CSB327H1 Lecture 1
Intracellular Protein Traffic
· Translational stoppage before the Golgi
· Ribosomes stay on the surfaces of the ER and Golgi

Synthesis of a Protein
Towards Endoplasmic Reticulum
· After translation begins in the cytosol¸ the signal peptide will be visible and no longer masked by the ribosome after ~70 amino acids have been added to peptide chain
· RNA in ribosomes acts as a scaffold for the formation of proteins
· Common features of signal/leader peptides:
· Methionine is the first peptide¸ with a basic peptide like Lys or Arg second and a 6-30 AA long hydrophobic¸ non-polar peptide sequence
· Recognition of hydrophobic residues is how a single signal receptor protein (SRP) finds the signal sequence on various proteins
· Translation is stopped once sequence is recognized and ribosome is bound to the ER surface
· Peptide is translocated into the ER (Co-translation translocation)
· 3 GTP involved – one for SRP¸ one for each of the SRP receptors (SRα and SRβ)
· P54: component that locks into the hydrophobic domain of the signal peptide and blocks translation once bound; lined with Met residues (flexible¸ unbranched chain)
· Signal peptide: directs protein to the ER membrane¸ start-transfer signal/peptide

Collagen
Fibrillar Collagen Biosynthesis
· α chains are combined into trimers (molecule)
· The area with a proper triple helix is the collagenous domain (Gly-Pro-HydroxyPro) and the rest is the non-collagenous domain
· Fibrils are then combined to form the collagen fiber
· Repeated patterns in collagen fibers with nearly uniform sizes

Shared/Defining Features
· Long¸ stiff helical structure composed of three collagen polypeptide α chains
· Intertwined with each other in a rope-like¸ right-handed helix (‘coiled-coil’)
· α chains are staggered by one AA
· (Gly – X – Y)n
· Glycine is usually on the interior of the helix
· H-bonding between amine and carboxyl group of adjacent amino acids
· Hydroxylation is required for proline residues in the Y position for helix stability
· Most common exon length was six (Gly-X-Y)6

Collagen Fibrillogenesis
· In vivo nucleators – Type V collagen for Type I collagen
· Organizers (at site of assembly) – Fibronectin and integrins
· Fibril pattern/orientation – Proteoglycans¸ glycoproteins¸ etc.


Type I Collagen Video
· L-handed spirals that wrap together in a R-hand helix procollagen molecule
· N-ter and C-ter pro-domains removed 
· Collagenous domains are similar in different types of collagen molecules
· Fibrils of 100 nm diameter with covalent cross-links between adjacent strands
· Spaces of 40 nm between horizontally adjacent tropocollagen
· Offset by ¼ of their length (~67 nm) when stacked¸ which results in a banded pattern of dark (complete overlap) and light (partial overlap) bands

Collagen Classification
· Fibril forming (I¸ II¸ III¸ V¸ XI)
· Type II – Cartilage
· Network forming (IV)
· Type IV – Basement membrane (polygonal structure)
· Anchoring fibrils (VII)
· Type VII – Adjacent cell junctions

Type 1 Procollagen
· Heterotrimer of two α1 chains and one α2 chain (α1(I) mean alpha-1 chain of collagen I)
· COL1A1 and COL1A2 code for each chain respectively
· Nomenclature would be α1(I)2 α2(I) heterotrimer for collagen type I
· Comparatively α1(II)3 homotrimer for collagen type II
· You will never have a composite of more than 3 chains in the collagen molecule
· Hydroxylation – Folding & Trimerization – Golgi – Secretion – Removal of Propeptides – Staggered self-assembly into fibrils
· Lysyl oxidase cross links individual fibrils

Tissue Specific 3D Arrays of Type I Collagen
· Parallel bundles → Tendons and ligaments
· Orthogonal lattices → Cornea (association with other molecules to create spaces)
· Concentric weaves → Bone
· Weaves → Skin

Synthesis and Modification
· Isomerization of proline residues in ER (Rate-limiting step)
· Peptidyl prolyl cis-trans isomerase (PPi) will change it to a L-handed helix
· Hydroxylation of proline and lysine (Lys more at cross-linking zones) before triple helix
· Increase of thermal stability of the triple helix (without them¸ the triple helix is unstable at temperatures above 20oC)
· Prolyl-4-hydroxylase (also rarely at C3) and lysyl hydroxylase are the enzymes
· Co-factors – ascorbate (vitamin C)¸ Fe2+¸ 2-oxoglutarate¸ and O2 
· Scurvy is caused by a lack of vitamin C with areas like the dermis¸ skin and nails¸ which are composed of collagen or use it for stability will deteriorate first
· Glycosylation of hydroxylysine residues by sugar transferases (Glu- or Gal)
· Possibly require for the internalization of collagen via cell surface collagen Rs
· Disulfide bond formation and molecular chaperones
· S-S bonds formed by PDI between α-chains for registration at the C-ter ends
· Binding immunoglobin protein (BiP) and Heat shock protein-47 (Hsp47) are chaperones
· Triple helix is stabilized on its path from the ER to the cis-Golgi body
· Cleavage of procollagen in pericellular extracellular space
· ADAMTS-2 and -3 (N-ter) and BMP-1 (C-ter)¸ a matrix metalloprotease (MMP)
· Sticky ends are called telopeptides
Synthesis and Modification Cont’d
Tropocollagen
· Surrounded by plasma membrane with diminished solubility and self-assembly occurring
· Feedback mechanisms from plasma membrane proteins and integrins contacting various stages of collagen formation allow for control of the entire mechanism

Long Bone Formation in Embryonic and Fetal Development
· Chondrocytes will begin signaling in the fetus
· Vascularization begins in the middle of long bones (primary site of ossification)
· Breakdown of cartilage into true bone with osteoblasts taking over 

Defects in Collagen
Osteogenesis Imperfecta (OI)
· The most common mutations are substitutions of glycine residues for other AA residues
· More damaging at C-terminus (beginning of protein¸ improper folding)
· However¸ mutation altering RNA splicing¸ exon deletions and base pair insertions¸ reduced transcription¸ etc.¸ can also lead to OI
· AKA brittle bone disease 
· Forms
· Autosomal dominant: primary defects in type I collagen
· Autosomal recessive: deficiency of proteins which interact with type I procollagen for post-translational modification and/or folding
· Other factors:
· Intracellular stress¸ disruption of interactions between collagen and non-collagenous proteins¸ compromised matrix structure¸ abnormal cell-cell and cell-matrix interactions and tissue mineralization
· Type I Autosomal dominant (Haploinsufficiency)
· Mutation in one of the parental COL1A1 genes results in 75% of the type I collagen molecules being defective (not a high enough quantity)
· Bones fracture easily¸ especially before puberty¸ discoloration of the sclera¸ loose joints
· However¸ ER quality control will alleviate some of the symptoms after sensing the mutations 
· Type II 
· Collagen is insufficient in quality and/or quantity (most die before adulthood)
· Severe respiratory problems due to underdeveloped lungs¸ severe bone deformity and small stature even with growth
· Warmian bone: small irregular plates of bone often interposed b/w large cranial bones
· Gly to Ala mutation leads a looser helical twist and replaces H-bonding with H2O bonding
· Lower helix melting temperature¸ decreased folding rate¸ increase hydroxylation and glycosylation

Mechanisms leading to Dominant Autosomal OI
· ER retention or ERAD (proteasome degradation)
· Altered fibril assembly in extracellular space
· N-ter prodomain stays attached (pN-collagen)
· Kinks in the triple helix (dendritic fibrils)
· Misfolded heterotrimer (autophagy)

Mechanisms of Recessive OI
· Absence of 3-hydroxylation at Pro986 of alpha-1¸ 2 (I) and 2 (V) associated with increased modification of the collagen helix¸ which leads to delayed collagen folding
· Deficiency of collagen chaperones like Serpins and HSP47

OI in Different Environments
· In vitro: collagen I and II can spontaneously form fibrils¸ which shows fibrillogenesis is a self-assembly
· In vivo: collagen (I) fibrils do not form in the absence of fibronectin¸ fibronectin-binding and collagen binding integrins¸ and collagen V
· Thin collagen (II) fibrils in cartilage do not form in the absence of collagen XI
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