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A procgss: for produci ng i mrunosuppressives and a novel m crobial speci %bgm-
be. enpl oyed.therein 5 Field of the invention The present invention opd
di scl oses "a novel mcrobial species of Tol ypocladiumand a process for mn,wm
prroduci ng cycl osporins, especially cyclosporin A by aerobic fernentati or? RIMP§
of a strain of this species. 10 Descriptiom of the prior art Cyclosporins
are neutral, highly lipophilic, cyclic undecapeptides with a variable am no
aci d conposi t Poprocggs for geedicing Smuiuhésippressives mBd af navet Imispbial rspedieg Yo dee
15 known. The lb\-fgrtﬁn has proved to be.clinically the nost val uable
(Rehacek and BEP'REH M¥F8cess Bi ochem 1991, 26, 157-166). Originally,
cyclosporin was isolated in the 1970's fromthe fungal strains Cylindro-

car pon | uci dum Boot h and Tol ypocl adi um i nfl at um Gans, whi ch had been
isolated 20 fromsoil sanples from USA and Norway. The production strain
of Tol ypo%J adﬁj‘ﬂai ?ftiaatum NRRL 8044, ATCC 34921) was at first identified
to be the“str Ptk Jsn Mhol ysporum (Link ex Pers) Rifai. The said
strain and the antibiotic subs- tances produced thereby are disclosed, for

i nstance, in the FL patent 54606. The grow h conditions and the taxonony of

‘the strain ar @he gpesenteihvahtion idiscloses aroive] mictbbial Bpexiésust Telypodladivmuand 4.
Appl . Mcrobioal., 76, 3,. 125. The above nentiogned strain Cylindrocarpon
I uci dum Boot hPoRes fospradhcing cyrlospasing qespecialhy cyglosperiard, by asabic fermentation

m crobi al strgf RStrRiOSH R gl osporins found in the literature include,
for instance, the Tol ypocsln%gaum inflatumstrain SF 136 disclosed in

10

Description of the prior art

Cyclosporins are neutral, highly lipophilic, cyclic undecapeptides with a variable
amino acid composition. At present, 25 different forms of cyclosporin (A-Z) are

15  known. The A—form has proved to be clinically the mbst vaiuable (Rehaéek and De-
xiu, Process Biochem. 1991, 26, 157-166).

Originally, cyclosporin was isolated in the 1970's from the fungal strains Cylindro—
carpon lucidum Booth and Tolypocladium inflatum Gams, which had been isolated
20  from soil samples from USA and Norway. The production strain of Tolypocladium
inflarum (NRRL 8044, ATCC 34921) was at first identified to be the strain
Trichoderma polysporum (Link ex Pers) Rifai. The said strain and the antibiotic subs—
tances produced thereby are disclosed, for instance, in the FI patent 54606. The
growth conditions 'and the taxonomy of the strain are reported also in the article

25  Dreyfuss et al., Eur. J. Appl. Microbiol., 1976, 3, 125.

The above mentioned strain Cylindrocarpon lucidum Booth (NRRL 5760) is disclosed
in the FI patent 52851. Other microbial strains producing cyclosporins found in the
literature include, for instance, the Tolypocladium inﬂatum' strain SF 136 disclosed in
30  the DD patent 298276 producing at least cyclosporin A, and the Tolypocladium va-
rium disclosed in the GB patent application No. 2 227 489 producing, a.0. the



-
30, the DD patent 298276 producing at |east cycl ospor s SheetdacBdeRReplaced
Tolrypocl adi um va- riumdisclosed in the GB patent appli 1 . : 7 489
produci ng, a.o. the 2 mxture of cyclosporins A B a : iyl
application 826 3093 A2, two strains of Fusariumare disclose | re
mentioned as cyclosporin producing. In theiy review arti-€le Isaac et al.
(Antimcr. Agents Chenmoter., 1990, 34, 121-127) conpare the cyclosporin
production of msigtiie heyElosgorimk 1§, Bland €. MAARS 30 apPlicalibh 8263003003 tho'Aﬁt
originally discovered as an antifungal antibiotic conpound. Its excellent
effect as an iodiiedupmre disclasedvarhichi areaentioged ab cytlasporin podetingt al ., | m
munol ogy, 1977, 32, 1017). Thus cyclosporin is currently used in the
post-operative treatnent of transplantation operations, agd it |; a:c nost
the only nedi gqj i TRA St ] L
time i nyconnegit1 :ﬂlg!ierif %vﬁdﬁ?ﬁ%%ﬁ?@cgﬁ %’é?@é‘ﬂ%@t&?‘g“?g‘?‘ QQ{OEe?é%g?o’a%d Zémi?y)
mar r ow t r dnsplcamparei the <yclosparins pradactiat of 4878 kn@wn k&aihks.of | Tolypddlddiam t o
transplantation operations, cyclosporin can be used in the treatnent of
various autoi mmune di seases, such as e.g. rheumatism and psoriasis. LlThglEis -
roduction pr 1 | : ' ' -at 1 in
Phe 11 ter at ur o ey aomeur i K gy iR ered P aR ph B b EBIORE Prpcune
ferment ati on tekeslkent efifent as fn immugbsuppedssive awas er:’eﬂ @Ft}eldtl;:r (Beref]ed i, {Iiﬁ‘ﬁt
anount of cyclosporin n_been small. It has_al so been shown tha
the | ower y?’el‘ﬂ}‘ﬁg"%’t rlé‘rj(?r?zp(ribilﬁc J%P% Fyelpsporip in cymenthousedsn dhe posttepssativen
A (De-Xip et tRbtment It tParbIGh@AbE operations:  andtft §¢ aftilost I8 )only medicine for this

purpose. This has been reported for the first time in connection with kidney (Calne,

Lancet, 1978, 2, 1323) and bone marrow transplantations (Powles, Lancet, 1978, 2,
1327). In addition to transplantation operations, 'cyclosporin can be used in the
treatment of various autoimmune diseases, such as e.g. rheumatism and psoriasis.

15

‘ The production processes of cyclosporin A by the microbial strains disclosed in the
literature have in some cases problems with low yields and long fermentation times.
Even if a high yield has been obtained, the relative amount of cyclosporin. A has
often been small. It has also been shown that the lower yielding étrains produce rela-

20 tively high amounts of cyclosporin A. (De—xiu ef al., Folia Microbiol., 1991, 36(6)
549-556).

Description of the invention

25  Owr intention was to find a production strain which would give a maximum yield

within a short fermentation time and under economical conditions.

While screening for possible production strains, an extremely rapid—yielding strain of
- Tolypocladium was found which produces considerable amounts of cyclosporin A and

30  relatively small amounts of other forms of cyclosporin, thus allowing for an easier



REPLACEMENT SHEET 2a. Description of the invention In accordance with a
first aspect of the present invention a process for producing Cyclosporin A
conprises culturing a strain of the novel Tol ypocl adi um speci es sel ected
f£om Tol ypocl adi um sp. LeA3 CBS 630.92 and strains having all of the

I dentifying characteristics of LeA3 CBS 63Q. 92, in a nutrient nmedium until
said Cyclosporin Ais produced, and, if deSired, isolating and purifying

the Cycl ospor it;aﬁriﬁcéifdﬁdbic%os gﬁiﬁf/&.ggﬁ’é‘%ﬁ sifald'hd BE&MORIaAIPEEH al%oii Qiﬁn le

present invention, a biologi re culture of the strain Tol ypocl adi um
sp. LeA3 CBS egiginating @uRussig,eciosecto Mascava find a production strain which
would give a maximumyield within a short fernentation tine and under
econonm cal conditions. Wile screening for possible production strains, an

extremel y rapiynet @b diriid didcb@éiRd Q\Fas-E%ﬁﬁﬂgﬁliﬁ‘ 'oll'lghéi"ﬁg DrOW Gt @nRbAPHEES

consi derabl e anounts of cyclosporin A and relatively small anounts of ot her
forms of &/ cl aspoor Schimmedcudtutasy\Baarn{ Holland)eths ingicrobe povedrto be aatpresentdtive
cyclosporin A'of jall-rxllgvél(’j‘sipn(ajcigst (;fai.'o?yphoac?ajt)z?ﬁnl‘ljness%lra% Svgs fgxrv%xrp tl?c go(gelTo?y?)rcT}c)}a?lium sp.
LeA3, and the strain has been deposited according to the Budapest Treaty at the
depository Centréélbureau voor Schimmelcultures, Holland on December 7, 1992,
with the deposition number CBS 630.92.
10
Thus the invention relates to a novel species of Tolypocladium which gives high

yields rapidly, and to its use in the production of the clinically important’cyclosporin
A.

15  The genus Tolypocladium was first disclosed by W. Gams in the year 1971 (W.
Gams, Persoonia, 1971, vol. 6, part 2, 185-191). Three species of Tolypocladium, T.
inflatum, T. geodes and T. cylindrosporum, are studied in the publication. Typically,
the species of Tolypoclddium are slow in growth, they form white, flocky colonies
and a large amount of spores. |

20 |
The strain Tolypocladiwm sp. LeA3 according to the present invention was compared
to the above mentioned species, and it clearly differed from them by having a weaker
spore—forming ability, swollen cell chains, and darker colonies having tendency to
form brownish—grey pigment in reverse. Consequently, the said strain of Tolypocla-—l

25  dium was classified as a representative of a new species of Tolypocladium.

'The strain Tolypocladium sp. LeA3 according to the irivention can be described as
follows: A seven—~day-old colony on a malt extract/yeast extract plate has a diameter
of about 10 mm and is covered by a greyish mycelium which contains few spores.

30 Irregular conidia and swollen cell chains are typical to the strain. As a difference to

Tolypocladium inflatum, the strain according to the invention does not use raffinose,



orjginating in Russia, close to Mbscow. Wen the strain discovered was
exam ned in Holland by Dr. W Gans (Centraal bure- 5 au voor

Schi mmel cul tures, Baarn, Holland), the mcrobe proved to be a
representative of a novel species of Tol ypocladiw.. The strain was given -
the code Tol ypocl adi um sp. LeA3, and the sgrain has been deposited
according to the Budapest Treaty at the depository Centraal bureau voor

Schi mrel cul t ubesis 48l kR ast PAlaéBss MRS growtH PPopertidst & 1he st PSkybbAIBdinMEGRT

CBS 630.92. 10 Thus the invention relates to a novel species of

Tol ypocl adi wnLeAB cepnapayed; thithgh pyopsities efagolipgclading inflatwrs andeCylindraearpon
production of ;the clinically inport closporin A 15 The genus

Tol ypocl adi un{'ﬁﬁ@"f ﬁesﬁuwg%egggéhﬁagwc%am in the year 1971 (W @Gans,
Persooni a, 1971, vol. 6, part 2, 185-191). Three species of Tol ypocl adi un,
T. inflatum T. geodes and T. cylindrosporum are studied in the

publ i cati &. Taplechl | yThense of carkon séurtes pf the wicnobialrstraihow i n growt h,
they formwhite, flocky colonies and a.l arge amount of spores. 20 The
strain Tol ypocl adi um sp. LeA3 according to the present invention was
conpared to the above nentionedggpgcies, and it clearly differed fromthem
by having a weaker spore-formng ability, swollen cell chains, and darker
col oni es havi fgrtloandency to form browni sh-grey pignent in reverse.
Consequent | y, sédiee sai d strai n o25 Pl ypockn - 25 S2iumwas classified as a
representjgi i ve of a new species of Tol ypocladium The strain Tol ypocl adi um
sp. LeA3 accogfiddet © the invengion can he descrifped as

Glycerol +
2KG
L~arabinose
15 D-xylose
'Adonitol
Xylitol
Galactose
Inositol
20  Sorbitol
' MDG
NAG .
Cellobiose
Lactose
25  Maltose
Sucrose
Trehalose
MeLeZitose
Raffinose

+
+ + +

I+ + 4+ 4+ 1 +4+ 1 ++++++++ +
R I T S B S B N S
|

. . I O I

30
Abbreviations used:
2KG = 2~keto-D-gluconate, MDG = a-methyl-D—-glucoside, NAG = N-acetyl-D-

glucosamine
35  The cultivation time was 4 d.

25 A = Tolypocladium sp. LeA3 (CBS 630.92)

51 = Tolypocladium inflatum Gams (ATCC 34921)
52 = Cylindrocarpon lucidum Booth



follows: A seven-day-old colony on a malt extract/yeast extract plate has a
di,aneter of about 10 mmand is covered by a greyish nyceliumwhich contains
few spores. 30 Irregular conidia and swollen cell chains are typical to
the strain. As a difference to Tol ypocladiuminflatum the strain according
to the invention does not use raffinose, g 4 but is able to use gal actose.
The grow h properties of the strain Tol ypocl adium sp. LeA3 conpared to the

properties ofxntﬁﬁée ﬁfraa@;gﬁéchmgﬂg{dT%ﬁgesﬁﬂmn%rﬁi&E FOICERE PRSUckEh %ﬁ@&b@por%ns, |

summarized in e use of "carbon soufces of the
m crobi al st respedialBt cydlospGeinbAna stwainaef the novel Tolypocladpin Apecies seléted from

52 10 d ucose + + :

v > CBalpocladium sp. LeA3 CBS 63092 and srains having 4 |of fhe, ideptitying *
+ + . s+ . . _ +
Adoni t ol characteristics ofiPeA3 @B@ﬁi%ﬁ,tx% Ic:ultlvated aerobikally ata _temﬁ’erature+of 20

- 5 30°C in a growth medium, which contains carbon sources, nitrogen sources and

mineral salts, and, if desired, the resulting cyclosporins are isolated and purified.

Description of preferred embodiments

10 In a preferred process according to the invention the strain Tolypocladium sp. LeA3 .
CBS 630.92 is used. The strain is especially preferable for the purposes of the
invention, since it produces great amounts of cyclosporins already after a few days of
cultivation. Besides, it produces a proportionally large amount of cyclosporin A.
Although the strain produces also other forms of cyclosporin (B, C, D and G), the

15 amount of these is considerably lower than that of most of the known strains (sce
Isaac ef al.,, supra). The strain produces the C—form only 10 %, ihe B-form 4 % and
the D and G forms together 2 %. This is the case in spite of the fact that the
production of the A—form is high, even 1.5 g/l.

20  The above mentioned strain according to the invention is advantageous also in that it
grows rapidly and in very conventional growth media. The strain is able to use, for
instance, glucose, sucrose, arabinose, xylose and galactose (see Table I) as carbon
sources, as well as several both organic and inorganic nitrogen sources, such as pep-
tone, soya meal, fish meal, cottonseed meal and (NH,),SO,.

25
In addition to these, the nutrient media used usually contain mineral salts, such as

magnesium sulphate or potassium dihydrogen phosphate.

Preferably, moderately priced molasses can be used as a carbon source and soya meal

30 as a nitrogen source.



Gal act.ose + - + I nositol +

+ . + 20 Sor bi t ol . + : + + MDG

- - + NAG + + +

Cel | obi ose + + + Lact ose -

- + 25 Mltose + g + + Sucrose

+ + + Trehal ose + + +
MelLeZi t ose In a preferred process according to the invéntit, fal $p8feCand mycelium inoculum is
+ + 30 brevi ati'ons used: 2KG = 2-keto-D gl uconate, MG =

a- met hyl - D- gl useslated intevrprecuitiyationmediumg whichsnosuhem 3gs beenipbtaingd hyaspenT
v 4 0. G5 uloL HGL R 0 o R B e AR
is precultivated for 2-4 days and the production medium is inoculated with the
5 'precultivation broth. The actual cultivation is performed at a temperature of about 20
to about 30°C, préferably 25—30°C, particularly at 25°C for 5 — 7 days (i.e. 120 to
168 hours), maintaining the pH of the culture between 3 and 8, preferably between 4

and 7 by adding 1M NaOH or 1M HC], if necessary.

10 The aerobic conditions are maintained by aerating for example 1 vol/min (a volume

of air corresponding to that of the culture per minute), and the culture is stirred at the
rate of 200 — 350 rpm.

During the fenﬁentatidn -the amounts of cyclosporin are monitored with high
15 | performance liquid chromatography (HPLC), as for instance Isaac et al. (supra) have
described. The fermentation is continued until a maximum amount of cyclosporins has
been formed. The strain according to the invention produces cyclosporin A up to

1500 mg/1 within six days, the relative proportion of cyclosporin A being up to 84 %.

20 The mixture of cyclosporin forms can be isolated and purified by conventional
methods. The mycelium is separated from the culture broth either by filtration or
centrifugation. The cyclosporins are extracted from the mycelium with a lower
alkanol, for example methanol, ethanol or isopropanol, preferably methanol. The
extract is concentrated and reextracted with a water—insoluble organic solvent, for

25  example butyl or ethyl acetate, preferably ethyl acetate. The evaporation residue of
the extract obtained is dissolved in a suitable organic solvent, for example toluene,
and cyclosporin A is separated with column chromatography, for example in a silica
gel column. The fractions oontainihg the desired cyclosporin A are analyzed by means
of thin layer chromatography, the fractions are concentrated and cyclosporin A is

30  recrystallized from a suitable solvent or a mixture of solvents, for example ether—

~ hexane.

um



5. In the process according to the present invention, for the production of
cycl osporins, especially cyclosporin A a strain of the novel Tolypocladi um
speci es sel ected from Tol ypocl adi um sp. LeA3 CBS 630.92 and strai ns having
al-l of. the identifying characteristics of LeA3 CBS 630.92, is cultivated
aerobically at a tenperature of 20- 5 [epr] in a growth nmedium which
contains carbon sources, nitrogen sources and mneral salts, and, if
desired, the Famlly}thePreduct ob@iet iSclhsctérsAdafos dxamplePby déteafinidgeiemeRingOn
of preferred enbodinents 10 In a preferred process according to the

i nventi on t hePgint And) optiralgetatigai wn sp. LeA3 CBS 630.92 is used. The strain
i-s especially preferable for the purposes of the invention, since it
produces great anounts of cyclosporins already after a few days of .

cul tivation. BheifoewingtexafuplbisCilasttatd tiRPRvEAtffthet.ar ge anount of
cyclosporin A Although the strain produces al so other forns of cyclosporin
(B, C,-Dand G, the 15. anpunt of these is considerably |ower than that
of nost of the known strains (see Isaac et al, supra). The strain produces
~the CGformonly 10 % the B-form4 %and the D and G forns together 2 %
This is the cExanipleqpite of the fact that the production of the A-formis
hi gh, even 1.5 g/I. 20 The above nentioned strain according to the
invention is advantageous also in that it grows rapidly and in very

conventional growth dia.The strain is ablg to yse r, instance
o1 Uose, sucr QeaPort, alp mBeliu sl 8 s e Fomcn 158e of R dinin. ks,
sources, @ WECBSa§3:92)L bRl suspdridin) i ichiltdedin' BOmY T &erfle! WRLEN1 SAL 0 Shis
such as pep- tone, soya neal, fish meal, cottonseed neal and [err]. 25

~ suspension was used to inoculate 50 ml of the nutrient medium (E1) in a 250 mi

erlenmeyer flask.

The composition of the precultivation medium E1

i5
glucose 30 g
soya meal 15 g
potassium dihydrogen phosphate 1 g
magnesium sulphate 05¢g
20 ammonium sulphate 5 g
H,0 ad 11

The mixture was sterilized for 20 min at 121°C.

25  The culture was incubated at 25 °C on a shaker (340 rpm) for 2 d after which the
precultivation broth (50 ml) was transferred in sterile conditions into 5 I of the pro-

duction medium (T1) in a 10 1 fermentor.

The composition of the production medium T1

30 :
molasses 150 g
soya meal : 17 g
ammonium sulphate 5 g
potassium dihydrogen phosphate - 1 g
35  magnesium sulphate 05¢g
H,0 ad 11

The mixture was sterilized for 20 min at 121 °C.



In addition to these, the nutrient nedia used usually contain m neral
sal'ts,  such as magnesi um sul phate or potassi um di hydrogen phosphat e.
Preferably, noderately priced nol asses can be used as a carbon source and
sgya neal 30 as a nitrogen source. 6 In a preferred process according
to the invention, a spore and nyceliun1ino%ylun1is I nocul ated into a
precul tivation medi um which inocul um has been obtai ned by suspen- ding in

water a cul t urgCOliligh dxf:%ér Bg%f%n?doﬁeﬁ)f’c;r Eér)fﬂ&? g%ﬂwﬁﬁh? ﬁnéré#g’i%te I8 rpm.

culture is precultivate ays and e production mis

i nocul at ed wi tThetdmounts ofieyetuspori it the cubivatibn mediina sterminonitdred tixbughmuit she
performed at a tle erature of about 20 to ahout [err], preferably [erf],
particul arly Sultpvation with BPLC {Isapq ¢t ¢h, swpra)y Thefenmentptinn wps cﬂﬁﬁ?ﬂ‘iﬁli fﬂrr{b
the pH of the H4n 8 angk | ng
1M NaOH or 1M<ﬁ§? | T %J\é\gggrreé?&gg’e W?Eée’ﬁ%‘%gﬁ%yg%%ﬁ ‘g‘ffg ar e(:)b n’gglrl\faglugg ned
by aerating f aoneemranibes df viwd 6then farmsvwotreras foflowss Cc 5§ esghridti 62) migd, ha28 of
the cul ture per 'naute) and the culture is stirred at the rate of 200 -
350 rpm Duri r;@gﬂqg Gy tion the anounts of cyclosporin are nonitored
wi th high 15 performance |iquid chromatography (HPLC), as for instance

| saac et al. (supra) have descri bed. The fernmentation is continued until a

maxi mum amountThef méytateosoeiclaspotin foteewas dolmet add purifiediian folbwws: df.51¢ of ah¢ he
' nvention pr Odfléfrgesntact}/o(ill %rsolfil(l)r\ivgs %ltléll%dt gnd the culture was extracted twice with 1 1 of
10 methanol. The extracts were pooled and concentrated under vacuum. From the
residue, the cyclosporins were extracted tWice with 300 ml of ethyl acetate. The ethyl
. acetate solutions were combined and dried with sodium sulphate. The solution was
further concentrated and the residue was dissolved in 100 ml of toluene. The solution
was applied onto a column (5 cm x 40 cm) filled with 200 g of silica gel (Merck,
15 0.063 - 0.2 mm) in toluene. The column was eluted with a mixture containing -
tolueﬁe and acetone in a proportion of 4:1. The fractions containing pure. cyclosporin
A were collected for the further treatment (analysis with TLC plate, Kieselgel 60 F -
254, developing solution hexane/acetone 1:1, detection with iodine vapour). The
pooled fractions were concentrated and cyclosporin A was crystallized from ether—
20  hexane. The yield was 4.5 g. The mp. of cyclosporin A was 139-140 °C and optical
rotation ~189° (0.5 MeOH).

Example 2

25
The spore and mycelium inoculum was made as in the Example 1. 1 ml of this
suspension was used to inoculate 50 ml of the nutrient medium (E2) in a 200 ml

erlenmeyer flask.



1500 mg/1 within six days, the relative proportion of cyclosporin A being
up"'to 84 % 20 The m xture of cyclosporin fornms can be isolated and
purified by conventional nethods. The nyceliumis separated fromthe
culture broth either by filtration or centrifugation. The cycl osporins are
extracted fromthe nyceliumwith a | ower abkanol, for exanple nethanol,

et hanol or isopropanol, preferably nethanol. The extract is concentrated
and reextracttfﬁe\&ﬁ,bognmbg?rddﬁ&maubhQnémﬂgrgz: sol vent, for 25 exanpl e
butyl or ethyl acetate, preferably ethyl acetate. The evaporation residue
of the extrachlaﬁggeal ned is dissolved in a suitabl ggam c solvent, for
exanpl e tol uepe and élcb sporin Ais separated widh>col um chromat ogr aphy,
for exanple ih ¥ col um. The fractions_cofit ai ni ng the desired
cycl ospor i’n Ac%ﬁ‘@sﬁeﬁjj;gx d by rreans of thin Iayerl(i Bomat ogr aphy, the -
fractions ar ePe@siwRdilydrogem phasphatesporin A is 33 &recrystallized froma

sui t abl e sol velgnesium sylphatgr e of sol vents, for exdkplBe ether- hexane. 7
Finally, the pk@duct obtained is char actedi zed, fdr kxanple, by deternining
its nelting point and optical rotation. The follow ng exanples illustrate

t he i nvenlg onThe mikeie was iRt fdr mgﬁ@raglgpdcrrycel Il um i nocul um was nade
froma sl ope of Tol ypocl adi um sp. LeA

The culture was incubated at 25 °C on a shaker (230 rpm) for 2 d, after which the
precultivation solution (50 ml) was transferred in sterile conditions into 5 I of the
production medium (T2) in a 10 | fermentor.

15 :
The composition of the production medium T2

glucose 10 g
maltose 10 g
20  sucrose 60 g
cottonseed meal 10 g
cottonseed oil 5 g
ammonium sulphate 5 g
potassium dihydrogen phosphate 1 g
25  magnesium sulphate 05¢g
H,0 ad 1 1

The mixture was sterilized for 20 min at 121 °C.

30 The cultivation was performed at 24 °C, aeration 1 vol/min, stirring rate 200 rpm.
The fermentation was continued for 5 days (120 hours), whereupon the concentration
of cyclosporin A was 1410 mg/l. The amounts of cyclosporin in the culture solution
were monitored throughout the cultivation with HPLC (Isaac et al.; supra). The con-
centratioﬁs of the other forms were as follows: C: 135 mg/l, B: 50 mg/l, G and D: 30

35 mg/l.

Cyclosporin A was purified as in the Example 1.



10, (CBS 630.92) by suspending the culture in 5 m of sterile water. 1 n
of “‘this suspension was used to inoculate 50 Ml of the nutrient nedium (El)
in a 250 m erlennmeyer flask. The conposition of the precultivation nmedium

Et 15 gl ucose 30 g soya neal
15 g potassi um di hydrogen phosphate 10 1 g magnesi um sul phate
0.5 g 20 anmoni um sul phat e 5 g H20
ad 1 Conipsrativétetampi@s sterilized for 20 mn at [err]. 25  The

culture was incubated at 25 [err] on a shaker (340 rpm for 2 d after which
the precultivation broth (50 m) was transferred in sterile conditions into
5 1 of the prqg: duction nediu T in a 10 fermentor, The conposit.ion of
t he Br oduct FoﬂixRE%WWFTYeffopﬁ‘ﬁ’é%é)eéo compare ]in even conditions the cync;?osporm A1
g soya neal  production rate of the fungal strai R iR

5 g potassi ur?n di hydrogen p 8sp?1%ﬁ esrams TOIyPOCla]dzum%ng Gyﬁkagﬁem u%3921)
sul phate 5  and Tolypocladium sp. LeA3 (CBS%639.923 ®f the present invention.

ad 1 1

‘Example A. A cultivation was performed according to Agathos, S. N. et al. @.
Industrial Microbiology 1, 39-48, 1986) in SSM medium using 3% of sorbose (w/v).
According to the reference the precultivation time of 3 days and the production culti—

10  vation time of 10 days were used.
The results were as follows:

Tolypocladium inflatum Gams

15 Amount of Cyclosporin A Dry weight g/
- 11.75
- | 1130
- 9.25

20

The growth was good but the amount of Cyclosporin A produced remained hardly
detectable.

25  Tolypocladium sp. LeA3

Amount of Cyclospdrin A mg/l Dry weight g/l Spec. prod. mg/g

2125 : 8.35 25.45
214.0 ' 7.80 2744
249.5 ' 6.80 _ 36.69

30

The mean value of the specific production rate is 29.86 mg/g.



The mxture was sterilized for 20 mn at 121 [err]. 8 The cultivation
was perfornmed at 25 [err], aeration 1 vol/mn, stirring rate 200 rpm The
anounts of cyclosporin in the cultivation medi umwere nonitored throughout
the cultivation with HPLC (lsaac et al, supra). The fernentati on was
continued for 6 days (144 hours), V\/nereupo]RJtthe concentration of
cyclosporin A was 1500 ng/l. The 5 concerntrations of the other forns were

fol lows: C: | p B D L, . The, ni
of cycl ospor i A Pamigk A deofd oMidoysf Belfiped Atardin Yo Mk . i ©

fermentati on KBidtéchwdsttérs| 17€11901765+V68)12989) ih18% fr@SoXmediaie Adcvtdisg vé the 1
1 of 10 nmet hanol . The extracts were pooled and concentrated under vacuum

From t he resi depshing,ef dhe | tefesence nthewstraine wyare cpreenltivated fiar t 23 0lgysriandf the
et hyl acetate. . . ol utions. were conbined and dried with
sodi um sul phalpé.({@ﬂgysaé tﬂ/?lﬁgr%%{f sd%?%r%faﬁé)reﬁggﬂ%cgﬂ?&étﬁ_% % he residue was

dissolvedgn 100 mM of toluene. The solution was applied onto a colum (5
cmx 40 cm filled with 200 g of silica gel (Merck, 15 0.063 - 0.2 nm in
tol uene. The ddeussplisaxerelagtfeldows:th a ni xture contai ni ng tol uene and
acetone in a proportion of 4:1. The fractions containing pure cyclosporin A -
were collected for the further treatnent (analysis with TLC pl ate,

Ki esel gel 60 I%Wdadwqum Gahgit i on hexane/ acetone 1:1, detection with

i odi ne vapour IT—Tfre—pootet—fractTomrs—were—gqoncentrated—an
was crystalli zédnéunsrof dfyrermg/l Dry weight g/l Spec. prod. mg/g
10 |107.0 11.80 9.07
116.5 -1 11.60 10.04
81.5 | 11.15 731

The mean value of the specific production rate is 8.81 mg/g.

i5
Tolypocladium sp. LeA3
Amount of CyA mg/l Dry weight g/l Spec. prod. mg/g
342 : 10.50 32.57
329 14.95 2201
20 318 17.10 18.60

The mean value of the specific production rate is 24.39 mg/g.



20, hexane. The yield was 4.5 g. The np. of cyclaosporin A was 139-140
[err] and optical rotation [err] (0.5 MeOH). Exanple 2 25 The spore and
nycel iuminoculumwas nade as in the Exanple 1. 1 m of this suspension was
used to inoculate 50 mM of the nutrient nmedium (E2) in a 200 m erlenneyer
fl ask. 9 The conposition of precul tivatign medium E2 maltose

40 g ammoni um sul phat e . _ 5 gb cottonseed neal
10 g potassi ERampeACOI&NhRABRAALSN was %erformed as]abgwgfiﬂ Slu!tf?é‘g}ee—
0.5 g [err] a 11710 e mxtdre
was sterilizecultivation timebeing 22dayk end]the Prosluction culdvation timeuhdaysi(144 12§).
[err] on a shaker (230 rpm for 2 d, after which the precultivation
solution (50 m) was transferred in sterile conditions into 5 1 of the

production nedrhgnebdid) wer A fbflows:f er mentor. 15

5
Tolypocladium inflatum Gams
Amount of CyA mg/l Dry weight g/l Spec. prod. mg/g
74.5 59.80 125
88.0 _ _ 63.30 ' 1.39
10 |690 61.05 1.13
The mean value of the specific production rate is 1.26 mg/g.
Tolypocladium sp. LeA3
15 | Amount of CyA mgi Dry weight g/l | Spec. prod. mg/g
1393.0 78.00 17.86
1418.0 7575 1872
13365 7515 17.78

20  The mean value of the specific production rate is 18.12 mg/g.

The results for each parallel cultivation are given as a mean value of three parallel

determinations.

25  Consequently, the results obtained show clearly that the present strain Tolypocladium
sp. LeA3 (CBS 630.92) produces in all three media tested superior amounts of
Cyclosporin A as measured in milligrams of CyA per litre of culture medium.
Especially the third cultivation shows that the strain LeA3 of the present invention
produces great amounts of Cyclosporin A in a short time. Tolypocladium inflatum

30  Gams grows well in all of the media tested, but the production rate of CyA remains
low. The specific production rates in mg/g dry weight biomass were also calculated

for comparison, although this value is not of special significance when assessing the



The copposition of the production medium T2 gl ucose

10> g nal tose , - 10 g 20 sucrose

60 g cottonseed neal 10 g cottonseed oi

5~ g amoni um sul phate - 5 g potassium di hydrogen
phosphat e 1 g 25 magnesi um,syl phat e

0.5 g [err] a&. 1 1 The m xture was

sterilized fomgftantd obla strdn b§'al Cycld orinTgfodﬁwr:[ i ¥ABI sﬁ;@w‘é"'ﬁ &eh f AdRHoA!

24 [err], aeration 1 vol/mn, stirring rate 200 rpm The fernentation was
cont i nued f or higheraspecifico@rotiantion) ratesitbare Bporflatire Ganrscent r at i on of
cyclosporin A was 1410 ng/l. The anobunts of cyclosporin in the culture
solution were nonitored throughout the cultivation with HPLC (Isaac et al,
supra). The con- centrations of the other forns were as follows: C 135
ng/l, B: 50 ng/l, Gand D. 30 35 ng/ 1. Cyclosporin A was purified as in
t he' ExanplSe 1Deposited @inrparganisms exanpl es

- The following microorganism was deposited according to the Budapest Treaty at the
depository Centraalbureau voor .Schixnmelcultures (CBS), Oosterstraat 1, P.O. Box
273, NL-3740 AG Baarn, The Netherlands

10
Microorganism Deposition number Deposition date
Tolypocladium
sp. LeA3 . CBS 630.92 December 7, 1992

15



Experiments were perforned to conpare in even conditions the cyclosporin A
production rate of the fungal strains Tol ypocl adiuminflatum Gans (ATCC
34921) 5 ||IW”HWWNum sp. LeA3 (CBS 630.92) of the present

i Aventi on | tivation was perforned according to Agathos, S
N. et al. {J.¢Irddudtrifal *M crobiology 1, 39448, 1986) in SSM medi um usi ng
3% of sorbose (W v). According to the reference the precultivation tinme of
3 days and the production culti- 10 vation time of 10 days were used. The
results were as follows: Tol ypocladiuminflatum Gans [err] 20 The growth

was good but tWe d#int of Cyclosporin A produced renained-hardly
detectable. 25 Tol ypocl adi um sp. LeA3 Anmobunt of Cyclosporin A ny/l

Dry weight g/l Spec. prod. ng/g 212.5 8. 35
25.45 214.0 1. A process for producing Cyclosporin &) comprising culturing & s#dir?4£the novel
6. 80 36. 69 30 The nean val ue of the specific production rate

i s 29.86 n®/ g.Tolypocladium species selected from Tolypocladium sp. LeA3 CBS 630.92 and strains
having all of the identifying characteristics of LeA3 CBS 630.92, in a nutrient
medium, until said Cyclosporin A is produced, and, if desired, isolating and purifying

the Cyclosporin A produced.:

10 2. The process according to- claim 1 wherein the culturing is conducted aerobically at

a temperature of 20 - 30 °C.

3. The process according to claim 1 wherein the strain is Tolypocladium sp. LeA3
CBS 630.92.
15

4. The process according to claim 1 wherein the nutrient medium contains molasses

and soya meal.

5. The process according to claim 1 wherein the nutrient medium contains sucrose

20 and cottonseed meal.

6. A biologically pure culture of the strain Tolypocladium sp. LeA3 CBS 630.92.



Exanpl & B. A second cultivation was performed according to Margaritis, A
et 7al . (Biotech. Letters 11(11), 765-768, 1989) in 3% fructose nmedi um
According to the teaching of the reference the strains were precultivated
for 3+2 days and the production cultivation of 8 days was perfornmed under
pH-control. 5 The results were as foll ows:150l ypocl adi um i nfl atum Gans

Amount of CyA ny/l Dry weight g/l Spec. prod. ng/g 10
107.0 11. 80 .. 9.07 116.5

11. 60 ' 10.Q4. 81,5 - 11. 15

7.31 The nean W’ﬁ’é’?é’? t?ﬁé‘%ﬁﬁﬂ??i c production rate is 8.81 ng/g. 15

Tol ypocl adi um sp. LeA3 Anmount of CyA ng/l Dry wei-ght g/l
Spec. prod. ny/g 342 10. 50 32.57
329 The invention relates to a prockés fr producing a cyclospdrifd,lesp@cially 8§fosporin

17. 10 18..60, The nmean val ue of the specific productiqn rate is
24.39 mmy/ é A, by cmﬁtlvatmg a strain of the novel Tolypoclc?c?ium specgzs in a nutrient medium

containing carbon sources, nitrogen sources and mineral salts, and, if desired, isolating

and purifying the resulting cyclosporin.

-
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Exanple C. Athird cultivation was perfornmed as above in Exanple 1, the
pre- cultivation tinme being 2 days and the production cultivation tine 6
days (144 hrsy. The results were as follows: 5 Tol ypocl adi uminfl atum Gans

Amount of CyA ng/ | Dry weight g/l Spec. prod. ng/g 74.5
59. 80 1.25 88.0 63. 30

1.39 10 69.0 15 61. 05 1.13 The
mean val ue of at By %88 GidR LEENS Ao BRESS I\}ﬁﬁﬂﬂ'ﬂ %,&o BQSHr %EI um sp.
LeA3 15 Arréyﬂtxﬁgf-nggg OYED THEREIN y wel ght gﬁ{ pec.

prod. ng/g 139%. 0 . L . 78. 00 17.86 1418.0
75.75 Abstragt ob thesdisclpsure 75. 15

17.78 20 The nean val ue of the specific production rate is 18.12 ny/g.
The results for each parallel cultivation are given as a nean val ue of
three paral | elThé @ventiomadlatesso a ppoces v pestieity &/ cyddsporias tdpcsiallftaclsporihow
clearly that the present strain Tol ypocl adi wn sp. LeA3 (CBS 630.92) .
produces i5n alh byhudtévatiagi astraistafthe moseli Talypaehdins spECiey dn Gspefrient megdium
measured in mlli.grans of A per.litre of culture ji.um ecially the
Third oul t1vaPTEHPERRE R R e hitogt foiPeead g il B s it 1 Roue agjoling
pr](c)fluces or eahnAPRMHiSy He eYEIiAERIEIBpddd.n @ short tine. Tol ypocl adi um
inflatum .
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f speci al

30 Ganms grows well in all -of the nedia tested, but the_p
CyA remains | ow. The specific production rates f
were al so cal cul ated for conparison, although thi
si gni fi cance when assessing the 13 i nportancg
Cycl osporin producer. LeA3 shows in each cultivat o2 &j I C
production rates than T. inflatum Gans. 5 Depgsiited m I s The
foll owi ng m croorgani smwas deposited accordingito e Budapest Tteaty at
t he depository Centraal bureau voor Schi nmel cul t erstraat 1,
P.O. Box 273, NL-3740 AG Baarn, The Netherlands 10 M croorgam sm
Deposi ti on mistwseef cyclosporimepoBianddh Hnthe JP@pplicationd26r309p A2, éw@ strains of
CBS 630. 92 Decenber 7, 1992 15 14 W claim

Fusarium are disclosed which are mentioned as cyclosporin producing.

In their review article Isaac et al. (Antimicr. Agents Chemoter., 1990, 34, 121-127)

compare the cyclosporin production of some known strains of Tolypocladium.

The cyclosporin A was originally discovered as an antifungal antibiotic compound. Its
excellent effect as an immunosuppressive was discovered only later (Borel et al., Im-
munology, 1977, 32, 1017). Thus cyclosporin is currently used in the post-operéti-ve
treatment of transplantation operations, and it is almost the only medicine for this
purpose. Thié has been reported for the first time in connection with kidney (Calne,
Lancet, 1978, 2, 1323) and bone marrow transplantations (Powels, Lancet, 1978, 2,
1327). In addition to transplantation operations, cyclosporin can be used in the

treatment of various autoimmune diseases, such as e.g. rheumatism and psoriasis.

The production processes of cyclospbrin A by the microbial sfrains disclosed in the
literature have in some cases problems _with low yields and long fermentaﬁon times.
Even if a high yield has been obtained, the relative amount of cyclosporin A has often
been small. It has also been shown that the lower yielding strains produce relatively

high amounts of cyclosporin A. (De-xiu et al., Folia Microbiol., 1991, 36(6) 549-556).



1. A process P‘"or produci ng €ycl osporin A, conprising culturing a strain of
the novel 5 Tol ypocl adi um speci es sel ected from Tol ypocl adi um sp. LeA3
CBS 630.92 and strains having all of the identifying characteristics of
LeA3 CBS 630.92, in a nutrient nmedium until said |
produced, and, if desired, isolating ang puri fying tﬁ@fw%@bllg\ﬁ ﬂ
produced. 10 2. The process according %o claim 1l wherein the culltdri ng is
conducted aerobically at a tenperature of 20 - 30 {e|rR4 APRT®98prlodess
according to claim1 wherein the strain is Tol ypoc]aflium sp. LeA3 S
630.92. 15 4. The process according to claim1l whefe t |medi um
cont ai ns mideaerionaofiithe ageentienl . 5. The process acfording to claim

wherein the nutrient nmedi um contains sucrose 20 and cottonseed neal. 6. A
bi ol ogically pure culture of the strain Tol ypocl adium sp. LeA3 CBS 630. 92.

In accordance With a first aspect of the present invention a process for producing
Cyélospori_n A comprises culturing a strain of the novel Tolypocladium species selected |
from Tolypocladium sp. LeA3 CBS 630.92 and strains having all of the identifying
characteristics of LeA3 CBS 630.92, in a nutrient medium, until said Cyclosporin A is

produced, and, if desired, isolating and purifying the Cyclosporin A produced.

In accordance with a second aspect of the present invention, a biologically pure culture

of the strain Tolypocladium sp. LeA3 CBS 630.92.

Our intention was to find a production strain which would give a maximum yield

within a short fermentation time and under economical conditions.

While screening for possible production strains, an extremely rapid-yielding strain of
Tolypocladium was found which produces considerable amounts of cyclosporin A and

_relatively small amounts of other forms of cyclosporin, thus allowing for an easier



