Release reagent for vitamin D compounds Background information The present invention concerns a
reagent composition for releasing vitamin D compounds bound to vitamin D-binding protein, an in vitro
method for the detection of a vitamin D compound in which the vitamin D compound is released from
vitamin D-binding protein by the use of this reagent composition and the reagent mixture obtained in
this manner. It also concerns the use of the disclosed reagent composition to release vitamin D
compounds as well as a kit for detecting a 10 vitamin D compound which contains the reagent
composition for releasing vitamin D compounds in addition to common detecting reagents. An
adequate supply of vitamin D is vital as the term 'vitamin" already suggests. A deficiency of vitamin D
leads to severe diseases such asrigkeis RagsieanorRsiaiVYhilsnyjjamiaD was still regarded as a
single substance at the beginning of the last 15 century, the vitamin D system has changed in the
course of the lasgglecadesdBigasa8miex and manifold network of vitarrUn D metabolites. Nowadays
more than 40 different vitamin D metabolic products are known (Zerwekh, LE., Ann Clin. Biochem. 41
(2004) 272-281)umanscan QRIPIRNeE. DB wilamins ar calsilerols bythe acton of yiraviolet 20
rays from_sunlight on the sl?%n. In the blood Vitamin D3 is bound to t e_so-cangd vitamin D-binding
protein and tran§8%ﬁ8‘ﬂflflc§t Wﬁ@ef?/vﬁgFg'WiSDéglﬂg‘ e RIS s Ry Y oAt aRRtRcD 3y the
25-hydroxylatiorf A e¢Honied devsheinde thosums ad dnnohiakl dys Wrown B denmuok édrieritamin D
metabolism in aditioniterthelshimaing lvew:theytee argass that-bave alsasyshranmentioned
(Schmidt-Gayk, Hy 825 Bl &0l CAIRIUM. BAMIAMNG hormenes, viiamin. D metaboltes,and cyclic
AMP", Springer Verllag, Heldelber% (19190 p\p 24-47). 25-Hy roxyV|tam|neD and more specifically
25-hydroxyvitamin 2 and 25- HYBroX VIt i H Y dre" R R ASSHSTagieAbH Hor SPeEREE D in the
human dfganisny Vit éyeeapounéiv aitloemeiwherrgete tiesetipreurstrsioan baanverted in the
kidneys to foini the:afirhialagiealliiacive laashnsteoxyyamin® the so-called D hormone. The
biologically active vitamin D regulates among others calcium uptake from the intestine, bone

mineralization ang: ikdpfiuensesa laraensmber ofethgrmetahols pathways sueh,as.6.9, the insulin
system. -2 - MR e VIATID Leyel Sel s o 16 beneft wher deerming T vamin
status of a patient, because concentrations of vitamin D (vitamin D2 and vitanti O ftituate greatly

depending on fom%f&tﬁ@ﬁr%%sﬁ’r]é RPEHRAGRT siadditirroramitoreisninerithelpsshort
biologicaPhalf-lifeciriuthye toiy ctidaion {24 sBindursibang:i is therefare akmifdrdhisseRsemndat a suitable
par_amfter for fde&ﬁﬂygy ggdh@aﬂﬁ_@miﬁ%@tgﬁg{ﬁﬁﬁ?&;ﬁ&%ﬁ@gr%%@m}@g?gleestﬁg?o&ysiolog_icaIIy
active forms of v (1.25-dibydr itamin, D). These biologically. active forms also occur in
relatively small eéé%gﬁ%h@(%ﬁé&ﬁngeg%én r}§€3#§ 35%1%{5%’3 tgiﬁgéﬁ%/%rgg\’/i 'n%ffl%or all these
reasons the 10 }a{?ﬁhﬁﬁcéﬂé%ogf"b% y%ﬁrb&yvitamin D in particular is a suitable means to globally
analyse the total vitamin D status of a patient. Vitamin D metabolites like 25-hydroxyvitamin D are
bound with high B¥i8 55vRBIMiATesRsadh g BrBYEm aindt e farinitedtex etidafoulo atislehin and some

Lipoprotiins. Metysdsappndjirtatentohrekkasdratiitaiboin ¥ metabDlts fsomyiamingl5.R-pinding protein

- will under normal;gifganistangss deehe Mot han apRioREatedoslease a yilamin P metabolite also

from any other preteig; The:binding o 2> /ehgxyviiamin © or ofher,vitamin, D compounds to the

nowadays known to be involved in vitamin D metabolism in addition to the skin
and liver, the two organs that have already been mentioned (Schmidt-Gayk, H. et
25 al. {eds.}, “Calcium regulating hormones, vitamin D metabolites and cyclic AMP”,
Springer Verlag, Heidelberg (1990) pp. 24-47). 25-Hydroxyvitamin D and more
specifically 25-hydroxyvitamin D, and 25-hydroxyvitamin D, are the central
storage form of vitamin D in the human organism with regard to their amounts.

When needed these precursors can be converted in the kidneys to form the

30 biologica'ﬁy active l@,25-dihydroxyvitamin D the so-called D hormone. The
biologically active vitamin D regulates among others calcium uptake from the
intestine, bone mineralization and it influences a large number. of other metabolic
pathways such as e.g. the insulin system. '



P

D-binding protein enormously complicates the determination of vitamin D compounds. All known
methods require that the vitamin D compound to be 20 analysed is released or detached from the
complex that it forms with the vitamin D-binding protein. In the following this is referred to as the
release of a vitamin D compound from vitamin D-binding protein for the sake of simplification although
of course it can only be released from a complex of yitamin D compound and vitamin D-bin,ding
protein and not from the vitamin D-binding protein alone. The vitamin D-binding protein is unfolded at
acidic pH but has a high tendency to correctly refold and to re-bind the analyte when the pH is shifted
back to neutral chivditiong. Hencenitisfievehésel$sarpfdifitstlyaelfasevitataimbidempaeunds and

theﬂ tohsehpalrate \tlh&mﬁabrﬂfm@slafim '&Eﬁﬂi&{@&i&ﬁ@%ﬁ&ﬁ?@m{ﬁ Qf‘%gﬁi?@%q%ﬁ@%rﬁﬁ @pgﬁbﬁsed-f%DUﬁ
to the high clinical impo e 5- oxyvitamin D a large number of methods are known from the
literature which a%%%g 5ES : Fggua\%ﬁgf%%[%é%g %légp frore %Or é%ﬁ%’ {r1e raBly’ }‘Ef)é’tgéur:rr‘er]ii:ﬁés&pﬁg%ti termination
of 25-hydroxyvitdAHies ¢ %ﬁtﬁaﬂéﬁ% MiBioey sherphaelesivey hidhtise Horhaaricalrtond(24
chromato§raphy {1 Grdihes apprfachedsforftheldetesasimation af 2bthydraxyaitamingg? are based
among others ontheris@ef itaminRrpinslingRroteins likatheserthatare. presentin;mill, 5 Thus

e

Holick, M.F. and Ray, R, 5,981,779) and.Del uca 2 %PEP}SH 3 945 descﬁ)e itamin D assays
) r ;
for hydroxyvitam?_ ﬁ%ﬁﬁl%ﬁ d?ﬁ%ve ité)r%?ﬁ wa‘ﬁ% %}“rg5 b éé on % "Wdﬁ%“Bf St hfffbstances to

vitamin D-binding BIESHWHER theEehebratiohsibrtiebekussthed dielistéismsingy means of a
competitive test procedutansioweyercd weilduisitecpfithisimadhoibis thiathdtamiadontOmetabolites to

be determined figstiydrmyeidn bedsolued ramiheroriona Rleedsor sarwn samples @BQa'ﬂ ve to be

purified by, for example, chromatogra Armbruster, F.P. ,et al. (WO 99/67211) teach that a scrum
or plasma samplaé é&‘%%%%bg ?;I:‘é}gga%lé% o%f%/?tlgﬁ?iﬁ Iifﬁl/te%ip(?t{;rmination by ethanol precipitation. In this

method the prote\;ri'nt &)reciBitate %[ggrn?gg%dlgxlg%ntrifu ation_and the cthanolie supernatant 15contains
2 .
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soluble vitamin D vmélfviarboligés.. ’
vitamin D-binding protein and to a limited extend also to albumin and some

lipoproteins. Metheds appropriate to release a vitamin D metabolite from vitamin
i5 D-binding protein will under normal circumstances also be more than appropriate
to release a vitamin D metabolite also from any other protein.

The binding of 25-hydroxyvitamin D or other vitamin D compounds to the vitamin
D-binding protein enormously complicates the determination of vitamin D
compounds. All known methods require that the vitamin D compound to be
20 analysed is released or detached from the complex that it forms with the vitamin
D-binding protein. In the following this is referred 1o as the release of a vitamin D |
compound from vitamin D-binding protein for the sake of simpliﬁcétion although:
of ‘c‘ourse it can only be released from a complex of vitamin D compound and |
vitamin D-binding protein and not from the vitamin D-binding protein alone,

25 The vitamin D-binding protein is unfolded at acidic pH but has a high tendency to
correctly refold and to re-bind the analyte when the pH is shifted back to neutral
conditions. Hence, it is often necessary to firstly release vitamin D compounds and
then fo separate the vitamin D-binding protein from the vitamin D compounds to be
analysed.

39 Due to the high clinical importance of 25-hydroxyvitamin D a large number of
methods are known from the literature which allow 25-hydroxyvitamin D to be
more or less reliably determined.

Haddad, 1.G. et al,, J. Clin. Endocrinol. Metab. 33 (1971) 992-995, and Eisman,
JA. et al, Anal. Biochem. 80 (1977) 298-305 for example describe the



Alternatively EP 0 753 743 teaches that the proteins can be separated from blood or serum samples
using a periodate salt. In this case vitamin D compounds are determined in the protein-free
supernatant from the samples treated with periodate. 20 In some commercial tests acetonitrile is
recommended for the extraction of serum or plasma sample (e.g. in the radioimmunoassay from
DiaSorin or in the vitamin D test from the "Immundiagrtostik” Company). In recent years a number of
different release reagents were proposed which should in principle be suitable for releasing vitamin D
compounds from any binding 25 protein present in the sample. However, this release or detachment
should be carriedTFRRISR R AtvaTS RN LoME T TSRS BRBIR o ef & RDke BfiRg i@imple treated
with the release peelgamriee dipintihytest sesfo@atple WO 02/57797 and US 2004/0132104).
Despite immense efforts in recent years, all available methods for determining vitamin D have
disadvantages sGcheaspaberionssahrpiet3tpireparatio 05 podrostandaitiZaten bpedr agieement
betvve)erll t%Sé grqq%&lsgr% s l&?éjorigﬁ@d\f%ﬁ/ ﬁfbﬁﬁﬁliﬁg MHRmIH 1%&%@&5&%&@&& ,&@5&%@&{{%@%5“ {]|E
supra). ,087, etal hydrox. ds extri erivatives eof,.and metal
salicylatgss haveoﬁé%sn%oshé ’:gl'r%é%%e&eﬁ]t’a?rgﬁiﬁ{% ?i)@rﬁggu%rg snf[r(?)rﬁ AR e%ﬁﬁlgggp? a‘in, which
result in an irreverSmiBdERAUr AtiGA B FRIMIAroRyy prBindih grer StbiTer BYFemde M i piedteins.
Surfactants like Tritdiasxil 60 e Hivger26fhhve hebnanseditovirerenDthnditanpiii:compound from
being non-specificaliyaltacheshiofirids-anspinteins-indhe sampls afierdenaturatipns dt is particularly
difficult to automate a test Eo(r3 a}\iig%migrD com 1pund'.fThe? %hauton%gti n. rel%uires.solyinﬁ)a very difficult
problem i.e. survivin a_?léjhfr()pe WaT<; OA the-one Rand’it i Hefa28aty 1o aladE¥RE vithmin D
compouhis fronTAtRACD D R ProtehRath th aity be dselfietbfeore Beserigiagdnecdrpthe other
hand, the conditiznsthsarepteshedsklectedspohi flrabthdsampielcachkenditgeibhanalysed further. A
prerequisite of this direct further analysis is that, on the one hand, the 10 endogenous vitamin
D-binding proteindebsinat bindeoenoiangerdmalsignticant extent kingis dedhenvansa. R compounds
during this analyg&s&%g@i.l_ﬁjpmgt@%r{&;giﬂ%ﬁm§ @{lg%%qlglga ﬁg{ﬂomehg)tﬁ%r H@&%gthat the

release reagent ysed does not interfere with the binding or detection reagents such as antibodies, or
vitamin D-binding BrSERT M SHHSH I REINERAHETE RIS OFIRRROTS SHRFRHAtbinding
protein dfe preseatirithstrivaripopulationteisitishetave GindhemicallydifferantipcTitieerelease and
measurement ofpiitémindzgompounds should be comparable for various alleles/phenotypes.

Alternatively EP 0 753 743 teaches that the proteins can be separated from blood or
serum samples using a periodate salt. In this case vitamin D compounds are
* determined in the protein-iree supernatant from the samples treated with periodate.
20 In some commercial tests acetonitrile is recommended for the extraction of serum
or plasma sample {e. g.- in the radioimmunocassay from DiaSorin or in the vitamin D
test from the “Immundiagnostik™ Company).

In recent years a number of different release reagents were proposed which should
n principle be suitable for releasing vitamin D compounds from any binding
25 protein present in the sample. However, this release or detachment should be
carried out under relatively mild conditions thus enabling a direct use of the sample
treated with the release reagent in a binding test (éee for example WO 02/57797
and US 2004/0132104). Despite immense efforts in recent years, all available
methods for determining vitamin D have disadvantages such as laborious sample
30 preparation, poor standardization, poor agreement between test procedures or bad
recovery of spiked vitamin D (see for this in particular Zerwelkh, J.E., supra).

In US 7,087,395 metal hydroxids as well as cyclodextrin and derivatives thereof,
and metal salicylates have been used to release vitamin D compounds from vitamin

- D-binding protein, which result in an irreversible denaturation of vitamin



Thus the object of the present invention was to develop a reagent composition for release of vitamin D
compounds and in particular for hydroxyvitamin D compounds from vitamin D-binding protein in a
sample which can at least partially overcome the problems of the prior art. A suitable reagent
composition for releasing vitamin D compounds, an in vitro method for determining vitamin D
compounds the use of the reagent composition and Kits for the determination of vitamin D compounds
using this reagent composition are described in the 25following and are encompassed by the attached
claims, Summary of the Invention The present invention concerns an in vitro method for releasing a
vitamin D compadrtit B RIS ATk dRETp IS RSN E omiBSTAR thik ST o X) plovidimeser sample to be
investigated anda8) mmixihepthesaim previronhsteatajnviithanaceaot 8eicontairRgiaddrogen
carbonate salt opA.sHRstaneaicanapls:ahisleasinghydieaencarhanate ions (HCO3-) upon hydrolysis
in a concentration of 0.1 M to 2.0 M, ii) a reducing agent, and iii) an alkalinising agent, thereby
releasmg the vitagmjp 9&&%9@‘@{@[&[9 \fgam&er%@%d'c@& REQIEM;5¢aR, 0 %f%g&eglﬁé‘p‘b%&m‘ent the
present invention concerns an.in V|trlo.methqd f rfggﬁsurmg a vitamin L compgun comprising the
steps of &) providing a sampie 16°68 Ve Stigatett A e St B8 i L BEORS) WelR i) a reagent
containing a hydfSybis eartisnaté saeessasubstaitescchpablerot i leasinginiaifogenitarbonate 5 ions
(HCO31 upon hyHishdisziprecdoncenttatian of O uiin 2:044 Da4edusing agaptaaddiD an
alkalinising agentfheahunisleasiod aviamipRicompoundrom yiiamig D:Rinding protein. and o
.Inafur

measuring the vykimig D compo Qg released_in step (b ther embodiment the present invention
concerns a reagent"Composition for ~1¢ ]fﬁgtr&]égsfé SR in B e opStin@fokWikam D-binding
protein ¢8mprisifgessparsgeteirbbhmdiraotinsitsstaricei vhpable lofigetaasingehiftiragen carbonate
ions (HCO31 upestdydriakisis iha condantrationohid Miac2@ivhangdsa reduaing agenl,dn a further
embodiment the;pieseatERORAAEETS AEHEPTIXUIE 15 CAMPISINg Asample fo be

investigated, a r%gggnt com sition Oé]tgrsj%rel.ease of a vitamih D compound from Vi amin D-binding

protein, a hydrogen cg%on. ST BiRe L CAS A b FARRE YRy f YERGiFBoMAte ions
(HCO31 upon hydaTygi@miadeemeeriratidn ¢hditom tbi2. Bovvantha rédiscimg aljeet, eihtian alkalinising
agent. 20in a furtiremémbddimiept theqresenptaventioneenceras aditfesdhesslaasepfa vitamin D
compound from Hi&%ﬁ@&&l@ﬂﬂfﬁgéﬁ@?ﬂw“@@&gﬁﬁﬂﬂ%ﬁ%%%ﬁngfc%@%%?'BOQ%;C;%?@%?ng a

hydrogen carbonate salt orasu%?)t ce capabﬁ f releasing ogen carbonat CO3-) upon
hydrolysis in a C%%%‘g%%}%ﬁ%%%af .?faﬁq]rtgaﬂ‘ﬁlfvfl ﬁ%%’?@ﬁ?féﬁ?ﬁ*agent. 25Detailed Description The

present inventiop.concerns an in vitro method for releasing a vitamin D compound from vitamin
D-binding proteir CoNISHETE tRE Seproich) Brortifg e shiistes kpberitgaatispmagsimiRing the sample
from step (a) witftijaacreeigetittcontdhingrephyode gemicanb prateualt for alsubstancendapable of
releasingshydrog@fpounds from vitamin D-binding protein in a sample which can at {east partially

overcome the problems of the prior art. A suitable reagent composition for

releasing vitamin D compounds, an in vitro method for determining vitamin D

compounds the use of the reagent composition and kits for the determination of

vitamin D compounds using this reagent composition are described in the

25 foliowing and are encompassed by the attached claims.

Summarv of the Invention

The present invention concerns an in vitro method for releasing a vitamin D
compound from vitamin D-binding protein comprising the step of a) providing a
sample to be investigated and b) mixing the sample from step (a) with i) a reagent

30 containing a hydrogen carbonate salt or a substance capable of releasing hydrogen
carbonate ions (HCO; ) upon hydrolysis in a concentration of 0.1 M 10 2.0 M, ii)a
reducing agent, and iii) an alkalinising agent, thereby releasing the vitamin D
compound from vitamin D-binding protein.



30 carbonate ions (HCO3) upon hydrolysis in a concentration of 0.1 M to 2.0 M, ii) a reducing agent,
and iii) an alkalinising agent, thereby releasing the vitamin D compound from vitamin D-binding

protein. -6- As used herein, each of the following terms has the meaning associated with in this
section. The articles "a" and "an" are used herein to refer to one or to more than one (i.e. to at least
one) of the grammatical object of the article. 5The expression "one or more" denotes | to 50, preferably
1 to 20 also preferred 2, 3,4, 5,6, 7, 8, 9, 10, 12, or 15. If not stated otherwise the term "vitamin D
compound" is to_be understood to include all naturally occurring compounds which contain the

backbone of vitdfhit B3F (HE1AEREE B o PV MD Hek e 1o Meifolbwingedindctaral foimulae |
10and Il. Formutack8titiC vilmEdPnuutaphhidOtomprising the steps of a) providing a sample to

be investigated, b) mixing the sampie from step (a) with 1) a reagent containing a
hydrogen carbonate salt or a substance capable of releasing hydrogen carbonate

5 ions (HCO; ) upon hydrolysis in a concentration of 0.1 M to 2.0 M, ii) a reducing
agent, and i1} an alkalinising agent, thereby releasing a vitamin D compound from
vitarmnin D-binding protein, and ¢) measuring the vitamin D compound relcased in
step (b). '

In a further embodiment the present invention concerns a reagent composition for

10 the release of a vitamin D compound from vitamin D-binding protein comprising a
hydrogen carbonate salt or a substance capable of releasing hydrogen carbonate
ions (HCO;") upon hydrolysis in a concentration of 0.1 M 1o 2.0 M and a reducing
agent.

In a further embodiment the present invention concerns a reagent mixture

15 comprising a sample to be investigated, a reagent composition for the release of a
vitamin D compound from vitamin D-binding protein, a hydrogen carbonate salt or
& substance capable of releasing hydrogen carbonate ions (HCO:") upon hydrolysis
in a concentration of 0.1 M to 2.0 M and a reducing agent, and an alkalinising
agent.

20 In a further embodiment the j:jresent invention concerns a kit for the release of a
vitamin D compound from vitamin D-binding protein, which contains a reagent
composition comprising a hydrogen carbonate salt or a substance capable of
releasing hydrogen carbonate ions (HCO;™) upon hydrolysis in a concentration of
0.1 M to 2.0 M and a reducing agent.

25

The present invention concerns an in vitro method for releasing a vitamin D
compound from vitamin D-binding protein comprising the step of a) providing a
sample to be investigated, b) mixing the sample from step (a) with i) a reagent
containing a hydrogen carbonate salt or a substance capable of releasing hydrogen

30 carbonate ions (HCO; ) upon hydrolysis in a concentration of 0.1 M to 2.0 M, ii) 2
reducing agent, and iil) an alkalinising agent, thereby releasing the vitamin D
compound from vitarmin D-binding protein.



In the structural follathe | and lithe positions of vitamin D are stated according to the steroid
nomenclature. The 25-hydroxyvitarnin D denotes vitamin D metabolites 5 that are hydroxylated at
position 25 of the structural formulae | and 11 i.e. the 25- hydroxyvitarnin D2 as well as the
25-hydroxyvitamin D3. Additional known hydroxyvitamin D compounds are e.g. the
1,25-dihydroxyvitamin D and 24,25- dihydroxyvitamig D forms.  1,25-Dihydroxyvitamin D refers to
the active forms of vitamin D (the so-called D 10hormones) that have a hydroxylation at position 1 as
well as at position 25 of the structural formulae | and Il. Other well known vitamin D compounds are
24,25-dihydroxyditarif BPea st gfarblipiiamiams birdic3nsphps-tapdrostyditaithint Du Surprisingly
it has been founthisysthigoinventors, that the presence of a hydrogen 15 carbonate salt or a substance
capable of releasing hydrogen carbonate ions (HCO3) upon hydrolysis under alkaline conditions in the
in vitro method diclesadein'tepteseniinventiondpads te-the slease eloviiamins.icompounds from
vitamin D-binding wﬁ%ﬁeﬁftﬁé'@mﬁﬁ%&%ﬁgpﬁtﬁlg%llgi ggcording to the present invention is a
compound selected from the group consisting of sodium hydrogen carbonate (NaHCO3), potassium
hydrogen:carboRrate b onium hydrogen.c Egon e (NR4HCO3), calcium hydrogcne
carbona:g (Ca(k?%%§) égg?%%)m%%}sfﬁ?ﬁch?g%&égﬁ gga%r ﬁgfgi%d-f&%% .Oﬁr‘%kﬁggfja ce capable of
releasing hydro&erdi’éa gﬂﬁt&éﬂsl@*l@é%-) upon hydrolysis" according to the present invention is a
compound selected from the group consisting of carbonate esters or pyrocarbonatcs. A "carbonate
ester” according o' Mesptedeibmyistiba sacanssny Rouprianréd is @ betwerdatkory groups. The
general structuréofithresié warbahatesiis2 40(@oMAR2:hIdheserd eyeliacahenateesigrs (e.9.
ethylene carbongte),ofaaR-R¥ele GRRARMEASIErS:(5:g: tgimgmo%ﬁﬁrg%ﬂﬂé%aﬁﬁ%%{uﬁ Rydroxylatcd
or haloggchized %Ie}g\ﬁtives thereof available. Preferably said hydroger carbonate salt or a substance
capable of releasing 15 hydrogen carbonate ions (HCO3-) upon hydrolysis according to step i) of the
method has a concentration of 0.1 M to 1.5 M, or of 0.2 M to 1.0 M, or of at least 0.1, 0.2, 0.3 or 0.4 M,
or of at most 2.05dedhulad, 1.3, 1.0 or 0.75 M, respectively.




In an embodiment the present invention concerns an in vitro method for releasing a vitamin D
compound from vitamin D-binding protein comprising the step of a) 20 providing a sample to be
investigated, b) mixing the sample from step (a) with i) a reagent containing a hydrogen carbonate salt
in a concentration of 0.1 to 2.0 M, ii) a reducing agent, and iii) an alkalinising agent, thereby releasing
the vitamin D compound from vitamin D-binding protein.  Preferably said hydrogen carbonate salt
according to step i) of the method has a 25 concentration of 0.1 Mto 1.5 M, or of 0.2 M to 1.0 M, or of
at least 0.1, 0'2’E00:3 Oﬂigﬁ M, or of at most 2.0, 1.7, 1.5, 1.3, 1.0 or 0.75 M, respectively. In a preferred
embodiment the hyg}ogen carbonate salt is selected from the group consisting of sodium hydrogen
carbonate, potassium hydrogen carbonate, ammonium hydrogen carbonate, calcium hydrogen
carbonate and magnesium 30 hydrogen, carbonate. In a further preferred embodiment the hydrogen
carbonate salt is selected from thei—@r@p corgisting of sodizep.hiydrogen carbonate, potassium
hydrogen carbonate and ammonjum-hydiogen sarbonate, F & preferred the -9 - hydrogen
carbonate salt is selected from the -g_- cnsistmg of $édium hydrogen carbonate and potassium
hydrogen carbonate. In an emtjpdihentthe present invé i concerns an in vitro method for releasing

a vitamin D compound from vitamin D-le1ning protein compriding the step of a) 5 providing a sample
fom step (a) with i) a reagent containing a substance capable
of releasing hydrogen carboriatg-ions THCO3') upon hydrolysis in a concentration of 0.1 to 2.0 M, ii) a

substa &ézcapable of releasing hydrogen carbonate 15 ions (HCO3)
upon hydrolysis is a cytié or nori-cyclic carbonate ester or a hydroxylated or halogenized derivative

. r preferred embodiment the substance capable of releasing hydrogen
carbonate ions ( 3-)ug ydrolysis is a cylic or non-cyclic carbonate ester or a halogenized
derivative thereof, respectively. In a further preferred embodiment the cylic or non-cyclic carbonate
ester or the halogenized derivative thereof is selected from the group consisting of ethylene carbonate,

dimethyl carbonatenpsapyiene arhonatenyinylene sahnateimethylens:cathonatg, grytrir itol

bis-carbonate, glycergl 1,2- carbonate,-4-chloro-1 3-dioxolan<2-one, 4,5-dichlgro-1,3-dioxolan-2-one,
2,5- dioxahexan%dioic acidodimethélt e'stefg, pgsglgg%%%‘ﬁﬁa%lﬁq%z U ?/%Sn‘él%%ong%éﬁa%? 5% 2 3 butylene

carbonat® and tFafs*® SBIRRKE L At I%ar‘f'ﬁé}?epﬁgféﬁ’éﬂltﬁ’é%%ﬁé berdhléyelibecdtbonate ester
or the halogenizedithenvitiventherees i eélestduefrdfhthiegroupoonsistingddftethyldnsearbonate,

dimethyl carbonaie:qrppidene Darbanatadyigdeng qggb@g@tgﬁ;ﬁy@%@g@ncy%@@@3,2g_rythritol
bis-carbonate, WJ@ME%Q@%%E&chIoro-1,3-dioxolan-2-one and 4,5-dichloro-1,3-

1,25-Dihydroxyvitamin D refers to the active forms of vitamin D (the so-calied D
10 hormones) that have a hydroxylation at position 1 as well as at position 25 of the
structural formulae T and I1.

Other well known vitamin D compounds are 24,25-dihydroxyvitamin D, 24,25-
dihydroxyvitamin D and C3-epi 25-hydroxyvitamin D.

Surprisingly it has been found by the inventors, that the presence of a hydrogen

15 carbonate salt or a substance capable of releasing hydrogen carbonate ions
(HCOs ) upon hydrolysis under alkaline conditions in the in vitro method disclosed
in the present invention leads to the release of vitamine D compounds from vitamin
D-binding protein.

A “hydrogen carbonate ion” (bicarbonate ion) according to the present invention is
20 an anion with the empirical formula HCO; ™ and a molecular mass of 61.01 dalions.



30dioxolan-2-one..Further preferred the cylic or non-cyclic carbonate ester is selected from the group
consisting of ethylene carbonate, dimethyt carbonate, glycerol 1,2-carbonate, propylene carbonate
and vinylene carbonate. Further preferred the cylic or non-cyclic carbonate ester is selected from the
group consisting of ethylene carbonate, - 10 - dimethyl carbonate, glycerol 1,2-carbonate and
propylene carbonate. Further preferred the cylic or.non-cyclic carbonate ester is selected from the
group consisting of ethylene carbonate, dimethyl carbonate and glycerol 1,2-carbonate. In an
embodiment said cylic or non-cyclic carbonate ester according to step i) of 5 the method has a
concentration of 9. TRATeRS 0RO FEfe sty ST EDEC Brhomusyelic iBarREARLE dstermasm concentration
of 0.1 M to 1.5Msa¢apfdd 2oM thd . GrMpormiatigast OsddioR, H:3-ofd. LMhenef atamma 3,0, 1.7, 1.5,

1.3,1.00r0.75 I}gbtg%@@ctiyﬁy@é@@n@m&%mgﬁﬁ@@gfagﬁgﬁ&gminmlgé&{drgg%gn%%rbonate §alt or
a substance 10 @fﬁ%ﬁ?i re g%%q@a%d%o e&&g@ gn@ée f_%[j]éﬂg CO ) U%On‘ﬁhé rolysis of step (i)
according to the method o the present mvention 1s ol ar& 1e48 ¥ B solution

under the approffiademfiedisPek releasing a vitamin D compound from vitamin D-binding protein. In
a further embodiment the reagent containing a hydrogen carbonate salt or a substance capable of
releasing hydrogen”sth¢E1soraRe ibhsofHCOZIngpsrdigern lyesidotatte foi add6fding upothe method of
the present invehtidnlisistlubler tinat deast b dvht arvenrepieferesis arlublededatipashd.0 M, in an
aqueous solutionypdertheApRaRtRig.condiions o relgasing a vitamin D compound from vitamin

D-binding protein. It is known to the skilled artisan hiow to solubilize a hydrogen carbonate salt or a

substance capable:gf;29.teleasing hydrogen garbonate.ions (HCO31 upon hydrolysis in,water to
achieve t§e reaqﬁent of sggp (1) of th% melt%%ocF accgrdgr% {0t nétg(ﬁrrle%ean Thvel %’gr?u?r% f

_ enti : grogen
carbonat® salt oP Y& SEBSHERBR L Ate SRS ALHGR arduen eaRswaER iR (GT@9Bpon
hydrolysis shouldisecsafutielinavdienadt 28as The higiogeredarbonate saitorcthecstlostance capable of

releasing hydrogsr-gaehoniaieriscRiGR3] 4pos hydrolvsis melubilizer 2 agueans solution should
be storable at a femperature of 4C without drop out or chrystallization. The molar ratio of the hydrogen

carbonate salt or the substance capable of releasing hydrogen carbonate ions (HCO3-) upon
hydrolysis, resp%gg%((?lg} ytosggg %I‘thlesdng g %r% 45 {J[eferablg§ etween 1: 3 and 3 ; 1, more preferably

between 1 : 302.and 21 and ntore preferably betwaen 121 B RHETE 520 SEifiSE Hidisan is also

aware, that the USRI GPEIORISIREh GTHgen? t8Mepdhogeivsirserridinalte alst/ér shisbtances
capable of releasingdiychrogenncanietateddns (HGA3S)Mpaendiydralysisiis odlctlated emsthe

corresponding concentretions af thereastiveions QFF 08 9GOBy oIt dsknawndn the.gkilled artisan that
a mixture of at least two different hydrogen carbonate salts and/or different substancés capable of

releasing hydrogen.carhenfiedons (HGQ3vhenvsolsis,aspagtl %lxoz%%@r%eﬁggg in a method
o

according to the ‘Etra%slﬁnbinvention. e malar rat aid mixtures of hydro ca ate salts 5

f en
and/or the substance capableror Pglea%ﬁ?]mﬁ% en’ E_%Hﬁf@%ﬁgﬂg@ﬁﬁ%ﬁﬁﬁ%%ﬁdlysis to the
alkalinistflg age R igiaser apRPictyvRR TS BeaIsd: &) Miineahsresomiblfrirotstete) withand 2 : 1 and
more preferablybetereennksififoantlylirbgeh. Mot waartingtahebaunrdrothis theawy iit may well be
that the presence @fichydigaan sarbanale spitolasubianGR capable.ohrelgasingnydsogen

carbonate o o .
compound from vitamin D-binding protein.

Preferably said hydrogen carbonate salt according to step i) of the method has a
25 concentration of 0.1 M to 1.5 M, or of 0.2 M to 1.0 M, or of at Jeast 0.1, 0.2, 0.3 or
0.4M, orofat most 2.0, 1.7, 1.5, 1.3, 1.0 or .75 M, respectively.

In a preferred embodiment the hydrogen carbonate salt is selected from the group
conssting of sodium hydrogen carbonate, potassium hydrogen carbonate,
ammonium hydrogen carbonate, caicium hydrogen carbonate and magnesium
30 hydrogen carbonate. In 2 further preferred embodiment the hydrogen carbonate salt
is selected from the group comsisting of sodium hydrogen carbonate, potassium
hydrogen carbonate and ammonium hydrogen carbonate. Further preferred the



10 ions (HCO3) upon hydrolysis in the reagent composition induces a pH shift. Lower concentrations
of said hydrogen carbonate salt or said substance capable of releasing hydrogen carbonate ions
(HCOS-) upon hydrolysis in a reagent composition cause a slower pH reduction of the reagent mixture
during the pretreatment reaction. Higher concentrations of said hydrogen carbonate salt or said 15
substance capable of releasing hydrogen carbonatggions (HCO3-) upon hydrolysisin the reagent
composition cause a faster pH reduction of the reagent mixture during the pre-treatment reaction. It
also would appear that due to the concerted action of a hydrogen carbonate salt or a substance

capable of releaBHECRF FEgMEadNStelerisd BomEY aison RYaTsHrsAMivabifg 2R¥ent at alkaline
buffer conditionsahoieimel/prsiblemdnateratiandbritamin D-binding protein is achieved and thereby
later detection of a vitamin D compound is facilitated In an embodiment the reducing agent of step ii)

according to theimethadigiseleciediiamiheeroup consising bl ArMereapioginanabing »
2 Mercaploetyiogint Heh R, fusiciikii BINOLRIOLOLI AoMelvimglelimide, Elmans

Il 1 TiS81T ] .
Reagent 25and 1,2-djthiolane- -cargoxyllc acid. In a further embodiment the re U(ﬁ_ng_a ent of step ii)
accordin§ to the%’é’fd@ﬁ s SRR AR PE Bl TR retRn G e RR S MBS NP danihs tiol goups.

In a further embodigaein et A cinguigencofostapli) et corisiggonthiapethodtisnselected from the
group consistingk{2-Mefeaptoatbannl i» MeteaptagthyEninas30 0l ] € ERuGYstainHC1 and
Dithiothreitol (DT [). HQ)%%@Q% _%ngégﬁt’rqg&gg}grgggﬁﬁgt gegi{%%cgrqgu I#{) ttaef{gre#uhr(t)ﬁerrmas a

concentration from 2 mM to 30 mM, in a further embodiment from 3 rnlA to ,in

embodiment fro 3B THHPIBHE AIHEnd in a further embodiment from 4 mM to 10 mM. - 12 - An
"alkalinising agent” can be an alkali hydroxide or alkaline earth metal hgdroxide (i.e. in an aqueous

solution} °An alkBIFIRERRY atjéh e Wha s s BRIpride d Sinaly g rHerssdess Aok alkaline earth

metal hydroxidespée ha@iandcOiHg Na@iH and hidHeiiaOl4son coSat@HR); Kf OHMns Ca(OH)2, _

KﬁHhand LiOH, %smgefﬂ aﬁﬁkh%mggp%&{&%@%mfmﬁdﬁ%-@Eﬁ%ﬁﬁéi e{fn%bﬁ%iﬁa'. gompounds

which are comp i cation and the hydroxide anion -). Alkali hydroxides are
ROon bR b S R

such as NaOH, H an ali metals" are a series of chemical elements
forming Group 1 (IL'PAC style) of the perjodic table: lithium (L), 10sodium (Na), potassium (K),
rubidium (Rb), gialge%iarﬁ %@%,aglx’r%’ rar ctutrkhc. O?Bs’wﬁffﬁéﬁggb A rﬁi%iﬂPﬁ?B’r%?%é‘s‘:&é%nﬁtﬁlass of
chemicdPcompodhtis WHisH areBohiyBebdibf iantaikdinerarh-retsl cathomandsdydiroxide anions
(OH-). "Alkaline leaittxpietal ot tampsising Growp 2 (RIRACstpe)iGraup HArokihe petiqdic table:

beryllium (Be), raggpesim (M LISIMAG8). SronibmSatabarum (Ra) snd @elym (Ra). Inan
embodiment the alk mdsrgfg agent O;Ste%fq"r)x%c ordln% to the meth%ﬂ%of the_ present invention is
i .

selected from the gloup consisting of N3 ¥ CASIEN I Pigalogenized derivative

thereof, respectively. In a further preferred embodiment the cylic or non-cyclic
20 carbonate ester or the halogenized derivative thereof is selected from the group
consisting of ethylene carbonate, dimethyl carbonate, propylene carbonate,
vinylene carbonate, trimethylene carbonate, erythritol bis-carbonate, glycerol 1,2-
carbonate, 4-chloro-1,3-dioxolan-2-one, 4,5-dichlero-1,3-dioxolan-2-one, 2,5-
dioxahexanedioic acid dimethyl ester, pyrocarbonate, 1,2 butylene carbonate, cis
25 - 2,3 butylene carbonate and trans 2,3 butylene carbonate. Further preferred the cylic
or non-cyclic carbonate ester or the halogenized derivative thereof is selected from
the group consisting of cthylene carbonate, dimethy! carbonate, propylenc
carbonate, vinylene carbonate, trimethylene carbonate, erythritol bis-carbonate,
glycerol  1,2-carbonate, 4-chloro-13-dioxolan-2-one and  4,5-dichioro-1,3-
30 dioxolan-2-one.

Further preferred the eylic or non-cyclic carbonate ester is selected from the group
consisting of ethylene carbonate, dimethyl carbonate, glycerol 1,2-carbonate,
propylene carbonate and vinylene carbonate. Further preferred the cylic or non-
cyclic carbonate ester is selected from the group consistiﬁg of ethylene carbonate,



In a further embodiment the alkalinising agent of step ill) according to the method 20 has a
concentration of 0.1 M to 2.0 M, or of 0.1 Mto 1.5 M, or of 0.2 M to 1.75 M or of 0.2 M to 1.0 M, or of at
- least 0.1, 0.2, 0.3 or 0.4 M, or of at most 2.0, 1.7, 1.5, 1.3, 1.0 or 0.75 M, respectively. In a further
embodiment the alkalinising agent of step iii) according to the method is selected from the group
consisting of NaOH and KOFi. 25In a further embadjment the alkalinising agent used in the method
according to the present invention has in the mixture of sample + reagent i) + reducing agent ii) +
alkalinising agent iii) a final concentration of 0.1 M to 0.6 M, or of 0.2 M to 0.5 M, or of at least 0.1 or
0.2 M, or of at m&$esiglocmmice spsstivell:2-cameniirtode mbodime nadfthgandtinvcbthe mixing
ratio of the threepreagexitsiaf 305teps Rdh-andidikiespectively: R agampledonbainvestigated is
preferably betwegidliid: a0 yidhe td3onlR AMATRAUIDENLIG SATple of sien a), e reagent of step
i) containing a hydrogen carbonate salt or a substarice capable o eﬁeasmg ycfrogen carbonate ions
(HCOS3-) upon hydrolysis. +.the Jcing.agent of step ii) + the alkalinisin ent, of step jii) according
to the method m¥9ha§tﬂbce%§33§§en&%ﬁ1{e§drg§ g%%g%%&"’%“c e%%:egr%g?%&%s ﬁ%i)?‘lcr?é% @Ig&tg)sg cl rafung to the
method of the preSeREIREAEOA AOAFEBEAHCE Rirthtbodihtrteharhbteaaric thhBthas at least for
10, 12, 15, or 20csebondbenige sstdubaok S& torivifurtiid. preferred stepr by hashpon . miding at least for

10, 12, 15, or 20csegondsa pH, aiue. 9610.5 fa, 14 Jnamembadiment of the methed,thg sample to be
investigated of S%@Qu@c)tiix?e jixed 10 in step b) with the reagent of step i) containing a hydrogen

carbonate salt or a'substance capable of releasing hydrogen carbonate ions (HCO31 upon hydrolysis,

the reducing ageiplta%f gntl%% GA%Q&EAKQIAQQP r?t%emnt of step iii ang\é’)ncubated. The incubation step b)
can be as long as required. THe incuBation e 1 ted: FoRTaE SEOORES BL A H: tHOSKESmbodiment

the mixttie of stéfPBYacEdrdintte idpremwabamist itns Présent wmenkichalyimeabatad for 1 to 60
minutes thereby aeleasingwitamireBodori poupcfeominitanin R-RindingPeatein: The gangentrations of

the components of steR ta))@%9rqjmltotmeammt@r%o%@ﬁmeksft?ge@a/ﬁgpgr%agg%@“Bd in the art
arpno

such that the specified pH range.and the desired concentrations of a hydrogen carbonate salt or a
substance capabfe of - r%?@gﬁ%nﬁlﬁg%ﬁgaﬂé%%%eﬁe%ﬁs%%f%&?ﬁ%ﬂ%d%ﬁl%ﬁe%e reducing
agent and the alRIH&IRG adeiosessabnvealy salinng mesheabatisbhivnh e sampidtesbe investigated
are appidpriate tanteleasaonsaiiitD copopaytehivem aftaspiti Dueinding preteincdikalinessonditions
result in the dengtation.ehyiaminRsRingdingRreteimand arelease.ofyiamin B presgnt in the

sample to be invﬁﬁt'ﬂ/@t%c" 'I[hae Cé?)%‘s’es%ﬁz%}i%“ ofdgg_e th:{1Ikalinis!}n.%ieagent has to_ be sufficient to i_ncrease
the pH of the "reagent mixture™ (= & sampie to Be investyARg 4 EaEHE RO M J&HiBHHctording to the
present inventioff ¥ &iRaknimgoagd ftpte witeastplyindmy prefiratlyitdeeienst s $615dmore
preferably to at lesistd howinttheoprieiitreainbgritoreactarhobhe skiled a substance capable of
20 releasing hydrogen carbonate ions (HCO;™) upon hydrolysis in water to achieve the
reagent of step (i) of the method according to the present invention. The hydrogen
carbonate salt or the substance capable of releasing hydrogen carbonate ions
(HCO; ) upon hydrolysis should be solubie in water at 25°C. The hydrogen
carbonate salt or the substance capable of releasing hydrogen carbonate jons
25 (HCO; ) upon hydrolysis solubilized in an aqueous solution should be storable at a
temperature of 4°C without drop out or chrystallization.

The molar ratio of the hydrogen carbonate salt or the substance capable of

releasing hydrogen carbonate ions (HCOs") upon hydrolysis, respectively, to the

alkalinising agent is preferably between 1 : 3 and 3 : 1, more preferably between 1 :
30 2 and 2 : 1 and more preferably between 1:15and 1.5: 1.

The skilled artisan is also awars, that the molar ratio of alkalinising agent to
hydrogen carbonate salts and/or substances capable of releasing hydrogen
carbonate ions (HCO,") upon hydrolysis is calculated on the corresponding
concenirations of the reactive tons OH or HCO, .



30 artisan is aware, that the pH of the reagent mixture has to be measured at the time of mixture of the
sample to be investigated + reagent composition according to the present invention + alkalinising
agent. Due to the hydrolysis of the hydrogen carbonate salt and/or the substance capable of releasing
hydrogen carbonate ions (HCO3-) upon hydrolysis, the pH will be reduced in the reagent mixture (see
Fig. 1 35and Example 1.5). - 14 - The term "sample;'as used herein refers to a biological sample
obtained from an individual for the purpose of evaluation in vitro. In the methods of the present
invention, the sample to be investigated is in an embodiment a liquid sample. The sample may

comprise in a furthér v dhientiet ehesraschetnantioncarbbdy: fluid diffardurinelrermbodiment the
sample to be |nve&ﬁga%ﬂs@tbbﬂﬁbr&&ffﬁf@rﬁrs@ﬂﬁmﬂ&swﬂﬁhsmum&éaﬁiﬁém@wmﬁﬁxeferred Ina

further embodimepkfiadiayifsampiaisdiccana e Rape: aupempIane, n an.embgiment the

sample used her%n refers to an allq;[lrgt of sambg e obtained from an In |V|o(l]ua “fhe present invention

in a further embSATRERE CothPAISSS: afSritEh ﬁgﬁaﬁgr%?ﬁ@%@ﬁhﬁ%‘%%&ﬁﬁh‘?@t@@?ﬁ@ound
comprising the s@ﬁ@bﬁ%ﬁﬁ%%ﬁw@aﬁﬂbﬂmﬂﬂﬁcb%mmmﬁlomﬂmaatﬁncmsmﬁdiﬁg prptein and (h)

measuring the vitgrishDicempouiickieleaged instepdalAbia bathanembodinent the prgsent invention
comprises an in iﬂuﬂxﬁ’lﬁ%@éﬂr‘l‘e@sﬂd@ vitapin L. &Hﬁ%g&mg f,lng §he dstle S 101‘ (a) releasing

a vitamin D 15 compound bound to vitamin D-binding protein 1h a sample of interest and (b)

measuring the VIRTP.EAmRRUNS RSB HER (A 1.2 Wi embadment the presen

invention concerns an in VItI’O method for measuring a |tam| com oun mprlsfﬁ& tﬁe steps of a)

providing a sampReI8958 ifTELRYaRAT B ke sanple ﬁ%Fﬁ@@ﬁ&é&’\ﬂﬁﬁgWé%’&@éﬁt containing a
20 hydrd§en carbunatESatt priasubstariveicapable chreleasingydsagadcatbenste iniss (HCO),-)

upon hydrolysis ioa &Oﬂﬁﬁﬂﬁt@é@ﬂ@&@sﬂa&%?d%%n“&@lj&%@% 8psnk andin-enali@linising agent,
thereby releasing A.yliamip, mp from.vita bndln 9., t n, and c measurlng the vitamin
D compound- relegsed |§1st(‘§;[3 r§ Zg%gg u%thleorngm odiment ﬁ;ﬁr it ihventié c@ﬁ?ﬂﬁses anin

vitro method for ARERAHIRY aﬁ}\fﬁrﬁ|ﬂ@’%ﬂ%6€ﬁ}&t%&feﬁ%ﬁ@%rﬁﬁ@f@&%@&ﬁ%Prﬁ@asured is
selected from thé&gpoumicoampiisingd @BhyetroonvitaminoD 2412 FshirdpoxasithnindDa) or said
24,25-difydroxyvitasaincD 2281257 dUyarexyyiarpin @ajf%%ﬂgtcl%rﬁR dghygﬁ%xw 2o &, 30In a

further embodlmglgtrt%g&qe& dﬁﬁg{?té%usg% Srtlg,e VI'[I’O for easurl Gqpf&\lwtamln D

compound, wherein ths vitamin D compound measu |s & ece Tr HEHRe G, Prising
25-hydroxyvitamit % %aﬁ?ﬁ?b;&?\‘iﬁﬁ?nﬂﬁ B vawg %ﬁﬁ%r%\ﬁ?éﬁﬁﬁ%E%ﬁm Zgl@ﬁlh%roxywtamln

D3. -15- a hydrogen carbonate salt or a substance capable of releasing hydrogen carbonate

ions (HCO3 ) upon hydrolysis and reducing agent at alkaline buffer conditions an

20 irreversible denaturation of vitamin D-binding protein is achieved and thereby later
detection of a vitamin D compound is facilitated.

In an embodiment the reducing agent of step i) according to the method is selected

from the group comsisting of 2-Mercaptoethanol, 2-Mercaptoethylamine-HCl,

TCEP, Cystein-HCl, Dithiothreitol (DTT), N-Methyimaleimide, Ellman’s Reagent
25 and 1,2-dithiolane-3-carboxylic acid.

In a further embodiment the reducing agent of step ii} according to the method is
characterized in that the reducing agent of step ii) contains thiol goups.

In a further embodiment the reducing agent of s{ép i) according to the method is
selected from the group consisting of 2-Mercaptoethanol, 2-Mercaptoethylamine-
30 HCL, TCEP, Cystein-HCI and Dithiothreitol (DTT).

In an embodiment the reducing agent of step ii) according to the method has a
concentration from 2 mM to 30 mM, in a further embodiment from 3 mM to 20
mM, m 2 further embodiment from 3.5 mM to 15 mM, and in a further embodiment
from 4 mM to 10 mM.



In a further embodiment the present invention comprises an in vitro method for measuring a vitamin D
compound, wherein the vitamin D compounds 25- hydroxyvitamin D2 and/or 25-hyciroxyvitamin D3
are determined. Reagent composition: 5 In one embodiment the present invention concerns a reagent
composition for the release of a vitamin D compound from vitamin D-binding protein in a sample to be
investigated, which contains a hydrogen carbonate galt or a substance capable of releasing hydrogen
- carbonate ions (HCO31 upon hydrolysis in a concentration of 0.1 to 2.0 M and a reducing agent. 10In
a further embodiment the present invention concerns a reagent composition for the release of a
vitamin D compdtihd HEHRHEE I AZRbineihghsrorirliel dadprédo be mielétigateth wivith contains a
hydrogen carbongtesaiedi.a substapeesapablendf reledsingitivdragensaybonatenomnadCO3 upon
hydrolyts_ls na Cﬁﬂ%%r@{“ﬂéaﬁf}%&x&%ﬂé Md%}da@e;ﬁgé;gm lﬁ%‘?ﬂ%ﬂf&ﬁh@é&i@ﬁéﬁﬁ@ﬁ%ﬁ%e?t tqe
present inventio ms,ar ositi releas vitamin D compound fron
vitamin D-bindin%Eﬁ))ggt?\(-:f?lanﬁi%I %ngair?%% %@.ﬁ@e@%&g@gmﬁﬁ ﬁ?ﬁaﬁ@é W&Q%onme salt or
a substarice capHbie brefdasiNhyatsgen carbonate ions (HCO3) upon hydrolysis in a concentration
of 0.2 to 1.0 M and a reducing agent. 20In a further embodiment the present invention concerns a
reagent compositidisaiohideorefissseroka itandinhErdorhpoundufrdsmwitsinire Debipdiaggrotein in a
sample to be investigated which santainsyabydrogen:carknyataisaitua Skksance gapable of
reeasing hydrogequgarienate 198 fHEAThHRIDAYAIRNAIS ACORRepaton el alleasf 0.1 02 0.3
or 0.4 M and a reducing agent. 25[n a further embodiment the presen |nVen?|o_n concems a reagent
composition for gr}%}ga%%% Vithih b Cofipbuififont VitanarpRBiInaRE piiem if&sample to be
investigated, whiekieorBinsrathsiogén cabbdnaérsaltorsusuliStaned Gapainle Gfrieleasing hydrogen
carbonate ions (HCO31 upon hydrolysis in a concentration of at most 2.0, 1.7, 1.5, 1.3, 1.0 or 0.75 M
and a reducing ddékt!i80kuahfunthdr lenibeditnentthe qiesentinveniiormapnoadasshrdagent
9ompqsiti03 forhea@@l@@sg%mﬁ;] vitesmin Q&@bﬂﬁ%mdci}m %%"ﬂﬁ@d?&%@%a%&ﬁ@%‘{&@.sanz‘%vo bg
investigated, whigh.contains rogen carbonate salt entration of -16- 0. to 2. an
a reducing agent 'r%?flel?a ??%mn}égﬁepsag%%?%%nﬁog ot c%@éfilﬁg% ?rll\}'alaersoé%rr%%?]géﬁa%g Sltin a
concentration offSf°fctdebls: NiewiBrD. e viver Oriadicaltion (02, etwiwm §r)or of at most
2.0, 1.7,11.5, 1.3bdriGno(BeY BoNradspedijely, and a reducing agent. In a further preferred embodiment
the 5 hydrogen carbonate salt in the reagent composition is selected from the group consisting of
sodium hydrogeimcarbmhaténpetassilinihydrogercarbanatl) aresnonium mydiRger earhenate, calcium
hydrogen carbongate.angdypagnesium-bydragensarhonate, Eu BPE@E%&IF%@%*%( S carbonate
m r

salt in the reagegté: [ sition is selected from the group consisting of sodiu carbonate,
10 potassium hy&lrogen carbonate and ammonium hydrogen carbonate. Further preferred the

hydrogen carbonate fﬁ%ﬁ inther ,agenthcorpip(i)_sitjon is sodium hydrogen carbonate and/or potassium
hydrogen Carboﬁ%t%. et embodimient the alkalimising agent of step’iii) according to the method
20

has a concentration of 0.1 Mt 2.0 M, orof 0.1 Mto 1.3 M, orof 0.2 M to 1.75 M
orof 0.2 Mto 1.0M, or of at least 0.1, 0.2, 0.3 0r 0.4 M, orof at most 2.0, 1.7, 1.3,
1.3, 1.0 or .75 M, respectively.

In a further embodiment the alkalinising agent of step i) according to the method
is selected from the group consisting of NaOH and KOH.

25 in a further embodiment the alkalinising agent used in the method according to the
resent invention has in the mixture of sample + reagent i) + reducing agent ii) +
alkahnismg agent 1ii} a final concentration of 0.1 M 10 0.6 M, or 0f 0.2 M to 0.3 M,

or of at least 0.1 or 0.2 M, or of at most 0.6 or 0.5 M, respectively.

In a further embodiment of the method the mixing ratio of the three reagents of

30 steps 1) i) and iil), respectively, to a sample to be investigated is preferably
between1:3and 3 1.



In a further embodiment the present invention concerns a reagent composition for the release of a
vitamin D compound from vitamin D-binding protein in a sample 15 to be investigated, which contains
a substance capable of releasing hydrogen carbonate ions (HCO3) upon hydrolysis in a concentration
of 0.1 M to 2.0 M and a reducing agent. Preferably said reagent composition contains a substance
capable of releasing hydrogen carbonate ions (HC@3) upon hydrolysis in a concentration of 0.1 M to
1.5M.orof 0.2Mto 1.0 M, or of at least 0.1, 0.2, 0.3 or 0.4 M, or of at most 2.0, 1.7, 1.5, 1.3, 1.0 or
0.75 M, respectively, and a reducing agent. In a further embodiment the present invention concerns a
reagent composHicH: fEF RS FERRA B O RaRtaAinstSIeompbantrEesh witasisin D-pmginggrétein in a
sample to be investiostedawhichecaitaing abytimar conidydlit edrhonateestemossobyeakoxylated or
halogenized derjyativactigreahdesnariively-in-a concaniration of 45,0:1 Mie 20.Mapd a reducing
agent. Preferale g?tld ’ arenti ompo |1|ontco&ta|ns: @ cg/hc.o n%n- y%liﬁ[ carbonate ester or a
halogenized derfyative theraol teSpactively in & concentratien ot X #ito™. &% FRSEE2 M to 1.0 M,
or of at least 0.15%0ENe:31oPT. 400 s St thaktopdong v thesmethod @f e ant, resptietively, and a
reducing agent. 36jrba fuktfertembodinienttha presentih e mion: capeetasarseagent comnposition for

the release of a yitamind) eompeund.from vitamin Q-Andingproieinin prsample 19,be investigated,
which contains %C%Il)%ﬂq‘nqg-g)ﬁh% c rbonadte e ergr_hoaé?egf%mz? derivative thereof, respectively, in
a concentration 6f 0. b'2:0 M@nd & reducr a‘@a Fit. ribiy said reagent composition contains
a cylic or non-cyclic carbonate ester. or ha%}?} enized derivative thereof, respectively, ina -1 -
concentration of B T NIBCTB'RAL 8t Bg™> %otple.@amp@r@f%ﬁ’[ @‘é\ﬁ*@?ﬁ?%?égfﬁ@@ﬁ?)?ﬂim%r of at most
2.0, 1.7,14.5, 1.3n1560PD 78hMbeerpaetivelystend avetiming adgeftotnmacuhitrenpsefemed embodiment
the cylic or non-ayslisncarpable ESige0ith e iategenizeaderivativeitherechish thersagRNt composition
is selected from oL isti f-athyle rhonate, dimethyl.carbonate, pr ene carbonate,
vinylene carbong{%e?%i%qé?%ci%gﬁg %ﬂ%e%ﬁg}?,{%e%ﬁtﬁg%l saa %rq_ﬁ%ﬂ%%ﬁ%g%%%&?i%%%%ﬁate,
4-chloro-1,3-dio XSRS SEP R)sethchidiblopRLaisabisiit 2 Sren 2 BgR b s ittt ddid dimethyl
ester, pyrocarbowearadd to btilylbnencarbberirestith18ibuty efistoat) enaieimgddaransa2iBobutylene
carbonate. Furtheniprefesead itheeuic 1 Gnonnent eyeliccabeanale-esierey thrAialoganized derivative

thereof in the re%&%ﬁﬂ%%ﬁ%ﬁnﬁ?@%ﬂi é)nggo 1e.group consisting of ethylene carbonate,

dimethyl carbonate, propylene carbonate, vinylene carbonate, trimethylene carbonate, crythritol

bis-carbonate, %erol 1 %Ip%r}gg)ngli

; concefira %ééﬁ%{]loﬁgﬁ%’gﬁgﬁgxqf?&gagﬂgﬂg %xe cthod are easil :
4,5-dichloro-1,3-djoxolan-2-one. Further r_%?erred e 8y C or hon-tyclic 15 CEbdNate eSter in the

reagent composTtiGATE S8lecisEsrBsitHe! grotls contishnigorbmspend whmsbranes arfetvyl carbonate,
glycerol 1,2-carldesiaté, ropyieri@cadioadtedreiyereboadorate oF urthésprefe treditke oy lic or

non-cyclig carbaRpigiasteymdies r@@ﬁ&i&@%ﬁm@d@?”‘iﬁ@ﬁiﬁ%?@réi?ﬁk,thﬁe%&%%@%@ing of ethylene
carbonate, dimelflgathongicydueael Lacabionale and.pioblens carbonate, purihier preferred the
: éompogsl_l Toeted ﬁ?léjg_rou

cylic or non-cyclic carbonate estér i the reagent on 1S selected from consisting of

ethylene carbonBtESHFHEth I C HSRBIEIAHA GRieaTol"1i9THa bbRatePorRd HBetitarantion concerns in
a further embodiméntzpretegent composition characterized in that the reducing agent is selected from
the group consisting of 2- 25 1Vlercaptoethanol, 2-Mercaptoethylamine-HC1, TCEP, Cystein-HCL,
Dithiothreitol (D A,INiMethyddigteinicke Eiintan'scReagenh asthtxit otanéng-easkoxwuie acid. In a
further embodimenttheprasent INVERLONIORCSINS R EAUSHTCATRASHAN Gharaciglizeskin that the
reducing agent entaaﬂg irgiilé?lg%ugs%. %Oslr}a}glértsl’gg]g@l?c%dlmentt e, resi%ntén%?nyon concerns a
reagent composition cﬁ”arac ized in that the’ rédUCIRG dgetTS E81ected Trdn tife §F8&P tonsisting of
2- MercaptoethdRoitusEMercaptoBtsylahmugetgatrd E potpsiemuctitiog DrpidieerohdDTT)
present invention -+ alkalinising agent) to at least pH 10.0, preferably to at least pH
10.5, more preferably to at least 11.0 in the pre-treatment reaction. The skilled
30 artisan is aware, that the pH of the reagent mixture has to be measured at the time
of mixture of the sample to be investigated + reagent composition according to the
present invention + alkalimising agent. Due to the hydrolysis of the hydrogen
carbonate salt and/or the substance capable of releasing hydrogen carbonate ions
(HCO, ") upon hydrolysis, the pH will be reduced in the reagent mixture (see Fig. |
35 and Example 1.5),



- 18 - The concentration of a reducing agent in a certain embodiment of the present invention is from 2
mM to 30 mM, in a further embodiment from 3 mM to 20 mM, in a further embodiment from 3.5 mM to
15 mM and in a further embodiment from 4 mM to 10 mM. It is known to the person skilled in the art,
that the capability of a reducing agent is dependent on the presence of functional, i.e., reducing
groups. Therefore it is known to skilled artisan to sejgct the appropriate concentration of a reducing
agent taking into account it's number of active reducing groups. The gene coding for the vitamin
D-binding protein occurs in the human population 10 in the form of different alleles. It is known that the
polypeptides codéd Byrtheseplfe|es wiffehbioaherisailyei kotheydb s différont glrenetypes. These
biochemical difféseiveés:bibe thiuysmsesthef bivdinganchreteaseningtamin i eanaropndsstThe reagent

composition accpylie, o H1EJNEINA,S AIBDIEIONBIEASIRYIAID D campayags idependenty o

the phenotype of the vitamin 15 D-binding protein, Thus a preterred embodiment ot the present

s
invention is the G&ET0f AP ERESHh B e’é\%@ﬂﬂﬁﬁqﬁ e hAVERTOh 1 raisRsEYiifin D

compounts fromlvitaire Dubidisg brotairnt The seapentocomipositiontat cotding.tectherinvention in one
embodiment is ysedro reltasewvitaminaBracraipounds femvitaminDkinding psateiminigamples to be
20 investigated jyyesnaetive and: iderendent ofihe plsnotvees, of ikamin Riinding pretein. For the

purpose of releasing,vitamin D comgounds from vitamin D-binding protein, the reagenpdomposition

according to the IeHtion 1S MEdWIHILCE]F &R pR TR GRRA™ MG 4 m or plasma, and an

alkalinising agent, 25Reagent mixture: The term "rei%%nt mixture" as used herein below comprises a
sample to be invEStGEET: LHERHRR IR ot S AR UEraN: § 8 TRE S e dn e MG daftd an
allcalinidifg agentsasuringre & farthre Pawbhpalintenittipeiveagentimixnfiéjs dhaiagterizadiiniihat the

alkalinising 30ageftrisusieleesad (ramiheoreianeopsistindaafiNaP Fe Ko CREOHIAAMILIOH. - 19 -
of 0.2 Mto 1.75 [ ot{do it -1.(3 M,.or of at least 0.1, 0.2, 0.3 or 0.4 M, or of at most 2.0, 1.7, 1.5,
1.3,1.00r0.75 ,mé%%ec%%eé%l)slﬁﬁna tfeLFrta r embodiment the reagent mixture is characterized in that

the alkalinising agent.is.selected from tc?‘e_ roup consisting of NaOH and KOH. 5I aﬁﬂu_ther
g Lo e O AUBSRTRG S (e r UER ERUGHUER s i the

embodiment the alﬂallnlsmg agent use N0 . ven
reagent mixture AFHEIEDMESRTAELACETIOLACRFOIBNE BIeoters ¥t o:Bavinsrofigmind 0.1, or 0.2 M,
or of at iifost 0.6cmn@mi/ bresdectivelymin D-binding protein in a sampie of interest and (b)

measuring the vitamin D compounds released in step (a).

In a further embodiment the present invention concerns an in vitro method for
measuring a vitamin B compound comprising the steps of a) providing a sample to
be investigated, b) mixing the sample from step (a) with i) a reagent containing 2

20 hydrogen carbonate salt or a substance capable of releasing hydrogen carbonate
ions (HCO;') upon hydrolysis in a concentration of 0.1 to 2.0 M, ii) a reducing
agent, and 111} an alkalinising agent, thereby releasing a vitamin D compound from
vitamin D-binding protein, and ¢) measuring the vitamin D compound released in
step (b).

25 in a further embodiment the present invention comprises an in vitro method for
measuring a vitamin D compound, wherein the vitamin D compound measured is
selected from the group comprising 25-hydroxyvitamin Dy, 25-hydroxyvitamin Ds
24 25-dihydroxyvitamin D, 24,25-dihydroxyvitamin D; and Cl-epi 25-
hydroxyvitamin D,

30 In a further embodiment the present invention comprises an in vitro method for
measuring a vitamin D compound, wherein the vitamin D compound measured is
selected from the group comprising 25-hydroxyvitamin D,, 25-hydroxyvitamin Ds,
24,25-dihydroxyvitamin D, and 24.25-dihydroxyvitamin Dj.



The mixing ratio of reagent composition and alkalinising agent to a sample to be 10investigated is in
an embodiment preferably between 1 : 3 and 3 : 1. A sample to be investigated, the reagent
composition disclosed and an alkalinising agent might be added in any pipcning sequence to foul' the
reagent mixture. Upon mixing, the reagent mixture is in a further embodiment characterized in that it
has at least for 10, 12, 15, or 20 seconds a pH valug of 9.5 to 14, further preferred the 15reagent
mixture has upon mixing at least for 10, 12, 15, or 20 seconds a pH value of 10.5 to 14. The sample to
be investigated is mixed with the reagent composition according to the invention and an alkalinising
agent and incubatet! frHisTstapbadiEncalst barestd prenticatmentistepnTinevpre-tretindeiot step can be
performed as longeas.reguiseditadnT e insupation tonerisie. tefordknmaecondsipR4di. The reagent
mixture in one em%{a{ﬂﬁliﬁgg@%@ﬂ&gﬁﬂﬂg&%{gﬁ&gtﬁ% clloerg_lgargue \éi&?min D compounds from

vitamin D-binding protéin. The reagent mixture i another eém odiment is incubated for 4 to 10 minutes
to release vitamig%g%%p our})%llstifggm vitamin D-binding protein. 25The reagent mixture and
: :

concentrations o comr%%ents In it are easily selected by a person skilled in the art such that the

specified pr ran%eoand the .es"ir? conc;enttratiops.of ah (%g?}gen carbonate salt or a substance
capable of releasing fydrogen carbonate ons (HEBE) APsh RyHIGHSE, tRERatitiehdadént and the
alkalinising agerfCiFa&pectivER@UASgIReYRE dat SHAmN B-Sarible nosindoinvestitatebeare
appropriate to reteaségitamivhRicompdundshirdpyitamiroiitbinding prafeinncEhe gagemt mixture

comprises in an Qggéng rre : ta)ngﬁﬁ] ]- ( alt-or a
substance capa %%E%f %ﬁhﬁggﬁ%iﬁg}%ﬁﬁgﬁﬂﬁgﬁfws (Hg@s@%gggh%g%%%@;%% éugcribed for the
|

reagent composition of the |Ea)][r1 $é HoR 5The detection of a vitamin D compound is preferably

carried qut such that at Jeast one.vitamin D compound selected from the group comprising

25-hydrg§yvitanﬁtﬁ ﬁ%gwg?%%ﬁﬁ%ﬁhﬁ 5% 0h BRI BRARA AT BN 2P PBiHGBSkyvitamin D3

and C3-epi 25-h{itrasigeitaphin Diisfele cdpmmnhdrepetificndeiedtiodinf arvitamin Dseopipound further

incubation stepstéobewvdfigfter, heigredreatnent slegenlheviafiovenoftharsducing.agant present in

the reagent mixtyes ganibe Rlaglies b adion of uAsBesilc prateins, preferbly o 6. uman scrum
-y = £ - 3 0 I .

albumin (HSA). This unspeécific proteins can be added separately or can be S|mpf§/3 m%fboéled in the
solution also cofiplidify the S &Y Eag AT BY blocking the residual reducing capability of the

reducingl agent, a noncompromised _ _
5 In a further embodiment the present invention concerns a reagent composition for

the release of a vitamin D compound from vitamin D-binding protein in a sample
to be investigated, which contains a hydrogen carbonate salt or a substance capable
of releasing hydrogen carbonate ions (HCO;") upon hydrolysis in a concentration
of 6.2 to 1.0 M and a reducing agent,

20 In & further embodiment the present invention concerns a reagent composition for
the release of a vitamin D compound from vitamin D-binding protein in a sample
1o be investigated, which contains a hydrogen carbonate salt or a substance capable
of releasing hydrogen carbonate ions (HCO; ) upon hydrolysis in a concentration
of at least 0.1, 0.2, 0.3 or 0.4 M and a reducing agent.

25 In & further embodiment the present invention concerns a reagent composition for
the refease of a vitamin D compound from vitamin D-binding protein in a sample
to be mvestigated, which contains a hydrogen carbonate salt or a substance capable
of releasing hydrogen carbonate ions (HCO;) upon hydrolysis in a concentration
of at most 2.0, 1.7, 1.5, 1.3, 1.0 or 0.75 M and & reducing agent.

30 In a further embodiment the present invention concerns & reagent composition for
the release of a vitamin D compound from vitamin D-binding protein in a sample

o be investigated, which contains a hydrogen carbonate salt in a concentration of



15 detection of a vitamin D compound using a proteinaceous specific binding agent to a vitamin D
compound is possible. As the person skilled in the art will appreciate, the solution comprising the
specific binding agent will contain a pH buffer system which ensures after addition of the solution
containing the specific binding agent to the reagent mixture the pH is a 20 prerequisite for binding of a
vitamin D compound to the specific binding agent. Ngither the necessarily required buffer system nor
the final pH are critical as long as binding of the specific binding agent to a vitamin D compound takes
place. In case that vitamin D-binding protein is used as a specific binding agent, the pH during this
incubation step i§ prfé& i arttegbsineegepHE Gty prid0a gmiXboaseithatcantantibody is used
as a specific bindingagent fabanvitaminik cesmpaindiothes pH during tig inewpation stepgreferably will

be between pH .l Iytio, rsing-t ific.binding nt preferably contains
a buffer system %tgilgng%%%\aétg 4{1 q())%?] I@I3 ﬂs?%fegr%% Jt—il‘n%s%gff?e&r' ﬁggg'gﬁ&?gfﬁbo%ri?\?veen 50 mM
and 350 r1iM or bEtWESH LB P Ent %@%.%ﬁ%é%%ﬁﬂ&t%@ﬁ@%ﬁﬁ@ E0EINHT a vitamin D
compound can - beBegrarriiwasciesure dhehemesenminvsitiionis bel casrictiooutin vasigus ways. - 21
- specific bindingeagéninA sfeciitibinding-agent cabbeaithananiantinadvReyitaminf-binding protein
itself Many co ial test, se e f solid phases cpated with avidin or
strcptavidin (SA;Q%%E?X%% f&%%%ngta ﬁcggr%%gefot%ﬁnl}gtgg %Frog%l-ccgg?%%aa% fg,lcrens?gﬁcﬁli%lﬂnylated
analyte derivativé¥e" P&F%)?g %’f'gt%o%ﬂg% Hﬁi’gegl,&gs%mhﬁfﬁ%’é’érbé%%”@%‘iﬂ%@ﬁ%’é &t Btocedure.
When detecting ¢REwHE DBl thiisbibtisyiate doasiatine desivitivebydmpeundizantior example be
a biotinylated 25pbyskiaxyVitaimindR 2arndana biatinaiedi2hr ydiapsvitaminR3. 18inege

embodiment of t%@agggg@%én‘ﬁ%;@%ﬁhgay%ﬂg@ ngﬁ{h%d gldetection is caorsrjggnogjst as a competitive
assay. Insuch a co(ﬁ%)petitivgjtest a derivative of vitamin D com&ouno? adued in a defmed amount to the
test competes with & Coft %ﬁﬁﬂ@%t@%ﬁ%&ﬁ%ﬁ%ﬁ?&??@ﬂ%ﬁe sample for the binding sites of the

specific binding agent. The more vitamin D compound is present in the sample, the 15smaller is the

detection signal. fh RE RS HEARTERN L RIR SH B UTA GtaPRiFDSC FAREIN 98 BOBidBMated vitamin D
compound. In a firtherambodinteniiie biotimydatetiontairimb Copbnngisabiatinydatsd
25-hydraxyvitamip B2 andiegpiatinyiated 2arhydroymiamio Lna furherembogdimentihe
biotinylated V'ta"&é@b'&%%@@n%‘{%%?’fu%otﬂ% !}%%g 121}5§er]:\égcr:g§¥¥g8£n o”g (P 12 Mto20Manda

reducing agent. Preferably said reagent composition contains & substance capable

of releasing hydrogen carbonate ions (F1CO;) upon hydrolysis in a concentration

of 0.1 Mto 1.5 M,orof 0.2 Mo 1.0 M, orofatleast 0.1, 0.2, 0.3 or 0.4 M, or of at

20 most 2.0, 1.7, 1.5, 1.3, 1.0 or 0.75 M, respectively, and a reducing agent.

In a further embodiment the present invention concerns a reagent composition for
the release of & vitamin D compound from vitamin D-binding protein in a sample
to be investigated, which contains a cylic or non-cyclic carbonate ester or a
hydroxylated or halogenized derivative thereof, respectively, in a concentration of

25 0.1 M to 2.0 M and a reducing agent. Preferably said reagent composition contains
a cylic or non-cyclic carbonate ester or a halogenized derivative thereof,
respectively, in a concentration of 0.1 M to 1.5 M, or of 0.2 M to 1.0 M, or of at
least 0.1, 0.2, 0.3 or 0.4 M, or of at most 2.0, 1.7, 1.5, 1.3, 1.0 or 0.75 M,
respectively, and a reducing agent.

30 In a further embodiment the present invention concerns a reagent composition for
the release of a vitamin 1> compound from vitamin D-binding protein in a sarhple
to be investigated, which contains a cylic or non-cyclic carbonate ester or
halogenized derivative thereof, respectively, in a concentration of 0.1 Mto 2.0 M
and a reducing agent. Preferably said reagent composition contains a cylic or non-

35 cyclic carbonate ester or halogenized derivative thereof, respectively, in a



As mentioned above preferred specific binding agents for use in a detection method as disclosed in
the present description are antibodies and vitamin fl-binding protein. Vitamin D-binding protein, if used
in a competitive assay format, will lead to an integrated measurement of all vitamin D compounds
competing with its 25 binding to one ore more (biotinylated) vitamin D compound derivative. In one
embodiment the vitamin fl-binding protein will be detectable Labelled, e.g. ruthenylated. Use:  In one
embodiment the present invention relates to the use of a reagent 30composition together with an
alkalinising agent to release a vitamin D compound from vitamin D-binding protein. - 22 - In a further

embodiment the"BréSEiftipvehflonYertes ¥ tiel8e o dorddy¥nprehfdisidhltdydthAér sith an
alkalinising agerit4dveteagemamitarhity D tdnipoind .xpeksdND heppraseRt im@ sampleto be
investigated fromyyjtamin Rrbirdingrameteit i A-riherambodimentine. present inygniion relates to
the use of a reagent composifion I@gﬁt@h&rewn .anihalkallnlsm%ent. o release %ewtamm D compound
in method of detecting & Vitamin b conpound. in a furter e MBBHHTER ‘ﬁw%%%% HefVERtion relates to
the use of a reaGENPCERNBEEEON CHRtERTiITgDoRA1dimoiMLotabnyelce gaerrlisormbeait or a
substance 10 cajpablecofableasinginydiohen catbonatecipnsith GR3I9-bpar: hydralysis, 2 mM to 30

mM of a reducingagent, togethsromith aselision il M o b5 of ansalkalinising agent to release a
vitamin D compaund.ex epé%qct%cbg &gg%%gf gr%tgrs%%nrg%% ‘%Oﬁ get eln@rs{)l??gi%% fré%?} é{é%ggrlgD-bmdmg
ompound. ige §CECLE tion

protein in method of dé éa%%lng a vitamin

comprises in an‘enBbYFA ARG hetdréteired budtancadondchlurbgeneirmshheecshit or a
substante capabtenofiralelisingtoyerogey cartoriatie jontdd -dGQRH Lperbytralysissasdescribed for

the reagent compasition af thepraseptdnveRtian: Kit, 1o ane embedinent f1s Rresent lpyention relates

to a kit for the release of a vitamin D cog10potund f.rorln V|tam|% D-bindin %oteln, which contains a
reagent compositioh comphsIRY & hydrogan carbonate saft or % SubLianes Eap Bt B4Eteasing
hydrogen carboR&fetps UpoR YOI} Srsdrbanssmh cérniration Sfdoialane 20eMmEnd a reducing
agent. 25In one &fniodionerit thgopreaedtdnverfiothielatesiteraikitifer theidetectigm.afandtamin D

compound fom \iiamiaDLinding Preiin: chaaRierzed IPRLIEEAMALISES A LAGEN1.composition
which has 0.1 M &%é? 0 M of.a h&j/drog%e%arbonaée salt or of a sub It??_g_c% capable of r%leasmg
a ,

5 %%s%ﬁ@@ -} upon ))%roci%lg?a@ai%dﬁgﬁ%oég ARG 2l RIRREATY agent.

hydrogen carbon :
carbonate, vinylene carbonate. Further preferred the cylic or non-cyclic carbonate

ester 1n the reagent composition is selected from the group consisting of ethylene
carbonate, dimethyl carbonate, glycerol 1,2-carbonate and propylene carbonate.

20 Further preferred the cylic or non-cyclic carbonate ester in the reagent composition
1s selected from the group consisting of ethylene carbonate, dimethyl carbonate and
glycerol 1,2-carbonate.

The present invention concerns in a further embodiment a reagent composition
characterized in that the reducing agent is selected from the group consisting of 2-

25 Mercaptoethanol, 2-Mercaptoethylamine-HCl, TCEP, Cystein-HCL, Dithiothreito!
(DTT), N-Methylmaleimide, Ellman’s Reagent and 1,2-dithiolane-3-carboxylic
acid.

In a further embodiment the present invention concerns a reagent composition
characterized in that the reducing agent contains thiol goups.

30 In a further embodiment the present invention concerns a reagent composition
characterized in that the reducing agent is selected from the group consisting of 2-
Mercaptoethanol,  2-Mercaptoethylamine-HCl, TCEP, Cystein-HC! and

- Dithiothreitol (DTT).



30In a further embodiment the present invention relates to a kit for the detection of a vitamin D
compound fom vitamin D-binding protein, characterized in that it comprises a reagent composition
which has 0.1 M to 2.0 M of a hydrogen - 23 - carbonate salt or of a substance capable of releasing
hydrogen carbonate ions (HCO3-) upon hydrolysis, 2 mM to 30 mM of a reducing agent, and an
alkalinising agent. In a further embodiment the presggt invention relates to a kit for the detection of a 5
vitamin D compound fom vitamin D-binding protein, characterized in that it comprises a reagent
composition which has 0.1 M to 2.0 M of a hydrogen carbonate salt or of a substance capable of
releasing hydrogeif cessRERIMSN (HedBingpEisHydtoly st nsmbes 3eens Miofiw edsming agent, a
solution of 1 M tinchtMna droalRatiMsinglagentinn sadditosiddhenetacing somponeats:, 10In a further
embodiment the;presenfinvantiamislales skl fer 1bsdetaetion of Avitamin B.compoynd

characterized in ih 'ttnggﬁes a reagent composition which has a hydrogen carbonate salt or a
substance capable ot releasing hydrogen carbonate ions (HCO3-) upon hydrolysis, a reducing agent,
a solution of an alkalinising agent, in addition to_a solution comprising a specific binding agent. 15In a
further erﬁbodirr%n’ﬁ “ﬁ?&ge%ﬁ RS P e TR RiEFeRardRtast Rt SFRIGRSMAZED l2ompound
characterized in dppandevnpridesracseagent donsposition whictiuhag G stoThe-dbaf & hydrogen
carbonate salt okgfensishstaeeecapableitaleasingoydrosan - carbonate 0rg (HEQ3aupon

hydrolysis, 2 mMai&n%qm&génﬁ{jyﬁl%%@aﬁé%ﬁﬂ% M to 1.5 M of an alkalinising agent and

[ f
a solution 20comprising a specific binding agent. In a urt%glgg?%%diment the present invention relates
to a kit for the detection of a.vitamip D com d characterized in that.it comprises a reagent
compositjon wh%thgeh 5.0.1 %Fﬁ)%érngl ﬁ/IVg[ %lﬁ?g'%ne%l%ggg%ﬁ% € Sait 'Or of u%%‘s?ﬁﬁ‘é?é‘%(gbable of
releasinbﬁhydrod%ﬁkﬁa?%‘@ﬁé’ﬂoquﬁéeﬂqéb@ﬁ){Pp@g‘-ﬁ?‘d?b%?sﬁhz RmerBdeminied &y 2Bereducing agent
selected from thellgiouplddersistimyohizaNercaptdethaial 2toMéiffapioethdamipesHCheECEP,
Cystein-HCI andyRithipthuaitaltRTibhs aasoution of.d Miosk:ih ofan alkalinising;agent selected from
the group consisg&r&gﬁgﬁ%%e@%)yé a %H Zit?nnd Li(c)l%élﬁanq a olutic_)nt_com ri‘si.n%ﬁ gpecific binding
agent. 30The kit COMprSes in an embodimant aiso the preferred SuBLARRBS PR Hyrdgen carbonate
salt or a substarfCEEAPRBIEBT Pelfd £LSMEMYEt gdrPeafsphatelichs rhream)cupbihpydiansis as
describéd for thérbagers purepositionagfrtfierpresebsifventionthe @4sent invention is the use

of a reagent composifion according to the invention to release vitamin D

compounds from vitamin D-binding protein.

The reagent composition according to the invention in one embodiment is used to
release vitamin D compounds from vitamin D-binding protein in samples to be

20 mnvestigated irrespective and independent of the phenotypes of vitamin D-binding
protein.

For the purpose of releasing vitamin D compounds from vitamin D-binding
protein, the reagent composition according to the invention is mixed with a sample

to be investigated, e.g. serum or plasma, and an alkalinising agent.

25 Reagent mixture:

The term “‘reagent mixture” as used hercin below comprises a sampie to be
investigated, a reagent composition according to the present invention, and an
alkahnising agent.

in a further embodiment the reagent mixture is characterized in that the alkalinising
30 agent is selected from the group consisting of NaOH, KOH, Ca(OH), and LiOH.

In a further embodiment the reagent mixture is characterized in that the used
alkalinising agent has 2 concentration of 0.1 M t0 2.0 M, orof 0.1 M to 1.5 M, or



Thc reagent composition according to the invention has proven to be suitable for use in an automated
test for vitamin D compounds. The present invention preferably concerns the use of a reagent
composition according to the invention for releasing vitamin D compounds from vitamin D-binding
protein especially in a test 5for the determination of vitamin D compounds. The test for a vitamin D
compond is preferably completely automated. Complgtely automated in this case means that the
experimentator only has to place a sample to be investigated and a reagent pack containing all
components for measuring a vitamin D compound on an automated analyzer and all further steps arc
“carried out 10autbfhadéaily By HecawaNZeY! th bdfnpletbly asomhted t8st is pdrtibulary§ preferably
carried out on antmessys(r). anialy2e3, franRochel Diagsastigs. The reagent composition according to
the invention in a further embodiment is used in an in vitro method for the detection of a vitamin D

compound seleqted fiiantheigro eandsing: 2pnhyel Rvitapmin R i2BxydiayMmiiacy 1)3, 24,25

15dihydroxyvitaq§gngg, . é&%%ﬁ%‘&’%{x rﬁjggggﬁ)i%%%gﬁl%ﬁpe{ nlng'ai-é'&&giroxyvitamin D. As already

mentioned above 25-hydroxyvitamin D2 a Xyvitamin are particularly relevant forms of

vitamin D.for diagnostics. In the in vitrg method.according to the invention the specific detection of
25-hydroiyvitari%qZD%I’%%e 5?“@%%?&%@ Vi i%%ﬁlgﬁnl%%go? 56 h%ﬁé%} %%%‘ TeUHRSHY S W5y droxyvitarnin

D2 or 25- hydroRjRitahif e84 teprosdrte prifeet dinblouinseritaivre thehiibioid farther
elucidated by thé#cltowiing ékampledlard ditairessiThe, actoal protecte seepe.festiissfram the claims
attached to this jayentiopyDescription of the Figures: 25Figure 1: pH change of the reagent mixture
during the pre-treatment step. The assay was performed as outlined in example 1.5. Reagent

ot ()l OIS RIBES SISO )

?HgoYMa)g?s)) ’tl,?e'soimzfe(s@g’a?é ?sl}gx g?l)én:!ibac)(c)ﬁr'\rﬂlcgl]f p)r’eg%rSa%Ij)l\r/lb(eot\)Ngen 1:3 anda?vlesi.s
A sample to be investigated, the reagent composition disclesed and an alkalinising
agent might be added in any pipetting sequence to form the reagent mixture, Upon
mixing, the reagent mixture is in a further embodiment characterized in that it has
at least for 10, 12, 13, or 20 seconds a pH value of 9.5 to 14, further preferred the

15 reagent mixture has upon mixing at least for 10, 12, 15, or 20 seconds & pH value
of 10.5 to 14.

The sample to be investigated is mixed with the reagent composition according to
the invention and an alkalinising agent and incubated. This step may also be called
pre-treatment step. The pre-treatment step can be performed as long as required.

20 The incubation time is e.g. for 15 seconds to 24 h. The reagent mixture in one
embodiment is incubated for 1 to 60 minutes to release vitamin D compounds from
vitamin D-binding protein. The reagent mixture in another embodiment is
incubated for 4 to 10 minutes to release vitamin D compounds from vitamin D-
binding protein.

25 The reagent mixture and concentrations of the components in it are easily selected
by a person skilled in the art such that the specified pH range and the desired
concentrations of a hydrogen carbonate salt or a substance capable of releasing
hydrogen carbonate ions (HCO;: ") upon hydrolysis, the reducing agent and the
alkalimsing agent, respectively, during the incubation with a sample to be

30 mvestigated are appropriate to release vitamin D compounds from vitamin D-
binding protein.



30pH. Figure 2: Calibration curves of a Vitamin D assay as described in example 1.5 with reagent
composition (A) containing various concentrations of ethylene carbonate (EC): 1.50 M (0), 1.00 M (0),
0.75 M (40), 0.50 -25- M (0), 0.30 M (A) and 0.10 M (0) EC. The X axis shows the concentration in
ng,/ml, the Y axis shows the counts determined as usual using the Elecsys(r) system from the Roche
Diagnostics company. Figure 3: Calibration curves gfa Vitamin D assay as described in example 1.5
5with reagent composition (A) containing various concentrations of the reducing agent dithiothreitol (DI
1): 1.0 mM (0), 2.0 mM (0), 4.0 mM (4), 6.7 mM (0), 10.0 mM/12.0 mM (A), 15.0 mM (0). The X axis
shows the concemfraHSThINGHIE TR NS dTsHbR Fisledbterrlpeelasiranseasity the Elccsys
system from thelRdolgen1 Bhagrtostids wompanynkiguneda: Methodicgrhparisen cMitamin D assay
(example 1) and ligigerhnomaiea apfyoisRdearn RasssRaek QReiR dfe-TMS) ZRs-Nyergxyvitamin D

was determined l%é’sé?;?%@%n?foLnC'TMS as well as by means of the vitamin D assay of example 1.5,

where reagent 15 composition (A) with 0.5 M ethylene carbonate (EC) was used for the incubation.

The results in ng/ml for multiple scrum samples ar Iotteﬁg_o the X axis for the LC-TMS and on the Y
fe viam B2ty Bt B o P b%%e“&%& iBH Vi 3deghy = 2.0116 +

axis for the vitamin D assay 0 examp% 5 S
0.9036*x, Pears8ifs YRODEDOMyHivaUts sethdare shparyprrovinaiviing B absdy(exaample 1) and
LC-TMS 25-hydioxydifanioxpvivasid@erbdinedibydoeans.afib C,TMS asiweltas-aeamgans of the

vitamin D assay ghiexample b Whare.reagen ¢éegamposition (A) without ethylene carbonate (EC)
was used for the incubation. The results in ng/rnl for multiple serum samples are plotted on the X axis

for the LC-TMS gngl on,the;¥ axis.for the vitamin B asss C%I le 1.5 .Y x 30() Linear regression
Vitamin B assay = 0.7496 + 0.7338*X, Pearsonf, r=0.7914 aeéi%!ﬂ& Tobibebd S%.epg Hﬁo“
after the pre-treatment step. The lefiover of the reducing agent present in the

reagent mixture can be blocked by addition of unspecific proteins, preferably e.g.
humen serum aibumin (HSA). This unspecific proteins can be added separately or |
can be simply included in the solution also comprising the detécting reagent. By
blocking the residual reducing capability of the reducing agent, a noncompromised

15 detection of a vitamin D compound using a proteinaceous specific binding agent to
a vitamin D compound is possible.

As the person skilled in the art will appreciate, the solution comprising the specific
binding agent will contain a pH buffer system which ensures after addition of the
solution containing the specific binding agent to the reagent mixture the pH is a
20 prerequisite for binding of a vitamin D compound to the specific binding agent.
Neither the necessarily required buffer system nor the final pH are critical as long
as binding of the specific binding agent to a vitamin D compound takes place. In
case that vitamin D-binding protein is used as a specific binding agent, the pH
during this incubation step is preferably selected between pH 6.0 and pH 9.0. In
25 case that an antibody 18 used as a specific binding agent for a vitamin D compound,
the pH during this incubation step preferably will be between pH 5.5 and pH 7.5.

The solution comprising the specific binding agent preierably contains a buffer
system that is 20 mM to 400 mM. Also preferred the buffer has a molarity of
between 50 mM and 350 mM or between 100 mM and 300 mM.

30 The 1 vitro method for the detection of a vitamin D compound can — based on the
disclosure of the present invention — be carried out in various ways.

In principle all proteinaceous binding partners such as specifically binding
polypeptides that bind to one or more vitamin D compound can be used as a



Figure 5: Calibration curves of a Vitamin D assay as described in example 2 with reagent composition
(A) containing 0.5 M ethylene carbonate (4), 0.5 M Na2CO3 (0), 0.5 M NaFI2PO4 (A), 0.5 M NacCl (0),
and control 35 (0). The X axis shows the concentration in ng/ml, the Y axis shows the counts
determined as usual using the Elecsys system from the Roche Diagnostics company. - 26 - Figure 6:
Calibration curves of a Vitamin D assay as described in example 3 with reagent composition (A)
containing: : 10 mM NaOH, 4 mM EDTA, 6.7 mM DTI, 0.5 M EC, or A: 10 mM NaOH, 4 niM EDTA, 6.7
m1M DTT, or 5 la 10 mM NaOH, 4 mM EDTA. The X axis shows the concentration in ng/ml, the Y
axis shows the SBERES JERiRgnedr s Gs Rl I EI88sY5 08t KT tAR RBEIREY Diagnostics

~company. vitamin D-binding protein itself.

Many commercial test systems are based on the use of solid phases coated with
avidin or streptavidin (SA), for example SA-coated microtitre plates or SA-coated
5 latices.

A biotinylated analyte derivative is for cxample bound to this SA solid phase
before or during the test procedure. When detecting vitamin D compound this
biotinylated analyte derivative compound can for exampie be a biotinylated 25-
hydroxyvitamin Dz and/or a biotinylated 25-hydroxyvitamin Ds,

10 In one embodiment of the present invention the in vitro method of detection is
carried out as a competitive assay. In such a competitive test a derivative of
vitamin D compound added in-a defined amount to the test competes with the
corresponding vitamin D compound from the sample for the binding sites of the
specific binding agent. The more vitamin D compound is present in the sample, the

135 smaller 15 the detection signal.

In one embodiment the derivative of a vitamin D compound is 2 biotinylated

vitamin D compound. In a further embodiment the biotinylated vitamin D

compound is a biotinylated 25-hydroxyvitamin D, and/or biotinylated 25-

hydroxyvitamin D In a further embodiment the biotinylated vitamin D compound
20 is a biotinylated 23-hydroxyvitamin D,.

As mentioned above preferred specific binding agents for use in a detection method
as disclosed in the present description are antibodies and vitamin D-binding
protein. Vitamin D-binding protein, if used in a competitive assay format, will lead
to an integrated measurement of all vitamin D compounds competing with its

25 binding to one ore more (biotinylated) vitamin D compound derivative. In one
embodiment the vitamin D-binding protein will be detectable labelled, e.g.
ruthenylated.

Use:

In one embodiment the present invention relates to the use of a reagent
30 composition together with an alkalinising agent to release a vitamin D compound
from vitamin D-binding protein.



Figure 7: Calibration curves of a Vitamin D assay as described in example 4 with 10 reagent
composition (A) containing: 0: 10 mM NaOH, 4 mM EDTA, 6.7 mM DTT, 0.5 M EC (see example
1.5), or :10 mM NaOH, 4 mM EDTA, 6.7 mM Di 1, 0.5 M dimethyl carbonate. 15 The X axis shows
the concentration in ng/ml, the Y axis shows the counts determined as usual using the Elecsys0
system from the Roche S99

In 2 further embodiment the present invention relates to the use of a reagent
composition together with an alkalinising agent to release a vitamin D compound
expected to be present in a sample to be investigated from vitamin D-binding
protein.

5 In a further embodiment the present invention relates to the use of a reagent
composition together with an alkalinising agent to release a vitamin D compound
in method of detecting a vitamin D compound.

In a further embodiment. the present invention relates to the use of a reagent
‘ composition containing 0.1 M to 2.0 M of a hydrogen carbonate salt or a substance
10 capabic of releasing hydrogen carbonate ions (HCO:") upon hydrolysis, 2 mM o
30 mM of a reducing agent, together with a solution of 1 M to 1.5 M of an
alkalinising agent to releasc a vitamin D compound expected to be present in &
saraple to be investigated from vitamin D-binding protein in method of detecting &
vitamin D compound.

i5 The use of the reagent composition comprises in an embodiment also the preferred
substances of a hydrogen carbonate salt or a substance capable of releasing
hydrogen carbonate ions (HCOz ) upon hydrolysis as described for the reagent
compaosition of the present invention.

Kit:

20 In one embodiment the present mvention relates to a kit for the release of a vitamin
D compound from vitamin D-binding protein, which contains a reagent
composition comprising a hydrogen carbonate salt or a substance capable of
releasing hydrogen carbonate ions {HCO;") upon hydrolysis in a concentration of
0.1 Mto 2.0 M and a reducing agent.

25 -In one embodiment the present invention relates to a kit for the detection of a
vitamin D compound fom vitamin D-binding proteiﬁ, characterized in that it
comprises a reagent composition which has 0.1 M to 2.0 M of a hydrogen
carbonate salt or of a substance capable of relcasing hydrogen carbonate ions
(HCO; ) upon hydrolysis, a reducing agent, and an alkalinising agent.

30 In a further embodiment the present invention relates to a kit for the detection of a
vitamin D compound fom vitamin D-binding protein, characterized in that it
comprises a reagent composition which has 0.1 M to 2.0 M of a hydrogen



Diagnostics company. Figure 8: Calibration curves of a Vitamin D assay as described in example 5
with reagent composition (A) containing: 20 : 10 mM NaOH, 4 mM EDTA, 6.7 inM DTT, 0.5 M EC
(see example 1.5), or 0: 10 mM NaOH, 4 mM EDTA, 6.7 mM DIT, 0.5 M NaHCO3, or A: 10 mM
NaOH, 4 inM EDTA, 6.7 nuM DTT, 0.5 M NaHCO3 + 0.5 M ethylene glycol, or 25

-23.

carbonate salt or of a substance capable of releasing hydrogen carbonate ions
(HCOs") upon hydrolysis, 2 mM to 30 mM of a reducing agent, and an alkelinising
agent.

In a further embodiment the present invention relates to a kit for the detection of a

5 vitamin D compound fom vitamin D-binding protein, characterized in that it
comprises a reagent composition which has 6.1 M to 2.0 M of a hydrogen
carbonate salt or of a substance capable of releasing hydrogen carbonate ions
{HCO;") upon hydrolysis, 2 mM to 30 mM of a reducing agent, a solution of 1 M
to 1.3 M of an alkalinising agent, in addition to the detecting components.

10 In a further embodiment the present invention relates to a kit for the detection of 2
vitamin D compound characterized in that it comprises a reagent composition
which has a hydrogen carbonate salt or a substance capable of releasing hydrogen
carbonate ions {HCO; ) upon hydrolysis, a reducing agent, a solution of an

alkalinising agent, in addition to a solution comprising a specific binding agent.

15 In a further embodiment the present invention relates to a kit for the detection of a
vitamin D compound characterized in that it comprises a reagent composition
which has 0.1 M to 2.0 M of a hydrogen carbonate salt or of a substance capable of
releasing hydrogen carbonate ions (HCO: ) upon hydrolysis, 2 mM to 30 mM of a
reducing agent, a solution of 1 M to 1.5 M of an alkalinising agent and a solution

20 comprising a specific binding agent.

In a further embodiment the present invention relates to a kit for the detection of 2
vitamin D compound characterized in that it comprises a reagent composition
which has 0.1 M to 2.0 M of a hydrogen carbonate salt or of a substance capable of
releasing hydrogen carbonate ions (HCO; ) upon hydrolysis, 2 mM to 30 mM of 2
25 reducing agent selected from the group consisting of 2-Mercaptoethanol, 2-
Mercaptoethylamine-HCl, TCEP, Cystein-HCI and Dithiothreitol (DTT), a solution
of 1 M to 1.5 M of an alkalinising agent selected from the group consisting of
NaOH, KOH, Ca(OH), and LiOH and a solution comprising a specific binding

agent,

30 The kit comprises in an embodiment also the preferred substances of a hydrogen
carbonate salt or a substance capable of reieasing hydrogen carbonate ions
(HCO; "} upon hydrolysis as described for the reagent composition of the present

invention.



la 10 mM NaOH, 4 mM EDTA, 6.7 mM DTT. The X axis shows the concentration in ng/ml, the Y axis
shows the counts determined as usual using the Elecsys0O system from the Roche Diagnostics
company. Figure 9: Calibration curves of a Vitamin D assay as described in example 4 with 30
reagent composition (A) containing: 4: 10 mM NaOH, 4 mM EDTA, 6.7 inM DTT, 0.5 M EC (see
example 1.5) or .24 '

The reagent composition according to the invention has proven to be suitable for

usc in an aufomated test for vitamin D compounds. The present invention

preferably concerns the use of a reagent composition according to the invention for

releasing vitamin D clompoi}nds from vitamin D-binding protein especially in a test
5 for the determination of vitamin D compounds,

The test for a vitamin D compond is preferably complotely automated. Completely
automated in this casc means that the experimentator only has to place a sample to
be investigated and a reagent pack containing all components for measuring a
vitamin D compound on an automated analyzer and all further steps are carried out

10 aniomatically by the analyzer. The completcly automated test is particularly
preferably carried out on an Elecays® analyzer from Roche Diagnostics.

The reagent composition according to the invention in 2 further embodiment is
used i an in vitro method for the detection of a vitamin D compound selected from
the group comprising 25-hydroxyvitamin D, 25-hydroxyvitamin Di, 24,25

15 dihydroxyvitamin D 24,25-dihydroxyvitamin Ds and C3-epi 25-hydroxyvitamin
D,

As already mentioned above 25-hydroxyvitamin D, and 25-hydroxyvitamin Da are
particularly relevant forms of vitamin D for diagnostics. In the in vitro method
according to the invention the specific detection of 25-hydroxyvitamin D, or 25-

20 hydroxyvitamin D; or both via a specific antibody to 25-hydroxyvitamin D, or 25-
hydroxyvitamin Ds also represents a preferred embodiment.

The nvention 18 further clucidated by the following examples and figures. The
actual protective scope results from the claims attached to this invention.

Description of the Ficures:

25 Figure I: pH change of the reagent mixture during the pre-treatment step. The
assay was performed as outlined in exampile 1.5, Reagent composition
{A) contains various concentrations of ethylene carbonate (EC): 0.00 M
(@), 0,10 M (#), 030 M (D), 0.30 M (&), 0.75 M (O), 1L.00 M (W),
1.50 M (<) BC. The X axis shows the time in minutes, the YV axis the
30 pH.
Figure 2: Calibration curves of a Vitamin D assay as described in example 1.5
with reagent composition {A) containing various concenirations of
ethylene carbonate (EC): 1.50 M (@), 1.00 M (£1), 0.75 M (#), 0.50



0: 10 mM NaOH, 4 mM EDTA, 6.7 mM DTT, 0.5 M glycerol 1,2 carbonate. 35 The X axis shows the
concentration in ng/ml, the Y axis shows the counts deteimined as usual using the Elecsysl) system
from the Roche Diagnostics company. - 27 - Examnle 1 Assays for the detection of
25-hydroxyvitamin D Commercial assays are used according to the manufacturer's instructions. The
25- S hydroxyvitamin D determinations are carried-oyt by means of HPLC (test for 25(OH)vitamin D3,
from the "Immundiagnostik" Company, Bensheirn, order No. KC 3400) or by means of LC-MS/MS
(Vogeser, M. et al., Clin. Chem. 50 (2004) 1415-1417) as described in the literature. The
preparation of the ingredieMs(&hed 8t Jénetal st Britedure ol néhe téstarssl Skeseribed in the

following: 1.1Synthesis of hystenyadtamin i32:3: 2heyanaethyheimeh20c6umng (el as
25-hydroxyvitamin D2 (Flukg,No.hg 937 kis.cisseluad:in a2 2k ueayieskedsound bottom flask with
an internal ther”fi‘?éﬂ?@g'”&a?ié?&?c{ﬁ’ curves of a Vitamin D assay as described in example 1.5
5 with reagent composition (A) containing various concentrations of the
reducing agent dithiothreitol (DTTY: 1.0 mM (0), 2.0.mM (@), 4.0
mM (#), 6.7 mM (O), 10.0 mM/12.0 mM (4), 15.0 mM (). The X
axis shows the concentration in ng/ml, the Y axis shows the counts
determined as usual using the Elecsys® system from the Roche
10 . Diagnostics company.

Figure 4a: Method comparison: Vitamin D assay (cxample 1) and liquid
chromatography-tandem  mass  spectrometry  (LC-TMS)  25-
hydroxyvitamin D was determined by means of LC-TMS as well as by
means of the vitamin D assay of example 1.5, where reagent

15 composition (A) with 0.5 M ethylene carbonate (EC) was used for the
incubation. The results in ng/ml for multiple serum samples are plotted
- on the X axis for the LC-TMS and on the Y axis for the vitamin D assay
of example 1.5 .
(==) y=x
20 (—) Lincar regression
Vitamin D assay = 2.0116 + 0.9036*x, Pearsons r = 0.9309

Figure 4b: Method comparison: Vitamin D assay (example 1) and LC-TMS
25-hydroxyvitamin D was determined by means of LC-TMS as well as
by means of the vitamin D assay of example 1.5, where reagent

25 composition (A} without ethylene carbonate (EC) was used for the
mncubation. The results in ng/ml for multiple serum samples are plotted
on the X axis for the LC-TMS and on the Y axis for the vitamin D
assay of example 1.5 .
--)y=x
30 (———) Linear regression
Vitamin D assay = 0.7496 + 0.7338*x, Pearsons r = 0.7914

Figure 5: Calibration curves of a Vitamin D assay as described in example 2 with
reagent composition (A} containing 0.5 M ethylene carbonate (4), 0.5
M Na;COs (O), 0.5 M NaHPO4 (&), 0.5 M NaCl (<), and control

35 (C1). The X axis shows the concentration in ng/ml, the Y axis shows the
counts determined as usual using the Elecsys® system from the Roche
Ihagpostics company.



acetonitrile under an argon atmosphere 1.5 ml tert.-butanol/acetonitrile (9:1) is 15 added to the
solution and cooled to 6C in an ice bath. Subsequently 820 pA of an acrylonitrile solution (86 gl
acrylonitrile in 1.0 ml acetonitrile) is added and stirred for 15 minutes at 6C. Then 205 ,ul of a
potassium hydride solution (25 mg KB in 0.5 ml tert.-butanol/acetonitrile 9:1) is added. A brief
flocculation occurs after which a clear solution is abtgined. The reaction solution is stirred for a further
45 20minutes at 6C and subsequently for 60 minutes at 4C. Subsequently the reaction solution is
diluted with 10 ml methyl-tert.-butyl ether and washed twice with 10 ml H20 each time. The organic
phase is dried Wii§HISdtt L8R su sfian Euimad maret dosrhu3ymenatahwidvaporated on
a rotary evaporator. It is dregéntadiglsracu( torforinrg:viscous clear residue with 25a mass of about
55 mg. 1.2Synthesis of hyggoxywiiamindi2-33amireRIepy LatherrThe eRfirg-niffile obtained above is

dissolved in 15 ml diethyl %helroan%l@a@%%%%ﬁ%%‘?%@?ﬂ%%mg lithium hydride in 7.5 nil
' [ or

diethyl ether while stirring. _Thé reaction mixture’is Stirréd" hour ‘at room temperature. Afterwards a
30 suspe%sion of 38.4 Iithi%l&mﬁfﬁwwg.%-ml diethyl ether is added. This results in a
strong turbidity of the mixtie: Fhexieabtien thixtoredststtivadifongrflrther Yioui athoemitemperature,

then the reaction mixture igzRRledto-AmE 19 Aihat 48xdeRLRILARE 330, WAl ¢ayfully added.

The pH is made strongly basic Q}étaddition of 6.6 nil 10 M potassium hydroxide solution. It is extracted
ert.

three times with 65 ml met §/a[; e .E'BSLJ%)?Péjtaf'ungr' each time. The combined organic phases are dried
using about 5 g BIWarGuL2HABHI GHARS oBHNErSIM RFevA TS dted et So Rt aamipdrititte on a rotary
evaporatdr. The residue isrdseditcompssizongtaneytaising: an oil pump. The crude product is dissolved

in 5 mi DMSO and 3.0 ml asetnifiieang:pugfigdbyrmeans.ah prepaiatvertRLi st A =
Millipore-H20 t 0.1 % triflu/czr cetic acid; eluent B = 95% acetonitrile + 5 % Millipore-H20 + 0.1 %
3
+

TEA; 10gradient: from 509 ¥3'100% B in 100 min

: 10 mM NaOH, 4 mM EDTA, 6.7 mM DTT, 0.5 M dimethyl
carbonate. |
15 The X axis shows the concentration in ng/mi, the Y axis shows the
counts determined as usual using the Elecsys® system from the Roche
Diagnostics company.
Figure 8: Calibration curves of a Vitamin D assay as described in example 5 with
reagent composition (A) containing:
20 € 10 mM NaOH, 4 mM EDTA, 67 mM DTT, 0.5 M EC (see
example 1.5}, or
O: 10 mM NaOH, 4 mM EDTA, 6.7 mM DTT, 0.5 M NaHCO; or
A 10 mM NaOH, 4 mM EDTA, 6.7 mM DTT, 0.5 M NaHCO; + 0.5
M ethylene giveol, or
25 [1: 10 mM NaOH, 4 mM EDTA, 6.7 mM DTT.
The X axis shows the concentration in ng/mi, the Y axis shows the
counts determined as usual using the Elecsys® system from the Roche
Diagnostics company.
Figare 9. Calibration curves of a Vitamin D assay as described in example 4 with
30 reagent composition (A) containing;
€: 10 mM NaOH, 4 mM EDTA, 6.7 mM DTT, 0.5 M EC (see
example 1.5) or
O: 10 mM NaOH, 4 mM EDTA, 6.7 mM DTT, 0.5 M glycerol 1,2
carbonate.
35 The X axis shows the concentration in ng/mi, the Y axis shows the
counts determined as usual using the Elecsys® system from the Roche
Diagnostibs company.



flow rate:30 ml/min temperature: room temperature column dimension: 0 = 5.0 cm; L = 25 cm column
material:Vydac C18/300A/15-20 um 15det. wavelength:226 run Fractions whose product content is
larger than 85 % according to analytical HPLC (Vydac C18/300A/5 gm; 4.6 x 250 mm) are pooled in a
round bottom flask and lyophilized. 13.7 mg (yield: 58 %) is obtained as a colourless lyophilisate.
1.3Synthesis of hydroxyvitamin B2-3-3'-N-(hemisubefyl)aininopropyl-
70ether-biotin-(beta-Ala)-Glu-Giu-Lys(epsilon) conjugate (= Ag-Bi) 13.7 mg (25 gmol) hydroxyvitamin
D2-3-3'-aminopropyl ether is dissolved in 3.5 ml DMSO, 28.7 mg (30 umol) -
biotin-(beta-Ala)-Glu-Glu-Lys(epison)-hemiThuberate-N-hydroxysuccirtimide ester (Roche Applied
Science, No. 11§G6a6664 and 12.5 pi triethylamine are added and it is stirred overnight at room

temperature. The ZR.{@aCciNRalMERR i3 ggl_%wwgﬁglmllpMSO, filtered through a 0.45 um

microfilter and subsequently purified by means of preparative F1PLC (conditions see example 2.3 b)).
Fractions that c In. o, 85 % ing to analytical HPLC are papled and
lyophilized. 9.8 %%%%iﬁ%%%fﬁ% gfgé?la%c%;r{ﬁgggﬁé%eg%%%% %I%QS TSIE Ejl néh?%ggﬁ of vitamin
D-binding proteif*4R PUAREiSh %ﬁe@‘fﬂﬁ%ﬁ%h‘??}%‘&%o@%é’ﬁy%ﬁlﬁérﬁﬁ@L it protein is
transferred to 105 ¢)pdrassiim phosgratéinstingicsoliufpotpordBbufenmpl-&5 snd the protein
concentration is kdjusteg & §y h-18 myralvibemithenylation reagentGuthgnivn (N dos,

(bipyridyl)-Nhydmgspﬁpp—}?gpgggcﬁgtc%(QI{'%hgiﬁﬁgl(}{%q:_in DMSO and added to the antibody solution at a

molar ratio of 3 to 1. After' a reaction time of 45 mm the reaction is stopped by addition of |-lysine and

the ruthenylated-yitamin D-bindi rotein (= DBP-RuU) is purified b | filtration on a Superdex 200
column. 101.5T(efsﬁ%p¢§ggﬁﬁlroeﬂiﬁptﬂl§ é%%rgré %‘ﬁse %gn%?eg%%aeﬁ i?T\S/% %ﬁ%%@&eiﬁﬁ%ﬁgﬁ’réea{dﬁing the

Elecsys{) systefirirohiire RN MBnostics company.

1.1 Synthesis of hydroxyvitamin D;-3-2°-cyanoethyl ether

20.6 mg (50 umol) 25-hydroxyvitamin D, (Fluka No. 17937) is dissolved in a 25
m! three necked round bottom flask with an internal thermometer in 10 ml dry
acetonitrile under an argon atmosphere. 1.5 mi tert.-butanol/acetonitrile (9:1) is
15 added to the solution and cooled to 6°C in an ice bath. Subsequentty 820 uf of an
acrylonitrile solution (86 pl acrylonitrile in 1.0 ml acetonitrile) is added and stirred
for 15 minutes at 6°C. Then 205 ul of 2 potassium hydride solution (25 mg KH in
0.5 mi tert.-butanol/acetonitrile 9:1) is added. A brief flocculation occurs after
which a clear solution is obtained. The reaction solution is stirred for a further 45
20 minutes at 6°C and subsequently for 60 minutes at 4°C.

Subsequently the reaction solution is diluted with 10 ml methyl-tert.-buty! ether
and washed twice with 10 mi H,O each time. The organic phase is dried with about
1 g anhydrous sodium sulfate, filtered over a G3 glass frit and evaporated on a
rotary evaporator. It is dried in a high vacuum to form a viscous clear residue with
a mass of about 55 mg.

e
A

1.2 Syathesis of hydroxyvitamin D,-3-3-aminopropy! ether

The entire nitrile obtained above is dissolved in 15 ml diethyl ether and admixed
with a suspension of 7.5 mg lithium hydride in 7.5 ml diethyl ether while stirring.
The reaction mixture ig stirred for 1 hour at room temperature. Afterwards a
30 suspension of 38 4 lithium aluminium hydride in 6.6 mi diethyl ether is added. This
results in a strong turbidity of the mixture. The reaction mixture is stirred for a
further hour at room temperature, then the reaction mixture is cooled to 0-5°C in an



The reagent mixture is formed by mixing a sample to be investigated with the reagent composition (A)
and an alkalinising agent (B). 15In this example the reagent mixture is formed of 15 j.tl sample mixed
with 15 p1 of the reagent composition (A) and 10 pl of the alkalinising agent (B). The reagent mixture
is incubated for 9 minutes. In the next step 70 pi of detecting reagent (Solution C) is added to the
reagent mixture and incubated for further 9 minutes; 4n the last step biotinylated wall antigen (Solution
D) (60 p.1) as well as 30 p.1 of 20 magnetizable polystyrene particles coated with streptavidin (SA)
(30 ) (Suspension E) are added. After a further 9 minutes incubation the amount of bound
ruthenylated vitaffir TR iAg Proteirisidetwsfnihedldsdusihal 5k e Rigudt, @ o8plah ). HReagent
composition (A) sdfitainst 85%0! TV aBltdumMERLAISséRiMgithiothreitol (DTT) 0.5 Methylene
carbonate (EC) pH 5.5 30Alkalinising agent (B) contains: 1.375MNaOH -30-. Solution C with the

ruthenylated vitamin BxhindingrmeteinDRENRG cantains; Q2 Mpisrissrropane Rk 4R 2.5%human

0,
serum albumin Q:_&%}ngg E‘%E’z‘x%%% as]és/o n2a Qirled using about 5 g anhydrous sodium sulfate,

5 filtered and evaporated at room temperature on a rotary evaporator. The- re&duc 18

dried to mass constancy using an oil pump. The crude product is dlss ivediin
DMSO and 3.0 ml acetonitrile and purified by means of preparative I—IP_LC; '

eluent A = Millipore-H,0 + 0.1 % trifluoroacetic acid;

cluent B = 95 % acetonitrile + 5 % Millipore-H,0 + 0.1 % TFA;
10 gradient: from 30 % B to 100 % B in 100 min

flow rate: 30 mi/min

temperature:  room temperature

column dimension: @ =350cm;L=25cm

cofuran material: Vydac C18/300A/15-20 um
15 det. wavelength: 226 nm

Fractions whose product content is larger than 85 % according to analytical HPLC
(Vydac C18/300A/5 um; 4.6 x 250 mm) are pooled in a round bottom flask and
Iyophilized. 13.7 mg (yield: 58 %) is obtained as a colourless lyophilisate,

| 1.3 Synthesis ~of hydrexyvitamin D,-3-3’-N-(hemisuberyl)aminepropyl-
20 ether-biotin-(beta-Ala)-Glu-Glu-Lys(epsilon) conjugate (= Ag-Bi)

13.7 mg (25 ,umdl) hydroxyvitamin D,-3-3-aminopropyl ether is dissolved in

3.5ml DMSO, 287 mg (30 umol) biotin-(beta-Ala)-Glu-Glu-Lys{epison)}-hemi-

“suberate-N-hydroxysuccinimide ester (Roche Applied Science, No. 11866656) and

12.5 pl triethylamine are added and it is stirred overnight at room temperature. The

25 reaction solution is diluted with 4.5 ml DMSO, filtered through a 0.45 pm

microfilter and subsequently purified by means of preparative HPLC (conditions

see example 2.3 b)). Fractions that contain more than 85 % product according to

anaiytical HPLC are pooled and lyophilized. 9.8 (yield: 30 %) purified biotin
conjugate is obtained.



0.1%oxypyrion 0.12 ug/mL DBP-Ru Solution D with the biotinylated wall antigen contains: 100.2
Mbis-tris-propane (pH 8.6) 0.5%twcen-20 solution 0.1%oxypyrion 30 ng/mlbiotin 0.0108 ttg/mL Ag-Bi
(from example 1.1) 15 Suspension E with SA-coated latex particles contains: 0.72 mg/m1 SA-coated
magnetizable polystyrene particles having a binding capacity of 470 ng/ml. Examnle 2 20Comparison
of carbonate ester to a metal salt, a phosphate buffegand a carbonate The sample to be investigated
Is measured using the Elecsys system from th Roche Diagnostics company. The total assay procedure
is shown in example 1.5.  In aberrance to example 1.5 the reagent composition (A) contains either

0.5 M 25ethylenétarb &b Eetjop sivyikppindXbindinenpictear Gadvpeficrion nesgrbctively.
Reagent compoditiostiph)chrematography

The vitamin D-binding protein is transferred to 100 mM potassium phosphate / 150
mM sodium chloride buffer, pH 8.5 and the protein concentration is adjusted to 5~
5 10 mg/ml - The ruthenylation rteagent (ruthenium (II) tris (bipyridyi)-N-
hydroxysuccinimide ester) is dissolved .in DMSO and added to the antibody
solution at a molar ratio of 3 to 1. After a reaction time of 45 min the reaction is
stopped by addition of I-lysine and the ruthenylated vitamin D-binding protein (=
DBP-Ru) is purified by gel filtration on a Superdex 200 column. '

10 1.5  Test procedure in the assay

The sample to be investigated is measured using the Elccsys® system from the
Roche Diagnostics company.

The reagent mixture is formed by mixing a sample to be investigated with the
- reagent composition {A) and an alkalinising agent (B).

15 In this exampie the reagent mixture is formed of 15 pl sample mixed with 15 ul of
the reagent composition (A} and 10 pl of the alkalinising agent (B). The reagent
mixture is incubated for 9 minutes. In the next step 70 ul of detecting reagent
(Solution C) is added to the reagent mixture and incubated for further 9 minutes. In
the last step biotinylated wall antigen (Solution D) (60 ul) as well as 30 pl of

20 magnetizable polystyrene particles coated with streptavidin (SA) (30 ub)

(Suspension E) are added. After a further 9 minutes incubation the amount of

bound ruthenylated vitamin D-binding protein is determined as usual (see Fig. 1, 2,

3, 4a, 4b).

Reagent composition: (A) contains:

25 10 mM NaOH
4 mM EDTA
6.7 mM dithaothreito! (DTT)
05M ethylene carbonate (EC)
pH 5.5

30 Alkalinising agent (B) contains:

1.375M NaOH



10 mIMNaOH 4 mMEDTA 306.7 mMDTT 0.5 Mof either EC, Na2CO3, NaC1 or NaH2PO4 -3 1 - As
control a reagent composition (A) containing 10 mM NaOH, 4 mA4 EDTA, 6.7 "TIM DTT has been
used. The results are shown in figure 5. The carbonate ester (0.5 M EC (4) present in the alkaline
pretreatment (reagent mixture) causes a signal enhancing effect in the competitive assay. Especially
the signal dynamic is 5 improved compared to a tesfgwithout EC (0). A salt (0.5 M NaCl, (0)) shows no
effect. The addition of 0.5 M Na2CO3 (0) or 0.5 M NaH2PO4 (A) shows a minor effect on the signal.
Example 3 Alkaline pretreatment with/without carbonate ester 10The sample to be investigated is

measured using YABEIBEsTET) By siwpigircinsarase R DidEasneircGARaRY) Temarsay procedure is

shown in example 1.5. In aberrance to example 1.5 three different reagent compositions have been

prepared containing either-2M 4: 10 mivrNaO@EpampFEDTDA, 6.7 mM DTT, 0.5 M EC (see example

1.5) or 15A: 10 mM NaOH24%M EDTAwutdnrsdvhB Blbemnt: E0smM NaOH, 4 niM EDTA. After a 4 mm

pretreatment incubation of gsample eithgy, Areagent composition (A) + alkalinising agent (B) as

describe;)i in example 1.5),J§ or 0, respectively, (- reagent mixture) and before addition of solution C
t (& mannit

the pH ofthe reagent mixt
0.1% OXypyrion

0.12 ug/ml.  DBP-Ru

Solution D with the biotinylated wall antigen contains:

10 0.2 M bis-tris-propane (pH 8.6)
0.5% tween-20 solution
0.1% oxypyrion
30 ng/mi biotin
0.0108 pg/mL Ag-Bi (from example 1.1)

Suspension E with SA-coated latex particles contains:

0.72mg/ml  SA-coated magnetizable polystyrene particles having a
binding capacity of 470 ng/mi,

Example 2
20 Comparison of carbonate ester to a metal salf, a phosphate buffer and a
carbonate

The sample fo be investigated is measured using the Elecsys™ system from the
Roche Diagnestics company. The total assay procedure is shown in example 1.3,

In aberrance to example 1.5 the reagent composition {A) contains either 0.5 M
25 ethylene carbonate (EC), 0.5 M Na,COs;, 0.5 M NaCl or 0.5 M NaFLPO,,
respectively.

Reagent composition (A):
10 mM NaOH
4 mM EDTA
30 6.7 mM DTT
05M of either EC, NayC0Os;, NaCl or NaH,POy



20 has been set to pH 9 by addition of bis-tris-propane pH 6.3 (Fig. 6). The carbonate ester EC
present in the alkaline pretreatment (reagent mixture) causes a signal enhancing effect in the
competitive assay. Especially the siunal dynamic is improved compared to a test without EC. Example
4 25Ethylene carbonate vs dimethyl carbonate The sample to be investigated is measured using the
Elecsys system from the Roche Diagnostics compagy. The assay procedure is shown in example 1.5.
In aberrance to example 1.5 two different eagent compositions (A) have been prepared containing
either: 300: 10 mM NaOH, 4 mM EDTA, 6.7 mM DTT, 0.5 M EC (see example 1.5) or : 10 mM NaOH,
4 mM EDTA, 6. A9 paesridinrapsiieartonateinee 1 o diaBbndtedbsid Teth§léne carbonate
or dimethyl carbena®]lespsativelycshtw tha lsamesassayrpadormiamee drighné)e Estample Effect of the

hydrolysis produgfssef @&g}ﬁ@&m@eﬁa&ﬁ{émep%@f@a%é& belvestigatad i3 meastied ysing the
Elecsys system from the he Diagnostics company. Th ass.a}/ rocedure is showrtin example 1.5.
In aberrance to (Sg?éarﬁ%%gl. | e18iff%?eﬁ?%§88ﬁ?c%%?ﬁos%‘?8ﬁ§a(&$ e'588h BragaiedScontaining

either: 5 4: 10°HIMMRGORRAEINPRISAVE oW BU BT A0ssIMIECMS8eldxEmpleav) er 100; 10 mM
NaOH, 4 mM EDFfc6 TrmaddihTof@5 M Nali@OBDY 4.0 FONNNENFOH ( 4 mb&OT Aife’ m1VI DTT,

0.5 M NaHCO3 Effé&%ﬁ%t@gﬁﬁ? glycol

Example 3 _
Alkaline prefreatment with/without carbonate ester

10 The sample to be investigated is measured using the Elecsys® system from the
Roche Diagnostics company. The assay procedure i3 shown in example 1.5.

In aberrance to example 1.5 three different reagent compositions have been
prepared containing cither:

4% 10 mM NaOH, 4 M EDTA, 6.7 mM DTT, 0.3 M EC (see example 1.5) or
i3 4 10 mM NaOH, 4 mM EDTA, 6.7 mM DTT or
£1: 10 mM NaOH, 4 mM EDTA.

After a 4 min pretreatment incubation of sample + either € (reagent composition
(A) + alkalinising agent (B) as described in example 1.5), &, or L, respectively, (=
reagent mixture) and before addition of solution C the pH of the reagent mixture

20 has been set to pH 9 by addition of bis-tris-propane pH 6.3 (Fig. 6). The carbonate
ester EC present in the alkaline pretreatment (reagent mixture) causes a signal
enhancing effect in the competitive assay. Especially the signal dynamic is
mmproved compared to a test without EC.

Example 4
25 Ethylene carbonate vs dimethyl carbonate

The sample to be investigated is measured using the Elecsys® system from the
Roche Diagnostics company. The assay procedure is shown in example 1.5,

In aberrance to example 1.5 two different reagent compositions (A} have been
prepared containing either:

30 O: 10 mM NaOH, 4 mM EDTA, 6.7 mM DTT, 0.5 M EC {see example 1.5) or
€ 10 mM NaOH, 4 mM EDTA, 6.7 mM DTT, 0.5 M dimethyi carbonate.



0: 10 mM NaOH, 4 mM EDTA, 6.7 M DTT.  The alkaline hydrolysis product of EC is ethylene glycol,
which has no influence 150n the assay (A). A hydrogene carbonate salt (NaHCO3) shows also a
signal enhancing effect, but not as much as a carbonate ester (Fig. 8). Example 6 Ethylene carbonate
vs glycerol 1,2 carbonate The sample to be investigated is measured using the Etecsys system
from the 20Roche Diagnostics company. The assay, procedure is shown in example 1.5. In aberrance
to example 1.5 two different reagent compositions (A) have been prepared containing either 4: 10 mM
NaOH, 4 rriM EDTA, 6.7 mM DTT, 0.5 M EC (see example 1.5) or 0: 10 mM NaOH, 4 mM EDTA, 6.7
mi1\d_DTT, 0.5 Mpiyedioiaterssrbensi@casBuiiicebenmtesterbethivianmesditdnatkosr glycerol 1,2
carbonate, respettively:; showpthésame:gsgay performance (Fig. 9). - 33 - Patent Claims An in vitro
method for releasing a vitamin D compound from vitamin D-binding protein comprising the step of:
a)providing a samipienindre mvestlgated and 5h) mixing the sample from step (a) with i) a reagent

containing a hydﬁgﬁ%p O%Bt%qmﬁe gd%% é@gﬁl\}ep,i:e lg of rttaleasmg hydrogen carbonate ions

(HCOS-) upon hydrolysis in a“con ent l{:uon 0 i) a reducing agent, and

5 The sample to be investigated is measured using the Elecsys® system from the
Roche Diagnostics company. The assay procedure is shown in example 1.5.

In aberrance to example 1.5 five different reagent compositions (A) have been
prepared containing either:

¢: 10 mM NaOH, 4 mM EDTA, 6.7 mM DTT, 0.5 M EC (se¢ example 1.5) or
10 O: 10 mM NaOH, 4 mM EDTA, 6.7 mM DTT, 0.5 M NaHCO; or

4 10 mM NaOH, 4 mM EDTA, 6.7 mM DTT, 0.5 M NaHCO; + 0.5 M cthylene

glycol

£l 10 mM NaQOH, 4 mM EDTA, 6.7 mM DTT.

The alkaiine hydrolysis product of EC is ethylene glycol, which has no influence
15 on the assay (4} A hydrogene carbonate salt (NaHCO:) shows also a signal
enhancing effect, but not as much as a carbonate ester (Fig. 8).

Example §
Ethylene carbonate vs glycerol 1,2 carbonate

The sample to be investigated is measured using the Elecsys® system from the
20 Roche Diagnostics company. The assay procedure is shown in example 1.5.

In aberrance to example 1.5 two different reagent compositions (A) have been
prepared containing either:

4 10 mM NaOH, 4 mM EDTA, 6.7 mM DTT, 0.5 M EC (see example 1.5) or
O: 10 mM NaOH, 4 mM EDTA, 6.7 mM DTT, (.3 M glvcerol 1,2 carbonate.

25 Both carbonate ecster, ethylene carbonate or giycerol 1,2 carbonate, respectively,
show the same assay performance (Fig. 9).



10iii) an alkalinising agent, thereby releasing the vitamin D compound from vitamin D-binding protein.
2. The method according to claim 1, wherein the reagent according to step (i) is soluble in an aqueous
solution under the appropriate conditions for releasing 15a vitamin D compound from vitamin
D-binding protein. 3. The method according to any one of claims 1 to 2, wherein the reagent according
to step (i) contains a hydrogen carbonate salt in a_cpncentration of 0.1 M to 2.0 M. 4. The method
according to any one of claims | to 2, wherein the reagent 20according to step (i) contains a substance
capable of releasing hydrogen carbonate ions (HCO31 upon hydrolysis in a concentration of 0.1 M to
2.0 M. 5. The method according to any one of @t Aaimand 4, wherein the substance capable of
releasing hydrogen carbonate ions (HCO3-) upon hydrolysis is a cylic or non-cyclic carbonate ester or
a hydroxylated dr hald§eRizeHEuEhiivertirssttd, Fespractyalycorgburd Fremethod d2cording to any
one of claims 1 to 5, Wihérgiptbeisanipieismploedipesaim or plasma. 8. An in vitro method for
measuring a vitamin D compound comprising the steps of: 5a)releasing a vitamin D compound from

vitamin D-binding pratgin aeeoidingtthenethos obiany-areof claims 1 to 7 and b) measuring the
vitamin D compound released in step (a). 9. The method according to claim 8, wherein the vitamin D

compourd is selectedfronythe grRup.: 'ﬁg'@gt@ﬁ gg-{g,y@roxyvitamin D2, 25- 10hydroxyvitamin 133,
24,25-dihydroxyvitamin D2, 24,25-dihydroxyvitamin

1) a reagent containing & hydrogen carbonate salt or a substance capable
of releasing hydrogen carbonate ions (HCO;") upon hydrolysis in a
concentration of 0.1 Mto 2.0 M,

it) a reducing agent, and
10 iii) an alkalinising agent,

thereby releasing the vitamin D compound from vitamin D-binding
protein.

2. The method according to claim 1, wherein the reagent according to step (i) is
soluble in an aqueous solution under the appropriate conditions for releasing
15 a vitamin D compound from vitamin D-binding protein.

3. The method according to any one of claims 1 to 2, wherein the reagent

according to step (1) contains a hydrogen carbonate salt in a concentration of
0.1 Mto 2.0 M,

4. The method according to any one of claims 1 to 2, wherein the reagent
20 according to step (i) contains a substance capable of releasing hydrogen
carbonate ions (HCO1) upon hydrolysis in a concentration of 0.1 M to 2.0 M.

w

The method according to any one of claims 1, 2 and 4, wherein the substance
capable of releasing hydrogen carbonate ions (HCO;") upon hydrolysis is a
cylic or mnon-cyclic carbonate ester or a hvdroxylated or halogenized
25 derivative thereof, respectively.

6.  The method according to any one of claims 1 to 3, wherein the sample is a
liquid sample. '



and C3-epi 25-hydroxyvitamin D. 10 The method according to claim 9, wherein the vitamin D
compounds 25- hydroxyvitamin D2 and/or 25-hydroxyvitamin D3 are determined. 11. A reagent
composition for the release of a vitamin D compound from vitamin 15 D-binding protein comprising a
substance selected from the group consisting of a hydrogen carbonate salt or a substance capable of
releasing hydrogen carbonate ions (HCO3) upon hygiolysis in a concentration of 0.1 M to 2.0 M and a
reducing agent. 12The reagent composition according to claim 11, characterized in that the
20reducing agent is selected from the group consisting of 2-Mercaptoethanol, 2-
Mercaptoethylamine- e 1nyeePacesyidiam ifeay Dithistiiaites (DIPT); NivethyfmkamibieisEliman's
Reagent and 1,2-dithistaxes3~carlroxiylimacid. 13The reagent composition according to claim 11,
.-characterized in that the - reducing agent is selected from the group consisting of

2-Mercaptoethasol, 22bMereaptaathytaminentiGinEGERGYSteINsHpbaiadRithiothrei! (DTT). 14
The reagent composigi@&%@pording to any one of claims 11 to 13, characterized in that the reducing
agent has a concentration of 2 mM to 30 mM. -35- 16. The reagent mixture according to claim 15,

characterized in that the alkalinising agent.is selected from the group consisting of NaOH, KOH,
Ca(OH)Zgand LiOH. t‘:1[37. sge%sﬁ rgé‘aggﬁrtr%%n%f 88&?83“3&52%%9‘7%%%1 I?f"ll?: ;Z:i%g PI%6 4 together
5with an alkalinising agentf§¥elRgde B mehind ofcsmpeimrtisns Vitadhmd- binding protein. 18. A kit
for the release of a vitamin D compound fror vitamin D-binding protein, which contains a reagent .
composition according'to ar§FHTRS BRI Bcomprond aligssdintseriébction of a vitamin D
compound from vitamin D-binding protein, which contains a reagent composition according to any of
the claims 11 to 24 addamathefimsogdingete. claim 8, wherein the vitamin D compound is

selected from the group consisting of 25-hydroxyvitamin D, 25-
10 hydroxyvitamin Ds 24,25-dihydroxyvitamin D, 24,25-dihydroxyvitamin D;
and C3-epi 25-hydroxyvitamin D,

10.  The method according to claim 9, wherein the vitamin D compounds 25-
hydroxyvitamin D, and/or 25-hydroxyvitamin D are determined.

1i. A reagent composition for the release of & vitamin D compound from vitamin
15 D-binding protein comprising a substance selected from the group consisting
of & hydrogen carbonate salt or a substance capable of releasing hydrogen
carbonate 1ons (HCOg') upon hydrolysis in a concentration of 0.1 M to 2.0 M
and a reducing agent.

. 12.  The reagent composition according to claim 11, characterized in that the

20 reducing agent is selected from the group consisting of 2-Mercaptoethanol, 2-

Mercaptoethylamine-HCI, TCEP, Cystein-HCl, Dithiothreitol (DTT), N-
Methylmaleimide, Ellman’s Reagent and 1,2-dithiolane-3-carboxylic acid.

13. The reagent composition according to claim 11, characterized in that the
reducing agent 1s selected from the group consisting of 2-Mercaptoethanol, 2-
25 Mercaptoethylamine-HCI, TCEP, Cystein-HC! and Dithiothreitol (DTT).

14, The reagent composition according to any one of claims 11 to 13,

characterized in that the reducing agent has a concentration of 2 mM to 30
mM,

15. A reagent mixture comprising a sample {o be investigated, a reagent

30 composition according to any of claims 11 to 14, and an alkalinising agent.
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16.

17.

18,

19.

-35.

The reagent muxture according to claim 13, characterized in that the
alkalintsing agent is selected from the group consisting of NaOH, KOH,
Ca(OH), and LiOH.

Use of a reagent composition according to any of claims 11 to 14 together
with an alkalinising agent to release a vitamin D compound from vitamin D-
binding protein.

A kit for the release of a vitamin D compound from vitamin D-binding
protein, which contains a reagent composition according to any of the claims
11 to 14.

A kit for the detection of a vitamir D compound from vitamin D-binding
protein, which contains a reagent composition according to any of the claims
11 to 14 and an alkalinising agent.



