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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.  

A. ANASTASI 

Istituto Ricerche Farmitalia, 
Milano (Italy), 30 September 7968. 

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 .  

1 F. VERZ•R, Gerontologia 4, 104 (1960). 
2 V. FREYDBERG-LUCAS and P'. VERZAR, Gerontologia /, 195 (1957). 
3 A. MEYER and F. VERZ~R, Gerontologia 3, 184 (1959); Gerontologia 

5, 163 (1961). 
4 H. STEOEMANN, Hoppe-Seylers Z. physiol. Chem. 311, 41 (1958). 
5 j.  F. WO~SSNER, Archs Biochem. 93, 44 (1961). 
6 F. VERZAR, Gerontologia 9, 209 (1964). 
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The ex t rac t ion  of calcimn of skin was pe r fo rmed  wi th  
e t h y l e n d i a m i n t e t r a  acetic Na  (EDTA) for 40 h a t  room 
t empera tu re .  In  a special series of exper iments ,  we tes ted  
the  q u a n t i t y  of calcium which  can be ex t r ac t ed  by  our 
t r e a t m e n t  of the  skin wi th  1% E D T A  in 4 0 h .  This 
decreased f rom 49.3 d: 3 in the  normal  to  29.0 -5 4.5 mg/  
100 g wet  skin in the  E D T A  t rea ted .  

Results.  Exper imen t s  on calcified skin.  The f irs t  series 
of expe r imen t s  was done on 2-month-o ld  ra t s  in which 
a calcification of the  dorsal  skin was evolved by  the  
calc iphylaxis  m e t h o d  of SELYE ~. Dehyd ro t ach y s t e ro l  
(DHT, 1 rag) was given per  os. N e x t  day  2 ml  of a solut ion 
conta in ing  0.5 mg Fe as FeC13 dissolved in 12~o dex t r an  
was in jec ted  under  t he  dorsal  skin. 10 days  la ter  the  skin 
on the  place of in ject ion was calcified. The animal  was 
killed and  in the  dorsal  skin to ta l  and ' labile '  collagen 
was e s t ima ted  in t he  d i f ferent  regions. As in former  
papers  of th is  l abora to ry  8,9, we sign as A, B, t he  calcified 
cent ra l  pa r t s  of skin and  C, D, E, the  more  peripheral ,  
no rmal  skin. F r o m  each p a r t  of the  skin 1 piece was 
analysed  in t he  normal  state,  ano the r  af ter  ex t rac t ion  
of calcium wi th  EDTA.  

Table  I shows these  results.  Tota l  and ' labile '  collagen 
(hypro) were measured.  Total  collagen decreased in the  
cent ra l  calcified pa r t  while it  r emained  normal  in the  
sur roundings  (C, D, E), as was descr ibed in our former  
pape r  s. The decrease in the  calcified cent re  was ex- 
p la ined 8 in our former  paper  as t he  resul t  of a 's teri le 
in f l ammat ion ' ,  caused by  the  in ject ion of ferrichloride 
in dext ran .  I t  is well known  from morphological  pa tho logy  
t h a t  i n f l ammat ion  des t roys  the  collagen fibres of tissues. 
The l ibera t ion of hydrolases  (Kathepsin)  f rom the  lyso- 
somes of leucocytes  seems to be the  mechan i sm wi th  
which  collagen is des t royed  1~ 

An al iquot  p a r t  of th is  skin was placed in 1% E D T A  
for 40 h a t  room t e m p e r a t u r e  for decalcif ication.  For  the  
c o n t e n t  of to ta l  collagen,  no s ignif icant  differences were 
found  e i ther  in the  calcified (A, B) or in the  fa r ther  
(C, D, E) normal  skin regions. 

'Labi le '  collagen, however ,  behaved  in a d i f ferent  way.  
According to  former  s tudies  in t he  skin of 2-month-o ld  
rats ,  ,labile' collagen is abou t  50~o, and th is  was found 
also in these  animals  in the  uncalcified per iphera l  
(normal) skin regions C, D, E. 

T r e a t m e n t  of the  normal  pa r t s  (C, D, E) wi th  EDTA,  
in the  same way  as men t ioned  above, increased the  
q u a n t i t y  of ' labile '  collagen in each of 11 cases (from 12) 
by  abou t  10-20~o. This  resul t  is h ighly  Significant. 

The calcified cent ra l  region (A, J3) conta ins  less ' labile '  
collagen t h a n  the  per iphera l  no rmal  skin. Thus  it changed  
in t he  di rect ion of old age. This difference is p resen t  in 
each case, w i th  mean  values of 34.3~o agains t  50.9~o. 

If  these  pa r t s  of the  skin were t r ea t ed  wi th  E D T A  in 
the  way  ment ioned ,  and  ' labile '  collagen measured,  this  
gave a considerable  increase af ter  Ca ext rac t ion .  The 
cent ra l  pa r t s  f rom 34.3-44.2%, the  per iphera l  normal  
f rom 5 0 . ~ 6 2 . 6 % .  

Therefore  i t  m u s t  be concluded t h a t  calc ium was 
bound  to collagen, in calcified as in normal  skin, in a 
s imilar  way  as by  crosslinks. Calcium ex t rac t ion  changes  
the  collagen in the  di rect ion to  t h a t  of young  animals.  
This  effect  was p resen t  in each case. The single tes t s  
vary,  bu t  this  is no t  unusual  in calcification exper iments .  

Exper iments  on aged animals .  In  the  second series of 
expe r imen t s  we s tudied  the  collagen in the  skin of aged 
animals  in its na tu ra l  slate. The q u a n t i t y  of to ta l  collagen 
(hypro) and  the  pe rcen tage  of ' labile '  (soluble) collagen 
(hypro) was measured  before and  af ter  E D T A  t rea t lnen t .  

The animals  were 21-29-month-o ld  rats.  In  12 animals  
dorsal  and  in 2 also ven t ra l  skin was analysed.  

Each  piece of skin was d iv ided into 3 p a r t s :  t he  first  
was analysed in t he  na tu ra l  s ta te ;  the  second a t ter  
ex t rac t ion  of Ca in E D T A  for  40 h ;  the  th i rd  par~ was 
a contro l  in which  we left  the  skin in Ringer ' s  solut ion 
also for 40 h. 

The q u a n t i t y  of to ta l  collagen did no t  change  in EDTA,  
nor  in Ringer ' s  solut ion dur ing 40 h (Figure 1). Also the  
' labile '  collagen did no t  change in Ringer ' s  solut ion 
(Table II).  

'Labile '  collagen was t h e n  measured  af ter  Ca-ext rac t ion  
wi th  EDTA.  ( 'Labile '  hypro  (collagen) of aged animals  
is m u c h  less t h a n  in young.)  I t  was found  in all cases 
t h a t  ' labile '  hyp ro  increases, in mean  f rom 5.2% before 
to 10.2% af ter  t r e a t m e n t  wi th  E D T A  (Figure 2). Thus  
also in old animals  calcium takes  p a r t  in the  s tabi l izat ion 
of collagen. 

Since the  d e n a t u r a t i o n  for ' labile '  hyp ro  es t ima t ion  
is done in Ringer ' s  solution, it  seemed possible t h a t  the  
Ca con ten t  coun te rac t ed  the  ex t rac t ion  wi th  EDTA.  The 
es t imat ion  was therefore  repea ted  wi th  Ca-free Ringer ' s  
solution. This did no t  change  the  resul t  as Figure  2 
shows. Thus  the  increase of ' labile '  collagen af ter  Ca- 
ex t rac t ion  wi th  E D T A  is no t  inf luenced by  the  Ca con- 
t en t  of the  Ringer  solution. 

Table I. Total and 'labile' hypro in calcified (a, b) and normal 
peripheral skin (c, d, e) before and after EDTA 1% 

No. Place Total bypro 
Sex g/100 g 

before after 
EDTA EDTA 

'Labile' hypro % 

calcified uncalcified 

before after before after 
EDTA EDTA EDTA EDTA 
% % % % 

211 b 2,562 4 ,896  29.5 44.7 
c 14,628 10,448 38.1 54.3 
d 10,911 10,359 48.6 67.3 
e 9,321 10,565 59.2 70.1 

213 a 1,640 1,675 33.8 36.6 
b 2,182 2 ,239  40.6 63.6 
c 9,939 7,208 51.5 57.8 
d 9,815 8,559 42.8 60.5 
e 10,027 9,855 47.7 48.8 

214 a 1,609 1,756 23.4 22.6 
b 2,782 2 ,013 29.4 37.5 
c 8,494 6,329 46.6 57.5 
d 10,227 8,149 51.2 59.3 
e 9,297 4,781 60.9 57.5 

215 a 1,779 1,649 44.4 51.7 
b 2,383 3,063 39.2 52.8 
c 9,124 8,025 55.6 68.2 
d 8,344 11,507 54.1 77.0 
e 9,747 10,987 55.0 72.6 

Mean: 7,095 6 ,530  34.3 a 44.2 �9 50.9 b 62.6 b 

Significance: " 34.3: 44.2, t = 3.30, P 0.05. b 50.9: 62.6, t -  7.25, 
P 0.0001. 

H. SELYE, Calciphylaxis (The University of Chicago Press 1962). 
s MARIA BOROS-FARKAS, H. SPICHTIN and F. VERZ~.R, Gerontologia 

73, 129 (1967). 
9 MARIA BOROS-FARKAS, g .  P. v. HAHN a n d  F. VERZAR, Geron-  

tologia 73, 136 (1967). 
10 G, S. LAZARUS, R. S. BROWN, J .  R.  DANIELS a n d  H.  M. FULLMER, 

Science 159, 1483 (1968). 
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Table II. Total and 'labile' hypro in aged aninlals dorsal (d) and ventral (v) skin before and after 1% EDTA 

11 

No. Sex Age Region Total hypro in g/100 g skin 'Labile' hypro ~o 
(months) 

before after Ringer before after Ringer 
EDTA EDTA solution EDTA EIYFA solution 

control % % control 

220 ~ 24 d 13,160 12,602 11,474 4.8 9.5 4.9 
221 ~ 24 d 12,090 13,760 13,290 3.2 10.3 5.2 
226 ~ 25 d 11,320 12,390 18,120 2.6 9.3 4.3 
225 ~ 25 d 12,800 11,840 11,560 2.9 8.8 3.1 
225 ~ 25 v 11,530 10,800 12,150 13.6 17.2 11.1 
227 ~ 24 d 12,050 13,830 12,700 4.3 17.0 6.6 
227 ~ 24 v 12,780 12,060 14,510 9.3 16.5 11.6 

1 ~ 22 d 10,631 11,255 7.6 10.5 
6 ~ 21 d 12,170 11,379 5.0 9.7 
7 (~ 21 d 13,144 13,406 4.1 8.7 
8 ~ 26 d 11,951 11,914 3.7 5.9 

10 ~ 26 d 12,622 14,342 2.9 7.0 
9 ~ 28 d 11,777 13,554 6.0 7.0 
2 ~ 29 d 13,610 13,822 2.5 5.1 

Mean: 12,260 12,639 13,330 5.2 • 0.8 ~ 10.2 ~= 1.1 ~ 6.7 ~ 1.3 

Control after Ringer solution for 40 h. 
Significance 5.2 ~ 0.8:10.2 i 10.2, t = 6.404, P < 0.0001. 

Fig. 1 
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Fig. 1. Total collagen (hypro) g/100 g of rat skin. �9 fresh (un- 
treated) skin, �9 after 40 h in EDTA 1% denatured in Ringer- 
solution, • after 40 h in EDTA 1~ denatured in Ca-free Ringer- 
solution. 

Fig. 2. o/o 'labile' (soluble) collagen of rat skin. �9 fresh (untreated) 
skin, O after 40 h in EDTA 1% denatured in Ringer-solution, 
• after 40 h in EDTA 1% denatured in Ca-free Ringer-solution. 

Discussion. T h r e e  c o m p l e t e l y  d i f f e r e n t  p r o c e d u r e s  
s h o w e d  t h a t  Ca  e x t r a c t i o n  w i t h  E D T A  of  s k i n  c o l l a g e n  
l e a d s  to  a d e c r e a s e  of  t h e  s t a b i l i t y  of  c o l l a g e n  as  m e a s u r e d  
b y  a n  i n c r e a s e  of  s o l u b i l i t y ,  i.e. a n  i n c r e a s e  o f  ' l ab i l e '  
h y p r o  (col lagen) .  

T h i s  e f f ec t  is p r e s e n t  in  c o l l a g e n  of y o u n g  a n d  a l so  
in  o ld  a n i m a l ' s  sk in .  F a r t h e r  i t  is a l so  p r e s e n t  in  a r t i -  

f i c i a l ly  ca lc i f i ed  sk in .  C a l c i f i c a t i o n  of  t h e  s k i n  (calci-  
p h y l a x i s )  c h a n g e s  t h e  r e m a i n i n g  t o t a l  c o l l a g e n  to  a s t a t e  
of  i n c r e a s e d  c r o s s l i n k s ,  a s  in  o l d e r  sk in .  

E x t r a c t i o n  of  c a l c i u m ,  b y  c o n t r a s t ,  c h a n g e s  c o l l a g e n  
t o  h i g h e r  v a l u e s  of  ' l ab i l e '  c o l l a g e n  as  in  y o u n g e r  a n i m a l s .  
T h i s  e f f ec t  is p r e s e n t  in  n o r m a l  s k i n  of 2 - m o n t h - o l d  
a n i m a l s ,  a n d  in  o ld  a n i m a l s '  n o r m a l  s k i n  a n d  a l so  in  
ca lc i f i ed  s k i n  of y o u n g  a n i m a l s .  

W e  c o n c l u d e  t h a t  in  n o r m a l  a n d  in  ca lc i f i ed  s k i n  Ca 
t a k e s  p a r t  in  t h e  s t a b i l i z a t i o n  of  t h e  c o l l a g e n  f ibre .  I )e -  
c a l c i f i c a t i o n  d i m i n i s h e d  s t a b i l i t y ;  i t  a c t s  in  t h e  d i rec -  
t i o n  as  of  t h e  s t a t e  of  y o u n g e r  a n i m a l s .  

T o  m e a s u r e  t h i s  we  u s e d  t h e  m e t h o d  of  s o l u b i l i t y  
m e a s u r e m e n t  a f t e r  d e n a t u r a t i o n .  I t  is n o t  p o s s i b l e  to  
d e c i d e  w h e t h e r  t h e  role  o f  Ca  is o n e  of  c r o s s l i n k i n g  o r  
o t h e r w i s e ;  b u t  t h e r e  is n o  d o u b t  t h a t  Ca is b o u n d  t o  
c o l l a g e n  as  a t e m p l a t e ,  in  a s t r o n g e r  c o n n e c t i o n  t h a n  
N a  or  K,  w h i c h  c a n  be  e x t r a c t e d  b y  d i s t i l l ed  w a t e r  a lone .  
W i t h  t h e  a d d i t i o n  of  Ca  in  R i n g e r ' s  s o l u t i o n  i t  is n o t  
p o s s i b l e  t o  c o u n t e r a c t  t h e  e f f ec t  of  C a - e x t r a c t i o n  w i t h  
E D T A .  ( In  o lde r  e x p e r i m e n t s  w i t h  THOENEN 11, i t  w a s  
h o w e v e r  p o s s i b l e  t o  r e v e r s e  t h e  N a +  or  K +  e f f ec t s  o n  
c o l l a g e n  of  t e n d o n  in  e x p e r i m e n t s  w i t h  d e n a t u r a t i o n  
t e n s i o n  w i t h  N a  r e s p e c t i v e l y  K .  Al so  t h i s  s u g g e s t s  a 
s t r o n g e r  b i n d i n g  of  Ca++.) 

Zusammen/assung. V e r k a l k t e  H a u t  j u n g e r  sowie  n o r -  
m a l e  H a u t  j u n g e r  u n d  a l t e r  T i e r e  w u r d e n  m i t  E D T A  
b e h a n d e l t .  D a s  l ab i l e  K o l l a g e n  (16slich in  10 m i n  be i  
65 ~ s t e i g t  in  a l l en  FXl len  an .  D a r a u s  w i r d  g e s c h l o s s e n ,  
d a s s  d a s  K a l z i u m  a n  d e r  S t a b i l i s i e r u n g  d e s  K o l l a g e n -  
m a k r o m o l e k i i l s  b e t e i l i g t  is t .  
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