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Description

The invention relates to a process for
preparing baccatin or baccatin derivatives by selective
acetylation of the corresponding 10-deacetyl compounds,
to an isolated enzyme which catalyses this acetylation
reaction and to a process for preparing the enzyme.

Taxol is a promising agent for treating cancer
which has antileukaemic and tumour-inhibiting activity
{(see, for example: M. Suffnes et al., 1in *“The
Alkaloids, Chemistry and Pharmacology”, A. Brossi, Ed.,
Academic Press: Orlando, FL, 19885, Vol. XXV, Chapter
1). Originally, taxol was obtained from the bark of
certain yew trees {Taxus taxaceae). However, the

isolation of taxol from bark is difficult and
expensive, and the desired taxol is obtained from the
bark in only very poor yields (40 to 165 mg/kg) (see,
for example, R.W. Miller et al., J. Org. Chem. 46
(1981) 1469-1474; V. Sénilh et al., J. Nat. Procl. 47
{1984) 131-137; N. Magri et al., J. Org. Chem. 51
{1986} 797-802). Moreover, the use of bark causes the
yvew trees, which grow back very slowly, to die, so that
there are only limited supplies of starting materials.
Since the discovery of the properties of taxol
which recommend it for use as a chemotherapeutic agent
for cancer, numerous efforts have been made to prepare
the compound by synthetic or semi-synthetic processes.
Thus, it has Dbeen attempted to prepare the taxol
structure by organic synthesis (see, for example, W.F.
Berkowitz et al., J. Org. Chem. 52 (1987) 1119-1124).
However, because of the complexity of the molecule, it
has hitherto not been possible to prepare taxel in
practically useful amounts by total organic synthesis.
A further route which was used to obtain taxol
is partial synthesis starting from a precursor which is
easily obtainable in large amounts. One of these routes
starts with 10-deacetylbaccatin-III which can be
extracted easily and in large amounts from the leaves
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material, by partial synthesis. However, it has been
that, the of

10-deacetylbaccatin III and taxol may be, this partial

found as similar as structures
synthesis still entails significant problems and can
for the most part be carried out successfully only by
15 using specific protective groups, giving the desired
product taxol in only poor yields.
Denis et al., (J. Am. Chem. Soc.
5917-5919) describe the synthesis of

baccatin III to give taxol in two steps.

110 (1988),
10-deacetyl-
In the first
10-deacetylbaccatin III is acetylated chemically

20 step,

in the 10-position. In the second step, baccatin is

converted into taxol. the first step is not
of

in

However,
that

ocCcurs,

regiospecific, S0 acetylation

10-deacetylbaccatin also in particular,

25 position 7. Because of this it is necessary to block

the hydroxyl group at this position against acetylation
by using a protective group. Exclusive acetylation in
the 10-position could only be achieved by wusing a
protective group.

However, the wuse of a protective

30 group entails two more process steps (introduction and

removal of the protective group) which is, on the one
hand, on the other hand,

reduces the yield of the product obtained. A further

expensive and, considerably

disadvantage of using protective groups consists in the
fact that,
pharmaceutical

35 in particular when the product is used as a

active compound, complicated
purification and analysis processes have to be carried

out subsequently in order to ensure that there are no
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precursor whic t in large anounts. One of these routes
starts wth %6?%8a e%yl ggcg#?ﬁg%ﬁl which can be extracted easily and

in large amounts from Zhehkraess al. (Biochem. Biophys. Res. Commun.,
229 (1996), 16-20) describe a taxol biosynthesis. Here,
5 in an intermediate step, the acetylation of

10-deacetylbaccatin III to give baccatin III was
carried out with the aid of crude plant extracts from
the roots of Taxus baccata. However, it was not
possible to isolate or characterize substances which

10 effect the acetylation. A disadvantage of using a crude
extract is the fact that numerous other reactions, in
particular acetylation at other positions, can also be
initiated or influenced by substances present in the
crude extract. Moreover, a crude plant extract has no

15 defined and reproducible composition, so that the use
of crude plant extracts results in uncontrollable and
varying reactions and yields.

It was therefore an object of the present
invention to provide a process for preparing baccatin

20 and baccatin-like baccatin derivatives by selective
acetylation of the corresponding 10-deacetyl compounds
in position 10. It was a further object to provide an
isolated substance which specifically catalyses this
reaction.

25 According to the invention, these objects are
achieved by a process for preparing baccatin or
baccatin derivatives which is characterized in that
10-deacetylbaccatin or a 10-deacetylbaccatin derivative
is reacted in the presence of an isolated enzyme and an

30 acetyl donor, the enzyme being an acetyl transferase
having a molecular weight of from 70 to 72 KD,
determined by SDS-PAGE, which acetyl transferase is
obtainable from Taxus chinensis cell cultures. It has
been found that regioselective acetylation in position

35 10 is catalysed by an isolated enzyme which can be
obtained from suspended Taxus chinensis cell cultures.
Surprisingly, it has been found that using the isolated
and purified enzyme, it is possible to achieve high

-
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position 10 and to less than 20% in other positions of
the starting material. Consequently, other hydroxyl

10 groups which are present in the starting material do
not have to be blocked with a protective group, since
acetylation of these other hydroxyl groups occurs to
only a very limited extent, if at all, when the enzyme
according to the invention is used.

15 Surprisingly, it has been found that the enzyme
used according to the invention has a high substrate
specificity. Thus, only 10-deacetylbaccatin or
10-deacetylbaccatin derivatives which have a

10-deacetylbaccatin III-like configuration at and in
20 the vicinity of the Cl0-position are converted. 1In
particular, baccatin derivatives where the access to
position 10 is blocked by voluminous substituents, such
as, for example, 10-deacetyltaxol and 10-deacetyl-
cephalomannin, are not acetylated. A precondition for
25 Dbaccatin derivatives to be recognized as substrates by
the enzyme according to the invention is therefore that
these derivatives, which have a taxane ring structure,
essentially correspond to 1l0-deacetylbaccatin III in
positions 7, 8, 9, 10, 11, 12 and 13, i.e. that they do
30 not carry any other substituents in these positions orx
only substituents having a small volume. The process is
preferably suitable for baccatin derivatives which
carry the same substituents as l1l0-deacetylbaccatin III
in positions 7 to 13, or carry at least some
35 substituents having a smaller <volume than the
substituents of 10-deacetylbaccatin III, in particular
hydrogen. Voluminous substituents in the other
positions do not interfere with the reaction. The
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5 position 10.

In contrast, 10-deacetylbaccatin III
derivatives whose hydroxyl group in position 7 is
blocked by a voluminous protective group, such as, for
example, 7-TES-10-DAB III or 7-BOC-10-DAB III, are not

10 recognized as substrates by the enzyme according to the
invention. However, such a blocking is not required,
since regioselective acetylation in position 10 takes
place even when other hydroxyl groups are present in
other positions.

15 Using the process according to the invention,
it is possible to acetylate taxane derivatives, which
have the same, fewer or less voluminous substituents in
positions 7 to 13 than 10-deacetylbaccatin III,
selectively in position 10. Such taxane derivatives in

20 which the substituents which are present in
10-deacetylbaccatin III (i.e. OH in position 7, CH; in
position 8, =0 in position 9, OH in position 10, CH; in
position 12 and OH in position 13) are present or are
replaced by a radical which is smaller or has the same

25 volume, in particular by hydrogen, are included here
under the term 1l0-deacetylbaccatin derivatives, and can
likewise be acetylated regiospecifically, if they have
an OH group in position 10. Examples of such
derivatives are 10-deacetyltaxuyunnanin C, 10,14-

30 deacetyltaxuyunnanin C, 2,10,14-deacetyltaxuyunnanin C,
5,10,14-deacetyltaxuyunnanin C and 2,5,10,14-
deacetyltaxuyunnanin C.

The process according to the invention is
carried out in the presence of an acetyl donor.

35 Suitable acetyl donors are in principle any substances
which donate an acetyl group in the catalytic
conversion of the 10-deacetyl starting material. The
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if an isolated enzyme is used.

The enzyme used preferably has an isoelectric
10 point of from pH 5.4 to 5.8, preferably from 5.5 to 5.7
and in particular of pH 5.6. Furthermore, it has been
found that the enzyme used according to the invention
has a Michaelis constant Ky for acetyl coenzyme A of
from 55 to 65 um, preferably of from 59 to 63 pM and in

15 particular of 61 uM.

The invention furthermore provides an isolated
enzyme which is characterized in that a) it acetylates
10-deacetylbaccatin III in the presence of an acetyl
donor, in particular acetyl coenzyme A, selectively at

20 position 10, b) has a molecular weight of from 70 to
72 kD, determined by SDS-PAGE and c) is obtainable from
Taxus chinensis cell cultures.
The enzyme according to the invention is
preferably present in a purity of >50%, in particular
25 >80%, more preferably >90% and most preferably >95%.
The enzyme according to the invention is distinguished
by the fact that it acetylates 10-deacetylbaccatin III
in the presence of an acetyl donor, in particular
acetyl CoA, selectively in position 10. This means in
30 particular that acetylation of the other hydroxyl
groups of 1l0-deacetylbaccatin III in positions 1,7 and
13 is wvirtually not observed. The acetylation reaction
has in particular a selectivity of >50% with respect to
position 10, preferably >80%, more preferably >90% and
35 most preferably >95%.

The isolated enzyme is furthermore
characterized by a molecular weight of from 70 to
72 kD, determined by SDS-PAGE. To determine the
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5 by silver staining, and the wmwolecular weight was

determined by <comparing the Rf wvalues of the
calibration proteins and the enzyme according to the
invention. The molecular weight which had been
determined by SDS gel electrophoresis was confirmed by
10 gel filtration using a suitable gel filtration column.
The gel filtration was carried out using a biosilect-
SEC 250-5 column (Biorad) which had been equilibrated
using 50 mM tris, pH 8.5, 20 mM 2-mercaptoethanol, in
an FPLC unit (Biologic Workstation, Biorad), using a
15 flow rate of 0.2 ml/min. The column was initially
calibrated using proteins of a known molecular weight.
Under identical conditions, 50 ug of the protein
according to the invention were then passed through the
column. 250 pl fractions of the eluate were collected,
20 and the activity of the eluate was determined as
described below. The molecular weight was determined by
comparing the elution times with the known standards.

The enzyme according to the invention can be
isolated from cell cultures of Taxus chinensis. It has

25 an isoelectric point of from pH 5.4 to 5.8, preferably
from pH 5.5 to 5.7 and in particular of pH 5.6.
Furthermore, the Michaelis Menten constant Ky found for
the enzyme used was from 55 to 65 uM, preferably from
59 to 63 pM and in particular 61 pM for acetyl coenzyme

30 A.

The enzyme according to the invention is an
acetyl transferase, in particular an acetyl CoA
10-hydroxytaxane-O-acetyl transferase.

The invention furthermore provides a process

35 for preparing the enzyme described above, which is
characterized in that the enzyme is isolated from an
enzyme-containing source by using known purification
processes and after each purification the fractions in
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gel el ectrophoresis) which acetyl transferase is obtainable from Taxus
chinensis cell cultures. It has been found that reQiRSE LYE or
acetylation in position 10 is catal ysed by an isol ated eﬁg@n%‘%ggg E‘gr
be obtained from suspended Taxus chigensis cell cul e

Surprisingly, it has been found that using the isolated and purified
enzynme, it iswhishi ble tenzyhe eie Iprsarsyi aspedetermined thy addpegt to

the acetylati 0 h p >80%
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using the enzgnd asecdcatydr dongri oandethﬁveqetwhati@nuBr0§@<s§| ﬁoeme@

achi eve a speciki 8é£¥c9éd>99% Here, a specificity of >80% neans that
acetyl ati on has taken lace to nore than 80%in position 10 and to |l ess
than 20% $n other 'Sgg,tein@{gle -§PRtpABINgt HMULTE WeRdr Fan. be, for

Consequent | y, @ka&playd@owar&r QisBSraMY Chrise eeﬁﬁ?ﬁ@%on’dz@lﬁ:ﬁ@g stentéag

mat eri al do not have, to be ed vmth
g is pre erali cell culture, in particular a

suspended cell culture. The use of a cell culture is
advantageous since it allows large amounts of starting

10 material to be obtained. Compared to using a crude
extract as enzyme-containing source, when using a cell
culture, it is possible to purify the enzyme to a high
degree of purity owing to the large amount of starting
material. Particular preference is given to using a

15 starting material originating from Taxus chinensis, for
example a Taxus chinensis cell culture.

To purify the enzyme from the starting
material, it is possible to employ known purification
processes for the isolation of enzymes or proteins.

20 Processes which are preferably wused include the
ammonium sulphate precipitation from the crude extract,
and also chromatographic purification processes, such
as, for example, the use of a Sephadex G-25 column,
anion exchange chromatography, for example over DEAE-

25 Sephacel, gel filtration, for example over Ultrogel AcA
44, anion exchange chromatography, for example over
HighQ, chromatography over a hydroxyapatite column, dye
affinity chromatography, for example over High Trap
Blue, hydrophobic interaction chromatography, for

30 example over phenyl sepharose and/or dye affinity
chromatography, for example over Mimetic Green 1A6XL.
Purification preferably includes at least one step in
which anion exchange chromatography over HighQ is
employed. The HighQ column is an anion exchanger having

35 -N"(CHs;); groups as ligands. It has been found that in
particular in this purification step, substances are
removed which catalyse acetylation at positions other
than position 10.
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derivatives to beé recogni ze Substrates by yire “accor di
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structure, essepligblkeeopaesaend {0 10-deacetyl bagpaiackty1blcaagihi ons
7, 8, 9, 10, 11, 12 and hat they do not carry any ot
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The process iSthe fractions in which the desired enzyme is present,
product which is acetylated in position 10 can be
10 detected. Preference is given to using 10-
deacetylbaccatin III or 10-deacetyltaxuyunnanin C for
this test. The acetylation product formed can be
detected by using suitable wmarker groups in the
starting materials. Preference is given to using a
15 labelled acetyl donor. Such a 1labelled acetyl donor
comprises a labelled acetyl group which can then be
used to determine product which has been acetylated in
position  10. Preference is given to wusing a
radiocactively labelled acetyl donor. Here, suitable
20 radioactive marker groups are **C and *C. The acetyl
donor used is particularly preferably an acetyl
coenzyme A, in particular [2-%*C]-acetyl coenzyme A.

It is also possible to carry out the detection

using labelling with a heavy isotope. In this case, the
25 reaction product can be determined by mass
spectrometry.

Using the process according to the invention
for preparing baccatin or baccatin derivatives
employing the enzyme according to the invention, it is

30 possible to prepare baccatin or taxane compounds which
have been specifically acetylated in the 10-position.
Such compounds are of interest in particular as
starting materials for the partial synthesis of taxol.
Accordingly, the invention also provides a process for

35 preparing taxol and/or taxol derivatives which is
characterized in that baccatin or baccatin derivatives
prepared by the process described above are reacted by

known processes to give taxol or taxol derivatives. The
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preferably suitable for baccatin derivatives which carry the sane

substituents as 10-deacetyl baccatin |11 Sub$tr ' a
smal | er vol une than t he substituents of 10- deacezrwst‘)l%fﬂgp%%ggg}q?:ﬂ in
parti cul ar hydrogen. Vol um nous subst itaient s i nLthe gi-net.-posHt i ons

do not interfere with the reaction. The process is particularly
preferably eppkoyad conweradehylcf ibaprdd:ideanet phbagtani dekivvatives

ninerre (0 BUGESY 0B U SR Id RLASIGh e tastl thasel gethiel
I n cont r ast prior Ertdeawr@t gnbasdéat iessentialily| the introduction of
suitable substituents at the hydroxyl group in position
5 13 of the Dbaccatin derivatives. The  baccatin
derivatives which are suitable for this purpose
consequently have a free OH group at least in position
13.
The reaction of baccatin derivatives to give
10 taxol or taxol derivatives is carried out in particular
by esterifying the OH group in position 13 of the
baccatin derivatives with a suitable acid. Such
processes are described in detail in the literature,
for example in US Patent 4,814,470 (Colin et al.,), in
15 US Patent Re. 34,277 (Denis et al.), in EP 0,400,971
A2, in US Patent 4,924,011 {Denis et al.), in US Patent
No. 5,476,954 (Bourzat et al.) and in Denis et al., J.
Am. Chem. Soc. 110 (1988), 5917-59109.
The invention is illustrated in more detail by
20 the examples below.

Example 1
Cultivation of Taxus chinensis cell suspensions

25 The Taxus chinensis suspension cultures used
were from the <collection of the Institute for
Pharmaceutical Biology of the University of Munich, and
they originated from the needles of a T. chinensis
tree. The cultures were allowed to grow at 24°C,

30 100 rpm and 1500 lux for 14 days. Using a sterile 50 ml
pipette, 150 ml of «c¢ell =suspension were then
transferred into 250 ml of B5 + 1 medium:

Composition of the B5 + 1 medium {(modified
according to Gamborg, Miller, Ojima: Experimental

35 Research, 1968, 50, pp. 151-158}.

R
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derivatives whose hydr oxyl group in position 7 is bl ocked by ravottiiodus
protective group, such as, for exanple, 7-TES-10-DAB Il or 1- TS SHEEDNAS BEEN |
1711, are not recognized as substrates by the enzynme according to tREPLACED

invention. However, such a blocking is notjrequired, since regroserective
acetylation in position 10 takes place even when ot her hydroxyl groups are
present in ot h®appeBKLEEBSic acid Usi ng the prooegs accordi ng to the

i nvention, it (s goisi ble to,acetyl ate taxane derinltMes, whi ch have the
sane, fewer or “FE&YFB-TPHOGE®substituents in positi®hs 7 to 13 than
10- deacetyl baccatin 111, selectively in positionmg)l Such taxane
derivatives in | . substituents which re pr esent I n

10- deacet yl bac%:\ra ?%&I I Ih%tlg. e. OHin position 7, d—iogrr] in position 8, =0
in position59, C@dler @d&Ption 10, CHerr] in posi¥3®n 12 and OH in position
13) are presentiah) g replaced by a radical whicfs4s smaller or has the
sane volune, in particular by hydrogen, are included here under the term
10- deacet yl bac¥@5Pn tefiathti ves, and can |ikewi st acetyl ated

regi ospecificalkhn, if they have 2500

FeS0; - T7H0 25.6

10 NaEDTA - 2H0 34.27
KJ 0.75
MnSC; - H,O 10
H3;BO, 3
ZnsSQ, -+ 7H0 3

15 NasMoO, + 2H0 0.25
Cus0, + S5H0 0.25
CoCls + 6H0 0.25
Nicotinic acid 1
Thiaminium dichloride 10

20 Pyridoxol hydrochloride 1
meso-Inositol 1000
D- {+) -sucrose 20,000
PH 5.6

25
NZ amines 1000

The NZ amines were added to the medium as a

sterile stock solution (10 g/l under sterile
30 conditions after autoclaving and cooling.

On the third day after this inoculation, 30 uM
of wethyl jasmonate (from Serva) were added, and the
culture was allowed to grow for another 4 days
{Gundlach, H., Miller, M. J., KXutchan, T. M., Zenk, M.

35 H., 1992, Proc. Natl. Acad. Sci. USA, 89, p. 2389-
2393) . The cells were then separated from the medium by
vacuum filtration and, after shock freezing with liquid
nitrogen, used for the enzyme maceration. However, it
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an

OH group

in position 10. Exanmples of such derivatives. are

10-deacet yl taxuyunnanin C, 10, 14- deacetyl taxuyunnanin C { THIS SHEET HA EEEN
C HoCl

2,10, 14- deacet yl t axuyunnanin C, 5,10, 14-deacetyl t axuyunnanipn
2. 5,10, 14- deacetyl taxuyunnani n C. - 12 -
Preferably the process of the invention is enployed to

6-

J

prepare baccat masl ldlslor possible to store t&ed&é&&kyhbaeaapcnfbklup to

L ot e AT, MM PO s i o O Mo

[11 or taxuyunﬁgﬁ'n

The process acemzymegdecreheedneensidarably. carried out in the

presence of an acetyl donor.

5
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Example 2
Enzyme test for the determination of the

acetyltransferase activity

To be able to purify, characterize and detect
an enzyme, it is essential that precise, sufficiently
sensitive test methods are available. In this case, it
was the detection of the product formed, for example of
taxuyunnanin C from 1l0-deacetyltaxuyunnanin, and a
simple and reliable method was developed for this
purpose.

A sufficient amount of the enzyme solution to
be tested was pipetted into 50 pl of tris buffer
(0.8 M, pH 8.5) in an Eppendorf cap. 30 pl of purified
acetyl CoA (5 nmol of wunlabelled and 0.02 uCi-
[2-*Clacetyl coenzyme A) and 15 nmol of a 3 mM stock
golution of 10-deacetyltaxuyunnanin C dissolved in DMSO
were then added (for the control only the corresponding
amount of DMSO instead of this taxane). The mixture was
incubated at 35°C for 30 wminutes and then acidified
using 20 pl of 12% H,SO,, the taxuyunnanin C formed was
extracted using 600 pl of tert-butyl methyl ether
{10 min. in an overhead shaker) and the mixture was
then centrifuged (4 min at 14,000 rpm in an Eppendorf
centrifuge). The unreacted [2-'CJacetyl CoA which was
gtill present remained in the aqueous phase. 500 pl of
the organic phase were evaporated to dryness in a
stream of air, which simultaneously removed any
[2-**Clacetic acid present which, owing to the earlier
acidification, was ©present as the acid and was
therefore wvolatile. Using a scintillation counter
{(Multipurpose Scintillation Counter LS 6500, from
Beckmann) or a thin-layer radioscanner (Automatic TLC
Linear Analyser, from Berthold), the type and the

_—
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Sui tabl e acetyl donors are in principle any substances which

donate an acetyl group in the catalytic TCHT)S\&?]EET(HASCBEEN
t'he 10-deacetyl starting material. The reactijon 'SREPLACED
preferably carried out in the presence ofyy - t he—aeet-yt—donor
acetyl coenzynme A From a techni cal point of view,
t]b? use amount ofaceﬁédlpsugsd&ﬂ hedrmeant weiteof daBeirfithatied eheyne

of fers

ntage%%?ln pa(%tlcul .ar v%th Les ggélég t he

zé adva
conversion rLPEmer,RpPa W3%s
reproduci bi | it gndt hﬂmaead:theonac&nhvibﬁyccnsﬁ r alhleederzpghnéy using the cpm if

an i solated en .S u . The nzy
%‘Xffﬁes %%gxnted With the e nc% gﬁ#fS %yetar

preferably has an Soel ectric rom 0 5.8,
preferably 3roehFoBatogsaphy - (TLC) (mobahel i npbaﬁes cul Qh OrOopPr®: 6.

Furthermore, |4 0a8,PEeRl1e 7:3) and the shsﬁeguéﬂetewﬁusewﬁeug

according to the invention M chael 1 s_const an K[err]
for acetyl coefkag¥pspapper, it was possipdfh 50t FHEsR eMbpheyr ek abl y

of from59 to 63glieattMaR¢ WRasured using the PAEih€l] Bit Ddn 6¢ohietedM
The i nvention furt her.nor.e gr ovi des _an i sol at yHP whi ch

ed,
i s characteri 2849 APEREE SPTFESBRREyFAL gspeak in the region of tHé
10- deacet ylbacealluge bEl the &kpeptedepeeduwdt an acetyl

Example 3
Purification of the acetyl transferase

3.1. Tissue maceration and desalting via Sephadex G25
15

To obtain the crude protein extract, 7 day-old
suspension cultures were used which had been elicited
with 30 uM of methyl jasonate on the third day after
inoculation. 200 g of cells which had been freshly

20 filtered off with suction were shock-frozen using
liquid nitrogen. In an ice-cooled mortar, these cells
were then mixed with 20 g of PVPP, and thawed with
stirring using 400 ml of standard buffer A (100 mM of
boric acid/NaCH, pH 8.5, 20% of glycerol, 20 mM of

25 2-mercaptoethanol. The PVPP binds some of the phenols,
inter alia the tanning agents which are present in the
extract, which interfere with the further purification
process. The homogeneocus cell pulp was then filtered
through 4 layers of mull, and the press-juice was

30 centrifuged at 15,000 x g (10 min, SS34 rotor).

The ice-cooled supernatant was mixed with 50 ml
of calcium phosphate gel which had been suspended in
standard buffer A (100 mM boric acid/NaOH, pH 8.5, 20%
glycerol, 20 mM 2-mercaptoethanol). The amount by

35 +wvolume is the amount of gel which is obtained after 10
minutes of centrifugation at 2500 rpm and corresponds
to 1.9 g of Caz(P0,); {(dry weight). This mixture was
allowed to stand in the ice-bath with occasional
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donor, in particular acetyl coenzyne A selectively at
position 10, b) has a nol ecul ar weight of from70 to

det ermi ned by

chi nensi s cell

I nvention is
parti cul ar
>95%

di stingui shed

10- deacet yl bactahnnngl lagents which arei nptésempr esiencédaeheanamocenys, donor,

Pa%d Pﬁaﬁdsorb 895 Locgﬁé ag#ec&hge%é?ﬁy%5g§5ﬁéfgr&gé Thi s

in particular

means in partlcu
groups of 1®-deamaipkdacieat alutionn a]@@sma6n§epa1‘aa:@d fizoms t\hlertglally not

SDS- PAGE and c) is obtainable from
cul tures. - 14 - The enzyﬂ a“ﬁnrﬂl

THIS SHEEIT HA BEER

preferably present in a purity of >50%;

stirring for>8006 mMaigupesf er phkyng90¥nard rmﬁe,pretséably

o the i vention ife

accompany 18y "6¥EZe 8RESH J Beh AFr LFUfy ) sfguple, the

ace yIa on

observed. The agekyhiaii opre t thag i o icu
sel ectivity of >50@6m}th ¥254§%%@&uen centrifuga omi%%ﬁylﬂ pﬁgferably

>80% nore prePeMaBry SEBoraker) - most preferably >95%
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The gel pellet was subsequently once more taken
up in 75 ml of standard buffer A, stirred with a glass
rod for 5 minutes and centrifuged at 6000 rpm (GSA
rotor) for another 5 minutes since some of the acetyl
transferase had been adsorbed onto the gel and was
released into the supermatant by this aftertreatment.
If no calcium phosphate gel was employed, major
difficulties were encountered in the further
purification process, since the accompanying substances
which were still present in this case rapidly blocked
the membrane of the mixer cell, and the colour of the
columns that were subsequently used changed to a dark
brown and their binding capacities were rapidly
reduced.

With slow stirring, the combined ice-cooled
supernatant was admixed a 1little at a time with
ammonium sulphate until 70% saturation had been
reached, and slow stirring was continued for another
30 min. after the addition was complete. The
precipitated protein could subsequently be pelleted at
15,000 rpm (10 min., SS34 rotor). The precipitate was
carefully resuspended in 30 ml of standard buffer B
(50 mM tris/HCl, pH 8.5, 20% glycerol, 20 mM 2-
mercapto-ethanol) and the solution was desalted using
this buffer and a Sephadex G25 column (Pharmacia:
2,7 cm ¢ x-7 cm), and at the same time, 60% of the
foreign protein were separated off.

[G25 eluate: 82 ml, 78 mg of protein]
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The | sol at ed enzynme S furthernore ch

a nol ecul ar weight. of from70 to 72 kD, det er ni AL SHEET HAS BEEN |
SDS- PAGE. To deternmine the nol ecul ar weight, 0.3 [é}ﬁﬂl_g{}ﬂﬁ
honbgeneous protein was chr-ortet ogr aphed in a den -zt -
strength SDS gel in parallel with Marker proteins of a known

mol ecul ar 3.2. Anigpi ghch@nge nthwendtdgraphyT leyey OEAENSepbageinde

vi si bl e

byp ﬂhvgﬁgﬁs%ﬂ' ag. ua%éﬁﬁéaf'&ﬁmros@e'wtwﬂ@éh

determined by conparin ' _ _
cal i bration prBe8ihsvehy trfé'lael?ﬁﬁﬂwe déebhylapinectpl radicals jawention.

The nol ecul ar arpwgeREs. WiCh rhad 1QS§Pectrlc pointdeidy M ALdsbYvedpS gel
el ectrophoresis was, confirmed by el “filtration using a

suitabl e ge? fPFPFEEREni8oMEAS. %cidic than th?e}?j’eﬁ 4 [45eti JhS¥BsEarri ed
out using a bippekefit- as anions &EL 268n5 €RLHEToLS Qﬁﬁ‘iﬁ V%Chtlli@d been

equi l i brated

in
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PG BT ELini (o450 GHLEmor RELST 1ok, - WFor ORLESO8: ot a
stronger anions, such as, for example, Cl° or SO4 '
reduces the electrostatic interaction of adsorbed
protein and DEAE groups. Consequently, the protein
anions are exchanged for the inorganic anions and the
enzyme is thus eluted.

In this purification step, 24.4% of the foreign
protein were removed, and also, in particular,
accompanying substances, inter alia phenol-containing
tanning agents. Even during the first use, the colour
of the column material changed to a dark brown, but it
was possible to purify it substantially using 1 M NaOH.
This step considerably reduced the soiling of the
columns used later on in the purification process.

. The initial flowthrough of the DEAE column
(2.5 cm ¢ x 5 cm}, including 30 ml of standard buffer B
(50 MM Tris/HCl, pH 8.5, 20% of glycerol, 20 mM of
2-mercaptoethanol) which were used to wash the column,
were concentrated by pressure filtration in a mixer
cell {(Amicon, 400 ml, membrane PM 10) to a volume of
5 ml.
[DEAE eluate: 110 ml, 59 mg of protein]

3.3 Gel filtration over Ultrogel AcA 44

The principle of gel filtration is based on the
fact that macromolecules, such as, for example,
proteins, are distributed between a matrix having a
defined pore size (exclusion of volume) and the
surrounding liquid depending on their size and form.
Molecules which are too big to be able to penetrate
into the pores of the gel pass the particles and are
consequently eluted more rapidly than medium-sized
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flowrate of 0.2 ni/nin. The colum was initially cal ibrated

usi ng proteins of a known nol ecul ar wei ght. Und rmlgegHEEq'qmg BEEN
conditions, 50 [err]g of the protein according t eREp
were then passed through the - lum. 250 [err]l ]

the eluate were collected, and the activity of the eluate was
det erm ned as proteins whidhsariebeidlﬂtejai\my Hed ayeide iyt arhevepgiés wabbut
determ ned by n e [

st andar ds. without pene%%fﬂﬁﬁlh qntr‘]:fzg) rrtgleglliccor délJl ”E@aﬂf%g %ﬁggéﬁl on’ can be
i sol ated from éBFerc@lisr e3adbt Tores dmmfelrﬁs'lllaf ¢111t¢vasthe pores, and

i soel ectric pO'tﬁEE(Oforﬁryonl@ﬁré thﬁt nfher & %re%lﬁlain residence £i{RE1PH 5.5

to 5.7 and in i cul ar urt hernore, the chael i s
Ment en const anPWP(PSr FP vBLRR ‘FB?Y remain on trt%é@-ﬁ’é%@h@sé@nﬂé§tf rom55 to

65 [err]M preferabl y Thes technique iPébyO63ehele] Minrd ithdiay tipal ar 61
[err]M for acet enzyne

according to t FHQSﬂYl B8R F‘gtﬁﬁacmonsAbetwe%e‘???er%?]a@?‘%rB§%te“i1n
particular anandcehgke £8Ano need to uselOspeh;/iCh‘]D)btiﬁi‘)ea:m O acet yl
transferase. The |nvenlgbggo % r}bovere‘emw%gv' dgs c%rr% e y desalted, for

preparing the enzyne descri rcht
10 since the smaller ions, in thlS case sulphate ions,

remain on the colum much longer than the active
protein.

The gel used was a polyacrylamide agarose gel
which is suitable for a fractionation range of

15 10-130 kD {(Ultrogel AcA 44, from Serva).

The concentrated protein solution was separated
overnight using a column (2.8 cm ¢ x 100 cm) which had
been equilibrated with standard buffer B at a flow rate
of 20 ml/h. The 60 fractions (6.5 ml each) were tested

20 for protein content and acetyl transferase activity.
The fractions showing the main activity were combined
and purified further.

Using this eluate, it was possible to measure
the specific activity of the acetyl transferase. In

25 addition to distinct peaks at low Rf values, the thin-
layer chromatogram also showed a peak at the height of
the Rf wvalue of taxuyunnaninc. [AcA eluate: 53 mil,
25.7 mg, the total activity of 724 pcat was taken to be
100%]. By means of this gel filtration, 57% of the
30 foreign protein were separated off.

3.4 Anion exchange chromatography over HighQ
Like the DEAE column, the HighQ column, which
has -N'(CHs;); groups as ligands, is also an anion
35 exchanger, but in contrast to the former a strong anion
exchanger, i.e. its state of ionization does not change
over a wide pH range. The degree of dissociation and
consequently the exchange capacity of weak exchangers
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characterized in that the enzyme is isolated from an
enzyme- cont ai ni ng source by using known purification
and after each purification the fractions in

- 8- whi ch the enzyne is present are geterm ned by addin

10- deacetyl baccatin or a 10-deacetyl baccatin derivative

THIS ISHEE T $#ASSBEEN
REPLACED

and an acetyl

donor, and thevaceeypl aldrmideraildet dtor defiferent spHetvediued.. $Hince the The

enzyme- cont a! nhgghéogoﬁ%nﬁs%%t% atie’chnO%istsD o%%f?l}guﬁ%
enzymne- cont ai ni ng Sour ce ~us ‘ ) _
parsiaspenddwvield xubiaee ofThrprisucisfateleel 10 quhit utbers
advant ageous siigcq ighl LMWeelBLUgsarRINLS Chat! Bht! B01dfn HBECLLbe! O be
obt ai ned. gbnpared t a Ccrude

particular a

10

15

20

25

30

ed’i's pretrerably a ce Ure;

usin
operated using an FPLC unit (from Biorad).

The salt-free AcA eluate (53 ml) was pumped
onto the HighQ 5 ml ready-made-up column, which had
been equilibrated with standard buffer B (50 wM
tris/HCl, pH 8.5, 20% glycerol, 20 mM 2-mercapto-
ethanol) using a flow rate of 2 ml/min, and the columm
was washed with the same buffer. The colourless initial
flowthrough already contained part of the inactive
protein, and further foreign protein and vyellow
accompanying substances were removed using 0.07 M KCl
in standard buffer B (50 mM tris/HCl, pH 8.5, 20%
glycerol, 20 mM 2-mercaptoethanol). The active protein
and additionally also yellow accompanying substances
were eluted at the next step of the gradient, 0.14 M
KCl in standard buffer B (50 mM tris/HCl, pH 8.5, 20%
glycerol, 20 mM 2-mercaptoethanol). The eluate obtained
using 1 M KCl in standard buffer B (50 mM tris/HC1l,
PH 8.5, 20% glycerol, 20 mM 2-mercaptoethanol) was also
yellow and contained 1/3 of the protein which had been
loaded, but there was no acetyl transferase activity.
With this 1last step, the column was simultaneously
regenerated.

A great advantage of this purification step
consists in the fact that the large volume of the AcA
eluate is rapidly and gently concentrated to 4 ml (4
fractions of 1 ml each).

Gradient: Time {min)

1 M KCl in standard buffer
B (%)

0 0

35 .0

35 7
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extract as enzyne-containing source, when using a cell culture, it is

| arge amount of starting material. Particular preference

ossible to purify the enzyne to a high degree of purity rgym
§ Pt &t LIS SHER: }4%% BEEN
using a 15 starting material originatingg room Taxus chi nensils, f JREPLAGED

exanpl e a Taxus chinensis cell culture. To purify the enzyne
from the starting MBerial, it is pogsible to enploy known
purification processe&ffor t he isol atigg of enzymes or proteins. 20
Processes which are preterably used include the anmoni um sul phat e
preci pitation fromthe crifde extract, aAd al so chromat ogr aphic
purification processes, ch as, for gygnmple, the use of a Sephadex

G 25 col um, ani on exchange chromat ography, for exanple over DEAE- 25
Sephacel , gel filtration,7%or exanple over10Ptrogel AcA 44, anion
exchange chromat ography, for exanple over H ghQ chromat ography over a

hydr oxyapatite _col uum, . dye ffinity chromatography, for exanple over
H gh Trap éﬁﬁ%ﬁQ ﬂ}/‘d%tb%ho‘bi'@' iqneerr%&:tqfo@roéﬁrlé‘natgéér BpAF] for 30
exanpl e over phenyl sepharose and/or dye affinity chr omat ogr aphy,
for exanple over M m:"t‘fl(’ifisGr %%r}i ég'élﬁion step achieved an enrichment

5 factor of 121% compared to the AcA eluate, and removal

of 66% of the foreign protein.

3.5 Hydroxyapatite
The column used was a CHT II column (from
10 Biorad) which was filled with spherical hydroxyapatite
[Cas{PO,)30H], particles. In the presence of a low-
molecular phosphate buffer, negatively charged proteins
can be initially bound to the Ca®*" cations and then
displaced by higher phosphate c¢oncentrations in the
15 elution buffer.

Basic proteins having a high pl have a
relatively high affinity to the column material than
those with a relatively low pl. The hydroxyapatite
structure with Ca?®' ions in the positively charged

20 centres and PO,>" in the negatively charged centres
results in a mixed ion exchange separation. The HighQ
eluate was pumped with a flow rate of 0.5 ml/min onto
the CHT II column (5 ml) which had been equilibrated
with phosphate buffer (10 mM Na,HPO,/NaH,PO,, pH 6.8, 20%

25 glycerol, 20 mM 2-mercaptoethanol), and the column was
then washed with 12 ml of this buffer. The active
protein was eluted at a concentration of 160 mM
phosphate buffer {20% glycerol, 20 mM 2-
mercaptoethanol). Even when the phosphate concentration

30 was increased to 400 mM, no more protein could be
eluted.

—
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Purification preferably includes at | east one step in whi ch ani on

exchange chronmat ography over H ghQis enpl oyed. The Hi ghQ colunn s an
ani on exchanger having 35 -Nerr](CHerr])[err] groups as ngp ?ﬁi
been found that in particular in thislpurification ste ﬁz ’3
renmoved which catal yse acetylation at positions other
In the process Grsldediting THoet Herdimdvent i on, t he enzyne acti Vi ty of the
fractions is determ ned after each purlfication step to determ ne which
fractions contain the enzyne. To this end, the fraction or an 5
aliquot of the fraction is adni & ™M \ghagphate buffer (%)

0 0

40 0

40 100

70 100

The 0.5 ml fractions which had been collected
5 were tested for protein and acetyl transferase
activity.

[CHT II eluate: 1.5 ml, 0.73 mg of protein, 578 pcatl]
This purification step achieved an enrichment factor of

10 8.7 compared with the HighQ eluate, combined with a
removal of foreign protein of 92%, resulting in a loss
of activity of 27%.

3.6 Dye affinity chromatography over High Trap Blue
15 HiTrapBlue 1 ml ({from Pharmacia) contains the
synthetic polycyclic dye Cibacron Blue F3 G-A which is
coupled to an agarose matrix. These ligands show a
certain structural similarity to naturally occurring
molecules such as the cofactors NAD" and NADP*, which
20 enables them to bind proteins strongly and
specifically, inter alia enzymes which  require
adenylate-containing substances. The column material is
therefore also referred to as *group-specific”.
However, the specificity is qualified by the fact that
25 approximately a third of the enzymes which have
hitherto been catalogued require a coenzyme containing
a nucleotide component. Furthermore, it is also
possible for proteins to bind unspecifically to the
aromatic ligands owing to electrostatic and/or
30 hydrophobic interactions.
Elution takes place specifically with the
appropriate cofactor or  unspecifically with salt
solutions.
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10- deacet yl baccati n or a 10- deacet yl baccatin derivative,

as defined above, and an acetyl donor. In the fracti onsyi§ syik @ASFB%N
desired enzyne is present, product which is acetylated in ﬁg@ bEh

can be 10 detected. Preference is -@wen to usin 10"~
deacetyl baccatin Il or 10-deacetyltaxuyunnanin C for this test. The
acetyl ation product forhed cacebpl  tumtsdmbse by whising bidwodsabl ehenar ker

[ t 15
GTOUDS 11 MEree ShaE 0 T Sy B G > GhdE | ol D
| abel | ed acet ylabgpb‘bpdv\hlt@h dde t Helhiee columedn@*@emkr rﬁin@ pﬁédﬁ@ﬂ whi ch

has been acetyllﬁ’xtsi‘éc'l'flcallQOSLL 1Q1né3&3f1@(f§n§%adlleﬁt 9'?‘&?1“ thS.Q
usi ng a radi oacti vel Ied acetyl donor. “Here, suitab

r adi oacti ved rraPPéé’P°§P@uy§§'16arc3‘n[ ofF | elupke] ¥pF) éoafisd ddetdn 5% dBﬁbF used
i's particul arl y fiiof emﬁk&aa)anaacat yflow raeen@ﬂmoﬁs il /RAkt i @r the

12-]err] C]-acetyl nz s, al so possible to caryy out

the detection %%ﬁ?@y% |GG t‘?‘PJac%elé% ?@%‘Poﬁgulf‘hgfﬁggc‘é@gl t he

25 reaction gmaadact buffer Hje andleiles eoladnm byas waslsed wishethisnetry.
buffer. The protein bound to the column was eluted at

10 0.5 ml/min using a linear salt gradient of 0-1 M KCl in
standard buffer B (50 mM tris/HCl, pH 8.5, 20%
glycerol, 20 mM 2-mercaptoethancl) over a period of
30 min.

15 Gradient: Time (Min.)}

1 M KCl in standard buffer B (%)

0 0
30 0
60 100

The fraction wvolume was 0.5 ml. Fractions
containing activity were combined for further
20 purification.
[High Trap Blue eluate: 1.5 ml, 0.05 mg of protein,
168 pcat]
Compared to the CHT II column, an enrichment
factor of 4.2 was achieved in this purification step. A
25 removal of 93% of foreign protein was associated with a
total activity loss of 71%.

3.7 Hydrophobic interaction chromatography on
phenylsepharose
30 If certain neutral salts, such as, for example,

(NH4}280; or KCl are added to proteins dissolved in an
aqueous medium, the ionic strength of the solution is
increased. Under these conditions, the hydrophobic
regions on the surface of the proteins associate. In
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Usi ng the process according to the invention for preparing baccatin

or baccatin derivatives enpl oyi ng the enzyne accordi riorHj9 T HAS BEEN
invention, it is 30 possible to prepare baccatin or taxane jconpogg i ch
have been specifically acetylated in the 2u0-position. Such .conpolnrds

are of interest in particular as starting materials for the parti al

synthesi s of ttkel .same hAeooedindhey t Aeei mlant | adsatlsed promtiodesobupm ocess

for preparj.ng, }gﬁgécgggﬁﬁg%rg@%gog% b!%tlY Xﬁgch Iﬁ%hgh' garggéerlzed

in that baccatin or pareﬁ b cess
descri bed aboveoansequentied byhydronhﬂhmc|3roa@$9590tgogsve téHbC or #axol

derivatives. TRgdrophobic Interaction ChromatodPaphy) . These
5 interactions can subsequently be reduced again by using
an elution buffer having a low salt concentration.

For this purification principle, it is
therefore necessary to adjust the High Trap Blue eluate
to a concentration of 0.5 M ammonium sulphate. This was

10 achieved by adding the appropriate amount of ice-cooled
1 M ammonium sulphate solution in standard buffer B
(50 mM tris/HCl, pH 8.5, 20% glycerol, 20 mM 2-
mercaptoethanol) wvery slowly, a little at a time. The
protein solution was subsequently loaded to the mini

15 column (1 cm ¢ x 1.3 cm) which had been equilibrated
with 0.5 M (NH,),SO; in standard buffer B. After the
protein solution had penetrated the gel bed
(phenylsepharose, from Pharmacia), the column was
waghed with 7 ml of 0.5 M (NH,;),S04, in standard buffer B

20 (50 mM tris/HCl, pH 8.5, 20% glycerol, 20 wM 2-
mercaptoethanol). In order to elute the bound protein,
¢.1 M (NH,;).SO; in standard buffer B (50 mM tris, HCIL,
PH 8.5, 20% glycerol, 20 mM 2-mercaptoethanol) is used.
The eluate is collected in fractions of 0.5 ml each and

25 the relative protein concentration and the enzyme
activity are determined. The most active fractions were
combined and tested for activity and protein content.
[Phenylsepharose eluate: 2.5 ml, 0.001 mg, 6.3 pcat]
Compared to the HiTrapBlue eluate, the enrichment

30 factor was calculated to be 1.9, with a simultaneous
loss of activity of 96%, and 98% of the foreign protein
being removed.

3.8 Dye affinity chromatography on Mimetic Green 1A-6

35 XL
As already discussed for the High Trap Blue
column, there are also  interactions between the
cofactor binding site of an enzyme with the dye ligand
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paftial conversion of baccatin or baccatin derivatives to glxe faxol . or
taxol derivatives is described in the prior art and entai ljTHIS SSIRET Vi
the introduction of suitable substituents at the hydroxyl groumgmﬁég BEEN
position 13 of the baccatin derivagiwves. The baeeetir -
derivatives which are suitable for this purpose consequently have a
free OH group af | ehss imapesidl onOnly. the cofadiwerydedridemtof bbaadatin

derivatives to _gi t axol i wat | v i,s. carri t

par i cul ar by BeVBes oy Phet B8 PORECISER, | S SR Motte
derivatives wpieseat sgiasebl scehyld. coestwhe Frocdlses umspeddfdcabay in
detail in the Lj r e e P 4,814,470 (Colin et
al.,), in US Sg{sg’%tege?’ré’}f%iﬁ ?%eﬁﬁil“g o ¢ .)‘,%u nEP 0,400,971 A2, in US
Patent 4,923, 011 (Deni Befprgl . thej npbsnydsepharnge 5eiuates54ceBbédr zBe et

al.) and in Depjipe@ted - onfo W2 PHMBLiROCerbld (&888km SP17-&P1% x
1.2 cm, Affinity Chromatography Ltd., Freeport,
Ballasalla, Isle of Man) it had to be desalted, and
this in turn was carried out using a PD10 column (from

10 Pharmacia). To this end, the 2.5 ml phenylsepharose
eluate was applied to the PD 10 column and allowed to
penetrate into it. Elution was carried out wusing
standard buffer B (50 wmM tris/HC1, pH 8.5, 20%
glycerol, 20 mM 2-mercaptoethanol), the first 0.5 ml of

15 eluate being discarded and the next 2.5 ml, which
contained the active protein, being collected.

This enzyme solution was pipetted onto a
Mimetic Green column (1 cm ¢ x 1.2 cm) which had been
washed with standard buffer B (50 mM tris/HCl, pH 8.5,

20 20% glycerocl, 20 mM 2-mercaptoethanol). After the
solution had penetrated the gel bed, it was eluted
without a pump wusing successively the following
solutions: 3 ml of standard buffer B (50 mM tris/HCl,
PH 8.5, 20% glycerol, 20 mM 2-mercaptoethanol), 3 ml of

25 0.5 mM acetyl coenzyme A in standard buffer B, 2 ml of
standard buffer B, 3 ml of 1 M KCl in standard buffer
B. 1 ml fractions were collected and tested for protein
and acetyl coenzyme A activity.

The acetyl coenzyme A eluate was the only

30 fraction which contained acetyl transferase activity.
Neither the initial flowthrough nor the XCl1 eluate
contained any activity.

Prior to determining the activity in the acetyl
CoA eluate, the cofactor had to be removed from the

35 solution. The large pool of unlabelled acetyl coenzyme
A would have diluted the small amount of ™C-labelled
acetyl CoA to such an extent that wvirtually no
radioactive substrate would have been converted.
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For illustration, the structural formulas of baccatin Il paclitaxel
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The acetyl coenzyme A was removed almost
completely using a PD 10 column as described above. The
usual activity test was carried out on the eluate
obtained in this manner. However, since the PD 10
eluate still contained traces of acetyl CoA from the
elution buffer, i.e. it had not been possible to
achieve complete removal, the pool of C-labelled CoA
was diluted in the activity test, giving activity and
purification factor values which were too low.

[Green eluate: 2.5 ml, 0.0001 mg of protein, 0.7 pcat]

In this purification step, the remaining
foreign protein was removed, resulting in a
purification factor of 1.1 at a loss of activity of
81%.

3.9 Summary of the purification and documentation of
homogeneity.

Using the process described, the desired acetyl
transferase was obtained from the crude extract by 70%
strength ammonium sulphate precipitation and 8 column
chromatography steps. This gave an acetyl transferase
preparation whose specific activity was 280 times the
value of the AcA eluate, the total yield being 0.1%.
The great loss of activity during the purification,
even though the AcA eluate was worked up in a single
day, can be explained by the great instability of the
enzyme and its sensitivity towards pH values below pH 8
and towards salt ions, in particular ammonium sulphate.

To check the purity of the enzyme preparation,
denaturizing disc electrophoresis in the presence of
SDS was used. Separation of the concentrated eluate of
the mimetic green column using SDS-PAGE and subsequent
silver staining revealed only 1 band.
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Paélitaxel Rlerr]= COCerr]Herr]; Rerr]= CHerr]CO The

invention is illustrated in nore detail by the exanpl es bel ow. Exanple 1
Cul tivation of Taxus chinensis cell suspensions The | - >
chi nensi s suspension cultures used were 2fram the coIIectidﬁw}g?lhnflm&gﬁ’sB[El\j
Institute for , RE ED

Example 4
Characterization of the acetyl transferase from Taxus

chinensis suspension cultures
4.1 pH Optimum
5 The pH has a great effect on the enzymatic
activity since the charges of the functional groups of
certain amino acids change depending on the acidity of
the enzyme solution. This has implications on the
conformation of the active centre of the enzyme and
10 consequently on its activity. Likewise, the protonation
pattern of certain substrates depends on the pH and can
therefore also influence the enzyme activity.
To determine the optimum pH range, the transfer
of acetyl coenzyme A to 1l0-deacetyltaxuyunnanin C was
15 measured at various pH wvalues from pH 5 to pH 11. For
this purpose, 5.6 pcat (1.7 pg, 50 pl) of a 120-fold
enriched acetyl transferase {High Trap Blue eluate) was
used in the following mixtures:

20 Mixtures: 50 pl 0.8 M tris, pH 8.5
50 pul acetyl transferase (5.6 pcat, 1.7 pug,
120-fold enriched)
30 pl acetyl coenzyme A (5 nmol, including
0.02 uCi[2-'*Clacetyl coenzyme A

25 5 pl 3 mM 1l0-deacetyltaxuyunnanin C (15 nmol)
50 pl of millipore water

Incubation: 25 min at 35°C.

The mixtures were preincubated without acetyl
30 coenzyme A for 5 minutes, and the reaction was then
started by adding the cofactor. After an incubation
time of 25 min at 35°C, the reaction was stopped by
acidification and extraction with tert-butyl methyl
ether. The radiocactivity which was present in the ether

35 extract was evaluated using a scintillation counter.
The acetyl transferase activity extended over
the relatively narrow range of pH 8.5 - 9, the pH
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Composition of the B5 + 1 medium (nodifTed
according to ofatiamg, beMd| et pl | pa: THXp&ialfeniaxdimdes eadvaherd 268, 50,

-12- Napht hyl aceti c

rates arelat[g§rfw and %én’z‘in 8a‘rri nopuri ne
Purification was carried out at pHy8l5 since in

this case there was less active protein in the initial
flowthrough of the affinity columns than at pH 9.

4.2 Optimum temperature

In addition to the considerable influence that
the pH has on the enzyme activity, the enzyme activity
is also very dependent on the incubation temperature.
The enzymatic activity initially increases with
increasing temperature, but it then decreases rapidly
from a certain temperature onwards, which is specific
for each enzyme. At these high  temperatures,
denaturation and inactivation of the enzyme occur. To
determine the optimum temperature of the acetyl
transferase, 1.7 pg (5.6 pcat) of the 120-fold purified
enzyme were incubated at temperatures of from 0°C to
50°C, initially for 10 min without acetyl coenzyme A
and then, after addition of the cofactor, for a further
25 min. The reaction was gquenched by addition of 20 pl
of 12% H;80,. The taxuyunnanin C formed was then
extracted using 600 ul of ether. The amount of product
formed was then evaluated wusing a scintillation
counter.

Mixtures: 50 pl of 0.8 M tris, pH 8.5
50 pl of acetyl transferase (5.6 pcat,
1.7 pg, 120-fold enriched)
30 pl of acetyl coenzyme A (5 nmol, including
0.02 uCi[2-**ClAcCoA
S pl of 3 mM 10-deacetyltaxuyunnanin C
(15 nmol)
50 pl of Millipore [lacunal]

Incubation: 25 min at the respective temperature.

The optimum temperature for acetyl transferase is 35°C.
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20, 000 5 this purpose, and the anion exchanger is oaded with

the desired enzyme at a pH where it is present as an
anion. Under these initial conditions, the enzyme binds
to the column material and can then be eluted using an
ampholyte-containing buffer mixture (Polybuffer 94,
10 from Pharmacia) which forms a pH gradient through the
column. The enzyme then detaches itself from the anion
exchanger exactly at the point where the pH has been
lowered to such an extent that the enzyme changes from
the anionic to the formally uncharged state. This pH
15 corresponds to the isoelectric point (IEP).

For the acetyl transferase, the IEP was
determined using a BioLogic FPLC Workstation (from
Biorad) with a Mono P HR 5/20 column (0.5 cm ¢ x 20 cm,
from Pharmacia) at a flow rate of 0.7 ml/min. This

20 column was equilibrated using 25 mM imidazole/HCl pH
7.4 and loaded with HighQ eluate. To this end, 1 ml of
HighQ eluate were concentrated to 100 pl using
Centriprep concentrators (30 kD) and then diluted to
6 ml with the abovementioned imidazole buffer. Protein

25 of this degree of purity was used here because the
HighQ eluate contained the highest activity (pcat/ml)
and chromatofocussing was anticipated to result in a
high loss of activity. The column was washed with 10 ml
of start buffer and the protein was eluted from the

30 column using 40 ml of Polybuffer 74 (diluted 1:8 with
Millipore water, pH 4). 1 wml fractions were collected,
and to maintain the activity at low pH wvalues, 100 pl
of 0.8 M tris pH 8.5 were initially charged to every
other fraction. The pH was measured in the intermediate

35 fractions.

To determine the active fraction, an aliquot of
every other fraction was incubated in the following
mixture for 30 min:
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However, it 30 pl of acetyl coenzyme A (5 nmol,

containing 0.02 ucCif2-**Clacetyl CoA)
5 pl of 3 mM 10 deacetyltaxuyunnanin C
(15 nmol)
Incubation: 30 min at 35°C.
Evaluation using a scintillation countex, after
extraction with tert-butyl methyl ether.
The main activity eluted in the pH range from
5.7 to 5.47, so that the isoelectric point of the
acetyl transferase was determined to be pH 5.6.

4.4 Determination of the molecular weight

To determine the molecular weight of the acetyl
transferase, two different methods were employed: gel
filtration using a calibrated gel filtration column and
SDS gel electrophoresis.

The former was carried out using an FPLC unit
{(BioLogic Workstation, Biorad) at a £flow rate of
0.2 ml/min and a Biosilect-SEC 250-5 column (Biorad)
which had been equilibrated with 50 mM tris, pH 8.5,
10 mM  2-mercaptoethanol. First, the column  was
calibrated using proteins of a known molecular weight.
Under identical conditions, 1.5 ml of High Trap Blue
eluate which had been concentrated to 100 ul
(3360 pcat, 50 pg of protein) wusing Centriprep
concentrators (2 ml, membrane 10 kD), were then eluted
through the column. The fraction size was 250 pl and
the activity of the eluate was determined by incubation
of the following mixtures (185 pl total volume):

Mixtures: 50 pl of 0.8 M tris, pH 8.5
100 pl of eluate
30 pl  of  acetyl-CoA (5 nmol, which
additionally contained 0.02 pcif2-
“ClacetylCoR)

Tms&mmfhsBmng

UL

from t he edi um by vacuum filtration and,
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acetyltransferase activity- 29 - To be ante=-to
and detect 10 an enzyne, it is essential that precise,

sensi ti®e tpdst afet hddsmMr e 1@vdiehabkyltamuytnsanase, Gt
(15 nmol)
Incubation: 30 min at 35°C
Evaluation was carried out using a
scintillation counter, after extraction with tert-butyl
methyl ether.
Using this method, a molecular weight of 72 kD
was calculated for the acetyl transferase.

To check this wvalue, the denaturing SDS gel

electrophoresis was used. To this end, 0.3 pg of
homogeneous protein were chromatographed in a 10%
strength SDS gel in parallel with Marker proteins

(Rainbow marker). The
so that
the Rf values of the calibration proteins and the
acetyl transferase could be compared,
molecular weight of 70.8 kD for the latter.

having a known molecular weight
proteins were made visible by silver staining,

giving a

4.5 Xy value determination

Determination of the Ky value for 10-deacetyl-

takuyunnanin c

To gain information about the affinity of the
acetyl transferase to 1l0-deacetyltaxuyunnanin C, the Ky
value of the phenylsepharose eluate was determined.

Mixtures: 50 pl of 0.8 M tris, pH 8.5
100 pl of acetyl-transferase (0.25 pcat,
40 ng of protein, 225-fold enriched)
30 pl of acetyl coenzyme A (5 nmol,
additionally containing 0.02 pcif2-
H“clacetylCoA)
10 pl of 10-deacetyltaxuyunnanin C (final
concen-tration:
0.12/0.3/1/3/5710/30/50/100/200/300/500 uM)
Incubation: 30 min at 35°(; evaluation of the
radiocactivity, which had been extracted using tert-

butyl methyl ether, using a scintillation counter.
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i ncubat ed at 3%jreiphlicafiak 86 Ebnggegmand then acidified 25 wusing 20 [err]l
of 12@6F{er§]SC{err], t he taxuyunnanin C fornmed was extracted using

600 [err]l~ of tert-butyl nethyl ether (10 min. in an overhead
shaker) and t hé#.§ xDetermdsationt bEnthenky ivalgped fot micetsl t4efiBPmepm in an

StIT1 present remai ned T8 (ML HAIIES oREtT 05 ERPERFERYSr 0 SEREYL ganic
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simul taneously gk @9 8dd 88Y¥ng the phenylsepharose eluate.
10
Mixtures: 50 pl of 0.8 M tris, pH 8.5
100 pul of acetyl transferase (0.25 pcat, 40
ng of protein, 225-fold enriched)
30 pl of acetyl coenzyme A and H;0
15 (final concentration 2.1/2.3/3/5/12/32/52/102/152/202/
302/502 puM, each containing 2 uM (40,000 cpm) of
[2-**C]lacetylCoA)
5 pl of 3 mM 10-deacetyltaxuyunnanin C
(15 nmol)
Incubation: 30 min at 35°C. Evaluation was subsequently
carried out by extraction with tert-butyl methyl ether
and the use of a scintillation counter. By plotting the
measured values in a doubly reciprocal manner according
to Lineweaver and Burk, the Ky value for acetyl coenzyme
A was determined at 61 uM.
20
4.7 Turnover number Kca:

The turnover number describes the reaction rate
of an enzymatic reaction by stating how many molecules
of substrate are converted per second by one molecule

25 of enzyme.

To determine the turnover, phenylsepharose
eluate was used. The concentration of acetyl
transferase contained therein was determined by
separating the eluate wusing SDS-polyacrylamide gel

30 electrophoresis, followed by silver staining. Xnown
amounts of Dbovine serum albumin were applied as
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volatile. Using a scintillation counter (Mul ti purpose SC'W}\C@' on
Counter LS 6500, from Beckmann) or -a 3hin-layer radi 0SCaRrAet—(Aei-eRtt-+e
TLC Li near Anal yser, from Berthold), the type and the

- 14 - a:mmparatlvhecpnodntratmonedtwethededmaqen’edslﬂ‘he of ther ner
appar at us was H g¢d to determ ne the conversion and thus the activity of
the enzyne using the cpm val ues count ed. Wth t he aid of

thin-layer 5 chromat ogﬁéﬁﬁy 300 THE) of ( fsYME  Phhdieion ERFEEEPORELNT
acetonitrile 7¢3) 1@anchg RF ARIRAUHHarRMRIradkl, 0 oUgleBdeRyltaxuyunnanin
5 € and acetyl coenzyme A, the recorded turnover kinetic

was linear in the range from 5 to 30 min.

Mixtures: 50 pl of 0.8 M tris, pH 8.5

300 pl of acetyl transferase (18 ng of acetyl

10 transferase, 0.76 pcat)
30 pl of acetyl coenzyme A (5 nmol,
containing 0.02 pCi-[2-**C] of acetylCoA)
5 pl of 3 mM 1l0-deacetyltaxuyunnanin C
(15 nmol)

15 Incubation: 30 min at 35°C.

The incubation mixtures were  subsequently
extracted with tert-butyl methyl ether and evaluated
using the scintillation counter. The turnover (pmol)

20 was calculated from the measured values. Division of
the molecular weight (72 kD) by the amount of enzyme
(18 ng) gives an enzyme concentration of 0.25 pmol per
batch.

The enzyme activity is calculated by

25 determining the turnover per unit of time (sec). The
quotient of enzyme activity (0.05 pmol/sec) and
concentration (0.25 pmol) gives a value of 0.2 cat/mol
of homogeneous enzyme {(mol/sec/mol of enzyme) for the
turnover of the acetyl transferase.

30

Turnover = turnover no. Ket:: 0.05 pmol/sec:
0.25 pymol = 0.2 cat/mol.

This corresponds to a turnover of 0.2 mol of

35 substrate per second per mol (72 kg) of enzyme at 35°C,

pH 8.5, and optimum amounts of substrate (60 mol of 10-
deacetyltaxuyunnanin C, 20 mol of acetyl CoA).
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the corresponds approximately to the total amount of enzyme
[Eo] .

If the concentration of substrate [S] is
10 considerably below Ky, the concentration at which the
initial reaction rate is half-maximal, the enzymatic
reaction proceeds considerably more slowly than stated

by the turnover number kca:.
To characterize an enzyme under these
15 conditions, the quotient kgs./Ky is used. If this value
is multiplied by the substrate concentration [S] and
the total amount of enzyme [E;], the reaction rate is

obtained.
20 v = (keat/kn) [S] [Eol

It has to be taken into account that the rate
of diffusion of molecules dissolved in an agqQueous
medium can be at most 10%® to 10°. Thus, the reaction

25 rate is limited even for very fast enzymes, since it is
not possible for the substrate to get to the enzyme
more guickly.

The kinetic optimum calculated for the acetyl
transferase is as follows:

30 Kyu(l0-deacetyltaxuyurmanin C) = 23 pM, Kkear = 0.2 cat/mol
Keat/Ky = 0.2 mol s™ mol™/23 . 107°[M] = 8.7 s™'M*

Example 5
Substrate specificity

35 To <check the substrate specificity of the
purified acetyl transferase, various compounds having a
taxane skeleton were used as substrate.
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extract, which interfere with the further purification process. The
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- 5,10,14-deacetyltaxuyunnanin C

- 2,5,10,14-deacetyltaxuyunnanin C

- 2,l1l4-deacetyltaxuyunnanin C

- 5,14-deacetyltaxuyunnanin C

- 2,5-deacetyl~-10, 14-deacetyltaxuyunnanin C
- 1l0-deacetylbaccatin III {(=10-DAB III)
- 1l0-deacetyltaxol

- 1l0-deacetylcephalomannin

-~ 10-epi-10-DAB III

- 19-hydroxy-10-DAB III

- 14-hydroxy-10-DAB III

- 7-TES-10-DAB III

- 7-BOC-10-DAB III

It was found that, from among the substrates
employed, only taxanes having a hydroxyl group in
position C-10 can be converted. Taxane derivatives
having an acetylated position C-10 but free hydroxyl
groups at other carbons were not accepted as substrates
by the purified acetyl transferase. However, if the
access to C-10 is blocked by voluminous substituents,
as in the case of 10-deacetyltaxol and 10-deacetyl-
cephalomannin, acetylation does not take place.

When the rates of conversion were calculated,
based on the rate of conversion of 10~
deacetyltaxuyunnanin C, it was found that all
taxuyunnanin C derivatives having a free hydroxyl group
were converted to the same degree. 10-DAB is converted
with a rate of conversion of 85%, compared to 10-
deacetyltaxuyunnanin C to baccatin III.

The conversion of wvarious substrates, based on
the conversion of deacetyltaxuyunnanin C, is shown in
the table below.

e
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transf er ase

10 mnutes. During this tineg,
for exanple, the t anni ng agents whic

shoul d be adsorbed onto the gel. The a
remai ned in solution and 3ws- separated from
mat eri al by subsequent centrifugation (6000 x g,

t he ac;

5 mn.,

C-O-HPB YA G s
hTRISeSHEET S8 BEEN
cet yl REPLACED

L. Il
TTe—gel

GSA rotor).

The gel pell et Coavegshisaquent | , vardeusDr esulakiarates, upbased5 mn of theandard

buter A stiEedvibBloR ga35 4020000 [akupuMips and centrifuged

transf erase hadObdeacgdiydtpadyvnranineCgel and

sonme
was rele

of the acetyl
ased into the

super nat ant by ghfbivthedfl bRENLEAEARAose e1bdtdO(PP4 CidNA RigsENA® gel was
enpl oyed, nmgjor 1 difficulties were encount er ed I n t he further
purificati process since the acconpanying substances which were
still present jignpshr-gegase rapidly bl ocked | bentRERISAE Of{ dibgr mier
cell, and thefcol our of the colums that were subsequently| used clfanged
to a dark 20 fbrown and their binding capacjtl '
reduced. 10-Desacetyltaxuyunnanin C 100 1.12
10-Desacetylbaccatin III 80 0.9
10,14-Desacetyltaxuyunnanin C 102 1.14
2,10,14-Desacetyltaxuyunnanin C 81 0.91
5,10,14-Desacetyltaxuyunnanin C 88 0.99
2,5,10,14-Desacetyltaxuyunnanin C| 53 0.59
10-epi-10-DAB III 0 0
19-Hydroxy-10-DAB III 38 0.43
14-Hydroxy-10-DAB III 97 1.09
7-TES-10-DAB III 0
7-BOC-10-DAB III 2

/
TNs&wﬁﬂfBﬂqu&mﬁ

m—



Wth sl ow stirring,-the conbined ice-cool ed super nat ant was adm xed a

little at a tjme. W et ammoni um sul phate until 70% sat ur gti-on.had. been
25 reached, [Il!mml ¥ , U”"'ng was continued for another THEDSHEET HAS BEEN °
after t he N Wconpl ete. - 3Be- precipitate@ pr otf:m;rhggmll d |

subsequent|ly be pelleted at 15,000 rpm (10 mn., SS34 rotory—re—
precipitate was careful ly resushateht] ¢¥ariz® nl of standard buffer B 30
(50 MM tris/HdD, pH 8.5  20% glycerol, 20 nM 2-

mer capt o- et hanol) and the solution was desal ted using this buffer and a

Sephadex &5 cbi umm ( FPEReRRs afor preparing[ bacfrakin awd/oandatcatia sane
tinme, 60%of therivat{wd&s] IBhREQELER: Y&H €iRCRAMA! el Oddacettyiddetntaldat e:
géprkbEﬁgN%psaégggogﬁLheacetylbaccatin derivative is reacted in the
presence of an isolated enzyme and an acetyl donor, the
enzyme being an acetyl transferase having a molecular
weight of from 70 to 72 kD, determined by SDS-PAGE,
with an isoelectric point of from pH 5.4 to 5.8 and a
10 Michaelis Menten constant Ky for acetyl coenzyme A of
from 55 to 65 uM, which acetyl transferase is
obtainable from Taxus chinensis cell cultures.
2. Process according to Claim 1, characterized in
that baccatin-III is prepared from 10-deacetylbaccatin-
15 IITI.
3. Process according to Claim 1, characterized in
that 1l4-hydroxybaccatin-III is prepared from 14-
hydroxy-10-deacetylbaccatin-III.
4. Process according to Claim 1, characterized in
20 that taxuyunnanin C is prepared from
10-deacetyltaxuyunnanin C.
5. Process according to any of the preceding
claimg, characterized in that the reaction is carried
out in the presence of acetyl coenzyme A as acetyl
25 donor.
6. Enzyme, characterized in that it
a) acetylates 10-deacetylbaccatin IITI in the presence
of an acetyl donor, in particular acetyl coenzyme A,
selectively at position 10,
30 b) has a wmolecular weight of from 70 to 72 kD,
determined by SDS-PAGE and
c) has an isoelectric point of from pH 5.4 to 5.8,
da) has a Michaelis Menten constant Ky for acetyl
coenzyme A of from 55 to 65 uM,
35 e) is a 10-hydroxytaxa-O-acetyl transferase and

£) is obtainable from Taxus chinensis cell cultures.
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-16- 3.2. Anio m& momat ography over DEAE Sephacel
DEAE Sephacel ist# %ﬂ | ose to which positivel
di et hyl am noet hylm*lliﬁm s attached. If the i so>eTIHé%?§EE§p?g§§iBnEtEN

of dissolved 5 proteins is nore acidic tfgan the buffer used

present as anions and can therefore bind to the positively charged
colum material, The aggiihoOn OfaccorditigOngetoani Asim such as, (sfer,
- :

exanple, d or

el ectrostatic interacgtion of

Sderr] . reduces th ,
adsorbed 10 pPBi‘%ﬁte%haedDEﬂEt%@’-‘ou’p"s. iscaresgntntiny @ PHELIEY Sfein

ani ons are exchegged for the inorganic anions and the

el ut ed.

In_this purification st . 24 _4% qf t he fareign,
protein were 8rem)ved?nz3élﬂ%l agf:gaghngi H:o pgféjrrﬁupar, ag cedrd?ﬁ?gﬂyjrlﬁg

subst ances,5

| hhet ati asppeesdntcoin a pugity off an®iodg agent s.

the first use, 9t‘he col L ce

brown, but it

was possf%? e%Iogl 1;%%9% sn%g'[%ﬁ%ﬁ??%%%gfﬁgn% %m

This step consau¥r el Fladtgc&d tohe8 ,sotharastrigaegd in that the enzyme

10

15

20

25

30

is isolated from the enzyme-containing source by using
known purification processes and after each
purification the fractions are determined in which the
enzyme is present by adding 10-deacetylbaccatin or a
10-deacetylbaccatin derivative and an acetyl donor, and
the acetylation product formed is detected.

10. Process according to Claim 9, characterized in
that the purification processes include the use of a
HighQ column.

11. Process according to any of Claims 9 or 10,
characterized in that 10-deacetylbaccatin III or
10-deacetyltaxuyunnanin C 1is used for detecting the
enzyme-containing fractions.

12. Process according to any of Claims 9 to 11,
characterized in that the acetyl donor used is acetyl
coenzyme A,

13. Process according to any of Claims 9 to 12,
characterized in that the acetylation product formed is
detected using radiocactive labelling.

14. Process according to any of Claims 9 to 12,
characterized in that the acetylation product formed is
detected using labelling with a heavy isotope.

15. Process for preparing taxol and/or taxol
derivatives, characterized in that initially baccatin
or a baccatin derivative according to any of Claims 1
to 7 1is prepared, and this 1is reacted by known
processes to give taxol or a taxol derivative.

This Sheet Has Been i{eplacéd
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20 col urms used later on in the purification process. - The

initial flowthrough of the DEAE col um (2.5 cmJerr] x 5 cnm, including
30 m of standard buffer B (50 MM Tris/HA, pH 8.5, 20%.0f. glycergl...20
mM of 2- mer capt oet hanol ) which were used to wash the calf® SHEEI HASTBEEN
concentrated by pressure filtration 1in a mxer cel | (AmM conRpQ@EN ,
menbrane PM 10) to a vol une of 5 Ebstract[ DEAE el uat e: W4-0-—w——59-ng—of
pr ot ei n] 30 3.3 GCel filtration over Utrogel AcA 44 The
principle of gel filtration is based on the fact that rmacronol ecul es,
such as, for exarrplze, proceiet ei fisy aprepaxtingout bdcbat iwen emdyidx i X

havi ng a drﬂﬁj ore |ze (Cexcl usi on_of vol une %nd the 35w
surrounding i endi 5133. tXEPr siZ® andS5FmS MOY ecul éjsl%l ch

are too big tolbedednetlbgmrdtimter a 10 deaddieydmrasiton tdexrigeit ipess t he
particles and ff e eaot EPMEEREN PV GlIBLLAUE AR flh AR Ay Zed
acetyl donor, the enzyme wused being an acetyl
transferase having a molecular weight of from 70 to
72 kD, determined by SDS-PAGE, which acetyl transferase
is obtainable from Taxus chinensis cell cultures.
10
sh/ANM/17767PDE 05.02.98 15:52
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pr.otei ns which are initially delayed by the pores,

penetrating into them Even smaller nolecul es,

initially enter the pores, and

resi dence tine,

This technique is very gentle since there are EPOVNEH
and there is ho
the eludte is conpl et el esalted, 10
in this case sul phate ions, 29..3&?@”&0&

and protein,
Mor eover,

bet ween materi al
buf f ers.

the small er ions,

they only | eave them aft ¢
5 owing to which they remain on the colum

but _without
al i{arRgIGHEEPTHAS BEEN

" 2 CREPRICED
the longest-
il |y no interactions
d to use speci al

i nter

si nce
on the col um

much | onger than the active pr ot ei n. The gel used was a
pol yacryl ankieh883bP sk difing b ;ch is suitable for a fractionation
range of 15 10- 130§E0D (Ullqrggglﬂ"icA 44, from Serva).
Description
The invention relates to a process for

Taxol

10

15

20

25

30

preparing baccatin or baccatin derivatives by selective
acetylation of the corresponding l0-deacetyl compounds,
to an isolated enzyme which catalyses this acetylation
reaction and to a process for preparing the enzyme.

(Paclitaxel) . is a promising agent for treating cancer

*which has antileukaemic and tumour-inhibiting activity

“The
E4.,
Chapter

{see, for Suffnes et al., in
Alkaloids,
Academic Press:
1}).

certain

example: M.
Chemistry and Pharmacology”, A. Brossi,
Orlando, FL, 1885, Vol. XXV,
taxol was obtained from the bark of
the
and

Originally,
However,
isolation of taxol bark is difficult
and the desired taxol is obtained from the
{40 to 165 mg/kg) (see,
Chem. 46
Procl. 47
Chem. 51
the use of bark causes the
to die, so that

vew trees {Taxus taxacedae).

from
expensive,
bark in only very poor yields
for example, R.W. Miller et al., J. Org.
{1981} 1469-1474; V. Sénilh et al., J. Nat.
(1984) 131-137; N. Magri et al., J. Org.
{1986) 797-802).
vew trees, which grow back very slowly,
there are only limited supplies of starting materials.
Since the discovery of the properties of taxol
which recommend it for use as a chemotherapeutic agent
for cancer, numerous efforts have been made to prepare
the compound by synthetic or semi-synthetic processes.
Thus, it has been attempted to prepére the taxol
structure by organic synthesis fof example, W.F.
Berkowitz et al., J. Org. Chem. 52 (1987) 1119-1124).
However, because of the complexity of the molecule, it
has hitherto not been .poésible to prepare taxol in
practically useful amounts.by total organic synthesis.

Moreover,

{see,

This Sheet Has Been Replaced
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The concentrated protein solution was sepér at ed over ni ghtr—ttstn
colum (2.8 cm[err] x 100 cm which had = been equili brateJH}ﬁlsﬁEET HAS BEEN
standard buffer B at a flow rate of 20 m/h. The 60 fract]i ons BE?EQ

each) were tested 20 for protein cont®@nat and acetyl transferaSé activity.
The fractions showing the main activity were conbi ned and purified
further. disadvantagésofigushhg ekuakeritt YRsSUPOSSOhEEste IRasmee t he

specific agtiyi f the_acet.yl -transferase. In 25 addition to distinct
peaks at Ig%vcg%f 1i:éng‘Ueé,n ﬂ?@féﬁ ar W%qna € c‘?ﬁoéﬁﬁtodrsaﬁsaﬁ’ F¥hdwed a peak
at the heighérméceutithe Rf vatbgvef taxupmpoandénc. [Acédmplilaseed53 ml,
25.7 ng, t I viky _of 1724 pcat taken tq b 0% . By neans
gegwgvf%?%?g%:fgﬁ ng%agfaléfﬁéss rofc\(%a%.es ifx Vel T P%e cag’gle@

of this ation, Félgn rot ei’n Weré separated off.
3.4 Ani on exthshpsegheohdyodmapindeavero HeghQre that therel jgkee the DEAE

col umm, the,H 9*&19351%@&1@%’ WaCR  spiRgs cé%;&t O%%é’e&f%}a%mgr@%gp'si gands, Is

also an anion 35 exchanger, but in contra strong ani on
present in the product.

Zocher et al. {Biochem. Biophys. Res. Commun.,
229 (1996), 16-20) describe a taxol biosynthesis. Here,
in an intermediate step, the acetylation of
10-deacetylbaccatin III to give Dbaccatin III was
carried out with the aid of crude plant extracts from
the roots of Taxus baccata. However, it was not
poésible to isolate or characterize substances which
effect the acetylation. A disadvantage of using a crude
extract is the fact that numerous other reactions, in
particular acetylation at other positions, can also be
initiated or influenced by substances present in the
crude extract. Moreover, a crude plant extract has no
defined and reproducible composition, so that the use
of crude plant extracts results in uncontrollable and
varying reactions and yields.

It was therefore an object of the present
invention to provide a process for preparing baccatin
and baccatin-like baccatin derivatives by selective
acetylation of the corresponding l0-deacetyl compounds
in position 10. It was a further object to provide an
isolated substance which specifically catalyses this
reaction.

According to the invention, these objects are
achieved by a process for preparing baccatin or
baccatin derivatives which 1is characterized in that
10-deacetylbaccatin or a l0-deacetylbaccatin derivative
is reacted in the presence of an isclated enzyme and an
acetyl donor, the enzyme' being an acetyl transferase
having a molecular weight of from 70 to 72 kD,
determined by SbS—PAGE {sodium dodecylsuifate polyacrylamide

This Sheet Has Been Replaced
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exchanger, i.e. its state of ionization does not change ove
range. TheTHém'Géhahmmkqﬂnﬁlatlon and consequently the ex

capacity of |\E

consi der abl y}§ pH val ues. - §i-nce the H ghQ colu T =
consi sts of oense y pack resin paLt aV|n e
approximately 10 [err]m there S gé!égéﬁé%dﬂFgP rgg %e?cggy%hat t he
col um has ttordrs feraper aied mbtain&bﬂéﬂﬂﬁEOUnlTakﬁscnnﬁinnnﬂﬂs cell

The salt-fr Iuat 5 n1) pu to |

r eady- made- Sﬁlg%é'% }¥@§beeﬁ&§%%lll ggte&%éﬁ%%%%%n ard buffer
B (50 nmM actativi/aidion pHipdﬁlﬁﬂﬁmgﬂ®c2$otatabyﬂwﬂZbHeﬁ@apﬁ@laLQd et hanol )

using a floy %2?% Ouh%cﬂilghﬂl BRd ShEa SOLEMErom ASpMaRIRd Whk{lst he sane

buffer. The urless inift
1nen315 ce cultures Surpr1s1ng1y, it has been

found that using the isolated and purified enzyme, it
is possible to achieve high regiospecificity with
respect to the acetylation in position 10. This
specificity 1is preferably >80%, more preferably >90%
and most preferably >95%. It has been found that using
the enzyme used according to the invention, it 1is
possible to achieve a specificity of >99%. Here, a
specificity of >80% means that acetylation has taken
. place to more than 80% in position 10 and to less than
20% in other positions of the starting material.
Consequently, other hydroxyl groups which are present
in the starting material do not have to be blocked with

a protective group, since acetylation of these other
hydroxyl groups occurs to only a very limited extent,
if at all, when the enzyme according to the invention
is used. '

Surprisingly, it has been found that the enzyme
used according to the invention has a high substrate
specificity. Thus, only 10-deacetylbaccatin or
- 10-deacetylbaccatin derivatives which have a
10-deacetylbaccatin III-like configuration at and in
the vicinity of the Cl0-position are converted. In
particular, baccatin derivatives where the access to
position 10 is blocked by voluminous substituents, such
as, for example, 1l0-deacetyltaxol and 10-deacetyl-
cephalomannin, are not acetylated. A precondition for
baccatin derivatives to be recognized as ‘substrates by
the enzyme according to the invention is therefore that
these derivatives, which have a taxane ring structure,
essentially correspond.,to 10-deacetylbaccatin III in
positions 7, 8, 9, 10, 11, 12 and 13, i.e. that they do
not carry any other substituents in these positions or
only substituents having a small volume. The process is é?
preferably suitable for baccatin derivatives which 459

carry the same substituents as l1l0-deacetylbaccatin III Q?

in positions 7 to 13, or «carry at least some



further -foreign protein and vyellow acconpanyi ng subs

f1 owt hr ough . al ready contai ned part of the inactive pr ot ei &
| THE S s e
renoved using 0. 07 MKCO 15 in standard buffer B (50 mM t Li.s/HGA

8.5, 20% glycerol, 20 nM 2-nercapt oet hanol ). The active protein
and additionally also yel |l ow acconpanyi ng substances were eluted at the
next step BPLIHEupGE enbavingd M séQlldmn swandaed behier BHS0 mM

i s/ HA , 9 |y G |, - h I
i oLy BB P20 2e doreeloler BRIV e Rl g anel | JLe of uate
8.5, 20% ghydeegén. 20 VM ZriTerwapt cetdsnidiyentss aliso  theyel dtvemand
cont ai ned é# iEﬁoﬁ§e<ﬂ5oﬁf§? gghﬁgvﬁﬁgzbgggh |§§%0ag§%CtPg£ thgre was no

acetyl tranhsferase activi ) thi's g t he “~col utm was
si mul t anedesPgess ggenpratédularly prefovaptleat gavanavage ofoxhis

purificatighe8fePring q@ﬂ%ﬂeﬁfc%tmb%@afcégt ipat Eiecharge kol umm, of the AcA
eluate is rapidly and gently concentrated to 4 m (4 30 fractions of 1 m
each) . process is particularly preferably used for selectively
acetylating l4-hydroxy-10-deacetylbaccatin IIT in
position 10.

In contrast, 10-deacetylbaccatin III
derivatives whose hydroxyl group in position 7 is
blocked by a voluminous protective group, such as, for
example, 7-TES-10-DAB III or 7-BOC-10-DAB III, are not
re.'cognized as substrates by the enzyme according to the
invention. However, such a blocking is not required,
since regioselective acetylation in position 10 takes
place even when other hydroxyl groups are present in
other positions.

Using the process according to the invention,
it is possible to acetylate taxane derivatives, which
have the same, fewer or less voluminous substituents in
positions 7 to 13 than 10-deacetylbaccatin III,
selectively in position 10. Such taxane derivatives in
which the substituents which are present in
10-deacetylbaccatin III (i.e. OH in position 7, CH; in
position 8, =0 in position 9, OH in position 10, CH; in
position 12 and OH in position 13) are present or are
replaced by a radical which is smaller or has the same
volume, in particular by hydrogen, are included here
under the term l0-deacetylbaccatin derivatives, and can
likewise be acetylated regiospecifically, if they have
an OH group in position 10. Examplgs of such
derivatives are 10-deacetyltaxuyunnanin C, - 10,14-
deacetyltaxuyunnanin C, 2,10,l4~deacetyltaxuyunnanin C,
5,10, 14-deacetyltaxuyunnanin C and 2,5,10,14-~
deacetyltaxuyunnanin C. :
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1 MKA in standard

Gradient: Time(min)

bufer ) s B , HIS SHEET HAS BEER
55 14 55 100

Preferably the process of the invention is employed to prepare baccatin [l from

10-deacetylbaccatin Ill, 14-hydrobaccatin [l from 14-hydroxy-10-

deacetylbaccatin lll or taxuyunnanin C from 10-deacetyltaxuyunnanin C.

The process according to the invention is
carried out in the presence of an acetyl donor.

Suitable acetyl donors are in principle any substances

This Sheet Has Been R

i

laced
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70 . 100 [H ghQ eluate: 4 m, 8.8 ng of pg 0, 796
pcat] This purification step achi eved an enri ¢HHENSHEET HAS BEEN
»0f 121% conpared to the AcA eluate, and renoval of 66% of t heRHPOABERIN

prof ei n. 3.5 Hydroxyapatite .10- The col um use a—CHT 11

colum (from 10 Biorad) which was filled with spherical hydroxyapatite

[ Cal err] (P@eapd)iBPH| taxgar tamed a5 |etde pieserceiwds a wiobeh  is nol ecul ar

P hosRnRer [ Aecdagald YAy AL SRACBROLEINS paccdidh Rl 4d fldy bound to

the Ca[err] cat1ons and t I'splaced er phosphat &
concent r at imrepdred hey 16he ebubteasbdbferibed above areBasiactegr dfei ns

Prg;/iepigal at h}gl'}]cgﬁu Plocd& B givd dlaldvely e aldltddiJ& L hgLol um
partial conversion of baccatin or baccatin derivatives
to give taxol or taxol derivatives is described in the
prior art and entails essentially the introduction of
suitable substituents at the hydroxyl group in position
13 of the baccatin derivatives. The baccatin
derivatives which are suitable for this purpose
consequently have a free OH group at least in position
13.

The reaction of baccatin derivatives to give
taxol or taxol derivatives is carried out in particular
by esterifying the OH group in position 13 of the
baccatin derivatives with a suitable acid. Such
processes are described in detail in the literature,
for example in US Patent 4,814,470 {(Colin et al.,}), in
US Patent Re. 34,277 (Denis et al.), in EP 0,400,971
A2, in US Patent 4,924,011 (Denis et &al.}, in US Patent
No. 5,476,954 (Bourzat et al.) and in Denis et al., J.
Am. Chem. Soc. 110 (1988), 5917-5918.

For illustration, the structural formulas of baccatin llf and paclitaxel are given

below:

This Sheet
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tHose with a rel.atively | ow pl. The hydroxyapatite structure wth

Ca[errl.ion% in the positively charged 20 centres and[® gr FTT At -
“hegatively charged centres results in a mxed ion exchaﬂgg § .t 7;M
The Hi ghQ el uate was punped withgpflowrate of 0.5 m/fin o AGED{ he
CHT Il colum (5 m) which had been equilibrated wi th phosphate buffer

(10 MM Na[err]HPO err]/NaH err]P(J err], pH 6.8, 20% 25 glycerol, 20 mM
2- mer capt oet hanol ), and the colum was R_(Qhen wasfled with 12 ml of this
buffer. The active protein was el uted%a® a co gent ratOdh of 160 nivi
phosphat e buffer (20% gl ycerol, .

Even when the phosphate concentration 30
nore protein could be el ut ed

Paclitaxel R,=COC.H;; R,=CH,CO

The invention is illustrated in more detail by

the examples below.
Example 1
Cultivation of Taxus chinensis cell suspensions

The Taxus chinensis suspension cultures used
were from the collection of the Institute for
Pharmaceutical Biology of the University of Munich, and
they originated from the needles of a T. chinensis
tree. The cultures were allowed to grow at 24°C,
100 rpm and 15001lux for 14 days. Using a sterile 50 ml
pipette, 150 ml of cell suspension ‘were then
transferred into 250 ml of BS5 + 1 medium:

AMENDED SHEET



factor of 10 8.7 conpared with the H ghQ eluate, conbined with a
of foreign protein of 92% resulting in a |oss of activity of

r enoval
27%

7.

1 5

Enzyme according to claim 6,

characterized in that it is present in a purity of > 50%.

Process for preparing an enzyme according to any of claims 6 to 8,

characterized in that the enzyme is isolated from Taxus chinensis by
means of purification and after each purification the fractions are
determined in which the enzyme is present by adding 10-
deacetylbaccatin or a 10-deacetylbaccatin derivative and an acetyl

donor, and the acetylation product formed is detected.

Process for preparing taxol or/and taxol derivatives,

characterized in that initially baccatin or a baccatin derivative according
to any of claims 1 to b is prepared and this is reacted by esterification
of the OH group at position 13 of the baccatin derivatives with a

suitable acid to give taxol or a taxol derivative.

Sheet Has Been Replaced
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Gadient: Time (min) 160 M phosphat e .

Dutter (9 e 0 THIS SHEET HAS BEEN |
rLIIIJII%é Y R PO nen, | o REPHGED,

The 0.5 ' haNeRecRims! 1,63 bad 1% were 63 estibd Ltar . B

and acetyl trénsferase activity. %ﬂ - 1.5nm, 0.73

ng of protein, 578 pcat] This purificati on step a an enri chnent



& O OC00R L2
3.6 @e 4nity chromat ography over High Trap Blue 15 RE Bﬁ(}apﬁb% 1
nm  (from Pharmacia) contains the synthetic polycycllc dyﬁfmﬁﬁEMEwﬁSHEEF
Blue F3 G A which is coupled to an agarose matri x. These \R@ANS
certain structural simlarity to natural |y occurring nol ecul es suc

the cofactors NAD err] and NADP[err], which 20 enablﬁ——-f-ﬁem—&-e- nd
proteins strongly and specifical1y, inter al Phﬁﬁfﬁﬁ%ﬁ'SHﬁﬁTJh
require adenyl at e- cont ai ni ng subétances. The col o MatErTar 135
therefore also referred to as "group-specific". F?omeg gpt he
specificityylsmaﬂqlfiea %the fact that 25 approxijndte a l%r of
the enzynme F prggucing bagcalier t o been cat al ogudd ' zyme
cont ai ni ng nucl eoti de conponent. Furthernorg,., it is also
possi-bl e for tel bi nd unspecifically to the —aromattctrgahds
oW ng to ée%tc(r%ogié%’g and/or 30 hydrophobic interactions. '

El uti-on takes pl acé specifically with the appropriate cofactor or

unspecifically with Tﬁ@lt invention relates to & ©process for
preparing baccatin or baccatin-derivatives by selective

5 acetylation of the corresponding 10-deacetyl compounds,

to an isolated enzyme which catalyses this acetylation

reaction and to a process for preparing the enzyme.

Taxol {(Paclitaxel) . is a promising agent for treating cancer
* which has antileukaemic and tumour-inhibiting activity
10+ (see, for example: M. Suffnes et al., 1in *“The

Alkaloids, Chemistry and Pharmacology”, A. Brossi, Ed.,

Academic Press: Orlando, FL, 1985, Vol. XXV, Chapter

1). Originally, taxol was obtained £from the bark of

certain yew trees (Taxus taxaceae). However, the

15 isolation of taxol from bark is difficult and

expensive, and the desired taxol is obtained from the

bark in only very poor yields (40 to 165 mg/kg) (see,

for example, R.W. Miller et al., J. Org. Chem. 46

(1981) 1469-1474; V. Sénilh et al., J. Nat. Procl. 47

20 (1984) 131-137; N. Magri et al., J. Org. Chem. 51

(1986) 797-802). Moreover, the use of bark causes the

\ vew trees, which grow back very slowly, to die, so that
there are only limited supplies of starting materials.

Since the discovery of the properties of taxol

25 which recommend it for use as a chemotherapeutic agent

for cancer, numerous efforts have been made to prepare

the compound by synthetic or semi—synthe;ic processes.

Thus, it has been attempted to prepare the taxol

structure by organic synthesis (see, for example, W.F.

30 Berkowitz et al., J. Org. Chem. 52 (1987) 1119-1124}.

However, because of the complexity of the molecule, it

has hitherto not been poésible to prepare taxol in
practically useful amounts'by total organi& synthesis.
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starts with 10-deacetylbaccatin-III which can be

... . EXtracted easily and in large amounts from the leaves
of Taxus baccata L (G. Chauviere et al., S8eances Acad.

Sci., Ser. 2, 1981, 293, 501-503). Here, it is possible
-to isolate approximately 1 g of 1l0-deacetylbaccatin III
per kilogram of leaves, the leaves growing back
rapidly. Thus, it is possible without any problems to
obtain large amounts of the precursor
l10~-deacetylbaccatin III.

The desired active compound taxel c¢an be
prepared from this precursor, obtained from biological
material, by partial synthesis. However, it has been
found that, as similar as the structures of
l10-deacetylbaccatin III and taxol may be, this partial
synthesis still entails significant problems and can
for the most part be carried out successfully only by
using specific protective groups, giving the desired
product taxol in only poor yields. .

Denis et al., {(J. Am. Chem. Soc. 110 (1988},
5917-5919) describe the synthesis of 10-deacetyl-
baccatin III to give taxol in two steps. In the first
step, 10-deacetylbaccatin III is acetylated chemically
in the 10-position. In the second step, baccatin is
converted into taxol. However, the first step is not
regiospecific, S0 that acetylation of
10-deacetylbaccatin also occurs, in particular, in
position 7. Because of this it is necessary to block
the hydroxyl group at this position against acetylation

. by using a protective group. Exclusive acetylation in
the 10-position could only be achieved by using a
protective group. However, the use  of a protective
group entails two more process steps (introduction and
removal of the protective group) which is, on the one
hand, expensive and, on the other hand, considerably
rg?uggs the yield of the product obtained. A further
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containing activity were conbi ned for further 20 purification.

[ Hi gh Trap @isedvankage QfSUmlngOP@QtﬁgtéVepgé'PéPﬁ consisgg pEafpe
Conmpared togthe CHI.! | glolﬂé&rb l.pﬁl}peg}; dact of s ofisdd 2awag achi eved
in this purl%lcatlon ste ]5 rem)va of 9£§%f foreign rotelgvvas :
associ at ed Wpefmaceutica al ac?FWV? | 0SS CERPPRIE complicate

purlflcatlon and analysis processes have to be carried
out subseguently in order to ensure that there are no
more molecules which still cé_.rry protective groups
present in the product.

Zocher et al. (Biochem. Biophys. 'Res. Commun. ,
229 (1996}, 16-20) describe a taxol biosynthesis. Here,
“in an intermediate step, the acetylation of
10-deacetylbaccatin III to give baccatin III was
carried out with the aid of crude plant extracts from
the roots of Taxus baccata. However, it was not
poss:Lble to :1.solat:e or characterize substances which
effect the acetylation. A disadvantage of using a crude
extract is the fact .that numerous other reactions, in
particular acetylation at other positiomns, can also be
initiated or influenced by substances present in the
crude extract. Moreover, a crude plant extract has no
defined and reproducible composition, so that the use
of crude plant extracts results in uncontrollable and
varying reactions and yields.

Tt was therefore an object of the present
invention to provide a process for preparing baccatin
and baccatin-like baccatin derivatives by selective
acetylation of the corresponding l1l0-deacetyl compounds
in position 10. It was a further object to provide an
isolated substance which specifically catalyses this
reaction.

According to the invention, these objects are
achieved by a process for preparing baccatin or
baccatin derivatives which is characterized in that
10-deacetylbaccatin or a 1l0-deacetylbaccatin derivative
is reacted in the presence of an isolated enzyme and an
acetyl donor, the enzyme-: being an acetyl transferase
having a molecular weight of from 70 to 72 kD,
determined by SDS-PAGE (sodium dodecylsulfate polyacrylamide

REPLAGEMENT SHEET
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strength of the solution is I nc eased Under these conditions, the
hydr ophobi ¢ _ rggL-D.DS_.D.D_T_b.E_ﬁJ.LLLhCE gel elestiopboessis) aduisdl areetyh

-22- s%{gaf %ﬁﬂn h o adserbed qnt LHang jmterials
havi ng hydro%ho I'C |gands §t?%§?§ha conéggugﬁgﬁ H hyd?%phoblc

i nteracti ons culgues. =It I’Hgﬁdr opéeibi cfoundnt ettt | oneglwb%%‘g@ aphy) .

These acetylation in position 10 is catalysed by an isolated

enzyme which can be obtained from suspended Taxus
chinensis cell cultures. Surprisingly, it has been

found .that using the isclated and purified enzyme, it
is possible to achieve high regiospecificity with
respect to the acetylation in position 10. This
specificity is preferably >80%, more preferably >90%
and most preferably->95%. It has been found that using.
the enzyme used according to the invention, it is
possible to achieve a specificity of »>99%. Here, a
Specificity of >80% means that acetylation has taken
. place to more than 80% in position 10 and to less than
20% 1in other positions of the starting material.
Consequently, other hydroxyl groups which are.present
in the starting material do not have to be blocked with
a protective group, since acetylation of these other
hydroxyl groups occurs to only a very limited extent,
if at all, when the enzyme according to the invention
is used. '
Surprisingly, it has been found that the enzyme
used according to the invention has a high substrate
specificity. Thus, only 10-deacetylbaccatin- or -
- 10-deacetylbaccatin derivatives which have a
l0-deacetylbaccatin III-like configuration at and in
the vicinity of the Cl0-position are converted. In
particular, baccatin derivatives where the access to
position 10 is blocked by voluminous substituents, such
as, for example, 10-deacetyltaxol and 10-déacetyl-
cephalomannin, are not acetylated. A precondition for
baccatin derivatives to be recognized as substrates by
the enzyme according to the invention is therefore that
these derivatives, which have a taxane ring structure,
essentially correspond_'to lo—deacetylbaccatin IIT in
positions 7, 8, 9, 16, 11, 12 and 13, i.e. that they do
not carry any other substituents in these positions or
only substituents having a small volume. The process is
preferably suitable for baccatin derivatives which
carry the same substituents as 10-deacetylbaccatin III

-— - - - f e - e -~
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This was 10sulssthitevekdy adding the apprepléat € MY Ofcniage- cegked 1
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8.5, 20% S$¥heetbrentsgofmil-deacetyihacaitddt il ) 1HePRESLGHNAT a little
at a tine. Hi@ogenPr ot eobNufDhols ON Nasssihsamient liy | oaged t othlee nini 15
colum (1 cm%err&lx 1.3 cm whjch had been.tigui‘_l | brated , Wi II\EP 0.5 M
(NH err]) [ PPTSELeR?] #R SRAhdadtFHRTRs B2 T { &% h&S2CtIfR0t el
‘Eﬁ' ution )h@ﬁohce§§nletir§lt e%arttimlarqgl | p?@ﬁeral'rﬁsé pPWW&Hr ofer from
>har maci a), _the . col um shed with_7 0of 0.5 M
(NH err]) [ #TFSF2F79i &o\sﬂ%?fﬁd%frté’ GLig 2611(56‘17?1%\311“}9%%'Hot?e pH 8.5,
20% gl ycermtoce®d igMpaZticulapbycppederlpbpl isedinfordeeltatetratg t he
bound protein 0.1 M(NHerrl)[err] S err]. ndard buffeg B (50 nM
tris, Ha, SCetHiprGrRd 20%51‘%}854’%1[’,{%& St ?%%%%%er% han‘To?J)e | o Bsed.
The el uate pestwwlémci®d in fractions of 0.5 m each and 25 the relative
protein concentratson a%néﬁest,enzynﬁ.O—deacetylbaccatin III
derivatives whose hydroxyl group in position’ 7 1is
blocked by a voluminous protective group, such as, for
example, 7-TES-10-DAB III or 7-BOC-10-DAB III, are not
rébognized as substrates by the enzyme according to the
invention. However, such a blocking is not required,
since regioselective acetylation in position 10 takes
place even when other hydroxyl groups are present in

other positions.
Using the process according to the invention,

it is possible to acetylate taxane derivatives, which
have the same, fewer or less voluminous substituents in
positions 7 to 13 than 10-deacetylbaccatin III,
selectively in position 10. Such taxane derivatives in
which the substituents which are present in
10-deacetylbaccatin III (i.e. OH in position 7, CH; in
position 8, =0 in position 9, OH in position 10, CHj in
position 12 and OH in position 13) are present or are
replaced by a radical which is smaller or has the same
volume, in particular by hydrogen, are included here
under the term l0-deacetylbaccatin derivatives, and can
likewise be acetylated regiospecifically, if they have
an OH group in position 10. Examples of such
derivatives are 10-deacetyltaxuyunnanin C, - 10,14-
deacetyltaxuyunnanin C, 2,10,l4-deacetyltaxuyunnanin C,
5,10,14-deacetyltaxuyunnanin C and 2,5,10,14-
deacetyltaxuyunnanin C. : |
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The process according to the invention S

carried out in the presence of an acetyl donor.

10~ s
h the

Suitable acetyl donors are in principle any substances

WwHIZh donate an acetyl group in the catalytic

conversion of the 10-deacetyl starting material:. The

redction is preferably carried out in the presence of
the acetyl donor acetyl coenzyme A.

From a technical point of view, the wuse
according to the invention of an isolated enzyme offers
many advantages. In particular with respect to the
conversion rate and with respect to the
reproducibility, the reaction can be controlled easily
if an isolated enzyme is used.

The enzyme used preferably has an isoelectric
point of from pH 5.4 to 5.8, preferably from 5.5 to 5.7
and in particular of pH 5.6. Furthermore, it has been
found that the enzyme used according to the invention
has a Michaelis constant Ky for acetyl coenzyme A of
from 55 to 65 um, preferably of from 59 to.63 puM and in
particular of &1 uM.

The invention furthermore provides an isolated
enzyme which is characterized in that a) it acetylates
10-deacetylbaccatin III in the presence of an acetyl
donor, in particular acetyl coenzyme A, selectively at
position 10, b) has a molecular weight of from 70 to
72 kD, determined by SDS-PAGE and ¢) is obtainable from
Taxus.chinensis cell cultures.

' The enzyme according to the invention is
preferably present in a purity of >50%, in particular
>80%, more preferably >90% and most preferably >95%.
The enzyme according to the invention is distinguished
by the fact that it acetylates 10-deacetylbaccatin III
in the presence of an .acetyl donor, in particular
acetyl CoA, selectively in position 10. This means in
particular that acetylation of the other hydroxyl
groups of 10-deacetylbaccatin III in positions 1,7 and
13 is virtually not observed. The acetylation reaction
has in particular a selectivity of >50% with respect to
position 10, preferably >80%, more preferably >90% and
most preferably >95%.
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calibration proteins and the enzyme according to the

invention. The molecular weight which had been
determined by SDS gel electrophoresis was confirmed by
gel filtration using a suitable gel filtration column.
The gel filtration was carried out using a biosilect-
SEC 250-5 column (Biorad) which had been equilibrated’
using 50 mM tris, pH 8.5, 20 mM 2-mercaptoethanol, in
an FPLC unit (Biologic Workstation, Biorad), using a
flow rate of 0.2 ml/min. The column was initially
calibrated using proteins of a known molecular weight.
Under identical conditions, 50 pg of the protein
accofding to the invention were then passed through the
column. 250 pl fractions of the eluate were collected,
and the activity of the eluate was determined as
described below. The molecular weight was determined by
comparing the elution times with the known standards.

The enzyme according to the invention can be
isolated from cell cultures of Taxué chinensis. It has
an isoelectric point of from pH 5.4 to 5.8, preferaBly
.from pH 5.5 to 5.7 and in particular of pH 5.6.
Furthermore, the Michaelis Menten constant Ky found for
‘the enzyme used was from 55 to 65 uM, preferably from
59 to 63 pM and in particular 61 uM for acetyl coenzyme
A. _

The enzyme according to the invention is an
acetyl transferase, in particular an acetyl CoA

10-hydroxytaxane-O-acetyl transferase.

The invention furthermore provides a process
for preparing the enzyme described above, which is
characterized in that the enzyme is isolated from an

{1 DEC 2800

enzyme-containing source by using known purification

processes and after each purification the fractions in
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used” is preferably a ce culture, in particular a
suspended cell culture. The use of a cell culture is
advantageous since it allows. large amounts of start:;‘.ng
material to be obtained. Compared to using a crude
extract as énzyme-containing source, when using a cell
culture, it is possible to purify the enzyme to a high
degree of purity owing to the large amount of starting
material. Particular preference is given to using a
starting material originating from Taxus chinensis, for
example a Taxus chinensis cell culture.

To purify the enzyme from the starting
material, it is possible to employ known purification
processes for the isolation of enzymes or proteins.
Processes which are preferably wused include the
ammonium sulphate precipitation from the crude extract,
and also chromatographic purification processes, such
as, for example, the use of a Sephadex G-25 column,
anion exchange chromatography, for example over DEAE-
Sephacel, gel filtration, for example over Ultrogel AcA
44, anion exchange chromatography, for example over
HighQ, chromatography over a hydroxyapatite column, dye
affinity chromatography, for example over High Trap
Blue, hydrophobic interaction chromatography, for
example over phenyl sepharose and/or dye affinity
chromatography, for example over Mimetic Green 1A6XL.
Purification preferably includes at least one step in
which anion exchange chromatography over HighQ is
employed. The HighQ column is an anion exchanger having
-N*{CH3)3 groups as ligands. It has been found that in
particular in this purification step, substances are
removed which catalyse acetylation at positions other
than position 10.

REPLAGEMENT SHEET}
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-24 - - ‘ The acetyl coenzyne A was renoved al nost conpl et el.y
using a PD 10 columm as descri bed above. The usual actlﬂEPMCEH%’NTWET
carried out on the eluate obt ai ned i n tohi-s manner. However, since the
PD 10 5 eluate still contained traces of acetyl CoA fromthe el ution
buffer, i.e. it had motthebe;mocqyxséctﬂ:@:ditrtg to théi dnewenddiphet ehe

oot giving acERevR b vitliorr Uit srarsttls v HebhrkiBat s
low. 10 [G eeneekhatpur2fbcation. (hﬁﬁﬂprrg:oof determine mematfjra_ctlons
Db PO RO, SRl TRTRLALRD e, (06 BariBiel By e
activity of 5 a8igpots of3.9 &ﬁmar frefctikhe purisi catadbmixedl  with
docunentation ohg_deacetylbaccatin or a 10-deacetylbaccatin
derivative, as defined above, and an acetyl donor. In
the fractions in which the desired enzyme is present,
product which is acetylated in position 10 can be
10 detected. Preference is given to using 10-
deacetylbaccatin III or 1l0-deacetyltaxuyunnanin C for
this test. The acetylation product formed can be
detected by wusing suitable marker groups in the
starting materials. Preference is given to using a
15 1labelled acetyl donor. Such a 1labelled acetyl donor
comprises a labelled acetyl group which can then be
used to determine product which has been acetylated in
position  10. Preference is given to using a
radicactively labelled acetyl donor. BHere, suitable
20 radioactive marker groups are ¥C and **C. The acetyl
donor used is particularly preferably an acetyl
coenzyme A, in particular [2-?*C]-acetyl coenzyme A.
It is also possible to carry out the detection
using labelling with a heavy isotope. In this case,  the
25 reaction product can be determined by mass
spectrometry.
' Using the process according to the invention
for preparing Dbaccatin or. baccatin derivatives.
employing the enzyme according to the invention, it is
30 possible to prepare baccatin or taxane compounds which
have been specifically acetylated in the 10-position.
Such compounds are of interest in particular as
starting materials for the partial synthesis of taxol.
Accordingly, the invention also provides a process for
prepariné taxol and/or taxol derivatives which "is
characterized in that baccatin or baccatin derivatives
prepared by the process described above are reacted by

known processes to give taxol or taxol derivatives. The
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anmoni um sul phate precipitation and 8 colum chr omat ogr aphy

gave an acetyl transferase prepar_ah%_on whose specific activity was 280
tinmes the val ue of the AcA eluate, the total yield being 0.1% The
great loss of activity during the purification, 25 even though the AcA

el uate was wor in_a single day, .can _be.expl ained. by the great

i nstabi ity ofgggéggl Q%ﬁ‘é‘?fﬁ%g%‘thFtEagéﬁ&?i OFt ?aﬁg%%‘asgﬁﬁxvarh%gs bel ow
pH 8 and t beagdyvesshkolons, taropadercubaivesmini descullphiitin the

To check the pygi e e 1,017,300, de | 21 di
el ectrophoresig-%%yt %% p%@gg%ﬁ%ﬁr gﬂs%gl\%aqslyﬁséai %g%%%da%%%no]‘éfhe
concentrated eFtab@Pbt substifdiantreritc e ddEoryinERgl BSOSO PRGN

subsequent 18i |l vef staidNi ngakeveahed @ativakilRard. The baccatin -
derivatives which are suitable for this purpose
consequently have a free OH group at least in position
13.

The reaction of baccatin derivatives to give
taxol or taxol derivatives is carried out in particular
by esterifying the OH group in position 13 of the
baccatin derivatives with a suitable acid. Such
processes are described in detail in the literature,

. for example in US Patent 4,814,470 (Colin et al.,), in
US Patent Re. 34,277 (Denis et al.}, in EP 0,400,971
A2, in US Patent 4,924,011 {Denis et al.), in US Patent

No. 5,476,954 (Bourzat et al.) and in Denis et al., J.
Am. Chem. Soc. 110 (1988), 5917-5919.

For illustration, the structural formulas of baccatin |1l and paclitaxel are given

below:

AcO 0] OH

>
Hoo 0}/._
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Characterization of the acetyl transferase from Taxus

suspensi on cul tures 4.1 pH OCptinmum 5 The pH has a great
effect on the enzymatic activityqsince the charges of the functi.onal
groups of certain am no acids change depending on the acidity of
the enzyne solution. This has inplications on the conformation of the
active centre of the enzyme and 10 consegqueqtly on jts activity. Likew se,
t he protonation pattern of certain ﬁ%ﬁii(ates *'e”dij?w t he pH and
can f

4

Paclitaxel R,=COCH;; R,=CH,CO

The invention is illustrated in more detail by

the examples below.
Example 1
Cultivation of Taxus chinensis cell suspensions

The Taxus chinensis suspension cultures used
were from the collection of the Institute for
Pharmaceutical Biology of the University of Munich, and
they originated from the needles of a T. chinensis
tree. The cultures were allowed to grow at 24°C,
100 rpm and 15001ux for 14 days. Using a sterile 50 ml
pipette, 150 ml of cell suspension ‘were then
transferred into 250 ml of BS + 1 medium:

~—  CompSsition of the B5 + 1 medium (modified
according to Gamborg, Miller, Ojima: Experimental

Research, 1968, 50, pp. 151-158).
REPLACEMENT SHEET
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10- deacet yl t axuyunnanin C was 15 neasujed at various pH values frompH 5
this purpose, 5.6 pcat (1.7 [err]g, 50 [err]l) of a

to pH 11. For
120-fold

8.5

120-fol d enri ched)

I ncl udi ng
5 [err]l 3

of mlli pore5V\/at
m Xtures were praHsyYde; ed w t hout acetyl

erﬁapindwbn@tfyictamferase (Hi gh Tr&® BMue el uate). was
used in the fol | .20 Mxtures: 5@ [e 0.8 Mtris, pH
%ﬁrr acetyl transferase (5.6 p(glgdt, 1.7 [e‘rr]g,

30 [err]l

rgrzyrre A (5 nmol ,

02 [err]G[2-[err] C] acetyglp coenzyme A 25

10 deacetgl t axuyunnanin C (15 nnol)

50 [err]l

#tubation: 25 min at 35[e|1|5]°C The

and the reactlonMg\‘Nsaa t.he(,rI\{20

10

15

20

25

30

35

KNO3

FeSO, - 7H20

Na,EDTA - 2H,0

.5}

MnSO, - H,0

H3BO0;

Znso, - 7H0

Na,MoO; - 2H,0

CusS0; - SH,0

CoCl, - 6H,0
Nicotinic acid
Thiaminium dichloride
Pyridoxol hydrochloride
meso-Inositol

D- (+) -sucrose

PH 5.6

NZ amines

coenzpae A for 5 m nutes,

250
2500
25.6
34.27
0.75
10

3

3
0.25
0.25
0.25

10

1000
20,000

1000

The NZ amines were added to the medium as a

sterile stock solution

g/l} under sterile

conditions after autoclaving and cooling.
On the third day after this inoculation, 30 uM

of methyl jasmonate (from Serva)
culture was allowed to
{Gundlach, H., Miller, M. J.,
Acad.

H., 1992, Proc. Natl.

were added, and the

grow for another 4 days
Kutchan, T. M., Zenk, M.

USA, 89, p. 2389-

2393) . The cells were then separated from the medium by

vacuum filtration and, after shock freezing with liquid

nitrogen, used for the enzyme maceration. However, it

s
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started:-by adding the cofactor. After an incubation tinﬁ_of 25 mn at

35[err]C, the

reacti on was stopped by acidification and

{E&yﬂ_ﬁf‘gjn}u}.'ﬂ

with tert-butyl methyl et her. Thélﬁadioactivity whi ch was present in

the ether 35

extract was evgluated usin scintillati C ter.
The acetyl trafé%® éﬁ“’f‘?%ﬁ%]f & e‘#dﬁfg&&{éﬁ' ce&tlst L3 r’énoaot ' %ﬁ/ TRartdw
range of pH 8.

opti mum bei ng
and pH 10. 8.

e I9mohl®;pHafter this, the activity of the desided

at :
enzyme decrqﬁﬁq COXS;

H 9.. The hal f - maxi.mum_conver si on rates are at pH 6.8
2 4 lgﬁrﬁégYCarried out at pH 8.5 since in

this case there was | ess active proteinin the initial 5 flow hrough of

t he affinitg C )&@isletl}an at pH 9.

10

15

20

25

30

35

Enzyme test for the determination of the

acetyltransferase activity

To be able to purify, characterize and detect
an enzyme, it is essential that precise, sufficiently
sensitive test methods are available. In this case, it
was the detection of the product formed, for example of
taxuyunnanin C from 10-deacetyltaxuyunnanin, and a
simple and reliable method was developed for this
purpose.

A sufficieﬁt amount of the enzyme solution to
be tested was pipetted into 50 ul of tris buffer
(0.8 M, pH 8.5) in an Eppendorf cap. 30 ul of purified
acetyl CoA (5 nmol of unlabelled and 0.02 uCi-
[2-**Clacetyl coenzyme A} and 15 nmol of a 3 mM stock
solution of 10-deacetyltaxuyunnanin C dissolved in DMSO

were then added (for the control only the corresponding’

amount of DMSO instead of this taxane). The mixture was
incubated at 35°C for 30 minutes and then acidified
using 20 pl of 12% H,S0,, the taxuyunnanin C formed was
extracted using 600 pl of tert-butyl methyl ether
(10 min. in an overhead shaker}) and the mixture was
then centrifuged (4 min at 14,000 rpm in an Eppendorf
centrifuge). The unreacted ([2-**Clacetyl CoA which was
still present remained in the aqueous phase. 500 ul of
the organic phase were evaporated to dryness in a
stream of air, which simultaneously zremoved any
[2-*Clacetic acid present which, owing to the earlier
acidification, was ©present as the acid and was
therefore volatile. Using a scintillation counter
(Multipurpose Scintillation Counter LS 6500, £from
Beckmann) or a thin-layef radioscanner {Automatic TLC
Linear Analyser, from Berthold), the type and the
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4.2 Opt.i num.t enperat ure In addition to the consjder Ele
I nfl uence that the pH has on the Egzyme activity, the eh@’@ﬁg MENT @ﬂE@T

10 is also very dependent on the incu

enzymati c

fion tenperature. The

activity initiall I ncreases Wi ' § N
tenperature, BRCHY t Rén hé@re8¥8guF5pig?§med V%%#ne?%éé%@ﬁﬁ?#é%ﬁgfature
onwar ds, Wwhi clEdrmespempfaratus was usedcho éetzgrmine Athe t¢mskersigigh
tenperatures, 1 nat ur.at i an..and .i hacti vatio he,,.enzyne Cc To
det er ni ne thé-m%OpEﬁ}‘?’ﬁmE}f‘eerrﬁ—"er%rte‘i(’[-‘%r"-’éfI éf% ée %élc ty u§5!5¥;r at;'llg%ekg se, 1.7
[err]g (5.6 poafluesf theowatdold pighfiethe aadyne ofer e ShigUDRYRT at
tenperat urgs %fhzf/gﬁr%g‘o%[ar%@@%/ﬁet O(TL*C) 50([31 éfﬂicl"e i nigHAld Y  @nild-dfdin t hout

acetyl coenhzyne

further

/ J "~ n, arter I'tiron of the _cofactor, for a
2 masitonithd hee Fo13) o nga & gy enisagusnta @yaivst o 280 A |

of 12% Herr] rJfg]can%Jéﬁ:,t axHy UpRANi gb £ Horded oWagsheARN whetB&i I'atieed
of ether. T

using 600 [err

eval uat ed

10
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he anmount™ of duct
usizR§licR CtdFIiy] TSRTBEDEISLRANEEE, scinti17alion "Eunddt®"

did indeed correspond to a peak in the region of the Rf
value of the expected product.

Example 3
Purification of the acetyl transferase

3.1. Tissue maceration and desalting via Sephadex G25

To obtain the crude protein extract, 7 day-old
suspension cultures were used which had been elicited
with 30 pM of methyl jasonate on the third day after
inoculation. 200 g of cells which had been freshly
filtered off . with suction were shock-frozen using
liquid nitrogen. In an ice-cooled mortar, these cells
were then mixed with 20 g of PVPP, and thawed with
stirring using 400 ml of standard buffer A (100 mM of
boric acid/NaOH, pH 8.5, 20% of glycerol, 20 mM of
2-mercaptoethanol. The PVPP binds some of the phenols,
inter alia the tanning agents which are present in the
extract, which interfere with the further purification
process. The homogeneous cell pulp was then filtered
through 4 layers of mull, and the press-juice was
centrifuged at 15,000 x g (10 min, S834 rotor}.

The ice-cooled supernatant was mixed with 50 ml
of calcium phosphate gel which had been suspended in
standard buffer A (100 mM boric acid/NaOH, pH 8.5, 20%
glycerol, 20 mM 2-mercaptoethanol). The amount by
volume is the amount of gel which is obtained after 10
minutes of centri.fugation at 2500 rpm and corresponds
to 1.9 g of Ca3(i>o4)2 (dry weight). This mixture was
allowed to stand in the ice-bath with occasional
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M xtures: 50-[err]l of 0.8 Mtris, pH 8.5 50 [err]l of
acetyl transferase (5.6 pcat, 1.7 [err]g, 12@EPIACEMENT BHED)
30 30 [err]l of acetyl coenz‘ylr?E A (5 nnol, including

0.02 [err] G [ 2; Ac . 5 trll of mM
10- deacet yl taxﬁég%\%lat’g n g%é 10 mnute"flS Er?‘f%ﬂ%’g th:is rime, SOtFéﬂrr] I
of MIlipore [hacompdnging| nsubatannes 25suth aast heforspexainpéet enpbeat ure.

;EELZEE:VEUNT tsﬁﬁ%?ﬁfﬁgr eaéé]ﬁtéac %}ﬁlcl{[ r gggf e{if‘ége{u; 8%?{ erl%]rge amounts,
should be adsorbed onto the gel. The acetyl transferase
5 remained in solution and was separated from the gel
material by subsequent centrifugation (6000 x g,
5 min., GSA rotor). .
The gel pellet was subsequently once more taken
up in 75 ml of standard buffer A, stirred with a glass
10 rod for 5 minutes and centrifuged at 6000 xrpm (GSA
- rotor) for another 5 minutes since some of the acetyl
transferase had been adsorbed onto the gel and was
released into the supernatant by this aftertreatment.
If no calcium phosphate gel was employed, major
15 difficulties were encountered in the further
purification process, since the accompanying substances
which were still present in this case rapidly blocked
the membrane of the mixer cell, and the colour of the
columns that were subsequently used changed to a dark
20 brown and their binding capacities were rapidly
reduced.

With slow stirring, the combined ice-cooled
supernatant was admixed a little at a time with
ammonium sulphate until 70% saturation had been

25 reached, and slow stirring was continued for another
30 min. after the addition was complete. The
precipitated protein could subsequently be pelleted at
15,000 rpm (10 min., SS34 rotor). The precipitate was
carefully resuspended in 30 ml of standard buffer B

30 (50 mM tris/HCl, pH 8.5, 20% glycerol, 20 mM 2-
mercapto-ethanol) and the solution was desalted using
this buffer and a Sephadex G25 column (Pharmacia:
2.7cm ¢ x 7 cm), and at the same time, 60% of the
foreign protein were separated off.

35 [G25 eluate: 82 ml, 78 mg of protein]
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4.3 lsoel ectric point The isoelectric point waBEPLABEMENTSHER!
by chromat of ocussing. A specific anigp exchanger, for exanpl e Mono
P HR 5/20 (from Phar maC| a), is used for this purpose, and the anion

exchanger is | e S present
as an ani o:'ir)la“pl lFhee’g:el'lélﬂrlqe"? ia °énc'?n %qu%ﬁr’? %tbﬁ% g’#%h Q'é%h'a%eb.
the colum nateri al armEAEnsephalcéﬂa E$uaequs|fngdar¢GIIU1ose to which

anphol yt e- cont ai mt_rn_,lgV fercﬁx@ré rfh%fgégmrﬁﬁgoe%@lﬁlllo rfaag%lfﬁar MREd a)

whi ch forns a%‘?—?

he enzyne t

en det aches

itself fromt rm:tzan}md Iéxcrtatmgerlmabed!'qrm t peipbi ntofnhedEs$REVEH has
been | Quer ICls A8 gRtak Baty fagetﬁ@zmﬁ}arweafr% ard he

anionic to'th orma y unch arge state. cor
i soel ectric pdpresgniEp)as anions andgorcan heth%ﬂé%ﬁ%e t®

responds to t he
Ja!?‘igf efAsethet he

| EP was s{iiper, USHiE B ebedins RFRALe MU KSt atieonaifiieibn  offi or ad)

with a Mono P 'HR 5/20 col um (0.5 cm[err] x 20 cm

{: om Phaéggm a) at

a flow rate of SEX9NGRY nidRLONEi s PR cHSumEiFks eé??fﬂpﬁeora d @&in

i m dazol e/ HO péluces the electrostatic interaction
10 protein and DEAE groups. Consequently,

of adsorbed
the protein

anions are exchanged for the inorganic anions and the

enzyme is thus eluted.

In this purification step, 24.4% of the foreign

protein were removed, and also, in

particular,

15 accompanying substances, inter alia phenol-containing

tanning agents. Even during the first use, the colour

of the column material changed to a dark brown, but it

was possible to purify it substantially using 1 M NaOCH.

This step considerably reduced the soiling of the
20 columns used. later on in the purification process.

The initial flowthrough of the

DEAE column

(2 5cm ¢ x 5 cm), including 30 ml of standard buffer B
(50 mM Tris/HCl, pH 8.5, 20% of glycerocl, 20 mM of
2-mercaptoethanol) which were used to wash the column,

25 were concentrated by pressure filtration in a wmixer
cell (Amicon, 400 ml, membrane PM 10) to a volume of
: 5 ml. -
[DEAE eluate: 110 ml, 59 mg of protein]
30 3.3 Gel filtration over Ultrogel AchA 44
The principle of gel filtration is based on the
fact that macromolecules, such as, for example,
proteins, are distributed between a mwmatrix having a
defined pore size (exclusion of volume) and the
35 surrounding liquid depending on their size and form.

Molecules which are too big to be able to penetrate
into the pores of the gel pass the particles and are
consequently eluted more rapidly than medium-sized
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Protein 25

el uate conta
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ed with HghQeluate. To this end, 1 nl of Hi 9{?@ tﬁ%ﬁ(&f‘iﬂ]

rated to 100 [err]| using Centriprep concentr
uted to 6 mM wth the'h ovenenti oned i m dazol e buffer.

IO‘;%t ﬁ%?%lﬁfck?f aBdrihy: gsﬁg};’%& Bgﬁ gd¥es, piit ghQ

est activity hronatofocu55|ng
téﬁxtﬂ@utesm@emaémg mtghth@@s egctgmakier THeledniedr was

101rmer a19£ S;aqrﬁ buhs er lﬁeélsm@ pre%ﬁxn Las o#erd o the
sing 40 ni l'ybuffer 74 M Illpore

GHay PRLEL |1<9?§’%F]ée‘éolaPS§SFecF certa#axa tr@%% SRy

| it W) 4esicH QGhdyerehdain onOkh@. 8oMikhi 8heHl 8ngenel €
arged to eyer other fraction. Th H was neasured in the

35 fracth techRique is F& et Hi e PRECGCEMEESF 13%% i on,
f virteudyy s rlf:ﬁtéfaa@ﬁim Vst watal e ek i gl tded fotdtomimg

30_anrg "“here is no need to use special buffers.

Moreover, the eluate is completely desalted,
since the smaller ions, in this case sulphate ions,
remain on the column much longer than the active
protein.

The gel used was a polyacrylamide agarose gel
which is suitable for a fractionation range of
10-130 kD {(Ultrogel AcA 44, from Serva).

The concentrated protein solution was separated
overnight using a column (2.8 cm ¢ x 100 cm) which had
been equilibrated with standard buffer B at a flow rate
of 20 ml/h. The 60 fractions (6.5 ml each) were tested
for protein content and acetyl transferase activity.
The fractions showing the main activity were combined
and purified further.

Using this eluate, it was possible to measure
the specific activity of the acetyl transferase. In
addition to distinct peaks at low Rf values, the thin-
layer chromatogram also showed a peak at the height of
the Rf wvalue of taxuyunnaninc. [AcA eluate: 53 ml,
25.7 mg, the total activity of 724 pcat was taken to be
100%). By means of this gel filtration, 57% of the
foreign protein were separated off.

3.4 2nion exchange chromatography over HighQ

Like the DEAE column, the HighQ column, which
has -N*{(CH;)s groups as ligands, is also an anion
exchanger, but in contrast to the former a strong anion
exchanger, i.e. its state of ionization does not change
over a wide pH range. The degree of dissociation and
consequently the exchange capacity of weak exchangers
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-29 -
8. 5)

containing 0.02 [err]Ci[2-[er]C]acetyl

.M xtures: 200 [err]l of enzynme solution (buff T
30 [err]l of aceiig) coenzlyme (Au ?E%R%@@T SHEE
0A) 5 Jerr]l of 3

MM 10 deacetydl;alyUBRaREBrafly at. different( 5 nBlhes. dismeathen: 30

mn at 35[err]C Eval uation using a scintillatiqgn counter,
ext FHEHQOCOl wRD t BRECBHRY| CHRERFES ePhedensely Pacc}(eCfTﬁ%s

after

10

in

?(S:E)ie?/ietc%/r ie|CUt ??aziﬂdflf%hphb{rﬁﬁge aI rsfirﬂe of ?aﬁp&*@ximé?.el?o 1chadm,t hghere
int o e '
P is a high countgrcpergssérrea,nssoert Saet: V@ise dcec'gleurmrpl %a?s tt?o bge pH

5. 6.
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operated using an FPLC unit (from Biorad).

The salt-free AcA eluate (53 ml) was pumped
onto. the HighQ 5 ml ready-made-up column, which had
been equilibrated with standard buffer B (50 mM
tris/HCl, pH 8.5, 20% glycerocl, 20 mM 2-mercapto-
ethanocl) using a flow rate of 2 ml/min, and the column
was washed with the same buffer. The colourless initial
flowthrough already contained part of the inactive
protein, and further foreign protein and yellow
accompanying substances were removed using 0.07 M KCl
in standard buffer B (50 mM tris/HC1, pH 8.5, 20%
glycerol, 20 mM 2-mercaptoethanocl). The active protein
and additionally also yellow accompanying substances
were eluted at the next step of the gradient, 0.14 M
KCl in standard buffer B (50 mM tris/HCl, pH 8.5, 20%
glycerol, 20 mM 2-mercaptoethanol). The eluate obtained
using 1 M KCl in standard buffer B (50 mM tris/HCl,
pH 8.5, 20% glycerol, 20 mM 2-mercaptoethanol) was also
yellow and contained 1/3 of the protein which had been
loaded, but there was no acetyl transferase activity.
with this last step, the columm was simultaneously
regenerated.

A great advantage of this purification step
consists in the fact that the large volume of the AcA
eluate is rapidly and gently concentrated to 4 ml (4
fractions of 1 ml each).

Gradient: Time (min)

1 M KCl in standard buffer

B (%)
0 0
35 0
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15 4.4 Determnation of the nolecul ar weight
nol ecul ar wei ght of the acetyl transferase, two different nethods were
filtration using a cal/ibrated gel filtration colum and

enpl oyed: gel

SDS gel

FPLC uni t

el ectrophoresis. sg The former was carried out using an
rkstation,

(Bi oLogic Biorad) at a flow rate of

m/mn and a Biosil ect-SEE 250-5 col um (Bidr ad) whi ch had been
equilibrated with 50 M ¢ is, pH 8.5, c}gx)rww 2- mer capt oet hanol
u

First,

t he

col um wWas 25 calibrate sing proteins of a known

To deREPLAGMEr

0.2

SUEET

mol ecul ar wei ght . UnBBr identical condi@ ons, 1.5 m of H gh Trap Bl ue
had beenggconcentrated tooglO0 [err]l (3360 pcat,
r ot ei n) using Centriprep concentrators (2 m, nenbrane

el uat e

[err]g
10 kD),

[err]l

[err]l

whi ch
of p

were then eluted 30

and
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[HibBoAehnkitky af mihegebuageoragrées e v nesl pyat ncubati on
of the followng mxtures (185 [err]l total volune): M xt ures:
of 0.8 Mtris, pH 8.5

This purification step achieved an enrichment
factor of 121% compared to the AcA eluate, and removal
of 66% of the foreign protein.

3.5 Hydroxyapatite

The column used was a CHT II column (from
Biorad) which was filled with spherical hydroxyapatite
[Cas (PO,)30H], particles. In the presence of a low-
molecular phosphate buffer, negatively charged proteins
can be initially bound to the Ca®* cations and then
displaced by higher phosphate concentrations in the
elution buffer. '

Basic proteins having a high pl have a
relatively high affinity to the column material than
those with a relatively low pl. The hydroxyapatite
structure with Ca?* ions in the positively charged
centres and PO,>” in the negatively charged centres
results in a mixed ion exchange separation. The HighQ
eluate was pumped with a flow rate of 0.5 ml/min onto
the CHT II column (5 ml) which had been equilibrated
with phosphate buffer (10 mM Na,HPO,/NaH,PO,, pH 6.8, 20%
glycerol, 20 wM 2-mercaptoethanol), and the column was
then washed with 12 ml of this buffer. The active
protein was eluted at a concentration of 160 wM
phosphate buffer {(20% glycerol, 20 mM 2-
mercaptoethancl). Even when the phosphate concentration
was increased to 400 wM, no more protein could be
eluted.

50

50

t hrough the colum. The fraction size was 250
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35 .
acetyl - CoA

0.02 [err]Gi[2- [ er r']zé]‘acet yl CoA)

-30 -

(15 nnol)
carried out
tert-butyl
wei ght of 72

100 [err]l of eluate 30 Jerr]l of
(5 nnol, whi ch addi tional | '
Y REPEREEIROCH ey
. O I 3 nmM 10-deacetyl taxuyunnanin C
qrn%% earftl 'on':f‘{‘gelo ?‘tnm%{)at 35[err]C Eval uati on was
usi ng a 5 scintillation counter, after extraction with

met hyl et her. Us & b 9milt b Bo 8B A0dl, biaf £k ecyl) ar

kD was cal cul ated for the acetyl” transferase.

To check this value, th€ denaturing SDS gef
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40 0
40 100
70 100

The 0.5 ml fractions which had been collected
were tested for protein and acetyl transferase

activity.

[CHT II eluate: 1.5 ml, 0.73 mg of protein, 578 pcat]

This purification step achieved an enrichment factor of
8.7 compared with the HighQ eluate, combined. with a
removal of foreign protein of 92%, resulting in a loss

of activity of 27%.

-

3.6 Dye affinity chromatography over High Trap Blue
HiTrapBlue 1 ml {(from Pharmacia) contains the
synthetic polycyclic dye Cibacron Blue F3 G-A which is
coupled to an agarose matrix. These ligands show a
certain ~structural similarity to naturally occurring
molecules such as the cofactors NAD' and NADP*, which
enables them to bind proteins strongly and
specifically, inter alia enzymes which require

'~ adenylate-containing substances. The column material is

25

30

therefore also referred to as *group-specific”.
However, the specificity is qualified by the fact that
approximately a third of the enzymes which have
hitherto been catalogued reguire a coenzyme containing
a nucleotide component. Furthermore, it is also
possible for proteins to bind unspecifically to the
aromatic ligands owing to electrostatic and/or
hydrophobic interactions.

Elution takes place specifically with the

appropriate cofactor or unspecifically with salt

solutions.
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10 electrophoresis was used. To this end, 0.3 pg of
honmbgeneous protein were chromat ographegli na 10% strenﬁﬂm@ggggasﬁggg
w

parallel wth Marker proteins havi n§*a known nol ecul ar wei ght
mar ker). The pr ot erhqé V\B% e ‘Qr%r@fez@ées" 1c§xt ai Bllﬂas soifpat 15
the Rf values of the on protelns and ace

transf erase Ebgsﬁhowen@@mbardé@h%p@a\ﬂawg:onéalnmﬁo|@%@m} \%ﬂghwaéf 70.8
kD for the latgg %orbﬁd Eferrﬁg[ ﬂué”ﬂdﬁidﬁﬂ‘”ﬁﬁigﬁiéY'ZQnd eluted

Det er mi nati on for 10-deacetyl - t axuyunnanin C
To gai n i nf or maRsBRCHBbER Je}heuﬁfmsn@ylépeﬁﬁe KC1 gragjentr arfder BBESt o

10- deacet ylg agﬁ\)&'ﬁ@é‘@' Ntfre Cag KM Zélué/@é UGa 8f 1baaeah%yla$€pﬁ@m8§n§£uat e
was determ ne ]I of O8Mtr|

ﬁé1b|res err _$L H 8.
100 [err]| of AEEPYI Birx eraé'sea( 1oy pEate of 0.5 /uln ‘Soto the
' High Trap Blue column which had been qulllbrated with

standard buffer B, and the column was washed with this
buffer. The protein bound to the column was eluted at
10 0.5 ml/min using a linear salt gradient of 0-1 M KCl in
standard buffer B (50 mM tris/HCl, pH 8.5, 20%
glycerol, 20 wM 2-mercaptoethanocl) over a period of

30 min.

15 Gradient: Time {(Min.)

1 M KC1 in standard buffer B (%)

0 0
30 0
60 100

The fraction volume was 0.5 ml. Fractions
containiné activity  were combined for further
20 purification.
[High Trap Blue eluate: 1.5 ml, 0.05 mg of protein,
168 pcat]
Compared to the CHT II column, an enrichment
factor of 4.2 was achieved in this purification step. A
25 removal of 93% of foreign protein was associated with a
total activity loss of 71%.

3.7 Hydrophobic interaction chromatography on
phenylsepharose _
30 If certain neutral salts, such as, for example,

(NH,) ;S0, or KCl1 are added to proteins dissolved in an
aqueous medium, the ionic strength of the solution is
increased. Under these conditions, the hydrophobic
regions on the surface of the proteins associate. In
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40 ng of protein, 225-fold enriched) 30 30 [err]l of acetyl
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interactions can subsequently be reduced again by using
an elution buffer having a low salt concentration.

For this purification ©principle, it is
therefore necessary to adjust the High Trap Blue eluate
to a concentration of 0.5 M ammonium sulphate. This was
achieved by adding the appropriate amount of ice-cooled
1 M ammonium sulphate solution in standard buffer B
(50 mM tris/HCl, pH 8.5, 20% glycerocl, 20 mM 2-
mercaptoethanol) very slowly, a little at a time. The
protein solution was subsequently loaded to the mini
column (1 cm ¢ x 1.3 cm) which had been equilibrated
with 0.5 M (NH,),SO, in standard buffer B. After the
protein solution had penetrated the gel bed
(phenylsepharose, from Pharmacia), .the colummn was
washed with 7 ml of 0.5 M (NH,;),S0; in standard buffer B
(50 mM tris/HCl, pH 8.5, 20% glycerol, 20 mM 2-
mercaptoethanol) . In order to elute the bound protein,
0.1 M (NH4),S0, in standard buffer B (50 mM tris, HCI,
PH 8.5, 20% glycerol, 20 mM 2-mercaptoethanol) is used.
The eluate is collected in fractions of 0.5 ml each and
the relative protein concentration and the enzyme
activity are determined. The most active fractions were
combined and tested for activity and protein content.
[Phenylsepharose eluate: 2.5 ml, 0.001 mg, 6.3 pcat]
Compared to the HiTrapBlue eluate, the enrichment
factor was calculated to be 1.9, with a simultaneous
loss of activity of 96%, and 98% of the foi:eign protein

- being removed.

3.8 Dye affinity chromatography on Mimetic Green 1A-6
XL '

As already discussed for the High Trap Blue
column, there are also  interactions between the
cofactor binding site of an enzyme with the dye ligand
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reci procal manner according to Li neweaver and Burk, the @[EEMGEW&%%”EET

for 10-deacetyl taxuyunnanin C was deterg&ned graphically to be 23
[err]M 5 4.6 Determ nation of the [err] val ue for acetyl coenzynme A
The affinity of acetyl transferase to acetyl coenzyne A can be

descri bed by t®® Kilekg wmatgsiadhi conlms the d@tf@rqﬁqrea%/apgmi@ntthebound

pheny! sephar osgngigh °cak0 chen Ma L1 g8ea SQohggr khedlcbdbddi [ Isn B0 ©

100 [err]l of

acetyl transferase (0.25 pcat

protein, 225-fBYeSeRE| cPRE[ acetyl coenzymgy F%errjrheofua'ééﬁwfeée%%yne A
and H20 15 (fiasbrSOACErbtin® remaill Hrm/tHS/ LA .52/ 102/ 152/ 202/

302/ 502 [err]M each contal ning 2 [err] M (40, 000 cpm)_ of [2. [ery
acet yl CoA) Befoxe %‘?r]P heigylsephagpse 0. ‘%Pe‘é%"eﬁyl?%‘k{éunh nin C
(15 nnol) pOsebeéd orsntly e amMinekeer | Gre&yal ¢sldm Was wbs@qugntly

carried out by_extractio th tert net h et t he use of a
Lotin$ B Bgfg?l'?ﬂ"ﬂ’ng gﬁzéoxXatograghy hftd algreeport

scintillation
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‘Ballasalla, Isle of Man) it had to be desalted, and

this in turn was carried out using a PD10 column (from
Pharmacia}. To this end, the 2.5 ml phenylsepharose
eluate was applied to the PD 10 column and allowed to
penetrate into it. Elution was carried out using
standard buffer B (50 wmM tris/HCl, pH 8.5, 20%
glycexrol, 20 mM 2-mercaptoethancl), the first 0.5 ml of
eluate being discarded and the next 2.5 wml, which
contained the active protein, being collected.

This enzyme solution was pipetted onto a
Mimetic Green column (1 cm ¢ x 1.2 cm) which had been
washed with standard buffer B {50 mM tris/HCl, pH 8.5,
20% glycerol, 20 mM 2-mercaptoethanol). After the
solution had penetrated the gel bed, it was eluted
without a pump using successively the following
solutions: 3 ml of standard buffer B (50 mM tris/HCI,
PH 8.5, 20% glycerol, 20 mM 2-mercaptoethanol), 3 ml of
0.5 mM acetyl coenzyme A in standard buffer B, 2 ml of
standard buffer B, 3 ml of 1 M KCl in standard buffer
B. 1 ml fractions were collected and tested for protein
and acetyl coenzyme A activity.

The acetyl coenzyme A eluate was the only
fraction which contained acetyl transferase activity.
Neither the initial flowthrough nor the KCl eluate
contained any activity.

‘Prior to determining the activity in the acetyl
CoA eluate, the cofactor had to be removed from the
solution. The large pool of unlabelled acetyl coenzyme
A would have diluted the small amount of MC-labelled
acetyl CoA to such an extent that wvirtually no
radicactive substrate would have been converted.
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nmeasured values in a doubly reciprocal manner according m@@'@l
and Burk, the Klerr] value for acetyl cgenzyne A was deter ET\ElSHEET

[err]M 20 4.7 Turnover nunber k[er?‘}' The turnover nunber
describes the reaction rate of an enzymatic reaction by stating how
many nol ecul es of Shest reateEydr e comnammesd Jer wagcomempyedne adpicsdul e 25

of Znzyme. o compjetelfoydiky Bl 85 Lhe dIGRAVGL GUIRMERRPINENTE The

el uat e was ncentration transferase
contai ned thetsual wastivieyertested Wéby carrdegdar aut ngOl‘ti hethd uglaagsi ng

SDS-pol yacry| aghdgsfigh Sfn CLELST GRRAIAS! SHowbRkkowedinkd @i Ve 10
stai ning. Known anount bovi ne serum al bumin were applied as
5 eluate still contained traces of acetyl CoA from the
elution buffer, i.e. it had not been possible to
achieve complete removal, the pool of *C-labelled CoA
was diluted in the activity test, giving activity and
purification factor values which were too low.
10 [Green eluate: 2.5 ml, 0.0001 mg of protein, 0.7 pcat]
In this purification step, the remaining
foreign protein was removed, resulting in a
purification factor of 1.1 at a loss of activity of
81%.
15
3.9 Summary of the purification and documentation of
homogeneity.
Using the process described, the desired acetyl
transferase was obtained from the crude extract by 70%
20 strength ammonium sulphate precipitation and 8 column
chromatography steps. This gave an acetyl transferase
preparation whose specific activity was 280 times the
value of the AcA eluate, the total yield being 0.1%.
The great loss of activity during the purification,
25 even though the AcA eluate was worked up in a single
day, can be explained by the great instability of the
enzyme and its sensitivity towards pH values below pH 8
and towards salt ions, in particular ammonium sulphate.
To check the purity of the enzyme preparation,
30 denaturizing disc electrophoresis in the presence of
SDS was used. Separation of the concentrated eluate of
the mimetic green column using SDS-PAGE and subsequent
silver staining revealed only 1 band.
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extracted wi'th tert-butyl nethyl ether and eval uated usi ng the
scintillation counter. The turnover (pnol) 20 was cal cul at e%EEWS
nmeasur ed val ues. Division of t he nmol2écul ar wei ght (72 k s
of enzyme

bat ch.
determ ni ng t h@hd+dc0eeizPeion NbE (tfhet | d€etyBEerantfierase it eTaxudf

enzynme activi
gi ves a val ue

é18 ng) ?ives an enzyme concentration of 0.25 pnol per

enzynme activity S cal cul at ed by 25

t (O 05 pol / sec and concentration (0.25 pnol)
%% t??ében31°Qﬁ°q%ﬁﬁB§§heous enzyne (nDI/sec/nDI of

enzyne) for the,1 anmpxmmmmof t he acetyl transferase

Tur nover
cat/ nol .

—sturnover nQy, k[%r}% 0. 05 pmol /[ sec;
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‘?,‘%% aiyy b&rkf.l% ea&?&s ”Bhaﬁ&e 18epend1g8a%?1t 3gh AL %’1‘3}“' Ry C 20

the enzyme solution. This has implications on the
conformation of the active centre of the enzyme and
consequently on its activity. Likewise, the protonation
pattern of certain substrates depends on the pH and can
therefore also influence the enzyme activity.

To determine the optimum pH range, the transfer

- of acetyl coenzyme A to 1l0-deacetyltaxuyunnanin C was

measured at various pH values from pH 5 to pH 11l. For
this purpose, 5.6 pcat (1.7 pg, 50 pul) of a 120-fold
enriched acetyl transferase (High Trap Blue eluate) was
used in the following mixtures:

Mixtures: 50 pl 0.8 M tris, pH 8.5
50 pl acetyl transferase (5.6 pcat, 1.7 ug,
120-fold enriched)
30 ul acetyl coenzyme A (5 nmol, including
0.02 uCi[2-**C]acetyl coenzyme A
5 pl 3 mM l0-deacetyltaxuyunnanin C (15 nmol)
50 pl of millipore water

Incubation: 25 min at 35°C.

The mixtures were preincubated without acetyl
coenzyme A for 5 minutes, and the reaction was then
started by adding the cofactor. After an incubation
time of 25 min at 35°C, the reaction was stopped by
acidification and extraction with tert-butyl methyl
ether. The radicactivity which was present in the ether
extract was e{raluated using a scintillation counter.

The acetyl transferase activity extended over
the relatively narrow rénge of pH 8.5 - 9, the pH
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33 - - 4.8 Kinetic optinum Under physi ol @gpmﬁh\m NT WEET
condi ti ons, t he concentration of substrate is very snall conpared
to t he concent rat i on of enzyne. mIM-a snmal | nunber of the 5 active

centres of the enz |s Qccupied, ,so,th nt of whi ch
i s not occupi € ‘é‘ﬁb SHE BE PE Zror g’r?&s é{\S‘S‘ rra?%?sgf%nﬁﬂ

total anount ofatezyaree at pI[IEQEBré_,r}d PpH 10. 8 the concentration
of substrate [S] i 0 [ ] t c tion at
Which the - 1nitialTEOREET IR T Y s@%ﬁ%ﬁ.ﬁ%ﬁ% fF E s hed A
reaction procetiss coasedEhaley wasr éeslsowc:)titvtmrpmtaaied in théyinbeialrnover

nunber k[ ery ] ‘flowthrough of the affinity columns than. at pH 9.

4.2 Optimum temperature _
In addition to the considerabl: influence that
the pH has on the enzyme activity, the enzyme activity
10 1is also very dependent on the incubation temperature.
The enzymatic activity dinitially increases with
increasing temperature, but it then decreases rapidly
from a certain temperature onwards, which is specific
for each enzyme. At these high temperatures,
15 denaturation and inactivation of the enzyme occur. To
determine the optimum temperature of the acetyl
transferase, 1.7 pug (5.6 pcat) of the 120-fold purified
enzyme were incubated at temperatures of from 0°C to
50°C, dinitially for 10 min without acetyl coenzyme A
20 and then, after addition of the cofactor, for a further
25 min. The reaction was quenched by addition of 20 pl
of 12% H,80,. The taxuyunnanin C formed was then
extracted using 600 pul of ether. The amount of product
formed was then evaluated wusing a scintillation
25 counter.

Mixtures: 50 pl of 0.8 M tris, pH 8.5

50 pl of acetyl transferase (5.6 ©pcat,
1.7 ug, 120-fold enriched)

30 30 pl of acetyl coenzyme A (5 nmol, including
0.02 pCil2-**ClAcCoa
5 ul of 3 mM 10-deacetyltaxuyunnanin C
{15 nmol)
50 pl of Millipore [lacunal

35 Incubation: 25 min at the respective temperature.

The optimum temperature for acetyl transferase is 35°C.
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To characterize an enzyne under these 15 conditi GRRLAGEMENT SHEET

quotient k[err]/Klerr] is used. If this value is multiplied by the
substrate concentration [S] and th284 otal amount of enzynme [E[err]],
the reaction rate is obt ai ned. 20 v = (k[err]/Kk[err]) [S] [Eerr]]
It has to be taRen IseoedegtadgnPoihsit the rate of diffusion of nolecules

di ssol ved in an aqueoysg . iHBQ%é&ffé‘ b%ﬁngms;,a@[edédeﬁ@iﬂé&errﬂy Thus,

the reaction 25 rate is limted even for very fast enzymes, sincg it is
not possibl e fohwomasofsnssing -t oAgeBPESITRE efppE  © Shengegui cHF.
The ki netic 0%@%@%&%%6% 0k /3 e (2e8ky IPharmaldianst eisisased @or

cat/mol S K[ierid /REERPTe OPd RS SEBIPT SOFPERREF2aS | SopaPE] PRI 8. 7
s[err]Merr] the desired enzyme at a pH where it is present as an
anion. Under these initial conditions, the enizyme binds
to the column material and can then be eluted using an
ampholyte-containing buffer mixture (Polybuffer 954,
10 from Pharmacia) which forms a pH gradient through the
column. The enzyme then detaches itself from the anion
exchanger exactly at the point where the pH has been
lowered to such an extent that the enzyme changes from
the anionic to the formally uncharged state. This pH
15 corresponds to the isoelectric point (IEP).

For the acetyl transferase, the IEP was
determined using a BioLogic FPLC Workstation (from
Biorad) with a Mono P HR 5/20 column (0.5 cm ¢ X 20 cm,
from Pharmacia) at a flow rate of 0.7 ml/min. This

20 column was equilibrated using 25 mM imidazole/HCl pH
7.4 and loaded with HighQ eluate. To this end, 1 ml of
HighQ eluate were concentrated to 100 pl |using
Centriprep concentrators (30 kD) and then diluted to
6 ml with the abovementioned imidazole buffer. Protein

25 of this degree of purity was used here because the
HighQ eluate contained the highest activity (pcat/ml)
and chromatofocussing was anticipated to result in a
high loss of activity. The column was washed with 10 ml
of start buffer and the protein was eluted from the

30 column using 40 ml of Polybuffer 74 (diluted 1:8 with
Millipore water, pH 4). 1 ml fractions were collected,
and to maintain the activity at low pH values, 100 pl
of 0.8 M tris pE 8.5 were initially charged to every
other fraction. The pH was measured in the intermediate

35 fractions.

To determine the active fraction, an aliquot of
every _othef fraction was incubated in the following

mixture for 30 min:
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Exanple 5 « Substrate specificity 35 To check th INTGHEET
specificity of the purified acetyl transferase, variousmggﬁggﬁnds
havi ng a t axane skel eton were used ¥ substrate.
- 33-14 ; - 10[deacetyltaxuyunnanin C - 14-deacetyl taxuyunnanin C
- , 14- deacet yl t axuyunnanin C - 2,10, 14-deacet yl t axuyungani 5 -
5, 10, 14- deacePPHEREERINFLM ntE of enzy®e) S ?ttfeoé'tet(b}l¥§§ﬁ$§nn%agni %HC

8.5)

30 pl of acetyl coenzyme A (5 nmol,

containing 0.02 uCif2-**Clacetyl CoA)
5 pl of 3 mM 10 deacetyltaxuyunnanin C
(15 nmol) '

Incubation: 30 min at 35°C.
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Evaluation using a scintillation counter, after
extraction with tert-butyl methyl ether.

The main activity eluted in the pH range from
5.7 to 5.47,

acetyl transferase was determined to be pH 5.6.

so that the isoelectric point of the

4.4 Determination of the molecular weight

To determine the molecular weight of the acetyl
transferase, two different methods were employed: gel
filtration using a calibrated gel filtration column and
SDS gel electrophoresis.

The former was carried out using an FPLC unit
(BioLogic Workstation, Biorad) at a flow rate of
0.2 ml/min and a Biosilect-SEC 250-5 column (Biorad)
which had been equilibrated with 50 wM tris, pH 8.5,
10 mM the column
calibrated using proteins of a known molecular weight.
1.5 ml of High Trap Blue

2-mercaptoethanol. First, was

Under identical conditions,

eluate which had been concentrated to 100 pl
{3360 pcat, 50 upg of protein) using Centriprep
concentrators (2 ml, membrane 10 kD), were then eluted

through the column. The fraction size was 250 pl and
the activity of the eluate was determined by incubation
of the following mixtures (185 pl total volume):
Mixtures: 50 pl of 0.8 M tris, pH 8.5
100 pl of eluate

30 pul of acetyl-CoA (5 nmol, which
additionally contained 0.02 pci [2-
“ClacetylCoA)
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- 2,14+ deacetyl taxuyunnanin C - 5, 14-deacet yl t axuyunnani e T A
2, 5-deacet yl - 10, 14- deacet yl t axuyunnanin C 10 - 10-deacety|ﬁ@gggﬁfh”rrr“J
(=10-DAB I'11) - 10-deacetyl taxol =-30- 10-deacetyl cephal onannin -
10- epi - 10-DAB | | | - 49-[ydr @fy- B0- DAB | 1b-déacet i¥iedyayumyariin DAB | | |

- 7-TES-10-DAB |11 - 7-BOC-10-DAB |11 It was found that,
fromanong the subst r at e§12Am | oyed, only taxanes having a hydroxyl
group in PRShbABDoE: 180 amin het (3Brxert ed. Taxane derivatives havi ng

here not accepted as SAEATPERERR WP holBtFithed Sty CPAR erbe.
However, ifs t hec2htidtaessntcothtidrj sabterkertbycvbdunwvihblasteubsbityiknt s,
as in the casemggh%g-gggggfyltaxol and 10-deacetyl -
Using this method, a molecular weight of 72 kD
was calculated for the acetyl transferase.
To check this wvalue, the denaturing SDS gel
10 electrophoresis was used. To this end, 0.3 ug of
homogeneous protein were chromatographed in a 10%
strength SDS gel in parallel with Marker proteins
havimg.a known molecular weight (Rainbow marker). The
proteins were made visible by silver staining, so that
15 the Rf wvalues of the calibration proteins and the-
acetyl transferase could be compared, giving a
molecular weight of 70.8 kD for the latter.

4.5 Ky value determination
20
Determination of the Xy value for 10-deacetyl-
taxuyunnanin C
To gain information about the affinity of the
acetyl transferase to 10-deacetyltaxuyunnanin C, the Ky
25 +value of the phenylsepharose eluate was determined.

Mixtures: 50 pl of 0.8 M tris, pH 8.5

100 pl of acetyl-transferase (0.25 pcat,
40 ng of protein, 225-fold enriched)

30 30 ul of acetyl «coenzyme A (5 nmol,
additionally containing 0.02 pci[2-
140l acetylCoA)
10 pl of 10-deacetyltaxuyunnanin C (final
concen-tration:

35 0.1/0.3/1/3/5710/306/50/100/200/300/500 pM)
Tncubation: 30 min at 35°C; evaluation of the
radioactivity, which had been extracted using tert-
butyl hethyl ether, using a scintillation counter.
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4.6 Determination of the Ky value for acetyl coenzyme A
The affinity of acetyl transferase to acetyl

coenzyme A can be described by the Ky value, which was

determined using the phenylsepharose eluate.

Mixtures: 50 pl of 0.8 M tris, pH 8.5
100 pul of acetyl transferase (0.25 pcat, 40
ng of protein, 225-fold enriched)
30 pl of acetyl coenzyme A and HO
(£inal concentration 2.1/2.3/3/5/12/32/52/102/152/202/
302/502 pM, each containing 2 puM (40,000 cpm) of
[2-**C] acetylCoA)
5 pl of 3 mM 1l0-deacetyltaxuyunnanin C
{15 nmol)
Incubation: 30 min at 35°C. Evaluation was subsequently
carried out by extraction with tert-butyl methyl ether
and the use of a scintillation counter. By plotting the
measured values in a doubly reciprocal manner according
to Lineweaver and Burk, the Ky value for acetyl coenzyme
A was determined at 61 uM.

4.7 Turnover number K.a

The turnover number describes the reaction rate
of an enzymatic reaction by stating how many molecules
-of substrate are converted per second by one molecule
of enzyme.

To determine the turnover, phenylsepharose
eluate was used. The concentration of acetyl
transferase contained therein was determined by
separating the eluate using SDS-polyacrylamide gel
electrophoresis, followed by silver -staining. Known
amounts of bovine serum albumin were applied as
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conversi on of 10-deacetyltaxuyunnanin C. 10-deacetyl t axuyunnagj :
Phenyl sepharose eluate (225-fold purified) Substrate ﬁk%%ﬁ@ﬁﬁ?@i‘iﬂ

Con\2/ersi on pkat [9% .10-Desacetyltax3unnanin C 100

1.12 10- Desacet Ibaccatl n il

10, 14- Desacet ﬁ%@@@&&p{ entrai:é?ns %o the a@aﬁ?n% £élots of the
2,10, 14- Desacegte)ajtaxuyunnanl n C 0.91

5,10, 14- Desacet yl t axu nnanl
2,5, 10, 14- Desacet yi 1 3 Lo El f enzyme SOlgtggnlo@rpres A5 |

14 Hyd tc0 1180 rtg/cbf)xge&ﬂyDABramﬁerase, 10-demxgetyltaxuyunnanims
roxy=10- 7 9 I
5 CP 95# B%iefl%l ﬁ%ef‘ﬂ’“‘g A, the recoﬂiegz tﬁﬂl%%’e];o 1@9&%2!:'1&

was linear in the range from 5 to 30 min.

Mixtures: 50 pl of 0.8 M tris, pH 8.5

300 pl of acetyl transferase (18 ng of acetyl

10 transferase, 0.76 pcat)
30 pul of acetyl coenzyme A (5 nmol,
containing 0.02 uCi-[2-**C] of acetylCoRA)
5 unl of 3 mM 10-deacetyltaxuyunnanin C
(15 nmol)

15 Incubation: 30 min at 35°C.

The incubation mixtures were subsequently
extracted with tert-butyl methyl ether and evaluate'd
using the scintillation counter. The turnover {pmol)

20 was calculated from the measured values. Division of
the molecular weight (72 kD) by the amount of enzyme
{18 ng) gives an enzyme concentration of 0.25 pmol pex
batch.

The enzyme activity is calculated by

25 determining the turnover per unit of time (sec). The
quotient of enzyme activity (0.05 pmol/sec) and
concentration (0.25 pmol) gives a value of 0.2 cat/mol
of homogeneous enzyme (mol/sec/mol of enzyme) for the
turnover of the acetyl transferase.

30

Turnover = turnover no. Xes: 0.05 pmol/sec:
0.25 pmol = 0.2 cat/mol.

This corresponds to a turnover of 0.2 mol of

35 substrate per second per mol (72 kg) of enzyme at 35°C,

pH 8.5, and optimum amounts of substrate (60 mol of 10-
deacetyltaxuyunnanin C, 20 mol of acetyl CoA).
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Pat ent ‘Cl ai s 1. Process for preparing baccatin an N rBAe Gatd R
derivatives, characterized in that 10-deacetyl baccatin 5 orﬁgﬂm’tﬁ‘ﬁ' SHEET,
10- deacet yl baccatin derivative is react88-in the presence of an

I sol at ed enzyn@.gnckﬁpe?&e cﬁtﬂﬂ.&?r’ t he enzynme being an acetyl
ar

t
transferase having a nolecu wei ght of from 70 to 72 kD, determ ned
by SDS- PAGE, wi t h Gndexoel echhysipbdaical fronspribtions, 5.8 ak@ea 10
M chael i s I\/Entﬁgh oSt K gkr ] A&t Yk oC &y of f @M S5 to
65 [err]M I C ac%fﬂ%/? .tr%anss‘;ﬁey?tase [ sS ébtnglinna I ecofmrpgm Taxus
chi nensi s cel Ithaeepegntratign of emgyees Okt R FTRl + ok m af the

characteri zed d¢cive £88ErBACERL it |éniﬁné)r§§abegufaﬂ,€m so that the
10- deacet yl baccat i n- . . )
_ amount of enzyme which is not occupied by substrate [E]
corresponds approximately to the total ‘amount of enzyme
[Eol .
If the concentration of substrate [S] is
10 considerably below Ky, the concentration at which the
initial reaction rate is half-maximal, the enzymatic
reaction proceeds considerably more slowly than stated
by the turnover number Kcae-
To characterize an enzyme under these
15 conditions, the quotient kc.:/Ky is used. If this value
is multiplied by the substrate concentration [S] and
the total amount of enzyme ([E;], the reaction rate is

obtained.
20 v = (kcat/km) [8] [Ee]

It has to be taken into account that the rate
of diffusion of molecules dissolved in an aqueous
medium can be at most 10® to 10°. Thus, the reaction

25 rate is limited even for very fast enzymes, since it is
not possible for the substrate to get to the enzyme
more quickly.

The kinetic optimum calculated for the acetyl
transferase is as follows:

30 ‘Kuy{l0-deacetyltaxuyunnanin C) = 23 uM, kear = 0.2 cat/mol
Keat/Ky = 0.2 mol s™* mol™?/23 - 107*[M] = 8.7 s M

Example 5
Substrate specificity ,
35 To check the substrate specificity of the

purified acetyl transferase, various compounds having a
taxane skeleton were used as substrate.
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15 111. . 3. Process according to Claim1, character iBZE?EIAdErMFNT Sﬁéﬁt

14- hydr oxybaccatin-I111 is prepared from 14-

hydr oxy- 10- deacet yl baccatin-111. 4.34- Process according to Caiml,
characterized in 20 that t axuyunnani n C S pr epar ed

from 10- dead&ydemmwmmnmamn &. . Process according to any
of the precedlmd act Al B AGlerd zed in that the reaction is
carried out In t e presence acety coenzyme A as acetyl 25 donor.
6. Enzyme, - cHvEetdgacatylitedpaimnanin C 3) " acetyl ates

10- deacet yl baccag iqp |14 - déhég@mmanm ef an acetyl donor, in
particul ar acetyl coenz e sel ecti vel \é at position 10, 30 b) has
a nol ecul aP wet gt 10 oF4- qﬁ‘%ﬁﬁtﬁ@a’?‘-ﬁ’m‘?“fn det ermi ned by SDS- PAGE
and c) has 2550 ecdd gt 5.4 to 5.8, d has a

M chael i s I\/Ente ‘foé]Staqﬁ’]ng%H{gf{ g',cetyl coenzynme A of from 55
to 65 [err]M 3 O acetyl transferase and
- 5 l4-deacetyltaxuyunnanin C
- 2,5-deacetyl-10,14-deacetyltaxuyunnanin C
10 - l1l0-deacetylbaccatin III (=10-DAB III)
- 10-deacetyltaxol
- 10-deacetylcephalomannin
- 10-epi-10-DAB III
- 19-hydroxy-10-DAB III
15 - 14-hydroxy-10-DAB III1
- 7-TES-10-DAB III
- 7-BOC-10-DAB III

It was found that, from among the substrates
20 employed, only taxanes having a hydroxyl group in
position C-10 can be converted. Taxane derivatives
having an acetylated position C-10 but free hydroxyl
groups at other carbons were not accepted as substrates
by the purified acetyl transferase. However, if the
25 access to C-10 is blocked by voluminous substituents,
as in the case of 10-deacetyltaxol and 10-deacetyl-
cephalomannin, acetylation does not take place.
When the rates of conversion were calculated,
based on the rate of conversion of 10~
30 deacetyltaxuyunnanin C, it was found that all
taxuyunnanin C derivatives having a free hydroxyl group
were converted to the same degree. 10-DAB is converted
with a rate of conversion of 85%, compared to 10-
deacetyltaxuyunnanin C to baccatin III.
35 The conversion of wvarious substrates, based on
the conversion of deacetyltaxuyunnanin €, is shown in
the table below. . .
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f) is‘obtatnable from Taxus chinensis cell cultures.
-37- 7. Enzynme accordi ng to Claim 6 REPLACEMENT SHEET
characterized in that it is present in-85purity of > 50% 8.

Enzynme according to Claim7, characterized in 5 that it is present in a

urity of > 90% , .
P y %onver51on of +various substrates, based on the

conversion of l0-deacetyltaxuyunnanin C.

10-deacetyltaxuyunnanin C
Enzyme: Phenylsepharose eluate (225-fold purified)

5
Substrate Conversion pkat
[%]
.io—Desacetyltaxuyunnanin C 100 1.12
10-Desacetylbaccatin III 80 0.9
10, 14-Desacetyltaxuyunnanin C 102 1.14
2,10,14~-Desacetyltaxuyunnanin C 81 0.91
5,10,14—Desacety1taxuyunnahin C 88 0.99
2,5,10,14-Desacetyltaxuyunnanin C |53 0.59
10-epi-10-DAB III 0 0
19-Hydroxy-10-DAB III 38 0.43
14-Hydroxy-10-DAB III 97 1.09
7-TES-10-DAB III 0 6]
7-BOC-10-DAB III ' 2 2
REPLACEMENT SHEET
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9. Pr-oce enzyne according to any of clgipyACEVENT QHEET
characteri zed,

QT: me i s isolated from Taxus chinensis by
means of puri’i- , E’"ﬁ E r each pw3étication the fractions are
determined in W U Is present by adding 10-

deacetyl baccatin or a 1 O-deacetyl ba%cati n rjvative and an acetyl

donor, and the acetyl ation product fornedti s ect ed. 10. Process
according to Claim9, characterized in 15 that the purification processes
i nclude the use, of a H ghQ gol um. 11 Proces ccording. .t o any
of Jains 9 or 40, | REes ef‘?ﬁeBrePﬁrlP%apacfaPagacag‘id;/I aglg%ffcfa}rn&rfll

or 10- deacedgit teatiipamanchatacsensaeld f an ddtadct 1 hregdedeet2flbaccatin
enzyme-cont @i ni ract i . \ ccor di.py a Cl ai s
o to 8 il an At sateryihapRarin, dlREIYAr S ChERct ATl Und
coenzyme A pressence ¢f cuesksalcomdliengyme and Gn @egtwl Jonpx,2 tixs

characterized |Gl bBEngCoby AN PLAGME el HdPllabing o IRSREErRHIS NG
radi oactive | abel i ng. .
weight of from 70 to 72 kD, determined by SDS-PAGE,
with an isoelectric point of from pH 5.4 to 5.8 and a
10 Michaelis Menten constant Ky for acetyl coenzyme A of
from 55 to 65 uM, which acetyl transferase is
cobtainable from Taxus chinensis cell cultures.

2. Process according to Claim 1, characterized in

that baccatin-III is prepared from 10-deacetylbaccatin-
15 III.

3. Process according to Claim 1, characterized in

that 14—hydroxybaccatin-III is prepared from 14-

hydroxy-10-deacetylbaccatin-III.

4. Process according to Claim 1, characterized in
20 that taxuyunnanin c is prepared from

10~deacetyltaxuyunnanin C.

5. Process according to any of the preceding

claims, characterized in that the reaction is carried
~out in the presence of acetyl coenzyme A as acetyl
25 domnor.
6. Enzyme, characterized in that it
a) acetylates l0-deacetylbaccatin III in the presence
of an acetyl donor, in particular acetyl coenzyme A,
selectively at position 10,
30 D) has a molecular weight of from 70 to 72 kD,
determined by SDS-PAGE and
c) has an isoelectric point of from pH 5.4 to 5.8,
d} has a Michaelis Menten constant XKy for acetyl
coenzyme A of from 55 to 65 HM,
35 e) is a 10-hydroxytaxa-O-acetyl transferase and
£) is obtainable from Taxus chinensis cell cultures.
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14. - - @wocess according to any of Clains 9 to 12, char ri ;
that the acetylation product—forned is det ect ed using ﬁﬁém%ﬁgﬁq a
heavy isotope. 1 5. cess for-pfeparing taxol or/and taxol
derivatives, 1 ““\‘Mﬂ H jﬁri zed in that initially baccatin or a
baccatin deri\m‘“ ) to any of claims 1 to. 5 is prepared

and this is reactéd by esterification of the OH group at position
1 3 of the baccatin derivatives with a suitable acid to give taxol

or a taxol derivative.

7. Enzyme according to . Claim (2 .
characterized in that it is present in a purity of >
50%.

8. Enzyme according to Claim 7, characterized in

5 that it is present in a purity of > 90%.

9. Process for preparing an enzyme according to any of claims 6 to 8,
characterized in that the enzyme is isolated from Taxus chinensis by
means of purification and after each purification the fractions are
determined in which the enzyme is present by adding 10-
deacetylbaccatin or a 10-deacetylbaccatin derivative and an acetyl

donor, and the acetylation product formed is detected.

10. Process according to Claim 9, characterized in
15 that the purification processes include the use of a
HighQ column.
11. Process according to any of Claims 9 or 10,
characterized in that 10-deacetylbaccatin III or
l0-deacetyltaxuyunnanin C is used for detecting the
20 enzyme-containing fractioms.
12. Process according to any of Claims 95 to 11,
characterized in that the acetyl donor used is acetyl
coenzyme A. _
. 13. Process according to any of Claims 9 to 12,
25 characterized in that the acetylation product formed is
detected using radiocactive labelling.
14. Process according to any of Claims 9 to 12,
characterized in that the acetylation product formed is
detected using labelling with a heavy isotope.

15: Process for preparing taxol orfand taxol derivatives,
characterized in that initially baccatin or a baccatin derivative according
to any of claims 1 to 5 is prepared and this is reacted by esterification

of the OH group at position 13 of the baccatin derivatives with a

sultale acid o gve taxol or & texol dervade. REPLACEMENT SHEET
4 4 DEC 2000
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{54) Title: METHOD FOR PRODUCING BACCATIN

(54) Bezeichnung: VERFAHREN ZUR HERSTELLUNG VON BACCATIN

(57y Abstract

The invention relates to a method for producing baccatin and/or baccatin derivatives. According to said method, 10-desacety] baccatin
or a derivative thereof is reacted in the presence of an isolated enzyme and an acetyl donor. An acetyl transferase with a molecular weight
of between 70 and 72 kD, determined by SDS-PAGE, is used as the enzyme. Said acety] transferase can be obtained from cell culwres of

Taxus chinensis.

(57) Zusammenfassung

Es wird ein Verfahren zur Herstellung von Baceatin oderfund Baccatinderivaten beschrieben, bei dem man 10-Desacetylbaccatin
oder ein 10-Desaceylbaccatinderivat in Gegenwant eines isolierten Enzyms und eines Acetyldonors umsetzt, wobei als Enzym eine
Acetyltransferase mit einem Molekulargewicht von 70 bis 72 kD, bestimmt durch SDS-PAGE, verwendet wird, die aus Zellkulturen

von Taxus chinensis erhiltlich ist.




