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ELRREBIERIT. o X, ZUFA 2707 VEEKROMRBEEIT) 2 -~ F
P, BB ICHEREICEEL TVWARELHLMIIIN TR,

2. EARICRIFBEESFOITELN—Y 3 VIZOWTIE, FRIEREEE, i
MA AR, Bk —EEAEIER. TR — U & R B U EE~ OB 5 b IEE
ENLRICE -7-HE DT o T, ERNAZTERICOVTY ERE P2 SNARRICED .
Caud FREELEICEs CHEEREAF RIS, 50 a7 ey N—T 3 VERF

OB X 3. BICBASBHTELL, FIASHERDP bITbIL Tz~ A 710 7t
TR WT . BEIAZEYARLEN»D, L) BEL BEEE T HAALCEYREV AT
AELTORBFEOLN TV, BHE-BSFEBRERODTEVR= 3D,
EHEOSERCEMICAED RFEO—DERFHINTVE, X, EMMEFIREIBNT
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BRSNTWAEH, ITRIAR— FHOBEICET L) BVEEORS I TTRZED ML
nTwa, i ANTREPEREHNORRICh a7 eVN—T a3 VICHET 2 MRIEAE
PENTBY ., MBS AR I AT, ShiX, BH%EEBEOHEBICD
BEELPE L o Twh,

EREBICEUAE O E HE LR CEEE L EREIT) &, =T 25 —F
TORELE N DR TFREEEITER SN, WEREERELI AT VY ROBELZET 2
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VAT R— N EEUCHEEMURT, T2 VA P =Y R D MRSMTERICEH S h
Be KA TEHEOESREL o7 VRIS AF Vi, BEICLAEBRICE XY
T, WSO TEBRSTH LTI AF v L ), BIIRGEMERES O 4 oM 2 LT
PEEEL L ORI RET S (Fig 1ABR) o Hb. TIXF VAEGED
F—2A7y FHHBEERENI T LAN-VayTH, MRgH< by AL LTOZ
B iR DR L 2 AEEITRE NS, AW, BBEGEOFRZET VLR
B2 rERIC, ShITEYEEROEGTROAIEICD R IEEREIEL R L T AN
BHEHBELS AFVICOWT, a7 b — NERBROFEME I 2 F a7l
N— b OREE. Pk, BREOMIATIT o TR,

—EOBBEFEOT T, EREENLIZF Va7 kR MEEICE X b EEOHENH
L. EEOREREGER D MBINERCFAEERORET, TIAF I T RNV —
NS 72 B BB % 2T B DRI T A FEICOVTRE L TR, 89 4T,
IS5 RF AT ENR— TR A &V BIRERES, BOESHBEOREE, Wi &
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. RS, BIRTELIC X BREEEE T ICESER b5 TV 5, HEREEAET S AF Y
BNy 2 ADRRERMBEEOSTHFIE, T 2F > OMMERTSIRRIC bR
FBbDOThb, BT, Aoy Al +y ORFUEERY HAEIEEICHRT 544>
SYEOBE D AROEETHO L 11T, BRICHESISERT 5 BROERMEICL, —
EDEGEL LIS EEL TV,

Table 1.  Amino acid compositions in residues/1000 residues for normal and atherosclerotic

aortas in human.

Atherosclerotic Aortas®

Amino Acid  Normal Aortas®

Noncalcified Calcified
Portion® Portion?
Hyp 10.2 17.7 44.5
Asp+Asn 2.9 14,0 24.9
Thr- 8.2 134 164
Ser 54 . 88 13.5
Glu+Gln 16.8 33.1 , 46.2
Pro 1234 123.3 115.6
Gly 304.9 259.4 2653
ala 234.0 207.5 182.3
Val 143.6 140.4 A 121.1
Met Nondetectable 3.2 Nondetectable
Te 24.4 29.4 28.4
Leu : 613 68.5 65.0
Tyr 21.9 27.0 11.0
Phe 24.7 28.1 275
Isodesmosine 1.6 1.5 1.5
Desmosine 3.6 32 3.1
Lys 59 7.7 11.0
His 0.2 ' 3.0 4.8
Arg N | 12.1 17.6

a) Mean values for two infants (1 year 5 months of age).

b) Mean values for four patients (65, 73, 74, and 78 years of age) with
macroscopic fatal atherosclerotic conditions.

¢) Noncalcified region with a remarkable lipid deposition.

d) Calcified region with a remarkable calcium salt deposition.
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A Smooth Muscle Cell
Fibroblast Cell
Lysyl Oxidase+Cu

Cross-Linking

Self-Assembly

Tropoelastin

: Tetra Regular Arrangement :

i Penta ; Repeating . :

Cu-Deficient Animal Hexa } Sequence :
'_.’a_-_Aminop_r _q;_)iononitrilg_s Nona © 4 Hot Alkali /Hot Oxalic Acid Treatment :

: - Soluble Heatmg
iii| Elastin 2‘5
i1 1| Polypeptide <:|
HE Temp.
b» Tropoelastin Coolmg

=0 -Elastin Homogeneous Coacervate Coacervate Artificial
==B> Model Peptide Solution Droplet Layer Elastic Fiber
Absoption Elastin-like

: Polymers
Amino Acid

Primordial q Origopeptide @

Sou
P Polypeptide Phase / Polymeri-
Separation zation
Marisome Marigranule
(Empty Particle) (Packed Particle)

Primordial Sea Medium Enriched by Mo, Fe, Zn, Cu, Mn, and Co//N-Atmosphere, 105°C , 8 Weeks

Fig. 1. Schematic representation of the correlation of elatin coacervate formations in elastogenesis
(A), elastomeric protein-water system (B), and primeval cell model (C). ~ A: Biological self-
assembly of tropoelastin in an extracellular space as a key step of the elastogenesis. B: Tem-
perature-dependent coacervation of the elastomeric protein-water system. C: Marigranule as a

primeval cell model with elastin-like structure

2.&%%%

2. 1. BMMISHMEOD  AERRRUNRTF REETRYNTF R
%EE%EEEI7X%/i b D KEIIR CidTable LISRTARZ 7 3/ BRALEL = FE B
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WM~ P ) v 7 2L LTHIA R Z D T b 5 AF VIR0 TAREICZ L&
HETH 0., WSRO T IV ) MEREL L THEEINAIETH D, BERILFMITE
IITRAY—HILL o TDREE NG, APFRT, FEHAZICHETLHABL LT, =
SAF VR EICHRERRLEICL > T, iBEAEPIRIIRF VY OGFE (TAPLT
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Fig. LAICR L7229 A F VY AABKBRE, Fig 1CIIR LZRBMBE S VRORRK, =0
EDMND T, HOEAGMBMABERDOF -2 57y 7o oTWADIFa TR — 5
YCHB, I OEENETHAM GBI IR AESRAIESBRRIE, Fig IBTRE
N5, EELIAFVEHER) T F F—KRORE LF I W —K 2 5 EEBE, B
ERFEHEI TNV R—2 a Y THRATETH S, KET CEEICER IR T F
FAGEBOEEE . 145 HI20.5~1.0°COEG THEBRH IZEREHIC ER ST, 37
07kl R— N, BIZY 7037 bR — MR R IER & 0, SEOWHE L
8. EYMBEFAE 2T 072, AABZBEMERELE. L —¥ —GEELEIEIC X 208
EEOBHE 1O MR T, SFLURNNVTOEAKRROLLERZ 720D, NMR,
ESR. CDAZ MVHISE! 1 12 | a7 2 bn— MEROA + ¥ OB S oW T DESIL
ZRUEIEL S 1Y BTV, HEREELE & SEEE A 4 v L OB B EER A,
IIAF AT M= b OSFEERRE. BE. Y. BEBICIM 2228152 Tw»
B IRET L7z,

3. MEEREER _

3.1, RTFRERANAZIVETESET I /BRAIH : ZFEEO A 4 A5
FREAEICH V- 2O AT VEER ) RTF FOFRT, 7 VESGTHE e — 25 X
FiE, Table LICAHE T2 7 I B CHER S, 10%BEOWEMT X/ BREIK%
boTBY ., EEAMEOPHITRNT, B ENEETTT A= MBS SN,
pHOBETHVIE ER LT, a7 vvR—v 3 VRIRREIR ER T4, —FH. KUY
FEFNRTF FRTBER W0, BRERFEI 7 V= 3 Vi, pHOEER
ELFIT RV, BHEBHEAEOaTEVAR—Y 3 vid, ERGICBREMEEERIC
LoTHrRI N,

¢ —LIFAFVOREREREITLVR—Y 3 it BEDERSEEIWYELETT
. I T NN — MBRIBEN60~80CIC ER L, 37037 EhN— MEEFEEL
L. ¥27 037 L= FBAOSEIET L 2 R RS RTELHE L, (Pig
2BM) o 8 R, REEEA F VOB, BEOERERENOTINEE
ELTHBRTLIENTEL, Blb. SEECYEESETIUL. MEDHR. —E0BE
PLE T RSB b NS E)S, BEAE, FEEERENE TR, BIZ, BEE
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a7 kN — FRREEREME T T 2 S IRESN RS RN TH 50123 LT, Fig
2T B TEENTVAREIIC, BV 2y ARFET T, BRARE (0.11mg/ml) 56
0.5/ mg/mLARE I, T 7 b — MRS L CRBRBEA EF LT 5, Fk
@%%MﬁUNV&Ni%P—K%T%%%h\V~$~%ﬁﬂwﬁuléﬁﬁ&ﬁﬁ®
BEEfEfr b ) v AEFETTIRI T RN MERIEE, BNV 2T AEFTT
S L EATR SN

<70 a 7 RN — NSRBI A A VSRR LTI R, A A Y ORI
BREAENTAENEEL, «—TIFAFVIT LA MEITEA & VIR E L
CHEET A DT, pHEALIIE U727 3/ H L A VRS VEOBEERBOELITH B LT,
BB A+ VITHT B EIRNE B E RIS LT AT TH L, A OEBREIDIC
5 LT PR NS EEEEHAFBE SN b0 LT, E{bavy 27 AR TOREMG
EEDHICHAE L 2, AT EAN— MEARERE A + VIREOWEZIT . SHERERER
YRR A A TR R CHET A L, a —ZFAFVICHEELTWAI VY 2T AR
B~ 7322y A LT 5 ~76, BT 7 V= bROF IV 2y A DR
R 7R Y2y AD1/20IBE R EDERDVFE LN .
R EEMEE . BROA F VRE BRI L o TRES NS, FY RV

PRI B ST

Cy-Elastin / mg ml™!

Fig. 2. Phase diagram of the bovine neck ligamental o-elastin-water system with and without
metal chlorides (NaCl, CaCl,, MgCl,, CuCl,, and LaCl,) showing the binodal temperatures esti-
mated by phase contrast microscope and light scattering measurements. Metal chloride concen-

tration: 10 mol dm™.
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NTF ATV R— P OEEETIE, WEEIFLELZVOT, EIERF OB L
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NRTF REEINVRINVOBERFICHONTY 2754 F VIBIRMIHES L TWAELTHE
DY LEBRITETH D, CI3TNVT I BREBFEEQEETELRY YT F Vi)
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DITH L, ALV 27 ARFT T, BERLLBEDbND 3MGlyE 5MGlyDH VAR
ZWVOFEZELRACEY 7 POEDBEI S N 2 DDA NVRZVERENOBERERN 2
ﬁ»&:ﬁé@%%ﬁ\Eﬁ&ﬂﬁ?ﬁ&%ﬂﬁbﬂ%lﬁx?VﬂYkWN—}@ﬁw
Yay AEFEEBEOERICZ > TWADIIHE LN TH B,

TITELNIAERIT, BEEHEERE EICIE. B—ANSA TNRTF FEEA VRS
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Fig. 3. CD spectra of polypentapeptide,H-(Val-Pro-Gly-Val-Gly) -Val-OMe (n240) , in 97%
trifluoroethanol-3% water with and without metal chlorides. Numerical values indicathe equiva-

lent metal ion concentration per unit pentapeptide sequence.
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FRICETLTCWAEEZRLTWS, Ili&E A4 Y IECDANRY P VICEREESX T,
BIEET 3 B ENDIERIRAEES DA TH 2EPHEL L ko, 2MiEEAL YT
b wr R av A S 4 VHICERELIGam TOANRY MVIEEEIZS 2 b FEITERT
B, RTFFERINVEINAOIEER §— A/ TVEEEHIET 5 FE R, b
NV av AL GV EMOERA TV IZT TN MERICH LT, &4, CORRER
%52 5DTHHI) Do Fig 2R LIERIC L. RTF FEERI VAR NVISHES
EF L —ANA FNVEEIFEL L VEBAA Vid, VVEE R« — I AT U DIATE
VR— 3 VT, MBSEBEBREICEESZ A0, BREREICEIEEESIT,
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BRFOEFRE, RIECRP L AOSEEEEE T OBERE. BEET OH T
ZHALDCT HAFHD 525 LERC, BRI Z 160 & T ATBIRSRESE, B4 TR
SOEEEELKET WA, BROEE(LHESICHNT 2 EEMEICS —E0&E5 %% LE
EDTHAHEEZTWA,

4. SHORE |
BB T — kR OBRERIFET 7 H VN 3 Y1200 T, BT L6 5,
(GRS, SHeEE L BELETAHRNRE LT, Ha RWB(LRE0R UL R
FFHIC L DRI LR, WUREREE R T 5 2108 N H DES R
BROFFE, FHAFENRICHET AHRETL b0 TH o7, SEBLTT

—263—



12 © 14 3

2FvaATENR= P EERA A OBRFBEROMEIERS . AFRICLENTRZR
WSS - A AT ADEAEE TS TH D & FIFIC, BIIRGEERE OB AL BYIRTE L
DEFTIZ DL AEATH o7 ABET, WO THMET I/ BARE b ORI
BEHET. —E0A T VEREEM L ERHRIFIHLN L R o7z, AROWFEDO—
SOHIE. kAR L CORGHRS ATIENENORBTHS ),  BIIRGEE
BOBEEFSTIA Y- L LTOIIAF Vik, bW b, TABETEE (55
ORBEFEEE AT ARG LTRDRAIED 2. TT AT ¥ ORIEREES T LIRS
ST O THETES b O TH UL, BICATHRERERMITER SN TRIETD
By BEDOIIAF VIR, ANV 2T ALEOETIET DR, SOERIORC
S WSS AR A B O TWAETH L, TIATF VOME. Wk, ORI
LD, TTAF AT EEEEMNE AT 2 EITETH L LEZ T bo

5. BEYM

(1) A.I Oparin, “The Origin of Life”, Macmillan, London (1936).

(2) M. W. Beijerrinck, Kolloid-Z., 7, 16 (1910).

(3) H.G. Bungenborg de Jong and H. R. Kruyt, Proc. Koninkle. Ned. Akad. Wetenschap.,
32, 849 (1929).

(4) J.T.G. Overbeek and M. J. Voorn, J. Cell. Comp. Physiol., 49, Suppl. 1, 7 (1957).

(5) C.J.van Oss, “Interfacial Forces in Aqueous Media”, Marcel Dekker, Inc., New York
(1994).

(6) B.V.Derjaguin, Prog. Surf. Sci., 43, 60 (1993).

(7) K. Kaibara, T. Okazaki, H. B. Bohidar, and P. L. Dubin 1, 100 (2000).

(8) FRZEERY, VU b - A LY ABIEM TR 0EEB BRI #REE I, 299 (2000).

(9) ERZEEAY, VOV b - A Ty ABIRE TR 1 E R BT SEHREE I, 343 (2001).

(10) K. Kaibata, T. Watanabe, and K. Miyakawa, Biopolymers, 53, 369 (2000).

(11) K KaiBara, K. Okamoto, and K. Miyakawa, in: “New Functionality Materials, Volume
B: Synthesis and Function of Biofunctionality Materials”, (T. Tsuruta, M. Doyama, M.
Seno, Y. Imanishi [editors]), Elsevier Science Publishers B.V, 281 (1993).

(12) H. Kodama, Y. Higashimoto, S. Kajiyama, Y. Uemura, K. Kaibara, K. Okamoto, M.
Jelokhani-Niaraki, and M. Kondo, Peptide Chemistry 1995, 433 (1996).

(13) K. Kaibra, K. Sakai, K. Okamoto, Y. Uemura, K. Miyakawa, and M. Kondo, Biopoly
mers, 32, 1173 (1992). '

. (14) K. Kaibata, Y. Akinari, K. Okamoto, Y; Uemura, S. Yamamoto, H. Kodama, and M.
Kondo, Biopolymers, 39, 189 (1996). ‘
(15) D.M. Kramsh, A. J. Aspen, and C. S. Apstein, J. Clin. Invest., 65, 967 (1980).

—264—



12 14 3

Searching for Prebiotic Organizations

in Primordial Sea Medium Enriched by Transition Metals
-Ionic Selectivity and Self-Assembly of Primeval Proteins-

Kozue Kaibara.
Graduate School of Science, Kyushu University
Summary

“Coacervation”, liquid -liquid phase separation, has already been recognized at an early
stage of the movement to establish the chemical and physical science of colloidal substances.
The term “coacervation” has become vastly popular by Oparin’s scientific insight and literary
talent developed in his famous work on the origin of life. But phenomenological complexities of
coacervation process inhibit the scientific progress both in the theoretical and experimental points
of view. Recently, reevaluations of coacervation are carried out in basic science and applica-
tions. Coacervate formation of elastin as a primitive protein with simple amino acid composi-
tion is a useful model for primeval cell system. On the other hand, self-assembly of elastin
precursor protein is a key step of the elastogenesis and can be mimicked by the temperature-
dependent coacervation of elastomeric protein-water system.

In a variety of experiments employing bovine neck ligamental ci-elastin and polypenta-
péptides based on the repeating sequenc, -Val-Pro-Gly-Val-Gly-, specific in elastin, calcium
selective interactions of elastin coacervate were widely observed. Under the conditions where
coacervation is accelerated based on the general salting-in-and-out mechanisms, calcium ions
only decelerated the phase process. NMR measurements using C-13 labelled polypentapeptide
showed that only calcium ions affect the chemical shifts of *Gly and *Gly groups. Ion transport
experiment across coacervated layer indicated that calcium ions are more concentrated and im-
mobilized than magnesium ions in coacervate phase. These results suggest the existence of the
two types of metal cation binding sites on elastomeric protein, side chain carboxy oxygen and B-
spiral peptide backbone carbonyl oxygen specific to pentapeptide sequence. CD measurements
were performed to survey cations capable to bind peptide backbone. Lanthanum ions only can
bind to the B-spiral carbonyl oxygen, but not modify global self-assembly process, since the
critical concentration of LCST-type phase separation profiles of the elastomeric protein-water
system stayed unchanged. Calcium ions are significantly active both to destroy the B-spiral
structure and to modify the phase separation profiles with the increasing critical concentration.
These results correlate well to the fact where lanthanum can relief experimental atherosclerosis
with calcium deposition. Ion selective characteristics of elastin as a primitive protein are impor-

tant for primeval cell model and elastomeric functions of elastin as an extracellular matrix.
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