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S upplem entary F igure  1 .  A lle lic  inheritance  in  A tg16L1 HM  m ice  and  rescue o f 
au tophag y defic iency in  A tg16L1 defic ien t fib rob lasts .  a , M ice  he te rozygous fo r the  
gene  trap m utation  w ere  b red to  each  o ther and  p roduced  w ild -type  (w t), he te rozygous 
(hm /+) and  hom ozygous (hm /hm ) p rogeny w h ich  w ere  separated by geno type  ~4  w eeks 
a fte r b irth .  Bo th  gene  trap  a lle les d isp layed  M ende lian  inheritance  (no  s ign ifican t 
devia tion  by F isher’s  ch i-square  test, p>0 .2  fo r A T G 16L1 H M 1 and  p>0 .3  fo r AT G 16L1 H M 2)
b-c , A tg16L1  cD N A  or vecto r con tro l w ere  re in troduced  in to  A tg16L1 H M 1 M E Fs via  
re trovira l transduction.  M E Fs w ere  se lected  fo r successfu l transduction  w ith  5μg/m l 
purom ycin , then grow n  in  the  p resence of the chem ica l inducer o f autophagy rapam ycin  
(50μg/m l) and  cyc lo hexam ide  (5μg/m l) fo r 0 , 4 , and  8  h .  W este rn b lo t ana lys is  o f ce ll 
lysa tes show  a  resto ra tion  o f p62  degrada tion  in  M E Fs se lected  fo r A tg16L1  express ion  
bu t no t vecto r con tro l (b ) w h ich  w as quan tified  by densitom etry and  norm a lized  to  actin  
(n  =  3 ) (c ). 
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S upplem entary F igure  2 .  M E Fs derived  from  Atg16L1 H M 1 and  Atg16L1 H M 2 lines  show  
reduced  endogenous LC 3 dot fo rm ation .  a , R epresen ta tive  im m unofluo rescence im ages of 

p rim ary low -passage  M E Fs grow n in  50μg/m l rapam ycin  fo r 4h or in  am ino  ac id  and se rum  

rep le te  EB S S  m ed ia  fo r 2h  to  induce  au tophagy and  sta ined  w ith  LC 3.  LC 3-positive  do ts 

>0 .5μm  in  d iam ete r a re  ind ica ted  by a rrow  heads .  S ca le  bar, 20μm .  b -e , Q uan tifica tion  of 

LC 3 do ts revea led  that both  the  accum ula tion  o f LC 3 do ts per ce ll (b  and  d ) o r %  ce lls  w ith  
LC 3 do ts (c  and  e ) a fte r au tophagy induction w ere  com prom ised in  A tg16L1 H M ce lls , ind ica ting 
tha t au tophagosom e fo rm ation  w as aberran t under these  cond itions  (n  =  3 , a t least 70  ce lls  
w ere  ana lyzed  per sam p le ).  T he  increase  in  LC 3 do ts w as sta t istica lly s ign ifican t in  a ll W T 
sam p les.  T here  w as no  sta tis tica lly s ign ifican t increase  in  A tg16L1 H M ce lls  (no te : A tg16L1 H M 1 
ce lls  d isp lay a  s ta tis tica lly s ign ifican t decrease  in  dots per ce ll under s ta rva tion  cond itions).   P  
va lues w ere  ca lcu la ted us in g tw o-ta iled  s tuden t’s  t test.  E rro r ba rs rep resen t SE M . 
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S upp lem entary F igure  3 .  G FP -LC 3 dot fo rm ation  is  reduced  in  A tg16L1 HM 1 M E Fs.  a , 
R epresenta tive  fluo rescence  im ages of  in  im m orta lized  A tg16L1 H M M E Fs stab ly express ing 
G FP -LC 3.  C e lls  w ere  cu ltu red  in  D M E M  w ith  10%  FBS  or D M E M  w ithout am ino ac ids and  

serum  fo r 2  h .  S ca le  bar, 10  μm .  b , Q uan tifica tion  o f the  num ber o f G FP -LC 3 do ts per ce ll 

(coun ted  in  a t least 5  d iffe ren t im ages) show  a  s ign ifican t reduction  in  dot fo rm ation  in  
A tg16L1 H M 1 ce lls .  A tg16L1 H M 2 ce lls  d id  no t show  a  s ta tis tica lly s ign ifican t reduction  in  do t 
fo rm ation , consis ten t w ith  the  h igher express ion  o f A tg16L1  in  these ce lls .   P  va lues w ere  
ca lcu la ted  us ing tw o -ta iled  s tuden t’s  t test.  E rro r ba rs represen t S EM . 



Atg16L1 mRNA

S upplem entary F igure  4 .  A tg16L1 is  expressed  th roughout th e  ileal c ryp t-v illus  ax is . 
R N A  w as p rocured  by LC M  from  the  villus tip , v illus base , and  cryp t base  of the  d is ta l ileum  
from  A tg16L1 H M m ice .  qR T -P C R  ana lys is  show s de tectab le  A tg16L1  transcrip ts in  a ll th ree 
com partm ents (n  =  3 ). T here  w as a  s ta tis tica lly  s ign ificant d iffe rence  be tw een  the  v illu s tip  
and the  villus base  (p<0 .1 ) o r cryp t (p<0.05) ind ica ting tha t A tg16L1 transcrip ts a re  
enriched  in  the  villus base  and  cryp t .  P  va lues w ere  ca lcu la ted  us ing tw o -ta iled  s tudent’s  t 
test.  E rro r ba rs represen t SE M .  
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S upplem entary F igure  5 .  C ond itiona l de le tion  o f Atg5  in  the  in testina l ep ithe lium  leads 
to  reduced LC 3 convers ion  and  accum ulation  o f p62 .  a , W este rn  b lo t ana lys is  o f ilea l 
lysa tes from  A tg5 flox/floxv illin -C re  m ice  revea l decreased  A tg5  express ion  and  an  increase  in  
LC 3-I to  LC 3-II ra tio  s im ila r to  A tg16L1 H M m ice  suggesting a critica l ro le  fo r these p rote ins in  
in testina l au tophagy (n  =  3  o f each  geno type , 2  o f each  show n) .  b-c , A tg5 flox/floxv illin -C re  m ice  
a lso  d isp lay an increase  in  p62 p rote in  express ion  in  the ilea l ep ithe lium  ( b ) s im ilar to  
A tg16L1 H M m ice .  Q uan tifica tion  o f p62  leve ls  by densitom etry norm a lized  to  actin  revea led  ~7 -
fo ld  increase  in  A tg5 flox /floxv illin -C re+  m ice  (n  =  3 ) (c ).  P  va lues w ere  ca lcu la ted  us ing tw o -
ta iled  s tuden t’s  t test.  E rro r ba rs represen t SE M . 
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S upplem entary F igure  6 .  Abnorm al P aneth  granu le exocyto s is  in  A tg16L1 defic ien t 
m ice .  a-c , W ho le  m oun ts o f the  sm a ll in testines from  con tro l (a ) and  A tg16L1 H M (b , c ) m ice 
s ta ined  w ith  F IT C -con juga ted  H elix  pom atia  lec tin  tha t labe ls  gob le t ce ll m ucus  (green) and 
an tise ra  d irected  aga inst lysozym e (red).  Lectin  positive  gob le t ce lls  s tud  the  su rface  o f the 
villi.  N o  accum ula ted  m ucin  is  show n in  these  fie lds. S trik ing ly, the  lysozym e sta in ing in  the 
A tg16L1 H M m ice  is concen tra ted in  sm a ll c luste rs o f spheric a l aggrega tes (w h ite  a rrow  in  b ) 
tha t a re  p resen t in  the cryp t lum en.  H igh  pow er view  o f the  aggrega te  in  (c) is  40μm  in  its 
grea test d im ension.  d-e , E M  ana lys is  o f the  A tg16L1 H M ileum  revea ls  d im in ished  m icrovilli on 
P aneth  ce lls  (d ) and  the  ad jacen t cryp t lum en (ind ica ted  by a rrow  heads) con ta ins  in tact 

P aneth  granu les and  cytop lasm  (e ).  S ca le  bars: a , b , 200 μm ; d , e , 2  μm .  
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S upp lem entary F igu re  7 .  A tg16L1 m utant m ice do  not d isp lay increased 
susceptib ility to  o ra l L. m onocytogenes  in fection .  L itte rm ate  W T (n  =  10) and 
A tg16L1 H M (n  =  5  fo r H M 1 and  n  =  4  fo r H M 2) m ice  w ere  in fected  o ra lly w ith  10 9 L. 

m onocytogenes  re -suspended  in  200μl o f 5%  sod ium  b ica rbona te  by gastric  gavage .  T he 

num ber o f bacte ria  in  live r, sp leen , and m esen te ric  lym ph nodes w ere  de te rm ined 72 h  
a fte r in fection and d isp layed  no  s ign ificant d iffe rences w ith  W T.  P  va lues w ere  ca lcu la ted 
us ing tw o-ta iled  M ann -W hitney test.  H orizon ta l b a rs rep resent the  geom etric  m ean . 



Atg5 Atg5             villin-Creflox/flox flox/flox

S upplem entary F igure  8 .  M ice  w ith  cond itiona l de le tion  o f Atg5  in  the  in testinal 
ep ithe lium  have  abnorm al lysozym e  d is tribu tion  in  P aneth  ce lls  s im ilar to  
observations  m ade in  A tg16L1 defic ien t m ice .  R epresen tative  im ages of ind irect 
im m unofluo rescence of sections s ta ined  for lysozym e (red) in  Atg5 flox/flox contro l and 

A tg5 flox /floxv illin -C re  m ouse  ilea l cryp ts .  D otted  lines deno te  cryp t un it.  S ca le  bars: 10 μm . 
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S upplem entary F igu re  9 .  E n terocytes  
in  the  ilea l ep ithe lium  are  s im ilar 
betw een  Atg16L1 m utant and  w ild -type  
contro ls  b y u ltrastructura l ana lys is .  a -
b , E M  of ilea l v illus en te rocytes from  W T 
(a , c , d ) and  A tg16L1 H M (b , e , f) m ice 
show  s im ila r m orph o logy w ith  in tact 

m itochondria .  S ca le  bars: a , b , 2  μm ; c , e , 

500  nm ; d , f, 100 nm .  
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S upp lem entary F igure  10 .  V alidation  o f lack  o f contam ination  o f LC M  procured  P aneth  
ce lls  w ith  villus  ep ithe lia l cells .  a , W e quan tified  6  genes  by qR T -P C R  know n to  be 
enriched in  villus ep ithe lia l ce lls 1 and no t invo lved  in  fa tty ac id  o r cho leste ro l m etabo lism .  W e 
com pared  gene  express ion  in  LC M -procured  P ane th  ce lls  ve rsus villus ep ithe lia l ce lls .  T he 
fo ld -enrichm ent fo r v illus ep ithe lia l ce lls is  ind ica ted fo r each  gene  (ex perim ents w ere 
perfo rm ed in  trip lica te ).  Fo r each of these  6  genes and 4 w e ll-characte rized  m arkers o f v illus 
ep ithe lia l ce lls  (ind ica ted  by an aste risk), w e  com pared  the  fo ld -change  fo r A tg16L1 H M Pane th 
ce lls  ve rsus W T.  T ranscrip ts  h igh ly enriched in  villus ep ithe lia l ce lls  w ere  no t en riched  in  LC M  
procured P ane th  ce lls .  
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S upp lem entary F igure  10 .  V alidation  o f lack  o f contam ination  o f LC M  procured  P aneth  
ce lls  w ith  villus  ep ithe lia l cells .  a , W e quan tified  6  genes  by qR T -P C R  know n to  be 
enriched in  villus ep ithe lia l ce lls 1 and no t invo lved  in  fa tty ac id  o r cho leste ro l m etabo lism .  W e 
com pared  gene  express ion  in  LC M -procured  P ane th  ce lls  ve rsus villus ep ithe lia l ce lls .  T he 
fo ld -enrichm ent fo r v illus ep ithe lia l ce lls is  ind ica ted fo r each  gene  (ex perim ents w ere 
perfo rm ed in  trip lica te ).  Fo r each of these  6  genes and 4 w e ll-characte rized  m arkers o f v illus 
ep ithe lia l ce lls  (ind ica ted  by an aste risk), w e  com pared  the  fo ld -change  fo r A tg16L1 H M Pane th 
ce lls  ve rsus W T.  T ranscrip ts  h igh ly enriched in  villus ep ithe lia l ce lls  w ere  no t en riched  in  LC M  
procured P ane th  ce lls .  



























Supplement Figure 11.  Heat map for mRNAs that are significantly 
enriched or diminished in Atg16L1HM 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 Atg16L1-deficient Paneth cells. a-b, The 

Functional Classification Tool from the DAVID Bioinformatics Resource2 

(NIAID, NIH) was used to determine the enriched functional categories of 

the two gene lists in Supplementary Table 1 comparing the transcriptome 

of Atg16L1HM versus WT Paneth cells (enriched (a) or diminished (b) in 

Atg16L1HM 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.   
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S upplem entary F igure  13 .  Thym ocytes from  A tg16L1 H M  
m ice have reduced  A tg16L1 expression  and  convers ion  
o f LC 3-I to  LC 3-II.  W estern  b lo t ana lys is  o f w ho le  ce ll 
thym ocyte  lysa tes from  A tg16L1 H M  m ice  revea l decreased  
A tg16L1 express ion  and an  increase in  LC 3 -I to  LC 3-II ra tio  
com pared to  W T contro l.   





Supplement Figure 14.  Heat map for mRNAs that are significantly 
enriched or diminished in Atg16L1HM Paneth cells relative to control.  
A 1.3-fold difference and a 90% lower bound cut-off were used. 

 


	S1.pdf
	S2.pdf
	S3.pdf
	S4.pdf
	S5.pdf
	S6.pdf
	S7.pdf
	S8.pdf
	S9.pdf
	S10.pdf
	S10.pdf
	S11.pdf
	17_66 copy.jpg
	67_116 copy.jpg
	117_166 copy.jpg
	167_216 copy.jpg
	217_266 copy.jpg
	267_316 copy.jpg
	317_366 copy.jpg
	367_416 copy.jpg
	417_466 copy.jpg
	467_516 copy.jpg
	517_566 copy.jpg
	567_610 copy.jpg

	S11 legend.pdf
	S12.pdf
	S12 legend.pdf
	S13.pdf
	S14.pdf
	S14 legend.pdf

