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Effect of Amino Acids and Organic Nitrogen Sources on Cyclosporin A Fermentation by Tolypocladium
inflatum. Kim, Jeong-Keun, Byung-Kyu Lee', Seog-Won Chang?, Yong-Deok Park? and Yong-Taek
Rho* . Department of Chemical Engineering and Biotechnology, Korea Polytechnic University, Siheung 429-
793, Korea, "Yuhan Research Institute, Yongin 449-902, Korea, °Bio RIC and Department of Medico-Life Sci-
ence, Youngdong University, Yeongdong 370-701, Korea — Cyclosporin, an immunosuppressant, is a represen-
tative group of biologically active secondary metabolites produced by the fungus Tolypocladium inflatum. The
amount and ratio of cyclosporin derivatives in the culture broth are an important factors for the production of
cyclosporin A and the purification in the industrial process. Therefore, we studied the effect of amino acids
and complex organic nitrogen sources using Tolypocladium inflatum mutants on the productivity of
cyclosporin A and the ratio of cyclosporin derivatives. Overproducing mutant YHC-004 having seven times
higher productivity than mother strain's could be obtained through the artificial mutation by UV irradiation.
The concentration and kind of organic nitrogens and amino acids shows the profound effect on the productiv-
ity of cyclosporin A and ratio of cyclosporin derivatives. As aresult, it was possible to raise the productivity
and the ratio of cyclosporin A up to 3,430 mg/L and 93% respectively, but on the other hand the other

cyclosporin derivatives decreased less than 2% in the culture broth.

Key words: Cyclosporin A, immunosuppressant, Tolypocladium inflatum, nitrogen source.

M B

Cyclosporin A= #2315l leucing, vaine 5 11719 o}
R R SRR A O I BT ) 2 S R e K )
5] Ale|A] o F wHY JAAR g AREEAL 9
w3t AR F2 A ERS A T G4,
1A% 24, 345 8= 23 JHH11, 17]. TAHAE
A -F¢l Tolypocladium inflatum(d = Tolypocladium
niveum) < ©]-43+ Wtg FA o2 YALEE= cyclosporin &
FE2 T2HEE FARE 25 «F9] cyclosporin =4+
2 o] Fozl v 1 ki HAAAAEA Aol M =
2 o] cycosporin A°]El[2, 5, 7, 12, 15, 18]. 25%9]
cyclosporin derivatives 7124, Tolypocladium inflatums-
AAETE A3 F A 35wl oF 27| M= cyclosporin
fr=dlE ¥ A, B,C, D, G U 5 &7 =4 79
100%=E- &A5P, 2 7149 cyclosporin A7} 2] 70% o]
AHS- 2A)3HEH11]. Cyclosporin Ax AFdA| o] E31#] o2
olu] = Akel butenyl dimethyl threonine, 2-amino-butryic
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acid 728]3 D-danine S 1,284 $1Xell 27 Ay 9let
[19]. A= wiF 27dA F2 AAHE 67HA
cyclosporin =452 =2 2472} 6HA ofn| =Abnle]
o2 3sby 722 7R3 9luk(Fig. 1). Cyclosporin RHE
FANM T8 =459 A, B, C, D, G U5 A4 5
o} freA 7ol B obn|:AbEe] 7l wlet =2
Al WspEoar 23 H$IY4, 9, 11, 14)].

Cyclosporin A2} 1 -f-=4]5-2 non-ribosomal &4 7]
zlo]] oJgt 117 ofm]xeAke] #x}A el A 3kel N-methylar
tion, 2] 3L cyclosporin synthetasesll ]38+ %52}l oligo-
peptide 334 Sl 2l WA =oH11, 20]. Agathos -
T. inflatume] oF83 2 WHo|FE A3t cyclosporin A A
Aol A 2 Adgl L-valine =& L-thronineg #7138 7%
cyclosporin A AJA3egFat 7-Adu]Eo] W3ghs Elalelth[13,
14]. k9] 79 o832 sorbose, Mol M6= maltose
Z AMgd A% cyclosporin A AAMI o] $53HS B usle]
oH3, 16]. 3 Issac 5= FEH = spore?] FE9F 1 ¥
g7} cyclosporin A &7ke} FAdu]Eel| m]2]= o33kl o3}
of HI3IH10]. Lee T T HF AT
Tolypocladium niveum®] Zx} A 22l wix] A3}
cyclosporin A AAR S A Al = 9l AHEHS B
3FATH15]. 22l SA3HA W<l factorid experimental




EFFECT OF AMINO ACIDS AND ORGANIC NITROGEN SOURCES ON CYCLOSPORIN A FERMENTATION BY TOLYPOCLADIUM INFLATUM 141

MeLeu MeVal

Me_ Me
H

N

Me\ , Me

L2; L6;
CyA: Abu MeLeu
CyB: Ala MelLeu
MeBmt cyC: Thr MeLeu
CyD: Val MelLeu
Me  H CyG : Nval MeLeu
CyU: Abu Leu
H
HO EHZ ° Abu Sa
N CH, r
I

Me— ll\l— CH—CO—N—CH—CO-N— CH—CO— N—CH—CO— N—ﬁ;H2

L10 3
Me, 0 L1 L1 ?o
C—CH;7—CH L9
Me” H 2 ? 4 N—Me
Me—N E{S L7 L5 Ll
CO—C—N—CO—CH—N—CO—CH—N—CO—CH—N—CO—CH
MeLeu T GH—N~CO—QH—N=CO—CH—N-CO—¢
Me H Me OH, Me L THZ
/ \H C
H
/H\
Ala Ala Me Me Me Me Me/ \IVIe
MeLeu Val MeLeu

Fig. 1. Sructure of cyclosporin A and derivatives. MeBMT, methyl-butenly methyl-threonine; Abu, a-aminobutyric acid; Sar, sarcosine;
MelL eu, N-methyl leucine; MeVal, N-methyl valine; Val, valine; Alg, aanine; D, D-isomer; L, L-isomer.

designs- 53 cyclosporin A 23} AF-5 3] v
22 ye}, de} AES RS wiA] oA AT S 240
A} A7) Ba7) g)odeh[1]. =3 flask scaled|A] bioreactor
2 scdeupd 7%l pHE 592 dA A Fo=
A FA WA= ZF7}48191, cyclosporin A2] A= 24)
A Zrksi o, Rzl A5 HeE B3 =Hg)oHs).

Cyclosporin AZ- A2 22 HAkslr] SleiMe T8 34
2322l cyclosprin AS] AAMY ste] AIH R o Fox{of
3, AAFAE SolsH sk, HF Al 4 71ES 3
2al7] $13l o= cydogporin FFEAISL] AN ES U=
7o) wi-¢- F83h ulebr] B dFolA= A cyclosporin
A2l QAL sFAFA7)7] $lsle EFF<Q T inflatum
ATCC 349212%€] cyclosporin A AAHde] 67 =2 314
A W o5 YHC-0045 A1H319 3L, 1 WHol| -5 o] 43}
cyclosporin A9] X433} cyclosporin A2l vlE-E =4 4= 3l
= iR A3}t AFS AAEIIEE. Cycdosporin A 2412 -
A ol xARE 71e-d BX] olm]xAkel vdine leucine 59
= A7 Bkl B3 AVIEAE Bk, Aaedeksle]
wA], cyclosporin A AgHdel ofu]Al T4l B33
2150 g A7 Eake Felslgi

Mz 2 Y

ABzEF

2 AT M= T inflatum ATCC 34921248 e

cyclosporin A IA3AL ¥o] 59 YHC-0045 AMg-slsiet. 12
AR ol F YHC-004= E45 T. inflatum ATCC
34921°] EAF FEpHE oF 10° cfumle] F=7t HES 3
Mgl ¥ MYsjA|el] =2kskar, 24|17 preincubation A7) ¥
UVE 3827t ZAIsIed dglel. UV 24T AI7HS T inflatum
ATCC 34921°] ¥A5 ©]-83le] mj2] 731 UV X|A}Ale]
A AR 99%el] Sl == Zlolddel. UV 2AF F dejxl
Wo|FE 7184, Aspergilus nigerE I ATFE 3 3 &
Ao QS g e] 7MY B2 S xR A
311, oAl AA| wieFsle] deoal wieklE HPLCE 4
3le cyclosporin A 977} 7H B2 AES a0 4
3}, IRPARA] Ho|F YHC-0042 42 5= sliet. ol3Al o
o]zl Wo|F YHC-004= MYHiR|ol|A] uljokaled Qdoixl £z}
ql FAAS =7 20% glycerol -Solol] FetA]A -25°C =
£ -70°C e Aol HESPA Fo=2 A8l

HiX] 2 HHQF =A

T Aluiek 2 Sl oFolls MY wiA] (malt extract
20g/L, yeast extract 4g/L, agar 20g/L)S A}-&3}9ich.
Cyclosporin A QA 913l AF8-%l W35 SSM wi#] =
maltose 809, Bacto-peptone 209, KCl 259, KH,PO4 5
g, ZnS0, - 7H,0 30 mg, (NH4),S0,4 59, trace eements £-
N 4mLE FFSol Fo] pHE7E 9 F 117} HES
3t H6, 15]. Trace element €42 MnCl, - 4H,0O 180
mg, (NH4)sM0;024 + 4H,0 20 mg, CuSO, - 5H,0O 80 mg,
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FeSO, - 7TH,0 5000 mgS 1L9] FF<poll Laliste] Al=s}
Aot Zet2= Wk NBS4330 rotary shaker(New
Brunswick Scientific, NJ, USA)E AF8-3}91 322, 100 mL2]
wjoFol S #3Hsk 500 mL baffled flaskellA] 25°C, 200 rpm
o] 2707 AAEH.

Az FAYel &Y

Az FAFS 10mLe] wepl S vje] S S48 ¥
£ o7} (Whatman GF/C)ell 43t A2}t F SRSz 4]
g ok 105°CoIM 4417 B3k AZAA S,

HiHO 2HE] cyclosporin A2 F£&

50mL Falcon tubel] ¥k} 10mLE- #3+ §- 10N NaOH
1mLE H71sbar #ekst F 10 mLe] n-butyl acetate= 3
7kske] 27°C, 180 rpme-2. 18A7F FE3ldt). F350] 918
= 4182 (3000xg, 104%)5k] n-butyl acetate S} v %F
N=S Balsiglrt. B2]¥ 05mL n-butyl acetateZ drying
vialell %71 ¥ heating block(60°C)el] ¥ 31 multinozzle
manifoldS- E3}ed blowing airs 353t ZAxsidh A
Z F 1mL ethyl acohols % w52 20 3]He¢] 5=
= A7’ F AE3 E50] F2 cyclosporin AS- £-3]
alodct. f3lE A8 0.2 um filter(Minisart, Sartoriusth)=

LN
wurT oy

15.06 (CyA)

=

13.76 [ICyU )

12.05 (CyB)
17.56 (CyG)

19.75 (CyD)

o
S _,.- s
7|
=i

il
1

FE3RBEERREEESDES R NN 2
£ [=c=) Ly o3

==
- et =3

Fig. 2. Chromatogram from HPLC analysis of T. inflatum
YHC-004 metabolites. Retention time (minutes) : cyclosporin C,
10.93; cyclosporin B, 12.05; cyclosporin U, 13.76; cyclosporin A,
15.06; cyclosporin G 17.56; cyclosporin D, 19.75. Relative ratios
of cyclosporin A : B: C: D : G: U were approximately 94.0: 1.8
:10:01:18:13.

Eeas AT F IHS F AEE ARSsisiE 2]

HPLC 24

Cyclosporin A %ol ulg} Ful¥l A]8+= HPLC
(Jasco, Japanys AH8-3ted Kreuzig BPH-S ¥33sle] £A5)
9o 12]. A2 Nucleosil 5 Cg(4 mm x 250 mm)s- AR5}
AL, o] 52 acetonitrile: water = 57 : 432 ARS3ISIT). A
BFYE 5L, F<452 1mb/min, 23-£5E 75°C3H
°ow A&7 IS UV 210nmE 3l E2j3leidh &
F 243 cycdlosporin A, B, C, D, G UE AR&-3le] A
Ho= wlw BAslye}. Cyclosporin 2 #4152 HPLC
FAA AFAIZEE 4% 4192 cyclosporin C7F 10.93%,
cydosporin B7} 12.05% cydosporin U7} 13.76% cydosporin
A7} 15.06% cyclosporin G7} 17.56%, cyclosporin D7}
19.75%-°|31=H(Fig. 2).
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Table 1> Cyclosporin A £-x}2] FA] o}u| Al 7184
TA] oAbl 2 ohE olu|:Alell A turn-overZ} o3¢
vaine, leucine, isoleucine 58] =5 7} &= selst 2
o]}, 28] hETFEE oA E 7R o2 A &
2} 743 om|xeAbe] ehd arginines A7FE A& A3
o W3 SSM Ak Aol 552 ofm]:AbS 247t 0.8%
(wiv) F7}8ted wlagt A3}, L-valine 37H= BIA 7R
o} cyclosporin A ¥7F= 3.74, cyclosporin A T7A3R] &2
°F 40% F7}elt. v L-leucine A7 BRI
R} cyclosporin A ¥71= 3.44), cyclosporin A TA38]&
2 30% Z7}sleiTh. Al A 2 L-threonine?] A7} =

Table 1. Effect of the addition of various amino acids on the
cyclosporin A production.

Amino acid Cyclosporin Ratio of

(0.8%,w/v) A (mg/L) cyclosporin A (%)
No addition 753 44.9
L-Valine 2,780 85.2
L-leucine 2,597 74.6
L-Isoleucine 776 49.2
L-Arginine 1,059 52.0
L-Threonine 1,846 68.0

*Culture condition : in 100 mL/500 mL flask, at 25°C, in 200 rpm,
for 288 hrs, and in modified SSM containing maltose 8% and
Bacto-peptone 2%.
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cyclosporin A ¥ 7}= 249, cydosporin A A3 ¥ &2
23% Z7}18F o2 vepdth. 28y cyclosporin A HA}
TA AHo] opd L-isoleucine®} L-arginine2] 371 ellA:=
cyclosporin A 97}e} 7Adu] 2] 717} 719 El=A| &
ket webA cyclosporin A Rl A] A S7F H 74
HlE SRS $18ked L-valine®| 2% A7} 5=9} L-vdine
2 L-leucinee] €3 7} Ade] 7P o2 F Q39
Cyclosporin A 74 o} Al 7h-¢-d] #3 ¥ olu|=Akql
butenyl-dimethy! threoning, 2-amino butyric acid = methyl
3} 5 valine?} leucine AR1A AakllM 82 AR
e ABA ] gluta #Ee] aAFe AFA L-
threonine, L-valine, L-leucineel] Siaiximt A7) 43S A4
a5t
L-Valine?l sx=¥ &I g2
L-Valine2] A7} W3} s=of u}& cyclosporin A ¥7}2}
TAuE2] W3tE AKsE A, cyclosporin A 73R &
L-valine 1% W1 WellM H7bsmrt S7Hs 24542
2 Z7}38F vhd| cyclosporin A 971= L-vdine A7} %
Z7el| wet 2ol F71slHrt 0.75% L-valine®] AH7HA] 7}
A =%, 1% A7l A FFasked oH(Table 2).
0.75% L-valine 37}72] cyclosporin A TAH]E-2 85.9%%
B 7 55.8%¢<} v]wste] 30% 57181313, cyclosporin
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A 971= 2740 mg/LE ¥)A7H 912 mg/Le} B|wEke] 3
7kt 28y A AE2dAES B 9 L-vained
A7PF ARl = 2 J3FS nAA] g2 A= ERIFH.
A Wo|F T inflatum YHC-0049] =FFel T
inflatum ATCC 34921Z 0.75% L-vainee] 715 w3
SSM Hljx|ol| 4] wieFat A=}, & cyclosporin 97F= 515 mg/
L33, cyclosporin A T4 W] &2 83.9%%A ). wekA] L-
valine?] A7} &3 EaFe} Ho|F R gt A
22 FelEck(Table 2).
L-Valinez} L-leucinee| &gt &7t &1}

Cyclosporin A £212] 8 T4 ofn|icAbe]m A, Table
1 Adel A 37t &3} 943 L-valine} L-leucine®] o}
ul Al 33 HrLEsE 7 Esledch(Table 3). Cyclosporin
A g7l A= L-vaine 0.5% % L-leucine 0.5% &3+7}
3,150 mg/LZ 7H 9819132, cyclosporin A A3 H] S]]
9lo] A= L-vdine 1.5%, L-leucine 0.5% &3 -77} 95.8%
2 7P <kz slodnt. AAHSl S & 9 L-valine?} L-
leucines &3+8 79~ cyclosporin A <J7P7h 4= 912,
53] L-leucined] 0.5%37F 7%l vIAZ - =2 HE 5
= H7-ERY cyclopsorin A TAHE0] B Zlow &
A=A 12 valine 1% o] el A ©hEe] &, L-
leucine?} &31% AlgTo]& 2% cyclogporin A7} L-vaine

Table 2. Effect of L-valine on the productivity of cyclosporin A and theratio of cyclosporin derivativesin the various concentrations.

L-Valine Ratio of cyclosporinA  DCW Concentration of cyclosporin derivatives (mg/L)
(%, wiv) (%) (9/L) A B C D G U Total
0.0 55.7 384 912 245 378 61 7 33 1,636
0.25 63.9 338 932 184 254 53 7 29 1,459
0.50 78.8 39.3 1,726 202 134 70 11 48 2,191
0.75 85.9 38.8 2,740 150 115 89 19 77 3,190
1.00 87.9 33.9 2,074 90 71 61 14 50 2,360

*Culture condition : in 100 mL/500 mL flask, at 25°C, in 200 rpm, for 288 hrs and in modified SSM containing maltose 8% and Bacto-pep-

tone 2%.

*|n mother strain T. inflatum ATCC 34921, the concentration of total cyclosporin is 515 mg/L, the concentration of cyclosporin A is 432 mg/
L and ratio of cyclosporin A is83.9 % in modified SSM containing 0.75% of L-valine.

Table 3. Effect of the mixture of L-valine and L-leucine on the productivity of cyclosporin A and theratio of cyclosporin derivatives.

L-Va +L-Leu Ratio of cyclosporin Concentration of cyclosporin derivatives (mg/L)

(%, wiv) A (%) A B C D G U Total

05+0 78.7 2,088 244 164 84 13 61 2,654
0.5+0.25 88.4 2,681 97 140 30 21 61 3,030
05+05 92.6 3,150 61 82 17 44 61 3414

10+0 88.0 2,709 114 95 7 18 65 3,078
1.0+05 94.4 3,056 45 68 16 32 19 3,236
15+05 95.8 2,882 36 45 15 15 15 3,008
20+05 95.1 2911 34 43 21 34 18 3,061

*Culture condition : in 100 mL/500 mL flask, at 25°C, in 200 rpm, for 288 hrs, and in modified SSM containing maltose 8%, L-Val 0.5%, and

L-Leu 0.5%.
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0.5% 7Rt 25 viopet. whebr] L-valine 0.5%¢2} L-
leucine 0.5%2 &3t 713 A7} cyclosporin AS Ak]
How Akt 735 7H FElH el Aog AdEgie. =
3t cyclosporin A2] T4 H]Eo| o542 ol H &
AE2%& cyclosporin BeF C7F 714 W3} Fo Fio} F i
A olu|ieAbt M2 o FEAE Abelell 74 BlEo] L-
vaine ¥ L-leucine A7l o3l Wzl=]e 712 74 opn|x
AF 712 cyclosporin & 971E FolA| A%t cyclosporin A
AP A2z A7} 718 A e Aoz ItEgdqH.

=5 F71=828d0 H7L &1
BE YAl DAl 71 elwA, cyclosporin A
o]

A TS Sl ob Al TS B AR A Sl
Heir 2 A7 B3 ERIstlck(Table 4). L-vaine 0.5%
2} L-leucine 0.5%7F H71=l W3 SSM wiA|o|A F7]A 4
5ol cyclosporin A 97} o} T4 vl gl kS vAE
33S 7 ESF A3}, beef meat 2] Bacto-peptones A
7}t 7% cyclosporin A 971 3,145 mg/lLE B H 7}
1,590 mg/LEc} 24 Z7}381993L, cyclosporin A AR £
°F 13% F7hskadet. 1evt i TRl casein el 2]
Merck-peptone, Casitone, Tryptone Z2] 32 NZ-amine 52
B3 F713849] A7 el vIA7EH cyclosporin A T

ARE-2 13% o] $7181%124} cyclosporin A 971= ¥
A7V 2318 oF 10-20% 7HAskaict. o)=st dAke
B3r3714492 f=i7F milk proteint} meat proteing]
797} cyclosporin A AARol fE]3t AR A=
53] U3 7 el Al AT & AEel Blske]
71A 4gkeko] e whey} cyclsporin A4 o] o] =ke
AL S ol 7124 o] cyclsporin A S 23]
A= Aez s =T =3t sl A2t S
= Merck-peptone, tryptone, NZ-amine, casitone <At 2
cyclsporin 3+ 7h= FHAaEe] - -l F71EAUAL o]
AL A EI) ole Ao FAEEAH

Bacto-peptone?| sE¥ 3}

EMrldad 7k 7 3 309 beef meat®]
71 23|52l Bacto-peptone?] FxH 7l EHE HE
3t 23}, Bacto-peptone 1% # 7}A] cyclosporin A 7=
3,144 mg/LZ vA7EE oF 1.7 7181833 cyclosporin
A TAREE 83% FAE ubHel, cycosporin B2k
cyclosporin C= 27t 2.1%, 5.4% 4= %ok (Table 5).
2Lt wi#] Well 1.0% ©]442] Bacto-peptones H7HeH 79
o= cyclosporin A 7} W FAR| &AM 2 }o]7t gl
7o Mo} cyclosporin A 97} 3 A H]Eel| gk 3}

Table 4. Effect of the addition of various organic nitrogen sources on the productivity of cyclosporin A and theratio of cyclosporin

derivatives.

Organic nitrogen  Ratio of cyclosporin ~ Final Concentration of cyclosporin derivatives (mg/L)
source (2%, wiv) A (%) pH A B C D G u Total
No addition 79.7 31 1,590 140 194 2 22 48 1,996
Bacto-peptone 92.7 6.2 3,145 75 78 7 20 68 3,393
Merck-peptone 94.2 6.9 1,579 44 20 2 5 27 1,677
Tryptone 93.0 6.8 1,460 49 27 2 8 24 1,570
NZ-amine 93.0 6.7 1,245 46 25 1 5 16 1,338
Casitone 92.8 6.7 959 32 27 1 1 13 1,033
Whey 94.0 2.9 1,725 42 40 2 2 24 1,835

*Culture condition : in 200 mL/500 mL flask, at 25°C, in 200 rpm, for 288 hrs, and in modified SSM containing maltose 8%, L-Val 0.5%, and

L-Leu 0.5%.

Table5. Effect of Bacto-peptone on the productivity of cyclosporin A and theratio of cyclosporin derivativesin thevarious concentra-

tions.
Bactopeptone  Final DCW  Ratio of cyclosporin Concentration of cyclosporin derivatives (mg/L)
(%, wiv) pH (g/L) A (%) A B C D G u Total
0.0 2.6 30.0 85.0 1,797 82 137 40 15 42 2,113
05 57 28.0 92.9 2,379 44 16 41 21 59 2,560
1.0 57 301 93.4 3,144 50 27 27 27 a1 3,366
15 5.8 335 9.7 3,128 61 37 28 28 a1 3,373
20 59 313 93.3 3,124 60 36 16 29 84 3,349
3.0 59 33.7 92.0 3,181 69 59 17 35 97 3,458

*Culture condition : in 1200 mL/500 mL flask, at 25°C, in 200 rpm, for 288 hrs, and in modified SSM containing maltose 8%, L-Val 0.5%, and

L-Leu 0.5%.
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Table 6. Comparison of the productivity of cyclosporin A and itsratio in various T. inflatum mutants.

Ratio of cyclosporin

Concentration of cyclosporin derivatives (mg/L)

Strain A (%) A B C D G Total
ATCC 34921 92.9 483 11 12 2 3 9 520
YHC-001 93.1 1,134 28 22 5 7 22 1,218
YHC-002 92.9 1,372 31 35 4 7 28 1,477
YHC-003 935 2,018 43 4 4 17 35 2,158
YHC-004 94.0 3,430 66 36 4 66 47 3,649

*Culture condition : in 200 mL/500 mL flask, at 25°C, in 200 rpm, for 288 hrs and in modified SSM containing maltose 8%, Bacto-peptone

1%, L-Val 0.5%, and L-Leu 0.5%.

FTE7F 198 AR FHel=g]d.

Ho|FE2| 27t & FMHIE H|m

T. inflatum ATCC 349212] UV S|4 S agar piece
uljokgt & Aspergilus nigers I|7F5= 3}od cyclosporin
A A Ho T 455 A3 Table 62 & d7ollA]
25 HA 3} wlz] Z2A|A 2732l T inflatum ATCC
349213} A WolF 4%°] cyclosporin A 97} 2 F-=
A T4 &S vt Afo|ot, aAPAE HolF YHC-004
2] cyclosporin A 9 7}= 3430 mg/lLE, E1 52l ATCC
34921R o= oF 7.1v), YHC-0025 )= ¢F 2.5, YHC-003
Hol= oF 160 s 3E vEgH e 2ae)
HWolF 452] cyclosporin A TdH]E- °F 93-94% W <lell
A B)5=3E ks VRS2, YHC-0049] 73-%- cyclosporin
B 1.8%, C= 1.0%, D= 0.1%, G= 1.8%, Ux 1.3%=
A 25 2% w|RkS ek (Fig. 2).

o oF
i =

Cyclosporin A #Ake] 74 ofn|xeAl 7he-d] #A] ofr|i=
kel valine, leucing, isoleucine, threonine S-¢f] =&k A7}
232 gelst A3, Lvdine H7HE v ARG
cyclosporin A &7}= 3.7#0, cyclosporin A TAH]E-2 oF
40%= 7 =24 718l 23 L-vained] A =
= 0.75%2A] B]A 7}l v]sle] cyclosporin A ¥7}= 3
vl], cyclosporin A FAH]E-2 30% Z7Fstdeh. 23y L-
vaine 1% %= 37172} L-vaine 0.5%, L-leucine 0.5%
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