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A polyfunctional amino aci{d which is probably the crosslink in elastin
has recently been isolated from hydrolysates of purified boyine ligamentum
nuchae by Partridge et al, (1963), Further studies by Thomas st al. (1963)
have resolved two structural isomars which contain a pyridinium ring with four
side chains located at tha 1, 3, &4, 5 positions (desmosime) or at tha 1, 2,

3, 5 positions (isodesmosine). Each side chain has a terminal carboxyl and

an owsmino group indicating that all may be involved in peptide linkags in

the protain. Thuas, aither {somar could serve as a link batween as many as

four diffarent polypeptide c¢hains., The empirical formula, CoyH3gR50g"H 0,

and the structures suggested that sithar moleculs could be formed from four

lysins residuss. One lysine would provide an €~smino nitrogen in ths formation
~ of the pyridiniym ring, while thres other lysinas would contribute the

rapainder of the ring structure and side chains with the loss of thair €samino

nitrogens during condensation, This rsport prassants the results of two series

of expariments designed to investigate this pomsibility.

Materials and Methods, Fertilized aggs and chickens of varying age were

obtained from a loe¢al hatchery, From smbryonie chicks, approximately 3 mm of
ascanding aorta containing the roots of the sarotid arteries was chosen for
study, From larger chickens, 0,5 = 1.0 om of ascending aorta was exclsed
from an arsa proximal to the peint of sxit of the sarctid artsries, Bsbryonic
aortas to be grown in tissus culture wers excissd with sterile instruments,
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attached to a Millipore f£ilter by maans of a £ibrin clot, and placed individually
in a 16 x 150 »m test tube. For sach sxperiment, 25~50 aortas were used,
Four ml of a chemically defined tissue culture medium (IC 199) containing 100
units sach of Penieillin and Streptomycin sulfate was added to each tube,.
I.ysinc-’ﬁuclu was added to the medium at a laval of 0,1 or 0.5 uc/ml. The
tubes wers stoppsred and placed Iin a rotating drum in an incubator at 37°* C
for periods up to 12 days. The medium was changed every two days.
Elastin was isolated from the dry, fatefree samples by sxtraction with
0,1 N NaOH at 98° C for 1 hr according to the method of Lansing, et al. {1952).
Portions of ths residus remaining after alkall extraction were hydrolyzed in
a nitrogen atmosphare in a sealed tubs with approximatsly 1 ml of 6N HCl per
mg of protein at 108° C for ¥2 hours. This period of hydrolysis was used
routinely as demmosine, isodssmosine and valine were not completely released
from the protein at shorter times. Appropriate correction faetors ware
employed in the final calculations for threonine, serine, tyrosine and phsnylaw
lanine which wers found to be partially destroyed during the course of hydrolysis.
Amino acid analyses of the elastin hydrolysates, equivalent to about 1 mg
of protein, were performed on an automatic amino acid analyzer as described
by Piez and Morris (1960), 1In this system, dasmosine and lsodesmosina
chromatograph as two incomplately resolved psaks appearing between phenyalanins

and hydroxylysine. {(We are indebted to Dr. 8, M. Partridge for samples of

desmosing and isodesmosine which were used to standardixe the analyzer,) As
both isomers exhibit Ldentical color ylelds (3.68 times leucine color yiald)
with the ninhydrin reagent, the total amount of the two isomers in any given
hydrolysate could be sasily calculated. Radicactivity determinations were
made on the amino acids in the slastin hyirolysates by continuous seintilla-
tion counting of the effluent from the automatic mmino acid analyzer as
described by Plex (1962), Sufficient counts were obtalned to give a sgandard
counting srror less than 6%.

Results, The amino acid composition of the alastin isolated from the
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aortas of chickans in six different aga groups is shown in Table 1, The

high content of nonpolar amino acids is characteristic of alastin prepared

by alkall extraction of various tissues and has been noted praviously in the
case of elastin isolated from bovine ligamentum nuchae by Gotte et ale (1963).
The amino acid compositions of the samples wers identical except for lysine
and desmosine (f{ncluding isodesmosine). Desmosine plus isodesmosine are
listed a8 quarter residues to indicate their probable equivalence to four
lysine residues. The two isomers were present in approximatsly equal amounts,
The age~depandent inpgrease Iin the smount of crosslinking cempound was
accompanied by an equivalent decrsasa in lysine content, the total remaining
constant at 10«1l quarter residuss/1000 tetal residues. In tha 12wdayw~old
chick embryo approximately 40% of the total was desmosine and isodesmosine,
while in the lwyearwold chicken 85% was present as the two isomars. The
observed change is probably lsss than the actual change since it is likely that
poorly crosslinked elastin (rich in lysina) would be removed by the alkalai

extraction.

Table 2 shows the results of thes experiments in which embryonic chick
sortas were cultured in a mediwm containing lysinemfeC:¥. in expariment 1,
aortas from lémdaywold embryos were cultured for 4 days or 8 days in tha
prasence of radioactive lysine, The results showed that thera was synthesis
of elastin throughout the pericd studied as indicated by ths increase in
lysins specific activity, The significant quantity of radiocactivity found
in desmosine and isodesmosine shows that lysime is a precursor of the crosse
link and indicates that tha eresslink was synthesixed at approximately half
the rate at which lyzine was Incorporated intoc the protsin. Purther results
{experimant 2 in ths table) revealed that if the aortas ware cultured for only
ons day even in the presence of large amounts of radiocactivity, ne mesasurable
amount of isotope was found in tha crosslink, A series of pulse expariments
ware also psrformed, twe of which are shown in the table. In experimant 3,

sortas from Llémdaywold embryos were eultured for L day in the pressnca of
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TABLE 2

Ineorporation of I.ysiuuﬂ-cmyinto Lysins, Desmosine and
Isodesmosine in Elastin of Chick Embryo Aorta in Tissue Culture

Culture Lysine, Quartnrmemsiu,-s/
Expe conditie: counts/umole counts/mele
1 b days with lysine-cl* 8,600 ,200
8 days with lysine-cl% 14,200 6,000
2 1 day with lysinewcl* 89,600 < 100
3 1 day with lysine-cl¥
7 days without 2k,300 17,600
& 1 day with lysine~c'®
11 days without 73,700 78,100
& Presant in the madium at 0,1 ue/ml in experiments 1 and 3 and at
0,5 uc/ml in experiments 2 and 4.
Y/

Aortas were taken from lésmdaywold smbryes except in exp, & when
12wday=old embryos were used,

iR

Ineludes Isodesmosine,

1ysinamrC'® and allowed to grow in the same medium without radfoactive lysine
for the subsequent 7 days, Under these conditions, ths specific activity of
the erosalink was 65% of that found for the lysine, In experiment 4 aortas
from liwdaywold ambryos were allowed to grow for 1 day with radiocactive
lysins and 11 days without., In this case, the spacific activity of the crosse
1link was slightly highsr than that found in the lysine. Only trace amounts
of radiocactiviiy wars found in other amino acids,

The amino acid cemposition of the elastin isolated from aortas after
{ncubation was identical in all respects to that given in Table 1 for aortas

of comparable age.

Disecussion. Tha observation that the amino acid composition of elastin
prepared from chicken aorta by hot alkall sxtraction does not change with
inereasing age sxeapt for a prograssive decrease in the lysipne content and
an equivalent increase in the desmosine and isodssmosine content, suggests
that lysine in peptide linkage in sama type of a precursor is copdensed to
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form crosslinks. This interpretation is strongly supported by studies omn

the {incorporation of 1ysinewtuCl¥ into elastin. Radioactivity is £irst

found in the lysine and later in desmosine and isodesmosine. Pulse experiments
indicate the continued accumulation of radioactivity in desmosine and isom
desmosine aftar the removal of frae lysinsu-U-«Cm. These experiments do not
rule out the partlicipation of other compounds in additlom to lysine in the
biosynthesis of the crosslink but this seems unlikaly in view of the structures

of desmosina and isodmsmosine.
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