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ABSTRACT

Submarine hydrothermal vents are considered to be ideal sites for abiogenic synthesis of organic
compounds preserved on present days and a possible environment for chemical evolution toward
origins of life in Archean ocean for the following reasons. Formation and reactions of amino acids
and their related compounds in simulated submarine hydrothermal vent environments were examined.
Amino acids such as glycine and sarcosine were abiotically formed under simulated hydrothermal
vent conditions (260-325°C) from methane, water and ammonium ion. When an aqueous solution of
amino acids was heated, amount of remaining amino acids was decreased, but increased after acid
hydrolysis, particularly in the case of glutamic acid. It is suggested that the decrease in the
concentration of amino acids was caused not only by decomposition, but also by formation of heat-
resistant compounds. The decomposition rate was much slower in high hydrogen fugacity
environments like the submarine hydrothermal vent systems than in usual laboratory conditions. In
our experiments, an aqueous Solution of amino acids was pressurized and heated in a closed
autoclave. The actual hydrothermal system is, however, considered as "a flow reactor" where
quenching of the heated fluid by cold scawater occurs. Further simulation experiments using the
flow system will help clarify the extent to which the present results reflect what can happen in natural
system.

Key words: Submarine hydrothermal vents, chemical evolution, amino acids, hydrogen fugacity,
flow reactor, origins of life.
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Table 1. Formation of Amino Acids in Hydrothermal Experiments.

Reaction System

Reaction conditions Blank 1  Blank 2 Run 1 Run 2 Run3 Run4
Medium ' MHVM* MHVM* Hz0 MHVM* H0 MHVM*
Volumn (mL) 40 40 50 50 50 30
CHa (kg/cm?) 40 0 40 40 40 40
Nz (kg/em?) 40 80 40 40 40 20
CO; (kg/em?) 0 0 0 0 0 12
Temperature (°C) 25 325 325 325 325 260
Pressure (kg/cm2)** 80 200 200 200 200 140
Time ¢h) 12 3 12 1.5 12 6
Major amino acid produced (pmol/mL)

Glycine 54 47 57 1190 2080 2400

Alanine 29 21 trace 600 980 630

Sarcosine 0 0 trace 640 1960 wRE

* Modified hydrothermal vent medium.
** Total pressure at the reaction temperature.
*#* Not separated from a large peak of glutamic acid.
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Table 2. Thermodynamic Calculations for the Reactions of a Gaseous Mixture
Containing Methane, Nitrogen and Water at 300 °C and 200 kg cm-2.

Compounds phase*  Initial concentration / M Final concentration / M
CHa4 g 1.60 X 101 1.59 X 101
N2 g 1.40 X 101 1.38 X 10-1
Hz0 l 2.00 1.86

g 1.39 X 10-1
Ha g 2.31 X 103
CO2 g 1.09 X 10-3
NHs g 1.37 X 103
HCHO g 3.79 X 10-13
HCN g 1.31 X 1013
CzHg g 3.44 X 10-6

*g: gas, |: liquid
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Fig. 2. Ion exchange chromatograms of the products of
the simulated hydrothermal vent experiments.

(a) Run 2, (b) Blank 1. Instrument: Irika A-5500,
detection: absorbance at 570 nm after derivatization with
ninhydrine reagent. Abbreviations. D: Aspartic acid, S:
serine, Sa: sarcosine, E: glutamic acid, G: glycine, A:
alanine, B: aminobutyric acid.
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Table 3. Recovery Ratio (%) of Amino Acids When Amino Acids or Amino Acid Amides* Were

Heated at 200 kg/em?, 300 °C for 2 h.

Starting material Mixture of amino acids Mixture of amino acid amides
Initial concentration 50 uM each 50 uM each

Gas phase Na (99:1) Na/Ha Nz (99:1) N2/Hz
Acid-hydrolysis Before After  Before After Before After Before After
Aspartic acid 0.06 0.12 038 044 021 N.D. N.D. N.D.
Serine 016 0.22 N.D. N.D. 0045 ND. 030 N.D.
Glutamic acid 6.30 39 0.55 65 047 39 0.22 43
Glycine 075 14 70 81 31 48 63 72
Alanine 077 1.5 45 51 25 37 43 38
Valine N.D. N.D. 82 7.4 5.7 83 10 12
Leucine N.D. N.D. 4.6 34 1.5 3.7 6.6 6.2

* Ratio of amino acid concentration in the product to initial amino acid amide concentration.
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Fig. 3. Reversed-phase chromatogram of the product:

when aqueous solution of glutamic acid was heated at

200 kg/cm?,300 °C for 2 h.

Instrument: GL Science APUS-5, column: YMC-Pack

AM- 322 ODS, 10 mm i.d. X150 mm), eluent: 25 mM

phosphate buffer, pH 3.0, flow rate: 0.5 mL min-1,

detector: UV detector (210 nm).
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Fig; 4, LI-Mass spectrum of pyroglutamic_ acid'(PG)
produced from aqueous solutioni of glutamic acid by

hydrothermal reaction.
mjz=130: MH* of PG, m/z = 84: (MH - COz)t.

ammonia

Glycine yield after hydrolysis

- glycine
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- 7Y / Vﬁ*._&hﬁi_b 7(Fig. S(b))f Fig. 5. (a) lon-exchange chromatogram of the product
E 7, ﬁﬁﬁ@l’ﬁ:@ﬁ‘ac- 35 when aqueous solution of glycine was heated at 200 ke/cm?, . .
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Instrument: Shimadzu LC-6A, column: Shimpack ISC-
07/S1504, elution: gradient elution with citrate buffers (pH
3,2 and pH 10.0), flow rate: 0.3 ml min-l, detector:
fluorometric detector (post-column with o-phthaldialdehyde
reagents).

(b) Relative yield of glycine after acid-hydrolysis of the
fractions of 1, 2 and 3 in (a).
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Kinetic Investigations for the Hydrolysis of Adenosine
5'-triphosphate at Elevated Temperatures
: Prospects for the Chemical Evolution of RNA

KAWAMURA Kunio*, YOSIDA Akiko, MATUMOTO Osamu

Department of Applied Chemistry
Osaka Prefecture University
Sakai, Osaka 599-8531, Japan

ABSTRACT

The reaction kinetics for the degradation of adenocsine 5'-
triphosphate (ATP) have been studied in pH 7 aqueous solution
containing 0.1 M NaCl and 0.1 M MgCly at elevated
temperatures 373 - 523 K. The reaction products were
analyzed by HPLC and consecutive hydrolysis of ATP to form
ADP, AMP, adenosine, adenine, and hypoxanthine has been
observed. The rate constants were determined using the
computer program SIMFIT and the magnitudes of the rate
constants decreased in the order ATP = ADP > AMP > adenosine
> adenine at 373 - 423 K. The activation energy was
determined from the Arrhenius plot where the magnitudes
increased in the order ATP (49.9 k ] mol1) < ADP (81.3) < AMP
(119.1) < adenosine (129.8). The half-lives that were
estimated from the Arrhenius plot are 13.1 s (ATP), 1.6 s
(ADP), 0.95 s (AMP), and 4.0 s (adenosine) at 523 K. Basing on
the kinetic analysis the plausibility of the RNA world
hypothesis at elevated temperature has been discussed.

Key words : adenosine 5'-triphosphate, kinetics, hydrolysis,
elevated temperature, RNA world, aguecus solution, nucleotide.
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ERKEE S TO A T P ok s 820 M S

NFFH*, EHEETF, BFE

AL KRS » T2H - WAEER
(T599—-8531 KERMETEENTL—1)

1. #¥&8

D AREEE (RNA) 3EREPEFT A8 T TR Rt rFor L BRB S
I EEOBBTRNAT — N FEMIN I SRR EER L, E4OREIZBN
TEEREHZIELEDDOLEELLNR TV, ZOREAE LTFIIE, RNAIZE
IEHEREET CTHRMIZER LER SRR T T3, 20L52BE VI 2L~V s
VEREFAREE LT BEEERAWTRZLAFRE/ v—2h bt VIR L5 K
PERT DRIE, HBDNWEXIVIF ROV VBEEA IF YV — A TERIE LEERER
ZLAF KR oFVARI LEIF FEERDDIWVZEHBTBERIZ W T —HORZe 82
S TE 7526,

—05 EMTRBROWKRBTHE L L THEFENREL DN TE . i, BukiE
ZETN & UELHRBEEOBEEEKFTIIT I/ BBRES L, 232 BROMBNRSE
R DT EBRRWESNTND27.28), i, BiBAPTEET TS TN TR
frOHFE DHEITEVIERE R > TNAZ EBRRBRENTE 2829, —hbomEdE
IRk THIR L a2 RF LT3,

LB, INHORNAV— NV FEHREEGOEKEBRI L FFRBICER L THF -
RERTIR R R ole. Thbh, RNADIEZEILRBROBNEROEKETH T
DIrE S MTONTIHL, BRIVNCERBINZ Lidedhot. HILIZRNAREERADT
B—RICTREETHDEEZELLENTWDN, 25 THNIERNAY =L RHSERIL LB
& U TERIBORBMEREKIZE L TWERotr b LRRY. LhL, ZOBOERNRLE
BT D DIt DERERBESE LT, RNADAIWIFNEHBRTAIXILAF R, X7
LAY B LUOEBEEORIE/RFIZBITF S8MEEE, TR2bLEFOHBEFEICONTE
BRI RITIEEA R332, S L RNANERWIZERT BB DN
BT DiBEAHEAPCRIY 5 300 5P OoONTHTSEI RiFhiER bR
ZDESRERITS LONTEEBIZ, BEKBEFIZBIIA2RNAORGEH 2D
WEO—BRE LT, RNADHEEIEB EOCEREEETIRBHRICEE L.

AT, EFRPIZBWTRNAZERTAIFERE/, v —TH Y OB X~
VBALEHITH D, TF/ V5 -Z) B (ATP) I OWTHUTOEHZ-DWTERHL
oo Bz, ATPHLF VAT FoVBEERKFTERTINE S0 Ehhoo
L&, TS - VUil XYY RRERSTSMBER L. 882 IZATP Ok
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IMBRGESE373 ~523 KOWH TR, ZORR, ATPIRBERINAMNMBLTT 7/
2y 5. “U VR (ADP) , TF/ ¥ 5 -~ i@ (AMP) , 75/ (Ade) , 7
F=y (A, ERFVUFY Hyp) BERTIZ LEHoNk. 83 ICATPOIKS#
MEE %373 ~423 KO THIE VEEERRERE Lz, M EOHIRILD &SV THIEK
B TRN ADEEEL LA etz oW TERT D,

2. B

2—1 ¥

TE)LVE-E) YVEBAIFXYVY R (ImpA) 13Joyee HDHEIZ LS > TERL
72627, ATPIYA b2 TR S RAWe. FOMOBREIRITRIGRREZ AV, ARER
OBIBERLLFIRT. 3,5 -cAMP: 75/ ¥V3,58 -4 27 ) w7 —V
ASDpA : P, Pp-UTF/ ¥ 5,5-¥nl VR

2—-2 %E

By aw N5 74— (HPLC) 1%, BHikz2=v b (BEBEERSE, LC-10AT
100V GLP), ARkt etHar (BEMERE, SPD-10A 100V GLP), ¥ A7 A
2y bo—5— (EEBUERR, SCL-10A 100V GLP), ¥ hi—7A V=& —
(Rheodine, L.P., 20 zL) »5B L RAF A, HEEHE LTI/ v by 2 (CR6A
100V GLP) &l THWrE. HEHAEY 5 i3 G L3 A = At Minertsil ODS-2%H
Wie. pHORIRIXpH A —% — (pH- SD&, MSMERR) 2HWe. RAERERZNEYT
Biewics ay 7 —&—ZHEERINS GENBREREL TX-400-A) 220 TRWE.

23 RISHEE

ATP & te/k¥SIZNaCl, MgCly, A X %Y= A3 L UDHIGHH & LT Y VBT
FRU T ADBNIRT DA S TEEENL, 0.2 M NaOHK %K CoH% 7 Ol R Ui
BRIZl mLORSSKE Llc. ZOBEKRO—H%E, —MEHCERE2mm, 542 7mm
OX A VY P AN S RECEAL, HE L. ZhidbbhULHREOREIRE LT
g s —X—%ENTHELOBETS 2l~250 BRE &S, JSERKLEDOL

VAT LT, = OUEE100 ~1000 {25 L THPLCIZ20 pLEEA LA Lz

2—4 HPLCR LB FELREEEEBORE

AyHEEE 1 : YRBEE A (0.005 M NaH,PO/K¥EHK, pH=3.5) X OHEHEKB 0.01M
NaH POy 40%A %/ —)vsk¥sigh, pH=4.0) 2RV, B ORIA%0% (¢ =0 minA»
540% (30 min), 60% (35 min) LBRB LIV ATFAAY N2 —F—EDH—TET?2
DRy F P MO LE.

Syindk 2 BSHEE A (20 mM NH4H,POy4 5 mM(C4Ho)sJNBr7k¥a#, pH=3.5) BLU
VEMEE B (20 mM NHH,POy 5 mM(C4Ho) NBIKIFHK, 60% A & 7 — VKB
pH=3.5) 2H\, WEHEEB OF&1345% (t = 0 min) > 555% (t = 10 min), 55% (t = 30
min) L RAERS UV NTHFLE.

HPLCIZ k B3 5 b3 —7 2 2 AWT30 RWL35 Clth T AREERD, M
13260 nNmGiFoTe. RO 22O ERHASLE TERMEFRER LT L.
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SR DRI IR 7 1 25 ASIMFTTZ) 2 F e

3. WREBIUER
3—1 RRAFRZBIIDATPORGED

0.05M ATP, 0.IMNaCl, 0.1MMzgCly, 0.1MA I &V — ) 5EEeiEii % NaHPO b
DVNEAR VRS TpH 7.0 IR L, ERE423 ~523 KOHE TGN 5 SMB &
I MREEEEE. TREDORIETIRFZ VIR LITF RHBWIERILERX 7 L3 F
RBER T DHEREMEZE M LT, ATPIIEIBE L LpoA IF Y —AZRIMLEL0, #H
HERRYE & RS & ZHPLCR FAIRFIZIEA T D Z LIt KXo T, RERAR LB L CERY
EEE U, #iA OBREIBITDERDOIEE Table la~1g 35 L OF Figure 1 iz R T
DRI E 2T, ATPRHADP, AMP, 75/ ¥V, 7F= BRI F
BIERERTDZ E2ME L. EhERioBRERIT, ATP 5 5T AMP 7 E a4
R DRI bR ol Z L AR LTWS. 353 KTATP OUIKSRE % T T
2TIE, ATPIIIZKMR U CTEHRTE & RIRBICBRIKAMENTTF /) PV ETERTS
TEBEINTNEID, L EDZ &bk, 523 KOERTOATPIIIIZKS#E LT Rk
PUFUETEREER LELEX BRS.

—F, AVIARXZ LFF RREHALR 7 v MiddER LR o, 72498 ~523KT
FIS®7 &L, RETERNE—2BEIERS L LTHPLC LB b, Zh
b ORI R OHPLCIZ BT 2 R %Z ImpA, 3, 5-c AMP, 351 FAS ppA ORFER
LB L, ZOBIERMIZINEOWME TRNT EXShote, Eir, BHEEEOHE
DEWIERMOHBEERITH L THEVRE LMo, —F, RS THEO
BSHERE U, THUIBEAIE LTHEMLRE Y VA 2 E T iZATPOMKSRIZ X -
THHEh) VBA VB SRS T AL ERIRL, B Mg (PO )R
LIl ThHDEHREIND. EREOETIZE> THEXEHEL LFBAIERLE
2, TRV R —RAOSRBICE5b D LR IR S.

—%, ZHREDOREBRIKMERIETH o THIL BRI EA0BEIETRAN &
BHEPD DD, BULRIGBITHIZ S HATREEZfT o7 (Table 1d ~ 1g) . F O
R ERDOHIEBILETRIOFEC LHEBICIZEALEBELRP o7, #-T Zh
bORISIZBERIKMREETH D 2L bRS. '

a § b §
g - 807
| =4
[=]
2 g0 s 607
o [1+]
= =
g 407 g 407
(L]
E g S 20-
[« o
o o
0- - 0 J
400 450 0 400 550

500 55 450 500
Temperature (K) Temperature (K)
Figure 1. Degradation products of ATP at elevated temperatures. Reaction time,
a: 5 min, b: 30 min. Reaction conditions are the same as given in Table 1a. Products
O: ATP, @: ADP, [J: AMP, M : adenosine, A : adenine, A : hypoxanthine.
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Table 1a ‘Product yields for the reacion of ‘ATP at elevated temperatures

. Yields(%) ATP ADP AMP Ade A ~ Hyp others
5 min ' -
423K - 51.1 47.2 16 .0 0 0 0
448 12.6 51.4. 36.1 0 O - 0 0
473 6.5. 40.4 48.5 21 25 0 0
498 0 0 0 3.1 87.5 156. - 7.9
528 o] 0 0 0 842 18 14.0
30 min _
423K 0 0 19.7 77.9 2.4 0 . 0
448 . 0 0 0 41.9 566 - 1.5 0
473 0 0 0 0 86.4 36 10.0
498 0 0 0 1.8 79.1 13.2 5.9
528 0 0 0 0 68.6 30.5 0.9

Reaction conditions : [ATPlinitial=0.05 M, [NaCl] = [MgClz] = [Imidazole] = 0.1 M,
[phosphate buffer]initial = 0.01 M, initial pH=7.0.

Table 1b Product yields for the reacion of ATP at elevated temperatures

Yields(%) ATP ADP AMP Ade A Hyp others
5 min
423 K 51.6 47.7 0.7 0 0 0 0
448 20.2 57.8 21.6 0.5 0 0 0
473 0 27.6 64.7 7.7 0 0 0
498 0 0 0 34.7 64.6 0.7 0
528 0 0 0 0.8 g92.7 24 4.1
30 min
423K 0 0 13.3 85.5 1.2 0 0
448 0 0 0 72.6 27.1 0.3 0
473 0 0 0 0 95.8 3.2 0
498 0 0 0 1.0 87.7 11.5 0
528 0 0 0 0 75.9 24.1 0

Reaction conditions : [ATP]initiai=0.05 M, [NaCl] = [MgClz] = [Imidazole] = 0.1 M,
[phosphate buffer]initial = 0.1 M, initial pH=7.0.

Table 1¢c Product yields for the reacion of ATP at elevated temperatures

Yields(%) ATP ADP AMP Ade A Hyp others
5 min
423 K 52.7 46.4 0.9 0 0 0 0
448 11.4 66.4 22.1 0 0 0 0
473 0 34.1 62.6 3.2 0 0 0
498 0 0 0] 15.3 B4.7 0 . 0
528 0 0 0 0. 88.6 1.7 9.7
30 min
423 K 0 0 12.5 86.0 1.5 0 0
448 0 0 0 59.8 39.9 0.3 0
473 0 0 0 0 90.7 2.4 6.9
498 0 0 0 0 819 = 106 7.5
528 0 0 0 0 67.9 32.1 0

Reaction conditions ; [ATPlinitial=0.05 M, [NaCl] = [MgClz] = [Imidazole] = 0.1 M,
[borate buffer]initiat = 0.01 M, initial pH=7.0.
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Table 1d Product yields for the reacion of ATP at elevated temperatures

RIRAREI P TO AT P ok ol

Yields(%) ATP ADP AMP Ade A Hyp others
5 min
423 K B86. 32.3 1.1 0 0 0 0
448 0 8.9 62.1 9.9 18.2 0 0
473 0 5.1 62.7 18.2 14.1 0 0
498 0 0 0 24.5 74.7 0.8 0
528 0 0 0 5.6 86.2 1.4 6.8
30 min
423 K 0 0 15.7 81.9 2.4 0 0
448 0 0 0 442 55,2 0.6 0
473 0 0 0 0 88.3 34 8.3
498 0 0 0 0 80.6 12.6 6.8
528 0 0 0 0 70.6 29.1 0.3

Reaction conditions : [ATP)initial=0.05 M, [NaCl] = [MgCl] = [Imidazole] = 0.1 M,
[L-ascorbic acid] = 0.1 M, [phosphate buffer]initial = 0.01 M, initial pH=7.0.

Table 1e Product yields for the reacion of ATP at elevated temperatures

Yields (%) ATP ADP AMP Ade A Hyp others
5 min
423 K 78.8 20.8 0.5 0 0 0 0
448 0 25.8 69.5 4.7 0 o 0
473 0 1.8 62.1 35.5 0.7 0 0]
498 0 0 0 6.2 85.3 1.2 7.3
528 0 0 0 0 92.7 1.6 5.7
30 min
423 K 0 0.9 18.3 78.6 2.2 0 0
448 0 0 0 42.0 57.4 0.6 0
473 0 0 0] 0 96.8 3.2 0]
498 0 0) 0 0 85.9 11.8 2.3
528 0 0 0 0 70.9 29.1 0

Reaction conditions : [ATPlinitia/=0.05 M, [NaCI] = [IMgCl2] = [Imidazole] = 0.1 M,
[NagS2 03] = 0.1 M, [phosphate buffer]initial = 0.01 M, initial pH=7.0.

Table 1f Product yields for the reacion of ATP at elevated temperatures

Yields (%) ATP ADP AMP Ade A Hyp others
5 min
423 K 66.0 33.1 0.9 0 0 0 0
448 0 31.2 64.8 4.0 0 0 0
473 0 0 56.6 40.6 2.8 0 0
498 0 0 0 38.6 60.7 0.7 0
528 0 0 o 0 87.0 1.4 11.6
30 min
423 K 0 0 13.3 84.8 2.0 0 0
448 0 0 0 53.4 46.2 0 0.4
473 4] 0 0 0 96.8 3.2 0
498 0 0 0 0 80.3 11.9 7.8
528 0 0 o] 0 70.3 290.7 0]

Reaction conditions : [ATP]initiai=0.05 M, [NaCl] = [MgCiz] = [Imidazole] = 0.1 M,
[L-ascorbic acid] = 0.1 M, [borate buffer] = 0.01 M, initial pH=7.0.
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Table 1g_Product yields for the reacion of ATP at elevated temperatures

Yields(%) ATP ADP AMP A Ade Hyp  others
5 min
423 K 66.7 32.3 1.0 0] 0] 0 0]
448 0 41.3 56.3 2.3 0 0 0
473 0 0 0 30.0 70.0 0 0
488 0 0 0 38.6 60.7 0.7 0
528 0 0 0 0 98.5 1.5 0
30 min
423 K 0 8] 14.7 83.5 1.9 0 0
448 0 0 0] 52.1 47.3 0.5 0
473 0 0 0] 0 g7.2 2.8 0
498 0 0 0 0 89.8 10.2 0
528 0 0 0 0 73.7 26.3 0

Reaction conditions : [ATPlinitiai=0.05 M, [NaCl] = [MgClz] = [Imidazole] = 0.1 M,

[Na2S203] = 0.1 M, [borate buffer} = 0.01 M, initial pH=7.0.

Table 2 Rate constants (min-1) of the hydrolysis of ATP to
hypoxanthine at 423 K

reaction ATP ADP AMP adenosine  adenine
conditions

373 K2 (3.16 £ (1.26 £ (7.09 £ (6.59 + NDe
no imidazole 0.13) E-2 0.05)E-2 0.22)E-4 0.27) E-5
373 Kb (3.32 £ (1.06 % (7.53 £ (4.53 % ND
0.1 M imidazole 0.15)E-2 0.04)E-2 0.26) E-4 0.24) E-5
398 Ka (8.62 + (9.58 £ (8.68 (8.17 & ND
no imidazole 0.63)E-2 1.00)E-2 0.65)E-3 0.52)E-4
398 Kb (9.47 £ (1.12 + (9.57 £ (5.29 £ ND
0.1 M imidazole 0.75)E-2 0.13)E-1 0.69)E-3 0.38) E-4
423 Ka (2.11 % (2.74 £ (6.57 £ (9.30 % 1.03 E-4
no imidazole 0.32) E-1 0.46) E-1 0.68)E-2 0.86) E-3
423 Kb (2.26 (2.56 (7.24 £ (5.07 1.83E-5
0.1 M imidazole 0.39)E-1 0.49)E-1 0.88) E-2 0.60) E-3
423 Ke (2.04 (2.26 = (8.06 % (1.42+ 5.82E-6
0.1 M phosphate 0.32) E-1 0.36)E-1 0.87)E-2 0.36) E-3
423 Kd (2.22 + (2.69 + (8.46 % (3.26 + 2.69E-5
0.01 M borate 0.41)E-1 0,58)E-1 1.10)E-2 0.50) E-3

Reaction conditions : [ATPlinitia=0.05 M, [NaCl] = [MgCl2] = 0.1 M,

[phosphate buffer] = 0.01 M, initial pH=7.0.

a Imidazole is not added, * [Imidazole] = 0.1 M,
¢ [phosphate buffer] = 0.1 M, d [borate buffer] = 0.01 M,
e ND : not determined.
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Figure 2. Reaction curves of the ATP hydrolysis at 373 K.
[ATP]=0.05M, [NaC{l=[MgCl ;]=0.1 M,
[phosphate buffer] = 0.01 M, initial pH=7.0,
O: ATP, @: ADP, [1 : AMP, B : adenosine, A : adenine
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Figure 3. Arrhenius plot of the ATP hydrolysis.
[ATP]=0.05M, [NaCl]=[MgCl5]=0.1 M,

[phosphate buffer]=0.01 M, initial pH=7.0,

O: ATP, @: ADP, O : AMP, K : adenosine, 4 : adenine
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3—2 ATPOINKAREEEBORE o

L EDERIZE 2T, ATPIZBRIKE L TADP, AMP, 75/ VY, TF=U,
EREGLFURERT DI EBRENE. ThbORBOEEERERET BIDILE
NEEREA373, 398, BLUHYB KTHIE Lz, RiGdhkR%E Figure 2 1277 . Z O HHE
b ESNT, UTFORBRTRENDRIGEFVIZ Lichs o TRIGHEREE
SIMFIT2) T Uiz, Figure 2 O SIXERME S, il EEE LD bEHE Ui ERE i
BeRd. BERIS—HELIORBEFAVBELNZ LZRLTND.

ATP —  ADP (1)
. ADP- -~ AMP ' (2)
AMP —  adenosine (3)
adenosine —  adenine (4)
adenine —  hypoxanthine (5)

B 5 R EBE % Table 2 12733, 423 Kiz i) BHEBEER P DHE LA RIGOY
W13, 3.3 min (ATP), 2.5 min (ADP), 10.5 min (AMP), 74.6 min (¥ ./ ¥>), 6740 min
(FF=)Chote. 423 KIZRBUWTHA QBT R T OIK S E T R E R T
2, BRI OMBIC L ABEBI Rl EBRERD 373 ~ 423 K TOMKALfRERE
EHL, ATP~ADP > AMP > 75/ ¥ > TF= Vv OFFITRD L.

Table 3 Activation energy of the hydrolysis of ATP to adenine

reaction activation energy (k J mol-1)
No Imidazolea
ATP -> ADP 49.9
ADP -> AMP ' 81.3
AMP -> adenosine 119.1
adenosine -> adenine 129.8

Imidazole 0.1 Mb

ATP -> ADP 50.4
ADP -> AMP 84.4
AMP -> adenosine 120.0
adenosine -> adenine 123.8

Reaction conditions : [ATPinitiai=0.05 M, [NaCl] = [MgCI2] = 0.7 M,
[phosphate buffer] = 0.01 M, initial pH=7.0.
a |midazole not added, b [Imidazole] = 0.1.

Table 4 Rate constants for the hydrolysis of ATP at 523 Ka

reaction k (min-1) 1372 (s)b
ATP -> ADP 3.2 13.1
ADP -> AMP 26.1 : 1.59
AMP -> adenosine 43.8 0.95
adenosine -> adenine 10.3 4.03

~aThe rate constants at 523 K were estimated from the Arrhenius plot
of the ATP hydrolysis in the presence of imidazole, P 1,2 : half life.
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—%, SBRBROBHEEMITBREC LRI TN L., £ OEEEROER
I OBBETIXEE-EThoTe. EHEEREIZA IF V- NVOFRITIZEALEKELR
o, HBBEOHEERET LU A7y b L(Figure 3), FEEIRAX—2FE
L7z (Table3). #EMILT RN E—i, ATP < ADP < AMP < 75/ ¥ OFEF|I TR
Lic. - THEEROFIRESRERCRER L IZRRIEBHEEIND. TL=w
A7ay NORBBRRNP L2 KILRIF 52 FREOREEHEHEE LR SFEERD
FEFNIATP < ADP < AMP > 75/ ¥ &i2ofz (Table d). E7e 2 b DRIBOER
BB RIEETH Y, BEOA Yy FETIRUETERWIEEERREINWI EERLT
W5, 523 Kie BT HEBRBOEEIRITB KE AT, ATP (101 %), ADP (2070 ),
AMP (61800 %), 75/ 2> (156000 £) T3 & FHl&h 3.

—%, ZERTIIEIR Q98 K) TpHIOCHE LLObLEEB TRILEZTok. Lizko
THETTOPHIZT0L B2 5. RBREUHT TOpHERAITSH Z LidfE LS, VU
OREMIEEERERE A WUESBE TOpHAHETE 539, ZoER. SEETOER
OFEI pHIX7.16 (373 K), 7.29 (398 K), 7.44 (423 K) TdH 0 1 EEPELHTH D, Ehibh
BB DOpHEHIE UlckE R, RIS O8Iz - ToHMN A L, pH=5.64 373 K,
54 ~98h), pH =598 (398K,10~17h) &R ote.

FEIETIZATP OIRSHREISOETICE - THREFER L, REE/ (373K, 98h),
#HE B73K, 168 h), WA (3BK UL N ~LERLE. ZOFENEZ S RIERMIX
FTF=y DEREREHERELTHNI0T, ZOBERIZ) R-ADHMHREIZLESLbDE
HExhsd FOHMIUTO@EY THD. TF/ VI THEELEYVR—ANSR LI L
RETD L, BERMBPHPLCEIZBRHEN DX TTH DN, Z OBEREHTIIEI4RY
BIEEAEER LU ofe. Eit) R—AORBEE L) R—-AD07 A7 FEIEE#ED
EERICHET AHRHBMEINTNDD, LR TTYF/ ¥ rhp ) R—REIL,
MEOVR—ALVRETHDLELLND. U EOEBLL, ZOBERIZY R-ADHRE
ERRMr LB DTHY, oIV R—ADHRIITF ) Vo) oy REABIIK
SR BITER I b D LEEEINS,

3—3 ERRIEEOHR#E
AMRTHRE LEATP L EREV L F U ETCOMKSMBEEEE (BRICELRNK
BROTRy 2 7SV RRIEE LR &, B EIMEORE (BEERE) & 2Hig
T5 BLIR, Ay Z 539y REBRICBWTATPRE RE3 0 F L ETRIMKSHEEN
BRI, BEERRICLDATPORMBRERR TS, TbbERFEIETI,
AMPiZA J Y oBBIZABENA ) Y B BB LU TE RSP FUFURERTD. Licho
TR EIE DD NTEWELOBBR T ORBIERENE O L EL RS,

B2, RINEEORESIZOVWTEERINEEFELE. Ny 7750y FRIRIK3T
~ 423 KTIRESR» SEBMOEREE o, —7, BROBRIZHES T BRI
X BHEEE (ko) 2 T2 LT (Figure 4). AMPR 7 LA ¥ # —¥IZ X o TAMPH DY) av
izl LT Fo Vv #ERTARER (ke = 60513, 7F /) S0 bT7TF=r
DB BBRIEL L TN, FOMIZITAMNRTREEEREICHY T2k 3 Ad
Tebitholt, FICHOBEREOEEERFUTOLFETHER L. —&IK, BRI
k& B RIS DM #Michaelis EBETH > T E (kg / Kpptd, BERB LI UCRG OB E
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VIRELRWZ EBRmbENTWS

O foT, KESEMTHIUE o~ O

kB HETED, RIER (D)~ (5) 5 Pgremmmmeeremmemsessmmmsmsamsessases
et T DR BUR DK fli% I 33 :g 5 Enzymatic hydrolysis
> ATPase (106 M), ADPase (3.3x .g o= iy~ O
103 M), S5-nucleotidase (1.5 x 106 s

M), adenosine nucleosidase (2.4 x g 5 a

103 M), 3 X adenine deaminase E

A0S MDTH S, Rl ket /Ky 5, -107]

fEL L TS5x105~5x108s1M-140) §

ERAWT ke 237 TH L, ke .15 . : .
FIEE100~108DMRIC B E E o7 0e+0 1e-3 2e-3 3e3  4ded

(Figure 4 1 SEOWHE) . Zhbd 1 / Temperature (K)

ﬁgi#rg, 373 ~ 423 K;:%{d-éf—a Figure 4, Comparison between the rate
FTRSBKDOAY 2 750y RE constants of the ATP hydrolysis shown in
KLY BESRE. Z OREE, ATP Figure 3 and the corresponding enzymatic

o . hydrolysis. The rate constants at slevated
DK BB ISR TR temperatures were determined in this study.

i;EiC i ﬁiﬁm LHAD LR The rate constant for the enzymatic hydrolysis
BN RGO DD, were estimated basing on ref (39).

3—4 RNAODILZEEILEATP OIKIHEE L OBEK

ATP 13EEH#ER Iz B W TS, RNADERE/ v—L LTHWSN W E R
5, foT, FOMREENAES ITIUZATPRE , v—L LTHRASWE L ZZEEL
BolehbanRZnoT, RNAY =L RESHOBEEIC OWTHERLES 2T
L2V, EWRIC LT, ATPOMKI RIS KTIRBBHREOSL B ER O
EREND LN, TOBEEIRER LV AKX VWEBEEREEE L HARD LNEW. —F, R
HHERTEHE T CATPSEHIICEE Lc BAZE T S )IiX, ATPOEREE & 7B
OEBELERLUBZITRER B2V, bbb, ATPOEREER X TATP» HRNARE
BT ARERENR b OSREI LV Bod L ATPIRERNAOREBE/, <w—& LTH
ATEb0LELLNS. #oT, FEBRBREIVR LICATPOIIAMREEEDORE SR
A Bl SNhB3RETHY, FOMMELIEEL LTRNAY - MRBEEETD
2 LRBBEECIITERY. 5% RNAXNERTIEELHERTRS SEAKRFTRN
AT — ) RAREIT Ui BB 2 RRfE L7z,

3—5 FERBEREEIBWCERRIESEY LiREOHE

DL EDERIZD 2 SNWT, BRERBREY LETHS 5 BREREIONWTERT DS, B
EREER SR RET B ERWHERDESEO—2E LT, BRRIEDEER Y 77
Sy REGEOBELVKENI LALETHD,. ThbLRBMBREHETIZBNTHAE
GMHE LinBE T, BREGICHYT AFRNRMERIE (RHBBRES) OEES
Ry 2750y REEOHEE L VAZL RBEUENBETH X TTHD., LIehosT
Ry 7 750y REESBDVRBERIEOHEELTE X 5 54413, BREHEE S
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BEKIERD THOAT P OMARDEOEIT R

AT Th-olHEIND. FEBRERIT FOEERRFO—ONEECTHoI LS
RLTWS, bbb, Ny 775y Ly REKE RGBSR IS OEE OB ERIFER DA
TUE, T O OBIRA B EIARR RIS LR R R HEE TX 3.

KRGV & o CATPOMKSHRE G DNT Ry 72 75 % RIS ORE OB i
EWETE e, —F, FRIBBERERISOEEOREREEIZETIHBIZEERY. 22T
BLEUE LT REBERISOEESEEOBEOEE LHEVEDRP L ERET
B, BRIABRRESTETHoBEDC EREHETE S, TADLE LIRS 5L,
BERMBRILTDEDORGE LT BETORY 7757 RRIEOHE & BIEOBER
EOBEEMIET BREL VERTHB - L MBETH ok LTS5 LNTED, 208
ERRRBIEHRAELVENEES RN TES.

ZOMERETREIC T 2 DIZRUT O 3 Az o Tkt Lk sy, Elig,
KBTI LR, ERORRICEETH-HELONIHEADEE (Ry 2
779 FRIE) OBREREEZEERIICIETS. 8210, FORAv 27590 K
BRI 2 RIERER R OEE LR T D HEREILT 5. B30, BHEEIEREAY
7779 RRIGIES LT E OBRERE UL, BREEE LTRYISONEHEED D
WIREE TS, SHZOFEREHELTIEHICE HIZREEDTHE o,

4, : s

KHEIZ, RNAPMETIREE/, <— ®1ﬁf%677///§ DB, iR
KPEZBWTHRWIZEST A RIEB X UK RT3 RIBIL-2WT 373 ~ 523 K O#iEH
THERMICRZDOTHD. £ORE, ATPIZIN/KS# L TADP, AMP, 75/
Ve THF=VvRBELOERFVFUFUEBRERTAZ E2Mof. ¥z OBRTEHI S
TF VBRI EAE X 7 VA F NI Loz, ZREOHEEERS373 ~423KD
BEHETREL ERTRINSOSBRIKIIESHICETTAZ ENmI O bRk, ¥
To, TOMEREORE JITEROBERIEE IR UTHREINS W, EBRIZBNT
b AEAN TATPASB ENBBH &L 13R - Tk,
bhéﬁ#%@,RNAV—WFmﬁﬁ$¢fmibk7%ﬁéﬁﬁ?é%®fﬁt

EheAMER LT, BHIOBFEEIENHE L BEERERICRIE TH o L aThEHEA

ﬁ%éhk.

5.  BE

Ginter von Kiedrovski ff4- I IR INEEREN 7 0 75 ASIMFIT#EE L TWnWiriE &
(L. BEEEI 0w NS 70 = 3hERAEBIERASETWEEEE L. 28
Z DR O—TISCRERI R IR E (REIHIZEA, 08750945) KX -»TkEEhE
Lic. BL<HERERLET.
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A design principle of &.flow reactor

A Design Principle of a Flow Reactor Simulating
Prebiotic Evolution

Koichiro Matsuno

Department of BioEngineering
Nagaoka University of Technology
Nagaoka 940-21, Japan

ABSTRACT

We propose a design principle for constructing a flow reactor intended for
simulating submarine hydrothermal vents that could have been thought to be most
likely locales for continuously synthesizing monomers and polymers of prebiotic
significance on the primitive earth. The design is based upon the observation that
submarine hydrothermal vents could provide constant thermal gradients that could
constantly drive various chemical syntheses out of reactants available in the
neighborhood. The constant thermal gradient we simulate in the intended flow
reactor actualizes in the radial direction perpendicular to the direction along which
a hot spring is ejected into the water whose temperature is maintained much lower
than that of the spring. We demonstrated that when the initial reactant is glycine,
the flow reactor can synthesize di- and tr-glycine. This demonstration manifests a
feasibility of the flow reactor simulating submarine hydrothermal vents as a possi-
ble candidate for chemical evolution for pre- and proto-biological significance.

1. INTRODUCTION

One of the key factors for sustaining prebiotic evolution on the primitive earth
could be continuous energy supply for sustaining chemical syntheses that could
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proceed there. Although cosmic rays carried with themselves an enormous amount
of energy and served as an energy source for making small organic molecules,
their supply could at most be sporadic. Lightning and volcanism on the primitive
earth could also be intermittent. On the other hand, the sun light as a continuos
energy source for continuously synthesizing organic molecules on the earth does
require a complicated electron transfer mechanism that would already have been
available. Unless the photosynthesis machinery is available, the sun light would
either immediately be reflected towards outer space or soon reach a thermodyna-
mic equilibrium with the black body radiation specified by the temperature of the
surface of the earth.

One more candidate for continuous energy supply on the surface of the primi-
tive earth and even of the contemporary one is through geothermal heat (Shock,
1996). Although it serves as an energy source for various thermal syntheses
(Yanagawa & Kojima, 1985), geothermal heat would soon come up with a ther-
mal equilibrium with its surroundings by losing its thermal gradients unless con-
strained otherwise. There is however an exception. A submarine hydrothermal
vent could provide constant thermal gradient in the radial direction perpendicular
to the direction along which a hot spring is ejected (Corliss et al, 1978; Edmond et
al, 1982). If the linear dimension of the generated thermal gradient is greater than
the linear range over which chemical syntheses of various monomers and polym-
ers would take place, such a submarine thermal vent could provide most likely
locales for synthesizing molecules of prebiotic significance (Russell et al, 1988).
We shall examine a possibility of submarine hydrothermal vents serving as con-
stant energy supplier for prebiotic evolution. For this purpose, we shall construct a
flow reactor simulating a submarine hydrothermal vent.

2. SIMULATING A SUBMARINE HYDROTHERMAL VENT

The Archaean ocean was formed (Kindler, 1993) when the temperature
became lower than the critical point of water, 374°C. Submarine hydrothermal
vents formed thereafter could provide energy for exothermic reactions if reactants
could be available in their neighborhoods. Since the surrounding seawater served
as a heat sink, some of the reaction products, which were readily formed at a
higher temperature region near a vent but could not easily be dissociated in a
lower temperature due to their relatively high activation energy for dissociation,
could remain rather stable when they were soon transferred into the lower temper-
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ature region. They could survive there without suffering their dissociation
expected in a thermal equilibrium at the high temperature at which they were ini-
tially formed. Furthermore, hydrothermal circulation of seawater around the vent
could constantly convert the preceding products into possible further reactants.
This observation suggests to us a likelihood of constructing in the laboratory a
flow reactor simulating a submarine hydrothermal system for synthesizing mon-
omers and polymers of prebiotic significance. Choice of initial reactants for an
experimental study would depend upon which stage of prebiotic synthesis we con-
cern ourselves with.

A principal feature of the flow reactor we constructed was that a high-
temperature, high-pressure fluid is injected into a low-temperature chamber main-
taining the same high pressure while the whole fluid is circulated in a closed man-
ner in the system with a fixed turnover rate. The high-temperature, high-pressure
fluid was actualized by preparing a pressurized and heated portion somewhere in a
closed circuit of the fluid, whereas the low-temperature chamber was maintained
by attaching to it a cooling apparatus externally. The high-temperature, high pres-
sure fluid jet from a nozzle into the low-temperature chamber was intended to
simulate a submarine hydrothermal vent. At the same time, the fluid flown out of
the low-temperature chamber was first depressurized down to normal atmospheric
pressure to sample a very small amount of specimen for the purpose of measure-
ment at a given time interval and then followed by the conversion back again into
the high-temperature, high-pressure fluid. Chemical reactants, such as amino
acids, of a given concentration were dissolved into the circulating fluid consisting
of pure water initially. Heating of a small portion of the closed circuit of the fluid
was started after dissolving glycine while pressurizing that portion at the same
time.

3. DESIGNING AN ACTUAL FLOW REACTOR

The flow reactor we constructed was so designed as 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 fur-
ther downward to a long needle pipe for depressurization down to normal
atmospheric pressure for sampling the specimen, then through a pump for pressur-
ization with the pressurized fluid back again into the high-temperature, high-
pressure chamber through a pipe. A sketch depicting a major aspect of the present
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design is presented in Fig. 1.
All the materials for the chambers and pipes were made of stainless steel

SUS316, that is for anti-corrosion. Heating of the high-temperature, high-pressure
chamber was furnished by a nichrome-wired electric heater attached to its outer
surface, and the temperature was monitored by a thermocouple. The volume of
that chamber was changeable between two choices, 15ml and 50ul, depending
upon the type of the experiment intended. The pipe connecting the high-
temperature, high-pressure chamber to the low-temperature, high-pressure one
was S0mm long with its diameter 100um. The 250mm-long low-temperature,
high-pressure chamber with it diameter 20mm was immersed in a water bath of

[ loop for pre-heating‘|

high-temperature,
high-pressure chamber

¥

pressure gaugej

%,

site for monitering
temperature

low-temperature,
high-pressure chamber

non- pulsation
pump

+— [ cooling wnt |

loop for _
depressurization

( B [ low-temperature, low-pressure vessel |

(stirred) |

Fig. 1 A schematic representation of a flow reactor simulating a submarine

hydrothermal system.
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volume 101 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 main-
tain 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 con-
nected to a Im-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 depressur-
ized vessel was followed by non-pulsation pump PUS-16 and pressure gauge
LSG-350 (both, GL Sciences, Tokyo) through a connecting pipe of diameter
800um. 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.

4, EXPERIMENTATION WITH A FLOW REACTOR

We have taken amino acid, glycine, as initial reactant simply because of its
supposed ubiquity on the primitive earth (Dose, 1983). As a matter of fact, amino
acid molecules could have been thought abundant in the Archaean ocean on the
earth supposedly conveyed through extraterrestrial means even if the primitive
atmosphere was not reducing (Snyder, 1997; Whittet, 1997). In addition, although
it is not an appropriate candidate for oligomerization in aqueous milieu because of
its low solubility into water, our choice of glycine was done simply to examine
how a flow reactor simulating a submarine hydrothermal system could work. Oli-
gomerization of glycine was employed as a marker demonstrating the functional
capability of the intended flow reactor.

We prepared 100mM L-glycine solution dissolved into pure water and main-
tained the total volume of the circulating fluid on the level of 500ml. Since it has
been our objective to examine the basic functional capability of the flow reactor
designed for prebiotic evolution, we did not add any of templates, condensing
agents nor metallic ions to the solution. Even its pH value was not controlled. The
pressure of the high-temperature, high-pressure chamber, whose volume was cho-
sen out of either 15ml or 50ul depending upon a type of experiment, was set to be
23.0 MPa (Mega Pascal) that is only slightly above the pressure of the critical
point of water, 22.1MPa. The choice of that pressure was done to maintain the
water in that chamber in liquid phase. The temperature of the high-temperature
chamber was controlled so as to be at an arbitrary one set between 110°~350°C.
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Fig. 2. A HPLC profile of the products after two hours operation, in which the
profile of standard references of Gly, (Gly), and (Gly); are also presented. The
concentration of glycine initially prepared was 100mM. The volume of the high-
temperature, high-pressure chamber was chosen to be 15ml, and the temperature
was set at 250°C. All samples were analyzed by a Hitachi (L-6300, L-4200 and
D-2500) HPLC apparatus with the use of a Shodex Asahipak (ODP-50
Sum/4.6mm x 150mm) column. The mobile phase consisted of 50mM KH,PO,
and 72mM C.H,5SO;Na, and its pH was maintained at 2.5 by adjusting the
amount of H;PO, to be added. The flow rate of mobile phase was 0.5ml/min.
Detection was done by measuring the absorbance at 195nm. L-glycine, and stan-
dard references of (Gly), and (Gly); were purchased from Sigma-Aldrich Fine
Chemicals.

The initial build-up of the temperature up to the designated one while starting
from room temperature took about 20 minutes. The diameter of the nozzle from
which a jet stream of high-temperature, high-pressure fluid was injected into the
low-temperature chamber with its flow rate of 8~12ml/min was 100um, while the
temperature of that chamber of its fluid velume 78.5ml was maintained constantly
at 0°C at least on the outer surface of the chamber of its diameter of 20mm made
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of stainless steel. The flow rate of the jet streamn was adjusted so as to maintain the
pressure of the low-temperature chamber at that fixed level of 23.0MPa. Accord-
ingly, the turnover time of the circulating fluid was found within the range bet-
ween 1.0~1.3h. A specimen of its volume of 5Sul for measurement was sampled
from the downstream flowing out of the low-temperature chamber and pouring
into the depressurized vessel at every fixed time interval. The connection between
the low-temperature, high pressure chamber and the depressurized vessel was
accomplished by implementing a 1m-long stainless-steel pipe of its diameter of
100um in between.

When the temperature of the injecting jet stream from the nozzle connected to
the high-temperature, high-pressure chamber of its volume 15ml was set at 250°C,
a high performance liquid chromatography (HPLC) profile of the products after
two hours operation of the flow reactor is presented in Fig. 2. We have identified
at least two different oligomers; dimer and trimer of glycine. Retention time of
each corresponding peak was confirmed by referring to standard references of
(Gly), and (Gly); prepared and provided independently. Estimate of the amount
of each product was done by measuring the area of the corresponding HPLC peak.
The linearity between the area and the amount of the corresponding product was
confirmed by consulting the HPL.C peak area of the standard reference of a given
concentration. The result on the time course of the products is displayed in Fig.
3a, in which only the cases for di-glycine and tri-glycine are presented. When the
volume of the high-temperature, high-pressure chamber was 15ml, the amounts of
both dimer and trimer would reach their plateau after about one hour operation. In
contrast, when the high-temperature, high-pressure chamber was replaced to a
much smaller one with its volume 50pl, the amounts. of both the products
remained far short of reaching their plateau even if the same amount of time
elapsed. This fact demonstrates that the oligomerization of glycine took place in
the high-temperature, high pressure chamber.

A similar time course of the products for the glycine solution of 10mM,
instead of 100mM, with all the other conditions remaining the same, is displayed
in Fig.3b, in which the volume of the high-temperature, high-pressure chamber
was chosen to be 15ml. The decrease in the amount of the initial reactant exhib-
ited the appreciable yield of only tri-glycine with a trace amount of di-glycine.

Furthermore, when the temperature of the high-temperature, high-pressure
chamber of its volume 15ml making the jet stream pouring into the low-
temperature, high-pressure chamber was chosen to be 200°C with other conditions
remaining the same, the result on the time course of the products is displayed in
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Fig. 3. Time course of the yields of di-glycine and tri-glycine. Estimate of the yield
was done by consulting the area of each corresponding HPLC peak of standard refer-
ence of a given concentration. The linearity between the area and the concentration was
confirmed. The temperature of the high-temperature, high-pressure chamber was set at
250°C. a is for time courses for the volumes of the high-temperature, high-pressure
chamber 15ml and 50ul (shown within the parenthesis) with the initial glycine concen-
tration 100mM, and b for the volume 15ml with the initial concentration 10mM.

Fig. 4. Although oligomerization proceeded even at such a low temperature as
200°C, di-glycine was found to be more abundant than tri-glycine compared to the
case at 250°C.

The flow reactor we constructed as a simulated submarine hydrothermal sys-
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tem operated as contacting two temperature regions, hot and cool, while circulat-
ing the whole fluid carrying reactants in a closed manner. Those reactants under-
going various associative reactions in the high temperature region (~250°C) sud-
denly suffered a significant temperature drop (down to ~0°C) when they were
injected into the low-temperature chamber. The sudden temperature drop would
come to prevent unstable products from surviving. Those reactions yielding such
unstable products, that would require for their synthesis the activation energy
available only to the high temperature region but for their dissociation much less
activation energy, fail in their survival in the low temperature region. Such a tem-
perature drop serves as a selective sieve preserving only those relatively stable
products having the decay time, that measures the extent of their dissociative reac-
tions including hydrolysis, greater than the time over which they would remain in
the low temperature region. The surviving products in the low temperature cham-
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Fig. 4. Time course of the yields of di-glycine and tri-glycine. The temperature of
the high-temperature, high-pressure chamber with its velume 15ml was set at
200°C. The concentration of glycine initially prepared was 100mM.
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ber could again turn into firther reactants when they were fed into the high-
temperature chamber in a cyclical manner. This cycle of activating preceding pro-
ducts by means of applying heat energy, enhancing associative reactions among
themselves, and quenching the products through extracting the heat energy comes
to provide itself with the capacity of making variations and their selective reten-
tion (Matsuno, 1989). The present study suggests that submarine hydrothermal
systems could just happen to be locales for realizing constant selective retention
of those chemical products spontaneously synthesized, even in the Archaean
ocean on the primitive earth.

Oligomerization and polymerization of monomers in a flow reactor simulating
a submarine hydrothermal system are of course not limited to glycine. Our present
choice of glycine has been done simply to demonstrate the functional capability of
the flow reactor for prebiotic evolution in an analytically concise manner.

5. CONCLUDING REMARKS

Submarine hydrothermal vents on the primitive earth have been proposed as
most likely locales for synthesizing various monomers and polymers of prebiotic
and protobiological significance among others. A rationale for this scenario rests
upon the ease with which the systems could make available the activation energy
for synthesizing those monomers and polymers prebiotically while continuously
preventing themselves from approaching a thermal equilibrium (Prigogine &
Defay, 1954; Helgeson, 1968). In this regard, we constructed a flow reactor simu-
lating a submarine hydrothermal system and observed formation of oligopeptides
from glycine alone without recourse to any of templates, condensing agents and
metallic ions. Forming oligopeptides in the presence of metallic ions (Rode &
Schwendinger, 1990; Bujdak, 1995; Flegmann & Scholefied, 1978) and polypep-
tides even up to 55 monomers long with the aid of mineral surfaces (Ferris et al,
1996) has already been established. Our present observation of oligomer synthesis
from glycine in a flow reactor serves as further enriching the repertoire of prebio-
tic peptide synthesis in the laboratory. Flow reactors simulating submarine hydro-
thermal systems may open a new vista for experimental studies on pre- and proto-
biological evolution. That oligomerization of glycine proceeded in such a flow
reactor without recourse to any of templates, condensing agents, metallic ions and
even pH-control may provide us with a new perspective towards prebiotic evolu-
tion in a much wider context.
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ABSTRACT

The notion of internal measurement can be expressed as the alternation of
reducing the limit as the frontier of the logic served by an external observer sitting
inside and addressing the limit as the boundary of the logic served by an external
observer outside. The origin of symmetry such as the operation of constructing the
boundary between the inside and outside or that of Negation can be expressed as
the reduction of the lattice with the operation of Negation derived from the degen-
eracy of internal measurement process. We here formalize the process of degener-
acy as the operation addressing the perpetual alternating process of degeneracy of
the frontier and that of the boundary. This operation can be expressed as the inter-
face between the limit as infinity and the symbol can be addressed finitely. As a
result we obtain the orthocomplemented lattice that is relevant to the logic with
Negation. It can suggests the origin of boundary in material processes.
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1. INTRODUCTION

If one focuses on the process of evolution or the faculty of modification
adaptable to arbitrary environments, one can take into consideration the material’s
own capacity of detection and measurement [ It leads to the notion of decision
making towards outside that cannot be manifested till making decision is not done
yet, and to the notion of inconsistent process or incomplete identification of an
object without the notion of symmetry. Rather, the symmetrical structure can be
considered as something rest upon the degeneracy derived from inconsistent proc-
ess¥) It is, for example, concordant with Rosen’s idea that asymmetry is more a
basic concept than symmetry &,

In this perspective, the origin of symmetry can be addressed as something
derived from the process carrying the detection and measurement. Especially the
origin of quantum theory and/or orthogonality of time and space can be understood
as something derived from inconsistent measurement process. It is identical to the
problem of the origin of global synchronous time in materialistic process carrying
internal measurement . The origin of complemented orthomodular lattice relevant
to quantum logic is approached by many researchers, however they are based on a
consistent broad lattice and they attempt to find the constraint under which the
complemented orthomodular lattice is obtained by the reduction from a general

lattice [ %1,

In this paper, first we manifest the aspect of internal measurement consisting
of the perpetual choices by the altering process of inducing the limit from the inside
and addressing it from the outside, and suggest that it can give rise to the degener-
acy of symmetric structure, Second, we express the process of degeneracy by for-
malizing the operation of addressing the limit from the outside, while it cannot be
expressed in the perspective of internal agent proceeding internal choice. We here
focus on the origin of orthocomplemented lattice or the origin of Negation, and
suggest the origin of boundary in biological and material universe.
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2. MEASUREMENT: PERPETUAL CHANGE OF
DISTINCTION AND INDISTINCTION

2-1. Choice without foundation: all true or all nonsense

Observers can pragmatically designate the form of interaction of a material
and can say that it is the property of a material. Therefore, the property of a mate-
rial can be a rule that the material follows. Imagine some biochemical substrate
whose set of possible states is expressed as A. The property of this substrate is
expressed as amap f: A — A4, while all possible properties constitutes a set from 4
to A and is designated by 4%, Observers observe at most finite subset of R  Ax4,
Sc R, while they can ideally designate the relation R={(x, y) | y=fx),
(x, ¥) € AxA}. Therefore, they cannot uniguely determine a map f satisfying S.

For example, let A={0, 1} and S={(0, 0)}. There are two possible maps
[ A4 — A satisfying 0 =_f{0) in the form of §, namely f; with #(0) = /5(1) = 0 and £;
with f1(0) = 0 and £1(1) = 1. Because observers do not observe the value of £0),
both fo and f; can be proved true and can be a candidate for the rule that the object
follows. Despite this situation observers pragmatically choose either £ or f; as the
property of given substrate. One can consider that one chooses either f; or /1 with-
out foundation. We call this kind of notion of the choice that is the choice from all
true rules, the external choice.

However, our ubiquitous choice or measurement is much more severe. In the
perspective that both f; and f satisfy a given condition .S, both f; and £; are true and
the choice of f; and fj is realized from all possible true rules. Measurement always
requires the choice of a rule that a substrate follows, and then observers have to
determine a unique rule in the definition of rule-following 1. According to the defi-
nition of rule-following, both f; and f; do not implies rules that a substrate follows,
while they are rules free from registered data. Because t'hey do not satisfy the
condition that a rule satisfying .S has to be uniquely determined, both of them are
not true. In other words, the notion of a rule in the context of rule-following is no
longer well-defined. The requirement of measurement replaced with the question
“what is a rule that a substrate follows?” is ill-defined, and the measurement is al-
ways completed and finished despite this ill-defined question. Whether one chooses
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foor f1, the choice is nonsense. However the choice is called adequate as far as the
chosen rule is performative and useful a posterior. This is a measurement process
that ubiquitously proceeds. We call the notion of this kind of choice that is the
choice from all nonsense rules, the internal choice.

The agency of internal choice can derive the notion of evolution and the ori-
gin of life. In other words, the agency of internal choice can have the capacity of
detecting its environment (i.e., attempting to enclose its own space) and can degen-
erate adaptive materialized form as a result (i.e., form to be addressed from the
outside). It requires manifestation of this ambiguous aspect of internal choice as the

process enhancing evolution.
2-2. Formal expression of measurement

We first introduce the following natural assumption; if one determines a rule
that a substrate follows as a map f: 4 — A4, one can constitute a map g : Ax4 — 4
such that fla) = g(a, a) and can designate ¢.A—A4" such that for any (@, b) € Ax4,
g(a,b) = a)(b). Therefore, if a rule that a substrate follows is uniquely determined,
‘¢ is also uniquely determined. We call ¢(a) for any a4 the meaning of a.

The process of measurement mentioned in the above section is initiated from
the skepticism of the choice of unique /: 4 — 4. It is replaced with the skepticism
of unique choice of ¢: 4 — A”. This skepticism is expressed as the question; why
can one determine ¢(a) € A* for any a € A? If this question is considered in the
notion of external choice, the choice of f: A — A that has no foundation in its own
right provides the context of the choice of ¢.4 — A*. Then, as far as one satisfies
this context, this question is not worth while considering. If this question is consid-
ered in the notion of internal choice, one has to consider ill-definedness of this ques-
tion and it gives rise to the question regarding the choice of the domain of ¢, A. One
has to consider B — B® where B® = A4, namely regarding the meaning of meaning,

The question of the choice of the domain of ¢ can give rise to infinite se-
quence of A1 —> 42— .. > An—> A1 —> .. Where Apn = A", The operation from A4,
to A1 for any # is the same functor F with F(4,) = A", and then we obtain
F(lim 4,) = lim A, where 4 is the initial or the least element in terms of the
relation —. This expression of F(X) = X can be a formal expression of the question
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regarding internal choice that requires the inference of an operator from an operand.
By the definition of F, F(X) implies a set of operator if X implies a set of operand.
Hereafter, F(X) = X might be a paradox because it looks as if only an empty satis-
fies this equation. It implies that neither X of operands nor X of operators can be a
solution of F(X} = X Then it formally realizes the ill-definedness of the question.

On the contrary, if a solution of F(X) = X is obtained as a non-empty set ¥
such that F(¥) = ¥, ¥ might be used as an answer of the question when Y is used as
an operator. However, this kind of answer is relevant to the notion of the skeptic
solution against skepticism ). By the definition ¥ with F(¥) = ¥ can be proved both
operand and operator on one hand, and ¥ has to be used as an operator since it is
used as an answer against the skeptic question on the other hand. Operand and
operator cannot be distinguished from each other in the form of #(¥) = ¥ and they
are distinguished if ¥ is used as an operator, and that entails to a paradox. However,
this situation can manifest the notion of internal choice; anything chosen not yet can
be nonsense, while a chosen thing can be adequate as a result of choice.

We call an observer with the basis upon Cartesian cut an external observer,
whether he sits inside or outside of an object. An external observer can place his
own measurement process outside of the universe he observes, and that measure-
ment process is not manifested in any description by an external observer. It is clear
that those who distinguish operand from operator are external observers. The am-
biguity of distinction and indistinction between operand and operator rests upon the
basis of external observation. The one external observer sitting inside of an object
attempts to enclose the universe that he observes, and to deéignate the fundamental
basis of his observation. It can lead to the notion of limit such that F{¥) = ¥. He
finally has to accept the universe in which operand cannot be distinguished from
operator, while this notion of the property that is proved both operand and operator
is addressed with the status of object in the external perspective. It inevitably allows
the next other external observer sitting outside of an object, and he can access the
closed universe that the external observer inside derives, as an object. So far as it is,
the external observer outside legitimately evokes the distinction of operand and
operator.

A paradox resulting from the notion of thinking myself illustrates this kind of
conflict between an external observer inside and outside, because thinking “T” is not
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an external but an internal observer acting internal choice. Separate internal ob-
server consisting of an external observer inside reducing F(¥) = ¥ and an external
observer outside addressing F(¥) = ¥ from the outside can be used as an expression
of the agency of internal choice.

The next question arises whether we can intervene the conflict between ex-
ternal observers inside and outside. In the context discussed above, this question is
replaced by the question whether the operation addressing F(¥) = ¥ can be consis-
tently formalized in the posit of {41, 4s, .., An, Ann, ..}. Scott 91 considering about
infinite chain of A1 C Az .. C A, € Apm C .. < ¥, defines the relation 4, < Ann
such that w,(¢.(a)) = a for a € A, and ¢.(p.(f)) < ffor f € Ap.; where @ydn— Anni
and y, : Am1 — A, are defined to satisfy this condition. Finally he defines
b An—> Y and Wae: ¥ — A" to satisfy 4, < Y. Hereafter it looks as if the opera-
tion addressing ¥ was expressed as . because it brings us from the universe of ¥
in which operand cannot be separated from operator to the universe of 4, in which
operand and operator can be separated in the form of 4, and 4,+1. The operation
addressing F(¥) = ¥ must be addressed outside of the infinite chain, however, this
operation ¥ is defined inside and satisfies ¢, = Whal @) The initial skepticism is
regarding the fundamental basis of ¢, and gives rise to F(¥) = Y. It implies that the
choice of an operation from 4, to 4. is possible although there is no positive an-
swer for this skepticism and no fundamental basis. On the contrary, W« such that
$n= Wnod $n) provides positive fundamental basis.

We have to consider the operation addressing F(¥) = ¥ not inside but outside.
Using F(¥) = Y either as an operator or an operand is different from using ¢,
founded by W{dne) via Y. We already propose the model in which F(¥) = ¥ is used
as an dynamical system """, Assume the transition rule f: 4 — 4 expressed as
Ad™y = o and then ¢ : A — A", Initiated from the skepticism of the  fundamental
basis of the choice of ¢ at the -th step for a given (a"', &), we obtain the formal
expression of this skepticism of 4 = A*, and R c AxA such that R = 28 '], This R
represents nowhere differentiable attractor and shows self-similar pattern in Poin-
care section ' 161, After that R(a) = @' is obtained and at the (#+1)th step skepti-
cism is initiated again for (&, a™).

In this scheme, at each step there is alternating changes of indistinction and
distinction between operand and operator. Process perpetually proceeds comprising
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ambiguity of distinction and indistinction. However, due to this ambiguity, process
have the ability of degeneracy of the form comprising distinction, and that compris-
ing indistinction. The former degeneracy can let us take the notion of Cartesian cut,
and the latter one can let us take the notion of self-similar universe. Thesé processes
of degeneracy can be expressed as external description of internal choice. In the
process of internal choice distinction orindistinction is the other side of the same
coin. However, this ambiguity cannot comprise consistent form, and then an exter-
nal observer has to prepare different logical status for distinction and indistinction
in order to intervene this logical conflict. Adequate introduction of logical interven-
tion can encompass the origin of Cartesian cut or the origin of distinction in the
external perspective, while it is just one side of the process of internal choice.

3. ORIGIN OF BOUNDARY

3-1 Frontier and boundary

In order to manifest how to talk about the origin of distinction, we first intro-
duce the notion of frontier and boundary. We express frontier and boundary, terms
as the following; (1) the frontier is constituted as the limit of infinite procedure, and
then the other side of the frontier cannot be defined. For example, given an initial
value x and an initial point (xo, yo) in two dimensional space, and f "(x) = Z(x/2")
with k=1, .., », a circle can be constructed with » — co where its center is the initial
point and the radii is £ “ (x). We call any point at-which the distance from the center
is f*(x) the frontier. (2) the boundary is defined as the border between domains. If
the one side is called inside, the other side is called outside. In other words, given
the inside, one can uniquely designate its outside, and that can constitute comple-
mentarily.

Since frontier has no outside, it has to be constructed only from the inside. On
the contrary, boundary always appears based on the antagonistic outside. It looks
that the appearance of boundary is destined to be passive while the appearance of
frontier is éctive. However, these two features are too idealistic and are far from
materialistic image, because any material behaves at a local site without long range
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propagating information and simultaneously interacts with its environment. Local
behavior evokes closed active behavior relevant to the notion of frontier, and inter-
action evokes the notion of boundary. However, an internal observer sitting at a
material has to detect or observe outside open, and it implies that an internal ob-
server cannot take an extensive view of outside but attempts to enclose outside.

Clearly the notion of frontier and boundary can be compared to the degener-
acy of limit like F(¥) = ¥ and the limit that can be addressed from outside, respec-
tively. The process of internal choice cannot be proved either of them, while it can
be proved both of them by an external observer. As mentioned in the section 2-2,
this ambiguity can enhance the capacity of the degeneracy of either frontier or
boundary. From this analogy, the process of internal choice is perpetual process of
alternating degeneracy of frontier and boundary. The previous frontier is addressed
as the boundary and vice versa. That is why we can encompass the origin of bound-
ary by expressing the operation of addressing the limit (frontier, #(¥) = ¥) from
outside. ‘

Boundary can be recognized from the one side at which an observer sits. He
cannot see the other side of the boundary, however he can recognize it not as fron-
tier but as boundary as far as he assumes the other side or the outside. In this sense
the outside of the site that he recognizes can be grasped in a bulk. Hereafter, when
the outside of 4 is expressed as F{(4), 4 U F(4)= Uand 4 N F(4) = g where Uis a
whole universe and ¢ is empty. Therefore, the origin of the boundary can be de-
picted by the origin of Negation. In the next section, addressing the limit as
F(Y) = Y from outside is expressed as the particular operation and we discuss that it
can give rise to the logic comprising the operation of Negation.

3-2. The boundary (Negation) derived through a fixed point

Given the infinite sequence of 41— A2 — .. = 4y > A = .. = Ao with
Api1= C(4., 4,) discussed in the section 2-2, where @¢,: 4, — A and Y dpn —> An
such that for any a € 4,, ¥i(#(a)) = a and for any f € 4.1 S wu(f)) £, one can
define partial order of 4,CA.«;. When Scott ' defines 4, as a complete partial
order, f: A, — A, as a continuos function and C(4,, 4,) = {f: 4.—> 4.}, he ob-
tains Aw= C{A4w, A=). In the reflexive domain, 4., one cannot distinguish operand
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from operator. However we focus on the mode of which one can use 4, either as
an operator or as an operand. This mode can be expressed as construction of a
virtual super-observer who can access A, as (G(4.) such that ¥ < C(¥, ¥) with
Y=G(G(A). Then, the construction of this super-observer is replaced by the con-
struction of & with p : Y= C(Y, ¥) and g : C(¥, ¥) » ¥ comprising the partial
order relation, C.

A complete partial order set is defined as a posit with the least element
(bottom) and as to be closed with respect to the greatest lower bound (glb), NS, of
any subset S. In other words, bottom is the position of an observer who can desig-
nate glb for any subset. Because a super-observer can designate the bottom of
A itself, ¥ has another bottom except for the bottom of 4.. We name this new
bottom L. Therefore Y is defined as a complete posit such that ~Y = .L with
V'=Y-{L} =4

We define p: ¥ - C(7, 1) by p(&=fz C(Z, ¥) for any £ e ¥, where
JdL) =L and f{n) = Efor any 17 € ¥ with 7= L. Also, g: C(¥, ¥} — Y is defined
by q(g)=g(nY") for any geC(Y). Therefore we obtain that
a(@(9) = 4(f)) = fLT") = & and p(g(g)) = p(E(Y")) = fe~rv). Because g is a mo-
notonous function, fyr+(77)=g(Y")<g(n) for any 7 ¥ with =1 and
Serro(l)=L<g(l). Finally for any A €Y  forr+(A) <g(d) and then
2(g(2)) = fa~r < £ Then, we can define ¥ = C(¥, ¥) by a pair of (p, g). Both p and
g can be proved continuous function. This ¥ is a complete posit of a virtual super-
observer.

Our interest is the logic reduced from ¥. Now we can define a set M(X) for
any non-empty subset X < ¥ by

MX)={| e, p(O(m=L1 VYnelX}
Also, we define L(¥) = {X | X = M(M(X)), X < ¥}. In this L(X), we obtain
M) = X,

XrM(X) = §, XrMX) = L),
MXAX") = MX)OMX), MXOXT) = MX)MX).
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Therefore, the operation of M satisfies the definition of Negation and L(Y) is a
complete ortho-complemented lattice ),

Finally we construct the operation of addressing the limit of 4. in the form of
Ywithp: Y= C{¥, ¥) and g : C(¥, ¥) — ¥, and show that it can derive the lattice
in which the operation of Negation can be defined. Needless to say, this lattice is a
model of the logic suitable for an external observer outside who can address the
frontier. As mentioned in the section 2-2 (or 3-1), the process of internal choice
perpetually proceeds alternately changing distinction (boundary) to indistinction
(frontier) and vice versa. This aspect shows the faculty of the process to degenerate
temporary boundary and frontier, while this process of internal choice itself is des-
tined to be inconsistent in its own right. Despite this inconsistency in principle, we
can show the origin of boundary if we can formalize an external observer outside
addressing the frontier.

There can be two different approaches to address the inconsistent process of
internal choice. If one focuses upon the external observer outside, one can define
the lattice of the external observer inside, (S;, Wi, My, F7), leading to a fixed point
(i.e., F(X/) = X, X" € §y) in the limit and can construct the lattice of the external
observer outside, (So, Uo, Mo, Fo), in which G(X;*) = Xo', Fo(Xo') = Xo" and this
operation F can construct new partial order relation of Co as Xo' CoXo®, while it
does not reduce a fixed point. In this section we discuss this kind of approach and
show that Fo, can constitute the lattice with Negation. We call this approach
“Distinction outside”.

The other one approach exchanges the role of the external observer inside
with that of outside. First one can define the lattice of external observer inside simi-
larly, while the infinite chain of Fi(X/") = X7 cannot derive a fixed point. Second,
one can define the lattice of the external observer outside as well as the first ap-
proach, in which G(X") = Xo" and for any », a fixed point Fo(X5") = Xo" holds. As
well as the first approach, when we constitute sublattice of the lattice of the exter-
nal observer outside, and can estimate its structure. We call this approach
“Distinction inside”. It is expected that the logic derived from Distinction outside is
different from that derived from Distinction inside, and that there might be logical
complementarily such as the relationship between quantum and intuitive logic.

Our proposing model of Distinction outside is very trivial, however the origin
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of complemented orthomodular lattice might be proved in a similar manner. If so,
we can talk about the origin of orthogonality of time and space. Our model is based
on the inconsistent process of internal choice proceeding with mixing up distinction
and indistinction between operand and operator. There is no logical distinction and
symmetrical structure. If an observer attempts to formalize this process consistently,
he has to introduce the difference of level; at the one level distinction holds and at
the other level it does not hold. As a result, he obtains logical structure exhibiting
the beauty of symmetry. Degeneracy of Negation is one of this topic, where A and
—4 consistutes symmetrical structure.

Of course, we do not stress only cognitive process between phenomena and
observers. Phenomena cannot be phenomena till they are not observed "®). The
notion of internal choice or internal measurement is based upon this kind of frame-
work ¥ and then any material cannot be recognized without our observation and
measurement. Therefore material that we call cannot be separated from measure-
ment, detection, and as a result we observers can find that any material has its own
capacity of detecting or measuring its outside. This kind of faculty carried by the
agency called material can give rise to the internal choice and the degeneracy of
order, symmetrical and logical structure. However, as discussed in this paper, the
process of internal choice is destined to be logically inconsistent and then we cannot
directly approach the degeneracy of symmetry. Qur proposing two approaches of
Distinction inside and Distinction outside are detour to approach the origin of order,
while the origin of order can be realized inconsistently in natural materialistic sys-
tems. This detour is understood as the measurement device toward the origin of
order,

Finally we illustrate that the inconsistent process of internal choice can de-
generate two kinds of order that can be proved by Distinction inside and Distinction
outside in the biological context. Schooling and territorial behaviors of fishes are
generally considered as resting upon different genetic nature of fishes, and they are
independently separated to one another .. Some species can 'exhibit‘schooling
behaviors and some one can exhibit territorial behaviors, while the feature mixing
them up can be observed even in a single species .. It looks as if schooling rests
upon the interaction of affinity on one hand and territorial behavior rests upon the
repulsion force on the other hand. Many territorial fishes can exhibit schooling at
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early stage of ontology, while it is explained that affinity and repulsion are inde-
pendently separated and repulsion is hidden at early stage, and that repulsion is
triggered by the competition of resources and it gives rise to territorial behavior.

Affinity and repulsion are ambiguous nature of the process of internal choice.
These characters are metaphorically analogous to the notion of frontier and bound-
ary. If an agent carrying the capacity of detection doubts the distinction between
itself and others, it can give rise to the frontier that can embody the notion of affin-
ity. Also, because this affinity can be addressed outside, distinction between an
individual and its others can reappear, and that can embody repulsion force. There-
fore, if the nature of affinity or frontier is degenerated as if it was stable, then indi-
viduals can exhibit schooling behaviors. On the contrary, if the nature of boundary
is degenerated, then an individual can exhibit territorial behaviors. Ambiguity of
schooling and territorial behaviors can rest upon the inconsistent process of internal
choice.

In this framework, the operation of Distinction outside can derive the logic of
territorial behaviors because it can correspond to the notion of boundary. On the
contrary the operation of Distinction inside can derive the logic of schooling behav-
jors because it can correspond the notion of unity. In this framework, we can un-
derstand that the territorial behaviors and schooling behaviors that sounds antago-
nistic concept to one another can be understood as the notion of degeneracy of

inconsistent process of the internal choice.

4. CONCLUSION

If one focuses on the evolution of matetials, one has to find the material's own
faculty of detection and/or measurement. It sounds as if one invented vitalistic
power in material, however, finding the capacity of detection carried in material is
nothing but taking into consideration observer's own measuring process toward
material. Skepticism on complete identification of material can give rise to the no-
tion of alternation of previous identification, and can lead to the notion of evolu-

tion.
Our cognitive process cannot be independently separated from the process of
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material in its own right. That is why we call the materialistic process proto-
cognition ¥ or internal measurement. Therefore, by the analogy between our own
detection and the material’s own capacity of detection, we can investigate various
kinds of degeneracy of measurement apparatus, tools, and symbols. Elizur sug-
gested that degeneracy of measuring instrument is the origin of symmetry because
the measuring instrument's structure must be symmetric in relation to all irrelevant
variables !

Our own measuring process itself has to be manifested so as to investigate the
aspect of the origin beyond metaphorical analogy. In modern biological context,
detection and measurement in the process of natural selection or learning is des-
tined to be expressed as the estimation in which any measured object is possibly
measured before the interaction between a measured object and measuring agency.
On the contrary we have to manifest the detection in which any estimation is impos-
sible before detection. It can give rise to the notion of choice without objective
foundation. -

In this paper to evoke the mode of the choice of a rule without foundation,
we distinguish the choice from all true rules from the choice from all nonsense rules.
The latter form gives rise to the notion of perpetual alternation of distinction and
indistinction between an operand and an operator, and is called the process of inter-
nal choice. This process of the internal choice has the faculty to degenerate the
symmetric order, especially the frontier or the boundary, while the process of de-
generacy can be expressed till the operation of addressing the mode of indistinction
is formalized from outside. We introduce two kinds of the operation of addressing
the limit, called Distinction inside and Distinction outside and it leads to the consis-
tent form by introducing the different levels; at the one level indistinction holds and
at the other level distinction holds. Especially we constitute the operation of ad-
dressing the limit that can derive the lattice in which the operation of Negation can
be defined, and that it suggests the origin of the boundary. It can provide the new
perspective in which we can talk about the origin of symmetrical order based upon
inconsistent process.
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INFORMATION THEORETIC APPROACH FOR
THE ANALYSIS OF GENOME SEQUENCES

Masanori Ohya
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ABSTRACT

After Shannon, there exists a useful theory, called information theory,
which tells us how to proceed and how to communicate the messages. Genome
sequences is considered to carry information, and the information is stored in
genome or amino acid sequences so that it originates the life itself. Here we
present how information theory is used to investigate the “information” stored in
DNA. In particular, we shall discuss the uses of several informations (entropies)
and the artificial codes.

In information theory, the concept of information has two aspects, one of
which expresses the amount of complexity of a whole system like a sequence itself
and another does the structure of the system (or message) such as the rule stored in
the order of sequence. The information of a whole system has been expressed by
the entropy and the structure of the system is studied in the field named “coding
theory”.

In this paper, we shall explain fundamentals of the information and
coding theory and show how we can use them for the study of molecular evolution
and the analysis of species such as HIV,
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WAL - FEEERALODERED—DIL2BDTHL.
B, Ly FOE—-LHELY bOE—Z2AWEL)—D0LY POE—
mﬁﬁﬁmlimmwan%.nxm

r'(X,Y)= ,
S(X)+ S(Y) - I(X,Y)
pX,Y) = 1—r(XY)
7272, ORI, RO pX, DT, HFREEORBD O OERITIEL
THENLEDTHS.

<2>EM|F '
BEAw=1TEI{LENAT I /BEFNO*x bEFDL2EORETL, T3
JEEDF—F LTV AEROEEE e, BERo TV AEHOERT 2, FA, R¥&
PR o TWBEIHDEHE d & T5 & IEHRE

B(X,Y) = —
t~d
LEFENB[13], JOBRERIFEA, RELZEGAL TEROHTERICAN
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BHET- R~ O RER T 7o —F

ok & OBEHERTHS., TELATI VBOBMEBZHE#Z, #hill-TE
BDEFEEZDHLE VORI TA—T7T2bDTHE, JOBBRELHEIIZ, 73
JEEOBRPBER I > TIENT I /BEICL L4 EEBREERE LB HEE
LEZOBNTWED, 29 LAFEBRPTVHOTUBLISAT A TEEZTS
7O O RN FEERD LWL ETH S,

<3>EHfTEBHE
BAwTENLINT 2 VEREHIIZDOWT, <2>OEFHRE L FEEIC
t, e, a, dERDOE &, ELFTEEBRRIZ
axl+dxw
oX.¥)=—"——""—
f—d+dxw
THZ oNA[14], TOEATEBERRIIBHRELEY, 7I/BOWEA, K
HIIT LEAEBWTHEEHERTRDLFETH S,
) LTRDONBREp, 6, o 2EBHRLTHTHDZEEITHIE D,

2.2, ¥ LD R

AL RAH &3, EPEOECOBBEMOBIIRLIL-LDTHY), £FE
DHFBEOLF R, DlEKE2HEETAFERELTHVONE, 2O TIX
2.1 iTED - BEEWEE T B TEREM 2ER T2 HEIIOWTHEAT
%, EREHOERDOFERIRE( ST T2200KENH 5. DEDE3FR
ZHE X ENB LD TRENAZEETH AR ZH - HARANPEERDLH
ETHY, ) —2IEERFEHE LT TREHELZVERR S,
ERAHM 2 ERT H2HETH S, 9 LLREBEREZSDOLEZIAUPG
(Unweighed Pair Group clustering)#:, M F (Modified Farris)i, N J (Neighbor
Joining)#:, BIZTFECFID & EBRAGE 2 ek T 5 U, BAREHWEL &84
ERTWT, BEEINJEERAEXEICHVWLENTHEY, REFTEWVWLAS
FHiEIZTEhWEWhER 2B, NS ORMHERIZET 535t rnt
[13,15,16,17,18,19] &% &B L TIE L.

SO, ROLEELZUPGEHDLWVIIN T, BLEITKs TRHES 215K
TAHEDPRICE > THELRERBEHICEVEENBLNE Z LHE W, L
0EEICDEHEMNICD IR o R ERENERENEZ LITETE
Na, 7272, REEEREIZVPIIC) FLTETHTS, Fhr ERAICRIE
FTHIEDVHFERICHEL VI ELRETHSL, 2T, FhL{EbNAN]E
CBRAEBENRFERBEEZZTBI Y. N JEEELECESRT, EDEEN
Wl WHIKRELRFEVEH LD, BEE (v Ex2—¥% -2 3ab—-23 T
o LORDTBWRFEH L —ERLTENEEHETLI L) bnEn
THbEVIRENFH D, BABITEINRENIEARTH S Z & L FEFRICERD
WEEOBBMARI > TWEHOF—% LPAHVTWEVWDT, b7 —4
IZHIBRA2SH Y, #he iz, EELEADELRZL TS ICEBRRAVH S, 28,
N J#:43, 1L A YOS, HihEREIZLZBENTI AW TREROE
s shTwizlo®, TI/VEBOBROZERZER LIZ L, BREID
BEENAELTL A, 2 LI FRFRLOFEICBITAREIEREICE TN
EZEREPAVABILIIL 2 THLEEMRTEL Z EPFRATH > TEL
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FeRHER]

[20] . 2H LAE A EHEROERED—HIFHLE VD,

SIT, NETOE Y e kB, LY OE—#IEESLUPGHE (H2.1) &
BBMFELUPGE (H22) , =¥ bu¥—#{tE+NJE (H23) , BRI+
N J# (K24) (2L DERL-ZHBOBERLTBI).

I_—Ir'—lf-]‘ —Ekb
— = —1 =vw
— b—hHN— | b—hrHN—
| Y———FE Ny — — 4
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— | —7nsyr—-%—- ! HESNY
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— ! BT [ ! H IV
| —a4 - —aq
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| L—*>&Fag A L—% %3
' A : A
(E2.1) (E492.2)
— k —E b
r'—| F‘_|
— =7 — L=u=
| b——A v HN— | L H -
— —H — %
| | — || —
| L= f— ==z
lr—} Il_i—ﬁtf:rs"‘/r)v — | —zroa¥yfn
| | —
— | L7y ¥r—%— | | L7y F—%—
|| e sny — HEINY
— ~N¥ — ! ol oy
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(F2.3) ([42.4)
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AET R~ DHERRNT 70—+

§ 3 BEFOFEHEE
EERNPEGOEYD FE/FT L LTELITWA I EFEEL LT, Fhit
EORLEELEFT o TWADTHA )N, FLTEFOHFEIXMTIEL LN,
FHRENBDTHAH )P, T LROE—#HL LT, BAGEHEDEETF
ERiA D AT 2TFFE0BEULTHRL I ELLIBD. FOHEOHKEIE
M35 [21,22,33] .

3.1. BEEHKICEIIZESE
bIDVLRLGEBEELEELBI AT FHEHBOEZ 2HHAL X9 [23,24). F4
PEZ L VWERER T XLEIZLTHEL L R, HABREXTIME- 7 DIRT
BHEIZDLTWTY, LERPSITR A, 080 2E LIEERZEHREYF
WFABIENTESL, FRIE, b0 BARSEICRHIBEQOTEMD
HY, XFEWIELOBRYVELTOLRBOLIRS, —ROLHEISFNL %
ETETAZENTELILIZL A, 29 L BEROMEEEEL THMICERY
LZONFBEIRETHY, FOHBO—2OFFFEBETHE. 2F 0, TH3I
DL EBBERCBVT, BERETEETLENEFMML, ETETE ZH#EE
T BLDI, EAI)ETLEREFEDL D FEFTETH, TALNIT
EDTLREZMRA B R2EZHDVEROBFFILTH A,

R i)
it el HiEE EEE 1=k
e 4 L
e

(X 3.1y SBIE T
%ntw%ﬁ@w<mzw,y$ﬂ)%Fﬂ%@m%¢)a¢5.:n%ﬁ

FRICBOT, BHERI x= (x5, 5, KEREFRIDT 5. Z0&ES
g, X BHETNVT7 77Xy P EIRENLHHBELREREGOTTHY, €0
HREAOTOERY q Thb L E, ZOWBLE QTHELEVo TV,
HERFILBER (Frir) vELTELN, ZEZOESTHIZERY
y=(y0pr) E LTABIEN, BEHCBVTRELLED £ TE 51
FIEL (R - BTELT, REFIZOTESNILESTRT]
i'=(i,',i2',---,ik',---) FSITHB,
FERCTIBERRIEZ RO (TR 7)) KHELT, E70v /&
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AEHER

IERRIIBWIHEELERY. COLE, HEERT Uy 7 OERTAFRE
BVCEY 2 - TET A 00O TNELHF THLIRELT ML THEIL
2479 . 29 LT CELFEREBST L, 2O/FF70y 7ORIGEET
DEEEFFRE.
LA oT, dAEREFFTRISHITTHES S H
x=(iUiZ"”"ik'Pl.pZ"”’Pn—k

ThoE R, n2FEE, BRIOLITOEETOME K L HHRILZE, FFxil
BB TERED po - P PERE OB n—k ERETHFHE V). FIT2
THENEE, FTRENERY v MY, BEY Y Mw). 4, Z0L)
RIEFEE N, (BHRESRk BERTH n—k OB T T HHREE R=k/n D
WEED, TFEEVS, FIC, RVZFTEL, FHROBFREZRDATT
EfE4 &0 L) M nidBdbIEOL VBT EAEZRWET I &
TELPIPEEE 25,

Y I AT, HEIEFRRS L RETEOERIEE LTI L o TRERS
PG RICSTONS, 5T, WEOHKFEILL ST, H320&7
T Ty R EARG RIS A ENTESL, Ty I HEEIEERR
Fln& 70y 2 CRMICEELZIT, BERAAFFTEEEZOTT Y 7 SHED
Ty Z BB L, BRUICEBRENLIFETHE., T THFRIOETO Y
Y B BEELIFY, HEECESENTLEV).

<77 FE> &R

mmm

[Coocee] [COCee] [COCee] [O00ee|
el

<B AR F> THHRAS

[CoOee| [O00Cee| OoCee| [OOoCee

7 R5
(M 32) 79y 75 LBAATE

BERICBWTHEET LY ICRE33 O LI, EL DR A& IFFT
ICRAETBES VA LERY, ERLTERYSBREETLH/NN-ZMED, FF7OY
» R BII—EETHE L7 0y 7 BAICERY DRET L5, FRY D 3H
MRS 5.
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BRI~ W HBBRN T 7 0 —F

FyyLEY x X X X

N2 bRy | XX XX

N4 PEEY ] [xxx_| |
(M 3.3) %Y OFESE

ft-> T, ﬁv% FNVEETERRYOBERICL-T, FyFARVEE
e, N—AFEYETEMSS, N1 MEDFTEHFFICHTONE, —FICELD
@ﬁ®mU%TET% i, UYL, N=RA, N DA TELDRAERE
MWL EIIR B,

AL EHROBFENEBE IO, RFFVOT7OERLLAOT
fK(Galois Field) W IATH L, FO7THEE, ME+EEE - PEHESHh
TWBEREEF T, MELCHLTEEL2L, FLoBET2RVEESIIHTL
THEEBIIL2TWVWEIDEWV) . YOTRFOTOEEN QDL E, 2h¥
GF(q)THKT.

3.2 Bz F O SEENK

DNAIZ4oDEFERE A T,C,CoOHREsNTEY, —HEOESH (HFF)
&%i%ﬂ%#%,ﬁﬁﬁﬁﬁ%ofw%AI%&%UﬁEﬁ%&DNA@E
EFOFEYPEFS, BEFIVEATIHEFFILLoTEZEITRATEZPER
I ENEREFOFTHNMITOENTH S, BEOIOOMIREIFIL
WAL ODT I BRI L, 3o0HEEN1IODT I BERET S, £
DT /EBEORISL=6aREELLNDLY, EBRIZIEGEHERILLDPE L
AT 3 /&@#ﬁdzﬁ@t#&w La»d, 2 FrofE3FB0ELE,
£ DBEE, TI/BOBEIRKLABEAT R L TwiEWnERbATWS
INIEIDNAXHABRENERY #ET T k#f%%io#ﬁﬁ@%%ofw
Tk, DFED, MUETENE L L o7 FEEZF - TWBE I EZRLTVS,
:@%bamﬁ%tDNAmﬁwﬁu%ELf,DNA@H%%%%%&ét
DIZ, BEWOBRETFODHLEMEIY EiF, £ OEERINICTLT, RO
Rl RTAFTEF T2 L8, F0OBT, EOBFBHEMNTRELTY
BEY (howvid, ) OEEREFEFRD L {FHTITTwE22T/E0T
HbH, FIT, FOWYH LT L, FRICET 5580 5TESTORY
PER LT RIER S hw., FO0700C, RORE (1) F/421k (2) OTFT,
BERF|OFF % BINT 5,

(1) DNAOEERF|OI Fyh—on7 I /BEiEEL, Ldrd, aF
YOIFEHOEREIITIVEBOREILHTE NERZoTInineEZLNEZ
ik, B33 FVEERVEFTEFEOREY Yy b EFBELEHEZEI WS L
RETH. Thbh, " BUFEFFRIFVENERILWETELZREDL,
IRV DO3EHOEROAELSELEETEER,
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AR

(2) BEFODHLHULOLOBASHPERE v MHEL, MO IRE
Ey MIIHELTWA R EER, FROOEME B S R VIRY ETERS & A,
B (1) OFNEBLEOT, 22T, ZORFENTT, £ F TRIETF
D FHENERONEDEZITAL). T, X0 ICE&EEE Vo TH
GF@OTTIE, REABR L +x+1=00BO—D2% a & T5L, OLa,0’ &
EIFHEME, 4 ODEBEIIRODLIICRKRTIENFTES.

A—0 T—1 C—a G—d?
22T, EBELTVABEFOHIEMEFIOL4ODTLERTEEHRR, £
DEDEITEFE%, K3 (1) 2@BATHSEN 3 OFE, FBREFTEFZO
B THEHFFEHEVWTELIDTSHS.

IIHLT, b e bHE AT, 2MOBIEF (D—&) 2HF{L
T%&,&K%ﬁa&éwm&@E%#t@ﬁvLLw%L%%O#%m«%
7O DIETH L, TORERZELTOIICEBRENE, SEHTLIZ, 7
I BRI X CHIET A EREF X 2 7 CI L - THFL L -1 EES
XP RED, FOFEISNEER, SFFINLT I/ BRENX &
ez, HABELINV—TICBTAnBOEY P o0& | Lk ZBAL
&%,:ﬂ%@?i/%%ﬂ%%h%ﬂ&,&&L,%ﬂ%%ﬁ%cmiof
HELTBONAFEL LT I VBRI e X TRY. &
DEE, FALTWA I V—FOFHRRFSHEEL T 5 D DHE,
Iy bOP—#EBEAVWTROLIIIED LN S,

Jzkl P X )= pe(X ) X))

(X)=
C n C2

B, cwn_®¢#%2@%mhﬁfﬁﬁ®#ﬁf%é T4 R fr etk
CLﬁLf#ﬁD R, FOMICLY, FHINV—FIIBITHEGTOEE
mﬂamw%ﬂv&wﬁuﬁﬁ«50155 L)®ﬁ#¢éWHt FDHE

W & v — 7@A1ﬁvCLEm%L%%oth Fhilk, FOTNV—TIC
BT AEYIFEECHATANEYHOLHERTEIH I LIRS,

LT, RORETH - ERERO—WERLTBI). 2Fh, YFVY—
LAOHEERESTHEYEV—LRNA(r RNAD 12oTHAHE5S r RNAZ
AnTEor0EWErf<-bnk, pol, env, gag&lfFIhssy s
A&ﬁ%mw1¢/:¢4wxﬁﬂtvy%ﬁfwxﬁﬂ—@1514f¢4
WAL DWTEHRELDTH D,

5S r RNAIEBEDIZILEZERIILALNDEHDOT, L{HWLND
SOTHA, WHEETHEYE, KJINIEITS BHELEAL.

() vk, 2X3, 40h A5 T7HrH/Y

(2) B77VheEHIIL (16 A INTF) T4

(3) ZbEh an ¥Y¥Foruay7siAb
(4 A VFFv7 (18) B RFAEY 74
(5) 73% : (19) ZRAFY I
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BIEZFEIT~O BB T 7o —F

(6) T7TILy (20) 73F VR

(7Y TIA (21) EEHEIKE

(8) NTFFFT (22) FLERE

(9) TIRALZSFIT (23 NONRFZFYTL
(10) EINAE @4) w4377 X<

(11) Vo) s (25) INEDT R LT
(12) I FJLY (26) 3/ avHhHR

(13) THNRYHYE (27) a2y FEFR

(14) I7FH (28) TA MNZFUY

(F]3.1) R & 5 EY(SSIRNA)

5SS rRNADHEHELZ I/ NV—TTEICRE72000, WRETHEYEE)
YIRCGEHE, BEHRBY), HWYR, HREREEEEOS DICHEHL, £h
THROEYNS S r RNAZRWT, D 2 SHEIIRDL,
FORRRD LD wiEwmIBLR.
()5S r RNAZEKOFE R L, BAAFETIX, N—X AV ETER
%@waﬁﬁﬁwﬁAﬁbﬁmﬁ%;b$é<,M@H%Tm,ﬁyVA%
D%Eﬁ%ukaﬁﬁkéwﬁ,%@@@N—zbﬁbam-&wﬁ%@q:
DEIZBAAFF L HETERTOLBINS Y, >T, /N—AMRDEE
HEFMOBEFIILRTES r RNABBROFFHEIIL D ENI EEZRLT
Wh, BHiZ, "—RAPENETEEAAFELIBVWTHRENFELS RHIILAEN-
<¢k®@ﬁ$é<&%@ﬁﬁééckﬁb#%.itﬂwzhﬁbﬁmﬂﬁ
HEICBVWTHIFEEOEVWTENILEBM I WELZLTnSE, JOZEhs,
5Sr RNAWBWTIE, 1 o0EENSLIBELVEIFATEORitcnEEC
HEAPRIZLTVADDEEZLNS,
QBREEICRTA LS, FTHEPICBWTIRAN—R MY EBRAATE LN
A FRDETE - MERERHSOMEN L W, BFEEY, MY, EHEEHICBY
TiE, LOFSESHTET LV, PR EEFSLHCERFFIE
WHERIFRZ, EEEETIIACERES, BCERILBAEDIE) 8L nwe
Brs. &1, FHIYWTEIHREFRESRBIZONT D DEFPE 2o
TWLEADSH Y, EFHREY, P~ LFoMEmI 2Ry, HICEKEE
?@%ﬁ%ﬁk%<&%moﬂmbwﬁﬁk3<&orw<.:ﬂm,%%é
g & 1 DOBEFMOERERICRIZTHENKE, DNAPEHELEEL L
TWAIZEERLTWA,
VEFEOHHEREDEDL 5 —RMIC, DNAR, H5REQLVHEHIETH
DOFBIC 1 DOEREDBESRBRATHEEVESL, ZOZLiE, DNAMKE
EF LR, DFVERBELENET - CTELIORBHET A L) ol
VETHDEEZLND, FHICESEYII VLIl o0EEIMUCEEL,
FFORREVETERENICEREAEEINRI DI VEETHL I LE2R
LTwab,
HF a4 VAERL, ERIFLEDF N BIFEHEFLE-T
W, BIZ/N— R PETTERETIA 8 L OKEFF RET LRI 6 MO ESENT,

—237—



KRR

ETEEESN 1 OERFBIEVWESICEALS, £oT, BHEIEENIEIRNEL
RWZ Edghs
ml4z¢4wzienvagag@#% TR HEER R T AT,
ELEAp 0 | I EIBELR - TWAILESHIS, envigag
IXGEENEL, BYETERAD, 1256 3 L EVWERAAFFIZITL,

po l BT AHBTIRETEY, FEIELLTWEEZFoTWEZ
EBEEENSL. BUT, 4 XY A NVAFETEEDDEKY, S0z hil,
EEDBRIEE IR DTV A VATHEE EIRLD.

X510, BEFOHFEHEOBENITIE, SE0ORFOLEFERICFSHGL
B8 HZE (25] OEHBESOBRELELTE2E, HFL4LHAAPTERTHS,

§4. I hAE—EERIZELDH | VOB

SO TIERE T ooy PO E—#ERBEHWHI VI AV ADELD
BATOIRELZIRRTE I [26] . HIVOZE{kz v ra ¥ —E{LRE 2
TR &, HIVICEE L7 BEOCDAE, REZOT{LOBREORE TR S
ZEBTELDTHD.

B2, ROZENPT Y PO E—#{LREPrORAZ LT TES.
(1) =¥ rab—#{tROEIEEBEDADSEELDHEDLD,
(2) TV hubE—#E{LROEROREDELE BEDCDAMENE(L L DR,

4.1, HVF—4%

T OEFTHW T — #i, 30k [27,2829] THREXINRTWS 6 ADEE
ORI N-HIVOREFEYTHSE. RbLOBITTIE, 206 ADEHE
%, FRENEEAB,

C.D,EF & IR,

BFF— iy, HIVORTHIFIIEERDOF VienvlIRON EEET
gpl20D—E45E H WV Tw5a [30,31] . HIVERIZRBEILE & L Tgpl20% HAFT
FTAHFEREEDHTH, YA VAOBEROLOIHEED 7 4 Vv A1) PLED
BT o TLES). ZDgpl200PLEMD D % HIBIL, gpl200296%F
BL330F8 D220 AF 4 W HENLVIEETH S, PHHEITIZD
VIEICHEEST A, COBIKTHWATRTOF =7 ICBVIERSFENRT
W5 (E4.1).

IVIRSDNITDNAKTIIVQLKEAVQIN CTRPNNNTRKSIHIGPGKAFYATGEIIGDIRQAHC

NLSRVDWEDTLKQIAEKLREQFRNKTIVFNQ
IVIRSDNITDNSKTIVQLKEAVQIN CTRPNNNTRKSIHIGPGKAFYATGEIGDIRQAHC

NLSRVDWEDTLKQIAEKLREQFRNKTIVFNG
IVVRSDNITDNAKTIIVQLKKAVQIN CIRPNNNTRKSIHIGPGKAFYATGETIGDIRQANC

NLSGGDWENTLKQIAEKLREQFRNKTIVENQ

[X4.1 sequence data collected from patient A in early @ stage of infection.
V3 region is e underlined part.
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WEFRIT~OMARRET 70 —F

HEINTVEEADBEDRKEICOWTIE, R4l ICEHL2[2632]. Fh
Lbbhbs L), BEABRXUHREILSEHICAIDSESBH SN TWS, T
7z, BEAZMBEPOpUREFBEEIFEICBURR TV S, A Dp4HLER
BETVANVAEEXML, AIDSERETLEILBURE SN S OT, HIVE
FEDORELTME —FRELTHVWONS,

A7z &% { ORfFEE -5, AIDSEEXMAFE L L CCDMET BHEIZ
ffioTwnad., FOCDMEIZ, BEDFIHFEEL, MOsADEBEFIXE L IZED
LTwva, ZOCDAMEIZHIVASRAT 2 REMBOBEEERT. REMAROHE
BT FmOANTIE, ME~A 22 v b AFER0D G I300E TH 5, Rk
T ENDRA I D 20025 LR A BRREEICI LD R T (2D, AIDSIC
BRI BHEvbhTWwWaA, CDC CKE - BluMZEtLyy) OBWEEIILS L,
2001C T 7= e VIR AICIE, D ICAIDSOIERDY  { THAIDSEZE L BEEE NS
LT oTwA, CD4Y Y ISEREMIEMICREIN TS DI, BEDEFET
THhb. BEDIE, MEICiZe70, 24EB 1213826, 34EH 1213273, 4FEBICiE515
ECDMEFZEIL TWahH. BEEDRILL/-FEDCDAEIL, &4 121225, 756,368
ERALTEY, BEFDL, 943,575L WAL, BEEED H4F LR - TIR7T LW
Il o TWnh,

#4. 1. Data used for our analysis

Designaliqn in atient A atientB atientC atientD atientE atientF
our analysis P P p p p P
Desigpa_tion in patient! patient495 patient82 sl §2 s4
the original paper
l};rie:sl_::;e:]gjgs :32::::“31 Egrrlnt:slexual 2 fs lfzftlo?at"l:llh no informatien | no information | no information
Clini 24 antigenemia | AIDS . . . . . . .
inical staius P (1989) asymptomatic | no information | no information | no information
(1988}
CD4 counts , . . . . .
during the study decreasing decreasing decreasing fluctuating decreasing decreasing
Antiviral therapy | None AZT (1989 None None None None
( )
~ ~ 1984~1991 198511 ~89.5 1985.5~87.10 1985.1~89.6
Term for the stud 1985 {abaut 1985 ({abaut h . g °
T A Syears period) Syears period) (Tyears period) | (4.5years period) | (2.5years period) | (4.5years period)
Length [83~276nt [83~276nt | 234nt 332~335nt 332~335nt 332~335nt
i peripheral blood | peripheral blood | peripheral blood
Tissue serum serum plasma lelucacyte lelucocyte lelucocyte
Molecular type RNA RNA RNA DNA DNA DNA

4.2 FBAE

6 ADREENS, FNENMEBRERD O MEM» I DIRIL ZZEHO

F— I EEFRA42ICTLDBE, ROLEHIIRD.
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FRHiER)

¥4.2. The number of sequences used in this paper

BEA OEE | 1468 | 2B | 348 | 4£8 | 58
GenBank? 5187 7— & 8 7 9 9 9 8
BT F— 58 6 7 7 5 6 7
HEB oEE | 14EB | 24EH | 34#EH | 4£H | 548
GenBankA S8 F—#%| 1 6 6 6 7 8
AT TEo T T B 7 3 4 4 4 4
BEC 0B | 3EE | 48 | sEH | sfEH | TEE
GenBank# 51877 2 ¥ 1 15 11 23 15 13
AT Tt F— 7 H 1 15 11 23 15 13
BED 08 | 24EH | 3EH | 48
GenBark» L1577 — ¥ 5 2 4 3
BTl — 5 # 5 2 4 3
BEE oEEH | 26H |25%H
GenBank? b &7 7 — ¥ & 5 5 6
B TE - T— v 8 5 5 6
BEF 0B | 4FH |45%8
GenBank# 51377 — 7 ¥ 5 6 6
BT CE- T H 5 6 6

BELLIBWT, BERFHOEIIEBRICELEDDERNVTEITVA,
Bl L ITEEADVEL TIE, sEOF— & i, § IR ICE ) EEDOEEAH183
DLDIEBEVT2I6DEDERF-oTVAEDTEREICRS, &8, BEMFLEDH
L7-HIVOIEREF % 7 3 /BEFICER L T b, RO220560), dDIZ
DWTHTZIT ) .

(HHIV O EIEZFEFIAREOE I LT EORERILFREAN 2 BT 5
f2dic, BFRLEEDT—& LHERBRLENT—F Ly Fu—Hil
RAEHE LI, CNELEEOTY PO —EAREER) . LT, IO
FEHEOLY PO — RO L EEREOEREEHNS,

(IDEARGE D E I T EORERE L2501, 0FER 2EE
LTIy PO —E bR L. CNEOBERLCHT Ay PoE—
WAL LR, (DERKRS, FYHLEEREOEREZHNLS.
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EARMICEEAICBWIHBAZ LTASL, F4.2055bh5 L)L, BEA
13, MRIC6DDEL HEFT— &#ﬁ%nlﬁﬁkirazﬁ&kukn3
EHITIE5D, 4ERICIZ6D, SERICIIEOITFRIE L.
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