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Abstract: 

Chromatin structure plays a critical role in the regulation of the human genome. An understanding 

of the role of chromatin structure and its relationship to gene regulation is critical to developing new 

strategies to prevent and treat diseases. We chose to investigate the anti-inflammatory response of 

human macrophage like cell line (THP1) to Zymosan, in order to elucidate the regulation of chromatin. 

Zymosan is a component the fungal cell wall that induces an innate immune response.  After THP1 were 

treated with zymosan, we hypothesized that the fungal infection would initiate an inflammatory response 

by altering nucleosome redistribution and/or altering chromatin structure in a time dependent manner. 

Based on previous results that showed rapid, widespread, transient changes in nucleosome distribution in 

the innate immune response, we chose to look at multiple time points at high temporal resolution: 0 

(control), 20’, 40’, 60’, 80’, 100’, 2h, 3h, 4h and 12h. We measured nucleosome distribution at each of 

these time points at hundreds of genes transcription start sites involved in the immune response. Here we 

show that nucleosome distribution changes in the innate immune response to fungal infection are indeed 

widespread, and transient.    
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Introduction: 

Background, central issue, specific issue, relevance 

Microorganisms encompass fungi, viruses and bacteria, which have the ability to infect the 

human body. The way in which humans have recognized and treated these various invaders has 

changed throughout the years. The first documented occurrence of a disease resulting from 

microorganism infection was in 1839 discovered by Johann Lucas Schönlein. It was a fungus called 

Achorion schoenleinii (Koelbing 1). Later on in the 19
th
 century, ringworm, thrush and pulmonary 

aspergillosis were discovered (Ainsworth).  Alexander Fleming’s discovery of Penicillium and its 

antagonist affects against Staphylococcus aureus in 1928 lead to an enormous victory of humans against 

microbial infection (Wainwright). Penicillin and its derivatives henceforth reigned as the “go to" drug 

against a wide array of infectious agents, even to this day. Fungal infections are taken very seriously 

when they present in patients, and frequently lead to death in immuno-compromised patients. These 

patients may be on medications for cancer or immunosuppressive diseases like HIV and are at high risk 

for contracting fungal infection (Elcombe et al.). Therapies and treatments for these patients to fight off 

microbial infections are crucial to patient survival, adding yet another reason to research the effects of a 

fungus interactions with human cells.  

Even though it is known that microorganisms like fungi and bacteria can illicit a strong response 

in cells, the mechanism in which the response occurs in largely unknown. The initial drugs and therapies 

for these infections were discovered by accident.   More recent treatments have resulted from an 

understanding of molecular medicine.   It is crucial to understand mechanisms of pathogen infection and 

host response on a molecular level to develop better treatments and prevention drugs. The past century 

has seen rapid advancement in protection against various fungal invasions like yeast infections, candidia, 

ringworm and athlete’s foot. Care can be taken prior to or after exposure to limit the infection. In order to 

create drugs and treatments to prevent and treat diseases, the mechanism of a microorganism eliciting a 

response in human cells must be studied. The work presented herein starts to describe the chromatin 

structural response to fungal infection in human cells. In order to study this structural response, the model 

system used was the innate immune response, which is a well-characterized and robust response. Upon 

an antigen manifestation in cells, a nonspecific response will be elicited in cells to attack the foreign 



invader. The specific invader dictates which structural changes occur. Therefore, this work lays the 

foundation to understand the mechanism of wide array of innate immune insult, with a focus on the 

events that occur in the nucleus.  

The first consequences of a microorganism infection, is the recognition of the fungi or bacteria by 

the host. In order for the response to be initiated, the host only needs to have the correct proteins on the 

surface that can recognize invaders. In this research, we have used a component of the fungal cell wall, 

Zymosan (Underhill 176), as a surrogate for fungal.  Zymosan is recognized by TLR2, and induces a 

signal transduction cascade, which results in the regulation of the genome and ultimately the production 

of proteins as part of the host defense response (figure 1).   

Although apparently simple, the exact steps taken from the time a cell recognizes an invader to 

the time the cell fights it off with the correct proteins remains largely unclear. This work focuses not on the 

signaling pathway leading to the nucleus, but a much less understood aspect of the response. What 

happens once the signal transduction cascade reaches the nucleus? In other words, how does the 

organization of DNA change to allow access to the crucial genes needed to create the proteins that elicit 

a response? And what happens to this organization once the infection is over? The organization of DNA 

plays a crucial role in determining a cells’ response to any type of microorganism attack.  

A first step in understanding the organization of DNA and how it changes with various stimuli is to 

develop a way to map its organization in the nucleus. Proteins that aid in the organization of DNA in 

nucleus are called histones. 150 BP of DNA is wrapped around basic histone proteins, to form a 

nucleosome (Kornberg & Lorch, 1999).  It has been assumed that the distribution of nucleosomes 

occludes or gives access to specific DNA sequences, this assumption is largely untested as there are few 

studies measuring nucleosome distribution during a genomic response to a single stimulus. The Dennis 

lab has developed a technique to map the location of nucleosomes with respect to the underlying DNA 

sequence (figure 2).  

This procedure involves enzymatic digestion of the DNA that is not protected by nucleosomes.  

The nucleosomally protected fragments are then isolated.  The genomic coordinates of the nuclesomally 

protected fragments are determined by hybridization to a microarray.  Regions of strong hybridization to 

the microarray suggest regions of the genome bound by a nucleosome and regions of weak hybridization 



suggest nucleosome free regions (Yuan, 2005).  We measured nucleosome distribution at the 

transcription start site of hundreds of human genes at high temporal resolution during the innate immune 

response to Zymosan. Based on previous work in Dennis lab, wee hypothesized that the nucleosome 

occupancy changes would change during the course of the fungal treatment so the nucleosomes could 

shift around allowing access to the specific genes needed to combat a fungus (Druliner 2013) 2. We 

identified widespread nucleosome distribution changes by calculating the correlation between the 

untreated cells (0 h) in their basal state and the DNA of treated cells. This helps in the understanding of 

the mechanistic affects of a fungi on human cells, and what happens before the specific proteins are 

transcribed and translated to combat the fungus. 

 

Results:  

SIGNIFICANT NUCLESOME REDISTRIBUTIONS OCCUR AFTER 1 AND 4 HOURS 

Treatment with zymosan induced nucleosome occupancy changes after 0 (control), 20’, 40’, 60’, 

80’, 100’, 2h, 3h, 4h and 12h, yet the number of genes changed and the degree of change varied among 

treatments. The amount of time the fungus spent reacting with the cells determined the organization of 

DNA in those cells. Overall, it appears that the greatest change in nucleosome position occurs at the 1 

and 4 hour points, and the time points before and after 1 and 4 hour gradually decreases in variation. In 

other words, there appears to be one large shift in nucleosome occupancy that centers on these samples 

and reverts back to its original position after these times. When each time point was compared against 

the untreated sample, this shift is visible, because the 1 and 4 hour samples had the lowest correlation at 

all genes to the untreated. This is apparent in figure 3, which contains the distributions at 3 unique genes 

selected from the 858 genes.  

Given the changes we observed at individual genes, we were next interested in determining if the 

changes at individual genes were a reflection of global chromatin structural changes at transcription start 

sites. In order to determine the breadth of nucleosome distribution changes during the zymosan 

treatment, we calculated the correlation between the nucleosome distribution changes of the untreated 

cells to each of the time points post zymosan stimulation.  The number of genes whose distributions 

changed significantly before and after treatment with zymosan was determined by first compiling a 



common values spreadsheet (CSV) for each treatment’s distributions compared to the untreated 

distributions. The correlations span from -1 to 1, with 1 being most similar. Since the zero time point was 

repeated for assurance, a correlation between the controls could be obtained as a control itself. 

Confidence was secured when the CSV for this comparison resulted mostly in correlations ranging from 

0.5-0.9. A CSV of the zero time point compared to every other time point yielded a wide array of 

correlations, the least strong at the 60 minute treatment, -0.29 and the strongest at the 20 minute 

treatment of 0.99. Using a cutoff of 0.7, all of the genes below this number were deemed to be changed 

significantly, and the number of genes below 0.7 for each treatment can be seen in figure 4. Out of the 

858 genes looked at, over 450 of them changed significantly at the 1 hour time point.  

 

ZYMOSAN INDUCED CHANGES ARE IMMEDIATE 

Since it has been shown that zymosan induces a well characterized innate immune response, we 

wanted to further understand this mechanism on a temporal level of altering chromatin structure. Pro-

inflammatory proteins and transcription factors have appeared in cells within minutes after being treated 

with Zymosan. Therefore, we predicted the changes in chromatin structure would be on the level of 

minutes as well. Indeed, the responses seen were immediate. Within only 20 minutes of fungal infection, 

several nucleosomes had begun the process of shifting around in response to Zymosan. This is specific 

to the innate immune response model, yet varies with other ailments. Specifically, in KSHV or tumor 

samples, the time points are much father apart. This response was immediate due to the nature of the 

stimulus used and its affect on the innate immune response, which occurs within the span on minutes and 

hours. The progression of a tumor or reactivation of a virus can take months.  The difference between 

time points was very short, on the span of 20 minutes apart. Again, this is because the response of a 

human cell to fungal infection occurs more rapidly than other invaders, which may not induce changes 

until several hours or days later.  

 

ZYMOSAN INDUCED CHANGES ARE WIDESPREAD 

We were interested to determine how many genes and specifically which ones were affected by 

the fungal stimulus. This would enable us to categorize how Zymosan affects genes collectively. Since all 



of the genes being measured were immunity and cancer related genes, we predicted the majority of 

nucleosome distributions around these genes would change. Out of 858 genes measured, 450 of them 

changed drastically at the 60-minute time point. This leads to the conclusion that the changes were 

widespread, because multiple immunity related genes were affected. If fewer genes were drastically 

affected, the changes would still be viable, yet not collectively, and the overall changes in nucleosome 

distributions would be limited to a few particular genes.  

 

ZYMOSAN INDUCED CHANGES ARE TRANSIENT 

Since many genes were affected, it was possible to characterize how all of these distributions 

changed. We were curious about the nucleosome distributions on a precise temporal scale. Upon 

averaging the correlations of each time point with the untreated, it is apparent that these nucleosome 

redistributions are transient. There is a gradual opening and gradual closing, reverting back to the original 

distributions after a few hours post infection. The earlier and later time points have a greater correlation to 

the untreated (control) DNA organization than the main focal point of the yawn does. These results 

suggest that the gradual opening and closing is associated with the shifting of the DNA around 

nucleosomes to apply a marker, perhaps acetylating a certain fragment, and then closing once that 

fragment has been applied. This biochemical change may potentiate binding of certain transcription 

factors to initiate transcription.  

 

ZYMOSAN INDUCED CHANGES ARE NOT DNA DIRECTED 

Knowing that the nucleosomes shift in a “yawn” type of choreography, we were curious if the 

redistributions were dictated by the underlying base pair sequence. We predicted that a more 

thermodynamically stable position of nucleosomes would compel the DNA wrapped around the histone 

proteins to shoot out like a spring upon an activation signal, allowing the binding of certain transcription 

factors and ultimately leading to transcription and translation of combative proteins.  

Therefore, we tested if the distributions were DNA directed by comparing the treated distributions to a 

predicted model, or the SVM (Gupta, 2008). The distributions at each time point were compared to a 

sequence-based computer model.  To determine if the distributions were set in place by the base pair 



sequence, the correlations of treated time points were compared to this predicted model of nucleosome 

occupancy. Upon comparison, there were seemingly random correlations between the predicted model 

and actual distributions (figure 5). Zymosan infection causes massive nucleosome redistributions, but it 

appears that these distributions are not dictated by the underlying base pair sequence because of the 

little correlation between the peaks of the yawn (1 and 4 hours) with the predicted positions. These results 

suggest that the infection of cells with a fungus requires a different non DNA directed mechanism to allow 

access to the particular genes needed to fight off the infection (Fincher 2011).  

 

Discussion: 

This comprehensive look into the relationship between the innate immune response (particularly 

with a fungus in this case) and chromatin structure is a fundamental step towards understanding the 1950 

claim that the rate of transcription is directly related to nucleosome positioning (Stedman, 1950). Once 

this mechanism is well characterized, it will be possible to understand other stimuli as well and develop 

unique drugs to fight numerous ailments. Therefore, it is paramount to take a step back and ensure that 

the understanding of these mechanisms has not been assumed, but rather thoroughly understood before 

further advancing knowledge on similar topics.  

 It is monumental that it is even possible to map changes in nucleosome distribution. This is some 

of the first work in the world to do so, particularly in this manner. Secondly, it is not only possible to map 

these distributions, but also to view changes in nucleosome distribution upon comparing untreated cells 

with a stimulus (a fungus). Thirdly, these distributions can be characterized. It was found that these 

changes are widespread, transient, immediate and non-DNA directed. Finally, it was seen with this 

particular fungal insult that the greatest changes in nucleosome occupancy occurs sometime between 1-

1.5 hours (and additionally at 4 hours).   

With the 10 time points completed and the data reviewed, it was then necessary to perform a 

replicate experiment to ensure the same distributions would appear and confirm our results. Initially we 

were more interested in tackling one transient stage of the biphasic response, in which the massive 

redistributions occur after 1 hour (as opposed to examining the 4 hour secondary response). Therefore, 

the replicate experiment contained roughly the first few initial time points. Our results show that the same 



yawn, or gradual opening and closing occurs in the replicate experiment, yet the yawn appears to have 

shifted. Specifically, the significant time point changed from 60 minutes to 90 minutes. These results 

suggest a kinetic shift in the experiment, potentially due to the density of the cells or numerous other 

factors considering the experiments were performed one year apart. It is significant that the same genes 

were changed in the same manner, regardless of the timing.  

The transient, immediate and widespread changes in chromatin structure may be related to large 

global changes occurring in the genome. During an innate immune response, it may be possible that 

attacked cells undergo an immediate, almost panicked response to kick start transcription and translation 

of proteins to fight off the invader, and basically undergo a massive shift or opening up on the genome. 

These drastic, rapid chromatin structures changes would account for the apparent “flat lining” of some 

genes distributions. Amid the numerous significant redistributions were a handful of genes whose 

distributions had a weak range of signals, leading to a difficult interpretation of nucleosome occupancy. 

An example of this flat line is depicted in figures 6. These distributions may be accounted for due to global 

changes, which likely occur in times of cellular stress, heat shock or an innate immune response as 

depicted in this experiment. These rapid delocalization events rapidly expose numerous important loci to 

fight off an invader immediately, whereas other ailments like cancer and viral attacks alter chromatin 

structure in a more specific DNA directed manner (Druliner, 2014).  

This work does not coincide with recent findings in Dennis lab, which states that the transient 

states are positioned by DNA sequence, and the basal states are not (Druliner, Sexton, 2014). This may 

be due to the fact that cancer could alter chromatin structure differently than a fungus or bacteria. Cancer 

may disrupt chromatin remodeling machinery, so the only regulation of distribution is sequence based 

(Druliner 2014). DNA directed positions seem more efficient since they would likely only allow opening at 

certain sequences. Therefore, why would a fungus illicit more global, inefficient changes and open the 

genome up in this manner? An attractive explanation previously alluded to is that a bacteria or fungus 

eliciting an innate immune response may lead to an overall opening using chromatin regulatory 

complexes to obtain access as quickly as possible while simultaneously using additional energy and 

resources, and making the genome more vulnerable as an evolutionary tradeoff. This could be an “all or 

none” response that ultimately favors the rapid potentiation of binding transcription factors to increase 



transcription. It would make hierarchal sense to modify on a larger scale, as seen in numerous 

evolutionary trends, as opposed to modifying one nucleosome at a time to only open up at selected sites. 

Furthermore, the redistributions caused by Zymosan were DNA directed, the changes would 

potentially be on a different temporal scale, because it may take longer to active the springing of 

the DNA to their new positions and alter chromatin regulatory materials, as opposed to simply 

opening everything up at once. This makes sense when comparing the non DNA directivity of a 

fungal insult to the clear DNA directivity of a longer progressive ailment like cancer.  

An additional interpretation of the widespread, transient, immediate and non DNA directed nature 

of the distributions after an innate immune insult is that the regulatory machinery is not altered as it may 

potentially be in cancerous cells, but is ignored all together due to an event that happens faster and 

potentially thermodynamically less stable simply to allow the fastest access to the largest amount of DNA.  

A final interpretation of the results is that the gradual opening and closing is associated with the 

shifting of the DNA around nucleosomes to apply a particular marker, perhaps methlyating a certain DNA 

fragment or acetylating a histone tail, and then closing immediately once that fragment has been applied. 

This step may be occurring in both of the previously mentioned interpretations in the middle of the 

opening of the DNA around the nucleosomes.  

Overall, it is important to realize the significance of DNA organization in the nucleus and the 

factors that can change this organization. By using a particular insult that does so, zymosan, these 

changes were visualized. Nucleosome distribution changes are widespread and transient, meaning they 

occur in multiple genes and the changes revert back to their original positions after the reaction to a 

stimulus is over. This can be thought of as a yawn, or a gradual opening and closing to allow access to 

genes needed to fight off an immune stimulus. Genomic Regulation requires access to the genome. 

These are the first insights that show regulation of this access.  

 

Future Directions:  

A western blot of the proteins encoded by the genes measured would enhance our understanding 

of the accessibility of particular genes. Furthermore, a western blot at each time point could would help 



link the role of the yawn to transcription and translation and could support or not support the claim that 

nucleosome occupancy is directly related to transcription.  

This work is some of the very first in the world to unravel the compaction of DNA organization in 

this particular manner. This only begins to detail the mechanistic affects of fungi on DNA organization. 

There are countless other environmental stimuli that alter chromatin structure that need to be outlined. 

Only then will we be closer to creating drugs and treatments to prevent and treat a wide array of human 

ailments. This is the very beginning of mapping nucleosomes to elucidate chromatin structure. 

 

Materials and Methods: 

Tissue Culture with THP1 Cells and Harvest of Cells 

 The isolated mononucleosomal fragments in this experiment were isolated from THP1 cells. 

These cells were grown in 25 mL of media (RPMI 1640 with 10% fetal bovine serum, 50 µM of beta-

mercaptoethanol and 100 µg/ml of Gentamicin) for two weeks prior to their final concentration of 2x10
6 

cells per mL prior to Zymosan infection. 15 mg/mL were added to each sample after 0 (control), 20’, 40’, 

60’, 80’, 100’, 2h, 3h, 4h and 12h. Once the designated time had passed, the samples were immediately 

harvested via cross-linking with formaldehyde, added to obtain a final concentration of 1%. After rocking 

for 10 minutes, glycine was added to quench the formaldehyde, to a final concentration of 125 mM. Next, 

the samples were transferred from their 25 mL plates to 50 mL falcons to enable centrifugation of the 

samples for 10 minutes, at 1000 G. The supernatant was discarded, and the pellet was resuspended in 1 

mL of nuclei isolation buffer (0.3 M sucrose, 2 mM MgOAc2, 1 mM CaCl2, 1% Nonidet P-40, 10 mM 

HEPES pH 7.8). Transferring this solution to 1 mL eppendorfs then made four 250 µL aliquots.  

 

Micrococcal nuclease (MNase) 

40 units / µl of MNase was added to each time point to cleave the DNA between nucleosomes, 

enabling the isolation of DNA fragments that were wrapped around the nucleosome. Each sample was 

incubated with the enzyme for 5 minutes at 37˚C. Once the 5 minutes passed, 50 mM EDTA, which binds 

divalent cations. Since MNase is dependent upon Ca to work, the enzyme is inhibited with this addition. In 



addition, 0.2 µg/µL of Proteinase K, and sodium dodeclyl sulfate was added to a final concentration of 

1%. Finally, the samples were left for 8 hours on 65 C.  

Phenol Chloroform Isolation 

The proteins, carbohydrates and cell components other than the nucleus were washed out of the 

solution via a phenol / chloroform wash. 1 volume of 5 phenol: 1cholorform was added to each sample, 

and the samples were then briefly vortexed and then centrifuged for 10 minutes at 14,000 RPM. The top 

layer of the supernatant was transferred to new 1 mL eppendorfs, and 1 volume of chloroform was added 

to each sample. They were vortexed and centrifuged, and the top layer was again transferred to a new 

tube. This step was completed twice, to ensure the chloroform helped remove as much phenol as 

possible from the samples.  

To isolate the DNA further, two volumes of 100% ethanol were added and kept overnight to 

enhance DNA precipitation. The samples were centrifuged the following day yielding a small visible pellet 

at the bottom of the eppendorfs. The ethanol supernatant was removed, and 1 mL of 70% ethanol was 

added to each sample. Again the samples were vortexed, centrifuged, and had the ethanol removed via 

pipette. The remaining ethanol was subsequently evaporated with the aid of a SpeedVac. The samples 

were resuspended in TE (Tris-EDTA) and vortexed. The optical density was measured with a 

photospectrometer, which not only reveals the concentration of DNA of each sample, but also the 

amounts of contaminants if any are present (excess phenol, etc.). An analytical gel was then run on a 2% 

agarose gel electrophoresis to ensure the MNase was successful in cleaving internucleosomally. Figure 7 

shows the analytical gel electrophoresis of the samples after MNase digestion. 

 

Preparative gel and Freeze and Squeeze mononucleosomal DNA isolation 

 Once the cuts have been visualized, a preparative gel can be made. This isolates the 

mononucleosomal from the polynuclesomes as well, so that they can then be cut out for further 

purification. Only the mononucleosomal were cut out, and the polynucleosomal DNA was discarded. Only 

the DNA wrapped around the nucleosome (about 150 base pairs) is needed to map the nucleosomes. 

The other fragments would be longer and may contain DNA fragments that were wrapped around multiple 

proteins, hence they would be much longer in length and migrate less in the gel. Figure 8 shows how far 



varying lengths of DNA (wrapped around 1, 2, 3 etc. nucleosomes) would migrate in a gel. Any fragment 

that is greater than 1 nucleosome fragment length (146 base pairs) is deemed polynucelsomal DNA, and 

was discarded in this experiment. 20 µg of each sample were leaded on a 1.25% gel. The 

mononuclesomes were cut out and placed in conicals in -80C overnight. The next day, the samples were 

spun in a syringe tube with MiracCloth at the bottom. Once spun at 3200 RPM for 30 minutes, the 

mononucleosomal DNA traveled through the MiracCloth and was caught by a conical below the syringe. 

The gel was crushed in the syringe during centrifugation, and could not pass through the MiracCloth. 

Therefore, the mononucleosomal fragments were isolated from the gel. The samples were further purified 

with another 100%, then 70% ethanol wash. 

 

Labeling and Microarray 

 The next step was to fluorescently label the samples and put them on a microarray along with 

bare genomic, or normal, uncut DNA. These two populations of DNA hybridize and the microarray is then 

put in a scanner. Wherever a portion of the DNA was tagged, it will fluoresce or light up. A scanner then 

translates these fluorescent spots into genomic locations; ultimately leading to the understanding of 

where the mononucleosomally protected fragments of DNA lay in the nucleus of the cells.  

 Specifically, the tiling microarray used in this experiment was a custom made array which 

contained probes that flanked the TSS of 800 immunity related genes. These genes were hand picked 

due to their previous roles in other immunity related projects. NimbleGen’s 12-plex and HD2 design were 

used on the microarray. Before putting the samples onto the microarray, the bare genomic DNA was 

labeled with Cy5, and the mononucleosomal fragments labeled with Cy3, and then mixed together. The 

labeling and preparation for microarray protocol from Nimblegen was followed exactly. Only then could 

the samples be hybridized to the microarray for 72 hours, and subsequently washed and scanned. Using 

the Nimblegen scanner and program, the specific locations of the loaded mononucleosomally protected 

fragments were determined. With these numbers, the log ratio of the mononucleosomal fragments of 

DNA to the bare genomic DNA can be calculated at each probe. Figure 9 shows a typical nucleosome 

distribution at one gene, where the peaks represent a nucleosome and troughs represent low probabilities 

of finding a nucleosome at that specific genomic location the peaks line up with the blue circles, which 



represent nucleosomes and the portion between nucleosomes line up with the valleys. R64 was used to 

analyze these distributions and create plots from the gff files obtained from Nimblegen (Team, R. D. C, 

2008). 

 

Replicate Experiment: 

 This experiment was repeated exactly except for differences in the time points and the 

microarray. Specifically, the second time this experiment was performed, the time points were cut down to 

0’, 20’, 40’, 60, 90’ and 120’. This is because we wanted to focus on the first reaction, or the first yawn of 

the biphasic response. Once we narrowed in on this specific time scale, we hoped to see the same / very 

similar results. Although the same treatment and DNA isolation occurred to the same type of cells, the 

experiments were a year apart, and a number of variables could have shifted the data. In addition, a 

different scanner was used to read the microarray data. The microarray in this experiment actually broke 

into two pieces before being read by the scanner, which also may have affected the results. Finally, the 

resolution on which the data was scanned was different each time, from 2 to 5 microns. This experiment 

is so significant because even with these differences between experiments, the same overall results were 

seen both times (figure 10). 
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activated and chromatin is reorganize
translated.  

n Innate Immune Response – Zymosan is recognized by 
se traveling into the nucleus. In the nucleus, transcription b

zed. Minutes later, proteins needed to fight off the fungus a

 

y TLR2, which then 
 binding factors are 
 are transcribed and 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Time 
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FIGURE 4 | Number of Genes Changed at Each Time Point - The number of genes out of 858 
measured that had significant changes after 0’, 20’, 40’, 60’, and 100’.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 


	The Florida State University
	DigiNole Commons
	Spring 2014

	Zymosan Fungal Infection Induces Nucleosome Redistributions During the Innate Immune Response
	Olivia K. Gruder
	Jonathan H. Dennis
	Recommended Citation



