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ABSTRACT: We have characterized a membrane protein containing residues-P883 of the integrin

A3 subunit, encompassing its transmembrane and cytoplasmic domains, by nuclear magnetic resonance
spectroscopy. Under conditions in which it is monomeric in dodecylphosphocholine micelles, the protein
consists mainly ofr-helical structures. An amino-terminal helix corresponding toABeransmembrane

helix extends into the membrane-proximal region of the cytoplasmic domain. Moreover, following an
apparent hinge at residues H722723, residues K725A735 are mostlyo-helical. In the presence of
membrane-mimicking detergents, the cytoplasmic domain connected to the transmembrane helix is
substantially ordered at pH 4.8 and 80. Its carboxyl-terminal end takes on a tuiimelix configuration
characteristic of the immunoreceptor tyrosine-based activation motif. These structural feature83f the
subunit should help to explain its interaction with numerous cytosolic interacting proteins and begin to
illuminate the mechanism of integrin activation.

Integrins, a superfamily of cell adhesion receptors, are ligands ). The membrane-proximal region of the cyto-
critically involved in cell-cell adhesion and celimatrix plasmic domain may also play a role in regulating integrin
interactions {). Moreover, by serving as signaling conduits activity. This highly conserved region is preceded by a
across the membrane, they are involved in biological classical membrane interface WK motif although the fol-
processes such as cell migration and malignant transformadowing four to five consecutive hydrophobic residues appear
tion (1). Each integrin consists of anand g3 subunit, both to be buried in the membrane as assessed by glycosylation
of which contain a large amino-terminal extracellular domain, mapping 6). This region of thef subunit cytoplasmic
a single transmembrane domain, and a short cytoplasmic tail.domain may mediate the interaction of integrins with
Integrin extracellular domains interact with extracellular cytosolic proteins such as focal adhesion kinase or paxillin
macromolecular ligands. Recently, the X-ray crystal struc- (7). Indeed, because this region has been proposed to be an
tures of the extracellular domain of the integeins3, alone extension of the transmembrane helix, it may be one

(2) and bound to an RGD ligan@®), were reported. component of a single structural unit for transducing con-
On the basis of patterns of sequence conservation, theformational changes between the cytoplasmic and extra-
portion of thef subunit not included in thewj33 crystal cellular domainsg, 8). The interface between the membrane-

structure is thought to consist of a transmembrane domainproximal and the membrane-distal regions ®fsubunit
and membrane-proximal and membrane-distal regions of thecytoplasmic tails is marked by a conserved HD dipeptide.
cytoplasmic domain (Figure 1). Recent experiments suggestThe distal region can be further subdivided into three
that thef subunit transmembrane domain participates in a subdomains on the basis of sequence homol&®y Qf
monomer-oligomer equilibrium that may be important for  particular interest is a region that contains an NPXY motif
regulation of integrin activation state$)(Indeed, mutations  thought be involved in binding to the cytoskeletal protein
that enhancg3 subunit oligomerization have been found to talin (10).
enhance the ability of the integriallb33 to bind soluble Previous reports of the structure of soluBcytoplasmic
tail peptides indicate that it is largely unstructured in the
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Ficure 1: Amino acid sequence of thg8 TM-CYTO protein. The consensus transmembrane and cytoplasmic domains, as well as the
membrane proximal and distal regions, are labeled. Except for the N-terminal three residues, the residues are numbered as in the full-length
mature33 subunit.

interaction depicted in these two studies differ substantially CD Spectroscopylwo buffer systems, a more physiologi-
(15, 16). On the other hand, two other NMR studies of cal buffer (25 mM MOPS, 100 mM KCI, 1 mM Mgg) pH
peptides spanning the entire cytoplasmic domain or the 7.40) and an NMR buffer (50 mM sodium acetate, 1 mM
transmembranecytoplasmic domains of the same proteins MgCl,, pH 4.80), were used. Protein samples were dissolved
failed to demonstrate that these proteins interdct1d). in buffers containing 10 mM DPC to a final concentration
Moreover, when peptides corresponding to ¢k and 53 of approximately 2Q«M (i.e., a protein/DPC ratio of 1/500).
cytoplasmic tail are dispersed into micelles, they do not All spectra were collected on an Aviv Associates 62A DS

interact (L6). spectrometer with a scan speed of 10 nm/min, an averaging
We have synthesized a protein corresponding to the time of 4 s, and a bandwidth of 1.5 nm. Cuvettes of 0.1 and
transmembrane and cytoplasmic domainssaf (33 TM- 0.02 cm were used for spectra collection. Six scans for each

CYTO). CD spectroscopy of this protein, dispersed in DPC sample were recorded, averaged, and corrected for buffer
micelles, indicated that it contains substantial regions of contribution.

a-helix (4). Here, we have characterized the monomeric form  NMR SpectroscopyFor sample preparationtC,>N-

of this protein in DPC micelles using triplle-resonance NMR Jabeled3 TM-CYTO protein was mixed with deuterated
spectroscopy. The transmembrane domain and the membranepPC as described earlief)( The protein-DPC mixture was
proximal region of the cytoplasmic tail form a singlehelix, then dissolved in 40@L of freshly made NMR buffer (50
providing a potential continuous trimerization site. Although mM deuterated sodium acetate, 0.02% sodium azide, 1 mM
the cytoplasmic tail is not in a unique and stable conforma- MgCl,, pH 4.80) and placed inta 5 mm microtube
tion, itis largely structured. In particular, two regions of the ' (Shigemi). The final protein and DPC concentrations were
tail are predominantlyr-helical, as indicated by locaH— 0.9 and 500 mM, respectively. All NMR spectra were
'H NOEs, chemical shifts}dwu. coupling constants, and  recorded at 50C on a Varian Inova spectrometer operating
heteronucleal®N NOE values. The structured regions in the at 750 MHz ¢H). The protein was stable during NMR data
cytoplasmic tail correspond to the binding sites for a number collection at 50°C as no precipitation was visible in the
of cytoplasmic and cytoskeletal proteins. Thus, these studiessample tube afterward and tH&N-HSQC spectrum was

may provide a structural basis @3 cytoplasmic tail- unchanged during data collection.
mediated cytoskeletal interactions and for associated down- 0. packbone assignmentdN-HSQC, 2C-HSQC
stream signaling. HNCACB, CBCA(CO)NH, and HNCO experiments were

performed (7—20). An N-NOESY-HSQC spectruni()

MATERIALS AND METHODS was collected with a mixing time of 125 ms. ThtH}-15N
Proteins and Materials.The 53 TM-CYTO protein NOE (22) was recorded in an interleave manner with and

containing33 residues P688~ T762, either unlabeled or  without broad-bandH saturation and with a relaxation delay

isotope-enriched, was expressed, purified, and dispersed int®f 1.5 s and a saturation time of 5.0 s. To obtain hgi,

DPC micelles as described earlid).(DPC was purchased coupling constants, the HNHA experimerg3| was per-

from Avanti Polar Lipids. Deuterated DPC, sodium acetate, formed with a delay period of 25 ms. The data were

and DO were from Cambridge Isotope Laboratories. processed using NMRPip24) and analyzed with XEASY
Analytical UltracentrifugationEquilibrium sedimentation ~ (25).

was carried out in a Beckman XL-1 analytical ultracentrifuge,

largely as previously described)( To eliminate the DPC ~ RESULTS

contribution to the buoyant molecular weight, 56.1%0D . -
was added to the buffer (10 mM DPC, 50 mM sodium TheﬁS TM.'CYTO protem,.orlglnally produced asaGST
fusion protein, has 78 residues (Figure 1). The amino-

acetate, 50 mM KCI, 1 mM MgGJ pH 4.80) at 20C; 49.1% terminal th id bered f 310-1 t of

D,O was added to the same buffer at®and 45.4% BO tﬁrn;;]na bfee lre5| ues,_tnutrrr: tefre” rorré-ST OT-h , are par do

at 40°C. The molecular weights (adjusted for exchangeable € thrombin cleavage site that 1oflows - Iheremainder
of the protein, numbered as in full-lengft8, contains its

amide protons) and partial specific volumes of the protein . )
were 8744.4 Da and 0.7605 &g at 20°C, 8735.7 Da and complete transmembrane and cytoplasmic domains.

0.7655 crifg at 30°C, and 8730.8 Da and 0.7702 ¥mat Oligomeric State of thg3 TM-CYTO Protein at pH 4.8
40°C. At each temperature, protein samples at three protein/and 50°C. Ideally, for NMR studies, only one oligomeric
DPC ratios (1/300, 1/500, and 1/700) were centrifuged at form of a protein should be present. In DPC micelles at room
three different speeds to equilibrium. The absorption at 280 temperature, thg3 TM-CYTO protein exists in a monomer

nm as a function of radius was monitored and analyzed by trimer equilibrium ). Thus, it was important to identify
nonlinear least-squares global curve fitting).(Finally, conditions in which the monomeric form is predominant
dissociation constants obtained at lower temperatures werel> 95%).

extrapolated linearly in a van't Hoff plot to generate a  Analytical ultracentrifugation was employed to character-
dissociation constant at 5. ize the oligomeric state of the3 TM-CYTO protein at pH
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Ficure 2: Characterizing the oligomeric state by analytical ultracentrifugation. (A) Equilibrium sedimentation3# tHd-CYTO protein

at pH 4.8 and 40C. The central panel shows equilibriuMg vs radius profiles for three samples of different peptide/detergent ratios

(1/300, 1/500, and 1/700) at speeds of 40K, 45K, and 48K rpm. The lines represent the best fit to the data depicting a-tranemer
equilibrium model. The top panels are residual plots. The bottom panel shows the plot of the calculated relative composition of different
species versus the peptide/detergent molar fraction over the range observed in the experiments. The observed species are labeled in the plot.
(B) van't Hoff plot depicting the temperature effect on homotrimerization of38&dM-CYTO protein in DPC micelles at pH 4.8Kp is

the negative log of the dissociation constant of the monertrener equilibrium expressed in mole fraction (peptide/detergent) units. (C)
Comparison of the indole cross-peaks!#-HSQC spectra at different protein/detergent ratios. The difference in line shape Eithe
dimension between the two spectra is due to the difference of points collected along this dimension.

4.8 and 50°C, the optimal experimental conditions deter- ' I

= 4
mined empirically for NMR study. The buffer used for ‘5 1ox10
ultracentrifugation is similar to that for NMR. Since the _g 1x10°
temperature in the ultracentrifuge can only reach*@0Q it ‘\g 5x10°-
was not possible to measure homo-oligomerization &30 >
Instead, measurements were carried out at three lower ﬁ or
temperatures (20, 30, and 4C). The monomettrimer 2 -5x10°-
scheme fit the data very well at all three temperatures; the % etot -
fit for 40 °C is shown in Figure 2A. =
The van't Hoff plot of the negative log of the dissociation =-1.5x10"-
constants, Kqg, vs 17T was linear between 20 and 4C, g 210t - |

indicating that the heat capacity change was negligible
(Figure 2B). Assuming that this linear dependence can be
extrapolated to higher temperatures,ky pf 3.55 in molar
fraction units was calculated for €. On the basis of this ~ FIGURE 3: CD spectra of thgg3 TM-CYTO protein collected at
value, it can be predicted that95% of the3 TM-CYTO different pH and temperatures.
protein will be monomeric when the protein/DPC molar ratio the spectrum, consistent with the presence of two Trp
is lower than 1/500. residues in the protein (Figure 2C). When the protein/DPC
Unlike water-soluble globular proteins, the oligomeric state ratio was increased to approximately 1/200, three major
of membrane proteins does not depend solely on the absolutesross-peaks were observed in the same region, consistent with
protein concentration but depends, to a large extent, on thethe presence of a significant amounjs&TM-CYTO trimer.
molar ratio of protein and detergent (or lipid). Thus, although Therefore, all subsequent NMR experiments were carried
the protein concentration used in the ultracentrifugation out at a protein/DPC ratio of 1/550.
experiments was 2 orders of magnitude less than that in the Temperature and pH Effects on the Protein Conformation
NMR experiments, th83 TM-CYTO protein should remain ~ To test whether the conformation of ti#8 TM-CYTO
in the same oligomeric state if the protein/DPC ratio is the protein characterized at pH 4.8 and 8D is similar to that
same in both experiments. Consistent with this assumption,under more physiological conditions, CD spectra were
15N-HSQC NMR spectra revealed only one protein species, collected under various conditions and compared. Figure 3
presumably 83 TM-CYTO monomer, that was detectable superimposes three spectra: one taken at pH 4.8 afi@€ 50
when the protein/DPC ratio was-1/550. Under these and the other two at pH 7.4 but at 25 and°&) The spectra
conditions, only two indole cross-peaks were observed in were similar, all implying a predominanthelical conforma-

1 1 1 1
190 200 210 220 230 240 250 260
wavelength (nm)
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tion. Increasing the temperature from 25 to*&Dat pH 7.4 A. 15N (ppm)
produced a small, but reproducible, decrease in molar ;;g*; ”8}-(7731;8-7 12‘\31-37;;0-8 12*;7‘:31-2 113-1%7;;3-9 123:7‘1:3-8 ;:;:3
ellipticity, indicating that the protein was slightly less il IS z . ] edo|s
structured at 50C. In contrast, decreasing the pH from 7.4 s 2|g|5/8|8|8 glslz g | 2 |F
to 4.8 at 50°C increased the molar ellipticity values. 81 g% =282 /g|¢2|z%]|:¢2 g
Coincidentally, the ellipticity increase resulting from the T8 T8 oo ° S| 7| 8
change in pH roughly offsets the decrease from the change =TT _
in temperature, resulting in nearly identical spectra for pH I '8 g
4.8,50°C and pH 7.4, 23C. Thus, it appears that although P T T A
lowering the pH and raising the temperature affect the overall ’ -
structure of thgg3 TM-CYTO protein, the effects are small alol o alo
and opposite in direction. Accordingly, the conformation of R od el alatbel | ° i
the 53 TM-CYTO protein at pH 4.8 and 5€C is likely to ] iy c |8
be a reasonable model for th&3 transmembrane and ‘ S oo | o ®
cytoplasmic domains under physiologic conditions. ‘ ol ol -

Assignment of thg3 TM-CYTO Pro_teinAssignment _Of 808 812 812 825 825 647 847 818 818 B33 B33 822
backbone resonances was accomplished mostly using the H (ppm)
HNCACB and CBCA(CO)NH experimentd?, 18). Car-
bonyl carbon chemical shifts were obtained from the HNCO ®
experiment {9, 20). Figure 4A showsN strips of HNCACB
and CBCA(CO)NH spectra, demonstrating sequential as- K
signments of residues A73:N743. Difficulty in assignment
stemmed largely from cross-peak overlap, as well as o "% ° 8
relatively low signal intensities in the transmembrane domain 2
and the membrane-proximal region of the cytoplasmic tail
(Figure 5A). The presence of four Leu-Leu pairs (three are &= e o
in the transmembrane domain, one in the membrane-proximal m e o
region) is noteworthy. Given their locations, these Leu —
residues would be expected to assumexdrelical confor- PSR T g
mation. Thus, it is not surprising that many of theiy &nd i S >
Cs atoms have nearly identical chemical shifts. To resolve =08, 8 s °°,62 3
the resulting ambiguitiesiw(, i + 1) NOEs were used to e\ 707%?271:723’”3{:;
define the sequential connectivity (data not shown). Except 714%?55%72‘ 7o 8
for the G; atoms and a few jdatoms, we could not assign e g B Fe s 8
the other side chain atoms. 00 A gu

Figure 4B shows th#®N-HSQC spectrum annotated with = 724?‘"’"1, 760,2‘99:5
resonance assignments. The first two residues do not show e
cross-peaks in the spectrum, presumably due to the elevated
hydrogen exchange rates. Four residues (A-1, K689, G690,
and D692), flanking two proline residues (P688 and P691) 4

) ]

and all located before the transmembrane region, have two
cross-peaks (one major, one minor) in tAAN-HSQC 9,00 600 700

spectrum. We were able to assign these minor peaks through .

the similar, sometimes identical,@nd G chemical shifts H (ppm)

correlated to the same and preceding residue. The characFicure4: Backbone assignment of tfi8 TM-CYTO protein. (A)
teristic G, and G chemical shifts of the proline residue were 2D **N strip plots of the 3D HNCACB and CBCA(CO)NH spectra

: : : illustrating the sequential assignment of residues A78743. The
also useful. This suggests that the amino terminus of the 5N chemical shift for each strip is indicated on top. Each strip is

protein samples at least two conformations. The exchangejapeled with the type of spectrum, along with the residue number.
between these two conformations is slow on the NMR time Horizontal bars across the strips indicate the connectivity @f C
scale and likely results from proline isomerization. and @3 chemical shifts between the residues. (B) 2N-HSQC
In contrast to the amino-terminal residues, only one cross- ;F&?&gn;g ,t;‘lﬁ?eg“cvthfg Pg;bel:g' Ifniﬁé?f S-T%%aﬁ;g gm@ of
peak was observed for e_ach am"?'e proton in the tran_s'the N-terminal residues are indicated additionally with a prime mark
membrane and cytoplasmic domains. The chemical shift e.g., 689. The two cross-peaks from the indole group of Trp
dispersion of these amide protons was rather limited. The residues are not shown here (see Figure 2C). Three solid lines
most upfield HN chemical shift was 7.8 ppm (for T762), connect the pairs of cross-peaks for Asp Motons.
and the most downfield was 9.0 ppm (for W715). Such a
limited dispersion is consistent with a predominarmthpeli- programs CSIZ6, 27) and PSSI%8). The G, C3, C, and
cal conformation, although some of the cross-peaks areH, chemical shifts, referenced to DSS, were used directly
clustered and reminiscent of random coil conformations.  without temperature adjustment. Both programs generated
Structure and Dynamics of tht8 TM-CYTO ProteinThe very similar predictions of the secondary structure. Figure
secondary structure profile of the protein was generated from5B plots the probability-based prediction from the program
chemical shifts using two algorithms implemented in the PSSI. The3 TM-CYTO protein is dominated by an
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The amino-terminal eight residues are largely random coil,
followed by ana-helical transmembrane domain. This helix
extends to 1721, well past the WK membrane interface motif
and through most of the conserved membrane-proximal
region. Two stretches in the cytoplasmic tail, K#25735

and K748-T755, also adopt significant helical secondary
structure, albeit with probabilities lower than those for the
transmembrane domain. The remainder of the cytoplasmic
domain is largely unstructured.

Heteronuclear NOE anélun, coupling constants were
measured to obtain a more quantitative view of the protein
backbone dynamics (Figure 5C,D). TH#d}-1°N NOE value
measured for each amide bond reflects the movements of
the bond vector on the fast time sca®?). A positive NOE
value indicates more structured regions. Thg,, coupling
constant reports the dihedral torsion angleand smaller
values are typical fon-helical conformations29). In the
B3 TM-CYTO protein, the transmembrane region could be
viewed as an “internal control”, as it is expected to take on
a stablen-helical conformation in the micelle. As expected,
the transmembrane domain (1698/715) had an average
NOE value of 0.77, and most residues in this region had
3June coupling constants between 3 and 4. In contrast, the
residues in both termini had low, and sometimes even
negative, NOE values and relatively high coupling constants
of ~7 Hz, indicating that both termini are not structured.
Measurements were not made for the minor peaks of the
N-terminal residues because of low signal-to-noise ratios.

The cytoplasmic residues have lower NOE values than
those in the transmembrane domain. Interestingly, most
residues, excluding the few carboxyl-terminal ones, maintain
a rather uniform NOE value (Figure 5C). The average value
for residues 1719T755 is 0.54, much higher than would
be expected for a flexible random-coil conformation and only
slightly lower than what is expected for a stable rigid
structure. This uniformity of the relatively high NOE values
suggests that the membrane-distal region of the cytoplasmic
domain is largely structured and tumbles as a single structural
unit. These results are different from earlier NMR measure-
ments of a construct in which th&3 cytoplasmic tail was
fused to a two-stranded helical coiled coil in aqueous
solution. In that construct, the highest NOE value was
approximately 0.2, and more than half of the residues
reported negative value4). The lack of a stable conforma-
tion may be due to the insertion of three glycine residues
N between the coiled-coil sequence andABeytoplasmic tall

690 700 710 720 730 740 750 760 or the absence of phospholipids or their micellar mimics.
Residue number A sharp change in NOE values, rather than a gradual
Ficure 5: NMR-measured structural and dynamic properties for decline, Was Obs.erved between the trans_membrane and
the backbone of thg3 TM-CYTO protein plotted as a function of ~ CYtoplasmic domains. However, the change did not take place
residue numbers. The protein sequence is shown, in zigzag, on theat the consensus border between the two domains (Figure
top. Values for some residues were not obtained due to spectral5C). Instead, it was within the membrane-proximal region,
overlap. (A) Intensities of cross-peaks in i8-HSQC spectrum. between residues L718 and 1719. Consistent with the

Signal intensities in other spectra are similar. (B) Probability of : :
secondary structures predicted from combined chemical sBBjs ( heteronuclear NOE values, the coupling constants increased

Three types of secondary structure are plotted here: helix (red Within the membrane-proximal region to values around 5
square), strand (black circle), and coil (blue triangle). The consensusHz, up from 3-4 Hz observed in the transmembrane region.
chemical shift index calculated from program C26) is very This reflects increased motion in thehelix extending from

similar and not shown. (C) Heteronuclefdt}-**N NOE values. = he transmembrane domain and is possibly due to fraying

The horizontal dashed line indicates the average NOE value for - .
the transmembrane-helix. (D) 3 coupling constants measured ~ "€&" the end of the helix. The helix abruptly ends at the end

from the HNHA experiment. The error in measurement was Of the membrane-proximal region. The coupling constant of
approximately 0.5 Hz. residue D723 was~7 Hz, much higher than those of

'>N-HSQC peak intensity (a. u.)
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extracelluar domain of 3 ; fashion and with the membrane-proximal region extending

TR IRAA, themann 1 favor the membrane nerface. I the Setond, the entre
HFHBLHI L

transmembrane helix resides in the membrane but at an angle
H722-D723"

to accommodate its length, and the membrane-proximal
region is shielded from potential binding partners in the
cytoplasm. Given the hydrophobic nature of the membrane-
. proximal region, transition from the first arrangement to the
1 5 3 second, and vice versa, would not be energetically costly.
FIGURE6: Structural model for the transmembrane and cytoplasmic Inde.ed’ I ha.s be.en proposed that movement of the membrane-
domains of the integrin33 subunit. The helices are shown as Proximal region in and out of the membrane provides a venue
cylinders. Three possible scenarios of the transmembrane helix infor integrin signaling §, 8). In the third, the entire trans-
the membrane are numbered according to the text. The membranemembrane helix is buried upright in the membrane with
proximal region is marked as striped. In the membrane-distal region, jncreased membrane thickness and a change in its lipid
the double-headed arrow indicates the possible interactions bem’ee'l:omposition. There have been reports that lipid can affect

the helices.
e helices integrin signaling 80). Thus, such a movement might provide

neighboring residues (Figure 5D). Thus, the HD dipeptide & possibility for Iipi(_JI regulation of integrin function.
sequence forms a hinge between the membrane-proximal !N contrast to earlier reportd 1—14, 16), we also observed
region and the membrane-distal region. Overall, the distal SUPstantial stable-helix in the membrane-distal region of
region has higher coupling constants than the transmembrandl€ cytoplasmic domain. The cytoplasmic domain, exposed
domain, implying that it is more extended and/or averaged N @queous solutions but attac_hed at one end to the relatively
than the latter. Moreover, coupling constants of residues arge micelle complex, would likely have more local fluctua-
K725—R735 and K748 F754 were around 5 Hz, suggesting tion, and therefore a sllgh_tly onver_NOE ve_llue, than the
that these two regions sample significarbelical conforma- transmemb_rane helix that is buried in the micelle. Further,
tion. Therefore, théJuna coupling constants identified the the uniformity of heteronuclear NOE values for most of the

samea-helical regions as predicted from the chemical shift 3 cytoplasmic tail suggests that, instead of residing in an
information. extended arrangement, the tail might pack onto itself and

behave as a structured domain (Figure 6). Consistent with
this possibility, several proteins bind to residues in both the
proximal and distal cytoplasmic domain helices, implying
that they are in proximity in three-dimensional spa8#)(
Our results also suggest that the attachment to the native
transmembrane helix and/or the presence of an anisotropic
phospholipid-water interface are important for inducing a
structured conformation of thg3 tail. This appears to be
true for theallb counterpart as well, since the isolatetb
cytoplasmic tail is unstructured in aqueous solutiobd) (
but gains significané-helical conformation in the presence
of trifluoroethanol 82). Moreover, when myristoylated at
its amino terminus and attached to a DPC micelle, the peptide
adopts a well-defined, mostly helical structuBS)

Two tyrosine residues are present in fbf cytoplasmic
tail whose phosphorylation state may affatit53 function
(34, 35). Their separation is similar to that of tyrosines in
an immunoreceptor tyrosine-based activation motif (ITAM)
present in many cell surface receptors. The sequence NPLY,
containing the first tyrosine residue (Y747) that is conserved
in many integring subunits, has been suggested to induce a
type 1 5-turn and appears to play a role in integrin regulation

Backbone'H—H NOEs also support the conclusion that
the protein is primarilya-helical, although the analysis was
limited by the degeneracy of theytind H, chemical shifts
(see Supporting Information). Nann(, i + 1) NOEs were
observed for either terminal residues. In contrast, numerous
dun(i, i + 1) NOEs were observed, most of which were in
the regions that are-helical by other indicators. It should
be noted that thelyn(i, i + 1) NOE was not observed for
residue D723, despite the observation that thechemical
shifts of D723 and R724 were sufficiently different. Con-
sistent with the presence of a typesiturn at the NPLY
motif (14), thedun(i, i + 1) NOE of residue L62 was one of
the strongest ones. Most of the identified helical-specific
don(i, 1 + 3) NOEs were located in the transmembrane
domain. In the membrane-proximal region, the only observed
dun(i, i + 3) NOE was between residues W715 and L718,
consistent with fraying at the last turn of the helix. In
addition, three consecutivi(i, i + 3) NOEs were observed
for residues A728F730, confirming that this region is
mostly a-helical. Due to spectral overlap, it was impossible
to observe angyn(i, i + 3) NOESs for residues K748T755.

DISCUSSION (14, 36). Our data are consistent with this possibility.
Moreover, we found that most of the residues between the
We have characterized the monomeric form of ABerM- tyrosine residues, in particular K748 755, sample signifi-

CYTO protein by NMR spectroscopy. We found that the canta-helical conformation. Such a tutiinelix conformation
transmembrane helix extends into the conserved membraneis similar to that of ITAM in the CD3 CYTO domain 87)
proximal region of the cytoplasmic domain and ends at and may be important for function in general. Moreover, a
approximately H722D723, consistent with previous gly-  Y747A mutation, which has been shown to disrupt the turn
cosylation mapping result§). Thus, it is unlikely that the ~ conformation, inhibits the interaction between talin and the
length of the entire transmembrane helix matches the width 53 cytoplasmic tail {4). Similarly, we propose that the
of a typical membrane bilayer. There are three possible mutation S752P, a naturally occurring mutation that interrupts
arrangements for th83 transmembrane helix with respect allb33-mediated bidirectional signaling pathways in the cell
to cellular membranes (Figure 6). In the first, the trans- (38) and causes Glanzmann thrombasther8d),( may
membrane helix is oriented in the membrane in an upright interrupt the important interaction between th8 cyto-
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plasmic tail and interacting proteins by disrupting the helical 16. Vinogradova, O., Velyvis, A., Velyviene, A., Hu, B., Haas, T.

conformation following the-turn. It is noteworthy that the g-r* :';;VK’ Es Fén%”gg”ﬁ-(ggg?s_g :1%)? ’5\%;5316&204
. . . . - . . . . Grzesiek, S., X, A. ) Bi . .
InLrolt_ju;:tlon_ of alanine .at tgls pcl?tst:tlc;n’ ?t;l'ﬁ)mg]? acth with 18. Grzesiek, S., and Bax, A. (1992) Magn. Reson. 9201—-207.
a helix-forming propensity, does little to altefb/33 function 19. Ikura, M., Kay, L. E., and Bax, A. (199@jiochemistry 294659
(40). 4667.
20. Clubb, R. T., Thanabal, V., and Wagner, G. (198lagn. Reson.
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