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prev ious ly  freed f rom hair  wi th  scissors. The  skin was  t h e n  
i r rad ia ted  w i t h  an  Osram H W A  500 W lamp  (strongly 
emi t t i ng  a t  3.655 /k, besides in the  visible region) a t  a 
d is tance  of 45 cm. W i t h  rad ia t ion  doses near  to  the  
m i n i m u m  required,  e r y t h e m a  appeared  as a rule af ter  
24 h, b u t  somet imes  a f te r  48 h. E a c h  substance  was as- 
sayed  on several  an imals  (Table). Psoralen,  x a n t h o t o x i n  
and be rgap ten  were  also tes ted  for sake of compar ison.  

The  d a t a  repor ted  in the  Tab le  show that ,  a m o n g  the  
tes ted  substances,  8 -methylpsora len  has the  highest  
ac t iv i ty ,  more  t h a n  5 t imes  higher  t han  t h a t  of psoralen,  
and 7 o the r  methy lpsora len  are  also more  ac t ive  than  
psoralen.  

F r o m  the  resul ts  obta ined,  i t  appears  ev iden t  t h a t  by  
in t roduc t ion  of 1 me thy l -g roup  in the  psoralen molecule  
the  skin-photosensi t iz ing ac t i v i t y  increases if the  me thy l -  
group is in the  posit ions 4, 5 or 8; i ts influence increases 
in this order.  

On the  contrary,  the  me thy l -g roup  in posi t ion 4 '  has  a 
quench ing  effect  on the  ac t iv i ty .  Very  nega t ive  is the  
inf luence of t he  me thy l -g roup  when i t  is in t he  3 posit ion,  
as was observed  also by  PATHAK et  alJ~,13: in fac t  the  
tes ted  de r iva t ives  which  have  a me thy l -g roup  in this  
posi t ion (3, 4-dimethyl- ,  3, 4, 8- t r imethyl -  and 3, 4, 4', 8- 
t e t ramethy lpsora len)  have  only a v e r y  weak  ac t iv i ty  or 
t h e y  are inact ive.  

I t  is n o t  possible to  group toge ther  the  resul ts  now 
ob ta ined  wi th  those  ob ta ined  prev ious ly  on the  h u m a n  
skin because of t he  changed expe r imen ta l  condi t ions  in 
which  the  present  tes t  was per formed and the  di f ferent  
r eac t iv i ty  of the  guinea-pig skin. 

The  exp lana t ion  of the  di f ferent  a c t i v i t y  of the  var ious  
subs t i t u t ed  psoralens is u n d o u b t e d l y  bound  to the  pro-  

b l em of the  m e c h a n i s m  of ac t ion  of furocoumar ins .  The  
photoreac t ions  be tween  furocoumar ins  and  nucleic acids, 
recent ly  m a d e  known by  our  l abora to ry  l°,n, which lead 
to the  fo rmat ion  of C4-cyclo-adducts,  in which  the  5, 6 
double  bond of pyr imid ine  bases ( thymine,  cytosine,  
uracil) and  the  4", 5' or 3, 4 double  bonds of furocoumar ins  
are  involved,  seem to  shed a l igh t  on this  p rob lem 15. W e  
are  now still  ex tens ive ly  s tudy ing  these  photoreac t ions ,  
to ob ta in  more  comple te  in format ion  in this  field ~0. 

Riassunto. Alcuni  met i l -de r iva t i  del psoralene hanno  
una  a t t i v i t£  fotosensibi l izzatr ice cu t anea  no t evo lmen te  
pih for te  dello stesso psoralene,  cons idera to  f inora la pih 
a t t i v a  sos tanza  di ques to  gruppo.  I1 der ivato ,  f inora t ro-  
v a t o  con maggiore  po te re  fotosensibi l izzante  ~ l '8-meti l -  
psoralene.  
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1~ A photo-C4-cyclo-adduct between psoralen and thymine, which 
appears identical with that obtained in the photoreaction between 
the 2 substances, in which the 4', 5' double bond of psoralen and 
5,6 double bond of thymine are involved, was isolated also by hy- 
drolysis of DNA extracted from Ehrlich ascites turnout cells ir- 
radiated at 3.655 ]~ in the presence of psoralen (not yet published). 

x6 These studies were aided by Consiglio Nazionale delle Ricerche, 
Roma. 

O n  the Localization of Tryptophane in the as 
Chain of Collagen 

PlEZ 1 recent ly  repor ted  the  non-homogene i ty  of the  
pept id ic  chain of col lagen called ax. He  was able to show 
t h a t  this  e l  f rac t ion consists  essent ia l ly  of 2 po lypept id ic  
f ragments  w i th  molecular  weight  9 x 104, one of t h e m  
being called now ml, the  o the r  ~ .  The  difference be tween  
those  2 f ragments  is no t  only  in thei r  ch romatograph ic  
behav iour  bu t  in the  amino  acid composi t ion  .as well:  
there  is a considerable  a m o u n t  of evidence avai lable  for 
the  presence of one t r y p t o p h a n e  residue wi th in  the  e3 
chain.  As t r y p t o p h a n e  is an  a romat i c  amino  acid wi th  
reac t ive  character ,  i t  is of considerable  in teres t  to  in- 
ves t iga te  the  local izat ion of this residue in the  poly-  
pept ide  chain:  DRAKE et  a13 and la te r  ROSMUS e t  al. a 
were able to demons t ra t e  t h a t  near ly  all the  a romat ic  
residues (tyrosines) in the  collagen molecule  are located in 
the  so-called telopeptides,  which could be  spl i t  off f rom 
the  na t i ve  collagen molecule  by  the  ac t ion  of pepsin,  
t ryps in  or  pronase.  The  sequent ia l  analysis  of t he  above-  
men t ioned  te lopept ides  f rom pepsin and pronase  digests  
of na t ive  collagen did no t  show a n y  evidence of the  
presence of a t r y p t o p h y l  residue. Never theless ,  this m igh t  
be due to some losses dur ing the  te lopept ide  f ract ionat ion.  
For  this reason we looked for a specific t echn ique  of 
spl i t t ing of t he  pept idic  chain  in t he  place of the  t ryp to -  
phane  residue. 

PREVtERO et  al. 4 publ ished a s imple t echn ique  of the  
non-enzymat ic  c leavage  of t he  t r y p t o p h y l  residue th rough  
its convers ion into  a N- fo rmylkynuren ine  der iva t ive .  We  
have  used this  t echn ique  for spl i t t ing bo th  the  acid 
soluble and insoluble collagens. The  p repara t ion  of the  
acid soluble and insoluble col lagen was done  according to 
RUBIN e t  al. s. F o r  c leavage  of the  pept id ic  chain, samples  
of t he  soluble or  insoluble collagen were  dissolved or  
suspended in 100% formic acid (1000 mg  in 250 ml  of 
formic acid) and abou t  10 mg  of resorcinol were added to 
the  react ion mixture .  The  mix tu re  was t rea ted  wi th  a 
slow s t ream of ozone f rom a l abora to ry  made  ozonizer  a t  
12 °C for 16 h. The  convers ion was followed by measur ing  
the  opt ica l  dens i ty  of a 0.5 ml  sample  in 3 ml  of e thanol .  
~Vhen the  m a x i m u m  of t he  opt ical  dens i ty  increase was 
reached, the  ozonizat ion was s topped,  formic acid was 
careful ly r emoved  in vacuo,  the  d ry  residue was suspended 

1 K. A. PIEZ, Biochemistry d, 2590 (1965). 
M. P. DRAKE, P. F. DAVISON, S. BUMP and F. O. SCH~ITT, Bio- 
chemistry 5, 303 (1966). 

s j .  Ros~tvs, M. P. DRAKE and Z. DEYL, Biochim. biophys. A~ta 
140, 507 (1967). 

4 C. PREVIERO, C. M. PREVXERO and P. JOLLES, Biochim. biophys. 
Acta 724, 400 (1966). 
A. L. RumN, M. P. DRAKE, P. 12. DAVI$ON, D. PFAHL, P. T. 
SPEAKMAN and F. O. SCHMITT, Biochemistry 4, 181 (1965). 
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in t h e  sma l l e s t  a m o u n t  of w a t e r  a n d  d r i ed  aga in .  F i n a l l y  
i t  was  homogen i zed ,  d isso lved  in  d o u b l e  d is t i l led  w a t e r  
a n d  d ia lyzed  a g a i n s t  d o u b l e  d is t i l led  w a t e r  twice  over-  
n ight .  B o t h  t h e  res idue  in  t h e  d ia lyz ing  b a g  a n d  t h e  
d ia lyza te  were  t e s t e d  for  t he  U V - a b s o r b a n c e .  I t  a p p e a r e d  
t h a t  t he  l i be r a t ed  N - f o r m y l k y n u r e n i n e  d e r i v a t i v e  is 
d ia lyzable ,  sugges t ing  t h e  p re sence  of t h e  t r y p t o p h y l  
res idue  n e a r  t h e  C-end  of t h e  col lagen molecule .  The  
d i a lyza te  c o n t a i n i n g  t h e  N - f o r m y l k y n u r e n i n e  d e r i v a t i v e  
was t h e r e a f t e r  m a d e  0 ,5M a c c o r d i n g  to  N.aHCOs a n d  
h e a t e d  a t  100°C for 4 h.  A p a r t  of t h i s  r e a c t i o n  m i x t u r e  
(0.1 ml) was  d i r ec t ly  m i x e d  w i t h  50 #1 of s a t u r a t e d  solu- 
t ion  of d i m e t h y l a m i n o - n a p h t a l e n e - 5 - s u l p h o n y l c h l o r i d e  in  
ace tone  in o rde r  to  e s t i m a t e  t he  N - t e r m i n a l  a m i n o  acid 
residue.  The  second a l i quo t  (0.2 ml) was  used  for  t e s t i n g  
t he  h o m o g e n e i t y  of t h e  r e su l t i ng  peP t i de  b y  m e a n s  of 
p a p e r  c h r o m a t o g r a p h y  ( so lven t  s y s t e m  n - b u t a n o l - p y r i -  
d ine-ace t ic  a c i d - w a t e r  30 : 20 : 6:  24). T h e  m a i n  p a r t  of t h e  
sample  was  deg raded  s t epwise  b y  EDMAN'S t echn ique ,  
modif ied  b y  GRAY a n d  HARTLEY 6. T h e  N - t e r m i n a l  a m i n o  
acid was  d e t e r m i n e d  a f t e r  e ach  d e g r a d a t i o n  s tep,  as de- 
scr ibed b y  GRAY a n d  HARTLEY 6, b u t  t h e  i den t i f i c a t i on  of 
r e su l t ing  d i m e t h y l a m i n o n a p h t a l e n e  s u l p h o n y l  d e r i v a t i v e s  
of a m i n o  acids  h a s  b e e n  p e r f o r m e d  b y  m e a n s  of t h i n -  
layer  c h r o m a t o g r a p h y  as descr ibed  b y  DEYL a n d  ROSMUS ~. 
T h e  fol lowing a m i n o  acid sequence  was  f o u n d :  t rp - l eu -  
Iys-arg s. 

No di f ference  in t h e  sequence  of t h e  r e su l t i ng  pep t i de  
was found  if, i n s t e a d  of ac id-so luble  collagen,  t h e  in- 
soluble col lagen was  used.  

The  ana lys i s  of t h e  pep t i de  m i x t u r e  re leased  f rom the  
n a t i v e  inso luble  col lagen b y  m e a n s  of t r y p s i n  r e su l t ed  in  

t h e  d e t e c t i o n  a n d  i so la t ion  of a t r y p t o p h a n e  c o n t a i n i n g  
p e p t i d e  9. T h e  sequence  of t h i s  p e p t i d e  was  d e t e r m i n e d  in 
t h e  s a m e  was as  desc r ibed  a b o v e  a n d  t h e  fo l lowing 
sequence  was  f o u n d  : glu S-trp-leu-lys.  

The re fo re  one  can  conc lude  t h a t  one  of t h e  C - t e r m i n a l  
sequences  in  t h e  n a t i v e  col lagen is:  g lu- t rp- leu- lys -a rg ,  
w h i c h  is s u p p o r t e d  b y  t h e  f ac t  t h a t  DEYL et  al. a° found  
one  C - t e r m i n a l  a rg in ine  a m o n g  6 C- t e rmina I  a m i n o  ac ids  
of t h e  n a t i v e  col lagen molecule .  

Zusammen]assung. Es  w u r d e  die Lage  des T r y p t o -  
p h a n r e s t e s  in  de r  ~s T r o p o k o l l a g e n k e t t e  b e s t i m m t :  Das  
T r y p t o p h a n  b e f i n d e t  s ich au f  d e m  4. P l a t z  v o m  C - E n d e  
der  Ke t t e ,  in  der  Sequenz  t rp - l eu - ly s -a rg  s. De r  Verg le ich  
m i t  d e m  t r y p t i s c h e n  H y d r o l y s a t  f i ih r te  zur  V e r b r e i t e r u n g  
de r  Sequenz  u m  eine wei te re  Aminos~kure: g lu- t rp - leu-  
lys -arg  s. 
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s trp, tryptophane; leu, leucine; lys, lysine; arg, arginine; glu, 
glutamic acid. 

a j .  ROSMUS, 0. MIKES and Z. DEYL, unpublished observations. 
lO Z. DEYL, J. RosMua and S. BUMP, Biochim. biophys, Acta 140, 

515 (1967). 

Cholesteryl Esters in Flue-Cured Tobacco 

Th e  c o n s t i t u e n t s  of t o b a c c o  in al l  i t s  va r ious  fo rms  h a v e  
received ex t ens ive  c h e m i c a l  s t u d y l ,  a n d  severa l  s terols ,  
s terol  esters ,  a n d  s te ro l  glycosides  h a v e  b e e n  r e p o r t e d  in  
t obacco  - t h e  s te ro ls  c o m m o n l y  o b t a i n e d  b e i n g  s t ig-  
mas tero l ,  f l-sitosterol,  e rgos te ro l  a n d  c a m p e s t e r o l  (JOHN- 
STONE et  al.~,*). Cholesterol ,  o f t e n  cons ide red  to  be  a n  
' a n i m a l '  s terol ,  h a s  been  found  on ly  r ecen t l y  in  p l a n t s  
a n d  to  our  knowledge  ha s  been  conc lus ive ly  iden t i f i ed  in 
on ly  4 species a a l t h o u g h  i ts  p resence  ha s  b e e n  in fe r red  in 
Others 4. I n  sp i te  of e x t e n s i v e  work  on  tobacco ,  choles te ro l  
a n d  i ts  d e r i v a t i v e s  h a v e  n e v e r  b e e n  i so l a t ed  f r o m  t h i s  
p l a n t  6. VVe n o w  r e p o r t  a s imple  sequence  of s e p a r a t i o n  
s teps  (char t )  w h i c h  re su l t s  in  t h e  r e a d y  i so la t ion  of a s t e ro l  
es ter  f r ac t i on  f rom t h e  h e x a n e  e x t r a c t  of f lue-cured  
tobacco,  t o g e t h e r  w i th  p roof  of t he  p resence  of a signifi- 
c a n t  p e r c e n t a g e  of cho les te ryI  es ters  in  th i s  f rac t ion .  

F lue -cured  t obacco  leaves  e were g r o u n d  a n d  e x t r a c t e d  
Cont inuous ly  w i t h  w a r m  h e x a n e  7. T h e  e x t r a c t  was  chilled, 
f i l tered,  a n d  e v a p o r a t e d ,  a n d  t h e  res idue  (5% s) was  dis- 
Solved in a c e t o n e  a n d  chil led.  P r e c i p i t a t e d  sol ids were  
r e m o v e d  b y  f i l t r a t i o n  a n d  t h e  a c e t o n e  e v a p o r a t e d .  T h e  
residue (4.5%) was s u b j e c t e d  to  a 14 t r a n s f e r  coun te r -  
CUrrent d i s t r i b u t i o n  us ing  h e x a n e  as t h e  s t a t i o n a r y  p h a s e  
and  ace ton i t r i l e  as t h e  mobi l e  phase .  T h e  res idue  f rom 
e v a p o r a t i o n  of t u b e  0 (i.e., t h e  leas t  po l a r  ma te r i a l ,  1 .3%) 
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campesterol. M. J. THOMPSON, W. E. ROBmNS and G. L. BAKER~ 
Steroids 2, 505 (1963); I. NISHIOKA, N. IKEKA~,VA, A. YAGI, 
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379 (1965). 
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* See, inter alia, M. F. HOGEL, W. gETTER, H. ANDIER, M. BARBIER 
and E. LEDERER, Phytochem. 3, 7 (1964); P. DUPERON, W. 
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s p. BENVENISTE, L. HIRTH and G. OURISSON reported that the 
sterol fraction from tobacco tissues grown in vitro contained a 
minor constituent (1% or less), the molecular weight of which 
corresponded to that of cholesterol, but conclusive identification 
was not made. Phytochem. 5, 31 (1966). 

6 The tobacco was Hicks variety, government grade B4 LV, flue- 
cured tobacco, harvested and purchased in 1964, and stored in a 
freezer. 
M. Dymicky and R. L. STEDMAN, Tob. Sci. 3, 179 (1959). 

s Percentages are approximate and are given in terms of the un- 
dried leaf. 


