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Abstract 

Obesity has become a pandemic in our society. One potential method to alleviate this crisis is the 

use of pharmaceutical therapy to manage how our bodies metabolize the energy that we consume. 

Chronic overconsumption can lead to the activation of inflammatory responses and metabolic 

dysregulation, such as insulin resistance, and promote the obese condition. The pathways involved 

in the motility of pre-adipocyte cells are important in understanding how our bodies interpret and 

react to specific biochemical signals. This research is focused on a pathway that activates the 

expansion and migration of pre-adipocytes. Melanin-concentrating Hormone (MCH) is a 

neuropeptide that is known for regulating appetite and metabolism within adipocytes through the 

G protein-coupled receptor, MCHR1. MCHR1 is known to act through a Gq/PLC pathway to 

destabilize actin. Our proposed pathway is that MCHR1 activates ARNO, a guanine nucleotide 

exchange factor that is required in the subsequent activation of ADP-ribosylation factor 6 (Arf6). 

These events in succession may result in destabilized actin in murine 3T3-L1 pre-adipocytes. A 

pharmaceutical inhibitor of Arf6, NAV-2729, as well as the overexpression of dominant negative 

ARNO/Arf6 plasmids were used to determine if Arf6 was indeed a downstream signaling 

component in this pathway. Fluorescence microscopy was used to visualize the actin stress fibers 

and morphology of the cell and a scratch wound was performed to determine if the migration rate 

was affected. Preliminary results from our fluorescence stain show that the structure of actin was 

affected by NAV-2729 after MCH addition, however, additional trials and analysis are required. 
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Introduction 

Melanin-concentrating hormone (MCH) is a hypothalamic neuropeptide that has been 

shown to play a significant role in the regulation of many mammalian physiological processes 

including mood, the circadian rhythm, immune responses and metabolism. MCH was recently 

reported to affect the actin morphology and increase migration rate of and 3T3-L1 preadipocytes 

[1]. MCH is responsible for eliciting a physiological response via two Melanin-concentrating 

hormone receptors, MCHR1 and MCHR2. In an experiment carried out by Ludwig et al., when 

mice were injected with MCH they expressed an increased level of feeding, weight gain, and 

insulin resistance. Conversely, upon ablation of MCH, the mice began to express leaner 

phenotypes as a result of their increased metabolic rate and hypophagia [2]. This metabolic 

response is of interest to the biomedical community due to the continuously worsening obesity 

epidemic seen throughout the world. Obesity is the result of overconsumption or increased 

metabolic intake without increased metabolic need that results in elevated levels of adipose tissue. 

Obesity, if left untreated, has been shown to increase risk of cardiovascular diseases, diabetes, and 

other chronic conditions such as sleep apnea, liver and kidney diseases and depression. The 

mechanisms by which MCH may affect appetite are still unclear, however a correlation was found 

between cases of extreme childhood obesity and mutations in MCHR2 [3]. This correlation points 

to a potential link between MCH and its role in regulating adipocyte expansion and migration. 

Adipose tissue is involved in the regulation of appetite via secretion of regulatory hormones such 

as insulin, adiponectin, and leptin. These hormones function to maintain metabolic homeostasis 

by providing information about the metabolic state of the body to the brain [1]. Further exploration 
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into the signaling pathways involved in adipocyte development could be of interest in creating 

pharmaceutical drugs in an effort to alleviate obesity. 

Melanin-concentrating hormone receptors, MCHR1 and MCHR2, belong to a large and 

highly diverse family of receptors called G protein-coupled receptors (GPCRs) that are encoded 

by over 800 separate human genes. GPCRs are characterized by their 7 transmembrane alpha 

helices and are responsible for transmitting a variety of signals from the extracellular environment 

as well as aiding in the regulation of many cellular signaling pathways. As a result, GPCRs are 

often targeted by pharmaceutical companies for the purpose of drug therapy. Inactive GPCRs are 

found bound to a heterotrimeric G protein complex that consists of a GDP-bound Gα monomer and 

a Gβγ heterodimer. Upon the binding of an agonist, a conformational change results in the receptor 

assuming its active conformation. The Gα subunit then exchanges its GDP for GTP with the help 

of a guanine nucleotide-exchange factor (GEF) and dissociates from the Gβγ subunits. Both 

subunits, now activated, can be used to induce an intracellular response in downstream signaling 

pathways via second messengers. 

ADP-ribosylation factors (Arfs) belong to a family of Ras-related GTP-binding proteins 

that are known to play a role in the regulation of membrane structure [5,6]. Arf6 inhibition has 

been shown to diminish cell motility and adhesion in HeLa cells [5]. Cell motility is mediated by 

a complex mechanism that is dependent on the cell’s ability to regulate its membrane composition 

[8].  Arfs act as molecular switches in being converted to their active GTP-bound state by guanine 

nucleotide exchange factors (GEFs) and back to their inactive GDP-bound state with the aid of 

GTPase activating proteins. Once active, Arf6 has the ability to interact with and activate other 

intracellular macromolecules. ARNO is one of the known GEFs that is responsible for the 

activation of Arf6 [9]. Arrestins, such as β-arrestin, are adaptor proteins that bind to GPCRs to 
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inhibit further signaling and promote receptor internalization as well as functioning independently 

by generating their own signals and regulating other intracellular enzymes [8,10]. Arf6 has been 

shown to complex with ARNO and β-arrestin to regulate the endocytosis of membrane proteins, 

such as GLUT4, as well as other membrane-related pathways which are involved in cytoskeletal 

rearrangements and cell motility [1,7,8]. This leads us to believe that Arf6 may play a critical role 

in the regulation of adipocyte expansion and motility in 3T3-L1 pre-adipocytes through ARNO 

and Arf6 via MCH. The role of Arf6 in adipocyte development has been shown previously in other 

studies, specifically Arf6-mediated lipolysis in which fats are hydrolyzed to fatty acids. In an 

experiment conducted by Yingqiu Liu et al., a link between increased Arf6 levels and obesity in 

3T3-L1 adipocytes was found using RNA interference (RNAi). Their results showed a significant 

increase in Arf6 levels in the white adipose tissue of older mice and obese (ob/ob) mice. Arf6 

appeared to play a role in lipolytic activity directly associated with the activation of β-adrenergic 

receptors [11].  
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For our lab in particular, we are interested in the mechanisms by which MCH elicits the 

expansion and migration of 3T3-L1 preadipocytes. The 3T3-L1 cells are murine adipose stem cells 

that are widely used in biological research on the development of adipose tissue. Little is known 

about the downstream signaling components of MCHR1. Two potential mechanisms by which 

MCH may be responsible for mediating actin rearrangements within 3T3-L1 preadipocytes are 

phospholipase-C (PLC) activation and activation of ADP-ribosylation factor 6 (Arf6), shown in 

Figure 2. It has been shown that PLC activation in preadipocytes leads to a decrease in fibroblast 

morphology [1]. PLC can be activated by the βγ subunits of G proteins to initiate a signaling 

cascade shown on the right side of figure 2. PLC goes on to hydrolyze PIP2 to two secondary 

messengers: IP3 and DAG. DAG remains within the cell membrane where it recruits Protein kinase 

C. IP3 results in the activation of Ca2+ channels located on intracellular organelles such as the 

endoplasmic reticulum resulting in the release of Ca2+ into the cytoplasm [1,12,13]. DAG and Ca2+ 

Figure 2. Proposed mechanism for MCH-mediated actin rearrangements in 3T3-L1 preadipocytes. 

Gq is the G protein alpha subunit responsible for PLC activation. Left: ARNO – GTPase, ADP 

ribosylation factor 6 (Arf6) Right: Phospholipase C (PLC), Phosphatidylinositol 4,5-bisphosphate 

(PIP2), Diacyl glycerol (DAG), Inositol triphosphate (IP3), Calcium ion (Ca2+), Protein kinase C 

(PKC) Rho – GTPase. 
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can both activate PKC which catalyzes the phosphorylation of other intracellular signaling 

molecules such as Rho. Rho proteins are a family of GTPases which are known for regulating the 

intracellular cytoskeleton and actin [1,14]. Our goal was to determine if ARNO and Arf6 play a 

secondary role in this process by Arf6 inactivation. It was hypothesized that if ARNO/Arf6 were 

effectively inhibited, then we would see a destabilization and as well as a decrease in migration 

rate. Our first method to determining if Arf6 plays a role in destabilizing actin rearrangements was 

to use a pharmaceutical inhibitor, NAV-2729, purchased from Tocris. NAV-2729 targets the Arf6 

GEF-binding region to effectively inhibit its ability to bind GTP and activate downstream 

effectors. The second method involved plasmid overexpression of dominant negative, or inactive, 

forms of ARNO and Arf6 resulting in competitive inhibition of endogenous ARNO/Arf6. The 

fluorescence stain and scratch wound performed by Cook et al. were repeated with the addition of 

these two methods. If successful, this research would provide insight into new pathways involved 

in MCH signaling regulation of the cytoskeleton 
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Materials and Methods 

Cell culture - The adherent murine 3T3-L1 cell line was cultured in DMEM media (source) with 

10% (v/v) BCS in 250ml culture flasks. The cells were routinely passaged at approximately 80% 

confluency. The culture media was aspirated before incubation with 5ml of 0.25% trypsin-EDTA 

until cells balled up but before complete detachment. The trypsin was aspirated, and the flask was 

rinsed 4 to 5 times with 10ml of culture media. Flasks were inspected under a microscope to verify 

that the cells were in the media and had not been aspirated with the trypsin-EDTA. A 0.5ml aliquot 

of the cell suspension was then added to a 250ml culture flask containing 10ml of prewarmed 

culture media. The flask was placed on a level surface in a static incubator set to 37°C, 20% 

humidity, and 5% CO2. The cells were maintained for up to 15 passages. 

Approach 1: Pharmaceutical Inhibition of Arf6 using NAV-2729 

Scratch Wound - Cells were grown to confluency in 60mm culture dishes containing 4ml of 

culture media. Each plate was labelled with a thin sharpie as shown in Appendix I for reference 

points to obtain the same field during imaging. The cells were serum starved using DMEM-media 

for 1 hour and then pre-treated with 10uM NAV-2729 in DMEM-media for an additional hour. 

The control was left untreated with NAV-2927. The cell monolayer was scratched with a p200 

pipette tip. The plates were treated with 1uM MCH and the scratch photographed under a 

microscope using the method outlined in Appendix I at 3 separate positions on adjacent to the 

marked lines. The scratch was then photographed every 30 minutes afterwards and the images 

analyzed using ImageJ software. 

Fluorescence stain - Cells were grown to 50-60% confluency on 25mm glass coverslips in 30mm 

culture dishes containing 1ml of culture media. The cells were serum starved in DMEM-media for 
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1 hour and then pre-treated with 10uM NAV-2729 in DMEM-media for an additional hour. A set 

of 4 dishes were treated with 1uM MCH and returned to the incubator for 2, 5, and 10 minutes 

with the control receiving no treatment. The dishes were then immediately transferred to a metal 

tray on ice and the treatment media aspirated. Each dish was rinsed 2X with 2ml of ice-cold PBS 

and aspirated. The cells were then fixed with 1ml of 4% Paraformaldehyde (PF) on the benchtop 

for 10 minutes. The PF was recovered, each place rinsed 3X with 2ml PBS, then washed for 10 

minutes with 2ml PBS-T while rocking. Each coverslip was moved onto parafilm in a humidified 

chamber and 0.25ml of stain (1:100 DAPI, 1:50 Alexa fluor Phalloidin, PBS-T) was dripped onto 

each coverslip. The coverslips were allowed to sit in the dark for 20 minutes. The coverslips were 

moved back to their dishes and washed 3X for 5 minutes each while rocking with PBS-T while 

covered in foil. The dishes were then washed for 5 minutes in PBS while rocking followed by a 

quick rinse with dH2O. The coverslips were then transferred to coverslips and mounted using 

Prolong Gold antifade reagent and sealed using clear nail polish. The slides were allowed to cure 

for 24 hours prior to viewing with Zeiss AxioCam and AxioVision software. 
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Approach 2: Competitive inhibition of Arf6 via overexpression of Arf6 DN Plasmid 

Bacterial Transformation – Thomas Roberts generously gifted two plasmids: pcDNA3 HA Arf6  

(Addgene plasmid # 10834 ; http://n2t.net/addgene:10834 ; RRID:Addgene_10834) contained the 

gene for wildtype (WT) human Arf6 and pcDNA3 HA Arf6 DN T27N (Addgene plasmid # 10831 

; http://n2t.net/addgene:10831 ; RRID:Addgene_10831) contained a gene for a dominant negative 

form of human Arf6 (Figure 3). Jim Casanova at University of Virginia graciously gifted two 

additional plasmids: GFP ARNO containing a gene for WT ARNO as well as GFP ARNO E156K 

containing a gene for an inactive form of ARNO. The plasmids were used to transform chemically 

competent E. coli (DH5α) using a heat shock protocol from Addgene. The cells were plated on LB 

agar plates and incubated overnight at 37°C. The resulting colonies were then plated onto LB agar 

plates containing an appropriate antibiotic; ampicillin for Arf6 plasmids and kanamycin for ARNO 

plasmids. A ThermoFisher GeneJET Plasmid DNA Miniprep Kit was used to amplify and isolate 

the plasmids for later use. The isolated plasmids were stored in microfuge tubes at -20°C. 
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Figure 3. Arf6 DN (Top) and WT Arf6 (Bottom) Plasmid Backbones. The vector backbones 

of both plasmids, provided by Addgene, were used to determine restriction sites, ECORI and NotI, 

to be used to verify the plasmids via a double restriction digest (Table 1). Both plasmids contained 

genes for ampicillin resistance used in antibiotic selection of transformed DH5α E. coli. 
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Restriction Digest – The Arf6 plasmid backbones (above) were used to determine two restriction 

sites to be used in a double restriction digest. ECORI and NotI were selected based on available 

restriction enzymes. Buffer compatibility was determined using the Thermo Scientific 

Conventional Restriction Enzymes Buffer Activity Chart to ensure adequate enzyme activity and 

to reduce star activity. Each microfuge tube was loaded with 5ul of plasmid from the miniprep, 

2ul of 10X buffer, and 1ul of each enzyme. The total volume was brought up to 20ul with dH2O. 

The microfuge tubes were incubated in a 37°C water bath for 1 hour and then 4ul of 6X loading 

dye was added to each. The first well of a 1% TBE agarose gel containing 0.5ug/ml ethidium 

bromide was loaded with 10ul of a GeneRuler 1Kb DNA Ladder and then 10ul of each digested 

plasmid was added to the subsequent wells as shown in Table 1. The gel was run at 100V for 

approximately 1 hour or until the furthest band had reached ~70% of the total gel length. The gel 

was then viewed under a UV lamp and photographed (Appendix II) 
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Results 

Fluorescence stain cell counts – After completion of the fluorescence stain protocol, slides were 

blinded by covering identifying information with tape. Each trial was performed in duplicate and 

200 cells were counted for each treatment. The cells were classified into three categories: Class A, 

B, and C, as shown in figure 4C. Class A showed fibroblast-like morphology with prominent actin 

stress fibers. Class B showed an intermediate morphology with little-to-no actin stress fibers and 

some protrusions. Class C showed a small round morphology with no stress fibers. Any cells that 

did not fall distinctly into class A or C were classified as Class B or intermediate. Figure 4 shows 

cell morphology percentages of cells upon treatment of MCH for intervals of 2, 5, and 10 minutes, 

with 0 minutes receiving no MCH and serving as the control.  Figure 4A shows cell morphology 

percentages using equal parts DMSO used in the dilution of NAV as a base of comparison to 

determine the effects of the DMSO vehicle as compared to the NAV drug itself. In this figure, a 

decrease of 14.95% is seen from no treatment to 10 minutes of MCH treatment as well as a 15.12% 

increase in fibroblast-like morphology. There does not appear to be any noticeable trend at 2 and 

5 minutes as well as with the small round morphology. Figure 4B shows the morphology 

percentages of NAV-treated cells with MCH addition. A decrease of 15.21% is shown in the 

intermediate cell morphology from no treatment of MCH to 10 minutes of MCH treatment. There 

is also an increase of 12.71% in the fibroblast-like phenotype when comparing cells untreated with 

MCH to cells treated with MCH for 10 minutes. An increase in the small round morphology of 

4.29% is seen from 0 to 5 minutes along with a subsequent decrease of 1.79%. 
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Figure 4. Results from Actin Fluorescent stain with NAV-2729 and DMSO pre-treatments.   

(C) After allowing the slides to cure, 200 cells on each slide were graded as follows: Class A - 

Fibroblast with prominent actin stress fibers, Class B - Intermediate with few or no stress fibers and 

some protrusions, or Class C - Small Round with no stress fibers and rounded cell morphology. In 

both trials, cells were treated with MCH for 2, 5, and 10 minutes as well as being left untreated (0 

minutes). (A) shows the cell counts pre-treated with DMSO: the vehicle used to dissolve NAV-2729.  

(B) shows the resulting cell counts of NAV-2729 pre-treated slides. 

C 

Class A 

Class B 

Class C 
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Table 1. Fragment sizes from Restriction Digest Gel Electrophoresis. The resulting gel is shown 

in Appendix II. This table shows the relative distance travelled (Rf) of the resulting fragments of the 

restriction digest. The Rf of the DNA ladder (Lane 1) were first calculated and used to construct a 

standard curve and find a line of best fit. The equation produced, y = 22677x(-2.447), was then used to 

determine the relative lengths of the resulting bands of each digest. Buffer compatibility was 

determined from the Thermo Scientific Restriction Enzymes Buffer Activity Chart. 

Verification of WT Arf6 and Arf6 DN Plasmids – Each plasmid was digested with ECORI, NotI 

and HindIII to verify that the restriction sites were present. The bands produced on the agarose gel 

are shown in Appendix II. The DNA ladder was measured to produce a standard curve and generate 

an equation for the line of best fit to determine the relative sizes of the resulting bands, shown in 

Table 1. The plasmid backbones, as shown in Figure 3, both contain restriction sites for ECORI 

and NotI. Lanes 4-6 and 10-12, in Table 1, showed resulting fragments at approximately 6000bp 

that indicate a successful single digest. The bands seen in lanes 3 and 9 are consistent with 

supercoiled uncut DNA plasmid. The secondary fragments in lanes 7 and 13, as a result of the 

double digest with ECORI and NotI, were calculated to be 627 bp and 654 bp, respectively. These 

are consistent with the theoretical lengths of 599bp calculated from the plasmid backbones.  

 

 

 

Lanes 1 3 4 5 6 7 9 10 11 12 13 

Plasmid 1Kb 

DNA 

Ladder 

pcDNA3 Arf6 DN T27N 

(MUT) 

 

pcDNA3 HA Arf6  

(WT) 

Restriction 

Enzyme 

 
- EcoRI NotI HindIII EcoRI 

+ 

NotI 

- EcoRI NotI HindIII EcoRI 

+ NotI 

Rf band 1 
 

1.1 1.7 1.65 1.65 1.7 1.1 1.65 1.7 1.7 1.75 

Fragment 1 

length (bp) 

 
17960 6189 6659 6659 6189 17960 6659 6189 6189 5766 

Rf band 2 
 

1.9 
   

4.4 1.95 
   

4.35 

Fragment 2 

length (bp) 

 
4715 

   
604 4425 

   
621 

Theoretical 

fragment 

length (bp) 

     
599 

    
599 
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Discussion 

 In order to determine if Arf6 is a critical component of MCH-mediated actin 

rearrangements, when Arf6 is inhibited we would expect to see an increase in fibroblast-like cells, 

as well as a decrease in intermediate and small-round cells in the as well as decreased cell motility.  

Fluorescence Stain - The fluorescence stain with NAV-2729, Figure 4B, appeared to confirm our 

hypothesis by showing a increase in fibroblast-like morphology and an decrease in intermediate 

cells. However, these changes in cell morphology are also seen in the presence of only DMSO 

between 0 and 10 minutes of MCH treatment, as shown in figure 4A. Small round cells were 

sparse, resulting in such a low percentage and such high standard deviation that more trials are 

needed to obtain accurate data. It is worthy to note that Figure 4 is reflective of only an n=1, and 

therefore is not statistically significant. In addition to these setbacks, it appeared that the NAV-

2729/DMSO solution was not adequately soluble within DMEM-media. A few minutes after 

addition of the NAV-2729/DMSO solution, a yellow precipitate began to form that not unlike 

NAV-2729 before being dissolved in DMSO. Incubating in a 37°C water bath and agitation proved 

ineffective at re-dissolving this precipitate. This led us to question whether or not the cells even 

had a chance to take up enough, if any, NAV to produce an appreciable effect. Dsouza-Schorey 

conducted an experiment using NAV-2729 to inhibit Arf6 in uveal melanoma cells [15]. They also 

used DMSO as a vehicle and showed a considerable difference in cell morphology between the 

DMSO and NAV treated cells with the NAV treated cells exhibiting increased actin clumping. 

They determined an IC50 values of NAV to be 1.0uM and 3.4uM using fluorometric and orthogonal 

radiometric ARF6 nucleotide exchange factors, respectively. Our experiment used 10uM NAV 

and adjusting our own concentrations of NAV would allow a lower overall volume of DMSO to 

be used. 
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Scratch wound – There were numerous challenges faces when performing the scratch wound 

assay the most major of which was cell peeling after creating the initial scratch within the cell 

monolayer. We believe that this is due to the DMSO vehicle used to dilute NAV-2729. This effect 

was also exacerbated by frequent agitation of the dishes during transport from the incubator to the 

microscope for photographing of the scratch. We alleviated this by extending the duration between 

photographs with appreciable success, however, we did not consider the cells settling after the 

initial scratch. In our final trial, we successfully obtained photographs of the initial and final 

scratch over periods of time ranging from 1 hour to 6 hours. Unfortunately, due to cell settling, the 

final scratch photographs were larger than the initial starting point of the scratch and thus were 

inconclusive. Cook et al. were able to show that MCH accelerated cell migration [1].  Ideally, if 

our hypothesis was correct and Arf6 was indeed a critical component of this signaling pathway, 

then we would have observed an inhibition or reduction of cell migration rate as compared to their 

results. Overall, our numerous scratch wound assays did not yield any measurable results. 

Plasmid verification – The Arf6 plasmids that were sent to us appear to indeed be the plasmids 

that are shown in Figure 3 based on the data shown in Table 1. We successfully verified the 

plasmids via the double restriction digest. Unfortunately, due to the lengthy preparation process of 

these plasmids, we were not able to perform the scratch wound or fluorescence stain with 3T3-L1 

cells transfected with the Arf6 plasmids. Our confidence in this method stands as the ARF6 DN 

T27N plasmid has already been used in 3T3-L1 cells to determine the role of Arf6 on hexose 

uptake upon stimulation with insulin and endothelin [16]. 
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Conclusion and Future work 

 Many of the experiments we set out to perform are still incomplete. Due to unforeseen 

complications and time constraints, we were not able to obtain adequate data to draw any 

conclusions that are statistically significant. An experiment conducted by Liu et al. successfully 

inhibited Arf6 protein levels using RNA interference (RNAi) which is a valid and reliable for 

future Arf6 inhibition. The ARNO and Arf6 plasmids have been prepared and verified, however, 

we have not yet had a chance to attempt overexpression of the dominant negative forms of ARNO 

and Arf6. Transfecting the cells with the plasmids would eliminate some of the uncertainties that 

remain with the use of the NAV drug, such as the formation of a precipitate due to the DMEM 

media. The use of the plasmids also does not require the use of a vehicle and therefore might aid 

in obtaining a successful scratch wound assay. Cook et al. reported that PLC activation resulted in 

a decrease of Class A morphology and thus inhibition of the Gq/PLC pathway is one method to 

rule out artifacts caused by this pathway. This may also yield a more significant effect upon 

inhibition of the ARNO/Arf6 pathway; however, it is worthy to note that Dsouza-Schorey’s 

experiment showed a decrease in PLC activity with increased levels of NAV-2729 [15]. Additional 

analysis and trials are required before any conclusions can be drawn. ARF6 is known to pair with 

pathways involved in receptor internalization, such as GLUT4 and β Adrenergic receptors , it 

would be interesting to see whether or not Arf6 has any effect on MCH-mediated internalization 

of MCHR1 aswell. Further investigation into Arf6 is still of importance due to numerous other 

studies into its role in membrane trafficking and adipocyte development. 
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Appendices 

I. Scratch method to obtain reference points for image capture of scratch wound 

developed by Laura Schum. Lines A-D are drawn with a straight edge on the back of 

an empty culture dish. After cells are grown to confluency, the cell monolayer is 

scratched adjacent to line D to create a wound that intersects lines A-C. Photographs 

of the scratch are taken at the intersections and allow for quick and accurate repeat 

photographs. 

 
II. Resulting gel from restriction digest. Dropout fragments from double digest using 

ECORI and NotI are shown boxed in white. Lane 1 shows the 1Kb DNA ladder used 

to determine the relative fragment sizes. The contents of each lane are shown in Table 

1. 
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