SUPPLEMENTARY INFORMATION

Table S1: Summary of purification yields of WT and mutant BECN2 CCDs.

BECN2 CCD Yield (mg per liter cells)
Wild type 0.9
E173L 0.8
N187L 3.8

A190L+Y215L 2.9

A197L+E208L 4.7

H211L 1.8

Q222L 0.6

R243L 0.6




Table S2: CD Analysis of Secondary Structure Content of the 98-Residue WT and
Mutant BECN2 CCDs.

BECN2 CCD (Hr:lli):iues) (Srt:slig(liles) ;l;::ilzi:eg)ou
Wild type 71+4 0+0 28+ 4
E173L 77+5 0+0 21+4
N187L 85+ 10 -1+1 13+10
A190L+Y215 78 £3 -1+1 20+3
A197L+E208L 83+4 -1+1 16+6
H211L 81+6 -1+1 17+6
Q222LL 72+1 0+0 26+ 1
R243L 78 £2 0+0 21+2

The number of residues reported are averages of estimates from SELCON3' and K2D3?.
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Figure S1: Sequence alignment of human BECN1/Beclin 1 and BECN2/Beclin 2.
Asterisks represent identical residues while double and single dots represent decreasing
sequence conservation. Domain boundaries are displayed above the alignment with the
black, cyan, orange, magenta and green lines representing the IDR, BH3D, FHD, CCD

and BARAD respectively.
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Figure S2: Thermal denaturation curves of WT and mutant BECN2 CCD.
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Figure S3: Gel filtration chromatogram and corresponding SDS-PAGE of the

SUMO-Hiss - BECN2 CCD:MBP-ATG14 CCD complex.



EXPERIMENTAL PROCEDURES

Delineating BECN2 domain architecture

BECN2 domain architecture was delineated using a combination of bioinformatics tools
including the alignment of sequences of human BECN1 and BECN2 using ClustalW2°;
secondary structure prediction using Jpred*; and sequence analysis using the programs
IUPred’, PrDOS® and the VSL2B algorithm in the PONDR program suite” ® to identify
IDRs.

Protein expression and purification

The BECN2 CCD (residues 158-250) was cloned into the pMBP parallel 1 expression
vector’ to be expressed as a MBP fusion protein in E. coli BL21 (DE3) pLysS cells. The
soluble protein was first purified by Amylose Affinity Chromatography (AAC), and the
MBP-tag was removed by on-column treatment with tobacco etch virus protease. The
untagged BECN2 CCD was then purified to homogeneity by Ion Exchange
Chromatography using a HR 10/10 Mono Q column (GE Healthcare Life Sciences)
followed by SEC using tandem 10/300 GL Superdex 200 and Superdex 75 columns (GE
Healthcare Life Sciences). All BECN2 CCD mutants were generated by site-directed
mutagenesis and expressed and purified in a manner similar to the WT protein.

The human ATG14 CCD (residues 88-178) was delineated based on the sequence
alignment to the rat ATG14 CCD'’, and cloned into the expression vector pMBP parallel
1 expression vector’ with an additional Hise-tag at its C-terminus and expressed in E. coli
ArcticExpress cells (Agilent Technologies). Soluble MBP-ATG14 CCD-Hiss was
purified to homogeneity by AAC followed by Immobilized Metal Affinity

Chromatography using two tandem 5 mL His-Trap HP columns (GE Healthcare Life



Sciences) and SEC using a preparative 16/600 Superdex 200 column (GE Healthcare Life
Sciences).

Different constructs were used to obtain the BECN2:ATG14 CCD complex for
SAXS analysis. A SUMO-Hiss-BECN2 CCD construct was created by cloning the Hise-
BECN2 CCD coding sequence into a modified pET-28 vector with a SUMO coding
sequence preceding the multiple cloning site. The MBP-ATG14 CCD-Hisg construct
described above was modified by site directed mutagenesis to replace the long linker
between the MBP-tag and ATG14 CCD with a short linker of three alanine residues, and
to remove the C-terminal Hise-tag. SUMO-Hise-BECN2 CCD in complex with MBP-
ATGI14 CCD was expressed in E. coli ArcticExpress cells (Agilent Technologies) and
purified to homogeneity by Immobilized Metal Affinity Chromatography using 5 mL
His-Trap HP columns (GE Healthcare Life Sciences) followed by AAC and SEC using
10/300 Superdex 200 column (GE Healthcare Life Sciences).
Crystallization and structure determination
Both WT and mutant BECN2 CCD proteins were crystallized at 20 °C by hanging-drop
vapor diffusion. The WT BECN2 CCD was crystallized from a 1:1 mixture of 5.5 mg/ml
protein and reservoir solution comprising 0.1 M Bis-Tris pH 6.5, 0.1 M NaCl and 1.5 M
(NH4)2S04. The N187L mutant BECN2 CCD was crystallized from a 1:1 mixture of 12.2
mg/ml protein and reservoir solution comprising of 0.1 M MgCl, and 19% PEG 3350. All
crystals were harvested and cryo-protected in their reservoir solutions plus 25% glycerol
and then immediately cryo-cooled in liquid N». All diffraction data were collected at 100
K at the 24-ID NE-CAT beam line at the Advanced Photon Source (APS), Argonne

National Laboratory (ANL), Argonne, IL. Data were recorded in a 180° sweep from a



single WT BECN2 CCD crystal, at 1 second exposure per 1° crystal rotation per image at
a crystal-to-detector distance of 450 mm. Data were also recorded in a 180° sweep from a
single N187L BECN2 crystal, at 1 second exposure per 1° crystal rotation per image at a
crystal-to-detector distance of 310 mm. The WT BECN2 CCD diffraction data were
indexed and integrated using MOSFLM''. Various combinations of search models
derived from the BECN1 CCD structure (PDB code 3Q8T) were used as the search
model for molecular replacement. Ultimately, the WT BECN2 CCD structure was solved
by molecular replacement using half of the rat BECN1 CCD homodimer structure,
comprising residues 217-265 of one chain and residues 174-219 of the partner chain, as
the search model using Phaser-MR in the CCP4 Suite'>. The initial model contained
residues 160-200 in chain A; residues 204-247 in chain B; residues 160-200 in chain C;
and residues 203-247 in chain D. Buccaneer in the CCP4 Suite'” was then used to
autobuild the rest of the BECN2 CCD structure. The asymmetric unit contained two
BECN2 CCD homodimers, AB and CD (Table 1). For the mutant N187L BECN2 CCD,
diffraction data were processed using RAPD automated processing suite
(https://rapd.nec.aps.anl.gov/rapd), which incorporates XDS for integration and scaling'.
The structure of N187L BECN2 CCD was solved by molecular replacement using the
WT BECN2 CCD AB homodimer as the search model using Phaser-MR in PHENIX',
All refinement was performed using PHENIX. Crystallographic data collection and
refinement statistics are summarized in Table 1. All molecular figures were prepared
using the PYMOL Molecular Graphics System'”. Buried surface area was analyzed using
PISA'®. The final refined structures of the WT and the N187L mutant BECN2 CCDs are

deposited in the PDB with IDs 5K7B and 5K9L respectively.



ITC

ITC experiments were performed using a Low Volume Nano ITC (TA Instruments). All
protein samples were dialyzed against the ITC buffer consisting of 50 mM HEPES, pH
7.5, 150 mM sodium chloride and 2 mM B-mercaptoethanol. All ITC experiments were
performed at 15°C with 20 injections of 2.5 pL each, with at least three repeats per
measurement. Data were analyzed using the NanoAnalyze Software (TA Instruments),
with an independent model for the BECN2 CCD and ATG14 binding experiments and a
dimer dissociation model for the BECN2 CCD self-dissociation experiments. For the
BECN2 CCD and ATG14 CCD binding experiments, samples were loaded into separate
dialysis cassettes, then co-dialyzed into the ITC buffer. The ATG14 CCD was loaded into
the syringe and titrated into the cell containing the BECN2 CCD. Self-dissociation
experiments were performed by titrating protein into its dialysis buffer. Blank profiles
obtained by titrating ATG14 into dialysis buffer or titrating buffer into buffer were
subtracted from the experimental profiles of BECN2 CCD and ATG14 CCD binding
experiments or BECN2 CCD self-dissociation experiments respectively.

CD

CD data were recorded from the WT and mutant BECN2 CCD at a concentration of 50
UM in a quartz cell with a 0.1 cm path length using a Jasco J-815 CD spectrometer. Each
sample was dialyzed into CD buffer comprising 10 mM Potassium phosphate, pH 7.5 and
100 mM ammonia sulfate. Full-length scanning spectra were collected between 200 and
250 nm at 4 °C. Secondary structure content of each sample was estimated using K2D3?
and SELCON3 within the CDPro program package'. Thermal denaturation curves were

recorded by measuring CD signal at 222 nm at 1 °C intervals with a ramp rate of 1 °C



/min, from 4 °C to 85 °C for heating (or 85°C to 4 °C for cooling measurements). Data
were analyzed using OriginPro 8 (OriginLab). The mean residue molar ellipticity was
plotted against temperature and the Ty, obtained by fitting data to the Boltzman algorithm
included in OriginPro 8. The values reported in Table 3 are the average of Ty, calculated
separately from heating and cooling curves.

SEC-SAXS

SEC-SAXS data were recorded at beam line 18-ID Bio-CAT at APS, ANL, Argonne, IL.
Purified proteins in 20 mM Tris, pH 8.0, 150 mM NaCl and 2 mM B-mercaptoethanol
were loaded onto an inline Superdex 200 10/300 SEC column and eluted at 0.8 ml/min.
SAXS data were recorded by exposing the column eluate to the X-ray beam for one
second with a periodicity of three seconds. The data were recorded on a Pilatus 1M
detector at a sample-to-detector distance of 3.5 m, covering a momentum transfer range
of 0.0036 A" < q < 0.4 A", Scattering data were normalized to the incident X-ray beam
intensity, and buffer subtraction was performed prior to processing using the ATSAS
program suite'’. Within the ATSAS program suite, PRIMUS'® was used to scale and
average data for further analysis. The linear Guinier region was estimated using PRIMUS,
and the R, was calculated from Guinier extrapolation. The P(r) plot and Kratky plot were
calculated using GNOM'. The P(r) plot was used to estimate R, and Dpax, and for the
calculation of ten independent ab initio bead models using DAMMIF*’ which were then
sequentially modeled using DAMSEL, DAMSUP, DAMAVER?' and DAMMFILT. The
AMBIMETER score is 1.7, i.e. the 3D reconstruction might be ambiguous. The atomic
structures of MBP (extracted from PDB code 4GGQ), SUMO (extracted from PDB code

1L2N) and the BECN2:ATG14 CCD model were used in SASREF* to build a model
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that was fit into the corresponding SAXS data set. FoXS** ** was used to compare
theoretical scattering curves calculated for SUMO-Hise-BECN2:MBP-ATG14 CCD
heterodimer models against the experimental SAXS scattering curve, while SUPCOMB?
was used to superimpose the SUMO-His¢-BECN2:MBP-ATG14 CCD heterodimer
models to the ab initio bead models.

Construction of an Atomic Model of the BECN2:ATG14 CCD heterodimer

Based on our SAXS data, the BECN2:ATG14 CCD heterodimer model was built as a
parallel CCD. CCBuilder® was used to build seven heterodimer models by changing the
register along the ATG14 sequence, to place successive residues at the a and d positions.
The most optimal of the different packing patterns so produced was selected as the
correct register. (PS)%,”’ which builds a model for protein complexes based on
considerations of the packing density in the complex and sequence alignments with
known structures was then used to further calculate a heterodimer model based on the
amino acid sequences of BECN2 CCD and ATGI14 CCD and the packing pattern

obtained from CCBuilder.
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