
FEMS Microbiology Letters tJ5 (1992) 143-148 
~' 1992 Federation of European Microbi~flogic~d Societies 11378-11197/92/$tl5.|10 
Published by Elsevier 

FEMSLE 04989 

Peroxisome biogenesis in Hansenula polymorpha: 
different mutations in genes, essential for peroxisome biogenesis, 

cause different peroxisomal mutant phenotypes 

Vlad imi r  I. T i to rcnko ,  Hans  R. W a t e r h a m ,  Pe t e r  Ha ima ,  Wim H a r d e r  and M a r t e n  V e e n h u i s  

I,ahoratoo" for Electron Micro.~'copy, Bioh~gical ('entre. Unit er~ity of (;ronblgcn. Haren. Nt'therhmd.~ 

Received 7 May 1992 
Revision received 18 May 1992 

Accepted 18 May 1992 

Key words: Yeast; Hansenuhl polymopTdta; Pcroxisomc; Pcroxisomc biogcnesis; Peroxisomal mutant 

1. S U M M A R Y  

In Hansemda polymorpha, different mono- 
genic recessive mutations mapped in either of 
two previously identified genes, PERI  and PER3, 
produced different peroxisomal mutant pheno- 
types. Among five perl  mutants, four showed a 
Pim-  phenotype: the cells contained few small 
peroxisomes while the bulk of the matrix enzymes 
resided in the cytosol. One of these mutants, 
perl-124 had an enhanced rate of peroxisome 
proliferation. The fifth mutant completely lacked 
peroxisomes (Per -  phenotype). Of seven per3 
mutants, four displayed a Pim- phenotype, two 
others a Per -  phenotype, while one mutant 
showed pH-dependent growth on methanol and 
was affected in oligomerization of peroxisomal 
matrix protein. Thus, the protein products of 
both PERI  and PER3 genes appear to be essen- 
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tial in different aspects of peroxisome assembly/ 
proliferation. 

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

Microbodies (peroxisomes) represent the most 
recently discovered class of subcellular organ- 
clles. They are ubiquitously present in eukaryotic 
cells [I.2] and may be involved in a variety of 
metabolic processes, which are partly inducible in 
nature [1-4]. This functional diversity has given 
strong impetus to current research aimed at elu- 
cidating the molecular mechanisms involved in 
microbody biogenesis and function. 

Yeasts arc attractive model organism.,, for such 
studies since the proliferation and enzymic com- 
position of peroxisomes in these organisms can be 
readily manipulated by varying growth condition,s 
[3]. in recent years, a series of mutants imp'tired 
in peroxisome biogenesis/function have been iso- 
lated from various organisms, including yeasts, 
and several of the corresponding genes are cloned 



144 

and sequenced [5-13]. Analysis of genes essential 
for peroxisome biogenesis in Saccharomyces cere- 
cisiae [5-9] stressed the complexity of the genetic 
system controlling mierobody biogenesis and the 
diversity in function and location of components 
recquircd for the proliferation and assembly of 
intact, functional ,_~rganelles. 

Recently, we have identified several genes es- 
sential for peroxisome biogenesis and assembly in 
the methylotrophic yeast Hansenula polymorpha 
and drawn attention to a high degree of integrity 
in their functions [10,11]. Here, we report that 
different mutations in any of two previously iden- 
tified genes, PERI and PER3 [11], lead to differ- 
ent phenotypes varying from the complete ab- 
sence of peroxisomal structures to specific defects 
in peroxisomal protein import and effects on or- 
ganelle proliferation and assembly. This is the 
first report on the multiplicity in functions of 
components involved in peroxisome biogenesis 
and assembly in yeast. 

3. MATERIALS AND M E T H O D S  

3. I. Microorganisms and growth conditions 
All mutants were derived from wild-type 

Hansenula polymorpha CBS 4732 [10]. Different, 
multiple backcrossed representatives of comple- 
mentation groups PER1 and PER3 [11] were 
grown in chemostat cultures (D = 0.07 h-1)  at 
37°C in mineral medium [14] on mixtures of glu- 
cose (0.25%, w / v ) / m e t h a n o i  (0.2%, v / v )  [15]. 

3.2. Mutant isolation and genetic methods 
The mutagenesis by NTG treatment and sub- 

sequent isolation of peroxisome assembly mutants 
has already been described [10]. Initial mutants 
were baekcrossed four times with auxotrophic 
mutants of H. polymorpha NCYC 495 (adell-1, 
met6-1, adell-1 met6-1 and leul-1; [16]) prior to 
genetic characterization. Mating, complementa- 
tion analysis, sporulation, random spore analysis 
and linkage analysis were performed as described 
[10,11,16]. 

3.3. Electron microscopy 
Whole cells were fixed with 1.5% (w/v)  

KMnO 4 for 20 min at room temperature. Sphero- 

plasts, prepared by the method of Douma et al. 
[17], were pro-fixed in 6% (v/v)  glutaraldehyde in 
0.1 M sodium cacodylate buffer (pH 7.2) for 60 
rain at 0°C, followed by post-fixation in a mixture 
of 0.5% (w/v)  OsO 4 and 2.5% (w/v)  KzCr20 v in 
the cacodylate buffer for 90 rain at 0°C. The 
samples were embedded in Epon 812; uitrathin 
sections were cut with a diamond knife and exam- 
ined in a Philips EM 300. 

Immunocytochemistry was performed on sec- 
tions of (i) intact cells, fixed in glutaraldehyde 
and embedded in Lowicryl K4M [17]; or (ii) 
spheroplasts, fixed and embedded in Epon as 
described above; the latter sections were bleached 
with H , O  2 prior to labelling, lmmunolabelling 
was performed by the protein A / g o l d  method, 
using specific antibodies against alcohol oxidase 
[17]. 

4. RESULTS A N D  DISCUSSION 

Recently, we have shown that several mono- 
genic recessive mutations mapped in five differ- 
ent genes, designated PERI-PER5, caused de- 
fects in peroxisomal matrix protein import (P im-  
phenotype) in the methylotrophie yeast H. poly- 
morpha [11]. The Pim-  mutants described were 
characterized by the inability to grow on methanol 

Table 1 

Linkage data obtained after random spore analysis of per/ 
and per3 mutants of H. polynlorpha 

Pair Observed number Linkage 
of alleles of segregants 

Parentals Recombinations 

perl-124/perl-157 734 0 Yes 
perl-124/perl-201 582 0 Yes 
perl-124/perl-230 911 0 Yes 
perl-124/perl-172 11)37 0 Yes 

per3-188/per3-191 81)3 {) Yes 
per3-188/per3-229 536 [] Yes 
per3-188/per3-237 487 0 Yes 
per3-188/per3-162 2081 6 Yes 
per3-188/per3-220 1847 5 Yes 
per3-188/per3-101 967 {l Yes 

perl-124/per3-188 197 206 No 



(methanol  utilization-defective; M u t - )  and, mor-  
phologically, by the presence  of  few small intact 
peroxisomes,  while the bulk of  the peroxisomal 

matrix pro te ins  resided in the cytosol. In addi- 
tion, a collection of  Pe r -  mutan ts ,  character ized 
by the comple te  absence of  peroxisomes  [i0,1 I]. 

! I 

Fig. I. Micrographs were taken of intact cells, fixed with KMnO4. unless otherwise indicated. Bars = ll.5 p.m. Abbreviations: N. 
nucleus; M, mit0chondrion; V, vacuole: P, peroxisome. (A. B) (Glutaraldehyde Lowicryl. uranyl acetate). Labelling patterns of 
alcohol oxidase protein after immunocytochcmical experiments on sections of cells of perl-172, completely lacking peroxisomes (A 
Per phenotype) and perl-230, which still contains few small peroxisomes while the bulk of the alcohol oxidase is on the cyto~lic 
crystalloid (B. Pim- phenotype). (C) Detail of a cell from mutant perl-124, showing numerous small peroxisome,:: the AO 
crystalloid, which is poorly preserved after KMnO 4 fixation, is indicated by an asterisk. (D) Survey of a cell of mutant per3-101. 

grown at pH 7.1). showing normal peroxisomal proliferation. 



were isolated. In this study we focussed on the 
characterization of additional mutants allocated 
either to complementation group PERI (five 
strains) or PER3 (seven strains). The different 
representatives of both groups were subjected to 
detailed genetic and morphological analyses. Ge- 
netic analysis of backerossed mutant strains indi- 
cated that each of the 12 mutant phenotypes was 
determined by a single recessive nuclear muta- 
tion. 

The linkage analysis confirmed that the five 
independently isolated mutations are located in 
gene PERI (Table 1). Morphological analysis of 
these mutants, inclueing analysis of series of se- 
rial sections and immunocytochemistry, revealed 
that the above mutations, mapped in the PERI 
gene, may cause three different defects in peroxi- 
some assembly and proliferation. Mutant alleles 
perl-15Z 201, 230 and 124 caused a morphologi- 
cally identical Pim- phenotype: fully derepressed 

cells (from glucose/methanol-grown chemostat 
cultures) contained small peroxisomes, while the 
bulk of the peroxisomal matrix proteins was rots- 
localized to the cytosol and the nucleus (Fig. IB). 
Moreover, mutant allele perl-124 (Fig. IC)caused 
a significant increase in the average number of 
peroxisomes (up to 5-1() times greater than those 
in the wild-type [I 1]); perl-172, however, caused 
complete absence of morphologically recogniz- 
able peroxisomal structures (Fig. IA; Pe r -  phc- 
notype). 

Seven mutations mapped in the PER3 gent  
(Table 1) also determined different abnormalities 
in peroxisome biogenesis and assembly. Four 
mutants, namely per3-188, 191. 229 and 237 were 
morphologically identical and showed the 'nor- 
mal' P im-  phenotype, described above (compare 
Fig. IB). Two other mutants, per~-162 and 220 
completely lacked peroxisomes and thus dis- 
played a Pe r -  phenotype (compare Fig. IA). A 

3 ~ ~:*~,~ ;B 

Fig. 2. Micrographs were taken of intact cells, fixed with KMnO.~, unless otherwise indicated. Bars = 0.5 gm. Abbreviations as in 
Fig. I, (A) Typical electron dense inclusions (arrow) in the crystalline peroxisomal matrix of mutant per3-101, 8 h after the shift 
from pH 5.1) to pH 7.0. In steady-state cells from chemostat cultures on glucose/methanol (il) these inclusions are distributed 
throughout the peroxisomal matrix (A. il; spheroplasts, glutaraldehyde, OsO4). (C) Results of an immunocytochemical experiment 
in which sections of E~m-embedded cells, shown in Fig. 2A. are bleached with H20,, and subsequently labelled with antibodies 
against alcohol oxidase and protein A/gold. In spite of the low-labelling intensities obtained at these conditions, labelling of the 

"aggregated" part of the pemxisomal part of the matrix is evident. 



third phenotype was observed in mutant per3-101. 
Growth of this mutant on methanol was pH-sen- 
sit(re; normal mcthylotrophic growth, at rates ob- 
served for the wild-type, occurred at pH 5.0: 
however, growth on methanol was fully impaired 
at pH 7.0 [18]. Morphologically, intact peroxi- 
somes fully identical to those in wild-type ceils 
were present in mutant cells grown on methanol 
at pH 5.0. In cells incubated at oH 7.0, the size 
and number of peroxisomes was not affected (Fig. 
I D). However, drastic alterations in the crys- 
talline substructure of the organellar matrix were 
observed after a shift of cells from pH 5.0 to pH 
7.0. In thin sections of glutaraldehyde/OsO4-fixed 
spheroplasts, prepared from cells in the initial 
hours after the pH shift, electron-dense inclu- 
sions were seen (Fig. 2A); these became ran- 
domly distributed throughout the crystalline ma- 
trix of organeiles present in steady state cells 
(Fig. 2B). FPLC analysis of crude extract pre- 
pared from cells grown in chemostat cultures on 
glucose/methanol mixtures at pH 7.(1 indicated 
the presence of monomers of alcohol oxidase, 
which were not detected in cells grown at pH 5.0 
(5.3. van der Klei, unpublished data). After im- 
munocytochemical experiments, using specific an- 
tibodies against alcohol oxidase and protein 
A/gold, the electron dense inclusions were posi- 
tively labelled (Fig. 2C), indicating that they most 
probably represent inproperly assembled alcohol 
oxidase protein. However, in contrast to the other 
per3 strains, a cytosolic location of alcohol oxi- 
dase was never observed. Therefore, in mutant 
per~-lOl alcohol oxidase assembly, not import, 
appeared to be affected. 

The functional roles of the protein products of 
the two PER genes are still unknown. Detailed 
analysis of five Pim- mutants [11] suggested that 
their corresponding genes encode components of 
a general import machinery for peroxisomal ma- 
trix proteins. At least two explanations may be 
offered as to why mutations in either PERI or 
PER3 cause different defects in peroxisomc bio- 
genesis and assembly in H. polymorpha. Firstly, 
protein products encoded by these genes are 
probably multifunctional components that have a 
role in different aspects of peroxisome biogene- 
sis, such as import and assembly of matrix pro- 

teins and pcroxisome proliferation. A similar 
model has been proposed to explain defects in 
both sorting from Golgi to vacuole and vacuole 
segregation caused by cacl mutations [19]. Sec- 
ondly, it is shown that multi-subunit protein com- 
plexcs arc involvcd in protein import and assem- 
bly as well as proliferation and function of vari- 
ous other organelles, e.g. yeast mitochondria [20], 
endoplasmic reticulum [21], Golgi apparatus [22]. 
vacuoles [23] and nuclei [24]. However, functional 
multiplicity has not yet been observed for differ- 
ent gene products essential for pcroxisome bio- 
genesis and proliferation in S. cererisiae [5,6]. 
However, recently we have found that numerous 
genes, involved in peroxisome biogenes ;~ ad as- 
sembly in H. polymorpha, including rLR!  and 
PER3, show a high degree of genetic interaction, 
suggesting functional and physical links between 
the corresponding gene products (Titorenko et 
al., submitted to Proc. Natl. Acad. Sci. USA). 
Conceivably, different mutations in PERI and 
PER3 can disturb proper functioning of different 
interacting proteins. An identical mechanism is 
suggested to explain defects in both vacuolar sort- 
ing and segregation, as well as in assembly of the 
vacuolar H ~-ATPase, caused by t'ps3 mutations 
[251. 

We have now cloned the PERI and PER3 
genes (H.R. Waterham and P. Haima, unpub- 
lished data). Characterization of the gene prod- 
ucts will provide further insight in the observed 
phenomena. 
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