










(E) Quantification of cleaved Caspase 3+ cells relative to E-cad+ epithelial area in the dorsal 

pancreatic epithelia of Asna1Panc-/- and control littermates at E13.5 (n=5 and 7 respectively) and 

E15.5 (n=5). 

(F) Quantification of phospho-Histone H3+ (pH3+) cells relative to E-cad+ epithelial area in the 

dorsal pancreatic epithelia of Asna1Panc-/- and control littermates at E13.5 (n=5 and 7 respectively) 

and E15.5 (n=5). 

dp, dorsal pancreas; du, duodenum; vp, ventral pancreas; sp, spleen; st, stomach. Data are presented 

as mean±SEM, *p<0.05, **p<0.01, ns=not significant (student t test). 
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Fig. 2. Impaired endocrine and acinar differentiation in Asna1Panc-/- DPE  

(A) Immunohistochemistry of dorsal pancreatic sections from E12.5 Asna1Panc:Ctrl and Asna1Panc-/- 

embryos (n=3) using antibodies against Sox9, Ptf1a, CPA and Ngn3 (all red), and E-cadherin (E-

cad) and glucagon (both green). Insets show Ptf1aHigh acinar progenitors (arrowheads) and Ptf1Low 

putative MPCs (open arrowheads). 

(B-C) Quantification of total pro-endocrine (Ngn3+) area (B) and total endocrine (glucagon+) area 

(C) in the DPE from Asna1Panc:Ctrl and Asna1Panc-/- embryos at E12.5 (n=3). 
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(D-F) Immunohistochemistry of dorsal pancreatic sections from E14.5 (D), E15.5 (E) and E16.5 (F) 

Asna1Panc:Ctrl and Asna1Panc-/- embryos (n=3) using antibodies against Ptf1a, Sox9, Ipf1, Ngn3, 

insulin, amylase and phospho-Histone H3 (pH3) (all red), and E-cadherin (E-cad) and glucagon or 

DBA lectin (DBA) (all green). 

(G-H) Quantification of total pro-endocrine (Ngn3+) area (G) and total endocrine (glucagon+ + 

insulin+) area (H) in the DPE from Asna1Panc:Ctrl and Asna1Panc-/- embryos at E13.5 and E15.5 (n=5 

respectively). 

Data are presented as mean±SEM, *p<0.05, **p<0.01, ns=not significant (student t test). 
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Fig. 3. Apoptosis of pro-acinar progenitors in Asna1Panc-/- DPE is associated with p53 activity 

and activation of the IRS.  

(A) Representative immunohistochemistry of dorsal pancreas explants from E10.5 Asna1Panc:Ctrl and 

Asna1Panc-/- cultivated for 5 days exposed to vehicle (n=7 and 4 respectively) or PFT-α (30M) 

(n=11 and 4 respectively), using antibodies against amylase (red) and insulin (green). 

(B-C) Quantification of experiments described in (A); Relative glucagon+ (Glu) Ngn3+, insulin+ 

(Ins) and amylase+ (Amy) area over total E-cadherin+ area in explants from Asna1Panc:Ctrl (B) and 

Asna1Panc-/- (C) mice. 

(D) Representative immunohistochemistry of dorsal pancreas explants from E12.5 WT embryos 

cultivated for 3 days exposed to vehicle or Nutlin-3 (10M), using antibodies against E-cadherin 

(E-cad) and insulin (both green), and amylase (red). 

(E-F) Quantification of experiments described in (D) after 1 day (n=6 for each condition) (E) and 3 

days (Vehicle: n=4, Nutlin-3:n=5) (F) of cultivation; E-cadherin+ Epithelial (Epi) and E-cadherin- 

D
ev

el
o

pm
en

t •
 A

cc
ep

te
d 

m
an

us
cr

ip
t



Mesenchymal (Mes) area; relative cleaved Caspase3+ (c.Casp.3) over E-cadherin+ area after 1 day; 

Absolute insulin+ (Ins) and amylase+ (Amy) area after 3 days; arbitrary units (a.u). 

(G) qRT-PCR mRNA levels of the indicated ISR genes in dorsal pancreatic buds from E13.5 

Asna1Panc:Ctrl (n=7) and Asna1Panc-/- (n=6) embryos. 

(H) Immunohistochemistry of dorsal pancreatic sections from E12.5 and E13.5 Asna1Panc:Ctrl and 

Asna1Panc-/- embryos (n=5) using antibodies against ATF4 (red) and E-cadherin (E-cad; green). 

Arrowheads indicate ATF4+ tip cells. 

(I) qRT-PCR mRNA levels of the indicated UPR genes in dorsal pancreatic buds from E13.5 

Asna1Panc:Ctrl and Asna1Panc-/- (n=7) and Asna1Panc-/- (n=6) embryos. 

DAPI (blue) indicate nuclei in (A, C). Scalebars: 50m in (F). Data are presented as mean±SEM, 

*p<0.05, **p<0.01, ***p<0.001, ns=not significant (student t test). 
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Fig. 4. Altered morphology and Stx5 and Stx6 expression in the Golgi apparatus of Asna1Panc-/- 

DPE cells. 

(A) Immunohistochemistry of dorsal pancreatic sections from E12.5 Asna1Panc:Ctrl and Asna1Panc-/- 

embryos (n=3) using antibodies against Gm130 (green) and TGN46 (red). Insets show 

magnification of green and red color channel for selected areas (squares). 

(B) Transmission electron micrograph (TEM) of dorsal pancreatic sections from E12.5 Asna1Panc:Ctrl 

and Asna1Panc-/- embryos (n=3) showing compact Golgi stacks (red arrowheads), distended Golgi 

stacks (open arrowheads). 
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(C-E) Immunohistochemistry of dorsal pancreatic sections from E11.5 (C, E) or E12.5 (D) 

Asna1Panc:Ctrl and Asna1Panc-/- embryos (n=3) (C,D) or Asna1null/Panc+ and Asna1null/Panc- (E) embryos 

(n=3), using antibodies against Gm130 (green), Stx5 (red), Stx6 (green) and TGN46 (red). 

(F) Immunohistochemistry of dorsal pancreatic sections from E16.5 Asna1Panc:Ctrl and Asna1Panc-/- 

embryos (n=3) using antibodies against Stx5 (red) and Gm130 (green) together with either 

glucagon, insulin or DBA-lectin (all white). Merged panel shows co-expression between Stx5 and 

Gm130 (yellow). 

(G) Immunohistochemistry of dorsal pancreas explants from E10.5 Asna1Panc-/- cultivated for 5 days 

(n=3) exposed to vehicle or PFT-α, using antibodies against Stx5 (red) and Gm130 (green) together 

with amylase (white). Merged panel shows co-expression between Stx5 and Gm130 (yellow). 

DAPI (blue) indicate nuclei in (A, C-G). Scalebars: 50m in (A), 0.5m in (B), 10m in (C-E) and 

5m in (F-G). 
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Fig. 5. Accumulation of autophagy markers in Asna1Panc-/- DPE. 

(A) Immunohistochemistry of dorsal pancreatic sections from E13.5 Asna1Panc:Ctrl and Asna1Panc-/- 

embryos (n=5) using antibodies against p62 (green). Arrowheads indicate p62+ puncta. 

(B) Dorsal pancreatic sections from E13.5 Asna1Panc:Ctrl and Asna1Panc-/- embryos on a LC3-GFP 

transgenic background, showing LC3-GFP fluorescence in green (n=2). 

(C) Immunohistochemistry of dorsal pancreatic sections from E14.5 Atg5Panc+/- and Atg5Panc-/- 

embryos (n=3), using antibodies against p62 (green), E-cadherin (E-cad; green) and cleaved 

Caspase3 (c.Casp.3; red). Insets show magnification of selected trunk (t) and acinar (a) epithelia 

areas (orange squares, letters and arrows). 

DAPI (blue) indicate nuclei in (A-B, C). Dashed lines delineate pancreatic epithelium (e) and 

mesenchyme (m). Scalebars: 5m in (A,B and insets in C), 50m in (C).  

All image pairs were captured using the same settings. 
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Fig. 6. Normal Golgi morphology, Stx5 distribution, and acinar differentiation requires the 

ATPase domain and CXXC(285-288) di-cysteine motif of Asna1. 

(A) Representative immunohistochemistry of lentivirus infected dorsal pancreas explants using 

antibodies against Gm130 (green), Stx5 (red), E-cadherin (E-cad; green) and amylase (red). Dorsal 

pancreas explants from E11.5 Asna1Panc:Ctrl or Asna1Panc-/- embryos were transduced with lentivirus 
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particles carrying either empty expression vector (Vector) (n=6 and 5 respectively) or constructs 

encoding wildtype Asna1 (WT) (n=5), Asna1 (D74N) (n=4), Asna1 (C246S-X-C248S) (n=13) or 

Asna1 (C285S-XX-C288S) (n=4), as indicated, and grown for 5 days. 

(B) Quantification of relative amylase+ epithelial area (amylase+/total E-cad+) from experiments 

described in (A). 

(C) Quantification of relative RFP+ epithelial area (RFP+/Ecad+) in control explants infected with 

the different lentivirus expression constructs from experiments described in (A). 

Dashed lines delineate pancreatic epithelium. Scalebars: 25m in (A). Data are presented as 

mean±SEM, **p<0.01, ***p<0.001, (student t test). 
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Supplementary Methods 

Western blot analysis 

Tissue were collected in lysis buffer (2%SDS in 100mM Tris-HCl pH6.8), sonicated, 

and cleared by centrifugation. Protein expression was probed on western blots using 

antibodies (Table S1) diluted in blocking buffer (2.5% BSA in TBSTw [20mM Tris-

HCl pH7.4, 0.15M NaCl, 0.1% Tween-20]) and quantified using chemiluminescent 

detection in ChemiDoc™ MP system (BioRad, #170-8280) followed by densitometry 

analyses of bands on Image Lab 4.1 using expression of α-tubulin to normalize 

expression levels. 

SUPPLEMENTARY INFORMATION

Development 144: doi:10.1242/dev.154468: Supplementary information
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