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1 I ntroducti on

1.1 Theworldwide social problem of infertility

According tothe world health organizatio®(HO), a couplecan be considered
infertile if it is not able toconceive after having unprotected intercourse continuously
for more than one yedivrda et al.,2015. Infertility has remained a global concern
since the first demographic survey provided by the WHO in 2002. On the average, 8
12% of sexually matured couples suffer from childlessness all over the Wwoskeleral
regions,including Africa, Southand Central Asia, Central and Eastern Eurdpe,
infertility rates reach as high as 30%orrespondingly, a global growth af vitro
fertilization (VF) services and assisted reproductive techniques (AREsE being
recordedInhorn and Patrizio, 20)5Therefore a better understanding of the processes
that lead to female and male infertility became of crucial importakiteoughin more
than half of these casethe reason for thechildlessness is due to the male part
research © male infertility remains a neglected fiel®©ne of the most important
university centers, where laboratory research is currently conducted toaduthe
molecular and metabolic causes that can lead to infertility in men, is the Hessian

Reproduction Center in Giessen, Germany.

1.1.1 Cause of male infertility

Male infertility canresult from genetic defect such as chromosome disorder or
epigenetic factor®.g. incorrect gene transcription induced by DNA methylation and
histone modification. Abnormal expression of genes on Y chromosome may cause
oligozoospermia or azoospermiReijo et al., 19956 Moreover, male patients with
Klinefelter syndrome (47, XXY) suffer from hypogonadism d@awn syndrome (47,
XXIXY, +21) patients oftershowpoor testicular developemt(Hafeez et al., 207). An
example for epigenetic alterations has bisemd in the NANOG promoteg germ cell
tumor marker. This promoter has besserved to be hypomethylatedsipermatogonia
and hypermethylated inspermatozoaand its methylation state corresponds the
differentiation of testicular tumor cell®Nettersheim et al., 20L1Additionally, many
environmental factorbave been suspected to cause male infertility suathesical
and physical agents from daily ligetivities, including heavynetals, pesticides such as
cypermethrin(Jin et al., 201}, organochlorides, radiation and plastiks bisphenol A
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and plasticizer¢MarquesPinto and Carvalho, 20)3Certain chemicals with hormonal
properties commonly referred to as endocrine disrupting agents (EDAs) bind membrane
receptors preventing the endogenous steroid hormone synthesis, secretion and
metabolism. Sertoli cells kmn as the testicular nurse cells and key players during
spermatogenesis, have been found to be severely disrupted by EDAs accumulation.
Furthermore, exposure to EDAs leads to inhibition afidle-stimulating hormone
(FSH) synthesis, which causes a decline in Sertoli cell number. The Sertoli cell
malfunction in turn leads to disruption of the spermatogenesis and probably induces

Testicular Dysgenesis Syndrome (T¥$yrda et al., 2016
1.2 Sertoli cells

1.2.1 Morphology and function of Sertoli cells

Sertoli cells are locatal in the basement membrared seminiferous tubules in
the testis (Figure 1) andplay a crucial role in spermatogenesimsale phenotypic
development, anthe hypothalamipituitary-gonadal axigSharpe et al., 200Fkinner
and Griswold, 2004 These cells are closely connectedéah other via tight junctions,
forming the blooetestis barrier (BTB) also termed Sertoli cell barrier (SCB). SCB
controls the chemical composition of the luminal fluid and prevents cytoameats
from penetratingthe seminiferous tubulesSertoli cells directly interact withmale
germcells and support their development Isyructural protection and nutrition.
Therefore, Sertoli cedlare considered as suppat nurse cell§Griswold et al., 1987
Guoet al., 2015Nenicu, 2010Nenicu et al., 2007

Sertoli cells also play a key role secretion of regulatory factqre.g.growth
factors, hormoneand cytokinesandthe FSH responséGuo et al., 2015McGuinness
et al., 1994 Besides the support to spermatogenesis, the preseBegtoli cells is also
required to maintain the normal level of germ cell and Leydig cell population as well as
functional peritubular myoid cells in the adult male te@®sbourcet et al., 20)4The
total number of Sertoli cellsvill determine the efficiency of sperm production and
testicularsize. There is a positive correlation between the number of Sertoli cells and
testis weight, the percentage and volume of blood vessels, the seminiferous epithelium
volume and the daily number of produced germ cglieal et al., 2004 For these
reasons any disturbance of these cells could potentially cause infertilityaodesgen

relatedendocrine disorder.
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Figure 1 Schematic illustration of testis structuffeigure 1A) andhe hypothalamigituitary-testicula
axis(Figure 1B).Fi gure 1A is taken from website of
Texas a thttpAwwsviza.uteras.edu/faculty/sjasper/images/f36.12gpd Figure 1Bis taker
from the websiténttps://mueos.wordpress.com/2010/05/24/spermatogemésis
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1.2.2 Models to study Sertoli cells in vitro

Forin vitro studies, primanysertoli cellsare often used. Aesecells are usually
isolated from the immature testiagnhd can be obtained with ralatively high prity
(Nenicu et al., 2007 However, compared to aged celisese cells havsignificant
differences in the cell structure, transferrin expression level, and sensitivity to
androgengAnway et al., 2008 Although a method of the isolation of Sertoli cells from
adul testis was recently established, these cells are often contaminated with germ cells
or peritubular cells. Moreover, these primary Sertoli cells start to lose the
responsiveness to hormones such as FSH witllii @ays in culturdMcGuinness et
al., 1993. Therefore, in several studies the TM4 cell line was usduch provides a

good model system to study Sertoli cell functi@@kinner and Griswold, 2004

The TM4 cell line wasestablishedrom immature mouse Sertoli cell cultures,
which was successfully used as a feeder layer for isolated original germ cells. Gbmpare
with primary Sertoli cel, the TM4 cells are less sensitive to FSH stimulation.
Additionally, TM4 cells can inhibit testosterone production in Leydig cells, which is
rarein vivo. Nevertheless, TM4 cells stiflossas the major characteristics of primary
immature Sertoli cellstherebyproviding a good tooto studySertoli cell line signal
transduction processé€Skinner and @swold, 2004.

1.2.3 Sertoli cell function regulation

Sertoli cell function isregulatedby an interaction ofendocrine and paracrine
signalsin vivo. In malesthe pituitary gland gonadotropingollicle stimulation hormone
(FSH and luteinizing hormone(LH), regulate reproductive functions, such as
spermatogenesis and steroid horm@strogen and androgeproduction (FigurelB).
FSH binds tothe FSH receptor(FSHR) on the Sertoli cellsurface and initiates
spermatogenesisH binds to thduteinizing hormoneeceptor(LHR) on Leydig cells,
where testosteroneare produced andreleased Testosterone diffusesnto the
seminiferous tubulesvhich in turn stinlates Sertoli cedito produceandrogerbinding
protein (ABP) by which the testosterenis concentrated and enriched to promote the

spermatogenes{#cGuinness et al., 1994
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Figure 2 FSH stimulated cAMAPKA signaling pathwayFigure 2A) and localization of PK& Uin
different cell types of a seminiferous tubule in the testis of a-bDavild-type mouse (Figure 2Band
in TM4 Sertoli cells (Figure 2B2B3). Figure 2A contains the integrated information from the literatt
(HunzickerDunn and Maizels, 200&im et al., 2005Lazennec et al., 200Misra et al., 2002Wabhli et
al., 1995 Walker and Cheng, 200andKEGG Pathway Datababeln Figure 2B vimentin (red) wa
used as Sertoli cell markéBuo et al., 2015Nenicu et al., 2007Skinner and Griswold, 2004P K A
subunit distribution exhibits strong differences between different spermatogenic stages of g«
development. It is highest abundant in the cytoplasm of round sperm&tdsdnd elongated spermat
(eSpt), whereas the cytoplasm glesmatocytes (Spc) contains much less RKA Spermatogonia (Sp:
are only very weakly labelled byKA C USertoli cells (S¢ exhibit an intermediate PK& Ustaining
level between spermatoeg and round spermatitls PKA C Uis abundant in the cytoplasm and
present also on a few organedlilee structures in TM4 Sertoli cells, suggesting that Fghalling
should work properly in this cell tyd&igure 2B-2B5).

" http://www.kegq.jp/kegg-
bin/highlight pathway?scale=1.0&map=map04024&keyword=FSH%20%20AMP%20PKA
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Gonadotrom hormones modulate theertoli and Leydig cellsvia the cAMP
signattransduction pathway¥SH and LHbind to surfacereceptors on Sertolor Leydig
cellsrespectively and therelstimulatethe adenylyl cyclas€AC), causing an increase
in intrecelluar levels of cAMP. An increasm intracellular cAMP results in the
activation of the cAMRlependent qtein kinase A (PKA) Kigure ), leading to
typical cellspecific responses in both cell tyg®4cLean et al., 2002

The complexcyclical interpay of FSH and testosteronestosterone aintain
Sertoli cells function by providing the energgguiredfor male germ cell maturation
and testicular structure developmef®H and testosterone play a rolethe regulation
of the synthesis of lactat&ransferrin androgen binding proteitransforming growth
factor (TGF)-U a-bd i -ike growithrfactorl (IGF-1), fibroblast growth factor
(FGF), epidermal growth factor (EGF), mulleremhibiting substance (MIS), and
inhibin in Sertoli cells(Skinner and Griswold, 2004

1.2.3.1 FSH signaling

FSH acs on Sertoli ceb by bindingthe FSH receptolHSHR). FSHR is a cell
surface receptor cbaining 7transmembrandomains. Its structure is vegymilarto the
LH receptor [HR) and the thyroid-stimulating hormone receptaiTSHR). FSH
binding promotesthe FSHR associated partnahe inactive heterotrimeric (roteins
with U, b-, ando-subunits,to releasehe GU-GTP, which will bindto the adenylate
cyclase (AQ. Theadenylate cyclasis then activated toonvertATP into cAMP,which
is an ubiquitoussecond messenger for intracellular signal transduatidhlP works by
activating proti kinase A (PKAto dissociaté t s C subuni,whickwal, Cb or
phosphorylate nearby substrafeazennec et al., 2000

One PKA target isthe transcription factor CREB (CAMP response element
binding protein). It is raidly activated by phosphorylation 8er*3in response to FSH.
Several genes involved in spermatocyte survival are controlle@RgB, such as
lactate dehgrogenase (LDHA), stem cdl factor, aromatase, and IGE Mutation in
CREB can causmore han 75% of spermatiodss due to apoptos{Scobey et al., 200
Walker and Cheng, 2005

CREB playsalso a role in ROS toxicityand mitochondri& biogenesisThese
processes are under the control of the key effe@eroxisome proliferatoactivated
receptor gammaoactivator-1 ([P P A Raactivator-1 UPGG1 U PGG1 Unteracts
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with CREBas wel | as t he n,udoving the expressore @f tROS PPARD
detoxifying enzymes, such as GPx1 and superoxide dismutase 2 (SOD2), to regulate
oxidative stess(Figure 2A) (Lee et al., 20001 nt er est i ngl vy, PPAROY i s

regulator of peroxisome metabolism and proliferafi@olasante et al., 2015

In addition to the transcriptional control induced by FSH/PKA signaling, A
kinase anchoring proteifRKAP) might tether the PKA to organelle surfaces on which
the PKA can directly influence metabolic processes, such #selphosphorylation of
StAR after binding to AKAP1 on the mitochondrial surfdbgson et al., 2008Merrill
and Strack, 2004

1.2.3.2 Testosterone signaling

The androgentestosterones essential to maintain normal spermatogendsis.
lower intratesticular testosterone concentratisould dramaticallyreduce the rate of
spermatogenesigor exampletestosteroneeductionfrom 20 to 10ng/mlin adult rats
inducedan approximately 50% reduction of maintained spermatids per {(@&stisn et
al., 1989. However, compared with our knowledge the FSH signaling pathway, little
is knownabouttestosterongegulation @ gene expression in Sertoli cel\&alker and
Cheng (2005) showetthat when estosterones taken up bySertoli celk through the
plasma membraneghe Pem transcription factor is initiateda the binding ofthe
androgen receptor (ARjp the androgen response elements (ARE)thie promote

regionto support spermatogenegidgure 2A)(Walker and Cheng, 2005

1.3 AKAPs: Scaffolds for local signaling

AKAP is an acronym fofA-KinaseAnchoringProteind due to their ability to
bind PKA (Carr et al.,,1992. Originally AKAPs were named by their apparent
molecular mass in SDBAGE. However, thisiomenclatureould be confusingvhen
naming splice variants of thesameAkap gene (e.g. PAKAP1 and SAKAP84) or
homologs from different species (e.g. humaKA#®149 and mousérat AKAP121)
(Wong and Scott, 2004 Therefore, he human genome organization nomenclature
committee (HGNC) renamed existing AKAPrin AKAP1 to AKAP14' with no
regard to their order of discovery or reference to their traditional neonexamplethe
first AKAP discoveredby Carr and his colleagués 1992 is human AKAP7@Carr et

* http://www.genenames.org/genefamilies/ AKAP
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al., 1992, together with itshomologs bovine AKAP75 anthousefat AKAP150 are
now known as AKAP5. Some AKAPRshich were notincludedin this classification
still maintairedtheir original namgsuch as Gravin, Ezrin, Rab32 and WAXIESmith
et al., 2006 Welch et al., 2010 Most AKAPs are usually highmolecularweight
proteins (e.g. AKAP450 and AKABbc, each > 300kDalput some AKAPs exist as
small molecular weight proteirfs.g. GSKIP is only 15.6kDgpkroblin et al., 2010

1.3.1 AKAP binding features and signhaling cross-talk

AKAPs bind PKAthrough the unifing motif of a 1418 amino acidl-helix
(Day et al., 2011 PKA is normallyan inactiveheterotetrameriboloenzymeconsisting
of two catalyticand o regulatory subunit dimers £RB,). Becausethe majoiity of
AKAPs prefer anchoring PKA RIl subunits dimers, this binding domaas also
termed RHbinding domain (RIIBD). Additionally, AKAPs also contain unique protein
lipid or proteinprotein targeting domains for anchoring its complex to specific
subcellular locationfMicConnachie et al., 2006

Members of theAKAP protein family act as unique assemblescaffolds,
tetheringPKA andotherenzymecomponentsogetherand direding them to a particular
subcellular location close to the downstresustratesThis spatialseparatiorbetween
effector and substratés critical for precise regulation and facilitation of signal
transductionMcConnachie et al., 2006As show in Figure 3, allthe cAMP-depended
signal transduction pathways wonkth a series of similar componensuch asGPCR,
adenylyl cyclasgprotein phosphatas®DE, Epacand PKA The isoformof binding
partnes recruited by AKAPs depend aie specific cell type The adenylyl cyclase
generates cCAMP; while, PDE degrades i-AMPonotindy determinsthe level of
cAMP in cells, but also terminaehe signal transduction at specific cellular sites.
(Skroblin et al., 2010
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Stimulus cAMP
production

PKA substrate

- PKA
DE Epac

cAMP
degradation

Sl effectors

integration

Figure 3 AKAPs assemble the key enzymes and factiarsning a complex to facilitate integration
cAMP and relativesignaling pathways. fiis picture is taken frorh h e  bntemadtiondl review of cel
and mol ec ul(Sknoblinbet al.] 201PyAB the partners have defined functions:p@tein
coupled receptor (GPCR) initiates the signal from external stimulation; adenylyl cyclase (Asigrs
the external signal into second messenger cAMP; phosphodiesterase (PDE) is responsible f
degradation, regulates cAMP concentration together with AC; exchange proteins directly activ
cAMP (Epac) acts as cAMPBffected GTP exchange factpcyclic nucleotide gated ion channel (cN(
or CNQG) is also a cAMP effector; protein kinase A and other kinases activated by cAMP phospl
multiple associated substrates, which are helpful for the integration and synergy of further s
pathways;and protein phosphatase (PP) is mediating the desphosphorylation of those su
avoiding dysregulation of signal transduction.

AKAPs do not only coordinatcAMP signaling but alsoregulate otheevents
by forming multi-functional complexes withprotein phosphataseion channelsPKD
and other kinasessmall GTRbinding proteins,ERK 1/ 2, (d8é&ski&drtion
1.4.1.7, IQGAP1 (seesubsectionl.4.1.3, StAR or mRNA (seesubsectionl.4.2.3.
Therefore AKAPs play an essential role in integratirtpe signaling cross talk
(McConnachie et al., 200&kroblin et al., 2010

1.3.2 Structure of AKAP-PKA interaction

AKAP family memberscontain diverse amino acid sequences #hout any
conserved regioneven the unifying RIIBDs only share less than 30&mino acid
identity (Figure 4).However,despite thei sequencesliversity, the RIIBDs of AKAP
proteins display a conserved unique structural feature throughout the famillg,ig/aic
amp hi p-hdixhmotif, intéracting with D/D domain of tHeKA R subunitgFigure
5).
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AFZP1 (gb |RRHOO725.11)
AFRZPZ (gb |RRHO3735.1]1)
AFRZP3 (gb |RARH473535.1]1)
AFZP4 (emb |CATI413535.11)
AFRAPS (gb |EAWBOBe&2.1])
AFRAPE (gb |RRAIZT7Z233.1]1)
AFZP7 (emb |CAIS00Z2.11)
AF2ZP8 (gb |EAWB4474.1])
AF2PS (gb |EALZ24158.1]1)
AF2P10 (gb |RABB76684.1])
AF2P11 (gb |R2AF07045.1]1)
ARAP12 (dbj |Baal55%27.1])
AF2P13 (gb |AFH30565.1]1)
AFZ2P14 (gb |EAWB5835.1]1)
SuperiFAP-I3

LERP-I3

Ht31

EIAD

Figure 4 Alignment of the PKA RHbinding regions of the indicated AKARsmd artificial disrupto
peptideqGold et al., 2006Hundsrucker et al., 201&kroblin et al., 2010

AKAP RIIBDs consistof hydrophobt and hydrophilic residupairs, forming a
consensus  pattern [AVLISE]-X-X-[AVLIF] -[AVLI] -X-X-[AVLI] -[AVLIF] -X-X-
[AVLISE] (X = any amino acidHundsrucker et al., 201&kroblin et al., 2010 The
isoelectric point (pl) of known RIIBDs ig1 the range of 3.43.23. The conserved
sequence motif anthe pl rangecould be usedogetherto screen for unknown AKAPs

with low false positive hits ratio in a database

The PKA holoenzymes are divided into two categories:-typégh RI subunits
(RI'U or RIbBlI) waintdh tR/iple subuni-tPKAiRUINHU or RI
primarily in the cytoplasm, whereas the typés associated with particulate subcellular
fractions(Del | 6 Ac qua a)nAccorSicgotd the biad 6f Dinding PKA R
subunits,AKAPs can be subdivided into 3 classes:, RlI-, or duaispecific AKAPs.
For example, AKAP1, AKAP4, AKAP10 and AKAP11 are despecific and anchor
both RI and RII subunitéDay et al., 2011Nipper et al., 2006 In general, thespecific
interaction between RIIBD andll hashigher affinity and a lowereleaserate tharthe
interaction between RIIBD and RI subunifBaus, two peptides were developed as
isoformselective Rbinding peptides: Ranchoring disruptor (RIAD)Carlson et al.,
2006 and AKAP-IS which is Rltpreferring(Gold et al.,2006. The artificial disruptor
peptidesmaintain higher affinity and specificity than natural AKAHA$iese pptides
bind PKA R dimer bymimicking the RIIBD amphipathichelix structure so that they
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can competitivly disruptPKA-AKAP interaction and inibit PKA-dependensignaling
by mislocdization of PKA (Carlson et al., 2006

PKA R subunits binding domain in AKAPs

PKA RIl dimer |

Figure 5 Crystal structure (PDB ID: 2HWNJlisplayingthe contact point between the AKARIBD
and PKA RIl D/D domain (dimerization and docking domain). This picture was generated by
PDBViewer version 4.1.0. Residues®|leie® and Led" in D/D domain are necessary for AKAPs/P}
binding. PKA RII dimer | is formed by helix | (cyatyrnrh e | i x | | (green),
(pink)-turrrth el i x 116 (red). Di mer I i nt er act sfornd 4
helix bundk, which is called D/D domain. The connection is stabilized by the interaction betwe
hydrophobic core of D/D domain and amphipathic helix from AKAR&derman et al., 2006

1.3.3 Diversity and evolution within the AKAP family

Most AKAPs are fAcanonical AKAPsoO and pre:
type, interacting with the D/D domain of PKA R subunit dimeigs an amphipathic
helix and anchoring PKA and other partners taearorgankes, like the plasma
membrane the cytoskeleton, mitochondria, the Golgi apparatus, the nucleus, or
vesicular structure@Vong and Scott, 2004

Some AKARPKA binding mechanism workifferently. Theseexceptions are
call eddafoopncal A K A P ston, (Diveani et lal., 208D angl ieactivec e
RSK1(Gao et al., 2010 Ther PKA binding sequence coulenbe a 106amino acid,
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nonhelical, Lewinerich regionthatinteracts with RII This bindng is also insensitive
to AKAP-PKA disruptor peptides. Therefore, the mmmonical AKAPs are often
undetected during AKAP screenings and as such oftessified as false positive hits,

or defined as fAputative AKAPsoO.

Homologues of many mammalian ARS were found in lower vertebrates .too
Such asthe GSKIP homologue ithe one of most basal chordate subphyl&orida
lancelet Branchiostoma floridae named DUF727, whichsharesmore sequence
similarity with humanGSKIP than invertebrate GSKIFhereis a big gap between the
vertebrate AKAPs and invertebratethologs. For example, all the vertebrate AKAP
GSKIPs bind PKA RIlIsubunit,in contrast to invertebrate or fungal GSKIP homologues
that do not bind RIl, suggesting that the RIIBD was formed atelmette evolved
(Hundsrucker et al., 20).0

1.4 A closer look tofour AKAPs used in this sudy

As mentioned above isubsectiorl.2.3 (Figure 2A)the hypothalamipituitary-
testicular axis is criticdlor the male reproductive system developm@nsecreing the
hormone FSH and LH to maintain normal spermatogendsiseover, he cCAMRPKA-
dependent signaling cascades initiated by FSH and LH stimulaticaissunened to be
regulated by certain AKAPs. AKAP11, AKAP1, AKAP4 and AKAP10 have been
identified in the testis and are assumed to contain potential organelle targeting motif.
Therefore, understanding the connection between these 4 AKAPs and the FSH/LH
stimulated phosphorylation pathways are necessary to further our knowledge of male

fertility.

1.4.1 AKAP11l (=FAKAP220)

AKAP220, now namedAKAP11, was first described asan ubiquitously
expessed 220kD#&KA anchoring protein, encoded by t&apll gene, which was
previously shown to sequester PKA peroxisomeqLester et al., 1996 AKAP220
might influence peroxisomal metabolism in the testis by binding PKA to the
peroxisomes. Therefore, it is of interest to define why male patients with peroxisomal
dysfunction exhibit male infelity and why peroxisomes are very abundant in Sertoli
and Leydig cellg§Dastig et al., 201 INenicu et al., 2007
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1.4.1.1 Sequence structure and partner binding sites of AKAP11

The humanAKAP220 [Q9UKAA4.1] is the most well studied AKAP22@lsoa
dualspecificity AKAP that can bind both PKA RI and RII subuni{Reinton et al.,
2000. Other bindingpartnershat have beementified by immunoprecipitationnclude
protein phosphatase 1 (PP1) and glycogen synthassdd b  (-& B(Kogue et al.,
20113 Tanji et al., 200 The PKA holoenzyme recitment could enhancprotein
phosphatase inhibition, so thatthe intermolecular interactions influence the other
bi nding partnersoé acti vi(Schillacevettalh POQ1Farne si gna
exampleGSK-3 panother enzymthat associates witAKAP220, is phosphorylated by
PKA at SeP, thereby decreasing its activity. loontrast protein phosphoatasel
dephosphorylateSer of GSK-3 fio enhance its functiofTanji et al., 2002 GSK-3 fis
a Ser/Thr kinaséhat rgyulatesglycogen synthasactivity (Plyte et al., 1992 andalso
induces apoptosis in cerebellar granule neufbinst al., 2000.

PP1 binding motif (PP1J, PP1b and PPb) RII binding site
1 501--505 1195-1198 1650-1663 1901
hAKAP220 [QOUKA4.1] [ )
Lo 508 1098------ 1186 171% 1901
IQGAP1 binding region AQP2 binding region PP1 inhibitory site
1017 1316

GSK-3b binding region

Figure 6 Schematic diagram of hAKAP22(QL90l-amino acid) and its partnéinding positions
examined by experiments. The color boxes indicate the binding sites or regions as descril
corresponding color teXt.ogue et al., 20110kutsu et al., 20Q8Schillace and Scott, 199%chillace
et al., 2001 Tanji et al., 2002

1.4.1.2 Subcellular localization

In rats, the first AKAP220 [Q62924.1] was shown by immunofluorescendeeto
targeted to peroxisomes, which contains a putative peroxisomal targeting signal (PTS1)
at its Gterminus(the last 3amino acidsiCRLO )Lester et al., 1996 However, this
peroxisomal targeting remains t@ llubious since other researchers have claimed it
might be the result of &@partial overlap of a couple of puncta, possibly caused by
chance, was seen in only a few cells either stained for PMP70 or stained for proteins

with another peroxisomal targetingguencea SKLo (Day et al., 2011 PMP70 is a 70
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kDa peroxisomal membrane proteAmnotherAKAP220 isoform [NP_036905.2]n rats
without PTS1 signal was found dhe mostabundantAKAP in kidney. Double
immunofluorescencstainingclearly colocalized AKAP220 witiAquaporin 2 AQP2)

in the subapical cytoplasmic region of inner medullary collecting d@ksitsu et al.,
2008 Uawithya et al., 2008

The mRNA of hAKAP220 wasfound to behighly transcibed in human testis,
especially in isolated pachytene spermatocytes and round spermatids.
Immunofluorescenckabeling showedhatendogeneous hAKAP22fisplayeddifferent
subcellular localizations duringthe human sperm developmentytoplasnic in
premeiotic pachytene spermatocytesd centrosomabdf postmeiotic male germ cells,
elongating spermatocytesnc&a mature spermMoreover the hAKAP220 complex
together with PKA R RIl and protein phosphatasewas suggested to associate with
cytoskeletal structuresf the sperm tai{Reinton et al., 2000hAKAK220 [Q9UKAA4.1]

also contains no peroxisomal targeting signal.

In mice, AKAP11 is locatedin the cytoplasmand it recruitsthe type | PKA
holoenzyme. Under the stimulation of increasing cAMP lelPd{A C subunitsare
released and promote AKAR to target freeRIUto multivesicular bodiesMVBs). No
colocalization was observed with lysos@neitochondria, or peroxisorag andthis
MAKAP220 al so doesn@ayetcabg0ilai n PTS1 signal

1.4.1.3 Metabolic functions of AKAP220

AKAP220 has been proposed to be involved in the regulation of the urine
concentrationWhen the animal $ dehydrated, the pituitary glamgdoduce arginine
vasopressin (AVP) peptidehormone thatcts onthe basolateral plasma membraoie
collecting ducts of the kidney.he AVP targetsthe vasopressin type 2 receptor.R),
thereby initiatinga cCAMP-dependenand AKAP220-mediatedPKA signal cascade
the collecting ducts. Then the PKA C subuisitactivated tophosphorylatea water
channelAquaporin 2 AQP2) at Sef*®, indudng AQP2 to translocaterom cytosol to
the apical membranalith the increasg number of AQP2nsertedin the apical
membrane, water permeability of the collecting ducts mellenhancetb emable water
reabsorptior{Okutsu et al., 2008

Other research has proposed AKAP220 to be involved in migration of human

fibrosarcoma cellsAKAP220 assemblgthe cytoskeletal scaffolding protein IQGAP1
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which plays a rolein cytoskeletal polarization anzkll motility. AKAP220 supports the
spatial and temporaynchronizationto regulate dynamic instability of microtubule.
Therefore, AKAP220 could be essential microtubule dynamic for cancer cells

migration and invasion as shown in Figur@d_@gue et al., 20110b

B Increased %

IQGAP1

AKAP220

y >
Leading edge

Figure 7 Schematic diagram of AKAP220 complex leading function in cell migraffdms picture is
taken from(Logue et al., 2010b IQGAP1 supports G&CaM-dependent association of factors t
modulate microtubulelynamics. Under the integration of Cand cAMP signals, AKAP220 signalir
platform was compartmentalized to the substrates at leading edges of migrating cells. Activatgd
which is anchored on AKAP220 complex, phosphorylates the-gsidsmicrotubig tracking proteit
CLASP2 at Séf® and Set”, and inhibits CLASP2 binding to IQGAP1. When the cellulaf*Cavel
increases, CaM and Rac could release IQGAP1, so that IQGAPL1 is then free to bind AKAP220.
increasing cAMP concentration, PKA is aetied and can phosphorylate and inhibit GEK resulting
the releasing of activated CLASP2 to anchor IQGAP1.

Research has shown a link between AKAP220 and the development of oral
cancer. The retinoblastonfRB) protein is a tumor suppressor proteihich prevens
cell growthand its dysfunction can cause seveliffierent types ottancergMurphree
and Benedict, 1994 Rb pathway is known to alter the cell cycle and progression of
early oral premalignant lesionfOPLg. AKAP220 takes part in the Rb pathway by
regulatingprotein phosphatase dctivation and RB protein dephdgpylation and the
transcription switch of genes involved in cell proliferatidd{AP220 overexpressed
significantly in oral tumors suggesting a role in oral carcinogene@&arnis et al.,
2005.

142 AKAP1

A-kinase anchamg protein 1 is also known as AKAPERKAL, AKAP84,
TDRD17, AKAP121 [Mus musculds AKAP149 [Homo sapierls D-AKAPL,
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PPP1R43r SAKAP84'. AKAP1 binds to RI and RIl of PKA and anchors them to the
cytoplasmic face of the mitochondrial outeembrané.

1.4.2.1 Alternative splicing and subcellular locations

Akapl transcripgs arewidely expressedn testis, heart, liver, kiney, skeletal
muscle and brainDiverse Akgol transcrigs are derived from the same gene by
alternative prenRNA splicing. A common Merminal exon(1-572 amino acids in
human)codes both thenitochondrial targeting sequence3Q aa) and th®KA binding
helix (34%#360 aa). Tie C-termind exonsare more conserved, coding homology
(KH) domain and a Tudor domaihe differing sequence featusedeterminethe
varioussubcellularlocalizations of AKAP1 For instance, 3 KAP84, a shortAKAP1
variant, is mainly expressed in male germ c¢Hwmiang et al., 1999and targeted
selectively to the mitochondrial sheaththe sperm middle piedgin et al., 199%. The
first 30 amino acids irthe N-terminus of AKAP1 NOform a hydrophobic helix
followed by positive chameg, whichare necessary and sufficient to tar§&tAP1 to the
mitochondrial outetmembrane(MOM) (Huang et al., 1999Ma and Taylor, 2008
Additionally, the AKAP1 N1 variant identified in the moudiger was reported to target
AKAP1 to the endoplasmieticulum and its Nerminus contained additional 33 amino
acids than the AKAPNO variant and may bgenerated by either alternative splicing
and/or differential initiation of translatiofMerrill and Strack, 2014 The negatively
charged AsP within the first 33 amino acid residues converts the mitochordrial
targding signal into both smooth and rough HERgeting signal consisting of the first
63 residues, without destroying the mitochondi@ageting signal. Therefore, the
availability of the Asp' in AKAP1 N1 variant is responsible to determine its ER or

mitochondrial specific targetingMa and Taylor, 2008

" http://www.ncbi.nlm.nih.gov/gene/8165
" http://www.phosphosite.org/proteinAction.do?id=7076&showAllSites=true
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1.4.2.2 Sequence features and domains of AKAP1

Tubuling
binding motif PP1 binding domain KH domain
1 10-----25 153-157 565----------—--- 613 857
AkAP1_mousg008713 (il [] () ( | )
(AKAP121)  P— 30 306------- 325 712 771
Mitochondrial PKA binding site Tudor domain

targeting sequence

Figure 8 Schematic diagram of mouse AKAP1 (AKAP12008715] (857 amino acids). The co
boxes indicate the binding sites or regions as described with corresponding color text.

Within the PKA binding domain,he RII tethering domaindound in the
AKAP121 ofrat (303322ag and mouse (30825ag are 80% identicalBridges et al.,
2008 Feliciello et al., 1998 SpermateésS AKAP84 bi nds (letdl, and
1995, and residues 38825 constitute the Ribinding site(Chen et al., 1997

The K homology (KH)domaincan interact independently or cooperatively with
different regions of the Auich RNAs and various single strand DNA/RNBinding
proteins contain such KH domaiNNMR (nuclear magnetic resonanaagasurement
reveal-@UbblUt sebondar(Figured.r uct ur e

Figure 9 Structure of ¢
KH domain (PDB ID:
2ANR). This picture wa:
. generated using the Swi
AU-rich RNA PDBViewer version 4.1.(
(e.g. mMRNA 3'-UTR) g In the downstream ¢
AKAP1 protein sequenct
a KH domain i<
responsible to bind AU
rich 3-®TR of aimed
mRNA (yellow). The KH
X domain displays a unigt
KH domain: secondary _structur
2 v R_Ro consisting of 3Uhelixes
p-o-a-p-a (pink) and 3 b-sheets
(green):b-U-Ub-6-U,

* http://pfam.xfam.org/family/KH 1
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AKAP121 bindsthe3 6 unt r ans |-dTRed certaiargRNasove( 3 6
the KH domain and plays a role inocalization, stabilization, and translational
regulation of these mMRNACardone et al., 2002The KH domain residues 56%13 in
mouse and 56810 anino acidsin rat AKAP121] is highly conservedFeliciello et al.,
1998. The phosphoryladn of Sef* in the AKAP149 KH domainis required forits
RNA binding (**RYVS®® is a consered PKA phosphorylation site),and
dephosphorylatioof this residugrevents RNAasso@tion (Rogne et al., 2009

The Tudor domain of AKAPZXonsiss of five antiparallelb-shees with a
barretlike fold", recognizes symmetricalldimethylatedArginines, and also possesses
aweak RNase activityGrozdanov and Stocco, 2012

The first 30 residuem all AKAP1 isoforms contitute a mitochondrial targeting
motif. High similarity between the mitochondrida anchor domainof NADH-
cytochoromebs reductaseand Nterminusof SAKAP84 has been reporteg@easley et
al.,, 1993. In 2004, apeptidewas derivedirom the mitochondrial anchor domain of
AKAP121, [Ac-'XKKPLALPGMLALLGWWWFFSRKKX #>-NH, ( X =Atn)
(AKAPwt). It displays a helical wheel conformation, which might be essential for both
tubulin binding and mitochondrial targetinghis peptideexhibits a strong copeting
inhibitory function, preventindAKAP121 anchoring PKA to themitochondrialouter
membrangMOM), and in consequencedu@scAMP effectsandits furtherinfluence

on cell survival(De Capua et al., 20p4

Furthermoreall AKAP1 isoforms (AKAP121, AKAP149, :AKAP84) contain
a corserved region to interact with cellular microtubul@se ubulin bindingmotif (10-
25 aa) and mitochondrial targeting motif-3@ aa) overlap each othefhe tubulin
monaners might promote AKAP1 scaffold to anchor mitochondfardone et al.,
2002.

1.4.2.3 Binding partners of AKAP1 and responding mechanism and functions

Sequence features determisecondary structures of proteingydathe three
dimensionalfolding of proteinssuppliesmolecularinteractiors domains forprotein

protein, proteilDNA or -RNA, proteinlipid, proteirtion interaction Due to these

* http://pfam.xfam.org/family/TUDOR
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domain and interaction, treabcelluar location and functiaf a specific protein can be

determined and modified.

1.4.2.3.1 AKAP1 bindsdoubd ai r pin | oop of Amitochondri al

MRN/A

The KH domain of AKAP1 binds the stalbdéemloop structure of pyrimidine

rich RNAs (Livigni et al., 200§. The mRNAs of thesteroidogenic acute regulatory

protein (Sar), superoxide dismutase 2Sod2, MnSOD, ATP synthase(FO-f) and

lipoprotein lipase (LPLrontaindoubleh ai r pi n st r uct(Dysanetali, n
2008 Rogne et al., 2009 When the KH domain is phosphorylated by PKA, the
AKAP1-mRNA binding stabilizeshesemRNAs, leading to more tnglated proteins

and therebyincreasingthe abundance of the correspondipgpteinsin mitochondria

after their import into the organell@g&insberg et al., 2003Grozdanov and Stocco,

2012.

tropic

-\ )

— 7 -

% e T ___,%,_\
StAR mRNA

Figure 10 An illustration of cAMRPKA pathway mediated transcriptional and translational regul.
of StAR. Tropic hormone initiates cAM-PKA depended signaling pathway to indu&tar
transcription. AKAP1 (AKAP121) recruitsStar mRNA to the outer mitochondrial membral
accelerating the translation and activation of StgBtein AKAP1 also associates type Il PKA to t
mitochondria, whichactivatesStAR at the mitochondrial membrane through the phosphorylatic
Ser®. Some other different kinases also take part in the StAR phosphorylation. And the pr
37kDa StAR was cleaved into 30kDa mature form, translocating cholesterol frmehomndrial oute
membrane to inner membrane. But this whole processing mechanism is still unclear. This p
takenfrom the eview on StAR regulatiofManna et al., 2009
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1.4.2.3.2 Binding through a direct proteiprotein interaction

AKAP1 anchos both PKA RI and RIlI subunits to the outer mitochondrial
membrangHerberg et al., 2000AKAP1/R | idteractionwas suggestedo influence

the release of neurotransmitt@®erkins et al., 2001

Human AKAPL (AKAP149) was reported tbind protein phosphatase \ia
13K GVLF™7 or **RYVSF*! motif (Bridges et al., 2006 Protein phosphataseid a
Ser/Thr phosphatasex)nsists of one catalytic subunit and one regulatory subunit. Most
protein phosphatase 1 rdgtors contain an RVXF motif which interacts with the

hydrophobic region of protein phosphatag®agne et al., 2009

AKAP1 also associated with type 4 phosphodiesterases (PDE4), which
influenced T cell activationand suppressethflammation by hydrolyzing cAMP
(Asirvatham et al., 2004

AKAP1 has been shown to interact with a complex of protein tyrosine
phosphatase D1 (PTPD®dler et al., 1994 and the nofreceptor tyrose kinase Src
(Dagda et al., 2091 Src was targetedo mitochondriaand activatedvia PTPD1,
increasing mitochondra respiration (Livigni et al., 200§. Subsequently, the
mitochondrial Src phosphorylates cytochrome c¢ oxidase (COX) and stimulates COX
activity, whichpositively regulatesomponents of the respiratory ché&®arlucci et al.,
2008.

A key-signaling event in the control of the mitochondrial morphology is the
reversible phosphorylation diefission proteindynaminrelated protein 1Drpl). PKA
phosphorylates S& in human Drpl (S&¥in rat Drpl isoform XDagda et al., 2091
resuls in Drpl inhbition (Cribbs and Strack, 2097 and therefore increas the
mitochondrial stabilityand cell survival AKAP1 also recruits the calcinmesponsive
phosphatase calcineurin (CaRP2B). CaN dephosphorylates 8érthus activating
Drpl and promoting mitochondiigission and fragmentatio{Carlucci et al., 2008
Merrill and Strack, 2013

c-myc binding proteifMYCBP, also called AMY1) was found to bind to the
PKA RII binding region of AKAP149 and -8KAK84. AMY -1 and SAKAP84
MRNAs were found to be strongly expressed in the testis after the appearance of

spermatocyte@~urusawa et al., 2001
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AKAP149 binds to the RNase H region l6fV-1 reverse transcriptagellV-1
RT), through the association between residi#s645 of APAK149 andesidues 464
541 of HIV-1 RT p66(Lemay et al., 2008Narren et al., 2009

AKAP1 also bindsAKAPL1 itself to form an AKAP1-dimer via theirC-terminal
KH and Tudor domainsMoreover, this selassociation requireRNA binding to the
KH domain but the molecular mechanisnand physiological ole of AKAP1 self

association areot clear(Merrill and Strack, 2014Rogne et al., 2006

Nucleus

Figure 11 A model illustrating of AKAP1scaffold complexon the mitochondrial outer membrail
assembling diverse mRNA and protein partners to facilitate and integrate signaling pathy
described abov@Merrill and Strack, 2014

1.4.2.4 Akapl transcript and posttranslational regulation

The translational coactivator PRA(Peroxisome proliferateactivated receptor
2) was showrto be involved in theAkap1ImRNA regulationKnock-in mice expressing
mutatedP P A RP4650), a mutationassociated with severe dyslipidemia in humans,
displayr educed AKAP1 =expression, whereas obese
agonist rosiglitazone show increased AKAP1 mRNA leviedicating a possible

involvement of AKAP1 in lipid metabolisnfRodriguezCuenca et al., 20)2
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Caspase(Figure 11, Casp cut the site DSVD of AKAP1(579582 aa in
AKAP149). This cleavage results in an-t&fminal fragment thatcontains the
mitochondrialtargeting sequence and the PKA binding site andter@inal fragment
with the KH and Tudor domains. Whether this caspase cleavage of AKAP1 is

functiorally involved in the apoptotic program is unknogfoo et al., 2008

Ischemic insults were shown to promote ubiquitination and degradation of
AKAP1. Thisoccurs through the activation of the transcription factor-HIBHypoxia
i nduced )fwhichtirmuces SidhZE3 ubiquitinprotein ligase7 in-absentia
homolog 2)for ubiquitination of AKAP1. Ubiquitinationaccelerags the degradation of
AKAP1 and pronotesapoptosigKim et al., 201} Hypoxia induces transcription and
accumulation of Siah2, a RING domain-EBiquitin ligase. Siah2 targets PHD1 and
PHD3 enzymedor proteasomal degradation, enabling accumulation of-HIF an d
downstream activation of hypoxiaduced genes. Hypoxia promotes Skh@diated
ubiquitination and proteasomal degradation of AKAP121. This regulatory system,
allows a fastadapation of ischemc tissue to low oxygen and metabolite levelsd

might be more rapid than transcriptional regulafiGarlucci et al., 2008

1.43 AKAP4

A-kinase anchdmg protein 4" (AKAP4, PRKA4, AKAP-4, AKAP110,
AKAP82, mAKAP82), acs as aprominentstructual protein of the sperm fibrous
sheath(FS), initiating spermcapacitéion and influencingspermmotility” (Hu et al.,
2009.

Head—— ——— Principal piece
Ml’rochondnql
Head Nucleus | Shedth i __._,7,;;. :
Cap i s

“End piece -

Figure 12 Normal sperm structure (this picture is taken f
https://www.studyblue.com/notes/note/n/med@roductivesysterm/deck/472282%

" http://www.ncbi.nlm.nih.gov/gene/11643
" http://www.phosphosite.org/proteinAction.do?id=9139&showAllSites=ture
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Mouse AKAP4 (mAKAP82) and its homologue human AKAP4 (hAKAR82)
are the most abundant proteins tbé sperm fibroussheathas shown in Figure 12
(Brown et al., 2003 Hu et al., 200R Their precursors, prmAKAP82 and pre
hAKAP82 werealso found in the proximal portion or entire length dhe principal
piece (Turner et al., 1998 The fibrous sheathis an unique and majorcytoskeletal
structure in the principal piece of the flagellum, together with outer dense fibers (ODFS)
andthe axoneme which is required from sperm motilifiNipper et al., 2006 cAMP-
dependent phosphorylation/dephosphorylation events are critical for the initiation and
maintenanceof sperm flagellarbeating mMAKAP82 and hAKAP82 localize to the
fibrous sheath influendng sperm motility by controling cAMRPKA signal
transduction A high homology of sequences was shoamong premAKAP82, pro
hAKAP82 and a 75kDa rdtbrous sheattprotein, suggestingconservedstructure ad
function throughout AKAP4 familyTurner et al., 1998 The Akap4transcriptis highly
expressed duringarly spermatid development, whereas translai€dP4 as®ciated
with fibrous sheattonly in the late phase ofspermatid develapert. The mature form
of AKAP4 can bind AKAP3, which is anothepermspecificAKAP (Carr et al., 2001
as well as Fibrasi Sheath Interacting Proteins 1 and 2 (FSIP1 and FE#P@WN et al.,
2003. AKAP4 can bind both Rland RIUof PKA, and target them tine microtubular
cytoskeleton by AKAP4ubulin interaction(Nipper et al., 2006

1.4.4 AKAP10

A-kinase anchang protein10" (AKAP10, PRKA10, D-AKAP2, D-AKAP-2) is
a dualspecific AKAP that bindsype | and Il PKA(Hamuro et al., 2002 AKAP10 has
a Gterminal PKA binding egion with conserved 2sidues (e.g. ¥° to Q! in
human AKAP10 [ABB76684.1]) that are sufficient for PKA bindil®dKAP10 also
containsone or two putative RGS domains (regulator of G protein signaiimgjcating

its function in signal transductiqiVang et al., 2001

The endogenou8KAP10 proteindisplayedvarious subcellular localizations in
different cell typesFor examplea mitochondrial pattermvas reportedh mouse oocytes
(Welb et al., 2008 mouse myocytecell line, andrat cardiomyocyte primary csll
(Wang et al., 2001 A cytoplasmicstaining for AKAP10 was foundn a human colon
cancer cell lindWang et al., 2001 AKAP10 was also detected negamstsymaptic and

* http://www.ncbi.nlm.nih.qov/gene/56697
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presynaptiaat neuromuscular junction (NM&nd near the actin region in rat muscle
(Perkins et al., 20Q1However, the targeting mechanisnshad been carified yet been
clarified, while the mitochondrial targeting motif was only assunwedbe in the N
terminus of AKAP1QWang et al., 2001

AKAP10 plays a role in human heart rhythm contr@lingley et al., 200}
GeneticAKAP10 mutationscould causesudden cardiac death (SCD), which is one kind
of unexpected rapid natural deatbccurring within one hour after thénitial

symptoms.

1.5 The function of AKAP1, AKAP4, AKAP10 and AKAP11in

genital organs

AKAPs in different organsexecutedistinct specific functions. For example,
AKAP1 is highly expressed in adipocyteand wassuggestd to play a role inthe
development obbesity(Merrill and Strack, 2014 AKAP1 in bonesmnay promote bone
growth and mineralizatiofAlam et al., 201) AKAP121 (=AKAP1) down regulation
has also been suggestedrépresent an important event in the development of cardiac
dysfunctioninducing heart failuréPerrino et al., 2070 Scaffold protein AKAP1 brings
PKA to themitochondriaouter membrane to protect neurons from injiMerrill et al.,
2011), highlighting the importance of studying compartmentalized signaling networks
in neurodegeneration and neuroprotecti@agda & al., 201)}. In the following

subsections, the roles of AKAPs in the reproductive system are highlighted

1.5.1 Steroid hormone biosynthesis

The ratelimiting step of steroidogenesis is mediatedthy steroidogenic acute
regulatory protein(StAR) (Dyson et al., 2008 StAR activity facilitates the transfer of
cholesterobcrosanitochondrial membranes to provittes substatefor the cytochrome
P450 sidechain cleavage enzyme (P450scc; CYP11Al). Inside the mitochondria,
P450scaconverts cholesterol to pregnenolone, which is the first steroid foduealg
the synthesis of all steroids (Miller and Bose, 2011 AKAP1 regulats
posttranscriptional modification and degradation of StAR, especiallynthecelluar
levels of Star mRNA (Grozdanov and Stocco, 2014t is suggested that PKA in

* http://www.phosphosite.org/proteinAction.do?id=18193&showAllSites=ture
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complex with AKAPL directs the regulation of SR expression in three way$) PKA
serves to control th8tar promoter 2) PKA enhances the translation $far mRNA;
and 3) PKA promotes $XR phosphorylation and activatio(Dyson et al., 2008
GomezConcha et al., 20)1

1.5.2 Sperm development

S-AKAP84 (unique AKAP1l in sperm)accumulates as spermatids undergo
nuclear condensation and tail elongat{un et al., 199% S AKAP84 and its splice
variant AKAP121 (=AKAP1), anchor PKAI I U t o t he cytop
mitochondria. This anchorinigas beersuggested tbe involved in the translocation of
mitochondria to the site of cytoskeleton assembly in male germ cells.pidugss
ultimately may modulate the motility and/or the fertilization capacity of spermatozoa
(Feliciello et al., 1998 When human AKAP2205AKAP11) is expressedn testis,
AKAP220 switches from granular cytoplasmic patternth@ centrosome in mature
sperm.Two AKAP4 isoforms, AKAP82 and AKAP110, are tessigecific and major
structural proteinsof the sperm tail principal piece, throughottie fibrous sheath
transverse ribs and longitudinal columasdare important fosperm motility(Tasken
and Aandahl, 2004

1.5.3 Oocyte maturation

Homazygous female AKAP1 knockout mice are subfertile or infertile while
heterozygous females and all genotype of maidsbit normal fertility. AKAPs play
dual role in oocyte maturation: 1) the cCAMAKA dependent growth arrest of oocytes at
meiosis | prophaseeeded to be maintained by AKAPSs prior to the luteinizing hormone
surge. 2) after the initiation of oocyte maturation, AKAP1 is responsible for this
maturation to proceed normally and irreversibly by sequestering PKA catalyzed
phosphorylation from its tgets(Newhall et al., 2006 The mitochondriallocalization
of PKA (YFP-linked catalytic subunit of PKAencoded from microinjected mRNA
YFP-PKA®® is requiredas the oocyte grows from G to 68un diameter. This
localizationis continuouslydetectablehroughout oocyte maturatiamtil fertilization.
MRNA levels ofboth AKAP1 and AKAP10 & markedly reducedigrowing oocytes,
and increasein the germinal vesicle GV) stage, peakduring metaphse Il and
subsequently decreasethe 2cell embryosstage suggesting a pattern consistent with
that observedbr the exogenous PKAYFP-PKA®®) |ocalization(Webb et al., 2008
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1.5.4 Prostate cancer

Prostate cancer (PC) remains thest commommalecancerin USA. Therisk to
developPC cancer isncreasedy male infertility (Tvrda et al., 2016 Compare to the
healthy tissues (normal prostate as negative control, and normal testis as positive
control) AKAP4 protein abundance PC patientbiopsieswas found to be increased
The reason for this aberrant expression patgenotyet clear. One supportive evidence
is that AKAP4 mediates calcitonimduced invasiveness in PC tumor cdl@hirivaZ
Internati et al., 2012

1.6 Peroxisomes and infertility

As mentionedn subsection 1.4,JAKAP220 in rats was suggested to be present
in Sertoli cell peroxisome$eroxisomes are small singleembraneorganelles present
in all cell types,protecting cells against oxidative stress dimid toxicity. This
organelle hasbeen associated with cAMfsponsive events, such as androgen
biosynthesis and testosterone secreflaster et al., 1996 Peroxisomes also play an
important role in spermiogenesis, spermatogeresisd | i pi d met abol i sm i
oxidation of very long chain fatty acids (VLCFA) and cholestesghthesis in Sertoli
cels of seminikerous tubuleglLiers et al., 2006 Nenicu et al.2007). The patients with
peroxisomal biogenesis defects such as Zellweger syndrome, display degeneration
Sertoli cellsand Leydig cells(Nenicu et al., 2007 Peroxisomes in germ cells were
foundto be functional in theynthesisf polyunsaturatefatty acids(PUFA) which are
the major componendf germ cell phospholipids membrane protectthem against
oxidative stressPeroxisomes were alsnggested to bmvolved in the degradation of
leukotrienes and prostaglandins from paracrine between gellsrand Sertoli cells
(Dastig et al., 2011

1.6.1 Metabolic pathways in peroxisomes involved in male

fertility

Functional peroxisomes are essential for normal spermatogenesis and the lipid
homeostasi®f Sertoli cells.Peroxisomes protect Sertoli cells against ROS and lipid
toxicity. Sertoli celtspecific Pex5knockoutmice were infertile andexhibiteda lipid
accumulation in Sertoli cell@Nenicu et al., 2007 Genetic defects in the peroxisomal

membrane transporter ABCD1 results in dysfunction of peroxisomal metabolic
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pathways causing adrenoleukodystroptygaomyeloneuropathy (ALD/AMN) disease.
The paients with these defects exhibiteskveretesticular disorders, such amn
accumulation of VLCFAabnormal levels of LH and FSH ardcuolated Sertoli cells,
resulting in poor germ cell maturation and reduced fer{iitgstig et al., 2011 iers et
al., 2006 Nenicu, 201). ABCD1 (also known as ALDPjs an adrenoleukodystrophy
protein/lipid transportenf the peroxisomal membrane aatso one of the abundant
transporters in Sertoli cells, which mainggulate cholesterol side chain oxidation by
peroxisomé -okidation pathway 2(Nenicu et al., 2007 ABCD1-3 transportthe
different types of fatty acidsuch asVLCFA, LCFA, 2-methyltbranched chain fatty
acids, dicarboxylic acids, pgunsaturated fatty acids, leukotrienes amdspaglandins
into peroxisomalmatrix (Colasante et al., 20L5Recently, substratespecficities of
different ABCD transports have been analyzed in det@kerdinandusse et al., 2014
van Roermund et al., 20;1dan Roermund et al., 201

Membrane
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Figure 13 Brief overviewof major metabolic pathways and peroxins (in number) in peroxisomes
mammalian testisThis picture is adapted fro€olasante et al., 201B5ahimi and Baumgart, 1999
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Deficiencies of two key enzymes, dihydroxyacetonephospheytiransferase
(DAPAT) and alkyl dihydroxyacetonephosphate synthase (ADAPS), involved in
plasmalogens (PLs) synthesis caused mice spermatogenicamdesSertolicell-only
phenotype DAPAT and ADAPS are peroxisomal proteins, which carry a PTS1 and a
PTS2 respectivelyAnother defectn the peroxisomal protein, glyceronephosphate O
acyltransferase (GNPAT), imice resulted inatrophictestis (Rodemer et al., 2003
Multifunctional protein2 (MFP-2, also known as HSD17B4s a peroxisomal protein
t hat i nv o loxidathn pathways o @atabyse both straight chain and branched
chain fatty acids in peroxisomé¢bluyghe et al., 20Q6Nenicu et al., 2007 MFP-2
knockout mice developed neutral lipids accumulationin Sertoli cells and testis
degenerationThis blocked peroxisomds-oxidation in Sertoli cells might induce the

seminiferous epithelium disintegratiandmiceinfertility (Huyghe et al., 2006

Interestingly CCDC33 protein, a cancer/testis antigen expressed exclusively in
testis, is a peroxisomal protein containing a putative typer@xisomal targeting signal
(PTS2)(Kaczmarek eal., 2009. This again suggested the peroxisomal proteins play a

role in spermatogenesis.

1.6.2 Peroxisomal matrix protein translocation and import

machinery

Peroxisomal proteins are translated on free ribosomes within the cytoplasm.
Proteintranslocatiorand importdepend orthe presence gferoxisomal targeting signal
sequences (PTS) peroxisomal matrix proteincatedeitherat the CGterminusor at
the Nterminusand interactwith specific cytoplasmicreceptors(Dastig et al., 2011
Liers et al., 2008.

The two peroxisomal targeting signals are named PTS1 and PT32ost
peroxisomal matrix proteins contain at&minal PTS1, which is recognized hiye
cytoplasmicreceptorPEX5p (PEX5Lp in Figure B is the long isoform of PEX5p in
mammals witha tetratricopeptide repeat dagim). A few peroxisomal matrix proteins
contain thePTS2signaland areshuttled byreceptorPEX7p. The PTS2 motifis mostly
locatedat the N-terminal orless frequently at amternal regionof the protein and
consists of the consensus sequence pafip-[LVIQ] -X-X-[LVIHQ] -[LSGAK]-X-
[HQ]-[LAF] (where X is any mino acid) (Kaczmarek et al., 2009Both receptos bind

peroxisomalmatrix proteins and transfer thefrom the cytosol to thedockingcomplex
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(PEX13p and PEX14p) on theperoxisomal membrane. However, how geroxisomal
proteinstravel acrossthe peroxisomal membraradarereleasd into the peroxisomal

matrix is still uncleaflslinger et al., 201,2Schrader and Fahimi, 2008

1.7 Aims of the thesis

Although it is well known that the FSH stimulated PKA pathway affects
spermatogenesis and Sertoli cell funcsiostrongly until now only one AKAP220
protein has beendentified to be involvedin targeted PKA regulation of steroid
biosynthesis in Sertoliatls. This PKAanchoring protein in theat appeared to be
restricted to the peroxisomaecause of its PTSat the Gterminus However, it is
unknown whether PKAs targetedto the peroxisomesand its role m peroxisomesas
not yet beernnvestigatedPerxisomes function n ¢ e JoXidatibreof fattp acids, as
well asLH-responsive testosterone secreiioheydig cells(MendisHandagama et al.,
1992. New informationon A-kinase anchoring proteins and their eventual action on
peroxisomal metabolism wilhelp to understand the role of these organeiteshe
normal physiology of the testis and in the molecular pathegjerof male infertility.
Furthermore, understanding thekikase anchoring proteins can eventually provide
insights on coordination of organelles involved in steroidogenesis, such as
mitochondria, the endoplasmic reticulum and peroxisorRamlly, it is known that
P P A Ritvolved in regulation of many peroxisome genes, is phosphorylated by PKA
Therefore,it was hypothesizedhat the AKAP protein with putative PTSdignals
transported tdhe peroxisomesnay influence peroxisome metabolic events related to

the biological function o& certain cell type.
Therefore, the main aims of thpsojectwere
- To analyze whether peroxisome gene transcription is influence&Hy
- To analyze whethekKAP220 is really localized in Sertoli cell peroxisomes

- To characterize Ainase anchoring proteins with putative-t€@minal
APTS1o0

- To clone these AKAPs and analyze their subcellular location in Sertoli cells

- To get more insights on their eventual functioisertoli cells

Page B5



2 Matesi al

2.1 Cell line and medium

The Sertoli cell line (TM4) and the medium used for the studies are described in

details in Table 1.

Table 1 Cell line and medium (information from ATCC search and Health Protechtion Agency cell line

data sheet 50004291)

Cell line name T™M4

ATCC® Number CRL-1715E

Catalogue No. 88111401

Lot No. 00C013

Description Mouse BALB/c testis Sertoli cell

Growth Mode Adherent

Culture Medium Hamés F12 + DMEM (1:1) +HA22MuGh!l
(GIBCO 31331)] +5% Horse Serum (HS) + 2.5% Foetal Bovine Ser
(FBS)

Reactivity From primary culture of Sertoli cell enriched preparations from normal t
of a 1313 day old BALB/c nu/+ mouseCells respond to FSH but not L}
Plasminogen activator secretion is FSH and also retinoic acid.

Preservation Freeze mediun®0% culture medium 40% DMSO

Storage temperaturkquid nitrogen vapor phase

2.2 Routine Materials

Routine materials used in this thesis are summanzé&dble 2.

Table 2 Routine reagestlist

Reagent Name Company/ person Cat. No. Application
Follicle-stimulating SigmaAldrich F8174 PKA activator
hormone (FSH)

Choleratoxin (CT) SigmaAldrich C8052 Gs protein activator
Forskolin (FSK) SigmaAldrich F6886 Adenylate cyclase (Ac)
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8-Br-cAMP SigmaAldrich

3-Isobutyl1-methylxanthine SigmaAldrich

(IBMX)

H89 dihydrochloride hydrate SigmaAldrich

Cell Lysis Buffer (10 ) Cell Signaling
Technology®

Opt i PDeagityE SigmaAldrich

Gradient Medium

ImmunSt ar E AP Bio-Rad Laoratories,
Inc.

Precision Pl Bio-Rad Laoratories,

WesternCE St ¢lInc.

Precisi on Pl 1 Bio-Rad Laoratories,

Standard®ual Color Inc.

RNaseZ AP E SigmaAldrich

RNA Marker Promega

AnDi goxi geni Roche Applied
Science

SP6 RNA Pol yr Roche Applied
Science

T7 RNA Pol y me Roche Applied
Science

DI G RNA L ab el Roche Applied

10conc. Science

Nyl Meembr ane s, RocheApplied

positively cI Science

Bl ocki ng Rea(RocheApplied
Science

Di spergi er-er IKA-Werke GmbH &

TurfTa2xs basi c Co KG

RNaAWAY MOLECULAR BIO-
PRODUCTS INC

Di et hyl pyr o« SigmaAldrich

(DEPC)

RNAZ®RT SigmaAldrich

RNAatRNA Qiagen

Stabilizati ol

RNeasy Mini I Qiagen

RNeasy Fibrous Tissue Min Qiagen
Kit
Superscriptetk
Transcriptase

Invitrogen

B5386
15879

B1427
#9803

D1556

1705018
161-0376
161-0374
R2020
G3191
11 683
10 810
10 881
11 277
11 209
11 096

2404578

7000

D5758

R4533

76104

74104

74704

18064022

activator

cAMP analog
PhosphodiesteragPDE)
inhibitor

Specific inhibitor of PKA

Used for protein isolation

Used for cell and organells
isolation

Western blot substrate,
used for detection

Protein ladder fowWestern
blots

Protein ladder fowWestern
blots

Cleaning agent for
removing RNase

RNA ladder for gel
electrophoresis

. Northern Blot

" Northern Blot

Northern Blot

" Northern Blot

¢ Northern Blot

" Northern Blot

High speed homogenizer

For eliminating RNase ant
DNA from apparatugnd
tools surfaces

Nuclease inhibitor, 0.1%
DEPC water is used for
RNA related work

RNA isolation

Stabilizing RNA away
from risk of degradation

Purification of high
quality RNA from tissues

RNA isolation kit forheart
and muscle tissue

Reverse transcription
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Oligo (dT).1g Primer

WasseAcCUGENE®

10 TagBuffer, with 15
mM Magnesium

TagDNA polymerase

Deoxynucleotide Mix,
10mM each dNTP

10 PfuBuffer
PfuDNA polymerase
100mM dATP solution
Dpnl

DNase I, Amplification
Grade

R Na s e O Rifiokuclease
Inhibitor

BamH
EcoR
EcoR/
Hindlll
Sall
SpH
Xhad

Bovine Serum Albumin
Acetylated (BSA)

Buffer B
Buffer D
Buffer K

Universal Agarose

Agarose LE, low electro
endosmosis

NucleoSpiff Gel and PCR
Clearrup

Subcl oning
ElectroTenBlue

NucleoSpiff Plasmid

Ef
DH5U Compet el

Invitrogen

LONZA

SPRIME

SPRIME
SPRIME

Promega
Promega
Invitrogen

Promega

Invitrogen

Invitrogen

Promega
Promega
Promega
Promega
Promega
Promega
Promega

Promega

Promega
Promega
Promega
BIOSELL

BoehringeMannheim
GmbH

MACHEREY-
NAGEL

Invitrogen

Agilent Technologies

MACHEREY-
NAGEL

18418012

7331631

2201240

2900166
2900389

M776A
M774A
P/N 55082
R623A

18068015

1077#019

R602A
R601A
R635A
R604A
R605A
R626A
R616A
R396A

RO02A
RO0O4A
RO10A
BS20.46.500

1685651

REF 740609.50

18265017

200159

REF 740588.250

Hybridizesto the mRNA
poly(A) tail andactsas a
primer for first strand
cDNA synthesis

Water, molecular biology
grade

PCR

PCR
PCR

Pfu-PCR
Pfu-PCR
Pfu-PCR

A restriction enzyme
which digests methylated
DNA

Digess single / double
strand DNA

Inhibits RNase A, RNase
B, RNase C

Restrict enzyme digestion
Restrict enzyme digestion
Restrict enzyme digestion
Restrictenzyme digestion
Restrict enzyme digestion
Restrict enzyme digestion
Restrict enzyme digestion

Restrict enzyme digestion

Restrict enzyme digestion
Restrict enzyme digestion
Restrict enzyme digestion

Electrophoresis for
checking DNA size

Electrophoresis for DNA
purification

Gel extraction kit

Heat shock competent
bacteria

Electroporation Competer
Cells

Plasmid isolation kit
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NucleoBond Xtra Midi EF MACHEREY- REF 740420.50 EFMidi plasmid isolation

NAGEL kit
Vi aFect E Tr a1 Promega E4981 Transfecs DNA into cell
reagent lines with high efficiency
and low toxicity
Poly-L-Lysine SigmaAldrich P2636 Poly-lysine coating cover
hydrobromide slip

2.3 Buffer recipes

All buffers used in this thesis asemmarized in Table 3.

Table 3 Buffer recipe

Buffer Stability at €
Buffer A (for Western blot) 1.5M Tris, 13.87mMSDS,pH 8.8 4T
Buffer B (for Western blot)  500mMTris, 13.87mMSDS pH 6.8 4T
Separating gel compositio 8ml 30% acrylamide solution, 2ml dd@, 10ml Immediately
(12% acrylamide gel) (for Buffer A, 130d 10% APS, 154 TEMED use
Westerrblot)
Collecting gel compositior 1.25ml 30% acrylamide solution, 3.75ml dgB 5ml Immediately
(for Western blot) Buffer B, 130 10% APS, 154 TEMED use
5 Running Buffer (for 123.8mMTris, 1M Glycine, 17.4mM SDS. Dilute it 4C
Western blot) into 1 electrophoresis buffer before using
SDS Laemmli Sample Buffe 3.55ml ddHO, 1.25ml TrisHCI (0.5M, pH 6.8), -20C
(for Western blot) 2.5ml glycerol, 2ml 10% (w/v)SDS, 0.2ml 0.5%

(w/v) bromophenol blue
10 TBS Buffer (for Wester 100mMTris, 1.5M NaCl, pH 8.0 4C
blot)
1 TBST (0.05% Tween 20 Solve 100ml 10 TBS Buffer and 0.5ml Tween 2° Room
(for Western blot) into 1000ml MilliQ H,O temperéure
Stripping Buffer (500ml,pH 10ml 10% (w/v) SDS, 62.5ml THEICI (0.5M, pH 4€C
6.8) (for Western blot) 6.8), 427.5ml MilliQ RO

Homogenizing Buffer (cell 250mM SucrosepH 7.4; 5mM MOPS,pH 7.4; 0.1%
lysis buffer for peroxisome Ethanol, 1mM EDTA; 1mM &minocaproic acid

isolation) 0.2mM DTT, Protease inhibitor mix 1:100
Opti PrepE di |l 0.25M sucrose, 10mM EDTA, 1% (viv) ethan
B) 100mM MOPSNaOH,pH 7.2

Working Solution (Solution 90%Op t i P,n@48&ution B

C, 54% iodixa

g/ml)

Homogenization mediun 0.25M sucrose, 1mM EDTA, 0.1% (v/v) ethan
(Solution D) 10mM MOPSNaOH,pH 7.2

Narcotic solution (rat 0.65ml Ketamin Ratiopharm (Ketamin 100mg/m
Anaesthesia) 0.65ml  Rompun (Xylazin 20mg/ml); 0.2n

Prepare freshly

Immediately
use

Immediately
use

Immediately
use

4C

Page B9



Sedostress (Azepromazin 10mg/ml); 8.5ml O.!
NaCl. Each 0.1ml Narcotic solution is used for 1

bodyweight.
Transfer Buffer (RNA 3M NaCl and 341.78mM sodium drate in 0.1% Room
gel/nylon membrane DEPC water, pH 7.0 temperature
sandwiches)
1 Maleic acid buffer (for 0.IM Maleic acid, 0.1M NaCl, pH 7.5 (2€ ), 20C
Northern blot) sterilefiltered
Basic Buffer (for Northern 40mM TrisHCI, pH 7.4; 150mM NaCl 1weekatZ
blot)
Antibody Buffer (for 1% Blocking reagent (w/v) in Basic Buffer 2 months atiC

Northern blot)
Blocking solution (for 1g Blocking reagent powder (w/vin 100ml 1 4 weeks at@

Northern blot) Maleic acid Buffer

Washing Buffer 1 (test) 01%Tweenn2®Basic Buffer, Notrecommend
Washing Buffer 2 (test) 25mM,H\Wag) 1% SDS, 1 mM E L Notrecommend
Washing Buffer 3 (test) 03%Tween n2Mal ei ¢ agkd 5b 1 Notrecommend
Washing Buffer 4 (test) 0. B5SC Not recommend
Washing Buffer 5 (test) 0. BSO. 1% SDS Not recommend
Washing Buffer 6 (test) 0. ®S8C Not recommend
Washing Buffer 7 (test) 0. 3SO©. 1% SDS Not recommend
Washing Buffer 8 (for 1 SSC:0.75M NaCl and 0.75M sodiunitiate 4C

Northern blot)

Washing Buffer 9 (test) 1 SSO, 1% SDS Not recommend
Formamide Hybridization 50% formamide (v/v) deionized, 5SSC, 0.1% N 4C

Buffer (for Northern blot) lauroylsarcosine (w/v), 0.02% SDS (wl/v), 2

Blocking solution (v/v)

10 MOPS Running Buffer 0.2M MOPS,pH 7; 50mM sodium citrate 0.01M 4€C
(for Northern blot) EDTA

10 Formaldehyde loadin¢ 1ImM EDTA, pH 8; 0.25% (w/v) bromphenol blue 20C
Buffer (for Northern blot) 0.25% (w/v) xylene cyanol, 50% (v/v) glycerol

6 DNA loading Dye 0.25% (w/v) bromphenol blue, 0.25% (w/v) xylen 4T
cyanol, 30% (v/v) glycerol

Stripping Buffer (for Northern 50% deionized formamide, 5% SDS, 50mM Tr 4C
blot, but not recommend) HCI, pH 7.5

HsBOs/Natetraborag Buffer  0.7mM Lysine 100mMboric acid,47.5mMNa- 4C
(for coating cover slip) tetraborag

2.4 AKAP plasmids

Different A-kinase anchoring plasmids were selected and a database search
performed to find the appropriate IMAGE clones fjorrchase (Table 4A plasmid that
contains partial ofAkapl1[NM_012773.2 sequence was used as the template for
Northern blot probes design. The plasmids Akapl [NM_009648.2, Akap4

Page A0



[NM_009651.4 and Akap10[NM_019921.3 were usedfor detection primers design
and myetagged AKAPSs overexpression.

Table 4 Commercial plasmids information

Gene  Company I.M.A.G.E Vector Cloning Sites Antibiotics
Symbol
Akapll GenomeCube IMAGp998B0715541Q pExpressl  5s:EcoR/, Ampicillin
3s:Notl (50.g/mb)
Akapl GenomeCube IRAVP968B01135D pYX-Asc 5s:ECcoR, Ampicillin
3s:Notl (1004g/ml)
Akap4 GenomeCube IRCLp5011A0634D pCR- 5s: TOPO sites, Kanamycin
.'?'ggtg' 3s: TOPO sites  (100H/MD)
Akapl0 GenomeCube IRAVP968B05107D pSPORT1 5s:Sal, Ampicillin

35 Notl (100g/ml)
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http://lifesciences.sourcebioscience.com/genomecube/?s=AKAP11&c=RN.219324&cl=7142642&cn=IMAGp998B0715541Q&pgc=0&pga=0&pgp=0#main-content

2.5 Primers

All the primers used in this study are lisiadlable 5, includingerified ones (*) and new designed ones.

Table 5 List of primers designed and used in this gtud

Gene Tageted tamplate Len Primer Primer LabName Sequence (53") Optimized
Name (bp) Lab-ID Ann.
Temp.
€)

28S rRNA NR_003279 254 G112 rRNA-Forl CCTTCGATGTCGGCTCTTCCTAT 65
G114 rRNA-Revl GGCGTTCAGTCATAATCCCACAG

ABCD1 NM_007435 465 D24* ALDP-For2 GAGGGAGGTTGGGAGGCAGT 67
D26* ALDP-Rev2 GGTGGGAGCTGGGGATAAGG

ABCD2 NM_011994.2 406 K19* ABCD2-For3 TGCAAAATTCTGGGGAAGA 58
K20* ABCD2-Rev2 TGACATCAGTCCTCCTGGTG

ABCD3 NM_008991.2 523 LO2* HAbcd3forl CTGGGCGTGAAATGACTAGATTGG 65
LO3* HAbcd3revl AGCTGCACATTGTCCAAGTACTCC

ACOX1 NM_015729.3 566 D15 Acox1-Forl CTGAACAAGACAGAGGTCCACGAA 60

NM_001271898.1 566 D16 Acox1-Revl TGTAAGGGCCACACACTCACATCT
ACOX2 NM_053115.2 688 D17+ Acox2-Forl CTCTTGCACGTATGAGGGTGAGAA 60
NM_001161667.1 688 D18 Acox2-Revl CTGAGTATTGGCTGGGGACTTCTG

ACOX3 NM_030721.2 813 D19 Acox3-Forl GCCAAAGCTGATGGTGAGCTCTAT 55
D20* Acox3-Revl AGGGGTGGCATCTATGTCTTTCAG

Catalase = NM_009804.2 833 D49 Catalaseé~or3 ATGGTCTGGGACTTCTGGAGTCTTC 64
D53* CatalaseRev3 GTTTCCTCTCCTCCTCGTTCAACAC
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Gpx1

SOD1

Pex5

Pex13

Pex14

Pex11

Pex11

Pex11

PPARU

PPARD

PPARD

FSHR

NM_008160.6

NM_011434.1

NM_008995.2

NM_175933.2

NM_023651.4

NM_019781.2

NM_011068.1

NM_011069.3

NM_026951.2

NM_011144.6

NM_001113418.1

NM_011145.3

NM_001127330.1

NM_011146.3
NM_013523.3

197

153

508

508

718

131

420

590

682

584

584

363

441

441
345

J64
J65

G40
G42*
F47*

F48"

Fo7

F28"
F29*
F32*
F20*

F19:
F21*
F22*
F23
F24¢
F68"
F70*

F71*
F72*
F74*
F76"
L70*
L71*

Gpx1-Forl
Gpxl-Revl
SODZXForl
SODXRevl
Pex5Forl
Pex5Revl
Pex13Forl
Pex13Revl
Pex14Forl
Pex14Revl
Pexllalphdorl
PexllalphaRevl
Pex11lbetdorl
PexllbetaRevl
Pexllgammdrorl
Pexllgammdrevl
PPAR alphaFor2
PPAR alphaRev2
PPAR beteaForl
PPAR beteRevl
PPAR gammdror2
PPAR gamm&Rev2
Fshr F1

Fshr R1

GGGACTACACCGAGATGAACGA
ACCATTCACTTCGCACTTCTCA
TGGGTTCCACGTCCATCAG
ACACCGTCCTTTCCAGCAG
GAGTGAAGAAGCAGTGGCTGCATAC
GGACAGAGACAGCTCATCCCTACAA
GACCACGTAGTTGCAAGAGCAGAGT
CTGAGGCAGCTTGTGTGTTCTACTG
CACCTCACTCCGCAGCCATA
AGGATGAGGGGCAGCAGGTA
TCAGCTGCTGTGTTCTCAGTCCTT
GTACTTAGGAGGGTCCCGAGAGGA
ATCTGTCCCTGGCTACGACTCAAG
AAACTGGAAAGTGTGGAGGCAGTC
GACTCTGCTTGGTGGTGGACACT
TGTCTCTCCCACTCACCTTTAGGC
AGACCGTCACGGAGCTCACA
GGCCTGCCATCTCAGGAAAG
CACCGAGTTCGCCAAGAACA
AGAGCCCGCAGAATGGTGTC
TCCGTAGAAGCCGTGCAAGA
CACCTTGGCGAACAGCTGAG
CCAGCCTTACCTACCCCAGT
CTGTGGTGTTCCCAGTGATG

61

63

64

65

60

64

63

64

68

60

60

62
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GAPDH

b-actin

StAR

AKAP11-
LSP

AKAP11-
BSP1

AKAP11-
BSP2

AKAP11-
BSP3

NM_001289726.1

NM_007393.3

NM_011485.4

NM_012773.2

NM_012773.2

NM_012773.2

NM_012773.2

417
440

120

143

292

230
253

308
331

893

608

E12*
E15
BK16

M29*

M30*

BK17

K21*
K22*
Az47

AZA8
BK18

AZ49

AZ51
BK19

AZ50

AZ51
AZ50

AZ52

GAPDH-Forl
GAPDH-Rev1
T7-GAPDH-R

Mm betaActin-
1146F

Mm betaActin-
1266R

T7-betaactinR

StAR-Forl
StAR-Revl
LSP-1240F

LSP-1449R
T7-LSP-R

BSR3113F

BSP3399R
T7-BSPER

BSPR2528F

BSP3399R
BSR2528F

BSP-3115R

CACCATGGAGAAGGCCGGGG
GACGGACACATTGGGGGTAG

TAATACGACTCACTATAGGGAGAGACGGACACATTGGGGGTAG
T7 RNA polymerase promoter

GGATCAGCAAGCAGGAGTACGAT

CTGCGCAAGTTAGGTTTTGTCAA

TAATACGACTCACTATAGGGAGACTGCGCAAGTTAGGTTTTGTCAA
T7 RNA polymerase promoter

GTTCCTCGCTACGTTCAAGC
TTCCTTCTTCCAGCCTTCCT
AATGTTAGAAAGCCAACACC

GCATAATCTTCGTAAGTGCAG

TAATACGACTCACTATAGGGAGAGCATAATCTTCGTAAGTGCAG
T7 RNA polymerase promoter

ATCTGACTAATACTGCGCTTG

CTCAGATAAACTACCAACGGAT

TAATACGACTCACTATAGGGAGACTCAGATAAACTACCAACGGAT
T7 RNA polymerase promoter

GCCAGAATGACTTCAAACCAAC

CTCAGATAAACTACCAACGGAT
GCCAGAATGACTTCAAACCAAC

CTCAAGCGCAGTATTAGTCAG

60
60

62

62

58

56
56

56
56

56

57
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http://www.ncbi.nlm.nih.gov/nucleotide/145966868?report=genbank&log$=nuclalign&blast_rank=1&RID=N21ETKFS014
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AKAP11-
rat

M13
promotor

AKAP1-N
terminus

AKAP1-C
terminus

AKAP1
IMAGE
clone

AKAP4-N
terminus

AKAP4-C
terminus

NM_012773.2

pGEM-Teasy
plasmid

Express 1 plasmid
NM_009648.2
NM_001042541.1
NM_009648.2
NM_001042541.1
IRAVp968B01135D

IRAVP968B01135D

IRAVP968B01135D
IRAVP968B01135D
IRAVP968B01135D

NM_009651.4
NM_001042542.2
NM_009651.4

NM_001042542.2

1147

266

190
402
295
312
312
2573

2573

202
202
224
224

AZ57

AZ58
BE61

BEG62
BJ25
BJ26
BJ27
BJ28
BH42

BH43

BH48

BH49

BLO3
BL27
BL30
BL31
BH58
BH59
BH60
BH61

rAKAP11-2124F

rAKAP11-3341R
M13FS

M13RS

FIN

R1IN

Fi1C

R1C
AKAP1-Mm-F3B

AKAP1-Mm-R3B

AKAP1-Mm-F5B

AKAP1-Mm-R5B

1-5B-771F
1-5B-1420F
AKAP1-Mut-F
AKAP1-Mut-R
FAN

R4N

F4C

R4C

CTTCACAGCAAAGGCAGCAG

ATTCTTTGGCTAACTCCCCTT
CCCAGTCACGACGTTGTAAAACG

AGCGGATAACAATTTCACACAGG
CGGAGACAAAGCTATGACCC
CTTGCCAATCAGTCGACCA
TTTGTGACCCTGCCATTCCAA
AACAGTGCAAAGAAGACCGAA

ATAGGATCGOGCAATCCAGTTGCGTTCGCTC
BamH

ATACTCGAGTCAGAGGCTGGCATAGTAGCT
Xha Stop codon

ATAGGATCCATGGCAATCCAGTTGCGTTCG
BamH Start codon

ATACTCGAGGAGGCTGGCATAGTAGCTGTC
Xha

GGACTGGAGATGCTGTGTTGG
ACCAAGGACCAGAAGCCAAAG

ATGGTATCACTGTGGAAGTCATCGTGGTCAAC
GGTTGACCACGATGACTTCCACAGTGATACCATC

ACAACAAGATCAGGACCGAA
GAAAAGGCACACAGATCCCTC
TGGCCCTGAAGTTATTGTCAACA
TGGCAAACTTCATGACCTCC

55

60

54

54

58

58

55

53

53
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AKAP4
IMAGE
clone

AKAP10-
C terminus

AKAP10
IMAGE
clone

myc-GFR
3B

GFP-myc-
5B

IRCLp5011A0634D

IRCLp5011A0634D

IRCLP5011A0634D
IRCLP5011A0634D
NM_019921.3

IRAVP968B05107D

IRAVP968B05107D

pGeneClip hMGFP
vector

pGeneClip hMGFP
vector

2550

2550

335

1018

1018

701

701

BH44

BH45

BH50

BH51

BLO5S
BLO6
BK20
BK21
BH47

BL28

BH53

BL29

BL48

BE6G6*

BE65

BEG67*

AKAP4-Mm-F3B

AKAP4-Mm-R3B

AKAP4-Mm-F5B

AKAP4-Mm-R5B

4-3B-920F
4-3B-1830R

F10C

R10C
AKAP10-Mm-R3B

10-3B-355F

AKAP10-Mm-R5B

10-5B-355F

GFRBamHI-NoStart

RvGfP-Xhol

fvGfP-BamHI

RvGfP-XholWoS

ATAGGATCCATTGCCTACTGTGGTACTACA
BamH

ATACTCGAGITACAGGTTAGCGAGAAGCAA
Xhd  Stop codon

ATAGGATCCATGATTGCCTACTGTGGTACT

BamH Start codon

ATACTCGAGCAGGTTAGCGAGAAGCAAGTC
Xha

ATTGCTTCGGAGATGGCCCAT
CACATGGATCTTTGCCCTTGG

TCCCTGGCTGCTCACGGCTCT
AGCTCTTCTTGGGCCTCGTC

ATACTCGAGICATAGCTTTGTAGACTTCTC
Xhd  Stop codon

GAATTCAAAAGTATAGAACAAGATGCAGTG
EcoR

ATACTCGAGTAGCTTTGTAGACTTCTCTAG
Xha

GAATTCATGAAAAGTATAGAACAAGATGCA
EcoR Start codon

ATAGGATCOGGCGTGATCAAGCCCGAC
BamH

ATACTCGAGITAGCCGGCCTGGCGGG
Xha Stop codon

ATAGGATCCATGGGCGTGATCAAGCC

BamH Start codon

ATACTCGAGGCCGGCCTGGCGGG
Xha

58

58

56

58

58

62

59
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2.6 Antibody list

All antibodies used in this thesis are listed with appropriate source, catalog

number and dilution used in the different experiméngble 6).

Table 6 Antibody dilution lig

Antibody Name Host Sourse (company / person) Catalog ID  Dilution
AnDi goxi g Mouse Roche Applied Science 11 333 3:5000(NB)
monoclonal 910

Ab
AKAP220 (H Rabbit Santa Cruz Biotechnology, Sc135335  1:200(WB)
300) polyclonal Inc.
Ab
Oxphos Il core Mouse MolecularProbes, 459220 1 : 5000(WB)
subunit Il monoclonal  Invitrogen
Ab
Phosphe Rabbit Cell Signaling #9621 1:1000 (WB)
(Ser/Thr) PKA polyclonal Technology®
Substrate Ab
PKA C-U Rabbit Cell Signaling #5842 1:1000 (WB);
(D38C6) Tt())noclonal Technology® 1:400 (IF)
Catalase Rabbit Gift from Denis I. Crane, / 1:500(IF)
polyclonal School of BiomolBiophys.
Ab Sci., Griffith Univ., Nathan,
Brisbane, Australia
Myc-Tag (9B11) Mouse Cell Signaling #2276 1 : 8000(IF)
monoclonal  Technology®
Ab
Pex3 Rat made byDr. Claudia / 1:200(IF)
polyclonal Colasante
Ab
Pex14 Rabbit Gift from Denis I. Crane, / 1:100(IF)
polyclonal School of BiomolBiophys.
Ab Sci., Griffith Univ., Nathan,
Brisbane, Australia
Superoxide Rabbit ResearclDiagnostics, Inc.,  RDI- 1 :5000(IF)
dismutase 2 polyclonal NJ, USA RTSODMa
(SOD2, MRSOD) Ab bR
anti-mouse 1gG Goat SigmaAldrich A3562 1:30,000(IB)
Alkaline
Phosphatase
antibody
antirabbit IgG Goat SigmaAldrich A3687 1:30000(WB)
Alkaline
Phosphatase
antibody
antirmouse IgG Donkey Molecular Probes A21202 1: 300(IF)
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AlexaFluor 488
green

antimouse IgG
Alexa Fluor 555
red

antirmouse IgG
Texas Red

antirabbit IgG
Alexa Fluor 488
green

antirat IgG Alexa
Fluor 594 red

Donkey

Horse

Donkey

Goat

Molecular Probes

Vector Laboratories

Molecular Probes,
Invitrogen

Molecular Probes

A31570

T1-2000

A21206

A11007

1 : 300(IF)

1 : 1000(IF)

1 : 500(IF)

1 : 300(IF)
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3 Met hods

3.1 Bioinfomatic screening forthe AKAPs with putative PTS1 signas

Il n 19806 s ,andtShbeama6i ogrolipdstarted to inigeste a peptide
targeting signal that necessary and sufficient to transport proteins into peroxisomes.
Through a series @fenemutagenesis, they demonstrated the firefly lucifecasgains
minimal peroxisomal targetg signal consists of three amino acids, SerL{8) (K)-

Leu (L), at the extremearboxyterminus They also suggested this minimal PTS
tripeptide with consensus sequence was a conserved feature of peroxsomal proteins
through evolutionGould et al., 1987Gould et al., 198P In order toidentify proteins

of the AKAP family containing a peroxisomal targeting signa(PITS), a computer
program was developeid scan all AKAP member sequences for an eventual PTS1

tripeptide.

3.1.1 Scan of AKAP sequences for the consensus PTS1 motif

All known AKAP amino acidsequences were downloadeom UniProt protein
databasgeincluding validated and predicted AKAPs (1306 items in &lproduce éest
library. Peroxisomalmatrix pioteinsknown to containared PTS1 bi nding siteo
downloaded fronthe PTS1 BLOCK at thefi Per o x i s o manetdpaé. Fotaime 0
98 PTS1 containing proteins fromHomo sapiens Mus musculus Saccharomyces
cerevisiaeand Arabidopsis thaliana are highly conserved in evolution. hE PTS1
tripeptide consensusom these 9&roteinswas summarized as [A/C/H/K/N/PIQ/S{T]
[A/H/K/N/Q/R/S]-[F/I/L/IM/V]. Within the 1306 AKAPSs, the sequence matched by this
motif were selected and saved intb.ixt file (81 items in all).

3.1.2 Use of ClustalX 2.0 & MEGA 4.0.2 programs to create an

evolutionary tree

The AKAPs sequence fileeeded to be loadedto the ClustalX 2.0program to
acomplish acomplete sequencealignment and saved as *.dnd and *.aln files.
Thereatfter, the program MEGA 4.0.2 was used to corthiert.aln file into a *.meg

file, which is the MEGA formatThe new file of the *.mefprmatcan beindicated as

" http://216.92.14.62/diy PTS1.html
" http://www.peroxisomedb.org/home.jsp
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=)}

Protein Sequenceo by MEGA 4.0.2 and constr

=)}

Nei glhobionri ng o ( Nrhe programgvallr executena. sellculaion and

generate a tree image, which isaif.tiff format

3.1.3 Use of Python 2.7.5 & R 1386 3.0.1 programs to test
AKAP1, AKAP4, AKAP10 through PTS1 predictor

From therough PTS1 screening tiughoutl4 AKAP families, 3 familieof 14
(AKAP1, AKAP4 and AKAP10) wereimplied to be evolutionary conserved
Aper oxi s o mEhéndhe pretenRrembers of these 3 families were respectively
further analyzed byl) a PKA binding domain screening a2yl a comparable strict
PTS1onlineprediction

PKA binding domainforms a consensus patterfAVLISE]-X-X-[AVLIF] -
[AVLI] -X-X-[AVLI] -[AVLIF] -X-X-[AVLISE] (X = any amino acid)Hundsrucker et
al., 201Q Skroblin et al., 2010

As mentioned in Brocardds paper, the PTS]
parts: a crucial @erminal tripeptide, an upstream tetrapeptide, and a flexible
approximately 12 amino acid long hinfgrocard and Hartig, 2006 Their group also
successfully developed anlme tool to pedict candidatés Computer programming
was used for sequence scaning untierPython 2.7.5 environment, aride R i386
3.0.1 program was used to convert Hiatisticalresults generated frorRython into
ostensivegrapls. The codes of Rthon (in blue frameland R (inpurple framg are
preserntd in the end of thighesis (seeChapter12. Supplemental dat&1), and the
screening workflow waset as followgthis workflow of AKAP1 as the example)

* http://mendel.imp.ac.at/mendeljsp/sat/pts1/PTS1predictor.jsp
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Download all the AKAP1 protein sequences from NCBI protein database, and savéaatadile

y

seq_num_len_des_readde.py

y

seq_num_len_des_read.txt

v

Rename thatorigindl f asta file as #AAIl -1 4A3K AsPelq .

v

Remove_duplicate_sezpde.py

VN

seq_without_duplicate.txt id_order.txt

v

AKAP_domain_selectiomwode.py

P

AKAP_true_protein.txt AKAP_true_protein_info.txt

AKAP_false_protein.txt

v ¥

PTS1_predictor_filtecode.py AKAP_true_protein_info.xls

¥

PTS1_pred_score.txt

v

PTS1_pred_score.xls

\ J
1

AKAP_PTS1_ for R.¢

¥

AKAP_PTS1_for_R.txt

¥

Barplot_AKAP1.R

¥

AKAP1_domain_featuregf
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3.2 Cell culture

3.2.1 Cell culture routine

The procedure weslightly modifiedfrom the original protocol fromATCC". At
first passage, cells which have been resuscitated from a frozemaesplit at a ratio
of 1:3. Thereafter, the culture mediwmasrenewedevery 2 to 3 daysuntil cells were
fully confluent For subculturing the cell layerwas briefly rinsed wih 0.25%
trypsin/EDTA 1ml per200mlflask and incubated &7€ for 5 minutes toinduce the
detaciment Cells weregentlyremoved and mixed by aspiration gmdetting. Thesub
confluent culturesvere split in a concentration of 10" cellstn?, andincubagd at
37€C with 5% CO..

3.2.2 Cell number and viability examination

The Sertoli cell mmber was determined with a hetytometer. Trypan blue
exclusion assays were used to deterntiregpercent survival of the Sertoli cell$he
procedure was slightly modified from the original Si g ma APrio€eti c ol 6

Quanti ficationo

The adherent cellseeddto besuspededasabovedescribedthereafter 150
of that cell suspensiowastransferred into an Eppenddtibe under sterile conditions
and mixed gentlyvith 1504 of Trypan Blue.The needechemocytometeand coverslip
were cleanedby EtOH and ddkD and airdried. The chambewas filled with 104 of
the stainedcell suspension without air bubbles. The cell number wasntedunder
20 magnification with a lright field/phase contrastquipped invertedlight-
microscope.Dead cellswere recognised by beinglue stained.ldeally, >100 viable
cells were used foaccuratecounting. Finally the cellconcentration of the Eppendorf
tube, which was used in the first stegfore Trypan blue staimvascalculated wih the

following formula:

Viable cell concentration = C

* http://www.lgcstandards-atcc.org/products/all/CRL-
1715.aspx?geo_country=de#culturemethod

" http://www.sigmaaldrich.com/technical-documents/protocols/biology/cell-
quantification.html
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3.2.3 Isolation of total RNA from TM4 cells

According to the experimenequirement, TM4 cells were grovm flasks or 6
well plates.The whole procedure @btal RNA isolationwasmodified fromthe Qiagen
protocol APurification of TotTaelc hRINMA ofgyeom i An
RNeasy Mini Handbook, 4 Edition. For a200ml flask as an example, cells were
culturedupto an ideal density, the medium was discarded and FBfl wasaddel for
rinsing Thenthe cells weretrypsinized by 0.40.25% trypsin at 3 for 10min. 8ml
new medium was added stop the digestion and tbellswere resuspended for the cell
number counting as described above and collectextbyifugation aB00 g for 5min.
After removal of the supernatant, the cell pefieeally <5 10° cells)wasresuspended
and disrupted in350d Buffer RLT (including 1 % -nfercaptoethanolthe volume of
RLT Buffer used depends othe cell numbersee page 28 ihandbook of Qiagen
RNeasy Mini Ki) and homogenized by spinning throughQIAshredder column
supplied bythe Qiagen RNeasy Mini KitThe mixture of 10dDNase | (RNasdree)
and 704 RDD Buffer (Qiagenyvas addeanto the columnto digestthe contaminated
genomic DNA. Thereafter, the rest procedurevas done as described in the

manufacturer's ingfction

3.3 RT-PCR

Accordingtot he pr ot ocol f rStrand cDNA/SyrthesisdgJeing A Fi r st
Super Scr i pt2§ tolallRNAR(H A0U) was reverse transcribed in a 204
reactionmixture at 42€ for 50min using200U of Su p er Sc r i gnd580glof RT
oligo-dT primesin the 1 first-strand synthesis buffeFhe PCRreactionwas done in a
volume of 254 reaction mixturecontaining 2d of cDNA (reverse transcription
reactior), 18.8d ddH,O, 254 of 10 PCR Buffer, 0.54 of 20mM dNTP Mix, 24 of
10pM Forward + Reverse primemixture 0.2 of 5U/d Taqg DNA polymerase. The
PCR conditions wer#rst a5min denaturatiorperiod at95C andsubsequend5 cycles
of denatureation a8®5C for 30 sec,annealing of individual primer pairat optimal
temperature fod5 sec,extainsion a2C for 1 minand ondinal extensiorfor 10 min
at72C .

* http://tools.lifetechnologies.com/content/sfs/manuals/superscriptll _pps.pdf
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3.4 SDSPAGE and Western blots

According to the protocol in our lal, standard curvisr protein measurements
was madewith the Bradford method witkerial BSA gradientdilutions. The adherent
cells were lysed by Lysis buffer (Cell Signaling) amahdled followingmanufacturer's
instruction Thereafter, the protein concentrations of the samplggernatantvere
measuredriplicatesby using a spectropiiometer at OBs 50y of protein sample
per lanewere loadedonto 12% SDSpolyacrylamice gel, together with dual color
marker inthe 1% lane and unstaining marker tine 2" lane. The proteins were collected
by electrophoresiat 80V until they reachethe separation gel and thereafter separated
at 120V. The separated proteins were transferred from SB&gel onto a
polyvinylidene fluoride (PVDF) membran&d.he nembrane was incubated in 10%
nonfat milk powderat 4 overnightfor blocking of non-specific protein binding sites
The nextday, the milk was removed and the membrane wasubaed with first
antibodyovernightalsoat 4 . On the & day morning, the membrane wasashed with
1 TBST 3 timesfor 10min eaclat room temperature. Th@ind primary antibody was
detected by incubation with aikaline phosphatasmnjugated secondary antibody for
1h at RT The membrane wasashed withl TBST 5 timesfor 10min eachat RT.
ImmuneSt ar E AP was u wisudlizethsbarslawith smtmuredoraplexes
in the dark room Western blots were exposdm 30s to 10min to X-ray film to

visualize the appropriate bands.

3.5 Peroxisomepurification by OptiPrepCdensity gradient

centrifugation

OptiPrefCds a 60% (w/v) solution ofddixanof’ in water, density = 1.32 g/ml,
which is used for density gradient centrifugation porify subcellularorganelles
lodixanol is an ideal mediumsince itis norionic and noroxic to cells and
metabolically inertThe lodixanol solusiorpossesses law viscosity and anbe made
isosmotic at variant densities, which is helpful for a rapid separatiarhofe cells or
isolated organellés It was reported that peroxisomes can be highly purified from other
organelles by this methqan Veldhoven et al., 1996n iodixanol, lysosomeband at

* http://www.axis-shield-density-gradient-
media.com/Purification%200f%20subcellular%20organelles.pdf
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a density of 1.115 g/m] endoplasmic reticulunband at adensity of 1.13 g/m]
mitochondriaband at alensityof 1.13-1.15g/ml and peroxisomes$and at alensityof
1.181.20g/ml (Graham, 2002aGraham, 2002h

The isosmotic gradientshould be preparedne day beforeand immediately

frozen at-20C . The gradients thawedl5min before usge

Table 7 Properties and preparation afdixanolsucrose solution

No. % iodixanol }  /fnlp Solution C Solution D
1 18% 1.12 2ml 3ml
2 25% 1.15 1.82ml 1.68ml
3 34% 1.19 4.08ml 1.92ml
4 40% 1.22 2.4ml 0.6ml
5 48% 1.26 3.84ml 0.16ml

In order to get pure peroxisomal fractions frime TM4 cell culture(~10’ cells),
differential centrifugation was used after homogenizatwnthe cells. The whole

procedure is depicted in detailshigure ¥ A&B .
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H1

Collect cells from 4 flasks (200ml)

wash with PBS Take out thesupernatant, and weigh the cell pellet ’ Grinding on ice for 1 mirfPotterElvehjem homogenizr

>

> '.," >

1200 rpm for 10min (Thermo Add 3ml HomogeniatioBuffer per 1g cells Check the cell lysis by Tryan Blue

Scientifi¢ Sorvalf Heraeus Rotor
75006445)

Take 50y into liquid nitrogen, and keep &0€, named H1

S2

P2

Centrifuge tle rest at 100 g for 12min at £

>

S1

Pl

Take 50y supernatant into liquid nitrogen, and keeg88tC, named S1Centrifuge the rest supernatant at 1,9@Xor 12min at £

>

Take 504 pellet debris into liquid nitrogen, and keep8C, named P1. And discard the restthe celldebris

Take 50 supernatant into liquid nitrogen, and keeg88tC, named S2Centrifuge the rest supernatant at 25,0@For 12min at £

S3

P3

>

Resuspend pellet B0 Homogenization Bufferputinto liquid nitrogen, and keep é80C, named P2.

Take 504 supernatant into liquid nitrogen, and keep88€, named S3Centrifuge the rest supernatan28000rpmfor 1h at £
(SORVALL® Ultra Pro ® Refrigerated Ultracentrifugeith SorvalP AH-629 Swing Buket Rotor)

Take 504 supernatant into liquid nitrogen, and keep8&C, named S4.
> | s4 Resuspend pellet i8B0 Homogenization Bufferputinto liquid nitrogen,

Resuspend pellet with enriched peroxisomes Bu3@omogenization Buffer. Take 50 into liquid nitrogen and keep8iC, named P3. and keep at80C, named P4.

The rest 2504 wa used for OptiPrep gradiecgntrifugation.
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Fractiors (6 drops/ tube 12 tubes
named Bl B12)

25Qul P3(light mitochondria + enriched peroxisoghe T
[
I

— -

( 18 %¥90pul

( 25 %¥63pp2 60,000 g for 2h30min
C—— >

( 34 %} 5498

( 40 %} 27
( 48 %} 36p5

3ml/ Tube

(Immediately freeze aR0C, take it out just 15min before usage)

Figure 14B

Figure 14 Schematic illustration of peroxisome purification by Optifrekeep all solutions and carry out all operations at 4€).
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H1:

S1:

P1:

S2:

P2:

S3:

P3:

S4:

P4:

Thefractionrs werenamed agollows:
totalhomogenate
supernatant after’lcentrifugation from Hlcontaining all organelles and cytasc
pellet after i centrifugation from H1, mainly containingell debris;

supernatant after "2 centrifugation from S1 mainly containing smal

mitochondria, peroxisomes, lysosomes, microsomes and Gytosol

pellet after 2 centrifugation from S1, mainly containirfgeavy mitochondria an

nuclei, a few lageperoxisomes;

supernatant afterScentrifugation from S2mainly containing microsomes ar

cytosol

pellet after &' centrifugation from S2, mainly containingnriched peroxisonse
light mitochondria,few lysosomes and microsomassedfor further OptiPrep

density gradient centrifugation;

supernatant after ™ centrifugation from S3, mainly containing cytoplasn

proteins

pdlet after 4" centrifugation from S3, mainly containingicrosoms and very

small peroxisome

2504 P3 was then added on top of a discontinuous OppRyradient (3m18%-

48% iodixanol 9004 18%, 630U 25%, 5404 34%, 2704 40% and 360 48p4n
thick-walled polycarbonate tubes. The gradient was centrifuate@0,000 g for

2h30min in asuperspeecentrifuge (Thermo Scientific Sorvall Evolutiorf RC).

During centrifugationthe gradient became continuous and the peroxisomal fraction

displayeda smearedvhite suspended layer in the tube. A needle was carefully inserted

and lowered to the tube bottoll fractions (6 drops per tubeyere collected of the

3ml gradient solution by a peristaltic pump into Eppendorf tubes. Adbti numbers

of fractions were collected (named B12) in separatetubes for further protein

analysis.
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3.6 Rat dissection and RNAisolation

3.6.1 Anaesthesia for rats and dissection of different organs

Five male rats (7 weeks old, 22609 for each) were used for this studie
rats were anaesthetized bytraperitonealinjection of amixture of Narcotic solution
(use 0.1ml for 10drodyweight Narcotic solution recipe see Tablg Fhenthe rats
were ®on dissected and organs (brain, heart, kidney, liver, lung, muscle, pituitary,

spleen, testisyere kept in liquid nitrogen for further total RNA isolation.

3.6.2 Tissue total RNA isolation

Before isolation of totalRNA, the bench surface, glassware and plastic ware
were cleanedvith RNase AWAY®. The rat samples frozen in liquid nitrogerere
melted on ice. 60mg of tissue should be quickly cut into skaés less than 0.5cm
thicknessand silomerged into 6004 RLT Buffe( c ont aibmien g ab%oet hanol a
3% Proteinaset h@i agenp pEIFR/II\'\Imdi s MiaidispergiererlKA
Ultra-TurraxX® T25 was used to disperse and disthetcells fromthetissues. Whenever
another tissue sampieas operated, the dispergierer needed to be rinsed with SDS in
DEPC water for 10 seconds and with 70% ethanol in DEPC water for 10 seconds.
Thereafter, lte tissues were homogenized using the clean dispergierer IKA- Ultra
TurraX’ T25, and the cell debris waspun down by centrifugation at 10,00@ for
3min. The supernatant was transferred mtoew tube an@.5 volumes of pure ethanol
were addedand mixed gently. The mixture from fibech tissues (such as heat and
muscle) was handeledccording tothe Qiagn RNeasy Fibrous Tissue Mini Kit
protocof, and the other mixtusefrom easyto-lyse tissues werhandeledaccording to
the Qiagen RNeaSyMini Kit protocof . The totalRNA wasstored in RNaséree water
at-80C and the RNAquality wasexamin& before @irther useln this stidy, the RNA
quality was checked byrunning a RNA-Chip with a Bioanalyzer (Figure 15and
Supplemental data $2

" https://www.giagen.com/de/resources/resourcedetail ?id=8039840d-4815-4375-8933-
bc09247e47c0&lang=en

" https://www.giagen.com/de/resources/resourcedetail?id=14e7cf6e-521a-4cf7-8cbc-
bfof6fa33e24&lang=en
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Figure 15 An example of RNAChip results to checthe quality of isolated RNAs.

3.6.3 Ethanol precipitation to concentrate total RNA

504 of total RNA sampleneeded to be mixed with25 of 100% ethanol and
5U sodium citrate(pH 5.2) and incubated aR0T for one hour.Thereafterthe mixture
was centrifugeét 13,000rpm for 30 minutes at 4@ he sipernatant was discarded and
the pellet wasresuspended in 5004 of 70%thanol for washing.Thereafter,the
centrifugation was repeatednder the same conditioand the supernatant was

discardedThe final RNA pelletvassolved in RNase free waterdikeptin -80C .

3.7 Workflow for Northern blotting

Northern bloting is a method to detect target mRNA by specific RNA probes.
We planed to eventually reveal distinct alterndsivapliced forms oAkgplltranscripts
(Ju48288.1] 9.7k bases and [NM_012773.2] 7k basegure29) by a nonradioactive
method Figure 16depicts a work flow of the probe generation, Northern blotting
hybridization and detection steps. The RNA projpereration and validation is
describedn detaik in the followingsulsection3.7.1and3.7 2.
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3.7.1 Plasmid construction and probe generation by in vitro
RNA transcription

The AKAP11 clone3 plasmid was bought from GenGuige The plasmid was
sequencedrom both SP6 and Tpromotors untilfully overlapping. According to the
sequence feature analysis tbe AKAP11 cloné plasnid, a fragment of448bp wa
suitable to design primers farrat AKAP11 mRNA [NM_012773.2§pecificprobe.A
fragment of 2615bpvas suitable to design probes tbe tworat AKAP11 mRN/As both
[NM_012773.2] and [U48288.1]available in the NCBI databasé\s controls,
sequencesfor 28S (ab-ID: G12/14), GAPDH ltab-ID: E1 2 / 1-&cfin, (abiD:
M29/30), StAR [ab-ID: K21/22) probes were amplified with specific primel
specific PCR produc wee cloned by TAcloning into the pGEM-Teasy vector.
Positive clonesvere identifiedby colony PCR and subsequent plasmid sequengiihg.
plasmids were sequenceéd identify the orientation and precise length of the insert
sequence Thereafter, it waslecided whichpromoter(SP6 or T7)hadto be usel for
anisense RNAprobein vitro transcription Linearized plasmids/ere used to generate
RNA probesaccording to the instruction @he fiDIG RNA Labeling Mix, Roché".
Quality and quantity of the transcrgpivere analyzed by nowlenaturing agase gel
electrophoesis andethidium bromide stainingAccording to the kit descriptionhé
signal from then vitro transcribedRNA band should be about 10 fold stronger than that

from the DNAused for amplification

3.7.2 Dot blot assay for detection of DIG-labeling efficiency

A dot blotassaywas used to determine the labeling efficiency and sensitivity of
the DIGIlabeling reactionDilutions of 100ndu , 10ngyd , 2ngd , 500pdd , 100pdu ,
50pgy , 25pdy , 10pgU , S5pg/d , 2.5pdd , 1pdd of the DIGlabelledRNA probesin
sterile RNasdree ddHO, were spotted in arop of 1 for each dilution onto a
positivechargednylon membrane. AfteRNA fixation by 30min bakingat 80C and
30s UV-treatmentat 1.5J/crfy staining of the RNA on themembranewas donein
0.03% (w/v) methylene blue in 0.3M sodium acetap(5.2) for 1min followed by
destaining in DEPC water for 2minh& immunologicaldetectionof the labeled probe
was performedvith a chemluminescence procedurédeally, DIGprobes exhibéd a
detectable spanh a concentratioras low as 0.1pg . Probes witha detectabilityof at

* http://netdocs.roche.com/DDM/Effective/pdf 0900b2fc80acecf6.pdf
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leastlpgd arerequiredto obtain positive signal on Northern blofhe protocol wa
modified in overall stepsfrom the Rochemanuf act ur e@msdBax3nst ruct i o

Zi mme r Neduregublication(Zimmerman et al., 2033

3.7.3 RNA samples and agarose gel preparation

The denaturing agarose gel used for RNA electrophoresis was made by 0.1%
DEPC water, containing.8% agarose,l MOPS, 6%Formaldehyde and 0.4pg/ml
Ethidium bromidel1-10pg RNA wassolved in DEPC wateontaining 1 MOPS, 6%
Formaldehyde42% Formamide and. loading buffer.RNA sampleswvere denaturd
by heating at 66 for 15min.The electrophoresis was donelinMOPS running buffer
at 20Vovernight

3.7.4 Protocol of Northern blotting

1-10pg total RNA sample (Table 2 and 18) in high quality (no degradation,
Apur eo 2ddBbA+2.0,Ms020= 2.0~2.2(Scientific, 2013) was denatured and
loaded toa 1% agarose gel argkparated by gel electrophoresis at 20xérnight
(17h30min) The RNA was transferred rbdywiacapi,l | ar
Figure B) from the gel toa positivechargednylon membrane. The followinyorthern
blotting procedure isa modified form of the instruction ot he A DI G Nort hern S
Ki t oNatune Brotocal(Streit et al., 2008immerman et al., 2033

The nylon membrane witthe totalRNA on topwasrinsedwith 6 SSChuffer
for 5min followed by air drying Thereafterthe membranevas bakedat 80C in an
oven for 30min(RNA-sideup). Additional RNA fixation was doneby crosslinking
wasin a UV-transilluminator at 1.5J/crhfor 30s(RNA-sideup). The membranevith
fixed RNA was rinsedvith ddH,O again andstaired with Methylene Blue for 1mito
indicatethe position othe RNA marker, 18S and 28S rRN&nd reveal the transfered
total RNA The blue colorcould bewasted away by ddHO. To be prepared for the
RNA hybridization, the membrane should first rinsedwith 6 SSChbuffer andthen
incubatedn aformamidecontainingprehybridization buffef1ml/10cnf membrane) in
a glass tubdor 3h with rotationin a hybridizationoven at a constant temperature of
42€ . The DIG-labeled specific RNA probeas denaturd at 65 for 15min before
use and kepton ice for 10minThe membrane with total RNAs was incubated \tlité
denaturedRNA probe at he concentration of 100ng prob®/hybridization bufferand

continuousy rotakedat42€C in the hybridizationoven overnightThe next morninghe
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hybridization buffewasdiscaretd andhe same amount of ZSCwas added fobmin

rotation at room temperatur@hereafter, the membrane was rinsed lbySSC for

10min andncubate with Roche proteitblocking buffer for 40minFor the1® antibody

incubation, mouseantiDIG monodonal unconjugatedantibody was usedt the

working dilution of 3: 5000 inblocking bufferfor 30minat RT. The membrane was

washedwith washing buffer 1 SSCfor four times10min each at RTThe 2" antibody

antrmouse IgGvas usedtaworkingdilution of 1: 30,000 inwashing buffer for 45min

incubation Thereafter,the membrane was washége timeswith 1 SSC washing

buffer for 10min eachio remove the unspecific bindingnmuneSt ar E AP was used

substrate to detette hybridization signal irthedak room

The stripping protocofrom Rochesuggested toinsethe membrane thoroughly
in DEPC water and invubate itat 80 in stripping buffer for 2 60min, followed
another 5minrinse thoroughly in 2SSChbuffer. However this stripping protocpiroved
to be not optimal in this studywvherefore this isnot recommende@nd a new one

needed to be developed.

3.8 Construction of myc-tagged AKAP plasmids and expression in
TM4 cells

By the boinfomatic screening for the AKAPs with putative PTS1 signais
were ableo findt hr ee potenti al C 0 n ssaldamilesi(AKABle r 0 X i S 0 m&
AKAP4 and AKAP10) in the first round rougttreening Figure 17). Eventhough the
t ri pept ivatiant wasSciintated in all species analyzed, the PTSL1 finder used in
in the secondound PTS1 screening did recognize these signals as putative peroxisomal
targeting signal 1 but not jadged them as peroxisomal AKAHSgure 38-40).
Subcellular localization of a protein should however,not only rely on computer
predictiors, but also rerealed byexperimentalcomfirmation. Since our group had
already bought many commercially available antibodies against several peroxisomal
proteins which showed various cragsctions with other nespecific proteins in
homogenates, we decided to cloneesal interesting AKAHamilies members with
put at i warianisSKéréfore, AKAPs with different myc tagere constructed
and myetagged GFP was used as control for the protein overexpression in Sertoli cells.

For each AKAP andhe GFP control, two ypes of recombinants were used tbe
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expression analysis and subcellular localizatragc tag at the aminterminus & myc
tag at the carboxyterminusof the fusion protein

3.8.1 Construction of myc-tagged AKAPs and GFP plasmids

ThreelMAGE clones (Table4 pYX-Asc-AKAP1, pCR-Blunt II-TOPOAKAP4,
and pSPORT -AKAP10) were selected andourchasedfrom GenomeCubes the
templates for whole length amplificatiarf AKAP1, 4 and 10At the same timethe
pGeneClipE hM&RkdRd as ¢he template fthe recombinant positive
control Thereafterfor two typesvectos expression primeraieredesigned (Tabl®).
Two TagPCRs were performed(Table 8)to amplify whole GFP cDNA (684bp)and
Six Pfu-PCRs were performed (Tabled) to amplify accuratelythe AKAP complete
cDNAs (Akap1cDNA 2589bp;Akap4cDNA 2565bp;Akapl0cDNA 1131bp).

Table 8 TaqPCR reaction

Reagent Volume

TagPCR10 Buffer 2.5

dNTP mix(10mM each) 0.5
GFP_3B(B.48/BE66); GFP_5B(HE6YBEG67) primer mix (10pM) 2

TaqgDNA polymerasg5U/d) 0.5

pGeneCl i p HectorM®H4#£386.] plasmid (5ng/H) 2
LONZA H,O 18u
254

TagPCRprocedure: 95€ for 2min initise denatuation, followed by 35 cycles
of denaturation a®5C for 30s, annealing att8C for 30s, elongation at72€C for

5min30snd one final extension step/&C for 5Smin.

Table 9 Pfu-PCR reaction

Reagent Volume

10 PfuBuffer 2.5

dNTP mix(10mM each) 0.5
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AKAP1_3B(BH42/BH43); AKAP1_5B(BHA48/BH49)AKAP4_3B(BH44/BH45),  primer mix (LOLM) 24
AKAP4_5B(BH50/BH51); AKAP10_3B(BL28/BH47); AKAP10_5B(BL29/BH53)

PfuDNA 0.5(
polymeras@U/|)
AKAP1_IMAGE [BC065135.1]; AKAP4_IMAGE [BC130271.1]; plasmid (5ng/H) 2
AKAP10_IMAGE [BC054105.1]
LONZA H,0O 18y
25y

The Pfu-PCR procedurevas as follows: initial denaturation 86C for 2min,
followed by 35 cyclesof 95C for 30s denatwation, 58C for 30s annealing/2C for

5min30s elongation and a final extention step2& for 5min.

Compare to the TagDNA polymeraseat one handPfu polymerasgossesses a
higher thermostability and fewer false proofreading properties, be€duss able to
correct erbréoresx obnyu ciltesas3®6 act i vi Atyheather i ng DNA
hand, DNA products ade byPfu are not useful in direct TA cloningjnce they are
| acki ng of 3fdferhanhgs dtetmeibloneends. Therefore,blunt end PCR
fragment ligatiomeedsan extrafi d A TaBdion to the blunt end

All the Pfu-PCR products wergherefore purified by regular gel extraction
method 7 of the eluled PCRfragment was mixed with 1prag PCR 10 Buffer
(25mM MgCL), 14 2mM dATP, 5 units ofTag DNA polymerase, and deionized,®l
(LONZA H30) to a final volume of 10 Thereafterthis 104 mixture was incubated at
70€C for 30minto add arextral d AT PO t o tThig prooedurdiortbluné end

PCR fragment ligatiowasslightly modified from Promega protodol

Following the regular TA cloning procedur@ 12 ligation reactionincluding
54 of the PCR fragmenmixture, 14 pGEM-T easy vectqr5 2  ligation kuffer and
1 T4 ligasewasincubated at 4€C overnight (1346 hours)

The two types ofGFP ligation were transformed int&.coli (see subsection
3.8.2) and sent to verify the sequences. Thereafter, the two types of GFP were
subclonednto the expression vector pCM3B andpCMV-5B, respectively (Table 10

W

http://www.promega.com/~/media/files/resources/promega%20notes/62/cloning%20bl
untend%20dna%20fragments%20into%20the%20pgem-t%20vector%20systems.pdf
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and Table 11)These two types recombinants weexjuened to make sure that GFP

was inframe withthe myc-tag. The transfection of two types myagged GFP were to

double assesghe cytoplasmiclocalization of GFPby its green fluorescence arttle

myc-tag by indiect red fluorescence with a mouse -amjic secondaryantibody

(subsectior3.8.4-3.8.6). With this procedure, a perfect colocalization of GFRI dhe

myc-tag was observed, suggesting that tised antimyc antibody was excellent and
suitable to use for the detections of the sagged AKAP constructs.

The procedure for thehree AKARrecombinantplasmd constructions as

following similar protocols as ones for the GFP contru@sly AKAP1 needed an

additional point mutation assayefore being ligated intdhe expression vectors

(subsectior8.8.3 becaus®f an unexpectedtopcodonmutation

Table 10 Restriction enzyme digestion GFP and3 AKAPs (4h incubation at 37Q

Reagent Volume | Reagent Volume | Reagent Volume
LONZA H,0O Xu LONZA H,0O Xu LONZA H,0O X
AKAP1-pGEM-T Yu AKAP4-pGEM-T Yu AKAP10-pGEM-T yu
(total 3.75.0) (total 3.75.0) (total 3.75.0)
RE 10 Buffer B 54 RE 10 Buffer B 5u RE 10 Buffer D 54
Acetylated BSA 0.5 Acetylated BSA 0.5 Acetylated BSA 0.5
BamH (10U/H) 1.254 | BamH (10U/) 1.254 | EcoR (10U/M) 1.25(
Xhd (10U/H) 1.254 | Xhd (10U/J) 1.254 | Xhd (10U/W) 1.254
50u 50u 504
Reagent Volume | Reagent Volume | Reagent Volume
LONZA H,O Xu LONZA H,O Xu LONZA H,0O Xd
GFRpGEM-T (total Yu pCMV-3B or pCMV- YU pCMV-3B or pCMV- YU
3.751) 5B (total 3.751p) 5B (total 3.7510)
RE 10 Buffer B 5u RE 10 Buffer B 5d RE 10 Buffer D 5u
Acetylated BSA 0.5 Acetylated BSA 0.5 Acetylated BSA 0.5
BamH (10U/H) 1.254 | BamH (10U/W) 1.254 | EcoR (10U/H) 1.254
Xhd (10U/d) 1.254 | Xhd (10U/W) 1.254 | Xhd (10U/W) 1.254
504 504 504
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Table 11 Ligation reactior(overnight incubation at 4C)

Reagent Volume
Digested and purifiethsertfragment (total 500ng) Xd
Digested and purified vectéragment (total 200ng) Yu
10 ligation Buffer 2y
T4 ligase 1d

20y

3.8.2 Procedures for bacterial transformation

3.8.2.1 Heat shock procedure

The LB/Ampicillin® (100pg/ml) plateswere prepared freshlgnd store in the
clean bench prior to us&y ligation reactionwer e added i nto 500l DH5 U
cells aliqguot and mixed gently by pitieg. After 20 minutesincubationon ice, a 90
seconds heahockwasperformedin a water bath with aonstantemperature of 42€C.
The shocked cellswere immediatelychilled on icefor 2 minutes.200d of SOC
medium wee added to grow the transformed cedis37C for 30 minutesncubation
During the incubatiomeriod,a mixture of 1004 LB, 204 IPTG (1M) and 40U xgal
(2%) was spreadeointo the Amp' plates, followed by air dryingThe complete255(i
transformation culturef the tubewas spreadonto the Amp' plate A plasmidas the
positive control had beeprevious transformeefficiently and an Amp' plate with
D H 5dlbnewasusedas the negative contrdkfter an overnight incubation at 37@he
blue white screeningvas usedo identify successfilyl ligated clone This protocol was

slightly modified fromthe original protocol opromeg” .

3.8.2.2 Electroporation procedure

Efficient introduction of DNA into bacteria is criticaldr the success of many

molecular biology procedures. The electroporation metbottansformingk.coli cells

* https://www.promega.com/~/media/files/resources/protcards/pgem%20t%20and%20pg
em%20t%20easy%20vector%20systems%20quick%20protocol.pdf
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can produce efficiencies greater than those achieved with the best chemical fpethods
especially forlarge plasmids (4.1k6.9kb) Commericial avialableElectroTenBlue®

cells needdonly to be thawedcdndmixed with DNAprior to electroporation

The genotype ofbacteria DH® used for heat shock transformatios F
0 80lacZoM15 oflacZYAargF) U169recAlendAlhsdR17 (rK', mK") phoA suE44
af thi-1 gyrA96relA1l” . The DH5U exhibits no antibioticresistance. However, some

electroporation competent cefiessess mstance to antibiotics

The electroporation competenticesed in our laisc al | ed mMBEE@t r oTen
It is a derivative othe XL1-Blue MRF’strain that can withstand much higher levels of
electrical current. This increases the survival of the ahlisng electroporationand
thus the efficiency ofhe ligated constructtransbrmation. In addition, EletroTeBlue
strain genotype isgmcrA)183 gdmcrCBhsdSMRmrr)173 endAl supE44 i recAl
gyrA96 relAl lacKan [F" proAB lacf ZgM15 Tnl10 (Tet )], which are resistant to
both kanamycinandtetracycline Thus plasmids that cartile Karamycinresistance or

Tetracyclineresistance selection marker cannot be propagated in thig strain

Moreover, from the structurapoint of view, Neomycinwhose chemical
structure is similato Kanamycin(Table 12)can also not be used for seleaticmf
transformecEletroTenBlue clones.Therefore, the expression plasmids pCiigg 3B
and pCM\tTag 5B could nbbe usedor this electroporation procedure, since thegve
Ned/Kan' selection, while the clonning vector pGEM ideal for Amp" selection,was

suitable for EletroTeBlue cells.

" http://www.chem.agilent.com/library/usermanuals/Public/200159.pdf

" http://www.lifetechnologies.com/de/de/homellife-science/cloning/competent-cells-for-
transformation/chemically-competent/dh5alpha-genotypes.html

¥ http://mww.chem.agilent.com/library/usermanuals/Public/200159.pdf
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Table 12 Chemical structure of commen used antib®tic

Antibiotics Tetracycline Kanamycin
OH O OH O O
OH ;CIH
\_o o
ey i i,
Structure H%M HO HO E:DJ-KDH
h
HO! 7% MH-
- T
?—I;N‘#“""-J—ENHE
Antibiotics Ampicillin
CH;
Structure CH
4
OH

3.8.3 Point mutation assay

Aligned with AKAP1 mRNA variant 2 [NM_001042541.1khe sequenced
AKAP1 IMAGE clone cDNA [BC065135.1 contaired 2 mutation points
TAA(STOP)1998AA(Glu) and TCI(Ser)2208TC(Ser). The second poimhutation
(C2208T) caused no amino aaitlang, which could beneglected. But the first point
mutation(G1993T) causedn extraSTOPcodon which had to be mutated bacto the
original base pairs

Table 13 AKAP1-MutationPCR reagent

Reagent Volume
10 PfuBuffer 5d
dNTP mix(10mM each) 0.8u
AKAP1_Mut_F(10pmol/t) / AKAP1_Mut_R (LOpmol/\) primer mix (10pM) 2u
PGEM-T-AKAP1_3B; pGEMT-AKAP1_5B plasmid @Ong/H) i1
Pfu DNA polymerase i
DMSO 2.5
LONZA H,0 384
504
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The MutPCR procedure was as follows: initidenaturation at 32 for
1min30s followed by 1&yclesof 94C for 30s denaturation, 85 for 1min annealing,

68C for 13min elongation and a final extention step & 6@&r 13min.

1 tubeof PCR reagentvithout MutPrimerswasset as the negative contrdhe
DNA template was digested completely Dgnl andno colonywereobservecbn Amg
plate. Unmutated plasmids had been previous transforeféidientty t o DH5 U

positive control to verify the transformation procedure.

Table 14 AKAP1-Mutation-PCRDpn | digestion(4h incubation at 37C)

Reagent Volume
pGEM-T-AKAP1-3B_Mut; pPGEMT-AKAP1-5B_Mut  Purified mutation plasmid 424
10 BufferB 5d
BSA (10mg/J) 0.5
Dpnl 2.5u
504

154 digested plasmids (samples aegative control) or 54 ligated plasmids
(positive controlwer e tr ansf o bynthed heat shocHpreicedure (see
subsectior3.8.2.7). Clones with the correct mutated sequenerified by sequencing
were subcloned into expression vectors pGBB/ andpCMV-5B (Table 10and Table
11).

3.8.4 Coating cover slips with poly-L-lysine

10mg of polyL-lysine was dissolved in 100ml;BOs/Na-tetraborat bffer (see
Table 3Buffer redpes). The solution needed to be sterilized through 0.22pum Millipore
filtration. Moreover,12mm coverslips were sterilizedoy 4h baking at180C . All the
glassware and materialssed wee sterile and all operatiorgerformedin a laminar
hood The cover slipswere incubated in pol-lysine solutionin a 3.5 mm Petri dish
overnight On the next morning, the poly-lysine solution was removealy aspiration
and the coverslips were incubated withsterile waterin Petri dishfor 5h at RT.
Thereafter, the coated cover slips were ringét sterile water twice andair dried in

thehood pror to storage at@ .
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3.8.5 Transient transfection of TM4 cells

One day beforéransfectionthe TM4 cells need to be s onthe polyL-lysine
coated covedlips at a density of 5 10* cell/well with 5004 serum contaimg medium
in a 24well plate After 24hgrowth (3T , 5%CQ), cellswere approximately 75%
confluent.Transient transfection was then carried actording tdhe Romega protocol
by usingtheVi aFect E Tr an ¢fFerdatisismdy, aRthe gasnmids for
transfection were purifiedvith an endotoxinfree plasmid DNA purification kit
(NucleoBond Xtra Midi EF, MachereyNagel @.). 500ngplasmid DNA (myc-GFP
plasmids usedas positive controland 34 reagentwere mixed with 500 serum free
medium per wellThe transfection efficiency on TMdells was about 15%after one
day growth On the second day of transfectionhe cells were ready for

immunofluorescence staining.

3.8.6 Immunofluorescence protocol

TM4 cells grown on polyL-lysine coated coverslips for 48ere fixed with

4% paraformaldehydéen PBS for 30min at room temperature. After 3 times washing
with warm FBS for 10min each, cells were treated with 1Bfcm or/and 0.1% Triton
X-100 for permeablizationCells were washe@ timeswith PBS for 5min each and
blocked for 1h in 1% PBSA witl).05% Tween thereafterincubated withprimary
antibody(dilutions described in Tablé) overnightat room temperature. The next day,
cells were washed 3 times with PBS 5min eachfollowed by 1h secondary antibody
incubation inthe dark. Thereafter, dés werewashed with PBS for 10mitfiollowed by
nuclear staining and final washi§ 2 10min. The coverslips were mounted wite
cell-side down onto glass slidedth Mowiol 4-88 containingpropylgallat mixtureas
antibleaching agentThe staining pattn was checked and pictarevere taken witta
fluorescencamicroscopeg(Leica DMR) or a lasescanconfocal microscopéLeica TCS

SP2)using 63 oil immersion objective

* https://www.promega.de/~/media/files/resources/protcards/viafect%20transfection%20
reagent%20quick%20protocol.pdf
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4 Resul t s

Follicle-stimulating hormonéFSH)}mediated flux through metabolic pathways
is controlled by secondary modification @fkoteins such as phosphorylation and
dephosphorylation at specific subcellular locations. Téggilation has been shown for
mitochondrial cholesterol influxo occur via he AKAP1-StAR interaction. However,
very limited knowledge is available to date on the direct contrahe$emetabolic

pathways in peroxisomes.

4.1 AKAP family members with putative PTS1 signas

Since a previous report showed that AKAP11 is probably localized to the
peroxisomejt is interesting to determinehether other proteins of AKAP family are
putative peroxisomal proteingherefore, | screenefdr AKAP isoforms withputative

peroxisomal targatig signals.

4.1.1 AKAP sequence retrieval and PTS1 search matrix

All known AKAP sequenceq1306 sequencgsfrom diverse speciesvere
retrieved fr om"fdlldved bl theoscréeningdor apotati@egerminal
PTS1 Only the Gterminal tripeptide wasised to screen for the putativet€@minal
PTS1, since it is the crucial portion for peroxisome impédfter removing the
duplicates, 531 differentripeptides were left over from all AKAP sequences
(Supplemental dat&3).

For classification ofall variants ofpossible PTS1 signals, all known PTS1
binding sites from the @ HRRTSRYX inwseo nea | d oTwanrl goeatd eS
(Supplemental data4p andsummarized into a Combinatidnatrix (Table15).

* http://www.uniprot.org/uniprot/
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Table 15 Summaized PTS1 tripeptideslerived fromthédi Per oxi somal Tar get Signal

PTSL1 tripeptides in standard amino acilétter code KA A F\
AHL CKL PRL SNL c H |
AKF CRL QAL SQL H K L
AKI HKL SHL SRI K N M
AKL HRL SKI SRL :> N Q Vv
ANL KKL SKL SRM B R
ARL NKL SKM SSL g S
ASL PKL SKV THL

\J /

4.1.2 Phylogenetic analysis of AKAP proteins containing a
putative PTS1 signal

Using the combination matrixfor conserved PTS1 substitution8l AKAP
proteins with possible PTS1 ends weatentified and used to generate a phylogenetic
tree (Figure 17)The AKAPsclusteed into six large groups belonging tthe AKAP1,

3, 4, 10, 11, 14 and 17A familieshile two sequencedistributed into distinctgroups

as individual entitiesAn unexpected findingvasthat the short form of AKAP11 from
the rat (sp|Q62924|AKAP11 R&RL) clustered into a separate group. Interestingly,
AKAP family members within the described grougisplayed similar PTS1 signals
suggesting that the signal wasnserved during evolution and that they might be real

peroxisomal targeting signals.
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77

a7 SPIQB0662|AKAP4 MOUSE-ANL
100 | tr|A1L3T6|A1L3T6 MOUSE-ANL
Sp|Q60662-2|AKAP4 MOUSE-ANL
sp|O35774|AKAP4 RAT-ANL
trlQ9Z263|Q97263 MOUSE-ANL
tr|G3HQGO|G3HQGO CRIGR-ANL
tr|FEURQS|F6URQ8 ORNAN-ANL
tr|F6PK64|F6PK64 MONDO-ANL
trG3WE33|G3WE33 SARHA-ANL
tr|D2CFVO0|D2CFVO0 MACEU-ANL
tr|G1QG09|G1QG09 MYOLU-TNL
tr|F6YOB1|F6YOB1 HORSE-TNL
triFIMYHS|F1MYHS BOVIN-ANL
trlF1IRW21|F1RW21 PIG-TNL
L tr|G5BXQ5|G5BXQ5 HETGA-TNL
tr{F7I0L2|F710L2 CALJA-TSL

100

L— tr|F6V020|F6V020 MACMU-ANL
— tr|G1ROM2|G1RIM2 NOMLE-ANL
tr|G3RJC1|G3RJIC1 GORGO-ANL
sp|Q5JQCY-2|AKAP4 HUMAN-ANL
sp|Q5JQCIIAKAP4 HUMAN-ANL
tr/ABK8US|A8K8U8 HUMAN-ANL

30|| SPIQ5JQCY-3JAKAP4 HUMAN-ANL
ABND82|A6ND82 HUMAN-ANL

78

trlG1KJ24|G1KJ24 ANOCA-QNL

30

98

100 I trjlG3VRDS5|G3VRD5 SARHA-ANL
tr|G3VRDS6|G3VRD6 SARHA-ANL

00 tr/G1NYR2|G1NYR2 MYOLU-ANL
,0—{0 _[ sp|O88987|AKAP3 MOUSE-ANL

100 - trlQ66HCE|Q66HCE RAT-ANL

tr|D3ZA06|D3ZA06 RAT-SSL

sp|Q62924|AKA11 RAT-CRL

( 84 - tr[F6ZHLO|F6ZHLO ORNAN-AKV

100 [L tr|F6zHL8|F6ZHL8 ORNAN-AKV

sp|Q02040-2|AK17A HUMAN-AKL

- 7

tr|QENRAS|QENRAS XENLA-TKI
sp|P57770|AKA10 PIG-AKL

trlG1RSE3|G1RSE3 NOMLE-TKV
trlG1PXM8|G1PXM8 MYOLU-TKV
trF1MP39|F 1MP39 BOVIN-TKI
trlABWEEB|ASBWEES BOVIN-TKI
sp|O88845|AKA10 MOUSE-TKL
tr|F1ILNB3|F1LNB3 RAT-TKL
trlG1T5C2|G1T5C2 RABIT-TKV
trlG3SWAS3|G3SWA3 LOXAF-TKV
tr|FEWRTB|F6WRT6 MACMU-TKL
trjQ4R5S0|Q4R5S0 MACFA-TKL
trlF6QMGO|F6QMGO CALJA-TKL
trilG3SKR6|G3SKR6 GORGO-TKL
40| SPIO43572|AKA10 HUMAN-TKL
441 trlE7TEMD6|E7EMD6 HUMAN-TKV

trlG3V3H7|G3V3H7 HUMAN-QAL

47 SPIQ86UNG-2|AKA28 HUMAN-NRV
42| trABNNZOJABNNZO HUMAN-NRV
trlG1RY21|G1RY21 NOMLE-NRV
= G |G1RY21 NO
94 | tr|G1RY20|G1RY20 NOMLE-NRV
tr{G3RBYO|G3RBY0 GORGO-NRV

97

sp|Q86UNB|AKA28 HUMAN-NRV
trlG1SXJ7|G1SXJ7 RABIT-SNI

tr|G3WJH5|G3WJHS5 SARHA-TSL
splO08715|AKAP1 MOUSE-ASL
sp|O08715-4|AKAP1 MOUSE-ASL
trB2KGS8|B2KGS8 MOUSE-ASL

100

02

Figure 17 Phylogenetic tree of AKAPs with putative PTS1

sp|O88884|AKAP 1 RAT-ASL
40 triG3R7T5|G3R7T5 GORGO-TSL

tr|G3S512|G3S512 GORGO-TSL
tr|G35792|G35792 GORGO-TSL
tr[F7E7Y4|F7E7Y4 MACMU-ASL
00 trIF7BDC5|F7BDCS HORSE-SSL
tr|F6ZBY4|F6ZBY4 HORSE-SSL

100 | tIE1BMUB|E1BMU6 BOVIN-SSL
trlE1BM36|E1BM36 BOVIN-SSL
trlE7FLX9|E7FLX9 PIG-ASL
triG1TDY5|G1TDYS5 RABIT-ANL
tr[E2RKF9|E2RKF9 CANFA-ASL
tr|G3TFZ9|G3TFZ9 LOXAF-TNL

55

AKAP4

AKAP17A

AKAP10

AKAP14

o0

Page [5



By analysis of the EST expression profilefound that theAKAP1, 4, 10
families are highly expressed intestis (Figure 41-42). The sequence and the
phylogenetic analysi®f these AKAPsindicated that they mightontain a putative
PTS1 signalhowever, tese proteinsvere reported to bdocalized to the mitochondxi
or other subcellular siteand not the peroxison(seesubsectiorl.4.21.44). However,
peroxisomal localization of proteins has been overlooked quite frequently in the past
and some peroxisomal protein isoforms have multiple subcellular locdishnger et
al., 2009. Therefore, it was speculated that dependinghe cellular requirements and
developmental stages, AKAPgght belocalized in differentsulxellular compartments
(e.g. mitochondria and peroxisomeln section4.6, the subcellular location of myc
epitope taggedKAP1, AKAP4 and AKAP10in TM4 Sertoli cell linewere analyzed

4.2 TMA4 Sertoli cell culture stimulation with FSH treatment

To study the regulation of the peroxisomal compartment by &§khling and

AKAPs, a good ce¢lculture modelvasestablished.

4.2.1 Cell culture condition optimization

Follicle-stimulating hormone (FSH) binds to the itsceptoron the plasma
membrane of Sertoli cellef the testis and granulosa cells of the oyahereby
initiating an intracellular signaling cascade inducing the activation of PKA to
phosphorylatedownstreamtarget proteins, which are essential fbe regulationof
androgerand progesterongroductionand sperm maotilityfTasken and Aandahl, 2004
Walker and Cheng, 20051t is known thatperoxisomes play an inoptant role in
spermatogenesis and oxidative stress protedtidhe testis(Dastig et al., 200)1and
that Sertoli cells in the testis contaihigh levels of metabolic peroxisomal proteins
(Nenicu et al., 2007 However,it was not knowrwhether peroxisomesr peroxisomal
genes are affected by activation of #@&H signaling pathwaylo study potential effect
of FSH on the peroxisomal compaent, the mouse Sertoli cell [¥IeM4 cells were
purchased from the ATCOhe exact cell culture condition of the TM4 Sertoli cells was
established by seeding them at different dengilieble 16)
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Table 16 Optimization ofcell densityto obtain a monolayer of TM4 cells on Day64

The 1" set  Density of cells Day 4 Day 6
seeded per ml

A Group 2 10 No cells Almost nocells all cells are round
B Group 2 10 Very few cells Still no connection, too many round
cells
C Group 2 10 No cluster, no connection Some parts monolayer, some part
no connection
D Group 2 10 Some part isnonolayer, Too full
some parts multilayer
E Group 2 10 Multilayer, overgrown Too full
F Group 2 10° Too full Too full
The2"™set  Density of cells Day 4 Day5
seeded per ml
G Group 3 10° No connection, single cell Most part no connection, some part
is monolayer
H Group 6 10 Some parts monolayer, Most partis monolayer, some part ni
some parts single cell connection
| Group 1.2 10 Monolayer, perfect! Half partis monolayer, half part is
multilayer

The best monolayer at Daywas obtained with a seeding density2d84 10°
cellsicnf = 9 10° cells/ml. This experimental condition was used further for

stimulation of TM4 Sertoli cells with FSH stimulation.

4.2.2 Effect of FSH stimulation on the peroxisome gene

expression

After optimization of the culturing conditionsTM4 cells were treated with
increasing FSHoncentration (WG= Ong/ml, W1= 10ng/ml, W2= 100ng/ml, W3=
1000ng/ml) From all four experimentalgroups (WQ W1, W2, W3) total RNA was
isolated reverse transdsed and used for semiquantitativanalyss of mRNA
expression of genes involved in peroxisomal biogenesis and proliferation, anti@xidat

enzymes and lipichetabolism(Figure18-24).
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Figure 18 Measurement of the mRNA of internal control and positive controtohyentional RTPCR

FSH receptor is present in TM4 cells. TheH8imulation of TM4 cells worked
well with 1000ng/ml, sinceStar gene wa upreglated, whereas GAPDH and FSHR
were notaltered (Figurel8). The calculations for Figure 134 weremade with the 28S

rRNA valuesfrom Figurel8.

3,0

w0 W1 w2 W3 T

Q

FSH (ng/ml) 0 10 100 1000 <
Pexll] alpha < = =Wo
kS W1
Pex11 beta g W2
é’ mW3

Pexll gamma g

28S  Pex1l Pexll Pexll
rRNA alpha beta gamma

Figure 19 Alterations of mMRNA levels of peroxins on peroxisome ifecdtion

There is a clear indication for tHeex11J) the inducible form of thé®EX11

proteins, whereas thather family membersiere not change@Figure D).

18
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1,0 |
0,8 -
0,6 -
0,4 -
0,2 1
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W0 W1 W2 W3
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Pexh

W0
mW1
Pexi3 W2

mW3

Pexld

fold induction of MRNA level

28S Pex5 Pex13 Pexl4
rRNA

Figure 20 Alterations of mRNAevels of peroxins on peroxisomal matrix protein import
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In comparison to th®ex11J gene, some maker genes for peroxisomal matrix
protein import Pex§ Pex14 werenot altered whild?ex13showed a slight upregulation

in gel measurementgigure20).

WO W1l W2 w3 2,5
FSH(ng/ml) 0 10 1001000 2.0
<
Catalase < £ 15 =WO0
x 1,
S W1
Gpxl .é 1.0 »W2
5 0,5 -
Sodl £ ws
o
£ 0,0 -

28S Catalase GPX1 SOD1
rRNA

Figure 21 Quantification of alterations of mMRNA levels aftioxidative enzymes by conventional ffCR

FSH treatment leads to the upregulation of th#éalaseexpression, whereas
Gpx1 and Sodlwere not altered. This is of interest, sincatalaseis the onlyone
protein involved in antoxidation metabolism #t is exclusively presentn
peroxisomes, wheredSpx1and Sodlare also prese in othercellular compartments
(Figure2l).

W0 W1 W2 W3
FSH(ng/ml) 0 10 100 1000

Acoxi =WO0

mW1
Acox2 W2
Acox3 mW3

fold induction of mMRNA level

28S ACOX1 ACOX2 ACOX3
rRNA

Figure 22 Alterations of mMRNA levels of AcyCoA oxidases by FSH treatment

From the three AcyCoA oxidase mRNAs, only the one éicox2showed a
significant upregulatiofFigure22). This is of interest, since this enzyme is involved in

the conversion of the cholesterol sicleain, whereasthe other members of th&cox
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family degade mainlystraight chainand branched chaifatty acids(Baumgart et al.,
19961.

Wo W1 W2 W3
FSH(ng/m) 0 10 100 1000

Abcdl = wWo
mW1
Abed? w2
mW3

fold of induction mRNA level

Figure 23 ConventionaRT-PCR result®f alterations of mMRNA levels détty acid transporters

28S ABCD1 ABCD2 ABCD3
rRNA

ABCD1-ABCD3 are the members of AHBInding cassette (ABC) transporters
superfamilyin peroxisomal membrarend play a role in transporting fatty acids the
lipid metabolisminto the peroxisomainatrix. From the fatty acidransporters ABCD1
ABCD3, mainly ABCD?2 is upregulatelly the increasing FSH stimulatiomhese 3
members of ABCDproteinswere found to haveverlappingsubstrate as well as
distinct specificities (van Roermund et al., 2004ABCD1 (also called ALDP)
preferentially transportedaturated VLCFA such &24:0 and C26:0 as substrates
b-oxidation activity, and the YALD patients (xlinked adrenoleukodystrophy) with
genetic defective ABCD1 exhibit the accumulation WYECFA in plasma. The
substrates of ABCDZalso called ALDRP)were C220 andalso unsaturated/LCFA
such asC24:6 and C22:fvan Roermund et al., 20L1ABCD3 (also called PMP70)
was suggested to transport long branched chain fatty acids¢hamy unsaturatedand
dicarboxylic fatty acids (C27 bile acids) across teeogisomalmembranewhich is
important forbile acid biosynthesi¢Ferdinandusse et al., 2Qlvan Roermund et al.,
20149.

W0 W1 W2 W3
FSH(ng/ml) 0 10 100 1000

Ppar alpha Figure 24 Measurement of PPA
transcription factors after treatme
Ppar beta m with different concentration of FSH
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Since many peroxisomal genes are regulated PRRARS P P AfR,bb,
expression in TM4 Sertoli cells were also analydadeed, the mRNAs of all PPAR
family members were expressed in Sertoli ce
the strongest signéFigure 24) P P A Pé&rorms multiple functions in the liver, heart
and blood vessel wall, an also known to be activated by FSH to compose
phospholipids ingermcells PPARB i s present wubiquitously &
homeostasis and fatty acickidat o n . PPAROY i s immaturelSegrtolie x pr es s e
cells, adipocytes and skeletal musclesd take part in antidiabetic and amni
atherosclerotianechanismgKota et al., 2005Thomas et al., 20)0PPARs arealso
known to be involved in the regulation feftility. However, there was no major change

in their mMRNA levels after FSH treatment

4.3 Isolation of peroxisomes from TM4 cells

AKAP220, the short form of AKAP11 in theat (@ single framein the Figure
17), wasthe only AKAP proteinto be reportedin peroxisoms. | tried to repeat and
establish the peroxisomal localization in our laboratory to study effects of FSH
stimulation of this protein on the peroxisomal compartméfawever, this protein
clustered singlyinto a separate group from all other AKAP family members in the
phylogenetic tree. It was speculated that there might be a problem with the peroxisomal
localization of this protein reported by Scott groflyester et al., 1996 Therefore,
attempt was made to localize this protein from highly purified peroxisomal fractions by
antibodybased testTo localiz AKAP11 in peroxisomeshe differential centrifugation
and OptiPrep density gradient centrifugation were used to isolate pure peroxisomal

fractions followed by detection with@mmercidly avalable antrAKAP220 antibody.
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Figure 25 Peroxisome markePEX14p(60 kDa) distributionH1: homogenization; S1: supernatant a
1% centrifugation from H1; P1: pellet aftef! tentrifugation from H1, mainly contains cell debris;

supernatant after"centrifugation from S1; P2: pellet afte?2Zentrifugation from S1, mainly contail
heavy mitochondria and some peroxisomes; 8pematant after $centrifugation from S2; P3: pell
after 3° centrifugation from S2, mainly contains light mitochondria and enriched peroxisome, us
the further density gradient centrifugation; S4: supernatant aftecestrifugation from S3, ainly
contains cytoplasm substance; P4: pellet affecehtrifugation from S3, mainly contains microsome

small peroxisome. Then P3 was taken for 2h30min OptiPrep density gradient centrifugation. B1
are the 12 tubes fraction of handled OptiPtepugh constant speed pump
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Figure 26 Western blot ofAKAP220 (AKAP220 should be 220 kDa). The samples H1to P4 and t
B12 are the same as Figure 25.
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An excellentantibody againsPEX14p, a peroxisomal membrane protein of the
dockingcomplex (Figurel3), was used to analyze the distribution of peroxisomes in the
different fractions obtained after differential centrifugation atehsity gradient

centrifugation inWestern blad.

PEX14p-labelling was very specific, except in the fraction P1 with the cell
debris, revealing the high quality of the antibody used. The main protein band was
found at the expected molecular weight of 60kDaexqeectedor PEX14p (Grant et al.,
2013. Peroxisomes were enriched in P3, the typical fractiehere most of the
organelles wee found. This fraction is frequently called enrichedogesomal fraction
and corresponds to the al ialgchcontaims themallhondr al 0
mitochondria. In comparisorthe heavy mitochondrial faction (P2), exhibiting also
large peroxisomes, is less intensively labelled as weahe&snicreomal fraction (P4),
in which very small peroxisomesere describedby electron microscopyBaumgart,
1997. The strong labéhg of the supernatant Sguggestedhat during the isolation
procedure of peroxisomes from TM4 celsome peroxisomes brokd&he stronger
peroxisomal enrichment in the gradient is found in fraction B7 and B38ken
organelles were also observed in sioduble fraction at the top of tlggadient,ndicated
by somedegradation bands in addition to fREX14p signal.

Attempts to localize AKAP220 in different subcellular fractions wtk ant
AKAP220 antibody (Santa Cruz Biotechnology, Inc.) did not give any satisfactory
results. The antibody detected a plethora of different eesmsive protein bands, but
theexpected 220kDa band was labelled very weakly. The strongest signal intensity was

observedor most of the bands in S4, tfieal supernatant with cytoplasmic proteins.

Based on the results from the Western blot analysis and the peculiar single
localization of the short rat AKAP form into a separate group in the phylogenetic tree
(Figure 17),it appears that the results described by Scott and colleéigester et al.,
1996 with the antibodymade against the-@rminal part of the rat AKAP11 protein
might be incorrectindeed careful analysis of the data presented in the paper revealed
several discrepancies. First, they used the TM3 and TM4, which are mouse Leydig cell
line and mouse Sertotiell line, respectivelyHarrison et al., 2001 as rat testis cell
lines to test for rat AKAP220 subcellular distribution study. SecondmiRBIA of the
rat AKAP1lho fromt hei r study was 9748bp in-1ength [
untranslated region (UTR) of 5406bp and an open reading frame (ORF) of 3387bp that
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encodes a 1129 amino acid polypeptide. However, analysis of this mRNA [U48288.1]
showed that -UTR ofccédlibpand thes position ®IOORF is 54-BBO0

(Figure D). Third, for the expression of a partial AKAP220 of 368 amino acids. in

coli, they amplified a 116%p fragment by PCR, which was encompassing the coding

region of the original AKAP220 cDNA flardd by artificiallyNdd and BamH sites at

the 56 and 306 ends, respectivel y. However,
AKAP220 mRNA [U48288.1] showed the forward primer aligned at the position of

8483 and the reverse primer at the position of 8930¢ctwproduced an only 467bp

amplicon and 150 bases out of the ORF. Therefore, this incorrect primer pair is assumed

to have negative effect on their analysis.

4.4 Analysis of AKAKP11 (=AKAP 220 cDNA with genomic

sequences

Sincethe commercialnttAKAP11 rat antibody was not specific agairitt
target proteinthere was a plato generate a sethade antibodyFor this purposewxe
searched forsuitable fragmentof this protein asthe antigen epitap residues by
screeningthe gene and protein databsder AKAP11l. However,the alignment of
variousAKAP11cDNAs showed that sequences from human [NM_016248.3], mouse
[NM_001164503.1] and rat long isoform [NM_012773.2] are highly conserved. It also
revealed that the rat short isoform [U48288.1] doesobey theconservation rule of
AKAP11levdution. Thereforejt was determinedo furtheranalyzethe correlation of
the Akapl1ld sDNA/mMRNA and genoméFigure 27)
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Figure 27 BLAST Results oAkap11mRNAs from Genome Databasd human [NM_016248.3], mou
[001164503.1], rat (long [NM_012773.2] and short [U48288.1]), respectively. The exons in red
identical sequence in both distinct rakapl1mRNAs. The lower short form was published by S
group and the protein was suggested to be localized in peroxisomes.
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Thefirst AKAP220 antibodywas made by Pr o fpublistdiot t 60 s

1996 in the Journal of Biological Chemistry, where the rat AKAP220 protein short
isoform was identified. But from Figure 2the existence of AKAP11 rahort mMRNA
[U48288.1] and proteirsdbform [Q62924.1] are questionable.

By BLAST searching theAkaplthuman mRNA [NM_016248.3against the
Human Genome Databdsé¢he exonsof the Akaplthuman mRNAwere localizecbn
chromosome 13 [NW_001838073.By BLAST searching théAkapltmouse mRNA
[NM_001164503.1]Jagainst theVlouse Genome Databdseall exons of theAkaplt
mousemRNA were localizesn chromosome 14 [NT_039606.8imilarly, byBLAST
searchingAkapltratlong isoform mRNA [NM_012773.2]against theRat Genome
Databasé , all the exons of Akapliratlong form mRNA were localizedon
chromosome 15 [NW_00381191].Eurthermore,liM_012773.2fand [NP_036905.2]
are mentioned as corresponding mRNA and protein on Akepll tag [Rattus
norvegicus(Norway rat)] (Gene ID: 498549, uptkd on 1Feb2015) in the NCBI

Gene database.

However, when aBLAST search was performed for tii&kapltrat-short form
MRNA [U482881] originally published by the Scogroup, against th®at Genome
Databases abovethe AkaplZtratshort form mRNAwasdivided intothree partsThe
1* part of the mRNA sequencfJ48288.1] was identified on chromosome 2
[NW_003806694.1], the™ part on chromosome 12 [NW_003811086.1], and tAe 3
part on chromosome 15 [NW_003811910.AJso, our analysis showed that the
putative mMRNA [U48288.1]was not only including exonsom other gens, but also
introns (survival motor neuron protein [NM_022509.1] and 4BlAding protein p400
[NM_001107149.1]). In addition, there were twmaler fragmens (27242745 and
48224842, inorange i denti fied that c anodome(Figure b e
27). According to the definition in theook iGene Clming and Manipulatioa (Howe,
2007, these two fragments contditoR linkers (Figure28)

" http://blast.ncbi.nlm.nih.gov/Blast.cqi?PAGE TYPE=BlastSearch&BLAST SPEC=0G
P__ 9606 9558&LINK LOC=blasthome

" http://blast.ncbi.nim.nih.gov/Blast.cqi?PAGE_TYPE=BlastSearch&BLAST SPEC=0G
P 10090 9559&LINK LOC=blasthome

¥ http://blast.ncbi.nlm.nih.gov/Blast.cqi?PAGE_TYPE=BlastSearch&BLAST SPEC=0G
P_ 10116 10621&LINK LOC=blasthome

" http://www.nchi.nlm.nih.gov/gene/498549#genomic-regions-transcripts-products
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CLUSTAL 2.1 multiple sequence alignment

2723-27746 U48288.1 GTGCCTCGTGCCGAATTCGGFACGA—— 24
4821-4843 U48288.1 —-———-CTCGTHCCGAATTCGGLCACGAGA 23

*hkhkk kA hkkhkdhdd kK| kR hk

Figure 28 The sequence ithe orange frame shows two potentiatoR linkers in mRNA [U48288.1L
Sequence alignment was done between the position of 27443 and (4821843) in [U48288.1].

Taken together withthe other identified mistakes the report of Scott and
colleaguedLester et al., 199alescribed an arttial recombinant clone oAkapllthat
does not exist in nature, in which clone three different genes were fused together via

EcoR-linkers during the cDNA library construction.

4.5 Northern blotting

To analyzealternatively spliced variants &KAP11and toprove that the short
form AKAP11[Q62924.1]is indeednot existingin rat testisor pituitary glandcontrary
to previous report from Scott and colleagiesster et al., 1996 it was planned to
detect the expression of all possible isoforms AKapll [NM_012773.2] and
[U48288.1] in different rat tissues by Northern blot hybridization.

4.5.1 Total RNA preparation for Northern blotting

Total RNA was isolated from the followingat tissues: testis, brain, lung,

kidney, heart, liver, skeletal muscle, spleen, pituitary

Table 17 Total RNA was isolated using combined methods, taedRNA quality was checked by RNA
Chip analysis

Numb:rSamgldeat e) Ti sseuieg RNA ConceitVol u Aygos2As60/2

1 Brad n( 18. 060 mg 307.4 ng/ 50 02.082.18
2 Li vwer(18.060mg 2148.2 ng.50 062.032.04
3 Muse/l  18. 60mg 529n.9g5 OI 50 02.082.24
4 Li vwer(17.080mg 562.9 ng/1'80 02.041.57
5 Kidaey 17. 80mg 340.9 ng/'80 02.102.03
6 Spl¥¥ef(l18. 80mg 1276.4 ng.80 O01.952.20
7 Pituliltaf®<20mg 445.9 ng/ 50 02.081.72
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8 TesVY(ix4. 0480mg 884.9 ng/ 50 02.092.18
9 HeaW t( 18. 080 mg 111.5 ng/ 80 06 2.131.66
11 Brav n(17. 080mg 164.3 ng/ 80 02.082.04
12 Pituwliltlarz20mg 190.6 ng/'50 02.101.86
14 Mus e/l € 26. 60mg 153.7 ng/ 130 061.772.25
15 Livielr (05. 20mg 545.9 ng/ 40 02.072.06
16 TesVYi(s17.C80mg 378.1 ng/ 80 062.112.00
17 Spleén (05 20mg 211.1 ng/t40 06 2.081.82
19 Tesltli s(06.20mg 243.5 ng/ 40 062.101.70
20 Braliln (05. 20mg 118ngy Ol 40 O62.081.39
22 Li vwer(18.080mg 816.4 ng/ 80 062.081.77
23 Tesltli s(05. 20mg 476.6 ng/+40 02.071.55
25 Ki dawey 09. 80 mg 128.0 ng/ 30 O01.772.52
27 Bravi n(09. 020mg 84.3 ng/ 0Ol40 O62.081.37
29 Spl¥efN09. 20mg 211.1 ng/ 140 O02.081.82
30 Lurvg (17.080mg 281.9 ng/140 02.082.17

4.5.2 Specific RNA probe generation and validation

The mRNA of Akapllghort [U48288.1]has a length 09748ntcomprising both
t he a8 d-UME TheORF islocated betweemucleotde 5411 and 8800 of the
MRNA sequenceThe3 -WTR is so long that is rare in nature (>5%KThe mRNA of
Akapllyng [NM_012773.2] has a length of 6950micludingt h e- a3 @ -UTRO6
regions The ORF is located between nucleotidand 5685 of the mMRNA sequence
The two Akapll mRNAs share a common regiomith 99% identity with 8 gaps
(position 48438864 in Akapllhe:[U48288.1], and positiod6085633in Akaplleng
[NM_012773.2).
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After a search at the GenomeCube cone cAkapll EST clone was
subsequenced to d®0% identical with the fragmeffiiom 116l to 4222in Akapllong
[NM_012773.2, also including a partial common regi(i608 to 4222)This clonewas
usedto generateghe specific probefor Northern blot hybridizationo identfy eventual

Akap1l alternativesplicing (Figure 2).

Akapl11-short-Rat-mRNA [U48288.1]

4843 5411 8800 8864

Akap11-long-Rat-mRNA [NM_012773.2]

6950

Vs <« -> <

1240F 1449R 3113F  3399R

LSP-230bp (u— ) BSP1-308bp

- <
2528F 3399R LSP NC BSP1 NC BSP2 NC BSP3 NC
S——) £5P2-393bp

> <

2528F 3115R
—) BSP3-608bp

1500bp

1000bp
750bp

500bp

250bp

Figure 29 Schematic illustration of the alignmeaid position ofAkapllrat mMRNA[NM_012773.2],
[U48288.1], Akapl1 EST clone3 vectorand designed primers. Four fragmefism the AKAP11
clone3 plasmid that could be used for hybridization probes generation ar@2@#p), BSP1 (308bp
BSP2 (893bp) and BSP3 (608b)SP: Long Akapl1l specific probe; BSP:Both Akapl1 specific

probe;NC: negative control.
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T7 promoter

pPEBV34-pGEM-T-AKAP]1-BSP2

pEBV33-pGEM-T-AKAP11-BSPI :
AKAP11-BSP1 probe — AKAP11-BSP2 probe
a 3 I
3325bp

SP6 promoter

SP6 promoter

T7 promoter

PEBV35-pGEM-T-AKAP11-BSP3 PEBV30-pGEM-T-GAPDH PEBV29-pGEM-T-beta actin

AKAP11-BSP3 probe

3625bp 3435bp 3138bp

SP6 promoder

T7 promoter 7

7 SP6 AKAFRIL-pE 1
_ A AKAPI11-pExpress
pPEBV31-pGEM-T-S5tAR F

EBV28-pGEM-T-2858 T170b
StAR probe P 3 28S probe Y

3300bp

4108 b vector + 3062 bp AKAPL

3271bp

Rat AKAP11 clone3 (1161-4222)

SP6 promoler T7 promoter

S promoler

EcoRV

Figure 30 Constructed plasmids majscluding Akapl1rat mRNAspecific hybridization probes LSR30bp), BSP1 (308bp), BSP2 (893bp) and BSP3 (60&h¢
housekeeping gene probes, such as GAPDH (7 b fadtin (126bp), 28S rRNA (254b@ndStAR (292bp).
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LSP BSP1 BSP2 BSP3 GAPDH 3-actin StAR 285 rRMA AKAP11
c L c L c -L c L c -L c L C L S c +L

Figure 31 Plasmids linearization foin vitro transcription C: supercoiled plasmid:L: antisense
linearized plasmid to generate antisense RNA probes; +L: sense linearized plasmid to gener
RNA as positive template control. Plasmid size: L3SP4{bp), BSP1 (3325bp), BSP2 (3910bp), B:
(362%p), GAPDH (3 4 3 5 b-actin,(3138bp), StAR (3309bp), 28S rRNA (3271bp), AKAP11 clc
(7170bp). The 1kb DNA ladder (Prewga) was used as the DNA marker

All vectors were linearized with appropriate restriction enzymes and
digoxigenirtlabelled RNA probes generated hip vitro transcription as described in
methods ¢ee subection3.7.1). The quality of thehybridization probesvas verified
using dot blotassayto estimate RNAprobe concentration and Di@beling efficiency,

prior toin situ hybridization.

28S IRNA

LSP

BSP1

GAPDH

100ng 10ng 2ng 500pg 100pg SOpg 25pg 10pg Spg 2.5pg 1lpg (1ul/dot)

Figure 32 Sensitivity of DIGlabeled antisense RNA probes were verified by dot blot ass:
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The intensity of the DIdabded probe spots depeadn the yield ofprobe
synthesizedluring the labeling reactioduring in vitro transcription It depends on the
amount, size, and purity of the DNA templéieearizedplasmids showin Figure31).
By detectingof the DIGlabded RNA with a dot blot, alsothe detection system,
antibody and developing agemere testedGradient dilutios of DIG-labeked RNA
werespotted ona positively charged nylon membrafigigure 32). After heat and UV
crosslinkingof the RNA on the membraneanmunological detection was done by using
a mouseantiDIG-antibody in combinatiorwith a goatantrmouse IgG secondary
antibody labelled with alkaline phosphatasand subsequentnzyme staining Our
probes could deted-2.50g RNA, which issufficiently sensitive fora Northern blot.
Concerning the spci f i ci ty and sens.idrd mRNA gan bef
detected irD.1g of total RNAO by the DIG-labdled nonradioactive Northern blotting
method(DIG Northern StarteKit Instruction Manual, Roché.

Washing Buffer 1

Washing Buffer 3 Washing Buffer4  Washing Buffer 5

Washing Buffer 6 ~ Washing Buffer 7 Washing Buffer 8 Washing Buffer 9

e -

Figure 33 Test of 9 different types of washing buffer with 2 distinct dilutions of-Bif@ concentration

" https://lifescience.roche.com/wcsstore/RASCatalogAssetStore/Articles/DIG AN1 03.1
2pdf

" http://post.queensu.ca/~chinsang/lab-protocols/handbooks-and-manuals/dig-
northern.pdf
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http://post.queensu.ca/~chinsang/lab-protocols/handbooks-and-manuals/dig-northern.pdf
http://post.queensu.ca/~chinsang/lab-protocols/handbooks-and-manuals/dig-northern.pdf

The recips of 9 types of washing bufferare shownin Table 3, and the
combined?2 kinds of antDIG concentrationare High antDIG (60ng antDIG/mI
antibody buffer) and Low antiDIG (4ng antiDIG/ml antibody buffer), respectively.
When the washing buffer 8 was used, the memb8arappeared aa blank membrane
without the spotted RNA incubated in High a#blG as the negative control of
membrane 8c. The membrane 8b was a blank membrane wittoapotted RNA
incubated in Low atDIG as the negative control of membrane 8d. The membrane 8c
was a membraneontaining 1 of spotted DIGlabelled RNA(4ng)incubated in High
antiDIG. The membrane 8d was a membrane with dfispotted DIGlabelled RNA
(4ng) incubated in Low anDIG. All the membranes were run concurrently using the
different 9 washing conditions and the conditse used f or the membrane

Buffer 8 + HighantD | G0 & wmark) yielded the optimal result

After checking the labeling efficiency inthe spot assaya rat tissue RNA dot
blot was used to testthe hybridization efficiency of the DIGlabeled RNA. The
concentration of DIGabeled RNA proberequiredwas betweer?0ngml (for abundant

MRNA detection, e.chousekeepingene)and100ngml (for rare mMRNA detection)

Four gradient amounts tdtal RNA from three different tissues were spotted
Nylon membraneto analyzethe hybridization efficiency, using the proldsscribedn
Figure32. Hybridizationwas carried out as described in meth(sde subection3.7.4).
100ngDIG-labelled Akapllantisense RNAvas used as positive signal control for all
the blots. 1pg wn-labelledAkapllsense RNA was used as positigenplatecontrol for
LSP and BSP1 blots.
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28S  200ng 20ng 2ng 0.2ng

Kidney
Spleen

Testis

IDIG-AKAPI11 AKAPI1-sense

GAPDH 200ng 20ng 2ng 0.2ng

Kidney
Spleen

Testis

DIG-AKAPI1 AKAPI1-sense

LSP 200ng 20ng 2ng 0.2ng

Kidney

Spleen

Testis

IDIG-AKAP11 AKAP]11-sense

BSP1 200ng 20ng 2ng 0.2ng
Kidney
Spleen

Testis
IDIG-AKAPI11 AKAPI l-sense

Figure 34 Rat tissue total RNA dot blot hybridization with 4 probksft side: methylene blue staini
of the membranes; Right side: corresponding hybridizations. The total RNAs used were from rat
spleen, testis. The specific RNA hybridization probes used were antisendeldeliéd RNA of28S
Gapdh Akapl1[NM_012773.2],Akap11[NM_012773.2] and [U48288.1]. 100ng Dil@beledAkap1l
was used as positive signal control and 1pg HatreledAkapllsense RNA was used as the posi
template control for LSP and BSP1.

Dots were visible on the membran&beled with theantisense RNArobe for
the detection othe 28SrRNA, indicating that he probeboundcorrectly to the RNAs
from different tissues (Figur&4). Also, the positive signals from the membranes
probed with LSP and BSP1 indicated that the antisgmebes bound to the neon
labelledAkapllsense template correctly. Thus, the absence of signal from the probed
tissue RNAs suggested that the amount ofAkapl1mRNA in the total RNAs was
below the detection limit.
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4 5.3 Rattissue total RNA Northern blot test

M Li Sp Mu i Te Ln

Figure 35 Total RNA separation by electrophoregisa 1.8% formaldehydagarose gel using 1
MOPS running buffer at 20V for 17.5 hours. Methylene blue staining was used to check the tra
RNA on the membrane, followed by hybridization with the 28S rRNA probe. M: RNA m
(Promega) fd/lane; Lanel: 2# liver 5pg; Lane2: 6# spleen 5pg; LaneéBt muscle 3pg; Lane4: 4# live
31; Lane5: 8# testis 3pg; Lane6: 22# liver 3@ from Table 17, the RNA quality of these 6 samj
see Chapter 12. Supplemental data S2)

Figure 35 showed that, the whole procedure dr nonradioactive Northern
blotting with DIG-labelled probesworked as expected. Different RNA probes were
used to label Northern blots of total RNA isolated from different tissues. However, only
the 28S rRNA control probe hybridization was working well while no positive signals
were obtaind from the other probes. There are 2 possible explanations for the
observation. First, the target sense RNA template f&kapl) is below the detection
limit. In contrast, the 28S rRNA is one of the highest expressed RNAs, therefore its
amount is withinthe detection limit of the assafround 8% of total RNA is rRNA,

15% is tRNA,and some of the rest includes nonding RNA, thus, protektoding

MRNA is less than 5%lLodish et al., 2000 Secondthe use of the T7 promoter for the

28S rRNA probe generation supported the efficiantitro transcription compared to

SP6 promoter used for the other pactinbbes (LSP
StAR) (Logel et al., 199p Suggestion for next triakould be to load more total RNA

(>10g/well) and to usénigher amounts of labelled probieshe hybridization reaction.
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4.5.4 Rat total RNA RT-PCR

Because the detection dfifferent Akapl1mRNA form with LSP and BSP1
using the Northernlbt did not work as expectednd from the the report thathat RT-
PCR detection is more sensitive than Northern blotting hybridizé&ehr et al., 2000
Streit et al., 2008 the RT-PCRwasusedto identify the amount oAkapl1mRNA in
total RNA from rat tissue@Table 17).

He Br Pi Mu Te Br Li Ki Sp Lu plasmid

Akap11-LSP
Akap11-BSP1
Akap11-BSP2
Akap11-BSP3

28S rRNA

He Br Pi Mu Te Br Li Ki Sp Lu

Figure 36 Distribution profile ofAkap11mRNA in different rat organd.anel: 9# Heart; Lane2: 1:
Brain; Lane3: 12# Pituitary; Lane4: 14# Muscle; Lane5: 16# Testis; Lane6: 20# Brain; Lane
Liver; Lane8: 25# Kidney; Lane9: 29# Spleen; Lanel0: 30# Lung (# frable 17);Lanell: 1nc¢
AKAP11 plasmid clone3 used as positive template control for LSP, BSP1, BSP2, BSP3. As des
Figure 29,LSP probe is in position of 1241449, 230bp; BSP1 is 31143899, 308bp; BSP2 is 252
3399, 893bp, BSP3 is 25215, 608bp.

Akapllcould be detected with all primer pairsthe differenttissues(Figure
36). The expression of tHiRNA was highest in the pituitary RNA, which is logical and
interesting, since thputative false AKAP11 clone from Scott and colleagwes also
isolated from a cDNA library constructed from pituitary mRN&Xdditionally, brain,
testis and spleeexhibited relative high amourdf Akapllexpression, whereas this
MRNA wasonly expressed in low amount in heart muscle and in intermediate tyuanti

in skeletaimuscle, liver, kiiney and lung.

The pri Ae@pliLpSalPior fior t he 56 part of the mR
Akapllpr oduct i n t he s-aaimceanoigadhkased RIBCRERItBS P 1
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was used for the cDNA amplification. For a lomiRNA asAkapl1mRNA, it is better

to use a random primer based revdraascription kit when it is necessary to amplify
the 506 part of t h e low® NensitivitiR ef graplifiddtian,stlse o f
patternof the tissue distribution for th&kaplXtLSP primer pair remained similar,
depicting pituitatry, testis, brain and spleen as the tissues with higher expression of
Akapll

4.5.5 Concentrated total RNA and PCR-generated probes

Since Akapl1mRNA wasdetectable in RIPCR the possibility thatAkapll
primers/probes did not work was excluded. The rsotution is to precipitate total
RNAs to get concentradeemplate, or elute it byolyT columns to get pure mRNAs for
Northern blotting.

Table 18 Total RNA precipitation

Sample RNA concentration Ass0i280 Ass0/230
Brain 4168 ng/d 201 221
Heart 3697 ng/d 191 2.38
Liver 3784 ng/d 2.03 2.00
Lung 3606 ng/d 1.90 2.38
Kidney 10241 ng/i 2.08 2.21
Muscle 26482 ng/d 2.08 2.20
Pituitatry 31222 ng/y 2.09 217
Spleen 31630 ng/d 1.98 2.26
Testis 33404 ng/d 211 2.21

M GAPDH B-actm LSP BS5PI

Figure 37 Alternative method of templal
generation forin vitro RNA transcription.
PCR product with T7 promotocould be
used as template instead of lineari
plasmid to further produce RNA probes. 1
size of PCR products was 23bp longer t
RNA probes, for instance GAPDH = 440t
b-actin = 143bp; LSP = 253bp; BSP1
331bp.

1kb
750bp

500bp
250bp
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This is a PCRbased technique foh¢ preparation of RNArobes. T7 RNA
pol ymerase promot er s-end®frgenespecfic oligothucleotded at t he
primers enabling diregh vitro transcription of purified PCRagmentsThe amount of
the DIGlabelled transcripts generated from RRplates was equivalent to those
derived from a linearized plasmi&election of interesting clones can be dramatically
accelerated by avoiding cloning and plasmid preparation steps usinGRapproach,
avoiding the uncertain promoter problem from -€laning vectors.However, the
minimal length of the PCRagment should be at least 300bp agt&n@robes are less
sensitive(David and Wedlich, 2001 Due to time limitation, this Northern blotting

assaywas not continuednd the cloningf AKAP1, -4 and-10 was started.

4.6 Basal analysis and over expression of AKAP1, AKAP4, AKAP10
in TM4 cells

The last 3 amino acids of AKAP1, AKAP4 and AKAP10 suggested they may
contain PTS1 signals (Figure 17). Therefore, the following were carried out: 1) the
tissue distribution and differences in expression of the mRNAs for these AKAPS; 2)
cloning ofthe AKAPs in mammalian expression vectors; 3) to overexpress different
myc-tag versions of the AKAPs in TM4 cells; and 4) analysis of the subcellular
localization of the AKAPs and subsequent effect on peroxisome and mitochondria. Due
to the unavailabilityof reliable antibodies for the detection of these AKAPs, thard
C-terminals myetag versions of these AKAPs were used the overexpression

experiments

4.6.1 Basic analysis of AKAP1, AKAP4, AKAP10

The putative @ er mi nal -P a6 itigpdptisik of mouse AKAP1L is
ARASLO, whereas AANLO and ATKLO were found
respectively. However, it was reported tlaaPTS1 is notsolely consisting of the €
terminal tripeptide (Brocard and Hartig, 2006From thisresearchgroup an online
PTS1 predictowas madeavailable forpublic us€' . Therefore,an analysiscould be
done by computer programmin@ee Supplemerdl data S1) to show thepossible
fitrendd for a putative PTS1 signal throughout thAIBAP family members

* http://mendel.imp.ac.at/mendeljsp/sat/pts1/PTS1predictor.jsp
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The PTS1 predictor The PTS1 predictor
PTS1 query prediction PTS1 query prediction
Submitted sequence
MATQLRSLFPLATFGMLALLGWWWEFSRKEDRLSSSDR QUETLK VGPAIKDRELSEEACPGVLEVAPTVT

Submitted sequence
‘ NRSLVERGLAQWVDSYY ASL‘ QPPGREEQRCYDEPSTEPLALPRTRQVRRREESSGNLPSVADTREQPGPCRDELIAK VELSLMGDE AK SIP
LGCPLLPEDASFPYEAVERCE QESALGE TPGRGWESPYAASGEL ARETGGTEGTGDAVLGENYSEEGLLS

QECVEEVEE SEFPILAPGGGEGEEVSHGPP OV AELLEKEEYIVGE LD SSFWVEPVHSEPVEDEDALEPQVE
G3SNTSDRDLAGELDEDETVPENDOIE QAAFQLISQVILEATEEFRATTVGE TV AQVHPTSATOPE GEEE
SCVPASQETSLGQDTSDEASTRTGATASPEAEALFPETYVESCLESPLEGPTEDQEPE NS AHHISLAPCEF

Using general prediction function

Name mAKAPI[O08715.4]_-20aa
(f"e““““‘" LAQWVDSYYASL PVTPOROSLEGASNPREDDNFVACM ANNSOSVLEVSSLGOCSDPVETSGLEDSCTETISSSGDE AMTEPL
Score 0.169 PVSTQPFSHGVLEEELSDLGTED GWIMDTEADHS GGSDGNEMDEVD SCCGLTE PDEPQSVQAGSNPEK VD
Profile 5.506 LITWEIEVPEHLVGRLIGE QGR Y VSFLE QTSGARIYISTLP Y TONIQICHIEGS QHEVDE ALNLIGKKFE
S_ppt (non-accessibility) <2.931 ELNLTNIYAPPLPSLALPSLPMTSWLMLPD GITVEVIVVH QVIAGHLFV QQETHPTFHALRSLD QQOMYLC
S ppt (acces ) 2406 YSQPGIPTLETPVEITVICA APGADGAWWRAQVVASYEETNEVEIR Y VDY GGYKRVE VDVLROIRSDEVT
Pri . 0.60° FQGAEVLLDSVVPLSDDDHFSPEADAAMSEMTONTALLAQVTS TS ATGLPLIQLWSVVGDEVVL ﬁmzs LVERGLAQWVDSTYASL
(7 . o
TUsing metazoa-specific prediction function

Prediction classification
LK AP 1-mouse[ QOBT15.4]

Name

C-terminus LAQWVDSYYASL
Score -11.538

Prafile 1.249

S_ppi (non-accessibility) -10.442
S_ppt faccesmbility) -2.345
Pfalse positive) 2.01%

FPrediction classification I

Figure 38 PTS1 prediction of all AKAP1 family members present in different species (For a larger
see Supplemental data,2®lor page 156 Light blue bars-- the length of AKAP1 proteins; green blo
--- position of PKAbinding domain; red block- posiion of predicted PTS1 signal.
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The PTS1 predictor The PTS1 predictor

PTS1 query prediction PTS1 query prediction
Submitted sequence: Submutted sequence
[DEAVGNMARKQLLDWLLANL] MIAYCOTTTMSDDIDWLHSRR GV CK VDL Y SPEGQODQDRE VICFVDVSTLNVEDK DSK GAAGSRSEGELN
LETLEEKEIVIEDTEE QDOSETEGSVCLFE QAPSDPISVLNWLLNDLGE YALGFQHALSPSASSCKHEY

Using general prediction function GDLEGDYSKIPSENCYSVYADQVNFDYLNE GPQNLELEMA ASK NTHNNQSPSNP ATK SPSMQRSVATPEG

! ] ECSMDDLSF TVNRLSSLVIOMARKEIK DELEGGSE CLHES MY TS GDE GETSPRSAVSEIASEMAHEAVEL
Name mAKAPHQE0662.1] 2022 TssEMRGNGEDCRDGRETFL Y SEMCHENE CGEE QQMCPEDSEEFADSISK GLMVY ANQVASDMMVEVIMET

C-terminus REKQLLDWLLANL LEVHSCGEPIPACVVLERVLLEHTK EIVSDLIDSCME NLENITGVLMTDSDF VS AVERNLFNHGE QI A LD
Score 3.617 IMEAMLEFLVSALLGEEKETE SQSLAYATLE AGTNDPE CKNQSLEFS AME AEME GEDE CESE ADPCCESL

Profile 8222 TSAERVSEHILE ESLTMWNN QK OGN QGE VTNE VOCTSK DERRER ISPSTDSLAR DLIVS ALMLIQ YHLTC

bility) -7.142 QAKGEDPCEEECPGESMGYMIQEAQYER CGGGQESKSLEMEOFETRGAPGP S TCMEEN QLES QE MDIM ST
4697 VLSLIQKLLSESPFSCDELTESDNERCCDPERSSE AAPMAK EPEEQC QDI AELDFIS GME QNITRQFIDOLY
ESVMELCLIMAK YSNINGAALAELEEQA ATV GSGERCGRD ANMMEQN Y SETPGPEVIVNINQCSTINLOE QLG

S_ppt (non-access

S _ppt (acces.

1.28%

LOWIAASQFIVPMLYFMGDDDGQLEELPEVS AR A AEK GYSVGDLLQEVMKFAKERQID}EAVGNMARK Q LLDWLLANL

Prediction classification| Twilight zone

Using metazoa-specific prediction function

Iame AKAPA-mouse[QH0662.1]
C-terminus FEQLLDWLLANL
Score -3.842

Frafile 8462

S ppt (on-accessibifity) -6.378

S ppt (accessibility) -5.925

Pfaise positive) 0.54%

Frediction classificaiion| Twilight zone

Figure 39 PTSL1 prediction of all AKAP4 family members present in different species (For a
figure, see Supplemental data, $6lor page 157 Light blue bars-- the length ofAKAP4 proteins;
green block-- position of PKAbinding domain; red block- position of predicted PTS1 signal.
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The PTS1 predictor The PTS1 predictor
PTS1 query prediction PTS1 query prediction
Submitted sequence: Submitted sequence:
[ VSDVMQQAHHDQPLEKSTKL | MRGAGPSPRESPRALRPDPGPAMSFFREK VE GKEQERTLDVE STR ASVAVHSPOR STRNHALLEAAGPSH
VATAISANMDSFSSSRTATLER QPSHMEAAHFGDLGRSCLD YQTQETK SSLSE TLEQVLEDTVVLPYFL
Using general prediction function QFMELERMEHLVEFWLEAESFHSTTW SRIRAHSLNTVE QS5 LAEPVSPSKRHETPASSVIEALDERELGDS
35 APLLVTQSEGTDLS SRTQNPQHHLLLSQECHS ARSLHREV ARTGSHQIPTDSQDSSSRLAVGSRISCS
Name MAKAP10[088845.3] 2022 SPLRELSEKLME SIEQDAVNTFTK YISPDA AR PIPITEAMRNDIARICGED GOVDPNCEVLAQAVVES A
C-terminus HHDQPLEKSTEL MEQEHFSEFLESHHFCE TOIEVLTSGTVYLADILFCESALFYFSEYMERED AVNILQFWLAADNF QS QLA
Score 0.017 AEEGQYDGQEAQNDAMILYDK YFSLQATHPLGFDDVVRLEESNICREGGPLPNCFTTPLRQAWTTMEK V
Profile 0.653 FLPGFLSSNLY YR YLNDLIHSVRGDEFLGGNVSLAAHGSVCLPEESESGGSDGSTAQSSVE R ASTKILE N

FDEATVDAASLDPESLYQRTTAGKMSF GRVSDLGQFIRESEPEPDVEK SK GFME S QAMEE WV QGITTDEA QEELAWKLAKWVSDVMQQAHIDQPLEKSTKL

S_ppt (non-ac

5_ppt (aceess: 0 6?”7 Tsing metazoa-specific prediction function
.62%
Prediction classification Natne AR AP10-mouse[OBBE45.3]
C-tetminus HHDQPLEESTEL
Score -12.464
Fraofile -10.949

& _ppi (non-accessibility) -1.410
S ppi (accessibiliiy) -0.104
Plfaise pasitive) 2.29%

Frediction classification Mot targeted

Figure 40 PTS1 prediction of all AKAP10 family members present in different species (For a
figure, see Supplemental data,S®lor page 158 Light blue bars-- the length of AKAP10 protein:
green block-- position of PKAbinding domain; red block- position of predicted PTS1 signal.
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For the prediction, the both verifiedind predicted AKAPprotein sequences
were included. Because minimal 12 residues of tHer@inus was required as the
query sequence by the online tool, the last 20 amino acids of AKAP protein members
were used for the PTS1 prediction. Indeed, 52% members of AKAP1 and 4@Y%ense
of AKAP10 were predicted to be peroxisomal. The prediction for the last 20 amino
acids of mouse AKAP1 [ O087 1A5S140] awsi tvhe lal paust at
mouse AKAP10 [ OBKBIBA 5S5werje waltsho it o be targeted
not theirfull sequences. Although none of AKAP4 was predicted to be a peroxisomal
protein, the mouse AKAP4 [ QARBE62wWAaA} wiedi at &
to be in Atwilight zoneo.

Based on the prediction resuit appears as the 3 mouse AKAPs (AKAP1,
AKAP4 and AKAP10)mayhavea chance to target to peroxisomgreover,the data
from EST sources in NCBI showed that moAsAP1, AKAP4 and AKAP10were the
highly expressed endogenous protemtestis(Figure41).

Breakdown by body sites

u AKAP1-mouse

W AKAP4-mouse

AKAP10-mouse

adipose tissue

adrenal gland

lung [

eye
fertilized ovum [
joint
kidney [
liver [
lymph node
mammary gland =
skin [*
spinal cord
thymus
uterus
vagina
vesicular gland

testis EEEE———
=Hi

heart
thyroid

blood [T
bone
bone marrow
brain
connective tissue
inner ear

dorsal root ganglion
ovary

oviduct
pancreas
pineal gland

molar
pituitary gland

muscle
nasopharynx

olfactory mucosa
spleen

bladder
epididymis
intestine
prostate
salivary gland ™
stomach [~ |
sympathetic ganglion
tongue
turbinate

embryonic tissue =
extraembryonic tissue [=

Figure 41 Akapl, Akap4andAkapD distribution profile(approximate expression pattern inferred ft
EST sources in NCBI

FromFigure 41 based on moug&kapltranscripts are highly expressed in ovary

and testis, which reflects its potential role in reprodurctAkap4mRNA is expressed

* AKAP1: http://www.nchi.nlm.nih.gov/UniGene/ESTProfileViewer.cgi?uglist=Mm.2969,
AKAP4: http://www.ncbi.nim.nih.gov/UniGene/ESTProfileViewer.cgi?uglist=Mm.1498,
AKAP10: http://www.ncbi.nlm.nih.gov/UniGene/EST ProfileViewer.cgi?uglist=Mm.274404
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only in testis, which suggested its specific function in spermatogeAdésislOmRNA
Is mainly expressed in connective tissue, ovary, tastisthyroid

AKAPs mRNA expression profile in mouse testis
(EST profiler from NCBI Unigene)
600

500

400

300

200 -

Transcripts per million (TPM)

100 +

0 = T T T T
L L L LD PR
P RFIFFFRARARLL
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Figure 42 Akapl, Akap4andAkaplOmRNA are high expressed in testis.

Among all Akaps mRNA profile in mouse testis, théghestexpressed AKAP
candidatesvere AKAP1, -4 and-10, suggestingheir possibleroles in male fertility
(Figure 42) In order toexperimentallyconfirm the resultsfrom the EST database
searchingpairs of primers were designed to check the expression level of endogenous
Akapl Akapd4andAkapl0in mouse testigFigure 43)
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Mus musculus
strain C57BL/6)
Chromosome 11
[NC_0000776]

Mus musculus
AKAP1 mRNA
transcript variant 2
[NM_001042541.1]

Mus musculus
strain C57BL/6)
Chromosome X
[NC_000086.7]

Mus musculus
AKAP4 mRNA
transcript variant 1
[NM_009651.4]

Mus musculus
strain C57BL/6J
Chromosome11
[NC_000077.6]

Mus musculus
AKAP10 mRNA
[NM_019921.3]

> | > D Iy D D I I I | -
FIN :
D ey — S— B S— S—r — m— m— m——

1 190 222 1797 1931 2058 2186 2364 2515 2583 2657 2720 2795 3758

1 116 142 238 289 391 2509 2665 2852

4

1 269 317 500 1058 1157 1242 1366 1503 1648 1822 1932 2015 2068 2164 3879

Br Ii Iu Ki Tel Te2 Te3S+g LC SC pla

Akapl

Star

Akap4

Akapl0

Gapdh

288 rRNA

Figure 43 Test of designed primers fétkapl Akap4 AkaplQ and their expression level in differe
mouse organdBr: Brain; Li: Liver; Lu: Lung; Ki: Kidney; Tel: Testis from mousel; Te2: Testis fi
mouse2; Te3: Testis from mouse3; S+g: Sertoli cell + germ cell mixture; LC: Leydig cell line NI
SC: Srtoli cell line TM4; pla: the constructed plasmid with requigathefragment, used as positi'
template control

The results showethat Akapl, Akap4 AkaplOmRNA were highlytranscribed

in mouse testisand AKAP1 wa also highly expressed in brain in agreement with
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previous report¢Dagda et al., 2011Dyson et al., 2008Hu et al., 2009Webb et al.,
2008. It was also observed thakaplas well asStar mRNA were highly abundant in
mouseseminiferous tubles (mixture of Sertoli cell + germ ced) andthe TM4 Sertoli
cell line. This was unexpected since AKAP1 has only been found in Leydig cells in the
male where AKAPL1 regulated StAR protein activity in mitochondbgson et al.,
2008. This observation raised several questions suchésitis AKAP1 function in
Sertoli cels? Is it also localizedat the mitochondriasurfacewith Siar mRNA and

protein? Whahappes if the protein is mstargeed?

Akap4 and Akap1l0mRNAs wee apparentlyonly expressed in germ celis
testis but not in the TM4 Sertoli cellline or in MLTC-1 Leydig tumor cells. Whether
these AKAPs are expressed at Itavels in Sertoli cells or Leydig cells has to be
verified in the future by using isolated primary cells from the testis and higher amounts

of cDNA as input template

WO W1 W2 W3

Sngpl 0 10 100 1000 FSH (ng/ml)

m} Figure 44 Test expression ¢
Akapl Akap4 Akapl0in TM4

Sertoli cell lineunder the gradier

Aknpe; _ no band FSH dose treatmentsg¢e Figure
18). Lanel: 5ng coasponding
plasmids were used as posit

ko0 [T s vi T e o
detection. All the PCRs were rt
35 cycles.

st [y

As described inthe introduction gee sulsection1.2.3, the phosphorylation
signal pathway in Sertoli cell is strongly influenced by Fi8Huction But the three
Akap which control the PKAlependent phosphorylation cascade in TM4 cell line
showed almost no effect by FS&timulation Akap4andAkaplOwerehardly detecible
in TM4 cell. Although Akapl was expressedjuite stronglyin TM4 cells, its function
and regulationstill remainsa mystery. Whether the PKA substrafar and StAR
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protein in Sertoli cellsare regulated in the same wag in Leydig cellsis also a

guestion.

4.6.2 Cloning and immunolocalization of myc-tagged AKAPs

The myc tag is a 1@mino acid polypeptide tag(nw-EQKLISEEDL-coon)
derived fromthe c-myc protein and it isfrequently used forthe localization of
recombinanfproteins The myetag system iswidely used to facilitatehe detection or
purification offusion proteinsMouse antimyc antibodiesare also well developed for
immunochemistryTwo different types of vectoraiere used tomonitor recombinant
proteinsexpression wh themyc-tagattached to the target protein at eittiexr N- or G-
terminus (pCMV-3B, pCMV-5B) (Terpe, 2008 Becausethe PTS1 signal isat G
terminus ofthe protein, two kinds of expression vectavereused forimmunodetection
to confirm whether a possible PTS1 signal is really functiandh contrast,
mitochondrial targeting signals are frequently localized at thieridinus of a protein
and cleaved during the importiarthe mitochondria (Emanuelsson et al., 2001

* http://www.fastbleep.com/biology-notes/31/172/978
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Figure 45 The instruction of myd¢ag recombined plasmids generation (inserts are: GFP, AKAP1, AKAP4 and AKAP10)

Page [L08

PTS1?
Myc
PTS1?
:/ .
PTS1?
Myc
PTS1?



The procedurdor subcloning ofmyctagged GFPand AKAP-fusion proteins
had beerdescribed in detail in thmethods(section3.8). To check the localization of
fusion proteinin vivo, the critical point is the specific binding of the antibody against
the tag in fusion proteinfwo positive control plasmids, pCM@GFR-3B and pCMV
GFPR5B, were constructed to test the functionality of the vectors to express the desired
protein inTM4 cells The myc-tagwas fused tdhe Nterminus and @erminus ofthe

GFP, respectively.

GFP (greenfluorescent proteinjs a238residues green fluorescent protein with
an emissionpeak at 509 nmand it iswidely used as a reporter of express{d@sien,
1998. GFP was previously thought to have nar low toxicity and exkbit no
interference withany biological process€®livaresFuster et al., 2002Velsh and Kay,
1997. Therefore, many engineering GFP varsanwere generated for biological
monitoring(Hoffman, 2008 Murphy et al., 201)1L However, ecently,some side effects
of GFP were reported fromin vitro and in vivo studies such as cytotoxicity and
apoptosisindudion (Koike et al., 2013 Thus, in this thesis the myptag, which
exhibited small size (only 10 amino acids) and no side effect, was used instead of GFP
to track the fused AKAP proteins.

GFP is a cytoplasm protein with no targeting signal at any terminus, bence
attached mytag <ould not interfere withits cytoplasmic localization. This
arrangement will also allow the docalization of GFP and the myag in the both two
constructs, which was confirmed in Figure é4b6yc-GFP and GFnyc). These two
GFP fusion constructs were alssed to optimize the transfection conditions and the

staining conditions for the antnyc tag antibody labelling.
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GFP-3B + anti-myc GFP-5B + anti-myc

Figure 46 Co-localization tes
for the myetagged GFHusion
proteins as positive control
N-terminal myelabelled GFF
(GFR3B) plasmid and €
terminal myeclabelled GFF
(GFR5B) plasmid. A and E
were taken with a 63

objective of the convention
fluorescence micrEcopy
(Leica DMR). C and D wer
taken with a 63 objective of
the confocal laser scannil
microscopy (CLSM) (Leic:
TCS SP2).

GFP-3B + anti-myc GFP-5B + anti-myc N-myc-GFP
(GFR3B) and GFRC-
myc (GFR5B) were both
expressed in the
cytoplasm and  also
nucleus, whilst the anti
myc  antibodies only
mainly  stained the
cytoplasm. These results

can be explained in two

ways. First, the binding

of the antibodies to the
outer region will make the penetration to the interior of the cells and nucleus more
difficult for next sets of antibodies. The sedopossibility is that the permeabilization

of the nuclear pores after fixation of the cells during the immunofluorescence staining
caused the poor penetration of antibodie® the nucleuswhereas the GFRyc
recombinant protein was transported in thenly cell during the cell culture into the
nucleus prior to the fixation already. The genenatry permeabilizatiorconditionsfor
primary and secondary antibodies into mitochondria with a double membrane (outer and
inner mitochondrial membrane, sEgure 48DF. SOD2 in the mitochondrial matrix)
andalso into peroxisomes with a single limiting membrane Bgare 48AC. catalase

staining in the peroxisomal matrix) gave excellent results
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It was suspected that the AKAP4, -10 containa putativePTS1 targeting
signal at the @erminus, and AKAP1 and AKAP1Bave beersuggestedo contain a
mitochondrial targeting motif in the -Mrminus it was necessary to visualize
peroxisomes and mitochondria in the TM4 cell line under ordinary growth conditions
(Figure 47 and Figure 48peroxisomes are numerous in TM4 céiggure 47AD) can
be well labelled with PEX14p (Figure 470), a protein marker for peroxisomes that
was strongly labelling in Sertoli cells in the tediidrant et al., 201,3Nenicu et al.,
2007).

Figure 47 Immunofluorescenc
images showing peroxisom
membrane staining @) in
untreated T™M4 cells
Micrographs were taken with
63 objective  of the
conventional fluorescenc
microscopy (Leica DMR).

PEX3p u

PEX3p wa& less
expressed and peroxisomal
staining wa only possible
with high antibody
concentrations, leading to
more background(Figure
47A-B). ™4 cell
peroxisomes are a mixture

of round, rodshaped and

elongated, tubular
organelles that are distributed around the nucleus and sometimes form clusters or small
networklike structures. In theTM4 cell processes, peroxisomes showed a
heterogeneougattern, with some processes exhibiting many peroxisomesthmtind

of the cellular extension (Figure 47C) and others exhibiting only few stretched

organelles (Figure 47A), suggestioka transporvia microtubules in this region
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Catalase

Figure 48 Immunofluorescencémages showingeroxisonal (A-C) and mitochondrial (BF) matrix
staining inuntreatedTM4 cells. Micrograpts were takerwith a 63 objective of the convention
fluorescence microscggLeica DMR).

Staining forcatalase providka similar pattern in TM4 cells as for PEX14p
(Figure 47CD). Catalase wsa sometimes more enriched in the large, round and
peripheral part of tubular peroxisom@sight end whereadess staining of the tubules
in between was net, which could even be better identifiedless intensively stained
peroxisomes (Figure 8B-C). Large clusters and netwelike structures were also
visible with the catalase staining (Figur@Aand C). Mitochondriawere well stained
with the antiSOD2 antibody in TM4 cell§Figure 48DF). Large differencesvere
observedbetween the differenTM4 cells in the same culturewith some cells
exhibiting very long mitochondria in the cell periphery, which seeraxtend from a
perinuclear mitochondrial reticulum. Similar to catalase also SOD2 seems to be
enriched in some matrparts in the very long mitochondria (Figur@d). In other TM4
cells Figure 8E), mitochondria are arranged in a complete network up to the leading

lamella of the cell ifisert in Figure 8E: perinuclear mitochondriahetwork). In the
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backward pole with m elongated extesmon, single long mitochondria wee stretched
underneaththe plasma membrane and seemed to be transported along microtubules.
Some TM4 cells contagd a very dense mitochondrial network with rather small
distances and high levels of SO@=gure 8F).

AKAP1-3B anti-myc anti-PEX14p . | Overlay

AKAP1-5B anti-myc anti-PEX14p

Figure 49 Doubleimmunofluorescence images of the migg and PEX14p, revealing that both m
tagged AKAP1 fusion proteingid not celocalize with peroxisomes. Micrographs were taken wit
63 objective of the conventional fluorescence microscopy (Leica DMR).

Inhibition of the mitochondrial targeting with the-trminal myetag did not
promote the targeting of the recombinant AKAP1 protein to peroxis¢rigsre 49A
C). In some casesarger and nicely extended cells wesbserved in the cell cultures.
These cells did not exhibit a high overexpression of the recombinamycd®MKAP1
protein. Nmyc-AKAP1 was observed in a netwedssociated pattern without an

association with peroxisomdsee Figure 4€), although peroxisomes were always
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located at the areas of weakly labelingriyc-AKAPL1. Since some parts of the nuclear

membrane seemed to be positively labelled with thermanti antibody Figure 4€),

the association of Nmyc AKAP1 with he cytoplasmicface of the endoplasmic
reticulumcould be possibldyut thishas to be proven in the future with aBtR-marker

antibodies. In cells overexpressing AKARImyc, a typical mitochondrial pattern was
observed.With the C-terminal myetag, aputative peroxisomal targeting would be

bl ocked, since the PTSdghal abtheeittrene €ermainugitbr eeo t r i
ensurethe targeting of proteins into the peroxisomal matrix. In thesks however,

some peroxisomes exhibitedrery extendedelongated structures with a size and

appearance similar to mitochondrsee€Figure 4%).

AKAP1-3B anti-myc anti-SOD2 Overlay

AKAP1-5B anti-myc anti-SOD2

Figure 50 Doubleimmunofluorescence showing thattBrminal myetagged AKAP1 (AKAP13B) did
not calocalize with mitochondria (Figur80A-C), but Gterminal myetagged AKAP1 (AKAP15B)
co-localized with mitochondria (Figure 56B). Micrographs were taken with a 6®bjective of the
conventional fluorescence microscopy (Leica DMR).
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Also, in the celocalization staining for mitochondrighe recombinant AKAP1
protein with a mydag at the Nerminus (Nmyc-AKAP1) exhibited a cytoplasmic
localization with enrichment in some areas of the periphery, whereas the AKAP1
protein with a Germinal myetag (AKAP1-C-myc) was targeted tanitochondria as
shown by the overlapping of myc and SOD2 stains. In cultures with overexpressed N
myc-AKAP1, a clear downregulatioof SOD2 wasoted in transfected cells, whereas
some untransfected cells exhibited a much stronger SOD2 labelling, soggasti
difference in the reaction to oxidative stress between transfected artdansiected
cells. AKAP1-C-myc targe¢dto all mitochondria in a similar levelvhereas the SOD2
was clearly localized only in some parts of these mitochonbiainsert inFigure 50F
depicts a TM4 cell with ringhaped ntochondria, in which the SOD2 waalso
heterogeneously localized. The overall heterogeneity of SOD2 localization in the
mi tochondria of Al i pofectedd TM4 <cell s seen
control cells without any transfection (compare tdrigure 48D-F). At higher
magnificationsthe punctate mitochondrial pattern could be identified in some cases as
|l onger organelles, only |l abelled strongly at
s t r -like gadterns inside the cells. The mitochondrial network in cells with high
overexpression of AKARLC-myc was very dense and exhibited small organelles.

CLSM examinations ofhe immunofluorescence preparations revealed similar
results as obtained by conventibnfluorescence microscopytherefore only the

overlays of different examples of transfected cells are presented.
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AKAP1-3B SOD2

Figure 51 CLSM images of doublemmunofluorescence for myc and SOIL
showing that Nterminal myetagged AKAP1 (AKAP13B) did not colocalize with
mitochondria (Figure 51/8), unlike the Gterminal myetagged AKAP1 (AKAP1
5B) (Figure 51ED). Micrographs were takenitlh a 63 objective of the confoct
laser scanning microscopy (Leica TCS SP2).

The overexpressedecombinant Nmyc-AKAPL1 protein clearly localized to
special parts of the cytoplasm and netwitkk structures Kigure 53), partially
covering the nucleug-igure 5B), suggesting thatertainparts of the ERsystem could
be labelled. The mitochondrial network irmlyc AKAP1 overexpressingells seemed
to be slightly less extended to the periphery and more centrally localized in the
perinuclear area. Moreorethe long mitochondria observed in the cytoplasmic region

underneath of the nuclear region of sieensfected neighboring cellBigure 51) were
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less frequently observed in transfected cells. Mitochondria were locafizBemyc-
AKAP1 free areas, someates closely covereddly N-myc-AKAP1 positive structures
(Figure 5A & B). In strong AKAPXC-myc overexpressing cells, AKARAas targeted
to the complete mitochondrial population, whereas SOké&s heterogeneously
distributed, therefore in addition to tlgellow color indicative of the overlapped stains,
red and green colored mitochondweere clearly visible at higher magnifications
(Figure 5X). In very strong AKAP4C-myc overexpressing cells, mitochondria were
rounded up and single organelles or packagedvery dense network. Cells with lower
expression of AKAPAC-myc exhibited already proliferated mitochondria and a denser
network than no#transfected TM4 cellsln addition, they exhibite& strongSOD2
staining of theentire mitochondrial networkhérefore thg appeared green even though
aweak red staining of the low expressed AKAB-myc in mitochondria was present
(Figure 51D.

anti-SOD2 Overlay

AKAP4-3B anti-myc

anti-SOD2

AKAP4-5B anti-myc

Figure 52 Doubleimmunofluorescence preparations for myc and SOD2, showing that the two ty
myc-tagged AKAP4 were both expressed in the cytoplasm and did Hotalize with mitochondria il
TM4 cell line. Micrograpts were takenwith a 63 objective of the coventional fluorescence
microscoyy (Leica DMR).
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Both overexpressed recombinant AKAP4 proteins were localized in the
cytoplasm and reduced tladundance of mitochondrial SOD2 tiransfected cells. In
addition,the level of SOD2 was high in the mitochondsfaneighboring TM4 cells that

were not transfected with the AKARZ-myc protein

Figure 53 CLSM images of double immunofluorescence preparations for myc and SOD2, showi
the both types of mytagged AKAP4 fusion proteins localized within the cytoplasm but nc
mitochondria in TM4 cell line. Micrographs were taken with a @®jective ofthe confocal lase

scanning microscopy (Leica TCS SP2).
Cells expressingntermediate levels of AKAP4 in the cytoplasm contained a
more centrally localized mitochondrial network with lower levels of SOD2, especially

when the Nmyc AKAP4 was overexpresse Only two positive cells were found
overexpressing AKAP<€-myc. The first one exhibited a collapsed perinuclear
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