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METHODS FOR THE PRODUCTION OF ANSAMITOCINS

FIELD OF THE INVENTION

[01] The invention relates to processes for the production of Ansamitocins. Ansamitocins
refer to a mixture of ansamitocins that differ in their C-3 ester side-chain. Ansamitocins can

be converted into the C-3 alcohol maytansinol.

BACKGROUND OF THE INVENTION

[02] Ansamitocins are highly cytotoxic compounds derived from fermentation of

microorganisms such as Actinosynnema pretiosum. Ansamitocins have been chemically
converted into thiol-containing maytansinoids, whose therapeutic use in the form of cell
binding agent-maytansinoid conjugates has been described (U.S. Patent Nos. 5,208,020;

5,416,064 6,333,410; and 6,441,163).

[03] The fermentation process with Actinosynnema spp strains such as Actinosynnema
pretiosum produces several ansamitocin species bearing different ester substituents at C-3
(Fig. 1). The various C-3 esters produced include P-3 (iso-butyryl), P-3° (n-butyryl), P-2
(propionyl), P-4 (iso-valeryl), P-4’ (n-valeryl). All of these esters can be reductively cleaved
to give the C-3 alcohol maytansinol (P-0), which is the precursor for the synthesis of thiol-
containing maytansinoids. In addition, minor amounts of undesired ansamitocins which are
modified at other sites, such as N-demethyl, 20-O-demethyl, and 19- dechloro are produced.

Upon reductive de-acylation, these ansamitocins do not produce maytansinol.

[04] Processes for the production of ansamitocin from fermentation of Actinosynnema spp

have been described (U.S. Patent Nos. 4,162,940, 4, 450,234, 4,228,239, 4,331,593; and
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4,356,265). The yield of ansamitocins produced varies, with titers generally ranging from 12

mg/L to 100 mg/L. The ansamitocins are typically recovered and purified by a multistep
process involving addition of a filter aid and an organic solvent to the whole fermentation
broth, followed by concentrating the organic layer and precipitation with petroleum ether.
The precipitate was further purified using silica chromatography and crystallization, followed
by further purification by recrystallization or chromatography.

[05] Thus, the process is cumbersome and involves several steps where highly toxic
material has to be handled. This renders the scale up of such a process very difficult. In
addition, the safety of the human operator has to be ensured throughout the various

processing steps.

[06] A recent application (US 2002/0015984 A1) claims certain improvements 1n the
process for the production of ansamitocins. The ansamitocin titers in the fermentation broth
are reported to have ranged from 65 to 86 mg/L. The claimed improvements included heat
inactivation of the broth at 75 °C, extraction into an aromatic hydrocarbon solvent such as
toluene, chromatography through an open silica column, followed by crystallization.

In order to reduce the cost of ansamitocin production, new Actinosynnema spp strains that
give significantly higher titers (up to 400 mg/L in fermenters) than those previously
described, have been produced. The processes previously described for the production of
ansamitocins have several drawbacks, and thus cannot be adapted for the new high producing
strains that have been developed. For example, heat inactivation at 75 °C results in some
degradation of ansamitocin and a 10 to 20% loss in yield. Extraction of fermentation broth
containing high ansamitocin content with aromatic hydrocarbons is inefficient and

incomplete, since the ansamitocins are not highly soluble in such solvents. Purification ot

-
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ansamitocins on open self-packed silica columns has two drawbacks: 1) lot to lot variability
In purity and recovery, and 2) significant human exposure resulting in safety concerns.
Thus, a need exists to produce ansamitocins in high yields and also to provide an efficient
process for its isolation and purification, while minimizing worker exposure to the highly

toxic drug.

SUMMARY OF THE INVENTION

[07]  One aspect of the invention is a process for the large-scale fermentation of
ansamitocin-producing microorganisms, the process being especially applicable to a new,
highly productive ansamitocin-producing strain.

[08]  Another aspect of the invention is a method for isolating the crude ansamitocin, and
for preparing purified ansamitocins comprising the following steps:

1) optional inactivation of the culture, for example, by exposure to heat at about 50 °
to 55 °C or by addition of 1% by volume of chloroform, 2) extraction with a non-aromatic
organic solvent, 3) concentration of the extract, 4) purification of the concentrate on a silica
or alumina column, preferably a pre-packed silica cartridge column, and 5) crystallization of

the product.

[09]  Other aspects of the invention include the following:
A process for preparing purified ansamitocins comprising the steps of:
1) Culturing an ansamitocin-producing microorganism in a liquid culture medium:;
2) Extracting ansamitocins from the culture medium with a non-aromatic water
immiscible solvent;
3) Concentrating the extracted ansamitocins; and

4) Purifying the ansamitocins by any one of a), b), c) and d):

-3
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A) adsorption chromatography over silica gel or alumina,

b) crystallization,

c) adsorption chromatography over silica gel or alumina followed by
crystallization, and

d) crystallization followed by adsorption chromatography over silica gel or

alumina.

[10] A process for preparing purified ansamitocins comprising the steps of:
1) Culturing an ansamitocin-producing microorganism in a liquid culture medium;
2) Extracting ansamitocins from the culture medium with a non-aromatic water
immiscible solvent;
3) Concentrating the extracted ansamitocins; and
4) Purifying the ansamitocins by any one of a), b), ¢) and d):
a) adsorption chromatography over silica gel or alumina,
b) crystallization,
¢) adsorption chromatography over silica gel or alumina followed by
crystallization, and
d) crystallization followed by adsorption chromatography over silica gel or

alumina.

[11] A process for preparing purified ansamitocins comprising the steps of:
1) Culturing an ansamitocin-producing microorganism in a liquid culture medium;
2) Extracting ansamitocins from the culture medium with a non-aromatic water

immiscible solvent;
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3) Congentrating the extracted ansamitocins; and
4) Purifying the ansamitocins by adsorption chromatography over silica gel or

alumina followed by crystalhzation.

[12] A process for preparing purified ansamitocins comprising the steps of:
1) Culturing an ansamitocin-producing microorganism i a liquid culture medium;
2) Extraction of ansamitocins from the culture medium with a non-aromatic water
immiscible solvent;
3) Filtration to remove solids, allowing isolation of the organic phase
4) Concentration of ansamitocins from the organic phase; and
5) Purifying the ansamitocins by any one of a), b), ¢) and d):
a) adsorption chromatography over silica gel or alumina,
b) crystallization,
c) adsorption chromatography over silica gel or alumina followed by
crystallization, and
d) crystallization followed by adsorption chromatography over silica gel or

alumina.

[13] A process for preparing purified ansamitocins comprising the steps of:
1) Culturing an ansamitocin-producing microorganism in a liquid culture medium;
2) Extracting ansamitocins from the culture medium with a non-aromatic water
immiscible solvent, using various centrifugation techniques;
3) Concentrating the extracted ansamitocins; and

4) Purifying the ansamitocins by any one of a), b), ¢) and d):

_5-
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) adsorption chromatography over silica gel or alumina,

b) crystallization,

¢) adsorption chromatography over silica gel or alumina followed by
crystallization, and

d) crystallization followed by adsorption chromatography over silica gel or

alumina.

[14] A process for preparing purified ansamitocins comprising the steps of:
1) Culturing an ansamitocin-producing microorganism in a liquid culture medium;
2) Centrifuging the broth in the presence of one or more water miscible organic solvents
to remove solids while retaining ansamitocins in solution.
3) Adding a water immiscible non-aromatic solvent, to allow extraction of ansamitocins
into the organic layer. Optionally, various salts or other components could also be added
to the organic phase during the extraction.
4) Concentrating the extracted ansamitocins; and
5) Purifying the ansamitocins by any one of a), b), ¢) and d):
a) adsorption chromatography over silica gel or alumina,
b) crystallization,
¢) adsorption chromatography over silica gel or alumina followed by
crystallization, and
d) crystallization followed by adsorption chromatography over silica gel or

alumina.

[15] A process for preparing purified ansamitocins comprising the steps of:

_6-
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1) Culturipg an ansamitocin-producing microorganism in a liquid culture medium;
2) Optional treatment of the culture medium to facilitate extraction of ansamitocins;
3) Solid phase extraction of ansamitocins from the culture medium onto a resin;
4) Isocratic or gradient elution of ansamitocins from the resin using one or more organic
solvents or one or more organic solvents combined with water;
5) Concentrating the extracted ansamitocins; and
6) Optionally purifying the ansamitocins further by any one of a), b), ¢) and d):
a) adsorption chromatography over silica gel or alumina,
b) crystallization,
c) adsorption chromatography over silica gel or alumina followed by
crystallization, and
d) crystallization followed by adsorption chromatography over silica gel or

alumina.

[16] In these embodiments the invention may optionally include:

(1) chemical or heat inactivation of the microorganisms in the fermentation broth;

(i)  treatment of the culture medium to facilitate solvent extraction of
ansamitocins, prior to step 2; or

(iii)  a washing step in which a crude solution of ansamitocins in organic solvent 1s
washed with water, an aqueous salt solution, an aqueous acid or an aqueous base in any
sequential combination, either before or after the precipitation. This step can be performed at

various stages of the purification.
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[17] A procgss for extracting ansamitocins from fermentation broth, said process
comprising:

1) Optionally inactivating ansamitocin-producing microorganisms in the fermentation
broth; and

2) Extracting the ansamitocins from the fermentation broth with a non-aromatic

water-immiscible solvent.

[18] The above process may also include treatment of the culture medium to facilitate

solvent extraction of ansamitocins, prior to step 2.

[19] A process for extracting ansamitocins from fermentation broth, said process
comprising:
1) Extraction of ansamitocins from the fermentation broth with a non-aromatic
water-immiscible solvent, and
2) Filtration to remove solids, allowing 1solation of the organic phase.
The above process may optionally include:
(1) chemuical or heat 1nactivation of the microorganisms in the fermentation broth; and/or
(11) treatment of the culture medium to facilitate solvent extraction of ansamitocins, prior

to step 2.

[20] A process for extracting ansamitocins from fermentation broth, said process
comprising: extracting ansamitocins from the culture medium by various centrifugation

techniques with a non-aromatic water immiscible solvent.
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[21] The abgve process may optionally mclude:
(i) chemical or heat inactivation of the microorganisms in the fermentation broth; and/or
(i1) treatment of the culture medium to facilitate solvent extraction of ansamitocins, prior

to or during centrifugation.

[22] A process for removing solid debris from fermentation broth, said process
comprising:
1) Centrifugation of the fermentation broth in the presence of a water miscible organic

solvent to remove solids while retaining ansamitocins in solution.

[23] The above process may optionally include:
(i) chemical or heat inactivation of the microorganisms in the fermentation broth; and/or

(i) treatment of the culture medium to facilitate solvent extraction of ansamitocins, prior

to or during centrifugation.

[24] In the above-described methods, it is preferred that the ansamitocm-producing
microorganism is Actinosynnema spp., more preferably Actinosynnema pretiosum. The
ansamitocin-producing microorganism may also be Actinosynnema pretiosum ATCC 31565
or strains derived therefrom or Actinosynnema pretiosum PF4-4 (ATCC PTA-3921) or strains
derived therefrom. As described in U.S. Pat. No. 4,450,234, Actinosynnema pretiosum ATCC
31565 was deposited with (i) Institute for Fermentation, Osaka, 17-85, Juso-honmachi 2-
chome, Yodogawa-ku, Osaka 532-8686, Japan, on August 20, 1979, under the accession
number of IFO 13963; (ii) National Institute of Bioscience and Human Technology (formerly

Fermentation Research Institute), Agency of Industrial Science and Technology, Ministry of

0.
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International Trade and Industry, 1-3, higashi 1-chome, Tsukuba-shi, Ibaraki-ken 305, Japan,
on August 29, 1979, under the accession number of FERM-P NO. 5185; and (111) the
American Type Culture Collection, 10801 University Blvd., Manassas, Virginmia 20110-2209,
USA, on September 11, 1979, under the accession number of ATCC 31565, In addition,
Actinosynnema pretiosum PF4-4 was deposited under the provisions of the Budapest Treaty
with the American Type Culture Collection, 10801 University Blvd., Manassas, Virgima

20110-2209, USA, on December 11, 2001, and has been accorded Accession No. ATCC

PTA-3921.

BRIEF DESCRIPTION OF THE DRAWINGS

[25] Figure 1 shows the structure of various ansamitocin C-3 esters that can be made by

fermentation, as well as the C-3 alcohol, maytansinol (P-0).

DETAILED DESCRIPTION OF THE INVENTION

[26] Methods are provided for culturing a microorganism highly productive for
ansamitocins in a liquid culture medium in large fermenters. Methods are also provided for
the extraction of the ansamitocin from the culture broth and the microorganism into a non-
aromatic water-immiscible organic solvent in which the ansamitocin is highly soluble, and
for the purification of the ansamitocin by passage through a silica or an alumina column if
needed, preferably these columns are pre-packed cartridges, followed by crystallization of the

product. If necessary, the microorganism may be inactivated by heat treatment or treatment

with chloroform prior to the extraction step.

[27] The purified ansamitocins which could include a mixture of various C-3 esters, such
as ansamitocins P-3, P-3’, P-4, P-4’, P-2 and P-1 (Fig. 1), may be treated with a reducing

agent to give the desired C-3 hydroxyl compound, maytansinol (P-0). The purified
_10-



CA 02595024 2007-07-17
WO 2006/078368 PCT/US2005/044783

ansamitocins typically contain only minor amounts of undesirable ansamitocins that have
modifications on sites of the molecule other than the C-3 position. Preferably, the
ansamitocin-producing strain is Actinosynemma spp. More preferably, the microorganism is
Actinosynnema pretiosum. The microorganism can also be Actinosynnema pretiosum PF4-4
(ATCC PTA-3921) and derivatives thereof and Actinosynnema pretiosum ATCC 31565 and
derivatives thereof. The microorganism can be grown by fermentation culture techniques
that are known to those of ordinary skill in the art, using the specific media described herein
or any other media that is described in the art (U.S. Patent Nos. 4,162,940, 4, 450,234,

4228,239: 4.331,598; and 4,356,265).

[28] One embodiment of the method of the invention 1s the culture of the microorganism 1n
a liquid culture medium. Growth of the bacterial strain PF4-4 1s performed under controlled
conditions and can employ a wide variety of media and conditions. For example, PF4-4 can
be grown under similar conditions and with similar media to those described for ATCC

31565 or ATCC 31281 in issued U.S. Patent Nos. 4,137,230; 4,162,940; 4,331,598;
4,356,265; and 4,450,234; and as described in Hatano et al., Agric. Biol. Chem. 48, 1721-
1729, 1984. Thus, the strain PF4-4 tolerates a wide variety of carbon sources, which also
support fermentative production of ansamitocins. Exemplary growth media are given 1n
Tables 1 and 2. Table 1 shows media that support production of ansamitocins by
ansamitocin-producing microorganisms, such as Actinosynnema pretiosum PF4-4 and Table 2
shows further media suitable for the propagation and/or growth of Actinosynnema pretiosum

PF4-4, and other ansamitocin-producing microorganisms.,

11-



CA 02595024 2007-07-17

-12-

WO 2006/078368 PCT/US2005/044783
Table 1. Prodyction Media Composition (entries are % w/v).
FM 27-44 | FM 112-37 | FM 4-4 FM 4-6 | FM 4-7
Dextrin 6 6 5 5 5
(Lodex-5) ]
Maltose 4 - 2 2 2
(Difco) B B
Proflo 2.0 2.5 2.75
(Traders)
Soybean 1.5 2.0
Flour (ADM) - )
Pharmamedia | 0.5
(Traders)
CSP 0.5 0.5 0.5 0.15 0.15
(Roquette)
P. Dry Yeast | 0.25
(D1fco)
MgegSO47H,0 | 0.05
(Wako) .
CaC03 0.5 0.5 0.6
(Hayashi) i 3
(NH4)>SOq 0.05
(Wako) ]
KH,>PO4 0.05 0.04
(Wako)
K>;HPO, 0.05 0.06 0.06 0.06
(Wako) )
CaCly:2H, O | 0.5 0.5
(Wako) o o .
NaHCO; 0.2 |
(Wako) - ]
Zeolite 0.1 B B
FeSO47H,0 | 0.0002 0.0002 0.0002  ]0.0002 | 0.0002
(Wako) L J
ZnSQO4 7H,0O | 0.0002 B . - | ]
CoCl,'6H,O | 0.001 0.0005 0.0005
(Baker) - ) o ]
Nicotinic 0.0002
| Acid . B B B -
 MnSO4H,O | 0.0002 - i B o
Isobutanol' | 0.1 0.5 0.5 0.3 0.3
(Tedoa) B ] B
SAG471 0 0.06  |0.04 0.04
(Witco) o B I .
pH |68 168 6.8 172 1735
Sterilization was at 121 °C for 20 minutes. ~ Added last.
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TABLE 2 Related Media
Slant and plate culture, CM4-1 Agar
(%, W/v)

Yeast extract (Difco) 0.3

Malt extract (Diico) 0.3

Soytone (Difco) 0.5

Glycerol (Difco) 1.0

Bacto Agar (Difco) 2.0

Adjust pH to 6.5 before sterilization; Sterilization: 121 °C, 20 minutes

Seed Medium, VM4-1'

(%, W/V)

Soluble starch (BDH) 2.0
Glucose (Shuling) 1.0
Soybean meal (ADM) 1.0

Corn Steep Liquor (Solulys) 0.5
Soytone (Di1ico) 0.5

NaCl (Wako) 0.3

CaCOs; (Hayashi) 0.5

pH 6.8; Sterilization: 121 °C, 20 minutes

Preferred methods for fermentative production of ansamitocins from strain PF4-4 are further

described in EXAMPLES 1 and 2 below.

13-
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Fermentation;

[29] The cultivation may be conducted by culture conditions such as, stationary, shaking,

aerobic submerged or any other culture conditions. For good culture growth and high

U

production of ansamitocins in large tank fermenters, aerobic submerged culture is preferred.
The ansamitocin production can be further enhanced by feeding of nutrients during the
fermentation. For example, when cultivating the organism in FM4-6 medium, additional
feeding of glucose for the duration of the fermentation or of glucose for about the first 24 to
72 hours, preferably for about the first 48 h, followed by feeding with glucose and a protein
nutrient such as cotton seed flour (for example Proflo or Pharmamedia from Trader’s Protein,
Memphis, TN) or soybean flour, and an alcohol or an aldehyde to facilitate the formation of
the C-3 ester side chain, such as isobutanol, isobutyraldehyde, n-butanol, n-butyraldehyde, n-
propanol, n-propionaldehyde, isopropanol, isopropionaldehyde, pentanol, valeraldehyde,
isopentanol, isovaleraldehyde until the end of the fermentation can result in doubling of the
ansamitocin production. While the culture conditions depend on the media used and the
production scale, it is normally preferred to carry out the fermentation in the pH range of
about 5 to 9, preferably with a starting pH of about 6.5 to 8.0. More preferably, the pH range
is about 7 to 8, even more preferably about 7 to 7.4. The most preferred pH is about 7.2. The
temperature can range from about 15° to 35 °C, with a preferred range of about 25° to 30 °C.
More preferably, the temperature is about 28 °C. The fermentation is continued until the
maximum ansamitocin accumulation has been achieved. The cultivation time may vary and
depends on several factors including the culture method, the composition of the medium, and

the temperature. Typically, the fermentation time ranges from 96 to 336 h.

-14-
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Analysis of ansamitocins:
[30] In U.S. Patent Nos. 4,331,598 and 4,450,234, the parental strain ATCC 31565 1s

disclosed as producing two classes of ansamitocins that are distinguished by the presence ot a
methyl or hydroxymethyl group at C-14 (see Fig. 1). For both classes, several ditferent
ansamitocins are produced that differ in their respective acyl side chain bound to the C-3
oxygen atom, and with respect to whether C-14 carries a methyl or hydroxymethyl group (or,
in subsequent studies, N- demethyl). The nomenclature used herein for the permuted

compounds 1s defined above with reference to Fig. 1.

[31] Ansamitocin P-3 is the major product of PF4-4 and the parental strain ATCC 31565,
under certain growth conditions. If the bacteria are grown in the presence of valine or
isobutyric acid (see U.S. Patent No. 4,228,239), or isobutyl alcohol or isobutyraldehyde (see
U.S. Patent No. 4,356,265), other ansamitocin compounds are present only in minor amounts.
When PF4-4 strain is grown in different fermentation media (designated FM 1n Table 1),
which all contain isobutyl alcohol, ansamitocin P-3 is the predominant ansamitocin produced.
In one method to assay the amount of ansamitocins, samples of the fermentation broths are
diluted with ethanol or acetonitrile, then shaken strongly and finally centrifuged. The

supernatant is then assayed for ansamitocin P-3 content.

[32] Ansamitocins are preferably fractionated and analyzed by reverse phase high
performance liquid chromatography (HPLC), but any suitable technique, such as, for
example, MALDI-TOF or thin-layer chromatography may be used. In one method,

fermentation broths are extracted with organic solvents, such as ethyl acetate, methylene
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chloride or chlproform, and the content of P-3 in the organic solvent 1s determined by HPLC,

using reverse phase C18 or C8 columns.

Extraction of ansamitocins:

[33] - Ansamitocins can be extracted from the fermentation broth by methods generally
employed for the recovery of secondary metabolites. Since the ansamitocins are readily
soluble in non-aromatic solvents, they can be easily extracted by stirring with non-aromatic
water-ummiscible solvents such as alkyl acetates wherein the alkyl chain is linear or branched
and has 1-5 carbon atoins, dialkylketones and halogenated solvents. Examples of suitable
alkyl acetates include n-butyl acetate, ethyl acetate, and methyl acetate. An example of a
suitable dialkylketone 1s methyl isobutyl ketone. An example of a suitable halogenated
solvent is dichloromethane. Extraction with n-butyl acetate is preferred. Preferably, the ratio

of the fermentation broth to the non-aromatic water-tmmiscible solvent is 1:1 by volume.

[34] Ansamitocins can also be adsorbed from fermentation broth onto various resins, such
as, Amberlite” XAD-4, XAD-16 commercially available from Rohm and Haas Company,
Diaion  HP20, HP21, Sepabeads SP825, SP850, SP70, SP700 commercially available from

Mitsubishi Chemical Industries Ltd. These examples are not limiting in scope, other resins

known to one of ordinary skill in the art can also be used for the above purpose. The resin

can also be used as a coating on a secondary structure such as a magnet or a high density
material so that the polymer can be recovered from broth magnetically or by methods that
rely on adsorbent density such as expanded bed chromatography. Once ansamitocins are

adsorbed onto the resin, they can be eluted using one or more organic solvents by means of
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isocratic or gradient elution. In one embodiment the resin can be added directly to the broth

to extract ansamitocins.

[35] Ansamitocins can be recovered from the resin by several means. In one embodiment,
the resin can be recovered by filtration. In a second embodiment, the resin can be recovered
by centrifugation and the pellet can then be eluted with one or more organic solvents or with
one or more organic solvents combined with water. In a third embodiment, aqueous phase
and solid debris can be removed from the resin by expanded bed chromatography. T}le resin
can then be compressed in the expanded bed column and eluted with one or more organic
solvents or with one or more organic solvents combined with water by isocratic or gradient
elution. In a fourth embodiment, the resin can extract ansamitocins while being separated
from the fermentation broth by a partially permeable membrane. For example, a dialysis
membrane packed with resin can be stirred with fermentation broth, water and low molecular
weight components can pass through the membrane, allowing ansamitocins to bind to the

resin. The dialysis bag can then be removed from the broth and recovered resin can then be

eluted as described above.

[36] Prior to extraction, the microbes in the fermentation broth may be mactivated, 1f
desired, by exposure to mild heating at about 50° to 55 °C for about 30 minutes to 2 hours, or
by addition of 1% (v/v) chloroform (Toru Hasegawa et al. 1983, Int. J. Syst. Bacteriol.

33:314-320).

[37] Also, prior to or during the extraction, the process can include treatment of the culture

medium to facilitate solvent extraction of ansamitocins. The treatment may include but 1s not
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limited to heatjng, adjustment of pH, or enzymatic treatment or chemical treatment, such as

the addition of poly ferric sulfate, de-emulsifying agents, fumed silica orcosolvents such as

acetone or alcohols such as methanol.

[38] In the case of organic phase extraction, the extraction is carried out at a pH between
2.0 —13.0, but preferably at a pH of about 6.0 to 7.0, and more preferably at a pH of about
6.5 to 7.0, and preferably with n-butyl acetate. In order to improve the efficiency of the
extraction, broth may be maintained at a temperature between 5 °C and 80 °C, preferably

between 30° and 45 °C during the extraction process.

[39] The extiraction time depends on several factors including the broth composition, the

~ temperature of broth and extraction solvent, the method of mixing broth and solvent and the
solvent used for extraction. Extraction time ranges from 1 hour to 120 hours, depending on
the extraction method. For example, when a rapid extraction and filtration process is chosen,

the extraction time may range between 1- 12 hours.

{40] Filter aids may be used during filtration. Such aids include but are not limited to

Celpure  P1000, Celatom FW-80, Hyflo Super Cel  and Celite . Optionally, filter aids can be

added directly to the broth during filtration. Optionally, filters may also be pre-coated with a
filter aid. Filtration methods that can be used in this process include but are not limited to

tangential flow filtration, filter aid coated scraping drum filtration or batch filtration,

{41] In cases where fhe extraction is performed at pH extremes such aspH 1 -~ pH S or pH

8 — pH 13 or at highly elevated temperatures such as 60 °C — 90 °C, the extraction should be
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completed at rate which avoids excessive decomposition of the ansamitocins. If necessary,
the extraction can also be performed extremely rapidly by continuous centrifugation. In such
a case, the pH or temperature of the fermentation broth would be adjusted as broth enters the
centrifuge so that prolonged exposure to harsh conditions is avoided. Examples of
centrifugal equipment that have been used in fermentation procgssing and could be used to
extract ansamitocins include but are not limited to centrifugal decanters and stacked disc
centrifuges. The retained organic solvent extract can then be concentrated under reduced
pressure to give a residue that contains the ansamitocins. Alternatively, a water miscible
solvent can be mixed with the fermentation broth and centrifuged to remove solids giving a
single phase, solid-free solution. The solution can then be processed by, for example, adding
2 water immiscible solvent to cause the separation of organic and aqueous phases followed

by concentration of the organic phase.

Aqueous washing of ansamitocins in solution.

[42] Ansamitocins in a solution of water immiscible organic solvent can be washed with
water, aqueous acid, aqueous base, partially or fully salt saturated water or a combination of
any of the described aqueous washes. Examples of aqueous acids include but are not limited
to aqueous solutions of hydrochloric acid, sulfuric acid, acetic acid, formic acid, and
phosphoric acid at a pH between 1 -6.9. In the context of this invention, an aqueous acid
also includes an acidic aqueous buffered system. Examples of acidic buffered systems
include but are not limited to sodium phosphate, potassium phosphate, ammonium acetate,
and ammonium formate, each being pH adjusted for use in their respective acidic buffering
ranges. Examples of aqueous bases include but are not limited to aqueous solutions of

sodium bicarbonate, potassium bicarbonate, sodium carbonate, sodium hydroxide,
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ammonium hydroxide, and sodium phosphate at a pH between 7.1 - 13. In the context of this
invention, an aqueous base also includes a basic aqueous buffered system. Examples of
basic buffered systems include but are not limited to sodium phosphate, potassjunl phosphate,
sodium borate, and ammonium carbonate each being pH adjusted for use in their respective

basic buffering ranges.

[43] The acidic or basic washes must be completed without appreciable decomposition of
the ansamitocins would vary with the pH. If necessary, extremely rapid extractions can be
performed by centrifugal techniques. Examples of partially or fully salt saturated water
include but are not limited to aqueous sodium chloride at various levels of saturation,
aqueous sodium sulfate at various levels of saturation, and aqueous potassium chloride at
various levels of saturation. Aqueous washes can also be performed in which a mixture ot a
fully or partially saturated aqueous salt solution is combined with an aqueous base or an

aqueous acid.

Filtration prior to extraction:

[44]  Alternatively, prior to extraction, the solids in the ansamitocins containing
fermentation broth can be separated by filtration or centrifugation. Ansamitocins in the solid
cell mass can be recovered by washing with a solvent such as ethanol, aqueous ethanol, or
other organic solvents, such as ethyl acetate, butyl acetate, dichloromethane or acetone, and 1s
well known to one of ordinary skill in the art. The ansamitocins in the filtrate can be
recovered by extraction with a known aromatic organic solvent as described elsewhere 1n the

application.
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Purification of ansamitocins:

[45] The crude product can be subjected to purification procedures such as adsorption
chromatography over silica gel or alumina, followed by recrystallization 1f needed.
Preferably, the chromatography is conducted on a prepacked column, such as a Biotage silica
gel cartridge using the Biotage chromatography system. The desired ansamitocins can be
eluted from the column using a solvent gradient starting with a mixture of ethyl acetate and
hexane and adding increasing amounts of methanol. The fractions containing the desired
ansamitocins can be pooled and concentrated. If desired, the ansamitocins can be further
purified by crystallization using a solvent such as ethyl acetate to dissolve the product, and
then adding a non polar solvent such as heptane or hexane to crystallize out the pure product.
The term crystallization as used herein also encompasses the term precipitation, in that the

solid formed from solution can have either an amorphous or a defined structure.

Cell-Binding Agent/Mavtansinoid Complexes:.
[46] The process of the invention can be used to make cell-binding agent/maytasinoid
complexes which are useful as tumor-activated pro-drugs. Ansamitocins prepared by the
process of the invention can undergo reductive cleavage to maytansinol which can be used as
described in U.S. Patent Nos. 5,208,020, 5,416,064, 6,333,410 and 6,441,163 to produce N-
methyl-L-alanine containing maytansinoid derivatives. These derivatives are then conjugated
to cell-binding agents, preferably antibodies, via various linkers such as disulfide-containing

linkers.

EXAMPLES

[47] The invention will now be illustrated by reference to non-limiting examples.
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EXAMPLE 1 ,Production of Ansamitocins:

[48] Primary Seed: Seed culture medium VM4-1’ (400 ml/flask) comprising of 2%
soluble starch, 1% glucose, 1% soybean meal, 0.5% com steep liquor, (Roquette) 0.5 %
Soytone, 0.3% sodium chloride, and 0.5% calcium carbonate was poured 1nto each of eleven
2 L capacity Erlenmeyer flasks. After sterilization, each of the flasks was inoculated with the

PF4-4 (ATCC PTA-3921) culture. The flasks were incubated at 28 °C on an orbital shaker at

230 rpm for 48 h.

[49] Secondary Seed: The contents of the primary seed flasks were then pooled. A 300 L
fermenter was filled with 100 L of the VM4-1’ seed medium. After sterilization, the
fermenter was inoculated with 4 L of the pooled primary seed culture. The fermenter was
maintained at 28 °C, with agitation at 80 rpm. The dissolved oxygen level was maintained
above 30% saturation by aeration and increased agitation if needed. After incubation for 24

h, the secondary seed culture was ready to be transferred into the production vessels.

[50] Production: Two 300 L production fermenters were each filled with 250 L of
production medium FM4-6 (see Table 1). After sterilization, the fermenters were each
inoculated with 15 L of the secondary seed culture. The fermenters were maintained at 28 °C

with agitation at 107 & 5 rpm and aeration at 0.4 vvm. After day 2, the dissolved oxygen

content was maintained above 30% by increasing the agitation rate to a maximum of 170 = 5
rpm, and the aeration rate to a maximum of 1 vvm. The ansamitocin titer was measured daily
by withdrawing a sample of the fermentation broth and diluting into ethanol, followed by
quantitation by HPLC analysis. The fermentation was continued until day 10, at which point,

the ansamitocin accretion had leveled off. The ansamitocin titer on day 10 in the two
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fermenters wag 251 mg/L and 244 mg/L respectively. The pH of the fermentation broth was
adjusted to 6.5 by addition of phosphoric acid. The fermenters were heated up to 55 °C and
maintained at this temperature for 1 h to inactivate the microorgamsm. The fermenters were

then cooled down to ambient temperature for extraction with an organic solvent.

EXAMPLE 2: Production of Ansamitocins using a feed batch process.
[51] A 1500 L production fermenter was filled with 900 L of production medium FM4-6
(see Table 1). After sterilization, the fermenter was inoculated with 54 L of the secondary

seed culture, prepared as described above. The fermenter was maintained at 28 °C with

agitation at 107 + 5 rpm and aeration at 0.4 vvim. From 0 to 48 h, an aqueous solution of
28.5% glucose was fed at arate of 0.39 mL/L/h. From 48 to 283 h the feed was switched to a
stock solution comprising 21.5% glucose, 7.1% Proflo and 7.1% isobutanol, which was fed at

the rate of 0.51 mL//L/h. After day 2, the dissolved oxygen content was maintained above

20% by increasing the agitation rate to a maximum of 170 & 5 rpm, and the aeration rate to a
maximum of 1 vvm. The ansamitocin titer was measured daily by withdrawing a sample of
the fermentation broth and diluting into ethanol, followed by quantitative analysis by HPLC.
The fermentation was continued until day 13, at which point, the ansamitocin accretion had

leveled off. The ansamitocin titer on day 13 in the fermenter was 304 mg/L. The pH of the

fermentation broth was adjusted to 6.5 by addition of phosphoric acid.

[52] Heat Inactivation. The fermenter was heated up to 55 °C and maintained at this

temperature for 1 h to inactivate the microorganism. The fermenters were then cooled to

between 30 and 40 °C for extraction with an organic solvent.
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EXAMPLE 3, Extraction and Chromatographic Purification of Ansamitocins.

[53] The fermentation broth from Example 2 was mixed with an equal volume of n-butyl
acetate. The mixture was maintained between 30 and 40 °C to 45 °C, and stirred gently so
that mixing of the two phases was just occurring at the solvent interface. The extraction was
continued for up to 5 days, or, until HPLC analysis of the organic layer indicated that >80%
of the ansamitocins had been extracted. The organic layer was then separated, and evaporated
using a falling film evaporator to a final volume of between 20 and 50 L. The concentrated
extract was transferred into a flask containing 2.2 kg of silica gel. The crude ansamitocins
were coated onto the silica gel by evaporating the solvent to dryness using a rotary
evaporator, operating under reduced pressure. The coated silica was then transferred to a
sample injection module (SIM), obtained from Biotage, Inc., Charlotesville, VA. The SIM
was washed with a mixture of cyclohexane and hexane (2:1 v/v), and then connected to a
Biotage 150M system equipped with a silica cartridge. The desired product was eluted from
the column using a mixture of ethyl acetate:hexane:methanol (29.4:68.6:2.0, v/Iviv).

Fractions containing ansamitocins were pooled and the solvent was evaporated under reduced

pressure. The product was further dried under high vacuum for 24 h.

EXAMPLE 4. Recrystallization of Ansamitocins.

[54] The dry product from the step above was dissolved in hot ethyl acetate (23 mL/g
residue). The mixture was maintained between 60-735 °C, until complete dissolution of the
ansamitocins was achieved. Heptane (80 mL/g residue) was added slowly, while maintaining
the temperature of the batch between 60-75 °C. After all the heptane had been added, the

batch was allowed to cool to room temperature. The crystals were recovered by filtration and

then dried under high vacuum to give 221 grams of pure ansamitocins.
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EXAMPLE 5 : Extraction of fermentation broth with filtration.

[55] Fermentation broth (200 mL) prepared as described in Example 2, was vigorously
mixed for 5 minutes with 200 mL of n-butyl acetate (200 mL), resulting in an emulsion.
Cellatom FW-80 filter aid (20 g) was added, and the mixture was vacuum filtered through a
buchner funnel that was pre-coated with Cellatom FW-80 filter aid. The filter cake was
washed with 40 mL of n-butyl acetate. The filtrate, now free of solid contaminants,
comprising a clear organic and aqueous layer was transferred to a separatory funnel. The

aqueous phase was drained. The organic phase containing the ansamitocins was retained.

EXAMPLE 6: Extraction of fermentation broth with centrifugation using a water

immiscible solvent.
[56] One part of fermentation broth, prepared as described in Example 2, was vigorously

mixed with one part of n-butyl acetate for 2 min. The resulting emulsion was centrifuged for

1 minute and the organic layer containing the ansamitocins, free of solid contaminants, was

withdrawn.

EXAMPLE 7: Extraction of fermentation broth with centrifugation using a water

miscible solvent.

[57] One part of fermentation broth, prepared as described in Example 2, was vigorously
mixed with one part of acetone. The mixture was centrifuged for 1 minute to pellet the

solids. Supernatant was withdrawn and mixed with a half part of hexanes. The aqueous layer

separated leaving a clear organic phase containing the ansamitocins.
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EXAMPLE 8, Solid phase extraction of ansamitocins using XAD-16 hydrophobic beads.

[58] One liter of fermentation broth, prepared as described in Example 2, was stirred with
10 grams of XAD-16 beads for six hours. The mixiure was theﬁ centrifuged and the
supernatant was removed. The pellet was transferred to a small column and eluted with
deionized water, followed by 90:10 dejonized water:acetonitrile. Fractions containing
ansamitocins were combined and solvent was evaporated to give 112 mg of concentrated

extract. HPLC analysis indicated that the extract contained 50 mg of ansamitocins.

[S9]  The scope of the claims should not be limited by the preferred embodiments set forth in
the examples, but should be given the broadest interpretation consistent with the description as

a whole.
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WHAT IS CLAIMED IS:

. A process for preparing purified ansamitocins comprising the steps of:
1) culturing an ansamitocin-producing microorganism in a liquid culture
medium;
2) solid phase extraction of ansamitocins from the culture medium onto a
hydrophobic resin;

3) isocratic or gradient elution of ansamitocins from the resin using an organic

solvent or an organic solvent combined with water;
4) concentrating the extracted ansamitocins; and
5) optionally purifying the ansamitocins by any one of a), b), ¢) and d):
a) adsorption chromatography over silica gel or alumina,

b) crystallization,

¢) adsorption chromatography over silica gel or alumina followed by

crystallization, and

d) crystallization followed by adsorption chromatography over silica gel

or alumina;

and wherein said ansamitocin has the following structure:

/R
O
H =
Cl sC\ HeE O
19 N O CH
CH,0 18 p o 3
4 6
20 L,
. - CH, 7
8 O
y /'k
15 /“ 10 =N\, 5
= OH H
CH36 ,
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wherein R 1s H, COCH3, COCHzCH;;, COCH(CH3)2, COCHzCH2CH3,
COCHzCH(CH3)2 or COCHQCH2CH2CH3.

2. A process for preparing purified ansamitocins comprising the steps of:

1) culturing an ansamitocin-producing organism in a liquid culture medium

containing a hydrophobic resin;
2) separating the resin by filtration or centrifugation;

3) eluting the ansamitocins with an organic solvent or one or more organic

solvents combined with water;
4) concentrating the extracted ansamitocins; and
5) optionally purifying the ansamitocins by any one of a), b), ¢) or d):
a) adsorption chromatography over silica gel or alumina,
b) crystallization,

¢) adsorption chromatography over silica gel or alumina followed by

crystallization, and

d) crystallization followed by adsorption chromatography over silica gel

or alumina;

and wherein said ansamitocin has the following structure:

/R
O
19Cl HsC\ ] H 53 5
C H30 1 8 N 5 \\\‘\\\CH3
4 6
20 1 9)
. 17 CH, 7
O
16 3
o 9 /&
£ OH H

_978 -



CA 02595024 2012-10-25

wherein R 1s H, COCH3;, COCH,CH;, COCH(CHj3),, COCH,CH;CHas,
COCHzCH(CH3)2 Oor COCH2CH2CH2CH3.

3. The process of any one of claims 1-2, wherein the ansamitocin-producing

microorganism 1s Actinosynnema spp.

4, The process of any one of claims 1-2, wherein the ansamitocin-producing

microorganism 1S Actinosynnema pretiosum.

. The process of any one of claims 1-2, wherein the ansamitocin-producing

microorganism is Actinosynnema pretiosum ATCC 31565 or a strain derived therefrom.

6. The process of any one of claims 1-2, wherein the ansamitocin-producing
microorganism is Actinosynnema pretiosum PF4-4 deposited under accession number
ATCC PTA-3921 or a strain derived therefrom.

7. The process of any one of claims 1-6, wherein the extracting 1s carried out

at a pH of about 6 to about 7.

8. The process of any one of claims 1-6, wherein the extracting 1s carried out

at a temperature of about 30°C to about 45°C.

9. The process of any one of claims 1-6, wherein said culturing is in culture

media at a pH 1n the range of about 6.5 to about 8.

- 10. The process of claim 9, wherein the pH is in the range of about 7 to about
7.4.
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11.  The process of claim 10, wherein the pH 1s about 7.2.

12.  The process of claim 9, wherein the temperature is in the range of about

15°C to about 35°C.

13.  The process of claim 9, wherein the temperature is in the range of about

25°C to about 30°C.

14.  The process of claim 9, wherein the temperature is about 28°C.

15.  The process of claim 14, wherein the temperature is about 28°C and the

pH 1s about 7.2.

16.  The process of any one of claims 1-6, wherein at least one additional

nutrient is provided during said culturing.

17.  The process of claim 16, wherein the additional nutrient 1s a carbon

SOUrce.

18.  The process of claim 16, wherein the additional nutrient is a carbon source

followed by a carbon source and a protein nutrient.

19.  The process of claim 16, wherein there is further provided during the
culturing an alcohol or an aldehyde that facilitates the formation of a C-3 ester side chain

of the ansamitocin.
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20.  The process of claim 17, wherein there 1s further provided during the
culturing an alcohol or an aldehyde that facilitates the formation of a C-3 ester side chain

of the ansamitocin.

21.  The process of claim 18, wherein there 1s further provided during the
culturing an alcohol or an aldehyde that facilitates the formation of a C-3 ester side chain

of the ansamitocin.

22.  The process of claim 17, wherein the carbon source is glucose.

23.  The process of claim 18, wherein the carbon source is glucose.

24.  The process of claim 18, wherein the protein nutrient is cotton seed flour

or soybean flour.

25.  The process of claim 20, wherein the aldehyde or alcohol is selected from
the group consisting of isobutanol, isobutyraldehyde, n-butanol, n-butyraldehyde, n-
propanol, n-propionaldehyde, isopropanol, isopropionaldehyde, pentanol, valeraldehyde,

1sopentanol, and isovaleraldehyde.

26.  The process of claim 21, wherein the aldehyde or alcohol is selected from
the group consisting of isobutanol, isobutyraldehyde, n-butanol, n-butyraldehyde, n-
propanol, n-propionaldehyde, 1sopropanol, isopropionaldehyde, pentanol, valeraldehyde,

1sopentanol, and isovaleraidehyde.
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27.  The process of claim 16, wherein the culturing is at a pH of about 6.5 to

about 8.

28.  The process of claim 16, wherein the culturing is at a pH of about 7 to
about 7.4.

29.  The process of claim 16, wherein the culturing is at a pH of about 7.2.

30.  The process of claim 16, wherein the culturing is at a temperature ot about
15°C to about 35°C.

31.  The process of claim 16, wherein the culturing 1s at a temperature of about
25°C to about 30°C.

32.  The process of claim 16, wherein the culturing is at a temperature of about
28°C.

33.  The process of claim 16, wherein the culturing is at a temperature of about
28°C and a pH of about 7.2.
34.  The process of any one of claims 1-6, further comprising one or more of:

(1) inactivating the microorganisms in the culture medium by chemical or heat

inactivation;

(11) treating the culture medium to facilitate solvent extraction of ansamitocins,

prior to step 2; and

.32



CA 02595024 2012-10-25

(111) washing, in which a crude solution of ansamitocins in the organic solvent is
washed with water, an aqueous salt solution, an aqueous acid or an aqueous base in any
sequential combination, before or after the precipitation which can be performed during

the purifying.
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Fig. 1. Structures of Ansamitocins
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