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The cellular fatty acids and quinones of streptomycetes isolated from volcanic soils were analysed.

The strains contained fatty acids of 14 to 17
methylpentadecanoic acid were dominant in
fatty acid family, 16.8%

carbon chains, and 12-methyltetradecanocic acid and 14-
most strains. The total profiles consisted of 74% branched
linear family and 8.2% unsaturated family. The largest cluster of grey spore

masses defined by numerical classification was separated from the remainders in the principal

component analysis, but the other clusters were overlapped with one

another. In the analysis of

respiratory quinones, all of the strains contained either the menaquinone of 9 isoprene units with 6
hydrogenations or 8 hydrogenations as the major species. The distribution of menaquinones among the
clusters could provide an important key in the chemotaxonomy of streptomycetes.
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Fatty acids are one of the most important building
blocks of cellular materials, and in bacteria they occur in
the cell membranes as the acyl constituents of the phos-
pholipids (12). The straight-chain family is commonly
found in bacteria, and constitutes a major proportion of
the membrane in many bacterial groups. The branched-
chain family, which includes iso-, anteiso-, and ®-alicyclic
fatty acids with or without substitution (unsaturation
and hydroxylation), is not so common as the straight-
chamn family, but is still very significant in bacterial tax-
onomy as well as their function in maintaining mem-
brane fluidity (2, 12, 16, 20). In actinomycetes, the
branched chain family occurs as a major family in many
cases, and plays an important role as a chemical marker
for discrimination of genera and species (12, 21). The
third family, the unsaturated fatty acids, are found in mi-
nor amount, but are important in the bacterial groups
having straight-chain fatty acids for the membrane flui-
dity (24).

Saddler and his colleagues (21) analyzed fatty acid pro-
files of streptomycete strains which had been previously
studied in numerical ways, and compared them together
their morphology and pigmentation properties,
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principal component analysis,

Isoprenoid quinones are a class of terpenoid lipids lo-
cated in the plasma membranes of many bacteria, and
play an important role in electron transport, oxidative
phosphorylation, and possibly active transport (5, 10).
The majority of the aerobic and facultatively anaerobic
Gram-positive hacteria including actinomycetes produces
menagquinones, and in streptomycetes menaquinones hav-
ing 9 isoprenyl units with multiple saturation are mainly
found. From the distribution of the quinone species
among the prokaryotes, it appears that menagquinones
have far greater discriminatory value than ubiquinones.
In actinomycetes that contain menaquinones only, vari-
ations in isoprenyl side chains occur, which is of sig-
nificant value in taxonomic view (4).

In the present study the streptomycetes which were
isolated from soil and were numerically classified, were
examined for their fatty acid profiles and menaquinone
composition, together with their morphological charac-
teristics to examine the significance of each tool in the
classification of streptomycetes.

Materials and Methods

Isolation of streptomycetes
Soil samples were taken and treated as described by
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Labeda (14). The samples were heat-dried and diluted
to inoculate on starch casein agar plates (13) sup-
plemented with cycloheximide and nystatin (50 g/ml
each). Single colonies were picked and subcultured re-
peatedly on ISP 2 medium (23). And suspensions of
spores and mycelial fragments were kept in glycerol
(20%, v/v) at -4°C.

Morphology and pigmentation

Spore mass and substrate mycelium pigmentation as
well as soluble pigment production were determined on
ISP 3 agar plates whereas spore chain morphology was
observed on the coverslips grown on 1SP 4 medium. The
morphological categories were described by Williams ef
al. (25).

Fatty acid analysis

obtained from liquid cultures in
Sauton’s broth medium (Difco) at 28°C for 2 days, freeze
dried. and kept refrigerated for further analysis. Ex-
traction of fatty acids as their methyl esters were per-
formed by alkaline methanolysis (19). Fatty acid methyl
esters were separated by HP-1 capillary column (530
mm LD., 30m length, 2.65um film) in HP 5809A gas
chromatograph (Hewlett Packard) equiped with flame
ionization detector. The temperature was programed to
hold at 170°C for 1 min, then to rise by 5°C/min. Injector
temperature was held at 250°C , and detector at 300°C.
The peaks were identified by VG Quattro mass spec-
trometer (Fisons Instruments). The data was normalized,

Biomasses were

and multivariate analysis and cluster analysis were per-
formed using MVSP 2.0 (Multivariate Statistical Package,
Kovach Computing Services).

Quinone analysis
Some  30~40mg of dried cells treated with
chloroform/methanol (2: 1, v/v) by shaking overnight.

was

Table 1. List of clusters and their morphological properties
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The extracts were concentrated in vacuo using electric as-
pirator, and the cell debris was removed by centrifugation.
The solvents were evaporated completely, and the rem-
nant was resuspended in hexane. High performance liquid
chromatographic separation of the quinones was done with
ODS Hypersil column (200x4.6 mm, particle size 5 um,
Hewlett Packard) and acetonitrile/tetrahydrofuran (70 : 30,
v/v) as the mobile phase. The flow rate was 1 ml/min at
37°C, and the detector was a UV detector operated at 254
nm. The peak fractions were collected, evaporated. and
then redissolved in hexane. Direct probe mass spec-
trometric analysis was performed to identify each quinone
peak, in whicli the analysis was performed with electron
impact lonization at 70 eV and probe temperature operated
from 150 to 250°C by 10°C/min. Parental ion scanning was
performed hy tandem mass spectrometry where the select -

| Wq i

Retention Time (min)

=

Fig. 1. Fatty acid profile of a test strain {(SB201) as their methyl
esters analysed hy gas chromatography. The numbered peaks are
150-C14 2 0, n-Cl4 1 0, iso-C15 : 0, anteiso-C15: 0, C15: ¢, C16: 1.
150-C16 1 1, C16 1 1, n-C16 1 0, C17 1 1, C17: 1, 40-C17 : 0, C17: 1
and #-C17 © (.

Color of!

Cluster #strains - Diffusible pigment' Spore chain”
Spore mass Substrate mycelium
1A 39 Grey (90)’ Yellow-brown (92) Yellow-orown (51} Retinaculiaperti (72)
1B 5 Blue (60) Yellow-hrown (100) Yellow-brown (100) Retinaculiaperti (80)
1C 8 White (100) Yellow-brown (88) Yellow-hrown (50) Retinaculiaperti (75)
3A 10 Ivory (70) Yellow-brown (90) Yellow-hrown (60) Rectiflexibnles (90)
3B 13 Grey (56) Yellow-brown (1001 Yellow-hrown (89 Rectiflexinles (100)
10 4 Grey/  white Yellow-brown (100} Yellow-brown (100) Retinacuiaperti (75)
20 4 Grey (100) Yellow-brown (100) Yellow-hrown (50) Rectiflexibiles (75)

' Determined on ISP 3 agar plate after growth at 28C for 2 weeks.
“ Determined on ISP 4 agar plate after growth at 28°C for ¥ weeks.

"Numbers in parenthesis are the percentage of characters in the cluster.
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Table 2. Fatty acid profiles of test strains

Jour. Microbiol.

Strains 41 49 6.2' 6.8' 7.8 8! 82 8.4 9.2' 9.6'
1A

SB180 0.5 1.1 12.3 16 9.3 26.5 0.3 5.6 0.8 25.1
SB182 0.5 09 124 1.9 9.7 24.1 0.3 6.2 0.8 25.1
SB223 0.9 0.0 24 0.9 12.8 174 23 139 1.1 94
SB234 0.5 1.3 7.3 14 4.8 29.8 0.5 83 09 20.0
SB244 0.7 22 104 13 16 34.0 04 9.2 1.0 21.6
SB271 3.0 0.0 48 0.0 15.8 227 0.0 7.5 0.0 242
SB305 0.2 02 8.2 1.3 6.8 9.8 0.1 10.6 0.9 314
SB675 04 0.3 7.0 1.6 9.2 19.1 0.3 6.7 0.7 240
S parvdus 04 0.7 7.0 04 0.0 40.5 0.5 44 2.2 19.3
1B

SB217 04 0.2 6.9 0.7 12.3 133 0.2 3.1 1.6 30.6
SB237 0.3 0.2 3.2 09 5.0 134 0.0 21 14 24.2
SB264 0.8 24 9.8 1.3 0.0 33.8 0.3 10.7 0.3 19.9
SB266 0.3 0.3 29 0.6 114 17.2 0.5 59 1.7 244
SB303 04 0.0 5.3 04 15.7 224 0.3 26 26 20.7
1C

SB201 4.0 0.0 46 0.0 9.3 29.1 0.0 0.0 0.0 15.8
SB246 1.7 0.1 3.9 0.3 13.6 199 0.2 6.7 0.9 24.3
SB274 0.9 1.3 3.9 0.7 114 34.0 0.8 1.6 1.2 10.7
SB654 1.2 0.0 4.0 1.3 6.8 40.4 0.0 59 0.0 12.7
S piosus 0.0 0.0 9.0 1.2 176 29.1 1.2 5.8 1.8 16.3
3A

ASB186 21 0.0 7.6 0.0 116 253 0.0 8.1 0.0 271
SB222 0.9 0.0 5.3 0.9 6.9 14.6 0.0 34 21 31.7
SB230 16 0.0 51 15 6.5 176 0.0 24 0.0 234
SB278 0.1 0.1 6.0 1.7 0.0 21.1 0.1 6.6 0.5 205
SB294 0.7 0.6 7.0 1.0 45 25.0 0.8 4.2 1.0 195
SB29%6 0.8 04 21 0.6 1.6 226 0.0 0.8 11 19.8
SB306 0.2 0.2 8.0 1.3 59 108 0.1 10.7 0.9 30.9
S vanaceus 0.9 0.0 44 0.6 115 21.6 0.6 44 22 18.8
3B

BSB198 20 0.0 49 09 10.2 274 0.0 21 0.0 164
SB277 0.0 0.0 21 0.0 55 134 0.0 16 21 29.7
SB290 0.5 0.6 5.0 1.1 0.0 30.8 0.6 1.8 4.9 174
SB659 0.0 0.0 13.0 0.0 5.2 17.3 0.0 6.9 22 32.7
SB672 1.0 0.0 4.5 0.0 27 25.6 1.0 1.7 1.2 21.3
S atrodiaceus 0.6 1.1 8.2 0.9 15.3 23.7 0.6 5.0 17 15.7
8 kanamyceticus 1.2 0.3 6.8 03 77 239 0.3 23 18 19.6
10

SB284-1 0.8 0.5 6.2 0.8 4.6 26.7 0.8 3.7 11 18.7
SB284-2 0.6 1.1 3.6 0.7 11.0 33.2 0.6 1.5 12 109
SB307 0.3 0.6 8.6 1.0 16.5 264 0.9 54 1.7 16.0
S. janthirus 0.9 0.0 2.2 1.3 51 524 0.0 37 0.0 10.1
20

SB190 2.2 0.0 4.2 0.0 6.7 228 0.0 41 0.0 23.3
SB673-1 0.7 0.0 6.2 2.3 86 26.0 0.0 20 0.3 194
SB673-2 1.2 0.5 2.7 0.7 3.3 224 0.0 09 1.3 20.7
S exfoliatus 1.6 0.5 111 13 8.8 417 0.1 3.7 45 52.7
Single-member cluster

SB203-1 0.0 0.0 5.3 1.7 111 25.7 0.0 4.2 0.0 16.9
SB203-2 14 0.0 10.0 1.6 9.1 15.3 0.0 5.7 1.6 29.8
SB254-1 0.6 20 10.9 13 3.1 34.2 0.5 7.7 18 233
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Table 2. Continued

Strains 41 49 6.2' 6.8' 7.8 8 8.2 8.4 9.2! 9.6'
SB287 0.2 0.2 8.1 13 6.4 10.3 0.1 106 09 312
SB293 04 0.0 13.6 0.4 54 178 0.0 7.1 22 332
1A

SB180 0.1 6.8 0.1 1.5 15 46 1.2 0.5 0.1 04
SB182 0.2 8.0 0.2 1.5 16 4.2 1.3 0.6 0.3 0.3
SB223 5.3 7.7 3.6 24 44 12.2 0.0 3.6 0.0 0.0
SB234 0.6 8.8 0.7 18 15 7.0 24 0.9 0.5 1.0
SB244 0.2 6.5 0.2 1.2 08 5.5 16 0.9 0.2 0.6
SB271 0.0 9.0 0.0 0.0 46 8.4 0.0 0.0 0.0 0.0
SB305 1.7 14.6 0.8 0.7 26 5.3 0.8 34 0.3 04
SB675 11 14.0 0.7 0.8 28 7.1 1.8 19 0.2 0.5
S. parndus 0.7 3.7 19 2.5 29 10.0 0.8 0.9 0.4 0.8
1B

SB217 0.9 10.1 1.5 1.2 5.8 74 1.1 15 0.4 0.6
SB237 3.6 125 3.8 32 4.6 14.3 29 1.8 11 15
SB264 03 75 0.3 11 11 6.4 20 09 0.4 0.7
SB266 1.0 9.7 20 1.9 5.3 10.1 1.3 25 0.4 0.7
SB303 0.8 53 1.6 21 6.2 10.8 0.9 1.2 0.3 0.4
1C

SB201 4.2 131 0.0 3.7 0.0 9.9 6.3 0.0 0.0 0.0
SB246 0.5 9.3 1.0 0.9 5.0 9.2 0.7 1.3 0.2 0.3
SB274 0.7 59 10 14 7.8 13.3 18 0.5 0.0 1.0
SB654 0.0 7.5 0.0 0.6 14 16.0 0.8 13 0.0 0.0
S. prosus 0.0 55 0.0 15 26 8.3 0.0 0.0 0.0 0.0
3A

SB186 0.0 7.2 0.0 0.0 32 7.8 0.0 0.0 0.0 0.0
SB222 1.7 14.4 1.3 16 31 8.3 16 16 0.0 .7
SB230 31 13.0 31 2.4 3.8 111 26 15 0.0 11
SB278 0.9 226 0.5 0.8 2.7 8.0 0.7 6.1 0.0 0.9
SB294 0.0 114 0.0 3.7 09 9.6 52 0.8 1.0 31
SB296 38 9.7 2.3 3.8 1.0 20.1 45 0.5 16 25
SB306 1.7 14.7 0.9 0.7 2.6 25 0.8 3.5 0.3 0.4
S. vanaceus 0.9 8.7 21 21 56 10.3 20 22 0.0 1.0
3B

SB198 21 13.0 1.0 3.0 1.5 10.0 55 0.0 0.0 0.0
SB277 29 7.4 3.0 2.8 6.4 216 0.0 1.3 0.0 0.0
SB290 9.2 9.6 2.2 4.0 1.0 6.3 3.7 04 0.6 0.4
SB659 0.0 35 0.0 9.5 0.0 6.9 29 0.0 0.0 0.0
SB672 0.0 131 0.0 24 14 16.5 4.2 1.0 0.0 24
S. atrodlivaceus 0.9 6.3 1.3 21 3.2 10.0 12 14 0.3 0.6
S. kanamyceticus 0.7 10.1 0.7 36 2.0 10.0 5.8 04 0.7 21
10

SB284-1 0.0 9.7 0.1 4.3 1.1 109 4.8 0.7 11 3.3
SB284-2 0.8 6.0 11 16 8.3 14.1 20 0.6 0.0 11
SB307 0.5 5.9 0.6 18 29 9.2 0.6 0.7 0.1 0.3
S. janthinus 0.0 5.6 0.0 0.5 1.2 15.7 0.5 0.7 0.0 0.0
22

SB190 17 8.3 2.4 2.3 49 14.8 0.0 2.3 0.0 0.0
SB673-1 19 12.6 22 23 2.9 7.2 45 0.0 0.4 0.4
SB673-2 4.2 8.7 21 3.9 21 16.7 4.4 0.5 15 24
S. exfoliatus 7.0 19.6 3.2 53 52 278 1.3 1.8 1.8 0.7

Single-member cluster
SB203-1 0.0 13.0 21 2.3 2.9 10.1 4.7 0.0 0.0 0.0
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Table 2. Continued
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Strains 4.1 4.9 6.2' 6.8' 7.8' 8' 8.2 8.4 9.2! 9.6'
SB203-2 2.3 8.9 1.1 11 21 5.8 29 13 0.0 0.0
SB254 0.0 5.6 0.0 14 0.5 4.5 1.3 0.8 0.0 0.5
SB287 L7 14.6 0.8 0.7 26 5.4 0.8 3.5 0.3 04
SB293 0.0 3.5 04 7.9 0.0 56 2.1 0.0 0.0 04

' Numbers designate the retention times of -C14 : 0,C14:0,+C15: 0, -C15:0,C15: 0, C16: 1, i-C16: 0, C16 : 1,C16:0,C17:1, C

17:1,#C17 : 0, @-C17 : 0, C17 : 1, and C17 : 0, respectively.

ed ions were monitored.

Results

Morphological features

Eighty eight strains of 7 representative clusters de-
fined by numerical classification were used in the
analysis. They included 7 reference strains of strep-
tomycetes: S. parvidus (cluster 1A), S. piosus (cluster
1C), S. vanaceus (cluster 3A), S. atroolivaceus and S, ka-
namyceticus (cluster 3B), S. janthinus (cluster 10), and S.
exfoliatus (cluster 20). Most of the test strains produced
grey spores, yellow to brown substrate mycelia and yel-
lowish brown diffusible pigment. The colors of spore
masses provided high discriminatory value while the oth-
er pigmentation properties did little. The strains in the
cluster 1A, 1B and 1C mostly produced Retinaculiaperti
(RA) chains of spores, and the strains in cluster 3A and
3B produced Rectiflexibiles (RF) chains of spores.

Fatty acid profile

Whole organism methanolyzates of the test strains con-
tained the fatty acids having 14 to 17 carbon chains,
which are commonly found in prokaryotes (12), and a
GC chromatogram is given in Fig. 1. Most of the strains
had 12-methyltetradecanoic acid (anteiso-C15) and 14-
methylpentadecanoic acid (iso-C16) as the major species
(Table 2). Branched fatty acids were dominant in all
cases, constituting 74% of the total fatty acids in average,
and the linear ones 16.8%. The unsaturated fatty acids,
mostly hexadecenoic acid isomers (C16:1) and hep-
tadecenoic acid isomers (C17 : 1), accounted for 8.2% of
the total.

Principal component analysis (8) was performed with
the quantitative profiles of the test strains, and the scatt-
er plot with the first two principal component axes show -
ed complex relationship among test strains and clusters
as shown in Fig. 2. The strains of grey spores (cluster
1A) were scattered in the upper side, and those of light
colored spores (cluster 3A and 3B) were clustered in the
lower side. The strains in the cluster 1B were scattered
in a wide range, and so were the strains in the cluster

AXIS

418 ] 32
* AXIS 1

Fig. 2. Ordination plot of the principal components analysis
results showing the relationship among the clusters (MVSP 2.0).
The frist principal component axis explained 39.0% of the total
variance, and the second axis 16.3%.

1C, thus showing that these clusters were not homo-
geneous. The members in the clusters 10 and 22 were re-
covered as separate groups each, and were close to clust-
er 3A and 3B. S. vanaceus, which belonged to cluster 3A,
was far from all other strains. The first principal com-
ponent axis accounted for 39.0% of total variance among
the test strains, and the second axis explained 16.3%.

Menaquinone composition

The menaquinone profiles were investigated in 17
representative strains from each cluster (Table 3). The
mass spectra of the menaquinones always contained m/z
225 as the predominant peak. And from the molecular
ion peaks the numbers of isoprene units and the degree
of hydrogenation were calculated (Figure 3 and 4 and
Table 3). In the parental ion scans, mass to charge ratio
of 510, 524, 538, and 552 were always present in the
spectra. These masses were possibly from the frag-
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Table 3. Major menaquinone composition of some strains of the
representitive clusters

Strains Cluster Molecular Menaguinone species”
Masses'
SB182 1A 793, 791 MK-9(Hy), MK-9(Hs)

SB249 1A 793, 791, 787
SB234 1A 793, 791
SB180 1A 793, 791

MEK-9(11y), MK-9(t), MK-9(I1.,)
MK-9(H,), MK-9(H.)
1\’”\7"9(}_{&), I\/IK_S)(HG)

SB303 1B 793,791, 789 MK-9(H.), MK-9(H,), MK-9(H.,)
SB266 1B 793,791, 789 MK-9(H.), MK-9(H,), MK-9(H,)
SB237 1B 793, 791 MK-9(Hy), MK-9(H,)

SB310 1€ 793 MEK-9(H.),

SB197 1C 791 MK-9(15)

SB201 1C 793, 791 MK-9(Hs), MK-9(Hs)

SB294 3A 791, 793, 789
SB222 3A 791, 793, 789
SB672 3B 791, 793, 789
SB659 3B 791, 793, 789,
S atrool- 3B 723

MK-9(Hs), MK-9(Hs), MK-9(H.)
MK-9(H,), MK-9(Hy), MK-9(H.)
MK-9(H,), MK-9(11,), MK-9(11,)
MK-9(Hs), MK-9(H,)

MK-9(Hs), MK-9(H,), MK-9(H,)

waceus MEK-8(H)
SB284 10 793,791, 789  MK-9(H.), MK-9(H,), MK-9(H,)
SB190 22 793,791,789 MK-9(1.), MK-9(H,), MK-9(H,)

785, 723 MK-9, MK-8(H,)
‘ Tandem mass spectrometric analysis of molecular tons was per-
formed by parentat ion selection of m/z 225.

*Major species were put in order.

538
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mz

(a) MK-9(Hs), SB222
Fig. 3. A mass spectrum of the menaquinone SB222 by tandem
mass spectrometry. Parental ions of m/z 225 were selectively re-
cored, and the molecular ion peaks appeared as the dominant
masses.

mentation of 6th isopreny! unit, giving off the series of
masses by the difference of 14-the mass of one carbon
plus two hydrogens. Thus the point of saturation would
be identical throughout all the tested strains, but the lo-
cation of the point could not be determined by the mass
spectra alone. All of the test strains had menaquinones
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(b) MK-9(Hy), SB310

Fig. 4. A mass spectrum of the menaquinone from SB310 by tan-
dem mass spectrometry.

of 9 isoprene units, designated as MK-9, with 1 to 4 dou-
ble bonds saturated, MK-9(H,)~MK-(H.), of which the
molecular masses were 787 to 793. MK-9(H.) or MK-
9(H,) was dominant in all cases. The strains in cluster 1
had MK-9(H,) as the major component in most cases
whereas the strains in cluster 2 had MK-9(H,) as the ma-
jor component in most cases. The strains in subcluster
1A had MK-9(H,) and MK-9(H.) as the two major com-
ponents, the strains in subcluster 1B had MK-9(H,) as
minor component in addition to MK-9(H,) and MK-9(H,),
and the strains in subcluster 1C had either MK-9(H.) or
MK-9(H,) as the major component. Most strains in sub-
cluster 3A and 3B had MK-9(H.) and MK-9(H.), and an
additional MK-9(H.). The distribution of menaguinone
species among the clusters implicated the possible po-
tential of menaguinones as the marker for discrimination
of clusters.

Discussion

The genus Sireptomyces is a morphologically diverse
group, forming characteristic structures and producing a
variety of pigments, most of which are highly diagnostic
(17, 18, 25). The numerical and chemical taxonomic stu-
dies with streptomycetes provided some criteria for
their taxa with morphology and pigmentation, thus, the
visual observation was important in the classification of
streptomycetes 7, 11, 21, 22, 25). The morphology of
spore chains, cclors of spore masses, mycelia and dif-
fusible pigments, are important kevs in the charact-
erization of the clusters defined by both numerical and
chemical methods despite their possible variations ac-
cording to the culture conditions or by mutations (15).
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Fatty acid profiles in bacterial taxonomy were already
proved useful with a wide range of bacterial groups (1, 3,
6, 21). The branched fatty acids were dominant in all
cases, which was in good agreement with the previous
studies on streptomycetes (17, 21). There was no charac-
teristic fatty acid species for a specific group of test
strains, rather quantitative differences and the presence
or absence of a few fatty acids among strains were
found. The principal component analysis showed the re-
lative distances both among test strains and among
groups which were defined by numerical classification,
and the strains of common morphological features were
gathered within a group in agreement with the num-
erical classification. The strains in the clusters 3A, 3B
and 20, producing rectiflexibile spore chains, were close
with each other, thus showing the importance of spore
chain morphology as one of the key characters.

The quinone composition of some representative
strains from major and minor clusters implied the tax-
onomic potential of menaquinones in streptomycetes.
And the determination of double bond saturation in
isoprenyl side chains would give a better discriminatory
value. In general the distribution of MK-9 species with
the saturation of 1 to 4 isoprene units gave as much valu-
able information as the relative composition of MK-9(H.,)
and MK-9(H;), in which altogether discrimination
between the clusters defined by numerical classification
could be made.

The tandem mass spectrometry proved to be a good
tool for identifying the quinones by conveying in-
formations about the point of double bond saturation.
The degree of saturation probably affected the frag-
mentation of the molecules, so that the molecular ion
peaks became relatively smaller as the degree of sa-
turation became higher, while the fragmentation began
to increase. The points of saturation were, as was in the
previous reports, the second, third and eighth position in
MK-9(H6), and the ninth in addition to the above po-
sitions in MK-9(H8). The location, however, can not be
a decisive one if determined only by the mass spectra,
and in order to better support the result, more data need
to be collected, and some other additional information
such as nuclear magnetic resonance spectroscopic
analysis may be required.

The comparison between morphology and pig-
mentation properties and chemical data gave a good gen-
eral correlation for each view. Molecular taxonomy, to-
gether with these, have a strong potential due to the fact
that the genetic materials to be studied do not change in
accordance with environmental or conditional variations,
which has become one of the focuses for actinomycete
taxonomy, providing new views with a number of

Jour. Microbiol.

methods (9). And performing a polyphasic taxonomy in-
cluding numerical, chemical and molecular based works
together will be a significant work.
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