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Dltyroslne, a compound formed by two molecules of tyrosfne in bi- 

phenyl linksge, was first found in r&Life by Andersen (1904; 1966) in acid 

hydrolysates of resilin, a rubber-like protein from the wing ligaments 

of locusts. Andersen estimated the dityrosine content of resilln to be 

approximately 8 residues per 1000 total amino acid residues. LaSella et al. -- 

(1967) and Keeley and LaBella (1968) identified dityrosine in hydrolysates 

of chick aortic elastin and estimated the content to be approximately 1 

residue per 30,000 total amino acid residues. Using chick embryo aortic 

tissue cultures they showed that it was derived from tyrosine- 14c. sub- 

sequently, LaRella et al. (1968) found traces of dityrosine in a few pre- -- 

parations of highly purified collagens; however, incubation of soluble 

wllagens with horseradish peroxidase and hydrogen peroxide resulted in 

the rapid formation of rigid insoluble gels and the production of signif- 

icant amounts of dityrosine, about 1 residue per SO00 total residues. 

Although dityrosine would appear to be a likely candidate for a cross- 

linking function in the fibrous proteins, in neither resilin nor elastln 

has it been established that the precursor tyrosine residues are located 
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on different peptide chains. The physical data on peroxidaee-treated 

collagen, however, were indicative of chain-to-chain linkage. 

We now report on preparations of an alksli-soluble, non-hydroxy- 

proline-containing protein from aorta and ligamentum nuchae which conaia- 

tently contain dityrosine at approximately 1 residue per 10,000 and 1 per 

40,000 total amino acid residues, respectively, 

Aortas from day-old chicks, cultured chick embryo aortas, or 

ligamentum nuchae from adult cattle was stripped of fat and fascia, de- 

fatted with chloroform:methanol (3:1), twice extracted for 24 hours with 

0.2N NaCl at 4O, twice extiacted for 24 hours with 0.5% acetic acid at 4O, 

and autoclaved in water at llO" for 24 hours. To isolate the alkali- 

soluble protein with which the present investigation is concerned, the 

residue wae extracted four times with 0.1N N&Ii at 100°. The first 2 

extracts were pooled and exhaustively dlalyaed to prepare purified alkali- 

eoluble protein; the protein precipitated in the dialysis bag, but could be 

rediaaolved at alkaline pli. The tissue residue after the above extractions 

was shown by amino acid analysis to be highly purified elaetin. Thoracic 

aortae from 12-day old chick embryo8 were fixed with blood clots to washed 

Millipore filters in teat tubes containing 2 ml of Eagle's medium (E&e, 

1959). The tubes were incubated at 37O for 2 days, the medium replaced 

with 2 ml of fresh medium containing 1.4 PC of tyroalne-U- 14C (New Englend 

Nuclear Corp., 300 mC/mM), end incubated for 3 more days. The tubes were 

then cultured in the abaenoe of 14 C-tyroaine for 6 days with a medium change 

after 3 days. Protein hydrolyaatea were analyzed for emlno acids and uoni- 

tored for fluorescence and 14C (LeBella et al., 1967, 1966). Authentic di- 

tyroaine wae prepared ae previously described (LaBella et al., 1967). 

Protein hydrolyaatea were aleo exemined by descending paper chromatography, 

and chromatograma We-scanned for 14 C with a NuclearShicego Actigraph III,. 
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RRSULTS 

The four successive alkali extractions of the collagen-free aorta 

or ligamentum resulted in an exponentially diminishing yield of protein, 

although the amino acid compositions of the extracts were similar. Further 

extraction tended to solublline elastin itself, as evidenced by the pres- 

ence of hydroxyproline in the soluble fraction. Twenty-three per cent, by 

weight, of defatted, collagen-free chick aorta was solubilized by the four 

alkali extracts, but only 3% of similarly treated bovine ligamentum. The 

amino acid compositions of the alkali-soluble protein from aorta and 

ligament were very similar (Table I), indicating a common protein in these 

tissues. 

Dityroslne in hydrolysates of the alkali-soluble protein was de- 

tected by its characteristic fluorescence and its cbromatographic elution 

from Dowex-50 at various temperatures in comparison to authentic dltyrosine 

(LaDella et al., 1968). There was an insufficient amount of dityrosine to 

yield a ninbydrin positive peak in column chromatograms. Further confir- 

mation was obtained by showing that a radioactive component in hydrolysates 

of the tyrosine-l4 C-labelled protein migrated on paper identically to 

authentic dityroslne (Figure 1). Estimates, fram fluorescence data, of 

the dityrosine content of the alkali-soluble protein are shown in Table II. 

Preliminary studies on this protein preparation extracted with 

hot O.lN NaDH show that it is homogeneous by paper electrophoresls and that 

it has a molecular weight of approximately 12,000 as estimated by gel per- 

meation chromatography, 

DISCUSSION 

The alkali-soluble protein which we have isolated from chick 

aorta and bovine ligamentum nuchae appears to be very Similar in amino acid 

composition to glycoproteln preparations extracted in a variety of ways 

from calf-skin @owes et al., 1968), bovine cartilage (Partridge and Eleden, -- 

19611, bovine ligaroentum (Gotte et al., 1963), and rabbit skin (Timpl et al. -- -- 

158 



Vol. 34, No. 2, 1969 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

TABLE I 

AMINO ACID CGMPCSITION OF ALKALI-SOLUBLE PROTEIN 

day-old 
bovine chick 

ligament aorta 

residues/1000 total residues 

BYPRO 0 0 
ASP 102 103 
TBR 35 37 
SER 51 60 
GLU 139 125 
PEG 87 61 
GLY 103 115 
ALA 75 85 
VAL 73 69 
Cl%* 8 12 
MEI!* 13 12 
ILHJ 38 43 
LBU 81 93 
T!!R 31 29 
PBE 42 39 
LYS 62 54 
BIS 17 16 
AEG 37 40 

* probably underestimates in these acid 
hydrolysates. 

TABLE II 

DITYBGSINE OONTBNT OF ALKALI-SOLUBLE PROTEIN AND ELASTIN 

bovine 
day-old 
chick 

ligament aorta 

Alkali- 
soluble 
protein 

Elastin 

residues/lOO,OOO total residues 

2.5 

not 
detected 

10 

3.3 

1968). Gotte and Serafini-Fracasslni (1963) concluded from electron 

microscopical observations that the glycoprotein in bovine ligamentum nuchae 
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served as an amorphous cementing material between thin elastic fibrils which 

comprised large elastic bundles, and they suggested that the protein was a 

common constituent of the ground substance in various connective tissues. 

Our significant finding concerns the presence of dityrosine, 

an unusual type of protein crosslink, in this apparently ubiquitous glyco- 

protein. Dityrosine has previously been identified only in resilln and 

elastin, two rubber-like proteins. Perhaps the glycoprotein, presumably 

part of the amorphous connective tissue matrix, also possesses elastic 

properties, in wmmon with the other dityrosine-containing proteins, 

It has been found that aortic elastin only from chick embryos 

or very young chicks contained detectable dityrosine and that, with time, 

the dityrosine was apparently converted to compounds which are strongly 

retained by the Dowex-50 during amino acid analysis (LaBella et al., 1967; -a 

Keeley and LaBella, 1968). In the present study, dltyrosine was not de- 

tectable in elastin from adult bovine ligamentum. Furthermore, the ob- 

servation that the alkali-soluble protein from the ligamentum contains only 
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one-fourth a8 much dityrosine a8 that from day-old chick aorta suggest8 

that a transformation of dityroslne, similar to that occurring in elastln, 

may occur in the alkali-soluble protein. 

Our current investigations are concerned with the biosyntheeis, 

characterization and fate of this interesting dityrosine-containing pro- 

tein. 
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