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The association of apolipoproteins with surfaces occurs with the development of an «-helix in which polar

and non-polar faces are formed. The helix locates at the lipid—water interface with the polar face directed

toward the aqueous phase and the non-polar face penetrating into the lipid phase. The energetics of this

arrangement have been quantified by vector addition of the free energies of transfer of amino acids from

water to hydrocarbon to give a resultant helical amphipathic moment. It is shown that the mean residue

helical amphipathic moments of the apolipoproteins are consistently higher than those of membrane
spanning proteins.

Lipoprotein a-Helix

1. INTRODUCTION

A number of laboratories have been involved in
the design and synthesis of surface-associating pro-
teins, including real and model plasma apolipopro-
teins [1-7]. In [8], a method of distinguishing the
various helices of surface associating proteins, in-
tegral membrane proteins, and globular proteins
was described. The method in fig.1, consists of 3
steps:

(1) The free energy of transfer of amino acids
from water to hydrocarbon éG;, is obtained
from one [9] of a number of available
hydrophobicity scales;

(2) Assuming a helical arrangement of the protein
or peptide the dG; for each of N amino acids
is represented as a vector directed from the
helical axis through its position on the cir-
cumference of the helix;

(3) The calculated. vector sum of the 4G;, the
helical amphipathic moment <x,>, is obtain-
ed on a mean residue basis as:

<ur> = « N 6G/N

Published by Elsevier Science Publishers B.V.
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Fig.1. Schematic representation of the resolution of the
polar and non-polar components of the individual §G;
into a resultant vector corresponding to the helical
amphipathic moment, <uy>. The polar vector
(——=P) is always a positive free energy. This is
converted to a negative free energy contribution to
<uy> which is always negative, by rotation through
180° as shown. H and L are the respective projections of
the polar and non-polar vectors onto the helical
amphipathic moment. The value H/L is a measure of
hydrophile—lipophile balance. N and P are the respective
resultants of the non-polar and polar amino acid
residues.
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and the mean residue hydrophobicity is given
by:

<H> = A N,6Gi/N

The point along the helical axis at which <x,>
is exerted is obtained from calculations in the same
way that a center of gravity is calculated; <ua>
was also calculated separately for all polar and
non-polar residues. The hydrophile—lipophile
balance (H/L) is obtained as the ratio of the pro-
jections of the polar and non-polar vectors onto
the resultant as shown in fig.1. The goodness of
alignment of the polar and non-polar vectors is
given as the angular defect, a4, which is the angle
between the non-polar and polar vectors (wq =
B + r) and A[Bond], the number of bonds between
the polar and non-polar vectors. F represents the
fraction of the helix from the amino-terminus at
which the <us> is exerted.

Sequences of apolipoproteins were selected on
the basis of the following criteria:

(i) Clear evidence that a stable lipid—protein
complex was formed by the peptide;

(ii) Exclusion of regions with proline residues; in
proline containing peptides, the two sequence
regions on each side of the proline were
calculated separately;

(iii) That circular dichroism indicates a helical
structure in the complexes with phospholipid.

Known integral membrane proteins and helical
regions of globular proteins were included for
comparison. In each case the direction of <ua>,
which was calculated relative to amino-terminal
residue being 0°, provides one with a means of
predicting the orientation of single rigid helices
with respect to a water—lipid interface since <us>
should be orthogonal to the surface.

3. RESULTS AND DISCUSSION

3.1. Distinction of types of helical proteins

We evaluated the helical amphipathic moment
of: (1) globular proteins; (2) integral membrane
proteins; and (3) surface-associating proteins, in-
cluding real and model plasma apolipoproteins.
The latter group contained mellitin and glucagon
whose structure and affinity for lecithins in vitro
mimics that of the apolipoproteins.

We have correlated the helical amphipathic mo-
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Fig.2. Correlation of the helical amphipathic moment
with: the mean residue hydrophobicity of real and model
apolipoproteins (e); integral membrane proteins (m);
globular proteins (O). Table 2 contains the identity and
reference for the sequence of these.

ment and the mean residue hydrophobicity of the
3 groups of proteins and peptides in fig.2; table 1
gives the identity of these peptides. Integral mem-
brane proteins formed a small cluster of peptides
having a high hydrophobicity (0.5 to —1.1
kcal/residue) and a low helical amphipathic mo-
ment (0 to 0.4 kcal/residue). This finding is similar
to that in [8)]. The surface associating peptides
formed a larger cluster that included peptides with
a lower mean residue hydrophobicity (—0.2 to
1.0 kcal/residue) and a much higher helical am-
phipathic moment (0.5-1.25 kcal/residue). There
was no overlap of regions for the integral mem-
brane proteins and the surface-associating pro-
teins. Globular proteins appeared within or below
the lower half of the region for surface-associating
proteins.

3.2. Mellitin and glucagon: peptides with two
independent helices

Glucagon, which is known to bind to gel phase

lipid, is located far outside of the region of the
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Peptide Sequence Length First Residue Protein Type Ref
t. LAP-20 20 1 model apolipoprotein 7,11
2, Mellitin 26 1
3, n " 13 l 29,30
4, n " 12 15
5, Porcine glucagon 29 1 peptide hormone 12,13
6, " ] ] 10 6
7. " " " 13 17
8, apoA-i| 25 7 apolipoprotein 14,15
9, " " 15 17 apol ipoprotein 14,15

10, v " 8 39 apol ipoprotein 14,15

tt, " 12 51 apol ipoprotein 14,15

12, Peptide | 18 4 model apolipoprotein 3

13, " 23 1 model apolipoprotein 4

14, apoC~iil| 21 47 apolipoprotein 16,17

15, apoC-~il| 39 41 apol ipoprotein 16,17
16, apoC-I11 28 41 apol ipoprotein 16,17

17, glycophorin 26 72 integral membrane 18,19

18, Bacteriorhodopsin 26 7 integral membrane 20,21

19, v " " 28 40 integral membrane

20, © " " 28 76 integral membrane

21, v " " 27 105 integral membrane

22, n " " 27 132 integral membrane

23, " " " 28 165 integral membrane

24, v " " 29 196 integral membrane

25, ApoC~-l 21 33 apol ipoprotein 22

26, myoglobin H-helix 17 globular 23

27, myoglobin=-G-Helix 24 globular 23

28, bovine serum albumin24 314 globutar 24

29, v " " 21 339

30, " " " 26 367

31, cytochrome bg 40 9l integral membrane 25

32, apoC-I| 36 43 apol ipoprotein 26

33, apoA-I| 19 204 apol ipoprotein 27,28

34, n " 20 224 apol ipoprotein

35, Bacteriophage fd 31,32

coat protein integral membrane

36, Pre apoA=| human Membrane penetrating 33

proteins 33

37. Pre pro apoA=-l human

19
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Fig.3. Schematic representation of the location of the
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helical amphipathic moment along the helical axis of
porcine glucagon and bee venom mellitin. In glucagon a
pair of helices are separated by 3 consecutive polar
amino acid residues which are represented by the solid
bar in the middle of the helical axis. The small arrows
represent the location of the polar and non-polar
components whereas the large arrows locate ITuy>. The
lengths of the unfilled {polar component) and filied
arrows (non-polar component) represent their relative
contributions to <ggp>.

other surface-associating proteins (fig.2). One can
rationalize this by inspecting molecular models of
glucagon in a helical conformation or by locating
me reglons OI glucagon tﬂal nave [nc Il'lXmIIlUIIl
helical amphipathic moment. This exercise led to
the identification of two separate helices in
glucagon that are separated by 4 consecutive polar
residues, Asp—Ser—Arg—Arg, beginning at residue
15. If the entire peptide is helical, the orientation
of the helical amphipathic moment of the second

3 1 iret haliv cn
helix does not reinforce that of the first helix so

that Arg-17 is projecting into the bilayer and the
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moment of the one helix largely cancels the con-

tributian of the athar The lacatinon af thege twa
f10Ucn O1 € Ouner. 11¢ 16Cation o1 ulua» Lwu

moments along the helical axis is shown in fig.3. It
is probable that the helices do not include all of the
charged residues from residues 15—-19 and that
these residues are arranged in a bend that will per-
mit orientation of the hydrophobic face of both
helical segments toward the bilayer. On the basis

of thic findino wa cuiooact that 2 Ar mara nalar e
WL LAD L1LEMILLE, YTV SUBEVOL LiIAL J Ul LIIVILV puiadl (VL

non-polar) residues will terminate helix develop-
ment in a surface associating peptide.

Mellitin, a lytic factor from bee venom (table 2)
represents another case in which evidence suggests
the presence of two independent helices [8,34].
Proline-14 a proline divides the peptide into two

halvee. hath of which have nranertiae of enrfaca
AAWRL Y Wiy UURAE WL Vridlwil AT W PIUVDWIWIVO Vi Juliave

associating helices. The polar and non-polar com-
ponents of the <ua> of the total peptide are
separated by more than 7 bonds (4[Bond] = 7.3)
further suggesting that 2 domains of helices are

present. We calculated each region, residues 1-13
and 15-22, and observed that the first segment

contained 1 polar residue and 6 hydrophobic

$94 81043 4 Ll } AViaNe ULy Qaw VM UpLUv VI

residues that are on the opposite side of the helix
so that their moments reinforce each other as well
as that of the single lysine at residue 7. The second
helical segment is poorly balanced; the 5 terminal
polar residues {2i—26]j have aimost no net moment
and are probably not surface associating. The
region 15—22 has a large amnhipathic moment but

SV AT L4 2las @ QI g0 QAP IAlpalilnt ALt YL

is poorly balanced; the moment in this segment has
a large A[Bond], a high H/L-value, and an F-value
that locates the moment far from the center of this
segment. It is likely that this portion of the struc-
ture does noi spontaneously form a surface
associating helix.

3.3. Apolipoproteins

Fig.2 shows that the apolipoproteins have
unusually high helical amphipathic moments but
hydrophobicities that lie between —0.2 and
1.0 kcal/residuc. We will now compare in detail
the helical structures of 2 proposed lipid-binding
regions of native apolipoproteins and 3 model
apolipoproteins whose designs were based on the
model in {1]. The region 7-31 of apoA-II was iden-

tified as a lipid-binding region [10] and the 47—67
region of apoC-III was identified in {1]. We have

evaluated the aualitv of these linid-associating pen-

QEALQWNAL LI il U1 Le Lpite-aisslliauiiig pep

tides by looking for the following properties:
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Peptide Polar/(bond) Nonpolar/Bond) Resultant/(bond) Angle  Summary
<uA>#).88
ApoA-I1t,7-31 10,0(16,8) 14 H/L=0,83
12,1(11,4) 1 AlBond] 5,4
22,1(13,8) 12 F=0.55,ad=3°
<uA>=1.09
ApoC=111,47-67 9.4(12) 290 H/L=0,68
13,8(11,7) 308 AlBond) 90,3
23, (11,8) 300 F=0.5t‘>,<xd =1 8°
Kaiser-Kezdy <1.|A>=0.89
Peptide | 11,8(11,3) 183 H/L=1,3
8.9(11,3) 176 AlBond) =0
20,6(11.,3) 0 F=0.5,qd=7‘
Kanel | is-Segrest <uA>=l o3
Peptide | 11.,7(9,8) 195 H/L=1,3
8,8(8,4) 188 AlBond) =1,4
20,4(9,.2) 192 f=0,54, a‘d=7°
Sparrow-Gotto <uA>=0.98
LAP-20 7.7(12,5) 301 H/L=0,43
13,4(16,2) 345 AlBond] =23
19,6(11,1) 329 F=0.58,ad=44’
Meltitin 4,0019.5) 46 <uA>=0,47
8.8(12,2) 78 H/L=0,43
12,4(14,5) 68 AlBond1=7,3
F=0.56,ad=32‘
1-13 3,0(7.0) 60 <|_|A>=0.65
5,9(7.3) 88 H/L=0,49
8.7(7.2) 78 AlBond) =03
F#J.6,qd=28'
15-22 4,2(21,3) 70 <Uy >=1,07
53 H/L=0,92
4,5(18,) 44 AlBond]=3,3
8.6(19,6) F 0.8, %y 17°
Porcine Glucagon
1-29 0.8(15,1 36 <uA>=0,05
3.,3(17,4) 207 H/L=0,24
2,5(16.9) 204 AlBond] 2,3
F=0.59, ad=l7l‘
6-15 5.7(11.8) 195 <y, >=1,24
7.3(10,3) 163 H/L=0,77
12.5011,) 177 AiBondl =t,5
F=0.6,ad=32°
17-29 6.6(18,9) 22 <pA>=0,72I
5,0(24,3) 309 H/L=1,5
9.,4(21.3) 351 AlBondl =5,4

F=0,39, oy =73°
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(i) That the polar and non-polar components of
the <ua> is colinear; i.e., aq = 0 is perfect
alignment;

(ii) That the helical amphipathic moment be ex-
erted at the midpoint of the helical axis; F =
0.5 is perfect;

(iii) That the polar and non-polar components of
the helical amphipathic moment appear at the
same point along the helical axis; A[Bond] =
0 is perfect;

(iv) The hydrophile—lipophile balance on the basis
of H/L: the selected segments of apoA-II and
apoC-III conform fairly well to our model of
a good surface-associating helix (table 2). For
apoA-II [7-31] the polar and non-polar com-
ponents of <uas> are well-aligned (@a = 3°)
and <ua> is close to the middle of the helical
axis, F = 0.55. However, the polar and non-
polar components are fairly far apart
(A[Bond] = 5.4). For apoC-III (47-67) the
polar and non-polar components of <xa> are
close (A[Bond] = 0.3). The <ua> is at the mid-
point of the helical axis (F = 0.5), but the
polar and non-polar components are slightly
misaligned (aaq = 18°).

3.4. Model apolipoproteins

The 3 synthetic peptides, as one would expect,
have good amphipathic characteristics. The
Kaiser—Kezdy peptide I is excellent; although its
<ua> (0.89) is average for a surface-associating
helix, the <xa> is in the middie of the peptide (F =
0.5), the polar and non-polar components of <gzs>
are at the same position on the helix (A[Bond] = 0)
and nearly perfectly aligned (@a = 7°). The
Kanellis-Segrest peptide I is similar except that it
has a higher <«,>, the polar and non-polar vectors
are not at the helical midpoint (F = 0.54), and they
intersect at different points on the helical axis
(A[Bond] = 1.4). The Sparrow-Gotto LAP-20
gives a somewhat less satisfactory analysis; the
polar and non-polar vectors are far apart (4[Bond]
= 2.3) and misaligned (aq = 44°) and <za> is not
at the midpoint of the helix (F = 0.58).

An interesting and important point is the large
range in <H> and H/L among the surface
associating peptides (fig.2). Of these, the greatest
difference is between Kaiser-Kezdy peptide I (<H>
= 0.93) and the Sparrow-Gotto LAP-20 (<H> =
—0.18). Both peptides associate with lecithin with
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free energies of nearly — 10 kcal/mol. The main
difference between these two peptides is that the
polar face of the Kaiser-Kezdy peptide contains
only charged residues (§G; = 2.5—3.0) whereas that
of the Sparrow-Gotto peptide contains 8 serines;
the serines (6G; = 0.3) satisfy the requirement for
a polar face without contributing much to the
<ua>. We suggest that this difference is irrelevant
with respect to formation of a stable helix at a
lipid—water interface. The hydrophobic face and
the hydrophobicity thereof is important since the
energetics of transfer from water to an interface in-
volves the transfer of these residues from water to
an apolar environment. This is not true for the
polar residues; after transfer from water to the sur-
face they still remain in contact with the aqueous
phase. Therefore, it is probable that the polar face
does not contribute much to the free energy of
transfer of apolipoproteins from water to a
phospholipid surface. It is more likely that their
role is to provide a surface anchor that prevents the
helix from penetrating very far into the hydrocar-
bon region of the lipid; without the polar residues,
the surface associating peptides would probably be
similar to integral membrane proteins.

We conclude that amphipathic moment plots
and the amphipathic parameters, aq, F, A[Bond]
and H/L are useful for identifying correlations
between primary and secondary structure and
might be applicable to the design of new surface-
associating peptides.
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