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A positive phenotypic characteristic of glucose-oxidizing acinetobacters was demonstrated with blood agar
containing D-glucose. Glucose-oxidizing Acinetobacter baumannii, Acinetobacter genospecies 3, Acinetobacter
lwoffii, and Acinetobacter genospecies 13 sensu Tjernberg and Ursing caused a unique brown discoloration of
media supplemented with 5% blood (of horse, sheep, or human origin) and an aldose sugar (0.22 M D-glucose,
D-galactose, D-mannose, D-xylose, or lactose). The browning effect was not observed when a ketose sugar
(D-fructose or sucrose) was substituted for the aldose sugar or under high osmolarity in the presence of
mannitol, glycerol, or sodium chloride. Other gram-negative nonfermenters (non-glucose-oxidizing acineto-
bacters, Pseudomonas aeruginosa, other Pseudomonas spp., Stenotrophomonas maltophilia, Flavobacterium spp.,
and Moraxella spp.) did not cause similar discoloration. This novel browning effect may serve as an alternative
trait for identifying glucose-oxidizing acinetobacters.

Acinetobacters do not possess unique biochemical charac-
teristics to allow for unambiguous phenotypic identification.
The genus is characterized by properties it does not possess,
i.e., being oxidase negative, nonmotile, and nonfermentative.
In 1986 Bouvet and Grimont (5) identified 12 genospecies by
DNA-DNA hybridization. Three years later Bouvet and Jean-
jean (6) reported new proteolytic strains that they designated
genospecies 13 to 17. In the same year Tjernberg and Ursing
(17) published information on unrelated strains that were also
assigned to genospecies 13 to 15. An extensive set of substrate
assimilation tests has become necessary for the unequivocal
identification of the genospecies of acinetobacters (19). How-
ever, even commercially available multitest biochemical sys-
tems may not be able to discriminate between certain geno-
species, such as genospecies 1, 2, 3, and 13 sensu Tjernberg and
Ursing (13TU) (3), and Gerner-Smidt et al. (9) have suggested
that these genospecies should be referred to as the Acineto-
bacter calcoaceticus-Acinetobacter baumannii complex.

The endemic presence of acinetobacters in our locality has
been reported previously (16). During specimen processing we
found an acinetobacter isolate that grew as mucoid colonies on
Sabouraud dextrose agar, a glucose-containing fungal medium.
This observation, coupled with the report of glucose-oxidizing
acinetobacters being capable of growing in 5% dextrose at
room temperature (13), prompted us to initiate a study of the
growth of acinetobacters on solid media with glucose as an
ancillary nutrient. We report, for the first time, on the ability of
glucose-oxidizing acinetobacters to cause a unique brown dis-
coloration of blood agar into which glucose is incorporated. In
an attempt to use this positive phenotype as a simple means of
identification, we identified by PCR the genospecies of isolates

that exhibited the browning effect, as well as those that did not.
Since certain strains of acinetobacters produce gelatinase (2),
lipase (2), and phospholipase C (12), tests to determine pro-
duction of these extracellular enzymes in the presence of glu-
cose were also performed.

Clinical isolates and experimental conditions. Acineto-
bacters have been identified as oxidase negative, nonmotile,
nonfermentative, gram-negative coccobacilli that grow well
only under aerobic conditions (18). The ability to oxidize glu-
cose was tested in Hugh and Leifson’s medium, and the or-
ganisms were reported as glucose-oxidizing or non-glucose-
oxidizing Acinetobacter spp.

Two hundred isolates of acinetobacters collected between
January 1990 and October 1995, including a positive control
(A. baumannii ATCC 19606); 186 glucose-oxidizing isolates
from blood (n 5 119), wound (n 5 30), and urinary (n 5 21)
and respiratory (n 5 16) tract specimens; and 13 non-glucose-
oxidizing isolates from blood (n 5 9) and wound (n 5 4)
specimens, were subcultured for the following experiments: (i)
acinetobacters were grown on Oxoid Columbia Agar Base
(Unipath, Hants, United Kingdom) with or without 5% defi-
brinated horse, sheep, or human blood, in the presence or
absence of 0.055 or 0.22 M (1 or 4% [wt/vol]) D-glucose, 0.22
M (3% [wt/vol]) D-galactose, 0.22 M (4% [wt/vol]) D-mannose,
0.22 M (3% [wt/vol]) D-xylose, 0.22 M (4% [wt/vol]) D-fructose,
0.22 M (7.5% [wt/vol]) lactose, 0.22 M (7.5% [wt/vol]) sucrose,
0.22 M (4% [wt/vol]) mannitol, 0.22 M (2% [wt/vol]) glycerol,
or 0.34 M (2% [wt/vol]) sodium chloride (BDH Chemicals
Ltd., Poole, United Kingdom), where the sugars and salt were
dissolved in distilled water and filter sterilized before being
added to the agar base; (ii) acinetobacters were cultured on
plain horse blood agar at 44°C for 24 h; (iii) 47 clinical isolates
of nonfermentative gram-negative bacilli (Pseudomonas aerugi-
nosa, other Pseudomonas spp., Stenotrophomonas maltophilia,
Flavobacterium spp., and Moraxella spp.) identified according
to standardized protocols (10, 18) were grown on horse blood
agar containing 0.22 M D-glucose; and (iv) acinetobacters were
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cultured on chocolate agar, gelatinase agar, DNase agar, and
egg yolk agar with or without 0.22 M D-glucose. Serratia lique-
faciens ATCC 27592, Serratia marcescens ATCC 8100, and
Bacillus subtilis ATCC 6633 served as positive controls for
gelatinase, DNase, and lecithinase production, respectively.
All cultures, except those for gelatinase and DNase, were in-
cubated at 37°C for 24 h unless otherwise specified. The plates
for the gelatinase and DNase tests were kept at 25°C for 48 h
before being flooded, respectively, with the Frazier reagent
and 1 M HCl.

Identification of genospecies by PCR. To assign acineto-
bacters to their respective genospecies, 42 of 199 clinical iso-
lates were selected for PCR with primers G1 (59-GAAGTCG
TAACAAGG-39) and L1 (59-CAAGGCATCCACCGT-39)
(Gibco BRL, Life Technologies, Gaithersburg, Md.), which
contain conserved sequences of the 16S to 23S rRNA spacer
region, by modifications of protocols by Jensen et al. (11) and
Nowak et al. (14). A fraction of a colony of each isolate was
picked and suspended in a 50-ml reaction mixture containing
GeneAmp PCR buffer (Perkin-Elmer) with 1.5 mM MgCl2,
100 mM (each of the four) deoxynucleoside triphosphates
(Pharmacia), 1% Triton X-100, and 1.25 ng of each primer per
ml. The resulting mixture was heated at 94°C for 5 min. After
the addition of 2.5 U of Taq polymerase (Perkin-Elmer), each
tube was transferred to a Bio-Rad gene cycler for PCR under
the following conditions: 94°C for 1 min, 55°C for 7 min, and
72°C for 2 min for 25 cycles followed by a terminal extension at
72°C for 7 min. Negative controls containing the reagents but
no DNA, as well as the positive control A. baumannii ATCC

19606, were included with each batch of test samples. PCR
products were separated by polyacrylamide gel electrophoresis
(5% polyacrylamide) at 80 V for 2 h. The genospecies of the
acinetobacter strains were identified based on the uniquely
sized primary PCR fragments of each strain’s DNA according
to the method of Nowak et al. (14): A. baumannii (genospecies
2) possesses a band of 940 bp; Acinetobacter genospecies 3
possesses a band of 1,000 bp; and Acinetobacter lwoffii (geno-
species 8 or 9) possesses a band of 1,300 bp. There were four
acinetobacter isolates that showed a band of 1,100 bp, which
did not fit into the classification scheme. Since these isolates
also grew at 44°C, they were identified tentatively as Acineto-
bacter genospecies 13TU.

Results. A. baumannii ATCC 19606 and the majority of
clinical isolates that oxidize glucose grew on horse blood agar
containing 0.22 M glucose and produced a unique light-brown
discoloration of the surrounding agar (Fig. 1). These results
were reproducible with three different batches of media. The
same browning effect could be demonstrated with a lower
concentration of glucose (0.055 M) and was also evident on
horse blood agar containing 0.22 M galactose, mannose, xy-
lose, or lactose. The discoloration was present when sheep or
human blood was used in place of horse blood but not on a
similar agar base without the addition of blood. No discolora-
tion was observed when acinetobacters grew on horse blood
agar containing 0.22 M fructose, sucrose, mannitol, or glycerol
or 0.34 M sodium chloride. Growth of acinetobacters on glu-
cose-containing chocolate agar also did not cause any discol-
oration.

FIG. 1. Browning effect of glucose-oxidizing acinetobacters on blood agar containing glucose. A. baumannii ATCC 19606 (1) and a clinical isolate of A. baumannii
(4) caused a light-brown discoloration (indicated by arrows) on glucose-containing Columbia Agar Base with blood of horse (HoB1), sheep (ShB1), or human
(HmB1) origin but not on plain agar with blood of horse (HoB), sheep (ShB), or human origin. The browning effect was not observed when other nonfermenters such
as P. aeruginosa (2), Stenotrophomonas maltophilia (3), non-glucose-oxidizing A. lwoffii (5), Flavobacterium meningosepticum (6), and Moraxella osloensis (7) were
cultured on glucose-containing blood agar. In addition, the discoloration was not seen on glucose-containing chocolate agar (Cho1) or Columbia Agar Base (CAB1)
or on plain chocolate agar (Cho) and Columbia Agar Base.
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Of the 186 glucose-oxidizing and 13 non-glucose-oxidizing
clinical isolates that were tested for their ability to demonstrate
the browning effect and growth at 44°C, the genospecies of 32
glucose-oxidizing and 10 non-glucose-oxidizing isolates were
determined (Fig. 2). The majority of glucose-oxidizing isolates
(93.5%) were positive for both characteristics (Table 1), and 25
of 29 isolates whose genospecies were identified were A. bau-
mannii; the remaining 4 isolates were identified presumptively
as Acinetobacter genospecies 13TU. Twelve glucose-oxidizing
isolates (6.5%) could discolor the glucose-enriched horse
blood agar but were not able to grow at 44°C, and three of
these were selected randomly for identification of genospecies.
Two isolates were Acinetobacter genospecies 3, and the other
was A. lwoffii. There were three non-glucose-oxidizing isolates
that showed no discoloration despite growth at 44°C, and all
were identified as A. baumannii. The remaining 10 non-glu-
cose-oxidizing isolates were negative for both characteristics,
and all 7 isolates for which we determined genospecies were A.
lwoffii.

Browning of glucose-enriched horse blood agar was not ob-
served with other nonfermentative gram-negative bacilli such
as P. aeruginosa (n 5 18), Stenotrophomonas maltophilia (n 5
11), Pseudomonas spp. (n 5 8), Flavobacterium spp. (n 5 7),
and Moraxella spp. (n 5 3) (Fig. 1).

To further elucidate the nature of the discoloration, growth
of the acinetobacters on other media used for the routine
detection of gelatinase, DNase, and lecithinase was tested in
the presence and absence of glucose. The gelatinase and
DNase agars were not cleared; therefore, the discoloration on
glucose-enriched blood agar was not caused by a gelatinase or
a DNase. There was turbidity on egg yolk agar containing
glucose. However P. aeruginosa (n 5 5) also caused turbidity.

Thus, the observed turbidity probably resulted from a nonspe-
cific reaction(s).

Discussion. A browning of the surrounding agar was ob-
served when glucose-oxidizing acinetobacters were cultured on
blood agar containing an aldose sugar (Fig. 1). This effect was
not exhibited under high osmolarity or in the presence of
ketose sugars. The browning effect is unlikely to be useful as a
phenotypic trait for identifying the genospecies of acineto-
bacters, as it was not genospecies specific. Some strains of A.
baumannii and A. lwoffii tested positive, while others of the
same genospecies tested negative (Table 1). If the ability of an
acinetobacter to cause browning is related to its ability to
oxidize glucose, our work corroborates the report of Bouvet
and Bouvet (4), who showed that each of these genospecies
comprises glucose-oxidizing and non-glucose-oxidizing strains.

The assignment of genospecies to acinetobacters was based
on the unique fragment size(s) of the spacer regions between
amplified 16S and 23S rRNAs (11, 14). Fragments of other
sizes were also present among strains of the same genospecies
(Fig. 2), which may reflect heterogeneity of spacer regions
within that genospecies. This finding was consistent with the
previously reported (14) presence of weak and varied second-
ary amplification products in individual acinetobacter genospe-
cies.

Although the browning effect could not be used for identi-
fication of genospecies, the test for browning may still be useful
as one of the few positive laboratory tests for the easy detection
of glucose-oxidizing acinetobacters (n 5 186). Furthermore,
this test allows us to differentiate nonfermenters that do cause
browning from nonfermenters that do not cause browning,
such as non-glucose-oxidizing acinetobacters (n 5 13), as well
as members of other genera like Pseudomonas, Stenotrophomo-
nas, Flavobacterium, and Moraxella (n 5 47) (Fig. 1). Hence,
blood agar containing glucose may serve as an alternative to
Hugh and Leifson’s medium. Further testing with a larger
number of clinical isolates is required to assess the feasibility of
using the browning trait for identifying glucose-oxidizing acin-
etobacters.

Since the browning effect was associated with the presence
of aldose sugars, one possible explanation is that discoloration
occurred as a result of oxidation of sugars by an aldose dehy-
drogenase, glucose dehydrogenase (GDH). Present informa-
tion on acinetobacter GDH is derived mainly from studies of
A. calcoaceticus sensu stricto, a glucose-oxidizing genospecies
commonly found in soil. A. calcoaceticus contains soluble and
membrane-bound GDH (8, 15), whereas other oxidative bac-
teria contain the membrane-bound enzyme exclusively. As the
browning effect was observed only with glucose-oxidizing acin-
etobacters, discoloration may develop as a consequence of the
action of soluble GDH, as other membrane-bound GDH-pro-

FIG. 2. Representative PCR profiles of the two most common Acinetobacter
genospecies, A. baumannii (lanes 4 to 9) and A. lwoffii (lanes 1 to 3), with unique
bands of 940 and 1,300 bp, respectively. Lane M, HaeIII-digested fX174 DNA
molecular size markers.

TABLE 1. Prevalence of Acinetobacter genospecies exhibiting particular phenotypic characteristicsa

Hugh and Leifson’s
medium Browning Growth

at 44°C
Total no.
of isolates

No. of isolates for PCR
genospecies identification

No. of isolates of genospeciesb:

2 3 8 or 9 13TU

Glucose-oxidizing 1 1 174 29 25 0 0 4
1 2 12 3 0 2 1 0

Non-glucose-oxidizing 2 1 3 3 3 0 0 0
2 2 10 7 0 0 7 0

a Acinetobacter isolates were tested for their abilities to oxidize glucose in Hugh and Leifson’s medium, cause browning of blood agar containing 0.22 M glucose,
and grow on plain blood agar when they are incubated at 44°C.

b Genospecies 2 (A. baumannii), genospecies 3 (unnamed), and genospecies 8 or 9 (A. lwoffii) were identified according to the method Nowak et al. (14). The
presumptive identification of genospecies 13TU was as described in the text.
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ducing organisms such as Pseudomonas aeruginosa did not dis-
color the glucose-enriched blood agar. Furthermore, the
browning effect was observed when acinetobacters were grown
in the presence of lactose, and it is known that the soluble
GDH, but not the membrane-bound GDH, converts dissac-
charides such as lactose to their corresponding acids (7).

The browning was not caused by enzymes such as lecithi-
nase, lipase, and gelatinase. Thus, the nature of browning on
glucose-incorporated blood agar remains to be clarified. On
the other hand Affeldt and Rockwood (1) have demonstrated
that glucose-oxidizing acinetobacters cause browning in liquid
media. A brown coloration developed in the culture filtrate
when glucose-oxidizing A. baumannii, but not non-glucose-
oxidizing A. lwoffii, grew in a sodium acetate and ammonium
dihydrogen phosphate basal salts medium (containing 30 mM
NaC2H3O2 z 3H2O, 18 mM NH4H2PO4, 40 mM K2HPO4, 22
mM KH2PO4, and 0.83 mM MgSO4 z 7H2O [pH 7.0]). Affeldt
and Rockwood have suggested that the Maillard reaction, the
nonenzymatic glycation between reducing sugars and amino
groups of proteins, may be responsible for the observed brown
color, as chromatographic analysis of the brown freeze-dried
supernatant fluid yielded hexose sugars (glucose and galac-
tose), amino hexose (galactosamine), and amino acids (orni-
thine, serine, threonine, alanine, valine, and leucine or isoleu-
cine).

In conclusion, the unique browning of acinetobacters as
demonstrated on blood agar containing glucose may be a use-
ful phenotypic trait for the identification of glucose-oxidizing
acinetobacters and for their differentiation from other non-
glucose-oxidizing nonfermenters. The nature of the browning
remains to be elucidated.
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