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Application of neutron activation
analysis to the study of origin of life

Mitsuhiko Akaboshi and Jitsuya Takada
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ABSTRACT

Instrumental neutron activation analysis is one of the most sensitive analytical method
for various elements, and is widely used in the determination of trace elements in
biological samples. We also have performed a variety of studies on the fields of biology
and biochemistry using this method. At first we applied this method to examine the
nucleic acid contents in several kinds of protozoa. Secondly,the enzymic activities of P-
relating enzymes, such as alkaline phosphatase and ATPase in the cells or in the

materials could be successfully determined by measuring 5 -rays from 32p derived from

the 31P(n, e )32P reaction. Finally, our attention is being denoted to the determination of
rare earth elements in the fern leaves and the cells treated with REEs under various
experimental conditions. Both the studies are carried out from the stand point of the
chemical evolution and origin of life. The former study revealed that ferns can be
separated into several groups on the basis of their REE contents which are influenced
by some environmental factors where the fern was grown. The later study indicated that
cellular macromolecules can recognize REEs in different manner. The present paper is
concerned first with the introduction to activation analysis and then, the brief history of
our studies which have been carried out by applying this method.

Key words: activation analysis, rare earth elements (REE), nucleic acid content,
alkaline phosphatase, ATPase.
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Fig. 1 7 -ray Spectrum of Shiraki (Sapium japonicum) measured 3 minutes
o after irradiation.
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Fig.2 v -ray spectrum of Shiraki ( Sapium japonicum ) measured 50 days
after irradiation.
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Table 1. Concentrations of particular elements in accumulators and concentration
ranges of those elements in plants,

— . L1k BEHYIRT AEETEOHEH
E Bk A& N T
FLIovaan |BTPE PFLE Y 15,800 10-800 90-530
2% M{Co) Yo E by S A Y 100 0.001-1.0 0.005-1
T 43(7n) AR TFSE 850 2-100 20-400
< ¥ # 7 (Mn) VTS5 va¥ 25,300 10-2,000 20-700
AB YT LS | T PRAL S 1.06 0.002-0.1 0.01-0.03
FrETELY) |2V vZdn 740 0.003-5 0.003-15
FEETEELY | YV TV HISSF 152 | 0.0005-0.1 0.03
RF DAV Xy 6.19 0.015-1.0 0.001-0.5
2 U A(Cr) Yy Ty r AV 3.7 0.02-1.0 0.03-10
$h(Fe) - XAy Ty Ao 820 20-200 70-700
B K3 ACd) 2 OEY PASX 19 0.5-2 0.1-2.4
¥ A(RD) rOEY PASF 220 2-100 2-50
731} 7 A(Ba) A iz R 880 10-200 8-150
B ¥(Br) AF AT A5 180 0.2-20 157
FTED AZEaAT AFE 8 . 0.0005-0.1 3-5?
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Table 2. Nucleic acid contents of protozoa determined by chemical and activation analysis.

Organism Method Number of cells DNA RNA
determined 1 @ (1) (2)
Tpyriformis W.  Chemical assay
(diphenylamine) 3.2X106 775 242
Chemical assay
(phloroglucin) 32X 106 1254 392
Chemical assay
(phloroglucin) 1.6 X106 ' 598 374
Activation analysis  8.0X10° 222 278
Activation analysis  3.2X103 1345 420
Agtivation analysis 1.6X103 055 3.44 7.62 476
Activation analysis 8.0X104 025 3.13 335 419
Activation analysis ~ 3.2X10°
E.gracilis Activation analysis  3.6X10° 015 042® 033 092
A.proteus Activation analysis 53X103 026 49.1 1.56 294.3

(1) : Net content (zg P). (2): Percell (g PX107%). (3): Materials were lost in the course
of extraction because the amount of cell was too small. '

--sample reaction
---substrafe|[ (37°C)

reaction cell paper
chromatography
irradiation
{reactor,
5 X 10%n/enf/sec
measurement <« auleradio-
{ optical density) graphy

Fig. 3. Schematic diagram of enzymic assay.
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Fig. 4. Autoradiograms for the determination of alkaline phosphatase activity in
Tetrahymena. Arabic figures show the days of culture after inoculation.
The assay was attained twice each separately.
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Fig. 6. Correlation between the La and Sm contents in fern leaves.
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Fig. 7. Correlation between the Sm and Eu contents
characterized with respect to sampling site.
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ABSTRACT

To study the role of a universal CCA sequence at the 3'-end of tRNA in
the translational processes, base substitutions were introduced into the
transcripts of E. coli tRNAs and the effects on the proofreading mechanism
of the erroneous aminoacyl-tRNA and on the peptidyl transfer activity were
investigated. The results showed that mutantions at position 76 of tRNAVal
caused an appreciable level of misaminoacylation with threonine. The levels
of ATP hydrolysis during threonylation in the terminal mutants were lower
than those in the wild type. The mutations introduced at positions 75 and 74
also caused threonylation instead of reducing valylation, although its activity
was weaker. These findings indicate that the CCA sequence, especially the
base portion of the terminal adenosine residue, plays a crucial role not only in
the aminoacylation efficiency with valine but also in preventing from
misaminoacylation by hydrolysing the misactivated threonyl-tRNAVal,
Peptidyl transferase activity, monitored by "fragment reaction” with a slight
modification, was decreased by mutation at any one base of CCA. The effect
of mutation was moderate in the UCA, CUA and CCG mutants. Replacement
of A76 by a pyrimidine nucleotide, or replacement of either C74 or C75 by a
purine nucleotide caused a marked decrease in the activity. These findings
suggest that the universal CCA terminus of tRNA makes a functional

interaction with ribosomal RNA by base-pairing.
Viva Origino 24(1996)125—136
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Fig. 1. Time courses of aminoacylation with threonine by valyl-tRNA synthetase for
the N76 (a), N75 (b) and N74 (c) variants,

EELEPLZ2GACERT, FECB W LA U EFRERER Lz, 76HH O
LTBOIED hTIE, ARCRURERL72& DGR ERLEEE LNEN I L
Ao VEBEWERLIN, COCGOERTIS X, 14, SHEEOHEEOERLY
. BOTEY M UAZ Y SBEEMTH o 7o CIACTSATEELEI D 1 TIRAT6 DS
B TN—T U —F 4 Y IESELTwA L EBTESY,

T=TN)=FL v TOAR A b L DEELLATARSL DI, PbvF=¥
DIRAT YV —va ViEHoBwATEOERE I LTk, RIGPICERT A
AMPEAHIE Lo & ST TAAMPOAEK R IZ, RNAVEAOLREDAEL
FBTOBETHLY, CRENETAI LIZLoT, TI—7 UV —F1 V7B
i BCCARIRDIRIEDREIDTHRONE I LiITE 5,

6% B AR OEH LRNAVAIEEYW X, PLAZ VDT I /T Y MEDE
K. B3 oNERE LN BEL L OAMPERFHEME Nzt T OHE,

—129—




EH&EZ., EBIAE

(pmol/A260unit) (pmol/AZ260unit)
° .
& 400- (a) S 600~ (b) A
g A |5
@ £
[ & ]
8 200 C S 300- ¢
Yol ”
< <
g 0 9 G 0 — G
1 2 3 1 2 3
Time (min) Time (min)
8 {pmol/A260unit) {(pmolfA260uni)
=
® 4004 (C C c - (d
E-atoo ( ) .22000 ( ) A
)
©
u | g
| -
© 200 O 1000~
£ G |a c
- 2 v
.g 0 - s A < 0 G
- 1 2 3 1 2 3
Time (min) Time (min)

Fig. 2. Amino acid charging and AMP production activities for the N76 variants.
(a) Time courses of aminoacylation with valine. |
(b) Time courses of AMP production upon valylation,
(c) Time courses of aminoacylation with threonine.
(d) Time courses of AMP production upon threonylation.
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Fig. 3. Possible mechanism of the aminoacylation of wild-type tRNAVal with
threonine and the hydrolysis by valyl-tRNA synthetase.
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Fig. 4. Time courses of the formation of N-acetyl-valyl-puromycin in the reaction of
N-acetyl-valyl-tRNAVal (N76, N75 and N74 variants) and puromycin.

HHT EDBLEREEL RS,

LS E EFELMEITL o T, RNAI Y FY — AD23SRNA L HEEET 2
CEFTBEENT NG BB AMOEBRS» S, C4, CISHUTHRTFIN b
FUYAT7—{EUNB) . AR GTHEMNH o2, ETHIE, CCALDHE
PR &3 BIETIE, CT4-Gy CI5-Gy AT6ULWS . 7 bV yy Uy » ElfE sk
72T L, UTA-G. U4-G. GI6-U L3, GUD 7+ 7 VRN TOME
Ao 2BEHTHICRTHAEEVIZ EHNTEDL, NS DEEHRE, RNA
DCCARLFIATUGGHLH %2 v LIRUGGR T B F A 4 v &N 2 HE L TR
FUNVII VAT 25— C LR ML R DD L TWB I EBHS itk o 7217,

4. BbYIC

BERSPIEMICHRI NS 2010, RNARFERCEELMHE %2 LTwa,
(RNAHE DHEE D X REESIFIT I & o THP N2 B R VRNAD D EDTH Y,
LAbE03REICELTCCAL W IBIPFFEELT W E, 4%, BEFILE
ERWIZE vy ERERBRVEDH FMEOER L LTRKFELEL V., RL

—133—



BEHEZ. RENNE

DM BIFBRA L AN ZALSIMASNE I ELTVE, LA L, BIRE
ALERE LTHioTnD & v 7 BARRIC DV TORERH L BRI ST 4
TRV, POTI )y 7 BNFELAL JICRNAR [73 ) BOHFHE22]
et [EHEFZRET 2] #HEZL o TBH, RNADF VX HEABRRIC
BYAREELHEO AT AL, SFEYFORBLOLFIBELRETH
%,

CNETRTCEL LI, MFBRIC BV TRNAD CCARIGNIEHIL, <
OPDEELREE R LTS, TXTORNATCCARIIPFRFSIATHS
e, MerOURNrH220THY, KRTHLPITLAHEED, 204
PO —ERZEHL 2 &k B, L L, HZEATIHE, mvikoDBHE LD b
FICHEE GO N TEY, £ LAPTHIRSE L{fThh b 20T,
COBFIDNATARIC L > TLEDTHD I SO0 LN FHMEMHD 22DITIE,
Xk RS 2 E O R 2R RE R b2 w2 A S B, SEOEBRIERENS
BOWRICEELFENRPDEG XL EE2HELV,

1) Kim, S. H, Suddath, F. L., Quigley, G. J,, MacPherson, A, Sussman, J. L., Wang, A.
H. J.,, Seeman, N. and Rich, A. : Science, 185,435-440 (1974)
2) . Woo, N. H, Roe, B. A. and Rich, A.: Nature, 286,346-351 (1980)
3) Sprinzl, M., Hartmann, T., Weber, J,, Blank, J. and Zeidler, R. : Nucleic Acids Res.,
17, r1-r172 (1989)
4) Schimmel, P. : Annu. Rev. Biochem.,56,125-158 (1987)
5) Borgford, T. J, Brand, N. J, Gray, T. E. and Fersht, A. R. : Biochemistry, 26,
2480-2486 (1987)
6) Hirtlein, M., Frank, R. and Madern, D. : Nucleic Acids Res., 15,9081-9082 (1987)
7) Heck, J. D. and Hatfield, D. W.:J. Biol. Chem.,263,868-877 (1988)
8) Fersht, A R. and Kaethner, M. M. : Biochemistry,15,3342-3346 (1976)
9) Igloi, G. L, vonder Haar, F. and Cramer, F. : Biochemistry, 16,1696-1702 (1977)
10) Sprinzl, M. and Cramer, F. : Prog. Nucl. Acids Res. Mol. Biol.,22, 1-69 (1979)
11) vonder Haar, F. and Cramer, F. : Biochemistry, 15,4131-4138 (1976)

—134—



12)

13)

14)
15)
16)
17)
18)
19)

tRNA IZIEMICF1ET 2 CCA At OB

Sampson, J. R. and Uhlenbeck, O. C. : Proc. Natl. Acad. Sci. USA, 85, 1033-1037
(1988)

Tamura, K., Nameki, N,, Hasegawa, T,, Shimizu, M. and Himeno, H. : J. Biol. Chem.,
269, 22173-22177 (1994)

Maden, B. E. H, Traut, R. R. and Monro, R. E. : J. Mol. Biol.,,35,333-345 (1968)
Moazed, D. and Noller, H. F.: Cell, 57,586-597 (1989)

Monro, R. E. and Marcker, K. A.:J. Mol. Biol.,25,347-350 (1967)

Tamura, K. : FEBS Lett.,353,173-176 (1994)

Moazed, D. and Noller, H, F. : Proc, Natl. Acad. Sci. USA, 88, 3725-3728 (1991)

‘Samaha, R, R, Green, R. and Noller, H. F. : Nature, 377,309-314 (1995)

—135—



—136—



BENSRE-I oy R 7, ZEEA,
ZLTRVAFIV—A—DRE L D

=¥ S
R EY YR
(T658 MEMHEERXEASTHEI—1)

zE

TraVEYT, B, FLTSAMFFTY—ADINMEEIL, HECRSHIC
HBLTWwE, T FaVFYT7EEREE, b/ v—-Y hrub -3
FZOLAcOBTEERERDL, ATPAYHBIA VY —DEERSDOHEHEE
7oL Twab, £FZC, YF2Ub bl VAFRFI04 FEEZMNLE-7O MY
MEETV, FO7O0 M GEFATPER (FObVRVYTFTEATPY V¥ —F
) DBEFALFHEF Iy N EDLBHLTWE, Zh6OEPL, S PV FY
7 LEREO RN F R, BEEOLFHEL - TBY, AASERE
B bic B 2B X A2 RBITEOREL LTHELA, LEXLLD, RV
FFUV—AR, IV FITERBBICHRIERLTWS, Thb 3AAFEIR.
2HBRBERTEY, CORBNEDNADSH LITBBER .

Viva Crigino 24(1996)137—158
© 1996 by SSOEL Japan

—137—



—138—



Origin and Evolution of the Related Organelles:
Mitochondrion, Chloroplast,and Peroxisome

Hakobu Nakamura
Biological Institute, Faculty of Science, Konan University,
Kobe 658, JAPAN

(Received February 15, 1996; Accepted April 17, 1996)

1. Introduction

Mitochondrion and chloroplast are eukaryotic organelles that produce
ATP and other types of energy to maintain the cellular life and reproduce
the descendants. The life activities are the "works" including chemical,
physical, and physiological phenomena, On the other hand, although
peroxisome differs from the mitochondrion and chloroplast in many ways
and contains oxidative enzymes at a higher concentration, it has been
assumed to be a figure of the vestigial mitochondrion.

Therefore, these organelles contain specific metabolisms for the
production of ATP and other types of energy and they have specific
membranous morphologies for these purposes, which can be easily
electron-microscopically discriminated.

When the first-living cell was generated in the primitive sea as the
result of chemical evolution for billions of years, the atmosphere contained
little molecular oxygen and the proto-cells had incorporated ATP as a
product during the chemical evolution from the sea. However, they
produced ATP themselves through a very primitive metabolism, called
fermentation, that did not use oxygen as an oxidant of organic substances
for the energy substrates. The metabolism in the present-day cells occurs
in the cytosol, which is in a gelled state and the fermentation enzymes are
three-dimensionally arranged and self-assembled within it, the particle
being called glycosome. It is evelutionarily important to notice that such
a primitive metabolism has not been contained in the membranous
organelles. Then, the reactions for ATP production are referred to as
"substrate-level phosphorylation"

Abundant prokaryotes must have filled the primitive sea by active
reproduction under the soup of organic substances, which were produced
and accumulated during the chemical evolution. This living world would
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finally exhaust the nutrients in the sea. At that time, new mutants that
could produce organic substances through their own metabolism used
sunlight as an energy source, COz as carbon source, and Hz or H2S as a
hydrogen source, called photosynthesis. In such biological world, the
photosynthetic, namely autotrophic organisms must have an absolute,
selective advantage. Further, the autotrophic organisms reversely have
since been supplying the nutrients for all of the heterotrophic ones. The
extant photosynthetic bacteria (purple sulfur bacteria, green sulfur
bacteria and purple non-sulfur bacteria) photosynthesize only under
apaerobic conditions. This fact has been believed as an evidence to show
that the bacterial photosynthesis originated under the anaerobic
atmosphere of the primitive earth. However, more evolved
photosynthetic prokaryotes, cyanobacteria, can use water ( Hz0) as the
hydrogen source to reduce CO02 in the photosynthesis. As a result, the
bacteria produced Oz as by-product of the water-splitting and it
gradually changed into aerobic atmosphere, reaching to 21% at present.
Such atmospheric change compelled cyanobacterium to adapt to the
oxygen because superoxide (O-2) derived from it is very toxic to anaerobic
organisms. The adaptation was a mutational acquirement of ability to
synthesize an enzyme super-oxide dismutase which transforms O-2 into
H:0 via H202. All of the aerobic organisms possess the dismutase for O-
detoxification. On the other hand, they acquired genetic ability to use Oz
as the final acceptor of electron-transport system in so-called respiratory
metabolism. Therefore, the photo-synthetic and respiratory metabolisms
that produce ATP for the cellular life, were generated during the evolution
of the prokaryotic world which took 2.5 X 10° years. Eukaryotic
metabolisms all inherited directly from the prokaryotic products.
However, in the eukaryotic cell, these metabolisms are more
compartmentalized than those in the prokaryotic ones; That is
phylogenetic origins of the eukaryotic organelles. Herein, the processes
of the generations of the ATP-productive reactions in the prokaryotic
world and their compartmentalization during the formation of eukaryotic
cell, are discussed.

2. Morphologies characteristic of the mitochondrion, chloroplast,
and peroxisome

Both the mitochondrion and chloroplast are double membrane-bounded
organelles that specialize in the synthesis of ATP, which use energy
derived from the electron transport system and oxidative phosphorylation
in the mitochondrion and from photosynthetic phosphorylation in the
chloroplast. The organelles contain their own DNAs, ribosomes and
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machinery for protein synthesis. However, not only most of the proteins
but also the membrane components, such as phosphatidyl choline and
phosphatidyl serine needed for mitochondrial morphogenesis are
synthesized in the endoplasmic reticulum under the genetic control of
nucleus and are imported. On the other hand, most of the proteins for
morphogenesis of chloroplast are imported from the cytoplasm whereas
the chloroplast tends to make the lipids they require, In spinach leaves,
for example, all cellular fatty acid synthesis takes place in the chloroplast,
although desaturation of the fatty acids occurs elsewhere,

The proteins which are imported into the organelles and reached
their particular subcomponents, play the main roles for the specific
functions. The mitochondrion contains two subcompartments of the
internal matrix space and the intermembrane space. The compartments
are in two distinct membranes, namely the inner membrane which
encloses the matrix space and the outer membrane which makes an
intermembrane space between the inner membrane and it and is in
contact with the cytosol. It is morphologically important that the inner
membrane invaginates repeatedly info the mafrix space without pinching
from the membrane. The topology of the inner membrane refers to as
cristae (Fig. 1 A). On the other hand, chloroplast has the same two

(A)MITOCHONDRION (B)CHLOROPLAST

outer membrane
inner membrane

auter membrane tylakoid space
inner membrane thylakoid membrane

intermembrane space atrix space (stroma)

matrix space

intermembrane space

Fig. 1 Difference in the membranous compartments of the mitochondrion (A) and
chloroplast in the higher plant (B). Morphogeneses of these organelles correlate with each other
in & way that the invaginated inner membrane of the mitochondrion is pinched off to generate
vesicles in the chloroplast. The thylakoid vesicles would evolve in this process.

subcompartments plus an additional subcompartments, called the
thylakoid space, which is surrounded by the thylakoid membrane. The
thylakoid membrane is originally derived from the invaginations of the
inner membrane into the matrix space, stroma, of chloroplast, but the
invaginated membranes are pinched off later and make a raft structure,
called grana, in higher plant cells. Therefore, the grana is embedded in
the stroma and isolated from the cytosol (Fig. 1 B). The
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subcompartments of mitochondrion and chloroplast contain a respective
set of proteins for the production of ATP. The development of
mitochondrion and chloroplast by the import of proteins from the cytosol is
a major but complex feat, that is, the proteins are translocated across a
number of membranes in succession and end up in the specific places.
The complexity comes from the fact that the proteins located mostly in the
inner membrane of mitochondrion and in the thylakoid membrane of
chloroplast are encoded by the nuclear genes. Furthermore, the
organelle DNA-encoded polypetides generally form protein complexes with
the subunits encoded by nuclear DNA under certain genetic control for
balanced composition. Furthermore, mitochondrion and chloroplast are
made of membranes which are basically constructed by phospholipid
bilayers. The phospholipids are differentially synthesized between the
organelle and the cytosol, it depending on biological and cellular species.
Peroxisome differs from mitochondrion and chloroplast in many points,
morphogenetically., First, it is surrounded by only a single layered
membrane and, second, it does not contain DNA and ribosomes.
Therefore, it is apparent that peroxisome imports all of its own proteins by
a similar and selective process from the cytosol. It has been observed that
mitochondrion and chloroplast can self-replicate, although DNA
polymerase and RNA polymerase are imported from the cytosol.
Interestingly, some membrane-bounded organelles in the eukaryotic cell
also can self-replicate without DNA, and peroxisome is a typical one as the
endoplasmic reticulum, As stated above, peroxisome has a strong
metabolic correlation with the mitochondrion. This problem will be
discussed later. '

8. Electron transport systems in photosynthetic bacteria,
cyanobacteria
and chloroplast in eukaryotic plant.

Fig. 2 shows a comparison of the electron transport systems in
photosynthetic bacteria, in cyanobacteria and plant chroloplast, and in the
mitochondrion. Evolution is always conservative, taking facts of the old
and building upon them to create something of the new. The electron
transport system is a typical example. It has come from the oldest
photosystem to synthesize ATP and NADPH in the photosynthetic
bacteria and evolved to the chloroplast in the higher eukaryotic plants or
to the mitochondrion in the higher eukaryotic organisms. The
photosynthetic world has been established after the fermentative one, as
pointed above. Therefore, the first photosynthetic cell was born by
mutation in the fermentative world and predominated during the
declining world due to the exhaust of organic nutrients in the sea. The
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Fig. 2 The electron transport chains are homologous among (i) cyclic photo-phosphorylation
of the purple non-sulfur bacterium (A), () non-cyclic photosystem of the purple non-sulfur
bactarium (B), (iii) photosystems (I and IT} of the cyanobacterium and eukaryotic plant (C) and
tespiratory chain of mitochondrion (D).

chl: photosynthetic pigment, chl*; the excited pigment, Q: ubiquinone, b: cytochrome &, cor £
cytochrome ¢. Cytochromes b and ¢ (or £) form be (or £) complexes in the cells and organelles,
and the complexes pump H* across each of the specific membranes.

Photo-ATP synthetic system, photophosphorylation, is quite different.from
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the fermentative ATP synthetic system, substrate-level phosphorylation,
and the former synthesizes ATP as the reaction is coupled with the
electron transport-driven proton ( H* ) pumping whereas the latter's ATP
synthesis does not relate with the electron movement but with only a
phosphorylation of ADP to ATP, which occurs at two steps of the latter half
in the fermentative (Embden-Meyerhof, EM) metabolism, reaction 1,3-
bisphosphoglycerate — 3-phosphoglycerate and phosphoenolpyruvate —
pyruvate. The electron transport-derived H* pump system of the
photosynthetic bacteria consists of light-harvesting pigments, several
electron carriers which make the H+* gradient across the membrane and
ATP + Pi — ATP by coupling with the H+ flow. The early fermentation
processes must have provided not only ATP but also the reducing power,
such as NADH or NADPH, which was required for essential biosynthesis.
However, the photo-synthetic processes for the biosynthesis of ATP and
NAD(P)H were independent of those of the fermentation ones, Therefore,
the photosynthetic process would have not generated by modification of
the fermentation processes but seems to have been generated from the
beginning,
The most important, new element for the photosynthetic synthesis of
ATP and NADPH was the sunlight harvester, bacteriochlorophyll. It has
been believed that the pigment molecule was synthesized during chemical
evolution processes, though rather complex in structure. The molecule is
chemically stable and is contained even in petroleum from the deeply
underground sources. Therefore, it had to have been used as the energy
source since the proto-cells, being independent of the photosynthetic
system stated above. The present-day purple bacteria contain a
photochemical reaction center which is a large protein-bacteriochlorophyll
complex and is arranged as a transmembrane protein in the plasma
membrane and its derivatives. The special pairs of chlorophyll molecules
in the reaction center irreversibly trap photons for excitation of electron.
The excited eleéctron is immediately passed to a chain of electron acceptors,
"quinones, that are tightly bound to the protein complex and then the
electron is transferred to subsequent photochemical carriers. Such a
photochemical center is thought to have evolved in the primitive
photosynthetic bacteria much more than 3.5 billion years ago.
Cyanobacteria are thought to have evolved from purple non-sulfur
bacteria about 3.5 billion years judging from their oldest fossils.
Photosynthesis of cyanobacteria produces both ATP and NADPH by
directly so-called non-cyclic photophosphorylation, through using Hz0, but
H: or HaS as in the purple bacteria, as the electron donor. Because the
two processes, called photosystems I and II, are used in series to the
electron carriers, the electron can be transferred all the way from H20 to
NADPH, some of these energies are siphoned off for ATP synthesis. In
the first photosystem, photosystem 11, two moles of water are split with an
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enzyme by spending four photons. As a result, four electrons are
removed and one molecule of oxygen is produced as in the following
reaction.

2H20 + 4photons — 4H* + 4e + O2

Although the electron is easier to be released from H2 or H2S than
from H20, the core of the reaction center of photosystem II has been
conserved from cyancbacteria to the chloroplast of the eukaryotic plant.
Photosystem II produces strong electron donors in the form of reduced
quinone molecules in the cyanobacterial plasma membrane and in the
thylakoid membrane of chloroplast. The quinones pass their electrons to
a H* pump, called cytochrome bfcomplex, which is a type of cytochrome be
indicated in Fig. 2. The bfcomplex pumps H+ out of the cytosol across the
plasma membrane in the cyanobacterial cell or into the thylakeid space
across thylakoid membrane of chloroplast. Therefore, the resulting
electrochemical gradient drives the ATP synthesis by ATP synthtase, as
discussed later, The final electron acceptor in this electron transport
chain is the second photosystem, photosystem I.

Electron entered into photosystem I are boosted to very high energy
level within the pigment-protein complex activated by the photons and are
passed to NADP+ to generate NADPH via iron-sulfur center in ferredoxin.
This last step also takes up H* from the medium. However, the evolved
photosystems can make ATP by cyclic photophosphorylation without
making NADPH. In this process, the high-energy electrons from
photosystem I are transferred back to the bsfcomplex to make energy for
pumping H* for ATP synthesis.

The photosynthetic metabolism is constructed by the photosystems to
synthesize ATP and NADPH, and by the CO: - fixative metabolism which
is reduced pentosephosphate (or Calvin-Benson ) cycle. The former is
located in the thylakoid membrane while the latter is done in the stroma.

- 4, Mitochondrion as electron transporter for ATP synthesis

The Q2 — respiration is the third metabolism that was evolutionarily
acquired in the prokaryotic world after Oz had been accumulated in the
atmosphere as a result of the phylogenesis and the ecological development
of cyanobacteria. The mitochondrion was the product of
compartmentalization of the Oz respiratory metabolism when occurred
during generation of eukaryotic cell from the prokaryotic world. However,
the respiration consists of three parts of metabolisms, fermentative
reactions of glucose to pyruvate (EM pathway), tricarboxylic (citric) acid
(TCA) cycle, and respiratory chain from NADH to Oz, In the
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mitochondrion, the respiratory chain is in the cristae (membrane system)
and the TCA cycle is divided into the membrane and matrix. The EM
pathway is restricted in the cytosol, and it seems to be the same anaerobic
system as that in the fermentative bacteria. Therefore, it is possible to say
that the mitochondrion is an organelle for oxidation by molecular oxygen
of pyruvate, which is the final product of EM pathway, to COz2 + H20. The
energy released there is harvested so efficiently that about 38 molecules of
ATP are produced per molecule of glucose oxidized. It is a striking
contrast to the fact that the fermentation produces 2 molecules of ATP per
molecule of glucose.

Mitochondria are usually depicted as bacterial form with a diameter
of 0.5 to 1 £ m. However, time-lapse microcinematography of living
cells shows that the form always changes with time into very elongated
cylinders and they fuse together. The whole figure appears like the roots
of a tree. However, in some phases it separates again and the
mitochondrial behaviors are dynamic along the microtubule's
arrangement in the cytoplasm. The symbiotic theory that the
mitochondrion is a transformant of the symbiotic bacterium in the
cytoplasm, is incorrect and the mitochondrial morphogenesis is within the
cellular life phenomenon. In fact, the mitochondria are provided directly
to a site of unusually high consumption of ATP. A typical example is the
filamentous mitochondria wraps tightly around the sperm tail.

A single mitochondrion is bounded by two highly differentiated
membranes, inner and outer. The inner membrane creates two separate
mitochondrial compartments ; the internal matrix space and a much
narrower intermembrane space. The outer membrane is not so
metabolically active but forms large aqueous channels through the lipid
bilayer. Although the outer membrane is permeable to all small
molecules including soluble proteins, the inner membrane contains many
kinds of proteins for the metabolisms and transports and thus is
impermeable to the substances, especially to ions, such as proton (H*). The
matrix enzymes include those that metabolize CoA produced from
pyruvate and fatty acids through the TCA cycle. The principal end
products of the TCA cycle are CO2 and NADH, and the latter flows
out to the respiratory chain that is essential to the process of so-called
oxidative phosphorylation for generation of ATP. Most of the protein
species of the chain are intrinsic components of the inner membrane. The
most important one is the ATP synthase, also called Fo F1 ATPase, which
constitutes about 15% of the total inner membrane protein. Both the
photosynthetic bacterial membrane and the chloroplast have been
evidenced also to contain very similar protein complex as the
mitochondrial ATP synthase. As shown in Fig.3, the transmembrane
portion of the protein complex works as a H* carrier, and the large head
portion, F 1 ATPase, synthesizes ATP when H* passes through it down the
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Fig.3 F 1 ATP synthase (as lollipop head) and H* carrier of transmembrane (as F o, H* pump).

electrochemical gradient. These points have been demonstrated by using
the liposome system, which was composed of the purified ATP synthase
from mitochondria and the purified bacteriorhodopsin (highly driven H*
pump of an extreme halophilic bacteria which can photophosphorylate } as
sketched in Fig. 4, When the liposome system were exposed to light, the

light H (a)

liposome membrane

ADP + (@)

H*

(b)

Fig. 4 ATP synthase is driven by H* flow. The experimental system is constructed of a
purified bacteriorhodopsin (a), an ATP synthase purified from ox heart mitochondria (), and a
liposome of phospholipids. The bacteriorhodopsin is excited by light to pump H* into the liposome,
and the concentrated protons pass through the ATP synthase outside to drive the reaction ADP +
Pi —ATP.

H* pumped into the liposomelumen by the bacteriorhodopsin flowed back
out through the ATP synthase. Consequently, ATP is made in the medium
outside, nevertheless the sources of bacteriorhodopsin and ATP synthase
were different one. This means that the H* pump and the ATP synthase
act independently.
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5. Proton pumping across the membrane

When isolated mitochondria were suspended with a suitable substrate and
oxygen for oxidation, the H* flow through ATP synthase occurs and results
in acidification of the medium. This indicates that free energy released
by electron transport in the respiratory chain causes H* pumping across
the inner membrane from the matrix and the H* flows back through ATP
synthase, resulting in reaction ADP + Pi — ATP. This mechanism is
.common in principle to the plasma membrane and its derivatives of the
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Fig.5 Redox potential changes in the respiratory chain. The potentials drop in three large
steps that consist of NADH dehydrogenase complex (a), da complex (b), and cytochreme oxidase
complex (¢). Each the complex works to pump H+ across the inner membrane of the mitochondrion.
(After Alberts ef al, 1994)

photosynthetic bacteria and cyanobacteria, chloroplast as well as
mitochondrion.

For example, the redox potentials in the mitochondrial electron
transport system drops in three large steps from NADH to Oz, as shown in
Fig.5, and the electron passes across each the enzyme complex of NADH
degydrogenase complex, cytochromes be: complex and cytochrome
oxidase complex in series. The change in redox potential between any
two electron carriers is directly proportional to the free energy released
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between them. Each complex is an energy-converter that harnesses the
free energy released to make a H* gradient across the inner membrane, as
demenonstrated by an experiment outlined in Fig.4, Fig, 6 explains
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Fig. 6 Redox potential changes in the photosystems of cyanobaterivm and eukaryotic plant
cell. The potentials rise by irradiation of sunlight but drop after the photosynthesis works that
include the H* pump leading to ATP synthesis in photosystem I and the NADPH formation in
photosystem I.

a: water splitting enzyme, b: plastoquinone, c: bf complex, d: plastocyanin, e: ferredoxin, f:
NADH reductase, chl: chlorophyll, chl *: excited chlorophyll. (After Alberts ef al, 1994}

changes in redox potential during photosynthesis, showing a change of the
potential along electron flow in photosystem II,in which the H* pumping
occurs in the cytochromes Absf complex to make an electrochemical
gradient. In other words, H* is pumped across the membrane three times
in the respiratory flow of electron whereas once in the photosystem flow of
it.

6. Evolution of the electron transport system.
The green sulfur bacteria or purple sulfur bacteria may be the most

primitive photosynthetic bacteria because the formers are completely
anaerobes and the latters microaerobes. The purple non-sulfur bacteria
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had to evolve beyond the anaerobic bacteria. The purple non-sulfur
bacteria can generally respire Oz in the presence of a suitable organic
nutrient, but their photosynthesis is performed only anaerobically.
However, recently a variant that can aerobically photosynthesize has been
found in nature. The purple non-sulfur bacteria have been demonstrated
to have the electron transport system, ubiquinone — cytochrome b —
cytochrome ¢, that is commonly used for both the photosynthesis and the
respiration as shown in Fig.7. This is true in the cyanobacterial

NADH NAD* ~

r ¢ I succinate
*

chi* | ==

- (
fumarate
ADP
( ®
ATP
s [cytochroms
- oxidese

u*——-—;l\‘
0z  H0 -

Fig. 7 Common usage of the electron transport system between photosynthesis (A) and
respiration (B) in the purple non-sulfur bacterium {Rhodopseudomonas). When the respiration is
inhibited (for example, anaercbiosis), the cell can live by photosynthesis, and when the
photosynthesis is inhibited (for example, darkness), the cell can live by respiration.
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photosynthesis and respiration. However, as discussed above, the first
producer of oxygen is considered to be cyanobacteria that have
evolutionally acquired the water splitting reaction. Therefore, the purple
non-sulfur bacteria would have secondarily adapted to oxygen as the
photosynthetic product of the cyanobacteria. The cyanobacterial taxonomy
is very complex and there seem to be many phylogenic metabolic variants.
On the other hand, as the purple bacteria have been of interest also in
photosynthetic evolution, the metabolism has been well studied.
Therefore, the electron-transport principle in the transitional stage from
the photosynthesis to the Oz - respiration would be that as illustrated in
Fig.7, and it would be divided into the photosystem and the respiratory
chain and compartmentalized to chloroplast and mitochondrion,
respectively, by the intracellular membranes of a cyanobacterium during
the eukaryotic differentiation about 1.5 billion years ago.
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Here, we have to point out the following facts : The present-day
chloroplast has a clearly differentiated granum (pl. grana) structure,
thylakoid membrane aggregation, in the higher plant cells but not
anything in lower plant cells. Therefore, the photosynthetic compartments
have evolved even in the plant world. The photosynthetic membranes in
the cells also differentiate in the prokaryotic world. In the purple and
green sulfur bacteria, there are many types of intracellular membranes
involved in the photosynthetic metabolism and derived from their plasma
membranes. These intracellular photosynthetic membranes can be seen
in the actively photosynthetic cells of the purple non-sulfur bacteria. Two
or more names are cytologically given to these prokaryotic intracellular
membranes; chlorobium vesicle, mesosome, and chromatophore.
However, as their definitions are not clear, we here will use
chromatophore, but some investigators think that both the photosynthetic
and respiratory metabolisms are contained in the chromatophore.
Furthermore, name mesosome is given to an organelle that is electron-
microscopically found in the non-photosynthetic bacteria and has been
considered to contain metabolisms of Oz - respiration, DNA replication,
nucleoid separation in cell division, and others. The photosynthetic
intracellular membranes in the cyanobacterial cells are generally referred
to as thylakoid, and their non-photosynthetic membranes, which can be
discriminated by a histochemical techniques, are separately called
mesosome by some investigators. However, it is difficult to differentiate
between them. Therefore, we need in maind that the organelles usually
called chromatophores may contain not only the electron transport
systems of photosynthesis but also that of respiration. This is because
both the systems belong to membranous reactions. '

Prokaryotic membranous organelles as mesosomes, chromatophores,
and thylakoids are derivatives of the plasma membranes, as mentioned
above. Then, some ones remain to be continuous with the plasma
membranes in all the cell cycle but others are separated to isolate into the
cytoplasm. On the other hand, mitochondrial cristae are always
continuous with the inner membrane but do not isolate as membrane units.
However, when the chloroplast develops from the proplastid that is small
double-membraned organelle, the inner membrane occurs invagination in
many sites and becomes like cristae finally to cut off from the inner
membrane. In the lower plant, the chloroplast maturates by formation of
a simple arrangement of flatted thylakoid vesicles from one to several.
However, in the chloroplast of higher plants, the thylakoid vesicles
increase in number and make so-called grana. _

The invaginations of the plasma membrane, as seen in the
prokaryotic cells, and of the inner membrane, as seen in the mitochondria,
build up a quite different microcompartment for the H* pumping and
ATP synthesis from the thylakoid vesicles isolated from the inner
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membrane as seen in the chloroplast. That is, the invagination of a
membrane generates an intermembrane space between the inner
membrane and the outer (or plasma) membrane (Fig. 1A),and the vesicle

formation makes intermembrane space within the closed membrane (Fig.
1B). Such membranous differentiation gives different systems in the flow
of H* and the orientation of ATP synthase, as shown in Fig. 8. Therefore,

»)

Fig. 8. Comparison the H+ flows and ATP syntheses in the membranes of mitochondrion
(A) and chloroplast (B). The H* motive force across the inner membrane of mitochondrion directs
from the matrix to intermembrane space (see Fig. 1A), and the F* motive force across the thylakoid
membrane of the chloroplast directs from stroma to thylakoid space (see Fig. 1B). The increased
H* concentration in both spaces decreases the pH and the H+ flow passing through ATP synthase
drives ATP synthesis,

a: H* pump, b: ATP synthase. ATP synthesis ocours within the matrix in the mitochondrion
and within the stroma in the chloroplast- -

we can conclude as follows. (1) A weak H* gradient across the membrane
was naturally formed by. the formation of phospholipid bilayer in the
proto-cells. (2) A protein evolved to function as transmembrane H*
pumps. Furthermore, when the fermentative metabolism was
evolutionally acquired, some of them synthesized organic acid as an end
product and excreted H* outside of the cells. (3) Function of a protein as
primitive ATP synthase to catalize a reaction ADP + Pi — ATP by
passage through H* across the synthase complex, was developed in the
membrane protein. (4) Proteins of the H* pumping and the ATP
synthesis coupled with the electron transfer system driven by the sunlight
energy. This was an origin of photosynthetic cell. However, there are
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two kinds of photophorylative mechanisms in the present-day bacteria;
bacteriorhodopsin system (as in Halobacterium halobium) and
bacteriochlorophyll system (as in green or purple bacteria). (5)The
photophosphorylation mechanism inherited from ancestors of the purple
non-sulfur bacteria and cyanobacteria, and differentiated into two kinds of
the organelles, mitochondrion and chloroplast, during the process of
cellular evolution to the eukaryota, as formerly discussed.

Although the peroxisome differs from the mitochondrion and
chloroplast in many ways in the present-day cells, it has been considered
to be the devoluted remain of the mitochondrion. However, this idea is a
wrong conclusion. Peroxisomes are found in all eukaryotic cells. They
possess oxidative enzymes, such as catalase, peroxidase and urate oxidase,
at high concentrations. Like the mitochondrion, the peroxisome is a major
site of oxygen utilization. One hypothesis explains the presence of
peroxisomes in the eukaryotic cells as that they have served to lower the
intracellular concentration of oxygen and also to employ its chemical
activity for useful oxidative reactions.

However, the most important function of the mitochondrion that
produces ATP and reducing power can not be carried out in the peroxisome.
Nevertheless many of the same reactions are common in both the
organelles. Peroxisomes contain one or more kinds of peroxidases that
use molecular oxygen to remove hydrogen atoms from specific organic
substrates, producing hydrogen peroxide. Catalase destroys the
hydrogen peroxide generated by peroxidases and consequently produces
water. These reactions are useful for the detoxication of some organic
substances, such as phenols, formic acid, formaldehyde and alcohol.

A major function of the oxidative reactions carried out in the
peroxisomes is so-called A -oxidation of fatty acids to produce acetyl CoA.
Acetyl CoA produced in. the peroxisomes is exported to the cytosol for
reuse in biosynthetic reactions and, furthermore, to the mitochondria for
production of emergy through the TCA cycle and respiratory chain.
Interestingly, the A-oxidation in mammalian cells occurs both in the
mitochondria and peroxisomes, whereas in yeast and plant cells, this
essential reaction is restricted to the peroxisomes.

Peroxisomes have quite diverse functions even in the different cells
of a single organism, that is, they contain very different sets of enzymes.
The composition of the reactions is very adaptive to the conditions. For
example, yeast cells grown on sugar have small peroxisomes, whereas the
peroxisomes of cells grown become large and oxidize methanol.
Furthermore, when yeast cells are grown on fatty acids, their large
peroxisomes can break down fatty acids through £ -oxidation. The
peroxisomes plays further complex roles in plants, For example, the
peroxisomes present in leaves associate with chloroplasts and materials
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are exchanged between the organelles during photorespiration. It has
been reported also that in a fat-storing cotyledon cells of tomato seeds 4
days after germination, the peroxisomes (also called glyoxysomes in plant
physiology) are associated with the lipid body and gluconeogenesis,
conversion from fatty acids to carbohydrates, occurs during the
germination (papers of Gruber, P, J, and Newcomb, E. H., Frederick, S. E.
and Newcomb, E.H., cited in Molecular Biology of the Cell Third Edition,
by Alberts, B. et al, 1994). These findings suggest strongly that the
morphogenesis and the genetic transformation involved occur in response
to species-specific, life-cycle specific, and environment-adaptive
differentiation. Such a conclusion will further be strengthened by the.
dynamic chloroplast behavior.

A Chloroplast is the most prominent member of the plastid family, All
plastids develop from proplastids, which are small organelles seen in the
immature cells of plant meristem. In plants grown in darkness, the
proplastids in the cells enlarge and develop into ethioplasts, which have
gemicrystalline membranes containing a chlorophyll precursor instead of
chlorophyll. When exposed to light, the ethioplasts rapidly develop in a
matured chloroplasts pigments, new membranes photosynthesizing
enzymes, and components for electron-transport, into a matured
chloroplast. On the other hand, leucoplasts are plastids that occur in
many epidermal and internal tissues that do not become green on
exposure to light. A common form of the leucoplast is amyloplast which
the accumulates starch in storage tissue. We have to emphasize an
important - realization that the plastids are not either just sites for
photosynthesis or for the deposition of storage materials, or the sites for
productions of more than the energy and reducing power (as ATP and
NADPH) that is used for the plant-bicsynthetic reactions, of purine and
pyrimidine, of most amino acids, of all the fatty acids and so on. However,
it must be pointed out that the enzymes to produce these compounds are
mainly synthesized under nuclear control. On the other hands, in the
animal cells, these compounds are produced in the cytosol. Here, we
conclude that the arrangements of the genomes in the cells are dynamic
according to biological evolutions and environmental conditions.

7. Conclusion

The organelles closely interact to function and to support cell life as a
whole. It is natural for the metabolisms compartmentalized into each
organelle to be connected. In this sense, the lipid bilayers in the
membrane compartments become barriers against communication among

the organelles. | :
The purpose of the present study is to search the differential origin
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and the evolutional processes of the mitochondrion, chloroplast, and
peroxisome through their metabolic facts that many of the same reactions
are distributed among these organelles. One example is shown between
mitochondrion and chloroplast. There is a transmembrane
electrochemical proton gradient that works in the electron transport
systems in both mitochondrion and chloroplast; ubiquinone —
cytochrome » — cytochrome ¢. In the mitochondrion, the cytochromes
bc complex, and in the chloroplast cytochromes bfcomplex contain ATP
synthase Fo F1 ATPase), in which Fo, namely transmembrane H* pump,
makes the proton concentration gradient across the membrane and F1
ATPase synthesizes ATP by reaction ADP + Pi — ATP, when the proton
passes through it. These phosphorylatory enzymes must have inherited
from a prokaryotic ones as common ancestor in the photosynthetic green
and purple sulfur bacteria that are evolutionarily generated much more
than 3,6 billion years ago. Thereafter, the system developed to that in the
photosynthetic purple non-sulfur bacteria and then the cyanobacteria, and
was inherited into mitochondrion and chloroplast when the cell
morphogenized as eukaryota about 1,5 billion years ago. Fig.9 shows a
hypothetical process of the phosphorylation system in the biological
evolution,

_~ Mitochondrion Chioroplast -
respiratory chain photosyntesis
Eukaryotes
aerobics

Eukaryotic differentiation

-

h

{H20 photosynthesis F - - -cyanobacteria

.
I.-
ﬁlzs photosynthesis[----purple or green | Prokaryotes
anaerobics bacteria
L Fermenting bacteria |- --Clostridium =

Fig. 9 A phylogeny of the electron transport system accompanied by the cellular evelution.

The mitochondrion and peroxisome contain many of enzymes in
common. One hypothesis says that the peroxisome is a devolutional
remain of the mitochondron. However, the synthetic conclusion on the
basis of the many lines of evidences demonstrated suggests strongly that
the metabolic compartments between the mitochondrion and peroxisome
result from genetic arrangement in the genome in the process of the
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organelle's differentiation during cell division. In conclusion, genetic and
then metabolic arrangements are dynamic during the processes of cellular
evolution and of cell division in the extant meristematic tissues.
Intracellular morphogenesis is not genetically and morphogenically fixed
as previously considered by the symbiotic theorists.
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Thermal Properties and Thermal Products of Amino Acids
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Abstract

Thermal products of amino acids exhibit a wide variety of thermal properties. We reviewed the
properties by consulting mainly the products from aspartic acid and proline, among others. Although
those thermal products were versatile in their chemical specification, they exhibited rather unique
thermal characteristics. In particular, thermal relaxation times of the thermal products in aqueous
milieuw depended vpon the environmental conditions such as the temperature and pH value. Typical
values of the thermal relaxation times were of the order of several hours or more. This observation
suggests a possibility that when the environmental condition changes cyclically, for instance, due to
the diurnal cycle, those thermal products could store thermal energy locally and could utilize it for
further chemical synthesis if component monomers are available.

Keyword: Amino acids, aspartic acid, diurnal cycle, proline, thermal products, thermal relaxation

Viva Origino 24(1996}159—170
© 1996 by SSOEL Japan

—158—



—160—



T3/ BoORBERD & ELH

7 BOBELRIR L T DERY

/U

SHE—. ER ¥ AE u. LHEW

RREEMRERE - £HF%  (Tod0-21 FBREMT_LEREAET 1603-1)

1. IEE®IZ

FUAHER Fio B 2B R EBE LEERRBIZBWTT S/ BRER SN ER
DSBEITEE S 1-2], JFUGHIER - TF = BESERR S, HAVITHIBRA TER EN
TeBICHERIZE Y AE N TR D SILIFIERETHD[3-10l, ZOTI/EHRLEDOLII
TFEEVEREL, PO LD B REER L ThofedidfbEElbiz & - THEE,
MEO—DTH D,

T I/ BO L REFFHEAYPBES L TES e~ L LT DBRIC VT,
ZOEFEEIMTE L3 T XA WP EERER L 2D, AL DT AN F—TE
BB R — DI, R IAF—REFITHBENRS,

T I BESFICB AR — A OREC A U B4 RELIIEEIC S ANDRFSE
FIZBWTHENTHR[11-16], 7 I /BRESFEMET D & AKPTHRINIIERESEDZ
T 5, ZZTHEHT L/ BOBREARISE Tl X o TAR S W LA DO BRI
DNT, bbb BRREE TICFARTE R L OBELRT,

2. T3 JBREASRE

TI/BORESME UTHRATRBINIT ASEVEELE 0 ) v OREYTH S,
BESGLUSIZE VAR SNZRIRIE, AT CEE 1 mOBREESEYE e )EFRTS
HOEKITERL TS LOPEET 5, BRINHREREYE BREHRL, Auld
VEREER LI b O EEETEMS (BAETF, ISM-6301F) THRELL,

FARGELE T Y UV BEOWTRLNI S—ORBERBLIOIhICETAE
BRIC L o> TARDPHEREN, GCOARLL-Ta—MEENDT I/ BETHD, I, 7
2 ) AAREORIREEDRYD, 7u) v ESUESDIHERENE L LES,

—161—



2-1. T /ERAW
FAREERELET I /B
DERERN LILEOE 6
OF I/ (T, Tz,
NRYw TARTEVEE, 7Trl
v, TF I VE) BRU, Zh
LTI /BN 2~6f%E
Y T2 TOMRAE ORI DOWN
T, BRESEMOT RS %
{Tole. EHRFIRILET £ B
ByFEE—I—ZANEREL
=, A F—brA—7 (¥~ b
FlZ, DN43HD) TEWEBEXT
200°C, 3 hrMMEAL, 7I/ER
G491 giox LT 10ml OFliKE
MAEFHLKBTRA L,
TR DNER ¥ BT N R BUAR

TSI T LIRS TR L BT 7 V) OEEE RIE Ui, RIRITTMSHE %
CCDHATRHFLTETFAREL, bt F4ESE 3 Yo —FEiEHETROM
B 3 A bR, BR L EE SR L REHENERDIRILT AT F e
7 Y L OMBE DTN TRAThomk (Flg 2), LAfE, ZOMAADEICRELTE

SHE—B

Fig. 1.

A scanning electon microgragh of typical
microspheres taken at 10kV.
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Uptake, release and binding of rare earth elements
in cultured mammalian cells as determined
by instrumental neutron activation analysis
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and Mitsuhiko Akaboshi
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Kumatori-cho, Sennan-gun, Osaka, 590-04, Japan

(Received May 7, 1996; Accepted June 30, 1996)

ABSTRACT

HeLa S-3 cells were treated with rare earth elements (REE, 1 mM) under various
conditions, and the amounts of the elements incorporated into the cells were examined

‘using instrumental neutron activation analysis (INAA). The incorporation of all the
REE used in this experiment (La, Sm, Eu and Ce) showed a similar pattern, namely, a
quick incorporation until 3 hr and a quick release with a slow component after 1 hr.
This tendency was more marked in the heat-killed cells than in normal living cells, and in
0 °C treated cells than in 37 °C treated cells. Thus, it seemed that cells, as far as they are
living, resist against the penetration of these elements within the cells. About several %
of the total cellular REE of these elements was bound to cellular important molecules
such as DNA, RNA and proteins. La, Sm and Eu were bound to RNA, while Ce bound
to DNA preferentially,

Key words: activation analysis, rare earth elements (REE), HeLa cell, La, Ce, Sm, Eu.
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Fig. 1. Variation in rare earth content of Hela cells after different treatments.

Table 1. Rare earth content in each fraction of Hela cel

content La Sm Eu Ce

(g/cell) (10 BSg cell) (0 ¥g cell) (107F¥g scell) (107 g, scell)
RNA  2.72X10-1 75.1 122 4.59 3.59
protein  2.47X10™° 20.0 20.5 1.88 521
TCA-sol. — 431 446 16.0 29.6
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Table 3. Comparison of the detection limits between the two methods
Activation Analysis(AA) and ICP,

Sm Dy La Eu Gd Nd Ce Sc

AA ()Y 5X107M 3x107 M 5x107 1 sx107 12 1X10710 5x107% 1X107° 1X107°

ICP (ppb)® <50 10 200 <5 20 100 200 <5

a) Present work
b) The measurement was carried out by one of the present authors under an ideal condition
where 1 ml each of the standard solutions was applied for each test.

TREATOTHEREZRET AL E0T, EOMMZRILEIZH R VD, Sm, Dy
. La BXU Bu THEHGHED Fd8 4 ~64 %, Gd. Nd, Ce Titl~ 24 & TIHRIMEBED
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ZolmA )y FELERICVWARLZLIE, ZOEOEICIB VW THREMESTERBIC6E
MTHDH I LT oKV,
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