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ABSTRACT Here, we report the draft genome sequences of four aerobic gaseous
alkane-oxidizing bacteria isolated from soil by enrichment culture using isobutane
(2-methylpropane) as the sole carbon and energy source. The sequences all reveal
microorganisms with multiple alkane-oxidizing monooxygenases, including soluble
di-iron monooxygenases (SDIMOs), copper-containing monooxygenases (CuMMOs),
and alkane hydroxylases (AHs).

Bacteria that can oxidize gaseous nonmethane alkanes have been isolated from eth-
ane (1), propane, (2) and n-butane (3, 4) enrichment cultures. In contrast, little is

known about bacteria that grow on isobutane. This study reports the draft genome
sequences of four isobutane-metabolizing bacteria.

Surface soil (#10 cm below grade) was collected in sterile plastic tubes from 3
sites in North Carolina (GPS coordinates 35.787263, –78.674810; 35.789130, –

78.683489; and 35.192664, –79.394702). Samples (5 g) from each site were incu-
bated in sealed serum bottles (160ml) containing mineral salts medium (MSM) (5)
(25ml) and isobutane (10% [vol/vol] in air). The cultures were incubated in the dark
in an environmental shaker operated at 30°C and 150 rpm. After 14 days, samples
(0.1ml) of each enrichment were transferred to fresh MSM, and this cycle was
repeated 3 times. Samples (0.1ml) of each enrichment culture were then streaked
onto MSM agar plates, which were then incubated for 14 days in dessicators con-
taining isobutane (;3% [vol/vol] in air). Each resulting colony type was then plated
onto MSM agar plates, which were then incubated in dessicators containing isobu-
tane (;3% [vol/vol] in air). This process was repeated 3 times, and the purity of
each isolate was determined by both Gram and acid-fast staining and microscopic
observation. Out of a total of 18 isolates, 4 were subsequently selected for
sequencing.

For DNA extraction, each isolate was grown in glass bottles (700ml) sealed with
screw caps and butyl rubber septa. The bottles contained MSM (100ml) and isobutane
(10% [vol/vol] in air). After 7 days, cells were harvested by centrifugation, and the sedi-
mented cells were lysed in tubes (2ml) containing silica beads (0.1mm) using a
FastPrep-24 bead beater (MP Biomedicals, California) operated at 4 m/s for 20 s. Total
genomic DNA (gDNA) was extracted using a DNeasy UltraClean microbial kit (Qiagen,
Maryland). The DNA was sheared using a g-TUBE (Covaris, Massachusetts) and size
selected (5 kb) using the BluePippin size selection system (Sage Science, Inc.,
Massachusetts). Sequencing libraries were prepared using the PacBio Express template
prep kit v2.0 (Pacific Biosciences, California). The libraries were sequenced using a
PacBio Sequel single-molecule real-time (SMRT) cell, and raw reads were processed
with the PacBio de novo assembly pipeline workflow on CLC Genomics Workbench
v20.0.2. The genomes were annotated using the NCBI Prokaryotic Genome Annotation
Pipeline (6), and genome completeness was assessed using BUSCO v4.1.2 and the cory-
nebacteriales_odb10 database (7). Default parameters were used for all software tools,

Citation Chen W, Faulkner N, Smith C, Fruchte
M, Hyman M. 2021. Draft genome sequences
of four aerobic isobutane-metabolizing
bacteria. Microbiol Resour Announc 10:e01381-
20. https://doi.org/10.1128/MRA.01381-20.

Editor Julia A. Maresca, University of Delaware

Copyright © 2021 Chen et al. This is an open-
access article distributed under the terms of
the Creative Commons Attribution 4.0
International license.

Address correspondence to Michael Hyman,
mrhyman@ncsu.edu.

* Present address: Megan Fruchte, Novozymes,
Morrisville, North Carolina, USA.

Received 1 December 2020
Accepted 2 April 2021
Published 6 May 2021

Volume 10 Issue 18 e01381-20 mra.asm.org 1

GENOME SEQUENCES

https://orcid.org/0000-0002-5965-6579
https://doi.org/10.1128/MRA.01381-20
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://mra.asm.org
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.01381-20&domain=pdf&date_stamp=2021-5-6


TA
B
LE

1
G
en

om
e
in
fo
rm

at
io
n
of

4
is
ob

ut
an

e-
m
et
ab

ol
iz
in
g
b
ac
te
ria

St
ra
in

Se
q
ue

n
ci
n
g

A
ss
em

b
ly

C
h
ar
ac
te
ri
st
ic
s

B
U
SC

O
an

al
ys
is
b

To
ta
ln

o.
of

re
ad

s

To
ta
l

yi
el
d
of

re
ad

s
(M

b
p
)

N
o.

of
co

n
ti
g
s

N
5
0
(b
p
)

G
en

om
e

si
ze

(M
b
p
)

G
C

co
n
te
n
t

(%
)

To
ta
l

n
o.

of
g
en

es

To
ta
l

n
o.

of
C
D
Ss

a

N
o.

of
rR
N
A
s

N
o.

of
tR
N
A
s

C
om

p
le
te

an
d

si
n
g
le

co
p
y
(%

)

C
om

p
le
te

an
d

d
up

lic
at
ed

(%
)

Fr
ag

m
en

te
d

(%
)

M
yc
ol
ic
ib
ac
te
riu

m
sp
.s
tr
ai
n
2A

13
9,
55

9
1,
24

3
3

6,
83

8,
98

2
7.
12

66
.9
2

6,
84

1
6,
78

5
6

47
99

.1
0.
5

0.
1

Rh
od

oc
oc
cu
s
sp
.

st
ra
in

3A
29

2,
77

3
2,
36

1
8

7,
73

3,
89

5
8.
74

67
.2
0

8,
11

9
8,
05

4
12

50
96

.5
2.
8

0.
3

Rh
od

oc
oc
cu
s
sp
.

st
ra
in

4C
I

18
9,
81

6
1,
73

7
6

4,
18

1,
17

9
6.
59

70
.2
0

6,
01

1
5,
94

1
13

54
98

.0
1.
2

0.
4

Rh
od

oc
oc
cu
s
sp
.

st
ra
in

4C
II

19
4,
17

9
1,
63

7
6

7,
82

1,
09

0
8.
82

67
.2
0

8,
14

8
8,
08

1
14

50
96

.5
2.
8

0.
3

a
C
D
Ss
,c
od

in
g
D
N
A
se
qu

en
ce
s.

b
BU

SC
O
is
a
m
et
ho

d
fo
ra

ss
es
si
ng

th
e
co
m
p
le
te
ne

ss
of

ge
no

m
e
as
se
m
b
lie
s
an

d
an

no
ta
ti
on

s.
It
ex
am

in
es

th
e
p
re
se
nc

e
of

ge
ne

s
fo
rn

um
er
ou

s
un

iv
er
sa
ls
in
gl
e-
co
p
y
or
th
ol
og

s
an

d
de

si
gn

at
es

th
em

as
ei
th
er

co
m
p
le
te

(w
it
hi
n
2

st
an

da
rd

de
vi
at
io
ns

of
ex
p
ec
te
d
si
ze
),
du

p
lic
at
ed

(w
he

n
th
e
ge

ne
is
fo
un

d
in

m
or
e
th
an

on
e
co
p
y)
,o
rf
ra
gm

en
te
d
(f
or

p
ar
ti
al
ly
re
co
ve
re
d
ge

ne
s)
.

Chen et al.

Volume 10 Issue 18 e01381-20 mra.asm.org 2

https://mra.asm.org


and the sequencing and assembly statistics, Benchmarking Universal Single-Copy
Orthologs (BUSCO) analysis, and major genome characteristics of the four strains are
summarized in Table 1.

A BLAST comparison of 16S rRNAs from the genome sequences against the NCBI
16S rRNA database revealed that the isolates were all examples of frequently encoun-
tered gaseous alkane-oxidizing genera. All four genomes encoded complete operons
for a group 6 soluble di-iron monooxygenase (SDIMO) (Fig. 1). Complete operons
encoding other SDIMOs or copper-containing monooxygenases (CuMMOs) were also
found in some but not all of the strains. Each genome also encoded one or more AlkB-
like alkane hydroxylases (AH) (8).

Data availability. The complete genome sequences of the four isobutane-utilizing
strains have been deposited in GenBank under the accession numbers CP059893 to
CP059895 (Mycolicibacterium sp. strain 2A), JACJDF000000000 (Rhodococcus sp.
strain 3A), JACCFD000000000 (Rhodococcus sp. strain 4CI), and JACCFE000000000
(Rhodococcus sp. strain 4CII). The GenBank assembly numbers for the genomes are
GCF_014295435 (Mycolicibacterium sp. strain 2A), GCF_014230115 (Rhodococcus sp.
strain 3A), GCA_014230025 (Rhodococcus sp. strain 4CI), and GCA_014256275 (4CII).
The BioProject accession number for the genomes is PRJNA644947. The Sequence

FIG 1 Phylogeny of monooxygenases in isobutane-metabolizing bacteria. Shown is a phylogenetic analysis of the putative gaseous alkane-oxidizing
monooxygenases present in the genome sequences of the four bacterial strains sequenced in this study (Mycolicibacterium sp. strain 2A, Rhodocococcus
sp. strain 3A, Rhodocococcus sp. strain 4CI, and Rhodocococcus sp. strain 4CII) and representative strains previously described in the literature. The analysis
is based on the deduced amino acid sequences of the alpha subunits of the soluble di-iron monooxygenases (SDSIMOs) and A subunits of the copper-
containing particulate hydrocarbon-oxidizing monooxygenases (CuMMOs). ClustalW and maximum likelihood analyses were conducted using MEGA X
v10.1.8. The number at the nodes represents the bootstrap value by 1,000 bootstrap replicates. The accession numbers of each monooxygenase
component in the NCBI RefSeq databases are provided in parentheses.
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Read Archive (SRA) numbers are SRX9122159 (Mycolicibacterium sp. strain 2A),
SRX9122160 (Rhodococcus sp. strain 3A), SRX9122161 (Rhodococcus sp. strain 4CI),
and SRX9122162 (Rhodococcus sp. strain 4CII).

ACKNOWLEDGMENT
We thank Pacific Biosciences for financial support through a SMRT grant to M.H.

Pacific Biosciences had no role in the study design, data collection or interpretation, or
the decision to submit the work for publication.

REFERENCES
1. Hatzinger PB, Streger SH, Begley JF. 2015. Enhancing aerobic biodegrada-

tion of 1,2-dibromoethane in groundwater using ethane or propane and
inorganic nutrients. J Contam Hydrol 172:61–70. https://doi.org/10.1016/j
.jconhyd.2014.11.006.

2. Wood NR, Murrell JC. 1989. The metabolism of propane in Rhodococcus
rhodochrous PNKb1. Microbiology 135:2335–2344. https://doi.org/10
.1099/00221287-135-8-2335.

3. McLee AG, Kormendy AC, Wayman M. 1972. Isolation and characterization
of n-butane-utilizing microorganisms. Can J Microbiol 18:1191–1195.
https://doi.org/10.1139/m72-186.

4. Hamamura N, Arp DJ. 2000. Isolation and characterization of alkane-utiliz-
ing Nocardioides sp. strain CF8. FEMS Microbiol Lett 186:21–26. https://doi
.org/10.1111/j.1574-6968.2000.tb09076.x.

5. Yeager CM, Bottomley PJ, Arp DJ, Hyman MR. 1999. Inactivation of toluene
2-monooxygenase in Burkholderia cepacia G4 by alkynes. Appl Environ
Microbiol 65:632–639. https://doi.org/10.1128/AEM.65.2.632-639.1999.

6. Tatusova T, DiCuccio M, Badretdin A, Chetvernin V, Nawrocki EP, Zaslavsky
L, Lomsadze A, Pruitt KD, Borodovsky M, Ostell J. 2016. NCBI Prokaryotic
Genome Annotation Pipeline. Nucleic Acids Res 44:6614–6624. https://doi
.org/10.1093/nar/gkw569.

7. Seppey M, Manni M, Zdobnov EM. 2019. BUSCO: assessing genome assem-
bly and annotation completeness. Methods Mol Biol 1962:227–245.
https://doi.org/10.1007/978-1-4939-9173-0_14.

8. Nie Y, Chi CQ, Fang H, Liang JL, Lu SL, Lai GL, Tang YQ, Wu XL. 2014.
Diverse alkane hydroxylase genes in microorganisms and environments.
Sci Rep 4:4968. https://doi.org/10.1038/srep04968.

Chen et al.

Volume 10 Issue 18 e01381-20 mra.asm.org 4

https://www.ncbi.nlm.nih.gov/sra/SRX9122159
https://www.ncbi.nlm.nih.gov/sra/SRX9122160
https://www.ncbi.nlm.nih.gov/sra/SRX9122161
https://www.ncbi.nlm.nih.gov/sra/SRX9122162
https://doi.org/10.1016/j.jconhyd.2014.11.006
https://doi.org/10.1016/j.jconhyd.2014.11.006
https://doi.org/10.1099/00221287-135-8-2335
https://doi.org/10.1099/00221287-135-8-2335
https://doi.org/10.1139/m72-186
https://doi.org/10.1111/j.1574-6968.2000.tb09076.x
https://doi.org/10.1111/j.1574-6968.2000.tb09076.x
https://doi.org/10.1128/AEM.65.2.632-639.1999
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.1007/978-1-4939-9173-0_14
https://doi.org/10.1038/srep04968
https://mra.asm.org

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENT
	REFERENCES

