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i .  In t roduc t ion  

Basement  membranes  are composed  o f  collagen 
Hke protein(s) ,  one  or  more  giycoproteins  and 
g lycosamino#ycans  {1--3].  The nature  o f  coHagenous 
componen ts  and its molecular  organization remah~s 
undef ined.  At  present ,  at ~east two opposing concepts  
are considered regarom~, the molecular  organization 
o f  basement  membranes.  A single type  o f  coHagenom 
chain in triple helical s t ructure [4 |  sLnfilar to  o ther  
interstitial coUagens, though different  "n amino acid 
composi t ion and sequence,  has been  isolated b y  
l imited pepsin digestion o f  gloraerular basement  
membrane ,  anter ior  tens capsule and Descemet 's  
membrane .  This collagenous por t ion  is associated with 
non.coUagenous port ions in the membrane~ [5~. 
With the second hypothesis ,  Mternatie_g coliagenous 
and non-col!agenous r e~ons  l inked through disulfide 
bonds  [6,7] have been  suggested, based on  the 
results obta ined by  so~ubflization o f  basement  mem- 
branes f rom glomeruli  under  denatured,  reduced and 
alkylafing condit ions [2 ,8 ,9] .  

Recent ly ,  four  collagenous componen t s  have been 
identif ied f rom bovine glomerular basement  mem- 
brane [101. In addffion, collagenous chains A and B 
o f  app. mot.  wt  1 I0  000 have been found  in s~dn and 
Liver [ I 1 ] .  The same B chain and a eoUagenous com- 
ponen t  50 000  reel .  wt  have been isolated f rom 
vascular medial layer  and intima, respectively [ 11 ] .  
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F u a h e r m o r e ,  two similar c~A and ~xB chains have 
been  obta ined  f rom humar~ placenta [12 ] .  Si:lce all 
these tissues are relatively rich in basement  nlem- 
branes l1 1] ,  the possibility exists that  more  -han one  
type  o f  coll~:.mous componen t  _may be presenz. 

In this commm~ca t ion  a different  approach is 
described for the isolation o f  ti~,e co| lagenous compo-  
nents  f rom anterior  lens capsule. A hi~Ja molecular  
weight material was isolated f r o m  the phosphate  
soluble f~_~action after  ! imited pepsin digestion o f  lens 
capsule. This high molecular w e i ~ t  fract ion on 
reduct ion and ca rboxymethy la f ion  under denaturing 
condit ions yielded a total  o f  four different  fractions. 
The characterizat ion o f  two fractions wi th  me! .  wt  
t | 0  0t30 and 50 000,  respectively, is described. 

2. Materials and me~hods 

Bovine eyes were obtained fresh f rom a local 
slau~hter house.  Tt~e anterior  lens capsules were 
dissected and collected in cold 0.15 M sodium chloride. 
After  sonificafion (Branson Model 185, Plainview, 
L.I.N.Y.) for  5 - 1 0  mh~ to  remove the adhering cells, 
he  capsules were  washed several t i m e s  with cold 
voter and lyophfldzed. 

The lyopb_~fzed capsules (1 g) were pulverized in 
a freezer mill (Spex Industries, Metuchen,  N J) in liquid 
ni trogen and suspended in 150 ml 0.5 M acetic acid, 
pH 2.5. Peps~r~ (100  nag) was added and the mixture  
incubated at 4°C for  72 h with gentle shaking. At the 
end o f  incubat ion,  the pepsin d.~gest was centrifuged 
and the supernate was adjusted, to  pH 8.0, with 
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NaOH. The collagens were precipitated by addition 
of  NaC1 to a concentration o f  30% w/v. The precipi- 
tate was collected by centrifugation and redissolved 
in 0.2 M phosphate, pH 7.6 and was dialysed 
exhaustively against 0.01 M phosphate, pH 7.6. The 
precipitate again was removed by centrifugation and 
to the supernate NaCI was added to 30% concentra- 
tion. The precipitated collagens were separated by 
centrifugation, dissolved in 0.5 M acetic acid, dialysed 
against 0.1 M acetic acid and lyophilized material 
(0.4 g) was recovered. 

Molecular sieve chromatography was performed 
on Bio-Gel A-5 M columns essentially as described 
[13] using 1 M CaC12--0.01 M Tris, pH 7.4, as 
effluent. The fractions obtained from Bio-Gel A-5 M 
columns were purified by carboxymethyl cellulose 
chromatography [11,14]. Recoveries from molecular 
sieve and carboxymethyl cellulose columns were 
70-80% and 40-50%, respectively. 

The collagen component was reduced with 
2-mercaptoethanol in g M urea and carboxymethylated 
with iodoacetate as described [ 15]. Amino acid 
analyses were performed using a single column 
method [16] on an automatic analyser (Beckman 
121). Hydroxy!ysine glycosides were determined by 
procedure described [17,18]. 

3. Restdts and 'discussion 

The col!agenous precipitate from pepsin digests 
obtained on addition o f  30*/0 Nat!  was removed by 
centrifugation. When this precipitate was dissolved 
in 0.2 M phosphate pH 7.6 and dialysed exhaustively 
against 0.01 M phosphate, pH 7.6, a fraction o f  the 
collagen was precipitated. After removal o f  the 
insoluble material by centfifugation, the phosphate 
soluble collagen fraction was obtained by addition o f  
30% NaC1 to the supernate. This precipitated collagen 
was isolated, dissolved in 0.5 M acetic acid, dialysed 
against 0.i  M acetic acid and lyophilized. The initial 
fractionation of  the lyophilized material was pc*- 
formed on Bio-Gei A-5 M column. The elution pattern 
is depicted in fig.!. Two major peaks (fig.l) were 
consistently obtained. Peak 2 (fig.l) has an app. tool. 
wt 220 000. The amino acid analysis of  this compo- 
nent (table 1, column 1) definitely showed it to be 
basement membrane-like collagen. This fraction was 
reduced with 2-mercaptoethanol and was carboxy- 
methylated with iodoacetate. The elution pattern o f  
this reduced and carboxymethylated material on Bio- 
Gel A-5 M column is presented in fig. 2. Four major 
fractions were obtMned. Peak 2A and peak 2B (fig.2) 
have app. tool. wt 110 060 and 50 0O0, respectively, 
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Fig.1.  Gel Filtration e lu t ion  pa t t ezn  o f  p h o s p h a t e  soluble  f rac t ion  (200  rag) o f  peps in  solubi l ized lena capsule  col lagen o n  Bio-Gel 
A-5 M c o l u m n  (4 X 110 era).  T h e  c o l u m n  was  e lu ted  wi th  0 .01  M Tris/1 M CaC12, pH  7.4 a t  a f low ra te  o f  35 rnl /h .  F r ac t i ons  
1 a n d  2 were p o o l e d  as  s h o w n  ";~ the  figure.  
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T a b l e  1 
Am.~no ac id  e o m p o s i t i 0 n  a in  residues• 1 0 0 0  

Collagenous component (app. mol. wt) 
2 2 0  0 0 0  110  0 0 0  5 0  0 0 0  

3-HydroxyproHne 4.4 3.2 2_g 
4-Hydroxyproline 125 129 1 t4 
Aspartic acid 51 52 50 
Threonine 16 17 18 
Serine 33 36 "~0 
Glutamic acid 84 89 72 
Prolhae 67 57 54 
Glyeme 339 344 35 ~ 
A l a n i n e  33 33 4 2  
H a h ' - c y s t i n e  4 2 .9  b 1.8 b 

Valine 16 18 ! 9 
M e t h i o n i n e  11 ! 3 17 
Isoleucine 16 19 23 
Leucine 52 51 60 
Tyrosine 5.2 3.0 2.6 
Phenylalanine 30 29 35 
Hydroxylysine 50 64 45 
Lysine 6.2 7.3 4.1 
H i s t i d i n e  6~ 1 6 . 2  5 .4  
Arg i nhae  26 21 4 5  
GIe - G a i -  Hydroxylysine ND 52 28 
Gal--Hydroxylysine ND 6 6 

a V a l u e s  f o r  r e s i d u e s  p r e s e n t  in  n u m b e r  g r e a t e r  t h a n  i 0  w e r e  r e u n d e d  o f f  to  t h e  
nearest whole number 

b H a l f - c y s t i n e  c a l c u l a t e d  as  S - c a r b o x y m e t h y l c y s t e m e  
ND denotes vMues not determined 

as detemfined by precaHbrated Bio-Gel A-5 M column.  
The reduction and ca rboxymethy la t ion  o f  peak 1 

(f ig . l )  gave an identical elution pat tern when frac- 
t ionated on Bio-Gel A-5 co lumn and obviously repre- 
sents the higher tool. wt aggregates 1 I0  900,  50 900  
and the other  two fractions shown as peaks 2C and 
2D (ng.~). 

Peak 2A (fig.2) on a co lumn o f  CM-cellulose eluted 
as a single peak (fig.3). Under similar condit ions the 
peak 2B (fig.2) on  CM-eellu|ose chromatographed as 
one major  peak (rigA) after the start o f  the gradient. 
The fractions represented by  the bars were pooled,  
desalted and analyzed for amino acid composi t ion .  
These are presented in table I under co lunm 2 and 3, 
respectively. 

Homogenei ty  o f  the two above carboxymethyi -  
ated collagen components  was established by poly-  
aerylamide geI_ electrophoresis using the procedure in 
[ ! 9 ] ,  when a single band was obtained.  

The data presented here show that  the phosphate 
~oluble fraction obtained f rom anterior lens capsule 
by  limited pepsin digestion produced two major  
fractions, a higher molecular weight fraction and a 
220 000 tool. wt component .  The two fractions 
appear to be aggregates o f  at least more than one 
type  o f  chain subunff held together by disulfide 
linkage o f  cystine. The amino acid composi t ion o f  
the two collagenous components  ( i  10 000 daltons 
and 50 000 daltons) presented in table 1 show that  
they  are o f  basement membrane origin [1,20] with 
high contents  o f  hydroxylysine ,  leucine, low conten t  
o f  alanine and presence o f  3-hydroxyprol ine.  Glyco- 
sylation o f  hydroxy~ysine to an extent  o f  90% in the, 
110 000 dalton componen t  and 75% in the 5~3 000 
dalton componen t  was noted.  It  appears unlikely that  
a 50 000 dalton componen t  may  arise f rom the same 
chain but  due to  use o f  pepsin in the extract ion 
p r o c e d u r e ,  t h i s  p o s s i b i l i t y  c a n n o t  b e  r u l e d  o u t _  
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F~g.2. Gel filtration elution pattern of reduced and carboxymethylated peak 2 (100 rag) from riga on Bio-Gel A-5 M column. 
Conditions were identical with those used for fig.1. Uractibns 2A and 2B were pooled as shown. The elution positions of~xl(I) 
av_d ~2-CB4 are indicated which were used as markers. 
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_The 110 0 0 0  d a l t o n  col lagen c o m p o n e n t  descr ibed  

here a o p a r e n t l y  is s imi lar  to  o n e  r e p o r t e d  [21,221 
b u t  is dSffere~lt f rom b a s e m e n t  m e m b r a n e  col lagen 
chain  A aiid B f r o m  s ldn  [11]  a nd  f rom p lacen ta  
[ t 2 ] .  The  50 0 0 0  d a l t o n  c o m p o n e n t  has  b e e n  i so la ted  
a nd  charac te r ized  for  t he  first t ime .  A 55 0 0 0  d a l t o n  

c o m p o n e n t  has b e e n  r epor t ed  for  h u m a n  vascular  

i n t i m a  [11] b u t  the  d i f fe rences  in  the  a m i n o  acid 
c o m p o s i t i o n  ( 4 - H yp ,  Glu ,  Leu,  T y r ,  Phe,  Lys and  
Arg)  are s t r ik ing  w h e n  c o m p a r e d  to  the  50  0 0 0  d a l t o n  
c o m p o n e n t  ( tab le  1), a l t h o u g h  the  var ia t ion  may  be  
due  to  the  us, ~. o f  d i f f e ren t  species a n d  t issues.  The  
p resen t  s tudy  fu r the r  ind ica tes  t h a t  b a s e m e n t  m e m -  
b r a n e  collager.s f o r m  a u n i q u e  class o f  col lagens  ~nd  
shou ld  awai t  c lass i f ica t ion at  a fu tu re  da te .  

Fig.3. Rech~omatography of peak 2A (30 mb~ ~'gom fig.2 on 
c~boxymethy[ cellulose on 1 X 6 cm colun]n equilibrated 
with 0.02 M acetate/1 M uzea (pH 4.8) at 42°C. The column 
was eluted with a !/near gradient consisting of 0.02 M acetate 
and 0 0.1 M NaCI in 1 M urea over total vol. 250 mi at a 
flow rate of 60 mUh- The arrow indicates the start of  
gradient 

156 



Volume 85,  n u m b e r  1 FEBS L E T F E R S  .ganuaxy 1978  

1.0 R e f e r e n c e s  

0.8 

O 
0.6  

.N _~0.4 

0.2 

2 8  

-5'o t6o ,~o zbo 
Effluent Vo~u..a~_ (ml} 

F igA.  Carboxymethy~  ceUulose c h r o m a t o g r a p h y  oI peak  2B 
(1(} mg)  f rom fig.2. C o n d i t i o n s  are ident ica l  to  hhose for  fig.3. 
Ar row Lndieates t he  s ta r t  Of gradient .  T he  f r ac t ion  represen ted  
by  snlid h o r i z o n t a l  b,~r was poo led .  
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