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C35‑poIyprenyldiphosphateobtainedfromanonpathogenic
Mycobacteriumspecies†

TsutomuSato,*AtsushiKigawa,RyosukeTakagi,TomomiAdachiandTsutomuHoshino
Received20thMay2008,Accepted20thJune2008
FirstpublishedasanAdvanceArticleontheweb19thAugust2008
DOI:10.1039/b808513g
Lipidcomponentsfrom12nonpathogenicMl・cobacteriu/nspecieswereanalysed.Anovelcyclic
C35‑terpene,namedheptaprenylcycline1,wasobtainedfrom3species,whileoctahydroheptapreno12,
whichhas3Z‑doublebonds,wこisobtainedfrom6species.Theamountsof1and2intheculturedcells
increasedafterthe4‑to6‑dstationaryphase.Theyieldoflwasconsiderablygreateratahigher
temperatureof37Cthanatanoptimaltemperatureof28C,、vhilethこitof2remainedunchangedat
alltemperatures.AkedingexperimentwithD一日‑‑3C]glucoserevealedthとit1wasproducedvia
isopentenyldiphosphate,vvl‑icllisametaboliteofglycolysisandtllenlcthylcrytllritolpilosphate
pathway.Theconversionofoctahydroheptaprenyldiphosphate2‑PPto1wassuccessfulbyusingthe
cell‑freeextractsofM.chlorophenolicum,demonstratingthat2‑PPisthebiosyntheticintermediateof1.
Thisisthefirstexampleofthebiosynthesisofanaturalterpeneliathecyclisationofalinear
C35‑isoprenoid.Thesubstrate2‑PPforC35‑terpenecyclasehasZ‑typeprenylmoieties;however,terpene
cyclasesusuallyemployE‑typeisoprenoids.Thegeneencodingtheterpenecyclasethatcyclisesprenyl
diphosphatecontainingZ‑doublcbondsasthenaturalsubstratehasnotyetbeendetected.Despitea
carefulsearchusingtheFASTA3program,wecouldnotdetectanygenethatishomologoustothe
knowndiphosphate‑tnggeredtypeofmono‑,sesqui‑andditerpenecyclasesinthegenomeofM.
‑・anbaaleJiH,theDNAsequenceofwhichhasrecentlybeenelucidated.Thissuggeststhatanoveltypeof
terpenecyclasemightexistinthenonpathogenicMycobacteriumspecies.
Introduction

elucidated.4 Recently, we have deillonstrated that the Rv3377c
gene in the M. tuberculosis H37Rv genome encodes a novel

The genus Mycobacterium includes more than 90 species. Several
pathogens causing diseases such as tuberculosis and leprosy

diterpene cyclase that plays a role in the production of the halimane
skeleton of tuberculosinyl diphosphate (Fig. I).5 The Rv3377c

have been extensively studied due to their medical importance.
On the other hand, a few nonpathogens are likely to be used
for bioremediation because of their ability to degrade a wide
range of environmentally toxic chemicals such as polycychc
aromatic hydrocarbons (PAHs) and pentachlorophenols (PCPs).
The genomes of 10 pathogenic strains (M. tuberculosis H37Rv,
M. tuberculosis CDC1551, M. tuberculosis Fl l, M. tuberculosis
H37Ra, M. bovis AF2122/97, M. bol・is BCG Pasteur 1 173P2, M.

R = diphosphate: tuberculoslnyl diphosphate
R = OH: tuberculosinOI

leprae TN, M. avium 104, M. avium subsp. paratuberculosis K‑
10 and M. idcerans Agy99) have been analysed. In addition, the
genomes of 6 nonpathogens (M. I,anbaale/tii PYR‑1, M. gilvum

34

33

32

31

30

29

1

8

5

2

PYR‑GCK, Mycobacterium sp. JLS, Mycobacterium sp. KMS,
Mycobacteriwn sp. MCS and M. smegmatis MC2) have also been
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I Electronic supplementary information (ESI) available: Amount of C35
terpenes in the M. chlorophenolicum cells cultured under different durations
and temperatures, comparison of "C NMR spectrum of 13C‑labelled 1
with natural compound 1 and structure of C35‑terpenes found in nature,
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octahydroheptaprenol (2)
Fig. 1 Structure of tuberculosinyl diphosphate, tuberculosinol, hep‑
taprenylcycline (1) and octahydroheptaprenol (2).
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Table 1 Nonpathogenic Mycobacterium species analysed in this study
and their type, which was determined on the basis of their yields of
compounds 1 and 2
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0
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Fig. 2

GC‑MS chromatogram displaying the total ions in nonsaponinable

lipids. The data of M. chlorophenolicum are shown as a representative
example. The retention time of tuberculosinol was 1 1.2 min under the
same conditions.

O: detected and ‑: not detected.

F1 1, M. tuberculosis H37Ra and M. bov,is) and are not found in the

chlorophenolicum cells for the isolation of 1 and 2. After a 50 L
cultivation of M. chlorophenolicum, the cells were saponified with
15% KOH‑MeOH at 80 C for 30 min and were then extracted

other species. On the basis of the findings of transposon‑insertion

with H‑hexane. The nonsaponihable lipids were subjected to silica

experiments, Pethe et al. reported that Rv3377c was indispensable
for survival in macrophages.6 Therefore, we have proposed that

gel column chromatography, followed by reverse‑phase high‑
performance liquid chromatography (HPLC); this process yielded

the Rv3377c gene may be responsible for the pathogenicity of
tuberculosis.

5.5 mg and 5.1 mg of pure 1 and 2, respectively. The structure of
1 was determined by detailed nuclear magnetic resonance (NMR)

homologous genes are limited to other Mycobacterhtm species
causing tuberculosis (M. tuberculosis CDC1551 , M. tuberculosis

In order to con丘rm this hypothesis, lipid constituents from 12

data analysis (DEPT: COSY, HOHAHA, NOESY, HMQC and

nonpathogenic Mycobacterium species (Table 1) were analysed.
and octahydroheptaprenol 2 from 6 species (Fig. 1). Herein, we

HMBC) and electron impact mass spectrometry (EIMS). The
complete NMR assignments are shown in Table 2. The molecular
formula of 1 was assigned to be牀35^ on the basis of high

demonstrate that 1 is biosyntllesised by tlle cyclisation of a linear

resolution (HR)‑EIMS. As shown in Fig. 3, a partial structure

octahydroheptaprenyl diphosphate containing Z‑double bonds;
the cychsation of this molecule has never been reported hitherto.

(right side) of compound 1 (C‑l‑C‑14 and C‑28‑C‑30) was mainly
assigned according to the data obtained from HMBC and COSY

Results and discussion

spectra. A clear NOE was observed between H‑10 (o H 5.41, t, J
6.8) and Me‑30 (∂h 1.87, s), indicating that H‑10 and Me‑30 were

We detected a novel monocyclic C35‑terpene 1 from 3 species

arranged in the Z‑con丘guration. The comparison of a chemical

Lipid analyses of nonpathogenic Mycobacterium spp
According to the method described in the experimental section,
the hexane extract of the nonsaponifiable lipids from the cells
and the ethyl acetate (EtOAc) extract from the broth filtrate were
obtained from the 12 mycobacteria cultures; both the extracts
were subjected to gas chromatography‑mass spectrometry (GC‑
MS). Tuberculosinol was not detected (Fig. 2); this may support
the theory that tuberculosinol is produced only by pathogenic
species and that the Rv3377c enzyme encoding diterpene cyclase
may be involved in the pathogenicity of these bacteria. In contrast,
compounds 1 and/or 2 were detected in the nonsaponifiable
fraction obtained from the cells of several species (Fig. 2 and
Table 1). The 12 species were categorised on the basis of the
production ofl and 2 as shown in Table 1: (type I) both 1 and 2
were produced by M. chlorophenolicum, M. thermoresistibile and
M. vanbaalenii; (type II) only 2 was produced by M. aichiense,
M. smegmatis and M. parafortuitum and (type III) both 1 and
2 were not produced by M. agri, M. aurum, M. diernhoferi, M.
moriokaense, M. nonchromogenicum and M. pulveris.
Isolation and structural determination of 1 and 2

Among the mycobacteria examined, M. chlorophenolicum pro‑
duced the largest amounts of 1 and 2. Thus, we employed M.
This journal is ㊨ The Royal Society of Chemistry 2008

shift of C‑12 (32.42 ppm) with that of C‑12 in ficaprenoF (Z:
ca. 32.0 ppm, E: ca. 40.0 ppm), which was previously reported,
further supported the Z‑geometry. The structure of the isobutyl
moiety on the left side of compound 1 (C‑26, C‑27, C‑34 and C‑35)
was determined by HMBC and COSY (Fig. 3) spectral analyses.
The carbon signals, which were yet to be assigned, demonstrated
3 methyl groups at 6C 24.94‑25.26 (blank square), 3 methylene
groups at ∂c 24.94‑25.26 (blank circle), 2 methylene groups at
5C 37.71‑37.91 (filled circle) and 3 methyne groups at <5C 33.12‑
33.24 (filled square) (Fig. 3). HMBC data demonstrated that the
3 isopentyl moieties represented by dotted squares m Fig. 3 were
linked to each other. The complete structure of compound 1 could
be elucidated by connecting the 3 partial structures obtained from

the HMBC cross peaks between H‑12 (dH 2.21, m) and C‑14
(∂c 37.28) and between H‑26 (∂h 1.64, m) and C‑25 (∂ 25.26).
The stereochemistries at C‑6, C‑15, C‑19 and C‑23 remain to
be elucidated. Compound 1 is novel and its proposed name is
heptaprenylcychne.
The molecu一ar formula of2 was assigned to be CasH^O on the

basis ofHR‑EIMS data. The detailed 2D‑NMR analysis revealed
that 2 was octahydroheptaprenol, as shown in Fig. 1. Compounds
3 and 4 were isolated from M. smegmatis* (Fig. 4), and compound
2 was obtained by acid hydrolysis of3 and4. The NMR assignment
of 2 (Table 3), however, has not been reported. NOE correlation
Org. Biomol. Chem., 2008,6, 3788‑3794 ￨ 3789

Table

2

NMR

assignments

of

1

No.

<5M (mult., J in Hz)

1

2.ll (m); 2.29 (m)
5.56(lH,brt)

2

in

3

C6D6

and

abundance

of‑!C‑labe一ed

HE

121.26(d)

1.1

As the first step towards the functional analysis ofl, wedetermined

133.43 (s)

1.1

the amounts of 1 and 2 produced in M. chlorophenolicum cells
under varied culture conditions‑time and temperature. The

13C Enrichment*

31.83 (t)

1.97 (2H, m)

30.96 (t)

1.0

5

1.63 (m)
2.23 (2H, m)

28.68 (t)
40.15 (d)

3.1

154.06 (s)

1.5

7
8
9

10

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

1.0
4.0

125.37 (d)

1.4

1 was considerably greater at a higher temperature of37 0C than

135.59 (s)

1.7

at an optimal growth temperature (28

2.21 (2H, m)
1.57(m); 1.62(m)
1.29 (m); 1.51 (m)

32.42 (t)

I.0

remained unchanged at all temperatures. A similar phenomenon

25.84 (t)

2.8

37.28 (t)

1.1

1.61 (m)
.29(m); 1.51 (m)
1.42 (m); 1.54(m)
.29 (m); 1.51 (m)
1.61 (m)
1.29(m); 1.51 (m)
.42 (m); 1.54 (m)
1.29 (m); 1.51 (m)
1.61 (m)

33.12 (d)‑

1.0

Mycobacterium species, the amount and composition of mycolic

37.71 (t)‑
24.95 (t)‑

1.0

acid varied at higher temperatures.9‑10 The adaptive changes in

4.1

37.84 (t)'

1.6

1.29
1.42
1.64
1.31

37.91 (t)a

1.7

25.26 (t)‑

Jt

28.32 (t)

1.7

39.73 (d)

1.2

23.62 (q)‑

4.5

(m); 1.51 (m)
(m); 1.54 (111)
(m)
(m

1.75 (3H, s)

29

5.03 (1H, s); 5.05 (lH, s)
1.87 (3H, s)

31
32
サ
34
(K

yields of 1 and 2 increased after the 4‑ to 6‑d stationary phase.
Similar results have been observed for many secondary metabolites

27.18 (t)

28
30

.6

35.63 (t)

2.26 (2H, m)
2.41 (2H, m)
5.41 (1H,t,6.8)

日
12

Ill species. M. chlorophenolicum and M. ‑anbaalenii can degrade
PCPs and PAHs, respectively. M. thermoresistibile can survive and
propagate at elevated temperatures of up to 55 ‑C. It is interesting
to elucidate the functions of compound 1 in Mycobacterium cells.

Sc (mult.)

4

6

1

1.06 (3H, d, 6.8)
.07 (3H, d, 6.8)
1.08 (3H, d, 6.7)
1.04 (3H, d, 6.6)
1.04 (3H, d, 6.6)

33.22

(d)〟

has been noted during the analysis of mycolic acid: in several

mycolic acids in response to temperature changes are assumed to
play a role in the maintenance of suitable membrane function.9‑10

1.6

It was proposed that 3 may be involved in the transport of

4.1

mycolic acids through the plasma membrane in order to constitute

37.90 (t)a

1.6
1.1

3.0

107.80 (t)

C), while the amount of2

1.5

37.85 (t)a
24.97 (t)a

33.24 (d)o

produced by micro‑organisms. Moreover, the yield of compound

the cell‑wall component of a covalently linked peptidoglycan‑
arabinogalactan一mycolate

framework.

Since

both

1

and

3

may

be

biosynthesised via a common intermediate octahydroheptaprenyl
diphosphate 2‑PP (Fig. 4), the function of 1 may be closely related
to that ofmycolic acid. However, further experiments are required
to establish the functions of 1.

23.62 (q)"

2.9

19.91 (q)a

dl

19.98 (q)‑

3.1

20.03 (q)f1

BE

22.789 (q)a

2.6

As shown in Fig. 4, we propose that the pathway for the biosyn‑

22.89 (q)‑

1.0

thesis of 1 is as follows. The carbon framework of 1 is produced

Biosynthesis of 1

by the head‑to‑tail condensations of 7 isopentenyl diphosphate
The assignments may be exchangeable. *The values for enrichments
帆,ere determined by comparison of the relative peak intensities of the

corresponding carbons in labelled and unlabelled spectra. The bold type
shows the l3C‑enriched position (>2.5‑fold).

(IPP) units, followed by hydrogenation reactions that occur at 4
double bonds to give rise to 2‑PP and a diphosphate‑triggered type
ofcyclisation to form the complete structure of compound 1. The
detection of 2 strongly supports the existence of the intermediate
2‑PP, because 2 is produced by the dephosphorylation of 2‑

and the chemical shifts of C‑4, C‑8 and C‑12 (32.42, 32.50 and
32.57 ppm)7 suggested that all the 3 prenyl residues in 2 have

PP. It has been reported that ma?nosyl‑β‑トphosphoisoprenoid 5
bearing a C32 polyprenyl‑like moiety with a structure analogous

Z‑conngurations. The stereochemistries at C‑15, C‑19 and C‑23

to those of3 and 4, is found in M. tuberculosis, and that the Ci2

could not be determined. Compound 2 was not detected in the

moiety may be produced by polyketide synthase." The proposed

nonsaponi丘ed (no alkaline‑treatment) samples obtained from all

elongation reaction is primed by a fatty acyl group and proceeds

the 12 Mycobacterium species. The octahydroheptaprenyl moieties

by alternate condensations of methylmalonate and malonate in

of compounds 3 and 4 are stable under alkaline conditions.

repeated cycles to yield a carboxylic acid product." In order to

strongly indicating that an unknown compound possessing 2 as

identify the biosynthetic pathway involved in the production of

the moiety exists in type I and II species.

1, we carried out a feeding experiment using d‑【l‑13C]glucose. M.
chlorophenolicum was cultured in a 1 0 L medium with lO% isotopic

Yields of 1 and 2 under different culture conditions

abundance

of

D‑[l一一'C]glucose.

and

0.2

mg

of

13C‑labelled

1

was

isolated. I3C NMR analysis revealed that the isotopic abundant
Species that produce 1 are categorised as type I species. Tl‑ese

signals (Table 2) of 1 were in agreement with the position of the

exhibited special abilities that were not found in type II and

filled circles shown in Fig. 4; this unambiguously demonstrated

COSY & HOHAHA
>ニ

‑*‑

Fig. 3

HMBC

NOE

Signi丘cant correlations in the NMR spectra of compound 1
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glycolysis &
MEP pathway

head‑to‑tai一

condensation hydrogenation C35
(C5 x7)

(Hx8)

二コ
===二コ

artificial sapomfication
(15% KOH/MeOH)

3R=H

〜

〜

4 R = Mycolicacid

Fig. 4 The proposed pathway for the biosynthesis of C35‑terpenes from.帆cobacieium species. The丘Iied circle indicates the IJC‑enriched positions at
which compound 1 could be produced via IPP by glycolysis of D‑【I‑‖qglucose and the MEP path、、・ay. The blank square of 1 indicates the 'JC‑enriched

positions at which 1 could be produced using methylmalonate and malonate by polyketide synthase. The blank triangle of IPP indicates the l3C‑enriched
positions at which IPP could be produced by glycolysis of D‑【ト13qgIucose and the mevalonate pathway.‖ Compounds 3 and 4 、、・ere obtained from M.
smegmatis. It has been proposed that compound 5 may be biosynthesised by polyketide synthase in M. luberculos血.8

Table3

NMRassignmentsof2in QD6

that compound 1 was produced from IPP, which is produced by

glycolysis and the methylerythritol phosphate (MEP) pathway.12
No.

<5H (mult., J in Hz)

1

4.14 (2H, brdd)
5.53 (1H, t, 6.8)

2

8C (mult.)

3
4
5
6

139.14(s)

2.17 (2H, m)
2.24 (m)
5.29 (1H, t, 6.8)

7
8
9
10

2.24 (m)
2.32(2H, m)
5.39(1H,t,6.8)

日
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
m
28
29
HI
31
32
33
34
35

59.03 (t)
125.97 (d)

2.24
.57
1.31
1.60

(m)
(m)
(m); 1.48(m)
(m)

1.31 (m); 1.48(m)
1.41 (m); 1.54(m)
1.31 (m); 1.48(m)
1.60 (m)
1.31 (m); 1.48(m)
1.41 (m); 1.54(m)
1.31 (m); 1.48(m)
.60 (m)
.31 (m); 1.48(m)
.41 (m); 1.54(m)
1.35 (m)
.65 (m)
I.77 (3H, s)

1.85 (3H, S)
1.87 (3H S)
.07 (3H d, 6.6)
1.07 (3H, d, 6.6)
1.09(3H,d, 6.7)
1.04(3H,d, 6.6)
1.04(3H, d, 6.6)

'The assignments may be exchangeable.

32.42 (t)<
26.79 (t)a

If 1 was biosynthesised by polyketide synthasc or the mevalonate
pathway, a different incorporation pattern should be observed as
shown in Fig. 4.
The bioconvcrsion of 2‑PP to compound 1 is anticipated.
Compound 2 was diphosphorylated using the method described

125.23 (d)

by Davisson et al. The product 2‑PP was then incubated

135.77 (s)

with the cell‑free extracts of M. chlorophenolicum. As shown

32.50 (t)a
26.86 (t)<

in Fig. 5, the amount of 1 significantly increased by the ad‑

125.23 (d)

dition of 2‑PP (>7‑fold) compared with that of the control

135.77 (s)

(heat denaturation of the cell‑free extracts or no addition of

32.57 (t)a

2‑PP); thus, 2‑PP would be the biosynthetic intermediate of

25.94 (t)
37.36 (t)a
33.25 (d)a

1, as illustrated in Fig. 4. To the best of our knowledge, the
known C35‑terpenes include 8 cyclic members: plagiospirohdes

37.71 (t)ォ
24.96

(t)一

37.85 (t)'
33.21 (d)"
37.85 (t)'
24.96 (t)'
37.85 (t)'
33.25 (d)'
37.90 (t)a
25.25 (t)a
39.73 (t)
28.32 (d)
23.48 u

23.55
23.62

m
m

19.93 (q)a
19.97 (q)J
20.02 (q)'
22.78 (q)'
22.88 (q)'

▼■

30000
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∈
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伝
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A

Fig. 5

B

C

The amount of 1 produced by the incubation of2‑PP with the

cell‑free extracts of M. chlorophetxolicum. The relative amount of 1 was
estimated by the abundance of the molecular ion m/z 484. A: 1 mg of2‑PP
Was incubated with the cell‑free extracts. B: 1 mg of 2‑PP was incubated
ll,ith heat‑denatured cell‑free extracts. C: no substrate was incubated ll ith
the cell‑free extracts.
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A‑D,1 ferrugicとidinol,15

ferrugieudesmol,‑

tetrこiprenylated‑α‑

curcumene16 and tetraprenylated‑P‑curcumenel

とind 5こicyclic

prenyltransferases, a chimera diterpene synthase having both
prenyltransferasesとind

terpene

cyclasc

activity,

6

MEP

pathway12

members.8'17‑19 Since the knolvn cyclic C35‑terpencs are hybrids

and a new biosynthetic pathway for menaquinone production.27

ofsesquiterpcne and diterpene,14‑16 compound 1 would be the first

Therefore, a carefLil analysis of both terpene metabolites and

example ofa terpene that can be biosynthesised lia the cyclisation

genome sequences may be useful in detecting a new biosynthetic

ofa linear C35‑isoprenoid such as 2‑PP.

cnzyme.

The reaction of head‑to‑tail condensation, Ilydrogenation,
and cyclisation in the biosynthesis of 1 (Fig. 4) would be
catalysed by Z‑prenyltransferase, prenylreductase and terpene
cyclase, respectively. Since a complete genome sequence of 〟・

Experimental
Analytical method

l・anbaalenii, which has been categorised as a type I species
in this paper, was released on the llebsite http:〟genome.jgi‑

NMR spectra Were recorded on a Bruker DMX 600 spectrometer

psf.org by the Joint Genome Institute in 2006, we attempted

at 600 MHz for proton and at 125 MHz for carbon. GC was
performed on a Shimadzu GC‑8A instrument equipped with a

to search a candidate gene for the biosynthesis of compound

1 in the M. vfmbaale//// genome using the FASTA3 program

nとime‑ionisation

detector

and

a

DB‑1

capillary

column

(30

m

x

ofGenome Information Broker (lltip:〟gib.genes.nig.ac.jp/)I The

0.25 mm; J & W Scientific. Inc.). GC‑MS was performed on an

homologs of Z‑prenyltransferase and prenylreductase having a

SX 102 spectrometer (JEOL) by electronic impact at 70 eV with a
DB‑1 capillary column or a JMS‑QIOOO GC K9 (JEOL) by

very

low

E

value

were

detected

(e.g.

Mvan̲3822

‑・s.

undecaprenyl

diphosphate synthase from Micrococcus luteus [」 ‑ 2. 1 × 101】9】

electronic impact at 70 eV with a ZB‑5 ms capillarycolumn (30 m x

sp. PCC6803 [E ‑ 3.6 × 10" 】), lvhile any enzyme homologous

0.25 mm; Zebron). HRMS was performed using a spectrometer
equipped with a direct inlet system. The specific rotation was

to the known diphosphate‑triggered type of mono‑, sesqui‑ and

nleasured at 25

and Mvan̲2055 vs. geranylgeranyl reductase from Synechocystis

C by using a Honba SEPA‑300 polanmeter.

diterpene cyclases could not be detected (E value > 0.01).‑'This
result suggested that a novel type of terpene cyclase nllght exist

in type I nonpathogenic Mycobacterium species. The CJ5‑terpene
cyclases utilise 2‑PP, which contains Z‑type prenyl moieties, while
the

standard

cyclases

utilise

」‑polyprenyl

diphosphこHe.

To

the

best of our knolvledge, there is only one report on the use of
Z‑prenyl diphosphate as a natural substrate by terpene cyclases:
Nabeta et al. reported that sesquiterpene cyclases producing
(‑)‑†‑cadinene and germacrene D from Heteroscyphus platMS
utilised (2Z,6」)‑farnesyl diphosphate.2‑ However, the gene coding
for Z‑terpene cyclase has not yet been detected. It has been
reported that not only the primary but also the tertiary structure
or Z‑prenyltransferase is considerably different from that of the
E‑ prenyltransferase. Therefore, the C】s‑terpene cyclase that is
situated downstream of the Z‑prenyltransferase in the biosynthetic
pathway might differ structurally from the known 」‑terpene
cyclase.

Standard culture conditions

The following 12 nonpathogenic Mycobacterium species were em‑
ployed in the study. M. agriJCM 6377, M. aichienseiCM 6376, M.
aitrum JCM 6366, M. chlorop/le/wlicum JCM 7439, M. diernhoferi
JCM 6371, M. moriokaense JCM 6375, M. nonchromogenicwn
JCM 6364, M. parafonuitum JCM 6367, M. pull・eris JCM 6370,
M. smegmatis JCM 6386, M. thermoresistibile JCM 6362 and
M. ‑・wibaalenii JCM 13017. All species were reciprocally shake‑
cultured at an optimal temperature (28 C for M. chlorophenolicum
とind

M.

vcmbaaleJi/7

and

37

C

for

the

others)

until

the

stationary

gro、vth phase was achieved (A/, chlorophenolicum, 4 d; remaining
species, 3‑14 d); they were shake‑cultured in 3000 mL Sakaguchi
flとisks,

each

containing

1000

mL

of

medium

containing

1%

polypeptone (Nihon Seiyaku Co.), 0.5% yeast extract (Oxoid
Co.), 0.5% malt extract (Difco Co.), 0.5% casamino acids (Nihon
Sciyaku Co.), 0.2% glycerol (Wako Co.), 0.005% Tween 80 (Wako
Co.) and 0.1% MgSO4‑7H:O (Kanto Chemical Co.).

Conclusion
The known cyclic C35‑terpenes can be regarded as the derivatives

Preparation and GC‑MS analysis of the lipid fraction obtained
from the cells and of the broth filtrate

ofsesquトand diterpenes. In contrast, compound 1 c之innot belong

to the well‑known terpene family including mono‑, sesqui‑, di‑,

The cells and broth filtrate of each Mycobacterium sp. obtained

sester‑, tn‑ and tetraterpenes because it is biosyntllesised from the

from the 1 L culture medium were separated by centnfugation

linear C35‑isoprenoid. The function of the rare C】5‑terpene 1 in
the Mycobacteriwn cell may be interesting, because mycobactena

(6000 x g at 4 ‑C for 10 mm). After lyophihsation, the cells
were saponified with 15% methanolic KOH (600 mL) at 80 ‑C

adjust the amount of compound 1 produced according to their

for 30 min. The nonsaponihable hpids were extracted with n‑

growth phase or surrounding temperature. In addition, the

hexとme

(600

mL

x

3);

the

broth

filtrate

was

extracted

with

EtOAc

diterpene of(‑)‑axinyssene is known to be a terpcilc hydrocarbon

(1 L x 3). GC‑MS (JEOL SX 102) was performed under the

having a cyclic skeleton similar to that of compound 1, which

folioll,ing conditions: an injection temperature of 290 0C and an

shows mild toxicity against acute promyelocytic leukemia HL‑60

oveil temperature of 180‑270

C at an increment of3 oC min 1.

cell line. 4 Thus, the bioactivity of 1 in other organisms might
also be interesting. Furthermore, the genome analysis of M.

Isolation of compounds 1 and 2

‑・a′ibaale′tii revealed that the Cユrtcrpene cyclase producing 1 may
terpene

M. chlorophenolicuni was cultured in a 50 L medium at 28 ‑C for

biosynthesis have been discovered. Tllese are represented by a new

4 d. The nonsaponifiable lipids from lyophihsed cells (dry weight,

be

novel.

Recently,

unusual

enzymesとind

pathways

for

class of prenyltransferases having no similarity lvith the known

3792 ￨
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195

g)

were

extrとicted

as

described

above

and

concentrated

by
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vacuum drying to obtain 5.1 g of the residue. The //‑hexane extract
was partially purified by silica gel (500 g) column chromatography

added to the solution (0.3 mL) containing 1 mg substrate (2‑PP),
10

mM

MgCl;

and

10

mM

MnCl:.

2‑PP

、、′乙is

synthesised

from

(144 mg) was separated by subjecting it to silica gel (40 g) column

the isolated compound 2 according to tlle method described by
Davisson et al. After incubation at 28 C for 12 h, the reaction

chromatography with /z‑hexane in order to obtain 5.5 mg of pure

lvas quenched by adding 5 mL of MeOH. The reaction mixture

compound 1. The fraction eluted with EtOAc (4.5 g) was subjected

was extracted ＼vith J卜hexane (10 mL x 3) and analysed by GC‑MS

to silica gel (300 g) column chromatography via gradient elution

(JMS‑QIOOO GC K.9) under the following conditions: an injection

using

temperature of 290 ‑C and an oven temperature of 180‑270 0C

with Jトhexane and EtOAc. The frこiction eluted ＼vith lz‑hexane

a

mixed

solvent

comprising

Ji‑hexこme

and

EtOAc

(100

:

1

100 : 5). The complete purification of compound 2 (5.1 mg)
lvas achieved by reverse‑phase HPLC (Shiseido, CAPCELL PAK
C18)with MeOH‑H:O(100 : 5).

at

an

increment

of3

C

min一.

The

abundance

of

the

molecular

ion ml二484 1vas measured for estimating the relative amount of

product 1. These incubation experiments Were carried out twice
and similar results were obtained on both occasions.

Instrumental data of compound 1
Colourless oil; 【α∃ +80.5 (c 0.35, CHCI3); NMRとissignment is

shown inTable2. EIMS:m/z484(66), 387(59), 189(31), 161 (86),
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