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ABSTRACT

An investigation was made on the improved production and 'rgacovéry of the new and potent
unmunosuppressivc. c2ptide, cyclosporine (cyclosporin A, Cy A) from a glucose-adapted isolate of
the fungus 7. ‘ycuadiuminflatum. Among the amino acid members in the Cy A molecule, L-leucine
and especially L~valme had a strong positive effect on production of Cyclosporine. When other constituent
amino acids were added with L-valine, negative effecls were observed. Optlmal time of L-valine was 48
frs. Inthe case of semisynthelic medium and its optnma\ amountwas 4 gramslhter (g/1). Considerable
improvements in the recovery of this drug were achieved by modifying the available extraction procedure
with the addition of surfactant, or with alkali a;jdlllqn followed by moderate heat treatment.

*The present address: Department of Biolbgical;Scier.\ces, Federal University,bf Technology, Minna,
-PM.B.65 Minng', Niger-State, Nigeria. All communications should be sentto the present address

iNTRODUCTlON"

Since the discovery of the immunosuppressive properlies of Cyclosponn A by Borel i in 1972,
extensive clinical studies have been carried out due to the impressive actual and polential benefits of
its use in transplant surgery, autoimmune disease and parasitic disease control. However, very little
research has be - :ublished on the production of this novel drug through fungal fermentation. Some *
morphological characteristics of the producer fungus Tolypoc!adlum mﬂalum have been described by

Gams (1 9713, :
Cyclosporin A, 2 cyclic pep!ide, is goimposed of eleven amino acids, some of which are
unusual and methylated. Although there are several other natural cyclosporin analogs of Cyclosporin

A, major products in fermentation are Cyclosporin A and C (Kobel & Traber, 1982). Agathos et al.
(1986) and Agathos and Lee (1987) have addressed microbiolugical and process characteristics of

the Cyclosporine A fermentation with a view towards a better understanding of the factoxs that may
comnbute to optimal drug production. A\

In this present work, it was observed that this strain ¢as pivduce Cyclosporin A in a signiﬁcaﬁ!
amount when some amino acids were used as precursors. But some amino acids inhibit the production
of Cyclosporin A when used as precursors. Because Cyclosporin A is an intraceliular compound

recovery process of this antibiotic is of cumrent interest in order to increase the production bf Gydlosporin
A fromthe T. inflatum cells ziter fenmentation in semisynthetic medium
i .
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{ MATERIALS AND METHODS
)
/

f Crganism
@' The mlcmorgamsm used was Tolypocladium inflatum (American Type Culture Collection (ATCC)

l 34921). The initial culture was adapted to glucose through subcuituring in semisynthetic medium,
. SSM (oombynlheuc medium-glucose: 50 g/l, peptone: 10 g/l, KH2PO4: 5ig/t and KCI : 2.5 g/l. pH '

5.7}

Cheinmicals: . )
All the materiais used in tins work except the solvents were of analytical grade, while the -

;olv.‘ nts used including waie: were'of High Pressure Liquid Chromatography (HPLC) grade

Determination of dry cell growth
Cell growth was determined by taking dry weight of cells. The cells were harvested and -

ashed twice thoroughly with distiled water and then transferred to a constant weight aluminium cup.

dried at 60-70°C for 24 hrs.

i Cyclosporin A analysis:

HPLC pump (Spectroflow 400) and UV d-tector (Spectrofiow 783) were supplied from Kratos.
integralor from Shimadzu Cornpany, Japan (C-R3A) was used for dala analysis.

! The 4.6 mm x 150 mm reversed phase column packed with 5 nm Spherisorb C-8 (Phase separatior)

as kept at 81°C by waterjacket. The sample was injected via Model 7010 injection valve (Rheodyne,

Cotali, CA). Mobile phase was prepared by mixing 670 mi acetonitrile and 330 ml water which

contained 1 ml irifluroacetic acid (Carruthers et al., 1983).
Recovery of Cyclosporin A
At different:ime interval, a {0 mi portion of the culture broth was keptina20ml plugged glass

viet and was frozen 2507 unh ; waiyzed for Cyclosporin A. To this 10 mi culture broth which was kept

frozen 10 mi of n-butyl a_cclate was added for exiraction of Cyclosporin A. The mixed sample was
incubated at 27°C in a gyratery shaker (250 mm) for 24 hrs. After contrifugation, 5 ml of the supematant

was removed and dried at room temperature by blowing air through a multi nozzle manifold. After .

drying the sample, an equal amount of acetonitrile was added to redissolve the extrated Cyclosporin
A, which was then filtered through a microfilter and injected to the HPL.C (Dreyfuss et al., 1976).
Fermentation:
Seed cujtures were developed with SSM medium, The pH of the semisynthetic medium was
initial adjustdd lo,5.7 before sterilization. Seed cultures were grown in a 250 mi flask at 200 rpm for
10 days at 27°C. The ferp')entation media used here are also semisynthetic media. The incubation
pericd was for 14 days at 27°C at 200 rpm. A INew Briinswick Scientific gyratory shaker (Model G76)
“was used for seed ml'u@ and shake flask fcrmenlations
Inorder to see the effect of amino acids on production of Cyclosporin A, 4.0 g of different
" emine acids perii- e were added ¢ the semisynthelic medium and fermentations were continued for
¢ days. From Tabie 1 it Cal‘ He ,sven that L-valine had a strong positive effect on the production of
“yciosporin A, To Sc -1 ¢ afect of time of addition of L-valine, L-valine was added at 48 hrs.time
'no vai of fermentation up {9 10 days of fermentation and in each case the fermentation period was 14
i ays. Fordetermination bf oplimal concentralion of L-valine, different concentration of L-valine such

as2gh, 4gh 600, 8 qr* 10 q/f {2 g/l were added at 48 hrs of fermentation. To.see whether any other
o =g uslacnnrin A when used with L-valine, 1 a/l of other amino acids

-
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Effect of NaOH, Tween-80 and NaOH, Lauryl Julphate and MaOH on the exlractéma of
Gvclosporin Afram m!act and homogenized celis:

-

/,/

T Diesfuss el 2l \1 g76) extracted Cyclosporin A from the cutture broth using orgamc solveils
like n-butyl ac - e .and ethyl acetate. To enhance the recovery of Cyclosporin A ’/treatment of the
whole cuiture broth with a strong base like NaOH was performed here, To a 10 ml portion of the
culture broth which was kept frozen at -20°C concentrated solution of NaOH wa added to reach a
concentratron of 1N and heated at 60°C for 30 minutes . Then 10 mi ¢f n~butylacetate was added 1o

the NaOH treated sample and then the procedure descnbed above was followed to analyze the
Cyclosponn A.

(te) Effect of homogemzatron "

Forthe effect of homogenlzatlon on the recovery of Cyclosponn A the sample was homogemzed

using a tissue grinder (potter—Elvehjem Company, USA) and then NaOH was added followed by heat
treatment as described above.

) Effect of surfactants: : T . '
' The éffectof ¢ surfactants like Tween-ao orlauryl sulphate different concentratlons of Tween ‘
80(0.2-1. 0 per cent) was added to the frozen broth (the Fermentation medium was SSM with L-valine

added at 48 Ars. of incubati¢s.1) before treatment with n-butyl acelate In another expenment dlfferent
conc ntratic::s of laury! : u‘phate (0. 05-0.6 per cent) was added to the frozen broth: before treatment
with n-butyl acel ™ iinas been shown that tween-80 at 0.5 per cent and lauryl sulphate at 0.11 aper
~cent could enhance the recovery of Cyclosponr) A. The combined effect of tween 80and NaOH and
the combined eff{ect of laurylsulphate and NaOH were also determined. Tween-80 was added tothe
frozen broth and NaOH was added as described before addition of n-butylacetate. This was repeated
wrtlxhomogemzed broth. Lautyl sulphate was added to the frdzen broth and homogenized broth prior

to addition of NaOH and n- butylacetate All the samples were analyzed for Cyclosponn A acconding
to the procedure described above. :

|
- o

N RESULTs .

Y
Fermentatron

Fromthe results in Table. 1 rt has been shown that L-valine showed the highest positive effect
onthe production, while the rest of the amino acids except L-leucine had a negligible effect. For ali the
tested amino ac)ds there was no significant effect on dry cell wt. of T. inflatum. The optimal time of

addition of L-v aline was s,ecor«d day of the fermentation (Table 2). The concentratron response of

extemally added ! ~valine civy yolosponn A synthesis has shown that the optimum concentration was
g/l (Table 3). Ali =

. constituent amino acids diminished the posrtrve effect of L¢vallne in SSM
- medium (Table 4). ~ :

Effect of NaOH, T- 80/and SDS on recovery of C; c.losporin A:

lthas been shdwn that the recovery of Cyclosponn A can be enhanced by treatment of the
whole culture broth wrth\a strong base like NaOH (Yu.blz 5). Cyclosporin A recovery was better with
homogenrzed cell when the ‘Standard procedure (celis viere treated with only n-butyl acetate) but the
recovery was better with the intact cells when treated with NaOH and n-bulyl acetate. Also, a surfactant

like tween-80 or lauryl sulphate could enhance the extraction yield (Table 5). However, the best

. results were obtained with NaOH treatment it prqduced a 70 parcent rmprovermnt over the standard
procedure of extractron with butylacetate atohie (Table L),
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Table 1’ Ft“‘nct of amino acids on Cyclosporin A productlon by Tolypocladlum mﬂalum in samnsynthe
g [ meduum ; : -
\ T .
\ . . - ‘ 4 ‘ T '
Amino acids " Dryceliweight (g/) . Cydlosporin A (mg/)
Lleucine 102 o
- S
D, L-alanine o 78 61.0
1 v
D-valine 105 765
L-valine : S B2 1180
Dilvaline . 118 972
Ceuxtrol : ' ' 80 © 500
Table 2: Effect of adding time of L-valine on C)?Clos'pon'n A productionby T. inﬂatum; .
; * o : ' H

Time of addition (days) Dry cell weiéht (a/l Cyclosporin A (mg/l)
0 9.0 840

2 96 T - 1050

4 88 , ' 820
6 oo A 620
-8 : _ j 80 _ : 600 .

10 : ’ 8.2 o 632
Control 82 ' R
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Table 3: Detenninaiion of optimum concentration of L-valine for produclion of Cyclospndn
A by T. inflatum in SSM. '

' Concentratidn of L-qvaline M

Cyclosperin A (mg/l) -

23 710
40 1100

60 1160

80 @80

100 1000

120 060
Control 550

Table 4; Effect of L-Leucine and D,L-alanine on Cyclosporin A production in semisynthetic
medium.

Amino acids Dry cell weight (g/) Cyclosporin A (mg/i)
L-leucine + L-valine 8.4 820
D, L-alanine + L-valine | 80 640
L-valine | 78 1‘120

_ Control ’ ~ 78 610
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.. Table 5: Effect of h()rﬁbgenization on recovery of Cyclosporin A .

.

Cyclosporin A (mgff)

Surfactants
Intact sample Homogenizedsample
WNaOH W/ONaOH W/NaOH W/oNaOH
Control 166 105 14 131
T-80 174 130 175 150
s 170 125 168 143
Notes:
1. Potter-Elvehjem tissue grinder was used for homegenizing.
2 NaOHconc.= 1N
3 Tween-80 = 0.5 percent
4 L = 0.1 percent
5 Heatreatment at 60°C for 30 mins. aiter adding NaOH (1N).
a Time of extraction = 24 trs.

~

Control - sample with equal volume of butyl acetate

(without any surfactant).

£
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Tablee B'fectof Suifaciants (iween-80, SDS and NaOH/ heating treatment) on the reoovery
S - of Cyclosponn A from whole cultured broth.

-
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TreatmentProcedure ‘ Cyclosporin A (mg/)
2 Control %00
] _Corntro/NaOH/heat 1700
RN -
,’l T80 151.1
3 B
| T-80NaOHMmeat 1550
i ,
o
:g o5 1463
. ) ! |
¢ | SDSMNaOHheat 1525 :
! _
] B
| ) e
i ; 1. NaOHcont. =18 ‘
{2 tween80=05percent
o a T = 0.1 percent
l 4 Heat trealment at 60°C for 30 mins. after adding NaOH(1N).
. | &  Timeofexmction=24hrs.
; i & Control = sample with equa! volume of bulyl acetate (wﬂhout any surfactant).,
.|
§
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‘DISCUSSION
Several constituent amino acids of the cyciospoml-n A molecule were tested {o mcreasedmg
pro&uchwty “L-valine showed sugnlﬂcant enhancement of Cyclosporin A synthesis. Accordmgto
Kobel and Traber (1982), the: constituent amino acids except L-alanine can enhance the synthesis of 4
Cyclosporin A molecule. This present finding may suggest that L-valine may have'a regufatory effect

- onsynthesis of this d rug preferably as a precursor. Demain and Matteo (1976} found thatin the case

of Gramacidin S fermentahon L-phenylalanine has a shmulatory effect on the production, which may’,
pe due to hmllatlon of L-phenylalanme in the intracellular amino acid pool. A similar stimulatacy effect
was found | in the case of the bacitracin fermentation by L-leucine (Haavik and meshuwe 1982). The
stimulatory effect of L-valine at the second day of fermentation mg mean that L-valine is bemg used
preferentially for cell growth when it is added at the beginning of the fermentation.

Cyclosporin A is a hydrophobic substance and the major porlion ofthe drug produced}emain ,

'~ cell-bound. Therefore, this drug is recovered from-he total broth with orgpmc solvents. The mcrement

in the recovery of this drug by treatment with NaOH may be due to the tendenzation of the fungal cell

wall, . .
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