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Figure 1 Collagen fibrillar arrangements in various connective tissues by PLM

(a) fish scale or the cornea; (b) bone osteon; (c¢) tendon (crimp structure); (d) dermis of skin
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Figure 2 Consecutive fibril packing in the tendon
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Figure 3 Schematic illustration of triple helix

domain for procollagen molecule
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Figure 4 Schematic illustration of triple helix in

projection for procollagen molecul
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Figure 5 Structural changes of collagen molecular liquid crystals
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Figure 6 Cholesteric liquid crystaline organization of collagen molecules!?”)

@D Oblique section of a stabilized dense collagen gel as observed by TEM, the white arrows indicate the direction of the
molecular layers in the same cycle; @ Scheme illustrating the cholesteric organization of the fibrils within the stabilized
dense collagen gel. The fibrils are arranged on planes in preferential directions. Each plane helicoidally rotates with respect
to the next along the z axis in a continuous way in solutions and with discretized angles in stabilized gels; @) Schematic
illustration indicating the variation in orientation of the molecules: (—) molecules are parallel to the plane; (- ) the left
sides of the molecules point towards the plane; ( » ) molecules are perpendicular to the plane; ( F) the right sides of the
molecules point towards the plane; @ Reductive scheme indicating only the planes where the molecules are parallel (-) or
perpendicular ( * ) to the plane; @ Aspect of a cholesteric liquid crystalline solution is observed by polarized light

microscopy. The cholesteric axis is indicated by the z-axis and P/2 is half of the pitch.
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Figure 7 Possible relations between molecular conformation and angular rotation in collagen helicoids "
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Figure 8 Two major types of cholesteric twists?*]

(a) In a planar twist, equidistant straight lines are drawn on horizontal planes, and the direction of the lines rotates
regularly from plane to plane; (a’) In the conventional notation for a cholesteric geometry applied to a planar twist,
lines represent molecules longitudinal to the drawing plane and dots represent molecules perpendicular to it; molecules in
oblique position are represented by nails whose points are directed toward the observer; (b) In a cylindrical twist,
equidistant helices are drawn on a series of coaxial cylinders, and the angle of the helices rotates regularly from

one cylinder to the next; (b”’) Conventional representation of a cholesteric geometry applied to a cylindrical twist.
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Figure 9 Molecular liquid crystal by PLM and super-molecular liquid crystal by TEM!

(a)Scheme illustrating molecular liquid crystal observed by PLLM in acid soluble collagen solution at high concentration, bar=5mm;
(b)Diagram of the orientation of molecular liquid crystal, P/2 corresponds to a 180°rotation of the molecular direction;
(¢) Scheme illustrating supra-molecular liquid crystal observed by TEM in neutral collagen solution at high

concentration, evidenced by regular series of arced patterns, is maintained. TEM, bar=0. 5mm.
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Figure 10 Transition from molecular liquid crystal to super-molecular liquid crystal
After gelation point, the continuous twist between collagen monomers disrupts in discrete steps leading to the
formation of a discontinuous twist between molecular aggregates or between collagen fibrils. The sol-gel

transition does not induce modification of the half cholesteric pitch.
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Figure 11  Transitions among collagen molecular liquid crystal, super-molecular liquid crystal and solution, gel®*
(a) In dilute solution, the arrangement of collagen helices is disorder, and the solution has fluidity;
(b) in concentrated solution. collagen helices self-assemble into chiral nematic phase cholesteric phase, and the solution
has fluidity; (c¢) in concentrated gel, collagen fibrils appear chiral nematic or cholesteric phase, the gel does

not have fluidity; (d) in dilute gel, collagen fibrils are disordered, the gel does not have fluidity.
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Progress on Structures of Supermolecular Collagenous Liquid
Crystal in Animal Connective Tissue

LI Li-li', CHEN Lu', LI Xia', SUN Peng"*?, HAO Na', JIANG Bo!~
(1. National Engineering Research Center for Biomaterials, Engineering Research Center in
Biomaterials, Sichuan University, Chengdu 610064, China;
2. Key Laboratory for Radiation Physics and Technology of the Ministry of Education, Institute of Nuclear
Science and Technology s Sichuan University, Chengdu 610064, China;
3. Department o f Mathematics and Physics, Of ficers College of CAPF, Chengdu 610213, China)

Abstract; The occurrence, development and pathological changes of animal connective tissue are closely related to their
structures and morphologies, and particularly the orderliness on the structure of tissue is apparent, liquid crystalline
structures of collagen in connective tissue are a transition state that collagen molecules self-assemble into collagen fibers or
tissue. Based on reconstituted collagen molecules, we have discussed that triple helical structure has an impact on collagen
molecules assembling into liquid crystal, and have analyzed research progress on structural transformation of collagen
molecular liquid crystal and super-molecular liquid crystal, as well as thermal and dynamic forming conditions. Inducing the
formation of collagen liquid crystal is the key to simulate construction of the extracellular matrix in vitro. It not only
established contact for studying the mechanisms of connective tissue morphogenesis and pathological process, but also
provided useful information for building tissue engineering scaffolds.

Key words: Collagen molecules; Entropy induced order; Molecular liquid crystal; Super-molecular liquid crystal;

Connective tissue





