
Summary of FRC Isolates
A B

Phylogenetic 
affiliation

Agrobacterium/
Sinorhizobium,

Pseudomonas
Klebsiella

pH range (optimal) 4.5/5.5 - 8.0 (6.5) 5.5/6.0 - 8.0 (8.0)
Max growth rate 0.106 h-1 0.200 h-1

Max NO3
- reduction 

rate
185.4 µM NO3

- * h-1 293.9 µM NO3
- * h-1

Nitrite accumulation Low High

Nitrate Reductase Nap only Nap and Nar

Nitrite Reductase NirK NirK



Microbial Community Analysis 
Clone Libraries

Purpose:  to examine the microbial communities (with focus on 
denitrifiers) of sites undergoing bioremediation at the FRC
What denitrifying organisms are stimulated with ethanol addition?
Do factors such as nitrate concentration and pH affect community
composition?

Experiment:  Push pull tests:  November, 2003
DNA extracted from core material nearby wells

PCR results
Treatment Groups Well location 16S nirK nirS
Area2, stimulated DP15D + + -
Area2, stimulated DP06 + - +
Area2, unstimulated FW003 + - -

Area1, stimulated FW028 + + +
Area1, stimulated FW034 + + +
Area1, unstimulated FW031 + + -



nirK clone libraries
13  OTU s

DP-15D

OTU 2

OTU 1

OTU 1OTU 1

OTU 1

OTU 7 OTU 4

Area 2
EtOH
stimulated

85% similar  to 
Nitrosomonas sp. n=22

82%  similar  to 
Alcaligenes xylosoxidans

n=25 n=32

FW028 FW034

OTU 7
Area 1
EtOH
stimulated

n=10

FW031
Area 1
(donor 
control)

85%  similar  to 
Rhodopseudomonas
palustris



FRC clone E06 16 26
FRC clone C04 15 12

Nitrosomonas sp. TA 921i NH4 (β)
OTU 2

OTU 6
OTU 3

Bradyrhizobium japonicum (α)
Blastobacter denitrificans (α)

Rhodopseudomonas paulustris (α)
Alcaligenes sp. DSM 30128 (β)
Alcaligenes xylosoxidans (β)
Pseudomonas mendocina (γ)

Pseudomonas chlororaphis (γ)
OTU 10

OTU 9
OTU 1

activated sludge clone NR2 819K1
metallurgic waste system clone R1 k38

OTU 7
OTU 8

metallurgic waste system clone R1 K26
Azospirillum doebereinerae (α)
Mesorhizhobium sp. BNC1 (α)

Agrobacterium tumefaciens (α)
Hyphomicrobium zavarzinii (α)
Sinorhizobium meliloti (α)
Pseudomonas sp.G 179 (γ)

FRC clone C01 03 6
Achromobacter cycloclastes (β)
Brucella suis 1330 (α)

Ochrobactrum sp. 3CB5 (α)
Alcaligenes faecalis S 6 (β)
marine clone Y32K
OTU 4

Neisseria gonorrhoeae aniA
0.05 changes

55
77

97

80

93

57 

94

100

98
56

90

83
100

65

96

52

67

50

68

100

59

100
99

88

nirK tree
n = 20
86% of DP15D clones 
(stimulated, Area2)

n = 44
70% of FW028 and 
FW034 clones 
(stimulated, Area 1)

n = 20
70% of FW003 clones 
(unstimulated, Area 1)



nirS clone libraries
42 OTU s

OTU 1

Area 2
EtOH 
stimulated

Area 1
EtOH 
stimulated

DP06

FW034

n=43

n=66 n=70

FW028

90% similar to 
Dechloromonas aromatica



nirS tree (A)
n = 38
57.6% of FW028 clones
(Area 1, stimulated)

n = 20
28.6% of FW034 clones
(Area 1, stimulated)

n = 12
17.1% of FW034 clones
(Area 1, stimulated)

Dechloromonas aromatica RCB (β)
estuarine sediment clone HNIS 2

OTU1
activated sludge clone NR2 87S9

estuarine sediment clone HNIS 4
FRC clone E05 03 027

FRC clone F05 16 45
OTU44
OTU38
OTU39

OTU41
FRC clone F06 05 159
FRC clone H02 03 116

OTU33
OTU30

OTU31
OTU32

OTU29
activated sludge clone NR1 819S55

Pseudomonas steutzeri (γ)
Alcaligenes faecalis A15 (β)
Azoarcus toluvorans (β)

Thauera chlorobenzoica (β)
Acidovorax sp. 2FB7 (β)
Thauera aromatica T1 (β)

activated sludge clone NR2 87S25
OTU36

OTU35
FRC clone E09 300 68

Magnetospirillium magnetotacti (α)
FRC clone s 16 3
metallurgic waste system clone R2 s12
Azospirillium brasilense (α)
OTU34

OTU11
OTU27

OTU28
activated sludge clone NR1 712S32

Pseudomonas aeruginosa nirN
0.05 changes

100

78

100
70

62

69

92

99

98
67

78

66

76

93

66

79

100
100

52

57

58

83

98
94



Kocuria varians DN16 (Actinomycetales)
Alcaligenes eutrophus H16 (β)

Ralstonia metallidurans CH34 (β)
FRC clone H07 05 257

OTU 14
OTU 18

OTU 19
metallurgic waste system clone R2 s02
OTU 20
FRC clone E02 03 85
activated sludge clone NR1 819 S33

OTU 21
OTU 23

Azoarcus tolulyticus To14 (β)
FRC clone A01 03 4

OTU 12
OTU 13

FRC clone s 16 4
OTU 2

OTU 4
OTU 6

OTU 8
OTU 3

OTU 9
OTU 10

Pseudomonas aeruginosa PA01 (γ)
FRC clone A09 05 370

OTU 15
Paracoccus denitrificans 1222 (α)

Roseobacter denitrificans (α)
Pseudomonas aeruginosa nirN0.05 changes

100
100

57

100

76

66

98

61

100

96

100

93
92

65

100

100

100

93

96

100

99
88

nirS tree (B)
n= 14
20% of FW034 clones 
(Area1, stimulated)

n= 11
16.7% of FW028 clones 
(Area1, stimulated)

n= 17
39.5% of DP06 clones 
(Area2, stimulated)

n= 8
18.6% of DP06 clones 
(Area2, stimulated)

n= 9
20.9% of DP06 clones 
(Area2, stimulated)



FRC Isolates
• New isolates have nirK gene
• New isolates are closely related to each other 
(based on both nirK and 16S sequences)
• nirK sequences of isolates are 99% similar to 
OTU 1 from the nirK clone libraries -- This is 
the dominant clone sequence for both 
ethanol-stimulated Area 1 sites.

OTU 1OTU 1

n=25 n=32

FW028 FW034

OTU 7



FRC Isolates
Dechloromonas agitata MA-1

Dechloromonas aromatica RCB

Azoarcus tolulyticus Tol-4

Ralstonia eutropha VKPMB8562

FRC isolate 4.5 A2

FRC clone FB46 16

FRC isolate 7.5A2

Alcaligenes sp. strain AMS10

Alcaligenes defragrans N1

Alcaligenes defragrans TJ4

Alcaligenes defragrans TG26

Alcaligenes sp. strain NKTAU

Alcaligenes defragrans 65Phen

Alcaligenes defragrans 51Men

Alcaligenes defragrans 62Car

Alcaligenes defragrans 54Pin

Industrial biofilter clone Birii6

FRC clone 015B B03

Alcaligenes facaelis 5659 H

Alcaligenes xylosoxidans H

Alcaligenes sp. strain L6

Methanospirillium hungatei0.01 substitutions/site

β-proteobacteria

100

74

67

82

53

77

98

93

100

61

100



Alcaligenes defragrans strain 54Pin
• First described in 1998
• Isolated from activated sludge on the monoterpene α-pinene 
and nitrate

Belongs to genus Alcaligenes, well known for degradation 
of aromatic and chlorinated compounds

Rod-shaped, 1.3-1.8 µm in length
Motile
pH range 6.3-8.4 (optimum 6.7-7.5)
Temperature range 15-40°C (optimum 30°C)
Electron acceptors: O2, NO3

-, NO2
-, N2O)

Carbon sources: monoterpens, acetate, ethanol, butyrate, 
propionate, pyruvate, malate, succinate, fumarate, some 
amino acids.  

Cannot utilize sugars or aromatic hydrocarbons.


	Summary of FRC Isolates
	Microbial Community Analysis Clone Libraries
	FRC Isolates
	FRC Isolates
	Alcaligenes defragrans strain 54Pin

