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Methods
Materials

Brain Heart Infusion (BHI) media, MacConkey media (for Gram-negatives, e.g., E. coli), MRS (de Man, Rogosa, Sharpe media, for Lactobacillus), Difco cooked meat media (for Clostridium difficile), Hektoen agar (for Salmonella), Miller agar and Brucella agar (5% horse blood) plates were purchased from Fisher Scientific (Pittsburgh, PA). The CO2 producing gas pack and anaerobic condition indicators were also obtained from Fisher Scientific. RPMI 1640 media and antibiotic solution of streptomycin and penicillin G were purchased from Invitrogen (Carlsbad, CA). Phosphate buffered saline (PBS) was obtained from Boston Bioproducts (Ashland, MA). The Premier Toxins A & B kit was obtained from Meridian Bioscience (Cincinnati, OH). Heat-inactivated fetal bovine serum (FBS) was obtained from Lonza (Allendale, PA). p-Nitrophenyl phosphate disodium salt hexahydrate (pNPP), clindamycin and streptomycin were purchased from Sigma (St. Louis, MO). Protein assay reagent was obtained from Bio-Rad (Hercules, CA). Hematoxylin and Eosin (H & E) reagents for histological staining were purchased from Sigma. Interleukin 1beta (IL-1) ELISA kit was obtained from eBioscience (San Diego, CA). 
Mice
Mice (Mus musculus C57BL/6) were bred at the Massachusetts General Hospital (MGH) Animal Facility (Boston, MA). Eight week old female mice were housed in Biosafety Level 2 (BL2) room in hard top cages with five animals per cage. Mice were maintained in a temperature-controlled room (22 to 24°C) with a 12-h light/12-h dark diurnal cycle with food and water ad libitum. The IACUC at MGH reviewed and approved all the animal experiments. Animals in this study were maintained in accordance with the guidelines of the Committee on Animals of Harvard Medical School (Boston, MA) and those prepared by the Committee on the Care and Use of Laboratory Animals of the Institute of Laboratory Resources, National Research Council (Department of Health, Education and Human Services, publication no. 85-23; National Institute of Health, revised 1985).
Bacterial Culture 

Clostridium difficile strain VPI 10463 (ATCC 43255) stock suspension was inoculated in Difco cooked meat media and incubated anaerobically for 48 h at 37ºC. Then OD600 was measured and serial dilutions were plated on Brucella agar (5% horse blood) plates, grown for 72 h at 37ºC in a table-top anaerobic chamber with CO2 gas packs (Fisher Scientific), Samples were plated on the bench and then placed in the chambers. The change of color of the anaerobic indicator inside the chamber was rigorously monitored. Colony forming units (CFU) were then calculated (CFU/ml/OD600). One OD600 of the culture represented approximately 300 x 106 CFU/ml.  Prior to oral gavage C. difficile culture was diluted to calculate the desired inoculum number, which was also confirmed by plating the culture in Brucella agar plates and growing anaerobically at 37ºC. 
Salmonella enterica serovar Typhimurium SL1344 (NCTC 13347) was grown in BHI media and Hektoen plates containing streptomycin (100 g/ml) in ambient air at 37ºC overnight. For calculation of inoculum, similar to C. difficile inoculum calculation, S. Typhimurium culture was grown, OD600 determined, grown on Hektoen plates and CFU/ml/OD600. Similar to C. difficile, one OD600 of the culture represented approximately 300 x 106 CFU/ml.For stool culture, individual stool samples from different animals were collected fresh directly in BHI media (200 l) in microfuge tubes, kept on ice, weighed and then determined the weight of stool by subtracting the pre-determined weight of tube and media. BHI media was added to each tube obtaining a specific weight:volume ratio (1 mg stool:10 l BHI). The stool sample was then vortexed to homogenize followed by serial dilution and plating on MacConkey and BHI agar plates. For the growth of aerobic bacteria, plates were incubated in ambient air for overnight at 37oC. CFU were counted and expressed as average CFU/gm of stool +/- SEM.
Salmonella Infection

Groups of mice (2 groups, 5 in each group (n = 5)) received streptomycin (5 mg/ml) in their drinking water. Simultaneous with streptomycin, one group received calf IAP (cIAP, 200 U/ml) in the drinking water (cIAP+ Group) while in the other group (cIAP- Group) received the ‘vehicle for cIAP’ (50 mM KCl, 10 mM tris-HCl [pH 8.2], 1 mM MgCl2, 0.1 mM ZnCl2, 50% Glycerol) in the drinking water. Antibiotic (streptomycin) treatment continued for 3 days, and 2 days after discontinuation of antibiotic, mice received approximately 5,000 CFU of Salmonella Typhimurium by oral gavage. cIAP/vehicle treatment continued for further 5 days when the experiment was terminated. Animals were monitored daily for weight change and clinical status. After sacrifice intestinal luminal content and other tissues (colon, cecum, mesenteric lymph nodes, liver and spleen) were collected for bacteriological and other studies. To separate the luminal bacteria from bacteria that were adherent to the mucosa, intestinal segments were opened longitudinally and successively washed in media for a specific duration.
Induction of Clostridium difficile Colitis

Similar to the strategy for infecting mice with Salmonella Typhimurium (see above) groups of mice (2 groups, 5 in each group (n = 5)) received streptomycin (5 mg/ml) +/- cIAP in their drinking water. This combination was given for 3 days then on day 4, streptomycin was discontinued but IAP/vehicle was continued. Also on day 4, animals from both groups received intra-peritoneal injections of clindamycin (10 mg/kg body weight). On day 6, IAP/vehicle was discontinued and both groups received approximately 1,000 CFU of C. difficile by oral gavage. From there on animals were monitored daily for weight changes and clinical status. In addition, stool samples were collected daily and assessed for the presence of C. difficile toxins. Animals were sacrificed on Day 5 post bacterial feeding. 
Clinical Score
The following rating scale was developed by Lankowski and Hohmann1  and used to assess the clinical condition of the: 1) Healthy active, healthy smooth coats; 2) Not quite as active as 1, something seems off; 3) Mild illness - reduced activity OR less responsive or hair slightly on end; 4) Mild illness - reduced activity, hair on end, less alert, less mobile; 5) Moderate illness - reduced activity, hair on end, huddled, eyes open, movement when stimulated; 6) Moderate illness - reduced activity, hair on end, huddled, eyes closed, some movement when stimulated: may survive; check these animals at least twice daily, maybe more if worrisome appearance; 7) Moribund; reduced activity, hair on end, huddled, eyes closed, no or little movement when stimulated, to be sacrificed; 8) Found dead.  Clinical scoring was performed following a blinded protocol. Scores of individual animals of one group was compared with the scores of individual animals of the other group to calculate statistical significance (Student’s t test).
Interleukin-1beta (IL-1) Assay
For assaying proinflammatory cytokine IL-1, mice were sacrificed on Day 4 after C. difficile oral gavage (a separate experiment). Blood samples and colonic segments were collected for quantification of IL-1 levels. The ELISA kit from eBioscience was used to quantitate IL-1 levels.

Intestinal Alkaline Phosphatase (IAP) Assay
IAP activity was determined following the protocol as previously described.2, 3 Briefly, individual stool samples were homogenized in water (10 mg/100 l), centrifuged and supernatant was collected. Then 25 l of the stool supernatant or aqueous calf IAP (cIAP) solution were mixed with 175 l phosphatase assay reagent containing 5 mM of p-nitrophenyl phosphate (pNPP) followed by determining optical density at 405 nm after a specific time period when the samples usually turned yellow due to release of p-nitrophenol. The specific activity of the enzyme is expressed as pmole pNPP hydrolyzed per min per g of protein.
Protein Assay
Protein concentration is a specific sample was determined using the protein assay reagents from Bio-Rad (Hercules, CA).
C. difficile Toxin Assay

Stool samples were collected on ice and the toxin assay was promptly done using the Premier Toxins A & B kit according to the manufacturer’s directions (Meridian Bioscience, Cincinnati, OH).
Mouse Colon Histology

For histological analysis of mouse colon, mice were sacrificed on Day 4 after gavage with C. difficile (see above). Hematoxylin and Eosin (H&E) slides were made from different sections (proximal, middle, and distal) of the colon and graded by a single blinded pathologist. The grading system used is based on the following: (a) neutrophil margination and tissue infiltration; (b) hemorrhagic congestion and edema of the mucosa; and (c) epithelial cell damage. A score of 0-3, denoting increasingly severe abnormality, was assigned to each of these parameters.4 Each lesion in a specific section was assessed separately and given a score then these scores were added to get the score for that section. 
Myeloperoxidase (MPO) Assay

MPO (EC 1.11.1.7) is a peroxidase enzyme that is mostly present in neutrophils and correlates with the quantity of neutrophil infiltration into tissues. The MPO assay was performed using o-dianisidine dihydrochloride method as previously described.5-7 Cecum and other intestinal segments were collected from mice 4 days after infection with C. difficile. Samples were washed in cold phosphate-buffered saline (PBS, pH 7.4), immediately frozen on dry ice, and stored at -80ºC. For MPO assay, the intestinal samples were thawed, weighed, and homogenized in 20 mM phosphate buffer (pH 7.4), and centrifuged (10,000 x g, 10 min, 4°C), and the resulting pellet was resuspended in 50 mM phosphate buffer (pH 6.0) containing 0.5% hexadecyltrimethylammonium bromide (Sigma Chemical Co., St. Louis, MO). The suspension was subjected to four cycles of freezing and thawing and further disrupted by sonication (40 s) (Sonic Dismembrator Model 300, Fisher Scientific, Pittsburgh, PA). The sample was then centrifuged (10,000 x g, 5 min, 4°C), and the supernatant was used for the MPO assay. The reaction mixture (300 l) consisted of the supernatant containing 50 mM potassium phosphate, 30 mM of o-dianisidine dihydrochloride, and 20 mM hydrogen peroxide. This mixture was incubated at 37°C for 10 min, the reaction was terminated by the addition of 2% sodium azide (50 l), and the absorbance was measured at 460 nm. Results were expressed as units per milligram (wet weight) of tissue.
Colon Organ Culture

Mice were treated with cIAP (cIAP+) or without cIAP (cIAP-) for 5 days and then infected with C. difficile. Animals were sacrificed 4 days after C. difficile infection.  One centimeter of the colonic segment was washed with serum-free medium (RPMI 1640, Invitrogen, Carlsbad, CA) containing penicillin G (100 U/ml) and streptomycin (100 g/ml) (Invitrogen) and then minced and placed in 1 ml of RPMI 1640 medium containing 10% fetal bovine serum (FBS; Lonza, Allendale, PA), penicillin, and streptomycin in 24-well flat-bottom tissue culture plates and incubated for 24 h at 37°C in 5% CO2, as previously described.8 Cell-free supernatant was collected after 24 h and cytokine secretion (Interleukin-1beta (IL-1)) was analyzed by enzyme-linked immunosorbent assay (ELISA) kit (eBioscience, San Diego, CA) according to the manufacturer’s protocol.
Survival Assay

For survival experiments animals were treated with antibiotics (streptomycin plus clindamycin) +/- cIAP followed by oral gavage of approximately 1,000 CFU of C. difficile (see above). We monitored the animals up to 11 days after the gavage of C. difficile when all of the animals of both groups died. Survival rate is presented as Kaplan-Meier curve. Statistical analysis was performed using Fisher’s exact test.
Statistical Analyses
Student’s t test and Fisher’s exact test were used for statistical analyses as indicated with each experimental result.

References

1.
Lankowski AJ, Hohmann EL. Killed but metabolically active Salmonella typhimurium: application of a new technology to an old vector. J Infect Dis 2007; 195(8):1203-11.

2.
Malo MS, Alam SN, Mostafa G, et al. Intestinal alkaline phosphatase preserves the normal homeostasis of gut microbiota. Gut 2010; 59(11):1476-84.

3.
Baykov AA, Kasho VN, Avaeva SM. Inorganic pyrophosphatase as a label in heterogeneous enzyme immunoassay. Anal Biochem 1988; 171(2):271-6.

4.
Kelly CP, Becker S, Linevsky JK, et al. Neutrophil recruitment in Clostridium difficile toxin A enteritis in the rabbit. J Clin Invest 1994; 93(3):1257-65.

5.
Krawisz JE, Sharon P, Stenson WF. Quantitative assay for acute intestinal inflammation based on myeloperoxidase activity. Assessment of inflammation in rat and hamster models. Gastroenterology 1984; 87(6):1344-50.

6.
Ramasamy S, Nguyen DD, Eston MA, et al. Intestinal alkaline phosphatase has beneficial effects in mouse models of chronic colitis. Inflamm Bowel Dis 2011; 17(2):532-42.

7.
Ebrahimi F, Malo MS, Alam SN, et al. Local peritoneal irrigation with intestinal alkaline phosphatase is protective against peritonitis in mice. J Gastrointest Surg 2011; 15(5):860-9.

8.
Siegmund B, Lehr HA, Fantuzzi G, Dinarello CA. IL-1 beta -converting enzyme (caspase-1) in intestinal inflammation. Proc Natl Acad Sci U S A 2001; 98(23):13249-54.



PAGE  
9

