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Peter Kämpfer • John A. McInroy •

Stefanie P. Glaeser

Received: 5 November 2014 / Accepted: 2 December 2014

� Springer International Publishing Switzerland 2014

Abstract A slightly yellow pigmented strain (JM-

534T) isolated from the rhizoplane of a field-grown Zea

mays plant was investigated using a polyphasic

approach for its taxonomic allocation. Cells of the

isolate were observed to be rod-shaped and to stain

Gram-negative. Comparative 16S rRNA gene sequence

analysis showed that the isolate had the highest

sequence similarities to Chryseobacterium lactis

(98.9 %), Chryseobacterium joostei and Chryseobac-

terium indologenes (both 98.7 %), and Chryseobacte-

rium viscerum (98.6 %). Sequence similarities to all

other Chryseobacterium species were 98.5 % or below.

The fatty acid analysis of the strain resulted in a

Chryseobacterium typical pattern consisting mainly of

the fatty acids C15:0 iso, C15:0 iso 2-OH, C17:1 iso x9c,

and C17:0 iso 3-OH. DNA–DNA hybridizations with the

type strains of C. lactis, C. joostei, C. viscerum and C.

indologenes resulted in values below 70 %. Genomic

fingerprinting showed that the isolate was very different

to the type strains of these species. Differentiating

biochemical and chemotaxonomic properties showed

that the isolate JM-534T represents a novel species, for

which the name Chryseobacterium rhizoplanae sp. nov.

(type strain JM-534T = LMG 28481T = CCM 8544T

= CIP 110828T) is proposed.
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The genus Chryseobacterium described by Vandam-

me et al. (1994) now harbours a large number of

species, some of which have been isolated from plant

material including the rhizosphere/rhizoplane envi-

ronment. Chryseobacterium formosense was isolated

from the rhizosphere of Lactuca sativa L. (garden

lettuce) in Taiwan (Young et al. 2005), Chryseobac-

terium soldanellicola and Chryseobacterium taean-

ense from roots of sand-dune plants (Park et al. 2006),

Chryseobacterium luteum from the phyllosphere of

grasses (Behrendt et al. 2007), Chryseobacterium

gregarium from decaying plant material (Behrendt

et al. 2008), Chryseobacterium elymi, Chryseobacte-

rium hagamense, Chryseobacterium lathyri, and

Chryseobacterium rhizosphaerae from the rhizo-

sphere of coastal sand dune plants (Cho et al. 2010),

Chryseobacterium ginsengisoli from the rhizosphere

of ginseng (Nguyen et al. 2013), Chryseobacterium

kwangjuense from pepper (Capsicum annuum L.)
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roots (Sang et al. 2013), and Chryseobacterium zeae,

Chryseobacterium arachidis and Chryseobacterium

geocarposphaerae from rhizospheres of different

plants (Kämpfer et al. 2014). Another Chryseobacte-

rium species, Chryseobacterium hispalense, was

found to produce plant-growth promoting activities

(Montero-Calasanz et al. 2013).

Strain JM-534T, was isolated from the rhizoplane of

1 week old sweet corn (Zea mays L.) grown at the E.V.

Smith Research Station in Tallassee (Tallapoosa

county), Alabama (USA). The strain was initially

isolated on tryptic soy agar (TSA, Oxoid) at 30 �C and

also further maintained and subcultivated on this agar

at 30 �C for 48 h. Analyses of the 16S rRNA gene

sequence, the fatty acid methyl ester composition of

whole cell hydrolysates, and further biochemical and

physiological features were conducted to characterize

the strain. 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, among them Chryseobacterium

lactis LMG 12278T, Chryseobacterium joostei CIP

105533T, Chryseobacterium indologenes CCUG

14556T, and Chryseobacterium viscerum 687B-08T.

C. lactis LMG 12278T, C. joostei CIP 105533T, C.

indologenes CCUG 14556T and C. viscerum 687B-

08T were obtained from LMG, CCUG, CIP and Dr.

Fernández-Garáyzabal, Madrid, Spain, respectively,

and cultured under the same conditions for compar-

ative testing.

The cultural and morphological characteristics

were recorded from cultures grown on TSA. Gram

staining was performed according to Gerhardt et al.

(1994) and the motility test was done under a light

microscope with cells grown for 3 days in tryptic soy

broth (TSB; Oxoid) at 30 �C. Temperature-dependent

growth was tested at 4, 11, 30, 36, 40 and 45 �C on

nutrient agar (Oxoid). NaCl tolerance was investigated

at different concentrations of NaCl [0.5–8.0 % (w/v)]

in TSB. pH dependent growth was tested in TSB

adjusted with HCl and NaOH to pH values between

4.0 and 12.0.

Strain JM-534T was observed to show Gram-

negative staining behavior and to form visible (diam-

eter about 2 mm) yellowish colonies within 48 h at

28 �C. Colonies were observed to have a translucent

glistening appearance with entire edges. Strain JM-

534T did not grow below 4 �C or above 37 �C. All

strains tested grew very slowly at 36 �C and at a NaCl

concentration of 1–3 % (w/v).

A yellow pigment of the flexirubin type (identified

by the KOH method according to Reichenbach 1989)

was found to be produced on nutrient agar. Oxidase

activity tested positive using the oxidase reagent

(bioMérieux) according to the instructions of the

manufacturer. Cells of strain JM-534T were observed

to be non-motile rods (approximately 1 lm wide and

2 lm long). No spores were observed. Strain JM-534T

and the reference strains grew well on nutrient agar,

brain heart infusion agar, R2A agar and TSA, but not

on MacConkey agar (Oxoid).

Strain JM-534T was physiologically/biochemically

characterized using the 96-well plate test system

(Kämpfer et al. 1991) and by some additional bio-

chemical tests: production of hydrogen sulphide using

the lead acetate paper and triple-sugar-iron methods,

indole reaction with Ehrlich’s and Kovacs’ reagents,

activity of arginine dihydrolase, lysine decarboxylase,

ornithine decarboxylase, DNase (Oxoid CM321; sup-

plemented with 0.01 % toluidine blue), b-galactosidase

(ONPG), and urease on Christensen’s urea agar

(Kämpfer 1990); hydrolysis of casein, gelatin (plate

method), starch, and tyrosine (Smibert and Krieg 1994).

Similar to many other Chryseobacterium species, the

strain was found to be able to utilise very few carbon

sources, but was able to hydrolyze some chromogenic

substrates. The biochemical/physiological data are

given in Table 1 and in the species description.

For fatty acid extraction the strains were cultured

on TSA at 28 �C for 48 h.

The analysis of the cellular fatty acid profiles was

performed as described elsewhere (Kämpfer and

Kroppenstedt 1996) using a HP gas chromatograph

HP 6890 with a Sherlock MIDI software version 2.11

and the TSBA peak naming table version 4.1. The

results showed a Chryseobacterium-typical profile for

JM-534T with the following identified as the most

abundant fatty acids: C15:0 iso, C17:0 iso 3-OH, C17:1

iso x9c and C15:0 iso 2-OH. The latter was detected as

summed feature as defined by MIDI (C15:0 iso 2-OH/

C16:1 x7c) but has been clearly identified as charac-

teristic of Chryseobacterium species in previous

studies (Vandamme et al. 1994; Montero-Calasanz

et al. 2013). Slight differences were found in compar-

ison of the fatty acid profile with those of the type

strains of the most closely related Chryseobacterium

species (Table 2).

Antonie van Leeuwenhoek

123



Phylogenetic analysis was carried out based on

nearly full-length 16S rRNA gene sequences. The 16S

rRNA gene fragment of strain JM-534T obtained by

sequence analysis (GenBank/EMBL/DDBJ accession

number KP033261) is a continuous stretch of 1,429

nucleotides spanning gene positions 43 to 1,475

(according to E. coli numbering published by Brosius

et al. 1978). Pairwise sequence similarities to the

closest related type strains were obtained using the

EzTaxon type strain database (Kim et al. 2012).

Phylogenetic trees were constructed using ARB

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

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

release LTPs115 (March 2014). Several phylogenetic

trees were calculated including 78 type strains of

Chryseobacterium species and the type strains of

Elizabethkingia species as outgroup. The trees were

based on gene sequence positions 82–1,394 (numbered

according to the E. coli numbering published by

Brosius et al. 1978) which were covered by the

sequenced 16S rRNA gene fragments of all included

type strains. 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 the maxi-

mum-parsimony method using DNAPARS version 3.6

(Felsenstein 2005). Trees based on 100 resamplings

(bootstrap analysis, Felsenstein 1985). To reduce the

size of the final tree shown here, type strains not

directly clustering with JM-534T were removed from

the tree without changing the overall tree topology

(Fig. 1). Strain JM-534T shared more than 98.5 % 16S

rRNA gene sequence similarity with the type strains of

four Chryseobacterium species: C. lactis (98.9 %), C.

joostei (98.7 %), C. indologenes (98.7 %) and C.

viscerum (98.6 %) and formed a cluster with those type

strains and the type strain of C. ginsengisoli, which

however shares less than 98.5 % 16S rRNA gene

Table 1 Comparison of the characteristics of strain JM-534T

with closely related Chryseobacterium species

Characteristic 1 2 3 4 5

Acid production from

Sucrose - -a -b - ?

Arabinose ? -a -b - -

Salicin ? -a -b - -

Trehalose ? (?)a ?b ?b ?

Growth at 36–37 �C ? ?a -b ?b ?

Growth on MacConkey agar - ?a ?b - ?

Strains/species 1, Chrsyeobacterium sp. JM-534T; 2,

Chryseobacterium lactis LMG 12278T; 3, Chryseobacterium

joostei CIP 105533T; 4, Chryseobacterium indologenes CCUG

14556T; 5, Chryseobacterium viscerum 687B-08T. All data are

from this study. ?, positive; (?), weakly positive; -, negative.

All strains produced acid from D-glucose and maltose and not

from D-ribose and D-xylose. All strains were positive for

digestion of casein and esculin hydrolysis
a Results in agreement with those reported by Holmes et al.

(2013)
b Results in agreement with those reported by Hugo et al.

(2003)

Table 2 Fatty acid composition of strain JM-534T and closest

related Chryseobacterium species

Fatty acid 1 2 3 4 5

C13:0 iso 1.2 2.0

Unknown 13.565 5.5 6.9 6.4 13.1 7.5

Unknown 13.566a

C15:0 iso 38.6 39.4 44.8 28.4 34.3

C15:1 iso F 1.8 1.2 3.4 2.1

C15:0 iso 3-OH 2.8 2.7 2.4 2.1 3.4

C15:0 anteiso 0.6

C16:0 1.4 1.6 1.7 1.2 1.0

C16:0 3-OH 1.3 1.2 1.0 0.8 1.8

C16:0 iso 3-OH 1.3 0.8 1.6

Unknown 16.580a

Unknown 16.582 1.4 1.2 1.4 1.3 1.3

C17:0 2-OH

C17:0 iso 1.9 1.9 2.2 1.1 0.9

C17:0 iso 3-OH 20.4 15.6 14.2 14.3 20.2

C17:1 iso x9c 17.9 19.2 15.6 23.4 14.5

C18:1 x5c 0.4

Summed feature 4b 8.7 6.5 5.4 9.8 11.2

Summed feature 5b

Taxa are listed as 1, Chryseobacterium sp. JM-534T; 2, C.

lactis LMG 12278T; 3, C. joostei CIP 105533T; 4, C.

indologenes CCUG 14556T; 5, C. viscerum 687B-08T. All

data are from this study
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 four contains

C15:0 iso 2-OH and/or C16:1 x7t. As shown in several studies,

summed feature: C15:0 iso 2-OH/C16:1 x7c, could be clearly

identified as C15:0 iso 2-OH (Vandamme et al. 1994; Montero-

Calasanz et al. 2013). Summed feature five contains C17:1 iso I

and/or C17:1 anteiso B
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sequence similarity with JM-534T. Clustering was not

supported by high bootstrap values independently of

the applied treeing method.

For further genotypic analysis high molecular

weight genomic DNA was extracted as described by

Pitcher and Saunders (1989). DNA–DNA hybridisa-

tion (DDH) experiments were performed with strain

JM-534Tand the type strains of the four most closely

related Chryseobacterium 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. Strain JM-534T showed a mod-

erate DNA–DNA similarity to C. joostei CIP 105533T

(62 %, reciprocal 64 %), and low DNA–DNA simi-

larities to C. lactis LMG 12278T (49 %, reciprocal

18 %), C. viscerum 687B-08T (49 %, reciprocal 43 %)

and C. indologenes CCUG 14556T (43 %, reciprocal

49 %).

The five strains were furthermore compared at the

genomic level using genomic fingerprint patterns

generated with three different RAPD-PCRs and a

rep-PCR method, the (GTG)5-PCR. RAPD-PCR ana-

lysis was performed with primers A, B, and C (Ziemke

et al. 1997) and (GTG)5-PCR with primer (GTG)5

(Versalovic et al. 1994), respectively, as described in

detail by Glaeser et al. (2013). A cluster analysis of the

nucleic acid fingerprinting pattern was performed in

Gel Compare II version 4.5 (Applied Maths) using the

UPGMA clustering method and the Pearson correla-

tions considering the presence and absence of DNA

bands as well as DNA band intensities. The analysis of

all five fingerprint profiles clearly showed the distinc-

tion between the five strains (Fig. 2). Depending on

the applied fingerprinting method strain JM-534T

clustered differently to the different type strains.

On the basis of the results of this polyphasic study,

it is concluded that strain JM-534T represents a novel

species, for which the name Chryseobacterium rhizo-

planae sp. nov. is proposed.

Description of Chryseobacterium rhizoplanae sp.

nov.

Chryseobacterium rhizoplanae (rhi.zo.plánae. Gr. n.

rhiza a root; L. neut. n. planum, flat ground, surface;

N.L. fem. n. rhizoplana the rhizoplane; N.L. gen. n.

rhizoplanae, of the rhizoplane, the region of the root

epidermis of a plant where soil particles and bacteria

adhere).

Cells are Gram-stain negative. They are non-

motile, non-spore forming rods, approximately 1 lm

in width and 2 lm in length. Aerobic, oxidase

positive, catalase positive. Good growth occurs after

48 h on nutrient agar, brain heart infusion agar, TSA

and R2A agar at 4–36 �C. No growth occurs on

MacConkey agar (Oxoid) at 28 �C. Unable to grow

below 4 �C and above 40 �C. Grows in the presence of

1.0–3.0 % NaCl as additional ingredient of nutrient

agar. Colonies on nutrient agar produce a yellowish

colour and appear circular, translucent and glistening

with entire edges. The yellow pigment is of the

flexirubin type, non-diffusible and non-fluorescent.

Acid is produced from D-glucose, L-arabinose, malt-

ose, D-trehalose and salicin. No acid is produced from

Fig. 1 Maximum-likelihood tree based on nearly full-length

16S rRNA gene sequences showing the phylogenetic affiliation

of strain JM-534T to the closest related type strains of the genus

Chryseobacterium. The tree was calculated in ARB using

RAxML (GTR-GAMMA and rapid bootstrap analysis) and

based on 16S rRNA gene sequence positions 82–1,394

(according to E. coli numbering, Brosius et al. 1978). Numbers

at nodes represent bootstrap values [70 %. All type strains of

the genus Chryseobacterium were included in the analysis. Less

related type strains were removed after tree construction without

changing the overall tree topology. Asterisk mark nodes that

showed also a high bootstrap support in the Maximum-

parsimony analysis. Elizabethkingia type strains were used as

outgroups. Bar 0.1 substitutions per sequence position
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sucrose, adonitol, D-arabitol, dulcitol, erythritol, i-

inositol, lactose, D-mannitol, D-melibiose, a-methyl-D-

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

xylose. Urease activity and hydrolysis of casein,

gelatin, starch, DNA and tyrosine are positive, while

indole production, hydrogen-sulphide production,

activity of arginine dihydrolase, lysine decarboxylase,

ornithine decarboxylase, and b-galactosidase are neg-

ative. A very weak b-galactosidase activity is recorded

after 72 h of incubation.

The following compounds are weakly utilized as a

sole source of carbon: D-glucose, L-arabinose, maltose

and salicin. The following compounds are not utilized

as a sole source of carbon: acetate, propionate,

N-acetylgalactosamine, N-acetylglucosamine, D-cel-

lobiose, D-galactose, gluconate, D-mannose, D-fruc-

tose, and glycerol, D-mannitol, maltitol, a-D-

melibiose, D-rhamnose, D-ribose, D-sucrose, D-xylose,

adonitol, i-inositol, D-sorbitol, putrescine, cis-aconi-

tate, trans-aconitate, 4-aminobutyrate, adipate, aze-

late, fumarate, glutarate, DL-3-hydroxybutyrate,

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

ate, citrate, mesaconate, L-alanine, b-alanine, L-orni-

thine, L-phenylalanine, L-serine, L-aspartate, L-

histidine, L-leucine, L-proline, L-tryptophan,

3-hydroxybenzoate, 4-hydroxybenzoate and phenyl-

acetate. The chromogenic substrates p-nitrophenyl-a-

D-glucopyranoside, p-nitrophenyl-b-D-glucopyrano-

side (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-deoxythymi-

dine-20-p-nitrophenyl-phosphate, L-alanine-p-nitroan-

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

nitroanilide are hydrolysed. p-Nitrophenyl-b-D-glucu-

ronide is not hydrolysed. The major cellular fatty acids

are C15:0 iso, C15:0 iso 2-OH, and C17:0 iso 3-OH.

The type strain, JM-534T (= LMG 28481T = CCM

8544T = CIP 110828T), was isolated from the surface

of field-grown sweet corn (Z. mays L.) roots in

Tallassee, Alabama USA. The GenBank/EMBL/

DDBJ accession number for the 16S rRNA gene

sequence of strain JM-534T is KP033261.
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