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[~]~)2 _ 9.2 o, c = 1, DMF.  Anal .  Calcd.  for C4sH52N6014: 
C 61.5; FI 5.6; N 9.0. F o u n d  C 61.8; H 5.8; N 8.9). 

H y d r o g e n a t i o n  of V I I  in  D M F  in the  presence  of Pd /C  
10% gave  t h e  key  i n t e r m e d i a t e  Py r - G l u - T yr - Th r (Ac ) -  
N H - N H  2 (VII I )  (99% yie ld ;  m.p.  193-194~ [~]~)2 + 2.8 o, 
c = 0.6, D M F ;  El. 2 = 0.48 Glu) wh ich  was c o n v e r t e d  in to  
t h e  azide  I X  b y  t r e a t m e n t  a t  - - 25  ~ w i t h  H C 1 / T H F  2N 
a n d  t -bu ty l  n i t r i t e ,  and  condensed  w i t h  t he  p e n t a p e p t i d e  
+H2-Gly-Trp-Met -Asp-Phe-NH2.C1  - s  in  D M F  a t  - -12  ~ 
for 4 days  to  give t he  n o n a p e p t i d e  Py r - G l u - T yr - Th r (Ac ) -  
G l y - T r p - M e t - A s p - P h e - N H ,  (X) (83% yie ld ;  m.p.  208 to  
210~ [~]~)~ - -15  ~ , c ~  1, I ) M F ;  E s . s =  0.28 Glu. Anal.  
Calcd. for  Cs~H69NnO17S. 1/~ H 2 0 :  C 55.6; H 5.8; N 12.7. 
F o u n d  C 55.7; H 5.9; N 12.3). 

T h e  p r o d u c t  was  n e x t  t r e a t e d  in p y r i d i n e - D M F  w i t h  
7 equ iva l en t s  of SOa/pyr id ine  complex  for 5 h. Af te r  
e v a p o r a t i o n  of t h e  s o l ven t  in  vacuo  and  d isso lu t ion  of 
t h e  res idue in t h e  b o t t o m  laye r  (A) of t he  s y s t e m  n - B u O H -  
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Synthesis of phyllocaerulein. 

N~I As Ph~ 

E t O H - H 2 0  (5 :1 :8 ) ,  N a O H  was added  to  p H  3.2 a n d  t he  
so lu t ion  was e x t r a c t e d  w i t h  t he  t o p  l aye r  (B) of the  
same  sys tem.  E v a p o r a t i o n  of t he  so lven t  left  a c rude  
res idue  (XI) wh ich  was dissolved in A a n d  m a d e  basic  
w i t h  N a O H  to  p H  11. Af te r  3 h HC1 was added  to  p H  3.2 
and  t h e  so lu t ion  e x t r a c t e d  w i t h  ]3. E v a p o r a t i o n  of t he  
so lven t  lef t  a res idue  of c rude  pep t ide  wh ich  was pur i f ied  
b y  e lu t ion  f rom D E A E  - S e p h a d e x  (OH-)  w i t h  1 M  
(NH4)2CO 3 buffer  a n d  deionized on  A m b e r l i t e  CG-50 (H+). 
The  n o n a p e p t i d e  P y r - G l u - T y r ( S O 3 H ) - T h r - G l y - T r p - M e t -  
A s p - P h e - N H  2 (XI I )  so o b t a i n e d  (48% yie ld ;  El. 9 = 0.57 
Cys(SO3H);  Es. s = 0.50 Glu ;  0.39 Cys(SO3H) ) was  found  
to  be  homogeneous  a n d  showed t he  same e lec t rophore t i c  
a n d  c h r o m a t o g r a p h i c  proper t ies ,  t he  s ame  b e h a v i o u r  
t owards  c h y m o t r y p s i n  a n d  subt i l i s in ,  a n d  t h e  same  
d e g r a d a t i o n  p a t t e r n  and  biological  p roper t i e s  as n a t u r a l  
phyl locaeru le in ,  t h u s  conf i rming  t h e  fo rmu la  p rev ious ly  
deduced  f rom d e g r a d a t i o n  expe r imen t s .  

Riassunto. Viene  r i p o r t a t a  la s in tes i  del la  p i rog lu tami l -  
glutamil- t i rosi l  (0-sol faro) - t reoni l -g l ic i l - t r ip tofani l -met ioni l -  
aspar t i l - fen i la lan i lamide ,  u n  n o n a p e p t i d e  ident ico  per  
propr ie tA chimiche ,  f is iche e biologiche al la  Phyl locae-  
rule ina.  
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The Enzymatic  Degradation of Phyllocaerulein and Analogs  

Phyl locaeru le in ,  a n o n a p e p t i d e  w i t h  a s t r u c t u r e  v e r y  
s imi la r  to, a n d  a c t i v i t y  s p e c t r u m  ident ica l  w i t h  t h a t  of 
caeru le in  lm, ha s  been  i so la ted  f rom t he  skin  of a S o u t h  
A m e r i c a n  a m p h i b i a n  Phyllomedusa sauvagi 3. T he  s t ruc-  
t u r e  of phy l locae ru le in  ha s  been  p r o v e d  b y  syn thes i s  4. 
As shown  in F igure  1, i t  differs  f rom t h a t  of caeru le in  
on ly  in t he  lack  of g l u t a m i n e  a n d  ill t h e  s u b s t i t u t i o n  of 
1 a s p a r t y l  w i t h  a g l u t a m y l  residue.  

S 
I 

Caerulein Pyr-Gln-Asp-Tyr-Thr-Gly-Trp-Met-Asp-Phe-NH 2 

S 
I 

Phyllocaerulein Pyr-Glu- Tyr-Thr-Gly- Trp-Met-Asp-Phe-NH 2 

The  sequen t i a l  ana lys i s  of phy l locae ru le in  has  been  
based,  l ike t h a t  of caerulein ,  on  t he  e n z y m a t i c  degra -  
d a t i o n  w i t h  c h y m o t r y p s i n  a n d  subt i l i s in .  T he  pu rpose  
of th i s  c o m m u n i c a t i o n  is to  descr ibe  br ief ly  a d i s c r epancy  
t h a t  has  been  obse rved  in t he  b e h a v i o u r  of t he  2 s t ruc-  
tures ,  o the rwise  so s imilar ,  t o w a r d s  t he  e n z y m a t i c  a t t a ck .  

C h y m o t r y p s i n  b e h a v e d  in t h e  same  way  w i t h  b o t h  
pept ides .  The  hydro lys i s  occur red  a t  t he  c a r b o x y l  side 
of t r y p t o p h a n  a n d  2 f r a g m e n t s  were  produced .  I n  con- 
t r a s t  w i t h  c aerulein ,  t he  N - t e r m i n a l  f r a g m e n t  of phyl lo-  
caeru le in  was f o u n d  to  be  free of a spa r t i c  acid a n d  th i s  
i m m e d i a t e l y  conf i rmed  t h a t  phy l locae ru le in  c o n t a i n e d  
on ly  1 a s p a r t y l  residue.  

Subt i l i s in  also b roke  t h e  t r y p t o p h a n  bond  of b o t h  
pept ides ,  a n d  in a d d i t i o n  h y d r o l y z e d  a second bond ,  
g iv ing  rise to  3 f r agmen t s .  However ,  t h i s  second p o i n t  
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of ac t ion was not  t he  same for the  2 pep t ides  and  th is  
led init ial ly to  a mis in t e rp re t a t ion  of the  s t ruc ture  of 
phyl locaerulein.  The resul ts  of the  subti l is in digest ion 
are shown in Figure 2. 

Degradation by subtilisin of caerulein and analogs 

1 Pyr-Gln-Asp-Tyr-Thr-Gly-Trp-Met-Asp-Phe-NH 2 

2 Pyr-Glu-Thr-Tyr-Gly-Trp-Met-Asp-Phe-NH 2 

3 Pyr-Glu-Tyr-Thr-Gly-Trp-Met-Asp-Phe-NH 2 

Pyr-Asp-Tyr-Thr-Gly-Trp-Met-Asp-Phe-NH 2 

5 Pyr-Tyr-Thr-Gly-Trp-Met-Asp-Phe-NH 2 

Caerulein (s t ructure  1) was broken  in to  3 f ragments ,  
2 t r ipep t ides  and  an N- te rmina l  t e t r a p e p t i d e  which did 
no t  conta in  threonine .  By submi t t i ng  phyl locaerule in  
(s t ructure  3) to  the  same subti l is in digest ion,  an N-ter-  
minal  f r agmen t  was ob ta ined  which also conta ined  4 
residues one of which was threonine.  By  analogy wi th  
caerulein, i t  was ini t ial ly t h o u g h t  t h a t  the  bond  broken 
was the  ty ros ine  su lpha te  bond  and t h a t  the  th reonine  
residue was in the  nex t  posit ion,  as in s t ruc ture  2. 

F u r t h e r  expe r imen t s  showed however  t h a t  th is  s t ruc-  
ture  was no t  correct.  Digest ion wi th  ca rboxypep t idase  
of the  desu lpha ted  N- te rmina l  t e t r apep t ide  gave doubt fu l  
results,  since the  th reon ine  and tyros ine  residues were 
released at  app rox ima te ly  the  same ra te ;  however,  by  
submi t t i ng  the  same f r agmen t  to hydrazinolysis ,  free 
th reon ine  was ob ta ined  and  th is  p roved  t h a t  t he  sequence 
of phyl locaerule in  was t h a t  of pep t ide  3. Fur the rmore ,  
the  ac t iv i ty  spec t rum of pep t ide  2, which was sub- 

sequen t ly  syn thes ized  as a caerulein analog, was found 
to  be d i f fe rent  f rom t h a t  of phyl locaerulein .  

Shor t ly  a f t e rwards  i t  was possible to  explain  the  dis- 
c repancy  be tween  the  subti l is in degrada t ion  ot caerulein 
and phyllocaerulein,  since it was possible to examine  the  
behav iour  of 2 syn the t i c  analogs : des-g lu tamine-caeru le in  
(s t ructure  4) and  des-glutamine,  des-aspar t ic  acid-caeru-  
lein (s t ruc ture  5). Pep t i d e  No. 4 was  hydro lyzed  a t  t he  
ca rboxyl  side of the  th reon ine  residue, giving rise to  an 
N- te rmina l  f r ag men t  conta in ing  th reon ine  in t he  C-ter- 
minal  posi t ion,  while no cleavage of pep t ide  No. 5 could 
be observed  e i ther  a t  the  ty ros ine  su lpha te  or a t  the  
th reon ine  bond.  

The  subt i l is in  behav iour  was atso examined  on the  
desu lpha ted  pept ides  and  the  same resul t  was found.  I t  
was therefore  ev iden t  t h a t  b o t h  the  tyros ine  (or tyros ine  
sulphate)  and  the  th reonine  bonds  were suscept ible  to  
the  act ion of subti l is in bu t  t h a t  the i r  c leavage depended  
on the i r  pos i t ion  in the  chain. Tyros ine  was prefer red  
when  i t  held  t he  four th  posi t ion f rom the  N- te rminus .  
W h e n  tyros ine  was replaced by  th reon ine  in the  four th  
place, t he  bond  broken  was still the  four th ;  but ,  when  
bo th  th reon ine  and tyros ine  occupied a posi t ion closer 
t h a n  the  four th  to t he  N-end,  t he  enzyme  could no t  
exer t  any  act ion on the  bonds  formed by  these  2 amino  
acids. 

C h y m o t r y p s i n  has no act ion on tyros ine  su lpha te  bu t  
is ve ry  specific for the  tyros ine  bonds .  By digest ing the  
desu lpha ted  pept ides  wi th  chymot ryps in ,  it  was found  
t h a t  all the  tyros ine  bonds  were normal ly  split, even 
when  in the  second posit ion.  

Riassunto. Vengono r ipor ta te  e discusse alcune diffe- 
renze osserva te  du ran te  la degradaz ione  con subt i l is ina 
dei 2 pep t id i  natura l i  ceruleina e phyl loceruleina.  
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Calc ium as Stabi l iz ing Factor of the Col lagen Macromolecu le  

I t  is known t h a t  the  s tabi l i ty  of the  collagen molecule 
increases w i th  age t, and  t h a t  also the  Ca con ten t  of 
several  organs increases ~. I t  has been discussed w h e t h e r  
some re la t ionship  exis ts  be tween  these  age changes  of 
collagen and the  increase of Ca content .  

To s tudy  th is  we pe r fo rmed  2 types  of expe r imen t s  
on ra ts  under  condi t ions  in which an increased calcium 
con ten t  exists.  I n  t he  first  series we used artificial  calci- 
fication, and  in the  second we s tudied  the  skin collagen 
(corium) of old animals.  In  b o t h  series we tes ted  the  
s tabi l i ty  of collagen before and af ter  ex t rac t ion  of calcimn. 
For  th is  we es t ima ted  the  to ta l  and the  ' labile '  hyd roxy-  
prol in  (hypro) con ten t  a. 

Methods. W e  used Wis t a r - r a t s  f rom this  I n s t i t u t e ' s  old 
age colony. Skin was t aken  immedia te ly  af ter  death ,  
c leaned f rom hair  and  s.c. material ,  de fa t t ed  wi th  e ther  
and cut  in small  pieces of abou t  1 m m  3. 

Collagen was e s t ima ted  as hypro  af ter  STEG~MAN~ 4, 
as modif ied by  WOESSNER 5. 

Total  collagen was measured  af ter  hydrolys is  wi th  6 N  
HC1 at  110~ for 12 h, expressed as g hypro  in 100 g 
skin, d ry  weight .  

'Labi le '  (soluble) collagen is the  pa r t  which  is dissolved 
after  d e n a t u r a t i o n  at  65 ~ for 10 min in Ringer ' s  solu- 
t ion at  p H  -- 7.4. Af ter  hydrolysis ,  it  is e s t ima ted  as 
hypro  and  expressed as % of the  total .  I t  is known  t h a t  
the  ' labile '  (soluble) collagen decreases  w i th  aging in the  
skin (corium) 1 and t h a t  the  decrease is larger in the  
dorsal  t h a n  in the  ven t ra l  skin 6. 

Calcium was e s t ima ted  af ter  ashing abou t  1 g skin a t  
500~ The ash was dissolved in 2 m l  0 .01NHC1 and  
calcium prec ip i ta ted  wi th  3 ml a m m o n i u m  oxala te -buf fe r  
p H  5.5. The p rec ip i t a t e  is t h e n  cent r i fuged and  washed  
wi th  H20. The calcium oxalate  is dissolved in 0 .05N 
perchloric acid and  Ca es t ima ted  in the  f lame pho tome te r .  
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