
Many Streptomyces species produce g-butyrolactones,

most of which have been shown to act as signals for the

onset of antibiotic production. A-factor (2-isocapryloyl-3R-

hydroxymethyl-g-butyrolactone) is the most intensively and

extensively studied g-butyrolactone and is required for 

not only antibiotic production but also morphological

differentiation in S. griseus1,2). A-factor is produced in a

growth-dependent manner and accumulated until the end of

exponential growth. It triggers the A-factor regulatory

cascade by inducing the transcription of adpA, which

encodes a transcriptional activator. Induction of adpA

requires binding of A-factor to the A-factor-receptor ArpA,

which has bound and repressed the promoter of adpA.

Binding of A-factor dissociates ArpA from the promoter3).

Although AdpA was originally identified as an A-factor-

dependent transcriptional activator for strR encoding the

pathway-specific transcriptional activator for streptomycin

biosynthesis, AdpA has been shown to induce the

transcription of a number of genes involved in secondary

metabolism and morphogenesis4�8), thus forming an AdpA

regulon.

We have observed that S. griseus produces a diffusible

yellow pigment when cultured on a phosphate-depleted

agar plate. Because neither an A-factor-deficient strain

(HH1) nor an adpA-disrupted strain produces the yellow

pigment4), expression of the biosynthetic genes for the

yellow pigment is probably under the control of A-factor

and AdpA. In addition, detailed analysis of the production

of the pigment by S. griseus cultivated in minimal liquid

medium containing different concentrations of phosphate

revealed that the pigment is produced only in medium

containing a low concentration of phosphate. This means

that the production of the yellow pigment is switched-on by

A-factor and controlled by the phosphate concentration of
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the medium.

Because of the regulation of the pigment production by

both A-factor and phosphate, the biosynthetic gene cluster

for the pigment is a useful material for elucidating the

molecular mechanisms by which g-butyrolactones and

phosphate control secondary metabolite formation. As a

first step for these studies, we have determined the chemical

structure of the pigment, which actually turns out to consist

of two major compounds. In this paper, we describe

detailed analysis of the pigment production in response to

phosphate and the chemical structures of the two major

compounds in the yellow pigment.

Materials and Methods

Strain and Culture Conditions

S. griseus IFO13350 was obtained from the Institute of

Fermentation, Osaka, Japan (IFO). S. griseus was grown at

26.5 or 30°C in YMPD medium (yeast extract [Difco],

0.2%; meat extract [Kyokuto], 0.2%; Bacto-peptone

[Difco], 0.4%; NaCl, 0.5%; MgSO4·7H2O, 0.2%; and

glucose, 1%; pH 7.2) and SMM medium (glucose, 0.9%; 

L-asparagine, 0.9%; (NH4)2SO4, 0.2%; Trizma base, 

0.24%; NaCl, 0.1%; K2SO4, 0.05%; MgSO4·7H2O, 0.02%;

CaCl2, 0.01%; and trace element solution9), 1%, pH 

7.2) containing different concentrations (0�2.5 mM) of

KH2PO4.

Yellow Pigment Production in Liquid Medium

Containing Different Concentrations of Phosphate

S. griseus IFO13350 cultivated on YMPD agar was

inoculated into 100 ml of YMPD in a 500 ml shaking-flask

and precultured at 30°C for 2 days with reciprocal shaking.

The mycelium was washed three times with SMM and

homogenized by a glass homogenizer. Then 1/100 volume

of the mycelium was inoculated into 100 ml of SMM

containing different concentrations (0�2.5 mM) of KH2PO4

in a 500-ml shaking-flask and cultured at 26.5°C for 5 days

with reciprocal shaking. A portion (5 ml) of the culture was

taken everyday and the wet weight of the mycelium and the

absorbance at 433 nm (A433) of the culture supernatant were

measured.

Analysis of the Yellow Pigment by HPLC

Mycelium of S. griseus precultured in 100 ml of YMPD

as described above was washed three times with SMM and

homogenized. Then 1/10 volume of the mycelium was

inoculated into 1 liter of SMM containing different

concentrations (0.25�1 mM) of KH2PO4 in a 5 liter-flask

with baffles and cultured at 26.5°C for 5 days with rotary

shaking. The culture supernatant was filtered through a

0.22 mm membrane and a portion (10 m l) was applied to

HPLC equipped with a reverse-phase column (Senshu Pak

PEGASIL-B ODS, 4.6�250 mm, Senshu Kagaku) and a

photodiode array detector (model 996, Waters). It was

developed at a flow rate of 1 ml/minute with a linear

gradient from solvent A (H2O - CH3CN, 9 : 1) to solvent B

(CH3CN) for 20 minutes. Both solvent A and B contained

0.1% trifluoroacetic acid (TFA).

Isolation of Grixazone A

Mycelium of S. griseus precultured in 100 ml of YMPD

as described above was collected by centrifugation and

homogenized. Then 1/10 volume of the mycelium, which

included a portion of YMPD medium, inoculated into 1

liter of SMM without KH2PO4 in a 5 liter-flask with baffles

and cultured at 26.5°C for 3 days with rotary shaking. The

culture supernatant was filtered through an 8.0 mm

membrane. Grixazone A in the filtrate (total, 12 liters) was

absorbed on Diaion HP-20 resins in a column. After the

column had been washed with 30% methanol, grixazone A

was eluted with 70% methanol. The eluate was

concentrated in vacuo to dryness, and the residue was

dissolved in 10 ml of methanol. The solution was then

applied on a gel filtration column (Sephadex LH-20,

Amersham Pharmacia) equilibrated with methanol. The

fractions with a red-yellow color were collected and

concentrated in vacuo to dryness. This crude material was

purified by two steps of preparative HPLC (1st step:

column: Senshu Pak ODS-5251-SH, 20�250 mm, Senshu

Kagaku; mobile phase: gradient elution of 10�100%

methanol in 30 minutes; flow rate: 4 ml/minute, 2nd step:

column: Capcell Pak C18, 10�250 mm, Shiseido; mobile

phase: gradient elution of 10�100% CH3CN in 0.1% TFA

in 20 minutes; flow rate: 4 ml/minute) to afford 4.7 mg of

grixazone A (1).

1: FABMS (glycerol matrix) m/z 402 (M�H)�; HR-

ESIMS m/z 402.0772 (M�H)� (Calcd for C18H16N3O6S,

402.0760); UV lmax nm (e), (DMSO): 270 (17,100), 414

(14,800), 436 (15,200); 1H and 13C NMR (Table 1).

Isolation of Grixazone B

Mycelium of S. griseus precultured in 100 ml of YMPD

as described above was washed three times with SMM and

homogenized. Then 1/10 volume of the mycelium was

inoculated into 1 liter of SMM containing 0.75 mM KH2PO4

in a 5 liter-flask with baffles and cultured at 26.5°C for 5�7

days with rotary shaking. The culture supernatant was

filtered through an 8.0 mm membrane. Grixazone B in the
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filtrate (total, 6 liters) was absorbed on Diaion HP-20 resins

in a column and eluted with water. The eluate was applied

on a C18 cartridge column (Sep-Pak Vac35cc). After the

cartridge had been washed with water, grixazone B was

eluted with 20% CH3CN from the cartridge. The eluate was

concentrated in vacuo and lyophilized. This crude material

was purified by two steps of preparative HPLC (1st step:

column: Senshu Pak ODS-5251-SH, 20�250 mm, Senshu

Kagaku; mobile phase: gradient elution of 10�100%

CH3CN in 0.1% TFA in 30 minutes; flow rate: 4 ml/minute,

2nd step: column: Capcell Pak C18, 10�250 mm, Shiseido;

mobile phase: gradient elution of 10�100% CH3CN in

0.1% TFA in 20 minutes; flow rate: 4 ml/minute) to afford

2.0 mg of grixazone B (2).

2: HR-ESIMS m/z 418.0701 (M�H)� (Calcd for

C18H16N3O7S, 418.0709); 1H and 13C NMR (Table 1).

Results and Discussion

Induction of Yellow Pigment Production 

by Phosphate Depletion

We have observed that S. griseus produces a diffusible

yellow pigment when cultured on a phosphate-depleted

SMM agar plate4). No yellow pigment production was

observed on a standard SMM agar plate containing 2.5 mM

KH2PO4. To clarify the relationship between the yellow

pigment production and phosphate concentration in the

medium, we analyzed production of the pigment by S.

griseus cultivated in minimal liquid medium containing

different concentrations of phosphate. As shown in Fig. 1A,

a clear correlation between the growth of S. griseus and the

phosphate concentration was observed. In the presence of

2.5 mM KH2PO4, the strain grew most vigorously. As the

concentration of KH2PO4 decreased, the growth rate

became low. In the absence of KH2PO4, the strain could not

grow (data not shown). Production of the yellow pigment

was examined by measuring the absorbance at 433 nm

(A433) of the culture supernatant (Fig. 1B). In the presence

of 0.1, 0.25, and 0.5 mM KH2PO4, yellow pigment

production began on day 2 (early stationary phase), while it

began on day 3 in the presence of 1.0 mM KH2PO4. This

may be because the concentration of phosphate at day 2 in

the medium containing 1.0 mM KH2PO4 dose not decrease

to the critical level that induces the pigment production. In

the presence of 2.5 mM KH2PO4, no yellow pigment
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Table 1. NMR Assignments of 1 and 2.a



production was observed even at day 5. Although a small

increase of A433 was observed in the culture supernatant,

the yellow pigment was not detected by HPLC analysis

(data not shown). These results indicated that the yellow

pigment production was induced by phosphate depletion.

HPLC Analysis of the Yellow Pigment

For isolation and structure determination of the yellow

pigment, the culture size was increased from 100 ml to 1

liter and the effect of phosphate on the pigment production

was examined again. In the scale-up culture, the yellow

pigment was not produced in the presence of 1.0 mM

KH2PO4 even at day 5. The pigment was produced when

the concentration of KH2PO4 was below 0.75 mM. HPLC

analysis of the culture supernatant revealed that the

pigment consisted of two major compounds, later

VOL. 57 NO. 3 THE JOURNAL OF ANTIBIOTICS 221

Fig. 1. Growth (A) and production of yellow
pigment (B) of S. griseus IFO13350 cultivated in
SMM containing different concentrations of
KH2PO4.

Fig. 2. HPLC analysis of the supernatant obtained
from the S. griseus culture grown for 5 days (A)
and UV-visible spectra of grixazone A and B on a
photodiode array detector (B).



designated as grixazone A and B (Fig. 2A). Similar UV-

visible spectra of both compounds (Fig. 2B) suggested that

they had a common chromophore. Interestingly, the ratio of

the amounts of both compounds was varied depending on

the phosphate concentration. Grixazone A was a major

product in the presence of 0.25 mM KH2PO4, whereas

grixazone B was a major product in the presence of

0.75 mM KH2PO4. In the presence of 0.5 mM KH2PO4, both

compounds were produced in almost the same amount. The

molecular mechanism for this observation remained to be

elucidated. No yellow pigment production by an A-factor-

deficient strain (HH1) and an adpA-disrupted strain was

confirmed by HPLC analysis of their culture supernatants

(data not shown).

Structure Determination of Grixazone A and B

The molecular formula of grixazone A (1) was

determined as C13H15N3O6S by HR-ESIMS and 13C NMR

spectra of 1. Analysis of NMR spectra of 1 revealed the

presence of an aldehyde group and an N-acetylamino acid

residue (partial structure A, Fig. 3) in 1. Atomic

composition and NMR data of the remaining part showed

that the chromophore moiety of 1 showing a yellow color

was a 2-aminophenoxazin-3-one residue, which was

confirmed by comparison of its NMR data with those of 2-

aminophenoxazin-3-one10). The d values and coupling

patterns of three protons on the benzene ring of the

chromophore (Table 1) and the long-range couplings

between the aldehyde proton and the ring carbons indicated

that the aldehyde group is present at C-8 of the

chromophore11) (partial structure (B), Fig. 3). These results

showed that 1 should have a carboxy group in the partial

structure (A) and an amino group at C-2 of the partial

structure (B) to fulfill the molecular formula of 1, and that

the amino acid residue should connect to C-1 or C-4 of the

partial structure (B) through a remaining sulfur atom. This

connection was supported by a long-range coupling

between the methylene protons of the N-acetylcysteine

residue and the carbon with the d value of 99.3, but it was

difficult to determine whether the carbon is C-1 or C-4 due

to the similarities of dH and dC values at C-1 and C-4 of the

2-aminophenoxazin-3-one moiety11). The 3JC,H and 2JC,H

couplings observed on the singlet proton (d 6.47, H-1 or H-

4) were not useful to determine the position, and the 4JC,H

coupling between the proton and C-5a or C-9a was not

observed. However, information of 3JH,N coupling strongly

suggested the connection at C-1. Namely, a 3JH,N coupling

between H-9 and N-10 (dN 302.1, NH3 dN 0.0) was

observed in the 1H-15N HMBC spectrum of 1, but that

between the proton (d 6.47) and N-10 was not observed

under the same measurement conditions. Thus, the

structure of grixazone A (1) was determined as shown in

Fig. 4, which is a novel phenoxazinone derivative.

Grixazone B (2) had a molecular formula of

C13H15N3O7S, which was larger than that of 1 by one

oxygen atom. 1H and 13C NMR spectra of 2 were very

similar to those of 1, but small differences between them

were observed in signals around the benzene ring moiety.

An aldehyde proton signal was not observed in 1H NMR of

2 and a carbonyl carbon signal (d 166.3) was newly

observed in the 13C NMR spectrum of 2 instead of the

signal at d 191.8 in the spectrum of 1. These data showed
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Fig. 3. Partial structures (A) and (B), and HMBC
correlation.

Fig. 4. Structures of grixazone A (1) and B (2).



that 2 had the 8-carboxylic acid structure as shown in Fig.

4. This structure has been assigned to a compound with

parasiticidal activity produced by Streptomyces sp. DSM

3813 in a patent12). But details of structural determination

of the compound have not been published. Assignments of

protons and carbons in the NMR spectra of 1 and 2 are

summarized in Table 1.

Antimicrobial Activity of Grixazone A and B

Antimicrobial activity of grixazone A and B was

examined by using Saccharomyces cerevisiae TP-F0176,

Candida albicans TP-F0594, Bacillus subtilis ATCC6633,

Escherichia coli NIHJ JC-2, and Staphylococcus aureus

209P JC-1 as indicators. All strains grew normally on the

standard media containing 100 mg/ml of grixazone A and

B, indicating that grixazone A and B show no apparent

antimicrobial activity.
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