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SUMMARY 

Incubation of a long term culture of cells derived from newborn pig aor- 
tic media with  [SH]proline and [3H]vallne yielded a labeled protein thac was 
isolated and purified with salt-soluble elasCin from copper deficient pig 
aorta as carrier. The labeled protein was soluble in strong neutral salt 
solution in the cold. It coacervated reversibly at 37 ~ and migrated in poly- 
acrylamlde gel elecCrophoresls in 6M urea wlCh the carrier protein. The va- 
llne, prollne and hydroxyprollne of the newly synthesized protein had high 
radioactivity and the ratio of activities of hydroxyprollne:prollne were es- 
sentlally the same (i:ii) as the molar ratios of these amino acids in the 
carrier protein (1:10.3), indicating their identity. 

INTRODUCTION 

Elastic tissue consists of two distinct structural components, a micro- 

flbrillar acidic protein (1) and an amorphous, extenslvely cross-llnked pro- 

tein, elastln (2). The biogenesis of elastic tissue by cells of the arterial 

media has been inferred by anatomical and autoradlographlc evidence (3). The 

formation of microflbrils in explants of aorta in culture has been shown by 

electron microscopy, but evidence of the formation of elastin has been in- 

adequate (4,5). 

Theoretical considerations require the cellular synthesis and secretion 

of a soluble precursor of elastln (6). A soluble elastln has been isolated 

from the aortas of copper-deflcient swine and characterized (7,8,9). A simi- 

lar soluble elastln has been reported in the aortas of copper-deflclent (10) 

and l a t h y r i t i c  chicks  ( i i ) .  The b i o s y n t h e s i s  of t h i s  s o l u b l e  e l a s t l n  by 

normal p ig  a o r t i c  t i s s u e  i n  v i t r o  has been r e c e n t l y  demonstra ted (12) and i t  

i s  presumed, bu t  s t i l l  no t  proven,  to be a p r e c u r s o r  of the  i n s o l u b l e  p r o t e i n .  

*Supported by U.S. Public Health Service Grant (HL-12561) from the National 
Heart and Lung Insltute. 
+Advanced Research Fellow of the Los Angeles County Heart Association. 

Copyright �9 1974 by Academic Press, Inc. 
All rights o! reproduction in any form reserved. 

597 



Vol. 58, No. 3, 1 9 7 4  BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

With a view to studying the cellular synthesis of intermediates and the 

formation of cross-links in elastin, a long term culture of aortic medial 

cells has been established. The biosynthesis of a protein with distinctive 

properties of soluble elastin by these cells in culture has now been demon- 

strated by the isolation of a radioactively labeled component using purified 

soluble elastin as a carrier protein. 

MATERIALS AND METHODS 

The culture was initiated from cells isolated from normal newborn pig 

aortic media by incubation with pure collagenase and elastase. It had been 

maintained for approximately two years on Eagle's minimal essential medium 

containing I0% fetal bovine serum, penicillin and streptomycin in Falcon 

plastic flasks under 10% CO 2 in air when these experiments were carried out. 

In Experiment ~ a 9 day old monolayered culture was incubated in a pro- 

tein-free, modified Eaglets mlnlmal essential medium lacking vallne and sup- 

plemented with 75 ~g/ml of ascorblc acldp to which was added 8 ~Ci/ml of 

L-[2,3-3H]valine and L-[5-3H]prollne (Fig. I). The culture was incubated for 

24 hours in the presence of penicillin and streptomycin in Falcon flasks gassed 

with 10% CO 2 in air. All the following operations were performed at 4 ~ un- 

less otherwise stated. The cells were harvested, homogenized and extracted 

overnight in 0.SM NaC1 (pH 7.2) with 0.02M Na2RPO 4. The supernatant was 

separated (90,000 x ~) and dialysed exhaustively against the same buffer. 

The dialysed cell extract was desalted on a Bio-Gel P-2 column (2.5 x 35 cm) 

and eluted with 0.SM NaC1 (pH 7.2). The dialysed culture medium was concen- 

trated by filtration (UM 2 Amicon membrane) and similarly desalted on a P-2 

column. Effluent protein fractions were monitored for absorbauce at 280 nm 

and for radioactivity in a scintillation counter. 

The labeled proteins were combined with a clarified salt extract of 

c o p p e r - d e f i c l e n t  p ig  a o r t a  and s o l u b l e  e l a s t i n  was p repared  by c o a c e r v a t l o n  

a t  37" a f t e r  p r e c i p i t a t i o n  of co l l agen  as desc r ibed  e a r l i e r  (9) .  Col lagen 

was p u r i f i e d  accord ing  to  the method of  P l e z ,  e t  -I  (13) .  Amino ac id  a n a l y -  
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Aortic medial celt Copper-deficient 
culture pig aorta 

Incubated with Minced and extracted with 
L-13H]-proline + L-13H]-valine 0.9VI NaCI, pH 7. :~, 5 ~ 

, Centrifuged at 5 ~ 
Cells 90,1000 g 

Extracted with I 
0. 5/VI NaCl, pH 7.2, 5 ~ Crude salt 

extract 
Centrifuged at 5 ~ 

gO, 000 g 
I 

[3H] Protein Dialyzed and 
filtered through 

Bio-Gel P-2 
I 

I 
[3H] Protein 

Medium 

Dialzyed 
and 

filtered through 
Bio-Gel p-2 

I 

[3H] labeled protein + crude salt extract 

Collagen precipitated at pH 4from 
1 M NaCI by 4 M acetic acid at 5 ~ 

Elastin coacervated in 1M NaCI 
pH 8, at 31 ~ 

Figure 1: Preparation of labeled and carrier proteins and purification of 
soluble elastln. 

ses were performed on a Beckman model 120B. Protein was determined by the 

Lowry method using ~-elastln (14) as standard. Disc electrophoresls was 

performed on 7.5Z acrylamide gels at pH 4.5 (15) in the presence of 6M urea 

(7). Soluble elastln was coacervated within the gels by equ111bratlng them 

with 1M Nat1 (pH 8) at 37" (12). The protein in the gel s11ces was solubillzed 

with H202 at 55 ~ , the excess H202 was removed with catalase, and the radloactlvlty 

was counted in xylene-based sclnt111ation fluld (12). 

In Exper~nent I_~I the 9 day old culture was incubated for 24 hours in 

the same modified medium to which was added 8 pC1/ml [3H]vallne alone. 

Homogenization and extraction were carried out in the presence of O.Sg 2- 

mercaptoethanol. Collagen was precipitated from the salt extract, containing 

5 pg pepstatlnl/g of aorta used in order to inhibit proteolysls at low pH (12,16). 

I Pepstatln was kindly supplied by Dr. H. Umezawa, Microbial Chemistry 
Research Foundation and Institute of Microbial Chem4stry, Tokyo. 
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COLLAGEN~ 
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Figure 2: Disc electrophoresis of Bio-Gel F-2 filtrate of labeled culture 
medium and cell extract, mixed with crude salt extract of aorta (a t b), and 
of the purified soluble elastln prepared therefrom (cp d). The elastln band 
is stained with Coomassie blue (ap c) and is revealed by dark field illumina- 
tion (b, d) after coacervation in the gel at 37 ~ The relatlve mobility of 
this band was 0.07f 0.004 under conditions of the experiment. 

RESULTS 

Disc e l e c t r o p h o r e s i s  p a t t e r n s  of crude s a l t  e x t r a c t s  and p u r i f i e d  s o l u b l e  

elastln are shown in Fig. 2. Soluble collagen (~I and u2) and elastin bands 

(Fig. 2a) were identified by their mobilities (17). Coacervatlon in the 

gels at 37* showed a single light-scattering band by dark field illumination 

(Fig. 2b,d) that corresponds to the stained elastin band (Fig. 2a,c). All 

the radioactivity was confined to this band (Fig. 3). The ratio of activi- 

ties of hydroxyproline:proline (1:11) in the newly synthesized protein is 

identical to their molar ratios (1:10.3), within limits of experimental 

error (Fig. 4). Table I shows the recovery of the soluble proteins and their 

radioactivity in Experiment II. The specific activity of the collagen ex- 

ceeds that of the elastln and is higher in the cells than in the medium. A 

very small insoluble residue with high specific activity (1,277,000 cpm/mg) 

was obtained even after repeated autoclaving of the cells. The fraction sol- 

ubillzed by autoclaving also had high radioactivity (550,000 cpm/mg). 

DISCUSSION 

Circumstantial evidence that the smooth muscle cell of the aortic media 
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Figure 3: Radioactivity of gel sllces after electrophoresls of soluble 
elastln isolated from mixture of crude aortic extract with culture medium 
and cells of labeled culture. The single peak of radioactivity corresponds 
to the elastln band in Figure 3. 

is multipotential, synthesizing elastln and collagen as well as mieroflbrils, 

is strong. However, the fibrous forms of these proteins have not been iden- 

tified with certainty in primary cultures of aortic media of guinea pigs (4) 

or monkeys (5). In the long-term culture of pig aortic media used here, we 

have also failed to identify periodic collagen fibrils or elastln by elec- 

tron microscopy although abundant mlcroflbrils are formed, and segment long 

spacing crystallites of collagen have been precipitated from the culture 

medium (M.L. Hart, unpublished). 

The experiments reported here demonstrate the synthesis in an aortic 

medial cell culture of a protein identified as soluble elastin by its re- 

versible coacervatlon, electrophoretlc mobility and hydroxyprollne:prollne 

ratio. The synthesis of collagen is indicated by the precipitation of the 

vallne label with the cold carrier collagen, although no further characteri- 

zation of the labeled protein has been carried out as yet. 

The high radioactivity of the insoluble residue after autoclaving suggests 

the synthesis of insoluble elastln also. The ~ount was too small to anal- 
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Figure  4: S p e c i f i c  a c t i v i t i e s  o f  l a b e l e d  amino ac id s  in  s o l u b l e  e l a s t i n  
isolated from mixture of aortic extract with culture medium after incubation 
with L-[2,3-3H] valine and L-[5-~H] prollne. The ratio of hydroxyprollne:proline 
in the labeled protein (i:ii) is similar to the molar ratio (1:10.3) of these 
amino acids in the soluble elastin. 

yze. This recalls the binding of labeled valine to the insoluble elastin of 

newborn pig aorta in short term incubation (12) and again suggests the rapid 

cross-linkage of soluble elastin to the insoluble in the aortic medial cell 

systems. The nature of the linkages is under investigation, 
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