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of VSVg-MCHR1 present at the bottom of the gradient (Figure 7 A&B). The 

band weights for VSVg also changed, with a band at approximately 48 

kDa present in fractions 4 and 5, and large molecular weight bands 

corresponding to a 75-80 kDa which could possibly be a dimerized version of 

the receptor. In fractions 10-12, there are lower weight bands around 30 kDa 

that could correspond to a cleaved form of MCHR1 within the ce! ! .  

Interestingly, the density of the VSVg-MCHR1 blot follows the 

distribution seen in the caveolin-1 blots, even appearing to be in a density 

proportional to the amount of caveolin. This supports the previously published 

results by our lab, where there is a co-localization between caveolin-1 location 

and VSVg-MCHR1 location (Cook et al., 2008). To analyze this association, 

densitometry was performed that showed corresponding increases and 

decreases in the density of the fractions when comparing caveoiin to MCHRi 

(Figure 7C&D). Bradford analysis of both of the gradients shows that there is 

little overall protein at the top of the gradients, and that at fraction 5 there is 

which 

the bottom of both gradients (Figure 8). 

This relationship supports the hypothesis that there is an interaction 

between caveolin-1 and MCHR1. While these methods of isolation are not as 

successful in isolating lipid rafts as the basic pH isolation method, they do 

show a correlation between the presence of caveolin 1 and VSVg-MCHRi .  
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For this reason, the lysing procedure that used the detergent-free basic 

pH solution was used in future experiments. 

Distribution of MCHR1 without an Epitope Tag 

In order to continue to determine the effect of co-localization of MCHR1 

to caveolae, the receptor was studied without the VSVg epitope tag. While it 

is easier to blot for the receptor with the epitope tag, it could influence the 

placement of receptor on the membrane. Adding an epitope tag to a targeted 

molecule allows for easy targeting of the desired protein. Antibody quality and 

purity are better for epitope tags, as they are used quite often to label proteins 

that lack quality antibodies. To complete the gradient, BHK cells were 

transfected with MCHR1 without the VSVg tag, and a basic pH detergent-free 

sucrose gradient isolation was performed. The twelve fractions obtained after 

centrifugation were run on a 10% SOS-PAGE gel to blot for receptor and a 

12% SOS-PAGE gel to blot for caveolin-1. 

Caveolin distribution is at the highest density in fractions 4 ,  5 and 6 at a 

molecular weight of approximately 24 kDa (Figure 9A). MCHR1 distribution is 

from fraction 4 to the bottom of the gradient, but there is a density increase 

seen in fractions 5 and 6 .  As with the blots seen for the different lysing 

solutions (Figure 7 A&B), there are multiple bands of MCHR1 present in each 

fraction. The lowest molecular weight marker is present in only fractions 5 and 

6,  and corresponds to a molecular weight of approximately 44 kDa. In the rest 
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of the fractions, there are bands corresponding to a molecular weight of 

approximately 50 kDa, with higher weight smears above all the fractions. 

Bradford analysis shows that there is little protein at the top of the 

gradient, and fractions 4-6 contain 33% of the total protein (Figure 9B). 

There is a decrease in protein for fractions 6 and 7, then the largest amount of 

protein from fractions 9-12-a total of 49% for those fractions. 

Determination of internalization of MCHR1 

Initially, work was performed to determine the end location of receptor 

internalization. This was studied by staining BHK cells for the receptor and 

one of the Rab proteins. Two Rab proteins were studied, Rab5 and Rab?, 

Rab5 is known to associate with early endonucleases and Rab 7 with late 

endonucleases (Stenmark et al., 1995; Bucci et al., 2000). These experiments 

were not successful, however, due to poor staining of the receptor. Very few 

changes in distribution were seen in response to treatment, even with the 

inefficient staining. This indicated that the internalization of the receptor 

needed to be studied more directly. 

To determine if internalization could be visualized, overall expression 

of receptor was studied in a BHK model system over varying hormonal 

treatments. To do this, cells were transfected with VSVg-tagged MCHR1 and 

then plated onto cover slips; the VSVg tag was used due to the higher quality 
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antibody for VSVg over that of MCHR1. The transfected BHK cells were 

treated with 1 µM MCH in DMEM- for either 0, 30 or 60 minutes. The control 

group of no treatment (0 time point) was given DMEM- for 60 minutes. They 

were then fixed and stained using fluorescent antibodies to mark VSVg­

MCHR1. Cells were observed (Figure 10) to have a widespread distribution of 

VSVg; with slightly higher localization near the nucleus. The distribution 

visualized does not clarify whether the receptor is within the cytosol or on the 

membrane. There was visually little difference in receptor distribution between 

the various treatment times, and no distinct internalization of the receptor from 

the membrane. There is no concrete internalization seen, unlike systems that 

have co-transfection with arrestins. This low internalization is substantiated by 

the internalization seen in the ELISA data performed by our lab, and showed 

U1at there was intemaiization of receptor of 15 percent (Maden, 2012). 

Effect of treatment with MCH on localization of MCHR1 to Caveolae 

As previously described (Figure 10), there does not seem to be 

internalization of receptor due to MCH treatment. In addition, co-localization 

between MCHR1 and caveolin-1 has been verified using multiple isolation 

methods. It is possible that the interaction between the receptor and caveolin-

1 is the cause of receptor desensitization. determine if there is a change in 

receptor localization on the membrane due to hormone treatment, cells 
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were transfected with VSVg-MCHR1. One set was treated for thirty minutes 

with 1 OOnM Melanin-Concentrating Hormone in serum free media, and the 

other was given serum free media as a control. The cells were lysed using the 

detergent-free basic pH isolation method, in collaboration with 

Laurie B. Cook. The isolated fractions were run using a 10% SOS-PAGE gel 

for the VSVg-MCHR1 blot and a 12% SOS-PAGE gel for the caveolin-1 blot. 

Both blots were treated with the VSVg antibody and the caveolin-1 antibody 

correspondingly. 

For the caveolin-1 blots, there were distinct bands seen in fractions 4 

and 5 in each blot (Figure 11 A). Trial run 1 shows more caveolin-1 in the 

lower fractions, but this can be attributed to the pipetting during production of 

that sucrose gradient. For the VSVg blots, there is a greater density seen in 

fractions 4 and 5 (Figure i 1 A), with the muitipie higher molecular weight 

bands seen in previous blots (Figure 7 A and Figure 11 A). For each of the 

gradients, there is a distribution of VSVg across the bottom of the gradient. 

could be receptor being produced or those in transport to membrane, 

but it does not seem to be highly associated with caveolin-1. 

There seems to be a MW shift in the upper band of the VSVg-MCHR1 

blot that corresponds with the treatment of hormone, as depicted in the 

turquoise boxes (Figure 11 A). There appears to be a change in the 

distribution of the receptor smear above 50kDa in weight. These blots suggest 

that some of the receptor is disappearing from this high molecular weight. 
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This could be caused by a change in the receptor, either a dimerization loss 

or a modification due to phosphorylation or ubiquitination. 

Bradford analysis shows that there is little protein in the top of the 

gradients, with concentration increasing at fractions 4 and 5, decreasing 

through fractions 6 to 8 and then increasing again to the highest levels at the 

bottom of the gradient, as is normal for a !ipid raft isolation (Figure 11 B). In 

response to treatment of MCH, there is no visible change in localization of 

receptor within lipid rafts. This means that it  is not the transition of receptor in 

to or out of lipid rafts that is causing the desensitization, as it is not occurring. 

Desensitization could occur though one of the other methods previously 

mentioned, such as receptor modification, which is suggested by the MW shift 

seen in these blots. What exactly is happening is unclear, however, and more 

work must be done. 

Effect of {J-Arrestin co-expression on localization of MCHR1 

further examine the dynamics of MCHR1 and caveolin-1 interaction, 

the effect of arrestin expression was studied. Work performed by our lab 

shows that there is a decrease in the surface expression of receptor if �­

Arrestin 1 is present, and that both of the arrestins cause a greater increase 

in the internalization of MCHR1 (Moden, 201 It was theorized that if the 

addition the arrestins caused internalization, they might affect the 

interaction of caveolin-1 and MCHR1. 



In order to determine the effects the arrestins had on gradient location 

of MCHR1, BHK cells were transfected with VSVg-MCHR1 and either 

pCDNA3 (as a control for the arrestin plasmids), fj-Arrestin 1 or f3-Arrestin 2. 

The cells were treated with either 1 OOnM MCH in serum free media, or serum 

free media as a control, and then the cells were lysed using the basic pH 

detergent-free method. Initially, the collected fractions \J\Jere pooled to reduce 

the number of western blots that had to be performed. This pooling was 

performed by combining fractions 1 to 3, fractions 4 to 6 ,  fractions 7 to 9 and 

finally fractions 1 O to 12. Western blots were performed for caveolin 1 and 

VSVg-MCHR1 as previously described. To look at the specific changes 

between the treated and untreated gradients, untreated and treated pooled 

fractions were run side-by-side. There is no protein in the top pooled fraction, 

and very iittie in the bottom two pooied fractions, so these were omitted. 

In the pooled fraction containing fractions 4-6, there is an increase in 

the amount of caveolin-1 and in the VSVg-MCHR1 (Figure 12). There is much 

more receptor displayed in the pCDNA3 isolations, with less for each of the f3-

Arrestins. Each of the VSVg blots show the three distinct weight bands as 

described previously. What is clearer here, however, is the change in the 

density of the upper weight of the VSVg-MCHR1 (Figure 13). is less 

protein in the upper band after treatment, which is approximately at 80 kDa. 

There is also a shift up of about 10 kDa from untreated to treated cells 

(depicted by the turquoise lines), possibly signifying a modification of 
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MCHR1 -possibly a phosphorylation of the receptor. Bradford analysis shows 

that there is the same amount of protein in each of the gradients and that 

each gradient follows the normal isolation amounts for isolation of caveolae at 

fractions 4 and 5 (Figure 14)" 

58 



Hormonal regulation of metabolism and satiety is a complex system 

that has many inputs and feedback system. Understanding each step of this 

path is very important, as it can provide possibilities for hormonal treatment of 

obesity. One of these hormones is melanin-concentrating hormone. Most of 

the current literature on MCH focuses on its effects in the brain, and few 

studies are performed in peripheral tissues. This thesis focuses on MCH and 

its receptor MCHR1 and the dynamic regulation of receptor function and 

desensitization. 

Lipid raft isolation using CHO cells 

Lipid raft domains are known to be detergent insoluble due to high 

levels of cholesterol, GPl-anchored proteins and glycosphingolipids (Hooper, 

1999). The presence of these lighter weight lipids causes the lipid raft 

sections of the membrane to be isolated from the rest of the membrane via a 

sucrose density gradient (Smart, 1995). Various lysing methods can be used 

to isolate caveolae from the membrane, and each varies in the solution used 

to lyse the cells (Liu, 1998). Song et al. showed that a sodium carbonate 

void of was effective isolating Gi2a and G�v co-

localize with caveolae (Song, 1996). Prior work performed by our lab showed 

that MCHR1 was localized within caveolae while clathrin was at the bottom of 

gradient (Cook, 2008). 
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In order to determine whether the detergent-free isolation could again 

be performed successfully, stable CHO-K1 cells were lysed and lipid rafts 

were isolated. As seen from the blots (Figure 3) , there is normal distribution of 

caveolin-1 and a corresponding distribution for VSVg-MCHR-1, with 

enrichment occurring in fractions 4 and 5 ,  as was published by our lab and 

also observed by Song et al. in their aforementioned work (Song et al. ,  1996). 

Bradford analysis shows that there is a small increase in the amount of 

protein in these fractions, but that the majority of the protein in the gradient is 

at the bottom. This implies that the floating of the lipid rafts is not due simply 

to a large amount of protein at fractions 4 and 5 ,  but in fact due to successful 

isolation of the lipid raft domains from the rest of the cellular debris. 

Isolation of iipid rafts using aiternative iysing methods 

As mentioned previously, isolation of lipid rafts can be performed in a 

few different ways. The original method used was the detergent-free basic pH 

isolation as reported by Cook and Song (Song, 1996 ; Cook, 2008). It is 

conceivable, however, that isolation of the receptor to the lipid rafts was 

caused by the lysing method due to molecular changes caused by the lysing 

solution (Anderson, 1998).The insulin receptor is co-localized with caveolae 

when isolated with the basic pH method, but that localization is lost when the 

isolation is performed with detergents (Gustavsson et al., 1999). It is theorized 

that the method of membrane perforation could cause molecules to 
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unintentionally cluster with the impermeable lipid rafts, causing unnatural co­

localization (Mayor and Maxfield, 1995). Triton X-100 addition to free-floating 

lipids causes them to aggregate and form micelles, suggesting that the 

addition of the detergent to the membrane may cause aggregation of lipids 

(Heerklotz, 2002). As there are pros and cons to each isolation method, more 

than one must be examined to determine the extent of co-localization. 

The two other methods used were a detergent isolation using Triton X-

100 and a different detergent-free isolation using an osmotic gradient created 

with sucrose for lysis, both previously reported by Liu et al. and Smart et al. 

(Smart , 1995; Liu , 1998). The Triton X-100 isolation was performed in a cold 

room and on ice to get the coldest temperature possible, as this helps to 

maintain the stability of the lipid rafts. Triton X-100 isolates lipid rafts best 

when at a 4° C temperature, whiie at 37° C the isoiation becomes imperfect 

(Brown and Rose, 1992). As can be seen from the gradients, the distribution 

of caveolin-1 along the gradient is much greater in both methods of isolation 

then seen in the CHO cell isolation (Figure There are a few reasons for 

this, for the Triton X-100 isolation, it is imaginable that the gradients and cells 

were not kept cold enough. If the cells were not kept at the optimum 4°C, the 

stability of the lipid rafts would have been compromised. In the case of the 

osmotic isolation, there was already sucrose in the lysing solution. This could 

have caused a change in the densities of the gradient, and changed the 

distribution of the caveolin-1. Also, the lysing procedure could have been less 



effective as the only method of isolation was through a slight osmotic gradient 

and pulverization. Despite the inefficient isolation of caveolae, it appears that 

there is a correlation between the amount of caveolin-1 and VSVg-MCHR-1. 

Isolating caveolae via Triton X-1 00 is more delicate than other methods, 

and the molecules that are maintained within the domains via this method can 

vary and can depend on the amount and type of detergent present (Pike, 

2003) . It is possible that for the detergent isolation, too much detergent was 

used, which compromised the isolation abilities. Isolations done isolating Ras 

with caveolin-1 showed high amounts of Ras and cav-1 at fractions 4/5 with a 

slight amount of protein from fraction 8 to the bottom of the gradient (Kawabe 

et aL , 2001 ) . Also, isolations performed on matrix-metaloproteases (MMP's) 

showed similar distribution of both the MMP's and caveolin-1, with slightly 

more of each at the bottom of the gradient (B et al., 2001 ). These are 

comparable to the originally performed CHO-K1 isolations (Figure 3) , and to 

the previously published work performed using the basic pH solutions (Cook 

et al., 2008) . gradients performed here, however, show greater 

distribution of both caveolin-1 and receptor across the bottom of the gradient 

(Figure 4) , and the isolation methods were not as exact as hoped. 

The isolations show that there is a correlation between the density and 

localization of caveolin-1 and VSVg-MCHR-1. The detergent-free basic pH 

isolation method previously published seems to be the best at maintaining the 

caveolae structure for proper isolation (Cook et al. , 2008) .  The correlation 
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between receptor amount and caveolin is maintained for each isolation 

method, but the type of lipid rafts isolated through the basic isolation method 

are the most defined. 

Verification of distribution of untagged MCHR- 1 

It is conceivable that adding the VSVg tag to MCHR1 causes a change 

in the localization of the receptor on the membrane. To further investigate this 

potentiality, a western blot was performed for MCHR1 without the VSVg tag. 

Epitope tagging was performed by genetically inserting a well-characterized 

antigen into a plasmid of the desired protein. During transfection, the tag was 

added onto the desired molecule (in this case MCHR1) and provided an easy 

way to target for the molecule. While the VSVg tag is small-11 amino acids 

in size-it couid interact with surrounding moiecuies on the membrane 

surface. Epitope tags have been used previously due to the higher quality of 

the antibody for the VSVg molecule in comparison to the MCHR-1 antibody. If 

the blots for VSVg and MCHR1 are compared (Figure 11 and Figure 9), it can 

be seen that the background of the MCHR1 blot is dirtier. Numerous attempts 

were run of the MCHR1 blot, and the one reported showed the best antibody 

blotting. The correlation seen in these blots show that there is co-localization 

between MCHR-1 and caveolin-1. This interaction is present regardless of the 

type of isolation, or the tag that is placed on the receptor. 
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Determination of internalization rate of MCHR 1 

I n  o rder to determine the i nternal izat ion of MCHR1  after agon ist 

treatment ,  f luorescent microscopy was performed . After analysis of the 

d istribut ion of MCHR1  over the cel l  surface at g iven treatment t imes , very l ittle 

internal izat ion is seen (F igu re 1 0) .  There is uniform d istribution across the 

entirety of the membrane and the cytoso l ,  with s l ightly h igher concentration 

around the nucleus, possibly i n  the E R  or  Golg i .  Th is d istribution has also 

been seen for other receptors such as insu l in  in ad ipose and P2X receptors in 

neurons (Khakh , 200 1 ; Hunker, 2006) . After treatment, however ,  there is l ittle 

d ifference in the d istribut ion of the receptor .  The same patterns are seen after 

1 O and even 60 minutes of 1 µM M C H  treatment .  This treatment amount was 

used to ensure that complete saturation of the receptor was ach ieved . The Kd 

of M C H R 1  is 3 . 1  ± 0.4 n M ,  and th is experiment was performed i n  an 

overexpression model , so by treati ng with 1 µM MCH complete saturation was 

ensured (An , 2001 ) .  

Th is lack of i nternal ization i s  i n  contrast t o  work performed by Saito et 

al. who determined that there was internal izat ion of . 9% seen in as l itt le as 

five m inutes , and a greater internal izat ion rate of seen after 30 minutes 

of treatment (Saito , 2004) . Past work performed by Katr ina Haude ,  an 

undergraduate in  our  lab ,  shows that i f  either �-Arrestin is i ncluded in 

transfect ion ,  there is an internal ization of receptor from the membrane (F igure 
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1 5) (Maden,  20 1 2) . By comparing th is marked i nternal izat ion with the resu lts 

provided of MCHR1  i nternal izat ion (F igu re 1 0) ,  it can be seen that if there are 

no add it ional parts of the clathri n pathway added , i nternal ization does not 

visibly occur .  Th is does not mean that there is not i nternal ization ,  however,  as 

there cou ld be very low internal izat ion that cannot be visual ized . Using 

fluorescent m icroscopy i n  th is way would not show other changes occurr ing  

on the membrane. As  th i s  is a transfected receptor mode l ,  there cou ld be an  

overwhelm ing amount o f  receptor on the  membrane, and  so  the  sheer 

number of receptors present wou ld  cause the movement of receptors on the 

membrane or  i nteract ions between receptors to change. 

Effect of treatment with MCH on localization of MCHR- 1 to caveolae 

If desens it ization is caused by interact ions with caveolae ,  the effect of 

treatment with M C H  on local ization with i n  l ip id rafts must be examined . After 

analysis of the g radients, there is l ittle change in the overal l location of 

receptor with i n  caveolae (Figu re 1 1  ) . is not unusual . There are examples 

l ike the EGF and PGDF receptors that are associated with caveolae without 

agonist ,  but after agonist add it ion are on ly transiently associated (Matveev 

and Smart, 2002) . Another examp le is the angiotensin I I  type 1 A receptor (a 

Gaq GPCR) wh ich is associated with caveolae regard less of agon ist add it ion 

( lsh izaka et a l . ,  1 998) . This lack of change in the local izat ion of receptor 

with i n  l ip id rafts may mean that i nternal izat ion is not the reason that there is 
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desensitization occurring with M C H R i , possib ly supported by the results of 

the f luorescent images reported earl ier ( Figure 1 0) .  

There have been reports o f  i nternal izat ion o f  caveolae t o  either 

endosomes or to an i nternal structure known as a caveosome. Work done 

looking as low-density l ipoprote ins u ndergoing transcytosis across endothel ial 

cel ls  showed that the LDL's crossed through the caveosome structures 

through caveolae endocytosis (Candela et al . ,  2008) . So if there is the same 

level of LDL's in  the caveosome as in the membrane caveolae, the 

caveosome should be approximately the same weight as membrane domains. 

If there was i nternal ization  to a caveosome,  there is the potential that 

the smal l  amount of receptor i nternal ized cou ld not be visual ized i n  the 

fluorescent i mages (F igu re 1 0) .  While caveosomes are large structures, there 

wou ld  h ave to be a large quantity of i nternai ized receptors to visual ize the 

caveosome. Pre l im inary work done by our lab using confocal and electron 

m icroscopy performed on d ifferent iated 3T3L 1 cel ls showed large vesicu lar 

bodies that cou ld  have been large membrane caveolae or even i nternalized 

caveolae. It is  imaginable that there are i nternal caveosomes shutt l i ng 

caveolae and receptors to and from the membrane, and that the activated 

receptor is removed from the membrane via th is pathway, but that it cou l d  not 

be visual ized due to the low amount of i nternal izat ion .  I t  is also l i kely that 

there is  a conformational change occurring of the receptor with i n  the l ipid rafts . 
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This change cou ld be switch ing off the activity of the receptor wh i le 

maintain ing the overal l concentrations with in caveolae .  

Effect o f  /J-Arrestin co-expression o n  localization o f  MCHR- 1 

Work done previously by Katrina  Haude shows that there is visual 

internal ization due to M C H  treatment when one of the J3-Arrestins is 

incorporated into the cel l u lar model (F igure 1 4) (Mode n ,  20 1 2) . So the effect 

that t ransfect ion with either J3-Arrestin  1 or J3-Arrestin2  has on the co­

local ization of receptor to l ip id rafts was stud ied. As was seen in the western 

blots , there is a decrease of the receptor seen when an arrest in is 

incorporated (F igu re 1 2) .  This is interest ing ,  as there is sti l l  normal expression 

with the pCDNA3 transfection ,  and as the Bradford analysis of each set of 

fract ions is essential ly the same. 

So there is some sort of h indrance occurring when the arrestins are 

present i n  the packag ing of receptor with in  the l i pid rafts , o r  there is a change 

in  the activity of the receptor with arrest ins ,  requ i ri ng less receptor to be 

present. When comparing th is i nformation with work performed by Jay Maden 

using EL ISA analysis of surface expression of receptor,  there are some 

corre lat ions. When the cel ls  were transfected with J3-Arrest in 1 , there was less 

receptor visual ized on the external surface of the receptor .  This corresponds 

to the decreased expression seen on the �-Arrestin  1 g radient ,  and so there 

may be some h indrance occurr ing due to the arrestin  recru itment, less 

68 



transfect ion of the receptor itself or even more degradation of the receptor 

due to the p resence of the arrestin .  I n  the instance of cel l  surface expression 

for (3-Arrestin 2, there was approximately the same amount of receptor seen 

as for the pCDNA3 model .  Th is cou ld s ignal a better relat ionship between 

MCHR- 1  and (3-Arrest in 2 ,  a theory that has been studied previously by Evans 

et al. They reported that i n  cel ls vvere tr iple-transfected with tagged-MCH R1 , 

GRK2 and either (3-arrest in 1 or 2 .  I n  the cel ls  expressing (3-arrest in 2 ,  there 

was selective recruitment to the p lasma membrane .  This association with 

receptor was transient, and i nternal izat ion of both (3-Arrestin 2 and the 

receptor i n  conjunct ion did not occur ( Evans et al . ,  2001 ) . I t  is important to 

note that their work was performed with GRK,  and experiments done by our  

lab  d id not h ave th is  trip le-transfection protocol ,  and transfect ion with either (3-

Arrest in showed internal izat ion.  When neither of the  arrest ins are present, 

however,  there is increased expression seen throughout the g radient and co­

localizat ion with caveolae is more pronounced . 

Internalization of upper weight MCHR1 due MCH treatment 

Whi le analyzing the western b lots comparing treated cel ls  with 

untreated cel ls ,  a pattern emerged . Before treatment, the VSVg-MCH R- 1  

western b lots showed a band with a molecular weight at around 40  kDa, and 

this wou ld be the receptor without any modification or d imerization .  The 

known molecular weight for MCHR1  is at 46 kDa, which is the largest density 
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band seen on the western b lots , concurring with the normal s ize of the protei n  

(Bittencourt e t  al . ,  1 992) .  The  s l ight d ifference i n  size cou ld  be due  to  the gel 

run ,  with possible variations in the segregation .  Above th is weight is a smear 

that goes to the top of the grad ient ,  which cou ld be composed of d imers or 

even ol igomers of MCH R 1 . Work performed using Fluorescence Resonance 

Energy Transfer (FRET) of f luorescently tagged lutein izing hormone has 

shown that on  the cel lu lar surface , FRET has been detected between mu lt ip le 

hormone bound lutein iz ing hormone receptors . This suggests that the LH 

receptor is a functional d imer on  the cel l u lar surface. I nterest ing ly, FRET was 

dependent o n  the receptor's s ignal ing potential , with no FRET seen with 

mutant receptors , s ignifying  that active receptors need to interact to be 

funct ional (Roess, 2000) . With in  the Tumor-Necrosis Factor-a fami ly, it is 

bel ieved that agon ist-promoted d imerization forms an equ i l ib ri um ,  wh ich is 

thought to be an important step in receptor activat ion and deactivat ion (Weiss 

and Sch lessinger,  1 998 ; Sch lessinger,  2000) . I f  this activat ion/i nactivation 

equ i l ib ri um is true for MCH R 1 , than the loss of the upper weight d imer after  

treatment wou ld mean that the active form of  the receptor is a d imer or even 

an o l igomer, as the h ighest weight band is more then double the 46 kDa 

weight of the single receptor. 
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Mode of Receptor Desensitization Theory 

For a receptor to be desensitized,  there must be a lack of active 

receptor on the membrane. As mentioned previously, there are d ifferent ways 

that cel ls acco mpl ish th is task. This thesis considers two possible methods of 

desensitization .  F i rst, the receptor could be modified to become u nresponsive 

to hormone treatment .  Second,  the receptor cou ld  be removed from the 

membrane through an endocytosis method . Work done by our lab showed 

that MCH treatment causes an increase in activated E RK,  and that after a 

second treatment th i rty minutes later there was not the same rate of activation 

(F igure 1 6) .  I nit ial ly ,  it was thought that i nternal izat ion of the receptor via the 

clathr in pathway was the cause for th is long period of desensitization , as 

proposed by Saito et al. (Saito , 2004) . Work shown by f luorescent imag ing in  

th is  report and EUSA data reported by jay Maden (F igu re 1 7) ,  however, 

showed that without transfection with parts of the c lathrin pathway, there is 

not a large percentage of internal ization seen in response to MCH treatment. 

This means that there cou ld an alternative way in  which the cel l  is 

desensit izing to hormonal stimu lation .  The proposed alternative is through co­

localizat ion and i nteract ion with caveolae. Th is i nteract ion was present 

despite the method of isolation or the tag associated with the receptor. If part 

of the arrestin pathway is  added , then a g reater i nternal izat ion is seen ,  but i n  

the case of B-Arresti n  1 there i s  less receptor seen on  the surface . 

Add it ional ly, stud ies performed looking at co-local ization before and after 
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hormone treatment showed that there is a loss of an upper-weight band of the 

receptor ,  and a possible phosphorylat ion event is occurring (Figu re 1 3) .  No 

other lab has publ ished work showing a phosphorylated form of MCHR1 , so 

th is cou ld be an excit ing development. I t  cou ld  relate to the work showing 

inactivat ion of the receptor if certain amino acids are deleted , as d iscussed 

previously (Tetsuka et al . ,  2004) . If these are taken in conjunction ,  it can be 

theorized that M C H R 1  is local ized to caveolae and that some interaction 

occurring with in  caveolae is causing desensitization . 

Caveol in - 1  can interact with receptors with in caveolae by complexing 

with the molecule ,  and then d issociate when the receptor is activated .  If th is is 

the case for MCH R 1 , then the reactive form of the receptor cou ld be 

d issociat ing from caveolae after activat ion .  Th is i nteraction was publ ished by 

our  iab through i m munoprecip itat ion experiments showing that caveoi i n- i  and 

MCHR1  immunoprecip itate in conjunction with o ne another (Cook et al . ,  2008) . 

If th is is taken in  combinat ion with the EL ISA data showing that there is 

rough ly 1 5% internal izat ion , then it can theorized that the d issociated 

receptor is i nternal iz ing .  If parts of the arrestins  are included in th is theory, 

then the associat ion between the arrest ins and the receptor could  be more 

readi ly pu l l i ng the active receptor out of caveolae and internal iz ing it . This  

idea was d iscussed previously in  re lat ion to  the  insu l in  receptor and  its 

movement into and out of caveolae, with s ignal i ng on ly occurring when the 
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receptor is  with in  caveolae (Gustavsso n  et al . ,  1 999) . A s imi lar process could 

be occurring with MCHR1  and movement with caveolae .  

I nteresting ly, work performed by Robert Carro l l  working with an RNAi 

for caveol in - 1  and looking at leptin production in response to MCH stimu lation , 

showed that if caveol in - 1  is depleted , then there is a greater production of 

leptin .  Combining th is with the theory that d imers or o l igomers of the receptor 

are the active form of the receptor ,  then it is conceivable that the receptor 

i nteractio n  with caveol in - 1  is caus ing less of the active d imer to be avai lable. 

If caveol i n - 1  is removed , then th is h indrance d isappears , and there are more 

d imers formed and more lept in  produced i n  response to MCH t reatment .  

How cou ld th is  al l  add u p  to desensitization? I n  summary, co­

loca l izatio n  with caveolae could  cause there to be fewer of the d imerized 

receptor avai iabie on the membrane .  After activation ,  these d imerized 

receptors may d issociate from caveol i n - 1  and be removed from the 

membrane , or d issociate from one another ,  becoming inactive i n  response to 

MCH treatment. The interaction between caveol in - 1  and MCH R 1  cou ld 

potentia l ly i nh ibit the formation of  new d imers ,  and so possib ly contribute to 

the t ime requ i red to re-sensitize . This could explain why signal ing occurs at a 

larger rate without caveol in - 1  . 



Future Directions 

To further verify the proposed method of desensit ization ,  there are a 

few key experiments that cou ld  be performed . Caveo l i n - 1  does interact with 

MCHR1 , so it should be determined whether d imers of M C H R 1  form and if 

they are the active form of the receptor.  This cou ld be done us ing FRET 

analysis , tagg ing MCH with various f luorescent prote ins ,  such as Cyan­

fl uorescent protei n  and Yel low-f luorescent protein ,  and determin ing if there is 

FRET seen between two receptors on the membrane, as p reviously described 

in the Lute in iz ing Hormone example (Roess et al . ,  2000) . The FRET analysis 

cou ld be taken further, to determine if FRET is dependent on  the signal ing 

potential of  the receptor ,  and potential ly proving that the d imer is the form of 

the receptor that is activated . If possible, the kinetics of d imer association and 

disassociation cou id be determined both with in  caveolae and in an RNAi 

caveol in - 1  deficient mode l .  This could help determine why the signal ing 

potential of MCHR1  is g reater without cholesterol than with cholestero l .  

Final ly ,  more work shou ld be done with an even more physiologically 

relevant mode l ,  l i ke the 3T3-L 1 adipose cel ls .  Additional  work should be done 

to visual ize MCHR 1  in adipocytes using f luorescent  microscopy, and 

conti nuing on i nto confocal m icroscopy. Very pre l im inary work performed (not 

reported due to t ime const raints) on  the confocal m icroscope showed that 

there was co-local izat ion visu al ized between caveol in - 1  and MCHR 1 . This 

work should be contin ued to better verify the co- local izat ion and determine 
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the effects of M C H  treatment in the physio logical ly re levant 3T3 model . I f  a 

better iso lat ion method cou ld be determined , then further work with l ip id 

iso lat ions cou ld be performed . I n  attempts to perform a sucrose gradient with 

3T3-L 1 d iffe rent iated adipocytes, there was beautifu l d istribution of caveol in - 1  

seen ,  but  there was too l ittle MCHR1  to  successful ly b lot for the receptor .  

Fina l ly ,  more stud ies should be done o n  the changes seen i n  the 

receptor weight  before and after MCH treatment.  This was performed on ly 

three t imes, and more data should be col lected to verify that there is a change 

in the upper weight densities on the western b lots . 

Significance 

Treatment of obesity has become a very important goal of d rug 

companies. I n it ia l  work with MCHR- 1  i nh ib itors has shown much promise i n  

an imal  mode ls ,  bu t  there is  potential for problems to  occur i n  human tria ls .  I n  

this way, i t  i s  very important t o  understand t he  complete satiety pathway 

identify poss ible compl icat ions. Understand ing the purpose of MCHR1 i n  

ad ipose cel l s  and  t he  signal ing properties o f  t he  receptor may help i n  

understand ing t he  overal l effects o f  inh ib itors on  the h uman body. As obesity 

is a growing epidemic ,  there is a greater need for a weight-loss booster. I n  the 

cases of i nd ividuals who eat health i ly and exercise regu larly and yet sti l l  

cannot lose weight ,  understanding the hormonal pathway cou ld spur  a new 

method of treatment to correct their imbalance and help them succeed. To be 



successfu l  i n  the treatment of obesity, the entire satiety pathway, inc luding 

MCH and its effect on peripheral t issues,  must be examined . 



Appendix 1 

Solution Recipes 

1Q_X Phosphate Buffered Sal ine 
To 800 mis of  d H20, add : 

80g N aCl  
2g KCI 
1 4 .4  g Na2HP04 
2.4 g KH2P04 

p H  to 7.4 and bring  u p  to 1 l 
PBS-_I 

To 1 Liter of 1 X PBS,  add 1 m l  of Tween-20 
5X Bradford Reagent 

1 )  Dissolve 1 OOmg Coomasie Blue in  50ml of EtOH 
2) Add 1 OOm l  85% Phosphoric acid 
3) Add 50ml d H20 
4) Fi lter  i nto c lean container 

25m M  Mes (Acros Organics) 
0 . 1 5  M NaCl 
pH to 6.5 

400 ml M BS add : 
1 3 .25g Na2C03 
pH to 1 1  and fi l l  to 500 ml 

Add to  400 m l  d H20 : 
26 .6  g Na2C03 
pH to 1 1  and fi l l  to 500 ml 

To 500 ml o f  M BS add  0.5 of Triton X- 1 00 
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25m M  Tris 
250mM Sucrose 

5X Lamel l i  Sample Buffer 

3. 75m l, 1 .OM Tris HCl,  pH 6 .8  
1 .5g s os 
0 .075g Bromophenol Blue 
1 . 1 6g Dith iothreitol (Cleland 's Reagent) 
Br ing up to 7.5 ml d H20. Add 7.5 m l  glycero l .  

1 OX SOS Runni ng Buffer 

30 .3g Tris Base 
1 44g Glycine 
1 0g s o s  
Bring u p  to 1 Liter in  dH20 

Towbins Transfer Buffer 

To 1 Liter of water ,  add : 
1 1 .6 g g lycine 
23 .2 g Tr is Base 
1 .48 g SDS 
800 m l  methanol 
Br ing vol ume to 4 Liters with water 

1 OX Tris-Buffered Sal ine (TBS) 

87.669 NaCl 
1 2 . 1 1 g  Tr is Base 
4ml HCl  
p H  to  8 .0  then bring up to  1 l with d H20 

To 1 ml of TBS add 500 of Tween -20 
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