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Over a five-year period, four strains of a yellowish-pigmented coryneform
bacterium were received for identification by the Culture Collection of the
University of Géteborg. All strains had been isolated from normally sterile
human body fluids. Initial biochemical characterization revealed that all four
isolates were very similar, with weak pyrazinamidase and urease activities, as
well as slow fermentative acid production from glucose as the most significant
phenotypic features which differentiated the strains from all other presently

defined corynebacteria. Chemotaxonomic investigations demonstrated that
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the strains belonged to the genus Corynebacterium. SDS-PAGE of whole-cell
proteins suggested that all four strains were representatives of the same
species. Comparative 16S rRNA gene sequence analysis unambiguously

demonstrated that the four strains were genealogically related and represent
a new subline within the genus Corynebacterium for which the designation
Corynebacterium falsenii sp. nov. is proposed. The type strain of
Corynebacterium falsenii is CCUG 33651.
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INTRODUCTION

Clinical microbiologists have witnessed an enormous
increase of both medically recognized genera and
species of coryneform bacteria within the last few years
(10). The genus Corynebacterium has been the genus
within the coryneform bacteria with the largest number
of new species described in recent years. From 1987 to
1995, 11 new species were described (10) and in 1997
alone the five species Corynebacterium coyleae (9),
Corynebacterium lipophiloflavum (6), Corynebacterium
imitans (5), Corynebacterium mucifaciens (7) and
Corynebacterium durum (16) were defined. This report
adds another new species to the genus Coryne-
bacterium, thus further indicating the enormous di-
versity within this genus. The strains described in this
report had been referred to the Culture Collection of
the University of Goteborg (CCUG) for identification

Abbreviations: CCUG, Culture Collection of the University of Goteborg;
CFA, cellular fatty acid.

The EMBL accession number for the 16S rRNA sequence of strain CCUG
336517 is Y13024.

between 1991 and 1995 and had been given the
preliminary designation EF group 42 bacteria as they
could not be assigned to any established taxon of
coryneform bacteria. By using a polyphasic approach
including both phenotypic and molecular genetic
methods we propose a new Corynebacterium species,
Corynebacterium falsenii, for the EF group 42 bacteria.

METHODS

Strains and culture conditions. All strains included in the
present study were referred to the CCUG for identification.
No information regarding the procedures of primary iso-
lation of the strains was available. Staphylococcus aureus
ATCC 25923 was used for analysis of the CAMP reaction.
All strains were cultured on Columbia agar plates (Difco)
supplemented with 5% sheep blood for 24 h at 37°C in a
5% CO, atmosphere.

Biochemical profiles. The methods used for determination of
biochemical profiles have been described previously (8) with
the exception that the API Coryne system (bioMérieux)
results were also read after 48 and 120 h incubation. The
API 50CH system (bioMérieux) for determination of carbo-
hydrate fermentations was used according to the instructions
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Table 1. Origins of the strains studied

Strain* Year isolated Patient Source & clinical diagnosis
Sext Age
(years)
CCUG 28411 1991 F 39 Cerebrospinal fluid
CCUG 33200 1994 M 72 Blood culture; malignant
lymphoma, leukopenia
CCUG 336517 1994 M 4 Blood culture; acute
lymphatic leukaemia
CCUG 33791 1995 F 3 Blood culture

* CCUQG, Culture Collection University of Goteborg.
TF, Female; M, male.

provided by the manufacturer; reactions were read up to
240 hincubation at 37 °C. Hydrolysis of casein, tyrosine and
xanthine was observed on media described previously (12);
a positive reaction meant clearing of the medium after 240 h
incubation at 37 °C in ambient air.

Antimicrobial agent susceptibility patterns. The minimal
inhibitory concentrations (MICs) of 15 antimicrobial agents
were determined by means of the Merlin MIC system (Merlin
Diagnostics) containing the antimicrobial agents in lyo-
philized form in microtitre plates in twofold dilutions as
outlined previously (4). MICs were interpreted according to
the criteria for staphylococci established by the National
Committee for Clinical Laboratory Standards (NCCLS)
(13), although it is acknowledged that NCCLS has not
explicitly published criteria for coryneform bacteria.

Chemotaxonomic investigations. Cellular fatty acids (CFAs)
patterns were determined with the Sherlock system (Mi-
crobial ID) as outlined previously (20). Techniques used for
analyses of whole-cell hydrolysates for the presence of meso-
diaminopimelic acid and of mycolic acids were as described
previously (8).

PAGE of whole-cell proteins. Strains were grown on horse
blood agar (Columbia base) at 37 °C in the presence of 5%
CO,. PAGE of whole-cell proteins was as described by Pot et
al. (15). For densitometric analysis, normalization and
interpretation of protein patterns, the Gelcompar 3.1 soft-
ware package (Applied Maths) was used. The levels of
similarity between pairs of traces were expressed by the
Pearson product moment correlation coefficient converted
for convenience to a percentage value.

Molecular genetic investigations. A large fragment (about
1500 bases) of the 16S rRNA gene of the four strains was
amplified by PCR by using universal primers pA and pH* as
previously described (11). The PCR products were purified
by using a Prep-A-Gene kit (Bio-Rad) and were sequenced
by using a Taq DyeDeoxy terminator cycle sequencing kit
(Applied Biosystems) and a model 373A automatic se-
quencer (Applied Biosystems). The sequences determined
were aligned with those of reference organisms (i.e. other
high-G + C-content actinomycetes) obtained from the
EMBL database using the program PILEUP (2), and the
alignment was corrected manually. An unrooted phylo-
genetic tree was constructed using the neighbour-joining
method (18). Stability of relationships was assessed by using
the programs SEQBOOT, DNADIST, NEIGHBOR and CONSENSE of
the PHYLIP package (3).

RESULTS AND DISCUSSION

The origin of the strains studied is given in Table 1. It
is interesting to note that all four strains included in
this study were isolated from normally sterile body
sites. Strains CCUG 33200 and CCUG 33651 were
isolated from immunocompromised patients. How-
ever, the clinical significance of the four strains
described is not known.

All four strains grew on sheep blood agar as whitish,
glistening, smooth colonies of up to 2 mm in diameter
(i.e. they were non-lipophilic) with entire edges after
24 h incubation. Colonies exhibited a yellowish pig-
ment after 72 h which became even brighter after 120 h
incubation. This yellow pigment is not observed in any
other non-lipophilic Corynebacterium species en-
countered in clinical specimens except in the rarely
isolated Corynebacterium xerosis (10) in which the
pigmentation is not as intense as in the four strains
included in the present study. Gram stains showed
typical club-shaped coryneform bacteria (which are
seen in true Corynebacterium spp. only) of 1-3 um in
length, arranged as single cells, in palisades or in
clusters. The bacteria were not partially acid-fast.

The biochemical screening reactions of the four isolates
using the scheme of von Graevenitz & Funke (19) were
as follows: catalase-positive; weak fermentative meta-
bolism and weak anaerobic growth; non-motile;
nitrate reduction-negative; urea production weakly
positive; aesculin hydrolysis-negative; slow acid pro-
duction from glucose by all four strains and very slow
acid production from maltose by strain CCUG 33651
only; acid was not produced from sucrose, mannitol
or xylose; CAMP reaction-negative. It is important to
note that urease activity was delayed more than in
other urea-hydrolysing Corynebacterium species (e.g.
Corynebacterium urealyticum); it became positive in
Christensen’s urea broth only after overnight incu-
bation, and was scored in the commercial API Coryne
system as positive only after 48 h incubation. Fur-
thermore, the very slow fermentative acid production
from glucose was also very distinctive for the strains
tested and has only been observed within the fer-
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Table 2. Characteristics that differentiate C. falsenii from other fermenting, non-lipophilic Corynebacterium spp.
encountered in clinical specimens

Data from references 1, 5, 9, 10 and 16. (), Delayed reaction; w, weakly positive; v, variable; REV, reverse CAMP reaction.

Organism Nitrate Urea Aesculin Pyrazinamidase  Alkaline Acid produced from: CAMP Other traits
reduction hydrolysis hydrolysis phosphatase reaction
Glucose Maltose Sucrose
C. falsenii - (+) w + (+) \2) - - Yellowish
C. amycolatum v v - + + + v v - Mycolic acids —
C. argentoratense — — — + v + — — — Chymotrypsin +
C. coyleae - - — + + (+) - - +
C. diphtheriae \ - — - — + + - - Cystinase +
C. durum + V) V) + — + + + — Adherence to agar
C. glucuronolyticum v A% v + v + v + + p-Glucuronidase +
C. imitans - - — w + + + w + Tyrosine degradation —
C. matruchotii + A + + - + + + — “Whip handle’ (Gram)
C. minutissimum - - — + + + + v — Tyrosine degradation +
C. pseudotuberculosis — + — - \ + + v REV Glycogen —
C. striatum + — — + + + — \% \% Tyrosine degradation +
C. ulcerans - + — - + + + - REV Glycogen +
C. xerosis v - + + + + + — Yellowish
Percentage similarity
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Fig. 1. Similarity dendrogram based on whole-cell protein patterns of C. falsenii and related species. Levels of correlation
were expressed as percentages of similarity for convenience.

menting Corynebacterium spp. in the recently de- tively designated EF group 42 bacteria as they could be
scribed C. coyleae (9). Based on this combination of readily distinguished from all other presently defined
unusual phenetic data, the four isolates were tenta- non-lipophilic, fermentative corynebacteria (Table 2).
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Table 3. 16S rRNA sequence similarity between C.
falsenii sp. nov. and other Corynebacterium species

Species (EMBL accession no.) Similarity
(%)
C. accolens (X80500) 94-8
“C. acetoacidophilum’ (X84240) 94-0
C. afermentans subsp. lipophilum (X80255) 939
C. ammoniagenes (X84440) 93-9
C. amycolatum (X84244) 94-3
C. argentoratense (X83955) 957
C. auris (X82493) 93-7
C. bovis (X84444) 96-4
C. callunae (X84251) 94-1
C. coyleae (X96497) 93-7
C. cystitidis (X84252) 92-7
C. diphtheriae (X84248) 960
“C. fastidiosum’ (X84245) 94-1
C. flavescens (X84441) 94-9
“C. genitalium’ (X84253) 93-8
C. glucuronolyticum (X86688) 912
C. glutamicum (X84257) 93-8
C. jeikeium (X84250) 98-0
C. kutscheri (X81871) 94-7
C. macginleyi (X80499) 952
C. matruchotii (X84443) 93-7
C. minutissimum (X84678) 94-8
C. mycetoides (X84241) 932
C. pilosum (X84246) 93-2
C. propinquum (X84438) 93-5
C. pseudodiphtheriticum (X84258) 939
*C. pseudogenitalium’ (X81874) 93-5
C. pseudotuberculosis (X84255) 956
C. renale (X84249) 94-3
“C. segmentosum’ (X84437) 94-1
C. striatum (X84442) 94-2
*C. tuberculostearicum’ 93-4
C. ulcerans (X84256) 95-8
C. urealyticum (X84439) 97-0
C. variabilis (X53185) 95-8
C. vitarumen (X84680) 950
C. xerosis (X84446) 94-8

Application of the API Coryne system gave the
numerical identification profile 2101304 for all four
strains after 48 h incubation. Interestingly, fermen-
tation of maltose became weakly positive after 120 h
incubation in the API Coryne system for strain CCUG
33651 and after 240 h in the API 50CH system but
remained negative in Cystine Trypticase Agar me-
dium, probably due to the higher buffer capacity of the
latter medium. In addition, pyrazinamidase activity in
all four strains was weakly positive, a reaction which
separated the EF group 42 bacteria from the pheno-
typically related pyrazinamidase-negative C. ulcerans
which also ferments glycogen and has a positive
reverse-CAMP reaction (Table 2). Furthermore, EF
group 42 bacteria can be differentiated from urea-

splitting C. amycolatum strains which exhibit dry,
rough colonies without entire edges and from the urea-
splitting strains of C. glucuronolyticum which are both
CAMP reaction- and f-glucuronidase-positive (Table
2). The medically non-relevant, but urease-positive
and frequently yellowish-pigmented species C. renale,
C. cystitidis and C. pilosum could be separated from
EF group 42 bacteria by their positive f-glucuronidase
activity. C. glutamicum and C. callunae are also urease-
positive and exhibit a yellowish pigment but both
species ferment sucrose, which was not observed for
the EF group 42 bacteria. Further testing of enzymic
activities of EF group 42 strains revealed the presence
of alkaline and acid phosphatase, esterase (C,), es-
terase lipase (Cq) and phosphoamidase. Activities of
lipase (C,,), leucine arylamidase and cystine aryl-
amidase were variable.

Determination of MICs (in pg ml™) of various anti-
microbial agents revealed that all EF group 42 strains
were susceptible to cephalothin (range 0-5-1), chloram-
phenicol (range 1-2), ciprofloxacin (0-5), erythromycin
(range < 0-03-0-0625), fusidic acid (0-03), gentamicin
(range 0-5-1), imipenem (range 0-0625-0-125), rif-
ampicin (< 0-016), tetracycline (1) and vancomycin
(range 1-2) but resistant to aztreonam (> 64), cefeta-
met (> 64), ceftibuten (> 64) and fosfomycin (> 256).
MICs for penicillin were 0-25-0-5 ug ml~ and those for
oxacillin were 4-8 pg ml™'. The antimicrobial suscep-
tibility pattern of EF group 42 bacteria corresponded
to that of many other non-lipophilic corynebacteria

(10).

The whole-cell protein profiles of the four EF group 42
strains included in this study were examined by SDS-
PAGE. A dendrogram derived from a numerical
analysis of the protein profiles is shown in Fig. 1. All
four strains clustered together and formed a distinct
branch with a within-group correlation level of more
than 70%. The SDS-PAGE findings clearly demon-
strated that the four strains represent a homogeneous
group and that they are distinct from all other
coryneform bacteria examined.

Chemotaxonomic investigations showed that C,,.,
(range 29-31 % of all CFAs), C,4. 1. (range 42-46 %),
and C., (range 16-18%) were the predominant
CFAs in all strains, which was compatible with their
assignment to the genus Corynebacterium. TLC re-
vealed meso-diaminopimelic acid as the cell-wall di-
amino acid and the presence of short-chain mycolic

acids.

To determine the phylogenetic relatedness of the four
strains their 16S rRNA genes were amplified by PCR
and subjected to sequence analysis. Almost complete
16S rRNA gene sequences (> 1400 nucleotides) of the
four strains were determined. Comparative sequence
analysis revealed not a single nucleotide difference
between the isolates (100 % sequence similarity), there-
by demonstrating their genealogical homogeneity.
Sequence searches of EMBL/GenBank databases
using the FASTA program revealed that the newly
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Corynebacterium afermentans DMMZ 545(X81874)
Corynebacterium coyleae DMMZ 214(X96497)
“Corynebacterium genitalium”NCTC 11859(X84253)
“Corynebacterium pseudogenitalium”NCTC 11860(X81872)
Corynebacterium mycetoides NCTC 9864(X84241)
Corynebacterium auris DMMZ 328 (X82493)
Corynebacterium renale CIP 103421(X84249)
“Corynebacterium acetoacidophilum” CIP 103773(X84240)
Corynebacterium glutamicum NCIMB 10025(X84257)
Corynebacterium callunae NCIMB 10338(X84251)
Corynebacterium ammoniagenes CIP 101283(X84440)
Corynebacterium amycolatum NCFB 2768(X84244)
Corynebacterium xerosis DSM 20743(X84446)
Corynebacterium falsenii sp. nov. CCUG 33651(Y13024)
Corynebacterium jeikeium NCTC 11913(X84250)
Corynebacterium urealyticum DSM 7109(X84439)
Corynebacterium bovis NCDO 3224(X84444)
Corynebacterium variabilis NCDO 2097(X53185)
Corynebacterium pseudotuberculosis NCTC 3450(X84255)
Corynebacterium ulcerans NCTC 7910(X84256)
Corynebacterium diphtheriae NCTC 11397 (X84248)
Corynebacterium vitarumen NCTC 20294(X84680)
Corynebacterium kutscheri CIP 103423(X81871)
Corynebacterium argentoratense CIP 104296(X83955)
Corynebacterium flavescens NCDO 1320(X84441)
Corynebacterium propinquum CIP 103792(X84438)
Corynebacterium pseudodiphtheriticum NCTC 11136(X84258)
Corynebacterium matruchotii DSM 20635(X84443)
o1 “Corynebacterium fastidiosum” CIP 103808(X84245)
“Corynebacterium segmentosum” NCTC 934(X84437)
Corynebacterium accolens CCUG 28779(X80500)
Corynebacterium macginleyi ATCC 104099(X80499)
Corynebacterium tuberculostearicum ATCC 35692(X84247)
Corynebacterium minutissimum NCTC 10288(X84678)
Corynebacterium striatum NCTC 746(X84442)

Corynebacterium cystitidis NCTC 11863(X84252)
— Corynebacterium pilosum NCTC 11862(X84246)

100,

Corynebacterium glucuronolyticum DSM 44120(X86688)

Fig. 2. Unrooted tree showing the
phylogenetic position of C. falsenii within
the genus Corynebacterium sensu stricto.
The tree constructed using the neighbour-
joining method was based on a comparison
of  approximately 1330  nucleotides.
Bootstrap values, expressed as a percentage
of 200 replications, are given at the

Turicella otitidis DSM 8821(X73976)

branching points.

determined sequences were most closely related to
species of the genus Corynebacterium (16S rRNA
sequence similarities > 91 % ; Table 3). Significantly
lower levels of relatedness were shown with other
actinomycete taxa (data not shown). A tree showing
the phylogenetic relationships of the unidentified
bacterium (strain CCUG 33651) within the genus
Corynebacterium is shown in Fig. 2. It was evident
from the 16S rRNA data that the closest phylogenetic
relative of EF group 42 bacteria is Corynebacterium
Jjeikeium. Bootstrap resampling confirmed this associ-
ation with C. jeikeium to be highly significant (value
90% from 200 replicates) (Fig. 2). A sequence di-
vergence of approximately 2% (corresponding to 26
mismatches and 2 unmatched for 1470 bases), how-
ever, showed the EF 42 bacteria were genealogically
distinct from C. jeikeium. Although there is no single
16S rRNA sequence divergence value for describing
new species, it is clear that the difference between the
EF group 42 bacteria and C. jeikeium, their nearest
neighbour, is highly significant. There is now a wealth
of comparative 16S rRNA sequence data available for
corynebacteria and it is now well established that
within this genus there are numerous genomically
distinct species, e.g. Corynebacterium pseudodiphtheri-
ticum and Corynebacterium propinquum (> 99 % 16S
rRNA similarity) (14, 17), Corynebacterium diph-
theriae and Corynebacterium ulcerans as well as
Corynebacterium  pseudotuberculosis (> 98% 16S
rRNA similarity) (14,17), C. mucifaciens and Coryne-
becterium afermentans (> 98 % 16S rRNA similarity)
(7), and CDC coryneform group G bacteria and
Corynebacterium accolens (> 98 % 16S rRNA simi-
larity) (17) which exhibit higher levels of 16S rRNA
gene sequence relatedness than that observed between

EF group 42 bacteria and C. jeikeium. Therefore, these
genealogical data combined with the phenotypic sepa-
rateness of EF group 42 bacteria and C. jeikeium
clearly show the former is worthy of a distinct species.
Based on the results of the phenotypic and molecular
genetic findings, we therefore propose that the above
described EF group 42 bacteria should be classified
as a new species of the genus Corynebacterium for
which the name Corynebacterium falsenii sp. nov. is
proposed.

Description of Corynebacterium falsenii sp. nov.

Corynebacterium falsenii (fal.se’'ni.i. of N.L. gen. n.

falsenii of Falsen, to honour the contemporary Swe-

dish microbiologist and taxonomist Enevold Falsen,
curator of the CCUG, for his lifelong contributions to
bacterial taxonomy as well as for the systematic
collection and characterization of prokaryotes). The
description of the characteristics given below is based
on the results of studies of four strains.

Cells are Gram-positive, non-spore-forming and non-
motile. They are typically club-shaped rods which
appear as single cells, in pairs or in small clusters.
Colonies are whitish, circular with entire edges, con-
vex, glistening, up to 2 mm in diameter after 24 h
incubation, of creamy consistency, and start to develop
a yellowish pigment after 72 h incubation. Weak
anaerobic growth. Catalase-positive. Acid is produced
from glucose, galactose, 5-keto-gluconate, glycerol,
ribose and trehalose, but not from sucrose, mannitol,
xylose,adonitol,amygdaline, arabinose, arabitol, arbu-
tine, cellobiose, dulcitol, erythritol, b-fucose, f-gentio-
biose, gluconate, 2-keto-gluconate, N-acetyl-glucosa-
mine, methyl a-D-glucoside, glycogen, inositol, inulin,
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D-lyxose, methyl a-D-mannoside, melezitose, meli-
biose, D-raffinose, salicin, sorbitol, sorbose, D-turan-
ose, xylitol and f-methyl-xyloside. Acid production
from maltose, fructose, lactose, rhamnose, D-tagatose
is variable. Nitrate is not reduced. Urea hydrolysis is
positive but delayed. Aesculin, casein, tyrosine and
xanthine are not hydrolysed. The CAMP reaction is
negative. Pyrazinamidase, alkaline and acid phospha-
tase, esterase (C,), esterase lipase (C,) and phospho-
amidase activities are detected, but pyrrolidonyl aryl-
amidase, valine arylamidase, trypsin, chymotrypsin, o-
galactosidase, f-galactosidase, f-glucuronidase, o-glu-
cosidase, f-glucosidase, N-acetyl-f-glucosaminidase,
a-mannosidase and o-fucosidase activities are not
detected. Lipase, leucine arylamidase and cystine
arylamidase activities are variable.

The cell wall contains meso-diaminopimelic acid.
Mycolic acids are present. The main straight-chain
saturated fatty acids are palmitic and stearic acids;
oleic acid is the predominant unsaturated fatty acid.
Isolated from human clinical specimens. The type
strain CCUG 33651 has been deposited in the Culture
Collection of the University of Goteborg, Sweden.
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