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The term collagen has recently been expanded to in
clude at least 7 genetically distinct structural elements 
of mammalian connective tissues. It is assumed that 
differences in the primary structure specify the interac
tions of these different collagens with one another and 
with noncollagen connective tissue elements. The spe
cific biomechanical properties of individual connective 
tissues result from the relative content of the different 
collagen types. 

Four major classes of collagens can be defined on the 
basis of compositional and structural characteristics. 
The first class includes collagens Type I, II, and III which 
form classically described compact banded film struc
tures resulting from crosslink stabilized side-by-side in
teractions of the triple helical structural domains. Type 
IV, or basement membrane collagen, comprises the sec
ond class. These molecules form open fiber structures by 
disulfide stabilized end-to-end interactions of the non
helical amino and carboxyterminal structural domains. 
The third class of collagens contains the Type V colla
gens and the molecules containing the E and F chains 
found in cartilage. These molecules may interact by a 
combination of side-by-side and end-to-end aggregation. 
Still a fourth class is suggested by recent descriptions of 
several collagens which appear to contain extensive re
gions of unstable triple helix within the triple helical 
structural domain. It has been suggested that these col
lagens may serve as links between collagen and noncol
lagen structural elements. 

These concepts suggest that the specificity of interac
tions directed by the different collagen types result from 
(1) the extent of removal of the nonhelical collagen do
mains and (2) the integrity of the triple helical structure 
within the triple helical domain. These 2 properties of 
the different collagens are directly specified by geneti
cally determined amino acid sequence differences. 

GENETIC HETEROGENEITY OF COLLAGENS 

The connective tissue structures of the vertebrate body are 
extremely diverse morphologically and functionally. The dra
matic differences in their properties have multiple examples. 
When one compares the properties of cartilage and bone, one 
sees in cartilage a structure uniquely suited to a relatively 
friction-free and self-lubricating articular surface. The resiliency 
of cartilage allows for absorption and dispersion of physical 
forces which might cause undue wear and fracture of a more 
rigid structure. In contrast, the apposition of mineral upon the 
organic matrix of bone results in a structure whose biomechan
ical properties are consistent with the inextensibility and inc om
pressability required of these rigid skeletal elements. 

The morphology of the organic matrices of bone and cartilage 
are unique. The fibrous elements of cartilage have a narrow 
fiber diameter and occur in random orientations, enmeshing 
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extensively hydrated proteoglycan aggregates. These thin fiber 
bundles interact in specific ways with each other, with the 
proteoglycan subunits, with the chondrocyte cell surfaces, and 
with other structural proteins and tissue constituents. Demin
eralized bone, on the other hand, contains fibrous elements 
having much larger fiber diameters. These broad fibers interact 
one with the other to form parallel arrays of fibers coursing 
through the bone matrix with a general orientation that is 
parallel to the long axis of the bone. The molecular constituents 
of these fibers align in a side-by-side manner to a greater extent 
than the analogous fiber subunits of cartilage. Additionally, the 
resulting large diameter fibers interact with other fibers, min
eral, osteocytes, and bone remodeling enzyme systems in unique 
ways to produce an osseous tissue with biomechanical proper
ties unlike cartilage or other connective tissues. 

Despite these functional and structural differences, the pri
mary structural protein of both these tissues is collagen. Isola
tion of the presumed collagen subunit by sequential extraction 
resulted in the characterization of a molecule capable of self
assembly into fibers under defined conditions. The observation 
of an ubiquitous self-assembling fiber subunit posed a dilemma 
which is yet unresolved: that is, how can a single molecular 
entity determine the complex and unique interactions required 
for the development and stabilization of tissues with functions 
and structures as diverse as cartilage and bone? 

Within the last decade, two developments within the field of 
connective tissue biochemistry have provided partial solutions 
to this dilemma. The first of these is the realization that all 
collagens are secreted as molecules which are substantially 
larger than those which were initially characterized. This initial 
product of translation contains two major structural domains. 
The first of these is the well-characterized triple-helical collagen 
domain. The second is the globular domain recognized to occur 
both at the amino and carboxy terminal ends of the triple
helical domain. The second development is our understanding 
that the word collagen refers not to a single molecular species, 
but to a family of closely related structural macromolecules. 
Each of these different types of collagen have unique amino 
acid sequences specifying their two main structural domains. 

The secreted form of all collagens thus far well characterized 
contains both a helical region of approximately 3,000 angstroms 
in length and large nonhelical structural domains at either end 
of the molecule (Fig 1). Once the molecule enters the extracel
lular space, the nonhelical domain becomes susceptible to spe
cific proteolytic enzymes which remove part or all of these 
regions. The extent and rate of removal is collagen type specific. 
The specificity of this proteolytic event is determined by both 
the collagen type-specific amino acid sequences and the acces
sibility of the molecule to the extracellular proteases. The 
product of these proteolytic events are the final collagen mole
cules which are the subunits for connective tissue matrix assem
bly. The final cleavage event may be directly involved in fiber 
formation. 

The stability of the triple helix under physiological conditions 
also varies with the collagen type. The most common and best 
characterized collagens contain a triple-helical domain having 
amino acid sequences which include glycine in every third 
position and the presence of sufficient hydroxyproline to sta
bilize the collagen helix. Having met these requirements, these 
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FIG 1. All well-characterized collagens have common features sche
matically illustrated here. Each has 3 major structural domains. The 
N-terminal domain has been shown to contain a short region of triple 
helix in some cases. The triple-helical domain is approximately 3,000 
angstroms in length in the major structural collagens and in the 
pericellular collagens. It may be somewhat longer in Type IV collagen. 
The helical domains of Type IV collagen and the class 4 collagens 
contain regions of discontinuity which are susceptible to several pro
teases. The C terminal domain contains both interchain and intrachain 
disulfide bonds. The initial translation product of the collagen genes 
contain a short "signal" sequence at the end terminus, which directs 
the molecule into the secretory pathway, and which is removed intra
cellularly. At either end of the triple-helical domain are short regions 
of nontriple helix which survive extracellular removal of the globular 
domains in the class 1 collagens. This telopeptide is a major site of 
action for lysyl oxidase, and the product aldehyde participates in 
crosslinking which stabilizes the ultimate fiber form. 

collagens contain a helical structural domain which is relatively 
rigid, nonspecific protease resistant, and capable of side-by-side 
interactions with analogous helical domains to produce fiber 
structures extending many times the length of the fiber subunit. 
Not all collagens have triple-helical domains which meet these 
rigid requirements for perfect helicity. Several newly character
ized collagens have specific regions within this structural do
main which are sensitive to noncollagenase proteolysis. In the 
case of Type IV collagen, this susceptibility appears to be due 
to a discontinuity in the helix resulting from the absence of 
glycine in the required positions. These interruptions in the 
triple helix cause focal disruptions in the linear rigidity of the 
structural domain. The precise functions of this increased flex
ibility are not yet determined, but it is likely that they serve to 
destabilize side-by-side helix region aggregation and provide 
specific sites for interaction of the triple helix, both with other 
collagens and with noncollagen structural elements. 

In addition to specific discontinuities in the triple helix, the 
different collagens also undergo varying degrees of posttrans
lational modification along the helical structural domain. There 
are substantial differences in the degree of lysyl-hydroxylation 
and the addition of the neutral hexoses, glucose and galactose, 
to these modified lysine residues. Again, no function has yet 
been assigned to the carbohydrates within the helical structural 
domain, but they appear to correlate with the fiber length or 
the ultimate fiber diameter. 

In summary, the differences between the different collagens 
in vertebrate connective tissues are far more extensive than 
simple point differences in the amino acid sequence. The fiber 
subunits of each collagen type differs in the "perfection" of its 
helical domain, the extent of posttranslational modification of 
this structural domain, and in the extent to which it retains the 
nonhelical structural domain. We presently believe that these 
differences specify the extent to which each of the collagens is 
capable of side-by-side interaction to form extended linear fiber 
systems, and determines the ability of the subunits to interact 
end-to-end through interactions of the nonhelical domains to 
form the more open lattices throught to be required for the 
structure of basement membranes and the exocytoskeleton. 
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THE GENETICALLY DISTINCT VERTEBRATE 
COLLAGENS 

We are not yet ready to place an upper limit on the number 
of genetically distinct collagens. For the purposes of this dis
cussion, I have chosen to subdivide the collagens into four 
classes based on our current knowledge of their characteristics. 
The first class consists of the major structural elements. The 
main components of this class are collagens Type I, II, and III. 
The Type I trimer also belongs within this class. The principal 
characteristics of these collagens is their ability to form and 
maintain extensive side-by-side interactions forming the long, 
linear aggregates once thought to be characteristic of all collag
enous structures. The second class of collagens contains the 
molecules which form the supportive matrix of basement mem
branes. Currently, this class is represented only by Type IV 
collagen. The distinguishing characteristic of this class of col
lagens is their ability to form a relatively less compact and more 
randomly oriented fiber system. The third collagen class encom
passes Type V collagen and the minor collagens found in 
cartilage. On the basis of their immunolocalization to pericel
lular regions, these molecules are often referred to as pericel
lular collagens. The fourth class of collagens contains a number 
of molecules which thus far are only poorly characterized. The 
most consistent characteristic of this class of molecules is their 
apparent discontinuous helical structural domain, as evidenced 
by their susceptibility to a variety of proteases. The enzyme 
susceptibility of regions of this type of helix suggests that these 
may be sites of greater flexibility, or sites of increased interac
tion with other collagen and noncollagen connective tissue 
elements. 

CLASS l. THE MAJOR STRUCTURAL COLLAGENS 

This first class contains the most commonly occurring colla
gens which together contribute the greatest amount to the mass 
of all connective tissues. Because these collagens are the most 
abundant, they are also the best characterized [1]. Included in 
this class are Type I, Type I trimer [2], the major [3] and minor 
Type II [4] collagens, and Type III [5] collagen. The alpha 
chain subunit components of each of these collagens and their 
molecular arrangement are indicated in Table I. The principal 
characteristic of the collagens of this class is their ability to 
form and maintain extensive side-by-side interactions forming 
long linear aggregates. The amino acid compositions of the 
collagens of this class are listed in Table II. Each of these 
collagens contains one-third glycine, occurring in every third 
position of a linear amino acid sequence (see reference 6 for 
review). The imino acids, proline and hydroxyproline, each 
account for another 10% of the total composition. The positions 
and contents of glycine and hydroxyproline specify and stabilize 
the collagen helix of each alpha subunit and allow association 
of these subunits into a triple-helical conformation. The conti
nuity of this conformation along the 3,000 angstrom molecular 
length provides relative inflexibility and resistance to noncol
lagen specific proteases. The single exception to this generaliza
tion is the presence of a tryptic cleavage site in Type III collagen 
very near the site of action of vertebrate collagenase [7]. 

The posttranslational hydroxylation of proline and lysine, as 
well as the glycosylation of hydroxylysine with glucose and 
galactose varies between these different collagen classes, as well 
as with age, the tissue source, and the species [8]. Generally, 
the level of prolylhydroxylation approximates 50% in this col
lagen class. The levels of hydroxylsine and glycosylated hy
droxylysine are substantially lower in these collagens than 
found in other vertebrate collagens. These collagens also have 
a characteristic absence of extensive intramolecular disulfide 
bonding. Type III collagen alone contains covalent bonds be
tween cysteine residues at the carboxy terminal end of the 
triple-helical domain [9]. Disulfide bonding between molecules 
is also often seen in preparations of Type III collagen, but these 
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may result from disulfide exchange occurring during extraction 
and purification, and may not be of physiological significance. 

The major structural collagens occur throughout vertebrate 
tissues. Immunolocalization studies suggest that these collagens 
are microlocalized separately from other classes of collagens. 
These collagens most often occur together in the same region 
of a tissue, the relative amount of one structural collagen to 
another being characteristic of the tissue type and develop
mental stage. Types I and III collagens generally occur together 
in varying relative amounts [10). Studies of the relative occur
rence of Type III collagen and type I collagen throughout 
development [8], and in certain pathological conditions [11], 
suggest that increased relative amounts of Type III collagen 
correlate with smaller fiber diameters and increased tissue 
extensibility [12). The specific molecular interactions of Types 
I and III collagens are not known. There is no direct ,data 
supporting or contradicting the concept that two different col
lagens are subunits of the same fiber. However, indirect evi
dence obtained from studies of fibers formed in vitro from 

TABLE I. The a-chain compositions of vertebrate collagens 

Class I-Major structural collagens 
Type I 

I trimer 
II (major) 
II (minor) 
III 

Class 2-Basement membrane collagens 
Type IV 

Class 3-Pericellular collagens 
Type V 

[al (I) ha2 
[a1(1) ]3 
[a1(IIM) ]3 
[al(lIm)]a 
[al(1I1) h 

[al(IV) ha2(IV) 

[al (V)ha2(V) "AB2" 
[al(V)h, [a3(V)h 
al (V)a2(V) a3(V) 

Type VI? (minor cartilage [El, 
collagens) [Fh 

Class 4-Collagens with discontinuous triple helix 
EC [EC]a 
HMW, LMW (Reese & Mayne) Disulfide bonded high 
Acidic and basic collagenous frag- molecular weight ag-

ments (Furuto & Miller) gregates 
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mixtures of Types I and III collagens suggests that the resulting 
fiber diameter is inversely proportional to the relative concen
tration of Type III in the initial collagen mixture [13). The 
distribution of Type II collagen is largely restricted to cartilag
inous structures. It most often occurs alone, regionally sepa
rated from other types of collagen. The intervertebral disc and 
fibrocartilage are exceptional in that these tissues contain both 
Types I and II collagens [14]. 

Although each of the collagens of this class is initially syn
thesized and secreted as a larger structure having extensive 
nonhelical structural domains in addition to the triple helix, 
only extremely short regions at the amino and carboxy terminal 
ends of the fiber subunits survive proteolytic excision of the 
nontriple-helical domains [15]. The relative rate of excision of 
these nonhelical regions varies between members of this colla
gen class. Biosynthetic studies indicate that this conversion 
occurs rapidly for Types I and II collagens, and at a retarded 
rate for Type III. Investigations of the disease condition in 
cattle known as dermatosparaxis indicate that this mutant lacks 
the specific enzyme for removal of the amino terminal structural 
domain from Type I collagen [16,17]. Ultrastructural studies of 
the collagen fibers from these mutant tissues indicate that the 
abnormal presence of the bulky, nonhelical domain at the 
amino terminus interferes with the compact side-by-side align
ment of the resulting fibers. If Type I and Type III collagens 
can be incorporated into the same growing fiber as suggested 
above, and if the nonhelical structural domains interfere with 
lateral growth or stabilization of the fiber, then it is likely that 
the rate of excision of the Type III collagen nonhelical structural 
domain may play a significant role in limiting the rate of fiber 
growth, or the ultimate fiber diameter [18). 

The structural characteristics of the class 1 collagens briefly 
summarized above indicate that collagens capable of extensive 
lateral association have several common characteristics. First, 
they contain stable triple helix throughout their 3,000 angstrom 
length. Secondly, the ultimate fiber diameter is inversely pro
portional to their content of neutral hexose, which may interfere 
stearicly with lateral aggregation. Thirdly, the product fibers 
do not contain extensive nontriple-helical collagen regions. And 
lastly, the relative amount of Type III collagen reduces the 

TABLE II. Compositional characteristics of different collagen classes: Residues/I,aaa residues 

Class 2 
Basement Class 4 

Class 1 membrane Class 3 Collagens with 

Amino acid Major structural collagens collagen Pericellular collagens discontinuous triple helix 

"I(V) ,,2(V) ,,2(V) 
Furuto & 

,,1(1) ,,2(1) ,,1 (II) "l(III) Type IV 
(B) (A) (C) 

E F Miller [38] HMW [37] 
Acidic Frx'n. 

30H-proline 1.1 1.2 1.1 0 12 2.9 2.5 2.2 1.1 2.3 nr. 0 
40H-proline 114 105 96 126 140 109 109 92 95 91 86 95 
Aspartic acid 46 45 36 42 51 50 51 42 46 50 83 53 
Threonine 18 18 22 13 20 19 26 19 17 24 12 16 
Serine 35 30 27 38 37 36 31 34 24 28 23 38 
Glutamic acid 77 70 95 71 79 91 84 98 107 97 114 97 
Proline 118 114 106 107 65 118 97 99 109 118 100 90 
Glycine 330 331 334 352 328 344 341 332 330 322 293 323 
Alanine 119 105 108 95 37 46 52 49 54 49 48 57 
Cystine/2 0 0 0 2 1 0 0 1.3 0 0 31 2 
Valine 19 35 19 15 28 25 24 29 27 18 22 23 
Methionine 7 8 11 8 13 8 11 8.1 10 9 10 9 
Isoleucine 8 16 11 13 29 19 16 20 15 16 20 27 
Leucine 20 33 27 23 52 39 35 56 35 39 23 48 
Tyrosine 2 3 1 3 2 2 2 2.4 2 3 23 5 
Phenylalanine 13 11 13 8 29 12 14 9.2 11 11 17 8 
Hydroxylysine 10 12 18 6 49 35 24 43 37 40 28 34 
Lysine 27 20 20 29 9 20 18 15 18 15 11 21 
Histidine 4 10 2 6 6 8 11 14 6 11 3 8 
Arginine 49 51 52 48 26 45 50 42 42 47 53 46 
Glucose 1 1 5 1 40 18 10 17 29 36 23 nr. 
Galactose 1 2 10 2 41 30 14 24 28 34 28 nr. 



28s BURGESON 

ultimate fiber diameter or orientation, possibly reflecting the 
decreased rate of proteolytic removal of the nonhelical struc
tural domains. 

CLASS 2. THE BASEMENT MEMBRANE COLLAGENS 

The most distinguishing characteristic of the collagens of this 
class is their inability to associate into compact banded fibers. 
This characteristically different fiber form results from struc
tural differences in the subunit molecules reflecting amino acid 
compositional differences and a lack of proteolytic removal of 
the nonhelical structural domains. 

Presently, two alpha chain subunits have been described as 
components of molecules of this collagen class [19]. The molec
ular composition of basement membrane collagen is in dispute 
[19,20], though the bulk of the evidence favors the prediction 
of a single molecule having two like subunits, known as a1(IV) 
chains, in triple-helical conformation with a second alpha chain 
described as a2(IV). Due to technical difficulties, it has not 
been possible to obtain unambiguous amino acid compositions 
of the individual Type IV chains within the triple-helical struc
tural domain. Table II illustrates the amino acid composition 
of Type IV collagen isolated following solubilization of the 
basement membrane matrix by limited proteolysis. Compari
sons of this composition with the compositions of the other 
collagens solubilized under identical conditions indicate sub
stantial homology of Type IV collagen to other characterized 
collagens. Like the other collagens, Type IV collagen contains 
approximately one-third glycine and 20% total imino acid within 
its triple-helical structural domain. In contrast, nearly 85% of 
the lysines of basement membrane collagen are converted to 
hydroxylysine. Of these hydroxylysine residues, better than 80% 
are substituted with the disaccharide glucosyl-galactose. The 
total lysine plus hydroxylysine content is approximately 50% 
greater than that found in the class 1 collagens. The content of 
cysteine reported in pepsin-solubilized Type IV collagen is 
variable, but this value is substantially greater than determined 
for the class 1 collagens. In addition, Type IV collagen has a 
characteristically low content of alanine. 

The triple-helical structural domain of Type IV collagen 
contains several regions in which glycine is not present in every 
third position [1]. The substitution of an amino acid with a 
bulky functional group regionally distorts the alignment of the 
three alpha chain subunits of the triple-helical domain. In 
addition to rendering this area of the triple helix sensitive to 
numerous proteases, the discontinuity of the triple helix allows 
increased regional flexibility, and as a consequence, may de
stabilize lateral associations of the Type IV collagen helical 
domain. One possible function of such discontinuities might be 
to allow greater interaction of the collagen helical region with 
noncollagen components of basement membrane. For example, 
fibronectin is thought to interact with collagen under a variety 
of physiological conditions to influence such diverse processes 
as cellular attachment, cellular architecture, and neoplasia. 
While the noncovalent binding of fibronectin to nontriple-heli
cal collagen alpha chains has been well documented, the binding 
of fibronectin to fully triple-helical class 1 collagen molecules 
has been shown to be substantially less [21]. It is quite possible 
that the specific interactions between noncollagen basement 
membrane macromolecules and the Type IV triple-helical do
main might be facilitated by a regional unwinding of the triple 
helix. This concept is compatible with the lattice structure 
postulated for Type IV collagen matrix. 

Like other collagens, Type IV collagen is synthesized and 
secreted as a large molecule, having both helical and nonhelical 
structural domains [22]. In contrast to the first class of colla
gens, biosynthetic studies of Type IV collagen indicate that the 
large nonhelical-structural domains are not substantially re
moved during maturation of Type IV collagen into the base
ment membrane matrix [23,24]' By analogy to Type I collagen 
fiber formation, we would expect that the presence of the bulky, 
nonhelical domain prevents extensive lateral associations of the 
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FIG 2. This model illustrates the collagen type specific extracellular 
modifications which determine the final fiber form. All collagens have 
the generalized structure illustrated in Fig 1. Specific proteolytic events 
modify this structure to determine how these molecules interact with 
one another to form specific fiber structures. The extent of these 
proteolytic events is different for each of the collagen classes. Class 1 
collagens undergo 3 major steps. In reaction 1, the amino terminal 
globular domain is removed by a single proteolytic event. This liberated 
peptide participates in control of collagen synthesis. At step 2, the 
carboxy terminal structural domain is removed. This event may occur 
simultaneously with, and may facilitate fiber formation. Lacking the 
bulky, globular domains, and not having substantial amounts of neutral 
hexose along the length of the helical domain, the class 1 collagens are 
capable of extensive side-by-side interactions to form fibers. In step 3, 
this fiber structure is stabilized by aldehyde mediated crosslinking. The 
specific lateral alignment of the class 1 helical regions gives rise to the 
banded collagen fiber structures seen morphologically. The class 2 
collagens undergo little or no proteolytic processing as illustrated in 
step 6. The presence of the large globular domains at either end of the 
molecule and the extensive addition of glucose and galactose along the 
triple helix prevent substantial lateral associations. As shown at step 7, 
the globular regions interact to form disulfide bonded aggregates. This 
aggregation is thought to occur between the N-terminal globular do
mains. The carboxy terminal globular domains are then free to interact 
with like regions of adjacent molecules as indicated at step 8 to form 
fiber structures of the basement membranes. The extent of processing 
of the class 3 collagens is intermediate between the other 2 classes. Step 
4 in indicates the partial removal of both terminal globular domains. 
Lateral association of the triple-helical domain of these collagens is 
restricted by the high degree of neutral hexose along the triple helix 
and by the presence of the residual portions of the globular domains. 
These subunits interact to form the hypothetical structure illustrated 
at step 5. Presently, we have little knowledge of the structure and fiber 
form of the class 4 collagens. 

Type IV molecules. Recent ultrastructural visualization of the 
Type IV molecule by rotary shadowing indicates that these 
nonhelical domains interact to form multimolecular aggregates 
of at least 4 basement membrane collagen molecules. These 
aggregates are stabilized by disulfide bonding. The free ends of 
the molecule thus associated are capable of specific interactions 
with the analogous portions of adjacent molecules. A model 
illustrating the proposed structure of the basement membrane 
collagen matrix is shown in Fig 2. 

In summary, basement membrane collagen appears to have 
substantial similarities to the class 1 collagens. Both contain a 
large triple-helical structural domain and nontriple-helical 
structural domains. The proposed model of basement mem
brane collagen matrix differs from the fiber structures composed 
of class I collagens due more to differences in the extracellular 
processing of the initially synthesized and secreted macromol
ecule than due to primary structural differences. The very large 
residual nonhelical structural domains present in the Type IV 
collagen subunits of the basement membrane fiber structures, 
the extensive glycosylyation within the triple-helical domain, 
and the discontinuous nature of the triple-helical structural 
domain all contribute to a fibrous structure dependent more on 
end-to-end subunit interactions than lateral accretion. 

CLASS 3. THE PERICELLULAR COLLAGENS 

This class of collagens contains molecules composed of sub
units termed a1(V), a2(V) [25,26], a3(V) [27] (also referred to 
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as B, A, and C chains), and the E and F chains isolated from 
vertebrate cartilage [28]. While the subunit composition of 
this class of collagen molecules is in dispute, a molecule con
taining two al(V) chains and one a2(V) chain has been de
scribed [29,30], as well as a molecule containing three al(V) 
chains [31]. The E and F chains are thought to occur in separate 
molecules [28] . Immunolocalization studies of the Type V col
lagens indicate that they are most often found in the region 
immediately adjacent to cells of a large variety of tissues [32]. 
These collagens were initially isolated from human chorioam
niotic membranes, and have since been reported in such diverse 
tissues as bone, liver, tendon, gingiva, muscle, and skin [1]. 
Other studies indicate that they may also be components of 
basement membrane [33]. The E and F chains have thus far 
only been detected in cartilage, but extensive chemical or 
immunological surveys of other tissues have not been reported. 
Because the E and F chains share substantial compositional 
homologies with the Type V collagens, it is entirely possible 
that they too will be localized to pericellular tissue regions. We 
have no knowledge regarding the function of collagens of this 
class, but these localization studies suggest that these collagens 
form an interface between the cell surface and the surrounding 
matrix components. This interface may stabilize specific tissue 
architecture, or provide a zone of porous connective tissue to 
facilitate diffusion of secreted cell products. 

The compositional features of the collagens of this class are 
not substantially different from the collagens of the other 
classes. Analyses of the amino acid and neutral hexose compo
sitions of the triple-helical structural domain obtained following 
solubilization of these collagens by limited proteolysis with 
pepsin is shown in Table II. Each of these alpha chains contains 
one-third glycine and 20% imino acids, consistent with the 
requirements of a continuous triple-helical structural domain. 
The degree of lysylhydroxylation of each of these a chains is 
intermediate between the relatively low values determined for 
the collagens of the first class and the high degrees of lysylhy
droxylation seen in the basement membrane collagens. Simi
larly, the content of glucose and galactose of the collagens in 
this class is intermediate between the values determined for the 
class 1 and class 2 collagens. The E and F chains of this class 
contain nearly all of their attached hexose as the disaccharide 
glucosyl-galactosyl hydroxylysine. Each of these chains also has 
a characteristically elevated content of histidine and an alanine 
content intermediate between the class 1 and class 2 collagens. 

Like all other well-characterized collagens, these collagens 
are synthesized and secreted with large nontriple-helical struc
tural domains at either end of the triple-helical domain [30]. 
Biosynthetic studies indicate that extracellular proteolysis only 
partially removes these nonhelical domains [34,35]. The exact 
nature of these proteolytic events is not completely understood, 
but the data are consistent with a model which predicts bulky, 
nontriple-helical extensions at both the amino and the carboxy 
terminal ends of the final product of these extracellular pro
cessing events. According to the model, molecules of this col
lagen class would be incapable of extensive lateral aggregation. 
The high content of neutral hexose along the length of the 
molecule supports this prediction. The fiber structure resulting 
from aggregation of such subunits might be expected to dem
onstrate extensive end-to-end interactions as well as limited 
lateral aggregation. Such a model is schematically present in 
Fig 2, though no direct evidence presently supports such a 
structure. The model predicts that the pericellular matrix has 
properties intermediate between that determined for the major 
structural collagens and that proposed for the matrix of base
ment membranes. 

CLASS 4. COLLAGENS WITH DISCONTINUOUS 
TRIPLE HELIX 

The collagens described in this section have been only re
cently detected, and their structures are not sufficiently well 
understood that they can be assigned to any of the previously 
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described classes. Similar to Type IV collagen, all of these new 
collagens have triple-helical domains which are susceptible to 
nonspecific protease8. These new collagens have compositional 
characteristics substantially different from Type IV collagen. 
Some of them, like HMW, can be isolated from tissues which 
do not contain basement membrane, and therefore, do not 
belong to the class 2 collagens. 

While there are numerous newly discovered collagenous ma
terials which are candidates for membership in this class, three 
are particularly representative. These include EC collagen syn
thesized by endothelial cells [36], HMW and LMW collagenous 
fragments isolated from hyaline cartilage [37], and high molec
ular weight collagenous aggregates isolated from a variety of 
human tissues and recently described by Furuto and Miller 
[38,39]. EC collagen will be more fully described by Helene 
Sage in subsequent discussions at this meeting. Compositional 
studies of EC collagen indicates that this molecule contains 
amounts of hydroxyproline consistent with an extensive triple
helical structural domain, yet its susceptibility to a variety of 
proteases suggests that this helical domain is discontinuous. 
Following limited proteolysis, only fragments substantially 
smaller than collagen alpha chains are recovered. This enzyme 
susceptibility is characteristic of all the components of this 
collagen class. 

Chick hyaline cartilage also contains several components 
which have compositional characteristics very similar to class 
3 collagens, but demonstrate substantially greater susceptibility 
to proteolytic digestion. Two of these, termed HMW and LMW, 
have been partially characterized [37,40]. HMW is a pepsin
resistant fragment about 134 nanometers in length. It contains 
3 subunit peptides, largely in triple-helical conformation. These 
3 subunits are covalently joined by disulfide bonds. The amino 
acid composition of HMW is shown in Table II. Except for the 
presence of cysteine, the composition is strikingly similar to 
those determined for the class 3 collagens. HMW is believed to 
be a proteolytic fragment of a much larger parent molecule 
with pepsin-sensitive, nontriple-helical disruptions of the helical 
structural domain. The presence of disulfide bonding and the 
discontinuous nature of the triple-helical structural domain 
distinguish this molecule from other class 3 collagens. The 
organization of HMW and LMW within the cartilage matrix 
has not yet been determined, but their distribution is thought 
to be restricted to hyaline cartilage. 

Another component of this dass of newly discovered colla
gens is a disulfide-bonded, high molecular weight aggregate 
isolated from human placenta [38,:39]. Upon solubilization of 
placenta by limited pepsin digestion, a large complex can be 
isolated which contains several collagen-like fragments. The 
structure can be disaggregated by disulfide bond reduction to 
yield multiple fragments. Three major fragments, one acidic 
and 2 with basic properties, have been partially characterized. 
The major acidic component contains approximately 400 amino 
acids, suggesting that a triple helix containing this fragment 
would be approximately half the length of a class 1 triple-helical 
structural domain. The amino acid composition of this acidic 
fragment is shown in Table II. Like other collagen helical 
domains, this collagen contains approximately 20% imino acid. 
However, the content of glycine is less than would be expected 
for a pepsin fragment containing glycine in every third position. 
A very high content of half-cystine reflects the extensive disul
fide bonding exhibited by the high molecular weight aggregate. 
This value is significantly higher than has been reported for 
any collagen triple-helical domain. Like Type IV collagen, lysine 
residues are recovered almost exclusively as hydroxylysine. All 
of these hydroxylysine have covalently attached neutral hexose, 
substantially in the disaccharide form. In addition to glucose 
and galactose, the peptide also contains a significant amount of 
glucosamine. While these fragments show substantial similarity 
to Type IV collagen, their compositional features and unique 
disulfide bond stabilized organization distinguish them from the 
Type IV collagen gene products. ALthough they represent a 
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new gene product, their similarity to Type IV collagen and their 
isolation from basement membrane-rich tissues suggest that 
these new collagens may be basement membrane components. 

The common property of each of these new collagens is the 
discontinuous nature of their triple-helical structural domain. 
While the molecular organizations of these fragments are not 
well understood, they appear to derive from larger molecules 
having continuous triple helices about one-half the length of 
other collagens. One might predict that these molecules are 
excellent candidates for specific interactions with noncollagen 
components of connective tissues. As such, these molecules may 
serve the long-sought-after link function between proteoglycan 
aggregates, fibronectin, non collagen glycoproteins, laminin, cell 
surface components, and the collagen matrix of a large variety 
of connective tissues. 
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