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1. SUMMARY 

We have studied the response of two meth- 
ylotrophic yeasts (Hansenula polymorpha and 
Candida boidinii) to toxin T-514, a toxin lethal to 
man, extracted from the shrub Karwinska hom- 
boldtiana. Growth experiments indicated a dose- 
response effect; at enhanced concentrations (50 
/zg/ml)  the different subcellular organelles 
rapidly disintegrated resulting in death of the 
cultures. At non-lethal concentrations ( <  2 
/zg/ml) growth ceased initially, but resumed after 
a lag period of 4 h. At the subcellular level a 
specific effect was observed on peroxisomal in- 
tegrity. Distinct holes appeared in the peroxiso- 
real membranes, resulting in leakage of matrix 
proteins from these organeiles. In addition, im- 
port of newly synthesized proteins appeared to he 

Correspondence to: M. Veenhuis, Laboratory for Electron 
Microscopy, Biological Centre, Kerklaan 30, 9751 NN Haren, 
The Netherlands. 

blocked since cytosolic aggregates of matrix pro- 
teins were formed. The peroxisomal damage was 
probably irreversible since affected organelles 
were degraded at later stages of incubation. Upon 
restoration of growth on methanol, new pe.axi- 
somes developed from those which had escaped 
degradation. 

2. INTRODUCTION 

Karwinskia humboldtiana is a poisonous plant 
that grows in semi-arics of desert in north and 
central Mexico. It produces several compounds 
with different toxic effects [1]. One !'ff these, 
termed T-514, causes severe damage to ltthe lung, 
kidney and also the liver [2], where it induces the 
formation of large intracellular fat deposits and 
necrosis. Preliminary morphological observations 
suggested that one of the initial effects upon 
experimental poisoning of rats and monkeys in- 
cludes a significant decrease of the number of 
microbodies (peroxisomes) present in hepatocytes 
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(A. Pifieyro Lopez, unpublished results). In order  
to obtain more information on the specific effects 
of T-514 there may be on peroxisomes, we de- 
cided to explore the use of yeasts as model organ- 
isms in such studies. Yeasts seem to be favourable 
in this respect because i) they are easy to culti- 
vate and ii) the proliferation and protein compo- 
sition of pcroxisomes in these organisms can be 
prescribed precisely by manipulat ion of the 
growth conditions [3-5]. 

As a first approach we studied the effects of 
different concentrat ions of toxin T-514 on the 
fate of microbodies in two methylotrophic yeasts, 
namely Hansentda polymorpha and Candida boi- 
dinii, grown at different levels of microbody in- 
duction. The results of these studies are repor ted 
in this paper.  

3. M A T E R I A L S  A N D  M E T H O D S  

3.1. Microorganisms and growth 
H. polymorpha dc Morais et Maya CBS 4732 

and C. boidinff ATCC 32195 were grown in batch 
cultures in mineral  media [6,7] at 30°C and 37°C, 
respectively, on glucose (0.25%) or methanol  
(0.5%). T-514 was supplemented  to the cultures 
at 0.5, 2, 10, 20 and 5 0 / z g / m l ,  e i ther  (i) immedi- 
ately after  the shift to methanol  or (ii) after  the 
cultures had reached the mid-exponential  growth 
phase on this compound.  Samples were taken at 
30 min and 1, 2, 4, 8 and 24 h after  addit ion of 
T-514. The viability of T-514 t reated cells was 
est imated af ter  inoculation on YPD agar plates, 
using untrea ted  cells as a control, (YPD: 1% 
yeast extract, 2% peptone,  2% glucose). 

3.2. Biochemical analysis 
Crude extracts were prepared  as described 

previously [6]; protein was assayed as described in 
reference [8], alcohol oxidase as in reference [9] 
and catalase as in reference [10]. 

3.3. Ultrastnwtural analysis 
KMnO4-fixation [7] and immunocytochemistry 

using specific ant ibodies against alcohol oxidase 
and dihydroxyactone synthase and protein A / g o l d  
[11] were performed as already described. 

4. RESULTS AND DISCUSSION 

The growth experiments  indicated that  toxin 
T-514 had a drastic effect on the viability of both  
yeast species tested; independen t  of the composi- 
tion of the growth medium, concentra t ions  of 50 
/ . tg/ml were lethal and 100% of the cells were 
killed within 1 h of incubation. Light microscopi- 
cal observations on methanol-grown cells of C. 
boidinii indicated an almost immediate effect on 
the overall subccllular organizat ion af ter  adminis-  
t rat ion of the toxin. Within 10 min, most of the 
clusters of peroxisomes in the cells had migrated 
into the vacuole (Fig. IA); subsequently,  several 
large vacuoles developed, followed by the total 
disintegration of the c~tosol. These observations 
were confirmed by electron microscopy. Espe- 
cially the cellular membranes  appeared  to be 
affected (Fig. IB) and  af ter  2 h of incubation 
intact organelles could no longer be recognized. 
Comparable  effects were observed in methanol-  
grown H. polymorpha. At all the concentra t ions  
of T-514 applied, distinct effects were evident 
(both physiologically and morphologically), but  a 
clear-cut dose-response relat ionship was ob- 
served. The  viability of both  yeast species tested 
at different concentra t ions  of the toxin are pre- 
sented in Table 1. At  the highest concentra t ions  
used (20 and  5 0 / x g / m l )  the cultures died quickly, 
showing overall cellular disorganization, as indi- 
cated above. However, at sub-lethal  doses (0.5, 1 
or 2 t t g / m l )  a specific effect was observed on the 
peroxisomal integrity of both  strains tested. The  

Table 1 

Survival rates of cells of Hansemda polymorpha, grown in 
batch cultures on either (I.5% glucose or 0.5% methanol, after 
administration of wirious concentrations of T-514 in the mid- 
exponential growth phase (A,~,, approx. 2.0) (After 2 h of 
incubation cells were washed once with distilled water and 
inoculated on YPD agar plates. Data are presented as per- 
centages of surviving cells, compared to untreated controls 
and represent the average of three independent experiments.) 

Substrate Concentration T-514 (/.tg/ml) 

0.5 I.(I 2.0 10 20 50 

Glucose > 90 > 90 7(1 20 5 0 
Methanol > 90 > 90 60 10 0-5 0 
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Fig. I. A and B are of methanol-grown (:  hoidinii, supplemented with 511 u g / m l  T-514. I11 min after administration of the toxin. 
clusters of peroxisomes have migrated into the central vacuole (A). Inset: light micrograph (28211 × ) of the ~'.'.:me time point. After 
31) min of incubation cell organcllcs arc severely damaged (B); also cytosolic protein aggregates (*) tire seen which are positively 
labelled after incubation of sections with anti-alcohol oxidasc/pmtcin A/gold (inset 2B). C and I) tire of methanol-grown H. 
polymorpha, incubated in the presence of 2 t tg /ml  T-514. Alter 30 min of incubation, distinct interruptions of the peroxisomal 
membrane (arrow~) were observed. An initial stage of sequestration of a pcroxisome to be degraded is also seen in !) (*: 2 h of 
incubation with T-514). Abbreviations: A, aulophagic vacuole: M, miti)chondrion: N. nucleus: P. peroxisome: V. vacuole. The 

marker represent 0.5 #nl. 

survival rates given in Table 1 h)r H. polymorpha 
did not differ markedly from the results obtained 
with C. boMhdi. 

In general, the following observations were 
made after addition of 2 #g /ml  T-514 to batch 
cultures of each yeast in the exponential growth 
phase on methanol: a. growth ceased almost im- 
mediately; b. the peroxisomal membrane was af- 
fected; within 30 min of incubation, distinct holes 
were observed (Fig. IC,D), resulting in the leak- 

age of matrix proteins as was evident after im- 
munocytochemistry (Fig. 2A). Damage to other 
cellular membranes (e.g., nuclei, mitochondria 
and vacuoles) was not detected under these con- 
ditions; c. import of newly-synthesized matrix 
protein apparently became blocked, judged by 
the appearance of large cytosolic aggregates of 
peroxisomal matrix proteins (alcohol oxidase and 
dihydroxyacetone synthase) within 30 min of in- 
cubation in the presence of the toxin (Figs. lB, 
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Fig. 2. A and C: immunocytoehemical experiments on melhanol-grown It. i~oltvnorl~ha, supplemented with 2 .ug/ml T-514, using 
specific antibodies against alcohol oxidase and protein A/gold. After 30 rain of incubation cytosolic alcohol oxidase is evident (A, 
arrow). C shows an autophagic vacuole, present in the cell after 4 h of incubation, containing alcohol oxidase prolein. B and D are 
of methanol-grown ('. boidbaii, supplemented with 2 p.g/ml T-514. B shows the presence of many cytosolic aggregates (*) after 2 h 
of incubation which are labelled after incubations with anti-alcohol oxidase/protein A/gold. Only few peroxisomes are left. D 
shows the initial stage of development of new peroxisomes upon restoration of growth on methanol, 4 h after administration of the 

toxin. Abbreviations and bar length as in Fig. I. 

2B); d. inactivation o f  peroxisomal  matrix pro-  
teins was not  observed;  alcohol oxidase and  cata-  
lase activities in both  H. polymorpha and C. 
boidinii r ema ined  approximate ly  cons tan t  in the  
first 2 h af ter  adminis t ra t ion  of  the  toxin (data  
not  shown);  e. a f ter  2 - 3  h o f  incubat ion,  initial 
s tages  o f  the  proteolyt ic  tu rnover  of  individual 

d a m a g e d  peroxisomes  were  observed  (Figs. ID,  
2C). 

Degrada t ion  occur red  by the  same mechan i sm 
as desc r ibed  previously for g lucose - induced  
turnover  o f  perox isomes  in me thano l -g rown  cells 
o f  tl. pob'mort~ha [12]: peroxisomes  to be de-  
g raded  were  first s eques t e red  f rom the  cytosol by 
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electron-dense membranes (Fig. I D), followed by 
their uptake in the vacuole and degradation of 
the peroxisomal contents (Fig. 2C). Aftcr 4 h of 
incubation large autophagic vacuoles were fre- 
quently observed. 

4 h after adminstration of T-514 at a final 
concentration of 2 / . tg/ml the cultures started to 
grow again. This process was associated with the 
development of a number of small microbodies, 
which grew rapidly in size during further incuba- 
tion (Fig. 2D). The finding that proliferation of 
microbodies was not affected by the toxin was 
confirmed in experiments in which glucose-grown 
cells were shifted to fresh methanol-contair, mg 
media supplemented with 2 / , tg/ml T-514. Al- 
though growth was initially abolished (as ob- 
served in methanol-grown cells) for 4 -6  h, proJ~f- 
eration of microbodies initiated approximately 
2-3  h after the shift of cells to methanol, oc- 
curred by mechanisms fully identical to throe 
described for WT cells [4,7]. 

The proliferation effect in methanol-grown 
cells suggests that development of new pcroxi- 
somes was required to support continued growth 
on methanol. Henec, the damage to pcroxisomes 
present before adding toxin, but which had es- 
caped degradation, was probably not rcpaired. A 
comparable phenomenon was observed after 
placing KCN-treatcd methanol-grown cells of H. 
polymotpha into frcsh methanol media [13]. As a 
result of the cyanide treatment, FAD was re- 
moved from octameric alcohol oxidase moleculcs, 
thus inactivating the enzyme without affecting the 
peroxisome integrity. Inactivation appeared to be 
irreversible; reappearance of alcohol oxidase ac- 
tivity depended on protein synthesis. This newly 
synthesized alcohol oxidase was, however, not 
imported into the inactive alcohol oxidase-con- 
taining peroxisomes originally present. Instead, 
the new oxidase was located in a number of newly 
developed small organelles. As also T-514 af- 
fected the peroxisomes containing inactive alco- 
hol oxidase, and thus physiologically inactive, 
these peroxisomes were subject to proteolytic 
degradation upon further incubation of cyanide 
treated cells in fresh methanol media [13]. Sub- 
lethal doses of the toxin seem to have induced an 
impairment of  specific peroxisomal functions, as 

growth on methanol is initially abolished, al- 
though the activities of peroximmal key enzymes 
of methanol metabolism are not affected. As 
demonstrated in studies of peroxisome-defieient 
(per) mutants of H. polymorpha, growth on 
methanol is strictly dependent on the presence of 
intact peroxisomes [6]. Damaging the peroxisomal 
membrane may cause dissipation of the proton 
motive force across this membrane [14-16] and 
thus affect proper organellar function. Essen- 
tially, the leaky peroxisomes in T-514 treated 
cells are highly comparable to the large cytosolic 
crystalloids in per mutants of H. polymorpha 
which contain the bulk of the peroxisomal en- 
zymes but lack the surrounding membrane. De- 
tailed studies on these per mutants indicated that 
their inability to grow on methanol as sole carbon 
source was mainly related to the fact that, in the 
absence of an intact peroxisomal membrane, the 
cell has lost effective control of partitioning the 
fluxes of formaldehyde generated from methanol 
over dissimilatory and assimilatory pathways [6]. 
Administration of low doses of T-514 probably 
has a similar effect. However, the molecular 
mechanisms involved in the toxin/peroxisome in- 
teraction are still unknown and are a topic of 
current investigations. 
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