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Part of a pinealocyte of the rat 
after 30 days of continuous 
illumination. Mitoehondria are 
extremely swollen and de- 
forlned, x 18,000. 

All an ima l s  k e p t  u n d e r  ar t i f ic ia l  l i gh t ing  p resen ted  t h e  
t yp ica l  a p p e a r a n c e  of swollen mi tochondr i a .  Swell ing of 
n f i tochondr i a  has  been  descr ibed b y  p rev ious  inves t iga to r s  
b o t h  a f te r  in  v i t ro  a n d  in v ivo  cond i t ions  in c o n n e c t i o n  
w i t h  cell in ju ry .  An ima l s  k e p t  in da rkness  or a l i g h t - d a r k  
cycle h a d  i n t a c t  m i tochondr i a .  Our  e lec t ron  mic rog raphs  
of t he  r a t  h y p o t h a l a m u s  p rov ided  f ind ings  s imi lar  to  
those  found  in t he  p inea l  body.  These  resul t s  will be  
r epor t ed  in a l a te r  pub l ica t ion .  

Since swell ing of m i t o c h o n d r i a  could no t  be regis terod 
u n d e r  cond i t ions  invo lv ing  an  increased m e t a b o l i s m  of 
norep inephr ine ,  we assume  t h a t  the  in tens i f ied  m e t a b o -  
l ism of se ro ton in  u n d e r  c o n t i n u o u s  i l l umina t i on  is re- 
sponsible  for th i s  effect. Mi tochondr i a l  swell ing is a r a t h e r  
s t e reo typ ica l  r eac t ion  of the  organel le  u n d e r  va r ious  
cond i t ions  and  in response  to var ious  agents .  Absence  
of A D P  (or ATP)  5, a decreased P : 0  r a t io  6,7, or t h e  un-  
coupl ing  of o x y d a t i v e  p h o s p h o r y l a t i o n  s,9 are some of 
t he  fac tors  l ead ing  to th i s  u l t r a s t r u c t u r a l  a l t e ra t ion .  
Since se ro ton in  has  been  p roved  to suppress  p h o s p h o r y l a -  
tion10, 11, i t  is possible  t h a t  swell ing of m i t o c h o n d r i a  can  
be  accoun ted  for b y  t he  increased  se ro ton in  m e t a b o l i s m  
induced  b y  exposure  to  c o n t i n u o u s  i l lumina t ion .  A 
de ta i led  discussion of th i s  exp lana t ion ,  as well  as of a 
possible  physio logica l  s ignif icance of the  descr ibed  effect, 
will be pub l i shed  elsewhere.  

Zusammen/assung.  Die R a t t e n 2 p i p h y s e  v o n  Tieren,  die 
30 Tage  lang  e iner  st~indigen B e l i c h t u n g  v o n  70 L u x  
St i i rke ausgese tz t  w o r d e n  waren ,  wurde  e l ek t ronen-  
op t i sch  u n t e r s u ch t .  Alle Tiere wiesen m i t o c h o n d r i a l e  Ver-  
/ i nde rungen  der  P i n e a l o z y t e n  auf. Diese V e r ~ n d e r u n g e n  
s ind v e r m u t l i c h  auf  den  e r h 6 h t e n  Sero ton ins to f fwechse l  
zur i ickzuf i ihren,  de r  d u r c h  die st~indige B e l i c h t u n g  indu-  
zier t  wird, da  die Kon t ro l l t i e r e  keine  d e r a r t i g e n  Aba r t i g -  
ke i t en  zeigten.  
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On the  B i o s y n t h e s i s  of B i l i v e r d i n - I X  7 in  Pieris brassicae 

Recen t ly  1 we ident i f ied  p te robi l in ,  t he  b lue-green  tegu-  
m e n t a l  p i g m e n t  of ca te rp i l la rs  of t he  c a b b a g e  b u t t e r f l y  
Pieris brassicae, as b i l i v e r d i n - I X ~  (Ia). I t s  b io syn thes i s  
is of p a r t i c u l a r  i n t e r e s t  because  i t  is t h e  f i rs t  k n o w n  
n a t u r a l  bi le  p i g m e n t  which  has  no t  the  1Xa  s t ruc tu re .  
Bile p i g m e n t s  of v e r t e b r a t e s  are fo rmed  f rom glycine 
and  ace t a t e  v ia  p o r p h y r i n e s  a n d  hemes2;  glycine is also 
inco rpora t ed  in to  b i l i v e r d i n - I X a  in Or thopteres :Z T h e  

ques t ion  arose w h e t h e r  p t e rob i l i n  is fo rmed  f rom smal l  
p recursors  in t h e  ca te rp i l l a r s  or w h e t h e r  i t  is de r ived  f rom 
a h i t h e r t o  u n k n o w n  pyr ro le  c o m p o u n d  inges ted  w i t h  
food. W e  the re fo re  t e s t ed  t h e  possible  i n c o r p o r a t i o n  of 
label led glycine in to  b i l ive rd in - IXy .  

220 ca te rp i l l a r s  (5th stage) 4 are in j ec ted  each  w i th  
1.36 tLCi of 1.2 14C-glycine (specific a c t i v i t y  90 m C i / m M )  
dissolved in 5 V1 of the  R i n g e r  so lu t ion  for insects,  a n d  
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k e p t  a l ive  for 52 h. T he  c h r o m o p r o t e i d  and  p t e rob i l in  
d i m e t h y l e s t e r  (Ib) are t h e n  p r epa red  as before  1. Af te r  
TLC 6 w i th  b e n z e n e / p e t r o l / m e t h a n o l  -- 6 0 : 5 : 3  (solvent  A) 
t he  p i g m e n t  is r e c h r o m a t o g r a p h e d  w i th  b e n z e n e / d i o x a n e /  
acet ic  acid -- 12: 2 :1  (so lvent  B) and  aga in  w i th  so lven t  A. 
M e t h y l  p h e o p h o r b i d e s  a a n d  b are pur i f ied  b y  r ech roma-  
t o g r a p h y  w i t h  p e t r o l / e t h y l  a c e t a t e / d i e t h y l a m i n e  = 
58 :30 :  13. The  d e g r a d a t i o n  p r o d u c t s  of Ib ,  n a m e l y  II ,  
I I I b ,  a n d  IV, are s epa ra t ed  b y  r epea t ed  TLC w i t h  c a r b o n  
t e t r a c h l o r i d e / e t h y l  a c e t a t e / c y c l o h e x a n e  ~ 1 5 : 3 : 2  on  
sil ica gel GF (Merck);  t he  spo ts  are m a r k e d  u n d e r  UV-  
l igh t  a n d  t h e n  e lu ted  w i t h  m e t h a n o l .  Fo r  ca lcu la t ions  t he  
fol lowing mo la r  a b s o r p t i o n  coeff ic ients  are used - imide  
I I I b :  e** 2 -- 19,300 ( de t e r m i ned  for I I I a6 ) ;  d i a ldehyde  I V  
( m a x i m a  a t  314 and  258 rim) : e316 --  20,500, e24 a = 10,680 
(de t e rmined  for  t he  e t h y l  - i n s t ead  of v iny l  - d e r i v a t i v e  6). 
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The  r a d i o a c t i v i t y  is localized on c h r o m a t o g r a m s  w i t h  t he  
D i i n n s c h i c h t - S c a n n e r  t y p e  I I  (Ber tho ld ,  "Wildbad/Ger- 
many)  a n d  d e t e r m i n e d  in so lu t ions  in a l iquid  sc in t i l l a t ion  
coun te r  (Phi l ips  t y p e  PW).  

Glycine  is ef fec t ively  me tabo l i z ed  b y  t he  an imal s :  W e  
f ind a t o t a l  a c t i v i t y  of 3.81 • 10 ~ c p m  in t he  ch lo roform 
layer  a f t e r  wash ing  w i t h  water .  B i l i v e r d i n - I X  7 ( f ract ion 1, 
Tab le  I) con t a in s  0.3% of th i s  ac t iv i ty .  The  specific 
a c t i v i t y  r e m a i n s  c o n s t a n t  d u r i n g  r e c h r o m a t o g r a p h y  (frac- 
t ions  2 and  3, Tab le  I) whereas  p h e o p h o r b i d e s  a a n d  b 
are inac t ive  a f t e r  r e c h r o m a t o g r a p h y .  W e  conclude t h a t  
p t e rob i l in  is b i o s y n t h e t i z e d  f rom smal l  precursors  b y  t he  
ca te rp i l la rs  b u t  p h e o p h o r b i d e s  are der ived  f rom chloro- 
phy l l s  inges ted  w i t h  food. 

I f  t he  b io syn thes i s  of p t e rob i l in  follows t he  ' n o r m a l '  
rou te  of bi le  p i g m e n t  fo rmat ion ,  t he re  should  be 7 label led  
c a r b o n  a t o m s  in  t he  molecule  a f t e r  i nco rpo ra t ion  of 
1, 2-14C-glycine (cf. as te r i sks  in  fo rmula  I). Af ter  c h r o m a t e  
ox ida t ion ,  one of these  ca rbons  should  be  found  in each  
molecule  of imides  I I  a n d  I I I b  while  t he  d i a ldehyde  I V  
should  c o n t a i n  three of these  per  molecule.  The  c h r o m a t o -  
g r a m  of t he  d e g r a d a t i o n  p r o d u c t s  shows t h a t  t he  on ly  
de t ec t ab l e  a c t i v i t y  is - a p a r t  f rom t h a t  of u n r e a c t e d  
p i g m e n t  a n d  p o l y m e r i z a t i o n  p r o d u c t s  of v iny l  c o m p o u n d s  
a t  t he  s t a r t i n g  po in t  - assoc ia ted  w i t h  the  spots  of 
h e m a t i n i c  acid imide  m e t h y l e s t e r  ( I I Ib )  a n d  the  pyr ro le  
d i a ldehyde  IV. These  c o m p o u n d s  are e lu ted  and  t h e i r  
specific ac t iv i t i e s  d e t e r m i n e d  (Table  I I ) ;  t h e i r  i d e n t i t y  
and  p u r i t y  are t h e n  ver i f ied  b y  s t a in ing  on  a second 
c h r o m a t o g r a m .  The  yield of t he  miss ing  imide  I I  was  
suff ic ient  on ly  for  iden t i f i ca t ion  b u t  n o t  for d e t e r m i n a -  
t ion  of e i the r  a m o u n t  or ac t iv i ty .  

The  specific a c t i v i t y  of I V  is t h r ee  t imes  t h a t  of I I I b  
as expec ted ;  f u r t h e r m o r e  t he  d a t a  agree  w i th  ca lcu la ted  
f igures o b t a i n e d  f rom the  specific a c t i v i t y  of b i l iverd in-  
I X  7. This  m e a n s  t h a t  g lycine  is i nco rpo ra t ed  in to  bili- 
v e r d i n - I X ?  in P.  brassicae in  a specific m a n n e r  cor respond-  
ing to  t he  n o r m a l  way  of bi le  p i g m e n t  b iosynthes is .  

Table I. Incorporation of 1,2-14C-glycine into biliverdin-IX~ 

Fraction Biliverdin-I XT Radioactivity Specific 
activity 

[~zM] [cpm] [cpm/~xM] 

1 0.40 11,580 28,900 
2 0.24 6,820 28,400 
3 0.146 4,180 28,600 

Fraction 1, purified by TLC in solvent A; fraction 2, rechromato- 
graphy of fraction 1 in solvent B; fraction 3, rechromatography of 
fraction 2 in solvent A. 

Table II. Distribution of radioactivity in products obtained by 
chromate oxidation of 13.4 • 10 -2 ~IM biliverdin-IX7 

Product Amount Activity Specific activity 
recovered [cpm] found calculated 
[[~M] [cpm/[zM] 

Hematinic acid imide 8.86 • 10 -2 422 4,760 4,100 
methylester (IIIb) 

Methylvinylpyrrole 2.56 • 10 -2 370 14,500 12,300 
dialdehyde (IV) 

Zusammen/assung.  R a d i o a k t i v  m a r k i e r t e s  Glyz in  wird  
yon  R a u p e n  des Kohlweiss l ings  (Pieris brassicae) in  Bili- 
v e r d i n - I X  y (Pterobi l in) ,  n i c h t  j edoch  in die gleichfalls  
aus  d e m  T e g u m e n t  i so l ier ten  Ph / iophorb ide  e ingebau t .  
Die A k t i v i t / i t s v e r t e i l u n g  in den  A b b a u p r o d u k t e n  I I I b  
und  IV zeigt, dass  dieser  E i n b a u  e n t s p r e c h e n d  dem <~nor- 
malen>> B iosyn theseweg  fiir Ga l lenfa rbs to f fe  erfolgt.  
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