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h y p o d e r m i c  syr inge  t h r o u g h  t he  a r t h r o d i a l  m e m b r a n e  of 
t he  che la te  leg. Six d i f fe ren t  t i m i ngs  were chosen  to 
cover  t he  24 h per iod  of t he  d a y  choos ing  3 spec imens  for 
each  t ime.  The  e x p e r i m e n t  was  r epea t ed  for 3 consecu t ive  
days  to see w h e t h e r  t h e  p a t t e r n  of a c t i v i t y  levels r e m a i n e d  
the  same in  all  3 days.  T he  levels of b lood glucose a n d  
h e p a t o p a n c r e a t i c  glycogen was assayed  us ing  t he  
m e t h o d s  of MENDEL, KEMP and  MYERS7 a n d  KEMP and  
HEIJNINGER s respec t ive ly .  

Results and discussion. The  m e a n  4- s t a n d a r d  d e v i a t i o n  
va lues  of t he  b lood  glucose and  h e p a t o p a n c r e a t i c  g lycogen 
levels a t  d i f fe ren t  t i m e s  of t h e  d a y  are shown  in t he  
f igure  (Figure).  The  a m o u n t  of t he  b lood glucose ranges  
f rom 7.99 4- 0.48 (08.00 h) to  27.32 :~ 0.63 mg. (20.00 h) 
of glucose/100 ml  of b lood  a n d  h e p a t i c  glycogen f rom 
7.84 4- 0.56 (20.00 h) to  17.21 4- 0.37 m g  (08.00 h). F r o m  
the  F igure  i t  is ev iden t  t h a t  t h r o u g h  ou t  t he  l igh t  pe r iod  
and  in to  t h e  ear ly  p a r t  of t he  d a r k  per iod,  g lycogen 
s tores  decl ine to  a m i n i m u m  a t  20.00 h. The  blood 
glucose levels  rose s t ead i ly  d u r i n g  t h a t  t i m e  to r each  a 
m a x i m u m  a t  20.60 h. As glycogen s tores  t h e n  increased  
(20.00 h to 04.00 h), b lood glucose levels fell. This  p a t t e r n  
of a c t i v i t y  was seen on al l  t he  3 days  p r o v i n g  c lear ly  t h e  
ex is tence  of d iu rna l  r h y t h m  in t h e  levels of m e t abo l i t e s  
l ike glucose and  glycogen.  

A r h y t h m i c  p a t t e r n  has  been  shown  to  occur  in  va r ious  
ac t iv i t i e s  l ike locomot ion ,  po i son  secre t ion  ~ a n d  neuro-  
secre t ion  ~0 besides  t h e  r a t e  of h e a r t  b e a t  1 a n d  chol ine  
es terase  a c t i v i t y  on t he  h e a r t  muscle  2 in  t h e  scorpion.  I n  
t he  p r e sen t  s tudy ,  as e v i d e n t  f rom t he  resul ts ,  t h e  
v a r i a t i o n s  in  t he  h epa t i c  g lycogen bea r  a n  inverse  
r e l a t i on  to t h e  co r r e spond ing  v a r i a t i o n s  in  the  b lood 
glucose level,  whi le  g lycogen decl ines  to  a m i n i m u m  
(20.00 h) t he  b lood glucose level  shoots  up  to  a m a x i m u m  
(20.00 h) and  vice-versa .  A s imi la r  t r e n d  was also found  
in t he  r a t e  of h e a r t  bea t  1 and  ace ty lcho l ine  a c t i v i t y  2 in  
t he  h e a r t  muscle.  

The  v a r i a t i o n s  no t iced  in t he  b lood  glucose of Heterome- 
trus /ulvipes a t  d i f fe ren t  i n t e rva l s  of t he  day  ind ica t e  
v a r i a t i o n  in i ts  glucose u t i l i s a t i on  r a t e  and  hence  in i ts  
m e t a b o l i c  r a t e  d u r i n g  those  periods.  These  v a r i a t i o n s  in 
i ts  m e t a b o l i c  r a t e  is d i r ec t ly  p r o p o r t i o n a l  to  t he  v a r i a t i o n s  
in t he  i n t e r n a l  phys io logica l  ac t iv i t i e s  l ike syn thes i s  of 

enzymes  a n d  r egu la to ry  m e c h a n i s m  of d i f fe ren t  organs  
in t he  body.  The  h i g h  a m o u n t  of chol ine  es terase  a c t i v i t y  
in the  h e a r t  musc le  2 of the  scorp ion  a t  20.00 h a n d  t he  
m a x i m u m  ra t e  of h e a r t  b e a t  1 of t he  scorp ion  a t  t he  same  
t ime,  f rom the  ear l ier  f ind ings  suggested  t h e  need for h igh  
a m o u n t  of energy  d u r i n g  those  hours  of t he  day.  The  
necessa ry  energy  is p e r h a p s  m a d e  ava i l ab le  t h r o u g h  
increased  me tabo l i c  d e g r a d a t i o n  of b lood g lucose .  

T h a t  h e p a t i c  g lycogenolys is  is t h e  p r e d o m i n a n t  source 
of b lood  glucose is ev idenced  b y  the  t r e n d  of v a r i a t i o n  
of h e p a t o p a n c r e a t i c  g lycogen r e l a t i ng  to b lood glucose 
(Figure).  The  fol lowing obse rva t ions  p rov ide  f u r t h e r  
ev idence  for this .  As t he  scorpions  were s t a rved  pr io r  
to  these  e s t ima t ions ,  d i e t a r y  c a r b o h y d r a t e s  could no t  
h a v e  been  t he  source of b lood  glucose. 

F r o m  these  f ind ings  i t  is t e m p t i n g  to sugges t  t he  
dif ference in t he  levels of b lood  glucose in our  f ind ings  
reflect  i ts  v a r y i n g  levels of u t i l i za t ion  to  mee t  t he  
energet ic  and  s y n t h e t i c  demands ,  such  as syn thes i s  of 
ace tychol ine ,  in accordance  w i t h  t h e i r  p a t t e r n  of ac t iv i ty ,  
t hus  showing  a regu la r  c i r cad ian  r h y t m  l ike t h a t  of 
h e a r t  bea t  i and  chol ine  es terase  a c t i v i t y  2. 

Zusammenfassung. E x p e r i m e n t e l l e r  Nachweis  e iner  
r ez ip roken  T a g e s r h y t h m i k  yon  B l u t z u c k e r  u n d  Leber-  
g lykogen  b e i m  Skorpion,  Heterometrus/ulvipes. 
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Evidence for Act inomycin D Inhibition of Transcription of Carotenoid Loci in Neurospora 

Most  mic ro -o rgan i sms  t h a t  p roduce  ca ro teno ids  do so 
in response  to  l i gh t  i n d u c t i o n  1-3. C o m p o u n d s  such  as 
fl-ionone (4-(2,6 ,6- t r imethyl-2-cylo,  hexen - l -y l )  3 b u t e n -  
2-one) 4 or d i p h e n y l a m i n e  5 i n h i b i t  ca ro tenogenes i s  a t  t he  
p ro t e in  level  while  cyc lohex imide"  and  c t l lo ramphenico l  7 
h a v e  been  found  to i n h i b i t  a t  t he  level  of t r a n s l a t i o n  in 
euka ryo te s  a n d  p r o k a r y o t e s  respect ive ly .  To da te  no  
ev idence  has  been  p roduced  to d e m o n s t r a t e  t h a t  i nduc t i on  
proceeds  b y  some p h o t o - i n d u c e d  m e c h a n i s m  re su l t i ng  in 
t he  specific t r a n s c r i p t i o n  of h i t h e r t o  repressed  or low 
level  c o n s t i t u t i v e  genes t h a t  are respons ib le  for t he  pro- 
duc t ion  of the  ca ro tenogen ic  pro te ins .  This  p a p e r  p re sen t s  
ev idence  for the  ex is tence  of a pho t o s ens i t i ve  con t ro l  
molecule  (e i ther  a repressor  or inducer)  wh ich  med ia t e s  
t he  specific t r a n s c r i p t i o n  of ca ro tenogen ic  cistrons.  

T h e  ac t ion  s p e c t r u m  for ca ro teno id  i n d u c t i o n  in 
Neurospora, p l a t e a u s  a t  450-480 n m s  a n d  ta i ls  off t ow ards  
b o t h  ends  of t he  v is ib le  s p e c t r u m  a l t h o u g h  one recen t  
r epo r t  has  shown  some i n d u c t i o n  a t  254 n m  ~ U s i n g  a 
Neurospora wild t y p e  s t r a i n  10 we obse rved  t h a t  the  caro- 
t eno id  i n d u c t i o n  p o t e n t i a l  was g rea t e s t  in  t he  la te  log or 

s t a t i o n a r y  phase  of g r o w t h  and  t h a t  i n d u c t i o n  is s toichio-  
me t r i ca l ly  dose d e p e n d e n t  i. e. d a r k  cond i t ions  s u b s e q u e n t  
to  l i g h t  i n d u c t i o n  do no t  repress  ca ro tenogenes i s  and  
t he  a m o u n t  of ca ro teno id  fo rmed  is p r o p o r t i o n a l  to  t he  
a m o u n t  of i nc iden t  l ight .  The  c o n s t i t u t i v e l y  syn thes i zed  
d a r k  phase  ca ro teno ids  were k e p t  a t  a c o n s t a n t  low level  
b y  t he  add i t i on  of Tween  80 (15-20 ppm)  or some o t h e r  
w e t t i n g  agent .  
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A c t i n o m y c i n  D (AM) inh ib i t s  D N A  d e p e n d e n t  R N A  po- 
lymerase  ac t i v i t y  w i t h  v a r y i n g  success in Neurospora 11-z~. 
W e  found,  us ing  g r o w t h  r a t e  as a c rude  p a r a m e t e r  of 
t r a n s c r i p t i o n a l  inh ib i t ion ,  t h a t  5.0 ag  AM/re.1 m e d i u m  ~4 
a t  35~ or 3.0 ug /ml  p o t e n t i a t e d  b y  0.1, a M  e thy lene-  
d in i t r i l o - t e t r aace t i c  acid, d i sod ium sa l t  (EDTA) in 0.1 a M  
tris buffer  p H  8.0 a t  30~ were o p t i m a l  effect ive  t r ea t -  
men t s .  Some we igh t  loss was n o t e d  a f te r  t he  a d d i t i o n  of 
AM (Figure 1). 
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Fig. i. Growth rates (dry weight). A--A, untreated cultures; O-- O, 
5 ~g AMJml added after 48 h; I - - I ,  AM removed after 24 h of AM 
treatment. 
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Fig. 2, Absorption spectra from total carotenoid extracts. --,light in- 
duced control; - - - ,  dark, uninduced control; . . . . .  ,5 ag AM]ml prior 
to induction; . . . . . . . . . .  ,2 ag eyeloheximide]ml prior to induction. 

Absorption maxima from 2-fold dilutions of total carotenoid extracts 
from 0.65 g (fresh weight) of mycelia 

Wavelength Induced Uninduced AM Cycloheximide 
(rim) control control (5 [xg/ml) (2 aglml). 

330 0.17 0.04 0.06 0.04 

348 0.17 0.03 0.06 0.03 

398 0.37 0.07 0.17 0.05 

424 0.71 0.10 0.20 0.07 

442 0.73 0.10 0.25 0.07 
469 0.97 0.10 0.29 0.06 

497 0.77 0.05 0.21 0.03 

525 0.45 0.00 0.11 0.00 

Cyclohex imide  i n h i b i t s  t r a n s l a t i o n  b y  80S r ibosomes  
a n d  as p rev ious ly  n o t e d "  inh ib i t s  ca ro teno id  syn thes i s  if 
added  8 miI1 before  l igh t  induc t ion .  

AM was o b t a i n e d  f rom N u t r i t i o n a l  B iochem Corp. of 
Cleve land  a n d  cyc lohex imide  f rom Ca lb iochem of Los An-  
geles. All  o the r  c o m p o u n d s  a n d  so lvents  were r eagen t  gra- 
de. L i g h t  i n d u c t i o n  was pe r fo rmed  by  expos ing  cu l tn res  
to  a n  i n c a n d e s c e n t  l igh t  b a n k  giving an  i nc iden t  0.2 • 106 
lux/sec for t h e  p h o t o a c t i v e  wave  l eng ths  as m e a s u r e d  on  
a Y S I  r ad io -me te r  mode l  65. 

D a r k  grown,  3 d a y  100 ml  cu l tu res  of a wild  t y p e  s t r a in  
were t r e a t e d  w i t h  5.0 ag/ml .  AM for 1 h before  i n d u c t i o n  
t h e n  i n c u b a t e d  for 4 or 6 h in  t h e  d a r k  to  comple te  caro- 
t e n o i d  syn thes i s .  T h e  myce l i a  were  t h e n  col lected on  
cheesecloth ,  w a s h e d  twice  w i t h  dis t i l led  w a t e r  t h e n  
d i s r u p t e d  in  a W a r i n g  B lende r  c o n t a i n i n g  200 ml  of 
ace tone  a n d  1 g acid w a s h e d  sand.  The  p r e l i m i n a r y  
e x t r a c t i o n  was fol lowed b y  a f u r t h e r  phase  s epa ra t i on  in to  
p e t r o l e u m  e the r  b p  30 ~ --  49 ~ + 1 0  % benzene .  Cell debris ,  
p a r t i c u l a t e  m a t t e r  a n d  t r ace  q u a n t i t i e s  of one ca ro teno id  
(neu rospo raxan th in )  r e m a i n e d  in t he  hypophase .  All  
o the r  ca ro teno ids  r e m a i n e d  in t h e  ep iphase  w h i c h  was 
washed  w i t h  dis t i l led  w a t e r  5 t i m e s  to  r e m o v e  t races  of 
ace tone  t h e n  saponi f ied  w i t h  a m e t h a n o l : w a t e r : K O H  
(90:10:20, v /v /w)  so lu t ion  to  r e m o v e  f a t t y  acids.  The  
ep iphase  was t a k e n  off, lef t  o v e r n i g h t  a t  -17~ f i l tered 
t h e n  t r e a t e d  w i t h  0.9 a g / m l  d ig i t on in  ~ to  p rec ip i t a t e  the  
3-f i -hydroxysteroids .  The  s u p e r n u t a n t  was t a k e n  down  to 
d ryness  in  v a c u o  u n d e r  a n i t r ogen  s t r e a m  a n d  r e suspended  
in  redis t i l led  p e t r o l e u m  ether .  E s t i m a t e s  of t o t a l  ' l a t e '  
ca ro teno id  c o n t e n t  were m a d e  b y  us ing  t h e  a b s o r p t i o n  
m a x i m a  a t  469 n m  as r ead  on  a U n i c a m  SP800 spect ro-  

p h o t o m e t e r  us ing  91% = 2500. A more  accu ra t e  earf- U l  cm 
m a r i o n  of t he  ca ro teno id  c o n t e n t  can  be  seen in F igu re  2. 
Q u a l i t a t i v e  e s t ima t ions  of ca ro teno ids  were accompl i shed  
b y  us ing  t h i n  l ayer  c h r o m a t o g r a p h y  on  sil ica gel F254 
p la tes  f rom Desaga  us ing  l igh t  p e t r o l e u m  e the r  w i t h  a 
d i e t h y l  e the r  g r ad i en t  1~ as solvent .  Ca ro teno id  s t a n d a r d s  
for c o - c h r o m a t o g r a p h y  were gif ts  f rom Dr. O. ISLER Of 
t I o f f m a n n - L a  Roche,  Basel.  

All  work  was done  u n d e r  red  l igh t  to  p r e v e n t  inc iden tM 
i n d u c t i o n  or i somer iza t ion  of p i g m e n t s  in  solut ion.  AM is 
k n o w n  to  b e  pho to t ab i l e  b u t  ana lys i s  of m a x i m a  (422 rim, 

E1% ~- 19.6) f rom a b s o r p t i o n  spec t r a  of e thano l i c  ex- 1 Gill 
t r a c t s  f rom the  m e d i u m  before  and  a f te r  i n d u c t i o n  showed  
l i t t l e  or no  AM d e g r a d a t i o n  f rom t h e  a m o u n t  of l igh t  
used for induc t ion .  

A compar i son  of t h e  a b s o r p t i o n  m a x i m a  f rom the  Tab le  
shows t h a t  t he  d a r k  g rown cont ro l s  p roduced  up  to  10 % 
of t h e  ca ro teno ids  p roduced  b y  t he  i nduced  controls .  
Cyc lohex imide  added  1 h before  i n d u c t i o n  resu l ted  in  
a b s o r p t i o n  spec t r a  t h a t  were s imi la r  b u t  s l ight ly  lower  
t h a n  t he  d a r k  g rown cul tures .  AM added  1 h before  induc-  
t i on  p e r m i t s  ca ro teno id  syn thes i s  up  to 2 9 %  of t he  
induced  controls .  Caro teno id  e x t r a c t s  f rom cul tures  ex- 
posed  to  AM 15 ra in  a f t e r  i n d u c t i o n  a re  t h e  s ame  as t he  
induced  control .  I f  t h e  AM is a d d e d  1 h before  i n d u c t i o n  
t h e n  r e m o v e d  i m m e d i a t e l y  a f te r  or 1 h a f te r  induc t ion ,  
t he  ca ro teno id  c o n t e n t  is aga in  s imi la r  to  t h a t  of t h e  in- 
duced  controls .  Concen t r a t i qns  of AM up to  50 ag /ml  
fai led to  s ign i f i can t ly  decrease  induc ib le  ca ro teno id  

11 R.  ~E. TOTTEN a n d  H.  BRANCH HOWE JR., Biochem.  Genet .  5, 521 
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~4 M. WESTERGAARD a n d  H.  K.  MITCHELL Am.  J .  B o t a n y  34, 573 
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syn thes i s .  I t  should also be n o t e d  (Figure  2) t h a t  the  
ca ro teno ids  p roduced  in t he  d a r k  grown,  cyc loheximide ,  
a n d  AM i n h i b i t e d  cu l tu res  are t he  ' ea r ly '  po lyenes  whi le  
t he  i nduced  cont ro l s  h a d  p r o p o r t i o n a t e l y  more  of t he  
' l a t e r '  c a ro t eno ids ;  neurosporene ,  y -caro tene  and  some 
lyeopene.  

These  resu l t s  can  be i n t e r p r e t e d  b y  a s s u m i n g  t h a t  
Neurospora c o n s t i t u t i v e l y  syn thes izes  a low level  of d a r k  
syn thes i zed  ca ro tenogen ic  p ro t e in s  wh ich  can  be  increased 
10 fold b y  p h o t o i n d u c t i o n .  T h e  resu l t s  i nd i ca t e  t h a t  if 
t he re  is a pho to sens i t i ve  con t ro l  molecule,  i t  m u s t  pe rs i s t  
in  i t s  e f fec t ive  s t a t e  for  a t  leas t  1 h. 

Cyc lohex imide  is a p o t e n t  t r a n s l a t i o n  i n h i b i t o r  a n d  
comple t e ly  b locks  t h e  syn thes i s  of newly  induced  caro- 
t enogen ic  pro te ins .  AM on t he  o t h e r  h a n d  i n h i b i t s  on ly  
92 % of the  t r a n s c r i p t i o n a l  a c t i v i t y  of Neurospora crassa ~ 
a n d  p r e s u m a b l y  t he  res idua l  8 % is respons ib le  for t he  
i ncomple t e  i n h i b i t i o n  of carotenogenesis .  

These  resul t s  do i nd i ca t e  however ,  t h a t  ca ro tenogene-  
sis p roceeds  b y  t he  de novo  t r a n s c r i p t i o n  of new m R N A  
r a t h e r  t h a n  t he  t r a n s l a t i o n  of p re -ex i s t ing  m R N A  as is 
the  case w i t h  some o the r  r egu la to ry  sys t ems  26. 

W h e t e r  t he  p h o t o s e n s i t i t i v e  con t ro l  m o i e t y  is a pho to -  
sens i t ive  repressor  us ing  l igh t  as a d e a c t i v a t i n g  agen t  
(s imilar  to  t he  ga lac tos ide  al loster ic  i n h i b i t i o n  of t he  lac 

repressor  accord ing  to JACOB and  MONOD17), or w h e t h e r  
l igh t  ac ts  as a c t i v a t i n g  a g e n t  for a pho to sens i t i ve  con t ro l  
m o i e t y  respons ib le  for i n i t i a t i o n  of t r a n s c r i p t i o n  for 
specific gene sequences  or ba t t e r i e s  of genes (according 
to  BRITTEN a n d  I)AVIDVONlS), c a n n o t  be resolved  a t  th i s  
t i m e  s0. 

Rdsumd. Neurospora crassa p r o d u i t  c o n s t i t u t i v e m e n t  
un  faible  t a u x  de carot6noides .  Celui-ci p e u t  4tre  61ev6 
d ix  lois p a r  p h o t o i n d u c t i o n .  Nous  avons  t r o u v 6  que 
l ' a c t i n o m y c i n e  D inh ibe  ce t te  syn th6se  p h o t o i n d u i t e  des 
caro t6noides  p r o b a b l e m e n t  au  n iveau  de la t r a n s c r i p t i o n  
des pro t6 inse  carot6nog6nes.  
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Determination of C-Terminal Group of Aspergillopeptidase Af 

The  phys ico -chemica l  proper t ies ,  compos i t i on  of a m i n o  
acids in  i so la ted  ex t race l lu la r  e n d o p e p t i d a s e  Af f rom 
l iquid  cu l tu re  Aspergillus/umigatus was descr ibed.  I t  was 
also d e t e r m i n e d  t h a t  t he  N - t e r m i n a l  g roups  of these  
e n z y m e  are glycine and  g l u t a m i c  acid 1. On t he  basis  of th i s  
work,  i t  m a y  be  supposed  t h a t  t he  isola ted e n z y m e  is a 
po lypep t i de  c o m p o u n d  of 2 chains .  The  pu rpose  of t h i s  
r e p o r t  was  to ana lyse  t he  C- t e rmina l  a m i n o  acids of t he  
e n z y m e  in  order  to  d e t e r m i n e  t he  2 cha in  s t r u c t u r e  of 
th i s  p ro te in .  

Material and methods. The  ma te r i a l  used was lyophi l l iz-  
ing e n z y m e  p r e p a r a t i o n  i so la ted  f rom t he  ~ a p k a - D o x  
l iquid  cu l tu re  f rom dspergillus [umigatus. The  m e t h o d  of 
i so la t ion  and  pur i f i ca t ion  was descr ibed  ear l ierL C-termi-  
na l  a m i n o  acid ana lys i s  was  car r ied  ou t  b y  t he  h y d r a z i n e  
m e t h o d  accord ing  to  ]~RADBURY 2-4. 50 m g  of e n z y m e  and  
130 nag N2HaH2SO 4 was dr ied in room t e m p e r a t u r e  for  
a b o u t  3 h in  v a c u u m .  1 ml  of 100% of p rev ious ly  dis t i l led 
h y d r a z i n e  was added,  t he  whole  sealed in t e s t  t u b e  and  
h e a t e d  a t  60~ for 16 h. The  excess of h y d r a z i n e  was 
e v a p o r a t e d  over  c o n c e n t r a t e d  H~SO 4 in v a c u u m .  

The  r e m a n d e r  was dissolved in 0.1 N HC1. The  so lu t ion  
was s h a k e n  w i t h  2.0 ml  b e n z a l d e h y d e  for 2 h. The  w a t e r  
so lu t ion  was s epa ra t ed  b y  cen t r i fuga t ion .  I n  3 ml  of t he  
solut ion,  0.1 ml  3.1 M KC1 was added,  a n d  p H  was 
a d j u s t e d  to 9.0 b y  t he  add i t i on  of 40 ~mol  0,20 N N a O H .  
The  so lu t ion  was s a t u r a t e d  w i t h  1, 2, 4 - f luorodin i t ro-  
benzene  a t  40 ~ b y  energet ic  m i x i n g  (by excess reagent )  
a t  c o n s t a n t  p H  9 for  80 rain.  The  so lu t ion  was e x t r a c t e d  
us ing  e the r  free f rom perox ide  in o rder  to  r emove  F D N B .  
The  r e m a i n d e r  was  acidized w i t h  5 N HC1. D N P  a m i n o  
acids were e x t r a c t e d  5 t imes  w i t h  e ther .  As a resu l t  of 
ex t rac t ion ,  2 f r ac t ions  were ob ta ined ,  e the r  a n d  water .  
B o t h  f r ac t ions  were ana lyzed  to de t ec t  t he  presence  of 
D N P  a m i n o  acids b y  p lac ing  200 ~1 c o n c e n t r a t e d  e x t r a c t  
on a shee t  of W h a t m a n  no 1. Ana lys i s  of w a t e r  and  e the r  
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2 j .  H. ]~RADBURY, Nature,  Lond. 778, 912 (1956), 
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