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b-sheet 2 and b-sheet 3 of the b-propeller domain in 7 of the
16 different integrin a subunits characterized in mammals. The
I domain can be expressed as an isolated domain (12). The
three-dimensional structure of the I domain shows that it has
a nucleotide-binding fold shared with G proteins and a metal
ion-dependent adhesion site (13, 14).
Several subregions are apparent in integrin b subunits. A
region of '240-aa residues (residues 102–344 in b2) shows the
highest conservation between species and among different
subunits and has been termed the conserved region or conserved domain, although there is little evidence that it is a
structural unit. This region has a metal ion-dependent adhesion site-like site and has been predicted to fold into an I
domain-like structure (13, 15). However, the exact boundaries
and fold of this region are debatable. A fold identical to an I
domain has been proposed for residues in b3 that correspond
to residues 102–284 in b2 (15); however, this omits the last 60
residues of the region defined by sequence conservation. We
have proposed a modified fold that encompasses the entire
conserved region (C.H. and T.A.S., unpublished data). Evidence that the domain boundaries indeed correspond to the
conserved region comes from three mAbs that bind combinatorial epitopes involving both Arg-133 and His-332, and one
mAb that binds both Arg-133 and Asn-339. These residues are
in the first and last predicted a-helices in the conserved region,
which are predicted to be adjacent in the structure. It is notable
that in the I domain, the first and last a-helices are also
adjacent (13, 14). The vast majority of mutations in leukocyte
adhesion deficiency I map to the conserved region (see ref. 16).
Because these mutations block association of a and b subunits
during biosynthesis of integrins, the b subunit conserved
domain is important for association with a (8). Site-directed
mutagenesis and cross-linking experiments suggest that the
conserved region is important in ligand binding (17). Furthermore, both function-blocking and activating mAbs map to this
region (18, 19) (C.H. and T.A.S., unpublished data).
A cysteine-rich region is present in the C-terminal portion
of the b subunit extracellular domain, from residues 423 to 609.
The 20% content of cysteine suggests that this region is highly
rigid. Interestingly, a number of mAbs that activate or report
conformational changes map to this region in b1, b2, and b3
(20–26) (C.H. and T.A.S., unpublished data).
Here, we study the folding during biosynthesis of the integrin
b2 subunit. Previous studies on leukocyte integrin biosynthesis
have shown that the a and b subunit precursors are initially
unassociated and have high mannose N-linked carbohydrate,
and that processing to complex carbohydrate with an accompanying increase in Mr does not occur until after a and b
subunit association (4, 8, 27, 28). Thus, transport from the
endoplasmic reticulum to the Golgi apparatus is dependent on
formation of the ab complex. In general, the leukocyte
integrin b subunit is produced in excess over the a subunits and
requires substantially longer to be chased from the precursor
to the mature form. We demonstrate by reactivity with mAb
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ABSTRACT
We have used immunoprecipitation with
mAbs to probe folding during biosynthesis of the b2 integrin
subunit of lymphocyte function-associated antigen 1 (LFA-1;
CD11ayCD18) before and after association with the aL subunit. An evolutionarily conserved region is present in the b2
subunit between amino acid residues 102 and 344. mAbs to one
subregion before the conserved region, and two subregions
after the conserved domain, immunoprecipitated both the
unassociated b*2 precursor and mature aLyb2 complex, suggesting portions of these subregions are folded before association with aL. An activating mAb to the C-terminal cysteinerich region, KIM127, preferentially bound to the unassociated
b subunit, suggesting that it may bind to an epitope that is in
an ab interface in unactivated LFA-1. By contrast, mAbs to
five different epitopes in the conserved region did not react
with unassociated b*2 precursor, suggesting that this region
folds after aL association and is intimately associated with the
aL subunit in the aLyb2 complex. mAbs to two different
epitopes that involve the border between the conserved region
and the C-terminal segment, were fully or partially reactive
with the b*2 precursor, suggesting that this region is partially
folded before association with aL. The findings suggest that
the conserved region is a distinct folding and hence structural
unit, and is intimately associated with the a subunit.
Integrins are a family of cell surface glycoproteins that mediate
cell–cell and cell–substrate adhesion, extracellular matrix assembly, and signal transduction (1). Integrins are heterodimers
consisting of noncovalently associated a and b subunits. The
leukocyte integrins are restricted to leukocytes and share the
b2 integrin or CD18 subunit (2, 3). The b2 subunit can form
four different ab complexes containing the aL (CD11a) subunit of lymphocyte function-associated antigen 1 (LFA-1), the
aM (CD11b) subunit of Mac-1, the aX (CD11c) subunit of
p150,95, and the aD subunit of aDyb2 (4–6). The leukocyte
integrins are essential in many phases of immune and inflammatory responses (7). Mutations in the b2 integrin subunit are
responsible for leukocyte adhesion deficiency I and result in
recurring and life-threatening infections (8, 9).
Much remains to be learned about the structure of integrins.
An overall view is provided by electron microscopy, which
shows a globular head region that binds ligand, contains the
N-terminal portions of the a and b subunits and is connected
to the membrane by two stalks corresponding to extended,
more C-terminal regions of the a and b subunits (10). Several
domains or subregions in integrins have been identified. The
N-terminal region of integrin a subunits contains seven repeats of '60 aa each that have been predicted to fold into a
cylindrical structure with seven b-sheets known as a b-propeller domain (11). An inserted (I) domain is located between
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that regions of the b2 subunit extracellular domain that
precede and follow the conserved domain are folded before
association with aL. Folding of the conserved domain is not
completed until after association with aL; however, portions of
the predicted C-terminal a-helix and possibly the N-terminal
a-helix appear to be folded before association with aL.

MATERIALS AND METHODS
mAbs and Cell Lines. The mouse anti-human CD18 mAbs
TS1y18, CBR LFA-1y2, CBR LFA-1y7, CD11a mAb TS1y22,
and X63 myeloma IgG1 were described (26, 29). Antibody
1C11 was obtained through the Fourth International Leukocyte Workshop. Antibodies 6.7 (30), CLB LFA-1y1 (31), and
L130 were obtained through the Fifth International Leukocyte
Workshop. CLB-54 was a gift from R. Van Lier (University of
Amsterdam). 11H6 was a gift from H. J. Bühring (Med Klinik
II, FACS Laboratory, Tübingen, Germany). Rat antibodies
YFC51.1 and YFC118.3 were gifts from G. Hale (32). GRF1
was a gift from F. Garrido (Servicio de Analisis Clinicos,
Spain). MEM-48 was a gift from V. Horejsı́ (Institute of
Molecular Genetics, Czechoslovakia). MAY.017 was a gift of
Y. Ohashi (33). KIM127 and KIM185 were gifts of M. Robinson (34). Many of these mAbs were characterized in the
Fourth (35) and Fifth (36) International Leukocyte Workshops.
The JY B lymphoblastoid line, and the mutant Jurkat-b2.7
T lymphoblastoid cell line that lacks the LFA-1 a subunit but
retains the b2 subunit (37), were grown in RPMI 1640 medium
supplemented with 10% fetal bovine serum, 2 mM glutamine,
and 50 mgyml gentamicin. The murine T lymphoblastoid cell
line EL-4 was grown in the same medium containing an
additional 50 mM 2-mercaptoethanol.
Metabolic Labeling, Immunoprecipitation, and Electrophoresis. Cultured cells were washed once with cysteine-free
RPMI 1640 medium plus 15% dialyzed fetal bovine serum and
were resuspended to 5 3 106 cellsyml in the same medium.
After incubation for 45 min, cells were pulsed with 500 mCiyml
(1 Ci 5 37 GBq) [35S]cysteine (ICN) for 1 h. Half of the cells
were harvested and the remaining cells were chased for 12–16
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h by adding an equal volume of RPMI 1640 medium containing
500 mgyml cysteine. Labeled cells were lysed with Triton X-100
buffer, and lysates were subjected to immunoprecipitation,
reducing SDSyPAGE, and fluorography as described (38).

RESULTS
A panel of mouse and rat mAbs specific for the human b2
integrin subunit, and one rat mAb specific for the mouse b2
integrin subunit, were used in this study. Eleven mAb recognize 7 different epitopes in the conserved region, all but 1 of
which are defined at the level of individual humanymouse
amino acid substitutions (C.H. and T.A.S., unpublished data)
(Fig. 1). Seven mAbs recognize epitopes in the subregion
preceding the conserved domain and in at least two subregions
following the conserved domain. All mAbs to human b2 could
immunoprecipitate the human LFA-1 aLyb2 complex from
lysates of JY cells pulsed for 1 h with [35S]cysteine and chased
for 16 h, as shown by coprecipitation of the mature aL and b2
subunits (Fig. 2A, lanes 2–17; Fig. 2C, lanes 3, 4). However,
mAb KIM127 precipitated very little mature aL and b2 (Fig.
2A, lane 15). The mature aL and b2 subunits were also
precipitated by a mAb to the aL subunit (Fig. 2A, lane 18).
Although the absolute amount of mature aL and b2 precipitated by different mAbs varied, the ratio of the intensities of
the aL and b2 subunits was the same in all cases, with slightly
more label in b2 than aL.
A subset of mAbs precipitated the b92 precursor in addition
to mature aL and b2. These include mAbs that bind to epitopes
in the two subregions C terminal to the conserved domain (Fig.
2 A, lanes 2, 4, 5, 13, 15, and 16). Even among mAbs that
precipitated the mature aLb2 complex weakly, some detectably
precipitated the b92 precursor (Fig. 2 A, lanes 2, 6, 8, and 15).
Interestingly, KIM127, which is an activating mAb that binds
to cells at 378C but not at 48C and maps to the cysteine rich
region (21, 40), preferentially precipitated the b92 precursor
compared with mature aLyb2 (Fig. 2 A, lane 15). Two mAbs
that bind a combinatorial epitope involving H332 and N339
predicted to lie in the last half of the C-terminal a-helix of the
conserved domain also precipitated the b92 precursor (Fig. 2 A,

FIG. 1. Schematic diagram of the extracellular domain of the integrin b2 subunit. The conserved domain, from residues 102 to 344, is shaded
gray and shown schematically according to its predicted secondary structure (C.H. and T.A.S., unpublished data). Arrows and rectangles represent
predicted b-strands and a-helices, respectively. The regions from amino acids 1–101 and 345 to the end of the extracellular domain at 678 are shown
as black bars and are to scale with one another but not with the conserved domain. All cysteines are shown as vertical lines, and the best characterized
disulfides in b3 (39) are shown as connections between the homologues cysteines in b2. The localization of species-specific residues recognized by
mAbs is described elsewhere (C.H. and T.A.S., unpublished data). Regions were mapped with mouse-human b2 chimeras and single amino acid
substitutions. The regions defined by chimeras are further delimited by excluding regions at their borders identical between mouse and human,
and thus regions specified in the figure are narrower than reported elsewhere.
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FIG. 2. Immunoprecipitation of LFA-1 subunits from JY lymphoblastoid cells. (A and C) Cells were pulsed for 1 h with [35S]cysteine and chased
for 16 h with unlabeled cysteine. (B and D) Cells were pulsed for 1 h with [35S]cysteine. (A and B) Lysates were immunoprecipitated with X63
myeloma IgG1 as control (lane 1), mouse anti-human b subunit (lanes 2–17), and mouse anti-human aL subunit (lane 18) mAbs. As a control, mature
LFA-1 was precipitated with TS1y18 mAb from lysates of JY cells that were pulsed and chased for 16 h (B, lane 19). (C and D) A separate experiment
with 11H6 mAb (lane 3), a batch of which was obtained after other work was completed. Controls with X63 myeloma IgG1 (lane 1), mAb to aL
(lane 2), and CBR LFA-1y2 mAb to b2 (lane 4) were included. Precipitates were subjected to reducing SDSy7.5% PAGE and fluorography. The
positions of mature aL, a9L precursor, mature b2, and b92 precursor subunits are indicated. Molecular weight standards are myosin (200 kDa),
b-galactosidase (116 kDa), phosphorylase b (97 kDa), and serum albumin (66 kDa).

lanes 6 and 10). Moreover, one mAb that binds a combinatorial
epitope involving R133 and N339, which are predicted to lie in
the first and last a-helices, respectively, weakly precipitated the
b92 precursor (Fig. 2 A, lane 8). By contrast, eight mAbs that
map to four other epitopes in the conserved domain precipi-

tated little if any b92 precursor (Fig. 2 A, lanes 3, 7, 9, 11, 12,
14, and 17; Fig. 2C, lane 3).
Association of b92 with a9L precedes carbohydrate processing, resulting in the maturation to b2 and aL; therefore, even
mAbs specific for the a subunit can precipitate small amounts
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FIG. 3. Immunoprecipitation of b92 subunit precursor from mutant Jurkat-b2.7 cells that lack leukocyte integrin a subunits. Mutant Jurkat-b2.7
T lymphoblastoid cells were pulsed with [35S]cysteine for 1 h and chased with unlabeled cysteine for 12 h. Lysates were immunoprecipitated with
X63 myeloma IgG1 control (lane 1), mouse anti-human LFA-1 b subunit (lanes 2–17), and mouse anti-human LFA-1 a subunit (lane 18) mAbs
and subjected to reducing SDSy7.5% PAGE. The position of the b92 precursor is indicated.

of b92 (27). To better study reactivity with unassociated b92,
cells were pulse labeled for 1 h. Under these conditions, mAbs
to b2 precipitated only b92 precursor (Fig. 2B, lanes 2, 4–6, 8,
9, 13, 15, and 16), and mAbs to aL precipitated only a9L
precursor (Fig. 2B, lane 18). Significant ab association does
not occur until later time points, as shown previously (4, 41)
and confirmed after a 16-h chase (Fig. 2B, lane 19). The same
reactivity with b92 precursor was seen as with chased cells.
mAbs to subregions C-terminal to the conserved domain
precipitated b92 (Fig. 2B, lanes 2, 4, 5, 13, 15, and 16), as did
mAb to the epitope involving H332 and N339 in the conserved
domain (Fig. 2B, lanes 6 and 9). Again, precipitation by mAb
1C11 to the epitope involving R133 and N339 was weak (Fig.
2B, lane 8). Furthermore, mAbs to the five other epitopes in
the conserved domain did not precipitate the b92 precursor
(Fig. 2B, lanes 3, 7, 10–12, 14, and 17; Fig. 2D, lane 3).
To further discriminate between b2 subunit epitopes that
were dependent and independent of subunit association, we

utilized a mutant Jurkat T lymphoblastoid cell line that
synthesizes b92 but not a9L precursor and lacks surface expression of LFA-1 (37). Cells were pulsed with [35S]cysteine for 1 h
and chased for 12 h to allow a long time for b2 subunit folding.
The same reactivities with the b92 precursor were observed as
in pulsed and pulse-chased JY cells. mAbs to subregions
following the conserved domain (Fig. 3, lanes 2, 4, 5, 13, 15,
and 16) and to H332 and N339 (Fig. 3, lanes 6 and 9)
precipitated b92 precursor; the mAbs to R133 and N339
precipitated b92 precursor weakly (Fig. 3, lane 8); and mAbs to
the four other conserved domain epitopes did not precipitate
b92 (Fig. 3, lanes 3, 7, 10–12, 14, and 17). As shown previously
(37), nothing was precipitated with a mAb to aL (Fig. 3, lane
18).
Folding of the region N-terminal to the conserved domain
was studied with the rat C71y16 mAb to murine b2. After a 1-h
pulse little b92 or b2 were associated with aL and a9L as shown
by precipitation with anti-aL mAb (Fig. 4, lane 2), yet a large
amount of b92 precursor was precipitated by the mAb to b2
(Fig. 4, lane 3). After a 16-h chase, the mAb to aL precipitated
only mature aL and b2, whereas the mAb to b2 precipitated aL,
b2, and b92, consistent with an excess of b92 over a9L and the
longer time required for maturation of b92 (4, 27, 41). These
findings suggest that the C71y16 mAb reacts with unassociated
b92, and that its epitope in the region N-terminal to the
conserved domain is folded before association with a9L.

DISCUSSION

FIG. 4. Immunoprecipitation of pulse-labeled and pulse-chased
murine LFA-1. The murine T cell line, EL-4 was pulsed for 1 h with
[35S]cysteine, and half of the cells were chased for 16 h with unlabeled
cysteine. Cell lysates were immunoprecipitated with control X63
myeloma IgG1, rat anti-mouse LFA-1 a subunit mAb M7y14, or rat
anti-mouse b2 mAb C71y16. The precipitates were subjected to
reducing SDSy7.5% PAGE. The positions of the mature aL, precursor
a9L, mature b2, and precursor b92 subunits are indicated.

We have used mAbs to probe the folding during biosynthesis
of the integrin b2 subunit. We have demonstrated that folding
of N-terminal and C-terminal segments of the b2 subunit is
independent of the conserved domain, and that folding of most
of the conserved domain requires association with a. We
believe it is reasonable to suppose that the mAbs studied here,
like all other characterized mAbs, are conformationdependent (42) and thus good probes of folding. Furthermore,
a number of the mAbs studied here have been tested in
Western blot analyses and have been found to react with
nonreduced but not reduced b2, demonstrating dependence on
conformation (21, 26).
Regions N-terminal and C-terminal to the conserved domain were found to be folded before a subunit association.
One epitope was present on the unassociated b subunit
precursor in the region between residues 6 and 73. Epitopes
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defined by three different mAbs were present on the unassociated b subunit precursor between residues 350 and 517, and
epitopes recognized by two mAbs were present between
residues 524 and 604 (Fig. 1). It is not known whether mAbs
that map to the same subregion recognize the same or different
humanymouse amino acid substitutions, but species-specific
differences in these latter two regions are abundant. Another
mAb, KIM127, was mapped in a separate study to residues
413–575 (21). KIM127 and KIM185 recognize spatially distinct
epitopes because they do not cross-block one another; furthermore, although CBR LFA-1y2 and KIM127 are both
activating mAbs, the epitope for KIM127 is temperaturedependent (40) whereas that of CBR LFA-1y2 is not (26).
Because mAbs to protein antigens generally interact over a
surface area of 750–900 Å (43), our results suggest that
substantial portions of the regions N-terminal and C-terminal
to the conserved region adopt a near-native protein fold before
association with leukocyte integrin a subunits.
There are several interesting correlations between our results and work on the disulfide bond structure and proteasesusceptibility of the integrin b3 subunit (39, 44). All 56
cysteines in integrin b2 and b3 are conserved and the disulfide
bond structure is expected to be identical (39). Both of the
folded regions defined here are rich in disulfides (Fig. 1).
Furthermore, there is a long-range disulfide bond between
these two regions that links residues Cys-5 and Cys-435 (39).
Approximately the same regions are highly resistant to digestion under native conditions of aIIbyb3 with a variety of
proteases and remain in a ‘‘core’’ that contains residues 1–52
and 423–622 (44). Therefore, the regions N-terminal and
C-terminal of the conserved domain in the b2 subunit not only
appear folded before association with a, but may well fold
together with one another into a common structural unit.
By contrast, substantial portions of the conserved domain
appear not to fold until after association with a. Nine mAb to
five different epitopes within the conserved domain did not
precipitate the unassociated b subunit, but precipitated the ab
complex. These mAbs do not require species-specific residues
from the a subunit because they react equally well with human
aLyhuman b2 and murine aLyhuman b2 as demonstrated by
immunofluorescence with mouse 3 human hybrid T cell lines
(45) (data not shown). A caveat is that non-species-specific
portions of the a subunit could be required for completion of
a species-specific b subunit epitope. However, because speciesspecific substitutions are expected to be present near the
center of epitopes, this interpretation appears less likely than
dependence on association for folding, particularly as a general
explanation for our results with multiple mAbs to five different
epitopes. The mAbs that recognized b only after association
with a include three specific for residue E175, one specific for
residue R122, one specific for residue R133, and three specific
for a combinatorial epitope involving R133 and H332 (C.H.
and T.A.S., unpublished data). Within this latter group specificities differ, since reactivity with mAb TS1y18 is lost only
when both R133 and H332 are substituted with corresponding
mouse residues, whereas reactivity with YFC51.1 and
YFC118.3 is lost when either residue is substituted. A further
mAb, MAY.017, could not be assigned to a specific amino acid
residue, but appears to recognize a combinatorial epitope
involving residues both in the region of 122–163 and 164–254.
The results with these mAbs suggest that a substantial portion
of the conserved domain is at least partially unfolded in the
unassociated b2 subunit, and that folding is not completed until
after association with the a subunit. Differential reactivity with
ab compared with free b has also been observed using a
smaller set of b2 mAb with secreted, truncated axyb2 (46) or
aLyb2 (C.L. and T.A.S., unpublished data) compared with
secreted, truncated b2.
It was interesting that three mAbs to two different epitopes
in the conserved domain could recognize the unassociated b
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subunit, and that all recognized as part of their epitope N339,
which is on the border of this domain. Two mAbs recognize
H332 and N339, which are predicted to be on the same face of
an a-helix that is the final secondary structure element in one
model of the conserved domain (C.H. and T.A.S., unpublished
data). Reactivity of these mAbs is lost when N339 is substituted, and only partially lost when H332 is substituted. The
ratio of aLyb2 complex to b92 precursor precipitated by these
two mAbs appeared to be the same as for mAbs to the
C-terminal regions that are independent of association (Fig.
2), which suggests that this putative a-helix, or at least the part
of the helix containing residue N339, and surrounding regions
recognized by these mAbs, are almost fully folded before
association with aL. The 1C11 mAb recognizes N339 and
R133. The latter residue is predicted to be on the first a-helix
in the conserved domain; helices bearing R133 and N339 may
correspond to the neighboring a-helices 1 and 7 in the I
domain. Reactivity with 1C11 mAb is lost when both R133 and
N339 are substituted with mouse residues and retained when
only one is substituted. The 1C11 mAb clearly reacts with the
unassociated b2 precursor, but less well than with the aLyb2
complex. This could suggest that there is some association
between these two a-helices before association with the a
subunit. The conserved domain might be partially folded in the
unassociated b subunit, or folding together of the N-terminal
and C-terminal segments of the b subunit might bring these
regions together. However, because reactivity is retained when
either R133 or N339 is substituted, an alternative possibility is
that antibody binding could occur even without association
between the two predicted a-helices.
Our results on the conserved domain of b2 correlate with
proteolysis and disulfide studies on this region in b3. In native
aIIbyb3, the regions between residues 100–150 and 308–324 are
the most sensitive to proteolysis (44), and the conserved
domain has only two disulfide bonds (Fig. 1) (39).
We report elsewhere that in the LFA-1 aL subunit, subregions in the b-propeller domain require b subunit association
for folding, whereas folding of the I domain is independent of
the b-propeller domain and association with the b subunit
(38). Probes were unavailable to assess the status of a substantial portion of the a subunit extracellular domain that is
C-terminal to these two domains. Since the N-terminal regions
of the integrin a and b subunits appear to associate as shown
by electron microscopy (10), these results may suggest that the
b subunit conserved domain and the a subunit b-propeller
domain associate with one another; however, other regions
that have not been probed with mAbs might also be unfolded
in the isolated a and b subunits and contribute to the observed
interactions. Because both the b-propeller domain and the
conserved domain are important in ligand binding, the mode
of interaction between them is of considerable interest. The
Ca21-binding motifs in integrin a subunits are predicted to be
in close proximity to one another on the lower surface of the
b-propeller domain (11). Because removal of Ca21 weakens
association between integrin a and b subunits (47, 48), and can
activate ligand binding by LFA-1 (49), this surface may be
involved in interaction with the b subunit, and in particular
with the conserved domain.
Our studies suggest that among several subregions of the b
subunit, the conformation of the conserved domain is most
dependent on a subunit association. However, other regions
may also participate in subunit interfaces, while retaining
conformations more nearly resembling those present in the
unassociated a and b subunits. This may be the case in the
cysteine-rich, C-terminal portion of the b subunit. A number
of mAbs that can induce integrin activation or report activation
map to C-terminal regions of the b subunits (20, 22–26) (C.H.
and T.A.S., unpublished data). KIM127 mAb can induce
integrin activation (40) and bound preferentially to the unassociated b2 subunit compared with the ab complex. This mAb,
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binding of which to b2 integrins on the cell surface is temperature-dependent (40), may bind to a region of the b2 subunit
that is buried in an interface with a in unactivated integrins and
is exposed in an alteration in the ab interface that is associated
with activation.
In conclusion, our results show that folding of the conserved
domain is not completed until after association with the
integrin aL subunit. By contrast, no dependence on association
with aL was found for the folding of the region N-terminal to
the conserved domain, and two subregions C-terminal to the
conserved domain. Our results have implications for the
domain structure of b2 and provide support for the idea that
the conserved region of the integrin b subunit is a domain and
is intimately associated with the integrin a subunit. Together
with previous studies, this information contributes to a low
resolution model of tertiary and quaternary associations within
integrin ab complexes and may be useful in guiding efforts
aimed at higher resolution structural studies.
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Dransfield, I., Cabañas, C., Craig, A. & Hogg, N. (1992) J. Cell
Biol. 116, 219–226.

