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The type strain of Nocardia pinensis was the subject of chemotaxonomic and 16s ribosomal DNA sequencing 
studies. The resultant nucleotide sequence was aligned with the sequences of representatives of the genera 
Corynebacterium, Dietzia, Gordona, Mycobacterium, Nocardia, Rhodococcus, and Tsukamurella, and phylogenetic 
trees were generated by using the Fitch-Margoliash, maximum-parsimony, maximum-likelihood, and neigh- 
bor-joining methods. It was evident from the phylogenetic analyses that N. pinensis represents a distinct phyle- 
tic line that is most closely associated with the Gordona clade. This genealogical evidence, together with chemo- 
taxonomic and phenotypic data derived from this and previous studies, indicates that N. pinensis merits generic 
status within the family Nocardiaceae. Therefore, we propose that N. pinensis Blackall et al. 1989 be reclassified 
as Skermania piniformis gen. nov., comb. nov. The type strain of Skermania piniformis cleaved an array of 
conjugated substrates based on the fluorophores 7-amino-4-methylcoumarin and 4-methylumbelliferone. 

Nocardia pinensis was proposed by Blackall et al. (1) for 
novel actinomycetes that caused extensive foams or scums on 
the surfaces of aeration tanks in activated-sludge sewage treat- 
ment plants in Australia. The organism was assigned to the 
genus Nocardia by using a combination of morphological, chem- 
ical, and physiological properties. Atypical nocardial features 
included the slow growth rate of the organism, mycolic acids 
that were monounsaturated at position 2, and a distinctive 
antimicrobial sensitivity pattern. Representative strains were 
considered to be most closely related to Nocardia amarae, 
Nocardia camea, and Nocardia vaccinii. N. amarae, which also 
causes foaming in sewage treatment plants, has been trans- 
ferred to the genus Gordona as Gordona amarae (15, 20, 33). 
There is also evidence that N. pinensis may not be phyloge- 
netically closely related to nocardiae (2). 

Mycolic acid-containing actinomycetes have many pheno- 
typic properties in common, form a distinct phyletic line, and 
are currently classified in the genera Corynebacterium, Dietzia, 
Gordona, Mycobacterium, Nocardia, Rhodococcus, and Tsuka- 
murella primarily on the basis of chemical, molecular, and 
morphological markers (6, 7, 13, 14, 28,33, 36). In the present 
investigation, an almost complete 16s ribosomal DNA (rDNA) 
sequence of the type strain of N. pinensis was determined and 
compared with sequences of representative mycolic acid-con- 
taining actinomycetes in order to clarify the taxonomic position 
of the species. The type strain was also the subject of compre- 
hensive chemotaxonomic studies. 

MATERIALS AND METHODS 

Bacterial strain and culture conditions. The type strain of N. pinensis, strain 
UQM3063 (= IF015059), was grown on tryptone-yeast extract-glucose agar 
(TYGA) (1) at 25°C for 3 weeks. Following incubation, growth was scrapped 
from the plates, freeze-dried, and used for chemotaxonomic studies. The strain 
was maintained as glycerol suspensions (20%, vol/vol) at -20°C. 

16s rDNA sequencing. Isolation of chromosomal DNA and amplification, 
cloning, and sequencing of the 16s rRNA gene were carried out by using a Taq 
DyeDeoxy terminator cycle sequencing kit (Applied Biosystems, Foster City, 
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Calif.) and an Applied Biosystems model 373A DNA sequencer as described 
previously (7). The resultant 16s rDNA sequence of the type strain of N. pinensis 
was aligned manually with sequences of representative mycolic acid-containing 
actinomycetes by using the AL16S program (6). The additional sequence data 
were obtained from the GenBank and EMBL databases. The domains included 
in the final dataset were the domains at positions 36 to 75 (Escherichia coli 
numbering [4]), 95 to 198,219 to 454,478 to 840,846 to 1028,1031 to 1134,1140 
to 1447, and 1456 to 1484. Evolutionary trees were inferred by using four treeing 
algorithms, namely, the Fitch-Margoliash (1 l ) ,  maximum-likelihood (8), maxi- 
mum-parsimony (21), and neighbor-joining (35) methods. Evolutionary distance 
matrices for the neighbor-joining and Fitch-Margoliash methods were generated 
by the method of Jukes and Cantor (19). The PHYLIP package (10) was used for 
the neighbor-joining, Fitch-Margoliash, and maximum-parsimony analyses; the 
fastDNAml program (27) was employed for the maximum-likelihood method. 
The resultant unrooted tree topology was evaluated in bootstrap analyses (9) of 
the neighbor-joining method based on 1,000 resamplings. 

Determination of DNA base composition. DNA was prepared by the method 
of Chun and Goodfellow (7). The DNA guanine-plus-cytosine (G+C) content 
was determined by using the thermal denaturation method (24). 

Determination of the acyl type of murein. The acyl type of murein present in 
the walls of the N. pinensis strain was determined by the method of Uchida and 
Aida (37). 

Lipid analyses. The integrated method of Minnikin et al. (25) was used to 
extract menaquinones and phospholipids from freeze-dried biomass (ca. 100 mg) 
of the type strain of N. pinensis. Purified menaquinones were separated by 
high-performance liquid chromatography by using a Pharmacia LKB instrument 
fitted with a Spherisorb octyldecyl silane column (5 pm) and acetonitrile-isopro- 
panol (75:25, vol/vol) as the mobile phase. The menaquinones were detected at 
254 nm. The purified menaquinones were also examined with an electron impact 
mass spectrometer (VG Quattro; VG Biotech, Manchester, United Kingdom). A 
two-dimensional thin-layer chromatographic procedure (26) was used to analyze 
the purified phospholipids. 

Freeze-dried biomass (ca. 50 mg) of the test strain was degraded by acid 
methanolysis (25), and the resultant fatty acid methyl esters (FAMEs) and 
mycolic acid methyl esters (MAMEs) were purified by preparative thin-layer 
chromatography. The FAMEs were separated and quantified by using a gas 
chromatograph (model 5890; Hewlett-Packard) equipped with a capillary col- 
umn (type HP-1; 30 m by 0.53 mm [inside diameter]; Hewlett-Packard). The 
injector temperature was maintained at 200°C, and the flame-induced detector 
temperature was 270°C. The column temperature was kept at 150°C for 5 min 
and then programmed to increase from 150 to 250°C at a rate of 5°C per min 
before it was kept at 250°C for 20 min. The pyrolysis products of MAMEs were 
analyzed by using conditions identical to the conditions used for the FAMEs, 
except that the injector temperature was maintained at 310°C. The intact 
MAMEs were also examined by electron impact mass spectrometry. 

Enzyme tests with fluorogenic substrates. The type strain of N. pinensis was 
grown on TYGA at 25°C for 3 weeks and then examined for its ability to cleave 
38 7-amino-4- methylcoumarin (7AMC) conjugated substrates and 37 4-methyl- 
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FIG. 1. Unrooted evolutionary tree showing the relationships between N. pinensis and representatives of other mycolic acid-containing taxa. The tree was inferred 
from 1,379 nucleotide positions by using the Jukes-Cantor distance (19) and neighbor-joining methods (35). The numbers in circles indicate the levels of the bootstrap 
support based on 1,000 resamplings; the shaded circles indicate that the corresponding branches were also recovered with the three other tree-making algorithms used 
(i.e., the Fitch-Margoliash [ 111, maximum-parsimony [21], and maximum-likelihood [8] methods). Scale bar = 0.01 substitution per nucleotide position. 

umbelliferone (4MU) conjugated substrates by using the procedure described by 
Hamid et al. (16). 

Nucleotide sequence accession number. The 16s rRNA gene sequence of the 
type strain of N. pinensis has been deposited in the EMBL database under 
accession number 235435. The accession numbers for the reference strains used 
are as follows: Corynebactenum amycolaturn, X84244; Corynebactenum diphthe- 
riae, X84248; Corynebactenum glutamicum, 246753; Corynebactenum propin- 
quum, X84438; Dietzia mans, X79290; Gordona amarae, X80635; Gordona bronchi- 
alis, X79287; Gordona hydrophobica, X87340; Gordona rubropertincta, X80632; 
Gordona sputi, X80634; Gordona terrae, X79286; Mycobacterium chlorophenoli- 
cum, X79094; Mycobacterium fortuitum, X52933; Mycobactenurn simiae, X5293 1; 
Mycobactenum tuberculosis, X52917; Nocardia asteroides, 236934; Nocardia bra- 
siliensis, 236935; Nocardia farcinica, 236936; Nocardia otitidiscaviarum, M59056; 
Nocurdia pseudobrasiliensis, X84857; Nocardia vaccinii, 236927; Rhodococcus 
equi, X80614; Rhodococcus erythropolis, X79289; Rhodococcus opacus, X80630; 
Rhodococcus rhodnii, X80621; Rhodococcus rhodochrous, X79288; Rhodococcus 
ruber, X80625; Tsukamurella inchonensis, X85955; Tsukamurella paurometabola, 
246751; and Turicella otitidis, X73976. 

RESULTS AND DISCUSSION 

An almost complete 16s rDNA sequence (1,477 nucleo- 
tides) was obtained for the type strain of N. pinensis. This 
nucleotide sequence is substantially different from the corre- 
sponding sequences of the representative mycolic acid-contain- 
ing actinomycetes examined. The N. pinensis sequence showed 
almost equal levels of relatedness to the sequences of Gordona 
strains (levels of similarity, 94.9 to 95.9%), Nocardia strains 
(94.5 to 95.9%), and Rhodococcus strains (94.5 to 95.9%), and 
lower levels of homology were observed with the sequences of 
Mycobacterium strains (94.0 to 94.7%), Tsukamurella strains 
(93.7 and 93.8%), a Dietzia strain (93.5%), and Corynebacte- 
rium strains (91.4 to 92.6%). It is evident from the 16s rDNA 
sequence similarity values that N. pinensis can be distinguished 
from all of the previously described mycolic acid-containing 
genera. 

The distinctiveness of the phylogenetic lineage represented 
by N. pinensis is also apparent in the unrooted evolutionary 
tree (Fig. 1) based on the Jukes-Cantor distance model (19) 
and the neighbor-joining method (35). It is evident that N. 

pinensis and the clade encompassing representative gordonae 
are sister taxa; this relationship is supported by a moderately 
high bootstrap value, 84% (Fig. 1). The relatively close rela- 
tionship between N. pinensis and the genus Gordona was also 
evident when the nucleotide sequence data were examined 
with the other tree-making algorithms used, the Fitch-Margo- 
liash (1 l), maximum-likelihood (21), and maximum-parsimony 
(8) methods. It is clear from the 16s rDNA sequence data that 
N. pinensis is a distinct taxon within the clade encompassing 
mycolic-acid containing bacteria and is misclassified in the 
genus Nocardia. 

The chemotaxonomic data confirm and extend the results of 
previous studies (1, 2). The type strain of N. pinensis produced 
predominant amounts of hexahydrogenated menaquinones 
with eight isoprene units, the end two of which were cyclized, 
and a glycan moiety rich in N-glycolated muramic acid. The 
structural identity of the menaquinone was confirmed by elec- 
tron impact mass spectrometry; a major peak at m/z 720 cor- 
responded to molecular ions, and a significant peak at m/z 584 
corresponded to the loss of a terminal cyclized 2-isoprene 
moiety (18). The organism also contains major amounts of 
diphosphatidylglycerol, phosphatidylethanolamine, phosphati- 
dylinositol, and phosphatidylinositol mannosides, which places 
it in phospholipid group I1 (23). 

The whole-organism fatty acids of the type strain of N. 
pinensis were mainly saturated and monounsaturated straight- 
chain fatty acids (C16:, [27% of total fatty acid composition], 

C,,:, [3%], C20:1 [5%], C,,:, [trace], and C22.0 [9%]) and tu- 
berculostearic acid (21 %). The presence of substantial 
amounts of long-chain fatty acids with more than 19 carbons 
(17% of the total fatty acids) distinguishes N. pinensis from 
gordonae (20) and true nocardiae (22). The pyrolysis products 
of MAMEs were C18:1 (67% of the total), C16:o (17%), C,,:,, 
(13%), and C,,:, (4%). In a mass spectrometric analysis of 
MAMEs, fragments corresponding to anhydromycolates, which 

c,,:, [11%1, cI7:, [trace], c18:, ~ 1 ,  c,,:, [16%1, c,,:, [trace], 
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were formed by elimination of a molecule of water, were de- 
tected at m/z 846 (CSSZ5), m/z 848 (C58:4), mlz 876 (C60:4), mlz 
878 (c60:3), m/z 890 (c61:3), mlz 902 (c62:5), m/z 904 (c62:4), 
m/z 906 (c62:3), m/z 920 (c63:3), m/z 930 (c64:5) and m/z 932 
(c64:4). The mycolic acids of N. pinensis are, therefore, similar 
in chain length to those of gordonae but a little longer than 
those characteristic of nocardiae (Table 1). 

Nomenclature should reflect genomic relationships, al- 
though for nomenclatural purposes classifications based on 
nucleic acid sequencing data need to show phenotypic consis- 
tency (38). It is, therefore, significant that several phenotypic 
properties can be weighted to unambiguously separate N. 
pinensis from the seven validly described genera that currently 
encompass the mycolic acid-containing organisms (Table 1). 
There are no grounds for considering the organism a slowly 
growing member of the genus Gordona, especially given the 
presence of cyclized menaquinones that have only been found 
in members of the genus Nocardia (7, 18); gordonae have 
dihydrogenated menaquinones with nine isoprene units (13, 
15, 20). 

The present investigation provides further evidence that the 
16s rRNA sequencing procedure is invaluable in helping to 
unravel taxonomic relationships between mycolic acid-contain- 
ing bacteria that have proved difficult to unscramble solely on 
the basis of phenotypic properties (7, 15, 20, 29-34). Indeed, 
on the basis of genealogic, chemotaxonomic, and conventional 
phenotypic data it is clear that N. pinensis should be considered 
a member of a separate genus within the evolutionary line that 
encompasses mycolic acid-containing actinomycetes and non- 
mycolic acid-containing organisms such as the genus Turicella 
(12). We propose, therefore, that Nocardia pinensis Blackall et 
al. 1989 (1) be reclassified as Skemania piniformis gen. nov., 
comb. nov. 

Description of Skermania gen. nov. Skermania (Sker.man’i.a. 
M. L. n. Skemania, named after Victor Skerman, an Austra- 
lian taxonomist). The description below is based on data de- 
rived from the present study and the study of Blackall et al. (1). 

Gram-positive, non-acid-fast, nonmotile actinomycetes which 
form a mycelium that does not fragment in undisturbed cul- 
tures; secondary branching is rare or absent. Aerial hyphae 
are not visible to the naked eye, but short branched and un- 
branched aerial hyphae can be seen microscopically. Strains 
have an oxidative metabolism and are catalase, oxidase, and 
urease positive. 

The cell wall contains major amounts of meso-diaminopime- 
lic acid, arabinose, galactose, glucose, ribose, and N-glycolated 
muramic acid. The peptidoglycan is of the Aly  type. The or- 
ganism contains diphosphatidylglycerol, phosphatidylethanol- 
amine, phosphatidylinositol, and phosphatidylinositol man- 
nosides as predominant polar lipids, major amounts of 
straight-chain saturated, unsaturated, and tuberculostearic 
fatty acids, mycolic acids with 58 to 64 carbons and monoun- 
saturated side chains, and hexahydrogenated menaquinones 
with eight isoprene units in which the two end units are cy- 
clized. The organism has DNA that is rich in guanine and 
cytosine. 

The type species of the genus Skemania is Skermania pini- 
fonnis. 

Description of Skermania piniformis (Blackall et al. 1989) 
comb. nov. Skemania piniformis (pi.ni.for’mis. M. L. n. Pinus, 
genus of pine trees; L. suff.-fomis, in the form of; M. L. adj. 
pinifomis, pertaining to the pine-like appearance of young 
microcolonies). The description below is based on data derived 
from the present study and the study of Blackall et al. (1). 

During the early stages of growth (24 h) the microscopic 
appearance of the organism resembles a pine tree. Cells from 

activated sludge plants or from artificial culture media contain 
intracellular sudanophilic and polyphosphate inclusions. Col- 
onies (1 to 2 mm in diameter) form on TYGA within 10 to 21 
days, although the growth rate is variable. The colonies are 
orange, opaque, macroscopically dry and friable, and micro- 
scopically moist and shiny, have a pasty texture, are difficult to 
emulsify or subculture, and are circular with entire edges. 
When picked from the agar surface, a whole colony can be 
removed intact. The organism grows well on media that con- 
tain glycerol as a carbon source and asparagine as a nitrogen 
source. In tryptone-yeast extract-glucose liquid media strains 
grow as macroscopically visible colonies in a slightly turbid 
liquid. 

The maximum and minimum growth temperatures are 31 
and 15”C, respectively. Growth is not enhanced in an atmo- 
sphere containing 5% CO,, nor does growth occur anaerobi- 
cally, microaerophilically, or in a candle jar. Esculin, casein, 
gelatin, hypoxanthine, Tween 20, Tween 40, Tween 60, and 
Tween 80 are not degraded, nor is nitrate reduced to nitrite 
when tryptone-yeast extract-glucose medium is the basal me- 
dium. Similarly, strains do not grow in the presence of 5-flu- 
orouracil (20 pg/ml), lysozyme (50 pg/ml), mitomycin C (5 
pdml), isoniazid (200 pg/ml), or rifampin (20 pg/ml) when 
glycerol broth is the basal medium. The organism is positive for 
esterase (C,), esterase-lipase (C,), leucine arylamidase, phos- 
phatase (acid), phosphoamidase, a-glucosidase, and a-manno- 
sidase as determined by the API ZYM testing protocol. 
When the method of Hamid et al. (16) is used, the type 
strain cleaves acetyl-~-lysine-7AMC, benzoyl-L-arginine- 
7AMC, benzyloxycarbonyl-~-arginine-~-arginine-7AMC, 
benzyloxycarbonyl-glycine-glycine-~-leucine-7AMC, benzyl- 
oxycarbonyl-~-proline-~-arginine-7AMC, glycine-L-alanine- 
7AMC, glycine-~-arginine-7AMC, ~-lysine-~-alanine-7AMC, 
methoxysuccinyl-L-alanine-L-phenylalanine-L-lysine- 7AMC, 
succinyl-~-alanine-~-alanine-~-phenylalanine-7AMC, te1.t-butyl- 
oxycarbonyl - L - isoleucine-~-glutamate-glycine-~-arginine-7AMC, 
tert-butyloxycarbonyl-~-leucine-glycine-~-arginine-7AMC, tert-bu- 
tyloxycarbonyl-~-valine-glycine-~-arginine-7AMC, tert-butyloxy- 
carbonyl-~-valine-~-leucine-~-lysine-7AMC, tert-butyloxycar- 
bonyl-~-valine-~-proline-~-arginine-7AMC, ~-alanine-7AMC, 
~-arginine-7AMC, ~-asparagine-7AMC, ~-citrulline-7AMC, 
~-glutamate-7AMC, glycine-7AMC, ~-glutamine-7AMCl, L-iso- 
leucine-7AMC7 ~-leucine-7AMC, ~-lysine-7AMC, L-methionine- 
7AMC, ornithine-7AMC, ~-phenylalanine-7AMC, L-proline- 
7AMC, trans-4-hydroxy-~-proline-7AMC, ~-tyrosine-’IAMC, 
4MU-a-~-glucoside, 4MU-a-~-mannopyranoside, ~MU-P-D- 
ribofuranoside, 4MU-acetate, 4MU-butyrate, 4MU-nonanoate7 
and 4MU-oleate. In contrast, the organism is not able to utilize 
acetyl-~-alanine-~-alanine-~-tyrosine-7AMC, acetyl-L-phenylala- 
nine-~-arginine-7AMC, L-alanine-L-phenylalanine-L-lysine- 
7AMC, benzyloxycarbonyl-glycine-~-proline-7AMC, ghitaryl-L- 
phenylalanine-7AMC, P-alanine-7AMC, ~-alanine-7AMC, 
L-aspartic acid-7AMC7 pyroglutamate-7AMC7 4MU-2-aceto- 
amido-4,6-O-benzylidene-deoxy-~-~-glucopyranoside, 4MU-2- 
acetoamido-2-deoxy-~-~-galactopyranoside, 4MU-N-acetyl-P-~- 
galactosamine, 4MU-N-acetyl-P-~-glucosamine, ~ M U - ~ - L -  
arabinofuranoside, 4MU-a-~-arabinopyranoside, ~MU-P-D-  
cellobiopyranoside, LCMU-P-~-N,N’-diacetyl-chitoside, 4 M u - w ~ -  
fucoside, 4MU-P-~-fucoside, 4MU-a-~-galactoside, ~MU-P-D- 
galactoside, 4MU-P-~-glucoside, 4MU-P-~-glucuronide, 4MU-P- 
D-lactoside, 4MU-P-~-maltose, 4MU-P-~-mannopyranoside, 
4MU-P-~-N,N’-triacetyl-chitotriose, 4MU-2,3,5-tri-O-beql-a-~- 
arabinofuranoside, LFMU-P-~-xyloside, 4MU-phosphate, 4MU- 
pyrophosphate, 4MU-sulfate, 4MU-lignocerate, 4MU-eicosano- 
ate, 4MU-elaidate, 4MU-myristate, 4MU-palmitate7 4MU- 
pentadecanoate, or 4MU-stearate. 



TABLE 1. Some differential characteristics of N. pinensis and related mycolic acid-containing t a x 2  

Characteristic N. pinensis Corynebacterium Dietzia Gordona Mycobacterium Nocardia Rhodococcus Tsukamurella 

Cell morphology 

Aerial hyphae 
Degree of acid fastness 

Time for visible colonies to 

Mycolic acids 
appear (days) 

Overall size (no. of carbons) 

Fatty acid esters released on 
pyrolysis (no. of carbons) 

g 
O No. of double bonds 

Phospholipid type' 
Predominant menaquinoned 

G+C content of DNA (mol%) 
Sensitivity to: 

5-Fluorouracil (20 &ml) 
Lysozyme (50 Fg/ml) 
Mitomycin C (5 pg/ml) 

In early stage of growth 
(24 h) substrate myce- 
lium resembles a pine 
tree; short microscopi- 
cally visible aerial hy- 
phae formed 

Present 
Not acid fast 

9-2 1 

58-64 
2-6 
16-20 

Straight to slightly 
curved rods cocci 
which reproduce 
by snapping divi- 
sion; club-shaped 
elements may 
also be formed 

Short rods and 

Absent Absent 
Sometimes weakly Not acid fast 

acid fast 
1-2 1-3 

22-38 34-38 

8-1 8 ND 
0-2 N D ~  

2 1 2 
MK-8(H4, w-cycl)' MK-8(H2) or MK-9 MK-8(H2) 

67.5 5 1-67 73 
(H2) 

+f 
+ 
+ 

ND 
ND 
ND 

ND 
ND 
ND 

Rods and cocci 

Absent 
Often partially 

acid fast 
1-3 

46-66 
1-4 
16-18 

2 
MK-9 (HJ 

63-69 

+ 
+ 
+ 

Slightly curved or Substrate myce- Rods to extensively Straight to slightly 
straight rods; some- lium fragments branched sub- curved rods oc- 
times branching fila- into rods and strate mycelium cur singly, in 
ments that fragment coccoid ele- that fragments pairs, or in 
into rods and COC- ments into irregular masses 
coid elements occur rods and cocci 

Usually absent Present Absent Absent 
Usually strongly acid Often partially Often partially acid Weakly to strongly 

fast acid fast fast acid fast 
2-40 1-5 1-3 1-3 

60-90 
1-3 
22-26 

46-60 34-52 
0-3 0-4 
12-18 12-16 

64-78 
1-6 
20-22 

2 2 2 2 
MK-9(H2) MK-8(H4, w-cycl)" MK-8(H2) MK-9 

61-71 64-72 63-73 67-68 

ND 

ND 
- 

+ 
+ 
+ 

a Data from this study and previous studies (1, 3, 13, 14, 17, 20, 31). 
ND, not determined. 
Phospholipid types of Lechevalier et al. (23). 
Example of abbreviations: MK-9(H2), menaquinone having two of the nine isoprene units hydrogenated. 
' Hexahydrogenated menaquinone with eight isoprene units in which the end two units are cyclized (18). 
f +, positive; -, negative. 



VOL. 47, 1997 S K E M N I A  PINIFORMIS GEN. NOV., COMB. NOV. 131 

The G+C content of the DNA is 67.5 mol%, as determined 
by the thermal denaturation method. 

The organism proliferates as an extensive surface scum or 
foam on the surfaces of aeration tanks of activated sludge 
plants. 

The type strain of Skennania pinifomzis is strain UQM3063 
(= IF015059). 

Mycolic acid-containing actinomycetes are currently classi- 
fied in three suprageneric taxa, the families Corynebacteriaceae, 
Mycobacteriaceae, and Nocardiaceae. The morphological, 
chemical, and molecular features of members of the genus 
Skemzania are consistent with classification of this taxon in the 
family Nocardiaceae (5, 13). It is also worth noting that the 
occurrence of cyclic hexahydrogenated menaquinones is no 
longer the sole chemical marker for the genus Nocardia. 
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