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Populärvetenskaplig sammanfattning 
 

I mitokondriens yttre membran finns en sorts proteiner som kallas C-tail anchored (C-TA) 
protein. De består av en funktionell domän i N-terminalen med orientering mot cytoplasman. 
Detta följs av ett mellansegment som spänner över membranet en gång. Slutligen i N-
terminalen finns en kort basisk och hydrofil sekvens med orientering in mot utrymmet mellan 
mitokondriens yttre och inre membran. Ett av C-TA proteinerna är Fission protein 1 (FIS1). 
FIS1 är känd som en viktig faktor i den mitokondriella delningen (fissionsprocessen) i jäst. 
Mammalieceller har även en FIS1 homolog som tros fungera som receptor för Dynamin-like 
Protein 1 (DLP1), vilket också är en viktig faktor vid den mitokondriella fissionsreaktionen. 
Nyligen har forskare visat att FIS1 finns i mitokondrier samt peroxisomer (fission respektive 
fragmentering). 
 
Syftet med detta projekt var att analysera hur FIS1 importeras och mer specifikt vilka delar av 
proteinet som är av vikt för att det hamnar på rätt plats (lokalisering). Examensarbetet 
innehåller även en undersökning av importen av FIS1 till peroxisomer. 
 
Experimenten visade att FIS1 framförallt påvisades i mitokondrierna. De sista fem 
aminosyrorna vid C-terminalen förefaller vara av stor vikt för korrekt lokalisering av proteinet. 
Upplösningen var för låg under dessa experiment för att kunna påvisa peroxisomal lokalisering 
av FIS1. Därför kan tidigare forskningsresultat om FIS1 i peroxisomer varken bekräftas eller 
förkastas. Mitokondriell import förefaller inte behöva några hjälparproteiner, emedan den 
peroxisomala importen av FIS1 verkar var mer komplex. 
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Abbreviations 
 
ATP Adenosine 5'-triphosphate 
C-TA C-Tail anchored 
DNA Deoxyribonucleic acid 
DLP Dynamin-like Protein 
DMEM Dulbecco’s Modified Eagle’s Medium 
DMSO Dimethyl Sulfoxide 
DTT Dithiothreitol 
EDTA Ethylenediaminetetraacetic acid 
ER Endoplasmic Reticulum 
FIS Fission Protein 
FLAG FLAG octapeptide (protein tag) 
GFP Green Fluorescent Protein 
HA Hyaluronic Acid 
IMS Intermembrane space (Mitochondrion) 
IPTG Isopropyl β-D-1-thiogalactopyranoside 
LB Luria Bertani 
mAb Monoclonal Antibody 
MOM Mitochondrial Outer Membrane 
Mw Molecular weight 
NAC Nascent Polypeptide-associated complex 
PCR Polymerase Chain Reaction 
PEX Peroxin (Peroxisomal Biogenesis factor) 
PMP Peroxisomal Membrane Protein 
PTS Peroxisomal Targeting Signal 
RNA Ribonucleic acid 
RNAi RNA interference 
SDS-PAGE Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis
SRP Signal Recognition Particle 
TEPES N,N,N’,N’-Tetramethylethylenediamine 
TIM Translocase of inner membrane (Mitochondrion) 
TMD Transmembrane Domain 
TMS Transmembrane Segment 
TOM Translocase of outer membrane (Mitochondrion) 
Wt Wildtype
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1. Introduction 
 
1.1 Mitochondrion 
Mitochondria are organelles common to many eukaryotic cells. Oxidative phosphorylation 
occurs here where organic materials are turned into energy (ATP). Present theory indicates that 
mitochondria are related to the Rickettsia bacteria. This endosymbiotic theory is largely based on 
the presence of ribosomes and DNA in mitochondria (Campbell & Reece, 2002). 
 
The mitchondria have two membranes (outer and inner) and five compartments: the outer 
membrane, the intermembrane space, the inner membrane, the cristae space (foldings of the inner 
membrane, increasing the total area) and the matrix. The outer membrane resembles a eukaryotic 
plasma membrane with several porins (integral proteins). The porins can let proteins of size 
5kDa through. Larger proteins need active transport to be imported (Campbell & Reece, 2002; 
Lodish et al., 2004). 
 
The inner membrane harbors the respiratory chain - essential for the synthesis of ATP. It also has 
proteins regulating metabolite transport and protein import. This membrane is devoid of porins, 
thus most ions and molecules need transporters to move across. The folds of the inner membrane 
(cristae) increase the surface of the inner membrane per unit volume, making it possible to 
generate more ATP (Campbell & Reece, 2002). 
 
Enclosed by the inner mitochondrion membrane is the matrix, harboring the mitchondrial 
genome. Mitochondria have the machinery to produce their own proteins and RNAs. Most 
polypeptides however are encoded by nuclear genes of the host cell. As an energy generator this 
organelle plays an important role in the regulation of apoptosis (Campbell & Reece, 2002; 
Lodish et al., 2004). 
 
Legakis & Terlecky (2001) described how import factors found in the cytosol bring the pre-
proteins (from nucleus DNA) to the surface of the mitochondria. The protein is shuttled to the 
correct location by the translocase system of the outer and inner membrane (TOM and TIM 
respectively). One cytosolic chaperone is hsc70 which, by usage of ATP, keeps the pre-protein in 
an import competent form. Further factors are pre-sequence binding factor (PBF) which probably 
assists in maintaining the newly synthesized proteins unfolded. The mitochondrial import 
stimulation factor (MSF) also helps guiding pre-proteins to the mitochondrial receptor with the 
use of ATP. Some research also points to a factor known as nascent polypeptide-associated 
complex (NAC) which prevents interactions between pre-proteins not destined for the secretory 
pathway and the signal recognition particle (SRP).  
 
1.2 Peroxisome 
Peroxisomes are organelles, common in eukaryotic species. The most important function is 
detoxification. Among other things alcohol is turned into acetaldehyde, hydrogen peroxide 
(H2O2) converted to H2O with the use of catalase and fatty acids broken down through β-
oxidation. The internal part is separated from the cytosol by one single membrane. The 
peroxisome contains many important factors for importing proteins and proliferation. These 
organelles are self-replicating (growth and division). There is also some more recent evidence 
that peroxisomes can be created de novo (Lodish et al., 2004). 
 
The origin of the peroxisome is still a debated issue. The machinery for protein import and 
biogenesis is similar for most species and indicates a common evolutionary origin. Since these 
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organelles divide and posttranslationally import proteins an endosymbiotic theory might be 
plausible. However researchers have also seen that peroxisomes can be formed from the 
Endoplasmic Reticulum (ER) (Lodish et al., 2004). 
 
Peroxisomes contain no DNA or ribosomes, thus they must import all of their proteins. The 
theory is that most peroxisomal proteins never pass through the ER. Two main peroxisomal 
targeting signals (PTS) exist. One form is three amino acids in the C-terminal end of the protein 
(PTS1). Others have a cleavable signal in the N-terminal end (PTS2) (Fang et al. 2004; Lodish et 
al., 2004). 
 
1.3 Mitochondrial import 
Mihara (2001) and Setoguchi et al. (2006) in their studies, talk about the fact that most of the 
mitochondrial proteins are encoded in the nucleus of the cell. They are translated by cytoplasmic 
ribosomes into pre-proteins and posttranslationally imported into the mitochondria. Depending 
on the final destination of the pre-proteins the proteins have different targeting sequences. 
Proteins destined for the matrix, inner membrane and the intermembrane space (IMS) often 
contain an N-terminal targeting sequence, cleaved off upon entrance to the mitochondria by 
peptidase. Pre-proteins destined for the outer membrane (MOM), inner membrane proteins and 
part of the IMS proteins have an internal noncleavable targeting sequence. The pre-protein 
translocation machinery of the mitochondrial outer membrane (TOM complex) is today 
considered to be the import channel for almost all mitochondrial pre-proteins synthesized in the 
cytosol. 
 
The MOM proteins are grouped based on their structure and membrane topology. One consists 
of N-tail anchored (N-TA) proteins that bind the outer mitochondrial membrane through a α-
helical hydrophobic transmembrane segment (TMS). Another kind of MOM proteins are the C-
tail anchored (C-TA) proteins which consist of an N-terminal functional domain exposed to the 
cytoplasm, a transmembrane segment (that spans the membrane once 4) and a short basic 
hydrophilic sequence exposed to the IMS (Mihara 2001; Borgese et al. 2003a; Setoguchi et al. 
2006).  
 
1.4 Topogenesis of C-TA proteins 
Most post-translationally translocated proteins are imported through the Sec61 translocon, 
without the SRP system (Lodish et al., 2004). According to Borgese et al. (2003b) C-TA proteins 
resemble type II membrane proteins but integration occurs posttranslationally since the C-
terminal signal sequence remains hidden until completed translation For ER these facts indicated 
sec61 translocon independent insertion of C-tail anchored, however present research 
demonstrates a possibly different import mechanism. The N-terminal of C-TA proteins is 
hydrophilic and thus not likely to interact with the signal recognition particle used to guide 
nascent proteins to the sec61 complex3,4,8. The belief is that, normally, TA proteins (except those 
targeted to the MOM or peroxisomes) insert into the ER and are further transported by vesicular 
transport4. The ER can import TA proteins with various lengths of TMS followed by C-terminal 
regions of varying size and charge. The prerequisites of MOM targeted proteins are strict and 
any alternation heightens the likelihood of redirection to the ER. Localization seems to depend 
on both the TMS length and the charges surrounding the tail segment4,8. Research further 
suggests that targeting to the MOM or the ER is a competitive process. Regulation through 
cytosolic transporter or posttranslational modifications might decide the final localization. 
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Proteins belonging to the C-TA group of proteins are OMP25, FIS1, small TOM proteins and 
proteins participating in apoptosis regulation like BAK, BCL-XL and MCL-1. This group of 
proteins shows diverse functionalities, however membrane components and cytosolic factors that 
influence or participate in the regulation of targeting have for long remained elusive. The search 
for assays, sensitive and specific enough, is still a subject of high interest (Setoguchi et al. 2006). 
 
The transmembrane segment is often slightly hydrophobic with flanking regions of charged basic 
residues. This functions as the targeting signal for both N-tail and C-tail anchored proteins. The 
TOM complex plays a key role in targeting and integration, regarding the major part of these 
proteins (Setoguchi et al. 2006). 
 
Mihara (2001) and Setoguchi et al. (2006) have shown that the before mentioned proteins BAK, 
BCL-XL and OMP25 have been shown to participate in an import route, independent of the 
TOM complex, which recognizes the MOM-targeting signal. There appears to be no helping 
factors in the cytoplasm. These findings raised the question whether the TOM complex really is 
the major channel of import for C-TA proteins. Further the question also remains whether C-TA 
proteins interact with a surface receptor or directly integrate into the MOM. The recognition of 
the targeting signals could depend on different lipid compositions. Experiments performed with 
the peroxisomal C-TA protein PEX26 showed that in the presence of the chaperone protein 
PEX19 mainly peroxisomal import occurred. Interestingly, when PEX26 was overexpressed, the 
protein mistargeted to mitochondria. When the levels of PEX19 were increased, the import into 
the peroxisomes was restored, indicating that mitochondria might be the default destination for 
peroxisomal proteins. The targeting signal might work as a guiding system to direct proteins to 
the MOM when cytoplasmic targeting factors are absent. Along with this research Borgese et al 
(2003b) have also shown that C-TA proteins contain all the information needed for correct 
localization in the C-terminal anchor region. Halbach et al. (2006) further add that a few 
modifications in the C-terminal domain can alter the subcellular localization.  
 
Borgese et al. (2003a,b) bring forth that many different possibilities still exist for the insertion 
mechanism of C-tail anchored proteins to membranes. Research has so far failed to prove sec61 
translocon import dependence, however the sec61 protein is multifunctional and insertion could 
occur through a novel mechanism. The sec61 translocon participates in riddance (retrograde 
transport) of small misfolded proteins from the ER lumen to the cytosol where degradation 
occurs through ubiquitylation subsequently followed by proteasomal degradation. These proteins 
are very dissimilar to the proteins normally handled by the sec61 machinery, with lost signal 
peptide sequence, modifications and folds. Thus all the functions of this translocon have yet to 
be elucidated. 
 
Borgese et al. (2003a,b) put forth a hypothesis about dependence of membrane lipid composition. 
Since C-tail anchored proteins targets specific membranes (e.g. MOM and ER) helper proteins 
might be involved. The integration might occur spontaneously since the C-terminus and the 
TMD part of these proteins harbour this ability. The net charge speaks against it, however it is 
not inconceivable. TA proteins might be primitive proteins from which the translocation 
machinery might have evolved. Supporting this theory is the fact that the translocation 
machineries of ER, mitochondria and peroxisomes contain some subunit from the tail anchored 
proteins. 
 
Borgese et al. (2003a) also talk about the ER membrane and the phenomenon that phospholipids 
can be transported across the bilayer. Newly synthesized lipids can move from the cytoplasmic 
side to the opposite. This movement is bidirectional and ATP dependent. If there are specific 
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flippases for this mechanism, without specificity for polar head groups, they might be able to flip 
the polar residues of the C-terminal of TA proteins as well. These reactions might even be 
coupled. However in that case, the current view on TA proteins does not support the 
bidirectional movement of lipids. An alternation between hairpin and transmembrane 
conformation is needed for this scenario. 
 
The final popular view is that mechanisms of translocation are still not fully explored. The 
insertion might occur through a totally new mechanism and even a new channel. Recent findings 
of novel membrane translocation channels have been made for mitochondria, chloroplasts and 
bacteria (Borgese et al. 2003a). 
 
1.5 Organelle fission 
Koch et al. (2005) brings up the role of FIS1 in mitochondrial and peroxisomal fission. 
Peroxisomes are important organelles, as mentioned before, participating in many important 
anabolic and catabolic functions and reactions, among them lipid metabolism. Peroxisomes are 
sensitive to their environment regarding nutritional and other environmental circumstances, 
proliferating or being degraded in response to these factors. Peroxisomes are believed to 
proliferate by uptake of proteins from the cytosol and multiplication through division. There are 
many proteins controlling the biogenesis of peroxisomes, however the regulators of proliferation 
are more uncommon. PEX11 is one of the peroxisomal membrane proteins (PMPs) believed to 
participate in the regulation of size and numbers of peroxisomes. This factor induces peroxisome 
elongation and division, while the absence of it leads to reduction in peroxisome numbers. An 
important protein for peroxisome fission is the dynamin-like protein DLP1. Studies have been 
made demonstrating the first parts of division (elongation and constriction) can occur without 
DLP1 but not the actual fission. There are other important factors in this process, as 
overexpression of DLP1 does not enhance the peroxisomal fission rate. Studies have been made 
regarding interaction partners for DLP1 and one important factor is a protein known as Fission 
Protein 1 (FIS1). Recently DLP1 has been shown to participate both in the fission of 
peroxisomes and the fragmentation of mitochondria (one step of apoptosis), indicating a 
common fission machinery. 
 
1.6 FIS1 and fission 
According to Koch et al. (2005) FIS1 is a transmembrane protein of MOM, found in the group of 
C-tail anchored proteins. The protein consists of 155 amino acids, rendering a molecular weight 
of 17,7kDa and a pI of 9.8713. The N-terminal region is thought to be exposed to the cytosol, 
while the short five amino acid C-terminal tail is exposed to the IMS. Recently FIS1 has been 
shown to localize both to mitochondria and peroxisomes (fission and fragmentation respectively). 
Based on the fact that peroxisomes and mitochondria seem to have the same fission system it is 
reasonable to argue that FIS1 might have similar function in both of these organelles. 
Experiments have demonstrated that the last 26 amino acids (transmembrane domain and C-tail 
segment) were sufficient for proper localization. Two crucial residues are lysines in positions 
149 and 151. Mutation of these basic residues perturbs targeting. Interestingly enough this scarce 
information is recognized by both peroxisomes and mitochondria. The mechanism of import and 
targeting distinction remain to be elucidated. The current hypothesis is the dependence on 
different import mechanisms rather than the information found in the FIS1 sequence. Alterations 
made to the N-terminal have no negative effect on the membrane targeting; however the fission 
or fragmentation process is affected. RNAi experiments have shown that the depletion of FIS1 
reduces peroxisomal fission, which induced DLP1 expression can not restore. The other way 
around, a DLP1 mutant blocking fission, reduced the peroxisomal division promoted by 
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overexpression of FIS1. These results indicate that FIS1 and DLP1 interact with each other in 
peroxisomal fission. FIS1 in human seem to have an additional effect in enhancing elongation of 
peroxisomes upon overexpression, independent of the expression of DLP1. 
 
1.7 Peroxisomal import, PEX19 and PEX3 
Much effort has been made to dissect the import mechanisms of peroxisomal targeting signal 1 
(PTS1), present in the major part of peroxisomal matrix proteins. The second signal PTS2 (9 
amino acids at the amino terminal) remains not well understood. Import (of all peroxisomal 
proteins) occurs posttranslationally from the cytosol to the lumen of the peroxisome1,5. The 
import of PTS2 proteins are however as essential as PTS1 proteins. The lack of PTS1 protein 
import ability leads to Zellweger syndrome a congenital disorder, with low counts of 
peroxisomes in liver, kidneys and brain. Lack of PTS2 results in the rhizomelic form of 
chondrodysplasia punctata (RCDP), a severe inherited disease. The disease often leads to bone 
and cartilage abnormalities (Legakis & Terlecky 2001). 
 
PTS proteins are recognized by soluble receptor molecules. These are PEX5 for PTS1 proteins 
and PEX7 for PTS2. The first mentioned form has direct interaction while more research is 
needed regarding the latter, in order to elucidate whether more components are essential for this 
interaction. PEX7 interacts with PEX5L (37aa insert present) and dock (similar to PEX5) to 
membrane protein PEX14 and unloads its cargo (Legakis & Terlecky 2001; Fang et al. 2004). 
 
Pinto et al (2006) talk about the machinery sorting the different peroxisomal proteins. This 
machinery consists of about 20 so-called peroxins. Most of these are involved in peroxisomal 
matrix import. Mutation in these genes leads to retention of peroxisomal matrix proteins in the 
cytosol. Mutants of this kind, however contains peroxisomal ghosts – remnants of the 
peroxisomal membrane. On the other hand, when mutations occur in PEX3, PEX16 or PEX19 
these ghosts disappears as well. This latter result indicates that these three proteins have an 
important function in peroxisomal membrane biogenesis. Research has so far focused on the first 
mentioned PEX3 and the latter PEX19. PEX19 is an acidic protein, localized to the cytosol and 
peroxisomes. 
 
PEX19 is built up by 342 amino acids, with a molecular weight of 38,7kDa and pI 4.08. PEX19 
harbors the ability to interact with most PMPs (http://db.yeastgenome.org). Pinto et al (2006) 
further mention that interaction occurs with the C-terminal part of the protein. PEX19 also 
interacts with PEX3 for which it has two binding domains. One with stronger affinity and can be 
found in the N-terminal end while the other domain is found in the PMP binding domain and has 
a weaker interaction with PEX3. PEX19 has the ability to bind nascent unfolded membrane 
proteins. Mistargeting of this factor to other compartments leads to subsequent sorting of PMPs 
to these localizations. In vitro experiments have shown that PEX19 interacts with nascent PMPs; 
however researchers have yet to find out whether interaction in vivo between PEX19 and PMP 
occurs freely in the cytosol or if PEX19 functions as peroxisomal membrane bound chaperone. 
Experiments point to the fact that the interaction between PMP and PEX19 needs to occur during 
the translation stage to avoid precipitation of the hydrophobic PMPs, rendering a non-import 
potent formation. It has further been shown that mutation of the first 30aa of PEX19 results in 
normal binding of PMP; however block in import caused by disability to bind PEX3.  
 
A study performed by Jones et al. (2004) has shown that PEX19 increase the half-life of newly 
synthesized PMPs and that the levels of integral PMPs are more abundant in cells where 
expression of this factor occurs. This protein is predominantly cytosolic and important for 
peroxisome biogenesis. The PEX19 bound many investigated PMP signal sequences of proteins 
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with different functions. Further it could control the subcellular localization of these proteins in 
vivo. The experiments further showed an importance of charge and hydrophobic residues in the 
transmembrane region for PEX19 binding. This indicates that PEX19 masks the hydrophobic 
transmembrane domain when PMPs move through the cytoplasm to the peroxisome membrane. 
RNAi experiments showed that silencing of PEX19 expression significantly reduced the 
numbers of peroxisomes present in fibroblast cells. The import of PMP protein was reduced 
while matrix protein was imported as before, in a majority of the cells (76%). This is both due to 
destabilization and also prevention of proper PMP targeting. The experiment also showed that 
PEX3 PMP (central factor for peroxisomal biogenesis) was not affected by the levels of PEX19, 
nor bound by this factor, which indicates the presence of at least two classes of PMP targeting 
signals. One of these pathways is dependent on PEX19 (class I PMP), while the other is 
independent on this factor (class II PMP). 
 
The class I PMP includes many proteins with diverse functions, like peroxisome division, matrix 
protein imports, membrane synthesis etc. The only discovered class II PMP (in yeast cells) is 
PEX3 which moves through the ER before redirection to the peroxisome. Researchers believe 
that PEX3 is the docking factor for PEX19 (Fang et al. 2004; Halbach et al. 2006). 
 
Fang et al. (2004) performed PEX3 RNAi experiments in human fibroblast cells which showed 
that no PEX19 was detected in cells where silencing occurred. Results also indicated that the 
NH2-terminal first 56aa is enough for docking PEX19 to peroxisome membranes while the rest 
of the 299aa protein is used to bind the class I PMPs. Interestingly the same short segment also 
binds PEX3. Cells lacking the PEX3 protein were shown to be unable to recruit PEX19 to the 
membranes. There is a conserved portion of 17aa vital for binding of PEX19 in human PEX3 (aa 
120-136).  The expression of PEX3 in heterologous organelles like mitochondria showed 
recruitment of PEX19. RNAi experiments of PEX3 also successfully showed that class I PMP 
import is significantly reduced upon silencing of this putative docking factor. PEX3 import 
might be autocatalyzing not requiring any other factor for the import. There is also some research 
that points to the fact that PEX3 might not be an integral protein although the biochemical 
properties are present.  
 
2. Purpose of the project 
 
The purpose of this project was to analyze the import mechanism of FIS1 and more in specific 
which parts of the proteins are important for the correct final localization. This has been done 
through different truncations of the protein. Further investigations were performed through 
alterations in charge, regarding the final five c-terminal amino acids of FIS1. Immunostaining 
experiments were performed to find out about the final localization. Co-expression experiments 
with PEX19 were also performed in order to see if the localization pattern shifted more towards 
the peroxisomal staining pattern. The peroxisomal localization mechanism was also investigated. 
Immunoprecipitation and semi-intact cell experiments were performed to see if import of FIS1 
into the peroxisomes is dependent on PEX19 and/or PEX3.  
 
3. Materials and methods 
 
3.1 Creation of constructs 
Construction of primers: The constructs used for this experiment were GFP full length GFP-
FIS1, GFP-FIS1 with truncated C-terminal segment (FIS1) and GFP-FIS1 with truncated N-
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terminal part (FIS1) (Figure 2). All constructs had FLAG tag and restriction site for AflII in the 
N-terminal and EcoRI in the C-terminal. Primers were constructed for these constructs (Table 1). 
 
Primers for charge mutants: Primers for changing the C-terminal segment sequence was 
constructed (Table 2). Six different constructs with different charge in the targeting region of the 
C-terminal were created. The primers were ordered from Hokkaido System Science (Japan). The 
primers were diluted in TE buffer pH8.0 (0.1mM TrisHCl pH8.0 and 1µM EDTA pH8.0 in 
dH2O) (Wako Pure Chem. Ind.) to a final concentration of 20pmol/µl. 
 
First PCR Run: Seven PCR runs were set up according to Table 3. Overhang was used to create 
chimera constructs of GFP and FIS1. The Takara Ex TaqTM kit was used for the PCR runs with a 
reaction volume of 50µl. Each tube contained 5µl 10xExTaq Buffer, 4µl dNTP Mix (Each 
2.5mM), 2.5µl Primer 1 (20pmol/µl), 2.5µl Primer 2 (20pmol/µl), 50ng Template DNA 
(50ng/µl), 0.5µl ExTaq Polymerase and 34.5µl dH2O. The PCR was run for 30 cycles with 94oC 
in 30s for denaturation, 55oC for 30s annealing and 72oC for 45s elongation. 
 
Table 1. Primers used for the DNA constructs used in experimentation (GFP 720bp; FIS1 459bp). Colour key: 
Black – FIS1, Blue – AflII recognition sequence, Green – GFP, Grey – Kozak sequence, Orange – FLAG-tag, Red – 
EcoRI recognition sequence. 
Primer 
Number 

Name of 
Primer 

Primer Sequence 

i Flag-GFP 
Fw 

5’-
CTTAAGGCCACCATGGACTACAAAGACGATGACGACAAG 
GTGAGCAAGGGCGAGGAGCTGTTCACC-3’ 

ii GFP 
Rv 

5’-GAATTCTTACTTGTACAGCTCGTCCAT-3’ 
 

iii GFP-FIS1 
Rv 

5’-
CACAGACAGCTCGTTCAGCACGGCCTCCTTGTACAGCTCGTC 
CATGCCGAG-3’ 

iv GFP- FIS1 
Fw 

5’-
ACTCTCGGCATGGACGAGCTGTACAAGGAGGCCGTGCTGAAC
GAGCTGGTG-3’ 
 

v FIS1-
EcoRI Rv 

5’-GAATTCTCAGGATTTGGACTTGGA-3’ 
 

vi GFP-
FIS1C Rv 

5’-
TTCCTTGGCCTGGTTGTTCTGGGGCTCCTTGTACAGCTCGTC 
CATGCCGAG-3’ 
 

vii GFP-
FIS1C Fw 

5’-ACTCTCGGCATGGACGAGCTGTACAAGGAGCCCCAGAAC 
AACCAGGCCAAG-3’ 

viii GFP-
FIS1ΔC 
Rv 

5’-GAATTCTCACACAGCAAGTCCGATGAG-3’ 
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Table 2. Primers used for the DNA constructs of charge mutants used in experimentation (GFP 720bp; FIS1 459bp). 
Colour key: Black – FIS1 end sequence, Blue – Mutation of Lysine into Aspartic acid, Green – Mutation of Lysine 
into Alanine, Pink - Mutation of Lysine into Arginine, Red – EcoRI recognition sequence.. 
Primer 
Charge 
(cf. Wt) 

Primer Sequence 

+3 RV 5’-GAATTCTCAGGATTTGGACTTGCGCACAGCAAGTCCGATGAGTCC-3’ 
 

+4 RV 5’-GAATTCTCAGGATTTGCGCTTGCGCACAGCAAGTCCGATGAGTCC-3’ 
 

+5 RV 5’-GAATTCTCAGCGTTTGCGCTTGCGCACAGCAAGTCCGATGAGTCC-3’ 
 

0 RV 5’-GAATTCTCAGGACGCGGACGCGGACACAGCAAGTCCGATGAGTCC-3’ 
 

-1 RV 5’-GAATTCTCAGGAGTCGGACGCGGACACAGCAAGTCCGATGAGTCC-3’ 
 

 
The DNA constructs obtained was evaluated using 1% agarose gel (150ml). The agarose was 
mixed with 1xTAE buffer (50xTAE: 242g Tris base, 37.2g Na2EDTA*(2H2O), 900ml dH2O, 
57.1ml Glacial acetic acid) (Wako Pure Chem. Ind.) and 10µl 10mg/ml Ethidium bromide 
(Wako Pure Chem. Ind.) added to the solution prior to casting. 6µl of each sample was added to 
the wells (each in duplicate) and the gel run for 20min at 100V. 
 
Table 3. First PCR run constructs 
Product 
Number 

DNA Product 
Name 

Primers used 
(cf. Table 1) 

DNA 
Template 

I Flag-GFP Primer i & ii GFP 
II Flag-GFP-FIS1 Primer i & iii GFP 
III GFP-FIS1 Primer iv & v FIS1 
IV Flag-GFP-FIS1C Primer i & vi  GFP 
V GFP- FIS1C Primer v & vii FIS1 
VI Flag-GFP-FIS1ΔC Primer i & iii GFP 
VII GFP- FIS1ΔC Primer iv & viii FIS1 

 
DNA extraction: The bands from the first PCR run were studied. The different constructs yielded 
single clear bands of expected sizes (not shown). The bands were excised and the DNA was 
extracted using Amersham Biosciences GFX PCR DNA and Gel Band Purification Kit (GE 
Healthcare Biosciences). 150µl of capture buffer was used and the DNA samples were collected 
in 7x30µl of TE buffer. 
 
Second PCR run: The constructs produced from the first PCR run were used for the final 
constructs (the constructs and primers used can be found in Table 4). The PCR run was made in 
four tubes for each construct with different annealing temperatures. The reaction volume was 
50µl containing: 5µl 10xExTaq Buffer, 4µl dNTP Mix (Each 2.5mM), 2.5µl Primer 1 
(20pmol/µl), 2.5µl Primer 2 (20pmol/µl), 2.5µl DMSO (100%), 1µl each of the two DNA 
templates (Table 4) 0.5µl ExTaq Polymerase and 31µl dH2O. PCR was run for 30 cycles with 
94oC in 30s for denaturation, 45-65oC for 30s annealing and 72oC for 45s elongation. The final 
constructs were investigated with 1% agarose gel electrophoresis. The DNA constructs with 
annealing temperature 65oC were eluted from the gel with the same procedure as the first elution. 
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Table 4. Final constructs prepared by the second PCR run. 
Product Number Product Name DNA Product used  

(cf. Table 3) 
Primers used 
(cf. Table 1) 

1 GFP-FIS1 DNA II & III Primer i & v 
2 GFP-FIS1C DNA IV & V Primer i & v 
3 GFP-FIS1ΔC DNA VI & VII Primer i & viii 

 
LB medium: LB Medium was prepared with 3.2g Bacto-tryptone (BD), 2g Yeast extract (BD), 
1g NaCl (Wako Pure Chem. Ind.) per 200ml dH2O. The mix was autoclaved for 20 minutes at 
121oC. The solution was added to 15ml test tubes in 4µl aliquots. 
 
LB plates: LB Medium was prepared with 2g Bacto-tryptone (BD), 1g Yeast extract (BD), 1g 
NaCl (Wako Pure Chem. Ind.), 3g Bacto Agar (BD) per 200ml MilliQ water. The mix was 
autoclaved for 20 minutes at 121oC. 200µl 50mg/ml Ampicillin (Wako Pure Chem. Ind.) per 
200ml LB medium was added and the solution put to 10cm plates. The plates were cooled down 
in room temperature (RT). 
 
Charge mutant PCR: Charge mutants (Figure 3) were constructed by using the GFP-FIS1C as 
template, the Flag-GFP Fw primer (primer I, cf. Table 1) and each of the charge mutant reverse 
primers respectively. The reaction volume was 50µl containing: 5µl 10xExTaq Buffer, 4µl dNTP 
Mix (Each 2.5mM), 2.5µl Primer 1 (20pmol/µl), 2.5µl Primer 2 (20pmol/µl), 2.5µl DMSO 
(100%), 1µl Template DNA, 0.5µl ExTaq Polymerase and 32µl dH2O. PCR was run for 30 
cycles with 94oC in 30s for denaturation, 55oC for 30s annealing and 72oC for 1min elongation. 
The final constructs were investigated with 1% agarose gel electrophoresis and the DNA eluted. 
 
Ligation to pGEM-T-easy vector: The three final constructs (GFP-FIS1/ΔM/ΔC) and the six 
charge mutants were ligated to pGEM-T-easy vectors using the Takara DNA Ligation 
System/Ligation Kit ver. 2.1. 4µl DNA product, 1µl pGEM-T-easy vector (Promega) and 5µl 
Solution I (Takara) was mixed and incubated in 16oC for 1h. 
 
Transformation of E. coli: 4µl of respective pGEM-T-easy vector mix was added to 50µl of 
competent E. coli suspension. The mixes were left on ice for 10 minutes and then heat-shocked 
for 1min at 37oC. The tubes were put back on ice briefly. Prior to the addition of transformed E. 
coli to LB plates 25µl 100mM IPTG (Wako Pure Chem. Ind.) and 50µl 33mg/ml X-Gal 
(Calbiochem) were mixed and spread out on each plate. The E. coli solutions were added and the 
plates were incubated in 37oC for 20h and then put to 4oC.  
 
Insert check of DNA in pGEM-T-easy vector: Insert check was performed. White spots indicated 
insertion of DNA in the plasmids. 14 PCR tubes were prepared for each construct. 7 of these 
were filled with 200µl LB medium with 50µg/ml Ampicillin and the remaining 7 prepared for 
PCR. One colony per tube was taken from the plate with a toothpick, brushed against the walls 
of the empty PCR tube and then put to the corresponding tube containing LB medium for liquid 
culturing. The PCR volume was 15µl with 1,5µl 10xEx Taq Buffer, 1.2µl dNTP (each 2.5mM), 
0.25µl Forward primer, 0.25µl Reverse primer, 0.75µl DMSO, 0.1µl ExTaq Polymerase and 
10.95µl dH2O. The PCR program was 1 cycle of 94oC for 10min, 56oC for 30s and 72oC for 45s 
followed by 30 runs of 94oC for 30s denaturation, 56oC for 30s annealing and 72oC for 45s 
elongation. The program was finally set to 8oC for ever. The segment used for insert check was 
the GFP portion of each protein (primers i & ii, cf. Table 1). 
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The PCR fragments were evaluated by gel electrophoresis (1% agarose gel). Bands were seen for 
most runs and the corresponding liquid culture was added each to 4ml of LB medium with 
50µg/ml ampicillin. The liquid cultures were incubated in 37oC O/N (~ 16h) on shaker. 3 liquid 
over night (O/N) cultures were made for each construct. 
 
Purification of plasmid DNA: Plasmid DNA was purified using the Wizard® Plus SV Minipreps 
DNA Purification System Quick Protocol (Promega). The protocol was followed with 15 min 
centrifugation at point 6 (see manual). Concentration measurements were performed on the 
samples using a spectrophotometer (BioPhotometer, Eppendorf).  
 
DNA sequencing and Ethanol precipitation: PCR was performed in preparation for the DNA 
sequencing reaction. 250-500ng Plasmid, 2µl 1nM Primer mix (Forward or Reverse), 4µl Big 
Dye and dH2O up to 10µl was prepared and run for 1 cycle of 96oC for 1min followed by 25 
cycles 96oC for 10s, 50oC for 5s and 60oC for 4min. The program was then set to 8oC for ever. 
Change of buffer was performed through ethanol precipitation. 90µl dH2O and 10µl NaoAc (3M 
CH3COONa*3H2O pH5.2, Wako Pure Chem. Ind.) was added to the tubes. The liquids were 
transferred to new tubes and 250µl 99,5% EtOH (Wako Pure Chem. Ind.) added. The solutions 
were put to -30oC for 10min and then centrifuged in 4oC for 10min, 15krpm. The ethanol was 
removed and 1ml of 75% EtOH added for washing. The samples were centrifuged in 4oC for 
5min followed by removal of EtOH and centrifugation for 10min to rid the samples of remaining 
EtOH. The tubes were put to 37oC (Heatblock) for the pellets to dry. The pellets were dissolved 
in 20µl Sequencing buffer - Hi-Di Formamide (ABI - Applied Biotechnology/Hitachi). The 
samples were heat shocked at 96oC for 2min and then put on ice. The sequencing was performed 
using an ABI Prism® 3100 Avant Genetic Analyzer (ABI). 
 
Restriction of plasmid DNA: The pGEM-T-easy vector and also pcDNA3.1 vector (Invitrogen) 
were cut by restriction enzymes using New England Biolabs kit. The reaction volume was 50µl 
with 5µl 10xNE buffer 2, 1µl AflII, 2µg DNA in dH2O. The tubes were incubated in 37oC O/N 
(~20h). The DNA was eluted using EtOH precipitation. 49µl dH2O was added to dissolve the 
pellets and the samples checked by gel electrophoresis before and after digestion (5µl sample) to 
ensure restriction had occurred. To the remaining 44µl sample 5µl High buffer (Nippongene) and 
1µl EcoRI (Nippongene) was added. The tubes were put on 37oC O/N (~20h). 
 
Purification and ligation to pcDNA3.1 vector: The samples were put to agarose gel for elution 
(26µl/well). The DNA was eluted and electrophoresis performed to confirm the purification of 
correct fragments. 2µl pcDNA3.1 vector, 3µl DNA construct and 5µl Takara solution I was 
added to each tube and put in 16oC O/N. One self ligation control was performed with 3µl TE 
buffer instead of DNA construct. 50µl of competent E. coli and 3µl of each respective plasmid 
were mixed and transformed according to the same schedule as the pGEM-T-easy vector system. 
The E. coli mixes were spread on plates and incubated in 37oC O/N (~20h).  
 
Insert check and purification of pcDNA3.1 final constructs: Insert check of pcDNA3.1, on 
visible colonies, was performed according to the same schedule as for the pGEM-T-easy vector. 
Colonies containing inserts was put to O/N culture in 4ml LB medium (separate tubes) per 
colony. The purification was performed according to Wizard® Plus SV Minipreps DNA 
Purification System Quick Protocol (Promega). The protocol was followed with 15min 
centrifugation at point 6. Concentration measurements were performed on the samples using a 
spectrophotometer. 
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3.2 Immunostaining experiments 
Passage of HeLa cells: PBS was prepared with 80g NaCl, 29g Na2HPO4*12H2O,2g KCl and 2g 
KH2PO4 in 10l H2O (Wako Pure Chem. Ind.). HeLa cells in 10cm dishes with ~90% confluence 
were taken; the medium aspirated and the plates washed with 10ml 1xPBS. 800µl Trypsin 
(SIGMA) was added. The plates were shook and put to incubation in 37oC for 5min. 12-well 
plates were prepared by adding cover glasses to the bottom of each well and 700µl of Dulbecco’s 
Modified Eagle’s Medium with 10% Foetal Calf Serum (GIBCO Invitrogen Group) added 
(DMEM; Wako Pure Chem. Ind.), put to each well. 10ml of DMEM was added to the 10cm 
dishes and suspended three times. 300µl of the cell solution was added to each of the wells in the 
12-well plates and the put to incubation in 37oC O/N.  
 
Transfection of HeLa cells: For each of the samples/constructs investigated 50µl of OPTI-MEM 
I (GIBCO Invitrogen Group) was added to separate eppendorftubes. 2µl of FuGENE 6 
Transfection Reagent (Roche Applied Science) was added to each of the tubes and left to 
incubate in RT for 5min. The medium was aspirated from the 12 well plates; 950µl DMEM 
added and put to incubation in 37oC for 30min. 500ng of plasmid DNA for each respective 
construct was added to each corresponding eppendorftube and incubated in RT for 20min. 50µl 
of each solution was added to the corresponding well in the 12 well plates. The plates were 
shook and incubated in 37oC O/N (20h). 
 
Immunostaining and analysis: Medium was aspirated from the 12 well plates and the wells 
washed three times with PBS. 1ml of 4% Paraformaldehyde Phosphate Buffer Saline (Wako 
Pure Chem. Ind.) was added to each well and the plates were incubated in RT for 20min. The 
wells were washed three times with PBS. 1ml of PBS with 1% Albumin (Wako Pure Chem. Ind.) 
and 1% Triton-X 100 (Wako Pure Chem. Ind.) was added and incubated for 5min in RT. 1ml of 
PBS with 0.1% primary antibody (Table 5) and 1% Albumin was added to each well following 
three times washing with PBS. The plates were incubated in RT for 1h. Wash, three times with 
PBS was performed and PBS with 0.1% secondary antibody (Zenon® Alexa Fluor® 568 
Invitrogen Molecular Probes) aimed at each respective kind of primary antibody and 1% 
Albumin was added to each well. The plates were incubated in RT for 45min. The wells were 
washed three times with PBS and the cover glasses fixed to glass slides. The slides were 
examined using a Radiance 2000 Laser Scanning system (Nikon Eclipse TE300) with BioRad 
Motorised Focus Unit (BioRad) and evaluated using the software Lasersharp 2000 (BioRad). 
 
Table 5. Localization and aims of primary antibodies used in the immunostaining assay 
Localization of Ab Aim of Ab Type/Manufacturer 
Mitochondria outer membrane TOM20 Mouse mAb Santa Cruz Biotechnologies 
Peroxisome PEX14c Guinea Pig mAb Pre-made in lab 
Endoplasmic Reticulum SEC61β Rabbit polyclonal Ab Upstate Millipore 

Corporation 
 
3.3 Immunoprecipitation and Western blot 
Passage for immunoprecipitation: Two plates with 100% confluence cell growth were used. 
800µl Trypsin was added to the plates. The plates were shook and put back in 37oC for 5min 
incubation. 10ml of DMEM was added to the two plates and mixed together. Nine 6cm dishes 
were prepared by adding 4ml DMEM. 700µl of cell mixture from the 10cm plates were added to 
each of the 6cm plates and put in 37oC for O/N incubation.  
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Co-transfection: 400µl of OPTI-MEM I and 16µl FuGENE 6 was used for each 6cm plate, the 
mix was incubated for 5min in RT. The medium was aspirated from each of the 6cm dishes 
(~80% confluence), 3.5ml of new DMEM was added and the plates put back to 37oC. 1µg FIS1 
plasmid DNA and 1µg HA-PEX19 were added to the transfection mixture and put to incubation 
for 20min in RT. The mix was added to each corresponding 6cm plate and put to 37oC for O/N 
incubation (24h). 
 
Buffers for SDS PAGE: Buffers for SDS PAGE were made. 1l 30% acrylamide/0.8% 
bisacrylamide stock solution was made with 300g Acrylamide (Wako Pure Chem. Ind.) and 4g 
N,N’-Methylene-bis(acrylamide) (Wako Pure Chem. Ind.) in H2O. The solution was filtered 
through a 0.45µm filter. 4xTris-HCl/SDS (0.5M Tris-HCl and 0.4% SDS) pH6.8 was made with 
30.25g Tris(Hydroxymethyl)amino methane (Wako Pure Chem. Ind.),  titration by 1M 
Hydrochloric acid (HCl) (Wako Pure Chem. Ind.) to correct pH and addition of H2O to 500ml. 
The solution was filtered through a 0.45µm filter and 2g Sodium Dodecyl Sulfate (SDS) (Wako 
Pure Chem. Ind.) added. 4xTris-HCl/SDS (1.5M Tris-HCl and 0.4% SDS) pH8.8 was made with 
91g Tris(Hydroxymethyl)amino methane, titration by 1M HCl to correct pH and addition of H2O 
to 500ml. The solution was filtered through a 0.45µm filter and 2g SDS added. 6xSDS Sample 
Buffer was made with 70ml 4xTris-HCl/SDS pH6.8, 30ml Glycerol (Wako Pure Chem. Ind.), 
10g SDS, 9.3g DTT (Wako Pure Chem. Ind.), 12mg BromoPhenol Blue (Wako Pure Chem. Ind.) 
and 100ml of H2O. 10% Triton X-100 was made using Triton X-100 and PBS. 50% Glycerol 
was made using Glycerol (Wako Pure Chem. Ind.) and H2O. 10xSDS-PAGE Running Buffer 
was made using 30.3g Tris(Hydroxymethyl)amino methane, 143.1g Glycine (Wako Pure Chem. 
Ind.), 10g SDS and H2O up to 1l. 
 
Immunoprecipitation: The medium from the 6cm plates were discarded and the plates washed 
three times with PBS. 1ml of ice cold Cell Lysis Buffer made with 0.5% Triton X-100, 20mM 
Tris-HCl pH7.5, 150mM NaCl, 10% Glycerol, 1mM DTT (Wako Pure Chem. Ind.), 1mM PMSF 
(Wako Pure Chem. Ind.) and 4% Protease Inhibitor (Protease Inhibitor Cocktail Tablets; 
complete, EDTA-free, Roche Applied Science), was added to each plate. The cells were 
transferred to eppendorftubes using a rubber spatula. The samples were vortexed and put on ice 
for 30min. The tubes were centrifuged at 4oC, 100G for 15min. The pellets were discarded and 
the supernatants moved to new eppendorftubes. 300µl of anti-FLAG coated agarose beads (anti-
FLAG M2-Agarose from mouse in 50%glycerol, SIGMA) were washed three times with 1ml 
Cell Lysis Buffer (spun briefly at 4krpm, 4oC). 15µl of this agarose mixture was added to each 
respective eppendorftube and left to incubate on rotator in 4oC O/N. The tubes were spun briefly 
at 4krpm, 4oC, the supernatant was discarded and 1ml of Cell Lysis Buffer added. The samples 
were spun briefly at 4krpm, 4oC. This washing step was repeated four times. The supernatant 
was then discarded and 50µl of Sample Buffer, with 500µl 6xSDS-PAGE Sample Buffer, 450µl 
dH2O and 50µl 2-Mercaptoethanol (Wako Pure Chem. Ind.), added and incubated in heat-block 
(95oC) for 10 minutes along with a tube with Mw ladder. The samples were then analyzed in 
SDS-PAGE. 
 
SDS-PAGE: SDS-PAGE separating gel was made with 6ml 30% acrylamide/0.8% bisacrylamide, 
3.75ml 4xTris-HCl SDS pH8.8 and 5.25ml dH2O. Two glass forms for SDS PAGE gels were 
washed with 2-Propanol (Wako Pure Chem. Ind.). Prior to application 50µl 10% Ammonium 
Persulfate (Wako Pure Chem. Ind.) and 10µl N,N,N’,N’- Tetramethylethylenediamine (TEPES; 
Wako Pure Chem. Ind.) was added to the gel slurry. 2-Propanol was added on top of the gels 
during the polymerization (RT, ~40min). The propanol was removed and the top of the forms 
washed with dH2O. The stacking gel was made with 650µl 30% acrylamide/0.8% bisacrylamide, 
1.25ml 4xTris-HCl SDS pH6.8, 3ml dH2O, 25µl 10% Ammonium Persulfate and 5µl TEPES. 
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The mixture was applied on top of the separating gel and combs added. The stacking gel was left 
to polymerize in RT for 1h. 
1xSDS-PAGE Running Buffer was prepared. The samples were applied to the gels and run at 
1000V, 40mA constant current for 1h. 
 
Western Blot: 2 pieces of 6cmx8cm filters (Protran Nitrocellulose Transfer Membrane, Whatman 
Schleicher & Schuell) were prepared along with 12 pieces of Paper (Chromatography Paper, 
Whatman) with the same length and width. The filters were soaked in methanol for 1min. 
Blotting buffer was prepared from 35ml 10xSDS-PAGE Running buffer 70ml Methanol (Wako 
Pure Chem. Ind.) and 245ml H2O. The methanol was removed and the Blotting buffer added 
along with the papers. The stacking gel was peeled off and three pieces of paper added to one 
side of the gel. This was placed, papers down, in a tray and the filter applied. Three pieces of 
paper were added on top of the filter and the blotting reaction ran at 15V and 60mA constant 
current for 1h. 50ml Blocking buffer was prepared with 5% Skim Milk (Snowbrand, Japan) and 
5% Tween20 (ICN Biomedicals Inc.) in PBS. The filters were placed in the blocking buffer and 
put on shaker in RT for 30min. Wash buffer was prepared with 0.05% Tween20 in PBS. The 
Blocking buffer was removed, wash buffer added and put on shaker in RT for 5min. Preparation 
of primary antibody was made by addition of 900µl wash buffer and 100 µl Blocking buffer to 
two eppendorf tubes. Antibody was added to the tubes – 1µl α-Flag (anti-FLAG M2-Agarose 
from mouse, SIGMA) and 2µl α-HA (anti-HA mAb, Covance) respectively. The filters were put 
in plastic slides, air pressed out, the antibody mixture was added and the bag sealed. The slides 
were left to incubate in RT for 2h. The filters were washed three times with Wash buffer (RT, 
5min each time on shaker). Preparation of secondary antibody was made by addition of 900µl 
Wash buffer and 100 µl Blocking buffer to two eppendorf tubes. 0.5µl antibody was added to the 
tubes - Goat α-Mouse IgG HRP (Biosource). The secondary antibody followed the same 
procedure as the primary and incubation for 30min. The filters were washed in Wash buffer 5 
times and ECL Western blotting detection reagents and analysis system (Amersham Biosciences) 
was used. The detection was performed with Fuji LAS-1000 Plus system and a Fuji Film 
Intelligent Darkbox (Fuji Film) at -25oC. 
 
Co-transfection for immunostaining: Passage of HeLa cells to two 12 well plates was performed. 
Transfection was done with 300ng of each respective FIS1 construct to each plate and 300ng of 
HA-PEX19 to each well in one of them. Immunostaining was performed with anti-HA Mouse 
MAb (Covance, MMS-101R) used as primary antibody. The same procedure followed as in the 
first immunostaining experiment. 
 
Passage for second immunoprecipitation: One plate with 90% confluence was used. 800µl 
Trypsin was added to the plates. The plates were shook and put back in 37oC for 5min incubation. 
10ml of DMEM was added to the two plates and mixed together. Nine 6cm dishes were prepared 
by adding 4ml DMEM. 700µl of cell mixture from the 10cm plates were added to each of the 
6cm plates and put in 37oC for O/N incubation.  
 
Co-transfection for second immunoprecipitation: 400µl of OPTI-MEM I and 16µl FuGENE 6 
was used for each 6cm plate, the mix was incubated for 5min in RT. The medium was aspirated 
from each of the 6cm dishes (~80% confluence), 3.5ml of new DMEM was added and the plates 
put back to 37oC. 1µg FIS1 plasmid DNA and 1µg HA-PEX19 was added to the transfection 
mixture and put to incubate for 20min in RT. The mix was added to each corresponding 6cm 
plate and put to 37oC for O/N incubation (24h). The samples used were G,FL,C,+5,-1 and GFP-
PEX26 as positive control. 
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Second immunoprecipitation: The medium from the 6cm plates was discarded and the plates 
washed three times with PBS. 500µl of ice cold Cell Lysis Buffer made with 0.4% Digitonin 
(Wako Pure Chem. Ind.), 50mM Tris-HCl pH7.5, 150mM NaCl, 10% glycerol, 1mM DTT 
(Wako Pure Chem. Ind.), 1mM EDTA (Wako Pure Chem. Ind.) and 4% Protease Inhibitor 
(Protease Inhibitor Cocktail Tablets; complete, EDTA-free, Roche Applied Science) in H2O, was 
added to each plate. The cells were transferred to eppendorf tubes using a rubber spatula. The 
samples were vortexed, left in RT for 10min then and put on ice for 30min. The tubes were 
centrifuged at 4oC, 100G for 20min. The pellet was discarded and the supernatant moved to new 
eppendorf tubes. 50µl of each respective sample was transferred to a new tube for input check. 
2.5µl of anti-HA Mouse MAb (Covance, MMS-101R) was added to each tube and left to 
incubate on rotor for 1h, 4oC. Protein G Sepharose (Protein G SepharoseTM 4 Fast Flow, 
Amersham Biosciences) was washed three times with 1ml Cell Lysis Buffer (spun briefly at 
4krpm, 4oC). 30µl (bed volume) of Sepharose mixture was added to each respective eppendorf 
tube and left to incubate on a rotator in 4oC for 2h. The tubes were spun briefly at 4krpm, 4oC, 
the supernatant was discarded and 1ml of Cell Lysis Buffer added. The samples were again spun 
briefly at 4krpm, 4oC. This washing step was repeated three times. The supernatant was then 
discarded and 50µl of Sample Buffer, with 500µl 6xSDS-PAGE Sample Buffer, 450µl dH2O and 
50µl 2-Mercaptoethanol (Wako Pure Chem. Ind.), added and incubated in heat-block (95oC) for 
10 minutes together with Mw ladder. The samples were then put to SDS-PAGE and run 
according to the first SDS-PAGE protocol. The Western Blot was also performed exactly the 
same way. 
 
3.4 Semi-Intact Cell 
Passage for Semi-Intact Cell: One plate with ~100% confluence was used. 800µl Trypsin was 
added to the plates. The plates were shook and put back in 37oC for 5min incubation. 10ml of 
DMEM was added to the plate and suspended. Two wells in a 12-well plate were prepared by 
adding a cover glass and 1ml DMEM. 300µl of cell mixture from the 10cm plates were added to 
each of the wells and put in 37oC for O/N incubation.  
 
Transfection with PEX3: 50µl of OPTI-MEM I and 2µl FuGENE 6 was used for each well, the 
mix was incubated for 5min in RT. The medium was aspirated from each of the wells (~50% 
confluence), 950µl of new DMEM was added and the plates put back in 37oC. 1µg per well of c-
Myc-PEX3 plasmid DNA (Pre-made in lab) was added to the transfection mixture and put to 
incubate for 20min in RT. The mix was added to each corresponding well and put to 37oC for 
O/N incubation (24h). 
 
PCR for in vitro synthesis: PCR reaction was performed to prepare FIS1 for in vitro synthesis. 
Reaction mixture consisted of 130µl dH2O, 2.0µl DNA (FIS1 FL ~240ng), 2.0µl ExTaq, 20µl 
ExTaq Buffer, 16µl dNTP, 10µl DMSO, 10µl Fw Primer, 10µl Rv Primer. Primers ordered from 
Hokkaido System Science (Japan) (Table 6). This provided a T7 promoter for the GFP-FIS1 
construct. PCR was run for 35 cycles with 94oC in 30s for denaturation, 40oC for 30s annealing 
and 72oC for 1min 20s elongation. The construct was purified through EtOH precipitation where 
the final pellet was dissolved in 50µl Nuclease free water (Promega). The final construct were 
investigated with 1% agarose gel electrophoresis. 
 
Table 6. Primers used during preparative PCR for in vitro synthesis reaction. 
Name of Primer Primer Sequence 
Fw Primer 5’-TGGCTTATCGAAATTAATA-3’ 
Rv Primer 5'-AACAACAGATGGCTGGCAAC-3' 
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In vitro synthesis: Synthesis of GFP-FIS1 and GFP-FIS1+HA-Pex19 (coexpression) was 
performed using the TnT® Quick Coupled Transcription/Translation Systems (Promega). 
General protocol for TnT® T7 Quick Coupled Transcription/Translation Reactions Using PCR-
Generated DNA was used (Section IV.B). The reaction mixture was made according to the table 
in the manual with the use of 1mM Methionine. For the first tube (Tube F) PCR-generated DNA 
template consisted of 3.5µl PCR product and 1.5µl Nuclease free water. For the second tube 
(Tube P) the mixture was 3.5 µl PCR product and 1.5µl HA-Pex19 (641ng/µl) (Table 7). 
 
Table 7. Contents of the in vitro synthesis mixtures 
Tube F Tube P 
40µl TnT® Quick Master Mix 
  1µl Methionine 1mM 
  5µl PCR-generated DNA templates 

CR product  
ease free H2O) 

Enhancer 
ee H2O 

40µl TnT® Quick Master Mix 
  1µl Methionine 1mM 
  5µl PCR-generated DNA templates 

CR product  
Pex19 641ng/µl) 

Enhancer 
  3µl Nuclease Free H2O 

 
The tubes were put on heat block 30oC for 90min. 20ml Wash buffer and 10ml blocking/import 
buffer was made (Table 8). 
 
Table 8. Contents of the buffers used during the import reaction. 
Wash Buffer Blocking/Import Buffer 
20mM HEPES*KOH pH7.4 
2.5mM Magnesium Acetate 
25mM KCl 
0.25M Sucrose 
1µM Taxol 
Protease Inhibitor 
In dH2O 

20mM HEPES*KOH pH7.4 
2.5mM Magnesium Acetate 
25mM KCl 
0.25M Sucrose 
1µM Taxol  
1% Albumine 
Protease Inhibitor 
in dH2O 

 
The wells were washed 3x with PBS. 500µl of ice cold Blocking/Import Buffer was added and 
left to incubate on ice for 10min. The Blocking buffer was aspirated and 1ml of digitonin 
solution added (Blocking buffer with 32µg/ml Digitonin). The plate was left to incubate in RT 
for 10min. The wells were then washed 3x2min in Wash buffer. Import was performed. 
 
Import reaction: Two eppendorf tubes were prepared with 80µl Blocking/Import Buffer + 40µl 
of respective in vitro synthesis solution (spun at 4oC for 10min prior to addition). 
A plate was prepared with parafilm and the two respective in vitro synthesis mixtures were 
added. The cover glasses from the washed 12 well plate were added to the droplets (cell surface 
faced down). Two wet tissues were added to keep the samples from drying out. The plate was 
covered and left to incubate in 30oC for 1h. The cover glasses were then removed and placed into 
a new 12 well plate. The glasses were rinsed 3x in Wash buffer and 1ml of 4% 
Paraformaldehyde was added to the wells for fixation. The wells were then washed 3x in PBS.  
 
Immunostaining: Immunostaining was performed with primary antibodies α-c-Myc mouse mAb 
(BioMol) to detect PEX3 and α-FLAG rabbit polyclonal Ab (SIGMA) to detect FIS1. 1ml of 
PBS with 0.1% primary antibody and 1% Albumin was added to each well following three times 
washing with PBS. The plates were incubated in RT for 1h. Wash three times with PBS was 
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performed and PBS with 0.1% secondary antibody (Zenon® Alexa Fluor® 488/568 Invitrogen 
Molecular Probes) aimed at each respective kind of primary antibody (488 for α-FLAG and 568 
for α-c-Myc) and 1% Albumin was added to each well. The plates were incubated in RT for 
45min. The wells were washed three times with PBS and the cover glasses fixed to glass slides. 
The slides were examined with fluorescence microscope. 
 
4. Results 
 
4.1 Creation of Constructs 
The second PCR reaction, showed weak bands at first, why different temperatures were used for 
the extension/polymerization process. Of these the best result was obtained for the run at 65oC 
(Data not shown). This construct was used for further experiments. The final purified constructs 
(pcDNA3.1 vector) showed concentrations ranging between 118.9-200.6µg/ml (Table 6). From 
gel electrophoresis clear bands could be seen for each construct. The sequencing of the plasmid 
constructs showed the expected DNA sequence of all plasmids (Data not shown). A low number 
of silent mutations were found in the DNA sequencing analysis; they should not influence the 
experiments performed (Data not shown). Schematic images of the different truncation and 
charge mutants can be found in Figure 1-3. 
 
Table 6. The final FIS1 constructs ligated to pcDNA3.1 vectors and their final concentrations 
Name Type of  

DNA 
Description Conc. 

(µg/ml) 
GFP pcDNA3.1 GFP final construct 182.9 
FL pcDNA3.1 Full Length final construct 118.9 
ΔM pcDNA3.1 ΔM final construct 173.0 
ΔC pcDNA3.1 ΔC final construct 200.6 
+3 pcDNA3.1 +3 Charge mutant final construct 149.8 
+4 pcDNA3.1 +4 Charge mutant final construct 134.8 
+5 pcDNA3.1 +5 Charge mutant final construct 158.6 
+0 pcDNA3.1 +0 Charge mutant final construct 122.2 
-1 pcDNA3.1 -1 Charge mutant final construct 132.4 
 
4.2 Immunostaining 
4.2.1 Immunostaining of truncation mutants 
The first immunostaining analysis was performed to determine the localization of the different 
constructs. The GFP construct (Figure 4,8,12) appears to be located to the cytosol. The construct 
did not, to any major extent, localize to mitochondria (Figure 4), peroxisome (Figure 8) or ER 
(Figure 12). The full-length construct (Figure 5,9,13) showed a predominantly mitochondrial 
pattern (Figure 5). No peroxisomal or ER pattern could be seen. The ER experiments suffered 
from aggregation of mitchondria, which would be expected from the function of the FIS1 protein 
(varför?). The construct lacking the first N-terminal 300bp of FIS1 (Figure 6,10,14) still showed 
a mitochondrial localization pattern (Figure 6). These results were also influenced by 
aggregation. The construct lacking the final five amino acid residues (Figure 7,11,15) showed a 
clear difference from the previously mentioned two constructs. The localization pattern 
resembles that of GFP (Figure 7), with predominantly cytosolic localization. The patterns for 
peroxisomal (Figure 11) and ER immunostaining (Figure 15) showed no indication of import.  
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4.2.2 Immunostaining of charge mutants 
The charge mutant +3 (Figure 16, 21, 26) - closest to the wild type FIS1 (+2), showed 
predominant mitochondrial immunostaining pattern (Figure 16). Also here, aggregation occurred 
for the mitochondrial and ER (Figure 26) immunostaining reaction. Addition of one more 
positive charge (+4) (Figure 17,22,27) indicated more of peroxisomal localization (Figure 22). 
The peroxisomal immunostaining showed a good merge picture (Yellow colour indicate match 
between the green GFP picture and red immunostaining image) of the localization patterns. For 
+5 charge mutant (Figure 18,23,28) the peroxisomal localization seemed even more 
distinguished (Figure 23). For the charge mutants with more negative charge compared to the 
wild type (0,-1) patterns different from the others were seen. The 0 charge mutant (Figure 
19,24,29) showed ER pattern for all immunostaining experiments. The merge for ER gave a 
conclusive indication of the localization of this construct (Figure 29). For the -1 charge mutant 
(Figure 20,25,30) the pattern was similar to the previously mentioned 0 charge mutant. The 
patterns clearly did not show good accordance with mitochondrial or peroxisomal 
immunostaining patterns. The expected and found localizations are summarized in Table 7. 
 
4.2.3 Immunostaining - co-transfection with HA-PEX19 
The co-transfection experiments consisted of two kinds of runs. The first was mock experiment 
with only FIS1 construct present. The second was a co-transfection experiment with HA-PEX19 
and FIS1 constructs. None of the mock experiments showed staining pattern for α-HA for 
neither truncation nor charge mutants. The co-transfection experiments all resulted in proper 
staining patterns for α-HA. HA-PEX19 appeared predominantly localized to the cytosol for all 
constructs. For the GFP construct (Figure 31,35) the pattern is cytosolic (as the patterns seen in 
the first round of Immunostaining). Full-length construct (Figure 32,36) continued to show 
mitochondrial localization. The same pattern can be seen for C construct (Figure 33,37). For the 
ΔC construct (Figure 34,38) the pattern was also similar to the one seen during the first round of 
immunostaining (similar to GFP). 
 
Table 7. List over predicted localization for the different FIS1 constructs and the localization indicated by the 
immunostaining experiments. The two columns are in total accordance with each other. Indicated lozalization 
denotes the localization seen during experimentation. Expected localization denotes expected localization based on 
literature studies and theory. Abbreviations used: Cyt – Cytosol, ER – Endplasmic Reticulum, Mt – Mitochondria, 
Ps – Peroxisomes. 
Construct Indicated Localization Expected Localization 
GFP (G) Cyt Cyt 
Full Length (FL) Mt Mt 
C truncation mutant (C) Mt Mt 
ΔC truncation mutant Cyt Cyt 
-1 ER ER 
0 ER ER 
+2 (Wt) Mt Mt 
+3 Mt Mt 
+4 Mt/Ps Mt/Ps 
+5 Ps Ps 
 
The +3 charge mutant (Figure 39,44) seemed to retain its mitochondrial localization during co-
transfection with HA-PEX19. For the +4 charge mutant (Figure 40,45) the localization still 
appears to be predominantly peroxisomal. +5 charge mutant (Figure 41,46) shows a new 
localization distribution with peroxisomal but also distinct cytosolic pattern. Co-transfection 
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seemed to have no major impact on the immunostaining pattern of the 0 charge mutant (Figure 
42,47). The same result can be shown for the -1 charge mutant (Figure 43,48). 
 
4.3 Immunoprecipitation and Western blot 
The round of immunoprecipitation encompassing all the FIS1 constructs showed no distinct 
bands on the Western blot with α-HA Ab (Figure 51). α−FLAG Ab was used to fish the proteins 
out from the cell lysis extract. Most constructs showed bands in the Western blot experiment 
with α-FLAG Ab. No band could be seen for the C construct; however this construct have shown 
low expression during the earlier stages of experimentation as well. 
 
In the following round only GFP, Full length, C, +5 and -1 constructs were used as a 
representative sample. During this round input samples were taken to make sure that the proteins 
were present in the cell lysis solution. The α-HA Ab Western blot showed that the HA-PEX19 
was present in the input sample and also that it was successfully fished out through the 
immunoprecipitation process, this time using α-HA Ab as opposed to the α-FLAG Ab used in 
the first round. A faint band could be seen for the +5 charge mutant construct indicating an 
interaction between HA-PEX19 and the +5 charge mutant. For the other constructs no bands 
were seen (Figure 52). 
 
4.4 Semi-intact cell 
The gel electrophoresis following PCR for the in vitro synthesis reaction showed a band 
corresponding to a size larger than the 1.2kbp which was expected for the construct. The 
immunostaining patterns from the experiment with Semi-intact cells showed primarily 
peroxisomal patterns for PEX3 (Figure 49,50), however some of these appeared to localize to 
mitchondria. When looking at the patterns for FIS1 it appears to be the peroxisomal dotted 
pattern. The same pattern was seen for both the cells where PEX19 is co-transfected (Figure 50) 
with FIS1 and the cells where only FIS1 was imported (Figure 49). However for both of the 
experiments the patterns did not merge. 
 
5. Discussion 
 
The purpose of this project was to analyze the import mechanism of FIS1 and more in specific 
which parts of the proteins are important for the correct final localization. This has been done 
through different truncations of the protein. Further investigations were performed through 
alterations in charge, regarding the final five c-terminal amino acids of FIS1. Immunostaining 
experiments were performed to find out about the final localization. Co-expression experiments 
with PEX19 were also performed in order to see if the localization pattern shifted more towards 
the peroxisomal staining pattern. The peroxisomal localization mechanism was also investigated. 
Immunoprecipitation and semi-intact cell experiments were performed to see if import of FIS1 
into the peroxisomes is dependent on PEX19 and/or PEX3. The indicated localizations were over 
all in very good accordance with the theory. The full-length construct previously known to 
localize  predominantly to the mitochondria, was shown to do so also in these experiments. The 
immunostaining experiments were insufficient to deduce whether this protein also localizes to 
peroxisomes. For this higher resolution and cell fractionation would be needed., Interesting to 
notice is that the truncation of the last five amino acids had a major impact on the localization, 
indicating that the hypothesis that these residues are vital for correct localization might be true. 
The removal of the five last aminoacidresidues caused a decreased level of protein import and 
almost no cells imported this construct. The reason for this is hard to deduce from these 
experiments.  
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Studying the charge mutants further corroborated the notion that the last five amino acid residues 
are of vital importance for correct localization. When the C-terminal segment attains higher 
positive charge compared to the wild type protein the construct is more prone to peroxisomal 
localization. Some caution is valid when faint cytosolic localization can be seen in the 
immunostaining patterns, since this can be caused by overexpression as well as actual 
localization. When the C-terminal charge turns more negative the localization seems to be ER 
more or less.  
 
The first round of immunoprecipitation using α-FLAG Ab showed no bands for HA-PEX19, 
while there were bands for all the FIS1 construct (except for the C truncation mutant). These 
results indicated that there was no interaction between PEX19 and FIS1. This could mean that 
there exists another, previously unknown, mechanism through which FIS1 enters the peroxisome. 
Another explanation could be that the detergent (Triton X-100) was too strong and broke the 
interaction between the two components. Since no check of the presence of FIS1 and PEX19 in 
the cell lysis solution (input check), was performed for this round of immunoprecipitation 
conclusions can not even be drawn regarding the presence of HA-PEX19 in the cell lysis 
solution. 
 
For the second immunoprecipitation a milder detergent was used in form of Digitonin. This time 
a control sample in form of GFP-PEX26 was used (which has two binding sites for PEX19). 
Since there was no FLAG tag on this control construct, α-HA was used in the 
immunoprecipitation reaction. Input samples were also taken. When looking at the results from 
this Western blot one could see bands for all input samples - proteins present in the cell lysis 
solution. One could see a faint band for the +5 charge mutant indicating that interaction occurs 
between this construct and PEX19. Since this construct is not naturally occurring, it is hard to 
deduce whether there was an interaction between Wt FIS1 and PEX19 enhanced by the 
mutations (into +5 charge mutant) or if the interaction occurs only with the latter construct (+5 
charge mutant). It is further hard to know how strong this interaction is. There were no visible 
bands for FIS1 full length on the other hand, which might indicate that the concentrations of co-
transfected plasmids were too low for detection, or the lack of lack of an interaction. These 
experiments did not allow for detection of positive control PEX26. 
 
For the co-transfection experiments bright clear staining was seen for α-HA for all constructs. 
The fact that the mock samples showed no staining at all for the same Ab indicated that the 
pattern results only from the added HA-PEX19. The samples showed the same localizations 
when co-transfected with HA-PEX19, except for the +5 charge mutant. This construct showed a 
cytosolic localization, which is very different from what was seen during the immunostaining 
experiments. One plausible explanation is that this construct in fact interacts with PEX19, that 
this interaction stabilizes this complex and to some degree retains it to the cytosol. The pattern 
appears too strong due only to overexpression of +5 charge mutant construct. This pattern was 
not seen for the full-length construct even though the hypothesis is that the interaction occurs. 
 
Another experiment was performed meanwhile where the different FIS1 constructs were used 
with PEX19 synthesized using PUREsystem (Postgenome Institute). The samples were 
immunoprecipitated and immunoblotted. No interaction was seen for any of the constructs this 
time (data not shown). One can thus surmise that there is no interaction for any of the constructs. 
Still the co-expression experiments with PEX19 indicated stabilization of the +5 mutant; 
however this might be done without a real interaction. 
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There could be several explanations to why the interaction between FIS1 and PEX19 was not 
detected. The most plausible might be that since the FIS1 is located to the mitochondrial outer 
membrane (MOM) the interaction with PEX19 might be impossible to carry out. When the 
mitochondria go through fission the FIS1 protein might be surrounded by lipids in the form of 
micelles still rendering the interaction impossible. The +5 charge mutant on the other hand might 
be localized primarily to the cytosol where interaction, and subsequent peroxisomal import, can 
occur. Another plausible and interesting explanation is that the FIS1-PEX19 interaction might be 
mediated by other protein factors. Finally, there is still the possibility that FIS1 and PEX19 do 
not interact at all. 
 
For the PEX3 overexpression experiment with semi-intact cell there were no visible differences 
between FIS1 and FIS1 co-translated with PEX19. However the patterns seen could very well be 
unspecific judging from the fact that no mitochondrial pattern was seen for Wt FIS1. It is hard to 
deduce if something went wrong in the experimental procedures or if the protein, in fact, did not 
localize to the peroxisomes. The import reaction might have been faulty. The synthesis of FIS1 
might have been unsuccessful since no control of the construct was performed after the TnT 
Quick system procedure. It appears that the correct product was enhanced by PCR, however 
further controls should be made in future experiments. Another reason that the patterns for PEX3 
and FIS1 did not seem to overlap could be that the conditions in the import assay were too strict. 
This assay must be optimized for future experimentation (many parameters). The theory that 
FIS1 peroxisomal localization is PEX19 dependent might still hold true. The best way to check if 
this really is the fact is probably through siRNA for PEX19 and to express FIS1 in PEX19 RNAi 
cells and see if they localize to peroxisomes or not. However, since no peroxisomal pattern could 
be seen for Wt FIS1 in these experiments higher resolution is needed.  
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6. Figures 
 

 
Figure 1. A schematic picture of the GFP-FIS1 construct. FIS1 has one transmembral domain (TM) and both ends 
of the construct are flanked by restriction enzyme sites (AflII and EcoRI respectively). The N-terminal part has a 
FLAG tag fused to it. The C-terminal segment (C-Seg) refers to the final 5 amino acids of the FIS1 protein (18bp). 
(GFP 720bp; FIS1 459bp). 
 

 
Figure 2. A schematic picture of the GFP-FIS1 truncation mutants. The GFP protein (GFP) is used as a reference in 
the experiments. Full length (FL) refers to the wild type FIS1 fused to GFP. The C truncation mutant (C) lacks the 
first 300bp of the FIS1 protein. The ΔC mutant (ΔC) lacks the last 18bp of the FIS1 protein (C-Seg). The FLAG tag 
and restriction enzyme sites have been omitted in the picture. 

 
Figure 3. A schematic picture of the GFP-FIS1 charge mutants. The wild type protein (Wt C) has C-terminal 
segment (C-Seg) charge +2 (C truncation mutant used as template). Serine (S) was substituted for Arginine (R) to 
render a more positive charge. Lysine (K) was substituted for Alanine (A) and Aspartic Acid (D) to render a more 
negative charge. The amino acid sequence in the C-Seg is altered to give more negative or positive FIS1 constructs 
respectively. The FLAG tag and restriction enzyme sites have been omitted in the picture. 
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Figure 4-7. Immunostaining pictures from experiments investigating mitochondrial localization (αTOM20) of 
truncation mutants. All constructs shows expected localization patterns (See Table 7). GFP (Figure 4) shows 
primarily cytosolic localization. Full length (FL) (Figure 5) construct showed a mitochondrial staining pattern. The 
merge (Figure 5c), where yellow colour means fit between the green GFP image and the red Tom20 image, gave 
clear indication of this localization. C truncation mutant (Figure 6) also showed primarily mitochondrial localization 
pattern. In this picture aggregation has occurred. The ΔC construct (Figure 7) showed pattern similar to GFP – 
cytosolic localization. This gave indications regarding the theory that FIS1 localization information is found in the 
final five C-terminal amino acid residues, might hold true. See also section 4.2.1. Immunostaining of truncation 
mutants. 
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Figure 8-11. Immunostaining pictures from experiments investigating peroxisomal localization (αPex14) of 
truncation mutants. Full length (FL) (Figure 9) show no clear peroxisomal patterns no good merge, where yellow 
colour means fit between the green GFP image and the red PEX14 image. This indication is in disagreement with 
the reports that FIS1 also localizes to this organelle. No absolute conclusion can however be drawn from these 
pictures. C truncation mutant (Figure 10) did not show peroxisomal staining pattern either. For the two remaining 
constructs – GFP (Figure 8) and ΔC mutant (Figure 11), the staining pattern did not indicate peroxisomal 
localization. These latter results are however in agreement with theory. See also section 4.2.1. Immunostaining of 
truncation mutants. 
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Figure 12-15. Immunostaining pictures from experiments investigating ER localization (αSec61β) of truncation 
mutants. The indication from examining these pictures was that none of the constructs localized to the ER. In other 
words, bad merge images for all constructs, where yellow colour means fit between the green GFP image and the 
red Sec61 image. Full length (FL) (Figure 13) construct showed a mitochondrial staining pattern. This experiment 
suffered from aggregation of mitochondria. The clear indication was that FIS1 protein does not localize to the ER. C 
truncation mutant (Figure 14) also show primarily mitochondrial localization pattern. In this picture aggregation has 
occurred as well. GFP (Figure 12) and ΔC mutant (Figure 13) did not seem to localize to the ER. See also section 
4.2.1. Immunostaining of truncation mutants. 
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Figure 16-20. Immunostaining pictures from experiments investigating mitochondrial localization (αTOM20) of 
charge mutants. All constructs pattern similar to expected localization staining patterns. +3 charge mutant (Figure 
16) was the only charge mutant that showed primarily mitochondrial localization (aggregation occurred). +4 charge 
mutant (Figure 17) and +5 charge mutant (Figure 18) constructs showed patterns indicating peroxisomal localization. 
0 charge mutant (Figure 19) showed a different pattern compared to the mitochondrial staining (no good merge with 
mitochondrial staining pattern). This pattern indicates ER localization. This pattern was even more distinct for the -1 
charge mutant (Figure 20). See also section 4.2.2. Immunostaining of charge mutants. 
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Figure 21-25. Immunostaining pictures from experiments investigating peroxisomal localization (αPex14) of charge 
mutants. It can be seen that the +3 charge mutant (Figure 21) GFP pattern and the peroxisomal staining pattern was 
in disagreement. The +4 charge mutant (Figure 22) showed a good merge pattern (Figure 22c), where yellow colour 
means fit between the green GFP image and the red PEX14 image, indicating a predominately peroxisomal 
localization. This pattern was slightly more distinguished for the +5 charge mutant (Figure 23), also indicating 
peroxisomal localization. It was further clear that the GFP pattern and staining patterns for 0 charge mutant (Figure 
24) and -1 charge mutant (Figure 25) showed a pattern different from the peroxisomal staining.  
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Figure 26-30. Immunostaining pictures from experiments investigating ER localization (αSec61β) of charge 
mutants. The more positively charged mutants (+3,+4,+5) (Figure 26-28) did not give any indication for ER 
localization. The 0 charge mutant (Figure 29) did not show agreement between GFP localization pattern and ER 
staining pattern (No good merge). The same holds true for -1 charge mutant (Figure 30). These two more negatively 
charged mutants appear to localize to the endoplasmic reticulum (good merge pattern). See also section 4.2.2. 
Immunostaining of charge mutants. 
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Figure 31-34. Immunostaining pictures from mock experiments for transfection with GFP-FIS1 truncation mutants. 
None of the constructs showed staining pattern for α-HA antibody in accordance with theory. The localization of the 
different constructs seems to be consistent with earlier experiments. Full length construct (FL) and C truncation 
mutant (C) showed primarily mitochondrial localization pattern while GFP (GFP) and C-terminal truncation mutant 
(ΔC) showed cytosolic localization. See also section 4.2.3. Immunostaining - co-transfection with HA-PEX19. 
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Figure 35-38. Immunostaining pictures taken from co-transfection experiments with GFP-FIS1 truncation mutants 
and HA-PEX19. All experiments showed good staining pattern for the α-HA antibody (full red). The GFP (Figure 
35) and ΔC (Figure 38) constructs showed cytosolic localization patterns. For full length (Figure 36) and C 
truncation mutant (Figure 37) the pattern still appears to be predominately mitochondrial (compare to earlier 
experimentation). See also section 4.2.3. Immunostaining - co-transfection with HA-PEX19. 
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Figure 39-43. Immunostaining pictures from mock experiments for transfection with GFP-FIS1 charge mutants. 
None of the constructs showed staining pattern for α-HA antibody in accordance with theory. The localization of the 
different constructs seems to be consistent with earlier experiments. The +3 mutant (Figure 39) showed 
mitochondrial localization pattern. +4 mutant (Figure 40) and +5 Mutant (Figure 41) localized primarily to the 
peroxisomes. 0 mutant (Figure 42) and -1 mutant (figure 43) showed ER localization. See also section 4.2.3. 
Immunostaining - co-transfection with HA-PEX19. 
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Figure 44-48. Immunostaining pictures taken from co-transfection experiments with GFP-FIS1 charge mutants and 
HA-PEX19. Most construct showed the same localization as in the first Immunostaining experiments. The +3 
charge mutant (Figure 44) shows mitochondrial staining pattern. The +4 charge mutant (Figure 45) still shows 
predominantly peroxisomal staining pattern (dotted pattern). For the more negatively charged constructs (Figure 
47,48) the indicated localization would be ER. The +5 charge mutant (Figure 46) shows a different pattern being 
both peroxisomal and cytosolic. This result indicates that PEX19 stabilizes the +5 charge mutant in the cytosol, 
possibly through interaction. See also section 4.2.3. Immunostaining - co-transfection with HA-PEX19. 
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Figure 49-50. Immunostaining pictures from experiments with Semi-Intact cell. Cells were transfected with PEX3, 
permeated with digitonin, and then in vitro synthesized FIS1 and PEX19 were imported into the cells. Experiments 
performed with wild type full length GFP-FIS1 construct. One round only with FIS1 (Figure 49) and one with FIS1 
and PEX19 co-imported (Figure 50). The cells were transfected with PEX3. There is no distinct difference between 
the two different kinds of performed imports (no merge in either case). The patterns are not peroxisomal and could 
be accounted for by unspecific binding. The fact that no mitochondrial pattern can be seen for this construct 
corroborates this notion. Peroxisomal localization can not be ruled out since the resolution did not allow for it in 
earlier immunostaining experiments with wild type FIS1 protein. See also section 4.4. Semi-intact cell. 
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Figure 51. Results from the first round of 
immunoprecipitation and SDS-PAGE. All FIS1 
constructs were used. α−FLAG Ab was used to 
separate the proteins of interest from the cell lysis 
extract. Bands seen for all construct except for ΔC 
truncation mutant. No distinct bands were seen for 
the α−ΗΑ Ab (HA-PEX19). See also section 4.3. 
Immunoprecipitation and Western blot 

 
 

Figure 52. Results from the second round of 
immunoprecipitation and SDS-PAGE. α−HA was 
used to fish out the proteins from the cell lysis 
extract. Bands were seen for all the constructs 
investigated (Right half of the bottom gel). The 
Western blot using the α−FLAG Ab showed a weak 
band for the +5 charge mutant. Experiment did not 
allow for detection of positive control PEX26 (26 in 
the figure). See also section 4.3. 
Immunoprecipitation and Western blot.
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