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v i t amins  a t  29~ 9. The aera t ion  ra te  was 0.57 1 air/1/min. 
Methano l  was added  as a vapor  to the  aera t ion  air. Cells 
were ha rves t ed  at  var ious in tervals  in the  course of 62 h. 

Af te r  cent r i fugat ion  the  cells were washed  wi th  0.067 
M p h o s p h a t e  buffer  p H  5.8, wi th  addi t ion  of 0.09 M 
NaC1. The pellet  was resuspended  in a mix tu re  of 2% 
pa ra fo rma ldehyde  and  2.5% g lu ta ra ldehyde .  Af ter  2 h 
a t  20 ~ the  cells were washed  twice, and incuba ted  in 1% 
OsO 4 for 16 h a t  4~ then  washed  twice and embedd ed  in 
2% agar. All the  t r e a t m e n t s  men t ioned  above were 
carr ied ou t  in phospha t e  buffer/NaC1. The cells were 
d e h y d r a t e d  in an alcohol series, s ta ined  wi th  1.5% 
uranyl  ace ta te  for 1.5 h a t  the  50% alcohol step,  and  
finally e m b e d d e d  in Epon.  Th in  sect ions  were cut  wi th  an 
L K B  microtome,  pos t s t a ined  wi th  2% uranyl  ace ta te  for 
2 min,  wi th  Reynolds  lead c i t ra te  for 5 min,  washed,  and 
f inal ly examined  wi th  a Phi l ips  E.M. 201. 

Results and discussion. We have  conf i rmed the  observa-  
t ion  of Os~JMI et  al. s t h a t  t he  occurrence of microbodies  in 
yeas t  depends  on the  age of the  cul ture  and on the  sub- 
s t r a t e  for growth.  In  our s tudies  t h e y  have  no t  been found 
in glucose-grown cells but ,  in me thano l -g rown  cells of 
Pichia pastoris, vary ing  number s  up to 8 were observed 
(Figures 1 and 2), wi th  h ighes t  f requences  in exponen-  
t ia l ly  growing cells. These microbodies  are separa ted  f rom 
each o ther  and f rom the  cy top lasm by  a single un i t  
membrane ,  and are of ten more or less rectangular .  
OsuMI et  al. 8 showed these  organelles to be p resen t  in 
var ious  yeas ts  grown on hydroca rbons  and  in Kloeckera 
sp. g rown on methanol ,  and VAN DIJKEN et  alA ~ de tec ted  
microbodies  in the  methano l -ass imi la t ing  yeas ts  Hansenula 
polymorpha, Pichia pinus and  Candida boidinii. 

St r i a t ed  or crysta l l ine  areas were observed  occasionally 
depend ing  on the  plane of sect ion (Figures 3 and 4). 
Con t ra ry  to results  ob ta ined  wi th  microbodies  f rom animal  
or p l an t  cells 1,6, the  crysta l l ine  s t ruc tu re  was evenly  
d i s t r ibu ted  over  the  ent i re  volume of microbodies  in 
me thano l  ass imi la t ing yeasts ,  and m a y  be responsible  
for the i r  rec tangular  shape.  These observa t ions  conf i rm 
the  resul ts  of VAN DIJKEN et al. 1~ wi th  f reeze-etched 
p repa ra t ions  of Hansenula polymorpha f rom a chemos t a t  
culture.  Crystal l ine s t ruc tures  could, as repor ted  in th is  
paper ,  only be ob ta ined  by  f ixat ion of the  cells wi th  
pa ra fo rma ldehyde /g lu t a ra ldehyde .  KMnO 4 f ixat ion dem- 
ons t r a t ed  the  out l ines of microbodies ,  bu t  did no t  
reveal  the i r  in ternal  s t ructure ,  as was also found by  
OsuMI et  at. s. 

The per iodic i ty  calculated f rom s t r i a ted  areas (Figure 
3) was  abou t  125 A, and var ied be tween  95 and 105 A in 

crysta l l ine  regions. The na tu re  of the  enzymes  p resen t  in 
yeas t  microbodies ,  apa r t  f rom catalase  which  was 
d e m o n s t r a t e d  b y  cy tochemica l  staining,  is still  unknown,  
owing to difficult ies in ob ta in ing  isolated and  in tac t  
p repa ra t ions  of these organelles. However ,  there  is a 
s t r iking corre la t ion be tween  the  occurrence of micro- 
bodies and  the  catalase  co n t en t  of yeas t  cells. Methanol ,  
as a subs t r a t e  for growth,  increased the  ca ta lase  co n t en t  
of the  cells 5-fold n, and n-a lkane  10 to 50-fold 12 as 
compared  wi th  glucose-grown ceils. Therefore,  one migh t  
ponder  on the  possibi l i ty  t h a t  the  crysta l l ine  na tu re  of 
yeas t  microbodies  m a y  be p rovoked  pr imar i ly  by  the  high 
co n t en t  of catalase.  

In  me t h an o l -g ro w n  yeasts ,  th i s  enzyme  was d e m o n s t r a t -  
ed to degrade  H20 2 bo th  by  catalase and by  peroxidase  
ac t iv i ty  wi th  me t h an o l  as a s u b s t r a t e ~ .  Studies  on liver 
peroxisomes  revealed t h a t  fo rma ldehyde  and  formia te  
were also pe rox ida t ive ly  metabol ized  5. I t  is no t  ye t  
clear w h e t h e r  these  react ions  p lay  a role in yeas t  me t ab -  
olism. 

Though  the  significance of microbodies  in yeas t  has  
still to be elucidated,  bo th  alkane-  and me thano l -  
ass imila t ing yeas ts  offer oppor tun i t i e s  for s tudy ing  th is  
in t r iguing phenomenon .  

Zusammen/assung. In  auf  Methanol  gewachsenen  
Zellen yon Piehia pastoris wurden  in <~Microbodies~> oder  
Pe rox i somen  nach  F ix ie rung  mi t  P a r a f o r m a l d e h y d /  
Glu ta ra ldehyd  kris tal l ine S t ruk tu ren  beobach te t .  
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Act iv i t6  a n t i m i c r o b i e n n e  de Candida hordei  DE MIRANDA et  DIEM 

A n t i m i c r o b i a l  Act iv i ty  of Candida hordei DE MIRANDA and DIEM 

L ' a p t i t u d e  g produire  des an t ib io t iques  est  r a r e m e n t  
observ6e chez les levures. Au cours de nos recherches  sur 
les microorganismes  de la phyl losph6re  de l 'Orge, nous 
avons  n~anmoins  constat~ que les cul tures  de Candida 
hordei, une levure r6cemment  d6crite par  DE MIRANDA et 
DIEM 1, 6ta lent  capables  d ' i nh ibe r  la croissance de divers 
bact6ries  et  champignons .  Cette  note  r appor t e  les pre- 
miers  rdsul ta ts  de nos t r a v a u x  sur ce phdnom~ne.  

Matdriel et mdthodes. L'ac t iv i t6  an t imic rob ienne  de C. 
hordei est  d ' abo rd  raise en 6vidence par  la m6thode  
classique des stries. A l 'a ide d 'une  suspension de spores 
de Colletotrichum graminicola (Ces.) Wilson et  de divers  
au t res  mieroorganismes  unicel lulaires  (Figure 1), on 

t race  des str ies pe rpend icu la i r emen t  g des cul tures  de 
C. hordei g~g6es de 3, 5 et  8 jours  e t  ob tenues  sur  le milieu 
ci-dessous:  glucose, 20 g; asparagine,  1,5 g; KH2PO ~, 0,5 
g; K~HPO~, 0,5 g; MgSO 4, 7 HeO, 0,5 g; KC1, 0,5 g; 
ex t ra i t  de levure, 1 g; gdlose, 15 g; eau, 1 l i tre;  p H  ajust~ 
6. Apr~s 12 h d ' incuba t ion ,  le nombre  de spores germ~es de 
C. graminicola est  6valu6 d i r ec t emen t  au microscope l and i s  
que, pour  les microorganismes  unicellulaires,  l ' inh ib i t ion  
de leur croissance est  enregistr~e apr~s 3 jours d ' i ncuba -  

1 L. R. DE MIRANDA et H. G. DIEM, Can. J. Dot. 52, 279 (1974). 
2 l.'auteur remcrcie M. le Professeur F. MANGENOT qui a bien voulu 

apporter des corrections "l cette note. 
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Fig. 1. Inhibition de laroissance de divers microorganismes par 
Candida hordei; de gauche A droite: Candida muscorum, Tilletiopsis 
minor, Sporobolomyces roseus, Bacillus pumilus, bact6rie Gram positif, 
bact6rie Gram n6gatif. 

Effet de Candida hordei sur la survie de Sporobolomyces roseus et de 
Colletotrichum graminicola 

Mieroorganisme Temps d'incubation (h) 

3 6 9 12 

Sp. roseus 43 9 0 0 

C. graminicola 37 12 4 0 

Les r6sultats expriment le pourcentage de propagules survivantes. 

t ion.  L 'e f fe t  de l ' an t ib io t ique  sur ces microorganismes  
est  ne t  mais  semble  6tre s61ectif (Figure 1). Sporobolo-  
m y c e s  roseus  K l u y v e r  e t  Van  Niel montre" une inhib i t ion  
trbs marqu6e  alors que C a n d i d a  m u s c o r u m  Di Menna  
est  p a r f a i t e m e n t  r6sis tant .  Chez les bact6ries,  les germes 
Gram posi t i f  son t  n e t t e m e n t  plus sensibles que ceux Gram 
n6gatif .  La  croissance des germes sensibles s ' a r r~ ten t  
tou jours  A 20 m m  envi ron  de la str ie de C. hordei.  

Rdsu l ta t s  et d i s cus s ion .  Les essais on t  mont r6  que 
l!activit6 an t imic rob ienne  de C. hordei  ne s 'es t  manifes t6e  
qu ' au  bou t  de 8 jours  de cul ture.  Nous ne savons  pas  si 
ce d61ai est  dfi A la fo rma t ion  ta rd ive  de l ' an t ib io t ique  
par  la levure ou 5. la t r a n s f o r m a t i o n  ult6rieure, dans  le 
milieu de culture,  des m6tabol i tes  p r6a lab lement  excrdt6s. 

Apr6s 12 heures  d ' incuba t ion ,  la to ta l i t6  des spores  de 
C. g r a m i n i c o l a  tes t6es est  incapable  de germer  A 10 m m  
de l ' emp l acemen t  de la levure. A 15 m m  et  ~ 20 mm,  le 
t a u x  de ge rmina t ion  de ces spores est  r e s p e c t i v e m e n t  de 
67~o et  de 100~o. A c e s  m4mes dis tances,  la longueur  
mo y en n e  des tubes  germina t i f s  est  r e s p ec t i v emen t  de 
18 ~m e t  de plus de 300 ~m. Une  deuxi6me observa t ion ,  
effectu6e 8 heures  plus ta rd ,  mon t r e  qu ' aucune  var ia t ion  
n ' e s t  in te rvenue  dans  le pourcen tage  de germinat ion ,  ce 
qui indique  que celle-ci n ' e s t  pas  re tard6e mais  d4finiti- 
v e m e n t  inhib6e par  l ' an t ib io t ique .  

D ' a u t r e  par t ,  apr6s un d6but  de d6ve loppement ,  les 
s tr ies  r6alis6es avec des levures  roses s p .  roseus  ou Rhodo-  
torula  sp. se son t  ensui te  d4color6es p rog res s ivemen t  en 
commen~an t ,  b ien en tendu ,  pa r  l ' ex t r6mit6  la plus proche 
de la s tr ie  de C. hordei .  Les essais de repiquage X pa r t i r  des 
pr416vements effectu6s dans  ce t te  zone m o n t r e n t  que la 
dispar i t ion,  chez ces levures,  de la p i g m e n t a t i o n  est  aussi 
accompagn6e  de la m o r t  de leurs cellules. De m~me, les 
spores  de C. g r a m i n i c o l a  ou les bact6ries p r6a lab lement  
inhib6es par  la cul ture  de C. hordei  se r6v61ent incapables  
de germer  ou de croi t re  lorsqu'el les  sont  t ransf6r6es sur 
un milieu nu t r i t i f  neuf. P a r  cons6quent ,  nous pensons  
que  C. hordei  p ro d u i t  une subs tance  germicide.  

La  survie des microorganismes  soumis ~ Fact ion  de C. 
hordei  est  d6termin6e d 'apr6s  le protocole  exp6r imenta l  
su ivan t  : ~ 5 m m  d e  la str ie de ce t te  levure,  nous  d6posons 
des carr6s de ce l lophane p r6a lab lement  st6rilis6s e t  por-  

Fig. 2. Lyse des spores de Colletotrichum graminicola mises en pr6- Fig. 3. Lyse des cellules de Sporobolomyces roseus mises en pr6- 
sence de Candida hordei, sence de Candida hordei. 
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t a n t  soit  des spores de C. graminicola soit  des cellules de 
Sp. roseus. Les spores fongiques e t  les levures  Ag6es 
r e spee t i vem en t  de 7 e t  3 jours son t  en con tac t  d i rec t  avec 
le milieu de cul ture  de C. hordei. P6r iodiquement ,  les 
organismes test6s son t  retir6s s l 'a ide de ta feuille de 
cel lophane suppor t .  Le tou t  est  soumis au lavage pa r  
cent r i fugat ion  p e n d a n t  10 min  ~ 4000 tou r s /min  (centri-  
fugeuse Mar t in  Christ ,  t y p e  UJ1S)  dans  50 ml  d 'eau  
st6rile. Les microorganismes  ainsi t rai t6s son t  ensui te  
6tal6s sur milieu nu t r i t i f  g61os6 et  apr6s 12 h d ' i n c u b a t i o n  
leur survie est  d6termin6e au microscope par  le pourcen-  
tage  de ge rmina t ion  des spores de C. graminicola ou pa r  
celui de b o u r g e o n n e m e n t  de cellules de Sp. roseus. 
L 'obse rva t i on  des propagules  r e s t an t  sur le milieu de 
cul ture  de C. hordei ne r6v61e aucune  ge rmina t ion  ou 
b o u r g e o n n e m e n t  de leur par t .  L ' absence  ult6rieure sur ce 
m6me milieu de tou te  forme de croissance mon t r e  que 
ces propagules  son t  bien tu6es. 

Les r6sul ta ts  consign6s darts le Tableau m o n t r e n t  que 
C. graminicola et  Sp. roseus sont  en grande  pa r t i e  tu6s 
apr6s 3 h seu lement  de con tac t  avec le milieu de croissance 
de C. hordei. Apr6s 9 h d ' incuba t ion ,  aucune cellule n ' e s t  

plus viable.  A c e  m o m e n t ,  l ' obse rva t ion  au microscope 
op t ique  de sp.  roseus et  de C. graminicola ne mon t re  
aucune  diff6rence en t re  une  cellule saine e t  une  cellule 
tu6e. Mais apr6s 48 h de t r a i t emen t ,  on peu t  cons ta t e r  
que tou tes  les cellules de Sp. roseus et  les spores de C. 
graminicola sont  en par t ie  lys6es avec dissolut ion de leur 
cy toplasme.  Cette  d issolut ion est  d6jk tr6s ne t t e  chez la 
p lupa r t  d ' en t r e  elles au bou t  de 72 h t and i s  que leur 
parois  r e s t en t  in tac tes  (Figures 2 et  3). Ces observa t ions  
conf i rmen t  donc que l ' an t ib io t ique  form6 par  C. hordei a 
e f fec t ivement  provoqu6,  chez les microorganismes  test6s,  
la m o r t  suivie de la lyse de leurs cellules 2. 

Summary .  A new species of yeast ,  Candida hordei DE 
MIRANDA and DIEM, is able to  p roduce  an ant ib io t ic  
wh ich  kills and  lyses diverse  microorganisms.  

H. G. DIEM 

Laboratoire de Botanique et de Microbiologie, 
Centre de 2me cycle, Universitd de Nancy,  
F-54037  Nancy  (France), 74/dvrier 1975. 

Cytokinin-Like Activity in Extracts from Culture 

Olive knot ,  caused by  the  b a c t e r i u m  Pseudomonas 
savastanoi (E. F. Sm.) Stevens,  is charac te r ized  by  the  
fo rmat ion  of galls on young s tems,  leaves and  o the r  
organs of the  olive. Similar  ou tg rowths  are found on a 
na r row range of o the r  species including o leander  1 and  
p r ive t  2. Gall d e v e l o p m e n t  involves  e s t ab l i shmen t  of the  
bac ter ia  wi th in  lysogenous cavities,  followed by  hyper -  
t rophy ,  hyperp las ia  and vascular  d i f ferent ia t ion  of t he  
sur rounding  cells a. The h y p e r t r o p h y  can be induced  on 
oleander  by  t r ea t ing  it w i th  cul ture f i l t ra tes  f rom P .  
savastanoi or indole-3-acetic  acid (IAA)3. The bac t e r i um 
itself has  been shown ac t ive ly  to synthes ize  indole-3- 
ace tamide ,  IAA and its lysine conjugate4-% Thus,  the  
hype r t roph i ed  cells in the  gall m a y  resul t  f rom aux in  
p roduc t ion  by  the  bacteria.  Subs tances  which  could 
cause hyperp las ia  have  no t  been  examined ,  bu t  based  on 
the i r  wel l -known and  charac ter i s t ic  s t imula t ion  of cell 
division, i t  has  been suggested t h a t  cy tokin ins  m a y  be 
involved 3. We repor t  here on the  p roduc t ion  of some 
substance(s)  hav ing  cytokinin- l ike  ac t iv i ty  by  19. sava- 
stanoi. 

A culture of P. savastanoi (NCPPB 639) was grown 
wi th  agi ta t ion  in WOOLLEY'S med ium 7 for var ious  
periods of t ime at  25 ~ The cells were t hen  r emoved  by  

Table I. Growth promotion of tobacco callus by ethyl acetate 
extracts from cultures of P. savastanoi of different ages 

Treatment Fresh wt. (g) 

3-day culture 0.91 
7-day culture 1.27 
10-day culture 2.39 
12-day culture 2.25 
complete medium ~' 2.92 

IAA 0.48 
- kinetin 0.54 

~Average of 9 callus pieces. Culture filtrate equivalent to 10 1 per 1 
medium. WFhe same controls apply to the data in Table II. 

Filtrates of P s e u d o m o n a s  savas tano i  

cen t r i fuga t ion  and  f i l t ra t ion  (Millipore, 0.45 ~xm). After  
concen t r a t ing  2-fold a t  40 ~ under  reduced  pressure,  the  
f i l t ra te  was ad jus t ed  to p H  7.8 wi th  1 N K O H  and 
ex t r ac t ed  5 t imes  wi th  1/5 volumes  e thy l  aceta te .  Excess  
d ry  Na2SO 4 was added  to the  combined  organic ex t r ac t  
to remove  the  res idual  water .  The ex t r ac t  was then  
f i l tered and  evapo ra t ed  to  d ryness  a t  40 ~ in vacuo. The 
residue was redissolved in e thanol ,  f i l tered and  again 
evapo ra t ed  to dryness .  

In  the  beginning  of the  work,  th is  residue was s imply  
redissolved in a min imal  volume of 0.1 N N a O H  and  
di lu ted  wi th  wa te r  before use. La te r  on it was redissolved 
in e thanol  and  spo t t ed  on TLC plates  (Merck, Silica Gel 
60 F-254, 0.25 ram) wh ich  were deve loped  wi th  chloro- 
f o r m : m e t h a n o l  (9:1). U n d e r  UV-l igh t  (254 and 366 rim) 
11 bands  could be dis t inguished.  Each  was scraped off 
separa te ly  and its con ten t s  e luted wi th  e thanol .  This  was 
f i l tered and dried in vacuo.  The residue was then  redis- 
solved in 0.1 N N a O H  and  di lu ted  wi th  water .  

All p repa ra t ions  were t e s t ed  for cytokinin- l ike  ac t iv i ty  
using the  g rowth  response  of tobacco callus and r e t en t ion  
of ch lorophyl l  b y  senescing oat  leaves criteria.  The 
t echn iques  and  m e d i u m  (RM 1964) of LINSMAIER and  
SKOOG s were used for t he  tobacco  callus assay.  For  each 
t r e a t m e n t  3 flasks, each conta in ing  3 pieces of tobacco  
(cv. Wiscons in  307) callus, were used. The  p repa ra t ions  
were  fil ter s teri l ized (Miilipore, 0.45 ~xm) and  incorpora ted  
in to  the  med i u m jus t  before  it gelled. The m e d i u m  
con ta ined  no p l an t  h o rmo n es  ini t ial ly when  a crude e thy l  
ace ta te  ex t r ac t  f rom a 7-day cul ture  was tes ted ,  b u t  la ter  
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