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Structure of the Active Domain of the Herpes Simplex Virus Protein ICP47 in
Water/Sodium Dodecyl Sulfate Solution Determined by Nuclear Magnetic
Resonance Spectroscapy
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ABSTRACT. ICP47 encoded by herpes simplex virus (HSV) is a key factor in the evasion of cellular immune
response against HSV-infected cells. By specific inhibition of the transporter associated with antigen
processing (TAP), ICP47 prevents peptide transport into the endoplasmic reticulum and subsequent loading
of major histocompatibility complex (MHC) class | molecules. Amino acid residue343have been
identified as the active domain. This domain appeared to be unstructured in aqueous solution, whereas
after binding to membranes anhelical conformation was observed. Here, we have analyzed the structure

of ICP47(2-34) in a lipidlike environment by nuclear magnetic resonance (NMR) spectroscopy. In micellar
solution of deuterated sodium dodecy! sulfate, the viral TAP inhibitor adopts an ordered structure. There
are two helical regions extending from residues 4 to 15 and from residues 22 to 32. Arg-16 is found on
the C-terminus of the first helix, and Gly-33 serves as a terminator of the second helix. A loop between
residues 17 and 21 is also evident in the structure. The relative orientation of the helices toward each
other, however, could not be determined due to the paucity of NOEs from residu@4.18

Due to our daily encounter with a vast number of Proteins encoded by large DNA and retroviruses in particular
pathogens, evolution equipped us with an adaptive immunehave been identified to interfere with the host immune system
system. The major histocompatibility complex (MHC)ass (for review, see rep).

I-mediated immunity is mainly responsible for the control gy piocking peptide supply to MHC class | molecules,
of virus-infected cells. Fragments derived from viral proteins e herpes simplex virus protein ICP47 downregulates surface
are translocated into the endoplasmic reticulum by the expression of MHC class | molecules in human fibroblasts
transporter associated with antigen processing (TAP). These(g, 4). ICP47 inhibits TAP-dependent translocation of
peptides are loaded onto MHC class | molecules by the gntigenic peptide into the ER5(6). High-affinity binding
assistance of various chaperones. Stable MHC complexes, Tap (Ks = 50 nM) enables the viral inhibitor to compete
traffic to the cell surface where their cargo is monitored by yiih peptides for the peptide binding site of human TAP
cytotoxic T-lymphocytes, which eventually initiate lysis (for 54 1o block thereby the initial step of peptide transpdyt (
reviews, see ref). Under_thls selection pressure, persistent 8). The ICP47-TAP interaction is highly species-specific,
viruses evolved strategies to block the class | antigen gjnce the viral protein shows a more than 100-fold higher
presentation pathway in order to escape immune surveillanceaﬁinity for human than for murine TAP7( 8). It has been
further suggested that binding of ICP47 results in a confor-
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L Abbreviations: MHC, major histocompatibility complex; ER, length protein {1). Circular dichroism and NMR spectros-
endoplasmic reticulum; TAP, transporter associated with antigen copy revealed that ICP47{234) peptide has no secondary

ﬁrﬁgssm?; HSV, herli_es simplex Vifl’J\lSC;)EDS, SIOdiUg doﬁecyl SU'}[fatet? structure elements and lacks a uniquely folded conformation
, nuclear magnetic resonance; , nuclear Overhauser effect; . : .
NOESY, two-dimensional nuclear Overhauser effect spectroscopy; in aqueous solution, whereas in the presence of membrane

TOCSY (HOHAHA), total correlation spectroscopy (homonuclear Mimetics, such as trifluoroethanol, sodium dodecyl sulfate,
Hartmannr-Hahn spectroscopy); DGFCOSY, double quantum filtered  or lipid membranes aw-helical structure is inducedL®).

homonuclear correlated spectroscopy; 2D, two-dimensional; 3D, three- Further evidence for a specific interaction of ICP47 with
dimensional; RO, deuterated water; TPPI, time-proportional phase

incrementation; rmsd, root-mean-square difference; rms, root-mean-Membranes was obtained by tryptophan ﬂuore_scence spec-
square; SA, simulated annealing. troscopy (2) and fluorescence quenching experiments (L.N.
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NMR Structure of ICP47

and R.T., unpublished data). Here, we first investigated the
interaction of ICP47(234) with microsomal membranes,
and second, analyzed the structure of ICP442) in the
membranelike bound state by NMR.

MATERIALS AND METHODS

Sample PreparationICP47(2-34) and peptides were
synthesized by the solid-phase technique applying conven-
tional Fmoc chemistry. Products were purified by preparative
reversed-phase HPLC and their identity was verified by mass
spectrometry. The initial NMR sample contained 4.3 mM
ICP47(2-34) dissolved in 560 mM sodium dodeayds
sulfate (SDS) in 90% kD/10% DO, pH 7.4. This sample
was subsequently lyophilized and dissolved in 100%9D
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radioactivity was quantified by-counting. The amount of
bound peptide was background-corrected for nonspecific
binding in the presence of a 400-fold molar excess of
nonlabeled peptide, which corresponds to 100% inhibition
of peptide binding to TAP. To determine the dissociation
constant Kq) of ICP47(2-34), the inhibitor concentration
was varied over 3 orders of magnitude and the data were
fitted by a competition function as describel).

Membrane Binding Assast room temperature, increasing
amounts of radiolabeled ICP4#34) were incubated with
microsomes from noninfected insect cells (1 of total
protein) in 50uL of assay buffer [phosphate-buffered saline,
1 mM 1,4-dithiopL-threitol, 5 mM MgC}, and 0.05% poly-
(ethylene glycol) 6000, pH 7.4] for 15 min. After 4pQ of

the samples remained stable over several months at roonfssay buffer was added, microsomes were pelleted by

temperature.

Preparation of Microsome$iuman TAP1 and TAP2 were
coexpressed in Sf9 insect cells by using the baculovirus
expression system as reported previously 13). TAP-
containing microsomes were isolated by a combination of
differential and sucrose density gradient centrifugatiod) (
14). The microsomal membranes were resuspended in
phosphate-buffered saline with 1 mM 1,4-ditlmo-threitol,
snap-frozen in liquid nitrogen, and stored-a80 °C.

Peptide Transport AssayAP-containing microsomes (35
ug of total protein) were preincubated with 3 mM ATP in
the absence or presence of A0l ICP47(2-34) in 100uL
of assay buffer [phosphate-buffered saline, 1 mM 1,4-dithio-
pL-threitol, 5 mM MgC}, and 0.05% poly(ethylene glycol)
6000, pH 7.4] for 4 min at 37C before 250 nM radiolabeled
reporter peptide RYWANATRST was added. After 4 min
at 37°C, peptide transport was stopped by adding 400
of ice-cold assay buffer and centrifugation (12g00r 8
min at 4°C). After the pellets were washed with 500 of
cold assay buffer, microsomes were lysed in Z00f NP-

40 lysis buffer (50 mM Tris, 50 mM NaCl, 5 mM Mggl

and 1% NP-40, pH 7.4). N-Glycosylated and therefore
translocated peptides were bound toi@0of concanavalin
A—Sepharose (Sigma) while gently shaking for 1.5 h at 4
°C. After the beads were washed three times with 1 mL of
lysis buffer, peptides were eluted with 200 mM metbyb-
mannopyranoside and quantified pycounting. Background
transport activity was measured in the presence of 3 mM
ADP instead of ATP or a 400-fold molar excess of
nonlabeled peptide. Peptides were radiolabeled with chloram-
ine T-precoated glass vials purchased from Pierce. After a
20-min incubation of 7.5 nmol of reporter peptide and 0.5
mCi of Nat?d in 250 uL of phosphate-buffered saline, pH

centrifugation (12009 for 8 min at 4°C) and washed with
500 uL assay buffer. Membrane-associated ICP4732)
was quantified by-counting. ICP47(234) was synthesized
and iodinated as described above.

NMR Experimentroton NMR spectra of ICP47(234)
were acquired at 500, 600, and 750 MHz on the Bruker
AMX-500, DRX-600, and DMX-750 spectrometers. Most
data were collected at 307 K on the Bruker DRX-600
spectrometer. TOCSY and NOESY experiments were also
repeated at 292 and 300 K on the DRX-750 and the AMX-
500, respectively, for the sample in water. All two-
dimensional spectra were collected with either 2048 or 4096
complex data points ifr2, acquiring 256-400 increments
in F1 for TOCSY and NOESY and 566700 increments
for COSY spectra. For the SDS/8 sample, the solvent
signal was suppressed either by the pulsed field gradients
with a 3—9—19 Watergate sequence (NOESY and TOCSY)
or by low-power presaturation during the relaxation delay
(COSY). To reduce the influence of spin diffusion and still
have NOE intensities close to their maxinid), the mixing
time was 84 ms for the NOESY spectrum. The mixing times
for TOCSY spectra were 56 and 58 ms. ThgODTOCSY
was acquired with a 62 ms clean MLEV-17 mixing sequence.
The DO NOESY data were collected with a mixing time
of 90 ms with presaturation of water. The baseline corrections
were carried out on either side of the residual water signal.
The data were processed with a Gaussian window function.
No zero-filling was necessary. An amide proton exchange
experiment was performed after lyophilization of ICP47(2
34)—-SDS and dissolution of the complex in,®. A 2D
NOESY spectrum was recorded with? h at 292 K and
checked for the presence of cross-peaks that originate from
HN resonances.

7.4, at room temperature, the iodinated peptide was removed Structure CalculationsA total of 40 structures were

and mixed with 25QuL of phosphate-buffered saline, pH
7.4, containing 10 mg/mL tyrosine and 2 mM Nal.

Peptide Binding and Competition AssaysP-containing
microsomes were diluted with ice-cold assay buffer to a final
protein concentration of 17kg/mL. From this suspension,
150uL was incubated with radiolabeled RRYNASTEL (310
nM) in the presence of various concentrations of ICP47(2
34). To reach equilibrium, samples were incubated for 45
min on ice. Subsequently, 330 of cold assay buffer was
added and the microsomes were pelleted by centrifugation
(1200@ for 8 min at 4°C). After the samples were washed
with 500 4L of cold assay buffer, microsome-associated

calculated by a previously described procedd® (1sing a
simulated annealing protocol implemented in the program
X-PLOR (17). Distance constraints were collected from 2D
NOESY spectra in KD and QO and classified according

to the peak intensities as very strong 226 A), strong
(2.3—-3.1 A), medium (2.8-3.5 A), weak-medium (3:64.2

A), or weak (4.2-5.0 A). All protons were explicitly defined

in the structure calculations; in some cases, however,
additional terms were added to the upper bounds that
correspond to the pseudoatom correction introduced by
Wiithrich (18). A total of 93 interresiduéH—'H distances
have been used in the calculations.
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Ficure 1: ICP47(2-34) blocks TAP-dependent peptide transport
and peptide binding to TAP. (A) Peptide transport into TAP-
containing insect microsomes was measured for 4 min 4C3in

the presence or absence of dd ICP47(2-34).In vitro transport
assays were performed with 250 nM radiolabeled reporter peptide
RYWANATRST and 3 mM ATP. N-Glycosylated and therefore
translocated peptides were quantifiedjbgounting after binding

to and specific elution from concanavalin-Sepharose. Nonspe-
cific transport was determined in the presence of 3 mM ADP or a
400-fold molar excess of the nonlabeled peptide. (B) Peptide
binding to the TAP complex was analyzed in the presence of various
concentrations of ICP47(234). TAP-containing microsomes were
incubated with 310 nM radiolabeled reporter peptide RRYNASTEL
for 45 min on ice. Background binding was determined by using a
400-fold molar excess of nonlabeled peptide. By fitting of the data
(14), an 1G5, of 100 £ 14 nM was calculated.
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FiGURE 2: ICP47(2-34) binds to microsomes. Microsomes pre-
pared from noninfected insect cells were incubated with various
concentrations of radiolabeled ICP4#24) for 15 min at room

o4

temperature. After the microsomes were washed, membrane

adsorption of ICP47(234) was quantified byy-counting. The
affinity constant for binding to microsomal membranes was
determined to bé&y = 34 + 9 uM assuming a Langmuir-type
adsorption.

RESULTS

ICP47(2-34) Blocks Peptide Binding to and Peptide
Transport by TAPThe activity of the synthetic ICP47(2
34) was analyzed by an vitro peptide transport assay based

Pfander et al.

3.7

L.4.1
F, [opm]

-4.3

|-4.5

Ficure 3: NOESY spectrum (307 K) of the{F, axis)—H* (F;
axis) region of ICP47(234) associated with SDS micelles. The
intraresidue M—H* cross-peaks are marked by one-letter amino
acid symbols. The lines indicate the assignment pathway for
residues 413.
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FiGURE 4: NOESY spectrum (307 K) of theF, axis)-HN (F;
axis) region of ICP47(234) associated with SDS micelles. An
example of the assignments of th&-+HHN connectivities is shown
for residues 413.

on specific N-glycosylation in microsomes. As shown in
Figure 1A, ICP47(234) completely blocks TAP-specific
peptide translocation of radiolabeled reporter peptides into
microsomes. Moreover, we quantified the binding affinity
of ICP47(2-34) to TAP and its ability to inhibit peptide
binding by competition assays (Figure 1B). An affinity
binding constant oKy = 100 + 14 nM was determined,
which is in good agreement with the affinity constant for
the full-length ICP47 T, 8). In summary, fragment ICP47-
(2—34) shows all characteristics of wild-type ICP47 and
therefore it is an ideal model to investigate the structure of
this unique inhibitor of the TAP transport complex.
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FiGurRe 5: Summary of sequential and medium ranie<{j| < 5) connectivities involving M, H*, and H protons. The gh(i, i + 1) and
dos(i, i + 3) connectivities shown in gray could not be established because of the spectral overlap(Fitee 8)-HN(Gly18) NOE is
shown along the same line as th&#-+HHN connectivities. The NOE intensities, classified as weak, medium, and strong, are represented by
the heights of bars. The chemical shift index (HA CSI) is given below the sequence with negative bars indidslitgl regions.

Interaction with Microsomesdt has recently been shown at all three temperatures, but line broadening at lower
that the membranes or membrane mimetics induces antemperatures obscured many cross-peaks of the anticipated
a-helical structure of ICP47, suggesting that the viral TAP helices. The amino acid spin systems were identified by
inhibitor binds to membrane4?). Because a direct physical analysis of the TOCSY spectrum at 307 K. The TOCSY
interaction of ICP47 with microsomes lacking TAP com- spectra at lower temperatures could not be used because of
plexes has not been demonstrated so far, the binding oftheir poor quality. The 292 K NOESY spectrum provided
ICP47 to microsomal membranes was investigated. Mi- useful information for assignment of several amino acids,
crosomes prepared from noninfected insect cells were for example Trp-3, which could not be directly assigned in
incubated with an increasing amount of radiolabeled ICP47- the spectra at 307 K. Figure 3 shows the fingerprint region
(2—34) and washed, and the membrane-associated inhibitorof the 307 K NOESY spectrum and indicates the sequential
was quantified. As shown in Figure 2 the polypeptide binds assignment for the helix between residues 4 and 15. Figure
in a dose-dependent manner to microsomes, revealing ard shows the M—HN region of the same NOESY spectrum.
affinity constantKqy = 34 +£ 9 uM. ICP47(2-34) shows a The list of the assignments at this temperature is given in
350400 times weaker affinity to microsomal membranes Table S1 of the Supporting Information.
without than with human TAP. We avoided full saturation Secondary StructuréA summary of the NOEs that are
in order to circumvent secondary effects such as potential diagnostic for the secondary structure is given in Figure 5.
membrane disruptions or aggregation of ICP47 at high The NMR spectra of ICP47(234) showed lack of long-
concentrations. Although the dissociation rate was not range NOEs (between amino acids further apart than 4
specifically examined in this set of assays, ICP4732) residues). The evidence for ordered conformations in peptides
remained bound even after extensive washing, indicating aconsists of patterns of NOE connectivities that was discussed
stable ICP47membrane interaction. Additionally, the mem- in detail by Dyson et al.19, 20). From these NOEs it also
brane association explains the biphasic binding characteristicds frequently possible to qualitatively assess the populations
of ICP47 to TAP-containing microsomes (data not shown). of different types of secondary structure conformatidrgs
Consequently, it is likely that the high affinity of ICP47 for 21). An extended conformation shows very strong(d i
TAP is based partially on the preenrichment at the ER + 1) NOEs and no M—HN intensities for each pair of
membrane. Therefore, the investigation of the membrane-residues. This is in contrast to theconformation, for which
bound structure of the viral inhibitor represents an important a strong @n(i, i + 1) NOE for a pair of residues is
contribution to the understanding of ICP47 function. accompanied by a weakyi, i + 1) intensity. The average

NMR Resonance Assignmerissequence-specific reso-  NOE is a mixture of extended amdconformations. For any
nance assignmeni®) was carried out starting with spectra pair of residues, strong NOEs of each state will contribute
taken at 307 K. The spectra at 292 and 300 K were assignedo the average NOE over these two discrete states. The
after the assignment of the high-temperature spectrum waspresence of the strong"+HN and H'—H®* connectivities
achieved. The positions of the peaks were nearly identical thus indicates that a population of the peptide occupies both
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30

the - anda-regions of the g, 1) space. It is clear that.g- 25
(i, i + 1) connectivities cannot be used for characterization
of helices and turns in peptides since the unfolded conformers
give rise to strong gh(i, i + 1) NOEs, thus obscuring the
NOE originating from turns that contain wealgn@, i + 1).
Turns and loose helical structures can, however, be detected
via the presence of several medium range interactiorts: H
(i)—HNG + 2), H({)—HN(i + 3), H*({)—N"(i + 4), and H-
()—HA({ + 3) connectivities. The NOESY spectra of
ICP47(2-34) showed the presence of th8(H—HN(i + 1),

Sequential NOE Ratio
(Aha/Dop)

HNG)—HN( + 2), He()—HNG + 3), H(i)—NH(i + 4), and 05

H*(i)—HA(@ + 3) connectivities for residues from 4 to 15

(Figure 4). These are characteristic foraimelical confor- 0 w

mation. We could not detect any turnlike structures between 0 5 10 b of armid el 2 35

residues 1115 in ICP47(2-34), although we looked for
the turn-diagnostic NOEs especially carefully. The segment
from residues 22 to 32 showed thehelical H'—HN, He- B
@)—HNG + 1), H{)—HNG + 3), and H(@i)—H{ + 3)
interactions. Further support for helical regions between
residues 415 and 22-32 was provided by the amide
exchange datal@). Slowly exchanging amides were ob-
served in the central residues of the helical segments (residues
8—12 and 24-30). In addition, the proton resonances for
residues 416 and 2134 were shifted upfield relative to
random coil positions in the ICP47{B4) peptide spectra
(Figure 3) by 0.2-0.6 ppm, which is characteristic of helical 05

structures 22, 23). The coupling constant data could not be ) 1
used for the secondary structure determination because of ’ )
broad lines in the SDS solutions. Figure 6 shows the relative T)?diR%i&i J(rf’\)lg?f’iltioo EOST tggli:nl}fs\rt]:giefrso% ttf;]ee Sﬁguﬁ?t(iﬁhtﬂéi J; aks
he“qty of the peptldg. .The ratik of the mtenSItle.Sl. of . obtai%e,d from the NdESY spectrum of Figureg 3 and 4, Fp))lotted
dun(i, I + 1) and dn(i, i + 1) NOEs at each position is against residue number. (B) Intensities of the(d i + 3) NOE

3 0 5 10 15 20 25 30 35
T T T T T

NOE Intensities
(Arbitrary units)
o N
T T

0

given in Figure 6A 24): connectivities plotted against the number of residues, scaled
according to the number of equivalent protons contributed to the
R= [I(HNi’ HNi+1)]/[I(Hai’ HNi+1)] NOE. Gray bars indicate lack of data due to spectral overlap.

The values for the ICP47(234) peptide are above 1.0 in tion).. Ip contras't to the Well—dgfined he'Iices, t.he' .Ioop
parts of the peptide, indicating a substantial population of consisting of amino acids &1 displays high variability
conformations in thex-region of ¢, 1) space. However, ano_l the N- and C-terminal regions of the peptlde between
the relative intensities of the sequential NOEs alone are quite"®Sidues 2 and 3 and between 32 and 34, respectively, adopt
inaccurate since thend(i, i + 1) and du(i, i + 1) NOEs  entirely disordered conformations.
reflect the population of the folded and unfolded conformers.

As pointed out by Waltho et al2@) relative intensities of DISCUSSION

the dyg(i, i + 3) NOEs can provide also valuable insights ~ The herpes simplex virus protein ICP47 represents an
into the relative helical populations. The intensities of the interesting molecule due to its ability to block the antigen
H(i)—HN({ + 3) connectivities (scaled for the number of presentation by inhibition of TAP function. Most strikingly,
protons involved) are plotted against the residue number ina polypeptide of only 32 amino acid residues in length,
Figure 6B and indicate again high populationsoehelical ICP47(3-34), retains full activity to block TAP function
structures for residues4l5 and 22-32. We have therefore  (11). By circular dichroism analysis, ICP47 was found to
decided to convert the NOE data into distance constraintsbe mostly unstructured in aqueous solution. However, in the
in order to calculate the structure of ICP47#@4) from these presence of membranes or lipidlike solvents such as TFE/
NMR data. A total of 40 structures were calculated by the water or SDS/water mixtures, arrhelical conformation is
simulated annealing method with the program XPLOR 3.1 induced, implying that ICP47 interacts with membrari.(
(17). Thirty from these 40 structures satisfy the experimental By use of Trp-3 as an environment-sensitive probe, evidence
constraints with small deviations from idealized covalent for ICP47—membrane interaction was obtained by fluores-
geometry. The structure calculation shows that the conforma-cence spectroscopy?).

tion of the peptide bound to SDS consists of two major  In this report, the specific association of ICP47 with
helices extending from residues 4 to 15 and from 22 to 32 microsomal membranes and the structure of the membrane-
(Figure 7). The two helices are very well defined in terms bound state has been investigated. For these studies, we used
of both average atomic rms differences (ca. 0.37 A) and ICP47(2-34) that was synthesized by solid-phase synthesis.
backbone torsion angles (less thafi)3There are no distance In the first set of experiments, we could demonstrate that
constraints violations larger than 0.5 A and the structures ICP47(2-34) has the same activity as the wild-type protein
display low total energies (Table S2, Supporting Informa- with respect to blocking peptide binding to and transport via
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Ficure 7: Backbone stereoview of the SDS-associated ICP4342 structures. (A) Superposition of 20 structures (residue302 best
fitted to residues 516. (B) Superposition of backbone atoms (residues3A) best fitted to residues 231. (C) Ribbon drawing of a
single structure of ICP47(234) bound to SDS micelles.

TAP. ICP47(2-34) therefore represents an ideal model to the solution should contain an excess of 2 micelles per ICP47
investigate the structure and function of ICP47. In the second molecule. The NMR data and physical characteristics of the
set of experiments, we could show that ICP4782) binds sample (i.e., nongelling after several weeks) suggest that there
to membranes even in the absence of TAP. The amount ofis a strong association of ICP47234) with SDS micelles
membrane-bound ICP47 is concentration-dependent. Mem-and that the NMR structure reflects the micelle-bound state.
brane binding follows a Langmuir-type adsorption with an Thjs structure comprises mostly helical conformation for the
affinity constant ofKq = 34 & 9 uM. Although the ICP47 peptide that is only broken by a loop between Val-17 and
membrane interaction is approximately 300-fold weaker than Thr-21. The N-terminalo-helix 4—15/16 matches the
the association with human TAP, the membrane adsorptionpredictedx-helix covering positions 313 (11, 12), whereas
could be a prerequisite for high-affinity binding of ICP47 o secondi-helix 21/22-32 was only predicted with lower

to TAP by increasing th_e Iocal_concentrgtiqn of ICP47 or significance. The relevance of the N-terminalhelix is

_by_ mducw_]g a conformation optimal f_or bmd!ng to TA.‘P‘ It underlined by nonactive ICP47 mutants bearing a proline at
is interesting to note_thaﬁ P-glycoprotein (multidrug resistance position 19, which is known to bread-helices (1). No
protein, MDR1), which is a close TAP homologue, takes up contact between both-helices could be detected, allowing

substrates from the membrane. In analogy, the understandin%ln independent movement of bothhelical regions. Al-

of the membrane adsorption process and a detailed know- ! .
ledge of the membrane-induced conformational Changesthough it cannot be extracted from our data directly that the

appear to be important in disclosing the structural and membrane-bound structure represents the TAP-bound con-

mechanistic aspects of TAP inhibition by ICP47. Therefore, formation, due to the high affinity of ICP47 for TAP the
we analyzed the structure of ICP47 by NMR techniques. Due €nergetically unfavorable melting of arrhelix causing a

to the intrinsic difficulties in NMR analysis of proteins in  Nigh activation barrier appears to be unlikely. Hence, one
the membrane-bound state, NMR studies of ICP43®) can speculate that the hetixurn—helix motif might be a
were performed in micellar solution with deuterated SDS. Prerequisite for the binding of one-helix to TAP while

It was previously shown that this membrane mimetic induces the othero-helix remains associated with the membrane.
a similar conformational change as binding to membranes Alternatively, this structural flexibility may be required in
does (2). The NMR analysis of ICP47(234) was per-  order not to hinder the transformation from a lose to a tight
formed in a 130-fold molar excess of SDS. Assuming that TAP conformation followed by the binding of ICP47 to TAP
60—70 molecules form one micelle under these conditions, as suggested by Lacaille et a®)(
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The helix-turn—helix motif of ICP47(2-34) is similar

to those found in many integral membrane proteins, for
example, the major coat proteins of filamentous bacterioph-
age @5—30), and to the antibacterial and lytic polypeptides
such as, for example, cecropin3l( 32). The secondary
structures of both of these groups of peptides in membrane-
like solvents consist of two helical regions. In the major coat
proteins, the helices are well-defined and stable, with the
N-terminal amphipathic helix of 922 residues and the
C-terminal hydrophobic helix of 1719 residues. The
N-terminal helix lies at the membrane interface and is
perpendicular to the C-terminal helix, which spans the
micelle 26—31). In ICP47(2-34) both helices are amphi-
pathic and are shorter. The topology of secondary structure
of ICP47(2-34) is therefore more similar to that of cecropin,
which has two amphipathic helices of-225 residues long
(31). The biological activity of cecropins is best explained
by a carpetlike mechanism of their interaction with the lipid
membrane. In this model cecropin adopts an orientation
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