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Analytical method for detecting alkaline sphingomyelinase and kit for

use in such method.

The present invention ralates to an analytical method for assessing the
presence of alkaline sphingomyelinase 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.

More particularly the method of the present invention is an in vitro
fluorometric methed for detecting slkaline sphingomyelinase which, as
will be described in detail hescinbelow, 1s a marker of serious
pathological states sucl as colen cancer ard familial adenomatous

polypesis.

The enzyme sphizgong2linase {sphingowmyelin phosphodiesterase,
SMase) catalyzes the hydrolysis of sphingomyelin to ceramide and
choline phosphate.

Three different tvpes of SMase (acidic, neutral and alkaline) have been
identified to-date, which occut as several iso-forms, as follows:

- lysosomal acidic SMase (A-SMase):

- cytosolic 727+ canzandan® neidic SMase;

- membrane neutral magnestum-dependent SMase (N-SMase);
- cytosolic magresium-indegaident N-SMase; and

- alkaline SMase,

SMases have been shown to plsy = role in a wide variety of physiologic
and pathological processes, including: lysosomal hydrolysis of
endocytosed SM, czramide med ‘sted cell signalling, atherogenesis,
termirs] differentiatina, o:ll =3oles wyvest, apoptosis, inflammation,

and the regulation of sukaryotic “trass respenees.

In contrast to acidic and neutral SMase, which are currently present in
cells as lysosomal and membirane-bound enzymes, respectively,
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alkaline SMase exhibite tissue and species difference. In human
beings, the alkaline SMase I found in intestinal mucosa and bile.
Alkaline SMase starts to appear in the duodenum, reaches a high level
in the intestine. especially in the dlistal part of the jejunum, and occurs
in considerable ampsunts in the ¢.lon and rectum. This SMase presents
optiraal alkaline pH at 2.0, is W y¢+.independent, bile salt-dependent

and trypsin-resistant.

The pathological importance of :lkaline SMease has only recently been
recognized and this has prompi-d zeveral studies to be carried out,

mainly for the following reasons.

First, ths e1zyme may be vesper i'ble for the hydrolysis of the dietary
sphingomyclin ncoutring substancially in mik, eggs, meat and fish.
Second, this enzym: may regulsie cholesterol absorption. Third, the
presence of alkaline SMase aleng the intestinal tract and its selective
decrease detected in oolorvecta! csreinorra suggests that this enzyme
plays a role in intestinal caiciingenesis, since under physioclogical
conditions, it stinulates apaptes s and protects the intestinal mucosa

against carcinogenesis.

Previous studie: bara a'sc show - “hat, under physioclogical conditions,
alkaline SMase is discociated by bile salts from intestinal mucosal
membrane to the lumen. Fiewever, uvnder pathological conditions,
whereby bile salt concentration 1s abnormally increased, the
dissociaticr  of s'kzline SMsn. by bile salts may exceed the
biosynthasis of the crizym: asviting in e low level of activity of
alkaline SMase i the mmecsa, and an abnormally increased excretion
of the enryme in the faecer or in biologicel fluids, ie. bile.
Conseguently, the axmes: of alln o SMage exereted in the stools or in
biological fluids ~ve+ rarmal, buial values, may be interprzted as a
valuable diagnostic rusrker Ly colun rzctal carcinoma and familial
adenomatous polvposis. henz: the need of a reliable =ssay for
detecting 2lkaline SMuze in tan sieols or in biclogical fluids of patients
likely to be suffering froz the «forosaid pathologies of the intestinal



tract.

In addition, some bacteria strains (e.g. Streptococcus 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.

Previous methods for assaying alkaline SMase are already known. The
activity of the SMases can be determined 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,

These known commonly used assays are not entirely satisfactory since
they are potentially very hazardous insofar as they are radioactive
assays and less sensitive than a fluorometric assay.

A need exists 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.

A further need exists to provide an analytical kit for use in the
aforesaid assay.

Another need exists to provide the assessment of bacterial colonization
in different health conditions or following diseases or treatment with

drugs or probiotics or food supplements.

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

AMENDED SHEET
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Under the action of alkaline #Hase, present in faeces or other
biological fiuids, sphingormyelin s hycrolyzed to ceramide and
phosphorylcholine whick, uncer the action of alkaline phosphatase, is

hydrolyzed yelding cholire. In the presence of choline oxidase, choline

produces hydrogen peroxide (Hot i

This latter cormpound, in the prusence of horse-radish peroxidase, 1s
caused to react with 10-acetyl-3.7-dihidroxyphenoxazine, a sensitive
fluorogenic probe fi T,0; (hreinbelow rafzrrzd to as “Amplex Red
Reagent”) yelding tte highiv {laorzscent compound resorufin.

Fluorescence is measured with a4 fluorccount microplate fltorometer
using excitatior: ¢ £50 560 rra s d fluorescence detection at 590 nm.

Based on the aforesaid raaction sequence and fluorescence detection
means, the asszy m<thod of the v ~usznt invention for assaying alcaline

SMase comprises the following zets which refers to stools. However, 1t
will be zpparert tc - y:oacn clall Tt the ar’ that this metkod can be
easily applied aize to biologizel fluds sueh as I:le with appropriate

routine variaticn:,
1) collecting a sarople of a gaiicnt's stools and drying it up;
2) weighing #houi 3.4 grees of thz dried wp sample and

suspending it i1 27 m] of a hongenization huffer containing 0.25 M
sucrose, 0,15 M KC, &7 mM LY, pRI7.4;

3} rentrifuging the caple st {000 rpm at +4°C for €0 min;
4) recovering the sunsraasz il centrifuging again for 15 min. at

4000 rpm at +4°C;

5) measuring protera ceatand in suparnatant with the Pierce
Protein Asszy with be.it2 e ue clbumine as standard using for each
sample a range =7 nrclein coaceateation between 32 mg/mi and 40
mg/ml and pipetinz 27 21 sfeash tovaple intn well;

7 [
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6) adding to each 25 ul samp'e 65 i of assay buffer containing 50
mM Tris/HCl, 2 mM EDTA, 0.1& M NaCl pH 9.0 and 10 pl of 29 pM
sphingomyelin and in assay buffer adding bile salts (TC, TDC, GC,
GCDC) in the concentration of & M,

7 incubating at 37°C for 1 hy;

8) pipetting 100 ul of eaca smandard (see below) and 10 pl of
sphingomy:lin (22 u M, wwcvbatin g for 1 hr at £7°C as the samples;

9) after 1 hour, addicg 100 #i =f reaction buffer containing 50 mM
Tris/HCl pH 7.4, 30 mM B-givimphosphate, 750 uM ATP, 5 mM
EDTA, 5 mM EGTA, 100 pie Amplex: Red, 8 U/ml alkaline
phosphetass, 0.2 il'm chaoline axidase, 2 U/mi horseradish peroxidase;

10) incubating the reactions {1 nout or longer at 37°C. protected

from light;

11) measuring the flrorescens “a s finorescanes microplate reader
using excitation in the vaage of 777550 no and emission datection at
590 nm;

12) for each point, correcting for backzround fluorescence by

€]

subtracting the vaives lerived fivn the ro-sphingomyelinase control.

The invention also relates to a kit for detecting alkaline
sphingoravelinase 'n ¢ patizn®: cinle o binjogical flnids according to
the provioualy disclosed mether b comprises test tubes zeparately

containing samples of the follow'ri reagents:

a) sphingomyelir tc be hyd-:iized by atkaline sphingomyelinase
present. i the stools or binbogizal Taics, e give whosphorylcholine;

b) alkaline phcsphasese for  catalyzing the hydrolysis  of
phospheryleholing b «hitnz:
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c) choline oxidase for oxidizing choline to hydrogen peroxide;
d) horse-radich peroxidase Jor assisting reaction of hydrogen

peroxide with

e) Arapler Red Reagent (10-:acetyl-3.7-dihydroxyphenoxazine) to
give the fluorescert compouns resorufin whose fluorescence 18 a
marker of the alkaline SMase pr sent in the stools or biological fluids;

and

Toophilize? bactovial eplius romyelnase for nse &3 standard
R 3 3

concentrats

For the snalytical wmeihod of < present invention to he suitably
carried out. in additior to the 2.pesaid kit components, the fellowing

further materials aul equipment  xe required:

Sucrose;

Potassi:on chloride F71Y

Potassivm phosphaie. mioncbssi HH2P0):
Trizma base;

EDTA;

Sodium chloride;

Taurocholate (T

Taurodeoxycholatz (TDC);

Glycocholate (GC);

Glycoctenodeoxychalate (GETC)
B-glvceraphosphate:

ATP dishdium salt;

EGTA;

BCA Protein Assay Rel geat;

Bovine serum &fl smine;

A refrigerated centrifuge;

A microplate reader capakle of measurement at 550-562 nm, and

A fluorosount microplste uovmy o,
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In order to accomplish the guvantification of SMase activity, the
following measures should be tak2n.

Standard Cvrve Preparation

The kit is supplied with a standord preparation of SMase, it consists of
bacterial extract cortaining a tyre of SMase that works at pH 9. The
following operations should be performed.

Generate s SMase ¢xlibration curve: dilute the standard concentrate to
make serial dilutions.

Reconstitute the SMase standard with 1 ml of assay buffer (pH 9.0);
this reconstitution preduces a sta & solution of 96 mU/ml.

Pipette 7.500 ] of assay buffer 1040 each tube. Use the stock solution
to produce a dilution series. Mir zach tube thoroughly before the next
transfer. The undilte 1 siznde o serves e¢ the high standard (96
mU/mD, snd the standard cneve will contain the following
concentrations (mU/mb: 96-48-11-12-6-3. Buffer serves as the zero
standard (0 mU/x.i).

Typical £i:ndard Curves

In Figrre 1 the stzndasd cnrve i- chown for demonstration only. A
stardard curve shat' 4 B ganers’ o for each sot of samples assayed.

*

{zizvlaion of Results
Average the duplicate readings D ecach standard and sample and
subtract the average zerc stawdi ¥ Lnrescence.

Plot. tho fluoresceren fur the ste . lards versus the activity {mU/ml) of

the ttandurds £ drow ro Loio 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.

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.

To assay specifically the alkaline SMase the method uses conditions
that detect the acid and neutral SMases activity. In fact:

- 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;

- in the homogenization buffer the MgCl: is absent to block the
activity of Mg dependent neutral SMase;

the reaction buffer contains B-glycerophosphate 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.

"Comprises/comprising” when used in this specification is taken to
specify the presence of stated features, integers, steps or components
but does not preclude the presence or addition of one or more other

features, integers, steps or components or groups thereof.

AMENDED SHEET
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What is claimed is:

1. A method for detecting al¥aline 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 @4 grevas of the dried up sample and
suspend:ng it in 20 ml cf a homaogenization buffer containing 0.25 M
sucrose, 0.15 M KCL 80 mM KHyPiia, pH 7.4

3) centrifuginy ihe sample ot 2020 rpm at +4°C for 60 min;

4) yacavering the & zemnate s’ ondd centrifuging agan for 15 min. at
4000 rpm at +4°C;

5) mepsuring  profein coniest in supéraetant with the Pierce

Protein Assay with Bosine sexaur abumnine as standard using for each
sample a range of praiein concentration between 32 mg/ml and 40

mg/ml and pipeiting 25 21 of ean® vample into well;

6) adding to esch 25 p) sarvie 65 plof assay buffer containing 50
mM Tris/HCL, 2 aM EDTA, 0.1 M NaCl pH 6.0 and 10 ul of 29 uM
sphingomyelin and it assay Lulfer adding bile salts (TC, TDC, GC,
GCDC) in the connerdratisey 27 0

0)) incubating at 37°C for 11

8) pipetting 106 ul of cutn standard lyophilized bacterial

sphingomy»lirase and 10 .1 26 i omyehn (29 pM), incabating for 1

hr at 37°C a3 the s3ainples;

9) after 1 hene adcing 100 ¢ .7 reaction buffer containing 50 mM
Tris/HC! pH 7.4 17 mM p-glyes eaphosphate, 750 yM ATP, 5 mM
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EDTA, 5 mM EGTA 100 i Amplex Red, 8 U/ml alkaline
phosphatase, 0.2 Trml « holine cxid2se, 2 TJhml horseradish peroxidase;

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

from light;

11) measuring the finorescenc: in a fluorescence micropiate reader
using excitation: in the range of 330-56C nm and emission detection at
590 nm;

12) for each wpeiat, correcting for background fluorescence by
subtrasting the valuse derived fiu the no-sphingomyelinase control.

2. The method of claim 1, apy izd to biological fluids.

3. A kit for delecting silinlis: sphingomyelinase in o patient's
stools or hiclogicai fluid whir, comprises tast tubes separately
contvain:ng samples ~fi-e blav o rragents:

Lt

a) sphingomyetia £ he hy” ~lzed by alksline sphingoryelinase

present in the stools or biologica! "liids, to give phosphorylchcline;

b) alkaline phosphatase frr  catalyzing the hydrolysis of
phosptorslcheline o chetine:

c) chiline oxidass ficcxidizt  choline to hydrogen peroxide;

d) Yorerradiah oo.aw’dsis L0 aseisting teaction of hydrogen
peroxice with

e) Anmpler Red Rasgent (A7 scetyl-3.7-dibydroxyphenoxazine) to
give thz fluorse ar: gomgpouns cesorvfin whose fluorescence is a
marker of the alkaiine SMase po:sent in the stools or biological fluids;
and
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f) lyophilized bacterial sphirzomyelinase for use as standard
concentrate.
4. A method for detecting alk:1're sphingomyelinase in a biological

material from a patient, comprising the steps of

1) collecting a somple of the hiolegical material;
2) gugpending the samole in :x omogenization buffer containing

0.24-0.20 M sucrose, 0.14-0.16 W (1, 45-35 mM KH,PO,, adjusted to
about pH 7.4;

3) centrifugire *he asmple ©b least once and recovering the
supernsatant,
4 measuring the pratein con. it in supernatant;
g L
5 adding to & sample ¢f !t superratant an asse buffer
o 2

containing 44-55 mM Tris/HC), *.2-22 mM EDTA, 0.14-0.16 M NaCl
pH 89-9.1, 28-30 uM sphingam elin and an assay buffer containing
bile salts (TC, TN, 14, GCDOY ~t A cancentration of 2.9-3.1 mM;

6) incubating tho assay mixtere at abous 37°C for about 1 hr;
D mixing a saraple from stey & with 28-21 pM sphingomyelin, and

incuba:ing for akert 1 Fr af aheo: 077G

8) adding resctic” hnffer cont dning 45-80 mM Tris/HCI oH 7.3-7.5,
9-11 mM B-glycerop bosphare, 7 7755 uld ATP, 4-6 mM EDTA, 4-6
mM ECTA, 95.105 uM Ampieyr Red reagent, 7-9 U/ml alkaline
phosphazase, 0 1.3 1J/m! .*oline  ox'dase and 1.5.2.5 U/ml
horser:zdish peroxidase;

9) jnoulating the rsecins soitiure for ot loast 1 hour at about
37°C, protected froxe light:
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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.

6. A method as claimed in claim 4 or 5, wherein the protein content
1s 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,
) lyophilized bacterial sphingomyelinase.

8. A method of detecting alkaline sphingomyelinase substantially
as described herein with reference to the figure.

9. A kit for detecting alkaline sphingomyelinase substantially as
described herein with reference to the figure.

10. A method according to the invention for detecting alkaline

sphingomyelinase, substantially as hereinbefore described or
exemplified.

11. A method for detecting alkaline sphingomyelinase including any
new and inventive integer or combination of integers, substantially as
herein described.

12. A kit for detecting alkaline sphingomyelinase as claimed in
claim 3 or 7, substantially as hereinbefore described or exemplified.

AMENDED SHEET
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13. A kit for detecting alkaline sphingomyelinase including any new
and inventive integer or combination of integers, substantially as
herein described.
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Figure 1. Detection of sphingoryelina:e using the Maorescence as3ay.

Each reaction containes rhe indicated mount of bacteric sphingomyelinase in specific
assay buffer.

Reactions were incubaied at 37°C fur one hour. Fluorescence was measured with a
fluorescence nicroplate resder using excitation at 539 nm and fluorescence detection at
590 nm.
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