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ADDENDUMM TO CHAPTER 4 

EFFECTT OF MUTATIONS IN SACCHAROMYCES 

CEREVISIAECEREVISIAE PEX6P ON PEROXISOMAL PROTEIN 

IMPORT T 

INTRODUCTION N 

Thee function of Pexóp in peroxisome biogenesis is discussed in chapter 4. 
Heree we present several additional observations made with Pexóp 
containingg mutations in the second AAA domain. Such mutants affect 
growthh of wild type cells. They also affect the import of PTS1 proteins. 
Takingg into account that ATP hydrolysis by the second AAA domain is 
requiredd for dissociation of Pexóp from Pex15p we explain these results by 
assumingg that all functional Pex15p will eventually become locked by 
mutantt Pexóp despite the presence of wild type Pexóp. 

MATERIAL SS AN D METHODS 

Seee materials and methods in chapter 4. For fractionation and floatation 
gradients,, oleate induced cells were subcellularly fractionated as 
describedd previously (Hettema et a/., 2000). For stepwise fractionations 
inn addition to the 25,000 xg pellet, a 2,500 x g pellet was made, and the 
resultingg 2,500 x g supernatant was subjected to 100,000 x g 
centrifugationn for 1 hour at . Samples were adjusted to the same 
volumee by resuspending the pellets in fractionation buffer. For floatation 
gradientss 25,000 x g pellets of spheroplasts were resuspended in 1 ml 
60%% sucrose (w/v), both containing 5 mM MES pH 6, 1 mM EDTA,1 mM 
KCII and protease inhibitors. Samples were loaded at the bottom of a 
centrifugee tube, on top of these a sucrose step gradient consisting of 2 ml 
fractionss of 46, 42, 38, 30 and 25% sucrose in the same buffer was built. 
Thee gradients were centrifuged for 18 hours at 100,000 x g in an SW41 131 
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rotorr at . 1 ml fractions were collected, proteins were TCA precipitated 

(withh 10% TCA, C for 1 hour, followed by centrifugation at 11,000 x g at 

CC for 30 minutes), resuspension in Laemli sample buffer supplemented 

withh 4 mM basic Tris and analysis by SDS-PAGE and Western blotting. 

Antibodiess used were anti-Pex15p (Elgersma et a/., 1997), anti-Pex5p, 

anti-catalasee and anti-thiolase (Fox3p) (Erdmann and Kunau, 1994). 

Assayss for enzyme activity of catalase (Liicke, 1963) and 3-HAD (Wanders 

etet a/., 1990) were descibed before. 

RESULTS S 

DominantDominant  negative  effect  of  Pex6pA2  and B2. 

GFP-Pex6pp can complement the pex6A phenotype, when it is expressed 

behindd the PEX5 promoter and grown on selective oleate plates. When 

GFP-Pex6pp is expressed at the same level in wild type cells, this does not 

influencee their ability to grow on an oleate based medium either. 

However,, expression of GFP-pex6 mutants A2 or B2 in wild type cells has 

aa dominant negative effect (figure 1). Even though the wild type form of 

Pexópp is present, the mutated pexó prevents the cells from growing on 

oleatee medium. This effect is also observed in another strain (UTH7A, not 

shown).. On the other hand, no negative effect occurs when mutated 

Pexópp is untagged and expressed under control of its own promoter. 

Apparentlyy at somewhat higher expression levels (possibly in 

combinationn with the presence of a tag), mutated Pexóp titrates away ail 

functionall Pex15p. 

Thee experiments described below are performed with transformants 

expressingg wild type or mutated Pexóp. The cells are precultured on 

glucosee and then shifted to oleate medium. On this latter medium, the 

cellss with Pex6pA2 or B2 stop growing. 

LocalisationLocalisation  of  Pexóp  and its  mutan t derivatives 

AA portion of the Pexóp molecules present in a cell is probably bound to 

peroxisomess via Pex15p, while another portion is either cytosolic, bound to 

membranee structures distinct from peroxisomes or maybe both. Flotation 

experimentss on the 25,000 x g organellar pellet fraction of cells expressing 

GFP-Pex6pp show that GFP-Pex6p floats to the same density as peroxisomal 

membranee proteins, like Patlp, Pex11 p, Pex15p and Pex13p (figure 2). This 

1322 is in line with the idea that Pexóp is partially bound to peroxisomes. GFP-
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Figur ee 1: Dominant negative effect of Pex6pA2 and Pex6pB2 on growth of yeast 
onon oleate medium. Wild type and mutant derivatives of Pexóp were N-
terminallyterminally tagged with GFP and were expressed in wild type and pexóA 
cellscells controlled by the PEX5 promoter (upper panel) or the PEX6 
promoterpromoter (lower panel). 

pexópMpexópM (pex6K489A) which is mutated in the first AAA domain and has a 

weakk interaction with Pex15p, floats to the same density. This can be 

interpretedd in two ways: either this protein is peroxisome associated (via 

Pex15p),, or it is bound to other membrane particles which have the same 

densityy as peroxisomes. GFP-pex6pA2 and B2 were shown (figure 2) to be 

partiallyy membrane bound to structures that have a density higher than 

thatt of ghosts and lower than that of mature peroxisomes. At this density 

alsoo (other) peroxisomal membrane proteins were found in these mutants. 

Thesee floating particles are most likely peroxisomal ghosts, which are more 

densee than pexóA ghosts, since in pex6A mutants still some import of 

matrixx proteins can take place (see further on). 133 
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Figuree 2: Floatation gradients showing the presence of Pexóp and mutated 
vesionsvesions of Pexóp in or on membrane particles. The fractions are of 
decreasingdecreasing density from bottom to top. 

Twoo arguments favour the idea that Pexóp is partially membrane bound 

too structures distinct from peroxisomes: (1) The capacity of GFP-Pex6p in 

pex3AA cells to float in a floatation gradient (not shown), since pex3A cells 

lackk peroxisomal ghosts. (2) The floatation of Pexóp in pex3A cells is 

comparablee to that in wild type cells. 

EffectEffect  of  Pexóp  mutations  A2 and B2 on protein  import 

Wee noticed that pex6pA2 and B2 floated to a density in between that of 

peroxisomall ghosts and mature peroxisomes. We know from electron 

microscopyy studies in these mutants that the peroxisomal particles look like 

ghosts.. Here the possibility that import of proteins can take place in these 

ghostss is studied, which might explain their higher density. The pelletability 

off proteins in a fractionation experiment shows that they are bound to or 

insidee organelles. To study the import of PTS1 and PTS2 proteins, their 

pelletabilityy was analysed by Western blott ing (figure 3). Pex15p 

pelletabilityy was used as a positive control for the presence of peroxisomes 

andd ghosts. The PTS2 protein thiolase is completely in the 25,000 x g 

pellet,, indicating that import of matrix proteins into organelles via the PTS2 

pathwayy is still possible when the second ATPase domain of Pexóp is 

mutated.. The PTS1 protein catalase on the other hand is not completely 

pelletable,, approximately 55 % of the total catalase is found in the pellet 

fractionn when pex6A2 is expressed instead of Pexóp. In the pexópB2 

mutantt approximately 40 % is pelletable. The pellet/supernatant ratio of 

anotherr PTS1 protein, 3-HAD, as measured by an enzyme assay indicates 
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Figur ee 3: Effect of mutations in Pexóp on peroxisomal protein import. 
FractionationFractionation of wild type cells, complemented pexóA cells, and pexóA 
cellss with expression of Pex6pA2 or Pex6pB2, showing the pelletability 
(peroxisome(peroxisome association) of the PMP Pex15p, the PTS2 protein thiolase, 
thethe PTS1 protein catalase and the PTS1 import receptor Pex5p. H= 
homogenate,homogenate, P1 = 2,500 x g, P2= 25,000 x g, P3 = 100,000 x g pellet, S= 
100,000100,000 xg supernatant. 

thatt import of this protein is slightly affected; in wild type cells 100 % is 

pelletable,, in pex6pA2 85 % and in pex6pB2 also 85 %. These results 

suggestt that there is a partial import defect of PTS1 proteins into 

organelless when Pexóp is mutated (A2 or B2). 

Sincee PTS1 protein import is mediated by Pex5p we also studied the 

behaviourr of this protein in a fractionation experiment. The pellet/ super-

natantt ratio of Pex5p in oleate induced wild type cells is usually about 

40:600 %. When pex6pA2 is fractionated this ratio is approximately 60:40 % 

andd for pexópB2 this ratio is even more affected to approximately 80:20 % 

(figuree 3). This means that a larger amount of Pex5p is organelle bound 

whenn the second ATPase domain of Pexóp is mutated. 

DISCUSSION N 

Thee dominant negative effect of pex6 ATPase mutations is an additional 

indicationn for the ideas that Pex6p by binding to Pex15p either 

temporarilyy inhibits the function of Pex15p or that the release of Pexóp 

fromm Pex15p is important for peroxisome maintenance. Mutated Pexóp 
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(A22 and B2) interacts with Pex15p and is probably unable to dissociate 

fromm it. So, eventhough endogenous Pexóp is present all Pex15p will 

eventuallyy end up with mutated Pexóp bound to it with as a consequence 

noo more peroxisome biogenesis and no more growth of cells on oleate. 

Whenn a lower amount of mutated Pexóp is present, the effect is not seen 

probablyy because there are still Pex15p molecules which are not blocked. 

Inn most experiments Pexóp or its mutant derivatives were expressed at 

thee normal physiological level of Pexóp or were shown to give the same 

resultss at different expression levels. For detection with immuno EM, the 

higherr expression was essential for detection. Whatever the process is 

whichh is regulated by the binding and release of Pexóp from Pex15p, the 

relativee levels of these two peroxins seem to be important. 

Thee pelletable fraction (at 25,000 x g) of Pexóp is most likely 

peroxisomee bound. Pex6pA2 and B2 are probably bound to peroxisomal 

ghosts,, which in this situation are slightly more dense than complete 

pexApexA ghosts since import of matrix proteins is only partially disturbed. 

Whenn a peroxisomal protein is pelletable at 25,000 x g most probably 

thatt protein is (under the conditions used) peroxisome associated. 

Pelletablee does not necessarily mean that the protein is imported, it 

mightt also be bound to the surface of peroxisomes, to components of 

thee import complex. PTS2 proteins are pelletable, while PTS1 proteins 

aree only partially pelletable. This indicates that Pexóp mutations cause a 

differentiall defect on matrix protein import. These mutations also 

appearedd to have an effect on Pex5p, the PTS1 receptor. It is not the first 

t imee that an effect of Pexóp on Pex5p is observed, in human and Pichia 

pastorispastoris Pexóp mutants Pex5p is instable (Yahraus et a/., 1996) which 

indicatess that somehow Pex5p depends on the presence of functional 

Pexóp.. Here we noticed that Pex5p became pelletable for a larger 

fractionn than it is in wild type cells. One explanation for this effect might 

liee in the fact that these cells containing the mutated versions of Pexóp 

doo not survive on oleate medium. 

Recentlyy observations were made which indicate that Pex5p is 

peroxisomee bound in wild type cells which are grown on glucose 

medium,, while they become partially cytosolic when the cells are shifted 

too oleate medium (G. Bottger, unpublished results). Cells with mutations 

inn Pexóp do not survive on oleate medium and it is possible that Pex5p 

doess not get the opportunity to leave the import complex. If this is not 

1366 the cause for the larger pelletability of Pex5p than a more interesting 
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possibilit yy  is th e on e tha t ATP hydrolysi s by Pexóp is necessar y fo r releas e 
off  Pex5p fro m th e peroxisoma l membrane . An ATP dependenc e in matri x 
protei nn impor t was alread y reporte d years ago (Bellion  and Goodman , 
1987).. The ATPases whic h migh t be actin g here are Pexlp , Pexóp (sinc e 
thes ee are th e only known ATP bindin g and hydrolysing peroxins ) or a 
cytosolicc Hsp70 protein (Walto n et a/., 1994). Because we observed an 
importt defect when the ATP binding to and hydrolysis by Pexóp was 
prevented,, Pexóp remains a good candidate. 
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