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Following Hurricane Katrina and subsequent flooding in New Orleans, samples of the 
floodwater were collected from several isolated sites in and around the city.  We investigated 
the bacterial community composition using high-density DNA microarray analysis of 
amplified 16S rRNA gene product.  In addition, we investigated the diversity of culturable 
sulfate reducing bacteria in these unique environmental samples. For isolation, enrichments 
were set up at 30oC in the dark using lactate (60mM) as the sole electron donor and sulfate 
(50mM) as the electron acceptor in anaerobic minimal media.  Positive enrichments were 
identified from all site sources within 4 days of incubation and transferred periodically before 
isolation on solid LS4D agar plates. Isolated colonies developed within 4 days and several 
isolates were obtained from each of the sampling sites.  Preliminary analysis of the 16S rRNA 
genes of these isolates revealed that they belonged primarily to the Desulfovibrio genus and 
Desulfomicrobium genus of the Proteobacteria.  Interestingly, isolates obtained from the water 
sample taken close to the US Coast Guard Station and the levee fracture site showed 
dominance of Desulfovibrio species, whereas those obtained from the Aerator site and the 
University of New Orleans campus showed predominantly Desulfomicrobium species.  
Representative isolates from each site were chosen for further characterization.  Desulfovibrio
strain Nor2a from the aerator was a highly motile, gram negative, non-sporulating bacterium 
growing optimally at 430C.  Apart from lactate, it also utilized alternative electron donors like 
pyruvate and fumarate. Desulfomicrobium strain Nor1a isolated from the Coast Guard station 
was a coccobacilli, highly motile, gram-negative organism that could also reduce nitrate as an 
electron acceptor.  More detailed characterization of the physiological and biochemical 
properties of these isolates is ongoing. Comparisons of isolates obtained from the same site, as 
well as those belonging to the same genus obtained from a different site,  will enhance our 
understanding of the diversity and biogeography of these sulfate-reducing bacteria.

Water samples were collected 7 weeks after Hurricane Katrina from several
locations in New Orleans.

Site 1: Lake Pontchartrain, northern border of the city USCG Station                      
Site 2: Aerator – removing water from the flooded city                           
Site 3: Canal – site of levee breach   
Site 4: University campus           
Site 5:Mississippi River, southern border of the city           
Site 6: House in the Marigny,sink faucets.               

Bacterial species are grouped into OTUs (operational taxonomic units) and 
detected through a set of probes bound to the chips.  This allows simultaneous 

detection of multiple known or suspected pathogens as well.

Sample Collection:

Bacterial community composition analyzed by highBacterial community composition analyzed by high--density density 
DNA microarrays.DNA microarrays.

There was high bacterial diversity in all samples. 

The house samples had lower overall fluorescence intensities than the outdoor sites.

In the heat plot, the similarity between Sites 1 and 5 were driven by sulfate-reducers and 
other (facultative) anaerobes.

Sites 1 and 3 had the most waterborne infectious bacteria detected, and were the only 
two sites with an OTU comprised of only E.coli.  Another OTU containing E. coli and 
other enterobacteriaceae also was most prevalent in these two samples.

All sites contained Sulfate reducing bacteria (SRB) in the following families: 
Desulfoarculaceae, Desulfobacteraceae, Desulfobulbaceae, Desulfohalobiaceae, 
Desulfomicrobiaceae, Desulfovibrionaceae, Desulfuromonaceae.

Relationship among 
samples based on 
fluorescence intensity of 
probe sets.  Yellow color 
indicates the highest 
value among the 
samples, blue represents 
the lowest value.
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Preliminary 16SrDNA analysis of the isolates were performed. Isolates 
obtained from the USCG site were found to be most similar to 

Desulfomicrobium species as were those from the levee breech site. Isolates from 
the aerator site were most similar to Desulfovibrio species. Isolate obtained from 

the University campus was most similar to the Desulfovibrio species as well.

Four of the isolates, 
Nor1a , Nor2a, Nor3a 

and Nor4 were 
chosen for further 

detailed study

The enrichments on DNA containing media and high salt media suggests that some species present in the flood waters can take advantage of this nutrient 
soup to enable survival for long periods of time, months after the hurricane hit.

High-density DNA microarrays used to survey bacterial communities in the Katrina floodwaters yielded better results for pathogens present than any of the 
standard fecal indicators, which did not even indicate other well known human intestinal bacteria.

Fecal indicators were good indicators of infectious bacteria at Sites 1 and 3, but not at Sites 2 and 5, where plenty of non-Enterobacteriaceae opportunistic 
pathogens were detected.

Culture based techniques provided detailed information about sulfate reducing bacteria in the different sampling sites, and diverse sulfate reducing organisms 
were isolated from the unique water samples. 

While Isolates from different sampling sites showed similar pH, salt and temperature requirements, they showed varied responses to different carbon sources 
and toxicity tests.

Using the phenotypic microarray provided a high throughput rapid assay of general physiological characteristics of the isolates. 

Romy Chakraborty1, Eoin L. Brodie1, Richard Phan1, Dominique C. Joyner1,Yvette Piceno1, Gary L. Andersen1,
Michael S. Humphrys2, Tracy H. Hazen2, Patricia A. Sobecky2 and Terry C Hazen1.

1Lawrence Berkeley National Laboratory 2Georgia Institute of Technology
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Centrifuged at 

6000rpm 
for 10min Cell pellet resuspended

to obtain density of 107cells/ml-1Cells grown to 
mid log phase 
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100μl of cell suspension 
inoculated each well

Plates sealed 
and incubated 
anaerobically 
for 96 hours Growth results obtained and 

data analysis
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S o d iu m  S u lfa te  2 - 5 %       

E th yl ene  glyc o l  5 - 20 %       

S o d iu m  f or m a te  1 - 6 %       

Ure a  2 - 7%         

S o d iu m  Lac t a te  1 - 1 2 %       

Osmotic Sensitivity Tests

Sodium Phosphate 20-200mM     
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S o d iu m  B en z o a te  20 - 200 m M      

p

 

A mm on i um  S u lfa te  1 0 - 1 00 m M       

S o d iu m  N itr a te  1 0 - 1 0 0 m M        

S o d iu m  N it r ite  1 0 - 1 0 0 m M        

 

Toxicity Tests

Sulfate H2S

AcetateLactate

e-

Isolation and characterization of SRB from theIsolation and characterization of SRB from the
water sampleswater samples

While strains Nor1a, 3a and 4a had temperature 
optima at 370C, the optimum temperature for 

growth of strain Nor 2a was determined to be 43oC. 
It also grew at 480C as well as it did at room 

temperature.

Temperature 0C
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coccobacillivibriovibriococcobacilliCell shape

0.3%0.3%0.3%0.3%Optimum salinity

6.56.576.5Optimum pH
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----Gram staining
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Nor4Nor3aNor2aNor1a

Characterization using the OMNILOG phenotypic Characterization using the OMNILOG phenotypic microarraymicroarray

S ub str a tes  
 

N o r  1 a  N o r  2 a  N o r  3 a  N o r4  

L a c ta te  +  +  +  +  
Su c ci na te  +  -  -  +  
Pyru v a te  +  +  +  +  

Ma la te  -  +  +  +  
Fu m a r a te  +  +  +  +  

Gl u tam a te  -  -  +  +  
Ac e tat e  -  +  -  +  

Prop io n a te  -  -  -  -  
Ac e to a c e ta te  -  +  +  -  

Ci tr a te  -  -  -  -  
Ri b ose  +  +  +  +  

Be n z o a te  +  -  +  +  
Gl u cose  +  -  -  -  
Suc r ose  +  -  -  -  
Sul f a te  +  +  +  +  
Nit r a te  +  -  -  -  

Oxy g en  -  -  -  -  
 

CONCLUSIONSCONCLUSIONS

ABSTRACTABSTRACT

Enrichments were set up with lactate 
as the sole electron donor and sulfate 
as the electron acceptor in anaaerobic 

LS4D media at 300C. After few 
periodic transfers of positive 

enrichments,  several pure culture 
isolates were obtained from multiple 

sites.

Black: Nor2a Red: Nor3a Blue: Nor4

Black: Nor2a Red: Nor3a Blue: Nor4

The OMNILOG phenotypic microarray was also used to determine 
Carbon sources and alternative electron donors for the different
strains of isolated SRBs.

With regards to electron acceptor, none of the isolates could respire 
oxygen, and only strain Nor1a could utilize nitrate.

Optimum temperature for growth 
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Coliform screening was 
performed to determine the 
potential health risks associated 
with the samples. Plating of 
water samples yielded coliform 
positive colonies within 48h at 
37˚C.
Water samples were examined 
for their content of marine 
microorganisms able to survive 
for extended nutrient limitation. 

Marinobacter sp.
Sphingomonas sp.

Agrobacterium tumefaciensMauricauda sp.
Serratia marcescensFlavobacterium sp.

Pseudomonas sp.Pseudomonas sp.

Stenostrophomonas 
maltophila

Bacillus sp.
DNA enrichment1X ASW

Enrichments were set up with 1XASW 
(artificial seawater) and in Basal Salts 
Medium with 1:1 of 12μg/ml of E. coli
JM109 and Vibrio parahaemolyticus
genomic DNA (phenol chloroform 
extracted to remove protein) at 30°C.  
Starvation enrichments ran for ~60 
days at which time they were plated on 
M10 and isolated.  These distinct 
isolates were then grown up overnight 
followed by pcr amplification of the 16S 
gene using primers 27F and 1522R.

There are site specific 
effects on infectious 
bacteria as shown by the 
differing relationship 
between a total diversity 
index and a count of 
infectious bacterial OTUs. 
The difference is both 
relative and absolute 
regarding the OTUs 
detected.

General characteristics of the isolates




