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ABSTRACT

Tryptophanase is known as an enzyme with rigid stereospecificity, having the activity only
for L - tryptophan under ordinary condition. However, it becomes active to D - tryptophan in
highly concentrated diammoniumhydrogen phosphate solution. Inhibition reaction, in which
D-tryptophan was used as an inhibitor when L-tryptophan was degraded by tryptophanase,
was studied in terms of kinetics. The results suggested that an active site for D - tryptophan
might be independent of that for L - tryptophan. Such the site can be confirmed when using an
inhibitor which inhibits only the activity for D - tryptophan but doesn't influence on that for L -
tryptophan. D - histidine was known to be compatible with this demand, that is, D - histidine
inhibits only the activity for D - tryptophan. This result suggests that the activity for D -
tryptophan may be independent of that for L - tryptophan,

KEY WORDS: Tryptophanase, D - tryptophan, D - histidine, Independént active site,

Kinetics
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Independence of active site for D-tryptophan on tryptophanase
Abbreviations: TPase: tryptophanase, L - Trp: L - tryptophan, D - Trp: D - tryptophan,
L - His: L - histidine, D - His: D - histidine, DAP: diammoniumhydrogen phosphate, PLP:
pyridoxal 5’-phosphate.

INTRODUCTION

Chiral environment in early earth is considered to have been racemic, judging from amino
acids chemically synthesized from primordial molecules. However, L - amino acids are
dominant in contemporary biological world. The origin of homochirality has intrigued
scientists ever since Pasteur’s discovery of the optical activity of biomatters. The cause of the
amino acid homochirality has been discussed from the viewpoint of physics and chemistry (
Bonner, 1995 ), but there is still no general consensus. On the other hand, enzyme plays an
important role that selects amino acid optical isomers. It is reasonable to suppose that enzyme
should be key of the elucidation of this question. However, there are few discussions about
chiral homogeneity on the basis of enzymology. This is because the information on selection
mechanism for amino acid optical isomers on enzyme has not been obtained. The first step for
studying a selection mechanism is characterize an active site for L - and D - amino acid.

We have studied the stereospecificity of enzyme up to date. We showed that the very rigid
stereospecificity of an enzyme could reversibly change with varying environment in the
previous report. Tryptophanase ( TPase ) is known as a pyridoxal 5 - phosphate enzyme with
strict stereospéciﬁcity. Diammoniumhydrogen phosphate ( DAP ) could reversibly change the
stereospecificity of TPase ( Shimada and Nakamura, 1992 ). DAP acted on TPase as an
activator below 3.1 M, and as an uncompetitive inhibitor over 3.1 M. The reaction was
maximal at 3.1 M ( Shimada ef al., 1996 ). The catalytic efficiency for D - tryptophan (D -
Trp ) was 0.3 % of that for L-tryptophan ( L - Trp ). Reaction pathway showed that the active
site for D-Trp was divided into binding site and catalytic site ( Shimada ef @/., 1997 [1] ). In
addition, this reaction made it possible to compare the active site for D-Trp with that for L -
Trp. Inhibition reaction using D - Trp as an inhibitor suggested that the binding site for D -
Trp should be apart from that for L - Trp at 3.1 M concentration of DAP, because D - Trp
inhibited TPase uncompetitively ( Shimada et @/., 1997 [2] ). This allows to guess that
catalytic sites for L - and D - Trp may be also independent each other. A particular inhibitor

which has no influence on an active site for L - Trp and competitively inhibits an active site for
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D - Trp is needed to confirm it. We have looked for such an inhibitor. This report describes D
- histidine ( D - His ) is an inhibitor suitable to our objective, together with kinetic analyses of

inhibition reaction.

MATERIALS AND METHODS

Inhibitor, enzyme and reagents

Both D - Trp and D - His were purchased from Peptide Inst. Inc. ( Osaka ). Crude
tryptophanase was purchased from Sigma Chem, Co, (St. Louis, USA), fractionated by a pH
gradient provided with an isoelectric focusing apparatus, BIORAD ROTOFOR CELL (
BioRad, California ) to be separated from other contaminants prior to experiment, This
purified procedure was repeated twice. The tryptophanase solution was prepared in 72 pg/ml
of protein concentration, exhibiting a specific activity of 14 pmol/min/mg and Km of 0.33 mM
with L-tryptophan at 37 C and pH 8.3, and was a single band on SDS-polyacrylamide gel
electrophoresis. Other reagents were obtained from Wako Pure Chem. Co. Ltd. ( Osaka ).
All chemicals were reagent grades. All glasswares were washed by soaking more than 3 days
in a special detergent, CLEAN 99CL ( Clean Chemical Co. Ltd., Osaka ), thoroughfy rinsed in

deionized and distilled water, and then dried in an oven.
Kinetics of inhibition reaction

Reaction mixtures were prepared in combinations of various amounts of DAP (0, 3.1 M),
D - Trp ( 245, 294, 490, 980 pM ) or L - Trp ( 245, 490, 980 uM ) as substrate and D - His (
0, 0.65, 1.3 mM ) as an inhibitor with fixed concentrations of pyridoxal 5’ - phosphate ( PLP )
(380 uM ) and TPase. Volume of the reaction mixture was adjusted to 10 ml with Briton -
Robinson wide range buffer ( pH 8.3 ). The reaction was initiated by adding 50 pl.ofa.
solution containing 0.05 units of TPase, and mixing immediately. TPase reacted with D-Trp at
37 °C for 4 h or with L-Trp at 37 °C for 0.5 h, and indole released from tryptophan
degradation increased linearly with time. »-butanol was added in the reaction mixture to
terminate the reaction and indole was then extracted. The indole was purified from other

products by centrifugation, and then colored with Ehrlich's reagents for 30 min at 60 °C.
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Independence of active site for D-tryptophan on tryptophanase

Initial velocities, which was calculated from indole spectroscopically determined at A = 570

nm, represented indole formed during one minute after the addition of 1 mg of TPase.

Different combination was assayed in triplicate. All kinetic data were analyzed by averaging

the initial velocities and generating Lineweaver-Burk plots of the averages.

RESULTS

Effect of D - His on L -Trp degradation reaction

It is generally known that
D - His doesn't inhibit TPase
'(Snell, 1975 ). Itis studied
whether or not D - His
influences on TPase in the
reaction of L - Trp
degradation in the absence or
presence of DAP. D - His
has no effect on TPase in the
absence of DAP of 3.1 M
concentration ( Fig.1, O and
@ ) The Km and Vm of
TPase in the absence of DAP
are 0.33 mM and 14
units/mg, respectively. These
values show that D - His
doesn't influence on TPase at
all regardless of the presence
of DAP. Vm decreased by
about 10 units/mg in the
presence of DAP. The
decrease of Vm is occurred
not by D - His but by DAP

0.5
0.4}

8

5 o3}

e

E

-

= o2}
0.1
0.0

1/[L-Trp] / 1/mM

Fig.1 Effect of D-His on TPase in the L-
Trp degradation reaction

OC: 0 mM D-His + 0 M DAP, @:1.3mMD-His+ 0 M
DAP, [0:0mM D-His+ 3.1 M DAP, W: 1.3 mM D-His
+ 3.1 M DAP
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because Lineweaver - Burk plots in Fig. 1 is similar to the plots obtained in the absence of D -

His as described previously ( Shishido, 1995).
Inhibitory action of D - His for D - Trp degradation reaction
D - Trp degradation

reaction 1s maximal at the
DAP concentration of 3.1 M.

Vm determined from Fig. 2 is
about 1 % of the Vm of L - 8af -
- Trp degradation, agreeing
with the previous data (
Shimada et al., 1997 [1]).
Initial velocities decrease
with increasing D - His, that
is, D - His inhibits TPase in
the presence of 3.1 M DAP.

Three linear lines intersect

40 |

I/v / mg/units

. 20 ¥
each other at a point on the

ordinate at 1 / [D - Trp] =0.
D - His acts on TPase as a
competitive inhibitor in the -2 -1 0 1 2 3 4 5
reaction of D - Trp

1/[D-Trp] / 1/mM

degradation.
Fig.2 D-His competitively inhibiting
DISCUSSION TPase in the D-Trp degradation reaction
One of the most powerful O: 0 mM.D-His, A: 0.65mM D-His, O: 1.3 mM D-His
analytical methods to

characterize an active site of
enzyme is to study inhibition
reaction in terms of kinetics
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Independence of active site for D-tryptophan on tryptophanase

by utilizing an inhibitor corresponding to the enzyme. The experiment where D - Trp was used
as an inhibitor suggested that the binding site for D -Trp should become apart from that for L -
Trp through steric structural change of TPase at the DAP concentration of 3.1 M. The next
problem was whether the catalytic site for D - Trp was independent of that for L - Trp. For
the purpose of its elucidation, we find out D - His, which doesn't belong to a group of dozens
of inhibitors related to TPase. D - His binds at the active site for D- Trp and competitively
inhibits D - Trp

degradation without

influencing on the reaction

with L - Trp. This indicates

that TPase has another active

site for D - Trp in addition to Ordinary condition
an active site for L - Trp. TPase |

TPase probably has a variable
fragment part corresponding
to environmental change, and
steric structural change in the
presence of DAP allows the
fragment to expose to D -

Trp degradation. Fig. 3isa

proposed scheme of the
active site for D - Trp. The
catalytic site for D- Trp is
hidden under ordinary
condition, though the binding
site for D - Trp overlaps the
binding site for L - Trp each

Fig.3 Possible active site for D - Trp
other, The catalytic site for

independent of that for L - Trp at 3.1 M
DAP concentration and competitive

D - Trp emerges apart from
the active site for L - Trp at
DAP concentration of 3.1 M. inhibition of D - His
D - His providesl a valid

evidence supporting that the
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active site for D - Trp works independently of that for L- Trp.

1t is enzyme that serves as stereochemical selection filter. If there is no enzyme, L-amino
acid - dominant asymmetry will not be maintained in today's biological world. But primitive
enzymes in early metabolism should be different from extant enzymes. Amino acids dissolved
in primitive sea might have been scarce as well as racemic. They might have metabolic
pathway to utilize a small amount of L - and D - amino acids. Ifit is true, reaction pathway
which can manage to metabolize D type amino acids may partially survive in today's biological
metabolism. Although extant enzymes have made up L - amino acid - dominant world, while
there are a few énzymes, for example, D - amino acid oxidase or racemase, active to D - amino
acids. Moreover, free D - amino acids are distributed in sea water or crustaceans, t0o.
Approximately 10 % of the free amino acids in sea water are D - amino acid ( Zagon et al,,
1994 ). High contents of free D- amino acids in the tissues of crustaceans is reported
elsewhere, although the physiological role of D - amino acids remains unqlear ( Okuma et al.,
1995 ). What does the unexpected wide distribution of D - amino acids signify for homochiral
biological world ? Of course, its answer has not so far been supplied, but if a hypothetical
explanation is permitted, it is to be a vestige of early metabolism under racemic environment
on some four billion years ago earth. It is also of interest that it is applied to the active site for
D - Trp of TPase. In this context, it is possible to speculate that originally TPase had domain
consisting of two active sites for L - and D - Trp, and fragment corresponding to
environmental change, that is, the active site for L - Trp, evolved. Many studies insist that
chiral homogeneity was occurred by non - biological cause. Our results provide that active site
corresponding to each type of enantiomers exists independently, This implies that
homochirality has been formed together with enzyme evolution. A viewpoint from
enzymology is also indispensable to the study of the origin of homochirality, The key to solve
the question why an active site for L type develops more than one for D type appears to be in

the interaction of the enzyme with environment around it.
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Abstract

A method for identifying the essential system of life is described. The system of
life is extremely difficult to model in terms of physics because of the large complexity
gap between elegant theories of physics and complicated real biology. Since we must
accept the existance of this gap, we start by modeling actual biclogical transitions,
then reconstruct the system from these models. The emergence of life, that is,
the generation of the system itself- can also be formulated in our method as the
discovery of a partial system that satisfies the physical criteria of life. This method
also allows us to discuss initial conditions and natural laws for the origins of life by
analyzing the parameters of an identified system.

Keywords: Inverse problems, system identification, non-equilibrium
statistical mechanics

1. INTRODUCTION

Science is based upon a combination of theory and experiment. However, theo-
ries on the origins of life seems to be underdeveloped. Conducting experiments is
the most convincing approach in this field: synthesis of RNA molecules has been
duplicated, and the catalytic activity of these molecules has been shown in several
experiments, which have provided a picture of the RNA world.!Yl In contrast, theory
can explain only the superficial features of organisms. This difference is because of
three problems in theoretical approaches: (1) laws of nature are ignored, (2} the gap
in complexity between pure theories and real biology is large, and (3) no formula
has been derived that explains the emergence of life.
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An inverse problem approach to the origins of life

In most models, the laws of nature have been ignored, including artificial life sim-
ulations. 23 Fontana and Buss 1 simulated chemiical reactions in a prebiotic soup
by assuming the A-calculus of Lisp as chemical seeds, and considered virtual chem-
ical reactions through the textual rewriting of the calculus. Based on this model,
they found that stable rewriting cycles developed automatically from the simulated
soup, even when they set the initial conditions randomly. This result suggests that
the initial conditions may not be important for the origins of life. However, is this
conclusion correct? The premise “if nature approves it” is inevitably required to
reach this conclusion. The local environment, especially thermal conditions, restricts
chemiical reactions. Simulationsthat ignore these kinds of limitations in nature can
be explained in many ways. :

There is a large gap in complexity between theory and real organisms. The
Schrodinger equation (8] is one of the most elegant models in physics, but nobody
uses this equation to explain life. A living organism certainly consists of quantum
particles and atoms that obey this equation, but all the complex boundary condi-
tions and thousands of statistical phenomena would have to be figured out to arrive
at a model of the organism. Although researchers are aware of this unavoidable
gap, they use unnatural variables, such as the J-caleulus, to model the system,
since there is no appropriate formula for a prebiotic world. However, since such
oversimplification breaks the link between the model and the real world, researchers
are forced to reexamine nature. Nonetheless, the gap still exists, and at the end of
many reiterations, they choose tiny phenomena such as B-Z reactions. (6]

Another gap exists. Brilliant theories of physics are by no means sufficient for
modeling the emergence and the evolution of life taht is, the creation-annihilation
of the system itself. A conventional model of water motion may generate an un-
expected change of a smooth flow into turbulence. However, it never generates an
even greater unexpected change such as the appearance of bacteria in the water be-
cause everything is well defined in such a model. It is assumed that nothing outside
of the model occurs. Matsuno [ and Résslor 18] are searching for another system
description framework based on interaction or observation. With such a framework,
the system can be described by observing it from its smallest parts. For example,
a molecule'or a.cell ¢an interact with its surroundings only in a limited space-time
region, and can change its state only through limited interactions. Researchers are
interested in this sequence of local interactions and state changes, because a new
system can emerge from the sequence; however, the sequence is hard to describe.

Is there a solution to these formidable problems? In what follows, we describe a
method that overcomes the three difficulties inherent in theoretical approaches that
seek to model the essential system for life. The key concepts behind this method
are given first, then detailed protocols are explained.
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2. THREE CONCEPTS FOR MODELING LIFE

Key concepts for solving the above problems are (1) the introduction of a physical-
chemnical reality into the model, (2) the integration of biclogical evidence to obtain
the model, and (3) the introduction of an observation process into the model to
emulate the emergence of the system.

2.1 Introduction of physical-chemical reality into the model

Physical-chemical reality is especially important in modeling the prebiotic world be-
cause initial life cannot be considered without the constraints of nature, for example,
the laws of thermodynamics. Since, the basic body of mycoplasma, the smallest liv-
ing cell, is only 100 nm (10~7 m) in diameter,® initial life must be between 10
nm and 100 nm in size. This is much smaller than the width of the smallest mask
pattern (350 nm) of advanced MPUs in our computers.

For describing this extremely small physical system, non-equilibrium statistical
mechanics [1%11] is probably the best framework, because life is apparently non-
equilibrated statistical phenomena. This framework combines the microdynamics
of chemical reactions with a highly ordered system.

2.2 Integration of biological evidence to obtain the model

Since the complexity gap will last forever, we should start describing peripheral but
real transitions in an organism rather than searching for the fundamental model of
life. To do this, we should first write the models of actual biophysical transitions
in an organism which are the results of the complex organizing effect of nature on
the essential system of life. Then, we should go back to the essential system by
eliminating the complexity in those models. Writing the peripheral models is much
easier than making a model of complete life. For example, we can model enzymatic
reactions based on the evidence from molecular biology, that is, what amount of
substrates is delivered, how they are catalyzed, and which products are transferred
to the outside. Some research groups have actually started modeling such local
biophysical transitions.[!223] All these individual transitions can be modeled into
fluxes 7's in non-equilibrium statistical mechanics.

2.3 Introduction of an observation process into the model

The creation and annihilation of the system itself can be described by introduc-
ing an observation process into the model. Although everything is determined in
a mechanical model of the world, which part of the world we will observe is not
determined. Using this indeterminacy, we can create and annihilate a new part of
the whole system, what we call a subsystem. God knows everything, but we human
beings observe only part of the world. We detect living things by putting a template
“}ife” on the observed portion of the system. Since this subsystem is determined by
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the relationships between the constant template “life” and the changing world, a
new subsystem can be generated by the alteration of the world. Notice that not only
the model of the world but also the template can be written down in a conventional
formula in physics. Consequently, we can model the creation and annihilation of
systems without giving up the advantages of conventional analytical techniques by
introducing the template.

This leads us to the question, “what is the template of ‘life’ ”7 Life is an ambigu-
ous concept which seems impossible to formulate. Of course, there is no physical
definition of life- if the template represents the definition, we can not use the tem-
plate, because the physical definition is our target. However there is no need to
abandon our enterprise. Our goal is to approximate the essential system of life by
integrating the necessary physical conditions for life. What we should do is translate
the consensus of biologists into physical models to obtain the hypothetical template
“life.” Approximation is the basic way of science, so the subsystem detected by the
template is only an imitation, but it meets all the necessary conditions for the de-
scribed life. The subsystem will quickly approach the essential system of life as our
knowledge of life progresses.

These are the key concepts for solving the three problems. In the following, we
discuss the protocols for fulfilling the concepts.

3. SYSTEM IDENTIFICATION STRATEGY

3.1 Approximation cycle

Let us first summarize our strategy. Our target is to identify the essential system
for life as a statistical quantity p(¢t}). The p (we use t only when it is required) is
the density in non-equilibrinm statistical mechanics. We sometimes say “system g,”
because this quantity enables us to estimate all the physical values obtained from
the system so that we can predict the future behavior of the system (see the next
subsection). We search for a p that satisfies the necessary physical conditions of
life. The p is obtained through the following approximation cycle (see Fig. 1).

We first write the template for life and use it as the criterion for searching for
a life-like subsystem. This template can be obtained by translating the character-
istics of life into physical constraints. For example, life has certain characteristics:
it is a stable dynamic system, it has negative entropy import,?% and it increases
its free-energy content. These characteristics can easily be translated into physical
consiraints.

We next describe individual biophysical transitions, such as potassium ion flow,
in the form of flux 7(t). Then, we integrate them into p. After reducing the formula,
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(7) Natural Laws for Life

/ Initial Conditions for Life

{6) Physical Model of Life p

Yes

(1) Necessary Conditions (4) Fitness for ' ?

for Life W No
'S
(5) lteration
{3) Reconstruction of P
Evidence in
Biclogy

(2} Models of Local
Biophysical Transition j

Fig. 1 Strategy for approximating the system of life

we test whether the p meets the template. If it fails, we continue to refine the model
of 5’s and integrate them into a new p. At the end of this approximation cycle, a
life-like subsystem will be detected.

Finally, we study both the essential materials and natural principles for life.
The obtained subsystem includes the principles hidden behind the behavior of an
organism. We can therefore expect new knowledge on the principles for life baed on
the analysis of the physical parameters of the subsystem.

3.2 Prediction of system behavior from the density

Using density p(t), we can predict the future behavior of the system, since the
expectation value, {A(t)), of any physical quantity A, can be obtained. Sup-
pose a systermn consists of IV classical particles. The states of this system can
be determined by the set of positions r, and momenta p, of each particle v =
{ 71,72, o'y PNy P1, Py oy Piv } (small n indicates particle number n =1, 2, 3,*-, N).
The physical quantity A is a function of r,’s, and p,’s, for example, the kinetic
energy S p2/2m. The expectation value of A is obtained by summing up the
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product of A and density p, over all thg state index ’s; that is,
(A®) = [ar Am) pint). (1

{see Appendix A for quantum systems). This relation also holds in a system with
heterogeneous particles, and even in a system with chemical reactions,3 For sim-
plicity, we choose a system with N identical particles in the following sections.

4. RECONSTRUCTING DENSITY FROM FLUXES

The most important step in our strategy is the reconstruction of p from the models
of the flux j’s. This step is based on the following discussion.

4.1 Theoretical basis

Life is apparently in a non-equilibrated and non-stationary state. The p of such a
system cannot be obtained by using the conventional method of statistical mechan-
ics,/4 because equilibrium is assumed in the classical framework. Therefore, the
density of a non-equilibrated system is approximated on the assumption that the
system is equilibrated locally. The approximated density, called quasi-equilibrium
density, (pq) , is calculated by

1 _ T
pulnt) = 5 &0, z= [ay 109, &)

flnt) fd?’?" B{r,){ H(r,t;7) — pu(r,t) nir,t;7) }. (8)

The H(r,t;7) is the density of energy; n(r,t;v) is that of particles; G(r,t) and
u(r,t) are respectively the multipliers representing the inverse of the temperature
and chemical potential (see Appendix B for quantum systems). We can determine
B(r,t) and u(r,t) by the Lagrange method,% assuming that entropy peaks at equi-
librium. The p, violates the Liouville equa.tlon (see Appendix C), with which the
true density must comply.

Zubarev 116 showed the following relationship between g, and the true density
p for a non-equilibrated and non-stationary quantum system:

0 ! : 4
pt) = lime—+0 ¢ f_ . dt’ et e py(t +t) (4)

(the hat ” indicates an operator). This relation enables us to obtain the true density
from the quasi-equilibrium density. The ¢ is a tiny positive number that is intro-
duced to break the symmetry of time so that j satisfies the Liouville equation in
the limit & — +0, after taking conventional thermodynamic limit V' — 4oc0. The
L is the Liouville operator. Equation (4) also holds in classical systems.
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4.2 Reconstructing the density in classical systems

The true density p can be obtained from Zubarev’s relation, Equation (4), and from
the continuity equations of the energy and particles (see Appendix D). Suppose
that the density of energy flux jg(r) and that of particle flux j,,(r) are given in
the functions of r1,...,7~, P1,-. .py- Then, H(r,t;) and n(r,t;v) in identity (3)
can be calculated by

i
H(rt;y) = H(r,07)— fo &t V- gulr ), (5)
1
n{r,t;y) = n(T,O;v)—f dt’' V- 3. (r, ), (6)
A _

based on the continuity equations where H(r,0;v) and n(r,0;v) are the initial
values at t = 0. Putting these parameters into Equation (3), we have pg{(7,1), and
by Equation (4), we reach the true density p (also see Appendix E).

4.3 Reconstructing the density in quantum systems

There is a possibility that quantum effects led to life. It may sound strange that we
are going to discuss a quantum system for the model of life, but as we mentioned
above, life must be an extremely small system of 10 nm to 100 nm in diameter, whdse
behavior is better described with statistical mechanics. Moreover, there is evidence
that primitive photosynthetic bacteria use quantum effects in photo-excitation. 17t
These facts indicate that we also need the construction method in a quantum system.

However, Zubarev’s relationship is hard to use because operators g g and 3-',1,
which are the quantum counterparts of jz and 7,,, are too complicated for modeling
biophysical transitions. Therefore, we calculate another parameter P(7) instead
of operator . The P(7)’s are positive numbers such that 3 » P(7) = 1; 7 is the
index of the state. If we assume a system of NV identical particles, the status of the
system can be determined by # = { n(1),n(2), ...,n(S) }, which is the sequence of
the number n(s) of particles occupying each eigenstate s (=1, 2, 3, .., S) of a single
particle system.

Note that the density is expanded into [18l

b= X P@ . (7

Identity (7) tells us that we obtain p by calculating P(7} where the eigenkets
|t) are given. The |7) can be prepared from the eigenkets |s) of the single particle
system, which are easy to handle.l'® Considering that P4 can also be expanded into

Po = D F(R) IR, (8)
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and that its basis vectors are identical to those of p, we know that ¢/**' in Equation

(4) affects nothing on Py(7t). Then, we have
0 ¥
P(A,t) = lim e — +0 E-[—oo dt’ e PR, t+1t). (9)

The P,(#) is calculated from two parameters: the flux j(r,¢;s) of the particle in
the s-th state, and the eigenenergy E(s) of the single particle system (see Appendix

5. DESCRIBING EMERGENCE OF LIFE
5.1 Modeling observation

We found that the emergence of a system can be described by introducing an obser-
vation process into the model. But how can an observation process be formulated in
the above framework? Suppose that the physical criteria for life are the constraints
on the behavior of the system, and that a real-valued functional ¥[r; p |- what we
- call a detector - represents the constraints (see the next subsection for the formula
. of ¥). Then, the domain D of the life-like subsystem we are searching for can be
given formally as :

D = {r|¥nrp]>0} (10)

(notice that p is in the input parameters of ¥).

If D is determined by the observation, the density of the life-like subsystem, pp,
and the expectation value (A)p obtained from the subsystem, are given by

PD = "IDD 2 (11)
. Yp = Cé{r—rp), (rpeD}), (12)
(A)p = fdv A pp, (13)

where C is a normalization factor and 6(-) is the Dirac delta function.

5.2. Formula of the detector
Detector ¥ can be formulated, for example, by
v = 1-]] (1 - Hu(:nk)“(j'k)) ) (14)
b k i
when we arrange the criteria for life in conjunctive normal form logic. This is where
u(-) denotes the Heaviside step function,

u(z) = {1 2> 0, (15)

0 .- <0,
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where zj, is the functional representing the k-th physical criterion and a(j,k) (&
{0,1}) is the exponent that determines the logic.

We call this kind of logical formula, such as
(A and Ay and --- ) or (Azand --- }or -+, (16)

that is, “Aj: stable dynamic system” and “As: negative entropy import,” or “Ag:
increase in the free-energy content” is life, as a conjunctive normal form. The
truth-value (€ {0, 1}) of the conjunctive normal form logic is obtained by

1 -] (1 - HT(Ak)“U'k)) , (17)
k

3

J

where T'(A;) indicates the truth-value of the k-th literal expression Ay and a(j, k)’s
are the exponents (in the above case, a(1,1} = 1, a(1,2) =1, a(1,3) = 0, a(2,1) = 0,
a(2,2) =0, a(2,2) = 1).

The Heaviside Step function u(-) is substituted for T'(-) in identity (15). Func-
tional zy, is, for example, the (¥(r; p) )™ that represents the criterion “the increase
in the free-energy content,” that is,

(F(r;p) )" >0, (18)

where F' is the time derivative of free-energy density and the average is taken for 7,
which is the estimate of the characteristic time for local equilibrium.

6. DISCUSSION

1) Going upstream to the initial conditions for life

We still have few ideas on the initial conditions and the laws of nature that led
to life. All organisms on earth are made up of organic polymers of carbon com-
pounds. Moreover, these compounds have identical chirality, all L or all R. Why
has only carbon been selected among hundreds of elements? Why have monomers
of single chirality been polymerized into macromolecules in spite of the fact that
only a racemic mixture is synthesized under experimental conditions? Are these
properties prerequisites for life? To answer these questions, we should learn about
the characteristics of the particles that make up the system, and also about the
interactions between the particles.

By analyzing the parameters of the life-like subsystem pp, we attain the char-
acteristics and the interactions. Notice that mass m and chemical potential u in
Equation (3) indicate the independent features of the particles. The permissible
range of these parameters will be determined from the physical constraints for life.
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Furthermore, the interaction potential M (M(r,%;)) between the particles can be
obtained formally as

M=H-(K+V), (19)

where the density of external potential V' (V(r,t;v) ) is given. The K is the
density of kinetic energy K(r,t;7) = 3.8 8(r — r,) p2/2m (see Appendix G for
quantum systems).

The formula of interaction potential M is completely phenomenological, but
:it may provide-us with the inherent laws of nature behind the action of an organ-
ism. After mathematical simplification, we compare the formula with those of every
known interaction, such as Coulomb potential.

Of course, these interactions drawn from modern organisms are not necessarily
required at the beginning of life. Cairns-Smith [ posed the “Genetic take over”
hypothesis. It states that the first living form was a mineral crystal, which auto-
matically duplicated its crystalline arrangement. The replicating mechanism of the
mineral species was then taken over by organic polymers, and finally, modern car-
bonic life appeared. According to the hypothesis, the interactions that supported
the initial mechanism must have been lost. However, our analysis on pp still has
significance because the essential system of a modern organism and that of the ini-
tial life should be identical. Notice that the criteria for life are obtained from our
“present” knowledge, and also notice that the prebiotic reactions become “life” only
when they meet the criteria. Therefore the configuration of M can be utilized to
identify the prebiotic reactions which led to life.

2) Explanation of system behavior

The formula of the life-like subsystem pp is completely different from our common
image of life. In what term of the formula can we find properties of life, such as
vitality, autonomy, and self-preservation? Is it appropriate to call a subsystem self-
preservative? Since our formula is completely mechanical, composed of well-defined
terms, there must not be any room for interpreting system behavior. However, we
“have to remember that.we can find vitality and autonomy in an organism because
we have the concepts corresponding to the specific behavior. These properties of
life exist only when we observe the behavior through these concepts. With the
same logic, it is reasonable to accept subsystem self-preservation if the subsystem
meets our physical criterion representing “self-preservation” that corresponds to our
concept.

3) Independent observation

The independence of the observation from the whole system is very important.
The role of detector ¥ is different from that of our cognition, since our cognition
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inevitably depends on the whole system. We are included in the world, and observe
the world actively interacting with our surroundings. These actions are too difficult
to formulate. Moreover, if we try to add the model of our cognition to the formula
of the world, we arrive at the dead end of recursion such that we see the world in
which we are seeing. To avoid this messy recursion, every element of ¥ should be
independent of the whole system, that is,

1. Symbol ¥ must be removed from the formulas of fluxes § and density p,

2. The domain D and density pp of the subsystem should be eliminated in the
formulas of V. '

4) Characteristic length of the initial system

Which biological phenomenon should we focus on to prepare the physical crite-
ria? In the first place, we should classify the phenomena into several orders of
magnitude according to their characteristic lengths. For example, metabolism and
reproduction should be classified into completely different orders. Metabolism has
the characteristic length of chemical reactions, which is about the mean free path of
an ion, 1072 - 10~8m. In contrast, reproduction requires a space larger than 107 m
in diameter (the diameter of mycoplasma basic body was considered). This fact indi-
cates that the two phenomena should be formulated differently in statistical physics.

The characteristic length of the initial life probably equals that of metabolism,
because metabolism is clearly lower in order than other criteria such as reproduction,
and can be detected first. Although it is hard to define the concept “metabolism,”
it ean be approximated with closely related phenomena such as negative entropy
import given by

(V-F,(r;0) )" >0, (20)

where j, denotes the density of entropy flux.

5) Search using constraints of nature

The constraints of nature may seem a real hindrance, but in fact, they are favorable
because they help us constrict search space. Consider that you should test myr-
iad combinations of parameters to ensure your conclusion is unexceptionable. The
constraints of nature strongly restrict permissible combinations of parameters for
life. The same merit for natural constraints has been discussed in the field of brain
science,?2) where there are difficulties similar to ours.

The above framework enables us to write down the essential system of life, which

has never been attained. What we should do next is to systematically accumulate
the properties of life and translate them into physical constraints, This is a simple
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but feasible approach to identifying the essential system.
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APPENDIX A
Expectation value in quantum systems

We use operators in place of real valued indexes and use trace (Tr) in place of
integration, such that

(A@) =Tr( 4 5(2) ). (21)

The A is a function of basic operators #* and p.

1

APPENDIX B

Quasi-equilibrium statistical operators in quantum systems

In the case of quantum systems,
bolt) = 2O, Z=Tr(TO), (22)
fy = [ & a0 Bt - urt) A1) ) (29

The two operators H(r,t) and #i(r,t) are the respective counterparts of energy
density and particle density.
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APPENDIX C
The Liouville equation

The Liouville equation,

dp ..
a + ZL,O = 0, (24)

is derived from the continuity equation and the Liouville theorem stating the in-
variance of phase volume. The operator L, called the Liouville operator, is shown
as using Poisson brakets (% is the index of dimension)

L) = Z(a- oH & aH)_

e e 25
+ \Oar Opr  Opr Ogs (25)

A commutator is substituted for Poisson brakets such that iL(-) = (1/¢h) [ - ,H |
in quantum systems.

APPENDIX D

The continuity equations

Because the particle number and energy are conserved,

2HID V. gntr =0, (26)
——3”;:”5) + Vo du(rt)=0 (27)

hold. The H{r,t) and n(r,t) are the densities of energy and particles. The
Fu(r,t) and F,(r,t) indicate the respective densities of energy flux and particle
flux.

APPENDIX E

Reconstruction method in classical systems

The transformation,

e'lp, = exp{ #il, Pq }s (28)
iLpg = —pg {iLf(7M) }, (29)
Lf0) = [ & Br 0 GL Hirtm)} - r, )L nlr 6} |, (30)

helps us obtain the statistical operator.
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APPENDIX F

The P in the quasi-equilibrium statistical operator.
- 1 s, —F(At
Pyi,t) = e Fa), Z=§ e~ AL} (31)

Y = [ Bl Het®) - st nin ) ). (3)

Using the continuity equations, we obtain H(r,t;7) and n(r,t;7) from the initial
density of particle n(r,0;s) at t=0 and the density of particle flux j(r,t;s). We
can caleulate the density of energy Aux jy(r, %) as Tooy E(s) j(r,t;s).

APPENDIX G

Parameters of interaction potential

In the quantum system, the parameters required for obtaining interaction potential
M are

H(#) = Z E(s) n(s), (33)
n(s) = fcl’r‘3 n(r; s}, (34)
B, N
K(@) = 2 nZ::]. 5o (s — sn), (35)
S N
V(@) = > ) Vira,p,) (s —sq). (36)
s=1 n=1

The s, indicates the single particle eigenstate of the n-th particle.
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ABSTRACT

A flow reactor simulating submarine hydrothermal vents was employed for
examining an oligopeptide synthesis from glycine alone in its aqueous solution without
having recourse to either condensing agents, templates or even metallic ions. Initial
buildup of the yields of both di- and tri-glycine was found to exponentially increase with
the elapse of time, indicating that the oligopeptide synthesis could be autocatalytic.

* To whom correspondence should be addressed

Key words: Autocatalysis, Flow reactor, Hydrothermal vents, Oligopeptides

1. INTRODUCTION

Submarine hydrothermal vents in the Archaean ocean (Kindler, 1993) could have
been thought most likely locales for making prebiotic oligomerization or polymerization
of small organic molecules on the primitive earth (Corliss et al, 1978; Edmond et al,
1982). Constant thermodynamic gradients available between hot springs from
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hydrothermal vents and cold water surrounding them could have driven various
synthetic reactions. This scenario has called our attention to constructing a flow reactor
simulating submarine hydrothermal vents in the laboratory and examining a likelihood
of synthesizing oligomers from monomers. In particular, we observed that oligopeptides
were synthesized from monomeric glycine in the flow reactor even in the absence of
condensing agents, templates and metallic ions (Matsuno, 1997). In this article, we
report that oligomerization of glycine proceeding in the flow reactor could be
autocatalytic. '

2. AFLOW REACTOR SIMULATING HYDROTHERMAIL VENTS

An essence of the flow reactor, whose design principle and details are found in our
previous report (Matsuno, 1997), is to circulate the fluid in the unidirectional manner;
from the high-temperature, high-pressure chamber through a nozzle into the low-
temperature, high-pressure chamber connected further downward to a long needle pipe
for depressurization down to normal atmospheric pressure for sampling the specimen,
then through a pump for pressurization with the pressurized fluid back again into the
high-temperature, high-pressure chamber through a pipe.

All the materials for constructing the flow reactor including the chambers and pipes
were made of anti-corrosion stainless steel. The volume of the high-temperature, high-
pressure chamber was 15ml. The nozzle connecting the high-temperature, high-pressure
chamber to the low-temperature, high-pressure one was 50mm long with its diameter
100pm. The 250mm-long low-temperature, high-pressure chamber with its diameter
20mm was immersed in a water bath of volume 1.31 contacting a cooling pipe carrying
coolant at -20°C. The water.in the-bath was constantly stirred, and the cooling system
was controlled so as to maintain the temperature of the outer surface of the chamber at
the downstream end at 0°C. The fluid flown out of the low-temperature, high-pressure
chamber was fed into a 1m-long pipe of its diameter 100um through which the fluid
loses its pressure down to normal atmospheric pressure. Sampling of the specimen was
accomplished there at every fixed time interval. The fluid stored in the depressurized
vessel was then pressurized and again fed into the high-temperature, high-pressure
chamber. The flow rate of the fluid in the closed circuit was realized somewhere
between 8-12ml/min so as to maintain the pressure of the high-temperature, high
pressure chamber at 23.0Mpa, that is only slightly above the pressure of the critical
point of water, 22.1MPa .
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3. OLIGOMERIZATION OF GLYCINE IN THE FLOW REACTOR

We prepared 100mM L-glycine solution dissolved into pure water and maintained
the total volume of the circulating fluid on the level of 500ml. When the temperature of
the injecting jet stream from the nozzle connected to the high-temperature, high-pressure
chamber was set at 250°C, the result on the time course of the products, di- and tri-
glycine, is displayed in Fig. 1, in which the measurement of the yields was
accomplished by comparing the HPLC peak area of the product to a similar one of the
corresponding standard specimen provided independently. The initial buildup of the
products, di- and tri-glycine, was found to exponentially increase with the elapse of time.
Similarty, even when the temperature of the injecting jet stream from the nozzle was
increased up to 300°C, the initial exponential buildup of the products, di- and tri-glycine,
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Fig. 1 Time course of the yields of di-glycine (solid circles) and tri-glycine (open
circles). The temperature of the high-temperature, high-pressure chamber was set at
2500C.
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Fig. 2 Time course of the yields of di-glycine (solid circles) and tri-glycine
(open circles). The temperature of the high-temperature, high-pressure chamber
was set at 3000C. :

was confirmed as indicated in Fig. 2. The exponential increase of the product with time,
though at least initially, indicates that the production process could be autocatalytic in
the sense that the product could enhance firther production of the product of a similar
kind.

4. DISCUSSION
Prebiotic oligomerization and polymerization could be autocatalytic because of their
intrinsic evolutionary capability of selective retention and amplification (Matsuno,

1982; 1989). Furthermore, if there are available monomers sufficiently reactive, an
occurrence of autocatalytic polymerization out of these monomers could be quite likely
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(Kauffinan, 1986; 1993). At issue could be how to prepare such sufficiently reactive
monomers without being entrapped by a thermodynamic equilibrium in one way or
another. Our present observation of autocatalytic oligomerization out of glycine
indicates an instance such that submarine hydrothermal vents could provide various
monomers available in their neighborhood with sufficient energy to activate them with
the aid of the resulting thermodynamic gradients extending from a hot spring at the
center toward cold water in the periphery. The presence of constant thermodynamic
gradients prevents reacting monomers available there from approaching their
thermodynamic equilibrium. Further functional capability of submarine hydrothermal
vents for the sake of prebiotic evolution remains to be seen. '
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ABSTRACT

Microsphere phase separated from an aqueous suspension of thermal hetero
complex molecules of amino acid dissolved into the suspension when the pH
value was increased. The dissolved suspension again precipitated further
aggregates of those complex molecules when the pH was subsequentry lowered.
When thermal heterocomplex molecules from aspartic acid and proline were the
case, the particles phase separated from the dissolved suspension were found to
have their diameter of order of a hundred nano-meter.

Precipitation of nano-particles expected during the process of increasing and
decreasing the pH value of the suspension adds to a candidate of material self-
assembly in chemical evolution.

Key words : amino acid, nano particle, self assembly
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Fig.1 Precipitation of nano-particles. The concentration of

nano-particles are plotted as a function of the concentration of DP1.
Initial concentration of KOH: 100mM(@),140mM(4), 200mM(m).
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Fig.2 pH of DP1 alkaline solution. Initial concentration of
KOH: 100mM(®), 140mM(4A), 200mM(m).
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Fig.3 pH-dependent precipitation of nano-particles.
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Conference Schedule

Sunday Monday Tuesday Wednesday | Thursday
1 March 1998 | 2 March 1998 | 3 March 1998 | 4 March 1998 | 5 March 1998
9:00 am Opening Ceremony
9:30 am 0-1 0-9 0-13 0-21
10:00 am 0-2 0-10 0-14 0-22
10:30 am Coffee Break | Coffee Break | CoffeeBreak | CoffeeBreak
11:00 am 0-3 0O-11 0-15 0-23
11:30 am O-4 0-12 0-16 0-24
12:00 am Lunch Lunch Lunch Lunch
12:30 pm Time Time Time Time
13:00 pm | Bus from Kanku | -5 Excursionto | O-17 0-25
13:30 pm 0-6 Castle Kishi- | O-18 0-26
14:00 pm 0-7 wada, Danjiri- | O-19 0-27
14:30 pm 0-8 kaikan and 0-20 0-28
15:00 pm | Bus from Kanku | Coffee Break | Kuboso- Coffee Break | Coffee Break
15:30 pm Poster Museum Poster Poster
Presentation Presentation Presentation

16:00 pm From 2-P-1 From 4-P-1 From 5-P-1
16:30 pm To 2-P-20 To 4-P-20 To 5-P-20
17:00 pm | Registration | Free Free On the bus to
17:30 pm I Hayal
18:00 pm | Welcome- Conference- Farewell-
18:30 pm | Reception Banquet Reception
19:00 pm | at the hotel ° at the Hotel at Haya
19:30 pm | Site(Takoyaki site (Restaurant in
20:00 pm | Sushi-Party)a) Sakai-City)b)

a}sponsored by Prof. Y. Maeda, the director of KUR
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SCIENTIFIC PROGRAM (Tentative)
The scientific program will consist of Oral Sessions (O) and Poster sessions (P).
Monday, 2 March 1998

9:00~9:30 Opening Ceremony
Remarks: Akaboshi M. (Chairman)
Navarro-Gonzalez R. (Intern'l Executive Committee)
Ferris J. P. (Intern'l Advisory Board)
Harada K. {(SSOEL-Japan)

CHEMICAL EVOLUTION (Extraterrestrial)

9:30~10:30 (Chairpersons:Navarro-Gonzalez R, and Saito T. ) _

O-1. Draganic. |. G.:Radiation chemical approaches to chemical evolution processes on earth
and beyond.

0-2. Raulin F.: Radiation prebiotic synthesis in the solar system.

10:30~11:00 Coffee Break

11:00--12:00 (Chairpersons: Noda H. and Kawamura K.)
0-3. Rafaelo Navarro-Gonzalez: Corona and lightning chemistry of the primitive atmosphere.
O-4, Ferris J. P.:Photochemical formation of aerosols on Titan.

CHEMICAL EVOLUTION (Terrestrial)

13:00~14:00 (Chairpersons: Ferris J. P. and Mita H.)
0-5. Brack A.: Delivery of extraterrestrial organics to the primitive Earth:
UV processing of amino acids in Earth orbit.
0-6. Collins C. H.: Irradiation promoted production of organic precursor species in inorganic
solids on the prebiotic Earth.

14:00~15:00 (Chairpersons: Greenberg J. M. and Matsuno K.}

O-7. Negron-Mendoza A.: Radiation-induced reactions in compounds of biochemical
relevance.

0-8, Sofija V.: Biogenic compounds observed in radiation chemical simulation experiments.
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15:00~17:00 Coffee Break and Poster Session

2-P-1 Absolute asymmetric synnthesis of metal complex compounds achieved by the first order
asymmetric transformation.

Kato T., (Dept. Industrial Chem., Ashikaga Univ.)

2-P-2 A flow reactor for prebiotic synthesis simulating hydrothermal vents.

Imai E., Honda H., Hatori, K. and Matsuno K. (Dept. BioEngin. Nagaoka Univ. of Technol.)

2-P-3 Autocatalytic synthesis of oligopeptides in a flow reactor.

Magjima A., Imai E., Honda H. Hatori K. and Matsuno K. (Dept. BicEngin., Nagaoka Univ.
of Technol.)

2-P-4 Formation of amino acids from simulated planetary atmospheres by radiation.

Masuda H!1., Ushio K.1, Kaneko T1., Kobayashi K!, and Saito T2, (! Yokohama Natl. Univ.
and 2ICRR, Tokyo Univ.)
2-P-5 Degradation of oligopeptides by contact grow discharge electrolysis.
Munegumi T, (Oyama Natl. College of Technol.)
2-P-6 The organic-inorganic interactions as a geochemical origin of life.
Nakajima S.and Yakushiji H.
2-P-7 The polymerization of amino acid on the silica surface.
Yakushiji H. and Nakajima S.

2-P-8 Kinetic analysis of hydrothermal reactions: Monitoring of ATP hydrolysis by flow tube

reactor.
Kawamura K., (Dept. Appl. Chem., Osaka Prefect. Univ.)

2-P-9 Hydrolysis of polynucleotides in aqueous solution at elevated temperatures.
Kawamura K., Kameyama N. And Matsumoto O., (Dept. Appi. Chem., Osaka
Prefect. Univ.)

2-P-10 o -amino acid formed by N+ implantation into CH3COONa,

Wang X.
2-P-11 Radiolysis of carbonates and related organic systems in 3.3-3.1 Ga.
Albarran G.

2-P-12 Quantum mechanical investigations of fullerene, photoactive and organometalic molecules,
complexes, supramolecules, supermolecules and design of molecular devices for the
electronically genome regulation.

Tamulis. A
2-P-13 Radiation induced stable fullerene anion radical.
Hase H. (Res. Reactor Inst., Kyoto Univ.)
2-P-14 Experimental studies of chemical evolution made by using nuclear disintegration and nuclear
radiations.
Akaboshi M., Kawai K., Tanaka Y and Kawamoto K., (Res. Reactor Inst., Kyoto Univ.)
2-P-15 Basiuk V.: Survivability of small biomolecules at high temperatures.
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Tuesday, 3 March 1998

9:30~10:30 {Chairpersons; Yuasa S. and Nakajima S.)
0-9. Ramos-Bemal S.: Surface chemical reactions during the irradiation of solid: Prebiotic
relevance
O-10. Hiraoka K.: Chemical evolution on the dust grains in the dark clouds: Experimental approach.

10:30~11:00 Coffee Break

11:00~12:00 (Chairpersons: Brack A. and Munegumi T.)

O-11. Zengliang Yu.: Role of low energy ions in the chemical origin of life.

0-12. Harada K. Versatile chemical reactions of carbon compounds by using water molecule under
high energy conditions.

13:00~1800 Excursion to Castle Kishiwada, Danjiri-Kaikan and Kuboso Museum.
Wednesday, 4 March 1998

9:30~10:30 (Chairpersons: Draganic [. G. and Hiraoka K.)

(0-13. Miyagawa S, Sawaoka A. and Kobayasi K.; Studies on mechanisms of amino acid formation
in plasma by optical emission spectroscopy.

0O-14. Lahav N.: The possible role of radiation in biogenesis:A system approach.

10:30~11:00 Coffee Break

11:00~12:00 (Chairpersons: Lahav N. and Nakamura H.)
0-15. Roessler K.: Non-equilibrium processes in prebiotic chemical evolution, _
(O-16. Ertem. G.: The prebiotic synthesis of RNA oligomers and their uses as template.

RADIATION AND ORIGIN OF CHIRALITY

13:00~14:00 {Chairpersons: Merwiz O. and Hase H.)

0-17. Goldanskii V. 1.:Radiation as the advantage factor in the formation of enantiometric
excess in prebiotic world.

0-18. Thiemann W.:New concepts on the role of physical parameters inducing homochirality
for evolution of biosphere.

14:00~15:00 (Chairpersons: Thiemann W. and Nakagawa K.)

(0-19, Wang Wengqing: Radiation in the origin of homochirality

0-20. Greenberg J. M.: Ultraviolet processes leading to prebiotic and chiral organics in
interstellar dust.
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15:00~17:00 Coffee Break and Poster Session
4-P-1 Independence of active site for D-tryptophan on tryptophanase.
Shimada A., Kouda S. and Nakamura . (Dept. Chem., Univ. of Tsukuba)
4-P-2 A point of contact between chemistry and biology: The roles of carbohydrate chains in the
histry of life.
Hirabayashi J., (Facul. Pharmaceut. Chem., Teikyo Univ.)
4-P-3 Molecular diversity and evolution of the galectin gene family in (. Zfeguns.
Hirabayashi JI., (Facul. Pharmaceut, Sci., Teikyo Univ.)
4-P-4 Origin and evolution of endogenous double-stranded RNA in plants,
Koga R. And Fukuhara T. (Facul . Agr., Tokyo Univ., of Agr. Technol.)
4-P-5 Role of terminal base-pair of acceptor stem and CCA sequence of tRNA in aminoacetylation
activity.
Hasegawa Tland Tamura K2. (1Facul. Sci. Yamagata Univ. and 2inst. Phys. Chem. Res.)
4-P-6 Formation and templete-directed oligomerization of 2'-5' linked RNA,
Sawai H., Totuka S., Yamamoto K. and Ozaki H., (Facul. Eng., Gunnma Univ,
4-P-7 Roles of inorganic phosphorus compounds in life: Molecular recognition and hydrolysis of
polyphosphates by natural enzymes.
Yoza N., Facul. Sci. Kyuushu Univ.)
4-P-8 Kinetic analysis of the poly(C) templete-directed synthesis of pligoguanylates in aqueous
solution at elevated temperatures.
Umehara M. And Kawamura k., (Dept. Appl. Chem., Osaka Prefect. Univ.)
4-P-9 Molecular evolution of aminoacyl tRNA synthetase and origin of genetic code. ‘
Ishigami M., Thara T1., Shinoda H2 and Nakano Y2, (1College Arts and Sci., 2Dept. App]
Biol. Chem., Univ. of Osaka Prefecture)

4-P-10 Glutamyl tRNA synthetase of high level halophylic archaebacterium Haloferax volcanii.
Shinoda Y., Ihara H2., Nakano Y! and Ishigami M2, (1Dept. Appl. Biol. Chem.. and
2College Arts and Sci., Univ. of Osaka Prefecture)

4-P-13 The origin of ribonuclease P RNA, as viewed from poly-tRNA theory.

Suzuki T., Ohnishi K. and Yanagawa H..
4-P-14 Origin and molecular evolution of prokaryotic cell-division genes.
Hokari S and Ohnishi, K.

4-P-14 Poly-tRNA-mediated origin of mRNAs and genetic codes.

Ohnishi K and Yanagawa H
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Thursday, 5 March 1998

9:30~10:30 (Chairpersons: Goldanskii V. and Harada K.)

0-21. Merwitz, O.: The role of isotope effects in radiation-induced selection processes.

0-22. Nakagawa K., Mochida T., Okamoto T., Saijoh 5., Ueji S., Amakawa T, Yamada T: and
Onuki H.: Search for asymmetric reaction of amino acids by circularly polarized radiation
using a polarizing undulator at the electrotechnical laboratory.

10:30~11:00 Coffee Break
ENERGEITICS FORCHEMICALEVOLUTION

11:00~12:00 (Chairpersons: Zengliang Yu. and Mita H.)

0-23. Matsuno K.: Contribution of cosmic ray, radiation, lightning and geothermal heat to prebiotic
synthesis on the primitive Earth.

0-24, Saito. T and Kobayashi K.: Energetics for chemical evolution.

BOIOLOGICALEVOLUTION

13:00~14:00 (Chairpersons; Nagano K. and Ishida M.)

0-25. Nair. C. K. K.: DNA repair and evolutionary conservation of stress response genes
in Archaebacteria.

(-26. Yamamoto K.: Induction of macromutations with radiation

14:00~15:00 (Chairpersons: Fukuda I. and [shimoto M.)

0-27. Miyazaki T. and Watanabe M.: Tunneling reaction in v -irradiated mammalian cells and their
model system at 295 K.

(O-28. Shimada A. Activity for D-tryptophan on T -irradiated tryptophanase.

15:00~17:00 Coffee Break and Poster Session

5-P-1 Accumulation of energy for development in starfish eggs.
Shirai H, And Kuroiwa Y. (Ubhimado Marine Lab., Okayama Univ.,)
5-P-2 Significance of phospholipid bilayer in orogin and evolution of the cells,
Nakamura H. (Konan University)
5-P-3 RAPD analysis of local populations of a mayfly species, Epeorus ikanonis.
Kanayama H., Takemon Y., Tanida K., Baek S., Ishigami M. and Kato M.,
{College of Integr. Arts and Sei, Osaka Prefect. Univ.).
5-P-4 Structue and molecular evolution of a satellite DNA isolated from Sillago japonica.
Matsunaga, K., Ishigami M. and Kato M: (College of Integr. Arts and Sci, Osaka Prefect.
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Univ.).

5-P-5 Sequence polymorphisms of Sillagoe japonica EcoRI family satellite DNA.

Takeda M., Ishigami M. and Kato M. ( College of Integr. Arts and Sci, Osaka Prefect.
Univ.).

5-P-6. Effect of rare earth elements on morphogenesis of Dictyostelium discodium under the
presence of various metal ions.

Sumine T., Takada J., Kawamoto K., Tanaka Y., Kawai K. and Akaboshi M., (Res.
Reactor Inst. Kyoto Univ.)

5-P-7 Macro-cellular structure of acidothermophilic archaebacterium 7hermoplasma.
Yamagishi Al., Oshima T1. and Takahashi G2. (I Tokyo Univ. of Pharmacy. and 2Hirosaki
Univ.)

5-P-8 Molecular view of microbial diversity and evolution in hot water environments.

Takai K., Nunoura T. and Sako Y. (Facul. Agr,, Kyoto Univ.)

5-P-9 Origin, as inverse problem of statistical physics
lida K. (Fundamental Res. Lab., NEC}

4-P-10 SNS hypothesis on the origu\in of the genetic code
Tkehara K. And Yoshida S, (Facul. Sci, Nara women's Univ.)

4-P-11 A possible evolutionary pathway of the genetic code deduced from the SNS hypothesis.
Ikehara K. (Facul. Sci., Nara women's Univ.)

5-P-12 Organic compounds of the condensed water in the MIR space station.

Mita H., Shimoyama A., Nakano T. and Nagaoka S. (Dept. Chem., Univ. Tsukuba)

5-P-13 A hypothesis that advent of memberane phospholipid with either enantiometric
glycerophosphate backbone caused the divergence of Archaea and Bacteria.

Koga Y., Nishihara M., Kyuragi T. and Sone N. (Dept. Chem., Univ. Occup. Environ.
Health)

5-P-14 Fujii N., Momose Y., Ishii N. and Kodama T.: Modification of @ A-crystallin obtained

from aged and X-ray irradiated lenses.
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