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In the course of screening for immunomodulating substances among microbial meta-
bolites using a triple mitogen assay system, we detected an immunosuppressive activity which
is similar to cyclosporin A. Two active components were isolated as red pigments from the
fermentation broth of Streptomyces hiroshimensis and they were identified with prodigiosin
25-C and metacycloprodigiosin respectively. These compounds inhibited T lymphocyte
proliferation which was induced by plant lectins, concanavalin A (Con A) and phytohemag-
glutinin (PHA), much more extensively than B lymphocyte proliferation which was induced
by lipopolysaccharide (LPS). Prodigiosin 25-C completely inhibited induction of cytotoxic
T cells in a mixed lymphocyte reaction (MLR) at 4 ng/ml.

Several low molecular weight immunomodifiers have been discovered by various kinds of screen-
ing method from culture broth of microorganisms. Most of them were detected by the screening
for enzyme inhibitors,'~* antifungal agents* or anti-tumor antibiotics.” A few groups have search-
ed for immunoactive microbial metabolites with more direct systems.” In an accompanied paper,”
we reported a novel method of screening for immunomodulating substances using three mitogens which
are specific for T or B lymphocytes.

In the course of our screening with the system it was found that prodigiosin 25-C and metacyc-
loprodigiosin were potent inhibitors of T lymphocyte proliferation which was induced by Con A and
PHA, but less suppressive against B lymphocyte proliferation which was induced by LPS. Fur-
thermore, cytotoxic T lymphocyte induction in MLR was inhibited by prodigiosin 25-C.

Materials and Methods

Mice
Specific pathogen free BALB/c and C57BL/6 mice (male 6~ 8 weeks old) were obtained from
Charles River Japan Co., Ltd., Tokyo.

Mitogens

Concanavalin A (Con A, C2010 highly purified, Sigma Chemical Co., St. Louis, MO, U.S.A.),
phytohemagglutinin (PHA, HA16 purified, Wellcome Research Laboratories, Beckenham, England)
and lipopolysaccharide (LPS, Salmonella enteritidis, Difco Laboratories, Detroit, MI, U.S.A.) were
used throughout this work.

Preparation of Murine Splenocytes

Normal male BALB/c mice were sacrificed and the spleen was teased with a plastic syringe in a
Petri dish containing 5 ml of Eagle’s minimum essential medium (MEM, Nissui Seiyaku, Tokyo).
The product was gently strained through a 100-mesh screen to remove clumps and prepare a single cell
suspension. These cells were washed three times with MEM and resuspended in RPMI-1640 medium
(Nissui Seiyaku) supplemented with 10 9 fetal calf serum (FCS, Flow Laboratories, Rockville, U.S.A.).
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Determination of Lymphocyte Proliferation In Vitro

Murine splenocytes were cultured in RPMI-1640 medium supplemented with 109, FCS, at a con-
centration of 5x10° cells/ml (1 x 10° cells/well) with one of the mitogens, Con A, PHA or LPS, and
a test sample for 3 days at 37°C in a humidified atmosphere with 5% CO,. At the end of the culture
period they were pulsed with [methyl-1’,2’-*H]thymidine (113 Ci/mmol, NEN, Boston, MA, U.S.A.)
(0.2 uCi/well) for 5 hours and harvested using a cell harvester (Labo Mash, Labo Science Co.,
Tokyo). The amount of [*H]thymidine incorporated by the cells was determined by a liquid scintil-
lation counter.

Mixed Lymphocyte Reaction (MLR) and Determination of Killer Activity

Mixed lymphocyte cultures were established by adding 4 % 10° responding lymphocytes in a 0.1 ml-
volume to an equal volume of 4 10° stimulator cells in flat-bottomed microtiter plates wells. Re-
sponding lymphocytes were splenocytes of C57BL/6 mice immunized with spleen cells of BALB/c
mice (5 x10°, ip) 2 weeks before. Stimulator cells were splenocytes of BALB/c treated with 50 pug/ml
mitomycin C at 37°C for 45 minutes, washed with MEM medium 3 times and resuspended in a
culture medium (RPMI-1640 supplemented with 10% FCS). After 5 days of incubation, 1 x10*
51Cr-labeled target cells, P815, were added to each well and the cultures were further incubated for
4 hours. At the end of the incubation period, 100 z1 of the supernatant were removed and the radio-
activity was assessed. The spontaneous release was determined by incubating *'Cr labeled P815 cells
alone and the maximum release was determined incubating *'Cr-labeled P815 cells with 0.5 % sodium
dodecyl sulfate. The following formula was used to compute percent lysis.

(Test cpm)—(Spontaneous cpm)
(Maximum cpm)—(Spontaneous cpm)

% Lysis= % 100

Results

Isolation and Identification of Active Substances

In the primary screening system described previously, an methanol extract of the lyophilized cul-
ture broth of Streptomyces hiroshimensis markedly suppressed T lymphocyte proliferation which was
induced by Con A and PHA, leaving B lymphocyte activation by LPS relatively unaffected. The
activity was similar to cyclosporin A,” an immunosuppressive antibiotic, which is clinically applied in
case of tissue or organ transplantation.

A stock culture of S. hiroshimensis was inoculated into 100 ml of the seed medium in a 500-ml
flask. The medium consisted of glucose 20 g, glycerol 20 g, soybean meal 20 g, L-methionine 1 g,
KH,PO, 1 g, MgSO,-7H,0 0.5 g and CaCO, 10 g per liter of water (pH 6.5). The seed culture was
incubated at 30°C for 2 days on a reciprocal shaker. Twenty ml of the seed culture was added to
1 liter of the same medium in a 5-liters flask. They were incubated at 30°C for 6 days on a rotary
shaker.

A flow diagram for isolation of active components is illustrated in Fig. 1. The fermentation
broth was filtered and the activity was found in the filter cake. The mycelium was extracted with
methanol and ethyl acetate. The extracts were pooled and concentrated in vacuo. The concentrate
was extracted with chloroform and the chloroform layer was concentrated to a small volume in vacuo.
The resulting oily residue was chromatographed on silica gel. The active fraction was eluted with
hexane - acetone (85: 15) and was concentrated in vacuo. The residue was a mixture of active sub-
stances and it was further fractionated by a silica gel column chromatography using solvent mixtures
of chloroform - acetone containing NH,OH. Two reddish pigments, compounds A and B, were

isolated. Both of them were pH indicators.
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Fig. 1. A flow diagram for the isolation of active compounds from culture broth of S. hiroshimensis.
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Fig. 2. Structure of prodigiosin 25-C (A) and Fig. 3. Differential suppression of mitogenic re-
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respectively. In the mass spectrum of compound 5: i .
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and 393. These data determined for compound Concentration of prodigiosin 25-C (pg/ml)

A corresponded to those reported for prodigiosin

25-C.5:® NMR and IR spectra of compound A were identical with those of prodigiosin 25-C. Com-
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Fig. 4. Suppression of cytotoxic T cell induction in pound B which was similar to compound A in
MLR by prodigiosin 25-C.

CS7BL/6 splenocytes and mitomycin C-treated
BALB/c splenocytes were co-cultured in the pre-
sence of indicated amount of prodigiosin 25-C for
5 days. Four hours before the end of the culture, Suppression of T Lymphocyte Proliferation
*1Cr-labeled target cells (P815) were added and the
radioactivity released in the culture medium was
counted.

most physico-chemical properties was identified
with metacycloprodigiosin.®

by Prodigiosin
Fig. 3 shows the relationship between the

40 - dose of prodigiosin 25-C and the proliferative

responses of splenocytes induced by mitogens.
The addition of prodigiosin 25-C resulted in a
30 F dose dependent inhibition of the responses.
Con A induced incorporation of [*H]thymidine

was most sensitive to the antibiotic. But the
20 1 results were similar to that shown in the case
of PHA. The cell proliferation induced by LPS
was significantly less sensitive than the other two.

[Slcr] 8 lysis

1or LPS is a B lymphocyte specific mitogen in the
murine system and two plant lectins, Con A and

V7774 PHA, stimulate only T lymphocytes.'? Therefore

Stimulator(-) 0 0.16 0.8 4 20 the present results suggest that prodigiosin 25-C
Concentration (ng/ml) differentiates T from B lymphocyte prolifera-

tion.
The effects of metacycloprodigiosin were similar to those of prodigiosin 25-C but its suppressive

activity was a little less potent.

Suppression of MLR Killer Induction by Prodigiosin 25-C

The target cell, P815, expresses H-24 antigen on its surface. Therefore C57BL/6 cytotoxic T cells
stimulated by the presense of mitomycin C treated BALB/c (H-2?) splenocytes kill the P815 cells and
make them release *Cr into the culture medium. In the absence of prodigiosin 25-C in the culture,
lysis of the target cells was 38%;,. However, the killer induction was partially inhibited by very low
concentration of prodigiosin 25-C (0.16 ng/ml), and it was completely suppressed at 4 ng/ml of the
compound (Fig. 4). Since viability of the splenocytes was comparable when assayed by the trypan
blue dye exclusion test after 5 days treatment with or without 4 ng/ml of prodigiosin 25-C, the sup-
pression was not resulted from general cytotoxicity of the antibiotic. Thus, prodigiosin 25-C is a

potent inhibitor of cytotoxic T cell induction.

Discussion

The inhibitory profile of prodigiosin 25-C was similar to that of cyclosporin A.” Cyclosporin A
has been reported to be preferentially active against T lymphocytes'® and to suppress Con A and
PHA induced cell activation more extensively than LPS induced cell activation.” However, these two
compounds seem to have different mechanisms of action on T cell proliferation. Because, suppression
by prodigiosin 25-C of Con A induced T cell proliferation was more significant at optimal concentra-
tion of Con A (2~ 3 ng/ml) than at sub-optimal concentration (0.3~ 1 zg/ml) (data not shown), whereas
cyclosporin A inhibited Con A response more extensively at the lower Con A concentration. This
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tendency is specific for Con A and is not detectable in the case of PHA and LPS responses.

Prodigiosin 25-C completely inhibited cytotoxic T cell induction in MLR at low concentration
(4 ng/ml). When added in the assay period, prodigiosin 25-C did not inhibit the expression of killer
activity at this concentration (data not shown). Therefore, prodigiosin did not affect killer function
directly. The result suggest that prodigiosin 25-C inhibits some step of metabolic pathway or cell to
cell interactions required for the induction of cytotoxic T cells. The effect of metacycloprodigiosin
was similar to prodigiosin 25-C.

Thus, these two pigments, prodigiosin 25-C and metacycloprodigiosin, are expected to be applied
for the research of the immune responses including T cell activation.

Acknowledgment

The authors are indebted to Mr. K. FUurRiHATA and Dr. H. SEro, The Institute of Applied Microbiology,
The University of Tokyo, for the measurement of NMR spectra and valuable discussion.

References

1) TakeucHi, T.; S. TakaHasai, H. IiInuma & H. UMezawA: Diketocoriolin B, an active derivative of
coriolin B produced by Coriolus consors. J. Antibiotics 24: 631~ 635, 1971
2) UwMEezawa, H.; T. Aovaal, H. Supa, M. HamapA & T. TAKEUCHI: Bestatin, an inhibitor of aminopep-
tidase B, produced by actinomycetes. J. Antibiotics 29: 97~ 99, 1976
3) Aovaar, T.; T. Yamamoro, K. Koiri, F. Koiima, M. Hamapa, T. TAkeucHl & H. UMmezawa: For-
phenicine, an inhibitor of alkaline phosphatase prodused by actinomycetes. J. Antibiotics 31: 244~ 246,
1978
4) DrEeyruss, M.; E. Harri, H. HorMANN, H. KoBeL, W. PacHE & H. TscHERTER: Cyclosporin A and C
new metabolites from Trichoderma polysporum (Link ex Pers.) Rifai. Eur. J. Microbiol. 3: 125~ 133, 1976
5) IsHizuka, M.; T. TAKEUCHI, T. MAsUDA, S. FukasawA & H. UMEzZAwWA: Enhancement of immune re-
sponses and possible inhibition of suppressor cells by aclacinomycin A. J. Antibiotics 34: 331~ 340, 1981
6) GoroH, T.; K. NAKAHARA, T. NisHIURA, M. Hasammoto, T. Kino, Y. KUuroDA, M. OKUHARA, M. KOH-
SAKA, H. Aok1 & H. IMaNAkA: Studies on a new immunoactive peptide, FK-156. II. Fermentation, ex-
traction and chemical and biological characterization. J. Antibiotics 35: 1286~ 1292, 1982
7) NAKAMURA, A.; K. NaGar S. Suzuki, K. ANpo & G. TAMURA: A novel method of screening for immu-
nomodulating substances, establishment of an assay system and its application to culture broths of microor-
ganisms. J. Antibiotics 39: 1148~ 1154, 1986
8) HarAsHIMA, K.; N. TsucHIDA, T. TANAKA & J. NAGATsU: Prodigiosin 25-C, isolation and the chemical
structure. Agric. Biol. Chem. 31: 481~489, 1967
9) WasserMmAN, H. H.; G. C. RopGers & D.D. KertH: Undecylprodigiosin. Tetrahedron 32: 1851~
1854, 1976
10) WasserMAN, H. H.; D. D. KeiTH & G. C. RopGers: The structure of metacycloprodigiosin. Tetrahedron
32:1855~1861, 1976
11) Janossy, G.; M. F. Greaves, N. J. DoeNHOFF & J. SNAIDR: Lymphocyte activation V. Quantitation of
the proliferative responses to mitogens using defined T and B cell population. Clin. Exp. Immunol. 14:
581~596, 1973
12) WaiItg, D. J. G.; A. M. PLumB, G. PAWELEC & G. Brons: Cyclosporin A: An immunosuppressive agent
preferentially active against proliferating T cells. Transplantation 27: 55~ 58, 1979



