GLYCOSAMINOGLYCAN DISTRIBUTION AND FINE STRUCTURE IN THE TENDON FASCICLE: IMPLICATIONS FOR
EXTRACELLULAR MATRIX STRUCTURE-FUNCTION
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Intr oduction Soft connective tisstes such asehdon ard liganment are composed of
collagen fibrils embedded in a lydrated matix of proteogycans ad other
glycoproteins. It is believed that the rdative abundane of these magomolecues
and treir organization in the tisstes exist primarily to provide mechanicé function.
We have previoudy estallished and utiized the isolated tal tendon fascide asan
appopriate modd to investigate macomolecuar structure-function relationshipsin
soft tisstes (1). Our studes cemonstated a hgh corrdation between CPS GAG
content and tissa stiffness(1), consisent with the suggested mechanicarolefor the
chondraitin/dermatan sliate GAGsof collagenbinding PGsin soft tissies(eg., 2).
Basedon this, wedevelopedthe hypothesis that not only the total PG/GAG content,
but aso the distribution and structure of the GAG, may influence tissie mechanica
properties. As such in the curent stug we quantitag the distibution of CDS
chains ¢ specific proteoglycan ore protens & well as examire the CDS fine
structure in the tendon fascides.

Materials and Methods Proteoglycans (Ss) were quantitatvely extraced from
ventrd tail tendon fascides of 3wk C57 B1/6(n=6), 8wk C57 B1/6(n=10), and 8
wk Mov13 (n=5) mde mice with 4 M GdmHCI (w/ protease inhibitors) ard then
puified by Q-Sephaose ion excharge chromabgrapty. PGs were identified and
quantitaed by SDS-PAGE on 4-20% gradient gels, with or without prior digestion
with ChACII, ABC or B. Gds were staired with Coomasse ard Alcian blue, and
the relative proportions of decorin and bglycan estimated by densitometric
scanniig. The anourt of total PG appied in each well represented mg collagen
equivdents of intact fascles.

Total GAGs were prepared from papain digests of fasciclesfrom n=1 or 2
mice per group by CPC and EtOH precipitation (3). GAGs were digested with Ch
ABC and slfated Adisaccharigs and on-reducing termind residues were
separated and quantitatl by fluoreseence bagd ion excharge HPLC (4).

ResultsPG Identification andQuantitaton Figure 1 demonstates that @corin (DC)
and bglycan (B3) were the predominant R5s in fascites from dl groups.In dl
samypbes, decorin and bglycanwere largely substitued with DS, sine only Ch ABC
(Fgure 1) and B, but rot ACII (data ot shown) were alle to generate the expected
45 kDa ores (CP). corin and bglycan fom 3wk fascides migrated sower than
from mature fasticles, suggesting diff erencesin GAG fine structure betweenthe two
ages. Further, biglycan from Movl3 mgratd as a rore polydisperse band,
revealing a fasér migrating biglycan sjgcies rot detected in 3or 8wk controls.
Densitometric scans syoest that 3wk fascides cntaired appoximaiely
twice as may PG molecules per mg of collagen as 8wk controls (Tabe 1). Decorin
remaired the predominant RS even dter skdletal maturation, acounting for ~ 66%
of CDS chains in bth 3 and 8vk control fascides, with the remainirg ~ 34 %of
CSDS chains present on biglycan. On atota GAG basis, the PG content of Mov13
fascides was simliar to thatof adut controls (Talde 1). Although the majority of
CDS in Movl3 was substited on decorin (~ 57%), CDS from biglycan
represented alarger proportion (~ 43%) of the totd than indther control group.
Moreover, estimaton of decorin and bglycan ore proten content dearly
demonstated a sgnificanty higher abundane of smal PGs per mg collagen in
Mov13 fascides. Taken together with the observation in Figure 1 tha Movl3
fascides mntaired afastr migrating biglycan ppulation, these datn may indicate
Mov13 ae enriched in biglycan, substited with dther a sigle or two shorter
CSDS chains.
CSDS GAG Fine Structure The number average length of chains wes estimated
from theratio of non-reducing chain &rmini to the total internd sufated fluoreseent
products(ADiS) andfound b be ~50repeating disaccheidesin 3wk fascides and
~36 disacchadesin both adut groups(Tale 2). Chain disacchies in d groups
were dmost exclusively sufated in the C4 position of the GaNAc residues
(ADi4S), however, 3-7% were additondly sufatd in the C2 psition of an
adjaent uonic acidresidue (ADIB). If disufated residues ae evenly distibuted
anongg dl chains,each C®S chain in immatwr fascides would contain ~1.7
disufated residues and this is imeased to ~2.3 and 2.5 in adiucontrol and Mov13
regectively (Teble 2).
DiscussionCollagen bound decorin is believed to provide an imprtant mechanical
role in <oft tissues by regulating collagen fibril diaeter (eg., 5, 6), aswdl as
forming ‘interfibrillar bridges' via interaction of the CDS chains(eg., 2, 7, §.

Hence, we aswell as cthers have investigated relationships letween decorin or
CDS mntent and tisse mechanicé properties (e.g., 1). However, quantif/ing the
relative anourt of a paticular tisste component does rot dlow us b assss
relationships latween "biochemicd stuctue' and nechanicsln the present study,
a nmethodologca appoach was dveloped to quantitatvdy examire the fine
structure of CDS chains and #r distibution on different core proteins in the
tendon fascide Resuts siggest thatfascide matuation in cntrol ard trangenic
animds is acompanéd by unique adaptve charges in proteogycan metatolism. In
control mice, sigificant differencesbetween immaire and matrre fasciclesvere
detected in CDS fine structue and GAG:collagen content. Whereas in adit
Mov13 fascicles, CSDS was contributed more from biglycan, but GAG fine
dructure and GAG: collagen retios were not sgnificantly different than age-
matched conftrals.

Taken togeher with our biomedanical doservdions (1), resits from this
stud/ swggest that 'node-specific’ adaptatins @uld preclude the existence of
globd stuctuefunction relationships. However, indusion of additonal
experimentd groups b these studes will dlow us to quantitatvely asgss the
existence of biochemicd stucturefunction relationships aaoss diverse
experimentd modes. Future studes will seek to incorporate data from new
experimentd paradigms (e.g., immobilization, overuse, other trangenicy ard aso
mutiple groups within a paticular model in aneffort to assss loth globd and
modd-specific stucture-function relationships in sft tisstes.
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Figure 1. SDS-PAGE spaation of intact F5s ard ther deglycosylated core
proteins. (-), ABC) = intact aad Ch ABC digestedPGs repectively.

Table 1.Densiometric scanniiy intensity of CDS FGs (A).
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Biglycan Decoin (Biglycan + (Biglycan +
GAG GAG Decorin) GAG Decoin)
/Collagen | /Collagen /Collagen Core
/Collagen
3wk Contral |[ 845(32%) | 1776(68%) 2621 2420
8wk Control || 479(35%) | 877(65%) 1356 1744
8wk Movl3 |[ 590(43%) | 773(57%) 1363 2673
Table 2.Chainlength and slfation of CDS chains
Numberaverage | ADi4S (GlcA- ADIB (GIcA2S-
chainlength GalNAc4S) GalNAc4S)
(# of ADIS) per chain per chain
3 wk Control 50 48.3 1.7
8 wk Control 36 33.7 2.3
8 wk Mov13 36 33.5 2.5
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