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SUMMARY 

Uncalcified samples of turkey tendon obtained 
prior to calcification, and other samples from 
areas of tendon that never calcify, contain lit- 
tle or no O-phosphoserine [Ser(P)], O-phospho- 
threonine [Thr(P)] and y-carboxyglutamic acid 
(Gla). Significant amounts of all three of 
these Ca2+-binding amino acids, which are found 
in EDTA-extractable , non-collagenous proteins, 
are detected coincident with the onset of miner- 
alization of a tendon and increase in concentra- 
tion as mineralization proceeds. 

INTRODUCTION 

The calcification and subsequent ossification 
of certain avian tendons has been well described 
(3,10-12,17,18). Because the ossification of 
this tissue proceeds relatively slowly, it is 
possible to obtain samples of tendon at various 
stages of calcification before ossification be- 
gins. There are a number of other advantages 
which make this biological system an excellent 
model with which to study various aspects of 
tissue calcification. For example, not all of 
the tendons calcify and not all locations in 
those tendons which eventually calcify become 
calcified at early stages. Thus it is possible 
to obtain samples of tendon none of which ever 
calcifies, specific portions of tendons which 
are uncalcified but which eventually do calcify, 
as well as calcified portions of tendons con- 
taining varying amounts of the solid mineral 
phase of Ca-P. 

As early as 1930 (17), investigators noted 
that calcification of avian tendon is preceded by 
changes in its histochemical staining properties 
as well as changes in the size and shape of the 
cells (i0). Biochemical analyses have demon- 
strated that calcification begins in a tissue 
matrix that contains the same collagen fibers 
prior to calcification (ii). Therefore, it 
seems reasonable to conclude that if the compo- 
nents of the matrix of the tendon play a role in 
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the nucleation of the mineral phase or other 
aspects of the tissue calcification, they do so 
either (a) by changing certain of their inter- 
action properties (matrix constituents already 
present), (b) by adding or removing certain com- 
ponents, or (c) both. Because of the recent 
interest focussed on the possible role in min- 
eralization of the Ca2+-binding, non-collagenous 
phosphopeptides (4,6,16) and the peptides con- 
taining y-carboxyglutamic acid (Gla) (8,9,13,14) 
we have analyzed the following turkey tendon 
tissues for the presence of phosphopeptides and 
Gla-containing peptides: (a) tissue from ten- 
dons that normally never calcify; (b) from cal- 
cified tendon, tissue from those parts that 
normally never calcify; (c) tissue taken prior 
to the onset of calcification from the parts 
that normally calcify; and (d) calcified tendons 
in various stages of calcification. We have also 
analyzed ossified turkey tendons and turkey bone 
for comparison purposes. 

MATERIAL AND METHODS 

A. Animals 

Female Nicholas Big White turkeys, raised on 
the same standard diet, were obtained from Wam- 
pler Food, Inc., Hinton, VA. The age of the ani- 
mals was precisely known since they were raised 
from the time of hatching. Animals aged 7 weeks 
to 1 year were used for the histological studies. 
Only tissues from animals aged 7 weeks, i0 weeks 
& 2 days, 15 weeks & 5 days, 17 weeks, and 1 year 
were used for the biochemical studies. In these 
particular animals most of the calcified tendons 
examined had small but significant amounts of 
bone replacing the calcified tendon tissue short- 
ly after the animals reached 17 weeks of age. 
Ossification thus begins earlier in the calcify- 
ing tendons of these animals than in those em- 
ployed in other studies (10-12). Consequently 
it is important to note that chemical or bio- 
physical studies without morphological control 
may be quite misleading, since it is not possible 
to tell from gross inspection whether the calci- 
fied tissue in the tendon consists of calcifying 
tendon, bone or a mixture of the two tissues. 
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B. Tissue Preparation 

The tibialis caudalis tendons in the tibio- 
tarsus region of the lower extremities were used 
as the source of potentially calcifying tendons 
and of calcified tendons. Portions of the tendon 
in the vicinity of the joints were found not to 
mineralize at least up to the age of 1 year and 
were used as sources of unmineralizing tendon 
from a tendon that did mineralize in other loca- 
tions. The neck tendons were used as sources of 
uncalcified tendons that do not calcify any- 
where along their length up to the age of 1 year. 

The tibialis caudalis tendon of 7 week old ani- 
mals was found to be unmineralized at this stage 
of development, and portions of this tendon from 
regions which eventually became mineralized in 
older animals were used as sources of calcify- 
ing tendon prior to the onset of calcification. 

Representative tendons were x-rayed in order 
to determine the age of onset of calcification 
and to mark the locations where calcification 
begins and where it extends. This also proved to 
be very useful in isolating those portions of the 
calcifying tendons where calcification did not 
occur at least up to the age of 1 year. 

Cortical bone was obtained from the same ani- 
mals from the midshaft of the tibiae. The endos- 
teal and periosteal surfaces were very carefully 
cleaned and scraped free of soft tissue and 
cancellous bone. 

Samples of undecalcified calcified tendon and 
bone were frozen in liquid nitrogen, freeze-dried 
and ground in a Spex nitrogen mill in 20 sec 
bursts to a fine powder. Pieces of frozen uncal- 
cified tendon were cut by hand to approx. 1 mm 3 
and then similarly ground in the Spex nitrogen 
mill. 

C. Analytical Procedures 

The dry weight, ash weight, and the calcium 
and phosphorus contents of the ash were deter- 
mined on aliquot samples of the undecalcified 
samples as previously described (2). The solu- 
ble phosphoproteins and Gla-containing proteins 
were extracted as described (1,2,15). The meth- 
ods of analysis for Ser(P) and Thr(P) (1,2,15) 
and for Gla (7) have recently been summarized in 
this journal (5). Similarly, traces of Gla and 
phosphorylated amino acids were detected in un- 
calcified tissues as described in the same arti- 
cle (5). 

RESULTS AND DISCUSSION 

The non-collagenous proteins in the EDTA 
extracts represented from ~2-5% of the total 
protein of the tendon. Only trace amounts of 
Ser(P), Thr(P) and Gla were present in any of the 
uncalcified samples of whole turkey tendon or in 
the proteins extractable in EDTA, regardless of 
their source (Tables 1 & 2). Once mineraliza- 
tion beginsg however, significant concentrations 
of these CaL+-binding amino acids are detected 

in the whole native tissue and in the proteins 
extracted from them in EDTA (Tables 1 & 2). In 

addition to their chromatographic behavior, 
Ser(P) and Thr(P) were positively identified by 
the analytical chromatographic behavior of the 
fractions isolated by preparative amino acid 
chromatography and by the release of serine, 
threonine and Pi from these fractions on complete 
acid hydrolysis (1,2). Calcified tendon which 
is heavily but somewhat less mineralized than 
bone from the same animals contains a signifi- 
cantly lower concentration of the Ca2+-binding 
amino acids than bone. On the other hand, the 
bone in the ossified tendon, and bone from the 

Table i. THE CONCENTRATIONS OF O-PHOSPHOSERINE, 
O-PHOSPHOTHREONINE AND ~-CARBOXYGLUTAMIC ACID IN 
UNCALCIFIED, CALCIFIED AND OSSIFIED TURKEY TENDON 
AND IN BONE (Residues/lO 5 amino acid residues) 

Sample Ca P 
Age~ Locat$on Ser(P) Thr(P) Gla (wt %) (wt %) 

TENDONS: 
7 wk (a)* 1 trace trace 0.06 0.i0 
" (b)* 1 --** -- 0.04 0.i0 
" (c)* 3 trace -- 0.06 0.15 

i0 wk 2 d (a) ii 2 ii 9.0 4.4 
" " (b) 1 trace -- 0.08 0.i0 
" " (c) 2 trace -- 0.01 0.07 

15 wk 5 d (a) 32 3 31 21.9 i0.I 
" " (b) 1 -- ~i 0.4 0.25 
" " (c) 2 -- ~0.5 0.03 0.i 

17 wk (a) 33 4 49 21.0 9.7 

" (b) 1 -- ~0.5 0.7 0.3 
" (c) 3 2 trace 0.03 0.I 

1 year (a)*** 30 4 92 23.0 10.4 
" (b) trace . . . .  0.04 0.05 
" (c) 2 -- trace 0.05 0.09 

BONE: 
12 wk 78 12 79 25.5 12.4 
17 wk 79 ii 132 26.4 12.1 
1 year 48 5 126 25.8 11.6 

*(a) Portion of tibialis caudalis tendon which 
calcifies with increasing age of animal 

(b) Portion of tibialis caudalis tendon which 
does not calcify 

(c) Neck tendons none of which calcify 
**Double hyphens (--) signify undetected. 

***Ossified tendon 

mid-portion of the diaphyses of the tibiae of 
the same animal both contain lower concentra- 
tions of Ser(P) and Thr(P) (but not of Gla) 
than younger bone of very similar mineral con- 
tent (Table i). 

Histological examination of a large number of 
calcified and decalcified longitudinal and cross- 
sections of all the tendons reveals that, except 
for the tissue removed from 1 year old animals, 
all of the samples of the tendon tissue used for 
biochemical analyses were composed solely of ten- 
don and contained no bone. On the other hand, all 
of the mineralized portions of the tendons from 
1 year old animals consisted of bone tissue, al- 



M.J. Glimcher et ah: Peptides Containing Phosphorous and Gla in Calcified Turkey Tendon 283 

though there was a small amount of uncalcified 
tendon tissue in the periphery and in small "pock- 
ets" within the body of the tendon. Histological 
examination of various tendons at different ages 
makes it very clear that there are marked varia- 
tions as far as the onset and extent of ossifica- 
tion of the tendon is concerned. These variations 
depend upon the particular strain of turkey used, 
the diet and conditions under which the animals 
are raised, the specific tendons examined, the 
precise locations within the tendon examined, and 
so forth. This makes it absolutely mandatory that 
careful histological examination of multiple sec- 
tions be carried out in order to establish with 
certainty that the tissue analyzed is calcified 

Table 2. THE CONCENTRATIONS OF O-PHOSPHOSERINE, 
O-PHOSPHOTHREONINE AND 7-CARBOXYGLUTAMIC ACID IN 
THE EDTA-EXTRACTABLE, NON-COLLAGENOUS PROTEINS OF 
UNDECALCIFIED, CALCIFIED AND OSSIFIED TURKEY TEN- 
DON AND BONE (Residues/105 amino acid residues) 

Sample 
Ag% Location Ser(P) Thr(P) Gla 

TENDONS: 
7 wk (a)* 46 trace trace 
" (b)* 47 trace --** 
" (c)* 40 trace -- 

i0 wk 2 d (a) 176 i0 340 
" " (b) 32 trace trace 
" " (c) 62 trace -- 

15 wk 5 d (a) 244 80 396 
.... (b) 39 -- 22 
.... (c) 44 trace 14 

17 wk (a) 392 120 400 
" (b) 21 -- 24 
" (c) 20 -- 14 

1 year (a)*** 380 40 1880 
" (b) 4 . . . .  
" (c) 2 -- trace 

BONE: 
12 wk 570 120 680 
17 wk 540 120 1170 
I year 380 44 1950 

*(a) Portion of tibialis caudalis tendon which 
calcifies with increasing age of animal 

(b) Portion of tibialis caudalis tendon which 
does not calcify 

(c) Neck tendons none of which calcify 
**Double hyphens (--) signify undetected 

***Ossified tendon 

tendon and not bone. In our own studies reported 
here, the histological observations that the tis- 
sue consisted wholly of tendon in the younger 
animals and wholly of bone in the case of calci- 
fied tissue from the tendon of the 1 year old ani- 
mals, were consistent with their hydroxylysine 
contents (6). 

Although the presence of any component in a 
~aineralized tissue does not a priori establish 
that it is involved in the mineralization of that 
tissue, the virtual absence of Ser(P), Thr(P) and 

Gla from tendon tissue which is not mineralized, 
and their presence in increasing amounts coinci- 
dent with the onset of mineralization, and as a 
direct function of the mineral content of the 
tissue, suggest that the non-collagenous peptides 
which contain these Ca2+-binding amino acids are 
either associated with tissue mineralization, 
with the mineral phase per se, or with the syn- 
thesis and degradation of the tissue matrix. 
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