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Introduction. Innate immunity is the invader’s first contact 
with the organism, and is formed by i) physical barriers such 
as the skin; ii) cellular factors including phagocytes (macro-
phages, neutrophils, and mast cells), dendritic cells, and NK 
(Natural Killer) cells; iii) molecular factors such as cytokines 
(molecules that emit signals between cells during the immune 
response), chemokines (molecules that recruit lymphocytes to 
lymphoid tissues and inflammation sites), complement pro-
teins (molecules responsible for amplifying phagocytosis and 
inflammation, in addition to killing some types of pathogens), 
and acute phase proteins (molecules that help phagocytosis and 
complement system activation).

The innate immune response in an organism begins when 
one of its cells recognizes a pathogen-associated molecular 
pattern (PAMP). PAMPs are structures that are essential for 
microorganism survival and are absent in healthy, malignant 
and microorganism-free humans. Some examples include 
flagellin, the main component of the bacterial flagellum, and 
double-stranded RNA, found in some viruses. The first reaction 
of the IS to PAMPs is phagocytosis, a process by which the cell 
engulfs a microorganism in order to destroy it. The second re-
action is the production of pro-inflammatory cytokines, which 
stimulates the cells that line the interior surface of blood ves-
sels to express selectins (adhesion molecules). These molecules 
promote a weak adhesion between circulating lymphocytes and 
the interior surface of blood vessels that, with the force exerted 
by the blood, carry lymphocytes to the inflammation site. 1 In 
addition to cytokine production, chemokines are produced in 
the inflammation site to attract more lymphocytes to help fight 

pathogens. Besides cellular recruitment, resident cells of the in-
flammation site produce mediators that promote vasodilatation 
and increase the permeability of the walls of blood vessels caus-
ing blood to accumulate at the infection site, which facilitates 
microorganism elimination. 2

ALPS is a very rare and severe condition caused by a defi-
ciency in lymphocyte apoptosis (programmed cellular death) 
that is usually caused by a mutation in the FAS gene (FAS 
cell surface death receptor) responsible for apoptosis-inducing 
molecules, which play a central role in the physiological regu-
lation of cellular apoptosis.

The patient studied in this case did not present any of the 
genomic mutations described as associated with the risk of de-
veloping ALPS. We used the patient’s exome sequencing data 
to compare the symptoms’ molecular cause to the pathways 
known to be involved with ALPS. However, in our study, we 
could identify new candidate genes for the disease. We also 
observed new mechanisms implicated in ALPS, which support 
our hypothesis of the possible implication of the Inflam-
masome protein complex in ALPS.

Our study is based on concepts that explore aspects of the 
immune system (IS), which consists of the coordinated re-
sponse of cells and molecules against agents which are foreign 
to the body. The IS can be divided into two categories: innate 
(or natural) immunity and adaptive (or acquired) immunity. 

One of the protein complexes activated during inflammation 
is the Inflammasome. 3 The Inflammasome is implicated in the 
regulation of innate immunity and intracellular pathways of 
programmed cell death. It activates caspases, or proteins that 
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are responsible for deactivating other proteins by breaking 
down their peptide bonds. Caspases are essential for pro-
grammed cell death and cytokine production. 4

While innate immunity recognizes pathogen-associated 
patterns, adaptive immunity recognizes specific pathogens. 
Lymphocytes develop individual receivers that can identify 
specific epitopes (groups each formed by 5 to 17 amino ac-
ids). Each receiver is randomly generated, formed by a random 
combination of 5 genes with immunologic functions and with 
unpredictable specificity.

Adaptive immunity responses can be divided into humoral 
immunity and cellular immunity. The humoral immunity con-
sists of an immune response mediated by molecules through 
the blood and antibodies found in mucous secretions. Anti-
bodies are produced by B-lymphocytes and are the organism’s 
main defense against pathogens. They recognize and eliminate 
antigens (foreign particles to the body) and neutralize infec-
tious agents. Cellular immunity, on the other hand, involves an 
immune response mediated by T-lymphocytes. When microor-
ganisms are able to survive and invade intracellular space, they 
become unreachable to circulating antibodies. T-lymphocytes 
promote the destruction of these microorganisms and, if nec-
essary, the infected cell’s death.

When a similar pathogen enters the body, there are already 
many lymphocytes ready to fight it, and it no longer represents 
a risk to the organism. This feature is called immune memory 
and is key to the adaptive immunity. 5

The immune system elicits a destructive response regardless 
of its target. Such destructiveness explains the severity of im-
mune responses against the body itself, which characterize the 
so-called autoimmune diseases.

Autoimmune diseases are among the main causes of death 
by diseases worldwide. However, the underlying mechanisms 
of these diseases are not fully understood, which represents an 
obstacle in the development of effective drug treatments for 
autoimmune diseases. 6

Our study is based on a case report of a patient whose 
symptoms were not clearly understood, hampering the estab-
lishment of a drug treatment that could effectively improve 
his/her quality of life.

To our knowledge, this is a unique case in the literature. This 
is an original study that investigated the implication of the 
Inflammasome in ALPS through a systems biology approach. 
The study of the interaction between candidate genes for a spe-
cific disease and their biological pathways can help us better 
understand the underlying mechanisms and interactions of 
many other similar diseases. It shows autoimmune diseases are 
closely related and the importance of fully investigating specif-
ic cases of these diseases.

The research question that gave rise to this research proj-
ect was the relationship between a case of a patient with an 
unidentified autoimmune disease, and ALPS. This relation-
ship was hypothesized based on a case of a 28-year-old male 
patient who, from a young age, presented with recurrent in-
flammatory responses due to reasons such age-related acne 
and tooth loss. At the time, doctors were not able to reach a 

diagnosis or establish an effective treatment for his condition. 
Since these inflammatory conditions were not severe, they were 
not carefully investigated. In February 2006, the patient was 
treated with nonsteroidal anti-inflammatory drugs (NSAIDs) 
and had to be immediately hospitalized due to severe diarrhea 
and epididymitis (inflammation of the epididymis, an organ 
whose function is to collect and store the sperm produced in 
the testicles). His condition progressed to ecchymosis (blood 
infiltration into the tissue mesh) and severe gingival hemor-
rhage. The initial investigation showed thrombocytopenia (low 
platelet count in the blood), lymphopenia (decreased quantity 
of lymphocytes in the blood), and hepatosplenomegaly (en-
largement of the liver and the spleen, generally caused by a 
large immune defense activity of the organism), and test results 
were negative for infectious, autoimmune, hematological, and 
neoplastic disorders.

The patient’s lack of response to antibiotics suggested a more 
complex diagnosis. The attending physician cleared the patient 
and suggested he saw an infectologist for further investigation. 
In 2008, when the patient was 19, his health remained im-
paired. Frustrated by the lack of progress in the investigations, 
he discontinued all medications and clinical follow-ups. He 
then developed a series of inflammatory conditions in many 
organs that led to severe systemic inflammation requiring 
hospitalization in February 2009. Despite vigorous antibiotic 
therapy, he progressed to severe pneumonitis (inflammation 
in the lungs) and polyserositis (chronic inflammation of the 
serous membranes, which cover the body’s cavities). Because 
symptoms worsened rapidly, the patient was transferred to 
the intensive care unit (ICU). Again, all test results for po-
tential infectious, autoimmune, hematological, and neoplastic 
disorders using morphological, immunological, molecular, se-
rological, and microbiological investigation techniques failed 
to identify the source of systemic inflammation.

A month later, while still in the hospital, the patient showed 
improvement in the pneumonitis. However, in April 2009, 
he had a series of seizures that required coma induction, me-
chanical ventilation, and brain monitoring by continuous 
electroencephalogram (EEG). A week later, the patient was 
diagnosed with an inflammatory condition in the nervous sys-
tem, although no pathogens were found. At that time, one of 
the diagnostic possibilities raised was ALPS.

The first part of this research study aimed to ascertain whether 
the case studied belonged to the ALPS spectrum using systems 
biology tools. The second part of the study aimed to assess the 
relationship between ALPS and the Inflammasome, which 
may entail new treatment possibilities for both ALPS and the 
reported case, and to examine whether the link between the 
body’s innate immunity and cellular apoptosis is indeed broad-
er than described in the literature. We based our study on the 
main notions that: i) genes interact with each other in cellular 
functions; ii) these interactions can be protein-protein interac-
tions; and iii) genes that interact with each other or have the 
same function form a system. 7

This research highlights the importance of studying the 
relationship between innate immunity and cellular apoptosis 
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that, we hypothesize, occurs through the Inflammasome. This 
project sought to achieve three goals using systems biology as 
the main research tool to investigate a case of a patient with 
a possible autoimmune disorder: 1 to ascertain whether this 
case is part of the autoimmune lymphoproliferative syndrome 
(ALPS) spectrum, a very rare and severe syndrome caused by 
a deficiency in lymphocyte apoptosis; 2 to understand the re-
lationship between the Inflammasome protein complex and 
ALPS in the above mentioned case; 3 understand, through the 
Inflammasome, the relationship between innate immunity and 
cellular apoptosis.

Results and Discussion. Our results are divided in two 
parts corresponding to the two phases of the investigation. 

4-1 Phase 1 - preliminary gene candidates. This anal-
ysis was based on a list of 10 genes. Seven of them have been 
implicated in ALPS (FAS, FASLG, CASP8, CASP10, KRAS, 
NRAS, and PRKCD) (Appendix A), and three were implicated 
in the reported case (MEFV, NOD2 and CASP8AP2) (Appen-
dix B).

We used the following definitions in our study: i) 
seed genes – genes that are part of the analyzed list 
(listed above); and ii) candidate genes – genes intro-

Figure 1. Network 1 generated by GeneMANIA®. The striped nodes are seed genes and the solid ones are 
candidate genes.
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duced to the network because their functions were similar to 
those of genes implicated in the analyzed list.

Human organisms contain millions of biological pathways 
that function uninterruptedly. These pathways are results of 
interactions between proteins. Thus, we primarily studied the 
interaction between proteins, and then the biological pathways 
resulting from these interactions.

4-1-1 Interaction Between Proteins. The network of in-
teractions between genes generated using the GeneMANIA® 
database identified a total of 29 genes, of which 20 were net-
work candidate genes.

Then considering only the physical interactions, the genes 
were divided into two groups, and 6 candidate genes were 
found not to be part of network 1 (Figure 1). The first group 
included the KRAS, NRAS and RGL2 genes, and the second 
group included the other 5 genes implicated in ALPS, the 
2 genes implicated in the reported case identified by Gene-
MANIA®, and the other 13 network candidate genes. The 

Figure 2. Network 3 generated by Ingenuity®. This picture represents the organiza-
tion of a cell: the extracellular space, cell membrane, cytoplasm and nucleus. Each 
symbol represents one protein, and the direction of the arrow indicates the direc-

tion of the interaction.

second group was formed by a total 
of 32 physical and direct interactions 
between first neighbors. The genes 
with the highest amount of physi-
cal interactions were FADD, CASP8 
and CASP10. When only physical 
interactions were considered, only 
the seed genes PRKCD, KRAS and 
NRAS did not interact directly with 
the other ALPS proteins (Figure 1).

When all kinds of interactions 
were considered, we found that the 
proteins coded by the genes from the 
reported case, interacted in the same 
network with ALPS proteins.

Besides using GeneMANIA® 
to identify the interaction between 
genes, we also used Ingenuity® 
(Figure 2). The criteria used for this 
network was also the direct inter-
action between first neighbors. The 
network generated by Ingenuity® 
showed 18 candidate genes, in ad-
dition to the 10 analyzed genes. The 
CASP8AP2 gene, which had not been 
recognized by GeneMANIA®, was 
recognized by Ingenuity® and was 
shown to be directly interacting with 
CASP8 from ALPS in the nucleus. 
Moreover, we could observe where 
the proteins interact within a cell. 
FASLG is found in the extracellular 
space, NRAS and FAS are found in 
the cell membrane, NOD2, PRKCD 
and CASP10 are in the cytoplasm 
and MEFV, CASP8 and CASP8AP2 
are inside the nucleus. Mutations in 
genes with nuclear functions can be 
associated with gene transcription 

and DNA repair, both important processes in cellular function. 
All the genes from the reported case were part of the network 
of ALPS genes.

The protein with the largest amount of interactions was  
HNF4A, a candidate gene found in the nucleus, which reg-
ulates the expression of many hepatic genes.8 This gene is 
important for the development of the liver, kidneys, and intes-
tines. Some symptoms involving these organs were observed in 
the reported case and ALPS.

The protein coded by the gene CASP8 also had many inter-
actions (Figure 1).

4-1-2 Biological Pathways. GeneMANIA® showed 
that the three main biological pathways involving seed genes 
were the pathways involving I-kappa B kinase regulation and 
NF-kappaB signaling. The latter is critical for the immune re-
sponse to infections, and its faulty regulation can cause many 
autoimmune diseases. ⁹ Eight nodes in the network are impli-
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cated in these pathways: NOD2, CASP8, CASP10, PYCARD, 
FADD, FASLG, RIPK2, and CFLAR. Four of them are seed 
genes, three of them are implicated in ALPS, and one was 
found in the reported case (Figure 1).

According to Ingenuity®, the main biological pathway in-
volved with seed genes is the apoptosis signaling pathway. The 
protein FASLG receives a stimulus and activates the FAS re-
ceiver that in turn recruits the FADD adaptor. This adaptor, 
through DED (death effector domain), activates procaspase 
8. The DISC complex (death signaling inducing complex) 
is made up of the proteins FAS, FASLG, FADD and DED. 
FADD activates procaspase⁸, which activates CASP8, which is 
responsible for the cleavage of CASP3 (Appendix C). CASP8 
is part of a group of caspases called initiator caspases, which 
are responsible for initiating the apoptosis pathway. CASP3 is 
part of another group called executioner caspases, which are 
responsible for actualizing apoptosis. CASP8 interacts with 
CASP8AP2 in the nucleus, which points to a relationship be-
tween the reported case and ALPS.

We also used LEGO®, which prioritizes genes consider-
ing their proteins’ physical interactions and their role in the 
over-represented biological pathway. In this analysis, over-rep-
resented pathways included apoptosis and FAS signaling 
pathways. The most important genes in these pathways were 
CASP8, CASP10 and FASLG. These findings confirm the re-
sults obtained through GeneMANIA®, where CASP8 and 
CASP10 had the greatest amount of connections, and through 
Ingenuity®, which also found these three nodes in every 
over-represented biological pathway.

4-2 Phase 2 - novel gene candidates. As described 
in Methods, genes with mutations in the reported case were 
selected in different ways in the first and second phases of 
the investigation. At the end of the first investigation, after 
presenting our results to the attending physicians, we had ac-
cess to the original exome sequencing data and could make a 
more exact selection of the genes with mutations involved in 
this case, which included the following genes: NOD2, MEFV, 
LIG1, AK2, IFNGR2, CFHR5, UNC13D, CD19, CASP10, 
DNASE1L3, C8A, MEFV, DCLRE1C, DDX58, TTC37, 
CFH, MSH6, CD3G, NLRP12, VPREB1, TLR3, IL17RA, 
SLC29A3, DOCK8, APOL1, FPR1 and ITGB2 (Appendix 
C).  Thus, in the second investigation, based on the additional 
information obtained in the first investigation, we could use 
Cytoscape®, a more complex platform than the previously 
used ones. This platform generated three different networks. 
The first one had genes implicated in the reported case; the 
second one only had genes implicated in ALPS; and the third 
had genes from both conditions.

This analysis aimed to observe the mechanisms of both con-
ditions in different systems to further support the hypothesis 
of a connection between the genes and the Inflammasome 
complex.

Below are the results of the described networks:
4-2-1 Network 1 = genes only implicated in the re-
ported case. 

i. GeneMANIA®: The network showed a total of 46 genes, 
of which 26 were seed genes and 20 candidate genes. The 
three candidate genes with the greatest score of similarity 
with the network were APOL2, DCLRE1B, and DCLRE1A, 
respectively (Figure 3).
ii. CentiScaPe®: Based on the parameters described in 
Methods, the main nodes in the network were LIG1 (high-
est bridging), AK2 (second highest bridging), SELL (highest 
betweenness and highest degree), MNDA (second highest de-
gree), and C1R (second highest betweenness).
iii. MCode®: The network was divided into three different 
clusters. The first cluster, with 12 nodes and 88 interactions, 
presented a score of 10,364, and its main biological path-
way was inflammatory response; the second cluster, with 11 
nodes and 31 interactions, presented a score of 3.6, and its 
main biological pathway was complement activation; and 
the third pathway, with 3 nodes and 4 interactions, present-
ed a score of 3, and its main biological pathway was positive 
regulation of cytokine production. A high score means the 
cluster is highly interconnected.
4-2-2 Network 2 = genes implicated in ALPS.
i. GeneMANIA®: The network showed 27 genes, of which 7 

were seed genes and 20 candidate genes. Among the candidate 
genes, the ones with the highest scores were FADD, CFLAR 
and FAIM2.

ii. CentiScaPe®: The main genes in the network were FAS 
(highest betweenness and highest degree), KRAS (second high-
est betweenness), CASP8 (second highest degree), PTPN22 
(highest bridging), and PRKCD (second highest bridging).

iii. MCode®: The network was divided into 2 clusters. The 
first cluster showed 9 nodes and 61 interactions, a score of 7 
and its main biological pathway was extrinsic apoptosis signal-
ing; the second cluster showed 7 nodes and 10 interactions, a 
score of 2,667 and its main biological pathway was humoral 
immune response.

The following discussion is based on a comparison of the 
protein-protein interaction network analysis with the current 
literature.

Based on our findings from the first investigation we sug-
gested the hypothesis that the studied case was part of the 
ALPS spectrum. Our second investigation, which utilized 
different databases, confirmed the initial hypothesis and sug-
gested new hypotheses to be examined.

In network 1, which included genes from the reported case, 
the main function within the network of the genes with high-
est bridging (LIG1 and AK2) is to connect MSH6 to the rest 
of the network. MSH6 is responsible for DNA repair and has 
been implicated in some autoimmune diseases such as auto-
immune inflammatory myopathy . ¹⁰ LIG1 has been associated 
with DNA replication and recombination, and AK2 is respon-
sible for a type of adenylyl cyclase (an enzyme responsible for 
transforming ATP into AMP) implicated in cellular apoptosis. 
As bridging measures the degree of a gene’s first neighbors, 
MSH6 gene possibly has a central role in the network.

In network 2, which only included genes implicated in 
ALPS, FADD was shown to be a candidate gene for the net-
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work with a score of 13.01. This high value shows the node is 
very important for the network, even though it is not a seed 
gene. FADD has been implicated in some ALPS mechanisms, 
but so far it has not been considered a possible candidate gene 
for the syndrome. This finding suggests FADD is a candidate 
gene for ALPS. However, additional studies are needed to 
confirm this hypothesis.

ASC adaptor, which is essential for the activation of the In-
flammasome and tissue homeostasis, has proved to be relevant 
to the development of autoimmune diseases. In some cells 
where the Inflammasome has been activated, ASC accumu-
lates in the extracellular space maintaining its ability to control 

pro-IL-1ß production and prolonging inflammation. There 
are records in the literature implicating extracellular ASC in 
different chronic auto-inflammatory diseases. Although it is 
still being developed, an anti-ASC treatment has successfully 
reduced the activation of caspase-1 and IL-1ß in a significant 
number of cases. 11

In network 3, we observed that CASP8 and CASP10, whose 
roles are clearly related to cellular apoptosis, interacted in the 
same network as NOD2, MEFV, and NLRP12, whose func-
tions are essential to innate immunity. CFLAR was among the 
main genes of network 2. CFLAR has a major role in cellu-
lar apoptosis and was shown to be co-expressed with NOD2, 

Figure 3. Network 1 generated by GeneMANIA® with information from CentiScaPe® through 
the Cytoscape® platform.

ijhighschoolresearch.org
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one of the main receptors of the Inflammasome and innate 
immunity. PROKR1 is implicated in inflammation; however, 
it showed the second highest bridging of network 3, where 
it connected CASP8 and MEFV. The DDX58 gene was ob-
served to be in the same protein domain as MEFV, NOD2, 
and NLRP12, and interacted physically and directly with the 
CASP8 gene.

Conclusion. Our investigation showed that the studied 
case is part of the ALPS spectrum. This finding gives new in-
sight into the set of available information about this poorly 
understood disease and about autoimmune diseases in general. 
Furthermore, we observed that FADD is part of the ALPS 
spectrum, being a candidate gene for the disease.

Before our investigation, the reported case had been asso-
ciated with adaptive immunity only. However, we found that, 
besides adaptive immunity, it is also involved in innate immu-
nity mechanisms. Since the case is part of the ALPS spectrum, 
the syndrome is very likely associated with innate immunity 
mechanisms, which has never been suggested in the literature.

The hypothesis of the involvement of innate immunity in 
ALPS was set forward in the main proposal of the project: 
Implication of the Inflammasome Protein Complex in the 
Autoimmune Lymphoproliferative Syndrome since the In-
flammasome is part of the innate immunity. Our findings 
support this hypothesis and provide additional information on 
the subject such as the inclusion of NLRP12 Inflammasome in 
the known spectrum, previously limited only to NLRP3.

Regarding treatment approaches for the reported case and 
ALPS, two new fronts have emerged:

i. Given the involvement of the ASC adaptor in the Inflam-
masome, extracellular ASC deficiency becomes a potential 
candidate for a causative mechanism of ALPS. Likewise, the 
treatment of this deficiency, which is still under development 
and aims at the reduction of the activation of caspase-1 and 
IL-1ß, also becomes a candidate treatment for ALPS.

ii. Another treatment, also under development, aims to 
reduce the excessive activity of the NLRP3 Inflammasome. 
This reduction could be achieved through the POP1 protein, 

Figure 4. Network 3 generated by GeneMANIA® with information from CentiScaPe® through the Cytoscape® platform.
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capable of reducing the Inflammasome activity without inhib-
iting it.12 This treatment is being developed for the NLRP3, 
a variation of the Inflammasome that is being studied by us; 
therefore, it has potential to be adapted to the NLRP12. There 
is still a need to develop effective treatments for ALPS with 
less severe side effects. The association found in this project 
with the NLRP12 opens new treatment fronts for this ex-
tremely serious disease.

As previously discussed, some proteins that are highly inter-
twined with the body’s innate immunity mechanisms appear 
with the same neighbors as proteins that are essential to cel-
lular apoptosis. This fact reinforces the likelihood of a close 
relationship between innate immunity and cellular apopto-
sis—two major factors implicated in the risk of developing 
autoimmune diseases. As we improve our knowledge concern-
ing the relationship between these two factors, we come closer 
to better understanding each one of them. Thus, understand-
ing the relationship between innate immunity and cellular 
apoptosis might contribute to the knowledge concerning au-
toimmune diseases, and might improve the quality of life of at 
least 50 million people who suffer from autoimmune diseases 
worldwide (AARDA).

Experimental Methods. This project was developed using 
a systems biology approach, which examines the interaction 
between biological systems and their components in order to 
understand the function of certain molecules in their systems, 
and the function of certain systems in their organisms.

The main concepts of systems biology include: i) network 
– a group of elements that interact with each other by means 
of pair interactions; ii) nodes – the genes (proteins) connected 
with each other by edges; and iii) edges – known interactions 
between two elements. The distribution of interactions fol-
lows specific graph-theory laws, where most proteins have few 
interactions, and few proteins have hundreds of interactions. 
Another important characteristic of biological networks is 
their high level of clustering. Clusters are groups of genes that 
have common biological function and are more connected to 
each other than to other genes of the network.

In order to understand the function of an individual node, 
it is essential to use tools for visualization and analysis of the 
network’s topological parameters. These tools include cluster-
ing 13 and network centralities. 14 Centralities are topological 
parameters that identify nodes with relevant positions in the 
network’s global architecture.

First, we selected the genes for analysis in different com-
puting platforms. This selection was made in several ways.  
ALPS genes were selected based on information from the US 
National Library of Medicine National Institute of Health – 
PUBMED. The list of genes implicated in the studied case in 
the first part of the investigation was compiled by the phy-
sicians involved in the patient’s care. For the second part of 
the investigation, the genes were selected by the first author 
through direct observation of the exome sequencing data from 
the patient based on the following criteria: i) rare mutations; ii) 
non-synonymous mutations; iii) mutations located in regions 
of splicing sites; and iv) mutations predicted as deleterious to 

the proteins’ functions in at least one of the databases. We used 
the following databases: ExAC6500 15, PolyPhen-2 16, SIFT 17, 
and LRT.18 Thus, we made a second list including the genes 
with mutations considered deleterious.

The lists of selected genes were analyzed by four computing 
platforms: GeneMANIA®, Ingenuity®, LEGO® and Cytos-
cape®. The first three platforms were used in the first part of 
the investigation and the fourth was used in the second part of 
the investigation.

We will now present the different platforms used in this 
project. The utilization of more than one database ensured 
the validity of the results, as each platform uses a different da-
tabase and has specific and novel criteria for gene selection, 
interactions, and biological pathways.

6-1 GeneMANIA®.1⁹ The platform GeneMANIA® (http://
www.genemania.org) is a web interface that can generate hy-
potheses about gene functions, analyze gene lists and prioritize 
them by functions. Given a gene list, the platform presents 
their interactions and predicts new genes with similar func-
tions using the genomics and proteomics data available. The 
program identifies the genes with the largest number of inter-
actions in a group of genes using an extensive database with 
information about networks of functional interaction of many 
organisms. 19 GeneMANIA® uses public data including co-ex-
pression data from Gene Expression Omnibus (GEO) (1); physical 
and genetic interaction data from BioGRID (2); predicted protein 
interaction data based on orthology from I2D (3);  pathway and 
molecular interaction data from Pathway Commons, which con-
tains data from BioGRID; Memorial Sloan-Kettering Cancer 
Center, Human Protein Reference Database (4), HumanCyc 
(5), Systems Biology Center New York, IntAct (6), MINT (7), 
NCI-Nature Pathway Interaction Database (8) and Reactome 
(9). The platform also uses the Fischer’s exact test; the P-value, 
which is the significance value that indicates the probability of 
the existence of an over-represented biological pathway asso-
ciated with the genes that are being tested; and a multiple test 
comparison correction known as FDR (Benjamini-Hochberg).

6-2 Ingenuity®. Ingenuity® database utilizes an algorithm 
that identifies the relationship between genes, the regulation 
of cellular processes, cellular mechanisms, and functions. Inge-
nuity® is made up of many modules. For this study, we selected 
the canonical analysis module for biological processes (IPA).

We identified the most significant biological pathways of 
IPA database for the gene list. The level of significance be-
tween genes and biological pathways was measured in three 
different ways: i) through the division of the total number of 
genes related to a certain pathway (according to IPA database) 
by the number of genes in the network related to this pathway; 
ii) using Fischer’s exact test; and iii) through the FDR test.

6-3 Lego ® 20. LEGO® (Functional Link Enrichment of 
Gene Ontology or gene sets) is an algorithm that considers 
not only the biological pathway over-representation analysis 
(ORA) of a group of genes, but also the protein-protein in-
teractions within this group to prioritize the genes and the 
over-represented biological pathways.
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The algorithm puts together both analyses (biological path-
ways and interactions between genes) to carry out a more 
complete analysis. LEGO® uses the MsigDB (molecular sig-
natures database (http://www.broadinstitute.org/gsea/msigdb/
index.jsp.), which is composed of 7 other extensive databases: 
chemical and genetic disorders, canonical processes (Biocarta 
gene sets, KEGG gene sets, Reactome gene sets), gene expression 
regulators (microRNA targets, transcription factor targets), com-
putational gene list (cancer gene, cancer modules), gene ontology 
(BP, MF, CC), cancer, and immunologic-related processes. The 
program also uses Fischer’s exact test and the FDR test.

6-4 Cytoscape ® 2¹. Cytoscape® is a free access platform 
used to visualize molecular interaction pathways and biologi-
cal pathways, and to put these networks together with notes, 
gene expression profiles and other data. Through the platform, 
it is possible to use many different apps, developed by different 
institutions. Among those apps, we used:

6-4-1 GeneMania®. GeneMANIA® was used as a web in-
terface in the first part of the investigation, and as an app for 
the Cytoscape® platform in the second part.

6-4-2 CentiScaPe® 22. CentiScaPe® identifies the most 
important genes in a protein-protein interaction network by 
calculating topologic parameters for each gene (protein). Here 
are some important concepts of the analysis through Centi-
ScaPe®: i) the interaction between two nodes (genes) is always 
the shortest path between them; and ii) the higher a node’s 
value, the closer it is to other nodes.

Although the app uses many different parameters to prior-
itize the nodes of a network, in this part of the study we used 
the three specific parameters that were considered to be the 
most relevant for the prioritization of nodes associated with 
complex diseases. 23, 24 We used the following parameters:

iii. Degree: an index that corresponds to the number of nodes 
adjacent to a node, i.e., the number of connections of a certain 
node.

iv. Betweenness: the amount of connections between pairs 
of nodes that pass through a certain node, which means that 
a node with a high betweenness is crucial to maintaining many 
interactions between pairs of nodes in a network. Genes with 
high betweenness are called bottleneck genes.

v. Bridging: the bridging value corresponds to the product 
of the bridging coefficient and the betweenness centrality, which 
means that a node with high bridging has highly connected 
first neighbors and at the same time is crucial to maintaining 
many connections between pairs of nodes. Genes with high 
bridging usually have few interactions, yet extremely significant 
ones.

6-4-3 MCode®. MCode® divides the genes of a network 
into clusters based on topology, to identify highly connected 
regions, usually implicated in the same cellular function.
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Introduction. Agro-waste is defined as waste that is pro-
duced from various agriculture activities that includes different 
parts of plants that are usually considered useless and are ulti-
mately discarded.1 The agro-waste of grape farms and related 
industries includes grape leaves and the pomace. Several reports 
have documented the beneficial use of grape waste produced 
from wine and juice production. During wine production, ap-
proximately 25% of the grape weight results in by-product/
waste, termed ‘pomace’, which is comprised of skins and seeds.2 
Various applications for grape pomace have been reported in-
cluding functional food production, biosurfactants, cosmetics, 
pharmaceuticals, supplements, gold nanoparticles, dye remov-
al and as an effective adsorbent for Cr(VI).2,3,⁴,⁵,⁶ Meanwhile, 
very limited work has been done to investigate the potential 
use of the other components of grape farm waste including 
grape leaves.

Deciduous plants are those plants that lose their leaves at 
certain times of the year in a process called abscission. These 
plants include trees, perennial herbs, and shrubs. Huge quan-
tities of leaf biomass fall to the ground every year and help to 
recycle natural carbon, nitrogen, phosphorous, sulfur and sev-
eral other mineral nutrients of the soil when decayed. Plant 
leaves contain many derivatives of the four major biological 
molecules in their cellular structure. Among the four major 
biological molecules, the derivatives of polysaccharides called 
cellulose are considered the most abundant biological molecule 
on earth.

Cotton produced by plants of the genus Gossypium is pro-
duced as a seed hair or white fibrous pulp composed largely 
of cellulose and other non-cellulosic materials. Cellulose is a 
complex molecule of glucose polymers linked by glycosidic co-
valent bonds. It has very important mechanical and physical 
properties that lead to greater resistance to chemical effects 
when compared with other polysaccharides. Cotton is consid-
ered the most important fibrous material used in the textile 
industry. However, due to shortages in cotton production and 

many other economical and agricultural reasons, the industry 
began to replace cotton with crude oil derivatives and poly-
mers.7 Recently, the fluctuating and increasing crude oil prices, 
political issues, and oil shortages related to their unrenewable 
nature has led researchers to find other alternatives that are 
ecofriendly, renewable, as well as degradable to substitute for 
crude oil textile polymers and the shortage in the natural cot-
ton supplies., The folk application of fallen grape leaves, treated 
or untreated, as bio-fertilizer is already known, while other ap-
plications have been rarely reported.  Therefore, the aims of this 
project were to recycle fallen grape leaves and to evaluate their 
potential as a source of cotton fiber using a simple and cheap 
approach. Furthermore, we will evaluate grape biomass as a soil 
amendment to support the growth of plants.

These include functional foods, biosurfactants, cosmetics, 
pharmaceuticals, supplements, production of gold nanoparti-
cles, adsorbent for Cr(VI) and dye removal. 2,3,⁴,⁵ The potential 
of grape leaves as agro-waste has been poorly studied. In 2013 
and 2016, respectively reported grape leaves as a rich source of 
phenolics compounds and resveratrol as an important stilbene 
that benefits human health.8,9 However, the idea of extracting 
cellulosic fibers and cotton fibers from the dry grape leaves was 
never reported.

Results and Discussion. Cotton fibers from fallen grape 
leaves were successfully prepared through a simple and cheap 
procedure as illustrated in the experimental methodology. Fig-
ure 1 shows the biomass of the prepared white cotton fibers 
from dry grape leaves. However, the utilization of grape winery 
waste known as pomace (grape waste comprised of skins and 
seeds) in a vast array of applications has been previously re-
ported. 2

The resulting cotton fibers obtained from the dry grape leaves 
were further characterized and compared with normal cotton 
using thermal gravimetric analysis (TGA) and differential 
scanning calorimetry (DSC). The results of thermal analysis 
appear in Figure 2 and 3 as a comparison between grape cotton 
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ABSTRACT: We prepared fibers from an alternative source, dry grape leaves, using a simple and low-cost procedure. The 
thermal analysis of the prepared fibers obtained from dry grape leaves using thermal gravimetric analysis (TGA) and differential 
scanning calorimetry (DSC) shows similar characteristics to that of standard cotton. Furthermore, chemical analysis of the re-
maining grape leaves’ biomass after cotton fiber preparation indicated its potential use as biofertilizer.
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(Figure 2) and natural cotton (Figure 3) and shows that they 
have the same characteristics.

Differential scanning calorimetry, or DSC, is a thermos-an-
alytical technique in which the difference in the amount of 
heat required to increase the temperature of a sample and a 
reference is measured as a function of temperature. When 
test grape cotton was compared with normal cotton using 
differential scanning calorimetry, or DSC, the results (Figure 
4) showed that, the sample (grape cotton) and the reference 
(standard cotton) were maintained at nearly the same tempera-

ture throughout the experiment. As a result, our product (grape 
cotton) as analyzed by TGA and DSC tests appears to have the 
same physical and chemical properties.

Furthermore, the resulting biomass after grape cotton prepa-
ration as well as the huge biomass of the fallen grape leaves 
seems to be interesting agro-waste product. The chemical anal-
ysis shown in Table 1 indicated the usefulness of the remaining 
biomass of the dry grape (Figure 5) leaves after fiber prepara-
tion as potential fertilizer. The chemical analysis results showed 
that several mineral salts as well as potassium, phosphorus and 
nitrogen are present in considerable amounts. The presence of 
such nutritional minerals in grape leaves makes them a poten-
tial organic ecofriendly amendment to the soil to support the 
growth of several cultivated crops.   

Experimental Methods. The fallen grape leaves were col-
lected in the months of October and November. Grape cotton 
was prepared as follows: approximately 200 g of dry grape 
leaves were collected and ground using an electrical grinder. 
The ground grape leaf biomass was then sieved using a soft 
strainer to separate the fibers from the rest of biomass. A total 

Figure 2. TGA analysis of grape cotton.

Figure 3. TGA Analysis of natural cotton.

Figure 4. (DSC) - For grapes cotton.

Figure 5. Grape leaves material remaining after fiber 
preparation.

Figure 1. White biomass of cotton fibers prepared from dry grape leaves.
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of 100 mL sodium hypochlorite (6% - 6.25%) were added to 
the fibers prepared from the dry grape leaves. The fibers were 
washed two times with 200 mL water to remove the sodium 
hypochlorite. Finally, samples of the washed cotton fibers 
prepared from the grape leaves were subjected to thermal grav-
imetric analysis (TGA) and differential scanning calorimetry 
(DSC). The TGA and DSC analyses were performed in the 
laboratories of the National Center for Agricultural Research 
and Extension (NCARE), Alraba, Jordan.  In addition, the 
remaining grape leaves biomass after fiber preparation was 
evaluated as a potential organic fertilizer through an NPK and 
other minerals analyses. The NPK analysis was performed in 
the laboratories of the National Center for Agricultural Re-
search and Extension (NCARE), Alraba, Jordan.1⁰

TGA is a thermal analysis method in which the mass of a 
sample is measured over time as the temperature changes. This 
measurement provides information about physical phenomena, 
such as phase transitions, absorption and desorption; as well 
as chemical phenomena including chemisorption, thermal de-
composition, and oxidation or reduction.

Conclusion. The present work reported the use of the dry 
grape leaves as a source of cotton fibers and as organic fertilizer. 
The results revealed that the thermal characteristics of the pre-
pared grape leaf cotton was similar to the thermal properties 
of the standard cotton. In addition, the chemical composition 
of the leftover grape leaf biomass after preparation of cotton 
fibers can be used as an ecofriendly fertilizer to support the 
growth and production of cultivated crops as well as be used 
for filtration, production of different textiles, and for natural 
industries. 
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Less light, more growth? Effects of the abscemce of light on 
roots of in vitro of Catasetum fimbriatum (Orchidaceae)
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ABSTRACT: Due to the beauty of their flowers, orchids are extremely valued and commercialized. However, under natural 
conditions, the chances of reproduction are low. Thus, in vitro cultivation becomes an excellent option for rapid proliferation and 
for obtaining numerous plants with high genetic and phytosanitary quality. Among the many factors utilized to increase the effi-
ciency and speed of production of these plants is the addition of activated carbon, which has been used due to its positive influence 
on the height and rooting in some species. The objective of this work was to find a way to improve the in vitro development of 
Catasetum fimbriatum in a simpler and cheaper way, without the use of activated carbon. My hypothesis is that the effect of light 
deprivation on the roots of the orchid could result in a development equivalent to that of the plant whose culture medium has 
activated charcoal, since I believe the growth of the orchid is not helped by the charcoal itself, but by the darkness it provides to 
the plant. Specimens of Catasetum fimbriatum were used as study material. The plants were studied in three groups, the first one 
(control) in conventional culture medium, the second with addition of activated carbon and the third with light deprivation in or-
chid roots. After three months, the specimens were evaluated according to the largest length of the root, length of the largest leaf, 
shoot fresh mass and root fresh weight. I found significant variations (p <0.05) in the different groups, and the one with greatest 
relevance (statistical significance) was the length of the largest root between group 1 (activated charcoal) and 2 (deprivation of 
light), which showed longer roots. We can conclude that light deprivation would be a good alternative to activated charcoal, since 
a longer root length may favor the rooting of the plant when transferred to the growth vessel, although the root length of the plant 
may also depend on the presence of phenols. Other studies should be performed to clarify the nutritional influence of activated 
carbon on the in vitro culture of Catasetum fimbriatum.

KEYWORDS: Orchids; Catasetum fimbriatum; Activated charcoal; In vitro culture 

Introduction. Due to the beauty of its flowers, plants of 
the Orchidaceae family are extremely valued and commer-
cialized. Orchidaceae comprises about 7% of all angiosperms, 
being considered one of the largest families of this group and 
presenting about 850 genera and 20,000 species distributed 
throughout the world. Moreover, its greatest diversity is found 
in the tropics. In Brazil alone, there are about 2,300 species 
distributed in 191 genera.1

Among these genera, Catasetum, from the subfamily Epi-
dendroideae,2 stands out due to its sexual dimorphism and 
a complex mechanism for pollination.3 They are distributed 
throughout the Americas, especially in the tropical zone. The 
species Catasetum fimbriatum occurs only in South America, 
mainly in Brazil, Bolivia, Venezuela, and Argentina.4

Given the economic potential in their exploration, orchids 
have been extricated from their natural habitats. In addition, 
the advancement of agriculture has altered the ecosystems 
where they occur, further hindering their survival and repro-
duction.

Under natural conditions, many angiosperms depend on the 
dissemination of seeds and require the association with mycor-
rhizal fungi for germination, consequently decreasing chances 
of success in multiplication.⁵ Thus, in vitro techniques have 

proven to be a reasonable alternative for the propagation of or-
chids, since the plants stop depending on the presence of fungi 
and exhibit faster proliferation, making it possible to obtain a 
large number of plants with a high genetic and phytosanitary 
quality.⁶

In vitro culture demands, for different species of Orchi-
daceae, specific culture media often modified with complex 
additives in order to provide the most favorable conditions of 
growth.⁷,⁸ Activated charcoal is traditionally exploited to in-
crease the efficiency and growth speed of in vitro cultures.⁹ 
The use of charcoal may be beneficial to in vitro cultures of 
orchids due to its influence on the height and rooting of some 
species.⁵,1⁰

However, the real cause of the benefits of the addition of 
charcoal to the culture medium remains unclear. Such effects 
have been attributed to the formation of a dark environment 
in the medium or to the adsorption of substances such as phe-
nols, ethylene, growth regulators, vitamins and other organic 
compounds.11

According to Pan and Staden11, a problem frequently en-
countered during the early stages of in vitro culture is the 
eventual tissue death due to excessive production of polyphe-
nols, possibly triggering defense reactions. Polyphenols often 

 ijhighschoolresearch.org



 15 DOI: here
  Reference here

have the connotation as being inhibitory substances that should 
be avoided or eliminated from in vitro environments. Although 
there are several methods of preventing the accumulation of 
such compounds, incorporation of charcoal or polyvinylpyrro-
lidone into crops can prevent phenolic adsorption and render 
polyphenol oxidase and peroxidase inactive.11

Auxins and cytokinins are plant growth regulators frequently 
used in in vitro cultures, and their concentrations and combi-
nations in the culture medium is generally an important factor 
that determines successful plant regeneration. The use of acti-
vated charcoal for the adsorption of toxic plant metabolites is 
known. Activated charcoal is able to adsorb high concentra-
tions of some growth regulators in liquid and solid media.1⁰

Pan and Staden11 also suggest that it is possible for activated 
charcoal to excrete growth promoting substances, but they do 
point out that it requires more studies

According to Moraes and colleages12, activated charcoal has 
been used to stimulate rooting because of its high capacity 
to exclude light from the culture medium and to reduce crop 
oxidation by the presence of phenols produced by the tissues 
themselves.

In addition, according to the theory of positive and negative 
phototropism, the aerial part of the plant grows toward the light 
and the root develops in the opposite direction. Therefore, the 
objective of the study was to verify if the effect of light depri-
vation on the in vitro culture of Catasetum fimbriatum could 
result in an equivalent development to that of plants growing 
on culture medium with activated charcoal. Accordingly, we 
believed the factor that would aid in orchid growth would not 
be the charcoal itself, but the darkness it provides to the plant.

Results and Discussion. After three months of in vitro 
culture, all the plants were analyzed (Fig. 4) and the measure-
ments were taken (Table 1).

The mean of the shoot fresh mass of the control group was 
significantly smaller than that of the experimental group 1. The 
mean of the root fresh mass of the experimental group 2 was 
significantly heavier than that of the control group, although 
experimental group 2 showed significantly longer root length 
mean compared to experimental group 1 (Table 2).

Conclusion. Based on the observed results, we can con-
clude that, depending on the objective of the producers, light 
deprivation would be a good alternative as a substitute for acti-
vated charcoal, since a longer root length may favor the rooting 
of the plant when transferred to a vessel, although the root 
length of the plant may also depend on the presence of phenols. 
Despite all this, the presented information is useful to guide 
further studies on this subject.

Methods. The experiment was carried out at the Biotech-
nology Laboratory of the Dante Alighieri School (São Paulo, 
Brazil). The species used as study material was Catasetum fim-
briatum (Orchidaceae).

The nodal segments of an etiolated plant were used for mi-
cropropagation and inoculated in 22 mm x 200 
mm test tubes containing 20 mL of the culture 
medium Universidade de São Paulo (USP) (Fig. 
1).13 The culture medium pH was adjusted to 
5.8 ± 0.1 before autoclaving.

The specimens were separated into three experimental 
groups: control group with culture medium without activated 
charcoal in test tubes without any cover; experimental group 

Figure 4. Examples of some individuals for three groups of 
plants after growth. The shoots and the roots for each plant 

were detached to  proceed with the measurements. 

Figure 1. Nodal segments being inoculated in 
the culture medium by the author. 

Table 1. Mean values for the largest leaf length, largest root 
length, shoot fresh weight and root fresh mass of Catase-
tum fimbriatum individuals after 112 days of cultivation, in 
the three experimental groups. Means in bold were signifi-
cantly different (p<0,05) from means of the control group.

Table 2. Results of the ANOVA for the means of the largest 
leaf length, largest root length, shoot fresh mass and 

root fresh mass of individuals in Catasetum fimbriatum 
(a=0.05).
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1 with activated charcoal added to the culture medium (5.0 
g/L) in test tubes without any cover; and experimental group 2, 
with culture medium without activated charcoal and test tube 
wrapped with aluminum foil at the bottom, in order to seal the 
plant root of light. A layer of pre-autoclaved black glass beads 
was added in all experimental groups to block light from above 
(Fig. 2).

Each experimental group consisted of 20 tubes with a nodal 
segment, totaling 60 individuals. 

The test tubes were kept in a growth room for 112 days at a 
temperature of 22 ± 3 °C, photoperiod of 12 hours and a light 
intensity of 1300 lux. The analyzed variables were: root length, 
leaf length (one per plant), shoot fresh mass and roots fresh 
mass (Fig. 3).

The measurement means of each of the groups were com-
pared in a one-way ANOVA test, with a significance level of 
5%, after being submitted to the Doornik-Hansen normality 
test.
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Figure 3. Illustration of how the measurements were taken.

Figure 2. Scheme of test tubes for the three experimental 
groups.
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Introduction. In 2014, global CO2  emissions from indus-
trial processes were around 37.5 x 109 tons; 2.25 x 109  tons of 
which were from cement production.5 Half of these emissions 
were due to the burning of fossil fuels, while the other half is 
accounted for by the calcination process.6 During the calci-
nation process, limestone used in cement is heated, and the 
carbon present in the rock is released and oxidized to form 
CO2 and quicklime:

While there are some existing solutions to this problem, 
none of them are comfortable conservation solutions. The term 
“comfortable conservation” is used to classify a type of solu-
tion that accomplishes the set goal without disturbing daily 
life, oftentimes even improving it. The method most often 
discussed involves blending other materials with limestone to 
reduce emissions from the limestone itself. This technique is 
called blended cement. Blended cement involves replacing a 
percentage of the limestone primarily with fly ash. Fly ash is 
produced when coal is heated to temperatures as high as 2800 
degrees Fahrenheit.7 In this way, fossil fuels must be burned to 
produce the fly ash. This method, however, does cost less than 
normal Portland cement.

Portland cement costs vary from around $50 to $75 per ton, 
while fly ash prices range from $15 to $40 per ton.⁸ Unlike 
Portland cement, a major portion of the cost of fly ash is in 
transportation, as is demonstrated by the increased cost for fly 
ash in remote locations. The use of fly ash, however, is probably 
not a solution to decreasing carbon emissions. This technology 
has been around for years, but because of the transportation 

and the decrease in strength of the cement, many companies 
prefer to use limestone.9 

Basalt and Portland Cement Chemical Composi-
tion. Basalt is a fine grained, igneous rock composed mostly of 
plagioclase and pyroxene minerals. Plagioclase is a term used 
to classify a group of minerals that are homogeneous mixtures 
of albite and anorthite. In addition, basalt also contains high 
levels of magnesium, silica, and iron.10 Unlike the limestone 
used in cement, there is no exact chemical formula for the com-
position of basalt.

Portland cement is essentially composed of crushed and 
heated limestone. Limestone is chemically represented as 
CaCO₃. Lime (CaO) is derived from the limestone, and often-
times silica, iron, and magnesium are added depending on the 
desired strength and composition. Calcium oxide is the largest 
component of cement, accounting for an average of 63.81% of 
its composition.11

In order to significantly reduce the emissions from calcina-
tion, basalt would be an ideal replacement for carbon-emitting 
limestone. Components of basalt such as iron, magnesium, and 
silica are all normally found in cement, but the lack of cal-
cium carbonate makes it an appropriate substitute. Since all 
of the essential components to cement are present in this one 
igneous rock, only a small percentage of lime would be needed. 
However, about 50% of basalt is silica, which is often added to 
Portland cement to strengthen the mixture.12 Since there is a 
lack of calcium carbonate in basalt, no carbon dioxide can be 
produced from its heating. However, supplemental lime would 
be needed to strengthen the cement.

The Production of Portland Cement. The process of 
cement production, demonstrated in figure 1 below, begins 
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Figure 3. Relationship between the percentage 
of calcium oxide and the Pascals required to 

break the cement.

with the extraction of limestone. The proposed solution would 
start with basalt instead. Once the natural rocks or minerals are 
extracted, they are sent to a production facility where they are 
crushed through a milling process and stored in large cham-
bers called silos. This fine powder, known as raw meal, is then 
preheated and sent to a kiln. The kiln is heated between 950-
1500 degrees Celsius. Chemical reactions take place during 
the heating process to form cement clinker. After being pro-
cessed at such high temperatures, the initial oxides (CaO, 
SiO₂, Al₂O3, and Fe₂O3), then present in the form of miner-
al oxides: alite (3CaO•SiO₂, C3S), belite (2CaO•SiO₂, C₂S), 
celite (3CaO•Al₂O3, C3A), and felite (4CaO•Al₂O•Fe₂O3, 
C4AF).1³ The kiln itself is angled at 3 degrees allowing the 
clinker to pass through. Upon exiting, the clinker is cooled and 
then ground again to produce cement. A small amount of gyp-
sum is usually added, which determines how the cement will 
set.1⁴ Without the addition of gypsum, C3A will react quickly 
with water, resulting in the flash setting of concrete. Finally, the 
cement is packaged and transported to the desired locations.1⁵

Hydration. These reactions are exothermic, and therefore 
generate heat.1⁶ During cement production, sources of calcium 
oxide and silica are finely ground, mixed, and pyro processed, or 
subjected to high temperatures. During this step, calcium oxide 
and silica react to form dicalcium silicate.1⁷ However, not all of 
the calcium oxide is consumed in the reaction and reacts with 
the intermediate dicalcium silicate to form Tricalcium silicate, 
leaving excess calcium oxide. Oftentimes, there is again excess 
calcium oxide remaining in the cement clinker, known as “free 
lime”.1⁸ During hydration, water reacts with this free lime to 
form calcium hydroxide, a preliminary reaction of the hydra-
tion process:

In addition to the hydration of free lime C3S and C2S will 
also hydrate, producing the binding materials that give con-
crete its strength. 

When packaged, the Portland cement is anhydrous.1⁹ In or-
der to produce concrete, the Portland cement is mixed with 
sand, gravel and water. When mixed with water, a hydration 
reaction occurs involving multiple reactions, where the prod-
ucts of the intermediates bond to form a solid mass.

Results and Discussion. Table 1 contains each sample 
with according ratio, and the pressure required to break the 
cement. These findings are graphed in Figure 3, which demon-
strate the increase in strength with addition of lime. The dried 
cement samples, indented where the force probe was, are 
shown in Figure 4.

These results shown in both the table and graph 
demonstrate how the addition of lime strengthens 
the cement. However, after 25%, the samples re-
quire similar amounts of force to break, since basalt 
contributes an additional 10% CaO. If 25% of lime 
were used in the production of cement instead of 
the 60% found in Portland cement now, 3.9375 x 
10⁸ tons of carbon dioxide would be conserved, ac-
cording to the following calculation:

metric tons
Conclusion. In conclusion, replacing the ma-

jority of limestone in cement with basalt would be 

CaO H O Ca OH
2 2

( )

Figure 1. Cement production process.
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Table 1. Ratios tested and the according pascals required 
to break the cement.
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an ideal way to combat climate change. While the proposed 
solution would greatly reduce carbon emissions, there is an ur-
gent need for further research in this field. Basalt is currently 
used predominantly as an aggregate for construction projects, 
as well as cut into thin slabs for tiles and other stone objects, 
but so far has had limited use as the primary component of 
cement.2¹ Research should be conducted on the carbon seques-
tration properties of basalt, and how this could both positively 
and negatively affect the outcome. While climate change will 
continue to progress, the use of basalt in cement would make a 
contribution that might mitigate the effects of climate change 
in the long term.

Methods and Materials. In order to validate the usability 
of basalt as an alternative to limestone, multiple experiments 
were conducted to establish valid ratios of basalt to calcium 
oxide. The basalt and calcium oxide were ordered online, from 
Alibaba group and Carolina Biological Supplies Company re-
spectively. The goal of this experiment was to produce a strong 
cement with as little calcium oxide possible. To do so, five dif-
ferent ratios were tested, starting with 5% calcium oxide and 
increasing the amount by intervals of 5% until a suitable result 
was acquired. The water content was held at a constant 25% of 
the mixture, and the basalt changed according to the percent 
calcium oxide. Each sample was measured using a 1:1 ratio of 
grams to mL, the total amount being 100 per sample.

For the first sample, 5 grams of calcium oxide was weighed 
and then added to a plastic container. This was followed by 25 
mL of water, and 70g of basalt. The sample was then mixed 
with a metal stirrer and poured into half a petri dish. Imme-
diately after pouring, the samples were set aside to dry for 24 
hours. These steps were repeated for all the ratios, weighing all 
the components accordingly as laid out in the table below. The 
samples were all compared to Portland cement, which has 60% 
CaO. 1⁸

In order to test the strength of the cement, Vernier dual 
range force sensors were used to measure the amount of force 
required to break each sample. After the samples were dry, 
pressure was applied to each sample by the head of the sensor, 
recording the amount of force applied. Constant and increasing 
force was applied, and the force required to break the sample 
was recorded. This step was conducted for every single sample. 
In order to convert the force applied into Pascals to measure 

pressure, the measured newtons were divided by the area of the 
head of the sensor. This area was estimated to be about 4mm2.

The final amount of estimated carbon dioxide saved was 
calculated by dividing the original 2.25 x 10⁹ tons of carbon 
dioxide by 2, to find the amount of carbon dioxide released 
from the calcination process. Then, 35% of this value was found 
to be the amount of carbon dioxide saved. This value was calcu-
lated under the hypothesis that using only 25% calcium oxide 
would save 35% of the total carbon dioxide emissions due to 
calcination.
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Introduction. Schizophrenia is a debilitating and chronic 
mental disorder that results in a wide variety of symptoms in-
cluding hallucinations, delusions, and paranoia. It affects large 
numbers of people with a global prevalence rate of 1% and 
a rate of 1.2% in the US with 3.2 million Americans having 
the disorder.1 In addition to this, current treatment options 
for schizophrenia are insufficient with very unfavorable side 
effects.2 These issues stem from the overall lack of under-
standing concerning the causes of the disorder. Genes related 
to schizophrenia such as NRXN1 have been shown to influ-
ence neuronal migration as well as the other types of cells in 
the brain, but it is unknown how those changes relate to the 
disorder.3 In addition to NRXN1, many of the other potential 
genes associated with increased risk for schizophrenia require 
further functional studies to determine their specific relation 
to the disorder. The goals of this research were to investigate 
the changes in neuronal migration and cell type composition 
that occur in patients with schizophrenia harboring heterozy-
gous deletions in NRXN1, as well as investigate changes in the 
mRNA expression of NRXN1. This work may help determine 
what cellular phenotypes change and may provide more insight 
towards the actual causes of the disease.

Review of Literature. Past schizophrenia research has 
identified a set of specific changes that may be related to the 
development of the disorder. Previously established changes 
occur within the processes of neuronal migration4 and the ra-
tios of neurons to supporting cells.⁵ Both processes are altered 
in schizophrenic patients and may relate to the disorder.

Neuronal Migration and Glial Cells. Neuronal migration 
is a vital part of the development of the brain that contributes 
to growth and later function. Supporting cells such as astro-
cytes and oligodendrocytes greatly contribute to this process. 
As the brain develops, neurons can migrate radially or tangen-

tially to form the various structures in the brain. This process is 
vital for the proper functioning of the brain as it is the driving 
force behind early development and establishment of proper 
neuronal circuits.⁴,⁶ Previous animal studies have shown that 
neuronal migration is defective in models of schizophrenia, but 
the mechanism has not been identified yet.  The relationship 
between neuronal and supporting glial cells is further implicat-
ed as the genes related to these cells have altered expression in 
patients with schizophrenia compared to controls, which could 
contribute to differences in the ratios of each cell type in the 
brain.⁶

NRXN1 Gene. Deletions in NRXN1 have been shown to be 
associated with schizophrenia through a greatly increased rate 
of deletions in patient populations.⁷,⁸ Previous studies investi-
gated copy number variations (CNV) which are duplications or 
deletions over 100kb in the genome. Patients carrying CNVs 
in this gene have been shown to have a much higher risk for 
developing neurological disorders such as schizophrenia. This 
gene has a number of alternate splicing sites which allows the 
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ABSTRACT: Schizophrenia is a prevalent neuropsychiatric disorder with a high heritability rate. This heritability rate is at-
tributed to genetic risk factors. The most influential risk factor that has been identified so far is the gene NRXN1. Defects in this 
gene are found in much higher rates in schizophrenia patients, identifying it as a risk factor. The neurexin protein is involved in 
neurotransmission, cellular recognition, and neuron development. To investigate the effects of schizophrenia in neurons, cells were 
used from established schizophrenic lines. These cells were cultured into developed neurons and studied for neuronal migration, 
astrocyte ratios, and NRXN1 isoform expression. Gene expression was studied through RNA sequencing, and cells were imaged 
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expression was shown to be altered in schizophrenic lines as well. Observations of these specific functional changes offer more 
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Figure 1. A chart showing isoforms of the gene and their 
relative prevalences7. 
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gene to be expressed in different sequences called isoforms,⁹ 
and mouse studies have shown a very large number of NRXN1 
isoforms that are expressed normally. Figure 1 shows some of 
the possible configurations for the exons in NRXN1.

Some of these isoforms have already been identified in mice 
but many possible isoforms have not been identified in hu-
mans. In addition to this, past research has failed to compare 
the isoforms found in schizophrenia patients to those found 
in controls. Investigating a link between changes in isoform 
expression with neuronal migration and cell type composition 
may provide more information relating to the development of 
schizophrenia and new pathways to target for treatment.

Current issues with schizophrenia research are mostly due 
to the lack of information relating specific mechanical chang-
es and the psychological symptoms that occur in the disease. 
This result in difficulty creating new and effective treatment 
options for schizophrenia. This project investigated three phe-
notypic changes that occurred in patients exhibiting psychosis 
who harbor deletions in the gene NRXN1, using a variety of 
established cell lines side-by-side in comparisons. By looking 
at the functional changes that occur in these patient cell lines 
it may be possible to form a more complete view of the disease, 
possibly leading to new and effective methods of treatment and 
diagnosis.

The issues addressed in this study are: 
• The relationship between neuronal migration and patients 

with NRXN1 deletions has not been established.
• Imbalances in the ratios between neural and supporting 

cells are related to schizophrenia but the cause behind this 
relationship has not been identified. 

• The gene NRXN1 has multiple isoforms and the expres-
sion of these isoforms has not been studied in relation to 
schizophrenia. 

The goals of this study are:
• Investigate changes in neuronal migration that occur 

within patient versus control lines.
• Quantify the ratios of neural and supporting cells that are 

found in control and patient cell lines. 
• Identify various isoforms of NRXN1 found in patient ver-

sus control cell cultures. 

Results.
Neurosphere Assay. The measured neurospheres were 

processed using ImageJ and the resulting figures were analyzed 
using Excel and organized into data tables. The data set in-
cluded three patient lines (972, 973, 641) and two control lines 
(2607, 553) with twelve analyzed neurospheres from each line. 
Average neuronal migration increased from 114,700 square 
pixels in patient lines to 196,300 square pixels in control lines 
(p < .001) (Figure 5). This significant 71% increase indicates 
that neuronal migration is decreased in patient line neuro-
spheres. P values also reached significance when comparing cell 
lines directly instead of grouped as patients and controls show-
ing a stronger relationship between lines. There were a small 
number of discarded results due to abnormal growth, multiple 
neurosphere placement, and placement close to the plate wall. 
In addition, variance in neurosphere size may have been anoth-
er source of error. The method of statistical analysis used was a 
2-sample t-test.

Astrocyte Quantification. This experiment measured the 
percentage area covered by a thresholded stain of an astrocyte 
marker, a neuron marker, and a marker for all genetic material 
used for normalization. Measurements were normalized to the 
DAPI blue stain and subjected to a two-sample t- test. There 
was a significant difference in the astrocyte-neuron results for 
patient versus control lines. (p=.048). Normalization to DAPI 
blue ensures that the ratio is not influenced by the number 
of cells in the image, and each of the 32 slides were imaged 
in two separate areas to ensure accuracy. However, the actual 
difference in means was not extremely large with an average 
difference of -.39 ± .20 (Figure 6).

Isoform Identification. In this section of the exper-
iment we sequenced RNA from a number of cell lines 
and compared the data to a database sample taken from 
NCBI of Homo sapiens NRXN1 alpha (Accession number: 
NM_004801.) Snapgene was then used to align the se-
quences and identify exons missing from the sequenced 

Figure 6. Ratio data points in patients and control 
groups. 

Figure 5. Box-and-whisker chart showing reuronal migra-
tion data in square pixels. 
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samples. The sequencing process used multiple primers due to 
the length of RNA samples. Identified isoforms differed from 
the comparison sequence in numerous ways including dele-
tions of exon 2 and various other insertions. There were four 
separate isoforms that were identified with certain isoforms 
only appearing in the RNA samples taken from the patient 
cell cultures and not present in the control cultures, showing a 
change in genetic structure between the schizophrenia patients 
and healthy controls. Although the sample size is relatively 
small, these findings still contribute to the observed changes in 
the structure of this gene in humans with schizophrenia.

Conclusion. The two-sample t-test related to the neuronal 
migration experiment demonstrated a highly significant change 
in the distance migrated radially by each neurosphere. Such a 
significant increase in neurosphere migration is indicative of a 
change in the functioning of neuronal migration, a key aspect 
of neural development that is vital for proper functioning of 
the brain. These results mirror what has been observed in past 
animal and postmortem studies using models of schizophrenia 
as well as schizophrenic cells.⁴ The consistent results confirm 
these findings as a mechanical symptom of schizophrenia as 
well as reinforcing the consistency of using stem cell cultures 
in order to study aspects of schizophrenia. Defects in this pro-
cess have already been associated with other neuropsychiatric 
disorders in the past, and this experiment reinforces the rela-
tionship between schizophrenia and neuronal migration. The 
results support the original hypothesis that neuronal migration 
would be much more pronounced and functional in the control 
lines when compared to the patient lines.

The results for astrocyte quantification showed a significant 
increase in the ratios found in patient lines when compared 
to controls. The results indicate that the sampled cell cultures 
decreased in ratio of astrocytes to neurons in controls which re-
futes previous studies.⁶ However, there were numerous sources 
of error such as issues in culture setup, staining method, and 
imaging technique that could contribute to these results. In ad-
dition to this, the results barely reached significance but there 
is not enough information to definitively refute or support the 
original hypothesis that the ratio would decrease in patient cell 
lines compared to controls. There is also variance between types 
of schizophrenia concerning change in astrocyte ratios which 
could have contributed to the inconsistent results.

The isoform identification portion of this experiment suc-
ceeded in isolating and sequencing a number of alternative 
isoforms from a wide number of cell cultures from patient and 
control lines. There were consistent patterns found in the dele-

tion and insertion of exons and intron sequences of the genes 
which shows a change in the resulting variable expression that 
occurs due to the multiple splice sites. By identifying these 
isoforms this experiment validates the findings that variable 
expression is affected by the presence of schizophrenia in pa-
tient lines and reinforces the findings of past studies concerning 
isoform expression.⁹,11 However, the sample size in this exper-
iment was somewhat reduced due to primer and sequencing 
errors. The original hypothesis was partially supported by the 
identification of alternative isoforms, but additional validation 
is required to accurately categorize the isoforms.

Methodology. This experiment primarily in-
volved three experimental assays used to quantify 
data related to isoforms, neuronal migration, and 
astrocyte ratios in cell cultures to investigate chang-
es in patients harboring NRXN1 deletions. For the 
identification of isoforms, RNA was extracted us-
ing a liquid-liquid technique involving phenol and 
chloroform. The extracted RNA was sequenced 
using long-read sequencing and compared to an 
original NRXN1 sequence in order to identify dif-

ferent isoforms. The neuronal migration assay was performed 
by allowing progenitor cells to form neurospheres in culture. 
These spheres were allowed to migrate across a plate and the 
resulting spread of cells was quantified and measured across 
cell lines. The astrocyte ratios were measured by staining cell 
cultures with markers for astrocytes, neurons, and all cells. The 
cells were imaged in three colors in order to quantify the ratios 
of each type of cell in the culture in order to compare the areas 
taken up on the image by each stain separately.

Neurosphere assay. Neurospheres are clumps of a few 
hundred cells that form naturally when neurons are grown in 
free-floating culture. The starting cells are taken from a stock of 
pre-modified pluripotent cells and plated. They begin to differ-
entiate naturally and consist of a heterogeneous mix of cell types 
and stages of development. These neurospheres are utilized to 
measure the natural movement of neurons as they grow. In or-
der to generate useable neurospheres, the mentor plated groups 
of neural progenitor cells in non-adherent plates and allowed 
them to aggregate for 48 hours. The student prepared a 96-well 

Figure 7. Sequencing data with highlighted dele-
tion of exon 7, figure provided by mentor.

Figure 3. Example neurosphere assay with circles showing 
approximate inner and outer measurements.
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plate with a Matrigel coating and picked similar sized neuro-
spheres into the plate using a pipette. Each neurosphere was 
centered in the plate by the student and checked for a single 
neurosphere in each well. Migration occurred for 48 hours and 
the cells were fixed with a 4% paraformaldehyde solution and 
stained using DAPI, a nuclear DNA stain, to allow for imag-
ing.1⁰ Cells were imaged using an epifluorescence microscope 
and the resulting images were quantified using ImageJ, an im-
age processing software. This allows for quantification of the 
original size of the neurosphere compared to the size after the 
48-hour migration period.1⁰ Figure 2 shows the approximate 
points of measurement used for the inner and outer boundar-
ies. This method allows for the comparison of distance covered 
by the cells migrating, obtained by subtracting the original 
distance from the migrated distance. This method effectively 
quantifies and indicates the presence of neuronal migration.  1⁰

Isoform identification. For the identification of RNA 
isoforms, the mentor prepared a culture of hiPSC neurons in 
6-well plates and stored them in an incubator. The cell cultures 
were lysed using 1mL TRIzol per well, a solution contain-
ing phenol. The TRIzol and cells were mixed with 150 µL 
chloroform and centrifuged in order to separate the cellular 
components from RNA. Figure 3 shows the phase separation 
after centrifuging. The aqueous phase that contains RNA in 
solution was transferred to another container with isopropanol 
and centrifuged to pellet the RNA. The resulting pellet was 
washed using ethanol and resuspended in water for storage. 
This method was taken from the TRIzol Reagent User Guide 
from Thermo Fischer Scientific. The purified RNA was used 
to create a complimentary cDNA. This cDNA was used in a 
PCR with a forward and reverse primer targeting the first and 
last exons of NRXN1, respectively. The PCR products were 
separated through gel electrophoresis, extracted, and purified. 
The resulting sample was ligated with a TOPO vector that re-
sulted in a complete plasmid ring that could be transformed 
into bacteria for culturing. The bacteria were then harvested, 
and RNA purified with a Thermo-Fischer miniprep. This 
purified RNA was sent to GENEWIZ for Sanger sequenc-
ing using their proprietary method. A gene sequence software 
called GENEWIZ was then used to compare the resulting se-
quences and identify differing isoforms by aligning them to a 
comparison sequence and identifying missing exons or inserted 
exons which indicates a differing isoform.⁹

Astrocyte quantification. The method for quantification 
of astrocyte ratios utilizes three markers that stain for astro-
cytes, neurons, and all nuclei. A primary antibody was used to 
target s100b and MAP2 followed by a secondary antibody with 
an attached fluorescent probe for either GFP or RFP, two flu-
orescent proteins. The dyes used were GFP, RFP and DAPI 
blue which all fluoresce under differing wavelengths targeting 
s100b (glial-specific protein), MAP-2 (neural specific protein) 
and DAPI (all genetic material) respectively (Figure 4). The 
prepared cultures were grown from different neural progenitor 
lines by the mentor and placed on microscope slides for im-
aging. Each slide was imaged on a Zeiss LSM 780 confocal 
microscope using an automated z-stack program that allows 
for the imaging of multiple layers of cells simultaneously. Each 
section of cells was imaged under three wavelengths (395 nm, 
588nm, and 358nm for GFP, RFP, and DAPI respectively) in 
order to measure each dye separately. Methods for this section 
were provided by the mentor and developed independently in 
the lab. This allowed for three separate images of the same sec-
tion of cells each highlighting either all neurons, all astrocytes, 
and all genetic material in both types of cells.  The resulting 
images were quantified using ImageJ and normalized to the 
DAPI dye in order to obtain a ratio of neurons to astrocytes 
which was compared across cell lines. Each image was separat-
ed into channels and thresholded to produce a black-and-white 
image to quantify the surface area occupied by each channel. 
The surface areas were then normalized to the DAPI blue and 
analyzed in Prism Graphpad.
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Introduction. The study of geometric properties and spatial 
relations unaffected by the continuous change of shape or size 
of figures is called Topology. In this article we will discuss the 
study of geometric properties of a Möbius strip. The Möbius 
strip, also called the Möbius loop is a model that can be ob-
tained by turning a long strip of paper a half turn and then 
connecting its ends together.1
The father of the Möbius strip is August Ferdinand Möbius, 
a student of Gauss. He wrote numerous works on geometry 
but became famous for the discovery of a one-sided surface in 
1858.

Cylindrical Surface and Möbius Strip. For a better un-
derstanding of the differences in the Möbius strip from the 
usual cylindrical surface, it is necessary to directly compare 
them.

If one puts a finger on the side of the cylindrical surface and 
moves it endlessly without lifting one’s finger from the surface, 
the movement will take place only on one side. To get to the 
other side of a cylindrical surface, there is need to remove one’s 
finger and put it on the second side. This is different with a 

Möbius strip; if one puts a finger on the side of the cylindrical 
surface and moves it endlessly without lifting one’s finger from 
the surface, the movement will take place on both sides of sur-
face. It means that the cylindrical surface is double-sided and 
has a discontinuous surface while the Möbius strip is one-sided 
and with a continuous surface.

Also, the surface is orientable if it has two sides. As already 
known, the cylindrical surface has two sides, so it is orientable 
and the Möbius surface is not orientable.

From the comparison it can be seen that the cylindrical sur-
face and the Möbius surface are completely different geometric 
objects, although they are made of a similar long strip.

Cutting a Cylindrical Surface and Möbius Strip. As is 
already known, any longitudinal cutting of a cylindrical surface 
gives two cylinders of different heights. Subsequent to the lon-
gitudinal cutting of a Möbius strip, the resulting shapes have 
completely different configurations depending on the distance 
from the scissors to the edge of the strip.2 This paradox is espe-
cially interesting for many topologists.3 

Study of Cutting the Möbius
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ABSTRACT: The paradox of cutting the Möbius strip is that longitudinal cutting is ambiguous, unlike a cylindrical surface. 
The configurations and geometrical dimensions of the obtained strips depend on the distance from the cut to the edge of the sur-
face. For example, if there was cutting into one-sixth of the width of a cylindrical surface, it will result in two separate cylindrical 
surfaces of different widths. This is different with a Möbius strip: if there was cutting into one-sixth of the width of a Möbius 
surface, it produces two connected strips. One of the strips is twice as large as the original Möbius strip and has 3 twists, and the 
second one is the same as initial Möbius strip. To date, the parameters and characteristics of the Möbius strip have been reliably 
identified, which determine the ambiguity of the cutting result, unlike a cylindrical surface.

The interest in the cutting paradox is of both scientific and of practical interest for cardiac surgery. If we manage to resolve this 
paradox, that is, to find out what parameters and characteristics lead to the ambiguity of the cutting, this will solve one of the 
problems in cardiac surgery.

Thus, the problem (of which the solution is described in this article) is the identification, experimentally and theoretically, of 
factors that determine the uniqueness of the configurations obtained by cutting a Möbius strip and studying the resulting con-
figurations

KEYWORDS: Topology; Cylindrical surface; Möbius Strip; One-sided Surface; Surface cutting

Figure 1. The image of a cylindrical surface. Figure 2. The image of the Möbius strip.
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This experiment was repeated to compare the obtained shapes 
in the longitudinal cutting of a cylindrical surface and a Möbi-
us strip. The researcher hypothesizes that after experiments 
and studying the obtained geometric figures, the paradox can 
be explained analytically using the condition of the propor-
tionality between the area (S) of the Möbius strip and width 
of the Möbius strip (λ), the radius of the circle forming the 
Möbius strip (R), the condition of the proportionality between 
the length of the edge (L) and the width of the Möbius strip 
(λ), as well as radius of the circle forming the Möbius strip (R).

Methods. To begin with, initial samples of a cylindrical 
surface and a Möbius strip were made from strips of paper of 
equal length and width (Figure 3).4 For ease of cutting and 
making models, striped paper was used.

Experiment #1. After preparing the models, the longitudi-
nal cutting of the two surfaces begins by cutting into one-sixth 
of the initial width. As can be seen from the experiment, two 
cylindrical surfaces of different widths were obtained by lon-
gitudinal cutting of the cylindrical surface. By splitting the 
Möbius surface longitudinally, two connected strips were ob-
tained: one twice as large as the original Möbius strip and with 
3 twists, and one initial Möbius strip (Figure 4).

Experiment #2. Next, we increase the cut strip to one-
fifth of the initial width of the strip. From the experiment, two 
cylindrical surfaces of different widths were obtained by the 
longitudinal cutting of the cylindrical surface. At longitudinal 
cutting of the Möbius surface, two connected tapes were ob-
tained: one twice as large as the original Möbius strip and with 
2 twists, and one Möbius strip of the original size (Figure 5).

Experiment #3. Next, we cut the cylindrical surface and 
the Möbius surface longitudinally, retreating from the edge of 
the strip by one-fourth of the original strip width. From the 
experimental results it can be seen that cutting a cylindrical 
surface, two new cylindrical surfaces of different heights were 
obtained. When cutting the Möbius surface, two connected 
strips were obtained again: one twice as large as the original 
Möbius strip and with 2 twists, and one Möbius strip of the 
original size.

Experiment #4. Next, we cut the cylindrical surface and 
the Möbius surface longitudinally, retreating from the edge of 
the strip by one-third of the initial strip width. From the ex-
perimental results it can be seen that cutting the cylindrical 
surface, two new cylindrical surfaces of different heights were 
obtained. When cutting the Möbius surface, two connected 
strips were obtained: one twice as large as the original Möbius 
strip and with 3 twists, and one Möbius strip of the original 
size.

Experiment #5. In the last experiment, we cut the cylin-
drical surface and the Möbius surface in half, lengthwise. From 

Figure 3. Original surfaces: Cylindrical surface and MÖbius 
strip. 

Figure 4. Experimental results in longitudinal cutting of the 
cylindrical surface and MÖbius surface by one-sixth of the 

initial strip width. 

Figure 5. Experimental results in longitudinal cutting of the 
cylindrical surface and MÖbius surface by one-fifth of the 

initial width of the strip. 

Figure 6. Experimental results in longitudinal cutting of the 
cylindrical surface and MÖbius surface by one-fourth of the 
initial strip width. 

Figure 7. Experimental results in longitudinal cutting of the 
cylindrical surface and MÖbius surface by one-third of the 

original strip width. 

Table 1. Geometrical and topologial characteristics of the 
cylindrical surface and Möbius strip.
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the results of the experiment it is seen that by cutting a cylin-
drical surface in half, two equal cylinders were obtained. When 
cutting the Möbius surface in half, one surface was obtained. 
This surface is twice in length of the original Möbius surface 
and has 4 twists.

Results and Discussion. Following the results of five 
experiments with cutting a cylindrical surface and Möbius sur-
face, the summarizing result is shown in Table 2.

From the table, it is possible to predict what will happen with 
the longitudinal cutting of a cylindrical surface. It is impossible 
to guess what happens with different longitudinal cutting of 
the Möbius strip. 

Explanation of the Paradox of Cutting a MÖbius 
Strip. Analyzing the obtained experimental results, there is 
the question of the nature of this geometric topology paradox 
in experiments with the longitudinal cutting of the Möbius 
strip. One of the explanations for this paradox is to apply a 
condition of the proportionality between the area (S) of the 
Möbius strip and the width of the Möbius strip (λ), the radius 
of the circle forming the Möbius strip (R), and the condition 
of the proportionality between the length of the edge of the 
Möbius strip (L) and width of the Möbius strip (λ), and the 

radius of the circle forming the Möbius strip (R). These depen-
dencies are obtained analytically (for the case λ << R).

Calculating the integral of dL, find the length of the edge:

 
 

where . In particular, consider . Therefore, 

The area of the MÖbius strip is determined by the formula:

where (λ, ϕ) - orthogonal coordinates. 
Comparing (1) and (3), can see that 

, where L(λ) is determined 
in equation (1). In particular, in the limit of  

(based on equation (2)) find:

If expression for area of MÖbius strip pre-
sented as a sum of two terms:

, first linear term 
means area of original tape, which length is 
2πR and width is 2λ and cubic term means the 
curvature of the surface.

Expressions (2) and (4) allow for the com-
parison of the geometric characteristics of the 
cylindrical surface and the Möbius surface 
having same cross section – circle of radius R.

Writing the conditions for preserving the 
length of the edge of the strip and the area of the strip for 
cylindrical surface and Möbius surface, one obtains a system 
of equations of the third degree with the number of unknowns 
equal to the number of bands which are obtained after cutting.

Figure 8. Experimental results in longitudinal cutting of the 
cylindrical surface and MÖbius surface in half.

Table 2. Table of the experimental results of cutting the cylindrical surface and the 
MÖbius surface in different ways.

Figure 9. A cardiac muscle patch is used to treat myocardial 
infarction. It helps to restore damaged heart tissue.

(1)

(2)

(3)

(4)
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The Impact of Cardiac Surgery. In cardiac surgery, there 
is a problem of determining the size, shape, and thickness of 
the material for the cardiac muscle patch, which is attached 
to the myocardium in the place of a scar from a myocardial 
infarction (Figure 9).

In accordance with the discovery of Dr. Francisco Tor-
rent-Guasp and Dr. Gerald Buckberg myocardium is a thick 
curved-twisted strip with a Möbius strip topology (Figure 
10).⁵-⁶

This cardiological discovery complicates the issue of deter-
mining the configuration of the patch (on the curved-twisted 
surface with the topology of a Möbius strip). During design 
and creating the cardiac muscle patch of a patient, the surgeon 
should consider ambiguity of the incision on the heart muscle. 
Ignoring this increases the risk of a patient’s postoperative pa-
thologies like aneurysm. The factor influencing the solution of 
this question is the paradox of cutting a Möbius strip.

Therefore, the results of the research described in this article 
can be applied in cardiac surgery to determine the configura-
tion and size of the cardiac muscle patch.

Conclusion. This article describes the experimental and 
theoretical studies of the paradox of cutting a Möbius strip; 
comparison with the cutting of the cylindrical surface, and the 
generalization of the results. The consequence of this is the 
identified characteristics and parameters of the Möbius strip, 
the values of which determine the configuration and the geo-
metric dimensions of the resulting figures after longitudinal 
cutting. Significant findings from experiments and analysis in-
clude the width of the cut strip during the longitudinal cutting 
of the Möbius strip. 

The results of these studies have practical cardiac surgery sig-
nificance.
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Introduction. There are many different kinds of min-
erals found in the human body. Among them, iron is one of 
the most recognizable. Even though the amount of iron in an 
adult human is a little less than a teaspoon, iron deficiency can 
easily cause harmful effects on the body. Iron is an essential 
component of hemoglobin, an erythrocyte protein that trans-
fers oxygen from the lungs to the tissues.1 As a component 
of myoglobin, a protein that provides oxygen to the muscles, 
iron also supports metabolism.2 In addition, iron is necessary 
for growth, development, normal cellular function, synthesis of 
some hormones and connective tissues2,3 as well as an essential 
mineral for nervous system development and function.

Iron is a mineral that is naturally present in many foods, 
added to several food products, and available as a dietary sup-
plement. Dietary iron has two main forms: Ferric (Fe3+) and 
Ferrous (Fe2+).1 Plants and iron-fortified foods contain solely 
ferric iron, whereas meat, seafood, and poultry contain both 
types of iron.2 Ferrous iron, in the form of reduced iron, is more 
bioavailable, and therefore easily absorbed. On the other hand, 
ferric iron is not easily absorbed by the body. It must be re-
duced to ferrous iron in order to be taken in by the duodenal 
entrocytes.1

Vegetarianism is the practice of abstaining from the con-
sumption of meat (red meat, poultry, seafood, and the flesh 
of any other animal), and may also include abstention from 
by-products of animal slaughter.3 Vegetarian diets typically 
contain similar levels of iron to non-vegetarian diets, but the 
iron has lower bioavailability than iron from meat sources,1 and 
its absorption can sometimes be inhibited by other dietary con-
stituents. Veganism, on the other hand, is both the practice of 

abstaining from the use of animal products, particularly in diet, 
and an associated philosophy that rejects the commodity status 
of animals.4 The related vegan diets can often be higher in iron 
than vegetarian diets as dairy products are often low in iron. 
The amount of iron in vegetarians tends to be lower than that 
in non-vegetarians,2 and various small studies report very high 
rates of iron deficiency among those groups.⁵,⁶

Currently, there are increasing numbers of people who 
choose to be either vegetarians or vegans due to a variety of 
reasons including: health issues, dwindling animal populations, 
and animal cruelty, among others. It has been shown that fer-
ric iron contributes about 10% to 15% of total iron intakes in 
western populations.⁷-⁹ Therefore, it would be very useful and 
practical to investigate various methods to increase the amount 
of iron in plants to reduce iron deficiency, especially for both 
vegetarians and vegans.

The purpose of this research is to provide a solution for com-
bating the worldwide issue of anemia, a condition present in 2 
billion people. Iron is an essential nutrient not only for humans, 
but also for all types of plants, which use iron for chlorophyll 
formation, RNA metabolism, and transpiration process regu-
lation.1,1⁰ The presence of iron increases the thickness of a leaf 
and hence the flow of nutrients to the leaf.11 Therefore, iron 
is an essential element for the growth of plants as well. Iron 
is one of the most abundant metals in soil and occurs in wide 
range of chemical forms.12 Since plants can absorb only certain 
species,1 not all of the iron in the soil is available for plants.  For 
example, plants can absorb ferric ions and not ferrous ions.13 If 
the pH in the soil is higher than ⁷, iron ions can be tied to the 
soil and are not available to plants.13 Thus, the amount of iron 

Enhancement of Dietary Content of Iron in Brassica oleracia 
Through Soil Alterations

Cynthia Chen

Greenwich High School, 10 Hillside Rd. Greenwhich, CT, USA
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ABSTRACT: It is difficult for vegetarians and vegans to obtain their necessary iron levels, as the ferric iron found only in plants 
is in a much less bio-available form compared to its ferrous counterpart in meat. In this research, Kale (Brassica oleracia) plants 
were used to increase iron absorption by altering soil chemical conditions. Samples of kale leaves were studied using Extended 
X-ray Absorption Fine Structure (EXAFS) and X-ray absorption Near Edge Structure (XANES) spectroscopies. We found that, 
while the chemical nature of the iron species does not change within different regions of the plant, the amount of iron varies sig-
nificantly within the plant during different growth stages due to the absorption of different amounts of iron from the soil. With 
the presence of Arsenic in the soil, the iron absorption of the plants is reduced significantly. Therefore, the results suggest that 
arsenic-containing pesticides should not be applied during the growth of these plants. It was also observed that lowering the pH 
(< 7) of soil helps the absorption of iron into the plants. It is also noteworthy to point out that both ferric and ferrous iron are 
present in our plant samples.

KEYWORDS: Anemia; X-Ray absorption; Brassica oleracia; Arsenic; Soil pH; Iron absorption
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absorption by plants is not merely dependent on the amount of 
iron present in the soil, but also on the chemical nature of the 
iron, the pH of the soil and the competition of other minerals. 
Typical garden soil contains different functional groups such 
as carboxyl and amines,1 which interact with ferrous and fer-
ric irons.1⁴ These interactions may influence the oxidation state 
and solubility of iron species and hence the availability of iron. 
However, our knowledge about specific forms of iron occurring 
in soil and their dependence on various pH values as well as 
the existence of other minerals is low. Therefore, it is very useful 
for the scientific community to understand these processes.1 In 
this research, we will study the absorption of iron by plants and 
its oxidation state under different chemical conditions of the 
soil, to investigate the effect on iron absorption under the pres-
ence of competitive minerals in the soil, to understand soil pH 
dependence of plant iron absorption, and ultimately to gain a 
better understanding of the soil conditions needed to optimize 
plant absorption of iron and to help mitigate iron deficiency in 
the developing world.

Results and Discussion: Plant Anatomy Analysis 
and Growth Stages. Samples were collected at intervals of 
two, four, and six weeks. It is shown in Table 1 that the chem-
ical nature of iron species does not change in different regions 
of the plant due to the fact that the edge energy is all locat-
ed around 7133eV. This number also indicates both Fe2+ and 
Fe3+are present in our samples when compared to the standard 
Fe-O main edge position. However, the iron level in the roots 
was the greatest compared to other regions of the plant. On the 
other hand, the amount of iron varies significantly during dif-
ferent stages of the plant as shown in Figure 1 with U1 being 
six weeks, having the biggest height difference of 3.7 in absorp-
tion coefficient between pre-edge and main edge.1⁵

Effects of Arsenic and Fe³+. Arsenic and Fe3+ were add-
ed into the soil of the plants daily.  It can be seen from Figure 2 
that with the presence of Arsenic in the soil (upper trace), the 
X-ray absorption is almost flat, indicating the iron absorption 
is significantly reduced compared to the lower trace without 
the presence of Arsenic, where iron absorption is obvious. 
Therefore, pesticides are strongly advised not to be applied 
during the growth of the plants to enhance the iron absorption. 
Encouragingly, even in the presence of Arsenic within the soil, 

the addition of Fe3+ helps the plants increase in iron content as 
illustrated in Figure 3.

Effects of pH Alterations. CuSO4 and CaCO₃ solutions 
were added to adjust the soil pH and a Kelway soil meter was 
used to monitor the soil pH values. It is illustrated in Figure 4 
that the height difference between the pre-edge and main edge 
is 0.146624 (control), 0.127592 (pH=7) and 0.196225 (pH=3). 
In conclusion, lower pH does help the absorption of the iron 
where the height difference between the pre-edge and main 

Table 1. Iron Distribution throughout the plant.

Figure 1. Chemical nature of iron species does not change in 
different regions of the plant but the amount of iron varies 

significantly during different growth stages of the plant (U1, 
U2, U3).

Figure 2. The presence of arsenic prevents the 
iron absorption of the plants. 

Figure 3. Even with arsenic present in the soil, the addition 
of Fe3+ helps the plants to gain more iron content. 
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edge is the biggest. On the other hand, higher pH soil prevents 
iron from absorption. 

Conclusion. From the present X-ray absorption data, we 
can conclude that chemical nature of iron species does not 
change in different regions of Brassica oleracea plant.  However, 
the amount of iron varies significantly during different growth 
stages of the plant. The iron levels in the roots was the greatest 
compared to other regions of the plant. With the presence of 
Arsenic in the soil, the iron absorption of the plants is sig-
nificantly reduced. Therefore, we advise that pesticide should 
not to be applied during the growth of the plants. Lower pH 
(< 7) soil helps the absorption of the iron and higher pH soil 
prevents iron from absorption. With the presence of pre-edge 
energy, Fe is shown to be bound to oxygen. According to the 
main edge energy position, both Fe2+ and Fe3+ are present in 
our samples, which will be further verified through Mossbauer 
spectroscopy. 

Methods: Sample Preparation. Kale seeds were planted 
and grown in pots in a greenhouse at Greenwich High School. 
The green house was at room temperature and the plants were 
placed in front of several large, light-emitting windows to sim-
ulate their natural environment. Samples (soil, leaves, stems 
and roots of the plant) were collected at different growth stag-
es: 2, 4, and 6 weeks. Samples were then dried at 200°F and 
ground to a fine powder form. Equal amounts of samples were 
sealed in glass tubes to be ready for experiments. Figure 5 are 
some of the plants grown for this research and Figure 6 shows 

the annealing process to pre-
pare samples.

Instruments and Data 
Collection. All X-ray ab-
sorption data were collected 
at beam line F3 at Cornell 
High Energy Synchrotron 
Source (CHESS).  This beam 
line uses a monochroma-
tor with Si (111) crystal to 
select X-rays of required en-
ergy from the white X-ray 
beam. Intensities of incident 
and transmitted X-rays were 
measured using ionization 

chambers filled with N2 gas as shown in Figure 7.

Description of the Experiment. X-ray absorption spec-
troscopy is a technique that is often used to measure the physical 
and chemical properties of an atom. It is element specific and 
can be used to study the local environment of an amorphous 
or crystalline sample. During the experiment, the absorption 
coefficient of the X-ray was measured as a function of energy 
through the range of 200 eV below the absorption edge to 1000 
eV above the edge. Below the absorption edge, the photons can-
not excite the electrons of the relevant atomic level, therefore, 
the absorption is low. When the photon energy is sufficient to 
excite the electrons, a large increase in absorption takes place, 
namely absorption edge or pre-edge. Above the edge, extra 
energy of the X-rays transfers to ejected photoelectrons in 
the form of kinetic energy. These photoelectrons can be back-
scattered by neighboring atoms. The outgoing photoelectrons 
and backscattered photoelectrons can interfere constructively 
or destructively, depending on the phase shift, producing os-
cillations in the absorption coefficient, namely main edge. 
Generally speaking, the region of the absorption spectrum 
from 50 eV below the pre-edge to 50 eV above the pre-edge 
is known as X-ray absorption near edge structure (XANES). 
The region beyond 50 eV above the main edge is known as 
Extended X-ray Absorption Fine Structure (EXAFS).1⁵ Iron 
in all samples was characterized using XANES and EXAFS 
in this research. The typical absorption spectrum of a sample 
containing iron is shown in Figure 8 with 7112 eV for iron K 
pre-edge. The analysis of these oscillations yields information 
about iron, such as near neighbor bond length, type of near 
neighbor atoms, and number of near neighbor atoms. The main 

Figure 4. Lower pH (<7) soil helps the absorption of the 
iron, on the other hand, higher pH soil prevents iron from 

absorption. The pH of the control was 6.5.

Figure 5. Examples of growing plants.

Figure 6. Sample Preparation.

Figure 7. X-ray absorption setup. 
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edge position is sensitive to the electron density around iron 
and therefore changes with the iron oxidation state. In this re-
search, the presence of a pre-edge indicates Fe-O compounds. 
The main edge energy position is the primary indicator of oxi-
dation state of iron atoms. The intensity difference between the 

pre-edge and the main-edge is proportional to the amount of 
iron present in the sample.
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Introduction. Over the summer of 2018, the MH-YES 
(Mid-Hudson Young Environmental Scientists) program re-
cruited two science research teams to work at two institutions, 
Cary Institute of Ecosystem Studies and Marist College. Each 
team chose a topic in the community to work on that matched 
the capabilities of their respective institution. The Marist team 
conducted a six-week long research project on the level of FIB 
present on plants in the Fall Kill Creek. “The creek has a lot of 
industrial history, as Poughkeepsie, one of the cities the creek 
runs through, was a fishing and whale blubber powerhouse in 
the mid 1900s and earlier. It has defined the economic, envi-
ronmental, and historical life of the city. In the past 50 years, 
it has been forgotten, neglected and hidden from residents and 
neighborhoods in need of vibrant public space.” ⁴ Because of 
this neglect, the creek has been a dumping ground for waste 
and trash. Thus, leading us to believe we can trace the foot-
prints of our civilization to FIB and how it presents itself in the 
Fall Kill Creek’s biodiversity. The objective of our research was 
to find FIB on plants, which is found in the water of the Fall 
Kill Creek and has settled down onto the submerged sediments 
in the stream.⁵ However, compared to sediments, the total FIB 
in the water is lower. This is due to FIB’s inability to survive in 

water alone because of competition with other bacteria, as well 
as temperature and sunlight levels. Since FIB has been known 
to die in environments where they are not native or well adapt-
ed, they live longer in sediments.² Thus, our curiosity centered 
more towards whether the material being colonized by bacte-
ria was plant matter, because studies of sediments surpass the 
studies of FIBs on plants and there was no research on FIB’s 
presence in the Fall Kill Creek. We conducted our study ob-
serving and measuring FIB colonization on different plants in 
the Fall Kill Creek. Using E. Coli - a bacteria commonly found 
in human waste and Enterococci a group of gram-positive bac-
teria, we were able to sample different locations along the Fall 
Kill Creek and conduct a study to find a relationship between 
FIB in plants and in the water. The amount of FIB in the water 
varies based on how actively the surrounding community uses 
the Creek.

Our alternative hypothesis: there is a difference in the num-
ber of FIB on the different types of plants, there is a difference 
in the number of FIB at the different sites, there is an inter-
action between plant type and site with respect to numbers of 
FIB, there is a correlation between the amount of FIB on the 
plants and their concentration in the water.

Fecal Indicator Bacteria on Plants in the Fall Kill Creek
Joelle A. Weir¹*, Chloe Rosa¹, Anointing Akpojetavwo²

1. Arlington High School, 1157 State Rte. 55, Lagrangeville, NY 12540, USA
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ABSTRACT: The Fall Kill Creek is a tributary of the Hudson River. The Creek is a source of food and a habitat for a variety of 
animals and other organisms and is used in the community for recreational purposes like fishing and wading. FIB (Fecal Indicator 
Bacteria), including E. coli and Enterococci, are commonly used to determine water quality. Fall Kill Creek FIB concentrations 
indicate that there is fecal matter produced from sources such as storm water runoff, septic tanks, and animals within the creek 
watershed. When Enterococcus levels in the water are equal or greater than 60 MPN (Most Probable Number) / 100 mL, it 
is considered unsafe for human exposure due to coliforms which indicate a possible presence of disease-causing bacteria.1 We 
hypothesize that when plants in streams are disturbed by human activities; biofilms on plants could be dislodged releasing FIB 
into the water. If plants are contributing to increased FIB levels, this will directly correlate to increased risk of disease from wa-
terborne pathogens.2 We measured FIB at several sites to test the dependence of FIB on site location, types of plants present, and 
amount of FIB on the plants. Our results suggest that none of these parameters predict FIB: specifically, there are no differences 
in numbers of FIB on the different types of plants, there are no differences in numbers of FIB at the different sites, there is no 
interaction between plant type and site with respect to numbers of FIB, there is no correlation between the amount of FIB on the 
plants and their concentration in the water. Further research is encouraged, and we advise that subsequent studies might include 
investigating FIB in sediment to find correlations with the plants. With more time we would also include more plants or sites in 
the study. The remediation of the Fall Kill Creek has the potential to create a cleaner Hudson River, especially since tributaries 
often act as a source of pollution. According to the Riverkeeper Annual Water Quality Report, “61% of Riverkeeper’s 74 sampling 
locations in the Hudson River Estuary fail EPA criteria for recreational water.”3 This information is vital for the community and 
people monitoring the stream quality.

KEYWORDS: Environmental Research; FIB (Fecal Indicator Bacteria); Fall Kill Creek; Hudson River; E. Coli; Enterococcus; 
Aquatic plants; Biofilm
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Our null hypothesis: there are no differences in numbers of 
FIB on the different types of plants; there are no differences in 
numbers of FIB at the different sites; there is no interaction be-
tween plant type and site with respect to numbers of FIB; there 
is no correlation between the amount of FIB on the plants and 
their concentration in the water.

Because of the resources and time available to complete this 
project, we chose methods that kept our team efficient and 
broadened our knowledge of lab work and protocols.

Results. Was there a difference in the number of FIB on 
different plants at different sites? (see figures 1 and 2)

• Overall, the Enterococci count recorded was highest at ED 
on grass sp. and the E. Coli count recorded was highest at 
UR on grass sp., as shown in figures 2 and 3 respective-
ly. Visually, there seems to be a correlation between high 
average amount Enterococci and E. Coli on the grass sp. 
although, the results were not statistically significant.

Is there an interaction between plant type and site with re-
spect to numbers of FIB? (see table 1)

• The results were not statistically significant.
Was there a correlation between the amount of FIB on the 

plants and their concentration in the water? (see figures 3 and 
4 below)

• Although there was a trend on the graph to suggest a dif-
ference, there was no difference between plant type or sites 
and no correlation between amount of FIB on the plants 
and their concentration in the water based on a 2-way 
ANOVA test. It is concluded that the P-value was not 
strong enough to show correlation.

Using a Two-Way ANOVA, performed on ranked data of 
Enterococci and E. coli plant species and sites, resulted in p > 
0.05 for all plants, sites, interactions and a correlation between 
plants and water under enterococci and E. coli.

Discussion. Since the results were based on an observation 
across 2 plant types, 3 locations and 3 trials per plant, one can 
propose to copy this observation with more plants, more sites 
and more trials. As well as this, one might consider classifying 

the plants more specifically in terms of genus and family. Also, 
when collecting for our positive control, all the wells fluoresced 
when testing for Coliforms; thus, the Coliforms could not be 
measured given the type of Quanti-Tray used with the IDEXX 
System.⁶ A larger Quanti-Tray would have been acceptable for 
this amount of bacteria. Also, when counting wells fluoresc-
ing, some might be more apparent than others. It is strongly 
recommended that the same individual team member counts 
the fluorescing wells for the purpose of consistency. The Quan-

Figure 1 depicts mean of Enterococci on grass sp. and willow sp. at all 
three sites along the Fall Kill. 

Figure 2 above depicts mean E. Coli on grass sp. and willow sp. 
at all three sites along the Fall Kill. 

Table 1 shows the p values for FIB tested. 

Figure 3. 

 ijhighschoolresearch.org



DOI: here 36  
Reference here

ti-Tray the Marist Team used was a 97 cell Quanti-Tray/2000 
plate.  If subsequent studies were to follow, we suggest broad-
ening the scope of what might affect the amount of FIB on 
plants. For example, investigating sediment to find correlation 
with plants, the time of day plants are observed/collected, in-
creasing the sample size, add new sites and/or plants, using a 
bigger sample, obtaining a sample of water before and after 
disturbed by people within a set perimeter and even observing 
plants through different seasons.

Our overall findings may not suggest a difference in FIB; 
however, our observations of water quality and the creek’s 
ecosystem suggest remediation of the Fall Kill creek would 
be recommended to keep the community safe. A wastewater 
treatment plan should be implemented, with an emphasis on 
residential participation. This may incorporate the education 
of the surrounding community including organized cleanups, 
science programs aimed at the study of the water’s ecosystem, 
as well as a guide on how to use the Fall Kill Creek in a way 
that is efficient and does not harm citizens.⁴ Runoff and over-
flowing water from the Hudson Valley septic tank has been a 
huge contribution to FIBs, especially Combined Sewer Over-
flow (CSO) caused by home septic tanks overflowing with 
rainwater and flowing into the Fall Kill Creek. (Seen in the 
guide as “Drinking water.”)⁴ In an effort to reduce waste re-
lated pollution, residents of Poughkeepsie should adopt green 
infrastructure practices like soil and vegetation on rooftops or 
rain barrels to capture stormwater runoff. Through these ac-
tivities, the community comes to admire how much the Creek 
provides for them economically.⁴

The Fall Kill creek, a known tributary to the Hudson River, 
has the potential to create a cleaner Hudson River, especially 
since tributaries often act as a source of pollution.3 Enacting 
these remediations on the creek will create a cleaner commu-
nity and a greater resource to the people of its community 
and in a perfect world, the Hudson River might even get the 
same treatment to promote cleanliness. Riverkeeper, an advo-
cate organization for New York’s clean water, run by Robert 
Kennedy until 2017, creates annual water quality reports to up-
date the public about water safety in their communities. Their 
latest report outlined key details in the state of the Hudson 

River, including the fact that “23% of Riverkeeper’s samples 
failed safe-swimming guidelines” and “61% of Riverkeeper’s 
74 sampling locations in the Hudson River Estuary fail EPA 
criteria for recreational water”3 and were followed by remedia-
tion techniques promoted by Riverkeeper. However, “Dutchess 
County samples water quality here weekly, the minimum rec-
ommended by the EPA, but does not routinely make testing 
results public.”,3 thus, the counties surrounding the river, main-
ly Dutchess and Ulster, need to make the state of the Fall Kill 
creek known to the public and obtain an updated roster of rec-
reational activities that are safe for civilians.

Our research can be used as a precedent for scholarly re-
search pertaining to water quality as well as an example for 
spreading valuable information about the Fall Kill creek to the 
people who live in its vicinity. Residents were intrigued by our 
research stemming from the fact that we needed to access the 
land through public and private property, which attracted at-
tention to our work. This impacted our research by not only 
improving our understanding of the ways that the creek had 
become polluted but also how it is an asset to the community.

Conclusion. The results mean accepting all the NULL hy-
potheses and concluding that there is no significant difference 
between the amount of FIB on grass and willow, there is no 
significant differences in the amount of FIB at each site; there 
is no interaction between plant type and site with respect to 
the amounts of FIB, there is no significant correlation between 
the amount of FIB on the plants and their concentration in the 
water. There was no indication in our research that FIB levels 
on plants directly contribute to the high levels of FIB in the 
water or result in reducing FIB levels in the water.

Methods. In order to determine whether fecal indicators are 
detectable on the plants’ biofilm in the Fall Kill, the Marist 
Team measured FIB on willow sp. and grass sp. at three sites 
along the Fall Kill Creek: East Dorsey (ED), Val-Kill (VK) 
and Upper Roosevelt (UR) in Hyde Park, NY. These sites were 
chosen based on accessibility, whether both plants were there 
and whether plants were submerged or not. East Dorsey was 
in a suburban area and located in the backyard of many resi-
dents and was closed off more than any other. Upper Roosevelt 
had the most diversity but lacked easy entry on foot because of 
the remote location. Val-Kill was the only location in a public 
space often used for recreation and the most accessible.

Figure 4. 

Figure 5. Val-Kill.
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Method to Expel Bacteria. We used a vortex and ho-
mogenizer to expel bacteria from our samples, because other 
methods (e.g. ultrasonic probe and sonic bath) could have de-
stroyed our bacteria in the biofilm on our plant samples. ⁷

Field Protocol. When in the field, a perimeter of ten me-
ters along the bank of the creek and at the width of ED, VK, 
and UR respectively was made. The total surface area for each 
location was made at a perimeter of 19.6 meters2, 97.8 meters2, 
and 37.2 meters2 respectively. Once a perimeter was set, willow 
sp. and grass sp., were located within the box and we measured 
their respective lengths and widths to find the surface area of 
the plant replicates at the determined location. At ED, the 
surface area of grass was made at a perimeter of 1.2 meters2 
and willow at 8.9 meters2; At VK, the surface area of grass was 
made at a perimeter of 16. 6 meters2 and willow 5.9 meters2; 
At UR, 1.7 meters2 and willow 4.9 meters2.  We calculated 
the area of the total perimeter as well as the area for the wil-
low sp. and the grass sp. to make up the total perimeter.  After 
determining both plant species’ areas for the individual sites, 
we collected four replicates of willow sp. and grass sp., and a 
water sample measuring conductivity, dissolved oxygen, total 
dissolved solids and temperature at each site. To collect the 
plants, we went into the Fall Kill with waders and used forceps 
to place in one Whirl-Pak bag. Each bag was designated for 
one plant species per plant site. We then, located our plants and 
had to reach under the water in order to acquire the submerged 
plants. After that, we detached the leaves from the stem using 
forceps and put four replicates in the Whirl-Pak bag, sealed the 

bag and then labeled the time collected, 
type of plant, who got it, and which site 
it came from. Finally, the replicates were 
put into the bag in the cooler with the 
water samples, ensuring it would not be 
disturbed by the summer heat.

Running Positive and Negative 
Controls. Using no plants or fecal in-
dicator bacteria, deionized water was 
placed in a Quanti-tray. Only one small 
well fluoresced amounting to 1 MPN/ 
100 mL: our negative control. Using 
homogenized fontinalis in deionized 
water (see homogenization protocol), 
we found 48 large wells and 21 small 
wells in the Quanti-trays amounting 
to 285.1 MPN/100 mL: our positive 
control. This confirmed our suspicion of 
FIB being present in the Fall Kill Creek 
from our sample species from the Fall 
Kill.

Lab Protocol. Diluting Saline Solu-
tion.*The stock solution is made up of 
PO43 (phosphate) buffered saline solu-
tion (PBS)
• In order to get rid of excess FIB in 
stream water on the leaves, we had to 
create a solution made up of 10% stock 

Figure 6. East Dorsey.

Figure 7. Upper Roosevelt.

Figure 8 displays points A-G organized from upstream to downstream on the Fall Kill 
Creek. Points G, F, and D are ED or East Dorsey Lane, VK, and UR or Roosevelt Lane 

respectively.
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solution and 90% deionized water with a fluid total of 
12000 mL (12L). Due to the number of bottles available, 
we only made about 6000 mL at a time.

• First, we created the stock solution. ⁸ Next, we collected 
deionized water in 7x 1000mL Erlenmeyer flasks filled to 
675 mL deionized water and then set to autoclave. After 
about 3 and a half hours of autoclaving, we poured 75 mL 
of stock solution in a graduated cylinder. One cannot fill 
the flask all the way because of the pressure of the auto-
claved deionized water, thus, it is recommended to fill up 
¾ of the bottle.

• When storing, we placed a cap on the Erlenmeyer flask so 
no new bacteria could  contaminate the solution.

• Repeat and get a leftover of 1350 mL deionized water and 
150 mL of stock solution, then split into 2 bottles (675 
mL and 75 mL in each). Total: 16 Erlenmeyer bottles of 
saline solution.

Weighing wet sample
• First, trays were labeled with the date, sample species, site, 

sample, and initials of handler. (E.G. - 7/19, willow sp., 
VK, sample, C.R.). Next, the trays were put onto a scale 
and “T”, for tare, was pressed so the weight of the tray was 
not added to the mass of the plant leaf. Once the scale 
is reset to 0, after “T” is pressed, the replica was taken 
from the Whirl-Pak bag and onto the scale. The weight 
was then recorded in grams and placed into the incubator 
for about 24 hours. After 24 hours, weighed dry sample 
was placed with the tray with on the scale. Then, lifting 
the plant leaf up with forceps, the weight of the tray was 
tared and then placed back onto the scale with forceps. The 
weight was then recorded in grams.

Cleaning replicates
• In order to clean replicates, disposable gloves were put on 

and sterilized forceps were used to take the replica from 

the Whirl-Pak bag and to hold the plant leaf replica at 
one end. The forceps were then used to dip the replica 
into container 1 of 50 mL of 10% saline solution and then 
dipped again into container 2 of 50 mL of 10% saline 
solution. The “dip” was a slow motion, thus, not disturbing 
the FIB on the biofilm of the replica leaf. This method was 
repeated three times for each replica.

• Once a replica is dipped, the sample was held above a pa-
per towel (disposed into bio-waste bag later) to be stripped 
of excess moisture. Next, the replica was gently placed into 
50 mL centrifuge tube filled with 30 mL of 10% saline 
solution, cut into pieces and placed to be homogenized.

• The fourth replica was the standard measure of weight for 
that species from that location.

• After containers 1 and 2 were used three times per plant 
species at a specific site, they were thrown into a bio waste 
bag to be autoclaved and disposed of properly (See weigh-
ing wet samples).

Cleaning homogenizer. The homogenizer must be cleaned 
before and after use. 

• When homogenizer is cleaned, working over a beaker to 
collect liquid, using alcohol on the homogenizer is prefer-
able. The homogenizer was sprayed with alcohol and then 
ran for 20 seconds. Then, the homogenizer was wiped with 
a Kim Wipe and checked for plant matter. If there was said 
plant matter, it was removed with sterile forceps (forceps 
sterilized with alcohol). This process was repeated until all 
plant matter was removed and the homogenizer was dry.

Isolating bacteria
• Plant leaf samples were rinsed gently by dipping into sterile 

PBS solution before being placed into 50-mL centrifuge 
tubes containing 30 mL of PBS (see cleaning samples 
protocol).8 The leaves were then cut into small bits and 
homogenized (or until the liquid looks like a tinted green 

Table 2 shows an example of how to record the weight of a plant leaf. 
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color for both species of submerged plant) and then vor-
texed. Homogenizer was cleaned thoroughly and checked 
for plant matter. Once the leaf samples were fully blended, 
15 mL of those samples from the centrifuge tube was add-
ed to an IDEXX container (Colilert) and the other 15 mL 
measurement from the centrifuge tube was added to an-
other IDEXX container (Enterolert). Then, an additional 
85 mL of 10% saline solution was added to both IDEXX 
containers. (See saline solution protocol). The IDEXX 
containers were then shaken until both IDEXX solution 
dissolved into the container. The content of the IDEXX 
container was then poured into Quanti-trays, put through 
the Sealer, and then labeled with site, date, sample species 
and replicate, initials of person handling the Quanti-tray, 
time incubated, and whether the Quanti-tray will detect 
enterococci or coliform bacteria. The Quanti-tray detect-
ing Enterococcus went into a stainless-steel incubator at 
41 degrees Celsius. The Quanti-tray detecting E. Coli 
went into an incubator at 35 degrees Celsius.

Quanti Trays & IDEXX System. Fecal Coliforms were 
among the FIB present in the Fall Kill Creek and were indi-
cated using Enterococci and E. coli in our research proposal.

Submerged plants. The topic of submerging plants was 
an important factor since the results are impacted by the 
amount of FIB on the biofilm of plant leaves in the creek. Due 
to a week of rain in July, our results may have been impacted 
as rain introduces more bacteria into the creek. However, what 
was not accounted for was the elevation of water, thus, causing 
plant leaves that were not submerged to become submerged. As 
a result, methods were changed from taking just a submerged 
plant leaf to a plant leaf submerged in at least 30 cm of water.

Surface Area vs Weighing. Our team decided to record 
the plants in mg instead of surface area (cm²). What was not 
considered was standardized mass across both plant samples of 
willow sp. and grass sp. ex: collecting the same weight for both 
species instead of collecting roughly 10 cm of each sample of 
each plant at each site. Instead of standardizing all the weights, 
we took one sample, dried it, then used the dry and wet weight 
of the sample as a proportion to find the replicates’ dry weight.

Range of Time to Collect Plants: collegting plants 
in the field. The team collected the willow sp.  and the grass 
sp.  two days apart. Both collections were left to sit for about 24 
hours before processing them. Thus, there was a concern that a 
stationary Whirl-Pak bag could induce either bacteria growth 

Table 3 shows plant leaf processed 3 hours later.

Table 4 shows plant leaf processed 30 hours later.
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or decay during the 24 hours. To test to see if bacteria increased 
or decreased based on how long the samples were stored, we 
went out to collect willow sp. at the UR site. Both samples were 
collected around noon. We did this procedure twice for 4 sam-
ples (including dry weight sample and 3 replicates) one day 
apart for each collection. Table 1 records samples processed 3 
hours later. Table 2 records samples processed 30 hours later.

We predicted that there would either be:
• A clear difference (Alternative Hypothesis) or 
• No difference (Null Hypothesis) 
  VAR3 = VAR30
*mg-dw = milligrams of dry weight
Based on this data, we used statistical analyses to determine 

our predictions in the amount of MPN/100 mL Enterococci 
and E. Coli. The data was ranked. The natural log was taken to 
standardize the variances. 

This resulted in the information being entered into Excel 
and performing a 2-way ANOVA on the ranked data as well as 
an F- test to find equal variance in samples processed 3 hours 
later and 30 hours later.

If P < 0.05, then we reject the NULL HYPOTHESIS because 
there is a significant difference in the amount of time between pro-
cessing plants.

Actual Results:
 P<=.06308394586 did not change for Enterococci
 P<=.3273723005 did not change for E. Coli
Given the two tailed P-values, indicating if either result of 

MPN/100 ML increases or decreases based on the amount of 
time before processing, we fail to reject the null hypothesis. 
This means we can compare grass collected up to 30 hours from 
extraction to grass collected 3 hours from extraction.
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