NE‘JI"H(I)J-AND KIT FOR DETECTI NG ALKALI NE _SPHI NGOMYELI NASE Abstr act:
flooronetric nethod and a kit for

anal yti cal . _
di scl osed for assessing the presence of

in the stools_of a patient

SMWase

t he

is a
03/ 056031 1 Method And Kit Folr

[ ion relates to o5
2006 The pr&%wotrld IInQé{Igc?tEallP?‘Opel’ty()rganization ‘

T O O SRR

WO 03/056031 A3

mPRETE

International Bureau

(43) International Publication Date

An

use in such met bes 2008
al kal i ne sphi ngonyel i nase (SMase)

i n need of such an assessnent since al kaline
TIOB Y A BLCAHAN RBHSYED HNDER BHESSTENS CONPERSTION MR TE ey . O
Det ecti ng Al kal i ne Sohi ngonyel i nase 21 June

el ytical

nmet hod for assessing

A 0O T O

(10) International Publication Number

(30) Priority Data;

011100 21 December 2001 (21.12.2001) IH

(71) Applicant (for all designated States except AG, BB, BR,
BZ, C4,CO. CR, CU, DM, EC, GD, LC, MX, TT, US): AC-
TIAL FARMACEUTICA, LDA. [PT/PT]; Rua dos Fer-
reiros, 260, P-9000-082 Funchal {PT}.

(71} Applicant (for AG, BB, BR, BZ, Cd, CO, CR, CU DM, EC,
GD, LC, MX, TT only): VSL PHARMACEUTICALS,
INC, [US/USY; 800 South Frederick Avenue, Gaithersburg,
MD 20877 (US),

{72} Inventor; and
(75 Iuventor/Applicant (for US only): DE SIMONE, Clau-
dio [IT/IT]; Via Nuoro, 10, I-00040 Ardea (IT).

10 July 2003 (10.07.2003) PCT WO 03/056031 A3

(51) International Patent Classification”; Cl12Q 1/44, (74) Agents: CAVATTONI, Fabio et al.; Cavattoni - Raimondi,

GOLN 33/574 Viale dei Pazioli, 160, I-00197 Roma (IT).
. L . {81) Designated States (national): AE, AG, AL, AM, AT, AU,
21) International Application Number:  PCT/FT02/00811 AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, HI; GB, GD, GE, GH,
(22) International Filing Pate: GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
: 19 December 2002 (19.12.2002) LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
_ MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, 8Q,
(25) Filing Language: English SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VN,

YU, ZA, ZM, ZW.

(26) Publication Language: English  (84) Designated States (ragional): ARIPO patent (G, GM,

KE, LS, MW, M2, SD, Sk, SZ, TZ, UG, M, ZW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, ™),
Buropean patent (AT, BE, BG, CH, CY, CZ, DE, DK, BE,
ES, ¥, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SI, SE,
TR), OAFI patent (BE, B, CE, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report :

—  before the expiration of the time limit for amending the
claims and 1o be republished in the event of receipt of
amendments

(83) Date of publication of the interuational search report:
18 December 2003

For two-letter codes and other abbreviations, refer fo the “Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: METHOD AND KIT FOR DETECTING ALKALINE SPHINGOMYELINASE
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presence of al kaline sphingonyelinase in the stools or biological fluids

of pati entwoiodpedfl of such an assessnent. The invention abRsfudnesdO@bes to a
kit for carrying out the analytical method. Mre particularly the nethod of
the present invention is an in vitro flubronetric nmethod for detecting

al kal i ne sphi ngonyel i nase which, as wll be described in detail

herei nbel ow, is a narker of serious pathol ogical states such as colon
cancer and familial adenonatous polyposis. The enzyme sphi ngonyelinase

(sphi ngonyel i n phosphodi est er ase, Sl\/ase) catal yzes the hydrolysis of
sphi ngonyel i MVI€Q08 Brphgimyeliasee di fferent types of

SMase (acidic, neutral and al kaI | ne) have been identified to-date, which
occur as several iso-forms, as follows: |ysosomal acidic SMase (A-SMase);
cytosolic Zn2+-dependent aci di ¢ SMase; nenbrane neutral magnesi um dependent
Svase (N- SVasEhe preseindsnveéntiomgelais to hﬁd@ﬂﬂ@ﬁi@ﬂl d&t@@f@r a@é&sﬂ Kifhd Ne
SMase. Sl\/asespljggg ﬁp@ﬁﬂggﬂs EI %é' iinml e i f Lety O

physi ol ogi c pat 01 0gi C p&)rl.g BEYESINASR AN erﬁjoo ical Huids/si s of

endocyt osed aseniaiin aeed of atehi me%sessgnnﬂt] Thg m@éﬂmmﬁﬁtﬁﬁlﬁtes ger m nal
di fferenti at igoRit foRbArGHig i nfl anmmation, and the
it e 2 p‘onses ?410 ¢ontrast to acidic and

regul ati on of eukaryotic Stress res
neutral SMase, which are currently present in cells as |ysosomal and

menbr ane- bouMownpiriculaflgStRe at®lod, of’ﬁ@%fr@é«ﬁﬂ?’%\%ntion 1S 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.

The enzyme sphingomyelinase (sphingomyelin phosphodiesterase,
SMase) catalyzes the hydrolysis of splnngomyehn to ceramide and
choline phosphate. :

Three different types of SMase (acidic, neutral and alkaline) have been
identified to-date, which occur as several iso-forms, as folows:

- lysosomal acidic SMase (A-SMase);

- cytosolic Zn2+-_dependent acidic SMase;

- membrane neutral magnesium-dependent SMase (N -SMase);
- cytosolic magnesium-independent N-SMase; and

- alkaline SMase.

- SMases have been shown to play a role in a wide variety of physiologic
and pathological processes, including: lysosomal hydrolysis of
endocytosed SM, ceramide mediated cell signalling, atherogenesis,
terminal differentiation, cell cycles arrest, apoptosis, mﬂammatxon
and the regulation of eukaryotic stress responses.

In contrast to acidic and neutral SMase, which are currently present in
cells as lysosomal and membrane-bound enzymes, respectively,




Zi June 2006 al kaline SMvase exhibits tissue and species difference. I'n
human beings, the alkaline SMase is found in intestinal nocosa xd bile.

Al kal i ne- fhdexpssdAarts to appear in the duodenum reaches a high level in
the intestine, especially in the distal part of the jejunum and occurs in
consi derabl e anounts in the colon and retum This SMase presents opti nal
al kaline pH at 9.0, is Mt +-independent, bile salt-dependent and

trypsi n-resi stant. The pathol ogi cal inportance of al kaline SMase has only

recently been recognized and this has pronpted several studies to be
|l om ng reasons. First, the enzine may be

carried out, |.nly r the f.a .
responsi bl e ff&ggi‘ﬁé fMpss exhubity tissieyjand, specigshliffprenses dno nng
subslt a{lt i alhl lxbeii?gsn' flka aﬂwﬁate m&gregﬁddfduﬁﬂ- in $ACHAthalt ﬂ%@o%%@t_ lﬁ%y

regul ate cho rQ sor pti on, ir e, presence of a i.n se
along the i nt@i{?ﬁﬁlglsﬁgﬁ%FP‘gﬁ%tﬁ’ fRPERY &%ﬁ@@ugm?lgag%a%s& ?‘?Yeli/a

col orectal candhaantestinggesperialiptinttheslistal paet optlryjejanunl, @ndodoarest i nal

popt 051 o and s AP REFMSR e AP LRNLAEh ani LSl Thia SRhe PANRE

Previ ous st u@pbanalagikalingopEhatu9-0.nie Mgtidodepindans) bilecsaltalependenhs,

al kal i ne SVaggdityypiinseisthgel by bile salts fromintestinal nucosal
menbrane to the | unen. However, under pathol ogical conditions, whereby

bile salt concentration is abnormally increased, the dissociation of

al kal i ne SvaShelyyathologica | iiporean@x 6 alkdliie SMae i GslySretbntlychanzy e, g
sa, ahna

resulting in I I f. gCctivit f, al kakine,SMase.in the C
an abnor nal | f/&ioﬁg&é?ggéghe@ﬁ 3{ soﬁroré,pg?q.@e A uﬂgstf%bpa%%gée(g}fm?n
bi ol ogi cal fmsidly, for the fell¢wing reasons.

First, the enzyme may be responsible for the hydrolysis of the dietary
sphingomyelin occurring substantially in milk, eggs, meat and fish.
Second, this enzyme may regulate cholesterol absorption. Third, the
presence of alkaline 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,

Previous studies have also shown that, under physiological conditions,
alkaline SMase is dissociated by bile salts from intestinal mucosal
membrane to the lumen. However, under pathological conditions,
whereby bile salt concentration is abnormally increased, the
dissociation of alkaline 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 excretion
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 intestinal




Consequently, the excess of al kaline Svase excreted in the stools or in

bi ol ogi calWiI030d6038ver normal , basal val ues, may be interppelaR 2mgsa

val uabl e di agnostic marker for colon rectal carcinoma and famli al

adenomat ous pol yposi s, hence; the need of 3a reliable assay for detecting

al kaline Svase in the stools or in biological fluids of patients likely to
be suffering fromthe aforesaid pathol ogies of the intestinal W 03/056031
21 June 2006 3 tract. In addition, some bacteria strains (e.qg.

Strept ococcustlta%%rmphi | us Lactobacilli) contain high |Ievels of SMase, " and
t he assessnent of al kaline Svase nay provide a nethod to eval uate changes
in the nunber of said bacteria, i.e. after a treatnent wth probiotics

or/and probipi u ey t hods _fqr assayjng alkaline
SVase are ‘alr g{azgid%ﬁﬁ% Qér‘%g, qu | vili t%ﬁg#ﬁci E@-%wg'z@%%?ﬁ%% '{fﬂ%&pﬁfﬁé"d
either in viv Pe&é cemtain Jygh| devels tof SMask,oanti the prssessment off SM
and then det ealialine) SMgse AL hai r I ' | tro usi

radi ol abel | ed Srl\.!lrl?or q% cgr 0 Qﬁeéliogg%ﬁ %gg%qdﬁﬁo%@gﬁg?ecy%%sfﬂjg;?'gscent
derivatives of"mREGGtfard\hactEriae len@kferca tremiment adth prabitioseorfand
entirely satiprfobidtie-hbasédpeodudtey are potentially very hazardous insofar as
they are radioactive assays and |less sensitive than a fluoronetric assay.

According to_a first aspect of the present invention, there is provided a
met hod f.or qé?r@a'iquagmltﬁads for asphyinp allellineSMase aradalrb88y kKnowst. The .

vhi ch compri sefivifieof ehé BMMAGeStERbe bt bitfled 130 idbugnlenl ©™ ' S
lz}\/ber]Ped wnlzﬁ) 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.

Thesg 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.

According to a first aspect of the present invention, there is provided a

_ method for detecting alkaline sphingomyelinase in a patient's
stools, which comprises the following steps:

1) collecting a sample of a patient's stc;ols 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 KCl, 50 mM KH,PO4, 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 min. at
4000 rpm at +4°C; . :




2) wei ghing about 3-4 grans of the dried up sanple and suspending it in 20
m of a honogeni zation buffer containing 0.25 M sucrose, 1 imeMogl , 50 mM

KH2PO4, pH 7.4; centrifuging the sanpl,e at 4000 rpmat +4C for 60 nin; 4)
recovering the supernatant and centri f3ugi ng again for 15 mn. at 4000 rpm
at +4C; 21 June 2006 3a 5) neasuring protein content in supernatant with
the Pierce 9rot angaggyeag Moﬂemommlﬂ:ermmsﬂﬁeuﬂafmﬁswqtﬁngﬁé dpysecag for

i S Pk UMMM A o 8 sk oo

ng/ M and pi I n each sanple™i
- sanple 65 |58F1D;§sgyr%ﬁere Rrethini eonneraation EetvsédfCBz ﬂngfMlEﬁ)Iid 40. 15 M

Nad pH 9. Onwgfmh:sn@mméttﬁ@mspmmgmlbqnw%nn assay buffer adding
bile salts (' TC, TDC, GC, GCDC) in the concentration of 3 mM i ncubating

at 37C for 1 hr; 8) pipetting 100 1d of each standard |yophilized bacterial
sphi ngonyel 6haseaddma®°|@ﬂchf25snhsmiv£5 pl(cZ%sMy bulferdhtathihgrsd hr at

cont ai ni ng SAIVRE Rk PR ETA o ﬂ&@%@“@ﬂgmsﬁ“%@ ATP, 5

contai ning 50 MM~ Tri s/ ll-[1:&I

nM EDTA, 5hhimgomyel m)@qd\am:qssey Reffer &iddinkg bilk daltseTGhTDOAIGEE, 0.2
U'm chol i ngCOCYHAS Ehe &M ‘f gg per oxi dase; 10) incubating the
reactions for 1 hour or |onger rotected fromlight; 11) nmeasuring
the fluorescence in a fluorescence m cropl ate reader

) incubating at 37°C for 1 hr;

8) pipetting 100 pul! of each standard Iyophilized bacterial
sphingomyelinase and 10 pl of sphingomyelin (29 uM), incubating for 1
“hr at 37°C as the samples;

9) _ afi:e‘.r 1 hour, adding 100 pl of reaction buffer containing 50 mM
Tris/HCl pH 74, 10 mM B-glycerophosphate, 750 pM ATP, 5 mM

EDTA, 5 mM EGTA, 100 pM 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 microplate 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-sphingomyelinase control.

According to a second aspect of the present invention, there is provided 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; -




usi ng excitation in the range of 530-560 nmu and em ssion detection at 590
nm 12) for each point, correcting for background fl uorescengge?vos

subtracting the values derived from tHe no-sphi ngonyel i nase control .
According to a second aspect of the present invention, there is provided a

et hod for débect | sgspiriding the sysipleofiy el Bsfodoii et bAtet UonedBL Sy 2
froma patie [¢ Missd fe. | ect]ng sa eo_nte g
bi ol ogi al - et 2Ere MebiFodd D PA D FS I KLY FRnene N RAsBRw adiusiad to
honogeni zat | &YoM. 7-dont ai ning 0. 24-0. 26 M sucrose, 0.14-0.16 M KJ

45-55 nM KH2PO4, adjusted to about pH 7.4; 3) centrifuging the sanple at

| east once aﬁg I’eCO\égl(I:.i ng the, supernatant; 4) neasuring the protein
content in stipern I,fuﬁ}lga(ﬁhP n§appla adndeastoforcke andp ateoavetihgathassay
buf fer ‘contanpengateartdh5 mM Tris/HC, 1.9-2.2 nM EDTA, 0.14-0.16 M NaCd pH
8.9-9.1, 28-30 pM sphingonyelin and an assay buffer containing bile salts
(TC, TDC, GC, GCDC) at a concentration of 2.9-3.1 mM incubating the assay

mxture at afbut Br@swingtlemiprotein cofdent M Sishenadim:e fromstep 6) with
28-31 M sphingonyelin, and incubating for about 1 hr at about 37C, 8)

addi ng reactj.on b;&f_er containing 45-55 MM Tris/HCl pH 7.3-7.5, 9-11 nM
Q gl ycerophoi)phat ddings-tp55 psample  df 6the/! ERférnatafit AN FEEA _pM
Anpl ex Red rongaitting744£.5%/ M S OE 1.@b2.§pﬂﬁ&8ﬁﬁT£-&12;&1Jﬂ Lffgi | ne

oxi dase and @1 U . . -
_ p-%-I 58.3-&.1, 2%1-30 pM sphingomyelin and an assay buffer containing
bile salts (TC, TDC, GC, GCDC) at a concentration of 2.9-3.1 mM;

" 6) incubating the assay mixture at about 37°C for about 1 hr;

7) mlxmg a sample from step 6) with 28-31 uM sphingomyelin, and
incubating for about 1 hr at about 37°C;

8) adding reaction buffer containing 45-565 mM Tris/HCl pH 7.3-7.5,
9-11 mM B-glygerophOSphate, 745-7556 pM ATP, 4-6 mM EDTA, 4-6
mM EGTA, 95-105 uM Amplex Red reagent, 7-9 U/ml alkaline

phosphatase, 0.1-0.8 Ufml choline -oxidase and 15-2.56 U/ml
horseradish peroxidase;

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

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

According to a third aspect of the present invention, there is provided a

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




- horseradi sh peroxidase; 9) incubating the reaction mxture for at least 1
hour at about 37C, protected fromlight; 10) neasuring thejfideonescence
using excitation in the range 530- 5603and em ssion detection at about 590
nm According to a third aspect of the present invention, there is provided
a kit for detecting al kaline sphingonyelinase substantially as described
herein with reference to the figure. 21 June 2006 3c The present invention
can provi de Ehe pleisaht lavemtnm(mﬂﬁﬂo\mie%fe?{“ﬁblfeoﬁnékﬁeﬂé:ﬁe SMase in the stools
or bi ol ogi cal flt#ds%ﬁ( pat nts _|ikel o suffer from col orectal

carci noma an®® sgudt thes ¥<ml5|03' bmﬂOgaa] floidedof patients ver

di seases, \/\leéiyouﬁrsﬁﬂ?@s&bﬁp ldramhan m]ﬁ resent
“invention c lgéggsprow ﬁc%ﬂa al yti Q:'éfc%fon&%‘ uge I_.n Ee a?or%é

assay. The ;ajéb 1 RFe & o LLHPT OF t ﬁ%@.tﬁ' dich severeames othe :
bacteri al aaambazﬂnsmfrtherkmﬂnreehbdﬁealth conditions or follow ng

di seases or treatnent with drugs or probiotics or food suppl enents. The
fluorometri G indir ct assay mat@od of the present invention can al so be
grounded on Pﬁe"r?%?rr I0feeribAlee REpVide AR amistlcahbltdgr 088 @13 they aforesaighe
2006 Under absayaction of al kal i ne SMase, present in faeces or other

bi ol ogi cal fluids, sphingonyelin is hydrolyzed to ceram de and

The present invention can further _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 can aiso be
grounded on the following sequence of reactions.




phosphoryl chol i ne which, under the action of al kaline phosphatase, is
hydrol yzegha/&3idtseng choline. In the presence of choline oxi dagge w0l | ne
produces hydrogen peroxide (11202). This latter conmpound, in the presence
of horse-radi sh peroxidase, is caused todreact with

10- acetyl - 3. 7-di hi dr oxyphenoxazi ne, a sensitive fluorogenic probe for H202
(hereinbelow referred to as "Anmplex Red Reagent") yelding the highly

fl uorescent corrpound resorufin. Fluorescence is neasured with a .

f I uor ocount croplate fluoroneter  usi excitation at 530-560 nm and

f I uor escence WRdettthe, agtiomef nlﬂk@mﬁgfﬂ&ehepmmnésm cfaeem:toxomthequence

?R\C/Iem Fgae?g?mggs eQ'hhﬁBall §on&§@ﬁna§‘%aé’og% e he f oW %nt sl}e S
~whi ch ref er sPHgS Bﬁé@f hgi‘E@\é@@Ph ppdeg;the Qfétl@pp&a@mhnmphomhamesm | ed
H\ tge artht haﬂmllyrzedrwlﬂmgmmlne&fe %‘e@diiﬂe'(ﬁdc}?ﬂﬁﬁ éﬂg)&é@'l :

ui ds suc RIe2 utine variations colTecting a
sanple of a g wrﬁqd&&l{bggﬁ d%@#z%ﬁ,t up; 2) weighing about 3-4 grans
of the dried up sanple and suspending it in 20 M of a hom)genl zation

011 Cort el b S TR iy

- centrifuging the sa
super natant eaRpede ﬁ? rieRgh i With a&&iﬂﬁeib@-ﬁ Z-Eilhldtoxaphenmme,nna‘.sensiﬁ,veS)

measur i ng prﬂﬁ@dgem‘@qirené fof‘ m@f(ﬁﬁb r}ehﬂ?eﬁ 8 48 fxﬁi Hb&' Redssay
wi th bovi ne ru a usi ng range of
protein conc@?ﬂ‘g"&}q n gl‘i}ﬂg ngtﬁ’

| alluonescenty/ mpnquﬁ pmaqm§m5 pl of
‘each sanpl e Fiuopesszhce WOWA60EGD%ith a Auorocount microplate fluorometer
using excitation at 530-560 nm and fluorescence detection at 590 nm.

Based on the aforesaid reaction sequence and fluorescence detection
means, the assay method of the present invention for assaying alcaline
SMase can comprise the following 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,

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 KCl, 50 mM KH2POq, 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 min. 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 pl of each sample into well:




5 21 June 2006 6) . adding to each 25 pl sanple 65 pl of assay buffer
cont ai ni ngWED03AMA3r i s/ HCl, 2 mM EDTA, 0.15 M NaCll pH 9.0 apg,k®opk of 29
pM sphingonyelin and in assay buffer adding bile salts (TC, TDC, GC,
GCDC) in the concentration of 3 MM 7) inbubating at 37C for 1 hr; 8)
pi petting 100 pl of each standard (see below) and 10 pl of sphingonyelin
(29 M, incubating for 1 hr at 37C as the sanples; 9) after 1 hour, adding

100 | of reaction buffer containing 50 nM Tris/HC pH 7.4, 10 nmV
EGTA, 100 pM Anpl ex Red,

(3-gl ycerophogphat Rx 5, MM EDT, A
8 U alkaling. ﬁ_ggzﬁ t“gslgé,ﬁﬁ&%"bﬁﬂinp it Hiowﬁa%@yﬂsrwmamngeﬁ&di sh
per oxi dage; f 4’35‘ f RisHS ?gnMEB’EAcﬂlﬁﬁmﬂNacn PHW.0%nd 2096 of 293{1
protecte r@BiH ' ring .th .escence n a fluorescence
“‘mcroplate re &ﬂg&ﬁ%}&@ﬁﬁ%ﬁ?imﬁm a:‘ﬁ:\ﬂgc'l?%ﬁle %&SSGMJ dPenGC,
" em ssion det e¥4 t thg gonepmtration b68 mMsh point, correcting for
“background fluorescence by subtracting the values derived fromthe
The invention can also relate to a kit for

no- sphi ngonyel,i nase contyrol. A
detecting al E}e?l i ne‘@ﬂﬁf*ﬁé‘@rﬂﬁ@? fofos I hr;a patient's stools or biol ogical
fluids according to the previously disclosed nethod, which conprises test
t ubes separatggl y L Di sgihmp}les of the fo]low ng.reagents: a) :
sphi ngonyel i tr.(li9 0 ﬁﬁﬁgﬁgl#@edﬁg&aﬂaﬁ | £ ‘#b‘?d Keemmpelowhand ptegdnofin t he
stool 5 or bi PBHEAMYHNI(@8 M) ingubmtiiy SRND b BTI0Es thY sanlpdbd;ne .
phosphat ase for catal yzing the hydrol ysis of ’
9) . after 1 hour, adding 100 pl of reaction buffer containing 50 mM
Tris/HC] pH 74, 10 mM B-glycerophosphate, 750 uM ATP, 5 mM
EDTA, 5 mM. EGTA, 100 pM 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 microplate 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-sphingomyelinase control.

The invention can also relate to a kit for detecting alkaline

sphingomyelinase in a patient's stools or biological fluids according to
the previously disclosgd method, which comprises test tubes separately
containing samples of the following reagents: '

a) sphingomyelin to be bydrolized by alkaline sphingomyelinase
present in the stools or biological fluids, to give phosphorylcholine;

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




phosphoryl choline to choline; 21 June 2006 WO 03/ 056031 6 c) choline

oxi dase for oxidizing choline to hydrogen peroxide; d) horserimdosh

per oxi das? f@’ﬂ'@ﬁfi sting reaction of hydrogen peroxide with e) Anpler Red
Reagent ( VAL y1 - 3. 7-di hydr oxyphenoxazine) to give the fluorescent
conmpound resorufin whose fluorescence isga marker of the al kaline S\vase
present in the stools or biological fluids; and f) |yophilized bacteri al
sphi ngonyel i nase for use as standard concentrate. For the anal ytical '
met hod of the present invention to be suitably carried out, in addition to
the aforesaid kit conponents, the followwng further materials and

equi prent s arck r egholire pxiase dse pxidPangschiolimectiol lgrdrdges ke€tgxid&ot assi um
phosphat e, nonobasic (KH2POQ4); Trizma base; EDTA; Sodi um chl ori de;
Taurochol ate (TC); Taurodeoxychol ate QDC) , . dycocholate (GO);

A ycochenodedtychbbegesrgdisinCperoxidasg ytosr gyshistingtxeaction of hydrogen

peroxide with

e) Ampler Red Reagent (10-acetyl-3.7-dihydroxyphenoxazine) to
give the fluorescent compound resorufin whose fluorescence is a
-marker of the alkaline SMase present in the stools or biological fluids;

and

1) lyophilized bacterial sphingomyelinase for use as standard

concentrate.

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:

Sucrose;
Potassium chloride (KCD);
Potassium phosphate, monobasic (KH2POy);
Trizma base;
EDTA; _
Sodium chloride;
Taurocholate (TC);
- Taurodeoxycholate (TDC);
- Glycocholate (GC);
Glycochenodeoxycholate (GCDC);
B-glycerophosphate;
ATP disodium salt;
EGTA;
BCA Protein Assay Reagent;
Bovine serum albumine;
A refrigerated centrifuge;
A microplate reader capable of measurement at 550-562 nm, and

A fluorocount microplate fluorometer.




ATP di sodium salt; EGIA; BCA Protein Assay Reagent; - Bovine serum
al bum ne; Arefrigerated centrifuge; A mcroplate reader capaile=00b
measur enerwoas/fdP 562 nm and A fluorocount mcroplate fluoroneter. WO
03/ 056031 21 June 2006 7 In order to acconplish the quantification of SMase
activity, the follow ng neasures shoul d7be taken. Standard Curve
Preparation O The kit is supplied with a standard preparation of SMase, it
‘consi sts of bacterial extract containing a type of SMase that works at pH
9. The follow ng operations should be perfornmed. Cenerate a SMase

calibration curve:, dilute the.standard congentrate t make seri al

di | utions. Retbhri¥EerutR ?%8%&%? afan fign1 of §Masas§9t}vmr fthe (pH
'9.0); this ripHowihgtméanmepshondddse galsinock sol ution of 96 m/nl. Pipette
0.500 m of assay buffer into each tube. Use the stock solution to produce

a dilution series. Mx each tube thoroughly before the next transfer. The

"undi | ut ed standard serves as ShandarghCetwmBPaepa¥dion My ), and the
standard curve will contain the following concentrations (mJm):

96-48-24-12-6-3.. Buffer serves as the zero standard (O nlJnil).
: e 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.

Generate a SMase calibration curve: dilute the standard concentrate to

(: make serial dilutions.

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

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 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

In Figure 1 the standard curve is shown for demonstration only. A
standard curve should be generated for each set of samples assayed.

Calculation of Resulis

Average the duplicate readings for each standard and sample and
subtract the average zero standard fluorescence.

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




Typi cal Standard Curves In Figure 1 the standard curve is shown for
denonstration only. A standard curve should be generated pogumasset of
sanpl es agﬁyyﬁku | cul ati on of Results Average the duplicate readings for
each standar sanpl e and subtract the average zero standard
fluorescence. Plot the fluorescence for g8he standards versus the activity
(mMJVmM) of the standards and draw the best curve. To determ ne the SMase
~activity of each sanple, first find the fluorescence value on the y-axis 21
June 2006 WD 03/056031 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 corandestentg batigentadtline tbp. thenstaledand bexvessAhdhie ippiablaf t o

assay SMase éiﬁiéfébéeioﬁn e‘k'téxid) al ’ifeffi‘éal gg:fw e ViEeOReskiW hidl B8a} nftﬁet to

det ect al kali ne organi c To assay specifically t
al kal i ne SMa§€nE€ﬁB° ’t 8 ACHY MY t| ons that detect the acid and neutral
SMases activity. In fact: the hom)genl zation buffer is at neutral pH, but

it have not r ot,eas a i nhi bi s to,exclude.t he.neutral
svase. s noe Hiodpazil mebaR Br BRTE To srey SMabe SRR, b auteelitfie
phosphat ases beandiavsala;mdsm:pheﬁhel intenbiididetectylkahas SMagy iean orgadie
honogeni zati Qg hyffer the MyGz is absent to block the activity of My

dependent neutr SMase; the reaction buffer contains f3-glycerophosphate
and ATP to preclude acid Svase noreover activity at neutral pH, in this

buf f er 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.




EDTA and E@lghozdsgesir €sent in high cancentration to inhibit neutral SMase.
WD 03/ 056031 9 CLAIMS: 21 June 2006 1. A nethod for detectibngysl kaki ne

sphi ngonyelinase in a patient's stools, which conprises the follow ng
steps: 1) collecting a sanple of a patient's stools and drying it up; 2)
wei ghi ng about 3-4 grans of the dried up sanple and suspending it in 20 m
of a honogeni zation buffer containing 0.25 M sucrose, 0.15 MKO, 50 nM

KH2PO4, pH 7.4; 3) centrifuging the sanple at 4000 rpmat +4C for 60 m n;
4) recovering the supernatant and centrifuging again for 15 mn. at 4000

rpmat +4C; 5)CloaMSiri ng protein content in supernatant with the Pierce
Protein Assay with bovine serum al bum ne as standard using for each sanple

a range of protein concentration between 32 ng/m and 40 ngy/m and
h .25 | e 65

pi petting 25 1 of Aaslethoddde dbflosin a },‘%é w'n ac | . sa
| of assay b . GAl ﬁicni ng .50 m;éﬁri S ) M@,“ﬁ.?? RedtSpH 9. 0
and 10 pl of pM s% i%‘?}%ﬁﬁ%we oFmgséePs:buf f er adding bile salts

(TC, TDC, GC, GCDC) in the concentration of 3 M 7) incubating at 37C for
yophj i zed bacteri al

gpmnggaryg: Pﬁfgg;n%g%@?gblgo%?ggg’%Sﬁj%ﬁgg'%gﬁjs(%hﬁndﬂmiﬁw;for 1 hr at

37C as the sanpl es; _
: - 2) weighing about 38-4 grams of the dried up sample ‘and

suspending it in 20 m] of a homogenization buffer containing 0.25 M
sucrose, 0.15 M KCl, 50 mM KH2POy4, 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 min. 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 pl of each sample into well; '

6) | adding to. each 25 pl sample 65 pl of assay buffer cdntaining 50
mM Tris/HC, 2 mM EDTA, 0.16 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 § mM; '

7 incubating at 3750 for 1 hr;

8) ‘ pipetting 100 ul of each standard lyophilized bacterial
sphingomyelinase and 10 ul of sphingomyelin (29 M), incubating for 1
hr at 37°C as the samples; '

9 ‘ - after 1 hour, adding 100 pl of reaction buffer containing 50 mM
Tris/HCI pH 74, 10 mM B-glycerophosphate, 750 yM ATP, 5 mM




9) after 1 hour, adding 100 pl of reaction buffer containing 50 niM

Tris/HA pH 7.4, 10 nM (3-gl ycerophosphate, 750 M ATP, 5 nij W LO3pg56031 10
21 June 3968%s653h4y 5 "M EGTA, 100 p.M Anplex Red, 8 U nl alkaline
phosphatase, 0.2 U m choline oxidase, 2 Um horseradi sh peroxidase; 10)

I ncubating the reactions for 1 hour or Iighger at 37C, protected from
l'ight; 11) measuring the fluorescence in a fluorescence mcroplate reader
usi ng excitation in the range of 530-560 nm and em ssion detection at 590
nm 12) for each point, correcting for background fluorescence by

subtracting the val ues rived fromthe no-sphinggomyelinase control. 2. The
net hod of cl &4 4:, ﬁpﬁpg’gdi}(ﬁiﬁi ofl8Qi ¢M Ampdex Beda fetlhaal falkadinecct i ng

al kal i ne  sphpREgiNAasBA0 2 TP Oskidake, F7I/44] Eérsfefaﬁms? g@%ﬁ]ﬁ%e; .
~conprising the steps of 1) collecting a sanple of the biological material,;
2) suspending the sanple in an honogeni zation buffer containing 0.24-0.26

M sucrose, 010Y- Oinkab¥tig thetPeddticild 2P Wburasi Wsigesd 4t037ahopiotebled 4 3)
centrifugi nﬂ%t he .sg | e at | east once and recovering the supernatant; 4)
measuring t oﬁ’rldg n content in supernatant; 5) adding to a sanple of the
supernat ant an assay buffer containing 44-55 mM Tris/HCO, 1.9-2.2 nM EDTA,

0.14-0.16 MO bl Bk erde 7R8rEReRM RN ARSI 0o Bt A5 50 T o

cont ai ni ng ’ L
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-sphingomyelinase control.

2. The method of claim 1, applied to biological fluids.

3. 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 KH2PO,, 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 puM sphingomyelin and an assay buffer coﬁtaining
bile salts (T'C, TDC, GC, GCDC) at a concentration of 2.9-3.1 mM;

6) incubating the assay mixture at about 37°C for about 1 hr;




bile salts (TC, TDC, GC, GCDC) at a concentration of 2.9-3.1 mM incubating
the assay m xture at about 37C for about 1 hr; 11 21 June 20@&e2006M Xi Ng a
sanple fromstep 6) with 28-31 gM sphingonyelin, and incubating for about
1 hr at about 37C, 8) adding reaction buffer containing 45-55 nmM Tri s/ HCl
PH 7.3-7.5,  9-11 nM 0-gl ycer ophosphate, 745-755 pM ATP, 4-6 nM EDTA, 4-6
nmM EGTA, 95-105 pM Anpl ex Red reagent, 7-9 U nl al kaline phosphatase,
0.1-0.3 U ni7xhol mixinghmmlﬁﬂmisﬁeﬂﬁﬁMtMZB-BQW@ﬁHiﬁébrﬂﬁé’lﬁ%}cﬁ'ﬁée; 9)

I ncubating ty | ] r o t 1 hour at about 3
pr ot ect ed frlgl%uﬁagﬁé,ﬁ?dﬂoﬁgshﬁrrétnagb({q#eémorescence using excitation in
the range 530- 560 and em ssion detection at about 590 nm 4. A nethod as
clainmed in aim [ | zopt ' t Pi erce
Peot e ASsq, 5.5’1%11 tle%gﬂgt%ﬁég%ﬁﬁgéﬁéﬁ%%%%%ﬁ%&ﬁ
subst ant i al 157110 Mc By enrgp il 6R- T3k MpATP;, -6 haM i BDTA, 4-6 A ki t
for detecti maMil EGTAp SPN05opM cAinpler REbLakbal,! 1.ASUMBSENiAgk herein
| with refer erf)(ileosi)gattgse&f '§9'63 Umi choline oxidase and 1.5-2.5 U/ml
horseradish 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.

4, A method as claimed in claim 3, wherein the protein content is measured
by the Pierce Peotein Assay.

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

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




