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Focus on Molecular Biological Tools

In this Issue:
Our focus is on molecular
biological tools (MBTs)
including:
• A discussion of
metagenomics with
Professor Laura Hug
• How MBTs provided insights
at a Danish MNA site
• Introducing Gene-Trac®
MTBE/TBA for fuel
oxygenates
• Updates on SiREM outreach,
publications and employees

We’ve come a long way in our ability to understand and monitor microbial communities that clean up
a growing range of contaminants. Characterization of microbial communities in soil, sediment and
groundwater using molecular biological tools (MBTs) has been performed for more than two decades and is
now considered routine. As the number of known microorganisms and functional genes for bioremediation
continues to increase, a growing suite of commercially available tests are used to understand remediation
of organic and inorganic contaminants (e.g., chlorinated solvents, MTBE, 1,4-dioxane, BTEX, mercury,
nitrogen compounds).
The past few years have seen the use of next generation sequencing (NGS) rapidly increasing our ability
to characterize whole microbial communities in a cost-effective manner. A Danish PCE site is profiled in
this issue where NGS identified a complex community of dechlorinators and other microbial groups that
provided a clearer understanding of remediation processes at this complex MNA site.

“In the future we will sequence everything all the time.”
- Josh Neufeld, Professor, University of Waterloo

The development of metagenomics, the sequencing of all genes from all organisms in a sample, is the
next big leap in site characterization. Not only will we be able to identify numerous Bacteria and Archaea,
but all of their functional genes plus fungi, protists, and viruses such as bacteriophages. Metagenomics
will provide “a full ecosystem approach” to assess bioremediation processes. SiREM’s Webinar (17
January 2018) focuses on metagenomics, with Professor Laura Hug, from the University of Waterloo, a
leading researcher in the field.
University of Waterloo Professor, Josh Neufeld stated that “in the future we will sequence everything all
the time”. We are entering an era of advanced biological characterization that will be used to predict
performance, optimize bioremediation systems and reduce costs; an outcome that has been referred to
as “precision bioremediation”.

Your Partner in Remediation Success, SiREM

A Conversation on “Omics” with
Professor Laura Hug
Dr. Laura Hug is an Assistant
Professor of Environmental
Microbiology at the University of
Waterloo.
Dr. Hug will present “Assessing
Microbial Diversity and
Function from Contaminated
Environments” in SiREM’s
Webinar series on 17 January
2018

To register click here
How has environmental microbiology research changed
since you started working in the field?
LH: The field has changed dramatically and rapidly. Metagenomes,
where the total DNA of a microbial community is routinely sequenced,
allows identification of which organisms are present, as well as the
functional potential of the community. The first metagenomes were
conducted in 2004, while I was an undergraduate, and the technique
has since become a common and powerful tool in environmental
microbiology research.
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We hear a lot these days about “omics”. What exactly do
all these omics mean and what do they offer remediation
practitioners? Do you have a favorite “omics”?

What do you like to do in your spare time when you are not
unravelling the mysteries of microbiology?
LH: I am an avid traveler, and love to explore new locations, cultures,
and foods. I am mildly obsessed with ultimate Frisbee, and have played
at a competitive level for many years. I also read for fun quite a bit, a
mix of nonfiction, sci-fi/fantasy, and endless board books with my one
year old.

Molecular Biological Tools Provide
Insights at Danish MNA Site
Rødekro is a small town in southern Denmark with historical PCE
contamination in groundwater from a central dry-cleaning facility. The
dense non-aqueous phase liquid (DNAPL) tetrachloroethene (PCE) that
entered the sand aquifer beneath the facility produced a 2 km long
plume of PCE and degradation products. In 2006, thermal remediation
with steam removed ~2 tons of DNAPL, while also mobilizing dissolved
organic carbon (DOC). Released DOC benefitted natural attenuation (NA) degradation processes with contaminant concentrations
decreasing up to ~1 km downgradient. Studies (Badin et al. 2016)
with molecular biological tools (MBTs) commenced in 20141,2 to better understand NA processes and long-term risks associated with the
plume. MBTs included: quantitative PCR (e.g., Gene-Trac® Dhc/FGA),
next generation sequencing (NGS) for microbial community characterization (Gene-Trac® NGS), RNA quantification to assess gene expression
and compound specific isotope analysis (CSIA) to identify degradation
pathways and mechanisms.

LH: “Omics” is a suffix to mean “field of study” and it gets applied to
just about everything these days! I saw a housewares store named
“Kitchenomics”. That one might be my favorite. With metagenomics
(total DNA), you can identify which organisms and functions are present, but metatranscriptomics (all RNA) or proteomics (all proteins) can
confirm a predicted activity is actually occurring at a site. Lipidomics
(all fats) and metabolomics (all of the small molecules a cell generates)
can also help identify organisms and activities.

In terms of our current understanding of microbial ecology
how would you characterize where we are at this point in
time?
LH: We are at a really interesting inflection point. With the increase
in sequencing, and the refinement of metagenomic assays, we have
identified hundreds of new lineages of microbes, including large
branches on the tree of life that were previously unknown because the
organisms could not be cultured in the lab. This explosion of genome
sequences and metabolic information for previously unknown organisms has come with a torrent of identified genes for which there are no
predicted functions. Many labs are working to identify the functions of
some of these “known-unknowns”. My group is looking to identify the
genes involved in some of the contaminant transformations that are
observed at contaminated sites, but which are not yet characterized.
This will allow us to identify biomarkers for these activities, to assess
the degradation potential at a site.

What do you see as the major challenge in realizing the
full potential of the molecular biological tools in bioremediation?
LH: The dataset sizes are huge, and can take a lot of person hours
to interpret. There are ways to automate specific analyses, but it still
takes more time than a simpler assay. A limit to any molecular tool is
that if the molecular mechanism isn’t known, it can’t be looked for.
If an activity of interest is taking place in an environment, identifying
what organism is responsible and/or which genes are required can be
years of work.

FIGURE 1: Figure 1: cDCE Plume at Rødekro
extended for more than 2 km downgradient of PCE
source area From: Broholm et al., 2017.

“Analysis for microbial composition and specific degraders and their activity as well as dual stable isotopes has
revealed high complexity in degradation processes and
played an important role to substantiate the natural attenuation of the plume”2

Role of Dehalococcoides and Dehalogenimonas:

Dehalococcoides (Dhc) and its relative Dehalogenimonas (Dhgm)
are the only known microorganisms capable of reducing chlorinated
ethenes to non-toxic ethene3,4. Molecular analysis indicated that Dhc/
Dhgm were most abundant, and Dhc most active, nearest the source
zone at a combined 106 Dhc + Dhgm/liter of groundwater. Importantly,
substantive remediation is often associated with Dhc abundance in
this range. Nevertheless, Dhc VC-reductase genes (vcrA/bvcA), and
associated messenger ribonucleic acid (mRNA) were not substantively
detected.

What About Other Dechlorinators? In addition to Dhc and

Dhgm, NGS identified over 5,000 microorganisms in the groundwater
with 13 potential dechlorinators, including partial dechlorinators
Dehalobacter (Dhb) and Geobacter, that possibly contributed to PCE
and TCE degradation to cDCE. Aerobic degraders of cDCE and VC
including Polaromonas and Nocardioides were also detected and may
be active in shallow aerobic groundwater. Several organisms implicated
in cometabolic degradation of TCE were also identified.

NGS identified 13 potential dechlorinators
out of 5,000 identified taxa attesting to the complexity of
bioremediation processes in the Rødekro groundwater.
The identification of a wide variety of dechlorinators at Rødekro indicates
the biotic dechlorination processes at the site are complex and likely
robust.

What About Abiotic Processes?

FIGURE 2: Aerobic/nitrate reducing conditions predominated in shallow
groundwater reducing conditions in deeper groundwater. Variable redox
across the Site facilitates both oxidative and reductive degradation
processes. From: Broholm et al., 2017

Lack of VC-reductase suggests PCE and trichloroethene (TCE) are
incompletely dechlorinated and that cis-1,2-dichloroethene (cDCE)
reduction is the rate-limiting step. This is consistent with low/
non-detectable (ND) concentrations of vinyl chloride (VC) and ethene
in groundwater.

NGS indicated Dhgm were more abundant than
Dhc at Rødekro, suggesting Dhgm are significant to
biodegradation processes.
Mounting evidence suggests that Dhgm are important in chlorinated
ethene remediation with reports of Dhgm dechlorinating PCE, trans1,2-DCE and VC and to ethene3,4,5. At Rødekro, Dhgm were identified
in all NGS samples, and based on (semi-quantitative) NGS data, were
generally at higher concentrations than Dhc, suggesting a significant
role for Dhgm in reductive dechlorination, although this role is currently
unclear.

Dual Isotope CSIA can determine if degradation pathways are biotic
or abiotic and suggested the primary cDCE degradation pathway at
Rødekro was abiotic1,2. NGS data demonstrated that bacteria associated with pyrite oxidation were predominant (i.e., >20%) at the core to
front of the plume. Pyrite (FeS2) and other reduced iron compounds can
mediate abiotic ß-elimination of chlorinated ethenes through acetylene
to ethene. Pyrite was identified as likely significant to abiotic degradation of cDCE at Rødekro.

The Overall Picture: Figure 3 summarizes the degradation path-

ways identified and proposed at Rødekro. DOC released from thermal
treatment spurred reductive dechlorination of PCE and TCE, primarily
to cDCE, which is degraded abiotically by iron compounds (e.g., pyrite)
through acetylene and possibly ethene.

The observed lack of ethene could be attributed to microbes identified in groundwater that degrade ethene to CO2 6,7 including sulfate
reducing bacteria (SRB) or ethenotrophs, (e.g., Nocardiodes). Aerobic
degradation of cDCE and VC – currently identified as playing a minor
role – may become more important to the long-term NA; as DOC
is exhausted, reductive pathways are rendered inactive. Biostimulation with an exogenous electron donor has also been identified as a
viable option, based on recent (2017) detections of VC-reductases2.
The overall conclusions of the studies are that concentrations have
declined due to NA, and the low concentrations of VC reduces risk, it is
not eliminated as the plume is still modestly extending downgradient1,2.

Figure 3: Major degradation
pathways at Rødekro include
reductive dechlorination of PCE
and TCE to cDCE, followed by
abiotic ß-elimination of cDCE.
Minor pathways include cDCE
and VC reductive dechlorination
to ethene by Dhc/Dhgm and
aerobic metabolism of cDCE
and VC to CO2

Technology Spotlight | Gene-Trac MTBE/TBA
®

Methyl tert-butyl ether (MTBE) was widely used as a gasoline additive, replacing lead as an antiknocking agent. Tert-butyl alcohol (TBA), a breakdown product of MTBE, and a gasoline additive
in its own right, is also used as a solvent. MTBE and TBA are toxic and potentially carcinogenic
compounds, that are also extremely mobile in groundwater, often creating large groundwater
plumes. For these reasons, both compounds are regulated contaminants in several US
States. Fortunately, biodegradation of MTBE/TBA is commonly reported via aerobic pathways;
although these compounds are often more recalcitrant than the fuel which introduced them to
groundwater.
As part of a growing suite of Gene-Trac® tests, SiREM
now offers targets for the biodegradation of MTBE and
TBA that focus on a key MTBE degrading microorganism
and functional genes. Methylibium petroleiphilum PM1
was isolated from a culture enriched with MTBE from a biofilter. M. petroleiphilum PM1 is widely
found in MTBE contaminated groundwater and is considered a major organism involved in
degradation of MTBE and TBA1,2.

M. petroleiphilum PM1 is a key aerobic
biodegrader of MTBE and TBA. From:
Joint Genome Institute

Key functional genes active in the degradation of MTBE/TBA include tert-butyl alcohol
hydroxylase (mdpJ) which is active on TBA2 and the HIBA mutase (hcmA) active further down
the pathway converting 2-hydroxyisobutyric acid (2-HIBA) to 3-hydroxybutyric acid4 which is
ultimately degraded to CO2.

Gene-Trac® MTBE/TBA is a three-test suite that includes quantification of the M. petroleiphilum
PM1 16S rRNA gene, the TBA hydroxylase (mdpJ) and the HIBA mutase (hcmA) genes. The
combination of these three tests provides breadth in the detection of MTBE and TBA degradation activity with positive test results
implying a high likelihood of biodegradation capacity for these contaminants.
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For more information on Gene-Trac® MTBE/TBA or molecular tests for other compound classes contact Phil Dennis
(pdennis@siremlab.com) toll free 1-866-251-1747/direct 519-515-0836.

SiREM FOCUS |

SiREM Staff Get Creative
SiREM staff got together for ‘paint night’
on December 5th, 2017, to create their own
unique versions of the festive painting
“Holiday Barn”. The event, coordinated by
Rita Schofield, offered some fun stress
relief. It was held at a local pub and a good
time was had by all. One take-home from
the event was a reminder to not use your
beer to clean your paintbrush!
SiREM staff showing off their painting skills
from Left Back: Taylor Aris, Steven Sande, Alicia
Quintanilla, Corey Scales, Michael Healy, Jen
Webb, Sandra Dworatzek. Front Row: Kela
Ashworth, Rita Schofield and Ximena Druar

Outreach to Local Universities and Colleges
SiREM values our ability to contribute to the education of the next
generation of environmental scientists. Recent and upcoming initiatives
involve Conestoga College, University of Toronto and the University of
Guelph.

Conestoga College Student Tour

Jeff Roberts (right) provided a tour of the SiREM lab to
students from the Conestoga College Biotechnology
Technician Program.

As part of the Life Science Research Project course, students in the
Biotechnology Technician Program at Conestoga College are required to
select a local company to research and visit to find out what they do.
Students are required to prepare a report and presentation at the end of
the semester. Last fall, Jeff Roberts provided a tour of the lab to several
Conestoga students who elected to research SiREM and who had plenty
of questions. Notably, two of SiREM’s current employees are graduates of
the Biotechnology Technician Program .

University of Toronto Synthetic Biology Cluster Meeting
University of Toronto Impact Centre’s Synthetic Biology cluster meeting
was held on November 7th, 2017. The Impact Centre is working with
university researchers and private sector partners across Ontario to
accelerate the translation of new knowledge into commercially viable and
socially relevant products. Phil Dennis (Senior Manager, SiREM) spoke
on Developing and Understanding Bioaugmentation Cultures. Phil is also
guest lecturing in the Master of Biotechnology program at University of
Toronto and to Introductory Microbiology students at the University of
Guelph in March 2018, where he will discuss applied bioremediation.

Phil Dennis presenting Developing and Understanding
Bioaugmentation Cultures at the University of Toronto
Impact Centre’s Synthetic Biology Cluster meeting.
Photo Courtesy of Stanley Wong

SiREM Co-authors 1,2,3-Trichloropropane
Article in Remediation Journal

Sandra Dworatzek

Jennifer Webb

Sandra Dworatzek (Senior Manager) and Jennifer Webb (Senior Laboratory Technician) co-authored an article with Geosyntec Consultants
entitled “Optimization and validation of enhanced biological reduction
of 1,2,3-trichloropropane in groundwater” that was published in Winter
2017 issue of the Remediation Journal. This article is the culmination of
several years of research on the 1,2,3-trichloropropane degradation capabilities of SIREM’s KB-1® Plus culture that contains Dehalogenimonas
organisms, which in addition to their ability to promote degradation of
chlorinated propanes, possess a wide range of reductive dechlorination
abilities.

Please contact Sandra Dworatzek (sdworatzek@siremlab.com) to find
out more about SIREM’s treatability testing services and KB-1® Plus
bioaugmentation culture for 1,2,3-trichloropropane.

Employee Spotlight |

Ximena Druar, B.Sc.

Ximena Druar graduated from
Wilfred Laurier University (Waterloo, Ontario) in 1999, with
an Honours B.Sc. in Molecular
Biology. Ximena’s early career
included research and development for a company that produced nitrogen fixing bacteria.
Ximena joined SiREM as a lab
technician in 2002 as one of
SiREM’s first employees and is
now Genetic Testing Coordinator
where she keeps busy running
the day-to-day activities for
Gene-Trac® testing that includes
managing over 20 tests and next generation sequencing. Ximena
supervises lab technicians, is a client liaison, approves and issues
reports, proposals and invoices. Ximena also interfaces regularly with
SiREM Knoxville, which receives and processes samples originating
in the US. Ximena loves the people she works with and enjoys her
interactions with SiREM’s clients – answering questions and helping

them out can be challenging, but is one of the pleasures of her job.
Ximena also enjoys the R&D opportunities provided at SiREM and she
has been integral to developing and commercializing new Gene-Trac®
tests, standard operating procedures and test protocols.

Genetic Testing Coordinator

“I like that what we are doing at SiREM is helping to better
the environment.”
SiREM Genetic Testing Coordinator, Ximena Druar
When Ximena is not at work she loves to be social. She is a hockey and
soccer mom who enthusiastically cheers on her two kids. Being family
oriented spending lots of time with family and friends is important.
Originally from Chile, Ximena is fluent in Spanish and emigrated to
Canada with her parents and sister when she was 9 years old. This
coming summer will see Ximena return to Chile with her husband and
children, where she looks forward to showing her children where she
spent her early years and teaching them more about their heritage and
culture.
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For more information on Gene-Trac® Testing contact Ximena Druar (xdruar@siremlab.com)
toll free 1-866-251-1747/direct 519-515-0838.
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