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A total of 430 strains of glucose-nonfermenting gram-negative bacteria representing 35 species were analyzed
for their cellular fatty acid composition by gas-liquid chromatography (GLC). On the basis of qualitative
differences in their cellular fatty acid composition, these bacteria could be divided into 19 distinct chromato-
graphic groups. Eight Pseudomonas species, Achromobacter xylosoxidans, group Vd, and Agrobacterium
radiobacter were identified from their fatty acid compositions alone. The other glucose-nonfermenting
gram-negative bacterial species studied here, classified within nine distinct GLC groups, were easily recognized
by using the GLC fatty acid analysis supplemented with a limited number of conventional biochemical tests.
The results support the hypothesis that bacterial fatty acid composition is rather specific and that qualitative
GLC fatty acid analysis can be adapted in the clinical laboratory either to provide additional criteria for
differentiation of closely related groups or to serve as a rapid and highly reproducible method for their routine
identification.

As early as 1963, it was suggested that chemical analysis
of microorganisms may be used in their classification (1).
Subsequently, gas-liquid chromatographie (GLC) analysis of
the fatty acid composition of bacteria has been proposed as

a valuable test for identification and classification of a

variety of bacteria, including nonfermentative gram-negative
bacilli (2-15). In the present study, we have evaluated the
applicability of GLC bacterial fatty acid analysis to the
routine identification procedure for glucose-nonfermenting
gram-negative bacteria (NFB) isolated from clinical speci-
mens. Therefore, an extensive number of nonfermenting
gram-negative bacteria (430 strains), representing 35 species
of currently isolated microorganisms, have been screened.
To further extend the potential of the GLC fatty acid
analysis, it was of interest to investigate whether a qualita-
tive rather than a quantitative appearance of fatty acid peaks
was sufficient for the identification and differentiation of
NFB.

MATERIALS AND METHODS

Cultures. A total of 430 strains of NFB were analyzed,
including 410 strains selected from clinical isolates and 20
reference strains (Table 1). Identification of the bacteria was

essentially based on conventional culturing and biochemical
procedures as described by Rubin et al. (16). The commer-

cial identification system API 20E (API System S.A., La
Balme les Grottes, Montalieu Vercieu, France) was also
used. Culture media were obtained from bioMerieux, Char-
bonnieres les Bains, France (Kligler agar and Columbia
agar), and from BBL Microbiology Systems, Cockeysville,
Md. (Mueller-Hinton agar). In general, the material for GLC
analysis was obtained after growing the strains for 24 h (or 48
h) at 37°C on a Kligler agar slant.

Samples. A loopful of cells was suspended in 1 ml of
saponification mixture (equal volumes of methanol and 2.5 N
NaOH) and heated in a waterbath at 100°C for 30 min. After
the mixture had cooled to room temperature, 0.5 ml of
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HI-SO4 (66%) was added, and the mixture was reheated to
70°C for 60 min. The methylated fatty acid esters were

subsequently extracted with 0.3 ml of CHCl3 by shaking for
20 s. Phase separation was promoted by centrifugation, and
the upper (aqueous) phase was carefully removed by aspira-
tion. The lower (chloroform) phase, containing the fatty acid
methyl esters, was dried over anhydrous sodium sulfate.
GLC. A 2-plA sample of the methyl ester fraction obtained

as described above was analyzed on a gas chromatograph
(no. 433; Packard Instrument Co., Inc., Rockville, Md.)
equipped with a solid injector (Chrompack 8990; Packard).
The extracted bacterial fatty acids were separated on a

fused-silica capillary column (25 m by 0.23 mm [inner
diameter]) coated with CPSil 5 (0.2-p.m layer) as the station-
ary phase; a flame ionization detector was used to monitor
the products. The fatty acid methyl esters were identified by
comparing retention times with those of a bacterial fatty acid
methyl ester reference mixture (no. 4-5436; Supelco, Inc.,
Bellefonte, Pa.). Operating conditions were as follows: ni-
trogen inlet pressure, 50 kPa; injector temperature, 250°C;
detector temperature, 280°C; column temperature, pro-
grammed from 140 to 230°C at 2°C/min. Under these condi-
tions, fatty acid methyl esters ranging from 10 to 20 carbons
in length eluted from the column within 25 min.

RESULTS AND DISCUSSION

The NFB isolated from clinical specimens are listed in
Table 1. This table also shows the 20 reference strains which
were included in this study to confirm the chromatographic
pattern of a particular NFB group. To analyze the bacterial
fatty acid composition of the strains presented, we used a

fused-silica capillary column, since iso and anteiso isomers
of fatty acids with the same carbon length and also their
hydroxy derivates are completely resolved on this column
(12). Comparison of the gas chromatograms of the esterified
bacterial fatty acids with fatty acid reference elution profiles
has established the occurrence and identity of 23 fatty acid
peaks (Table 2).
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TABLE 1. NFB strains used in this study

Species No." Reference
strain'>

Pseudononas group
P. cepacia
P. sillIzeri
P. inendocina
P. alcaligenes
P. pseudoalcaligenes
P. diminutz
P. v'esicillaris
P. acidovoranis
P. testosteroni
P. paucjimobilis
P. pickettii
P. leruginosa
P. putida
P. fluiorescens
P. inallophilia
P. plutrefalciens
Pseudoiontias group Ve-2
Pseiidoinonas group Ve-1

Flavobacteriuin group
F. lneningosepticunz
F. odoroatim
F. breve
F. indologenes (Ilb)
Sphingobaczeriuni minlutae

Alcaligenes group
A. faecalis

A. denitrificans
Achronobhacter xvloso.xidans

Acinetobacter group
A. calcoacetick's subsp. anitratus
A. calcoacelicus subsp. lwofJi

Moraxella group
M. nonliquefaciens
M. osloensis
M. phenylpyrru'ica
M. urethlrilis

Others
Bordetella bronchiseptica
Agrobacrterium radiobacter
Group Vd (Achroinohacter sp.)

Number of distinct strains.
" Abbreviations: ATCC, American Type Cul

USA; CCEB, Culture Collection of Entomogenoi
oslovakia; NCIB. National Collection of Indu
Scotland; NCTC, National Collection of Type C

" A/caligenes (tfecalis) Modrans.

To evaluate the GLC fatty acid i
procedure for NFB identification, we
profiles in a qualitative rather than a qî
this way, GLC standardization probi
tered and the interpretation of the
involves minimal time and errors.
Table 3 summarizes the cellular fatty

the investigated NFB, as determine
graphic procedure. The results were c
analysis of NFB strains (at least fiv
should be noted that in addition to
amounts of other fatty acids could bc
because their relative peak heights w

ATCC 25416
NCTC 10475
ATCC 25411
ATCC 14909
ATCC 17440
ATCC 13184
ATCC 11426
ATCC 15668
ATCC 15666
NCTC 11030
ATCC 27511

10
22
3
4
9
7
7

24
9
7
6

33
32
21
59
9

1

13 NCTC 10016
il NCTC 11036
2 NCTC 11162

13 ATCC 29897
1

TABLE 2. Major fatty acids isolated from NFB"

Identity
Peak

Abbreviation Name

1 3-OH Ci(:0 3-Hydroxydecanoate
2 C12:01 Dodecanoate
3 C13:0> Tridecanoate
4 2-OH C1 2:0 2-Hydroxydodecanoate
5 3-OH C12:OH 3-Hydroxydodecanoate
6 C14 0 Tetradecanoate
7 i-C15 0 (13-Me) 13-Methyltetradecanoate
8 a-C15:0 (12-Me) 12-Methyltetradecanoate
9 C15 O Pentadecanoate
10 2-OH C14.0 2-Hydroxytetradecanoate
11 3-OH C14:0 3-Hydroxytetradecanoate
12 C16:1 (9cis) Hexadecenoate (9cis)
13 C,161 Hexadecanoate
14 a-CI7:0 (14-Me) 14-Methylhexadecanoate
15 C17:0 A (cyclic 9,10) .â-(cis-9,10-methylenehexadecanoate
16 C17:0 Heptadecanoate
17 2-OH C,60 2-Hydroxyhexadecanoate
18 3-OH C,16< 3-Hydroxyhexadecanoate
19 C18:2 Octadecadienoate
20 C181 (9cis) Octadecenoate (9cis)

C18:1 (9tralns) Octadecanoate (9trans)
21 C18:0 Octadecanoate
22 i-3-OH C17:0 15-Methyl-3-hydroxyhexadecanoate
23 Cl9.<1 à (cyclic 11.12) A-(is-11,12-methyleneoctadecanoate

" The fatty acids are numbered according to their elution order from the
GLC column.

il NCIB 8156 +
CCEB 554' because their appearance was not essential for identification

5 ATCC 15173 of the bacterial source, these peaks are omitted from Table
12 3. Some fatty acids have no diagnostic value, since they

appear in most of the NFB species (e.g., peaks 6, 12, 13, 20,
46 ATCC 17903 and 21). In contrast, other peaks are more or less specific
16 ATCC 17986 and can be detected only in a relatively small number of

NFB species. Selecting the minimum combination of fatty
acid peaks essential for identification of each GLC group,

1 only 12 fatty acids are recognized as important markers
1 (indicated by the solid circles in Table 3). Identical chro-
2 matographic patterns were obtained when colonies from
1 Mueller-Hinton or Columbia agar were used as a source for

the GLC bacterial identification technique.
3 Pseudomonads in GLC groups 4 to 11, Achromobacter
2 xylosoxidans, group Vd, and Agrobacteriurn radiobacter can
1) be identified from the fatty acid data alone. However, for the

final identification of the other NFB groups, conventional
ture Collection. Rockville tests are also required (Table 4).
us Bacteria. Prague, Czech- Group 1 consists of the fluorescent species P. aeruginosa,
trial Bacteria. Aberdeen. P. piitida, and P. fluorescens and the CDC Ve group (spp.
ultures, London. England. Ve-1 and Ve-2). The major fatty acids observed for this

group are summarized in Table 3. The simultaneous pres-
ence of three hydroxy acids, 3-hydroxydecanoate (3-OH

analysis as a routine C10:(), 2-hydroxydodecanoate (2-OH C12:0), and 3-hydroxy-
evaluated the elution dodecanoate (3-OH C12.<0), was found to be characteristic of
quantitative manner. In strains classified within this group. This group is identical to
lems are not encoun- the GLC group 1 described by Moss and Dees (10), and the
GLC elution profiles present data are in agreement with their observations, ex-

cept with respect to both cyclopropane acids (C17:0 and
y acid composition of Cl9:), which were always virtually absent. Ve-1 and Ve-2
d by the chromato- were placed in this group because the chromatographic
)btained by repetitive pattern of their fatty acids did not reveal any qualitative
te determinations). It difference from that of the species discussed above. Re-
the 23 acids, trace cently, the fatty acid compositions of P. litteola (CDC group
detected. However, Ve-1) and P. orwihahbians (CDC group Ve-2) have been

ere less than 1%c and reported by Freney et al. (5), confirming the qualitative
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TABLE 3. Cellular fatty acid composition of the investigated NFB

Group Presence ol peak no.":
no. NFB group menibers

1 2 3 4 5 6 7 8 9 10 Il 12 13 14 15 16 17 18 19 20 21 22 23

1 P. aCrIIginlos(a. P. pitiuda, P. fluoresce(s/. * 0 * * 0 0 0 0 0
group Ve-1, group Ve-2

2 P. (epacia, P. 0i(a/i. P. pNseud<>lle(Illi * oo ID o o*

3 P. stîtzeri, P. nicndocina. P. * 0 * 0 0 0 0 0 0 0 0 0
(ali((ligelnes. P. psCudoalcaligenCs

4 P. diminuta 0 0 0 0* O 0 0 V
5 P. lesi(lrlbl1is *OOOO OOo*O oo
6 P. mnaltophilia 0 * * * O O O O
7 P. puitre liasucins 0 * O * O O O O O O O
8 P. acidOvorans * O O O O O O O
9 P. lestowsieroni * O O O O O O O O * O O
10 P. palicilnobilis O O. o o o o°
11 P. picftkii O o ** o o 00°0 00
12 Flta obh(ate9riuin spp. SphYngobacieriuîn 0o* oO O O *

Spp.
13 Akcaligenes spp. O * O * O O O O O O
14 Ach-omtiobactre .vvlosoxidl(anxs 0 * O O * * O O O O O °
15 Group Vd (Ach(lromIlohul(etr sp.) O O O O O O O O O C
16 Acinetobacteir spp. O V * O O O O * O O O O O O
17 Bordctella spp. O * O O * o o o e o oeO
18 Agrobaîctiluin riadiohacrei- 0 0 0 0 0 * O O * O O
19 Mor.xclla spp. O * O O O O O O * O O

` The peak numbers reler to thc corresponding peaks listed in Table '. Major 6Ltty acids for each GLC group are indicated (O, *). Peaks indicated by * are
characteristic for each group. Peaks indicated by V (variable) are not always apparent.

identity in fatty acid composition of both Ve species and the
GLC data presented in Table 3. Nevertheless, Ve-1 and Ve-2
can be easily distinguished from members of the fluorescent
group by a single oxidase test, and further differentiation
between the fluorescent Psecdlomoionas species can be ob-
tained by using a limited series of simple biochemical tests.
Group 2 consists of P. (cepalcii, P. miallei, and P. psced/ao-

inallei and is identical to the GLC group 2 described by Moss
and Dees (10). The chromatogram of this group is unique in
that it contains 3-hydroxytetradecanoate (3-OH C14:0) and 2-
and 3-hydroxyhexadecanoate (2-OH C1I,) and 3-OH C1,:0,
respectively). The presence of 2-OH C,6:0 has a high diag-
nostic value, because it represents a key characteristic for
distinguishing the GLC group 2 species from Agirob(ac(rtiim
radiobact'cr.

In agreement with the observations made by Moss and
Dees (10), P. stutzeri, P. netuocina(, P. alcaligenes, and P.
psecudoalcaligenes were placed in a single GLC group (group
3). Strains in this group were differentiated from other
organisms by the presence of both 3-OH CI(:" and 3-OH

TABLE 4. Additional tests for the identification of GLC groups

GLC Test
group

1 Indophenol oxidase, growth at 42°C, gelatin hydrolysis
2 Arginine dihydrolase, gelatin hydrolysis
3 Gas from nitrate, arginine dihydrolase. fructose oxida-

tion
12 Indole, ONPG,< amylase, esculin hydrolysis
13 Gas from nitrate, nitrite reduction
16 Glucose oxidation
17 Urea
19 Except for M. uredtralis (GLC) and M. plpyIî-

vica (urea), complete biochemical characterization is
required to differentiate between each species

ON PG, o-Nitrophenyl-f-D-gaIlactopyi-anoside.

C12:0 and the absence of 2-OH C120 . 2-OH C12:0 provides an
easy criterion for distinguishing GLC group 3 strains from
group 1 strains. Qualitatively identical chromatograms were
obtained with P. stutzeri, P. niendocina, P. a/ca/igenes, and
P. pseudoa(lcaligenes.
Group 4 contains P. dimifnuta and corresponds to the GLC

group 4 described by Moss and Dees (10). The group is
characterized by the presence of 3-OH C12.0 and A-cis-
11,12-methyleneoctadecanoate (C19g:1). Moss and Dees (10)
have reported that the C19g:( acid accounts for approxi-
mately 30% of the total fatty acids in each of their nine
distinct isolates of P. diininata. Subsequently, they pro-
posed the presence of this fatty acid as the major difference
between P. dininimta and P. iesicl/aris. However, in con-
trast to their results, we observed that the presence of the
C19:(0 acid was variable. Two of our seven strains of P.
inilmIta had only trace amounts of this acid (<2%) and

were identified as P. diminiuta from conventional biochemi-
cal identification tests.
Group 5 contains P. i.'esicu/aris. The fatty acid profile of P.

icesicularis is characterized by the presence of 3-OH C12:0
and zX-cis-9,10 methylenehexadecanoate (C17 <4), and by the
absence of 3-OH C10:(. Moss and Dees (10) have designated
the presence of the Cl9:Of\ acid in P. dimniutîa as the major
difference between P. i'esicliaris and P. dimninata. Never-
theless, a screening for the 3-hydroxy fatty acids reported
here is adequate to differentiate P. iesicularis from all other
NFB, including P. dimiinuta.
Group 6 contains P. maltop/hiia (Xanthomionas inalto-

phiiia), which is characterized by the presence of 3-OH C12:0
and two 15-carbon branched-chain fatty acids: 13-methyltet-
radecanoate (i-CI5:) and 12-methyltetradecanoate (a-C 5:0).
The presence of these acids is in agreement with the obser-
vations made by Moss and Dees (10).
Group 7 contains P. putrcJfsciens, which can also be

identified from its bacterial fatty acid profile alone, i.e., the
presence of both 3-OH C1l:0 and i-C1:50 with the character-
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FIG. 1. Gas chromatogram of esterified fatty acids derived from P. pickeuii. Separation was performed on a fused-silica capillary column.
Conditions were as described in Materials and Methods.

istic absence of a-C150,. These results aiso agree with the
previous work of Moss and Dees (10).
Group 8 contains P. aci(oiî'orans. At variance with the

observations made by Moss and Dees (10), P. ud(idoi'orans
represents another Pseutdononas species which can be
identified from its fatty acid profile alone. The combination
of the presence of 3-OH C1I(,: and the absence of 2-OH CI,:(,
is characteristic of this NFB.
Group 9 contains P. testostîronfi. The fatty acid profile of

P. testosteroni can be confused with that of P. a(idooranls.
Moss and Dees (10) placed both species in the same GLC
group. However, besides the characteristic presence of
3-OH C1I1:o 2-OH C 16,O was also present in all P. testosteroIIi
strains.
Group 10 contains P. p(la(ilmlobilis. P. pl/(luCobilis is

identified by the presence of a 2-hydroxy 14-carbon satu-
rated acid (2-OH CI4,) and the absence of its 3-hydroxy
form (3-OH C14:0). These results are in concordance with the
data reported by Dees et al. (4).
Group Il contains P. pickettii. The fatty acid profile of P.

pikketfii has not been previously published; it is character-
ized by the presence of both 2-OH CI.4,:, and 3-OH C14:«. A
representative chromatographic pattern is shown in Fig. 1.
Group 12 contains Filaobacteriionii and Sphingobacîteriiunz

species. In the genus Flaobacîteriizon, clinically important
members include Fla'obacîterfin group lIb, which has
recently been renamed Fklavob(h(ateriiuiin inldologenes (17), F.
nlefinlgosepticuinn F. odoratuni, and F. breve. The cellular
fatty acid composition of each subgroup has been investi-
gated (total number of subgroups = 40). In agreement with

the work of Moss and Dees (11), the GLC profiles show the
characteristic presence of C14:0 and 3-OH C1,:(. From their
fatty acid compositions, no distinction can be made between
the different subgroups of the genus Flavobacterium. Splin-
gobhaterinio strains, which are similar to Flai'obacteriumn
strains except for their lack of indole production, have also
been included in this study. Not surprisingly, the similarity
of the two genera was further confirmed by their fatty acid
analysis. which did not reveal any qualitative difference. It
was found that biochemical characterization is not necessary
to distinguish flavobacteria and sphingobacteria from similar
pigmented Pseudlomnonas or Pseudoonoas-like bacteria
(Table 3).
Group 13 contains Akcaligenes species. The occurrence of

3-OH C12:() and 3-OH CI4,: was found to be indicative of
Alcaligenes species. Similar observations have been made
by Dees and Moss (2). The GLC profiles of this genus
resemble those of Acinetobacter (group 16) and Bordetella
(group 17) species but can be distinguished from both of
these groups by the absence of 3-OH C12:0 and 3-OH CI16,:).
However, qualitative interpretation of the fatty acid compo-
sition provides insufficient criteria to differentiate between
the distinct Alcaligenes species themselves. Only Achroino-
bacter xvlosoxidans, which has been classified by some
investigators as Alcaligenes denitrificans (6), can be readily
distinguished (see below).
Group 14 contains Achroinobacter xylosoxidans. As men-

tioned above, Achromobacter .xvlosoxidl(an.s represents a
separate GLC group, since it shows a characteristic GLC

1
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profile. Identification is based upon the simultaneous occur-
rence of 3-OH C12:0, 2-OH C14:(, and 3-OH C16:0.
Group 15 contains Achromobacter group Vd. The fatty

acid composition of Achromnobacter group Vd is markedly
different from those of all other NFB described in this study.
The nonidentity of group Vd and Achromobactewr ylosoxi-
dans has been demonstrated previously (3). Group Vd was
the only species tested in this study which demonstrated a
total absence of hydroxy acids. This group also shows the
presence of a 19-carbon cyclopropanoic acid C19^,, a rather
unusual fatty acid, which has also been found in variable
amounts in P. dirninuta (GLC group 4).
Group 16 contains the Acinetobacter species. The genus

Acinetobacter is characterized by the presence of 3-OH
C12:0 and 3-OH C14:0. In agreement with the observations
made by Moss et al. (15), the fatty acid analysis appears to
be only genus specific. Moss et al. (13) have reported that the
genus Acinetobacter was essentially identified by the pres-
ence of 2-OH C12:0. However, we found the appearance of
this fatty acid to be variable, and it certainly could not be
regarded as a strict criterion for the identification of Acine-
tohacter species.
Group 17 contains Bordetella species. The three clinical

isolates of Bordetella bronchiseptica show a characteristic
GLC profile. They al show a simultaneous occurrence of
2-OH C12:0, 3-OH C14:0, 3-OH C16:0, and 15-methyl-3-hy-
droxyhexadecanoate (i-3-OH C17:0). Although these fatty
acids clearly distinguish the genus Bordetella from other
genera included in this study, it still remains unknown
whether their appearance is specific for the species Borde-
tella bronchiseptica rather than for the genus Bordetella
itself.
Group 18 contains Agrobac teriuin radiobacter. For the

genus Agrobacteriuon, four species have been proposed:
Agrobacteriuin turnejaciens, Agrobacteril/n rhizogenes,
Agrobacterium rulbi, and Agrobacteriuîm radiobacter. How-
ever, only the last species has ever been isolated from
clinical specimens. Besides its potential pathogenicity, a
proper identification of Agrobacteril(n radiobacter is impor-
tant because it may be confused with Psezîdomonas or
Achrornobacter species. Agrobacteriuin radiobacter can be
identified by the characteristic presence of 3-OH C14:0 and
3-OH C16:0 (Table 3).
Group 19 contains the Moraxella species. The Moraxella

strains that have been investigated showed the characteristic
presence of an 18-carbon unsaturated acid C1l:2, a fatty acid
which was not found in any of the other NFB reported here.
However, since the number of Morax.ella strains used in this
study was limited, and since this genus displays a complex
series of species, it is not clear whether the presence of this
C18:2 acid represents a genus-specific property or not. The
qualitative fatty acid data for different species classified
within this genus were strikingly similar, with the exception
of one species: Moraxella lorethralis. The distinct GLC
elution pattern of Moraxella urethralis further supports its
reclassification as Oligella ureth ralis. These data confirm the
recent observations by Moss et al. (15).
The GLC data presented in this study confirm and extend

the pioneer work of Moss and co-workers (2-4, 10-15) and
Jantzen et al. (7, 8). From the data presented here, it appears
that this GLC technique is a powerful method for rapid and
accurate routine identification of NFB.

ACKNOWLEDGMENTS

We thank W. Hansen, G. Wauters. and E. Yourassowsky for
providing several NFB strains used in this study.

LITERATURE CITED
1. Abel, K., H de Schmertzing, and J. I. Peterson. 1963. Classifi-

cation of microorganisms by analysis of chemical composition.
1. Feasibility of utilizing gas chromatography. J. Bacteriol.
85:1039-1044.

2. Dees, S. B., and C. W. Moss. 1975. Cellular fatty acids of
Alcaligenes and Pseuidoinonas species isolated from clinical
specimens. J. Clin. Microbiol. 1:414-419.

3. Dees, S. B., and C. W. Moss. 1978. Identification of Achroino-
bacter species by cellular fatty acids and by production of keto
acids. J. Clin. Microbiol. 8:61-66.

4. Dees, S. B., C. W. Moss, R. E. Weaver, and D. Hollis. 1979.
Cellular fatty acid composition of Pseudoinonas pauclinobilis
and groups llk-2. Ve-1, and Ve-2. J. Clin. Microbiol. 10:
206-209.

5. Freney, J., W. Hansen, J. Etienne, F. Vandenesch, and J.
Fleurette. 1988. Postoperative infant septicemia caused by Pseu-
doinonas luteiola (CDC group Ve-1) and Pseudoinonas oryzi-
lbithians (CDC group Ve-2). J. Clin. Microbiol. 26:1241-1243.

6. Hendrie, M. S., A. J. Holding, and J. M. Shewan. 1974.
Emended descriptions of the genus Alcaligenes and of Alcali-
genes.faecalis and proposal that the generic name Achroinohba-
ter be rejected: status of the named species of Alcaligenes and
A chronobacter. Int. J. Syst. Bacteriol. 24:534-550.

7. Jantzen, E., K. Bryn, T. Bergan, and K. Bovre. 1974. Gas
chromatography of whole cell methanolysates. V. Fatty acid
composition of Neisseria and Moraxella. Acta Pathol. Micro-
biol. Scand. 82:767-779.

8. Jantzen, E., K. Bryn, T. Bergan, and K. Bovre. 1975. Gas
chromatography of whole cell methanolysates. VII. Fatty acid
composition of Acinetohacter in relation to the taxonomy of
Neisseriaceae. Acta Pathol. Microbiol. Scand. 83:569-576.

9. Kaneda, T. 1967. Fatty acids in the genus Bacillius. 1. Iso- and
anteiso fatty acids as characteristic constituens of lipid in 10
species. J. Bacteriol. 93:894-903.

10. Moss, C. W., and S. B. Dees. 1976. Cellular fatty acids and
metabolic products of Pseudomonas species obtained from
clinical specimens. J. Clin. Microbiol. 4:492-502.

11. Moss, C. W., and S. B. Dees. 1978. Cellular fatty acids of
Flav'obacterilin ineningosepliculn and Flav'obacterium species
group IlIb. J. Clin. Microbiol. 8:772-774.

12. Moss, C. W., S. B. Dees, and G. O. Guerrant. 1980. Gas-liquid
chromatography of bacterial fatty acids with a fused-silica
capillary column. J. Clin. Microbiol. 12:127-130.

13. Moss, C. W., S. B. Samuels, J. Liddie, and R. M. McKinney.
1973. Occurrence of branched-chain hydroxy fatty acids in
Pseudoinonas inallophilia. J. Bacteriol. 114:1018-1024.

14. Moss, C. W., S. B. Samuels, and R. E. Weaver. 1972. Cellular
fatty acid composition of selected Pseuidoinonas species. Appl.
Microbiol. 24:596-598.

15. Moss, C. W., P. L. Wallace, D. G. Hollis, and R. E. Weaver.
1988. Cultural and chemical characterization of CDC groups
EO-2, M-5, and M-6, Moraxella (Moraxella) species, Oligella
urethralis, Acinetobacter species, and Psychrohacter fimnnobi-
lis. J. Clin. Microbiol. 26:484-492.

16. Rubin, S. J., P. A. Granato, and B. L. Wasilauskas. 1985.
Glucose-nonfermenting gram-negative bacteria, p. 330-372. In
E. H. Lennette, A. Balows, W. J. Hausler, Jr., and H. J.
Shadomy (ed.), Manual of clinical microbiology, 4th ed. Amer-
ican Society for Microbiology, Washington, D.C.

17. Yabuuchi, E., T. Kaneko, I. Yano, C. W. Moss, and N. Miyoski.
1983. Sphingobacteritmn gen. nov., Sphingobacteriun muliivo-
rum comb. nov., Sphingobacteriuîn inizulae sp. nov., and
Fia vobcteriion indologenes sp. nov.: glucose-nonfermenting
gram-negative rods in CDC groups Ilk-2 and llb. Int. J. Syst.
Bacteriol. 33:580-598.

J. CLIN. MICROBIOL.


