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ABSTRACT 

Witti a .view to ..facilitating the study'o uman ,genetic connective 

tissue disea~es we havJ developed a ~echnïque f, analyzing the primary 

structure of collagen. _ 

,. One mg samples of .. purif(edhuma~ltype 1. Il. and III collagen$' and 

al (1) and cx2 chains were d'igested with clostridiopeptidase A and the tje'-
. " ~ 

leased peptides analyzed by ion exchange high pressure liquid chromatography. 

Specifie fingerprints were produced for each type or-~ollagen. The speci­

ficity of these fjngerpri~ts appeared to be related to the primary structure 

of these collagens. / '" ,', - \ 
l ' 

1 

Type 1 collag~ fingerprint patterns were obta~ed when this 
, .~ 

technique was applied to 5 mg samples o( hum~n dermis. tendon and bone 

and type II cOllagen fingerprint patterns were ohtained from 5 mg samples .. ~ 

of human cos~al cartilage •. - l 
It is uggested that this t~chnique may be suitabl~ fo~ the study 

of the primary structure of collagen in small tissue samples obtained from 
o 

patients with genet1~ connective tissue diseàses. 
l, 
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Le co11ag~ne chez l'hom'me: 
r,\ 

une êtude bas~e sur la digestion 

a la collag~nase bactérien,ne et la 'chromatogra~hie ! ,hauté"pression. 
,\ 

l' 
\ , . ' 

par ... 
Wi 11 i àm G. Co 1 e' 

1 • ~ 
RESUM,E 

. , 

Dans le cadre d'un projet d'étude d~s maladies'g~nêiiques du 

tissu conjonctif~chez l'homme. nous avon~ mis au point une technique 
1 • 

d'analyse ds la structure primaire du co1Tagêne. 
A? 

Nous ayons seumis des êchantillons d'un 'mg des co11agêRes 

." humains de type l, II,et III ainsi que des cha1'nes al(I) ~t Q2! une 

p dige~tion par l,a clôstridiopeptidase A. Les petits peptides ainsi 

obtenus ont ~t~ 'analys~s par chrô~atOgraphie. en· phas~ liquide! haute 

pression: . LeS. ptofjl~ d'êl.uti-on obtenus forinent des cartes peptidique'S 
\ , 

spécifiques qui so'rit 1 i~es a la structure prima!,re de chaque type de 

collagène étudié. 

Les analyses, par cette technique d'~cha~ti11ons de 5 mg de 

d~rme. de tendon et d'os humai~ ont produit de~,profils semblables 

a 'celui du col1ag~ne de type l,tandis que des profils simi1air~s! .1 
celui du collagène de type II ont êt~ obtenus par analyse de cartilage 

-

costal humain. 
t 

Nous proposons ". emp loi de cette tec~ni Que. pour l' ~tude de 

la structure primaire du collagê'ne dans l,es petits ~chantil1ons de 

tissu que l'on peut pr~lever a des patients atteints de ma1adjes gênê­

tiques.du tissu conjonctif . . . 
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ORiGINAl'CONTRIBUTIONS' 
" 

A method of.- analyzing the pr.imary structure of small amounts of 
\' . . .. , 

col1~gen osing clostridiopeptidase A digestion, separation of the 
, ., 

released peptides by high pressure ion exchange liquid chromato-
,. - ~ __ u ____ _ 

graphy a~d thejr react-ion with.'ninhydri,n was devéloped. 
'. ' 

• '" ' ... Specifie fingerprints were obtained when this technique was applied 

to one mg samples of huma~type 1. type Il and type III collagens 

aQd ~l{I) and a2 chains. 
.. 

When this technique was app~ied ta 5 mg sampl~s of human tendon: bone 
~ • ~ • ,;<-. 

and dermis fingerprints almost identical ta th~ purified human type' 1 
. ." 

collagen fingerprint·were bbtained. There was a hi~h yield of pep.-

tides'. .. 
, ' . 

4. When it was applied to 5 mg samples'of costal carti~age fingerprints 

• 

~ ·almost identica\ ta the purified typé II collagen fingerprint weré' 

I!J 

(J. 

, 
obtained. A good peptide yield'was obtained. 

-
5. Ba~ed on tbese observat+ons,it is sugges~ed, that this may be a valuable 

technique for the study of s~ll tissue samples ,from patiènts with 

suspected primaJrY structure anomalies ~f collagen. 
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Collagen is a major connective tissue protein (G~llop and Paz,' 1975). 

It is a)undant in tendons, ligaments, fascia, joint capsules, bone and 

cart~e. It al_so forms an important part of 'the framework of organs 

such as the liver and lung and of basement mem~ranes (Bornstein, 1974). 

Using the electron ~icroscope tissue collagen has been shown to 

consist of fibrils with~ hi9hly organiZ~d structure characterized by 

repeating_axial periods measurin~ app~oximately 640 R (Schmitt et al., 

1955). T~e basic unit of the fibril is the collagen molecule referred 
" li. 

to b! Gross (1956) as tropocollagen an~ measures approximately 2,800 ft 
in length and 15 R in width. To producé'the 610 ft periodicity it was 

v proposed in the quarter stagger hypothesis that the polarized molecules 

w~re arranged in para11e1 rows staggered by one quarter of their 1ength 

in respect te their neighbours (Gross, 1956). 

This concept has Qeen extended by Hodge and Petruska (1963) who 

showed that the mol~le measured 4.4 times the axial periode They suggest 

that there is a microfibril intermediate of five mo1ecu1es (depicted in 

fig. 1) in which the molecules are staggered in such a manner that there - . 
is a region where the fhe molecu1es overlap (measllrin'g 0.4 of the axial 

period) and a gap region in whiçh only four ~lecu1es over1a~ (measuring 

0.6 of the axialjperiod). The studies of Smith (1965, 1968), Veis et al. 

(1967), Hulmes et al. (1973) and Bruns and Gross (1974) support th'is conce~t. 
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The collagen molecule consists of a t~iple helical rod fo~ed by the 
( 

wrapping of three polypeptide chaln around each other. as shown in fig. 2 

(Yee et al. '1974'). E~cept for short termillal regions referred to as telo­

peptides each polypeptide chain is coiled in the form of a polyproline 

type II helix (Ramachadran and Kartha. 1954, 1956~ Rich and Crick, 1955). 

Each polypeptide chain is formed by~the linear arrangement of amino acids 

.linked by peptide bonds (Bornstein and Piez. 1965). This arrangement is 

referred to as the primary structure of collagen (Gross, 1974). 

A close relationsh;p exists'between the primary structure and biomech­

anical properties of collagen (Levene and Gross. 1959); Pinnen et al., 1972). 

I~ man the c10seness of this relationship is well illustrated in the Ehlers­

Danlos syndrome. McKusick and Martin (1975) have defined seven ferms of 

this syndrQme in which there are varying degrees of connective tissue 

laxity. Abnormalities in the biochemical structure of collagen have been 

detected in the four recessive forms and defects in the primary structure 

of cpllagen are also suspected in the three dominant ferms. Two other 

diseases. osteogenesis imperfecta and Marfan's syndrome demonstrate 

connectivé tissue laxity and are also suspecte'd of having primary structure 

anomalies (Penttinen et al. , 1975; McKusick. 1972). 
\ ----

In view of this relationship bet~een structure and function and 

uecause of the limited information available concerning human collagen 
, 

abnormalitieS this proje.ct was directed-towards the study of ~he primary 

structure of human co1lagen. 
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FIGURE 2. Schematic representation of t·riple helié'al tropocollagen 
molecules in a collagen fibre. 
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'CHAPTER II 

PREVIOUS INVESTIGATIONS: 

NORMAL PRIMARY STRUCTURE QF COLLAGEN 
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. 2. 1: TYPES OF COLLAGEN 

Up ta 1969 on1y one type of collagen was known ta existe Thi~ 

type of col1agen was shown by Piez èt al. (1961~ 1963) ta contain two 

distinct chains referred ta as al and a2 in a€eord with their'order of 

e1ution when chromatographèd on CM-cellulose. The al chain has been 

renamed al (1) to distinguish it from the other more' recently described 

al chains. Each type 1 collagen mo1ecule contains two-al(I) and one a2 

chain designated aS[al(I») 2a2. This fQrm of collagen is found in many . 

5. 

tissues in particular adult dermis. tendon, bone and dentin (Miller, 1973; 

Epstein. 1974). 

In 1969 Miller and Matukas'extracted a previous1y unrecogn1ze~ 

form of collagen from lathyritic chick cartilage which consisted of al 

chains with a distinct amino acid and cyanogen bromide peptide composition • .. 
Thi s new form of coll agen referred to as type II co 1 ~ agen has the chal,n 

composition [al (II)], . Their results were confirmed'soon after by Tre1stad. . \ 
et lJ1.' (1970) and Miller (1971). In addition to articular and costal 

cartilages this type of collagen is found 'in the intervertebral dise 

(Eyre and Muir, 1974; Herbert et al., 1975). 

In 1971 Miller ~. showed that two of the cyanogen bromide 

peptides obtained from the insoluble residue qfohuman foetal denmis cou1d 

not be attributed to the al(I). al(II) or a2 chains. Subsequently,Chung 

and Miller (1974) and'Epstein (1974) i~olated the type III co11agen which 
\ 
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produced these peptide~from human vessels. leio~oma and foetal dermi~. 

'It~has the chain composition [al (III)), and 1s a1so found in the intestine 

and synovium (Eyre and Muir. 1975; Pope ~, 1975). 

1\.1so in 1971 a fourth type of col1agen was iden~'fied in basement 

membranes by Kefalides (1~71). This form of co11agen contains al chains 

descri bed as [aJ (IV)] 3 It is found in the basement membranes of many 
.", 

tissues incJuding the glomerulus, Oescemet1s membrane and the aorta 
~ 

(Kefalides, 1972; ,Tre1stild', 1974). 

There may be othèr types of col1agen as suggested by a recent report 

of an apparent1y new type of co11agen consisting of two similar and one 

dissimi1ar chain in human-foetal membranes and human leiomyoma (Ho11ister , 

etal.,1976). 

These four types of co11agen have simi1ar helical structures and 

physical dimensions but they have significant primary structure differences 

as out1ined below. 

Type 1 co ll'agen 

Before 1965, the primary structure of é011agen was analyzed fol1owing 

cleavage of the molecule with mild a d or alk~line hydro1ys's, clostridio-, 

peptidase A digestion and'sequentia igestion with other enzyme~ (Schroeder 

et al., 1953; Michaels et al., 1958; It was shown --.-. --, 

that-glycine accounted for one third 0 the amino acids and because ~f the 
-

position of glycine in isolated tripeptOdes such as G1y-Pro-Pro, G1y-Pro-Hyp . 
and Gly-Pro-Ala it was concluded that 91y ine occupied each 'third position 

in the molecu1eo Howeve~ the order of these triplets was not determined . 
1 

nor was it c1ear whether the mo1ecu1e was composed of several subunits 

1inked by non peptide bonds as was suggested by B1ume~fe1d and Gallop (1962). 
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J) 

In 1965 Nordwig and Dick and Bornstein and Piez described the 

c1eqv~e of co11agen with cyanogen bromide. Bornstein and Piez (1965) 

app1ieàbthis technique to chromatographica11y purified a1(I} and a2 chains. 

and clear1y showed that t~e collagen molecule was composed of pOlypeptide 

chains consistiflg of a 1irtêat arrangement of amtno acids linked by peptide 

bonds and it did not contai9 ~rge repeating subunits joined by 'este~ 1ike 

bonds. This technique was a1so a major advance in the amine acid sequence 

studies as the peptides produced by c1eavage of the co11agen chains at 

their methionine bonds were easier to study than the parent chain (Born­

stein and Piez, 1965). Another advantage of this technique was the abi1ity 
\ \ 

to determine the order of these peptides in the parent chain using chemica1 

overlapping. techniques, electron microscopie studies and pulse l~ 

data (Piez et al., 1969; Igarashi et al., 1970i Vuust et al., 1970). 

Recent studies of the primary structure of cyanogen bromide peptides 

fromknown.regions of the parent ,chains using c1ostridiopeptidase A, carbo­

xypeptidase, trypsin, chymotrypsin and automated sequentia1 Edman degradati~n 

have provided important data concerning the amino aci9 sequences of various 

cha,fns (K et al., 1967; Kang and Gross. 1970; Becker et al .• 1975; Clark 

et a1." 1975 This data is however incomp1ete but 'the entire al(I) chain ~ 
l'* 

sequence has b en compi1ed from rat and calf a1(I) sequences (Hulmes et al., 

1973) • 

r • ...... I1'·1*'m.'.r .. -- . ..... 
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al (I) chains 

Human al(I) chains havé a typical collagen amino acid compQsition 

(Table 1) of approximately one third glycine and a high content of prb-
i ' , 
line and hydroxyprolin~ (Bornstein and Piez, 1966). Since only limited' 

information is available concerning the order of these amino acids in 

human al(I} chains the complete sequence assembled from calf and rat 

data reported by Hulmes et al. (1973) will be described. 

This'data shows that the aleI} chain contains 1052 amine acids 

with pyroglutamic aci~ at the amine terminal end and tyrosinec~t t~e 

carboxyterminal end. As previously suggested by Bornstein and~Piez 
1 ~ 

(196~ all the amine acids are linkèd by peptide bonds and there are 

no large repeating-subunits. 

The amine terminal end of 16 residues and the carboxyterminal end 

of 25 residues are the non helical telepeptides. In contrast to the 

helical region, these peptides contain less than one third glycine, ,less 

hydroxylysine and no hydroxy proline. In these regions the 1ysy1 and 

hydroxylysyl residues play an important role in intra- and intermolecular 
) 

cross 1inking (Eyré and G1imcher, 1973; Mechanic, 1974). 

The large he1ical region commence~ at the seventeenth residue with 

the typical Gly-X-Y triplets which continue for 337 

1027. These triplets consist of :-, 

'. 
~ 

............ • -sr",w;;i_ ,.. u, ..... 
~ 1. I,~ h 

_ ' ...... -~.l t, ," 
, , . 

to residue 
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TABLE 1 

Amino acid analyses of human col1agens * 

. Skin(1 ) Articular Aorta(3) G10meru1ar 
Amino acid cartilaje basement 

al (1) al 1 (II al (I II) membrane (4) 
(Xl (IV) 

3-Hydroxypro1i~e 1 2 11 
~ 

, 4-Hydroxypro1ine 91 
;> 82 93 125 130 
i: 
! 

t 
Aspartic acid 43 47 42 42 51 

Threonine - 17 19 20 13 23 
1 

Serine 37 35 27 39 37 

Glutamic acid 77 68 90 71 84 
.. 

Pro1ine 135 120 121 ' 107 61 

Glycine 333 337 333 350 310 

Alanine 115 105 100 96 33 

Cysteine 2 8 .3 

Valine - 21 33 18 14 29 
" 

Me~hionine 5 5 9 8 la 
, .. ~ . 

Isoleucine 7 ' 15 9 13 30 

Leucine 20 30 26 22 54 

Tyrosine 2 5 1 3 6 

~t 
" . 

Phenylalanine 12 12 13 8 27 , 
~ Hydroxy1ys i ne 4 B 14 5 45 
t ~ l - l:ysine 30 :.~2 23 - 30 1Q 
f 
~ o 'Histidine 3 10 2 6 11 

f Arginine. 50 51 51 46 ~ 33 
i .( 

1 
* Values expressed in residues/1000 amine acid residues. 
References: (1) Bornstein & Piez (1966); (2) Miller & lunde (1973); 

, (3) Chung & Miller. (1974); (4) Kefalides (1974). 

.. ! 
~ 

! 
- ---- -~ -_._-~---- u .. III .. 

" 1 1 , , " :", - ; <r:;~~:;:.' ~., ~ ~: 
~- ~.-. ~ 

~ J ~ 1 ~.;:;,.::. ~*_ ...... JIJ. ~'* • 

. ' ,.~~~i/~.i~>. , •. ~- .~;:~~~:::.._;'"-~ j :~' '., 



( 

,.' 

f , 
\ 

.... 

• 

,:> \ 

'. 

, 

r 
" 

... 
115 G1y-Pro-Y where Y is hydroxypro1ine ~n 38 insta~ces and 

alanine, il'} 31. 

77 G1y"X-Hyp where X f~ any amin~ acid other .than proline 

145.G1y~X-Y where'X and Y are a~y amine acids other ~han 

pro1ine and hYdroxYpro1ine. 

Further details regarding thè composition ~f these triplets 
~ . . . . 

are given by Gallop and Paz (1975). _ 

Apart from one 3-hydroxypro1ine residue a11 tha hydroxypro1ine . 

10. 

. .' 

residùes are in the 4-hydroxypro1ine fynn (.Hulmes et al: •• 1973)~ ,Hydro .. 

xypro 1 i ne is h~wever not incorpora ted 1nto the po lypePti de cha in -cllfrl ng '.' - .'. r, '. 
• ~ J .... .._ • 

translation but arises by the hydroxylation of certain proty1 residues 
. 1 \ ., - .. 

wh i ch ocC\lpy the Y ;1 p' et pos 1 ti on U;tetten and Schoen~e i ... r " '944; '.;' _: • 

Miller and Udenfriend. 1970). There are 115 such site~ but the comp1e'te.ness 

of the ~ydroxy1ation varies in different parts of,the mo1ecw1e •. The ' , . . 

overa11 comp1eteness of pro1Y1 hydroxy1ation was estimat~d by ~a11op 

~d Paz (1975) to be 80 %. l • 

, . ~ 

Hydroxy1ysine ïs a1so not incol-poràtea into th.e .pQ1.iP.eptide., cbain 
• 0 , 

during translation but arises.from tbe hydroxy1ation of certain }YSyl' , 
.4 

res i dues in the Y tri pl et pos 1 ti on (Gran't and Prockop, 1972)~' lysyl . . , , 

residues àre 'hYdroxy1ated to varying exterrts' él~ significant 'diffetences" 

exi st i Il the hydroxy1ys i ne content of al (I) cha i n~ iTom d1 fferent ti s,sues , '-... ~}. ~ 

- {\ J 

and in the same tissue at different ages (Spiro, 1972; ~~T'kko et al. -
1973) • ,-

ha. WH .,.n( .' , 
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Th1! va lat10n 1s ~~monstratèd by comp~r1ng the 4-5 ~ydroxylysine~' 
- .' 

residues in derma1 a1(I)'chains to the 15 residues in bone a1(I) ~hains , 
, , • 0 • 

(Stoltz et 'al.. 1973). Sorne of the, 'a'dditional hydr~~yly~ine r.~s·idues in'~ , 

bone al(I) chains are located in the:telopeptides (Eyre and ~limcher. 19~3). 
•• ~ t:. 

i Two to three of the hydroxy1ysine résidues are linked to glucosyl­

galaotose or galactose residues {Morg~n et.a1.,·J970). Pinne11 et al. 
" '. '. 

(1971) showed that ~he ratio of glucosylgalactosyl-hydroxylysine to galacD , . . 
tosylhydroxylysine to be 2.06 in human ~ermis as opp~sed to O.~7 in human 

bone collagen. In addition. they showed that in t6ese~tis~ues ,appr~ximately 

one third of the hydroxylysine resiaues were glycosy1ated. 

al chains , 
, 

When compared to~he al(l) chain ~uman el chains ~re noted to 

contain more leucine, iso1eucine, histidine and hydroxylys i ne. but simi1ar 

amounts of hydroxyproline (Born5tein and Piez, 1966). 
, ~ "Y-·~ \' 

The compl~teness of pro1y1 and 1ysyl.hydroxy1ation ar~ a1so quite. 
,. :> ~' li . .' 

variable in d""fe~ent parts of the a2 chain '(..Gall op and Pa'z. 1975). 
!?t .... '. 

, . 
Tissue variations in the degree of 1ysy1 hydroxy1ation a!so exist as sh~ 

" .1 " '" 
by 9 residues in dermis and 14.residues in bone (St01tz et al.. 1973). 

o • , 
Hexoses in the fonm of galactosy1 or.g1ucosylga1aétosy1 residues are 

( 

Hnkèd to two of these hydroxy1ys1nes (Agu·i1ar. et â1.,. 1973). Although, 

• the bone a2 contains more hydroxy1ysine residues there is no incre~se·1n 
" ,.. ~'-

.the degree of glycosylation. (Gallop- and Paz, 1975). This also applies 

ta t~e ~ chains in bone. 
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~ The.telopeptfdes contain less than one thfrd glycine, low lev~ls . 
II{ • ~ ... 

Of"hydr~xylysine .and no hydroxyproli~e. but~desprte ih~se sil!l1arities 
.>" r 0 • ~..J ')' 

the al(Î) and a2 telopeptides 'have different amino acid sequences 
- 0 0 

l • f. J '" ... 

- ~(Fietzektand L<uhn', 1973). 
- ' 

There is only limited a2 aiMno aC'id sequence fnformatfon··av~ilabie •. ", 
, '. 

_ '- ' ~ 0 ~ • 1 .. 

Compariscn of the seq~enced ~eglons. to' correspo djng reglons oLth.,e &1{I) 

Cha'~reveals many interchain substitutions bu the ove~ll éharge . 
ç - . . r . ' 

patternS which appear to He fmport~nt for the tabll 1ty of the ~ f1bril s " 

,,~re essentia11y the same (Ga1'1op and Pa%; 1915 

Type II collagen 
Ai (~ 

· As a consequence of the insolubilf.ty pf hUman type II collagen the 

amine acict composition given 'in Table,:1 h~s b,eell- de'rived from the compo-
"\ • ~ ~ 1" 

.0 sition of the type II cyanogen bromide peptides (M111er and ,Lunde •. 1913}. 
.. J , • \.J ~ .. 

• ~' 1 • 

It contains the typical cQllagEln content Qf. .glyci n,e ' and imino ac1d$. '. . , 
Compared to the alel) chain it is noted,that type If coll~gen contains 

• Q • 

apprpxi(J\êltely 4-5 times as many' hy~rox;.l"ysine réSi4ueS and 9!times as many . . . 
... . ' . 

. hexoses which are mainly' in the glucosylgala·ctoSSt.l fonn (Miller. 19131. 
. , 

ln ad~ition, ·type II collagen al~o contains more glutà~ residues. 

On1y 'limited sequence data is available for th1s- type of çollagen •• , . . 
'. , 

· , · ' . -
: . :.. . , . 1 
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\. ' .. 

Type 1 II co 11 agen 

_This form of collagen is iso1ated fr"m tissues as a trimer (y) as 

a result of th~ d.isulphide bonds established between cysteine residues in 
. , 

~the helical region of this molecule. Jhese bo~ds are readily reduèed with 
, 

a-mercaptoethanol to yield al(Ir1)} chains (Epstein, 1974). 

C).. As shown';n Table 1 human t~e, III collagen differs from al(I) chains 

in having t'wo cysterne residues. more hydroxyprol ine. glycine and histidine 
• w ,_ 

but it has similar amounts of hydroxylysine (Chung and Miller, 1974). 

lhe type III cyanogen bromide peptides were analyzed by ~hung and Miller 

(1974) and their results showed that b of the 9 peptides contained more 

hydroxyprôline than proline and th~ee contained more than one third glycine, 

The two cysteine resi.dues we:e located near the carboxy terminal end of 

the chain. 

On1y limited data conèerning the amine acid sequence in these peptides 
" 

iS available. 
• Type IV collagen 

In comparison with the other co1lagens type IV collagen contains hig~ •. 

level~ of 4-hydroxyproline, 3-hydroxyproline, hydroxylysine. cysteine. leu­

cine. isoleucine and phenylalaninè and low levels of alanine and arginine 
-(Kefa1ides, 1974), Irl addition it cha~acteristically ~ontains 40 hexoses 

mainly glucosylgalactosYl residues but a1so small amounts of mannose and 

hexosamine 1inked to hydroxylysine residues. 

There is a1so very limited a~ino acidJsequence information available . 

for this type of COllaren, 

J 

--------~ .. _~_ .. "'---,... - -, 

.... . 

! 

1 

) 

, 

1" 



( 

14. 

J 
( 

2.2. ~Bios)nthesis of collagen 

The primary stnrc:ture of collagen describe~ in section 2.1 is 

the result of a complex series of biosynthetic steps whrch are illustrated 
1 

in Fig. 3. Collagen is not only unique because of its triple helica1 

structure and aminO acid composition but also because of the large number 

of post translational modifiçations required before the final product is 

obtained (Gross, 1974). 

The normal translationa1 and post trans1ational events-in the 
. 

synthesis of collagen will be described because anomal{es of these events 

" (discussed in Chapter III) can produce profound abnorma1ities in the pri-

mary structure and function of co11agen. 

Translation 

Cotlagen is syntheti~ed by connective tissue ce11s such as 

fibroblasts, chondrocytes and osteob1asts and by epit~lial cells (Gross. 

1974). The translational process appears to take place on membrane bound 

ribosomes in a similar manner to ether proteins (Kivirikko. 1974)~ The 

polypeptide chains are formed b'}' the stepwïse addition of amino'adds at 
~ 

the rate of 209 residues ,per minute and the chain is completed in 6 minutes 

(Vuust and Piez, 19701. Hydroxyproljne and hydroxylysine residues are 

not incorporated into the polypeptide chain but are formed at a later stage 

by hydroxylation of se1ected prolyl and 1ysy] residues (Stetten and Schoen­

heimer, 1944; Stetten. '1949; Miller, 1971). The completed chains are longer 

than the tropoco11agen chains as they contain additional amine and carboxy 
, ' , 

exœnsiansregistration peptides) the structure and function of whicb will 

be described 1ater. 
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FIGURE 3. . Biosynthesis of colla~en. 
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If the pro1y1 and 1ysy1 hydroxy1ation steps are b10cked unmodified 

translated chains called protocollagen are obtained (Berg and Prockop, 1973) . 
.".. 

lt ; s not c1ear whether procoll agen messenger RNA . ,(mRNA) i S IOOno­

çystronic or pofjcistronic in nature. The physica1 characteristics of iso1ated 

procollagen .,lmRNA wou1d suggest a monocistronic' form (Larazides and Lukens, 

1971; Harwood et al, 1974a; Boedtker et al, 1974; Paw10wski et al, 1975). 

Vuust and Piez (1970) conc1uded from-their kinetic studies that the pro a 

chains are synthesized simu1taneous1y in keeping with a monocistronic form 

of procollagen mRNA. An a1ternative view proposed by Church et al (1971) 

and by Park et al. (1975) is that proco1lagen mRNA is po1ycistronic. They 

propose that the three chains èomprising a procol1agen molecule are synthe-

sized in series 50 that a long chain is formed with each a chain joined by 

non co11agerous segments. 
, 

Post-trans1ationa1 modifications 

a) f.rQ.tQ.cQ.11a9.e!! 1~.rQ.1l.1~ld!.091~t!0!! 

This step is mediated by the enzyme protoco11agen pro1y1 hydroxy­

lase (Grant and Prockop, 1972). The enzyme has been purified from new born 

rat skin and chick embryo extracts (Ha1me et al. 1970; Rhoads and Udenfriend, 

1970). It is an acidic protein which probab1y exists within the ce11 aS,an 

inactive precursor (Kuttan et al., 1975). It has a1so been shown to be a 

tetramer consisting of two dissimilar subunits of 64.000 and 60,QPO daltons 

which are probab1y stabi1ized by disu1phide,bonds in the active state (Popenoe 

~ •• 1969; Berg and Prockop, 1973). 
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This enzyme has been 10calized to the :ough endoplasmic reticulum 

where ;t is concentrated on the c;sternal s;de of the membrane. (Harwood et al .• 

1974b; Olsen et al., 1973; Al-Adnani et al .• 1974; Cutroneo et al .• 1974). 

This ;s close to the site where the polypeptide chains are synthesized and it 

app~ars that prolyl hydroxylation occurs whi1e the chains are still attached 
# 

to the ribosomes (Vuu5t and Piez, 1972; Rosenb1oom et al., 1976). 
1 

This enzyme hydroxylates certain pro1yl residues in the (~lY-X-pro)n 

triplets where n is greater than two (Miller and Udenfriend, 1970; Kivir;kko 
i 

et al .• 1969; Mc Gee et al.', 1971). The enzyme has a stronger affinity for 

the unhydroxylated protocollagen and is only able to hydroxylate pro1yl residues , 

whi.l e the cha; n i s ; n a random fo,rm (Ki vi ri kko et aL, 1972,1973; Rosenb l oom 

et al .• 1976). 

This enzyme requires mo1ecular oxygen, ferrous ions, a ketogluta­

rate and-a reducing agent such as ascorbic acid 1Fujimoto and Tamiya, 1962; 

Kuttan et al., 1975; Uitto et al., 1975). There is a stoichiometric coupling 

of oxidative decarboxylation of a ketoglutarate (converted to succinate) with 

hydroxylation of peptidyl proline to 4-hydroxyproline (Rhoads and Udenfriend, 

1970) . 
\ 

It is uncertain what factors control 'the degree of prÇ)1.y1 hydroxy­

lation. In view of the poor affinity of the enzyme fQrtriple helica1 proco1-

lagen 1t is_ possible that the rate of helix formation is one controlling 

factor (Schoef;eld et al., 1974i Uitto and Pr6ckop, 1974). 
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b) f.r.Q.t.Q.cg.1!a.9.e!!. !Y~! hYQrQxl1~t.!.o!!. 

/" This step is mediated by the enzyme protocollagen lysy1 hydroxylase. " 

(Grant and Prockop, 1972). This enzyme has a molecular weight of approximate1y 
• 

"350,000 daltons and is located on the membrane of the rough endoplasmic reti-
, . 

culum (Popenoe and Aronson. 1972; Harwood et al., 1974b). 

It has many features in cOlllOOn with protocol'lagen prolyl hydroxylase 

They are both situated on the rough endoplasmic reticulurn, they have the same 

cofactor requirements and both appear to act on nascent chains (Uitto and 

Prockop, 1974; Rosenbloom et al., 1976). However each enzyme is specifie for 

its own substrate (Grant and Prockop. 1972). 

This enzyme hydroxy1ates certain 1ysyl residues in the triplets 

G1y-X-1ys a~~ the substrate needs to be in a random form,(Kivi~ikko et al., 1973; 

~yh8nen and Kivirikko, 1974). The factors that control the tissue and age 
CI 

~ifferences in lysy1 hydroxy1ation are unknown. One of the limiting factors 

however appears to be the rate of helix formation. The slower rate of he1ix 

formation in proco11agen from cartilage (pro type II) and 1ens ce1ls (pro 

type IV) than tendon ce11s (pro type 1) may account for the relative1y high 
• t 

hydroxylysine contents of cartilage and 1ens co11agen (Miller, 1971; Kefa1ides, 

1971; Grant et al., 1973; Schofie1d et al., 1974). 

Se1ected lysyl residuès in the tel opepti des. can~a1so be hydroxy-
. . 

lated (Eyre and Glimcher, 1973). Ga110p"and Paz (1975) in reviewing some of 

the features of the protoco11agen 1ysy1 hydroxYtase deficient form of human 

~h1ers-Oan1os syndrome (see chapter III) sugge~t·that·a separate en~ may 

be responsib1e for 1ysyl hydroxy1ation in the te1opeptides.· 
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c) gl~c~s~l~tion 

In 1965 Butler and Cunningham showed in ~h;ck embryo tibiae that 

glycosylation occured within several minut~s of the fonmation of hydroxyly-

sine residues. 

The enzymes required for this step, co.11agen UDP-ga1actosy1 

tra~sferase and collagen UOP-glucosyl transferase have been isolated and 

been shawn to require manganese as a cofactor (Bosman and Eylar, 1968; 

Spiro and Spiro. 1971; Myl1y18 et al .• 1975). These enzymes are located 

in the rough and smooth endoplasmic reticulum (Harwood et al:. 1974b; 

Brownwel1 and Veis. 1975). 

Glycosy1ation probab1y oceurs in nascent chains but it j~ apparent 

" that the substrate specificities vary with the source of the enzyme (MyllyllJ., 

et al.. 1975). ( 

Morgan et al {1970} and Aguilar et al (1973) have identified a 

sequence which may be a specifie requirement. -Gly-X-Hyl (Gal-Glc)-Gly-X ' -

Arg-. G1Y$osylation can however occur in other sequences as shown by the 

carboxy telopeptide site described by Eyre and G1imcher (1973). 

As with-the other enzyme steps litt1e is known about the 

contro11ing factors. The number of hydroxylysine residues available would 

seem to be one factor as more hexoses are found in the type II and IV colla­

gens which contain .. the largest numbers of hydt:'oxylysYl residues O<efalides, 

1971; ~i11er:, 1973). 
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'" 

d) . !!eli~ f0!.fl1!.t.!.o!!. 

Tri pl e he 11 ca 1 coll agen mal ecu1es can be formed 1 n vi tro but the 

yie1d ;s sma11 , the process is slow and it lacks spec;ficity in'that [a1(I}]9~ 

(a2)!! as well as the normal [al(I}h a2 mo1ecules can be made (Piez and 

Sherman. 1970). However, in vivo helix formation 1s efficient and rapid 

(Piez, 1970). 

One of the exp1anations for the ~apid he1 ix formation in vivo was 

that the amino terminal exteosion (registration peptide) brought the three 

pro a chalns into register so that spontaneous he1ix formation would occur 

(Sherr et al., 1973). Hydroxyproline was also s~wn in éxperiments using 

underhydroxylated proco11agen and protoco11~sen to be important for normal 

helix formation and stability (Berg and Prockop, 1973; Sakakibara et al., 
• 

1973). 

In 1974, Tanzer et al. showed that procol1~gen contains an extra 
. 

extension at the carboxytermina1 end as we11. The amine and carboxy regis-

tration peptides have been recently characterized by Byers et al., (1975), 

Fess1er et al. (1

1
) and Rosenb1oom et.al. (1976). The amino peptide has a 

molecular weight of pproximately 20,POO dalton~t and it contains cysteine 

whi1e the carboxy eptide has mo1ecular weight of approximately 35,000 daltons 

and conta,ins tryptophan and cyste1ne"residues but the disu1phide bonds are 

restricted to the carboxy peptides. Fessler et al. (1975) described the 

component parts of proco11agen as [(NH2-peptide)-(collagen)-tOOH-pept;d~, 

with interchain disulphide bonds between the carboxypeptides. 

• 

f • 
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Oisulphide bonding between the carboxypeptides 1s a-relativelY 
, 

late e~nt in the synthesis of procollagen and. if the formation of these 

carboxypept1des 1s blocked with puromY~in ~e chains despite nprmal prolyl 

hydroxylation will not form a triple helix and they will not be secreted 

(ressler et al. 1975; Rosenbloom et al .• 1976). These observations demon­

strate that proper pro a chain registration and prolyl hydroxylation are . " 

required for normal helix formation and secretion. 
o 

The above description refers to the method of assembly assum1ng a 

monocistronic mRNA patter~ of pro a cha1" ~ynthesis. However Park et al. 

(1974) proposed that with a polycistronf~ mRNA system that in addition ,to 

producing procollagen of the correct chain composition'suitab1e folding of 

the long polypeptide chain could bring the pro a chains into registration 

for triple helix formation. 

e) !.r!n~.Q.r!. !n~ ~e.f.r!ti0!l 

Schmitt in 1960 and Speakman in 1971 suggested that the secreted 

form of collagen was probably longer than tropoco11agen. In 1971 layman et al. 

described a soluble "transport" ·form of collagen in tissue culture expe­

riments and in the sa~ year~ Bellamy and Bornstein (1971) called it pro­

collagen. Weinstock and leblond (1974) showed in odontoblasts and osteoblasts 

the route by which this soluble form of collagen is secreted~ Usi~g 'H pro­

line autoradiography they showed that procollagen moved from the ribosomes ta 

the spherical Golgi saccules where the, proco11agen assumed a more parallel 

aggregated fonm and then to the cylindrical" portions of the Golgi saccules. 

In this region the procol1agen was contained within presecretory and secretory 
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~' ~' -

granules which were extruded from the cell surface by exocytosis. Harwood 

et al. (1976) reported data which supports thrts proposàl. 

f) fo!!v~~iQ.n_o.f E,rQ.cQ,11a,[e!!, .!0_cQ,11a,[e!!, 
. 

In 1971 Lapiere et al. isolatèd from calf skin the enzyme pro-

collagen peptidase that mediates;this;step. It has a1so been extracted from 

rat and chitk ca1varia by Bornstein et al (1972). The observà'tions by 

Go1dberg et al. (1975) of this enzyme in the ~dia of fibroblasts cultures 

suggested that its normal site of action was outside the ce1ls. 

It is a neutra1 endopeptidase that requires calcium as a cofactor. 

" It cleaves the terminal extensions (registration peptides) of proco1lagen in 

a stepwise manner (Go1dberg et al .• 1975). It is not c1ear whether more than 

one enzyme is required for removal of the amino and carboxypeptides. 

The studies made by Bailey and Lapiere (1973) on tissue co11agen 
, 

in the procol1agen peptidase deficient disease of cattle. dermatosparasis • .. 
r.learly showed that if the registration peptides are not removed that normal 

pacldng and cross1ink formation required for nonnal tissue function c,annot 

occur. 

The extraction of sma11 amounts of procol1agen 1 and III from , ., 

skin b~ Byers'èt al! '1974) and Lenaers and Lapiere (1975) may,indicate that 

there is a delay in the nonna] conversion of the soluble procollagen into the 

fibrillar collagen.· 
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g) Ei~ril_a~d_c!o~s!i~k_f~r~ali~_ 

The major cross11nks which stabilize co1lagen are part1y formed 

fram certain 1ysyl and hydroxylysyl residues situated 1n the te10peptides 
, 

following the;r conversion to the aldehydes allysine and hydroxyallysine, 

by the enzyme 1ysyl oxidase (Siegel and Martin. 1970). 

Lysy1 oxidase waJ isolated.and characterized by Pinnel1 and 

23. 

Martin (1968) and Siege'l and Martin (1970). The enzyme requ1res oxygen and 

copper as a presumPtive cooxygenase. Recent studies show that aort;c lysyl 

oxidase 1s heterogenous in that it contains two antigenically distinct compo­

nents (Vidal et al •• 1975). 

The principal intramolecu1ar crosslink arises by the condensation 

of the allysines in the aminotelopeptide ta fonn the aldol condensation produet 

(Gal1op and Paz, 1975). For normal intermolecular crosslink fonnation Tanzer 

(1967, 1968) showed that the moleeules must pack together into a q\:larter stagger. 

The allysine and hydroxyallysine resi~ues in the am;no and carboxytelopeptides 

plus the 'secondary aldehyde from the aldol condensation product are the pre­

cursors of Schiff bases fonmed with lysine. hydroxylysine and histidine 

residues at specifie sit~s in the helix. Further details are given by Gal10p 

and Paz (1975). 
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CHAPTER III 

PREVIOUS INVESTIGATIONS: 

• t ABNORMAl PRIMARY ST~UCTURE OF COlLAGEN 
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There are many sites in the biosynthetic pathwat where collagen 

defects could arise. Most of the known human defects are inheritèd':as-
~ 

recessive traits and effect the enzy~ med1ated post translational modi-

fi cations, of the con agen primary structure (McKusick and Martin, 1975). -' 
. 

Ot~er defects 1nvol~e the types of collagen syn~esizea {Penttinen èt al., 

1975} • 

In Table Il the features of the seven types of human Ehlers-Danlos 
\ . , 

syndrome as defined by McKusick ~nd Martin (1915) are 1isted. In three 

• of the recessive forms en~yme defects have been identified. 

LysY1 protocol1agen hydro~lase deiiciency 

In 1972 Pinnel1 èt al. observed low hydroxylysine levels in specimens 
\ ' 

of skin, fascia and bone from two siblings with the type VI Ehlers-Danlos 
. ~ ~ 

syndrome. Associated with tijsanomaly the tissue~ showed a marked reduc~ion 

in the hydroxylysine derived cross1inks (Eyre and G1imcher. 1972). The ' 
" 1 

enzyme lysy1 protocollagen hydroxylase which mediates the hydroxylation c 
• ~ t ,. 

of lysyl res1dues was shown to be,deficient, in culturedf1broblasts from . / . ".,. 

these patients (Krane et al., 1972). Sussman,et al~ (1974) confirmed this , 

enzyme defect in cu1tured !ibroblasts from one of twb affected siblings .. 
from a di fferent fam11y,,.. , ' 

It may be possible to increase th~ activity of this enzyme as an 
r 

, affected boy from ~noth~r family has shown 1mproved 1ysyl hydroxYlatfon 

with the administration of the enzymels pr1nciple reductant ascorbic 

acid (Elsas et al., 1974). .. 
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, J TABLE Il 

The Ehlers-Danlos Syndrome 

Name C11nfcal features 

" -, 
- 0 ~ 

EOS 1, gravis type Classic features, all severe 
l' 

EDS II, m1tis type Classic features t all mlld: -'. 
~ 

~ . 
Generalized marked joint hypermodility without EOS III. benign.hypermobile 

Q~ skeletal deformity; skin feat~res minimal 

EOS IV, eéchymot1c, arterial_ Severe bruisability, ver.y thin skin, rupture 
or Sack-Barabastype of bowe1, rupture of large artertes, minimal 

joint laxity (e.g., l~mited to fingers) 
d 

EDS V, X-linked type Stretchable skin striking, joint hypermobi1i~ 
. minimal ,;'skin. fragilit~and bruisability 
variab]e~ . 

EDS VI. 'ocular .;pe 
~ . 

Scoliosis severe, skin features moderàte, 
blindness from retinal d~tachment or ' 
.ocular -rupture. A 

• 1 , 

EeS VII~ àrthrochalasis Short stature, severe joint la~ity witb 
multtplex,Qongen4ta congenital dislocations, moderate $kin 

• , stretchability and brùisabil1ty • ., 

" 
l' • 

( 

• 
Genetics 

..J 

~ 

Au~osomal domin~n~ 

Autosomal dominant 

Autosomal dominant .. 
~ 

. 
Autosomal récess~e 

~ 

.. .. ,,,. 
X-Tinked recessive 

• 

Auto~omal recessive , 

Autos<imal recessivE! $" 
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BiochemOcal 4efect 

Unknown 

Unl(nown. 

'Unknown 

1 .­
f 

1 
l, • , , 

, 1-
Deficiént synthesis . 
of j:ype lIt. co'llagen .. ' .. 
Deficieocy of lysyl 
..oxidase ',' 

\f;~;encY'Of lYS~l ,',. , 
hydroxylas~ • 

Deficiency of pro- ' 
collagen peptidase 

.. 
.. 
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Proco11agen peptidas~ deficiency 

ln 1973 Lichtenstein et al. showed that three patients with type VII 

Eh1ers-Danlos syndrome had detectable amounts of type 1 procol1agen in 

extracts10f their skin and tendon. ,This abnormality was considered to be 

the resu1t of a defect in the conversion of proco11agen to tropoco11agen. 
r--' 

Reduced activity of proco11agen peptidase which is responsib1e for this 

conversion was observed in cultured fibrob1asts from these patients. 

, 

A similar enzYme defect has been observed in dermatosparaxis which is 

an auto,somal recessive disease of catt1e but the clinical 'features are 

J qui te different (Lenaers et aL, 1971). 

Ly~y1 oxidase deficiency 
o 

ln 1975. DiFerrante et al. reported two materna1 Cousins with type'V 

Eh1ers-Danlos syndrome in whom cultured fibroblasts produced poor1y cross­

linked co11agen due to red~ced 1ysy1 oxidase activity. 

They a1so showed that the f1avanoid (+) catechin which can create 

hydrogen bonds between co11agen~lecules in vitro decreased the abnormal 

sOlubi1ity ~f the col1agen produced by these fibroblasts. It.was suggested 

that this agent may produce a simi1ar effect in vivo. , . , 

This enzyme step is also affected by the action of severa1 drugs and 

other genetic diseases. The activity of , r. 1ysyl'oxidase iS'reduced by 

t~e competitive inhibitor e amine propr;oniti1e ~nd by_~iso~ers which 

decrease the 1eveJ of the essentia1 cofactor,' copper (Pinnell-and. Martin, 

1968); Danks et al •• 1972). The reduttion in crosslink formation produced 
~ - -
by'penici1lamine. hOmOcysteineand hydrel1azine is in part due to the binding - . 
o~ these agents to the aldehydes produced from lysine and hydroxylysine by 

this enzyme (Ga11op and Paz. 1975). 
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, 
There are also several reported defects invo1ving the types of 

collagen synthesizedi 

1) Deficiency of type III co11agen : 

ln 1975, Pope et al. reported five patients with'type IV Eh1ers­

Dan10s syndrome who had histological evidence of reduced amoûn.ts of 

tissue collagen, absent type III collagen in th~skin, aorta and intes­

tine and absent type III co11agen in the ce1ls and media of cu1~ured 

fibroblasts. 

2) Oeficiency of type 1 collagen 

Also in r975, Penttinen et al. reported that cultured fibrob1asts 

from a 1ethal form of osteogenesis imperfecta congenita produced less 

type 1 and more type III collagen than nonnal' libroblasts. It was conc1uded 

that the defe~ invo1ved type 1 co11agen production. 

Meige1 et al. (1974) and MUller et al. (1975) studied a boy with a new 

connective tissue disease whfch appeared to be inherited as a recessive trait. 

He was marfanoid with sorne radiological features of osteogenesis imperfecta. 

Fibrob1asts culture studies showed a reduction in type 1 and an increase 

in type III co11agen production. 

It i5 apparent that great advances have been made since 1972 in the 

detection of primary structure anomalies of co11agen in several inherited 

connective tissue diseases. This information has contributed to the under­

standing of nonna1 col1agen biosynthesis, the improved classification of 
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these diseases and has suggested possible methods of therapy. However 

very li tt1e information is avai1a,ble concerning the primary structure of 

collagen in the dominant forms of Ehlers-Danlos syndrome and osteogenesis 

imperfecta in which amino acid substitutions in the collagen chains pro-

bably constitute the basic defect (McKusick and Martin_. ,1975; Lancaster 

et a1., 1975). 

" 
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In contrast to classica1 primary structure studies in which large 

quantities of purified collagen are usèd.it is necessary in studying 

human genet;c connective tissue diseases to use techniquES suitable for· 

the analysis of collagen in small tissue samples. 

The techniques of amine acid analysis. cross1ink ana1ysis, cyanogen • . ' 

bromide peptide ana1ysis and pOlyacrylamide ~lectrophoresis have pro~ , lr 

vided valuable information regarding the collagen in small tissue samples 

obtained from patients with the Ehlers-Dan1os syndrome (Lichtenstein et al., 

1973; Penttine.!l_e,t aL. 1972;-Mechanic. ]972; Pope et aL. 1975). It',is 
, 

unlikely however that these techniques applied to small tissue samples 

weuld enable the detection of an amino acid substitution such as may exist 

in the dominant for~ of the Ehlers-Danlos syndrome and osteogenesis imper­

fecta (MC~USick and Martin. 1975; Lancaster et al .• 1975). 
,.. 

While an amino acid substitution may not produce a detectable alter-

ation in the amine acid contènt of the tissue or irr the èectrophoretic or 

chromatographie characteristics of~luble collagen or the cyanogen bromide 

peptides oit 'may alter the behaviour of smallerLco1lagen peptides. Smaller 

peptides, in particu1ar tripeptides are released from col1age~ by c1ostri­

diopeptidase A (Mithae1s et al .. , 1958). It was reasoned that if <suitable 

methods of peptide separation and det~ction were available this technique 

may ~e appropria~e for the study.of collagen in dominantly inherited con­

nective tissue diseases. ' 

Fi .alt ;6. P ( 
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Recent1y paZ~nd Gal10p (1975) reported that gopd fingerprints were 

obtained when the peptides released from sma11 amounts of co1lagen by c10s­

tridiopeptidase A were separated by high pressure ion exchange 1iquid chro­

rnatography and detected by scintillation counting. As a result of this 

report it appeared likely that with sorne modifications this technique would 

be suitab1e for fingerprinting collagen in smal1 tissue samples. 

T,he aims of the s tudy were 

1. To determine if specifie fingerprints could be obtained when 1 mg samples 
'" 

of human type 1 collagen were digested with c10stridiopeptidase A and 

the released peptides separated by high -pressure ion excha~ge liquid 

chromatography and reacted with ninhydrin. 

2. To determine the fingerprints of human al (I), a1(II), a1(III) .. and a2 

chains. 

3. To determine if specifie fingerprints could be obtained when this 

technique was applied to small samples of human dermis, tendon, bone 

and cartilage. 

4. To determine from the results1Whether this technique would be suitable 

for the primary structure analysis of collagen in human genetic con­

nective tissue diseases. 
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CHAPTER V 

MATERIALS AND METHODS 
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5. 1. REAGENTS 

Pepsin (2 x crystallized). azocasein, clostridiopeptidase A (E.C. 

3.4.4.19) (described as col1agenase type III from Clostridium histoly­

ticum), 4-hydroxy-L-proline and ô-hydroxy-lysine-HCl were purchased from 

SIGMA Chemical Co. (St. Louis. Mo.). The tripeptides Gly-Pro-Hyp. Gly­

Ala-Ala, Gly-Pro-Ala and Gly-Pro-Pro came from FOX Chem. Co. (Los Angeles. 

Ca.). DEAE-cellulose-(DE 52) and CM-cellulose (CM 52) were obtained from 

WHATMAN (Maidstove. Kent). PIERCE (Rockford. Il.) was our supplier of 

ninhydrin reagent (NIN-sol) and of amino-acid standard (hydrolysate, sodium 

citrate buffer) which wa's completed with weighed hydroxyproline and~ydro­

xylysine. Reagents for gel electrophoresis were from EASTMAN KODAK Co. 

(~ochester, N.Y.) except for sodium dodecyl sulfate (specially pure) which 

was 'obtained from BDH Chemicals (Montreal. Canada)7 All the other reagents 

were from FISHER' ·Scientific (Montreal. Canada). The insoluble material 

found in guanidine hydrochloride (purified) was eliminated by filtration 

before use. 

. 5.2. GENERAL PROCEDURES. ,.. 
Tissue specimens were milled for 4 min. at liquid nitrogen temperature 

in a freezer-mill (SPEX Inij., Metuchen. N.J.). The centrifugations to 

collect precipitated material were made for 30 min. at 40 C and 37,000 9 

(r av 8.25 cm) in the S~ rotor of the SORVAll .Re-2B centrifuge. Tr-is-HCl 

bUffers were prepared~ighing the required. amount of Tris, dissolving 
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it in ha1f of the final volume and adjusting the pH with 1 M Hel •. The 
, 

solution was then brought to volume. Dialyses were made with stirring 

at 40 C in SP~TRAPOR #2 membranes (specified mo1ecu1ar weight cut off 

12-14,000) (~ECTRUM MED. Ind., Los Angeles, Ca.). 

5.3. PURIFICATION OF HUMAN TYPE 1, II and III COLLAGENS. 

Skin samples we~e col1ected at autopsy from patients and foetuses 

who had died from conditions not 1ike1y to have been associated with 

collagen abnonnalities. Foetal -dermis was used as the sQurce of type III 

collagen and both foetal and adult dermis were used as the sources of 

type 1 co11agen. These col1agens were isolated and purified uSlng the 

"techniques described by Epstein (l974). The type III collagen obtained . . 
was found to contain a 1ittle type 1 collagen. When chromatographed on 

CM-cellu10se, the type III col1agen coeluted with the 812 chains of type 1 

co11agen. Pure type III c.o11agen was precipitatied from this coeluting 

material by dialy~is against 0.05 M Tris-HCl buffer, pH 7.5, containing 

1. 71 M NaCl. 

Hyaline costal cartilage was obtained at autopsy from a 3-year-old 

chi1d who had died of cardiac disease. After excision of the perichondrium 

and mil1ing of the cartilage. the proteog1ycan was extracted at 40 C with 

5.5 M guanidine hydrochloride, 0.15 M potassium acetate, pH 6.3 solution 

(10 m1/gm wet weight) changed dai1y for 5 days (Rosenberg, 1975). Type II 

co11agen was obtained by limfted pepsin digestion o~ thè residue using the 

techniques of Miller (1972) and of Eyre and Muir (1975,a). The type II 

col1agen ~btained was chromatographed on both CM,and DEAE-ce11u1ose. 
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CM- and DEAE-ce11ulose chromatography. 

CM-cellulose chromatography was"performed as described by Lichtenstein 
." 

et al. (1975). The bed size was 1.5 x 20 cm 'and the column was eluted at 

450 C with a 400 ml linear gradient from 0 ta 0.1 M NaCl, in 0.03 M sodium 

acetate buffer. pH 4.8. containing 4 M urea. The absorbance of eluting 

material was continuously measured at 230 nm with a SCHOEFFEL 440 spectro­

f10w monitor equipped with a 8 ~l cell. 

The tech~ique of Trelstad et al. (1972) was used for DEAE-cellulose 

chromatography with the addition of 1.3 M urea to the buffers as suggested 

by Seyer et al. (1974.a). The bed size was 1.5 x sr 
Gel electrophoresis. 

Urea-sodium dodecysulfate polyacrylamide gel electrophoresis was 

made according to the technique of Goldberg et al. (1972) in a BOCHlER 

POlYANAlYST ~nstrument. The gels were stained with l S amido-black in 7 S 

acetic ~~id for 30 min. Destaining was perfo~d in a diffusion destainer 

(model 172, BIO-RAD., Richmond, Ca.) using a solution of acetic acid (50 ml), 

methanol (75 ml) and water to l L. Gels were scanned with a scanning 

microdensitometer (Model 445-50 Oensicomp, CLIFFORD Inst., Natick, Mass.) 

equipped with an interferential fil ter centered at 550 nm. 
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5.4. PREPARATION OF TISSUES FOR CLOSTRIDIOPEPTIDASE A DIGESTION. 

Samples of skin. tendon, bone and costal cartilage were obtained at 

operatfon or autopsy from patients with di sorders not 1 i kely to have been 

associated with collagen ,abnormalities. Each tissue was mechanically 

cleaned and milled to a fine powder. T~e milled dermis. tendon and costal 

cartilage underwent limited pepsin digestion as described by Epstein (1974). 

Following the digestion the pepsfn was inactivated by raising the pH of the 

mixture to 8 f~r 20 ~in. using 2 M NaOH. The mixture was dialyzed at 40 C 

against 0.05 M Trfs HCl buffer, pH 7.5, containing 0.5 M NaCl, against 

deionized water and lyophilized. FiVj mg of each lyophilized samp~e'was 

used for clostrodiopeptidase A digest'ion. 

Samples of milled bone were washed with a 0.15 M NaC1 solution at 

40 C until the solution was clear. The powder suspended in this solution 

was dialyzed at 40 C against a 0.6 M EDTA solution adjusted to pH 8.0 with 
", 

NaOH (200 ml/100 gm of bone) (Dickson. 1974). The solution was changed 

each day for 7 days. The decalcified bone suspension was dialyzed against 
" r 

0.05 M Tris-Hel buffer, pU 7.5 containing 0.5 M NaCl, against deionized 
,l' 

'water and lyophilized. Limited pepsin digestion of thfs material was made 

as described abov~. Five mg of the resulting lyophflized materi~vwas 

used for clostridiope,ptidase A digestion. 
\ 

.. 
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5.5. CLOSTRIDIOPEPTIDASE A DIGESTION. 

Digestion of collagen by clostridiopeptidase A was made essentially 

as described by Paz and Gallop (1975). 
. . 

Samples of 1 to 2 mg of collagen were suspended in 0.5 ml of a 0.02 M 

Tris-~Cl buffer, pH 7.5, containi.ng 5 lJttt CaC12 and 0.01 % azocasein. 10 lJl 

of a clostridiopeptidase A solution (2,000 units/nl) in the same buffer was 

added and the mixture was maintained at 370 C for 15 hours with mild'agitation. 

0.5 ml of a 10 % trichloracetic acid solution was then added and 1eft to 

stand for 30 min. at 4~ C. The suspension was centrifuged for 10 min. at 

40 C and 9,200 g (rav 8.25 cm). The pellet was discarded and the superna-
, 

tant extracted three times with ether to remove trichloroacetic acid., The 

residual solution was lyophilized . 

5.6. HIGH PRESSURE LIQUIO CHROMATOGRAPHY OF THE CLOSTRIDIOPEPTIDASE A 

DIGESTION PRODUCTS. 

The automatic ana1ys;s of the smal1 peptides released by the c10stri­

diopeptidase A digestion was performed on the DURRUM D~500 amine acid ana-

1yzer (DURRUM INST. Co., Palo Alto, Ca.). Each' 1yophi1ized samp1e was dis-

solved in'the sodium citrate samp1e buffer, .pH 2.2 (100 lJ1/mg), and an 

a1iquot of 40 lJl transfered into a sample holder unit. The chromatography 

was perfonned at 2,,000 psi on the stan~ard 1.75 riin bore, 48 cm long, DC-4A­

resin column, using ~ modified DURRUM" sodlumïe1~~ buffe~ system to pro­

duce a discontinuous pH an~ ionic strength gradient. The elution system 

, " 
• "i~, t." ' • 

, , , 

, 

.j 
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was as follows: time 0 refers ta sample injection. 0-44.5 min, pH 3.25, 
+ ' + Na 0.2 N; 44.5-52 min., pH 3.75, Na 0.2 N (prepared,as a 1:1 mixture 

of the Na+ 0.2 Nt pH 3.25 and pH 4.25 standard buffers); 52-BO'min. pH 4.25, 

Na+ 0.2 N; 80-130 min.; pH 4.50, Na+ 0.-38 N (prepared by addition of 6 N 
. . 

HC1 to'the Na+ 0.38 N,' pH 5.~ standard buffer); 130:..165 min •• pH_l.9. 

Na+ 1.1 N. The column temperatuye was 50° C and raised to 65° C at '10 min. 

The elution time of the tripeptides G1y-Pro-Hyp, Gly-Ala-A1a, Gly-Pr~-Alat 

Gly-Pro-pro t were determined with synthetic standards. 

Reaction with ninhydrin was performed at t26° C under 110 psi back­

pressure and the absorbance of the reaction products rèad with a 590 nm 

photomete r. , , 

Amino-acid analysi's. 

• Samp1es were hy~ro1yze~ under 'nftrogen in 6 M'constant 'boi1ing HCl 
7 • • 

for 20 h at/tTO° C and ana1~zed with the OURRUM 0-500 amino-acid analyzer ~ 
<; 

using the standard 4 buffer system for collagen ana1ysis. Hydroxyproline-, . 

and proline reaction products were detected witb a 440 nm photometer. 

( 
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( 

6.1. CHARACTERISTICS OF THE ISOLATED COLlAGENS. 

v 
, 

The behaviour of ol!lr type 1 cona'gen preparation on CM-cellulQse 

chromatography (fig. 4) and polyacrylamic1e electrophoresis (.fig. 5) 
) 

conformed to the characteristics of type 1 collagen reported by Bornstein 

( _. and Piez, 1964. ·Characteristic electrophoretic mobilities and amine acid 
, 

contents were also observed for the eluted al(I), ell. e12 and a2 chains. 

The slight heterpgeneity 6bserve~ in the electrQphoretic pattern of type 1 

co11ag~n and the~l{I) chains has also been observed by others (Chung and 
J . 

Miller. 1974; Eyre and Muir: ,1975J' and attributed to the production of sorne 

~, shorter _chains by the action ~f pepsi~. 

~ The cartilage collagen produced a single peak when chromatographed 

on CM-cellulose (fi9-. 6) and wh~n chromatographed on DEAE-cellulose this 

peak was resolved into two main fractions (fig. 7). These fractions had 

identical amino-acld compositions (Table, III) and hexose contents as deter- ~ 

mined by the method of Robertson oêlnd Harvey (1972). Apart from higher -hy-
• t; .,. 

droxylysine. contents their amino acid compositions were similar to the 
~ 

composition of. human type II collagen calculated from its cyanogen bromide. 

fragments by MiJler.and lunde (1973): As a r~sult,the major'peaks obtaine~ 
firom the CM~ and DEAE-cellulose ch~omatographies ~ere considered ta colt~in 

'type IL collagen. The presence on electrOphdrtesis oJ some B chains in thè '-......, 
, . 

second DEAE-cel1ulose fraction suggests that the type II co11agen in these 

,fracti,ons differed in thei~ state o,f aggregation. (fig_ 'S}."" In, contra st to 

Sey~r et a1 .... ..<1974a.b) who foun~. bQth typë-I-and U eollAgen~"il,l.bovi~~f ~ 

cai'tilâge we' only1ilf""",d'type II collagen .. .tn Qur.bglitted human Ihaterial. 

.. ? -. .. ... 
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( , FIGURE 5. Electrophoretogram of type 1 collagen and its co~ponent chains. 
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TABLE III 

.. 
Ami~o Acid Composition of Cartilage Co11agen 

Carti1age co11agen was chromatographed o~ CM-cellulose and yielded 
a single fraction referred to as CM-cellulose. When chromatographed on 
DEAE-ce11u10se two major fractions, referred to as Fractions A and B were 
obtained. 

Amino Content (residues/1000 residues) 
Acids CM-cellulose DEAE-cellulose 

1 tractl0n K rraCtl0n -U-. 

Hyp 97 96 95 
Asp 40 42 41 , 

Thr 20 22 20 
Ser 27 30 29 

Glu 99 98' 99 
Pro 119 116 118 
G1y 336 332 331 

" A1a 101 103 105 
Val 16 15 16 
Met 6.0 7.9 , 7.0 
Ile 11 9.9 la 
leu 30 28 29 
Tyr 1.2 1.8 1.1 

Phe 13 12 12 

His 2. 1 2.7 2.7 

tf,Yl 19 19 18 
. 

lys 17 17 17 

Arg 49 49 49 . 
1\ , 
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A characteristic single symmetrical peak was obtained wh en our unre­

duced type III cOl1agen prepara;ion was chromatograph~d on CM-cellulose 

(fig. 9). On gel electrophoresis the same preparation showed a major y band 
, 

and some higher molecular weight material (fig. ~~). After reduction of the 

disulfide bonds with a-merc~ptoethanol the characteristic conversion of the 

slowly migrating Y chains into the faster migrating al chains was observed 

(Eyre and Muir. )975),. The presence of sorne dimeric (6) and trimeric (y) 

~ -material was probably due to the presence of some non disulphide crosslfnks. 

The amino acid composition of this type III col1agen preparation was a1so 

found to be sfmilar to the compositions reporfed by Epstein (1974) and 

Chung and Miller (1974). 

, 6.2. ANAlYSIS OF THE PEPTIDES REÜASED FROM ISOlATED COLlAGENS 

After digestion with clostridiopeptidase A. eaeh 'type of collagen 

showed a specifie e1ution profile on hfgh pressure ion exchange liquid chro­

matography (fig. ]1). More than 40 peaks were reso1ved. Peaks corresponding 

ta the elution times of the tripeptide standards were identiffed (Gly-Pro-, 

Hyp. 43 min.; GlY-A1a-Ala. 46 min.; Gly-Pro-Ala. 61 min. 15; Gly-Pro-Pro. 

62 min.20)., Partial resolution between the Gly-Pro-Hyp and Gly-Ala-Ala and 

between Gly-Pro-Ala and Gly-Pro-Pro was obtained. 

• 
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Three peaks were produeed by non eollagenous mater1als. A urea peak 

eluting after 9 min. was foul'ld in the digests of chromatographiea11y purified , 

chains. The peak eluting after 78 min. was an artefact a1~0 present in~ 

blanks and the peak eluting after 111 min. was due to alTllJOnia: 
'" 

The conditions used for the c1ostridiopeptidase A digestion as judged ~ 

by the comp1eteness of the digestion and the 1ack of non specifie proteo-
1. 0 

1ysis appeared to be satisfactory. Quantitative amino acid analys1·s of the 
J 

collagen substrates and the 5 % tr1ch10raoeti.c '; acid soluble collagen .' 

peptides showed that the re~ction was complete. In addition a eomparison 

(of the elution profiles of,the collagenase released peptides with amine 

acid elution profiles fai1ed to 'show any significant coincident peaks. ' 

This finding was conSidered to, indicate the absence of any, sign1f1,cant 

exopeptidase ~ctivity. The activity of non specifie endopept1dases as 
. ' 

assessed by the digestion~of azocasein was also shown ta be minimal.' 

The elution patterns obtained from different runs ôf the same peptjde 
\ 

, preparation wbre found to be almost idenÙca1. Th~ el ~t10ri, pattern 
,If # .! 

obtained fram separate d\gests of the same substrate were a150 almost 
. 

identical provided the sa~ conditions, in particular the same enzyme 

preparation wa~'used. We observed severa1 differences when ADVANCE 

B~FACTURE Corp. (lynnbrook.' N.Y.) fonm lIt col1agenase was used instead 

of thé SIGMA type III col1agenase. These differlnees were probably re1ated . 
to the known heterogenei ties of this enzyme (Mf~~shi and Ros~nbloom •. 1974); 

, . 
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" 
An assessme~t of the ~uitability of this technique for the quantita­

tive analysis of collagen was made. Pur1fied type 1 collagen, àl(I). a2 , 

and a12 chains were separately digested ~ith clostridiopeptldase A ànd 

the resulti'ng pepti.des chromatographed. Two' peaks were selected; the one 

eluting at $8 min., 58 sec. (peak 88/58) was considered specifie for the 

1(1) chain andfthe O!l~ eluting at 150 min. 58 sec. '(peak 150/58) specifie 

for a2 (fig. 12). Using these peaks as markers, we recalculated the ~hain 

composition of type 1 collagen and 612 chains. The results given in 

Table IV show close agreement between the experimenta1 and theoretical chain 

cORJ;)ositions. 

Using the quanti~ative infl?,nnation 'obtafned from this experil!!E!nt we 
, 

mixed the pepti~es produced by the separate digestions of al(I) and a2 
o • • 

. chains in1'a 2:1 .ratio simulatfng. type t collagen. The resulting elution 
, < 

profile was almost comp1ete1y supèrimposab1e on the one obtained for type 1 

collagen (fig .. 13). 

6.3: ANAlYSIS'OF PEPfIDES RElEASED FROMJISSUE COLLAGEN. J 

Readily.recognizable collagen fingër~rint~ were obtained from thi , 
dermal. tendon t bone and cartilage samp1es (ffg. 14: and 15) •. It will be 

noted that a new DURRUM DC-4A column was used for these analyses and the 

speed of the, paper was doublea. Setter resolution of the pep.tides was' 

obtained. 
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. Using th~ described high pressure liquid chromatography analysfs of 
the collagenase digestèd collagens the pro ortions of,al(I) and"a2 chains . 
were evaluated from the relatAve area of th peak eluting .~t 88 min. 58 sec. 
considered as specifie for1fhe al(I) chain and of the peak'~lut1ng at 1~0 min~ 
58 sec~ con'sidered as specifie for à2. chain. These peaks are indicated by 
arrow~ on. fig. 12. 

~ J . . 
\ 0 Exper~menta 1 val ues:t Theoretical values~ 

Oigested chain . 
f • P.eak 1 ~~58 Pèak150/58 al (1) a2 - -.. - - - .. -. lel 1 ~J;- - - [a2] - , 

al (1}-811 25.4 (1001) 0 
,.... 

l'tO , 0 

a2 0 \ 14.8(100%) 0 100 -
\ .. 

[al(I)ba2 17 .Q(671) 4.9(33%) , ·67 33 
- j 

81,2 13.2(521) , .8.4(57%) 50 50 . , . 
~ peak area x 103/E of f~tegrated peaks 
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The fingerprints obtained from tendon. bone and dermis were almost 

identical to the type 1 cd11agen fingerprint shown in fig. 14. In each 

tissue approximately 75 % of the co1lagen was ~onverted ta trichloracetic 

acid soluble peptides. Theré was no evidence of non specifie proteolysis 
" 

apart from the fingerprint of one bone sample,which showed Several addi­

.ional peaks possibly produced Qy amine acids. 
~ 

, , 

A type II collagen fingerp~int was obtained from!the costal cartilage 

digest. There were no sign of non speèific prote~lYSfS~,~pproximatelY 75 % 
\", 

of the cartilage co1lagen was converted to trichloracetic atid soluble 

peptides. 
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DISCUSSION 

The technique deve10ped for fingerprinting human co1lagen was found 

to be' satisfactory for both isolated collagen and collagen with1n,.1small samp1es 

of tissue. 

CLOSTRIDIOPEPTIDASE A FINGERPRINTING OF COLLAGEN 

This study showed that the conditions described by Paz and Gallop 

(1975) for clostridiopeptidase A digestion were satisfactory. Using 1 mg 

samples the peptide yie1d for each type of co11ag~ was essentially 100 %, 

the fingerprints were reproducible and there was minimal evidence of non 

specifie proteolysis. 

These observations are in agreement with the reports concerning the .. 

action of clostridiopeptidase A. This enzyme has been shqwn to contain two 

main frac~1ons termed fraction A and· B (Miyoshi and Rbsenbloom, 1974). 
~ -"-

Fraction A c1eaves the collagen molecule ~t the bond bet~een X and G1y in 

the sequence -P-X-G1y-P-X- where P i$ praline and X is any amino acid 

(Harper andjKang, 1970).' In addition to this site of cleavage fraction a 
1$ able to cleave at the amino end of gl.Ycine in sorne sequence where P 15 

replaced by other amine acids (Bornstein, 1967; Harper.ard Kang, 1970). 

The digests contain mainly triplets and some larger' p~ptides of 10 to 30 ~ 
~ 

r csidues (Franzblau et al., 1964). 
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High pressure ion exchange Hquid chonnatography was a suitable 
( -

method of separatfng these peptides. It had the advantage of requf~ing 

very small quantities of peptides (equivalent to approximately 200 ~g 

of collagen) and of being highly reproducible. The ninhydrin detection 

system was sensitive so that good fingerprints were obtafned without the 

need to use larger quantities of peptides or radioactive qollagen from 

fibroblast cultures. It was also considerably less expensive than uSÂng 

radioactively labelled collagen. 

fINGERPRINTS OF THE ISOlATED COlLAGENS 

') 

Specifie f;ngerprints were obtained trom 1 mg samples of human type It 
1\.--

II and III co11agens and a1(1) and a2 chains. The di fferences in these 

fingerprints were considered to ref~ect d1fferences in the primary structure 

of each of these eollagens. This yfew fs supported by our, observation that ' 

the type 1 co1lagen fingerprint eould be reconstituted from the fingerprints . 
of its component al (1) and a2 chafns. 

~ 
It ~y be possible to use sorne ~f these differences to assess the 

relative amounts of these collagens in a mixture. This was shown ta be 

feasible for thè a1(1) and a2-chafns fn which specifie marker peaks were 

used. 
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Four tripeptide peaks Gly-Pro-Hyp, Gly-Al a-Al a',' Gly-Pro-Al<a and 
\ 

Gly-pro-pro were ident~fied from the elution times of standards. Two 

of these peaks Gly-Pro-Pro and Gly-Pro-Hyp may be used to estimate the 

completeness of the post: translational step of prolyl hYdroxylation as 

shown by Paz and Gal10p (1975). They suggest that in addition comparison 

of Gly-Ala-Hyp to Gly-Ala-ero would provide extra information concerning 

prolyl hydroxylation and comparison of Gly-Pro·~l to Gly-Pro-Lys would 

provide information concerning lysyl hydroXYlation. In contrast to assessing 

the completeness of prQlyl and lysyl hydroxylation from the amino acid 

content of the tiss.ue this method provides a means of evaluating the hY,drox-
~ 

ylation step in selected sequences of this molecule. 

FINGERPRINTS OF TISSUE COLLAGEN. 

Good peptide y1elds and readl1y recognizable fingerpdnts were obtained 

from clostridiopeptidase A digested samples of dermis. tendon. bone.aRd 

cartilage. 
~ , 

Dennis: In our ear]y studies_untreated mil1ed dermis was digested 

with clostridiopeptidase A but the resulting fingerprints whilè resembling 

the purified type ~ fingerprint contained many extra peaks: However when 

limited pepsin digesti'on and dia,lYSis of 'the digestion mixture were made 

prior to ,clostridiopeptidase A digestion f1ngerprints almost identical to 

the type 1 collagen~pattern were obtained. This extra step probably destroyed 

non specifie proteolytie enzymes and removed iow moleeu1ar weight ninhydrin 
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reacting materials. Because of this improvement limited pepsin digestion 

and dialysis were also used for the other tissues. The disadvantage of . . 
adding this step 1s that pepsin 'removes the non helical telopeptides of 

collagen (Rubin et a1.~ 1963). 'L/-"" . " 

The whole pepsin digest (foBowing the inactivation of p'epsin and 

dilaysis) was used for c1ostrid;opeptidase A digestion as 1t was considered 

important- to obtain fingerprints fram the soluble and insoluble collagen 

fractions. The peptide yield of approximately 75 % was a 1ittle less than 

can be obtained by cyanogen bromide cleavage (Epstein. 1974). However the,' 
l , 

c1ostridiopeptidase A technique has the advantage that good fingerprints 

are pro~uced fram very smal1 quantitie~ of tallagen. The greater sens~­

tivity of this technique 1s probably related to the better resolution that 

can be obtained using high pressure ion exchange l1qu1d chromatography in 

contrast to the low pressure chrom~tography used f~r separation of the -. 

larger cyanogen bromide peptides. In addition ft 15 l1kely that less than' 
'. 

5 mg of dermis could be used for our studies as only part of the peptide 

solution w~s used for fingerprlnt analysis. 

The type 1 col1agen fingérpr1nt.obtained from derm1s sugges~s that 

these~samples contained predom1nantly type 1 collagen. Foetal skin samples 
, -

which have been reported by Epstein (1974) to contain a ~igh proportion 

of type III collageo were not studied. 

.... 

1 ( .. ~~:a~d'lg,W lY~ 1/1ot, 

" 



j 
/, , 

" i 

t 
r 

1 

j 
j 
1 

f 

, 
, 

1 

( 

( 

--
-~-_ ....... _ ..... _*W ___ "_'_!l"_" ___ ... _ .. _~..-_w _______ , __ _ 

J 

Because the dermal fingerprints were almost identical to those 

obtained from purified type 1 collagen it was considered that this 

technique could be u~ed to study the col1agen within small dermal 

samples without the need to isolate and purify it first. 

60. 

Tendon: Similar observations were made for tendon. The tendon 

fingerprints appeared to on1y contain type 1 co11agen peptides which 

agrees with the composition of tendon reported by Miller (1973). 

It also appeared, that thfs~ngerprinting technique, was suity,le 
" 

for the study of collagen in small samples of tendon. , 

Bone: The E.O:T.A. technique used to extract bone mineral was 

satisfactory. Sy dialyzing the bone against E.D.T.A. t~e sma11 amou~t 

of collagen solubilized by this solution was retained (Dickson, 1974). 

Good type 1 collagen fingerprints wererproduced and the peptide 

yields were comparable to those o.btained from dermis and tendon. Increas1ng 

the amount of clostrfdiopeptfdas,e ,A fal1ed to increase the y1eld. 

Cartilage: The yield of peptides was increased fram 60 % to 75 S 
II' 

by using.limited pepsfn digestion and dialysis of the costal cartilage 
" ,. ~ 

prior to clostridiopeptidase A digestion. The mechan'ism of .thf's effect 
1 ' 

• l ' • 
of pepsin 15 uncertain b~t it probably resti.ts from an effect. on the proteo-

l ' 

glycans allowing more collagenas, tQ,reach the collagen. To fncrease thè 

yield further it may. be 'necessary to make a more fonnal extraction of 
.' . 

proteoglycans with guanidine HÇ1.: -
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From the cartilage fingerprint pattern 1t appeared t~at costal 

cartilage contained predominantly type II cOllagen whfch 1s 1n'agr~ement· 

with its· published compo~itipn (Miller and lunde. 1973). . 

It. is apparent that readily recognizable cOllagen fingerpr~ are 

produced ~hen this technique is applied to samples of dermi~. tendon. bone 

and cartilage. 

SUITABIlITY OF THIS FINGERPRINTING TECHNIQ~E FOR THE STUDY OF HUMAN GENÉTIC IP" 

CONNECTIVE TISSUE DISEASES. 

This technique has several features that make ft of potential value 

for the study of the.e diseases. 

1. Collagen fingerprints'can be produced from 5 mg samples of tissue. 
a 

2. Samples of this size 7.n readily be obtained from patients by biopsy. 

3. ComparisQll of the pep,lde pattern wlth the flngerpri~ts of nonal tissue, 

and puriffed collagens may enable a peptide cont~1ning an amino acfd 

substitution ta be detected. 

4. " It may a150 be useful for the study of prolyl ana lysyl hydroxylatfon , . 
-" 

in certain sequences of the col~agen molecule. 
, 

5. It may be useful for assessing the types of co'11agen within tissues .. 
, ' ' 
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It was concluded from th1s study that 

1. The technique,d~eloped to fingerprin~ cotl~gen was sensitive and 

reproducible. Spècific fingerprints were produced from 1 mg 
, 1 

q~antitles of human ,type 1, II and 111 collagen and al (1) and, al o 

chains. 

62. 
'\ 

2. This ,technique wasoalso able to produce specifie fingerprints'from • • 

the collage~ within small samples of dermis, tendon, bone and • 

car.tilage. 

3. This techn1qUe'~s'applicable to the stud) ~~ the priœary struc~u~e 

. . 

• ,1 • 

of collagen withi~ small tissue samples from patients with genetic -
connective tissue diseases. ··It"should provide·information concerning 

• 
amino acid, substitutioM, pmly' ~ydroxylatioir ~and Othe types of 

co/llagen. 
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