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Communications to the Editor

METACYTOFILIN, A NOVEL
IMMUNOMODULATOR PRODUCED
BY Metarhizium sp. TA2759

Sir;
In the course of screening for substances that
" modulate immune responses, we found a novel
immunosuppressive substance named metacytofilin
(MCEF) in the culture filtrate of strain TA2759 which
was isolated from a soil sample collected in Enzan
city, Yamanashi Prefecture, Japan. The strain was
identified as Metarhizium sp. TA2759. The structure
of MCF was determined by X-ray crystallographic
analysis to be 3wa-hydroxy-6p-methylamino-6o-(2-
methylpropyl)-38-phenylmethyl-4 H-2,3,5,6-tetra-
hydro-1,4-oxazine-2,5-dione. Although MCF ex-
hibited an immunosuppressive effect on the mixed
lymphocyte culture reaction and immune responses
in mice, it had low toxicity and no antimicrobial
activity. In this communication, the production,
isolation, physicochemical properties, structure and
biological activity of MCF are reported.

The activity of MCF was evaluated in the mixed
lymphocyte culture reaction (MLCR) according to
the method described previously®’. Spleen cells
(2 x 10%) taken from F344 rat (10~ 13 wecks old)
used as a responder were mixed with stimulator
spleen cells (2x10°) taken from WKY rat.
Responder cells were passed through a nylon wool
column and stimulator cells were treated with
50 ug/ml mitomycin C (Kyowa Hakko, Co., Inc.) at
37°C for 20 minutes. The mixed cells were cultured
with test samples in RPMI-1640 medium containing
5% fetal calf serum at 37°C for 5 days in 5% CO,
in air. MLCR was determined by measuring the
incorporation of [*H]-thymidine ([*H]-TdR) into
the cultured cells by liquid scintillation counting
([*H]-TdR pulsed 16 hours before assay). Triplicate
determinations were made.

" The strain was inoculated to 500-ml Erlenmeyer
flasks containing 100 ml of a medium consisting of
soluble starch 2%, glucose 1%, yeast extract 0.5%,
Tripticase peptone 0.5%, CaCO; 0.4%, Jamarin S
25% v/v (Jamarin Laboratory, Co., Ltd.), pH 7.2
before sterilization for seed culture and was cultured
onarotary shaker at 27°C for 3 days. For production
of MCF, 2ml of the seed cultured broth was
transferred to 100 ml of the same medium and was

cultured on a rotary shaker at 27°C for 4 days.

The culture filtrate (8 liters) was adjusted to pH
8.0 with 4% NaHCO, and extracted with BuOAc.
The extract was concentrated to an oily residue
(0.6 g) in vacuo, and it was applied to a silica gel
column (Wakogel C-200). After washing with
CHCl;, the active substance was eluted with
CHCl;-MeOH (20:1). The active eluate was
concentrated in vacuo to afford a crude powder
(0.2 g) that was dissolved in CHCl,-MeOH-H,0
(2:2:1). The solution was subjected to centrifugal
partition chromatography (Sanki Engineering, Co.,
Ltd.). The chromatography was performed with a
solvent system of CHCl;-MeOH-H,0 (2:2:1),
(lower phase stationary). The active fractions were
concentrated in vacuo and MCF was crystallized
from aq MeOH. MCF was obtained as colorless
prisms (30 mg).

The physico-chemical properties of MCF are
shown in Table 1. The molecular formula
C,6H,,N,0, was determined by FAB-MS and
elemental analysis. The 'H NMR spectrum
(CD,0D, 400 MHz) of MCF showed the signals of
two methyls, two methylenes, one methine, one
N-methyl and five aromatic protons. The 1*C NMR
spectrum (CD;OD, 100 MHz) exhibited sixteen
carbons shown in Table 2. The structure of MCF
in Fig. 1 (excluding stereochemistry) was proposed
from the analysis of its NMR spectra. The position

Table 1. Physico-chemical properties of MCF.

Appearance

FAB-MS (m/z)

Elemental analysis
Caled for Cy¢H,,N,04: C 62.73, H 7.24, N 9.14

Colorless prisms
307 (M+H)*, 305 M—H)*

Found: C 62.35, H 7.22, N 8.90
MP 201~202°C
[e]37 (c 0.63, MeOH) +5.1°

UV AMOH nm (log ¢) End absorption 252 (sh,
2.26), 258 (sh, 2.30), 264
(sh, 2.18)

3325, 2960, 1685, 1450, 1415,

1305, 1130, 1090, 895, 700

IR (KBr) em™!

Solubility
Soluble in: MeOH, DMSO
Insoluble in: CHCl;, H,O
Color reaction Ninhydrin, Rydon-Smith
Rf value* 0.58
* Silica gel TLC (Merck Art No. 5715), hexane-
EtOAc (3:7).
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of each substituent in the oxazine ring was
determined from the results of the HMBC spectrum
and deuterium isotope effects® on *3C chemical
shifts of MCF. The deuterium isotope effects were
observed by the use of concentric tubes (inner tube;
0.8mg/0.91ml of CD,OH and 1.7mg/0.40ml of
CD,0D solutions). The isotope shift values are

Table 2. 'H and *3C NMR data for MCF in CD,0D.
Position 0 (100MHz) 8, (400 MHz)
2 169.71 —
3 84.33 —
5 168.53 —
6 88.44 —
7 49.53 1.5 (dd, 6.0, 13.1)*,
1.82 (dd, 6.0, 13.1)
8 2420 1.74 (m)
9 24.25 0.89 (d, 6.7)
10 24.60 0.92 (d, 6.7)
1 499 2.11 (s)
12 46.09 2.92(d, 13.3),
3.56 (d, 13.3)
3 - 136.05 —
14, 18 13218 7.29 (m)
15, 17 129.37 7.14~7.26 (m)
16 12830  ~7.16 (m)

Values relative to TMS=0ppm.
*  Proton signal multiplicity and coupling constant

(J=Hz).
Fig. 1. Structure of metacytofilin.
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shown in Fig. 2.

The proposed structure of MCF was confirmed
by X-ray crystallographic analysis. Crystals of MCF
were grown in MeOH solution as colorless prisms.
The lattice constants and intensity data were
obtained from the data collected by a Philips
PW1100 diffractometer using CuKoa radiation

Fig. 2. Deuterium isotope effects on *C chemical shifts
of MCF observed in CD,OD and CD,;OH solutions.

A=-~0.098 ppm
A=-0,098 ppm

oz

oD \
A=-0.126 ppm
A=-0.070 ppm

A =-0.167 ppm

Table 3. Inhibitory effect of MCF on the MLC reaction.
MCF MLC reaction Inhibition
(ug/ml) cpm+SD (%)
— 10,401 -+485 -
100 2,259 +340 T8H**
10 4,863 + 828 53%**
1 4,960+ 302 S2%E*
0.1 9,241+ 642 pr**

Spleen cells taken from F344 rat as the responder were
mixed with mitomycin C-treated spleen cells of WKY
rat as the stimulator and cultured with or without MCF
for 5 days. The radioactivity of responder alone was
2,372+ 528 cpm.

*¥* P<0.01, ¥*** P<0.001.

Molecular structure of MCF using PLUTO program.
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Table 4. Immunosuppressive effect of MCF on DTH and antibody formation to SRBC in
mice.
DTH® Antibody formation®
MCF
(mg/kg/day) Increase of footpad Inhibition PFC/spleen Inhibition
thickness ( x 0.1 mm) (%) (% 1,000) (%)
— 14.104+0.55 — 255.50+£22.25 —_
100 1.0040.06 3k 112.10 £ 62.98 56%*
25 5.604+0.48 61¥** 168.48+79.59 34
6 10.40+0.83 28* 199.26 +28.68 22%*

@ CDF, mice (5 mice/group) were immunized with 10° SRBC iv MCF was given ip daily

for 4 days after immunization.

® CDF, mice (5 mice/group) were immunized with 10% SRBC iv MCF was given ip daily

for 3 days after immunization.
* P<0.05, ** P<0.01, ¥** P<0.001.

monochromated by a graphite plate. Crystal data
are: C,¢H,,N,0,-CH;0H, FW=3384, mono-
clinic, space group P2,, Z=2, lattice constants:
a=9290(5) A, b=17.4429)A, ¢=6.107(5 A, p=
108.13(6)°, V=940.4A3, D =1.195gecm™3, u for
CuKa=6.90cm™ 1.

The crystal structure was determined by direct
method and refined by the method of least-squares
with block-diagonal-matrix approximations. The
final R value for 1,579 independent refrections was
0.069. The absolute configuration was not de-
termined. A computer-generated drawing® of the
structure is shown in Fig. 3.

The inhibitory effect of MCF on the MLCR is
shown in Table 3. The IC;, of MCF in the MLCR
was 1.0 ug/ml. The effects of MCF on deiayed-type
hypersensitivity (DTH) and antibody formation to
sheep red blood cells (SRBC) in mice (CDF; mice,
female 8 ~ 10 weeks old) were tested according to
the method described previously?. Briefly, for
testing DTH, mice were immunized by iv administra-
tion of 10° SRBC. After the immunization, MCF
was given ip to mice daily for 4 days. Four days
after the immunization, the DTH response was
elicited by subcutaneous injection of 108 SRBC to
the footpad, and 24 hours later, the footpad
thickness was measured. For testing antibody
formation, mice were immunized by intravenous
injection of 10® SRBC, 4 days later, antibody
formation was determined by enumerating the direct
plaque forming cells (PFC) in spleens. MCF was
given to mice ip on days 0 to 3 after immunization.
Five mice were used in each group. As shown in
Table 4, MCF suppressed DTH at 25mg/kg to
100mg and significantly suppressed antibody
formation at 100 mg/kg.

MCF did not show toxicity at 200 mg/kg ip to

ICR mice. MCF at 100 ug/ml exhibited no
cytotoxicity against L1210, EL-4 and IMC car-
cinoma cells and had no antimicrobial activity
against bacteria and fungi. The mechanisms of
action are now under study.
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