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3Sigm a Research Club

Welcom e t o t he Research Club!

The Research Club is created to faci l i tate student r esearch in a 
myr iad of topics. Ever y Fr iday, we w i l l  ei ther  be l istening to a student 
r esearcher , doing exper iments, learning lab techniques, prepar ing 
for  competi tions, or  working on internship applications. I t is one of 
the few  clubs in Stuyvesant dedicated to developing student's interest 
in r esearch and prepar ing student's for  greater  oppor tuni ties. One of 
i ts main goals is to r evive Sigma, i ts magazine, in order  for  more 
members of the Stuyvesant community to have access to scienti f ic 
mater ial w r i tten by their  peers. By encouraging i ts members to w r i te 
ar ticles, the club aims to hone the w r i ting, presentational, and 
communication ski l ls of future scientists.

Additionally, the club w i l l  expand and str ive to encompass multiple 
f ields of science research: chemistr y, physics, ear th science, 
computer  science, etc. The club hopes to motivate i ts members to 
actively engage in scienti f ic discussions and earn valuable 
exper ience by r eceiving feedback to improve their  scienti f ic w r i ting.

This edi tion features many of this year 's graduating senior s' r esearch 
r epor ts, which were submitted to Regeneron and var ious other  
prestigious competi tions. 

The repor ts have been annotated and shor tened by members of the 
Research Club. We hope this can aid your  understanding of the 
r epor t. 
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76    SIGMA  |   Cindy Zheng & David Voynov

Measur ing t he Ef fect iveness of  
Treat m ent s for  Am yot rophic Lat eral 
Sclerosis 

Sophia Xia

Abst r act
Measur ing tr eatment eff icacy for  neurodegenerative diseases such as 
Amyotrophic Lateral Sclerosis (ALS) is di f f icult due to the subtle changes in 
m otor  neur ons. Small sample sizes accompanied by a lack of r esearch 
done on this topic advanced this issue. Fur thermore, data accumulated 
from exper iments testing the eff icacy of stem cell  tr ansplantation suggest 
that the tr eatment temporar i ly hinders the progression of the disease.

Int r oduct i on

Each of them went through muscle str ength, functionali ty, spastici ty, 
fatigue and depression assessments for  a more comprehensive and 
accurate view  of the patients? conditions. Al l  the tests mentioned 
previously were per formed ever y 12 weeks except for  depression which 
was tested in 24-week inter vals. Whi le the plethora of tests makes the 
r esults more accurate to some degree, the small sample size of only 4 
patients hinders this study greatly. Patients should have been sourced 
from more hospitals/center s/ In addition, the tests should?ve been 
conducted more often in order  to get a better  view  of the tr eatment?s 
effect. This r eigns especial ly tr ue for  the f i r st few  months after  the 
tr eatment was administered when i t should be most effective.

TRANSPLANTATION OF MESENCHYMAL STROMAL CELLS

This procedure involves the intr athecal application of BM-MSCs obtained 
from bone mar row. It was chosen over  intr avenous application because i t 
has greater  eff icacy when i t comes to deliver ing the cel ls to the central 
ner vous system tissue. I t successful ly slowed dow n the progression of the 
disease w ith signi f icant stabi l ization of the disease obser ved in the 
major i ty of the patients at the three-month mark after  the patients 
under went surger y. However , after  the thir d month, there was a 
r egression in the patients? conditions. None of the patients who took par t 
in the study suffered major  side effects caused by the tr eatment. There 
were a total of 24 patients who took par t in the study. Patients were chosen 
based on whether  or  not their  diagnosis was defini te, i f  their  l i fe 
expectancy exceeded two years, and i f  they were between the ages 18-65. 
In addition, patients who had medical conditions that would make the 
exper iment dangerous for  them to par ticipate in were excluded to protect 
their  safety. They were evaluated using the ALSFRS, FVC and muscle 
weakness (WS) scales. ALSFRS is more subjective compared to FVC and WS 
because i t may be affected by the patients? mental health conditions. They 
were tested 6 months before tr eatment unti l  18 months after  tr eatment. 
However , only ALSFRS was tested at r egular  inter vals. Testing at r egular  
inter vals w i l l  provide more data for  a more accurate view  of the 
progression of the disease. In addition, they should have asked the 
patients? about their  mental state as that has the potential to affect and 
skew  the r esults.

Amyotrophic Lateral Sclerosis is a terminal neurodegenerative disease that 
impairs the motor nerves. Scientists have been studying stem cell transplantation 
as a possible method of treatment. Embryonic cells are effective due to their 
higher rates of differentiation into neural cells, but they have been shown to lead 
to the development of tumors. Fetal cells are a good alternative, but due to an 
ethical dilemma, they are difficult to obtain. Adipose tissue-derived regenerative 
cells obtained from fat became a good alternative to other cells as they are 
rather efficient in differentiation (although less than embryonic cells) and aren?t 
very invasive. While stem cell transplantation has been proven safe with a lot of 
research, the efficiency of the treatment hasn?t been quite as extensively tested.

Motor  neur ons are ner ve cel ls that 
car r y impulses from the brain and the 
spinal cord to the muslce or  gland.

Adipose t i ssue are loose connective 
tissues that store energy in the form 
of fat. I t cushions and insulates the 
body.  The ones we are talking about, 
Adipose tissue-der ived regenerative 
cel ls, are  involved in  wound repair  
activi ty

Lum bar  l am inectomy: Lumbar  
laminectomy is a surger y that creates 
space by r emoving the lamina(par t of 
the ver tebra that covers the spinal 
canal).

INF-y: Inter feron-gamma is a 
macromolecular  complex consisting 
of soluble cytokine.

IL-1beta: Inter leukin 1 beta is a gene 
that codes for  a cytokine that is 
produced by macrophages. I t acts as a 
mediator  of the inf lammator y 
r esponse and is involved w ith cel lular  
activi ties l ike apoptosis.

Conclusion

Annotated by Cindy Zheng and David Voynov

One of the mutants, B4, showed a clear  di f ference in morphology compared to the other  
mutants and w i ld type when grow n on two di f ferent 7H11 agar  plates (Figures 1A and 1B). 
The colony looked f lat; this stood in contrast to the other  colonies, which looked ruff led (a 
character istic stemming from the fact that Msm cells often grow  on top of each other ). This 
di f ference could signal slower  grow th and/or  a cel l  wall  defect.  In l iquid media, B4 did not 
show  a signi f icant di f ference in grow th (Figure 3),

The mutant genotypes were analyzed through DNa extr action, PCR, and sequencing. One 
mutant, D4, was found to car r y a mutation in Gene YMsm. The mutation was a single 
nucleotide substi tution that r esulted in a prol ine to leucine amino acid change (P76L) in the 
gene product (Figure 6). (Figure 8) shows di f ferences in protein str uctures. In addition, 
mutant D4 showed complete r esistance up to 100 ?M of Compound 1A (Figure 4), whi le the 
other  mutants were eventually inhibi ted.

In this study, 56 Msm mutants r esistant to Compounds 1A and 1B were isolated. Based on 
colony morphology on 7H11 agar , eight mutants were chosen for  fur ther  exper iments. Out of 
these eight mutants, one of them (B4) showed a str iking di f ference in colony morphology on 
7H11 agar. Final ly, the DNA of the eight mutants was extr acted for  use in PCR. PCR 
ampli f ication and sequencing for  Gene YMsm in Mutant D4 showed a nucleotide substi tution. 

Mater ial s and Methods

TRANSPLANTATION OF ADRC CELLS

This procedure involves the patients undergoing lumbar  laminectomy for  
the purpose of gaining access to the cerebrospinal f luid. Then the adipose 
tissue-der ived regenerative cel ls obtained through l iposuction can be 
tr ansplanted through an injection into the cerebrospinal f luid. Whi le 
tr ansplanting the cel ls did not have any adverse effect on the patients, the 
r esults show  that the procedure wasn?t ver y effective at improving the 
patients? conditions. However , the tr ansplantation has the potential to slow  
dow n the progression of the disease despite i ts l imitations. There was a 
decrease in the proinf lammator y agents TNFalpha, INF-y, and IL-1beta 
whi le there was an increase in anti -inf lammator y agents IL-6, bFGF, and 
MMP-9.

The therapeutic tr ansplantation of stem cells shows to be promising as i t is 
a safe procedure that may slow  dow n the progression of ALS. Ear ly 
tr eatment combined w ith r egular  tr ansplantations could signi f icantly 
r educe the disease?s rate of progression and extend the patients? l ives. The 
patients were tested in 12-week inter vals star ting from 24 weeks pr ior  to . MMP-9: Matr ix metal lopeptidase 9 is a 

class of enzymes involved in the 
degradation of the extr acellular  
matr ix.

TNFalpha: Tumor  necrosis factor  
alpha is a cytokine that promotes 
inf lammation. I t binds to i ts r eceptor , 
causing a cascade that activates 
NFkBeta (inf luences cel l  death).

IL-6: Inter leukin 6 is a cytokine 
produced by leukocytes that functions 
in inf lammation (capable of inducing 
fever ) and the maturation of B cel ls.

Spast i ci t y: Spastici ty is a condition in 
which cer tain muscles continuously 
contract, causing sti f fness and can 
inter fere w ith normal movements.

bFGF: Basic f ibroblast grow th factor  
is a angiogenic factor  and induces 
miosis in endothelial cel ls.

Mesenchym al  St r om al  Cel l s: 
Mesenchymal Stromal Cells are 
spindle-shaped cel ls isolated from 
bone mar row , fat, and other  tissues. 
These cel ls can di f ferentiate into a 
var iety of cel ls, and possess broad 
immunoregulator y proper ties.

This change resulted in a prol ine to leucine 
amino acid change in the gene?s product 
that seems to have altered the binding 
pocket of Protein Y and thus perhaps 
prevented the binding of Compound 1A.

tr eatment unti l  36 weeks after  tr eatment
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To establish a productive infection, HIV-1 must counteract host factor s that 
inhibi t vi r al r epl ication. To do this, HIV-1 encodes accessor y proteins that 
modulates the host cel lular  environment to optimize vir al r epl ication and 
avoid host defenses. Vpu, an accessor y protein, is an impor tant component 
of HIV?s pathogenici ty. Vpu has several impor tant functions that increase 
HIV-1 production and may enhance pathogenici ty in vivo. Vpu, 
accomplishes this in par t by antagonizing the activi ty of the host proteins 
involved in defense8. In this study, we focused on understanding how  the 
amino acid r esidues in Vpu affect i ts expression. To accomplish this, we 
introduced mutations in the C-terminus of pNL4.3 Vpu by PCR. The 
mutated fr agments were cloned into expression vector s that coexpressed 
the green f luorescent protein (GFP). Seven Vpu mutants were then 
generated and their  expression was ver i f ied by tr ansfecting human 
embr yonic kidney cel ls and subsequently per forming western blotting.  

       

   SIGMA  |   Thibaud Roy & Karen Chen 

Cloning and Expression of  HIV-1 Vpu

Apurva Singh

Annotated by Thibaud Roy and Karen Chen

Abst r act

Accessor y pr oteins: Encoded by the 
r etrovir al genome. Sometimes inhibi t 
r epl ication in cultured cel l  l ines, but 
assist in vir al r epl ication.

Although Human Immunodeficiency Vir us (HIV) gained momentum in the 
latter  half  of the 20th centur y, i t is sti l l  a health issue that affects mi l l ions of 
l ives globally. Near ly 37 mi l l ion people were l iving w ith HIV at the close of 
2017 w ith 1.8 mi l l ion of those people getting the vir us just that year. In that 
same year , approximately 1 mi l l ion people died from i l lnesses associated 
w ith HIV. HIV affects populations al l  over  the wor ld, but some are more 
affected than others: the continent of Afr ica accounts for  almost 70% of the 
people infected w ith HIV5. 

HIV is a vir us that weakens the immune system by destroying CD4 cells, 
cr ippl ing the body?s immune system and leaving i t unable to f ight the 
pathogens. Over  time (anywhere from 2 to 15 years) a per son?s count of 
functional CD4 T cel ls may become so low  that they are unable to fend off  
even the simplest infections such as the cold and f lu. This is the most 
severe stage of HIV and is termed AIDS or  Acquir ed Immunodeficiency 
Syndrome. When patients r each this stage of HIV infection, they often also 
suffer  from other  diseases/i l lnesses such as tuberculosis and meningi tis.  
For tunately, complete el imination of HIV can be achieved through the 
development of an effective HIV vaccine.  One potential therapeutic cure 
involves the HIV accessor y protein Vpu. I t has been show n that Vpu also 
induces the degradation of CD410 and counteracts the host antivi r al factor  
tether in2.  This study sought to understand the signi f icance of the Vpu 
sequence heterogeneity and i ts inf luence on Vpu functions. The results of 
this study may help us identi fy new  novel targets or  pathways that can be 
blocked to prevent the establishment of HIV-1 infection and/or  per sistence.

Int r oduct i on

For  the last 20 years, studies have been under way to develop HIV vaccines 
that w i l l  prevent the vir us from spreading. Although a vaccine may not 
provide r el ief for  those alr eady suffer ing w ith HIV, i t w i l l  ensure that the 
vir us does not tr ansmit and affect other  people. This could lead to the 
global eradication of HIV which would save mi l l ions of people from ever  
having to exper ience this devastating disease. The HIV vaccine eff icacy 
tr ials conducted so far  have not been successful w i th the exception of the 
RV144 cl inical tr ial. I t was the f i r st tr ial that showed a vaccine eff icacy of 
31.2% in a per iod of 42 months. Fur ther  studies using this vaccine 
however , did not yield the same results. Nonetheless, the tr ial established 
the possibi l i ty of developing a vaccine in the future.

Anti r etrovir al Therapy (ART) is cur rently the most effective tr eatment on 
the market. However , i t is not a cure as i t has to be taken consistently 
throughout one?s l i fetime to keep the  symptoms of HIV at bay. I f  one 
misses a single dose of the drugs associated w ith ART, i t could be costly. I f  
this is consistently a problem, they may develop a r esistance to the drug. 
This could perhaps lead to them resor ting to a less effective drug. In 
addition, there are numerous side effects that may accompany the use of 
these drugs. Clear ly, whi le the tr eatments avai lable are cer tainly effective 
in helping a person l ive w ith HIV, they have their  draw backs. This is why 
there are many exper iments going on to discover  a cure for  HIV. One 
potential therapeutic cure is the HIV accessor y protein Vpu. 

HIV-1, a complex r etrovir us, encodes accessor y proteins (Nef, Vi f , Vpu, 
Vpr , and/or  Vpx) in addition to the str uctural (Gag, Pol, Env) and 
regulator y (Tat, Rev) proteins. Vpu, which is an 81 aa (16 kDa) type I 
integral membrane phosphoprotein is an impor tant component of HIV?s 
pathogenici ty and is expressed from a bicistronic mRNA together  w ith 
envelope protein (Env) dur ing the late stage of the vir al l i fe cycle. Vpu has 
several impor tant functions that increase HIV-1 production and may 
enhance pathogenici ty in vivo. I t has been show n that Vpu also induces 
the degradation of CD410 and counteracts the host antivi r al factor  
tether in2. This study sought to understand the signi f icance of the Vpu 
sequence heterogeneity and i ts inf luence on Vpu functions. The results of 
this study may help us identi fy new  novel targets or  pathways that can be 
blocked to prevent the establishment of HIV-1 infection and/or  
per sistence. 

The research that has been done on the Vpu protein so far  has focused on 
i ts potential to alter  the natural ionic cur rents that move across the 
plasma membranes of our  cel ls. This function of Vpu has led scientists to 
look for  inhibi tor s of Vpu which could stop the vir us?s tr ansmission 
throughout the body. The f i r st inhibi tor  that was discovered was 
5-amilor ide (HMA). With fur ther  testing, i t was discovered that i t was not 
as effective as previously thought because of i ts low  selectivi ty index. A 
second ion channel activi ty inhibi tor , BIT225 exhibi ted a high selectivi ty 
index and entered phase two cl inical tr ials a few  years pr ior4. By 
inf l icting mutations in the Vpu region of the HIV genome, we hope to 
discover  more about the way in which the Vpu protein al lows for  vir al 
progression and f ind additional Vpu inhibi tor s that could counteract the 

Pathogeneci t y: the abi l i ty of an 
organism to cause disease

PCR: Polymerase chain r eaction. A 
r eaction that uses the abi l i ty of DNA 
polymerase to synthesize new  str and 
of DNA complementar y to a speci f ic 
template str and. At the end of the PCR 
reaction, the speci f ic sequence w i l l  be 
accumulated in bi l l ions of copies.

Accessor y pr oteins: Encoded by the 
r etrovir al genome. Sometimes inhibi t 
r epl ication in cultured cel l  l ines, but 
assist in vir al r epl ication.

CD4 Cel l s: a class of T cel ls that 
secrete small molecules know n as 
cytokines that r egulate the activi ty of 
other  immune cells

9

Bici st r on i c m RNA:  an mRNA 
molecule that encodes only two 
proteins

Integr al  m em br ane phosphpr otein : 
a type of protein that is permenantly 
attached to the cel l  membrane

function of the Vpu accessor y protein

Sensi t iv i t y i ndex : a statistical value 
used to evaluate whether  or  not a 
signal can be easi ly detected. 

Accessor y pr otein : a protein that 
works w ith another  protein (e.g. helps 
i t fold, anchors i t to the membrane, 
stabi l ize the pr imar y protein)
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Lactate dehydrogenase (LDH) is an enzyme found at the end of the 
glycolytic pathway in near ly al l  l iving cel ls. Whi le playing an impor tant 
role normally in healthy cel ls, i t also plays a signi f icant role in the 
prol i feration of most cancer  cel ls.  This study attempted to better  
understand the effects of LDH on cancer  cel l  metabolism. In the absence 
of LDH, measured changes in pH, lactate, glucose, and grow th were used 
to compare the metabolism of bulk cel ls to knockdow n cells. I t was 
confi rmed that LDH-A knockdow n shows a tr end towards inhibi tion of 
prol i feration of prostate cancer  cel ls and tumor  grow th. This implies that 
LDH-A knockdow n may be an effective str ategy to r educe tumor  
prol i feration. 

Glycolyt i c pathway r efer s to 
glycolysis, or  the extr action of 
energy from the breakdow n of 
glucose.

LDH-A knockdown  means that 
the gene responsible for  the 
synthesis of LDH is r emoved 
from a cel l  sample, preventing 
the cel l  from producing the 
enzyme LDH.

   SIGMA  |   Justin Lam & Kristoff Misquitta

The ef fect s of  LDH-A inhibit ion on t he 
m et abolism  of  prost at e cancer

Kelly Kang
Annotated by Justin Lam and Kristoff Misquitta

Abst r act

Int r oduct i on
Metabolism of cancer  cel ls r el ies heavi ly on glycolysis. Thus, i t is 

marked by signi f icantly high lactate dehydrogenase activi ty. Lactate 
dehydrogenase (LDH) is an enzyme in the glycolysis pathway that 
catalyzes the inter conversion of pyruvate to lactate. I t has been well  
documented that the  dysregulation of lactate synthesis metabolism and 
lactate signaling contr ibute considerably to car cinogenesis. The 
relationship between glucose uti l ization and lactate exchange then al lows 
for  cancer  cel ls to grow  and prol i ferate at their  abnormally accelerated 
r ates. The role of the LDH enzyme is to catalyze the conversion of 
pyruvate to lactate (see Figure 1).

Car cinogenesis is the 
formation of cancer  cel ls. 

Figur e 1

Pyr uvate is the 3-carbon end 
product of glycolysis. In the 
presence of oxygen, i t 
progresses into the 
mitochondr ial matr ix to be 
oxidized. 

Mater ial s and Methods

Plasm id Const r ucts

Several pr imer  pair s were designed to create point mutations in the Vpu 
protein of HIV-1. These pr imer  pair s are show n in Table 1. These pr imer  
pair s were synthesized commercial ly. Schematics of vector  plasmid 
DK-11-14 (pNL4.3) as show n in Figure 1, was used to clone the Vpu PCR 
fr agment w ith mutation. To ampli fy the Vpu fr agment w ith point mutation, 
Polymerase Chain Reaction (PCR) was per formed using r eaction mixtures 
containing each pr imer  pair  mixed w ith the GoTaq green master  mix. PCR 
products were pur i f ied from the gel using an invi trogen gel extr action ki t. 
The plasmid DNA and Vpu PCR products were digested w ith r estr iction 
enzymes XbaI and MluI. The digested products were then pur i f ied again 
and l igated using the DNA l igase provided by (Invi trogen). Ligated 
mixtures were tr ansformed in bacter ial cel ls (Top10, Invi trogen) and 
plated on LB agar  containing ampici l l in. Several ampici l l in r esistant clones 
were tested by PCR. Clones containing the cor rect Vpu fr agment were 
selected using nucleotide sequencing. Based on the sequencing r esult, 
cor rect clones were identi f ied for  tr ansfection and western blot analysis. 

Cel l  l i ne, Pr otein  Ex pr ession and Wester n Blot  Analysi s 

HEK293T cells were obtained from the Amer ican Type Culture Collection 
(ATCC) and used for  tr ansfection. This cel l  l ine was propagated in DMEM 
media w ith penici l l in str eptomycin, fetal bovine serum, and L-glutamine. 
The selected plasmids were tested for  the expression of the 4 r ecombinant 
proteins by tr ansfecting 293T cells w ith the di f ferent mutant plasmids 
using jetPEI tr ansfection r eagent. 48 hr s post-tr ansfection, 293T cells were 
washed w ith PBS tw ice and lysed in 1% empigen. The cel l  lysates were 
clar i f ied by centr i fugation at 15000 rpm for  10 minutes at 4oC. The 
clar i f ied supernatant was col lected and stored at -80oC unti l  use. The 
expression of the mutated Vpu was confi rmed by Western blot analysis. 
The clar i f ied cel l  lysates were fr actionated on 10% SDS page gel and 
tr ansfer red to the ni trocellulose membrane. The membrane was blocked 
w ith 5% nonfat dr y mi lk in PBS overnight. The next day, after  washing 
w ith PBS Tween-20, the membrane was incubated w ith HIV-1 Vpu 6780 
and AU1 antibody for  45 minutes. The membrane was then incubated for  
30 minutes at room temperature w ith anti -mouse-HRP and anti -r abbit-HRP 
secondar y antibodies to detect the binding of HIV-1 Vpu 6780 and AU1 
antibody r espectively. The membrane was washed, and bands were 
detected using chemiluminescent substr ate and visualized using Bio-Rad 
Imager. 

Pr ostate cancer  is the cancer  
of the prostate gland, which 
produces seminal f luid in men.
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I som er s are chemical 
compounds that have the same 
number  and types of atoms, but 
the atoms are ar ranged 
di f ferently.

When pyruvate is conver ted to lactate, the process of lactic acid 
fermentation can then occur. I t is a metabolic process by which glucose 
and other  six-carbon sugars are conver ted into cel lular  energy. Two 
isomers, ?LDH-A ?and ?LDH-B?, form two 5 active isoenzymes 
(tetr amers). Inhibi ting LDH-A expression through knockdow n and 
studying the effect in tumor  metabolism and the tumor  
microenvironment has therapeutic benefi t, such as improving  CAR T cel l  
tr eatment.

Past exper iments have studied the effect of LDH-A knockdow n in a mur ine 
breast cancer. The focus of my cur rent r esearch is to then demonstrate a 
more accurate depiction of the metabolic activi ty in mur ine MycCaP 
prostate cancer  cel l  l ines, tr ansduced w ith a vector  coding for  the human 
prostate speci f ic membrane antigen (PSMA+). I t is cer tain that PSMA has 
an effect on prostate cancer  prol i feration, as prostate cancer  cel ls have 
high levels of prostate-speci f ic membrane antigen (PSMA), although i ts 
biological role is sti l l  uncer tain. We f i r st developed ?in vitro and then ?in 
vivo ?grow th prof i les of the MycCaP cell  l ines to study the effect of LDH-A 
knockdow n on cel l  prol i feration and tumor  grow th. These studies are 
fol lowed by metabolic assays to measure glucose uti l ization, lactate 
production and pH changes in the MycCaP cell  l ines.

I soenzym es are enzymes w ith 
di f ferent str uctures, but w ith 
identical functions. The enzyme 
is composed of four  monomers, 
so i t is cal led a tetr amer.

Mur ine r efer s to mice. These "cel l  
l ines" are special ly designed 
samples of prostate cancer  cel ls 
from mice. 

In vitr o means that cel l  l ines are 
obser ved inside a test tube or  
plate. In vivo means the cel l  l ines 
were obser ved inside an 
organism.

 

 per iod of of 15 minutes at 37 degrees. Meanwhi le, we prepared the 
r eaction mixture. We counted the number  of tests (each well  equals to one 
test) and made up the mixture according to that. The ratio of catalysis to 
dye was 1:45. Then, we added 100 µl of the fr eshly prepared reaction 
mixture to each well  and incubated for  10 minutes at room temperature. 
The dishes were covered w ith aluminum foi l  to prevent l ight exposure. 
Final ly, 50 µl of stop solution was added to each well . The ELISA reader  
was used to measure the absorbance of the samples at 492 nm.

In Vi tro Grow th Assay

In vi tro cel l  prol i feration assay was done by seeding 10^6 cel ls and 
monitor ing grow th over  3 days.

In Vivo Grow th Assay

Tumor  grow th assay was done by subcutaneously injecting NOD SCID 
mice w ith 2x10^6 cel ls in the r ight f lank and measur ing grow th by cal iper. 
The volume of the tumor  was calculated using the dimensions of the 
tumor , as measured by the cal iper.

Lactate Assay

Cells and culture media were deproteinized and lactate was measured 
w ith an Eton Bioscience L-lactate Color imetr ic Assay Kit.

Reagents Preparation?

1. Lactate Standards: The vials contains 1000 µl of 3mM L-Lactate 
Standard. The standard was equi l ibrated to room temperature 
before use. 1mL of the standard makes 3 standard cur ves when 
assayed in duplicate.

2. L-Lactate Assay Solution: The solution contains enzymes that are 
l ight sensi tive. The solution is thawed on ice before use.

Sample Deproteinization

1. We took 400 µl of media PBS serum sample and added 100 µl ice 
cold PCA.

2. We placed samples on ice for  5 minutes.
3. Centr i fuged at 13000g for  2 minutes.
4. Transfer red 380 µl of the supernatant to a fr esh tube.
5. Added 20 µl of ice cold neutral ization solution to the samples and 

mixed

Adding Samples:

1. Added 50 µl of samples to each well . Assay samples in duplicate. 

Standard Cur ve Preparation?

1. A standard cur ve must be r un in each assay
2. Added 50 µl, 40 µl, 30 µl, 20 µl, 10 µl, 5 µl, 1 µl, and 0 µl of L-Lactate 

Standard to each well  for  a total of 8 standards. Then adjusted 
volume to 50 µl well  w i th dH2O.

Per form the assay

1. Added 50 µl of L-Lactate assay solution to each well  containing 
L-Lactate standards and test samples.

2. Incubated for  30 mins at 37 degrees Celsius incubator.
3. Stopped the r eaction by adding 50 µl of 0.5M acetic acid per  well  

fol lowed by br ief gentle agi tation.
4. Measured the absorbance at 490nM using a microplate r eader.

 

Lysis solu t i on  dissolves the cel l  
membrane, creating a "cel l  
lysate" of DNA and proteins.

Mater ial s and Methods
Cell Culture

hpSMA+ MycCaP sh RNA knockdow n clone (A2-2 KD) and hPSMA+ 
MycCaP scrambled control (A5NC Bulk) were cultured in DMEM + 10% FCS 
P   + S media (5 mM and 25 mM glucose).

The culture media was f ixed to pH 7.4 and monitored for  change in pH on 
the f i r st and thir d day. The pH meter  was kept in the culture media for  30 
seconds and the pH measurement on the pH meter  was then recorded.

The culture media was also simultaneously monitored for  glucose 
concentration w ith an Accutrend glucometer. To do so, 15 µl of the culture 
media was pipetted onto a glucose str ip, was was then read by the 
Accutrend glucometer , r eturning an exact value of glucose concentration.

LDH Knockdow n?

The LDH gene is knocked dow n through RNA inter ference, which is a 
means of si lencing genes by way of mRNA degradation.

LDH Assay?

LDH enzyme assay was conducted w ith Roche Scienti f ic LDH Assay Kit by 
seeding 104 cel ls and assessing enzymatic activi ty.

We spli t cel ls from the plate and counted the number  of cel ls present in 1 
mL. Meanwhi le, we calculated the number  of cel ls needed and the ser ial 
di lution scheme. We took the highest number  of cel ls needed for  the assay 
and tr ansfer red to the tube. We made up the volume to 1 mL w ith the 
same media.  s we have 3 r epl icates of each cel ls and we were using only 
100 µl per  cel l , we needed 300 µl of cel ls for  plating. The rest of the cel ls 
were used to make ser ial di lution. After  al l  the cel ls were counted and 
ser ial di lutions were made, we plated 100 µl of cel ls in a 96 well  plate, w i th 
the location of cel ls in each well  noted. The plate was incubated for  2 
hours to let cel ls si t dow n. 5 µl of lysis solution was added to each well  
w i th multi -channel pipetter. Again, there was an incubation 

ELISA  stands for  Enzyme-Linked 
Immunosorbent Assay. I t involves 
the binding of a ser ies of highly 
speci f ic antibodies to an antigens. 
The f inal antibody is bound to an 
enzyme that conver ts a substr ate 
into a measurable colored 
product. 

The procedure descr ibes the 
conditions (pH and glucose 
concentration) that the cel l  l ines 
were grow n under.

Commonly abbreviated RNAi, 
RNA inter fer ence is car r ied out 
by the binding of small 
inter fer ing RNA (siRNA) to mRNA, 
marking i t to be cleaved.

Seeding is the tr ansfer  of cel ls 
onto a new  sur face or  container. 
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Resul t s

Calculations

1. Averaged the OD490 nm values of r epl icate wells of each L-Lactate standard, 
test samples, and blank. In order  to get the cor rected absorbance, we 
subtracted the average OD490 nm value of the blank from the average OD490 
nm values from al l  standards and samples.

2. Made a standard cur ve by plotting OD490 nm values from each L-Lactate 
standard as a function of L-Lactate concentration.

3. Calculated the value of L-Lactate in samples using the equation obtained from 
the l inear  r egression of the standard cur ve.

L-Lactate (µM) = [(Cor rected absorbance) - (y-inter cept)]/slope

Conclusion

LDH-A knockdow n shows a tr end towards inhibi tion of prol i feration 
of MycCap prostate cancer  cel ls and tumor  grow th. LDH-A knockdow n also 
shows a tr end towards r eduction of extr acellular  lactate production, 
extr acellular  acidi f ication, and glucose uti l ization. LDH-A knockdow n may 
be an effective str ategy to r educe cancer  cel l  prol i feration ?in-vitro ?and 
potential ly ?in-vivo.

We are able to identi fy quanti tatively the metabolism of the cel ls 
due to the fact that the pH of MycCap PSMA+ A5NC Bulk and the MycCap 
PSMA+ A2-2 KD are lower  than the control PSMA+ Media, which did not 
have cel ls in i t. The release of CO2 by the cel ls is what decreases the pH.

Therefore, i t fol lows that the faster  the metabolic r ate of the cel ls, 
the lower  the pH would become. The data here makes sense as we see the 
metabolism of MycCap PSMA+ A5NC Bulk cel ls is faster  than that of the 
MycCap PSMA+ A2-2 KD cells, which had the LDH enzyme knocked dow n, 
affecting i ts conversion between pyruvate and lactate.  

Additionally, we are able to identi fy quanti tatively the metabolism 
of the cel ls due to the fact that the glucose of MycCap PSMA+ A5NC Bulk and 
the MycCap PSMA+ A2-2 KD are lower  than the control PSMA+ Media, 
which did not have cel ls in i t. In order  to sustain themselves, the cel ls use 
up glucose in the media, therefore decreasing i t. However , the number  of 
cel ls in the media affects the amount of glucose that is uptaken. As a r esult, 
the graph on the r ight of Figure B is adjusted to the number  of cel ls. After  
adjustment, we are able to identi fy quanti tatively that after  3 days, the 
glucose values between the two cel l  l ines is not ver y di f ferent.

Dif ferences in cel l  grow th r ate (doubling time, DT) were obtained 
for  KD and NC cells. These studies demonstrated that LDH-A KD was the 
dominant factor  in r educing cel lular  grow th: Doubling times were 17.2±0.6 
hours (KD) and 14.7±0.5 hours (NC), p = 0.01. LDH-A depletion (KD) r esulted 
in lower , extr acellular  acidi f ication (pH: NC: 7.76 vs. KD: 7.82; p = 0.01). 
However , glucose uti l ization and extr acellular  lactate production measured 
?in vitro ?showed only marginal di f ferences between KD and NC cells. 
Never theless, the marginal di f ferences could be attr ibuted to mechanisms 
which w i l l  be evaluated in future studies.
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With r egards to vir al vector s, these have largely focused on the use 
of lentivi r uses such as HIV, adenovir us, or  the adeno-associated 
vir us.  Whi le each of these vir al vector s has demonstrated promise 
in some context, each has inherent issues preventing their  
w idespread use.  For  example, ear ly cl inical tr ials w ith lentivi r uses 
r esulted in multiple integration events that culminated in the 
development of cancer.  Conversely, use of adenovir us, whi le i t does 
not integrate, many in the human population have pre-established 
immunity to the vector  r ender ing i t ineffective. Whi le both 
seroprevalence and integration are issues that can be addressed 
w ith additional testing or  methodology, nei ther  vector  r epresents a 
tool that can be used in a more general ized platform.  In place of 
these two popular  vector s, a thir d expression system has gained 
popular i ty cal led the Adeno-associated vir us (AAV).  This vector , 
which in nature impacts canines, can be repurposed for  gene 
deliver y and has show n signi f icant promise in cl inical tr ials.  Whi le 
AAV neither  integrates nor  shows high seroprevalence, i ts 
l imitations der ives from the fact that i t tends to deliver  to the l iver  
and has a ver y l imited coding capaci ty.   

We sti l l  use these vector s despite this l imitation but the scienti f ic 
community is simultaneously looking for  other  solutions.  Over  the 
past few  years, many have focused on var ious l ipids or  synthetic 
nanopar ticles to del iver  r ecombinant DNA to cel ls.  However , this 
has proven di f f icult, largely ow ing to the inabi l i ty to breach the 
bar r ier s r equir ed to r each the nucleus.  More r ecently. a promising 
technology in this area is the dir ect use of RNA.  The use of RNA as a 
therapeutic is promising in that i t can be easi ly manufactured and 
nei ther  integrates, nor  is i t immunogenic.  However , whi le 
promising, a r emaining l imitation of RNA is i ts inherent instabi l i ty.  
In this r egard, the identi f ication of novel RdRps may also enable the 
engineer ing of self-r epl icating RNAs, thereby overcoming this 
l imitation.  In an effor t to f ind a small RdRp that w i l l  not show  any 
prevalence in the human population, we propose to sample 
inver tebrates for  novel RNA vir uses from which we can bui ld.
 

1. The ini tial aim of this project is to gather  RNA samples from 
var iegated sources. Multiple samples from a w ide r ange of 
inver tebrate species w i l l  provide the necessar y heterogeneity from 
which RNA w i l l  be isolated. Subsequent constr uction of a diver se 
inver tebrate RNA l ibrar y w i l l  al low  for  the identi f ication and 
classi f ication of vi r uses present w ithin each sample (r egardless of 
genome type).  The RNA l ibrar y w i l l  then be used to sequence, 
assemble and identi fy putative vir uses.

2. Upon identi f ication of a previously unknow n vir us, compatibi l i ty 
w i th cloning and i ts evolutionar y r elationship to other  know n 
vir uses w i l l  be assessed. As previously stated, small RNA vir uses 
and/or  vir al RdRps that nei ther  integrate nor  have a high 
seroprevalence are ideally sui ted to work w ith and advance. 
Subsequent cloning via synthetic biology and launching in 
permissive cel l  l ines w i l l  ser ve as the next steps in the progression 
and development towards a self-r epl icating RNA. 

Speci f i c  Aim s

   SIGMA  |   Tyseen Murad

Expanding, charact er izing and 
repurposing t he inver t ebrat e 
virosphere

by Benjamin tenOever, Ph.D., Ethan Lin 

Abst r act
Modern medicine demands the capaci ty to del iver  genetic or  biological 
cargo to speci f ic cel l  types.  Past effor ts to achieve this goal have rel ied on 
the r etooling and re-engineer ing of a small subset of ver tebrate vir uses 
w ith l imited success.  Remaining challenges w ith r egards to in vivo 
del iver y include f inding novel vi r al vector s that can achieve di f ferent 
target speci f ici ties in addition to those that are more amenable to 
synthesize de novo. In an attempt to address these remaining l imitations, 
we propose to col lect and sample diver se inver tebrate species to isolate 
and identi fy RNA vir uses associated w ith them.  As the inver tebrate 
virosphere r emains largely unknow n, we hypothesize that we w i l l  
identi fy novel vi r uses, whose components can be character ized and 
repurposed to bui ld a new  sui te of vi r al-based tools.  To this end, we 
propose to isolate and sequence RNA from a diver se l ibrar y of 
inver tebrates by next-generation sequencing and subsequently per form 
de novo genome assembly on the r eads obtained.  Captured reads w i l l  
then be analyzed for  signatures of RNA dependent RNA polymerases 
(RdRps) ? a necessar y component of al l  RNA vir uses.  Putative novel vi r us 
genome assemblies w i l l  be named, character ized, and independently 
confi rmed by quanti tative PCR.   Small RNA vir uses or  their  RdRps (less 
than 5kB) w i l l  then be synthesized and ar ti f icial ly launched in 
mammalian cel ls to ascer tain whether  they can be selected via guided 
evolution to function and deliver  a desir ed genetic or  biological cargo.
 

Int r oduct i on

Lent iv i r us is a genus of 
r etrovir uses that cause chronic 
and deadly diseases 
character ized by long 
incubation per iods, in the 
human and other  mammalian 
species.

Vi r al  vector s are tools 
commonly used by molecular  
biologists to del iver  genetic 
mater ial into cel ls.

Annotated by Tyseen  Murad

In the advent of r ecombinant DNA, technology science has w itnessed the 
development of tools to generate antibodies from a plasmid, si lence 
messenger  RNA, deliver  genes, and even edi t DNA w ith single base pair  
r esolution. However , to capi tal ize on these discover ies, the scienti f ic 
community needs the abi l i ty to del iver  the necessar y cargo to the cel ls of 
interest.  Thus far , the issue of del iver ing genetic mater ial to cel ls has 
come in the form of ei ther  r epurposed vir al vector s or  the dir ect del iver y 
of genetic mater ial  (Thomas et al. 2003).  

With r egards to vir al vector s, these have largely focused on the use of 
lentivi r uses such as HIV, adenovir us, or  the adeno-associated vir us.  
Whi le each of these vir al vector s has demonstrated promise in some 
context, each has inherent issues preventing their  w idespread use.  

Polym erase chain react ion 
(PCR) is a method widely used in 
molecular biology to make many 
copies of a specific DNA segment. 
Using PCR, a single copy (or more) 
of a DNA sequence is 
exponentially amplified to 
generate thousands to millions of 
more copies of that particular 
DNA segment.

Adenovi r uses are a group of 
common vir uses that infect the 
l ining of your  eyes, air ways and 
lungs, intestines, ur inar y tr act, 
and ner vous system.
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Figure 1.  Animation depicting the overall strategy of this proposal.  The process begins with the collection of invertebrates. The samples 
then undergo RNA isolation in order for us to sequence them. In the sequencing step, the RNA is fragmented into many pieces before 
being amplified many times. The fragments will contain overlapping segments of genetic code, making them amenable to 
reconstruction via de novo assembly. The subsequent consensus contigs vary in length, but the longer ones (>6000 nucleotides (nts)) 
will be analyzed via Basic Local Arrangement Search Tool (BLAST) to contrast them with known viruses and determine if they are novel 
viruses. Putative small viruses and/or RdRps will then be synthesized and introduced into mammalian cells to determine if we can select 
them to function (this step is denoted as Build, launch, and evolve). 
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Next  Generat ion Sequencing: High-quality RNA isolated from the previous step (as determined by the 
Nanodrop) will be fragmented and used to generate an Illumina-compatible library for massively-parallel 
sequencing (see Figure 1).  In brief, each captured RNA fragment will be used to amplify an isolated pool 
of identical cDNA fragments that can be sequenced alongside each other.  Using a high-resolution 
camera and real-time primer-mediated extension, the NextSeq Illumina instrument can generate 500 
million reads from a single run.  RNA samples will, therefore, be cloned and processed in this way and 
sequenced and assembled de novo to identify contiguous RNAs that are greater than 6000 nts in length 
(as this exceeds the size of most mRNAs whereas viruses are commonly larger than this).  ?Contigs? will 
then be translated in all 6 possible frames and putative proteins (larger than 600aa) will be used in a 
BLASTx search to determine whether there is any homology to known RNA dependent RNA polymerases 
(RdRps) which are generally larger than 600 residues. Sequenced contigs showing homology to known 
RdRp will then be characterized to identify additional open reading frames (ORFs).  Each putative ORF will 
be aligned to known viruses and will be fitted into a phylogenetic tree to ascertain which family of viruses 
it is contained within.

Virus-based rescue syst em s: Should we identify a novel virus of interest, we will next verify expression 
within its cognate RNA sample to ensure and verify its sequence.  The putative virus will subsequently be 
PCR amplified and subcloned into a plasmid suitable for in vitro transcription and/or eukaryotic 
expression.  Recombinant RNA or the plasmid will then be introduced into insect or mammalian cells 
(C6/36 or BHK cells, respectively), and we will use PCR to determine whether evidence of 
self-amplification can be observed.  Should we see some levels of ?replication?, we will continue to passage 
the virus to determine whether we can guide its activity and study its biology.  Should this be the case, we 
also wish to clone the RdRp in isolation to determine whether we can achieve a functional enzyme in 
mammalian cells that may one day serve to build a self-amplifying RNA.  

Result s as of  June 2019:

The Dioscur i: Castor and Pollux are two viruses that we have recently discovered. They are 
named that way because of their high homology rate. Both are negative single-stranded RNA 
viruses that boast a suite of new receptors that could be used for genetic editing. Found below 
are graphs of the reads indicating there structure and a gel indicating that the virus could be 
replicated.

Met hods:

RNA Isolat ion f rom  Collect ed Sam ples: To address the first aim, insects will be collected and stored in 
RNALater® from predetermined environments in a set area and recorded as a sample ID and suspected 
species using www.amentsoc.org/insects/what-bug-is-this/.  The collected insect will then be pulverized 
with small quantities of TRIzol reagent, with the exact amounts dependent on total sample size. 
Subsequent incubation allows for the phenol in TRIzol to break down cellular components while 
maintaining RNA integrity. Chloroform is added to the solubilized RNA to induce phase separation, which 
occurs over a 15 minute period of centrifugation. The generated supernatant contains RNA in the 
colorless upper aqueous phase and can be transferred out of solution via pipetting. The red organic 
proteinaceous layer and DNA interphase layer are discarded. A quantity of isopropanol, equal to half the 
added amount of TRIzol Reagent, is mixed into the aqueous solution and allowed to incubate, and the 
insolubility of RNA in isopropanol will yield a white RNA pellet, albeit impure. Subsequent resuspension in 
80% ethanol allows for purification of the RNA due to ethanol?s low dielectric constant and propensity of 
the salt to dissolve in water and force it out from the RNA. The remaining pellet of RNA will then be 

characterized using a Nanodrop instrument®. This RNA will then be cataloged and stored at -80. 



   SIGMA  |   Kristoff Misquitta

Associat ions Bet ween Brain 
Connect ivit y and Sym pt om s in 
Co-Occur r ing At t ent ion-Def icit  
Hyperact ivit y Disorder  and Reading 
Disorder

Senjuti Gayen 

Abst r act

Attention-Defici t Hyperactivi ty Disorder  (ADHD) and Reading 
Disorder  (RD) are learning disorders that commonly co-occur  
(Kaplan et al., 2006). Studies that use neuroimaging 
techniques, such as magnetic r esonance imaging (MRI), are 
ideal for  providing information about brain str ucture and 
function. Many MRI studies explore alterations in brain 
connectivi ty (functional interactions between regions of the 
brain) in cl inical populations, thereby providing biological 
insight into the disorders. A better  understanding of ADHD 
and RD would al low  for  the development of preventative 
tr eatment str ategies and for  better  medication that 
speci f ical ly target symptoms of ADHD and RD. In this study, 
twelve chi ldren diagnosed w ith ADHD and RD, as well  as 
twenty-one typical ly developing (TD) chi ldren, were 
r ecrui ted. Par ticipants completed neuropsychological testing 
and under went r esting-state functional connectivi ty MRI 
(r s-fcMRI) scans. The brain scans were analyzed to identi fy 
connectivi ty in the brain associated w ith symptoms, using 
var ious seeds from di f ferent brain networks. The f indings of 
the cur rent study suppor t the idea that increased functional 
connectivi ty between the cognitive control networks and the 
default mode network (DMN) is associated w ith ADHD; as 
symptoms increased, so did connectivi ty. In association w ith 
r eading abi l i ty there was connectivi ty between the DMN and 
a cognitive control network. The connectivi ty between ADHD 

MRIs use a magnetic field to align 
protons in the body. Radio waves are 
then used to force the protons into an 
energetically unfavorable rotation of 
90º or 180º. When the pulse is turned 
off and the protons re-align with the 
magnetic field, energy is released that 
can be used to generate images of 
internal organs.

Annotated by Kr istoff  Misquitta

Typical l y developing means 
developing normally. These children 
serve as the control in this study. 

r s-fcMRI  detect changes in blood flow 
to regions of the brain when no task is 
being performed. 

The Defaul t  Mode Networ k  refers to 
the regions of the brain that remain 
active at rest. 
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w ith ADHD and RD.

Mater ial s and Methods

Par t i cipants 

Twelve chi ldren diagnosed w ith ADHD and RD and 21 typical ly 
developing (TD) chi ldren were selected from a sample r ecrui ted by 
Columbia Univer si ty Medical Center /New  York State Psychiatr ic 
Insti tute (Davis et al., 2017) The chi ldren were al l  between the ages 
of 7 and 12 years and were native, monolingual English speakers. 
Chi ldren were excluded from the study i f  they had taken any 
psychotropic medication or  had any l i fetime diagnosis of a 
neurological or  neurodevelopmental disorder  other  than ADHD or  
RD. If  an RD or  ADHD diagnosis was indicated by cl inical histor y 
and by poor  per formance (at or  below  25th percenti le) on 
neuropsychological measures, chi ldren were included in the 
RD/ADHD group. Two independent l icensed psychologists w ith 
exper tise in the assessment of RD and ADHD reviewed case 
information to confi rm diagnosis and group membership. The 
Insti tutional Review  Board of the New  York State Psychiatr ic 
Insti tute approved this study, including the informed consent and 
assent procedures for  al l  par ticipants. 

Neur opsychological , r eading, and psychosocial  m easur es 

A ful l  neuropsychological assessment was administered by a 
tr ained research assistant in which chi ldren completed the 
measures descr ibed by Davis et al. (2017). The Woodcock Johnson 
Achievement Tests [WJ-III ] (Word Attack) tested for  RD and the 
DuPaul AD/HD rating scale four th edi tion (DRS) tested for  ADHD. 

Im aging data acquisi t i on 

Par ticipants in the study were scanned using a General Electr ic 
Signa 3-Tesla LX scanner  at Columbia Univer si ty Medical Center. 
Two T1 str uctural scans and two 5-minute r esting state scans were 
acquir ed for  each par ticipant (Davis et al., 2017). For  r esting state 
image acquisi tion, par ticipants r eceived instr uctions to r est quietly 
and to let their  minds wander. An eye-tr acking camera al lowed 
the examiner  to ensure that par ticipants did not fal l  asleep dur ing 
these scans. 

Rest ing State Funct i onal  Connect iv i t y Pr epr ocessing and 
Mot ion Cor r ect i on 

Analysis was per formed in the CONN toolbox v 17.f  
(Whitf ield-Gabr iel i  and Nieto-Castanon, 2012) for  SPM 12 . 
Preprocessing and motion cor rection were per formed according 
to the method used by Davis et al. (2017). 

Seed-to-voxel  connect iv i t y analysi s 

Blood-oxygen level dependent (BOLD) signal from MRI scans was 
cor related voxel-by-voxel for  each par ticipant over  the 10 minutes 
of r esting state data.

Psychot r opi c drugs include 
antidepressants and mood stabilizers. 
They affect brain function, often to 
treat mental illness.

The Inst i t u t i onal  Review  Boar d (IRB) 
approves research involving human 
subjects using risk-benefit analysis. The 
approval process considers both ethics 
and law.
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Par ticular ly for  ADHD, connectivi ty from cognitive control 
networks to the precuneus cor tex was seen in multiple instances: 
the L LPFC, R LPFC, and L rPFC are r egions of interest that 
displayed connectivi ty to the precuneus cor tex, which is a 
functional core of the DMN. For  RD, the connection was from the R 
PPC (a par t of the FPN) and the cuneal cor tex (a par t of the DMN). 
Continuing, there were di f ferent brain r egions displaying 
connectivi ty in association to symptoms and reading abi l i ty in the 
TD group compared to that of the group of chi ldren w ith ADHD 
and RD; this suggests that di f ferent brain mechanisms are 
under lying attention and reading problems in the kids w ith 
cl inical disorders. In order  to fur ther  suppor t such f indings, future 
r esearch should uti l ize r esting state connectivi ty in a larger  sample 
of chi ldren in association w ith symptoms of ADHD and RD in order  
to better  understand the neural basis of the disorders. As patients 
w ith ADHD and RD deal w ith the effects of the disorders, they also 
deal w i th the chances of having a lower  occupation status, poor  
social r elationships, and being more l ikely to develop substance 
abuse problems. They may also face stigmas and stereotypes 
working against them and contr ibuting to prejudice and 
discr imination. Conducting r esearch on the mechanisms and 
pathways behind ADHD and RD would al low  us to be able to 
develop target solutions and therapies for  ADHD and RD. This 
would aid in the development of preventative tr eatment str ategies 
for  the disorders, and improve their  l ives above al l . 

The precuneus is a relatively 
understudied region of the brain, 
largely due to its location and  rare 
injuries.
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Fisher  z tr ansformation was applied. Seed-to-voxel connectivi ty 
maps were then generated in CONN using four  Default Mode, four  
Fronto-Par ietal, seven Salience, and four  Dorsal Attention network 
seeds (Table 1). Seed-to-voxel cor relation analyses were used to 
evaluate any associations between symptom measures (r eading 
abi l i ty as defined by per formance on the Word.Attack test from 
the WJ-III  or  ADHD symptoms as defined by the total cur rent 
symptoms score on the DuPaul AD/HD rating scale) and 
connectivi ty from the above-stated seeds to the r est of the brain. 
Subsequently, group di f ferences in r esting state functional 
connectivi ty from the r egions that were signi f icantly associated 
w ith behavioral measures were assessed via independent 
two-sample t tests. Findings that r eached signi f icance at p < .05, 
cor rected using false discover y r ate (FDR) cor rection for  multiple 
compar isons, are presented. 

Conclusion

The cur rent study aims to explore the association between 
symptoms of RD and ADHD  and brain connectivi ty in default 
mode and cognitive control networks. Given pr ior  work  
suggesting altered brain connectivi ty w ithin and between these 
regions in ADHD populations, I  hypothesized that there would be 
associations between symptom sever i ty and brain connectivi ty in 
a sample of chi ldren w ith co-occur r ing ADHD and RD. 
Additionally, given the numerous studies that suggest the negative 
r elationship between the DMN and cognitive control networks  is 
altered in ADHD, I hypothesized that our  cl inical sample would 
have di f ferential connectivi ty patterns when compared to typical ly 
developing chi ldren.  The results of the cur rent study suggest that 
chi ldren w ith co-occur r ing ADHD and RD  have increased 
connectivi ty between the DMN and cognitive control networks as 
cl inical  symptoms increase. This was seen for  looking at both 
ADHD symptoms and reading abi l i ty in r elation to brain 
connectivi ty.
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Viabil i t y of  eDNA in a Tim e Ser ies Af t er  
Collect ion

By  Neil Sarkar, Shubh Khanna, Seth 
Cunningham, Michael Tessler
Abst r act

   SIGMA |   Justin Lam & Neil Sarkar

Metabarcoding using environmental DNA (eDNA) is 
making r apid advances when i t comes to sur veying 
species in a geographic r egion. We aimed to f ind out i f  
time or  temperature impacted the quali ty of eDNA 
samples in storage. Our  hypothesis was that there would 
be a decrease in concentration as time went on but the 
decrease would not be drastic. We took samples from the 
Croton Reser voir  and extr acted DNA on the same day, as 
well  as 4, 8, and 16 days after  sampling. We stored 
samples at room temperature (and -20 ?  for  a second 16 
day sample). This al lowed us to cor relate DNA 
concentration/quali ty over  time for  these eDNA samples. 
Our  r esults show  that as time went on, the DNA 
concentration sl ightly decreased. However , the decrease 
is not dramatic enough to entai l  leaving the f ield to 
extr act the DNA. We also found that fr eezing does not 
affect DNA concentration signi f icantly. Fur thermore, we 
used the tr nL and 16S genes to do metabarcoding of our  
samples to look at plant and ar thropod species 
composition di f ferences. Using ordination visualizations, 
we found l i ttle species composition level di f ferences 
between samples col lected at di f ferent time points, 
indicating storage is not an issue. This is signi f icant 
because i t means that r esearchers do not need to grapple 
w ith the issue of col lecting samples and immediately 
leaving the f ield to extr act the DNA. As a r esult, this study 
paves the path for  future eDNA research and 
explorations w ith defini tive understandings of how  DNA 
concentration changes whi le in the laborator y.

Int r oduct i on

The use of environmental DNA (eDNA), genetic mater ial 
obtained dir ectly from environmental samples (eg. soi l , 
water , etc.), has proven useful for  making progress in 
ecology, evolution, and conser vation (Thomsen et al. 
2014). eDNA is r evolutionizing the f ield and leading to 
r apid advances in sur veying species in an environment. 

Metabarcoding, which is able to look at the DNA of 
multiple species from a w ide var iety of organisms in one 
sample, using eDNA is a grow ing f ield of r esearch w ith 
the promising potential to distinguish species for  general 
sur veys and for  ecological studies. We also need to know  
how  best to store and handle eDNA samples. I f  DNA 
degrades at an even rate across samples and species, then 
this loss should have l i ttle impact. However , the opposi te 
could be tr ue as the degradation could plausibly be at the 
point where species composition and abundance loses 
precision. 

Accordingly, our  r esearch examined the abi l i ty to 
effectively determine species composition and abundance 
from eDNA samples col lected and stored across a two 
week time per iod. Other  r esearch has studied simi lar , but 
ultimately di f ferent, aspects of DNA extr action for  this 
type of work. For  instance, r egarding the effects of 
temperature and the amount of DNA obtained, there is a 
small negative cor relation between the temperature at 
the time of col lection and the amount of DNA obtained 
(Nsubuga, A. M., Robbins, M, et al, 2004). Research on 
storage temperature, DNA quali ty, and DNA quanti ty have 
also found that preparation of DNA from blood stored at 
room temperature or  incubated at 37 °C for  24 hr  r esulted 
in the same amount and quali ty of DNA as from samples 
frozen at ?70 °C (Debomoy K. Lahir i  and Bi l l  Schnabel 
1993). Fur thermore, another  study found that after  a 
month, there is a signi f icant decrease of DNA quali ty 
extr acted from ol ive oi l  w i th a consequent loss of DNA 
information, that can affect the r el iabi l i ty of the r esults 
(Simona Pafundoa, Matteo Busconib, et al. 2010). Our  
r esearch is unique in that i t is the f i r st to r eview  time of 
col lection for  eDNA sequences using NGS metabarcoding.

Our  goals were to understand how  long scientists are able 
to store eDNA samples and identi fy the ideal storage 
conditions. We aimed to test the effect of time on the 
quali ty and analysis of eDNA samples r ecorded through 
metabarcoding. This provides invaluable information to 
scientists, as i t would make i t easier  to col lect more 
samples in the f ield w ithout having to wor r y about 
immediate DNA extr action in the lab. Thus, time spent 
obtaining samples w i l l  be better  able to focus on r esearch 
and innovations r ather  than lab work.

Metabar coding is a molecular  
biology technique that uses PCR 
to assess biodiver si ty from 
eDNA. 
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Previous studies have looked at 
the preser vation of DNA in 
blood samples and other  
samples, but they have not 
examined the factor s that affect 
viabi l i ty of samples taken from 
the environment.
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In order  to determine the quali ty of eDNA samples over  
time, a set of samples was col lected from each of three 
water  sources from the Croton River  and Reser voir  
system (Fig I), one of NYC?s sources of tap water. 
Speci f ical ly, we used f ive samples each from the New  
Croton Reser voir , the Black Rock Forest, and the Echo 
Boat Launch for  a total of 15 samples. We then conducted 
two research ideas side-by-side: the potential of fr eezing 
the samples as well  as the effect of storage time on the 
samples? precision in taxonomic identi f ication. Each of 
the samples were f i l tered and the product stored at room 
temperature in lysis buffer  from the Qiagen PowerWater  
DNA extr action ki t; one sample from each of the three 
si tes was stored in lysis buffer  in the fr eezer  at -20 oC and 
eDNA extr action completed 16 days after  sampling. DNA 
extr action was completed for  one sample from each of 
the three si tes on the same day, as well  as 4, 8, and 16 
days after  sampling. 

After  eDNA is extr acted from each sample at the 
appropr iate time, we quanti f ied the DNA concentration 
from each sample using a Qubit 2.0 Fluorometer. We 
conducted PCR reactions for  tr nL and ar thropod speci f ic 
16S. The samples were then prepared for  gene 
sequencing by cleaning the PCR mater ials using 
ExoSAP-IT and then sequenced at GeneWiz using a MiSeq 
w ith 2 x 250 base pair  r eads. We then developed 
data-analytic scr ipts in R to interpret the NGS data, and 
assess the di f ferences amongst samples containing eDNA 
under  var ying per iods of time. Species composition was 
compared using ordination via the metaMDS in the R 
package Vegan.

Methods

Resul t s
As time went on, the DNA concentration sl ightly 
decreased (Fig II). However , the decrease is not dramatic 
enough to entai l  leaving the f ield to extr act the DNA. We 
also found that fr eezing does not affect DNA 
concentration dramatical ly.

Figure I: Sam pling Sit es along  t he Crot on 
River  and Crot on Reservoir

 Fur thermore, our  r esearch suggests that the sample composition did not var y over  time 
(Fig II I , Fig IV). For  Fig II I  and Fig IV, the words at each point r epresent the location of 
the sample and the number  is how  many days we waited before extr acting the DNA. 
Each cir cle r epresents a speci f ic si te. The data shows that general ly the samples are 
closely clustered together  for  each location. Also, there is a minimal var iance between 
the concentration of DNA from the same sampling si te at di f ferent conditions.

Figure II: Concent rat ion of  DNA sam ples over  t im e

The researchers decided to 
determine the quali ty of the 
eDNA samples by identi fying 
any decrease in the 
concentration of  DNA and how  
accurate the samples are 
identi fying the source. 

Freezing the samples had 
l i ttle impact on the quali ty 
or  concentration of the 
extr acted DNA.
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Figur e IV: Or dinat i on Gr aph of  Cr ust16S pr im er  DNA 
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Discussion

We conclude that temperature and the prolonged storage 
of DNA have minimal effects on the concentration, 
viabi l i ty, and composition of the DNA sample. The results 
obtained in this study are signi f icant because they 
highl ight that DNA concentration minimally changes over  
time. This is signi f icant because i t means that r esearchers 
do not need to grapple w ith the issue of col lecting samples 
and immediately leaving the f ield to extr act the DNA. As a 
r esult, this study paves the path for  future eDNA research 
and explorations w ith defini tive understandings of how  
DNA concentration changes whi le in the laborator y.
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aqOAPor in-4: Invest i gat i ng Ar r ay For m at ions i n  
M1 and M23 Isofor m s
Sher r y Chen, El izabeth Doss, Talia Kahan, Justin Lam, Nelson Liu, Leonard 
Ma, Kr istoff  Misquitta, Michael Nath, Lauren Pehlivanian, Benson Weng

Advised by: Dr. Tu

Abst r act
Aquapor in is a protein that selectively tr anspor ts water  across membranes. 
Aquapor in-1, the most studied, functions across the membranes of er ythrocytes 
and endothelial cel ls. In contrast, Aquapor in-4 is found pr imar i ly in star -shaped 
astrocytes of the blood-brain bar r ier  and is r esponsible for  r egulating water  
homeostasis in the brain. Str uctural ly, AQP4 is di f ferent from AQP1 due to 
var iances in the Asn-Pro-Ala moti fs in AQP4, which al low  water  molecules to move 
more fr eely through the channel.

AQP4 research is of much interest due to the impor tance of r egulating cerebral 
water  homeostasis. Even a sl ight increase in brain water  levels leads to an increase 
in pressure w ithin the brain and the compression of brain tissues. Therefore, any 
mutation in i ts str ucture w i l l  cause ser ious damages. For  example, malfunctioning 
of AQP4 is l inked w ith neuromyelitis optica (NMO), an autoimmune disease.

There are two isoforms of AQP4: M1 and M23. The brain expresses both isoforms, 
whi le skeletal muscle, the stomach, and lungs express predominantly M23. They 
di f fer  in their  tr anslation ini tiation si tes; in M1, tr anslation star ts at Met-1, whereas 
in M23, tr anslation begins at Met-23. As a r esult, M1 is 22 amino acids longer  and is 
r efer r ed to as the long isoform, whi le M23 is the short isoform. Due to the 
str uctural  di f ference between the two, M1 di f fuses fr eely through membranes, 
whereas M23 forms orthogonal arrays of particles (OAPs) that prevent easy 
di f fusion.

Neur omyel i t i s Opt i ca and I t s Tr eatm ent

NMO is an autoimmune disease caused autoantibodies attacking AQP4. This leads 
to demyelination and eventual death of astrocytes, affecting the central ner vous 
system. NMO often affects optic ner ves, the spinal cord, and the brain, causing 
bl indness and paralysis. In chi ldren, i t can also cause confusion, seizure, and 
coma. Treatment development of NMO is not a contemporar y r esearch topic due to 
the r ar i ty of the disease, but long term remission is possible and the avai labi l i ty of 
AQP4 antibodies has al lowed for  more accurate diagnosis.  

AQP1 vs AQP4
The Aquapor in fami ly consists of 13 di f ferent types of proteins in humans. They 
are general ly r esponsible for  the conduction of small molecules, such as water  and 
glycerol. Both AQP1 and AQP4 ser ve simi lar  functions and can be found in the 
brain. However , whi le AQP1 can also be found in r ed blood cel ls and the r enal 
proximal tubules of the kidney, AQP4 is largely r eser ved to the astrocytes that are 
in contact w ith the blood-brain bar r ier. On a str uctural level, both AQP1 and AQP4 
are tetr amers, which consist of four  monomers. AQP4?s monomers are sur rounded 
by 6 alpha helices and 2 half-length alpha helices, and AQP1?s monomers consist of 
six, slanted alpha helices that span the w idth of a membrane. In both proteins, the 
monomers form a four -fold axis. The pathway in both proteins? channels are 
amphipathic. For  example, the channel for  AQP4 has one hydrophobic side, l ined 
w ith side chains of Phe-77, I le-81, Val-85, Leu-170, I le-174, and Val-197, and one 
hydrophi l ic side, formed by Gly-93, Gly-94, His-95, I le-96, Gly-209, Ala-210, Ser -211, 
and Met-212.

At any given moment, the 8 backbone carbonyls that contr ibute to the hydrophi l ic 
side in AQP4 create 8 possible posi tions for  water  molecules in tr ansi t. This is 
because, in two of the Asn-Pro-Ala moti fs of AQP4, Asparagine 213 and 97 each 
donate one hydrogen bond to a di f ferent water  molecule. Since each asparagine 
can donate i ts hydrogen bond to a water  molecule, water  molecules may be fr eer  to 
move in AQP4?s channel. On the other  hand, the two cor responding asparagines in 
AQP1 donate their  hydrogen bonds to the same water  molecule. Both AQP4 and 
AQP1 are able to prevent the conduction of protons because of the or ientation of 
the water  molecules inside the channel and the induced dipoles at r egions of the 
Asn-Pro-Ala moti f . In addition, unl ike AQP1, AQP4 function is not inhibi ted by 
mercur y because i t lacks the cor responding Cys-191 residue found in AQP1. 

Although anyone can contract i t, r epeat testing is r ecommended for  females 39 
years and older , who are nine times more l ikely to be diagnosed w ith NMO due to 
the low  incidence of AQP4-IgG-posi tive NMO antibodies. In addition to the AQP4 
antibody tests,  fur ther  testing such as imaging tools should be applied to the 
patients. The di f ferent practical imaging tools in screening NMO are magnetic 
r esonance imaging and optical coherence tomography.

Despite these methods of detection, a curative tr eatment for  NMO does not exist to 
date. Instead, patients w ith NMO must r ely on tr eatment goals -- the r emission and 
improvement of r elapse-associated symptoms, the long-term stabi l ization of 
disease course through relapse prevention, and symptomatic therapy of r esidual 
symptoms. Detai led studies on the str ucture of AQP4 could faci l i tate the 
development of an effective tr eatment in the near  future.
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Model  of  Aquapor in  1 Model  of  Aquapor in  4

Alternative spl icing of AQP4 mRNA results in two isoforms: M1 and M23, named by 
the methionine r esidue at which tr anslation begins. M23 is 3000 times as abundant 
as M1 in the brain, and can induce OAP formation in other  members of the AQP 
family. The change of just 22 amino acids signi f icantly impacts the behavior  of 
each var iant w ithin the cel l  membrane. M1 can rapidly di f fuse along the 
spider -l ike processes of astrocytes, suppor ting cel l  movement. M23, however , due 
to i ts unique str uctural polar i ty, forms massive OAP aggregates, thought to boost 
membrane permeabi l i ty. The OAPs created by M23 are too large to di f fuse quickly 
across the cel l  membrane. They instead ser ve as anchors and bind to adhesion 
complexes of astrocyte endfeet. Each isoform thus, expresses a distinct cel lular  
local ization pattern. M1 is much more involved in cel l  migration, but M23 is much 
more involved in water  tr anspor t across the blood-brain bar r ier. Fur thermore, 
combining M1 and M23 in the membrane el ici ts an enti r ely di f ferent r esponse: 
OAPs w ith M23-enr iched cores encased in a layer  of M1 isoforms take shape.  

  

Each isoform?s aggregation of OAPs of di f ferent sizes al lows their  r espective 
astrocytes to car r y out functions such as migration (M1 induced) and 
adhesion/polar ization (M23 induced), w i thout having to change water  
permeabi l i ty. M1 and M23 isoforms, for  the aforementioned events, are of interest 
when researching diseases such as NMO. NMO-IgGs do not have the abi l i ty to bind 
to a l inear  AQP4 epitope, but they are able to bind to the epi topes of AQP4-OAPs, 
notably ones created by AQP4-M23.  

M1 vs M23

Models of  M1, M23
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