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The cellular fatty acid, sphingolipid, and isoprenoid quinone compositions of Flavobactenium odoratum,
Flavobactenium breve, and Flavobacterium-like groups Ile, IIh, and Ilf were determined, using thin-layer,
gas-liquid, and reverse-phase high-performance liquid chromatography. The fatty acid data showed that
groups Ile, IIh, and lIf were similar to recognized Flavobacterium species by the presence of relatively large
amounts of iso-branched hydroxy and nonhydroxy acids. Groups Ile and IIh were essentially identical in fatty
acid composition but were distinguished from group IIf, F. breve, and F. odoratum on the basis of minor
qualitative and quantitative differences. All strains tested contained menaquinone 6 as the major isoprenoid
quinone, and all lacked sphingolipids. Overall, the chemical data suggest that groups Ile, IIh, and Ilf are
additional Flavobacterium species and are different from sphingobacteria, which contain sphingolipid and
menaquinone 7 as the major quinone.

In recent years, our laboratory has reported (5, 15) the
similarity in the cellular fatty acid compositions of Flavo-
bacterium meningosepticum and some unnamed groups of
organisms (Ilb, IIk-2, and IIk-3). These bacteria, which were
originally described by the late Elizabeth 0. King, Centers
for Disease Control (CDC) (21), have since been designated
by DNA studies as new species of flavobacteria (9-11, 22).
The later discovery of sphingolipids in certain flavobacteria
has led to the reclassification of groups IIk-2 and IIk-3 in a
new genus, Sphingobacterium, which is distinct from Fla-
vobacterium primarily on the basis of the presence of
sphinganin compounds in the cell membrane (22). During
recent years, some of the originial CDC group Ilb strains
have been reclassified as Flavobacterium indologenes (22),
Flavobacterium gleum (10), and Flavobacterium balustinulm
(10); some remaining Ilb strains are still unidentified.

In this report, we have extended our investigation to the
Flavobacterium-like groups Ile, IIh, and Ilf, which have not
been assigned to any taxon (17-20), and have compared
these groups with Flavobacteriumn breve and Flavobacte-
rium odoratum, two species which are closely associated
with them in conventional tests. Our data from the analysis
of cellular fatty acids, sphingolipids, and isoprenoid
quinones indicate that the unnamed groups are readily
distinguished from sphingobacteria and are probably addi-
tional species of flavobacteria.

MATERIALS AND METHODS

Cultures. Type and reference strains of the following
bacteria were obtained from the culture collection of the
Special Pathogens Reference Laboratory, Center for Infec-
tious Diseases, CDC: F. odoratum, 11 strains, including the
neotype strain NCTC 11036/CDC-KC1416 (12); F. breve, 11
strains, including the type strain NCTC 11099/CDC-KC1428
(8, 13); CDC group Ile, 9 strains; and CDC groups IIh and Ilf,
10 strains each. Detailed descriptions of the morphologic and

* Corresponding author.

biochemical characteristics of these bacteria have been
published previously (19, 20).

Culture conditions. For all chemical tests, strains were
inoculated onto heart infusion agar plates supplemented with
5% rabbit blood. The plates were incubated at 35°C for 24 h
for cellular fatty acid and sphingolipid analysis and for 48 h
for quinone analysis. Sufficient cell mass for each strain was
obtained by harvesting growth from five plates for quinones,
six plates for sphingolipids, and one plate for cellular fatty
acids.

Determination of cellular fatty acids. Cells were harvested
from approximately one-fifth of one heart infusion agar-
rabbit blood plate, saponified by adding 1.5 ml of 15% NaOH
in 50% aqueous methanol, and heated at 100°C for 30 min.
Fatty acids were esterified by adding 2.2 ml of 25% HCI in
methanol to the cooled hydrolysate, and the contents were
again heated to 100°C and held for 10 min. The fatty acid
methyl esters were then extracted according to a previously
published procedure, except that the amount of ether-
hexane (1:1) was reduced to 1.5 ml (3). After mixing, the
aqueous layer was removed, 1.0 ml of phosphate buffer (pH
11.0) was added, and the contents were mixed by shaking.
The phases were allowed to separate by standing for 2 to 3
min, and the organic layer containing the methyl esters was
removed to a test tube (13 by 100 mm) for subsequent
analysis.
GLC of cellular fatty acids. Fatty acid methyl esters were

analyzed by gas-liquid chromatography (GLC) with a model
3700 hydrogen flame ionization gas chromatograph (Varian
Instruments, Palo Alto, Calif.) equipped with a fused-silica
capillary column (50 m by 0.2-mm inner diameter) containing
OV-1 as the stationary phase; data were recorded with a
3390A electronic integrator (Hewlett-Packard, Avondale,
Pa.). Conditions for GLC analysis were described in an
earlier report (16). Cellular fatty acids were identified by
comparing retention times with those of authentic standards
(Alltech Associates, Inc., Applied Science Div., State Col-
lege, Pa.; Supelco, Bellefonte, Pa.) before and after sample
acetylation and hydrogenation (4). GLC-mass spectrometry
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(14) and a mathematical plot of carbon number and retention
time were also used to support the identification of both
branched-chain and straight-chain hydroxy acids when stan-
dards were not commercially available.

Determination of sphingolipid long-chain bases. The meth-
ods used for the hydrolysis and extraction of sphingolipid
bases from whole cells were those described by Yabuuchi et
al. (23) and Yano et al. (24). Extracts of long-chain bases
obtained from alkaline hydrolyzed cells were analyzed both
by thin-layer chromatography and by GLC as the
trimethylsilyl-ether derivative, using the trimethylsilyl
derivatization procedure for long-chain bases described pre-
viously (2).

Thin-layer chromatography of sphingolipid bases. Ether
extracts of the long-chain bases were developed on activated
silica gel thin-layer plates with a solvent system of chloro-
form-methanol-water (65:25:4) as previously described (2).
Ether extracts of the bases of Flaiobacteriurn (Sphini-
gobacteriimn) multiv,orum (CDC B5533, type strain) and F.
meningosepticumn (CDC 14, type strain) were used as con-
trols on each plate. The long-chain bases were visualized as
dark blue areas after the plates were sprayed with a ninhy-
drin solution (0.2% in acetone).
GLC of long-chain bases. Trimethylsilyl derivatives of

sphingolipid bases (1 .1i) were analyzed with a 3% OV-101-
packed column (3.05 m by 6.71-mm inner diameter); peaks
were recorded with a 3390A electronic integrator. Condi-
tions for GLC analysis and identification of long-chain bases
were as previously described (2).

Determination of isoprenoid quinones. Cells were hydro-
lyzed by adding 0.2 ml of 50% aqueous KOH and 3 ml of 1%
pyrogallol in methanol and boiling (100°C) for 10 min. The
cooled hydrolysates were then extracted with ether-hexane
(1:1) as previously described (2). Quinones were finally
dissolved in methanol and examined by reverse-phase high-
performance liquid chromatography (HPLC).
HPLC of isoprenoid quinones. Authentic quinone stan-

dards and extracts of bacterial quinones were separated by
HPLC as previously described (2). The HPLC system con-
tained a model 1220 variable wavelength detector (LDC
Div., Milton Roy Co., Riviera Beach, Fla.) and a
p.Bondapak (300 by 3.9 mm, 10-p.m particle size) Cl8 re-
verse-phase column (Waters Associates, Inc.. Milford,
Mass.). The gradient system was methanol-isopropanol-
water (75:25:5) with a flow rate of 1 ml/min. Quinone
standards and bacterial extracts were monitored at 248 and
275 nm and were collected from the HPLC column for
mass-spectrometric analysis. Identities of quinones were
confirmed by analysis on a DuPont mass spectrometer
equipped for both electron impact and chemical ionization
(2).

RESULTS AND DISCUSSION

There are currently two major chemical groups of clini-
cally important bacteria which have been recognized in the
genus Flavobacterimn. One group is classified under the
taxon Flavobhaterimrn and has been shown to differ in
chemical composition from the second group, Sphin-
gobacteriiln (22). The major differences between these
groups are in their sphingolipid and isoprenoid quinone
contents and in the relative amounts of characteristic cellular
fatty acids. Sphingobacteria were so named because they
contain relatively large amounts of sphingophospholipids,
which are relatively uncommon in bacteria (22). These lipids
contain major amounts of sphinganin-type long-chain bases,

the most abundant of which was identified as N-2-hydroxy-
13-methyltetradecanoyl-5-methylhexadecasphinganine (24).
The species of flavobacteria which were found to contain
sphingolipids and are presently classified as Sphin-
gobac,teriimn are F. inultih oruin (11) and F. spiritivorilm (9).
Also included in the genus is a newly described organism,
Splhingobaciterimin inizitae (22). In addition to these species,
we have demonstrated the presence of sphingolipids in a
recently named Flavobacteriumn species, F. thalpophiii,in
(2, 7). In the same study, we found that these lipids could
not be detected in F. mneningosepticum, F. indologenes, F.
haliustinunm, F. breve, or F. odorati,m (2).

In addition to the presence of sphingolipids, sphingo-
bacteria possess menaquinone 7 as the major respiratory
quinone, whereas flavobacteria have menaquinone 6 as the
primary quinone (2). The cellular fatty acid compositions of
the two groups are quite similar, but some differences in the
relative amounts of particular fatty acids provide a means for
distinguishing between the groups. Members of Sphin-
gohacteriurm contain a monounsaturated 16-carbon acid
(16:1A9) in amounts up to 22% of the total fatty acids,
compared with 2% or less of this acid in F. neminitgo-
septicuin, F. g1elen, F. indologenes, and Flavobacterium
species group lIb (10, 15, 20). In addition, species of
flavobacteria contain a monounsaturated 17-carbon
branched-chain acid (i-17:1) which may be present in
amounts as great as 20%, compared with 2% or less of this
acid in sphingobacteria and F. thalpoplhiluiin. An additional
distinction between these groups is that the relative amounts
of i-15:0 and i-2-OH-15:0 are approximately equivalent in
sphingobacteria, whereas in flavobacteria i-15:0 is present in
amounts two to three times that of the i-2-OH-15:0 acid.
Other gram-negative bacteria in which we have observed a

fatty acid composition similar to that of sphingobacteria and
flavobacteria are the Capnocvtophaga spp. (3), Cytophaga
johl1.son1ac (22), and CDC groups llj and DF-2 (6). The three
documented Capnocytophaga species differed from the
above-mentioned organisms in that i-15:0 comprised approx-
imately 75% of the total fatty acids, with only trace to small
amounts of 16:lA9, i-3-OH-15:0, and i-3-OH-17:0 present.
The i-2-OH-15:0 and i-17:1 acids were completely absent
from Capnocytoplhage spp. The cellular fatty acid composi-
tion of CDC group DF-2 was essentially identical to that of
Capnocytophaga spp., whereas CDC group lIj was found to
be more similar to flavobacteria (6). The major fatty acids
identified in group IIj were i-15:0 and i-17:1, which com-
prised approximately 50 and 18% of the total acids, respec-
tively. Relatively small amounts of i-2-OH-15:0, i-3-OH-
15:0, i-3-OH-17:0, 16:0, linoleic (18:2), and oleic (18:1) acids
were observed. and 16:1A9 was completely absent from
group lIj (6). Conversely, C. johnsonae differed from all
previously described species in that a relatively large amount
of 16:0 (27 to 35%) was observed, and approximately 60% of
the total fatty acids were composed of 16:0, i-15:0, and
16:1-9 (22). Trace to small amounts of i-16:0, i-2-OH-15:0,
i-3-OH-15:0, i-17:1, i-17:0, i-3-OH-17:0 and two straight-
chain hydroxy acids. 2-OH-14:0 and 3-OH-14:0, were also
reported in C. johsonaec (22).

In the present study, we have examined the chemical
characteristics of three Flavobacterimn-like groups, Ile, IIh,
and Ilf, and compared them with the biochemically similar
species F. breve and F. odoratium. The major conventional
biochemical tests which distinguish F. breve and F.
odoratumi from these groups are shown in Table 1. F. breve,
lIe, and IIh strains are oxidative and metabolize both
glucose and maltose, whereas F. odor(itun and lf strains
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TABLE 1. Distinguishing biochemical characteristics of F. odoratuin. F. breve, and unclassified FlIavobac-teriun-like groups"
F. odoratutin Group Group Group IlhBiochemical test (74') Ilf (87) Ile (18) (21)

Pigment + (yellow) or - - + (light yellow) - -
Indole + + + +
Growth on MacConkey agar + - +
Urease" +
Esculin hydrolysis - - - +
Gelatin hydrolysis + + +
Acid production in OF' base
Glucose - + + + or(+)
Maltose - + + +

+, Positive reaction within 48 h (for gelatin hydrolysis, + is positive reaction within 14 days); + or ( +). positive or delayed positive (3 to 7 days); -, negative.
A fruity odor is often detected.
Total number of isolates in the culture collection of the Special Pathogens Reference Laboratory.

"Christensen urea agar.
"OF, Oxidative fermentative.

are nonsaccharolytic and metabolize neither of these carbo-
hydrates. Group IIh differs from the other bacteria in its
ability to hydrolyze esculin, while F. odorat,'m is distin-
guished by its ability to hydrolyze urea and by the absence of
indole production. Yellow pigment is produced by some
strains of F. odoratium and by F. breve, but none has been
observed in strains of Ile, IIh, or Ilf. In addition, F. breve,
F. odoratum, and Ilf hydrolyze gelatin, and only F. breve
and F. odoratum grow on MacConkey agar. Although Ile,
IIh, and Ilf are distinguishable by at least two or more
conventional biochemical tests from other recognized spe-
cies of flavobacteria and from each other, it is difficult to
determine on the basis of these tests alone whether these
organisms represent additional species of flavobacteria or
whether they belong to other taxa.
The data obtained from our investigations showed that

some chemical components of groups Ihe, IIh, and Ilf were
consistent with those of flavobacteria rather than
sphingobacteria. The cellular fatty acid composition of these
unnamed groups was similar to that of F. odoratum and F.
breve (and other flavobacteria) in that the major fatty acids
were isobranched and accounted for 50 to 90% of the total
acids present (Table 2). Representative chromatograms of
the cellular fatty acids (as methyl esters) of F. odoratum and
group Ilf are shown in Fig. 1, and those of F. breve and
group Ile are shown in Fig. 2. Minor qualitative and quan-
titative differences were observed among the four fatty acid
profiles, and these were found to be consistent when each
group of organisms was recultured and processed again
through the entire procedure.
The most abundant acid in each organism was an iso-

branched 15-carbon acid (i-15:0) which was present at a level
of approximately 50% of the total acids in both F. odoratulm
and group Ilf and at 30% or less in F. breve and groups Ile
and IIh (Table 2 and Fig. 1 and 2). Each organism also
contained iso-branched-chain hydroxy acids (i-2-OH-15:0,
i-3-OH-15:0, and i-3-OH-17:0), which along with i-15:0 are
characteristic acids of all flavobacteria and sphingobacteria
tested to date (2, 5, 15, 22). The fatty acid compositions of
groups Ile and IIh were essentially identical, and each
contained moderate amounts (12%) of an anteiso-branched-
chain 15-carbon acid (a-15:0) that is a useful marker for
distinguishing these organisms from other flavobacteria and
sphingobacteria, which contain only small (1%) to trace
amounts of a-15:0 (2, 5, 15, 22). Groups Ile and IIh also
contained small amounts (1%) of 2-OH-15:0, and 2-OH-17:0
acids, which were not present in any of the other organisms

studied. Several other hydroxy fatty acids (2-OH-14:0,
3-OH-14:0, i-3-OH-16:0, 3-OH-16:0, and i-3-OH-17:1) were
identified, but these were generally present in small amounts
(Table 2, footnote e).

F. breve differed from the other organisms under study by
the presence of two monounsaturated 16-carbon acids which
were tentatively identified as 16:1A9 and 16:1"lA (Fig. 2 and
Table 2). The length of the carbon chain and the degree of
unsaturation for both acids were confirmed by hydrogena-
tion and mass spectrometry; designation of the positions of

TABLE 2. Cellular fatty acid composition of F. breve, F.
odoratum, and Flav'obacterium-like bacteria isolated from clinical

specimens"

FatacdFbrv Group Group
F.

GroupFatty acidh breve Ile (9) IIh (10) odo(ratl)m lIIf (10)

i-13:0 (l 1.6 3.4 3.1 1.0
i-15:0 23.8 28.0 33.4 54.8 50.3
a-15:0 - 12.8 11.4 1.2
16:1-19 14.3 1.1 1.4 1.2 1.6
i-2-OH-15:0 3.6 9.5 9.1 2.8 7.0
16:1,111 7.1 0.6 0.7
16:0 8.1 1.3 1.8 1.4 3.9
i-3-OH-15:0 4.9 3.5 3.8 5.9 4.3
2-OH-15:0 1.2 0.9 -
i-17:1(1) 1.7 16.3 9.2 5.7 4.7
i-17:1(2) 4.8 0.4 8.3
a-17:1 0.7 0.8
i-17:1(3) 1.0 1.3 -
i-3-OH-16:0 1.4 2.0 1.1 0.5 0.1
3-OH-16:0 5.3 0.3 1.6 5.2 0.1
18:2 0.4 1.3 2.0 0.8 1.5
18:1 0.7 0.6 1.3 0.7 1.4
i-3-OH-17:0 9.1 13.1 12.2 8.3 6.4
2-OH-17:0 1.0 1.3
Other' 14.8 4.1 4.3 8.0 9.4
Total branched chain 53.1 89.1 85.6 83.7 87.5

" Values are arithmetic means.
b Number to the left of colon is the number of carbons: number to right is

the number of double bonds; i, iso; a, anteiso; OH. hydroxy; (1). (2). (3).
isomers of i-17:1 in order of elution; 18:2, linoleic acid; 18:1. oleic acid.

' Numbers in parentheses are the total of strains tested.
"-, Not detected.
" Other fatty acids occurring in trace to 2% amounts were: F. breve. 14:1.

14:0, i-15:1, 15:0. 2- and 3-OH-14:0, i-16;0, i-17:0. 18:0; F. odoratunz, 13:0. i-
14:0. 14:0, 15:1. 15:0, 3-OH-14:0. i-16:0. i-3-OH-17:1; Ilf, 14:0, i-15:1. 15:0. 3-
OH-14:0, i-16:0. i-17:0. 18:0; Ile and Ilh, i-14:0. 14:0, i-15:1. 15:0. 3-OH-14:0.
i-16:0, i-17:0. 18:0. i-3-OH-17:1.
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FIG. 1. Gas chromatograms of esterified fatty acids of F. odor-atium type strain KC1416 and group llf strain F721. Analysis was made on
a fused-silica capillary column with OV-1 as the stationary phase. See Table 2, footnote b, for peak identification.

J. CLIN. MICROBIOL.



CHEMICAL CHARACTERIZATION OF FLAVOBACTERIUM SPP.

cn

CD

I-J

C.3
I-
U.'

C,,
0
La-
co

U.'

I-
La.'

0

FLAVO8ACTERIUM
BREVE

141

GROUP IIe

11

i-3-ON-17:O

2-ONH11:0

I I IIi 2 3 4 5 6 7 8 9
IMINUTES

10 11 12 13 14 15 16 17

FIG. 2. Gas chromatograms of esterified fatty acids of F. breve type strain KC1428 and group lie strain 8973. Analysis was made on a
fused-silica capillary column with OV-1 as the stationary phase. See Table 2, footnote b, for peak identification.
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the double bond was based on comparison of capillary GLC
retention time with that of monounsaturated standards. The
relatively large amount (14%) of 16:19 present in F. breve
was useful for distinguishing this organism from other flavo-
bacteria, which contain 4% or less of this acid (15). In
addition, the 16:1'11 isomer was present in each of the 11
strains of this species (range, 4 to 11%) and was either absent
or present in only trace amounts (<1%) in other flavobac-
teria (Table 2) (2, 15). The overall fatty acid compositions of
F. odoratim and group Ilf were most similar, with both
containing large amounts (>50%) of i-15:0 (Fig. 1). How-
ever, F. odoratlum could be distinguished from group Ilf by
the presence of small amounts (5%) of 3-OH-16:0, which was
absent in group Ilf, and also by the absence of an iso-
branched-chain monounsaturated 17-carbon acid (i-17:1 [4])
which was present at approximately 8% in group Ilf orga-
nisms (Table 2).
The results of thin-layer chromatography and GLC anal-

yses showed that none of the bacteria contained
sphingolipids. Data obtained from clinical strains of F. breve
and F. odoratirn were consistent with results presented in a
previous report on the sphingolipid content of type strains of
both species (2). The type strains of F. mnultiowrim and F.
meningosepticurm were used as positive and negative con-
trols, respectively. F. minltivorirm contained a branched-
chain 17-carbon sphinganin (d-17:0 branched chain) as the
major long-chain base and minor amounts of the d-16:0,
d-18:1, d-18:0, and d-19:0 branched-chain bases, whereas
these compounds were not detected in F. meningosepticiumn.
The identities of d-16:0, d-17:0 branched chain, and d-18:0
detected in F. multiior-urm were confirmed by combined
GLC and mass spectrometry of trimethylsilyl derivatives,
which showed mass spectra essentially identical to those
reported previously for these compounds (22). No ninhy-
drin-positive spots on thin-layer plates or GLC peaks were
observed when the alkaline extracts of organisms other than
the positive-control strain were examined. In contrast to the
data presented in the present study, we have recently
reported the presence of sphingolipids in F. thalpophilurm,
with a branched-chain 17-carbon sphinganin as a major
component (2). These data are consistent with the sphingo-
lipid composition reported for Sphingobaciteriutm species by
Yabuuchi et al. and Yano et al. (22, 24).
The major isoprenoid quinone found in extracts of these

bacteria was menaquinone 6. The extracts were analyzed by
HPLC, and the retention times of bacterial quinones were
compared with those of authentic standards. Identities were
confirmed by collection of the major quinone, menaquinone
6, from the HPLC column and subsequent analysis by mass
spectrometry. Ubiquinones were not detected in these orga-
nisms. These data are consistent with those reported in a
previous investigation in which we identified menaquinone 6
as the major quinone in the type strains of F. breve, F.
odoraturm, F. balulstinirm, F. indologenes, and F.
meningosepticum (2). Our findings are also in agreement
with previously published data of other investigators who
found that clinically important species of flavobacteria con-
tained menaquinones; however, in the previous study no
specific menaquinone was identified. (1).

In summary, the chemical data presented in this report
show that the unclassified groups Ile, IIh, and Ilf resemble
flavobacteria rather than sphingobacteria and may well be
one or more additional species of the genus Flavobacterium.
Although it is obvious that the true taxonomic status of these
organisms cannot be determined until DNA hybridization
studies are conducted, the chemical data in this report

provide useful additional information for the identification
and characterization of these unnamed bacterial groups.
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