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Abstract 
The solute carrier gene family is a large family of transporter protein genes with many 
uncharacterized genes. In this project I studied the expression of members of the 
Monocarboxylate transporter SLC family in the brains of C57/B6 mice. To study the distribution 
of expression of the SLC genes and their corresponding proteins, In situ hybridization and DAB 
immunohistochemistry was used. Fluorescence immunohistochemistry was used to show in 
which types of cells expressed the SLC proteins and Western blot was performed to test the 
specificity of the antibodies used in Immunohistochemistry. My results show that SLC16A13 
and SLC16A14 are expressed in large parts of the cortex hippocampus, hypothalamus and 
cerebellum with minor differences in expression in some structures. The results also show that 
MCT13 protein was present in these same areas and is expressed in almost all neurons and some 
supporting cells. The next step from here would be to perform more immunohistochemistry to 
study the celltypes expressing SCL16A13 in more detail, and to do the same for SLC16A14. 
After that, studies of the function of these SLC’s would be the logical next step. 

Sammanfattning 
SLC (Solute carrier) genfamiljen är en stor transportörproteingenfamilj med många 
okarakteriserade gener. I mitt projekt har jag studerat uttrycket av några medlemmar av 
monocarbocylate transporter SLC familjen i hjärnorna hos C57/B6 möss. För att studera 
distributionen av uttrycket av SLC gener och deras respektive protein har jag använt mig av In 
situhybridisering och DAB immunohistokemi. Jag använde mig av fluorescensimmunohistokemi 
för att visa vilka celltyper som uttrycker SLC proteinerna och Western blot för att testa 
specificiteten hos antikropparna som jag andvände i immunohistokemin. Mina resultat visar att 
SLC16A13 och SLC16A14 är uttryckta i stora delar av cortex, hippocampus, hypotalamus och 
cerebellum med mindre skillnader i uttryck i vissa strukturer. Resultaten visar också att MCT13 
proteinet fanns i samma områden som mRNAt och finns i nästan alla neuron och vissa 
stödjeceller. Nästa steg vore att undersäka vilka celltyper som uttrycker SLC16A13 i mer detalj 
samt att göra samma sak med SLC16A14. Efter det så är det logiska nästa steget studier av 
funktionen för dessa SLC. 
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Introduction 

Transporters 
Transporters are proteins that facilitate the movement of a specific substrate across a membrane. 
This transport involves conformational change in the transporter protein and is significantly 
slower than transport using channel proteins. Transporters can be either passive or active. 
Passive transporters move the substrate along its concentration gradient while active transporters 
move it against the gradient, with the use of either co-transport with ions following their 
concentration gradient or by expending energy in the form of ATP. Active transporters are either 
symporters (transporting ion and substrate in the same direction) or antiporters (transporting ion 
and substrate in opposite directions).Movement of ions and compounds into the cell is termed 
influx and out of the cell efflux (He, Vasiliou et al. 2009). Transporter proteins regulate the 
influx and efflux of important compounds into cells and/or organelles. Substrates include amino 
acids, sugars and electrolytes (Sreedharan, Stephansson et al. 2011). Because of the relatively 
low expression and the hydrophobic nature of transporter proteins, they have not been identified 
molecularly to the same degree as other proteins. On the other hand there is a great deal of 
physiological data for some groups of transporters. Development of expressed sequence tag 
(EST) techniques and sequencing of many genomes has made it much easier to identify and 
characterize transporter proteins (Hediger, Romero et al. 2004). 

Solute carrier gene family 
The solute carrier (SLC) gene superfamily is the second largest family of membrane proteins 
after G-protein coupled receptors and contains 55 families and 384 different expressed proteins 
in humans (Hoglund, Nordstrom et al. 2011; Sreedharan, Stephansson et al. 2011). SLCs are 
expressed on cell membranes, mitochondria and vesicles. There are members of the SLC 
superfamily in all eukaryotic and most prokaryotic life forms (He, Vasiliou et al. 2009). Included 
in the SLC families are genes encoding passive transporters, ion transporters and exchangers. 
Almost all SLC families utilize an anion gradient over the cell membrane as the driving force for 
transportation, and none of them utilize ATP (as opposed to ABC transporters which utilize 
ATP). A transporter is assigned to a SLC family if it has 20-25% amino acid identity with any 
other member of the family (Hoglund, Nordstrom et al. 2011). This means that two proteins in 
the same family can have very low sequence similarity to each other. Families are named after 
the function of the first characterized protein in the family. Proteins with a common evolutionary 
origin tend to adopt similar structures and have related molecular functions (Schlessinger, 
Matsson et al. 2010). One way to detect relationships between proteins is to compare their 
sequences to each other. Sequence relationship can be useful when the structure of a protein is 
unknown and protein function is uncharacterized. By comparing the sequence of an 
uncharacterized protein with other proteins having similar sequences where the 
structure/function is known, one can infer the function/structure of that protein. On the other 
hand solute carriers can share structural and/or functional similarities despite having low 
sequence similarities (Schlessinger, Matsson et al. 2010). 

SLC16 Monocarboxylate transporters (MCTs) 
The SLC16 family or monocarboxylate transporter (MCT) family has 14 members. MCTs have 
12 transmembrane domains (TMD's) with intracellular N and C termini and a large intracellular 
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loop between TMDs 6 and 7 (Halestrap and Meredith 2004). The first four proteins (MCT1-4) 
transport monocarboxylates such as pyruvate, lactate and ketone bodies and are translated from 
SLC16A1, SLC16A7, SLC16A8 and SLC16A3 respectively. Another member of the SLC16 
family with a known function is TAT1 (SLC16A10) which is an aromatic amino acid transporter 
(Halestrap and Meredith 2004) as well as a transporter of thyroid hormones T3 and T4 (Kirat, 
Sallam et al. 2009). MCT8 (SLC16A2) transports thyroid hormones (T4 and T3) in a sodium and 
proton independent manner. Both MCT10 and MCT8 facilitate iodothronine uptake as well as 
efflux (Kirat, Sallam et al. 2009). MCT6 (SLC16A5) mediates the transport of bumetanide, 
probenecid and nateglinide (Halestrap and Meredith 2004). 
 
The remaining SLC's have unknown functions. SLC16A13 expression has been observed in 
brain, retina, breast, kidney, lung, pancreas, prostrate and skin in human (Genecards). The closest 
relative to SLC16A13 is SCL16A11. SLC16A14, 16A4 and 16A9 are closely related (Hediger, 
Romero et al. 2004). SLC16A9 has been proposed as a carnitine transporter (Suhre, Shin et al. 
2011). 

SLC18-Vesicular amine transporters (VATs) 
The vesicular amine transporters (VATs) are integral proteins of the lipid bilayer membrane of 
secretory vesicles in neuronal and endocrine cells. There are at least four members in the SLC18 
family with SLC18a1 and SLC18a2 coding for vesicular monoamine transporters (VMAT1 and 
VMAT2), SLC18a3 coding for vesicular acetylcholine transporter (VAChT). The function of 
SLC18A4 is currently unknown. These transporters work by allowing the transport of their 
respective substrates into secretory vesicles which then discharge into the extracellular space by 
exocytosis; they utilize an electrochemical gradient across the vesicular membrane established 
by a proton pumping vacuolar ATPase (Eiden, Schafer et al. 2004). In this study genotyping of 
SLC18A4 was performed to aid breeding of conditional knockouts of this gene for phenotype 
studies. 

Mice 
The mouse brains used in this project were from mice (Mus musculus) of the C57/B6 line. C57 
black 6 mice is a commonly used strain of inbred laboratory mice. It is the most common 
"genetic background" used for experiments involving genetic modifications mimicking human 
diseases. They have dark brown coats, irritable temperaments (they tend to bite) and are good 
breeders. They are unusually sensitive to heat and cold, analgetic medication is less effective. 
When housed together in groups B6 mice display barbering behavior in which the dominant 
mouse removes hair from the bodies of its subordinate cage mates, commonly around the head, 
snout and shoulders. Barbering is more common in females; male mice are more likely to display 
dominance through fighting (often to the death). They voluntarily drink alcohol, and are 
susceptible to morphine addiction, arteriosclerosis and age-related hearing loss. They were the 
second ever mammalian species to have its entire genome published. The strain was created in 
1921 by C.C. Little at the Bussey Institute for Research in Applied Biology (Harlan ; Jaxmice ; 
MGI) 

Project aim 
The aim of this project is to map the expression of SLC16A13 in wild type mouse brains, and 
also to assist the mapping of expression of SLC16A14. This is achieved using in situ 
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hybridization and immunohistochemistry (IHC). In situ hybridization will show in which cells 
the mRNA is expressed, while the IHC will show where the protein is expressed, and also in 
which cell types it is expressed in. In parallel genotyping of mice will be performed for breeding 
of SLC18A4 conditional knockout mice.  
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Materials and Methods 

Probe synthesis for In situ hybridization 
For the in situ hybridization of SLC16A13 new RNA probes that had already been cleaved and 
purified had to be labeled and amplified.1µg of cleaved vector was mixed with 2µl DIG labeling 
mix 2µl transcription buffer 10x and 2µl of RNA polymerase T7 with RNase free water added to 
a volume of 20µl, since the starting concentration of SLC16A4 probe was very low (38.5ng/µl) 
no water was added to that probe and only 539ng of probe was used to keep the total volume at 
20µl. 
After mixing the probes were spun down and incubated for 2 hours at 37°C. Template DNA was 
removed by adding RNase free DNaseI to the tube and incubated again for 15 min at 37°C, 
the tubes were then centrifuged at 13000 rpm for 10 minutes. 
 
The RNA transcript was precipitated with 2.5 µl 4M LiCl and 99.5% ice cold ethanol and put in 
the freezer overnight. 
The tubes were centrifuged at 14000 rpm for 15 min at room temp. The supernatant was 
removed and the remaining pellet washed in 70% ethanol. The tubes were again centrifuged at 
14000 rpm for 15 min at room temp. The pellet was dried in room temperature and dissolved in 
100µl 0.1% DEPC RNase Free water at 37°C for 30 min and vortexed. 
The solution was run out on a 2% agarose gel and the RNA concentration was measured using 
Nanodrop 1000. 

Mouse-brain sectioning 
Adult male C57/BL6 mice were transcardially perfused with PBS and 4% formaldehyde; the 
brains were then dissected and stored in 4% formaldehyde before sectioning. The brains were 
sectioned using a Leica VT1200 S vibratome cleaned with RNase away before usage. Before 
sectioning the brains were washed two times in 0.1%PBS in a 12 hole plate and fixated in 4% 
agarose in 0.1%PBS gel using the plate as a mold. The brain was placed in the middle of the gel 
with the cortex facing upwards when the gel reached the right consistency. The brain was then 
glued to a magnetic plate and placed with the cortex towards the blade in the vibratome with the 
posterior part of the brain at the base. Care was taken to place the brains as evenly as possible in 
the vibratome to make sure straight sections were made, adjustments were made during 
sectioning to make sure they stayed as even as possible. The settings for the vibratome were as 
follows Speed 0.7, Amplitude 80µm and Feed 70µm except around a bregma of 4 where the 
sections were of low quality so the speed was set to 1.5 in this area and no sections were 
collected.The resulting coronal sections were 70µm thick and were collected using paintbrushes 
to another 12 hole plate filled with PBS. When the sectioning was for in situ hybridization the 
sections were dehydrated in increasing concentrations of methanol in 0.1%PBS until the sections 
were suspended in 100% methanol and stored in a freezer. If the sections were for 
immunohistochemistry no such wash was made but the sections were stored in 0.1%PBS at 4°C. 

In situ hybridization on Floating Sections 
The entire protocol used for In Situ took three days to perform not including brain sectioning and 
scanning of slides. 
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Slightly different protocols were used depending on whether the in situ was for a probe test or 
for a screen the difference in protocol is due to that the screens are to be saved for later while the 
probe test is just to test the specificity of the probe and the development time.Three probe tests 
were performed two for 16A4 and one for 16A9. 
Four screens were performed two for 16A13 and two for 16A14. 

Day 1 
Sectioned free floating C57/BL6 wild type mice brains were used. At the start at the protocol the 
brain sections were in 100% methanol. The first step was to rehydrate the sections using 
subsequently lower concentrations of methanol to suspend the sections (75%, 50%, 25% all in 
0.1% PBT Between every step during the first day the sections were washed in PBT. 
The sections were bleached with hydrogen peroxide, treated with triton X-100 to increase cell 
membrane permeability, treated with proteinase K, fixated with formaldehyde to preserve the 
structure of the sections  
Following this the sections are incubated at 55°C in a hybridization buffer consisting of 50% 
formamide, 5X SSC, 1% SDS, 50µg/mL tRNA, 50µg/mL heparin and up to 100% with 
autoclaved 0.1% DEPC RNAse free water. 
 
Table 1. Probe concentrations used for In situ hybridization. 
SLC conc. Probe test 1 conc. Probe test 2 conc. Screen 1 conc. Screen 2 

16A4 1µl probe/ml HB 4µl probe/ml HB   

16A9 1µl probe/ml HB 4µl probe/ml HB   

16A13 1µl probe/ml HB  0.5µl probe/ml HB 0.4µl probe/ml HB 

16A14   0.6µl probe/ml HB 0.3µl probe/ml HB 

 
 
The probes were denatured  in hybridization buffer (50% formamide, 5X SSC, 1% SDS 
50µg/mL tRNA, 50µg/mL heparin and filled to total volume with 0.1% DEPC water) at 80°C for 
5 minutes and cooled on ice for 5 minutes and prewarmed to 55°C before they were added to the 
samples after the incubation (The RNA probes have Digoxigenin attached because DIG has a 
high immunogenicity and binding of anti-DIG to DIG amplifies the signal making it easier to 
distinguish(Komminoth 1992)). The plates were then incubated at 55°C overnight.  

Day 2 
The sections were washed 3 times 30 minutes in wash buffer 2 (50% formamide, 2X SSC and 
0.1% Tween-20 (helps prevent nonspecific antibody binding) in autoclaved 0.1 % DEPC RNAse 
free water)  
and wash buffer 3 (50% formamide, 0.2X SSC and 0.1% Tween-20 in autoclaved 0.1 % DEPC 
RNAse free water) respectively followed by washes in TBST ((TBS + Tween) which were also 
done between the following steps on this day).  
 
The sections were treated with blocking solution to prevent antibodies from binding 
unspecifically followed by treatment with anti-DIG in blocking solution overnight. 



Page 8 of 31 

Day 3 
5 washes with TBST + Levamisole (Levamisole is a blocking agent that reversibly inhibits 
alkaline phosphatase, reducing background (Komminoth 1992)). 
This is followed by NTMT + Levamisole wash in PBS and developing with BM purple which 
colors every site where there is anti-DIG purple in 37°C (dark). 
Sections are either treated with formaldehyde for screens or mounted immediately for probe 
tests. 

Immunohistochemistry on paraffin sections 
The following is a two day protocol and was run with both a single primary antibody and with 
two primary antibodies. 

Day 1 
Using a series of 250ml plastic chambers (one for each step) paraffin was removed by 
suspending the samples in X-tra solve 2x10min. The samples were rehydrated by dipping them 
in 100 %, 95 %, 75 %, 50 %, 25 % EtOH and 2 times in water for 2 minutes each. 
The sections were boiled in 0.01 M Citric acid for 10 minutes and let cool for 20-30 min to make 
sure antigen was presented. 
The sections were washed 3x5 min in PBS 
A square was drawn around the sections with a Pap-pen to keep the antibody on the sections. 
The slides were placed in a humidity chamber, where primary antibody (for concentrations see 
table 2) diluted in 100µl per slide of Supermix was added and incubated in fridge overnight. 
 

Day 2 
The slides were washed 3x10 min in PBS followed by incubation for 2-4 hours in a humidity 
chamber with secondary antibody (for concentrations see table 2), diluted in 100-150 µl 
Supermix per slide. This was done in in darkness to preserve the flourophores. The sections were 
washed 1x5 min in PBS, incubated in 1:1250 DAPI (DNA specific probe binding to A-T rich 
sequences(Kapuscinski 1995)) dissolved in PBS for 10 minutes and then washed again 2x5 min 
in PBS.  The slides were then mounted with 50µl/ DTG per slide. 
 
For the optimization of Anti SLC16A9 and SLC16A13 ( Nordic Bio) was used in varying 
concentrations as can be seen in table 2. For the double antibody pair immunohistochemistry for 
SLC16A13 the following primary antibodies were used; anti SLC16A13 (same as for the 
optimization), NeuN (a protein which is expressed in most neuronal cells in adult mice (Mullen, 
Buck et al. 1992)), GFAP (A filament protein found almost exclusively in astrocytes (Isaacs, 
Baker et al. 1998)), Gad67 (important for GABA synthesis present in GABAergic 
neurons(Erlander, Tillakaratne et al. 1991)), Synaptophysin (found ubiquitously in synaptic 
vesicles (NCBI), Pan neuronal (neuronal nuclei, axons and dendrites (Millipore), MAP2 (Protein 
predominantly found in neurons(Tucker 1990; Kalcheva, Albala et al. 1995)), Pan cytokeratin 
(epithelial cells and tumors descending from epithelial cells (Abcam). The concentrations of 
these antibodies can be found in table 2 on the next page. 
 
The secondary antibodies used were fluorescent under the light microscope with antibodies 
labeled 594 being red and those labeled 488 being green specifically all secondary antibodies 
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binding to primary antibodies targeting an MCT protein were red whereas all others were green. 
DAPI is bluely fluorescent thereby enabling distinction of individual cell nuclei. 
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Table 2. Primary and secondary antibody concentrations for IHC optimization and screens. 
Experiment First antibody pair Second antibody pair 

  
Primary 

antibody 
Concentration 

Secondary 

antibody 
Concentration Primary antibody Concentration 

Secondary 

antibody 
Concentration 

SLC16A9 optimization 

slide 1 

Rabbit anti 

SLC16A9 
 1:50 

Goat anti 

Rabbit 594 
1:500  NA  NA NA   NA 

SLC16A9 optimization 

slide 2 

Rabbit anti 

SLC16A9 
 1:100 

Goat anti 

Rabbit 594 
 1:500  NA  NA  NA  NA 

SLC16A9 optimization 

slide 3 

Rabbit anti 

SLC16A9 
 1:200 

Goat anti 

Rabbit 594 
 1:500  NA  NA  NA  NA 

SLC16A9 optimization 

slide 4 

Rabbit anti 

SLC16A9 
 1:400 

Goat anti 

Rabbit 594 
 1:500  NA NA   NA NA  

SLC16A13 

optimization slide 1 

Rabbit anti 

SLC16A13 
 1:25 

Goat anti 

Rabbit 594 
 1:400  NA  NA  NA  NA 

SLC16A13 

optimization slide 2 

Rabbit anti 

SLC16A13 
 1:50 

Goat anti 

Rabbit 594 
 1:400  NA  NA  NA  NA 

SLC16A13 

optimization slide 3 

Rabbit anti 

SLC16A13 
 1:100 

Goat anti 

Rabbit 594 
 1:400  NA  NA  NA  NA 

SLC16A13 screen slide 

1 

Rabbit anti 

SLC16A13 
 1:25 

Goat anti 

Rabbit 594 
 1:200 NeuN (mouse)  1:400 

Anti-mouse 
488 

 1:200 

SLC16A13 screen slide 

2 

Rabbit anti 

SLC16A13 
 1:25 

Goat anti 

Rabbit 594 
  1:200 GFAP (chicken)  1:400 

Anti-chicken 
488 

 1:200 

SLC16A13 screen slide 

3 

Rabbit anti 

SLC16A13 
 1:25 

Goat anti 

Rabbit 594 
  1:200 Gad67 (mouse)  1:200 

Anti-mouse 
488 

 1:200 

SLC16A13 screen slide 

4 

Rabbit anti 

SLC16A13 
 1:25 

Goat anti 

Rabbit 594 
  1:200 

Synaptophysin 
(mouse) 

 1:200 
Anti-mouse 
488 

 1:200 

SLC16A13 screen slide 

5 

Rabbit anti 

SLC16A13 
 1:25 

Goat anti 

Rabbit 594 
  1:200 

Panneuronal 
(mouse) 

 1:100 
Anti-mouse 
488 

 1:200 

SLC16A13 screen slide 

6 

Rabbit anti 

SLC16A13 
 1:25 

Goat anti 

Rabbit 594 
  1:200 MAP2 (mouse)  1:500 

Anti-mouse 
488 

 1:200 

SLC16A13 screen slide 

7 

Rabbit anti 

SLC16A13 
 1:25 

Goat anti 

Rabbit 594 
  1:200 

Pancytokeratin 
(mouse) 

 1:400 
Anti-mouse 
488 

 1:200 
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DAB Immunohistochemistry 
Following a two day protocol starting with day 1, all steps were performed at room temperature 
in a 12 hole plate on a rocking table unless stated otherwise. 
 

Day 1 
The sections were rinsed in TBS for 4x10 minutes, incubated in 10% methanol 3-4%hydrogen 
peroxide in TBS for 20 minutes. The sections were rinsed again for 4x10 minutes in TBS 
followed by suspension in anti SLC16A13 diluted to 1:3000 in Supermix and incubation on a 
rocking table at 4°C overnight. 
 

Day 2 
The sections were rinsed 1x3 minutes + 4x10 minutes in TBS followed by incubation in goat anti 
rabbit 594 diluted 1:400 in Supermix for 1 hour. The sections were rinsed 5x10 minutes in TBS 
and incubated in ABC for 1 hour. The sections were again rinsed 5x10 minutes in TBS and 
incubated in DAB + H2O2 for 10 minutes. Lastly the sections were rinsed in TBS 4x5 minutes. 
The sections were then transferred to gelatinized slides (in a small volume of TBS) and dried 
overnight at room temperature. The following day, the slides were dehydrated in ethanol using 
250ml plastic chambers, first 5 minutes in 70% EtOH followed by 5 minutes in 95% EtOH and 
finally 10 minutes in 100%EtOH. The slides were then rinsed in Xylene for 20 minutes and 
mounted using D PX. The slides were then dried overnight and stored at room temperature. 
 

Western Blot 
Using separated protein fractions from wt C57/B6 mice brains, with known protein 
concentrations. Electrophoresis was performed using a precast 4-15% Mini-PROTEAN TGX 
(BioRad) gel with ten 50µl wells. 5µl of prestained pageruler ladder (Fermentas) was used to 
evaluate the size of the separated proteins. The gel was run at 150V for 30 minutes. The gel was 
soaked in cold transfer buffer for 15 minutes and moved to the sandwich. The membrane was 
activated in methanol for 2 minutes and washed in transfer buffer before being put on top of the 
gel, and closing the sandwich. The sandwich was put in the transfer chamber and the protein 
transfer was performed at 50V for 60 minutes. After the transfer was completed the membrane 
was taken out and rinsed in dH2O four times followed by incubation at room temperature in 50 
mL of blocking buffer (5% fat free milk powder) for 60minutes on a rocking table. The 
membrane was then sealed in a plastic bag with primary antibody in blocking buffer and stored 
overnight at 4°C on a rocking table. 
 
The following day the membranes were taken out of the plastic bags rinsed in TTBS and washed 
3x10 minutes in TTBS on a rocking table. The secondary antibody was added at a concentration 
of 1:100000 in blocking buffer, and incubated at room temperature on the rocking table. The 
membranes are once again rinsed and washed 3x10 minutes in TTBS on the rocking table. The 
membranes are put in a cassette between two transparency sheets and a 1:1 mix of 
luminal/enhancer (BioRad) and peroxidase buffer (BioRad) was added evenly to the membrane. 
The cassette was then taken to a darkroom for film development. 
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Genotyping-PCR 
A master mix of MQ-water (ultrapure water, filtered, deionized), 10X PCR buffer, MgCl2, 
dNTP, forward primer, backward primer and in some protocols DMSO (inhibits self-
complementation of DNA and prevents secondary structures from forming) was made in that 
order (see table 3 for specific amounts and primers used). Taq polymerase was added as the final 
reagent to the master mix on ice. The master mix was then aliquoted to different wells on a 96 
whole plate or similar depending on how many samples were being genotyped. The templates 
were then added to the different wells and the plate was marked so it could be known which 
template went were. The plate was then brought to a PCR machine where a PCR-program was 
run (see table 4 for the specific PCR programs used). After the PCR program was finished a gel 
electrophoresis was performed using 2% agarose gel with 0.1% EtBr in TAE buffer at 120V. A 
100 base pair ladder was used to not have to use a control on each row. Pictures were taking 
using a camera and a 302 nm wavelength UV-lamp. These pictures were then analyzed to see 
whether the studied gene was present as a homozygote or heterozygote or not present (wt). 
 
  



Page 13 of 31 

Table 3. Volumes used for the different PCR protocols. 

  

18a4 

109/110 

18a4 

113/114 Tomato Cre 

10X Buffer 2.5 2.5 2.5 2 

MgCl2 0.75 0.75 1.75 2 

dNTP 0.3 0.3 0.5 1 

OKK 434     1   

OKK 435     1   

OKK 436     1   

OKK 437     1   

Cre F Primer       0.5 

Cre R Primer       0.5 

109 (10µM) 0.5       

110 (10µM) 0.5       

113 (10µM)   0.5     

114 (10µM)   0.5     

DMSO 0.5 0.5     

Taq 0.4 0.4     

MQ H20 17.55 17.55     

Template 2 2     

 
Table 4. The different PCR programs used. 
Tomato     18a4     Cre     

95°C 2min   heated lid 111°C     95°C 2 min   

      95°C  2 min         

95°C           95°C 30s   

58°C   x35 95°C  30s   55°C 30s x30 cycles 

72°C     60°C  45s x40 72°C 40s   

      72°C  30s         

72°C 2min         72°C 6 min   

4°C   HOLD 72°C  2 min   20°C 20s   

      4°C   HOLD       

 

  



Page 14 of 31 

Results 

Probe Synthesis 
The RNA concentrations of the solutions can be seen in table 5, and the gel picture in figure 1. 
The ratio of absorbance for 260/280 is to measure the purity of a DNA or RNA sample, a value 
above 1.8 is considered pure for DNA and a value above 2 is considered pure for RNA. The 
260/230 quota is another purity measurement, the value of which is normally higher than 
260/280 for pure samples, lower values might indicate contamination with for example EDTA, 
carbohydrates or phenols ( Nanodrop) . For SLC16A13 the RNA concentration was 142.8 ng/µl, 
the 260/280 quota was 1.91 which is not very pure. The 260/230 quota was 1.82 which also 
points toward an impure sample (all these values can be seen in table 5). In figure 1 we can see 
that SLC16A13 shows two clear bands and a less clear band further up instead of just one band 
which would be the ideal pure case. The probes were judged to be of sufficient purity for In situ 
hybridization. 
 
Table 5. RNA concentrations of synthesized probes measured using a Nanodrop 1000 machine. 
SLC Type Conc.(ng/µl) 260/280 260/230 
16a9 RNA 145.8 1.9 1.87 
 DNA 179.4 1.91 1.87 
16a13 RNA 142.8 1.91 1.82 
16a4 RNA 243.2 1.97 2,06 
16a11 RNA 135,0 1.96 1.74 

 
Figure 1. Result of gel electrophoresis of synthesized probes for 16a9, 16a13, 16a4 and 16a11. 

In situ hybridization on Floating Sections 
In this section I will show some pictures from In situ hybridization together with notes on which 
areas are stained. 

Probe tests 
Test of probes previously synthesized showed that the probes for SLC16A11 and SLC16A13 
bound specifically to regions of the brain and developed quickly. For SLC16A4 and SLC16A9 
no staining was seen on the first probe test and despite increasing the probe concentrations 4 
times for the next probe test staining was still slow and unspecific.  
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SLC16A13 Screens 
Almost no background was seen on the screens. There was a lot of very clear and specific 
staining after a development time of circa 15 min. 
Almost the whole cortex is stained along with large regions in hippocampus, hypothalamus and 
cerebellum. 
As can be seen in figure 2 there is especially strong staining in the piriform cortex, granule cell 
layer of the dentate gyrus, the pyramidal cell layer of the hippocampus and the olfactory 
tubercle. 
Other areas showing stronger than average staining on the brain sections were the medial 
habenular nucleus, the dorsomedial part of the ventromedial hypothalamic nucleus and fasciola 
cinereum, 
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Figure 2. C57/B6 wt brain sections after In situ hybridization sorted after bregma levels with anterior sections 
having higher numbers and posterior sections lower. Regions stained purple indicate the presence of SLC16A13 
mRNA. 
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SLC16A14 Screens 
On the first screen there was a low amount of staining but very specific to certain areas of the 
brain, on the second screen there was stronger staining but a lot more background giving the 
sections a much more purple appearance overall. 
I have compiled a list of the specifically stained areas in Table 6 using the mouse brain atlas. 
Note that especially the piriform cortex, Granular dentate gyrus and the pyramidal cells of the 
hippocampus show clear staining on all sections were they are present. 
 
Table 6. Areas showing strong specific staining in In Situ Screens of SLC16A14. 

 
 
 

Pir piriform cortex 
GrDG granule cell layer of the dentate gyrus 
Tu olfactory tubercle 
Py pyramidal cell layer of the hippocampus 
PLCo posterolateral cortical amygdaloid area 
Fl Flocculus 
PFl Paraflocculus 
4Cb lobule 4 of the cerebellar vermis 
Sim simple lobule 
DCl dorsal part of claustrum 
AVPe anteroventral periventricular nucleus 
CxA cortex-amygdala transition zone 
LSD lateral septal nucleus, dorsal part 
AV anteroventral thalamic nucleus 
VMPO ventromedial preoptic nucleus 
VOLT vascular organ of the lamina terminalis 
ICjM island of Calleja, major island 
MHb medial habenular nucleus 
MPOM medial preoptic nucleus, medial part 
Crus1 crus 1 of the ansiform lobule 
2Cb lobule 2 of the cerebellar vermis 
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Figure 3. C57/B6 wt mouse brain sections after in situ hybridization sorted after bregma levels (higher numbers are 
anterior of lower numbers). Regions stained purple indicate the presence of SLC16A14 mRNA. 
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Immunohistochemistry 
Specific binding (as in binding to some cells but not all) was seen on the antibody tests for 
SLC16A9 and SLC16A13 indicating that the antibody works and can be used in screens. The 
optimal concentration (low background and clearly stained cells) for SLC16A13 was judged to 
be 1:25. 
 
An immunohistochemistry (IHC) screen with two primary antibodies gave the following results. 
Anti SLC16A13 showed red fluorescence in a large number of cells in brain tissue as can be seen 
in figures 4-8.The DAPI staining of nuclei showed that there were cells to which anti SLC16A13 
did not bind. In addition to the large number of cells that showed binding of both DAPI and anti 
SLC16A13 there were cells that just showed binding of DAPI. The other primary antibodies 
used were intended to show which cell types expressed SLC16A13 and which did not. As can be 
seen in figures 4, 5, 6, 7, and 8 NeuN bound the same cells as anti SLC16A13. MAP2 also bound 
the same cells as anti SLC16A13 as can be seen in figures 5, 7, and 8. Some cells binding anti 
SLC16A13 also bound Gad67 or Synaptophysin but not all of them. Pancytokeratin only binds to 
epithelial cells(Abcam) so very little green fluorescence was seen in neuronal tissue. Something 
seems to have gone wrong with the Panneuronal marker since all samples using this primary 
antibody are completely dark except for some background clumps of green fluorescence. GFAP 
showed some co-staining with SLC6a13 in figure 7 and figure 8 but none in figures 4-6. 



Page 20 of 31 

 
Figure 4. Panel of fluorescence pictures from immunohistochemistry taken in cortex. Red is anti SLC16A13, blue is 
DAPI and green is GFAP, NeuN, Pan-cytokeratin, Pan-neuronal and Synaptophysin respectively. 
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Figure 5. Panel of fluorescence immunohistochemistry pictures taken in the hypothalamus. Red is anti SLC16A13, 
blue is DAPI and green is Gad67, MAP2, NeuN, Pan-cytokeratin, Pan-neuronal and Synaptophysin respectively. 
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Figure 6. Fluorescence immunohistochemistry pictures taken in the medial habenular nucleus. Red shows binding 
sites for anti SLC16A13, blue DAPI and green Gad67, GFAP, NeuN and Synaptophysin respectively. 
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Figure 7. Fluorescence IHC pictures of the Piriform cortex. Red shows binding sites for anti SLC16A13, blue DAPI, 
and green Gad67, GFAP, MAP2, NeuN, Pan-cytokeratin, Pan-neuronal and Synaptophysin respectively. 
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Figure 8. Fluorescence IHC pictures of the pyramidal cell layer of the hippocampus) and the Granular dentate 
gyrus in the hippocampus. Red shows binding sites of anti SLC16A13, blue DAPI and green Gad67, GFAP, MAP2, 
NeuN, Pan-cytokeratin, Pan-neuronal and synaptophysin respectively.  
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DAB Immunohistochemistry 
From  figure 9 we can see that there is antibody binding in the periventricular hypothalamic 
nucleus, paraventricular hypothalamic nucleus medial parvicel, pyramidal cell layer of the 
hippocampus, granule cell layer of the dentate gyrus, retrochiasmatic area, paraventricular 
hypothalamic nucleus posterior part, medial habenular nucleus, laterodorsal thalamic nucleus 
dorsomedial part, medial amygdaloid nucleus anteroventral part, anterior cortical amygdaloid 
area, subcommissural organ, parasubthalamic nucleus, medial amygdaloid nucleus, arcuate 
hypothalamic nucleus medial posterior part, ventral tuberomammillary nucleus, flocculus, simple 
lobule and the 4th and 5th lobe of the Cerebellum. 
 

 
Figure 9. Sections from DAB immunohistochemistry, black staining is seen where the antibody has bound. 
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Western Blot 
The two Western blots performed showed the same band at 95 kb, in the first protein fractions S1 
and P1 were used showing the band in both cases (see figure 10), in the second run only the 
bands from the S1 and S2 showed bands (see figure 11). The band on 95kb was also found on the 
example Western blots from the company website(NordicBio). Since the MCT13 protein is 45kb 
long I would have expected a band at 45kb on the Western blot. This 45 kb band can be found on 
the example Western blots on the NordicBio website but not on my Western Blot.  

 
Figure 10. Picture from Western blot finished 2/3 2012 showing bands at 95 kb but not at the expected 45kb. 

 
Figure 11. Picture from  Western blot finished 7/3 2012, showing the bands from the S1 and S2 protein fractions, 
even after 30 min development nothing could be seen on the P1 and P2. MCT13 is 45kb long and no band can be 
seen there even after 30 min, the visible band at 95kb is present on the Western Blot picture displayed on the 
company website however, indicating a possible lack of specificity 

Genotyping 
 

 
Figure 12. From left to right: Gel pictures of controls for 18a4 109/110, 18a4 113/11, Tomato and Cre respectively. 
 
Using the 109/110 primer pair for 18a4 genotyping will result in either one band if the mouse has 
at least one copy of lox sequence required for selective knockout or no band if it does not have 
this lox sequence on any allele, it is not possible to tell the difference between mice that have 
both alleles knocked out and mice that only have one knocked out allele with this primer pair. 
The 113/114 primer pair produces DNA sequences of alternating length depending on if an allele 
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has the wt gene or the loxed gene, with the loxed gene giving a longer product. Homozygotes 
therefore give one band and wild type mice another band located further down in the gel and 
heterozygotes show both these bands. For Tomato homozygotes give one band and wild types 
another band located higher up on the gel, heterozygotes have both these bands. For Cre a mouse 
with the gene will give a band and a mouse without it (wt) will not give a band. Figure 12 gives 
some examples of how the different PCR’s will look after being run out on a gel and figure 13 
shows a full gel with both 109/110 and 113/114 primers for 18A4 genotyping. A summary of the 
genotyping results can be found in table 7. 
 
Table 7. 

Total 109/110 Total 113/114 Total Tomato Total Cre 

+ 54 hom 41 hom 7 + 0 

- 9 het 12 het 31 - 5 

wt 8 wt 22 
 
 

 
Figure 13. Picture of gel electrophoresis of a PCR done for 18A4 genotyping of C57/B6 mice. 
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Discussion 
 
From the In situ hybridization screens of SLC16A13 and SLC16A14 I noticed that a lot of the 
same areas seemed to be strongly stained. Sometimes it was hard to distinguish between specific 
staining and unspecific background staining in a light microscope because of the large amount of 
staining. After scanning and analyzing the pictures on a computer screen however, the difference 
between background and specifically stained cells was clear.  
The most commonly clearly stained areas were the granular dentate gyrus (important in memory 
formation (Saab, Georgiou et al. 2009)), the pyramidal cell layer of the hippocampus 
(interneurons) and the piriform cortex (olfactory function(Sobel, Prabhakaran et al. 1998)), and 
also large areas of the cortex in both SLC16A13 and SLC16A14. Other areas of strong staining 
seem to be more variable but some of those also coincide but were not present in all of the 
sections. Since the genes in the SLC16 family are related to each other similar expression (but 
not identical) is not unexpected, especially since a lot of the SLC16 transporters are expressed in 
a wide array of different cells with MCT1 being the extreme with ubiquitous expression 
(Halestrap and Meredith 2004).  
 
The results from the IHC double antibody pair screen had the following implications. Co-binding 
of SLC16A13 to cells binding the neuronal markers NeuN and MAP2 shows that SLC16A13 is 
expressed in neurons. The co-binding with Gad67 shows that it is expressed in glutamergic 
neurons and the co-binding with synaptophysin that it is expressed in neuroendochrinal cells. It 
also seems to bind some GFAP binding cells, but not all of them. Pancytokeratin did not show 
any binding verifying that this is not epithelial tissue and the Panneuronal marker did not work. 
SLC16A13 seems to be a gene that is expressed in most if not all neurons in the brain as well as 
some of the supporting cells. This is in line with the results from In situ hybridization that 
indicated expression in a large number of cells in the brain. Cells in the cortex, hypothalamus, 
medial habenular nucleus, pyramidal cell layer of the hippocampus and piriform cortex seem to 
have especially strong expression. 
 
In DAB immunohistochemistry the staining seen is in the same areas of the brain as in the In situ 
hybridization, lending support to those results. Since DAB and IHC was performed using 
antibodies to the protein produced by the SLC16A13 gene (MCT13) and In situ hybridization 
was performed using a RNA probe for the RNA produced by the SLC16A13, we can see that the 
RNA and protein is located in the same areas of the brain, which makes sense. 
The bands seen in the western blot were not the band of the MCT13 protein (SLC16A13) but a 
larger band which was also present on the example picture provided by the company we bought 
the antibody from. This could mean that the MCT13 protein is absent from the protein sample, 
that the antibody is not binding the right protein or that the protein is present and bound by the 
antibody but is glycosylated and thus heavier than the expected 45kb. This could be confirmed 
by additional Western Blot runs with more protein fractions (since the pellet fractions did not 
work in the last run) and with peptide competition, wherein the peptide used to manufacture the 
antibody is used to bind up all the antibody before running the western blot to test its specificity.  
 
Because of the short timeframe of my project (ten weeks) I was limited in the number of 
experiments I was able to run. Therefore additional Western blots should be run to clarify the 
specificity of the SCL16A13 antibody, fluorescence immunohistochemistry should be performed 
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on other areas of the brain and more DAB immunos should be run to increase the number of 
sections from each part of the brain. Some mistakes were made during this project, for example 
during the DAB immunohistochemistry I added DAB without H2O2 and at the wrong step in the 
protocol (when ABC was supposed to be added). Upon realizing my mistake I removed the 
DAB, and washed an extra wash with TBS and then continued with the protocol as normal. For 
this reason the results from my DAB might be erroneous. 
 
My results show that SLC16A13 is primarily expressed in nerve cells, and that this expression is 
widespread thorough the brain, with some regions having especially clear expression, but no 
information on the function of the protein MCT13 was gained. Such information could be gained 
from a knockout study, or from analysis of the 3D structure of MCT13. I can still extrapolate 
however from the function of related genes and the expression pattern in the brain. Members of 
the SLC16 family which are closely related seem to have similar functions, for example MCT1-4 
all transport lactate and pyruvate with varying specificities and in different cell types while both 
MCT8 and TAT1 transport thyroid hormones. These groups also seem to be closely related to 
each other, one could therefore propose that SLC16A13 and SLC16A11 have similar functions 
and the same for SLC16A14, SLC16A9 and SLC16A4, since their amino acid sequences most 
closely resemble each other. The members of the SLC16 family with unknown functions are 
likely to transport substrates similar in structure to thyroid hormone and monocarboxylates. 
Another possibility is that they transport monocarboxylates or aromatic amino acids but at 
different specificity/ during different conditions / in different locations on the cell membrane 
compared to already characterized transporters in the family. They might also serve a 
supplementary function as monocarboxylate transporters in case MCT1 and 2 are not enough in 
neurons. 
 
In conclusion this project has provided us with information on the distribution of SLC16A13 and 
SLC16A14 in the mouse brain as well as which cell types express SLC16A13. Further studies 
will be necessary in order to determine the function of these SLC’s. 
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