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Bag Dokusu Lifleri

* Temel olarak 3 tip lif yapisi mevcuttur
1. Kollajen Lifler

2. Retikuler Lifler

3. Elastik Lifler



Kollajen Lifler ve Demetler

e Bag dokularinda en fazla bulunan lif tipidir.

* Esnektir, ayni zamanda gerilmeye dayaniklidir.

* Isik mikroskobunda dalgali, orta uzunlukta, degisken kalinlkta izlenir
* Eozin ve diger asidik boyalarla boyanir

* Mallory bag dokusu boyasiyla anilin mauvisi,

* Masson boyasiyla acik yesil boyanir




* Kollajen demetlerinin ince, ipliksi alt
birimlerden olustugu gorulur: Kollajen telcikler

* Kollajen telciklerin ¢api dokunun tipine gore 15
ila 300 nm kalinhkta olabilir.

* Kollajen telcikler TEM incelemeleri icin osmium
ile boyandiginda, uzunluklari boyunca, 68
nm’de bir enine bant dizisi gosterirler.

* Kollajen molekuliniin yapisi nedeniyle olusan
bu bant dizisi Atomik Gli¢c Mikroskopisinde de
izlenebilir.




Kollajen molekilG

* Eski adi tropokollajendir.

* 300 nm uzunlugunda, 1,5 nm eninde, bas ve kuyruk
kisimlarina sahip birim molektldur.
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e 3 adet heliks seklinde sarilmis polipeptit zincirden meydana

gelir =



alfa zinci




Alfa zincirleri; heliks yapisi olusturacak sekilde sarmal yapar.

Alfa zincirlerinde dizili olan amino asitlerin her 3 tanesinden birisi Glisin’dir. Ancak glisin
zincirin son amino asiti olamaz.

Glisinden once zincirde genellikle hidroksiprolin veya hidroksilizin, sonra prolin amino
asiti siralanir.

Kollajen molekdili tgli heliks yapist icin hidroksiprolin, prolin ve glisin esansiyeldir.
Kollajen molekdiliine bagh seker gruplari bulunur, o ytuzden kollajen aslinda bir
glikoprotein yapisindadir.

Heliks yapisini olusturan alfa zincirleri farkl yapilarda olabilir. AA dizileri 600-3000
arasinda olabilir. Ginimuze kadar 40’'in Gzerinde alfa zincir yapisi kesfedilmis ve
bunlarin hangi kromozomlardaki lokuslerde sentezlendigi belirlenmistir.

-Gly-X-Y-Gly-X-Y-Gly-X-Y - Amino acid sequence

-%oﬁﬂ'oﬁﬂ'oﬁﬁ-oﬁw Alpha-chain

@ 1.4 nm Triple helix




N-terminal

Glyeine
stacked

honds

Intra-tropocollagen eross-links:
*Lysine-Lysine bonds

*Glyeine(NH group)-x(CO group)
hydrogen bonds (red line)

*Hydroxyproline hydrogen bonds




Fibril = telcik
Fiber = tel
Bundle = demet

a. Fibril

b. Packing of
molecules
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Kollajen tipleri

 Farkli alfa zincirleriyle olusturulmus en az 28 cesit kollajen
tipi mevcuttur ve bunlar Romen rakamlariyla kesif sirasina
gore numaralandirilmistir.

* Homotrimetrik: Her 3 alfa zinciri de aynidir.
* Heterotrimetrik: 2 ya da 3 farkli alfa zinciri icerirler.

* Tip | kollajen: Gevsek ve siki bag dokusunda bulunur.
Heterotrimetriktir. [a1(l)],a2(l) seklinde ifade edilir. Kemik,
tendon, dentin, deride bulunur germe kuvveti saglar.

* Tip Il kollajen: Homotrimetriktir. Hiyalin ve elastik
kikirdakta, cok ince telcikler seklinde bulunur. [a 1(l1)]5
seklinde ifade edilir.




Retikuler lifler ve genelde kollajenler,
glikoprotein yapisinda olduklarindan
Periodic asit-Schiff (PAS) reaksiyonuyla

KO | ‘ aJ en tl p ‘ e rl (karbohidrat icerikleri nedeniyle) iyi

goruntulenirler.

* Tip lll kollajen: Bazal membranin retikller laminasinda yer
alir. Retikuler liflerdir. Yara iyilesmesi stirecinde ilk Uretilen,
daha sonra tip | kollajene dénusen yapilardir.

* Argirofiliktirler. Gimus-seven anlamina gelir. Gimus
tuzlarinin ¢okturilmesiyle iyi gézlemlenirler.

PAS (+)



Kollajen gruplari

 Telcik yapisinda (fibriler) kollajenler: Tip |, I, 1, V, XI.
Kesintisiz glisin-prolin-hidroksiprolin dizilerine
sahiptirler. Ust Uste yerleserek 68 nm bant yapisini
gosterirler.

e Kesintili GclU helikse sahip, telcikle iliskili kollajenler
(Fibril-associated collagens with interrupted triple
helixes - FACIT grubu): Kesintili tclu heliks yapisi
esneklik kazandirir. Telcik yapilarin Gzerine yapisik
aksesuar kollajenlerdir. Tip IX, XIl, XIV, XVI, XIX, XX, XXI,
XXII



FACIT: Fibril-Associated Collagens with Interrupted Triple helices

1. Triple helices interrupted by non-helical domains
2. Retain propeptides at ends
3. Do not aggregate into large fibrils

4. Bind collagen fibrils to each other and/or the ECN Typed fibril  Proteoglycan

N-terminus

Type |X Collagen (left)

* Binds type Il Fibrils to the ECM
* Globular N-terminus interacts with ECM
Flexile  « Heparin-SO, at kink interacts with ECM

" + Helical region interacts with type Il fibril
Type IX

Type VI Collagen (right)

Bundles type | fibrils into FIBERS
Binds fibrils via helical domains

O Averts et al. Molecular Blology of the Cell. Second Edition. IR Aoents et al. Molecular Biology of the Cell. Second Edition.



Kollajen gruplari

* Hekzagon ag olusturan kollajenler: Tip VIII ve X.

* Transmembran kollajenler: Xlll (fokal adezyonlarda),
XVIl (hemidesmozomlarda), XXIlI (metastatik kanser
hicrelerinde), ve XXV (beyine 6zgu kollajen).

* Multipleksinler (coklu tG¢li heliks yapisi): Bazal
membran yapisinda tip XV ve XVII|

* Bazal membran olusturan kollajenler: Tip IV kollajen
epitel hdcrelerinin altinda bazal membran olusumunda
yer alir. Tip VI = g6z lensindeki boncuklu filamanlardir.
Tip VIl = bazal membran ve ekstraseltler matriks
arasindaki demirleyici (anchoring) telciklerdir.
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Type

Composition?

Location

Functions

v

Vi

VI

Vil

[ee 1 (D] pee2(1)

[ee1(ID]5

[ee1 (I3

[oe1 (V)] 2 2(IV) or
a3(lV) ad(lV) «5(lV) or
[5(IV)]zx&(IV)

[e1 (V)] 2ee2(V) or
al(Va2(V)a3(V)

[ee1 (V)] 22 (VI) or
a1 (VI) a2(VI) a3(VI)

[ee1(VID)]a

[ee 1 (V)] e 2(V11T)

Connective tissue of skin, bone, tendon,
ligaments, dentin, sclera, fascia, and
organ capsules (accounts for 90%

of body collagen)

Cartilage (hyaline and elastic),
notochord, and intervertebral disk

Prominent in loose connective

tissue and organs (uterus, liver, spleen,
kidney, lung, etc.); smooth muscle;
endoneurium; blood vessels; and

fetal skin

Basal laminae of epithelia, kidney
glomeruli, and lens capsule

Distributed uniformly throughout
connective tissue stroma; may be
related to reticular network

Forms part of the cartilage matrix
immediately surrounding the
chondrocytes

Present in anchoring fibrls of skin,
eye, uterus, and esophagus

Product of endothehal cells

Provides resistance to force,
tension, and stretch .

Provides resistance to .
intermittent pressure

Forms reticular fibers, arranged

as a loose meshwork of thin

fibers, provides a supportive .
scaffolding for the specialized

cells of various organs and

blood vessels.

Provides support and filtration

barrier '

Localized at the surface of type |
collagen fibrils along with type XII
and XIV collagen to modulate

biomechanical properties of the
fibril

Attaches the chondrocyte to the
matrix; covalently bound to type |
collagen fibrils

Secures basal lamina to connective
tissue fibers

Facilitates movement of endothehal
cells during angiogenesis




Type Composition®

X1l [ee1 (XI)]5 An unusual transmembrane collagen Associated with the basal lamina
detected in bone, cartilage, intestine, along with type VIl collagen
skin, placenta, and strniated muscles




Type

Composition®

Location

Functions

XV

[ee1 (XIV)]3

Isolated from placenta; also
detected in the bone marrow

Localized at the surface of type |
collagen fibnls along with type V and
Xll collagen to modulate biomechanical
properties of the fibnl; has a strong

cell-cell binding property

XVl

[t (XV)]g

Broad tissue distnbution; associated
with fibroblasts and artenal smooth

muscle cells, but not associated
with type | collagen fibrils

Contributes to structural
integrity of connective tissue

AV

[ee1 (XVII)] 5

Another unusual transmembrane collagen

found in epithelial cell membranes

Interacts with integnins to stabilize
hemidesmosome structure .

Pronounced vascular and stromal

XIX [ecd (XIX)] 5 Discovered from the sequence of
human rhabdomyosarcoma cDNA; interaction suggests involvement in
present in fibroblasts and liver angiogenesis

XX [ee1 (XX)] 5 Discovered from chick embryonic Binds to the surface of other
tissue; also in corneal epithelium, collagen fibrils
sternal cartilage, and tendons

XXl [ee1 (XX 5 Found in human gingiva, heart and Plays a role in maintaining three-
skeletal muscle, and other tissues dimensional architecture of dense
containing type | collagen fibnls connective tissues




Type Composition® Location Functions
XXII [ocd (XX ] 5 Found in myotendinous junction, Belongs to FACIT family
skeletal and heart muscle, articular Expressed at tissue junctions
cartilage—synovial fluid junction, at In skin, influences epithelial-
the border between hair follicle mesenchymal interactions during hair
and dermis follicle morphogenesis and cycling
XX [ee3 (XX ] 5 Discovered in metastatic tumor cells Transmembrane collagen
Also expressed in heart, retina, Interacts with ECM proteins (collagen
and metastatic prostate cancer cells Xl and XXV, fibronectin, heparin)
Increased expression in patient with
metastatic prostate cancer
XXIV [l (XXIV)] Found co-expressed with type | Fibrillarlike collagen
collagen in the developing bone Regarded as an ancient molecule that
and eye requlates type | collagen fibrillogenesis
in bone and eye dunng fetal
development
XXV [l (XXV)]3 A brain-specific transmembrane collagen Binds to fibrillized B-amyloid peptide

Discovered in amyloid
plagues in brains of patients
with Alzheimer's disease
Owverexpressed in neurons

of amyloid plaques in Alzheimer's
disease

*Each collagen molecule s compased of three polypeptide e chains Iniertwaned In a helical configuradon. The Roman numerals In the parenthesss in the Compoation column Indizaie that the oo chains have a distinctive
stnucture that difiers fmm e chains with dfferent numesls. Thes, collagen type | has two identical o1 chains and ang «c? chaim; collagen fype [ Ras three Idenbcal e 1 chalng

fibetlar collagen;

FACITS; I basement membrane—foming coltzgen; I hexagonal nefwor-fomang collzgen; (7 mansmembrane collzgens; Il mubplexins



Kollajen Biyosentezi

* Fibroblast (bag dokusu)

» Retikuler hiicreler (tip I, kemik iligi, lenfoid organlar)
* Osteoblast (kemik)

» Kondroblast (kikirdak)

* Odontoblast (dis)

* Epitel hc (tip I1V)

 Perisit (kan damarlari)
Fibroblastlarin icinde ve disinda siiregelen bir dizi olaydir.

Fibroblast icinde kollajen molektlinin énctl maddesi olan protokollajen Gretimi
gerceklestirilir.

Daha sonra telcik olusumu hicrenin disinda, hiicre zarinda bulunan enzimlerin
aktivitesiyle gerceklestirilir.

Tel olusumu icin gerekli insa, ekstraseltler matrikste hiicrenin gézetiminde
meydana gelir.



Kollajen Biyosentezi

* |Igili DNA dizininden cekirdekte mRNA olusumu
@ @ cdagngene * mRNA'nin ¢cekirdekten GER’e gecisi ve pro-a
zincirlerin olusumu (pre-prokollajen)

PN\ aghgsn\ P\ Aghe  pre-mRNA

¢ posttranslation modification

* Henlz heliks formu olusmadan prolin ve lizin
rezidllerinin hidroksilasyonu gerceklesir. (prolil
hidroksilaz ve lizil hidroksilaz enzimleri)
(Vitamin C gerekir-skorbit) (hidrojen baglari
icin gerekli)

5'@ AN\ AnA~AAMAAA 3 MRNA

* Hidroksilizil rezidllerinin glikolizasyonu

* Prokollajen Gg¢la heliks yapisinin C
terminalinden N terminaline dogru olusumu

* Prokollajenin Golgi cismine nakli ve hicre
disina taginmasi

prolcolleigen trimeric helical N
molecule procollagen domain



Kollajen Biyosentezi

* Hucre disina tasinan
prokollajenin globtler C ucu ve
halikal N ucunun «prokollajen N-
ve C- peptidaz» ile kesilmesi

* Fibroblastlarin hicre zari
oyuklarinda, ekstra seliler
alanda, polimerizasyon ile kendi
kendine kolajen telciklerin
hizalanmasi, capraz baglantilarin
olusmasi (Lizil oksidaz enzimiyle)
ve tel yapilarinin ortaya ¢ikmasi

* Diger kollajenlerin (FACIT)
katilmasi

Self-assembly

(b) Procollagen
Procollagen
peptidase
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* Tip | kollajen Gretiminde tip V ve

type V collagen type I collagen fibril Xl kalip molekdllerinin olusumu
type X ilk adimidir.
collagen e Bu fibriler kalibin tGzerine tip |
core i
eklenir

e Tip Il ve lll kollajen, tip | kollejene
entegre yapi olusturur

e Tip V ve Xl kalinhigi kontrol eder

N terminus of ve kalinlik yeterli diizeye gelince

Bypa V' cokagan telcik eklenmesini engellerler
type Ill collagen

Kollajen yapimi ve yikimi diizenli olarak siiren bir olaydir. Proteinazlar kollajeni parcalar
ve bu parcalar fagositozla uzaklastirilir.

Matriks metalloproteinazlarca ekstraseltler matrikste gerceklestirilir (MMP’ler).
Metalloproteinazlarin doku inhibitorleri (TIMP’ler), MMP etkilerini sinirlar

Fibroblastlar, kondrositler, monositler, notrofiller, makrofajlar, epitel hiicreleri ve kanser
hicrelerince salgilanirlar.

Kollajenaz (I, Il, lll, X'u parcalar), jelatinaz (laminin, fibronektin, elastin, denattire kollajeni
parcalar), stromelisin (proteoglikan, fibronektin denattre kollajen), matrilisin (IV ve
proteoglikani parcalar), makrofaj metalloelastazi (elastin, IV, laminin)



Kollajenopatiler

Ehlers—Danlos Sendromu

BRUCE WILLIS SAMUEL L. JACKSON
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Osteogenesis imperfecta



Type of Collagen

Disease

Symptoms

O=steoganesis mperfecta

Repaated fractures after minor trauma, brittle bones,
abnormal teeth, thin skin, weak tendons, blue scleraa,
progressive hearing loss

Kniest dysplasia;
Achondrogenasis, type 2

Short stature, restricted joint mobility, ocular changes
leading to blindnass, wide metaphysas, and joint
abnormality sean in radiographs

Ehlers-Danlos typa IV

Hypermobility of joints of digits, pale thin skin,
sevare bruisability, early morbidity and mortality,
resulting from rupture of vessalz and internal organs

v Alport's syndromea Hematuria resulting from structural changes in the
glomearular basement membrane of the kidnay,
progressive hearing loss, and ocular lesions

Vi Kindler's syndrome Sevare blistering and scarming of the skin after minor
trauma, resulting from absance of anchorning fibrils

X Multipla ephiphyseal dysplasia Skeletal daformations resulting from impairad

(MED) aendochondral ossification and dysplasia (MED),
pramature deganarative joint diseassa

x Schmid metaphysal Skeletal deformations characterized by modifications

chondrodysplasia of the vertebral bodies and chondrodysplasia
metaphysas of the long bone

Xl Weissanbacher-Zweymullar Similar clinical features to type Il collagenopathies

syndrome Stickler's syndrome in addition to craniofacial and skeletal deformations,
(includes alzo additional mutations sevare myopia, retinal detachment, and prograssive
of type Il collagen gene) hearing loss

xvil Ganeralized atrophic benign Blistering skin disease with mechanically induced

apidermaolysis bullosa (GABEB)

dermal-apidarmal separation, epidermolysis bullosa
resulting from faulty heamidesmosomes, skin atrophy,
nail dystrophy, and alopecia



Retikuler Lifler

Tip lll kollajenden meydana gelmistir.
68 nm bant yapisina sahiptirler
Caplari incedir (20 nm)

Dalli yapilari vardir ve demetler
olusturmazlar

H&E preparatlarinda
goruntllenemezler

Kollajene gére daha ¢cok seker grubu
icerdiklerinden PAS reaksiyonu ile
gozlemlenir.

Argirofiliktirler (gimus ¢oktirme
metodIari)




RetikUler Lifler

* Epitel ile altindaki bag dokusunun sinirinda,
adipozitlerin cevresinde, klicik kan damarlarinda bolca
bulunur

* Embriyonik dokularda ve iyilesmekte olan doku
bolgelerinde bulunur (tip | ile replase edilir)

 Hematopoetik ve lenfatik organlarda (timus haric)
destekleyici bag dokusunu olusturur. Bu organlarda
retikulum hucreleri tarafindan sentezlenir.

* Periferik sinir endon6ryumu (Schwann hc), kan
damarlarinin tunika mediyasi (diiz kas hc) disinda
fibroblastlarca Uretilir



Elastik Lifler

 Uc boyutlu bir ag yapis
olusturacak sekilde dallanan
yapida organize olan,
kollajenden daha ince liflerdir.

* Kollajen telleriyle ic ice gecmis
bir yapilanma mevcuttur ve
asiri gerilmelerde yirtilmalari
engellerler.

 H&E ile eosinofilik
boyandigindan kollajenler ayirt
edilemez. Orsein, rezorsin-

fuksin gibi 6zel boyalarla £ -l 3
incelenirler. Mezenter, rezorsin-fuksin




single elastin molecule Elastik liflerin elastikligi, polipeptit
iskeletinin rastgele kivrilabilme
ozelliginden kaynaklanir.

lysine

desmosine
* Kollajen sentezleyen tim hucrelerce

allysine santezlenebilirler (6z. fibroblast ve diiz
(modified lysine)
kaslar)
« ki yapisal bileseni vardir
* Merkezde yer alan elastin
e Sarmal ag seklinde fibrillin
* Bunlari baglayan fibulin

4 elastic fiber

Elastin:
* Kollajene bezer sekilde prolin ve
glisinden zengindir.

* Hidroksiprolin azdir
Seich) Rax e Hidroksilizin hi¢ bulunmaz.
cross-link e Glisin rastgele yerlesmistir. Bu ylizden

molekul hidrofobiktir ve rastgele
kivrilma egilimi gosterir.

e Elastine 6zgli dezmosin ve
isodezmosin, 4 elastini birbirine
kovalent baglar




Fibrillin-1:

* 10-12 nm ¢apl ince telciklerden olusan glikoproteindir

* Elastin sentezinden 6nce yaplilirlar, elastin fibrillin-1’in Gzerine sentezlenir.
* Elastinin organize olmasinda fibrillin dnemli rol oynar

* Fibrillin olmadan elastin damarlarda lameller ve tabakalar seklinde ¢oker.

* Fibrillin geninin (FBN1) anormal ifadesinde Marfan Sendromu denilen otozomal
dominant, kompleks bir bag dokusu hastaligi ortaya cikar.




Elastik lifler

Vertebral ligamanlarda, larenkste ve
elastik (blayuk) arterlerde
ekstraseltler maddenin ana
komponentidir.

Lig. flava elastik lifilerden zengindir.
Buradaki lifler daha kalindir ve
kollajenle birliktelik gosterir.

Larenkste lifler incedir.

Elastik arterlerde pencereli lameller
halinde kas liflerinin arasinda
konsantirik bir yapida bulunurlar.
Duz kas tarafindan sentezlenir ve
mikrofibril icermezler.







