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S U M M A R Y  

Electron micrographs were t aken  of the  hyaluronic  acid gel and  its complexes wi th  
proteins occurring in connective tissues. The hyaluronic  acid formed anisotropie 
aggregates which were sandwiched between protein layers. The forces direct ing 
aggregate formations were discussed. Complexes of hyaluronic  acid wi th  blood a lbumin  
were produced at  different pH"s and different hyaluronic  acid/protein ratios. The  
effect of the hyaluronic  acid aggregates upon the s t ructure  format ion  of the  complexes 
was discussed. 

I N T R O D U C T I O N  
, 

Hyaluronic  acid in its nat ive s tate  is a lways associated with proteins. Many  investi-  
gators tr ied to elucidate the na ture  of the  complexing. 3IEYER l believed tha t  th is  
association is of polar na ture  between tile free amino groups of protein and t h e  
carboxylic groups of hya lurona te  since the  complex dissociates in alkali or salt? 
solutions. ()GSTOX ANI) SI'A.~Ilr.R °--I were of the opinion t h a t  part  of the  protein (27 %)::: 
is more firmly bound to hyaluronie  acid than  a reversible polar  associat ion wou ld :  
indicate. I t  was speculated tha t  such an interact ion m a y  have biological impor tance  i: 
in fibrillogenesis, or in general, in or ienta t ion and  organizat ion of s t ruc tu ra l  e l e -  
lnents~-~, s. If hvaluronic acid produces an orierttation in complexing it has to h a v e :  
an oriented maeromolecular  or aggregate-super-structure.  Previous irtvestigationsT,a:i 
indicated t h a t  hvaluronic acid does not possess crystal l ine s t ruc ture  a l though  it  is: 
birefringent.  Recent ly ,  one of us (F.A.B.)  found tha t  sodium hyaluroixate, when::: 
completely free of protein, is highly crystal l ine 9. Hence, s t ruc tura l  organizat ion o n '  
the molecular level exists. 

Electron microscopic studies can give informat ion  on the super-s t ructure  of the:: 
hyaluronic  acid. GRoss TM, J E N SF..X .\N D C A R L S E N  11 and  ROWEN, 13RU N ISH AN D B I S H O P  lg : 
reported tha t  when iLvalnronic acid is dried from dilute solution one obta ins  in pa.rtl 
amorphous  lakes and  in par t  fibrous s t ruc ture  in the electron mierographs depending: 
on the mode of preparation.  These observat ions were confirmed by us ill a preliminary:! 
investigation.  The purpose of the present studies was to de termine  whether  hyaluronic  : 
acid has an aggregate or ientat ion in the  gel form and to invest igate  the  effect o f  ~ 
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METHODS AND I~,IATERI;k/...S 

T h e  e lect ron micrographs  were t aken  with a RCA E M U  2B electron microscope under  
condi t ions  descr ibed previous ly  x~. 
: H A  was isoldted from umbil ical  cords b y  the m e t h o d  of JEA,~LOZ : ~ D  FOR- 
CI~IELL# 4. Pepsin and  t ryps in  were used as proteolyt ie  enzymes  in the  first 2 steps.  
T h e  remaining proteins  were dena tured  b y  Sevag's  procedure  and discarded af ter  
: the  extract ion.  Chondroi t in  sulfate  impuri t ies  were el iminated b y  ex t rac t ion  wi th  
• •::ammonium sulfate  solut ion and  pyr idine  mixture.  The  H A  was also purified fr6m 
t h e  remaining protein  impuri t ies  b y  using Lloyd ' s  reagent.  The result ing mater ia l  
w a s  homogeneous  as v iewed in t h e  ul t racentr i fuge and  had an  average mol. wt.  of 
ii77,ooo. Acid hydro lys i s  wi th  4 N HC1 and  subsequen t  pape r  ch roma t og raphy  showed 
iii'0nly D-glueuronic ac id  and  D-ghmosamine spots .  No amino acids  were present  in the 
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i~!::~i~i.'2:.::::Electron micrographs of hyaluronie acid--protein complexesdur ing  the different stages of 
.~!::HA:!:pUrifieation. Lines indicate x # length, a. Umbilical cord tissue dispersed in ethanol.  Cr 
ii~ ~h~:fl0:w casting, b. Tissue after digestion with pepsin and trypsin.  Precipitate suspended in 66 ~ 
~i~::~th~h01 C r  shadow casting, c. The Same ~ts 2b. Precipitxte treated with phosphotungstic acid 
:~:i~::6thhn01 and embedded directly in methacrytate.  Longitudinal  cut, along the fiber axis Pre- 
~!:~ipitat0 water-so!ub!e, difficult to section, d. HA preparat ion after the Scrag procedure. Ptecipi- 

• ta te  suspended in  66 % ethanol .  Cr shadow casting. 
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. iZ ig !~ :E ]66 t ron  m i c r o g r a p h s  o~ ar t i f ic ia l  complexe~  of h y a i u r o n i c  ac id  a n d  b l o o d  a l b u m i n  (concen-  
t r a t i o n  3 : I )  a t  d i f f e ren t  p H ' ~ .  Cr s h a d o w  c a s ~ / g .  L i n e s  i n d i c a t e  z / ,  l e n g t h .  (a) p H  ~ ~o.0; 

(b) p H  ~ 6.g;  (c) I ~ I  = 4-3;  (d) p H  ~ 3.o. 
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:::Fig~:~:!:Electrori:micrOgr~phs of art i f icial  c o m p l e x e s  of hya lu ron i c  acid  a n d  b lood a l b u m i n  R~ 
iii'.!d[ffdtent •concent ra t ion  ra t ios  a t  p H  4-3, L ines  ind ica te  x /~ length ,  Cr  s h a d o w  cast ing,  P ro te in /  
. : : :  h y a l u r o n i e a c i d r a t i o :  (a) I : * 9 ;  (b) t : 3 ;  (c) t : z ;  (d) 3 : L  
! . . .  

4d 
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tha t  H A  preparat ions  cannot  be purified complete ly  from proteins  b y  enzymic  
digestion. 

These in terpre ta t ions  of the  electron micrographs are in agreement  witll t he  
histoehemJcal observa t ions  of Svtv~r~" ANn MALMGREN 7 who claimed tha t  in me ta -  
chromasia  of H A  the  ac tual  local concentra t ion of H A  has to be  above  5 % before 
it  can be seen. The fact  tha t  they  observed  red s ta ining mater ia l  be tween  the blue 
staining protein layers of xdtreous b o d y  indica ted  tha t  " the  ac tua l  concent ra t ion  of  
hyaluronic  acid per micro-un'~t of t issue volume mus t  be much  higher than  the average  
percentage of the  hya lu rona t e "  itx the  tissue. This confirms the  aggregate  format ion  
of H A  as seen b y  electron microscope.  

The aggregate format ion  of HA,  ra ther  than  a molecular  complexing wi th  p r o t e i n s  
would require tha t  the  intermolecular  a t t rac t ion  be tween  H A  molecules should be  ~ 
s t ronger  or  s ter ical ly more  feasible than  the polar  a t t rac t ions  be tween  the prote in  
amino and the uronide carboxyI  groups.  The highly crystal l ine s t ruc ture  of the  pure  
H A  ~ would favor  the sterie hypothes is  since the  inter-molecular  hydrogen  bonding  
be tween  H A  molecules would  be  of the  same magni tude  or  less t h a n  p ro t e in -HA 
bonding.  X- ray  diffraction da t a  2° indicates  tha t  the  repeat ing uni t  along the  H A  
chain is 12 A a~ld if this  is the  length  of the  chemical  repeat ing unit ,  i .e. ,  hyalobiuronie  
acid, the  macromolecular  chain mus t  be ve ry  stiff. This  is also s u p p o r t e d  b y  the 
s t reaming birefringence d a t a  of m a n y  authors  as reviewed cr i t ica~y b y  BLtrMI~BR6 
A~D OGSTO,n *a. Hence,  a preferred H A  aggregate  format ion  and the  high an i so t ropy  
of these aggregates  can be explained on the basis of steric configuration.  

Anisotropic  plateiets  of H A  can serve as t empla tes  for prote ins  in the  format ion  
of s t ruc tura l  units.  "/'he f ibrous na tu re  of the  HA-pro te in  complex  m a y  have its origin 
in the orienting effect of the  H A  aggregates.  The exper iments  pe r formed  at different  
p H ' s  in the  present  s t u d y  indicate  tha t  the  change in the  shape  of the  complex  
aggregate  under  the  influence of the  env i ronment  might  be  due  to the con t rac t ion  
and  closer packing of the  poly-uronide mater iaL A similar phenomenon  can  be obse rved  
in o ther  polyuronides  and Mso -in r i v e  in the  hyal ine  layers  of cer tain tissues.  

NOTE A D D E D  IN PROOF 

Since submi t t ing  this paper  for publ ica t ion PIG~tar~ et al. 22 found  tha t  the hum,an 
synovia l  mucin  is a complex  of a lbumin  and HA.  Hence  the  model  sys tem used  in 
this invest igat ion has i ts  in  r i v e  coun te rpa r t  and the  na tu re  of  co mplexing e luc ida ted  
here m a y  have  real physiological  significance. 

(Received March 23rd, 1959) 
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S U M M . X R V  

I. The biological homogenei ty  of bradykinin prepared from whole bovine plasma 
and purified on an aluminium oxide column was studied. The ratio of uterus act iv i ty/  
guinea pig act iv i ty  of a total plasma bradykinin and of a standard bradykinin 
prepared from a precipitated pIasma globulins was determined, Results showed that 
in the case of total  plasma bradykinin tills ratio was 2 - 3 : I ,  whereas in the case of 
standard bradykinin it was I : i .  

2. The effect upon the fall in the cat's arterial blood pressure was approximately 
equal to  that of the standard, 

3- The purified bradykinin appeared as a single substance on paper chromatog- 
raphy and paper electrophoresis when localized by the effect upon the rat's uterus 
or guinea-pig ileum. 

4, The plasma bradykinin may be associated with a phospholipid whcn eluted 
from aluminium oxide at 5o % methanol  concentration.  

IN TRO D U'CTION 

The biological homogenei ty  of  bradykinin prepared on a large scale from whole bovine 
plasma I and purified on an aluminium oxide column has been studied. As indicated 
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