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Biological apatites. The e x p a n d e d  a-axis  of t he  h u m a n  
enamel  apa t i t e  has been  expla ined as be ing due to  t he  
par t ia l  subs t i t u t i on  of CO3-for-OH in the  apa t i t e  s t ruc-  
ture  5. However ,  i t  has  been  d e m o n s t r a t e d  f rom these  
s tudies  t h a t  all apa t i t e s  p rec ip i ta ted  f rom aqueous  sys t ems  
d e m o n s t r a t e  longer a-axes t h a n  those  hea t ed  to  h igh  
t e m p e r a t u r e s  or those  of the  na tu ra l  minera l  apat i tes .  
Fu r the rmore ,  since the  CO3-for-OH subs t i t u t ion  is ac- 
compl ished  only  wi th  the  exclusion of water ,  it  is diff icult  

Table III. Frequency assignments of the absorption bands of OH, 
CO3, PO 4 in the spectra of carbonate-containing synthetic and 
biological apatites 

Vibrating Modes Synthetic A a Synthetic B b H. Enamel 
group 

OH 

POt 

- 3580 cm 1 3575 cm -1 
- 1624 1630 

V 1 950 957 955 

V 3 1045 1090 1080 
1025 1040 1035 

Va 602 602 602 
572 562 562 

comb. 455 470 472 

to  conceive of such subs t i t u t ion  in biological apat i tes .  
The I R - a b s o r p t i o n  spec t ra  of biological apat i tes  are 
s imilar  to those  of p rec ip i t a t ed  apa t i t e s  in which  CO3-for- 
PO 4 subs t i t u t ion  t akes  place (Figure 2). The Vz CO 3 
doub le t  a t  871 and  878 cm -~ in t he  spec t ra  of biological 
apa t i t e s  have  been  i n t e rp re t ed  to  indicate  la t t ice  carbon-  
ate  ( subs t i tu t ing  for OH groups) and  adsorbed  ca rbona te  5. 
This  double t  is also observed  in t he  spec t ra  of carbonate-  
con ta in ing  p rec ip i t a t ed  apa t i t e s  n .  The similari t ies of the  
character is t ics  of t he  ca rbona te  bands  in t he  spect ra  of 
p rec ip i t a t ed  and  biological apa t i t e s  suggest  t h a t  the  
ca rbona tes  in these  apa t i t e s  exper ience  the  same environ- 
m e n t  11--14. 

Zusammen/assung. U m  die Ar t  des K a rb o n a t e i n b aues  
in die A p a t i t s t r u k t u r  zu kl~iren, w u r d e n  zwei Typen  yon  
syn the t i s chen  K a r b o n a t a p a t i t e n  un te r such t :  solche, die 
sich in w/issrigen Medien bi ldeten,  und  andere,  die bei 
hohen  T e m p e r a t u r e n  und  un te r  Ausschluss  yon  Wasser  
en t s t anden .  
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CO s V 2 877 870 870 
877 878 

V 3 1460 1410 1410 
1525 1450 1460 

1550 1540 1545 

a Prepared at high temperatures (1000 ~ CO.~-for-OH substitution. 
b Precipitated at 100 ~ COa-for-PO 4 substitution. 
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S y n t h e s i s  o f  P h y l l o c a e r u l e i n  

We repor t  the  synthes is  of a nonapep t ide  of the  for- 
mula  Pyr -Glu-Tyr  (SOaH)-Thr-Gly-Trp-Met-Asp-Phe-NH2 
according to  the  following scheme. The p roduc t  was found 
to  be ident ical  wi th  na tu ra l  phyl locaerule in l -3 .  

Condensa t ion  of Boc-Thr  ~ wi th  Z - N H - N H  2 via the  
mixed  anhydr ide  in T H F  afforded the  p r o t e c t e d  hydra -  
zide I (97% yield) which was di rec t ly  t r e a t ed  wi th  AcC1 
in AcOH/HC1 6N to give +H2-Thr(Ac) -NH-NH-Z.  C1- (II) 
(68% yield;  m.p.  125-126~ [~]~2 + 10 ~ ' c = 1, DMF;  
El. ~ ~ 0.94 Glu. Anal. Calcd. for C14H1,N3Os.HCI: C 48.6; 
H 5 . 8 ,  N 1 2 . 1 ;  Cl10.2.  F o u n d  C48.2 ;  H 6 . 2 ;  N 1 2 . 3 ;  
C1 9.8). 

Boc-Tyr  5 was  condensed,  via  t he  mixed  anhydr ide ,  
wi th  I I  in T H F / D M F  in the  presence of 1 equ iva len t  of 
MM to give ]3oe-Tyr-Thr(Ac)-NH-NH-Z (III) (61% yield ; 
m.p.  133-134~ [e]2D1 -- 1.6 ~ c = 1, DMF.  Anal. Calcd. for 
C2sH3eNdOo: C 58.7; H 6.3; N 9.8. F o u n d  C 58.5; H 6.3; 
N 9.6). 

T r e a t m e n t  of I I I  wi th  HC1/AcOH 1 . 3 N  afforded 
+H2-Tyr -Thr (Ac) -NH-NH-Z .C1- ( IV)  (100% yie ld;  m.p.  
150_160o; [e]~l + 29 o, c = 1, AcOH 95%. Anal. Calcd. for 
C23HesNdOv. HCI: C54 .3 ;  H 5.8; N 11.0. F o u n d  C54.3 ;  
H 5.9; N 10.7) which  was condensed,  via t he  mixed  
anhydr ide ,  w i th  Boc-Glu(OBzl) 6 in T H F / D M F  in the  

presence  of I equ iva len t  of MM to give Boc-Glu(OBzl)- 
T y r - T h r ( A c ) - N H - N H - Z  (V) (85% yield;  m.p.  183-184~ 
[e]~ - -3 .6  ~ c = 1, DMF.  Anal. Calcd. for C40H4oNsO12: 
C60.7 ;  H 6 . 2 ;  N8 .8 .  F o u n d  C60.5 ;  H 6 . 1 ;  N 8.8). 

In  the  same way, t r e a t m e n t  of V wi th  HCI/AcOH 1.3 N 
gave +H2-Glu(OBzl ) -Tyr-Thr(Ac)-NH-NH-Z.C1-  (VI) 
(86% yield;  m.p.  182~ [~]~ + 2 8  ~ c = 1, AcOH 95%;  
El. ~ -- 0.56 Glu. Anal. Calcd. for C35HilNsO10. HC1 : C 57.7 ; 
H 5.8; N 9.6. F o u n d  C 57.6; H 6.0; N 9.3) which  on con- 
densa t ion  wi th  Z -Pyr  7, via t he  mixed  anhydr ide ,  in 
T H F / D M F  in the  presence  of 1 equiva len t  of MM, 
afforded the  p ro t ec t ed  t e t r a p e p t i d e  Z-Pyr-Glu(OBzl)-  
T y r - T h r ( A c ) - N H - N H - Z  (VII) (70% yield;  m.p .  222-224~ 
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abbreviation are used throughout this paper4: Z, benzyloxycar- 
bonyt; Boe, t-butyloxyearbonyl; OBzl, benzyl ester; Ae, acetyl; 
n-Bu, n-butyl; gt, Ethyl; MM, N-methyhnorfoline; THF, tetra- 
hydrofuran; DMF, dilnethylformamide; DMS0, dimethylsul- 
foxide; Cys(SOaH), cysteic acid. 
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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 -  

Pyr Glu Tyr liar [Sly Trp 

I C-r ! 

o2,' / 
BOG ,OBZI. | V I A~ / 'NH-NH-Z 

Z- .OBZI ~ Ac 
Z l l 'NH-NH-Z [ 

I NH_NHz 
/ K f I 

b'50:3 H / ~  

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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