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MVB12-associated β-prism (MABP) domains are predicted to occur
in a diverse set of membrane-associated bacterial and eukaryotic
proteins, but their existence, structure, and biochemical properties
have not been characterized experimentally. Here, we find that the
MABP domains of the MVB12A and B subunits of ESCRT-I are func-
tional modules that bind in vitro to liposomes containing acidic
lipids depending on negative charge density. The MABP domain
is capable of autonomously localizing to subcellular puncta and
to the plasma membrane. The 1.3-Å atomic resolution crystal
structure of the MVB12B MABP domain reveals a β-prism fold, a
hydrophobic membrane-anchoring loop, and an electropositive
phosphoinositide-binding patch. The basic patch is open, which
explains how it senses negative charge density but lacks stereo-
selectivity. These observations show how ESCRT-I could act as a
coincidence detector for acidic phospholipids and protein ligands,
enabling it to function both in protein transport at endosomes
and in cytokinesis and viral budding at the plasma membrane.

HIV ∣ protein structure ∣ protein-membrane interactions ∣ X-ray
crystallography ∣ subcellular localization

The concept of modular membrane-targeting domains is an
important theme in the architecture of regulatory proteins

and central to our current understanding of the subcellular loca-
lization of proteins (1–3). The best known of these modules
include the PH, PX, FYVE, C1, C2, and ENTH domains (1–3).
Each of these domains was initially proposed on the basis of
bioinformatics analysis and subsequently confirmed by structural,
biochemical, and cell biological approaches.

A recent bioinformatics analysis (4) led to the identification
of a putative membrane-targeted domain, termed the “MVB12-
associated β-prism” (MABP) domain (4). MABP domains are
found at the N termini of MVB12A and B, which are subunits
of the human ESCRT-I complex (5). ESCRT complexes are re-
sponsible for the endosomal sorting of ubiquitinated membrane
proteins into multivesicular bodies (MVBs) en route to their ly-
sosomal degradation (6, 7). ESCRT-I in particular is also involved
in plasma membrane functions in cytokinesis and the release of
HIV-1 and other viruses (8). MABP domains are also found in
many membrane-associated bacterial proteins and in the N-term-
inal region of human DENND4 isoforms. DENND4 proteins are
Rab10 guanine nucleotide exchange factors that localize to a tub-
ular Golgi-proximal membrane compartment (9).

We set out to test the inference that MABP domains interact
with membranes and found that the MVB12A and B MABP
domains did. The crystal structure, solved at atomic resolution,
showed that the MABP domain has a β-prism fold, consistent
with the bioinformatics analysis. The structure identified a poten-
tial membrane-binding site, which we confirmed experimentally
in vitro and in vivo. We found that the domain bound to lipo-
somes according to the negative charge density of the membrane
but with little specificity for particular lipid head groups. We went
on to characterize the subcellular localization of fluorescent
MVB12MABP domain fusions and found that under appropriate

conditions they localize to both punctate structures and to the
plasma membrane, consistent with the unique properties of
ESCRT-I.

Results
The MABP Domain Is Necessary and Sufficient for ESCRT-I Binding to
Liposomes. In order to test whether the MABP domain could bind
to membranes, recombinant MABP domains of MVB12A and
MVB12B were purified to homogeneity and liposome binding
was tested. Both MABP domains bound in a sedimentation assay
to liposomes prepared from Folch fraction I (Fig. 1A). Folch frac-
tion I consists of a 1∶5∶4 ratio of phosphoinositols, phosphatidyl-
serine, and cerebrosides isolated by organic extraction of brain.
At protein concentrations of 10 μM, approximately 35% of
the MVB12B-MABP bound and a slightly lesser fraction of
MVB12A-MABP. To probe the possible involvement of other
domains of ESCRT-I in liposome binding, a minimal ESCRT-I
core was designed on the basis of homology with the crystallized
yeast ESCRT-I core (10). The heterotetrameric core construct
was produced as a soluble recombinant protein from Escherichia
coli. The core region remained completely in the soluble fraction
in sedimentation assays with Folch liposomes (Fig. 1B). A con-
struct in which full-length MVB12 including the MABP domain
was incorporated into the otherwise minimal core regained bind-
ing (Fig. 1B). We next asked whether fully assembled human
ESCRT-I, consisting of the subunits TSG101:VPS28:VPS37B:
MVB12A, bound to liposomes. At a concentration of 1 μM, the
majority of ESCRT-I sedimented with Folch liposomes (Fig. 1C).
Thus, some additional binding energy on the order of approxi-
mately 2 kcal∕mol might be provided in the fully assembled
complex, presumably through additional interactions with the
liposomes. Alternatively, oligomerization of ESCRT-I on the
membrane is possible and would also serve to increase affinity.
In a variant in which MVB12A was replaced by a version in which
theMABP domain was deleted (MVB12A-ΔMABP), only a trace
level of pelleting was observed. To the extent that regions of
ESCRT-I other than the MABP domain (Fig. S1) might interact
weakly with liposomes, these interactions are insufficient for
membrane association in the absence of the MABP domain. This
observation demonstrates that theMABP domain is necessary for
liposome binding by ESCRT-I. Taken together, these data show
that the MABP domain is both necessary and sufficient for
ESCRT-I to bind liposomes in vitro.
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The MABP Binds to Anionic Lipids Nonspecifically. In order to deter-
mine the lipid specificity of the MABP domain, liposomes made
up of a defined composition of synthetic lipids were tested. Initial
screens showed that the monoanionic lipid phosphatidylserine
and the polyanionic plasma membrane lipid phosphatidylinositol
(4,5)-bisphosphate [PIð4;5ÞP2] were among the lipids that bound
robustly. These two lipids were selected for a detailed binding
analysis. Phosphatidylserine (PS) binds half-maximally to the
MABP domain at a concentration of 55 mol% (Fig. 2A). The
binding has high apparent cooperativity with respect to PS, with
a Hill coefficient of 8.2� 1.3. In order to control for equivalent
electrostatic contributions, binding of PIð4;5ÞP2 was compared to
that of PS on the basis of a charge of −4 at the pH 7.4 of the
experiment (11). Thus 40 mol% PS is compared to 10 mol%
PIð4;5ÞP2 (Fig. 2A). Half-maximal binding was observed at 20mol
% PIð4;5ÞP2, which corresponds to the same negative charge
density as 80 mol% of an anionic lipid (Fig. 2A). Thus whereas
both lipids bound, on a charge-equivalent basis, PS has a margin-
ally higher affinity.

In cells, lipids are presented to proteins as a mixture, and the
mole fractions of the anionic lipids examined are lower than the
saturating values seen in Fig. 2A. Mixtures of PS and phosphoi-
nositides were evaluated for binding. The mole fraction of PS was
set at 35%, which binds weakly on its own, and supplemented
with phosphoinositides on a charge-equivalent basis to match
a total PS mole fraction of 70%. In other words, 35% PS was
replaced with 8.25 mol% PIð4;5ÞP2, one-fourth the amount on a
molar basis. The uncharged lipid phosphatidylcholine (PC) was
used as the background in all cases. Several phosphoinositides of
known or potential relevance to ESCRT-I biology at endosomes
[PI(3)P and PIð3;5ÞP2] or the plasma membrane [PIð4;5ÞP2 and

PIð3;4;5ÞP3] were tested. Each phosphoinositide:PS combination
bound to the MABP domain with very similar affinity, though in
no case was the binding fully equal to that of the charge-equiva-
lent quantity of PS. In conclusion, we have detected no indication
that the MABP domain has significant specificity for any of the
phosphoinositides of significance in the ESCRT pathway. If any-
thing, the MABP domain shows a preference for PS, which is
broadly distributed on the plasma membrane, trans-Golgi, and
endosomal network (12). This preference is marginal, however,
and, in conjunction with the open nature of the lipid-binding
site, described below, lipid recognition by the MABP domain
seems best characterized as charge-dependent but otherwise non-
specific.

The MABP Domain Targets Punctate Structures and the Plasma Mem-
brane. In order to determine the subcellular targeting proper-
ties of the MABP domain, a construct expressing the MVB12B
MABP domain fused to mCherry was transfected into HeLa cells
for confocal microscopy analysis in live cells. MVB12B-MABP
was found in the nucleus, bulk cytosol, and, to a lesser degree,
punctate structures within the cytosol (Fig. 3A). The punctate
structures appear to correspond to late endosomes, because most
of them are positive for the late endosomal marker Rab7, but few
are labeled by the early endosomal marker EEA1 (Fig. S2). Given
the ability of MVB12B-MABP to bind to multiple anionic lipids,
including PIPs characteristic of both endosomes and the plasma
membrane, we were initially surprised to notice substantial dif-
fuse nuclear and cytosolic localization, as well as an apparent
absence of plasma membrane localization. It is important to note
in this connection that the in vitro binding of MVB12B-MABP to
liposomes is of moderate affinity, with K1∕2 estimated at 10 μM
(for liposomes of 60% PS) on the basis of the data described
above. Thus MVB12B-MABP has lower affinity than widely used
PIð4;5ÞP2 markers such as the phospholipase C-δ PH domain.
The FYVE domain of Hrs is also predominantly cytosolic (13),
in spite of its estimated 2.5-μM binding constant for PI(3)P-con-
taining liposomes (14). We adopted the strategy previously used
to construct a cellular PI(3)P probe from a tandem Hrs-FYVE
fusion, which was shown to localize efficiently to early endosomes
(13). The tandem MABP construct (“2xMABP”) showed strong
plasma membrane and punctate localization while having a much
reduced level of diffuse localization (Fig. 3B).

Crystal Structure of the MVB12 MABP Domain. The crystal structure
of the MVB12B-MABP domain was determined by multiwave-
length anomalous dispersion (MAD) from selenomethionyl pro-

Fig. 1. TheMABP domain is necessary and sufficient for liposome binding by
ESCRT-I. (A) The MABP domain binds to Folch fraction liposomes. (B) The
MABP domain is sufficient to confer lipid binding on ESCRT-I. (C) The MABP
is necessary for lipid binding by ESCRT-I. “S” indicates supernatant, and “P”
indicates pellet in vesicle sedimentation assays.

Fig. 2. The MABP domain binds to highly acidic liposomes with little head group specificity. (A) Binding of MVB12B-MABP to liposomes composed of the
indicated mole fraction of PS or to the charge-equivalent amount of PIð4;5ÞP2, assuming charges of −1 and −4, respectively, per molecule. (B and C) Binding of
MVB12B-MABP to the indicated mixtures of PS and phosphoinositides. All phosphoinositide:PS mixtures are equivalent in net charge to 70% PS. In A and B, PC
is used as the background lipid in all cases. “S” indicates supernatant, “P” indicates pellet, and “blank” indicates a control containing no liposomes.
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tein, and the structure was refined to 1.3-Å resolution (Fig. 4A
and Table 1). The structure confirms the prediction of a β-prism
fold (4). Consistent with the bioinformatics analysis, which iden-
tified the β-prism fragment of the Photorhabdus luminescens
membrane attack complex/perforin (MACPF) protein as the only
crystallized homolog, Protein Data Bank ID code 2QP2 (15) was
the closest structural homolog found in a search of the Protein
Data Bank (16). The β-prism domain of P. luminescens MACPF
aligns with the MVB12B MABP domain with a Cα rmsd value of
2.6 Å over 130 residues, and a Z score of 13.6 (Fig. S3). The struc-
ture is organized into three β-sheet subdomains, which are ar-
ranged about a pseudothreefold axis with respect to one
another. Each of the β-sheets is antiparallel and has the strands
arranged in the sheet in the order 1–3–2.

The structure contains two prominent features that were sug-
gestive of roles in membrane binding. First, inserted between
β-strands 2 and 3 of subdomain I is a loop (highlighted in Fig. 4B)
which contains at its tip a β-turn. The residues at the II and III
positions of the turn are Leu85 and Phe86, which by virtue of
their placement on the isolated turn find themselves hyperex-
posed. In the crystal, the hyperexposed conformation is stabilized
by lattice contacts (Fig. S4). In solution, it would be available for
membrane binding. We speculated that these residues comprised
either a docking site for another protein or, by analogy to other
membrane-binding domains (3, 17), a hydrophobic membrane
anchor. Such anchor regions occurs on FYVE, C1, PX, and
ENTH domains and others and increase affinity for membrane-
embedded lipids by allowing the protein itself to embed into

the membrane (3, 17). Second, a conserved (Fig. 4C and Figs. S5
and S6) electropositive surface occurs close in three dimensions
to where the above-mentioned loop exits β-sheet I. This patch is
centered around Lys143 and Lys144. The juxtaposition of the
electropositive patch and a potential membrane-anchoring loop
suggested to us a potential mode of membrane docking (Fig. 4C).

Validation of the MABP Domain Membrane-Binding Site. In order to
test the putative role of the electropositive patch in membrane
binding, conserved patch residues Lys143 and Lys144 were mu-
tated to Asp (Fig. 5 A and B). Nonpatch residues Lys102 and
Lys115 were also mutated, as controls for structurally non-
specific net charge effects. MVB12B-MABP bearing the muta-
tions K102D and K115D bound to Folch liposomes to the same
extent as the wild type (Fig. 5 A and B). The K143D mutation
blocked binding completely, whereas K144D reduced binding

Fig. 3. Subcellular targeting by the MABP domain. (A) mCherry-MVB12B-
MABP is predominantly cytosolic with some punctate localization (arrows).
(B) The tandem construct mCherry-ðMVB12B-MABPÞ2 localizes predomi-
nantly to the plasma membrane and punctate structures (arrows).

Fig. 4. Structure and membrane-binding mechanism of the MABP domain.
(A) Electron density (2Fo − Fc) synthesis highlighting the tip of the β2–β3 loop
of subdomain I. (B) Overall fold of the MABP domain colored by subdomain.
(C) Model for membrane binding colored according to electrostatic potential,
with blue electropositive and red electronegative. Hydrophobic residues at
the tip of the β2–β3 loop are highlighted and their potential role in mem-
brane insertion shown.

Table 1. Statistics of crystallographic data collection and refinement

Data collection

Construct MVB12B47–151His6× SeMet MVB12B47–151His6×
Space group P212121 P212121
Cell dimension a ¼ 32.4 Å, b ¼ 52.6 Å, c ¼ 71.4 Å a ¼ 32.4 Å, b ¼ 52.4 Å, c ¼ 71.6 Å
X-ray source SER-CAT 22 ID SER-CAT 22 ID
Wavelength, Å 1.0000 edge ¼ 0.9792 peak ¼ 0.9798 remote ¼ 0.9546
Resolution, Å 1.34 (1.39 − 1.34) 2.08 (2.19 − 2.08)
No. of unique reflections 27073 7675 7650 7 718
I∕σðIÞ 23.2 (2.0) 19.3 (12.7) 15.7 (10.0) 19. 9 (12.9)
Rmerge 7.9 (52.0) 6.1 (9.4) 7.6 (10.1) 5.9 (10.1)
Data completeness, % 96.3 (85.0) 99.1 (94.2) 99.1 (97.5) 99.5 (97.4)
Multiplicity 7.2 (3.2) 5.8 (5.3) 5.8 (5.3) 5.8 (5.3)
Refinement

Rwork, % 16.5
Rfree, % 19.3
rms bond angle deviation, ° 1.5
rms bond length deviation, Å 0.014
Ramachadran (outliers/favored) 0%∕99.3%
Number of non-hydrogen atoms protein 1,223, water 225

Numbers in parentheses refer to the highest resolution shell of the respective dataset.
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to about half of the wild type (Fig. 5B). To probe the role of the
putative membrane-anchoring loop, a construct MVB12B-MABP-
Δloop was made in which the loop K82DGLFKSK89 was replaced
by the linker Gly-Ser-Ser-Gly. MVB12B-MABP-Δloop completely
lost the ability to bind liposomes (Fig. 5 A and B). From these data,
we concluded that the membrane-binding model shown in Fig. 4C
is a reasonable representation of the mode of binding to liposomes
in vitro. To determine whether this mechanism extended to the
situation within cells, the localization of an mCherry-MVB12B-
MABP-Δloop construct was compared to wild-type mCherry-
MABP. The mCherry-MVB12B-MABP-Δloop construct was
found to be exclusively diffuse in localization, with no puncta
observed (Fig. 5C). We conclude that MABP most likely binds
to cellular membranes by using the K82DGLFKSK89 as a mem-
brane anchor in the mode shown in Fig. 4C.

Discussion
Here we have established that the MABP domain is a bona fide
membrane-targeting module. The MABP domain binds to acidic
lipids more or less nonspecifically, though with a modest pre-
ference for phosphatidylserine. In these respects, it resembles
another recently defined membrane-targeting module, the KA1
domain (18). The presence of this domain in MVB12 helps ra-
tionalize a confusing aspect of human ESCRT-I biology, namely,
its ability to function at both endosomes and the plasma mem-
brane, with their differing lipid compositions. TheMABP domain
of MVB12 can bind to mixtures of anionic lipids that are present
both at late endosomes and at the plasma membrane, consistent
with the cellular functions of ESCRT-I. The properties of other
MABP domains, such as those of DENND4 isoforms whose
membrane-binding determinants are partially conserved with
MVB12, remain to be further explored.

The moderate affinity of the interaction is a critical feature of
the MABP domain. Estimated to be in the tens of micromolar,
the affinity is too low to target to membranes in the absence of a
second factor. Membrane affinity is an order of magnitude higher
in the context of the full-length ESCRT-I complex. Nevertheless,
the specificity of subcellular localization cannot be accounted for
by membrane binding alone. Thus, human ESCRT-I appears to fit
the paradigm of a coincidence detector, which prevents ESCRT-I
from binding inappropriately to acidic internal membranes other
than late endosomes and the plasma membrane. It also prevents
ESCRT-I from binding late endosomes and the plasma mem-
brane until its activity is needed there. At the plasma membrane,
CEP55 (19–21) and the P(S/T)AP motifs of HIV-1 Gag (22–25)
and other viral proteins provide the additional increment in

affinity to drive recruitment. In the case of endosomes, the P
(S/T)AP of the Hrs subunit of ESCRT-0 and the proteins Tom1L1
and GGA3 could serve as additional factors providing specificity
(26–31).

Although ESCRT-0 does not colocalize completely with
ESCRT-I in cells, there is abundant evidence that ESCRT-0 has
an important functional role in ESCRT-I recruitment. One way to
resolve this apparent contradiction is to postulate that the nega-
tive charge density of the endosome surface might increase as the
endosome matures from early to late. The phosphorylation of PI
(3)P to PIð3;5ÞP2 is essential for maturation of late endosomes
(32, 33). The addition of a charge on the 5-phosphate suggests
one mechanism for an increase in negative charge density. It is
unclear at this time if enough PIð3;5ÞP2 is produced to increase
the charge density by the necessary amount. Endosomes are en-
riched in PS (12). PI(3)P, a lipid that is intimately associated with
the ESCRTs, has in common with PS that both lipids are incor-
porated into the intralumenal vesicles (ILVs) of MVBs (12, 13).
By taking the observation that PS is incorporated into ILVs in
cells in combination with the in vitro preference of human
ESCRT-I for PS, a functional connection between the ESCRTs
and PS in ILV budding (34) seems plausible. The cooperativity
of the PS binding suggests a mechanism to amplify the response
to small changes in charge, as seen in the example of cooperative
PIð4;5ÞP2 binding by the neuronal Wiskott–Aldrich Syndrome
Protein (35). Thus, high levels of PS in endosomes could provide
a baseline on top of which small increments in membrane surface
charge density could trigger a switch-like response in ESCRT-I
recruitment.

How does MVB12-MABP act as an almost pure charge-
density-dependent membrane binder? The electropositive mem-
brane-binding patch is open and contrasts to the well-defined
pocket seen in highly specific PIP binding pockets of the PH (36)
or FYVE domains (37). The MABP domain membrane-binding
site seems more reminiscent of that of the KA1 domain (18),
which also lacks a stereoselective binding pocket. Membrane tar-
geting via nonspecific binding to acidic lipids is most commonly
carried out by polylysine tracts and basic amphipathic helices
(38). Indeed, the ESCRT pathway itself provides some examples,
including basic putative helices at the N termini of Vps37 of yeast
ESCRT-I (10) and Vps22 of yeast and human ESCRT-II (39). It is
intriguing that sometimes specialized domains, such as MABP
and KA1, use well-defined three-dimensional folds to carry out
the same function.

In addition to MVB12A-B, there are at least three additional
human genes coding for MVB12-like proteins that, based on
sequence homology, appear to be capable of forming alternative
ESCRT-I complexes in place of MVB12 (4). One of these,
UBAP1, forms an alternative ESCRT-I complex that localizes
to endosomes and functions in epidermal growth factor receptor
down-regulation (40). UBAP1 lacks a MABP domain but instead
has three potentially ubiquitin-binding UBA domains at its C
terminus (see Fig. S1). This structural arrangement is predicted
to place them close to the ubiquitin-binding UEV domain of
TSG101 in three dimensions. The incorporation of UBAP1 could
provide an alternative means to recruit ESCRT-I to endosomes or
other sites where high concentrations of ubiquitinated proteins
are found. Thus, ubiquitin or acidic lipids appear able to drive
the recruitment of distinct ESCRT-I complexes to different sites
in the cell, providing some insight into the diversity of ESCRT-I
isocomplexes and cellular activities.

Materials and Methods
Plasmid Construction. Plasmids were constructed by restriction cloning. All
mutants were constructed by a Phusion® Site-Directed Mutagenesis Kit
(Finnzymes) according to the manufacturer’s instructions. All plasmids were
verified by sequencing. Plasmids designed for this study are listed in Table S1.
VPS23/pCAG, VPS37B/pCAG, VPS28/pCAG, and MVB12A/pCAG were kindly
provided by Wesley Sundquist (University of Utah, Salt Lake City, Utah).

Fig. 5. Mechanism of membrane binding by the MABP domain. (A and B)
Binding of MVB12B-MABP mutants to Folch liposomes. (C) Subcellular
localization of mCherry-MVB12B-MABP hydrophobic loop mutant is diffuse
with no detectable punctate localization.
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Protein Expression and Purification. Human MABP domain (MVB12A9–151

and MVB12B47–192) and all its mutants were expressed with a C terminal
6× histidine tag in E. coli at 30 °C O/N after induction with 0.5 mM isopropyl
thiogalactoside (IPTG) at an optical density (OD 600 nm) of 0.8. The proteins
were affinity purified by using Ni-NTA resin (QIAGEN) and further purified
by size exclusion chromatography at Superdex 75 column (GE Healthcare)
in 20 mM Tris, pH ¼ 7.4, 50 mM NaCl, 3 mM DTT, 1 mM EDTA buffer. Human
full-length ESCRT-I was purified as described in ref. 5. Briefly, the four
subunits were coexpressed in a mammalian expression system with a Strep
tag attached to the VPS23 subunit. ESCRT-I complex was affinity purified by
using StrepTrap HP column (GE Healthcare) followed by size exclusion chro-
matography at Superdex 200 column (GE Healthcare) in 20 mM Tris, pH ¼ 7.4,
150 mMNaCl, 3 mMDTT, 1 mM EDTA buffer. The ΔMABP form of ESCRT-I was
prepared in the same manner except that full-length MVB12A was replaced
by MVB12A152–273. To prepare the core ESCRT-I complex, all four subunits
were coexpressed in E. coli. VPS23218–388, VPS37B6–164, and VPS2816–113 were
expressed from the pST-39 vector, and MVB12B254–303 was expressed from
pRSFD with a N-terminal 6× His and GB1 fused in frame. Expression was car-
ried out in E. coli at 30 °C overnight after induction with 0.5 mM IPTG at an
optical density (OD 600 nm) of 0.8. The minimal core with the MABP domain
attached was made in the same manner but with MVB12B47–303 replacing the
smaller MVB12B fragment. The complex was affinity purified by using Ni-NTA
resin (QIAGEN) and further purified by size exclusion chromatography at
Superdex 200 column (GE Healthcare) in 20 mM Tris, pH ¼ 7.4, 150 mM NaCl,
3 mM DTT, 1 mM EDTA buffer. Proteins were flash frozen in liquid nitrogen
and stored at −80 °C until use.

Crystallization and Crystallographic Analysis. For crystallization the MABP
domain was concentrated to approximately 10 mg∕mL. Crystals grew in
2–3 d at 291 K in hanging drops consisting of a 1∶1 mixture of the protein
and a well solution (100 mM Tris, pH 8.5, 33% PEG 400). SeMet crystals were
grown in the same condition by microseeding using the native crystals as
seeds. Both native and Se-MAD datasets were collected from a single frozen
crystal by using a MAR CCD detector at beamline 22-ID, Advanced Photon
Source. All data were processed and scaled by using the HKL2000 suite.
All five expected SeMet sites were found by SHELX (41). A single copy of
the MABP domain occurs per asymmetric unit. A polyalanine model obtained
from anomalous data was used for molecular replacement against the native
dataset. Model building and refinement was done by using Coot (42) and
Phenix (43). The model was refined to Rwork ¼ 16.5% and Rfree ¼ 19.3%.
Structural figures were generated by using PyMol (44).

Confocal Microscopy. HeLa cells were grown in Dulbecco’s modification of
Eagle’s medium ðDMEMÞ þ 10% fetal bovine serum (FBS) (Invitrogen). For

live cell imaging, the cells were grown at an eight well chambered cover-
glass (Lab-Tek) to 70% confluency. The medium was changed to OptiMEM
I reduced serum medium (Invitrogen) and cells were transfected by 200 ng
of each plasmid DNA by Lipofectamine (Invitrogen) according to manufac-
turer’s instructions. Briefly, the cells were incubated for 4 h with the transfec-
tion mixture and washed with 1× PBS, and the medium was exchanged back
to DMEMþ 10% FBS. The cells were cultured for an additional 12–16 h and
visualized by using a Zeiss LSM780 confocal microscope equipped with a
heated stage at 37 °C. The 561-nm laser was used for mCherry illumination.
The LSM780 array detector was set to collect in windows of �20 nm around
the emission maximum (600–620 nm for mCherry). In each experiment, at
least 200 cells were observed. Results are presented are based on at least
three replicate experiments.

Liposome Pulldown Assays. Lipids were dissolved in chloroform (1-palmitoyl-2-
oleoyl-sn-glycero-3-phospho-L-serine, 1-palmitoyl-2-oleoyl-sn-glycero-3-
phosphocholine, and Folch fraction I) or in a mixture of methanol:chloro-
form:water at a ratio of 1∶2∶0.8 [for PI(3)P, PI(3,5)P, PIð4;5ÞP2, and
PIð3;4;5ÞP3] and were pipetted in glass tubes at the desired ratios. One per-
cent of fluorescent dye 1,1'-dioctadecyl-3,3,3',3'-tetramethlyindodicarbocya-
nine was added to allow better visualization of lipids. The solvents were
evaporated under a stream of dry nitrogen, and the residual organic solvents
were removed by overnight incubation in vacuum. Lipids were hydrated for
5 h in binding buffer (20 mM Tris, pH ¼ 7.4, 150 mM NaCl, 1 mM tris(2-car-
boxyethyl)phosphine, 1 mM EDTA) at 4 °C, and multilamellar vesicles were
prepared by vigorous vortexing. All cosedimentation assays were done with
a total lipid concentration of 1 mg∕mL. The protein concentration was 10 μM
for MABP constructs and all its mutants and also for the ESCRT-I core and
ESCRT-I core with MABP domain attached complexes. For full-length ESCRT-I
and its mutant ΔMABP contruct, the protein concentration used was 1 μM.
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