
US 20050118152A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2005/0118152 A1 

De Simone (43) Pub. Date: Jun. 2, 2005 

(54) ANALYTICAL METHOD FOR DETECTING (30) Foreign Application Priority Data 
ALKALINE SPHINGOMYELINASE AND KIT 
FOR USE IN SUCH METHOD Dec. 21, 2001 (IE)................................................. O11100 

(76) Inventor: Claudio De Simone, Ardea Rm (IT) Publication Classification 

Correspondence Address: (51) Int. Cl." ......................... A61K 38/43; A61K 38/46; 
NIXON & VANDERHYE, PC C12O 1/44 
1100 N GLEBE ROAD (52) U.S. Cl. ........................... 424/94.1; 424/94.6; 435/19 
8TH FLOOR 
ARLINGTON, VA 22201-4714 (US) (57) ABSTRACT 

(21) Appl. No.: 10/499,336 An analytical fluorometric method and a kit for use in Such 
method are disclosed for assessing the presence of alkaline 

(22) PCT Filed: Dec. 19, 2002 Sphingomyelinase (SMase) in the Stools of a patient in need 
of Such an assessment Since alkaline SMase is a marker of 

(86) PCT No.: PCT/IT02/00811 Serious pathological States, Such as colon cancer. 



Patent Application Publication Jun. 2, 2005 US 2005/0118152A1 

60000 

50000 
2 

40000 

is 30000 
3 
G 

a 20000 
ha 
C 

10000 

O 
O 20 40 60 80 OO 

Sphingomyelinase (m)/ml) 

Figure 1. Detection of sphingomyelinase using the fluorescence assay. 
Each reaction contained the indicated amount of bacteric sphingomyelinase in specific 
assay buffer. 
Reactions were incubated at 37°C for one hour. Fluorescence was measured with a 
fluorescence microplate reader using excitation at 530 nm and fluorescence detection at 
590 Inn. 
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ANALYTICAL METHOD FOR DETECTING 
ALKALINE SPHINGOMYELINASE AND KIT FOR 

USE IN SUCH METHOD 

0001. The present invention relates to an analytical 
method for assessing the presence of alkaline Sphingomy 
elinase in the Stools or biological fluids of patients in need 
of Such an assessment. The invention also relates to a kit for 
carrying out the analytical method. 
0002 More particularly the method of the present inven 
tion is an in vitro fluorometric method for detecting alkaline 
Sphingomyelinase which, as will be described in detail 
hereinbelow, is a marker of Serious pathological States Such 
as colon cancer and familial adenomatous polyposis. 
0003) The enzyme sphingomyelinase (sphingomyelin 
phosphodiesterase, SMase) catalyzes the hydrolysis of sph 
ingomyelin to ceramide and choline phosphate. 
0004 Three different types of SMase (acidic, neutral and 
alkaline) have been identified to-date, which occur as Several 
iso-forms, as follows: 

0005 lysosomal acidic SMase (A-SMase); 
0006 cytosolic Zn-dependent acidic SMase; 
0007 membrane neutral magnesium-dependent 
SMase (N-SMase); 

0008 cytosolic magnesium-independent N-SMase; 
and 

0009 alkaline SMase. 
0.010 SMases have been shown to play a role in a wide 
variety of physiologic and pathological processes, including: 
lysosomal hydrolysis of endocytosed SM, ceramide medi 
ated cell Signalling, atherogenesis, terminal differentiation, 
cell cycles arrest, apoptosis, inflammation, and the regula 
tion of eukaryotic StreSS responses. 

0011. In contrast to acidic and neutral SMase, which are 
currently present in cells as lySOSomal and membrane-bound 
enzymes, respectively, alkaline SMase exhibits tissue and 
Species difference. In human beings, the alkaline SMase is 
found in intestinal mucosa and bile. Alkaline SMase starts to 
appear in the duodenum, reaches a high level in the intestine, 
especially in the distal part of the jejunum, and occurs in 
considerable amounts in the colon and rectum. This SMase 
presents optimal alkaline pH at 9.0, is Mg"-independent, 
bile Salt-dependent and trypsin-resistant. 
0012. The pathological importance of alkaline SMase has 
only recently been recognized and this has prompted Several 
Studies to be carried out, mainly for the following reasons. 
0013 First, the enzyme may be responsible for the 
hydrolysis of the dietary Sphingomyelin occurring Substan 
tially in milk, eggs, meat and fish. Second, this enzyme may 
regulate cholesterol absorption. Third, the presence of alka 
line SMase along the intestinal tract and its Selective 
decrease detected in colorectal carcinoma Suggests that this 
enzyme plays a role in intestinal carcinogenesis, Since under 
physiological conditions, it Stimulates apoptosis and protects 
the intestinal mucosa against carcinogenesis. 
0.014 Previous studies have also shown that, under physi 
ological conditions, alkaline SMase is dissociated by bile 
Salts from intestinal mucosal membrane to the lumen. How 
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ever, under pathological conditions, whereby bile Salt con 
centration is abnormally increased, the dissociation of alka 
line SMase by bile salts may exceed the biosynthesis of the 
enzyme, resulting in a low level of activity of alkaline 
SMase in the mucosa, and an abnormally increased excre 
tion of the enzyme in the faeces or in biological fluids, i.e. 
bile. Consequently, the excess of alkaline SMase excreted in 
the Stools or in biological fluids over normal, basal values, 
may be interpreted as a valuable diagnostic marker for colon 
rectal carcinoma and familial adenomatous polyposis, 
hence, the need of a reliable assay for detecting alkaline 
SMase in the stools or in biological fluids of patients likely 
to be Suffering from the aforesaid pathologies of the intes 
tinal tract. 

0015. In addition, some bacteria strains (e.g. Streptococ 
cus termophilus Lactobacilli) contain high levels of SMase, 
and the assessment of alkaline SMase may provide a method 
to evaluate changes in the number of Said bacteria, i.e. after 
a treatment with probiotics or/and probiotic-based products. 

0016 Previous methods for assaying alkaline SMase are 
already known. The activity of the SMases can be deter 
mined either in vivo through cell labelled with a radioactive 
precursor of SM and then determining the labelling product 
levels or in vitro using radiolabelled SM or a chromogenic 
analog of SM or colored and fluorescent derivatives of 
neutral SM. 

0017. These known commonly used assays are not 
entirely satisfactory since they are potentially very hazard 
ouS insofar as they are radioactive assays and leSS Sensitive 
than a fluorometric assay. 
0018. An object of the present invention is to provide a 
reliable, unexpensive assay for alkaline SMase in the Stools 
or biological fluids of patients likely to suffer from colorectal 
carcinoma and familial adenomatous polyposis, or gall 
bladder or liver diseases, which overcomes the drawbacks of 
the known methods. 

0019. A further object of the present invention is to 
provide an analytical kit for use in the aforesaid assay. 

0020. Another object of the present invention is the 
assessment of bacterial colonization in different health con 
ditions or following diseases or treatment with drugs or 
probiotics or food Supplements. 

0021. The fluorometric, indirect assay method of the 
present invention is grounded on the following Sequence of 
reactions. 

0022. Under the action of alkaline SMase, present in 
faeces or other biological fluids, Sphingomyelin is hydro 
lyzed to ceramide and phosphorylcholine which, under the 
action of alkaline phosphatase, is hydrolyzed yelding cho 
line. In the presence of choline oxidase, choline produces 
hydrogen peroxide (H2O). 
0023 This latter compound, in the presence of horse 
radish peroxidase, is caused to react with 10-acetyl-3.7- 
dihidroxyphenoxazine, a Sensitive fluorogenic probe for 
H.O. (hereinbelow referred to as “Amplex Red Reagent”) 
yelding the highly fluorescent compound resorufin. Fluores 
cence is measured with a fluorocount microplate fluorometer 
using excitation at 530-560 nm and fluorescence detection at 
590 nm. 
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0024. Based on the aforesaid reaction sequence and fluo 
rescence detection means, the assay method of the present 
invention for assaying alcaline SMase comprises the fol 
lowing steps which refers to stools. However, it will be 
apparent to a person skilled in the art that this method can 
be easily applied also to biological fluids Such as bile with 
appropriate routine variations, 

0025 1) collecting a sample of a patient's stools and 
drying it up; 

0026. 2) weighing about 3-4 grams of the dried up 
Sample and Suspending it in 20 ml of a homogenization 
buffer containing 0.25 M Sucrose, 0.15 M KCl, 50 mM 
KHPO, pH 7.4; 

0027 3) centrifuging the sample at 4000 rpm at +4 C. 
for 60 min; 

0028 4) recovering the Supernatant and centrifuging 
again for 15 min. at 4000 rpm at +4 C.; 

0029 5) measuring protein content in Supernatant with 
the Pierce Protein Assay with bovine serum albumine 
as Standard using for each Sample a range of protein 
concentration between 32 mg/ml and 40 mg/ml and 
pipetting 25 ul of each Sample into well; 

0030) 6) adding to each 25ul sample 65 lull of assay 
buffer containing 50 mM Tris/HCl, 2 mM EDTA, 0.15 
M NaCl pH 9.0 and 10 ul of 29 uM sphingomyelin and 
in assay buffer adding bile salts (TC, TDC, GC, GCDC) 
in the concentration of 3 mM, 

0.031) 7) incubating at 37° C. for 1 hr; 
0032) 8) pipetting 100 ul of each standard (see below) 
and 10 ul of sphingomyelin (29 uM), incubating for 1 
hr at 37 C. as the samples; 

0033 9) after 1 hour, adding 100 ul of reaction buffer 
containing 50 mM Tris/HCl pH 7.4, 10 mM f-glyc 
erophosphate, 750 uM ATP, 5 mM EDTA, 5 mM 
EGTA, 100 uM Amplex Red, 8 U/ml alkaline phos 
phatase, 0.2 U/ml choline oxidase, 2 U/ml horseradish 
peroxidase; 

0034) 10) incubating the reactions for 1 hour or longer 
at 37 C., protected from light; 

0035) 11) measuring the fluorescence in a fluorescence 
microplate reader using excitation in the range of 
530-560 nm and emission detection at 590 nm, 

0036) 12) for each point, correcting for background 
fluorescence by Subtracting the values derived from the 
no-Sphingomyelinase control. 

0037. The invention also relates to a kit for detecting 
alkaline Sphingomyelinase in a patient's Stools or biological 
fluids according to the previously disclosed method, which 
comprises test tubes Separately containing Samples of the 
following reagents: 

0038 a) sphingomyelin to be hydrolized by alkaline 
Sphingomyelinase present in the Stools or biological 
fluids, to give phosphorylcholine; 

0039 b) alkaline phosphatase for catalyzing the 
hydrolysis of phosphorylcholine to choline; 
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0040 c) choline oxidase for oxidizing choline to 
hydrogen peroxide, 

0041 d) horse-radish peroxidase for assisting reaction 
of hydrogen peroxide with 

0042 e) Ampler Red Reagent (10-acetyl-3,7-dihy 
droxyphenoxazine) to give the fluorescent compound 
resorufin whose fluorescence is a marker of the alkaline 
SMase present in the stools or biological fluids; and 

0043 f) lyophilized bacterial sphingomyelinase for use 
as Standard concentrate. 

0044) For the analytical method of the present invention 
to be Suitably carried out, in addition to the aforesaid kit 
components, the following further materials and equipments 
are required: 

0045. Sucrose; 
0046) Potassium chloride (KCl); 
0047 Potassium phosphate, monobasic (KHPO); 
0048 Trizma base; 
0049 EDTA; 
0050 Sodium chloride; 
0051) Taurocholate (TC); 
0052) Taurodeoxycholate (TDC); 
0053 Glycocholate (GC); 
0054 Glycochenodeoxycholate (GCDC); 
0055 B-glycerophosphate; 

0056 ATP disodium salt; 
0057) EGTA; 
0.058 BCA Protein Assay Reagent; 
0059 Bovine serum albumine; 
0060 A refrigerated centrifuge; 
0061. A microplate reader capable of measurement at 
550-562 nm, and 

0062. A fluorocount microplate fluorometer. 
0063. In order to accomplish the quantification of SMase 
activity, the following measures should be taken. 

Standard Curve Preparation 
0064. The kit is supplied with a standard preparation of 
SMase, it consists of bacterial extract containing a type of 
SMase that works at pH 9. The following operations should 
be performed. 

0065 Generate a SMase calibration curve: dilute the 
Standard concentrate to make Serial dilutions. 

0066 Reconstitute the SMase standard with 1 ml of assay 
buffer (pH 9.0); this reconstitution produces a stock solution 
of 96 m/ml. 

0067 Pipette 0.500 ml of assay buffer into each tube. Use 
the Stock Solution to produce a dilution Series. Mix each tube 
thoroughly before the next transfer. The undiluted standard 
serves as the high standard (96 mU/ml), and the standard 
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curve will contain the following concentrations (mu/ml): 
96-48-24-12-6-3. Buffer serves as the Zero standard (0 
mu/ml). 

Typical Standard Curves 
0068. In FIG. 1 the standard curve is shown for demon 
Stration only. A Standard curve should be generated for each 
Set of Samples assayed. 

Calculation of Results 

0069 Average the duplicate readings for each standard 
and Sample and Subtract the average Zero Standard fluores 
CCCC. 

0070 Plot the fluorescence for the standards versus the 
activity (mu/ml) of the standards and draw the best curve. 
To determine the SMase activity of each sample, first find 
the fluorescence value on the y-axis and extend a horizontal 
line to the Standard curve. At the point of interSection, extend 
a vertical line to the X-axis and read the corresponding 
SMase activity. 
0071. The described method is able to assay SMase 
activity in vitro; it has been developed with the intent to 
detect alkaline SMase in an organic Sample. 
0.072 To assay specifically the alkaline SMase the 
method uses conditions that detect the acid and neutral 
SMases activity. In fact: 

0073 the homogenization buffer is at neutral pH, 
but it have not protease and phosphatase inhibitors to 
exclude the neutral SMase since the latter is sensitive 
to activities of proteases and phosphatases and is 
consequently inhibited by these enzymes, 

0074 in the homogenization buffer the MgCl2 is 
absent to block the activity of Mg dependent neutral 
SMase; 

0075 the reaction buffer contains B-glycerophos 
phate and ATP to preclude acid SMase moreover 
activity at neutral pH, in this buffer EDTA and EGTA 
are present in high concentration to inhibit neutral 
SMase. 

1. A method for detecting alkaline Sphingomyelinase in a 
patient's Stools, which comprises the following Steps: 

1) collecting a sample of a patient's Stools and drying it 
up, 

2) weighing about 3-4 grams of the dried up Sample and 
Suspending it in 20 ml of a homogenization buffer 
containing 0.25 M sucrose, 0.15 M KC 1, 50 mM 
KHPO, pH 7.4; 

3) centrifuging the sample at 4000 rpm at +4 C. for 60 
min, 

4) recovering the Supernatant and centrifuging again for 
15 mm. at 4000 rpm at +4 C.; 

5) measuring protein content in Supernatant with the 
Pierce Protein Assay with bovine serum albumine as 
Standard using for each Sample a range of protein 
concentration between 32 mg/ml and 40 mg/ml and 
pipetting 25 ul of each Sample into well; 
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6) adding to each 25 ul sample 65 ul of assay buffer 
containing 50 mM Tris/HCl, 2 mM EDTA, 0.15 M 
NaCl pH 9.0 and 10 ul of 29 uM sphingomyelin and in 
assay buffer adding bile salts (TC, TDC, GC, GCDC) 
in the concentration of 3 mM, 

7) incubating at 37° C. for 1 hr; 
8) pipetting 100 ul of each standard lyophilized bacterial 

Sphingomyelinase and 10 ul of sphingomyelin (29 um), 
incubating for 1 hr at 37 C. as the samples; 

9) after 1 hour, adding 100 ul of reaction buffer containing 
50 mM Tris/HCl pH 7.4, 10 mM f-glycerophosphate, 
750 uM ATP, 5 mM EDTA, 5 mM EGTA, 100 uM 
Amplex Red, 8 U/ml alkaline phosphatase, 0.2 U/ml 
choline oxidase, 2 U/ml horseradish peroxidase; 

10) incubating the reactions for 1 hour or longer at 37°C., 
protected from light; 

11) measuring the fluorescence in a fluorescence micro 
plate reader using excitation in the range of 530-560 
nm and emission detection at 590 nm, 

12) for each point, correcting for background fluorescence 
by Subtracting the values derived from the no-Sphin 
gomyelinase control. 

2. The method of claim 1, applied to biological fluids. 
3. A kit for detecting alkaline Sphingomyelinase in a 

patient's Stools or biological fluid which comprises test 
tubes Separately containing Samples of the following 
reagents: 

a) Sphingomyelin to be hydrolized by alkaline Sphingo 
myelinase present in the Stools or biological fluids, to 
give phosphorylcholine; 

b) alkaline phosphatase for catalyzing the hydrolysis of 
phosphorycholine to choline; 

c) choline oxidase for oxidizing choline to hydrogen 
peroxide; 

d) horse-radish peroxidase for assisting reaction of hydro 
gen peroxide with 

e) Ampler Red Reagent (10-acetyl-3,7-dihydroxyphenox 
azine) to give the fluorescent compound resorufin 
whose fluorescence is a marker of the alkaline SMase 
present in the Stools or biological fluids, and 

f) lyophilized bacterial sphingomyelinase for use as Stan 
dard concentrate. 

4. A method for detecting alkaline Sphingomyelinase in a 
biological material from a patient, comprising the Steps of 

1) collecting a sample of the biological material; 
2) Suspending the sample in an homogenization buffer 

containing 0.24-0.26 M Sucrose, 0.14-0.16 M KCl, 
45-55 mM. KHPO adjusted to about pH 7.4; 

3) centrifuging the sample at least once and recovering the 
Supernatant, 

4) measuring the protein content in Supernatant; 
5) adding to a Sample of the Supernatant an assay buffer 

containing 44-55 mM Tris/HCl, 1.9-2.2 mM EDTA, 
0.14-0.16 M NaCl pH 8.9-9.1, 28-30 uM sphingomy 
elin and an assay buffer containing bile salts (TC, TDC, 
GC, GCDC) at a concentration of 2.9-3.1 mM; 
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6) incubating the assay mixture at about 37° C. for about 
1 hr., 

7) mixing a sample from step 6) with 28-31 uM sphin 
gomyelin, and incubating for about 1 hr at about 37 C.; 

8) adding reaction buffer containing 45-55 mM Tris/HCl 
pH 7.3-7.5, 9-11 mM B-glycerophosphate, 745-755 uM 
ATP, 4-6 mM EDTA, 4-6 mM EGTA, 95-105 uM 
Amplex Red reagent, 7-9 U/ml alkaline phosphatase, 
0.1-0.3 U/ml choline oxidase and 1.5-2.5 U/ml horse 
radish peroxidase; 

9) incubating the reaction mixture for at least 1 hour at 
about 37 C., protected from light; 

10) measuring the fluorescence using excitation in the 
range 530-560 and emission detection at about 590 nm. 

5. A method as claimed in claim 4, wherein, for each 
Sample, the fluorescence reading is corrected for background 
fluorescence by Subtracting the values derived from a no 
Sphingomyelinase control. 
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6. A method as claimed in claim 1 or 5, wherein the 
protein content is measured by the Pierce Peotein ASSay. 

7. A kit for detecting alkaline Sphingomyelinase in a 
biological Sample obtained from a patient comprising: 

a) Sphingomyelin 
b) alkaline phosphatase, 
c) choline oxidase, 
d) horseradish peroxidase, 
e) Amplar Red reagent, 
f) lyophilized bacterial sphingomyelinase. 
8. A method of detecting alkaline Sphingomyelinase Sub 

Stantially as described herein with reference to the figure. 
9. A kit for detecting alkaline Sphingomyelinase Substan 

tially as described herein with reference to the figure. 

k k k k k 


