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d e t e r m i n e d  a reas  of t h e  l y sozyme  t h r e e - d i m e n s i o n a l  
ne twork .  

I n  o rder  to  e luc ida te  t h e  role p e r f o r m e d  b y  t he  afore-  
sa id  g r o u n d  s t a t e  complex ,  we ca r r i ed  o u t  some i r rad ia -  
t i on  e x p e r i m e n t s  a t  367 rim, whe re  on ly  u n c o m p l e x e d  
h e m a t o p o r p h y r i n  is i n v o l v e d  in t h e  l i gh t  a b s o r p t i o n  
process ,  a n d  a t  435 nm ,  whe re  t h e  i n c i d e n t  l i g h t  is p re -  
d o m i n a n t l y  a b s o r b e d  b y  t h e  complex .  T he  a m i n o  acid 
ana lyses  of l y sozyme  a f t e r  30 m i n  i r r a d i a t i o n  in aqueous  
so lu t ion  a re  r e p o r t e d  in t h e  Table .  A p p a r e n t l y ,  t h e  
367 n m  l igh t  b r o u g h t  a b o u t  no  c h a n g e  in  t h e  a m i n o  
acid compos i t i on  of t he  p r o t e i n ;  moreover ,  t he  i so la ted  
p r o d u c t  possessed enzym i c  ac t iv i ty ,  U V - a b s o r p t i o n  spec- 
t r u m ,  a n d  c h r o m a t o g r a p h i c  b e h a v i o u r  on  A m b e r l i t e  
CG-50 co inc iden t  w i t h  those  of u n i r r a d i a t e d  lysozyme.  
On  t he  o t h e r  h a n d ,  w h e n  t he  435 n m  l i gh t  was  used, 
one  Met  res idue  was  c o n v e r t e d  to  t h e  su l fox ide :  t h e  
e n z y m i c  a c t i v i t y  (52%),  as wel l  as t he  spec t r a l  a n d  
c h r o m a t o g r a p h i c  p a r a m e t e r s ,  m e a s u r e d  for  t h i s  s a m p l e  
were iden t i ca l  w i t h  t hose  p r e v i o u s l y  d e t e r m i n e d  for  
Met-  12 su l foxide- lysozyme,  p r e p a r e d  b y  i r r a d i a t i o n  of t h e  
h e m a t o p o r p h y r i n - l y s o z y m e  s y s t e m  w i t h  wh i t e  l igh t  1-3. 

Now, w h e n  free Met  or  t h e  d i p e p t i d e  Z-Met -Asp  were  
exposed  to  367 n m  l igh t  in  t he  p resence  of h e m a t o p o r -  
phyr in ,  a f a s t  and  q u a n t i t a t i v e  conve r s ion  of t he  th io-  
e t h e r  f unc t i on  to  t h e  su l foxide  was ach ieved .  F u r t h e r -  
more ,  on  i l l u m i n a t i o n  of l y sozyme  p lus  h e m a t o p o r p h y r i n  
a t  367 n m  in  30% ace t ic  acid solut ion,  b o t h  t h e  Met  
res idues  were  pho toox id i zed .  I t  is a p p a r e n t  t h a t  t h e  
367 n m  l igh t  c an  p r o m o t e  t h e  t r a n s i t i o n  of free h e m a t o -  
p o r p h y r i n  to  t he  exc i t ed  s t a t e  w h i c h  is r espons ib le  for 
p h o t o a c t i v a t i n g  mo lecu l a r  o x y g e n  to  a t t a c k  t h e  m e t h i o -  

n ine  sulfur .  Therefore ,  t h e  lack  of p h o t o o x i d a t i o n  of 
Met-12 b y  free h e m a t o p o r p h y r i n ,  w h e n  l y s o z y m e  r e t a i n s  
i ts  n a t i v e  con fo rma t ion ,  is to  be  asc r ibed  to  t h e  b u r i a l  
of t h i s  res idue  ins ide  t h e  p r o t e i n  molecule  w h i c h  p r e v e n t s  
d i r ec t  i n t e r a c t i o n  b e t w e e n  t h e  Met  side cha in  a n d  t h e  
dye  d i sso lved  in t h e  aqueous  so lvent .  On  t h e  o t h e r  h a n d ,  
t h e  f ac t  t h a t  on ly  l i g h t  a b s o r b e d  b y  c o m p l e x e d  h e m a t o -  
p o r p h y r i n  is e f fec t ive  in i n d u c i n g  t h e  p h o t o o x i d a t i o n  of 
Met-12 can  be  easi ly  i n t e r p r e t e d  if t h e  reg ion  i n v o l v i n g  
t h i s  a m i n o  ac id  is a s s u m e d  to  be  one of t h e  two  b i n d i n g  
s i tes  of t he  dye.  I n  th i s  case, t h e  p r o t e i n  c o n f o r m a t i o n  
exer t s  no  sh ie ld ing  to  t he  c o n t a c t  b e t w e e n  t he  Met  side 
c h a i n  a n d  t h e  p h o t o o x i d i z i n g  a g e n t ;  moreover ,  t h e  h i g h  
local  c o n c e n t r a t i o n  of sens i t izer  shou ld  g r ea t l y  e n h a n c e  
t h e  eff ic iency of t he  p h o t o o x i d a t i v e  reac t ion ,  as i t  h a s  
been  a c t u a l l y  obse rved .  The  second  molecu le  of h e m a t o -  
p o r p h y r i n  b o u n d  pe r  molecule  of l y sozyme  a p p e a r s  to  
i n t e r a c t  w i t h  a s i te  (or, poss ibly ,  to  be  d i s t r i b u t e d  a m o n g  
sites) n o t  c o n t a i n i n g  a n y  of t h e  a m i n o  acids  p h o t o -  
ox id izab le  u n d e r  our  condi t ions .  

These  f ind ings  p o i n t  o u t  t h a t  c a u t i o n  m u s t  be  exerc ised 
in d r a w i n g  conclus ions  a b o u t  t h e  degree  of exposu re  of 
a m i n o  ac id  res idues  in  p ro t e in s  f r o m  p h o t o o x i d a t i v e  
i nves t iga t ion ,  before  t h e  de ta i l ed  m e c h a n i s m  of t he  
p h o t o r e a c t i o n  ha s  been  c leared  up.  Our  resu l t s  open  
i n t e r e s t i ng  p rospec t s  in  t h e  f ield of t h e  dye-sens i t i zed  
p h o t o o x i d a t i o n  of p ro te ins ,  s ince b y  a p rocedu re  s imi la r  
to  t h a t  e m p l o y e d  in t he  p r e s e n t  s tudy ,  t h e  p h o t o d y n a m i c  
ac t ion  of dyes  c an  be  r e s t r i c t ed  w i t h i n  se lected a reas  of 
p r o t e i n  molecules  g; t h i s  shou ld  a l low one se lec t ive ly  to  
m o d i f y  a l i m i t e d  n u m b e r  of a m i n o  acid res idues  a n d  to  
o b t a i n  some i n f o r m a t i o n  a b o u t  t h e  n a t u r e  of t he  b i n d i n g  
s i tes  of dyes  10. 

Amino acid analyses of 30 min irradiated lysozyme 

Amino acid 
Irradiation wavelength 

367 nm 435 nm 367 nm 
(water, (water, (30% acetic 
pH 5.9) pH 5.9) acid) 

Tryptophan 6.0 5.9 5.9 
Histidine 0.8 0.9 0.8 
Tyrosine 3.1 2.9 3.0 
Methionine 2.1 1.0 0.0 
Methionine sulfoxide 0.0 0.9 2.0 

Riassunto. L ' e m a t o p o r f i r i n a  f o r m a  con  il l i soz ima u n  
complesso  in  r a p p o r t o  mola re  2 : 1. U n o  dei  s i t i  di  l egame  
6 r a p p r e s e n t a t o  da l l a  regione  del la  molecola  p r o t e i c a  
c o n t e n e n t e  la  me t ion ina -12 .  L ' i r r a d i a m e n t o  con  luce 
a s s o r b i t a  solo d a l l ' e m a t o p o r f i r i n a  c o m p l e s s a t a  consente ,  
qu indi ,  la  fo tooss idaz ione  se l e t t i va  di t a l e  a m m i n o a c i d o .  
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All the amino acids which are present in lysozyme were examined, 
but the table reports only those which are known to be susceptible 
of photooxidation I. No change was found in the content of the 
other amino acid residues. 
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On the  O r i g i n  of D - A m i n o a c i d  R e s i d u e s  in Microb ia l  P e p t i d e s  

P e p t i d e s  i so la ted  f rom m i c r o - o r gan i s m s  f r e q u e n t l y  
c o n t a i n  res idues  of D-aminoacids .  Severa l  s tud ie s  h a v e  
s h o w n  t h a t  these  res idues  a re  de r ived  b iogene t i ca l ly  f rom 
free L-aminoacids ,  t he  free D-enan t iomers  be ing  genera l ly  
poor  p recursors  x. Accord ingly ,  i nve r s ion  m u s t  occur  
a f t e r  t h e  L-aminoac id  has  been  c o n v e r t e d  to  a de r iva t ive .  
Two poss ib i l i t ies  m a y  be  envisaged .  F i rs t ly ,  de r i va t i z a -  
t ion  of t h e  c a r b o x y l  g roup  to  fo rm a n  a c t i v a t e d  com-  
p o u n d  m a y  be  a c c o m p a n i e d  or fol lowed b y  r a c e m i z a t i o n  
or  invers ion ,  t he  r e su l t i ng  a c t i v a t e d  D-aminoac id  t h e n  
be ing  used to  syn thes i ze  t h e  pep t ide .  A l t e r n a t i v e l y ,  t he  

L-aminoacicl  m a y  be  i n c o r p o r a t e d  as a n  L-residue w h i c h  
l a t e r  unde rgoes  invers ion .  W e  here  p r e s e n t  ev idence  for 
o p e r a t i o n  of t he  l a t t e r  m e c h a n i s m  d u r i n g  b io syn the s i s  
of ana logues  of t h e  cyc lo t e t r adeps ipep t ide ,  angol ide ,  b y  
t h e  fungus  Pithomyces sacchari (Speg.) M. B. Ellis,  
I M I  120725. 

The  o r g a n i s m  was g rown  in surface  cu l t u r e  on  a 
g lucose - sa l t s -pep tone -aga r  m e d i u m  c o n t a i n i n g  L-val ine 
(12.5 mg/ml) .  Af t e r  i n c u b a t i o n  for 2 weeks  a t  25°C the  
ango l ide  f r ac t i on  S was isola ted,  a n d  i ts  p rope r t i e s  were 
c o m p a r e d  w i t h  those  of a u t h e n t i c  angol ide  8. The  resu l t s  
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(Table I) showed t h a t  a l t hough  ex tens ive  incorpora t ion  
of va l ine  had  occurred,  t he  phys ica l  p roper t i e s  were  ve ry  
s imi la r  to  those  of t he  pu re  c o m p o u n d .  W e  i n t e r p r e t  
th is  as i nd i ca t ing  t h a t  t h e  in tegr i ty ,  size a n d  s tereo-  
c h e m i s t r y  of t h e  angol ide  macrocyc le  were  re ta ined ,  and  
there fore  t h a t  t he  only  a l t e ra t ion  was  the  par t i a l  replace-  
m e n t  of isoleucine res idues  by  res idues  df val ine w i t h  t he  
same s te reochemica l  conf igura t ion.  

The  ra t io  of erythro- to  threo-isoleucine ( I le :a l le )  in an 
acid h y d r o l y s a t e  of t he  m i x t u r e  was ve ry  close to  uni ty .  
The s imples t  i n t e r p r e t a t i o n  is t h a t  the  m i x t u r e  con ta ined  

cyclo-L-Hiv-L-Ile-L-Hiv-D-aIle- 
1 2 3 4 

Angolide (Hiv = c¢-hydroxyisovaleric acid) 

only  2 componen t s ,  n ame ly  angol ide  and  L-Val ~, D-Val ~- 
angolide.  The  m i x t u r e  was  e lu ted  f rom a silicic acid 
co lumn  by  ch lo ro fo rm-e thy l  ace ta t e  (9:1 v/v) as a single 
b u t  t ra i l ing  peak.  The mate r ia l s  p re sen t  in t he  peak  and  
one tai l  f rac t ion  were s u b m i t t e d  to  aminoac id  analysis .  
On a molar  basis,  val ine  accoun ted  for 14.5% of t he  
aminoac ids  in t he  fo rmer  and  32.5% in the  la t ter .  The 
compos i t ion  of t he  cyc lodeps ipep t ides  p r e sen t  in these  
2 f rac t ions  was  inves t iga ted  by  mass  spec t rome t ry .  

The  mass  spec t romet r i c  f r a g m e n t a t i o n  of angol ide  and  
i ts  analogues  has  been  s tud ied  in de ta i l  4,5 The  molecu la r  
ion p e a k  is small .  The  m o s t  p r o m i n e n t  peak  in t h e  
s p e c t r u m  occurs  a t  M-44, and  is due  to  a rad ica l - ion  
fo rmed  f rom the  molecular  ion b y  loss of CO s w i th  charge  
r e t en t i on  on t h e  larger  f r agment .  Accordingly,  if the  2 
c h r o m a t o g r a p h i c  f rac t ions  con ta ined  only  angol ide  and  
g-Val  2, D-Val4-angolide, t h e  mass  spec t ra  should  show 
smM1 peaks  a t  m/e 426 and  398 due  to  t he  respect ive  
molecular  ions, and  m a j o r  M-44 peaks  a t  382 and  354, 
t he  l a t t e r  be ing  s t ronger  in t he  s p e c t r u m  of t he  val ine-  
r ich  f rac t ion  t h a n  in t h a t  of t he  va l ine-poor  f ract ion.  
Tab le  I I  shows  t h e  resul ts  wh ich  were  ac tua l ly  observed.  
The  spec t ra  were  cons i s t en t  w i t h  t h e  presence  no t  ol  2 
homologues,  b u t  of 3 a d j a c e n t  m e m b e r s  of an  homologous  
series. Fo r  3 m a j o r  peaks  in t h e  s p e c t r u m  of t he  val ine-  
r ich f ract ion,  homology  w i t h  t h e  co r respond ing  angol ide  
peaks  was  es tab l i shed  by  precise mass  measu remen t ,  
which  was  also used to  conf i rm the  presence  of angol ide 
itself. 

Therefore  P.  sacchari, growing i n t he  presence  of exo- 
genous  L-valine, p roduces  no t  only  angol ide  and  L-Val z, 
D-Val4-angolide, b u t  also one  or b o t h  of t h e  homologues  
in which  on ly  one  isoleucine res idue  is replaced b y  valine.  
The  re la t ive  in tens i t i es  of t he  mass  spect ra l  peaks  sug- 
gest  t h a t  'mono-va l ine  angol ide '  cons t i t u t e s  a t  least  one-  
qua r t e r  of t h e  va l ine-poor  f ract ion,  and  is t hus  a m a j o r  
metabo l ic  p r o d u c t  unde r  these  condi t ions .  

The mass  spec t ra  can  give no ind ica t ion  of t he  stereo- 
chemis t ry  of t he  'mono-va l ine  angol ide ' ,  b u t  ev idence  

Table I. Properties of an angolide fraction containing valine residues 

Property measured Result observed 

[m][~ (c, 0.32 in CHela) 

Melting point 

Infrared spectrum 
(Nujol, Infraeord 137) 

TLC (silica gel G in 
CHela: EtOAc 4:1) 

Aminoacid analysis 
(/J.moles released by acid 
hydrolysis of 426 tzg) 

Hydroxyacid components 
of acid hydrotysate 
(by paper chromatography) 

- 8 0  ° (value for angolide, --83 °) 

255-257 ° (value for angolide, 261-262 °) 

Indistinguishable from that of angolide 
except for small differences near 10 [~m. 

Not resolved from angolide, but some 
tailing. 

Erythro-isoleucine 0.81 
Threo-isoleueine 0.82 
Valine 0.60 

Only ~-hydroxyisovaleric acid detected. 

t E. P. ABRAHAM, G. G. F. NEWTON and S. C. WARREN, in Bio- 
genesis o/Antibiotic Substances (Academic Press, New York 1965), 
p. 175. 
P. RICHES, A. ROTHWELL and D. W. RUSSELL, J. gen. Mierobiol. 
46, 77 (1967). 

s D. W. RUSSELL, J. chem. Soe. 1965, 4664. 
4 N. S. WULFSON, V. A. PUEHKOV, V. N. BOKHAREV, B. V. RozlhrOV, 

A. M. ZYAKOON, M. M. SHEMYAKIN, Yu. A. OVCHINmKOV, 
A. A. KIRYUSHKIN, E. I, VINOGRADOVA, M. Yu. FEIGINA and 
N. A. ALnOt¢OVA, Tetrahedron Lett. 17, 951 (1964). 

5 C. G. MAcDoNALD and J. S. SHASNO~;, Tetrahedron Lett. d2, 
3113 (1964). 

Table II. Mass spectral assignments for valine-poor (A) and valine-rich (B) angolide fractions 

role Relative intensity Assignment Precise role Formula 
A B 

426 1.8 0.9 Homologous 426.2732 4- 0.0012 Ci2H~sN206 ~ 
412 1,2 1.6 molecular ion - 
398 0.6 0.9 peaks - - 

382 100 56 Homologous - - 
368 40 100 M-44 368.2671 ± 0.0011 Ca0HasNzO 4 
354 4.6 47 peaks - - 

297 42 34 [CI6H~TNO4]+. b _ - 
283 16 44 and homologues 283.1783 q- 0.0008 CxsH25NO4 
269 2.8 9.3 - - 

282 44 30 [CI~H~NO4]+. b _ 
268 10 44 and homologues 268.1557 t 0.0008 C14H22NO 4 
254 - 1.8 - - 

197 54 41 [CnH19NOz]+. b _ _ 
183 20 57 and homologues - - 
169 40 37 - - 

Or C~aHa~NsO ~, but this is excluded by the results given in Table 1. b See ref. No. 5. 
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can  be  a d d u c e d  f rom the  r a t i o  of erythro- to  threo-isoleucine. 
P r e p o n d e r a n c e  of e i t he r  L-Val 2- or  D-Val4-angolide m u s t  
cause  th i s  r a t i o  to  d e p a r t  f r om un i ty .  Ango l ide  f r ac t ions  
were i so la ted  f rom P. sacchari grown in  t h e  p resence  of 
l . -val ine a t  8 d i f fe ren t  c o n c e n t r a t i o n s  in  t h e  r a n g e  
2 .5-20 ~zg/ml. I n  acid h y d r o l y s a t e s  of these  f r ac t ions  t h e  
m e a n  I l c : a l l e  r a t i o  was 1.03, w i t h  a r a n g e  0.97-1.18. 
P r e v i o u s  work  w i t h  t h e  2 ep imer ie  isoleucine de r i va t i ve s  
p r o d u c e d  b y  mi ld  hyd raz ino ly s i s  of angol ide  ha s  s h o w n  
t h a t  l i t t l e  if a n y  e p i m e r i z a t i o n  of isoleucines  occurs  
d u r i n g  acid hydro lys i s  3. W e  the re fo re  conc lude  t h a t  t h e  
r a t io  of erythro- to  threo-isoleucine res idues  in t h e  angol ide  
f r ac t ions  is close to  un i ty .  I t  fol lows t h a t  exogenous  
L-valir~e p r o m o t e s  t he  b i o s yn t he s i s  of l .-Val ~- a n d  D-Val*- 
angol ide  in equa l  a m o u n t .  

Th i s  conc lus ion  ha s  i n t e r e s t i n g  b i o c h e m i c a l  impl ica-  
t ions .  F o r m a t i o n  of t h e  2 s t e reo i somers  in  equa l  a m o u n t  
is p l a u s i b l y  exp l a ined  on ly  if b o t h  ar ise  f rom a c o m m o n  
precursor .  Th i s  p recu r so r  m u s t  c o n t a i n  one  res idue  of 
va l ine  a n d  one  of isoleucine,  w i t h  t h e  a d d e d  prov iso  
t h a t  b o t h  res idues  are  b i o c h e m i c a l l y  equ iva len t ,  so t h a t  
w h i c h  one  unde rgoes  i nve r s ion  is en t i r e ly  a m a t t e r  of 
chance .  Th i s  supposes  a h igh  degree  of s y m m e t r y  in t h e  
p r ecu r so r  molecule ,  a n d  excludes  f rom c o n s i d e r a t i o n  a n y  
o p e n - c h a i n  s t ruc tu re ,  w h i c h  m u s t  necessar i ly  c o n t a i n  2 
a m i n o a c i d  res idues  in  n o n - e q u i v a l e n t  e n v i r o n m e n t s .  

W e  the re fo re  p ropose  t h a t  b i o s y n t h e s i s  of t h e  ' m o n o -  
va l ine  angol ides ' ,  a n d  hence  b y  i m p l i c a t i o n  of angol ide  
itself, p roceeds  b y  w a y  of a n  a l l -L-eyc lo te t r adeps ipep t ide  
precursor ,  t h e  s ingle B-res idue be ing  i n t r o d u c e d  b y  r a n d o m  
inve r s ion  of one or  o t h e r  of t h e  t w o  e n v i r o n m e n t a l l y  a n d  
s t e r eochemica l ly  e q u i v a l e n t  L-aminoac id  res idues.  I t  

seems to  us  l ike ly  t h a t  a s imi la r  m e c h a n i s m  m a y  ope ra t e  
in  t he  b io syn thes i s  of o t h e r  m i c r o b i a l  pep t ides ,  such  as 
spor idesmol ide  I, v a l i n o m y c i n ,  g r a m i c i d i n  S, a n d  fungi-  
spor in ,  for w h i c h  essen t ia l ly  s y m m e t r i c a l ,  all-l, cyclic 
p recursors  m a y  p l a u s i b l y  be  fo rmu la t ed .  These  in t u r n  
m a y  be  specia l  cases of a genera l  m e c h a n i s m ,  b y  w h i c h  
D-aminoac id  res idues  in  mic rob ia l  pep t ides  o r ig ina t e  b y  
i nve r s ion  of p rev ious ly  i n c o r p o r a t e d  L-residues. An  en- 
zyme-ca t a ly sed  d e h y d r o g e n a t i o n / h y d r o g e n a t i o n  mecha -  
n i s m  b y  w h i c h  such  inve r s ion  m a y  occur  ha s  r ecen t l y  
b e e n  p roposed  ~. 

A de ta i l ed  a c c o u n t  of t h i s  work  will  be  p u b l i s h e d  
elsewhere.  

Zusammen/assung. E i n  G e m i s c h  yon  Ango l id  u n d  
se inen  drei  v a l i n h a l t i g e n  H o m o l o g e n  aus  L-va l inha l t ige r  
K u l t u r  yon  Pithomyces sacchari e n t h i e l t  gleiche Mengen  
zweier  I somere  m i t  n u r  e inem Val in res t ,  was  w a h r s c h c i n -  
l ich m a c h t ,  dass  Angol id  d u r c h  U m k e h r u n g  eines L-Rests  
aus  e i n e m  z y k l i s c h - s y m m e t r i s c h e n  Vor lgufe r  e n t s t e h t .  
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X a n t h i n e  D e h y d r o g e n a s e  in the  B i o s y n t h e s i s  of  the  Eye  P t e r i n  P i g m e n t s  of Drosophila rnelanogaster 
I t  h a s  b e e n  e s t ab l i sh ed  in p r e v i o u s  s tud ies  1, 3 t h a t  t h e  

wi ld  t y p e  of Drosophila melanogaster, grown  on t he  
KELLER a n d  GLASSMAN 3 cu l t u r e  m e d i u m ,  w i t h  4 - h y d r o x y -  
p y r a z o l e  (3,4-D) p y r i m i d i n e  (or H P P )  a t  0 . 0 8 g / 1 0 0 m l  
c o n c e n t r a t i o n ,  o r ig ina tes  phenocop ie s  of t h e  ' m a r o o n -  
l ike '  (MAL) m u t a n t .  I t  is k n o w n  t h a t  th i s  m u t a n t  lacks  
t h e  x a n t i n e  deyd rogenas e  e n z y m e  ( X D H ) ,  a n d  t he r e fo re  
in  t h e  ma le s  t h e r e  is no  i s o x a n t h o p t e r i n  in  a n y  m e a s u r a b l e  
a m o u n t ,  whi le  t h e r e  is a n  increase  of i t s  p r ecu r so r  2 -amino-  
4 - h y d r o x y p t e r i n 3 .  F u r t h e r m o r e ,  t h e  M A L  m u t a n t  shows 
a r e m a r k a b l e  decrease  of t h e  a m o u n t  of t h e  eye p i g m e n t  
d rosop te r in .  

S imi la r  e x p e r i m e n t s  p e r f o r m e d  w i t h  H P P  on  t h e  
' sep ia '  (SE) m u t a n t  4 h a v e  s h o w n  t he  d i s a p p e a r a n c e  of 
t h e  i s o x a n t h o p t e r i n  in  t h e  males ,  a n  increase  of t h e  
level  of 2 - a m i n o - 4 - h y d r o x y p t e r i n  a n d  a decrease  of 
s e p i a p t e r i n  w h i c h  is t h e  eye p i g m e n t  of t h i s  m u t a n t .  
Th i s  decrease  reaches  a c e r t a i n  level  t h a t  c a n n o t  be  
lowered,  even  if t h e  H P P  c o n c e n t r a t i o n  in t h e  cu l tu re  
m e d i u m  is increased.  T h e  effects  of t h e  a d d i t i o n  of H P P  
to  t h e  wi ld  t y p e  a n d  to  t h e  SE  m u t a n t  are  o b v i o u s l y  
s imi lar .  W h i l e  t h e  wi ld  t y p e  t r e a t e d  w i t h  H P P  or ig ina tes  
t h e  p h e n o c o p y  of t h e  M A L  m u t a n t ,  t h e  SE  m u t a n t  
t r e a t e d  does n o t  h a v e  a co r r e spond ing  b i o c h e m i c a l  
p h e n o t y p e  in a n y  Drosophila melanogaster s ingle  m u t a n t .  

W e  h a v e  the re fo re  t r i ed  to  i so la te  a m u t a n t  s t r a i n  of 
wh ich  t h e  SE  m u t a n t  t r e a t e d  w i t h  H P P  is t h e  p h e n o c o p y .  
B y  cross ing t h e  SE  w i t h  the  M A L  m u t a n t ,  i t  h a s  b e e n  
possible  to  i so la te  a doub le  m u t a n t  s t r a i n  which ,  w h e n  
ana lyzed  b y  s p e c t r o p h o t o m e t r y  a n d  c h r o m a t o g r a p h y ,  
shows t h e  s ame  b iochemica l  p h e n o t y p e  of t h e  S E  t r e a t e d  

w i t h  H P P .  I n  fact ,  because  of t h e  S E  m u t a t i o n ,  sep iap te -  
r in  is t h e  eye p i g m e n t  while,  because  of t h e  M A L  m u t a -  
t ion,  t h e r e  is no  X D H  e n z y m e  a n d  acco rd ing ly  no  iso- 
x a n t h o p t e r i n .  Since i t  is imposs ib le  to  d i s t i ngu i sh  b y  
e x a m i n a t i o n  b e t w e e n  t h e  SE  a n d  t h e  doub le  m u t a n t ,  
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Fig. 1. Optical density at 420 nm of homogenized heads of Droso- 
phila melanogaster males SE ( . . . .  ), MAL/SE (----)  and SE treated 
with HPP ( . . . . .  ). Means of 5 experiments for each different age. 

• Vertical lines indicate S.E. 
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