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Figure 5. Correlative light and electron microscopy of Saccharomyces cerevisiae Cvt vesicles from resin-embedded cell sections.

A Fluorescence microscopy image of a resin section of prApel-GFP/Atg19-mCherry/ypt7A cells, merge of green (prApel-GFP) and red (Atg19-mCherry) channels.

Tetraspeck beads are detected in the blue channel.

B Electron tomography slice of the boxed area in (A). The outer and inner dashed green circles of 160 and 60 nm radius represent estimated 50 and 90% localization
accuracy, respectively. Insets show close-up views of a double (top) and single (bottom) membrane. Corresponding tomogram is shown in Movie EV2.

C Plot of the x and y dimensions of the Cvt vesicles obtained from localization correlation. The average dimensions give rise to spheroids with an average ellipticity of
11% (shown in dark gray). Both prApel-GFP and prApel-GFP/Atg19-mCherry datasets were included. The cases representing autophagosomes were excluded.

D Dense Cvt aggregate that is not surrounded by membrane. Corresponding tomogram is shown in Movie EV3.

E Cvt aggregate that is partially enwrapped by double membrane. White arrowheads indicate the double membrane. Corresponding tomogram is shown in Movie EV4.

F Cvt vesicle fully enclosed by double membrane. Bottom: Schematic representation. White arrowheads indicate the double membrane. Corresponding tomogram is

shown in Movie EV5.

possibility of Atgl9 decorating only the surface of the Cvt aggre-
gate. This interpretation is further supported by previous EM
micrographs of immuno-gold-labeled Atgl9 receptor [24] and is in
line with its capability of solubilizing prApel aggregates, thus
imposing a mechanism of size control on the Cvt vesicle. Hence,
Atgl9 is spatially distributed over the entire Cvt vesicle and the
relative levels of Atgl9 and its cargo are critical to limit the inher-
ent aggregation propensity of prApel, thereby determining the
overall size of the Cvt assembly. In analogy to the recently
described mammalian selective autophagy receptor p62 polymers
[40], the equilibrium between assembly and disassembly of Cvt
aggregates is tightly regulated by its native binding partners.
Together, we have structurally characterized cargo proteins of
the Cvt vesicle at various scales of resolution, laid out the

© 2016 The Authors

foundations of how the major cargo interacts with its designated
autophagy receptor and how the cargos can be placed into the
cellular framework of the Cvt pathway. In light of the available
literature, our data allow us to redraw the currently prevalent
model of Cvt vesicle formation: In the cytosol, prApel forms
homo-oligomers as dodecamers (Fig 6A) and assembles into
higher-order chain-like aggregates via its propeptide (Fig 6B).
Atgl9 competes with prApel propeptide trans-interactions,
becomes an integral part of the Cvt aggregate, and thus limits
aggregate size (Fig 6C). In parallel, Atgl9 also recruits Amsl
tetramers to the forming assembly. Hence, Apel dodecamer
cargos together with Amsl tetramers and Atgl9 trimers assemble
into a densely packed core in an approximate stoichiometric
ratio of 3:1:1, which determines the size of the forming Cvt
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Figure 6. Model of the Cvt pathway.

A-l prApel (A), the major Cvt cargo, forms homo-oligomers as dodecamers that (B) assemble into higher-order assemblies mediated by the N-terminal propeptide.
(C) These assemblies are capable of binding Atg19 that forms a trimer in solution. (D) Ams1, which forms a homo-oligomer as a tetramer, joins the Cvt assembly by
binding to Atg19 via a site that is distinct from the Apel binding site. (E) prApel dodecamers, secondary cargo enzymes such as Ams1 tetramers and Atg19 trimers,
are the main constituents of the Cvt aggregate in the cytosol. (F) The Cvt aggregate becomes enwrapped by a double membrane via Atg8 and Atgl9 interaction to
form (G) the Cvt vesicle. Cvt assembly stages in (E, F, and G) are drawn respecting the determined average size of the vesicles, the dimensions, and stoichiometry of
the major cargo prApel and secondary cargo Ams1 found in this article. (H) After fusion with the vacuole, prApel is subjected to maturation while maintaining the
dodecamer organization. (I) Ams1 does not undergo a maturation process in the vacuole.

aggregate (Fig 6E). In conjunction with Atg8/Atgll, the double- Materials and Methods
membrane phagophore wraps tightly around the Cvt aggregate to
enclose cargo and exclude non-cargo material (Fig 6F and G).
The ability of cargo and receptor components to self-interact

enables efficient packaging and provides an effective transport

Cloning, expression constructs, yeast strains, transfection of
Sf21 cells

1054

platform for binding of additional cargo and membrane recruit-
ment through multiple binding sites. The analogy of our example
to other selective autophagy pathways from higher eukaryotes
[38,40] illustrates that studying the molecular details of cargo
assembly and Cvt vesicle formation provides common structural
clues to better understand the molecular mechanisms of selective
autophagy.

EMBO reports Vol 17| No 7 | 2016

All clones were generated by InFusion cloning, following the manu-
facturer’s protocol (Clontech) unless otherwise stated. Saccharo-
myces (S.) cerevisiae mApel, prApel and Chaetomium (C.)
thermophilum mApel (ct-mApel) cDNAs were cloned into pETM33
to generate N-terminal GST fusion proteins. S. cerevisiae Atgl9
cDNA was cloned into pETM40 to generate an N-terminal MBP
fusion protein. For Pichia (P.) pastoris expression of Amsl, the
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PGAPZa vector (Invitrogen) was modified as in [44]. Ams]l muta-
genesis was performed using the QuikChange site-directed mutagen-
esis kit following the manufacturer’s protocol (Agilent). To generate
vectors for insect cell expression, GST-prApel, GST-mApel, and
MBP-Atgl9 were cloned into pACEBACDual MCS1. Primer
sequences are available on request.

For bacterial expression, all constructs were transformed into
E. coli BL21 RIL cells and grown in lysogeny broth (LB) medium.
P. pastoris SMD1168 strain (Invitrogen) was transformed with
PGAPZ-Hiss-Amsl wild-type and W234E mutant as described
Watanabe et al [44].

S. cerevisiae strains for quantitative fluorescence microscopy and
CLEM were generated by homologous recombination into the
endogenous gene locus with a PCR cassette. C-terminal tagging with
EGFP or mCherry as well as deletion strains was generated using
pYM28 (GFP), pFA6a-mCherry-KanMX4, and pFAG6a-natNT2
cassettes, respectively [45]. Correct integration was verified by
DNA sequencing. After insertion of genomic tags, original strains
were mated and haploid spores were selected after sporulation. A
list of yeast strains generated can be found in Table EV1.

Baculovirus production was carried out following previously
described protocols [46]. Briefly, plasmids encoding GST-prApel,
GST-mApel, or MBP-Atgl9 were integrated into baculoviral genome
by tn7 transposition via electroporation of DH10EMBacaY cells.
Baculoviral DNA was isolated and used to transfect 3 ml of Sf21 cells
at a density of 0.3 x 10° cells/ml using X-tremeGENE HP transfection
reagent (Roche). Cells were incubated for 60 h before the supernatant
containing baculovirus was removed (VO0). VO virus was then further
amplified and used for subsequent large-scale protein expression.

Protein expression and purification

BL21 RIL cells expressing S. cerevisiae or GST-ct-mApel were grown
at 24°C for 4 h after induction. Cells were lysed by sonication in 1x
phosphate-buffered saline (PBS), 500 mM NacCl, 2 mM MgCl,, 1 mM
dithiothreitol (DTT), 1 mg/ml lysozyme, and 1x EDTA-free protease
inhibitor cocktail (PrInh) (Roche). The supernatant was cleared by
centrifugation at 48,000 g and supernatant incubated with
glutathione beads (GE Healthcare) for 2 h at 4°C before beads
were washed extensively and protein eluted by cleavage with GST-
3C protease overnight at 4°C. mApel dodecamers were separated
from other oligomeric states by a continuous 10-30% glycerol
gradient run at 146,000 g for 16 h at 4°C in a SW 60Ti Beckman
rotor. In the case of S. cerevisiae mApel, the GraFix protocol [29]
was performed by combining the 10-30% glycerol gradient with a
0-0.15% glutaraldehyde gradient in 50 mM Hepes pH 7.5 and
150 mM NaCl.

Ams] wild-type and mutant W234E expression in P. pastoris was
based on described protocols [44]. Expression of S. cerevisiae GST-
prApel, GST-mApel, MBP-Atgl9, and the Atgl9/prApel complex
was performed in Sf21 insect cells. First, cells were grown in
suspension at 27°C until 1 x 10° cells and then they were infected
or coinfected with virus expressing the protein of interest and
harvested 72 h after growth arrest, lysed by sonication, and cleared
by centrifugation at 48,000 g. In the case of GST-prApel, lysis was
performed in 50 mM Tris-HCI pH 7.5, 25 mM NaCl, 1 mM DTT, 1x
PrInh. Lysate was incubated with glutathione beads for 2 h at 4°C,
beads washed extensively, and protein eluted in the presence of
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50 mM reduced glutathione and 0.1% Triton X-100 before cleavage
from GST by incubation with His-3C protease overnight at 4°C. The
cleaved protein was further purified by size-exclusion chromato-
graphy with a Superose 6, 10/300 GL column (GE Healthcare) run
in 50 mM Tris—HCI pH 7.5, 150 mM NaCl, 1 mM DTT. In the case
of MBP-Atg19 and the MBP-Atgl19/prApel co-expression, lysis was
performed in 50 mM Tris—HCI pH 7.5, 150 mM NaCl, 5 mM MgCl,,
10% glycerol, 1 mM DTT, and 2x Prinh. The cleared lysate was
incubated with amylose beads (New England BioLabs) overnight at
4°C, beads washed extensively before protein was eluted with
10 mM maltose and cleaved with His-TEV protease overnight at
4°C. After cleavage, Atgl9 was separated by DEAE ion-exchange
chromatography, whereas the Atgl9/prApel complex was further
purified by SEC with a Superose 6, 10/300 GL column run in
50 mM Tris-HCl pH 7.5, 150 mM NacCl, 5 mM MgCl,, 1 mM DTT.

Biochemical assays

Activity assay
Ams] activity was measured according to an established protocol
[25,47].

SEC-MALS

Atgl9 was concentrated to approximately 2 mg/ml in 50 mM Tris
pH 7.5, 150 mM NaCl, 0.5 mM TCEP. SEC of Atgl9 was performed
at room temperature on a Superose 6 increase (10/300) column at a
flow rate of 0.3 ml/min. Following separation by in-line SEC, the
separated sample components were analyzed with a modular triple
detector array (Viscotek TDA 305, Malvern Instruments Ltd.,
Malvern, UK) to determine right-angle light scattering (RALS),
refractive index (RI), and UV-vis (UV). The TDA data were
processed using Omnisec software. The molecular weight (MWgars)
of the species eluting from the SEC column was assessed in tripli-
cates using correlated concentration measurements derived from
baseline corrected RI in combination with baseline corrected RALS
intensities calibrated against a bovine serum albumin narrow stan-
dard (monomeric peak) for both SEC columns.

In vitro binding

Purified MBP-Atg19 (1 uM) or MBP alone (1 pM) was mixed with
his-Ams1 (1 pM), mApel (1 pM) or prApel (0.7 puM—the maximal
concentration achievable before protein precipitation) in buffer A
(50 mM Tris-HCl, pH 7.5, 25 mM NaCl, 5 mM MgCl,, 1 mM DTT,
and 0.2% NP-40) and incubated overnight at 4°C with gentle agita-
tion. Equilibrated amylose beads (125 pl) were added to each reac-
tion and incubated for 2 h at 4°C with gentle agitation. The amylose
beads were sedimented by centrifugation and washed four times
with 1 ml buffer A (3,500 g, 2 min at 4°C). Bound proteins were
eluted from the beads by boiling in SDS loading buffer, and the
eluates were analyzed by SDS-PAGE followed by staining with
Coomassie Brilliant Blue.

Co-sedimentation

Equivalent amounts of purified S. cerevisiae prApel, prApel/Atgl9,
and Atgl9 as control were centrifuged in a Beckman TLA100 rotor
for 3 h at 186,000 g at 4°C. Equivalent volumes of pellet and super-
natant were analyzed by SDS-PAGE followed by staining with
Coomassie Brilliant Blue.

EMBO reports Vol 17 | No 7 | 2016

1055



1056

Published online: June 6, 2016
EMBO reports

Western blot

prApel-GFP/Atg19-mCherry/Aypt7 and prApel-GFP/Atgl9A/ypt7A
S. cerevisiae cells were grown at 30°C until ODggp nm = 1-1.2. Cells
were washed twice in ice-cold PBS 1x and immediately resuspended
in 50 mM Tris-HCl pH 8, 100 mM NaCl, 2.5 mM MgCl,, 0.25%
Triton X-100, 1 mM PMSF, 1 mM DTT, 1x Prinh. Cells were sub-
sequently lysed with glass beads using FastPrep®-24 (MP BIOMEDI-
CALS) set with following parameters: four cycles at speed 4, 15 s
each with 3 min cooling in between. Lysates were spun at 17,000 g,
4°C to remove cell debris. Equivalent amounts of clarified lysates
were subjected to western blot using anti-Atgl9 antibody (poly-
clonal, 1: 200), anti-Apel antibody (polyclonal, 1:1,000), and anti-
tubulin antibody (TAT1, Abcam, monoclonal, 1:500).

Negative stain image reconstruction

Negatively stained specimens (sc-mApel and Amsl) for electron
microscopy (EM) were prepared by the droplet technique with 2%
uranyl acetate and imaged using a Philips CM-120 transmission
electron microscope, operated at 120 kV, and equipped with a
TVIPS 4k x 4k CCD camera. For GraFix-purified sc-mApel,
30 micrographs were collected at an underfocus between 1.0 and
1.5 um with a nominal magnification of 53,000 corresponding to
1.9 A pixel size. A total of 5,481 particles were manually picked
using E2BOXER of the EMAN2 package [48] and class averages were
generated using IMAGIC and SPIDER [49,50]. We built the initial
models, first by aligning a set of 20 best-defined classes against a
Gaussian blob while imposing tetrahedral symmetry, second by
assigning the corresponding Euler angles manually and imposing
tetrahedral symmetry. Both initial models converged to the same
24 A resolution structure after 20 cycles of iterative refinement with
SPIDER. For an initial 3D model of Amsl, a random-conical tilt
dataset was acquired on an FEI Polara microscope operated at
100 kV at an underfocus of 1.8 um with a magnification of 59,000
corresponding to 1.91 A pixel size on a US4000 Gatan CCD camera.
A total of 1,830 tilt-pair particles were selected, subjected to 2D clas-
sification, and used for a reconstruction using the EMAN2 random-
conical tilt protocol [48] while imposing D2 symmetry. Sub-
sequently, we further refined the structure using 9,865 untilted
particles in the SPIDER software suite to a resolution of approxi-
mately 31 A.

Crystallization, model refinement, and homology modeling

Small bipyramidal crystals (5 x5 x5 um) of ct-mApel (2.0-
3.0 mg/ml in 50 mM Tris-HCl, 50 mM NaCl, pH 7.5) were grown
using hanging drop vapor diffusion at 4°C after 3-7 days in 100 mM
Hepes (pH 6.6), 4 M sodium formate. For cryoprotection, crystals
were soaked for 5 min in 100 mM Tris-HCI pH 8.5, 4.6 M sodium
formate, 2 mM ZnCl, supplemented with 15% (v/v) glycerol and
flash-cooled in liquid nitrogen. Diffraction data were collected at the
ID23-2 and EMBL P14 microfocus beamlines at European Synchro-
tron Radiation Facility and at the DESY PETRA III storage ring,
respectively, and processed with XDS [51] and SCALA [52]. Self-
rotation functions revealed four non-crystallographic threefold axes
and eight non-crystallographic twofold axes, showing the asymmet-
ric unit is composed of six ct-mApel subunits and dodecamers are
generated by crystallographic symmetry. The crystal structure was
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solved by molecular replacement in Phaser [53] using a mammalian
tetrahedral aspartyl aminopeptidase model (PDB 3vat) with all side
chains truncated to Cg atoms. An anomalous difference Fourier elec-
tron density map calculated using data from the K absorption edge
for zinc revealed strong density at both metal sites. The molecular
replacement solution was refined through iterative rounds of
reciprocal-space refinement in Phenix [54] and manual rebuilding in
Coot [55]. Positional non-crystallographic symmetry constraints
were imposed throughout the refinement and zinc-ligand distances
were restrained according to Harding [56,57]. Table 1 summarizes
data collection and refinement statistics.

Single-particle electron cryomicroscopy and atomic
model building

To optimize the dispersity of the sample, Hissc-Ams1 at 0.4 mg/ml
was dialyzed into a 50 mM Tris—HCl, 175 mM NacCl, 75 mM imida-
zole buffer. The sample was applied to glow-discharged 300 mesh
Quantifoil R 2/2 grids, plunge-frozen in liquid ethane using an FEI
Vitrobot, and transferred to an FEI Titan Krios microscope operating
at 300 kV. Micrographs were recorded using EPU and a Falcon II
direct electron detector at an underfocus between 1 and 5 um with a
total dose of 58 e /A2, accumulated in seven frames at a final pixel
size of 1.084 A. For preprocessing, we used MotionCorr [58] and
determined the contrast transfer function parameters using
CTFFIND3 [59]. Subsequent processing steps of 3D structure refine-
ment of the data set were conducted with RELION-1.3 [60]: 85,274
particles were subjected to 2D classification followed by 3D struc-
ture refinement, and a homogeneous subpopulation of 33,588 parti-
cles was selected based on 3D classification and further processed
using the particle polishing procedure, which resulted in a final
6.3 A resolution map based on the 0.143 Fourier shell correlation
criterion. The obtained map was sharpened by applying a B-factor
of —80 A? and filtered to 5.0 A.

The complete quasi-atomic model of Ams1 was built by combin-
ing homology and de novo domain models followed by flexible EM
density-guided fitting. First, a homology model of the well-
conserved C-terminal portion (287-1,083) was computed using
MODELLER [61] based on the structure of Streptococcus pyogenes
o-mannosidase (PDB 2wyh) with a sequence identity of 17%.
Second, due to the lack of closely related structural templates for
the N-terminal part (1-286), Amsl was subjected to a search for
modeling templates using MODexplorer (http://modorama.org, [62]
and Genesilico Metaserver (https://genesilico.pl/meta2, [63]). As a
result, for residues 45-203, we identified a jelly-roll fold from RetS
periplasmic sensor domain (PDB 2xbz, chain A) with significant
similarity scores to Amsl (HHSearch [64] probability up to 96%)
compatible with the EM density. We could further improve the
visual match between the structure and EM density by introducing
fragments 45-55 and 114-127 from a putative B-galactosidase from
B. fragilis (PDB 3 cmg, chain A). However, for the remaining
N-terminal residues 1-44 and residues 204-286, no modeling template
could be identified while the unassigned part of the cryo-EM map
revealed four tubular densities forming an apparent four o-helix
bundle. In support, a-helical structure predictions of residues 209—
271, they were modeled de novo using Rosetta AbinitioRelax [65],
by generating 1,000 alternative models and selecting the model of
highest cross-correlation with the EM map. Finally, we assigned the

© 2016 The Authors


http://modorama.org
https://genesilico.pl/meta2

Published online: June 6, 2016
Chiara Bertipaglia et al

remaining helical density to a predicted N-terminal helix for resi-
dues 17-27, and due to uncertainty of the sequence register, this
helix was built as an ideal poly-alanine helix. To resolve steric
clashes and geometry deviations, the combined structures were
energy-minimized with GROMACS [66] prior to flexible fitting with
the DireX software [67]. The C-terminal (residues 287-1,083) and
N-terminal regions (17-286) were fitted separately against map frag-
ments carved from the sharpened EM map. It should be noted that
the N-terminal four-helix bundle could alternatively be connected to
the o/ barrel of the adjacent subunit (Fig 2K, chain D). The
distance of the connecting residues and compactness of fold,
however, favored the connectivity of our current model. To limit
overfitting, we applied secondary structure restraints from the
reference structures. We evaluated a grid parameter search
(den_strength, den_gamma, pert_fac, den_strength_loop) by identi-
fying solutions with highest map correlation along with physically
plausible stereochemistry and clash scores. Finally, for our selected
model, we applied the parameter values 0.01, 0.8, and 0.06 for
pert_fact, den_strength, and den_gamma. To decrease the effect of
the reference structure for regions outside predicted secondary
structure elements, we scaled the den_strength for loop regions by a
factor of 0.35. With the application of D2 symmetry, we then gener-
ated the remaining monomers and the tetramer was refined against
the full map with strong restraints on the monomer structure. A
final energy minimization step with restraints on the main chain
atoms was performed to resolve deviations from reference stereo-
chemistry arising from the DireX refinement.

Quantitative fluorescence microscopy

Cells were grown in SC-Trp medium at 30°C till ODggg nm = 0.6.
prApel-GFP, Amsl-GFP, and Atgl9-GFP cells were individually
mixed 1:1 with Nuf2-GFP cells of the same mating type. Cells were
incubated for 10 min at room temperature to adhere on concana-
valin A-coated coverslips and then washed with SC-Trp medium.
Cells were imaged in 40 pl of SC-Trp medium at room temperature
with an Olympus IX81 wide-field epifluorescence microscope,
equipped with at 100x/1.45 objective and a Hamamatsu Orca-ER
CCD camera. Samples were excited with a X-Cite 120Q lamp (Olym-
pus) at 100% of power for 100 ms for the GFP channel and 250 ms
for the RFP channel. For each channel, the samples were imaged as
z-stacks of 23 frames (Fig 3H) or 21 frames (Fig 4A) spaced by
200 nm each. The stacks were acquired one frame at the time for
both channels. All the microscope setup was controlled through
Metamorph 7.5 (Molecular Devices). For Fig 3H, GFP patches of
prApel-GFP/Atgl19A/ypt7A cells were quantified as follows: The
background in the cells was subtracted by median filtering (ker-
nel = 20 pixels). The intensities of the patches were measured from
a rectangular selection in the frame of the z-stack where the patch
was brightest. The size of the rectangular selection was large
enough to surround the thresholded patch and was allowed to vary,
to accommodate the heterogeneity of patch sizes. The median inten-
sity of prApel-GFP was normalized to the median intensity of Nuf2-
GFP spots. prApel-GFP patches in prApel-GFP/Atgl9-mCherry/
ypt7A cells were quantified for comparison and were subjected to
identical procedure for the quantification and normalization of the
spot intensities. The error associated with each median was the
standard error for the median (SEM) calculated as:
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1.4826 exp (I) MAD
g =
VN

where MAD is the median absolute deviation computed on the log
transformation of the measured fluorescence intensities (I). The
error of the intensities normalized to the number of Nuf2 mole-
cules was computed propagating the standard errors for the medi-
ans accordingly. For Fig 4B, the quantification of the patches was
done by a custom-written software in Python 2.7 as detailed in
[36]. In brief, the number of prApel-GFP, Amsl-GFP, or Atgl9-
GFP molecules was quantified using Nuf2 molecules as a reference.
For each kinetochore patch, 280.6 + 16.1 molecules of Nuf2 were
counted. The number of Nuf2 molecules was quantified by
comparing Nuf2 and Cse4 and by considering five molecules of
Cse4 for kinetochore (Lawrimore et al [35], Picco et al [36]). The
image stacks were background-corrected by subtraction of the
median-filtered image to the image itself. The fluorescence inten-
sity of the patches was measured by integrating the fluorescence
intensity of each patch through the frames of the stack. Patches at
the beginning or at the end of the stack were discarded. For Amsl1,
Apel, and Atgl9, only the patches that were colocalizing with an
mCherry marker were quantified: Atgl9-mCherry for Amsl or
Apel and Apel-mCherry for Atgl9.

Correlative light and electron microscopy

Sample preparation and data collection for the prApel-GFP/ypt7A
dataset were performed as described previously [37,68,69], with
minor modifications for the prApel-GFP/Atgl9-mCherry/ypt7A
dataset. Briefly, cells were grown in YPAD medium at 30°C to an
ODggo = 0.6, high-pressure-frozen, freeze-substituted, embedded in
Lowicryl HM20, and sectioned to 300 nm. Grids were incubated
with 50 nm TetraSpeck™ beads (Life Technologies) and imaged with
an Olympus 1X81 wide-field epifluorescence microscope equipped
with a 100x/1.45 objective and a Hamamatsu Orca-ER CCD camera.
Grids were subsequently incubated with protein A-coated gold
beads, stained with Reynolds lead citrate, and electron tomography
was performed on an FEI F30 TEM operated at 300 KV, equipped
with an FEI Eagle 4K CCD camera and a dual tilt holder (Fischione
Model 2040), using the SerialEM software [70]. Tomograms were
reconstructed using the IMOD 4.7.13 software package [71]. The
position of the fluorescent structures of interest was determined
using the correlation procedure described before [37,69].

Accession numbers

The electron microscopy maps of S. cerevisiae mApel and Amsl
have been deposited in the EM Data Bank and available with
accession codes (EMD-8167, EMD-8166). Atomic coordinates of
C. thermophilum mApel and S. cerevisiae Ams1 have been deposited
at the Protein Data Bank under accession codes (5JM6, 5JMO0).

Expanded View for this article is available online.
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