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OVERVIEW

Collagen and elastin are examples of common, well-characterized fibrous
proteins of the extracellular matrix that serve structural functions in the

body.

For example, collagen and elastin are found as components of skin,
connective tissue, blood vessel walls, and the sclera and cornea of the eye.
Each fibrous protein exhibits special mechanical properties, resulting from 1ts

unique structure, which is obtained by combining specific amino acids into

regular, secondary structural elements.

JosY s bal P A Fibri]
V)&lwor)ﬂ—/wﬂhwufk .
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COLLAGEN

Collagen is the most abundant
protein:in:the:human body. A typical

Collagen Structure
collagen molecule is a long, rigid 2
structure in which three polypeptides & -
(referred to as a chains) are wound o —
around one another in a rope-uke P )
triple helix. 3 =
b Bkt V7Y 28k 5 =
i}g&ﬁ)\ C«”“W >/ \if:‘ o %’As J\IJ Amino Acid Collagen Collagen
- . Molecule Fiber
oxe >y &

ol oy /oK, S
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Although these molecules are found throughout the body, their types and
organization are dictated by the structural role collagen plays in a particular organ.

In some tissues, collagen may be dispersed as a gel that gives support to the
structure, as in the extracellular matrix or the vitreous humor of the eye.

In other tissues, collagen may be bundled in tight, parallel fibers that provide great
strength, as intendonss

In the cornea of the eye, collagen is'stacked to transmit light with a minimum of
scattering: _y Correct N Wghb  ANUsmw g8 Sz

Collagen of bone occurs as fibers are arranged at an angle to each other to resist
mechanical shear from any direction.
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A. Types (3 dypes) = Rl Ry nhaork Gy — Filorl-cun cinee]

o ol e

The collagen superfamily of proteins includes more than25coliagen types as well
as additional proteins that have collagen-like domains. The three polypeptide a
chains are held together by interchain hydrogen bonds.

Variations in the amino acid sequence of the a chains result in structural

components that are about the same size (approximately 1,000 amino acids long)
but with slightly different properties.

These a chains are combined to form the various types of collagen found in the
tissues. For example, the most common collagen, type |, contains two chains called
a1and one chain called a2 (0 1202), whereas type Il collagen contains three a1
chains (a13). The collagens can be organized into three groups, based on their
location and functions in the body
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1. Fibril-forming collagens:
¥V XZ ) _

Types I, II, and III are the fibrillar collagens and Classification of collagen

have the rope-like structure described above for a

typical collagen molecule. In the electron

microscope, these linear polymers of fibrils have 1. Fibril-forming collagens

characteristic banding patterns, reflecting the

regular staggered packing of the individual collagen > No interruptions in triple helix
molecules in the fibril.

ulypesh collagen fibers (composed of collagen fibrils)
re found in supporting elements of the high tensile

strength (for example, tendonsandicomea), whereas 7~ Example : Types L IL 1L V. XI

fibers formed from type II collagen molecules are

restricted to cartilaginous structures. The fibers

7 Regular arrangement results in characteristic “D™ period of 67 nm

~ Diameter : 50-300 nm

derived from:type III collagen are prevalent in more | A ST LN
distensible tissues such as:blood vessels. y s
Types LILILY & XI
' iy dawha\@ e @l
J QP@)) C"“"lge"‘_) L LYV)J Co“‘l%‘o" (égw r Ld
T oll ))CIMC cy

Frbril. Foompy cloge-gm TP
D ’:‘.lov;lfﬁ)hinb‘l)\ O Covresy )2 l»*ﬂﬂt)m N
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2. Network-forming collagens:

AR +yype X Classification of collagen

~ Types IV - and*VIII*form a three- -
dimensional mesh, rather than
distinct fibrils. For example, type IV
molecules assemble into a sheet or »Forms network in basement (Collagen 1V) and Descemet’s
meshwork that constitutes a major
part of basement membranes.

2. Network-forming collagens

membrane (Collagen VIII)

~Molecular filtration

»Example : Types 1V, VIII, X

bﬁkﬁrrﬂn& brembrare. .
f;d‘:" = O.‘:’{;\a:J

7 ———

Type X Typevin
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3. Fibril-associated collagens:

T s~

rypes IX'and XIL bind to the surface of

C lass1ﬁcat10n of collagen

collagen Fbrlls Ilnklng these fibrils to one 3 Fibril-associated collagens with interrupted triple helices (FACITS)

another and to other components in the
extracellular matrix

(L) Gsghee Rpe | b%\,s-,é.?e‘
'%j{)e_ P bYWnc)f\gJ \ede CPCpJ
2 Kot G X - XA\ - XW

# Short collagens with interruptions
~ Linked to collagen IT and carries a GAG chain
# Found at the surface of fibril-forming collagens

~ Example : Types IX, XIL XIV

‘\/ ‘\ f—' Tyre X
= e

\
Types XIL& XV Type Ix] J-ﬁw

L
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TYPE | TISSUE DISTRIBUTION

Fibril-forming

i Skin, bone, tendon,
blood vessels, cornea
] Cartilage, intervertebral
disk, vitreous body
i Blood vessels, skin,
muscle
Network-forming
v Basement membrane
Vil Corneal and vascular
endothelium
Figure 4.2: The most
abundant tvpes of collagen. _—| Fibril-associated”
*Known as FACITs: fibril- IX Cartilage
associated collagens with
interrupted triple helices. Xii Tendon, ligaments, some
@fg% AT () L other tissues
OPNNPAE? ST e G
AR (G2 N
CerD VA “
2. ;2 s Fbrl N
NP asateed
) B
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B. Structure

Mcf"\-
&
V,,\as)’

1. Amino acid sequence: Collagen is rich in proline andeglycine, both of which are
important in the formation of the triple-stranded helix. Proline facilitates the
formation of the helical conformation of each a chain because its ring structure

causes “kinks” in the peptide chain
Glycine, the smailest amino acid, is found in every third position of the polypeptide
chain. It fits into the restricted spaces where the three chains of the helix come
together. The glycine residues are part of a repeating sequence, ~Gly—-X-Y—, where
X is frequently proline, and Y is often hydroxyproline (but can be hydroxylysine). Y seci b
Thus, most of the a chain can be regarded as a polytripeptide whose sequence can 4o
be represented as (—GIy—Pro—-Hyp—)333. cQ\\cgp,._,,

0&00\:9»;: d..::-{.-- dﬁf‘”"‘ )\L'i
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collagen, a fibrous Protéift, has an elongated, triple-helical structure that is stabilized by interchain

e N B R S T R s

3EYELQ’SYHQ!iﬁiiggQHDYﬂf°§yl$:4L§§ Collagen contains hydroxyproline and hydroxylysine, which

are not present in most other proteins. These residues result from the hydroxylation of some of the
proline and lysine residues after their incorporation into polypeptide chains.

Hydroxylation is, thus, an example of posttranslational modification. [Note: Generation of
hydroxyproline maximizes formation of interchain hydrogen bonds that stabilize the triple-helical
structure.]

hydrogen bonds. R 71)’6;,JZ'W( ‘om'lfia-\_ m,,gdnxd\qu el

l%)b)yo‘i()“’)‘“’t — 191 Pffy‘cr/l/l’ﬁol'h C’QI’)’M.

o e 2]
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\%Glycosylation: The hydroxyl

o~ glycosylated. Most commonly,

group of the hydroxylysine
glucose and galactose are

chain prior to the triple-helix formation

N

residues of collagen may be enzymatically
sequentially attached to the polypeptide
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Steps in collagen biosynthesis

Transcription Emfw,é/).
)54
Translation on rough ER and entry into ER 4’05"" oe. £ P

Ny

Hydroxylation in the ER {(needs vit a NG —p o> iermn C b

Triple helix assembly a vl i cllagen
{jn”’au
Glycosylation, transport to Golgi, further glycosylation 3
ycosy port g glycosy e e
Secretion *a vt nC
Removal of propeptides Creany Rs—2
Assembly into fibrils e 4o :
ke, (3
Crosslinking Yosd »%)
gcufvg—a Frable
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Collagen biosynthesis
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Procollagen helix formation

secretion
cleavage

Tropocollagen
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Collagen diseases: Collagenopathies \
——————— oMo
I D T = S ‘
1} Ehlers-Danlos syndrom‘e:} dominonk-
STENETTTLT = 2 W B oL o) T PPOAT, APSYE (NG Y [
Ehlers-Danlos syndrome (EDS) is a heterogeneous
group of connective tissue disorders that result from

inheritable defects in the metabolism of fibrillar
collagen molecules.

EDS can be caused by a deficiency of collagen-
processing enzymes (for example, lysyl hydroxylase
or N-procollagen peptidase) or from mutations in

of collagen types I, III, or
V.

The classic form of EDS, caused by defects in type V
collagen, is characterized by skin extensibility and
fragility and joint hypermobility

gode U-peplid )
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| ASa The vascular form, due to defects in

| type Il coilagen, is the most serious
form of EDS because it is associated
with potentiallylethal arterial rupture.:
[Note: The classic and vascular forms
show autosomal dominant S (&
inheritance.] o;,,\?ﬂ“\f}mss

Saccular Aneurysm Fusiform Aneurysm

Ruptured Aneursym ﬂ"LP)F‘-L(C«
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&—amino acids with bulky side chains. The resultant structura

ber clieoties - heropitla C e Obosomal veesie L B4

— cq,lcul F

Qudvimol drinank
Wilson olnicicue, _ Nenpchyomadoni - K Cfnlq'-—'l'rUPJ;Vr.

2. Osteogenesis imperfecta: verilene 3 acwlig o Type, bt
: mo)l’y = u(*fvpm&l o[W";ﬂ-qWL.

gz \ﬁd\
This syndrome, known as brittle bone disease, is a genetic disorder of bone fragility
characterized by bones that fracture easily, with minor or no trauma. Over 80% of
cases of osteogenesis imperfecta (0l) are caused by dominant mutations to the
genes that code for the a1 or a2 chains in type | collagen.— M

The most common mutations cause the replacement of glycine (in —Gly=X-Y-) by
|ly abnormal a chains

A .
g\ju\{ prevent the formation of the required triple-helical conformation. Phenotypic
. P severity ranges from mild to lethal. \ -
Lo w ylero Ccﬁ-\ Jeal )
(o "27)06, 2.
ey oe st
Cafrﬂf}fm}""“
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Type | Ol, the most common form,_is characterized by mild
bone fragility. hearing loss, and blue sclerae:

Type II, the most severe form, is typically lethal in the
perinatal period as a result of pulmonary complications. In
utero fractures are seen. YypeZ >

Type Il is also a severe for/r’n. It is characterized by multiple
fractures at birth, short stature, spinal curvature leading to a
“humped-back” {kyphotic) appearance, and blue sclerae.
Dentinogenesis imperfecta, a disorder of tooth development,
may be seen in Ol.

- Blue cdere. G be  rermal

<.

s mu/f-— JCM — 'W‘Dv\ Okét,g@ C&f‘@:""llrd\ B e - A .-
~,  blue sclerm ISc=- VUFL"” ¥y
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Mutations of Ol
« Mutations in the COLJAJand COL1A2 genes cause Ol
(85-90%)

- These mutations typically interfere with the assembly
of type | collagen molecules

§

of type | collagen weakens

- A defect in the strUcture'
ly bone, resulting in the

connective tissues, particular
characteristic features of Ol

Il, and IV have an autosomal dominant

« Ol types |, ]
pattern of inheritance (35%=sporadic)
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Table

ypes of OSteogenes:s Imperfecta Based on Modlﬁed Sillence

‘ M " Classification®

Type . Seventy . Mutatlon Inheritance
) R - Mild deformzty COLTAT1/2 AD

1 diter i COLTA T2 AD

I deformity, 14 COL1A1/2 AD

IV e Moderate deformlty  COL1A1/2 AD

\%  Moderate deformltv  Unknown AD

VI e Moderate—seve:e derorm lty |  Unknown AR

Vi  Moderate deformlty CRTAP AR

Vill Severe defofmity—-lethal LEPRE1 AR

Abbreviations: AD, autosomal dominant; AR auro.sanm! recessine.

"Dalajlom Van Dyk et al.?
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SYMPTOMS: (ercconding 4o hypet)
:\UP& Vo Woen multiple, frequent fractures —y G cieewehing o dype.

O muscle weakness

le
”"ém\’b O curved bones
"\* \)’Q O Scoliosis

2
\;JS’/\”D 0 brittle teeth
O short stature

O blue sclera

L] fragile skin

O triangular head and face shape

o e ool \Eo Wl 0L \eGiA poitesicm S

s, =0 Oplr (E/JS’L ?—«5'//'-' E la
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2

Elgstin (™ &bwe poid.

The main component of elastic fibers is

elastin

A highly hvdrs:}phob:c orotein, which, like
collagen, is rich in proline and glycine

But, unlike collagen, isnot glycosylated
Contains some hydroxyproline but ~no
-hydroxylysine:
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Formation of elastic network

Soluble tropoelastin (the biosynthetic precursor of
elastin) is secreted into the extracellular space and

assembled into elastic fibers close to the plasma
membrane

After secretion, the tropoelastin molecules become
highly cross-linked to one another, generating an
extensive network of elastin fibers and sheets

The cross-links are formed between lysines by a
mechanism similar to that of collagen molecules

Cxw-lfhﬁ_fy de  hsmuvsire oS s collage~ I
. elashin A

GENE - DNA Elastin Synthesis

ELASTIN
TRANSLATION

PROTEASE
PROLYL
HYDROXYLATION

LYSYL

MICRQ-
FIBRILLAR
PROTEIN

l TROPOELASTIN

SECRETION AND
EXCISION

TROPOELASTIN (linear polypeptide)

4 lropoelasti) combnes warn aicrel vl prolein

* CIRbaliehed g @ ety el s

e e

é&-yf_:ﬁ; ELASTIC FIBERS
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Desmosine

;’

3

After secretion and alignment with
ECM fibrils, numerous K residues are
oxidized by lysy! oxidase, a reaction
which initiates cross-linking of elastin
monomers.

the process is unique in that three
lysine-derived aldehydes {allysyl)
cross-link with an unmodified lysine
forming a tetrafunctional structure
called a desmosine.

The highly stable cross-linking of
elastin is what ultimately imparts
the elastic properties to elastic

fibers.
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Table 47-5. Major differences between collagen
and elastin.

-------------------------------------------

1. Many different gene tic One genetic type

types

2. Triple helix . No triple helix: random coil

conformations permitting

stretching
3. (Gly-X-Y), repeating © No (Gly-X-Y}, repeating — 9 Cive gg"’
structure ‘ structure :
4 presence of hydroxy lysine ; No hydroxylysing
. No carbohydrate

5 Carbohydrate- -containing

6 1ntramo\ecu%aratdo& : lmramoseculardesmosme

(

u ” S C[’OSQ"llﬂr\S : cross-links '
7. Presence of extension ' No extension peptides present
peptides during biosyn- ‘; during hiosynthesis
thesis ;
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Function of elastic fiber

* Elastin is the dominant extracellular matrix
N8 protein in arteries
elashin -+ Mutations in the elastin gene causing a
¥ deficiency of the protein result in narrowing

Friakil; of the aorta or other arteries as a result of
' excessive proliferation of smooth muscie cells
el in the arterial wall

Wsd:.

| &
o elating N i Aot creuy

. ollagen Ne

- Mol rmaman Hw.j_ wrel — quwla.

Diseases of Flastic Fiber
(Elehirp Pan.'er_)

* Williams syndrome

* Marfan's syndrome
( fibrillin)
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Williams Syndrome

» Autosomal dominant
disorder

» Occurs in approximately
one of every 20,000 births
*» Variability in
expressivity

: 2 Cmeenly —©  [REEETTGHE
A K%“’% & | b i, ———

|

Overall Cause

* Spontaneous deletion on chromosome band

7q11.23. .
. m A &
+ Deletion removes more than 25 genes that @0::"\“"‘
encode for different functions. Q‘S
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Physical Characteristics: elfin

Facial Characteristics
broad forehead

N S aze flattened nasal bridge

t

wide mouth,

Full cheeks
puffiness around the eyes

{)Wzn

N ywe _)\(}:4\0 - long philtrum

. Voice: hoarse, abnormal
vocal cord elastin

\ip?

home aa&somlg“_iﬂ‘!l
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Problems associated with WS

¢ Heart & Blood Vesse| Defects
valonle— L S08e o ~5apravaiv1.dar,-aort_i_;_stenosis (73%)
mAravalmlecs) * High blood pressure —b dlue fo stenosd.
* Hypercalcemia( 15%) LY /2 Pems .

@Clovi  Seren g— Safrecelvilar — valuular infravaloaloa~

LU GI%UL»'L_ Leqd—
olllca/&

; LilunCe o
g ot RN hearl
e fee B vkl St
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QJarioht ~ vim cganchic = ($Yahgcz) Congenital Fearr clicare, pS
65 » N S\ 3, o)

Rl NG et A ~5-

|V side NG @ side

fokogjgcanku( v OYygenatel] — Clooysgenc el blad i~ crbet — Queeneys,
; © mol con—om {7"’5[""‘"1 Crusivy CYewnud § g ’Em@j ot Fallo)

DY o G Mor o5

Y e Symptoms s

t W(iﬁ’hﬂ Gor by
* Low birth weight, feeding problems 305 yeetbiicilis
* kidney abnormalities (Stenosis of the renal hy perbophy.

arteries)
* hearing sensitivity

= musculoskeletal problems
* Overly friendly but has learning disabilities and

usually are mildly retarded [:ZG) LF0 ~¢0 7]

Lo ‘G & c L el _
@ Cyanchc bet olicwe, [T Trowwprieh opearl vetre|
Teba gy < Rl - Tn't.w[){(j’

Toval cnomelde qu”wa'@ venews yehum -
abelia

B /) carchicr= [~ VSD - AVSD —— / brcuspiel e - PDA.

Some examples

ey,
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Diagnosis

. Diagnosis of Williams syndrome begins With

recognition of phvsica\ symptoms

. ﬂuorescent in situ hybridization (FlSH) test

.o
rﬂ Aa\'i”)\ 9<ﬂ79§’\ P A=

P S
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A 7-month-old child “fell over” while crawling and now presents with a swollen leg.

Imaging reveals a fracture of a bowed femur, secondary to minor trauma, and thin bones). Blue
sclerae are also noted. At age 1 month, the infant had multiple fractures in various states of healing
(right clavicle, right humerus, and right radius). A careful family history has ruled out nonaccidental
trauma (child abuse) as a cause of the bone fractures. Which pairing of a defective (or deficient)
molecule and the resuiting pathoiogy best fits this clinical description?

A. Elastin and emphysema el -

B. Fibrillin and Marfan disease BT 2MA
@Type I collagen and osteogenesis imperfecta (OI) SN2

D. Type V collagen and Ehlers-Danlos syndrome (EDS) dﬂ';\cl ab\-)’i!;)

E. Vitamin C and scurvy
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Correct answer = C. The child most likely has osteogenesis imperfecta.
Most cases arise from a defect in the genes encoding type I collagen.
Bones in affected patients are thin, osteoporotic, often bowed, and
extremely prone to fracture. Pulmonary problems are not seen in this
child. Individuals with Marfan syndrome have impaired structural
integrity of the skeleton, eyes, and cardiovascular system. Defects in
type V collagen cause the classic form of EDS characterized by skin
extensibility and fragility and joint hypermobility. Vitamin C deficiency
is characterized by capillary fragility.
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