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The t echn ique  repor ted  above,  p resen t s  some new fea- 
tures over  t he  conven t iona l  techniques .  The th in  agar  
layer used makes  the  de tec t ion  of fa in t  b a n d s  easier, t hus  
it is possible to locate the  bands  a t  an earl ier  s tage  in the i r  
formation. The  ex t rus ion  of the  co lumn af te r  the  develop-  
ment of the  p a t t e r n  allows its washing,  which increases 
considerably its c lar i ty,  special ly when  one of the  re- 
actants is heavi ly  p igmen ted ,  thus  faci l i ta t ing its accura te  
photography,  and  q u a n t i t a t i v e  de t e rmina t i on  of re la t ive  
intensities of the  var ious  bands .  I t  allows fu r ther  its 
staining and  its p rese rva t ion  undefo rmed .  The use of b o t h  
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a n t i g e n ,  a l l ( t  an t i body_  in  a s ( ) l i l t i ( ) l l  phase  i n l p o s e s  no  
l imits  to  the  range i)f concen t r a t ions  used flir (ll)taining 
the  prec ip i t in  pa t t e rn .  The charg ing  of the  tube  does not  
expose any  (if the  r e ac t an t  solut ions  Ill c()n(lili{ms which 
migh t  cause sl ight  ( lenatura i ion ,  such as mixing  with 
mel ted  agar. Bo th  r eac t an t  reservoirs  are fully exposed,  
th is  allows the  de tec t ion  of a,lv p rec ip i ta te  developing,  
which may  be due to a c o m p l m e n t  of a r eac tan t  diffusing 
r ight  th rough  the  c(flumn. The successful  d e v e l o p m e n t  of 
the  precipi t in  p a t t e rn s  wi th  th is  se t -up  ill the  fridge migh t  
prove  of impor t ance  in the  s t u d y  of special  sys tems .  No 
special  t r e a t m e n t  ll was f lnmd necessary, for the agar  used, 
or the  capi l lary tubes.  Finally,  the  0.02 ml does not  re- 
p resen t  the  smal les t  w)tume of a r e ac t an t  soluti lm, as 
smal ler  vo lumes  call be used, aud even  filler capil laries 
have  been utilised when necessary~a 

Zusammen/assung .  Neue Mikror6hrchenn~ethode fiir (lit" 
(;el-1)r/izipitation. V(wteile der  Methode:  ( ;er inger  l~edarf 
an Reagenzien und M6gliehkeit  q u a n t i t a t i v e r  Auswer tung  
der  re la t iven ln tens i t t i t en  der  l)r~izipitationsbantlen. 
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S T U D I O R U M  P I ( O G R E S S U S  

Structure and Chemical Composit ion 
of Collagen Gel 

The p rec ip i t a t ion  of typ ica l  collagen fibrils from acid 
solutions of the  pro te in  is due to the  presence  in t hem of 
min imum quan t i t i e s  of regula tor  colloids (Hmum,:J~oJ,;R, 
GRoss, and  SCHMITT1; SCHMITT'a; FITTON JACKSON and 
RANDALL a ; SCHMITT, GROSS, and  HIGH 13ERGER 4 ; (;R()SS5 ; 
GLIMCHER6). W h e n  these  are lacking, the  prec ip i ta t ion  of 
the protein ,  using salts,  gives rise to a gel formed by th iu  
f i laments  w i t h o u t  periodic s t ruc ture ,  bu t  endowed  with  
phys ic-chemical  reac t ions  of collagen. 

Since the  s t u d y  of the  above  gel has  been prac t ica l ly  
neglected unti l  the  p resen t  t ime, we carr ied out  a screen-  
ing of its submicroscopica l  o rgan iza t ion  and  chemical  
features;  for compar ison ,  resul ts  ob ta ined  f rom collagen 
solutions, devoid  of regula tor  colloids, were compared  
with those  ob ta ined  f rom sepa ra ted  samples  of the  same 
solutions, to  which  were added  mucopo lysaccha r ides  
isolated f rom h u m a n  silicotic masses,  as descr ibed by' 
SCHILLER, ~{ATHEV~'S, JEFFERSON, L u l ) o w i c ; ,  and I)ORF- 
MAN 7 

Two samples  A and  B of a homogeneous  suspension of 
isolated fibrils of r a t ' s  tai l  t endon  were p repa red  as de-  
scribed by  BAIRATI, CLERICI, and EsPOSITO s, The to ta l  
ni t rogen of each sample  was e s t ima ted  by  the  Micro- 
kjeldahl  m e thod ,  amino  acid compos i t ion  was de t e rmined  
by means  of paper  c h r o m a t o g r a p h y  as descr ibed b y  
DUSTIN, SCHRAM, ~![OORE, and  B m w o o i )  9, on a sample  

hydrol ized with (iN HC1 under  refhlx h)r 24 h, c(nltaiuiug 
near ly  20o-5oo tag ~)f ni t rogen,  d e t e r m i n e d  according to 
~IO()RI£ aud STI'2IN 10 The chr l )mat()grams were (leveloped 
as descr ibed by l lERNIS  a n d  \ V I ' N I ) E R L Y  11 a n d  tile con- 
cen t ra t ion  of each amiuo acid was referred to a stall(lard 
leucine sample ;  hyd roxypro l i ne  was analyzed chemical ly  
by" the  me t h o d  of TROLL aml CANNAN 12. 

The pro te in  n i t rogen con ta ined  in .\  and 1 ~> is 1 S.2°o and  
t6 .5% respectively' .  The  amino  acid composi t ion  of each 
sample  is shown in the  Tat)It ;  our  results  agree wi th  those  

I j .  [ |. 1 | rail m..R(H':R, I. ( ~ RO.~, and |'. ( )..%~'ll M rE I, l'n ~c. Nat. Acad. 
Sci. ['.S. 3T, ~XI; (1951), 

2 F. (). SCIIMITT, Rt'v. Illod(q'tl PlD'~ic~ 3 I, :l I~.l (l:tStt). 
3 .%. lqTTON .IACKSON and J. T. I.L~NnALI., in XiHurc aml N&ucturc o~ 

('olla~cn (Butterworth~ Scientific I'ublicati~m,, l.cmd(m I:JSa), 
p. lSl. 

4 lg (). ~CII:~I[I'T, J. ('IROF, S 1 ;Illd .]. i l .  lh(,IIP;KI¢(H'.I¢, S%'lllp(:'i;l ~I)c. 
exp. Biol. :~, I hS (19.5:0. 

:' J. (,~oss, Mt.tab. Intcrrl'lat. 4, 32 (i952). 
6 M. J. (;H~wm<n, in ('alciflcation ~n l~ioloA'ical Sysh'm,~ lAmer. :\...  

for  .4.dvanceml,lit ~f Schqwc, \\ 'aMdlL~ton ILC. 19t;0), p. l~ l .  
7 S. SCttlI.LER~ M. |{. MAI"HEWS, tt..IEVlq.:I~SON, J. l. l 'J~own;, and 

A. I)()RF?dAN, J. biol. Cil('m. 2It, 7i7 (i95t}. 
8 A. IIAIRATI, I':. ('i.l,:l~ICt, and (i. i'~Sl'(iY.IT(t, .%h>d. l .av. 57, it:Is ( 191;I}. 
~a j .  i >. 1)l'STiN, I'~. ~l'ilk~tM, .'4,. MOOl¢i,:, and I':, J, Il l l ;~',ol)ih ill 

Cromatoxra/ia (11 pCll~il ' l 'o scicnti f ico I':d., R(llnil 1'37,5), p. 9 I. 
Iii I,~l..MOORE and \ \ .  A. ~'I'EIN, .]. bioi. (_'lit'ill. 211, 907 (195i). 
i l I/. I)ERNIS and el i ,  \VI'NIWR1.Y, I/ iochmn. l l i (Jphy~.. \eta I I ,  7iP.i 
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previous ly  repor ted  in the  l i t e ra ture  (BROWN, KELLY, 
a n d  \VATSON13; BOWES, ELLIOT, a n d  3 I o s s ~ ' ;  ZAIDES, 
TOUSTANOVSKII, ORLOVSKAIA, and PAVLIKHINAI~). 

Amino acid cotllpogitiou ,'}f several collagen samples a 

A B ~ ~2 fll fl~. 

II !ilill 

Fig. 1 above). Electron microscope image of collagen gel (sample 
~11. One may see the reticuhml of filaments and membranes without 
periodical structure, with ' taetoides'  typically banded, Mag. 60000 x.  
Fig. 2 (below). At a higher magnification the electron microscopic 

image shows periodical structure of tactoide with eight bands, 
Mag. 200000 x. This preparation was stained with PTA. 

Aspartic acid 5.'27 4.49 6.54 10,,17 4.05 5.87 
Ghltamie acid 7,6// 9.26 10.,ll 7.67 7.87 13.67 
Serine 3.57 5.79 3,88 9,5~ 5.17 4,36 
Histidine 1.75 2.35 0.00 0 .01)  3.56 5.19 
Arginine 1.04 7.69 10.11 6.97 6.36 7.54 
Hydroxyproline 9,43 5.47 9.31 9.99 9.,17 8.28 
Glycine 28227 23.22 26.81 20,76 27.48 ~4,% 
Threonine .!.0'/ 1.34 6.56 5.95 a,37 2.~7 
Alanine 1-l.16 19.42 20.38 11,29 16.58 1,1.36 
Proline 3,73 5.85 4.50 5,36 5.64 3.88 
Valine 3,75 4.98 4.46 4.97 4.57 4.63 
Leucine + Isoleucine 5.28 6.70 5.95 5.39 5.66 4.34 
Tyrosine 0.00 3.44 0.00 0.00 0.OO 0.00 
I,ysine 1.08 0.00 0.o0 0.0l) 0.00 1,4t 
Methionine 1.01 0.oo o.0o 0.00 0.00 0.00 

a N as °/0 of Protein N, 
b t tydroxyproline determined by the chemical method (TROLL and 

CANNAN 12) 

In  par t icular ,  it mus t  be noted tha t  sample A contains 
about  14.12°,o hydroxypro l ine  expressed as g of amino 
acid/100 g of protein,  and lacks tyrosine,  while sample B 
conta ins  8.19°o hydroxypro l ine  expressed as above  and an 
increased a m o u n t  of thyros ine ;  i t  is therefore  l ikely that 
the t r e a t m e n t  undergone  by sample  B was not  sufficient 
to isolate the collagen prote in  in pure form. 

Sample  A and B were solubilized wi th  0 .01M acetic 
acid and labelled A 1 and B 1, solid sodium ace ta te  was 
added  in an a m o u n t  to give a final concen t ra t ion  0.125M, 
p i t  5.8 (F1TTON JACKSON and RANDALL 3) and the  samples 
were dia lyzed for 24 h against  disti l led water .  

Two dif ferent  prec ip i ta tes  were obtained,  name ly  ~1 
and ill; the i r  amino acid composi t ions  de te rmined  after 
hydrolysis  and paper  ch romatography ,  as above  specified, 
a r e  p r a c t i c a l l y  i d e n t i c a l  (Tab l e )  a n d  c o r r e s p o n d  c l o s e l y  to 
t h a t  of the purer  sample  A. 

I t  is therefore  ev iden t  t ha t  in any  case collagen pre- 
c ip i ta tes  f rom its solutions in a pure  form, as shown both 
by  the  increase of hydroxypro l ine  f rom 5.47 in B to  9.47 
in  fll (or f r o m  8,19 ° /  t o  1 4 . 1 8 ~  if  e x p r e s s e d  a s  g of 
hydroxypro l ine /g  of protein) and by  the  disappearance in 
fll of tyrosine which, in the less purified sample B, is as 
high as 3.44% of the total protein nitrogen; the amino 
acid composition of et, being unchanged as compared to 
that of A, confirms the purity of this last collagen sample. 

The addition to separate aliquots of samples A ~ and B 1 
of sodium acetate, as specified previously, plus mucopoly- 
saccharides from silicotic hyaline masses to give a final 
concentration of 0.02%, gives origin to two precipitates 
labelled ~ and f12 Their amino acid composition is practi- 
cally superimposable upon that of ~ and fll ; thus showing 
that the chemical composition of collagen is the same when 
precipitated either by sodium acetate or by the salt plus 
mucopolysaccharides (Table). 

a~ G. L. I~;ROWN, I ~. C. I,[ELLY, and M. WATSON, in Nature and Struc- 
ture o[ Collagen (Butterworths Scientific Publications, London 
195f~), p. 199. 

14 j .  H. BOWES, R. (3. ELLIOT, and J. A. Moss, in Nature and Struc- 
ture o] Collagen (Butterworths Scientific Publications, London 
1'35.q), p. 117. 

15 A. L. ZAIDES, A. A. TOUSTANOVSKII, G. g.  ORLOVSKAIA, and L. V. 
PAVLIKHINA, Biophysics 4, 29 (19591, 
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F r o m  a gross morpho log ica l  po in t  of view, t h e  precipi-  
ta tes  et  a p p e a r s  as a ge la t inous ,  t h i c k  and  mi lky  mass,  the  
greater  in b u l k  t he  more  c o m p l e t e  ha s  been  the  d ispers ion  
0f the  f ibri ls  in  A. Opt i ca l  microscopic  o b s e r v a t i o n  does 
not  revea l  a n y  e l e m e n t a r y  f ibr i ls ;  in phase  c o n t r a s t  the  
image is p r ac t i ca l l y  i r r e so lvab le ;  in d a r k  field a mi lky  
di f f rac t ion is shown.  I n  a t h i ck  d rop  t he  gel shows the  
cha rac te r i s t i c  b i r e f r i ngen t  t r a j ec to r i e s  of collagen.  

U n d e r  t h e  e l ec t ron  mic roscope  t he  gel a p p e a r s  fo rmed  
by a r e t i c u l u m  v a r y i n g  in c o m p o s i t i o n :  some zones  show 
a de l ica te  co t t on - l i ke  a p p e a r e n c e  cons i s t ing  of a s t r u c t u r e  
so t h i n  t h a t  t he  s ingle c o n s t i t u e n t s  h a r d l y  reach  the  l imi ts  
of r eso lu t ion  ; some o t h e r  zones show s y s t e m s  of m e m b r a n e s  
so i n t e r c o n n e c t e d  t h a t  t h e y  form a r e l a t ive ly  coarse  ret ic-  
ulum. F u r t h e r m o r e ,  some f i l amen t s  a p p e a r  c lear ly  spi- 
ral ized ( th i ckness  be twe en  150 a n d  300 A). In  a n y  case, 
no s t r u c t u r e  is n o r m a l l y  b a n d e d ,  Th i s  gel, however ,  in- 
e ludes  a lso shor t ,  t yp i ca l l y  b a n d e d  t a c t o i d a l  f ibers  severa l  
mic rons  long  and  as t h i c k  as 150-400 ~ ,  wi th  a per iod  
r ang ing  f rom 620 to 690 ~ ,  wh ich  show six i n t r a p e r i o d a l  
b a n d s  a f t e r  u ran i l  a ce t a t e  s t a i n i n g  a n d  seven  to e igh t  
b a n d s  a f t e r  p h o s p h o w o l f r a m i c  acid (PTA) s ta in ing .  

S imi la r  d a t a  are  o b t a i n e d  for s a m p l e / ~ ,  wh ich  precipi-  
t a t e s  on  a d d i t i o n  of sod ium a c e t a t e  to  t he  B ~ col lagen 
solut ion.  In  t h i s  case, however ,  t o g e t h e r  w i th  a g r ea t e r  
a m o u n t  of f ibers  of t a c t o i d a l  shape ,  m a n y  long needle- l ike 
f i laments ,  w i t h  all t h e  cha r ac t e r i s t i c s  of n a t i v e  col lagen,  
are obse rved  u n d e r  t he  e lec t ron  microscope.  The  a m o u n t  
of these  f ibr i ls  va r i e s  f rom sample  to sample ,  p r o b a b l y  in 
connec t ion  w i t h  i t s  degree  of pu r i t y .  

The  macroscop ic  a p p e a r a n c e  of p r ec ip i t a t e s  =~ and /5  ̀2 is 
closely r e l a t ed  to  t h a t  of samples  =~ a n d  fit ; t h e  sed iments ,  
however ,  are  usua l ly  c o n t a m i n a t e d  b y  t h e  p resence  of 
sma l l  a m o u n t s  of coarse  impur i t i e s  which  se t t le  down 
easily. U n d e r  phase  c o n t r a s t  and  d a r k  field e x a m i n a t i o n ,  
the  p resence  of f i l a m e n t o u s  fo rmat ions ,  o f ten  longer  t h a n  
20 ~t, v e r y  s imi la r  to  t h e  n a t i v e  col lagen fibrils,  is usua l ly  
obse rved  in b o t h  cases. Po la roscopic  a n d  e lec t ron  micro-  
scope i nves t i ga t i ons  con f i r m  t he  presence  of b o t h  long 
fibrils w i t h  t he  c h a r a c t e r i s t i c  b a n d e d  s t r u c t u r e  of n a t i v e  
col lagen a n d  of a r e m a r k a b l e  n u m b e r  of t a c to ida l  fibrils.  

Resu l t s  show t h a t ,  in sp i te  of the  chemica l  i d e n t i t y  of 
col lagen A a n d  of the  ~1 p rec ip i t a te ,  t he  morl~hoh~gy of tile 
l a t t e r  is far  f rom t h a t  of typ ica l  col lagen,  whose organi -  
za t ion  is r ep roduced  in s a m p l e  c~ ~ p rec ip i t a t ed  by  m e a n s  of 
sod ium ace t a t e  and  l)y a d d i n g  mucopo lysaccha r ides .  ()n 
the  Clmtrary,  the  p rec ip i t a t e  fil o b t a i n e d  f rom B l, whose 
lesser degree of p u r i t y  as c o m p a r e d  to : \ t  is p r o b a b l y  (l/it, 
to  c o n t a m i n a t i o n  by  po lysaccha r ides  f rom the  g r o u n d  
s u b s t a n c e  of t he  c o n n e c t i v e  t issue,  shows  the  p resence  of 
t yp ica l ly  b a n d e d  collagen fibers. No di f ference  is seen be-  
tween  the  e lec t ron  microscope a p p e a r a n c e  of t h e / P  and  fie 
p rec ip i ta tes .  

Our  da t a  suggest  t ha t ,  on add i t i on  of sod ium ace t a t e  to 
a pure  col lagen so lu t ion  (.\~), a pecul ia r  d i spersed  gel wi th  
a pa r t i a l  molecu la r  a r r a u g e m e n t  r a t h e r  close to t h a t  of the  
n a t i v e  col lagen prec ip i ta tes .  In th i s  gel one  m a y  obse rve  
all t h e  s tages  in t he  o rgan iza t ion  of the  p ro te in ,  f rom un-  
h a n d e d  s t r u c t u r e s  to  t a c to ida t  f ibers showing  per iod ic i ty ,  
in sp i te  of t he  lack of r egu la to r  mucot )o lysacchar ides .  

Therefore ,  it m a y  be conf i rmed  t h a t  col lagen p ro t e in  
m a y  aggrega te  e i t he r  in the  presence or in absence  of 
r egu la to r  colloids in severa l  ways, and  t h a t  t he  word  
'co l lagen '  shou ld  def ine a pro te in  and  ntlt  a f i l amen tous  
s t ruc tu re ,  s ince t he  e l e m e n t a r y  b a n d e d  fibrils found in t h e  
c o n n e c t i v e  t i ssues  are  on ly  one of the  m a n y  para-cryst :a l -  
line s t a t e s  which  col lagen molecules  m a y  assume.  

Zusammett./assung. Es wird gezeigt ,  dass  die gel6s ten 
E iwe i s sk0rpe r  be |  A b w e s e n h e i t  w m  Regu l i e rungssubs t au -  
zen ein ne tz f6 rmiges  Gel bikh,n.  1)ieses en th / t l t  F ibr i l len  
ohne  per iodische  S t r u k t u r  und  nade l a r t i ge  ( l ' a c t o i d e  ~> m i t  
t yp i s che r  Periodizit&t.  

E. CLERtCI, A. t~AIRATI Jr . ,  a n d  I'. MOCARELLI 

[stituto di ,4nalomia e Palohll,,ia Generale dell' ( bHversit?~ di 
3Iilano (ltaO,), February 14, 1962. 
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J u x t a g l o m e r u l a r  Cel l s ,  Rena l  P r e s s o r  S u b s t a n c e s  
and  N e p h r o s c l e r o s i s  ~ 

P a r t i a l  cons t r i c t i on  of the  rena l  a r t e ry ,  p e r | n e p h r i t i s  or 
pa r t i a l  r ena l  i n t a r c t i o n  causes  h y p e r t e n s i o n .  N o r m a l  kid-  
neys  c o n t a i n  large a m o u n t s  of t he  e n z y m e  ren in  which  is 
pressor  t h r o u g h  i ts  e f fec tor  agen t ,  ang io t ens in  ; acu te  rena l  
i s chemia  elici ts  an  i m m e d i a t e  rise in b lood  pressure  asso- 
c ia ted  w i t h  an  increased  re lease  of t e n | n ;  m a n y  forms  of 
e x p e r i m e n t a l  and  cl inical  h y p e r t e n s i o n  are  assoc ia ted  wi th  
r ena l  lesions.  These  o b s e r v a t i o n s  h a v e  led to  t he  accep t -  
a n t e  b y  some of the  h y p o t h e s i s  t h a t  t he  renal  pressor  
sys t em has  a p r i m a r y  role in the  pa thogenes i s  of hyper -  
tens ion .  However ,  r epea t ed  a t t e m p t s  d u r i n g  t he  las t  20 
years  to  d e m o n s t r a t e  g r e a t e r  a m o u n t s  of r en in  or angio-  
t ens in  in r ena l  ve in  or p e r i p h e r a l  b lood h a v e  been  mos t ly  
unsuccessfu l  or, a t  bes t ,  equivocal .  M a n y  e x p l a n a t i o n s  
h a v e  been  p re sen t ed  to  a c c o u n t  for th i s  fai lure.  A m o n g  
them,  t h e  two e x t r e m e s  a re :  r en in  p lays  on ly  a n  accessory  
and  i n c i d e n t a l  role, if any ,  so t h a t  hype r t ens ion ,  inc lud ing  
renal  h y p e r t e n s i o n ,  can  exis t  w i t h o u t  excess c i r cn la t ing  
t e n | n ;  h y p e r t e n s i o n  is due  to h y p e r f u n c t i o n  of the  renal  
pressor  s y s t e m  b u t  t he  p r e s en t  a n a l y t i c a l  m e t h o d s  are  too  

c rude  to de t ec t  sma l l  b u t  crucia l  increases  in blood ren in .  
W h a t e v e r  t he  mer i t s  of these  a r g u m e n t s ,  t he  fact  r e m a i n s  
t h a t  ren in  is p resen t  in k idneys  a n d  possesses va r ious  
ac t iv i t i e s  o t h e r  t h a n  pressor,  t lence ,  one  could a s s u m e  
t h a t  it i n t e r v e n e s  in physiologic  or pa tho log ic  s i t u a t i o n s  
o t h e r  t h a n  hype r t ens ion ,  as a l r eady  ind ica t ed  by  the  
r ecen t  d e m o n s t r a t i o n  of its p a r t i c i p a t i o n  in the  r egu la t i on  
of a ldos te rone  secretion'-'. 

Poss ib ly  because  of t he  n a r r o w  a n d  un f ru i t fu l  a p p r o a c h  
of t he  pas t ,  i nves t i ga t i ons  h a v e  l a te ly  become  more  basic  
and  divers i f ied  in a t t e m p t i n g  to tes t  t he  e n d o c r i n e  func t ion  
of k idneys  d u r i n g  h y p e r l e n s i o n  as well as d u r i n g  con(ti t  ions 
assl lciated wi th  sa l t  imba lance .  Three  m e t l m d s  have  been 
ex t ens ive ly  used:  d e t e r m i n a t i o n  of g r a n u l a r i t y  of lhe  
j u x t a g l t l m e r u l a r  cells, d e t e r m i n a t i o n  of t)ressor a c t i v i t y  in 
k idney  ex t r ac t s ,  a n d  d e t e r m i n a t i o n  of pressor  a c t i v i t y  in 
rena l  and  pe r iphe ra l  bhlod.  We  are aware  t h a t  t h e y  all  

t \Vhenever u~ed, the tm'm relfin ha~ the ~anle luealdn~ a~ renal 
pressor substances and refl,r~ to a bioh+gical activity, not to a 
definite chenlical entity. 

2 C. C. J. CArlqCNTER, J. O. ILxvls, and C. R. AYlcrs, J. olin. lnve~t. 
40, ~11:2t; ( 1961 ). 


