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Abstract

Congenital Hyperinsulinism of Infancy (CHI) is a group wdre inherited disorders
characterized byersistenthypoglycaemiadue toinappropriate elevated secretion of insulin

from the pancreatic beta cells. CHI can be caused by abnormalities in at least 10 genes. One of
them,HADH, encodes the mitochondrial enzgil@®CHAD, which has twlunctions: it catalyses

the third step inhe oxidation of fatty acids, antdhas been reported to negatively regulate the
enzyme glutamate dehydrogené&S®H). Inactivating mutations iHADH leadto a loss othe
inhibitory protein interaction of SCHAD, which then cause increased insulin secdeteto
overactive GDH

We hereaimed tounderstand the functional impact of rare SCHAD variants present in human
populations We have explored the effect afur pathogenic SCHAD variants witkgardto

the level ofexpression, subcellular localizatioand enzymatic activity. Two of the nants
(G34R and 1184F) showed protein instabiliéyd had clearly reduced level of protein
expression in HEK293atls. ThemRNA levels appeared normal, which indicatedt the cause

of instability lies downstream dhe transcriptionThe two other variants (K136E and M188V)
had normalprotein expression level in HEK293 cells, but a severelgducedenzymatic
activity compared to the wild type protein. The f&CHAD mutations did not affect the
mitochondrial localiation of the proteinin addition to tle four pathogenic variantpyotein
stability of 11 other rare SCHAD variants weested in HEK293 cells by the use of the protein
synthesis inhibitor cycloheximide. BEpadditional variants wer®und to be unstabl@33M,
H170R, P258 and G303S). The effect of the different SCHAD variants on GDH interaction was
evaluated by @immunoprecipitation. Ptein:protein interaction could be detected for the
SCHAD wild type proteinwhereaseveral of the other variardeeme to have reduced or lost
binding to GDH. The data gathered throughout the study were in combination with other
relevant information used to reclassify the pathogenicity of a total of 16 GHAS variants
present in human population¥aken together, ouresults illustrate the extensive work
necessary for evaluating the functional impact of rare variants that are identified in high

throughput sequencing of human genomes.



1. Introduction

1.1 The endocrine pancreas
The pancreas is a digestive glanddted posteridy to the stomach, between the duodenum

and the spleen (FigutelA) [1]. The organ &n be divided into two functional compartments

the endocrinend the exocrine pancreas. The ekaipancreas constitutes the major part of

the organ and contains acinar and ductal cells producing digestion enzymes and bicarbonate,
respectively, which are secreted into the duodenum as pancreatic juice. The endocrine pancreas
regulates energy metabathisby producing the hormones insulin, glucagon, and somatostatin

[2]. The project described in this thesis concerns the endocrine ¢envarch will therefore

be the focus of the introduction.

1.1.1 The islets of Langerhans
The endocrine pancreas consists of approximately 1 million cell clusters calletbthenis

LangerhansKigurel.1B). These clusters constitute2% of the pan@ag?2]. The islets contain

four major cell types: beta (54%), alpha (35%), delta (11%) and gamma/pancreatic polypeptide
cells (a few prcent)[3]. The different endocrine cell types producenhones that mainly serve

to coordinate responses to maintain glucose homeostasis. The beta cells predlutethe

alpha cells producglucagon, the delta cells secretematostatin, and the polypeptidells
secrete vasoactive intestinal peptide The islets are intimaly connectedo the vasculature,

which allowthem to effectively secrete hormones into the blood in resgoreavironmental

change$4].

A Celiac axis

——— Esophagus

Gallbladder

°
° -
——— Spleen Al

Portal vein

Superior mesenteric artery

Figure 1.17 Structure and function of the human pancreasA) The pancreas (yellow) is located in the abdomen, with the
duodenum on the rigiside and the spleen on the left. Other surrounding organs and major vessels are also shown. Figure from
[5]. B) The islets of Langerhans are scattered throughout the pancreas. The enddlzipeoduce glucoseegulating
hormones that aneleasednto the blood stream. Figueslapted fronj6].



1.1.2 Regulation of insulin secretion
Insulin secreted from the beta cells is the magutator of blood glucose level,sning that it

isin bal ance with t hrimgfdodidtagké, se. wheblmall isugugrises,tha t e .
beta cellsense this changandsecrete insulimto the blood stream in corresponding amounts.
This enables striated muscle cells and adifEstp absorb the glucose and use it as energy.
Excesgglucose is stored in the liver and musassglycogenthrough the process known as
glycogenesisand can be released at times of energy shdi2adasulin also stimulates storage

of excess fuel as fat in adipose tisflie

Glucagon secreted from the alpha cells has the opposite effect of insulin on the blood glucose
level, as shown in Figurke2. Thus, whereas insulin lowettse level of bloodjlucoseglucagon
increases if8]. These hormonebereby wok together to maintain appropridiéood glucose

levels, which normally arén therange of 3.85.5 mmol/L inhumang9]. Glucagon signalling

results in the net output of glucose fromlikier through glycogen breakdown, gluconeogenesis
(conversion of protein to glucose) and inactivation of glycogerthggis. In addition, it
mobilizesan alternative source of energy by promoting the reduction of fatty acids from adipose

Low Blood High Blood
Glucose Glucose

Pancreas

g

=

Glucagon Insulin

Released by Released by
Alpha cell Beta cell

tissue[7].

Achieve Normal ©
Blood Glucose Levels

Liver Releases . Fat Cells Take
Glucose into in Glucose
Blood \’ / from Blood

Figure 1.2 7 Opposing effects of insulin and glucagon in the regulation of blood glucassulin and glucagon work
together to maintain blood glucose leveldthin a normal range. Wheblood glucose is high, insulin is released from the
pancreatic beta cells. Insulin stimulates the uptake of glucose intdrcellgariety of tissues, here exemplified by adipose
tissue. Wienblood glucose is low, glucagon is released from the pancreatic alpha cells. Gleeagmto raise the glucose
level in the bloodFigure based ofi0].



Insulin is also secreted from the beta cells in response to additional nutrients such as other
monosaccharides, amino acids and free fatty acids. However,sihense to glucose is the
strongest Several hormones like mébain, estrogen, leptin, growth hormone and glucagon

like peptidel affect the regulation of insulin secretii@h.

Insulin is stored in secretory granules within the beta cells, and is released through the fusion
of these granules with the plasma membrgje The main steps in the pathway of insulin
secretion are shown in Figute3. After glucose has entered the beta cells, it is converted to
pyruvate through glycolysis. Pyruvate igthmetabolized to acet@oA, which is oxidized in

the mitochondria by the tricarboxylic acid cycle (TCA cycle) to produce TPThe rise in

ATP concentration initiates the closure of thegchannels in the beta cell plasma membrane,
reducing the efflux ofpotassium (K), which in turn causes the depokation of the cell
membrane. Theapolarization triggerspening of voltageated calcium (G4) channels, and

leads to an influx of Gainto the cell[11]. Theincrease in intracellular aconcentration is

the primary insulin secretory sigrid] that initiates the exocytosis of insulin from the secretory

granuleq11].

II Glucose
Glucose

transporter Increased
Glvecolysis ATP:ADP ratio .
Yeou closes Karp ATP-gated K
channel
channels
l—
- I
1
‘ : o
‘J | Depolarization
1 opens Ca?*
TATPADP 1 channels
1
1
[ ] s .
Secretory . . . : . ”.
i e s Ca
vesicles Cam . .
[ ]
‘ Voltage-gated
2:
Ca2* initiates Ca?* channel
exocytosis

Figure 1.37 Main steps in the pathway of insulin secretionGlucose metabolism in the pancreatic beta cells results in an
increased ATP:ADP ratio, which leads to closure of AJeleed K channels. Depolarization of the beta cell membrane leads
to opening of voltaggated C& channels. Increased intracellular?Ceoncentration initiates exocytosis of insulin from
secretory ganules. Drawn on the basis[&@P].



1.1.3 Diabetes
Insulin is required to maintainormal energy metabolisfd]. Defects in the secretion and/or

action of insulin can lead to diabetes, which is the most common disease that involves the
pancreas. Diabetes is a group of metabolic disorders where the hallmark is chronic

hyperglycaemia, i.e. a fasting blood glucose level above 7 mif&jl/L

According to the American Diabetes Association (ADA), diabetes can be classified into four
main categories: type 1 diabetes, type 2 diabetes, gestational diabetes mellitus, and specific

types of diabetes due to other causes, like monogkabetes syndrom¢§g3].

Type 1 diabetes is caused by aakdiated autoimmune destruction of the pancreatic beta cells.
This form accounts for-80% of all diabetes cases. As the disease proceeds, at a rate according
to the rate obeta cell destruction, the patients will have little oremaininginsulin secretion,

and they therefore become completely dependeitteatment withnsulin for survival. Type

1 diabetes typically has a juvenile onset, but can also occur in adultdiséase is defined by

the presence of autoimmune markigr3.

Type 2 diabetes is the most prevalent form of diabetes and accounts for around 90% of all cases.

Al t hough the disease i s commonlsystionggenetic as il
component. Type 2 diabetes typically has an adult onset, and the risk of developing the disease
increases with obesity and lack of physical activity. The disease is defined by a combination of
relative insulin @ficiency (inadequate regpse)and a peripheral insulin resistarjé8]. A loss

of beta cells mass and function, in addition to dysfunction in insulin secretion, makes the beta
cells unable to secrete enough insulin to compensate for the decrease in imsitivitgen

the patientg4] Since there is no animmune destruction of the beta cells, many of the patients

can manage their disease by interventions in diet and lifestyle. Nevertheless, oral medications

are often needed and some patients eventually become idspkmdenfl3].

Gestational diabetes mellitus (GDM) can appear in women in their second or third trimester of
pregnancy. The diagnosis is given if there was no dialietise the pregnancy. Normal
glucose level in usually restored when the baby is born. Howe&y] increases the risk of

type 2 diabetekter in life[13].

11



Monogenic diabetes is a groupdifeases caused by arout@@lsinglegene defects that affect
the development of the pancreas or the physiology of the betd 4plMonogenic diabetes
syndromesnclude neoatal diabetes and maturtynset didetes of the young (MODY). The
monogenic forms account for somewhere between 1% %ndf all diabetes cases. Neonatal
diabetes appears before the age of 6 months, and can be transient or permanent. Overexpression
of genes on chromosome 6p24 leads to the transient wipige autosomal dominant mutations
in the two genes that encode the subunits of the &hannels in the beta cellKNCJ11land
ABCCS result inpermanenhneonatal diabetesMODY is characterized bympaired insulin
secretion, withminimal or no defects in insulin action. The diseiasaherited in an autosomal
dominant patter most commonly caused by abnormalities in the g&B€&, HNF1A and
HNF4A[13].

Other causes of diabetes déd in the ADA classification are diseases of the exocrine
pancreas (e.g. cystic fibrosisr pancreatitiselated diabetes) and drugr chemicalinduced
diabeteg13].

1.2 Congenial hyperinsulinism of infancy

1.2.1 Definition and phenotype
Congenital hyperinsulinism of infancy (CHI) is a group of inherited disorders characterized by

hypoglycaemiand inappropriatg elevated secretion of insuljda2]. Thus,insulin is secreted

from the beta cells even thglu the blood glucose level isw, andCHI can be considered as

the opposite condition of diabet@he unreglated secretion of insulifeads to inhibition of
gluconeogenesis, fatty acid oxidation and ketogenesis. CHI therefore prevents the brain from
all sources of fue[15]. Some affected chidren havehigh birth weightdue to high insulin

secretion also in utero

CHI has an incidence of around 1 in G0 births, but it is more frequent (up to 1:2500) in

areas with high rates of consanguirjitg].

12



1.2.2 Molecular causes
During the last two decadesbnormalities in at least 10 genes have been described to cause

CHI, all of which are involved in the regulation of insulin secrefid]. The gene defects can
be dvided into three main groups. The first is designated channelopadharise from
mutations in genes that encode the two subunits of shedhkannels in the beta cellBRBCC38
and KCNJ11 both located on chromosome)1fil7, 18] The second group consists of
metabolopathiesn which the underlying defect is dysregulatedtabolic pathways. These are
much rarer than the channelopathi@®]. The third group includes gendbkat encode

transcription factas.

1.2.2.1 Channelopathies causing CHI
Inactivating mutations in the ion channgénesABCC8and KCNJ11cause the most severe

forms of CHI.[17, 18] ABCC8encodes the sulfonylurea recepfoprotein (SUR1), while
KCNJ1lencodes the inward rectifi&” channel Kir6.2 The Katp channelof the mncreatic
beta cellconsiss of eight subunits, four of each of these two proteins, as shown in Rigéye
The main role of SURL is to regulate the activity of Kir6.2, which is the-fsoneing unit that
enables the flow of Kions. The Kre channels sese the level bATP in thebeta cells and are
inhibited by high levelslnactivating mutations that cause defectivedchannels will lead to
a persistentdepolarization of the beta cell membrampening of voltage gated calcium
channelsand hence unregated insulin secretiofChapterl.1.2)[11]. Mutations in thABCCS8

gene are by far the mostromon cause of CHRO, 21]

Histologically, CHI caused by 4&p mutations can be divided into two major forms: focal and
diffuse In focal CHI (-40% of all channel CHI casesily localizedparts of the pancrease
affected by the disease, and the surrounding parenchynsaapgléar normal. Focal CHI is
result of a paternally inherited mutation in theriKchannels, followed by a somatic loss of
heterozygosity affecting the normal maternal allele. In diffuse @6t70% of all channel CHI

cases)the gene defect is present in all cells, implying #ilaslets are abnormd]11].

13
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Figure 147 Molecular causes of CHI A) The ATRgated K channelof the pancreatic beta cebnsistof four SUR1 and

Mutations

four Kir6.2 protein subunits. Figure frofail]. B) Summary of some of the genetic defects causing CHI. Figure drawn after
[12].

1.2.2.2 Metabolopathies causing CHI
The knownCHI genes eonding metabolic enzymes &&.UD1, GCK, SLC16A1UCP2, HK1

andHADH. GLUDL1 encodes the metabolic enzyme glutamate dehydrogenase (GDH). GDH
catalyses a reversible reaction tbatvert s g | u t -ketoglutasmtewhich ebters the TCA
cycle resultingin production of ATP in the beta cell. Activating mutationsGhUD1 will
therefore result in too much ATP and enhanced insulin secif@i$nThis is the second most
common form of CHI after the channelopathiké$ias a dominant inheritance patt@, 23}

GCKencodes the enzyme glucokinase, which is responsible for converting glucose to-glucose
6-phosphate inthe first activating step of the glycolytic pathwayDominant activating
mutations inGCK will increase the concentration aftivatedglucose inside the cell, and
thereby lower the glucose threshold for release of indalln 24] This is the third most

common cause of CHR5].

HK1 encodes the enzyme hexokinase 1, which similarity to glucokinase catalyses the first step
in the metabolism of glucos&lK1 expressionis normally silenced in the beta cells, but
activating mutations can lead to inappropriate activationexokinasen the islets This will

cause secretion of insulin at lower glucose levels than normal, and thus caySe Z&j|

14



SLC16Alencodes thanonocarboxylate transporter 1 (MCT13 proteinresponsible for
regulating the transport of lactate and pyruvate into the beta cells. Under normal conditions the
transporter is not expressed in the beta ¢tellgre\vent hypoglycaemia during heavy exergise

but gainof-function mutations caanable its expressiaiso in these celldncreasedransport

of pyruvateresults in higher ATP levels, which again inhibit therikchannels and lead to CHI

[11]. Specific for this form of CHI is thathé patients experience exerecieduced
hypoglycaemig27]. During anaerobic exercisthe produced lactate will enter th€A cycle

together with pyruvate aneésult in productio of ATP[11].

UCP2encodes the mitochondriahcoupling protein 2UCP2. UCP2 functions by medting
leakage of protons across theenmitochondrial membrane, thereby inhibitthg generation
of ATP andsubsequentlyhe secretion of insuliff]. Lossof-function mutationgelease this
uncoupling and magnhance the oxidation of glucoisethe beta cell to a degree sufficiently
for CHI to develod11, 28]

The final CHI gene that encodes a metabolic enz{#A®H, will be the focus of Gapter 1.3

1.2.2.3 Defects in genes encoding transcription factors that cause CHI
This third groupof CHI genes encode the transcription fast@patocyte nuclear factor lpha

(HNF1A) andhepatocyte nuclear factor fbha(HNF4A). Mutations in these genes can lead to
atransienform of CHI with a highly heterogeneous phenotyplF1Aencodes a transcription
factor that enhances the expieasof several pancreatic genesterozygous losef-function
mutations can lead ©HI with a relatively mild phenotyp&ome of the patientsiter progress

to develop MODY 3liabeteg11]. HNF4Aregulates several genes involved in insulin secretion.
Dominant inactivating mutations iHNF4A may lead to a more severe fori@HI. Patients

with this form of CH will eventually develop MODY ldiabeteg[11]. Since mutations in
HNF1AandHNF4Aare associated with the development of diabetes later in life, an accurate
molecular diagnas is important to ensure appropriate surveillaridtee molecular causes of

CHI are summarized in Figufe4B andTable 1.1
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Table 1.1 7 Molecular causes of CHI.D = autosomal dominamtheritance R = autosomal recessiugheitance IM =
inactivating mutations, AM = activating mutations.

Mutation

Group Gene Encoded Protein Inheritance type
Channelopathies ABCCS8 Sulfonylureareceptor 1 (SUR1) D/R IM
KCNJ11 Inward rectifier K channel Kir6.2 D/R IM

Metabolopathies GLUD1 Glutamate dhydrogenase (GDH) D AM
GCK Glucokinase (GCK) D AM

HADH Short chain E3-hydroxyaxytCoA R IM

dehydrogenase (SCHAD)

SLC16A1 Monocarboxylate transporter 1 (MCT1) D AM

UCcP2 Mitochondrial uncoupling protein 2 €P2) D AM

HK1 Hexokinase (K1) D AM

Transcription HNF1A Hepatocyte nuclear factor 1 alp{tdNF1A) D IM

factor genes

HNF4A Hepatocyte nucleaattor 4 alphgHNF4A) D IM

1.2.3 Treatmentsof CHI
In most cases, the phenotype of CHI becomes apparent withindafsioweeks aftebirth.

If not treated, the unregulated insulin secretion can lead to skypoglycaemiaThisis a
critical condition ashe brain is especially vulnerable during the first years of development, and
glucose is the main fuel of the brain. A delay inggiesis and lack of treatment in the ndaha
period can therefore caupermanent brain damage or, in wecase scenariosyendeath[9].
Genetic mutation testing/screening of children viagpoglycaemiawhen CHI is suspected, is
important for early diagnosis, determinatidriite cause fodisease, anomplementation of the

optimaltreatment. This isital to ensure the bepbssibleoutcomefor the patien{29].

Diazoxide igshe most common medical treatmen€iHI and is usually the first treatmeested
when a child is diagnosed withe diseaseDiazoxide is a Krp channel agonist that stimulates
the channels to remain open and hence suppresses the release of[{29ulihowever,
diazoxide will only be effective in cases where there is no defect in gheckannelslf the
channels are affect,ctreotide is a treatment option that inhibits the redea$ insulin

downstream of the &r channels by binding to somatostatin recepf@r29].
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Patients with lKrp mutations are ofteminresponsiveo drug treatmenbecause thé&arp
channels are either defective orsabt[11]. Regulated food intake and tube feeding can be
helpful in some cases. If medicationsrau give the appropriate response, a partial or subtotal
surgical removal of the pancreas may be ne¢ti2d Subtotal pancreatectomy will in most
cases eventually result in diabetes ardcrine insufficiency, and should therefore be avoided

if not absolutely necessaf1].

In the case of Krp mutations, it is particularly important to distinguish between focal and
diffuse cases. This is because removal of a localized lesion can cure the [3fijent
Identification of focal lesions are nowone by8F-fluoro-L-dihydroxyphenylalanine§F-
DOPA) PET scan§29].

1.3 SCHAD defigency as cause of CHI

1.3.1 Discovery and phenotype
Shortchain L-3-hydroxyacytCoA dehydrogenase (SCHAD) deficiency is a rare cause of CHI,

and was first discovered by Clayton et al. in 2(®1] when eaminations of annfant with
episodes of hypoglycaemia showed elevated blood levehgti®xybutyrytcarnitine (a fatty

acid metabolite). This led to activity measurements of fatty acid oxidation (FAO) enzymes, of
which the enzymeSCHAD showed a clearly reduced activity. Sequencing of the SCHAD
encoding geneHADH) discovered an inactivating mutati®l]. This was the first time an
enzymefrom the FAO pathway wadlirectly connected to CH At the time, the role of the
observedHADH mutation ashe cause of CHivas regarded witsomescepticism, and it was

speculated that there was an additional unidentified mutation that explained the disease.

In 2004,Molven et al. finally established SCHAd®ficiency as a cause of CE3R2]. A whole
genome scawith microsatellite markersf a consanguineous family with four cases of CHI
pinpointed the mutated gene to chromosome 4, and a disrupted splice site in exbhCdHof
was then revdad in affected subjects. Like thpatient reported by Clayton et. al, these
individuals also showed reduced SCHAD activity, and increased bldogir®xybutyryt
carnitine concentratiof82]. In 2016, Molven et al. transplanted islets from global SCHAD KO
(knock out) mice into mice witmducel diabetes, and showed thgpoglycaemian SCHAD-

CHl is islet celautonomou$33].
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Abnormal levels of fatty acid metabolites, namely increased concentadtBhydroxybuturyl

in bloodand 3hydroxyglutaic acid in urineare characteristics of SCHA®eficiency[32, 33]

In contrast to many other CHI formaffected children haveormal birth weighd, and even
though SCHAD participates in the degradation of fattigs, no phenotypic features of fatty
acid oxidation disorders (hepatic dysfunction, cardiomyopathy or skeletal muscl®oajfact
seen34].

1.3.2 TheHADH gene
The gene coding fahe SCHAD protein is located on chromosome 488ZFigurel.5A) and

is known asHADH (hydroxyacytCoA dehydrogenase). In databases such as UniProt
(https://www.uniprot.or)y NCBI (https://www.ncbi.nim.nih.goy and Ensembl hitps://

www.ensembl.or)y there are at least three protein coding transcript variants repatiezh

areproduced by alternative splicing. The encoded isoforms have a length of 33iB3&4
amino acids (aa) (Figute5B). The 314 aa isoform (reference sequence NM_005318.43) used
in this study is the mostell-characterized onand considered as the main forithe variant
encoding this isoform is lacking the exon 7, as illustratedignrE 1.6. There is little or no
biological information about the other variants.

[T TN B PPENipis N [ BN BN T BB EREN 25 R |
' ' ' ' o . i
B - 65.46 kb Forward strand e
— T— — S— S— — S— — — — — — S— S— — —
107.98Mb 107.99Mb 108.00Mb 108.01Mb 108.02Mb 108.03Mb 108.04Mb
| - — — R — —+ L — L

HADH-209 >
protein coding
b - _ a— =
HADH-214 > HADH-210
processed transcript protein coding

I i i ¥ t i L |
HADH-201 >

protein coding

- ~— ———— 1 —1

Figure 157 Location, structure and transcript variants of the HADH gene.A) HADH is located on chromosome 4g22

26, as shown by the red bdX) Comparison of three protein coding transcript variantdADH. The encoded isoforms have

a length of 331HADH-209), 318 HADH-210) and 314 aaHADH-201). The bars represent the exons and the lines are the
intronic regions. The image was obtained from tBE@msembl browser hitps://www.ensembl.org/Homo_sapiens
/Gene/Summary?g=ENSG00000138796:;r=4:107989108B035175H
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1.3.3 The SCHAD proteinstructure
TheSCHAD protein has 814 aa with the first 12 aa constitutingp@gochondrial import sigal.

This signal directs the protein to the mitochondrial compartment, and is cleaved while the
protein istranslocated. The mature SCHAD prothias two domaist a NAD-binding, and a
C-terminal dimerization domain (Figur&.6). It has been shown that SCHAD forms
homodimers, which are essential for its stability. The dimerization of two SCHAD molecules
is mainly mediated by hydrophobic interactions betweenGHerminal domains of each

monome(35].

N m : NAD binding i : C-terminal domain C

112 314

Figure 1.6 7 Schematic organization of the domains of the SCHAD protein and coding exorSCHAD has a total length
of 314 amino acid residues. It has aeminal mitochondal signal peptide (MIS), a NADbinding domain and a-&rminal
dimerization domain. The protein is encoded by 8 exons frord&i2H gene, lackinggxon numbe?. Figure madéased on
gene ID 3033 and reference sequence NM_005327.4 in the NCBI datdiigsse//Nvww.ncbi.nlm.nih.gov/nuccore/
NM_005327.3. Source: Kelly Velasco.

The NterminalSCHADd o mai n c o Hki $tod dofl ea-ghaetstfrlammlead |
helices), while the @ er mi n al d o ma-hefical {Figure pl7)[3%) 86] iTHe ywo U

domains are connected by a short highly conservée@rliregion[35]. In the context of the

cafalytic activity of SCHAD in the FAO pathway, the binding of the substrate takes place at the
interface of the two domaing heactive site contains laighly conserved histidinglutamate

pair[35], where he catalytic mechanism includes deprotonation of the substrate by the histidine
residue, whib works as a catalytic base. Then, the glutamate residue neutralizes the positive
charge of the histidine. Presence of the NA&Bfactor greatly increaséhe affinity of the active

site for the fatty acid oxidation substr§s#].
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Figure 1.771 Tri -dimensional model of SCHAD.SCHAD consist of mitochondrial signal peptide (yellow), a NABinding

N-terminal domain (green) and at€minal dimerization domain (blue). ThetNe r mi n a | d o mbtb-fold, whilen t ai ns a
the Gt er mi nal d o ma-ielical. The FADrsubsirate birlds atetlhterface of the two domainhe image was

obtained with the program PyMOL using the SCHAD molecular model 3RQS from the Protein Data Bank (PDB)
(http://www.rcsb.org/structure/3RQ.S

1.3.4 SCHAD fundions

As alreadymentioned SCHAD is consideredo have two different roles: one in the FAO
pathway and the second in the regulation of insulin secrefitbapterl.3.1). A number of
studies suggeshat these two SCHAD functiormse independent offach eher [33, 38][34].

For instance, even though SCHAD is ubiquitously expressed in all cells, unlike the other FAO
enzymes it has very high expsem levels in the beta cells compared to the surrounding tissue
[39]. The function of SCHAD irthe FAO pathway will be briefly described below, while its

role in insulin egulation will be discussed inh@pter 1.3.5.

Fatty acids are a source of energy durimgtihg, in addition to beingraain source of energy

for the heart, skeletal muscle and kidng4@]. After being activated to acgloenzyme A (Co

A) in the cytosol, fatty acids are imported from the cytosol to the mitochondrial matrix by the
carnitine shuttle where the FAO takes place. FAO is a cyclic process consisting of four steps
(Figure1.8), where each cycle releases two carbon atoms in the form of-@oyfrom the

fatty acid that is degradeft0]. SCHAD catalyss the third of these steps, which is a
dehydrogenation of-Bydroxyacy}CoA esters to &KetoacytCoA, coupled to the reduction of
NAD™ to NADH [41]. In each step of theycle there are several overlapping chain length
specific enzymes; in the third step SCHAD is responsible for degrading fatty acids of short and

medium lengtl36].

20


http://www.rcsb.org/structure/3RQS

Acyl-CoA

Acyl-CoA FAD
dehydrogenase FADH
2

trans-2-Enoyl-CoA
Enoyl-CoA H,0
hydratase

3-Hydroxyacyl-CoA
3-Hydroxyacyl-CoA NAD*
dehydrogenase NADH* + H*

beta-Ketoacyl-CoA

CoASH

beta-Ketoacyl-CoA Acetyl-CoA
thiolase

Acyl-CoA (2 C Atoms Shorter)

Figure 1.87 SCHAD function in the FAO pathway. SCHAD catalyes thethird of fourenzymatic steps in the FAO, namely
dehydrogenation of-BydroxyacytCoA esters to &etoacy}CoA, coupled to reduction of NACio NADH.

1.3.5 Mechanism of insulin dysregulation
It has been proposed that under normal conditions, SCHAD regulates the secretion of insulin

through its interaction with GDH38, 42] GDH is, as described irChapterl1.2.22, a
mitochondrial enzyme that links the TCA cycle to thehydrogenation of themino acid
glutamate, and thereby links caltydrate and protein metabolig#8]. When bound to GDH,
SCHAD inhibits GDH activity (Figurd.9), which eventually will result in the downegulation
of insulin secretion from the beta cells. Thus, inactivating mutatioH®\[DH would lead to a

loss of tke inhibitory protein interaction and an uncontrolled secretion of inptdin

Notably, the activating mutations in the GBéhcoding gen&LUD1 also cause CHIChapter
1.2.2.9 [38]. CHI patients with mutations in eith&sLUD1 or HADH are responsive to
diazoxide treatmen29]. This is consistent with the fact that GDH lies upstrearthefKarp
channels in the pathway that triggers insulin secretion. Moreover, childreis @D CHI
experience protetinduced hypoglycaemi@d5], which might be explained by the role of

leucine as an allosteric acttea of GDH [46].
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However, the mechanism by which SCHAD regulates insulin secratidrthe downstream

events ar@ot completely understoott.was first suggestetthat the loss of inhibition on GDH

by SCHAD results in increasing oxidation rates of glutamatékoe t o g | uKGALr-Kk& e ( U
enters the TCA cycle, increasing the production of ATP, and as a result insulin is released
(Figure 1.9B [38]. However,some experimental evidence indicatbati specificallyin beta

cells- GDH favourgthe opposite direction of this reversible rgac(e.g. glutamate foration)

as a consequence of the beta BIDH/NAD * ratio [47]. The produced glutamate wouhlien

be taken up by insulin secreyogranules, which leads to amplification of insulin secretion
(Figure 19A) [48-50].

A ‘> NADH/NAD" ratio in B-cells

VELER U2 Amplification of
Glutamate —> byinsulin —> 2! .
Insulin secretion
granules

NAD*

NADH
e .—)’]‘ATP 3 Insulin
release

Figure 1.9 7 Proposed mechanisms of insulin dysregulation in SCHAD deficiencynder normal condiotns SCHAD
interacts with GDH and inhibits its enzymatic activil. GDH ¢ oKiG toglutanste, Which is taken up by the secretory
granules. The uptake of glutamate leads to amplification of the insudirc r et i o n . -KGl'degend$ @ntthe ratmff V]
NADH to NAD*. B) Loss of inhibition of SCHAD on GDH result angain of GDH activity, which increases the oxidation of

gl ut a m&Ge-KQkmterdthe TCA cycle, the production of ATP increases, and insulin is released.

In addition to the interaction with GDHhere is evidence 06CHAD could banvolved in a
large tissuespecific metablic super complex whereeveral metabolic pathwaysight
converge[44]. The complexmight involve several key regulatory enzymes from fatty acid
oxidation, ketogenesis, amino acid catabolism, ureagenesis and glycolysis. Thissshggyest
SCHAD might have additional oagizational, structural afm non-enzymatic roles, even
outside of the mitochondri{d4].
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1.4 Classification of pathogenic variations in human genes
On average, the human genome has a variation in base sequence every fed hasels.

Variants can occuboth in coding and nostoding areas. fe 1000 Genomes project

(http://www.internationalgenome.grchas estimated that an individual has 16QQ000

variants that change the amino acid sequence of proteins, and additionall2000@xonic
variants that have no effect. Approximately-500 variants per individual are associated with
inherited disorders, but most individuals will only be carriers of the disgdde

With the increasing use of whetgenome sequencing, variants are being discovered in the
human genome at a high rate. This leads to a high demand to determine the clinical significance
of a given variant. The American College of Medical Genetics ardofaics and the
Association for Molecular Pathology have made a joint consensus for standards and guidelines
for the interpretation of sequence variants. This includesdiév system of classificatioand

can be used on all Mendelian genes. In theagyr, criteria (evidence) of different strength

are combined to determine the pathogenicity class of a variant (T@pleé/ariants are then
classified from 15 with the following designations: (1) pathogenic, (2) likely pathogenic, (3)
uncertainsigniience, (4) | i kely benign, and (5) beni

90% certainty of a variant being either diseasasing or benigfb2].
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Table 1.2 - Criteria of different strength to determine pathogenicity.Criteria for benign to the left and pathogenic to the
right. LOF = lossof-function, MAF = minor allele frequency. Figure adapted fi&62].

Benign Pathogenic

Strong Supporting Supporting Strong Very Strong
Population data [ MAF is too high for Prevalence in affected

disorder or persons statistically

observation in controls increased over

inconsistent with contrals

disease penetrance
Computational Multiple lines of Multiple lines of Same amino acid Predicted null variant

and predictive
data

evidence suggest no
impact on gene / gene
product

Missense in gene
where only truncating
cause disease

Splice variant with
non predicted splice
impact

putational
evidence support a
deleterious effect on
the gene / gene
product

change as an
established
pathogenic variant

in a gene where LOF is
a known mechanism
of disease

Functional data @ Well-established Missense in gene with Well-established
functional studies low rate of benign functional studies
show no deleterious missense variants and shown a deleterious
effect pathogenic missenses effect

common

Segregation Non-segregation with Co-segregation with
disease disease in multiple Increased segregation

data affected family data

members

De novo data

De novo (paternity
and maternity
confirmed)

Allelic data

Other
databases

Other data

Observed in trans
with a dominant
variant

Observed in cis with a
pathogenic variant

Reputable source
without shared data =
benign

Found in case with an
alternate cause

Reputable source =
pathogenic

Patients phenotype or

family history highly
specific for gene
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1.4.1 Pathogenic variants 06CHAD

To date, there are 45 published patients with CHI caused by mutationsliA@tr¢gene. Table

1.3 contains a list of the patients. Aisted HADH mutations have an autosomal recessive

inheritance.Dominantly acting mutations of this gene have not been seen.

Table 1.3 7 Published patients with CHI causel by mutations in the HADH gene.The mutations are reported at the DNA
level for splice site and intronic mutations, while the resultifigcefonthe protein is reported for thos#eating the coding
regionsdirectly. NA = no information Table adapted frorf84].

Patient Gender Consanguinity Ethnicity Onset Mutation Reference
1 F No Indian 4 moths P258L [31]
2 M Yes Pakistani 3 days IVS4- [32]

3DELCAGGTC
3 F Yes Pakistani 1.5 hours IVS4- [32]

3DELCAGGTC
4 M Yes Pakistani 4 months IVS6-2A>G [53]
5 F No Caucasian 10 months D57G, Y226H [54]
6 F Yes Bangladeshi 4 months M188V [46]
7 M Yes Caucasian 2 months R236X [55]
8 M Yes Caucasian 8 months S196FEX3 [56]
9 F Yes Caucasian 6 months S196FfsX3 [56]
10 M NA Caucasian 14 months  S196FfsX3 [56]
11 M No Caucasian 7 months IVS2+1G>A [56]
12 M Yes Turkish 16 weeks K136E [57]
13 M Yes Turkish 16 weeks Q163X [57]
14 M Yes Turkish 2 weeks R236X [57]
15 M Yes Turkish 5 days R236X [57]
16 F No Turkish 1 week R236X [57]
17 M Yes Pakistani 2 days R236X [57]
18 F No Iranian 12 weeks R236X [57]
19 F No Iranian 1 day R236X [57]
20 M No Indian 26 weeks K95SfsX3, [57]

IVS6 + 39C>G
21 No Indian 2 days Exldeletion [57]
22 M No Indian 24 weeks Ex1deletion [57]
23 NA NA NA NA G34R [30]
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24 NA NA NA NA K95fs [30]
25 NA NA NA NA IVS8+39C>G [30]
26 F NA Chinese NA R10P, [58]
V30E
27 F No Indian 12 weeks 1184F [16]
28 F No Indian 16 weeks 1184F [16]
29 M Yes Saudi 16 weeks IVS2-1G>A [59]
30 F Yes Saudi 12 weeks IVS2-1G>A [59]
31 M Yes Saudi 16 weeks  IVS2-1G>A [59]
32 F No Turkish 4 weeks IVS2-1G>A [60]
33 M Yes Iranian 12 weeks IVS2-1G>A [61]
34 F Yes Iranian lyear IVS2-1G>A [61]
35 M Yes Iranian 1 day IVS2-1G>A [61]
36 F Yes Iranian 4 days IVS2-1G>A [61]
37 M Yes Iranian 12 weeks IVS2-1G>A [61]
38 M Yes Iranian 6 weeks IVS2-1G>A [61]
39 M Yes Iranian 30 weeks  IVS2-1G>A [61]
40 F Yes Iranian 1 day IVS2-1G>A [61]
41 M Yes Iranian 12 weeks IVS2-1G>A [61]
42 M Yes Iranian 12 weeks IVS2-1G>A [61]
43 M Yes Iranian 12 weeks IVS2-1G>A [61]
44 M No Caucasian NA G303S [62]
45 M No Indian 34 weeks T189fs [63]
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2. Aims of the study

The overall objective of this thesis was to functionally characterize different rare varitrés of
SCHAD protein to obtaira better understaimg of how this protein is involveth insulin

secretion.

The specific suaims of the project were:
1. To express four rar8CHAD variants, reported as pathogenic, intéaal and
mammaliarplasmidvectors
2. To evaluate the expressitavel, cellular localization, and enzymatic adtyvof the
aforementioned four variants in vitro
3. To comparehe protein stability of a series of rare SCHAD variants in human cells
4. To assess the eraction betweem series of rare SCHAD variants and glutamate
dehydrogenase
5. Based on the ress|to make a formal classification of the degrof pathogenicity

for SCHAD variants present in human populations
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3. Materials

Table 3.17 DNA techniques

Material

Catalogue number

Supplier

1 kb DNA Ladder N3232S New England BLabs

100 bp DNA Ladder N3231S New England BioLabs

2-propanol 19516-500ML SigmaAldrich

Ampicillin sodium salt A95185G SigmaAldrich

BL21 (DE3) competent E.coli cells C2527I New England Biolabs

CutSmart™ buffer B7204S New England BioLabs

D-(+)-Glucose powder G7021 SigmaAldrich

EcoRI-HF™ R3101S New England BioLabs

Ethidium Bromide (10 mg/ml) 161-0433 Life Technologies

Gel Loading Dye Blue (6x) B7021S New England BioLabs

HisSpeed Plasmid midi kit 12643 Qiagen

ImMedia™ Amp Agar 450034 Invitrogen

ImMedia™ Kan Agar 450043 Invitrogen

Kanamycin Sulfate (100x) 15160054 Life Technologies

LB broth (Lennox) growth medium L7275500TAB SigmaAldrich

NuSievé™ GTG™ Agarose 50084 Lonza

SOC Outgrowth medium B9020S New England Biolabs

TBE Buffer (10X) A3945 PanReac AppliChem

XL 10-Gold Ultracompetent cells 2005164 Agilent Technologies
Table 3.271 Plasmids

Plasmid Description Supplier

pcDNA3.1 Empty vector Invitrogen

pcDNA3.1- SCHAD-V5
pET-MBP-SCHAD

Plu-CMV -wt-hGDH-mCherry

SCHAD-V5
MBP-SCHAD

HumanGDH

Made by group

Gift from Thomas Arnesen,

University of Bergen

Gift from Chonghong Li,

University of Pennsylvania
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Table 3.371 Cell lines.

Cell line Description Catalogue number Supplier

HEK293 Human embryonic kidney cells 632180 Clontech
HEK293 SCHAD Human embryonic kidney cells - Knock out dondy
KO with SCHAD knock out Johannd.udeke

(unpubl. data)

Table 3471 Reagents for cell culturingand transfection.

Material Catalogue number Supplier
Countes8” cell counthg chamber slides C10283 Invitrogen
Dimethyl sulfoxide (DMSO) D26505X5ML SigmaAldrich
Dul beccods Modified Ea 41966029 Gibco

Dul beccods Phosphate B D8537 SigmaAldrich
Fetal Bovine Serum (FBS) 10270106 Gibco
OPTFMEM® | (1X) 31985062 Life Technologies
Penicillin-Streptomycin (PenStrep) P4458 SigmaAldrich
Trypan Blue stain 0.4% T10282 Invitrogen
TrypsinEDTA solution T3924 SigmaAldrich
HEPES H227525G Sigma Aldrich
CaCb 4429091KG Sigma Aldrich
Lipofectamire 2000 Transfection reagent 11668019 Invitrogen

Table 357 Antibodies.

Antibody Catalogue number Supplier Dilution Classification
Anti-b-Tubulin (rabbit) Ab6046 Abcam 1:30000 Primary
Anti-GLUD1 (rabbit) Ab166618 Abcam 1:1000 Primary
Anti-Mouse(goat) 626520 Invitrogen 1:5000 Secondary
Anti-Mouse Alexa Fluor 488&joat) Ab150113 Abcam 1:2000 Secondary
Anti-Rabbit(goat) 656120 Invitrogen 1:5000 Secondary
Anti-V5 (mouse) R96025 Invitrogen 1:15000 Primary
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Table 3.61 Site directed mutagenesis.

Material Catalogue number Supplier

Dpnt (10 U/ egl) 20051852 Agilent Technologies

QuickChange Il XL SiteDirected 2005225 Agilent Technologies
Mutagenesis Kit

QuickChange XL dNTP Mix 20051652 Agilent Technologies

TE buffer (pH 8) Am9849 Ambicon

Table3.77 SangerSequencing.

Material Catalogue number Supplier
BigDye CTerminator® Purification kit 4376486 Thermo Fischer
BigDye® Terminator v1.1 Cycle 4337450 Thermo Fischer

Sequencing Kit

Table 3.8 Primers used for PCR anplification and Sanger Sequencing.

Primer Direction Sequence (56 to 308)

G34A Forward CAGCCCGCCGCGGATGACCGTCA

G34A_as Reverse TGACGGTCATCCGCGGCGGGCTG

HADH seq 3 Forward CAGACAAGACCGATTCGCT

HADH seq 6 Reverse CGATGACCGTCACGTGCTT

HADH seq 8 Forward GAGAAGACCCTGAGCACCAT

HADH seq10 Reverse GGATGTCCTCTGTCTGGTCT

HADH seqll Reverse CCAGGAGGCGGTTCACAATA

HADH-V5 Forward AGGCTGTATGAACGAGGTGA

HADH-V5 Reverse GGAGAGGGTTAGGGATAGGC

1184F Forward CTGGTCATTGGTGTTTTAAAGACCTCCACAAGTTTCATG
1184F_as Reverse CATGAAACTTGTGGAGGTCTTTAAAACACCAATGACCAG
K136E Forward TATGTTCAGCAGCAAACTCGTCCAGCCTTTTGAAGAG
K136E_as Reverse CTCTTCAAAAGGCTGGACGAGTTTGCTGCTGAACATA
M188V Forward CTTCTGGCTGGTCACTGGTGTTTTAATGACCTCC
M188V_as Reverse GGAGGTCATTAAAACACCAGTGACCAGCCAGAAG
pcDNA_HADHp_FwW Forward GCACCAAAATCAACGGGACT

pcDNA_HADHpl_RV Reverse TTGTCTTCCCAATCCTCCCC

p-actin Forward CTGGGACGACATGGAGAAAA

p-actin Reverse AAGGAAGGCTGGAAGAGTGC
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Table 397 Cell lysis, SDSPAGE and Western Bloting.

Material Catalogue number Supplier

Blotting-Grade Blocker nonfat dry milk 170-6404 Bio-Rad

cOmplete Tablets, Mini EASYpack 04693124001 SigmaAldrich

ECL Select" Western Blotting Detection Reagent ~ RPN2235 GE Healthcare

ECL™ Primer Western Blotting Detection Reagent RPN2232 GE Healthcare
Immun-Blot® PVDF Membranes for Protein Blotting 1620177 Bio-Rad

Methanol A456-212 Thermo Fisher Scientific
NuPAGE® Antioxidant NP0005 Thermo Fisher Scientific
NuPAGE® LDS Sample Buffer (4x) NPO0007 Thermo Fisher Scientific
NuPAGE® MOPS SDS Running Efar (20x) NP0001 Thermo Fisher Scientific
NuPAGE® Reducing Agent (10x) NP0009 Thermo Fisher Scientific
NuPAGE® Transfer Buffer (20x) NP0O0061 Thermo Fisher Scientific
NuPAGE™ 10% BisTris Gel 1.0 mm x 10 well NP0301BOX Thermo Fisher Scientific
NuPAGE™ 10% BisTris Gel 1.0 mm x 15 well NP0303BOX Thermo Fisher Scientific
Phosphate Buffer saline (PBS) Tablets 18912014 Life Technologies
Pierce® RIPA Buffer, 100 ml 89900 Thermo Scientific
Piercé™ BCA Protein Assay Kit 23227 Thermo Scientific
Precision Plus ProteinTM Standards All Blue 161-0373 Bio-Rad

RestoréM PLUS Western Blot Stripping Buffer 46430 Thermo Scientific
SimplyBlue™ Safestain LC6065 Life Technologies
Tween ® P5927 Sigma Aldrich

Western Blotting Filter Paper, 7cm x 8.4cm 84783 Thermo Scientific
XCell SureletkEaMdniXCel EIO002 Thermo Fisher Scientific

Module

Table 3.107 Immunofluorescence.

Material Catalogue number Supplier

Bovine Serum Albumir{BSA) A7030-:50G Sigma Aldrich
Cover slipg18 mm) 117580 Werderop Werd
Ethanolpure 20821 VWE
Formaldehyde solution 252549IL SigmaAldrich
Glycine 500521KG Fluka Analytical
MitoTracker® Red CMXRos M7512 Thermo Fisher Ib
Mounting glass 200908 Thermo Scientific
Poly-L-lysine P483250ml Sigma Aldrich
ProLong® Gold antifade reagent with DAPI P36935 Life Technologies
Triton™ X-100 T8787 Sigma Aldrich
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Table3.117 TNT assay.

Material Catalogue number Supplier
TNT® Quick Coupled Transcription/Translation L1170 Promaga
System
Table 3.121 Reverse Transcriptase PCR.
Material Catalogue number Supplier

dNTP Mixture

4030

High Capacity cDNA Reverse Transcription Kit 4374966
LA Tag® DNA Polymerase with GC Buffer RRO2AG

RNeasy® Mini Kit (250)

74106

TaKaRa Clonetech
Applied Biosystemg”
TaKaRa Clonetech

Qiagen

Table 3.131 Protein purification and enzymatic assay

Material Catalogue number Supplier

AcetoacetylCoA Al16255MG Sigma Aldrich

DTT 4381610ML Sigma Aldrich

Glycerol G20251L Sigma Aldrich

HiLoad 16/60 Suprelex 200 prep grade 28989335 GE Healthcare Life Sciences
HisTrapHP 17-524801 GE Healthcare Life Sciences
Imidazole AC122020020 ACROS Organics

IPTG 16758 Sigma Aldrich

KHPOy 105101 Merck

KHPOy 104873 Merck

MES hydrate M5287-250G Sigma Aldrich

NaCl 7935662.5KG Sigma Aldrich

NADH N1161-10V Sigma Aldrich

NaHPO, 71507 Sigma Aldrich

NaOH 0402 J.T. Baker

Peptone 70172500G Fluka Analytical

Protease inhibitors cOmplete, EDTA free 11873580001 Roche

Yeast extract 103753 Merck
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Table 314 - Cycloheximide chase assay

Material Catalogue number Supplier

Cycloheximide C4859 (1 ml) Sigma Aldrich
Table 315 - Co-immunoprecipitation assay.

Material Catalogue number Supplier

Pierce® Celmmunoprecpitation Kit

261

49

Thermo Scientific

Table3.161 Buffers and solutions.

Buffers and solutions

Use

Composition

10% Transfer buffer

2x HBS buffer, pH 7

Blocking buffer

Elution buffer

Enzymatic assay buffer

Gel filtration buffer

Lysis buffer

PBSTween (0.1%)

Permeabilization buffer

Washing buffer

Potassium phosphate
buffer

Western Blotting

Transfection

Immunofluorescence

Protein purification

Enzymatic assays

Protein purification

Protein purification

Immunofluorescence,
Western Blating
Immunofluorescence

Protein purification

Enzymatic assay

50 mL NUPAGE® MOPS transfer buffer (20x), 1
ml NUPAGE® Antioxidant, 100 ml methanol, 849
ml deionized water

50 mM HEPES, 280 mM NaCl, 1.5 mM pHPQy,
dissolved in Mq HO, pH 7

5 ml 4% BSA solution, 4.5 ml 100 mg/ml glycine
solution, 10.5 ml PBSween

50 mM NaHPQ;, 300 mM NaCl, 250 mM
Imidazole, 10% glycerol, 0.1 mM DTT, dd@& to
total volume 80 ml, pH 7.9

0.1 M potassium phosphate buffer pH 7.0, 0.1 m
DTT, 0.3 BSApPA 50
0.15 mM NADH

50 mM NahPQ4, 150 mM NacCl, 10% glycerol,0.1
mM DTT, ddH2O0 to total volume of 500 ml, pH
7.9

50 mM NakPQs, 500 mM NacCl, 10 mM
Imidazole, 10% glycerol, 0.1 mM DTT, dd@ to

mg / ml

total volume 100 ml, pH 7.9
PBS tablets and 10% Tween dissolved in mgH2(

0.4 ml 10% TritorX-100, PBS to 20 ml

50 mM NaHPQ;, 300 mM NacCl, 20 mM
Imidazole, 10% glycerol, 0.1 mM DTT, ddé to
total volume 150 ml, pH 7.9

15.38 ml kHPQ;, 7.7 ml KPQy, adjust to pH 7.0
with NaOH, ddHO to total volume 250 mL
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Table 3.17 - Technical equipment

Instrument

Manufacturer

Applied Biosystems 3500xGenetic Analyzer
BioTekE ELx808E Absorbance

Countes8' Automated Cell Counter
Eclipse E800 Microscope

GBOX | Chemi XR5

GeneAmp® PCR System 2700
GeneFlash ABI 3500xl

Leica Confocal SP5

MBA 2000 UV/VIS Spectrphotometer
NanoDrop ND1000 Spectrophotometer

Thermo Fischer
Fischer Sientific
Invitrogen

Nikon

Syngene

Applied Biosystems
Syngene

Leica Microsystems
Perkin Elmer

Thermo Fischer Scientific

UV-visible Spectroscopy System 8453 Agilent
Table 3.18 - Analytical Software.
Software Supplier
Alamut® Visual Interactive Biosoftware
GIMP 2 (GNU Image Maipulation Program) GIMP
Image StudidV Lite LI-COR®
InkScape 0.92.2 InkScape

Leica Application Suite X (LAS X)
PyMOL
QuickChange Primer Design

SnapGene Viewer

Leica Microsystems
Schrédinger
Agilent

SnapGene
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4. Methods

4.1 Construction of four new SCHAD variants
4.1.1 Primer design
Primers needed for the construction of four new SCHAD variants (Bablevere designed

using the weklbased QuickChange Primer Design Program from Agilent
(https://www.genomics.agilent.com/prinEsignProgram.jsp). Primers werestikved in TE

buffer to a 100 &M ®rmcCentration and stored

Table 4.17 Sequences of primers used to construct the four SCHAD variants G34R, K136E, 11844F and M188V

Primer Sequenc2d) 506 to
G34R CAGCCCGCCGCGGATGACCGTCA
G34R_as TGACGGTCATCCGCGGCGGGCTG
K136E TATGTTCAGCAGCAAACTCGTCCAGCCTTTTGAAGAG
K136E_as CTCTTCAAAAGGCTGGACGAGTTTGCTGCTGAACATA
1184F CTGGTCATTGGTGTTTTAAAGACCTCCACAAGTTTCATG
I1184F as CATGAAACTTGTGGAGGTCTTTAAAACACCAATGACCAG
M188V CTTCTGGCTGGTCACTGGTGTTTTAATGACCTCC
M188V GGAGGTCATTAAAACACCAGTGACCAGCCAGAAG

4.1.2 Sitedirected mutagenesis
The four missense mutations were introdd in the mammaliapcDNA3.1-SCHAD-V5

(Figure4.1A) and the bacterial pEMBP-SCHAD (Figure4.1B) expression vectors by the use
of the QuickChange II XL Sit®irected Mutagenesis Kit from Agilent Technologies.

Figure 411 Plasmid maps.A) pcDNA3.1-SCHAD-V5. B) pET-MBP-SCHAD.
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