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In  a p rev io u s com m unication  [3] a b r ie f  account h as  b e e n  given 
o f  o u r observ a tio n s re la tin g  to  th e  th e rm a l an d  chem ical co n tra c tio n  
a n d  re lax a tio n  processes o f collagen fib res. T he th e rm a l sh rinkage o f  collagen 
f ib re  is an  old know n  phenom enon b u t  th e  chem ical co n trac tio n -re lax a tio n  
process was f irs t  observed  b y  th e  p re sen t au th o rs . P r y  OR [ 9 ]  d esc rib ed  th a t  
te n d o n s  im m ersed  in  a so lu tion  o f p o tassium  m ercuric  iodide (K 2H g I2) co n trac t 
a n d  d isp lay  g rea t ten sio n  during  c o n trac tio n , b u t  he failed  to  observe re la x a tio n  
to  follow  c o n trac tio n . A d ap tin g  th e  ex p erim en ts  m ade w ith  collagen  fib res  to  
m uscle  fib res a n d  actom yosin  th re a d s , L a k i  an d  B o w e n  [ 6 ]  show ed  th a t  in  
p o ta ss iu m  m ercuric  iodide co n trac tion  o f th e  fib res  is n o t followed b y  e lo n g a tio n , 
th e  la t te r  superven ing  only in  so lu tions o f po tassiu m  iodide (K I). In  o u r experience 
th e  co n trac tio n  ensu in g  in  K I  so lu tion  an d  th e  re lax a tio n  th a t  follow s i t ,  i. e., 
th e  process of chem ical c o n trac tio n -re lax a tio n , is a phenom enon w h ich  p resen ts  
a  su itab le  m eans o f  s tu d y in g  th e  com plex n a tu re  of th e  collagen f ib re s .

W e have show n [4] th a t  th e  crysta llizab le  procollagen d esc rib ed  b y  
O r e k h o v i t c h  e t  a l. [ 7 ]  is b u t  one of th e  com ponents o f  co llagen  fib res 
a n d  th a t  b o th  th is  and th e  inso lub le  collagen designated  b y  us as m e taco l
lag en  are  req u ired  to  b u ild  up  th e  collagen fib re  capable  of p erfo rm in g  th e  
com b in ed  fu nc tion  o f co n trac tio n -re lax a tio n . In  th e  p resen t p ap er th e  ex p eri
m e n ta l d a ta  an d  resu lts  a re  discussed in  d e ta il w hich te n d  to  p ro v e  t h a t  th e  
collagen  fib re  consists of tw o p rin c ip a l p ro te in  com ponents : p roco llagen  an d  
m etaco llagen . In  ad d itio n , m ucopro te ins an d  nucleo tides p a rtic ip a te  in  sm all 
q u a n titie s  in  b u ild in g  up  th e  collagen fib re , b u t  i t  is n o t proposed to  d ea l w ith  
th e m  in  th e  follow ing.

S everal m e th o d s  have  been  ap p lied  in  o u r experim en ts. T he subm icro - 
scopic  m orphological changes re la te d  to  c o n trac tio n  an d  re lax a tio n  w ere observed  
u n d e r  th e  p o la riza tio n  m icroscope. D ouble re frac tio n  o f na tiv e , c o n tra c te d , an d  
re la x e d  fib res w as exam ined  in  th e  p resence o f  d ifferen t im b ib itio n  flu id s. 
In  app ly in g  th is  m e th o d , a p rocedure  e la b o ra te d  b y  one o f us [10] was 
fo llow ed. The m orphological changes o b ta in e d  in  th e rm al a n d  chem ical 
co n tra c tio n -re la x a tio n  were b ro u g h t in to  co rre la tion  w ith  p ro te in  d isso lu tio n .
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Also a n  en zy m atic  m e th o d  w as used to  d e m o n s tra te  th e  tw o k in d s o f p ro te in  
co m p o n en ts  th a t  m ak e  u p  th e  collagen fib re .

Methods

C ollagen fib res o b ta in e d  from  ten d o n s rem oved fro m  th e  ta i l  o f 4 to 6 m on ths old r a ts  w ere 
u sed . (F ib re s  from  an im als m ore  ad v an ced  in  age y ie ld  d iffe re n t resu lts  ; we in te n d  to  discuss 
th is  p o in t  in  a  fu tu re  re p o rt .)  T h e  an im als were killed  w ith  g as ; from  th e  sk inned ta il  th e  ten d o n s  
w ere  re m o v e d . T he in d iv id u a l collagen fib res were d ro w n  o u t  from  th em  in  th e ir  en tire  len g th  
an d  w ere  freed  from  ad h erin g  frag m en ts  o f m uscle a n d  g ro u n d  substance, using  a d issec ting  
need le . T h e  in d iv idual f ib res  w ere w ashed  w ith  w a te r  th e n  d ried  on filte r p ap er. F ib res  d ried  
in  a n  e x s ic c a to r  were used  in  th e  chem ical and  enzym ological experim en ts.

F ib re s  60 m m  long , 0,07 to  0,09 m m  in  d iam e te r, w eigh ing  0,5 to  0,8 m g, a n d  lo ad ed  
w ith  80 to  100 mg of lead  sh o t w ere used for m easu rin g  th e rm a l and chem ical co n trac tio n - 
re la x a tio n . These fib res d isp lay ed  a un ifo rm  s tru c tu re  u n d e r  b o th  th e  norm al an d  th e  po larizing  
m ic ro sco p e  an d  app eared  hom ogeneous w ith  v a n  G ieson’s s ta in . C o n trac tio n -re lax atio n  w as 
c a rr ied  o u t  in  p a r t  in  a  w a te r  b a th  a t  67 °C, w here th e  f ib re s  con trac ted  in  8 to  14 sec. an d  
re la x e d  to  th e ir  orig inal le n g th  in  60 to  100 sec. C hem ical c o n trac tio n -re lax a tio n  o ccurred  in  a  
40 p e r  c e n t  K I so lu tion  a t  20 °C in  w hich  co n traction  s ta r te d  in  60 to  120 sec-s, an d  a tta in e d  its  
p e ak  b e tw e e n  th e  4 th  a n d  5 th  m in u te , while re lax a tio n  se t in  in  25 to  30 m in. an d  w as com plete  
in  2 to  3 h ours.

A s reg ard s th e  p ro te in  d isso lu tion  tak in g  p lace  d u rin g  co n trac tio n -re lax a tio n , on  th e  
a n a ly t ic a l  balance  20 m g o f  d ry  collagen fib res w ere m ea su re d  in to  each o f several tu b es  o f  
k n o w n  w e ig h t, 3 cm in  len g th , an d  0,5 to  0,6 cm in  d ia m e te r . T he to ta l  N co n ten ts  o f  th e  f ib re s  
ra n g e d  b e tw ee n  16,6 a n d  16,8 p e r cen t. A fter add in g  2 m l o f  d istilled  w a te r th e  tu b es  w ere 
im m e rse d  in  a  w ater b a th  o f  67 °C observed. In  depen d en ce  on  th e  m orphological changes th e  
th e rm a l  ac tio n  was in te r ru p te d  a t  v a ry in g  in tervals b y  a  ra p id  cooling of th e  tu b es  w ith  ice 
w a te r . Fo llow ing  cen trifu g a tio n  th e  f lu id  was d ecan ted , th e  insoluble fib res w ere w ashed  w ith  
a lcoho l a n d  th e n  dried  a t  110 °C. T h ereafte r we d e te rm in e d  b y  th e  m icro -K jeldah l m e th o d  
th e  p ro te in  co n ten t o f th e  d e ca n te d  f lu id  ; th e  re su lt w as fo u n d  to  correspond to  th e  d ifference 
b e tw een  th e  in itia l w eigh t o f  th e  collagen-contain ing  tu b es  a n d  th e ir  w eight a fte r  d ry in g  a t  110 °C.

T h e  procedure  fo llow ed in  connection  w ith  th e  ch em ica l co n trac tio n -re lax a tio n  process 
w as to  a d d  2 m l o f a 40 p e r cen t so lu tio n  of K I to  th e  20 m g o f collagen fib res in  th e  tu b e s  an d , 
k eep in g  th e  so lu tion  on th e m  a t  a  te m p e ra tu re  o f 20 °C, th e  changes occurring a t  d ifferen t periods 
o f  t im e  w ere  observed. I n  c o n tra c tio n  th e  m ark ed ly  sw ollen  fib res  in v ariab ly  d isp layed  tw o  
d is t in c t  p a r ts ,  each in  a  p h ase  d iffe ren t from  th e  o th e r. T h e  o u te r  p a r t  was hom ogeneous, th e  
in n e r, sp ira l. The ap p earan ce  o f th e  la t te r  form ed th e  b asis fo r assaying con trac tio n . D u rin g  th e  
t r a n s i t io n  fro m  co n trac tio n  to  re la x a tio n , th e  sp ira l p a r t  ta p e re d  gradually  u n til  i t  u ltim a te ly  
d isa p p e a re d . This is w hen  re la x a tio n  sets in  w h e rea fte r th e  f ib res  appear once m ore p e rfe c tly  
hom o g en eo u s. I t  was possib le to  s tu d y  these m orpholog ical changes u n d e r th e  h a n d  len s , a n d  
in te r ru p t io n  o f the  in cu b a tio n  in  K I so lu tion  was re g u la te d  o n  dependence of these  o b se rv a tio n s. 
F o llo w in g  incu b a tio n  in  p o tass iu m  iodide th e  fib res w ere w ash ed  w ith  w ater, th e n  w ith  alcohol, 
th e n  d r ie d  a t  110 °C. T he d ifference in  th e  w eigh t o f  th e  u n tre a te d  and th e  re m a in d e r o f th e  
t r e a te d  f ib re s  gave th e  a m o u n t o f p ro te in  dissolved.

I n  o u r enzym ological ex p erim en ts , to  collagen f ib re s  tre a te d  as above w ith  h e a t  fo r 
d iffe re n t periods o f tim e, o r b y  in cu b a tio n  in a 40 p e r c e n t so lu tio n  of K I an  am o u n t o f  0,5 m g 
o f e la s ta se  w as added  a n d  w ith  a  n /10  N a 2C 0 3— HC1 b u ffe r  o f  p H  10 th e  tu b es were m ad e  u p  to  
2,5 m l. In c u b a tio n  for 15 m in u te s  a t  37 °C followed, w h e re a f te r  th e  insoluble fib res w ere c en tr i
fu g e d , w ash ed  w ith  alcohol, d ried  a t  110 °C, th en  w eighed. T h e  collagen dissolved by  th e  enzym e 
w as c o m p u te d  from  th e  d ifference in  w eight of th e  u n tr e a te d  con tro l tubes a n d  th e  te s t  tu b es .

Results

Subm icroscopic structure o f  collagen fibres under the polarization microscope

Collagen fib res are  know n  to  d isp lay  in ten s iv e  double refraction  in  po larized  
lig h t. As seen in  F ig . 1, tin d e r th e  p o la riza tio n  m icroscope, be tw een  crossed
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niçois an d  a gypsum  I  lam ella  in se rted  in  i t ,  th e  collagen fib res  g ive a h igh ly  
p o sitive  double re frac tio n .

In  substances of a re frac tiv e  in d ex  a ro u n d  1,5 or 1,6 th is  d o u b le  re frac tio n  
is reducib le  to  a m in im um  b y  im b ib itio n , b u t  c an n o t be e lim in a ted  com plete ly . 
T h is proves th a t ,  in  ad d itio n  to  fo rm al double  re frac tio n , n a tiv e  co llagen  fibres 
also h av e  an  in trin sic  doub le  re frac tio n .

M etacollagen shows less double  re frac tio n  th a n  n a tiv e  collagen does. F rom  
th e  p o in t o f po la riza tion  op tics, difference m u s t be m ade betw een  m etaco llag en  
s tu d ie d  in  th e  s tre tc h e d  an d  th e  sh o rten ed  s ta te . T he double  re fra c tio n  o f th e  
e longa ted  m etaco llagen  is n ea rly  o f th e  sam e degree as th e  p a th  d ifference  m easu r
ab le  a t  th e  low est p o in t o f  th e  im b ib itio n  curve  of n a tiv e  collagen. F ro m  th is  it 
seem s perm issib le to  in fe r th a t  th e  com ponen t responsible for th e  h ig h e r  double 
re frac tio n  in  n a tiv e  fib res dissolves d u ring  co n trac tio n . This is th e  com ponen t 
w hich  keeps m etacollagen  in  a s tre tc h e d  s ta te  an d  in  th e  absence o f  w hich  the  
fib res  shrivel up  an d  becom e e lastic  an d  ex tensile , like elastic  f ib re s . F o rm al 
doub le  re frac tio n  o f n a tiv e  collagen fib res is to  a g rea t e x te n t due  to  th is  com 
p o n en t.

T here  is an o th e r s im ila rity  to  th e  e lastic  fib res w hich m an ife s ts  i ts e lf  in 
th is  s ta te . In  fa t so lvents an d  oils (xylene, to lu en e , olive oil, ced a r oil) th e  double 
re frac tio n  of s tre tch ed  m etacollagen  fib res  is n o t low ered, as could be ex p e c te d  on 
g rounds o f th e  refrac tive  indices o f th e  sa id  substances, as w as th e  case w ith  
n a tiv e  fib res. I t  is on ly  on th e  action  o f  w a te r  an d  aqueous so lu tio n s th a t  
m etaco llagen  loses its  doub le  re frac tio n  a n d  th a t ,  s im u ltan eo u sly , th e  p re
v iou sly  s tre tch ed  fib re  again  sh rinks. A pe rfec tly  sim ilar p h en o m en o n  is 
observ ab le  in  th e  e lastic  fib res.

I t  is q u ite  p ro b ab le  th a t  in  b o th  th e se  cases i t  is upon  th e  a c tio n  of 
th e  elongation  th a t  th e  fibres, o therw ise  in  iso trop ic  p h ase , becom e 
an iso trop ic .

T herefore, th e  m olecu lar double  re frac tio n  observed d u rin g  im b ib itio n  
in  n a tiv e  collagen an d  m etaco llagen  shou ld  be regarded  as th e  fo rm  in  w hich 
m etaco llagen  m anifests its e lf  in  th e  an iso trop ic  phase. As h as  b een  seen , th is  
c an  be  b ro u g h t b ack  to  th e  iso trop ic  phase  a t  w ill, b y  in te r ru p tin g  e lo n g a tio n .

P laced  in  w a te r o f 67 °C or a 40 p e r  cen t K I  solu tion  a t 20 °C, th e  collagen 
fibres co n trac t in  th e  tim e  s ta te d  in  th e  m e th o d . On d isco n tinu ing  th e  h ea t 
e ffe c t, o r liftin g  th em  from  th e  so lu tion  th e  fibres s ta y  c o n trac ted . A s can  be 
seen from  F ig . 2, th e ir  p o la riza tio n  p a tte rn  d iffers essen tia lly  from  th a t  of 
n a tiv e  fibres. S epara tion  in to  tw o phases each  d isp lay ing  a doub le  re fra c tio n  
o f  d iffe ren t in te n s ity  can  be  observed . A n a p p a re n tly  hom ogenous p a r t  shows 
l i t t le  double re frac tio n , w hile in  an  in n e r p a r t  o f  sp ira l s tru c tu re  th e  fibrillae 
ly ing  a t  r ig h t angles to  one a n o th e r ex h ib it a lte rn a tin g  positive a n d  n eg a tiv e  
doub le  re frac tio n  u n d e r th e  gypsum  lam ella . Q u a n tita tiv e  m e a su re m e n t b y  
m ean s o f  a com pensato r shows th e  double  re frac tio n  to  decrease m ark e d ly
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on  th e  o u te r  p a r t o f th e  fib re . In  w ater, to o , d ec rea se  o f  double re fra c tio n  is 
e n c o u n te re d  ; th e  o u te r  p a r t  th e n  is lost.

F o r  th e  phenom enon  describ ed  in th e  fo rego ing  th e  following ex p lan a tio n  
is o ffe red . On co n trac tio n  th e  b o n d  betw een  p ro co llag en  an d  m etaco llagen , th e  
tw o  c o n stitu en ts  of th e  fib re  loosens and  th e  fib reb u ild in g  filam ents th a t  u n til  
th e n  h a d  been s tre tc h e d , sh r iv e l up. The m uco id  h a v in g  dissolved in  th e  in itia l 
p h a se  o f  con traction , th e  proco llagen , to o , b eg in s  to  dissolve in  an  in w ard  
d ire c tio n . In  th e  p a r t  w h ich  is ap p a ren tly  iso tro p ic  th e  procollagen is com plete ly  
d isso lv ed  while th e  f ib r illa ry  p a r t  rep resen ts th e  m etaco llag en . F ig . 3 p re se n t
in g  th e  p ic tu re  betw een co m p le te ly  crossed n içois o f  a fib re  im bibed w ith  w a te r 
c le a rly  shows th a t  on ly  t h a t  p a r t  rem ains a n iso tro p ic  in  w hich d isso lu tion  of 
th e  procollagen  is s till in c o m p le te . This m ean s  t h a t  th e  m etaco llagen  w hich 
re m a in s  in  th e  fib re  a f te r  d isso lu tion  of th e  p roco llagen  is no longer d o ub ly  
re f ra c ti le  in  the  c o n tra c te d  s t a te  and so th e  p a r t ic u la r  spo t rem ains d a rk  u n d e r 
th e  p o la riza tio n  m icroscope.

W ith  th e  th e rm a l e ffe c t n o t in te rru p te d , o r th e  in cu b a tio n  in  th e  40 per 
c e n t K I  solution no t d is c o n tin u e d , co n trac tio n  is fo llow ed b y  re lax a tio n . In  our 
v iew  a ll th e  procollagen d isso lves during re la x a tio n  an d  only  th e  m etaco llag en  
is le f t  over. The p a t te rn  o b ta in e d  under th e  p o la riz a tio n  m icroscope a f te r  th e  
r e la x a tio n  is in its e n t i r e ty  t h a t  of the  m e taco llag en , b u t  w hile on  co n trac tio n  
th e  tran sfo rm a tio n  in to  m e taco llag en  is p a r tia l , in  re la x a tio n  i t  is to  b e  reg a rd ed  
as com ple ted . M etacollagen  f ib re s  loaded w ith  le a d  sh o t s till show som e double  
re f ra c tio n  a fte r th e rm a l o r  chem ical tre a tm e n t as a consequence of th e  tensile  
lo a d . F ig . 4 presents th e  p ic tu re  of an u n lo ad ed  re lax ed  (m etacollagen) fib re , 
th e  d o u b le  refrac tion  o f  w h ich  has com plete ly  ceased . T his m ay  be observed  
im m e d ia te ly  a fte r th e rm a l o r  chem ical re la x a tio n . I f  th e  re lax ed  fib re  is le ft 
to  s ta n d  for a few h o u rs , w a te r  takes th e  p lace  o f  th e  p rocollagen  w hich , su b 
s ta n t ia l ly  swelling th e  f ib re ,  displaces i t  la te ra l ly  a n d  th e  o rig inally  positive 
d o u b le  re frac tion  tu rn s  in to  n eg a tiv e  one.

Collagen fibres p r e t r e a te d  w ith  a c itra te  b u ffe r  o f p H  4 for dissolving th e  
p ro co llag en  take  up m o re  w a te r  i. e., d isp lay  a m o re  m ark ed  n e u tra l  sw elling, 
th a n  n a tiv e  fibres. T h e  th in  delicate fibrils r e ta in  th e ir  para lle l a rran g em en t, 
p ro v id e d  th e y  are h a n d le d  carefu lly , b u t th e  f ib re  is u n ab le  to  w ith s ta n d  even 
g e n tle  s tre tch ing , co m p ressio n , or tensiona l s tr a in ,  un like  th e  n a tiv e  fib res , 
w h ich  are  of great s ta b i l i ty .  I f  a m etacollagen  f ib re  p rep ared  in  th is  m an n e r 
a n d  im b ib ed  w ith  w a te r  is c rushed  w ith  a g lass ro d , th e  delica te  fib rils , as 
sh o w n  in  Fig. 5, lose th e i r  a rran g em en t p a ra lle l to  th e  lo n g itu d in a l ax is, and  
a t  th e  sam e tim e th e ir  d o u b le  refrac tion  d ec reases .

T he reason w hy fo llow ing  tre a tm e n t w ith  a  c itra te  b u ffe r o f p H  4 th e  
d o u b le  refraction  of th e  m etaco llagen  p rep a red  in  th is  m an n e r does n o t cease 
in  w a te r  e ither, is th a t ,  a l th o u g h  the  procollagen h a s  been  dissolved, th e  m ucoid  
s t i l l  p re sen t p reven ts th e  f ib re s  from passing  in to  th e  iso trop ic  phase .
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These subm icroscopic  find ings, a n d  in  a d d itio n , th e  co n trac tin g  re la x 
in g  cap ac ity  o f th e  collagen fib re  seem  to  a ffo rd  su p p o rt to  our v iew  t h a t  th e  
collagen fibre is b u il t  u p  o f tw o kinds of s t ru c tu ra l  p ro te in , procollagen a n d  m e ta 
collagen b o th  o f  a p a r tic u la r  fu n c tiona l s ign ificance .

Protein d issolution  o f  collagen fib res  during  thermal and chemical

contraction-relaxation

As has b een  p o in ted  ou t in  describ ing  th e  “ m e th o d ” , a t a te m p e ra tu re  
above 67 °C co llagen  fib res  co n trac t ra p id ly , sh o rten in g  to  one th ird  o f  th e ir  
le n g th . W ith  th e  th e rm a l ac tion  con tinued , a f te r  th e  lapse o f a ce rta in  period  
o f  tim e , re lax a tio n  s ta r ts ,  th e  fib re  re -ex ten d in g  to  its  original le n g th . This 
process canno t be  follow ed ex ac tly  unless le a d  sh o t is a tta ch ed  to  th e  en d  of 
th e  fib res to  keep  th e m  s tre tc h e d  an d  so en ab le  one to  m ake accu ra te  read in g s 
o f  th e  changes in  le n g th  w ith  tim e. In  a p rev ious com m unication  [4] i t  has 
been  shown th a t  th e  sh o rten in g  of th e  n a tiv e  fib re  ta k e s  place in  th e  sam e 
m a n n e r as th e  co n tra c tio n  in  th e  physio log ica l sense, w hich h a d  b een  
observed  in  m uscle  fib res , i. e., th e  f ib re  th ic k e n s  in  d irec t p ro p o rtio n  to  
th e  e x te n t o f th e  sh o rte n in g . W ith  th e rm a l co n tra c tio n , th e  co n trac tio n  an d  
re lax a tio n  processes seem  to  ta k e  place in  e x a c tly  th e  sam e degree in  a 40 p e r 
c en t K I solu tion  a t  20 °C. This la t te r  p h en o m en o n  we have te rm ed  chem ical 
co n trac tio n -re lax a tio n .

D uring b o th  th e rm a l an d  chem ical c o n tra c tio n  w ork is perfo rm ed  b y  th e  
fib res  inasm uch as th e y  l if t  lead  shot w eighing  from  80 to  100 tim es th e ir  own 
w eight.

A ccording to  o u r  subm icroscopic f in d in g s  th e  n a tiv e  collagen fib res  sep a
ra te  in to  tw o p h ases  d u rin g  co n trac tion  a n d , besides, during  re la x a tio n  th e  
fib re  undergoes tra n sfo rm a tio n  by  losing th e  s tab iliz in g  substance  o f its  in trin s ic  
double  re frac tio n . I t  has been  assum ed th a t  in  co n trac tio n -re lax a tio n  one of 
th e  substances resp o n sib le  for th e  double re fra c tio n  o f th e  collagen fib re  d issolves. 
T he in v estiga tions w ere therefo re  ex te n d e d  to  in q u iries in to  th e  a m o u n t of 
p ro te in  dissolving d u rin g  b o th  th e  th e rm a l an d  th e  chem ical co n trac tio n - 
re lax a tio n  processes. I t  has been  found th a t  th e  se ttin g  in  of co n trac tio n  an d  
th e  d issolution  o f  la rg e r  am o u n ts  o f p ro te in  a re  n o t lin k ed  to g e th e r. O n ly  1 
o r 2 p er cen t o f th e  su b stan ce  dissolve d u rin g  h e a t co n trac tio n , and  th is  ta llie s  
w ell w ith  th e  o b se rv a tio n s o f B a n g a  [ 1 ]  an d  B a n g a  an d  B A L Ó  [ 2 ]  th a t  
d u rin g  th e  th e rm a l co n trac tio n  of th e  collagen a p a r t  of th e  m ucoid in  i t  goes 
in to  solu tion . On th e  o th e r  h an d , d isso lu tion  o f  th e  p ro te in  s ta r ts  in th e  course 
o f  th e  re lax a tio n  follow ing co n trac tio n , a ph en o m en o n  w hich can be  b ro u g h t 
in to  agreem ent w ith  th e  p ic tu re  seen in  th e  m icroscope. Separa tion  in to  tw o 
phases sets in  d u rin g  co n trac tio n  : th e re  is an  e x te rn a l hom ogeneous, a n d  an
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in te rn a l  sp ira l p a r t ,  as has been  described  in  th is  paper w hen d iscussing  oui 
su b m icroscop ic  observations. W ith  th e  b eg in n in g  o f re lax a tio n  th e  in te rn a l 
sp ira l p a r t  g rad u a lly  d isap p ears , an d  b y  th e  tim e  re lax a tio n  is com ple te  th e  
co llagen  f ib re  is perfec tly  hom ogeneous. D u rin g  th is  process from  10 to  15 p e r  cen t 
o f  th e  t o ta l  p ro te in  in  th e  collagen fib re  is d isso lved  in  120 secs, a t  67 °C. F ro m  
th e  b e g in n in g  o f th e  re la x a tio n  to  its  com p le tio n  an  ad d itio n a l a m o u n t of 
p ro te in  (43 p e r  cent) goes in to  so lu tion . O n fu r th e r  h ea tin g , th e  fib res  slow ly 
co n tin u e  to  dissolve. T he resu lts  o f th is  e x p e rim en t are sum m arized  in  T ab le  I .

Table I

P ro tein  dissolution in  native collagen fib res during  thermal contraction and relaxation

Quantity 
of native collagen 

fibre 
in mg

H20  
in ml

Temperature
°C

Period of contraction 
and relaxation, 

resp. sec.
State

Dissolution 
of collagen protein 

per cent

2 0 2 20 0 no change 0

2 0 2 20 0 no change 0

2 0 2 67 40 contraction 1,1

2 0 2 67 80 m arked
con traction

10

2 0 2 67 12 0 re laxation  
s ta r ts  ,

15

2 0 2 67 300 re lax atio n 43

2 0 2 67 600 re lax atio n 73

Table II
D issolution o f  native collagen fib re  during  chemical relaxation

Quantity 
of native collagen 

fibre 
in mg

40 per cent 
KI solution 

ml

Incubation time =  
period of contraction 

and relaxation, respec
tively, a t 20 °C 

min.

State

Dissolution 
of collagen 

protein 
per cent

20 2 2 con trac tio n 0

20 2 5 m ark ed
co n traction

8

20 2 15 incip ien t
re lax a tio n

36

20 i 60 re lax a tio n 75

T h e  d a ta  p resen ted  in  T ab le  I I  show  th a t  th e  experim ent concerned  w ith  
p ro te in  d isso lu tion  during  chem ical co n trac tio n -re lax a tio n  in  40 p e r cen t K I  so lu
tio n  y ie ld e d  sim ilar, th o u g h  som ew hat less t r e n c h a n t, resu lts . T he process is here  
a slow  one , an d  w ashing th e  fib res , rem o v ed  from  th e  40 per cen t K I  so lu tio n ,
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w ith  w a te r  an d  alcohol m a y  invo lve losses ; i t  is p ro b ab ly  due to  th is  m e th o d 
o logical defic iency  th a t  m ore p ro te in  seem s to  be  dissolving d u rin g  chem ical 
th a n  th e rm a l con trac tion . T he re su lts  nonetheless confirm  o u r a ssu m p tio n  
t h a t  th e re  is no beg inning  o f re lax a tio n  u n til  th e  helical p a r t  v isib le  in  th e  sub- 
m icroscopic s tru c tu re  o f th e  fib res has v an ish ed , w hich is a phenom enon  associ
a te d  w ith  th e  d issolution  o f a b o u t2 0 p e r  cen t o f th e  to ta l  p ro te in . T h e  re lax ed  
f ib re  is id en tica l w ith  th e  m etaco llagen  fib re  w hich  b inds a g re a t a m o u n t of 
w a te r  an d  dissolves slowly on pro longed  h e a tin g . T he dissolved 20 p e r  c en t of 
th e  p ro te in  correspond to  procollagen w hich in  an  in d ep en d en t ex p erim en t 
we h av e  show n to  gelatin ize com plete ly  a t  th is  degree o f h e a t. A ccord ing ly , 
th e  co n trac tio n -re lax a tio n  process is accom pan ied  b y  a loosening in  th e  collagen 
f ib re  o f th e  chem ical bond  b e tw een  th e  procollagen  an d  th e  m e taco llag en , and  
th e  procollagen  in  th e  fib res dissolves u n ti l  re lax a tio n  is com plete . T h is is th e  
o n ly  ex p lan a tio n  th a t  can  be  offered  for th e  observa tion  th a t  th e  co n trac tio n - 
re la x a tio n  process o f th e  collagen fib res  rem ains reversib le i f  i t  is in te r ru p te d  
in  th e  con trac tile  phase . W h e th e r we h av e  to  do w ith  th e rm a l or chem ical 
c o n tra c tio n , th e  procedure in  th e se  in stan ces is to  rem ove th e  c o n tra c te d  fib re  
from  th e  flu id , p u t i t  in  cold w a te r, s tre tc h  it  to  its  orig inal le n g th , th e n  w ash 
i t  w ith  alcohol an d  d ry  i t .  W ith  fib res  h an d led  in  th is  m a n n e r c o n trac tio n  
a g a in  occurs, an d  th is  confirm s th e  rev e rs ib ility  o f th e  process. T h eo re tica lly  
th e re  is no lim it to  rev e rsib ility , b u t  in  fa c t th e  process can n o t be re p e a te d  m ore 
th a n  10 to  12 tim es. The reason  fo r th is  is th a t  d u rin g  co n trac tio n  th e re  alw ays 
b eg in s  a re lax a tio n  of lim ited  e x te n t accom pan ied  b y  th e  d isso lu tion  o f  a little  
p roco llagen , an d  th is  p rev en ts  th e  process from  ru n n in g  ex ac tly  th e  sam e course 
a s  th e  o rig inal process. F o r, a f te r  com plete  re lax a tio n  th e  f ib re  is no  longer 
cap ab le  o f co n trac tio n  ; i t  no longer co n ta in s procollagen , w hereas no  c o n tra c 
tio n  o f  th e  collagen fib re  can  ta k e  p lace unless in  th e  com bined  p resence  of 
p roco llagen  an d  m etaco llagen .

E xperim ents w ith elastase to prove procollagen and metacollagen
to be d ifferent proteins

»•

O n com bining th e  d iffe ren t phases o f th e  co n trac tio n -re lax a tio n  process 
w ith  hydro lysis  w ith  e lastase , i t  is found  th a t  in  th e  s tr ic tly  c o n tra c tile  s ta te  
o n ly  th a t  p a r t  o f th e  collagen is d issolved b y  th e  enzym e w hich in  F ig . 2 ap p ears  
to  be  hom ogenous (ex te rn a l phase). A fte r tre a tm e n t w ith  e la s ta se  th e  p ic tu re  
is  t h a t  in  F ig . 6. This m eans th a t  in  th e  co n trac tile  phase w here th e  tw o  p ro 
te in s  a re  a lread y  sep a ra ted , th a t  is , th e  chem ical bonds b e tw een  p rocollagen  
a n d  m etaco llagen  has been  loosened, th e  e lastase  is capab le  o f  d isso lv ing  th e  
a p p a re n tly  iso trop ic  p a r t  b u t  s till u n a b le  to  dissolve th e  in te rn a l sp ira l p a r t .  
Q u a n tita tiv e  enzym atic  in v estig a tio n s p ro d u ced  ex ac tly  th e  re su lts  w hich
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on th e  g ro u n d  of th e  m icroscop ica l o b serv a tio n s th e y  w ere ex cep ted  to  y ie ld . 
Q u a n tita tiv e  d isso lu tion  ex perim en ts w ith  a s u b s ta n tia l  q u a n tity  o f  fib res , 
in  w h ich  co n trac tio n  w as in d u ced  in  p a r t  th e rm a lly , in  p a r t  chem ically , have  
show n t h a t  th e  am o u n t o f  p ro te in  dissolved b y  th e  enzym e has close bearings 
on th e  cond itio n  im p a r te d  to  th e  fib res th ro u g h  th e  tre a tm e n t. W ith  th e  aid  o f 
e la s ta se  d isso lu tion  i t  is possib le  to  draw  a sh a rp  line  betw een  th e  c o n trac tile  
a n d  th e  re la x a n t p h ases . W h ils t th e  collagen is in  co n trac tio n  only , n o t m ore 
th a n  a b o u t 20 p er cen t o f  th e  p ro te in  dissolve from  i t  upon  th e  ac tio n  o f e la s
ta se  ; th e  p ro te in  d isso lved  is th e  procollagen. T h e  sam e p ro te in  dissolves d u r 
in g  tra n s i t io n  from  th e  c o n tra c te d  phase to  th e  re la x e d  phase. B u t fo r th is , 
a d d itio n a l th e rm a l en e rg y , o r, in  th e  case o f  K I ,  chem ical energy  is req u ired . 
In  co llag en , th a t  w h a t w ith  th e rm a l t r e a tm e n t a t  67 °C is b ro u g h t a b o u t in  100 
sec, en su es  upon  th e  a c tio n  o f  e lastase  a t  37 °C in  from  10 to  15 m in . B u t even 
th ro u g h  longer in c u b a tio n  in  e lastase  i t  is n o t possib le  to  have m ore p ro te in  
d isso lved  from  a c o n tra c te d  fib re  th a n  its  p roco llagen  com ponent, i. e. 20 
p e r c e n t o f its  to ta l  p ro te in  co n ten t. The d a ta  p re sen ted  in  T able I I I  show  
th e  in te rre la tio n  o f d isso lu tio n  in  e lastase  a n d  th e  co n trac tio n -re lax a tio n  phase .

Table I I I

In terrela tion  betiveen dissolution by elastase  
and  the contraction and relaxation phases

Q uantity
of native collagen 

fibre in mg

Elastase 
15 min. incub. 

a t  37 °G mg

Contraction 
and relaxation  phase, 

respectively

Dissolution by  elastase 
per cen t

20 0,5 no change 0

20 0,5 c o n trac tio n 20

20 0,5 m ark ed
c o n tra c tio n

20

20 0,5 re la x a tio n
s ta r ts

70

20 0,5 com plete
e longation

100

In  th e  in c ip ien t s tage  o f  re la x a tio n , a f te r  th e  p roco llagen  has d issolved, p ro te in  
d isso lu tio n  during  e la s ta se  tre a tm e n t is a d ire c t a n d  precise fu n c tio n  o f th e  
e x te n t o f  th e  re lax a tio n . As long as th e  e lo n g a tio n  o f  th e  relax ing  fib res  is 50 
to  70 p e r  cen t o f  th e  o rig in a l len g th , d isso lu tion  b y  e lasta se  during  in cu b a tio n  
fo r 10 to  15 m in. re m a in s  incom plete . B u t as soon as re lax a tio n  is com ple ted  
i t  is a m a t te r  of m in u tes  fo r th e  d issolution to  be  100 p e r cen t. T able I I I  dem on
s tra te s  th e  ex p erim en ta l re su lts  a t w hich in  th e  v a rio u s  phases o f th e  co n trac 
tio n -re la x a tio n  process th e  th e rm a l an d  chem ical t re a tm e n t, respective ly , h a s  
b een  in te r ru p te d , an d  th e  am o u n t o f collagen d isso lved  b y  e lastase  s tu d ied .
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As can be seen from  th e  d a ta  in  T ab le  I I I ,  as lo n g  as th e  fib res are in  a s ta te  o f  
co n trac tio n , o n ly  20 p e r  cen t o f th e  p ro te in  a re  d isso lved . B eginning re la x a tio n  
is accom panied  b y  g ra d u a l d isso lu tion  o f a ll th e  collagen  p ro te in .

In  th e  collagen fib res  o f th e  A chilles ten d o n  o f c a tt le , th e rm a l co n tra c tio n - 
re lax a tio n  is a slow er process th a n  in  those o f  th e  r a t  ta il  ten d o n . T h e  d a ta  
in  T able  IV  show  th e  re la tio n  betw een  co n trac tio n -re lax a tio n  of th e  A ch illes

Table IV

E lic ita tion  at d ifferent temperatures o f  contraction-relaxation phases 
in Achilles tendons and the relations o f  these phases to collagtnolysis

Temp.
°C Incub. min.

Contraction-relaxation
phase

Collagenolysis 
dissolution 

a t  37 °C per cent

Period 
incubation 

w ith enzyme

55 10 no  change 0 24h

60 10 no change 0 24h

67 5 60%  co n traction 17 24h

67 10 65%  con traction 18 24h

70 5 inc ip ien t
re lax a tio n

70 3h

70 10 com plete
re lax a tio n

100 20 m in.

te n d o n  an d  collagenolysis consequen t upon th e  ac tio n  o f e lastase . A cco rd ing  
to  th ese  d a ta , th e re  is no co n trac tio n  a t 55° o r 60 °C a n d  no d isso lu tion  o f  th e  
p re tre a te d  fib res b y  e lasta se . T he c ritica l te m p e ra tu re  a t  w hich th e  fib res b eg in  
to  co n trac t, is 67 °C. On keep ing  th e  collagen f ib re s  a t  th is  te m p e ra tu re  fo r  5 
m in u tes , or even  less, 20 p er cen t o f th e ir  to ta l  p ro te in  co n ten ts  dissolve w h en  
th e y  pass in to  th e  c o n tra c te d  s ta te . No m a tte r  how  long  th e  co n trac ted  f ib re s  
are  in cu b a ted  in  e la s ta se , m ore th a n  20 per c e n t w ill n o t dissolve. R e la x a tio n  
once s ta r te d , d isso lu tion  b y  e lasta se  too  begins ag a in , a n d  as soon as th e  f ib re s  
have  becom e p e rfe c tly  re lax ed  th e y  a re  dissolved in  e la s ta se  w ith in  m in u te s .

Discussion

T herm al c o n tra c tio n  o f collagen fib res is a p h enom enon  th a t  h a s  b e e n  
know n for long, b u t  th e  fac t t h a t  upon  co n tin u ed  ac tio n  o f h e a t c o n trac tio n  is 
necessarily  follow ed b y  re lax a tio n  has escaped  th e  a tte n tio n  o f in v e s tig a to rs . 
S till, th e  tw o processes, co n trac tio n  an d  th e  re la x a tio n  th a t  follows it ,  h av e  close 
bearings on th e  subm icroscopic s tru c tu re  o f collagen fib res . F o r th is  v e ry  reaso n  
th is  system  p re sen ts  a m ost su itab le  ob jec t for th e  s tu d y  o f  fu nc tion  an d  s t ru c 
tu re . H ow ever, th e rm a l c o n trac tio n  an d  re la x a tio n  a re  ru n n in g  a v e ry  ra p id  
course an d , th e re fo re , d ifficu lt to  d iffe ren tia te  fo r th e  purposes of ch em ica l
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a n a ly s is . O n th e  o th e r h a n d , chem ical c o n trac tio n -re lax a tio n  p roceeds slowy 
a t  a  lo w  te m p e ra tu re , a n d  th e  reac tio n  c a n  b e  in te rru p te d  in  a n y  p h ase  a t  will 
a n d  i t  becom es possible co n v en ien tly  to  s tu d y  th e  subm icroscopical a n d  bio
c h e m ic a l changes ta k in g  p lace  during  fu n c tio n in g . I t  was Partridge (1948) 
w ho re p o r te d  th a t ,  a p a r t  from  th e rm a l co n trac tio n , th e  collagen fib re s  con
t r a c t  u p o n  th e  action  o f c e r ta in  chem ical su b stan ces  also a t a m o d e ra te  tem p e
r a tu r e  (20 °C), b u t we h av e  b een  th e  f i r s t  to  describe (1954) th a t  co n trac tio n  
is fo llo w ed  b y  re lax a tio n  a n d  th a t  th e  tw o  processes are  in te r re la te d . F o r th e  
s tu d y  o f  th e se  phenom enon  a 40 p er c e n t p o tassiu m  iodide so lu tio n  proved  
to  b e  m o s t su itab le . In  a ll th e  o th e r su b s ta n c e s  te s te d  co n trac tio n -re lax a tio n  
w a s  s lo w er an d  im perfec t. C o n trac tio n  is lin k e d  up  w ith  a v e ry  c h a ra c te ris tic  
su b m ic ro sco p ic  change. T h e  n a tiv e  f ib re , w hich subm icroscopically  appears 
to  b e  p e rfe c tly  hom ogenous, sep a ra tes  d u rin g  con trac tio n  in to  tw o  p a r ts  of 
d if f e re n t  double re frac tio n . In  th e  p resence o f  e lastase  th e  p a r t  o f low  b ire frin 
g en ce  d iffe rs  in  b eh av io u r from  th e  sp ira l p a r t  ; th e  form er is d isso lved  b y  th e  
e n z y m e , th e  la t te r  does n o t. T his proves t h a t  during  co n trac tio n  th e  collagen 
f ib re  decom poses in to  tw o k in d s  of p ro te in  ; th is  is subm icroscopically  observable  
a n d  enzym ologically  co n firm ab le . R e la x a tio n  arises on tran sm issio n  o f  ad d i
t io n a l  th e rm a l or chem ical en erg y . D u rin g  re lax a tio n  th e  sp ira l s tru c tu re  is 
lo s t ,  subm icroscopically  a s tru c tu re  o f low  doub le  re frac tion  is le f t o ver, w hich 
is  a p p a re n t ly  hom ogenous. O n th e  ev idence  o f  biochem ical ex am in a tio n s , d u r
in g  th e  process from  c o n trac tio n  to  re la x a tio n  a pro te in  (procollagen), m ak ing  
u p  a b o u t  20 per cen t o f  th e  to ta l  p ro te in  is dissolved, an d  th e  re s id u a l re laxed  
f ib re  is  w h a t we call m etaco llag en . B y  its  subm icroscopic s tru c tu re  th e  re laxed  
f ib re  is  a system  in iso tro p ic , an d  th e  s tre tc h e d  fib re  one in  an iso tro p ic  phase. 
F ro m  th e  p o in t of v iew  o f  colloid ch e m is try  th e  n a tiv e  an d  th e  re la x e d  fib re  
d if fe r  fro m  each o th e r in  q u a lity . W hile th e  fo rm er swells b u t  m o d e ra te ly  in  
w a te r ,  th e  la t te r  is c ap ab le  o f  exceed ing ly  m ark ed  n e u tra l sw elling. In  our 
p re v io u s  paper [4] we described  a n o th e r  w ay o f p rep a rin g  m e ta 
c o lla g e n , nam ely , b y  e x tra c tin g  th e  p roco llagen  from  th e  n a tiv e  fib re  b y  
m e a n s  o f  a pH  4 c itra te  o r a c e ta te  b u ffe r , w hen a p ro te in  s im ila r in  com 
p o s itio n  to  th e  re laxed  f ib re  is le f t over. Y e t th is  is no t qu ite  id e n tic a l w ith  th e  
r e la x e d  fib re  for it  s till co n ta in s  m ucoid . T h e  m etacollagen f ib re  is no  longer 
c a p a b le  o f  th e rm al a n d  chem ical c o n tra c tio n  b u t  i t  is e lastic . U pon  th e  action  
o f  h e a t  i t  fails to  c o n tra c t an iso d iam etrica lly  ; in stead , i t  d isp lays isod iam etric  
s h r in k a g e  to  th e  sam e e x te n t  in  every  d ire c tio n , and  th is  co rresponds to  th e  
p h e n o m e n o n  of synaeresis BANGA, [5]. F u n c tio n , i. e., co n trac tio n -re lax a tio n , 
is l in k e d  u p  precisely w ith  th e  s tru c tu re  o f  in ta c t  fib re . In  th e  case o f th e  collagen 
f ib r e  th e  procollagen a n d  th e  m etaco llagen  are  coupled chem ically  in  th e  n ative  
f ib r e  a n d  th is  is th e  sy s tem  w hich is c ap ab le  to  perform  th e  fu n c tio n  te rm ed  
c o n tra c tio n -re la x a tio n . C o n trac tio n  is s till  reversib le , because th e  bo n d  betw een  
t h e  tw o  p ro te in s is o n ly  loosened  b u t  n o t y e t sp lit. R e lax a tio n , on th e  o ther
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h a n d , is an  irreversib le  process, u n d e rs ta n d a b le  on th e  evidence o f  th e  b io
chem ical analy sis  to  th e  effect th a t  d u rin g  re lax a tio n  procollagen is e x tra c te d  
from  th e  fib res . T h u s, from  th e  re laxed  f ib re  th e  com ponent is m issing  w hich 
is a fu n d a m e n ta l c o n s titu e n t o f  th e  fu n c tio n in g  fib re .

In  respect o f  its  function  an d  s tru c tu re , th e  collagen fib re  can  be  b ro u g h t 
in to  re la tion  w ith  th e  con trac tile  e lem ent o f  m uscle , actom yosin . O n se p a ra tin g  
a c tin  from  m yosin  th e ir  ab ility  of fu n c tio n  cease. In  th e  sam e w ay , i f  in  the  
collagen the proco llagen  and  th e  m etaco llag en  are  separa ted  from  each  o ther, 
i t  is unab le  to  con tinue  co n trac tin g  an d  re lax in g . A ccordingly, a c to m y o sin  as 
well as n a tiv e  collagen are  to  be reg a rd ed  as biological and  fu n c tio n a l un its 
w hich b iochem ically  are  b u ilt up  o f tw o s tru c tu ra l  p ro teins. T h e  la t t e r  m ay 
d issociate , b u t  th e n  th e y  are no longer cap ab le  o f  function ing . O n ly  i f  coupled 
b y  chem ical lin k ag e  to  a single hom ogeneous p ro te in , can th e y  g ive  rise  to  a 
fu n c tio n a l u n it .

Sum m ary

1. T he subm icroscopic  s tru c tu re  o f collagen f ib re  has been stud ied  u n d e r th e  p o lariza tio n  
m icroscope. T h erm al an d  chem ical co n trac tio n -re lax a tio n  have  been found to  be su ita b le  m eans 
b y  w hich to  e s tab lish  re la tio n s betw een th e  subm icroscopic  s tru c tu re  evidenced in  th ese  processes 
a n d  th e  chem ical com position  of collagen fib res.

2. T he c o n tra c te d  collagen fib re  sep ara tes  in  tw o  phases o f d ifferen t d o u b le  re frac tio n . 
M orphological se p a ra tio n  is associated  w ith  th e  loosening o f th e  chem ical bond b e tw ee n  th e  two 
s tru c tu ra l p ro te in s, proco llagen  and  m etaco llagen , t h a t  bu ild  u p  th e  collagen f ib re .

3. D uring  th e rm a l and  chem ical re la x a tio n  th e  p ic tu re  in the  p o la riza tio n  m icroscope 
rep re sen ts  a sy s tem  w hich  o p tica lly  is in an  iso trop ic  ph ase  an d  no longer capab le  o f  co n trac tio n , 
re sp ond ing  w ith  sy n aeresis to  th e  effect o f h e a t. T h is sy s te m  p resen ts e lastic ity  a n d  is com plete ly  
dissolved b y  e lastase .

4. T he in v es tig a tio n s  ap p ear to  prove o u r a ssu m p tio n  th a t ,  like ac to m y o sin , th e  n a tiv e  
collagen f ib re  consists o f tw o p rincipal s tru c tu ra l p ro te in s  (scleroproteins), p ro co llag en  and 
m etacollagen.
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С У Б М И К Р О С К О П И Ч Е С К А Я  С Т Р У К Т У Р А  К О Л Л А Г Е Н Н Ы Х  В О Л О К О Н  

И. БАНГА, Й. БАЛО и Д . САБО

1. А вторы  и с с л ед о в а л и  и зм ен ен и я  стр ук тур ы  к о л л а ген н ы х  волокон с п ом ощ ь ю  
п о л я р и за ц и о н н о го  м и к р о ск о п а . Т еп ловое и х и м и ч еск о е  сок р ащ ен и е и р а ссл а б л ен и е  о к а 
за л и с ь  п р и годн ы м и  д л я  в ы я в л ен и я  связей  м е ж д у  су б м и к р оск оп и ч еск ой  ст р у к т у р о й ,  
п р о я в л я ю щ ей ся  н а  о сн о в е  э т и х  п р оц ессов , и х и м и ч ес к и м  построени ем  к о л л а ген н ы х  
в о л о к о н .

2 . К он тр аги р ов ан н ы е кол лаген ны е волок на о т д ел я ю т ся  н а  две фазы  с разли ч н ы м  
двой н ы м  п р ел ом л ен и ем . М орф ологич еск ое о тд ел ен и е  с о п р о в о ж д а ется  р а сщ еп л ен и ем  
х и м и ч еск о й  св я зи  м е ж д у  д в у м я  структурны м и б е л к а м и , построящ им и к о л л а ген н о е  
в о л о к н о , — п р о к о л л а ген о м  и м етак оллагеном . Э то м о ж н о  энзим атически д о к а за т ь , так  
к а к  и з  к о н т р а ги р о в а н н о го  в ол ок н а  р астворяю тся н а  д ей ст в и е  эластазы  20%  б е л к а , в 
п р о т и в о п о л о ж н о ст ь  н а т и в н о м у , энзим атически н ер а ст в о р и м о м у  вол ок н у.

3 . В  х о д е  теп л ов ой  и х и м и ч еск ой  рел я к сац и и  п ол я р и за ц и о н н о м и к р о ск о п и ч еск а я  
к а р т и н а  п р ед ст а в л я ет  си стем у , н а х о д я щ у ю ся  с о п т и ч еск о й  точки зр ен и я  в и зо тр о п н о й  
ф а зе , к о т о р а я  больш е н е  сп о со б н а  к  сокращ ению  и о т в еч а ет  на теп ловое в о зд е й с т в и е  
я в л е н и ем  си н ер еза . Эта си стем а соверш енн о р а с т в о р я е т ся  эластазой .

4 . И сс л е д о в а н и я  п одтв ер ди л и  то п р ед п о л о ж ен и е  авторов , согласн о к о т о р о м у  
н а т и в н о е  к о л л а ген н о е  в ол о к н о  —  подобн о ак т о м и о зи н у  —  построено и з д в у х  гл ав н ы х  
к ом п о н ен т о в  с тр у к т у р н о го  б ел к а  (склероп ротеи зы ) — и з  п р ок ол л аген а  и м етак ол л аген а .

S U B M IK R O S K O P IS C H E  S T R U K T U R  Y O N  K O L L A G E N F A S E R N

I .  BANGA, J .  BALÓ [und D . SZABÓ

1. D ie V erän d eru n g en  de r subm ikroskopischen  S t r u k tu r  der K ollagenfasern  w u rd en  
po larisa tio n s-m ik ro sk o p isch  u n te rsu c h t. Die W ärm e- u n d  chem ische K o n tra k tio n -R e la x a tio n  
erw ies sich  zu r U n te rsu ch u n g  de r Z usam m enhänge zw ischen  d e r  m it diesem  V erfahren  s ic h tb a r  
g e m a ch te n  subm ikroskop ischen  S tru k tu r  u n d  dem  ch em isch en  A u fb au  der K o llagenfasern  als 
geeignet.

2. D ie k o n tra h ie r te n  K ollagenfasern  weisen zw ei P h a se n  m it versch iedener D oppel- 
b re c h n u n g  au f. D ie m orpholog ische D ifferenzierung w ird  v o n  de r L ockerung de r chem ischen  
B in d u n g en  zw ischen den  be id en  S truk tu reiw eissen , d em  P ro k o llag en  und  M etakollagen b e g le ite t. 
D ies is t  en zy m atisch  n ach w e isb a r, d a  aus de r k o n tra h ie r te n  F a se r au f W irkung  v o n  E la s ta se  
20%  E iw eiss gelöst w ird , g egenüber de r n a tiv en  en zy m atisch  u n lö sb aren  Faser.

3. W äh ren d  de r W ärm e- u n d  chem ischen R e la x a tio n  s te ll t  das im  P o la risa tionsm ikroskop  
s ic h tb a re  B ild  op tisch  e in  iso tropes System  dar, das zu r K o n tra k tio n  n ich t m ehr fäh ig  is t ,  u n d  
a u f  W ärm eeinW irkung m it  Synerese re ag ie rt und  w ird  d u rc h  E la s ta se  restlos gelöst.

4. D ie B efunde bew iesen  d ie A nnahm e, dass d ie  n a tiv e n  K ollagenfasern —  äh n lich  dem  
A k to m y o sin  —  aus zw ei S tru k tu re iw e issen  (S k le ro p ro te id en ) —  dem  Prokollagen u n d  M eta 
k o llag en  —  bestehen .

P ro f. D r I lo n a  Banga \
P ro f. D r Jó zse f  Baló > B u d ap est, V I I I .  Ü llő i ú t  26. H u n g a ry  
D r  Dezső Szabó )



F ig. 1. N ative  collagen fibre u n d e r th e  p o lariza tio n  m icroscope, show ing in ten siv e  positive 
double refrac tion  in  polarized  light

F ig . 2. C ontracted  collagen fib re  u n d e r th e  po lariza tio n  m icroscope, show ing its  sep ara tio n  
in tw o phases d isp lay ing  double re frac tio n  of d ifferen t in te n s ity  

Fig. 3. The sam e as F ig . 2. in a m ore adv an ced  s ta te  o f co n traction . W hile in F ig . 2 double 
re frac tio n  of the  ex te rn a l p a rt is only decreased  in re la tio n  to th a t  o f th e  in te rn a l p a r t ,  here it

has van ished  com pletely
Fig. 4. T he m etacollagen in isotopic phase fails to  d isp lay  double re frac tio n  u n d e r th e  po larizing

m icroscope.
Fig. 5. A fter p re tre a tm en t w ith  pH  4 c itra te  buffer the  fibre can be b roken  up in to  filam en ts

on lim ited  m echan ical action
Fig. 6. The p a rt o f the  co n trac ted  fib re  visible in  F ig . 3 and d isp lay ing  no double  re frac tio n  

(m etaco llagen  is dissolved on th e  action  of e lastase)
( f ig s .  1 to  5 p repared  w ith  the  in sertion  o f crossed niçois and gypsum  I lam ella)
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