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Abstract Four yellow pigmented strains (91A-561T,

91A-576, 91A-593T, and JM-1085T) isolated from

plant materials, showed 97.2–98.7 % 16S rRNA gene

sequence similarities among each other and were

studied in a polyphasic approach for their taxonomic

allocation. Cells of all four isolates were rod-shaped

and stained Gram-negative. Comparative 16S rRNA

gene sequence analysis showed that the four bacteria

had highest sequence similarities to Chryseobacterium

formosense (97.2–98.7 %), Chryseobacterium

gwangjuense (97.1–97.8 %), and Chryseobacterium

defluvii (94.6–98.0 %). Sequence similarities to all

other Chryseobacterium species were below 97.5 %.

Fatty acid analysis of the four strains showed Chry-

seobacterium typical profiles consisting of major fatty

acids C15:0 iso, C15:0 iso 2-OH/C16:1 x7c, C17:1 iso

x9c, and C17:0 iso 3-OH, but showed also slight

differences. DNA–DNA hybridizations with type

strains of C. gwangjuense, C. formosense, and C.

defluvii resulted in values below 70 %. Isolates 91A-

561T and 91A-576 showed DNA–DNA hybridization

values [80 % indicating that they belonged to the

same species; but nucleic acid fingerprinting showed

that the two isolates represent two different strains.

DNA–DNA hybridization results and the differentiat-

ing biochemical and chemotaxonomic properties

showed, that both strains 91A-561T and 91A-576

represent a novel species, for which the name Chry-

seobacterium geocarposphaerae sp. nov. (type strain

91A-561T=LMG 27811T=CCM 8488T) is proposed.

Strains 91A-593T and JM-1085T represent two addi-

tional new species for which we propose the names

Chyrseobacterium zeae sp. nov. (type strain JM-

1085T=LMG 27809T, =CCM 8491T) and Chryseo-

bacterium arachidis sp. nov. (type strain 91A-

593T=LMG 27813T, =CCM 8489T), respectively.

Keywords Chryseobacterium zeae �
Chryseobacterium arachidis �
Chryseobacterium geocarposphaerae �
Taxonomy � Rhizosphere environment

The genus Chryseobacterium (Flavobacteriaceae;

Bacteroidetes) was described by Vandamme et al.

(1994) and comprises a large group of species from

very different isolation sources. Within the last few

years the descriptions of novel Chryseobacterium

species has increased tremendously and at the time of

writing 69 species with valid names exist (http://www.
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P. Kämpfer (&) � S. P. Glaeser

Institut für Angewandte Mikrobiologie, Justus-Liebig-

Universität Giessen, Heinrich-Buff-Ring 26-32,

35392 Giessen, Germany

e-mail: peter.kaempfer@umwelt.uni-giessen.de

J. A. McInroy

Auburn University, Auburn, AL, USA

123

Antonie van Leeuwenhoek (2014) 105:491–500

DOI 10.1007/s10482-013-0101-4

http://www.bacterio.net/c/chryseobacterium.html
http://dx.doi.org/10.1007/s10482-013-0101-4


bacterio.net/c/chryseobacterium.html). Several Chry-

seobacterium species have been isolated from plant

material: C. formosense from the rhizosphere of

Lactuca sativa L. (garden lettuce) in Taiwan (Young

et al. 2005), C. soldanellicola and C. taeanense from

roots of sand-dune plants (Park et al. 2006), C. luteum

from the phyllosphere of grasses (Behrendt et al.

2007), C. gregarium from decaying plant material

(Behrendt et al. 2008), four Chryseobacterium species

(C. elymi, C. hagamense, C. lathyri and C. rhizosp-

haerae) from the rhizosphere of coastal sand dune

plants (Cho et al. 2010), C. ginsengisoli from the

rhizosphere of ginseng (Nguyen et al. 2013) and C.

kwangjuense from pepper (Capsicum annuum L.)

roots (Sang et al. 2013). Another Chryseobacterium

species, C. hispalense (Montero-Calasanz et al. 2013)

was recently isolated as a plant-growth promoting

bacterium.

In this study four yellow-pigmented strains, iso-

lated from different plants in 1990 and 1991 showed

some morphological similarities and were compara-

tively studied. Strain JM-1085T was isolated in late

June, 1990 as an endophyte from the stem of healthy

10-week-old sweet corn (Zea mays) grown at the Plant

Breeding Unit facility at the E.V. Smith Research

Center in Tallassee (Macon county), Alabama USA.

Strains 91A-561T, 91A-576 and 91A-593T were

isolated from the geocarposphere (soil around the pod)

of very immature peanut (groundnut). These plants

were grown at the Wiregrass Research and Extension

Center, in Headland (Henry county), Alabama USA.

Strains JM-1085T was isolated by surface-disin-

festing cut segments of corn stem with 1.05 % sodium

hypochlorite for 1 min and rinsing repeatedly with

sterile water. A sterile scalpel was used to excise

smaller portions of cut segments. Plant tissue was

triturated using a sterile stainless steel canister and a

KLECO Tissue Pulverizer (Kinetic Laboratory Equip-

ment, Visalia, CA). The geocarposphere strains were

collected by harvesting immature groundnut plants

and collecting the soil around the pod. Sterile water

was added to the geocarposphere soil to create a

dilution series for sequential plating.

All four strains were reactivated from lyophilisates,

grown on tryptone soy agar (TSA, Oxoid) at 30 �C and

maintained and subcultivated on this agar at 30 �C for

48 h. Subsequently strains were analyzed for their 16S

rRNA gene sequences, their fatty acid methyl ester

compositions of whole cell hydrolysates, and further

biochemical and physiological features. In addition,

DNA–DNA hybridizations and comparative nucleic

acid fingerprinting analysis were performed with type

strains of those species most closely related on the

basis of 16S rRNA gene sequence similarities. The

reference type strains of C. formosense, C. gwangju-

ense and C. defluvii were cultured under the same

conditions as the test strains.

The cultural and morphological characteristics

were determined from cultures grown on TSA. Gram

staining was performed on the basis of a modified

method of Gerhardt et al. (1994) and the motility test

was done under a light microscope on cells grown for

3 days in tryptic soy broth (TSB; Oxoid) at 30 �C.

Temperature-dependent growth was tested at 4, 11, 30,

37, 45, 50 and 55 �C on nutrient agar. NaCl tolerance

was investigated at different concentrations of NaCl

[0.5–8.0 (w/v) %] in TSB.

All four strains showed a Gram-negative staining

behavior and formed visible (diameter about 2 mm)

yellowish colonies within 48 h at 30 �C on TSA. For

all four strains, no growth was observed below 8 �C

and above 45 �C. All strains were found to grow very

slowly at 45 �C and at a NaCl concentration of 1–2 %

(w/v). The colonies of the isolates were observed to be

almost identical, showing a translucent glistening

appearance with entire edges. All strains grew well on

nutrient agar, brain heart infusion agar, R2A agar and

tryptic soy agar but not on MacConkey agar (Oxoid).

The cells of each strain were observed to be rod-

shaped (approx. 1 lm wide and 2 lm long). A yellow

pigment of the flexirubin type (KOH method accord-

ing to Reichenbach 1989) was produced by all four

strains when grown on nutrient agar. Oxidase activity

was found to be positive for all four strains using the

oxidase reagent (bioMérieux) according to the instruc-

tions of the manufacturer. Cells of all the strains were

non-motile. No spores were observed to be produced

by any of the strains.

The physiological/biochemical characterization

(96-well plate test system) and some additional

biochemical tests were performed as described by

Kämpfer et al. (1991). The following additional

biochemical tests were performed: production of

hydrogen sulphide, using the lead acetate paper and

triple-sugar–iron methods; indole reaction with Ehr-

lich’s and Kovacs’ reagent; the activity of arginine

dihydrolase, lysine decarboxylase, ornithine decar-

boxylase, DNase (Oxoid CM321; supplemented with
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0.01 % toluidine blue), b-galactosidase (ONPG), and

urease on Christensen’s urea agar; hydrolysis of

casein, gelatin (plate method), starch and tyrosine

(Smibert and Krieg 1994). As reported for many other

Chryseobacterium species, all strains utilized only

very few carbon sources, but were able to hydrolyze

some chromogenic substrates. The biochemical/phy-

siological data are given in Table 1 and in the species

description.

Analysis of the cellular fatty acid profiles was

performed as described earlier (Kämpfer and Krop-

penstedt 1996) and revealed for all four strains the

following most abundant fatty acids: C15:0 iso, C17:0

iso 3-OH, C17:1 iso x9c and C15:0 iso 2-OH/C16:1

x7c. Slight differences were also found, as shown in

Table 2 in comparison with those of the type strains of

the most closely related Chryseobacterium species.

Isolates 91A-561T and 91A-576 showed almost iden-

tical fatty acid profiles.

Phylogenetic analysis based on nearly full-length

16S rRNA gene sequences were performed in ARB

release 5.2 (Ludwig et al. 2004) using the ‘‘All-

Species Living Tree’’ Project (LTP; Yarza et al. 2008)

database release LTPs111 (February 2013). Sequences

not included in the LTP database were aligned using

SINA (v. 1.2.11; Pruesse et al. 2012) and implemented

in the LTP database. The alignment of sequences used

for tree construction was checked manually based on

the secondary structure information. Pairwise 16S

rRNA gene sequence similarities were calculated

using the ARB Neighbour-joining tool without an

evolutionary substitution model. Phylogenetic trees

were constructed with the maximum-likelihood

method using RAxML v7.04 (Stamatakis 2006) with

GTR-GAMMA and rapid bootstrap analysis (100

resamplings) and PhyML (Felsenstein 2005) and the

neighbour-joining methods using ARB Neighbour-

joining with the Jukes–Cantor correction model (Jukes

Table 1 Comparison of characteristics of strains with other Chryseobacterium species

Characteristic 1 2 3 4 5 6 7 8 9 10 11 12 13

Acid production from

Glucose (?) ? ? ? (?) ? ? ? ? ? ? ? ?

Sucrose ? ? ? - - ? - ? - - - - -

Mannitol - - - - - - - ? - 4/13 - - ?

Arabinose (?) - - ? (?) - - ? 10/12 - - - -

Cellobiose - - - - - - (?) - - - - - -

Fructose NA NA NA NA NA NA NA NA ? ? ? - ?

Lactose NA NA NA NA NA NA NA - - - - - -

Maltose ? ? ? - - - ? ? ? ? - ? ?

Raffinose - - - (?) - - - - - - - - -

Salicin ? ? (?) ? - - - - - - - - -

Trehalose - - - - - ? ? ? ? ? - - ?

Xylose - - - - - (?) - NA 4/12 - - - -

Casein digestion ? ? ? ? - NA NA ? ? NA ? ? ?

Aesculin hydrolysis ? ? ? ? ? ? ? ? ? ? - ? ?

Growth at 36–37 �C ? ? ? ? ? - ? ? ? ? - ? -

Growth on MacConkey agar - - - - - - - - ? V ? ? ?

Nitrate reduction - - - - - - - - 7/12 V ? - -

Strains/species: 1, JM-1085T; 2, 91A-561T; 3, 91A-576; 4, 91A-593T; 5, C. gwangjuense (n = 1); 6, C. formosense (n = 1); 7,

C. defluvii (n = 1); 8, C. proteolyticum (n = 2); 9, C. gleum (n = 12); 10, C. indologenes (n = 13); 11, C. balustinum (n = 1); 12,

C. indoltheticum (n = 1); 13, C. joostei (n = 11)

Data for strains/species (1–6) were from this study, (7) was taken from Kämpfer et al. (2003), and (8–13) were taken from Li et al.

(2003) and Hugo et al. (2003)

n, Number of strains tested; ?, all strains tested positive; (?), weakly positive; -, all strains tested negative; NA, not available; two

figures separated by solidus (/) refer to the number of positive strains/number of strains tested. These data are from Hugo et al. (2003)
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and Cantor 1969) and 100 bootstraps. All analyses

based on 16S rRNA gene sequences between sequence

termini 82 and 1394 (according to Escherichia coli

numbering, Brosius et al. 1978). The sequenced 16S

rRNA gene fragments of the four strains were

1440–1443 bp long (GenBank/EMBL/DDBJ acces-

sion numbers for strains 91A-561T, 91A-576, 91A-

593T and JM-1085T are HG738132 to HG738135,

respectively). Comparative sequence analysis showed

that the strains among each other shared 97.2–98.7 %

sequence similarity and highest sequence similarity to

three Chryseobacterium species, C. formosense

(97.2–98.7 %), C. gwangjuense (97.1–97.8 %) and

C. defluvii (94.6–98.0 %). In detail, strain 91A-593T

showed highest sequence similarity to two of the other

strains, 91A-576 and 91A-561T (97.7 and 97.4 %,

respectively), followed by JM-1085T and the type

strains of C. formosense (both 97.2 %) and C.

ginsenosidimutans and C. gwangjuense (97.1 %).

Strains 91A-561T and 91A-576 shared 98.6 % 16S

rRNA gene sequence similarity and showed highest

sequence similarity to C. gwangjuense (98.6 and

98.0 %), JM-1085T (98 and 97.4 %), and C. defluvii

(98.0 and 97.2 %), respectively. Strain JM-1085T

showed highest sequence similarity to C. formosense

(98.7 %) and strain 91A-561T (98 %). The 16S rRNA

gene sequence similarities to all other Chryseobacte-

rium species were below 97.5 %.

Independent of the applied treeing method strains

91A-561T and 91A-576 formed a distinct cluster, as

did strain JM-1085T and C. formosense CC-H3-2T

(each cluster supported by high bootstrap values;

Fig. 1 and Supplementary Figs. 1 and 2). The overall

clustering of the new strains and reference strains

was strongly affected by the applied treeing methods

and treeing algorithm. In the maximum-likelihood

tree generated with PhyML and the neighbor-joining

tree all four new strains clustered together with the

type strains of C. gwangjuense and C. formosense

(Suppl. Figs. 1 and 2). The neighbour-joining tree

showed two subclusters that separated JM-1085T and

C. formosense CC-H3-2T from the other strains. The

maximum-likelihood tree generated with RAxML in

contrast showed three separate clusters that were

distributed among other Chryseobacterium species

(Fig. 1). In this tree, strain JM-1085T clustered

together with C. formosense CC-H3-2T and strains

91A-561T and 91A-576 with C. gwangjuense THG

A18T, whereas strain 91A-593T clustered loosely

(without high bootstrap support) with the type strains

of Chryseobacterium indoltheticum, Chryseobacteri-

um scophthalmum, and Chryseobacterium piscium.

However the 16S rRNA gene sequence similarities

to those species was lower than to other Chryseo-

bacterium species (96, 96.5, and 96.9 %,

respectively).

DNA–DNA hybridisation (DDH) experiments

were performed among all four strains and the type

strains of the three most closely related Chryseobac-

terium species according to the method of Ziemke

et al. (1998) (except that for nick translation 2 lg of

DNA were labelled during 3 h of incubation at 15 �C).

The strains 91A-561T and 91A-576 showed high DDH

values between each other (100 %) indicating, that

they belong to the same species. Strain 91A-561T

showed a moderate DNA–DNA similarity to 91A-

593T (62 %, reciprocal 44 %) and a low DNA–DNA

similarity to JM-1085T (22 %, reciprocal 15 %), and

also to C. formosense CC-H3-2T (36 %, reciprocal

34 %), C. gwangjuense LMG 26579T (44 %, recipro-

cal 34 %), and C. defluvii B2T (32 %, reciprocal

30 %). Strain JM-1085T showed a moderate DNA–

DNA similarity to 91A-593T (45 %, reciprocal 30 %)

and a low DNA–DNA similarity to C. formosense CC-

H3-2T (39 %, reciprocal 37 %), C. gwangjuense LMG

26579T (63 %, reciprocal 60 %) and C. defluvii B2T

(53 %, reciprocal 49 %). Strain 91A-593T showed

also moderate to low DNA–DNA similarities to C.

formosense CC-H3-2T (65 %, reciprocal 50 %), C.

gwangjuense LMG 26579T (54 %, reciprocal 51 %)

and C. defluvii B2T (58 %, reciprocal 52 %).

Nucleic acid fingerprinting was performed with

three different RAPD-PCRs and the rep-PCR method

(GTG)5-PCR to compare the new strains and the

closest related reference strains at the strain level.

Primer A, B, and C (Ziemke et al. 1997) were used for

RAPD-PCR and primer (GTG)5 (Versalovic et al.

1994) for rep-PCR analysis, respectively. Analyses

were performed as described in detail by Glaeser et al.

(2013). A cluster analysis of the nucleic acid finger-

printing pattern was performed in GelCompar II

version 4.5 (Applied Maths) using the UPGMA

clustering method and the Pearson correlations con-

sidering the presences and absence of DNA bands as

well as DNA band intensities.

The analysis clearly showed that isolate 91A-561T

and 91A-576 represent two different strains (Fig. 2).

Cluster analysis performed with (GTG)5-PCR showed
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a clustering of 91A-561T with 91A-576 and likewise,

of strain JM-1085T with C. formosense CC-H3-2T

similar to the clustering obtained by the phylogenetic

analysis. The clustering in the RAPD-PCR analyses

however was different.

On the basis of the results of this polyphasic study,

it is concluded that strains 91A-561T and 91A-576

represent a novel species, for which the name C.

geocarposphaerae sp. nov. is proposed. Strains 91A-

593T and JM-1085T represent two additional new

species for which we propose the names C. zeae sp.

nov. and C. arachidis sp. nov., respectively.

Description of Chryseobacterium geocarposphaerae

sp. nov.

Chryseobacterium geocarposphaerae (ge.o.car.po.

sphae’rae. N.L. gen. n. geocarposphaerae,

of geocarposphere, of the geosphere of soil

(around the pod) of very immature groundnut

(peanut), from which the organisms were isolated)

Cells stain Gram-negative. They are non-motile, non-

spore forming rods, approx. 1 lm in width and 2 lm in

length. Aerobic, oxidase positive and catalase positive.

Table 2 Long-chain fatty acid composition of Chryseobacterium species and related bacteria

Fatty acid 1 2 3 4 5 6 7 8 9 10 11 12 13

13:0 iso 1.2 1.0 0.8 0.9 1.3 3.6 2.8 Tr Tr Tr Tr ND Tr

Unknown

13�566a
3.8 6.8 7.5 6.0 ND Tr Tr 1.1 ± 0.2 1.2 ± 0.4 2.1 ± 0.7 1.6 1.7 2.9 ± 0.2

15:0 iso 24.7 40.5 38.8 42.1 34.5 52.2 58.5 34.6 ± 2.0 35.4 ± 2.9 34.3 ± 4.9 32.3 29.4 35.0 ± 0.7

15:0 iso 3-OH 4.3 3.5 3.6 3.0 3.9 1.8 2.6 2.9 ± 0.3 2.5 ± 0.1 2.6 ± 0.2 2.7 2.3 2.7 ± 0.1

15:0 anteiso 5.7 0.6 0.7 ND 1.2 2.1 3.2 Tr Tr Tr Tr 5.9 Tr

16:0 5.9 1.4 1.8 2.0 2.1 1.5 1.3 Tr 1.3 ± 0.4 Tr 1.6 1.0 1.2 ± 0.2

16:0 3-OH 7.1 1.0 0.9 1.6 Tr Tr Tr 1.2 ± 0.2 1.1 ± 0.1 1.0 ± 0.2 1.4 Tr 1.0 ± 0.1

16:0 iso 3-OH 1.5 ND ND ND Tr 1.1 Tr ND ND ND Tr 1.3 ND

Unknown

16.580a
ND 1.7 1.5 1.5 ND 1.0 ND 1.6 ± 0.1 1.7 ± 0.1 1.7 ± 0.2 1.3 1.3 1.5 ± 0.1

17:0 2-OH ND ND ND ND ND ND ND ND ND ND Tr 3.0 Tr

17:0 iso ND 1.8 2.4 2.0 1.6 2.3 2.0 Tr 1.6 ± 0.6 Tr 1.0 Tr Tr

17:0 iso 3-OH 11.0 24.1 24.1 21.1 19.5 10.9 14.1 20.1 ± 1.2 21.8 ± 0.3 19.2 ± 1.8 16.8 14.0 16.3 ± 0.1

17:1 iso x9c ND 7.0 6.7 9.0 11.6 4.3 4.8 22.9 ± 1.9 20.2 ± 3.9 24.2 ± 3.1 27.1 25.6 24.8 ± 0.4

18:1 x5c ND ND ND ND ND ND ND Tr Tr Tr Tr Tr Tr

Summed feature

4b
2.5 ND ND ND 16.8 6.5 8.4 12.1 ± 1.3 11.8 ± 0.8 11.1 ± 1.3 9.2 11.2 11.5 ± 0.3

Summed feature

5b
ND ND ND ND ND ND ND Tr Tr Tr Tr ND Tr

Taxa are listed as: 1, JM-1085T; 2, 91A-561T; 3, 91A-576; 4, 91A-593T; 5, C. gwangjuense (n = 1); 6, C. formosense (n = 1); 7, C.

defluvii (n = 1); 8, C. joostei (n = 11); 9, C. gleum (n = 5); 10, C. indologenes (n = 45); 11, C. balustinum (n = 1); 12, C.

indoltheticum (n = 1); 13, C. scophthalmum (n = 2); All strains identified as C. gleum, C. indologens and Empedobacter brevis in an

earlier study (Hugo et al., 1999) were included. Fatty acid percentages amounting to less than 1 % of the total fatty acids in all strains

were not included. Mean ± SD are given

Data of taxa 1–7 from this study; other data from Hugo et al. (2003); Kämpfer et al. (2003), and Li et al. (2003)

Tr trace (less than 1.0 %), ND not detected
a Unknown fatty acid; numbers indicate equivalent chain length
b Fatty acids that could not be separated by GC using the Microbial Identification System (Microbial ID) software were considered

summed features. Summed feature 4 contains C15:0 iso 2-OH and/or C16:1 x7t. Summed feature 5 contains C17:1 iso I and/or C17:0

anteiso B

Antonie van Leeuwenhoek (2014) 105:491–500 495

123



Fig. 1 Maximum-

likelihood tree based on

nearly full-length 16S rRNA

gene sequences showing the

phylogenetic position of the

four new strains among type

strains of currently

described species of the

genus Chryseobacterium.

The tree was calculated in

ARB using RAxML with

rapid bootstrap analysis and

100 replications. Nucleotide

position between termini 82

to 1394 (E. coli numbering,

Brosius et al. 1978) were

included in the analysis.

Bootstrap values above

70 % are shown at branch

nodes. Two Elizabethkingia

type strains were used as

outgroups. Bar 0.1

nucleotide substitutions per

side
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Good growth occurs after 48 h on nutrient agar, brain

heart infusion agar, tryptic soy agar, and R2A agar (all

Oxoid) at 8–36 �C (weak growth at 45 �C).

No growth occurs on MacConkey agar (Oxoid) at

28 �C. The type strain is unable to grow at 4 and 50 �C

on TS agar. Cells grow in the presence of 1.0–2.0 %

NaCl as additional ingredients of nutrient agar.

Colonies on nutrient agar are smooth, yellowish,

circular, translucent and glistening with entire edges.

Colonies become mucoid, and cannot be identified as

single entities after prolonged incubation. The yellow

pigment of the flexirubin type is non-diffusible and

non-fluorescent.

Acid is produced from D-glucose, sucrose, maltose

and salicin. No acid is produced from adonitol, L-

arabinose, D-arabitol, dulcitol, erythritol, i-inositol,

lactose, D-trehalose, D-mannitol D-melibiose, a-

methyl-D-glucoside, raffinose, L-rhamnose, D-sorbitol

and D-xylose. Urease activity, indole production and

hydrolysis of casein, gelatin, starch, DNA and tyro-

sine are positive, while hydrogen-sulphide produc-

tion, activity of arginine dihydrolase, lysine

decarboxylase, ornithine decarboxylase and b-galac-

tosidase (ONPG) are negative. The following com-

pounds are not utilised as a sole source of carbon:

acetate, propionate, N-acetylgalactosamine, N-acetyl-

glucosamine, L-arabinose, L-arbutine, D-cellobiose, D-

galactose, gluconate, D-glucose, D-maltose, D-man-

nose, D-fructose, and D-trehalose, glycerol, D-manni-

tol, maltitol, a-D-melibiose, L-rhamnose, D-ribose, D-

sucrose, salicine, D-xylose, adonitol, i-inositol, D-

sorbitol, putrescine, cis-aconitate, trans-aconitate,

4-aminobutyrate, adipate, azelate, fumarate, glutarate,

DL-3-hydroxybutyrate, itaconate, DL-lactate, 2-oxoglu-

tarate, pyruvate, suberate, citrate, mesaconate, L-

alanine, b-alanine, L-ornithine, L-phenylalanine, L-serine,

L-aspartate, L-histidine, L-leucine, L-proline, L-trypto-

phan, 3-hydroxybenzoate, 4-hydroxybenzoate and

phenylacetate.

The chromogenic substrates p-nitrophenyl-a-D-

glucopyranoside, p-nitrophenyl-b-D-glucopyranoside

(weak), p-nitrophenyl-b-D-galactopyranoside, p-nitro-

phenyl-b-D-xylopyranoside, bis-p-nitrophenyl-phos-

phate, bis-p-nitrophenyl-phenyl-phosphonate, bis-p-

nitrophenyl-phosphoryl-choline, 2-deoxythymidine-

20-p-nitrophenyl-phosphate, L-alanine-p-nitroanilide,

c-L-glutamate-p-nitroanilide, and L-proline-p-nitroan-

ilide are hydrolysed. p-Nitrophenyl-b-D-glucuronide

is not hydrolysed. The major cellular fatty acids

([15 %) are C15:0 iso, C15:0 iso 2-OH/C16:1 x7c, C17:1

iso x9c and C17:0 iso 3-OH.

The type strain is 91A-561T (=LMG 27811T=CCM

8488T), isolated from the geocarposphere (soil around

the pod) of very immature peanuts in Alabama, USA

Isolate 91A-576 (=LMG 27812=CCM 8487) is

another strain of this species, which was isolated from

the same source.

Fig. 2 Cluster analysis of nucleic acid fingerprint pattern

obtained for the four new strains and type strain of closest

related Chryseobacterium species. Four different nucleic acid

fingerprint methods were applied (GTG)5-PCR and three RAPD

PCRs performed with primer A, B or C. Cluster analyses were

performed in GelCompar II using the UPGMA clustering

method based on the Pearson correlation
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Description of Chryseobacterium zeae sp. nov.

Chryseobacterium zeae (ze’ae. L. gen. n. zeae,

of spelt, of Zea mays)

Cells stain Gram-negative. They are non-motile, non-

spore forming rods, approx. 1 lm in width and 2 lm

in length. Aerobic, oxidase positive and catalase

positive. Good growth occurs after 48 h on nutrient

agar, brain heart infusion agar, tryptic soy agar, and

R2A agar (all Oxoid) at 8–36 �C (weak growth at

45 �C). No growth occurs on MacConkey agar (Oxoid)

at 28 �C. The type strain is unable to grow at 4 and

50 �C on TS agar. Cells grow in the presence of

1.0–2.0 % NaCl as additional ingredients of nutrient

agar. Colonies on nutrient agar are smooth, yellowish,

circular, translucent and glistening with entire edges.

Colonies become mucoid and cannot be identified as

single entities after prolonged incubation. The yellow

pigment of the flexirubin type is non-diffusible and

non-fluorescent.

Produces acid from D-glucose, L-arabinose (weak),

maltose and salicin. No acid is produced from adonitol,

D-arabitol, dulcitol, erythritol, i-inositol, lactose, D-

mannitol D-melibiose, a-methyl-D-glucoside, raffinose,

L-rhamnose, D-sorbitol, sucrose and D-xylose. Urease

activity, indole production and hydrolysis of casein,

gelatin, starch, DNA and tyrosine, hydrogen-sulphide

production, activity of arginine dihydrolase, lysine

decarboxylase, ornithine decarboxylase, and b-galacto-

sidase (ONPG) are all negative. The following com-

pounds are not utilised as a sole source of carbon:

acetate, propionate, N-acetylgalactosamine, N-acetyl-

glucosamine, L-arabinose, L-arbutine, D-cellobiose, D-

galactose, gluconate, D-glucose, D-maltose, D-mannose,

D-fructose, and D-trehalose, glycerol, D-mannitol, malt-

itol, a-D-melibiose, L-rhamnose, D-ribose, D-sucrose,

salicine, D-xylose, adonitol, i-inositol, D-sorbitol, putres-

cine, cis-aconitate, trans-aconitate, 4-aminobutyrate,

adipate, azelate, fumarate, glutarate, DL-3-hydroxybu-

tyrate, itaconate, DL-lactate, 2-oxoglutarate, pyruvate,

suberate, citrate, mesaconate, L-alanine, b-alanine, L-

ornithine, L-phenylalanine, L-serine, L-aspartate, L-histi-

dine, L-leucine, L-proline, L-tryptophan, 3-hydroxy-

benzoate, 4-hydroxybenzoate and phenylacetate.

The chromogenic substrates p-nitrophenyl-a-D-gluco-

pyranoside, p-nitrophenyl-b-D-glucopyranoside (weak),

p-nitrophenyl-b-D-galactopyranoside, p-nitrophenyl-b-

D-xylopyranoside, bis-p-nitrophenyl-phosphate, bis-p-

nitrophenyl-phenyl-phosphonate, bis-p-nitrophenyl-

phosphoryl-choline, 2-deoxythymidine-20-p-nitrophenyl-

phosphate, L-alanine-p-nitroanilide, c-L-glutamate-p-

nitroanilide, and L-proline-p-nitroanilide are hydroly-

sed. p-Nitrophenyl-b-D-glucuronide is not hydrolysed.

The major cellular fatty acids ([15 %) are C15:0 iso,

C15:0 iso 2-OH/C16:1 x7c, C17:1 iso x9c and C17:0 iso

3-OH.

The type strain JM-1085T (=LMG 27809T=CCM

8491T) was isolated in late June, 1990 from the stem of

10-week-old sweet corn grown at the Plant Breeding

Unit facility at the E.V. Smith Research Center in

Tallassee (Macon county), Alabama USA.

Description of Chryseobacterium arachidis sp. nov.

Chryseobacterium arachidis (arachidis:

a.ra’.chi.dis. N.L. gen. n. arachidis, of Arachis,

isolated from Arachis hypogaea)

Cells stain Gram-negative. They are non-motile, non-

spore forming rods, approx. 1 lm in width and 2 lm in

length. Aerobic, oxidase positive and catalase positive.

Good growth occurs after 48 h on nutrient agar, brain

heart infusion agar, tryptic soy agar, and R2A agar (all

Oxoid) at 8-36 �C (weak growth at 45 �C). No growth

occurred on MacConkey agar (Oxoid) at 28 �C. The

type strain is unable to grow at 4 and 50 �C on TS agar.

Cells grow in the presence of 1.0–2.0 % NaCl as

additional ingredients of nutrient agar. Colonies on

nutrient agar are smooth, yellowish, circular, translu-

cent and glistening with entire edges. Colonies become

mucoid and cannot be identified as single entities after

prolonged incubation. The yellow pigment of the

flexirubin type is non-diffusible and non-fluorescent.

Produces acid from D-glucose, L-arabinose, raffinose

and salicin. No acid is produced from adonitol, D-arabitol,

dulcitol, erythritol, i-inositol, lactose, D-mannitol,

D-maltose, D-melibiose, a-methyl-D-glucoside, L-rham-

nose, D-sorbitol, sucrose and D-xylose. Urease activity,

indole production and hydrolysis of casein, gelatin,

starch, DNA and tyrosine, hydrogen-sulphide produc-

tion, activity of arginine dihydrolase, lysine decarboxyl-

ase, ornithine decarboxylase, and b-galactosidase

(ONPG) are all negative. The following compounds are

not utilised as a sole source of carbon: acetate, propionate,

N-acetylgalactosamine, N-acetylglucosamine, L-arabi-

nose, L-arbutine, D-cellobiose,D-galactose, gluconate,
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D-glucose, D-maltose, D-mannose, D-fructose, and D-

trehalose, glycerol, D-mannitol, maltitol, a-D-melibiose,

L-rhamnose, D-ribose, D-sucrose, salicine, D-xylose, adon-

itol, i-inositol, D-sorbitol, putrescine, cis-aconitate, trans-

aconitate, 4-aminobutyrate, adipate, azelate, fumarate,

glutarate, DL-3-hydroxybutyrate, itaconate, DL-lactate,

2-oxoglutarate, pyruvate, suberate, citrate, mesaconate,

L-alanine, b-alanine, L-ornithine, L-phenylalanine, L-ser-

ine, L-aspartate, L-histidine, L-leucine, L-proline, L-trypto-

phan, 3-hydroxybenzoate, 4-hydroxybenzoate and

phenylacetate.

The chromogenic substrates p-nitrophenyl-a-D-

glucopyranoside, p-nitrophenyl-b-D-glucopyranoside

(weak), p-nitrophenyl-b-D-galactopyranoside, p-nitro-

phenyl-b-D-xylopyranoside, bis-p-nitrophenyl-phos-

phate, bis-p-nitrophenyl-phenyl-phosphonate, bis-p-

nitrophenyl-phosphoryl-choline, 2-deoxythymidine-

20-p-nitrophenyl-phosphate, L-alanine-p-nitroanilide,

c-L-glutamate-p-nitroanilide, and L-proline-p-nitroan-

ilide are hydrolysed. p-Nitrophenyl-b-D-glucuronide

is not hydrolysed. The major cellular fatty acids

([15 %) are C15:0 iso, C15:0 iso 2-OH/C16:1 x7c, C17:1

iso x9c and C17:0 iso 3-OH.

The type strain 91A-593T (=LMG 27813T=CCM

8489T) was isolated from the geocarposphere (soil

around the pod) of very immature peanuts. These

plants were grown at the Wiregrass Research and

Extension Center, in Headland (Henry County),

Alabama USA.
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Kämpfer P, Kroppenstedt RM (1996) Numerical analysis of

fatty acid patterns of coryneform bacteria and related taxa.

Can J Microbiol 42:989–1005
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Kämpfer P, Dreyer U, Neef A, Dott W, Busse H-J (2003)

Chryseobacterium defluvii sp. nov., isolated from waste-

water. Int J Syst Evol Microbiol 53:93–97

Li Y, Kawamura Y, Fujiwara N, Naka T, Liu H, Huang X,

Kobayashi K, Ezaki T (2003) Chryseobacterium miricola

sp. nov., a novel species isolated from condensation water

of space station Mir. Syst Appl Microbiol 26:523–528

Ludwig W, Strunk O, Westram R, Richter L, Meier H, Yadh-

ukumar, Buchner A, Lai T, Steppi S, Jobb G, Forster W,

Brettske I, Gerber S, Ginhart AW, Gross O, Grumann S,

Hermann S, Jost R, Konig A, Liss T, Lussmann R, May M,

Nonhoff B, Reichel B, Strehlow R, Stamatakis A, Stuck-

mann N, Vilbig A, Lenke M, Ludwig T, Bode A, Schleifer

KH (2004) ARB: a software environment for sequence

data. Nucleic Acid Res 32:1363–1371
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