a b Vector Control Atg1l6L1 cDNA

Rapamycin
wit hm/+ | hm/hm (hours): c 4 8 0 4 8

Atg16L 21 64 30
L T

(18.4%) | (56.3%) | (25.2%) —
Atg16L 40 67 43
[0) 0, 0,
HM2 | (26.7%)| (41.2%) | (32.1%) Actin h_
c 150
(@)]
= —I Vector Control
=10
S
(D)
o
o 50+ Atg16L1 cDNA
o
S *p=0.0123
0 T T T T 1
0 2 4 6 8 10

Supplementary Figure 1. Allelic inheritance in Atg16L1" mice and rescue of

autophagy deficiency in Atgl6L1 deficient fibroblasts. a, Mice heterozygous for the
gene trap mutation were bred to each other and produced wild-type (wt), heterozygous
(hm/+) and homozygous (hm/hm) progeny which were separated by genotype ~4 weeks
after birth. Both gene trap alleles displayed Mendelian inheritance (no significant
deviation by Fisher’s chi-square test, p>0.2 for ATG16L1™" and p>0.3 for ATG16L1""?)
b-c, Atg16L1 cDNA or vector control were reintroduced into Atg16L1"™' MEFs via
retroviral transduction. MEFs were selected for successful transduction with 5ug/ml
puromycin, then grown in the presence of the chemical inducer of autophagy rapamycin
(50ug/ml) and cyclohexamide (5ug/ml) for 0, 4, and 8 h. Western blot analysis of cell
lysates show a restoration of p62 degradation in MEFs selected for Atg16L1 expression
but not vector control (b) which was quantified by densitometry and normalized to actin
(n=3) (c).



Atg16L1 WT

Atg16L1 HM1

=
iN
..

D
(=)
N

Atgl6L1 HM2

LC3 Dots per Cell

DMSO Rapamycin Fed Starved

c d e

60

504

[y
o

40
**

=
[N}

30 30

©
©

20{ 20

ol BE AL . ) ’
0 0 0

% Cells with LC3 dots
LC3 Dots per Cell
% Cells with LC3 dots

o
N

o

CODMSO m Rapamycin 00 DMSO ®m Rapamycin 0O Fed m Starved 0O Fed m Starved

WT HM1 HM2 WT HM1 HM2 WT  HM1 HM2 WT  HM1

*p<0.04, ** p<0.005

Supplementary Figure 2. MEFs derived from Atg16L1"™! and Atg16L1"™? lines show
reduced endogenous LC3 dot formation. a, Representative immunofluorescence images of
primary low-passage MEFs grown in 50ug/ml rapamycin for 4h or in amino acid and serum
replete EBSS media for 2h to induce autophagy and stained with LC3. LC3-positive dots
>0.5um in diameter are indicated by arrow heads. Scale bar, 20um. b-e, Quantification of
LC3 dots revealed that both the accumulation of LC3 dots per cell (b and d) or % cells with
LC3 dots (c and e) after autophagy induction were compromised in Atg16L1"™ cells, indicating
that autophagosome formation was aberrant under these conditions (n = 3, at least 70 cells
were analyzed per sample). The increase in LC3 dots was statistically significant in all WT
samples. There was no statistically significant increase in Atg16L1"™ cells (note: Atg16L1"M*
cells display a statistically significant decrease in dots per cell under starvation conditions). P

values were calculated using two-tailed student’s t test. Error bars represent SEM.
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Supplementary Figure 3. GFP-LC3 dot formation is reduced in Atg16L1"™! MEFs. a,
Representative fluorescence images of in immortalized Atg16L1™"™ MEFs stably expressing
GFP-LC3. Cells were cultured in DMEM with 10% FBS or DMEM without amino acids and
serum for 2 h. Scale bar, 10 um. b, Quantification of the number of GFP-LC3 dots per cell
(counted in at least 5 different images) show a significant reduction in dot formation in
Atg16L1™! cells. Atg16L1"™2 cells did not show a statistically significant reduction in dot
formation, consistent with the higher expression of Atg16L1 in these cells. P values were

calculated using two-tailed student’s t test. Error bars represent SEM.
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Supplementary Figure 4. Atgl6L1 is expressed throughout the ileal crypt-villus axis.
RNA was procured by LCM from the villus tip, villus base, and crypt base of the distal ileum
from Atg16L1"™ mice. qRT-PCR analysis shows detectable Atg16L1 transcripts in all three
compartments (n = 3). There was a statistically significant difference between the villus tip
and the villus base (p<0.1) or crypt (p<0.05) indicating that Atgl6L1 transcripts are
enriched in the villus base and crypt. P values were calculated using two-tailed student’s t
test. Error bars represent SEM.
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Supplementary Figure 5. Conditional deletion of Atg5 in the intestinal epithelium leads
to reduced LC3 conversion and accumulation of p62. a, Western blot analysis of ileal
lysates from Atg5"™villin-Cre mice reveal decreased Atg5 expression and an increase in
LC3-1 to LC3-II ratio similar to Atg16L1"™™ mice suggesting a critical role for these proteins in
intestinal autophagy (n = 3 of each genotype, 2 of each shown). b-c, Atg5"*"*villin-Cre mice
also display an increase in p62 protein expression in the ileal epithelium (b) similar to
Atg16L1"™ mice. Quantification of p62 levels by densitometry normalized to actin revealed ~7-
fold increase in Atg5™™villin-Cre+ mice (n = 3) (c). P values were calculated using two-

tailed student’s t test. Error bars represent SEM.



Supplementary Figure 6. Abnormal Paneth granule exocytosis in Atgl6L1 deficient

mice. a-c, Whole mounts of the small intestines from control (a) and Atg16L1"™ (b, ¢) mice
stained with FITC-conjugated Helix pomatia lectin that labels goblet cell mucus (green) and
antisera directed against lysozyme (red). Lectin positive goblet cells stud the surface of the
villi. No accumulated mucin is shown in these fields. Strikingly, the lysozyme staining in the
Atg16L1HM mice is concentrated in small clusters of spherical aggregates (white arrow in b)
that are present in the crypt lumen. High power view of the aggregate in (c) is 40um in its

1M jleum reveals diminished microvilli on

greatest dimension. d-e, EM analysis of the Atg16L
Paneth cells (d) and the adjacent crypt lumen (indicated by arrow heads) contains intact

Paneth granules and cytoplasm (e). Scale bars: a, b, 200 um; d, e, 2 um.
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Supplementary Figure 7. Atgl6Ll mutant mice do not display increased
susceptibility to oral L. monocytogenes infection. Littermate WT (n = 10) and
Atg16L1™ (n = 5 for HM1 and n = 4 for HM2) mice were infected orally with 10° L.
monocytogenes re-suspended in 200ul of 5% sodium bicarbonate by gastric gavage. The
number of bacteria in liver, spleen, and mesenteric lymph nodes were determined 72 h
after infection and displayed no significant differences with WT. P values were calculated

using two-tailed Mann-Whitney test. Horizontal bars represent the geometric mean.
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Supplementary Figure 8. Mice with conditional deletion of Atg5 in the intestinal
epithelium have abnormal lysozyme distribution in Paneth cells similar to
observations made in Atgl6L1 deficient mice. Representative images of indirect
immunofluorescence of sections stained for lysozyme (red) in Atg5"™™ control and

Atg5"™%yillin-Cre mouse ileal crypts. Dotted lines denote crypt unit. Scale bars: 10 um.



Supplementary Figure 9. Enterocytes
in the ileal epithelium are similar
between Atgl6L1 mutant and wild-type
controls by ultrastructural analysis. a-
b, EM of ileal villus enterocytes from WT
(a, ¢, d) and Atgl6L1™ (b, e, f) mice
show similar morphology with intact
mitochondria. Scale bars: a, b, 2 um; c, e,
500 nm; d, f, 100 nm.



Gene gRT-PCR Validation Fold Change | Low Bound of FC
Selenoprotein P, plasma, 1 114.0 £10.8 1.10 1.03
Peripheral myelin protein 22 169.3 £10.2 1.40 1.27
Serine/cysteine peptidase inhibitor, clade B, member la 140+1.1 1.38 1.20
Serum/glucocorticoid regulated kinase 1 2.8+0.1 -2.05 -1.82
BTB and CNC homology 1 2504 -1.09 -0.99
Protein tyrosine phosphatase, non-receptor type 9 3.3+0.7 -1.27 -1.04
Villin 1 Enterocyte marker* 1.12 1.04
Mucin 2 Goblet cell marker* -1.13 -1.05
Chloride channel calcium activated 3 Goblet cell marker* 1.21 1.01
Chromogranin B Enteroendocrine cell -1.25 -1.16

marker®

Supplementary Figure 10. Validation of lack of contamination of LCM procured Paneth

cells with villus epithelial cells. a, We quantified 6 genes by qRT-PCR known to be

enriched in villus epithelial cells' and not involved in fatty acid or cholesterol metabolism. We

compared gene expression in LCM-procured Paneth cells versus villus epithelial cells. The

fold-enrichment for villus epithelial cells is indicated for each gene (experiments were

performed in triplicate). For each of these 6 genes and 4 well-characterized markers of villus

epithelial cells (indicated by an asterisk), we compared the fold-change for Atg16L1"" Paneth

cells versus WT. Transcripts highly enriched in villus epithelial cells were not enriched in LCM

procured Paneth cells.
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Supplement Figure 11. Heat map for mRNAs that are significantly

1HM

enriched or diminished in Atg16L thymocytes relative to control.

A 1.3-fold difference and a 90% lower bound cut-off were used.
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Supplementary Figure 12. Functional analysis of enriched and
diminished transcripts of Atgl6L1-deficient Paneth cells. a-b, The
Functional Classification Tool from the DAVID Bioinformatics Resource?
(NIAID, NIH) was used to determine the enriched functional categories of
the two gene lists in Supplementary Table 1 comparing the transcriptome
of Atg16L1™ versus WT Paneth cells (enriched (a) or diminished (b) in
Atg16L1™ mice). In both cases, the highest statistically significant gene
ontology (GO) terms that were represented within the gene list are
indicated. We used medium stringency to cluster the genes. Count =
number of genes in the list with a given GO term; % = fractional
representation of a GO term within the list. Various statistical methods are
available to determine significance (p-value, fold-enrichment, Bonferoni,
Benjamini, and false-discovery rate, FDR). Functional groups were
sorted by p-value in these tables. The statistical significance of the
clustering for the top rated GO terms is much higher in the gene list for the

enriched transcripts.



WT HM1

Supplementary Figure 13. Thymocytes from Atgl6L1"

Atgl6L1 mice have reduced Atgl6L1 expression and conversion
of LC3-1 to LC3-Il. Western blot analysis of whole cell

thymocyte lysates from Atg16L1™ mice reveal decreased
LC3 Atgl6L1 expression and an increase in LC3-1to LC3-II ratio

compared to WT control.
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Supplement Figure 14. Heat map for mRNAs that are significantly

1HM

enriched or diminished in Atg16L Paneth cells relative to control.

A 1.3-fold difference and a 90% lower bound cut-off were used.
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