright domains. We made compression and
expansion cycles around the transition pressure. The domains
appeared and disappeared as we were above or délew35
mN/m., respectively. Because the transition showed hysteresis,
it seems to be a first-order phase transition. At the end of the
compression, the APO All monolayer collapsesIat~ 47
mN/m anda ~ 500 A%molec. (Figure 10c). In the same way,
when the APO Al monolayer reach&~ 41 mN/m anda ~

500 A%molec, it also collapses. Many defects (interference
rings) as well as mountain shaped structures typical of collapse
do appear in the BAM images.

To find out the stability of APO All and APO Al monolayers -
on the air/water interface, we left monolayerdat- 30 mN/m Figure 10. BAM images of APO All protein monolayer. (a) Just before
for an hour. The decrease in lateral pressure observed was irfheLv/L2 tran}ssgition, (b) at theky/L, coexistencell ~ 30-35 anda ~
the order of 3 mN/m. We also ran cycles of compression (up to 2222_305080 )5{2%?52& and (c) Collapsed monolay@f ~ 47 mN/m
IT ~ 44 mN/m for APO All and 39 mN/m for APO A '
expansion (down t@l ~ 0 mN/m), and further recompression We also prepared monolayers made of APO All over
(up toIT ~ 45 mN/ for APO All and 40 mN/m for APO Al subphases at pH 7.0. The phase transition sequence was the
m). The expansion does not retrace the compression isothermsame as that found at pH 8.0, except that the second transition
but the next recompression presented the same characteristicdoes occur afl ~ 32—37 mN/m and between 900 and 2900
of the first compression, although some area is lost (BAM AZmolec. Here, the isotherm is more horizontal than in the case
images reveal more defects). All of these experiments and theof pH = 8.0 (data not shown). The small change of slope
reversibility of theL,/L, phase transition mentioned above seem mentioned at pH= 8.0 (IT ~ 22 mN/m) also appeared but in
to indicate that if protein is lost from the surface, when an a more pronounced way.
isotherm is made, it must be at a negligible rate compared to We made grazing incidence X-ray diffraction experiments
the velocity of the compression. for the APO CIlIl monolayer in thé; phase all ~ 30 mN/m,

s L



5764 J. Phys. Chem. B, Vol. 105, No. 24, 2001

Figure 11. BAM image of the APO Al monolayer at théi/L,
coexistence]T ~ 35 mN/m anda ~ 1500 A/molec.

as well, for the APO Al monolayer at two lateral pressuilds,

~ 29 and 35 mN/m (BW1 beam line at the Hasylab synchrotron
facility, using an intense X-ray beam of a wavelengthof
1.303 A, foot print~ 10 cn?, 6 ~ 0.12°). The contours of equal
intensity vs the in-plane and out-of-plane scattering vectors
componentsK,y, and K, revealed no peaks in all of the
experiments. Therefore, the phase of the APO CIIIIT ~ 30
mN/m) and of APO Al {T ~ 29 mN/m), correspond to a liquid

phase, because there is no ordering. For the case of APO Al, at

Bolahos-Garca et al.

The presence of amphipathichelices might be considered
a key factor in defining the physiological behavior of exchange-
able apolipoproteins. We are certain that these kinds of studies
will contribute to give a clearer picture of the mechanisms that
facilitate the exchange of these proteins between lipoproteins
and between lipoproteins and membranes as well as the
structural changes related to their physiological function
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