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Fig. 4. 'Shatter cone' with a nearly 
ideal cone-shaped structure in 
qtlartz gangue with little feidspar 
and muscovite from the locality 
'Pos Cota', E of Lago di Tremorgio, 
at height ca. 1920 m. The cone dia- 
meter becomes smaller over a dis- 
tance of only 20 eni, from about 
17 cm (left) to nearly 0 cm (right, 
in the qenter of the rock). Note the 
feldspar (4 x 12 cm) like part  of a 
mantle (G; some ram) at the thick 
end of the cone (below). Dimen- 
sion of the rock 2 0 •  em 
long. Photograph by K. PFISTER, 
Photograph. Inst i tute of ETH 
Ziirich. 

cu lar  to  each o the r  and  k inked.  In  t he  plagioclase b e n t  
a lb i te  tw in  lamel lae  (up to 10 ~ m a y  also a p p e a r  an d  
grade  in to  op t ica l ly  i nd iv idua l  segregat ions  of 5 0 •  
100 # m  and  a k ink  angle  up  to 25 ~ aga ins t  the  hos t  mi- 
neral ,  whi l s t  sca la r i fo rm lamel lae  pe rpend icu la r  ~o t h e  
tw in  lamel lae  resemble  p l a n a r  features .  The  same opt i -  
cal ly g lobular  segregat ions  as in  the  q u a r t z  were also ob- 
served  in plagioclase,  b u t  more  rarely.  Somet imes  t h e  
smal l  spheres  a r o u n d  t he  vesicles are s t r u n g  like a s t r ing  of 
beads  a long planes  para l le l  to  f ine f ractures .  In  o the r  mi-  
nerals ,  c a r b o n a t e s  and  o the r  silicates,  no i nd i spu t ab l e  in- 
d ica t ions  for shock  m e t a m o r p h i s m  h a v e  been  found  in 
t he  samples  so far  collected.  

In  add i t i on  to de ta i led  field inves t iga t ions  5, va r ious  
p h y s i c a l  t e s t s  for  s h o c k  m e t a m o r p h i s m  6 10 w i l l  be  m a d e  in  
t h e  n e a r  f u t u r e .  I n  p a r t i c u l a r  a s e a r c h  w i l l  be  m a d e  for  
t h e  v e r y  h i g h  p r e s s u r e  m i n e r a l s  c o e s i t e  n,12 a n d / o r  s t i -  
s h o v i t e  ~3, ~4 in  t h e  q u a r t z o s e  r o c k s  of t h a t  r e g i o n  ~5. 
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S y n t h e s i s  of E e l - C a l c i t o n i n  and [ A s u l , 7 ] - E e l - C a l c i t o n i n :  Contr ibut ion  of the  Disu l f ide  Bond  to the 
H o r m o n a l  Act iv i ty  

T. MORIKAWA, E .  ~IdNEKATA, S. SAKAKIBARA, T. NODA l, a n d  M. OTANI 1 

Peptide Institute, Protein Research Foundation, d76 [ha, Minoh,  Osal~a 562 (Japan)," and Research Laboratory, Toyo 
]ozo Co., Ltd., Ohito, Shizuoka ,110-23 (Japan), 20 Apr i l  1976. 

Summary. Eel -ca lc i ton in  and  its [Asu 1, 7 ]_ana log ,  deamino-d ica rba -ana log ,  were syn thes ized  b y  t h e  c o n v e n t i o n a l  solut ion 
me thod .  The  n a t u r a l - t y p e  p r o d u c t  showed 4300 MRC U / m g  in t h e  hypoca lcemic  p o t e n c y  which  was comparab le  to  
t h a t  of t he  n a t u r a l  h o r m o n e  i so la ted  f rom eel. H o r m o n a l  a c t i v i t y  of the  Asu-ana log  was also as h igh  as 3400 MRC U/mg.  

I n  1974, OTANI e t  el.  2 h a d  s u c c e e d e d  in  i s o l a t i n g  a 
h y p o c a l c e m i c  f a c t o r  f r o m  t h e  p e r i c a r d i u m  a n d  e s o p h a g u s  
of eel,  a n d  t h e  a m i n o  a c i d  s e q u e n c e  w a s  e l u c i d a t e d  b y  
NODA a n d  NARITA3 aS s h o w n  b e l o w .  
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The  s t r u c t u r e  is qu i te  s imi la r  to  t h a t  of sa lmon  calci- 
t o n i n  I4: on ly  3 amino  acid residues,  Asn  2~, T h r  27, and  
Ser 29, in sa lmon  ca lc i ton in  are replaced  b y  Asp, Val  and  
Ala, r~spect ively,  in  eel. A h igh ly  pur i f ied  sample  of t he  
eel ca lc i ton in  (E-CT) shows hypoca lcemic  potenc ies  of 
3500 to  5000 MRC un i t s  pe r  m g  2, wh ich  are in t he  same 
range  of the  r epo r t ed  va lues  of s a lmon  ca lc i ton in  I ; 5000 
MRC un i t s  5 and  2300-3200 MRC  u n i t s / m g  ~ for t he  
isola ted samples ,  and  3500 MRC  un i t s / r ag  7 for a s y n t h e t i c  
sample .  The  p r e sen t  r e p o r t  deals w i t h  t he  syn thes i s  of a 
pep t ide  w i t h  t h e  above  s t r u c t u r e  and  of a n  analog,  in 
which  the  N - t e r m i n a l  amino  g roup  a n d  t h e  S S - b o n d  of 
t he  n a t u r a l  pep t ide  were replaced  b y  a h y d r o g e n  a t o m  
and  b y  an  e thy lene  l inkage,  respect ively .  The  concep t  of 
p r epa r ing  th i s  k ind  of ana log  was org ina l ly  i n t r o d u c e d  b y  
JSsT and  RUDINGER 8 and  b y  a g roup  oi a p re sen t  a u t h o r  
(S.S.) 9, i ndependen t ly ,  in t he  field of n e u r o h y p o p h y s e a l  
hormones. 

Synthesis of  the natural-E-CT was carried out by 
taking a route indicated in Figures I and 2 I~ All the 
functional groups in the amino acid residues were pro- 
tected by groups which are used commonly in the solid 

Boc-Thr (Bzl) -Pro-NH2 --~ 

Boc-Ala-Gly-OH ~ A~ 

Boc-Val-Gly-OH -- P 

BOC-ASp (OBzI) -OSu ~ 

Boc-Thr (Bzl) -OSu ~ IA 

Aoc-Arg (Tos) -OH -- ' IA 

Boc-Thr (Bzl) -Tyr [Bzl (C12) ] -Pro-OH m 

Boc-Gln-ONp 

BOc-Leu-His-Lys [Z (CI) ] -Leu-OH - - ~  

Boc-GIu (OBzl) -OSu. ~ ]  

Boc-Gln-ONp ~ 

Boc-Lys [Z (C1) ] -Leu-Ser (Bzl) -OH 

Z(CI Bzl QBzl Z(CI) Bzl Bzl (C12) 
Boc-L y s-Leu-S er-G ln-G lu-Leu-H i s-L y s-Leu-G ln-Thr-Tyr- 

Tos Bzl OBzl Bzl 
Pr o-Arg-Thr-Asp-Val-Gly-Ala-Gly-Thr -Pro-NH2 

Fig. 1. Synthesis  of f ragment  I (11-32) 1~ 

(I) 

p h a s e  synthes is .  E a c h  f r a g m e n t  was pur i f ied  b y  t h e  con- 
v e n t i o n a l  procedures ,  a n d  appl ied  to t he  n e x t  s tep  a f te r  
conf i rming  t h e  h o m o g e n e i t y  b y  t h i n  l ayer  c h r o m a t o -  
g r a p h y  and  b y  amino  acid analysis .  A p a r t  of t he  Frag-  
m e n t  I was t r e a t e d  w i t h  a n h y d r o u s  H F  u followed b y  
co lumn  c h r o m a t o g r a p h y  on  CM-cellulose to o b t a i n  a free 
pep t ide ,  wh ich  was comple te ly  d iges t ib le  b y  amino-  
pep t idase  M. The  f inal  p ro t ec t ed  pep t ide  was t r e a t e d  w i t h  
a n h y d r o u s  H F  a t  -5  ~ for 1 h in t he  presence  of anisole. 
The  dep ro t ec t ed  m a t e r i a l  was pur i f ied  twice  b y  co lumn  
c h r o m a t o g r a p h y  on CM-cellulose us ing  a l inear  g r a d i e n t  
c o n c e n t r a t i o n  of a n  a m m o n i u m  ace t a t e  buffer  t0.01 to 
0.15 M) a t  p H  4.5 followed by  S e p h a d e x  LH-20  ch roma-  
t o g r a p h y  us ing  0.1 M acet ic  acid as an  e luent .  The  f inal  
p r o d u c t  showed  a single spo t  of Rf  0.69 on  cellulose t h i n  
layer  c h r o m a t o g r a p h y  w i t h  a so lven t  s y s t e m  of n - B u O H  : 
A c O H :  pyr id ine  : H~O (15 : 3 : 10:12  v / v / v / v )  ; [~]~ - 8 6  ~ i 
3 ~ (c 0.22, 0.1 M H C O O H ) ;  t he  r epo r t ed  va lue  2 for  the  
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SCHLUETER, J.  biol. Chem. 245, 1491 (1970). 
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1229 (1967). 
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(1968). - A. KOBAYASHI, S. HASE, R. KIYOI and S. SAKAKIBARA, 
Bull. chem. soc. J a p a n  42, 3491 (1969). - S. HASE, T. MORIKAWA 
and S. SAKAKIBARA, Exper i en t i a  25, 1239 (1969). 

x0 Amino acids except  Gly denote  the i .-configuration. Abbrevia t ions  
are in accordance wi th  the recommendat ions  of I U P A C - I U B  Com- 
rnissioi~ (J. biol. Chem. 247, 977 (1972). Z(CI), 2-Chlorobenzyl- 
oxycarbonyI ;  HOSu,  N-Hydroxysucc in imide ;  Bzl(CI2), 2,6-Di- 
chlorobenzyI;  MBzl, p -Methoxybenzyl ;  TFA,  Trif luoroacetic  acid;  
DMF, N,N-Dimethylformamide; A, C2Hs-N C=N-(CH2) a- 
N(CHa)2/1-Hydroxybenztr iazole  me thod ;  B, DCC/HOSu method.  
The Boc group in each f ragment  was removed  by  TFA. 

11 S. SAKAKIBARA and Y. SHIMO~ISHI, Bull. chem. Soc. J a p a n  38, 
1412 (1965). - S. SAKAKIBARA, Y. SHIMONISHI, Y. KISHIDA, M. 
OKADA and H. SUGIHARA, Bull. chem. Soc. J a p a n  40, 2164 (1967). 

Fig. 2. Synthesis  of eel-ealcitonin 1~ 

Cys Ser Asn Leu Set Thr Cys Val Leu 

BOC. 

BOC 

Boc/ 

Boc ~Bzl 

MBzl Bzl 
bSu BOC ' 

MBzl Bzl �9 r 

I 

A 

OH Boc 

2 

Bzl Bzl 
i f 

Bzl Bzl 
t t 

Bzl Bzl 
t / 

Na/NH3 

Aeration 

1 

MBzl 

MBzl 

MBzl 

/ 
! 

B ~ Fragment I 

Protected Eel-Calcitonin 

HF/Anisole 

Eel-Calcitonin 

Gly 

OBzl 

OBzl 

OBzl 

OBzl 

OBzl 

OBzl 

OH 



1106 Specialia EXPERIENTIA 32/9 

na tura l  p roduc t  was E~x]~ 5 -88  ~ (c 0.1, 0.1 M HCOOH).  
The rat io of amino acids in an  acid hydro lyza te :  Cys 
2.13(2), Ser 2.86(3), Leu 5.10(5), Thr  3.48(4), Val 2.20(2), 
S l y  3.30(3), Lys 1.98(2), GIn 3.27(3), His  0.95(1), Ty r  
0.90(1), Pro 1.96(2), Arg 1.03(1), Asp 2.o7(2), Ala 0.94(1). 
(Average recovery  was 89.9%) 

The head par t  of [Asu 1, 7]_E_CT ' which corresponds to 
the  sequence (1-10) of the na tura l  hormone,  was syn- 
thesized as shown in F igure  3. Almost  the  same procedure  
used for the  synthesis  of [Asu 1, 6]-oxytocin 9 was applied 
to cycl izat ion of the  f ragment  (2-7). The cyclized product  
was fur ther  coupled wi th  Val-Leu-Gly  to obta in  a pro- 
tec ted  nonapep t ide  wi th  a free carboxyl  group at  the  C- 
terminus.  This mate r ia l  was conver ted  to the  N-hydroxy-  
succinimide ester, which was then  coupled wi th  the  frag- 
men t  I in D M F  at  30~ The crude product ,  fully pro- 
tec ted  [Asul,  V]-E-CT, was t rea ted  wi th  anhydrous  H F  
as in the  case of the  synthesis  of the  na tu ra l  hormone,  
and the  l iberated free pept ide  was purified by the  use of 
CM-cellulose co lumn ch roma tog raphy  under  the  same 
condit ions as above,  Sephadex  G-25 par t i t ion  chromato-  
graphy wi th  a so lvent  sys tem of n - B u O H :  Pyr id ine :  
1 ~o-AcOH (5 : 3 : 11 v /v /v ) ,  and gel-f i l t rat ion wi th  Sepha- 
dex  LH-20 using 0.1 M A c O H  as a solvent,  successively. 
Thus, homogeneous  [Asul,  7]-E-CT was obta ined  in an 
over-al l  yield of more t h a n  30% th rough  the  final  coup- 
ling and puri f icat ion procedures:  Rf  0.71 on cellulose th in  
layer ch roma tog raphy  using a mix tu re  of n - B u O H  : A c O H  : 
Pyr id ine:  H20  (15: 3: 10:12 v /v /v /v )  as the  solvent ;  
[~]~ -95 ~ • 2 ~ (c 0.54, 1 M AcOH).  The  rat io of amino 
acids in an acid hydro lyza te :  Lys 1.92(2), His 0.89(1), 
Arg 0.95(1), Asp 1.90(2), Thr  3.88(4), Ser 3.00(3), Glu 
3.33(3), Pro 2.16(2), Gly 3.00(3), Ala 0.92(1), Val 2.10(2), 
Leu 4.95(5), Ty r  0.92(1), Asu 0.99(1), (Average recovery  
90.1%). 

The  synthet ic  E-CT showed a ra t  hypocalcemic  acti-  
v i ty  of 4300 MRC U / m g  using a similar procedure to t h a t  
out l ined by  KUMAR et  al. ~2. This  po tency  was reasonably  
high in comparison wi th  tha t  of the  na tura l  hormone  as 
described above.  The synthet ic  [Asu 1, Vj_analog showed a 
specific ac t iv i ty  of 3400 MRC U/nag under  the  same bio- 
assay system. These findings indicate  clearly t h a t  the  
disulfide bond in calci tonin is essential  not  for the  bio- 
logical ac t iv i ty  bu t  for main ta inance  of the  specific con- 
format ion  by  forming an in t ramotecular  bridge, since an 
open-chain analog of h u m a n  CT is known to be inactive~K 
During the  course of the  final pur i f icat ion of the  syn- 

Ser Asn Leu Ser Thr Asu 
i 

BOC- ~ ~3 : OMe 

Bzl Bzl Bzl 
Boc. I f OMe 

Tfa-ONp 
Bzl Bzl Bzl ONp 

BOC. J I l l /OMe 

I i. TFA 

2. Cyclization in pyridine 

/ B z l .  Bzl ~zl IOMe 

I NHz-NH2 

Bzl Bzl /NHNH 2 , , 

i . Val-Leu-Gly 

2. B 

L Bzl Bzl Bzl l 
Ser -Asn-Leu-Ser -Thr -Asu-Val -Leu -Gly-OSu 

~ F r  agment  I 

Protected [Asu i , 7 ] -Eel-ealcitonin 

HF/Anisole 

[Asu i , 7 ] -Eel-Calcitonin 

Fig. 3. Synthesis of [Asu 1' 7~-eel-calcitoninl~ 

thet ic  na tu ra l - type  E-CT, we were t roubled seriously by  
an unexpec ted  loss of the biological ac t iv i ty ;  thus, we 
could no t  get  a reproducible  yield of this compound  in 
different  runs.  In  the  case of [Asu 1, ~]_analog synthesis, no 
diff icul ty was encountered during puri f icat ion in keeping 
the biological act ivi ty .  These fact  suggest tha t  the  in- 
s tabi l i ty  of synthe t ic  calci tonin should main ly  be at t r i -  
bu ted  to the  presenc~ of a disulfide bond, and that ,  if the  
Asu-analog were proved not  toxic,  the use of such an 
analog mus t  be much  more advan tageous  in developing 
a hypocalcemic  drug because of its ease of manufactur ing,  
enough po tency  and higher  s tabi l i ty  during storage. 

12 M. A. I~UMAR, E. SLACK, A. EDWARDS, H. A. SOLIMAN, A. BAGH- 
DIANTZ, G. V. FOSTER and I. MACI:STYRE, J.  Endocr. 33, 469 
(1965). 

la W. R1TTEL, R. MAIER, M. BRUGGER, B. KAMBER, B. RINIKER 
and P. SIEBER, Experientia 32, 246 (1976). 

A Modified Dipeptide from the Alga Cystoseira corniculata Hauck 

B. C. MAITI and R.  H.  THOMSON 1 

Department o/ Chemistry, University o~ Aberdeen, Meston Walk, Old Aberdeen A B 9  2UE (Scotland), 22 March 1976. 

Summary. A modified L-Phe-L-Phe dipept ide  has been isolated f rom the  alga Cystoseira eornieulata. 

Although  nmnerous  compounds  have  been isolated 
f rom algae in recent  years t hey  include, so far as we are 
aware, only  two simple pept ides  3, a We have  now obta ined 
the  modif ied phenyla lanine  dipept ide  1 by  chloroform 
ex t rac t ion  of Cystoseira corniculata 4 collected a t  Mar- 
marls,  Turkey.  

Ex t r ac t i on  ot the  dried alga (550 g) gave a th ick  green 
oil (2 g) which, af ter  co lumn and repeated thin  layer chro- 
ma tography ,  afforded the  d ipept ide  (57 rag) as needles, 
m.p. 185-186 ~ (from chloroform-petrol) ,  C~H~.sN~O 4 

(iV[ +, 444.2048), [~D = --74"0~ (c, 0.98; CHCla); ,~maz 
(MeOH) 214, 227sh (log e 4.18, 4.07); CD, ~,maz (MeOH) 
212 (de -1.27), 227 nm (-4.74); Vmax (KBr) 3320 (NH), 
1728 (ester CO), 1662 and 1634 cm -1 ( -NHCO-) .  The 
1H NMR-spec t rum (CDCla) showed signals for an aceta te  
me thy l  group (6 2.00, s), 3 me thy lene  (2.74d, 3.15 m, and 
3.88 m), 2 methine  (4.34 m and 4.83 q), 2 N H  (6.26 d and 
6.88 d, exchanged wi th  D20 ), and 15 aromat ic  protons.  
Decoupl ing exper iments  showed t h a t  the  methine  pro ton  
a t  6 4.83 was coupled to the  methy lene  group at  d 3.15 


