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Table II. Biosynthesis of labeled ergosterol from [2-14C]-acetate in S. cerevisiae SKI using CoA-enrichment and anaerobic-aerobic procedure. 
Anaerobic Growth in Coenzyme-A deficient medium~, b. Aeration suspension c (0.1% glucose, 0.1 M [2-14C]acetate, 0.1 M phosphate, pH 7.0, 
1.0% YNB containing 25 mg CoA a 

Cell concentration Ergosterol recovered e Incorporation efficiency ~ Overall incorporation 
(g wet cells/100 ml aeration medium) (mg) 

20 4.8 4.5 0.08 

1% Wickerham's Yeast Nitrogen Base (YNB) without pantothenic acid, 10% dextrose, and 17 mg/ml Tween 80 and 20 [xg/ml tetracycline 
b Same as (b) in Table I. o Same as (c) in TabIe I. a Grade II-A from Sigma. e Same as (d) in Table I. ~ Same as (e) in Table I. g Same as 
(f) in Table I. 

Table III. Biosynthesis of labeled ergosterol from [2-14C]-acetate in S. cerevisiae SKI during sporulation. 
Sporulation Conditions for A and B: aerobic, 1% labeled acetate, 27 ~ vigorous mechanical stirring, 4 • 107 cells/rot (1 1 total volume, cort- 
taining 5.5 g wet cells in 6 1 flask) 

Sporulation yield (A) 99% asci in 3 days (B) 90% asei in 5 days 

Ergosterol recovered b (mg) 4.4 7.9 
Incorporation efficiency o 71 76 
0 verall incorporation a 0.11 0.21 

Presporulation growth conditions: (A) aerobic, YPD ~, 30 ~ 2 days 1 1. from loop, shaking at 200 rpm. (B) anaerobic, YPD, 30 ~ 2 days 
1 1 from loop, shaking at 200 rpm. ~ Same as (a) in Table I. b Same as (d) in Table I. ~ Same as (e) in Table I. a Same as (f) in Table I. 

As yeas t  sporula t ion  in a l iquid med ium is carr ied out  
a t  app rox ima te ly  4 • 107 cells/ml, a l i ter  of 1% ace ta te  is 
required to ob ta in  t he  ergosterol  yields we repor t .  
However ,  since the  sporula t ion  m e d i u m  conta ins  only 
acetate ,  t he  recovery  of un incorpora ted  label can be 
accompl ished  by  a s imple extract ion.  

D a t a  of labeled subs t r a t e  incorpora t ion  into a me tab -  
olite can be s t a t ed  in var ious  ways.  We  have  repor ted  
f i rs t ly  the  overal l  incorpora t ion  as an ind ica t ion  of the  
metabol ic  magn i tude  of ergosterol  b iosynthes is  f rom 
acetate .  Secondly,  t he  incorpora t ion  efficiency expresses  
the  percen tage  of ergosterol  carbons  derived f rom acetate .  
The factor  of 1/15 (cf. Table  I, foo tno te  e) in t he  calcula- 
t ion  of incorpora t ion  efficiency allows for the  b iosynthes is  
of 1 mole of ergosterol  f rom 15 moles of acetate .  We have  
assumed t h a t  ace ta te  cont r ibu tes  to  all ergosterol  carbons  
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excep t  C2s which  arises f rom single carbon donors  (e.g. 
formate)  by  t r a n s m e t h y l a t i o n  v ia  me th ion ine  15,1% 

The da t a  in Table  I I I  clearly indica tes  t h a t  the  sporula-  
t ion  t echn ique  gives a more  efficient  incorpora t ion  t h a n  
the  2 earlier me t h o d s  described.  F u r t h e r  work  on bio- 
syn thes i s  in yeas t  using 13C-labeled subs t ra tes  is in progress  
in our labora tory .  

Zusammen[assung. Es werden  drei  Methoden  fiir die 
Durchf i ihrung yon  Versuchen  mi t  l~C-markierten Sub- 
s t r a t en  (Einbau mark ie r t e r  Ace ta te  in Hefeergosterol)  
vergl ichen : 1. Anaerobisches  W a c h s t u m  mi t  nachfo lgender  
Belt i ffung und  Markierung.  2. Anaerobisches  W a c h s t u m  in 
N/ihrl6sung mi t  ungen i igendem CoA-Gehal t  mi t  nach-  
folgender  Belt i f tung und  Markierung in einer mi t  CoA 
angere icher ten  L6sung. 3. Sporenbi ldung  mi t  mark ie r t en  
Aceta ten .  
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A New Method for Recording Migratory Restlessness in Caged Birds 

Many birds  t h a t  are normal ly  day-ac t ive  migra te  a t  
night .  If  kep t  in a cage, t hey  develop noc turna l  ac t iv i ty  
dur ing  the  migra to ry  seasons which  mani fes ts  i tself in an 
in tense  hopp ing  off and onto  perches,  a f lu t te r ing  abou t  
in the  cage or a vigorous bea t ing  of t he  wings ( 'whirr ing') .  
This m ig ra to ry  rest lessness  or 'Zugunruhe '  has  of ten  been  
t a k e n  for an express ion of the  mig ra to ry  dr ive in birds.  
Quant i ta t ive ly ,  however ,  i t  was e i ther  only  the  hopp ing  
or general  locomotor  ac t iv i ty  t t la t  was measured  so far 1-4, 

bu t  never  t he  whir r ing  i tself  which  migh t  be a more  spe- 
cific express ion of the  mig ra to ry  drive. Moreover,  in re- 
cording pe rch  hopping,  b o t h  day-  and n igh t -ac t iv i ty  of a 
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b i rd  is recorded  ind i sc r imina te ly .  Since m i g r a t o r y  res t -  
lessness occurs  on ly  du r ing  t he  d a r k  phase  of a l i g h t - d a r k  
cycle, t h e  on ly  w ay  to d i f f e ren t i a t e  b e t w e e n  t h e  2 
ac t iv i t i e s  is to  k n o w  t he  exac t  t i m e  of onse t  a n d  offset  of 
t he  d a r k  per iod.  This  d i f fe ren t ia t ion ,  however ,  is o f ten  
d i f f icul t  a n d  inexac t ,  as for example  w h e n  day-  a n d  
n igh t - ac t i v i t i e s  merge  d u r i n g  t he  m a i n  m i g r a t i o n  period.  

Average duration of teh nightly hopping and whirring activity of 
6 garden warblers (S. borin) and 2 blackcaps (S. atricapilla), kept in a 
12:12-h light- and clark eyele (LD 12:12, 500:0.0 lux) 

Hopping Whirring 

S. borin 0.80 zk 0.47 6.42 =~ 2.05 
(n 30) (n 26) 

S. atricapilla 0.0 0.0 
(n 9) (n 8) 

For each night, the total number of 15-min intervals was determined 
during which the birds showed activity. Average values (with 
standard error) are given, n, number of test nights. 
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These  cons ide ra t ions  m a d e  i t  des i rab le  to  deve lop  a 
m e t h o d  for se lec t ively  record ing  t he  whir r ing.  As ex- 
p e r i m e n t a l  an imals ,  g a r d e n  warb le r s  (Sylvia borin) a n d  
b l ackcaps  (S. atricapilla) were used, 2 species k n o w n  to 
e x h i b i t  i n t ense  wh i r r ing  du r ing  n igh t s  of m i g r a t o r y  
rest lessnessK W h i l s t  whi r r ing ,  t he  b i rds  t r i p  s ideways  to 
a n d  fro on  t h e  pe rch  w i t h  t he  axis  of t he  body  inc l ined  a t  
a n  angle  of a b o u t  45 ~ to  t he  plane,  b e a t i n g  v igorous ly  
w i t h  t h e i r  wings. 

On t h e  bas is  of these  observa t ions ,  a swi tch  was 
cons t ruc t ed  w h i c h  re sponds  to  a i r  m o v e m e n t s .  I n  a ve r t i -  
cal b rass  t u b e  ( l eng th  6 cm, d i a m e t e r  1 cm) a b rass  rod, 
loosely suspended  f rom the  cen t re  of t he  u p p e r  ape r tu re ,  
p ro t rudes  for a b o u t  1.5 cm below the  lower r im,  w i t h  a 
p a p e r  v a n e  (about  2 • 3 cm) a t t a c h e d  to  it. One c o n t a c t  of 
the  swi t ch  is p r o v i d e d  b y  t he  rod, t h e  o the r  b y  t he  lower 
r i m  of t he  tube .  Ai r  m o v e m e n t s  press  t he  rod  aga ins t  t he  
r i m  a n d  t h e r e b y  close t he  circuit .  E a c h  s t roke  of t h e  rod  
is c o n v e r t e d  in to  a n  e lectr ical  impul se  wh ich  opera tes  a 
m a r k e r  on  a n  e v e n t  recorder .  The  s ens i t i v i t y  of t h e  
swi tch  can  be  va r i ed  b y  chang ing  t h e  d i a m e t e r  of t he  
t u b e  or t he  size of t he  vane .  One such  swi tch  was f ixed on  
t he  ou t s ide  of each  cage a t  t h e  same  level  a n d  a t  equa l  
d i s t ance  f rom the  2 perches,  so t h a t  wh i r r ing  b o t h  ~rom 
the  b a c k  a n d  t he  f ron t  pe rch  was equa l ly  recorded.  The  
sens i t i v i ty  of t he  swi tch  was a d j u s t e d  so t h a t  i t  on ly  v e r y  
ra re ly  m a d e  c o n t a c t  d u r i n g  d a y t i m e - a c t i v i t y .  S imul t a -  
neous ly  t he  h o p p i n g  a c t i v i t y  of each  b i rd  was reg is te red  
b y  a r r a n g i n g  a m ic ro swi t ch  u n d e r  each  end  of one of t he  
perches.  Ai r  m o v e m e n t  caused  b y  a b i rd  h o p p i n g  f rom 
p e r c h  to  pe rch  was no t  suff ic ient  to  a c t i v a t e  t h e  switch.  

The  compar i son  of wh i r r ing  a c t i v i t y  w i t h  t he  s imul-  
t a n e o u s l y  recorded  h o p p i n g  a c t i v i t y  (Figure) shows 
cons iderab le  differences  in  t he  d u r a t i o n  of these  2 t ypes  
of n o c t u r n a l  a c t i v i t y  u n d e r  va r ious  n igh t - l i gh t  in tens i t ies .  
D u r i n g  n igh t s  w i t h  a n igh t - l i gh t  of 5.0 lux, b o t h  species 
e x h i b i t  more  h o p p i n g  a n d  less wh i r r i ng  t h a n  in d a r k e r  
n igh t s  (Figure).  U n d e r  v e r y  weak  n igh t - l i gh t  in tens i t i e s  
(0.0005 lux), b l ackcaps  (S. atricapilla) of ten  showed  no 
h o p p i n g  a t  all b u t  wh i r r ed  t h r o u g h o u t  t h e  n i g h t  (Figure).  
I n  comple te  darkness ,  g a r d e n  warb le r s  (S. borin) st i l l  k e p t  
on wh i r r ing  w i t h  v e r y  l i t t l e  hopp ing ,  whereas  b l ackcaps  
d id  no t  do e i the r  (Table),  sugges t ing  species differences in  
the  response  of m i g r a t o r y  res t lessness  to  t o t a l  darkness .  

Zusammen/assung. Es  wurde  eine neue  Methode  zur  
Reg i s t r i e rung  yon  Z u g u n r u h e  bei  G a r t e n g r a s m i i c k e n  
(Sylvia borin) u n d  M6nchsg ra smi i cken  (S. atricapilla) 
entwicke l t .  Auf  L u f t b e w e g u n g e n  reag ie rende  Schal ter ,  
die aussen  a m  Vogelk~Lfig a n g e b r a c h t  waren,  e rm6gl ich-  
t en  es, das  n~ch t l i che  Schwi r ren  zugun ruh ige r  V6gel an t  
Z e i t m a r k e n s c h r e i b e r n  aufzuze ichnen .  
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Perch hopping and whirring activity of a blackcap (S. atricapilla) 
and a garden warbler (S. borin) kept for 4 consecutive days in a 12:12- 
h day-night cycle (night from 18.00 to 06.00 h). Night- light inten- 
sities were as shown on the right hand margin. In each double-strip 
the upper part shows hopping- the lower part whirring activity. s F. SAUER and E. SAUER, Revue suissc Zool. 62, 250 (1955). 


