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Farming Cities: the Potential Environmental 

Benefits of Urban Agriculture  
By Natalie Campbell     D.U.Quark 2017(2) pgs. 3-16 

Published May 12, 2017      Peer Reviewed Articles 

With urbanization being a common theme for the future, urban agriculture has long been 
considered a possible solution to growing food while also reducing human impact on the 
environment. Farming in cities “takes the form of backyard, roof-top and balcony 
gardening, community gardening in vacant lots and parks, roadside urban fringe 
agriculture and livestock grazing in open space” (Urban Agriculture, 2016). Such changes 
that urban agriculture would demand are under intense scrutiny. Questions arise as to 
whether it can be applied on a large enough scale to be of any worth, and whether the 
costs of implementation might be too high compared to those of current agricultural 
practices. The current practices are unlikely to ever be discontinued, though they are 
proven to have unmistakably negative environmental impacts. Such impacts are 
especially evident in those cases which employ the use of chemical fertilizers, synthetic 
pesticides, and industrialized machinery (Industrial Agriculture, 2013). 

The value of urban agriculture lies in places other than largescale application, however. 
Not only are its methods more environmentally friendly, it could also have a potentially 
remediating effect on the damage urban activity is exacting on the environment. Van 
Leeuwen et al. (2010) acknowledges a wealth of services vegetation performs, “all 
contributing to a healthier urban climate for both humankind and nature” (p.21). These 
broadly embody moderation in one form or another of rainfall, erosion, temperature 
change, and solar radiation, all of which take place in urban settings. Van Leeuwen et 
al. (2010) also discussed the theme of organic methods and community effort common 
within the modern practice of urban farming (p. 22). Research into its key functions such 
as decreased land-use and pollution mitigation have proved to be potentially beneficial. 
However, concerns abound for its capability of being sustained long term, the cost of 
implementation compared to traditional agriculture, and if this implementation is 
plausible on a larger scale. The root of doubt ultimately lies in the risk of adopting a more 
invested system of urban agriculture. The question is whether such implementation will 
result in a progression toward healing the bond between humans and nature, or if it 
might just prove to be an irreversible blunder. 

  

Benefits and Capacities of Urban Farming 
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In many ways, the value of urban agriculture lies in its potential to address concerns 
raised by urban development and human activity. Ackerman et al.(2014) explore one of 
the environmental benefits of farming in cities. The authors introduce the phenomenon 
of the “Urban Heat Island (UHI)” (p. 192), the observed higher temperatures in urban 
areas relative to nearby rural areas. One of the primary reasons for the rise in global 
temperature is the excess of greenhouse gases, mostly CO2, which trap the heat from 
solar radiation reflected from Earth’s surface, instead of letting it back through the 
atmosphere. Not only do cities give off more heat because of their high levels of human 
activity, they also give off more emissions because of this human activity. 
Consequentially, their “micro-atmospheres” trap more heat. In addition, the abundance 
of steel, glass, and other reflective surfaces in such a closed area act like a series of 
mirrors, reflecting solar radiation instead of absorbing it. Thus, cities are typically found 
to be warmer than other areas, anywhere from 0.6°C to 12°C warmer (Ackerman et al., 
2014, p. 192). Enough plants in an urban setting, Ackerman et al. (2014) claim, would 
provide several benefits. These benefits are akin to those global ecosystem services 
rendered valuable to the entire human race. One obvious service is the shade larger 
plants like trees would provide. In general, leaf cover “blocks and redistributes incoming 
solar radiation and diffuses light reflected from nearby urban surfaces” (Ackerman et al., 
2014, p. 192). Barring agriculture, such an effect can be achieved with simple planting on 
roofs and roadsides. However, introducing the agricultural element would afford green 
spaces the additional function of providing food. 

While an increase in planting and greenspaces in cities helps to mitigate the effects of 
human activity, the UHI may not be an entirely negative development. George et 
al. (2008) observe the effect of the urban microclimate on plants. Warmer environments 
created by cities, specifically Baltimore in this study, seem to result in a higher plant 
biomass, particularly with perennials. Over the period of five years, the cumulative plant 
biomass and speed of succession in the urban area were both greater than that of the 
suburban and rural sites (George et al., 2008, p. 641). Biomass, however, is not the only 
measure of value. One must also view the diversity of the plants that grew at all three 
sites, that is, the variance in the species that grew there. By the end of the five years, 
annuals were all but absent from the urban site, with perennials, particularly the woody 
variety, being the most dominant (George et al., 2008, p. 642). George et al. (2008) 
offered the explanation that annuals, more akin to pioneer or primary succession plants, 
cannot compete well for resources against the larger perennials. Here is seen the 
ecological phenomenon of secondary succession. By contrast, there was a balance at the 
other two sites between the annuals, herbaceous perennials, and woody perennials at 
the end of the five year period (George et al., 2008, p. 642). Perhaps, though, if the study 
had proceeded for another five years, they would have observed a similar process of 
secondary succession in suburban and rural areas, but at a slower rate than in the urban 
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area. This may appear to be a positive development, though more research is necessary 
to understand its full extent. Considering, the aforementioned functions of plants in 
cities, and those arising from increased secondary succession, may help to cool these 
urban microclimates. 

In addition to heat and emissions mitigation, urban farming may have an effect on the 
storm water that falls in cities, in terms of both volume and quality. Green roofs are 
proven to reduce storm water runoff by anywhere from about 52 percent, all the way to 
100 percent (Ackerman et al., 2014, p. 193), since the plants themselves take up water as 
part of their biological processes. They also are found to have an effect on the water they 
do not take up. Whittinghill et al. (2016) studied the effects of different greenspaces in 
New York City on storm water. The greenspace studied was a rooftop farm, and the pH 
levels, conductivity, turbidity, and apparent color of its runoff were compared to those 
of non-vegetated rooftops, previously studied greenspaces from other literature, and 
unaltered rain (that which did not fall on greenspaces) (Whittinghill et al., 2016, p.199). 
This runoff comparison revealed pH levels to be much lower in the rainwater than that of 
the runoff (Whittinghill et al., 2016, p. 199). Such levels are within the EPA’s parameters 
of safe drinking water, which lie between 5 and 9 (Whittinghill et al., 2016, p. 198). This 
is perhaps evidence to suggest that city greenspaces can help neutralize the acidity of 
rainwater. In addition to storm water purification, Leake et al. (2009) point out that 
“potential health benefits [of urban farms] may significantly offset or compensate for the 
apparently minor risks that follow from the higher loads of environmental pollutants” in 
urban settings, such as fertilizers, pesticides, and other emissions (p. 5). Many of the 
benefits encompassed in urban farms are, however, would still hold if they were merely 
urban greenspaces. Once the need to grow crops for food is introduced, a new set of 
complications arise. 

  

Potential Shortcomings of Urban Agriculture over Simple Greenspaces 

Although there is significant advantage to urban agriculture, it is not without its 
limitations. Concerns about urban agriculture seem to reveal several limitations present 
not only within its own system, but also in the current system of its implementation. Two 
of the seemingly largest concerns for largescale urban farming are to create an 
environment suitable for growing plants, and to find enough space in cities to grow them. 
While rooftop farming is not affected as much by these concerns, they must be 
addressed for ground-level urban farming, if that is to be implemented. One basic need 
of plants is light. While, plants could still be grown outdoors in urban environments, the 
potential for complication is greater considering the presence of skyscrapers and the 
shadows they cast. Another necessary resource is arable soil, and contaminated soil, 
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being a common occurrence in urban areas, poses an obstacle to this necessity. LaCroix 
(2014) singles out lead as an especially prevalent and problematic contaminant. Its 
sources include “lead-based paints and leaded gasoline.” Although these have long since 
been “phased out of production,” their dangerous by-products still linger in the soils of 
many older urban areas (LaCroix, 2014). Other contaminants consist of various solvents, 
including organic compounds, compounds derived from fossil fuels, and other heavy 
metals (EPA, 2011). Not only do these contaminants pose adverse effects, they can reach 
humans in a variety of different ways. Skin contact is the most direct, but contaminants 
can also be absorbed from the soil by plants and incorporated into their tissues (LaCroix, 
2014). The concept of biological magnification dictates that concentration of a 
contaminant increases as it travels through the tissues of successive trophic levels in a 
food chain (Tran, 1999). Since humans would be consuming the plants grown in the 
contaminated soil, the concentration entering the human body is even higher. 

Despite the aforementioned positive effects of a rooftop farm on storm water runoff, 
Whittinghill et al. (2016) found a few negative impacts as well. The authors acknowledge 
the variation of climate from area to area (p. 196). This presents the difficulty of drawing 
a definitive conclusion about the positive effect of greenspaces on storm water. Another 
concern is the concentration of macronutrients introduced into the storm water through 
the plants. The use of fertilizers and organic matter like that found in compost introduce 
another level of complexity into the storm water mitigation system. The farm 
Whittinghill et al. (2016) studied released runoff with significantly high levels of nitrate, 
ammonium, phosphorus, potassium, calcium, magnesium, and sodium compared to the 
storm water that did not fall on the farm (p. 200). Nitrate and phosphate are of especially 
high concern. High enough levels in the waterways in and around cities lead to 
eutrophication, algal blooms, dead zones, and the eventual and undesirable degradation 
of surrounding ecosystems. Some of the nitrogen and phosphorus could perhaps be 
absorbed by landscape surrounding the runoff area, potentially serving as an additional 
agricultural zone. Although the concentrations of macronutrients in runoff from this 
rooftop farm are lower compared to those from traditional agricultural runoff, some 
levels still exceed EPA guidelines for safe exposure (Whittinghill et al., 2016, p. 203). 
Waters running from urban farms could also potentially carry pesticides with them. 
These waters are reaching and disturbing local natural water systems, whether through 
point sources such a discharge pipes running from urban sewage, or through nonpoint 
source, meaning diffusion through the land that absorbs the water (LaCroix, 2014). 

While creating a suitable environment for starting and maintaining a farm may be a 
matter of planning and gradual remediation in cities, spatial considerations present 
entirely different difficulties. In the way of scale, one must ask whether a city-wide 
network of urban agriculture would be implemented with the intention of feeding and 
sustaining some of its inhabitants, and consequently, how much space would be required 



 

7 
 

to accomplish such a goal. Kessler (2013) recognizes the advantages of vacant lots and 
empty rooftops and making them green. Other possible spaces include parks, old playing 
fields, and even cemetery land. Though Pfeiffer et al. (2013) acknowledge that the 
“development of urban agriculture enterprises is strongly influenced by access to land” 
(p. 82), the problem truly lies in spatial limitations and the parameters these impose upon 
the degree to which urban agriculture can sustain even part of a city population. Such an 
ambition would seem to undermine the real potential of urban farming on a smaller 
scale, and would perhaps dissuade people of its potential entirely. Ackerman et al. (2014) 
provide results from a multi-year study from the Urban Design Laboratory at the Earth 
Institute, examining the plausibility of adequate food production from urban farms in 
New York City, as well as implications for the sustainability of such an undertaking. They 
found a correlation between “inadequate healthy food access, high incidence of diet-
related diseases, [and] greater percentage of vacant land” (p. 196). Thus the spatial 
distribution of potential farming areas is conducive to produce demand. That being said, 
acreage estimates for sufficient land to grow produce range from 162,000 to 232,000, 
but the actual estimated capacity of potential growing spaces fall vastly short of these 
figures (Ackerman et al., 2014, p. 195). These findings, however should not deter plans of 
implementing urban farming where it is possible to do so. 

Another large concern seems to be the degree to which the installation of an urban farm 
from site to site fluctuates in cost. Pfeiffer et al. (2013) have found that “availability and 
affordability of urban land can vary tremendously” (p. 82). Included within this variability 
would presumably be the unpredictability of the cost of site treatment. Is the land to be 
privately or publically owned (Angotti, 2015, p. 338)? Would the farm be commercial or 
local and affordable (p. 338)? And while the land can be found, bought, and treated, 
gaining access to other resources adds another level of complication to the spatial issue. 
Water, for instance, is not readily available in all areas, and so “access to a reliable water 
supply…can also limit site selection” (Pfeiffer, 2013, p. 84). On a sociological note, 
Angotti (2015) notes the danger of romanticizing urban farming. Building and 
maintaining a farm of any kind entails hard manual work that “can either address or 
exacerbate deep divisions of class, race, gender, and age” (p. 339). In the way of 
additional costs after installation, one must ask whether would labor be paid or unpaid 
(p. 339). If urban agriculture were implemented with high enough degree of intention, it 
could very well become its own industry, demanding its own force of paid workers, a 
point of success. On the other hand, urban farming could be viewed as a community 
undertaking on a local level, aimed at volunteering, cohesiveness, and group 
responsibility. The more urban farming grows as an idea and a reality, the more diverse 
it becomes, as noted by Cohen et al. (2015), “in terms of goals, forms and participants” 
(p. 104). Because of the vast expansion and diversification of urban agriculture, as well as 
a lack of coordination between already existing farms, difficulties arise in determining 
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“how to effectively allocate resources to support” it (Cohen et al., 2015, p. 104). A 
network of urban agriculture as can be presently visualized with all these stipulations 
taken into consideration is patchwork at best, hardly an integrated system, but a 
network nonetheless, and a very feasible one at that. 

  

Answering Concerns about Urban Farming 

Barring its many limitations, urban agriculture should be viewed as a thing to be 
improved and built upon. As it is, solutions, amendments, and additional considerations 
in light of its apparent shortcomings are not entirely absent from research. For instance, 
LaCroix (2014) details practices used to make soil more conducive to this new sort of 
land-use. She warns against the immediate planting of “root and tuber crops” whose 
edible parts have direct contact with the contaminated soil, and instead recommends 
starting with plants that produce aboveground fruiting bodies. The EPA (2011) also 
suggests ways in which prospective urban farmers can help to avoid adverse effects of 
contaminated soil. One passive solution—passive in the sense of not adding anything to 
the system—is the use of raised beds (p. 6). A few active solutions employ the use of “soil 
amendments to stabilize contaminants” and the replacement of contaminated soil with 
“clean soil” brought in from somewhere else (p. 6). One common amendment is 
compost, whose organic material helps to dilute the contaminants in the soil (p. 9). One 
long-term, but more natural approach uses “phytotechnologies, which utilize plants to 
extract, degrade, contain, or immobilize contaminants” (p. 6). To prevent the previously 
discussed bioaccumulation through the food chain, these plants require special disposal 
(p. 6). By contrast, Leake et al. (2009) report the active replacement of the entire topsoil 
at one site (p. 4). However, such undertakings as or similar to this are labor- and cost-
intensive (Kessler, 2013, p. A331), which would impact a cost-benefit analysis of starting 
an urban farm in the first place. Systems already in place, such as Pittsburgh’s AgRecycle, 
are capable of providing such services as soil replacement and amendments city-wide 
(AgRecycle, 2016). Although some of the more organic and passive methods presented 
for remediating soil entail gradual, long-term processes, ultimately contaminants can be 
cycled out, providing a more conducive growing environment for urban agriculture. 

In answer to concerns about urban farming, water supply and quality must also be 
addressed. The issue of supplying enough water to urban areas for farming presents 
another challenge to cost-benefit analysis of urban agriculture. In many areas of the 
country according to Smith (2008), the cost of potable is higher than that of raw water, 
which refers to “untreated, nonpotable agricultural water” already used for traditional 
agriculture (p. 98). Previously, potable water was much cheaper, but over the years 
circumstances have reversed, and although the majority of the water supply in urban 
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areas is used to water the landscape, many systems do not have a supply of the now less 
costly raw water. Smith sets forth a dual system of irrigation, one with potable water and 
one with raw water for urban landscape irrigation, typically supplied to agricultural lands 
by “mutual irrigation companies,” or “ditch companies” (Smith, 2008, p. 97). Such a 
system, Smith argues, could be applied to urban areas (p. 97), in which case the raw water 
would be the portion provide to farms in the cities. Storm water is a resource to be taken 
advantage of for watering urban farms, but as mentioned before, the quality of this 
runoff is a potential issue. While there is a specific standard yet to be determined for 
appropriate macronutrient levels in this runoff, there are methods for mitigating the 
impact it has on surrounding natural ecosystems. Whittinghill et al. (2016) suggest a 
simple reduction in the loading of fertilizers and pesticides. In general, an organic 
approach to farming is more desirable for minimal environmental impact. 

Permaculture is one such organic technique used with increasing frequency. The word 
“permaculture” combines the words “permanent,” “agriculture,” and “culture” (Akhtar et 
al., 2016, p.32). It is defined as a “land use and community building movement which 
strives for the harmonious integration of human dwellings, microclimate, annual and 
perennial plants, animals, soils, and water into stable, productive communities” (Diver, 
2014). While it is by no means specific to urban farming, it could prove to be an invaluable 
asset to the movement itself. Adaptation on the part of humans would mean adopting 
such a way of thinking and growing food that will help to reduce the need for manmade 
pesticides and fertilizers. Thus, with the further mitigating attribute of permaculture 
integrated into its design, urban agriculture could be presented as an attractive 
alternative to traditional industrialized agriculture. Permaculture is more than just a 
method, though, it is a theory of human interactions with the rest of nature (Akhtar et 
al., 2016, p. 32). It is a set of ethical constraints that dictates the design of sustainable 
farming systems, something which Akhtar et al. (2016) use to propose a more natural 
scheme of management. 

Most commercial and industrialized agricultural systems revolve around vast plots of a 
single crop, such as those seen in American cotton, corn, and wheat fields (Industrial 
Agriculture, 2013). Contrary to this practice of monoculture, permaculture involves the 
“exploration of nature’s pattern” (Akhtar et al., 2016, p. 32). It acknowledges and 
employs not only the functions performed by the elements of a natural system, but also 
the interrelatedness of such a system and its elements. When considering the long-term 
sustainability of permaculture the concept of regeneration is crucial. Rhodes et al. (2015) 
include it with their suggestions for permaculture. They define it as the idea that “a 
completed object can generate more energy than was used in its own manufacture,” 
which they describe as “emergy, or embodied energy” (2015, p. 404). For instance, a wind 
turbine would be regenerative if the energy cost of its manufacture and installation was 
at some point surpassed by the amount of energy it produces during its lifetime. That is, 
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if it produces enough energy to make another one. Such a concept can be applied across 
a plethora of processes, but we will maintain focus on what it means for urban farming. 

In terms of food production, a system is regenerative if it employs a constant cycle of 
feeding by-products of its crops back into the system itself (e.g., composting plants post-
harvest and leaves dropped from city trees to use as nutrient rich soil for the next 
planting) (Rhodes et al., 2015, p. 404). Included in the design Rhodes et al. (2015) set 
forth is the idea of “resilience” in which the system can maintain a given function in 
several different ways (p. 404). A greater level of resilience would seem to arise from a 
greater diversity of elements in the system. Ensuring a certain yield from a system with 
less resilience would perhaps demand artificial forcing for greater output than is natural, 
an example of non-regenerative farming. Such artificial forcing could come in the form 
of fertilizers, which would introduce further toxins into the system and aforementioned 
runoff. It could also come from machinery fired by fossil fuels, which would introduce 
further emissions into the atmosphere. Less energy focused on artificial means of 
growing food and more energy focused on employing an organic and more naturally-
oriented means would perhaps result in less environmental contamination. 
Permaculture paired with urban agriculture would by no means replace traditional 
agriculture, but may help to mitigate its environmental impacts in providing a potentially 
competitive alternative to growing food in cities. In addition, urban farming integrated 
with these organic approaches would offer better locally-sourced food options, and 
would perhaps lessen the demand for more highly-processed and non-regenerative 
foods while increasing overall health. 

While the complete dependence of cities on their urban agriculture seems unattainable 
given the results from Ackerman et al. (2014), it is not to say local production cannot be 
greatly beneficial. For example, some crops need very little space to grow, making their 
growth in urban settings more favorable (Ackerman et al., 2014, p. 195). Combined with 
biointensive methods, Ackerman et al. (2014) estimated that the amount of tomatoes 
consumed each year in NYC could be grown on just 8,260 acres (p. 195). In addition, these 
biointensive methods require less than half the normal amount of water and land, and 
little to no fertilizer (Ecology Action, 2006). For over forty years, John Jeavons, the 
director of Ecology Action, has been educating communities around the world on the 
biointensive method, providing information on effective farming to the public (Ecology 
Action, 2006). Peiffer et al. (2013) introduce similar ideas of “space-intensive” growing, 
which implement “dense spacing and intercropping,” as well as an emphasis on careful 
“field design” (p. 88). Another solution is to create a suitable year-round conditions 
conducive to growing, instead of relying only on the warmer months (Pfeiffer et al., 2013, 
p. 88). As a way of extending the growing season, greenhouses are often implemented, 
which trap heat from solar radiation and keep an area warm even during colder months. 
Sethi (2009) experimentally determined the optimum rooftop greenhouse design and 
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orientation for the highest absorption of solar radiation. The greenhouse with an 
“uneven span” (meaning larger south-facing roof and wall than north-facing) and an 
east-west orientation was found to receive the highest amount of solar radiation (p. 53). 
The design has a sloped roof and vertical sides, in contrast with designs of slanted sides 
or arched roofs, which were found not to absorb as much solar radiation (p. 47). This 
difference in designs and orientation illustrates the importance of careful planning in 
urban agricultural technique for maximum crop yield. 

Another concept prevalent today which addresses the spatial problem is “Zero-Acreage 
Farming” or ZFarming. The intention of ZFarming, as described by Specht et al., (2014) 
is to “create entities linking food production and buildings with multiple uses of 
residential or industrial waste resources (e.g., waste water, waste heat, organic waste) to 
establish a small-scale resource saving system” (p. 34). Similar to the aforementioned 
permaculture, ZFarming contains an element of regeneration in its design, since it is 
cycling various types of waste back into the system. Although its name implies no use of 
space whatsoever, ZFarming, and especially a largescale application of such, is by no 
means truly “zero-acreage”. The idea is simply that it employs space that is already 
present in and on buildings. However, in comparison to conventional agriculture, which 
consumes thousands of acres of open landscape, ZFarming uses next to nothing in the 
way of square footage, especially when implemented on pre-existing rooftops. 

In their research, Thomaier et al. (2015) found that over 64% of all ZFarming practices in 
developed countries is comprised of rooftop farms or gardens (p. 45). In addition, almost 
70% of ZFarms employ soil-based methods, which for rooftops entails “soil placed 
directly on rooftop” (p. 46). This often requires the use of greenroof technology such as 
greenhouses. While rooftops are integral to ZFarming, however, the very fact that they 
are pre-existing would raise concerns about their integrity. Depending on their age, they 
are limited in their ability to maintain a certain structural capacity in accepting soil and 
water loading. Repercussions of overloading could be disastrous, resulting in 
degradation in building integrity, or even roof collapse. To prevent this, Pfeiffer et 
al. (2013) suggest use of lightweight soil or soilless alternatives, which include “expanded 
slate, shale, or clay mixed with sand and compost” as well as “coir [coconut fiber] based 
potting material” (p. 87). Another alternative technique to soil loading is hydroponics, a 
soilless method of growing plants in a “nutrient solution root medium” (Hydroponics, 
2016). Because of its need for such unique materials and unconventional methods, 
ZFarming is “characterized by demanding high standards of technology, maintenance, 
operation, and investment,” especially in “early stages of development” (Specht et al., 
2014, p. 34). However, Oberndorfer et al. (2007) observed that green roofs experienced 
a fraction of the heat flow experienced by a roof void of plants, specifically in the heat of 
summer (p. 828). This in turn lowers the “energy demands of the building’s cooling 
system” (p. 828). In addition, Oberndorfer et al. (2007) found that have plants on a 
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rooftop reflects some of the ultraviolet radiation away from the surface, prolonging the 
life of its waterproofing membrane (p. 828). In mediating the daily temperature change 
of the rooftop, plants also kept the membrane from expanding and shrinking enough to 
cause itself damage (p. 828). The services of cooling, insulation, and deflection of 
radiation lower the amount of energy required to maintain the internal equilibrium of the 
building. This helps to offset the aforementioned cost of installation. Thus, the value of 
the input for rooftop ZFarming heightens the value of the output and the resulting 
payback. 

Vertical farming is a specific type of zero-acreage farming that directly addresses the 
space problem, following along the lines of all other kinds of urban architecture by 
building upwards. Despommier (2013) discusses a specific type of indoor vertical 
farming, called “controlled environmental agriculture (CEA),” which takes full advantage 
of modern technology (p. 388). It employs the use of the aforementioned hydroponics in 
place of soil and “spectrum-specific, higher efficiency light-emitting diode (LED) grow 
lights” (p. 388). Vertical farming as a method of ZFarming is unique in that it is aimed at 
“reducing greatly the architectural footprint,” of growing food (p. 389). It is also unique 
from other types of ZFarming in that, unlike the previously discussed small-scale 
community farms and rooftop gardens, it is already massively commercialized (p. 388). 
It seems that because of this commercialization, vertical farming also maintains the 
highest potential out of all the other urban farming approaches, “for large-scale 
production of a wide variety of crops in close proximity to, or even within, urban centers” 
(p. 388). On the subject of fertilizers, Despommier discusses the dangers of 
contamination when using byproducts of human feces (p. 388). While the soilless 
approach of hydroponics still requires fertilizers, the need for irrigation, and so also the 
potential use of storm water, is eliminated. However, while the danger of contamination 
is reduced, so also is the potential for the integration of regenerative methods into the 
system of vertical farming. These “high-tech vertical greenhouses,” however, are 
systems within themselves (Despommier, 2013, p. 389). With them comes the promise 
of the development of a largescale system that can be implemented in cities across the 
board. 

Zero-acreage farming is not without its own disadvantages and limitations. The timely 
development of new technologies and techniques required to fully realize this sort of 
farming seems to be the greatest of these, along with timely funding (Thomaier et al., 
2015, p. 46). The fact that ZFarms are likely to be community endeavors, does present 
the possibility of crowdfunding, donations, investments, grants, and unpaid labor to 
maintain them (Thomaier et al., 2015, p. 46). ZFarming practices may also lack elements 
crucial to sustainability. In addition, most methods employed in ZFarming are 
engineered for small-scale application and usually prove to be costly (Thomaier et al., 
2015, p. 46). They are also not always certified as organic (p. 46). While vertical farming 
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specifically may seem the closest of all the options to large-scale potential and impactful 
implementation, it is by no means exempt from the previous statement. Its use of 
hydroponics and artificial lighting if anything makes it the least organic out of all the 
approaches. And yet, it appears to be one of the most viable options currently available 
for effective food production. While it could potentially provide the same pollution-
mitigating functions as discussed with the benefits of urban agriculture, vertical 
farming’s use of artificial methods is a movement away from the natural process many 
other approaches like biointensive growth and permaculture are engineered to maintain. 
The dilemma presented is between a technologically-advanced methodology, or one 
that is more naturally-oriented and focused on using what is already present within a 
system to achieve maximum sustainability in food production. The dilemma seems to be 
also between effective, largescale, most likely commercial implementation, or 
regenerative farming centered on a local volunteer pool and community. 

Regardless of the choice, the fact remains that farms and cities are crucial to maintaining 
the human population in a sustainable way. They do not, however, need to be kept 
separate. Indeed, integrating the two may have far-reaching benefits. Among these are 
the mitigation of the effects human activities are having on the environment. Such 
ecological services as deflecting solar radiation, absorbing carbon emissions, and storm 
water purification are already performed by naturally occurring systems. Placing such 
agents in areas where human activities are most concentrated takes full advantage of 
these functions. While urban agriculture holds the promise of a more local and 
sustainable way to grow food, it is not an undisputed concept. Its limitations stem from 
foreseen difficulties in implementation. These include the variability of space in urban 
areas and obstacles in creating and maintaining a suitable environment for growing 
plants in such a way that the output of food and other services will offset the cost of 
implementation. New methodologies arise in answer to these concerns, ideas such as 
vertical farming technology and an organic, permacultural approach. As humans, we are 
set apart from the rest of life on Earth because of our intelligence and capacity to 
progress. Because of our ever-growing population, cities are fast becoming a common 
theme of modern civilization. Many would agree that having green spaces in cities is 
“something so essential for the urban quality of life” (van Leeuwen, 2010, p. 23). Thus, it 
should not become a movement away from nature, but rather a system centered on co-
existence with it. Urban agriculture could be just one step on the journey toward 
achieving this relationship. 
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Abstract. How does cell signaling in response to extracellular stressors impact the 
trafficking of membrane proteins? In particular, the TORC1 complex plays a key role in 
this process and while some details of this system have reported, in a recent Journal of 
Biological Chemistry publication, Andre’s group has revealed new details of this pathway 
focusing on the general amino acid permease Gap1 as a model cargo. Andre et al. 
describe a novel and distinct pathway wherein ubiquitylation and downregulation 
of Gap1 is regulated not only by amino acid-induced activation of TORC1, but also by 
numerous sources of TORC1 inhibition and cellular stress. 

An incomplete picture. Situational control of plasma membrane (PM) proteins is critical 
for cell survival, and studies of regulated protein trafficking in Saccharomyces cerevisiae 
have been instrumental in elucidating the mechanisms underlying these events. The 
general amino acid permease Gap1 is a longstanding model for these studies and has 
provided key insights into regulation of transporters, particularly in the context of 
ubiquitin-dependent trafficking (1). Prevalent at the membrane under poor nitrogen (N) 
conditions, Gap1 undergoes Rsp5-mediated ubiquitylation followed by transport to the 
vacuole for degradation in response to increased internal amino acid levels (2). As Gap1 
and many other transporters themselves do not possess the necessary [P/L]PxY motifs 
required for interaction with Rsp5 (3), arrestin-related trafficking adaptors (ARTs) act as 
mediators in these protein trafficking pathways (4). Earlier studies from the Andre and 
Kaiser labs show that Bul1 and Bul2, two ART family members, control Gap1 trafficking; 
Buls are phospho-inhibited by the Npr1 kinase, which is negatively regulated by TORC1, 
and bind to 14-3-3 proteins under poor N conditions inhibiting Bul-mediated endocytosis 
of Gap1, however this phospho-inhibition is relieved when TORC1 is activated by 
increased amino acid levels and Npr1 is inactivated (2). What remains unclear is how 
Gap1 trafficking is regulated following TORC1 inhibition or under stress conditions. 

Gap1: Insights into complex regulatory trafficking networks. Cells grown in the 
presence of a poor N source will maintain Gap1 as a stable and active protein at the cell 
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surface. In response to the addition of a good N source, like ammonium (Am), TORC1 is 
activated and the Bul1 and Bul2 adaptors are no longer phosphorylated. In this form, Buls 
recruit Rsp5 to Gap1 and Gap1 is ubiquitinated and trafficked to the vacuole to down-
regulate its activity (2,5). Based on this model, one would predict that inhibition of the 
TORC1 complex should prevent N-induced, endocytosis as the Bul adaptors would 
maintain their phospho-inhibited state (6). Surprisingly, Andre et al. show that Gap1 is 
strongly downregulated following Am treatment in the presence of the TORC1 inhibitor 
rapamycin (Rapa). In fact, Rapa alone is sufficient to trigger Gap1 trafficking to the 
vacuole and does so in an Rsp5-dependent manner. These results demonstrate 
contrasting functions for TORC1, as the complex promotes Gap1 ubiquitylation when 
internal amino acid levels are high (2), yet TORC1 clearly plays a key role in maintaining 
Gap1 at the plasma membrane in poor N conditions (6). Andre’s group built on previous 
work demonstrating a role for the arrestin-like yeast proteins Aly1 and Aly2 in regulation 
of Gap1 trafficking (7), showing that while the Bul and Aly adaptors are sufficient to fully 
protect against Rapainduced down-regulation; In bul1,2∆ aly1,2∆ there is no 
ubiquitinated Gap1 and it is stable at the PM in response to Rapa. From this work it is 
clear that the regulatory system is more complex than previously predicted, with Aly and 
Bul proteins acting synergistically to regulate Gap1. When stimulated, the TORC1 
complex activates Sit4-mediated dephosphorylation of the Bul proteins,triggering their 
disassociation from the 14-3-3 proteins, and allowing them to mediate Rsp5-dependent 
endocytosis of Gap1 (2). Surprisingly, the authors propose that the Bul/Aly proteins 
retain their phosphorylation and association with 14-3-3 proteins in response to Rapa, 
suggesting the inhibition to be situational and incomplete. This is in contrast to other 
models of 14-3-3 inhibition of ARTs (13). 

A tale of two tails. Utilizing systematic mutational analysis, the authors identify two 
regions of Gap1’s N-terminal cytosolic tail, near the K9 and K16 Ub-accepting residues, 
critical for dephosphorylated Bul/Aly interaction. Importantly, these regions do not seem 
to play a role in Rapainduced regulation, strongly suggesting that the phosphorylated 
forms of Bul/Aly act on different regions of Gap1. Andre’s group also identifies regions in 
Gap1’s C-terminal tail critical for its Rapainduceddown-regulation. This surprising and 
intriguing finding is the first evidence that ARTs can recognize two distinct regions of a 
transporter depending on their phosphorylation status. Excitingly, other known noxious 
stressors (heat shock, oxidative and alcoholic stress) (8,9) seem to illicit the same pattern 
of regulation by the Bul/Aly adaptors as Rapa treatment (6), broadening the potential 
scope and impact of this regulatory system. 

The authors further investigate the TORC1 subunit Tco89, a previously reported 
connection to Rapa hypersensitivity (10). Critically, tco89∆ strains show growth defects 
on poor N mediums, such as citrulline or proline, consistent with defects in Gap1 
function. Supporting this finding, Gap1 is constitutively internalized in a Ub-dependent 
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manner in tco89∆ cells which further solidifies the connection to the Rapa-induced 
regulation. Investigating the possibility that other transporters may be regulated in an 
analogous fashion to Gap1, the authors show that three other permeases (Can1, Lyp1, 
and Fur4) are also internalized in response to Rapa and noxious stressors. Importantly, 
their results show Can1 and Fur4 are protected from down-regulation in rsp5 (npi1) 
mutants, but not in their Bul/Aly quadruple mutant, potentially broadening this 
regulatory network to involve other ARTs. 

Closing the Gap. There now appear to be two distinct regulatory pathways utilizing ART 
proteins to control Gap1 localization. Under rich N conditions or high levels of internal 
amino acids, Gap1 is down-regulated following dephosphorylation of the Bul/Aly 
adaptors in response to TORC1 stimulation (Fig 1A). While these ARTs are normally 
phospho-inhibited under poor-N conditions, allowing Gap1 to remain at the PM (Fig 1B), 
TORC1 inhibition or stress triggers a new response; The Bul/Aly adaptors maintain their 
phosphorylation and binding to 14-3-3 proteins, typically consider inhibitory, and 
recognize the C-terminal tail of Gap1 to control its endocytosis (Fig 1C). Importantly, the 
TORC1 subunit Tco89 is a key player in this new regulatory scheme. Though the authors 
demonstrate the importance of Tco89, particularly in N-poor conditions, more remains 
to be elucidated regarding its specific inhibitory role of the ART adaptors. Perhaps this 
subunit typically acts to inhibit ART binding to the C-terminal tail of Gap1, a role that 
could then be disrupted following stress or TORC1 inhibition by Rapa. The authors also 
raise the interesting possibility that, despite established connections between Art1 and 
cycloheximide-induced endocytosis of the Can1 arginine permease (12), other ARTs may 
be involved in Rapa-induced down-regulation. Indeed, the precise mechanisms behind 
arrestinmediated stress responses remain undefined. One proposed model, considered 
unlikely by the authors, features arrestins recognizing permease misfolding triggered by 
such stressors. Another possibility is raised that multiple pathways are stimulating the 
ARTs and controlling Rsp5 activation in these conditions. Given the exquisite phosphor-
regulation of these proteins – with over 25 phospho-sites identified in Art1 and Aly1 by 
MS analyses (14) – this seems a likely scenario. Different combinations of 
phosphorylation might fine tune arrestin function and response to different stress 
conditions. These open questions demonstrate the as-yet incomplete understanding of 
the regulatory network controlling yeast membrane protein trafficking in response to 
select environmental cues. 
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Figure 1 

 

Figure 1. (A) When TORC1 is active and stimulated by high levels of internal amino acids, 
Npr1 is phospho-inhibited and the Bul proteins can be dephosphorylated by Sit4 leading 
to their disassociation from 14-3-3 proteins and mono-ubiquitylation. This in turn allows 
them to act via N-terminal regions of Gap1 to allow its Rsp5-mediated ubiquitylation, 
endocytosis, and transport to the vacuolar lumen. (B) Under poor N conditions, Npr1 
kinase is active and phosphorylates the Bul and Aly adaptors which can then be bound 
by 14-3-3 proteins, perhaps preventing their ability to bind to the N-term tail of Gap1. 
Gap1 is not ubiquitylated under these conditions. This may be due to the adaptors’ lack 
of access to the N-term region of Gap1 or even the TORC1 subunit Tco89 somehow 
inhibiting their ability to bind to the C-terminal region. (C) When TORC1 is inhibited by 
rapamycin, stress, or loss of Tco89, the Aly and Bul proteins, still phosphorylated and 
bound to 14-3-3 proteins, are able to act through C-terminal regions of Gap1 to allow Rsp-
5 mediated ubiquitylation of lysine residues near the N-terminus (K16 for Aly 1,2 and 
both K9 and K16 for Bul1,2). This in turn triggers endocytosis of Gap1 and 
its transport to the vacuolar lumen. 
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Abstract. Autophagy is a potent intracellular degradation system and thus its activation 
requires exquisite regulation to maintain cellular homeostasis. Atg1, a serine-threonine 
protein kinase, is essential in both selective and non-selective autophagy. New findings 
suggest that in selective autophagy, Atg1 is activated at the vacuole by convergence of 
two independent recruitment pathways to prevent aberrant autophagy induction. 

Background and Significance. Autophagy is a powerful cellular degradation pathway 
that responds to various cellular stresses such as nutrient starvation (Takeshige et al., 
1992). In addition to the non-selective bulk autophagy, there are selective types of 
autophagy that are finely regulated by specific cargo receptors, which link cargos to the 
autophagic machinery (Scott et al, 2001; Chang and Huang, 2007; Stolz et al., 2014). One 
clear example of selective autophagy in yeast is the cytoplasm-tovacuole (Cvt) pathway, 
which is responsible for the delivery of the hydrolase aminopeptidase 1 (Ape1) from 
cytosol to the vacuole (Baba et al., 1997; Shintani and Klionsky, 2004; Nakatogawa et al., 
2009). 

Autophagy is controlled by highly conserved autophagy-related (Atg) proteins, of which 
15 proteins are commonly required for both non-selective and selective autophagy 
(Tsukada and Ohsumi,1993; Klionsky et al, 2003; Nakatogawa et al., 2009). Atg1, a serine 
and threonine protein kinase, plays an essential role in both starvation-induced 
autophagy and Cvt pathway, and its activity is positively regulated by Atg13, the other 
protein involved in both autophagy pathways (Funakoshi et al, 1997; Matsuura et al, 
1997; Kamada et al, 2000). However, how the cell activate Atg1 kinase activity in space 
and time still remains unclear. Atg11, a critical protein for selective autophagy in yeast, 
functions as a scaffold protein that interacts with cargo receptor Atg19 for the Cvt 
pathway (Scott et al, 2001; Yorimitsu et al, 2005; Shintani and Klionsky, 2004; 
Nakatogawa et al., 2009). Atg19 interacts with both cargo protein Ape1 and scaffold 
protein Atg11 to bridge Ape1 to Atg11. Atg11 interacts with other early members of the 
autophagic machinery including Atg1 at the pre-autophagosomal structure (PAS), the 
initial site for Atg proteins recruitment, allowing subsequent Cvt vesicle formation and 
autophagy induction (Shintani and Klionsky, 2004). How Atg11 and cargo receptors 
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interact with the early autophagic machinery, especially Atg1, to coordinate cargo 
degradation remains elusive. In this issue of Molecular Cell, Torggler et al apply an 
induced bypass approach (iPass) in yeast to elucidate the mechanism by which Atg13 and 
cargo complexes cooperate in two independent pathways to activate spatiotemporally 
Atg1 in the selective autophagy pathway. 

Atg1 and cargo complex are recruited to the vacuole by two divergent processes to 
activate Atg1. In the Cvt pathway, cargo receptor Atg19 bridges the Ape1cargo to the 
scaffold protein Atg11, which is required to recruit the autophagic machinery to the PAS 
(Shintani and Klionsky, 2004; Nakatogawa et al, 2009). To address the precise function 
of the cargo receptor, Torggler et al developed a fancy tethering technique called iPass. 
In iPass, the authors directly linked cargo 2 protein Ape1 to Atg11 through chemically 
induced dimerization. If the cargo receptor only serves to bridge the cargo to Atg11, then 
iPass should restore the Cvt pathway even in the absence of the cargo receptor. By using 
iPass, Torggler et al revealed that the cargo receptor Atg19 can be bypassed by tethering 
Atg11 to Ape1 to function in Cvt pathway. Next they tested weather other autophagy 
receptors can be bypassed, and by iPass they found that in pexophagy, the cargo 
receptor Atg36 could also be bypassed by directly tethering Atg11 to peroxisome protein 
Pex3. Taken together, the authors determined that cargo receptors Atg19 and Atg36 
could be bypassed by directly tethering Atg11 to the cargo to induce selective 
autophagy, indicating that the only non-redundant role of the cargo receptor is to link 
the cargo to thescaffold protein Atg11. 

Because of the importance of Atg11 in recruiting the early autophagic machinery Atg1, 
Atg13, and Atg17 to PAS (Shintani and Klionsky, 2004), Torggler et al further investigated 
the relationship between Atg11 and Atg1 kinase complex. By immunoprecipitation of 
Atg1, the authors found that Atg1 co-purified with Atg13, Atg11, Atg19, and Ape1. Of 
which, Atg13 is a well-established activator of Atg1, and Atg11, Atg19 and Ape1 were 
suggested recently to function in Atg1 activation (Kamber et al., 2015). Next by 
immunopurification of Atg1 in different mutant strains followed by in vitro 
phosphorylation assays, they identified that loss of Atg11 or the cargo complex Atg19 or 
Ape1 attenuated Atg1 kinase activity to a similar degree as loss of Atg13. However, how 
Atg1 interacts with the cargo complex was not revealed in this study. 

A common mechanism of kinase activation has been proposed whereby serine/threonine 
kinases are activated by dimerization or oligomerization followed by trans-
autophosphorylation (Oliver et al., 2007). Atg1 is a member of the serine-threonine 
protein kinase family, thus the authors speculated that Atg1 is activated by dimerization 
or clustering on cargo, which induces trans-autophosphorylation and activation. In this 
study, the authors applied iPass to verify this hypothesis and demonstrated that 
clustering was sufficient to activate Atg1 kinase, and Atg11, Atg13, and cargo complex 
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were not specifically required. Furthermore, iPass enabled the authors to observe that 
Atg1 only clustered on cargo complexes that are attached to the vacuole, which 
altogether allow regulation of Atg1 activation in space and time, and thus exquisitely 
control of Cvt vesicle formation (Figure 1). 

Although binding of Atg13 to Atg1 to activate Atg1 kinase activity has been extensively 
studied in selective autophagy, no one indicated the precise role of Atg13 in activating 
Atg1. Here the authors used iPass to show that the crucial function of Atg13 in the Cvt 
pathway was only the recruitment of Atg1 to the vacuole and this function could be 
bypassed by chemical linkage. This is striking since Atg13 has long been viewed  as main 
regulator of Atg1 activity. Next, using M-track to monitor the proximity of Atg1 and 
vacuolar components, the authors suggested that Atg1 and cargo complexes are 
recruited to the vacuole by two independent processes (Figure 1). Atg1 recruitment itself 
depends on Atg13, but not on cargo (Figure 1). However, upon recruitment to the 
vacuole, the activation of Atg1 kinase requires its association with cargo complexes that 
are recruited by Atg11 (Figure 1). 

Concluding remarks and future directions. Here the authors demonstrated that in the 
Cvt pathway Atg13 and Atg11 function independently, but converge to recruit Atg1 and 
cargo complexes, respectively, and then coordinate the activation of Atg1 at the vacuole. 
This two-step system allows the cell to tightly control Atg1 activity in space and time, 
and thus fine-tune autophagosome formation in selective 3 autophagy (Figure 1). 

Despite of the clear mechanism for Atg1 activation at the vacuole, several important 
questions remain to be addressed. Why is Atg1 unable to bind to Atg11 cargo complexes 
away from the vacuole? Is the Atg1 activation mechanism conserved in mammalian cells? 
What are the mechanisms underlying the pathogenesis of autophagy-related diseases? 
Combined with further dissection of the protein interaction network during 
autophagosome formation and the newly developed techniques, these questions will be 
addressed in the future. 
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Figure 1 

 

Figure 1. A two-step system activates Atg1 kinase activity at the vacuole in the Cvt 
pathway. 1. Atg1 is recruited by Atg13 to the vacuole; 2. The cargo receptor Atg19 
bridges cargo Ape1 to the scaffold protein Atg11, which is independently recruited to the 
vacuole. At the vacuole, Atg1 is activated by phosphorylation through clustering on the 
cargo complex, which triggers autophagosome formation. These two independent steps 
ensure activation of Atg1 in space and time. 
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The Hsp70 system is an essential component of chaperone activity in 
many organisms. Hsp70 functions include: protein folding, aggregation prevention, 
trafficking, and enzyme regulation. Hsp70’s ability to bind such a vast array of 
substrates suggests wide range of conformational plasticity. By utilizing a single 
mode optical tweezers technique, Mashaghi1 et al., confirms previous theories 
Hsp70 binds and stabilizes extended peptide segments but also partially folded and 
near-native protein. 

Hsp70 is a highly conserved essential chaperone protein involved in many key cellular 
events including: folding/unfolding of proteins, assembly of subunits of protein 
complexes, sorting to subcellular compartments, signaling, protection against 
stress/apoptosis, recognition of aberrant/unfolded proteins, prevention of aggregation 
and cell-cycle control (1,4-6,9). Hsp70 interacts with nascent, misfolded, partially folded, 
almost native proteins and also aggregated proteins (8). Although it is known what 
domains of Hsp70 are important for binding to these substrates; the actual mechanism 
and dynamics of how Hsp70 is binding to, recognizing and changing its clients 
conformation remains elusive (9). The transient nature of the interactions between 
Hsp70 and its clients, along with the multiple folding stages the clients can be in when 
binding Hsp70 make assessing these associations challenging. Compounding this 
difficulty is the addition of co-chaperones and dynamic changes in Hsp70’s ATP 
hydrolysis cycle. To help surmount these difficulties, Mashaghil et al. employed a single 
mode optical tweezer technique help generate a much clearer picture of the mechanisms 
and dynamics of Hsp70-client interactions. 

Since its discovery in 1962 Dr. Ferruccio Ritossa Hsp70 has been the focus of extensive 
study (13). Hsp70’s structure is well-characterized and it has three major domains: an N-
terminal ATPase domain responsible for ATP binding, substrate binding domain which 
forms a groove and is thought to recognize peptide segments that protrude from the 
various target proteins and finally a C-terminal “lid” domain which can close down on the 
substrate binding domain in an ATP dependent fashion (14,15). 
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Our current model of Hsp70 function, based on the work of Mayer and Bukau purposes 
once entering the ER lumen a newly synthesized peptide segment interacts with Hsp70’s 
substrate binding domain groove. Once bound, ATP hydrolysis occurs and the C-terminal 
lid domain clamps down on the groove and peptide segment (Figure 1). It’s important to 
note that when Hsp70 is alone ATP hydrolysis appears to be slow, however, in the 
presence of a cochaperone (such as Hsp40) the ATP hydrolysis rate significantly 
increases (1). This binding of nascent and partially folded proteins is thought to prevent 
protein aggregation and promote proper folding (1,9,16). The closed Hsp70/ADP-
substrate complex is then recognized by a nucleotide exchange factor (GrpE) (1,18-19), 
and the exchange of ADP for ATP once again opens the lid allowing for the release of the 
target protein (16). Alternatively Hsp70 also helps remove aberrant proteins by binding 
to aberrant proteins then passing them onto an E3 ligase, CHIP (Carboxyl-terminus of 
Hsp70 interacting Protein) for degradation (17). These are a couple ways we know that 
Hsp70 is interacting with proteins. The question that remains is how Hsp70 
is able to bind to so many varying protein conformations? 

In a recent issue of Nature a letter by Mashaghi et al.(1) aimed to look at the dynamics of 
the interactions between Hsp70 and its many client proteins using a single mode optical 
tweezers technique. Single mode optical fibers “optical tweezers” was developed in Bell 
Labs by Arthur Ashkin (22). By using a highly focused laser beam to provide an attractive 
or repulsive force the beam creates an optical trap for objects. For these experiments 
four maltose binding proteins were linked head to tail (4MBP) to create a fiber that was 
secured to beads on either end and the beads were suspended in two optical traps(1,2). 
The bead in one optical trap could be moved closer to the other bead, thereby relaxing 
the fiber and allowing the MBP proteins to fold. The fibers resistance to being stretched 
is measured in piconewtons (pN). In the relaxed state the 4MBP were able to fold to their 
native state. By preforming this in the presence or absence of DnaK (bacterial Hsp70 
homolog) the dynamics of the interaction between the folding protein and DnaK could 
be observed (1). Relaxing, extending and then relaxing 4MBP in the absence of 
chaperones created a tightly bound protein aggregate. In the presence of the DnaK 
chaperone system (including DnaJ, GrpE), and ATP nearly 55% of the MBP attained 
native folding conformation, with tight misfolded protein and some weak misfolded 
protein (1). This confirmed previous research that suggested that the Hsp70 system could 
correct refolding of misfolded or aggregated proteins (1,9). In additional optical tweezer 
experiments MBP was stretched and then relaxed and incubated with DnaK for 5 seconds 
and stretched again. Surprisingly, MBP incubated with the DnaK would not unfolded 
suggesting that DnaK was able to recognize the partially folded structure and stabilize it 
(1). Mashaghi et al. also tested a mutant forms of DnaK with either a truncated lid or 
lacking the substrate binding groove and found that the lid plays a much larger role in 
binding than previously thought, a finding that is supported by other current research 
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(12). The lid was essential for recognition of folded/partially folded structures while the 
groove was essential for binding of non-folded segments (1). When DnaK was in the ATP 
bound and open conformation the lid and groove appeared to work synergistically to 
stabilize binding of the substrate. This newly discovered ability to associate with 
folded/partially folded structures leads to new models for how Hsp70 is recognizing client 
proteins. For example, Hsp70 may not only be protecting nascent unfolded proteins from 
aggregation but may also be stabilizing partially folded proteins until they are closer to 
their native state and then handing them off in later stage chaperones such as Hsp90 and 
GroEL (11,14). Previous studies demonstrated that Hsp70 could destabilize misfolded 
proteins and aggregations (21). This may be in part due to its ability to bind to partially 
folded proteins and prevent or diminish the impending misfolding event. However, it 
could also be that DnaK is somehow discriminating between a native versus non-native 
protein. This is something that should be explored along with a reassessment of the role 
of the co-chaperones (8). This study confirms that addition of the co-chaperone 
improved in binding efficiency and aggregation prevention yet the role of the co-
chaperone was not fully explored (1,12). This leaves the possibility that it is the co-
chaperones that allow Hsp70 to distinguish between a native or nonnative structure 
(Figure 1). 

This study showed that in Hsp70 the lid domain and substrate binding groove work 
synergistically to help Hsp70 interact with its target proteins (1). These studies using a 
single mode optical tweezers expand our understanding of the dynamics of Hsp70 
binding to its substrate. These data further support a model where Hsp70 prevents 
aggregation and misfolding by binding to partially folded and nascent peptide segments, 
however they did not show definitively how Hsp70 is working with misfolded proteins. 
Since misfolded proteins play a critical role in many neurodegenerative diseases the 
question of how Hsp70 is targeting these proteins is a pertinent one. This study without 
a doubt demonstrated the power of optical tweezers as a technique to further dissect 
protein-protein interaction dynamics for chaperones with higher resolution. 

Figure 1 
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Figure 1. Diverse models for Hsp70 binding to client proteins. 
A.) The current, and well supported, model for Hsp70 system binding commences with 
Hsp70 in an ATP-driven open lid conformation binding to a newly translated protein, 
where the hydrophobic peptide sequence of the nascent protein interacts with the 
substrate binding groove. Once bound to Hsp70, ATP hydrolysis changes the 
conformation to closed and the lid clamps down on to the peptide segment. This model 
ends with the subsequent transfer of the protein to another chaperone such as Hsp90. It 
was concluded that this initial binding to the nascent protein prevented protein 
aggregation. B.) New evidence from Mashaghi et al. suggests another binding possibility 
for Hsp70 wherein Hsp70 can also recognize partially folded proteins via an open lid 
conformation. Binding of the lid and substrate binding groove is needed for partially 
folded proteins. This binding would allow Hsp70 to hold on to the protein longer before 
passing it off to later stage chaperones and prevent aggregation. C. However, this new 
evidence could also support a model where Hsp70 system is able to distinguish misfolded 
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proteins from native proteins. Hsp70 could bind to near native proteins helping to 
stabilize it then passing the protein onto later stage chaperones. If the protein is 
misfolded, however, it could pass it off to an E3 ligase like CHIP for later degradation. 
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Abstract. Neuropathic pain caused by peripheral nerve injury (PNI) leads to the 
activation and infiltration of microglial cells and to a neuroinflammatory-induced pain 
state. miRNAs and autophagy are two main factors and/or mechanisms which have the 
ability to alter the pain state. In this study, miR-195 was shown to be markedly increased 
after PNI and associated with the pain phenotype. In addition, inhibition of autophagy in 
vivo led to p62 accumulation, decreased production of LC3, and inhibition of ATG14. 

Chronic Pain and Autophagy. Chronic pain affects nearly one hundred million 
Americans and refers to pain that persists in the absence of ongoing stimuli (IOM, 2011; 
IASP, 2014). When chronic pain results from pain arising in response to a lesion or disease 
affecting the nervous system, it is considered neuropathic (IASP, 2014). It can be 
characterized by mechanical allodynia, hyperalgesia, and/or spontaneous pain (Bennett 
and Xie, 1988). It is understood that neuropathic pain results from altered neuronal 
activity and it is associated with a long-lasting peripheral- and central-sensitization and 
possible permanent changes of the associated neurons, neuroglia, and immune cells at 
or near the site of injury. The interactions of these cells drive neuroinflammation – the 
inflammation of tissue within the peripheral and central nervous systems – and are the 
most likely the culprit for generating and sustaining the sensitization of nociceptive 
neurons that leads to chronic pain (Gao, 2010; Ji, 2014). 

Recently, advances in autophagy (self-eating) have been in the scientific spotlight with 
Ohsumi and colleagues being awarded the 2016 Nobel Prize in Physiology and Medicine. 
Autophagy is a lysosomemediated intracellular process in which proteins are targeted 
and degraded by a double-membraned organelle, known as the autophagosome. It has 
recently been shown that autophagy is involved in the regulation of inflammatory 
response by suppressing neuroinflammation after ischemic brain injury in the rat cortex, 
as well as in other nervous tissue (Zhou, 2011; Luo, 2016). 

Involvement of miRNAs. The paper by Yuan and colleagues in the journal Glia is the only 
scientific evidence describing a role for non-coding RNA (ncRNA), specifically a 
microRNA, on autophagy in neuropathic pain symptomology and etiology (Yuan, 2011). 
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For a long time, it was thought that protein-coding RNA (mRNA) was the main 
player in influencing the central dogma, and of course, protein regulation and 
degradation. miRNAs are typically 22 nucleotides in length and along with other types of 
ncRNAs account for greater than 80% of the mammalian transcriptome (Riddihough, 
2005; Claverie, 2005; Gu, 2016). These endogenous ncRNAs can change gene regulation; 
they are key post-transcriptional regulators with the ability to modify the expression of 
mRNA targets and corresponding proteins (ie., inhibition of protein degradation) and can 
effect ribosomal trafficking (Bali, 2014; Hengst, 2006; Johnston 2005; Chen, 2004). 
miRNAs are highly abundant in the nervous system, uniquely expressed in specific cell 
types (including brain and neuronal tissue) and can be indicative of particular disease 
states (Bali, 2014; Zhao, 2013). The study by Yuan and colleagues sought to explore 
whether miR-195, a potent regulator of neuroinflammation and neuropathic pain (the 
target of which is unclear), plays a role in autophagy in a chronic pain model. 

Expression of miR-195 is known to be upregulated after sciatic nerve injury (Yu, 2011), 
however it was not known whether miR-195 is increased after spinal nerve injury and 
whether it contributes to neuroinflammation and autophagic flux in cells. Yuan and 
colleagues utilized the spinal nerve ligation model of neuropathic pain, where the L5 
spinal nerve was isolated and tightly ligated distal to the dorsal root ganglia with a silk 
suture (Kim and Chung, 1992), to monitor the impact of miR-195 on neuropathic pain and 
autophagy. 

Remarkably, Yuan et al found that miR-195 was dramatically increased in rats after spinal 
nerve ligation of L5 in microglial cells, coinciding with pain-like behavior and inhibition 
of microglial autophagy activation, as well as, suppressed neuroinflammation in vivo and 
in vitro. miR-195 expression levels increased 2-days post-injury and were elevated for 14 
days compared to sham. This result was confirmed with northern blotting. In addition, 
miR-195 levels were increased in cultured spinal microglial cells from day 2 till day 14 
post-injury. 

Wistar rats were subjected to behavioral testing (tactile allodynia and cold 
hypersensitivity) and intrathecal administration of an miR-195 agonist mimic or an miR-
195 inhibitor. miR-195 agonists increased expression of miR-195 in spinal microglia and 
these animals showed increased pain behavior compared to miR-195 inhibitor injections. 
Thus increased miR-195 is correlated with increased neuroinflammation and neuropathic 
pain symptoms. 

miRNA-195 and Autophagy Inhibition. To unravel the molecular mechanism 
underlying miR-195 function the authors assessed the autophagy pathway in a series of 
elegant experiments. Consistent with inhibition of autophagy activation in vivo LC3 
expression was assayed in miR-195 animals and microglial cells. LC3, when lipidated, is 
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attached to both faces of the phagophore during degradation (Tanida, 2004). LC3 
changes were seen in the dorsal horn (DH) at days 0, 2, 5 and 14 post-spinal nerve ligation 
(SNL): specifically, SNL resulted in a decreased ratio of LC3-II to LC3-I conversion as well 
as an accumulation of p62, a marker for autophagy impairment. p62 is a ubiquitin-
binding protein that acts as an autophagy substrate that directly binds to LC3 and is then 
incorporated into autophagosomes and is degraded (Berliocchi, 2011). miR-195 inhibitor 
administration leads to a significant increase in autophagy activation as evidence by 
increased LC3 production via the conversion of LC3-I to LC3-II proteins in microglial cells. 
Similar results were found in vitro when miR-195 was given to microglial cells directly. 

The next significant finding from Yuan and colleagues is that ATG14 is targeted by 
(regulated by) miR-195. ATG14 is essential for the localization of Vsp34 to the 
autophagosome in mammalian cells for the formation of the class III PtdIns3K complex 
(Ohsumi, 2011). miR-195 markedly inhibited ATG14 protein expression in microglial cells, 
and suppressed autophagy. When the gene was overexpressed, it rescued the activation 
of autophagy in miR-195-treated microglial cells. 

The Future of miRNAs and Autophagy in Pain. Future implications for these pivotal 
findings is their possible application in the clinic. miR-195 may serve as a useful clinical 
biomarker of neuropathic pain. Treating chronic pain symptoms is difficult to do given 
the many players involved in the underlying neuroinflammatory processes. More 
research would need to be done to see if miR-195 is present in circulating macrophages 
and after nerve injury in the peripheral nervous system. This may shed insight into the 
implications of non-coding RNAs in treatment. Some other future studies could look at 
differential expression studies in other peripheral cells (in monocytes, Schwann cells, 
DRG sensory neurons), which could contribute to finding better treatment options as 
well. High expression of miR-195 in circulating macrophages may lead to the infiltration 
into the DRG and sciatic nerve contributing to peripheral sensitization via the release of 
pro-inflammatory mediators. It is possible that this may alter neuron-glia cross-talk and 
neuronal functions leading to symptoms of neuropathic pain or it may influence neuronal 
functions directly by suppressing autophagic genes within neurons or indirectly by 
influencing the functioning of immune or glial cells. As stated earlier, more studies are 
needed on this subject, given that there are so few. 
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Figure 1 

 

Figure 1. Model of miR-195 inhibition of autophagy in SNL injury. When miR-195 is 
overexpressed, autophagy induction does not occur, leading to p62 accumulation and a 
failure to convert LC3 I to LC3 II, as well as hindrance of the formation of the ATG14L 
complex, which is important in autophagosome formation. 
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One of the most devastating diseases that threatens the world population is malaria. 
The 26S proteasome complex of the malaria parasite Plasmodium falciparum, which 
was previously unknown, was characterized by the authors through an affinity 
purification protocol that isolated functional 26S proteasome complexes. This 
allowed for the identification of subunit composition and PfUSP14, a proteasome-
associated deubiquitinase. This new understanding presents a potential target to 
disrupt protein regulation in thequest for effective antimalarial strategies. 

One of the most infectious diseases around the world, malaria, was responsible for about 
214 million infections and over 430,000 deaths worldwide in 2015 (1). Malaria is caused 
by the parasitic protist belonging to the genus Plasmodium; there are more than five 
species that infect humans, with Plasmodium falciparum having the highest mortality 
rate (1). Current antimalarial drugs that are used include quinolone derivatives, 
antimicrobials, and artemisinin derviatives; while these have proven effective in the 
treatment of malarial infections, they have evolved, developing resistance to these 
drugs, highlighting the need for new antimalarial treatments (2, 3). While we have some 
knowledge about these parasites, a deeper understanding of the cellular processes and 
pathways, such as protein regulation, can lead to the identification of new antimalarial 
targets to inhibit the parasite’s development. 

The ubiquitin-proteasome system (UPS) is an essential mechanism through which 
eukaryotic cells regulate proteins through degradation, recycling, and quality control. 
Disruption of the UPS can have devastating effects in major pathways such as cellular 
stress response and the cell cycle (4). Ubiquitinated proteins that are destined to be 
degraded are trafficked to the 26S proteasome, a barrel-shaped proteinase complex 
with over 30 subunits. The 20S core particle is critical for proteolytic activities while the 
19S regulatory particle recognizes, deubiquitinates, unfolds, and translocates substrates 
(4). The 19S identifies substrates through receptor domain recognition of 
polyubiquitinated proteins, achieving this through the ubiquitin-interacting motif (UIM) 
and the receptor for ubiquitin itself. Other proteins such as proteasome-interacting 
proteins (PIPS) and two deubiquitinases (DUBS), which recycle ubiquitin from proteins, 
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also associate with the proteasome for function facilitation and ubiquitin chain editing, 
respectively (4, 5). Most of the information about the 26S proteasome has come from 
studying mammals and yeast, but has remained largely unexplored in P. falciparum (5, 
6). Prior work analyzing the P. falciparum proteasome used a Blue Native PAGE along 
with label-free protein quantification and correlation profiling, but this approach is 
limited in its ability to determine subunit stoichiometry, which is critical in order to 
identify new targets of antimalarial strategies (7). 

Decoding the P. falciparum Proteasome. Wang and collaborators in issue five of 
17818 Nature looked to develop an approach to characterize the ubiquitin binding 
domains of the proteasome subunits that are essential for substrate recognition. After in 
silico analysis of intrinsic ubiquitin receptor domains of the subunits, they utilized an 
established nickle-nitrilotriacetic acid-aided (Ni-NTA) pull down assay in which 
recombinant proteins were pulled down with Ni-NTA resin and assessed for ubiquitin 
binding capabilities; this demonstrated that the PfUIM2 domain of the Rpn10 
proteasome subunit is essential for the direct recognition of ubiquitin chains and 
conjugates (5). It is interesting that the PfUIM1 and PfPru domains did not directly pull 
down ubiquitin conjugates, suggesting they may be involved in indirect substrate 
recognition; analysis of the PfUIM1 and PfPRU sequences revealed structural differences 
from those found in other species that add to this hypothesis (5). They used this 
information as they sought to develop a protocol to purify the proteasome using an 
affinity purification strategy similar to one used to purify mammalian 26S proteasomes 
(5, 8). Immobilized GST-fused ubiquitin-like domains (GST-UBL) of PfRad23 (a 
proteasome substrate shuttle factor) were incubated with P. falciparum extracts, and 
His6-PfUIM2 excess was used to elute the proteasome through competitive binding to 
the GSTUBL; the proteasomes were further purified by Ni-NTA agarose and shown to be 
present in active forms (5). All known proteasome subunits are preserved, although it 
was noted that Rpn13 was in low abundance, something that has been observed in 
purifications of human proteasomes as well; Rpt2 and Rpt5, two ATPase base units, were 
found to be in higher abundance, although the implications of this still need investigated 
(5,8). 
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Figure 1 

 

Figure 1. Model of the Plasmodium Falciparum 26S proteasome subunit composition and 
PIPs. The 26S proteasome is made up of the 20S and 19S core particles and contains all 
known proteasome subunits. Rpt2 and Rpt5 ATPase base units were found to be in 
higher abundance, with β2 and Rpn13 in lower abundance. Ubiquitin conjugates and UBL 
proteins bind to the PfUIM2 domain of the Rpn10 subunit located in the 19S particle. 
Other known PIPs associate with the proteasome, such as Rpn4 and PfDsk2. A putative 
DUB, PfUSP14, was identified and found to be inhibited by the small molecule b-AP15, 
known to inhibit USP14. 

This novel protocol also allowed the authors to study interactions of the proteasome 
subunits with other important plasmodial proteins that regulate the degradation of 
proteins by the proteasome. Using formaldehyde cross-linking, they demonstrated that 
potential PIPS are efficiently co-purified using this method. Evaluation of these co-
purified proteins yielded multiple chaperones such as HSPs, twelve UPS components, 
initiation factors, and ribosome subunits, among other proteins; the data suggests that 
the parasitic proteasome may also be involved in ER and cotranslational protein quality 
control (Fig 1., 5). 

A Possible Antimalarial Target. Wang et al. next focused on analyzing one of these co-
purified proteins, an uncharacterized DUB with high sequence homology to human 
USP14, which is involved in trimming the ubiquitin chains of proteins destined for the 
proteasome (5, 9). This DUB, which they designated PfUSP14, interacts with the 
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proteasome via its UBL domain; interestingly, in contrast to hUSP14 which requires 
activation through binding to the proteasome, PfUSP14 unbound to the proteasome still 
maintains C-terminus-hydrolyzing activity (5, 9). It has been observed that P. 
falciparum intraerythrocytic development requires efficient proteasomal protein 
turnover, which may present an opportunity to disrupt this development through 
inhibition of the deubiquitinases (10). The authors were able to demonstrate this 
hypothesis to be true by using b-AP15, a known USP14 inhibitor that was shown to also 
inhibit tumor progression in four in vivo solid tumor models (5,11). b-AP15 inhibited not 
only PfUSP14 activity in vitro, but also had a significant anti-proliferative impact on the 
development of both chloroquine-sensitive and chloroquine-resistant P. 
falciparum strains in vivo; this inhibition did not impact the activity of the proteasomes 
or other DUB molecules (5). Together these results show that inhibition of PfUSP14 will 
need further exploration for new antimalarial strategies. 

Other recent studies have used cryo-electron microscopy to study the structure and 
function of the proteasome in order to design antimalarial targets that will only affect 
the parasitic proteasome and not the human host proteasome; this method however is 
only able to distinguish the structure and protein-ligand interactions in the presence of 
such ligands, and does not investigate the actual subunits themselves (12). Wang et al. is 
the first comprehensive analysis of the 26S proteasome from P. falciparum, its subunits, 
and its interacting proteins, identifying a previously unknown DUB PfUSP14. This opens 
the doorway for further investigation of other PIPs and their interactions with the 
proteasome to further ID and characterize the role of UPS in this parasite. The authors’ 
findings show a promising new avenue for antimalarial strategies through targeting of 
the proteasomal deubiquitinating activity utilizing small inhibiting molecules such as b-
AP15. Most importantly, the novel affinity purification of the 26S can be utilized in future 
studies to further study the function and structure of this parasite’s proteasome. 
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Have you ever heard the saying, ‘natural lighting is the best kind of lighting’? Well, 
science is proving it to be true, and I don’t just mean for taking pictures. 

Dr Arsalan Heydarian and his team at the University of Southern California are finding 
that we may be able to “preset” our behavior in our everyday spaces (research 
article here). Sounds a little like mind control, but it actually has something to do with 
the way we illuminate our rooms. 

With the help of cutting-edge technology, Heydarian and his team created an office 
space to test their idea—in the virtual world. This room was completely interactive. 
Participants could open or close the blinds to let in natural light, and turn the overhead 
artificial lights on or off if they preferred fluorescent ones. But here’s the twist. Each 
room had a different preset lighting setting that was natural, artificial, or a combination 
of the two. Heydarian and his team observed participants’ reactions to the preset lighting 
and their tendencies to change that lighting. They may have been in the virtual world, 
but their behavior was certainly not simulated. 

Here’s what they found. When it came to natural lighting, participants were much less 
likely to shut the blinds or flip on the artificial lights. If they found the room to be too 
dark, they were more likely to fix it by letting in some natural light. As it turns out, those 
LEDs with all their rave reviews have nothing on pure sunlight. 

If that isn’t enough to convince you, I’m not done yet. Participants were also asked to do 
some reading work right there in the virtual office space. Heydarian and his team found 
that people with more natural lighting in their spaces performed better than those who 
did not. They also identified something they called a “stickiness” of the preset lighting, 
whether natural or artificial. No, this has nothing to do with syrup or spider’s webs. It 
means participants tended to keep at least some similarity between their final lighting 
choice and the original. So it looks like default settings can influence someone’s behavior 
even as they walk into a room. It just goes to show how important first impressions can 
be. 

http://www.sciencedirect.com/science/article/pii/S0272494416300949
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In terms of money, these findings could be a real saver. Building managers can suggest 
good lighting in their office spaces just by presetting them. Less use of electrical lighting 
means an overall more cost-effective building. The environment will be thankful too with 
the reduction in energy usage. For the office building managers, this could mean no more 
outrageous energy bills. For the rest of us, it means no more awful light bulb jokes. 

While this may be good news to desk jockeys nationwide, let’s not limit ourselves to 
office spaces. Next time you’re doing work at home or in your dorm, try it out. Turn off 
the lights and open the up blinds for some natural illumination that’s easy on the eyes 
and the wallet. 

  

Heydarian, A., Pantazis, E., Carneiro, J. P., Gerber, D., & Becerik-Gerber, B. (2016, 
December). Lights, building, action: Impact of default lighting settings on occupant 
behaviour. Journal of Environmental Psychology, 48, 212-223. Retrieved December 3, 
2016, from ScienceDirect. 
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ABSTRACT 

 Placebos are drugs that have no active therapeutic effect, yet they are often used in 
medicine. With a combination of physiological and neuroscientific factors, placebos can 
relieve a person of their symptoms even though they are not actually taking a real drug. 
As the cost of pharmaceuticals has risen astronomically in recent years, the need for an 
inexpensive, alternative to actual drugs has increased. In this review, placebos and their 
role in medicine will be analyzed. This will consist of a placebo’s function in pain 
management, usefulness in other areas of medicine, and the ethical dilemmas 
surrounding placebos. Future research of placebos is aimed at whether they should be 
separated based on their mechanism of action or based on the disease that is being 
treated. 

KEY WORDS: placebo, pain, medicine, ethics, deception 

INTRODUCTION 

Pharmaceutical drugs prescribed by one’s physician can treat most diseases and 
illnesses, yet alternatives to such medicine have become more prominent in recent years. 
A less costly alternative to pharmaceuticals, a placebo, is a substance that has no active 
therapeutic effect. Placebos rely heavily on a physiological and neuroscientific approach 
[1]. Similar to an actual drug, placebos are given to patients who are told to take it as 
prescribed. These patients may either be informed or deceived into taking a placebo 
which is known as the deceptive versus non-deceptive approach [2]. After a certain 
period, some patients find symptom relief or they are cured of their illness even though 
they did not actually receive a real drug. Such a phenomenon in which one’s body-mind 
unit changes due to the psychosocial context between the patient and the therapy is 
described as the placebo effect [1]. Placebos are employed in many fields of medicine, 
thus they treat a diverse set of medical conditions including, but not limited to, pain, 
anxiety, and urologic related issues [3]. Not only are placebos used in clinical trials, they 
are also employed regularly as a drug in healthcare by various physicians [4]. In this 
review, the placebo effect will be examined in the context of pain management, treating 
people with irritable bowel syndrome, and patients who take antidepressants. Ethical 
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dilemmas of the placebo effect will also be reviewed as many have questioned the 
morality of using placebos in medicine. 

  

PLACEBOS AND PAIN MANAGEMENT 

Using Placebos to Stop Induced Pain 

Patients who suffer from either acute or chronic physical pain may be prescribed an 
actual drug to provide them with pain relief. Unlike a real drug, when a placebo is 
administered to patients for pain relief, it is given with a set of physiological conditions 
that either inform or subvert the patient into thinking what they are taking. In one study, 
performed by the Danish Pain Research Center in Denmark, forty-eight healthy patients’ 
responses to different pain injections were examined [5]. These participants had no 
outstanding physical or mental health problems. One injection contained hypertonic 
saline, which is a painful stimulant, and patients were told that the injection contained 
only that. The other injection however, contained hypertonic saline with a placebo but 
the same patients were told that the injection contained hypertonic saline with a pain 
killer. Participants were more intolerant to the first injection than they were to the 
second. Thus, even though patients should have felt the same amount of pain from both 
injections, the second injection did not feel as painful since they had been convinced that 
it contained a pain killer. In this case, administering a placebo with deception proved to 
be more effective than not administering a placebo at all. 

In a related study, healthy participants, who had no scars, were blindfolded and 
subjected to different interventions that caused placebo-induced somatic sensations [6]. 
For example, one intervention involved a placebo irritant solution, which consisted of a 
cotton swab with room temperature tap water. Participants were told that the solution 
was a food additive that could possibly cause an allergic reaction or skin reddening. At 
the end of the experiment, 90% of the subjects reported a strong to moderate sensation 
when exposed to this stimulus [6]. Therefore, because the patients were deceived, they 
were psychologically prepared to feel a strong sensation even though the cotton swab 
contained only water. 

 Using Placebos to Stop Existing Pain 

Other experiments have examined whether placebos can be employed in pain 
management outside of the primary care setting. With physical therapy, patients 
perform various exercises to rehabilitate their mobility or function. One particular study 
tested whether receiving active interferential current (IFC), which is a type of therapy 
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that sends strong currents or vibrations from a device to the pain area, before Pilates 
exercises is more effective than using a placebo before Pilates exercises in patients with 
chronic low back pain [7]. Patients in the placebo group received a device but the current 
did not reach the pain area. In the end, no significant differences were found between 
the two groups. Thus, active IFC before Pilates exercise is no more effective than using a 
placebo before Pilates in relieving pain in patients. Ultimately, since the placebo was 
ineffective on the participants in the placebo group, no placebo effect occurred. This was 
different than what was observed in the experiments encompassing placebo use and 
induced-pain. However, other studies have shown that patients who are prescribed a 
placebo to treat their pain, may actually find symptom relief [8]. This may not be as true 
in patients who have metastatic diseases, or cancer, in which a placebo is used to provide 
pain relief for those who have become intolerant to opioids [9]. Essentially, these studies 
indicate that a placebo’s effectiveness widely varies depending on the condition causing 
pain and whether it is used as a drug or as an exercise in physical therapy. 

OTHER USES FOR PLACEBOS 

In addition to pain management, placebos are also used in many other medical 
disciplines. One intercontinental study analyzed a placebo’s efficacy in treating irritable 
bowel syndrome patients [10]. Participants were randomly divided into two groups, with 
one group being told that they would receive a placebo and another group being 
deceived into thinking that they were taking an effective drug that combats irritable 
bowel syndrome. At the end of the study, participants who were informed that they 
would be given a placebo and explained what that meant actually saw more relief than 
those who were deceived into taking a placebo [10]. This suggests that patients, at least 
those with irritable bowel syndrome, who are prescribed a placebo, do not necessarily 
have to be deceived into taking it for treatment to be effective. 

Placebos can also be used to treat patients who suffer from Major Depressive Disorder 
(MDD). In one study, a two-week single-blind phase was performed in which two 
identical oral placebos were prescribed to MDD participants [11]. These participants were 
told that the two placebos had either active or inactive fast-acting antidepressant-like 
effects [11]. Following the two weeks, a ten-week open-label treatment plan was 
followed with a serotonin reuptake inhibitor (SSRI), which is a class of drugs normally 
used in treating depression [11]. In addition, the placebos and the SSRI looked identical 
to one another. Participants were also told that the placebos that they were taking may 
be associated with brain activation, or mood improvement. Subjects who were treated 
with the “active” placebo rather than the “inactive” one were associated with significant 
reductions in depression [11]. Thus, when all subjects are given a placebo, those who are 
convinced that they are receiving the more effective one, perform better than those who 
do not. 
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 PLACEBO ETHICAL DILEMMAS 

 Ethical concerns regarding placebos have arisen overtime as their prevalence in health 
care has increased. A doctor’s view on placebos may be different than that  of a patient. 
Surveys that analyzed this doctor-patient relationship in the primary care setting on how 
these two groups felt about placebos revealed that patients generally have more 
negative views of placebos if they had been predisposed to the notion that placebos do 
not work [4,12]. Primary care physicians (PCPs) on the other hand, have a more favorable 
view of placebos, yet some remain skeptical [13]. This brings into question whether these 
doctors would have a more favorable view if placebos alternated between impure and 
pure interventions. Pure placebos have no pharmacological effect, such as sugar pills, 
while impure placebos have a pharmacological effect, such as antibiotics in viral 
infections, but not on the condition being treated [13]. When PCPs were asked to define 
a placebo, the majority of them described pure placebos. In fact, most of the PCPs did 
not regard impure placebos as placebos at all. Even more importantly, all the PCPs would 
have preferred ethical guidelines on how to approach the process of prescribing placebos 
to their patients [13]. Essentially, from these studies, PCPs have a more varied opinion of 
placebos than do patients, yet doctors are still unsure how to handle the ethical 
ramifications surrounding placebos when it comes to prescribing them to their patients. 

Although one PCP may prescribe a placebo different than how another one does, there 
is a general process followed in prescribing placebos (Fig. 1). This process is nearly 
identical to how a PCP would prescribe an actual drug. The only difference is that PCPs 
have to choose between a pure or impure placebo and a deceptive or non-deceptive 
approach. The actual contents of placebos are rarely reported [4]. In other words, when 
a doctor goes to prescribe a placebo, they do not simply write “sugar pill” or “placebo” 
and send the script off to a pharmacy. Instead, the general consensus is that after the 
two ways of administering a placebo are decided upon, the doctor will write down a drug 
name on the script. This drug may be either a pure or impure placebo but it will have a 
name that the pharmacy will use to identify it. 
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Figure 1. The Process of Prescribing a Placebo by Primary Care Physicians 
(PCPs). When a PCP first decides to treat a patient with a placebo, they will examine two 
factors: (1) whether the placebo should be pure or impure, and (2) whether to use a 
deceptive or non-deceptive approach. After these steps are taken, the doctor will 
prescribe the placebo and the patient will pick up it up at their pharmacy just as they 
would with any other pharmaceutical drug. 

*Note: Starred items are the general preferred method of placebo prescription by PCPs 
[13]. 

Clinical trials and placebo use also remains controversial. Certain criteria must be met in 
order to reduce the labeling of placebos as unethical [14]. One such criterion states that 
placebo-controlled trials can be ethical when there are compelling methodological 
reasons for using placebos and the research is intended to develop future interventions 
for treating patients. Another criterion states that placebos can be used when there is no 
proven effective treatment for the condition. Although the debate continues, it is 
important that one of these criteria are followed to reduce controversy surrounding 
placebos. 

Another ethical dilemma becomes evident once a placebo-controlled clinical trial is 
approved that will use deception. A survey administered to patients asking them to rate 
their knowledge of placebos and their efficacy for relieving pain showed that almost all 
patients had limited knowledge of placebos [15]. After being explained what a placebo’s 
function is, most people were practical and said that they would consider taking a 
placebo and even a variety of treatments to deal with a condition. A related study refutes 
the idea that placebos are unethical because they require deception by using the irritable 
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bowel syndrome study to explain that not all placebos have to be prescribed deceptively 
in order to work [2]. Naturally, more studies need to be performed to examine how the 
ethical controversy embodying placebos can be reduced. 

CONCLUSION 

 Placebos have demonstrated their efficiency in various experimental studies. In pain-
related experiments, placebos have reduced the pain intensity of patients who were told 
that they were receiving a painful injection containing a pain relief medication. 

However, when placebos are not used as a drug such as in physical therapy, they do not 
show the same promising results as a pill would. Placebos can also be used to treat 
conditions other than pain such as irritable bowel syndrome and major depression 
disorder. There are still lingering ethical concerns regarding placebos as some believe 
that is it unethical to essentially prescribe a fake drug and deceive the patient into taking 
it. Placebos may never fully be considered ethical, however there are certain criteria that 
can be followed to make them more ethical. Although a possible alternative to actual 
pharmaceuticals, placebos require much more research to further improve their 
effectiveness. Future research is currently aimed at answering whether placebos should 
be separated based on their mechanism of action or based on the disease being treated 
[1]. These studies will examine where (in which disease), when (in which circumstance), 
and how (with which mechanism) placebos work [1]. Placebos, as ineffective as they may 
seem, have nevertheless, proven their effectiveness in medicine in treating various 
patients and it is without a doubt, that doctors will continue to prescribe them where 
they best see them fit. 
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ABSTRACT 

The expanding problem of harmful algal bloom outbreaks has caused the need for new 
research and advancements in predicting and controlling outbreaks. Studies show that 
harmful algal blooms have been increasing in frequency of outbreaks worldwide over the 
last few decades, as well as in spatial distribution of individual outbreaks. As a result, the 
effects that harmful algal blooms create have become more problematic. These 
problems include human illness resulting from ingesting contaminated seafood, as well 
as an offset of the aquatic ecosystem, which can result in mass fatalities of fish and other 
products of the aquacultural industry. Recent studies provide a sense of what can trigger 
algal bloom outbreaks to create prediction methods, and potential models of control to 
limit the growing problem. Further research is necessary to assure the effectiveness of 
these methods and models. 

KEY WORDS: harmful algal blooms, contaminated seafood-related illness, fish kill, 
prediction methods, control models 

INTRODUCTION 

There has been an increasing vigilance from the expanding problem of harmful algal 
bloom outbreaks worldwide. Although algal blooms are a natural phenomenon, the 
increase in frequency of outbreaks, spatial distribution of outbreaks, and occurrence of 
harmful species rather than benign species reveals an arising problem. Commonly 
referred to as “red tide,” “green tide,” “brown tide,” etc., these blooms result  from an 
overgrowth and buildup of algae. Depending on how severe the buildup is, the algae 
often produce a film on the surface of the water, commonly referred to as “scum.” The 
causative species are types of single-celled algae including dinoflagellates and 
phytoplanktonic diatoms.(1) Despite the terminology, some harmful algal blooms are 
cyanobacterial rather than algal. 

The increase in number and severity of outbreaks are becoming a danger to public health 
due to the various illnesses that result.(2) (ADD GRATTAN CITATION) In addition to 
public health, harmful algal blooms are also becoming a danger to coastal ecosystems 
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and the aquaculture industry.(2) However, there have been numerous studies that 
investigate ways to ameliorate the problem. As a result, there have been various 
methods and models proposed that could aid in predicting and identifying outbreaks and 
determining severity. In turn, these methods and models would help in keeping this 
danger to a minimum. 

FREQUENCY OF OUTBREAKS AND DETECTION METHODS 

The frequency of harmful algal bloom outbreaks has increased over the years. One study 
focused specifically on outbreaks in the Bohai Sea near China between 1952 and 2014.(3) 
The data were gathered from different records throughout the years from state and city 
reports, and then compiled into charts and figures. The figures were maps of the sea with 
a dot on the area where an outbreak was reported to show spatial distribution of 
outbreaks. These maps were made using geographic information systems (GIS).(3) The 
data in the tables showed a variable, but drastic increase since the early 2000’s.(3) Only 
two outbreaks existed in the earliest reports, but that could be a result of the lack of 
technology and methods for detecting algal bloom outbreaks. 

New advancements have been made in detecting outbreaks. One recent study 
introduced the benefits of using MODIS (MODerate Resolution Imaging 
Spectroradiometer) measurements when determining the spatial characteristics and 
severity of harmful algal bloom outbreaks.(4) This method, used in case studies during a 
Red Tide outbreak in the Persian Gulf in October of 2008, obtained measurements from 
satellite images.(4) This method is much more efficient than earlier methods since it 
utilizes satellite images. Blooms are identified by spectral changes in the water of areas 
under surveillance on the Terra and Aqua satellites. MODis sensors have been on Terra 
since 1999, and on Aqua since 2002.(4) This method could explain the reason the 
outbreaks in the Bohai Sea study drastically increased after 2000, but it is not stated 
which detection methods were used in the original reports. 

EFFECTS AND RESULTS OF HARMFUL SPECIES 

Algal blooms are deemed to be harmful when they produce either of these two results: 
contamination of seafood, or an offsetting effect to the marine ecosystem.(5) Seafood 
contamination results from toxin-producing algae, and offset ecosystems result from 
high-biomass-producing algae.(5) Both harmful and benign algal species were identified 
in the outbreaks in the Bohai sea study.(3) The second most recorded species 
was Prorocentrum Dentatum, which is the cause of one of the five most common algal 
bloom-related illnesses.(1, 3) This species belongs to a family of dinoflagellates that 
produces the okadaic acid toxin that contaminates the surrounding shellfish and, when 
ingested through consumption of contaminated shellfish, diarrhetic shellfish 
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poisoning can occur.(1) The other most common algal bloom-related illnesses 
are amnesic shellfish poisoning, ciguatera fish poisoning, neurotoxic shellfish 
poisoning, and paralytic shellfish poisoning.(1, 5) Table 1 describes the most common 
species responsible for harmful algal blooms, the dangers they cause, and where they 
have been found. 

The most common species recorded in the Bohai Sea study was Noctiluca Scintillans, a 
non-parasitic, non-toxic species of dinoflagellates.(2) This species is under the 
aforementioned high-biomass-producing algae category. High spatial and dense levels 
of these blooms can accumulate high levels of ammonia in the water, killing the 
surrounding fish.(2) The 2008 Red Tide outbreak in the Persian Gulf was caused 
by Cochlodinium polykrikoids, a species of dinoflagellates, and caused a huge loss of large 
fish and other marine animals, and had a detrimental affect on coral reefs and different 
marine filtration plants.(4) In Alfacs Bay in the Mediterranean Sea, a major area for 
harvesting shellfish, the conditions for algae growth (specifically 
the Karlodinium and Pseudo-nitzschia species) were important to shellfish production. 
However, high levels of such algae became harmful to those who consumed the shellfish 
that were harvested in that area.(6) The Wuxi Water Crisis of 2007 was caused by the 
cyanobacterial species Microcystis aeruginosa.(7) A toxic black bloom occurred in the 
fresh water areas in Wuxi City, China and cut off drinking water supplies to the city’s 
entire population.(7) The cyanobacteria that caused the black bloom in Wuxi City also 
caused a bloom in Lake Tiahu in 2010 that offset the ecosystem and caused a massive 
fish kill.(7) 

 FACTORS THAT INCREASE OUTBREAKS 

Different weather and meteorological factors have recently been found to affect algal 
bloom outbreaks significantly. Due to the undoubted presence of global warming, 
certain climate factors have deviated from the historical norm, such as temperature, 
precipitation, and wind.(8) Meanwhile, the algal species that have been present in Earth’s 
waters for millions of years have been emitting higher levels of carbon dioxide, resulting 
in higher acid levels.(8) These two recent changes in global weather and aquatic 
conditions have reacted with one another and increased algae growth in waters 
throughout the planet.(8) Specifically in lake settings, certain meteorological properties 
and deviations in those properties affected the outbreaks of algal blooms. One study 
conducted in Lake Tiahu (in China) investigated the effects of meteorological factors that 
appeared to increase the probability of harmful outbreaks.(7) These factors that 
increased the probability of outbreaks included increasing climate temperatures, 
decreasing wind speeds, and decreasing air pressures.(7) Another factor that is likely to 
increase algae growth is excessive nutrient loading.(9) In this case, excessive nutrient 
loading is the result of excessive of sunlight, carbon dioxide, and other photosynthetic 
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reactants. However, one study contemplated whether that is the true cause of the 
outbreaks of the phytoplankton Aureoumbra lagunensis, which is the causative species of 
brown tide in the Gulf of Mexico, or whether they are caused by a decrease or absence of 
the zooplankton species that consume the phytoplankton.(9, 10) 

 POTENTIAL PREDICTION/CONTROL METHODS 

There are a number of advancements in research on harmful algal blooms that offer 
potential control and prediction methods. The Lake Taihu study determined thresholds 
for deciding whether or not certain conditions are harmful to water filtration plants or 
not, and therefore to know whether or not to temporarily shut down plants to avoid 
disasters such as that of the Wuxi Water Crisis.(7) Another study proved the use of the 
fungi Phanerochaete chrysosporium as a successful inhibitor of harmful algal blooms.(11) 
The fungi caused cell death of the algal cells through destruction of the cell membrane 
and nucleic acids.(11) Due to the fickle conditions of the area in the Alfacs Bay study, 
legislation was passed in 1987 that requires weekly sampling of algae levels to ensure 
safety for food production.(6) Such testing should be done in other areas prone to 
harmful outbreaks. 

More than 20 years worth of data from the Alfacs Bay study allowed scientists to develop 
forecast models to predict when harmful blooms will occur. One of these models 
included an Artificial Neural Network (ANN).(6) An ANN is a figure/table that shows the 
relationship between one subject (harmful algae) and multiple factors (temperature, 
salinity, oxygen levels, etc.). The key to developing ANNs is large data samples.(6) 
Complex time series and large data sets allow for an algorithm to be developed that can 
reliably predict outbreaks from certain input factors (temperature, salinity, oxygen 
levels, etc.).(6) Other studies provided helpful research on certain weather conditions 
that could predict harmful algal bloom outbreaks. Although it would be difficult to 
execute, if a downscaled global climate prediction model was developed, a valuable 
prediction model for harmful algal blooms could also be developed.(8) By being able to 
predict the rate of temperature changes, prediction of bloom outbreaks would be 
feasible. 

 CONCLUSION 

 The arising problem of harmful algal bloom outbreaks is apparent through the increase 
of frequency of outbreaks, the increase in spatial distribution of outbreaks, and the 
occurrence of harmful species rather than benign species of algae. Due to the recently 
acquired knowledge of factors that increase the occurrence of outbreaks, potential 
methods of prediction and control have been proposed. The fungi-control method has 
been proven to have potential, as well as the prediction model that utilizes weather 
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forecast, given that a downscaled model of global climate forecast is feasible.  Further 
studies and presumed advancements on these potential methods will assure the 
effectiveness of such methods. 

Table 1. Common Species found in Harmful Algal Blooms 

SPECIES 
HARMFUL 
EFFECTS RESULTS 

AREAS WHERE 
SPECIES HAVE 
BEEN FOUND CITATION 

Gamberidisus toxicus 
Contamination of 
seafood 

Ciguatera fish 
poisoning French Polynesia (2, 5) 

Pyrodinium Bahamense 
Contamination of 
seafood 

Paralytic 
shellfish 
poisoning Atlantic Ocean 

(5, 12){, 2010 
#23} 

Species of Alexandrium 
genus 

Contamination of 
seafood 

Paralytic 
shellfish 
poisoning 

Australia, 
American West 
Coast, Ireland (5, 13) 

Species of Dinophysis 
genus 

Contamination of 
seafood 

Diarrhetic 
shellfish 
poisoning Worldwide oceans (5, 14) (1) 

Prorocentrum 
Dentatum 

Contamination of 
seafood 

Diarrhetic 
shellfish 
poisoning China (5) (1) (3) 

Gymnodinium breve 
Contamination of 
seafood 

Neurotoxic 
shellfish 
poisoning 

Gulf of Mexico, 
Florida, New 
Zealand (5) (2) 

Species of 
Amphidinium genus 

High biomass 
production Fish kills 

Northern Atlantic, 
Gulf of Mexico, 
Baltic Sea, 
Mediterranean 
sea, Brazil, New 
Zealand (5) (15) (16) 

Cochlodinium 
polykrikoides 

High biomass 
production 

Fish kills, offset 
of ecosystem 

Caribbean Sea, 
Northern Atlantic 
coast, North-
Western Pacific 
coast, Persian Gulf (5) (2) (4) 

Species of 
Chrysochromulina 
genus 

High biomass 
production Fish kills 

Baltic Sea, 
Brazilian coastline (5) (15) (17) 
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Species in 
Raphidophycae class 

High biomass 
production 

Fish Kills, 
Allergic skin 
reactions in 
swimmer 

Fresh waters in 
Southeastern 
Brazil (5) (18) 

Pseudo-nitzschia 
australis 

Contamination of 
seafood 

Amnesic 
shellfish 
poisoning 

Worldwide coastal 
waters (1, 5, 6) (13) 

Noctiluca Scintillans 
High biomass 
production Fish kill 

Worldwide warm 
coastal waters (3) (2) 

Species in Karlodinium 
genus 

High biomass 
production Fish kill 

Worldwide coastal 
waters (6) (19) 

Microcystis aeruginosa 

High biomass, 
Neurotoxin 
production 

Fish kill, 
Drinking water 
toxicity, Fresh waters (7) 

Aureoumbra lagunensis 
High biomass 
production 

Shellfish and 
fish kills Gulf of Mexico (9) (10) (20) 
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The destruction wrought by recent hurricanes, Harvey and Irma, have added to the 
discussion surrounding climate change and what the impacts of global warming are on 
natural storms. . The question now, is what is the extent of the effect that climate change 
has on these storms? There are a lot of factors that determine the intensity of a 
hurricane, but one of the largest factors is related to sea-surface temperature. Hurricanes 
develop when there is a difference between sea-surface temperature and the 
temperature of the lower stratosphere; the greater the difference, the stronger the 
resulting hurricane.1 This change in sea-surface temperature is directly linked to global 
warming and is crucial in the development of catastrophic hurricanes. 

The critical link between sea-surface temperature and global warming is correlated with 
an increase in hurricane intensity, resulting in more category 4 and 5 hurricanes 
worldwide.2 These storms develop as the warm water in the oceans is evaporated into 
the lower atmosphere. As the winds swirl in this area, the humid air is converged and 
pulled upwards into cooler air. This temperature difference forces the water vapor to 
condense into clouds, releasing large amounts of enthalpy, or free heat. This large 
release of enthalpy causes the air to rise more, acting almost like a vacuum as it 
continuously cycles the warm air higher into the atmosphere.1 As more energy is pumped 
into the system, the clouds grow and gain more energy. Eventually the entire system 
begins to cycle rapidly, causing the pressure in the core to drop which creates the classic 
‘eye’ seen in the image above.1 More warm ocean water evaporates into the storm, 
enlarging it and increasing its wind speeds, and causing the ‘category’ of the storm to 
increase. A category ‘1’ hurricane is a storm that has wind speeds sustained of 74mph or 
more. 

There is a large amount of heat required to reach the catastrophic storms that are 
considered category 4 and 5. These storms rely on massive amounts of warm water, a 
resource that is directly linked with our warming planet. As of 2015, the global sea surface 
temperature has risen over 1.2˚F compared to the average ocean temperature from 1971-
2000.3 While 1˚C does not seem like much, it’s important to remember that there are over 
332.5 million cubic miles of water in the oceans, and one cubic mile of water equals more 
than 1.1 trillion gallons.4 That is a large amount of free heat that has been suddenly 
added to our global water system, creating a hurricane hotspot in regions including the 
Atlantic, Caribbean, and Gulf Coast. To summarize, hurricanes are caused by differences 
between sea-surface temperature and the lower stratosphere temperature. When this 
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difference is exacerbated by a rise in ocean temperatures, a greater number of category 
4 and 5 hurricanes develop. Thus, it is important to be mindful of this side-effect of global 
warming, and be prepared for more of these severe storms in the future as our ocean 
temperatures continue to rise. 
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