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The fact that the body transforms the senses, 
sight, touch, hearing, smell, and taste, from 
abstract ideas into memory by the tangible 
movement of metabolites such as glucose and 
lactate remains a sort of miracle and a mystery. 
However, scientists and researchers are quickly 
beginning to discover the metabolic pathway 
used to store memories and even recollect them. 
Thus far, it has been proven that glucose, as in 
many other pathways, is a large and necessary 
component. The processing of senses into 
memories also largely requires lactate, and 
currently this is the metabolite receiving focus 
by the scientific community. The lactate 
necessary for memory processing is found in 
astrocytes and transported to neurons by way of 
a shuttle system. Because of its large size MCT] 
and MCT2 (monocarboxylate transporters) are 
needed to move the lactate in and out of the 
astrocyte/neuron. This project focuses on a 
method to demonstrate that the MCT] and 
MCT2 proteins can be detected in brain tissue 
and then compare the amounts of these proteins 
in different mouse types and after varying 
mental/physical exercises. 
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Introduction 

Metabolites such as glucose and lactate as well 
as glycogen (the storage counterpart of glucose) 
playa large role in regulating energy production 
throughout the human body. Glycogen is also set 
aside as energy storage mainly in muscle and 
liver for later use by the body. When the blood 
glucose levels are low (therefore energy, or 

P age \1 

ATP, are low), glucagon is secreted by a-cells in 
the pancreas which then causes glycogen stores 
to break down and stimulates gluconeogenesis. 
When the blood glucose levels are high the 
opposite occurs; insulin is secreted by ~-cells in 
the pancreas causing removal of glucose from 
the blood into storage as lipids or glycogen 
(Berg et at. 20] 2). 

The human body however, can only 
handle so many lipids. Excess lipid storage 
results in obesity which in tum may cause 
diabetes mellitus, heart disease, and 
hypertension (Berg et al 2012). Diabetes is 
defined as a disease in which the liver 
overproduces glucose while other organs 
underuse glucose. There are two types of 
diabetes: types I and II. Type I diabetes results 
from the autoimmune destruction of ~-cells in 
the pancreas. Therefore, insulin cannot be 
produced, and afflicted individuals are insulin 
dependent meaning they need insulin shots to 
regulate glucose metabolism. Type II diabetes 
on the other hand is deemed insulin resistant, so 
the body does not respond to insulin (Berg et al 
2012). 

There are many health dangers 
associated with diabetes such as loss of eyesight 
or loss of limbs, but potentially as detrimental is 
hypoglycemia. With hypoglycemia comes loss 
of cognitive function and in severe cases, 
neuronal death. Hypoglycemia is caused by low 
blood glucose levels, and while lactate, amino 
acids, and ketone bodies are important, glucose 
is the main source of energy for the brain. When 
blood glucose concentration falls below a certain 
level, the brain glucose levels fall quickly 
because consumption of glucose is occurring 
faster than glucose can be transported to the 
brain from other parts of the body (Amaral 
2012). 

This honors thesis however, specifically looks to 
address the role of lactate in the brain's process 
of memory storage and recollection. Thus far, 
research has determ ined that the concentration 
of extracellular lactate increases within a 
learning environment and during long term 



memory formation. Further proving the 
importance of lactate, blockage of 
monocarboxy late transporters (lactate 
transporters) causes amnesia in test subjects 
(Suzuki 2011). The increase in extracellular 
lactate occurs through the glycogenolysis of 
intercellular glycogen or through the glycolysis 
of extracellular glucose which is seen to 
decrease during spatial learning (Newman and 
Gold 2011). The process of glycogenolysis 
occurs in the astrocyte where lactate is 
produced. It is then presumed that lactate is 
transported into neurons to support further 
metabolic functions (Newman and Gold). The 
MCTI and MCT2 proteins focused on in this 
project represent the order of transportation: 
MCTI is an astrocytic transporter and MCT2 
acts as a neuronal transporter of lactate. The 
measurement of lactate transport in and out of 
the astrocytes/neurons can be related to the 
relative amounts of MCTI and MCT2 proteins. 
When a specific metabolic process is in high 
demand so are the proteins (Bezzi 2011). 

After the MCTI and MCT2 proteins are 
reliably detected the relative amounts will be 
compared in three different genotypes of mice as 
well as the levels (through observation of 
Western data) after varying physical and mental 
tests. The types of mice used include HO, HOG, 
and wild type mice. Wild type mice exhibit the 
nonnal expression of glycogen synthase, so 
nonnal levels of glycogen are present in muscle 
and liver tissue. HO mice on the other hand are 
genetically engineered to lack glycogen 
synthase, so no glycogen stores can be found in 
their muscle or brain. HOG mice are also 
engineered to lack glycogen synthase in brain 
tissue but overproduce glycogen in muscle. A 
few of the tests perfonned on the mice include: 
wire hang, rotarod, object recognition, and 
passive avoidance. The wire hang measures the 
endurance of the mouse in accordance to the 
amount of available glycogen in its muscles. The 
rotarod measures motor learning. The object 
recognition test focuses on recognition and the 
passive avoidance tests measures associative 
memory. 

Discovering the role of glucose, glycogen, and 
lactate in the metabolic process of memory 
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storage and recollection may influence the 
treatment of patients suffering from 
hypoglycemia, Alzheimer's disease, or other 
diseases which effect memory. Thus far some 
studies have determined that injections of 
epinephrine, glucose, and lactate increase 
memory storage and recollection in mice (Gold 
and Korol 2012). 

Methods 

Homo enization: 

The first step in detennining the relative 
amounts of lactate transporters prevalent in 
mouse brain tissue after spatial learning 
exercises and hypoglycemia/homeostasis is to 
establish a reliable method for detection. This 
particular set of methods and data focus on 
optimizing the protocol for preparing tissue 
homogenates and perfonning Western blots in 
accordance with detecting MCTI. Besides its 
location in astrocytes, MCTI is also located in 
larger quantities throughout the body, so for the 
purpose of detection mouse muscle tissue was 
homogenized and used. 

Tissue homogenization and preparation was 
tried several different ways. The following 
procedure was proven to yield the best results 
but still requires modification to ensure the 
protein's presence. First, mice were sacrificed 
using cervical dislocation to reduce the amount 
of metabolites lost, and then leg muscles were 
harvested. The muscles were immediately 
placed in nitrogen for preservation. Further 
preservation required storage in a -80°C freezer. 
During tissue preparation for homogenization, 
samples were also kept in nitrogen. The tissue 
which was to be homogenized and prepared for 
future Bradford Assays and Western Blots was 
weighed out and homogenized using a buffer 
made up of: 

1 ml-SOmM Tris, pH 7.8/10 mM 
EDTA/2mM EGTA/1 OOmM NaF 

3.7111 10 mg/mL TLCK 
2 ilL 1 M benzamidine 
SilL 100 mM PMSF 
3.5 ilL BME 
1 ilL 10 mg/m L leupeptin 



The samples were then centrifuged for 5 min at 
3,600xg at 4°C. The supernatant was saved for 
Bradfords and Westerns. Supernatant meant for 
Westerns was prepared with 5X SDS-PAGE 
loading buffer containing BME (2
mercaptoethanol). The samples were then boiled 
for 5 minutes then placed in 
-20° C storage. 

EDTA: Ethylenediaminetetraacetic acid 
EGTA: 
Ethy lene-bis( oxyethy lenenitri 10)tetraacetic acid 
TLCK: Tosyllysine chloromethylketone 
PMSF: Phenylmethylsulfonyl Fluoride 

SDS-PAGE 
(Sodium Dodecyl Sulfate-PolyAcrylamide Gel 
Electrophoresis): 

The Western protocol focused on detecting 
MCT1 at 40-48 kDa. Once again, several 
protocols were used to detect the protein, but the 
following protocol produced the best results. 
Like mentioned before, further modifications are 
necessary to affirm the presence of the MCT1 
protein. Using Bio-Rad Mini-PROTEAN TGX 
(cat#456-1033) 100/0 precast gels wells were 
loaded with 20!lL of protein and the appropriate 
amounts of 5X buffer and homogenization 
buffer. The gel was run for ~35 min at a voltage 
of 200. Next the proteins from the gel were 
transferred onto a nitrocellulose membrane. See 
figure 1 as an example of how the transfer 
worked. 

Western: 

The membrane was then blocked overnight at 4° 
C in lXTBS/Tweenl40/0 milk. Next, the 
membrane was exposed to a 1 :200 MCTI 
dilution in 1XTBS/0.05%tween-20/50/0milk for 
an hour at room temperature. To determine the 
proteins bound by the antibodies blocking 
peptides were used. The membrane was then 
washed with 1 XTBS/Tween two times for a few 
seconds each then three times for ten minutes 
each. The membrane was then exposed to a 
1: 1 0,000 dilution of the secondary anti-goat 
antibody in lXTBS/0.050/0/Tween/50/0milk for 
one hour at room temperature. The membrane 
was washed again with the same protocol as 
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above but with an extra step: after the initial 
wash, the membrane was placed in 1XTBS for 5 
minutes. Lastly, before imaging the ECL 
(Electrochemiluminescence) reagent 
(Supersignal West stable peroxide solution 
mixed with Supersignal West pico 
luminol/enhancer solution) was added to the 
membrane and rocked for 5 minutes. After 5 
minutes the membrane was imaged (Kodak 
Image Station 440). 

TBS: Tert-Butyldimethylsilyl Ether 

Antibodies Used: 
Santa Cruz Biotechnology MCT1 (T-19) Sc
14917, lot #01311, goat polyclonal IgG 
Santa Cruz Biotechnology IgG-HRP Sc-2020, 
Lot # B0513, HRP conjugated 
Blocking Peptide: 
Santa Crus Biotechnology MCTI (T-19)P Sc
14917 P, Lot # G 1212 Blocking Peptide 

Data: 

10 9 8 7 5 4 3 2 

......--40 


Figure 1. This is an image of the nitrocellulose 
membrane stained in Ponceau after the transfer. 
While the lanes look more smeared than normal, 
it is apparent that proteins residing at ~40 kDa 
are present. 



Figure 2. This image shows proteins from 
prepared muscle homogenates. The left half 
shows non-centrifuged homogenates while the 
right half shows centrifuged homogenates 
(13,000 rpm at room tern perature). Lanes 2 and 
7 represent the protein samples prepared by 
using Santa Cruz reagents, 5X loading buffer, 
and then boiled for 3 minutes. Lanes 3 and 8 
represent the protocol for preparing 
homogenates portrayed in this paper. Lanes 4 
and 9 represent proteins of homogenates made 
using Santa Cruz Reagents, Santa Cruz 2X 
buffer, and boiled for 10 minutes. Lanes 5 andlO 
represent proteins of homogenates made using 
the Santa Cruz reagents, Santa Cruz 2X loading 
buffer, BME, and boiled for 10 minutes. Lane 2 
shows the most promise by presenting with three 
bands: one at 40 kOa and two above 70 kOa. It 
is possible the larger proteins exist as tetramers 
and dimers of the MCTI protein. 

Figure 3. This image shows a completed 
Western using different techniques for 
denaturation of the protein in order to increase 
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separation. The membrane on the right was 
treated with blocking peptides. Lanes 2 and 7 
represent proteins prepared using 2X SOS
PAGE loading buffer and BME then boiled for 5 
minutes. Lanes 3 and 8 represent proteins 
prepared using 2X SOS-PAGE loading buffer 
and BME then heated to 37° C for 30 minutes. 
Lanes 4 and 9 represent proteins prepared using 
2X SOS-PAGE loading buffer with BME and 
heated to 70° C for 10 minutes. Lanes 5 and 10 
represent proteins prepared using 2X SOS
PAGE loading buffer with OTT (Oithiothreitol) 
then boiled for 5 minutes. This procedure did not 
result in convincing detection of the MCTl 
protein. 

Results: 

The Western pictured in figure 2 (lane 3) 
potentially shows the MCTI protein at ~40 kOa. 
However, two other bands also persist, darker 
and more prominent than the band at 40kDa. 
The other bands may in fact be dimers or 
tetramers of the MCTI protein which did not 
efficiently break apart during sample 
preparation. In order to further degrade the 
MCT1 proteins a higher concentration of BME 
was experimented with along with different 
heating methods after the addition of BME. One 
sample was even prepared with OTT instead of 
BME. As figure 2 shows the higher 
concentrations of BME and the sample of OTT 
did not result in a single dark band at ~40 kOa. 
To ensure the bands present were dimers or 
tetramers of the MCT1 protein a blocking 
peptide was added to a second membrane. The 
bands seen in figure 3 did not disappear with the 
blocking peptide and therefore it is assumed the 
bands are not associated with the MCTI protein. 
Another technique performed to isolate the 
MCTl protein from the interfering proteins 
included different centrifugation styles. 
However, as shown in figure 3, the 
centrifugation after homogenization completely 
eliminated any traces of the MCT1 protein. 

Discussion: 

Thus far troubleshooting with blocking 
peptides, differing concentrations of BME, the 
addition of OTT, changes in heating 
temperatures and time, the use of milk vs. BSA 



(Bovine Serum Albumin) , and centrifugation 
techniques has not yielded viable results for 
determining the presence of MCTI in muscle. 
Further troubleshooting includes the use of urea, 
a positive control, or a more sensitive ECL 
reagent. Urea, like SDS, causes the further 
denaturation of proteins, and a sample with 
overexpressed MCT 1 to act as a positive control 
to ensure the functionality of the antibody. 
Possible changes in technique include longer 
exposure time for the membrane or the use of a 
tissue other than muscle. As a last resort a new 
MCT 1 antibody should be tried. Other research 
has proved the location and existence of the 
MCTI protein in muscle; therefore, the 
possibility stands that the antibody used in these 
experiments was faulty. 

Conclusions: 

Overall, the troubleshooting performed 
during these experiments allowed for the 
betterment of the Homogenization preparation 
protocol and the Western protocol. The 
troubleshooting also eliminated many 
procedures. For example, strong centrifugation 
after the addition of SDS buffer with BME 
results in the loss of the MCTI protein into the 
pellet. Another, a stronger concentration of 
BME or even switching to DTT does not break 
apart the tetramers and dimers of the MCT 1 
protein. Hopefully urea will do what SDS did 
not by breaking apart the tetramers and dimers 
to yield a protein band at ~40kDa and cross 
checked with the blocking peptide. If the urea 
does not work the next step is to use a positive 
antibody as a positive control to confirm that the 
current antibody is attaching to the right protein. 
Like mentioned previously, a new antibody may 
have to be selected and the process of 
troubleshooting may have to start back at square 
one. 

Eventually, the MCTI protein will be 
confirmed at ~40 kDa and mark the next step to 
uncovering the secret behind memory storage 
and recollection. Further experiments will be 
performed comparing the level of the MCT1 
proteins between differing mouse genotypes and 
the existing levels after differing behavioral 
activities. The resulting comparisons and 
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analysis will allow insight into what occurs with 
the MCTI protein and lactate levels in the brain 
during hypoglycemia. Medical fields dealing 
with diabetes, Alzheimer's disease, or other 
metabolic deficiencies affecting cognitive 
function hope to benefit from this research and 
similar research in the near future. 
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