- 1 - PRODUCTION OF HI GHLY | SOTOPI CALLY LABELLED SECONDARY M CROBI AL
METABOLI C PRODUCTS, AND CORRESPONDI NG METABOLI C PRODUCTS 5 The present
invention relates to a nmethod for producing 10 isotopically |abelled
secondary netabolic or bacteria in a liquid synthetic culture isotopically
| abel | ed secondary netabolic or bacteria. products of fungi nediumas well
as products of fungi Today, isotopicaltyllabelled substances are of

i ncreasing inportance, in particular in the technology of |iquid
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imposing any limtations as to the nolmabuarsmass, yet with possible
probl ens occurring in the detection of the individual substances to the
effect that both the disintegration 20 spectra and the individual nolecule
peaks havest o i assdgiied aceaiwiorgl yeldde0orger at eehsdr o retodildiagl CMS
application and nethod, the use of so-called internal standard substances
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nol ecul es in WY ¢lacerei@r several atons in the nolecule are replaced by
their isoagpes,

Today, isotopically labelled substances are of increasing
importance, in particular in the technology of liquid
chromatography with mass spectrometric detection (LCMS),
which enables efficient spectrometric analyses at high
15 product throughputs. This technology can bhe used for a
great variety of potential analytes without imposing any
limitations as to the wmolecular mass, yet with possible
problems occurring in the detection of the individual
substances to the effect that both the dJdisintegration
20 spectra and the individual molecule peaks have to be
assigned accordingly. In order to ensure a reliable LCMS
application and method, the use of so-called internal
standard substances has become increagingly important.
Internal standards are substances strongly resembling the
25 targel analytes proper, i.e., 1in particular, possibly
having identical molecular structures yet at different
molecular weightg, Iscotopically labelled molecules of the
target analyte, i.e. wolecules in which one or several
acoms in the wmolecule are replaced by their isotopes,
30 therefore, have turned out to be ideal internal standards.
At  pregent, such substances are produced by organic
syntheses, for instance, by substituting hydrogens ox

carbons with the corresponding, heavier isotopes.



30 therefore, have turned out to be ideal internal standards. At present,
such substances are produced by organic syntheses, for instance, by
substituting hydrogens or carbons with the correspondi ng, heavi er isotopes.
2 In this context, it has, however, been shown in LCMS analyse that it is
desirable that the isotopically | abelled substances used as internal
standards have nol ecul ar mass 5 differences of at least 3 in order to
enabl e the distinct separation fromthe target analytes, and that, if
possi bl e, substances conprising as few i sotoponers as possible are to be

used. 10 A way of groducing i sotopically |abelled plant g{ nicrobkgh
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suitable for dsevwssdinternal standards, since with the use of such
substances not one standard but a broad spectrum of isotoponers would 25 be
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15 . integrated in the anabolic and metabolic cycles of the
microbial or plant cultures such that isotopes will be
incorporated in the metabolic products. That method
involves the drawback that only incomplete labelling is
feasible by this method and that a mixture of different

20 isotopomers is normally formed, what makes such
isotopically labelled substances, or isotopically labelled
plant or microbial metabolites, hardly suitable for use as
internal standards, gince with the use of such substances

not one standard but a broad spectrum of isctopomers would

25 be applied, which would, in turn, render the selective
detection of target substances in LCMS spectrometries

posgible not at all or only with great difficulty.

The present invention aims to provide a method for
30  producing lsotopically labelled secondary metabolic
products of fungi or bacteria, in which all or almost all
of the carbon atoms, nitrogen atoms or sulphur atoms

contained the starting product are replaced by stable



i sotopes, thus providing a single, isotopically |abelled end product to be
readily and reliably detectable in spectronetric processes, in particular
LCVS. The invention further ainms to produce a netabolic product which can
be 5 safely and reliable used as an internal standard in spectronetric
anal ytical processes, in particular LCMS. To solve these objects, the

met hod according to the present inventioR i-s conducted in a nmanner that the
synthesis is 10 carried out by inmobilizing the fungi or bacteria on an
inert carrier ishtdeeaddings apkbguddnsyat kéinigd ec ulitaptepiedi um Labehleh
substantial ly (o) carb at pit e t. ang/, h at ons
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et abol i ¢ spectrometric analytical processes, in particular LCMS,

To solve these objects, the method according to the present
invention is conducted in a manner that the synthesis is
10 carried out by immobilizing the fungi or bacteria on an
inert carrier while adding a liguid synthetic culture
medium in which substantially all of the carbon atoms,
nitrogen atoms and/or sulphur atoms have been replaced by
gtable isotopes. By realizing the synthesis by immobilizing
15 the fungi or bacteria on an inert carrier while adding a
liguid synthetic culfure medium in which substantially all
of the carbon atoms, nitrogen atoms and/or sulphur atoms
have been replaced by stable isotopes, it has become
feasible to produce an isotopically labelled wetabolic
20 product of the fungi and bacteria, in which all of the
atoms, or at least 95% of the atoms, to be obtained from
the culture medium by growing, i.e. carbon, nitrogen ox
sulphur atoms, have been replaced by the wmore stable
isotopes of the isotopically labelled nutrients contained
25 in the culture medium so as to allow for the recovery of a
selective, isotopically labelled product rather than a
mixture of Jdifferent homologs having varying numbers of
igotope atoms, as was freguently degcribed in the prior
art, It is, thus, feasible by this production wethod to
30 obtain an isotopically labelled secondary metabolic product
which can be selectively used and which can be clearly and
unambiguously detected in any analysis, even in metabolic

studies.



20 product of the fungi and bacteria, in which all of the atoms, or at

| east 95% of the atons, to be obtained fromthe culture nmedi um by grow ng,
i.e. carbon, nitrogen or sul phur atons, have been replaced by the nore
stabl e i sotopes of the isotopically Iabelled nutrients contained 25 in the
culture nediumso as to allow for the recovery of a selective, isotopically
| abel | ed product rather than a Accordi-ng to a further devel opnent, the

nmet hod i s conducted in a manner that sugars or sugar alcohols, in
particul ar D(0-13C6)-glucose, 13C-sucrose, 2.3C-gycerol and/or flC acetate
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'Tauid Synthegggpectlvely iabelled isotope so as to ensure that the
15 secondary metabolic products of the fungi oxr bacteria will
be labelled with the respective isotopes, or replaced by
the 1respected isotopes, to a high degree, if not

completely,

20 In order to improve the yield of isotopically labelled
secondary metabolic products of fungi or bacteria, the
method according to a further development is conducted in a
manner that the liguid synthetic culture medium
additionally contains a mixture selected from inorganic

2%  salts or acids and bases having the ions Na*, K, ca*t, Mg',
Fe**" zn'™, cu*t, BY' as well as COy 7, 804, PO, ~, NO; . Due
to the fact that salts or acids and bases having the lons
Na*, K', ca'", Mg', Fe***, zn't, Cu'", B as well as CO; 7,
80,7, PO, 7, NO;° are contained in the liguid synthetic

3¢ culture medium, it is ensured that any foreign ions
possibly present in the fungi or bacteria in addition to

carbon, hydrogen, nitrogen and sulphur will be safely



30 culture nmedium it is ensured that any foreign ions possibly present in
the fungi or bacteria in addition to carbon, hydrogen, nitrogen and sul phur
will he safely - 5 - provided in sufficient quantities so as to ensure
hi gh yiel ds besides rapid growth. In order to further inprove the yield, a
natural or 5 synthetic carrier having a large internal surface area, in
particular silicate, layered silicate, -zeotite, bentonite, burnt clay,

di at onaceous earth, synthetics or the like, is used as said inert carrier.
By using an igestidear rier shaviageric | gugecities nab siy f ace eareag ittighs
feasible to 10 inmprove the yield in the nmethod according to the invention

by at |east BO:®EsPEFpoeed- IR C PSRt onal met hods, which are carried out

wi thout inert carriers having large internal surfaces areas. Such increases
inyield not only render the nethod nore econom cal, but al so ensure that
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o be pro uc%éotopically labelled secondary metabolic products will be
produced sc as to enable the same to be used in a suitable
manner as internal standards in analyses, or even in
metabolic studies.
20
According to the invention, the greatest improvements in
vield will, in particular, be obtained in that an aluminium
silicate, e.qg. diatomaceous earth, in particular
kieselguhr, isolute HM-N oxr 2 =zeolite, or a layered
25 gilicate, in particular a vermiculite, from the group of
mica minerals is used in natural or treated form as said
inert carrier. With thesge substances, the surface
properties such as surface tension, porosity and the like
are, in particular, suitable to achieve especially good
30 turnover ratés on the carrier surfaces. In an analogous
manner, the use of inert synthetic carriers, which may be
selected from foamed materials, polyamide, silicone, poly-

ethylene, polypropylene, polytetrafluoroethylene, polyester



For as rapid a nethod control as possible at a sinultaneously high yield,
the invention is further devel oped to the extent that the production is
realized at 10 tenperatures rangi ng between 3 and 45C, in particular
between 10 and 35C. In this context, it has partially turned out to be
favourabl e that a production nethod is not always conducted at a constant
tenperature, but that tenperature variatigons within the indicated limts
may al so 15 lead to inproved yields or accelerated reaction rates or
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recovery of thecLsotopicaldidsabgl bed,segandary netabolic products, it has
turned out to be advantageous to subject these products to a further

purification procedure, wherein, according to the invention,
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In order to obtain an end product as pure as possible, the
method agcording to the invention is conducted in a manner
20 that the isotopically labelled secondary metabolic products
are recovered from the ligquid synthetic culture medium by
extraction and concentration, for instance by a combination
of steps like solid/liquid-liguid/liguid . extraction,
centrifugation, filtration and evaporation. After the
25 recovery of the isotopically labelled secondary metabolic
productsg, it has turned out to be advantageocus to subject
these products to a further purification procedure,
wherein, according to the invention, chromatographic
methods and, in particuliar, column chromatography,
30 preparative thin-layer chromatography, ion chromatography,
affinity chromatography, exclusion chromatography and/or
preparative high-preggure Liguid chromatography are

preferably uged asg purification procedures, Such a



15 The invention further ains to provide an isotopically |abelled secondary
nmet abol i ¢ product of fungi and bacteria, which conprises substantially all,
in particular at |east 95% of the carbon atons, nitrogen atonms and/or

sul phur atons replaced by stable isotopes. 20 According to a further

devel opment of the invention, such isotopically |abelled secondary

nmet abol i ¢ products of fungi or bacteria can be used as internal standards
in analytics, for netabolic studies in aninal feeding tests, for 25
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95%, of the carbon atoms, nitrogen atoms and/or sulphur

atoms replaced by stable isotopes.

20
According to a further development of the invention, such
isotopically labelled secondary metabolic products of fungi
or bacteria can be used as internal standards in analytics,
for metabolic studies in animal feeding tests, for
25 metabolic studies, for elucidating metabolic cycles,

degradation paths and/or degradation periods as well as
intercalationsg. For all of the mentioned purposes of use,
it is of essential importance to have obtained a stable and
clearly detectabkle standard, or a clearly detectable and
30 trackable substance, in the test scheme or degradation
scheme in order to be able to precisely reproduce the

individual method or processing steps.



25 Simlarly, also the quantitative detection or tracking of toxins and,
above all, as in correspondence with a further devel opnent of the
t oxi ns of

i nvention, endoxins and exotoxins, in particular bacteri al

Escherichia coli sp., Sal- 30 nonella sp., dostridiumsp.

Bacillus sp. or

St aphyl ococcus sp., is of vital interest for the public health and for the
detection of harnful substances in food @&nd sem -|luxury food. Also the use
of netabolic products - 9 - such as antibiotics and, in particular,
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subsequently carry out the respective toxicological

veterinary examinations by using chemical substances as

15 distinct and pure as possible. Since mycotoxins constitute

serious health risks to men and animals, their analytics is

a theme of global interest, since, in particular, many

countries have already developed guide and limit values for

the tolerance ¢f such substances. The detection and

20 guantification of such mycotoxins via the use of internal

standards that are precisely detectable and, hence, enable

the guantitative analysis of the respective toxin

constitute an important advance in the detection of such

noxioug gubstancesg.

25

Similarly, also the quantitative detection or tracking of

toxing and, above all, as in correspondence with a further

development of the invention, endoxins and exctoxine, in

particular bacterial toxins of Escherichia coli sp., Sal-

30 monella sp., Clogtridium S5p. ., Bacillug

sE. or

Staphylococcus sp., is of wvital interest for the public

health and for the detection of harmful substances in food

and semi-luxury food. Alsc the use of metabolic products



[u-"c15] - deoxyni val enol (DON) 30 To produce conpletely |abelled

132-DON, a fusarium fungus, nanely Fusarium gram nearum

is inocul ated on

an inert carrier material, namely vermculite, and incubated in a - 10 -

synthetic cul ture nedium consisting of 0.5 g K2ZHPO4, 2.0

g NaNG8, 0.7 g

MySOH4. 7H20, 2.0 g KC1, 15 g D-[1.1-13C6]glucose, 1.5 g NHAH2PO4, 15 ny
Fe(l11)SA4, 7H20 or 20 ng ZnSO4* 7H20 and <cont-ai ni ng D-[ 15- 13CQOgl ucose as the
sol e carbon source. 5 After 5 weeks at about 28C, the toxin-containing
material is ext&aciedand iy iy et ake pandi subhaequerding opuekf Eedndd
standard quality (purity >98% by neans of extraction, chronmato raphly and
crystal lizati8h. 0 ROBUFCED M FiCubSEFeRCHRdITR i s° pr et e per ©
production foppuhedlibs itker ditlisiop0eledot-Xd NogoBRLai NI NG PRt Eridtei s
further processed. From 1000 m fornulation or batch, between 5 and 50 ny
[7.5 to 17.5ngfcebrsiiat Yy PrabByred: [BHE -HeR f9rBHt o hetf i £5 - Thg™
purified psodycke WBsn el BG ebt 28di Byo e ol |l gbrandlsybréal pooGesses:

of cephalosporium, is increasing in  importance, in

particular in the event of diseases or for the detection of
such substances in food and semi-luxury food, wherein it

also holds for these substances that substances rendering

10 feasible the guantitative detection of metabolic products
like antibictics are of wvial interest for the general
public,

According to a further development, pure substances having

15 labelling degrees of ¢, N, or **S or 'S are used as

metabolic products, thus, on the one hand, enabling the

clear differentiation from unlabeliled substances or

metabolic products and, on the other hand, alsc safely

ensuring the differentiation £from naturally occurring

20 isoteopes and, finally, providing a substance to be

precisely trackable in analyses and detection processes.

In the following, the invention will be explained in more

detail by way of examples illustrating the production of

25 highly isotopically labelled metabolic products.

Example 1
Production of highly isotopically labelled  [U-'Cie] -

deoxynivalencl (DON)

30

To produce completely labelled “*C-DON, a fusarium fungus,

namely Fusarium graminearum, is inoculated on an inert

carrier material, namely vermiculite, and incubated in a



|H NVR and 13C-NMR LC-M5/ M5 Q Trap for determ ning the I13C isotope portion
20 Determ nation of purity and concentration against reference materials
using UV VIS and HPLC- DAD Adj ust ment of concentration Quality control using
W/ VIS HPLC-DAD, LC-MS/ M5 A Trap 25 Such a highly isotopically |abelled

' 3C, 5-deoxyni val enol (' 3C,5-DON) may, for instance, be used as an internal
standard. Such an internal standard has aonel ecul ar mass that is heavier by
exactly 15 g/nol, its signal in the nass spectrum (Fig. 1), thus, appearing
exactly 15 amgyhizgbeic 38ut hare theisignansattihe anabyteg Bjureg, abloo§ the

ther chenical_and physi cal ti f the 13G | abel ied,
et cal wi ¢ KoRose 0T € nEoRal pee: SubHe ket nt £ ral S5t Shdar ¢ SoRE:

exactly the sane &r agpensiog) i 09 as toernambyise @ S0 the Zneoizat,boanef the
substance is identical and, hence, even the ionization yield. This nmeans

that the sign&°hérghts &t %epqsﬁ’a&;wéﬂf% GF shbst &€ | GAECBR TS
absol ut el ysconpaeabkeybekuwegn Lbsut nterdalirst angandcandalhend witakyhe, and,

because the concentration of the internal standard js knowﬂgln an anglysis,

direct concl udiforf&tEaRtEE Hikitn c&87VE 0 2EREA EBONREN PHPF R GIT an Balfaify £

which is why suchtanhhghl yuhabel | egudeoxynisal |lneomstdt uses-aatnear - i deal
internal standard. 10 Fig. 1 shows C12-DON and Cl13-DON in a collective nmass
spectrum | n &HIPERBATF I A DICEY Al paakcbf 13C15- DON and 12C- DON at
295.2 and 310.2, respectively, Fig. 1 also indicates the distribution of
t he conpounds in which not 15 all of the C-atons have been | abel |l ed and,

hence, dolfot A6H§i 4O ol ofRCTRTHIGEe RYEtTes { | REIRPGARIRIS PIPIHE C8se of
natural ly occuthingsdeoxynhyabenel qf h'péo&@d 3%%1%C%£>mlv\ngjmgcq&a{%@nds to
ampl e

the natural distribution between Cl12 and C13. ,
is further processed. From 1000 ml formulation or bhatch,

between 5 and 50 mg [7.5 to 17.5mg] completely labelled [(U-
20,51 -DON is obtained.

15
The purified product was characterized by the following
analytical processes:
'H NMR and “C~NMR
LC-M3/MS Q Trap for determining the ’C isotope portion

20 Determination of purity and concentration against reference
materials using UV/VIS and HPLC-DAD

Adiustment of concentration

Quality control using UV/VIS, HPLC-DAD, LC-MS/MS A Trap

25 Such a highly isotopically labelled *’Cjs-deoxynivalenol
(PCy6-DON) may, for instance, be used as an internal
standard. Such an internal standard has a molecular wmass
that is heavier by exactly 15 g/meol, its signal in the massg
spectrum {(Fig. 1), thus, appearing exactly 15 amu higher

30 than the signal of the analyte. Since all of the other
chemical and physical properties of the “C-labelled DON
are identical with those of the analyte, such an internal

standard shows exactly the same fragmentation as the



Production of highly isotopically labelled 13Cfunonisin To produce a
funoni sin conpletely labelled. with 13C, 1000 25 m of a liquid nmedi um
consisting of 0.5 g KH2PO4, 0.5 g KNGB, 0.7 g MgS™. 7H20, 2.0 g KC1, 17.5 g
D[ U-13C63gl ucose, 1.5 g NN41-12PM4, 15 ng Fe(ll)SO4*7H20 and 20 ng
ZnSO4*71- 120, with D-[0-13Cdgl ucose as the sole carbon source, applied on 1
x 1 x 1 cmfoam cubes, are inoculated wth Fusarium 30 nonilifornme and

i ncubated in an incubator at 28C and 70% relative humdity. After 3 weeks,

the toxin-contahiyig, Nty e IiHrRXbEack e Wekd st 1B XBEACical
containing 1:1 acetonitril:H20 and subsequent|y purified to standard - 12
- qual i ty(pur PEY: SO8%S by Hearid eofl o8 ERBERT ont &kl CHPGNEEEEPaphtl St%eps
such as ion exchangenelyRP@t gr aRAY £ rhhAsHt £0byM GhEaABE 0gEAPNYe ¥bhd
silica gel, thin-|layer chronato?raphy and preparative HPLC 4 th
absolufely comparable befween the internal standard an e
5 analyte, and, because the concentration of the internal
standard is known in an analysis, direct conclusions can be
drawn as to the concentration of an analyte, which is why
such a highly labelled deoxynivalenol constitutes a near-
ideal internal standard.
10
Fig. 1 shows C3,-DON and C;3-DON in & collective mass
spectrum. In addition to the molecular peaks of “*C5-DON
and **C-DON at 295,2 and 310.2, respectively, Fig. 1 also
indicates the distribution of the compounds in which not
15 all of the C-atomg have been labelled and, hence, do not
congist of one isotope species (isotopomers). In the case
of naturally occurring deoxynivalenol, this is o, -Dow,
which corresponds to the natural distribution between C;
and Cia.
20

Example 2
Production of highly isotopically labelled “C-fumonisin

To produce a fumonisin completely labelled with **C, 1000
25 ml of a liguid medium consisting of 0.5 g KH,PO,, ¢.5 g
KNO;, 0.7 g MgS0,.7H,O0, 2.0 g KC1, 17.5 g D-{U~”C5}glucose,
1.5 g NH4HPO,, 15 mg Fe(ILl}SC,*7HO and 20 mg 2ZnS0,*7H,0,
with D-[U-YC¢lglucose as the sole carbon source, applied on
1 x 1 x 1 cm foam cubes, are inoculated with Fusarium
30 moniliforme and incubated in an incubator at 28°C and 70%
relative humidity. After 3 weeks, the toxin-containing
material is extracted with a solvent mixture containing 1:1

acetonitril:H,O0 and subsequently purified to standard



5 1In this manner, 80-240 ng "C-funonisins are obtained per 1000 mi

formul ati on (HPLC-FLD). Exanple 3 10 Production of highly isotopically

| abel | ed [ U-13C17] - 3-acetyl deoxynival enol To produce highly isotopically
| abel | ed [ U-13C12] - 3-acetyl deoxynivalenol, 1000 mM of a synthetic liquid
medi um 15 consisting of 0.5 g KH2ZPO4, 0.5 g KNG3, 0.7 g MgSO4*7H20, 2.0 g
1(01, 17.5 g D-[U-"Cdgl ucose, 1.5 g NH4H2PO4, 15 ng Fe(ll)SO4*7H20 and 20
ng znSO4*7H20 and contai ning conpletely isotopically |abelled

[ U-13C6] - gl uceseirasyt hgpselieycarben) sousce, mapi i edrs on ok o @pRGEOUSHAr t h,
nanely 20 isolute HM N, are 1 noculated with Fusarium gram nearum and

i ncubated in SR PHRUBSXPRiR SIGESt §HCH gaydOonAPKERAREY S omfregraphy

t oxi n- cont ai nicngsABtENIAL | ShhdlRstadny extiract eth wid hoaget amihrhb{ERO
azeotrope and subsequently purified to standard quality (purity >98% by
nmeans of extr &BEPBALCPSR RN Gat BEPRPRYC I €a yEtal-| i zati on, Buchi - MPLC and
recrystall gzation. From one batch, about 15-50 ng of a highly pure end
product can be obtained. The purity check is preformed by LC- WV anal ysis
usi ng a 018- capi [FP&Fy "&é&InNgin. 8802AR ot dpi feaiony spaBelRiréd cBtadaey| per
deoxyni val enoh gk ogduced-dm 4:hi-s TRPPEIFMRS a nol ecul ar mass that is heavier
by 17 g/nmol than that of unlabelled or not thoroughly or - 13 -

Examgle 3
10  Production of highly isotopically labelled [U-*'C;,]-3-ace-

tyl deoxynivalenol

To produce highly isotopically labelled [U-'?Cy,)-3-acetyl
deoxynivalenol, 1000 ml of a synthetic liguid medium
15 consisting of 0.5 g KH,PO;, 0.5 g KNO3, 0.7 g MgSO,*7H;0,
2.0 g KC1, 17.5 g D-[U-C¢lglucose, 1.5 g NHH,PO,, 15 wmg
Fe (II)S0,*7H,0 and 20 mg ZnsSQ,*7TH,0 and containing
completely isotopically labelled [U-2°C¢]-glucose as the
sole carbon source, applied on diatomaceous earth, namely
20 isolute HM-N, are inoculated with Fusarium graminearum and
incubated in an incubator at 28°C for 9 days. After ¢ days,
the toxin-containing material is haxvested, extracted with
acetonitril/H,0 azeotrope and subsequently purified to
standard quality (purity >98%) by means of extraction,
25 chromatography, crystallization, Bichi-MPLC and
recrystallization. From one batch, about 15-50 mg of a
highly pure end product can be obtalned. The purity check
is preformed by LC-UV analysis wusing a ClS8-capillary
column.
30
An isotopically labelled 3-acetyl deoxynivalenol produced
in this wanner has a molecular mass that is heavier by 17

g/mol than that of wunlabelled or not thoroughly or



inconpletely | abelled 3-acetyl deoxynivalenol. Inconpletely |abelled
3-acetyl deoxynival enol has a nol ecular nass of Mz = 338, whereas the
conpletely isotopically |labelled product has a nol ecul ar mass of 355. Fig.
2 shows the mass 5 spectrum of pure 13C- 3-acetyl - deoxynival enol, from which
it can be seen that the product has been |abelled by 75% and the isotope
distribution of the product is apparent.idhe distribution of the product
and the inconpletely | abelled isotoponmers in this case depends on the

i sotopic purifycohplddiRe 1sbantbags pQdyet 4eb30R1 ghucose, akdnpanrsty! | be
clearly shifted towards a conpletely |abelled product when using conPIeter

pure 13C6- gl uedB8el ¢ ohr FreLy R feonEivRdgwerer HNad ear 1Sl ephdreMtdthat

i sotoponers hgying | €55 tQapydds UCRE OB @nec¥h (T Ualdeypabsent sHeb ioat
13C-3-acetyl - 15 deoxynival enol can also be perfectly used as an internal
standard. ExahpPeudt has a mg@Getpsnmdss hpghtSs i sHibpid &MRys| B8l reds

[ 0- 13C27] -£15- é’%@@@r&n}( | deuyninval £nQle ¢ 10 4RERONES: TU ANl Y £i-8Qt QREERI LY
| abel l ed [11- 13C1-]-15-acetyl deoxynival enol,” a culture nmedi um consi sting
of 0.5 g K2HPean bepsgemNaNm@t e pradysuiARdesn dagepprd by gSysand

1306] gl ucose, .5 19 bHUERROR: A5, ribPeld | 3045 LHR0-aNds 20,15 ZAS04TRER0 i s
i nocul ated wi th Fusarium gram nearum on a coarse-grai ned phyllosilicate :
carrier and ifAtebatker i@ 28C the aprddvsfoatrod | L t Bredudgys iyt Rgbelled

t oxi n- cont ai ni ial. is.har e acte i I tecsand 30
subsequent |y %ﬁ???ﬁ%ﬁ?%éijg%gh %régéﬁaﬁFF§%%%u§%tgh%ié%%éqga% gggkgfgf
extracti o) chrenstagriaphpracdcets yéCaldlivzaseonanAl ter naitiMelbg cdearly
crystallizati u urifj ' t [ t] HPL.C y

a1 2o be appl | S3LE Bl R g R B e e " n be
obt ai ned fronroneléerienpatd ol Chaglohnoss .Ex@arml eF5g Pradatt iien dfousivghl y

isotopically ].ed ].-.ni val I [ W0GL - f usar enon- ¥ To-produce
hi ghly isotop%gg%%yfl%%%%%%ﬁ;ﬁffﬁéd%gﬁgﬁf$§Fgnoﬁ a
atoms are virtually absent such that *C-3-acetyl-
15  deoxynivalencl can also be perfectly used as an internal

standard.

Example 4
Production of highly isotopically labelled [U~YCy,]-15-ace-

20 tyl deoxynivalenol

To produce highly isotopically labelled [U-"Cyi]-15-acetyl
decxynivalencl, a c¢ulture medium congisting of 0.5 g
KoHPO,, 2.0 g NaNOy, 0.7 g MgS0s*7H,0, 2.0 g KCl, 15 g D-[U-
25  *Cglglucose, 1.5 g KH4H,PO,, 15 wg Fe(IIl)S0,*7H,O and 20 mg
ZnS80,*7H,C  is inoculated with Fusarium graminearum on a
coarse-grained phyllosilicate carrier and incubated at 28°C
in an incubator. After 9 days, the toxin-containing
material is harvested, exXtracted with ethyl acetate and
30 subseguently purified to standard guality (purity =98%) by
means of extraction, chromatography and crystallization.
Alternatively to c¢rystallization, a further purification

step using preparative HPLC may also be applied.



10 or [U13C3,7)-fusarenon-X, a liquid mediumconsisting of 0.5 g K2ZHPO4,
2.0 g NaNG3, 0.7 g MBSO4*7H20, 2.0 g KCl11l 15 g DCU 13C6] glucosel 1.5 g
NHAH2PO4, 15 ng Fe( 1) SO4*7H20 or 20 ng Zn504* 7H20 with [ U 13C6] - gl ucose as
the sol e carbon source and inert phyllosilicate is inoculated with Fusarium
15 nival e and incubated at 28C for 5 weeks. After this, the
toxin-containing material is extracted-wi4h nethanol and nethyl ene chloride
and subsequently purified to standard quality (purity >9896.) by neans of
extraction, chromatography and crystallization.Alternatively to 20
crystallization,afurther purification step using preparative HgLC.na al so
be applied. ERAmpFe2® 60 mg Prigdtict iR Softahdghl YrPEBEbpfeal Py P B%Jr’i‘eé%

[ U- 13C20] - och2bok abioXide vAehe20bbai phidre target substance, the fungus
Petronyces al bertensis on an inert phyllosilicate carrier is fernented with
a synthetic liquid nmediumconsisting of .0.5 g KZHPO4, 30 2.0 g NaNG3, 0.7 g
MISOA* 7TH205 20, @ KCs 15 g D-[U13C6) gl ucose, 1.5 g NHAHZPO4, 15 ny
Fe(11)SO4*7H20 or" 20 nmg Zn904*7H20, which contains conpletely,13C | abell ed
gl ucose - 15Productipmibaforhighln weskeritadBC Fake?d%ai Y nmptsiuiy” and
subsequently exiract ed Wittt of uene....Ihe _karget substance is purified by
col um- chr onatography and Tecrystattized™as in the preceding Exanples. 5
Exanpl e 7 Production of highly isotopically |abelled [13-"Cl8] zearal enon

To produce highly isotopically labelled [U-*Cys] -nivalenol

10 or [U-*Cy,)-Ffusarenon-X, a liguid medium consisting of 0.5
g K:HPO,, 2.0 g NaNO;, 0.7 g MgS0.*7H;0, 2.0 g KCl, 15 g D~
[U-Cslglucose, 1.5 g NHsH.POy, 15 mg Fe (II)S0*7H,0 or 20
mg ZnS0s%7H,0 with [U-'C¢]-glucose as the sole carbon
source and inert phyllosilicate is inoculated with Fusarium

15 nivale and incubated at 28°C for S5 weeks. After this, the
toxin-containing material is extracted with methancol and

methylene chloride and subsequently purified to standard

guality (purity >98%} by means of extraction,
chromatography and crystallization. Alternatively to
20 crystallization, a further purification step  using

preparative HPLC may also be applied.

Example 6
Production of highly isotopically labelled [U-*’Ch)-och-

25 ratoxin A

To obtain the target substance, the fungus Petromyces
albertensis on an inert phyllosilicate carrier is fermented
with a synthetic liguid medium consisting of 0.5 g K;HPOq,
30 2.0 g NaNCo;, 0.7 g MgSO,+#7H;0, 2.0 g KCl1, 15 g D-[U-
Bosdlglucose, 1.5 g NHgHRPOy, 15 mg Fe (II)SOu*7H,0 or 20 mg
ZnS0.*7H,0, which contains completely C-labelled glucose

as the sole carbon source, The flasks are then incubated in



10 Topr oducehi ghl yi sot opi cal | yl abel | ed[ U- 13C18] - zearal enon, 1000 nml of a

| i quid medium consisting of 0.5 g KH2PO4, 0.5 g KNG3, 0.7 g MgSOM4*7H20, 2.0
g KC1, 17.5 g DRJ-13C5] glucose, 1.5 g NHAH2PO4, 15 ng Fe(l1)SO4*7H20 and 20
ng ZnSO4*7H20, with D[ U-13C6] gl ucose as the sole carbon 15 source, applied
on porous burnt clay in granular form nanely Seram s or Lecca, is

i nocul ated with Fusarium sem tectrum andigsncubated in an incubator at 28C
and 70%relative humdity. After 3 weeks, the toxin-containing material is

extracted withnpyureupetsol eum ethanand a2¢ pely olceumiet hettethyl anget ate
m xture of 4:1 and 2:1 and subsequentg%ﬁpurified to standard gualitg
(purity >98%) SBYSAEaRE'of ExtisdEcorfidhd CHM6REE o SpHitc 96F e 58 SR RS i on

exchange chronrat ggraphys Y asdn Gel -WiroghE8gB4 90 2y Mddyssblilcaegehs
thin-1ayer chromatography and preparative HPLC. 25 Exanple 8 Producti onof

sot opi cal | yl ab8l Fed 1IN Gi¢EqBErBPLERe C 30 To produce a rocquefortin C
conpl etel y; | abel led with the nitrogen isotope isN, 1000 ml of a liquid
medi um consisting of 0.8 g KH2ZPO4, 0.7 g My804*7H20, 1.0 g KC1, 17.5 g
D-d ucose, 1.8xgmpEaHBISNCGS, 1.5 g NaH2PO4, 15 nmg - 16 - Fe(ll) SO4* 7H20,

20 g ZnSOA" 76204, 11, 1SMEMLIBNCR, 85 LG50l e, 0g8b SRUT Corp applied on
coarse ki esel ; um conmuné and i ncubated in
an incubator aear2tewewl 70% air noisture. After 48 days, the 5
toxin-containing material is extracted with an organic sol vent consisting
of 9:1 chl orof orm nethanol and subsequently purified to standard quality

(purity >08% Tby nemeduet | ilguibdyl i qukdterteakty on,labieddhdcol U¥m Cigl -
oot o0 SPPYSHA DAL o B0y, 00 ental s AL B L8 e
KH,PO;, 0.5 g KNO,, 0.7 g MgSOs*7H,0, 2.0 g KCL, 17.5 g D-
[U-*Cslglucose, 1.5 g NH H,PO4, 15 mg Fe({II)S0,%7H,0 and 20
mg ZnS0.*7H,0, with D-[U-2C¢lglucose as the sole carbon
15 source, applied on porcus burnt c¢lay in granular form,
namely Seramis or Lecca, 1is inoculated with Fusarium
semitectrum and incubated in an incubator at 28°C and 70%
relative humidity. After 3 weeks, the toxin-containing
material is extracted with pure petroleum ether and =a
20 petroleum ether/ethyl acetate mixture of 4:1 and 2:1 and
subsequently purified to standard quality (purity =98%) by
means of extraction and chromatographic steps such as ilon
exchange chromatography, f£lash column chromatography with
silica gel, thin-layer chromatography and preparative HPLC.
25

Example §
Production of highly isotopically labelled PPN -

rocguefortine C

30 To produce a rocguefortin C completely labelled with the
nitrogen isotope N, 1000 mi of a liguid medium consisting
of 0.8 g XH,PO,, 0.7 g Mg80,*7H;0, 1.0 g KCl, 17.5 g D-
Glucose, 1.0 g *NH,NO;, 1.5 g NaH,PO,, 15 mg



Production of highly isotopically |abelled 15N2-33S15 penicillin To
produce a penicillin conpletely |labelled with the nitrogen isotope 15N and
t he sul phur isotope 33S, 1000 ml of a liquid nediumconsisting of 1.0 g

N. 214P0O4, 0.2 g MgCl2, 20 20.0 g D-glucose, 1.0 gNH415NG3, 0.5 g Na233SO4,
1.5 g Na2HPOX4, 5 ng Fe(l1)Cl2, 5 ng Zn.Cl2, with 15NH415NG3 as the sole

ni trogen source and Na. 233804 as the sol gssul phur source, applied on snmall
f oam cubes, are inoculated with Penicilliumnotatum and incubated in an

i ncubator at 280; 2e@gsT0% B0 IndiDhRofion,Af LRIt30°MaY 0 he the sole

t oxi n-cont ai ni ng material 1s extracted wwth ethyl acetate and subsequently
purified to sPahBRILN qUEPRYSE ( puiPRliedgopn by CRRERS of FFJLIWT i quitF
extraction, flash,coldym,ehsombogt aphyn WebAnshe | 68agelncudBdehr eparatii ve
HPLC. Per 1000 m fornul ati on, 30500 ng '5N2-33S-penicillin is obtained
(HPLC-FLD). inggbatey mavg2°F andngPliodi¥ oFOps bt M Gesott8presP yE abel | ed
secondary gret @Bol ) C-MQAYGHS; Ohafdingly Of shagtefd & dor wibe RIPduelhan: of an
internal standard for analyfical nethods, for netabolic studies in aninal
f eedi ng t est sSchvenet ssslsictiradi edf f ot k| arifgragoRRtEHNGC lcycPRS, for
studies of degyadabian RAthS-:0 cdeqpadabhonr@eyho Or (chot c§t udees o
intercalations in a liquid synthetic culture nmédium™ characterized in that
t he synthesi smgangarrpéd odtabydi himbid i zi srFndveifungi ddaBlct eFiPaYBR an
inert carrier | ' -y qui yntheti Lupickp Wakgh at
| east 95% of R%Q%%ﬁ%%%aﬂt}gn‘%éﬂnﬁlgﬁn@ae{l dm&éflg%%é#{agﬁ:agﬁﬁr E]paP!LL gnsvl\@ﬁgve
been repl Btedlpyo snhbferngotivipes, 3amely ‘IBErocanefont38S g FhSaingd The
met hod accordi({,g toglyaim 1, characterized in that sugars or sugar al cohols
are used as carbon sources in the liquid synthetic culture nmedium 3. The
met hod according to claim2, characterized in that the sugar or sugar

al cohol s are 1ed, fromthe group conprising D-[U 13C6]-gl ucose,

13C- sucrose, %gé%ym ol and 13C-acetate. 4. The nethod accordjng Lo any
one of cl ai nsPtodect3iorchapdct drigdd | nisheepIGNlani ndakelkrd nithat’ss,
ammoni umfé)npg&qggiﬁr.nur ea are used as nitrogen sources in the liquid

synt heti ¢ cul =—medtum 5. The nethod according to any one of clains 1
to 4, characterized in that 33S- or sul phates, sul phides sul phides or am no

acids are usegas,sylphur Souraes; i pfhe.Li i d gyntheti ggulfre mRdi um

nitrogen isotope **N and the sulphur isotope **8, 1000 ml of

a liguid wmedium congisting of 1.0 g KyHPO,, 0.2 g MgCl:,
20 20.0 g D-glucose, 1.0 g NH*NOa, 0.5 g Na’’$0,, 1.5 ¢
Na,HPO,, 5 mg Fe(II}Cl,, 5 wmg 2ZnCl,, with “NH,*’NO; as the
sole nitrogen source and Na, '80, as the sole sulphur
source, applied on small foam cubes, are inoculated with
Penicillium notatum and incukated in an incubator at 28¢C
25 and 70% air moisture. After 30 days, the toxin-containing
material is extracted with ethyl acetate and subsequently
purified to standard quality (purity »>98%) by means of
liguid-liguid extraction, flash column chromatography with
silica gel, and preparative HPLC. Per 1000 m} formulation,

30 500 mg “Ny-*’S-penicillin is obtained (HPLC-FLD}.



6. The nethod according to any one of clains 1 to 5, characterized in that
the liquid synthetic culture nediumadditionally contains a m xture
selected frominorganic salts or acids and bases having the ions Nat, KE,
Ca++, My", Fr, zZn", Cu++, Bmas well a§-CO3-, SO4, PO4-" and NOGB. 7. The
met hod according to any one of clains 1 to 6, characterized in that the
inert carrier conprises a natural or synthetic carrier having a | arge
internal surface area. -18- 8. TheChAiM®d according to claim
7,characterized in that the natural or synthetic carrier is selected from
the group conprising silicate, layered silicate, zeolite, bentonite, burnt
cl ay, d|1atAonaactmm&arenoddmr@nutowwwﬂseﬂab@ﬂed secontihey metarolic peactictsi ﬂfgfuml el ai m
8, char i n t

tt cat od P 40F otk of BT ST pRE ool Wionefbol

char act estudiesdin anitahfedding wEstayifoi metatiolic studiesi dorsedpdfyingdmetedaia Reclef: dap
conpr|S| . L t hod
accordi ng S cla%lg}atd%tlor?ﬁiétkﬂé? 89 r%é%ﬁo?ﬁ:geﬁio@?gr ]%1{ é@m@éwnédt%r??]g |sm-l?;§lu{zp

t he syntslyellhenc caiturée med;un12chairanéerrmti hrmd‘m(im)smﬂﬁ@ls [ Qﬁrmdwlltlby EHaekiENS | zed
in that (4 Dhe n ?%E‘Bgctgﬁé ShI B inkit ?tjleerchﬁﬁ% fa{i&ﬁ? IP]& iupd RERRLY &M de,
silicone, po @et ene; pol ypropy ene afI oroet ene and pol yester.
13. The wmmauieas:tcsaﬁ%m@wet oarhny abores, oﬂtrrageau atemg atr@forzsumatr atanes havedbesy t hat
the pro { ni@ range of from about 3C to
about 4 %&L&%J ﬁﬁ@g%!oltcﬁ)%g 'g%:ng% gqltﬁ #?I%a(?rmgh characterized in that the
production is realized at terrperatures in a range of fromabout 10C to
about 35C. 0 -
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extraction and concentration. 16. The nethod according to claim 15,
characterized in that the extraction and concentration are selected froma
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cent i ygaticrorh hd ' BorBibifty BAY- 261 Yhicose, "*C-sucrose, “C-gycerol and “C-

acetate.

4. The method according to any one of claims 1 to 3, characterized in that *N-amino acids,
nitrates, ammonium compounds or urea are used as nitrogen sources in the liquid synthetic

culture medium.

5. The method according to any one of claims 1 to 4, characterized in that **S- or *S-
sulphates, sulphides or amino acids are used as sulphur sources in the liquid synthetic

culture medium.

6. The method according to any one of claims 1 to 5, characterized in that the liquid
synthetic culture medium additionally contains a mixture selected from inorganic salts or
acids and bases having the ions Na*, K*, Ca", Mg"*, Fe™", Zn™*, Cu™, B"™" as well as COj3",
SO,”, PO, and NO3'.

7. The method according to any one of claims 1 to 6, characterized in that the inert carrier

comprises a natural or synthetic carrier having a large internal surface area.



17. The method according to claim 16, characterized in that a

chromat ographic nethod is used as a purification process. 18. The nethod
according to claim 17, characterized in that the chromatographic nethod is
sel ected fromthe group corrpri si ng colt@an chr omat ogr aphy, preparative
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i sot opi aI Ly, ]la | ed i c product of fungi or bacteria

pr oduce %Eyng?{‘fg’c?cg "ﬂ'&‘ dt%é%@‘%one of claims 1 to 18. 20. The

nmet abol i ¢ product accordl ng to claim19, wherein said netabolic product
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char act cotoxin 1's se From the group conpri sing
t ri chot meteaes tieateddoirmaes mzdmm:’merdeoxym val enol , 3-

acetyl - deoxyni val enol, 15-acetyl deoxynival enol, fusarenon-X, T-2 toxin,
FI T-2 toxin, DAS, f uroni si ns i ncl udi ng furmonisin 81, B2 or 83, ochratoxins
i ncl udi ng. Blod e a‘ccérdlr@ to@laim M chamateazéckindhatdhe mbmiiniufrosikdate isriglected
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toxins. 23. The netabolic product accordlng to claim 22 characterized in

t hat Sa'ﬂ ﬁ‘ﬁgh{é o f cc?oxI to% ﬁggccﬁé%tc E&?lnstﬁgteﬂo%%écgrﬂmetmgﬁ %gd;;?? the

conpri si erlc 'a co al nonel

G ostri dynmem:pcamaam |l us sp. or Staphyl ococcus sp. 24. The netabolic
product according to claim19, wherein said netabolic product conprises an
antibiotic. 25. The netabolic product according to claim24 characterized
i n t hat 1RhEhantettizidddcording ©edlaint €Y chameterined tirtbabthe dogimed megerishisi sslastat s
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or pol yrp;obytetrafiambeﬁbwlaheasdfpo?yasidr of penicillium including penicillin or
gri seof ulvin, and cephal osporins forned of cephal osporium 26. A nethod
for producing isotopically |abelled secondary netabolic products of fungi
or bact dBi Tﬁhe memoldlaq:uordlr(gut)tauy eneeitiaimssUtestZashtaragtenzeddn Hat derpradsdion ffed.

27. An i sqLopLealtly L ahel] et ecqndar s aptabel dsppagduct of fungi and

bacteri ée% y “as escri

14. The method according to claim 13, characterized in that the production is realized at

temperatures in a range of from about 10°C to about 35°C.

15. The method according to any one of claims 1 to 14 characterized in that the isotopically
labelled secondary metabolic products are recovered from the liquid synthetic cuiture

medium by extraction and concentration.

16. The method according to claim 15, characterized in that the extraction and concentration
are selected from a combination of steps including solid/liquid-liquid/iquid extraction,

centrifugation, filtration and evaporation.

17. The method according to claim 16, characterized in that a chromatographic method is

used as a purification process.

18. The method according to claim 17, characterized in that the chromatographic method is

selected from the group comprising column chromatography, preparative thin-layer



-19 -
chromatography, ion chromatography, affinity chromatography, exclusion
chromatography, preparative high-pressure liquid chromatography or any combination

thereof.

19. An isotopically labelled secondary metabolic product of fungi or bacteria produced by a

method according to any one of claims 1 to 18.

20. The metabolic product according to claim 19, wherein said metabolic product comprises

a mycotoxin,

21. The metabolic product according to claim 20 characterized in that said mycotoxin is
selected from the group comprising trichothecenes including nivalenol, deoxynivalenol, 3-
acetyl-deoxynivaleno!, 15-acety! deoxynivalenol, fusarenon-X, T-2 toxin, HT-2 toxin, DAS,
fumonisins including fumonisin B1, B2 or B3, ochratoxins including ochratoxin A, B, C or D,

zeara-lenones, moniliformin and aflatoxins including aflatoxin B1, B2, G1 or G2.

22. The metabolic product according to claim 19, wherein said metabolic product comprises

one or more toxins.

23. The metabolic product according to claim 22 characterized in that said toxins are
endoxins and exotoxins selected from the group comprising bacterial toxins of Escherichia
coli sp., Salmonella sp., Clostridium sp., Bacillus sp. or Staphylococcus sp.

24. The metabolic product according to claim 19, wherein said metabolic product comprises

an antibiotic.

25. The metabolic product according to claim 24 characterized in that the antibiotic is
selected from the group comprising antibiotics formed of actinomycetes, including
tetracyclines, streptomycines or aminoglycosides, antibiotics formed of Bacillus sp., including
bacitracin or polymyxin, antibiotics formed of penicillium, including penicillin or griseofulvin,

and cephalosporins formed of cephalosporium.

28. A method for producing isotopically labelled secondary metabolic products of fungi or

bacteria in a liquid culture medium substantially as herein described.

27. An isotopically labelled secondary metabolic product of fungi and bacteria substantially

as herein described.



