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Assessing Microbial Metabolic Function and Circadian Rhythms Over Time And Space In Siders Pond 
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Diverse bacterial and archaeal metabolic networks cycle life-essential elements throughout our biosphere and can 

locally influence the habitability of an ecosystem. However, we have limited knowledge on the dynamics that govern 

interactions between members of a microbial community in the environment over time and space.  Here, we examined the 

structure and function of the microbial community in Siders Pond— a permanently stratified, meromictic kettle pond in 

Falmouth, MA— with a focus on the relationship between phototrophs and other members of the microbial community.   

We sampled 7 casts at 8 chemically and physically distinct depths over a 24-hour diel cycle and analyzed biogeochemical 

constituents as well as constructed metagenomic and metatranscriptomic libraries.  Results show a vertical gradient of 

phototrophs over depth with mixotrophic and aerobic phototrophic lineages dominating the water column above 6 meters 

and anaerobic phototrophic lineages dominating the water column at 8 meters.  Our metagenomic and geochemical data 

indicates that dissolved oxygen, microbial biomass, and regulatory circadian rhythm genes (kaiABC, ldpA, and cikA) 

peaked at 3-4 meters depth, where phototrophic cyanobacteria dominated the water column.  In the lower water column, a 

coupled decrease in hydrogen sulfide and dissolved inorganic carbon during daylight hours provided evidence for a diel 

metabolic cycle in phototrophic green sulfur bacteria (Chlorobi).  Based on our preliminary data, we hypothesize that 

microbial phototrophs express genes on an internal circadian rhythm.  We are currently analyzing the metatranscriptome 

for the expression of regulatory circadian rhythm genes, phototrophic metabolism, and nutrient uptake. Combined with 

data from the spatial and temporal changes in water column geochemistry, results will be presented in the context of 

understanding the complex microbiome that drives biogeochemical cycling in Siders Pond. 

 

Funding by NSF grant GEO-1451356 

 

 

 

 

 





Inhibition of fast axonal transport in neurons is mediated by mutant huntingtin protein 
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Huntington’s disease (HD) is a fatal adult-onset neurodegenerative disease characterized by an involuntary jerky 

movement called Huntington’s chorea as well as cognitive deficits and mood disorders. HD is caused by a mutation of a 

trinucleotide repeat in the huntingtin gene which results in an expansion of the polyglutamine region of the huntingtin 

protein (Htt). There is no known treatment for the disease, and it affects 1 in 10,000 people in the United States. A 

growing body of evidence indicates that the inhibition of fast axonal transport (FAT) by mutant Htt (mHtt) is a major 

pathogenic event in HD. Several studies using different model organisms of HD report inhibition of both anterograde and 

retrograde axonal transport of various molecular cargoes mediated by motor proteins kinesin and cytoplasmic dynein 

respectively. Using squid axoplasm isolated from squid giant axons, our laboratory demonstrated that mHtt leads to 

inhibition of FAT via activation of a mitogen activated protein kinase (MAPK) called c-Jun N-terminal kinase 3 (JNK3), 

which phosphorylates kinesin and inhibits its microtubule-binding activity. JNK3 itself is activated by a series of upstream 

kinases, as part of a signaling pathway called a MAPK cascade. Our laboratory analyzed changes in the activity of these 

kinases in the presence of mutant proteins, as well as the resulting phosphorylation in the described signaling pathway. 
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Molecular identification of neuron types in the Xenopus Laevis vocal circuit 
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Patterned behaviors-such as breathing, speaking, and walking- are incorporated seamlessly into everyday life. 

Diverse neural circuits, endocrine signaling and muscle effectors govern these patterned behaviors. The Kelley lab uses 

the sexually differentiated vocal behaviors of the South African Clawed frog, Xenopus laevis, as a model system to study 

how male- and female-specific patterns are produced. While some components of vocal circuits have been identified, 

local hindbrain interneurons and subpopulations of laryngeal motor neurons are poorly understood.  Transcription factor 

expression has been useful in identifying neurons that contribute to locomotion in spinal cord and respiration in the 

hindbrain. We are using transcription factor and calcium binding protein expression - combined with dye tracing - to 

identify participants in vocal patterning in Xenopus.  Calbindin, Isl1, En1 and androgen receptor expression is mapped in 

late stage tadpole brains using immunohistochemistry (IHC).  Specific neurons are identified in the vocal circuit by 

injecting a fluorescent tracer (rhodaminated dextran) into the vocal motor nucleus and the pattern-generating nucleus and 

following axon projections and synaptic contacts. Dye-









The effects of amyloid beta (Aβ) on mitochondrial function in hippocampal neurons 

Nikita -ÅÈÔÁ ȟ , .ÉÃÏÌÅ #ÒÕÚ 2ÅÙÅÓ ȟ , Han-A 0ÁÒË , Nelli -ÎÁÔÓÁËÁÙÁÎ , 0ÁÉÇÅ -ÉÒÁÎÄÁ , Elizabeth *ÏÎÁÓ ȟ  

ὟὲὭὺὩὶίὭὸώ έὪ ὅὬὭὧὥὫέȟ ὅὬὭὧὥὫέȟ Ὅὒ ; ὣὥὰὩ ὟὲὭὺὩὶίὭὸώȟ ὔὩύ ὌὥὺὩὲȟ ὅὝ ; ὟὲὭὺὩὶίὭὸώ έὪ ὖόὩὶὸέ ὙὭὧέȟ ὅὥώὩώȟ ὖὙ ; 

ὓὥὶὭὲὩ ὄὭέὰέὫὭὧὥὰ ὒὥὦέὶὥὸέὶώȟὡέέὨί ὌέὰὩȟὓὃ  

Alzheimer's Disease (AD) is a neurological disorder characterized by cognitive and motor deterioration that 

affects memory, attention, speech, and behavior. One of the factors underlying the progression of AD is the accumulation 

of amyloid beta (Aβ) protein plaques that may block synaptic transmission. It has been previously suggested that 

mitochondrial dysfunction may play a role in the onset or progression of AD. We now demonstrate that Aβ contributes to 

cellular dysfunction by affecting both mitochondrial membrane potential and calcium retention capacity -- two measures 

of mitochondrial function and efficiency. After isolating and purifying mitochondria through density-gradient 

centrifugation, we found that Aβ-treated mitochondria exhibited a reduction in calcium uptake ability in comparison to 

control mitochondria. Using confocal microscopy of the mitochondrial membrane potential indicator, TMRE, we 

visualized and quantified a significant difference in mitochondrial membrane potential between control and Aβ-treated 

hippocampal neurons. In addition to drastically reducing the membrane potential, Aβ peptide also affected cell 

morphology – the neurons and mitochondria were irregular in shape, size, frequency, and distribution. We predict that 

these findings are the result of an Aβ-induced inner mitochondrial membrane leak, and hypothesize that Aβ’s interaction 

with B-cell lymphoma extra-large (Bcl-xL), a specialized Bcl-2 family protein, may cause the opening of the 

mitochondrial permeability transition pore (mPTP), resulting in decreased mitochondrial competency. Bcl-xL’s binding to 

the beta subunit of the F1F0-ATP synthase reduces the inner membrane ion leak, thereby increasing the flow of ions 

through the H+ translocator of ATP synthase to make ATP and enhancing the efficiency of energy metabolism in the 

mitochondria. Since Bcl-xL, among other regulatory proteins, is vital for preventing the neurotoxicity that leads to AD, 

our findings suggest that Aβ may disrupt regulation of the gating of the inner membrane leak channel within ATP 

synthase, leading to functional decline of the mitochondria. 
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Identifying autotrophic microbes at deep-sea hydrothermal vents using RNA-SIP and RT-qPCR 
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Deep-sea hydrothermal vents are windows into the microbial community present within the rocky subseafloor of 

oceanic crust. Subseafloor 





Comparing Scanning Electron Microscopy and Micro-CT Imaging Techniques for the Mechanosensory Lateral 
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The lateral line system in fish consists of mechanosensory neuromasts, which detect changes in pressure and 

vibrations through the water. In this study, scanning electron microscopy (SEM) and micro-CT scanning were conducted 

to demonstrate how different techniques can be used to visualize and quantify neuromasts along the anterior lateral line 

(ALL) of Bighead Carp (Hypophthalmichthys nobilis), Silver Carp (H. Molitrix) and Oyster Toadfish (Opsanus tau). SEM 

was conducted on Bighead and Silver Carp to map the spatial distribution of neuromasts along the ALL and compare the 

abundance of superficial neuromasts between the two morphotypes. This technique proved useful in obtaining fine 

resolution images of hair cells within the neuromasts however was limited to surface analysis only. Micro-CT scanning is 

a nondestructive 3-D x-ray imaging technique that provides an alternative method to analyze small scale features with less 

preparation than SEM. Micro-CT scanning was compared using two different micro-CT scanners of varying resolutions 

which obtained images at pixel sizes of 35.3 and 12.9 m. Scans were then used to create a 3-D model of the anterior 

portion of the Oyster Toadfish which included the lateral line. This approach allowed for detailed 3-D imaging, but was 

unable to visualize hair cells with the same detail as SEM. Each technique proved useful at mapping neuromasts, but with 

structural and detail limitations. The use of these two techniques together allows for hair cell identification and three 

dimensional reconstruction of neuromasts and the lateral line. 

 

Funding by National Science Foundation Grants IOS-1354745 and DBI-1359230 
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Microfluidic Droplets as Substrates for Custom Photolithographic Patterning 
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Microfluidic flow devices and positive photolithography are used to create micro-sized structures in polyethylene 

glycol (PEG) polymers, a biologically inert medium suitable for many scientific and medical uses. The shapes of 

microfluidic objects, notably droplets, are limited by the internal properties of fluids, whose cohesion encourages simple 

shapes with radial symmetry. Photolithographic techniques are prized for the intricate patterns they can imprint upon flat 

films of substrate. Little research has 





 

Tracking biofilm growth of early Plastisphere colonizers 
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Plastic marine debris (PMD) presents a serious and worsening global pollution problem. PMD permeates even the 

most distant marine habitats, including deep-sea canyons and polar sea ice layers (Schlining, K, et al., 2013; Obbard, 

R.W., et al., 2014). Everywhere PMD travels, it comes into contact with microbial life. The surface of PMD provides an 

exploitable niche for a community dominated by microbes called ―the Plastisphere.‖ (Zettler, Mincer and Amaral-Zettler, 

2013). While some impacts of PMD on marine animals as consequences of ingestion and entanglement are well-

documented, a great number of PMD’s ecological impacts remain quite unknown. Understanding the ecology and 

physiology of the Plastisphere will likely be crucial for our understanding of these so-far-unknown impacts. For example, 

the behavior of the Plastisphere community may facilitate the transport of invasive algae or bacteria and affect the 

bioavailability of persistent organic pollutants that adsorb to PMD’s hydrophobic surface. Most of the Plastisphere work 

done so far has been on field samples, which could not be accurately aged. As a result, we are not sure at what rates 

Plastisphere biofilms form, or how Plastisphere communities change over time, particularly during early community 

assembly that occurs in the first hours and days of exposure. Our experiments employed lab-grown Plastisphere 

communities to study biofilm growth rates and interactions between selected microbes on different resins. We found that a 

non-axenic pennate diatom biofilm formed on four plastic resins at rates greater than one doubling per day, and we found 

significant differences in growth on different resins. We also found that certain species of Plastisphere bacteria appear to 

facilitate or inhibit each other’s growth in a biofilm. 
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