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Figure S1. Western blot analysis of zonulin antibody reactivity.  
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1. Intestinal histology Mice were sacrificed at the experimental endpoint and pancreata, 

kidneys, and the intestines harvested by dissection collected from each animal. All 

dissections were performed as described in previous studies [29-36].  The procedure 

involved placing a mouse into an anesthesia chamber for approximately a minute until 

the mouse was observed to have lost consciousness.  The chamber consisted of a glass 

jar containing an isoflurane-soaked pad, sealed with an airtight glass lid.  When the mouse 

was observed to be unconscious it was removed from the anesthesia chamber and a 

stimulus test was conducted by pinching the animal’s foot.  This was done to ensure that 

no discomfort was being experienced by the animal.  If discomfort was observed, the 

mouse was returned to the anesthesia chamber to ensure the animal was sedated due to 

isoflurane inhalation, and then the stimulus test was repeated.  During surgery, 

euthanasia confirmation was performed by either cervical dislocation or removal of the 

heart after a terminal blood draw procedure.  The blood collected from the animal was 

utilized for metabolic profiling analysis as described in our previous work [29, 30, 34-36].  

All animal welfare considerations were observed to reduce distress and suffering of the 

animals during the described procedures or at the time of sacrifice. Tissue samples were 

fixed in formalin overnight at room temperature, and then transferred to longer term 

storage in a solution of 70% ethanol at 4°C until the tissues were processed.  For ease of 

mounting and segmentation, gut samples were divided into approximately 4 cm 

subsections using a razor and labeled starting from section 1 at the stomach and 

proceeding until the rectum.  The small intestine was further divided into three 
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approximate sections; the duodenum (sections 1-3), jejunum (sections 4-9), and ileum 

(sections 10-15).  The remainder of the gut was determined to belong either to the cecum 

or large intestine.  Due to large variance in observed gut sizes in the NOD and NOR animals, 

all section identifications based on section numbers were considered approximate.  

Where necessary, empirical determinations of section identity were made using the 

typical features of each intestinal subunit, such as Brunner’s glands in the duodenum and 

Peyer’s patches in the ileum [18].Tissue was processed using a Lecia TP 1020 benchtop 

tissue processor and embedded using a Shandon Histocentre 3 tissue embedding center.  

For sectioning, a Thermo-Shandon Finesse ME Microtome was utilized to generate 5 µm 

thick sections, which were placed on positive charged slides (Thermo Scientific Shandon 

Color Frost Plus, item identification no. 6776214). Multiple tissue sections were placed 

onto individual slides to increase the amount of data that could be generated from each 

slide and reduce the amount of material consumed with each staining experiment.   

 

2. Western blot experiments To determine the ability to utilize a mouse anti-haptoglobin 

antibody to detect zonulin expression, we performed a western blot experiment using a 

haptoglobin standard, liver tissue, and blood samples from a NOD mouse.  Liver tissue 

samples were obtained during dissections described below and placed into cryovials, 

while blood samples were obtained from a terminal heart puncture and separated using 

centrifugation at 20000xg.  Blood samples were stored at -80 °C until needed.  Liver 

samples were ground down using a Bead beater (model beads for 3 cycles of 30 seconds 
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@ 15000 rpm) to generate liquid samples from the experiment. Western blot experiments 

were performed as previously described in (Watanabe 2012), with a mouse haptoglobin 

standard obtained from a commercial ELISA kit used as a control (Kit specifications here).  

Antibodies used were purchased from Abcam and are described below, with 

concentrations used matching those described for histological studies.  Experiments were 

performed in duplicate placing ladder, control protein, serum sample, and two aliquots 

of liver tissue obtained from bead beating.  One liver sample in each group was diluted by 

a factor of 1:2.  

 

3. Immunohistochemical staining of zonulin levels  For each experiment, eight tissue 

sections were mounted to positively charged slides (Thermo Scientific Shandon Color 

Frost Plus 6776214), put into a solution of xylene substitute for 3 minutes, followed by a 

further 3-minute immersion in xylene.  Slides were then transferred to a solution of 50% 

ethanol and 50% xylene substitute for 3 minutes.  A final series of 3-minute immersions 

in 100% ethanol, a second solution of 100% ethanol, 95% ethanol, 70% ethanol, and 50% 

ethanol were undertaken before rinsing slides in water.  Slides were placed in boiling Tris-

EDTA buffer for 20 minutes and rinsed in running cold tap water for 10 minutes.  Following 

this step, slides were washed 2 x 5 minutes in TBS plus 0.025% Triton X-100 and gently 

agitated.  Slides were placed into a humidity chamber, tissue sections isolated using a 

standard histology PAP pen, and an antigen blocking buffer (10% normal serum in 1% BSA) 

applied for 2 hours.  Buffer was carefully removed from slides using paper towels and 
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chemwipes, being careful not to dry tissue or cause any damage to tissue sections.  

Approximately 150 µL of primary antibody to haptoglobin purchased from Invitrogen (PA-

5-33158) diluted to by a factor of 1/50 in TBS with 1% BSA was applied to each isolated 

tissue section, after which they were placed in a 4 °C fridge inside a humidity chamber for 

16-20 hours.  Slides were washed as above using 2 x 5 minutes in TBS plus 0.025% Triton 

X-100 and gently agitated.  Slides were incubated in 0.3% H2O2/TBS mixture for 15 

minutes, after which the horseradish peroxidase conjugated secondary antibody 

purchased from Abcam (ab97130) was applied at a dilution factor of 1/2500 in TBS with 

15 BSA and slides incubated in a humidity chamber for 2 hours at room temperature.  

Slides were cleaned of secondary antibody via a series of 3 washes for 5 minutes each 

time in TBS. Staining was achieved by application of ~150 µL 3,3-diaminobenzidine (DAB) 

purchased from Abcam (ab64238) to each slide for 10 minutes, followed by rinsing in 

water for 5 minutes.  Slide covers were applied using Prolong Gold Antifade mountant 

(ThermoFischer Scientific) after a final dehydration step. 

 

4. Image generation and quantification   

Villus inclusion criteria: 

 -Villus was distinct, i.e. not overlapped, from any neighboring villus. 

-Villus was clearly continuous, extending in the direction of the lamina propria and 

muscularis mucosae. 

 -Villus was largely undamaged, there were minimal areas of tissue overlap 

 visible. 

 -Villus exhibited identifiable DAB staining coloration at an observable 

 concentration. 
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Villus exclusion criteria: 

-Villus demonstrated gross inconsistency in DAB coloration or nonexistent DAB 

coloration throughout the feature being considered. 

-Tissue exhibited a high degree of overlap with other tissue.  This could lead to 

increased staining intensity due to the increased amount of tissue present, and 

thusly could not be considered. 

 -Tissue was heavily damaged, or villus was not structurally intact. 

 -Villus could not be distinguished from surrounding tissue, even if tissue  

 overlap was minimal. 

 

When isolating a villus, the following criteria were considered: 

 -Where possible, all tissue was selected of interest around and within the 

 villus. 

-Terminated tissue selection at an arbitrary point within the Lamina Propria based 

on the image in question, selecting the largest possible area that could be 

identified as the villus in question. 

-Where possible, multiple villi were selected from physically distinct areas and 

sections within each tissue section and slide.  If different villi within a section or 

slide produced distinct DAB staining patterns, images that represented each 

pattern of stain were produced. 

 -Where possible, the largest villus in an image was chosen for quantification 

 operations. 
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