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JUGLORIN, A NEW SPERMIDINE
SYNTHASE INHIBITOR

Sir:
It is well known that polyamines are closely

related to the promotion, proliferation and
metastasis of cancer cells1~3). For this reason,

much effort has been made to develop specific
inhibitors of polyamine synthesis4»5), especially
spermidine synthase6). Thus, S'-methylthio-
adenosine (MTA)6), dicyclohexylamine70 and

JV-chloro sulfonyl-dicyclohexylamine (CSD) 8 ) were
found to be potent inhibitors of spermidine
synthase. CSD showed an anti-proliferative
effect against Ehrlich ascites carcinoma and an

anti-metastatic effect against Lewis lung cancer8).
In order to find new inhibitors of spermidine

synthase, we employed an assay system consist-
ing of putrescine, decarboxylated S-adenosyl-
methionine (DCSAM) and enzymeprotein as

described by Samejima et al.Q\
Spermidine synthase used in our experiments

was partially purified from bovine brain by
ammoniumsulfate fractionation9). DCSAM

was prepared by treatment of SAMwith SAM
decarboxylase of Escherichia coli1^ followed by

purification by HPLCn). The reaction was

traced by determining the amount of spermidine
formed by HPLCand monitoring the fluore-
scence at 540 nm9).

As a result of our screening using the above
mentioned system, an active compound, juglorin,
was isolated from the culture filtrate of Strepto-
myces malachiticus strain No. S-1998.

Fermentation was carried out at 27°C for 3
days in two 360-liter jar fermentors containing

the following medium; glycerol 3.0 %, corn steep
liquor 1.0%, dry yeast 0.3%, NaCl 0.5% and
CaCO3 0.35 %.

The fermentation broth (430 liters) was
filtered and adsorbed on a Diaion HP-20 (20

liters) column, which was, after being washed
with water (200 liters) and 30% MeOH, eluted
with 100%MeOH.The eluate was concentrated
in vacuo to a small volume and extracted with
EtOAc (50 liters). The organic layer was con-
centrated in vacuo to 8 liters, washed with 0.01 n
HC1 (8 liters) and water, and finally extracted
with saturated NaHCO3solution. The aqueous
extract was adjusted to pH 2.0 with 1 n HC1 and
extracted again with EtOAc. The organic layer

wasconcentrated in vacuo and the residual dry
material was subjected to silica gel column
chromatography. The active fraction eluted

with chloroform - acetone (3 : 1) was evaporated
in vacuo to give a crude material, which was

further purified by Sephadex LH-20 column
chromatography developed with MeOH. The
active eluate was evaporated to dryness to give
200 mg of juglorin.

The UV and IR spectral data suggest the
presence of a substituted 5-hydroxy-l,4-benzo-

quinone moiety (juglone12), ^max 249 and 425 nm)
and a carboxyl function (1755 cm"1) in juglorin.
The molecular formula of juglorin was estab-
lished to be C20H20O7 based on high resolution
electron ion (HREI) mass spectral data (found:
m/z 372.1224, calcd: 372.1209). The *H NMR

Fig. 1. Partial structures ofjuglorin.
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Table 1. 13C NMRspectral data of juglorin (10(
MHz, CDC13).

Carbon* ppm

C=O region: -CO- 1 189. 5
4 183.5

-COOH 18 171.2

sp2 region: -C= 5 156. 5
7 143.3

6 131.6

8a 129.8

4a 112.6

-CH= 2 139.2

3 138.3

8 117.7

spz region: OCO 16 95.7
CHO ll 72.6

9 72.3
CH 10 34.0

CH2 17 46.6
15 37.0

12 25.6
CH3 14 ll.8

13 9.8

r The assignments were performed by C-H cor-
relation and INEPTanalysis.

spectrum suggested the presence of the following
partial structures (Fig. 1); (A) CH3CH2CHCH-

(CH3)CH-, (B) -CH2- (C) -CH2- (D) -COOH
and (E) a juglone moiety. The 13C NMRspectrum
(Table 1) revealed the presence of an additional
function (F) -OCO-. The assignments of *H and
13C NMRspectra were established by the aid of
1H-1H and 18C-1H shift correlated spectroscopies.

These moieties were connected by long range
selective proton decoupling (LSPD) experiments.

Long range couplings were observed between
the 9-H methine proton in (A) and C-5 and C-7
carbons in (E), and between 15-H methylene
protons in (B) and C-6, C-7 and C-8 in (E), C-16
in(F) andC-17 in (C) carbons (see Fig. 1). The
assignments of C-5, C-6, C-7 and C-8 were en-
sured by comparison with that of the 13C NMR
spectrum of juglone13). Thus, the structure of
juglorin was determined as shown in Fig. 2.

Irradiation of the 3.73 ppm methine signal
(ll-H) resulted in a nuclear Overhauser effect
at the 15a-H signal (3.ll ppm) suggesting the
close stereochemical relationship between these
protons (Fig. 3). The rest of the relative con-
figuration of juglorin was determined by con-

sideration of the possible structure of the mole-
cular model as shown in Fig. 3.

Fig. 3. The relative stereochemistry ofjuglorin.

Table 2. Inhibition of spermidine synthase.

Inhibition ( %)
1mM 0.5m 0.1niM

Juglorin 8 0 60 3 0
S'-Methylthioadenosine 95 70 50

Dicyclohexylamine 1 00 97 9 5

The structure of juglorin is unique among

knownantibiotics containing a juglone moiety
such as griseusin14), nanaomycin15) and juglo-
mycin16) (side chains or ring systems connected
with the quinone ring), in that juglorin has a

ring system on the aromatic ring.
The inhibitory activity ofjuglorin in our assay
system on spermidine synthesis is compared with

the known inhibitors mentioned above6>7) in
Table 2. Juglorin inhibited spermidine syn-
thase almost as strongly as S'-methylthioadeno-

sine, but its activity was weaker than that of
dicyclohexylamine.
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