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ABSTRACT

Gwmi-gangliosidosis (GM1) and Morquio B disease (MBD} aare, hereditary lysosomal
storage disorders caused by mutations in the @einBl. Its main gene producthjuman
lysosomal acid 3-galactosidase B¢Gal) degrades N-linked oligosaccharides present in
glycoproteins, Gi-gangliosides in the brain, and keratan sulfatednnective tissues. While
GML1 is a phenotypically heterogenous neurodegenerdisorder, MBD is a systemic bone
disease without effects on the central nervousesysiSome mutations in th@éLB1 gene
produce stabl@-Gal precursors, normally transported and processedature, intralysosomal
B-Gal, while others affect precursor stability anttacellular transport resulting in premature
protein degradation. Several misfolded enzymes siosvn to be sensitive to stabilization by
iminosugars, which bind at the active site to pdevproper conformation. Thus the stabilized
protein may escape from degradation processesieaath the lysosomes in an active state, as
proposed for enzyme enhancement therapy (EET).

In this work the influence of novel derivatives bideoxygalactonojirimycin (DGJ) on tife
Gal activity of cultured GM1 and MBD skin fibroblaswas examined. Furthermore, the effect
of selected compounds on natural substrate degradat GM1 and MBD cells was
determined. Several novel iminosugars acting agnpheological chaperones @-Gal in
specific GM1 fibroblasts were discovered and désdtiin this work. One specific compound,
DLHex-DGJ, proved to be a potent competitive infwbiof 3-Gal in vitro, and this work
describes its effects on activity, protein expr@ssimaturation and intracellular transport
vivo in 13 fibroblasts lines witlGLB1 mutations. DLHex-DGJ significantly increased the
catalytic activity in six GM1 cell lines, and norhzation of transport and lysosomal
processing of3-Gal precursors was demonstrated for selectedicefi. Furthermore, DLHex-
DGJ and another, similar compound successfullyaeduhe level of internalized radiolabeled
Gmi-gangliosides in a specific GM1 cell line, suggegtihat reduction of stored material is

possible under certain conditions.

Specific antibodies, directed against hunfaGal, were developed with the aid of previously
published protocols, and novel approaches to oltaige amounts of the purified human
enzyme were tested. Two novel polyclonal @ital peptide antibodies were produced and
expression of huma@-Gal in E. coli cells, described in this work, may provide theibdsr

further development of antibodies directed agdimsthuman enzyme.



ZUSAMMENFASSUNG

Gwmi-Gangliosidose (GM1) und M. Morquio B (MBD) sindlteme, vererbbare lysosomale
Speicherkrankheiten, verursacht durch MutationerGinB1 Gen. Das Hauptgenprodukt, die
humane lysosomale salyteGalaktosidase}Gal) katalysiert den Abbau von N-glykosidischen
Oligosacchariden, fa-Gangliosid im Gehirn und von Keratansulfat in Bagdweben. GM1 ist

eine neurodegenerative Erkrankung mit phanotypmsthrogenem Erscheinungsbild, wéahrend
MBD eine systemische Knochenerkrankung ohne Eisflasif das Zentralnervensystem
darstellt. Einige Mutationen dé€SLB1 Gens resultieren in stabil§iGal Vorlauferproteinen,

welche in die Lysosomen transportiert und zum reEazym prozessiert werden, wohingegen
andere Mutationen die Stabilitat und den TransgestVorlauferproteins beeinflussen und zum
vorzeitigen Proteinabbau fihren konnen. Viele fefdfjete Enzyme konnten durch die
Bindung von Iminozuckern in ihrem aktiven Zentruntalslisiert werden, wodurch

Abbauprozesse umgangen und die Lysosomen in eingktidnellen Zustand erreicht werden

kénnen. Dieses Konzept bildet die Grundlage flurktheymstabilisierungstherapie.

In dieser Arbeit wurde der Einfluss von neuartigeDeoxygalactonojirimycin-Derivaten auf
die B-Gal-Aktivitat kultivierter GM1- und MBD-Hautfibrolasten untersucht und ausgewahlte
Verbindungen wurden beziglich ihres Effekts auf ddsbau von natirlichen Substraten
Uberpruft. Einige neuartige Iminozucker konnten@iarmakologische Chaperone identifiziert
werden und eine bestimmte Verbindung, DLHex-DGJjes sich als stark kompetitivrGal
Inhibitor in vitro. Die vorliegende Arbeit beschreibt hauptsachliegé Auswirkungen von
DLHex-DGJ auf die Enyzmaktivitat, Proteinexpressi®eifung und auf den intrazellularen
Transport in 13 Fibroblastenzelllinien ndLB1 Mutationen. Die Behandlung mit DLHex-DGJ
fuhrte zur signifikanten Steigerung d@-Gal-Aktivitat in 6 GM1 Zelllinien und die
Normalisierung des Transportes, die intralysosomaRrozessierung des-Gal
Vorlauferproteins sowie der Abbau von radioaktivrki@aten Gui-Gangliosiden wurde in

bestimmten Zelllinien nachgewiesen.

Spezifische Antikorper gegen die humgi€alaktosidase konnten unter Zuhilfenahme von
publizierten Methoden entwickelt werden und neuat8gien zur Reinigung gBer Mengen

des humanen Enyzms wurden getestet. In dieser tAwbed aul3erdem die Expression der
humanen (-Galaktosidase inE. coli Zellen beschrieben, welche maoglicherweise eine

Grundlage fir zukinftige Strategien zur Produkiton Antikérpern bilden kénnte.
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1 INTRODUCTION

1.1 Humanf-galactosidases

Human lysosomal acifi-galactosidase3¢Gal; OMIM #611458; EC 3.2.1.23), encoded by the
structural geneGLB1 on chromosome 3p21.33 [Yamamatd al, 1990], is a lysosomally

located, hydrolytic enzyme essential for the hurpady. It belongs to the family of hydrolases
(EC 3) and can be further classified as memberhef glycosylases (EC 3.2) or, more
specifically, of glycoside hydrolases (glycosidas&sC 3.2.1), enzymes catalyzing the

hydrolysis of various O- and S-glycosyl compounds.

In fact, two differenf3-galactosidases are active in lysosomes, the hlysasomal aci-Gal
enzyme described above and galactocerebrosidase8.(EC46), a glycoside hydrolase with
quite similar substrate specifity. Human lysosoraeid 3-Gal (EC 3.2.1.23) from healthy
individuals catalyzes hydrolysis of various natwsabstrates like fa- and G, (asialo Gyy)-
gangliosides, keratan sulfate, lactosylceramidéalafstuin and other galactose-containing
oligosaccharides [Callahan, 1999] in the lysosoomhpartment. Furthermore, the terminal
galactose of the commercially available synthetibstrates 4-methylumbellifer@d-D-
galactopyranoside or p-nitropherf3db-galactopyranoside, amongst others, is removexh up
enzymaticp-Gal activity. Galactocerebrosidase, on the otrerdh catalyzes the removal of
galactose residues only from galactosylceramid#osylceramide, galactosylsphingosine, and
monogalactosyl diglyceride substrates [Pshezhetsidy Ashmarina, 2001]. Both enzymatic
activites are required for normal substrate turmawethe lysosomal compartment. Another
isoform of lysosomaB-galactosidase, the human senescence-assopigt@dctosidase (SA-
galactosidase), seems to be the result of exceameeints of the regular lysosomal agidal
protein (EC 3.2.1.23), but its characteristics aegy distinct from the enzymes described
above. So far, SA-galactosidase activity was only detected in cefducells, specifically in
senescent human fibroblast cultures, but not iregpént or terminally differentiated cells
[Kurz et al, 2000; Leeet al, 2006]. Catalytic activity requires a pH of 6Mirnri et al, 1995],
whereas the regul@-Gal enzyme has a pH optimum of 4.5-4.75 (Pshekhetsd Ashmarina,
2001). Furthermore, the activity of Jhgalactosidase seems to be restricted to smootltenus

cells, ovarian epithel cells, fibroblasts, and kecytes [Kurzet al, 2000; Pshezhetsky and

15



Ashmarina, 2001]. Finally, two isoforms @fgalactosidase were purified from human liver
[Ho et al, 1973; Norderet al, 1974], but their features seem to be very difiierfrom the
lysosomal acid enzyme and they lack detailed chenaation to date. However, the present

work is exclusively focused on the human lysosoacad 3-galactosidase3(Gal; EC 3.2.1.23).

1.2 The human lysosomal aci}-galactosidase

Independent from their origin in terms of organisi subcellular localization, alp3-
galactosidase enzymes catalyze the hydrolysisraiinal, non-reducing¥-1,4 or3-1,3 linked)
-D-galactose residues if3-D-galactosides, although substrate specifities irafividual
enzymes can be quite different. The human lysosawid-galactosidase catalyzes hydrolysis
of Gui- and G (asialo Gui)-gangliosides, keratan sulfate, lactosylceramadgalofetuin and
other galactose-containing oligosaccharides [Callalh999] as well as hydrolysis of synthetic
substrates like 4-methylumbelliferHD-galactopyranoside or p-nitropherdb-galacto-

pyranoside.

The catalytic reaction proposed for lysosomal dgiGal is based on a Koshland double-
displacement mechanism (Figure 1.2.1), involvingo&alent glycosyl enzyme intermediate
[Zhanget al, 1994]. A highly conserved glutamic acid resi@agosition 268 (Glu268) of the
polypeptide chain could be identified as catalytiecleophile [McCarteet al, 1996]. The
highly conserved glutamic acid at position 188 @®8) was suggested as proton donor,
required to complete the reaction and to resfiagal to an active state [Callahan, 1999], but
this speculation has not been experimentally cov&d. Further highly conserverd amino acid
residues, namely an aspartic acid residue at posBB2 (Asp332) and the tryptophan at
position 273 (Trp273), were also proposed to belwed in the catalytic mechanism [McCarter
et al, 1997; Callahan, 1999; Vyas, 1991].

16
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The three-dimensional structure of the human enzyhas not been resolved by

crystallographic analysis yet, but a computatiof@mology model, based on the
crystallographic structure of a beta-galactosidasm Bacteroides thetaiotaomicro(RCSB
PDB accession number 3D3A), was proposed for thidempn and is available in the 3D
structure database “MODBASE” [Piepeat al, 2009]. Sequence identity between the
underlying sequences was calculated as 39%, whicbrisidered a reliable basis for prediction
of protein structures [Chothia and Lesk, 1986]haligh homology models have to be handled
with care, this specific model was recently used $tructural analysis of specifif-

galactosidase mutations [Morid al.,, 2009].

1.2.1 Mutations in the GLB1 gene

The structural gen&LB1, encoding the human lysosomal afidjalactosidase, is located on

chromosome 3p21.33 and consists of 16 exons [Yanwaatal, 1990]. Its overall length is
17



62.5 kb and all intron/exon junctions have beenngef [Morreauet al, 1991]. Remarkably,
mutations in th&sLB1 gene can result in two different disorders, MoogBidisease (MBD) or
Gwmi-gangliosidosis (GM1) [Groebet al, 1980; O'Brien, 1989; O'Briert al, 1976; Okada
and O’Brien, 1968]. Both disorders belong to theugr of lysosomal storage diseases and are
described in detail in section 1.4. Over the pastades, several strategies were pursued to
analyze mutations in th€éLB1 sequence. Restrictive analysis methods such ath&auand
Northern blotting were soon amended by techniqugs@ying reverse transcription of mRNA,
PCR amplification of cDNA, cloning into m13 bactgshage, and subsequent sequencing
[Morreau et al, 1991]. In this way, 140 pathogenic mutationstitd GLB1 gene could be
identified [Brunetti-Pierri and Scaglia, 2008; Hofet al, 2009; Hoferet al 2010]. They
include point mutations resulting in amino acid &ithtions on the protein level (missense
mutations), as well as insertions, duplicationdjcepsite mutations (due to insertions), or
nonsense mutations [Suzudd al, 2001].GLB1 mutations described in this work and recently

investigated at the Department of Pediatrics inzGra illustrated in Figure 1.2.1.1.

¢.75+2_75+3insT

¢.246G=T

Glu268

Asp332

»] 1 2 3 4 5 6 7 8 10 11 12 § 13 ff 14 | 15 16 | &
S149F J\.m P597S
R59H G438E|  TS00A
L155R Y270D .
MI132T K346N c.1601_1602insGCCA
R68Q QI84R Q255H T39I Q408p -
R442Q
G190D
T8IM D332E P397A
D198Y
— Y333H
R201C
R201H

Figure 1.2.1.1 Summary of GLB1 mutations investigated at the Department of Pedigics in Graz.
Underlined mutations were found in MBD patientsaissociation with the p.W273L allele. The p.S149H an
p.T500A alleles have been described to occur inodgat of the p.W273L mutation in MBD. Exons in blaee
skipped in the mRNA of elastin binding protein (ERR section 1.2.1.1). Additionally, a frame-shiftexon 5 is
characteristic for EBP. Yellow exons are the lamatof presumptive catalytic residues (Glu268; Asph3For
references see [Hofet al, 2009; Hoferet al, 2010] and text.
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Individuals, carrying a single MBD or GM1 allele association with a healthy allele, are not
affected by either disease due to the autosoma@sseec mode of inheritance. Homo- or
heteroallelic carriers of mutant alleles, howevenpw mild or even severe phenotypical
characteristics, whereas the phenotype-determiaifede is not always clearly classifiable
[Hofer et al, 2009; Hoferet al, 2010; Suzukit al, 2001]. A detailed list with mutations
described in this work can be found in section13.Prenatal diagnosis is available for both
Gwmi-gangliosidosis [Boottet al, 1973; Idaet al, 1989; Kabaclet al, 1973; Kleijeret al,
1976; Kudohet al, 1978; Lowderet al, 1973] and Morquio B [Shett al, 2002].

1.2.1.1 Elastin-binding protein, an alternativelgliced GLB1 gene product

Interestingly, human lysosomal adidGal is not the only protein encoded by tBeB1 gene
[Yamamotoet al, 1990]. In fact, it gives also rise to an altéively spliced, ~67-68 kDa gene
product which could be identified as elastin-bimdprotein (EBP), due to its interaction with
tropoelastin fibers and its participation in elgsioesis [Hinelet al, 1993]. TheGLB1 gene is
composed of 16 exons, and all of them are presdahei2.4 kb mRNA transcript coding for the
[3-Gal prepropolypeptide. Exon 1 encodes an N-terhsigaal peptide and is therefore not part
of the B-Gal precursor protein after cleavage. Unlfk&al mRNA, the alternatively spliced
MRNA transcript (2.0 kb) has a frameshift in exoarid is devoid of the exons 3, 4, and 6
[Morreau et al, 1989], but contains all other exons of B&B1 gene (7-16). The mature
protein has a length of 523 aa and its C-terminffierd from the C-terminal end @-Gal, due

to the lysosomal processing of fagsal precursor (cf. section 1.3 and Figure 1.3Jhlike 3-

Gal, EBP has no enzymatic activity. EBP and ittuéaal function is reviewed in section 1.3.2.

1.3 Processing of the human lysosomal adidgalactosidase

The human lysosomal acif-galactosidase is synthesized as prepropolyped6d@ aa),

containing an N-terminal signal peptide (23 aa),clWwhdirects transportation to the rough
endoplasmic reticulum (rER) and entry into this asrelle [reviewed in Callahan, 1999].
Therefore, the signal peptide of the nascent pgityge chain is recognized by a specific signal
recognition particle (SRP) in the cytosol, whichbsguently binds to the protein thereby

decelerating protein translation at ribosomes. I§inapecific SRP-receptors in the membrane
19



of the rER recognize the complex consisting of SRR polypeptide, and ribosomes.
Translation is resumed upon docking to this membn@teptor and the polypeptide chain is
translated directly into the lumen of the rER [eaved in Grudniket al, 2009 and Net al,
2006]. After cleavage of the signal peptide andraaslational N-glycosylation processes the
resulting precursor protein has a length of 654raha mass of ~84 kDa [reviewed in Callahan,
1999 and Pshezhetsky and Ashmarina, 2001]. A caatipar illustration of thef-Gal
precursor, its post-translationally processed foamg the elastin-binding protein (EBP) is
shown in Figure 1.3.1. Precursor proteins are parted to the Golgi apparatus, where specific
mannose residues of oligosaccharide chains areppbpgated thus producing mannose-6-
phosphate residues. This process is catalyzed bg thH-acetylglucosamine-1-
phosphotransferase [Littket al, 1986; Litteet al, 1987; reviewed in Net al, 2006] and the
resulting protein has a mass of ~88 kDa [Callali&99]. Phosphorylation of the molecule is
essential for sorting processes and traffickingthe lysosomal compartment. Mannose-6-
phosphate residues of N-linked oligosaccharides detected and bound by mannose-6-
phosphate receptors in the membrane of the Golgarapus [reviewed in Net al, 2006].
Subsequently, these complexes are constricted thenGolgi membrane and transported to
sorting vesicles in the cytoplasm, where a phosigeatatalyzes cleavage of phosphate groups
from the mannose-6-phosphate residues, and thptoea®mplex disintegrates due to the low
pH [Lodish et al, 1999]. Receptor molecules are recycled at thentp while the
dephosphorylate@-Gal precursor is transported to the lysosomes.t\sssomal hydrolases
are transported to the lysosomes via the manngge$phate pathway [Hasilik and Lemansky,
2004].

In lysosomes, the C-terminal end is cleaved byeastl two, but yet not fully understood
proteolytic processes to form the ~64 kDa matuizyere [D’Agrosaet al, 1992; Okamura-
Ohoet al, 1996; Zhanget al, 1994]. The resulting C-terminal fragment hasza sf ~20 kDa
and was found to remain in tight physical contaithwhe mature enzyme. Permanent loss of
this fragment has been shown to significantly impiae catalytic activity [van der Spoed al,
2000].
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precursor ~84 and ~88 kDa
=23 1 654

|
full precursor protein encoded by 16 exons

v vy

mature enzyme ~64 kDa

5
HHHHH mature protein encoded by all of exons 2-14, part of 15
| |
v v v

[-Gal-like protein ~68 kDa £59

2 |5 Iallc.lrniltralyr spliced form encoded by all of exons 2, 155, 7-1 -

1 30

Figure 1.3.1 Processing of th@3-galactosidase precursor and elastin binding protei (B-Gal-like protein).
The prepropolypeptide (677 aa) still contains theefninal signal sequence (-23>1) that directsgpantation to
the ER. After cleavage of the signal sequence,-fasslational modifications, and C-terminal praieg in the
lysosomal compartment, the mature protein has gthenf 530 aa. In contrast, the EBP transcript uvyoes
alternative splicing (deletion of exons 3, 4, andir@meshift in exon 5) to produce an enzymaticatgctive
protein of 523 aa. Arrows indicate predicted N-glyglation sites. The illustration was adapted fii@allahan,
1999] in a slightly modified form.

Two serine residues at position 543 and 544 (SeesdtB Ser544) were proposed as initial
cleavage site by van der Spalal, while additional action of a trypsin-like progeaon the
resulting large protein domain (arginine residuepasition 530; Arg530) was suggested
previously [Yamamotaet al, 1990]. Therefore, the mature protein was propdsehave a
length of 530 aa. Except for the removal of theeNwinal signal peptide (23 aa), directing
transportation of the precursor protein to the rEf, N-terminus of the polypeptide chain is
not affected by post-translational modificationsafiyamotoet al, 1990]. Interestingly, both
precursor and matufeGal display the same kinetic characteristics aeddentical in function
[Zhang et al, 1994]. Normal, but functionally impaired matugeGal is intralysosomally
degraded by proteases like cathepsin B, resulting +50 kDa polypeptide and a ~18 kDa
fragment (cf. Figure 1.3.2) [Callahan, 1999].
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Normal processing

MNon-Cathepsin

B-like protease Figure 1.3.2 Post-translational processing of the
B-Gal precursor protein in lysosomes.The C-
18kD_y 30 kD kD terminal end of the precursor is cleaved and

18 kD + 50 kD modified by processes involving a non-cathepsin B-

64kD like protease to form the mature enzyme (64 kDa).
Cathepsin E-IikE." - This mechanism is not influenced by the action of

thiol protease the protease inhibitor Leupeptin. Normal
degradation of maturg3-Gal in the lysosomes
results in specific fragments of 18 kDa and 50 kDa.

— 50 kD The Cathepsin B-like thiol protease, involved irsth
18 kD process, can be inhibited by Leupeptin. The
- illustration is adapted from [Callahan, 1999] in a
INHIBITED BY LEUPEFTIM slightly modified form.

1.3.1 Formation of the lysosomal multienzyme cdexp

Affinity chromatographic purification of3-Gal proteins from various mammalian tissues,
including human placenta and liver [Nordeh al, 1974], provided evidence th@tGal
molecules exist in multiple oligomeric forms andyosmall amounts might be present in a
monomeric form. Such oligomers include 70-80 kDanoroers, 110-170 kDa dimers, 250 kDa
tetramers, and 600-700 (~680) kDa multimers [Anolerst al, 1978; Frostet al, 1978;
Hoeksemaet al, 1979; Hoogeveert al 1983; Norderet al, 1974; Tomino and Meisler,
1975]. Hoogeveest al could demonstrate that the vast majority (85%}-&al molecules in
human skin fibroblasts is present as 600-700 kR@eaptes upon purification under conditions
simulating the lysosomal environment in terms of @Hd high protein concentration
[Hollemanset al, 1979]. In contrast t@-Gal monomers (10% in human skin fibroblasts) and
other oligomeric forms, the high-molecular-weighggeegates were always found to co-purify
with variable amounts of a 32 kDa protein [d’Azzbal, 1982; Hoogeveeet al, 1984; Jones
et al, 1984; Yamamotet al, 1982], later identified as lysosomal carboxymasge A (EC
3.4.16.5) and named protective protein/cathepsi(fPRCA) [Barrettet al, 1998]. In fact,
PPCA consists of two polypeptide chains, a 20 kbairc and the 32 kDa chain, linked by
disulfide bonds [reviewed in Pshezhetsky and Asimaar2001]. PPCA is a multifunctional
enzyme with deamidase and esterase activity, exgdeat neutral pH, and carboxypeptidase
activity at acidic pH [Jackmaet al, 1990]. The name affix protective protein derifisn its

ability to protectp-Gal in the complexed form against premature demgrad within the
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lysosomal compartment. It is further believed tbdize transportation of thg-Gal precursor
to the lysosomes [Pshezhetsky and Ashmarina, 2081 der Spoeét al, 1998; Zhouwet al,
1996]. Binding of PPCA t@-Gal is essential for subsequent formation of tB8-800 kDa
aggregates [Hoogevee al, 1984]. Later studies revealed two other proteiith masses of
40 kDa and 48 kDa, respectively, binding to theG-8Ba aggregates and resulting in a 1.27
MDa complex [Pshezhetsky and Ashmarina, 2001] whwedis therefore designated as
lysosomal multienzyme complex (LMC). The 48 kDatpmo (a-neuraminidase or sialidase;
SIAL; EC 3.2.1.18) catalyzes the hydrolysis of terahsialic acid residues in oligosaccharides,
glycoproteins, glycolipids, colominic acid and dyetic substrates (Dorlandt al, 1978;
Michalski et al, 1977; Streckeet al, 1977; van Pelet al, 1988). The 40 kDa protein,
identified as the N-acetylgalactosamine-6-sulfatasegalactose-6-sulfatase (GALNS; EC
3.1.6.4), specifically catalyzes removal of 6-stdfgroups from N-acetyl-D-galactosamine 6-
sulfate in chondroitin sulfate and from D-galact@ssulfate units in keratan sulfate [Glossl
al., 1979]. The enzyme is actually composed of a B@ kolypeptide and a 15 kDa peptide

chain.

The ~680 kDa complex can be considered as basic Icei@plex, consisting of 100 kDa
PPCA dimers and 320 kD@a-Gal tetramers [Hiraiwaet al, 1997; Pshezhetsky and Potier,
1993], which is essential for the formation of th27 MDa complex. Several individual studies
[reviewed in Pshezhetsky and Ashmarina, 2001] calddhonstrate the presence of the
following subunits in the 1.27 MDa complex, irrespree of underlying purification methods

or sample origins (in terms of tissue):

- 64 kDa-galactosidase,
- 48 kDa sialidase,
- 40 kDa N-acetylgalactosamine-6-sulfatase, and

- 32 kDa + 20 kDa protective protein/cathepsin A.
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However, exact stoichiometric analysis of the Igsnal multienzyme complex is still an
ongoing task, due to the high instability of the CMin low-protein and neutral pH

environments and different purification methods.

1.3.2 EBP and the plasma membrane complex

In contrast tg3-Gal, EBP is an enzymatically inactive protein wgactolectin properties. The
protein is able to bind specifically to elastindib, laminin, or type IV collagen [Cacio¢ al,
2005; Hinek 1996; Hinekt al, 1993]. EBP is an essential part of the non-imtecell surface
receptor and one of its main functions in the telacilitating tropoelastin transport and its
extracellular assembly to elastic fibers [Hinek9@P In fact, EBP can be considered as

molecular chaperon of tropoelastin.

The non-integrin cell surface receptor is expressed all elastin-producing cells like

fibroblasts, smooth muscle cells, chondroblastakdeytes, and certain cancer cell types
[reviewed in Hinek, 1996]. Similar tB-Gal, EBP requires interaction with other proteias

perform all of its tasks. In the case of EBP, tworenproteins are necessary for complex
formation and its binding to the plasma membranikee Two subunits were identified as
protective protein/cathepsin A (PPCA) and sialidaiee same proteins that are also
constituents of the lysosomal multienzyme complaM; cf. section 1.3.1). Sialidase is the
key protein for anchoring the complex in the plasmambrane, or attaching it to endosomal

membranes during recycling of its components [meekin Callahan, 1999 and Hinek, 1996].

1.4 Lysosomal storage diseases

So far, approximately 50 different forms of lysosdnstorage diseases (LSDs) have been
described in the literature [Ballabio and Gieselma2009]. They are primarily characterized
by the accumulation of partially degraded or unddgd substances within the lysosomal
compartment of various tissues. Quite often, howestwrage of material is not limited to
lysosomes, but rather extended to other organetlesen to the outside of plasma membranes,
hence interfering with various processes on thkilegllevel [Ballabio and Gieselmann, 2009].

Extracellular heparan sulfate oligosaccharide acdation in Hurler syndrome (OMIM
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#607014), for example, impairs a specific signainsduction cascade by preventing the
binding of fibroblast growth factor 2 (FGF-2) tositreceptor. As a consequence, the
proliferative response of Hurler cells is strongbduced [Yayoret al, 1991] and fibroblast
cells show increased rates of apoptosis [Aldenhateal, 2009; Ballabio and Gieselmann,
2009].

LSDs are classified according to the major storagapound and can therefore be subdivided
in lipidoses, gangliosidoses, mucopolysaccharidogigcoproteinoses, mucolipidoses and
leukodystrophies (cf. ICD-10: E75-E77). A brief oview of the most frequent disorders is

given in Table 1.4.1.

Lysosomal storage disorders are caused by mutatiosigecific genes, which are inherited in
the autosomal or x-linked recessive mode of inaedé. The resulting gene products are
dysfunctional lysosomal enzymes or proteins whighraquired for normal substrate turnover,
or non-lysosomal proteins (eg. proteins of ER orlgb@pparatus) related to lysosomal
degradation mechanism in terms of transport, recepttivity or activation of substrate
degradation [reviewed in Ballabio and Gieselmar®). I-cell disease (Mucolipidosis II;
OMIM #252500), for example, is caused by mutationthe GNPTAB gene (gene map locus
12923.3; OMIM #607840) producing defective N-acgiiytosamine-1-phosphate transferase
(EC 2.7.8.15), a Golgi apparatus-located enzymehvphosphorylates mannose-6-phosphate
residues of hydrolases destined for transport ¢olyeosomal compartment in fibroblast cells
[Kollmann et al, 2010; van Dongert al, 1985]. Due to the missing targeting signal, all
mannose-6-phosphate-dependent proteins are traeggorthe cell surface and secreted into
the extracellular space (e.g. serum, culture mediticultured fibroblasts). Furthermore, large
amounts of intracytoplasmic, membrane-bound vasudlmclusion bodies) containing
undegraded materials like oligosaccharides, lipaismucopolysaccharides are characteristic
cellular features of individuals afflicted with elt disease [Leroy and DeMars, 1967]. Due to
the low intracellular activity of most lysosomaldiglases [Kenyon and Sensenbrenner, 1971]
and the cell’s disability for normal substrate wwer, the anticipated average life of I-cell

patients is <10 years.

Each individual disorder is a very rare conditialthough LSDs as a group have an incidence
of approximately 1:7,000-8,000 live births [Meikd¢ al, 1999; Poorthui®t al, 1999]. The
above mentioned disorders I-cell disease and Hudikrase have an incidence of 1:640,000

and 1:100,000, respectively [Aldenhoweral., 2009].
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Disorder

Defective enzyme

Storage material

Mucopolysaccharidoses (MPS)

MPS | (M. Hurler, M. Scheie, M.
Hurler/Scheie)

a-lduronidase

DS, HS, GM2, GM3, SCMAS

MPS Il (Hunter)

Iduronate-2-sulfatase

DS, HS, GI@RI3, SCMAS

MPS IIIA (M. Sanfilippo A)

Heparan N-sulfatase (&rhidase)

HS, GM2, GM3, GD2, SCMAS, ubiquitin

MPS IIIB (M. Sanfilippo B)

N-Acetyl-a-glucosaminidase

HS, GM2, GM3, GD2, SCMAS,
unesterified cholesterol

MPS IIIC (M. Sanfilippo C)

Acetyl-CoA: a-glucosamide N-
acetyltransferase

HS, GM2, GM3, GD2

MPS IIID (M. Sanfilippo D)

N-Acetylglucosamide-6{¢atase

HS, GM2, GM3, GD2

MPS IV A (M. Morquio A)

N-Acetylgalactosamine-6-$ate-
sulfatase

KS, chondroitin-6-sulfate

MPS IV B (M. Morquio B)

B-Galactosidase

KS, oligosaccharides

MPS VI (M. Maroteaux-Lamy)

N-Acetylgalactosaminesdifatase
(arylsulfatase B)

DS, GM2, GM3, unesterified cholesterol

MPS VIl (M. Sly)

B-Glucuronidase

HS, DS, chondroitin-4- and -6-sulfates

Mucolipidoses (ML)

ML 1l (I-cell disease)

N-Acetylglucosamine-1-

various lipids, mucopolysaccharides,

phosphotransferase oligosaccharides
ML Il (Pseudo-Hurler- N-Acetylglucosamine-1- various lipids, mucopolysaccharides,
Polydystrophy) phosphotransferase oligosaccharides

Gangliosidoses

Gwmi-gangliosidosis

B-Galactosidase

GM1, GA1l, GM2, GM3, GD1a, lyso-GM1,
glucosylceramide, lactosylceramide,
oligosaccharides, keratan sulfate

Gwmz-gangliosidosis (M. Tay-Sachs)

B-Hexosaminidase A

GM2, GDl1laGalNac, GA2, lyso-GM2

Gwmz-gangliosidosis (M. Sandhoff)

B-Hexosaminidase A and B

GM2, GDl1laGalNac, globoside,
oligosaccharides, lyso-GM2

Lipidoses

M. Gaucher | (chronic), Il
(neuropathic), Ill (subacute)

B-Glucosidase

GM1, GM2, GM3, GD3, glucosylceramide},
glucosylsphingosine

Globoid cell leukodystrophy (M.
Krabbe)

Galactocerebrosidg-galactosidase

Galactosylceramide, psychosine
lactosylceramide, globotriaosylceramide,
globotetraosylceramide,
fucosylneolactotetraosylceramide

M. Niemann-Pick | and Il

Sphingomyelinase

Sphingetimy cholesterol,
bismonoacylglycerophosphate, GM2, GM3
glucosylceramide, lactosylceramide,
globotriaosylceramide,
globotetraosylceramide

M. Fabry

o-Galactosidase A

Globotriaosylceramide, galabiosylceramid
globotriaosylsphingosine, blood-group-B
glycolipids

D

Metachromatic leukodystrophy

Arylsulfatase A

Sutfat 3-O-sulfolactosylceramide,
lysosulfatide, seminolipid,
gangliotetraosylceramide-bis-sulfate, GMZ

Table 1.4.1 Examples of lysosomal storage disordei3S = dermatan sulfate; HS = heparan sulfate; G&A1,

GA2, GM2, GM3, GD2, GD3, GD1a, lyso-GM1, lyso-GM2PlaGalNac = subtypes of gangliosides; SCMAS =

subunit ¢ of mitochondrial ATP synthase. The tatses adapted from [Ballabio and Gieselmann, 2009].
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1.4.1 Morquio B disease

Patients with Mucopolysaccharidosis type IV B orriylado B disease (MBD; OMIM #253010)
suffer from an attenuated variant of Morquio dige@&rbisseret al, 1977; Mataloret al,
1974] with generalized skeletal dysplasia and a@rrebouding, but without affecting the
central nervous system (CNS) hence the intelligemoermal. Generally, individuals suffering
from MBD are short in stature, and afflicted witlafgspondylia, pectus carinatum, odontoid
hypoplasia, kyphoscoliosis, and genu valgum [Suetill, 2001]. Biochemically the disorder
is characterized by accumulation of keratan sulfated other galactose-containing
oligosaccharides in various tissues, but most mptabcartilage and cornea [Arbisset al,
1977; Callahan and Wolfe, 1970; Suzekial, 1969]. Furthermore, patients show excessive
excretion of keratan sulfate in the urine [Giugliat al, 1987, O'Brienet al, 1976]. The
incidence of MBD is approximately 1:200,000 [Aldenkn et al, 2009] and the patient’s
anticipated average life span is predicted as x20sy[Suzuket al, 2001].

In MBD fibroblasts, residugb-galactosidase activity against synthetic substrestdelow 10%

of healthy controls. A specific missense mutatianthe GLB1 gene, corresponding to the
mutation p.W273L on the protein level (Trp at piosit273 is substituted with Leu), has been
shown to be clearly phenotype-specific for MBD [@aan, 1999; Oshimat al, 1991;
Paschkeet al, 2001]. This mutation affects the catalytic domai 3-Gal (cf. Figures 1.2.1 and
1.2.1.1) and has never been detected in GM1 patiéht p.W273L enzyme was suggested to
be a “kinetic variant”, due to its ability to dedeGui-gangliosides, but not keratan sulfate
[Groebeet al, 1980; Okumiyaet al, 2003; Paschke and Kresse, 1982]. Furthermamesport

to the lysosomes and subsequent processing of rdeurgor is normal in p.W273L cells
[Callahan, 1999]. The tryptophane at position 278he polypeptide chain was postulated as
substrate binding site by promoting “base stackiagd stabilization of the enzyme-substrate
complex [Callahan, 1999; McCartet al, 1997; Vyas, 1991], which may explain the kinetic
alterations observed in p.W273L mutants. Other trarta attributed to the MBD phenotype
include p.T500A [Hinelet al, 2000] and p.S149F [Hofet al, 2009].
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1.4.2 Gu-gangliosidosis

In contrast to the systemic bone disease Morquio Gg;-gangliosidosis (GM1) is a
neurosomatic disorder with mild or severe derogatid cognitive functions and delayed
psychomotoric development due to atrophy of thénbifeurther characteristics of the disorder
are hepatosplenomegalia, osteodysplasia and genglcdldysmorphisms [Okada and O’Brien,
1968; Suzuket al, 2001]. Unlike MBD, the primary storage materisdsGM1 cells are -
gangliosides. Only minor amounts of stored oligokacides or keratan sulfate have been
described [Jatzkewitz and Sandhoff, 1963; Surtldl, 2001]. Gy;-ganglioside accumulation
in neurons is the most striking histochemical feataf the disease (3- to 5-fold of normal
values), but visceral organs also show abnormaleases of these specific gangliosides,
although extraneural levels ofyggangliosides are generally very low [Suzuki, 1988zuki

et al, 2001]. Depending on the age of onset [O’Brie®89], GM1 can be classified in three
subtypes:

» infantile GM1 or type 1 (OMIM #230500),
> late infantile/juvenile GM1 or type 2 (OMIM #23060@&nd

» adult/chronic GM1 or type 3 (OMIM #230650).

The most severe form ofyfz-gangliosidosis is type 1 or infantile GM1. Earjgmgtoms can be
observed within the first couple of months afterthyi followed by rapid neurologic and
psychointellectual deterioration [Suzukt al, 2001]. Furthermore, characteristic macular
cherry-red spots can be found in all infantile @ats [Hubainet al, 1969], and
hepatosplenomegalia plus skeletal dysplasias ae @ipical symptoms [O'Brien, 1969;
O’Brien, 1989]. Consistent with phenotypic obseiwas, storage of (g-gangliosides and
galactose-containing oligoaccharides is at its ésghevel in infantile GM1 cells. Due to the
severity of phenotypic manifestations, the lifersgd GM1 type 1 patients is extremely short
(<2 years) [Suzuket al, 2001].

Juvenile and adult GM1 patients, in contrast, digpéss severe dysmorphic changes, but their

neurologic symptoms are severe and progressiveombet age for type 2 (juvenile) is usually
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between 7 month and 3 years, while phenotypicalsgms in the adult form (type 3) typically
appear between 3 and 30 years of age. Despitpiessunced disease characteristics (cf. type
1 features) the anticipated average life of thetlaffected patients is below 30 years [Suaiki

al., 2001]. The incidence for GM1 in general is apprately 1:100,000-200,000 [Sinigerska
et al, 2006].

A short summary of MBD and GM1 features is showikigure 1.4.2.1. It is important to note
that an exact classification of GM1 or MBD patierstsot always possible. Phenotypes of both
defects can be very heterogenous and might ovarlaqividual patients, which is a common
problem for lysosomal storage diseases in general.

G Gangliosidosis Morquio B
disease
infantile Late infantile/ Chronic/adult
Clinical type {Type 1) juvenile (Type 2) {Type 3)
Major phenotypic Generalized Generalized Localized Generalized
expression neurosomatic neuroveriebral neuroveriebral skeletal
Onset 0-6 mo 7 m=3yr 3-30 yr 510 yr
Course <2y 1-5y 10-30y =30y
Central nervous Generalized Generalized Localized -
system

fental } 4 +-+ - or — -

Major motor : Pyramidal Pyramidal Extrapyramidal -
Peripheral nervous = — = -

system
WMuscle - ) : + or —
Cherry-red spots - + or — - o
Hepatosplenomegaly 4 + or — - s
Dysmorphism + or — + or - o -
Skeletal system Generalized Localized Localized Generalized
Storage

Ganglioside Gy it - ; -

Oligosaccharides s e -k + |

Keratan sulfate + + ND fe o=}
-Galactosidase Deficient Deficient Deficient Deficient
Common gene R482H (lalian) R201C (Japanese) I51T (Japanese) W273L (Caucasian)

mutation R208C (American)

MD = not described.

Figure 1.4.2.1 Major clinical types of hereditaryB-galactosidase deficienciesThe illustration was adapted
from [Suzukiet al, 2001].

29



In contrast to the findings for the MBD enzynf&Gal from GML1 cells is incapable of
degrading gangliosides, keratan sulfate, or angrott its substrates [Okumiyet al, 2003;
Paschke and Kresse, 1982]. Some GM1-specific noatatresult in unstable or misfolded
precursor proteins, which are presumably degradetheé cytoplasm by the endoplasmic
reticulum-associated protein degradation machifERAD) [reviewed in Fan, 2008]. Other
mutations may impair the formation of the multiemeycomplex, preventing proper trafficking
to the lysosomes. The alleles p.I51T, p.T82M, pR20and p.R201C, described in several
juvenile and adult GM1 patients, were shown to egprenzyme precursors with impaired
stability, diminished aggregation within the muftsgme complex, and rapid subsequent
degradation [Chakraborigt al, 1994; Kayeet al, 1997; Oshimat al, 1994; Yoshidaet al,
1991]. ResiduaB-Gal activities of juvenile and adult GM1 fibroblaften range between 2-
8% of healthy controls, while activities in infdeticells are usually below 1%. Surprisingly, a
[B-galactosidase activity of approximately 10% of tiealthy control’s activity was proposed as
critical level for normal substrate turnover, baswu experimental findings for two other
lysosomal enzymeg-N-acetylhexosaminidase (EC 3.2.1.52) and aryltadia A (EC 3.1.6.8)
[Leinekugel et al, 1992]. A deficiency of these enzymes resultsGip-gangliosidosis or
metachromatic leukodystrophy, respectively (cf. [€ah4.1). Although no experimental data
has been presented f@-Gal, this hypothesis may have a significant impact the

development of therapeutic strategies for treatroéhtsosomal storage disorders.

1.5 Therapy of lysosomal storage diseases

Treatment of lysosomal storage diseases is sometinmelered by heterogenous phenotypes
even amongst the same group or subtypes and blyldferse storage characteristics on the
molecular level. G;-gangliosidosis, for example, can be considered amiltisystem disorder
(cf. Figure 1.4.2.1), affecting various organs (lger and spleen) and even the CNS, while
Morquio B is less affected in terms of organic ilwement, but skeletal dysplasia is more
pronounced than in GM1 (accumulation of keratatfiasellin cartilage and cornea) [Suzwi
al., 2001]. Due to different primary storage materdBD and GM1 are not classified in the
same group, although both disorders originate fdefiects in the same ger®|.B1, affecting

one and the same enzyme, human lysosomalPagalactosidase [Yamamo#t al, 1990]. It is
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hardly surprising that therapeutic options for MBiight differ from approaches for treating
GM1.

Additionally, secondary consequences of storagee htv be considered. Quite often
inflammation processes are observed in animal msod@l lysosomal storage disorders
[Jeyakumaret al, 2005]. Recently, (m-ganglioside accumulation was suggested to act as
effector of both ER-stress induced and mitochonaiiated apoptosis of neuronal cells
[Sanoet al, 2009]. Various other secondary effects have loemsaribed in the literature for all
kinds of LSDs [reviewed in Platt and Lachmann, J0@&erefore, metabolic cross-reactions

have to be evaluated carefully prior consideriregdlpeutic options.

Therapeutic strategies for treating LSDs comprise:

hematopoietic stem cell therapy (HSCT) or bone avatransplantation (BMT),
- neural stem cell therapy,

- gene therapy,

- enzyme replacement therapy (ERT),

- substrate reduction therapy (SRT),

- enzyme enhancement therapy (EET) or

- combinations of therapies mentioned above.

A short overwiev of advantages and limitations aflestrategy is given in Table 1.5.1.

31



Therapy /mode of action Advantages Limitations

HSCT e Sustained correction after one | « Procedure-related risks and mortality

single procedure « Not effective in some disaeses
Transplantation of bong* Cross-correction of host's cells | . Time required to identify compatible
marrow-derived blood stem by secreted enzymes donors
cells S .

» Poor engraftment in tissues like bone,
cartilage, and heart

ERT * Long-term experience and docu{ « Poor distribution of recombinant

mented efficacy in thousands of enzymes in specific tissues

patients treated (e.g. Gaucher | ,

Intravenous infusion of a Inability of recombinant enzyme to

recombinant enzyme tp dlse-as§) _ cross the BBB
replace  the  patient's* Registries available to document . prequent infusions required, with
deficient enzyme natural history of disease and high impact on quality of life

efficacy _

» High costs
SRT » Oral administration » Limited clinical experience (with the
« Little impact on quality of life exception of Gaucher disease)

Oral administration  of e Long-term adverse effects unknown
substances to inhibit the
synthesis of sphingolipids
and to reduce storage of
undegraded material
EET » Better biodistribution of thera-| « Limited clinical experience

peutic agents « Long-term adverse effects unknown
Oral administration ~of * Possibility to target neurodegeng-, only patients with specific responsive
substances to enhance the rativein LSDs mutations amenable to treatment
patient’s residual enzymee. Qral administration
activity  Little impact on quality of life
Gene therapy » Sustained correction after a | « Very limited clinical experience, still

single procedure under development

Vector-mediated insertion® Cross-correction by enzymes
of genetic material into apn  secreted by “factory” organs
individual's cell and target
tissues

Table 1.5.1 Advantages and limitations of therapeit options for lysosomal storage disease§he table was
adapted from [Parenti, 2009] in a slightly modifiedm.

Considering the abundance of clinical data, diss;dend applied methods, the author refers to
the reviews of [Beck, 2007], [Parenti, 2009], arlaft and Lachmann, 2008] for a
comprehensive experimental description. Enzyme acgphent therapy is currently only
available for M. Gaucher, M. Fabry, M. Pompe, anacapolysaccharidosis type |, I, and VI
[reviewed in Beck, 2010 and in Wraith, 2009]. Preimg therapeutic options for GM1 are

described in the following sections.
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1.5.1 Therapy of MBD and GM1

Currently, there is no treatment available fqy@angliosidosis or Morquio B disease. Only
symptomatic and supportive therapy can be appbggatients suffering from these disorders.
Enzyme replacement therapy (ERT), for example pisanpromising strategy for treatment of
MBD patients. Uptake of recombinant enzymes reguingeraction with mannose-6-phosphate
receptors, which are unavailable in osseous mafegi@ewed in Wraith, 2009]. Interestingly,
an ongoing clinical trial with recombinant N-acefglactosamine-6-sulfatase (GALNS; drug
name: BMN 110) for ERT of MucopolysaccharidosiseyWwA (MPS IVA, M. Morquio A)
showed promising preliminary results in terms ofrdelation of keratan sulfate and physical
fitness [Clinical trial #NCT00884949; drug spons&ioMarin Pharmaceutical]. Successful
completion of this study may have an impact onhierrtclinical trials with MBD patients. ERT
may also be unfeasible in patients suffering froM1G because the recombinant enzyme is
usually retained outside of the brain by the blboagin barrier [reviewed in Beglegt al,
2003].

Therapeutic options previously considered for tremit of GM1 include gene therapy, bone
marrow transplantation (BMT), substrate reductiberapy (SRT), and enzyme enhancement
therapy (EET) [Brunetti-Pierri and Scaglia, 2008z6ki et al, 2001]. BMT, for example, was
conducted in an infantile GM1 patient, lf#galactosidase activity could not be enhanced and
phenotypic characteristics remained unchanged,itdetsie normalization of white blood cells
after receiving an allogenic transplant [Shietdal, 2005]. Amniotic tissue transplantation has
been attempted in a patient with MBD [Tylki-Szyska et al, 1985], but was considered

unsuccessful.

Most of these strategies never got off the grouma targe scale in patients. Some applications
are still experimental for GM1 and MBD, hence tli®pend on animal models or cell culture
experiments to investigate the potential impacthefapy at the molecular level. Fortunately,
animal models are available foryGgangliosidosis. On the one hand, GM1 is a natyrall
occuring disorder among cats, dogs, sheep, ank ¢8tizukiet al, 2001], and on the other
hand transgenic mice lacking tifieGal gene [Hahret al, 1997; Matsudaet al, 1997] or
expressing a GM1-specific mutation (p.R201C) [Mdtsat al, 2003] have been generated.
Adenovirus-mediated gene transfer, for example, t@ated in such knock-out mice resulting

in elevated levels oB-Gal activity in liver, spleen, and brain, but teect was temporary
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[Suzuki et al, 2001]. Furthermore, Suzukt al. demonstrated that early treatment might be
critical for successful elimination of clinical @ochemical features of the disease. However,
most approaches are still far from reaching clinagaplication. Furthermore, some strategies
are inapplicable for diseases with central nervaastem involvement (e.g. e
gangliosidosis), as the blood-brain barrier presenmtlimits uptake of therapeutic agents like
recombinant enzymes in ERT [Begleat al, 2008] and therefore, neuronal storage of
gangliosides cannot be abolished. Two promisingagghes, with the potential to reverse the
storage of glycosphingolipids (eg.w& or Gai-gangliosides) in i-gangliosidosis, are
substrate reduction therapy (SRT) [Kaspereykal, 2005; Radiret al, 1982] and enzyme
enhancement therapy (EET) [Parenti, 2009]. Whild Sifns at blocking the synthesis of the
storage product, hence reducing total amounts avedtmaterial within the cells, the EET
approach attempts to enhance the defective enzymesidual activity to levels sufficient for
normal substrate degradation. As mentioned befareritical level of 10% of the healthy
control activity has been proposed for normal sabstturnover [Leinekugeat al, 1992]. Both
SRT and EET utilize iminosugars, usually substeatalogs, which are able to cross the blood-
brain barrier due to their small size [Begley al, 2008]. The inhibitory effect of the
iminosugars N-butyldeoxygalactonojirimyciilNB-DGJ) and N-butyldeoxynojirimycinNB-
DNJ) on the ceramide-specific glucosyltransferabat tcatalyzes the first step in the
biosynthesis of all glycosphingolipids was demaatstl by several groups [reviewed in Butters
et al, 2003b and Beck, 2007]. Furthermore, the brainglieside content was markedly
reduced after SRT in mouse models far,@angliosidoses [Anderssen al, 2004; Platet al,
1997; Platt and Butters, 2004NB-DNJ is currently approved for SRT of Gaucher dgsetype

1 patients, and is in clinical trials as therapeatient for late-onset Tay-Sachs disease [Butters
et al, 2005].

1.6 Enzyme enhancement therapy for GM1

Enzyme enhancement therapy (EET) or pharmacologitaperone therapy (PCT) has been
proposed as therapeutic agent for GM1 [Beck, 2@litterset al, 2005; Parenti, 2009]. As

described earlier, pharmacological chaperones (Rs)small iminosugars, representing
substate analogs for the respective enzyme, whithtb the enzyme’s active site and assist in
stabilization or folding of misfolded enzymes inetlER [Fan, 2008]. Thus they prevent

premature degradation of lysosomal enzymes by tdemasmic reticulum-associated protein
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degradation (ERAD) in the cytoplasm, and enablg@raenzyme transport to the lysosomes
via the mannose-6-phosphate pathway (see Figurd)l.®Bherefore, residual activities of
lysosomal enzymes can be increased upon chapereagmént. However, this chaperone
activity could only be demonstrated for certain atioins, producing unstable or misfolded
proteins [lwasaket al, 2006; Matsuda&t al, 2003; Tominagat al, 2001]. A positive impact
of PCs on the “catalyti@-Gal variant”, resulting from the Morquio B mutatip.W273L, is

therefore unlikely.

Figure. 16.1 Pharmacological
chaperones stabilize misfolded
proteins in the ER. (A) Lysosomal

L sosome enzymes are synthesized in the ER, N-
y Lysosome Lysosome glycosylated, and transported to the

Golgi apparatus. N-Acetylglucosamine-

1-phosphotransferase phosphorylates

] mannose residues to mannose-6-

. . . phosphate, which labels the enzymes for
Golgi Golgi + Golgi T transport to the lysosomal compartment

via the mannose-6-phosphate pathway.

(B) Misfolded enzymes are marked for

degradation in the ER, and transported to

the cytoplasm for degradation by ERAD
4

(see text). (C) Pharmacological
chaperones (in this caddB-DNJ) assist
in stabilization and folding processes of
misfolded proteins by binding to the
enzyme’s active site. The stabilized or
correctly folded enzyme is further
sawn Lysosomal enzyme transported to the Golgi apparatus and
@ Mannose-6-Phosphate labeled with mannose-6-phosphate as
@y Mutant lysosomal enzyme described for (A). The figure was
adapted from [Beck, 2007].

In contrast to recombinant lysosomal enzymes, paeoiogical chaperones have the potential
to easily cross the blood—-brain barrier and they thay become beneficial for the treatment of
neurodegenerative lysosomal storage diseases IMd (Begley et al, 2008; Platt and
Lachmann, 2009]. Low costs and the possibility @l @dministration are further aspects in
favor of EET.

Pharmacological chaperones are usually compet#gineyme inhibitors that display their

inhibitory action at high doses vitro, but have been found to enhance the enzyme’sitgctiv
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when added to the cell culture medium in sub-irtbilyi doses [reviewed in Fan, 2008].
However, this effect seems to be mutation-spefifvasakiet al, 2006; Matsudat al, 2003;
Tominagaet al, 2001], which might limit its future therapeutise. Table 1.6.2 gives a short
summary of pharmacological chaperones which binthéoactive-site of enzymes and have
demonstrated chaperone activity in cell cultureeexpents or clinical trials. The promising

pharmacological chaperomé&Octyl-4-epif-valienamine (NOEV) has been in preclinical trials

since its presentation by Matsuelaal

Disorder

Active-site-specific chaperones

References

Fabry disease

1-Deoxygalactonojirimycin (DGJ)
a-Galactohomonojirimycin
a-Allo-homonojirimycin
-1-C-Butyl-deoxygalactonojirimycin

Asanoet al, 2000;
Fanet al, 1999

Gaucher disease

N-Nonyl-deoxynojirimycin (NN-DNJ)
N-Octyl-2,5-anhydro-2,5-imin@-glucitol
N-Octyl-isofagomine
N-Octyl-#valienamine (NOV)
Isofagomine (IFG)

Calystegines 4 By, B,, C;
1,5-Dideoxy-1,5-iminoxylitol (DIX)
a-1-C-Nonyl-DIX

a-1-C-Octyl-1-DNJ

Changet al, 2006;
Compainet al., 2006;
Lin et al, 2004;
Sawkaret al,, 2002;
Sawkaret al,, 2005;
Yu et al, 2006

Tay-Sachs and Sandhoff
diseases

N-Acetyl-glucosamine-thiazoline (NGT)

6-Acetamido-6-deoxycastanospermine
(ACAS)

Bisnaphthalimide nitro-indan-1-one
Pyrrolo[3,4-d]pyridazin-1-one
Pyrimethamine (PYR)

Maegaweet al., 2007;
Tropaket al,, 2004;
Tropaket al, 2007

Gwmzi-gangliosidosis

N-Octyl-4-epi-valienamine (NOEV)

Matsudaet al, 2003

Pompe disease

N-Butyl DNJ
DNJ

Okumiyaet al., 2007;
Parentiet al, 2007

Table 1.6.2 Identified active-site-specific chaperes for lysosomal storage disordersThe table was adapted
from [Fan, 2008].

Several derivatives of 1-deoxynojirimycin (DNJ) dr-deoxygalactonojirimycin (DGJ;
Amigal™) have recently been proposed for EET [Fan, 2008] &sted in clinical trials for
treatment of Fabry disease [Benjareiral, 2009; Khannat al, 2010]. The chemical structure

of these compounds is shown in Figure 1.6.3. Odlalorators from the Glycogroup,
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Department of Organic Chemistry, Graz University Tadchnology, recently synthesized a
series of novel lipophilic and/or ionisable N-maeldf derivatives of 1-deoxygalactonojirimycin
(DGJ). Some of these compounds proved to be cotiyeetinhibitors of lysosomal-
galactosidase [Steinet al, 2008; Schitteet al, 2010a; Schitteet al, 2010b], and promising
results were obtained in preliminary chaperoneesgrgs in Gui-gangliosidosis fibroblasts

described in this work.

CH CH
NB-DM. MNB-DG
(N-butyldeoxynojirimycin) (N-butyldeoxygalactonojifimyein)

Figure 1.6.3 Molecular structures of the inhibitorsNB-DNJ and NB-DGJ. The graphic was adapted from
[Platt and Butters, 2000].
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Although the human lysosomal aflegalactosidase3(Gal, EC 3.2.1.23) and the consequences
of its defects in the human body were first desdiby Okada and O’Brien in 1968, there are
still open questions regarding the enzyme’s thieeedsional structure, the catalytic domain
and its active-site specific amino acid residuesl lmow mutations in thB-Gal encoding gene
(GLB1) can result in two different lysosomal storageodiers (LSDs), Morquio B disease
(MBD) and Gu;-gangliosidosis (GM1) [Groebet al, 1980; O’Brien, 1989; O'Brieret al,
1976; Okada and O’Brien, 1968]. A computational btogy model on the basis of the
crystallographic structure @#-galactosidase frorBacteroides thetaiotaomicrowas proposed
for the human enzyme, and recently used for predicdf structural changes in defective
enzymes resulting from MBD- or GM1-specific mutasoin theGLB1 gene (Moritaet al,
2009). The proposed catalytic reactionpeGal is based on a Koshland double-displacement
mechanism, and some amino acid residues partiocgati the catalytic reaction could be
identified [Callahan, 1999]. So far, 140 differe@LB1 mutations have been described
[Brunetti-Pierri and Scaglia, 2008; Hofet al, 2009; Hoferet al. 2010], and several mutant
alleles could be attributed to a certain phenot@mme of these mutations were found to alter
the kinetic behaviour of the resulting enzyme, whithers result in misfolded or unstable
proteins which are marked for degradation in the &Rl subsequently degraded in the
cytoplasm [reviewed in Fan, 2008]. The prognosispb&notype-genotype relations is an
ongoing challenge for several LSDs and also for MB1d GM1. A detailed understanding of
phenotypic effects, caused by a certain mutatiooulev not only improve our knowledge of
metabolic interactions, but also be helpful in thevelopment of therapies for treatment of
LSDs.

The aim of the present work was the characterizationovel lipophilic and/or ionisable N-
modified derivatives of 1-deoxygalactonojirimyciD@J), a competitive glycosidase inhibitor
with proven pharmacological chaperone activity abfy cells [Faret al, 1999; Ishiiet al,
2009; Khannat al, 2009] and in mouse fibroblasts expressing mutantan3-Gal [Matsuda
et al, 2003; Tominagat al, 2001]. DGJ is currently in phase Il clinicalalg for enzyme
enhancement therapy (EET) of Fabry disease [But2®37]. Several novel iminosugars were

synthesized and provided by the Glycogroup, Depamtmof Organic Chemistry, Graz
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University of Technology, and subjected to pharn@gical chaperone screenings in GM1 and
MBD fibroblasts in this work. Furthermore, theihibitory effect on human lysosomal a@d

Gal was characterized in inhibition assays. Weddotting was performed to assess changes
in the expression and maturationf®@al in chaperone-treated cells, and immunofluaese
experiments indicated altered enzyme distributifter gpharmacological chaperone treatment.
To investigate possible chaperone-induaed/ivo substrate degradation in GM1 and MBD
cells, fibroblast cells were loaded with a natwabstrate and results were compareih tatro

assays using a common synthetic substrate.

Specific antiB-Gal antibodies were essential for the investigetialescribed in this work.
Therefore, another goal of this work was the dgwalent of such antibodies. Three different
strategies were pursued to obtain polyclonal adigmor antisera directed against the human
enzyme. The purification of overexpressed, secrgt€al precursors from the culture medium
of CHO cells was previously described in the litera and established at the Department of
Pediatrics during this work. Purifig@tGal was used as antigen for the immunization lobits.
Moreover, antigenig3-Gal peptides were designed and used in immunizati&inally, the
heterologous expression of hum@+Gal in E. coli cells to obtain large amounts of purified

protein was investigated in this work.
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3 METHODS AND MATERIALS

PART 1: EXPERIMENTAL PROCEDURES FOR BACTERIAL CELLS

3.1. Bacterial strains

The bacterial strains listed in Table 3.1.1 weredus this work.

E. coli strain Genotype Properties Reference
F ompThsd$ (r;mg") Gal widely used expression host [Invitrogen 28-0182]
dcm(DE3) strain,lon andompTprotease
BL21(DE3) deficient, carrier oADE3
lysogen
F ompThsd$ (r;mg") Gal widely used expression hos [Novagen TB0OOQ9]
dcm strain,lon andompTprotease
BL21 deficient
F ompThsdg (r;mg") Gal expression host strain provided by A. Binter,
dcm(DE3) plus pG-KJE8 transformed with the Department of
plasmid chaperone plasmid pG-KJE8,  Biochemistry, Graz
BL21(DES3) lon andompTprotease University of Technology;
deficient plasmid was bought from
+ [PG-KJES] Takara Bio Inc.
[Takara A; Takara B]
endAl hsdR17 (rK12 general cloning host strain,| provided by A. Gruber,
N B| mK12") suE44 thi-1recAl | high transformation efficiency Department of Structural
ovablue gyrA96 relAllac Biology, Karl-Franzens-
F[proA'B* University of Graz
laclqZAM15::Tn10] (TeR)

Table 3.1.1 Bacterial strains used in this work.

3.2. Bacterial cell culture methods

3.2.1. General cultivation methods for E. colillse

E. coli strains were maintained in Luria Broth (LB) Mediuwn on LB Agar Plates. After
transformation of competent cells with plasmid DNtAyas necessary to switch to specific LB

selection media containing the appropriate sulietye.g. antibiotics, induction reagents),
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respectively. The optimal growth temperature is &7, but for inducible expression of
heterologous proteins it was sometimes necessampctibateE. coli strains at temperatures
between 18 °C and 30 °C.

3.2.1.1. Storage of E. coli cells

For long-term storage of bacterial strains, glytetocks were prepared by mixing 200 pl
bacterial overnight culture (ONC) with 800 pl sier80% (v/v) glycerol. Stocks were shock-

frozen in liquid nitrogen and stored at -80 °C.

E. coli stocks (host strains, competent cells, and tramsfots) were always stored at -80 °C.
For short-time usek:. coli strains were either cultured on selective medigar glates or in

liquid selection medium (e.g. as ONC), and stoitetl ‘€.

3.2.2 Small-scale expression protocol for IPTCdurcible proteins

The protocol described below was partially adapfesm handbooks supplied by the
manufacturers of competeft coli cells [Invitrogen' 28-0182; Novagen TB009].

1. Prepare 5-10 ml ONC of the positive transformaritBnselection medium.

2. Inoculate 50 ml LB selection medium with ONC to @Deoo (Optical density at 600
nm) of 0.05, and incubate at preassigned temperatutil an Oy, of 0.4-0.6 has been
reached.

3. Induce with isopropyB-D-1-thiogalactopyranoside (IPTG) at a final cortcation of
0.5-1 mM, collect 2 OD units of cell culture for SBIPAGE (sodium dodecyl sulfate
polyacrylamide gel electrophoresis) prior inducticantrifuge sample at 5,000 x g for
20 min or 10,000 x g for 5 min (4 °C), shock-fre@zdiquid nitrogen, and store sample
at -80 °C.

4. Keep main culture at preassigned temperature f@rakhours (determine optimal time

in preliminary experiments).
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5. Collect 2 OD units of cell culture for SDS-PAGE o0& samples at -80 °C until use.
Prepare for SDS-PAGE as described in section 3.11.7

3.2.3 Large-scale expression protocol for IPT@tiaible proteins

The protocol described below was partially adapfesm handbooks supplied by the

manufacturers of competeft coli cells [Invitrogen' 28-0182; Novagen TB009].

1. Prepare cultures of positive transformants as destrin the small-scale IPTG-
induction protocol (step 1 to 5). Use 250-500 ml ¢d8ection medium as main culture.
At crucial steps, always collect 2 OD units of t&d culture for SDS-PAGE.

2. After optimal induction time, centrifuge main cukuat 3,000 x g for 10 min (4 °C).
3. Wash pellet in 0.9% NacCl.

4. Determine wet weight; for longer storage shock#Zeegellet in liquid nitrogen, and
store at -80 °C.

3.3 Plasmids

The following plasmid vectors were used for clongighe humarGLB1 cDNA:

- pET-21d(+) for C- and N-terminal polyhistidine-taghfusion proteins

- pGEX-6P-2 for N-terminal GST-tagged full lengthifus protein and a fusion peptide

Another plasmid, pG-KJE8, was used in expressiodias to facilitate folding of heterologous
fusion proteins. This plasmid encodes the bactehiaperones DnaK, DnaJ, GrpE, GroES, and

GroEL, which can be co-expressed with the protéinterest, encoded by a second plasmid.
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It also carries the resistance gene for chloramipbefCn), allowing co-selection with

ampicillin resistant vectors. This plasmid was pded in chemically competent BL21(DES3)

cells by A. Binter (Department of Biochemistry, @rlniversity of Technology). The pG-

KJES8 vector was originally purchased from Takara Bic.

The humanGLB1 cDNA was derived from the pcDX-&LB1 vector, kindly provided by A.
d’Azzo, St. Jude Children’s Research Hospital, MBispUSA.

Key features of all plasmids used in this workiflustrated in Table 3.3.1 and Figures 3.3.2-5.

Plasmid Key features Inducer Resistant marker | Reference
optional expression of isopropylp-D-1- ampicillin [Novagen
C-terminal thiogalactopyranoside TB036]
PET-21d(+) polyhistidine-tagged (IPTG)
fusion proteinsT7
promoter
optional expression of isopropylp-D-1- ampicillin originally from
GEX-6P-2 N-terminal GST-tagged thiogalactopyranoside GE Healthcare
P el fusion proteinstac (IPTG) [GE Healthcare
promoter 28-9184-51AB]
dnaK-dnaJ-grpE groES- L-arabinose chloramphenicol originally from
groEL chaperonegiraB tetracycline Takara Bio Inc.
PG-KJE8 andPztlpromoter [Takara A,
Takara B]

Table 3.3.1 Key features of plasmids used in thisask.
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17 traracription start 0
Ti*Tageoding sequence  207-239
Multiple cloning sites
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Bist1 107 Izezs) | BisplG hizsat Bz coding sequence 19884845
Tth111 l2mm il origin LIEATEY
T7 promoter primer #69348-3
|-
Balll 17 promoter lac operator Xbal rbs
AGATCTCGATCCCGCGAMATTAAT ACGACTCACTATAGGRGAAT TG TRAGCGGATAACAATTCCCCTC TAGAAAT AATTTTGT TTAACTT TAAGAAG GAGA
o Na Eagl Aval .
_Ndel Nhel  Ti-Tag PET"21% pont| EcoR1 Sacl  Sall Hindll  Notl  Xhal His+Tag
TATACATAT GRCTAGCATGACTGETEGACAGCAAATGEGTCRCGGATCCGAAT TCRAGCTCCGTCEAC AAGCTTGCRECCGCACTCRAGL ACCACCACCACCACC ACTGA
MethlaSerMetThrGl vGlyGInGinMetG I yArgGly SerGluPhaeGluleubrgbral InAlalysGlybraThrbrghl sProProPraPraPraleu
. pET-21k .. . GGTCGGGAT CLGAATT CGAGCTLCGTCGACAAGCTTRLGRLCCGCAL TCGAGCACCACCAC CACCACCACTGA
pET-21d L GlybrghspProfsnSerSerSerVolAsplyslewblohlobloleuGluHisHisHisHisHisHI sEnd
Neol
.. . TACCATGGCTAGC . . . pET-21c,d .. GGTCGGATCCGAATTCGAGCTCCGTCRACAAGCTTECGGCCGLACT CGAGCAC CACCACC ACCACCAC TGA
MethlaSer . . . .. .GlyArgl lebrgl lebrgbloProSerThrSerleubrgProlisSerSerTheTheThr ThreTheThreGlu
Bpul1d2 | T7 terminator
GATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGECTRCTECCACCGE TGAGCAA TAACTAGC ATAACCCCTTRREECCTCTAAACGEETCT TRAGGEETTTTTTE
-

TT terminator primer #59337-3

pET-21a-d(+) cloning/expression region

Figure 3.3.2 Vector map of pET-21d(+)The map for pET-21d(+) is the same as pET-21a(#) thie following
exceptions: pET-21d(+) is a 5,440 bp plasmidNaal site is substituted for thedd site; as a resulfcd cuts
pET-21d(+) at 234, andhd cuts at 229. For the rest of the sites, subBamp from each site beyond position 239

in pET-21a(+)Ndd does not cut pET-21d(+).The vector maps of pE&f2) and pET-21d(+) were adapted from
the Novagen Manual TB036.
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lacZ_a tac_promoler

M13_pUC_twd_primer M13_pUC_rev_primer
M13_forwardZ0_primer MscI 465
M13_reverse_primer GET

M13_pUC_rev_primsr
lac_promoter

BstBI 655
pGEX_S_primer
-
am
ORF EcoRI 955
Smal 962
Sall 965
Hhol 970
MNarl 4324 Hotl 976
EcoRY 4134 Eagl 376
lacl pGEX_3_primer
AatII 1261
AmpR_promoter
Ampicillin
ORF
pBR3ZZ_origin PstI 1938
tac_promoter 184 - 212 pBR322_origin 2408 - 3027
M13_pUC_rev_primer 224 - 246 lacl 2325 - 4416
ORF frame 3 298 - 989 ORF frame 1 3457 - 4416
GST 296 - 993 lac_promoter 4465 - 4494
PGEX_5_primer 869 - 591 M13_pUC_rev_primer 4508 - 4530
precision 916 -938 M13_reverse primer 4520 - 4547
PGEX_3_primer 1057 - 1035 M13_forward20_primer 4575 - 4559
AmpR_promoter 1323 - 1351 M13_pUC_fwd_primer 4500 - 4568
ORF frame 1 1393 - 2253 acZ a 4556 - 4711
Ampicillin 1393 - 2253

Figure 3.3.3 Vector map of pGEX-6P-2The vector map of pGEX-6P-2 was adapted from thetsf Database
(www.lablife.org. The plasmid was originally purchased from GE [Heare.
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araC

araB

rrBT1T2

pcDX-x-GLEI
(5,511 bp)

3079/1
(EcoRI site)

3.3.1 Plasmid DNA purification

groEL

pG-KJE8 4roES
dnaK (11.1 kbp) Ppzt-1

Figure 3.3.4 Vector map of pG-KJ48.The map
was adapted from the Takara Bio inc. manual
[Takara A].

araB: L-arabinose-inducible promoter

Pzt-1: tetracycline-inducible promoter

Cml: chloramphenicol resistance marker

groEL, groES, dnaK, dnaJ, and grpE: chaperone
encoding genes.

1/3102 Figure 3.3.5 Vector map of
pcDX-x-GLB1. The GLB1
cDNA was cloned into the&coR
restriction site of the pcDX-x
vector. This vector was kindly

3079/2034 provided by A. d’Azzo, St. Jude

(EcoRI site)  Children's Research Hospital,
Memphis, USA.

Depending on the subsequent application, plasmié Biss either purified with the QIApr&p
Spin Miniprep Kit € 20 pg DNA), or with the EndoFr8ePlasmid Maxi Kit € 500 pg)
according to the manufacturer’'s protocol [QIAGEN34639; QIAGEN 1043788]. In either
case, cells from ONCs were harvested at 6,000 ord% min at 4 °C. Miniprep DNA was
eluted by addition of 50 ul 10 mM Tris-HCI BuffepH 8.0), and Maxiprep DNA was
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redissolved in 60 pl of the same buffer. Aliquotsrevkept for DNA analysis on agarose gels

and purified plasmid DNA was stored at -20 °C.

3.4 Cloning of the humanGLB1 cDNA in different bacterial expression vectors

The aim of the different cloning strategies was ¢lséablishment of heterologous expression
systems for human lysosomal acid beta-galactosiffagzal; EC 3.2.1.23). These expression
systems could be extremely useful for productiodaoje amounts of-Gal fusion proteins,

subsequently needed for antibody production agémeshuman protein. Different protein tags

would be helpful for the purification of the fusipnoteins.

The protein coding sequence (CDS) of tB&Bl cDNA (NCBI Reference Sequence:
NM_000404.2, transcript variant 1) was amplified pglymerase chain reaction (PCR),
digested with specific restriction enzymes to preelecompatible ends for the ligation with
plasmid DNA, and transformed with competdnt coli cells. Expression experiments with
IPTG were performed to find positive clones withdueible 3-Gal fusion protein, and

optimized for production of large amounts of so&uBigalactosidase. Tagged fusion proteins
were subjected to specific affinity chromatographiethods, to obtain purified, untagged

humanp-galactosidase protein for immunization of rabbits.

3.4.1 Amplification of the CDS from human GLB1 ¢DA by PCR

The purpose of the PCR is the amplification of ecdc DNA fragment. This can be achieved
by designing both a forward and a reverse prim@ammementary to the sequences flanking the
desired gene/DNA sequence up- and downstream, ategglg. These specific primers are
added to the PCR reaction mix (see Table 3.4.1d13a41.2), enabling the DNA polymerase
to extend their 3’-hydroxyl-ends in 5’- to 3’-ditgan with the deoxynucleoside triphosphates
(dNTPs) also supplied in the solution.

AmpliTaq Gold® DNA Polymerase (Applied Biosystemswas the DNA polymerase of choice

in most experiments, despite the lack of 3'>5’ axdease activity (proofreading). PCRs using
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the Pfu DNA Polymerase (Promega) with proofreading adtivitere not always successful.
Possible amplification mistakes were ruled out Bguence analysis of cloned DNA.

Sequencing was performed by the company IBL (VieAngstria).

Component Volume
10x PCR buffer (Applied Biosystemy 5l
dNTP mix (20 mM each; Pharmacia) 0.5 pl
Forward primer (120 uM Stock) 1l
Reverse primer (120 uM Stock) 1l
DNA (<1 pg DNA/reaction) 1l
Aqua dest. 36.25 pl
MgCl, (25 mM; Applied Biosystems) 3.5l
DMSO 1.5ul
AmpliTag Gold® DNA Polymerase (5 u/pl) 0.25 pl
Final volume: 50 pl

Table 3.4.1.1 Reaction mix for PCRs optimized for fpliTag Gold® DNA Polymerase
(Applied Biosystems').

Component Volume
Pfu 10x buffer (+ 20mM MgS§) Promega) 5 ul
dNTP mix (20 mM each; Pharmacia) 0.5 pl
Forward primer (120 uM Stock) 1l
Reverse primer (120 uM Stock) 1pl
DNA (<0,5 pg/50 ul) 1ul
Aqua dest. 41 pl
Pfu DNA Polymerase (3 u/ul) 0.5 pl
Final volume: 50 pl

Table 3.4.1.2 Reaction mix for PCRs optimized foPfu DNA Polymerase (Promega).

PCRs in this work were performed using the Eppendéastercycler epgradient S. For
successful PCR reactions, it is crucial to optinnpé only the reaction mix, but also the times
and temperatures for each step of the reactionl€TaB.1.3). The first step is the denaturation
of the double-stranded DNA to allow for hybridizati of single-stranded primers to their
complementary DNA sites in the second step (anmggliThe annealing temperature depends
on the melting temperatures{jTof the forward and reverse primer, and should3te °C

below the calculated ,f Thus it is important to design primers with semilmelting
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temperatures. TheTof each primer can be estimated by a simple catiom based on their

nucleotide composition:

Tm=@Xx[G+C])+(2x[A+T])°C [X] number of rucleotides

Annealing is followed by elongation of the primeia 5>3 direction, producing
complementary DNA strands to single-stranded teteplalhe reaction time depends on the
size of the amplified DNA. As a general rule, DNAlymerase needs approximately one
minute to amplify a fragment consisting of 1,00@&leotides. These three steps, denaturation,
annealing, and elongation are repeated 25-35 tigielsling billions of copies of the original
template. PCR ends with a single elongation stenish all reactions, and PCR products are
kept on 4 °C until use.

Initial denaturation: 2 min? 95°C 1 cycle

5 min®
Denaturation: 30 sec 95 °C
Primer annealing: 30 sec variable 25- 35 cycles
Elongation: variable 72 °C
Final elongation: 7 min 72 °C 1 cycle
Soak: 00 4°C

Table 3.4.1.3 General PGRaction scheme® Pfu DNA Polymerase (Promega);
"AmpliTaq Gold® DNA Polymerase (Applied Biosystefs

3.4.1.1 Primers

To amplify the CDS encoding the human lysosomal fegjalactosidase, a modified pcDX-x
vector containing th&sLB1 cDNA was used as a template (see Figure 3.3.5)aGiitate
purification of the expressed protein, certain @iottags should be attached to fB&sal
protein. This was achieved by cloning of the anmgudithumar3-Gal CDS in specific bacterial
vectors, encoding the desired protein tag. For thapose, the primers fd6LB1 cDNA
amplification were designed with short nucleotitietshes, recognized by specific restriction

enzymes, and matching the desired restriction diiethe cloning vector, but also with
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complementary sequences to the areas flankingg4Bal CDS. For N-terminal polyhistidine
(His®)-taggedB-galactosidase it was necessary to attach the &ti§-Sequence to the primers

as well.

Four strategies were pursued to obtain N- or Citehtagged3-Gal fusion proteins expressed

in E. colicells:

1. C-terminal tagging with polyhistidine (“C-HisGal")
2. N-terminal tagging with polyhistidine (“N-HfsGal")
3. N-terminal tagging with glutathione S-transferd®¢-GST-Gal”)

4. N-terminal tagging of a shof}-Gal peptide sequence with glutathione S-transgeras
(“N-GST-Gal-peptide”).
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The specific primer pairs for each strategy artedisn Table 3.4.1.1.1. Primers containing
recognition sites for restriction enzymes were giesil with short stabilization stretches as
recommended by New England Biol&bsww.neb.com Technical Reference > Restriction
Endonucleases > Cleavage Close to the End). Afigms were produced by TTBMOLBIOL

(Berlin, Germany).

Primer Sequence (5>3’) Direction Tm (°C) Fragment
length
Primer pair for cloning of the C-terminal tagged His®-Gal construct
GLB1Sfw CATGCCATGGATGCCGGGGTTCCTGGT sense 66
T
GLB1Srev | CCGCTCGAGTACATGGTCCAGCCATGA| antisense 66 2,050 bp
ATC
Primer pair for cloning of the N-terminal tagged His®-Gal construct
NHis2GLBfw | CATGCCATGGCTCACCACCACCACCAC sense 78
CACCCGGGGTTCCTGGTTCGCAT
NHisGLBrev | CCGCTCGAGTCATACATGGTCCAGCCA| antisense 72 2,070 bp

TGAATCTTTGTTTTTTTGCGGGGGT

Primer pair for cloning of the N-terminal tagged GST-Gal construct

GLB1Sal2fw | ACGCGTCGACGTCGGCCATAGCGGCCG sense 81
CGCCGGGGTTCCTGGTTCGCATCCT
GLB1Notrev | ATAGTTTAGCGGCCGCATTCTTATCAT antisense 69 2,083 bp

ACATGGTCCAGCCATGAATCTTTG

Primer pair for cloning of the N-terminal tagged GST-Gal-peptide construct

GLB1Sal2fw | ACGCGTCGACGTCGGCCATAGCGGCCG sense 81
CGCCGGGGTTCCTGGTTCGCATCCT 742 bp
PepNotrev | ATAGTTTAGCGGCCGCATTCTTATCAA antisense 70
CATTTCAGGAATGTTTTATGTGCTCCAT
CAG
Universal Sequence (5>3’) Direction Tm (°C) Fragment
primer length
T7 universal primers
T7Profw TAATACGACTCACTATAGGG sense 48 v
T7Terrev GCTAGTTATTGCTCAGCGG antisense 51 v
pGEX universal primers (GST)
pGEX5 GGGCTGGCAAGCCACGTTTGGTG sense 62
pGEX3 CCGGGAGCTGCATGTGTCAGAGG antisense 62

Table 3.4.1.1.1 Primers used in this work. PART 1.
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Sequencing Sequence (5>3) Direction Tm (°C) Fragment
primer length
Primer pairs for sequencing of the C- and N-terminatagged His’-Gal constructs

T7Profw TAATACGACTCACTATAGGG sense 48
plrev CAGGTAATCTGGGTCGGAGGAGCGGA antisense 66 ~560 bp
G
p2fw CTGTGCAGAGTGGGAAATGGG sense 56
p2rev CTGCTTCGGTCTTGATTGTGG antisense 54 488 bp
p3fw AGTGTGAGCCCAAAGGACCC sense 56
p3rev GGACTCCATTGAGGGGTGAA antisense 54 549 bp
p4fw ACCGGACAACACTTCCTCAAGA sense 55
parev CCAATAGCGGCCAAGGTTAA antisense 52 524 bp
p5fw CCCCAGGACACCTTTATCCAGTTTC sense 59
T7Terrev GCTAGTTATTGCTCAGCGG antisense 51 ~450 bp
Primer pairs for sequencing of the N-terminal taggd GST-Gal construct
pGEX5 GGGCTGGCAAGCCACGTTTGGTG sense 62
plrev CAGGTAATCTGGGTCGGAGGAGCGGA antisense 66 583 bp
G
p2fw CTGTGCAGAGTGGGAAATGGG sense 56
p2rev CTGCTTCGGTCTTGATTGTGG antisense 54 487 bp
p3fw AGTGTGAGCCCAAAGGACCC sense 56
p3rev GGACTCCATTGAGGGGTGAA antisense 54 549 bp
p4fw ACCGGACAACACTTCCTCAAGA sense 55
parev CCAATAGCGGCCAAGGTTAA antisense 52 525 bp
p5fw CCCCAGGACACCTTTATCCAGTTTC sense 59
pGEX3 CCGGGAGCTGCATGTGTCAGAGG antisense 62 429 bp
Primer pairs for sequencing of the N-terminal taggd GST-Gal-peptide construct
pGEX5 GGGCTGGCAAGCCACGTTTGGTG sense 62
plrev CAGGTAATCTGGGTCGGAGGAGCGGA antisense 66 583 bp
G
p2fw CTGTGCAGAGTGGGAAATGGG sense 56
pGEX3 CCGGGAGCTGCATGTGTCAGAGG antisense 62 403 bp

Table 3.4.1.1.1 Primers used in this work. PART Melting temperatures ¢J) were calculated with the “Oligo
Calculator” programH(ttp://www.pitt.edu/~rsup/OligoCalc.htinfrom the University of Pittsburgh, PA, USA. v =
variable.

3.4.2 Restriction enzyme digestion of DNA

For cloning of genes in expression vectors it seatal to digest the specific DNA fragment
with restriction enzymes. These enzymes are endesses which recognize specific, often
palindromic, single- or double-stranded DNA seqgesn@nd cut the phosphodiester bonds of
both DNA strands to produce free 5’-phosphate aray@roxyl ends. If the free ends have
single-stranded overhangs, they are called cohesids, otherwise this procedure results in

blunt ends. This allows position-specific cloniniggenes into plasmid vectors, which are cut
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with the same restriction endonuclease(s). As raeat earlier, restriction sites (recognition
sites for restriction enzymes) were integrated nmers for amplification of thg-Gal CDS,
and subsequent cloning into vectors. Restrictionyeres were also used to verify positive

clones. The general restriction scheme is listethinle 3.4.2.1.

Component Volume/Concentration
DNA 0.1-5 ug
10x Restriction Buffer 1x
100x Bovine serum albumin (BSA) Ix
Restriction enzyme 1 10-20 units
(+ Restriction enzyme 2)
Agua dest. to a final volume of: 20 or 60 pl

Table 3.4.2.1 General DNA digam scheme.

Details on specific digestion reactions and incuametimes can be found on the manufacturer’s
homepage (New England Bioldb®r Roche). Regardless of other recommendationg) BS
(New England Biola§ was used in all restriction assays, because higkéls of digested
DNA were obtained. The restriction enzymes usedcfoning of theB-Gal CDS in bacterial

expression vectors are listed in Table 3.4.2.2.

Enzyme Recognition site Free ends
Ncol 5'...CYCATGG...3 cohesive
(10 U/ul, NEB or Roche) 3'...GGTACAC...5’
Xhol 5...CYTCGAG...3’ cohesive
(20 U/ul, NEB) 3'...GAGCTAC...5’
Sall 5...GYTCGAC...3 cohesive
(20 U/ul, NEB) 3'...CAGCTAG...5’
Notl 5...GCVGGCCGC...3’ cohesive
(10 U/ul, NEB) 3'...CGCCGG\CG...5’
Smd 5'...CCCYVGGG.. 3’ blunt
(20 U/ul, NEB) 3'...GGGACCC...5’
Ndd 5'...CAYTATG...3’ cohesive
(20 U/ul, NEB) 3'...GTATAAC...5’
Mscl 5...TGGYCCA...3 blunt
(5 U/pl, NEB) 3'...ACCAGGT...5’
Scd 5...AGTYACT...3 blunt
(20 U/ul, Roche) 3'...TCAATGA...5’

Table 3.4.2.2 Restriction Enzymes used in this worRIEB = New England Biolalfs
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If plasmid DNA was prepared for ligation reactiotise DNA was treated with 1 unit of calf
intestinal alkaline phosphatase (CIAP; Invitroggnfor 5-60 min at 37 °C. CIAP
dephosphorylates free 5’-phosphate ends in linedrasmid vectors, hence preventing re-

ligation of free ends.

3.4.3 DNA Ligation

Ligation of amplifiedp-Gal CDS DNA and plasmid vectors was performed ating to the
manufacturer’s protocol [Invitrogén 711-011109] using T4 DNA Ligase (Invitrogen
Reactions were either performed for 16 hrs at 160t@G-5 hrs at room temperature (c.f. Table
3.4.3.1).

Reagent Volume/Concentration

5x Ligase Reaction Buffer (Invitrogeh 4 pl

Insert : vector molar ratio 3:1

Vector ends 3-30 fmol

Insert ends 9-90 fmol

Total DNA 0.01-0.1 pg (cohesive ends)
0.1-1.0 pg (blunt ends)

T4 DNA Ligase (Invitrogen) 0.1 unit (cohesive ends)
1.0 unit (blunt ends)

Aqua dest. fill up to a final volume of 20 pl

Table 3.4.3.1 General ligatiaronditions used in this work.

3.4.4 Transformation of competent E. coli cells

Transformation of competeft coli cells with plasmid vectors was performed accordathe
protocol supplied by the particular manufacturethvaninor modifications.

3.4.4.1 One ShBBL21(DE3) cells

Transformation was performed according to the maitéor One Shét BL21(DE3) chemically
competentE. coli cells from Invitrogen [Invitrogen™ 28-0182]. The heat shock incubation

was extended to 50 sec.
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3.4.4.2 BL21 cells

Transformation was performed according to the maltéor BL21 competeniE. coli cells from

Novagen [Novagen TB009]. The heat shock incubatiaas extended to 50 sec.

3.4.4.3 NovaBlue cells

The transformation protocol for competent NovaBteds was provided by the Department of

Structural Biology, Karl-Franzens-University of Gra

1. Thaw 100 pl of competent NovaBlue cells on ice.

2. Add 7-8 pul of the ligation reaction to the cellepgly mix by tapping.
3. Incubate on ice for 30 min.

4. Heat 45 sec at 42 °C in a water bath.

5. Incubate on ice for 2 min.

6. Add 300 pl of LB medium to the cells, and incubfde 1 hr at 37 °C under shaking
(225 rpm).

7. Briefly centrifuge the cells, and resuspend in 200-pl LB medium.

8. Plate 20-200 ul of the transformation reaction @aypropriate selection agar plates and

incubate over night at 37 °C.

9. Pick single colonies of transformants, plate omprapriate plates, or inoculate in LB

medium containing the antibiotic(s) for selection.

10.Prepare glycerol stocks and store at -80 °C.
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3.4.4.4 BL21(DE3) + [pG-KJES] cells

The transformation protocol for competent BL21(DHBY5-KJES] cells was provided by the
Department of Biochemistry, Graz University of Teology, and is based on instructions
supplied by the manufacturer [Takara A; Takara B].

1. Thaw 100 ul of competent cells on ice, and inculp&emid vector on ice for 5 min.

2. Add 5 to 10 ng of DNA in a volume of 1 to 5 ul, agehtly mix by tapping.

3. Incubate 2 min at 42 °C in a thermoblock.

4. Add 900 pl of LB medium to the cells, and incubfate30 min at 37 °C under shaking.

5. Plate 100 pl of the transformation reaction diseaihto selection agar plates, and

briefly centrifuge the residual reaction mix.

6. Resuspend cells in 100 pul LB medium and plate ttal tvolume onto appropriate
plates. Incubate over night at 37 °C. Note: The J&E8 plasmid contains a
chloramphenicol resistance gene (rthus the BL21(DE3)+[pG-KJES] strain requires

a final concentration of 20 pg/ml chlorampheniani $election.

7. Pick single colonies of transformants, plate orgprapriate plates, or inoculate in LB

medium containing the antibiotic(s) for selection.

8. Prepare glycerol stocks and store at -80 °C.

3.4.5 Agarose gel electrophoresis

For separation of DNA fragments, purification ofesiiic DNA bands, and determination of
size and concentration, DNA samples were subjettteatarose gel electrophoresis. Samples
were mixed with Loading Dye, and applied to agarmgsks containing the DNA-intercalating
agent ethidium bromide for subsequent UV light al&ation. The method utilizes an electric
field for separation of different-sized DNA fragmienDue to the phosphoric acid, DNA is

negatively charged and moves through the gel poreards the positively charged end of the
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gel chamber. The concentration of agarose in thesgdso important, as high percentage gels

have smaller pores, allowing smaller DNA fragmeatmove faster in the gel.

Agarose gel electrophoresis was performed with f@ase gelsising the Pharmacia Biotech
Electrophoresis System (Power Supply EPS 600).tldetield strength was 8 V/icm. As
running buffer, 1x TBE Buffer was used, and DNA waiged with Loading Dye at the ratio of
10:1. For estimation of DNA size and concentratitte DNA markers pictured in Figure

3.4.5.1 were used.

Band size  ngfband

“\‘*\ﬂ ooy 100

8000 10 g 7000 b

4000 40
\\su:m 50
4000 &0

3009 30
2500 25
2000 20

o

g

\

+1500 15 Figure 3.4.5.1 DNA weight markers used in
1000 100 this work.
ﬁg gg (A) SmartLadder (Eurogentec, Seraing, Belgium),
400 40 200-10,000 bp. _
. 200 70 (B) AmpliSize DNA Mol. Ruler (Bio-Rad),

50-2,000 bp.

3.4.5.1 Gel extraction

DNA was extracted from agarose gels with the QIAgRiGel Extraction Kit according to the
manufacturer’s protocol [QIAGEN 1051746]. DNA wdated by addition of 30-50 ul 10 mM
Tris-HCI Buffer (pH 8.0). Purified DNA was storet-20 °C.

3.5 Protein Purification

Heterologously expressdiigalactosidase was tagged with polyhistidine or G&Tacilitate
protein purification by affinity chromatography.
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3.5.1 Purification of polyhistidine-tagged fusioproteins

His®-tagged proteins were purified by affinity chrongrphy as recommended by the
manufacturer of the Profinity IMAC Resin [Bio-Rad 10001677]. A brief summarygien

below.

1. Proceed as described in step 1 to 4 for large-segbeession experiments (section

3.2.3). All subsequent steps are carried out on ice
2. Resuspend bacterial pellet in 2 ml Lysis Bufferpi (8.0)/g wet weight.
3. Sonicate on ice for 5 x 1 min. Pause for 1 minradgeh run.

4. Centrifuge homogenate at 20,000 x g for 20 min @; °collect samples of cell

homogenate, pellet, and supernatant for SDS-PAGE.
5. Optional: Filter supernatant through filter papeatoid cell debris on the column.

6. Calibrate histidine affinity column (Profinity IMAC Resin; Bio-Rad) with 5-10 bed
volumes of Lysis Buffer A (pH 8.0). For column pau and regeneration of the IMAC
resin, see manufacturer’s protocol [Bio-Rad 100@)6Purification steps are carried
outat 4 °C.

7. Apply the supernatant on nickel affinity columngdaailow to flow by gravity.
8. Collect 0.5-2 ml fractions of the flow through.

9. Wash column with 5-10 bed volumes of Wash BuffefpA 8.0), and collect 0.5-2 ml

fractions.

10.Elute bound proteins with 1-5 bed volumes of EltBuffer A (pH 8.0), and collect

0.5-2ml fractions.

11.0Observe elution procedure by absorbance measursaeA80 nm (Ago), and visually
control elution efficiency with the Quick StarBradford Dye Reagent (1x; Bio-Rad)
by mixing 10 ul of the sample with 500 pl of theed¥olor changes from red to blue
indicate the presence of proteins in the sample-f&ad 4110065].
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12.Keep aliquots of each fraction for SDS-PAGE analysi

13.Pool eluate fractions containing proteins, con@airand dialyze or rebuffer against
PBS (pH ~7) or a buffer of choice.

3.5.2 Purification of GST-tagged fusion proteins

GST-tagged proteins were purified by affinity chedography as recommended by the
manufacturer of the High Affinity GST Resin [Genp¢tTM0185]. A brief summary is given

below.

1. Proceed as described in step 1 to 4 for large-segbeession experiments (section

3.2.3). All subsequent steps are carried out on ice

2. Resuspend bacterial pellet in ice-cold phosphatietad saline (PBS, pH ~7), or Lysis
Buffer B (pH 7.0). Use 3 ml buffer per 50 ml of tuke medium. For 2 x 250 ml

culture, resuspend each pellet in 15 ml buffer.
3. Sonicate onice for 5 x 1 min. Pause for 1 minrafeeh run.

4. Centrifuge homogenate at 20,000 x g for 20 min @); °collect samples of cell

homogenate, pellet, and supernatant for SDS-PAGE.
5. Optional: Filter supernatant through filter papeatoid cell debris on the column.

6. Calibrate GST affinity column (High Affinity GST Ra&; GenScript) with 5-10 bed
volumes of PBS or Lysis Buffer B (pH 7.0). For aoln packing and regeneration of
the GST affinity resin, see manufacturer’s protoédnScript TM0185]. Purification

steps are carried out at 4 °C.
7. Apply the supernatant on GST affinity column, atidvato flow by gravity.
8. Collect 0.5-2 ml fractions of the flow through.

9. Wash with 5-10 bed volumes of PBS (pH ~7) or LyBigfer B (pH 7.0), and collect
0.5-2 ml fractions. Addition of protease inhibiieroptional.
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10. Elute bound proteins with 10-15 bed volumes of iBluBuffer B (pH 8.0), and collect
0.5-2 ml fractions.

11.Observe elution procedure by absorbance measursaeB80 nm (Agg), and visually
control elution efficiency with the Quick StarBradford Dye Reagent (1x; Bio-Rad) as
described earlier [section 3.5.1; Bio-Rad 4110065].

12.Keep aliquots of each fraction for SDS-PAGE analysi

13.Pool eluate fractions containing proteins, con@airand dialyze or rebuffer against
PBS (pH ~7) or a buffer of choice.

3.5.3 Sample concentration and rebuffering

For volumes up to 5 ml, the Vivaspin 4 columns (M@/G,000 or 10,000; Vivascience,
Sartorius GmbH) were used to concentrate samplegiyifugation at 4,000 x g for 10 min at
4 °C. For rebuffering, the column was filled atdeawo times with the buffer of choice after
each single concentration step. For details on Imndand applicable rotors, see
manufacturer’s instructions [Sartorius SLU2004-403].

Larger volumes (up to 15 ml) were concentrated imigor® Ultra-15 Centrifugal Filter Units
(MWCO 10,000; Millipore). Centrifugation was penfioed according to the manufacturer’s
recommendations [Millipore PR02842] at 4,000 x gX6 min (4 °C).

3.6 Solubilization of inclusion bodies

The procedures are based on online protocol guieelirom the “Protein Purification Facility”

(http://wolfson.huji.ac.il/purification/ProtocolséiBodCont.htm), Wolfson Centre for Applied

Structural Biology, Hebrew University of Jerusaleorjginally described by Middelberg
[Middelberg, 2002], with minor modifications.
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. Prepare cell cultures of positive transformantslescribed for small-scale expression

experiments (step 1 to 5; section 3.2.2).
. Harvest residual main culture (~50 ml) by centrétign at 3,000 x g for 10 min (4 °C).
. Wash pellet in 0.9% NacCl.

. Determine wet weight; for longer storage shock#eegellet in liquid nitrogen, and
store at -80 °C.

. Resuspend bacterial pellet in 5 ml PBS (pH 7.4) 5@ml cell culture. The use of
protease inhibitors, lysozyme, or DNase is optiotalthis work, a small amount of
DNase | (Sigma-Aldricf) was added to the PBS solution. All subsequersstee

carried out on ice.

. Sonicate onice for 5 x 1 min. Pause for 1 minrafaeh run.

. Centrifuge homogenate at 20,000 x g for 20 min @); °collect samples of cell

homogenate, pellet, and supernatant for SDS-PAGE.

. Completely resuspend pellet after sonication amdrifegation in 2.5 ml Lysis Buffer

C (pH 7.6). Mix in a thermoblock or gently vortexr s min.

. Centrifuge at 15,000 x g for 20 min (4 °C), andaape soluble (supernatant) from
insoluble (pellet) fraction. Keep 20-40 ul aliqudts SDS-PAGE (“first wash”), and
use the pellet for the next step.

10.Repeat step 8 and 9. Keep 20-40 ul aliquots for-BBSE (“second wash”), and use

the pellet for the next step.

11.Completely resuspend the pellet in 2.5 ml PBS (p#) By mixing in a thermoblock, or

gently vortexing for 5 min.

12.Fractionate in 10 x 250 ul portions in 1.5 ml Epgenf tubes, and centrifuge at 15,000

x g for 20 min (4 °C). Separate soluble and insi@ldtaction. Keep 20-40 pl aliquots
for SDS-PAGE (“third wash”), and use pellets foe tiext step.

13.Wash each fraction with a different Wash Buffere(section 3.13, Wash Buffers 1 to

11). Resuspend pellet of each fraction in 250 (thefrespective Wash Buffer, mix in a
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thermoblock, or gently vortex for 5 min. Separatible from insoluble fraction. Keep
20-40 pl aliquots for SDS-PAGE (“fourth wash”), amsk pellets for the next step.

14.Repeat step 13. Keep 20-40 pl aliquots for SDS-PA®tEh wash”), and use pellets
for the next step.

15.Repeat step 13 but with PBS (pH 7.4) instead of WM\Bagdfers. Keep 20-40 pl aliquots
for SDS-PAGE (“sixth wash”), and use pellets foz tiext step.

16.Completely resuspend each pellet with 250 ul WastieB 10 (PBS + 8 M urea, pH
8.1), and mix gently for 60 min in a thermoblock4afC. Centrifuge for 20 min at
15,000 x g (4 °C), and separate soluble from irtdelfraction. Keep 20-40 ul aliquots
for SDS-PAGE. The soluble fraction is designatedM8urea resuspended inclusion
bodies”, and the pellet consists of “8 M urea inbt# proteins”. It might be necessary
to add a small volume of Wash Buffer 10 (pH 8.1d® pellet for SDS gel application.
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PART 2: EXPERIMENTAL PROCEDURES FOR MAMMALIAN CELLS

3.7 Mammalian cells

3.7.1 Fibroblast cells

The homoallelic and heteroallelic cell lines listén Table 3.7.1.1. were used for the

experiments described in this work.

Genotype Exon Phenotype Reference
p.1181K/p.1181K 5 infantile GM1 [Hoferet al, 2010]
p.R201C/p.R201C 6 juvenile GM1 [lwasaket al, 2006; Oshimat

al., 1994; Tominaget al, 2001;
Yoshidaet al,, 1991]

p.R201Hp.R457X 6 (+14) juvenile GM1 [lwasaleét al, 2006; Kayeet al,
1997; Nishimoteet al, 1991;
Tominageet al., 2001]

p.R201Hp.S149F 6 (+4) adult GM1/Morquio B [Hofeet al, 2009; Iwasaket al.,
2006; Kayeet al, 1997; Tominaga
et al, 2001]
p.R201Hp.H281Y 6 (+8) juvenile GM1 [lwasaket al, 2006; Kayeet al,

1997; Paschket al, 2001,
Tominagaet al., 2001]

p.R208CH.W161X 6 (+5) infantile GM1 [Boustangt al, 1993; Hofelet al,
2010]

p.C230R/p.C230R 6 infantile GM1 [Hoferet al, 2010]
p.Y270D/p.Y270D 8 infantile GM1 [Paschket al., 2001]
p.W273L/p.W273L 8 Morquio B [Oshimaet al, 1991]
p.A301V/p.A301V 8 infantile GM1 [Hoferet al, 2010]
p.Y333H/p.Y333H 10 infantile GM1 [Hofert al, 2009]
p.G438E/p.G438E 13 adult GM1 [Hinelet al, 2000]
p.P549L/p.P549L 15 infantile GM1 [Santamariet al, 2007]

Table 3.7.1.1 Genotypes and phenotypes of human sKibroblast cells used in this work.Presumptive
phenotype determining alleles are in bold lettéf¥ll = Gy;-gangliosidosis
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3.7.2 COS-1 cells

COS-1 cells [Gluzman, 1981], transiently overexpireg the human lysosomal acié
galactosidase precursdi-Gal; EC 3.2.1.23), and used for control experirmantthis work,
were kindly provided by Doris Hofer, DepartmentRédiatrics, Medical University of Graz.
Details on transfection procedures, expressionitiond, and cell preparation are described by
Hoferet. al[Hofer et al, 2009; Hofelet al, 2010].

3.7.3 CHO-K1 cells

Permanent transfection of Chinese hamster ovaryQ)CEklls (subclone K1) with human
GLB1 cDNA (NCBI Reference Sequence: NM_000404.2, tapseariant 1), encoding the
human lysosomal acid beta-galactosidgs&4l; EC 3.2.1.23) was performed by Doris Hofer
(Department of Pediatrics, Medical University ofa@y using the nucleofection technique.
Nucleofection Kit T and program U-23 were appliect@ding the manufacturer’s protocol

[Amaxa DCT-1002]. 600 pg/ml geneticin was usedskection.

3.8 Tissue culture methods

3.8.1 General cultivation methods for human skibroblasts

Human skin fibroblasts were grown in minimal essgnnedium (MEM) with Earle’s Salts
(PAA, Pasching, Austria) containing 10% fetal baviserum (FCS), 400 uM L-Glutamine
(Sigma-Aldrictf), and 50 pg/ml Gentamicin (Gib&olnvitrogen') at 37 °C and 5% CQO
After 7-9 days of incubation, confluent cells wemditted at a ratio of 1:4, and seeded in either
75 cm? or 25 cm? Tissue Culture Flasks, using 1mif ml medium, respectively. For that
purpose, the medium was removed, and cells werbedasvice in sterile PBS (pH 7.1-7.2;
LKH Apotheke), followed by trypsinization for 3 mit 37 °C with 4 ml or 2 ml 1x Trypsin-
EDTA (PAA, Pasching, Austria). Trypsinization wa®ged by addition of 4 ml or 2 ml
medium (or PBS), and cells were pelleted by camgdfion for 2 min at 2,500 rpm in a table
top centrifuge (Z200A, Hermle). Cell pellets wersuspended in medium and splitted as

described above. Unless otherwise stated, cells also harvested by trypsinization.
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All cells used in this study were between the thartl nineteenth passages. Materials and
reagents were kept sterile, or were sterile fégatvith 0.1 puM filters before use. To reduce the
risk of contamination, disposable Corning Co5tiripetteS were used throughout this work.

3.8.2 Chaperone treatment of cultured human skibroblasts (chaperone screenings)

For chaperone screenings, cells from a 25 cm? &isaulture Flask were evenly seeded in a
6well Microplate, and grown to semi-confluency &sdibed earlier. Chaperones were added
to the culture medium at five different concentrai from 20 to 500 uM, and cells were
incubated for 4 more days at 37 °C. One well orhédicroplate was used as chaperone-free
control, and each well was filled with 4 ml mediumchaperone. Cells were harvested by
scraping using 400 pl of a 0.9% NaCl + 0.01% Tfitdq100 solution. The suspensions were
sonicated on ice for 2 x 10 sec, and a break o8&9in between. To remove cell debris,
homogenates were briefly centrifuged at 13,000 fiom2 min in a table top centrifuge
(Biofuge pico, Heraeus). Cell homogenates werénéurprepared for protein determinatia,

galactosidase, arfithexosaminidase assays as described in section 3.11

Cell lines from eleven GML1 patients, four MBD pat® and four healthy individuals were

exposed to DLHex-DGJ (see section 3.9.1) for evanaf its chaperone effects.

3.8.3 Uptake of natural substrate by cultured hamskin fibroblasts (loading assays)

For loading assays with tritiuniH)-labeled Gy:-ganglioside H-Gw:G), cells were cultured in
25 cm? Tissue Culture Flasks (2 flasks per ce# lmd single experiment), and maintained in
minimal essential medium (MEM; 3 ml/flask) with E&s Salts (PAA, Pasching, Austria)
containing 1% fetal bovine serum (FCS), 400 uM @mine (Sigma-Aldrich), and 50
ng/ml Gentamicin (Gibcd Invitrogen') at 37 °C and 5% COThe low FCS content enhances
*H-Gy.G uptake from the culture medium. After 4 daysl|scelere incubated with the labeled
Gwmi-ganglioside (for preparation see section 3.9.23 &hal radioactivity of 15 million dpm
per flask (3 ml medium/flask). Additionally, tiizglucosidase inhibitor Conduritol B Epoxide

(CBE) [Datta and Radin, 1988] was added to theuosilmedium mix at final concentrations of
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500 mM. Therefore, 10 pg/pul CBE stocks were prepareAqua dest. and diluted in medium.
Total incubation time witfH-Gyu:G + CBE was 5 days.

In some experiments, chaperones were added to ¢ldeum as well. If chaperone treatment
was required, the compound was applied for a toted of either 4 or 2 days, but in either case

after addition of the labeling mixture.

Prior harvesting, the medium was removed carefaigl collected in assay tubes. Cells were
washed thoroughly with 3 x 2 ml PBS (pH ~7), whighs then pooled and collected in fresh
assay tubes. Cells were harvested by trypsinizadiod the reaction was stopped by addition of
1 ml PBS + 5% BSA per flask. The cell suspensiomsewcollected in fresh assay tubes.
Finally, the flasks were washed twice in PBS (pH,~&nhd the washing solutions were
combined with the cell suspensions. Separate c¢miecf medium and cell material is
necessary to track the radioactive material’s ithgtion in the samples. All steps are carried
out at room temperature unless otherwise statell sGgpensions were centrifuged at 300 x g
for 10 min. Supernatants were collected in fresbapstubes, while cell pellets were
resuspended in 0.6 ml PBS (pH ~7), and transfetoefitesh 1.5 ml Eppendorf tubes. The
original cell suspension tubes were washed once & ml PBS, and the washing solutions
were combined with the resuspended pellets. Onge,rtfte suspensions were centrifuged and
the supernatants were discarded. Pellets shouttebdy visible at this point and can be stored
at -20 °C until further use. For enzymatic measunets and lipid extractions, cell pellets were
resuspended in 150 pl Aqua dest., respectivelylepgo@mote: 2 flasks were used per cell line
and single experiment), and sonicated on ice for I sec. Go through each sample once
before starting the second and third run. 200 phefresulting cell homogenates were used for
lipid extractions, and 100 ul of each sample wemresl at 4 °C forin vitro enzymatic

measurements.

3.8.4 Overexpression of human lysosomal a@idalactosidase by transiently transfected
CHO-K1 cells

Permanently transfected CHO-K1 cells were growrdnfluency (3-4 days) in Ham’'s F-12
medium (PAA) containing 10% fetal bovine serum (fF,C&0 puM L-Glutamine (Sigma-
Aldrich®), and 50 pg/ml Gentamicin (Gib®olnvitrogen") at 37 °C and 5% COThen, CHO-

K1 cells were splitted at the ratio of 1:4, anddszkin 75 cm? Tissue Culture Flasks. Splitting
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was performed by trypsinization as described foméw skin fibroblast. For overexpression
and secretion of the humd#hgalactosidase precursor into the medium, thetsglitells were
maintained in CHO-S-SFM Il medium + L-Glutamine ¥&°, Invitrogen') containing 50
ng/ml Gentamicin (Gibcd Invitrogen'), but without FCS supplementation for 3 days at@2
(5% CQ), followed by 4 days of incubation at 30 °C (5% ££QOhe lack of FCS in the culture
medium and the low incubation temperatures lead t@duction in growth, therefore it is
possible to maintain the CHO-K1 cells over a longerod without splitting. Furthermore, the
reduced protein content of the culture medium mfghbtilitate B-Gal purification (see section
3.12.7). To increase the concentration of secrt€al in the medium, culture volumes of 4-8
ml per 75 cm? flask were used instead of 13-15Tiné medium (“Charge I”) was collected and
stored at -20 °C until use. Aliquots of the mediwere immediately used f@-galactosidase
determinations. Fresh CHO-S-SFM |l medium + L-Ghitee (Gibc§, Invitrogen")
containing 50 pg/ml Gentamicin (Gibgadnvitrogen") was applied to the cells, and incubation
was prolonged for 5-7 days at 30 °C (5% AL dhe collected medium was designated “Charge
II” and stored at -20 °C until use, while the CHQ-Kells were discarded. Typically, 108 x 75
cm? Tissue Culture Flasks were prepared for oneraxental round, yielding up to 900 ml of

medium, if both charges were combined.

3.9 Substances tested in cell culture

3.9.1 Iminosugars

Several novel lipophilic and/or ionisable N-modifid-deoxygalactonojirimycin derivatives
were synthesized by our cooperation partners frioenGlycogroup, Department of Organic
Chemistry, Graz University of Technology [Steimtral, 2008; Schitteet al, 2010a; Schitter

et al, 2010b]. Selected compounds were subjected tpecbae screenings and loading assays
in vivo, as well asn vitro assays to determine their inhibitory potentialn®oof the substances
listed in Table 3.9.1.1 have not been publishedamd are therefore left unspecified.
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Internal name Compound M, Buffer/Solvent
#1 Methyl N*-dansyl-N-(1,5-dideoxy-D-galactitol-1,5- 539.65 PhoBI
diyl)-L-lysinate
#2 Methyl 6-[N*-dansyl-N-(1,5-dideoxy-D-galactitol-1,5{  652.80 PhoBI
(DLHex-DGJ) | diyl)-L-lysinyllamino hexanoate
#2 w/o dansyl | Methyl N°-(1,5-dideoxy-D-galactitol-1,5-diyl)-L- 306.36 PhoBI
lysinate [unpublished]
#3 1-Dansylamino-1,2,5-tridesoxy-2,5-imino-D-mannitgl  395.52 PhoBI
#4 (DGJ) 1-Deoxyalactongirimycin 163.17 PhoBI
#4/2 (DGJ HCI) | 1-Deoxyglactonairimycin monohydrochloride 199.63 PhoBI
#6/2 N-(1,1,1,3,3,3-Hexafluoropropyl-2-oxy)hexyl-1,5- 413.35 PhoBI
dideoxy-1,5-iminop-galactitol
#7/3 N-[6-(benzyloxycarbonylamino)hexyl]-1,5-dideoxy- 396.48 PhoBlI
1,5-imino-D-galactitol
Al N-(a,a-Di-trifluoromethyl)benzyloxyhexyl-1,5- 489.45 MeOH
dideoxy-1,5-iminop-galactitol
A2 N-(Nonafluorot-butyloxy)hexyl-1,5-dideoxy-1,5- 481.35 MeOH
imino-D-galactitol
A3 [unpublished] 857.09 MeOH
Ad N-[6-(tert-butyloxycarbonylamino)hexyl]-1,5-dideoxyr 362.46 MeOH
1,5-imino-D-galactitol
A5 N-(6-Dansylamino)hexyl-1,5-dideoxy-1,5-imirms- 495.63 MeOH
galactitol
A6 [unpublished] 608.79 PhoBI

Table 3.9.1.1 Iminosugars used in this workAll compounds were kindly provided by the Glycogoou
Department of Organic Chemistry, Graz UniversityTethnologyPhoBl = Phosphate Buffer for Inhibitors (pH
7.0); MeOH = methanol.

3.9.1.1 Synthesis of tiftgalactosidase inhibitor DLHex-DGJ

Methyl  6-[N*-dansyl-N-(1,5-dideoxy-D-galactitol-1,5-diyl)-L-lysinyllamim  hexanoate
(DLHex-DGJ; MW 652.80; soluble in methanol, dimddwfoxide, and water) was
synthesized by modification of the glycosidase hitbr 1-deoxygalactonojirimycin (DGJ)
[Asano, 2003; Fantuet al, 2010; Steineet al, 2008]. For the experiments presented in this
work, DLHex-DGJ (Figure 3.9.1.1.1) was dissolvedli®@ mM phosphate buffer (pH 7.0)
containing 100 mM NacCl, 0.01% NagNand 0.01% Triton (PhoBl)n vivo, the total buffer
concentration in the media was less than 1% andrima@ffect onp-Gal activity or cell

viability.
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1
‘ Figure 3.9.1.1.1 Chemical structure of
0 the B-galactosidase inhibitor DLHex-
Ho S// DGJ. Full chemical name: Methyl-6-
o// S 0 {IN? (tert- butoxycarbonyl)-R1,5 -
o HV\/\)J\ dideoxy-D- galactitol-1,5-d iyl) -L- lysyl]
Nw o~ amino} hexanoate (DLHex-DGJ). The
chemical structure is based on the DGJ
o core, containing an alpha-N-dansyl-
substituted L-lysine residue. Dansyl
o renders the molecule autofluorescent.

3.9.2 Preparation of tritium H)-labeled Gy-ganglioside for loading assays

The radiolabeled natural substralid<Gy1G) was kindly provided by Jana Ledvinova, Institute
of Inherited Metabolic Disorders, First FacultyMe&dicine, Charles University in Prague and
General University Hospital in Prague, Czech Republoading assays were entirely
performed in the laboratory mentioned above, acogrtb protocols provided by Befekadu
Asfaw. Similar experiments with other radiolabetedural substrates, used for examinations of
different lysosomal storage disorders have beerighdal by this group [Elledest al, 2005;
Keslova-Veselikovaet al, 2008; Pavlu-Pereirat al, 2005]. Briefly, the double bonds of
ceramides in G-ganglioside molecules were reduced with tritiutd)(gas, and liposome
vesicles were prepared as described for A-6-2 eative labeling by Asfavet al. [Asfaw et

al., 1998]. A®*H-Gy.G working stock was prepared in 2:1 (v/v) chlorafomethanol at a final
concentration of 92 MBqg/8ml (2.5 mCu/8ml). For edlask with 3 ml culture medium, 21.7 pl
of this stock were used. To prepare the radiolabakgural substrate for cell culture use, an
adequate amount of the stock solution was traresfer a sterile Eppendorf tube, and dried in
a gentle stream of nitrogen on a heating blockOatG@. For larger volumes, the procedure was
repeated stepwise. To keep the substrate stemdedtied substance as well as the lid and
outside of the Eppendorf tube were briefly rinsedghwa small amount of 2:1 (v/v)
chloroform:methanol. Residual liquid was then reswby using a vacuum desiccator for 1 hr
at room temperature.The desiccator was finally edemnder sterile conditions in a Lamina
Flow Clean Bench. The dried substrate was carefiifgolved with 5 pl dimethyl sulfoxide
(DMSO) per 21.7 pl of the origindH-Gy1G stock. Prior application to cultivated fibroblast
cells, the solution was sonicated on ice for 10 .mAn cup horn sonicator (Ultrasonic

Homogenizer, 4710 series, Cole-Parmer Co.) coolégd iwe water was used to keep the
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samples in sterile condition. Sonication is neagsgaredissolve the dried sample properly. It
is also important to mix the first substrate sauatdropwise with small amounts of medium
under constant, vigorous shaking and then add dkeaf the cultivation medium to evenly

distribute the forming micelle vesicles and prev&iaking to the plastic surface.

3.10 Antibodies

In this work, antibodies were used to detect pratein Western blot (WB) membranes or in
immunofluorescence (IF) experiments. Secondarybadies labeled with either horseradish
peroxidase or alkaline phosphatase were used ¢atd@imary antibodies in WB. Colorimetric
or chemiluminescent signal detection was performath the aid of commercial kits (cf.

section 3.11.7.4). Secondary antibodies labelech Vilorescent dyes were used in IF

experiments to enable detection of immune complekepecific wavelengths.

3.10.1 Detection of human lysosomal agkbalactosidase

» 085 anti-humanB-galactosidase antibody produced in rabbits (kinarovided by A.
d’Azzo, Department of Genetics and Tumor Cell BgyloSt. Jude Children’s Research
Hospital, Memphis, TN)

WB: dilution 1:1,000 in Milk Blocking Buffer; incudttion for 16 hrs at 4 °C
IF: dilution 1:300 in 2% (w/v) BSA in PBS Hp7.4); incubation for 2 hrs at room

temperature

» Anti-B-galactosidase peptide antibody 1 produced in tsplBurogentec; order number
ZAT08010, rabbit 1269, charge: Purified 1gG Vs ER884 PUR MED
WAB: dilution 1:50-1:500 (optimal 1:100) in Milk Béking Buffer, incubation for 16 hrs
at4 °C
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» Anti-B-galactosidase peptide antibody 2 produced initsidburogentec; order number
ZAT08010, rabbit 1269, charge: Purified IgG Vs ER88 PUR MED

WB: dilution 1:50-1:500 (optimal 1:100) in Milk Béking Buffer, incubation for 16 hrs
at4 °C

3.10.2 Detection of polyhistidine-tagged proteins

> Rabbit Polyclonal anti-6-Histidine antibody (NovBmlogicals®)
WAB: dilution 1:1,000 in Milk Blocking Buffer; ingbation for 1 hr at room temperature

3.10.3 Detection of GST-tagged proteins

> Anti-GST antibody produced in goat (Sigma-Aldfizh
WAB: dilution 1:1,000 in Milk Blocking Buffer; indoation for 1 hr at room temperature

3.10.4 Detection of human peroxisomal catalase

> Anti-Catalase Rabbit pAb (Calbioch&n

IF: working concentration 25 pg/ml (dilutidn 2% (w/v) BSA in PBS, pH 7.4);
incubation for 1.5 hrs at room temperature

3.10.5 Detection of primary antibodies producedrabbits

» Anti- rabbit -lgG (whole molecule)- alkaline pdahatase antibody produced in goat
(Sigma-Aldrict)
WAB: dilution 1:30,000 in Milk Blocking Buffer; indoation for 1 hr at room temperature

» ImmunoPur® Goat Anti-Rabbit IgG (H+L), Peroxidase Conjuga&tiermoScientific)
WB: dilution 1: 750,000 in Milk BlockingBuffer; incubation for 1 hr at room
temperature
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» Fluorescein (FITC) - conjugated AffiniPure Goati - Rabbit 1gG (H+L) (Jackson
Immuno Research)

IF: dilution 1:200 in 2% (w/v) BSA in PBSHp7.4); incubation for 1 hr at room
temperature

3.10.6 Detection of primary antibodies producedgoats

» Peroxidase AffiniPure Donkey Anti- Goat IgBIHL) (Jackson Immuno Research)
WB: dilution 1: 200,000 in Milk BlockingBuffer; incubation for 1 hr at room
temperature

3.10.7 Detection of primary antibodies producednice

» Rhodamine (TRITC)- conjugated AffiniPure Shegpti- Mouse IgG (H+L) (Jackson
Immuno Research)

IF: dilution 1:50in 2% (w/v) BSA in PBSH 7.4); incubation for 1 hr at room
temperature

3.11 General laboratory techniques

3.11.1 Protein determination by Lowry’s method

Protein concentrations were determined in duplgatecording to the following protocol,
based on the Lowry method [Lowey al, 1951]:

1. Blank: mix 20 pl Aqua dest. with 20 pl 20% (w/v) @A solution

Standard: 40 pl bovine serum albumin (BSA) in 10%6v) NaOH (1 mg BSA/ml 10%
NaOH)

Samples: mix 20 ul cell homogenate / sample v#iehul 20% (w/v) NaOH solution
2. Add 60 pul of 2 N acetic acid.
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3. Add 1ml of alkaline CuS@solution (1 g/100 ml Agua dest.) containing
100 p/v of 3% (w/v) NgCOs (3 g/100 ml 0.1 N NaOH) in 0.1 N NaOH
1 p/v of 4% (w/v) potassium sodium tartratey(A00 ml Aqua dest.) in Agqua dest.
1 p/v of 2% (w/v) CuS®in Aqua dest.

(mix immediately and thoroughly)
4. Incubate for 10 min at room temperature.

5. Add 100 pl of Folin-Ciocalteu’s phenol reagent (Mgrdiluted 1:3 in Aqua dest., and

mix immediately and thoroughly.

6. Incubate for exactly 10 min at room temperaturel determine the absorbance at 623

nm. Optional: Centrifuge sample prior photometrigasurement.

Measurements were performed in disposable cuvgtietb-Mikro-Kluvetten”, Sarstedt) using
a Spectrophotometer (UV-1800, Shimadzu), and fotatein was quantified according to the
following formula:

extinction of sample x 2 = mg protein/ml
extinction of standard

3.11.2 Protein determination by Hartree-Lowry’satiod

Protein concentrations of loading assay samples @etermined by a modified Lowry method

[Hartree, 1972]. Samples were measured in dupBcateording to the following protocol:

1. Samples: mix 15 pl cell homogenate/sample with iBBqua dest. (the final volume

should not exceed 200 pl)

2. Add 200 pl of Hartree Solution A to all tubes, mand incubate at 50 °C in a water
bath for 10 min.

3. Cool samples to room temperature in cold watertomin.
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4. Add 20 pl of Hartree Solution B, mix, and incubateoom temperature for 10 min.

5. Add 600 pl of Hartree Solution C, mix, and incubates0 °C in a water bath for 10

min.

6. Cool samples to room temperature in cold water 4¥6r min, and determine the
absorbance at 650 nm.

Measurements were performed in disposable cuv@tiesb-Mikro-Kluvetten”, Sarstedt) using
the ATI Unicam, UV/VIS Spectrometer UV4 against aratCalculations were based on the

following BSA calibration curve:

BSA [g per tube] 0 5 10 15 20
BSA (0.1 mg/ml) [ul] 0 50 100 150 200
H,0 [ul] 200 150 100 50 0

All concentrations were measured in duplicatesaDas obtained as pg protein/15 pl sample,

and manually converted to mg protein/ml.

3.11.3 Determination ofF-galactosidase activity (standaygtGal assay)

Fibroblast cells were harvested by trypsinizatiosaraping as described earlier, and prepared
in a 0.9% NaCl solution containing 0.01% (w/v) ®rit X-100. Cells from 75 cm? flasks were
resuspended in 0.5-1 ml, cells from 25 cm? flagks0i2-0.5 ml, and cells from 6well
Microplates in 0.4 ml NaCl/Triton. After sonicatid@ x 10 sec; Branson Sonifier 1l, W-250),
the samples were centrifuged for 2 min at 13,000 mp a table top centrifuge (Biofuge pico,
Heraeus) to remove the cell debris. BeBal assays, cell homogenates were diluted witb0.9
NaCl to a total protein concentration of 40 pg imobume of 20 ul, transferred to assay tubes,
and mixed with prewarmed (37 °@}Gal Substrate Solution A. Enzyme blanks were mixed
with equal amounts d3-Gal Buffer A (pH 4.0), while substrate blanks werepared with 20

pl 0.9% NaCl instead of cell homogenates. The m@aetas started by incubation for 30 min at

37 °C in a water bath, and stopped by addition.5f2l Stop Buffer A (pH 10.4). The amount
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of hydrolyzed 4-methylumbelliferone was determinedh a Luminescence Spectrometer
(LS50B, PerkinElmer) using a Quartz SUPRASICuvette (10 mm; Hellma), and the

following parameters:

Excitation wavelength: 360 nm
Emission wavelength: 450 nm
Excitation slit: 10.0 or 13.0 nm
Emission slit: 6.2 nm
Integration time: 1 sec

Emission filter: 390 nm Cut-off
Detector voltage: 800

A 0.09 puM solution of 4-methylumbelliferone was dses standard (4-MU Standard A), while
Stop Buffer A (pH 10.4) served as standard blardsays were performed in triplicates, unless
otherwise stated. Enzyme activities were calculatsbrding to the following formula:

4-MU Standard_a [0.09 uM] sag volume [2,620 pul] = [-Gal factor
Standard_b [intensity] * t [30 rhinsample volume [20 pl]

The intensity values from spectrofluorometric measents were multiplied by thg-Gal

factor, and if samples were diluted (prior incubatl), also by the dilution factor to obtain
enzyme activities in mU/ml. For assessment of mUpraein, this value was divided by the
total protein concentration (mg protein/ml). Figalhe mU/mg were multiplied by the factor

60 to obtain nmol/hr/mg protein.

3.11.4 Alternative determination g#-galactosidase activity (alternatiy@Gal assay)

Fibroblast cells were harvested and homogenizedeasribed for loading assays (cf. section
3.8.3 and 3.12.4) without removing the cell delinys centrifugation. For alternativ@-Gal
assays [Wenger and Williams, 1991], cell homogenatere diluted with Aqua dest. to a total
protein concentration of 2.5 pg in a volume of 20mixed with 20 pl of prewarmed (37 °C)
B-Gal Substrate Solution B, and incubated for 60 mira thermoblock at 37 °C. Enzyme
blanks were prepared with Aqua dest. instead ofdgamates. The reaction was terminated by

addition of 0.6 ml Stop Buffer B (pH 10.6), and theamount of hydrolyzed 4-
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methylumbelliferone was determined with the Perkimir LS50 B Luminescence
Spectrometer (excitation: 365 nm, emission: 448,nmsjng a Quartz SUPRACH. Micro
Cuvette (PerkinElmer). The standard curve was pegpas follows:

¢ [nmol 4-MU/ml] 0.2 0.4 0.6
1 uM 4-MU Standard B [ul] 240 240 360
Stop Buffer B (pH 10.6) 960 360 240

Assays were performed in duplicates, or singlesaiinple material was limited. Enzyme

activities were calculated according to the follogviormula:

¢ [nmol/ml] * assay volume [ml] = c*0.64 = [nmol/hr/mg protein]
mg of protein * t [hrs] 0.0025*1

Note: If samples were diluted in Stop Buffer foespofluorometric measurement, the dilution
factor was integrated in the formula. This was dbyenultiplying either “c” (if samples were
diluted after the reaction), or “nmol/hr/mg protesample dilution prior incubation) by the

dilution factor.

3.11.5 Determination ofF-hexosaminidase activity (standaygtHex assay)

For B-hexosaminidasep(Hex, p-N-acetylhexosaminidase; EC 3.2.1.52) assays, oadise
prepared in the same manner asf¥d@Bal determinations. 10 pl of cell homogenatesutdihs
corresponding to 1-4 ug total protein) were mixethWw0 pl of 0.9% NaCl and prewarmed (37
°C) 100 plIB-Hex Substrate Solution A, and incubated at 37 1@ iwater bath for 20 min.
Enzyme blanks were mixed with equal amount§-éfex Buffer A (pH 4.6), while substrate
blanks were prepared with 10 pl 0.9% NaCl instdaceth homogenates. Reaction was stopped
by adding 2.5 ml Stop Buffer A (pH 10.4). The maddluorescence detection and standards
were the same as describedfeGal assay{3-Hex assays were performed in triplicates, unless

otherwise stated.
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Enzyme activities were calculated according tofthlewing formula:

4-MU Standard_a [0.09 ypM] sag volume [2,700 pl] = P-Hex factor
Standard_b [intensity] * t [20 rhinsample volume [10 pl]

The intensity values from spectrofluorometric measents were multiplied by th@-Hex

factor, and if samples were diluted (prior incubal), also by the dilution factor to obtain
enzyme activities in mU/ml. For assessment of mUpragein, this value was divided by the
total protein concentration (mg protein/ml). Figathe mU/mg were multiplied by the factor

60 to obtain nmol/hr/mg protein.

3.11.6 Alternative determination gf-hexosaminidase activity (alternatiy@Hex assay)

Fibroblast cells were harvested and homogenizedkeasribed for loading assays (cf. section
3.8.3 and 3.12.4) without removing the cell delims centrifugation. For alternativ@-Hex
assays [Wenger and Williams, 1991], cell homogenatere diluted with Aqua dest. to a total
protein concentration of 0.25 pg in a volume ofi20mixed with 20 pl of prewarmed (37 °C)
B-Hex Substrate Solution B, and incubated for 15 mira thermoblock at 37 °C. Enzyme
blanks were prepared with Aqua dest. instead ofdgmnates. The reaction was terminated by
addition of 0.6 ml Stop Buffer B (pH 10.6). The amo of hydrolyzed 4-methylumbelliferone
was determined with the PerkinElmer LS50 B Lumieese Spectrometer (excitation: 365 nm,
emission: 448 nm) using a Quartz SUPRAEIMicro Cuvette (PerkinElmer). The standard

curve was prepared as described for altern@ti@al assays.

Assays were performed in duplicates, or singlesaiinple material was limited. Enzyme
activities were calculated according to the follogvformula:

¢ [nmol/ml] * assay volume [ml] = c*0.64 = [nmol/hr/mg protein]
mg of protein * t [hrs] 0.00025 * 0.25
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Note: If samples were diluted in Stop Buffer foespofluorometric measurement, the dilution
factor was integrated in the formula. This was dbyenultiplying either “c” (if samples were
diluted after the reaction), or “nmol/hr/mg protesample dilution prior incubation) by the

dilution factor.

3.11.7 Separation and detection of proteins

3.11.7.1 Mammalian sample preparation

Thirty micrograms total protein of cell homogenatesm human skin fibroblasts, CHO-K1
cells, or COS-1 cells were analyzed, unless otlsenstated. For experiments with mammalian
cells, the premixed NUPAGELDS 4x LDS Sample Buffer (Invitrogen and NuPAGE
Sample Reducing Agent 10x (Invitrogenwere added to the samples according to the

following scheme:

Sample volume 4x LDS Sample Buffer 10x Reducing Agent
10 pl 3 ul 1l
15 pl 5 ul 2 ul
20 pl 7 ul 3 ul
25 pl 9 ul 4 pl

Samples were centrifuged briefly, denatured byihgdbr 10 min at 70 °C in a thermoblock,

and centrifuged one more time prior applicationhef total volume to the SDS gel.

3.11.7.2 E. coli sample preparation

Samples were mixed 1:1 with 2x Laemmli Sample Buffieaemmli, 1970] and briefly
centrifuged prior heat denaturation at 95 °C fomdi@. After another short centrifugation, the
samples were applied to the SDS gel. Typicallytal tvolume of 30 pl was applied to the SDS

gel. For some preliminary induction experimentwds necessary to pellet the cells, add 80 pl
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of 1x Laemmli Sample Buffer, and load 10 pl of timéture onto the SDS gel after heat

denaturation.

3.11.7.3 SDS-PAGE

Sodium dodecyl sulfate polyacrylamide gel electaypkis (SDS-PAGE) was conducted in
Mini-PROTEAN® 3 Cells (Bio-Rad), using either self-made 10% potylamide gels or 10%
Tris-HCI ready gels (50 ul slot volume, 10 wellspBRad), according to the Laemmli method
[Laemmli, 1970]. Preparation of 10% polyacrylamgkds was performed as described in the
Bio-Rad user manual [Bio-Rad 4006157], using 1.5 spacer plates and appropriate combs
(10 wells).

At least one slot of each gel was loaded with ecifipeprotein molecular weight marker.
Depending on the size of the proteins in questoe, of three different weight markers (Figure
3.11.7.3.1) was used in this work, the 1x SeeBlRkis2 Pre-Stained Standard (Invitroggn

1x BenchMark' Prestained Protein Ladder (Invitrogdn and the LMW-SDS Marker (GE
Healthcare). Gels were run for 30 min at 50 voihgghe PowerPac HC™ 250 V (Bio-Rad),
then switched to 150 volt for 45-60 min, until fogvest band of the weight marker reached the
bottom of the gel. Voltage was kept constant thhoug electrophoresis. A Tris-glycine system

was used as running buffer.
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A = B Tris-
Band No. | Apparent Molecular Weight Clycine
— 250
1 181.8 kDa e :
1 ;
Phosphorylase
5 g 115.5 kDa .
3 3 82.2 kDa s | psA 98
4 4 64.2 kDa* Glutamic 64
5 Dehydrogenase
6 5 48.8 kDa Alcohol Dehydrogenase 50
6 37.1kDa « | Carbonic Anhydrase 36
7 259 kDa S | Myoglobin Red 22
8 194 kDa WSS | Lysozyme 16
9 14.8 kDa
10 W | Aprotinin 6
10 6.0 kDa
- Insulin, B Chain 4
*Orientation band (pink in color) it

Figure 3.11.7.3.1 Characteristics of the (A) Benchkrk ™ Prestained Protein Ladder (Invitrogen”) and the
(B) SeeBlu€ Plus2 Pre-Stained Standard (Invitrogen'). lllustrations were adapted from the respective user
manual.

For detection of proteins, SDS gels were eithemsth with the SimplyBlue™ SafeStain
(Invitrogen") according to Invitrogen’s instruction manual [Invitrogen MANOO00735], or

subjected to Western blotting.

3.11.7.4 Western blotting

Blotting was performed in Mini Trans-BfdtElectrophoretic Transfer Cells (Bio-Rad). The
equipment was assembled according to manufactyrestecol [Bio-Rad M1703930]. Proteins
were transferred to nitrocellulose membranes (pU¥Bpores size; Invitrogen by an electric
current of 300 mA (constant) for 2 hrs at room tenagure, using a running buffer based on the
Tris-glycine system. For hybridization, membranesenbriefly washed in 1x TBS Buffer (pH
7.6), transferred to suitable plastic boxes wittlsliand pre-blocked for 1 hr at room
temperature with 10-15 ml Blocking Buffer (5% nat-milk or 3% BSA). All steps during
hybridization were performed under moderate shakihgmbranes were washed briefly in 3 x
15 ml 1x TBS, and subsequently incubated with 10ril2primary antibody dilution in

Blocking Buffer. After another washing step withk35 ml 1x TBS (8 min each), membranes
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were incubated with 10-12 ml secondary antibodytatih in Blocking Buffer, followed by a
final washing step as indicated above.

Depending on the secondary antibody’s labeling, brames were developed either with the
Bio-Rad Alkaline Phosphatase Conjugate SubstratgB{©-Rad), or the SuperSigffaWest

Pico Chemiluminescent Substrate Kit (Thermo Sdieiti

Alkaline Phosphatase Reaction: - Dilute 320 uksk Color Development Bufferin 8 mi
Aqua dest. before use.
- Add 80 pul of AP Color Reagent A and B, pedively.
- Immerse membrane in solution under shakingl the
color reaction is completed (30 sec to 1 hr).
- Wash membranes with 2 x 15 ml Aqua dest. (7 @aich).

- Air-dry membrane on glass plate.

Horseradish Peroxidase Reaction: - Gently mixnkof SuperSigndl West Pico Luminol /
Enhancer and 4 ml SuperSi§nalVest Pico Stable
Peroxide.

- Immerse membrane in solution without shakingSfonin.

- Remove the blot and place it in a plastic cover.
(remove air bubbles carefully)

- Place plastic covered blot in film cassette aduist X-ray
film (Amersham Hyperfilm MP, GE Healthcare); cut off
one corner for orientation, and expose fors&0to 1 hr at
room temperature.

- Films were developed with the CURIX 6@able - top
processor (AGFA).
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3.12 Specific laboratory techniques

3.12.1 Immunostaining

Fibroblast cells were sparsely seeded on glassslpp®eplaced in 35 x 10 mm Tissue Culture
Dishes (Becton Dickinson), and maintained in midiessential medium at 37 °C (5% @O
for 24 hrs. If required, cells were incubated wstiaperones for up to 3 more days at 37 °C.
After washing the cells twice with cold PBS buffgiH 7.4), they were fixed with ice-cold
methanol for 8 min at -20 °C, briefly dried and setpuently washed once with PBS (pH 7.4).
Typically, cells were incubated for 2 hrs at rooemperature with the primary antibody
(diluted in 2% (w/v) BSA in PBS, pH 7.4). Secondartibodies (diluted as described above)
were applied for 1 hr at room temperature unddnt ligrotection. Washings after antibody
incubations were performed with Rinsing Solutiorddiional washing steps with PBS (pH
7.4), Aqua dest., and 2x SSC Buffer (pH 7.0) weredticted, if cell nucleus counterstaining
with propidium iodide (Invitrogen) was necessary. After washing twice with 2x SSGfdéu
(pH 7.0), cells were incubated with the propidiundide solution (1.5 ml 2x SSC + 18 pl
propidium iodide; final concentration 12 pg/ml) 80 min at room temperature and under light
protection, followed by three thorough washing steyth 2x SSC Buffer (pH 7.0). If no
propidium iodide was used, glass coverslips weiefliprwashed in ethanol, and air-dried prior
mounting on glass slides. No ethanol was used enptiopidium iodide experiments, due to

unwanted scouring effects.

Coverslips were mounted on glass slides with Mowiidbechst) and observed with an
Olympus 1X51 inverted research microscope equippitkd standard filters and a 100-fold oil
immersion objective. Images were acquired with @wor View Ill camera system and the

Analysis B Software.

3.12.2 Determination of 16y

Modified 3-Gal assays were used to estimate the half maxithditory concentration (16z)
of putativep-Gal inhibitors. For triplicate assays, conflueibrdéblast cells (3 x 75 cm? flasks)

from healthy individuals were harvested by trypsation, resuspended in 1.5 ml 0.9% NacCl
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containing 0.01% Tritoh X-100, sonicated and centrifuged as describedeeaFor inhibiton
assays, 20 pl of cell homogenate (40 ul total prpigere mixed with 90 ul of prewarmed (37
°C) B-Gal Substrate Solution A, and 10 pl of inhibitofution (in MeOH or PhoBI) in final
concentrations of 0.001-100 puM. Substrate blankgatoed 20 pl 0.9% NaCl instead of cell
homogenates, while enzyme blanks were made f«i@al Buffer A (pH 4.0) withou3-Gal
substrate. Samples were incubated for 30 min &iC3ih a water bath, and the reaction was
stopped by addition of 2.5 ml stop buffer. The antoof hydrolyzed 4-methylumbelliferone
was determined as described earlier. Data analysisperformed with the MicrocalOrigin®

v6.0 software, using the ¥gmodule based on sigmoid curve fitting.

3.12.3 Determination of Ki

For enzyme kinetic experiments, cells from healttdividuals were prepared as described for
ICs0 measurements. To determine the apparent inhibibmstant (K), fixed concentrations of
each potential inhibitor were used while varying fpGal substrate concentrations from 100 to
450 uM. For that purpose, a 0.6 mBAGal Substrate Solution was used as main substrate
stock, and different volumes of this stock solutweere added to the assay mixture, which had
a final volume of 120 pl. 20 pl of cell homogenatese used, and the difference in volume
(10 pl to 80 pl) was made up of inhibitor solutigkdequate inhibitor stocks (in MeOH or
PhoBI) were prepared to achieve the final inhibitoncentrations in the assays. For a single
experiment, one set of controls without inhibitaiddion, and at least two sets with different
inhibitor concentrations were tested for each snust. The highest reliability of data was
obtained with three individual experimental setyes substance, but most compounds were
only tested once in preliminary experiments. Findibitor concentrations in the assay were
chosen individually and in accordance with inhdniticurve results (see d& calculation).
Samples were incubated for 30 min at 37 °C, andsored spectrofluorometrically as
described for standarfl-Gal assays. Data analysis was performed with Maro Origin®
v6.0, using a non-linear curve fitting module basedthe Michaelis-Menten equation for

competitive inhibitors.
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3.12.4 Lipid extraction frontH-Gy1G-loaded human skin fibroblasts

Cell homogenates from loading assay experiments weapared as described in section 3.8.3.
Subsequent steps were carried out at room tempeyatniess otherwise stated. 200 ul of each
cell homogenate were transferred to pyrex tubes, @mxed with 800 pl of 2:1 (v/v)
chloroform:methanol. The solvent:sample ratio stlalivays be 4:1. After vigorous shaking,
samples were centrifuged at 300 x g for 10 mirpfuaise separation. The upper, agueous phase
was carefully removed and saved to a fresh pyrére twithout disturbing the interphase
consisting of proteins. The interphase is not abvalearly visible, but due to possible
interference (deformation of zones) during thinelaghromatography of lipid extracts, it
should always be removed. It is not necessaryrwye the protein phase with a pipette, as it
will stick to the glass tubes after separately reimg the upper and lower phase. The lower,
lipid phase was carefully removed by pipetting, &nadcisferred to a fresh pyrex tube, while the
original pyrex tubes were washed with 800 pl cHiomm:methanol. Wash fractions were
combined with the lipid phases (final volume of inbeach) and these lipid extracts were dried
in a gentle stream of nitrogen on a heating bldckOa°C. At this point, it is very important to
continue the experimental procedures, as autosamisolmight occur in the concentrated

samples.

3.12.5 Thin layer chromatography of lipid extracfrom *H-Gw:G-loaded fibroblast cells

For semi-quantitative analysis dfi-labeled material in lipid extracts from fibrobiasells,
aliquots of cell homogenates were subjected to ldoyer chromatography (TLC). Therefore,
dried, concentrated samples from lipid extractiomsre dissolved in 50 pl of 2:1 (v/v)
chloroform:methanol, thoroughly vortexed, and agxplio silica gel 60 TLC plates (Merck).
The plates were dehumidified for 30 min at 120 °G@orp use. A mixture of
chloroform:methanol:Ca@l(0.2%) at the ratio of 60:35:04 (v/v/v) was usadnaobile phase.
CaClb (0.2%) was added to the mobile phase to improveylgsside resolution. The exact
position of each sample was marked on the siliGiep] and application was performed
dropwise. To identify characteristic degradationdurcts, the following radiolabeled (“hot”)
and unlabeled (“cold”) standards were applied liossgels:
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- (®*H) Gui-ganglioside, stock: 92 MBq, 5 pl per application,

- (®*H) Guz-ganglioside, stocks: 1.02 GBq or 15 nM/1.5pl, 262@er application,
- Gus-ganglioside, stock: 10 nM/2.5ul, 5-10 ul per aqgtion,

- (*H) lactosylceramide, stocks: 37 MBq or 1 nM/2 p§-20 pl per application,
- (*H) glucosylceramide, stocks: 180 MBq or 1 mM, 5pd%er application,

- (®*H) sphingomyelin, stock: 0.7 MBq/3.5 ml, 10 p! gplication.

TLC was performed in a glass tank saturated wighnlobile phase, until the solvent front had
almost reached the top of the silica gel (~90 rQib;cm free of solvent). After air-drying, the
silica plates were analyzed with the Raytest TLGljrer v2.05, and peak area calculations
were performed with the Rita TLC Analysis softwarel.93.002). Silica gels with cold
standards were developed with 0.5% Orcinol in 2)%@, (dissolved in EtOH) by spraying the
Orcinol solution evenly onto the plates. Finallgpts were visualized by drying the silica gels
at 105 °C, and retention factors were calculateduably. Therefore, the distance from the start
line to the center of the respective lipid spot waed and divided by the distance covered by
the solvent front. Retention factors (RF) of lipidis the “cold” plates are comparable to RF

values on “hot” plates.

3.12.6 Liquid scintillation counting irH-Gu:G-loaded medium and fibroblast cells

For another quantitative analysis Ufl-labeled material in the culture medium and cell
homogenates, 10 ul aliquots of collected samplés section 3.8.3) were transferred to
scintillation vials, mixed with 5 ml of Liquid Sdiiation Cocktail BCS (GE Healthcare), and
measured with the Beckman LS 6000IC Scintillatiayuter. Pure Scintillation Cocktail BCS
was used as a blank. Due to limited sample mateniahsurements could not be performed in
duplicates. Radioactivity was measured in disirgggns per minute (dpm) in 10 pl sample

volume.
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The following calculations were performed to obtdpm in cells per mg protein:

Calculation of total dpm in cells or medium:

(dpm in 10 pl) * (total sample volume)(dpm in 10 pl) * (300 ul cell homogenate or ®@d medium)
10 pl 10pl

Calculation of % dpm in cells or medium:

(total dpm cells or medium) * 100
(total dpm cells) + (total dpm medium)

Calculation of ug protein in 300 ul cell homogenate

(ug protein/ul) x (total sample volume; 300 pul)

Calculation of dpm cells/mg protein:

(total dpm cells) * 1000
(ug protein in 300 pl cell homogenate)

3.12.7 Purification of overexpressed human lysos acid f-galactosidase from CHO-K1

cell culture medium

The protocol is based on previously published #ffichromatographic methods [Hubbes
al., 1992; Zhanget al, 1994], and was slightly modified. All steps weraried out at 4 °C,
unless otherwise stated.

1. Precipitate proteins from CHO-K1 cell medium by i#idd of 50% (w/v) ammonium
sulfate. Mix by stirring for 60 min on a magnettarer at 4 °C, and then allow to stand
at 4 °C for 24 hrs. Keep aliquot for SDS-PAGE prigrecipitation.
Note: Reduced protein content in the culture mediang. no or low FCS) might

facilitate protein purification.

2. Centrifuge the solution &t10,000 x g for 30 min (4 °C). Keep samples of sop&nt
and pellet for SDS-PAGE. Optional: Repeat stepd.arand pool pellets.
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3. Completely resuspend pellet ina small voluhd®hosphate Buffer | (pH 7.0), and

dialyze as follows:

1 x 5 L Phosphate Buffer | (pH 7.0) for 3-5 hrs,
1 x 5 L Sodium Acetate Buffer | (pH 4.3) for 3-5shand
1 x 5 L Sodium Acetate Buffer | (pH 4.3) over night

The protein solution should have a pH of 4.3 atiatysis (check pH?!).

4. Centrifuge at 3,000 x g for 20 min (4 °C). Thispsie necessary to remove protein

precipitates formed during acidification.
5. Filter supernatant through filter paper and keepa for SDS-PAGE.

6. Equilibrate the p-Aminophenyp-D-thiogalactopyranoside-Agarose (PATG) affinity
resin (Sigma-Aldricfl) with 5-10 bed volumes of Sodium Acetate Buffét 4.3).

7. Mix supernatant and PATG-resin, and gently rotedéchp over night at 4 °C in an

overhead shaker.

8. Prepare a FPLC column for PATG affinity chromatgima Attention should be paid to
packing as the sample is already batched with #wnr For general packing
instructions, see manufacturer’'s protocols [Pharaag]. In this work, the
AKTAexplorer’ FPLC system (Amersham Pharmacia Biotech) and a D6#20
Column (GE Healthcare) were used, and data wasyzethlwith the UNICORN

software.

9. Apply residual sample solution to the column atoavfrate of< 1 ml/min. Fractionate
flow through, and keep aliquots for SDS-PAGE.

10.Wash column with 5-10 bed volumes of Sodium AceBaiffer | (pH 4.3). Fractionate,
and keep aliquots for SDS-PAGE.

11.Elute bound proteins with 1-10 bed volumes of fhegmepared Elution Buffer GL (pH
7.0) at a flow rate ok 0.2 ml/min. Fractionate, and keep aliquots for SEXSGE.

Observe elution procedure by absorbance measurs@ed80 nm (Ago).
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12.Immediately pool eluate fractions, and concentedt@ate using the centrifugal filter

devices described in section 3.5.3.

13.When using these devices for rebuffering, concemtsample te< 0.5 ml, fill up with
Phosphate Buffer | (pH 7.0) + 0.1 mM dithiothrei(®ITT), and concentrate again to a
final volume of< 0.5 ml. Repeat this step at least twice. Altexsdyi, the concentrated
eluate can be dialyzed against 1 x 5 L PhosphateeBu+ 0.1 mM DTT (pH 7.0) for
3-5 hrs. Keep aliquot for SDS-PAGE.

3.13 Media, buffers, and solutions

E. coli selection media and antibiotics

LB Medium: Dissolve 12.5 g Luria Broth in 500 ml Aquastidy heating to
~100 °C. Add appropriate antibiotic after ogto 50 °C, and
sterile filtrate using a 0.1 uM filter.

All selection media are based on this formulation.

LBA Medium:; Add 500 pl ampicillin of a 100 mg/ml stock to 500 IbB Medium
(100 pg ampicillin/ml) prior filtration.

LBAC Medium: Add 250 pl ampicillin of a 100 mg/ml stock, an@01ul chlor-
(50 pg ampicillin/ml) amphenicol of a 100 mg/ml stock to 500 ml LB Mediyamior
(20 pg chloramphenicol/ml) filtration.

LBAC-AT Medium:; Add 1 ml L-arabinose of a 250 mg/ml stock, and 1pl6etra-
(0.5 mg L-arabinose/ml) cycline of a 160 pg/ml stock to 500 ml LBAC Mediupmior
(5 ng tetracycline/ml) filtration.
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LBA Agar Plates:
(100 pg ampicillin/ml):

LBAC Agar Plates:
(100 pg ampicillin/ml)
(20 pg chloramphenicol/ml)

S.0.C. Medium:

Ampicillin stocks:
(200 mg/ml)

Chloramphenicol stocks:
(200 mg/ml)

Tetracycline stocks:
(160 pg/ml)

Dissolve 10 g Luria Agar in 250 ml Aqua dest. byatiig to
~100 °C. Add 250 ul sterile filtrated ampicillistéck: 100 mg/ml)
after cooling to 50 °C, and quickly pour into pedishes. Nte: It

was not possible to use an autoclave, which isptioper way to

sterilize medium and agar!

Dissolve 10 g Luria Agar in 250 ml Aqua dest. bgating to
~100 °C. Add 250 pl sterile filtrated ampicillintgsk: 100 mg/ml)
and 50 pl chloramphenicol (stock: 100 mg/ml) afteoling to
50 °C, and quickly pour into petri dishesoti: It was not possible
to use an autoclave, which is the proper way tdligee medium

and agar!

2% tryptone

0.5% yeast extract

10 mM sodium chloride
2.5 mM KCI

10 mM MgCh

10 mM MgSQ

20 mM glucose

S.0.C. medium was purchased from Invitrogen

Dissolve 300 mg ampicillin in 1.5 ml ethanol, taltled by 1.5 ml
Aqua dest., and sterile filtrate. Store in aliguat -20 °C.

Dissolve 300 mg Chloramphenicol in 3 ml ethandéri filtrate

and store in aliquots at -20 °C.

To prepare a 16 mg/ml main stockssolve 80 mg tetracycline in
5 ml 70% (v/v) ethanol and sterile filtrate. D#ut:100 in 70%(v/v)
ethanol to prepare 160 pg/ml working stocks, andesin aliquots
at -20 °C.
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Induction reagents

L-Arabinose stocks:
(250 mg/ml)

1 M IPTG stocks:

Agarose gel electrophoresis

10x TE Buffer:

Loading Dye:

20x TBE Buffer, pH 8.0:

1% (w/v) Agarose Gels:

Dissolve 500 mg L-arabinose in 2 ml Aqua dest., steriledik,

and store aliquots at -20 °C.

Dissolve 238.3 mg isoprop@-D-1-thiogalactopyranoside (IPTG)

in 1 ml Aqua dest. and sterile filtrate. Store ligqaots at -20 °C.

5ml2 M Tris-HCI
2 ml 0.5 M ethylenediaminetetraacetic acid (EDTA)
93 ml Aqua dest.

Prepare 0.5%(w/v) bromophenol blue (BPB) solutigrdissolving
0.05 g BPB in 10 ml 1x TE buffer.

1 ml 0.5% BPB solution

+ 4 ml 1x TE buffer

+ 5 ml glycerol

The sample:loading dye ratio for gel electropharésilO:1.

108 g Tris base

+ 55 g boric acid

+40 ml 0.5 M ethylenediaminetetraacetic adtDTA), pH 8.0
Fill up to 500 mlwith Aqua dest. and dduh Aqua dest. to

prepare 1x TBE buffer for agarose gel electroptisres

Completelydissolve 2.5 g agarose (Bioz§m.E GP Agarose) in
250 ml 1x TBE buffer (pH 8.0) at maximal heat ormagnetic
stirrer. Briefly cool the solution by rinsing théagk with water.
Add 0.5-2.5 pl ethidium bromide (Invitrogéh and carefully

mix before pouring the gels.
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Purification of polyhistidine-tagged fusion protsin

Lysis Buffer A, pH 8.0: 50 mM NaHPO4 x HO
300 mM NacCl

10 mM imidazole

Wash Buffer A, pH 8.0: 50 mM NaHBPO4 x HO
300 mM NaCl

20 mM imidazole

Elution Buffer A, pH 8.0: 50 mM NaHPO4 x HO
300 mM NaCl

150 mM imidazole

Purification of GST-tagged fusion proteins

Lysis Buffer B, pH 7.0: 50 mM Tris-HCI
150 mM NacCl
1 mM EDTA
1mMDTT

Elution Buffer B, pH 8.0: For a 10 mM buffer dissolve 0,154 g reduced glutathione in
50 ml of a 50 mM Tris-HCI buffer, pH 8.0. Prepaneshly

before use!

Solubilization of inclusion bodies

Lysis Buffer C, pH 7.6: Supplement 50 ml PBS (pH 7.4) with 1% (v/v) Tritok-100.
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Wash Buffers 1 to 11:

Wash Buffer 1, pH 7.6
Wash Buffer 2, pH 7.7
Wash Buffer 3, pH 7.8
Wash Buffer 4, pH 7.5
Wash Buffer 5, pH 7.5
Wash Buffer 6, pH 7.6
Wash Buffer 7, pH 7.4
Wash Buffer 8, pH 7.6

Wash Buffer 9, pH 7.5
Wash Buffer 10, pH 8.1

Hartree-Lowry protein determination

Hartree BSA stocks:
(0.1 mg BSA/ml)

Hartree Solution A:

Hartree Solution B:

Hartree Solution C:

Supplement 50 ml PBS (pH 7.4) with one of the dwihg
detergents/denaturants:

30 urea [1 M]
69 urea [2 M]
12 g urea [4 M]
0.1¢ N-lauroyl-sarcosine [0.2% w/v]
0.25¢ N-lauroyl-sarcosine [0.5% wi/v]
059 N-lauroyl-sarcosine [1% wi/v]
0.5 ml Tweef20 [1% viv]
059 CHAPS (3-[(3-Cholamidopropyl)dimethyl
ammonio]-1-propanesulfonate) [1% wi/V]
059 guanidine hydrochloride [1% w/v]
24.03 g urea [8 M]

Dissolve 1 mg bovine serum albumin (BSA) in 1 nju& dest.
and check the absorbance at 280 nmgfA 0.67). Calculate
the exact concentration and make appropriate dilgtito a final
concentration of 0.1 mg/ml. The 0.1 mg/ml stocke ased for

calibration curves. Freeze aliquots at -20 °C.

2 g potassium sodium tartrate

90 g NaCOs; anhydrous

450 ml 1 M NaOH

Fill up to 1 L with Aqua dest. and store at 4 °C.

2 g potassium sodium tartrate

1 g CuSQx 5H,0

10 ml 1 M NaOH

Fill up to 100 ml with Aqua dest. and store at 4 °C

1 ml Folin-Ciocalteu’s phenol reagent (Merck)
14 ml Aqua dest.

Prepare freshly before use.
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[-Gal determination

B-Gal Buffer A, pH 4.0:

B-Gal Buffer B, pH 4.0:

B-Gal Substrate Solution A

B-Gal Substrate Solution B:

0.6 mM B-Gal Substrate Solution:

Stop Buffer A, pH 10.4:

Stop Buffer B, pH 10.6:

100 mM trisodium citrate dihydrate (2.941 g/100 ml)

100 mM citric acid monohydrate (2.1 g/100 ml)

100 mM NacCl (0.5844 g/ 100 ml)

0.02% NaN (20 mg/100 ml)

Mix trisodium citrate dehydrate solution andicitacid monohy-
drate solution to pH 4.0. Add NaCl and Naiind adjust to pH 4.0.

100 mM citric acid monohydrate (2.1 g/100 ml)

200 mM NaHPQ, x 2H,0 (3.56 g/100 ml)

100 mM NaCl (0.5844 g/100 ml)

Mix 122.9 ml of citric acid monohydrate satutand 77.1 ml
NaHPQ, x 2H,0 solution to pH 4.0. Add NaCl and adjust
pH 4.0.

0.5 mM 4-methylumbelliferyB-D-galactopyranoside inB3-Gal
Buffer A (pH 4.0)

2 mM 4-methylumbellifery-D-galactopyranoside inf-Gal
Buffer B (pH 4.0)

0.6 mM 4-methylumbelliferyB-D-galactopyranoside inB-Gal
Buffer A (pH 4.0)

400 mM glycine/NaOH

200 mM glycine/NaOH
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4-MU Standard A:

4-MU Standard B:

[F-Hex determination

B-Hex Buffer A, pH 4.6:

B-Hex Buffer B, pH 4.4:

B-Hex Substrate Solution A:

B-Hex Substrate Solution B:

Prepare 562.5 uM stocks by dissolving 1.11¢ 4m methylum-
belliferone in 10 ml Stop Buffer A (pH 10.4).
Fractionate and freeze at -20 °C. Dilute 16 ubkioick in10 ml
Stop Buffer A, and add 300 ul of this dilutiom 2.7 ml Stop
Buffer A (= Standard_b; final concentration 6f09 pM); Stop

Buffer A serves as Standard_a in enzymatic meeasmts.

Prepare 500 uM stocks by dissolving 8.81 mg 4-glethbellife-
rone in 100 ml Aqua dest., and dilute to 50 uM 4-Mtdcks.
Check the absorbance at 323 nm,A 0.744) and store aliquots
at -20 °C. Prepare calibration solution just prse by diluting the
50 uM stocks to 1 uM with Stop Buffer B (pH 10.6).

100 mM trisodium citrate dihydrate (2.941 g/100 ml)

100 mM citric acid monohydrate

0.04% NaN (20 mg/100 ml)

0.2% bovine serum albumin (0.2 g/100 ml)

Mix trisodium citrate dehydrate solution andriciacid monohy-
drate solution to pH 4.6. Add BSA and Naind adjust to pH 4.6.

100 mM citric acid monohydrate (2.1 g/100 ml)

200 mM NaHPGQ, x 2H,0 (3.56 g/100 ml)

0.05% (w/v) bovine serum albumin (BSA)

Mix citric acid monohydrate solution andaHPO, x 2H0
solution to pH 4.4. Add BSA and adjust to pH 4.0.

1 mM 4-methylumbelliferyl-N-acety-D-glucosaminide irf3-Hex
Buffer A (pH 4.6)

5 mM 4-methylumbelliferyl-N-acety-D-glucosaminide if3-Hex
Buffer B (pH 4.4)
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SDS-PAGE

2x Laemmli Sample Buffer:

Resolving gel 10%:
(2 x 1.5 mm gels)

Stacking gel 10%:
(2 x 1.5 mm gels)

1 ml 0.5 M Tris-HCI (pH 6.8)

400 mg sodium dodecy! sulfate (SDS)

300 mg dithiothreitol (DTT)

20 mg Brilliant Blue R

2 g glycerol

10 ml Aqua dest.

Add exactly 10 ml Aqua dest., do not fill Udake aliquots and

freeze at -20 °C.

4.8 ml Aqua dest.

2.5 ml RotiphoreseGel 40 (19:1) (Roth)

2.5 ml Tris-HCI (1,5 M, pH 8.8)

100 pl 10% (w/v) SDS solution, mix carefully

100 pl 10% (w/v) ammonium persulfate (APS), mixefally
10 pl TEMED, mix carefully

Pour within 30 sec and overlay with 2-propanol tdhe
Wait 20 min for polymerization.

Pour off 2-propanol when gel has polymerized.

950 pl Aqua dest.

500 pl RotiphoreseGel 40 (19:1) (Roff)

260 pl Tris-HCI (1 M, pH 6.8)

20 pl 10% (w/v) SDS solution, mix carefully
20 pl 10% (w/v) APS, mix carefully

2 pul TEMED, mix carefully

Pour within 30 sec and insert comb.

Wait 20 min for polymerization.
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Resolving gel 12.5%:
(2 x 0.75 mm gels)

Stacking gel 5%:
(2 x 1.5 mm gels)

1.5 M Tris-HCI, pH 8.8:

1 M Tris-HCI, pH 6.8:

0.5 M Tris-HCI, pH 6.8:

10% (w/v) APS:

2.99 ml Aqua dest.

3.12 ml Rotiphore$eGel 40 (19:1) (Roff)

3.75 ml Tris-HCI (1,5 M, pH 8.8)

50 ul 10% (w/v) SDS solution, mix carefully

48 ul 10% (w/v) APS, mix carefully

10 pl TEMED, mix carefully

Pour within 30 sec and overlay with 2-propanol fidhg
Wait 20 min for polymerization.

Pour off 2-propanol when gel has polymerized.

3.69 ml Aqua dest.

562.5 pl RotiphoreSeGel 40 (19:1) (Roth)
625 pl Tris-HCI (0.5 M, pH 6.8)

25 pl 10% (w/v) SDS solution, mix carefully
25 pl 10% (w/v) APS, mix carefully

5 pl TEMED, mix carefully

Pour within 30 sec and insert comb.

Wait 20 min for polymerization.

Dissolve 27.43 g Tris base in 80 ml Aqua dest. adjdist pH 8.8
with HCI. Fill up to 150 ml with Aqua dest. and stat 4 °C.

Dissolve 12 g Tris base in 60 ml Aqua dest. angisidpH 6.8
with HCI. Fill up to 100 ml with Aqua dest. and stat 4 °C.

Dissolve 12.114 g Tris base in 200 ml Aqua destl adjust pH
6.8 with HCI. Fill up to 200 ml with Aqua dest. astbre at 4 °C.

Dissolve 100 mg ammonium persulfate (APS) in 1Agla dest.

and store at 4 °C. Prepare freshly every 2 weeks.

96



10% (w/v) SDS:

10x Running Buffer:

Coomassie Dye:

Coomassie Destaining Solution:

Low Molecular Weight-SDS Marker:

(LMW -SDS Marker)

10x TBS:

Dissolve 10 g sodium dodecyl sulfate (SDS) in 90Agua dest.

and fill up to 100 ml with Aqua dest.. Store at moéemperature.

30.3 g Tris base [250 mM]

144.1 g glycine [192 mM]

10.0 g SDS [0.1% (w/V)]

Fill up to 1 L with Aqua dest..

Dilute 100 ml 10x stock with 900 ml Aqua dest. fmal use.

7.5% (v/v) 100% acetic acid (glacial) [37.5 ml/5®d]
50% (v/v) 100% ethanol [250 mI/500 ml]

0.25% (w/v) Brilliant Blue R [1.25 g/500 ml]
42.5% (v/v) Aqua dest. [212.5 mI/500 ml]

7.5% (v/v) 100% acetic acid (glacial) [75 ml/L]
20% (v/v) 100% ethanol [200 ml/L]
72.5% (v/v) Aqua dest. [725 ml/L]

Dissolve LMW-SDS Marker powder (GE Healthcare) in 100 pl
1x Running Bufferand fractionate in 10 pl aliquots. Mix 1:1 with
2x Laemmli Sample Buffer and centrifuge brieflyclibate 5 min

at 95 °C, centrifuge and freeze at -20 °C.

24.2 g Tris base [200 mM]

80 g NaCl [1.37 M]

Dissolve in 800 ml Aqua dest. and adjust pH 7 #woncentrated
HCI.

+10 ml Tweeft 20

Fill up to 1 L with Aqua dest..

Dilute 100 ml 10x stock with 900 ml Aqua dest. fimal use.
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Western blotting

Transfer Buffer:

5% (w/v) Milk Blocking Buffer:

3% (w/v) BSA Blocking Buffer:

Immunostaining

2% (w/v) BSA Solution:

Rinsing Solution:

2x SSC Buffer, pH 7.0:

Mowiol Solution:

100 ml 10x Running Buffer (see SDS-PAGE)
200 ml methanol
700 ml Aqua dest.

Dissolve 50 g non-fat dry milk (Bio-Rad) in 1x TB#d adjust pH
to 7.4. Fill up to 1 L with Aqua dest. and prepafeml aliquots.
Store at -20 °C.

Dissolve 30 g bovine serum albumin (BSA) in 1x T&®1 adjust
pH to 7.4. Fill up to 1 L with Aqua dest., filtratand prepare 50 ml
aliquots. Store at -20 °C.

Dissolve 2 g bovine serum albumin (BSA) in 100R8IS (pH 7.4)
and add 0.04% NajNStore at 4 °C.

Mix 50 pl Tweef! 20 with 100 ml PBS (pH 7.4). Store at 4 °C.

30 mM tri-sodium citrate dihydrate

30 mM citric acid monohydrate

300 mM NaCl

Dissolve 8.82 g tri-sodium citrate dehydrate i L Aqua dest.,
and prepare a citric acid solution by d¢sg 6.3 gin 1 L
Aqua dest.. Mix solution to a final pH of 7.add 0.3 M NaCl
and adjust pH.

Dilute 5 g Mowiol (Hoechst) in 18.5 ml PBS (pH Y,.4dd 5 ml
87% (w/v) glycerol, and incubate for 16hrs at roemperature.
Centrifuge mixture at 12,000 rpm and dilute in Aqdest. if

necessary. Store at 4 °C.
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Buffer for iminosugars

Phosphate Buffer for Inhibitors, pH 7.0:
(PhoBI)

10 mM NaHPQ, x 2H,0
10 mM NaBPQ, x H,O

100 mM NacCl

0.01% NaN

0.01% Tritorf X-100

Mix Na,HPO, x 2H,0 solution and NayPO, x H,O solution to
pH 7.0. Add NacCl, Triton, and NaNand adjust to pH 7.0.

Purification of3-galactosidase from CHO-K1 medium

Phosphate Buffer I, pH 7.0:

Sodium Acetate Buffer I, pH 4.3:

Elution Buffer GL, pH 7.0:

10 mM NaHPQ, x 2H,0
10 mM NaHPQ, x H,0

100 mM NacCl

0.02% NaN

Mix Na,HPO, x 2H,0O solution and NajO, x H,O solution to
pH 7.0. Add NaCl and NajNAdjust to pH 7.0.

20 mM sodium acetate

300 mM NacCl

0.1 mM DTT

Adjust pH 4.3 with acetic acid (glacial) 100%.

10 mM NaHPQ, x 2H,0O

10 mM NaHPO, x H,O

1 M NaCl

0.1 mM DTT

100 mM D(-)-Galactonic acig-lactone

Mix Na,HPO, x 2H,0O solution and NafPO, x H,O solution to
pH 7.0. Add NaCl, DTT, and galactonolactoa®ad adjust to
pH 7.0. Always prepare freshly!
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4 RESULTS

4.1 Cloning of a C-terminal taggedsLB1-HIS construct

To obtain C-terminal polyhistidine-tagg@edGal protein, the protein coding sequence (CDS) of
the GLB1 gene (NCBI #NM_000404.2; transcript variant 1)cating the human lysosomal
acid B-galactosidase (EC 3.2.1.23), was cloned into t€&-p1d(+) plasmid (Novagen). This
plasmid satisfied all desired criteria such as fuliog an integrated C-terminal His-Tag
sequence, a strong promoter (T7) for rapid and-kigll protein expression, an adequate
multiple cloning site, and a convenient resistanw@@ker (ampicillin) for plasmid selection.
However, pET-21d(+) is a rather large plasmid (B,8¢), and long insert sequences like the
GLB1 CDS (2,034 bp) might cause problems during clonifigerefore, the possibility of
cloning both the full length sequence and a specg#hort segment of théLB1 CDS was
considered. If well-chosen, the latter strategy Mqaroduce a smallgs-Gal peptide, likewise

capable of inducing an immune response againsiritigen.

The optimal sites for cloning of the full lengBLB1 CDS into pET-21d(+) were the restriction
sites forXhol (158) andNcol (234), located in the multiple cloning site (MC&)the plasmid
(Figure 4.1.1.). Both enzymes are unique cutterthéntarget vector, but do not cut 6G&B1
CDS. Thexhol restriction site is adjacent to the His-Pampding region (140-157). For cloning
purposes it was necessary to generate an insadicimg theNcol restriction site right before

the start codon, and tbéhol sequence directly after the IfsGal encoding nucleotide (5'>3).
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Xhol (158)
oxHis

GLB1 CDS i
Neol (234)
T7 _termunator
T
fl-origin MCS —— :
= T7 promoter
AmpR_promoter
\ tet (564-300)
Ampicillin
h-__---
- lacl
pET-21d(+)
5440 bp
pBR322 origin
N $2-576)
ROP
T7 promoter primer #69345-3
.
Bl Il 17 promoter lac operator Xbal rbs
AGATCTCGATCC LG G ARATTAAT ACGACTCACTATAG GGEAAT TG TCAGCGRATAACAATTCCCCTC TAGAAAT AATTTTGT TTAACTT TAAGAAGGAGA
- e Eagl Aval _
_Ngel Nhel — T7-Tag PET2'% pami | EcoR1 Sacl _ Sall Hindlll  Notl  _Xhol His-Tag
TATACATATGGCTAGC ATGACTGE TEGACAGCAAATGEGTCGCGGATCCGAAT TCGAGCTCCGTCGAC AAGCTTGCGGLCGLACTCGAGC ACCACCACCACCACC ACTGA
MethlaSerMetThrGl yGlyGInGInMetG IybhrgGlySerGluPhel luleubrgbral InAloCysGlyArgThrArgh| aProProaProProProleu
pET-21k .. .GGTCGGGA GAATTCGAGCTCLGTCGACAAGCTTGC GGCCGCAC TCGAGCACCACCACCACCACCACTRA
pET-21d . GlybrgbspProbsnSerSerSerVoldsplysleubloblohlaleuGluHisHisHisHIisHIsHI sEnd
Ncol
... TACCATGGCTAGC . .. pET-21c. d

HethloSer

L GETCGGATCCGAATTCGAGCTCCGTCGACAAGCTTECGECCECACTCRAGCAC CACCACCACCACCAC TGA

Glybrgllefrgl lefrghloProSerThrSerlevArgProdisSerSerThrThrThe ThrThrThrGlu

Bpul1021 T7 terminator
CAIEECGEIGEIAALAAAGELEGAAACGAAGLIGAGIIGGLIGLIGEEALEELICAG[AAIAALIACEAIAALEEEIICGGCELIEIAAAEGCGILIICAGCGGIIIIIIC

|
T7 terminator primer #69337-3

pET-21a-d(+) cloning/expression region

Figure 4.1.1 Vector map of pET-21d(+) and locatiorof cloned GLB1 CDS insert. Numbers indicate the
positions within the vector. The insert was intégdabetween th&hd and Ncd restriction sites. A His-T&gy

sequence is located adjacent to Xl restriction site of the vector. Vector maps aedtires were adapted from
the Novagen Manual TB036 and from the Vector Datal{sww.lablife.org).
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4.1.1 Amplification and preparation of the GLB1LS insert

The protein coding sequence (CDS) of tB&B1 gene (NCBI #NM_000404.2, transcript
variant 1) was amplified by polymerase chain resc{PCR) using the pcDX-XJLB]] vector
DNA (5,511 bp) as a template. This vector was coogtd and provided by A. d’Azzo, St.
Jude Children’s Research Hospital, Memphis, USAefBt, the GLB1 cDNA was integrated
into the pcDX-x plasmid (3,102 bp) at tReoR cloning site. The total size of t&LB1 insert

is 2,409 bp, consisting of theLB1 CDS (2,034 bp), non-coding regions flanking fi&al
coding sequence, and short stabilization stretelagscent to théccoR restriction sites. The
non-coding regions result from cDNA synthesis ofBd 3’ untranslated regions (UTRs), and
the poly(A) tail in the mRNA template (Figure 4.1L}

full length: 2409 bp

' | EcoRI 5'UTR GLB1I CDS 3' UTR EcoRI'| 3'
6bp 4bp S0Dbp 2034 bp 306 bp 3bp o6bp

th

Figure 4.1.1.1 Features of th&LB1 cDNA cloned into the pcDX-x vector Sequence length is indicated below
each fragment. UTR = untranslated region.

For a detailed list of PCR primers and conditioee section 3.4.1. The forward primer
(Glb1Sfw) was designed to hybridize to 18 nuclesgidof the GLB1 CDS, beginning
with the first nucleotide of the start codon. Aduhially, the primer featured a
5’-overhang containing the sequence fbicol restriction (CATGG), and a short
nucleotide stretch for improving cleavage efficigrees recommended by the manufacturer

(http://www.neb.com/nebecomm/tech reference/regiricenzymes/cleavage olignucleotides.

asp.

The antisense primer (Glb1Srev) was similarly desigwith 5’-overhangs for digestion with
Xhol (CYTCGAG), a stabilization sequence, and hybridization te kst 21 nucleotides
upstream of the stop codon in 3&B1 CDS. It is crucial to eliminate the stop codorthis
manner, since the PCR product was inserted upstriggrnbefore the His-Tdgsequence in
pET-21d(+), thus enabling a read-through fromfk@al start codon and across the His-Tag

stretch. A stop codon is integrated in the plassgduence itself downstream right after the
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His-Tad® coding region. Expression of this construct worgddult inB-Gal protein, which is

tagged with polyhistidine on its C-terminal end.

PCR was performed in 30 cycles with an elongatioretof 4 min each, and annealing at
58 °C. Pfu DNA Polymerase (Promega) with 3'>5" exonucleasgviyg (proofreading) was
used for DNA amplification. The resulting PCR protuvas verified by agarose gel
electrophoresis, and subsequently purified from adigarose gel using the QIAquick Gel
Extraction Kit (QIAGEN; cf. section 3.4.5.1). Thétep is necessary to remove primers, dNTPs,
and salts from the PCR product, as they would fieter with further DNA manipulation
techniques. Prior cloning of th&LB1 CDS insert into the target vector, free ends were
produced by double digest of the insert and veldtdA with the restriction enzymescol and
Xhol. The conditions are given in Table 4.1.1.2. Initold, the pET-21d(+) plasmid was
treated with calf intestinal alkaline phosphataS&AP; Invitrogen") for one hour at 37 °C to

prevent re-ligation of free ends.

Component Volume
Insert or plasmid DNA (1-5 ug) variable
10x restriction buffer NEB 2 6 pul
100x purified bovine serum albumin (BSA) (10 mg/MEB) 0.6 pl
Ncol (10 U/ul; NEB) 3l
Xhol (20 U/ul; NEB) 3pul
Aqua dest. to final volume of: 60 pl

Table 4.1.1.2 Digestion assay with the restrictioanzymesNcol and Xhol. NEB = New England Biolalis

Again the DNA was applied to agarose gels and etadafrom the gel as mentioned above.
Finally, the GLB1 CDS insert and pET-21d(+) DNA were ligated usid) g insert DNA
(~2.1 kb) and 120 ng vector DNA (~5.4 kb) accorditogthe protocol provided by the
manufacturer (see section 3.4.3). Briefly, the tieacwas catalyzed by addition of 1 ul T4
DNA Ligase (1 U/ul; Invitrogen) and incubation for 2 hrs at room temperature. fiéessary

amounts of DNA were calculated according to théofing scheme:

(kb insert DNA / kb vector DNA) x ng vector DNA x=3ng insert DNA [ratio i:v = 3:1]

103



4.1.2 Transformation of BL21(DE3) cells and setem of positive transformants

Transformation of chemically competegt coli One Shdt BL21(DE3) cells with 3 pl of the
ligation reaction (13 ng/pl) was performed accogdito the Invitrogen user manual
[Invitrogen" 28-0182]. Positive clones were selected on LurgarAplates containing 100
pag/ml ampicillin (LBA plates; see section 3.13) imgubation over night at 37 °C. Due to
direct cloning into the expression host strain, nlaenber of positive transformants was low.
Only 12 and 16 transformants were visible on tHecs®n media after overnight incubation
respectively, and all of them were picked and gr@sparately as overnight cultures in Luria
Broth medium supplemented with 100 pg/ml ampici(ltBA medium; see section 3.13) for

preparation of glycerol stocks and further experitae

To verify successful insert integration, vector DA 12 selected transformants (from agar
plate 2; subsequent designation of transforman&/xTwas purified using the QIApr&Spin
Miniprep Kit (QIAGEN), and digested with specifiestriction enzymes. The restriction
enzymes used to identify pET-21d(€4[B1-HI] constructs and anticipated products sizes are
shown in Table 4.1.2.1. Digestion assay procedaregliven in Table 4.1.2.2.

Position of restriction site: Fragment size after
restriction:
Restr. Pos. of cutin | Pos. of cutin | Pos. of cut in pET-21d(+)-GLB1- pET-21d(+)-[GLB1-
enzyme | pET-21d(+) GLB1CDS | HIS] C-terminal His-Tag® HIS] C-terminal His-
(circular) (linear) (circular) Tag®(circular)
Smal no cut 366, 1783 411, 1828 1,417 bp
5,984 bp
Ndel no cut 1119, 1329 863, 1073 210 bp
7,191 bp
Ncol 234 no cut 2195 7,401 bp (linear)
Xhol 158 no cut 158 7,401 bp (linear)
Ncol + 158, 234 no cut 158, 2195 2,037 bp
Xhol 5,364 bp

Table 4.1.2.1 Restriction site positions of select&nzymes and fragment sizes after DNA digestion.

Restriction sites

(http://rna.lundberg.gu.se/cutter2/

in Table 4.1.2.1 were calculat@dh the Webcutter 2.0 software
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Component Volume
Insert or plasmid DNA (1-5 ug) variable
10x restriction buffer NEB 2 or NEB 4 2 ul
100x purified bovine serum albumin (BSA) (10 mg/MEB) 0.2 pl
Smal(20 U/ul)or Ndel(20 U/ul)or 1ul
Ncol (10 U/ul)+ Xhol (20 U/ul)
Aqua dest. to final volume of: 20 pl

Table 4.1.2.2 Preparation of DNA restriction digest for examination of positive clones.
NEB = New England Bioldbs

After Smaldigests (3 hrs at 25 °C), 8 of 12 tested transémts) clearly showed two bands on
the agarose gel (Figure 4.1.2.3), correspondintpecanticipated sizes listed in Table 4.1.2.1.
The Smalcut in linear insert DNA produces three fragmentthe size of 251 bp, 366 bp, and
1,417 bp (lane 13). Both small fragments were tfeasible on the gel photo, but hard to see
in the picture below. In contrast to negative tfarmeants, the DNA band of 1,417 bp is also
present in positive transformants (T2/1, T2/4, TAI8/6, T2/7, T2/9, T2/11, T2/12). Fragment
sizes are based on cutting positions calculatedh wite program Webcutter 2.0

(http://rna.lundberg.qu.se/cuttey2bn the basis of theGLB1 protein coding sequence

(NM_000404.2; transcript variant 1 2034 bp).
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Figure 4.1.2.3 DNA restriction digests from transfomants T2/1-T2/12 with Smal (3 hrs). DNA from plasmid
preparations was used for restriction digests,thrdGLB1 CDS (insert DNA) was used as a cont(st) 10 pl
SmartLadder (Eurogented}t)-(6) 20 ulSmaldigested DNA of T2/1-T2/6(7)-(12) 20 plSmaldigested DNA of
T2/7-T2/12;(13) 20 plSmaldigested insert DNA (clean PCR product).

Additional digests were performed on tBenatpositive clone T2/4 usin§idel (37 °C over

night) and a combination dficol/Xhol (37 °C over night or 3.5 hrs), respectively (Figure

4.1.2.4). When digested witlidel, the positive transformant T2/4 showed bands 6fl2i and
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7,191 bp, while negative transformants were notatidll by this enzyme (Figure 4.1.2.4, B).
As expected, the digested insert control displaysats of 210 bp, 705 bp, and 1,119 bp (lane
6). After Ncol’Xhol double digests of T2/4 DNA, the two anticipatechds of 2,037 bp and
5,364 bp were visible on the agarose gel (Figute244, lanes 7+10), but also small amounts of
uncut DNA. NeithelNcd nor Xhd cut in theGLB1 CDS, thus the size of the PCR product was
not changed (Figure 4.1.2.4, lanes 9+12.). Resfiltise restriction digests clearly showed that

transformant T2/4 has successfully taken up the-pEI(+)-[GLB1-HI] vector.

Band size
S-10000

\\\EUUU
\E

\

Figure 4.1.2.4 DNA restriction digests of the posdite transformant T2/4 and controls with Smal, Ndel, and
Ncol/Xhol, respectively. DNA from plasmid preparations was used for restnic digests, and th&LB1 CDS
(insert DNA) was used as additional controd) (Smal (ON); (B) Ndel (ON); (C) Ncol/Xhol (ON); (D)
Ncol/Xhol (3.5 hrs).(st) 10 pl SmartLadder (Eurogente€)))+(4)+(7)+(10)20 pl T2/4 DNA;(2)+(5)+(8)+(11)
20 pl negative control DNA (pET-21d(+)j3)+(6)+(9)+(12)20 pl insert DNA (clean PCR product). ON = over
night.

To eliminate any possibility of replication erroBINA sequence analysis (forward and reverse)
was performed by the Austrian company IBL (ViennE)e PCR products were provided by
our lab. Five different primer pairs (see sectiod.B1) were necessary to generate short,
overlapping DNA stretches, adding up to the fuligéh HIS- GLBL1 insert (Figure 4.1.2.5). In
accordance with the lab custom, AmpliTagq GolINA Polymerase (Roche) was used for the
reactions. PCRs were conducted according to thePbéymerase scheme (cf. section 3.4.1) in
35 cycles, with 55 °C annealing temperature andexension time of 2 min, respectively.
Direct comparison of DNA sequence analysis reswith the target sequence showed no
alterations in the cloned sequence. Thereforeptisgive clone T2/4 should be able to express

C-terminally polyhistidine-tagged human lysosoniti$-galactosidase (C-HisGal).
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Figure 4.1.2.5 PCR amplification
of the fusion protein encoding
region from the  positive
transformant T2/4 for DNA
sequencing. (stil0 pul SmartLadder
(Eurogentec); lanes 1-5: 5 pul PCR
products obtained with the primer
pairs listed in Table 3.4.1.1.1. The
following product sizes were
obtained:(1) ~560 bp;(2) 488 bp;
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4.2 Cloning of an N-terminal taggedHIS-GLB1 construct

(3) 549 bp:(4) 524 bp;(5) ~450 bp.

A second, quite similar cloning strategy was pudsteeobtain N-terminal polyhistidine-tagged
[B-Gal protein. Some heterologously expressed protgiowed increased intracellular stability
when N-terminally tagged with polyhistidine, whi@terminal tagged fusion proteins were
rapidly degraded by host proteases. The C-termamal of the humarp-Gal precursor
undergoes post-translational, intralysosomal pigtieoprocesses to form the mature enzyme
(cf. section 1.3). Two serine residues at positdi3 and 544 (Ser543 and Ser544) and an
arginine at position 530 (Arg530) are involved lregse poorly understood cleavage processes
[van der Spoeét al, 2000; Yamamotet al, 1990]. It was expected that the resulting®Hs

Gal fusion protein might be more stable in Ehecoli expression host cells than the C-terminal

taggedB-Gal-His® fusion protein.

For cloning of an N-terminal polyhistidine-taggednstruct into the pET-21d(+) plasmid, it
was necessary to amplify the CDS@EB1 (NCBI #NM_000404.2, transcript variant 1) with
an additional sequence encoding the His®Tade pET-21d(+) plasmid features the His-Tag
sequence for C-terminal tagging only, thus therddsiew His-Ta must be created as part of
the insert. In contrast to the C-terminal constrwehere the polyhistidine sequence was
adjacent to th&hol restriction site of the plasmid, the N-terminalybistidine stretch must be
located downstream right after tinzol site. Another major difference is the positiontio¢
start and stop codon in the PCR-generated insedrder to express the fusion protein, starting
with the N-terminal His-TaQ it was necessary to create a construct contai@istart codon
(ATG) between theNcol site and the polyhistidine encoding region, fokalvby theGLB1
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CDS, and a stop codon upstream right beforexthel sequence. The stop codon prevents a

read-through to the His-T&gequence originally featured in the plasmid.

4.2.1 Amplification and preparation of the GLB1LS insert

To realize this concept, a new primer pair wasgiesi and used for the PCR amplification of
the GLB1 CDS, with pcDX-x-GLB]] as template. The forward primer (NHis2GLBfw)
featured a 5’-overhang containing sequencesNool restriction (CATGG) including a
stabilization stretch, two more nucleotides of tilasmid sequence to maintain the open
reading frame (ORF), the His-Tagoding region, and finally the sequence to hykgdio 20
nucleotides of th&sLB1 CDS (pos. 4-23). The antisense primer (NHisGLBwas designed
with a short 5’-overhang including théhol restriction site with a stabilization stretch, ahe
GLB1 CDS hybridizing sequence (pos. 1992-2034; 43 mticdes) including the stop codon
(Figure 4.2.1.1).

forward primer

new START codon 6xHis GLB1 CDS pos. 4-23
5' CATGCCATGGCT t:ﬂAC(ZIAC (:1A(:1CACCA(ZfCACb(ZIGGGGTTCCTGGTTC GCAT 3'
Neol
TT promaler primer #ER348.3
Bl TT promoter lac operator Xbal s
LA Ti-Ton "7 BanmM| EcoR| _Sacl _Sall Mind Il i'?: ﬁ_&
NIEDI ,’ s | yhrghsp P snferSerSery beril yslou A oullub sk sHisHisHisHi sEnd
- - . Bpun102 1 T . TF [EI‘;'I‘HIH.:)U.H'”

. . TV terminator prmer #E0337-3
antisense pPruner . s s
pET-21a-d(+) cloning/expression region

Xhol GLE1 CDS pos. 1992-2034 including STOP codon
5" CCGCTCGAGTCATACATGGTCCAGCCATGAATCTITGITITITTGCGGGGGT 3

Figure 4.2.1.1 Location of clonedsLB1 CDS insert in the pET-21d(+) vector sequencéNumbers indicate the
positions within the vector. The insert was intégdabetween th&hd and Ncd restriction sites. A His-Tdgy
sequence was inserted adjacent toNkd restriction site of the vector. Sequence illustra was adapted from
the Novagen Manual TB036.
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PCR was performed in 35 cycles with an elongatioretof 4 min each, and annealing at
68.5 °C. The AmpliTagq Goftl DNA Polymerase (Roche) was used instead offtieDNA
Polymerase (Promega), although the Taq Polymerask no proofreading activity. This
deficiency was tolerated, because PCRs us$tig Polymerase were always problematic.
Furthermore, DNA sequence analysis of the resultogstruct was performed to identify
potential replication errors like point mutationsisertions, or deletions. The following
procedures are basically the same as describeectios 4.1 (cf. also section 3.4). Insert and
plasmid DNA was digested witRcol (10 U) andXhol (20 U) for 6 hrs at 37 °C, followed by
dephosphorylation of plasmid DNA for 30 min at 3Z By addition of 1 pl CIAP. Digested
DNA was checked on agarose gels, cleaned fromdls gnd ligated for 16 hrs at 16 °C. For
the ligation reaction, 100 ng plasmid DNA (5.44 ldnd 120 ng insert (~2.1 kb) DNA were
used [ratio i:v = 3:1]. DNA amounts are based oltwdations with the Ligation calculator

(http://www.insilico.uni-duesseldorf.de/Lig [nputant.

4.2.2 Transformation of BL21(DE3) cells and setem of positive transformants

A general cloning host strain was transformed with ligation reaction instead of direct
transformation of BL21(DE3) expression cells. Tphiscedure increases the yield of positive
transformants, and can also prevent loss of théoweluring long-term storage. The cloning
host of choice was thE. coli NovaBlue strain. As NovaBlue cells were not conuraly
available, they were kindly provided by Astrid Genl{Department of Structural Biology, Karl-
Franzens-University, Graz). Transformants werecseteon LBA plates and incubated over
night at 37 °C. From hundreds of colonies, fouravyeicked and grown separately as overnight
culture (ONC) in LBA medium to prepare glycerol ake for further experiments. Plasmid
DNA was purified with the QlAprep Spin Miniprep K{QIAGEN) and used as template in
PCRs to verify insert integration. PCR was perfatmath T7 universal primers according to
the Tag DNA Polymerase scheme (cf. section 3.4¢ fittmer sequences were derived from
commercially available T7 primers, but synthesibgdTIB® MOLBIOL (Berlin, Germany).
Reaction was performed in 35 cycles, with an anngaemperature of 55 °C, and 4 min

elongation time. Results are shown in Figure 412.2.
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Band size
10000

Figure 4.2.2.1 PCR amplification of insert DNA fromtransformants T1-T4 and negative control. DNA from
plasmid preparations was used as PCR templatehamgion between the T7 universal primer bindiitgs was
amplified. (st) 10 pl SmartLadder (Eurogente€})-(4) 6 ul PCR product from transformants T1-T4, respetyi
(5) 6 ul PCR product from negative control plasmidT gB.d(+).

On the agarose gel, all four tested transformamtsved a ~2.1 kb band corresponding to the
insert size (calculated 2,070 bp), while the negatontrol displayed only a small ~300 bp
band, resulting from amplification of the MCS seqce between the primer binding sites in the
empty vector (calculated 256 bp). After insert fiegition, E. coli One Shdt BL21(DE3) cells
(Invitrogen") were transformed with the pET-21d(+}#5-GLB1] vector according to the
Invitrogen" protocol, and transformants were selected on LB#ep by overnight incubation
at 37 °C. Vector DNA for this transformation wagpared from transformant T1 (cf. lane 1).
As expected, transformation efficiency was muchhargcompared to the direct cloning
strategy described in section 4.1. From thousahtisuesformants, one was picked and grown
as ONC for subsequent glycerol stock and DNA pipar. This transformant was also
denominated T1, and subsequent citations refdriscspecific clone (BL21(DE3)-pET-21d(+)-
[HIS-GLB1)).

DNA sequence analysis (forward and reverse) of ftlston protein encoding region was
performed by IBL (Vienna). The PCR products werevpded by our lab, and reactions were
performed with the primers and conditions descrilmedection 3.4.1.1. Direct comparison of
DNA sequence analysis results with the target secpishowed no alterations in the cloned
sequence. Therefore, the positive clone T1 showdd able to express N-terminally

polyhistidine-tagged human lysosomal a@igalactosidase (N-HisGal).
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Figure 4.2.2.2 PCR amplification of the fusion pragin encoding region from the positive transformantT1
for DNA sequencing.(st) 10 pul SmartLadder (Eurogentetdnes 1-10:10 pl PCR products obtained with the
primer pairs listed in Table 3.4.1.1.1. The follagiproduct sizes were obtaingdl)+(2) ~560 bp;(3)+(4) 488 bp;
(5)+(6) 549 bp;(7)+(8) 524 bp;(9)+(10)~450 bp.

4.3 Cloning of N-terminal taggedGST-GLB1 constructs

A third strategy was pursued for cloning tl&.B1 CDS into a bacterial vector and its
subsequent expressionkn coli cells. Thereforef}-Gal protein was tagged with glutathione S-
transferase (GST; M26,000), a soluble protein readily expressed pragriate host cells, and
often helpful for stabilization of the fusion proteTo increase the chances of success, the full
GLB1 CDS as well as a reduced sequence was fused hat®&3T gene, respectively. The
nucleotide sequence corresponding to position 4e6698e GLB1 CDS and producing B-Gal
peptide chain of 229 aa was chosen for this purpbse fusion protein consisting of tBeGal
sequence plus the 244 aa GST-tag (in total 473vag)denominated N-GST-Gal-peptide. It
features the highly conserved residue Glu188 ggdtisn 1.2), which was proposed as potential
proton donor in the enzyme’s catalytic reactionlf@en, 1999]. The active site nucleophile
Glu268 [Zhanget al, 1994] is not part of the truncated protein. BOASearches (blastp;
http://blast.ncbi.nim.nih.ggvindicated a high antigenic specificity for thisgsience, which is

essential for obtaining anti-hum@galactosidase antibodies after immunization ofbitab
with the purified peptide. Solubility predictionsere performed with programs available on the

ExPASYy Proteomics Server (Swiss Institute of Bioinfatics;http://www.expasy.ch

The pGEX-6P-2 plasmid (provided by the Departmedn$touctural Biology, Karl-Franzens-
University, Graz; originally from GE Healthcare) svased as cloning vector. Its characteristic
features include th&STgene for production of N-terminally tagged GSTidasproteins, the
strong hybrid promotetac, and the ampicillin resistance marker, amongsersthThe main
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advantage of N-terminal GST-tags is the high-lewral stable expression of GST, which brings
forward the expression of the fused protein anchinigcrease the stability and solubility of the
target protein.

The restriction sites foBall (965) andNotl (976) in the MCS were chosen as insert cloning
sites. Both enzymes do not cut tBeB1 CDS, but are unique cutters in the target vedibe
sites are located near the 3’-terminal end of @®T gene (258-993), allowing site specific
insertion of GLB1 DNA for the generation of N-terminal tagged GB-lGal fusion protein
(Figure 4.3.1).

tac_promoter (184-212)

\ GST

MCS
lacl T

Notl (976)
pGEX-6P-2

GLB1 CDS
4985 bp

Sall (965)

/ Ampicillin

pBR322 origin

Figure 4.3.1 Vector map of pGEX-6P-2 and locatiorof cloned GLB1 CDS insert. Numbers indicate the
positions within the vector. The insert was cloretween theNotl and Sal restriction sites, which are both
integrated in the GST sequence, encoding an N-tedn@ST-tag. Vector features were adapted fronMibetor
Database (www.lablife.org).
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4.3.1 Amplification and preparation of the GLB1IIS inserts

Again, the pcDX-x4{LB1] vector DNA was used as PCR template for ampliicaof the full
length, and the shortened CDS®EBY, respectively. The forward primer (Glb1Sal2fw) was
designed to hybridize to the first 23 nucleotidesvdstream the start codon of t8&B1 CDS
(pos. 4-26), and with a 5’-overhang containing tbgtriction site foiSall (GYTCGAC) plus a
stabilization stretch of 23 nt, surrounding tBall sequence. This necessary stabilization
sequence will inevitably be a part of the translatasion protein. The antisense primer
(Glb1Notrev) binds to the last 28 nt &LB1 CDS (pos. 2007-2034), and features the
restriction site foNotl (GCGGCCGC) as well as stabilization sequences -avé&hang. For
amplification of the peptide sequence, a seconemde primer (PepNotrev) was created. In
contrast to Glb1Notrev, it hybridizes to pos. 688 ®f theGLB1 CDS (32 nt). A stop codon
sequence was attached to the 3'-terminal end ofGhB1 sequence. Several attempts to
amplify the full length target sequence with tRéu DNA Polymerase failed, thus the
AmpliTaq Gold® DNA Polymerase was used again. PCR amplificatioms wperformed
according to the Taq Polymerase protocol (see @e@i4) in 35 cycles, with an annealing
temperature of 63 °C and an elongation time of 4, mespectively. For amplification of the
peptide sequence, tlifu DNA Polymerase was used. PCR was conducted aogptdithe
Promega scheme (35 cycles, 68 °C annealing, andnd4elangation). After PCR product
purification, insert and plasmid DNAs were doubigedted withSall (20 U) andNotl (10 U)

for 17 hrs at 37 °C. Additionally, plasmid DNA wagephosphorylated by addition of 1 ul
CIAP for 30 min at 37 °C. Digested DNA was purifiagarose gels and used for the ligation
reaction. Briefly, 100 ng plasmid DNA (~5 kb) weigated with 130 ng full length insert (~2.1
kb), or 64 ng peptide insert (~700 bp) for 16 Hr$&°C, respectively. Calculations were based
on the insert:vector ratio of 3:1 and performed hwithe Ligation Calculator

(http://lwww.insilico.uni-duesseldorf.de/Lig [nputnhi.

4.3.2 Transformation of BL21 cells and selectiofpositive transformants

NovaBlue cells were transformed with either ~110(fod) length construct), or ~80 ng vector
DNA (peptide construct). Transformants were setbote LBA plates and incubated over night
at 37 °C. The agar plate with the full length comst showed only one colony, while the

peptide construct plate contained ~50 coloniesitivesransformants were picked and grown
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as ONC for preparation of glycerol stocks and fertbxperiments. Vector DNA (minipreps)
was prepared from 12 peptide construct transforsnéfitp-T12p), and the one full length
construct clone (T1f), respectively. To verify sessful insert integration, vector DNAs were
double digested witiNotl (10 U) andSall (20 U) for 5 hrs at 37 °C. Results are illustraited
Figure 4.3.2.1. Upon double digestion, vector DNvAgach clone clearly showed two bands
corresponding to the size of the empty vector (8% &nd the insert (2.1 kb or 700 bp),
respectively.

8 910 11 12

Band slze

Figure 4.3.2.1 DNA restriction digests of positivéransformants T1p-T12p and T1f with Notl/Sall (5 hrs).
DNA from plasmid preparations was used for resticdigestgst) 10 pl SmartLadder (Eurogentegnes 1-12:
20 pl DNA from T1p-T12p, respectivel{]13) 20 ul DNA from T1f.

An appropriate expression host strain, in this ¢aseoli BL21, was transformed with vector
DNA containing the full length or the peptide const sequence, respectively. Cells were
selected on LBA plates and incubated over nigl87atC. Each plate contained hundreds of
colonies, but only one was picked from each platgp(and T1f), and cultivated as ONC for
glycerol stocks and vector DNA preparation (ming®e In addition to restriction enzyme
digests withSmd (15 hrs at 25 °C) andNotl/Sal (15 hrs at 37°C), respectively, positive
transformants were checked by PCR with the univgmsmers pGEX3 and pGEXS5, or p2fw
and pGEXS3 (cf. Table 3.4.1.1.1). Amplification wasrformed in 35 cycles (annealing 62 °C,
elongation 4 min or annealing 55 °C, elongation t)nusing AmpliTag Golfi DNA
Polymerase (Roche). PCR and restriction digestymtsdare shown in Figure 4.3.2.2. All DNA
bands illustrated in this figure were consisterthvgredicted DNA sizes (lanes 1+2: ~2.3 kb;
lanes 3+4: ~200 bp; lane 5: ~900 bp; lane 6: ~3f)0Qame 7: ~350 bp; lane 8: no product; lane
9: linearization; lane 10: ~5.3 kb and ~370 bp;eldrl.: linearization; lane 12: ~5 kb and
~800 bp).
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Figure 4.3.2.2 Verification of correct insert integation in vector DNA of the positive transformantsT1f and
T1lp. DNA from plasmid preparations was used for restictdigests and as template for PCRs. The region
between the universal pGEX primer binding sitesg @m internalGLB1 CDS region was amplified(A)
pPGEX3+pGEX5; (B) p2fw+pGEXS; (C) Smad (15 hrs); (D) Not/Sal (15 hrs) (st) 10 pl SmartLadder
(Eurogentec)(1)+(2) 25 pl T1f DNA;(3)+(4) 25 pul negative control DNA (pGEX-6P-25)+(7)+(10)+(12)10 pl
T1p DNA; (6)+(8)+(9)+(11)10 ul negative control DNA (pGEX-6P-2).

Both vectors, pGEX-6P-24STGLBI1-] (full length construct) and pGEX-6P-GETGLB1-

p] (peptide construct), were partially sequencetbmvard and reverse mode to verify correct
insert integration and accurate nucleotide sequekga&n, DNA sequencing was performed by
IBL using PCR products provided by our lab. Fivdfedent primer pairs were used for
generation of overlapping sequences containinguhéength construct, and two primer pairs
for the short peptide coding sequence (cf. Tabke13l.1). Direct comparison of DNA

sequence analysis results with the target sequshoged no alterations in the cloned
sequence. Therefore, the positive clones T1f ana shibuld be able to express N-terminally
GST-tagged human lysosomal aBidjalactosidase (N-GST-Gal or N-GST-Gal-peptide).
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Figure 4.3.2.3 PCR amplification of the fusion pratin encoding region from the positive transformantsr 1f
and T1p for DNA sequencing.(st) 10 pl SmartLadder (Eurogentetdnes 1-14:5 ul PCR products obtained
with the primer pairs listed in Table 3.4.1.1.1eTllowing product sizes were obtainédl)+(2) 583 bp;(3)+(4)
487 bp;(5)+(6) 549 bp;(7)+(8) 525 bp;(9)+(10)429 bp;(11)+(12)583 bp;(13)+(14)403 bp.
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4.3.3 Transformation of BL21(DE3)-[pG-KJES8] cells

For co-expression of GST-tagg@dGal proteins and selectdel coli chaperones, chemical
competent BL21(DE3) cells containing the pG-KJE8Kdra Bio. Inc.) plasmid were
transformed with pGEX-6P-2dSTFGLB1-f] vector DNA (cf. Figure 4.3.1) according to the
procedures described in section 3.4.4.4. The pGBKpkEasmid contains the genes for
expression of certaik. coli chaperones, and is compatible for co-expressiom p&ET-21d(+)

in E. coli BL21 or BL21(DE3) cells. Co-expression of chape®mith the protein of interest
might facilitate proper folding of the heterologbuexpressed protein, thus increasing stability
and solubility in the host cells. BL21(DE3) cellseady transformed with the pG-KJES8 vector
were kindly provided by the Department of BiochenyisGraz University of Technology.

Transformants were selected on LBAC Agar Platesiacubated over night at 37 °C. From a
few tens of positive transformants, 10 were piciad grown as ONCs for further experiments
and glycerol stock preparation. Even though growth selection medium was indicating
positive transformation with GS[F-Gal, PCR was conducted to verify vector uptake int
BL21(DES3)-[pG-KJES] cells. Reaction was performedading to the protocol for AmpliTaq
Gold® DNA polymerase (see section 3.4), using the pSmeGEX5 (sense) and plrev
(antisense) for specific amplification of a shofi® stretch from the 5-terminal end of the
GSTFGLB1 construct. The plrev primer was designed to binty on GLB1 sequences.
Annealing was performed at 62 °C and DNA strandeevextended for 2 min per cycle. The
resulting PCR product (583 bp) was present in ds¢éetl positive transformants, as well as in
the positive controls (data not shown). One of fisti positive transformants was chosen for

expression and is subsequently designated as Bpf-ch

4.4 Heterologous protein expression for antibodglevelopment

The purpose of constructing C- or N-terminal tagfe@al proteins and expression i coli
was solely the large-scale purification of humasosomal acig-galactosidase and subsequent
immunization of rabbits for production of polycldranti{3-Gal-antibodies. In this work. coli
was chosen as expression host because it is thérim®msn model organism, maintanance is
cheap and uncomplicated, and heterologous protginession is often fast and rather easy

compared to eukaryotic cells like yeast or insetisc
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A big disadvantage of the. coli expression system, however, is the disabilityawextly fold
heterologous proteins, in particular eukaryotict@iress, becaus&. coli lacks the typical cell
machinery of eukaryotic cells. The main differehetween Bacteria/Archea and Eukaryotes is
that the latter have membrane-bound organellesaamndcleus, enabling them to establish
sophisticated protein modification and transpastagystems within different organelles. Thus,
incorrectly folded, hence insoluble (inclusion kexsji or toxic proteins are a common problem
when usinge. coli as expression host for eukaryotic proteins. Howeseveral methods have
been developed to overcome these obstacles Eandoli is still a popular choice for

heterologous protein expression.

4.4.1 Expression of the C-terminal tagged GLB1$ltonstruct

The theoretical size of the fusion protein was waled as ~77 kDa, using the program
“Compute pl/Mw” from the ExPASy Proteomics Serv&wss Institute of Bioinformatics;

http://www.expasy.chy and based on the 685 aa fusion protein sequprmgded in the

appendix. In fact, the human lysosomal ggidalactosidase precursor has a mass of 84 kDa,
while the lysosomally processed, mature enzymeuiscated to 64 kDa. As the computational
calculation did not consider protein glycosylatiamther post-translational modifications, the
actual mass of proteins on SDS gels can differ ftoencalculated mass. In case of expression
in E. coli, there are no post-translational modifications téae into account hence the

anticipated mass of the polyhistidine-tagged fugitotein was approximately 77 kDa.

Prior large-scale expression of the desired profmi@liminary experiments were conducted to
find optimal growth conditions and isopropyp-D-1-thiogalactopyranoside (IPTG)
concentrations for induction of the fusion protekor these small-scale experiments, an
overnight culture (ONC) of the positive transformén coli BL21(DE3)-[pET-21d(+)SLB1-
HIS] (T2/4) was set up in LBA medium as starter c@tufurthermore, a positive and negative
control E. coli BL21(DE3)-[pET21d(+)]; empty plasmid) was cultiedtin LBA medium and
treated like T2/4 in subsequent procedures. BL2B(PEysS cells, transformed with the pET-
14b plasmid containing the gene tor coli B-galactosidasddcZ?), served as induction control

(Induction Control A, Invitrogen). 50 ml LBA medium were inoculated with the respe
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strain to an optical density (OD at 600 nm) of 0abfl incubated until an Qg of ~0.4 was
attained. At this point, samples for SDS-PAGE weteeved by collecting cells corresponding
to 2 OD units. Cells were pelleted by centrifugatad 5,000 x g for 20 min (4 °C) or 10,000 x
g for 5 min (4 °C), shock-frozen in liquid nitrogesnd stored at -80 °C. Main cultures were
supplemented with IPTG to induce protein expressiod incubated for several hours at
preassigned temperatures. Samples for SDS-PAGEag#egeted on the hour and processed as

described above.

The tested small-scale expression conditions feer@inally His’-taggedB-galactosidase are
given in Table 4.4.1.1. Induction Control A was ipigs in each experiment while the negative

control showed no induced protein.

Temp. Final IPTG concentration Incub. time
0.5 mM 0.6 mM 1mMm after induction

18 °C n.d. low expression of n.d. 1-4 hrs
~30 kDa protein

25 °C n.d. low expression of n.d. 1-4 hrs
~30 kDa protein

37 °C low expression of n.d. low expression of 1-5 hrs

~30 kDa protein ~30 kDa protein

Table 4.4.1.1 Small-scale expression conditions famduction of C-His®-Gal in E. coli BL21(DE3)-[pET-
21d(+)-GLB1-HIS] (T2/4). Results were obtained by SDS-PAGE. n.d. = notrdeted.

Unfortunately, none of the tested conditions regllh the expression of the full length human
[B-galactosidase precursor. SDS gels never showeddaced protein band in the size of the
cloned construct (~77 kDa), but rather a smallrfragt of approximately 30 kDa. However,
this band was not always clearly distinguishabbenfthe negative control’s or uninduced cell’s
bands. To further examine heterologous expressidhis transformant, T2/4 was cultured in
100 ml LBA medium at 37 °C until an QB of ~0,5 was attained, induced with a final IPTG
concentration of 0.5 mM, and harvested after 5 nmangrs at 37 °C. Cells of the total culture
were pelleted by centrifugation at 3,000 x g for rhih at 4 °C. Additionally, samples of
uninduced and induced cells were prepared for SBSHas described earlier. The cell pellet
of the total culture was resuspended in 6 ml (B@ihl culture volume) ice-cold phosphate
buffered saline (PBS, pH 7,4), homogenized by sdian (5 x 1 min on ice with a break of 1
min after each run), and centrifuged at 18,000 (Borvall RC5B-Plus, F21S rotor) for 30 min
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at 4 °C. The supernatant was collected and sanmolesthe cell homogenate, the supernatant,
and the pellet after centrifugation were collected SDS-PAGE, respectively. SDS-PAGE
samples were prepared as described in section73ahtl applied to 10% Tris-HCI gels (Bio-
Rad). Results are shown in Figure 4.4.1.2.

148 kDa
98 kDa
64 kDa
50 kDa

36 kDa

22 kDa

Figure 4.4.1.2 SDS-PAGE of C-Hf%Gal induction in T2/4 with 0.5 mM IPTG. Cells were disrupted by
sonication and centrifuged to separate soluble fr@luble proteins (except lane 1+@&t) 20 pl SeeBIug Plus2
(Invitrogen"); (1) 10 pl uninduced T2/4(2) 10 ul T2/4 after 5 hr induction with 0.5 mM IPT@)+(6) 30 l
supernatant(4)+(7) 30 ul pellet after sonication and centrifugati¢®) 30 pl cell homogenate. 10% Tris-HCI
ready gels (Bio-Rad), running buffer: Tris/glycine.

In accordance with all previous expression tebexet was an additional band of ~30 kDa when
T2/4 was induced with 0.5 mM IPTG. This band wasoallightly visible in uninduced cells,
probably due to basal expression of proteins. éstergly, the protein was present in the
soluble and insoluble fraction as demonstrateddgrdugation of the cell homogenate (Figure
4.4.1.2, lanes 3, 6, 4, and 7). The presence sfliind in the pellet fraction might indicate
semi-optimal cell disruption or separation and $thdae optimized. However, all sonication
steps ofE. coli cells in this work were performed with optimal gmuent in the lab of the
Biochemistry Department, Technical University ofa@r Unfortunately, there never was an

induced band in the size of the full len@Gal-His® construct (estimated ~77 kDa) or close-

by.
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4.4.1.1 Purification of the C-terminal polyhistid-tagged proteins by nickel-affinity chroma-
tography

To purify the potential Hf$tagged protein (~30 kDa), another experiment weisug in a
similar way, using 2 x 250 ml LBA medium for cultitton of T2/4 at 37 °C, and protein
induction with a final IPTG concentration of 0.5 mBamples for SDS-PAGE were collected
before and after induction, and total cell culturesre pelleted after 4 hrs at 37 °C by
centrifugation at 5,000 x g for 10 min (4 °C). Tresulting pellet (1.3 g wet weight) was
resuspended in 3 ml lysis buffer A and preparechickel-column purification as described in
section 3.5.1. Briefly, the resuspended cells veer@cated, centrifuged, and filtered through a
filter paper prior application to the column. Dugikollection of the samples, visual protein
determinations were performed using the Quick St&@madford Dye Reagent (1x; Bio-Rad).
Therefore, 10 ul of the sample were mixed with f00f the dye and a color change from red
to blue indicated the sample’s protein contenteBiuate fractions were pooled, concentrated
in Vivaspin 4 ultrafiltration columns (5,000 MWCCEB; Vivascience, Sartorius GmbH), and

rebuffered in 10 mM phosphate buffer (pH 7.0), eanihg 100 mM NacCl to a final volume of

1 ml. Samples of each purification fraction werbjeated to SDS-PAGE (Figure 4.4.1.1.1) and
Western blotting (Figure 4.4.1.1.2).

Figure 4.4.1.1.1 SDS-PAGE of fractions from purifiation of a putative polyhistidine-tagged fusion preein.
(st) 25 pl BenchMark (Invitrogen"); (1) 10 pl uninduced T2/42) 10 pl T2/4 after 4 hr induction with 0.5 mM
IPTG; (3) 20 pl mediumy4) 20 ul pellet after sonication and centrifugatitrl,0 dilution;(5) 20 ul supernatant,
1:10 dilution;(6)-(9) 20 ul flow through fractions, 1:10 dilution&0)-(14) 20 ul wash fractions, 1:10 dilutions;
(15) 20 pl eluate poolf16) 20 ul concentrated and rebuffered eluate. 10%agoyamid gels, running buffer:
Tris/glycine.

120



The purification of the 30 kDa protein was not sssful as demonstrated in Figure 4.4.1.1.1.
The same proteins that were found in the flow thhofractions (lanes 6-9) were also found in
the eluate fractions (eluate pool in lane 15),aating no specific binding to the nickel-column.
Interestingly, an antibody directed against hunfagalactosidase a85 anti-human 3-
galactosidase antibody; see section 3.10.1) readtédseveral proteins in the eluate fractions
(Figure 4.4.1.1.2, lanes 6-8).

The 3-Gal antibody seemed to recognize the same protgirtie second blot. Unfortunately,
this blot was not ideal for comparison and develepirtimes are different for both blots.
Western blots could not be repeated due to antitsbdytage. Some of the most prominent
bands in the eluate fractions were also presefttieénuninduced control (lane 17) and in the
negative control (lanes 4 and 5). Western blot Itesalso implied unsuccessful protein
purification as seen in Figure 4.4.1.1.1. Howelteras difficult to localize the 30 kDa protein
in these blots. For orientation purpose, samptas fnuman fibroblast and COS-1 homogenates
were applied together with the coli samples. The human lysosomal ggitGal precursor (84
kDa) was clearly detectable in all lanes (1-3, eetbws), where COS-1 cells showed the
strongest signal due to overexpression of the psecuThe juvenile GM1 sample shows also
somep-Gal specific degradation bands (<37 kDa) [OkantDhe-et al, 1996]. Mature3-Gal
enzyme (64 kDa) is only present in healthy contels (lane 2, blue arrow). A correctly
expressed heterologous fusion protein should tbexdfe detected in a height between those
two bands in theée. coli lanes. The topmost bands in all fractions wouldespond to the
calculated size, but SDS-PAGE never showed a sgnifly induced band in that position (cf.
Figure 4.4.1.2), and this band is also presertiemegative controls (WB, lanes 4 and 5).
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Figure 4.4.1.1.2 Western blot detection of-Gal immunoresponsive material in T2/4 fractions.Blots were
hybridized witha85 anti-humarB-galactosidase antibody. Membrane 1 was develogbdtine AP Substrate Kit
(Bio-Rad) for 30 min, and membrane 2 for 15 m{st) 20 pl BenchMark (Invitrogen"); (1)-(3) cell
homogenates of juvenile GM1), healthy contro[2), and COS-1 cell§3); (4) 20 pl negative control after 4 hr
induction with 0.5 mM IPTG(5) 20 pl uninduced negative contrgg) 20 ul eluate pool(7)-(9) 20 pl eluate
fractions;(10) 20 ul wash fraction(11)-(13)20 ul flow through fractiong{14) 20 ul supernatanf15) 20 ul pellet
after sonication and centrifugatiof1;6) 20 ul T2/4 after 4 hr induction with 0.5 mM IPT@;7) 20 ul uninduced
T2/4. 10% polyacrylamid gels, running buffer: Tgigtine; nitrocellulose membranes.

To elucidate this problem, the eluate fraction washjected to another Western blot
experiment, and nitrocellulose membranes were tigail with an anti-polyhistidine antibody.
Surprisingly, the anti-6-histidine antibody (NovB#logicals®) and the ant-Gal antibody
reacted with the same proteins in the eluate tvadfrigure 4.4.1.1.3). To rule out any negative
influence of the secondary antibody, another men#reontaining the eluate sample was
hybridized only with the secondary antibody. Nansigwas detected, even after color reactions

of more than one hour (data not shown).

Altogether, the results of induction experimentd &estern blots indicate low expression of
soluble but unstable, rapidly degraded C-terminapplyhistidine-tagged human3-
galactosidase protein . coli. The fusion protein seemed to be cleaved at spqmifitions
resulting in at least seven major fragments (indgdhe ~30 kDa protein) clearly detectable in
Western blots by both anf-Gal and anti-6-histidine antibodies. The main adsge of
Western blots compared to SDS-PAGE is the highesigeity of protein detection, which may

explain the difficulties to see (over)expressedgins on SDS gels.
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Figure 4.4.1.1.3 Western blot detection offf-Gal and
histidine immunoresponsive material in T2/4 fractims.
Blots were hybridized with eithera85 anti-human 3-
galactosidase antibodianes 1-3) or anti-6-histidine antibody
(lane 4) Membrane 1 was developed with the AP Substrate Ki
(Biorad) for 30 min, and membrane 2 for 5 m{at) 20 ul
BenchMark' (Invitrogen); (1)+(4) 20 ul eluate pool(2)+(3)

20 pl eluate fractions. 10% polyacrylamid gels,niag buffer:
Tris/glycine; nitrocellulose membranes.

4.4.2 Expression of the N-terminal tagged HIS-GLEonstruct

To possibly overcome the problems arising from t@i@iinal tagged fusion protein in terms of
decreased stability (e.g. action of C-terminal pssing peptidases), an N-terminal taggiés

GLB1 construct was cloned and expressedincoli BL21(DE3) cells under the conditions
listed in Table 4.4.2.1 for small-scale inductiotperiments. Cells were prepared for small-

scale induction experiments as described in sedtibrl and 3.2.2.

Temperature Final IPTG concentration Incubation time
1 mM after induction
30°C low expression of ~30 kDa protein 1-4 hrs, 21 hrs
37 °C low expression of ~30 kDa protein 1-4 hrs

Table 4.4.2.1 Small-scale expression cdtiwhs for induction of N-His®-Gal in E. coli BL21(DE3)-
[PET-21d(+)HIS-GLB1] (T1). Results were obtained by SDS-PAGE.

As specified for C-Hi%-Gal, the theoretical size of the N-fliGal fusion protein was

calculated as ~77 kDa with the program “ComputeMpi/ (EXPASy, Swiss Institute of

Bioinformatics), based on the 684 aa fusion protegguence provided in the appendix.
Significant overexpression of a full lengf+Gal protein, tagged with polyhistidine, was
unsuccessful, but a ~30 kDa protein was slightjuoced with IPTG (Figure 4.4.2.2, blue
arrow). A red arrow indicates the possible locatadna low expressed, full length fusion
protein, in the size of the target protein. To aonfthe identity of the induced band(s),

Western blots were performed using the same fragts in Figure 4.4.2.2.
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Figure 4.4.2.2 SDS-PAGE of N-Hi&Gal induction

in T1 with 1 mM IPTG. Cells were cultured in LBA
medium to an OR), of 0.6, and induced with IPTG.
(st) 25 pl SeeBIud Plus2 (Invitrogen);(1) 10 pl
uninduced T1(2)-(6): 10 ul T1 after induction at 30
°C for 1 hr(2), 2 hrs(3), 3 hrs(4), 4 hrs(5), 21 hrs
(6). 10% Tris-HCI ready gels (Biorad), running
buffer: Tris/glycine.
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In contrast to the previous blots (cf. Figure 4.8.2), nitrocellulose membranes were
hybridized with the ant3-galactosidase peptide antibody 1 (Eurogenteciiébection of3-Gal
immunoreactive material. This specific antibody wassigned in cooperation with the
company Eurogentec, and was only available inex lalhase of this work (see section 4.5.2).
Results are shown in Figure 4.4.2.3. The blots ateproducts from one and the same
nitrocellulose membrane. First, the membrane wdwitiged with the antB-Gal antibody
followed by the appropriate secondary antibody, aeveloped for 30 sec using the
SuperSigndl West Pico Chemiluminescent Substrate Kit (Thermizr8ific). To detach the
hybridized primary and secondary antibodies, thenbrane was stripped with 10 ml Restore
Western Blot Stripping Buffer (Thermo Scientifigrfl0 min at room temperature. Then it was
hybridized with the anti-6-histidine antibody ants iappropriate secondary antibody. A
development time of 30 sec, as tested¥dBal blots, produced only weak polyhistidine-tag
signals hence development was repeated, but fom@gmamum time (~1 hr). The detected
proteins bands, both with the aftGal and anti-6-Histidine antibody, had a striking
resemblance to proteins detected in the C-terntiiigil-taggedB-Gal transformant (cf. Figure
4.4.1.1.3). It should be noted that different gteal antibodies as well as different secondary

antibodies were used, which makes this result evere remarkable.
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Although the uninduced transformant showed a rathesar protein band in the size of full-
length 3-Gal fusion protein (due to basal protein expragsion SDS gels, n@-Gal was
detected in this fraction on Western blots. Actyalhe Western blot system is more sensitive
for protein detection than staining of SDS gelshwi@oomassie Blue. Even the extended
development of the blot previously hybridized witle anti-6-histidine antibody showed no
signal in the lane of the uninduced T1. This reputs interpretations of the upper bands on the
SDS gel (Figure 4.4.2.2) into question. It is there likely that the upper bands observed on
the SDS gel are composed of various proteins ok#me size, one of them being the target
protein. The longer the incubation time after IPiRGuction, the mor@-Gal and polyhistidine
immunoreactive material was found in the fractiohise detected bands are exactly the same
for both antibodies. These results clearly indidate level expression of an N-terminally

polyhistidine-tagged full-lengtB-Gal protein inE. coli, which is again rapidly degraded in the
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cytoplasm of the host strain, as seen before mstoamants carrying the C-termin@AL-HIS

construct.

4.4.3 Expression of N-terminal tagged GST-GLBInstructs

Previous experiments suggested rapid degradatiothefheterologously expressed fusion
protein in the bacterial cells hence a differeraitsegy was pursued aiming at the expression of
B-Gal with improved stability. One way of achievitigat aim could be the co-expression of a
stable protein-tag like the glutathione S-trander@GST) or maltose binding protein (MBP).
These protein-tags are available in commercialorscbptimized for high expression of stable
and soluble GST or MBP protein. Tagging the protdiimterest to one of these proteins may
improve the solubility and stability of the fusipartner, especially if tagging is performed on
the N-terminal end of resulting fusion protein. Hagr, these tags do not guarantee successful
expression of soluble fusion proteins, but tracking fate of the protein of interest is much
easier with large protein tags. In contrast to shell polyhistidine-tag, GST (~26 kDa) or
MBP (~42 kDa) can easily be located on SDS gedljti@ing analysis of small-scale induction

experiments.

4.4.3.1 Expression of full length human lysosomcad S-galactosidase

The theoretical size of the N-terminally GST-tag@ettlength 3-galactosidase was calculated
as ~104 kDa with the program “Compute pl/Mw” (ExBASwiss Institute of Bioinformatics),
based on the 920 aa fusion protein sequence pwdéhe appendix, and neglecting post-
translational modifications. The conditions for eegsion of N-GST-Gal in transformant T1f
are listed in Table 4.4.3.1.1.
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Temperature Final IPTG concentration Incub. time
0.5 mM 1mM after induction
25°C high expressiowf insoluble high expressiowf insoluble 1-5 hrs, 20 hrs
protein in large-scale protein in large-scale
experiments experiments
37 °C high expressiolf insoluble high expressiolf insoluble 1-20 hrs with
protein in large-scale protein in large-scale 0,5 mM
experiments experiments 1-5 hrs + 21 hrs
with 1 mM

Table 4.4.3.1.1 Expression conditions for inductiolof N-GST-Gal in E. coli BL21-[pGEX-6P-2-GST-GLB1-
f] (T1f). Results were obtained by SDS-PAGE.

In all tested large-scale conditions, the full-limdusion protein was expressed in high
amounts, but in an insoluble form (inclusion boyligsigure 4.4.3.1.2 clearly shows the
overexpressed fusion protein band in the heighthefpredicted size (~104 kDa, red arrow).
However, the protein is only present in the homagerraction after sonication of the cells,
and in the pellet fraction after centrifugation tble cell homogenate. The supernatant was
applied to a GST affinity column and purified asci#ébed in section 3.5.2. Protease inhibitors
were not used during the purification process. &lmate fractions were pooled, concentrated
and rebuffered in PBS (pH 7.4). Due to inclusiodyotormation of the fusion protein (lane 3),
no protein could be purified via affinity chromataghy, hence the protein of interest is absent

in the eluate (lane 4).

Figure 4.43.1.2 SDS-PAGE of
fractions from purification of the
GST-tagged full length B-
galactosidasep-Gal was induced with 1
mM IPTG for 4 hrs at 37 °Cst) 20 ul
SeeBIu& Plus2 (Invitrogen);(1) 30 pl
cell homogenate(2) 30 pl supernatant;
(3) 30 pl pellet after sonication and
centrifugation; (4) 30 pl concentrated
and rebufferd eluate. 10% Tris-HCI
ready gels (Biorad), running buffer:
Tris/glycine.

To increase the probability of correctly folded,ludde expressed protein, N-GST-Gal
expression was induced at suboptimal growth tenwpers with different IPTG concentrations.
Unfortunately, these conditions were not able tprione the solubility of the GST-taggfd

Gal protein (Figure 4.4.3.1.3). The vast majorifytlee protein was still found in the pellet
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fraction (lanes 3 and 6, red arrow). However, tERK-6P-2 plasmid containing the GST-tag
sequence proved to be a good choice, becauselltade high expression levels of the fusion
protein, clearly visible on SDS gels. This resutiypded the basis for another attempt, the co-
expression of the fusion protein and speckHiccoli chaperones, assisting in proper protein

folding.

Figure 4.4.3.1.3 SDS-PAGE of induction conditionsof expression of the GST-tagged full lengthB-
galactosidase in T1fB3-Gal was induced for 4 hrs at 25 °C with either @8 (lanes 1-3)or 1 mM IPTG(lanes
4-5). (st) 20 plSeeBIu& Plus2 (Invitrogen); (1)+(4) 30 pl cell homogenat€2)+(5) 30 ul supernatant3)+(6)
30 pl pellet after sonication and centrifugatiod%d Tris-HCI ready gels (Bio-Rad), running bufferisfglycine.

4.4.3.2 Expression of full length human lysosomat a?galactosidase with the aid of

molecular chaperones

Molecular chaperones are interactive, often higtdypserved proteins, naturally occuring in
both bacterial and eukaryotic cells, which assisprioper protein folding of nascent proteins,
but also participate in protein degradation proessgeviewed in Arndtet al, 2007 and
Brodsky, 2007]. Heat shock proteins are probabdyttbst-known and characterized chaperones
in E. coliand in general [reviewed in De Maio, 1999 and hd &rivastava, 2004]. They are
typically expressed in the bacterial cytoplasm wund&ess conditions, thus they were
designated with the prefix Hsp (e.g. Hsp60, HspT@)human cells, the situation is more
complex and still far from elucidation. A large aqtisy of human chaperone families is located
in the endoplasmic reticulum (ER), where proteires synthesized and folding processes take
place to form native state proteins [reviewed ircBat al, 2007]. It should be noted that not
all proteins require the action of a chaperonespioper folding and transportation to their

target location. The influence of bacterial chapeson the expression of recombinant proteins
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has to be evaluated carefully. Overexpression oflecutar chaperones may facilitate
stabilization or folding of specific heterologousypressed proteins, but overproduction could
also result in inhibiton of cell growth and prenmratgell death [Hoffmann and Rinas, 2004].

Successful co-expression of chaperones and hegewsdoproteins to improve solubility and
stability was demonstrated by several groups [reecin Hoffmann and Rinas, 2004]. A wide
range of chaperone expression vectors is commigreiaailable, encoding either one specific
chaperone or a set of chaperones that are aciunédisaction partners, and able to initiate an
entire protein folding cascade in the bacterialscéf course, these processes occur naturally
in E. coli without chaperone vectors, but the crucial poinghhbe the overexpression of
certain chaperones, as the cellular machinery ¥ agapted in terms of handling its own

resources, but expression of heterologous proigiosrtainly more energy demanding.

The plasmid pG-KJE8 (Takara Bio Inc.) was chosercéeexpression experiments [Takara A].
It contains theE. coli chaperones listed in Table 4.4.3.2.1. and thestaedi marker for
chloramphenicol, enabling co-selection with the p&&-2 plasmid (ampicillin). The
chaperone encoding genes under the control carthie promoter are inducible by addition of
L-arabinose to the growth medium, and the genegmoadntrol of thePztl promoter can be

induced with tetracycline. For further details d@hd vector map see section 3.3.

Heat shock protein/Chaperone Alternative name Size
Hsp70 DnaK ~70 kDa
Hsp40 DnaJ ~40 kDa
Hsp-70 cofactor GrpE ~22 kDa
Hsp60 GroEL ~60 kDa
HspE1l GroES ~10 kDa

Table 4.4.3.2.1 Molecular chaperones featured in hpG-KJES8 plasmid (Takara Bio Inc.)

The tested expression conditions for N-terminallpT&agged B-galactosidase and co-
expression of chaperones are listed in Table ££2.3Induction was performed according to

the manufacturer’'s recommendation [Takara A; TaBjra
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Temp. Final IPTG concentration Incub. time
1mM after induction

25°C high expressiomnf insoluble protein in large-scale experiments 4,20 hrs

30°C high expressiomf insoluble protein in large-scale experiments 8,415, 20 hrs

Table 4.4.3.2.2 Expression conditions for inductionf N-GST-Gal in E. coli BL21(DE3)-[pG-KJES8]-[pGEX-
6P-2-GST-GLB1-f] (T1f-chap). Results were obtained by SDS-PAGE.

In one preliminary experiment, 250 ml LBAC-AT meniusee section 3.13) were inoculated
with the positive transformant T1f-chap to an &yf 0.05. Cells were grown at 25 °C until an
ODggp Of ~0,4 was attained, induced with IPTG at a fe@mbcentration of 1 mM, and cultivated
for 20 hrs at the same temperature. Samples (2 Qif3)uvere taken from uninduced and
induced cells (2, 4 and 20 hrs) and prepared f@-BBGE as described previously (cf. section
3.11.7). 100 ml of the main culture were harvestiéer induction for 4 hrs, and another 100 ml
after 20 hrs. Cells from each pellet were prepdmgdentrifugation at 3,000 x g for 10 min (4
°C), washed in 0.9% NaCl, resuspended in 1 ml Ly&idfer B, and homogenized by
sonication (5 x 1 min). After centrifugation of tbell homogenates (20,000 x g, 20 min, 4 °C),
20 pl aliquots of the homogenates, the supernatamd the pellets after sonication and
centrifugation were treated with 2 units of PreSicis” Protease (GE Healthcare) for 16 hrs at
4 °C. Treatment of all fractions was performedneeistigate the cleavage qualities, e.qg. if GST
can be cleaved off in the insoluble protein fractiby the PreScission Protease (PP).
However, it was hoped that co-expression of mobacchaperones solubilizes the N-GST-Gal

protein, increasing the possibility of cleavageR#.

Results of this experiment are shown in Figure34243. There was no difference in the protein
pattern of PP-treated and untreated cells. PreBais®rotease could not cleave the GST-tag
from the insoluble fusion protein, indicating natly misfolding of theB-Gal protein, but
maybe also GST itself, or GST it is inaccessible tlu steric hindrance by misfold€dGal
motifs. The extra band (~46 kDa) in lanes 9-14 {(lse®n in lane 11; red arrow) is the PP
enzyme itself, which could be co-purified with goaly cleaved, free GST fragments on the
GST affinity column. Unfortunately, the solubilityf the N-GST-Gal was not affected by
chaperone co-expression, hence the protein remansetuble and was mainly present in the
pellet fraction after sonication and centrifugatidgturthermore, it seems that also a certain
amount of the chaperones was present in the ingolinhction, especially the low-sized
chaperones DnaJ and GrpE. Higher amounts of solell@essed proteins, including
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chaperones, were found after 20 hrs (lanes 8 apdHbdvever, the amount of soluble N-GST-
Gal was rather low compared to the insoluble foactor chaperones expressed in the soluble
fraction itself. Chaperone overexpression alonshewn in lane 15 (IPTG-uninduced T1f-

chap). The protein sizes are almost consistent tvéglpredicted sizes listed in Table 4.4.3.2.1.

Differences might occur due to different SDS gelhimg buffer systems.

Figure 4.4.3.2.3 SDS-PAGE of induction conditionsof expression of the GST-tagged full lengthB-
galactosidase with the aid of chaperones in T1f-chap-Gal was induced with 1 mM IPTG at 25 °C for 4 hrs
(lanes 1-4 and9-11) and 20 hrs(lanes 5-8 and 12-14) Additionally, some samples were treated with
PreScission Proteasdlanes 9-14) (st) 20 ul SeeBIu® Plus2 (Invitrogen); (1)+(5) 30 pl cells prior sonication;
(2)+(6)+(9)+(12) 30 ul cell homogenate(3)+(7)+(10)+(13) 30 ul pellet after sonication and centrifugation;
(4)+(8)+(11)+(14)30 ul supernatan{l5) 10 ul uninduced T1f-chap with expressed chaperqagPnakK (~70
kDa); (b) GroEL (~60 kDa);(c) DnaJ (~40 kDa){d) GrpE (~22 kDa). 10% Tris-HCI ready gels (Bio-Rad),
running buffer: Tris/glycine.

A similar experiment was performed with an industtemperature of 30 °C, and 50 ml of the
main culture were harvested after 4 hrs, 8 hrdyrgs5and 20 hrs, respectively. Cell pellets were
prepared as previously described and homogenatpsrmatants, and pellets after sonication
and centrifugation were subjected to SDS-PAGE (feigu4.3.2.4). For better visual analysis,
the homogenate and pellet fractions were diluté@ in Lysis Buffer B prior application to the

SDS gels, while the supernatant fraction was agpliediluted. The results are consistent with
previously obtained data from preliminary experitsemwhere both chaperone and N-GST-Gal
expression was as its highest level well aftersBihduction time (lanes 9 and 12), but in either
case overexpression of soluble fusion protein wassafficient for large-scale purifications to

provide antigens for antibody development.
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Figure 4.4.3.2.4 SDS-PAGE of induction conditionsof expression of the GST-tagged full lengthB-
galactosidase with the aid of chaperones in T1f-chap-Gal was induced with 1 mM IPTG at 30 °C for 4 hrs
(lanes 1-3) 8 hrs (lanes 4-6) 15 hrs(lanes 7-9) and 20 hrs(lanes 10-12) (st) 25 pl SeeBIu® Plus2
(Invitrogen); (1)+(4)+(7)+(10) 30 ul cell homogenate, 1:10 dilutiong)+(5)+(8)+(11) 30 pl pellet after
sonication and centrifugation, 1:10 dilutioif8)+(6)+(9)+(12)30 pl supernatanfa) DnaK; (b) GroEL; (c) DnaJ;
(d) GrpE. 10% Tris-HCI ready gels (Bio-Rad), runningfbr: Tris/glycine.

To verify data from SDS-PAGE, Western blot analysas performed on the supernatant and
the pellet fractions (Figure 4.4.3.2.5). The niglhdose membrane was first hybridized with
the B-galactosidase antibody according to the Westean jtotocol (see section 3.10 and
3.11.7.4), and after successful development forir, stripped with 10 ml RestoreWestern
Blot Stripping Buffer (Thermo Scientific) for 10 miat room temperature. The second
hybridization was performed with an anti-GST antipqGE Healthcare) and the blot was
again developed for 1 min using the SuperSiisest Pico Chemiluminescent Substrate Kit
(Thermo Scientific). In contrast to Higaggedp-Gal proteins, the soluble portion of GBT-
Gal seemed to be expressed in a more stable farthid experiment, GST signals (right blot)
of N-GST-Gal are more pronounced after blot develept of 1 min, than H%signals of N-
His®-Gal detected after development af 1 hr (cf. Figure 4.4.2.3). Major degradation
fragments, like the ~30 kDa protein, were abseménfirst blot even after an induction time of
20 hrs, although there were some degraded projasisbeneath the fusion protein band
(Figure 4.4.3.2.5, red arrows). However, the 30 kibatein was clearly visible in the second
blot, previously hybridized with the anti-GST amtdy (blue arrow).
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Figure 4.4.3.2.5 Western blot detection d8-Gal and GST immunoreactive material in T1f-chap.Blots were
hybridized with either eithen85 anti-humanf-galactosidase antibody (left), or anti-GST antipqgight).

Standard: 20 pl SeeBIfiePlus2 (Invitrogen). Samples are identical with samples from Figude342.4. 10%
Tris-HCI ready gels (Bio-Rad), running buffer: Tgkycine; nitrocellulose membranes. Both blots waegeloped
for 1 min with the SuperSigrfaWest Pico Chemiluminescent Substrate Kit (ThermieSific).

Despite low expression levels of soluble N-GST-Gakliminary purification experiments
were conducted to examine the binding charactesisti the soluble protein to the GST affinity
column. For GST affinity chromatography, 250 ml LBAAT medium were inoculated with
T1f-chap as described earlier in this chapter, MIFAST-Gal expression was induced with 1
mM IPTG at 25 °C. 200 ml of the main culture weasvested after 20 hrs, and samples for
SDS-PAGE were collected from induced and unindwzdts. The pellet was resuspended in
12 ml Lysis Buffer B and homogenized by sonicatiBnGST affinity resin was prepared as
described in section 3.5.2 and the supernatantalawed to flow through by gravity. After
washing the column with several volumes of Lysigf&uB, bound proteins were eluted with
10 bed volumes of Elution Buffer B. Aliquots of repentative fractions were prepared for
SDS-PAGE and results are shown in Figure 4.4.33igilar to purification experiments
without chaperone co-expression (cf. section 4,4t GST-tag of the fusion protein did not
bind to the affinity column. Only the most promimgmotein, the chaperone GroEL (60 kDa),
was slightly visible in the eluate fractions. Dwethe low expression of soluble GEfGal
fusion protein (cf. lane 2), the co-expressiontsttg was abandoned and expression of a

truncated GSTB-Gal fusion protein was examined.
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Figure 4.4.3.2.6 SDS-PAGE of fractions from purifiation of the GST-tagged full lengthB-galactosidase
expressed with the aid of chaperones in T1f-chapst] 20 ulSeeBIlu& Plus2 (Invitrogen); (1) 10 pl uninduced
T1f-chap;(2) 10 ul Tif-chap after 20 hr induction with 1 mM I8Tat 25 °C;(3) 30 ul cell homogenate, 1:10
dilution; (4) 30 pul pellet after sonication and centrifugati@rd,0 dilution;(5) 30 pl supernatant6) 30 pl flow
through fraction;(7)-(9) 30 pl wash fractions(10)-(19) 30 pl eluate fractions. 10% Tris-HCI ready gel$o(B
Rad), running buffer: Tris/glycine.

4.4.3.3 Expression of truncated human lysosormial &galactosidase

The theoretical size of the fusion protein consgf truncate@-Gal protein and the GST-tag
(N-GST-Gal-peptide) was calculated as ~55 kDa udimg program “Compute pl/Mw”
(ExPASy, Swiss Institute of Bioinformatics), based the 473 aa fusion protein sequence
provided in the appendix. It was assumed thatrectiied, heterologous protein sequence might
be easier to express . coli cells in terms of increased protein stability aswubility.
Furthermore, proper folding of small peptides mightmore successful than folding of huge
proteins, if expressed in a host system. Howevepgr folding primarily depends on other
factors such as availability of appropriate molaculchaperones or post-translational

modification machinery, anél. coliis not capable of executing such modifications.

The expression conditions for the N-terminally Gagged truncate@-galactosidase in the

positive transformant T1p are listed in Table 43.B

Temp. Final IPTG concentration Incub. time

0.5 mM 1mMm after induction
25°C expression of insoluble protein expression of inktd protein 4 hrs
37°C n.d. expression of insoluble protein 1-5hrs, 22 hr

Table 4.4.3.3.1 Expression conditions for inductiorof N-GST-Gal-peptide in E. coli BL21-[pGEX-6P-2-
GST-GLB1-p] (T1p). Results were obtained by SDS-PAGE.
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GST-taggedp-Gal peptide was expressed with the predicted size-55 kDa under all
conditions, but it was again insoluble. Resulta gireliminary experiment are shown in Figure
4.4.3.3.2. The experimental conditions were theesamdescribed earlier (cf. section 4.4.3.1).
Samples containing N-terminal GST-tagged full langitGal (~104 kDa) were applied to the
same SDS gel for comparative reasons. In both cseprotein of interest was significantly
overexpressed, but it was present in the pelletibma after sonication and centrifugation (lane
3), rather than in the soluble fraction (lane 2)efefore, all attempts to purify the protein from
the supernatant fraction using GST affinity chramgaaphy (see section 3.5.2) failed (lane 4).

‘ Figure 4.4.3.3.2 SDS-PAGE of

fractions from purification of the
GST-tagged truncated B-
galactosidase peptide of T1pB-Gal
was induced with 1 mM IPTG for 4
hrs at 37 °C(st) 20 plSeeBIu& Plus2
(Invitrogen); (1) 30 ul cell
homogenate(2) 30 pl supernatan{3)
30 pl pellet after sonication and
centrifugation;(4) 30 pl concentrated
and rebufferd eluate. 10% Tris-HCI
ready gels (Biorad), running buffer:
Tris/glycine.

Even reduction of incubation temperatures and fiRdIG concentration did not result in
expression of significant amounts of soluble N-G&4l- peptide (Figure 4.4.3.3.2).
Experimental procedures of this specific experimare the same as described in section
4.4.3.1.

6 Figure 4.4.3.3.3 SDS-PAGE of
8- . induction conditions for
-~ expression of the GST-tagged
truncated B-galactosidase in T1p.
B-Gal was induced for 4 hrs at 25
°C with either 0.5 mMlanes 1-3)
or 1 mM IPTG(lanes 4-5) (st) 20
ul SeeBlu& Plus2 (Invitrogen);
(1)+(4) 30 pl cell homogenate;
(2)+(5) 30 pl supernatani3)+(6)
30 ul pellet after sonication and
centrifugation. 10% Tris-HCI ready
gels (Biorad), running buffer:
Tris/glycine
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4.4.4 Solubilization of insoluble, truncated humaysosomal acid lysosomgtgalactosi-

dase in vitro

Another, quite different approach was tested toaiobtsoluble GST-tagge@®-Gal fusion
proteins. The insoluble, truncated GB¥Gal peptide (N-GST-Gal-peptide) expressed in T1p,
was the basis for the following experiments, assgntinat refolding might be easier for shorter
peptides. The principle of the tested method isldéig of insoluble proteins undém vitro
conditions. The experimental procedures are destrib full detail in section 3.6, and are
based on the findings of Middelberg [Middelberg,02D Ten different conditions (Table
4.4.4.1) were examined using the overexpressedluinie N-GST-Gal-peptide of transformant

T1p. Cell pellets from 50 ml cultures were useg@ieliminary experiments, respectively.

Buffer Detergent/Denaturant pH

PBS / 7.4
Wash Buffer 1 1 M urea 7.6
Wash Buffer 2 2 M urea 7.7
Wash Buffer 3 4 M urea 7.8
Wash Buffer 4 0.2% (w/v) N-lauroyl-sarcosine 7.5
Wash Buffer 5 0.5% (w/v) N-lauroyl-sarcosine 7.5
Wash Buffer 6 1% (w/v) N-lauroyl-sarcosine 7.6
Wash Buffer 7 1% (v/v) Tween-20 7.4
Wash Buffer 8 1% (w/v) CHAPS (3-[(3-Cholamidopropyl)- 7.6

dimethylammonio]-1-propanesulfonate)

Wash Buffer 9 1% (w/v) guanidine hydrochloride 7.5

Table 4.4.4.1 Washing conditions for solubilizatiorof inclusion bodies.

The purpose of the different washing steps wasstBpwise removal of contaminants from
inclusion bodies, which could interfere with soligzition of the protein of interest. TritBrX-

100 acts as mild, but effective detergent, ofteedut increase the solubility of membrane
proteins, thereby permeabilizing cell membranes, emnserving the native conformation of
the membrane proteins in solution [cf. referencegmduct data sheet ckv 4/21/99, Sigma-
Aldrich®]. For this reason, Trit6hX-100 was always added to the lysis buffer (0.9&€N for

mammalian samples at a final concentration of 0.01®%6this experiment, the pellet was

washed with Triton prior application of harsher diions (e.g. urea). The aim of the overall
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procedure was to obtain a solubilized form of tieTg-Gal peptide, even if treatment with

Washing Buffer 10 (8 M urea) would be necessary.

The results of a preliminary solubilization expegimh are given in Figure 4.4.4.2. N-GST-Gal-
peptide expression was induced with 1 mM IPTG aglts avere cultured for 4 hrs at 37 °C.
During the “fourth wash” under different buffer cbtions, it became already clear that
sarkosyl and guanidine-HCI buffers effectively dnlzed former insoluble proteins, because
the pellet was almost completely dissolved undes¢hconditions, whereas the pellet was
unchanged under all other tested conditions. Theggfonly the supernatants from selected
sarkosyl washings were subjected to SDS-PAGE. Fomseluble N-GST-Gal-peptide (blue
arrow) was successfully solubilized by washing viltB% or 0.5% sarkosyl (red arrows). The
highest amounts of soluble fusion protein wereaalyeobtained after the “fourth wash” (lanes
7 and 13). Interestingly, the residual portion e$dluble N-GST-Gal-peptide could not be
solubilized by 8 M urea treatment (lanes 11 and HOwever, the abundance of sarkosyl-
soluble N-GST-Gal-peptide provided a good basistdasequent purification experiments.

10 st1 12 13 14 15 16 17

Figure 4.4.4.2 SDS-PAGE of solubilization experimea with GST-tagged truncatedp-galactosidase of T1p.
B-Gal was induced with 1 mM IPTG at 37 °C for 4 Hrelusion bodies were washed with different detetg/
denaturants to obtain soluble N-GST-Gal-peptidees 7-11:Wash Buffer 4 (0.2% sarkosylgnes 13-17:Wash
Buffer 5 (0.5% sarkosyl)st) 20 ul SeeBIu® Plus2 (Invitrogen); (1) 30 pl cell homogenaté2) 30 pl pellet after
sonication and centrifugatio3) 30 pl supernatant4) 30 pl first washy5) 30 pl second wasl{6)+(12) 30 pl
third wash;(7)+(13) 30 pl fourth wash(8)+(14) 30 pl fifth wash;(9)+(15) 30 pl sixth wash{10)+(16)30 ul 8 M
urea resuspended inclusion bodigst)+(17)30 pl 8 M urea insoluble proteins. 10% Tris-HChdg gels (Bio-
Rad), running buffer: Tris/glycine.

For a preliminary, small-scale purification of t8&T-tagged fusion protein, cell pellets from 4
x 50 ml T1p culture after 4 hr induction with 1 mMIMTG at 37 °C were prepared as described
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in section 3.2.2 with minor modifications. Insteafdfractionating the pellet after the second
wash, the pellets were combined and subsequers wtene carried out with a fourfold volume
of the respective buffer, resulting in a total séenglume of ~8 ml after the “fourth wash”.
The pellet was washed exclusively with Wash Bu#fef0.2% sarkosyl; “fourth wash”) and
further washing steps were dispensed. Aliquotsllofaanples were subjected to SDS-PAGE
(Figure 4.4.4.3, lanes 1-9), and bovine serum albBSA; ~66 kDa) was applied to the gel

for estimation of protein amounts.

The estimated amount of the fusion protein in &frthe “fourth wash” supernatant was ~6 mg
(0.75 mg protein/ml). This supernatant fraction wasubated with 60 units of the
PreScission Protease (supplied as 2 U/ul; GE Healthcare) fohd$6at 4 °C under mild
shaking. One unit of the enzyme is able to cleaM@)1g of GST-tagged fusion proteins when
incubated in the optimal buffer (50 mM Tris-HCI,L&,M NaCl, 1 mM EDTA, 1 mM DTT,
pH 7.0) at 5 °C for 16 hrs. For a first try, thengde was deliberately incubated with
PreScission Protease in Wash Buffer 4 containing 0.2% sarkdsylas unclear, if sarkosyl
would affect binding to the GST affinity resin. Wnfunately, no information was available
from the manufacturer on inquiry. However, a tateeof 1% Tritoff X-100, 1% Tweefi 20,
1% CTAB, 10 mM DTT, 0.03% SDS, or 0.1% NP-40 hasrbelemonstrated by the
manufacturer [GenScript TM0185]. In the best ofesagshe GST-tag would be cleaved from
the fusion protein and bind to the GST affinityinesnd PreScissionProtease would bind to
the resin as well, providing only the untagged ¢aied humarf3-Gal peptide in the flow
through.

Two milliliters from the 50% slurry of the High-Affity GST Resin (GenScript; capacity
>6 mg horse liver GST/ml packed resin) were prepas described in the manufacturer’s
instructions [GenScript TM0185], and equilibratedhwVash Buffer 4. The procedure yielded
in 1 ml packed GST affinity resin, which was used lbatching the “fourth wash” fraction (8
ml) for 3 hrs at 4 °C under mild rotating in an dwead shaker (Heidolph Reax 2, lowest level).
This mixture was filled into a 0.8 x 4 cm Poly-Pfephromatography Column (Bio-Rad), and
allowed to flow through by gravity flow. Resulteashown in Figure 4.4.4.3 (lane 13).

Unfortunately, the GST-tag of the fusion peptide ot bind to the resin, nor did PreScission
Protease cleave GST. The same sample volume whlsdpplanes 12 and 13, and there is no

difference in the amount of N-GST-Gal-peptide (#t), hence no cleavage of GST and no

138



binding of free GST to the affinity resin occurrdtteScission Protease (~46 kDa) itself was
not visible in either lane (12 or 13), due to thghhdilution factor during sample preparation
(30 pl into 8 ml). To rule out any negative infleenof the large sample volume, subsequent

experiments were conducted with smaller volumes.

Figure 4.4.4.3 SDS-PAGE of solubilization and puri€ation experiments with GST-tagged truncatedp-
galactosidase of T1pp-Gal was induced with 1 mM IPTG at 37 °C for 4 Hrelusion bodies were solubilized
with 0.2% Wash Buffer 4 (0.2% sarkosyl). Solubleotpins were treated with PreScissioRrotease (GE
Healthcare) prior GST affinity chromatographfst) 20 pl SeeBIu® Plus2 (Invitrogen); (1) 30 ul cell
homogenate(2) 30 ul pellet after sonication and centrifugati®); 30 pl supernatan¢g) 30 ul first wash(5) 30
ul second washg) 30 pl third wash(7) 20 ul fourth wash(8) 10 ul fourth wash(9)+(11) 20 ul bovine serum
albumin (BSA; 1 mg/ml){10) 10 ul uninduced T1p12) 40 ul fourth wash + PR13) 40 ul flow through. 10%
Tris-HCI ready gels (Bio-Rad), running buffer: Tglycine.

For further cleavage tests, the flow trough (~8 G12% sarkosyl solution + PreScission
Protease from the previous experiment) was fraatemhin 1 ml aliquots and diluted 1:2, 1:4,
or 1:20 in PBS (pH 7.4) containing 1 mM EDTA, andniM DTT, the optimal buffer for
PreScission Protease cleavage of GST. Then, the dilutions weneentrated to final volumes
of 1 ml again, using centrifugal filter units (Amoic Ultra-15, MWCO 10,000; Millipore).
Finally, 10 units of PreScissiorProtease were added again to each fraction ansoth&ons
were incubated for another 16 hrs at 4 °C unded motating. At this point, all samples
contained a certain amount of (probably alreadgtina) PP from the previous experiment, but
also the freshly added enzyme in the required d@wmnging the buffer composition,
especially reduction of the sarkosyl concentratimight affect the solubility of N-GST-Gal-
peptide. Therefore, different dilutions were prgghms described above and treated with

PreScission Protease. Aliquots from each fraction were appiie8DS gels (Figure 4.4.4.4).
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Again, the enzyme did not cleave the GST-tag fror®S8Il-Gal-peptide. The fusion peptide
was still intact in each sample, and there weresigas of free GST-tags or untagg@dsal
peptides. In fact, there was no difference betwberprotease-treated fractions (lanes 1-4 and
8+9) and the original fourth wash fraction (cf. tiig 4.4.4.3, lane 7, without PP). For size
comparison, samples of PreScissiderotease (~46 kDa) were applied to the gel (lanasdb

6). The enzyme is not visible in other lanes. Dantof Wash Buffer 4 and reduction of its
sarkosyl content seemed to have no significanuénfite on the solubility of the N-GST-Gal-
peptide (lanes 1-4).

|

Figure 4.4.4.4 SDS-PAGE of purification experimentsith GST-tagged truncated B-galactosidase of T1p.
The sarkosyl-soluble protein solution was fractieda rebuffered, concentrated, and treated oncee math
PreScission Protease(st) 20 pul SeeBIu& Plus2 (Invitrogen); (1) 40 ul flow through aliquot (+ PP§2) 40 ul of
1:2 concentrate aliquot (+ PRR) 40 pl of 1:4 concentrate aliquot (+ PB) 40 pl of 1:20 concentrate aliquot (+
PP);(5) 10 pl PreScissionProtease(6) 20 pl PreScissionProtease(7) 20 pl bovine serum albumin (BSA; 1
mg/ml); (8) 40 ul fourth wash aliquot (+ PR®) 40 ul fourth wash aliquot (+ PP) + freshly addé&d P0% Tris-
HCI ready gels (Bio-Rad), running buffer: Tris/giye.

There are several possible reasons why PreScisstontease did not cleave GST from the

fusion peptide, and GST was not bound by affinityoecnatography:

1. The cleavage conditions were not optimal in terrhrtein concentration/sample
dilution, sample buffer, or sarkosyl content.

2. Batch conditions were not optimal for purificatioh GST-tagged proteins. Preference

might be given to “on column” procedures.
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3. N-GST-Gal-peptide was not bound due to interferesfcihe detergent sarkosyl in the
buffer. No data about sarkosyl usage was availbia the manufacturer of the resin.
On the other hand, detergents like Trftox-100 or 1% Tweeh 20 are tolerated in

concentrations up to 1% in the sample buffer.

4. The enzyme could not cleave because the fusiomipretas soluble, but not correctly
folded, affecting also the native state of the G&J hence masking the recognition site
for cleavage by steric hindrance. GST binding te #ffinity resin could have been

impaired for the same reason.

4.5 Antibody development

Several strategies have been described to obtdibodies or antisera directed against the
human lysosomal aci@-galactosidase. These strategies comprise purditaf overexpressed
[B-Gal precursor proteins (84 kDa) from the culturedimm of CHO cells [Zhangt al., 1994],
purification of the mature enzyme (64 kDa) from lamplacenta [Hubbest al, 1992] and
other organs (e.g. liver) or from urine [Kress avidler, 1978; Nordenet al, 1974], or the
selective design and production [Gal oligopeptides [e.g. Hine&t al, 1993; Zhanget al,
1994]. Another approach to purify large amountshef human enzyme was the cloning of its
cDNA into the baculovirus genome and subsequenteapeession of the recombinant virus in
insect cells [Itoket al, 1990]. Most of these methods are time-consuraimdjexpensive due to
several affinity chromatographic procedures invdlve the purification [e.g. Hubbest al,
1992], and heterologous overexpression of protemght be an efficient alternative to
established strategies. The heterologous expressiomman3-Gal inE. coli cells described in
this work was only partially successful and reguirerrther optimization. Due to time
limitations, two other strategies were pursued his twork to obtain specific anfi-Gal
antibodies. Therefor@-Gal precursor proteins were purified from the mediof CHO-K1
cells and injected in rabbits as previously desdifzhanget al, 1994]. Furthermore, two
novel [-galactosidase oligopeptides were designed in catipa with the company

Eurogentec (Seraing, Belgium).
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4.5.1 Purification of human lysosomal acig-galactosidase from CHO-K1 cell culture

medium

Chinese hamster ovary (CHO) cells are conveniemhmmaian host cells, often utilized for
expression of recombinant enzymes for enzyme replaat therapy (ERT) of lysosomal
storage diseases [reviewed in Desnick, 2004 andpddgt al, 2007]. In contrast to bacterial
cells, they are able to perform post-translationaddifications (e.g. glycosylations) on
heterologously expressed proteins. Zhabagl described the purification of overexpressed,
secreted-galactosidase precursor protein from the culturediom of CHO cells and
subsequent antibody production. The method wadblediad at the Department of Pediatrics

during this work.

CHO cells (subclone K1), permanently transfecteith Whie cDNA for human lysosomal adsd
galactosidase, and secreting fi&al precursor into the cell culture medium wereviged by
Doris Hofer, Department of Pediatrics, Medical Umsity of Graz (see section 3.7.3).
Although this approach produces stable, solubld,cmrectly folded3-Gal protein there are a
few drawbacks to consider when using this methedgtoification of humarf-galactosidase.
On the one hand, optimization of expression coowgiand cultivation of CHO-K1 cells is
time-consuming (up to 6 weeks) and expensive, amg® lamounts of culture medium have to
be collected (up to several liters). Furthermoamdiing of such huge amounts of medium for
chromatography purification is difficult, and quitdten a significant portion of the target
protein is lost during purification. However, it &ill one of the methods of choice when

purified 3-Gal protein is required.

Different cultivation conditions were tested andimized for overexpression of the hum@n
galactosidase. Interestingly, no significant overession was achieved using the previously
published cell culture methods [Zhareg al, 1994]. Best results were obtained by a
combination of different culture media, and varyithg incubation temperature (see section
3.8.4). Altogether, 2.6 L medium from CHO-K1 celgre used for the purification procedure
described in section 3.12.7, yielding in ~730[jtgalactosidase precursor protein. Briefly, the
proteins from CHO-K1 culture medium were precigthtvith 50% (w/v) ammonium sulfate,
pelleted by centrifugation, and resuspended in L®mosphate Buffer | (pH 7.0), followed by
dialysis in different buffer systems. The sampld hdinal volume of 40 ml prior dialysis, and

88 ml after dialysis was performed. After acidifioa (pH 4.3), the protein solution was
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briefly centrifuged, and filtered through a filteaper. Ultimately, 83 ml of the supernatant (pH
4.3) were batched with 40 ml of the equilibratedTAaffinity resin (Sigma-Aldricf) over
night at 4 °C. Purification was performed with thi€TAexplorer' system, using an XK 50/20
column as described in section 3.12.7. Fractiong wellected manually, and analyzed with
the UNICORN" 4.12 software. Washing was performed with 8 betumes of Sodium
Acetate Buffer | (pH 4.3), and bound protein waged with 3 bed volumes Elution Buffer GL
(pH 7.0). The eluate was pooled, concentratedyzial against 5 L Phosphate Buffer | (pH
7.0), and concentrated once more to a sample vobairhel ml. Several charges of purifi@e
Gal were pooled at this point (obtained from altofa2.6 L medium) , rebuffered with PBS
(pH 7.4), and concentrated to a final sample volwh@60 pl. To remove the eluant D(-)-
Galactonic acidrlactone, it is important to dialyze the sample iediately. Furthermore it is
important to prepare the Elution Buffer GL justquriapplication, because galactonolactone
displayed a certain instability when dissolved *¥d2 hrs, leading to pH shifts of the elution
buffer.

Proteins were determined according to the methodlooiry [Lowry et al, 1951], andB-
galactosidase assays were performed with the ctiated and rebuffered eluate (“EGal”). The
total protein concentration was 2.8 mg/ml, addipyta ~730 pg total protein in the EGal
fraction (260 pl).3-galactosidase activity was calculated as ~2,200mhUwith a specific
activity of ~786 mU/mg protein. Finally, the speciff-Gal activity in the EGal fraction was
~30-fold higher than in the supernatant fractioH ¢p3) prior application to the column (~26
muU/mg). The B-galactosidase precursor protein, secreted into ciléure medium upon
overexpression in CHO-K1 cells, has a moleculargivenof 88 kDa [Okamura-Ohet al,
1996; Zhanget al, 1994], and was successfully purified by PATGratly chromatography
(Figure 4.5.1.1.1). Purifie@-Gal was immediately subjected to SDS-PAGE. Onlyalsm
amounts of other proteins where left in the EGattion, when compared to the main protein
band. These proteins do not interfere with antibaldywelopment, as the purifie@-Gal

precursor can be excised from the SDS gel andttliresed for immunization of rabbits.
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4.5.1.1 Antigen preparation

The B-Gal specific bands (88 kDa) were excised from dkés using a sterile scalpel. After
washing twice with sterile Aqua dest., the gel pgewere portioned in 8 Eppendorf tubes (~90
Mg protein/tube), covered with sterile Aqua deand stored at room temperature until
shipment (<24 hrs). The antigen was shipped at rdemperature. For animal's health
purposes and successful production of antibodiesad necessary to avoid chemicals like
sodium azide (Na}, dithiothreitol (DTT), ethylenediaminetetraacetcid (EDTA), acetic
acid, urea, or other highly toxic substances infil& sample buffer. Coomassie staining does
not impair antibody production. Preparation of #@mtigen as SDS gel piece was recommended
by Eurogentec (Seraing, Belgium). According to infation from Eurogentec, recognition
specificity of antibodies is not necessarily inflged by the sample condition that is to say, if
the antigen is provided in denatured form (e.g. $feBpieces), the resulting antibodies could
recognize both the native and denatured form ofatmégen. This is important, if the same
antibody should be used for applications like imwofluorescence, Western blotting, and/or
protein precipitation. These criteria were alsodeenands we made on the resulting @@al

antibody.

LMW e e

66.0 - Figure 4.5.1.1.1 SDS-PAGE of the EGal

45.0 — r— 4 fraction from PATG-chromatography
for antibody development. 3-Gal was
30.0 - overexpressed in  CHO-K1 cells, secreted
— into the cell culture medium, and purified
20.1 - E E via PATG affinity chromatography.
14.4 - o ] g Y p— Standard: LMW-SDS  Marker (GE
; __ Healthcare). Both gels were loaded with
[ .'"".' the EGal fraction (~730 pg total protein).
o - 260 pl EGal were mixed with 86 pl of 4x
Tllustration bv - : Laemmli Sample Buffer (cf. section

GE Healthcare ' 3.11.7). 12.5% polyacrylamide gel,
— running buffer: Tris/glycine.

144



4.5.1.2 Immunization of rabbits and antibody prctibn

Immunization was executed by four subcutaneoustiojes, with ~90 pg antigen per injection,
and a total of ~360 pg antigen per rabbit. Two itsblvere used for anfi-galactosidase
antibody production. A first boost was done 21 dafger the first immunization, followed by
two more boosts at intervals of 28 days, respdgti&mall bleeds took place 9 days after the
first boost, and large bleeds were planned 9 dégs the second boost. Final bleeds were
scheduled on day 87, 10 days after the last bédisiescribed immunization procedures were

conducted by Eurogentec (Seraing, Belgium).

Unfortunately, both rabbits (2206 and 2207) wetkediright after the second boost, due to a
technical accident by the company. It was not fbdssio recover serum from the rabbits,
except for the small bleed sera (~2 ml each). A mamunization of a single rabbit (2513) was
started using the remaining ~180 ug of the antigée. procedure was slightly altered in terms
of boost intervals, with four subcutaneous injet$i¢~45 g each), at intervals of 14 days (first
and second boost, respectively) and 28 days (boast). Again, small bleeds were planned 9
days after the second boost, and large bleeds ® aftgr the third boost. The final bleed was
done on day 87, almost a month after the last bdagal IgG purification was performed by
Eurogentec, using 50 ml of the final bleed seruablfit polyclonal serum; antiserum) from
rabbit 2513, and both small bleed sera (~4 ml) ftbe previous immunization (rabbits 2206
and 2207). The resulting polyclonal 1gG fraction swdesignated “anfi-Gal-total 1gG
antibody”. It should be noted that this antibodiuion is not solely specific for detection Bf
Gal proteins, due to other co-purified rabbit IgBswever, the anf3-Gal-total IgG antibody
could be able to detect both precursor and m@t@al proteins on Western blots and, at best,

also in immunofluorescence and immunoprecipitaéoperiments.

4.5.1.3 OQuality testing of the ankiGal-total 1gG antibody

To assess the quality and specificity of the amjbsolution, cell homogenates of COS-1 cells
overexpressing human lysosomal apitkal [Hoferet al, 2009 and 2010], as well as human
skin fibroblasts were subjected to Western blots] &ybridized with different antibody

concentrations. For cell homogenate preparationtepr determination, SDS-PAGE, and

Western blotting, see section 3.11.7. Nitrocellalosembranes were pre-blocked in 10 ml Milk
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Blocking Buffer for 1 hr at room temperature, falled by primary antibody incubation in 10
ml Milk Blocking Buffer (1:100 and 1:250) for 16 $wat 4 °C. Additionally, one blot was
hybridized with pre-immune serum (1:100 in milkhdaanother blot with final bleed serum
(2:100 in milk). The Anti-rabbit IgG (whole mole@)lalkaline phosphatase conjugate antibody
produced in goat (Sigma-Aldri€h diluted 1:40,000 in Milk Blocking Buffer, was e as
secondary antibody, and incubated for 1 hr at reemperature. Blots were developed using
the Bio-Rad Alkaline Phosphatase Conjugate Sulestkat. Results are shown in Figure
45.1.3.1.

While the antigen§-Gal precursor secreted from CHO-K1 cells) had demdar weight of
~88 kDa, the resulting antibody should be ableettognize the ~84 kDa precursor protein, as
well as the ~64 kDa mature enzyme of human skirmfilast cells [Callahan, 1999; Okamura-
Ohoet al, 1996], but also secreted precursor proteinfjiteelany other form of heterologously
expressed humgrgalactosidase. The overexpressed precursor in CE&s has a molecular
weight of ~84 kDa as well. In fact, there was ngith constant nor a logical patternfrGal
detection with all tested primary “antibodies”, ept for the control blot (lane 11, red arrow)
using thea85 anti-humar3-galactosidase antibody (D’Azzo). Very similar, pasific signals

in the size of the mature enzyme (~64 kDa) andotkeursor protein (~84 kDa) were obtained
with pre-immune serum (blot A, lanes 1 and 3) aral dnti8-Gal-total 1IgG antibody (blot C,
lane 5 and 7). As the pre-immune serum was cotlegt®r immunization with the antigen, a
positive B-Gal reaction is not possible, and the signals liot B suggest an unspecific
immunoglobulin reaction. Furthermore, even if posit all signals obtained (dilution 1:100 or
1:250) were much lower thar85 antibody signals (dilution 1:1,000), but it mbstnoted that
antibody/antisera efficiencies cannot be comparecectly, due to different specific

immunoglobulin concentrations.

However, the signals obtained were not in accorelanith the predicted response. While
healthy control fibroblasts express mainly mat@r&al enzyme and hardly any precursor
protein, the juvenile GM1 homogenate should con&imost only precursor protein, due to
rapid degradation of misfolde@-Gal [Callahan 1999; Oshimet al, 1994; Yoshideet al,
1991]. Transiently transfected COS-1 cells alsores® only the3-Gal precursor protein (cf.
lane 11, red arrow). Because of the extremely leigbression efficiency, the cells are almost

incapable of processing the precursor to form tleune enzyme. Only small amounts of
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maturef3-Gal might be found in COS-1 homogenates [Heteal, 2009 and 2010] (cf. lane 11,
blue arrow). The juvenile GM1 bands in lane 6 wareost similar to the healthy control bands
in lane 7. Furthermore, signals detected in CO®hdygenates (lanes 5 and 8) were almost
completely unspecific (cf. lane 11, control blatxcept for a weak signal in the approximate
size of the precursor protein (lane 5, red arrdg blue arrow in lane 7 indicates the putative
location of the mature enzyme band. In all Westdots performed in this work, thg-Gal
precursor protein appeared in the size of the standard band (green arrows; this hardly
visible standard band is not featured in the marhugtiveen the indicated standard of 82.2 kDa
and 115.5 kDa. Mature enzyme was always deteagéd above the 64.2 kDa standard band.

In summary, detection of precursor and mafgt@al proteins with the anfi-Gal-total 1gG
antibody or the corresponding pre-immune serum ygwed mainly unspecific, and weak
signals in Western blot experiments. To rule ouy gossibility of sample confusion,

experiments were performed twice.

1 2 3 st 4 st5 6 7 st 8 9 10st 11 st
FEUN '\ - [kDal]
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—— < 1l 115.5
- 82.2
64.2
D E

Figure 4.5.1.3.1 Western blot detection of immunosponsive material in mammalian cell homogenates
using the antif3-Gal-total IgG antibody. For comparison, one blot was hybridized with prenimme serumA;
1:100), another blot with final bleed seruBi (:100), and a positive control blot was incubatetth thea85 anti-
humanp-galactosidase antibody (D’Azzo; 1:1,0@); Anti-B-Gal-total IgG antibody was used in a 1:100 dilntio
(C), and in a 1:250 dilutiofD). (st) 25 pl BenchMark (Invitrogen"); (1) +(5)+(8)+(11)20 pl COS-1 + 7 pl 4x
LDS Sample Buffer (Invitrogen) + 4 pl 10x Reducing Agent (Invitrogejt (2)+(6)+(9)16.2 pl juvenile GM1 +
5 ul SB + 2 pl RA(3)+(4)+(7)+(10)13.6 ul healthy control + 5 pl SB + 2 ul RA. 10%sTHCI ready gels (Bio-
Rad), running buffer: Tris/glycine; nitrocellulosgembranes.

For the purpose of comparison, Western blots of @@8Ill homogenates were performed, and
membranes were hybridized with aliquots from thiginal small bleed and pre-immune sera

(from the killed rabbits 2206 and 2207). Hybridieat conditions were the same as described
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above. All sera were diluted 1:100 in Milk Blockimuffer, and membranes were incubated
over night at 4 °C. Results are shown in Figure.1432. Interestingly, the membranes
hybridized with the small bleed sera from bothl|éd) rabbits clearly showe@-Gal-specific
immunoreactive signals (lanes 2 and 4), even thaega were collected only 9 days after the
first boost (day 30). Th@-Gal precursor protein overexpressed in COS-1 defislane 5,
control blot) was recognized by both small bleetisana, and showed the strongest signal (red
arrows). As expected, there were also numerousegifgp but less intense, signals that can be
attributed to reactions with other immunoglobulinsthe serum. Most important, the pre-
immune sera did not show the same band pattermall bleed sera, supporting the results
from the blots hybridized with small bleed sera.

According to this data, ~90 pg of the antigfrQal precursor purified from CHO-K1 cell
culture medium) per injection, and a total of twgections were sufficient for successful
immune response stimulation in each rabbit (2206 2207) used in the first immunization
round. Immunization with the reduced amount of geni (~45 pg per injection) did not
produce the desired polyclonal antibodies (rabbit3), and neither final bleed serum nor the
purified total IgGs from this serum (plus small dddesera from the killed rabbits) showed
reproducible,-Gal-specific immunoreactions in Western blot expents. This result was
rather surprising, as 4 injections were performedrabbit 2513, adding up to ~180 pg of
antigen, the same total amount that proved to Héciemt in rabbit 2206 and 2207,

respectively.

Despite the positive results, no further tests vpendormed with the small bleed sera from the
killed rabbits, because both sera were used fafigation of total IgG as described above, and

the small amounts kept in our lab were not sufficier regular use in experiments.
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and 3 pl 10x Reducing Agent (Invitrogep respectively. 10% Tris-HCI ready gels (Bio-Rad)nning buffer:
Tris/glycine; nitrocellulose membranes.

To further examine the qualities of the gbiGal-total IgG antibody from rabbit 2513,
immunofluorescence experiments were performed udifigrent concentrations of both final
bleed serum, and the antibody (Table 4.5.1.3.3). é@erimental procedures see section
3.12.1. Primary antibody incubation was done forhid at room temperature and the
Fluorescein (FITC)-conjugated affinity pure goati-aabbit IgG (H+L) antibody (1:200, 1 hr;
Jackson Immuno Research) was used as secondampdntiAs anticipated after the negative
Western blot results, the antibody solution andlfisieed serum did not specifically react with
B-galactosidase, but rather produced unspecific drackd signals in each tested
concentration. Control experiments to eliminatelufais of the secondary antibody were
performed with anti-Catalase Rabbit pAb as prinaribody (Figure 4.5.1.3.4, D).

Healthy control cells Juvenile GM1 cells
Final bleed serum 1:10; 1:100; 1:200; 1:300 n.d.
Anti- B-Gal-total IgG antibody 1:10; 1:200; 1:300 1:10; 1:200; 1:300

Table 4.5.1.3.3 Antibody/Antisera concentrations t&ed in immunofluorescence experiments.
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Figure 45134 Immunofluo-
rescence in fibroblasts after
exposure to the antip-Gal-total 1IgG
antibody, or the final bleed serum
from rabbit 2513. Pictures are
representative excerpts from a series
of experiments (see text). Except for
the control experiment (D), all
reactions were unspecifi(A) healthy
control fibroblasts, total IgG antibody
(1:20 dilution); (B) healthy control
fibroblasts, final bleed serum (1:100
dilution); (C) juvenile GM1
fibroblasts, total IgG antibody (1:10
dilution); (D) healthy control cells,
anti-Catalase Rabbit pAb (25 pg/ml).
Cells were observed with the Olympus
IX51 inverse fluorescence microscope.

4.5.2 Production of antg-galactosidase peptide antibodies

Another strategy was pursued to obtain large gtiestof specific antibodies, directed against
the human lysosomal acifi-galactosidase and applicable to both Western itfptand
immunofluorescence experiments. Therefore, immumiog@eptides based on the protein
sequence oB-Gal precursor protein [UniProt Knowledgebase asioesnumber P16278] were
designed in cooperation with Eurogentec (SerairgjgiBm). For optimal stimulation of the
immune response to the antigen, two different pegtiwere synthesized and used for
immunization of rabbits. The first peptide (LEKERRSSDPDY; antigen #EP084834)
corresponds to position 140-154 of the polypepticleain, and the second peptide
(RFLQKRFRHHLGDDV; antigen #EP084835) was identieaith position 201-215. Both
sequences were verified for high recognition spatif by BLAST search (blastp;

http://blast.ncbi.nim.nih.ggy and checked for general antigenic specificity aharacteristics

by the company. Peptide synthesis and immunizatiag, well as peptide affinity
chromatography were also performed by Eurogentemrdmg to standard procedures
described on their websitat{p://www.eurogentec.comBriefly, the peptides were coupled to

KLH (Keyhole Limpet Hemocyanin)-carrier proteinsigsrimmunization, two rabbits were
immunized with the antigens according to the AS-BAX standard package, and 20 ml of
the final bleed serum from rabbit 1269 were sulgdb affinity specific IgG purification to
obtain 3-Gal specific polyclonal antibodies. Purificatiorasvperformed separately for each

antigen. Polyclonal antibodies resulting from affinpurification with the antigen ligand
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EP084834 were designated “afitgalactosidase peptide antibody 1”, while purificatwith
the ligand EP084835 produced “afitgalactosidase peptide antibody 2”.

A series of Western blot and immunofluorescenceeerpents was performed for quality
testing of the resulting polyclonal antibodies. Esmental procedures were the same as
described in previous chapters and in the methedsos. A representative illustration of
Western blot results is shown in Figure 4.5.2.1thBantibodies significantly reacted wif

Gal proteins in cell homogenates of human skinoblasts, or COS-1 cells. Most remarkably,
signals were highly specific and very similar towgol blots (cf. blot F and G) under all tested
conditions. Best signals were obtained with 1:1@idns.

Unfortunately, both polyclonal antibody charges evanable to specifically localiZg&-Gal in
immunofluorescence experiments (data not shownyvever, these peptide antibodies were

frequently used for Western blot experiments duting work.

st 1 st 2 st 3st 4 st 5 10 11 ‘ st
Z [kDa]
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— 115.5
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- i - 82.2
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B — “ iz -
. — —
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Figure 4.5.2.1 Western blot detection of immunoresmsive material in mammalian cell homogenates using
the anti-B-galactosidase peptide antibodies 1 and 2 from ralith1269. The blots are representative for a series
of experiments with both peptide antibodies, ad a&lpre-immune serum and final bleed ser(A).pre-immune
serum, dilution 1:100(B) final bleed serum, dilution 1:10QC) peptide antibody 1, dilution 1:100D) peptide
antibody 2, dilution 1:10Q(E) peptide antibody 1, dilution 1:25@) peptide antibody 1, dilution 1:100. A control
blot was incubated with th@85 anti-humanp-galactosidase antibody (D'Azzo; 1:1,0003). (st) 25 pl
BenchMark” (Invitrogen"); (1)-(5) and (8)+(11)healthy controls(7)+(10)juvenile GM1;(6)+(9) COS-1. 30 pg

of total fibroblast proteinsand 20 pg COS-1 total protein were applied to gelspectively. Samples were mixed
with appropriate amounts of 4x LDS Sample Buffeiirogen’) and 10x Reducing Agent (Invitrogép 10%
Tris-HCI ready gels (Bio-Rad), running buffer: Tgkycine; nitrocellulose membranes.
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4.6 Biochemical characterization of novel iminosgars

4.6.1 Determination of inhibition constants

All of the tested substances proved to be potdmnbitors of the lysosomdi-galactosidasen
vitro (cf. section 3.9.1, 3.12.2, and 3.12.3). The appganmehibition constant (K of most
compounds was below 1 puM, while half maximal intaby concentrations (l§g) of the novel
compounds were ranging between 1 uM and 11 pM, wrih exception (#2 w/o dansyl). In
either case, the novel 1-deoxygalactonojirimycirG@ derivatives demonstrated increased
inhibition potency (lower Kand 1Gg) against thgd-Gal enzyme, when compared to the parent
compound. This effect was previously observed mekc experiments with specific dansylated
iminosugars [Lundet al, 2006; Steineet al, 2008]. The only non-inhibitory substance in this
work was compound #3. This result was not surpgisasp-Gal only binds to substrates in

galacto-conformation, and compound #3 has a D-maonéiguration.

It should be noted that all inhibition assays weerformed with cell homogenates of
fibroblasts from healthy individuals (healthy cai#), because a purified form of human
lysosomal acid3-galactosidase was not available. Furthermore nhibitory effect of some
tested iminosugars on other glucosidases in theogemate cannot be ruled out. Therefore,
calculated inhibition constants might differ fromepiously published values. A detailed listing
of K; and 1G values of all tested substances can be foundbie™6.1.1.
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Compound (internal name), Chaperone activity in IC 50[uM] K [uM]
Configuration p.R201C fibroblasts
#1, galacto- yes n.d. 0.7+0.2
(n=7)
#2 (DLHex-DGJ), galacto- yes 6.0+0.7 0.6 £0.09
(n=3) (n=7)
#2 w/o dansyl galacto- yes 47.3+3.9 n.d.
(n=3)
#3, D-manno- no n.d. n.d.
#4 (DGJ), galacto- not significant 172.7 £ 26.4 n.d.
(n=5)
#4/2 (DGJ HCI), galacto- not significant ~150 10.5+2.7
(n=2) (n=23)
#6/2,galacto- yes 11.0+0.8 49+0.3
(n=23) (n=2)
#7/3,galacto- yes 3.2+0.3 0.9 +0.09
(n=5) (n=2)
Al, galacto- yes 8.1+0.7 0.8 £0.04
(n=3) (n=3)
A2, galacto- yes 4.4+04 0.8 £0.05
(n=23) (n=1)
A3, galacto- n.d. 22+02 ~0.5
(n = 3) (n = 1)
A4, galacto- yes 10.9+0.3 ~2.0
(n=3) (n=1)
A5, galacto- yes 1.08 +0.1 ~0.3
(n=13) (n=1)
A6, galacto- yes 24+07 ~0.7
(n=3) (n=1)

Table 4.6.1.1 Results of chaperone screenings amdhibition assays.Inhibition assays were performedth cell
homogenates from healthy control fibroblasts, aimaperone activity was determingdvitro after incubation of
cultured fibroblasts with the respective substance number of individual experiments; n.d. = netedmined.

The influence of the potefd-Gal inhibitor DLHex-DGJ (#2) and its parent compduDGJ
(#4) on normal humaif-galactosidase is demonstrated in Figure 4.6.L2, Values were
determined by addition of 0.001-100 uM DLHex-DGJthe B-galactosidase assay. At a
concentration of 100 uM, DLHex-DGJ reduced fh6&al activity to ~6% of the basal activity,
while inhibition by the parent compound DGJ redililie approximately 60% of the basal
activity. Kinetic measurements of DLHex-DGJ in ceimogenates from healthy individuals
resulted in a Kof 0.6 uM. These data imply that the dansylatetimmund DLHex-DGJ is a
much more potenB-galactosidase inhibitor than DGJ. Similar expentsewith purified3-

galactosidase fromAgrobacterium spfurther support this conclusion [Steiregral,, 2008].
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Figure 4.6.1.2 Inhibition curves of
normal acid B-galactosidase.DGJ and
DLHex-DGJ were added to thg-Gal
assays at final concentrations of 0.001-
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reduced thef-Gal activity to ~60%,
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4.6.2 Chaperone screenings in GM1 and MBD fibrabts

The iminosugars listed in Table 4.6.1.1 were subgeto preliminary chaperone screenings in a
known chaperone-sensitive cell line [Iwaseakial, 2006; Tominagat al, 2001], carrying the
mutation p.R201C (juvenile GM1). Therefore, putatipharmacological chaperones were
added to the culture media of semi-confluent filtasts at final concentrations of 20-500 pM,
and incubated for 4 days. Cells were harvested dogpsg, and cell homogenates were

prepared as described for standa@al assays in the methods section.

Results of preliminary experiments are shown inufeég4.6.2.1. The relativB-Gal increase
was individually calculated as compared to thevagtpf the respective untreated cell line. Ten
of thirteen tested iminosugars were able to sigaiftly increase the residyaGal activity of
the chaperone-sensitive cell line. The differentdifications of the acyl chain had a strong
impact on the optimal chaperone concentration oheampound (indicated above the bars).
Compound #2, Methyl 6-[Ndansyl-N-(1,5-dideoxy-D-galactitol-1,5-diyl)-L-lysinylJamim

hexanoate (DLHex-DGJ), was chosen for further erpants for three reasons:

1. The compound was easily soluble in aqueous buféegs PhoBI).

2. ResidualpB-Gal activity of p.R201C fibroblasts could be iresed to up to 75% of the
wildtype level in individual experiments after atioin of 500 UM #2 to the cell culture

medium.
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3. Compound #2 contains a dansyl group, which rendies whole molecule
autofluorescent. This feature might be helpful nmmunolocalization experiments, if

tracking of botH3-Gal and the pharmacological chaperone is required.
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Figure 4.6.2.1 Results of preliminary chaperone seenings in chaperone-sensitive p.R201C fibroblasts.
Cells were incubated with putative pharmacologa@perones at final concentrations of 20-500 yuMfalays.
Displayed data is the result of one single expeminfizr each compound, and was calculated as rel@itrease as
compared to the activity without chaperone in thikute medium. Concentrations above the bars itelicptimal
chaperone concentration for each compound.

4.6.2.1 The novel iminosugar DLHex-DGJ as phawiwmgical chaperone in GM1 cells

Several homo- and heteroallelic cell lines (cf.tieec3.7.1), representative for Morquio B
(MBD) and all subtypes of fg-gangliosidosis (GM1), were subjecteditovivo chaperone
screenings with DLHex-DGJ (#2) as previously ddxatifor the known chaperone-sensitive
cell line. Final chaperone concentrations in thikuce medium were between 20 uM and 500
MM. Preliminary, individual experiments using th@okvn chaperone-sensitive cell line
[Iwasakiet al, 2006; Tominagat al, 2001], homozygous for the mutation p.R201C (julee
GML1), resulted in up to 18-fold increasespedalactosidase residual activity, corresponding to
12%-75% of healthy control activity. Enzyme aciegt were significantly enhanced at low

concentrations, although the optimal concentrabbrbLHex-DGJ was 500 pM, similar to
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previous reports on its parent compound, DGJ [Tageet al, 2001]. The results of a typical
DLHex-DGJ screening in p.R201C cells are showniguie 4.6.2.1.1.

100
zs
g E 80
g5 70 : -
2 & 60 Figure 4.6.2.1.1 Characteristics op-
S 5 5o galactosidase enhancement after
832 a0 DLHex-DGJ treatment of
B E 30 TEPR0IC L fibroblasts. Cells were incubated with
® .3 20 DLHex-DGJ at final concentrations of
o=y 20-500 pM for 4 days. Displayed data
0 is the result of one single experiment,
0 100 200 300 400 500 and was calculated as compared to the
respective  healthy control cell
#2 {DLHex-DGJ) [uM] Lo
activities.

In all individual experiments performed with p.RZDtells, 20 uM of DLHex-DGJ resulted in
B-Gal enhancement of more than 10% of the healtmgrabmean (28.4 nmol/hr/mg protein,
see Table 4.6.2.1.3), which was previously propasethe critical level for normal substrate
turnover [Leinekugekt al, 1992]. In fact, residudl-Gal activities ranging from 12%-45% of
normal activity could be obtained using concendratiof 20 puM, and up to 75% with 500uM
DLHex-DGJ, respectively.

At least three independent experiments on the tsffed DLHex-DGJ on homo- and
heteroallelic cell lines were conducted. Results given in Figure 4.6.2.1.2 and Table
4.6.2.1.3. A positive response was defined as armiwan 3-fold increase of residy&Gal
activity, or more than 10% of the healthy contraan (28.4 nmol/hr/mg protein). Altogether,
six out of thirteen cell lines were chaperone-respee. While one homoallelic (p.R201C) and
three heteroallelic cell lines (p.R201H carriedied both criteria, a homoallelic adult GM1
cell line (p.G438E) showed an activity increaserré% to 16% of the healthy control mean,
and 3-Gal activity in one infantile GM1 cell line, homygous for p.C230R, was increased
more than 3-fold. Beside the known chaperone-seasihutation p.R201C [Oshimet al,
1994; Yoshidaet al, 1991], heteroallelic cells carrying the mutatijpiR201H [Kayeet al,
1997; Morroneet al. 2000, Santamariet al, 2006] strongly responded to chaperone treatment
[lwasakiet al, Tominageet al, 2001]. Furthermore, the enzyme activity was algaificantly
156



enhanced in cells homozygous for the novel mutgii@230R [Hofeet al, 2010], and in cells
carrying the adult mutation p.G438E. The p.G438Elg| originally published in a patient
classified as MBD with borderline 1Q and reducegression of mature enzyme [Bagshaiv
al., 2002; Hineket al, 2000], was later found in two chronic GM1 cageth dystonia and
Parkinsonism [Rozet al, 2005]. Interestingly, the enzyme in these infardnd adult GM1
cells was enhanced by higher concentrations cordp&reother responsive cells (Figure
4.6.2.1.2). It is also noteworthy that the relatimerease of residugb-Gal activity after
chaperone treatment in p.C230R is quite similath® relative increase in p.R201C and
p.R201H carriers (Table 4.6.2.1.3). The absolgt&al activities of p.C230R cells after
DLHex-DGJ treatment, however, did not exceed 10%hefhealthy control mean [Leinekugel
et al, 1992], and thus remained fairly below those@ated p.R201H or p.R201C catrriers.

60
_,,,_-f—”" Figure 4.6.2.1.2 [(-galactosidase
== P " enhancement in fibroblast homo-
23 - genates after exposure of cells to
ﬁg 40 // . TERC23R DLHex-DGJ for 4 days. B-Gal
88 e —=—p.R201H/p.s149F | activity in cells with p.R201H and
e 3 =l — p.R201H/p.H281y | P-R201C alleles was increased by low
8% 5, T e pR201H/p.Ras7x | CONCENtrations (20 pM), while other
E;: e pR201C cell lines significantly responded at
B . p.GA38E > 250 pM to DLHex-DGJ treatment.
: e Values are the mean of 3-24 assays.
0 Relative3-Gal activitiy was calculated
() 100 200 300 400 500 .
as compared to the respective healthy
#2 (DLHex-DG)) [uM] control cell activites.

In consistence with previous findings that the pAB2 allele produces stable, lysosomally
located, but catalytically altere@-Gal proteins [Oshimaet al, 1991], no significant

enhancement could be seen in Morquio B cells oltine@ontrols. Likewise, all other cells
from infantile GM1 (cf. Table 4.6.2.1.3) were nasponsive. Treatment with DLHex-DGJ did

not alter the activity of the control enzyrdnexosaminidase (data not shown).
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Allele 1 Allele 2 Phenotype w/o DLHex-DGJ with DLHex-DGJ Increase

Activity % of Activity % of (fold)
WT WT

WT WT - 284.0 + 68.3 100.0 318.8 +65.2 112.3 11
p.1181K  p.I1181K infantile 0.8 0.3 1.7 0.6 2.10
p.R201C p.R201C juvenile 17.3+54 6.1 162.4 £47.0 57.2 9.4
p.R201H p.R457X juvenile 8.7+1.6 3.1 96.3+19.6 33.9 11.1
p.R201H p.S149F adult/MBD 6.3+0.6 2.2 77.5+13.0 27.3 12.3
p.R201H p.H281Y juvenile 6.9+1.6 2.4 86.2 +13.3 30.4 12.5
p.R208C p.W161X infantile 1.7+0.2 0.6 42+1.38 15 25
p.C230R p.C230R infantile 22+0.8 0.8 19.8+85 7.0 9.0
p.Y270D p.Y270D infantile 0.6+05 0.2 1.0+0.1 0.4 1.7
p.W273L p.W273L MBD 11.4+45 4.0 145+46 5.1 1.3
p.A301V p.A301V infantile 3.3+0.8 1.2 42+0.6 15 1.3
p.Y333H p.Y333H infantile 19+09 0.7 35+15 1.2 1.8
p.G438E p.G438E adult 20.5+8.1 7.2 46.7 £17.8 16.4 2.3
p.P549L  p.P549L infantile 1.4+05 0.5 20+0.3 0.7 1.4

Table 4.6.2.1.3 Cell lines withGLB1 alleles tested for chaperone sensitivity against08 uM DLHex-DGJ.
Activities are given in nmol/hr/mg protein, and gueptive phenotype determining alleles are in Hetters.
Experiments were performed in triplicate, excepemwlndicated with an asterisk (data from singleegixpents).
WT = wildtype.

4.6.2.2 DLHex-DGJ treatment affe@sjalactosidase expression and maturation

To assess possible chaperone-induced changes iaxfitession and maturation @fGal,
Western blot experiments were performed with setécell lines. The appearance of mafive
Gal bands upon chaperone treatment is suggestedpty proper precursor transport to the
lysosomes and subsequent processing of the C-talreniidl to form the matufg@Gal enzyme.
This maturation process is strictly bound to treogomal compartment [Okamura-Oéioal.,
1996].

Western blot results are shown in Figure 4.6.2.8Vhile healthy controls predominantly
expressed processed, matfir&al protein (64 kDa) together with small amountspeGal
precursor (84 kDa), matufg@Gal was barely detectable in untreated p.R201C @m6@30R
fibroblasts, as well as in the heteroallelic p.R2GILR457X cell line. Upon addition of 250 uM
or 500 uM DLHex-DGJ to the culture media for 4 day& expression of both precursor and
mature enzyme was remarkably enhanced in p.R20d@.&201H/p.R457X cells.

Interestingly, only small amounts of mat@al were detectable in p.C230R fibroblasts after
chaperone treatment. This might be due to thetfattthe residual activity (mean value 2.2
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nmol/hr/mg protein) of these cells was eight tinrbesow the activity of p.R201C fibroblasts
(mean value 17.3 nmol/hr/mg protein), and chapetmrament of p.C230R cells resultsfin
Gal activities (mean value 19.8 nmol/hr/mg proteiojnparable to untreated p.R201C cells (cf.
Table 4.6.2.1.3). Matur@-Gal amounts in MBD and wildtype cells were slighdltered,

corresponding to insignificant increases in enzactevities.
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Figure 4.6.2.2.1 Western blot detection of3-galactosidase in fibroblast homogenates before andfter
exposure to 250 uM DLHex-DGJ.The amount of matur@-Gal protein (64 kDa) was significantly increasead i
p.R201C and p.R201H cells, while wildtype and MBDW273L) cells show only minor changes upon DLHex-
DGJ treatment. Minor changes were also observethéninfantile p.C230R mutant. Except for p.W273L,
untreated mutant cells only expresge@al precursor proteins (84 kDa).

4.6.2.3 Normalization gf-galactosidase transport after DLHex-DGJ treatment

To further investigate the fate pfGal precursor proteins after chaperone treatniinbblasts
were stained with anfi-galactosidase antibodies and the DNA-intercalatiggnt propidium
iodide as counterstain. WildtygeGal immunoreactive material was distributed alkiothe
cell, corresponding to the endo-lysosomal systernth \&nd without chaperone treatment
(Figure 4.6.2.3.1). In p.R201C fibroblasfsGal was predominantly found around the cell
nucleus, indicating the precursor localization he trough endoplasmic reticulum (rER)
[Callahan, 1999; Oshimet al, 1994; Yoshidat al, 1991]. The unstable enzyme is labeled for
degradation by molecular chaperones in the ERjaimg the endoplasmic reticulum-
associated protein degradation (ERAD) machineyovi@d by premature degradation in the
cytoplasm [Fan, 2008; Oshine al, 1994]. After DLHex-DGJ addition, the immunoreaet
material in p.R201C fibroblasts showed wildtypeslitistribution, hence DLHex-DGJ proved

to be able to alter precursor trafficking.
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Interestingly,B-Gal protein of p.C230R fibroblasts showed wildtyiie localization, thus no
changes in distribution could be detected after BX4DGJ treatment. We could recently

demonstrate a similar distribution @Gal in p.G438E fibroblasts [Hofeet al, 2009],

therefore, no chaperone treatment was performetese cells.

Figure 4.6.2.3.1 Immunolocalization of B-galactosidase in fibroblasts before and after DLHeDGJ
treatment. left row: untreated; right row: treated with 500pDLHex-DGJ for 3 daysjA)+(B), wildtype;
(C)+(D), p.R201C;(E)+(F), p.C230R. DLHex-DGJ treatment of p.R201C fibrotdasesulted in wildtype-like
distribution of3-Gal immunoreactive material, suggesting precussabilization and transport to the lysosomes.
No effect could be observed in p.C230R cells.
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4.7 Investigations on natural substrate degradadin in GM1 and MBD fibroblasts

4.7.1 Uptake of natural substrate by cultured human sKibroblasts

To investigate the influence of DLHex-DGJ on bftgalactosidase activity and degradation of
stored substrates, cultured human skin fibroblagése loaded with radiolabeled v
gangliosides prior incubation with the putative phacological chaperone (cf. section 3.9.1).
-Galactosidase from healthy individuals can perftwdrolysis on various natural substrates
like Gyi- and G (asialo Gui)-gangliosides, keratan sulfate, lactosylceramégélofetuin and
other galactose-containing oligosaccharides, aadgythetic substrates 4-methylumbelliferyl-
[3-D-galactopyranoside and p-nitropheifjyD-galactopyranoside, amongst others [Pshezhetsky
and Ashmarina, 2001]. TH&Gal enzyme from GM1 or MBD cell lines, howevernist able

to sufficiently degrade its substrates, resultm@ccumulation of partially degraded substances
within the cells [Suzuket al, 2001].

In three individual experiments, the potential phacological chaperone DLHex-DGJ was
added to the culture media of tritiuffHj-labeled Gi:-ganglioside {H-Gw1G)-loaded cells at
different final concentrations and incubated fothei 2 or 4 days to examine substrate
clearance. Th@-glucosidase inhibitor Conduritol B Epoxide (CBEB4dtta and Radin, 1988]
was added to the culture medium of selected sampbesprevent degradation of
glucosylceramide by inhibition of glucosylceramidg&C 3.2.1.45) [Bieberickt al, 1999]
Glucosylceramide is one of the degradation produnctie sphingolipid degradation pathway
(Figure 4.7.1.1), and it is the final degradatianduct visualized by radioscanning of TLC
plates in this work. Without CBE addition, glucassfamide would be further degraded, and
ultimately the tritium-label might get lost in shalnspecific and unidentifiable fragments or
even in water molecules. To rule out a potentigatiee effect of both CBE and chaperone

addition, the first experimental setup was mairdyfgrmed without CBE addition.

The human lysosomal acfiigalactosidase (EC 3.2.1.23) catalyzes the degoadat Gy;- to
Gwmz-gangliosides with the aid of the co-factor prose@d.-ganglioside activator (GM2A) [Li
et al, 1979] and saposine B (Sap B) [O'Brien and Kisttiop 1991]. G2-gangliosides are
subsequently catabolized tg,§5gangliosides by hydrolysis of terminal non-redgcht-acetyl-

D-hexosamine residues [Knapgt al, 1996]. This reaction requires the action [®f
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hexosaminidase A (EC 3.2.1.52) and the co-factotepr GM2A [Li et al, 1979]. Sialidase
(EC 3.2.1.18) [Seyrantep al, 2003] and Sap B [O’Brien and Kishimoto, 19914 aecessary
to for hydrolysis of (gs-gangliosides to lactosylceramide. Degradationheflatter product to
glucosylceramide  requires the combined interactionf galactosylceramidase
(galactocerebrosidB-D-galactosidase; EC 3.2.1.46) [Chent al, 1993] and the human
lysosomal acid3-galactosidase [Pshezhetsky and Ashmarina, 20Gdditianally, the proteins
saposine B and saposine C (Sap C) are essengehdtibn partners in this process [O’Brien
and Kishimoto, 1991]. Finally, glucosylceramidec&tabolized to ceramides and sphingosines.
It is important to note that no co-factors, likepssines, are required to cleave synthetic
substrates (e.g. 4-methylumbellife4b-galactopyranoside) under vitro conditions, but the
presence of chloride iongX0 mM NacCl in lysis buffers) is necessary for thezymatic
activity [Pshezhetsky and Ashmarina, 2001]. The afsthe detergent Triton is optional, but it

might be necessary to add taurocholate to the eatzymssay for specific experiments.
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Figure 4.7.1.1 Sphingolipid degradation pathway andassociated lysosomal storage diseases (excerpt)
Graphic sourcehttp://www.lipidomicnet.org/index.php/Glycosphingmtls
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Beside wildtype (WT) cells, fibroblast cell linestiwthe following genotypes were loaded with

tritium (*H)-labeled Gy -ganglioside:

- p.C230R/p.C230R (infantile GM1),

- p.R201C/p.R201C (juvenile GM1),

- p.G438E/p.G438E (adult GM1),

- p.R201H/p.S149F (adult GM1 or MBD),

- p.W273L/p.W273L (MBD).

[B-Galactosidase activities were determined withradtive 3-Gal assays (see section 3.11.4),
and degradation of incorporatetH-Gy:G was analyzed by TLC. Furthermore, liquid
scintillation counting was performed in all samplaad absolute amounts of radioactivity in
culture media and cell homogenates were calculaResults of the alternativ@-Gal
determinations with the common synthetic substaagegiven in Table 4.7.1.2. Interestingly,
the residuap-Gal activities determined with these alternatigssagys were considerably higher
than activities measured with stand@r@al assays. Those differences might be attribtaed
different assay conditions (cf. incubation timagysrate concentrations and solubility, buffers)
and different characters of substrates. Thus thelts2from alternativgg-Gal determinations
cannot be compared directly to previous resultaiobtl with standard assays. Alternatfi+e
Gal or B-Hex assays were only conducted during the workshat Institute of Inherited
Metabolic Disorders, First Faculty of Medicine, @ka University in Prague and General
University Hospital in Prague, Czech Republic. Détam these experiments should be
considered as a control for chaperone activity mmeahkn vitro and supporting information for
TLC results.
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Controls - CBE

500 uM DLHex-DGJ + CBE, 4d

1% Setup Activity % of WT  Increase Activity % of WT  Increase
nmol/hr/mg protein (fold) nmol/hr/mg protein (fold)
WT 779.5 100.0 1.0 914.7 117.3 1.2
p-R201C 17.8 2.3 1.0 2335 30.0 13.1
p.C230R 4.7 0.6 1.0 274 3.5 5.8
p-W273L 23.8 3.1 1.0 57.2 7.3 2.4
p-R201H/p.S149F 14.1 1.8 1.0 174.7 22.4 12.4
p-G438E 48.8 6.3 1.0 94.9 12.2 1.9
500 uM DLHex-DGJ - CBE, 4d
1% Setup Activity % of WT  Increase
nmol/hr/mg protein (fold)
WT 922.4 118.3 1.2
p-R201C 2235 28.7 12.6
p-C230R 43.4 5.6 9.2
p-W273L 51.7 6.6 2.2
p.R201H/p.S149F 172.4 22.1 12.2
p.G438E 110.2 14.1 2.3
Controls + CBE 20 uM DLHex-DGJ + CBE, 4d
2" Setup Activity % of WT  Increase Activity % of WT  Increase
nmol/hr/mg protein (fold) nmol/hr/mg protein (fold)
WT 1,111.0 | 100.0 1.0 1,537.0 138.3 1.4
p.R201C 18.3 1.6 1.0 44.8 4.0 2.4
p.C230R 4.7 0.4 1.0 8.0 0.7 1.7
p-W273L 421 3.8 1.0 44.0 4.0 1.0
p-R201H/p.S149F 13.1 1.2 1.0 44.6 4.0 3.4
p.G438E 51.1 4.6 1.0 87.7 7.9 1.7
100 uM DLHex-DGJ + CBE, 4d
2" Setup Activity % of WT  Increase
nmol/hr/mg protein (fold)
WT 1,398.0 125.8 1.3
p.R201C 115.0 104 6.3
p.C230R 9.6 0.9 2.0
p-W273L 63.1 5.7 15
p.R201H/p.S149F 103.0 9.3 7.9
p.G438E 112.0 10.1 2.2
Controls + CBE 500 pM DLHex-DGJ + CBE, 2d
3 Setup Activity % of WT  Increase Activity % of WT  Increase
nmol/hr/mg protein (fold) nmol/hr/mg protein (fold)
WT 706.1 | 100.0 1.0 820.1 116.2 1.2
p.R201C 10.8 15 1.0 86.5 12.3 8.0
p.C230R 5.8 0.8 1.0 29.7 4.2 5.2
p-W273L 44.9 6.4 1.0 52.4 7.4 1.2
250 uM #2 w/o dansyl + CBE, 2d 20 uM #2 w/o dansyICBE, 2d
3 Setup Activity % of WT  Increase Activity % of WT  Increase
nmol/hr/mg protein (fold) nmol/hr/mg protein (fold)
WT 805.9 1141 11 809.7 114.7 11
p.R201C 89.9 12.7 8.4 314 4.4 2.9
p.C230R 7.2 1.0 1.2 4.6 0.7 0.8
p-W273L 46.3 6.6 1.0 34.7 4.9 0.8

Table 4.7.1.2 Study of chaperone effect®ata is the result of alternati®Gal determinations ifH-Gy,G-
loaded fibroblasts based on single experimentsyfatic measurements were performed in duplicates.
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Again, cell lines with the mutations p.R201C and201H showed a more than 3-fold increase
of B-galactosidase activity, corresponding to more th@% of the respective healthy control
mean, when treated with 500 uM DLHex-DGJ for 2 atads. The residufd-Gal activity of
infantile p.C230R cells was increased more thanl@-fand reached more than 10% of the
healthy control activity in adult p.G438E fibrohiss respectively. Fibroblasts with the
mutations p.G438E and p.R201H/p.S149F were onlyestddl to the 4 day DLHex-DGJ
treatment. Addition of thg-glucosidase inhibitor CBE [Biebericht al, 1999; Datta and
Radin, 1988] had no significant influence B+Gal activities, and treatment with DLHex-DGJ
did not alter the activity of the control enzynehexosaminidase (data not shown). The
occurrence of major differences (cf. WT activitiascontrol experiments) can most likely be
attributed to different growth behaviour of subauwd fibroblasts, losses during preparation,

but also to salvage of incorrectly folded protaissially processed by ERAD.

In contrast to the results obtained with stand&f@al assays, a reduction of the final DLHex-
DGJ concentration in the medium to 20 uM and subseqincubation for 4 days did not
significantly increas@-Gal activity in the known chaperone-sensitive tiek (p.R201C; 2.4-
fold increase). It should be noted that each erpantal setup was only performed once, hence
outliers are possible and results might have bagnfisant in a second setup. HowevprGal
activity in this cell line could be enhanced abdwe significance threshold with a final
DLHex-DGJ concentration of 100 uM and an incubatiome of 4 days. Similar results were
obtained in p.R201H/p.S149F fibroblasts for botmaamtrations. No positive response was
seen in p.G438E cells or p.C230R cells, when tdeaith 20 uM DLHex-DGJ for 4 days. The
-Gal enzyme of p.C230R fibroblasts also did nopoesl to a final concentration of 100 uM
in culture medium, buB-Gal activity was enhanced to ~10% of the healthytiol activity in
p.G438E cells. These results are consistent weklipus chaperone screening results (cf. Table
4.6.2.1.3), where certain mutations (p.C230R, p&&3significantly responded to final
DLHex-DGJ concentrations af 250 uM.

A third experimental setup included samples treateth the potential pharmacological
chaperone #2 w/o dansyl. This iminosugar is a &iratequivalent of DLHex-DGJ (cf. Figure
3.9.1.1.1), but does not contain the fluorescensgagroup. The substance was available in a
later phase of this work and evaluated in compartsdLHex-DGJ to gain information on the

importance of the dansyl group for the chaperonectian, but also on its potential
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cytotoxicity. Loading assays were performed in wigk cells and fibroblasts carrying the
mutations p.R201C, p.C230R, and p.W273L. CBE wasdeddio the culture media of all
samples and cells were incubated with a final cottagon of 20 uM or 250 uM #2 w/o dansyl
for 2 days, respectivel\3-Gal of fibroblasts from the known chaperone-séresicell line
p.R201C significantly responded to both concerdreti(~3-fold and 8.4 fold increase), while
no effect was observed in the infantile GM1 cglsCR30R). As expected, tfieGal enzyme of
p.W273L fibroblasts was unaffected by chaperonattnent. The putative chaperone #2 w/o
dansyl was previously tested in fibroblast scregsinsing standarfl-Gal assays (cf. Table
4.6.1.1). In contrast to the experiments describdve, cells were incubated with #2 w/o
dansyl for 4 days, at final concentrations of 20-3(M in the cell culture mediung-Gal
activity of p.R201C cells was significantly incredsat all tested concentrations (Figure
4.7.1.3), while the activity of p.C230R fibroblasteis enhanced by concentratieh50 pM
(data not shown). Treatment with #2 w/o dansylmbtl alter the activity of the control enzyme

B-hexosaminidase (data not shown).

Altogether, the putative pharmacological chaperddeldex-DGJ and #2 w/o dansyl displayed
the same mutation preferences, and optimal chaparoncentrations for each responsive cell
line were specific and quite similar, suggestinty@moderate, but significant influence of the
dansyl group on chaperone activity. On the othedhthe dansylated compound demonstrated
much more inhibition potency as compared to #2 démsyl (see Table 4.6.1.1), making

DLHex-DGJ a useful inhibitor of human lysosomaldqgigalactosidase.

100
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5 ‘; 80
S g 70
@ g 0 Figure 4.7.1.3 Characteristics off-
2z %0 galactosidase enhancement after #2
g E 40 @ p.R201C w/o dansyl treatment of fibroblasts.
& 30 Cells were incubated with #2 w/o
$§ 20 dansyl at final concentrations of 20-
10 500 uM for 4 days. Values are the
0 mean of 4-6 individual experiments,
0 100 200 300 400 500 and were calculated as compared to the
42 wio dansyl [uM] res_pc_eg:tive healthy control cell
activities
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In summary, the results from alternatieGal determinations ifiH-Gy:G-loaded fibroblasts
were almost consistent with previous results frdraperone screenings using standa@al
assays (Table 4.6.2.1.3). For evaluation of natsiddstrate degradation, the amount of
incorporated, radiolabeled material was determimgdiquid scintillation counting in aliquots
of cell homogenates and cell culture media. Theal#-Gy;G uptake from the medium was
ranging between 2% and 7% (Table 4.7.1.4), andreeédauptake rates (dpm cells/mg protein)
were characteristic for each cell line. It should ipted that although the uptake rates were
very low, experimental procedures were optimizedtérms of *H-Gy:G concentration,
incubation time, and availability of cell materfak enzymatic measurements as well as lipid
extractions. An incubation time of 5 days provedéooptimal forH-Gy;G-loading of human
skin fibroblasts. Extended or reduced incubatiomes with the radiolabeled substrate caused
difficulties in signal quantitation by TLC and/d8-Gal determinations. Loading assay
optimization was conducted by Befekadu Asfaw, tosti of Inherited Metabolic Disorders,
First Faculty of Medicine, Charles University inaBue and General University Hospital in
Prague, Czech Republic.
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Sample Genotype dpmiin cells (%) dpm in medium (%)

Control ~CBE WT 5.9 94.1
Control +CBE WT 47-5.3 94.7-95.3
500 uM #2 (DLHex-DGJ) +CBE, 4d WT 6.0 94.0
500 uM #2 (DLHex-DGJ) —~CBE, 4d WT 49 95.1
500 pM #2 (DLHex-DGJ) +CBE, 2d WT 42 95.8
100 puM #2 (DLHex-DGJ) +CBE, 4d WT 44 95.6
20 pM #2 (DLHex-DGJ) +CBE, 4d WT 438 95.2
250 uM #2 wio dansyl +CBE, 2d WT 46 95.4
20 UM #2 wio dansyl +CBE, 2d WT 5.4 94.6
Control -CBE p.R201C 5.1 94.9
Control +CBE p.R201C 3.4-36 96.4-96.6
500 uM #2 (DLHex-DGJ) +CBE, 4d p.R201C 438 95.2
500 pM #2 (DLHex-DGJ) —~CBE, 4d p.R201C 5.1 94.9
500 pM #2 (DLHex-DGJ) +CBE, 2d p.R201C 46 95.4
100 puM #2 (DLHex-DGJ) +CBE, 4d p.R201C 3.2 96.8
20 UM #2 (DLHex-DGJ) +CBE, 4d p.R201C 2.7 97.3
250 uM #2 wio dansyl +CBE, 2d p.R201C 46 95.4
20 uM #2 wio dansyl +CBE, 2d p.R201C 5.6 94.4
Control —CBE p.C230R 5.9 94.1
Control +CBE p.C230R 4.1-45 95.5-95.9
500 pM #2 (DLHex-DGJ) +CBE, 4d p.C230R 5.8 94.2
500 pM #2 (DLHex-DGJ) —~CBE, 4d p.C230R 6.1 93.9
500 uM #2 (DLHex-DGJ) +CBE, 2d p.C230R 538 94.2
100 UM #2 (DLHex-DGJ) +CBE, 4d p.C230R 5.0 95.0
20 M #2 (DLHex-DGJ) +CBE, 4d p.C230R 46 95.4
250 uM #2 wio dansyl +CBE, 2d p.C230R 47 95.3
20 UM #2 wio dansyl +CBE, 2d p.C230R 6.9 93.1
Control —CBE p.W273L 44 95.6
Control +CBE p.W273L 3.3-35 96.5-96.7
500 uM #2 (DLHex-DGJ) +CBE, 4d p.W273L 5.0 95.0
500 uM #2 (DLHex-DGJ) —~CBE, 4d p.W273L 47 95.3
500 uM #2 (DLHex-DGJ) +CBE, 2d p.W273L 5.2 94.8
100 puM #2 (DLHex-DGJ) +CBE, 4d p.W273L 45 95.5
20 pM #2 (DLHex-DGJ) +CBE, 4d p.W273L 41 95.9
250 uM #2 wio dansyl +CBE, 2d p.W273L 53 94.7
20 uM #2 wio dansyl +CBE, 2d p.W273L 35 96.5
Control -CBE p.R201H/p.S149F 25 97.5
Control +CBE p.R201H/p.S149F 2.4 97.6
500 uM #2 (DLHex-DGJ) +CBE, 4d p.R201H/p.S149F 33 96.7
500 uM #2 (DLHex-DGJ) —~CBE, 4d p.R201H/p.S149F 3.8 96.2
100 puM #2 (DLHex-DGJ) +CBE, 4d p.R201H/p.S149F 2.4 97.6

20 pM #2 (DLHex-DGJ) +CBE, 4d p.R201H/p.S149F 2.5 7.59
Control —CBE p.G438E 3.1 96.9
Control +CBE p.G438E 2.2 97.8
500 uM #2 (DLHex-DGJ) +CBE, 4d p.G438E 3.9 96.1
500 uM #2 (DLHex-DGJ) —~CBE, 4d p.G438E 44 95.6
100 uM #2 (DLHex-DGJ) +CBE, 4d p.G438E 31 96.9
20 pM #2 (DLHex-DGJ) +CBE, 4d p.G438E 3.1 96.9

Table 4.7.1.4 Results of the liquid scintillation eunting in cell homogenates and culture medium ofH-
Gw1G-loaded human skin fibroblasts.Absolute amounts of radioactivity (in disintegraoper minute; dpm)
were calculated from one single determination foohesample. Similar control experiments were suripedr
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4.7.2 DLHex-DGJ treatment improves substrate ckaace in p.C230R cells

Finally, lipid extracts (see section 3.12.4) ofleg@ample were subjected to TLC and analyzed
with the Raytest TLC Analyzer v2.05. Peak areawtaton was performed with the Rita TLC
Analysis software (v1.93.002). Peaks with lower dmgher retention times than they{s
ganglioside peak were defined as degradation ptediac product formation). Because this
procedure takes resynthesized lipids with radidiagento account, the method can only be
considered as semi-quantitative. Another factovgméng exact quantitation of all degradation
products is the potential loss of radiolabeled gigimn small, unidentifiable fragments or even
in water molecules, resulting in falsified peakeaaratios. To face the latter problem, CBE was
added to most experiments to obtain clear TLC digran patterns by maximal suppression of
resynthesis steps. However, previous experimertsfibroblasts from other lysosomal storage
diseases demonstrated a very selective action d&&, GBd addition of thif3-glucosidase
inhibitor did not always guarantee a complete hlogkof glucosylceramides degradation
[personal communication, Befekadu Asfaw].

The amount of product formation (degradation) wakwdated as percentage based on total
incorporated radiolabeled\z-gangliosides. TLC results of all three experimes&tups are
illustrated in 4.7.3.1. Wildtype (WT) cells almost completely metaboliziedorporated®H-
Gw1G, vyielding approximately 95% degradation. While gidelation rates in control
experiments of p.G438E (adult GM1) and p.R201H/p%F1(adult GM1 or MBD) fibroblasts
were almost similar to those of the untreated MR kne (mutation p.W273L), the juvenile
GM1 case (p.R201C) showed a little less degradaitorrontrol experiments. A radical
deterioration of (g;-ganglioside metabolization was observed in infamiC230R fibroblasts.
Degradation of radiolabledyfz-gangliosides has never been studied in thesefsp&i1 and
MBD fibroblastsin situ, hence the high degradation levels of these ueileeell lines were
quite surprising. A more distinguishable outcom@responding to the severity of phenotypes
was expected, for example less amounts of degoadati control experiments of juvenile
GM1, but a bit more in the adult case. On the oltagrd, the experimental setup was optimized
to work towards substrate saturation, and TLC aislyas semi-quantitative for reasons
mentioned earlier. Therefore, the percentage ofradigion/product formation is not an

absolute value, but rather an approximate one.
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DLHex-DGJ was added to théH-Gy;:G-loaded fibroblasts at three different final
concentrations (500, 100, and 20 uM) and incubftedither 2 or 4 days. One setup using 500
UM DLHex-DGJ was performed without CBE, and two esttones with addition of the
glucosylceramidase inhibitor. Upon comparison oésth experiments, no synergetic or
antagonistic effect of CBE and DLHex-DGJ was obedyvthus the loading mixtures of
subsequent experiments were supplemented with CBEortunately, results from the first
experiment (Figure 4.7.3.1, A) clearly showed imgai product formation rather than
chaperone-enhanced degradation of the stored ahéield substrate. This trend was most
evident in p.R201C, p.R201H/p.S149F, and p.G438moffilasts. The least effected cell line
beside wildtype fibroblasts were the MBD cells garg the mutation p.W273L. It was
assumed that pharmacological chaperones act oroldesf or unstableg3-Gal precursor
proteins [Fan, 2008], hence the positive — or is ttase negative — chaperone effect is less
pronounced in wildtype or MBD cells. Surprisingipfantile GM1 cells with the mutation
p.C230R showed a slight increase *of-Gy:G degradation when treated with 500 uM of
DLHex-DGJ for 4 days.

In a second experiment, DLHex-DGJ concentrationthén culture media were reduced to a
final concentration of 100 uM or 20 uM (incubatiome 4 days in either case). The idea
behind reducing the chaperone concentration andéobation time was finding the optimal,

non-inhibitory intracellular chaperone concentratibat is able to enhan@eGal activity under

in vivo conditions, and minimizing inhibitory, cytotoxiéfects of the putative pharmacological

chaperone. In fact, a decrease of the DLHex-DG&eammation resulted in the formation of

more degradation products than observed with anddf 500 pM, but the chaperone still acted
as inhibitor off3-galactosidase in almost all tested cell linesfeg4.7.3.1, B). Even p.C230R

(infantile GM1) cells showed impaired product fotmna when compared to the results
obtained with 500 uM DLHex-DGJ, but product fornoatiremained unchanged compared to

untreated control cells.

In chaperone screenings with subsequanvitro B-Gal determinations using the synthetic
substrate, the optimal chaperone concentration ldifiedx-DGJ in the culture medium of all
tested fibroblasts was 500 pM, although p.R201C mR201H cells already responded to a
final concentration of 20 uM. Cells with the mutettip.C230R or p.G438E did not respond
below 250 puM of DLHex-DGJ (Figure 4.6.2.1.2). TL@sults indicate that the optimal

DLHex-DGJ concentration for enhancing boBhGal activity and substrate clearance in
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infantile cell lines carrying the mutation p.C23@kght be between 100 uM and 500 pM. On
the other hand, 500 uM DLHex-DGJ was also deterchine optimal concentration for
chaperone action off-Gal from p.R201C and p.R201H fibroblasts, but Tig3Sults clearly
demonstrate the inhibitory effect of this dosagléede contradictory findings point out a
common problem when comparing the outcome of entigna@ssays, obtained with natural
substrates, to synthetic substrate results. Iliss emportant to note that the uptake rate of
DLHex-DGJ into the cells remains unclear, but tffeative chaperone concentration within
the cell (e.g. in endoplasmic reticulum or lysosejns supposed to be sub-inhibitory, and
often in the range of Kor ICso values for the respective compound [Asano, 20@8y, 2008;
lwasakietal., 2006; Matsudatal., 2003].

4.7.3 The novel iminosugar #2 w/o dansyl actgpharmacological chaperone and improves

substrate clearance in p.C230R cells

A third experiment was conducted with 500 uM DLH®26J, but the incubation time was
reduced to 2 days. Additionally, the potential cdrape #2 w/o dansyl was tested for its ability
to clear stored substrates in GM1 and MBD celldin&gain, DLHex-DGJ treatment 6H-
Gwm1G-loaded fibroblasts inhibited tHg&-Gal enzyme and impaired substrate clearance in all
tested cell lines (Figure 4.7.3.1, C). In contrasprevious results (A), no enhanced product
formation was observed in p.C230R cells. It shdaddhoted that due to the semi-quantitative
analysis mode, measurement differences of up to 2@@% not uncommon between similar
experiments. This weakness of the method impedasii@ation of small, chaperone-induced
differences irfH-Gu:G degradation. The loading experiments presentéuisrwork confirmed
the assumption that this experimental setup migiy be able to detect major increases or
decreases of radiolabeledyfsganglioside degradation. Another important limdat affects
cell lines that presented with high amounts of ba$#Gw:G degradation in control
experiments. It would be impossible to detect enbdnproduct formation in wildtype,
p.R201C, p.R201H/p.S149F, p.G438E, and p.W273Iscell any other cell line that shows a

similar degradation pattern Thl-Gy1G loading assays.
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Addition of 250 pM #2 w/o dansyl also resulted mhibition of thep-Gal enzyme in known
chaperone-responsive p.R201C fibroblasts and wgéltgells. The chaperone effect of this
compound was only observed in infantile p.C230Rscelonsistent with findings in DLHex-
DGJ experiments. A final concentration of 250 uMw#2 dansyl in the culture medium of
p.C230R cells and incubation for 2 days resultednhanced degradation of the incorporated
natural substrate (from ~30% to ~60%), while additof 20 uM did not significantly alter
product formation when compared to untreated ctmtréIBD cells (p.W273L) were

unaffected by both concentrations.

Similar to DLHex-DGJ experiments, these resultggesgthat the effective concentration of #2
w/o dansyl in the culture medium of p.C230R fibadts should be considerably higher than
20 uM, presumably also between 100 uM and 500 pimMth@ other hand, the #2 w/o dansyl
concentration in the culture medium should be frtieduced< 20 uM) to observe a potential
chaperone effect of-Gal of p.R201C cells. It is noteworthy that highaperone doses
significantly inhibited the-Gal enzyme of wildtype cells. This result emphesizhe

importance of accurate chaperone dosage, and dapgm&culation that a lower concentration
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of both DLHex-DGJ and #2 w/o dansyl in the celltateé medium could reverse the storage of

natural substrates in certain cell lines by enhraggtGal activity.

Remarkably, the principle chaperone effect of bmimpounds could be clearly demonstrated
in infantile p.C230R cells, which also respondedtddex-DGJ and #2 w/o dansyl treatment
in chaperone screening experiments (cf. Figure24L.8 and 4.7.1.3). Both pharmacological
chaperones markedly enhanced degradation of tleepoated radiolabeled z-ganglioside,
hence contributing to substrate clearance in cei@ii-gangliosidosis fibroblasts. However,

more experiments of this kind are necessary toicorihe results obtained in this work.
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5 DISCUSSION

In this work the influence of novel derivatives bfdeoxygalactonojirimycin (DGJ) on the
activity of the human lysosomal adidgalactosidase was examined unitevitro conditions,
andin vivo upon treatment of cultured human skin fibrobldetsn GM1 and MBD patients.
The results clearly demonstrated a mutation-spepifiarmacological chaperone effect of the
novel iminosugars in GML1 fibroblasts and indicatédsage-dependent natural substrate
degradation. Furthermore, two novel anti-hunia@al peptide antibodies were described in
this work. Heterologous expression of the humaodgsal aci3-galactosidase i&. colicells

for subsequent antibody production, however, wag partially successful.

5.1 Antibody development

The limiting factor in the experimental procedudescribed in this work was the availability of
specific anti-humaif-galactosidase antibodies. Although several pros=dto obtain3-Gal
antibodies are described in the literature, nonéhein was established at the Department of
Pediatrics. Some commercially availalfigsal antibodies, based on tke coli immunogen,
were proposed to cross-react with the human enzgotehis work could not provide evidence
for this assumption (data not shown). Td@5 anti-humarf3-galactosidase antibody used in
several experiments in this work was kindly proddey A. d’Azzo (Department of Genetics
and Tumor Cell Biology, St. Jude Children’s Reskdfospital, Memphis, TN). This antibody
recognized the precursor and mature fornpddal in both native and denatured condition,
which was essential for the immunofluorescence exymats and Western blots conducted in
this work. However, the availability of this antdbpwas limited. Therefore, a major task of the
present work was the purification of large amowftthe humarf3-Gal protein for subsequent

immunization of rabbits and development of polyeantif3-Gal antibodies.

The most common strategies to obtain native taf@al are purification of overexpressed,
secreted3-Gal precursor proteins (84 kDa) from the cell grdtmedium of CHO cells [Zhang
et al, 1994] and the purification of the mature enzy@® kDa) from human placenta [Hubbes

et al, 1992]. A major disadvantage of most strategsetheé need of large amounts of sample
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material, and purification processes are complicdte handling of several liters urine or cell
culture medium or some pounds of human tissuesth&umore, these methods are time-
consuming and expensive in terms of required nage(e.g. affinity resins). Purification of
mature (-Gal from human placenta, for example, involves laast five different
chromatographic steps [Hubbes al, 1992]. On the other hand, purification of therséed
precursor from the culture medium of CHO cells mszpionly one affinity chromatographic
step, but cultivation of cells to yield the requiramounts of precursor in the culture media
might take up to 6 weeks [Zhaegal, 1994; this work]. Despite the unfavorable timagpect,
this method was established at the Department diaRes during this work. CHO-K1 cells,
successfully prepared by Doris Hofer to overexpeggbsecrete the humg@nGal precursor (88
kDa), were cultivated under conditions differeranfr that described by Zhareg al and in
summary, 2.6 L of culture medium were required the purification of ~730 pgB-
galactosidase precursor protein. Immunization dbita and purification of polyclonal total
immunoglobulins (IgGs) was conducted by a commeércanpany (Eurogentec, Seraing,
Belgium). Unfortunately, both rabbits were acci@digtkilled by the company and the vast
majority of antigen was already injected. Qualéagting of the small bleed sera from the killed
rabbits clearly showed positi@Gal signals on WB (Figure 4.5.1.3.2). The remajramtigen
(~180 pg; 45 pg per injection) and a slightly atermmunization protocol were not able to
produce the same immune response in a third relflgure 4.5.1.3.1). Even total 1gG
purification of the positively reacting small blesera (killed rabbits) plus the final bleed serum
of the third rabbit did not result in specific aftiGal antibodies. No clearly positive and
reproducible signals were observed in WB or IF expents (Figures 4.5.1.3.1 and 4.5.1.3.4).
The purification ofp-Gal from CHO-K1 cell culture medium was not regeltiue to time

limitations.

At the same time, two other antibody developmeratagies were pursued. One strategy
comprised the design of two specific immunogefii€Gal peptides in cooperation with
Eurogentec (Seraing, Belgium), and the other washtterologous expression of C- or N-
terminal tagged humaf-galactosidase ife. coli cells. The peptides had a length of 15 aa,
respectively, and met all antigenic criteria focaessful production of polyclonal afgiGal
antibodies in rabbits. The polyclonal antiserunmfrone rabbit was purified on two different
peptide affinity columns, and the resulting poly@dbantibody fractions, “anfs-galactosidase

peptide antibody 1” and “anfi-galactosidase peptide antibody 2", were testeéd/Brand IF
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applications. Both peptide antibodies showed strr@al specific signals on WB of cell
homogenates from COS-1, wildtype, GM1, and MBDdliasts (cf. Figure 4.5.2.1), but no
specific reactions were observed in IF experimedtavever, these peptide antibodies were a
useful amendment in WB throughout this work.

Although the heterologous expression of hunfla@al in E. coli cells was only partially
successful, an optimized strategy might be aniefftcalternative to the previously described
methods. In summary, the heterologfu&al expression was successful in terms of siganific
overexpression of GST-tagged fusion proteins df $afjuence length as well as a truncated
fusion peptide. HoweveE. coli cells were not able to provide the machinery faper folding

of these fusion proteins, resulting in protein agation and inclusion body formation (cf.
Figures 4.4.3.1.3 and 4.4.3.3.3). In fact, inclasbmdy formation of the target protein would
not hinder antibody development, if the target @irotcould be purified from the aggregated
protein complex. The insolub@Gal protein might as well be injected in rabbissaapurified,
soluble form of the enyzme. Howev@rGal was fused with a large GST-tag (~26 kDa) is th
work, which has to be cleaved from the fusion protprior immunization of rabbits.
Unfortunately, both C- and N-terminal polyhistiditeygedp-Gal proteins were unstable
coli. They seemed to be rapidly degraded by coli proteases, visible as different sized
fragments on Western blots (Figures 4.4.1.1.21414, and 4.4.2.3). Inclusion bodies of His
taggedf3-Gal might be used for antibody development, predidhat a stable fusion protein

could be purified from the insoluble protein aggs.

Overexpression of five differeri. coli chaperones (DnakK, DnaJd, GrpE, GroEL, and GroES)
[Takara A] and co-expression of the GST-taggedléngth3-Gal fusion protein (N-GST-Gal)
could not significantly improve the expression aflubilized target protein (cf. Figures
4.4.3.2.3 and 4.4.3.2.4). Furthermore, the solpbition of N-GST-Gal could not be purified
on a GST-affinity resin (Figure 4.4.3.2.6). Co-eegsion of molecular chaperones to increase
the solubility of recombinant proteins i coli has been proposed for several human proteins
[reviewed in Hoffmann and Rinas, 2004], for examplenan procollagenases [Lee and Olins,
1992], but the choice of an appropriate chapergsem is a critical factor for success. The
chaperone system used in this work (pG-KJE8 vediakara Bio. Inc.) did not impair the
cell’'s viability despite high energy demands foremxpression, but potential positive effects

on the solubility of the target protein were insfgant. The influence of each specific
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molecular chaperone mentioned above on the sdlpbiliheterologously expressed hunfan
Gal has not been determined yet. Furthermore, ffecteof induction temperatures in

combination with individual chaperones might beastigated in future experiments.

In contrast to the molecular chaperone approach sthubilization of inclusion bodies by
vitro addition of denaturants and detergents resultéarg®e amounts of soluble target protein.
Inclusion bodies from a positive transformant, egging the truncated N-GST-Gal-peptide,
could be solubilized byn vitro addition of 0.2% sarkosyl (Figure 4.4.4.2). Unfmiately, the
resulting solubilized target protein was unablditod to a GST affinity resin and could not be
cleaved by a GST-specific protease. These resulttyinon-native state like conformation of
the sarkosyl-solubilized N-GST-Gal-peptide hencepeding GST cleavage and affinity
chromatography. Similar to experiments with co-esgion of molecular chaperones, the
influence of specific detergents and denaturantthersolubility of3-Gal inclusion bodies has
to be studied in greater detail, but preliminaryadabtained in sarkosyl experiments are

promising.

At this point, the heterologous expression of hurhgmosomal acid3-Gal in E. coli was
dispensed due to time limitations. However, nobplions were exploited during this work and
the collected data may provide a basis for furthgreriments using. coli as expression host
strain. Purification of large amounts of the hunpantein and subsequent antibody production
might be easier to achieve than with establishethods, and also more favorable in terms of

costs.

5.2 DLHex-DGJ has pharmacological chaperone aciity in human GM1 fibroblasts

Several specific inhibitors of lysosomal glycosiemgAsano, 2003] were shown to elevate
residual enzyme activities after addition to théwre media of fibroblasts from patients with
lysosomal diseases, and therefore, suggested bereficial in enzyme enhancement therapy
[Begleyet al, 2008; Fan, 2008].

For positive chaperone effects they are supposgzhss the cell membrane, to enter the ER,
and to bind at neutral pH to the active site offalded enzyme precursors, thus facilitating
proper folding or stabilizing the active site comf@tion of mutant proteins. Therefore,
transport to the lysosomes via the mannose-6-pladsgiathway would be normalized. Within
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the lysosomes, PCs may become protonated at spgotfups due to the acidic pH (pH 4.5-
5.0), thereby losing contact to the enzyme, andlemathe natural substrates to bind to the
active site [Fan, 2008; Liebermanal, 2009]. The extent and position of protonatiopeatels

on the molecular structure. The protonation sittDbHex-DGJ are presumably the ring
nitrogen of the iminoalditol (pKa ~7) as well ag taromatic amine in the dansyl moiety (pKa
~4.5). Some glycosidase inhibitors with proven &tape activity, for example DGJ
(Amigal™), are currently evaluated in clinical trials foality disease [Benjamiet al, 2009;
Fan, 2008; Khannat al, 2010]. For Ga:-gangliosidosisN-octyl-4-epivalienamine (NOEV)
was presented as a potent inhibitor of lysosorfiajalactosidase, and a putative
pharmacological chaperone by Matsiwetaal. [Matsudaet al, 2003]. It has since then been
used in preclinical trials. In fibroblasts from jeaits with Gy;-gangliosidosis, NOEV displayed
quite similar mutation preferences [lwasadd al, 2006], although at lower chaperone
concentrations in the culture media (0.2 or 2 piMintthose used in the present work (20-500
KM). However, screening results indicate also higgponses of certain mutations (p.R201C,
p.R201H) below 20 uM DLHex-DGJ (Figure 4.6.2.1.2).

The novel compound, DLHex-DGJ [Fantet al., 2010], is an N-alkylated derivative of 1-
deoxygalactonojirimycin (DGJ), a well-known compige inhibitor of lysosomal glycosidases
[Asano, 2003]. Its chemical structure is basedlen@GJ core. This is substituted at the ring
nitrogen with a segmented branched spacer arm csimgprof an alpha-N-dansyl-substituted
(D) L-lysine residue (L), which shares the termiaalino group with the DGJ. The C-terminal
end of the lysine moiety, in turn, is attached a&a amide bond to the amine of methyl 6-
aminohexanoate (Hex). This arrangement provideseased lipophilic character when
compared to the parent compound DGJ [Stedtat., 2008]. Its structural design is based on
the finding that dansyl labeled, lipophilic compdsmmay result in increased inhibition activity

compared to the non-fluorescent parent compounddtet al, 2006].

According to the results described in this worle tfovel compound DLHex-DGJ proved to be
a potent inhibitor of lysosomdl-galactosidase (K= 0.6 puM; 1Go = 6 uM)in vitro, and a
potential pharmacological chaperomevivo (Figure 4.6.2.1.2 and Table 4.6.2.1.3). Previous
findings [Asano, 2003; Fan, 2008; Iwaseakial, 2006; Matsudat al, 2003] indicated that the
chaperone effect occurs at subinhibitory conceiotrat although rather high doses (20-500

UM) had to be added to the culture medium for makieffectiveness. This may be an
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indication that the uptake of DLHex-DGJ into thd<enay limit its chaperone activity, and the

effective intracellular concentration is therefbelow the concentration in the culture medium.

For Western blots and immunolocalization, 250 uM &00 uM of DLHex-DGJ were used,

since p.C230R and pG438E cells did not respondabtiese concentrations (Figure 4.6.2.1.2).
However, only 20 uM were required for significaptGal enhancement in p.R201H and
p.R201C carriers. lwasakit al also demonstrated different responses of cenaitations to

the same compound [lwasakial., 2006].

Thus results of this work confirm that the efficamfypharmacological chaperones is mutation-
specific. The p.R201C allele, common for juvenil®iG[Oshimaet al, 1994; Yoshidat al.,
1991], produces unstable, prematurely degraflgdal protein with high sensitivity for
pharmacological chaperones [lwasakial, 2006; Oshimat al, 1994; Tominagat al, 2001,
this work]. Another amino acid substitution affectithe same codon (p.R201H) has been
identified in both GM1 and MBD patients [Hofet al, 2009; Kayeet al; 1997]. This mutation
has also been shown to be chaperone-responsivedinet al, 2006; Tominag&t al, 2001,
this work]. Recent results [Hofet al, 2010] imply that precursors truncated for mdrant 56
amino acid residues (p.E620X) are non-functionadl the phenotype-determining influence in
the genotype p.R201H/p.R457X has to be limited.R2Pp1H. This finding enabled testing of
DLHex-DGJ in heteroallelic p.R201H catrriers.

Remarkably, a novel mutation, p.C230R [Ho&tral, 2010], recently described to cause an
infantile GM1 phenotype with minor skeletal abnolitnes, was identified as chaperone-
sensitive cell line in this work. Immunolocalizati@xperiments showed expressionfeGal
precursors of higher stability than in p.R201C d201H cells. They are evenly distributed in
the endo-lysosomal network, but lack further preces in the lysosomal compartment
(Figures 4.6.2.2.1 and 4.6.2.3.1).

Homozygous p.C230R fibroblasts responded to higiceotrations X 250 uM) of DLHex-
DGJ in the culture media, although fh&al activity against synthetic substrate did nated
10% of the normal control mean (28.4 nmol/hr/mgtgirg. This may be below the critical
level for an influence on natural substrate turmdteinekugelet al, 1992]. Because of the
high residual enzyme activities (7.2% of wildtygél), 3-Gal of adult GM1 cells (p.G438E)
was easily enhanced above this threshold (16.4%ildtype level) upon addition of DLHex-

DGJ & 250 uM). To give an explanation for the findingee actual concentrations of
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chaperones in subcellular fractions, influence ommttion and turnover of alGLB1 gene
products including EBP, as well as the degradatiomatural substrates rather than of synthetic
4-methylumbelliferyl derivatives have to be studied

Such data have to be obtained prior consideringréutise of DLHex-DGJ as a potential
therapeutic agent in \gz-gangliosidosis. In analogy to reports on the éffeaf various N-
alkylated deoxynojirimycins (DNJ) on other lysosdrs@rage diseases [Buttegsal, 2003a],
one may speculate that DLHex-DGJ is able to perenglasma membranes and the blood-brain
barrier due to the length of its alkyl chain [Begét al, 2008]. Although, its cytotoxicity might
be higher than the non-alkylated parent compouil],Dhe chemically inert dansyl group may
rather reduce than increase its toxicity as a auresgce of the protonation of the aromatic
amine, resulting in dramatically increased soltyp#ind decreased (bio)chemical reactivity. No
cytotoxic effects were observed in fibroblast ctdgiused in this work.

Twelve other novel iminosugars were screened usiagknown chaperone-sensitive cell line
p.R201C (juvenile GM1) and nine of them signifidgnincreased residugb-Gal activities
without affecting the control enzymB;Hex (cf. Figure 4.6.2.1). Several of these compsun
had optimal concentrations below the one postuldtedDLHex-DGJ (500 uM), but the
structural and chemical characteristics of DLHexdD@utofluorescent dansyl group, soluble
in water) plus its ability to increagé&Gal activities in p.R201C cells to up to 75% oé th
healthy control activity made it the number oneica@otential pharmacological chaperone in
this work. Fluorescence detection of DLHex-DGJ ikdtype cells and p.R201C fibroblasts as
well as co-localisation experiments wphGal or the lysosome marker LAMP2 never showed
strong dansyl signals, despite using the optimalkentration of 500 uM in the cell culture
media and an incubation time of 2-4 days (datashotvn). However, we were not able to use
the recommended microscopic equipment (UV-laserappendix) for optimal excitation of
dansyl (=340 nm; emission at ~520 nm). Anotherr@gigng compound used in this work was
substance #2 w/o dansyl, which is actually DLHexdD@ithout the dansyl group (cf.
3.9.1.1.1). It was able to incregdd>al residual activities in p.R201C cells in thengamanner
as DLHex-DGJ with regard to their optimal chaperooacentration and activity enhancement
in p.R201C fibroblasts. Although residual activstieould be increased to up to 51% of healthy
controls (Figure 4.7.1.3), the pharmacological enape effect of #2 w/o dansyl was always
slightly below the potential of its “parent compaliibLHex-DGJ, suggesting a positive effect

of the dansyl group on the chaperone activity efriolecule. DLHex-DGJ and #2 w/o dansyl
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were selected for an experimental series to inyatithe degradation of natural substrates

upon chaperon treatment of GM1 and MBD fibroblasts.

5.3 Selective degradation of radiolabeledsy;- gangliosides in chaperone - treated
fibroblasts

To examine the effect of DLHex-DGJ and #2 w/o darsy natural substrate degradation,
selected GM1 and MBD cell lines were loaded wiitiutm-labeled Gy:-gangliosides *H-
Gwm1G) and the putative pharmacological chaperones vaeided to the culture media at
different concentrations and for different incubattimes. Similar experiments were described
for other types of lysosomal storage diseases(Etlet al., 2005; Keslova-Veselikovat al.,
2008; Pavlu-Pereirat al., 2005], but this is the first study on GM1 and DIRell lines
subjected to natural substratel-Gy;G-loading in combination with chaperones. It was
therefore interesting to examine the relative an®wf degraded radiolabled material in

fibroblasts representative for all types of GM1 amthe typical MBD cell line (p.W273L).

The principle of the experimental setup was to gle\a natural substrate f8rGal in the cell
culture medium, which is transported to the lysossmfter incorporation by fibroblast celbs.
Galactosidase from healthy control cells (WT) sdoog able to degrade the substrate, while
GM1 and MBD cells would accumulate the substancthénlysosomal compartment. It was
expected that the accumulation afi:&yangliosides is less pronounced in MBD cells wité
mutation p.W273L, due to the “kinetic” defect obtenzyme [Groebet al, 1980; Okumiyaet

al., 2003; Paschke and Kresse, 1982]. In healthyolfilasts, Gi-gangliosides would be
degraded to f»- and subsequently to uzgangliosides, which are further catabolized to
lactosylceramide and then to glucosylceramide (f€ig4.7.1.1). To possibly prevent
degradation beyond glucosylceramides, the glucesytaidase inhibitor Conduritol B Epoxide

(CBE) was added in most experimental setups ofstinidy.

Analysis of product formation/degradation, howewm only be considered semi-quantitative
due to experimental restrictions resulting from nedictable degradation beyond
glucosylceramides and concomitant signal lossed, @otentially falsified peak area ratios
because of lipid resynthesis from degradation prtsduFurthermore, loading assays were

optimized to result in substrate saturation, whigs a surprisingly unfavourable aspect for the
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experiments presented in this work. As a resulgyragation rates of wildtype cells (~95%)
were almost similar to rates obtained for p.G43&#u{t GM1), p.R201H/p.S149F (adult GM1
or MBD), and p.W273L (MBD) cells in control expermts. Only juvenile GM1 cells
(p.R201C) showed a little less degradation as cosdp#o wildtype cells, while infantile
p.C230R cells presented with a degradation patiteone apparently correlating with the
severity of the underlying defect (Figure 4.7.3.This finding implied a very restrictive
character of these specifiel-Gy1G-loading experiments and they are probably naedufor
detection of small, chaperone-induced changes.tanpial chaperone effect in p.G438E cells,
for example, could not be evaluated in these erparis. Even detection of potential positive
effects in p.R201C cells (juvenile GM1), the knoalmaperone sensitive cell line, would be

arguable. On the other side, inhibitory effectsevgearly visible in this setup.

Despite the limitations described above, a sigaificchaperone effect could be observed for
both DLHex-DGJ and #2 w/o dansyl in a specific mifi@ GM1 cell line carrying the mutation
p.C230R. The pharmacological chaperone effect wase mpronounced with #2 w/o dansyl,
resulting in a ~30% increase of product formatiegf@dation compared to control experiments
upon addition of 250 pM to the culture media ford@ys. A reduction of the chaperone
concentration in the medium to 20 pM had no eféectH-Gy.G degradation in this cell line.
Similar to #2 w/o dansyl, 20 uM but also 100 puMDifHex-DGJ (incubation time of 4 days,
respectively) in the culture medium of p.C230R<élkhd no effect on the product formation of
incorporated radiolabeled \z-gangliosides. Addition of 500 uM for 4 days, howev
significantly increased degradation of stored makewhile the same concentration incubated
for only 2 days did not alter the degradation patees compared to untreated controls. It should
be noted again that data can only be analysedsena-quantitative mode and furthermore,
some experiments were performed only once. Hente flam loading assays should be
considered as preliminary results. However, a cleand for enhancement of substrate
clearance in infantile GM1 cells with the mutatje€230R could be observed for DLHex-DGJ
as well as #2 w/o dansyl, and their effects seenbgodosage- and time-dependent. The
effective chaperone concentration of these comp®undthe culture medium of p.C230R

fibroblasts and resulting in substance clearanpeasumably between 100 uM and 500 uM.

Another striking finding was the incongruity of datbtained with the natural lipid substrate in
loading assay# situ and the soluble synthetic substrates in enzymatidtro assays. For

example, no inhibitory effects gB-Gal activity in fibroblasts treated with 500 uM Bkx-
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DGJ or #2 w/o dansyl were observed in standard l@rnative B-Gal assays with 4-
methylumbelliferyl3-D-galactopyranoside, but this concentration of RHDGJ significantly
inhibited natural substrate degradation in almdsieated cell lines, including healthy control
cells. These results imply enhanced inhibitionte €nzymen vivo, rather than a chaperone
effect for the tested concentrations. In summdrg>-Gy:G-loading proved to be a valuable
and essential addition to the preliminary chapersoeeenings in fibroblast cells. Future
experiments to determine effective chaperone cdratgons and incubation times ought to be
supported by results of experiments with naturdstates like @i-gangliosides rather than

relying on evaluation of enzymatiic vitro assays using exclusively synthetic substrates.

Experimental data from preclinical trials using deglygalactonojirimycin (DGJ) in a mouse
model for Fabry disease demonstrated that lessudraq oral administration of the
pharmacological chaperone, including repeated syafet days with DGJ followed by 3 days
without DGJ, resulted in greater reductions of shkered substrate globotriaosylceramide than
compared to daily administration of the compountidknaet al., 2010]. These findings might
have implications for future experiments with DLHB%J, as they imply a common problem
of pharmacological chaperones, which is finding th®imal dosage to achieve maximal

enzymatic activity and substrate clearance, butagednhibitory effects to a minimum.

5.4 Outlook

In summary, the present work provides information & novel DGJ derivative acting as
inhibitor of lysosomalp-galactosidasen vitro, and significantly enhancing residugGal
activity in homozygous GM21 cell lines upon additioto the culture medium.
Immunolocalization experiments revealed that phaotogical chaperone treatment causes a
wildtype-like distribution offf-Gal, and Western blots confirmed intralysosomalcpssing of
the B-Gal precursor in formerly incapable cells. Prehary results of loading assays using a
natural substrate suggested degradation of stoeddrial in lysosomes of specific GM1 cells
upon feeding with DLHex-DGJ.

There is definitely a need for more information abenzyme enhancing molecules such as
iminosugars or substrate analogs in terms of mddaction and mutation specificity. The

selective design of novel compounds might be héipfunderstanding the interaction between

184



mutant enzymes and chaperones, and vice versgmsme information about the nature of
the defect, caused by a certain genotype. To daterystallographic structure of the human
lysosomal acig3-Gal is available, but elucidation of its three-dmsional structure would be

interesting with regard to binding of the interaatipartners from the lysosomal multienzyme
complex, but also to chaperone binding and distoaiaFurthermore, exact determination of
chaperone concentrations in subcellular organetight contribute to our understanding of
chaperone uptake into the cells and how cell mengdsrar even the blood-brain barrier are
passed by these small molecules. Preliminary exymeris using subcellular fractionation

techniques and tandem mass spectrometry demonuisteaisbility of this approach.

The putative pharmacological chaperone DLHex-DGghtnbe subjected to further, optimized
loading assays using natural substrates to determfiiective concentrations and incubation
times for each responding cell line. Finally, cadiministration of this compound to a mouse
model of Gui-gangliosidosis might be considered. Transgenicemaxpressing the GM1-
specific mutation p.R201C, are available and praeede helpful tools in the characterization
of N-octyl-4-epi#valienamine (NOEV) and examination of potentiaditoeffects [Matsuda&t
al., 2003].
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7 APPENDIX

Affinity resins

High-Affinity GST Resin
p-AminophenylB-D-thiogalactopyranoside-
Agarose (PATG)

Profinity™ IMAC Resin

Antibodies

a85 anti-humarf3-galactosidase antibody
produced in rabbits

Anti-Catalase Rabbit pAb

Anti-GST antibody produced in goat
Anti-rabbit IgG (whole molecule) alkaline
phosphatase conjugate antibody produced in
goat

Fluorescein (FITC)-conjugated AffiniPure Goat
Anti-Rabbit 1IgG (H+L)

ImmunoPur® Goat Anti-Rabbit IgG (H+L),
Peroxidase Conjugated
Peroxidase-conjugated AffiniPure Donkey
Anti-Goat IgG (H+L)

Rabbit Polyclonal anti-6-Histidine
Rhodamine (TRITC)-conjugated AffiniPure
Sheep Anti-Mouse IgG (H+L)

Centrifuges and rotors

Avanti" 30 Centrifuge

GS-15R Centrifuge

Sorvall RC 5B Plus

Table Top Centrifuge, Biofuge pico
Table Top Centrifuge, Z200A

UV Spectrophotometer UV-1800
C0650 rotor, fixed angle rotor

GenScript, L00206
Sigma-AldrithA8648

Bio-Rad, 156-0133

provided by A. D’Azzo, Bitde
Children’s Res. Hosp. Memphis, USA

Calbioch&n219010

GE Healthca&57701

Sigmaehich®, A3687

Jackémmuno Research, 111-095-045

Thermo Scientific, 3@

Jacksomimo Research, 705-035-147

Novus Biologisl NB600-318
Jackson lnmm Research, 515-025-062

Beckman Coulter
Beckman Coulter
Sorvall
Heraeus Instrotse
Hermle
Shimadzu

Beckman Coulter
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F21S, fixed angle rotor
F2402H rotor, fixed angle rotor
S4180 rotor, swinging bucket rotor

Chemicals and solutions
Substance

0.9% Sodium chloride solution (NaCl)
2-Mercaptoethanol

2-Propanol
3-[(3-Cholamidopropyl)dimethylammonio]-
1-propanesulfonate (CHAPS)
4-Methylumbelliferone
4-Methylumbelliferylf3-D-galactopyranoside
4-Methylumbelliferyl-N-acetyB-D-
glucosaminide

Acetic acid (glacial) 100%

Agarose, LE

Ammonium persulfate (APS)

Ampicillin

Aqua destillata (Aqua dest.), Ampufva
Boric acid

Bovine serum albumin (BSA)

BSA, 100x for DNA restriction analysis

Brilliant Blue R

Bromophenol blue (BPB)
Chloramphenicol

Chloroform

Citric acid monohydrate

Conduritol B Epoxide

Copper(ll) sulfate pentahydrate (CusS0O5H,0)
D(-)-Galactonic acidrlactone

Dimethyl sulfoxide (DMSOQ)

Di-sodium hydrogen phosphate dihydrate
(Na,HPO, x 2H,0)

Dithiothreitol (DTT)

Dry milk, non fat

Sorvall

Beckman Coulter

Beckman Coulter

M,

78.13
60.1
614.88

198.2
338.3
379.4

60.05

228.2
371.4

61.83
~66 kDa

825.97
691.94
323.14
119.38
210.14
162.1
249.68
178.1
78.13
177.99

154.25

Company, catalog no.

Baxter, HCABAR
Sigma-Aldricfi, M3148
Merck, 100995

SigrAldrich®, C9426

Sigma-AldrihM1808
Sigma-AldiictM1633
Sigma-Aldricf, M2133

Merck, 100063
Biozym®, 850074
R8119178.1
Roche, 10835242001
Fresenius Kabi
Sigma-Aldricfi, 339067
Sigma-Aldfichh7906
New EnglaBiblabs’,
B9001S
Sigma-Aldrich, 27816
Merck, 111746
Fluka, 23275
Merck; 102445
Merck, 100244
Sigma-AldrithC5424
Merck, 102790
SegqChem, SRP01100g
Sigma-Aldrih154938
ker66580

Sigma-Aldrich D9163
Bio-Rad, 170-6404
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Ethidium bromide, UltraPure
Ethylenediaminetetraacetic acid (EDTA)
Ethanol (EtOH)

Geneticir?

Gentamicin, GibcB

Glycerol

Glycine

Guanidine hydrochloride

Hydrochloric acid, fuming 37% (HCI)
Imidazole
Isopropylp-D-1-thiogalactopyranoside (IPTG)
L-(+)-Arabinose

L-Glutathione, reduced

Methanol (MeOH)

Nickel(ll) sulfate (NiSQ)
N-lauroyl-sarcosine

Orcinol, 97%

Phosphate buffered saline (PBS), pH 7.4
Phosphate buffered saline (PBS), pH 7.1-7.2
Potassium sodium tartrate tetrahydrate
Propidium iodide

S.0.C. medium

Sodium acetate

Sodium azide (Na})

Sodium dihydrogen phosphate monohydrate
(NaH,PO4 x HO)

Sodium carbonate (N@G;)

Sodium chloride (NaCl)

Sodium dodecyl sulfate (SDS)

Sodium hydrogen carbonate (NaHgO
Sodium hydroxide (NaOH)

Tetracycline

Tetramethylethylendiamine (TEMED)

Tris(hydroxymethyl)-aminomethane (Tris base)

Tris(hydroxymethyl)-aminomethanhydro-
chlorid (Tris-HCI)

Tri-sodium citrate dihydrate

Triton® X-100

Tweerf 20

Urea

372.24
46.07

92.1
75.07
95.53

68.08
238.31
150.13
307.32
32.04
154.8
293.4

282.23
668.40

82.03
65.01
137.99

105.99
58.44
288.38
84.01
40.0

116.24

121.13

157.60

294.1

1,227.72
60.06

Invitrogen", 15585011
Sighidrich®, E5134
Merck, 100983
Gibcd®, 11811023
Invitrogen”, 15750037
Fluka, 49767
Rotfi, 3908.2
Sigma-Aldrich3272
Merck, 100317
Fluka, 56748
Sigma-Ald?, 15502
Sigma-Aldrich, A3256
Sigma-Aldficis4251
Merck, 106009
Sigma-Aldricfi, 656895
Sigma-Aldrf§H.9150
Sigma-Aldriclf, 447420
Sigmaietidr P3813
LKHbthpke
Mdi@R087
Invitrogen, P3566
Invitrogen", 15544034
Sigma-Aldricfi, $2889
Sigma-Aldricfi, S8032
MEDE346

Merck, 106398
Merck, 106404
Rot326.1
Merck, 106329
Merck, 106498

Rate367.1
Merck, 108382
Mert@8219

Merck, 106448
Sigma-Aldricf, T9284
Merck, 822184
Sigma-Aldricfi, 208884



DNA molecular weight markers

AmpliSize DNA Mol. Ruler

SmartLadder, molecular weight marker

E. coli strains and plasmid DNA

BL21 competenE. colicells
BL21(DE3)pLysS, Induction Control A
Chaperone Plasmid Set feat. pG-KJE8
plasmid DNA

NovaBlue competeri. colicells

One Shdt BL21(DE3) chemically
competenk. colicells

pET-21d(+) DNA

pGEX-6P-2 vector

Enzymes

AmpliTaq Gold® DNA Polymerase, with
Buffer Il and MgC} solution

Deoxyribonuclease | from bovine pancreas,

(DNase 1)
Msd, 5 U/ul
Ncd, 10 U/ul

Ndd, 20 U/ul

Notl, 10 U/ul

Pfu DNA Polymerase

PreScission Protease

Sal, 20 U/ul

Scd, 10 U/ul

Smad, 20 U/l

Trypsin-EDTA (1x), Lot L00409-1823
Xhd, 20 U/ul

Bio-Rad, 170-8200
Eurogentec,-WkW0-10

Novagen, 694494
Invitrogen 697393
Takara Bo, 8840

Karl-Franzens-University of Graz
Invitrogen, C600003

Novagen, 69743
GE Healthcare, 27459801

Applied BiosystemsN8080243
Sigmaighd, DN25

New England Biolatl§ R0534S
New England Biolaf§ R0193S, or
Roche, 10835315001
New England Biola§ R0111S
New England Biolatl§ R0189S
Promega, M7741
GE Healthcare, 27084301
New England Biolatl§ R0138S
Roche, 10775266001
New England Biola§ R0141S
PAA, L11-004
New England Biolatl§ R0146S
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Media and supplements

CHO-S-SFM II, with L-Glutamine,

Gibcd®, Lot 467818

DMEM High Glucose (pH 7.85), with L-,
Glutamine, w/o Phenol Red, Lot E87709-2098
Fetal bovine/calf serum Mycoplex (FCS),
Ham’s F-12, w/o L-Glutamine, PAA, E15-016
Lot E01608-1640

L-Glutamine solution

Luria Agar

Luria Broth

MEM with Earle’s Salts (pH 7.5), w/o
L-Glutamine, Lot E02409-2104

Lot A10507-0361

Other materials

Amersham Hyperfilm MP

Amicon® Ultra-15 Centrifugal Filter Units,
MWCO 10,000

Cell Line Nucleofectdt Kit T

Corning Costdt Strippete$

Cuvettes, “Halb-Mikro-Kuvetten”

Easy-Grip" Tissue Culture Dishes, 35 x 10 mm
EndoFre& Plasmid Maxi Kit

Microplate, 6well, flat bottom

Nitrocellulose membrane, 0.45 pM pore size
Petri Dishes, 100 x 15 mm

Poly-Prey Chromatography Columns
QIlAprep® Spin Miniprep Kit

QIAquick® Gel Extraction Kit

Quartz SUPRASIE Cuvette, 10 mm

Quartz SUPRASIE Micro Cuvette,

(0.6 ml), 10 mm; plus Adapter

Ready Gel Tris-HCI, 10%

Silica gel (Kieselgel) 60, 20 x 20 cm

Tissue Culture Flask, 25 cmz?, vented cap

Tissue Culture Flask, 75 cm?, vented cap

Invitrogen 12052

PAA, E15-877

PAA, A1%10

Sigma-Aldri¢h G7513

Sigma-Aldricfi, L3147

Sigma-Aldricfi, L3522
PAA, E15-024

GE Healthcare, 28906835
Millipore, UF@A.024

Amaxa, VCA-1002
Corning Incorporated
Sarstedt, 67.742
Beckton Dickms53001
QIAGEN, 12362
IWAKI, 3810-006
Invieog LC2001
Beckton Dickinson, 351029
Bio-Rad, 731-1550
QIAGEN, 27106
QIAGEN, 28706
Hellma, 104.002B-QS
PerkinElmer, B0631123

Bio-Rad, 161-1155

Merck, 5721
Becktakibson, 353109
IWAKI, 31025
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Vivaspin 4 columns, MWCO 5,000
Vivaspin 4 columns, MWCO 10,000
XK 16/20 Column (chromatography)

Protein molecular weight markers

BenchMark' Pre-Stained Protein Ladder
LMW-SDS Marker
SeeBIlu& Plus2 Pre-Stained Standard

Reagents and Kits

Bio-Rad Alkaline Phosphatase Conjugate
Substrate Kit

Bio-Rad Protein Assay Dye Reagent

Calf Intestinal Alkaline Phosphatase (CIAP)
DNA Ligase, T4

DNA Polymerization Mix dNTP Set,

(20 mM each A,C,G,T)

Folin-Ciocalteu’s phenol reagent

Liquid Scintillation Cocktail, BCS

Mowiol 4-88 Mounting Medium pH 8.5
NuPAGE® LDS 4x LDS Sample Buffer
NuPAGE® Sample Reducing Agent 10x
Quick Start’ Bradford Dye Reagent
Restore’ Western Blot Stripping Buffer
Rotiphores® Gel 40 (19:1)

SimplyBlue™ SafeStain

SuperSignél West Pico Chemiluminescent
Substrate Kit

Technical equipment

AGFA CURIX 60" table-top processor
AKTAexplorer” coupled with Frac-900
Fractionator; UNICORN 4.12 software;

Amersham Pharmacia Biotech

Vivascience, SausiGmbH, VS0413
Vivascience, SamoGmbH, VS0403
GE Healthcare, 77&01

Invitrogeri0748-010
GE Healthcare, 17044601
InvitrogehC5925

Bio-Ra6-8432

Bio-Rad, 500-0006

Invigem ', 18009027

Invitrogen", 15224025
GE Healthcare, 28857

Merck, 109001
GE HealthcareBRS104
Hoechst
Invitrogén NP0O007
InvitrogerNP0004
Bio-Rad, 500-0205
Thermo Scientifid, 359
Roth 3030.1
Invitrogén LC6060
Thermo Scientific,&10

Development of x-ray filmsrird/estern blots
Fast protein liquid chrongagphy (FPLC);
Purification @-galactosidase from CHO-K1

cell culture medium



ATI Unicam, UV/VIS Spectrometer UV4
Beckman LS 6000IC Scintillation Counter
Bio-Rad Mini-PROTEAN 3 Cells

Bio-Rad Mini Trans-Bldt Electrophoretic
Transfer Cells

Branson Sonifier I, W-250

Braun Labsonic L

Braun Labsonic U

Cole-Parmer Co. Ultrasonic Homogenizer,
4710 series, Cup Horn Sonicator
Eppendorf Mastercycler (epgradient S)
Eppendorf Thermomixer comfort

Heidolph Reax 2 overhead shaker
Heraeus HERASafeClean Bench

Herolab E.A.S.Y Win32 Gel Documentation
Olympus IX51 inverse fluorescence microscope,
View Il camera, Analysis B Software
PerkinElmer Luminescence Spectrometer,
LS50B

Pharmacia Biotech Electrophoresis System
with Power Supply EPS 600

PowerPac HC 250 Volt

Raytest TLC Analyzer v2.05 including

Rita TLC Analysis software (v1.93.002)
Spectrophotometer UV-1800, Shimadzu

Zeiss Axiovert 25 microscope

Zeiss LSM510 META Confocal Imaging
System

Photometric rmaeement of proteins
Measuren@nadiation fromf3-emitters
SDS-PAGE
Western blotting

Cell homogenization (nmaaiian cells)
Cell homogenizationH. coli)
Cell homogenizationH. coli)
sterile bgemization of mammalian cells, and
liposome vesiaparation (loading assays)

Polymerasénateaction (PCR)

Temperature-depenthentations of 1.5 ml tubes

Overhead shakiegrples and resins
Tissue culture
UV gel domntation of agarose gels
Fdsoence imaging of live- and fixed-cell
samples
Detectidluofescence signals in
enzymatic assays
Agarokelgerophoresis

SDS-PAGE, Western blotting
Analysis ofli@labeled samples on TLC
plates; paaklysis and quantification
Photometricsomeanents of proteins and
DNA
Optical microscopedelt observation
during growth or fibroblast preparation
Confocal lasearsning microscopy of live-

and fixed-cell samples
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Amino acid sequences of heterologously expressesibfu proteins

Amino acid sequence of the C-terminal polyhistidagged full lengthf-galactosidase (685 residues):

1
61
121
181
241
301
361
421
481
541
601
661

MPGFLVRI LP
PRFYVKDRL L

LLLVLLLLGP
KMKMAGLNAI

RPGPYI CAEW EMGGLPAW.L

| TVQVENEYG
DFGITGSNI TD
ASVNLYMFI G
PEGPI PPSTP
TLPQDCSNPA
GRVNYGAYI N
HNSSNYTLPA
LFVPQHI LMT
L MPPPPCKNK

SYFACDFDYL
AFLSQRKCEP
GTNFAYVINGA
KFAYGKVTLE
PLSSPLNGVH
DFKGLVSNLT
FYMGNFSI PS
SAPNTI TVLE
DSW.DHVLEH

TRGLRNATQR
QTYVPWNFHE
EKESI LLRSS
RFLQKRFRHH
KGPLI NSEFY
NSPYAAQPTS
KLKTVGAALD
DRAYVAVDG
LSSNI LTDWI
G PDLPQDTF
LEWAPCSSDD
HHHHH

| SGSI HYSRV
AHELGLLVI L
PLLYQNGGPV
GALQGLYTTV
SSLYDI LARG
RNI | QKFEKV
QHYGFVLYRT
ATLDLLVENM
DSGHHDEAWA
YWPARGPQLT
DHPSKPVEKR

MFEI DYSRDS FLKDGQPFRY
PWPGQYQFSE DHDVEYFLRL
DPDYLAAVDK W.GVLLPKNMK
LGDDWLFTT DGAHKTFLKC
TGALDHWEQP HSTI KTEAVA
YDYDAPLSEA GDLTEKYFAL
| LCPSGPI KS LYPLTFI QUK
PQGVLERNNV | TLNI TGKAG
| FPLDTEDAV RSHLGGWGHR
| QFPGATKGQ VW NGFNLGR
PELCAVTFVD RPVI GSSVTY

Amino acid sequence of the N-terminal polyhistidamgged full lengthg-galactosidase (684 residues):

1
61
121
181
241
301
361
421
481
541
601
661

MAHHHHHHPG FLVRI LPLLL VLLLLGPTRG LRNATCQRMFE | DYSRDSFLK

SI HYSRVPRF
LGLLVI LRPG
YONGGPVI TV
QGLYTTVDFG
YDI LARGASV
| QKFEKVPEG
GFVLYRTTLP
DLLVENMGRV
HHDEAWAHNS
ARGPQLTLFV
SKPVEKRLMP

DGQPFRY! SG

YWKDRLLKMK MAGLNAI QTY VPWNFHEPWP GQYQFSEDHD VEYFLRLAHE

PYI CAEVEMG GLPAW.LEKE SI LLRSSDPD YLAAVDKW.G
QVENEYGSYF ACDFDYLRFL QKRFRHHLGD DVVLFTTDGA
TGSNI TDAFL SQRKCEPKGP LI NSEFYTGW LDHWGQPHST
NLYMFI GGTN FAYWNGANSP YAAQPTSYDY DAPLSEAGDL
Pl PPSTPKFA YGKVTLEKLK TVGAALDI LC PSGPI KSLYP
QDCSNPAPLS SPLNGVHDRA YVAVDA PQG VLERNNVI TL
NYGAYI NDFK GLVSNLTLSS NI LTDWI'I FP LDTEDAVRSH
SNYTLPAFYM GNFSI PSG P DLPQDTFI QF PGAMTKGQVW
PQHI LMISAP NTI TVLELEW APCSSDDPEL CAVTFVDRPV

PPPQKNKDSW LDHV

VLLPKMKPLL
HKTFLKCGAL
| KTEAVASSL
TEKYFALRNI

LTFI QUKQHY
NI TGKAGATL
LGOWGHRDSG
NGENLGRYWP
| GSSVTYDHP

Amino acid sequence of the N-terminal GST-taggktefgth f-galactosidase (920 residues):

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901

MSPI LGYVKI
GDVKLTQSMA
DFLSKLPEM.
KRI EAl PQI D
| AAAPGFLVR
SRVPRFYWKD
VI LRPGPYI C
GPVI TVQVEN
TTVDFGTGSN
ARGASVNL YM
EKVPEGPI PP
YRTTLPQDCS
ENMGRVNYGA
AWAHNSSNYT

QLTLFVPQHI
EKRLMPPPPQ

KGLVQPTRLL
I 1 RYl ADKHN
KMFEDRLCHK
KYLKSSKYI A
| LPLLLVLLL
RLLKMKMAGL
AEVEEMGGLPA
EYGSYFACDF
| TDAFLSCQRK

FI GGTNFAYW NGANSPYAAQ

STPKFAYGKV
NPAPLSSPLN
YI NDFKGLVS

LPAFYMGNFS | PSG PDLPQ

LMISAPNTI T
KNKDSW.DHV

LEYLEEKYEE
M_GGCPKERA
TYLNGDHVTH
WPL QGNQATF
LGPTRGLRNA
NAI QTYVPWN
WL.LEKESI LL
DYLRFLQKRF
CEPKGPLI NS

TLEKLKTVGA
GVHDRAYVAV
NLTLSSNI LT

VLELEWAPCS

HLYERDEGDK WRNKKFEL GL
El SMLEGAVL DI RYGVSRI A
PDFMLYDALD VVLYMDPMCL
GGGDHPPKSD LEVLFQGPLG
TQRMFEI DYS RDSFLKDGQP
FHEPWPGQYQ FSEDHDVEYF
RSSDPDYLAA VDKW.GVLLP
RHHLGDDVWVL FTTDGAHKTF
EFYTOALDHW GQPHSTI KTE
PTSYDYDAPL SEAGDLTEKY FALRNI | QKF
ALDI LCPSGP | KSLYPLTFI QVKQHYGFVL
DG PQGVLER NNVI TLNI TG KAGATLDLLV
DWI'l FPLDTE DAVRSHL GGW GHRDSGHHDE
DTFI QFPGAT KGQVW NGFN LGRYWPARGP
SDDPELCAVT FVDRPVI GSS VTYDHPSKPV

EFPNLPYYI D
YSKDFETLKV
DAFPKLVCFK
SPG PGSTSA
FRYI SGSI HY
LRLAHELGLL
KMKPLLYQNG
LKCGALQGLY
AVASSLYDI L

205



Amino acid sequence of the N-terminal GST-tagasucateds-galactosidase (473 residues):

1
61
121
181
241
301
361
421

V5Pl LGYWKI KALVQPTRLL
GDVKLTQSMA | 1 RYl ADKHN
DFLSKLPEM. KMFEDRLCHK
KRI EAl PQI D KYLKSSKYI A
| AMAPGFLVR | LPLLLVLLL
SRVPRFYWKD RLLKVKMAGL
VI LRPGPYI C AEVEMGGELPA
GPVI TVQVEN EYGSYFACDF

LEYLEEKYEE
M_GGCPKERA
TYLNGDHVTH
WPL QGNQATF
LGPTRGLRNA
NAI QTYVPWN
WL.LEKESI LL
DYLRFLQKRF

HLYERDEGDK WRNKKFELGL EFPNLPYYI D
El SMLEGAVL DI RYGVSRI A YSKDFETLKV
PDFMLYDALD WWLYMDPMCL DAFPKLVCFK
GGGDHPPKSD LEVLFQGPLG SPGA PGSTSA
TQRMFEI DYS RDSFLKDGQP FRYI SGSI HY
FHEPWPGQYQ FSEDHDVEYF LRLAHELGLL
RSSDPDYLAA VDKWLGVLLP KMKPLLYQNG
RHHLGDDWL FTTDGAHKTF LKC
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