
ORIGINAL PAPER

Kribbella soli sp. nov., isolated from soil

Fadime Ozdemir-Kocak . Hayrettin Saygin . Salih Saricaoglu . Demet Cetin .
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Abstract A novel actinobacterial strain, designated

FMN22T, was isolated from soil and characterised

using a polyphasic approach. Strain FMN22T showed

high 16S rRNA gene sequence similarity to Kribbella

karoonensis Q41T (99.3%), Kribbella shirazensis

UTMC 693T (99.0%), Kribbella aluminosa HKI

0478T (98.9%) and Kribbella hippodromi S1.4T

(98.6%). Phylogenetic analysis using the 16S rRNA

and concatenated gene (gyrB, rpoB, relA, recA and

atpD) sequences showed that strain FMN22T is closely

related to the type strains of K. karoonensis DSM

17344T,K. shirazensisUTMC 693T, K. aluminosaHKI

0478T, K. hippodromi S1.4T, Kribbella jejuensis HD9T

and Kribbella solani DSA1T. Based on concatenated

gene genetic distances analysis, strain FMN22T is

distinct from all Kribbella type strains. DNA–DNA

hybridization experiments with closely related type

strains, were found to be 59.2 ± 2.4, 54.8 ± 2.1,

16.4 ± 2.3 and 38.6 ± 2.5%, relatedness to K. karoo-

nensis DSM 17344T, K. shirazensis DSM 45490T, K.

aluminosaDSM 18824T andK. jejuensisDSM 17305T,

respectively. The cell wall peptidoglycan contained LL-

diaminopimelic acid, and whole cell sugars were

glucose, mannose and ribose. The predominant mena-

quinone was MK-9(H4). The major phospholipids are

diphosphatidylglycerol, phosphatidylglycerol, phos-

phatidylcholine and phosphatidylinositol. Major fatty

acids are anteiso-C15:0 and iso-C16:0. These chemotax-

onomic traits are in good agreement with those known

for representatives of the genus Kribbella. A

The GenBank/EMBL/DDBJ accession numbers for the 16S

rRNA, gyrB, rpoB, relA, recA and atpD gene sequences of

Kribbella soli FMN22T (=DSM 27132T = KCTC 29219T) are

JN896613, KX348033, KX348034, KX348037, KX348036

and KX348035, respectively.
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combination of DNA–DNA hybridization results and

phenotypic properties demonstrated that strain

FMN22T can be clearly distinguished from all close

phylogenetic relatives. Therefore, strain FMN22T

(=DSM 27132T = KCTC 29219T) is considered to be

the type strain of a novel species of the genusKribbella,

for which the name Kribbella soli is proposed.

Keywords Actinobacteria � Kribbella soli �
Nocardioidaceae � Polyphasic taxonomy

Introduction

The genus Kribbella comprises strains mainly isolated

from soil and habitats such as patina and biodeterio-

genic biofilms from catacombs; from a medieval alum

slate mine and from various parts of plant tissues. The

most recently described species, Kribbella pittospori,

is from an Australian apricot native tree (Kaewkla and

Franco 2016). The genus Kribbella is a member of the

family Nocardioidaceae, established by Park et al.

(1999) as a result of the reclassification of the two

strains, ‘Nocardioides fulvus’ IFO 14399 and Nocar-

dioides sp. ATCC 39419, as the type strains of

Kribbella flavida and Kribbella sandramycini, respec-

tively. The type species of the genus Hongia (Hongia

koreensis; Lee et al. 2000) was also subsequently

transferred to the genus Kribbella, and the description

of the genus Kribbella was also refined (Sohn et al.

2003). The description of the genus Kribbella has been

emended recently by Everest et al. (2013), on the basis

of polar lipid patterns, whole-cell sugars, the DNA

G?C content, in addition to housekeeping gene

analysis by multilocus sequences analysis (MLSA,

Curtis and Meyers 2012; Everest et al. 2015). At the

time of writing, the genus Kribbella contains 22

species with validly published names (Euzéby 2012).

Members of the genus Kribbella are Gram-positive

or Gram-variable, non-motile, nocardioform actino-

mycetes that form an extensively branched vegetative

mycelium and aerial hyphae that fragment into short

elongated rod-like or coccoid elements. The members

of the genus are designated by the presence of LL-

diaminopimelic acid in the peptidoglycan (wall

chemotype I sensu, Lechevalier and Lechevalier

1970), with anteiso-C15:0, iso-C16:0 and iso-C14:0 as

predominant fatty acids, MK-9(H4) as the main

menaquinone and phosphatidylcholine as a diagnostic

polar lipid (Park et al. 1999; Yoon and Park 2006). A

congruence of these chemotaxonomic markers is

adequate to distinguish members of the genus

Kribbella from members of the other genera within

the family of Nocardioidaceae.

During our investigations of novel actinomycetes

from diverse habitats, a number of strains were found

to have morphological properties typical of Kribbella.

The subject of the present study was to establish the

taxonomic position of the Kribbella-like strain

FMN22T using a polyphasic taxonomic approach.

Based on phenotypic and genotypic evidence, it was

established that strain FMN22T represents a novel

species of the genus Kribbella, for which the name

Kribbella soli sp. nov. is proposed.

Materials and methods

Isolation and maintenance of the organism

Strain FMN22T was isolated from soil samples

collected from Southwest Troparevsky Forest Park,

Moscow, Russia, using tryptone-yeast extract-glucose

agar (TYGA) (0.3% tryptone, 0.5% yeast extract,

0.5% glucose, 1.5% agar) supplemented with filter

sterilized cycloheximide (50 lg ml-1), nalidixic acid

(10 lg ml-1) and rifampicin (0.5 lg ml-1) after

21 days incubation at 28 �C. The strain was main-

tained on yeast extract-malt extract agar slants (ISP2;

International Streptomyces Project Medium No. 2)

(Shirling and Gottlieb 1966) and held in glycerol

suspensions (20%, v/v) at -20 �C.

Morphological, cultural and physiological

characteristics

Morphological characteristics were observed by light

microscopy (Zeiss Axio Lab A1) and scanning

electron microscopy (JEOL JSM 6060 instrument)

using a culture grown on ISP 2 (Shirling and Gottlieb

1966) agar at 28 �C for 28 days. Growth at different

temperatures (4, 10, 20, 28, 37, 45, 50 and 55 �C) was

determined on ISP 2 medium (Shirling and Gottlieb

1966) after incubation for 14 days. Growth tests for

pH range (4.0–12.0; at intervals of 1.0 pH unit) and

NaCl tolerance (0–10% NaCl, w/v; at intervals of 1%

unit) was determined on ISP 2 medium at 28 �C for
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14 days. Established methods were followed to deter-

mine whether the strain degraded Tweens 20, 40 and

80 (Nash and Krent 1991); whilst the remaining

degradation tests were examined using methods

described by Williams et al. (1983). Carbon-source

utilization was examined using ISP 9 (pH 9) medium

(Shirling and Gottlieb 1966) supplemented with a final

concentration of 1% (w/v) of the carbon sources, and

of 0.1% (w/v) of succinic acid. Utilization of amino

acids as sole nitrogen sources was determined accord-

ing to Williams et al. (1983) using a final concentra-

tion of 0.1% (w/v) of each nitrogen source. In addition,

cultural characteristics were determined on Czapek’s

agar (Waksman 1967), ISP media 2–7 (Shirling and

Gottlieb 1966), modified Bennett’s agar (MBA; Jones

1949), nutrient agar (Waksman 1961) and tryptic soy

agar (TSA; Difco) following incubation at 28 �C for

14 days. The degree of growth, aerial mycelium and

pigmentation were recorded. The ISCC-NBS colour

charts were used to determine colony colours (Kelly

1964). The type strains Kribbella karoonensis DSM

17344T (Kirby et al. 2006), Kribbella shirazensis

DSM 45490T (Mohammadipanah et al. 2013), Krib-

bella aluminosa DSM 18824T (Carlsohn et al. 2007),

Kribbella jejuensis DSM 17305T (Song et al. 2004),

Kribbella hippodromi DSM 19227T (Everest and

Meyers 2008) and Kribbella solani DSM 17294T

(Song et al. 2004) were also included for comparison

in all tests.

Chemotaxonomic characterization

Biomass for chemotaxonomic studies was obtained by

growing strain FMN22T under aerobic conditions in

flasks containing ISP 2 broth on a rotary shaker at

160 rpm for 14 days at 28 �C. Biomass was harvested

by centrifugation, washed twice in distilled water and

re-centrifuged and freeze-dried. Diaminopimelic acid

in whole cell hydrolysates and whole cell sugars were

obtained according to Lechevalier and Lechevalier

(1970) and analysed by thin layer chromatography

(Staneck and Roberts 1974). Polar lipids were

extracted and analysed by the method of Minnikin

et al. (1984), as modified by Kroppenstedt and

Goodfellow (2006). The isoprenoid quinones were

extracted and purified using the method of Collins

et al. (1977) and analysed by HPLC (Kroppenstedt

1982). For the extraction of whole-cell fatty acids,

cells were grown in 20 ml of Trypticase Soy Broth

(TSB) at 28 �C with a shaking of 150 rpm. After five

days of incubation, 5 ml of seed culture was inocu-

lated into 50 ml of TSB. The inoculated flask was

incubated as before for five days. After harvesting by

cellulose membrane filtration (0.45 lm), wet cells

(200 mg) were placed in an extraction tube. Cellular

fatty acids were extracted, methylated and separated

by gas chromatography using an Agilent Technologies

6890N instrument which was fitted with an auto

sampler, in addition to a 6783 injector, according to

the Standard Protocol of the Sherlock microbial

identification (MIDI) System (Sasser 1990; Kämpfer

and Kroppenstedt 1996). The fatty acid methyl ester

peaks were then identified and quantified using TSBA

5.0 software. The DNA G ? C content of the isolate

was determined following the procedure of Gonzalez

and Saiz-Jimenez (2005).

DNA preparation, amplification and determination

of 16S rRNA, gyrB, rpoB, relA, recA and atpD

gene sequence

Genomic DNA of the strain FMN22T was extracted as

described by Everest and Meyers (2008). The 16S

rRNA gene amplification and purification of PCR

product were carried out following Chun and Good-

fellow (1995). The PCR amplification of the gyrB

(Kirby et al. 2010) and the atpD, relA, recA and rpoB

genes sequences were obtained using standard proce-

dure of Curtis and Meyers (2012). The almost

complete gene sequence of 16S rRNA (1515 bp),

gyrB gene sequence (1115 bp), rpoB gene sequence

(951 bp), relA gene sequence (1018 bp), recA gene

sequence (532 bp) and atpD gene sequence (601 bp)

of strain FMN22T were determined using an ABI

PRISM 3730 XL automatic sequencer. The identifi-

cation of phylogenetic neighbours and calculation of

pairwise 16S rRNA gene sequence similarities were

achieved using the EzTaxon-e server (http://eztaxon-

e.ezbiocloud.net; Kim et al. 2012). Multiple align-

ments with sequences from closely related strains

were performed by using CLUSTAL W in MEGA

version 6.0 software (Tamura et al. 2013). Phyloge-

netic trees were constructed with the neighbour-join-

ing (Saitou and Nei 1987), maximum parsimony

(Kluge and Farris 1969) and maximum-likelihood

(Felsenstein 1981) algorithms in MEGA 6.0. Evolu-

tionary distances were calculated using the model of

Jukes and Cantor (1969). Topologies of the resultant
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trees were evaluated by bootstrap analysis (Felsenstein

1985) based on 1000 resamplings.

Phylogenetic relationships of the strain FMN22T

were confirmed using sequences for five individual

housekeeping genes (gyrB, rpoB, relA, recA and

atpD). The sequences of each locus were aligned using

MEGA 6.0 sofware (Tamura et al. 2013) and trimmed

manually at the same position before being used for

further analysis and deposited in GenBank (www.

ncbi.nlm.nih.gov/genbank). The data of the sequences

were exported as a concatenated five-gene alignment

for subsequent analysis using MEGA 6.0 with the

model of Jukes and Cantor (1969), using the neigh-

bour-joining (Saitou and Nei 1987) algorithm based on

1000 bootstrap replication.

DNA–DNA hybridization

DNA–DNA relatedness tests between strain FMN22T

and the type strains of the related species K. karoo-

nensis DSM 17344T, K. shirazensis DSM 45490T, K.

jejuensis DSM 17305T andK. aluminosa DSM 18824T

were performed. Cells were disrupted by using a

Constant Systems TS 0.75 KW (IUL Instruments,

Germany) and the DNA in the crude lysate was

purified by chromatography on hydroxyapatite as

described by Cashion et al. (1977). DNA–DNA

hybridization (DDH) was carried out as described by

De Ley et al. (1970) under the consideration of the

modifications described by Huss et al. (1983) using a

model Cary 100 Bio UV/visual spectrophotometer

equipped with a Peltier-thermostated 666 multi cell

changer and a temperature controller with in situ

temperature probe (Varian).

Results and discussion

Morphological observation after 14 days of culture of

strain FMN22T grown on ISP 2 medium revealed that

it had the typical characteristics of the genus

Kribbella. Strain FMN22T produced extensively

branched substrate mycelium and aerial mycelium

consisting of hyphae that fragmented into irregular

rod-shaped elements (Fig. S1). The strain grew well on

ISP 2, 4, 5, 6 and 7 media, modified Bennett’s,

Czapek’s, nutrient and tryptic soy agar (TSA), but

there was no growth on ISP 3 (Table S1). No diffusible

pigment was detected on any of the tested media.

Melanoid pigments were not produced on ISP 6 or ISP

7 agars. Strain FMN22T was found to grow well

between pH 5.0–9.0, with an optimum pH of 7.0.

Growth occurs at 20 and 28 �C. Growth was observed

in the presence of 0–3% (w/v) NaCl. Additional

phenotypic properties are given in the species descrip-

tion and Table 1.

Chemotaxonomic analysis of strain FMN22T

showed that it had chemotaxonomic characteristics

that are coherent with type species of the genus

Kribbella. LL-diaminopimelic acid was found as the

diagnostic diamino acid in the peptidoglycan. Whole

cell sugars included glucose, mannose and ribose. The

polar lipids of strain FMN22T were diphosphatidyl-

glycerol (DPG), phosphatidylglycerol (PG), phos-

phatidylcholine (PC), phosphatidylinositol (PI)

(Fig. S2). The major menaquinones found were

identified as MK-9(H4) (77.1%); MK-9(H2) (2.8%),

MK-8(H4) (2.0%) and MK-9(H6) (1.5%) were also

detected. The major cellular fatty acids were anteiso-

C15:0 (31.7%) and iso-C16:0 (10.7%). Comparative

cellular fatty acid compositions of strain FMN22T, K.

karoonensis DSM 17344T, K. shirazensis DSM

45490T, K. aluminosa DSM 18824T, K. hippodromi

DSM 19227T, K. jejuensis DSM 17305T and K. solani

DSM 17294T are shown in Table S2. The G ? C

content of the DNA was 69.3 mol%.

The almost-complete 16S rRNA gene sequence

(1515 bp) of strain FMN22T determined in this study

was compared with the corresponding sequences of

members of the genus Kribbella. The neighbour-

joining tree (Fig. 1), based on the 16S rRNA gene

sequence, forms a clade with K. karoonensis DSM

17344T (99.29%; 10 nt differences at 1417 locations),

K. shirazensis UTMC 693T (99.02%; 14 nt differences

at 1422 locations), K. aluminosa HKI 0478T (98.94%;

15 nt differences at 1421 locations), K. hippodromi

S1.4T (98.56%; 20 nt differences at 1389 locations), K.

jejuensis HD9T (98.31%; 25 nt differences at 1481

locations) and K. solani DSA1T (98.17%; 27 nt

differences at 1479 locations) with high bootstrap

values. Lower sequence similarities (\98.4%) were

found with the type strains of all other species of the

genus Kribbella. Topologies of phylogenetic trees

built using the maximum-likelihood algorithm (Sup-

plementary Fig. S3) were similar to the tree recon-

structed by neighbour-joining analysis. In the

phylogenetic tree built using the maximum-parsimony

algorithm (Supplementary Fig. S4) strain FMN22
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forms a clade withK. karoonensisDSM 17344T and K.

shirazensis DSM 45490T. Mohammadipanah et al.

(2013) determined that 16S rRNA gene sequences of

AY995146 and AY995147 were flawed and used

DSM strains [K. karoonensis DSM 17344T

(FN643222) and K. swartbergensis DSM 17345T

(FN643223)] for phylogenetic trees, but the sequences

have now been corrected (AY995146.2 and

AY995147.2) and are identical to the DSM sequences.

So, we used these new sequences for generating

phylogenetic trees.

The housekeeping genes of five protein-coding loci,

namely gyrB, rpoB, relA, recA and atpD concatenated

and aligned sequences contained 4250 bp for the strain

FMN22T. Sequence similarity of the five housekeeping

genes together with 16S rRNA gene for the strain

FMN22T are summarised in Table 2. Accession num-

bers for the Kribbella sequences used in generating the

concatenated-sequence tree are given in Supplemen-

tary Table S3. The neighbour-joining tree based on the

five concatenated genes had a similar topology to the

16S rRNA gene tree, and strain FMN22T forms a clade

withK. karoonensisDSM 17344T,K. shirazensisDSM

45490T, K. aluminosa DSM 18824T, K. hippodromi

S1.4T, K. jejuensis CIP 108509T and K. solani CIP

108508T with a very high bootstrap value (Fig. 2). This

high bootstrap value is also supported by maximum-

likelihood and maximum-parsimony algorithms (99%

bootstrap values for each algorithms).

Genetic distance values were calculated between

strain FMN22T and all Kribbella type strains based on

gyrB, rpoB, relA, recA and atpD genes to define the

likelihood of this strain representing a novel genomic

species. The gyrB-based genetic distance values

ranged from 0.051 to 0.120. These values are 0.071,

0.062, 0.077, 0.077, 0.074, 0.086 and 0.051 between

strain FMN22T with the type strains of K. karoonensis

DSM 17344T, K. shirazensis DSM 45490T, K. alumi-

nosa DSM 18824T, K. hippodromi S1.4T, K. jejuensis

CIP 108509T, K. solani CIP 108508T and Kribbella

swartbergensis DSM 17345T, respectively. The gyrB

genetic distance values are all above the 0.04 gyrB

genetic distance threshold proposed to represent novel

species in the genus (Kirby et al. 2010). The gyrB-

rpoB-relA-recA-atpD based genetic distances values

ranged from 0.047 to 0.091. These values between

strain FMN22T with the type strains of K. karoonensis

DSM 17344T, K. shirazensis DSM 45490T, K. alumi-

nosa DSM 18824T, K. hippodromi S1.4T, K. jejuensis

Table 1 Phenotypic properties of strain FMN22T and the type

strains of closely related species

Characteristics 1 2 3 4 5 6 7

Biochemical tests

Allantoin hydrolysis ? ? ? - - - -

Nitrate reduction ? ? ? ? ? - ?

Urea hydrolysis ? ? ? ? - ? -

pH tolerence

5 ? ? ? ? ? - -

9 ? ? ? - ? ? -

Temperature

37 - ? ? ? ? ? -

NaCl (%, w/v)

4.0 - ? ? - ? - ?

5.0 - - - - ? - ?

Degradation of (%, w/v)

Adenine (0.5%) ? ? ? ? ? - -

Casein (1%) - ? - ? ? - -

Elastin (0.3%) - ? - - ? - -

Hypoxanthine (0.4%) ? ? ? ? ? - -

Starch (1%) ? ? ? ? ? - -

Tween 20 (1%) - ? ? ? ? ? ?

Tween 80 (1%) - - ? ? ? - ?

Xanthine (0.4%) - ? ? ? - - ?

Xylan (0.4%) - ? - ? - - -

Carbon source utilization (1.0%, w/v)

Adonitol ? ? ? ? ? ? -

D-Galactose ? ? - ? ? ? -

D-Melibiose ? - ? ? ? ? ?

Inulin ? - ? ? ? ? -

Mannitol ? ? ? ? ? ? -

Myo-Inositol ? ? ? ? ? - -

Succinic acid (0.1%) ? ? ? - - - -

Xylose ? ? ? ? - ? ?

Nitrogen source utilization (0.1%, w/v)

L-Alanine ? ? - ? ? ? ?

L-Arginine ? ? - ? ? ? ?

L-Histidine ? ? - ? ? ? ?

L-Isoleucine ? ? ? ? - ? ?

L-Lysine ? ? - ? ? - -

L-Phenylalanin ? ? ? - - ? -

L-Tyrosine ? ? - ? ? ? ?

L-Valine ? ? ? ? - - -

Strains: 1, FMN22T; 2, K. karoonensis DSM 17344T; 3, K.

shirazensis DSM 45490T; 4, K. aluminosa DSM 18824T; 5, K.

hippodromi DSM 19227T; 6, K. jejuensis DSM 17305T; 7, K.

solani DSM 17294T. ?, positive; -, negative. All the data are

from this study
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Kribbella sp. FMN22T (JN896613)

K. shirazensis UTMC 693T (JN038072)

K. karoonensis Q41T (AY995146)

K. aluminosa HKI 0478T (EF126967)

K. jejuensis HD9T (AY253866)

K. hippodromi S1.4T (EF472955)

K. solani DSA1T (AY253862)

K. pittospori PIP 158T (GU434268)

K. albertanoniae BC640T (KC283016)

K. sandramycini ATCC 39419T (AF005020)

K. yunnanensis YIM 30006T (AY082061)

K. swartbergensis HMC25T (AY995147)

K. flavida DSM 17836T (CP001736)

K. amoyensis XMU 198T (HM368615)

K. alba YIM 31075T (AY082062)

K. italica BC637T (KJ875927)

K. lupini LU14T (AJ811962)

K. catacumbae DSM 19601T (AQUZ01000130)

K. sancticallisti BC633T (AM778577)

K. qitaiheensis NEAU-GQTH2-3T (KM094178)

K. ginsengisoli Gsoil 001T (AB245391)

K. koreensis IMSNU 50530T (Y09159)

K. endophytica PIP 118T (HQ396152)

K. antibiotica YIM 31530T (AY082063)

K. mirabilis XMU 706T (KJ786943)

Microlunatus phosphovorus NM-1T (NR026537)

99*

62

55*

81

53

59*

51*

88

87

90

0.01

*

*

*

*

Fig. 1 Phylogenetic tree of strain FMN22T and other type

strains of the genus Kribbella inferred from 16S rRNA gene

based on 1486 bp of sequences under the neighbour-joining

criterion. Bootstrap percentages based on 1000 replicates are

shown; values C50% are shown. Bar, 0.01 substitutions per

nucleotide position. Asterisks indicate clades that were con-

served in the neighbour-joining, maximum-likelihood and

maximum-parsimony trees. Accession numbers are indicated

in parentheses. Microlunatus phosphovorus NM-1T was used as

an outgroup

Table 2 Sequence

similarities (%) for the 16S

rRNA, gyrB, recA, relA,

rpoB and atpD genes

between FMN22T and

closely related type species

Strain Similarity (%) with strain FMN22T

16S rRNA gyrB rpoB relA recA atpD

K. karoonensis DSM 17344T 99.3 93.6 97.5 94.7 92.1 94.8

K. shirazensis DSM 45490T 99.0 94.0 97.2 95.5 95.3 95.6

K. aluminosa DSM 18824T 98.9 93.0 97.8 93.8 95.3 95.8

K. hippodromi S1.4T 98.6 93.0 96.9 93.3 95.1 95.0

K. jejuensis CIP 108509T 98.3 93.2 96.5 94.3 94.6 94.3

K. solani CIP 108508T 98.2 92.3 96.4 94.1 94.7 94.8
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CIP 108509T, K. solani CIP 108508T and K. swart-

bergensis DSM 17345T were 0.057, 0.047, 0.052,

0.058, 0.057, 0.059 and 0.061, respectively. The

values are also all above 0.04 gyrB-rpoB-relA-recA-

atpD genetic distance threshold proposed by Curtis

and Meyers (2012).

DNA–DNA relatedness values between strain

FMN22T and the type strains of K. karoonensis

DSM 17344T, K. shirazensis DSM 45490T, K.

aluminosa DSM 18824T and K. jejuensis DSM

17305T were found to be 59.2 ± 2.4, 54.8 ± 2.1,

16.4 ± 2.3 and 38.6 ± 2.5%, respectively. These

values are well below the 70% cut-off point

recommended for recognition of genomic species

(Wayne et al. 1987).

Based on a combination of chemical, morpholog-

ical, molecular and physiological data strain FMN22T

is considered to represent a novel species of the genus

Kribbella, for which the nameKribbella soli sp. nov. is

proposed.

K. catacumbae DSM 19601T

K. sancticallisti DSM 19602T

K. alba DSM 15500T

K. ginsengisoli DSM 17941T

K. koreensis CIP 108301T

K. flavida CIP 107494T

K. lupini LU14T

K. endophytica DSM 23718T

K. italica BC637T

K. sandramycini DSM 15626T

K. antibiotica DSM 15501T

K. albertanoniae BC640T

K. yunnanensis DSM 15499T

K. amoyensis NRBC 107914T

K. swartbergensis DSM 17345T

Kribbella sp. FMN22T

K. shirazensis DSM 45490T

K. hippodromi S1.4T

K. solani CIP 108508T

K. jejuensis CIP 108509T

K. aluminosa DSM 18824T

K. karoonensis DSM 17344T

Microlunatus phosphovorus NM-1T

100*

100*

70*

100*

100*

70

78

61

71*

98*

99*

66

96*

79*

99*

79

0.02

Fig. 2 gyrB-rpoB-relA-recA-atpD phylogenetic tree showing

the position of strain FMN22T within the genus Kribbella. The

tree was reconstructed using the neighbour-joining method

based on 4250 bp of sequence. Bootstrap percentages based on

1000 replicates are shown; values C50% are shown. Bar, 0.02

substitutions per nucleotide position. Asterisks indicate clades

that were conserved in the neighbour-joining, maximum-

likelihood and maximum-parsimony trees. Accession numbers

of all the gene sequences used are listed in Supplementary

Table S3. Microlunatus phosphovorus NM-1T was used as an

outgroup
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Description of Kribbella soli sp. nov

Kribbella soli (so’li. N.L. neut. gen. n. soli of soil)

Aerobic, Gram-positive, non-motile actinomycete that

forms an extensively branched substrate and aerial

mycelium that fragment into rod-shaped elements.

Vegetative mycelium appears cream to orange colour-

series. Good growth on ISP 2, ISP 4, ISP 5, ISP 6, ISP

7, TSA, modified Bennett’s, Czapek’s and nutrient

agar media, but no growth on ISP 3 medium. No

diffusible pigment is produced on ISP 5. Melanoid

pigments are not produced on ISP 6 or ISP 7 agars.

Growth occurs at pH 5.0–9.0, but not at pH 4.0 or 10.0.

Growth occurs at 20 and 28 �C, but no growth at 10 or

37 �C. Optimal growth occurs at 28 �C and pH 7.0.

Growth is observed in the presence of 0–3% (w/v)

NaCl. Aesculin, allantoin, arbutin and urea hydrolysis

and nitrate reduction are positive. Adenine, gelatine,

hypoxanthine, starch and Tween 40 are degraded, but

casein, elastin, guanine, Tweens 20 and 80, xanthine

and xylan are not. Adonitol, dextrin, D-arabinose, D-

cellobiose, D-galactose, D-glucose, D-fructose, D-man-

nitol, D-mannose, D-melezitose, D-melibiose, D-ribose,

D-raffinose, D-trehalose, inulin, lactose, L-arabinose, L-

rhamnose, maltose, myo-inositol, succinic acid,

sucrose and xylose are utilized as sole carbon and

energy sources, but not dextran, D-sorbitol or xylitol.

DL-phenylalanine, glycine, L-alanine, L-arginine, L-

asparagine, L-cysteine, L-histidine, L-hydroxyproline,

L-isoleucine, L-lysine, L-methionine, L-phenylalanin,

L-proline, L-serine, L-threonine, L-tyrosine and L-

valine are utilized as sole nitrogen sources. MK-

9(H4) is the major menaquinone. The phospholipids

are diphosphatidylglycerol, phosphatidylglycerol,

phosphatidylcholine, phosphatidylinositol. Major

fatty acids (present as[10% of total fatty acids) are

anteiso C15:0, and iso C16:0. The G?C content of the

genomic DNA of the type strain is 69.3 mol%.

The type strain, FMN22T (=DSM 27132T = KCTC

29219T) was isolated from soil in Yugo-Zapadnaya

Southwest Troparevsky Forest Park, Moscow, Russia.
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