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Fig. 1. Phase diagram of the bovine neck ligamental ar-elastin-water system showing the binodal

temperatures estimated by phase contrast microscopic observations (O) and light scattering mea-

surements (@), respectively, and spinodal temperatures (%) evaluated from the forward light

scattering intensity values.
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Fig. 2. Examples of phase contrast microscopic images of the bovine neck ligamental o-elas-
tin-water system. o-Elastin concentration and temperature: A (0.09 mg/mL, 26.0°C), B (0.11 mg/
mL, 23.0°C), C (0.4 mg/mL, 32.5°C), D (0.8 mg/mL, 34.5°C). Scale bar: 20 pm. Black dot 1 and

white dot 2 indicate microcoacervate droplets positioned on and off the focal plane, respectively.
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Fig. 3. Histograms for the microcoacervate droplet diameter, d,,,_, distribution for the bovine neck
ligamental o-elastin-water system. Droplet number data, n, in each histogram was counted for
image planes with total area of 1.2x10° pm?. o-Elastin concentration and temperature: A (0.09 mg/
mL)-a (24.0°C), b (27.0°C), ¢ (28°C); B (0.11 mg/mL)-a (22.0°C), b (27.0°C), ¢ (30.0°C); C (0.20
mg/mL)-a (22.5°C), b (27.0°C), ¢ (32.0°C); D (0.40 mg/mL)-a (25.0°C), b(27.0°C), ¢ (32.5°C); E
(0.80 mg/ml)-a (30.0°C), b 35.0°C), ¢ (38.0°C).
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Fig. 5. Effects of L0 . .

metal chlorides on the A: 0.11mg/ml

temperature-profiles of 08

hydrodynamic diameter, o

dyy, 4 Values at the critical EC-, 0.6 [
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conditions of the bovine "Qm 04

neck ligamental o-elastin- b

water system.
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tion (0.11 mg/ml); salt free 1o 20 30 40 10 20 30 40
riec T/°C

(®), 0.5 mM NaCl (O), 20
mM CaCl2 (). B: a-Elastin concentration (0.6 mg/ml); salt free (A) 5 mM NaCl (A), 10 mM
CaCl, ().
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Fig. 6.  Effects of 10 mM transition metal chlorides on the temperature profiles of turbidity
formation of bovine neck ligamental o-erastin-water system at 400 nm wave length. o-Erastin

concentration: A, 0.11 mg/ml; B, 0.4 mg/ml. @ : salt-free, A:MnCl, <>:C0C12, 0: NiCl,
o CuClz, :ZnClz, & . LaCIy
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PEPOEETHL, S FTHRRNTRIARIC, BEBEINSIILIZAF a7 LN —
MIERIREAHBATH 555, MIRESHRIBESINIEDNDH L, WRZIFAFa7
EAR—PEEE5~10 xmiEL, BIX3 7LV _N— MUEOEZEISTET 5 KE S
THHH, FITHIRARFEIT, BRI T VAR — MEEOESA TR ENLDTIE R L,
A BEBIAIREE IE L7 & 10, BRIRUEHICRIEL TS S NS, o T ATV, R
RYGRTF FRTHRIBEENLD, a TTAF VORIERTIE BFED oa-TT 2 F
VB L B A 4V TBRESNAEAL D ) BRECARTH L,  MIKI TRV N— T
DI DTER R, — 2 REEEA G RES TR TR TV A ERESEC S
KREEEESRE ODBMEZSICOVWT ORI ZED TV S,

4 SE0DFEE

BREEBA F VIR MERE LT AT Y IICRORERFE I T V=2 a VICRT
VERZBREICT 572012, &BA 4 VHET COMREMET 2FEVLETHL, 7
AF Y ED2ODERA F YEAIMOBT, T I/ BIREOTTEEBSHO T VAR F 2V
BEAOEAIL, 044 V2RV T, ELIEIIHERNLMHEEERATH LD, b ) —20&
BA * VEEATTH By & T F FEEF. Val-Pro-Gly-Val-Gly, DEAEI VA=V
FEAOREASEIEBINERNTHY, BEDLIA, ANV aTLAFVET VIV AFY
DHIEES LELELFRVWHELTEY, ZORAITHEGHEEDEOHEEIIRE 2VER
52 TBY)., WHRRZBEOETHMNT M) v 7 AL LTDIT AT ¥ DL
DIREE 72 DHEE L BEOSTREEHOPICT 2 FHDP Y & 2D WRENN D 2,
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Searching for Prebiotic Organizations

in Primordial Sea Medium Enriched by Transition Metals

-Mechanisms of Self-Assembly of Elastomeric Proteins by Transition Metal Chlorides-
Kozue Kaibara
Department of Chemistry, Faculty of Science, Kyushu University
Summary

Molecular assembly process of tropoelastin in extracellular crevice is thought to be a key
step of the elastogenesis to establish the structural basis of multiple functions of elastomeric
protein as an extracellular matrix. In three major components constructing arterial wall such as
vascular smooth muscle cell, collagen , and elastin, only elastin is responsible for the generation
of normal internal vascular pressure. It was reported, on the other hand, that the formation of
particles containing elastin-like cross-linked polypeptides are observed by prebiotic chemical
experiments in primordial sea medium enriched by transition metals. These molecular self-
assembly processes in extracellular space and in simulated primordial conditions can be mim-
icked by the temperature-dependent coacervation of elastin-related polypeptides, such as
tropoelastin, a-elastin, and model polypeptides with specific repeating amino acid sequences.

Phase diagram with lower critical solution temperature characterizing the temperature-
dependent coacervation of bovine neck ligamental o-elastin-water system was obtained based
on the light scattering photometry and phase contrast microscopy. Hydrodynamic analysis of
clastin coacervate assemblies as a scattering particle and computational particle image analysis
for microcoacervate droplets demonstrated that two types of dynamic processes characterizing
the critical and off-critical self-assembly processes of the elastomeric protein-water system.
Temperature-dependent coacervation experiments utilizing more hydrophobic elastin model
polypentapeptides and a-elastin with coexisting metal cations suggested that the fast and slow
processes are based on the fundamental hydrophobic interactions and supplemental electrostatic
interactions of charged amino acid residues, respectively. Effects of metal cations on the
temperature-dependent coacervation of elastomeric protein-water system were examined also
by CD and NMR spectroscopic investigations. Interactions between metal cations and carboxyl
groups of amino acid side chains only caused simple and nonspecific effects such as salting-in
and salting-out mechanisms. Highly specific and selective binding of Ca®* and La*" jons to
peptide backbone carbonyl groups, on the contrary, induced significant effects on {3-spiral structure
and molecular self-assembly process. Cu® ions, incapable of binding to peptide backbone
carbonyl groups, also revealed important effects on the coacervate formations probably based
on the formation of coordinative complex with side chain carboxyl groups.
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