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METHOD FOR EXTRACTION AND
ANALYSIS OF CONTENTS MADE FROM
ORGANIC MATERIAL

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

RELATED APPLICATIONS

This application 1s a reissue Continuation of application
Ser. No. 12/644,679which is a veissue application of U.S. Ser.
No. 10/494,765, now U.S. Pat. No. 7,311,838, for which reis-
sue has been requested, which is a national stage application
(under 35 U.S.C. 371) of PCT/EP02/12552 filed Nov. 11,
2002, which claims the benefit of German application
10155504.0 filed Nov. 13, 2001 and German application
10203552.0 filed Jan. 29, 2002.

FIELD OF THE INVENTION

The present description relates to a process for 1solating
constituents from organic material, which comprises the fol-
lowing process steps:

(a) freeze-drying of the organic matenal;
(b) extracting the constituents with a polar solvent or solvent

mixture (A) and an organic solvent or solvent mixture (B),

it being possible for the extracts of the extraction with (A)

and (B) to form one phase;

(c) combining the extracts (A) and (B) to give one phase; and

(d) carrying out an esterification/transesterification in the
unpolar phase with an alcohol, the esterification/transes-
terification being carried out in the presence of a volatile
acid;

the process being a high-throughput process.

DESCRIPTION OF THE BACKGROUND

The understanding of the biochemical synthetic pathways
in the metabolism of animal or plant cells, including micro-
organisms such as bacteria, fungi and algae, or mammalian
cells, remains very rudimentary, even though the main syn-
thetic pathways are known. To date, the determination of
physiological states during growth, development or as a
response to environmental stress 1s essentially limited to the
study of individual target molecules such as, for example,
RINA and proteins. However, changes in the mRNA or protein
level or their activity can frequently not be correlated with
changes 1n the metabolism or indeed with phenotypic func-
tions.

Cellular constituents or metabolites are frequently ana-
lyzed directly either by specific enzymatic reactions, immu-
noassays or on the basis of chromatographic methods, which
identily certain substances by their retention times or coelu-
tion with reference substances. As described 1in Katona, J.
Chromatography 1999, 847,91-102, most of the prior art only
deals with the analysis of few, specific components, for
example acids or sugars.

There have only been rudimentary attempts to demonstrate
that metabolic products, or metabolites, constitute not only
intermediates or end products, but also act as sensors and
regulators. The analysis of complex metabolic profiles or of
constituents 1n organisms 1s therefore of great importance 1n
assigning gene functions, 1n the assessment of stress effects
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and, last but not least, 1n the assessment of the satety and value
ol genetically modified organisms.

To be able to study these relationships, however, 1t 1s gen-
erally necessary to study organic systems as detailed and
reproducibly as possible under different conditions so that,
for example genetic variabilities or various internal or exter-
nal effects can be identified. This, however, necessarily
requires the analysis of a large number of samples.

The most advanced aspect of the determination of complex
metabolic profiles (irrespective of whether this determination
1s limited to various classes of substances, developmental
stages or types ol material, 1.e. irrespective of whether 1t takes
the form of metabolic fingerprinting, metabolic profiling or
metabolomics) in diagnostic screens, which first profiles have

also recently been described for plants (for a review see
Trethewey, Curr. Opin. Plant. Biol. 1999, 2, 83-85). Thus,

Sauter (ACS Symposium Series 1991, 443 (Synth. Chem.
Agrochem. 2), American Chemical Society, Washington,
D.C., 288-299) demonstrates the modification of constituents
in barley following treatment with various herbicides.
Between 100 and 200 signals were detected and 1dentified
with the aid of reference substances via their retention coet-
ficients 1n gas chromatography (GC) or via gas chromatogra-
phy/mass spectrometry analysis (GC/MS).

Fiehn, Nature Biotechnology 2000, 18, 1157-1161
describes the quantification of 326 substances in Arabidopsis
thaliana leaf extracts. To compare four different genotypes,
present plant samples were homogenized 1n a complicated
procedure, extracted with 97% by volume of methanol, and,
alter addition of chloroform and water, a multi-step procedure
gave a polar and an unpolar phase which were then analyzed
by LC/MS and GC/MS (see also Fiehn, Anal. Chem. 2000,
72, 3573-3580; http://www-.mpimp-golm.mpg.de/Tichn/
blatt-protokoll-e.html). Following a very similar method,
Roessner, The Plant Journal 2000, 23, 131-142, extracts plant
constituents with methanol and compare the profiles of polar
metabolites of in-vitro potato plants and potato plants grown
in soil.

Gilmour, Plant Physiology 2000, 124, 1854-1865 extracts
sugar from lyophilized leaves of five different Arabidopsis
species 1 80% ethanol following incubation for 15 minutes at
80° C. and incubation overnight at 4° C. Strand, Plant Physi-
ology 1999, 119, 1387-1397 extracts soluble sugars and
starch twice 1n succession, likewise at 80° C. and for 30
minutes and 1n 80% ethanol with Hepes, pH 7.5. The material
1s then reextracted twice at this high temperature to improve
the result of the extraction once with 50% ethanol/Hepes, pH
7.5, and once with Hepes, pH 7.5.

These methods described 1n the prior art only permit lim-
ited automation which, moreover, can only be realised 1n the
form of a complex procedure. In particular the processing of
large sample numbers, the determination of the effect of a
variety of stress factors on the metabolism of the organisms or
the observation of dynamic processes, which requires a con-
tinuous analysis of samples during windows which are often
very short, require processes
(a) which are rapid, 1.e. for example that fixing and analysis of

the samples 1s effected within a short period of the sam-

pling,

(b) which are highly reproducible, 1.e. for example that an
analysis carried out with a large number of different
samples gives results within a very narrow error margin,

(c) which are simple to handle, 1.e. for example that the
process can be automated and does not require complex or
laborious procedures,

(d) which are open, 1.e. for example that a large number of
substances can be analyzed, and/or
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(¢) which are sensitive, 1.e. for example that the analysis
identifies even small changes in substance concentrations
and small amounts of substance.

With a larger number of samples, 1t 1s particularly neces-
sary to ensure sample stability, and thus the reproducibility of
the results. A comprehensive continuous analysis of biologi-
cal material, for example animal samples or plant samples, or
for example the interaction between a substance, or sub-

stances, and organisms 1n complex systems and their course
over time 1s thus not possible with the prior-art processes.

SUMMARY OF THE INVENTION

The present mnvention overcomes the problems and disad-
vantages associated with current strategies and designs and
provides new processes for 1solating constituents from
organic materal.

One embodiment of the ivention 1s directed to A process
for 1solating constituents from organic material, comprising
freeze-drying the organic material; extracting the constitu-
ents with a polar solvent or solvent mixture (A) and an organic
solvent or solvent mixture (B), it being possible for the
extracts of the extraction with (A) and (B) to form one phase;
combining the extracts (A) and (B) to give one phase; and
carrying out an esterification/transesterification in the unpo-
lar phase with an alcohol, the esterification/transesterification
being carried out 1n the presence of a volatile acid; the process
being a high-throughput process. Another embodiment of the
invention 1s directed to constituents 1solated by a process of
the 1nvention.

Other embodiments and advantages of the invention are set
forth 1n part i the description, which follows, and in part,
may be obvious from this description, or may be learned from
the practice of the mvention.

DESCRIPTION OF THE INVENTION

It 1s an object of the present mvention to find a process
which permits overcoming the abovementioned shortcom-
ings of the prior-art processes and which makes possible the
rapid and simple analysis of, 1n particular a substantial num-
ber of, samples with a high degree of sensitivity and repro-
ducibility. We have found that this object 1s achieved by the
embodiments characterized 1n the claims of the present inven-
tion.

Accordingly, the application relates to a process for 1solat-
ing constituents from organic material, comprising the fol-
lowing process steps:

a) freeze-drying of the organic material;
b) extracting the constituents with a polar solvent or solvent

mixture (A) and an organic solvent or solvent mixture (B),

it being possible for the extracts of the extraction with (A)

and (B) to form one phase;
¢) combining the extracts (A) and (B) to give one phase; and

d) carrying out an esterification/transesterification in the

unpolar phase with an alcohol, the esterification/trans-
esterification being carried out 1n the presence of a vola-
tile acid;

the process being a high-throughput process.

The term “organic material” refers to any organic or bio-
logical material, such as material of plants, animals, micro-
organisms, for example protists, fungi, bacteria, algae,
viruses and the like, such as organisms separated from culture
material, body fluids such as blood, lymph, secretions, or
foodstulls, feedstuils and other animal or plant products.
Likewise, 1t refers to culture material in which organisms live,
1.e. for example also after the organisms have been removed,
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for example media for growing micro-organisms such as
protists, for example kinetoplasts, plasmodia or bactena, for
example Gram-positive or Gram-negative bacteria, or algae
or fungae, for example yeasts, or animal or plant cells.

The term “extraction” or “to extract” as used in the present
invention refers to the transfer of substances contained 1n a
solid or liquid sample, for example constituents ol organic
material, into the respective solvent or solvent mixture using,
unpolar to polar solvents or solvent mixtures. The hydrophilic
constituents, including, for example, metabolites, dissolved
in a polar solvent, such as, for example, water, while the
hydrophobic constituents, including, for example, metabo-
lites, are dissolved 1n a lipophilic solvent.

“Polar solvents or solvent mixtures” refers to a solvent or
solvent mixture with a polarnty index of from 4 to 10.2,
preferably from 5 to 7, more preferably from 5.5 to 6.5, as
described by Kellner, Analytical Chemistry, Weinheim, 1998,
p. 195. Polar solvents are, for example, water including aque-
ous solutions, or polar aprotic or protic organic solvents, for
example alkyl alcohols with an alkyl radical having 1 to 6
carbon atoms, for example methanol, ethanol, 1-propanol,
2-propanol, butanol, pentanol, hexanol or, for example,
acetone, acetonitrile, ethyl acetate, dimethyl sulfoxide or
N,N-dimethyliformamide, or other solvents with a polarity
greater than or equal to 0.50, as stated for example 1n Kuster/
Thiel, Rechentafeln fiir die Chemische Analytik [Nomo-
grams for technical analysis], Walter de Gruyter, Berlin/New
York 1993, p. 359, or are mixtures of these. Thus, for
example, a solvent mixture of 80% methanol/20% water used
in accordance with the invention has the polarity index of 6.1
as defined by Kellner, 1998.

An “unpolar solvent” or “unpolar solvent mixture” refers
to a solvent or solvent mixture with a lower polarity or a lower
polarity index than solvent or solvent mixture (A) and with
which substances of medium polarity to unpolar substances
can be extracted better, in particular solvents or solvent mix-
tures with a polarity index as defined by Kellner, Analytical
Chemistry, Weinheim, 1998, p. 195, which falls short of the
polarity index of the extractant of the polar phase by 0.3 or
more. More preferably, the polarity index as defined by Kell-
ner, 1998, falls short of that of the extractant of the polar phase
by 0.5, even more preferably by 1, most preferably by more
than 2. Accordingly, the polarity index of the unpolar solvent
especially preferably has a value of from 5.5 to 1, more
preferably from 5 to 2, most preferably from 4.5 to 3.5 as
defined by Kellner, 1998. Thus, for example, a solvent mix-
ture of 40% methanol/60% dichloromethane employed in
accordance with the mvention has a polarity index of 3.9 as
defined by Kellner, 1998. “Unpolar solvents” are, for
example, organic solvents, for example halogen-containing
solvents such as chloroform, dichloromethane, carbon tetra-
chloride or aliphatic solvents such as hexane, cyclohexane,
pentane, heptane and the like, or aromatic solvents such as,
for example, toluene or benzene, or ethers such as for
example, tert-butyl methyl ether, diethyl ether or tetrahydro-
furan, or other solvents with a polarity of less than 0.50 as
stated for example 1n Kiister/Thiel 1993, or mixtures of these.
A “polar phase” or a “polar extract” refers to a phase or an
extract which 1s obtained by extraction with a solvent or
solvent mixture with a polanty index of from 4 to 10.2,
preferably from 5 to 7, more preferably from 5.5 to 6.5 as
defined by Kellner, Analytical Chemistry, Weinheim, 1998, p.
195, or which 1s obtained by extraction with a polar solvent or
solvent mixture as stated above.

An “‘unpolar phase” or an “unpolar extract” refers to a
phase or extract which has a lower polarity or a lower polarity
index relative to the polar phase and with which substances of
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medium polarity to unpolar substances can be extracted bet-
ter, such as, for example, 1n the case of extraction with unpolar
solvents or solvent mixtures as stated above. In accordance
with the invention, an ““unpolar phase™ or an “unpolar extract”™
1s obtained by extraction with a solvent or solvent mixture
with a polarity index as defined by Kellner, Analytical Chem-
1stry, Weinheim, 1998, p. 195, which falls short of the polarity
index of the extractant of the polar phase/of the polar extract
by 0.3 or more. More preferably, the polarity index as defined
by Kellner, 1998, falls short of the polarity index of the
extractant of the polar phase by 0.5, even more preferably by
1, most preferably by more than 2.

The term “‘constituents™ refers to polar and unpolar com-
pounds, for example “metabolites”, which originate from the
catabolic or anabolic reactions of the metabolism or which
are taken up by organisms from their environment. This
relates to compounds which are localized cellularly or, in
more complex organisms, also extracellularly, for example in
body fluids. In the culture of microorganisms or other organ-
1sms, the constituents of these cultures, for example of the
culture medium, are also encompassed. The concentration of
a constituent 1s affected by external factors (environmental
conditions, nutrient conditions, stress situation) or by internal
conditions (developments, regulations, changes owing to
genetic influence) which the organisms are subjected to. The
term refers both to what are known as primary metabolites
and to secondary metabolites. “Primary metabolites” refer, as
a rule, to those metabolites which are products of catabolic
and anabolic pathways and which are of fundamental 1mpor-
tance for the cell and thus more or less 1dentical for all cells.
“Secondary metabolites” refers, as a rule, to compounds
which are formed predominantly 1n secondary pathways, for
example 1n the case of stress situations, such as hunger or
deficiency conditions, or after the active growth phase of the
cell has ended and of which no discernible cellular function 1s
known 1n many cases (see also Rompp Lexikon Biotechnolo-
gie, New York, 1992). Constituents are therefore understood
as meanmng for example polar and unpolar substances such as
carbohydrates, amines (in particular amino acids), tetrapyr-
roles, lipids, steroids, nucleotides, nucleosides, cofactors,
coenzymes, vitamins, antibiotics, hormones, peptides, terpe-
nes, alkaloids, carotenoids, xanthophylls, flavoids and the
like, and the substances of the respective metabolic pathways,
without the above or the following enumeration 1n any form
being considered as limiting.

Carbohydrates encompass for example the carbohydrates
of the carbohydrate metabolism, for example glycolysis, glu-
coneogenesis, for example trioses, tetroses, pentoses, for
example furanoses, or hexoses, for example pyranoses, or
heptoses, ol the polysaccharide metabolism or of the pyruvate
metabolism, of the acetyl coenzyme A metabolism, di- or
oligosaccharides, glycosides, hexose derivatives, deoxy hex-
oses, carbohydrates of the pentose metabolism, of the amino
sugar metabolism, of the tricarboxylic acid cycle, of the gly-
oxylate metabolism and the like, or other substances of the
respective metabolic pathways.

Amino acids encompass for example the amino acids of the
amino acids metabolisms such as, for example, 1n the ammo-
nia metabolism, or of the sulfur metabolism, the urea cycle, or
their dertvatives, for example aromatic or nonaromatic amino
acids, polar uncharged, unpolar, aliphatic, aromatic, posi-
tively-charged, negatively-charged amino acids, branched-
chain or straight-chain, essential or nonessential amino acids,
or other substances of the respective metabolic pathways.

Tetrapyrroles encompass, for example, substances of the
protoporphyrin metabolism, the haemoglobin metabolism,
the myoglobin metabolism, the various cytochrome metabo-
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lisms, the photosynthetic metabolisms and the like, or other
substances of the respective metabolic pathways.

Lipids encompass for example saturated or unsaturated,
essential or nonessential fatty acids, acyl-CoA compounds,
triacylglycerides, lipids of lipogenesis or lipolysis, phospho-
lipids, for example glycerophospholipids, ether lipids, sphin-
gophospholipids, glycolipids, or the substances of the respec-
tive metabolic pathways.

Hormones encompass steroids or nonsteroid hormones, for
example peptide hormones or, for example, eicosanoids.

Steroids encompass for example the substances of the cho-
lesterol metabolism, hopanoids, plant steroids such as phyto-
and mycosteroles, insect hormones, 1soprenoids, steroid hor-
mones, gestagens, androgens, oestrogens, corticosteroids or
the substances of the respective metabolic pathways.

Nucleotides and nucleosides encompass, for example,
deoxyribonucleotides/nucleosides and  ribonucleotides/
nucleosides, their 5'-phosphate derivatives, purines, pyrim-
idines or their derivatives, for example cyclized, methylated
and/or acetylated nucleoside or nucleotide dertvatives and the
like, or other substances of the respective metabolic path-
ways.

Likewise included are substances which play a role in these
metabolic pathways. “Other substances of the respective
metabolic pathways™ refers to the respective intermediates in
the biosynthesis, in the conversion, the transport or the
metabolism of the substances mentioned. An overview of the
many metabolites can be found for example 1n Michal, Bio-
chemical Pathways, Berlin, 1999 or in KEGG, Kyoto Ency-
clopedia of Genes and Genomes, Institute of Chemical
Research at Kyoto Umniversity, Japan (z. B. http://www-
genome.ad.jp/dbget/ligand.html), which are expressly imncor-
porated herewith.

The term “water” refers to any type of aqueous solution,
including, for example, detonized, demineralized, distilled or
twice-distilled water. One or more substances which prefer-
ably 1nclude the extraction, stability or solubility of the con-
stituents of the organic material or which bring about pre-
terred properties, for example pH value, conductivity, salt
concentration and the like, may also be dissolved 1n the water
or mixed therewith, as 1s the case, for example, 1n salt solu-
tions or bufler solutions.

“Volatile acids” refers to an acid which can essentially be
removed by evaporation, that 1s to say up to at least 80%,
preferably 90%, more preferably 95% or more, most prefer-
ably all, of the acid can be removed by evaporation.

The process according to the ivention 1s particularly suit-
able as a high-throughput process for extracting organic
material and derivatizing and analyzing the extracts of a large
number of samples, 1n particular plant samples.

The processes described 1n the prior art require freezing
and mechanical pulverizing of the frozen samples, separation
ol the organic phase from the aqueous phase when preparing
total extracts containing both the lipophilic and the polar
metabolites and extensive wash steps of an organic phase with
an aqueous solution for removing the acid, followed by the
laborious removal of water from the organic solvent and, 1f
appropriate, filtration of the sample material; steps which are
time-consuming and can only be automated with a high
degree of complexity, 1f at all (Fiehn, Anal. Chem. 2000 and
Nature Biotechnology 2000). Only the process according to
the mvention discloses the essential process steps which per-
mit efficient and comprehensive automation, 1n conjunction
with an acceleration of the process.

The process according to the mvention avoids enzymatic
processes taking place 1n the samples up to the extraction,
processes which modily the constituent profile, causing
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reproducibility and precision of the readings to suffer. It 1s
therefore particularly advantageous that one process step
involves 1Ireeze-drying of the material. Freeze-drying
removes the water from the material so that enzymatic pro-
cesses are inhibited. Moreover, using freeze-drying 1s eco-
nomically and ecologically advantageous since the samples
thus prepared can be stored and processed at room tempera-
ture. This not only permits automatic processing and analysis
of the sample 1n aless complex and more inexpensive mannetr,
but also saves energy costs since a continuous cooling circuit
can be dispensed with.

Another advantage 1s that the combined extracts form one
phase 1n the process according to the mvention. The advan-
tage of the repeated monophasic mixing of the two extracts
prior to phase separation 1s that residues of polar substances
from the unpolar extraction migrate into the polar phase and,
conversely, residue of unpolar compounds from the polar
phase migrates into the corresponding unpolar phase. This
increases the sensitivity, accuracy, precision, variability and
reproducibility of a high-throughput process.

The extractions with solvent (mixture) (A) and (B) lead,
alter the extraction, to a polar phase and an unpolar phase and
can be carried out 1n parallel, for example when the sample 1s
first divided and then the respective extracts are prepared, or
else sequentially, for example, when the same samples after
the separation of the first extractant are treated with a second
extractant, the sequence (A) (B) being just as possible as the
sequence (B) (A), and intermediate steps also being possible.
It 1s also possible to combine the steps with other steps. Most
preferred 1s the sequence (A) (B).

After the two phases have been combined 1nto one phase,
the two phases can again be separated into a polar and an
unpolar phase by methods known to the skilled worker, see,
tor example, Bligh and Dyer, Can. J. Biochem. Physiol. 1939,
37,911-917, for example by addition of an unpolar solvent or
solvent mixture, 1n particular an unpolar organic (for example
dichloromethane) solvent or solvent mixture as described
above, or of a polar solvent or solvent mixture as described
above, 1n particular an aqueous solution, for example a butier,
or by the addition of not only an unpolar solvent or solvent
mixture, but also of a polar solvent or solvent mixture. The
phase separation 1s preferably achieved by adding one of the
solvents used for the extraction, in particular by methanol,
dichloromethane and/or water.

The use of a volatile, preferably readily volatile, acid for
the esterification/transesterification 1n the polar phase, for
example HCI, 1s a further essential step of the process accord-
ing to the invention. In accordance with the invention, the acid
used has a lower vapor pressure than the solvent used or the
components of the solvent mixture or a possible azeotrope of
all or some of the components including the acid itself. In
contrast to the processes described 1n the prior art, the use of
volatile acids allows the acid residues to be removed rapidly
by evaporation, which can be automated, while 1n the prior art
the acid residues must be removed by wash steps followed by
drying, for example using a desiccant such as sodium sulfate,
and filtration. The solvent which can be employed for the
esterification/transesterification 1s an alkyl alcohol with an
alkyl radical having 1 to 8 carbon atoms, as described above,
optionally with a content of an inert solvent or solvent mix-
ture, for example chloroform, dichloromethane, benzene and/
or toluene. A mixture of chloroform, methanol, toluene and
hydrochloric acid 1s especially preferred.

In the process according to the invention, the esterification/
transesterification can be carried out 1n the polar and/or the
unpolar phase of the extraction. The esterification/transesteri-
fication 1s preferably only carried out in the unpolar phase.
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The esterification/transesterification according to the mven-
tion of the constituents or some of the constituents which have
been extracted 1s preferably carried out with an unsaturated or
saturated straight-chain, branched or cyclic alkyl alcohol hav-
ing 1 to 8 carbon atoms, for example methanol, ethanol,
1-propanol, 2-propanol, butanol, pentanol, hexanol and the
like. Methanol or ethanol are preferred, with methanol being
most preferred. The reaction temperature 1s preferably
between 70 and 150° C., more preferably between 90 and
120° C., with 100° C. being most preferred. The reaction time
1s preferably between 0.5 h and 4 h, more preferably between
1 hand 3 h. Other solvents which are nert during the reaction
may be present, for example toluene, dichloromethane, ben-
zene and/or chloroform. Mixtures of the alcohols and/or 1nert
solvents may also be used. The solvent may also contain 0%
by volume to 20% by volume of water, preferably less than
10% by volume, with less than 5% by volume being most
preferred. The content of other solvents in addition to the
abovementioned alcohols 1s preferably 0% by volume to 20%
by volume, preferably less than 10% by volume, most pret-
erably 0% by volume.

The esterification/transesterification is carried out 1n accor-
dance with the mvention using a volatile acid.

The processes described 1n the prior art are not suitable for
a high-throughput extraction of metabolites from organic
material, or to a limited extent only. Known diagnostic extrac-
tions relate mainly to analyses of fluids, for example urine, so
that these processes are not suitable for working up solid
samples, 1n particular plant cell samples.

The process according to the invention 1s optimized for
high throughput and the use of robotics, and the manual work
1s reduced over the prior art, in particular over processes
which exhibit only some, or none, of steps (a) to (d) in this
form, by at least 10%, preterably 20%, more preferably by
more than 30%, most preferably by at least 50%.

Advantageously, the sample mix-up rate 1s reduced by
more than 10%, more preferably by more than 20%, even
more preferably by more than 30%, most preferably by more
than 50% over the prior art by the process according to the
invention and its possibility ol using automation and robotics,
in particular by the processes which exhibit only some, or
none, of steps (a) to (d) in this form. Likewise, a considerably
increased reproducibility mn a high-throughput analysis 1s
achieved by the process steps according to the invention. The
increased reproducibility of the process according to the
invention s characterized by an analytical variability which 1s
at least 10%, preferably 20%, more preferably at least 30%,
most preferably at least 50% less than in the prior art, in
particular over processes which only contain some or none of
steps (a) to (d) 1n this form. A further advantageous aspect 1s
that a constituent profile 1s covered by the use forms of the
process according to the mvention which are described herein
which 1s more than 5%, preferably 10%, more preferably
20%, even more preferably 50% wider than the prior art, 1n
particular over processes which exhibit only some, ornone, of
the steps (a) to (d), 1n this form.

The mixture (A) 1s preferably an alcohol/water mixture
with 10% by volume or less, preferably 0% by volume, of
other solvent or solvent mixtures.

As arule, polar substances are extracted in the prior art with
pure alkyl alcohols such as ethanol (Sauter, 1991, Strand,
1999, Gilmour, 2000) or methanol (Fiehn, Anal. Chem. 2000
und Nature Biotechnology 2000, Roessner, 2000) or with
alkyl alcohols 1n mixture with water or bufler solutions, or
with water or builer solutions.

Water has very good extractant properties for polar sub-
stances. However, the fact that cellular processes, which, as a
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rule, have previously been stopped by freezing or freeze-
drying, are reactivated 1n aqueous solutions. This may bring
about for example an enzymatic degradation or transiorma-
tion of various metabolites and thus leads to a modification
and, hence, falsification, of the concentrations or ratios within
these extracts. As a rule, it 1s attempted to prevent these
undesired side reactions by working on 1ce. However, this has
considerable disadvantages not only for the extraction eifi-
cacy, but also for the processing of large sample numbers. A
loss 1n sensitivity and deviation of the actual cellular state at
the time of harvesting are unavoidable.

Ethanol or methanol are used firstly because they have
polar properties and thus extract hydrophilic constituents to a
suificient degree, and, secondly, since after their addition to a
cell extract the activity of the cell extract 1s inhibited owing to
the toxic, denaturing effect of the alcohol. Thus, turther reac-
tion of the metabolites can no longer take place, and the cells
are “Irozen’ at the metabolic stage of precisely this moment.
However, the disadvantage 1s that some polar classes of
metabolites are only sparingly soluble in methanol or ethanol.
This leads to a loss 1n sensitivity and may also have an effect
on the reproducibility of the results.

The use of methanol or ethanol as alkyl alcohol 1s pre-
terred, the use of methanol being more preferred. The mixture
preferably has a polarity index of from 4 to 10.2, especially
preferably of from 5 to 7, most preferably of from 3.5 to 6.5,
as defined by Kellner, 1998.

In an especially preferred embodiment, the polar solvent

mixture (A) 1s composed ol a monophasic mixture of 50 to
90% by volume of C,- to C,.-alkyl alcohol, for example
methanol, ethanol, 1-propanol, 2-propanol, butanol, pentanol
or hexanol, and 10 to 50% by volume of water.
In an especially preferred embodiment, the monophasic
mixture according to the mmvention 1s composed of at least
50% by volume of methanol, 10% by volume to 50% by
volume of water, preferably only of methanol and/or water,
the mixture comprising more than 50% by volume of water.
This step of the process according to the mvention leads to a
higher yield than when extraction 1s performed with pure
methanol or ethanol. Moreover, the stability of the extract 1s
increased over a water-only extraction, and the reproducibil-
ity of the process 1s thus substantially improved. In contrastto
extraction with ethanol/water mixtures, the vield 1s so high
that a simple extraction step suilices for 1solating a very large
number of constituents. In processes based on the extraction
step according to the invention for the isolation of polar
substances from plant cells, the number of substances ana-
lyzed was only limited by the analytical method. A very high
reproducibility was obtained.

Preferably, the mixture contains at least 70% by volume to
90% by volume of methanol, with 75% by volume to 85% by
volume being more preferred and 80% by volume of metha-
nol being most preferred. Also preferred are 10% by volume
to 50% by volume of water. More preferred are less than 40%
by volume of water, even more preferred less than 30% by
volume of water. 15% by volume to 25% by volume of water
are most preferred. Accordingly, the process according to the
invention 1s preferably carried out with a mixture of 80% by
volume of methanol and 20% by volume of water. I appro-
priate, the mixture may also contain small amounts of another
solvent or solvent mixture, for example dichloromethane, but
less than 10% by volume are preferred, with less than 5% by
volume being more preferred and no other solvent 1n the
mixture being most preferred.

The solvent or solvent mixture (B) 1s, in accordance with
the 1nvention, an organic solvent or a mixture of one or more
polar solvents, for example alkyl alcohols with an alkyl radi-
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cal having 1 to 6 carbon atoms, for example methanol, etha-
nol, 1-propanol, 2-propanol, butanol, pentanol, hexanol or,
for example, acetone, acetonitrile, ethyl acetate, dimethyl
sulfoxide or N,N-dimethylformamide, or other solvents with
a polarity greater than or equal to 0.50, for example as stated
in Kiister/Thiel 1993, and one or more above-described unpo-
lar organic solvents, for example halogen-contaiming solvents
such as chloroform, dichloromethane, carbon tetrachloride,
or aliphatic solvents such as hexane, cyclohexane, pentane,
heptane and the like, or aromatic solvents such as, for
example, toluene or benzene, or ethers such as, for example,
tert-butyl methyl ether, diethyl ether or tetrahydrofuran, or
other solvents with a polarity of less than 0.50 as stated for
example 1n Kuster/Thiel 1993.

The solvent or solvent mixture (B) 1s more unpolar than the
solvent or solvent mixture (A). According to the invention,
the polarity index (as defined by Kellner, 1998) of (B) falls
short of that of the extractant of the polar phase by 0.3 or
more. More preferably, the polarity index as defined by Kell-
ner, 1998, falls short of that of the extractant ol the polar phase
by 0.5, even more preferably 1, most preferably more than 2.
Preferably, the polarity index of the unpolar solvent has a
value o1 1 to 5.5, more preferably 5, most preferably less than
4.5 as defined by Kellner, 1998. Thus, a solvent mixture
employed 1n accordance with the invention 1s 40% methanol/
60% dichloromethane has, for example, a polarity index of
3.9 as defined by Kellner, 1998.

The abovementioned mixture preferably comprises a sol-
vent component which 1s not miscible with water so that,
when the phases are subsequently combined, phase separa-
tion into an unpolar and a polar phase can be brought about.
Preferably, the component 1s miscible with a C, - to C.-alco-
hol, 1n particular ethanol or methanol. The halogenated sol-
vents are especially preferred. A low boiling point, for
example of under 100° C., more preferably under 80° C., even
more preferably under 60° C. and most preferably under 40°
C. under atmospheric pressure 1s furthermore advantageous
since removal of the solvent or solvent mixture can be carried
out more rapidly and at lower temperatures less destructively
regarding the constituents. Preferred 1s a mixture of methanol
or ethanol and chloroform, pentane, hexane, heptane, cyclo-
hexane, carbon tetrachloride, ethyl acetate or dichlo-
romethane. More preferred 1s a mixture of methanol or etha-
nol with chloroform or dichloromethane.

The solvent mixture (B) 1s especially preferably composed
ol a monophasic mixture of 30% by volume to 60% by vol-
ume of C, - to C,-alkyl alcohol, as mentioned above, 40% by
volume to 70% by volume of chloroform or dichloromethane
and 0% by volume to 30% by volume of a further solvent or
solvent mixture, preferably methanol and/or chloroform and/
or dichloromethane, with no more and no less than the above-
mentioned percentages of alkyl alcohol and/or dichlo-
romethane and/or chloroform. The alkyl alcohol 1s preferably
methanol or ethanol, especially preferably methanol.

The unpolar solvent 1s preferably dichloromethane or chlo-
roform, with the use of dichloromethane being preferred.

The 0% by volume to 30% by volume of the further solvent
or solvent mixture are composed ol one or more further
solvents which form one phase with the abovementioned
mixture. If appropriate, the mixture (B) may also comprise
small amounts of water, preferably less than 20% by volume,
more preferably less than 10% by volume, even more prefer-
ably less than 5% by volume, with no water or no other
solvent 1n the mixture being preferred.

Surprisingly, 1t has been found that a particularly good
extraction 1s possible with a particular ratio of methanol and
dichloromethane. Most preferably, step (b) of the process
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according to the invention 1s therefore carried out with a
mixture of 30 to 40% by volume of methanol and 60 to 70%
by volume of dichloromethane. 40% by volume of methanol
and 60% by volume of dichloromethane are most preferred.

A monophasic mixture according to the invention of
extracts (A) and (B) 1s achieved, for example, when the sol-
vent mixture (A) 1s composed ol 80% by volume of methanol
and 20% by volume of water and the solvent mixture (B) of
40% by volume of methanol and 60% by volume of dichlo-
romethane and the two extracts are then combined. Advanta-
geously, all of the constituents and optionally for example the
standards are therefore present 1n one phase.

If appropniate, the extraction with (A) or (B) can be
repeated once or more than once. However, single passes
when carrying out extraction steps are preferred.

In the process according to the invention, fractionation into
two or more Iractions may also be carried out by means of
solid-phase extraction instead of or after phase separation.
Fractionation into several fractions has the advantage that the
derivatization and analytical methods can be conducted better
to the substance groups 1n question. Thus, 1n particular frac-
tions which predominantly comprise triglycerides are trans-
esterified prior to the analysis, for example to methyl esters.
Solid-phase extraction 1s particularly well suited for automa-
tion.

If appropriate, processing ol the extracts can be employed
at any desired point of the process described herein between
the abovementioned steps as long as the extracts are stored or
preserved stably, such as by freezing and/or by freeze-drying
the extracts. However, avoiding an iterruption during work-
up prior to the analysis 1s preferred.

In an embodiment of the invention, the extraction, for
example the extraction of the phase-dried or frozen samples,
1s supported by further steps, for example by homogenization
and dispersing techniques (see above for example 1n Fiehn,

Anal. Chem. 2000 and Nature Biotechnology 2000, Sauter,
1991, Roessner, 2000, Bligh and Dyer, 1959, Strand, 1999
etc.).

Thus, the material can be disrupted by high temperatures,
vibrating mill or other grinding methods, pressure or rapid
successive pressure changes, ultrasonic, shock-wave, micro-
wave and/or Ultraturrax extraction steps and the constituents
extracted better. These methods can be carried out with cool-
ing, for example at 0° C. In the case of freeze-dried material,
however, processing at room temperature, 1.e. at 15 to 23° C.,
1s also possible. An extraction method which allows the pro-
cess to be automated 1s advantageous. Thus, for example, an
ASE (accelerated solvent extraction), a PSE (pressurised sol-
vent extraction), a PFE (pressurised fluid extraction) or a PLE
(pressurised liquid extraction) can be carried out, where the
solvent or solvent mixture 1s forced through the material
under pressure and, if approprate, at elevated temperature
(see Bjorklund, Trends in Analytical Chemistry 2000, 19 (7),
434-445, Richter, American Laboratory 1995, 277, 24-28 Ez-
zell, LC-GC 1995, 13 (5), 390-398).

According to the invention, the extraction 1s carried out 1n
such a way that the temperature and the pressure are adapted
such that the constituents are not decomposed and thus the
extraction eflicacy 1s suilicient, for example at a temperature
of 0° C. or above, with 20° C. being advantageous, 40° C. to
200° C. being more preferred, 1350° C. or less are advanta-
geous, 120° C. or less are more preferred. Preferably, the
process 1s carried out at 40 bar or above, more preferably at 70
bar, even more preferably at 100 bar to 200 bar, most prefer-
ably at 110 bar to 150 bar. Thus, especially preferred condi-
tions are a temperature of from 60° C. to 80° C., 1n particular
from 70° C., and from 110 bar to 170 bar, in particular 140 bar.
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The extraction time can be between 30 s and 20 min, with less
than 10 min being preferred and 5 min being more preferred.
Especially preferred 1s the use of a temperature of from 60° C.
to 80° C. and a pressure of from 110 to 170 bar at an extraction
time of less than 5 min. Thus, 1n accordance with the inven-
tion, the extraction conditions are milder than described in the
prior art and lead to higher yields and a higher stability of the
constituents which are 1solated.

In a preferred embodiment, the esterification/transesterifi-
cation 1n the polar and/or unpolar phase 1s carried out with a
volatile acid as catalyst, preferably with HF, HI, HCI, BF;,
BCl,, HBr, formic acid, acetic acid, trifluoroacetic acid or
trichloroacetic acid, with BF;, BCl;, or HCI being more pre-
terred, and with HCI being most preferred as volatile acid as
catalyst.

After the extraction, the phases can be divided 1nto various
aliquots and, 1 approprate, evaporated, for example to
remove volatile acids and water and/or to prepare the samples
for the following process steps, for example with an IR
Dancer (shake device under reduced pressure, heated by
infrared radiation), a vacuum centrifuge, or by freeze-drying.
Evaporation should be carried out under mild conditions,
preferably under 80° C., more preferably under 40° C., pret-
erably under reduced pressure, for example 10 mbar depend-
ing on the solvent or solvent mixture. When using dichlo-
romethane/methanol and/or methanol/water mixtures, it 1s
especially preferred to reduce the pressure step-wise down to
10 mbar.

In a further embodiment, the process according to the
invention furthermore comprises one or more steps for
derivatizing, chromatographing and/or analyzing the con-
stituents, for example from the extracts obtained, or the
phases. The extracts or the phases are preferably derivatized,
chromatographed and analyzed 1n the following steps of the
process according to the mvention. To analyze the extracts
turther, certain constituents must be derivatized, depending
on the separation and analytical methods used. Thus, deriva-
tization 1s preferred for gas-chromatographic separation
(GC), while derivatization 1s, as a rule, not necessary for
separation by liquid chromatography (LC). If appropriate, an
analytical method which does not involve chromatographic
separation 1s also possible, for example mass spectrometry
(MS), atomic absorption spectrometry (AAS) or nuclear
resonance spectrometry (NMR).

In a further preferred embodiment, the extraction process
according to the invention additionally comprises at least one
of the following further steps:

1) Ireezing the matenal, preferably rapid freezing of the mate-
rial obtained, for example the harvested matenal;

11) homogenization and/or dispersion of the material, prefer-
ably homogenization and dispersion;

111) evaporation of the extracts to dryness, preferably follow-
ing phase separation and/or esterification/transesterifica-
tion;

1v) carrying out an oxime formation in the unipolar phase;

v) carrying out an oxime formation in the polar phase;

v1) carrving out a trialkylsilylation in the unpolar phase; or

vi1) carrying out a trialkylsilylation 1n the polar phase.

The process according to the invention advantageously
contains the individual abovementioned steps, more prefer-
ably more than one of the abovementioned steps, and most
preferably all of the abovementioned steps, with the sequence
stated herein being especially pretferred.

After harvesting, the organic material 1s advantageously
cooled instantly, better frozen 1nstantly, to prevent any enzy-
matic activity in the sample or 1n the material 1n this manner
and thus to avoid a change 1n the distribution of the constitu-
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ents. Preferably, freezing of the material after obtaining or
harvesting 1t 1s carried out 1n less than 60 s, with 30 s being,
more preferred and 135 s or less being most preferred. If the
material takes the form of plant material, sampling can be
elfected directly 1n the phytotrone chamber. After obtaining
the material, the latter 1s advantageously weighed rapidly and
then frozen rapidly at alow temperature, for example i liquid
nitrogen, and stored for example at —80° C. or in hqud
nitrogen.

After the esterification/transesterification, the solution can
be evaporated, preferably to dryness, 1n order to remove the
acid, for example to remove volatile acids and water and to
prepare the samples for the following process steps, for
example IR-Dancer, vacuum centrifuge or by freeze-drying.
Evaporation should be carried out under mild conditions,
preferably between 5° C. and 80° C., more preferably
between 20° C. and 40° C. It 1s also preferred to carry out the
process under reduced pressure, for example at 100 mbar to
10 mbar, depending on the solvent or solvent mixture. When
using dichloromethane/methanol and/or methanol/water
mixtures, reducing the pressure stepwise to, for example, 10
mbar 1s especially preferred. The solvents employed can aid
the drying step, for example by being particularly volatile or
by aiding the evaporation of water when acting as entrainer,
such as, for example, toluene.

In a further preferred embodiment, an oxime formation in
the unpolar and/or polar phase 1s carried out 1n the process
according to the mvention. In accordance with the invention,

an oxime 1s understood as meaning a compound of the struc-
ture (I) R—ONR'

(D
O

R” NR,

where R can be H or an alkyl radical, preferably an alkyl
radical having 1 to 6 carbon atoms, 1n particular a methyl,
cthyl, propyl, butyl, pentyl or hexyl radical, or a substituted or
unsubstituted arylalkyl radical, preferably with 5 to 7 carbon
atoms 1n the arylalkyl radical and with 0 to 2 hetero atoms 1n
the ring or 1n the chain of the arylalkyl radical, for example a
substituted or unsubstituted benzyl radical, in particular a
halogenated benzyl radical with 1 to 7 halogen radicals, pret-
erably a pentatluorobenzyl radical, it being possible for R' to
be any divalent radical.

In accordance with the invention, reactants which can be
used for oxime formation are compounds of the structure (Ib)
R—ONH,,, where R 1s as defined above, preterably hydroxy-
lamine or O-substituted hydroxylamines or 1n each case their
salt with a volatile acid, for example hydrochlorides, such as
O-alkylhydroxylamine hydrochloride or O-pentatluoroben-
zylhydroxylamine-hydrochloride, by processes known to the
skilled worker (see also Fichn, Anal. Chem. 2000), for
example dissolved in a suitable solvent mixture or solvent,
such as, for example, pyridine. Preferred 1s a process accord-
ing to the mvention wherein O-methyl-hydroxylamine-hy-
drochloride (II), O-pentafluorobenzylhydroxylamine-hydro-
chloride (I1I) or O-ethylhydroxylamine-hydrochloride (IV) 1s
employed for the oxime formation, with O-methylhydroxy-
lamine-hydrochloride (II) being most preferred.

(Ib)
™~
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The reaction can be carried out for 30 min to 6 h, preferably
for 1 h to 2 h, preferably from at least 20° C. to 80° C., more
preferably at from 50° C. to 60° C. It 1s especially preferred to
carry out the reaction from 1 h to 2 h at from 50° C. to 60° C.

In a further embodiment according to the invention, a tri-
alkylsilylation is carried out 1n the polar and/or unpolar phase.
The tnalkylsilylation can be carried out in accordance with
the invention with a compound of the formula Si(R'™),, R*
preferably being an N—C, _,-alkyl-2,2. 2-trifluoroacetamide,
especially preferably an N-methyl-2,2,2-trifluoroacetamide,
as 1n formula (V). Especially preferred 1s thus the trialkylsi-
lylation with a compound of the formula (V)

(V)
O R1

F \,Fl

I .»-"Si‘\.

N R3,

F CH;

where R', R* and/or R” independently of one another can be
alkyl radicals with 1n each case 1 to 6 carbon atoms, 1n
particular CH,, C,H., C;H or C ,H, with the following struc-
tural formulae for C,H, and C ,H,:

(VD)

(VID)

(VIIT)
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-continued
(IX)
CH,

C
me” | e,

(VAVAVATS ValalsV

(X)

(XD)

R' or R® are preferably methyl radicals, R" and R* are
especially preferably methyl radicals. R” is preferably a
straight-chain or branched alkyl radical having 1 to 4 carbon
atoms as described above, especially preferably a methyl
radical or tert-butyl radical, with R® more preferably being a
methyl radical. A trimethylsilylation 1s preferably carried out
with MSTFA (N-methyl-N-(trimethylsilyl)-2,2,2-trifluoro-
acetamide). The reaction can be carried out for 10 min to 120
min, preferably for 20 min to 60 min, at from 20° C. to 90° C.,
preferably at between 40° C. and 70° C.

Before the trialkylsilylation, preferably one or more inter-

nal standard(s) and/or chromatographic standard(s) may be
added.

In one embodiment, solvents or solvent mixtures are used
in the extraction method according to the mvention which
additionally comprise up to 5% by weight of builer salts,
acids and/or bases, with up to 3% by weight being more
preferred and up to 1% by weight being even more preferred.
Volatile buller sytsems are preferred. Thus, for example,
ammonium formate solution, ammonium carbonate solution,
ammonium chloride solution, ammonium acetate solution or
ammonium hydrogen carbonate solution and/or an acid, for
example formic acid, acetic acid, trifluoroacetic acid, pen-
tatluoropropanoic acid, heptatluorobutanoic acid, monotluo-
ropentanoic acid, undecafluorohexanoic acid, tridecatluoro-
heptanoic acid or pentadecatluorooctanoic acid and/or a base
such as, for example, triecthylamine, pyridine or ammonia
may be employed in accordance with the invention.

It 1s advantageous to treat the combined mixture of step (c)
with one or more analytical standards, for example internal
standards and/or chromatographic standards. Examples of
such standards can be compounds which do not occur 1n the
natural samples, but which are similar to the substances ana-
lyzed, including i1sotope-labelled, radiolabelled or fluores-
cence-labelled substances, as 1n the case of sugars for
example ribitol or alpha-methylglucopyranoside, 1n the case
of amino acids for example L-glycine-2,2-d, or L-alanine-2,
3.,3,3-d, 1n the case of fatty acids or their dertvatives 1n par-
ticular odd-numbered fatty acids or their methyl esters, for
example methyl undecanoate, methyl tridecanoate or ethyl
nonocosanoate. The standards may also be added individu-
ally to the respective extract of step (b).

The process according to the invention also encompasses
steps for separation and analysis, 1t being possible for the

extract to be separated advantageously by LC, GC or CE
(capillary electrophoresis).
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After the above-stated evaporation step, the extracts pre-
pared 1n accordance with the mnvention can be taken up in
HPLC solvents or solvent mixtures and then analyzed by LC.
Suitable eluents are mixtures of, for example, methanol,
acetonitrile or ethanol and/or tert-butyl methyl ether (methyl
tert-butyl ether), tetrahydrofuran, isopropanol or acetone and/
or water and/or a salt, such as, for example, ammonium for-
mate solution, ammonium carbonate solution, ammonium
chloride solution, ammonium acetate solution or ammonium
hydrogen carbonate solution and/or an acid, for example for-
mic acid, acetic acid, trifluoroacetic acid, pentatluoropro-
panoic acid, heptatfluorobutanoic acid, nonoatluoropentanoic
acid, undecatluorohexanoic acid, tridecatluoroheptanoic acid
or pentadecatluorooctanoic acid and/or a base such as, for
example, triethylamine, pyridine or ammonia, depending on
whether 1t 1s polar or unpolar extracts which are to be sepa-
rated. As a rule, gradient elution 1s carried out, preferably
followed by mass-spectrometric detection, for example MS
or MS/MS detection (detection by single mass spectrometry
or tandem mass spectrometry).

After GC, the constituents can be detected for example by
EI-MS (electron-impact iomization and analysis by mass
spectrometer) or CI-MS (chemical 1onization and analysis by
means ol mass spectrometer), sector-field mass spectrometer,
quadrupole mass spectrometry, time-oi-flight mass spec-
trometry, 10n-trap mass spectrometry or Fourier transform ion
cyclotron resonance mass spectrometry, FID (flame 1oniza-
tion detector) or Fourier transform infrared spectroscopy, and
aiter LC for example by means of sector-field mass spectrom-
etry, quadrupole mass spectrometry, time-of-flight mass
spectrometry, 1on-trap mass spectrometry or Fourier trans-
form 10n cyclotron resonance mass spectrometry, UV/Vis
absorption detection, fluorescence detection, NMR or infra-
red spectroscopy. The process according to the imvention
preferably comprises an MS (mass spectrometry) analysis, an
LC/MS (liguid chromatography coupled to any mass spec-
trometry detection) analysis, GC/MS (gas chromatography
coupled to any mass spectrometric detection) analysis and/or
LC/MS/MS analysis (liqud chromatography coupled to any
tandem mass spectrometric detection), most preferably an
LC/MS analysis, GC/MS analysis and/or LC/MS/MS analy-
S18.

In accordance with the process according to the invention,
the extracts can therefore first be dried and redissolved, and
then fractionated and/or saturated in a suitable solvent or
solvent mixture, for example by means of LC and/or GC, and
the constituents can then be analyzed, detected and quanti-
fied, for example by MS.

To carry out the GC analysis, a transesterification/esterifi-
cation, in particular with methanol or ethanol, followed by an
oxime formation, preferably a methoxylation, can be carried
out with the unpolar phase and/or the polar phase, as
described above. Preferably, standard substances, {for
example chromatography and/or internal standards, can be
added to each sample or to the respective extract, for example
a solution of odd-numbered, straight-chain fatty acids or
hydrocarbons. The extracts are subsequently trialkylsily-
lated, oximation and/or trialkylsilylation of the unpolar phase
being optional.

These steps can be carried out as described herein, but can
also be combined 1individually with other steps, for example
other separation and analytical methods, and adapted to suit
these methods.

In an especially preferred embodiment, the material con-
sists of plant material. Most of the prior art only describes the
analysis starting from fluids, but not from solid material. The
processing of plant cells differs from that of animal cells or
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tissues 1n as far as animal cells only have a cell membrane, but
plant cells are surrounded by a cell wall. For example, plant
populations or plant species, for example genetically modi-
fied or stressed plants, can be extracted. Also, homogenates
can be prepared from a large number of orgamisms. To verily
sensitivity, accuracy, precision, variability and reproducibil-
ity, standard solutions, or material mixed with standard solu-
tions, can be assayed 1n the process. To this end, the organic
material can be supplemented for example with defined
amounts of standard substances.

The mnformation and data obtained by the process accord-
ing to the mvention are preferably automatically evaluated
and stored 1n a database. In the case of large sample numbers,
automatic peak recognition and peak integration of the data
obtained 1s preferably employed.

In a preferred embodiment, the process according to the
ivention 1s optimized for high throughput, low variability
and high reproducibility and preferably comprises the follow-
ing steps:

(1) obtaining the organic material and cooling or freezing the
material within 60 seconds after obtaining 1t;

(1) freeze-drying the matenial;

(111) extracting the material with solvent mixture (A) of 80%
by volume of methanol and 20% by volume of water and
solvent mixture (B) of 40% by volume of methanol and
60% by volume of dichloromethane, and combining the
extracts;

(1v) adding standards to the extract(s);

(v) Tollowing phase separation and esterification/transesteri-
fication, evaporating the extracts to dryness;

(v1) carrying out an esterification/transesterification in the

unpolar phases with HCI; and
(vi1) analysing the extracts by MS, LC/MS, LC/MS/MS and/

or GC/MS analysis.

Especially preferred 1s a process in which the organic mate-
rial 1s extracted by ASE. If appropniate, the extracts can be
fractionated further by a solid-phase extraction.

In a further embodiment, the process 1s part of a process for
analyzing a metabolic profile. The mvention thus advanta-
geously relates to a high-throughput process for establishing
a metabolic profile, encompassing the process steps as
claimed 1n any of claims 1 to 14 and the following further
step:

(vi11) analysis of the resulting data by automatic peak recog-
nition and peak integration.

Establishing, in a large number of samples, a complex
metabolic profile of the metabolites and constituents present
in an organic sample makes possible the direct study of imme-
diate growth, developmental or stress factors on the entire
organism or part thereot, and is therefore an essential part of
functional genome analysis in the determination of gene
functions. Processes for analyzing complex metabolic pro-
files, in particular when suitable for analyzing larger numbers
of samples, permit the complexity of the regulatory interac-
tions to be at all levels and during all stages and the effect of
endogenous and exogenous factors to be studied.

Thus, the process according to the invention can be used,
for example, to study
a) effects of genetic differences on the metabolic profile,

b) the effect of, for example, environmental conditions,

stress, chemical substances and the like,

¢) the interaction between a) and b) or

d) the course over time of a), b) or ¢),

as 1s the case for example 1n studies into the effect of one or
more substances (1including, for example, substance libraries)
or stress factors such as, for example, drought, high and low
temperatures, frost, deficiency, salt, light deprivation and the
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like, on the metabolic profile of, for example, organisms
which are as genetically identical as possible, organisms
which are genetically related, down to organisms which are as
genetically different as possible.

The present invention 1s illustrated by the examples which
tollow, without this implying any limitation whatsoever.

EXAMPLE 1

Sampling and Sample Storage

Sampling takes place directly 1n the phytotrone chamber.
The plants were coupled using small laboratory scissors,
welghed rapidly on a laboratory scale, transferred into a pre-
cooled extraction thimble and placed into an aluminum rack
cooled by liquid nitrogen. If required, the extraction thimbles
can be stored in the freezer at —80° C. The time between
cutting off the plant and freezing the plant in liquid nitrogen
does not exceed 10 to 20 sec.

EXAMPLE 2

Freeze-Drying

Care was taken that, during the experiment, the plants
either remained 1n the sub-zero state (temperatures <-40° C.)
or were Ireed from water by freeze-drying betfore they came
into the first contact with solvents.

The aluminum rack with the plant samples 1n the extraction
thimbles was placed into the pre-cooled (-40° C.) freeze-
drier. The mitial temperature during the main drying step was
-35°C., and the pressure was 0.120 mbar. During drying, the
parameters were altered following a pressure and temperature
program. The final temperature after 12 hours was +30° C.,
and the final pressure was at 0.001 to 0.004 mbar. After the
vacuum pump and the refrigerating installation had been
switched off, the system was ventilated with air (dried by
means of a drying tube) or with argon.

EXAMPLE 3

Extraction

Immediately after the freeze drier was ventilated, the
extraction thimbles with the freeze-dried plant matenal were
transierred 1nto the 5 mL ASE extraction cartridges.

The 24 sample positions of an ASE apparatus (Accelerated
Solvent Extractor ASE 200 with Solvent Controller and
AutoASE software (DIONEX)) are filled with plant samples.

The polar substances were extracted with approx. 10 mL
methanol/water (80/20, v/v)at' T=70° C. and p=140 bar, 5 min
heating phase, 1 min static extraction. The more lipophilic
substances were extracted with approx. 10 mL of methanol/
dichloromethane (40/60, v/v) at T=70° C. and p=140 bar, 5
min heating phase, 1 min static extraction. The two solvent
mixtures are extracted into the same sample tube (centrifuge
tube, 50 mL, with screw top and piercible septum for the ASE
(DIONEX)).

Internal standards were added to the solution: ribitol,
L-glycine-2,2-d,, L-alanine-2,3,3,3-d, and a-methylglu-
copyranoside, and methyl nonadecanoate, methyl unde-
canoate, methyl tridecanoate and methyl nonacosanoate.

7 mL of water were added to the total extract. The solid
residue of the plant sample and the extraction thimble were
discarded.

The extract was shaken and then centrifuged for 5 to 10 min
at at least 1400 g 1n order to accelerate phase separation. 1 mL
ol the supernatant methanol/water phase (“polar phase”, col-
orless) was removed for the subsequent GC analysis, and 1
ml was removed for the LC analysis. The remainder of the
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methanol/water phase was discarded. The organic phase was
again washed with the same volume of water (7 mL) and
centrifuged. 0.5 mL of the organic phase (“lipid phase” dark
green) was removed for the subsequent GC analysis, and 0.5
ml. was removed for the LC analysis. All of the aliquots
removed were evaporated to dryness using the IR-Dancer
infrared vacuum evaporator (Hettich). The maximum tem-
perature during the evaporation process did not exceed 40° C.
The pressure within the apparatus was not less than 10 mbar.

EXAMPLE 4

Processing the Lipid Phase for the LC/MS or LC/MS/MS
Analysis

The lipid extract which has been evaporated to dryness was
taken up 1n eluent. The HPLC run was carried out with gra-
dient elution.

EXAMPLE 5

Processing the Polar Phase for the LC/MS or LC/MS/MS
Analysis

The polar extract which has been evaporated to dryness
was taken up 1n eluent. The HPLC run was carried out with
gradient elution.

EXAMPLE 6

Derivatization of the Lipid Chase for the GC/MS Analysis

To carry out the transmethanolysis, a mixture of 140 ul of
chloroform, 37 ul of hydrochloric acid (37% by weight of
HC1 in water), 320 ul of methanol and 20 ul of toluene were
added to the evaporated extract. The container was sealed and
heated for 2 hours at 100° C., with shaking. The solution was
subsequently evaporated to dryness. The residue was dried
completely.

Methoximation of the carbonyl groups was effected by
reaction with methoxyamine hydrochloride (5 mg/mlL in
pyridine, 100 ul) for 1.5 hours at 60° C. 1n a sealed vessel. 20
ul of a solution of odd-numbered, straight-chain fatty acids
were added as time standards. Finally, a denivatization was
carried out with 100 ul of N-methyl-N-(trimethylsilyl)-2,2,2-
trifluoroacetamide (MSTFA) for 30 minutes at 60° C., again
in a sealed vessel. The end volume prior to GC 1njection was

200 pl.

EXAMPLE 7

Derivatization of the Polar Phase for the GC/MS Analysis
The methoximation and trimethylsilylation with MSTFA
were carried out as described for the lipid phase.

We claim:

1. A [high-throughout] Aigh-throughput process for isolat-

ing constituents from an organic material, comprising:

a) freeze-drying the organic material;

b) extracting the freeze-dried organic material with
1) apolar solvent or solvent mixture to form an extract A,

and
2) an organic solvent or solvent mixture to form an
extract B;

¢) combining the extract A and the extract B to form one
phase;

d) treating the combined extracts of step ¢) with an alcohol
in the presence of a volatile acid to carry out an [ester-
fication/transesterfication] esterification/transesterifi-
cation; and

¢) 1solating the constituents.
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2. The process of claim 1, wherein the polar solvent or
solvent mixture comprises a monophasic mixture of 50 to
90% by volume of C,-C.-alkyl alcohol, 10 to 50% by volume
of water, and 40 to 0% by volume of a further solvent or
solvent mixture.

3. The process of claim 1, wherein the organic solvent or
solvent mixture comprises a monophasic mixture of 30% by
volume to 60% by volume of C, - to C-alkyl alcohol, 40% by
volume to 70% by volume of chloroform or dichloromethane,
and 0% by volume to 30% by volume of a further solvent or
solvent mixture.

4. The process of claim 1, wherein [the] the extraction is
carried out by means of accelerated solvent extraction, pres-
surized liquid extraction, pressurized tluid extraction, ultra-
sonic extraction, shock-wave extraction, microwave extrac-
tion, or by means of a vibrating mill or an Ultraturrax.

5. The process of claim 1, wherein the extraction 1s carried
out at a temperature of from 0° C. to 200° C., at a pressure of
from 40 bar to 200 bar, or at both said temperature and said
pressure.

6. The process of claim 1, wherein the volatile acid 1s HCI,
HBr, BF,, BCl,, trifluoroacetic acid, trichloroacetic acid, or
HI.

7. The process of claim 1, wherein the alcohol 1s saturated,
unsaturated, straight-chain, branched-chain, or cyclic alkyl
alcohol with 1 to 8 carbon atoms.

8. The process of claim 1, wherein the constituents are
derivatized, chromatographed, and/or analyzed in one or
more further steps.

9. The process of claim 1, further comprising;:

1) freezing the organic material;

11) homogemzing and/or dispersing the organic material;

111) following phase separation or esterification/transesteri-

fication, evaporating the extract to dryness;

1v) carrying out an oxime formation in the unpolar phase;

v) carrying out an oxime formation in the polar phase;

v1) carrying out a trialkylsilylation in the unpolar phase;

and/or

vil) carrying out a trialkylsilylation 1n the polar phase.

10. The process of claim 9, wherein the trialkylsilylation 1s
a trimethylsilylation.

11. The process of claim 1, wherein the extract A, the
extract B or the combined extracts are treated with one or
more internal standards.

12. The process of claim 1, wherein the extracted constitu-
ents are analyzed by LC, MS, GC, LC/MS, GC/MS and/or
LC/MS/MS analysis.

13. The process of claim 1, wherein the solvent or solvent
mixture further comprises up to 5% by weight of butler salts,
acids, and/or bases.

14. The process of claim 1, wherein the organic material
consists of plant material.

15. A Thigh-throughout] high-throughput process for
establishing a metabolic profile, comprising the process steps
of claam 1 and further comprising analyzing the i1solated
constituents by automatic peak recognition or peak integra-
tion.

16. A high-throughout process for the separation of con-
stituents from an orvganic material, comprising:

a) freeze-drying the organic material;

b) extracting the freeze-dried organic material with

1) apolar solvent or solvent mixture to form an extract A,
and

2) an organic solvent or solvent mixture to form an
extract B;

c) combining the extract A and the extract B to form one

phase;
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d) to obtain an unpolar phase and a polar phase, treating
the combined extracts of step c) with
1) an unpolar solvent or solvent mixture,
2) a polar solvent or solvent mixture, or
3) an unpolar solvent or solvent mixture and a polar
solvent or solvent mixture; and
e) performing an esterification/transesterification of the
constituents contained in the unpolar phase with an
alcohol in the presence of a volatile acid.
17. The process of claim 16, further comprising evaporat-
ing the solvent of the unpolar phase.
18. The process of claim 16, wherein the polar solvent or
solvent mixture comprises a monophasic mixturve of 50 to 90%

10

by volume of C,-Csalkyl alcohol, 10 to 50% by volume of .

water, and 40 to 0% by volume of a further solvent or solvent

mixture.
19. The process of claim 16, wherein the organic solvent or

solvent mixture comprises a monophasic mixture of 30% by
volume to 60% by volume of C,- to C .~alkyl alcohol, 40% by
volume to 70% by volume of chloroform or dichloromethane,
and 0% by volume to 30% by volume of a further solvent or
solvent mixture.

20. The process of claim 16, wherein the extraction is
carried out by means of accelerated solvent extraction, pres-
surized liquid extraction, pressurized fluid extrvaction, ultra-
sonic extraction, shock-wave extraction, microwave extrac-
tion, or by means of a vibrating mill or an Ultraturrax.

21. The process of claim 16, wherein the extraction is
carried out at a temperature of from 0° C. to 200° C., at a
pressure of from 40 bar to 200 bar, or at both said temperature
and said pressure.

22. The process of claim 16, wherein the volatile acid is
HCIl, HBy, BF, BCl, trifluoroacetic acid, trichloroacetic
acid, or HI.

23. The process of claim 16, wherein the alcohol is satu-
rated, unsaturated, straight-chain, branched-chain, or cyclic
alkyl alcohol with 1 to 8 carbon atoms.

24. The process of claim 16, wherein the constituents are

dervivatized, chromatographed, and/or analyzed in one or 40

morve further steps.
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25. The process of claim 16, further comprising one or
movre of.

1) freezing the ovganic material;

i1) homogenizing and/or dispersing the ovganic material;

ii1) following phase separation or esterification/transes-

terification, evaporating the extract to dryness;

Iv) carrying out an oxime formation in the unpolar phase;

V) carrying out an oxime formation in the polar phase;

vi) carrving out a trialkylsilylation in the unpolar phase; or

vil) carrying out a trialkylsilvlation in the polar phase.

26. The process of claim 25, wherein the trialkylsilylation
is a trimethylsilylation.

27. The process of claim 16, wherein the extract A, the
extract B, or the combined extracts are treated with one or
morve internal standarvds.

28. The process of claim 16, wherein the extracted constitu-

ents ave analyzed by LC, MS, GC, LC/MS, GC/MS and/or
LC/MS/MS analysis.

29. The process of claim 16, wherein the solvent or solvent
mixture further comprises up to 5% by weight of buffer salts,
acids, and/or bases.

30. The process of claim 16, wherein the organic material
consists of plant material.

31. A high-throughout process for establishing a metabolic
profile, comprising the process steps of claim 16 and further
comprising analyzing the constituents by automatic peak vec-
ognition ov peak integration.

32. The process of claim 16, further comprising adding
water to the combined extracts of step c).

33. The process of claim 16, wherein the extraction of step
(D)(1) and the extraction of step (b)(2) are carried out in
succession, whevein the extraction of step (b)(1)is carried out
Jollowed by the extraction of step (b)(2), or the extraction of
step (b)(2) is carried out followed by the extraction of step
(b))

34. The process of claim 16, wherein the extract A, the
extract B, or the combined extracts are treated with one or
movre analytical standavds, wherein the analytical standard is
an isotope-labeled, radiolabeled, or fluorescence-labeled
substance.
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