wo 20107106222 A2 [ 0K OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization . /gy | I NN O 000 A0 OO AR A
nternational Bureau S,/ ‘ 0
(43) International Publication Date \'é’;___,/ (10) International Publication Number
23 September 2010 (23.09.2010) PCT WO 2010/106222 A2
(51) International Patent Classification: (74) Agent: WALLAC OY,; c/o Jari Hovinen, P.O. Box 10,
C12Q 1/10(2006.01) FI-20101 Turku (FI).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/F12010/050180 kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
2 ' 12010 (10.03.2010 CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
10 Maro (10.03.2010) DZ, EC, EE. EG, ES, FI, GB, GD, GE, GH, GM. GT.
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
. KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(26) Publication Language: Enghsh ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(30) Priority Data: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
20090100 16 March 2009 (16.03.2009) FI SE, 8G, 8K, SL, SM, ST, SV, 8Y, TH, T/, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): WAL- . o
LAC OY [FIFIJ; P.O. Box 10, FI-20101 Turku (FI). (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(75) Inventors/Applicants (for US orly): KARVINEN, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Jarkko [FIFI]; Lemminkdisenkatu 15 B 32, FI-20520 TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
Turku (FI). HURSKAINEN, Pertti [FI/FI]; Kurjenkatu 6 ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
A 23, FI-20760 Piispanristi (FI). MATTSON, Pekka [FI/ MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
FI]; Kupittaankatu 98 as. 4, FI-20810 Turku (FI). MU- TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
LARI, Outi [FUFIJ; Sauvontie 25, FI-21570 Sauvo (FI). ML, MR, NE, SN, TD, TG).
PEURALAHTI, Jari [FI/FI]; Paljaspdd 4 as. 3, FI-20610 Published:

Turku (FI). JAAKKOLA, Lassi [FUFI]; Karakatu 5 B
11, FI-20660 Littoinen (FI).

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: BIOTINIDASE ASSAY

O

HN™ 'NH

S

A

)

N—X—Label
H

(57) Abstract: The present technology discloses biotinidase assay, biotinidase substrates (I) and a kit wherein the biotinidase sub-
strate includes a label molecule separated from the biotin carbamoyl group by a linker X longer than about 4A but shorter than
about 27A.



10

15

20

25

30

WO 2010/106222 PCT/F12010/050180

BIOTINIDASE ASSAY

FIELD

The technology described herein relates to an assay of measuring biotinidase level in

samples.

BACKGROUND

Biotinidase deficiency is a disease caused by dysfunction of an enzyme called
biotinidase. Patients having biotinidase deficiency experience severe clinical symptoms
including irreversible neurological damage or even death. The gene defect for
biotinidase deficiency is inherited and the disease typically emerges when two carriers
pass it to their offspring. For each pregnancy of two such carriers, there is a 25% chance
that the child will be born with the disecase and a 50% chance the child will be a carrier
for the gene defect. Studies show that approximately 1 of every 60,000 live births will
have biotinidase deficiency. Infants with biotinidase deficiency appear normal at birth,
but develop critical symptoms after the first weeks or months of life. With early

diagnosis and treatment, all symptoms of this disease can be prevented.

In cells, biotinidase has the function of releasing biotin from biocytin and short
biotinylated peptide chains for biotin recycling. Currently there are several available
assays for measuring biotinidase activity in blood samples, although these assays are not

always suited for clinical testing.

A method for measuring biotinidase activity using biotin coupled to fluorescent
europium chelate has been disclosed (Curr. Trends Infant Screening 1989, 265). The
cleavage of the amide bond between biotin and europium chelate resulted in a decrease
in fluorescence intensity. Although the method might be suitable for quantitative
homogenous measurement of biotinidase activity from serum, the method disclosed

suffers from relatively high background signal and long incubation times.
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SUMMARY

In this technology described herein, it was observed that when the biotinidase substrate
is a biotin derivative wherein the carbamoyl group of the biotin moiety and the label are
5  separated from each other by a linker length of which is longer than about 4A but shorter

than about 27A, biotinidase assays can be developed.

According to one aspect this technology concerns a method of assaying biotinidase
activity in a sample comprising: contacting said sample with a biotinidase substrate of

10 the formula (I)

X
HN” ~NH o
WN—X—LabeI
S H )

wherein X is a linker and wherein length the linker is from about 4A to about 27A.
15

In another aspect this technology concerns a biotinidase substrate of Formula (1)

0
HN” NH o
WN—X—LabeI
S H (D

20  wherein X is a linker comprising three to 15 moieties each moiety being independently
selected from the group consisting of phenylene, alkylene containing 1-15 carbon atoms,
ethynyldiyl (-C=C-), ethylenediyl (-C=C-), ether (-O-), thioether (-S-), amide (-CO-NH-,
-CO-NR’-, -NH-CO- and -NR’-CO-), carbonyl (-CO-), thiocarbonyl (C=S), ester (-
COO- and —O0C-), carboxyl (-COOH and —COQ"), carboxamido (-CONH,), disulfide (-

25  SS-), sulfone (-SO;-), diaza (-N=N-), secondary amine and tertiary amine, wherein R’
represents an alkyl group containing less than 5 carbon atoms, 2-hydroxy-1,3,5-triazinyl,
6-hydroxy-1,3,5-triazinyl, and 1H-1,2,3-triazol-4-yl to the proviso that the length of the

linker is from about 4 A to about 27 A, and wherein the label is a luminescent or non-
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luminescent lanthanide(III) chelate.

In another aspect this technology concerns a kit for determination of biotinidase activity
including: a microtiter plate and a biotinidase substrate according biotinidase substrate

of Formula ()

wherein X is a linker including three to 15 moieties each moiety being independently
selected from the group consisting of phenylene, alkylene containing 1-15 carbon atoms,
ethynyldiyl (-C=C-), ethylenediyl (-C=C-), ether (-O-), thioether (-S-), amide (-CO-NH-,
-CO-NR’-, -NH-CO- and -NR’-CO-), carbonyl (-CO-), thiocarbonyl (C=S), ester (-
COO- and —O0C-), carboxyl (-COOH and —COQ"), carboxamido (-CONH,), disulfide (-
SS-), sulfone (-SO,-), diaza (-N=N-), secondary amine and tertiary amine, wherein R’
represents an alkyl group containing less than 5 carbon atoms, 2-hydroxy-1,3,5-triazinyl,
6-hydroxy-1,3,5-triazinyl, and 1H-1,2,3-triazol-4-yl to the proviso that the length of the
linker is from about 4 A to about 27A; and wherein the label is a luminescent or non-
luminescent lanthanide(Ill) chelate, and wherein the lanthanide is selected from

europium, terbium, samarium and dysprosium.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1. Biotinidase assay using biotin derivative 3 as the substrate, wherein is no linker
between the biotin valeroyl carbonyl group and the label. In a biotinidase assay

compound 3 does not function as a substrate for the enzyme.

Figure 2. Biotinidase assay using biotin derivative 5 as the substrate, wherein the length
of the linker is ca 12 A. In a biotinidase assay compound 5 functions as a favorable

substrate for the enzyme.
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Figure 3. Biotinidase assay using biotin derivative 7 as the substrate, wherein the length
of the linker is ca 22 A. In a biotinidase assay compound 7 functions moderately as a

substrate for the enzyme.

Figure 4. Biotinidase assay using biotin derivative 10 as the substrate, wherein the length
of the linker is ca 15A. Cross: normal human blood spot (high biotinidase activity);
Square: lowest standard (porcine blood); diamond: abnormal human control (low

biotinidase activity).

Figure 5. Biotinidase assay using biotin derivative 15 (length of the linker ca 14A). The

assay was performed in the absence of DELFIA inducer.

Figure 6. Biotinidase assay using biotin derivative 15. The assay was performed in the

presence of DELFIA inducer.

DETAILED DESCRIPTION OF THE INVENTION

As defined herein the term “label” refers to any atom or molecule which can be used to
provide a detectable (preferably quantitative) signal, and which can be attached
covalently to biotin or derivatives thereof ecither directly or via a linker. Label may
provide signal detectable by fluorescence, radioactivity, colorimetry, X-ray diffraction or

absorption, enzymatic activity, and the like.

As defined herein, the term “non-luminescent lanthanide(IIT) chelate” is a lanthanide(I1I)
chelate which does not include an aromatic structure which would absorb the excitation

energy.

As defined herein, the term “luminescent lanthanide(Ill) chelate” is a lanthanide(III)
chelate including an aromatic structure, which absorbs the excitation energy and

transfers it to the lanthanide(III) ion.

As defined herein “organic chromophore” is a fluorescent or non-fluorescent label

molecule including an aromatic subunit capable of absorbing light.
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As defined herein, “quencher” molecule refers to a fluorescent or non-fluorescent

molecule capable of accepting energy from the donor molecule.

As defined herein, “acceptor” molecule refers to a fluorescent molecule capable of

accepting energy from the donor molecule.
As defined herein the term “linker” is a spacer between the biotin valeric carbamoyl
group and the label molecule. The length of the linker can be estimated by using bond

lengths of elements. Typical bond lengths are disclosed in Table 1.

Table 1. Average Bond Lengths®

Bond Type Length; A
C-C, parafinic 1.541
C-C, partial double bond 1.53

C-C, shortening in the presence of carbon | 1.516

oxygen double bond

C-C, shortening in the presence of two | 1.49

carbon oxygen double bond

C-C, shortening in the presence of one | 1.46

carbon-carbon triple bond

C-C in aromatic compounds 1.395
Cc=C 1.337
C=C, partial triple bond 1.309
Cc=C 1.205
C-N, parafinic 1.479
C-N, aromatic 1.426
C-N, shortened, partial double bond 1.322-1.352
C-O, parafinic 1.43
C-0, shortened, partial double bond 1.36
C-8S, parafinic 1.81
C-8S, shortened, partial double bond 1.73
S-S 1.89

a. data from CRC Handbook of Chemistry and Physics, 50" edition
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According to one embodiment the present disclosure concerns a method of assaying
biotinidase activity in a sample containing biotinidase enzyme including: contacting of

the sample with a biotinidase substrate of the formula (I)

)i
HN NH o
WN—X—LabeI
S H (D

wherein X is a linker. According to this disclosure the length of the linker is from about
4 A to about 27A. In one embodiment, the length of the linker is from about 6A to about
23A. In an particular embodiment the length of the linker is from about 9A to about
15A. Exemplary length of the linker is about 12A and about 14A.

According to a particular embodiment the label selected from an organic chromophore, a
luminescent lanthanide(Ill) chelate and a non-luminescent lanthanide(Ill) chelate.
Exemplary organic chromophores are Alexa, QSY and BODIPY dyes available from
Invitrogen  (www.invitrogen.com), cyanine dyes from GE  Healthcare
(www.gelifesciences.com), dabcyl, dancyl, fluorescein, rhodamine,
tetramethylrhodamine, TAMRA; HiLyte Fluors from AnaSpec (www.anaspec.com),
DyLight dyes from Serotec (www.serotec.), BHQ dyes from Biosearch Technologies
(www.biosearch.com), Oyster dyes from Denovo Biolabels (www.denovo.com) and

Atto dyes from Atto-tec (www.atto-tec.de).

According to another embodiment, the lanthanide(Ill) chelate is non-luminescent.
Exemplary non-luminescent chelates include a ligand selected from DTPA, EDTA,
pyridine-2,6-diyl bis(methylenenitrilo)tetrakis(acetic acid) and diethylenetriamine-
tetraacetic acid, and a lanthanide(IIl) ion selected from europium, terbium, dysprosium
and samarium. In assays performed in whole blood the preferred non-luminescent
lanthanide(IIT) chelate is based on DTPA. An exemplary DTPA based chelate is 1-(4-
aminobenzyl)diethylenetriamine-NV,N,N',N”’,N"’-pentaacetic acid lanthanide(Ill). This

chelate can be linked to biotin or derivatives thereof vig its amino group.

According to another embodiment, the lanthanide(III) chelate is luminescent. Exemplary
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luminescent lanthanide(II) chelates useful in the present technology are those disclosed
in prior art categorized as a) pyridine analogues and their multimeric forms (US
4,920,195, US 4,801,722, US 4,761,481, US 4,459,186, EP 0770610, US 5,216,134, US
4,859,777, US 5,202,423, US 5,324,825, US Pat. Appl. 11/004,061; US Pat. Appl.
10/928,143, PCT/F12008/050494); b) DTPA conjugates with light-absorbing groups ¢)
polymacrocyclic cage-type complexes such as cryptates (US 4,927,923, EP 493745A),
d) and others like calizarenes, podants, helicates and cyclic Schiff’s bases (EP 0369000).
According to a particular embodiment the luminescent lanthanide(IIT) chelate useful for
the present technology includes an azacycloalkane backbone. An exemplary

lanthanide(III) chelate including an azacycloalkane backbone is shown below.

According to one embodiment the linker X includes 3 to 15 moieties, each moiety being
independently selected from the group consisting of phenylene, alkylene containing 1-15
carbon atoms, ethynyldiyl (-C=C-), ethylenediyl (-C=C-), ether (-O-), thioether (-S-),
amide (-CO-NH-, -CO-NR’-, -NH-CO- and -NR’-CO-), carbonyl (-CO-), thiocarbonyl
(C=9), ester (-COO- and —O0O0C-), carboxyl (-COOH, and —-COOQO), carboxamido (-
CONH,), disulfide (-SS-), sulfone (-SO;-), diaza (-N=N-), secondary amine and tertiary
amine, wherein R” represents an alkyl group containing less than 5 carbon atoms, 2-
hydroxy-1,3,5-triazinyl,  6-hydroxy-1,3,5-triazinyl and 1H-1,2,3-triazol-4-yl, to the
proviso that the length of the linker is from about 4A to about 27A. In one embodiment,
the length of the linker is from about 6A to about 23A. In an particular embodiment the
length of the linker is from about 9A to about 15A. Exemplary length of the linker is
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about 12A and about 14A.

According to a particular embodiment the biotinidase substrates according to present
technology includes a non-luminescent lanthanide(Ill) chelate, and is selected from a

5  group consisting of Formulas (II) to (IV)

X
HN” “NH
“\/\/\)Ol\
O _—C00
(11 00c” )N )N ’\t\
-00¢"00C elele}
i R
HN” “NH
H 0 H
N\/\/\)]\ N
S H/\/\/\ﬂ/ /—\ ,—COO"
o O or—~N N N
00C
(1 ) ) k and
0 "00C~00C elele)
Ji§
HN” “NH
H O
N
5 QJ\H@‘%
O P /—\ ,—COO"
(V) "00C )N )N Nk
-00C"00C elole}
Ln3+

wherein Ln is selected from europium, terbium, samarium and dysprosium. The length
10 of the linker between the biotin carbamoyl group and the DTPA benzyl group is about
12A, 22A and 6A for substrates of Formula (II), (I1I) and (IV), respectively.

According to a particular embodiment the biotinidase substrate has the Formula (II)
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9
hi§
HN” “NH
Ild‘\/\/\)?\

s H©_§j
0 //\ ,—C00

ococ” N N

(i /
-00C~00C coo
Ln3+

wherein the lanthanide(IIl) ion is selected from europium, terbium, samarium and

dysprosium. The preferable lanthanide ion is europium.

According to another embodiment the biotinidase substrate according to present
technology includes a luminescent lanthanide(Ill) chelate. An exemplary biotinidase
substrate including a luminescent lanthanide(Ill) chelate as the label has the Formula
(V), wherein the length of the linker between the biotin carbamoyl group and the furyl
group of the label is about 14A.

COO
HN” NH T _
AN N 7
S NH @)
@)
COO
(V)

The biotinidase substrates described herein can be used in variety of assay formats.
According to one embodiment the signal detection is based on time resolved dissociative
fluorescence enhancement. For sake of providing background, in dissociative

fluorescence enhancement assays (DELFIA) polycarboxylate-based non-fluorescent
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lanthanide(III) chelates are used as labels. These chelates are applied as carriers of the
lanthanide(Ill) ions through the assay. After performing the assay, fluorescence is
developed by dissociation of chelated ions and creating new fluorescent chelates in
solution. This is achieved by decreasing conditional stability of the complexones by
reduction of pH. Fluorinated (-diketones present in excess are able to form lanthanide
complexes rapidly at the pH used. One lanthanide binds three diketones to form the
light-harvesting group in the chelate. The remaining water molecules are removed with a
synergistic agent, such as TOPO, and the newly formed complex is solubilized with

detergents. Finally, lanthanide(IIl) content is measured fluorometrically.

In a particular embodiment a biotinidase substrate according to formula(l) including a
luminescent or non-luminescent lanthanide(Ill) chelate as the label is incubated with
other components in a sample well. The sample well is coated with a streptavidin
binding material, such as an anti-streptavidin antibody. After incubation streptavidin
(SA) is added to the reaction. Streptavidin binds to the anti-SA antibody and to the biotin
moiety of the biotinidase substrate. The binding of the streptavidin to the biotinidase
substrate stops the enzyme reaction. After incubation the sample well is washed with
wash solution. Enhancement solution is added and after incubation lanthanide signal of
the unreacted biotinidase substrate is measured. The enzyme activity is inversely
proportional to the amount of the unreacted biotinidase substrate in the sample and thus
leads to descending signal. When the label is a luminescent lanthanide(IIT) chelate the

addition of enhanchement solution can be omitted.

The methods for assaying biotinidase activity described herein are applicable to any
sample containing or suspected of containing a biotinidase enzyme. The sample can
thus be a biological sample, which can be obtained from an animal, cell culture,
organism and fluids and cells thercof. Blood samples are commonly tested for
biotinidase activity for detection of metabolic disorders in newborn babies. Any type of
blood sample, including whole blood, blood fractions and currently popular blood-spot

preparations can be used in the methods described herein.

According to another embodiment the substrate according to present technology includes
a luminescent lanthanide(IlI) chelate, and the signal detection is based on time-resolved

fluorescence energy transfer (TR-FRET) or time-resolved fluorescence energy
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11

quenching (TR-FQ). For sake of providing background, in assay based on TR-FRET,
non-radiative energy-transfer takes place from the excited molecule, called the donor
(here luminescent lanthanide(Ill) chelate), to another molecule, called the acceptor
(organic chromophore). If the acceptor is fluorescent, the enzyme activity can be
followed either by the disappearance of the acceptor signal or increase of the donor
signal. If the acceptor is a non-fluorescent quencher capable of accepting energy from
the donor, the biotinidase activity is followed as appearance of the donor signal upon
cleavage. Exemplary donor molecules are the organic chromophores selected from alexa
dyes, cyanine dyes, dabcyl, dancyl, fluorescein, rhodamine, TAMRA, bodiby, HiLyte
Fluor647, DyLight649, QSY 7, tetramethylrodamine, BHQ dyes, and Oyster 650.

According to one embodiment the biotinidase substrate is labeled with a fluorophore and
SA is labeled with a quencher, which quenches the fluorescence when the biotinidase
substrate is intact. When biotinidase enzyme cleaves the biotin off from the substrate,
fluorescence signal can be detected. The enzyme activity leads to increasing signal

which is directly proportional to the biotinidase acitivity in the sample.

According to one embodiment the biotinidase substrate is labeled with a quencher, and
SA is labeled with a fluorophore. The enzyme activity is directly proportional to increase
of fluorescence signal. When biotinidase substrate is labeled with an acceptor, and SA

with a donor, the enzyme activity is directly proportional to decrease of acceptor signal.

According to one embodiment the biotinidase substrate is labeled with a donor, and SA
with an acceptor. The enzyme activity is directly proportional to increase or decrease of

donor or acceptor signal dependent on the measurement.

The possible interference from blood components can be reduced by using a suitable

correction algorithm or by diluting the sample.

According to a particular embodiment the present technology includes a method of
assaying biotinidase activity in a blood sample containing biotinidase enzyme including:
a. placing the following contents in an anti-streptavidin coated sample

well:

(1) blood sample containing biotinidase enzyme
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12

(i1) biotinidase substrate according present technology wherein the label is
luminescent or non-luminescent lanthanide(III) chelate,

incubating the contents of the sample well for sufficient time at sufficient
temperature,
adding streptavidin to the sample well and incubating said contents of well for
sufficient time at sufficient temperature,
washing the sample well with wash solution,
adding enhancement solution to the sample well and incubating the contents of well
for sufficient time at sufficient temperature,
measuring the lanthanide signal, and

calculating the biotinidase activity based on lanthanide signal.

When the biotinidase substrate includes a luminescent lanthanide(Ill) chelate as the

label, step e. can be omitted.

According to a particular embodiment the present technology includes a method of

assaying biotinidase activity in a blood sample containing biotinidase enzyme including:

a.

g.
h.

placing the following contents in a sample well:

(1) blood sample containing biotinidase enzyme

(i1) biotinidase substrate according present technology wherein the label is

luminescent or non-luminescent lanthanide(III) chelate,

incubating the contents of said sample well for sufficient time at sufficient
temperature,
transferring all or part of the contents of the sample well into another sample well
coated with streptavidin,
incubating the contents of the sample well for sufficient time at sufficient
temperature,
washing the sample well with wash solution,
adding enhancement solution to the sample well and incubating the contents of well
for sufficient time at sufficient temperature,
measuring the lanthanide signal, and

calculating the biotinidase activity based on lanthanide signal.

When the biotinidase substrate includes a luminescent lanthanide(Ill) chelate as the

label, step f. can be omitted.
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According to a particular embodiment the present technology concerns a method of
assaying biotinidase activity in a sample containing biotinidase enzyme and the
biotinidase substrate according to Formulas (IT) to (V). In a particular embodiment the

sample is blood.

According to another embodiment, the present technology includes a method of assaying
biotinidase activity in a blood sample containing biotinidase enzyme including:
a. placing the following contents in a sample well:
(1) blood sample containing biotinidase enzyme,
(i1) biotinidase substrate according present technology wherein the label is a
donor molecule selected from a luminescent lanthanide(Ill) chelate and an
organic chromophore,
b. incubating the contents of the sample well for sufficient time at sufficient
temperature,
c. adding streptavidin labeled with an acceptor molecule, preferably a quencher
molecule,
d. incubating the contents of the sample well for sufficient time at sufficient
temperature,
¢. measuring the fluorescence signal, and

f. calculating the biotinidase activity based on fluorescence signal.

According to another embodiment, the present technology includes a method of assaying
biotinidase activity in a blood sample containing biotinidase enzyme including:
a. placing the following contents in a sample well:

(1) blood sample containing biotinidase enzyme,

(i1) biotinidase substrate according present technology wherein the label is an

acceptor molecule, such as a quencher molecule,

c

. incubating the contents of the sample well for sufficient time at sufficient temperature,

c. adding streptavidin labeled with a donor molecule selected from a luminescent
lanthanide(I1I) chelate and an organic chromophore,
d. incubating the contents of the sample well for sufficient time at sufficient

temperature,

¢. measuring the fluorescence signal, and
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f. calculating the biotinidase activity based on fluorescence signal.

According to another embodiment the present technology concerns a biotinidase

substrate of Formula (1)

wherein X is a linker including three to 15 moieties each moiety being independently
selected from the group consisting of phenylene, alkylene containing 1-15 carbon atoms,
ethynyldiyl (-C=C-), ethylenediyl (-C=C-), ether (-O-), thioether (-S-), amide (-CO-NH-,
-CO-NR’-, -NH-CO- and -NR’-CO-), carbonyl (-CO-), thiocarbonyl (C=S), ester (-
COO- and —O0C-), carboxyl (-COOH and —COQ"), carboxamido (-CONH,), disulfide (-
SS-), sulfone (-SO,-), diaza (-N=N-), secondary amine and tertiary amine, wherein R’
represents an alkyl group containing less than 5 carbon atoms, 2-hydroxy-1,3,5-triazinyl,
6-hydroxy-1,3,5-triazinyl, and 1H-1,2,3-triazol-4-yl to the proviso that the length of the
linker is from about 4 A to about 27A; and wherein the label is a luminescent or non-
luminescent lanthanide(IIT) chelate, and the lanthanide is selected from euroium,
terbium, samarium, and dysprosium. In one embodiment the length of the linker is from
about 6A to about 23A. In a particular embodiment the length of the linker is from about
9A to about 15A. Exemplary length of the linker is about 12A and about 14A.
Exemplary biotinidase substrates are substrates of Formulas (1), (II) and (IV) wherein
non-luminescent lanthanide(Ill) chelates are used as labels, and biotinidase substrate of

Formula (V) wherein a luminescent lanthanide(III) chelate is used as the label.
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5 According to another embodiment the present technology concerns a kit for
determination of biotinidase activity including: a microtiter plate and a biotinidase

substrate according biotinidase substrate of Formula (1)
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HN” NH o
WN—X—LabeI
S H (D

wherein X is a linker including three to 15 moieties each moiety being independently
selected from the group consisting of phenylene, alkylene containing 1-15 carbon atoms,
ethynyldiyl (-C=C-), ethylenediyl (-C=C-), ether (-O-), thioether (-S-), amide (-CO-NH-,
-CO-NR’-, -NH-CO- and -NR’-CO-), carbonyl (-CO-), thiocarbonyl (C=S), ester (-
COO- and —O0C-), carboxyl (-COOH and —COQ"), carboxamido (-CONH,), disulfide (-
SS-), sulfone (-SO,-), diaza (-N=N-), secondary amine and tertiary amine, wherein R’
represents an alkyl group containing less than 5 carbon atoms, 2-hydroxy-1,3,5-triazinyl,
6-hydroxy-1,3,5-triazinyl, and 1H-1,2,3-triazol-4-yl to the proviso that the length of the
linker is from about 4 A to about 27A; and wherein the label is a luminescent or non-
luminescent lanthanide(Ill) chelate. The microtitration plate according to this techology
is coated with material capable of binding biotin. The preferable binding
matrices/componens are SA coated to a microtitration well directly or through anti-SA.
According to a prefereable embodiment the kit further includes one or more of: an assay

buffer, wash buffer, enhancement buffer, calibrators and controls.
EXAMPLES

Example 1. The synthesis of biotin tethered to DTPA (3)

HsN
0 /\ ,—CoO
N N N
2

/\
HN)I\NH o O0C ) ) k
‘O0C '00C Ey3+ COO
tﬁ\/\/\'(o‘N
S ; [
1 © e}

o

HNJ\NH
Z_S\A/\’(HM
N
) — .
© ooc” N N N
VIV

‘0O0C "00C COO
3 Eu3+
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(+)-Biotin (5.0 mg, 204 umol) was dissolved in dry DMF (500 uL). N-
hydroxysuccinimide (2.9 mg, 24.4 umol) and DCC (5.0 mg, 24,4 umol) were added, and
the mixture was stirred overnight at ambient temperature before being evaporated to
dryness. The residue including 1 was suspended in mixture of pyridine/water/TEA
(9/1,5/0,1;  wv/v/v; (800 ulL) and the europium chelate of  1-(4-
aminobenzyl)diethylenetriamine-N,N,N',N”’, N’ ’-pentaacetic acid (2; 21,2 mg, 30,6
umol) predissolved in water (400 uL) was added. The mixture was stirred overnight at
ambient temperature before being concentrated to ca 150 uL. Acetone (4.0 mL) was
added, and the precipitation formed was collected by centrifugation, washed with
acetone (4 mL) and dried. The crude product was purified on HPLC using a Shimadzu
LC 10 AT instrument equipped with a diode array detector, a fraction collector and a
reversed phase column (LiChrocart 125-3 Purospher RP-18¢ 5 um). Mobile phase:
(Buffer A): 0.02 M triecthylammonium acetate (pH 7.0); (Buffer B): A in 50 % (v/v)
acctonitrile. Gradient: from 0 to 1 min 95% A, from 1 to 31 min from 95% A to 100% B.
Flow rate was 0.6 mL min." Compound 3: ESI-TOF-MS [M-H]: calcd. 873.16, found
873.12.

Example 2. The synthesis of biotin-X tethered to DTPA (5)

O

HN)LNH o
H ? 2
ES\/\/\H/N\/\/\)J\O,D —_—
®) 4 o
O
HNJ\NH
H o
MNMHM
O

/\ ,—COO

-ooc” )N N N

5 -0oc”o0oc coo
Eu3+

The synthesis was performed as disclosed in Example 1 but using biotinamidocaproate
N-hydroxysuccinimide ester (4; Biotin-X-NHS). Compound 5: ESI-TOF-MS [M-2H]*:
calc. 492.62, found 492.58.
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Example 3. The synthesis of biotin-XX tethered to DTPA (7).

j?\
HN” NH
g N/\/\/\n/ N 2
H e —
O 6 O
)

O

HN)J\NH
H o H
s N — —coo
—
© © oo™ )N )N Nk
7 -0oc”00C coo
Eu3+

The synthesis was performed as disclosed in Example 1 but using biotinamidohexanoyl-
5  6-aminohexanoic acid N-hydroxysuccinimide ester (6; Biotin-XX-NHS). Compound 7:
ESI-TOF-MS [M-2H]"" calc. 549.16, found 549.15.

Example 4. The synthesis of biocytin tethered to a luminescent lanthanide(II) chelate
(10).

/—COo0
N
o — \—coo
SCN = N Eu®
N\ —coo

HN)LNH
H ° N
N NH, coo
s \/A\/AW/
o)
8

COOH

o) /—COO
N
\—coo

HNJ\NH _
HN — N Eu®*
H H N\ /
N N COoO
@/\/\’( \/\/\r \<S /
(0]

N
10 COOH \_000-
10

Biocytin (8, 5mg, 13 umol) and the isothiocyanate chelate 9 (23 mg, 33 pumol)
synthesized as disclosed in US 4,920,195, were dissolved in the mixture of pyridine,

water and triethylamine (9:1.5:01, v/v/v; 250 uL) and the mixture was stirred overnight
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at rt. The product was isolated by precipitation with acetone and purified with HPLC.
Compound 10: ESI-TOF MS found, 1047.13; calcd for C4oHasEuNgO1,S™ 1047.18. The

product was prone to Edman degradation on prolonged storage at ambient temperature.

Example 5. The synthesis of biocytinamidohexylamine labeled at its amino group with a

luminescent europium(III) chelate (12).

X
HN” “NH o
H J\/\/\/ 9
N NH NH %
g M
o) COOH
11
j’\ /—CO0"
N
HN” “NH
o) HoH — \—coo
H L~ ~NN = N Eu
MN\/\/\rNH \[\Ql/ ¢ /—Co0
o) COOH N\_
12 COO-

Biocytin (85 mg, 0.013 mmol) and Fmoc-aminohexanoic acid-NHS (predissolved in 150
uL of dioxane) was dissolved in the mixture of 0.1M NaHCO; (200 uL) and DMSO.
The mixture was strirred ovenight at rt. Piperidine (50 ul) was added, and the mixture
was stirred for an additional 1h before being concentrated to give compound 11. ESI-
TOF MS found, 484.22; calcd for C,;H3sNsOsS™ 484.26. Reaction of compound 11
(0.013 mmol) with compound 9 (0.04 mmol) as described in Example 4 yielded
compound 12. ESI-TOF MS found, 1160.21; calcd for C46Hs7EuNoO;3S 1160.27.
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Example 6. The synthesis of biotin labeled with luminescent lanthanide(I1I) chelate 15

Ho S
AN " 7
HoN e} |
13
Biotin-NHS (14)
.
N
7 N—coor
00X
X
HN” “NH T
/\/\/\/N 4
S NH o |
o
15
N
7/ N—coo
ooc— X

(+)-Biotin (5.0 mg, 20.4 umol) dissolved in dry DMF (500 uL). N-hydroxysuccinimide
(2.8 mg, 24.4 umol) and DCC (5.0 mg, 24.4 umol) were added, and the mixture was
stirred overnight before being evaporated to dryness. 2-{4,7-bis{[4-(4-carboxy-3,5-
dimethylfuran-2-yl)]-6-carboxypyridin-2-ylmethyl }-1,4,7-triazacyclononan-1-
ylmethyl}-4-[4-(6-aminohexyl)aminocarbonyl-3,5-dimethylfuran-2-yl]pyridine-2-
carboxylic acid europium(Ill) (13; 24.4 mg, 20.4 umol) was suspended in mixture of
pyridine/water/TEA (9/1,5/0,1; v/v/v) (800 uL) followed by addition of water (400 uL).
Compound 14 was added, and the mixture was stirred overnight at room temperature.
Water (1.0 mL) was added and pH was adjusted to 4 with 2 M HCI. The precipitation

formed was collected by centrifugation and washed with acetone (2 mL). Purification
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was performed by preparative HPLC. ESI-TOF-MS [M-2H]*: calcd. 710.20, found
710.19.

Example 7. Heterogenous biotinidase assay (DELFIA).

A heterogenous assay is based on the use of streptavidin-specific antibody, streptavidin
and biotinidase substrates (compounds 3, 5 and 7). Accordingly, 200 uL of anti-
streptavidin antibody (1 pg per well, Novus Biologicals cat. No. NB200-448) was
pipetted to the wells of the microplate in coating buffer (50 mM TRIS pH 7,4 + 50 mM
NaCl). The plate was incubated at RT for 3 h. After that the plate was washed 2 times
with Delfia Wash solution. The blood spots (diameter 3.2 mm) were punched to the
wells. 10 nM of biotinidase substrate was added to the wells in reaction buffer (50 mM
MES pH 6, 0,05 % BSA, 0,01 % TWEEN, 50 mM NaCl). The plate was incubated with
slow shaking at +37 °C for 2 hours. 100 uL. 20 nM streptavidin in reaction buffer was
added into the wells. The plate was incubated for 1 hour at RT with slow shaking. The
plate was washed for 4 times with Delfia Wash solution. 200 uL of Delfia Inducer was
added to the wells and incubated for 15 minutes at RT. The Eu signal was measured with
a time-resolved fluorometer. The more there is biotinidase enzyme in the sample the

lower the Eu signal is.

Example 8. Homogenous assay based on quenching (TR-FQ).

A homogenous assay for the detection of biotinidase activity is based on the europium
labeled substrate and streptavidin labeled with a quencher. The blood spot (diameter 3.2
mm), calibrators and samples were punched to the wells of a microplate. The Eu-labeled
biotinidase substrate (compound 10, 10 nM) was added in 100 uL of reaction buffer (50
mM TRIS pH 7, 0,2 % BSA, 0,01 % TWEEN, 50 mM NaCl. The plate was incubated at
+37 °C for 3 h with slow shaking. 10 nM of streptavidin labeled with a quencher
molecule was added in 100 uL of reaction buffer. The plate was incubated at RT for 30
minutes with slow shaking protected from light. The Eu signal was measured on a time-
resolved fluorometer. The more there is biotinidase enzyme in the sample the higher the
Eu signal is. The results are shown in Figure 4. Abnormal samples with low biotinidase

activity can be easily identified from those with high biotinidase activity.
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The following dyes were used as quenchers:

HiLyte Fluor 647 (AnaSpec, cat 81256)
DyLight 649 (Pierce, cat 46415)

Cy5 (Amersham GE Healthcare; PA25001)
Opyster 650 (Denovo biolabels; Oy-650-P-1-N-1)

Example 9. Heterogenous assay based on the direct measurement of fluorescence of a

biotinidase substrate labeled with a luminescent lanthanide(III) chelate.

The blood spot (diameter 3.2 mm), calibrators and samples were punched to the wells of
a microplate. The Eu-labeled biotinidase substrate (compound 15, 10 nM) was added in
100 pL of reaction buffer (50 mM TRIS pH 7, 0.2 % BSA, 0,01 % TWEEN, 50 mM
NaCl). The plate was incubated at +37 °C for 3 h with no shaking. Streptavidin (10
nM/well) was added in 100 uL of reaction buffer. The plate was incubated at RT for 15
minutes with slow shaking followed by washing. The Eu signal was measured on a time-
resolved fluorometer in the presence and absence of DELFIA Inducer (200 uL/well). It

was observed that the assay performance was improved by addition of Inducer.
Example 10. Estimation of the length of the linker X.

The estimation of the lengths of the linkers of the biotinidase substrates according to the

present technology was performed as shown below for compound 5:

00c”

“00C OOC COO‘
X Eu3+




WO 2010/106222 PCT/F12010/050180

23
Bond # Length/ A
1 1.479
2 1.541
3 1.541
4 1.541
5 1.541
6 1.516
7 1.322
8 1.322
sum 11.80

The lenght of linker X is thus the sum of lenghts of bonds 1-8, i.e. ca 12A.



10

15

20

25

30

WO 2010/106222 PCT/F12010/050180

24

CLAIMS

1. A method of assaying biotinidase activity in a sample comprising: contacting said

sample with a biotinidase substrate of the formula (I)

wherein X is a linker and wherein length said linker is from about 4A to about 27A.

2. The method according to claim 1 wherein the length said linker is from about 6A to

about 23A.

3. The method according to claims 1 or 2 wherein the length said linker is from about 9A

to about 15A.

4. The method according to claims 1 to 3, wherein the linker comprises three to 15
moiecties each moiety being independently selected from the group consisting of
phenylene, alkylene containing 1-15 carbon atoms, ethynyldiyl (-C=C-), ethylenediyl (-
C=C-), ether (-O-), thioether (-S-), amide (-CO-NH-, -CO-NR’-, -NH-CO- and -NR’-
CO-), carbonyl (-CO-), thiocarbonyl (C=S), ester (-COO- and —-OOC-), carboxyl (-
COOH and —-COQ), carboxamido (-CONH,), disulfide (-SS-), sulfone (-SO;-), diaza (-
N=N-), secondary amine and tertiary amine, wherein R" represents an alkyl group
containing less than 5 carbon atoms, 2-hydroxy-1,3,5-triazinyl, 6-hydroxy-1,3,5-
triazinyl, and 1H-1,2,3-triazol-4-yl.

5. The method according to claims 1-4 wherein the label is a lanthanide(III) chelate.

6. The method according to claim 5, wherein the lanthanide(IIT) chelate comprises a
ligand selected from DTPA, EDTA, pyridine-2,6-diyl
bis(methylenenitrilo)tetrakis(acetic acid) and diethylenetriaminetetraacetic acid and a

lanthanide(III) ion selected from europium, terbium, dysprosium and samarium.
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7. The method according to any of the preceeding claims wherein the biotinidase

substrate selected from the group consisting of

O

MM*@ymo

Q

ooc ooc coo
O Ln3+
U\/\/\H/ /\/\/\n/ 4©_>_\ — /_COO
0 ooc ooc coo- and
X e
HN” “NH
H O
N
s QKH%DWj
o /—\ ,—C00
-ooc” )N N
-00c”00C coo
5 Ln+

wherein the lanthanide(IIl) ion is selected from europium, terbium, samarium and

dysprosium.

8. The method according to claim 7 wherein the biotinidase substrate has the formula of

o
: >—\ e /—ooo
ooo/\'\' k
ooo ooo CcoO
10 Ln*

9. The method according to claim 5 wherein the lanthanide(III) chelate is luminescent.

10. The method according to claim 9 wherein the luminescent lanthanide(IIl) chelate
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comprises azacycloalkane backbone.

11. The method according to claims 5 or 10 wherein the lanthanide(Il) chelate has the

structure of

5
and wherein one of the hydrogen atoms is replaced by the linker L according to claim 4.
12. A biotinidase substrate of the formula (I)
X
HN  NH o
W N—X—Label
10 S H q))

wherein X is a linker comprising three to 15 moieties each moiety being independently
selected from the group consisting of phenylene, alkylene containing 1-15 carbon atoms,
ethynyldiyl (-C=C-), ethylenediyl (-C=C-), ether (-O-), thioether (-S-), amide (-CO-NH-,
15 -CO-NR’-, -NH-CO- and -NR’-CO-), carbonyl (-CO-), thiocarbonyl (C=S), ester (-
COO- and —O0C-), carboxyl (-COOH and —COQ"), carboxamido (-CONH,), disulfide (-
SS-), sulfone (-SO,-), diaza (-N=N-), secondary amine and tertiary amine, wherein R’
represents an alkyl group containing less than 5 carbon atoms, 2-hydroxy-1,3,5-triazinyl,
6-hydroxy-1,3,5-triazinyl, and 1H-1,2,3-triazol-4-yl to the proviso that the length of said
20  linker is from about 6A to about 27A, and the label is a luminescent lanthanide(I1I)

chelate or a non-luminescent lanthanide(IIl) chelate comprising a ligand selected from
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DTPA, EDTA, pyridine-2,6-diyl bis(methylenenitrilo)tetrakis(acetic acid) and
diethylenetriaminetetraacetic acid and, wherein said lanthanide is selected from

europium, terbium, dysprosium and samarium.

13. A kit for determination of biotinidase activity comprising: a microtiter plate and a

biotinidase substrate according to claim 12.

14. The kit according to claim 13 wherein said plate is coated with anti-SA.

15. The kit according to claim 13 wherein said plate is coated with SA.

16. The kit according to claims 13-15 further comprising: one or more components

selected from an assay buffer, wash buffer, enhancement buffer, calibrator and control

sample.
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