
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Studies on peroxisome biogenesis

Stroobants, A.K.

Publication date
2001

Link to publication

Citation for published version (APA):
Stroobants, A. K. (2001). Studies on peroxisome biogenesis. [Thesis, fully internal,
Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/studies-on-peroxisome-biogenesis(fd20ec82-278a-4af3-966b-467257ebf361).html


CHAPTERR 5 

EXTRACTIONN PROPERTIES OF PEROXISOMAL 

MEMBRANEE PROTEINS 
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ABSTRACT T 

Theree are several methods which can be used to study the strength with 

whichh a protein is associated with a membrane. The presence of salt, urea 

orr a high pH usually leads to disruption of protein-protein interactions 

andd peripheral membrane proteins lose their association with 

membraness under these conditions whereas integral membrane proteins 

usuallyy remain membrane bound. Upon raising the pH by addition of 

sodiumm carbonate, however, peroxisomal, endoplasmic reticulum, and 

Golgii integral membrane proteins also lose their association with the 

membrane.. These techniques are assumed to be generally applicable. 

Unexpectedly,, we observed that extraction behaviour of membrane 

proteinss is not only specific for the type of protein but also for the 

membranee it is extracted from. 

I N T R O D U C T I O N N 

Proteinss can be associated with biomembranes in several ways. One type 

off membrane protein is the integral membrane protein, which spans a 

membranee with one or more transmembrane domains. Transmembrane 

domainss are usually a-helices with a length that corresponds to the 

thicknesss of the lipid bilayer (approximately 18 mainly hydrophobic 

aminoo acids). Some proteins, like porins, span a membrane with a pore, 

aa fi-barrel consisting of (approximately 14) p-sheets. Integral membrane 

proteinss interact extensively with the hydrocarbon chains of membrane 

lipidss via apolar interactions. The other type of membrane associated 

proteinn is the peripheral membrane protein, which resides at one side of 

aa membrane. Peripheral membrane proteins stay membrane bound via 

positivelyy charged amino acids which interact with the negatively 

chargedd head-groups of the phospholipids in the membrane or they 

interactt with the extramembrane part of an integral membrane protein. 

Too predict whether a protein is integral or peripherally associated with 

aa membrane several algorithms can be used to predict the presence of 

transmembranee domains in the protein (for example Klein et a/., 1985). 

Too actually test whether a protein is integral or peripheral, the difference 

inn interactions of these proteins with membranes can be used to 

distinguishh between the two types of proteins. Peripheral membrane 

proteinss can be solubilised by disrupting their polar interactions by 

1400 relatively mild means, like addition of salts or changing the pH. In order 
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too solubilize integral membrane proteins more vigorous techniques are 

requiredd which affect the shape of the membrane, like the addition of an 

organicc solvent. Addit ion of a detergent will transform the lipid bilayer 

intoo micelles and the integral membrane protein which stays tightly bound 

too the phospholipids of the micelle becomes soluble (Stryer, 1988). 

Anotherr method to distinguish between integral and peripheral 

membranee proteins is based on their difference in hydrophobicity. A 

proteinn that crosses a membrane contains at least one hydrophobic region 

andd is usually more hydrophobic than cytosolic or peripherally associated 

membranee proteins. Phase separation with triton X-114 can be performed 

whichh results in a detergent phase with mainly hydrophobic proteins and 

ann aqueous phase with hydrophilic proteins (Bordier, 1981). 

Inn practice the most used technique to determine the association 

strengthh of a protein to a membrane is the carbonate extraction procedure 

(Fujikii et a/., 1982). Addit ion of sodium carbonate raises the pH and 

disruptss ionic interactions and as such leads to extraction of peripheral 

membranee proteins, leaving integral membrane proteins as an insoluble 

fraction.. This method is also used for yeast proteins. When studying yeast 

peroxisomall membrane proteins however the result when using this 

methodd is not as straightforward as the results obtained with proteins from 

otherr organelles. Even integral peroxisomal membrane proteins become 

forr a large portion soluble after a carbonate extraction. The peroxisomal 

membranee protein Pat lp for example which contains 6 transmembrane 

domainss becomes almost completely soluble after treatment with 

carbonatee (unpublished results of E. Hettema). Furthermore for some 

peroxisomall membrane proteins there is controversy about the way they 

aree associated with the membrane. Pex14p for example is reported to be 

aa peripheral membrane protein, however in some cases it behaves like an 

integrall membrane protein. Also the localisation of Pex5p strongly varies 

dependentt on the literature source. In S. cerevisiae Pex5p is reported to 

bee partially peroxisome bound by Pex13p and Pex14p (Bottger et a/., 

2000).. Here we systematically try to find out whether extraction of 

peroxisomall membrane proteins is different from that of proteins from 

otherr organelles in S. cerevisiae. For this purpose we use several different 

extractionn techniques. Besides this we compare the extractability of 

proteinss when yeast is grown on different carbon sources. Table I is an 

overvieww of the extraction methods used and the expected results for 

peripherall and integral membrane proteins. The proteins which are 141 



Chapterr 5 

studiedd have different membrane associations and organellar 
localisationss and are presented in Table II. We use overexpressed Pex15p 
ass an ER membrane located protein (karmellae), so we can study the 
extractionn behaviour of one protein (Pex15p) from different membranes 
(i.e.. peroxisomes versus ER). 

Tablee I: Extraction methods and the expected solubility of membrane proteins (MP) 

Method d 

--
NaCI I 

Na2C03 3 

urea a 

triton-X100 0 

triton-X114 4 

highh ionic strength disrupts 

ionicc interactions 

highh pH disrupts ionic interactions 

unfoldss proteins 

membraness become micelles 

phasee separation, hydrophobicity test 

peripheré é 

insoluble e 

soluble e 

soluble e 

soluble e 

soluble e 

aqueous s 

i lMP P 

phase e 

integrall MP 

insoluble e 

insoluble e 

insoluble e 

insoluble e 

soluble e 

detergentt phase 

142 2 

MATERIALSS AND METHODS 

Thee S. cerevisiae strain used was BJ1991(Mata; Ieu2, trp1, ura3-251, prb1~ 
1122,1122, pep4-3, gal2). Overexpression of Pex15p was achieved by 
transformingg a plasmid to these cells (Ito et al., 1983) which consists of a 
YEplac1811 vector (Gietz and Sugino, 1988) with inserted in its multiple 
cloningg site the catalase promoter and the PEX15 ORF. Media were as 
describedd by Sherman (1991), ingredients were purchased from Dtfco. The 
carboncarbon source in these media was either 2% glucose, 0.3% glucose or 0.1 % 
oleate/0.4%% tween-40 and amino acids were used as needed. Cells were 
preculturedd on selective 0.3% glucose medium for 24 hours and than 
dilutedd to OD 6 0 0 = 0.1 in 200 ml 2% glucose or oleate medium and 
culturedd for another 16 hours. 

Thee cells were spheroplasted with zymolyase-10OT according to Van der 
Leijj et a/. (1992). Spheroplasts from each 200 ml culture resulted in 8 ml 
homogenate.. 1 ml homogenate portions were fractionated by a 30 minute 
spinn at 13,000 x g in an eppendorf centrifuge at . The pellets were 
resuspendedd in 500 ml of different buffers: 1) 5 mM MES pH 5.5, 1 mM 
EDTA,, 1 mM potassium chloride, 2) 1 M sodium chloride, 5 mM MES pH 
5.5,11 mM EDTA, 1 mM potassium chloride, 3) 0.1 M sodium carbonate pH 
11.5,, 1 mM EDTA, 1 mM potassium chloride, 4) 2 M urea, 5 mM MES pH 
5.5,, 1 mM EDTA, 1 mM potassium chloride, 5) 1% triton-X100, 5 mM MES 
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Tablee II; Proteins and their properties 

Protein n 

Pex15p p 

Sec61p p 

Tlglp p 

PexSp p 

Pex14p p 

Pmplp p 

Pex11p p 

Pex13p p 

Patlp p 

Dpmlp p 

T!g2p p 

Pep12p p 

localisation n 

peroxisome e 

ER R 

endosomall vesicles 

cytosol/peroxisome e 

peroxisome e 

plasmaa membrane 

peroxisome e 

peroxisome e 

peroxisome e 

ER R 

transs Golgi network 

latee endosomes 

membrane e 
association n 

integral l 

integral l 

integral l 

peripheral l 

peripherall (?) 

peripheral l 

integral/peripheral l 

integral l 

integral l 

integral l 

integral l 

integral l 

membrane e 
spans s 

1 1 

10 0 

11 (or more) 

0 0 

0 0 

0 0 

? ? 

2 2 

6 6 

11 {or more) 

11 {or more) 

11 (or more) 

reference e 

(Elgersmaa et al., 1997) 

{Wilkinsonn et al., 2000) 

(Coee et a\., 1999; 

Holthuiss etai., 1998) 

(Elgersmaa etai, 1996) 

(Albertinii etai, 1997) 

(Navarree et at., 1994) 

(Elgersmaa etai, 1996) 

(Hettemaa etai., 1996) 

(Orlean,, 1990) 

(Coee et a/., 1999; 

Holthuiss et al., 1998) 

(Bechererr et at., 1996) 

pHH 5.5, 1 mM EDTA, 1 mM potassium chloride and 6) 1 % triton-X114, 10 

mMM Tris pH 7.4, 150 mM sodium chloride. 

Thee suspensions were kept on ice for 1 to 2 hours and were regularly 

vortexedd during this period. 250 ml of each was set aside and used for 

analysiss as 'input'. The other 250 ml of 1 to 5 were centrifuged at 100,000 

xx g in an airfuge at 15 psi for 30 minutes at . These supernatants were 

usedd for analysis, the pellets were resuspended in 250 ml of the buffers 

theyy were originally made in before they were used for analysis. Nr. 6 was 

subjectedd to triton-X114 phase separation according to Bordier (1981), 

2500 ml of the resuspended pellet fraction was used as starting material. 

Alll resulting input, pellet, supernatant, detergent phase and aqueous 

phasee fractions were precipitated with 10% trichloroacetic acid (TCA). For 

thee precipitation of proteins in the presence of Triton, 50% acetone was 

added.. After 16 hours at , the pellets of a 13,000 x g spin for 15 minutes 

att C were resuspended in 250 ml Laemli sample buffer supplemented with 

100 mM basic Tris. 15 ml samples were analysed by SDS-PAGE (Sambrook et 

a/.,, 1989) and Western blotting according to Biorad instructions. 

Thee antibodies used are anti-Pex15p (Elgersma et a/., 1997), anti-Pat1p 

(Hettemaa et a/., 1996), anti-Pex13p (Elgersma et a/., 1996), anti-Pex5p and 143 
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anti-Pex14p.. Anti-Tlg1p, anti-Tlg2p, anti-Pep12p and anti-Dpmlp were kind 

giftss of J. Holthuis (university of Amsterdam, the Netherlands), anti-Pmp1p of 

Goffeauu (university of Leuven, Belgium), anti-Sec61p of Scheckman 

(universityy of California, USA) and anti-Pexl 1 p of Goodman (University of 

Texas,, USA). 

RESULTS S 

Thee extractability of proteins from membranes is studied by several methods 

inn order to compare the methods and define whether they are suitable for 

determinationn of which type of membrane protein one is dealing with. To get 

aa picture of which circumstances might influence the extractability of 

proteins,, we use 3 types of yeast cells as starting material. (1) wild-type cells 

whichh were grown on a glucose containing medium, (2) the same cells grown 

onn an oleate containing medium (yeast cells are dependent on the proper 

functioningg of peroxisomes on this medium) and (3) cells in which karmellae 

weree present. In these latter cells the integral peroxisomal membrane protein 

Pex15pp was overexpressed which led to the formation of an extended ER 

membranee network which housed the Pex15p (Elgersma et a/., 1997). 

Thee cells were spheroplasted and fractionated into a cytosolic supernatant 

andd an organellar pellet. The proteins in the organellar pellets (equal aliquots) 

weree subjected to extraction with several different agents (Table II). The result 

off these extractions is compared to the situation in which no extracting agent 

iss added and is presented in Table III. In addition a hydrophobicity test was 

performedd using triton-X114 phase separation into a detergent phase 

(containingg hydrophobic proteins) and an aqueous phase (containing 

hydrophilicc proteins). 

Thesee results show no clear difference in extraction patterns of a protein 

derivedd from a glucose or an oleate culture. The only difference in some 

casess is the expression level of the protein (upregulation in oleate containing 

medium). . 

Theree are only small differences between extractions of proteins from cells 

inn which karmellae are either present or absent. The presence of karmellae 

changess the extraction by triton-X100 of Pex15p and Sec61p slightly, 

Pex15pp is for a larger part present in micelles, Sec61 p for a smaller part. 

T l g l pp is a bit more extractable by carbonate when karmellae are present. 

Thee extractability of Pex15p from two different membranes, the 

1444 peroxisomal membrane in wild type cells and karmellae in Pex15p 
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Tablee III: Comparison of extraction behaviour of proteins from membranes using 
differentdifferent techniques, p = pellet, s = supernatant, d=detergent phase, a= 
aqueousaqueous phase, G=grown on glucose, 0 = grown on oleate, K= with 
karmellae,karmellae, grown on oleate. 

NaCI I Na,CO-jj urea 7X100 0 TX114 4 

Pex15p p G G 

O O 

K K 

++ + 

++ + 

++ + 

++ + + 

++ - + 

++ + + 

Sec61p p G G 

O O 

K K 

++ - + 

++ + 

++ - + 

++ + 

++ + 

++ + 

++ + 

++ + 

++ + + 

Ttglp p ++ - + 

++ - + 

++ - + 

++ - + 

++ - + 

++ +/- + 

++ + 

++ + 

++ + 

Pex5p p +/-- + 
+ + 
+ + 

++ +/- + - + + + 
++ . + +/- + + + 
++ - + - + + + 

NaCI I 

Pex14p p 

Pmplp p 

Pex11p p 

Pex13p p 

Patlp p 

Dpmlp p 

Tlg2p p 

Pep12p p 

O O 

O O 

O O 

O O 

O O 

G G 

G G 

G G 

pp s pp s 

+/-- + 

Na2C033 urea 

+/--

TX1000 TX114 

+/--

+/--

+/--

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+/--

--

_ _ 

--

+/--

+/--

+ + 

+ + 

+ + 

+/--

145 5 
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overexpressingg cells is quite similar, with the exception of triton-X100 as 

mentionedd before. 

Thee samples which were treated the same way as the others, but without 

additionn of an extracting agent show that all the tested proteins remain 

membranee bound. When the sodium chloride extraction method is used, 

thee only peroxisomal protein that is extracted is Pex5p. This means that its 

associationn with the peroxisomal membrane is disturbed, probably because 

itss interactions with Pex13p and Pex14p are relatively weak. Pex14p is found 

inn the pellet, its membrane association is not disturbed by the presence of 

saltt which means that it is more tightly bound to the membrane than Pex5p. 

Usuallyy after extraction with sodium carbonate, integral membrane 

proteinss remain membrane bound and end up in the pellet fraction (like 

Tlg11 p), however here carbonate extraction of peroxisomal, ER (Sec61p and 

Dpmlp)) and Golgi (Tlg2p) membrane proteins results in a distribution of 1:1 

inn pellet and supernatant or often more in the supernatant fraction. 

Thee result of extraction with urea is that integral peroxisomal proteins from 

peroxisomes,, ER, and endosomal vesicles are not extractable. Peripheral 

proteinss like Pex5p and Pmp1 p are completely extractable, whereas Pex14p 

iss only partially extractable. Unexpectedly also the integral membrane 

proteinn D p m l p is partially extractable. 

Triton-X1000 extraction results were in contradiction with the expectations. 

Membranee proteins were thought to become associated with soluble 

micelless whereas the peroxisomal integral membrane proteins tested all end 

upp in the pellet. For integral membrane proteins from other organelles, 

Sec61p,, Dpmlp , T lg lp , Tlg2p and Pep12p the theory is correct, they are 

mainlyy present in the supernatant fractions after triton-X100 extraction. 

Whenn performing triton-X114 phase separation, as expected, all integral 

membranee proteins are hydrophobic and end up in the detergent phase. 

Pex5pp and Pex14p were thought to be more hydrophilic and to be 

predominantlyy present in the water phase, however Pex14p stays in the 

hydrophobicc detergent phase. 

DISCUSSION N 

Extractionn properties, are they protein or membrane specific? Pex15p shows 

similarr results when it is extracted from ER membranes as when it is 

extractedd from peroxisomal membranes, which indicates that extraction of 

1466 one protein from different membranes is comparable. However the 
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extractionn patterns of all integral peroxisomal membrane proteins are also 

quitee similar The peroxisomal proteins Pex15p, Pex11p, Pex13p and Patlp 

showw the same extractability from the membrane by several methods, while 

thee results are different from those obtained with proteins from other 

organelles.. These results indicate that the extractability of proteins from a 

membranee is to a certain extent organelle specific. In general triton-X100 

extractionss of membrane proteins from the peroxisomal membrane are 

differentt from those from other membranes. It appears that while other 

membraness become micelles, the peroxisomal membrane stays unaffected. 

Differencess in extractions from wild type cells or cells containing karmellae 

aree quite subtle. Results obtained with Pex15p and Sec61p indicate that 

micellee formation from karmellae is easier than from the peroxisomal 

membranee and that micelle formation from the ER membrane is even easier. 

Carbonatee extractions are not only unreliable for peroxisomal membrane 

proteins,, but also for integral ER membrane proteins like Sec61p and 

D p m l pp and integral Golgi membrane proteins like Tlg2p. The urea 

extractionn method seems better than the carbonate extraction method in 

determiningg whether a peroxisomal or ER protein is an integral or a 

peripherall membrane protein. Urea extraction results are more consistent. 

However,, we have to be careful with interpreting the results obtained here 

sincee often the Western blot signal of the input fraction is more than the 

signalss of the pellet and supernatant fractions together. This shows that the 

resultss might have been influenced by unequal recovery after TCA 

precipitationn or by break-down of proteins. Besides, membrane proteins are 

likelyy to be more susceptible to proteolytic break-down when they are 

solubilisedd for example. 

Pex5pp is known to be a protein which cycles between the cytosol and the 

peroxisomall membrane. In oleate induced cells the ratio organelle 

bound:cytosolicc is approximately 2:3. Pex5p loses its association with 

peroxisomess by extraction with salt, which indicates that Pex5p is bound to 

thee membrane via another protein in S. cerevisiae. This is in contradiction to 

somee other findings. Trypanosoma brucei and Pichia pastoris Pex5p are 

(almost)) not extractable by carbonate {Terlecky et a/., 1995; Walque et a/., 

1999).. Also the peroxisomal fraction of rat Pex5p is not extractable by 

eitherr carbonate or salt (Gouveia et a/., 2000). 

Wee noticed that Pex14p behaves almost like an integral peroxisomal 

membranee protein (it is not extractable with salt and with urea it is only 147 
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partiallyy extractable). The association of Pex14p with the membrane is a 

matterr of debate. While some show that Pex14p is a peripheral membrane 

proteinn (Albertini et a/., 1997; Brocard et ai, 1997), others describe how 

Pex14pp does not exactly behave like a peripheral protein. Pex14p is not 

carbonatee extractable in H. polymorpha (Komori et a/., 1997). In rat there 

aree indications that Pex14p might be an integral membrane protein while 

Pex5pp might travel through a Pex14p pore toward the peroxisomal matrix 

(Gouveiaa et a/., 2000). Besides this, the N terminus of human Pex14p is 

suggestedd to be exposed to the matrix, which would mean that Pex14p 

hass to cross the membrane and that it is more than just peripherally 

associatedd with the membrane. Our observations of the extraction 

behaviourr of S. cerevisiae Pex14p suggest the same. 

Thee behaviour of proteins in extraction experiments can definitely tell us 

somethingg about the properties of the protein and its interaction with the 

membrane,, but the extraction behaviour of proteins from different 

membraness can vary. Therefore one should be careful, particularly in the 

peroxisomee field, labeling a protein as either a peripheral or an integral 

membranee protein. The use of more than one technique and several 

controlss is in order to investigate the way a certain protein is associated 

withh a membrane. 
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