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ABSTRACT 

The zebrafish is an outstanding model for in-vivo imaging of inflammation due to 

its optical translucency and the ability of transgenic lines to express fluorescent 

proteins under specific promoters. Furthermore, the immune system of zebrafish 

closely resembles that of mammals. Inflammation is the body's attempt at self-

protection; the aim being to remove harmful stimuli, including damaged cells, irritants, 

or pathogens - and begin the healing process. This study focuses on two zebrafish 

models of inflammation. The first model, Tag MPX:GFP (UWM1), which has already 

been established and studied, was used to investigate the possible effect of 

Epigallocatechin gallate (EGCG) in the inflammation process. The second model will 

express mCherry fluorescent protein under the Mx promoter, in order to quantify the 

strength or activity of upstream gene expression. The results suggest that EGCG has 

a favorable effect on the inflammation process. In addition, the entry clone for the 

Mx1-mCherry system was successfully constructed. 
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Chapter 1. Neutrophil Migration in Zebrafish 

1.1.     Introduction 

Inflammation is an essential response of the body to deal with infectious threats, 

to restore normal tissue homeostasis, and to allow the healing process to begin1. 

Neutrophils are the most abundant white blood cells in the human circulation (40–

60%) and are the first cells to migrate to a site of inflammation to help limit pathogen 

invasion. They play a crucial role in the immune defense against bacterial and fungal 

pathogens, and they also participate in the development of the inflammatory 

reaction2. In the circulation of healthy adults, neutrophils exist in a resting state, 

which ensures that their toxic intracellular contents are not accidentally released to 

damage host tissue. Neutrophils become activated via a two-stage process. Resting 

neutrophils can become primed by agents that include bacterial products and 

cytokines or chemokines, and primed neutrophils are then mobilized to the site of 

infection or inflammation, where they encounter activating signals to trigger bacterial 

killing3. Figure 1 shows the recruitment of neutrophils to the site of injury. 

 

Figure 1. Neutrophil recruitment to site of injury4. 
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The zebrafish model has been developed for the study of vertebrate 

development, because of the ability to see development in vivo. Zebrafish are cost-

effective and have a fast growth rate, and in terms of immunity, zebrafish have 

important parallels to mammalian immune systems. The zebrafish neutrophils 

(heterophils) shares morphological, biochemical, and functional features with 

mammalian neutrophils. Zebrafish neutrophils are able to phagocytize and kill 

bacteria, and they can produce extracellular antibacterial structures. Zebrafish larvae 

are transparent, allowing excellent visualization of fluorescent proteins in cellular 

processes in vivo. Zebrafish neutrophils are identifiable from approximately 48 hours 

after fertilization2. 

Epigallocatechin-3-gallate, [(2R,3R)-5,7-dihydroxy-2-(3,4,5-trihydroxyphenyl)-3,4-

dihydro-2H-chromen-3-yl]3,4,5-trihydroxybenzoate, commonly abbreviated as 

EGCG, is an ingredient of green tea, Camellia sinensis (Theaceae). It is the most 

prominent member of the family of green tea catechins (polyphenols) and accounts 

for 50–80% of all catechins in a cup of green tea. EGCG has been found to exert 

profound anti-inflammatory, antioxidant, anti-infective, anti-cancer, antiangiogenic, 

and chemo preventive effects5. 

In this experiment, a zebrafish model with fluorescent neutrophils to track the 

inflammatory response was used in order to assess the migration of neutrophils to 

the site of inflammation, in this case of tail transection. An approximate number of 

neutrophils that were recruited to the tail was established and quantified. 

Subsequently, EGCG was added to the E3 medium of the zebrafish, in order to 
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evaluate the effect of this compound in the process of neutrophil migration and the 

inflammatory response. 

1.2. Materials and Methods 

Tg MPX:GFP (UWM1) line. Tg MPX:GFP (UWM1) is a transgenic zebrafish line 

which specifically marks neutrophils with green fluorescent protein. Tg MPX:GFP 

(UWM1) zebrafish were used to follow neutrophil behavior in order to track the 

inflammatory response. Tg MPX:GFP were purchased from the Zebrafish 

International Resource Center (ZIRC), Oregon. 

Tail transection. Four to 5 day-post fertilization (dpf) larvae were anesthetized by 

immersion in E3 medium (34.8 g NaCl, 1.6 g KCl, 5.8 g CaCl2·2H2O, 9.78 g 

MgCl2·6H2O) with 4.2% tricaine, and transection of the tail was performed with a 

sterile razor blade. 

Addition of EGCG. (−)-Epigallocatechin gallate (EGCG) ≥95% from Sigma-

Aldrich was reconstituted and different concentrations were added to the E3 medium 

of the zebrafish. After tail transection, the larvae (4-5 per well) were kept in six well 

cell culture plates with 5 ml of EGCG rich medium for 5 hours and then imaged. 

Imaging. After 5 hours from tail transection, the zebrafish larvae were observed 

under fluorescent microscope Zeiss Axio Scope.A1, in order to quantify the number 

of neutrophils at the site of tail transection. 

1.3 .     Results 

Different concentrations of EGCG were investigated, aiming at finding the most 

beneficial one. It was found that high concentrations (900 and 1800 µM) killed the 

larvae. Consequently, concentration of 0 (negative control), 300 and 600 µM EGCG 

were employed and the experiment was replicated several times. 
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Figures 2, 3, and 4 below show the differential accumulation of neutrophils at the 

site of the transected tail, 5 hours post-transection, for negative control sample (no 

EGCG) and concentrations of 300 and 600 µM EGCG.  The images shown are 

magnified 10X. 

 

Figure 2. Image of transected tail at 5 hours post-transection, in the              
negative control sample without EGCG. 

 

 

Figure 3. Image of transected tail at 5 hours post-transection, in the   
presence of 300 µM EGCG. 
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Figure 4. Image of transected tail at 5 hours post-transection, in the 
presence of 600 µM EGCG. 

  

Table 1 shows the mean number of neutrophils present at the transected tail 

after 5 hours, for the different concentrations, as well as the standard deviation and 

standard error of the mean. 

Table 1. Mean number of neutrophils, standard deviation and   standard  
error of the mean of the different sample concentrations. 

 
Number	  of	   Negative	  	   300	   600	  
Neutrophils	   Control	   μM	  EGCG	   μM	  EGCG	  

Mean	   25.0	   16.9	   17.0	  
N	   7	   7	   4	  
SD	   1.29	   1.57	   0.82	  
SEM	   0.45	   0.55	   0.29	  

Conf.	  Interval	  for	  Mean	   23.1,	  26.2	   15.7,	  18.0	   15.7,	  18.3	  
p-‐value	   	  	   <0.0001	   <0.0001	  

 

Figure 5 presents a plot of the mean number of neutrophils at the site of injury, 

for each concentration of EGCG used. 
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            Figure 5. Mean number of neutrophils per EGCG concentration. 

 

1.4 .     Discussion and Conclusion 

To study the effects of EGCG on the inflammation process in zebrafish, a 

transgenic line (Tg MPX:GFP (UWM1)) with fluorescently tagged neutrophils was 

used. To assess the response of fluorescent neutrophils to an inflammatory stimulus, 

we performed a tail transection under tricaine anesthesia that caused GFP 

expressing neutrophils to be recruited to the site of injury. After several weeks of 

practice and mastering this process, including breeding of the zebrafish, selecting 

positive embryos for GFP, tail transection, and imaging and quantification of 

fluorescent neutrophils, EGCG was added to the zebrafish medium after tail 

transection, in order to assess the effect of green tea in the inflammation process. 

Several concentrations of EGCG were tested.  High concentrations (900 and 1800 
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µM) were found to kill the larvae. Therefore, we proceeded to use 0, 300 and 600 µM 

for the rest of the trials. 

The results demonstrate that EGCG, the main catechin in green tea, has a 

suppressive effect on the inflammation process. As illustrated in figures 2, 3, and 4, 

the number of neutrophils at the site of inflammation decreased when the larvae 

were exposed to EGCG after tail transection. A decrease in the number of 

neutrophils recruited to the injured tail after exposure to EGCG, indicates that this 

component has helped the process of inflammation and a lower number of 

neutrophils are required to fight invading microbes and damaged tissue and cells. 

Additionally, it was determined that an increase in concentration of EGCG from 300 

to 600 µM, did not cause further decrease in the number of neutrophils. As indicated 

in Table 1, the standard error of the mean (SEM) for all samples is very low, which 

suggests that the sample mean is an accurate reflection of the actual population 

mean. 

From the data gathered in this experiment, we can conclude that 

Epigallocatechin gallate (EGCG) has a suppressive effect on the inflammation 

process. In the future, concentrations between 0 and 300 µM EGCG should be tried, 

in order to establish if there is a change in the number of neutrophils recruited, at 

lower concentrations.   
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Chapter 2. An Mx1 Promoter–Reporter System to Study Interferon Pathways in 

Zebrafish: Construction of Entry Clone 

2.1. Introduction 

Inflammation constitutes an essential part of the innate immune response to 

pathogens or the release of self-molecules acting as endogenous danger signals6. 

Innate immune activation occurs in an antigen-independent fashion and relies on the 

ability of the host to recognize pathogens through specific pattern recognition 

receptors (e.g. Toll-like receptors, RIG-I-like receptors, NOD-like receptors). 

Engagement of these molecules activates signaling pathways that lead to the 

production of cytokines, chemokines, and interferons (IFNs), the latter of which bind 

their cognate receptors, signal through the JAK-STAT pathway, and transcriptionally 

induce hundreds of interferon-stimulated genes (ISGs)7. 

 

 

            Figure 6. Mx1 Activation Pathway by Interferons8. 
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Mx proteins are members of a family of interferon-inducible genes expressed 

when cells are treated with double-stranded RNA or virus infection. These proteins 

are important components of the antiviral response and form the first line of the 

body's defense against virus infections. The exact mechanism of action for these 

proteins has not been discovered, but mice missing the Mx genes are extremely 

sensitive to influenza virus infection9. Mx1 is one of these interferon-stimulated 

genes (ISGs). The purpose of this experiment is to create the entry clone, which is 

the first step in generating an Mx1 promoter–reporter system using the MultiSite 

Gateway® Three-Fragment Vector Construction Kit, to study interferon pathways in 

zebrafish.  

2.2.     Materials and Methods 

Selection of Primers. Two primers, MxproDown and MxproUp, were used to 

target the zebrafish Mx1 promoter sequence (Table 2). MxproDown is 

complementary to the 5′ end and primes downstream amplification in conjunction 

with MxproUp, which anneals to base pairs (bp) 18–42 of the zebrafish Mx open 

reading frame (ORF)10. 

Table 2. Table of primers used for amplifying Mx1 promoter10. 

Name	   Location	   Sequence	  5ʹ′	  to	  3ʹ′	   Direction	  
MxproUp	   +15/+40	   CTCCTCATATTGCTGACTGAACGTG	   Reverse	  

MxproDown	   +1050/+1070	   AGTCATCATACAGTAAGCATCCGCC	   Forward	  
 

Cloning of zebrafish Mx1 promoter. PCR using zebrafish genomic DNA was 

performed with the two primers MxproDown and MxproUp using the following 

Thermal Cycler conditions 95 °C for 5 min, followed by 35 cycles of 95 °C for 1 min, 

65 °C for 1 min, and 72 °C for 1 min10.  The product was run in agarose gel for 

confirmation based on molecular weight. The correctly sized band was cut out from 
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the gel and DNA extraction from gel was performed using Qiagen’s QIAX II Gel 

Extraction Kit. Figure 7 represents the complete sequence of the Mx1 promoter 

(1077 bp). The sequences for the two primers, MxproDown and MxproUp, used to 

amplify the promoter are underlined in red. 

 

  Figure 7. Mx1 promoter sequence and primers used for amplification10. 

 

Amplification of the p5E-mcs plasmid. p5E-mcs plasmid was obtained from 

collaborators (See figure 7), and subsequently transformed using Invitrogen’s One 

Shot TOP10 Chemically Competent E.coli cells. Colonies were then selected and 

grown in LB-kanamycin media overnight and plasmid isolation was conducted using 

Qiagen’s Plasmid Mini Kit. The product was run in agarose gel for confirmation 

based on molecular weight. The correctly sized band was cut out from the gel and 

DNA extraction from gel was performed using Qiagen’s QIAX II Gel Extraction Kit. 
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Figure 8. Plasmid p5E-mcs11. 

 

Double Restriction Enzyme Digestion. Double digestion with Sal1 and BamH1 

enzymes from New England Biolabs was performed on both the PCR amplified  Mx1 

promoter and the p5E-mcs plasmid, following manufacturer’s protocol.  The purpose 

of the double digest is to create “sticky ends” necessary for ligation. 

Plasmid and Mx1 Promoter Ligation. Ligation of Digested Mx1 promoter and 

p5E-mcs plasmid was carried out with T4 DNA Ligase (New England Biolabs), 

following the manufacturer’s protocol.  

Transformation and Isolation of the Ligated Construct. The ligated construct was 

transformed using Invitrogen’s One Shot TOP10 Chemically Competent E.coli cells. 

Colonies were then selected and grown in LB-kanamycin media overnight and 

plasmid isolation was conducted using Qiagen’s Plasmid Mini Kit. 



	  12	  

Confirmation of Construct. PCR of the constructed plasmid was performed with 

the two primers MxproDown and MxproUp. The product was run through gel 

electrophoresis. Additionally, the constructed plasmid was sequenced using the M13 

forward and reverse primers that flank the insert. 

2.3. Results 

Figure 8 shows the double restriction enzyme digested (with Sal1 and BamH1 

restriction enzymes) Mx1 promoter (1077 bp).  The three samples correspond to the 

1000 bp band on the 1 kb ladder on the right of the image, confirming we have the 

correct size of the product. 

 

Figure 9. Validation of Mx1 promoter by gel electrophoresis. 
 

Figure 9 illustrates the double restriction enzyme digested (with Sal1 and BamH1 

restriction enzymes) p5E-mcs plasmid (2700 bp) to the right of the 1 kb ladder, 

between the 2000 and 3000 bp bands, confirming our digested plasmid. To the left 

of the ladder we can observe the undigested plasmid. It is believed that the 

undigested plasmid is in supercoiled form, which makes it migrate slower on the gel. 
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  Figure 10. Digested and undigested p5E-mcs plasmid and 1 kb ladder. 

 

Figure 10 shows the PCR product of the constructed vector. The image 

demonstrates that the Mx1 promoter was amplified after PCR with MxproDown and 

MxproUp primers of the constructed vector, which is an indication that the ligation 

was successful. 

 

      Figure 11. PCR of constructed vector yielded MX1 Promoter. 
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2.4. Discussion and Conclusions. 

To identify interferon pathways in zebrafish, an Mx1-mCherry promoter–reporter 

system needs to be constructed. In this experiment, the entry clone of such system 

was successfully constructed and validated. This entry clone contains the Mx1 

promoter, which will later be ligated with three other vectors (386me, 302 3’E, and 

PDest)  following Multisite Gateway® Three-Fragment Vector Construction Kit 

protocol, with the purpose of obtaining the final expression clone to be introduced 

into the zebrafish embryo. The new transgenic zebrafish with Mx1 promoter followed 

by m-Cherry reporter in its genome, will ideally activate expression of the reporter 

fluorescent protein mCherry, following activation of the Mx1 promoter. This will be a 

high throughput system to study drug and toxic chemicals which suppress or activate 

the interferon pathway, which ultimately influences the activation of the Mx1 

promoter. 
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