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temperature and time was identical for each set. The target and MIMIC PCR 

products differ in length by no more than 300 bp, therefore their melt times were not 

different. Moreover, using a long melting time may reduce the efficiency ofDNA 

polymerase. Finally, a long extension time was used to reduce the risk of an 

incomplete reaction. 

Tube-to-tube variation during the RT-competitive-PCR step was unavoidable, 

yet, it was the plot derived from amplified target to amplified MIMIC ratios 

determined for each tube which allows for quantification of the target mRNA. In this 

way, the error associated with tube-to-tube variation becomes negligible. 

The efficiency of synthesizing eDNA from total RNA is not the same for all mRNA 

messages since secondary structure plays a major role in reverse trascriptase 

efficiency. Although this may be the case, this does not negate the fact that Trp3 

mRNA expression is lower in the substantia nigra than in the whole brain. 

Furthermore, the similar expression ofboth Trp6 and G3PDH mRNAs in these same 

tissues in all 4 rats suggests that the efficiency of reverse trascriptase was not tissue 

dependent. 

4.1.4 Co-RT-PCR 

Co-RT-PCR was used to verify those results produced by competitive RT­

PCR. Like competitive RT-PCR, the amplification efficiency of both messages must 

be optimized (43). Since Co-RT-PCR requires the addition of higher primer 

concentrations than in competitive RT-PCR, the cycle number was reduced in order 



to ensure that both Trp3 and Trp6 products were within the exponential phase when 

they were analyzed (43) . 

4.2 Significance of Trp3 and Trp6 Expression 

37 

Previous studies show that Trps are differentially expressed in brain and other 

tissues. While Trp1 is ubiquitous, Trp isoforms 3, 4, 5 and 6 are preferentially 

expressed in brain and Trp2 expression is thought to be limited to the vomeronasal 

organ and the testis (5 , 14, 31 , 34, 37, 40, 42, 46, 48, 52, 55, 64). My results are 

consistent with an earlier study that used RT -PCR to show that the brain expresses 

Trp3 and Trp6 mRNAs (34). In the same study, RT -PCR and in situ hybridization 

studies revealed that Trp6 mRNA is preferentially expressed in the hippocampal 

dentate gyrus and cortical layers II and III (34). I have shown that substantia nigra 

also expresses Trp6 mRNA at high levels relative to the other Trp mRNA messages. 

Beyond my own findings, Trp7 is the only other Trp isoform known to be 

expressed in the substantia nigra (40). Although the level ofTrp7 mRNA is low, this 

result is interesting since Trp isoforms 3, 6, and 7 are thought to be part of a subgroup 

of Trp isoforms, which display store depletion independent regulation and have 

similar cation specificities (19). We did not perform any experiments with Trp7 

because it was not discovered until very recently, and because the data in rat is still 

very limited. 

A model for the organization of Trp proteins into channels has been described 

(70), and suggests that 4 Trp proteins come together to form a multimeric cation 
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channel. The Trp protein composition of these channels depends upon the amounts of 

each specific Trp protein available within the cell. When one Trp protein is more 

prevalent within the cell it will be preferentially incorporated into the channel. 

Therefore, the specific Trp mRNA distributions within the body suggest that the 

resultant Trp proteins may be related to specific cellular properties. Since I have 

shown that Trp3 mRNA is present at lower levels in the substantia nigra than in the 

whole brain, it follows thatTrp3 protein is less likely to be included in Trp cation 

channels. Moreover, Trp6 protein will be preferentially incorporated into these 

channels in the substantia nigra. 

Although much work has been geared towards determining the cation 

specificity of Trp channels, the results have varied depending on the organism, the 

cell type chosen for expression and the lab performing the experiments. On the 

whole, there is close similarity between Trp3 , Trp6 and Trp7, and between Trp4 and 

Trp5. Although the expression of each of these Trp cDNAs in different mammalian 

cell lines has yeilded Ca2
+ -permeable nonselective cation channels which are 

activated downstream ofG-protein coupled receptor activation, in the cases ofTrp3 , 

Trp6 and Trp7 this activation has been shown to be store depletion independent. 

Experiments show that all three are operated by DAGs in a membrane-delimited, 

PKC-independent fashion (23) . This said, two reports have shown either increased 

Ca2
+ entry or Ca2

+ currents after store depletion in cells transfected with the Trp3 

eDNA Other reports have indicated that Trp3 can be activated through conformation 

coupling with IP3 receptor or can be activated directly by IP3, and not by store 

depletion (12, 17). One report has shown that when Trp3 is present at low levels, 
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Trp3 is tightly bound to the IP3 receptor which prevents activation by DAG (28). 

Conversely, when Trp3 is highly expressed, the Trp3 channels are thought to 

outnumber the IP3 receptors, which leaves the channels susceptable to lipid 

messengers. In this way, a reduction in the levels ofTrp3 mRNA in the substantia 

nigra might not only lead to a reduction in Trp3 incorporation in to Trp Ca2
+ channels 

but may also cause those channels containing Trp3 to be inactive. 

Neuronal tissues have lower densities ofER Ca2
+ pump (33) but have been 

reported to contain large amounts of Ca2
+ buffering proteins such as parvalbumin, 

calretinin, calbindin, calcineurin, and S 1 OOa (21 ). To this end, a study relating the 

distribution of SERCA2 in rat brain tissue to 45Ca2
+ uptake found that the substantia 

nigra, in particular, displayed extremely low levels of SERCA2 while showing high 

levels of 45Ca2
+ (33). This finding corresponds to the receptor-operated Ca2

+ entry in 

neuronal cells being associated more with DAG and IP3 than with store depletion. 

4.3 Future 

The finding that Trp3 mRNA is less abundant in the substantia nigra than in 

the whole brain suggests that the Trps found within specific cell types play a role in 

the cellular operations. Unfortunately, data pertaining to mammalian Trp protein 

channels characteristics is limited to the homotetrameric variety (19, 26). Since it is 

most likely that heterotetrameric, rather than homotetrameric, Trp protein channels 

are the prevalent in mammalian cells, an understanding of these more complex 



channels may improve our understanding of the importance ofTrp distribution to 

cellular and tissue function. 
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Moreover, the ionic selectivity ofhomotetrameric Trp protein channels are 

given in terms ofthe permeability ratio ofCa2+ to Na+. Although Mn 2+ has been 

shown to enter the cell through receptor operated Ca2+ channels, the permeability of 

Trp protein channels to the divalent cations, such as transition metals, remains 

unknown. Furthermore, Trp has been linked to oxidative stress (I) which is though to 

be the main cause of neurodegeneration. Whether iron entry through Trp6 in the 

substantia nigra neurons is a source of neurotoxicity which leads to Parkinson ' s 

Disease remains to be explored. 
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6. Appendix 

Example Calculations 

A. Competitive RT-PCR 

This is an example of the calculations used to determine the number of 

fmol of Target mRNA I ~J.g of total RNA from the x-intercept in log-log plots used 

in competitive RT -PCR. The data used in this example was obtained from the 

competitive RT-PCR ofTrp3 in substantia nigra shown in Fig.3. 

The x-intercept of curve ploted in log-log scale represents the point at 

which the ratio of Target product to MIMIC product band intensities are equal. 

The x-value give is in terms of fg of initial MIMIC plasmid. In this case, this 

value was 3.30. 

Since the PCR products were labeled with Deoxiadenosine [a-33P] 

Triphosphate the optical densities found using the phosphorimage represent the 

amount of AT base pairs in each product. Since the number of AT base pairs was 

not the same in the Target and MIMIC products, this difference was corrected for 

by caluclating the ratio ofMIMIC AT base pairs to Target AT base pairs. 

Ratio of Target to MIMIC ATs 

Target product size 

Target product AT content 

525 bp 

286 bp- Y2 ATs in the primer set 



MIMIC product size 

MIMIC product AT content 

Target ATs/MIMIC ATs 

= 286bp-9.5bp 

= 276.5 bp 

= 156 bp 

= 76 bp - lh ATs in the primer set 

= 76 bp - 9. 5 bp 

= 66.5 bp 

= 66.5 bpl276.5 bp 

= 0.240506 

The fmol of initial MIMIC plasmid was calucated by determining the 

molecular weight of the MIMIC. 

MIMIC plasmid size 

Avg. molecular weight ofDNA 

Molecular weight ofMIMIC 

= 4106 bp 

= 660 Da/bp 

= 4106 bp X 660 Dalbp 

= 2709960 Da 

Finally, the amount of initial total RNA added to each tube for the 

competitive RT-PCR experiment was 0.025 J.lg. Therefore the fmol ofTarget 

mRNA I J.lg of total RNA from the substantia nigra was calculated as follows . 

10exp(x-intercept) x (MIMIC ATsiTarget ATs) I ((molecular weight of 

MIMIC) x (total RNA/tube)) 

[(1o
330

)fg x 0.240506 x (1/2709960 Da)]I0.025 J.lg 

54 
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= 0.0071 fmoiJJ..Lg 

This calculation was used for all competitive RT-PCR experiments. 

B. CoRT-PCR 

For Co-RT-PCR the ratio of optical densities ofthe Trp3 band to the Trp6 

band in the same lane were simply multiplied by the ratio of AT content in Trp6 

product to that in Trp3 product. This number was calculated to be 0.652803 . 
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