- 1 PRODUCTION OF H GHLY | SOTOPI CALLY LABELLED SECONDARY M CROBI AL
METABOLI C PRODUCTS, AND CORRESPONDI NG METABOLI C PRODUCTS 5 The present
invention relates to a nethod for producing isotopically |abelled
secondary netabolic products of fungi or bacteria in a liquid synthetic
culture mediumas well as isotopically Labelled secondary metabolic
products of fungi or bacteria. 10 Today, isotopically |abelled substances
are of increasing -ortance i cartlcular i n the technoloo of‘lqu|d
chr onmat ogr aphy 4 : oY (&7 ectlyle 2
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technol ogy can~be usedtor a great vartetyof—potentTal—anat ytes w thout
inposing any limtations as to the mREILTEF mass, 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 haye traesberrassignedvaceond N yatdd evded hetBRSUrRRA bebidablegl CVB
application and nethod, the use of so-called internal standard substances
has becone HLREEERIFAJILY APERLaAt SECPREBINaMeSPERGALISTRARCEGhSEaREEg
Strongly resembling, (e 2o.! 3196l aRghyhas A ARkl fegilft B LkAY! L,
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nol ecul es in mhlch one or several atonms in the nolecule are replaced by
their isotop&sP286tRérefore, have turned out to be ideal internal
standards. At present, such substances are produced by organic syntheses,

for instance, by substituting hydrogens or
Today, isotopically labelled substances are of increasing

importance, in particular in the technology of liguid
chromatography with wmass spectrometric detection (LCMS),
which enables efficient spectrometric analyses at high
15 product throughputs. This technology can be 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 disintegration
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 increasingly important.
Internal standards are substances strongly resembling the
25 target analytes proper, i.e., in particular, possibly
having identical wmolecular structures vyet at different
molecular weights. Isotopically labelled molecules of the
target analyte, i1.e. molecules in which one or several
atoms 1in the wmolecule are vreplaced by their 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 corresponding, heavier isocotopes,



carbons with the correspondi ng, heavier isotopes, - 2 In this context, it
has, however, been shown in LCM5S 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 enable the distinct

separation fromthe target analytes, and,that, if possible, substances
conprising as few i sotoponers as possibl® are to be used. 10 A way of
producing isotopically labelled plant or mcrobial netabolites is via the
bi osynthetic path of the respective plants and/or mcrobes. In doing so,

cul ture media afg; o suppliggnted W ph.radigactiyel ydabelshednut hi eneggand

the culture nmedium conponerts are to'a certain percentage 15 integrated in
t he anabollanamgs@ethbbllt tycflesiokblaethai ctbbi abobepptahly clkbatesdsuch

that isotopes wll be orporated in th ta O|IC rod (o That t hod
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what makes such isotopically |abelled substances, |sotoglcally Iabelled
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br oad spectrunlo I SOt 0Opo be ap mnuld In turn,
render the selastdve detectlon of target substances in LCVS spectronetries
possible not at all or only with great difficulty. The present invention
ains to provide a method for 30 producing isotopically |abelled secondary

et aboljicc ﬁr99y05§ ?%O&HBQh 0555@6b§&h§1y'maﬂﬁﬁﬁﬁdabhaﬁt al-mastrablaof
t he carbon atons, rogen a ons or | phur atonms contained the starting

pr oduct aremeepbaéeuebylgtgbaethe blosynthetzc path of the respective
plants and/or microbes. In doing so, culture media are
supplemented with radicactively labelled nutrients and the
culture medium components are to a certain percentage

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 micrcbial metabolites, hardly suitable for use as
internal standards, since with the use of such substances

not one standard but a broad spectrum of isotopomers would

25 be applied, which would, in turn, render the selective
detection of target substances 1n LCMS spectrometries

possible not at all or only with great difficulty.

The present invention aims to provide a method for
30 producing isotopically 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 xreplaced by stable



- 3 isotopes, thus providing a single, isotopically labelled end product
to be readily and reliably detectable in spectronetric processes, in
particular LCMS. The invention further ains to produce a netabolic product
whi ch can be 5 safely and reliable used as an internal standard in
spectronetric anal ytical processes, in particular LCM5. To solve these

obj ects, the nethod according to the present invention is conducted in a

manner that, the synthesis is 10 carried .ut. by i bilizi the fungj or
bacteria or SHFGHt BAFFI &P WYkl 19 W19 qui GOBYRE FAETE CURar e
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whi | e addiMg.andd gl SY hetd g, Gul Lute Jpdh a0 I ohiah sibshagtially all
of the carbon atons, nitrogen atons and/or sul phur atons ave been

repl aced byssiadbt e drgbt apdsiable hassdakbcane ddreasienta producksah in

isotopically |abelled nmetabalic 20 product of the fu1g£1gpd bacteria, in
whi ch al | SPIHE CoE B At ™4 Sas tP OB BT he Tatkihs * 6 e ¥Bt%i ned from
the culture medium by growing, i.e. carbon, nitrogen or sul phur atons,

have been replaced by the nore stable isotopes of the isotopically
| abel | ed nURa issnitvee domsd med) 25-8 n e eariihag egrtidim$ o-asthe ridasRY or

the recovery.ol,a o sel gctiye, disat opfcal Ly Labellied pradugt ather than a
m xture of ‘different hono 0gs havi ng varying nuéﬁers 0 i 5&ope atons, as
was frequenrddnridescoubedhyi nitieébplioingarthe | fuhgi thushadeasidl enbyart hi s
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nitrogen atoms and/or sulphur atoms have been replaced by
stable isotopes. By realizing the synthesis by immobilizing
15 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 stable isotopes, 1t has become
feasible to produce an isotopically labelled metabolic
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, 1.e. carbon, nitrogen ox
sulphur atoms, have been replaced by the more stable
isotopes of the isotopically labelled nutrients contained
25 in the culture medium so as to allow for the recovery of a
gelective, isotopically labelled product rather than a
mixture of different homologs having varying numbers of
isotope atoms, as was frequently described in the prior
art. It is, thus, feasible by this production method to
30 obtain an isotopically labelled secondary metabolic product
which can be gelectively used and which can be clearly and
unambiguously detected in any analysis, even in metabolic

studies.



studies. - 4 According to a further devel opnent, the nethod is conducted
in a manner that sugars or sugar alcohols, in particular D

[ U-13C61- gl ucose, 13C-sucrose, 13C-gycerol and/or 13C-acetate 5 are used as
carbon sources in the liquid synthetic culture nedium 15N am no acids,
-nitrates, -amonium conpounds or -ureg are used as nitrogen sources, 33S
or 34S-sul phates, -sulphides or -am no acids are used as sul phur sources.
When growi ng netabolic products of fungi or bacteria, the 10 fungus or the
bacterium respectively, due to conpletely |[|abelled carbon, nitrogen

and/ or sul phio:SPHFLES Beifg crantalnethimeddie ddawdk mmthetd g day e
medium w il be fdorced to incorporate into the netabolic product the
respecti velin labsiinsd itdettopeigsyr a1t Gugmural adiml s heln Paesiondasy -

met abol i ¢ pr.oduct.s of the fungi _or tenta w |l e_] | ed. W t.he
respective {és)—ot ‘ﬂe’ ?luc?rosreépl agé5u5§%%t%he r%s T xe%{)i %3?2;83%5,%\%%&&%}1
degree, si f 51 usohphet €hyvor0sbureedennt @nieniriond & he/nytedtd ofculture
isotopically | abellgd secondary metabolic products of fungi or bacteria,

the met hod'ticttdi nf-BBLAC! FAHET deVetoprent S EoRAHEL XM HY B metner
that the liquid syplhgklg Gl tA] €-854h UBL addEt i onal | ¥rconsal iy ddXt ure
sel ected frominorganic 25 salfs or-acids and bases having the ions Na',

K+, Ca++ Mpsulpfeldss Zox+ -QminB+eeids weld aseGO3hs SeylphR®4 soiNO3Es Due to
the fact that salts or acids,and bases, having.the ions_ Nat, K+, L+ Mg++
Pt onee s e ie SFRERPRR oy St MRt ! R Mo g i Td
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possi bly present in the fungi or bacteria in addition to carbon, hydrogen,
ni trogen aﬂ@@ﬁﬂ%ﬂﬂﬂ-Qﬁmqﬂbe §§ﬁgq@en and/or sulphur sources being

contained in the liguid synthetic culture medium, will be

forced to incorporate into the metabolic product the
respectively labelled isotope so as to ensure that the
15 secondary metabolic products of the fungi or bacteria will
be labelled with the respective isotopes, or replaced by
the respected 1gotopes, to a high degree, if not

completely.

20 In order to improve the vyield of isotopically labellied
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 wmixture selected from inorganic

++ ++

25 salts or acids and bases having the ions Na', X*, Ca', Mg"’,

pe**t, zn**, cu', B'™ asg well as COy"", S04, PO, 77, NO; . Due
to the fact that saltg or acids and bases having the ions
Na*, K", ca*t, Mg™, Fe***, zn', cu', B as well as CO; 7,
s0,”7, PO,777, NO3° are contained in the ligquid synthetic
30 culture medium, it is ensured that any foreign ions
posgibly present in the fungi or bacteria in addition to

carbon, hydrogen, nitrogen and sulphur will be safely



- 5 provided in sufficient quantities so as to ensure high vyields besides
rapid growh. in order to further inprove the yield, a natural or 5
synthetic carrier having a large internal surface area, in particular
silicate, layered silicate, zeolite, bentonite, burnt clay, diatonmaceous
earth, synthetics or the like, is wused_as said inert carrier. By using an
inert carrier having a large internal Surface area, it is feasible to 10
inprove the yield in the nethod according to the invention by at |east 501
as opposedPtevéeadentt orfall fistiseds, GWANERAL1GFe %ar FiSedtButehi HfoutiFRer t

carriers havi | ar i.n nal ces areas. Such increases in yield not
only rendgge?%g %Sg%g Sn%?élgcgﬁgﬁﬁgél, but al so ensure that 15 sufficient

gquantities of the desired end products of the isotopically |abelled
secondary netabolic products will be r oduced sqﬁgﬁ#to enabl e the sanme to

be used in'& sGFEEbl etOmahEFNEE i HFRFASF stiihdar n dhaly<ddSlor “&ven in
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in yield will, in particular, be obtained in that an_alum nium silicate,
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zeolite, or_a_layered 2 ilicat [ ti -yermculite, from.the
group of %‘iucréltn‘icﬁg‘ dl sd%ia:wﬁnsaec??osins na?ﬁ?% %&@%gjf%% ?:r)r%hgsﬁslgied rl1iSnert
carrier. Wislkdt hgse subhst anees, thersorfacey prdperthaas sueht asasurifeace
tension, porosity and the |jke are, in _particular, suitable to ?chieve
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foamed materials, am de, silicone, poly-

by at least 50% as opposed to conventional methods, which
are carxried out without inert carriers having Ilarge
internal surfaces areas. Such increases in yield not only
render the method more economical, but also ensure that
15 sufficient quantities of the desired end products of the
isotopically labelled secondary metabolic products will be
produced go ag 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
vieid will, in particulaxr, be obtained in that an aluminium
siliicate, e.g. diatomaceous earth, in particular
kiegselguhr, isolute HM-N or a3 zeolite, or a layered
25 silicate, in particular a vermiculite, from the group of
mica minerals is used in natural or treated form as said
inert carrier, With these substances, the surface
properties such as surface tension, porosity and the like
are, in particular, suitable to achieve especially goocd
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, polytetraflucoroethylene, polyester



et hyl ene, pol ypropyl ene, pol ytetrafluoroethyl ene, polyester - 6 or the

like, will allow for accordingly |arge inprovenents in yield, whereby the
use of natural carriers having large internal surface areas, or the use of
synthetic carriers, wll produce simlarly enhanced yields as a function

of the 5 netabolic products to be produged For as rapid a nmethod control
as possible at a simultaneously high yi the invention is further
devel oped to the extent that the production is realized at 10 tenperatures
rangi ng betWéehhs ém&e45@lllln aﬂéﬂw difraracdmtdigent Y1 Ot &ifdle 35T pretgREs

context’, it hag pant | ghLyepburfed Qut L0 he fauoural e Lhat_a. producti on

method is n ways condu te at a cons enperature
tenperaturelﬂaérﬁiloﬁarﬁabhlmﬂdug|rmhcehedubemdﬂssynmnﬁ&mclBafeadrép
i mproved yields or accelerated reactjon rates or elevated turnover

nunbers. | nVotHePTPAIGHt BT ART BRICHRVUERE Vs hUP 28 pbeRTble? thetD%et hod

accor di rg tr@eﬁg'@ol;[‘c\!gg%é@unct§ EQ“H&'C%PQdﬁ@eé manner 20 that the
i sotopically [abelled secondary metabolic products are recovered fromthe

liquid synthetic culture nmediumby extraction and concentration, for

i nstance by_a_conbi nation, of ste ke solidlliquid-|igul I|qU|d
extraction, Fo centF‘fug%El%n f|IT$§h?%n ﬁ&téﬁépo%% |oﬁog§fggr the 252

recovery 0fsirh@lt§@é@@$£1a||Y11|ga1be|1}ﬁ|lc$eCOﬂﬂé-ry;LEﬁE}Te&hlﬂlenC f odgatshett has
turned out to be advantageous to subject these products to a further
purificatioﬁe$¢b%@ﬂ@rﬁo WhePE AN a@@@ﬁmqﬁ?tRFq FIRent§ ohcalized at

chr OMRRqr ApdhGex idd) BRI a6, S04 UM, <hr ot ogh APy 3P
preparative th yer chro tography, i on chronat ography, affinity
chromat ogr apayveencllisi ndchroiat ographlyi andootexr epar atiae bhghiptégsure
liquid Chrogg%ggéaggg géebe favourable that a production method is not
always conducted at a constant temperature, but that
temperature variations within the indicated limits may also
15 lead to improved yields or accelerated reaction rates or

elevated turnover numbers.

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

preferably wused as purification procedures. Such a



preferably used as purification procedures. Such a - 7 reprocessing nethod
and purifying procedure will render feasible the recovery of isotopically
| abel | ed secondary netabolic products of fungi and bacteria, in which at

| east 9506 of the carbon atons, nitrogen atons and/or sul phur 5 atons have
been replaced with the respective stabl i sot opes, thus enabling the
recovery of products with appropriate s differences relative to their
natural analytes so as to be sufficient]y distinguishable from naturally

occurring, FREAACTSHipesetvrd | asflaner iy 590 PGSR Er Bt ogFHPIRE Wi t h
mass- spectr ric. d ctJ ]:.,?V@E fg& oir T i nc for

t he provi si%ér?glol%f%tgtlge,f%?%\éé identi |O£Jleé§|ﬁr% e?%gierigi%gn arccé{(%agg%such

anal yses. Ihetlie 1w gntodue fairdehefumy hsaid hraond e anin satogph cal | yeast

| abel | ed secondary netaboli.c x{)roduct of fungi and bacteri 3 whi ch

conpri ses subst &t i BFFy GIOO% n 3FAFEi c UPRF T ATET e AT R0581%4PT t HE -Gt Hon

atoms, BitrOgaeRs atPaPe angben sybphdkbeqdat QRN eplrRceG-d3pSiable isahopes. 20
According to a further devel opnent of the invention, such isotopically
| abel | ed secvMSE nettdbi | @prddud s the f uagPvesy baét epradeahs beviided as

i nt er nal stggggg 1L anal yti S Wl a LC.studpes | i i ng
tests; for rreéj%b% I cqrga}%%i gj;fffeor ng@ljséi %%??ﬁ'& %et Egol F@e%c%%égﬁ

degr adat i orampatshseand/oor adegtadate omyidriicddsitdy wali btasguinhebtal afi@ns.

For all of the nmentioned purposes of use, it is of_ essential inportance to

have obt ai MAfH &bl & *idi%ar PyAg¥t ettABPRCSt arldir d MG edfl P
detect abl e mngi 39 té%ﬁé‘é@gz@éﬁ%& angeeh i Mide- 488t S6HerB; O gegtadadh on
schenme in order to be able 1o precisely reproduce the
(LCMS)}, and, hence, for instance, allow for the provision
of stable, clearly identifiable internal standards in such

analyses.

15 The invention further aims to provide an isotepically
labelled secondary metabolic product of fungi and bacteria,
which comprises substantially all, in particular at least
95%, of the carbon atomsg, nitrogen atomsg 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 analyvtics,
for metabolic studieg in animal feeding tests, for
25 metabeclic studies, for elucidating metabolic c¢yclesg,

degradation paths and/or degradation periods as well as
intercalations. For all of the mentioned purposes of use,
it is of essential importance to have obtained a stable and
clearly detectable 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.



i ndi vi dual nmethod or processing steps. - 8 According to a further

devel opnent, mycotoxins, in particular trichothecenes such as nival enol,
de- oxyni val enol, 3-acetyl-deoxynival enol, 15-acetyl deoxynival enol,
fusarenon-X, T-2 toxin, HT-2 toxin, DAS, 5 funonisins such as funpnisin Bl,
B2 or B3, ochratoxins such as ochratoxin A, B, C or D, zearal enones,
moniliformn or aflatoxins such as aflatoxin Bl, B2, GL or & are used as
nmet abolic products in analytic%l thods_or in netabolic studies,

c .
degradaﬂ<nﬁ$ﬁﬁ?é%%ﬁm tRe 13 ke FUFOEFOXi MRV PHU0 | REFRASKAGSI nport ance

in the etiglogy; Qf1ani Ml dis6aReSenc@Nd LhichS negessafdixdachni cally
produce sufficient quantities of such substances in order to be able to

subsequent | gxwarralangl t he respedt-ace tydxideokogiivallengdt, er i naty-acetyl
exani nati on usi chem cal__subst ance 5.distinct. and_pure

poas! bie. STSO bR s, EORSTETRrar seF Dub HemT H 1 ke ote e i

ani mal ss t hRinoranaing i fsch Sas atthenmes D g obed dntEs eséchsd fieLind Nsuch
particular, many countries have already devel oped guide and limt val ues
for the tcteraftErePxsuch skbst@neesP: THE2@ele rns:s  amPTE0 idiramit i®at i on

of such nycotOxi s W ahbg géea%flait%&%”%l, HAndgy ds,-t hat fa%fee JUKE el y
det ect abl e and, hence, enable the quantitative analysis of the respective
toxi n constétalielian prpdotapt dadvansgytnciahe reetteets onr ofins ucdtalmmkious

substances. 25 .Simlarl al so the _guantitative .detecfion or, tracking_of
toxins and,S3B0VeE 'aI%ggid‘?‘ﬁl%%rpagﬁﬁnaﬁﬁczﬁ’ﬁ ﬁfﬂ‘f f AR 0 *opright  of
t he i nyentiisrendoy Nsnahdc8XOE0XINNShd Net PALbGEULET haclLri@l sdoxdsns of

Escherichia coli sp., Sal 30 nonella sp., Costridiumsp., Bacillus sp. or
t 1is necessary to technically produce sufficient

and 1
gquantities of such substances in order to be able to
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 glcbhal interest, since, in particular, many
countries have already developed guide and limit wvalues for
the tolerance of such substances. The detection and
20 qguantification 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
noxious gubstances.
25
Similarly, also the quantitative detection or tracking of
toxins and, above all, as in correspondence with a further
development of the invention, endoxins and exotoxins, in
particular bacterial toxins of Escherichia coli sp., Sal-
30 monella sp. ., Cleostridium sp. ., Bacillug sp. or
Staphylococcus sp., 1s of wvital interest for the public
health and for the detection of harmful substances in food

and semi-luxury £food. Also the use of metabolic products



St aphyl ococcus sp., is of vital interest for the public health and for the
detection of harnful substances in food and sem -luxury food. Al so the use
of nmetabolic products - 9 such as antibiotics and, in particular,

antibiotics formed of actinomycetes, |ike tetracyclines, streptonycines or
am nogl ycosi des, antibiotics fornmed of Bazillus sp., like bacitracin or
pol ynyxin, antibiotics formed of peniciltTium 5 like penicillin or

griseofulvin, or cephal osporins formed of cephal osporium is increasing in
i npor t ance, sS4 PpardneiPaptifst Badevém RSfrtdiddases antilprotine derwead on of
such subst es J fggq Seni; ] ux - reini : ds..for

t hese subs?%ﬁc%g#%%ﬁ su stdncggk%bng%¥F%39§6lﬁg§éib?%k%ﬁggéggﬁﬁg%afpie

det ecti on aimimet@bold<i geoduehsiblibkécantidiinegtd osf apezafl lusalsp.nt exgsts for

t he general ublic. According to a furfher devel opnent, _pure, substances
having 15 BAbRITITY vl reeky B 3G, ZTSNPLGT - GRS G & G R e B

met abol 5C pProelIChey ik AU nOM z@fpé@ommin,enabl IRpHNS o 8Rs  formed
differentiation fromunl abel | ed substances or netabolic products and, on

the other Hhahd, cabbsloabeiryurensuts ng itk egisfifier enti at ilowortemcsat ursh |y
occurring 20, sol.epes And.. {1 DaLLY. o ProvL gl 0, 3, subsi ange h0:be: ; B egh sel y
a e Th e forl e

trackabl e inanal yses ‘and téct’ion processes. OW Nng,
i nventi on wildh beubxphaceed i pOo@ a6el addmbylwayrof fexanplesddirusitati ng
the production of _25 high i sotopically |abelled netabolic products.

I
Exanpl e 1 PHoRICEPHAS of O G154 SORBPE OB ES PHBGE |SHPTIAREREL 5y ender ing |
deoxyni yal enols 1BQAY 30 TRiR{AdUGS RONPL €L EL Yok aBe! Lt ARG RN, Gafsisar i um

f ungus,
like antibicticg are of wvial interest for the general

public.

According to a further development, pure substanceg 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 unlabelled substances or
metabolic products and, on the other hand, also safely
ensuring the differentiation from naturally occurring
20 isotopes 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 wmetabolic products.

Example 1
Production of highly isotopically labelled {U—“Cﬁl;

deoxynivaienol (DON)

30
To produce completely labelled "C-DON, a fusarium fungus,
namely Fusarium graminearum, is inoculated on an inert

carrier material, namely wvermiculite, and incubated in a



nanely Fusarium gram nearum is inoculated on an inert carrier material,
namely vermculite, and incubated in a - 10 synthetic culture nmedium
consisting of 0.5 g KZHPO4, 2.0 g NaNG3, 0. 7 g MgsH. 7H2O, 2. 0 g KC1, 15
g D [WUB13C6] glucose, 1.5 g NHAH2PO4, 15 ng Fe(ll)SO4*7H20 or 20 ny
ZnSA*7H20 and containing D[ U 13C6] gl ucose as the sol e carbon source. 5
After 5 weeks at about 28C, the toxin-containing material is extracted

w th ethyl acetate and subsequently purified to standard quality (purity

>08%) by nedyistbetéext FHéElsA, Neghuomasdiaiiy:dart c? yst gl Ke2BR4i.0r? - .09 About

40 mM incu QN Lum i repared pe r cti far myl &t r
this, pool g?i&?oi(i g?g?)n?a?\%isﬁ 'Pn’gicg’r i %Ié ?s%?%r’t hlceg{1 %rgcggsegspﬁ%%éi%bo m
fornul ati onlos Hatehy,pdet wsemdd BN BB 7HFO0 Sot0 207 nsnn S apHad edyd

| abel | ed [ U 130:L5l| - DON Ls Qbtaiped. 15 The purifi gd product was
char act eri zZ&P b EHRIf P T Wi nGel RhAFYET cf° proGesSede 162 ant45EE NVR

LC- M5/ Mg Q Areprf or wdeker BN dhe d3C | ol 0psx PRI EbRPa 2R At REAbRaki on oOf
purity and concentration against reference materials using /'VI'S and
HPLC- DAD Ad}®is e ceRdcotiddnt ¢ alty bnaQehbt ey agsht $WPse@ieiyc A/ Mesified

HPLC- DAD, LC MY/ A_Trap 25 .Suc highl y.Lso ical b ;

13C15- deoxy%cl) \%Fgﬁgﬁrg( f{?{kﬁ%slt%g)\lyplg%lytlgf 5%18 r ﬁs%&ﬁéﬂee%rl)% %gegkggggﬁl?%t er nal
standard. Stighoantogtepnal astiapdasdabaszatpohecul ar mass that is heavier
by exactly 15 g/nol, its signal in the mass spectrum (Fig. 1), thus,

appearing exactly 15 amu higher 30 than the signal of the analyte. Since

all of jthe PLEGE 4@n&M CahcARL tRBUS el i U OPET UrRPaled NSed 3brbaketigd DON

formulation. After this, pooled toxin-containing material
is further processed. From 1000 ml formulation or batch,
between 5 and 50 mg {7.5 to 17.5mg] completely labelled {[U-
*30.5] ~-DON is obtained.

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

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

Adjustment of concentration

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

25 Such a highly isotopically labelled 2ys-deoxynivalenol
(*C15-DON) may, for instance, be used as an internal
gstandard. Such an internal standard has a melecular mass
that is heavier by exactly 15 g/mol, its signal in the mass
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



are identical with those of the analyte, such an internal standard shows
exactly the sane fragnentation as the - 11 analyte, also the ionization of
t he substance is identical and, hence, even the ionization yield. This
means that the signal heights of the fragnents or substance ions becone
absol utely conparabl e between the internal standard and the 5 anal yte, and,
because the concentration of the intefndl “standard is known in an

anal ysis, direct conclusions can be drawn as to the concentration of an
anal yt e, whmEhlytse wilsgutheaihhghbyipabelf] édedenaiiardicens tdmsticalt es a

near - ideal_internal standar 10 Fi.g..1 shows .Cl12- and C13- in a
o wct 1 va andl Bdfie O 80CAT fne (o dartofl SR Zoad WSl BT 2
and 12C- DONsiadn205h@i ands3 1 2ché espaghkvieky, ofi gubdtahse iomdi Gad@snd he

di stribution of the conmpounds in which not 15 all of_ the C-atons have been

| abel | ed arfPSheHcElY dPTRAT2RbASTREVHIT driee | St oher s peed 2 (4 SO pdifer s)

In the gase,,of natucalyy Bgegﬁfén&f%e%m:&ﬁl:@agkont s ik5e13Ge DN
whi ch corresporids to the natural distribution between C12 and C13. 20

Exanpl e 2 Proxhudaidr ofkidghl ynisntop cadly, | @beddeded3C doond sitan Toe
produce a fumonisin conpletely lahelled with 13C,__100 25.m of., a liquid
medi um consi'st{'hg™of 8?%"6 ﬁﬁ%ﬁ@f&r&%mg” %ﬂcﬁ? 8??939%5&.1?#3201,8 2 g
KC1, 17.5 gsileh 14 136610l LUoasSELeq ladSogyNEREE: Eonrgikatkk) SOMgdR20 and
20 ng ZnSHA*7H20, wth D [U 13C6] gl ucose as the sol e carbon source,

appl i ed on 1dead 1inEernay {dedn s, are inoculated with Fusarium 30
nnniliﬁgrne and i ncubated in an incubator at 28C and 700

Fig. 1 shows ,-DON and Ci3-DON in a collective mass
spectrum. In addition to the molecular peaks of *’C;5-DON
and C-DON at 295.2 and 310.2, respectively, Fig. 1 also
indicates the distribution of the compounds in which not

i5 all of the C-atoms have been labelled and, hence, do not
consist of one isotope species (isotopomers). In the case
of naturally occurring deoxynivalenol, this is %*C,-DON,
which corresponds to the natural distribution between C;,
and Cis.

20

Example 2
Production of highly isotopically labelled *’C-fumonisin

To produce a fumonisin completely labelled with **C, 1000
25 ml of a ligquid wmedium consisting of 0.5 g KH;PO,, 0.5 g
KNO;, 0.7 g MgS0,.7H,0, 2.0 g KC1, 17.5 g D-[U-C}glucose,
1.5 g NHH;PQ4, 15 mg Fe(IIl)SO,*7HC and 20 mg ZnS0,*7H,0,
with D- [U-'’Cslglucose as the sole carbon source, applied on
1 x 1 x 1 cm foam cubeg, are incculated 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:B,0 and subsequently purified to standard



relative humdity. After 3 weeks, the toxin-containing material is
extracted wwth a solvent m xture containing 1:1 acetonitril:H20 and
subsequently purified to standard - 12 quality (purity >98% by neans of
extraction and chromatographic steps such as ion exchange chromat ography,
flash col um chromat ography with silica_gel, thin-layer chromatography and
preparative HPLC. 5 In this manner, SG-Q%b"ng 13C-funoni sins are obtai ned
per 1000 ml fornul ation (HPLC—FLD Exanpl e 3 10 Production of highly

i sot opi cal | gughbey| ed qUFi3C17}28% celntylm@é@ﬁyn|®%leﬁdﬁrﬁ@tppoduo@nﬁlghly
i sotopi cal Iy, 3 tyl. .deox nlvalenol 1000 m a
synt hetic I¥q£8§££$§9%%$é% g§g%§|§?%§g%bf g %&%ﬁ%ﬁ- Br % Oh 0! 7 g
MySO4* 7H20, £ Padh g d&l;mﬂ?cﬁrgm@tbgré@%] g\k’iJ’C]@SESJ_llL@ 0 g H2PH, - 15, 68
Fe(11)SO4*7H20 and 20 ZnSO4* 7H20 and contalnlng conpletely isotopically
| abel | ed [LFH%@%Tt%$E%%§% A=A t peePaBR bl tar BB C sour ce, applied on

di at omageous earth, nanely 20 isolute HWN, are inoculated wth Fusarium

gr am nearum and incubated in an incubator at 28C for 9 days. After 9 days,
the toxin- cb@tﬁthng@ﬂmqnua$0t%4%amge§f@dquQMLamnedammﬂvbuﬂmnaﬂuperl/H20
azeotrope ubseguent ur| tandard quality (purity >98% by
nmeans OP e§g9%§t|§ng° i Q%gggthDirystalIization, Biichi-MPLC and
recrystallization. Fron1one batch about 15-50 ng of a highly pure end
product can_be obtai ned. The purity check is prefornmed by LG UV anal ysis
using a Cl82&3MR1%aty colum. 30

10 Production of highly isotopically labelled [U-'°Cy4]-3-ace-

tyl deoxynivalenol

To produce highly isotopically labelled [U-'’Cy,]-3-acetyl
deoxynivalenol, 1000 wml of a synthetic ligquid medium
15 consisting of 0.5 g KH,PO,, 0.5 g KNO;, 0.7 g MgSO,*7H,0,
2.0 g KC1, 17.5 g D-[U-**Cglglucose, 1.5 g NHH,PO,, 15 mg
Fe (IT)S0Os*7H,0 and 20 mg ZnS0O,*THLO and containing
completely isotopically labelled [U-23C4]-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 9 days,
the toxin-containing material is harvested, extracted with
acetonitril/H,0 azeotrope and subsequently purified to
gtandard gquality (purity >98%) by means of extraction,
25 chromatography, crystallization, Blichi-MPLC and
recrystallization. From one batch, about 15-50 mg of =a
highly pure end product can be obtained. The purity check
is preformed by LC-UV analysis wusing a Ci8-capillary
column.
30
An isotopically labelled 3-acetyl deoxynivalenol produced
in this manner has a molecular mass that is heavier by 17

g/mol than that of wunlabelled or not thoroughly or



An isotopically labelled 3-acetyl deoxynival enol produced in this manner
has a nol ecul ar mass that is heavier by 17 g/nol than that of unlabelled
or not thoroughly or - 13 inconpletely |abelled 3-acetyl deoxynival enol.

I nconpl etely |abelled 3-acetyl deoxynival enol has a nol ecular mass of Mz
= 338, whereas the conpletely isotopically |abelled product has a

nol ecul ar mass of 355. Fig. 2 shows t helrass 5 spectrum of pure

13C- 3-acetyl -deoxyni val enol, fromwhich it can be seen that the product
has been | @wqu%@miqmé1wt&ﬂe ety b dorwlof Rn@rwmw S

apparent. -HE% #i]érgbgge OQEEQ§ Jfﬁgp E?Qp?zh%hl£ telﬁﬁlabel ed

ISOtOpOI’TEI’S |n 'S case pen S g sta ti ng

product, 1306 gkucopse, ane:eaR sthdal dagnll estad vy 1sbtbpedawwar1d§o@11ed
conpletely | abelled product_when using conp Iete%y pure 13C6-gl ucose. From
Fig. 2 it iRE°HHeViErs 2chehpfylappareft Ofhade Si-sdtporfe i Hisyi |'&%%°5 t han

13 13Csat %&@J&Wléﬁ%fa absent, 3y -td%% tquﬁ&a?ie%qty'fr%% daoxyi val enol

can al so be perfectly used as an inte dard. Exanple 4 Productlon
of highly isutoptcakey ltabsl Itée muxxaﬁmﬂ]hag heen Zabeyﬂedeéwyﬁﬁﬂélam®l To

produce hi L SO IIed C17]-1 cet deoxyni val.enol, a
culture rre r}’u‘% c%ﬁ%?g %Jd’%fm%m% éﬁP@ 2J ‘g‘% %Icﬁ e¥"’/_‘ a,f ,
MySO4* 7TH20,3 12t gk 3L, oﬂStgeDﬁzléda.{i:tlS&i@c}i gh@cqsﬁ}ombletélgz %@P@d 15
ng Fe (11) SO4*7H20 and 20 ng 2ZnSO4*7H20 is inocul ated wth Fusarium

gr am near urh S PO sk gElal hedRphy FEBSIARC e W st o iRikibiar el at
narvest 2o, ‘eRtraered W IR GLS - Aeot S St a0 CubeRqueR Y par 1T aE Yo
standard qmﬂmﬂ@eqpUDwayd5989©c©Wpletely labelled product when using
completely pure **Cg¢-glucose. From Fig. 2 it is, however,
clearly apparent that isotopomers having less than 13 *’C-
atoms are virtually absent such that “C-3-acetyl-
15 deoxynivalenol can also be perfectly used as an internal

standard.

Example 4
Production cof highly isotopically labelled [U~x%h7]w15wace-

20 tyl deoxynivalenol

To produce highly isotopically labelled [U-"C;,;]-15-acetyl
deoxynivalenol, a culture medium consisting of 0.5 g
K HPO;, 2.0 g NaNO;, 0.7 g MgSO0.*7H,0, 2.0 g KC1l, 15 g D-{U-
25 **Cglglucose, 1.5 g NHH,PO,, 15 mg Fe{II)SO,*7H,0 and 20 mg
ZnS0,*7H,0 1s 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, extracted with ethyl acetate and
30 subsequently purified to standard quality (purity >98%) by
means of extraction, chromatography and crystallization.

Alternatively to crystallization, a further purification

step using preparative HPLC may alsc be applied.



means of extraction, chromatography and crystallization. Alternatively to
crystallization, a further purification step using preparative HPLC may
al so be applied. - 14 About 30-60 ng highly pure target product can be
obtained fromone fernentation batch. 5 Exarrpl e 5 Production of highly
isotopically labelled [ U 13Cl15]-ni- val E% or [U13Cl17] -fusarenon-X To
produce highly isotopically |abelled [UI3C15]-nival enol 10 or [U 13Cl7]
-fusarenon-X, a liquid nediumconsisting of 0.5 g K2ZHPO4, 2.0 g NaNG3, 0.7
g MgSO4*7H20, 2.0 g KC1, 15 g D [U13C6] glucose, 1.5 g NHAH2PO4, 15 ngy
Fe(II)SO4*§ﬁ%Q] r20 ZpSOx (H t 3 C t
carbon source gnﬁgl %%p?gp Ig)lill gl I?Eglcfz% e@?éé#%o&%%gég %E?h%%uscgrﬁcl%%{e%
ni val e and ﬁnmmtxateecfaimez&@tﬁmn Pawesks. After this, the toxin-containing
material is extracted with nmethanol and nethylene chloride and
subsequently purified to standard quality (purity >98s) by nmeans of
extractgomgxéﬁﬁp@&;ography and crystallization. Alternatively to 20
crystalllzatlon a further purlflcatlon step using oreparatlve HPLC may
al so be ap HCE ) » 1BEdA [J-1°4]
[ U-13C20] - ggg gr&togk m@ f%l%%@e J h%target substance t he fungus
Pet r omyces l*rﬁeﬁﬁwgh;¥f08I|lcate carrier is fernmented
with a synthetlc l'iquid nedlun1consisting of 0.5 g KRHPO4, 30 2 . 0 ¢
NaNG3, 0 . 7 A*7H20, 2 . g KC1, 15 D-[.U- . 13C6].g| ucose, . 5 g
NHaH2PO4, 1% nﬁr UER| ?lgb&i’?l%f@té}rplf@]&@’ %ﬁ%‘é&%z%* VATE ‘%ﬁi‘?fﬁ%l
conpl eg gl ycﬂi?:CfdJan@Uzefhwai@ﬁﬁa 8s dheigake cankoR sOW=Ge&rithe Jd asks are

then i ncubated in
g KpHPOCy, 2.0 g NaNO;, 0.7 g MgS0O,*7H.0, 2.0 g KCi, 15 g D~

[U-Celglucose, 1.5 g NHH,PO,, 15 mg Fe(II)S0,*7H,0 or 20
mg  ZnS0,*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 5 weekg. After thisg, the
toxin-containing material 1is extracted with methanol and

methylene chloride and subseqguently purified to standard

quality (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-"Cs]-och-

25 ratoxin A

To obktain 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,HPQ,,
30 2.0 g NaNO,, 0.7 g MgSQ4*7H,0, 2.0 g XCl, 15 g D-[U-
Bosiglucose, 1.5 g NHH;PO,, 15 mg Fe(II)S0,;*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



- 15 an incubator for 6 weeks at 28C and 701 air noisture and
subsequently extracted with toluene. The target substance is purified by
col um- chr omat ogr aphy and recrystallized as in the preceding Exanples. 5
Exanpl e 7 Production of highly isotopically |abelled [ U 13C1l8]- zearal enon
10 To produce highly isotopically |abel IlEd_[ U 13C1g] - zearal enon, 1000 mi
ofaliquidrrediumconsistingof05g H2PO4, 059KNCB 0.7 ¢

MyS04* 7H20, 2.0 KC1, 17.5 g D [U-13064%I ucose, NHAH2PO4, 15
Fe(ll) sm*ﬂ-ﬁ?ol%ﬁldb%of nﬁoin OFERFO 2 i @?’Pﬁl@%] &Ilﬁcﬁ?ésﬁrt%ea%l e
carbon 15 SQUELE,ARPI+ €8x PP PPEQUS, iRW o BhdYe | NTEE ARULAE ¢f Al cdtanel y
Seram s or Lecca, iIs i'noculated with Fusarium semtectrum and incubated in
an i ncubat o¥s aquBD@@deO@olnmhachvemhﬂmdaphy Afderreg nysdled, 1 itdesl as

t oxi n- cont ai ni acted with pure petrol eumether and a 20
pet rol eum et'het et]%refC C% %t%{ R&re[ﬁe of 4:1 and 2:1 and subsequent!ly
purified to standard quality (purity >98% by nmeans of extraction and
chromat ogr aphi ¢ steps such as ion exchange chromat ography, flash colum
chr omat ograﬁiﬁ&lﬂ&}iﬂl silica ael, thin-laver chromatography and preparative
HPLC. 25 @Ltéeélequ 211 -
rocqueforti ' ' wrth the
ni t rogen |szﬁammalé:rﬁm 1000 m of a I|qU| d medi um consi st ng of 0.8 g
KH2PO4, 0.7 g MgSA*7H20, 1.0 g KC1, 17.5 g D A ucose, 1.0 g 15NH415N03,
1.5 g NaH2PO4, 15 ng

10 To  produce  highly  isotopically  labelled [U-"2Cae] -

zearalenon, 1000 ml of a liquid wmedium consisting of 0.5 g
KH,PO,, 0.5 g KNO;, 0.7 g MgSOs*7H,O, 2.0 g KCl, 17.5 g D-
[Uvmcﬁ]glucose, 1.5 g NHH,PO4, 15 mg Fe(II)SO0,*7H,0 and 20
mg ZnSC.*7H,0, with D-[U-"Cslglucose as the sole carbon
15 gource, applied on porous burnt c¢lay in granular form,
namely Seramis oxr Lecca, i1s inoculated with Fusarium
semitectrum and incubated in an incubator at 28°C and 70%
relative humidity. After 3 weeks, the toxin-containing
matferial is extracted with pure petrcleum 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 ion
exchange chromatography, £lash column chromatography with
silica gel, thin-laver chromatography and preparative HPLC.
25

Example 8
Production of highly isotopically labelled Yo -

rocquefortine C

30 To produce a rocquefortin C completely labelled with the
nitrogen isotope **N, 1000 ml of a liquid medium consisting
of 0.8 g KH,PO,, 0.7 g MgS80,*7H,0, 1.0 g KCl, 17.5 g D-
Glucose, 1.0 g  *NH,'°NO;, 1.5 g NaH,PO, 15 mg



- 16 Fe (Il) SO4*7H20, 20 ng ZnSO4*7H20, with 15NH415NG3 as the sole
nitrogen source, applied on coarse kieselguhr, are inoculated with

Peni cillium commune and incubated in an incubator at 12C and 70% air

noi sture. After 48 days, the 5 toxin-containing material is extracted with
an organic solvent consisting of 9:1 chl oroform nmethanol and subsequently
purified to standard quality (purity SQé‘% “"by neans of liquid-liquid
extraction, flash colum chromatography with silica gel, and preparative
HPLC. Per I (100G Qd* 7Ho? ruRat iMeh, 21880 *fgl-2 5 NFLEdc qUBfoMG:n2€ it btHished

(HPLC- FLD) ... . 9 cti f. highly is i cal d 15N2- 33S-
15 penicil I 'h éprfodl“cj"gt[al%ggbenio‘_’{cblﬁcﬁlll%i coﬁ}él et%%%lp%%bewggé\?\?#hgf hesal’\£2e

ni trogen i sictcopel 5N amd thhep sl Ll 1dws otaapen 335, ad800 mdukefteda hnquird

nmedi um consj sting of 1.0 g K2HP 0.2, I\/%Ci 2, 20 20.0 g D-glucose, 1.0 g
15NH415N08, 17858 %2%‘“35%)%,01?% g’ O Ra3HBOFO 5 tig ere AERF A2 99 Sy Ft12,
W th 15QHAIENGE, asidei n S8 e Hiddagan SQur e +aad cha23358 asnt hersol &

sul phur source, applied on small foam cubes, are inoculated with

Peni ci | | i uradlotentum avelns hetbed ed ¢t ar® i heubit bprafon8QBiaiel 70082@i r

nmoi sture. After. 30 , the ip-c i;0l_ng erjal. i tracte ith
et hyl acet ast&ebsaen %Iﬁgys‘zq%%ﬁfégépg?i g ?égd{’l (%gstqé’l%é?:y g(gélirisltt (>p938$:i )t 93 £A986)
by means ofmedridgjui doki quiidi pxia-actgom fl asbraetuan, chr aratsbgr aphylwit h
silica gel, .and preparative HPLC. Per 1000 m fornulation, 30 _500

15N2- 33S- pé%ﬁlfff“l‘aftiqglfasp}b\bt YihBdSeHPee M), 2nd7Prepprativi $IPLC.a hod
for pregucifhd spt opbeabtyciahel bgd fgconfambequetfortin C is obtained

(HPLC-FLD) .

Example 9
Production of highly isotopically labelled  "N,-*’g-

15 penicilliin

To produce a penicillin completely labelled with the
nitrogen isotope *°N and the sulphur isotope *’S, 1000 ml of
a liguid medium consisting of 1.0 g K;HPO,, 0.2 g MgCl,,
20 20.0 g D-glucose, 1.0 g ®NH,°NO;, 0.5 g Na,’’80,, 1.5 g
Na,HPO,, 5 mg Fe(II}Cl,, 5 mg 2nCl,, with NH,*’NO; as the
gole nitrogen source and Na,?’s0, as the sole sulphur
source, applied on small foam cubes, are inoculated with
Penicillium notatum and incubated in an incubator at 28°C
25 and 70% air moisture. After 30 days, the toxin-ccntaining
material i1s extracted with ethyl acetate and subsequently
purified to standard quality (purity >9%8%) by means of
ligquid-liquid extraction, flash cclumn chromatography with
silica gel, and preparative HPLC. Per 1000 ml formulation,

30 500 mg N,-?*’S-penicillin is obtained (HPLC-FLD).



met abol i ¢ products of fungi or bacteria in aliquid 5 synthetic culture
medi um characterized in that the synthesis is carried out by inmobilizing
the fungi or bacteria on an inert carrier while adding a liquid synthetic
cul ture nmediumin which substantially all of the carbon atons, nitrogen
atons and/ or sul phur atonms have been 3 repl aced by stable isotopes. 2. A
met hod according to claim 1, characteri dd i n that sugars or sugar

al cohols, in particular D-[U 13C6] C(gl ucose, 13C-sucrose, 13C-gycerol

and/ or 13C-acetate are used as 15 rboh sdurees in the liquid synthetic
culture nmedium 15N am no acids, -nitrates, -anmonium conpounds or -urea
are used as nitrogen sources, 335- or 34S-sul phat es, -sul phides or -amno
acids are LrsedAameﬁnlorihlﬁosoprrc@sciﬂ@ 3scAopethadyadearadilrg to=edbedand or

2, characteriz t hat .t he I| synthetic cul ture nmedium addjtionally
contains a Wﬁ%&%ﬁfel%el%‘&?%‘ﬂsqsro no?‘d;%fﬁ}c Q| 1RO EtR dst arfl bas®sihavi ng

the iong Na n@ﬂetﬂ@*+cﬁ@€ﬁrge+ﬁédgﬂﬁﬁ Qitdra Bt ASq ek b, ag @3- -4heo0 ;
PO, ; NO3 25y4 A method according to claim1, 2 or 3, characterized in

t hat a nat WFertless sy ntifet careaed epuhavibng Jaﬂm@?@elam%r fale Sunfacecwnr ea,

in particul at | ayer i e I rn | ay,
di at onaceoukga( e%i?%fhac %6 sgxht hg&e%g or% R:%éLelrlzng | S usec#l % sal d 3“ &
carrier. 5.syhntietthod @@r,mifle ngetidurl dnmwhicthanaciteritzed liyn at]l‘l]atoianthe
alumniumsilicate, for instance a zeolite r a Iaﬁ red - 18 silicate, in

particul ar PYRIH TUTT e nlf?@ﬁ?‘heab?%pa%@ O TAL M Wer AF 0T shysRdeF

nat urah por ftdepdeds fiof r@@@bﬁlpsoﬁgi%é carrier. 5 6. A nmethod according to
claim4, characterized in th

2. A method according to c¢laim I, characterized in that
sugars or sugar alcohecls, in particular D- [U-2C¢]l -glucose,
Pc-gucrose, C-gycerol and/or C-acetate are used as
15 carbon sources in the liquid synthetic culture medium, **N-
amino acids, -nitrates, -ammonium compounds or -—-urea are

used as nitrogen sources, 2°S- or **S-sulphates, -sulphides

or -amino acids are used as sulphur sources.

20 3. A method according to claim 1 or 2, characterized in
that the 1ligquid 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 ag well as CO;77, SO0, 7, PO, NO; .
25
4. A method according to claim 1, 2 or 3, characterized in
that a natural or synthetic carrier having a large internal
surface area, 1in particular silicate, layered silicate,
zeolite, bentonite, burnt clay, diatomaceous earth,

30 synthetics or the like, is used as said inert carrier.

5. A method according to claim 4, characterized in that an

aluminium silicate, for instance a zeolite or a layered



foamed materials, polyam de, silicone, polyethylene, polypropylene,

pol ytetrafl uoroet hyl ene, polyester or the |ike are used as said inert
synthetic carrier. 10 7. A nethod according to any one of clainms 1 to 6,
characterized in that the production is realized at tenperatures ranging
between 3 and 45C, in particul ar betmeﬁn 10 and 35C. 15 8. A nethod
according to any one of clainms 1 to 7, Eharacterized in that the
isotopically |abelled secondary netabolic products are recovered fromthe
liquid synthietigateul Lor @amedicyrhay 2xVesiicoaiaad cfdf@bntlﬁfat ﬂéﬁupf ot

 nstance by, & LORPLOALLON QT (ALEPS; )T ke ROLY didyl Al L a0s | Eguhdild Al

extraction, centr|#uga i on, i on and “evapora

accordi ng txnaﬁﬁudnﬁklamwracterlzed in that chromatographi c net hods and,
in particular; colum 25 chromatography, preparative thin-Iayer

chr omat ogr aphy, ion chromatography, affinity chromatography, exclusion

chromat QgradohyAamsy&fodﬂr%%ﬁahMg hacghcpa%sqre & S e £05 OFRE QT @Y are
used as purification processes An i sotopically [abelled secondary

met abol i c dkﬁduﬂi omaﬁamuglsand D@dU@ﬁﬂdeprodaaédbeea nﬁm¢&xﬁﬁﬁxiﬁ@ﬁng to

any one of ai oductl n.of an in standard in
anal yti cs, % Yprrre?%}g)l Sfpl.?g é‘:seh:l alrﬁonra Yffnef eeB’ g’ trs %? e
met abol i ¢ stikh esye fLQEFed:|aBJ i diddindet abohdlte eyl @spr degr adatl on pat hs

and/ or degradation periods as well as intercalations. 5 11. A netabolic
product according to claim210, characterized in that nycotoxins, in

parti CEPar 111 GhotRen Gengs 8¥6Anas phvalgpolondeqyynialierol 1 to_ ¢,
3-acetyl-deoxy- nival enol, I5-acetfyl deoxynivalenol, fusarenon-X, T-2
characterized in that the production is realized at
temperatures ranging between 3 and 45°C, in particular

between 10 and 35°C.

15 8. A wmethod according to any one of claims 1 to 7,
characterized in that the isotopically 1labelled secondary
metabolic products are recovered from the ligquid synthetic
culture wmedium by extraction and concentration, for
instance by a combinatiocn of steps like solid/iiquid-

20 liquid/liquid extraction, centrifugation, filtration and

evaporation.

9. A method according to claim 8, characterized in that
chromatographic methods and, in particular, column
25 chromatography, preparative thin-layer chromatography, ion
chromatography, affinity chromatography, exclusion
chromatography and/or preparative high-pressure liquid

chromatography are used as purification processes.

30 16. An isotopically labelled secondary wmetabolic product of
fungi and bacteria‘produced by a method according to any
one of claims 1 to 9, for the production of an internal

standard in analytics, for metabolic studies in animal



toxin, HT-2 toxin, DAS, funobnisins such as funonisin Bl, B2 10 or 33,
ochrat oxi ns such as ochratoxin A, B, Cor D, zeara- |enones, noniliformn
or aflatoxins such as aflatoxin Bl, B2, @ or G are used as netabolic
products. 12. A netabolic product according to claim 10, 15 characterized
in that toxins such as endoxi ns and exgﬁoxins, in particular bacteri al

toxins of Escherichia coli sp., Salnon Fl a sp., Costridiumsp., Bacillus

sp. or Staphyl ococcus sp., are used as said netabolic product. 20 13. A
met abol i ¢ pFoedERI ack8FliFng £6%cl embylicchtatia@s zedh thbdrahYi®¥ oti cs

and, in parti ; Lbiotic : L-nomny | A :
tetracycliHg%?gﬁg%%%p?€%$%%%bs %?égéﬁﬁgb écgg%%gg, %ﬁ%? ?ot?%ir?%?%%o of
Bazil |l us spperioke dacweéIancan onteotybyxkionsanti biotics 25 formed of
penicillium like penicillin or griseofulvin, or cephal osporins formed of

cephal osporium are used as said netabolic product. 14. A netabolic
prOQUCtSaCCPid'UQAtorﬁ@Wéﬁﬁfiéﬁ @WAR0 30h@ihd astad pureasubst agce
having a | abelling degree with 3C, 15N, or 33S or 34S of at |east 95%
characterized in that mycotoxins, in particular trichothe-
cenes such as nivalenol, deoxynivalenol, 3-acetyl-deoxy-
nivalenol, l5-acetyl deoxynivalenol, fusarenon-X, T-2
toxin, HT-2 toxin, DAS, fumonisins such as fumonisin Bl, B2
10 or B3, ochratoxing such as ochratoxin &, B, C or D, zeara-

lencnes, moniliformin or aflatoxins such as aflatoxin B1,

B2, Gl or G2 are used as metabolic products.

12, A  metabolic product according to c¢laim 10,
15 <characterized in that toxins such as endoxins and
exotoxing, in particular bacterial toxins of Escherichia
coli sp., Salmonella sp., Clostridium sp., Bacillus sp. or

Staphylococcus sp., are used as said metabolic product.

20 13. A metabeolic product accoxding to claim 10,
characterized in that antibkbiotics and, 1in particular,
antibiotics formed of actinomycetes, 1like tetracyclines,
streptomycines or aminoglycosides, antibiotics formed of
Bazillus sp., like bacitracin or polymyxin, antibiotics

25 formed of penicillium, like penicillin or griseofulvin, or
cephalogporing formed of cephalosporium, are used as said

metabolic product.

14. A metabolic product according to any one of c¢laims 10
30 to 13 as a pure sgubstance having a labelling degree with

Bo, N, or **s or *'s of at least 95%,



