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back  to  i ts  or ig ina l  pos i t ion  as e i the r  a b l ack  or wh i t e  
s t r ipe  passed  across t h e  eye. 

A f u r t h e r  di f ference in response  was seen w h e n  a 
single b l ack -whi t e  edge was passed  across t he  left  eye. 
F igure  c) and  d) show t h e  response  of a female  Pieris to  
smal l  m o v e m e n t s  of a wh i t e -b l ack  edge (white  anter ior)  
a n d  t he  b l ack -whi t e  edge (black anter ior) .  A l t h o u g h  t he  
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The head movement responses of male and female Pieris to move- 
ment of 90 ~ stripes and single edges. Upward deflection in both 
bead movement and drum marker traces indicates movement to the 
right. Vertical calibration shows degrees of head turning. Speeds for 
large movements of broad stripes were approximately 90~ and for 
small movements of single edges 8~ a-d) responses of female; a, b) 
to movement of 90 o stripes. Arrows point to oscillations induced by 
the broad stripes, c) Response to white-black edge and d) black-white 
edge. e-g) Responses of male Pieris; e) to movement of 90 ~ stripe, f) 
to movement of white-black edge and g) black-white edge. 

Black-white ecige (both 
directions) 

White-black edge (both 
directions) 

Males (%} Females (%) Males (%) Females (%) 

72.5 100.0 70.5 2.3 
97.5 64.0 66.6 0.0 
91.0 83.5 93.5 0.0 
84.0 86.4 88.5 12.8 

98.8 56.7 

female ' s  h e a d  fol lowed t h e  m o v e m e n t  of t he  b l ack -whi t e  
edge in bo t l l  d i rect ions,  t he  h e a d  t u r n e d  in t h e  oppos i te  
d i rec t ion  w h e n  t he  wh i t e -b l ack  edge was moved .  The  
males  fol lowed t he  m o t i o n  of b o t h  edges (Figure  f a n d  g). 

Fo r  each  a n i m a l  d a t a  f rom a p p r o x i m a t e l y  40 tes t s  w i t h  
each  edge were expressed  as t he  pe rcen t age  of m o v e m e n t s  
where  t h e  head  m o v e d  in t he  d i rec t ion  of d r u m  r o t a t i o n  
(Table).  

Tests  where  t he  h e a d  d id  no t  m o v e  a t  all  were exc luded  
(up to 1 in  6 tr ials) .  There fore  0% i n d i c a t e s a  100% 
reversal .  A ~r t e s t  on  t he  pooled d a t a  shows a s ign i f ican t  
di f ference a t  t h e  0" 1% level  b e t w e e n  responses  of t he  ma le  
and  female  to  t he  wh i t e -b l ack  edge and  be tween  responses  
of t he  female  to  b l ack -whi t e  and  wh i t e -b l ack  edges. No 
difference was found  be tween  male  and  Iemale  responses  
to  b l ack -whi t e  edge or ma le  responses  t o  b l ack -wh i t e  
edge. I n  t i le female  i t  is p r e s u m a b l y  t h e  reversa l  of re- 
sponses to  one edge t h a t  causes  t he  h e a d  to osci l late w h e n  
ve ry  b road  s t r ipes  are passed  before one  eye. 

To d e m o n s t r a t e  t h a t  t he  reversa l  response  of t he  female  
to  t he  b l ack -whi t e  edge was indeed  a n  o p t o m o t o r  response  
e i the r  edge was p laced  in f ron t  of the  eye in t he  dark.  The  
head  m o v e m e n t  was no t ed  w h e n  t he  l igh t  was  swi tched  on. 
I n  t he  3 females  t e s t ed  (10 t r ia l s  w i t h  each  edge) t he re  was 
usua l ly  no m o v e m e n t  (only 1 t r i a l  ill 5). No preference  
could be  seen for e i the r  b lack  or wh i t e  areas.  There fore  
t he re  was no  p h o t o t a c t i c  preference.  

I n  t he  cour t sh ip  b e h a v i o u r  of Pieris t h e  ma le  m a y  
pu r sue  e i the r  f ly ing males  or females.  The  female  exh ib i t s  
no  such  behav iour ,  on ly  a l i gh t i ng  i m m e d i a t e l y  a f te r  
accep t ing  a p u r s u i n g  maleK The  male,  for accu racy  of 
pursu i t ,  m a y  h a v e  d i f fe ren t  v i sua l  r e q u i r e m e n t s  f rom the  
female,  p a r t i c u l a r l y  w i t h  respec t  to  m o t i o n  analysis .  The  
dif ference be tween  t he  sexes in  o p t o m o t o r  responses  also 
reflects  a d i f ference in t he  v i sua l  sys tem.  Th i s  m a y  be  
e i the r  a s t r u c t u r a l  or func t iona l  di f ference in t h e  opt ic  
lobes where  m o t i o n  pe rcep t ion  is t h o u g h t  to  t ake  place 6. 
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Zusammen/assung. M/~nnliche u n d  weib l iche  Kohlweiss-  
linge, Pieris rapae L., zeigen un te r sch ied l i che  op tomo-  
to r i sche  l~eak t ionen  zu e iner  b e w e g t e n  Schwarz-weiss-  
Kan te .  Es  wird  a n g e n o m m e n ,  dass  dies auf  un t e r sch i ed -  
l icher  neu ra l e r  I n t e g r a t i o n  im Z e n t r a l n e r v e n s y s t e m  der  
be iden  Gesch lech te r  b e r u h t  und  dass  die spezifische 
op tomoto r i s che  R e a k t i o n  des M/ innchens  bei  se inem 
visuel l  o r i en t i e r t en  G e s c h l e c h t s v e r h M t e n  yon  B e d e u t u n g  
ist. 

4 K. MIMURA, Z. vergl. Physiol. 73, 105 (1971). 

U l t r a s t r u c t u r e  o f  E p i h y p h a l  R h i z o i d s  i n  Allomyces arbusculus 

F u n g a l  rh izoids  can  be  def ined  as n o n - n u c l e a t e d  t h i n  
t ubes  fo rmed  in t he  basa l  ex tens ion  of t he  m a i n  t r u n k - l i k e  
h y p h a e .  I n  a q u a t i c  fungi,  such  basa l  rh izoids  are usua l ly  
po la r ly  e m i t t e d  e i the r  f rom zoospores of zygotes  1. i n  
ex t ens ive ly  g rown myce l i a  of A llomyces, o the r  rh izoids  
also a p p e a r  l a t e ra l ly  f rom t h e  m a i n  h y p h a e  a n d  can  t h u s  

m e n t a l  cond i t ions  l ike t he  presence  0 f s u b l e t h a l  concen t r a -  
t ions  of copper  ions in t i le m e d i u m  2 or, a s r ecen t ly  found  
a n d  appl ied  in t he  p re sen t  s tudy ,  u n d e r  t he  s e m i - a n a e r o b i c  
cond i t ions  of s u b m e r g e d  l iquid  cu l t iva t ion .  

be des igna t ed  as ep ihypha l .  T h e i r  ex t rus ion  t h r o u g h  t he  1 R. EMERSON, Lloydia d, 77 (1941). 
h y p h a l  walls can  be h igh ly  increased  u n d e r  ~er ta in  ev i ron-  2 :G, TURIA~, Bull. Soc. hot., Gen~ve 7d, 241 (1964). 
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Fig. 1. An epihyphal rhizoid showing 
vesicula (v) in its tapering, apical 
portion and ribosomes (r) in the more 
basal zone. Insert, a rhizogmlic hypha. 

Fig. 2. Apex of a young rhizoid, den- 
sely packed with ribosomes. 

R e p o r t s  on  u l t r a s t r u c t u r e  of fungal  rh izoids  are st i l l  
few a n d  concern  on ly  t h e  basa l  types  in  aqua t i c  fungi,  
such  as Rhizophlyctis rosea a a n d  Blastocladiella emersonii 4. 
I n  a genera l  u l t r a s t r u c t u r a l  s t u d y  of Allomyces 5, we h a d  
m a d e  only  a n  i nc iden t a l  no t ice  of t he  e p i h y p h a l  rhizoids .  
Th i s  ha s  induced  us to  pur sue  a more  de ta i led  s t u d y  of 
such  'o rgans ' ,  wh ich  are  of g rea t  i n t e r e s t  because  t h e y  
grow b y  apica l  e longa t ion  like h y p h a e  b u t  u n d e r  r e m o t e  
nuc lea r  control ,  i.e., t h e  nuc leus  wh ich  cont ro l s  t h i s  
g r o w t h  process  is p re sen t  in t he  s u p p o r t i n g  h y p h a .  

Allomyces arbusculus has  been  grown a t  25~ f rom 
meiospores  inocu la t ed  in glucose-casein hyd ro ly sa t e -  
yeas t  ex t rac t .  60 ml  of t h i s  l iquid  m e d i u m  6 was d i spensed  
in to  200 ml  f lasks wh ich  induced  t he  f o r m a t i o n  of sma l l  
mycel ia l  bai ls  of g a m e t o p h y t i c  m y c e l i u m  af te r  3 days  of 
mi ld  ag i t a t i on  on  t h e  shaker .  

These  bal ls  were w a s h e d  w i th  dis t i l led water ,  pa r t i a l l y  
dr ied  w i t h  a b s o r b e n t  p a p e r  and  f ixed for 30 m i n  in g lu ta ra l -  

d e h y d e  3% in v e ro n a l  buf fer  p H  7.2. Af ter  r epea ted  
wash ings  in buffer ,  t h e  m a t e r i a l  was  pos t f ixed  in 1% 
OsO4 in p h o s p h a t e  buffer  for 30 rain,  washed,  and  s t a ined  
in u r an y l -n i t r a t e .  Sec t ioning  was done  on a P o r t e r - B l u m  
u l t r a m i c r o t o m e  a n d  obse rva t ions  were  m a d e  w i t h  t h e  
H i t a c h i  e lec t ron  microscope,  model  HS-7S.  

I n  a l ong i tud ina l  sect ion of e p i h y p h a l  rhizoids,  a basa l  
zone more  dense ly  p o p u l a t e d  w i t h  r ibosomes,  an d  an  
ap ica l  zone c o n t a i n i n g  m a i n l y  smal l  vesicula,  can  be 
d i s t ingu i shed  (Figure  1). Such  a topocy to log ica l  d i s t i n c -  
t ion  did  n o t  a p p e a r  in t h e  only  pa r t i a l l y  long i tud ina l  see- 

3 T. C. CHAMBERS and L. G. WILLOUGHBY, J. R. microsc. Soc. 83, 
355 (1964). 
P. E. LESSlE and J. s. LOVETT, Am. J. Bot. 5,.5, 220 (1968). 

5 G. TURIA~ and N. OULEVEY, Cytobiologie d, 250 (1971). 
6 G. TURIA~, Devel. Biol. 6, 61 (1963). 
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Fig. 3. Rhizoidal outgrowth from hy- 
pha with a thick hyphal wall (hw) and 
thinner rhizoidal wall (rw); element 
of endoplasmie retieulum (er) and a 
mitoehondrium (m) in the rhizoidaI 
base. 

Fig. 4. Shor, t rhizoids plugged (arrow) 
at their vesicula-rich (v) insertion 
point on older hyphae. 

t i on  i nc iden t ly  shown  in a p rev ious  u l t r a s t r u c t u r a l  s t u d y  
of A llomyces 5. 

M a x i m a l  dens i t y  of r i bosoma l  pack ing  is e v i d e n t  in  
shor t ,  y o u n g  rh izo ida l  e l emen t s  (Figure  2) genera l ly  
showing  a few large g ranu les  w i t h  a dense  core. These  
p r e s u m a b l y  co r respond  to  t he  m e t a c h r o m a t i c ,  poly-  
p h o s p h a t e - c o n t a i n i n g  granules  p rev ious ly  de t ec t ed  in a n  
op t ica l  microscope  s t u d y  7. 

E l e m e n t s  of t yp i ca l  endop lasmic  r e t i cu lum were rare  
a n d  m a i n l y  p r e sen t  in  t h e  basa l  zone of rh izo ida l  out -  
g rowth ,  in  wh ich  a few poor ly  c r i s t a t ed  m i t o c h o n d r i a  can  

be  seen (Figure 3). The  l iv ing  cha rac te r i s t i c s  of t h e  rh i -  
zoids should  be emphas ized ,  especial ly  t he i r  h igh  r ibo-  
somal  con ten t ,  i n  s h a r p  c o n t r a s t  w i t h  t h e  senescing aspec t  
of t h e i r  r e la t ive ly  e m p t y  s u p p o r t i n g  h y p h ae .  I n  t h e  d i s ta l  
rh izogenic  region,  no te  t h e  t h i c k  wal l  an d  a sparse,  
decreased  c o n t e n t  of cy top l a smic  e lements .  Shor t ,  
r i b o s o m e - c o n t a i n i n g  rhizoids  o u t g r o w n  f rom t h e  older, 

7 G. TURIAN, Rev. Cytol. Biol. v~g. 19, 241 (1958). 
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more  dis ta l  por t ions  of such hyphae ,  can be separa ted  
f rom the  auto lysed  hypha l  con t en t  by  a dense plug 
isolated beh ind  a res t r ic t ive  zone conta in ing  only smal l  
vesicula (Figure 4). The survival  of rhizoids,  suggested 
f rom the i r  still  dense, r ibosolnes-c0nta ining cy top la sm is 
in teres t ing  f rom a physiological  po in t  of view. 

s The support of the Swiss National Research Fund is gratefully 
acknowledged. 

Rdsumd. Les rhizoides d'Allomyces arbusculus, 6mis 
d ' h y p h e s  v6g6tatifs  et  ell cons6quence nomm6s  6pihy- 
phaux ,  sont  �9 en r ibosomes quand  ils sont  jeunes;  ils 
se rempl i ssen t  pa r  contre  de v6sicules et  ne con t i ennen t  
plus que quelques  mi tochondr ies  peu d6velopp6es dans  
les plus gg6s. 

G. TtlRIAN and N. OULEVEvS 

Laboratoire de Microbiologie gdndrale, 
Universitd de Gen~ve, 
CH-7217 Gen~ve 4 (Switzerland), 75 January 1973. 

The G r o w t h  of Cell M e m b r a n e s  Dur in~  S y n c h r o n i z e d  Cell D i v i s i o n  of Saccharomyces cerevisiae 

The s tudy  of b iosynthes is  of complex  s t ruc tures  such 
as cellular m e m b r a n e s  p resen t s  several  p roblems like the  
growth  of these  m e m b r a n e s  in d ividing cells. In  the  p resen t  
paper,  the  d is t r ibu t ion  of r ad ioac t iv i ty  in t he  cy toplasmic  
m e m b r a n e s  of m a tu r e  and young  cells labelled by  pulse 
chase t echn ique  has  been inves t iga ted .  

Buds  and  ma tu re  ceils of yeas t  Saccharomyces cerevisiae 
s t ra in  IMI 140428 cul t iva ted  in E d i n b u r g h  Minimal  
Medium 1 wi th  L-Leucine-SH (105 cpm/ml)  added  dur ing 
the  last  30 min  of incuba t ion  were used. Cells (about 30 g 
wet  weight)  t aken  f rom the  cul ture in mid  log phase  were 
collected by  cen t r i fuga t ion  and  washed  twice wi th  the  
same b r o t h  free f rom radioac t iv i ty .  Sucrose dens i ty  
cen t r i fuga t ion  (tube 80 ml  capaci ty)  according to. MIT- 
CHINSON and  VINCENT 2 m e t h o d  was employed  to  ob ta in  
synchronous ly  growing cultures.  The top  layer  (--~ 5%) of 
ceils was collected and  incuba ted  ill new nonrad ioac t ive  
EMM broth�9 All the  opera t ions  were pe r fo rmed  at  25~ 
Samples  of the  synchronized  cell suspensions  were 
collected on 0.025214 cyanide  dur ing the  f irs t  d ivis ion 
cycle a t  60, 75 and  90 min  of incuba t ion  (in t h e  phase  
preceding  nuclear  division) and  at  115 rain (after nuclear  
division;  doubl ing t ime  125 rain). The ceils collected by  
cen t r i fuga t ion  were dras t ica l ly  shaken  in a "vVaring 

b lendor  for 30 sec. In  th is  way,  buds  are de tached  f rom 
p a ren t  cells wi th  a yield ranging f rom 10 to 25% (Table). 
The sample  conta in ing  buds  and  p a r en t  cells was layered 
on sucrose grad ien t  3. Af ter  centr i fugat ion,  the  top  layers 
conta in ing  the  buds  were separa ted  f rom the  o ther  layers 
conta in ing  bo th  the  budd ing  cells and large cells. Cells 
were checked for size d i s t r ibu t ion  by  phase  con t ras t  
microscopy.  

Membrane  isolation was carried out  b o t h  on buds  and 
ma t u re  cells. For  th is  purpose,  the  cells were t r ans fo rmed  
into p ro top las t s  by  the  EDDY and  WILLIAMSON 3 method ,  
using a c i t ra te  phospha t e  buffer  0.005 M p H  5.8 conta in ing  
0.55M rhamnose  and  1.0 mg /ml  freeze-dried snail  enzyme 
(Helix pomatia). Membranes  were then  puri f ied as 
descr ibed by  MATILX 4. Controls  for the  absence of hexo-  

1 j .  M. MITCHINSON and P. R. GROSS, Expl Cell Res. 37, 259 (1965). 
J. M. MITCmNSON and W. S. VINCENT, Nature, Lond. 205, 987 
(1965). 

a A. A. EDDY and D. H. WILLIAMSON, Nature, Loud. 179,.1252 
(1957). 

4 Ph. MATILR, Membranes Structure and Function; FEBS Sym- 
posium 20, 39 (1970). 

Specific radioactivity of protein and lipids of purified membranes obtained from mature cells and buds of syncronized cultures of Saccharo- 
myces 

Time (min) Cell recovery �9 Total Total radio- Specific Relative specific 
(% of total cells protein (mg) activity (cpm) radioactivity radioactivity 
layered on the (epm/mg) 
gradient) 

Inoculum ' .... 
Top layer (buds) 

Other layers (mature cells) 
:r 

Leueine-aH experiments 

3.92 17560 4479 1.00 
60 10 0.54 1670 3092 0.69 
75 16 1.09 2878 2641 0.59 
90 19 1.37 3390 2474 0.55 

115 25 1.94 4408 2272 0.51 
60 90 5.33 15936 2989 0.66 
75 84 5.38 14426 2681 0.59 
90 81 5.66 14619 2582 0.57 

115 75 6.22 14057 2259 0.50 

a2PO ~ experiments 

Inoculum 3.65 1270 348 1.00 
Top layer (buds) , 90 19 1.46 284 195 0.56 
Other layers (mature ceils) 90 81 5.50 1105 201 0.58 

Mature cells and buds were separated by centrifugation in sucrose density gradient. The data are the average of 3 experiments. �9 Cell count 
~n haemoeytometers. 


