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Abstract
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The biggest group of transporters, the solute carriers (SLCs), has more than 400 members, and
about 30% of these are still orphan. In order to decipher their biological function and possible
role in disease, there is a need for characterization of these. Around 25% of SLCs are estimated
to have amino acids as substrates, including transporters belonging to the SLC38 family. The
SLC38 members are sometimes referred to their alternative name: sodium-coupled neutral
amino acid transporters (SNATs). One of these transporters, SNAT10 (or SLC38A10), has been
characterized as a bidirectional transporter of glutamate, glutamine, alanine and aspartate, as
well as having an efflux of serine, and is ubiquitously expressed in the body. However, its
biological importance is not yet understood. The aim with this thesis was to characterize a mouse
model deficient in SNAT10 protein in order to find the biological importance of this transporter.
In paper I, this is done by using a series of behavioral tests, including the open field test, elevated
plus maze, rotarod and Y-maze, among others. The SNAT10 knockout mouse was found to
have an increased risk-taking behavior, but no motor or spatial working memory impairments.
Furthermore, the knockout mouse was found to have a decreased body weight. In paper II,
an additional behavioral characterization was performed by using the multivariate concentric
square field™ (MCSF) test. The MCSF test is an arena with different zones associated to
different behavioral traits, which generates a behavioral profile depending on where the mouse
spends its time. The result from this test implies that the SNAT10 deficient mouse has a lower
explorative behavior than its wild type littermates. In paper III, gene expression was studied in
whole brain and some genes related to cell cycle regulation and p53 expression were found to be
differentially expressed in the knockout brain. Additional gene expression was studied in kidney,
liver, lung and muscle, but no changes were found. Plasma levels of histidine and threonine were
altered in males, but no altered amino acid levels were found in knockout females, suggesting
a possible sex-specific effect. These studies together imply that SNAT10 might be involved
in processes related to risk-taking and explorative behavior in the open field and MCSF tests.
SNAT10 deficiency also affected amino acid levels in plasma, indicating a disrupted amino acid
homeostasis.
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Introduction 

To keep an organism functional, it is essential to keep the cells in balance with 

everything surrounding them. In order to do that, and to keep the cell viable, 

each cell needs to sense its environment, obtain energy and to send and receive 

signals to and from other cells. Therefore, there are different kinds of proteins 

embedded in the membranes of the cell, both in the plasma membrane and in 

membranes of the organelles. Receptors, transporters and channels are the dif-

ferent kinds of proteins responsible for making this possible. Receptors trans-

duce a signal when bound to their ligand, transporters transport their substrate 

upon a conformational change and channels transport their substrate through 

diffusion once the regulatory gate is open (although in recent years, this clas-

sification has turned out not to be as simple as that (1)). Recently, a new cate-

gory of membrane protein has risen: the transceptor. The transceptor was first 

discovered in yeast (2) and is a transporter with receptor function, i.e., a pro-

tein that can translocate a substrate across a membrane as well as causing a 

confirmational change that leads to direct signaling within the cell (3). Trans-

porters, which are the focus of this thesis, can be either active or passive. Ac-

tive transporters require adenosine triphosphate (ATP) to transport their sub-

strate (either directly or indirectly: secondary active transporters indirectly re-

quire ATP by using the ion gradients created by primary active ion pumps), 

and passive transporters move their substrate along with their electrochemical 

gradient, which does not require ATP. About 10% of all human genes are es-

timated to encode transporter-related proteins, but far from all these trans-

porter related genes are yet characterized (4).  

Solute Carriers 

So far, 66 families with more than 400 genes have been classified into the 

solute carrier (SLC) superfamily (5,6) and it is the biggest group of transport-

ers in the human genome (4). This great number of transporters have a wide 

range of substrates: amino acids, neurotransmitters, ions, purines, lipids and 

sugars are among the known ones (7). The SLCs are present as both active 

(co-transporters) and passive transporters (uniporters), where the active can 

be divided into symporters or antiporters (exchangers) (7). Symporters move 

their substrate in the same direction as the co-transported ion/molecule over 
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the membrane, while antiporters move their substrate in the opposite direction 

to the co-transported ion/molecule (7).  

Around 25% of all SLCs have been linked to human disease, but just a few 

are used as therapeutic drug targets (8). Furthermore, one third of the members 

of this transporter group are still orphan (9), so there is indeed an extensive 

amount of research still needed to characterize them all. Characterization of 

these transporters are important to increase our understanding of the involve-

ment of different transporters in health and disease, as well as the possibility 

to use them as future drug targets or to facilitate drug delivery. For example, 

many SLCs are expressed in the blood-brain barrier (BBB) and could there-

fore be used as delivery systems for drugs going into the brain (10).  

In the SLC nomenclature, transporters are assigned to a specific family if 

they have at least 20% amino acid sequence identity to one other member in 

the family (4). The names of the genes within the SLC transporter group are 

based on SLC, thereafter the family number, subfamily division (if no subdi-

vision exists, then A is the letter used) and finally a number for the transporter 

gene. For example, the solute carrier family 38 is abbreviated SLC38, this 

family have no subdivisions, so the letter A is used, and it has 11 members: 

e.g., SLC38A10 is the name of solute carrier family 38, member 10.  

The SLC38 Family 

It is estimated that around 25% of all SLCs have amino acids as their substrate 

(11). The SLC38 family is one of these families, consisting of 11 members 

(SLC38A1-11), each having a secondary active sodium-coupled neutral 

amino acid transport (abbreviated SNAT1-11), leading them to have a net 

transport of amino acids into the cell (12). The first five members of this fam-

ily (SNAT1-5) are more extensively characterized than the latter six (SNAT6-

11), but to fully understand their role in human physiology and pathophysiol-

ogy more research is needed for this family. 

Transporters of the SLC38 family are divided into system A- or system N-

transporters. System A-transporters have a wider substrate profile with small 

neutral amino acids as substrates, such as alanine, glutamine and serine, while 

system N have a narrower profile with mainly asparagine, glutamine and his-

tidine as substrates. System A-transporters can be inhibited by the substrate 

analogue α-(Methylamino)isobutyric acid (MeAIB), which is a property often 

used when classifying the SNATs. SNAT1, 2, 4 and 8 are classified as system 

A-transporters. The system N-transporters are SNAT 3, 5 and 7, and one of 

their characteristics is, besides their narrower substrate profile, a tolerance of 

replacing the coupling ion (Na+) with lithium (Li+), although that also can be 

seen for SNAT1 (12). The N-transporters also have an antiport of protons (H+) 

during their transport. SNAT6, 9 and 11 have not yet been classified to any of 

these systems, although SNAT11 is proposed to possibly be a system A-
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transporter due to its alanine transport (13). The focus of this thesis is 

SNAT10, which has a bidirectional transport of L-glutamine, L-alanine, L-

glutamate and D-aspartate, as well as efflux of L-serine (14). SNAT10 is sug-

gested to be classified as a system A-transporter due to its transport of gluta-

mine, alanine and MeAIB, all hallmarks for system A-transporters. However, 

SNAT10 also shares properties with system N-transporters, i.e., efflux of 

amino acids and translocation of charged amino acids, which makes the clas-

sification less clear.  

The expression of the different SNATs varies, some have a ubiquitous ex-

pression while others are expressed in specific tissues. All but SNAT4 are 

expressed in the brain (15). They are involved in liver function (SNAT2,3,4 

and 5), the glutamate-glutamine cycle in the brain (SNAT1, 2, 3,  5 and pos-

sibly 6, 7 and 8), muscle physiology (SNAT2), kidney function (SNAT3) and 

placental function (SNAT1, 2, 3 and 4) (12,15–25). SNAT2, localized in the 

plasma membrane, has also been reported to function as a transceptor in the 

mTOR (mechanistic target of rapamycin) pathway (26,27). The recently char-

acterized SNATs are less studied to which extent they are involved in different 

biological processes. Expression analysis show that SNAT6 is expressed in 

pancreas, liver, kidney, heart and lung, as well as in the brain (15). Bagchi et 

al. showed that SNAT6 is primarily expressed in the synapse of excitatory 

neurons and transports glutamate and glutamine, suggesting that SNAT6 

might have an important role in the glutamate-glutamine cycle (21,28). 

SNAT9 has been reported to function as a transceptor in the mTOR pathway, 

just as SNAT2, although localized in the lysosome (29–32), but SNAT7 and 

8 are less studied. SNAT7 is suggested to have a possible role in the lysosome 

as a supplier of glutamine and asparagine (33), while SNAT8 could possibly 

be involved in the glutamate-glutamine cycle (23). Expression of SNAT11 is 

primarily in peripheral tissues (15) which suggests it to be more involved in 

peripheral biological processes. 

SLC38A10 (SNAT10) 

SNAT10 messenger RNA (mRNA) expression is found in most peripheral 

mouse tissues and brain, with high expression in eye, lung and pituitary gland 

(15), as well as expression all through the gastrointestinal tract (34) in rat. 

SNAT10 protein is abundantly expressed in mouse brain, and in both neurons 

and astrocytes (14). The subcellular localization of SNAT10 was recently re-

ported to be in Golgi and in the endoplasmic reticulum, and silencing of 

Slc38a10 expression in vitro lead to a decrease in protein synthesis (35). These 

data together suggest that SNAT10 might have a transceptor function like 

SNAT2 and SNAT9. Another study found that primary cortex cells from a 

SNAT10 knockout (KO) mouse had an increased tolerance for cellular stress 

and had altered intracellular p53 levels (36), which could imply that SNAT10 
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is involved in redox processes and p53 signaling, and thereby be important for 

cellular survival. Furthermore, it was reported that KO cells had an increased 

level of mTORC1 (mechanistic target of rapamycin complex 1) activity and 

that mTOR remained active during amino acid starvation, indicating that these 

cells have an increased protein synthesis and increased resistance to stress 

caused by amino acid starvation (37).  

The International Mouse Phenotyping Consortium (IMPC) has previously 

made a phenotype screen of the SNAT10 KO mouse used in this thesis. They 

found that KO mice have a decreased body weight, an abnormal startle reflex, 

reduced serum albumin levels and reduced blood hemoglobin content and ab-

normal eye morphology (38). A decreased bone mineral content have also 

been reported (39).  

The SLC38A10 gene have been associated to Alzheimer’s disease, fronto-

temporal dementia, autism and schizophrenia (40–43), but the importance of 

it during pathogenesis of these diseases are not studied. The biological im-

portance of SNAT10 during a healthy state is a start for understanding these 

processes.  

Amino Acid Transporters  

Amino acids are crucial for the functional organism. They are not only the 

building blocks for proteins, but they are also precursors of hormones and 

neurotransmitters, and can as well function as an energy source. To keep the 

amino acid homeostasis, there is around 50 different amino acid transporters 

with slightly different function (44). Each cell requires amino acids to function 

properly, and to its help the amino acid transporters are often divided into two 

subgroups: loaders and exchangers/harmonizers. Loaders load amino acids 

into the cell, while harmonizers exchange amino acids over the membrane and 

thereby using amino acids as exchange currency. This allows for restoration 

of the essential amino acid pool within the cell through the synthesis of non-

essential amino acids that then can be exchanged for essential ones from the 

outside of the cell (44). The SNATs are known to have a net transport of amino 

acids (12), hence they function as loaders, e.g. SNAT1 and SNAT2 are alone 

responsible for 90 % of the import of the net amino acid demand into cancer 

cells (45), which makes amino acid transporters interesting in the development 

of cancer treatments. There is also a link between amino acid transport and 

brain function, which makes these transporters interesting when studying the 

underlying mechanisms of psychiatric diseases (10,43,46,47).  

Amino Acid Sensing and Signaling 

Closely related to amino acid transportation is amino acid sensing and signal-

ing. There are several signaling pathways for this process, but the main 
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pathways are the mTOR and the general control non-derepressible 2 (GCN2) 

pathways. These pathways are complicated and will herein be briefly de-

scribed.  

The main signaling pathway affected by amino acids is the mTOR-path-

way. The protein mTOR is a serine/threonine protein kinase and is part of a 

protein complex: mTORC1 and mTORC2. The complexes differ in which 

proteins that builds up the complex, but also in their regulation and function. 

mTORC1 is the protein complex that is activated by amino acids, among oth-

ers, and an active mTORC1 promotes cell growth and proliferation, including 

protein synthesis, and inhibits autophagy (48). mTORC2 is activated by 

growth factors and is involved in protein synthesis, actin cytoskeleton reor-

ganization and possibly autophagy (49). mTORC1 is the most studied of these 

two protein complexes and is also the one that is activated by amino acids, 

hence the part of the mTOR pathway that will be mostly discussed in this 

thesis.  

Another pathway for amino acid signaling is the GCN2 pathway. This 

pathway is activated during amino acid starvation. GCN2 will bind to un-

charged transfer RNA (tRNA), which will cause an inhibition of protein trans-

lation. An upregulation of amino acid transporters will also occur in order for 

the cell to increase its amino acid uptake (50). This pathway will not be dis-

cussed as much in this thesis.  

For the cell to transport what is needed in and out of the cell, but also for 

amino acid signaling to function properly, a sensor system is required. The 

PATs (proton-coupled amino acid transporters; the SLC36 family, SLC36A1-

4 or PAT1-4) and SNATs are two SLC families that are known to have mem-

bers that beside a transport function also have an amino acid sensory function 

(51). PATs and SNATs are closely related, both being evolutionary old 

(11,15,52), and during the latest decade it has become clear that they both have 

members with transceptor function (51). PAT1 and PAT2 are localized in late 

endosomes and lysosomes (51) and PAT4 is localized in Golgi (53). PAT3 is 

only found in testis in both human and mouse (54) and is not yet functionally 

characterized. As earlier mentioned, SNAT2 and SNAT9 have been reported 

to function as transceptors (26,27,29–32), and it is likely that other transport-

ers within the SLC38 family will be identified as transceptors in the next com-

ing years (51). What all of these suggested transceptors have in common is 

that they all can regulate the mTORC1 pathway, but the mechanism of how 

this occurs is not yet fully understood (51).   

Amino Acids as Neurotransmitters 

Some amino acids function as neurotransmitters in the brain, which implies 

that disturbances in amino acid homeostasis could have a role in psychiatric 

and neurological diseases. Glutamate, an excitatory transmitter, is the most 
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abundant amino acid neurotransmitter, and the main inhibitory neurotransmit-

ter in the brain, γ-aminobutyric acid (GABA), belongs to this classification as 

well. Aspartic acid (excitatory) and glycine (inhibitory) are other examples of 

amino acids that also function as neurotransmitters.  

Glutamate has three ionotropic receptors it may bind, N-methyl-D-aspar-

tate (NMDA), α-amino-3-hydroxy-5-methyl-4-isoxazoleproprionic acid 

(AMPA) and kainite receptors. NMDA receptors are crucial for memory for-

mation and neuronal plasticity (55), which makes them interesting regarding 

their involvement in neurological disorders. NMDA receptors also require co-

agonists, and glycine and D-serine are examples of amino acids with that func-

tion (56). Excessive signaling in this system might cause excitotoxicity, which 

can cause neuronal damage and death. Therefore, fast removal of glutamate in 

the synaptic cleft is essential, where glutamate is taken up by astrocytes and 

transformed to glutamine that can be transferred back to the pre-synaptic neu-

ron (12). Aspartic acid is another excitatory amino acid that is not as well 

studied as glutamate. L-aspartate and D-aspartate have slightly different func-

tion, where both L-aspartate and D-aspartate binds to NMDA receptors, but 

D-aspartate is also important during brain development and for neuroendo-

crine function (57). GABA, the main inhibitory neurotransmitter in the brain, 

may bind to the ionotropic GABAA or GABAC receptors, or the G-protein 

coupled GABAB receptor. Due to its major implication in the central nervous 

system (CNS) as the main inhibitory neurotransmitter, abnormal levels might 

cause imbalances in signaling and thereby cause psychiatric and/or neurolog-

ical disorders (58). Glycine is the main inhibitory neurotransmitter in the spi-

nal cord, brainstem and cerebellum, and it binds to the glycine receptor. Dur-

ing development, glycine is important for cell migration and synaptogenesis 

(59). 

Hence, disruption of amino acid homeostasis could affect important pro-

cesses in the CNS and cause psychiatric, neurodegenerative or other patholog-

ical disorders.  

Glutamine  

Glutamine is the most abundant amino acid in plasma (60), and serves an im-

portant function in several processes in the living organism. Glutamine is con-

sidered to be conditionally essential, which means that it can be synthesized 

in the body, but can become essential in fast proliferative tissues (60). It is 

especially important in the glutamate/glutamine/GABA-cycle in the brain, 

where glutamine is the precursor of aspartate, glutamate and GABA (61). A 

disturbance in these systems may affect both GABA synthesis as well as cause 

excitotoxicity by glutamate, which might cause behavioral abnormalities and 

neuronal damage. Other important functions of glutamine are in redox pro-

cesses, where it is needed for synthesis of glutamate in antioxidant glutathione 

(GSH) (38,39) and in the urea cycle in liver, where it regulates detoxification 
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of NH3 through the conversion from glutamine to glutamate (64). Glutamine, 

or more specifically the carbon skeleton of glutamine, can also be used in the 

tricarboxylic acid (TCA) cycle in liver and kidney for gluconeogenesis, hence 

glutamine is also important in cellular metabolism (62).  

Amino Acid Metabolism 

Because there is more than one type of amino acid, the metabolism of them 

all does not look the same. The metabolism for each type of amino acid will 

therefore not be described in detail but overviewed briefly.  

Amino acids have an amino group, hence the name, and the first step in the 

metabolism is deamination by transaminases. This will result in α-ketoglu-

tarate and ammonium. Ammonium can then enter the urea cycle to be ex-

creted, or be stored as glutamine. Glutamine (formed by glutamate and am-

monia) can therefore be used as a transporter of ammonia between organs. 

Excess of amino acids is mostly metabolized in the liver but can also occur in 

other tissues, such as in muscle. Glutamine is then used to transport ammonia 

from muscle to liver where the ammonia can enter the urea cycle (47).  

Once the amino group is removed, the carbon skeleton, α-ketoglutarate, can 

be utilized in gluconeogenesis to produce glucose, or as intermediates in the 

TCA cycle to fuel the cell with energy.  

Disturbances within any of the components involved in amino acid metab-

olism can thereby severely affect energy balance and metabolism as well, in-

dicating the importance of a functional amino acid homeostasis.  



 

 18 

Methodology 

The Mouse as a Model Organism 

The most accurate data regarding human physiology would in an ideal world 

come from human test subjects. However, all studies are not possible due to 

ethical reasons, and other aggravating circumstances makes trustworthy hu-

man data challenging to obtain. As an example, the environment of experi-

mental animal models is easily controlled while human test subjects’ environ-

ment is not. Since people tend to live in a more varied environment than a 

laboratory mouse, it incorporates uncertainty in data generated from people. 

However, several animal models have been developed to replace human sub-

jects, and the scientific question at hand must determine the model of choice.  

The mouse has been used in different scientific areas since the 17th century 

(65) and the laboratory mouse (house mouse or Mus musculus) is nowadays 

one of the most common animal models used in biomedical research. Rodents, 

especially mice and rats, are commonly used because of their small size, rela-

tively short generation time and that they give big litters: one can generate 

many animals in a short period of time. The fact that mice have large genetic 

similarities with humans also makes them useful when researching gene func-

tion and its importance in different diseases (65,66).  

There are thousands of different mouse strains used in various areas of re-

search. There are both outbred and inbred strains: outbred strains have a high 

degree of genetic heterozygosity while inbred strains are genetically identical 

(achieved by brother and sister mating for more than twenty generations). One 

of the most common inbred mouse strains is the C57BL/6 strain and it origi-

nated as early as in the1920s (65,67). This strain is also the background strain 

of the KO model used in this thesis.  

Techniques for Manipulation of the Murine Genome 

One of the main reasons why the laboratory mouse is one of the most common 

animal models used in biomedical research is the genetic tools that are avail-

able. There are several ways to manipulate the murine genome, and the 

method used is dependent on the experimental design: either a gene-driven 

approach which starts from a gene of interest and the phenotype of the manip-

ulated gene is studied; or a phenotype-driven approach where the genetics 
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behind a phenotype of interest is studied. The gene-driven approach requires 

some prior knowledge of the gene function while the phenotype-driven ap-

proach often is used to create random mutations in the genome and phenotype 

screenings are made to find phenotypes of interest to model human disease.  

Random mutations are often induced by chemical mutagens e.g., N-ethyl-

N-nitrosourea (ENU), which causes point mutations in premeiotic spermato-

gonial stem cells and the offspring to the treated males are screened for phe-

notypes of interest (68). Another phenotype-driven approach is gene trapping, 

where a trap vector, containing a promotorless reporter gene, a splice acceptor 

site (SA) and a polyadenylation sequence (pA), is inserted into embryonic 

stem cells (ES-cells) and gets randomly incorporated into the genome. When 

this construct is inserted into an expressed gene, the promotor of the gene will 

transcribe the parts of the endogenous gene upstream of the inserted reporter 

gene as well as the reporter gene itself. The SA site increases the likelihood of 

continued transcription of the reporter gene, and the pA site will terminate the 

transcription, generating a fusion transcript that modifies gene function but 

also report promotor activity (69). The reporter gene can then be used further 

to identify the modified gene. However, this method is most successful in 

genes expressed during development. 

A gene-driven approach uses gene targeting, meaning that a manipulation 

is made at the site of the gene of interest. This is done through several steps: 

a construct vector is designed and is inserted into ES-cells by electroporation. 

It contains the manipulated sequence of the gene of interest, including a pro-

motor for the construct, but also a positive selectable marker and a negative 

selectable marker. The construct is inserted into the gene of interest through 

homologous recombination, or completely replaces the gene of interest de-

pending on the manipulation at hand, as illustrated in Figure 1. Successful 

insertion will be selected through the positive selectable, which often is the 

gene encoding neomycin resistance (neo), making only ES-cells with the con-

struct incorporated in the genome survive neomycin treatment. The negative 

selectable is used to discriminate between ES-cells with random insertion 

from ES-cells with a homologous recombined insertion, which is not incorpo-

rated into the genome if homologous recombination has occurred (beige box 

in Figure 1) and will only be present if the construct has been randomly in-

serted into the genome. The negative selectable is often a gene encoding sen-

sitivity for a compound, e.g., ganciclovir, which will cause a selection of ES-

cells with homologous incorporated constructs when treated with this com-

pound (70,71).  

The selected ES-cells can thereafter be injected into a blastocyst, often of 

a different background strain than the ES-cells were generated from to gener-

ate chimeric mice with different fur color, and inserted into a pseudo-pregnant 

female. The chimeric mice are then used for further breeding to generate a full 

knockout mouse (70). If different strains have been used for the modified ES-

cells and blastocyst, backcrossing to one strain is needed to get a more 
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homogenous genetic background in order to reduce the risk of strain specific 

characteristics being associated to the phenotype of the modified gene.  

 

Figure 1. Illustration of the process of creating a knockout mouse. After insertion of 
the vector into ES-cells, the gene-targeting approach is based on homologous recom-
bination. The endogenous gene (or parts thereof) is replaced with the designed con-
struct and after a selection process, the remaining ES-cells are injected into a blasto-
cyst, which is inserted into a pseudo-pregnant female. Pups born are chimeric, which 
will be heterozygous for the genetic manipulation, and continued breeding of these 
will eventually give rise to knockout (-/-) mice. Teal, homologous sequence; blue, 
reporter gene; neo, gene encoding neomycin resistance (positive selectable); beige, 
negative selectable; ES-cell in red, genetically modified; ES-cell in purple, wildtype 
(WT). Dashed arrows correspond to several steps that are not illustrated.  

The Knockout-First Approach 

The approach in the current studies was an insertion of a multipurpose knock-

out-first allele (72,73). This approach creates a knockout-first, which means 

that the gene of interest is knocked out in all tissues throughout development, 

i.e., a constitutive knockout mouse. This constitutive knockout is the mouse 

model used in the studies within this thesis, although it has potential for cre-

ating a conditional knockout. It is based on a targeted trapping approach, i.e., 

a combination of gene trapping and gene targeting methods. A promotorless 

cassette is used, and inserted by homologous recombination, making the pro-

motor of the endogenous gene the only active one in the incorporated con-

struct. This reduces the risk of false positives in the positive selection process 
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since the neomycin resistance is dependent on the expression of the gene and 

not by an inserted promotor (74). A SA site is used to trap the transcription 

process, just as in the gene trapping method, and is terminated at the pA site. 

However, this approach is limited to genes expressed in ES-cells, just as the 

original gene trapping method (74). The negative selectable in the current con-

struct used was the diphtheria toxin A-fragment gene (beige box in Figure 1), 

making the cells express the cytotoxic fragment if non-homologously recom-

bined into the genome (73,75). On another note, the ES-cells used in the de-

velopment of the KO mouse used here was of the C57BL/6 strain, and contin-

ually bred on the same background, reducing the risk of flanking gene prob-

lems, i.e., flanking genes from the homologous recombination event associat-

ing to the phenotype seen (73,76).  

The inserted cassette was incorporated into intron 1 of the Slc38a10 gene 

and contains a lacZ domain followed by a neomycin resistance (neo) domain, 

flanked by flippase (FLP) recombination target (FRT), as seen in Figure 2A. 

When transcription starts, the transcript will be trapped by a SA site in front 

of the lacZ domain, and mRNA is continuously transcribed until it reaches the 

pA site at the end of the neo domain. This results in a truncated mRNA that 

instead of translating into a SNAT10 protein will result in the β-galactosidase 

protein (encoded by the lacZ domain), which function as a reporter gene. So 

far, this process has created a constitutive knockout. As earlier mentioned, the 

construct has the potential of being used to create a conditional knockout as 

well. This is made possible with the above mentioned FRT sites that flanks 

the lacZ and neo domains, as well as the loxP-sites that flanks exon 2. By 

crossing a FLP-expressing mouse with this constitutive knockout, the off-

spring will not have the SA, the lacZ domain, the neomycin domain or the pA 

that caused the knockout of the gene, hence creating a mouse with a functional 

gene (Figure 2B). If a cyclization (Cre) expressing mouse is then bred with 

this mouse, the Cre will excise the loxP-flanked exon 2, then creating a knock-

out in the tissue where Cre is active, i.e., a conditional knockout is created 

(Figure 2C).  
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Figure 2. The genetic construct used in the KO mouse model studied in this thesis, 
and its potential role to create a conditional KO model. (A) The knockout first allele, 
creating a constitutive KO mouse, which is the construct in the mice used in this thesis. 
(B) By breeding the constitutive KO mouse with a flippase expressing mouse, the 
construct is no more terminating the transcription of the Slc38a10 gene, and the gene 
is functional again. (C) When breeding the floxed construct with a Cre expressing 
mouse, exon 2 will be excised in the Cre expressing cells, generating a conditional 
KO mouse. Grey numbered boxes are exons; FRT, flippase recombination target; SA, 
splice acceptor site; lacZ, encoding the β-galactosidase protein that function as a re-
porter gene; neo, gene encoding neomycin resistance; pA, polyadenylation signal; 
loxP, sequence flanking one critical exon giving conditional potential to the construct. 
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Behavior 

The definition of a behavior is muscle movement or vocal expressions/sounds 

as a reaction to internal or external stimuli. Reflexes are not defined as behav-

iors since they are expressed without variation and as direct reactions to ex-

ternal stimuli (77). Behaviors can be divided into innate and acquired: innate 

behaviors are those that are genetically encoded and that happens almost au-

tomatically (e.g., imprinting in birds), while acquired are behaviors that needs 

to be learned (e.g., chimpanzee’s use of tools in the acquirement of food). Both 

innate and acquired behaviors can be studied, and the choice of test depends 

on the scientific question that is to be answered.  

Behavioral paradigms have long been used for a wide range of purposes, 

and much of what we know today about brain function originates from behav-

ioural studies, which points to their importance within research (78). In this 

thesis, behavioral assessments were made in order to pin-point the biological 

importance of the SNAT10 protein in brain, as of locomotor activity, risk-

taking behavior and motor function etc.   

In Paper I, two test batteries were used: Test battery one consisted of the 

open field, marble burying, rotarod and the challenging beam walk tests (Fig-

ure 3A), while test battery two consisted of the elevated plus maze and the Y-

maze tests (Figure 3B). Mice either went through test cassette one or test cas-

sette two. In Paper II, the multivariate concentric square field (MCSF) test was 

used (Figure 4).  

 

Figure 3. Outline of the test batteries used in Paper I. (A) Test battery one: the open 
field-, marble burying-, rotarod- and the challenging beam walk tests. (B) Test battery 
two: the elevated plus maze and the Y-maze tests.  
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The Open Field and the Elevated Plus Maze 

The open field (OF) test is a common behavioral test for assessing exploratory 

behavior and general activity. The test is carried out in a square (Figure 3A) 

or round arena and the mouse explores it for a specified amount of time. How 

long the mouse is in the arena depends on the research question: exploratory 

behavior/habituation are commonly monitored in the start of the test, while 

general activity requires a longer test period. What one is measuring in this 

test is motor activity, which itself is influenced by exploratory drive and fear. 

This is one of the reasons to why this test is considered to be useful as both a 

test for emotionality as well as locomotor activity. Thigmotaxis is a phenom-

enon that is common in mice, meaning that mice spend a lot of their time close 

to the walls in the OF arena. This is based on the innate instincts to avoid open 

areas and to keep hidden, which are traits that are useful as a prey animal. 

Time spent in center of the arena, as well as time spent in wall zone, are there-

fore often studied as indicators of emotionality (such as risk-taking behaviors).  

The elevated plus maze is a plus-shaped arena, elevated above the floor. In 

the current study, the arena was elevated 50 cm. Two of the opposite arms in 

the plus-shaped arena are open, i.e., no walls, while the other two opposite 

arms are closed, i.e., have walls (Figure 3B). Thigmotaxis can be seen in this 

test as well since mice tend to avoid open areas, here represented by the open 

arms, and spend more time in close proximity to the walls. Mice are however 

curious animals, so they will explore the open arms as well, thereby using 

frequency and duration on the open arms as indicators of risk-taking behavior. 

Benzodiazepines (anxiolytic) have been shown to increase visits to the open 

arms, so that treated mice spends more time on the open arms in comparison 

to their controls (79). This is one of the reasons why the EPM is often referred 

to as a test of anxiety-like behavior. 

The Multivariate Concentric Square Field™ Test  

In order to test several behavioral parameters in one test, the multivariate con-

centric square field (MCSF) can be used. The test arena (70 x 70 cm) consists 

of different areas: the central circle (CTRCI, ø16 cm); the center (40 x 40 cm) 

which provides openings to the corridors; the dark corner room (DCR); the 

hurdle zone with a hole-board; the slope; the bridge entrance; the bridge and 

the beyond bridge zone (Figure 4).  

The MCSF was originally developed for rats (80) but was later adapted to 

mice (81,82). The development of this test comes from an idea of having one 

test that do not make any assumptions of the behavioral state of the animal 

(80,83), making the test itself less biased towards a specific behavioral trait. 

The different areas within the arena are associated to different behaviors: the 

CTRCI, which is the most central and open part of the arena, and the brightly 

illuminated and elevated bridge, are both associated to risk taking (80). The 
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slope leading up to the bridge is associated to risk assessment, and the hurdle 

with hole-board is an explorative zone where animals tend to investigate the 

hole-board with nose-pokes. The DCR is darker than other zones and provides 

a shelter, and it is therefore associated to a shelter seeking behavior (80). A 

behavioral profile is generated from this test based on how the animal has been 

moving in the arena.   

 

Figure 4. Layout of the multivariate concentric square field™ (MCSF) test arena. 1) 
Central circle (CTRCI), 2) center, 3) corridors, 4) dark corner room (DCR), 5) hurdle 
zone with hole board and ramps to the adjacent corridors, 6) slope, 7) bridge entrance, 
8) bridge and 9) beyond bridge zone. 

Other Behavioral Tests Used 

Digging is a natural behavior of mice and descends from early in the mouse 

evolutionary development. Their original environment was on the dry steppes 

of Asia, and mice had to dig to find food, e.g., seeds and insects, which also 

turned out to be useful in finding food among leaves in forests. This behavior 

still exists in the laboratory mouse, and burrowing is a behavior that is closely 

related and that is possibly even more sensitive when tested in a laboratory 

setting. Strain differences are e.g., bigger for burrowing than digging (50). 

There are several tests for looking at burrowing behavior, and marble burying 

is one of those tests. Here the mouse is put in a cage with a 5 cm layer of 

woodchip bedding (around twice as much as in the home cage) along with 18 
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glass marbles (Figure 3A). The buried marbles are counted after 15 minutes. 

The interpretation of data and what conclusions that can be drawn from this 

test have been discussed; however the marble burying test model apathy and 

reduced activity (84) or repetitive/OCD-like behavior (85). 

Both the rotarod and the challenging beam walk (Figure 3A) are tests of 

motor function. The rotarod specifically is used to study motor learning and 

coordination. The test consists of a rotating rod, on which the mouse is placed 

and latency to fall is registered. The mice first have three days of training, 

where the rod is moving at a constant speed, and are tested the fourth day. 

During test day, the rod is at first moving at slower speed than during training, 

but it continues to increase until it reaches maximum speed after two minutes 

(the interval used in this thesis was 4 to 40 rpm). By using the challenging 

beam walk test, a more sensitive motor coordination test, more subtle motor 

function impairments can be studied (86). A tapered beam is used, on which 

the mouse transverse from the broader part to the thinner part, into a goal 

house. This test requires two days of training, and the test itself is recorded on 

the third day and scored manually afterwards. On the first day the mouse is 

taught to transverse the beam gradually, and on the second day it transverses 

the whole beam two to four times. A grid is put on the beam on the third day 

and the mouse transverses the beam for three trials while it is recorded. When 

scoring, total steps and slips are counted, and a slip/total steps ratio is calcu-

lated.  

The Y-maze is a test of spatial working memory by testing spontaneous 

alternation. The arena is looking like a Y with walls (Figure 3B), and the 

mouse is put in the middle of it. Mice have an innate behavior of investigating 

novel environments, so the theory behind this test is that once the mouse has 

visited one arm it continues to the next, and after that the third arm. The visits 

to the arms are scored (arms are marked A, B or C) and an alternation has 

occurred when the different arms are represented in one triplicate. The spon-

taneous alternation score is calculated from the number of possible alterna-

tions with the actual alternations the mouse did. Affected alternation behavior 

could indicate hippocampal impairments (87).  

Gene Expression Analysis 

By studying the expression of genes, one can get ideas of which systems and 

processes that are affected in your experimental model. In Paper III, two meth-

ods of gene expression analysis have been used, quantitative reverse transcrip-

tion polymerase chain reaction (RT-qPCR) and Ion torrent total RNA se-

quencing. The start material in both methods is messenger RNA (mRNA), but 

the approaches in them are different: specific genes of interests are studied 

with RT-qPCR, while a complete study of the transcriptome is done with RNA 
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sequencing. In both methods, mRNA is reversely transcribed to complemen-

tary cDNA (cDNA) and thereafter used as described below.  

RT-qPCR 

In the RT-qPCR method, cDNA is used as template in a polymerase chain 

reaction (PCR) in order to quantify the expression of a gene of interest in the 

experimental condition studied (88). Primers are designed to transcribe the 

gene of interest, and are combined with buffer, deoxyribonucleoside triphos-

phate (dNTPs), polymerase, SYBR green (or other fluorescent dye) and the 

template in a reaction that is repeated for 45 cycles of denaturation (double-

stranded cDNA becomes single-stranded), annealing (primer bind to template) 

and elongation (dNTPs hybridizes to the primer and elongates to double-

stranded cDNA). SYBR green, which in the studies herein have been used, 

binds to double-stranded cDNA and fluoresces which is detected by the RT-

qPCR machine. Thereby, the amplification is monitored in real-time, generat-

ing an amplification curve. For each cycle, the amount of template is doubled, 

and the fluorescence is proportional to the amount of cDNA in the reaction. 

When the fluorescence reaches a threshold, hence when a certain amount of 

cDNA is obtained, the number of cycles is recorded and used for analysis of 

gene expression in different samples (89).  

A melt-curve analysis is also made at the end of each RT-qPCR run. In this 

analysis, the temperature at which the amplified product melts is recorded, 

i.e., when the florescence decreases. If just one product is obtained, only one 

melt peak will be visible in this analysis. This is an important tool to see if the 

primers give rise to the specific product and to see potential contaminations 

and/or primer dimers (i.e., a by-product of the reaction).  

In order to make samples comparable between each other, a normalization 

factor needs to be used. We have used the GeNorm method (90), where a 

number of reference genes are used to calculate a normalization factor. These 

reference genes need to be stably expressed in all experimental groups, which 

is calculated through the GeNorm method. When the most stable reference 

genes have been chosen, the geometric mean of their expression is used as the 

normalization factor for each gene of interest. In the studies herein, the WT 

group were set as control and the expression of HET and KO mice is relative 

to the WT group.  

Ion Torrent Total RNA Sequencing 

Before transcribed to cDNA, total RNA is depleted of ribosomal (rRNA) and 

tRNA. After the reversed transcription, the cDNA is a part of a so-called 

cDNA library, and in the preparation of this library, adapters are attached to 

the ends of the fragmented cDNA sequences. The cDNA is thereafter purified 

and amplified, and the amplification is performed using an emulsion PCR. In 
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an emulsion PCR, one single-strand cDNA molecule is incubated with a mi-

croscopic bead with complementary sequences to the earlier attached adapter, 

causing the end of the cDNA molecule to attach to the bead. An emulsion is 

made through the adding of oil, causing small vesicles to form with only 

enough space to hold one bead per vesicle. In the same vesicle, a mixture of 

buffer, primers, dNTPs and polymerase are present, making each vesicle its 

own PCR reaction and thereby amplifying the cDNA sequence attached to the 

bead in that particular vesicle. An emulsion PCR can therefore be described 

as a micro-PCR in each drop. The beads are thereafter loaded onto an Ion 

Chip, which contains millions of wells, with one bead per well. One nucleic 

base is added at a time, and when it hybridizes with the cDNA template at-

tached to the bead, a proton is released causing a lowering of pH. The chip has 

an ion sensitive bottom plate that senses when the pH is lowered, and by how 

much, making it possible for the software to assemble the sequence of the 

complementary strand by keeping track of which base that caused the lowered 

pH (91). The reads can thereafter be mapped to the mouse genome. 
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Aims 

The general aim was to study the effects of a SNAT10 deletion in mouse to 

better understand the biological importance of the SNAT10 transporter. The 

main focus was to elucidate its function in brain, but also to look at some 

peripheral effects. 

 

o The aim of Paper I was to make a behavioral profile of mice deficient 

in SNAT10 using common behavioral paradigms. Two test batteries 

were used, with several tests within each battery. The purpose of this 

set-up was to use as few animals as possible, but also to use different 

tests for different aspects of behavior, e.g., both motor function, loco-

motor activity and emotionality.  

 

o In Paper II, the MCSF test was used to further study the behavioral 

effects of a SNAT10 deficiency. The MCSF has several advantages 

compared to using several test batteries as in Paper I and was here 

used to complement the behavioral profile of these mice.  

 

o The aim of paper III was to study the biochemical changes in the 

SNAT10 deficient mouse. Since an amino acid transporter has been 

disrupted, the effects on amino acid levels in plasma was investigated. 

Another focus was on transcriptomics in brain, but also the expression 

of other SNATs in brain and in a few peripheral tissues. We hypothe-

sized that since no major behavioral phenotype was seen in Paper I 

and II, possible compensatory expression by other SNATs could be 

one reason. Gene expression of mTOR and related proteins were also 

studied.  
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Results and Discussion 

To better understand the biological importance of the amino acid transporter 

SNAT10, characterization of a constitutive KO mouse was performed. In Pa-

per I, two behavioral cassettes with a wide range of tests were used to charac-

terize the behavior in mice deficient in SNAT10 protein. In Paper II, the mul-

tivariate concentric square field™ test was used to generate a behavioral pro-

file of SNAT10 deficient mice to complement the behavioral results from Pa-

per I. In Paper III, the molecular changes in plasma and brain from SNAT10 

deficient mice were studied through various methods.  

Paper I 

In paper I, mouse embryo size, body weight and food intake were measured. 

No differences in embryo size were seen, but a lower body weight was seen 

already at postnatal day (PND) 14 in males and at PND 28 in females in the 

KO mouse in comparison to WT mice. Previous studies report that this de-

crease is due to a reduced lean body mass (38,92), but this was not investigated 

further in this study.  

A behavioral characterization of the KO mouse was performed using two 

set-ups of tests. In test battery one, mice went through the OF, EPM, marble 

burying and challenging beam walk tests. The only behavior that differed be-

tween genotypes was time spent in wall zone in the OF, where both the KO 

and HET mice spent less time in comparison to WT. This could be due to a 

dysregulation of amino acid homeostasis in the brain. Amino acids are crucial 

for the synthesis for several neurotransmitters, including glutamate and 

GABA. An effect on this system might alter behavior, as seen in pharmaco-

logical studies with e.g., benzodiazepines where animals spend more time in 

the center of the OF arena, i.e., are more risk-taking (93). Less time spent in 

wall zone imply that the KO and HET mice are more risk-taking than WT. 

Other tests from the first behavior battery did not show any differences be-

tween the genotypes.  

In the second behavior battery, the EPM and Y-maze were used. However, 

the risk-taking behavior observed in the OF test could not be detected in the 

EPM. A trend among females could be seen at duration on the open arms, and 

HET mice were more active than WT. Activity in this test was defined as total 
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frequencies in all zones (closed arms, open arms and center). The Y-maze did 

not show any differences in spontaneous alternation between the genotypes, 

indicating no severe impairment of hippocampal function.  

Key findings:  

• KO mice have a lower body weight than both HET and WT mice. 

• KO and HET mice show a more risk-taking behavior in the OF test, 

but this could not be replicated in the EPM. 

• HET mice were more active in the EPM than WT. 

Paper II 

In Paper II, the MCSF test were run on adult WT and KO mice to further study 

the effect on the behavioral profile of these mice. Since the MCSF test does 

not make any behavioral assumptions, the result from this test is less preju-

diced. This test also provides different environments for the animals to ex-

plore, which gives the animals the possibility to a more varied behavioral rep-

ertoire.  

The results from this test are analyzed from different perspectives in order 

to fully display the complicated data generated. Firstly, all parameters gener-

ated from the MCSF are directly analyzed with suitable statistics, followed by 

a trend analysis and a principal component analysis (PCA). Thereafter, the 

results from each part are combined when interpreting the data.  

Based on the results from parameters generated from the MCSF test, hur-

dle-related parameters were affected in the genotype comparison in females. 

Males KO mice showed less visits to the slope and longer latencies to visit the 

beyond bridge zone. In the trend analysis, a lower exploration behavior was 

seen females, as well as with sex collapsed, indicating SNAT10 being of im-

portance for the explorative drive in mice. Males were also found to be more 

risk taking than females. However, no clear grouping by genotype could be 

seen in the PCA analysis.  

 

Key findings: 

• Exploration was lower in KO mice. 

• Males were more risk taking than females. 

Paper III 

In paper III, a transcriptomic analysis of whole brain was made, along with 

measurement of amino acid levels in plasma, and a relative telomere length 

measurement as an indicator of cellular age in brain. Brains from KO and WT 

adult males were used for RNA sequencing to look at gene expression 
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alterations between the genotypes. Only eight genes were found to differ in 

expression between the genotypes, whereof Slc38a10 was one of them, indi-

cating that the mouse model used was not a complete knockout, but a knock-

down in brain. Similar results were obtained from brain, lung, kidney and 

muscle with RT-qPCR, but no transcription of Slc38a10 could be found in 

liver, suggesting that a full KO was achieved in liver. Other affected genes 

found from the RNA sequencing were Nr4a1, Tuba1c and mt-Tp, genes 

known to be involved in cell cycle regulation, proliferation and p53 expres-

sion, and Hbb-bt that is involved in oxygen transport and cellular redox pro-

cesses (94–97). A recent study linked primary cortex cells from a SNAT10 

KO mouse to reduced response to cellular stress and impaired p53 expression 

(36), which suggests that SNAT10 might be important in these processes and 

might explain the altered expression of the above mentioned genes. It was 

surprisingly few transcripts that differed between the genotypes though, which 

might be explained by the fact that this analysis was made on whole brain, 

which may dilute expression differences in specific brain regions.  

Amino acid levels in plasma were also investigated, and the results showed 

that threonine and histidine were altered in plasma in males, but no differences 

were found in females. Sex hormones are known to affect amino acid metab-

olism (98), and estrous cycle was not controlled for. These results suggest that 

there might be a difference in how SNAT10 deficiency affects the sexes. 

Plasma was also used in a proteomic exploratory panel that assayed 92 pro-

teins belonging to a wide range of biological functions, but no proteins were 

found to be differentially expressed in KO.  

A relative telomere length measurement was made in order to investigate 

if stressors, such as oxidative stress, affected this parameter differently be-

tween the genotypes, but this was not something confirmed by this study.  

Plasma levels of thyroid-relating hormones were measured, and slightly el-

evated levels of thyroid-stimulating hormone (TSH) were found. 

Key findings: 

• Only a few transcripts were found to be affected in brains from KO 

mice, but along these were genes involved in cell cycle regulation, 

p53 expression and redox processes.  

• Amino acid levels in plasma were affected by SNAT10 deficiency, 

but only in males. 
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Conclusions 

The papers within this thesis aimed at deciphering the biological importance 

of the SNAT10 transporter. From these studies, we can conclude that behav-

ioral effects are seen in the SNAT10 KO mouse, with a less thigmotaxic be-

havior in the open field test, indicating a more risk-taking behavior, while in 

the MCSF test, a less explorative behavior was seen. There were also results 

from the MCSF pointing to a less risk-taking behavior in KO than WT males, 

which contradicts previous results from the open field test. However, both 

lighting in the arenas and age of the animals in these two studies differed, as 

well as a more complex environment in the MCSF than in the open field test, 

which all are factors known to influence behavior (99–101). These results to-

gether suggests that SNAT10 might be of importance for risk-taking and/or 

explorative behavior, but to which extent needs to be studied further.  

A SNAT10 deficiency did not have any major effects on the biochemical 

analyses made in Paper III, with few changes in plasma levels of amino acids 

in males, few gene expression alterations in brain and minor changes in TSH 

levels in males. These results do not clearly point to any specific function of 

the SNAT10 protein, but may indicate that the protein itself do not cause any 

major defects on the mouse (other than previously reported decreased bone 

mineral content (39)).  

It is interesting to note that previous studies from our lab have reported 

large effects on primary cortex cells from the KO model used herein (36,37), 

but the in vivo KO model does not result in any major phenotypical effects on 

behavioral assessments. This implies that there are most likely stabilizing sys-

tems within the in vivo model, and compensatory mechanisms are common 

with loss-of-function approaches (102). 
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Perspectives 

An extensive project aiming to characterize SNAT10’s importance in vivo was 

here performed, but there is still work to be done and research questions to be 

answered until we have the full picture. The next step is probably to identify 

interacting proteins of SNAT10 in order to truly uncovering which molecular 

role it has within the cell. If known, the function of the interacting proteins 

could indicate a possible role of SNAT10.  

Since SNAT10 expression have been associated to Alzheimer’s disease, 

and severity thereof (40), it is not impossible that the SNAT10 protein is di-

rectly or indirectly involved in the pathological process of this disease. Tests 

of memory would therefore be of interest to elucidate its involvement in 

memory.  

The results by Tripathi et al. (36,37), suggests that SNAT10 deficient pri-

mary cortex cells are less affected by different kinds of stressors, and stressing 

an in vivo model and perform another batch of behavioral assessments could 

therefore be interesting. The behavioral response in e.g., an open field and/or 

the MCSF under stress could possibly shed some light on stressors’ effect on 

the behavioral profile and which systems that are or are not affected by a 

SNAT10 deficiency. 

To make use of the conditional allele could be another approach to reduce 

possible compensatory mechanisms.  
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Populärvetenskaplig sammanfattning 

Livet är komplicerat, såväl på ett filosofiskt plan som på ett biologiskt plan. 

Detta arbete fokuserar på den biologiska delen, på hur våra komplicerade 

kroppar fungerar nere på cellnivå. I våra kroppar finns många olika typer av 

vävnader som måste samarbeta för att vi ska vara funktionella och fungera i 

vår vardag; allt ifrån en sådan basal funktion som andning till hårt fysiskt ar-

bete. I varje vävnad finns små enheter, celler, som vi är beroende av ska fun-

gera korrekt för att våra liv ska fortsätta vara just levande. Dessa celler behö-

ver kunna kommunicera med varandra, de behöver alltså kunna skicka och ta 

emot signaler, kunna känna av sin omgivning, samt kunna ta upp och utsöndra 

ämnen. Cellerna har ett skyddande membran runt sig, vilket gör att miljön 

inuti och miljön utanför cellen är skilda från varandra. I detta membran sitter 

små enheter (proteiner) som är ansvariga för att cellen kan skicka och ta emot 

signaler och för att kunna transportera in ämnen som cellen behöver. Dessa 

proteiner fungerar lite olika beroende på vad de har för funktion, men protein-

typen som är i fokus i detta arbete är transportörer. Transportörer transporterar 

in ämnen som cellen behöver, så som glukos (cellens energikälla) och ami-

nosyror (cellens byggstenar). Många transportörer är också mål för läkemedel, 

det vill säga att läkemedlen binder till transportörer för att komma in i cellen 

där det kan ha sin verkan. Det är därför viktigt att reda ut funktionen hos krop-

pens alla transportörer så att de i framtiden kan komma att användas inom 

läkemedelsutveckling. 

Aminosyror är bland annat byggstenar till proteiner, och behövs vid pro-

duktionen av proteiner i kroppen. De kan också utgöra förstadium vid pro-

duktionen av vissa hormoner och signalsubstanser i hjärnan. Aminosyror har 

alltså flera väldigt viktiga funktioner i kroppen, och de olika aminosyrorna har 

olika transportörer som sitter i olika celler och har lite olika funktion. SNAT10 

kallas den transportör som detta arbete har fokuserat på, och den transporterar 

vissa specifika aminosyror, men den biologiska betydelsen av SNAT10 är 

idag okänd, vilket detta arbete syftat till att reda ut.  

SNAT10 är ett mycket gammalt protein, vilket betyder att genen för denna 

transportör även finns i många djurarter, såsom husmusen. Husmusen har 

länge använts inom forskning för att ingå i experiment som är omöjliga att 

göra i människan, dels på grund av tekniska begränsningar, men främst av 

etiska skäl. Husmusen är det djur som använts i detta arbete vid utredandet av 

betydelsen av SNAT10-proteinet. Med hjälp av husmusen och ändringar av 
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deras arvsmassa (genetiska ändringar), har en så kallad knockout-mus (KO-

mus) skapats. Det innebär att en del av DNA som kodar för SNAT10-proteinet 

har tagits bort, och därmed saknar denna mus detta protein. Målet med detta 

arbete har varit att karaktärisera denna KO-mus, dels se hur den beter sig i 

olika beteendetester, dels genom att studera de biokemiska förändringar som 

skett i kroppen. Alla resultat från KO-musen jämfördes med en mus som fort-

farande hade SNAT10-proteinet (kontrollmus) för att hitta skillnader däremel-

lan.  

I artikel I fick KO-musen gå i olika testarenor för att undersöka hur denna 

beter sig jämfört med en kontrollmus. De olika testerna undersöker olika typer 

av beteende, till exempel risktagande beteende, undersökande beteende, mo-

torik och koordination, samt repetitiva beteendemönster. Ett avvikande bete-

ende kan säga ganska mycket om hur hjärnan fungerar då olika hjärnregioner 

är involverade i olika typer av beteenden, samt att rubbningar av signalsub-

stanser i hjärnan kan orsaka olika typer av beteenden. Eftersom husmusen har 

använts länge inom forskning så vet man idag relativt mycket om hur den nor-

malt sett beter sig, vilket är viktig kunskap för denna typ av studie. Resultaten 

från detta papper visade att KO-musen hade ett något ökat risktagande bete-

ende i ett av testerna, och SNAT10 kan därmed vara betydelsefull för denna 

typ av beteende. Övriga tester för motorik och repetitiva beteendemönster vi-

sade inte på några skillnader mellan KO-musen och kontrollmusen. Resultat 

från detta papper visade också på att KO-musen väger mindre än kontrollmu-

sen, vilket enligt tidigare studier skulle kunna bero på en minskad fettfri massa 

och minskad mineraltäthet i skelettet hos dessa djur.  

Ytterligare en beteendestudie gjordes i artikel II, där KO-musen och dess 

kontroll fick gå i en så kallad MCSF-arena. Denna arena har flera olika områ-

den som associeras till olika typer av beteenden, vilket resulterar i en beteen-

deprofil baserat på hur mössen har rört sig i arenan. Resultaten från denna 

studie visade på att det undersökande beteendet var lägre i KO-musen, med 

en möjligtvis könsspecifik effekt då denna skillnad var tydligast i honor. Vi-

dare fanns det tendenser till ett minskat risk-tagande beteende hos KO-hanar. 

I artikel III undersöktes genuttryck i hjärnan hos KO-musen, och några ge-

ner som har med celldelning och cellulär stressrespons att göra var förändrade 

i hjärnan hos KO-musen. Detta skulle kunna innebära att SNAT10-proteinet 

är viktigt i just dessa processer. Även aminosyranivåer i blodplasma under-

söktes, varvid några av dessa aminosyror var förändrade i hanar, men inte i 

honor. Detta kan betyda att det finns en könsskillnad i hur en brist av SNAT10-

proteinet påverkar aminosyrabalansen i plasma.  

Sammantaget av dessa tre artiklar kan slutsatsen dras att SNAT10 verkar 

vara av betydelse för reglering av kroppsvikt, risktagande och explorativt be-

teende, samt aminosyranivåer i blodplasma i hanar. En balans mellan ami-

nosyror i kroppen är viktig för att alla processer som är beroende av aminosy-

ror ska fungera korrekt, och en rubbning i denna balans skulle kunna ligga 

bakom de effekter vi ser i KO-musen. Dessa resultat är dock endast antydande, 
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och det kommer krävas fler studier för att helt bena ut betydelsen av SNAT10 

för kroppens olika funktioner.  
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