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Two ma]or typos of helical structures llave been identlﬁed in lipid-associating proteins, being either
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The calculation of this parameter should be useful to di
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1 in the ph
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P ).

thic helix, paraile! to

helix orientated perpendicularly. The membrane-spanning helices are
bﬂnyerandtheirlzngthmpondstoabwtdlethid&molme

pid is significantly

higher for the
mnenemoﬁntemﬁonishighrdnnﬂne

d per
i hehm.For!hememhane-spmmmghellcosthe
by two helipids, while it is lower

energy
for most amphipathic helices. This might account for the stability of these protein-anchoring domains. This
computer modeling appmach should useﬁily eomﬂemen! the statistical analysis carried out on these helices,
and b

based on their hydrophobi

identified by the prediction techmqm and stress the fi

p amorerefmedamlysusoﬂbedomum
of lipid:

membrane proteins as well as in solubie plasma lipoproteins.

Introduction

Helical domains are common both in water-
soluble and in b d ins [1,2].
Based on theu' hydlophobncxty and on their helical

berg et al. [2] pro-

posed a classification of these helices in terms o
, ‘surf: king’ and * b

ning’ domains. The surface-seeking helices have a

moderate hydrophobicity and a high helical hy-
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dronhohi

while the b
helices have a high hydrophobicity and relauvely
low helical moment.

Plasma apolipoproteins have a high helical con-
tent which increasr:s upon their association with
ph ids [3). These lipid: proper-
ties have been attributed to the presence of amphi-
pathic helices, as first proposed by Segrest ct al.
[5). A large body of evidence, accumulated over
the last decade, supports this criginal hypothesis
[6]. The amphipathic helix model is defined by an
arrangement of almno acid residues which results
in d with a helicoidal dary structure
containing opposing polar and hydroprobic faces.
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The iation of apolipop and phos-
pholipids is driven by the exclusion of apolar
amino acids from the aqueous phase. Within the
apoiipoproteins, positively charged amiac acids
occur mostly at the polar/non-polar interface
while negatively charged amino acids are located
at the center of the hydrophilic side of the helix
{5,6]. A specific role of the charged residues has
also been proposed [5]. The acyl chains of the
positively charged arginine and lysine residues
could ibute to the hydrophobicity of the
apolar face. The ionic interactions between the
opposite charges within the helix and /or the ionic
interaction with the zwitterionic phospholipids
may play a role in the initiation, the stability or
the sub properties d of the
polipoprotein-phospholipid plexes [7).

Some peptides such as calcitonin [8], or do-
mains of other proteins, such as sn-1,2-di-
acylglycerol kinase [9] can also form amphnpadnc
helices. The amphipathic helix hypothesis has also

tion will be specific for each class of helix.

The aim of the work described in this paper is
to carry out a conformational analysis of these
twe types of lipid-associating helices and to relate
the results of the computer modeling to some of
the characteristic properties of these helical struc-
tures.

Computational methodology

The comp aided modeli dure is car-
ried out as follows {25} (A) mposmg a helical
structure to the peptide, bzsed upon the Garnier
prediction for the y (26]; (B)
orienting this structure at a water-lipid interface;
(C) surroundmg the oriented peptide with phos-

les and (D) calculating the inter-
action parameters of the peptide-lipid complex
generated by the computer.

Protein d 'were',’a dary

ing to the 1 angles corre-

been :zsted by dlfferem groups usmg vanous syn-
thetic: id to do-
mains [10—14]
Membrane-spanning helices have been identi-
fied in several integral membrane proteins and
ially in cellular p present at the cell
surfw {15-24). These proteins include: the recep-
tor for low-density lipoprotein (LDL-R) [15], for
growth factors such as the cpidermal growth fac-
tor (EGF-R) [16] and the platelet-derived growth
factor (PDGF-R) [17], for tyrosine kinase [18],
human insulin (HI-R) [19], human u'ansfemn
(HT-R) [20] and the for the

pondi to the alpha -helical structure and this
was mai gh the bly proce-
dure. The peptide was oriented at the air/water
interface as described earlier [25] and its position
was also maintained. In this procedure the peptide
is oriented with the line joining the hydrophilic
and hydrophobic centers perpendicular to the in-
terface (Fig. 1).
The hydrophilic center (C?™) is defined by the
following equation:

2 EgT,

thelial transport of IgA and IgM (IGAM-R) [21],
the asialoglycoprotein receptor [22] and viral pro-
teins such as the vesicular stomatitis virus protein
(VSVP) [23] and the protein product of the v-fms
gene (FMS) [24]. The transmembrane doma.ms of
these proteins have an helical

Coie
s
i=!

in which 7 are the coordinates of the ith: atom.
The hydrophoblc center located in the hydro-
carbon domain (C""") is defined by the same

almost exclusively of hydrophobic aminc acids
and encompassing between 20 and 28 residues,
sufficient to span the phospholxpld bilayer [23]
These regions fi hors for the p
at the cell surface [16]

Since the sequences of the amphipathic helices
are made of both polar and apolar residues it can
be d that their i with lipids, in

terms of energy of and mutual orient

quation, except that the negative transfer energies
(Ey;,) are taken into account. The interface posi-
tion (I) is defined by the equation:

N m
YE:, XE;
iml - =i
T

bo T

The procedure used to surround the peptide with

Tinid

p pids is a modification of the method
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Fig. 1. Definition of the co-ordi () of the ter (C2°), the philic center (CZ) and the interface 7,
previously applied to phar logical agenls and ditional pkospholipids. The ori of the sec-
other small molecules [27,28]. A phospholipi ond phospholipid is the next ically favora-

molecule was moved along the X-: -axis in steps of
0.05 nm. For each position the lipid was rotated in
steps of 30° around its long axis Z’ and around
the amphipathic helix. / is the number of positions
along the X-axis, m the rumber of rotations of
the second molecule around the first one and » is
the number of rotations of the lipid itself. For
each set of valuez of /, m and n, the intermolecu-

ble orientation stored in the hyper matrix while

taking inio account the steric and energeiic con-

straints imposed by the presence of the phos-
holipids already bled. Thus, ori

are disregarded in which overlaps of atomic coor-

dinates of two molecules occur and in which the

interaction energies between the two molecules

lar interaction energy was calculated as the sum of
the London-Van der Waals, the electrostatic en-
ergy and the transfer energy for atoms, or groups
of atoms, from a hydrephebic to a hydrophilic
phase.

In a following step, the phospholipid was al-
lowed to move along the Z’-axis perpendicular to

were p

Subsequently, the positions of the first and
second phospholipid are alternatively modified
according to the energy classification of the hyper
matrix in order to further minimize the conforma-
tion energy. For the third lipid, the same process
is repeated but now the positions of the three

the interface and the position of the Z’-axis was
varied with respect to the Z-axis, in order to
obtain the lowest interaction energy state for each
set of values /, m and n. This energy and the
coordinates associated to each /, m and » combi-
nation, were stored in a hyper matrix in de-
creasing order of the interaction energy. The as-
sembly procedure was then carried on with ad-

ur ding lipids are modified alternatively in
order to find the lowest energy state. The assem-
bly procedure is completed when the helix is sur-
rounded by the number of first lipid neighbors.
For the transmembrane helices, these calculations
are first carried out on one half of the helix, and
an identical procedure is used to surround the
second half of the peptide with the first lipid
neighbors in the second monoiayer. The interac-
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tmn energles betwe,en the heiices and crysialline
idylcholi (DPPC) were

ca]cu]ated as descnbed before [29].
All calculations were performed on an Olivetti
M28 a.Ang a 80287 prucessor and the PC-TAMMO

these domains, lhrough geneuc engmeenng 31],
further validated the p

The amphipathic helmes selected for the calcu-
lations belong to either natural protein:. such as
human, porcine or salmon calcitonin (8], plasma

P (tt ysis of mem-
brane organization) as extensively described [30).
Graphs were drawn with the PC-MGM (molecul

lipoprotein AI {10], sn-1,2-diacylglycerol kinase
of Eschenchm coli [9), or to sym.heuc peptides.

graphics manipulation) program.
Results and Discussion

For the lysis i the t 7
helices we restricied ourselves to the membrane

These 1 s have been d d to experimen-
tally test the contribution of amphipathic helices
to ihe lipid-binding properties of apolipoproteins
and include the LAP16, LAP20, LAP24 series [11]
as well as the PI, 18A, 18R and 17desA peptides
[10,13-14].

The of the 12 and 10
tr helices are ized in Table I.

g

proteins where a single 15 panning do-
main had been identified. Protein-protein interac-
tions between adjacent helices such as in rhodop-
sin or in ch ]-forming [1] are thereft
not included lculati In the sel

in the d

The membrane-spanning helix of the asialogly-
coprotein receptor (ASGL-R) and the amphi-
pathic LAP20 peptide are depicted in an Edmund-
son wheel representauon m Flg, 2. This figure

the b domain was ill the bic character
mostly identified by ca]culauon of the hydro- of the transmembrane helix and the segregation of
hobicity profile th hout the [15,19]. the polar and apolar residues in the amphipathic
The i duction of deleti and i in helix.
TABLE I
SEQUENCES OF THE 12 AMPHIPATHIC AND 10 MEMBRANE-SPANNING HELICES
Peptide Ref. Sequence
Hum. calcitonin (hCT) 3 CGNLSTCMLGTYTQDFNRFHTFPQTAIGVGAP
Porc. calcitonin (pT) 8 CSNLSTCVLSAYWRNLNNFHRFSGMGFGPETP
Salm. calcitonin (sCT) 8 CSNLSTCVLGKLSQELHKLQTYPRTNTGSGTF
DKinasc (74-92) 9 SATEAVVDRIGSEYHELSG
Apo Al (198-219) 10 PKLEELKEKRKELLEKLKEKLA
Peptide I 10 LLQSLLSLLQSLLSLLLQWLKRKRQG
LAP 16 n VSSLKEYWSSLKESFS
LAP 20 1 VSSLLSSLKEYWSSLKESFS
LAP24 1 VSSLLSSLLSSLKEYWSSLEKESFS
18A 13,14 DWLEAFYDRKVAEKLKEAF
18R 13,14 RWLDAFYKDVAKELEKAF
17DESA 13,14 DWLEKAFYDKAEKLKEAF

Low Density Lipoprotein Rec. (LDL-R)
Cpidermal Growth Factor Rec. (EGF-R)
Platelet-der. Growth. Fac. Rec. (PDGF-R)
Tyrosine Kinase Receptor (TK-R)

Human Insulin Receptor (HI-R)

Human Transferrin Receptor (HT-R)
1gA&M Tr. Epithel. Transp. Rec. (IGAM-R)
Asialoglycoprotein Receptor (ASGL-R)
Vesicul. Smotatitis Virus Prot. (VSVP)
V-FMS Virus Protein (FMS)

ALSIVLPIVLLVFLCLGVFLLWK
TFIIATVEGVLLFLILVVVVGILI
VVVISAILALVVLTVISLIILIML
IVSAVVGILLVVVLGVVFGILI
IIIGPLIFVFLFSVVIGSIYLFL
CSGSICYGTIAVIVFFLIGFMIGYL
VLISTLVPLGLVLAAGAMAVAIA
FAAVYVLLALSFLLLTLLSSVSL
SSIASFFFIIGLIIGLFLVL
FLFTPVVVACMSIMALLLLLLLLLL
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ic LAP 20 peptide (A) and the transmembrane asialoglycoproteir receptor

ASGL-R peptide (B) showing the segregauon of the apolar (underlined) and polar residues in the amphipathic peptide and the

ic character of the

The computer modeling analysis yields some
characteristic parameters for these helices such as
the hydrophobic and hyd; ,'_ilictransfer

from water to a lipid phase, the d b

panning peptide.

hel.lcw and varles between 0.8 and 2.3 A. Their
ion is h pposite, as the line j Jommg
the hydrophobic and hydrophilic centers is ori-

hydmphoblc and hydrophilic centers and the hy-
hydrophilic bal (Table II). The re-

sults stress the opposite character of the two classes
of helices. In the membrane-spanning helices, the
hydrophobic energy of transfer is significantly
higher than the hydrophilic contribution. This re-
sults in a positive hydrophobic to hydrophilic
balance, whereas the reverse is ob:.2rved with the
hipathic helices. The di i hydro-
phobnc and hydrophilic centers is similar for zll

ented perpendicular to the axis of t2e amphipathic
helix, while it lies parallel to the axis of a trans-
membrane helix (Figs. 3 and 4). Experimental
evidence supporting the calculated orientation of
the LAP-20 peptide synthesized by Pownall et al.
[11] and that of similar peptides was presented by
Anantharamaiah et al. {13,14). We carried out
infra-red measurements with polarized light of the
LAP-20 peptide interacting with DMPC. The aa-
gle obtained b the phospholipid bilayer and
the peptide chain supports the theoretical model

Fig. 3. Reprmuuon of lhz pmpenm and mode of insertion of the a.lllphlpalhlc LAP 20 peptide in a lipid matrix. From left to

rightt of the hyd

{Cpio) and

representation of the helix and same of the helix

(C,,,,) centers to the axis of the helix, skeleton

by nine DPPC

The dotted line to

the lipid /water interface.
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TABLE I

CONFORMATIONAL PARAMETERS OF THE TWELVE
AMPHIPATHIC AND TEN TRANSMEMBRANE ALPHA
HELICES

Hydrophobic (£,) and hydrophilic transfer energy (E,y;) in
(keal/mol). Hydrophobic-hydrophilic balance (Phi). Phi =
log( £y, /"Epy;) Distance between the hydrophobic and hydro-
phobic center (Delta, A).

Peptide Epno  Egu Phi Delta
hCT 167 160 0019 096
pCT 175 177 -0005 138
sCT 169 162 0018 108
DKinase (74-92) 181 195 -0032 124
LAP 16 174 170 0010 133
LAP20 214 205 0019 142
LAP24 254 240 0.025 151
Apo AI(198-219) 270 245 0.042 0.82
Pepuide 1 271 2 0067 120
18A 23 184 0064 140
18R 213 184 0064 131
17desA 202 177 0057 119
LDL-R 279 176 0198 082
EGF-R 277 184 0178 146
PDGF-R 277 182 0182 125
TK-R 239 160 0172 142
HI] 219 175 0202 040
HT-R 288 230 0098 189
IGAM-R 224 170 0.120 0.61
ASGL-R 256 188 0135 049
VSVP 229 154 0170 233
FMS 296 186 0.202 136

(unpublished observations). Finally the same type
of calculations and of infra-red measurements was
performed on the paramyxovirus F1 N-terminal
peptide (18 residues) and the theoretical and ex-
perimental results were in good agreement [32).
After assembly of the two classes of helices
with DPPC molecules (Figs. 3 and 4), the number
of first phospholipid neighb the mean interas
tion energy per phosphchpld and the angle of the
axis of the helix with the lipid/water interfaces
were calculated (Table III). For all parameters,
significant differences appear between the two
classes of helices. The transmembrane helices lie
parallel to the phospholipid acyl chains (Fig. 3)
while the amphipathic helices lie at an angle vary-
ing between 0° and 20° with the interface, in
agreement with the model proposed for the com-
plexes formed between phospholipids and syn-

tuctic peptides [14]. The amphipathic helices
penetrate into the phosphotipid monolayer up to a
distance corresponding to about the 4th carbon
atom of the acyl chains, in agreement with experi-
mental data obtained by NMR on apolipoprotein-
phospholipid interactions [3]. The membrane-
spanning helices are completely immersed in the
phospholipid bilayer and their length corresponds
to about the thickness of the hydrophobic core of
the DPPC bilayer [1). The energy of interaction,
expressed per phospholipid is significantly higher
for the transmembrane compared to the amphi-
pathic helices. For the membrane-spanning helices
the mean energy of interaction is higher than the
interaction energy between two phospholipids

TABLI: 11T

INTERACTION PARAMETERS BETWEEN THE ALPHA
HELICES AND DPPC

Mean energy of i between one lipid mole-
cule and the helical peptide (Eiy, kcal/mol phospholipid),
number of phospholipid neighbors (number of lipids) in the 1st
and 2nd layer, orientation of the helix at the lipid water
interface (angle).

Ep, Number of Angle

Tipids )

1st 2nd

layer  layer
hCT -125 8 / ]
pCT ~116 6 / 10
sCT -122 5 / 25
DKinase (72-92) -105 7 / 20
LAP16 -11.7 9 / 0
LAP 20 -126 9 / 5
LAP24 -104 7 / 0
upo Al (198-219) -127 8 / 20
Peptide ( -144 8 / 10
184 -196 7 / 0
18R -123 8 / -5
17DES A -125 6 / 0
LDL-R -1806 4 7 %0
EGF-R. —-2183 8 5 85
PDGF-R -1333 8 6 20
TK-F. -19.33 8 6 85
HI-R -1754 9 4 85
HT-K -1660 7 5 90
IGAM-R -1460 7 5 90
ASGL —2546 9 5 83
VSVP -2960 8 5 %
FMS -2546 5 9 85
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Fig. 4. Same ion for the

in receptor (ASGL-R) spanning the DPPC bilayer. Dotted lines indicate the two

interfaces of the bilayer.

(—13 kcal/mol) in a pure phospholipid bilayer,
while it is lower for most hipathic helices.

[2 33]. It represents a more refined analysis of the

Th.s might account for the slablhty of these pro-
ing d d to the transfer
properties of most plasma apohpoprotems among
llpoprotems (61
In i this f

identified by the prediction lechmques
and stress the fi 1 character of lipid

ating domains in membrane proteins as well as in
soluble plasma lipoproteins.

Aol Tod.

method, apphed to different types of helical seg-
ments existing in hpld-assocnaung proteins, en-
ables the comp of the p

ing for the different properties of such helices.
According to the results of this analysis, the orien-
tatior. of the line joining the hydrophobic and
hydrophilic centers of the helix seems to de-
termine the orientation of the helix at the lipid/
water interface. The calculation of this parameter
should be useful to discriminate between an
amphipathic helix, parallel to the interface and a

R. Brasseur is a Qualified Researcher of the
Belgian National Fund for Scientific Research.
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