METHODS FOR THE PRODUCTI ON OF ANSAM TOCI NS FI ELD OF
THE I NVENTI ON [01] The invention relates to processes

wo ovostohssepr oduct i on of Ansanmi toci ns. Ansani t OCPOEUSBIE044783
to a mxture of ansamtocins that differ in their C3
ester side-chain. Ansam tocins can be converted into
the G 3 al cohol maytansi nol. BACKGROUND OF THE
I NVENTI ON [ 02] Ansamitocins are highly cytotoxic

CONPOUMETHODY FOR TR PROBUCITONOF ANSANMIFQETNS 5
such as Actinosynnena preti osum Ansam t oci ns have

been chemcally c . tainin
mayt ansi noi ds, %i‘%g% l\i{?@gg[ﬁﬁpt he fo?m of

[01] deilﬂ‘? ?riyggtllc?rﬂre esgtgpg%l%gs%g cl)rt ég@cggw ?ﬁi%?%glggeAnsamltocms
6, 333, 410; and 6,441,163). [03] The fernentation

refergp eaRKEIQPf MSARIDHIDS gh@ﬁ@\f&r gpthel (G-Aiepier $dehhaig. Ansamitocins can
Actinosynnema pretiosum produces several ansam tocin

be capeatd intb drrC-Oqlahdbf magabsiedt er 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
(i so-val eryl), BREKGROVURDEOFI DHEANVENTIORSe esters
can be reductively cleaved to give the C 3 al cohol

[02] "KL RS f{rgh@ﬂy Whb®Ricl Sripdandd RENES Bond RFmbhi&tion of
synt hesi s of thiolcontaining maytansinoids. In

oS80 A A zéﬁ%g’%?%@%an@ MR gpicaty
comERRRENs Jae %@Biﬁ%ﬁﬁﬁ e tﬁg?orm of cell

produce mayt ansi nol .
bmdln0 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, 4,331,598, and
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[04] Processes for the production of ansamtocin from
fernmentation of Actinosynnema spp have been descri bed

W@ o&0783es ent Nos. 4, 162, 940; 4, 450, 234; 4, 22BCPBS2005/044783
4,331, 598; and4, 356, 265). The yield of ansam tocins
produced varies, with titers generally ranging from 12
mg/L to 100 ng/L. The ansamtocins are typically

4,356,869V &€ i dr RiaiditoBitls B dfcdBt e vifh BIRCESSrally ranging from 12
’ ¢n€§I3anladdftignlof prilger afd and gh %%bghyémuyng om 1

sol.vant to.-the lLe.fe , : :

me 158 A S IRLT S TR RE Rl B B e
petrol eum et her. T reci pitate was, further rified, .

procgss PW@HQW Ekiteh PB’ﬁBﬁB&“g Ry i gaRie SO AT 3 B ermehuation
followed by further purification by recrystallization

brothp foltshwadrhyt cogeaipraying Iosjreatic et #nsl peeipidafion with petroleum ether.
cunmber sonme and i nvol ves several steps where highly

The prodipitateaiag fudheripasified uling bitingtledmaityraphyender st lmtion, followed
scal e up of such a process very difficult. In

by fiidet ﬁlhmbatibﬂ%yﬁéér?&ézlli%ﬁom@ chtomBo@Bstiyat or has to be

ensur ed throughout the various processing steps. [06]
A ept ' [ . I 6 :
1051 5 Rle 2Bt b RplB R0 A 0o e SR el e
of ansam tocjins. _The ansamtocin titers in the .
matepigh o OF PORRIE oT P SraeRahoiPchh of SHat & Prokegetrry Fifipds In
to 86 ng/L. The clained inprovenents included heat,
addition ghd sadaty efthsthuptaa dpewsids has tofs asured thronghqus e Rriguan
aromati ¢ hydrocarbon sol vent such as tol uene,
proceRingredpegr aphy t hrough an open silica colum, followed
by crystallization. In order to reduce the cost of
ansam tocin production, new Actinosynnema spp strains
that give significantly higher titers (up to 400 ng/L

01,0 ST Al 95000 1t s b e o
procéslg%orp the %lrjoccfuicggn c% ansamitocins. The ansamitocin titers in the fermentation broth
are reported to have ranged from 65 to 86 mg/L. The claimed improveménts 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 of
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ansam toci ns have several drawbacks, and thus cannot
be adapted for the new high producing strains that
whawe/ossesr devel oped. For exanpl e, heat inactiREI/USV05044783
75 0C results in sonme degradation of ansamitocin and a
10 to 20%loss in yield. Extraction of fernentation
broth containing high ansamtocin content with
ansaraiteuiet oeopendedqmrekainslicascolnahs hasiten drawthckn 490Gt te1® variability
since the ansamitocins are not highly soluble in such
in puie} A& veRY ahd REabhifigahansany |
b sgjl f- packe‘d%usi I i%aglcol ums has@x?%ké&n?g%g%ﬁi@fit}/ Clo%%ems'

Thus! £ndeAlex Ve tb%?bcidcte Xnéla%ifb%fd.esti?rf lé%%{lﬁ% Qr?;’aﬁ&lgdatfog{}gvi%)a an efficient

st gni ficant "human exposur
copcerns. .Thus, a .need exists .to.produce ansam tocins,
procaS R ISR A0 gRTGH g il PriviTBng ke ctpamie o the highly
. process for its isolation and purification, while
toxic ‘m zi ng worker exposure to the highly toxic drug.
SUMVARY OF THE | NVENTI ON [07] One aspect of the
invention is a process for the | arge-scale
fernentati on of SHMMARYOR IHDHINVENTIONr oor gani sns,
the process being especially applicable to a new,
[07] hiQyrel agpent ofl thetinventian samprooessifopthe dhirgé-seples fetmientatipD 8]
Anot her aspect of the invention is a nmethod for

ansanhisaiigpiodgcih B eniClovERnRARAHe idsdess be%‘i},de%:@éia]?y BRAdaDR to a new,
purified ansam tocins conprising the follow'ng steps:

highly hrdRbd@Nakahia6h | fhe culture, for exanple,
8 %ér exposur eatlo@ﬁeg%lﬁéltc tfgfﬁin 50 to 55 0C or by

addj t4.0n of . 19 by vol.une of chlorof orm extracti.on,
1081 2 HAME Rt SEREIVERGONTE Aot Hioleedle B4 bl eRmibipin, and
of the extract, 4) purification of the concentrate on
for preparng uEitigd ansamHasins comprsingghefodpamsstenspr e- packed
silica cartridge columm, and 5) crystallization of
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) Exfracting 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):
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the product. [09] Qther aspects of the invention
include the follow ng: A process for preparing

W@ooc7s3ds ansam t oci ns conpri sing the steps of PCIUS2005/044783

(10]

[11]

Cul turing an ansamitocin-produci ng microorganismin a
liquid culture nmedium 2) Extracting ansam tocins from
the culture mediumwi th a non-aromatic water

| i scidylagssiplisteitroma cfePhg 80ér sliidan@] bhAuexid act ed
ansan} oglns; and 4)dP3;|f¥|ng t he ansanLtOC|ns by ﬁny
one o . G) o an :a) adsorption chromatogra
oger sﬁﬁfggggg?&%P’alunina, b) chstaIIization,gc)p d
adsor ption chromgt ography, over silic | or urmi

F o L onesd 5B RG CaPRF SRPBR O ey SoL P et SUPTERBY
foll owed by adsorption chromatography over silica ge
orcrygtalization, prid] A process for preparing purified
ansam tocins conprising the steps of: 1) Culturing an
ansam td)ciryst4dtizedionifoldo we dcryoats gaptios whiomago graphyi aver silica gel or
culture nmedium 2) Extracting ansam tocins fromthe
CUibHi, mediumwi th a non-aromatic water inmscible
solvent; 3) Concentrating the extracted ansam tocins;

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

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.

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;



a) adsorption chromat ography over silica gel or
alumna, b) crystallization, c¢) adsorption

wa@ booeses3ey)r aphy over silica gel or alum na fol POIES2005044783
crystallization, and d) crystallization followed by
adsor ption chromat ography over silica gel or alum na.
[11] A process for preparing purified ansamtocins

r%leﬁ‘tgatfn Qh@é)@%té@ifansér)ut%st Bhd Ng an
ansam oci n-produci ng m croorganismin a liquid

I5J | I{HS&%’[ 53%{3 &tﬁon 10%%%%}}1& aﬂﬁy 55@9@1 el or
PP RER st @ i D

n-aromati ¢ wa I"mm scli
sol vent; 3 cent ra t he extracted ansam t oci ns;
an%lu@}naﬁaﬁw%]h@%yﬁ@ ’a?ﬁ 8% t oci ns by adsorption
chromat ogr aphy over silica gel or alum na followed by
crystallization. [12] A process for preparing purified
ansam tocins conprising the steps of: 1) Culturing an

[12] anAairsdesOfoir prepandg purifieharsaadd gancenpriismgthleistpps df:

cul ture nedium 2) Extraction of ansamtocins fromthe

1§ UE Ty B g R CHrid A 1 di - pRo dHR Rretth PSR i SHRA 1idiTHIcE RinRIredium;
solvent;” 3) Filtration to renove solids, allow ng

gSEJ(t%c'tlgH o?fanﬁ%lﬁﬁtogl‘; ]% ?R)'rr? tha Qﬁﬁﬁ eﬂedgﬁﬂ Qfﬁglt z&?&LQx‘%m&fm water

amtoc € Oor gani c phase; uri

irtd]nelsc nleSO Vgﬁ)m ns by any one of a) b), ¢) and d):

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,
¢) 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-



a) adsoi ption chromat ography over silica gel or
alumna, b) crystallization, c¢) adsorption
wa@ booeses3ey)r aphy over silica gel or alum na fol POIES2005044783
crystallization, and d) crystallization followed by
adsor ption chromat ography over silica gel or alum na.
[13] A process for preparing purified ansam tocins

O | S MsbBos LEBRaRfzraph o LiHed 80 oPBlumina,

anF?nl C|3; rod50|ggt [_organlsn1|n a I|gU|d

cul ture_nedi racting ansamtocins fromthe
cu: tur eb)rﬁg?ﬁtglmw(%nh a non- argrmti c water immiscible
sol vent, wusing various centrifugation techni S:;
Cbncent¢b¥$W@%Phém@¥F$%%ﬂ$@‘ﬁﬁggﬁ?% Pﬁ%?mﬁﬂgﬂﬁy“@g%y
Purifying the ansam tocins by any one of a), b), c¢)
and d) : ¢rysidBizhtidii, end chr omat ogr aphy over silica gel or
alum na, b) crystallization, c) adsorption

chr omat gpsraghlizaier folbived By gédorstionadhusrhatagfaphy ovedilivg gel or
crystallization, and d) crystallization foll owed by
adsor pt g ¢nr omat ography over silica gel or alumna.
[14] A process for preparing purified ansam tocins
conprising the steps of: 1) Culturing an

ansam t oci n- produci ng mcroorganismin a |liquid

cul ture nmedi um . o .
[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:
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2) Centrifuging the broth in the presence of one or
nore water m scible organic solvents to renove solids
wWoRi0b®7836% ai ni ng ansamitocins in solution. 3) PAOURZPOR044783
wat er i nmm sci ble non-aromatic solvent, to allow
extraction of ansamitocins into the organic |ayer.
Optionally, various salts or other conponents coul d
17 0 tkR g ad dashrhi i frodiGial ing cfoBAHai sein A1guid eulture medium;
extraction. 4) Concentrating the extracted
. o £y Cher . . .
2 Al en A R e B B S s
over. silica qgel. or.al um na st,al lization,. c) .
Sh i SR OEABD o Bty PUB R Ab® drgrRrssin
followed by crystallization, and d) crystallization ,
4y drecsaitsconsadiei I EanoH aBsATBFRSINSGFUD P T5¥8 MSUig|qng T gore organic
or alumna. [15] A process for preparing purified
saneEsDL e arsnae wpgansd sodvanksecostbamesl with wateGul t ur yag an
ansam t oci n- produci ng mcroorganismin a liquid
sy ubdreesir Itherext2ctenins @nddeiits; @ad ment of the culture
nmediumto facilitate extracti on of ansam tocins; 3)

6)23{)1!{)‘[30912[12@5{?5%1@ ﬂi‘étath?niﬁfcjrﬁsrfﬁ%i@r}bgga‘g?%nE bP9), b&) and d)t:

monto a resin; fatic or gradien

el ution.of, ansam,tocins fromthe.resin. using one or
mor e or At APaG Yuppetograrbigv e, g O At 077 O s
conmbined with water; 5) Concentrating the extracted
ansam tDEryssallizatgn,

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

alumina.

[16] Inthese embodiments the invention may optionally include:

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

(ii)  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 is
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.



6) Optionally purifying the ansam tocins further by
any one of a), b), c¢) and d): a) adsorption
wa@ booeses3ey)r aphy over silica gel or alum na, b)PCT/US2005/044783
crystallization, c) adsorption chromatography over
silica gel or alumna followed by crystallization, and
d) crystallization foll owed by adsorption
[17] chk pradzagioapityactig bnsinlitocmsgRim Grmahtatibmbrotl, b6l process
t hese enbodi nents the invention may optionally
compridfdgude: (i) chem cal or heat inactivation of the
m croorganisns in the fernentation broth; (ii)
tr e .cul tur dj 0 facilitate solvent :
ot OB e bR BRI Re G bl B3 e TRfmentation
a washing step in which a crude sol ution of
bmthéa’ﬁ‘gm tocins in organic solvent is washed with water,
an aqueous salt solution, an aqueous acid or an .
adhl dbirectugsihic apsaatiipcis dinmn thedbrmaanigsiandrpbryitied npre-promatic
before or after the precipitation. This step can be
wateipirhrivbcksohtenvar i ous stages of the purification.[17] A
process for extracting ansam tocins fromfernentation
broth, said process conprising: 1) Optionally
i nactivating ansam toci n-produci ng m croorgani sns in
t fer [ : ' ' .
18] e B e Pt P R PR B L B Sl fim o fectitae

non-ar omat i c o .
solvent extraction 0% 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 isolation of the organic phase.
The above process may optionally include:
(1) chemical or heat inactivation 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.



wat er -i nm sci bl e sol vent. [18] The above process may
al so include treatnment of the culture nmediumto

wo a@lo743et e sol vent extracti on of ansanit oci nSPCPUBIIN5/044783
to step 2. [19] A process for extracting ansamtocins
fromfernentation broth, said process conprising: 1)
Extraction of ansamtocins fromthe fernentation broth

[21] Witk #boRORrREQMAY EpiikHaRY indilesCi bl e sol vent, and 2)
Filtration to renove solids, allow ng isolation of the

(1? Lo&%%géa:l Bli'ﬁ At g%agngatﬁ%oégﬁhﬁ&?&gﬁﬁam& APk ?&gn#eln%’aﬁign broth; and/or

m Cca eat I nactivation

nacroorganisns in the ferment.ation broth:; .and/.or (iji). .
(R EemEROL e Tl RSB0l A 0 Pt ictaR o Suselibins. prior
extraction of ansamtocins, prior to step 2. [20] A

to or gpgB@ sentrifigasit.r act i ng ansam tocins from fermentation
broth, said process conprising: extracting
ansam tocins fromthe cul ture nmedi um by various
centrifugation techniques with a non-aromatic water

[22] | MHipe6dels for $ethyaRE sbIRdldcbHR Srodb Ry @i ASEBDHIRYIA process
optionally include: (i) chemi cal or heat inactivation

comﬁﬁ%#%e m croorgani sms in the fermentation broth
an r (ii) treatnment of the culture nmediumto

o AR R RS G kO Pl i

removing solid debris fromfernentation broth, said
spiveidg gemove 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
(ii) 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 ansamitocin-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

9.



conprising: 1) Centrifugation of the fernentation
broth in the presence of a water m sci ble organic
W@ 06e7M368 0 renove solids while retaini ng ansaP@€T/083005044783
in solution. [23] The above process may optionally
include: (i) chem cal or heat inactivation of the
m croorganisns in the fernentation broth; and/or (ii)
Interfdi b1 TFiAke M TobBstFh L4 b BRI HBnk© Th@GiValshf iBaral G035, Japan,
extraction of ansam tocins, prior to or during
centrif tiaon, .[24] l.n the,abouas | . ,
on AR £ 98P ol Rcest R e R e N s R 8 e
m croorgani sm.is Actipngsynnema s , re preferabl
Amenga W&?ﬂ@%cﬁ%‘m%s{hﬁﬂiﬁévﬁﬁ@gﬁ‘%ﬁ%ﬁaﬁ&éd ERHp 30110-2209,
m croorgani smmay al so be Acti nosynnema preti osum ATCC
USA3@s6&ptenbatllail &0, vadérikelacchesiar monhasehch Tao S Ahentn addition,
preti osum PF4-4 ( ATCC PTA-3921) or strains derived
Actinbkyefiehb pretiodsmPasics ivaedepositéd WhdePdte. proldsiods dbihe Bidiapest Treaty
Actinosynnema preti osum ATCC 31565 was deposited wth

with gHe)Alh%édnt’H}p_% dfurdesnBmbat 10301 [ﬁﬁ@é&ﬁ&ﬁﬁfﬂ% Manassas, Virginia

uso- honmachi 2- chome, Yodogawa- ku, aka 532- 8686,

20198000 68, BB 11 LTS L OB ERSSRLIR T

and Human Technol ogy (fornerly Fernentation Research
PTA{39¢L5 t ut e), Agency of Industrial Science and
Technol ogy, Mnistry oflnternational T/ade and
I ndustry, 1-3, higashi 1-chone, Tsukuba-shi
| bar aki - ken BRELF 8)£§QRIP&IOANJ%THE9DRME}JG§MH t he
accessi on nunber of FERMP NO. 5185; and (iii) the
[25] Ankiginsalnsimyisdhasiructire oEptiavseneamitopys03 esmry Hat panybe made by
Bl vd., Manassas, Virginia 201 10-2209, USA, on
ferm&api@iaeivell hs tHeAT-3,aleohdk mdyhmsmot @58). on nunber of ATCC
31565. In addition,

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-



Actinosynnema pretiosum PF4-4 was deposited under the

provi sions of the Budapest Treaty with the Anmerican
waywe/0@3bg ure Col | ection, 10801 University Bl VRCT/US2005/044783

Manassas, Virginia 201 10-2209, USA, on Decenber 11

2001, and has been accorded Accessi on No. ATCC

PTA-3921. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 25]

ansanmit @Sy picalP¥entainOnBt itk Bimeu@k of alidesiisblaasamitoefis fhat have
C-3 esters that can be nade by fernentation, as well

. - | i .. T
modi il Bl Pt MR B R A e e
for.culturing a mGroorgani smhi reduct i ye f.or .
ansarificifProcibing S AeBRTSRSuRRsPR Mok BIRRFHEL oG i Hoorganism i
_fernenters. Methods are al so provided for the ,
Actingsypingie potiiostmt REe AHRMERBIEMCan b berkerigantipaa g giaum PFA-4
and the m croorganisminto a nonaromatic
(ATG@PEA-I9) sud drevativepathereoSmidvwdmitiosymneini phettdyem ATCC 31565 and
‘ ansam tocin is highly soluble, and for the

derivitifes hegedfl deohiciddesadltaasintecirowhpy fassageiontulughedmiques
silica or an alumna colum if needed, preferably

that a?é‘ﬁ?o%vrrﬁ tH8% f%&n&?ﬁkﬂﬁﬁ%ﬁéj a1‘ti"’lfs%r¥gj 19 8Socifi Ohb@WRIEs ¥ ed herein

crysta zation of e product. necessary, the

m Groorgani sm .be, i nacti t y TBNfzOf2y.
o anf PR BB B TS B N S

step. [27] The purified ansam tocins which could
4228238 %a&’é;%a%tiﬁ}@é@'ﬁ%ari ous C-3 esters, such as

ansamtocins P-3, P-3, P-4, P-4\ P-2 and P-1 (Fig.

1), may be treated with a reduci ng agent to give the

desired C 3 hydroxyl conpound, maytansinol (P-O. The
[28] PUDhd drpbdisait dfaké msthoy pif deel ihyentiontisihe calving ofitiomicroorganism in

amounts of undesirabl e ansam tocins that have
a liquid culture medium. Growth of the bacterial strain PF4-4 is 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 in
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.
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on sites of the nolecule other than the
Preferably, the ansam tocin-producing
nosynenmma spp. More preferably, PCTES2005/044783

nodi fi cati ons
C- 3 position.
W@ 200ai0r836% Act i

m croorgani smis Actinosynnema pretiosum The
m croorgani smcan al so be Actinosynnenma pretiosum
PF4-4 (ATCC PTA-3921) and derivatives thereof and

Table’aﬁ

tpx%a ATREVIBAIR (kR Adifee 3862 vaRyl derivatives

ereo The m croorgani sm can be gr own by

A T SR Al R AN T A ST
Dextiydi a ddscribed hérein or any ot her dia thht is
(Lodgfedkribed in thelart (U S |Patent Nds 4 162!940Q; 4.
Malta$§0, 234:4 4228, 2394 4, 331 59 and 4,|356, 265) h[28] Ole
(Difcepbodi nent of the met hod of] the invegntion isithe
Profleul ture of the mjcroorgani §mon a lijqusd cul {Qr7é
(TradeRgli um| Growth off the bactgrial strain PF4-4|is
Soybbs | orgrqgs under ¢ongrofl edACOHQI tions and cap enploy |a
Flour}ff‘% Ari ety of nedi a and O!’]Flltl ons.ﬂLuF.or ex rrpll e,
Pl cbl be g1-on et %TT“ffl‘cu conar 1 onsS—arma—W th

‘angqsgfqlﬁr medi a to|those desdribed for ATCC 31365 or

(Tradg 281 in issued U S Patent Nos. 4 137 30:
CSP 4, 162, 946% 4, 331,|%98: 4, 358,085 and #1250, 28%:15and 4s
(Roquestedri hed in Hatano et al.. Agric. Biol. Chew 48,
P. DryAxhst 1728, 1984.| Thus, theg strain HF4-4 tol erates a
(Difceh de variety of darbon sourlces, which al so support
Mosbgﬁmt af®ye production of jansanitocns. Exepplary
(Wak%owf rredl a aregiven in Tables 1 an 2. Table 1 .
CC MowWs fTedra tmat [Support— pr .Sﬂfl!()ll FansampocTns gy

fhsani tjoci n- prodyci ng m crqgorgani sns, such as

2300 no gyhhera—preti-osumPF4-4—and—Table-2-—shows
(NH492§iq4her medi a sui|th® e for t he propagati on and/ or
(Walgo owt h |of _Acti nojynnemn pretiosum
KH,PO, 0.05 0.04
(Wako)
K,HPO, 0.05 0.06 0.06 0.06
(Wako)
CaCl,2H,0 | 0.5 0.5
(Wako)
NaHCO; 0.2
(Wako)
Zeolite 0.1
FeSO47H,0 | 0.0002 0.0002 0.0002 0.0002 0.0002
(Wako)
ZnSO, 7H,O | 0.0002
CoCly'6H,O | 0.001 0.0005 0.0005
(Baker)
Nicotinic 0.0002
Acid
MnSO,H,O | 0.0002
Isobutanol’ | 0.1 0.5 0.5 0.3 0.3
(Tedoa)
SAG471 0 0.06 0.04 0.04
(Witco)
pH 6.8 6.8 6.8 7.2 7.35
Sterilization was at 121 °C for 20 minutes. ~ Added last.
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PF4- 4, and ot her ansam t oci n- produci ng
m croor gani sns. Tabl e 1. Production Media Conposition
W@ e0vb/078388 are % w v) . TABLE 2 Rel at ed Medi a S| aPCT/a8zb05/044783
plate culture, CW-1 Agar (% wvVv) Yeast extract
(Difco) 0.3 Malt extract (D fco) 0.3 Soytone (D fco)
0.5 dycerol (Difco) 1.0 Bacto Agar (Difco) 2.0 Adjust
TAB@EZO }gelgteﬁ?fi&fl@ sterilization; Sterilization: 121 0C,
m nAt es Seed NdeUW] YM4-Y (% wv) Soluble starch
. Iling) 1.0 Soybean neal (ADM 1.0

S5tulys) 0.5 Soytone (Difco) 0.5

Na ( ko)03CaCG3(Hayash|)05pH68
&M/ Vyation: 121 0C, 20 mi nutes

Yeast extract (Difco) 0.3
Malt extract (Difco) 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 (Difco) 0.5

NaCl (Wako) 0.3

CaCO; (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.
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Preferred nethods for fernentative production of
ansam tocins fromstrain PF4-4 are further described
WO 00BN ES 1 and 2 bel ow. Fernment ati on; [29] HEEUS2005/044783
cultivation may be conducted by culture conditions
such as, stationary, shaking, aerobic subnerged or any
ot her culture conditions. For good culture growth and

Fer[Eé.lﬁQtiﬁg['OdUCti on of ansamitocins in |large tank
c ers, aerobic subnerged culture is preferred.

The, ansam t oci n product. can be furthe n : .
(291 { o g G-RaER Bhebted Ry SRS Pt T Ebe S JhgRHartshating

exanpl e, when cultivating the organismin FM4-6 .
acrolpie gitmerzedion anyYoHhT culErs g disong| 9B oplhure oy e high

of the fernmentation or of glucose for about the first
prod@dicnmf Afsanotocss iplege taaklfyrnicntera owwbic submiergedtculigreris preferred.

foll owed by feeding with glucose and a protein

The Mthinit66ih peetidtias caobd tmthseathahtcdwy feéding eRautyibets Bughg the
or Pharmanmedia from Trader's Protein, Menphis, TN) or

fermglgtgf?@ﬁnf?grle%t glea%el"i‘@ulﬁlvé’tﬁgq%lﬁ gfgé_ﬁi%nﬁhméf-@%&dium, additional

Itate formation o ester side chain,

fecd g et GOR Y ba Lo dRo N AR IY St SR B Bbout the frst 24 10
i sopropanol , isopropi.onal dehyde,  pentanol,. .
72 b e toRy 196 20 SONLAAAB i 1 e PE Rty ehisesq angprotein
end of the fernentation can result in doubling of the
nutrianissch tocittenpeetife (Sor. exaimiplesProflie or Bharummeéiﬁn%pmﬂbﬁéer’s Protein,
depend on the nedia used and the production scale, it
Menighid) ANY®E byyHeae fleur, and ke alcahslyr anbldehyef to fahitate the fiomration of
the pH range of about 5 to 9, preferably with a

the %—EI%EH §de E’l’f&iﬂ{)su@lb Q#kg@utgndlpis&nﬁyramﬁﬁia? rehebiadl| ¥-bukybdehyde, n-

range i s about 0 even nore preferably about 7
o7 B SR 6 G Bl o e
isopgr{tgr]:o?,riggv%lerrﬁggheyd%fun%Pt 1%ten %f %h% fggne%%tion 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°t0 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.
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More preferably, the tenperature is about 28 0C. The
fermentation is continued until the maxi mum
wa@p@anigsesi n accunul ati on has been achi eved. TPET/US2005/044783
cultivation tine may vary and depends on severa
factors including the culture nethod, the conposition
of the nedium and the tenperature. Typically, the
Anall §§ GERL@lnhiddtind;: & ranges from 96 to 336 h. Anal ysis of
S . [30] In US. Patent Nos. 4,331,598 and
4, 234, t I raj ' [ :
1301 QA St e e oS and by 22 M pdrn ey AT AR5 s
. ,distinguj shed by the presence. of nmet.hyl o
discltiy b RO R VG BRFS  PESA g WR At ingieuipd By iy presence of a
cl asses, several different ansamtocins are produced
methyherthydidfysretid gravwiat G- b4 (rse Fiss d)-adPr bathedasedsapeyernd diféprent
to the C3 oxygen atom and with respect to whether
ansarfitddinc ae piredicad that difffer or thhiy despxstivetaayl sidy duam amd to the C-3
subsequent studies, N denethyl). The nonmencl ature
oxygH$ 8@nf) QL& Withf 18pebhe vaRka Cetl eafBOMRRhyl 5r BRfrbXafethyl group (or,
above with reference to Fig. 1. [31] Ansamitocin P-3
. - Qr \jP 0 - i '
R R L T A
bacteri a_.ar rown.in.the presence of valine or
ComHOéIBamsﬁ%f‘Becg%‘?b e("%’erefir%?"eg%&gn “No. 4,228.239), or
i sobutyl al cohol or isobutyral dehyde (see U.S. Patent
No. 4, 356, 265), other ansam tocin conmpounds are
present only in mnor anounts. Wen PF4-4 strain is
[31] gr Amseniitociti P36k ¢retmdjer preductof 8F4 reuhideth¢ pasiighsitase AFKIC 31565,
in Table 1), which all contain isobutyl alcohol,
undePBs e EREHA chhditibis. TheePaedarbRaRbwA IS Ripk@ehde of valine or
produced. In one nethod to assay the anount of

s RCAURELs BRATAGS 4093000, LABHLPA DI b g it e o
U.S. ?’%{e(r)lp 1%|0y4§9(9,2£§),n gtil!ﬂy an%a?nq}t(gci:iltt ¢ egmn-lc-llg Gre present only in minor amounts.
When PF4-4 strain is grown in different fermentation media (designated FM in 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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supernatant is then assayed for ansamtocin P-3

content. [32] Ansamtocins are preferably fractionated
war@eansby/zed by reverse phase hi gh perfor manceCT/U§2008044783

chr omat ography (HPLC), but any suitable technique,

such as, for exanple, MALDI -TOF or thin-Iayer

chromat ogr aphy may be used. In one nethod,

c}ﬂoﬁcferd}%mp%foaﬁ Qfd%e SR GPPLE ACthe drsthidoblegBRdi determined by HPLC,
sol vent's, such as ethyl acetate, methylenechloride or

usmclt%kfgr%g{)l? @rb‘iid@c%l fent of P-3 in the organic
Sl vent4°g

eterm ne y HPLC, using reverse phase C
8 or C8 columms. Extraction of ansamtocins : [33]
Ansami tocins can be extracted fromthe fepnentation
broth by nethods generally enployed for the recovery
Extraetionofpusapitogisahol i t es. Since the ansanitocins are
readily soluble in non-aromatic solvents, they can be
[33] eaAndaynirxinsaeh bd chiyacstd fromnibe fennntateon notntt ingthods generally
wat er-i mm sci bl e sol vents such as al kyl acetates
empl‘&‘}‘&f R helrB8oval-Kit sebiddaiy idtabbRRar SBite tHeansdigdodtitdarb asdily
1-5 carbon atons, dial kyl ketones and hal ogenat ed

solub%’ L 1?&{ L Sromié g@llvgﬁts QB?féHntlﬁtgaﬁly%ﬁ%lcte@%ﬁtsﬁh'ﬁg Wik LAl %10mat1c

acet ate, eth acetate acet ate.

B R TV -
i s dichloronethane. Extractjon with n-butyl acetate_is
and s d 2earben atpiss dialkylketonenand halognaied splvents, Bappales Gheuliable

broth to the non-aromatic water-imm sci ble solvent is
alkyllacttateg inadhdene bulyBadetase stil roztitasandanethylssetate. abis exdeple of a
fromfernentati on broth onto various resins, such as,
suitabreRdlk{lkeoférethyiAbbbul{l ke@MBE e examylevfal Juitable hfafo(gﬂmated
Rohm and Haas Conpany, D aion HP20, HP21l, Sepabeads
solvedlt a2dchiofofnhane” £QtraQioARits 85I/ Gb&hik Ys ¥ RI AP IPReEFaBIY, the ratio

of the fermentation broth to the non-aromatic water-immiscible 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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M t subi shi Chem cal Industries Ltd. These exanples are
not limting in scope, other resins known to one of
woe@sns3ys skill in the art can al so be used foPCT/82005/044783
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 polyner can be recovered
isocrhfi O %%@iteﬁ‘t JIRERETH GAL L¥b8dinkht IRUBGH 8arf Bdddegldite@Y to the broth
adsorbént density such as expanded bed chromat ography.
¢ gh%e ans?nitocins are adsorbed onto the resin, they
O SXUARH WETREY using one or nore organic solvents by
nmeans ofisocratic or gradient elution. In one
enbodi nent the resin can be added directly to the
broth to extract ansam tocins. [35] Ansam tocins can
[35] beAnsamitasinschah bo mecokiered doinn thgyresin bE peileraiwzasgs. Jnpngrranbodiment,
enbodi ment, the resin can be recovered by filtration.
the résin earsiecebslh seedipdiin®eidbn. hesdcesd ambadinieet, thecrevierced bbyecovered
centrifugation and the pellet can then be eluted with

by c&itGfu@htidPafl HE ?@l‘lﬁt CarP Hled BB Ifut&T with biie 8@ 0RS orgBMi€ solvents or with
organi c solvents conbined with water. In a third

enbodi nent 0 . (o] ! j D b
one G R SAER R R BE G AR LB R Foncpys phese
The resin can then_he c ressed in.the .expanded d .. .
and R oh 6 B TGTBGShATOR GRS N GREN ST LGB G BRE L oFhe resin
with one or nore organic solvents conbined with water ,
can thyn be eenpresseddi thgreapinsded bedl gelugm. andiclyjed ithiome or more organic
enbodi nent, the resin can extract ansam tocins while
solvdigd qigwik pas ait wdrefarganit bl véras cembiatd withbradtrtbybyocaatic or gradient
partially perneabl e nenbrane. For exanple, a dialysis

eluti§® "BY ARRrR a1 thé BSincmaR e adbdoiit@gthsWhile being separated
fernmentation broth, water and | ow nol ecul ar wei ght

G + PAE LOMAN a dialysi
o SRR P i R AR, Ko b i
me gz?pei}ﬂgge(g eit}rl ?eggy c%% bfersgrr?e& I&gthbféqutlgntﬁpo% brrgt%?%g ef gn({ fo% 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 inactivated, if
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 is not
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el uted as descri bed above. [36] Prior to extraction,
the mcrobes in the fernentation broth may be
w0 p@e7sset ed, if desired, by exposure to m | d PERUSIVG5/044783

at about 50 to 55 OC for about 30 m nutes to 2 hours,
or by addition of 1% (v/v) chloroform (Toru Hasegawa
et al. 1983, Int. J. Syst. Bacteriol. 53:314-320).

limitk 31 hetj) adRistBént 0@ pBY, oflitzyRgLit Heattht GCdhie@ial tlégment, such as
process ¢an include treatment of the culture mediumto

the a tﬁ’i‘ﬁb o?ﬁ{vl? 82\ Hhte XL ﬁﬁfs %Tlﬁym& Qffile E%rcog_&@ents such as

may i nc ude IMited to
jus t of pH nzyrratlc treatment or chem cal
aﬁ“??éﬁ?kgﬁgss‘ﬁb §8PH§ addition of poly ferric
sul fate, de-emul sifying agents, funmed silica
orcosol vents such as acetone or al cohols such as
met hanol . [38] In the case of organic phase,
[38] exbrthe basorf of graicpiasacttiastion, she extraction sutarsad eut pih pH between
between 2.0 - 13.0, but preferably at a pH of about
2.0 —61300 tbﬁlt pre@eradlpdt spHeoMbehe. @t Y0 adndan@ ppéfedbbudt apEbof about
7. , and preferably with n-butyl acetate. In order

‘
6.5 tge . B n |neﬂ(]9 i - tBhﬁp&ﬁéta‘?é ﬁmd@r% 58 idve the é}ﬁ@kﬂcw@mhe

at a erature between 5 0C and 80 0C,

et we 45 0C durin e ti

em%ﬁ%l?@g@tﬁl B MR SR P8, £ oy

factors ingluding the broth conposition, the
betweahp rand 3 dgnﬁ%é?%@ﬁﬁGH%&PFG@ﬁlon sol vent, the

met hod of n1xyng broth and sol vent and the sol vent

used for extraction. Extraction tinme ranges froml

hour to 120 hours, depending on the extraction nethod.
[39] FoThewarsption tinteelzpendsani sgverxlt factotsi inctuding tihd brotladdnpposition, the

process is chosen, the extraction tine nmay range
tempREEAWR SR bioth A%d BAMHBon 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 the extraction is performed at pH extremes such as pH 1 —pH 5 or pH

8 — pH 13 or at highly elevated temperatures such as 60 °C — 90 °C, the extraction should be
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[40] Filter aids may be used during filtration. Such

aids include but are not limted to Cel pure Pl Q006
w@lanTesss-\W 80, Hyfl o Super Cel and Celite. Opp€DUI82005/044783

filter aids can be added directly to the broth during

filtration. Optionally, filters nay also be pre-coated
with a filter aid. Filtration nethods that can be used

comptlgﬁél giilﬂsqa G w%%g (#IH%: %}&% s1péjaec§5’1 3088bn b Melafithrhiocins. If necessary,

I on ter aid coated scraping

drumfiltrati r tchfl trat 1] |

the cxiFsen AR AGR by AEEIBII S e horRl B crtinbsts befiEE i gio. tn sueh
as pH 1 - H50rpr8- pH 13 or at highly el ev g

a cas¢.ghppHatr uemaperatyespighe @Tn@@aﬂo@bm@CWOt‘Wé’eéﬂ‘i’S%qsgﬁm enters the

shoul d beconpl eted at a>rate which avoi ds excessive
centrifegospai pronged extosuraris Aaish oonditionsl is aneded skxamplesel
extraction can al so be perforned extrenely rapidly by

centr?fﬁ 1 AU RnE@RE Kidvk Wead LA in fiEinfu@lioR peReSing d1el qhldbe used to
erature of the fernentation brotﬁ woul d be

extlraﬁf,j a4 1%1%9(8515‘ 1n@fu‘ﬂ% %u?%ﬁe %Efslntgﬁgd K Hfﬁ Q%e@aﬁltérg ghd (satacked disc

exposure condi ti 0 s Is avoid

s SETD  eS RTEI L SRR

extract ansam tocins jnclude but are not
pressyentor giF eigEisidye daah cantaing e AsHRHRUnY| é\&m@@ﬂtfﬁgm w&%ﬁl miscible
The retained organic solvent extract can then be
solvanooaehé miteddvitinthe fenmenitatiod bpotbsad p@‘lttlﬁlggd feremavesphidfesiving a
that contains the ansamtocins. Alternatively, a water

smgl@‘pﬁﬁéeb L &liERby/ &MitichATh SolitiXie chrivhtibé pcéssedrentfat example, adding
roth and centrifuged to renove solids giving a single

a wapetg "ﬁ%ﬁnscﬁ'ﬁg %&V@‘Fi & ecax?é%l tH% %%ratl-giﬂ%f Sdaid /A a‘?qﬁébds"iﬂﬁsé@ Followed

pr 0Cess ding a water immscib
so vent to. cause thglgseparatl on of organic and aqueous

bycﬁﬁ@QE%“?%ﬁqt?&§§%H§p fcentration of the organic phase.

Aqueous washi ng of ansamtocins in solution.

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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[42] Ansamitocins in a solution of water inmscible
organi ¢ sol vent can be washed with water, aqueous

waceiod/o7segieous base, partially or fully salt sBCT/D81008044783
wat er or a conbi nation of any of the described aqueous
washes. Exanpl es of aqueous acids include but are not
limted to aqueous solutions of hydrochloric acid,

ammglﬁ E%}éi?oﬁﬁé %8 68k HRG e drQr r%jnl Eet@%éﬁh 1and. In the context of this

dcid at a pH betwee - I'n the context

et LS AUERLL S 4yseRanelun By o p s o
buf fered systens _incl ude re t I|mte to sodi Iil;] hat
basichniprkaeiensdrelsds B S8 (0 AP LPRIET 0SS R ospbate,

amoni um f ormat e, each bei p ad ust ed for use in .
sodivn borate; esd amﬁmiamacarbomtmacgebm haﬂg@@d foscasegn dgitgespective

aqueous bases include but are not limted to aqueous
baswaﬁﬂfféhhgm&géﬁ sodi um bi car bonat e, potassi um

bi car bonat e, sodi um car bonate, sodi um

hydr oxi de, amoni um hydr oxi de, and sodi um phosphat e at
a pH between 7.1 - In the context of this

o1 R §?s?n?§%§hn%?gé@§ HEg A8} Ssgguosiion o
t di ,
e TS B et LU0 S ot

amoni um car bonat e each being pH adjusted for use in
perfartmeil byrcestpifegal veshhiguess Tixafripdasicigaitiahy oz fulfust S?Wéated water
acidic or basic washes nust be conpl eted w t hout
incluidp Pue&k abt Bmited coppsots sodivad clilbedaatsanvtokivels oleatiudtion,
vary with the pH |If necessary, extrenely rapid

aqueBid §cﬂ?&h QUFate @Fve@ﬂ)u@ eERIGTBSuRYIof SdrdqghedRlpotassium chloride at
t echni ques Exarrp es of partially or fully salt

Vanoilggc%vrﬁ etdsra{'ﬁ?fst?e 4 cﬁjeglgsewg)slﬂ% & l&%e bdrfirtaed i @nRAUSANSure of a

ori vari ous eve s of saturatl on,
aque?tgaillysodl um sul fate at,vari.ous |.ev

fully03ng SAtUrals acﬁlﬁag%ﬁ%t SBYignds %ﬂﬂﬂ&lﬂ?cg?v tB ém 2flueous 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 is
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 in the

application.



various |l evels of saturation. Aqueous washes can al so
be perfornmed in which a mxture of a fully or

W@anobiozd3by saturated aqueous salt solution is PONDBI0e§044783
with an aqueous base or an aqueous acid. Filtration
prior to extraction: [44] Alternatively, prior to
extraction, the solids in the ansam tocins containing

Punﬁggtmaatds%ltgmgh can be separated by filtration or

centri fugat1 on dAnsamtom ns in the solid cell mass
e recover
[45] etaﬂl?ﬁ%%}xde %raélé%c%gn 9%{#@&{1&{] r{fﬁaﬁons Sgﬁﬁgei‘%ﬁ] o gﬁ&issorptlon
such as et hyl t but hl
chrorgiogisehs Eer Hifd EboAR PPk ED ParTEr T P °1?§’3ezq%?1 |

in the art. The ansamitocins in the flltrate can
Prefargipvibe eromptagraphads Posiugiet ona HeersrkeedwaR] 1B @gaﬁl%tage silica
sol vent as described el sewhere in the
gel cafid deiingone Bisthdd dabdinato geaphn spaterh o’Eilmizcsn@dLa}saTmtemns can be
crude product can be subjected to purification
elutell fﬁ)‘ﬁ‘gﬁférc%ﬁm‘ﬁyﬁﬁr@§ sden fg?édl@ﬁi st 8 haRiiye 6V&hy! acetate and
ol

a gel or alum na, ovved by recrystallization

hexag%alécf djdzl?%lél g&g ?llﬂ Xntsto? as A E OGhL AR 'oﬁta?rﬁﬁ‘ Hl%td%gred

) SUC Iotage silica

cartridge usin e Biota (e]4p:) a sten1 T

ansagrine BULPERA I ROnC 00 of LEUR T o RTEI CHB G e Mther
using a solvent gradient starting with a m xtur

purifeadiyl cragielliagtionarseng reSAyrit S a&@éhyam geataie ke dissqiye gﬁtﬂ:‘?ﬂ‘@t and
of methanol. The fractions containing the desired

then addiagiatnoaipokr salnelisugoad legtandr berment casetlizelout the pure product.
desired, the ansamtocins can be further purified by

The fé&ﬁﬁ%fr?étémza@foh@@ bkl HiGeid afs0ledthp Suahh@fenatpiydipaapbainahat the
to dissolve the product, and

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

Cell-Bindine 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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t hen addi ng a non pol ar sol vent such as heptane or
hexane to crystallize out the pure product. The term

W@ eyst2d3bs zat i on as used herein al so enconpassePCT/URM05/044783
termprecipitation, in that the solid fornmed from
solution can have either an anorphous or a defined
structure. Cell-Binding Agent/Mytansi noid Conpl exes:

EXAMMLE THEoRuO6AP6f Rhsdnhi€odiyient i on can be used to make
cel | - bi ndi ng agent/ mayt asi noi d conpl exes which are

USE . [ nu ' M 0
8] e e R AL 100 DR LiEng of 2%
eductiye ¢l eavage to maytansigol ich.can he us 0
solub g G E5o0: &0 IPem e > 2B 0l BT ARIRE)

6, 333, 410, and 6,441, 163 to produce Nnethyl- L-al ani ne
Soytogerft-aferioAmallordsiand D Ve edlPyEt GayRRnaterfatRO v} injosacy 8 eleven
are then conjugated to cell-binding agents, preferably
2 L camtith Bdewneyariflesksa Aifiou stetilizationscash of thesflasks was inoculated with the

di sul fide-containing Iinkers. EXAMPLES [47] The

PF4-4 (WEDCPAA-8H2 1) calivteb € hie Iflabled wart ésbubyited @f 28 8D 6R ah orbital shaker at
non-limting exanpl es. EXAMPLE | "Producti on of
230 sfgln;jfg?_ci ns: [48] Primary Seed: Seed cul ture nedi um
-1" (400 m/flask) conmprising of 2% sol ubl e starch,
1% gl ucose, 1% soybean neal, 0.5% corn steep |iquor,
(Roquette) 0.5 % Soytone, 0.3% sodi um chloride, and

0. 5% cal ci um_car bonat e poured into each of el eye
[49] 2 SecendaryiSeed g fogigals of ihg PRanar kpeed sk oy Fie et p fscf A300L
each of the flasks was inoculated wth the PF4-4 (ATCC

fermeRTeav39 filed ovitlt LRL ofithe VASK seademedinme ublarsteridizatid, de

on an orbital shaker at 230 ipmfor 48 h.
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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[49] Secondary Seed : The contents of the primary seed

flasks were then pooled. A 300 L fernenter was filled
wWowak/010368 L of the VMA-1 ' seed nmedi um After PCT/US2005/044783

sterilization, the fermenter was inoculated with 4 L

of the pooled primary seed culture. The fernenter was

mai ntai ned at 28 0C, with agitation at 80 rpm The

ferméHt?r@ g\lal\;(, 991 BYHShd b@ﬁ’ ﬁlﬁ/ﬂ@épé@fv@iya'ﬂﬁ(ﬂ)}?@ﬂﬁg f&@Péntation broth was

I on aer at and I ncréased agitation if

neede batlon 4 o

adiudif o sl BOPREPRAR A:Bh i Punbitfy SRR EEREHSRES °C and
_production vessel s, £50 Produc ion: Two 300

maingpirggua this Fermeraraistier 5 hi %@CB%W’P.TW@&T%WW fprmpgers were

production nmedi um FMA-6 (see Table 1). After
then staled dowmtd anbienttemperatran farestrorion veiiean pigeeigisalveat.

with 15 L of the secondary seed culture. The

fermenters were maintained at 28 0OC with agitation at

107 5 ipmand aeration at 0.4 vvm After day 2, the

EXANVIPER! 2495 o@ﬁ%e o CRMN ffito MBS TR Htféﬁdrl%ic]@b%(@sﬁ()% by

|ncrea5| ng t agitation rate to a maxi mumof 170 5

[51] égmﬂp icﬁrﬁggc%%é?én%ﬁterr%a% fﬁfgg @vdgn?f?@()r%gf k%{odfglc R m&h&m FM4-6

WasS neasure rawvi ng a

|l e of the fernen ion broth, an
(see Seab) A ReoAPGHOBY hE ERENERT D Opy I’aﬂgwg 1 secondary
The fernentation was continued until day 10, at which
seed polture, prepacd asdesitibesd aboxecThe fesmenistvpeainsdined ot 28T fgvith
ansamtocin titer on day 10 in the twofernenters wa
agitafidh ani @ £ 5apel add4ermibh at @d yeot iRredny) toASeh, phi agficuiseolution of
fermentation broth was adjusted to 6.5 by addition of

28.5% Célﬁme kita§ faCAtG: ratth Of B IENML/Br Frodeue 11238 B thaiPed wabbwitched to a
mai ntained at this tenperature for 1 hto

stoclé% Ct | Vgotﬁv%{stﬁh% Al n%‘%%i{l&)@@'ﬁf% PIOo Inff RN EE Ui, ewltheﬁ(i/as fed at

te’nperature or extraction wth

the r%rqléagrﬁ), 1 g_fﬁﬁﬁz}u ﬁtﬂeé dgy fge&/P labajgle/ﬁg) égg%gtscgn{énp was maintained above

20% by increasing the agitation rate to a maximum of 170 # 5 rpm, and the acration 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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[51] A 1500 L production fernenter was filled with 900
L of production nmedium FMi-6 (see Table 1). After
war@eiorssgamt i on, the fernmenter was inocul ated wW€TUS200$/044783
of the secondary seed culture, prepared as descri bed
above. The fernenter was nmaintained at 28 0C with
agitation at 107 5 rpmand aeration at 0.4 wn FromO
. , n =~
E@P@i%&faf%ﬂ%&“ﬁ?'ﬁﬁefﬂb%% SR SRR
was. swi tched t to [ bSi
(531 g1 o Semeniaton i} FOTaht R 0418 BUORBGH 2 ARaf i of n-buty
fed at the rate of 0.51 nL//L/h. After (135 2, the
acetat.s Tt mdUEsXy Rk e RS %ﬂﬁ@&i ﬁéa gbgvéfl%%@é;ﬂenﬂy 50
increasing the agitation rate to a maximumof 170 5
that midting afithettive pheseatvias just at@irting af theselrenhigerfaceshe grgaction was
ansamtocin titer was neasured daily by w thdrawi ng a
cont®RBR kS W to 5Ny b &% N BFI @haril@idviahelogahiatiayey inditased that >80%
et hanol, followed by quantitative analysis by HPLC.
of th-églﬁ%e{n%&{%t 1B LES EANThOUHnid N ydr widhehZep é%hteﬂ',fﬁrﬁfbvaporated
, e

L atn_sam tocin accretion had leveled off. T
. an intiter 13 |
g AR b B P o LR S S e
I EAR Gl A o s e

mai ntai ned at this tenperature for 1 h to inactivate

werd dvetad @rto tregalidasgel b heapoeatimgibesadvans fediyhess UsH8l aataly
bet ween 30 and 40 OC for extraction with an organic
evappRdtye BpelatiAdBhder edustd petduon Thedofled silint ogs dphitrnsferred to a
Purification of Ansamitocins. [53] The fernentation

samﬁlfeg{xjjt g/tlficgrpﬁbg&‘l@ QMBS dHokeHi oI HAN (BaHtesVille VR, OfThe SIM

o acet atAfg. e mxture was mai ntai ned bet ween 30
an , to._ 0 stirr | V. C .
Wasé‘faswfg“ %:6 rﬁ‘ﬁ&’g%glc‘\%’gﬁ ]j%ﬁ%{e olgglg)r(rl n '1a¥/§ ’ﬁg@g{gﬁ%ﬁl&%d foa

interface. The extraction. . :
Biotage 150M system equﬁ)ped w?t aos?hmsérmdge. 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 60-75 °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.

D4



continued for up to 5 days, or, until HPLC anal ysis of
the organic | ayer indicated that >80% of the

wa@p@anigseci ns had been extracted. The organi c PElER2006644783
t hen separated, and evaporated using a falling film
evaporator to a final volunme of between 20 and 50 L.
The concentrated extract was transferred into a flask
containing 2.2 kg of silica gel. The crude
ansam tocins were coated onto the silica gel by

evaporating the splvent to dr ess rotary
Pat EP‘%“%@} ﬁﬂleﬁﬁ‘eﬂm’é)rn &B*@tré%sﬁr e The
coated silica was then transferred tq sa
[55] i rjesutitotiombrai @0 Shl) prepehisAsacTaeg S 7 vaerigorously
Charlotesville, VA, The SIMwas washed wth a m xture
mixe@ forcymirmexeite? G0 Livdameyl Retbte209 mlantgseliag in an emulsion.
connected to a Biotage 150M system equi pped with a
Cella%dnh IFOAS0 et hidq2o g)TWﬁs feRid) ad the nditate wassvaehumefdtefecdothrough a
he col umm using a m xture of ethyl

buchj%%%ﬁe(f HAE %A ?re”c?&a%rw th C2RatdmEBY & 0&i1lr ald. VING filter cake was

I'ons contal ning ansamtocins were pool ed and the

| vent e rate d e I

washi D0 MGOf FRERaRea, LR Al A afee R 8aRe Sotuarh i
EXAMPLE 4. Recryst aI lization of An rr%igcgc ns. %} Afh Tr11eTl

comptisjng deurerediomd %Péleg%lﬁY%\bWéf g I PRPAERIP el the
ethyl acetate (23 niL/g residue). The m xture was

aqueows pHase wesldiaptede dihe 66gants B@se cantaining drgpansergitocing was retained.
di ssolution of the ansam tocins was achi eved. Heptane
(80 niL/g residue) was added slowy, while maintaining
the tenperature of the batch between 60-75 0C. After

E}\A?\/Ii’Lhrkfe l%kopﬁcqﬁﬁ J13haRAtias Hesth Wile chitifiicih Wih@dedter

roomtenperature. The crystals were
) &ﬂverled tby filtration and then dried under high
1mm¢,sg G Plyi ve 221 grans of pure ansanitocins. EXAI\/PLE

. Extraction of fermentation brot th filtr
[56] One part of fermentation broth, prepared as%escnbeWm Examplte 7a

1001ously
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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[55] Fernmentation broth (200 nilL) prepared as

described in Exanple 2, was vigorously mxed for 5
worRevanessesnvi th 200 L of n-butyl acetate (200 nRQT/US2005/044783

resulting in an emulsion. Cellatom FW80 filter aid

(20 g) was added, and the m xture was vacuumfiltered

t hrough a buchner funnel that was pre-coated with

EM%@%S%{M@?%J% hiiaQ 10@'0?'311&'?1%1:5611!14 @é’m%ﬁ"éﬂ)-‘l\@% yURSMic beads.

uty acetate. The filtirate, now free
d t
551 e PR S, PPV D0l S BPP, St v

The agqueous phase was draiped.. The organi C‘&Eﬂ&ﬁﬁ h
10 gramp ERHIIG0 bRESAAGHRPOE: T6C FISFCVAT Herice ggthe
Extraction of fermentation broth with centrifugation
superistanigwas neatosed. Tind diebives trabsfemed to[asejaligedupaprd guted with
fermentation broth, prepared as described in Exanple
deiondzedWadterY E(QWdSJy)QOTT! X@donikddw ateeadeeomitritd. Fradtinglcontaining
acetate for 2 mn. The resulting enul sion was

ansarﬁﬁ&tlﬁé HHedn {?%ed]anmsm%l% Pt vhp&aRtgasive 11 @h@g of concentrated

con al ni ng the ansamtocins, free of solid

¢
extra? m h3 gﬁé Bﬁc{ahe\ﬁl ¥ 1%1%%% acﬁg%hg {'{%10%0 mg F?gtaﬁgﬁﬁm%&ghrso

m sci bl e solvent. [57] One part of fermentation broth,
prepared as described in Exanple 2, was vigorously
m xed with one part of acetone. The m xture was
[59] c eWhile thagasertion his hpendescrikedindeisil and svithgefegence to specific
Supernatant was withdrawn and m xed with a half part
embdimbBies aesof, Thell be upminant tayes oSepamwet dall ietheiarighat various
cl ear organi c phase containing the

chan AASATTA QG HERi XM EMBe BetditwRiasalefating GlohDthe@pirit and scope of
nsam toci ns usi ng XAD- 16 hydrophobi c beads.

the invention.

[60]  All publications referred to hgrein are expressly incorporated by reference.
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[58] One liter of fernmentation broth, prepared as

described in Exanple 2, was stirred with 10 grans of
WX2eA®B3beads for six hours. The m xture was tPENUS2005/044783

centrifuged and the supernatant was renoved. The

pell et was transferred to a small colum and el uted

W th deionized water, followed by 90: 10 dei oni zed

WHARS O ¢ €. Fractions containing ansamnitocins
were c I néd and sol vent was evaporated to give 112

f trated .{ . L ' I ndi t 3
[Pkt ¢ oo o SR Pheik RElneh ey Sdioudfy fR'Fpsor
V\_hi |l e the i nvention, has begn. des._cri bed.in. degai Id a.pd dium:
wi t h 1) ERIBHEIECE A9a5erPPTeAUSRBIRICFAOHEATI ST B % fuidcplture medium;

wi |l be apparent to one of ordinary skill in the art.

t hat 2y axiranting ehsemgjéesinsrfeomib qul et esHamesith paopgeranatic water

therein without departing fromthe spirit and scope of
immisBi®ld sovemt:i on. [60] Al publications referred to

herein are expressly incoiporated by reference. WHAT IS

CIVUNER, @ntrhindthBeR6 588 SRhmRbERATRhAY puri fied
ansam tocins conprising the steps of: 1) culturing an

toc s compr IS ng s of : 1) ‘oul tur
cul t op @HBaRE I Dyt by BRI #8Dhs from e

culture nediumw th a.non-aromatic water inm scible
sol vent; 3) E&%“r\'bf%ﬁ]lh%tfqnnﬁn he extracted ansanitocins;
and 4) purifying the ansam tocins by any one of a) and .
b): a) cryst g) ¢rystatlizetion fodlawey by pgserpiion chaemategraphy over silica
foll owed by adsorption chromat ography over silica

gel or alumina.

2, A process for preparing purified ansamitocins comprising the steps of:
1) culturing an ansamitocin-producing microorganism in a liquid culture medium;
2) treating the culture medium to facilitate solvent extraction of ansamitocins;
3) extracting ansamitocins from the culture medium with a non-aromatic water-
immiscible solvent;
4) concentrating the extracted ansamitocins; and
5) purifying the ansamitocins by any one of a) and b):
a) crystallization, and

b) crystallization followed by adsorption chromatography over silica gel or

alumina.

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

1) culturing an ansamitocin-producing microorganism in a liquid culture

medium,



gel or alumna. 2. A process for preparing purified
ansam tocins conprising the steps of: 1) culturing an
w@r®anTg3exi n- produci ng m croorgani smin a | i quPdI/UuS2005/044783

culture nedium 2) treating the culture nmediumto
facilitate solvent extraction of ansam tocins; 3)
extracting ansamtocins fromthe culture nediumw th a
non- gr oAt ¢ LAt S & di t 4r8fniati@ water
the_ exersr i BREEILE ARl fe Sl M) s

..an Egiiocyns by any one of a) and b): a)

lmm1&?1§ sefeP%ati on, and b) crystallization followed by
adsor pti on chromat ogr aphy over silica | or al ym na.
3. Alprbluing tp sempyeasfYlopiRg #SP@HO%H%EWF%?@% ase;
conprising the steps of: 1) culturing an
ansan) t amicentmting wosang tavinsrfoon gendrgmic phase! angui d
cul ture nmedium 2) “extracting ansam tocins fromthe
cul t yn ep\.ﬂ‘ﬁ?i'n;gf’fhé/\hﬁshnﬁoéﬁ(ﬁﬁl bamayahé of Ayaber) amind)sci bl e
sol vent; 3 iltering to renove solids, allow ng
i sol ati i | VasRs siftda £QRE ERILGIAL,I NG
ansam t%&d%érpglplg?nﬁioﬁgwg%@ﬂi c 1|rohase€§éland 5) purifying
the ansgm t gci.ns. by any one of a), b), c) and d): a)
adsorptﬁﬁﬁy§ﬁu%ﬂ%¥%graphy over silica gel or alunina,

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

d) crystallization followed by adsorption chromatography over silica gel or

alumina.
4, The process of claim 3, further comprising use of a filter aid during the
filtration.
5. A process for preparing purified ansamitocins comprising the steps of:
1) culturing an ansamitocin-producing microorganism in a liquid culture
mediwmn;

2) extracting ansamitocins from the culture medium with a non-aromatic water
immiscible solvent, using a centrifugation technique;
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,
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b) crystallization, c) adsorption chromatography over

silica gel or alumna followed by crystallization, and
wa@roosnysseal | i zati on foll owed by adsorption PCT/US2005/044783

chr omat ogr aphy over silica gel or alumna. 4. The

process of claim3, further conprising use of a filter

aid during the filtration. 5. A process for preparing

puri fi eg Qﬂgwohgﬁ}mt&g;g%{y d'ep Gilibh Bl @RENiAk followed by

cul turi‘ng an"ansam t ocin-produci ng i croorganismin a
liquid culture.mediym 2) extracting ansam tocins from
the cul fﬁYF%‘H}?@HPlﬁnﬁn\% th a non-aromatic water

i mm sci bl e solvent, using a centrifygation technique;

3) concéh ?fﬁ’é“lallﬁ@n?rh@lﬁ@%’teg 58@@@%‘1‘1%%?‘6‘@05&1’%% R 361%‘11169‘ gelor
purifying the ansamitocins by any one of a), b), c)

and d): almingsor pti on chronat ography over silica gel

or alumna, b) crystallization,c) adsorption

chromat ogr aphy over silica gel or alum na followed by
crystallization, and d) crystallization foll owed by

adgor pt ix08 o€ Es QOB LSRR PLri®é 8 anshilitol s @B mp@Bin [the3teR. of:
1) culturing an ansamitocin-producing microorganism in a liquid culture
medium,;
2) centrifuging the culture medium in the presence of a water miscible organic
solvent to remove solids;
3) adding a water immiscible non-aromatic solvent and extracting the
ansamitocins into an organic layer;
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.

7. The process of claim 6, wherein a salt is added to the organic phase during the

extracting.



6. A process for preparing purified ansantocins
conprising the steps of: 1) culturing an

w@r®anTg3exi n- produci ng m croorgani smin a | i quPdI/UuS2005/044783
culture nmedium 2) centrifuging the culture nmediumin
the presence of a water m scible organic solvent to
renmove solids; 3) adding a water inmm scible

naon- ar m%dgg%slsfg{ ﬁ!%g@@ﬁ@%ﬁ%%hmmmnﬂﬁﬁa{g theGlepSof:

into a _ ) er; concentrating the extracted
ansam tocins; and 5 urifyin h 1 tocins:
ane "0 Gy of gl A LS PIRATLES RBb Ry

over silica gel or alumna, b) crystallization, c)
mediw@sor pti on chr omat ogr aphy over silica gel or alumna
foll oned by crystallization, and d) crystallization )
f ol | Byvexktlagtimeansamitp@ns Ghmchacyiirapiegivgy by selid phage geraction
or alumna. 7. The process of claim6, wherein a salt
onto h$es@fided to the organi c phase during the extracting. 8.
A. process for preparing purified ansam tocins

oo} S8 A8 ARl ) e e g oon i
organc1lcJ lsél%n% orrnz%%i iof"g%lic solvent combined with water;

4) concentrating the eluted ansamitocins; and

5) optionally purifying the ansamitocins by any one of a), b), c) 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.

9. The process of any one of claims 1-8, wherein the ansamitocin-producing

microorganism is Actinosynnema spp.

10.  The process of any one of claims 1-8, wherein the ansamitocin-producing

microorganism is Actinosynnema pretiosum.

11.  The process of any one of claims 1-8, wherein the ansamitocin-producing

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

-30-



2) extracting ansam tocins fromthe cul ture nedi um by

solid phase extraction onto a resin; 3) eluting the
wa@p@anTgsesi ns fromthe resin by isocratic or grEmUSIWS/044783

elution with an organic solvent or an organic sol vent

conmbined with water; 4) concentrating the eluted

ansam' t oci ns; and 5) optionally purifying the

i p t‘ n&aﬁ&y oft &{beof(bflalﬁl)s 1-Phwhebdin ﬁ{échngamﬂ@c)m-producmg

r omat ogr aphy over Silica gel or alumna,

L1
i AR AT B L

d) crystallization foll owed by adsor ption
therefRfomat ogr aphy over silica gel or alumina. 9. The

process of any one of clains 1-8, wherein the

ansam t oci n- produci ng m croorgani smis Actinosynnema

spp. 10. The process of any one of clains 1-8, wherein

t hes. ansale procéss opclaihu | wjersintthe aegary emprses inactivating the

Actinosynnema pretiosnm 11. The process of any one of

i biiBnd bPheathe el frhBRaGRSHRBH AUy HdaiRitrohm to the
mlcr&hgrloor gaﬁ}lgm gs Act i nogynnema pre}{tlr osum ATCC 31565 or

'&Hnatggraé derived therefrom 12. The process of any one
Sl EFb "1-8, wherein the ansam toci n-produci.ng
m croorgani smis Actinosynnema pretioswn PF4-4 (ATCC
PTA-3921) or a strain derived

14.  The process of claim 2, wherein the treating comprises heating, adjustment of

pH, enzymatic treatment or chemical treatment.

15.  The process of claim 14, wherein the chemical treatment comprises addition of

poly ferric sulfate, a de-emulsifying agent, fumed silica or a cosolvent.

16. The process of claim 14, wherein the microorganisms are inactivated by

heating at about 50 ° to about 55 °C.

17.  The process of any one of claims 1-8, wherein the extracting is carried out at a

pH of about 6 to about 7.

18.  The process of any one of claims 1-8, wherein the extracting is carried out at a

temperature of about 30 ° to about 45 °C.
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therefrom 13. The process of claim2, wherein the

treating conprises inactivating the m croorgani sns by
wheabiorsyeg he fernmentation broth or by addi ng chCDUSI005/044783

to the fernmentation broth. 14. The process of claim 2,

wherein the treating conprises heating, adjustnent of

pH, enzymatic treatnent or chemi cal treatnent. 15. The

Pr PFeS Tf?é %%gé'és'@f% y ?ﬂ\@@{ Ghithstive \ﬂtb%lh(ﬂ% ndrl-83hA8P yater-

conprl rtion o errlc sulfate, a

i f d
1M1*Fﬁlg?epﬁﬁh,\@ggé Sg% cm’i %ugqewe rOéals s ?‘h o 8f alﬁ%l‘r:aggt‘rﬁg g,ﬁ\%m ihGhe alkyl
chanS{gelmlf;raggﬁqé?c:Qgg é)@:get]sgl? tS Ign ogfar@%%? pﬁ/?hgtggesg gn%%?:e‘?ﬁted

the extracting is carried out at a pH of about 6 to

solvattout 7. 18. The process of any one of clains 1-8,
wherein the extracting is carried out at a tenperature
of about 30 to about 45 0C. 19. /The process of any
one of clains 1-7, wherein the non-aromatic

wab@ri mphs ﬁfol%% o?f‘éhy B8Rt of Qaisf 1291 wEkrEinamR AHre ahaKiR water-
conS| stl ng al kyl “acet ates, wherein the al kyl chain

o 4 B TR g PN e

process of any one of clainms 1-7, wherein the
mett}yg)ﬁceé% Bratic wateri mm sci ble solvent is selected from

the group consisting of n-butyl acetate, ethyl
acetate, and

21.  The process of any one of claims 1-7, wherein the non-aromatic water-

immiscible solvent is methyl isobutyl ketone.

22.  The process of any one of claims 1-7, wherein the non-aromatic water-

immiscible solvent is dichloromethane.

23.  The process of any one of claims 1-7, wherein the non-aromatic water-

immiscible solvent is n-butyl acetate.

24.  The process of any one of claims 1-7, wherein the extraction is carried out at a
temperature of about 30 ° to about 45 °C and the non-aromatic water-immiscible solvent is

n-butyl acetate.

25.  The process of any one of claims 1-7, wherein the ratio of the culture medium

to the non-aromatic water-immiscible solvent is 1:1 by volume.
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nmet hyl acetate. 21. The process of any one of clains
1-7, wherein the non-aromatic waterinmm sci ble sol vent
WO 300a@t8398 | sobutyl ketone. 22. The process of PEnySImNE044783
of clains 1-7, wherein the non-aromatic
wat eri nm sci bl e sol vent is dichloronethane. 23. The
process of any one of clainms 1-7, wherein the
non-aromati c wateri mm sci bl e sol vent is n-butyl
acetate. 24. The process of any one of clains 1-7,

wherein_ the extraction,is, carried. .ou t t.ur,

o2t boutiososas obett | 45 RO T SR cyPule ALl e

wat er -i mm sci bl e sol vent is n-bytyl acetate. 25. The
non-gypimes v atst-immyscine sgv et h i YoM MGher ein the ratio of

the culture nediumto the non-aromatic

wat er-inmm sci ble solvent is 1:1 by vol une. 26. The

process of claim 19, wherein the ratio of the culture

Megh um T §Beesh 0Py el otainatles, wilromis saith celtwdig/is in prasluction

1:1 by volune. 27. The process of any one of clains

1- ' i i k® I n production nedia at
medléagwmﬁt&%eﬁ?lg%%bgw%Ect)%?go(y.té'to about 8. 28. The

process of claim 27, wherein the pHis in the range of

about 7 to about 7.4. 29. The process of claim?28,

wherein the pHis about 7,2.. 30. The.process aof, clai.m

2728 whelTke proeesé of s Ldt Wb%fqnstg? Hﬁtlﬁ Bﬂﬁﬂaﬁ@‘@e&? aB%‘&?ftto about

15

7.4.

29.  The process of claim 28, wherein the pH is about 7.2.

30.  The process of claim 27, wherein the temperature is in the range of about 15 °
to about 35 °C.

31.  The process of claim 27, wherein the temperature is in the range of about 25 °
to about 30 °C.

32.  The process of claim 27, wherein the temperature is about 28 °C.

33, The process of claim 32, wherein the temperature is about 28 °C and the pH is
about 7.2.
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to about 35 OC. 31. The process of claim27, wherein
the tenperature is in the range of about 25 to about
W@000/478382. The process of claim27, wherein tPET/US2005/044783

tenperature i s about 28 0C. 33. The process of claim

32, wherein the tenperature is about 28 0C and the pH

is about 7.2.34. / The process of any one of clains

1 t

oraui b edge Ry oL B ne T EI-ALLIS. JRRleEE e Adtional mutrent
. , in the additional nutrient is a carbon
ISPKKHEp@angégﬂ gmﬁﬁbcess of claim 34, wherein the

additional nutrient is a carbon source followed by a

carbon source and a protein nutrient. 37. The process

of claim 34, wherein there is further provided during

t 15, cul Therprngesant elhinp B whereintheadddétiypabnuttigat is a carbon source.

facilitates the formation of a C-3 ester side chain of

the ansamtocin. 38. The process of claim 35, wherein

there is further provided during the culturing an

aI 3C6° hol %ﬂeplﬁaesé IoFIgEiYﬁj 84 Lreih 36 Ad @R ndthentioh '@Eﬁbbﬁ Rource

ter side chain of the ansam tocin.

3 f h ded
foﬂoﬁﬁf?ﬁ%a%fﬁgnéa%f% IR O o ol enyde that

facilitates the formation of a C-3 ester side chain of
t he ansamni t ocin.

37.  The process of claim 34, 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.

38.  The process of claim 35, 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.

39.  The process of claim 36, 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.
40.  The process of claim 35, wherein the carbon source is glucose.

41.  The process of claim 36, wherein the carbon source is glucose.
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40. The process of claim 35, wherein the carbon source
is glucose. 4 1. The process of claim 36, wherein the
W@ 200boms3sour ce i s gl ucose. 42. The process of cPEi/IsRB5/044783

wherein the protein nutrient is cotton seed flour or
soybean flour. 43. The process of claim 38, wherein
t he al dehyde or al cohol is selected fromthe group
consi stj.ng of | ] [0t 3 viq RS )
o Bt R afrak SPOUET 38 iR MHEpHERMERTR o Bt 2B hour or
i sopr opanol , isopropional dehyde, pentanol,

soyb&ag|tloua| dehyde, isopentanol, and isoval eral dehyde. 44.
The process of claim 39, wherein the al dehyde or
al cohol is selected fromthe group consisting of

i sobut anol , isobutyral dehyde, n-butanol, )
n-4ut y refiedebyae of clajn 8Rawindreinthealdgiyda ar dishelds selected from the
i sopropanol , isopropional dehyde, pentanol,

group ﬁélﬁl’sﬁh 8P ¥EButahSOREK\ HARIchydd) d-Husoiod bl ditefigde, n4fopanol,
The process of claim 34, wherein the culturing is at a
H o ut i \ AjsHpentanol,
- iprR e tooBrpahl, Bl Eyde PR AR St e Fis D
.about 7.4. 47. The process of claim 34, wherein the
mm‘%ﬂ@#ﬁ@ﬁﬂ@“@s at a pH of about 7.2. 48. The process of
claim34, wherein the culturing is at a tenperature of
about 15 to about 35 0C 49. /The process of claim 34,

wherein the culturing is at a tenperature of about 25
t 044bouTh8prod&s of claim 39, 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, isopentanol,

and isovaleraldehyde.

45.  The process of claim 34, wherein the culturing is at a pH of about 6.5 to about

8.

46.  The process of claim 34, wherein the culturing is at a pH of about 7 to about
7.4.

47.  The process of claim 34, wherein the culturing is at a pH of about 7.2.

48.  The process of claim 34, wherein the culturing is at a temperature of about
15 ° to about 35 °C.
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50. The process of claim 34, wherein the culturing is

at a tenperature of about 28 O0C. 51. The process of
waeb@onr$348 wherein the culturing is at a tenpePE/USMODH44783

about 28 0C and a pH of about 7.2. 52. The process of

any one of clainms 1-8, further conprising one or nore

of : (i) inactivating the mcroorganisms in the culture
medi um chemi c

t 149 ¢S REORsy O %a?ﬁ 3?ac | ﬁrél ?Igé éu\{ﬁf'ﬂngﬁ‘s at(d thih Ex"aﬁﬁ‘@ bf‘QJout

e so nt extr ction of
ansam tocins, prior to step 2; and (iii) washing, in
25 ° tprabew 39 &+ ude sol ution of ansanitocins in the or gani c
solvent is washed with water, an aqueous salt
sol ution, an aqueous acid or an aqueous base in any
sequential conmbi nation, before or after the
pray%i pi Tigd protesshif chim an, wherpierthocutbuingus Mrgterperature of about
purifying. 53. A cell-binding agent maytansi noid
28(?onplex prepared by |inking a nmaytansinoid derived
roman ansamtocin prepared by the process of any one
of clains 1-8 to a cell-binding agent.54. The
cel | - bi ndi ng agent mayt ansi noid conpl ex of claimb53,

wher ei n_t he cel | hi ndi agent t.]
prokessT h%P“%%?FgfgpﬂggawggﬁWﬁh%|ﬂﬁrﬁglsgﬂg%nqéémuAOfdmut
fernmentation broth, said process conpri sing:

28 °C and a pH of about 7.2. '

52.  The process of any one of claims 1-8, further comprising one or more of:
1) inactivating the microorganisms in the culture medium by chemical or heat
inactivation;
(i)  treating the culture medium to facilitate solvent extraction of ansamitocins,
prior to step 2; and
(iii)  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.
53. A cell-binding agent maytansinoid complex prepared by linking a

maytansinoid derived from an ansamitocin prepared by the process of any one of claims 1-8

to a cell-binding agent.
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1) inactivating ansam tocin-produci ng m croorgani sns
in the fernentation broth; and 2) extracting the
wa@e@anigsesi ns fromthe fernentati on broth w t hP@r/US2005/044783
non-aromati ¢ water-inm sci bl e solvent. 56. The process
of claim55, wherein the inactivating is by heating
the fernmentation broth or by adding chloroformto the
ferpentatiom : : 1 Svherein the cell-
ek o A0 N R o mel R P REI IO of S Asherein th
. fernmentation._ broth to about 50 to about 55 0C. 58.
blndl?ﬁégw&%@twd%l aim 55, wherein the extracting is
carried out at a pH of about 6 to about 7. 59. The
process of claimb55, wherein the extracting is carried
out at a tenperature of about 30 to about 45 0OC 60. .
Thes. pr osgssces§ farleairaotB, anwineitasing frdve 2femaatasioattreth, said process
wat er -i mm sci bl e solvent is selected &mthe group
comfif¥gd: sting of alkyl acetates, wherein the alkyl chain
is I'itnear or branched and has 1-5 carbon atons,
di al kyl { Rk SHBNNSs infhd ferrhBfation broth;
pr oclél)sfén%ﬁ L@pgfa%sggﬁoﬁﬁgggﬁgﬁ ﬁgcﬁfgh- aromatic
wat er-i mm sci bl e solvent is selected fromthe group
and consisting of n-butyl acetate, ethyl acetate, and

met hyl acetate. 62. The process _of claim5 erein .

the rosxEprGHEhe aEPEPCInFHY Brff‘é'ff%ﬁaseﬂh ﬁfg ‘%W“‘momam

i sobutyl ketone. 63. The process of claim55, wherein
water-hamisviblasarenti c wat er -i mmi sci bl e sol vent

56.  The process of claim 55, wherein the inactivating is by heating the

fermentation broth or by adding chloroform to the fermentation broth.

57. The process of claim 55, wherein the inactivating is by heating the

fermentation broth to about 50 ° to about 55 °C.

58.  The process of claim 55, wherein the extracting is carried out at a pH of about

6 to about 7.

59.  The process of claim 55, wherein the extracting is carried out at a temperature

of about 30 ° to about 45 °C.
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i s dichloronethane. 64. The process of clai m 55,

wherein the non-aromatic water-imm sci bl e solvent is
wo2Manydsemcet ate. 65. The process of cl ai m 55, PeUTER0F1044783

the extracting is carried out at a tenperature of

about 30 to about 45 0OC and the non-aromatic

vvater-i mm sci bl e solvent is n-butyl acetate. 66. The

]E’re o f %18!3% gﬁ?ﬂ m\@?ﬁgﬁég%ﬁttgéregﬁgﬁﬂoﬁlaﬁfz waE- 1mm1sc1ble solvent

. r-inmmscible solve

is selgebd o BF s anaging ohathd o YRk e Syt TR g near o
fermentation broth to facilitate s &vent extr ctl on of

branciied and hac] Asarheniaems, diadld ketpngy an 1%1198?3@% §ogyents.
extracting ansam tocins froma fernentation broth,

sai d process conprising: 1) extracting ansam tocins
froma fernentation broth with a non-aromatic

WaEer | ”T'h§]|9ﬂo@é£ of el 36; whddindhe hbn-b@niddg wWaeriemmigeible solvent
sol i ds owi ng isol ation of an organic phase. 69.

is se]-kl)e—ht%?] @’oﬁcﬁ%%}r(ﬂj &Jn@lsml?ﬁ n- EHM N&Xats SRS LSS, ﬁﬂemé”chyl acetate.

activating nicroorgani’sns in
fernmentation broth chemically or by heating; and (ii)
treating the fermentation broth to facilitate sol vent
extraction of ansamtocins, prior to step 1. 70. A,
pré&es sTh@)Ploé?&SrOzf@laFrﬁgSSaW&%Fﬁint the PR 2FqeAticqvater-immiscible solvent
fermentation broth, said process
is methyl isobutyl ketone.

63.  The process of claim 53, wherein the non-aromatic water-immiscible solvent

is dichloromethane.

64.  The process of claim 55, wherein the non-aromatic water-immiscible solvent

is n-butyl acetate.

65.  The process of claim 55, wherein the extracting is carried out at a temperature

of about 30 ° to about 45 °C and the non-aromatic water-immiscible solvent is n-butyl acetate.

66.  The process of claim 55, wherein the ratio of the fermentation broth to the

non-aromatic water-immiscible solvent is 1:1 by volume.

67.  The process of claim 55, further comprising treating the fermentation broth to

facilitate solvent extraction of ansamitocins, prior to step 2.
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conprising: extracting ansamtocins froma
fermentation broth by centrifugation with a
Wmeovansses i ¢ wat er i nmi sci ble solvent. 71. TheP@r/osmes044783
of claim 70, wherein the extracting process further
conpri ses one or both of: (i) inactivating the
m croorganisns in the fernentation broth by chem cal
or heating neans; and (ii) treating the fernentation
broth to facilitate solvent extraction of
an am t oci ns rior to or du n .
rif é’é‘?‘ieéﬁwf) ﬁm%“ﬁp&?% H‘g Iioé‘}r%\?‘?rﬁle“%at‘l"flgr% djip|cprocess
from a fernmentation broth, said process conprising:
cCOmpSHE i f ugi ng t he fernentatlon broth in the presence of
a water mniscible organic solvent to remove solids
whi | ¢) retiartigignsamitacing Gommsiermenthigorsiyotlt igh a npg:aramatic water-
process of claim 72, wherein the process for renoving

immisblebotl@hf;lafidf rom fernentation broth further conprises
one or both of: (i) inactivating mcroorganisns in the

fermy tﬁllttérﬁg tP OBV ORI, blvﬁlgﬁﬁolgb{oﬁ‘giaéﬂ Sgani@Pladel 1)

treat ng t ernentation broth to facilitate Sol vent
extraction of ansam tocins, prior to or during the
centri fuging.

69.  The process of claim 68, further comprising one or both of:
(i) inactivating microorganisms in the fermentation broth chemically or by
heating; and
(ii) treating the fermentation broth to facilitate solvent extraction of ansamitocins,

prior to step 1.

70. A process for extracting ansamitocins from a fermentation broth, said process
comprising: extracting ansamitocins from a fermentation broth by cenirifugation with a non-

aromatic water immiscible solvent.

71.  The process of claim 70, wherein the extracting process further comprises one
or both of:
(i) inactivating the microorganisms in the fermentation broth by chemical or
heating means; and
(ii) treating the fermentation broth to facilitate solvent extraction of ansamitocins,

prior to or during the centrifugation.

-30-



WO 2006/078368 PCT/US2005/044783

72.  +A process for removing solid debris from a fermentation broth, said process
comprising:
centrifuging the fermentation broth in the presence of a water miscible organic solvent

to remove solids while retaining ansamitocins in the solution.

73.  The process of claim 72, wherein the process for removing solid debris from
fermentation broth further comprises one or both of:
(i) inactivating microorganisms in the fermentation broth chemically or by
heating; and
(ii) treating the fermentation broth to facilitate solvent extraction of ansamitocins,

prior to or during the centrifuging.
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