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CHAPTERR 5 

Ap4 00 and 42 peptide s expresse d in th e 
cytoso ll  ar e eff icientl y degrade d and do 

no tt  inhibi t th e proteasom e 
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ABSTRAC T T 

Thee modes of action and location of amyloid p-protein (Ap)-processing 
andd -toxicity in Alzheimer's disease (AD) still remain obscure. In 
thiss study, cytosolic Ap peptide was studied as a putative initiator of 
proteasomee inhibition in AD, since it was shown that Ap can bind and 
inhibitt the proteasome in a cell-free system. Proteasome inhibition 
byy Ap could explain the accumulation of ubiquitinated proteins in 
AD,, such as mutant ubiquitin, which also acts as a proteasome 
inhibitorr once critical levels of accumulation are reached. To study 
thee effect of intracellular Ap on the proteasome, constructs encoding 
fusionn proteins of ubiquitin and Ap were generated that produce 
strictlyy cytosolic Apl-40. Apl-42 or scrambled Ap (Apscr) after 
proteolyticc cleavage of the fusion protein by ubiquitin hydrolases. 
Thesee constructs were compared to an endoplasmic reticulum 
(ER)-targetedd form of Ap. Cytosolic Ap was efficiently degraded in 
transducedd cells, partly depending on the proteolytic activities of the 
proteasomee and insulin-degrading enzyme. Although more research 
iss needed to elucidate the mechanisms of Ap degradation, we can 
concludee that cytosolic Ap did not inhibit the proteasome nor cause 
toxicityy in cell lines containing a green fluorescent protein (GFP)-
basedd proteasome reporter system. 
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INTRODUCTION N 

Alzheimer'ss disease (AD) is the most common form of dementia, 
affectingg an increasingly large group of elderly (Cummings et ah, 
1998b).. The pathological hallmarks of AD are neurofibrillary tangles 
formedd by the intraneuronal accumulation of paired helical filament 
(PUF)) tau and extracellular plaques, consisting of aggregated 
amyloid-pp peptide (Ap) (Morishima-Kawashima and Ihara, 2002). 
Anotherr characteristic of AD is proteasomal inhibition in affected 
brainn areas (Keller et al., 2000a). As in most other neurodegenerative 
diseases,, the ubiquitin proteasome system (UPS) is thought to play 
ann important role in the pathogenesis of AD. 

AA mutant form of ubiquitin, UBB + 1, has been identified as an endogenous 
reporterr of proteasome inhibition in AD brain (Fischer et al., 2003). 
Att low levels, UBB+1 is an efficient substrate for the proteasome but 
inn AD brain UBB + 1 is accumulated in the neuropathological hallmarks 
off  the disease. At high expression levels UBB"11 was found to be a 
specificc and potent inhibitor of proteasomal activity and to eventually 
inducee cell death (De Vrij et al., 2001; Lindsten et al., 2002). Hence, 
proteasomee inhibition by UBB + 1 is subject to a threshold of UBB + 1 

accumulationn (De Vrij et al., unpublished results). Once accumulated, 
UBBB + 1 exerts its inhibitory effect on the proteasome and probably 
contributess to proteasome inhibition as it is found in AD. However, 
beingg a substrate at low concentrations, it is not likely that UBB + 1 

iss the initial cause of this inhibition. Therefore, we decided to look 
forr other AD-related mechanisms that initiate proteasome inhibition 
andd UBB+l accumulation. In this study, Ap pathology was studied as 
aa possible candidate for this function. There are several indications 
thatt Ap could be responsible for initial proteasome inhibition in AD. 
Interestingly,, Ap was found to inhibit and bind the proteasome in 
vitrovitro (Gregori et al., 1995; Gregori et al., 1997). Moreover, a link 
wass recently described between Ap toxicity and UBB+1 accumulation 
(Songg et al., 2003). 

Muchh debate has come to pass in AD literature about the mechanism of 
App induced toxicity, plaque formation, and about which aggregational 
statee of Ap is the primary toxic form. There are theories emerging 
thatt state that plaques are formed by the remains of dead cells that 
diedd of intracellular Ap accumulation, which act as seeds for more 
aggregationn of extracellular Ap (D'Andrea et al., 2002; D'Andrea 
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ett al.. 2 0 0 1; P a s t e r n ak et al.. 200-4). In line with t hese theor ies, 
injectedd Ap i -42 or cDNA express ing cytosol ic Ap i -42 was found 
too be specifically cytotoxic to human neurons (Zhang et al.. 2002). 
InIn vivo however, it remains unclear if Ap is actually present in the 
cy tosoll  and nuclei of cells, the only cel lular compar tmen ts w e re 
p r o t e a s o m ess arc located (Wojcik and DeMart ino, 2 0 0 3 ). Several 
repor tss descr ibe intracellular Ap accumulation in AD brain material 
orr t ransgenic mice (Chui et al.. 1999; Gouras et al.. 2000: Oddo et 
al... 2003). However, these repor ts do not limi t its location down to 
thee cytosol. Ap is a product of the proteolysis of the t ransmembrane 
proteinn APP by P- and y-secretases, which occurs in the secre tory 
andd endocyt ic pathways. Ap is not always completely secreted into 
thee extracellular space, but is also found in the ER (Cook et al.. 1997; 
I lar tmann,, 1999; Hartmann et al.. 1997). A way for Ap to get into 
thee cytosol is descr ibed in several studies in which the translocation 
off  induced Ap wi t h a signal pept ide from the ER to the cy tosol 
throughh ER associated degradation (ERA!)) was reported (13uckig et 
al.,, 2002; Schmitz et al.. 2004). However, after this translocation to 
thee cytosol, in these exper iments the peptide was degraded by the 
proteasomee rather than inhibiting it. 

Inn order to elucidate these conflicting results, we designed constructs 
thatt produce cytosolic Ap without a requirement for extra methionine 
residuess or signal peptides. These constructs were compared to ER-
targetedd Ap peptide (SP-Ap) and tested for their putative ability to 
inhibitt the proteasome. 

MATERIAL SS AN D METHODS 

HA-Ub-ABB construct s 

Differentt vectors containing sequences encoding three different 1'b-
App fusion prote ins were produced: HA-Ub-Apl-40. HA-t /b-Apl-42 
andd IIA-Ub-Apscrambled (HA-L'b-Apscr). Eor the scrambled peptide, 
ann ear l ier desc r ibed scrambled sequence was used (Malin et al., 
2001),, which has been shown not to have any specific effect. 
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Thee Ub sequence was PCR-amplified from pBluescript-Ub using two 
primerss ranging from an inserted BamHI-HA-t'dg sequence at the 
N-terminuss of Ub up to the Sail restriction site in the Ub sequence. 
Forr generation of the Ap part, four oligonucleotide sequences were 
ligatedd together with T4 ligase. One sense primer was designed to 
matchh the Ub sequence from the Sail site up to the Ub C-terminus, 
directlyy followed by 60 nucleotides of the Ap sequence. Another 
sensee primer encoded the remaining part of the Ap sequence 
followedd by an Apal restriction site on the N-terminus. The two 
antisensee primers were designed to overlap 20 nucleotides with the 
sensee primers. 

Thee .Ö3/??///-HA-Ub-SalI was cloned into the Bamlll/Sall digested 
pBluescriptt vector. The ligated Ap fragments were cloned into 
Sall/ApalSall/Apal digested pBluescript. Subsequently, the BamHI/Sall Ub 
fragmentt was cloned into the three different BamHI/Sall digested 
pBluescript-App vectors. The resulting constructs pBlue-HA-Ub-Api-
40,, pBlue-HA-Ub-Apl-42 and pBlue-HA-Ub-Apscr were verified by 
sequencing.. CMV-promoter controlled pcDNA3 constructs of the 
threee variants were made for transfection purposes by subcloning 
thee BamHI/Apal \\A-\Zh-A§ fragments into BamHI/Apaldigested 
pcDNA3.. Lentiviral constructs were obtained by cloning BamHI/ 
BssHIIHA-Ub-A$BssHIIHA-Ub-A$ fragments from pBlue into a BamHI/MluIdigested 
pHR22 transfer lentivector. The three lentiviral vectors LV-HA-Ub-
Apl-40,, LV-HA-Ub-Apl-42 and LV-HA-Ub-Apscr were also checked 
byy sequencing. 

Thee signal-peptide-containing Ap construct, pcDNAl-SP-Ap42 was 
kindlyy provided by A. Schmitz. 

Lentiviruss production 

Lentiviruss was produced according to Naldini et al (Naldini et 
al.,, 1996a; Naldini et al., 1996b) by co-transfecting the transfer 
lentivectorss (original transfer plasmid pRRLsin-ppThCMV ) LV-
HA-Ub-Api-40,, LV-HA-Ub-Api-42 and LV-HA-Ub-Apscr with the 
VSVV G envelope plasmid (pMD.G.2) and the packaging plasmid 
(pCMVAR8.74)) into 293 T human kidney cells using a calcium 
phosphatee method. After two days, the lentivirus was harvested, 
filteredd and further concentrated by ultra-centrifugation at 20,000 
rpmm at 16°C for 2.5 h. The virus was then resuspended in phosphate 
bufferedd saline (PBS; 8 g/1 NaCl, 0.2 g/l KC1, 0.24 g/l KH2P04. 
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1.444 g/1 Na2HP04: pH 7.4) + 0.5% BSA (Sigma). Virus t i tres were 
determinedd with an HIV-1 p24 core profile ELISA kit (Perkin Elmer 
Lif ee Sc iences). 

InIn vitro translation of Ub-AB constructs 

AA TNT-T7 coupled reticulocyte lysatc system (Promcga) was used 
too generate ^S-methionine labeled products of the pcDNA3-HA-Ub-
App const ructs. 25 ul of TNT rabbit ret iculocyte lysate was incubated 
wit hh T N T reac t ion buffer, RNA po l ymerase, amino acid mix ture 
minuss methionine, Redivue ; ; : ,S-mcthionine (Amersham Biosciences), 
r ibonucleasee inhibitor and lug of DNA template in 50 jul of nuclease-
frecc wa ter for 90 minutes at 30°C. Of the labeling react ion. 0.5 fj.1 
wass loaded onto a 15% SDS-PAGE gel, which was subsequen t ly 
visualizedd with a phosphoimager. 

Bacteriall production of fusion proteins 

E l e c t r o c o m p e t e ntt Escherichia coli {E.coJi) B121DE3 bac te r ia 
weree t ransformed by electroporation with 10 ng DNA of the three 
pcDNA3-HA-Ub-App const ruc ts and pcDNAS-UBB'1 as a posi t ive 
control.. Transformations were incubated for 1 h in lml SOC medium 
att 37'C. Subsequent ly, 100 ul of the reaction was plated on LB-agar 
platess containing 1% glucose and 0.1 mg/ml ampicillin, which were 
incubatedd at 3 7T overnight. The next day colonies wore picked and 
grownn in 5 ml LB medium each with 1% glucose. At an optic density 
off  1, cel ls w e re pelleted and washed in normal LB. Subsequent ly, 
halff  of the cul tures were grown in LB containing 1 % glucose and half 
inn LB medium containing 1 mM IPTG. After 1-3 h at 37 °C. cells were 
pel letedd and resuspended in 200 ul SDS loading buffer for western 
blotting. . 

Celll  lines 

SH-SY5YY human neuroblastoma cells and 293 T human embryonic 
k idneyy cel ls w e re cul tured in h igh-g lucose Uu lbecco 's modif ied 
Eag lee med ium (Gibco) conta in ing 10% foetal calf se rum (FCS) 
(Gibco)) supp lemented with 10 U/ml penicillin (Gibco) and 10 ug/ 
mll  s t rep tomyc in (Gibco) (DMEM-10% FCS). Cells were cul tured 
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onn 0.2% gelatin-coated glass coverslips in 24-wells plates (Nunc, 
Denmark)) one day prior to calcium-phosphate transfection or 
lentivirall  transduction. The next day the cells were transfected by 
calcium-phosphatee method or transduced with lentiviral vectors with 
aa multiplicity of infection (MOD of 10. Cells were replenished after 
166 h with normal medium (293 T cells) or medium containing 4 uM 
all-transs retinoic acid (Sigma) (SH-SY5Y cells). 

Immunocytochemistry y 

Afterr transduction, cells on coverslips were fixed in 4% formalin in 
PBS,, pH 7.4 for 1 h or longer. In between staining steps cells were 
rinsedd with PBS, pH 7.4. Subsequently, cells were incubated for 16 h 
inn Supermix, containing 0.05M Tris, 0.9% NaCl, 0.25% gelatine and 
0.5%% Triton-X-100, pH 7.4, with primary antibodies 6E10 (Sigma), 
aHA-tagg - clone 12CA5 (Field et al., 1988), ubi3 (serum 05/08/97 
(Dee Vri j et al., 2001)) in dilutions of 1:500, 1:100 and 1:1000, 
respectively.. The secondary Cy3 antibodies were diluted 1:200 
andd nuclei of cells were stained with TO-PRO-3 (Molecular Probes, 
1:1000)) for 1 h in Supermix. Coverslips w?ere mounted in Mowiol 
(0.1MM Tris-HCl pH8.5, 25% glycerol, 10% w/v mowiol 4-88) and 
analyzedd with confocal laser scanning microscopy (Zeiss 510). 

Westernn blotting 

Cellss were harvested in suspension buffer (0.1 M NaCl, 0.01 M 
Tris-HCll  pH 7.6, 1 mM EDTA pH 8.0) containing protease inhibitors 
PMSFF and leupeptin in concentrations of 100 uM and 10 jug/ml, 
respectively,, and 0.5% Triton-X-100. After centrifugation, the 
supernatantt (soluble fraction) was separated from the pellet. The 
pellett was subsequently sonicated and resuspended in loading buffer 
(insolublee fraction). After boiling in loading buffer for 5 minutes, 
sampless were loaded on 15% SDS-PAGE gels and transferred semi-
dryy onto nitrocellulose. Blots were probed with primary antibodies 
forr 16 h at 4°C. Subsequently, blots were incubated with HRP-
conjugatedd secondary antibodies and Lumilight ECL (Boehringer) 
fluorescence. . 
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RESULTS S 

Validationn ubiquitin-amyloid fusion constructs 

Threee ubiquitin (Ub) fusion constructs were made for Api-40, 
Api-422 and Apscr. Ub fusion constructs consist of a Ub sequence. 
withh another sequence ftised directly to its C-terminus. similar to 
reall  Ub fusion genes such as polyubiquitin genes or Ub-CEPgenes 
thatt encode ribosomal subunits (Hershko and Ciechanover, 1998; 
Kirschnerr and Stratakis. 2000: Redman and Rechsteiner, 1989). The 
designn of the different constructs is shown in figure 1 (Fig. 1A). 
Thee fused protein products of such sequences are generally cleaved 
rightt after the Ub C-terminus by Ub hydrolases, providing that the 
N-terminuss of the ftised protein permits cleavage (Fig. IB) . The 
advantagee of using such fusion proteins is that the cleaved protein 
wil ll  have the exact amino acid sequence as in vivo, without need for 
ann additional methionine residue for initiation of translation. An ll.V 
tagg was added to the N-terminus of the Ub moiety. The pBlue and 
lentivirall  constructs of Apl-40, Apl-42 and Apscr were checked by 
sequencing. . 

AA DNA construct 
designn _ _ _ 

BamHIMh-Ub-SaHBamHIMh-Ub-SaH ? i Sati-Ub-AB I ., ' M-Aoal "i ^ 3 , 
jOnucI I 

33 * Sall-Ub-HA-BamHI C LAB_-Ub-Sa//j i ;4pa/-AB 1 5 

PCRR amplified fiom pBlue-Ub-wt Ligaled with T4 ligase 

fusionn protein HA-Ub-A(340/42/sc r  HA-Ub + Ap40/42/sc r 

Ubb hydrolase 

Fig .. I HA -Ub -A B fusio n construc t design . A Design of the DNA constructs of HA-Ub-ABI-40. HA-Ub-ARI-42 
andd HA-Ub-AI3scr. B Schematic representation of HA-Ub-Af3 fusion proteins. Cleavage by Ub hydrolases results in 
cytosolicc HA-tagged Ub andAfSI-40, AG I-42 or ABscr. 
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E.E. colibacteria do not contain Ub hydrolases or any other UPS 
enzymess (Layfield et al., 1999). Therefore, E. coliB121DE3'bacteria 
expressingg the IIA-Ub-A p constructs should produce the fused 
proteinn of about 17 kUa. Indeed on western blots of bacterial lysates 
alll  three proteins were found in their fused form (Fig.2). All three 
proteinss stained with an anti-HA-tag antibody. The Ap directed 
6E100 antibody only recognized the A(31-40 and 1-42 constructs and 
nott the scrambled construct, as expected. The type of modification 
yieldingg three protein bands of approximately the same weight for 
alll  constructs was not further examined in this study. However, 
thee results clearly indicate that the fusion proteins are produced 
inn the transformed bacteria, containing both the HA-Ub and the Ap 
moieties. . 

6E100 HA-tag 

400 42 scr 40 42 scr 

Fig.22 H A - U b - A B fusion pro te ins p roduced in bacter ia . E. coli &I2IDE3 bacteria lysates transformed with the 
AGG fusion constructs. Bacteria do not express Ub hydrolases, therefore the fusion proteins are not cleaved after 
translation,, demonstrating the correct translation of the fusion products.The AB directed antibody 6EI0 recognizes 
bothh ABI-40 and ABI -42 fusion proteins, while the ABscr is not recognized (left panel).The HA-tag directed antibody 
detectss all three fusion proteins (right panel). 

Next,, the constructs were subjected to in vitro translation 
experimentss in rabbit reticulocyte lysate. Methionine labeling of 
thee produced proteins revealed a band of approximately 8 kDa, 
correspondingg to free Ub (Fig. 3). The protein migrated faster 
thann the 11 kDa control protein UBB" in the same gel, excluding 
thee possibility of misinterpretation of the molecular weight marker. 
Therefore,, we can conclude that the fusion protein was translated 
andd subsequently cleaved by Ub hydrolases present in reticulocyte 
lysate.. The fusion protein was not detected in the gel. indicating a 
largee efficiency of processing of the protein, which will be discussed 
later.. The cleaved Ap product however, could not be detected on the 
gel,, even though it also contains one methionine residue, just like 
Ub.. This indicates that the Ap peptides 1-40. 1-42 and scr might be 
degradedd in reticulocyte lysate. 
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H H 

1 22 3 4 5 

Fig. 33 HA-Ub-A f i fusio n contruct s are cleave d and AB is degrade d in rabbi t reticulocyt e lysate . pcDNA3 
constructss encoding the HA-Ub-AB fusion proteins were subjected to in vitro translation in rabbit reticulocyte lysate. 
Lanee I. empty pcDNA3; Lane 2. pcDNA3-UBB". Lane 3-5. pcDNA3-HA-Ub-AI31-40/42 and scr, respectively.The 
methioninee labeling of the produced proteins reveales a band of approximately 8 kDa. corresponding to Ub. The fusion 
proteinss are cleaved efficiently in rabbit reticulocyte lysate.The AB parts of the fusion proteins were not detected, 
indicatingg that they might have been degraded. 

Expressionn in cell lines 

Celll  line transduction studies were performed to study the 
effectss of the fusion proteins (Fig. 4). Staining of transduced 
neuroblastomaa cells or 293 cells with anti-HA-tag antibody. 2 or 
33 days after transduction, revealed many positive cells, indicating 
highh transduction efficiency (Fig. 1). Staining with 6E10 or other 
A(33 antibodies (MCB, C42C. G42C. B42. 4G8. 6F3D - kindly provided 
byy II . Yamaguchi) (not shown) however, revealed only very few 
positivee cells (Fig.4). This indicates that Ap might be degraded 
inn these cells, just as in reticulocyte lysate. No difference in cell 
viabilityy between transduced cells or non-transduced cells was 
observed. . 

Onn western blots of cells harvested 2 clays after transfection, a faint 
6E100 immunopositive band migrating at approximately 16 kDa was 
detected,, which could correspond to the fusion protein (Fig. 5). 
However,, this band was not observed in the same samples and on 
thee same gel with an anti44A antibody (Fig. 5). Moreover. Ub fusion 
proteinss are generally cleaved very efficiently. The control protein 
Ub-M-GFPP used in proteasome reporter substrate studies (Dantuma 
ett al.. 2000b: Neefjes and Dantuma. 2004). for example, is cleaved 
soo efficiently, that cell lysate of Ub-M-GFP transduced neuroblastoma 
cellss only show the cleaved M-GFP protein and not the fusion protein, 
ass shown in figure 6 (Fig. 6). The M-GFP band in these samples 
correspondss to the GFP band of LV-GFP transduced cells while 
thee uncleavable UbG76V-GFP proteasome substrate migrates at the 
sizee of the fusion protein. 4"herefore, we can conclude that Ub 
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fusionn prote ins, such as Ub-M-GFP and the HA-Ub-Ap cons t ruc ts 
aree c leaved in such an efficient way in neurob las toma cel ls, that 
thee fusion protein is not de tec ted on wes te rn blot. T h e se resu l ts 
indicatee that the 16 kDa band found with 6E10 antibody in LV-HA -
Ub-Apl-400 and 1-42 transduced cells might consist of an aggregated 
formm of A[3 peptide, which is resistant to degradation. Similar sizes 
off  Ap aggregates have also been descr ibed e lsewhere in l i terature 
(Chuu et a!.. 1998; Dyrks et al.. 1992). 

Thee Ap derived from the fusion constructs is apparently aggregated 
inn a small amount of t ransduced cells, which would explain the few 
immunoposit ivee cells and the faint western blot band. Judging from 
thee amount of HA-tagged li b that is found in these cells however, 
onee would expect to find much higher levels of Ap. 

293TT cells 

anti-HAA 6e10 
Fig. 44 Expressio n o f HA-Ub-Af J in cel l lines . 293T were transduced with lentiviral vectors encoding HA-Ub-
A6I-4077 42 or scr and stained for HA-tag (anti-HA) or AI3 (6EI0) two days later. The amount of HA-tag positive cells 
indicatess high transduction efficiency. In contrast, only very few cells are positive for ARI -40 of ARI-42. suggesting that 
ARR is degraded after cleavage of the fusion proteins. ARscr is not recognized by 6EI0, corresponding to the lack of 
6EI00 immunopositive cells in the HA-Ub-ABscr transduced cells. See Colo r figure s 
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Fig.55 W e s t e r n blo t analysi s o f H A Ub A G in 293T cells . 293T cells 
transfectedd with pcDNA3-HA-Ub-ABI-42 were sub|ected to western blot 
analysis.. In cell lysate, 6E I 0 revealed a 16 kDa band, which was not detected 
byy the anti-HA antibody, indicating that the 16 kDa band is not the fusion 
protein,, but might be an aggregated form of A(31 -42. 

Fig. 66 Fusio n protein s ar e generall y cleave d ver y 
efficientl yy  by Ub hydrolase . Expression of the fusion 
proteinn Ub-M-GFP leads to such efficient cleavage by 
Ubb hydrolases, that the fusion protein is not detected on 
westernn blot (middle lane). Only the M-GFP part is found, 
correspondingg in size to normal GFP (left lane), while 
expressionn of the uncleavable fusion protein Ubc"s"-GFP 
producess a band corresponding to the complete fusion 
proteinn (right lane). 

GFPP M-GFP G76V-GFP 

Cytosoli cc  AH> does no t inhibi t th e proteasom e 

Alsoo human neurob las toma SH-SY5Y colls stably exp ress ing the 
UbG7'' -GFP protein as a proteasome activity reporter were transduced 
withh the .\p fusion constructs and the SP-Ap construct. SP-Ap was 
repor tedd to reach the cytosol through BR-associated degradat ion 
(Buckigg et al.. 2002: Schmitz et al.. 2004). The proteasome reporter 
sys temm was used to reveal a possible inhibitory effect of cytosolic 
App on the p r o t e a s o m e. as w as repor ted ear l ier to ex ist in vitro 
(Gregorii  et al.. 1995: Gregori et al.. 1997). However, no significant 
accumulat ionn of the GFP repor ter was found in the t ransduced or 
t ransfectedd cells after 1 to 4 days (Fig. 7). T h e se resul ts indicate 
thatt cytosolic Apl -40, Apl-42, Apscr and SP-Ap (results not shown) 
doo not inhibit the proteasome in our reporter system. 

6 --

44 -
A[5 5 HA A 

500 -

355 -

300 -

255 — 
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Fig. 77 I n t r a c e l l u l a r A O does no t inhib i t t h e 
p r o t e a s o m e .. Lentiviral transduction with LV-HA-Ub-ABI-
422 of proteasome reporter cells expressing Ub J "-GFP. did 
nott lead to accumulation of the GFP reporter after I -4 days 
afterr transduction. As a control, 5 h epoxomicin treatment 
off these cells resulted in strong GFP reporter accumulation. 
LV-HA-Ub-ABI-40,, LV-HA-Ub-ABscr and pcDNA3-SP-AB42 
expressionn also did not result in accumulation of the reporter 
(nott shown). See Co lor f igures. 

AA logical explanat ion for the lack of Ap in most t ransduced cel ls 
wouldd be efficient degradat ion of monomeric Ap. Several possible 
mechansimss by which cytosolic Ap could theoretical ly be degraded 
weree studied. The proteasome and insulin degrading enzyme (IDE) 
havee both been suggested to degrade cytosolic Ap (Schmitz et al.. 
2004).. Epoxomicin treatment of SP-Ap transfected cells resulted in a 
clearr increase in monomeric Ap in the insoluble lysate fraction (Fig. 
8 ).. The soluble fraction of SP-Ap express ing cells demonst ra ted a 
smearr of A(3-positve bands after epoxomicin treatment, ranging from 
monomericc to the 16kDa oligomeric s tate of Ap. The accumulation 
off  monomer ic SP-Ap af ter p r o t e a s o me inhibit ion s u g g e s ts that 
SP-App is normally c i ther very efficiently sec re ted and somehow 
stalledd in the ER after proteasomal inhibition, or that the construct is 
normallyy very efficiently targeted to the proteasome through ERAD. 
Al thoughh the la t ter has been s u g g e s t ed ear l ier (Schmi tz et al., 
2004).. our resul ts showing such a large difference in the presence 
off  monomeric Ap after p ro teasome inhibition, emphasize the need 
forr more exper iments studying the processing of SP-Ap. 

Fig.88 SP-AR is degraded by the p r o t e a s o m e . 
Westernn blots of 293T cells transfected w i th 
pcDNA3-SP-AI3422 show hardly any specific 6EI0 
positivee protein bands.Treatment of transfected cells 
withh 100 nM of the proteasome inhibitor epoxomicin 
resultedd in a strong increase in monomeric AB in the 
insolublee lysate fraction. In the soluble lysate fraction 
aa smear of AB conjugates, ranging from monomeric 
too a 16 kDa form was observed. 

SH-SY5Y-UbG?!J-GFPP cells 

LV-422 epox 

ss cytosolic An degraded? 

insoluble e 

30 0 
22 2 

17 7 

6 6 

4 4 

soluble e 

++ epox 
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Epoxomicinn t reatment of cells transfected with pcDNA3-HA-Ub-Apl-
44 2 did not result in increased amounts of monomeric Ap. However, 
the ree was an increase in the 16 kDa oligomeric form of Ap\ mainly 
inn the insoluble fraction (Fig. 9A). Also t reatment with bacitracin, 
ann inhibitor of IDE produced slightly more pronounced bands of this 
oligomericc form in HA-Ub-Apl-42 transfected cell lysate. The soluble 
fractionn only showed minor inc reases in the 1 6kDa Ap form after 
epoxomicinn or bacitracin treatment (Fig. 9B). The minor increases 
foundd with the HA-Ub-Ap constructs suggest that monomeric Ap is 
stilll  degraded quite efficiently in epoxomicin or bacitracin t reated 
cells. . 

A ss a cont ro l, a concent ra t ion range of Ap1 pept ide in wa ter w as 
stainedd on wes te rn blot, in order to determine the minimal amount 
off  de tec tab le Ap in this system. An amount of 50 fmol of Ap was 
readilyy visible on blots (Fig. 10A). The amount of Ap that is present 
inn samp les of t ransduced cel ls was es t imated by determin ing the 
amountt of ubiquitin that was found in similar blots. We quantified the 
amountt of unconjugated Ub in samples, which is an underestimation 
off  the total amount, as Ub forms a conventional Ub smear on blot by 
conjugatingg to many other proteins. Cell lysates of Ap fusion protein 
t ransducedd cells and non-transduced cells were compared to known 
Ubb concentrat ions of samples of recombinant Ub in water (Fig. 10B). 
Ann amount of approximately 1 pmol free Ub was calculated to be 
presentt in the transduced samples in addition to endogenous Ub. As 
thee HA-Ub is derived from a fusion protein with Ap. exactly the same 
amountss of Ap should be present in the sample. Since 50 fmol of Ap 
wass readily visible on blots, the calculated amounts should not be so 
difficul tt to detec t. Therefore, our resu l ts indicate that monomeric 
cytosol icc Ap is efficiently degraded. Although a slight increase in 
ol igomericc forms of Ap is found in HA-Ub-Apl-42 transfected cells 
afterr inhibition of the pro teasome or IDE, the monomer ic form of 
App was never found in these lysates. In contrast, the monomeric Ap 
peptidee is readily detectable after proteasome inhibition in SP-Ap42 
transfectedd cells. 
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Fig.99 Cytosol ic AG I-42 der ived f r o m fusion prote ins is par t ly degraded by the p ro teasome and by IDE. 
Westernn blot analysis of pcDNA3-HA-Ub-A|5l-42 cransfecced 293T cells. A 16 h treatment of transfected cells with 
1000 nM epoxomicin or 200 J I M bacitracin resulted in an increase in an oligomeric 16 kDa form of AJ3I-42. B These 
treatmentss only produced a slight increase of the 16 kDa form in the soluble fraction of the transfected cell lysates. In 
contrastt to SP-AR42 experiments, the monomeric for of ABI -42 was not observed in any of the cell lysates. 

DISCUSSION N 

Inn this study we have developed constructs that elegantly produce a 
cytosolicc form of Api-40. Apl-42 or a scrambled form of Ap. Based 
onn in vitro experiments in literature, cytosolic Ap could inhibit the 
proteasome.. However, most of these studies either inject possibly 
aggregatedd and rather high concentrations of Ap. or are performed 
inn cell-free systems. In studies that show DNA mediated expression 
off  Ap in cells, a clear toxic effect is observed, but the presence of 
App in the cytosol was never confirmed. Moreover, these constructs 
usuallyy contain an extra methionine residue, which is not present 
inn endogenous Ap. to provide a start codon for translation. Addition 
off  such a stabilizing residue in front of a peptide that is only 42 
residuess in size might have strong effects on the biochemistry 
off  the peptide. Because we found contradicting results with our 
experiments,, we thoroughly checked our constructs. First, all DNA 
constructss were checked by sequencing. Next, bacterial production 
off  the fused protein confirmed that the entire fusion protein was 
translated.. The three fusion proteins for Apl-40, Api-42 and Apscr 
migratedd with the corresponding size on western blot and all stained 
withh the anti-IIA antibody. More importantly, the Apl-40 and Api-42 
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Fig.l OO Calibratio n of detectabl e amoun t o f AB and Ub . A Concentration range ofAB peptide in water, stained 
onn western blot with 6EI0. 50 fmol is readily detectable on western blot. B Calculation of the amount of extra HA-
Ubb that is induced by the fusion constructs by comparison to known concentrations of recombinant Ub in water.The 
extraa amount of Ub in addition to endogenous Ub (middle lane) in the transfected cell lysates was calculated to be 
approximatelyy I pmol. A(3 is produced by the fusion proteins in equimolar amounts as HA-Ub. indicating that I pmol of 
AI33 should be present in these cell lysates. which is well within the detectable range. 

fusionn prote ins both clearly stained with 6E10 antibody, while the 
Apscrr fusion protein did not. 

T hee e x p e r i m e n ts in re t i cu locy te l ysa te conf i rmed that the 
fusionn prote in can be c leaved by i sopep t idases, as a c lear band 
co r respond ingg in size to Ub was de tec ted on the radioact ive gel. 
However,, this experiment should theoretically also show the cleaved 
A|33 part of the protein. The lack of this band was the first indication 
thatt all three Ap forms can be quickly degraded by a system present 
inn the ret iculocyte lysate sys tem. In a study of several yea rs ago. 
inin vitro translation of an Ap construct was also described (I)yrks el 
al... 1992). In wheat germ ext ract the translated I kl.)a Ap product 
couldd readily be detected on SDS PAGE gels. In ret iculocyte lysate 
however,, the au thors reported that the translat ion products were 
hardlyy detectable. The cause of this lack of detection was attributed 
too inefficient translation. The current results however, point towards 
aa possible Ap degrading mechanism in ret iculocyte lysate, because 
thee fusion co r re la te of the prote in was de tec ted in this s y s t e m, 
rulingg out unsuccessful translation. 

Onee of the main d i f fe rences b e t w e en wheal g e rm e x t r a ct and 
ret iculocytee lysate is the presence of the UPS in the latter. Indeed, 
ourr expe r imen ts with the p ro teasome inhibitor epoxomicin show 
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thatt the UPS is partly responsible for degrading the Ap product 
off  the fusion proteins. Regarding the possibility of proteasomal 
degradationn of Ap peptides, our constructs might be specifically 
susceptiblee to this type of degradation. If Ap would be degraded 
throughh ubiquitination. the functional Ub that is produced also from 
thee fusion protein, might aid in ubiquitinating Ap. The functionality 
off  the cleaved HA-Ub is shown in figure 11. were co-transfection of 
thee Ap fusion constructs and UBB"' leads to a shift in the bands of 
ubiquitinatedd UBB+1, corresponding to ubiquitination by the slightly 
largerr HA-tagged Ub (Fig.11). 

Takenn together, these results strongly indicate that the fusion 
proteinss are produced as we designed them and are cleaved 
accordingly.. Drawing this conclusion, consequently we must 
acknowledgee that cytosolic Ap does not inhibit the proteasome in the 
proteasomee activity reporter system that we use. llA-tag positive 
cellss of the Ub('7nv-GFP cell line should also contain intracellular 
Ap,, but did not accumulate the GFP reporter. Indirect inhibition of 
thee proteasome by extracellular Ap (Song et al., 2003). or through 
diseasee mechanisms causing modified, aggregated intracellular Ap 
too inhibit the proteasome, still provide interesting clues to study 
putativee proteasome inhibition by Ap. 

Futuree experiments should address higher and longer expression 
off  the Ap fusion constructs in Ub<i7'iV-GF'P reporter cell lines, as 
6E100 positive cells were not observed in transduction experiments 
inn these cells, whereas 293 cells did show few positive cells. Also 
furtherr immunocytochemical and biochemical examination of the 
differencess between expression of cytosolic Ap and of the SP-
App is needed, which will result in new insights in intracellular Ap 
processing. . 

Fig .. I I H A - U b produce d f r o m th e fusio n protein s is funct ional . 
SH-SY5YY cells were transduced with lentivlral vectors encoding UBB". HA-
Ub-Af i l -400 or HA-Ub-A(3l-42. Cell lysates were stained on western blot 
withh anti-UBB" antibody Ubi3. Lane I, LV-UBB'; Lane 2, LV-UBB" + LV-HA-
Ub-ABI-40;; Lane 3. LV-UBB" + LV-HA-Ub-ABI-42: Lane 4, LV-HA-Ub-ARI-
42.. HA-Ub functionally ubiquitinates UBB" in the combined transductions, 
leadingg to slightly slower migrating forms of ubiquitinated UBB' . 



| 244 CHAPTERS 

Acknowledgement s s 

Wee would like to thank L. Naldini (University of Torino, 
Torino,, Italy) for the use of the lentiviral system, A Schmitz 
(Rheinischee Friedrich-Wilhelms-Universitat, Bonn, Germany) 
forr the SP-Ap construct and H. Yamaguchi (Gunma University, 
Schooll  of Health Sciences, Maebashi, Japan) for the amyloid 
antibodies. . 


