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NOVEL ASPARTYL PROTEASE INHIBITORS, YF-0200R-A and B
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Novel pepstatin A-sensitive Candida albicans aspartyl protease inhibitors, named YF-0200R-A
and B, were isolated by column chromatography and preparative HPLCfrom the fermentation
broth of Streptomyces sp. YF-0200R. The structures of YF-0200R-A and B were elucidated by

spectroscopic analysis as a, p and y, S unsaturated fatty acids with two or three hydroxyl groups.
YF-0200R-A and B inhibit aspartyl protease from Candida albicans with IC50 values of 6.5 x 10~4 m
and 6.2 x 10~4m, respectively.

Fungal infection can be divided into two types according to the site ofpathogen. One type is superficial
and can be treated with azole group drugs such as bifonazole or clotrimazole, many fungal diseases belong
to this type. The other type is systemic and difficult to treat. Systemic opportunistic infections include
mycoses such as candidiasis, aspergillosis, cryptococcosis and phycomycosis. They commonlyoccur in
immunosuppressed patients with leukemia, lymphomas, diabetes mellitus or AIDS. Pepstatin A, which
is an aspartyl protease inhibitor, shows a stronger antifungal effect than that of clotrimazole whenCandida
albicans is cultivated in liquid mediumcontaining humanstratum corneumas sole nitrogen source1*. The
positive correlation between virulence of Candida albicans and the amountof secreted aspartyl protease
suggested that aspartyl protease is one of virulence factors of Candida albicans2). The secretion of protease
at the infected site of Candida albicans was recognized3*. Pepstatin A-sensitive aspartyl protease is produced
by Aspergillus niger and Mucor rouxii^ as well. Ruchel et al. showed that pepstatin A has a protective
effect when administered intravenously to mice as crystal suspension5*. These results suggested that pepstatin
A is possibly a new type of antifungal agent6*. But pepstatin A is not clinically used because it is distributed
and metabolized in the liver and quickly cleared from the blood after iv administration5*. Therefore it
wouldbe useful for systemic candidiasis to search for new, water soluble and non-peptide inhibitors of
Candida albicans aspartyl protease. In our screening program we found and purified new inhibitors,
YF-0200R-Aand B, from the culture broth of Streptomyces sp. YF-0200R which was isolated from a soil
sample from South Sumatra, Indonesia. The structures of YF-0200R-A and B were elucidated mainly by
the NMRspectral analysis and are shown in Fig. 1. In this paper, we describe the fermentation profile
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Fig. 1. Structures ofYF-0200R-A and B. Fig. 2. Fermentation profile for the production of
YF-0200R-A and B.

for production of YF-0200R-A and B, the isola-

tion procedure, the physico-chemical properties, the
structural elucidation and biological activities.

Fermentation of Streptomyces sp. YF-0200R
A 500-ml Erlenmeyer flask containing 60ml

mediumwas inoculated from an agar slant culture of
Streptomyces sp. YF-0200R. The flask was in-

cubated at 27°C on a rotary shaker for 96 hours.
The medium was composed of 1.0% glucose, 2.0%
potato starch, 0.5% yeast extract, 0.5% peptone and
0.4% CaCO3 and adjusted to pH 7.0 before auto-

claving. 1.8ml of this seed culture was used to

inoculate fifty 500-ml Erlenmeyer flasks containing
60ml of the same medium. The fermentation was
carried out at 27°C for 108hours. As shown in Fig. 2, the production of YF-0200R-A was maximal at
1 12 hours (12.5 /zg/ml) and YF-0200R-B at 96 hours with 29.7/ig/ml.

Isolation and Physico-chemical Properties of YF-0200R-A and B
The culture broth (3 liters) was adjusted to pH 3.0 and filtered. The filtrate was extracted twice with

EtOAc (5 liters) and then extracted twice with «-BuOH. YF-0200R-A was extracted with EtOAc from the
filtrate and purified with silica gel column chromatography and finally by HPLC (/zBondasphere ODS

C18, 19i.d.x150mm) with MeOH-H2O-AcOH (35:65:0.01) as the solvent. The flow rate was

10ml/minute and detection was at 254nm. The peak at 22 minutes was collected. After evaporation of
MeOH,YF-0200R-A was extracted with EtOAc, dried in vacuo and 8.6 mg was obtained as a white powder.
YF-0200R-B was extracted with w-BuOHfrom the waste fluid of EtOAc extraction and purified by silica
gel column chromatography and finally by HPLCin the same way as YF-0200R-A but the solvent was
MeOH-H2O-AcOH(30 : 70 : 0.01). YF-0200R-B was eluted at 15 minutes. After evaporation of MeOH,
YF-0200R-B was extracted with «-BuOH and dried to needles. Twenty-onemg of YF-0200R-B was
obtained. The purification procedures of YF-0200R-A and B are shown in Fig. 3. The physico-chemical
properties are summarized in Table 1.

Structures of YF-0200R-A and B
In the structural elucidation, YF-0200R-B was studied first because it was obtained in higher purity

and greater quantity than YF-0200R-A. The molecular formula of YF-0200R-B was determined to be
C12H20O5 by HRFAB-MSand 13C NMRspectrum. The carboxyl group was suggested by the chemical
shift of the 13C NMRspectrum (170.9 ppm) and the acidity of YF-0200R-B. Three hydroxyl groups were
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Fig. 3. Purification procedure of YF-0200R-A and B.
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Table 1. Physico-chemical properties of YF-0200R-A and B.

MAY 1994

YF-0200R-A

Molecular formula
Molecular weight
HRFAB-MS (M +H)+

Calcd:
Found:

i MeOH

nmIRv^cm 1

[a]£5 (c 0.2, MeOH)
MP (°C)
Rfa

(silica gel plate 60 F254)
Rtb HPLC (minute)
Solubility (soluble in)

C12H20O4

228

253

3400, 1690, 1640, 1260, 1010

4.0

0.36

18

EtOAc, MeOH

YF-0200R-B

C12H2o05
244

245.1389
245.1356
256
3470, 3340, 1690, 1640, 1260, 1060
6.5
143-145
0.32

5.2

h-BuOH, MeOH
a CHCl3-MeOH (2:l).
b MeOH-H2O-AcOH (30:70:0.01).

suggested by chemical shifts of the 13C and *H NMRspectra (C-12; 60.2ppm, 12-H2; 3.70ppm, C-10;
67.0ppm, 10-H; 4.00ppm and C-8; 68.6ppm, 8-H; 3.82ppm). Two double bonds were suggested by the
chemical shifts of the 13C NMRspectrum (120.6, 129.9, 145.5 and 146.9ppm) and the index of hydrogen
deficiency of the molecule. Whole planar structure was easily elucidated by the 1H-1H COSYspectrum.
The position of the carboxyl group was assured by the HMBCspectrum, i.e. couplings between C-l and
2-H and between C-l and 3-H were observed. Other connections were ascertained by the HMBCspectrum.
As for double bonds, the coupling constants between H-2 and H-3 and between H-4 and H-5 were both
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Table 2. NMRdatafor 1 and2 in CDC13 (d: ppm).

569

YF-0200R-A YF-0200R-B

^C-C^H or "C-C-C^H0
1Hb "C-C^Hor "C-C-C^H0

1

2

3

4

5

6

7

8

9

10
ll
12

170.4

120.0

146.2

129.1

144.8

29.7

36.6

71.0

37.5

22.4

32.9

62.4

5.78
7.25
6.22
6.16
2.25
2.35
1.56
3.60
1.48
1.52
1.58
3.59

2-H, 3-H
3-H, 4-H
2-H, 4-H, 5-H
2-H, 3-H, 5-H, 6-H
3-H, 4-H, 6-H, 7-H
4-H, 5-H, 7-H

5-H, 6-H
6-H, 7-H, 9-H
7-H, 10-H

8-H, 9-H, ll-H, 12-H
10-H, 12-H

170.9

120.6

146.9

129.9

145.5

30.2

38.1
68.6

45.9
67.0
41.5
60.2

5.78
7.24
6.28
6.21
2.27
2.33
1.57
3.82
1.52
4.00
1.67
3.70

2-H, 3-H
3-H, 4-H
2-H, 4-H, 5-H
2-H, 3-H, 5-H, 6-H
3-H, 4-H, 6-H, 7-H
4-H, 5-H, 7-H, 8-H

5-H, 6-H, 8-H, 9-H
6-H, 7-H, 9-H, 10-H
7-H, 8-H, 10-H, ll-H
8-H, 9-H, ll-H, 12-H
9-H, 10-H, 12-H

10-H, ll-H
a

b 13C NMRspectra were measured at 125 MHz.
*H NMRspectra were measured at 500 MHz.
Couplings were recognized in the HMBCexperiment.

15.2Hz, thus they are trans. The structure ofYF-0200R-B is shown in Fig. 1 and the results of the NMR
spectra are summarized in Table 2. The structure of YF-0200R-Awas elucidated by comparison with
YF-0200R-B of the spectroscopic data. From the FAB-MSspectrum, its MWwas determined to be 228,
16 mass units smaller than that of YF-0200R-B. In the *H and 13C NMRspectra, one methylene was
recognized instead of the oxymethine in YF-0200R-B. Therefore YF-0200R-A is thought to be the deoxy
derivative of YF-0200R-B. In the ^^H COSYspectrum, oxymethine in C-10 has been changed into
methylene in YF-0200R-A. The whole C-C connections were ascertained by the HMBCspectrum. Since
the coupling constants between 2-H and 3-H and between 4-H and 5-H were the same as those of
YF-0200R-B, they are trans.

Biological Activities of YF-0200R-A and B

Inhibitory activity for Candida albicans aspartyl protease was measured in a reaction mixture which
consisted of 0.80ml of 1% bovine serum albumin in a 0.05m citrate buffer (pH 3.2), 0.06ml of protease
(partially purified in our laboratories by Sephadex G-75 from the broth filtrate of Candida albicans isolated
from human sputum), 0.05 ml of sample and 0.09ml of 0.05 m citrate buffer (pH 3.2). After the reaction
was carried out at 37°C for 60 minutes, it was stopped by the addition of 2.0ml of 5% TCA. The reac-
tion mixture was centrifuged at 3,000rpm for 15 minutes and the absorbance of the supernatant was
measured at 280nm in a spectrophotometer. The IC50 values of YF-0200R-A and B were 6.5 x 10~4m
and 6.2 x 10~4m, respectively. In Sabouraud agar medium, neither YF-0200R-B nor pepstatin A showed
any antifungal activity against Candida albicans, Saccharomyces sake, Aspergillus niger, Mucor hiemalis
and Trichophyton mentagrophytes at 100 /zg/ml.

Discussion

YF-0200R-A and B are a, /? and y, S unsaturated hydroxy fatty acids. Though the activity of
YF-0200R-A and B is weak, comparedwiththat ofpepstatinA (1.1 x 10~7 M) and ahpatinin E (7.0 x 10~7 m)
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which was obtained in our laboratory, YF-0200R-A and B are the first unsaturated fatty acids that inhibit
aspartyl protease from Candida albicans. In our study, the minimum partial structure exhibiting inhibitory
activity is a, /? unsaturated carboxylic acid with the exception of acrylic acid (data not shown). The positions
substituted with hydroxyl groups are C-8, C-10 and C-12 in YF-0200R-B and C-8 and C-12 in YF-0200R-A,
all of these carbons would be biosynthetically derived from C-2 of acetic acid. Generally carbons which
are substituted with hydroxyl group derive from C-l of acetic acid, or C-2 through oxidation of double
bond such as ipurolic acid (3,1 1-dihydroxy tetradecanoic acid), 9,10-dihydroxystearic acid or ustilic acid
(2,15,16-trihydroxy hexadecanoic acid), so the structures of YF-0200R-A and B are biosynthetically
unusual. Amongbioactive unsaturated fatty acid analogues, fumifungin7) and sphingofungins8) are
antifungal antibiotics, but the latter are serine palmitoyl transferase inhibitors. As aspartyl protease
inhibitors9), pepstatinslo'll) and ahpatinins12) have been found in the screening program for pepsin
inhibitors. Pepstatin A and its synthetic analogues are active against renin,13) cathepsin D14) and HIV
protease.1 5'16)

References

1) Tsuboi, R.; Y. Kurita, M. Negi & H. Ogawa: A specific inhibitor of keratinolytic proteinase from Candida
albicans could inhibit the cell growth of C. albicans. J. Invest. Dermatol. 85: 438 -440, 1985

2) Ghannoum, M. & K. A. Elteen: Correlative relationship between proteinase production, adherence and
pathogenicity of various strains of Candida albicans. J. Med. Vet. Mycol. 24: 407-413, 1986

3) MacDonald, F. & F. Odds: Inducible proteinase of Candida albicans in diagnostic serology and in the pathogenesis
of systemic candidiasis. J. Med. Microbiol. 22: 79-82, 1980

4) Diaz, S. & R. Herrera, Jr.: Purification of an acid protease from Mucor rouxii that inactivates chitin synthetase.
Antonie van Leeuwenhoek 53: 279-291, 1987

5) Ruchel, R.; B. Ritter & M. Schaffrinski: Modulation of experimental systemic murine candidosis by intravenous
pepstatin. Int. J. Med. Microbiol. 273: 391 -403, 1990

6) Tumminello, F. M.; R. J. Bernacki, N. Gebbia & G. Leto: Pepstatins: aspartic proteinase inhibitors having
potential therapeutic applications. Med. Res. Reviews 13: 199-208, 1993

7) Mukhopadhyay, T.; K. Roy, L. Coutinho, R. H. Rupp, B. N. Ganguli & H. W. Fehlhaber: Fumifungin, a
new antifungal antibiotic from Aspergillusfumigatus Fresenius 1863. J. Antibiotics 40: 1050 - 1052, 1987

8) VanMiddlesworth, F.; R. A. Giacobbe, M. Lopez, G. Garrity, J. A. Bland, K. Bartizal, R. A. Fromtling,
J. Polishook, M. Zweerink, A. M. Edison, W. Rozdilsky, K. E. Wilson & R. L. Monaghan: Sphingofungins
A, B, C, and D; a new family of antifungal agents. I. Fermentation, isolation, and biological activity. J.
Antibiotics 45: 861 -867, 1992
Zweerink, M.; A. Edison, G. Wells, W. Pinto & R. Lester: Characterization of a novel, potent, and specific
inhibitor of serinepalmitoyl transferase. J. Biol. Chem. 267: 25032- 25038, 1992
Morishima, H.; T. Takita, T. Aoyagi, T. Takeuchi & H. Umezawa: The structure of pepstatin. J. Antibiotics

23: 263-265, 1970

Miyano, T.; M. Tomiyasu, H. Iizuka, S. Tomisaka, T. Takita, T. Aoyagi & H. Umezawa: New pepstatins,
pepstatins B and C, and pepstanone A, produced by Streptomyces. J. Antibiotics 25: 489-491, 1972
Omura, S.; N. Imamura, K. Kawakita, Y. Mori, Y. Yamazaki, R. Masuma, Y. Takahashi, H. Tanaka, L.-Y.
Huang & H. B. Woodruff: Ahpatinins, new acid protease inhibitors containing 4-amino-3-hydroxy-5-
phenylpentanoic acid. J. Antibiotics 39: 1079- 1085, 1986
Guegan, R.; J. Diaz, C. Cazaubon, M. Beaumont, C. Carlet, J. Clement, H. Demarne, M. Mellet, J. P.
Richaud, D. Segondy, M. Vedel, J. Gagnol, R. Roncucci, B. Castro, P. Corvol, G. Evin & B. P. Roques:
Pepstatin analogues as novel renin inhibitors. J. Med. Chem. 29: 1152- 1159, 1986
Agarwal, N. S. & D. H. Rich: Inhibition of cathepsin X) by substrate analogues containing statine and by
analogues of pepstatin. J. Med. Chem. 29: 2519-2524, 1986
Katoh, I.; T. Yasunaga, Y. Ikawa & Y. Yoshinaka: Inhibition of retroviral protease activity by an aspartyl

proteinase inhibitor. Nature 329: 654-656, 1987

Seelmeier, S.; H. Schmidt, V. Turk & K. von der Helm: Human immunodeficiency virus has an aspartic-type
protease that can be inhibited by pepstatin A. Proc. Natl. Acad. Sci. U.S.A. 85: 6612-6616, 1988


