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A process for producing immunosuppressives and a novel microbial species to be

employed therein

Field of the invention

The present invention discloses a novel microbial species of Tolypocladium and a

process for producing cyclosporins, especially cyclosporin A, by aerobic fermentation

of a strain of this species.
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
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
from soil samples from USA and Norway. The production strain of Zolypocladium
inflatum (NRRL 8044, ATCC 34921) was at first identified to be the strain
Trichoderma polysporﬁm (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
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
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
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mixture of cyclosporins A, B and C. In the JP application 826 3093 A2, two strains
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of Fusarium are disclosed which are mentioned as cyclosporin producing.

In their review article Isaac ef 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 ef al., Im—
munology, 1977, 32, 1017). Thus cyclosporin is currently used in the post-operative
treatment of transplantation operations, and it is almost the 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.

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

Description of the invention

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



10

15

20

25

30

3

purification of cyclosporin A. The said strain has been isolated from a soil sample

originating in Russia, close to Moscow.

When the strain discovered was examined in Holland by Dr. W. Gams (Centraalbure-
au voor Schimmelcultures, Baarn, Holland), the microbe proved to be a representative
of a novel species of Tolypocladium. The strain was given the code Tolypocladium 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.

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.

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.

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

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.
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,
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but is able to use galactose. The growth properties of the strain Tolypocladium sp.

LeA3 compared to the properties of Tolypocladium inflatum and Cylindrocarpon

lucidum are summarized in the Table L.
Table 1 The use of carbon sources of the microbial strains

Strain

~ Carbon

source A

R
W
—
W
N

Glucose
Glycerol
2KG
L~arabinose
D-xylose
'Adonitol
Xylitol
Galactose
Inositol
Sorbitol
MDG

NAG .
Cellobiose
Lactose
Maltose
Sucrose
Trehalose
MeLeZitose
Raffinose

b+ + + + +

I+ ++4+ | +4+ 1 +4++++++++ +
R T T S [ Sy Sy R A A I T T >

. . I O I

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

glucosamine
The cultivation time was 4 d.

25 A = Tolypocladium sp. LeA3 (CBS 630.92)
51 = Tolypocladium inflatum Gams (ATCC 34921)
52 = Cylindrocarpon lucidum Booth
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In the process according to the present invention, for the production of cyclosporins,
especially cyclosporin A, a strain of the novel Tolypocladium species selected from
Tolypocladium sp. LeA3 CBS 63092 and strains having all of the identifying
characteristics of LeA3 CBS 630.92, is cultivated aerobically at a temperature of 20—
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

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
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 %, the 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.

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,.

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

as a nitrogen source.
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In a preferred process according to the invention, a spore and mycelium inoculum is
inoculated into a precultivation medium, which inoculum has been obtained by suspen—
ding in water a culture collected from a slope of Tolypocladium sp. LeA3. The culture
is preculfivated for 2-4 days and the production medium is inoculated with the
'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.

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
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 %.

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
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

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

~ hexane.
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Finally, the product obtained is characterized, for example, by determining its melting

point and optical rotation.

The following examiples illustrate the invention further.

Example 1

A spore and mycelium inoculum was made from a slope of Tolypocladium sp. LeA3
(CBS 630.92) by suspending the culture in 5 ml of sterile water. 1 ml of this
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

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

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

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

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

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



10

15

20

25

8

The cultivation was performed at 25 °C, aeration 1 vol/min, stirring rate 200 rpm.
The amounts of cyclosporin in the cultivation medium were monitored throughout the
cultivation with HPLC (Isaac et al, .§upra). The fermentation was continued for 6
days (144 hours), whereupon the concentration of cyclosporin A was 1500 mg/l. The
concentrations of the other forms were as follows: C: 155 mg/l, B: 62 mg/l, D: 28
mg/l and G: 29 mg/l.

The mixture of cyclosporin forms was isolated and purified as follows: 4.5 | of the
fermentation broth was filtered and the culture was extracted twice with 1 1 of
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,
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—
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

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.
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The composition of precultivation medium E2

maltose 40 g
ammonium sulphate 5 g
cottonseed meal 10 g
potassium dihydrogen phosphate 1 g
magnesium sulphate 05¢g
H,0 ad 1 1

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

The cuiture 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.

The composition of the production medium T2

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

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

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-

centrations of the other forms were as follows: C: 135 mg/l, B: 50 mg/l, G and D: 30
mg/l.

Cyclosporin A was purified as in the Example 1.
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Comparative examples

Experiments were performed to compare in even conditions the cyclosporin A
production' rate of the fungal strains Tolypocladium inflatum Gams (ATCC 34921)
and Tolypocladium sp. LeA3 (CBS 630.92) of the present invention.

‘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—
vation time of 10 days were used.

The results were as follows:

Tolypocladium inflatum Gams

Amount of Cyclosporin A Dry weight g/
- 11.75

- 11130
- 9.25

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

Tolypocladium sp. LeA3

Amount of Cyclospdrin A mg/l Dry weight g/l Spec. prod. mg/g
212.5 : 8.35 25.45
214.0 ' 7.80 27.44
249.5 ' 6.80 _ 36.69

The mean value of the specific production rate is 29.86 mg/g.
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Example B. A secorid cultivation was performed according to Margaritis, A. ef al.
(Biotech. Letters 11(11), 765-768, 1989) in 3% fructose medium. According to the

teaching of the reference the strains were precultivated for 342 days and the

production cultivation of 8 days was performed under pH—control.

The results were as follows:

Tolypocladiwm inflatum Gams

Amount of CyA mg/l Dry weight g/l Spec. prod. mg/g
107.0 11.80 9.07
116.5 11.60 10.04
81.5 11.15 7.31

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

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

318

17.10

18.60

The mean value of the specific production rate is 24.39 mg/g.
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Example C. A third cultivation wés perfofmed as above in Example 1, the pre—

cultivation time being 2 days and the production cultivation time 6 days (144 hrs).

The results were as follows:

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

69.0 61.05 1.13

The mean value of the specific production rate is 1.26 mg/g.

Tolypocladium sp. LeA3

Amount of CyA mg/l Dry weight g/l Spec. prod. mg/g
1393.0 78.00 17.86

1418.0 7575 1872

13365 7515 17.78

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.

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
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
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importance of a strain as a Cyclosporin producer. LeA3 shows in each cultivation

higher specific production rates than T. inflatum Gams.

Deposited microorganisms

- The following microorganism was deposited according to the Budapest Treaty at the

depository Centraalbureau voor .Schixnmelcultﬁres (CBS), Oosterstraat 1, P.O. Box
273, NL-3740 AG Baarn, The Netherlands

Microorganism Deposition number Deposition date
Tolypocladium
sp. LeA3 . CBS 630.92 December 7, 1992
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We claim:

1. A process for producing Cyclosporin A, comprising 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.:

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.

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

and cottonseed meal.

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



