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Fig. 1 Computer simulator for virtual bacteria
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Fig. 2 Regulation of transcription in bacteria
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Fig. 6 Chemotactic transducer protein Tar
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BESRT 2 CERBREN Y 7T VbW L BRI 5.
ZORBICHHEIE T v AT 2~ —BHREREENLEY
BROBBEZEEL T3,
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Fig. 7 Model for bacterial chemotaxis

HTHRFICEITE N L5 5 (Nikata ef al., 1992), whanh V7

PP T TR A LR L T e TR Ah T,

FELIHRBOL I 2V —F— TR, ~—F VB OELY
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Fig. 8 Trajectories of behaviors of virtual bacteria before {a) and
after selection (b)
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EL THRBIC RS 5. BRINIE, 2OEFATIR 4 20K
BEIB AT VEAEOSS B I RN 7T B
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FBR I/ (Ohtake et al,, 1997). T BEEOMAIC LD, RE
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KBHRIZA2 WO TEHANIKI S LT 737 EHok
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BHIEAA IV FBICIZBHTIL T 7 v IR IREY
SEFTHANT Y T ACEDZ EEbNTWS, 2 T—F
P AAEIECHTEL 0BRSS CEREAKERESRTTY
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Fig. 9 Mobile robot that is controlled by bacterial
chemotaxis algorithm
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WEEES X % v F AN B, BELLEOfMEDIc RS
RRMET 3. AL, ABESEEWTHEINI—RAOBENE
X v FLUANLIN I~ ZADBENRELBWEZ A2 BLE
FTorRELLIIZ, ZoBH#HoRy PREEEOESHOHEEX
Py FLLHLBOBNEMERLEBTI Lok s (Fig. 9).
4.2 WEroHy b ZoEw
ZOERKEATHTHIuRy PRBLTATY XA ES
TEH»TERP S, MEICHIT 5 BRECGHEBEIBEINS,
FPE-OERAIR, KBELuRy P okEINBVRER
T3LDThHo7, KBEOAEZSIBEI 7oty
AVE2—=F—NHLU L EALKE IDN—~F 2 VB TLT ¢
O NBD, vy FTIRES T L. ABEL oKy b
LBEIL 2L BEL LMY AA SR AEL T2, KBEI
EOBHEEICRS ) BET, MY AANERELEL T 2013
TTHo, EBROGLUKy FOBRMELETTIHE DRy
FOBET 2EE L OMIC LB ABIEL A B I LA b o .
ZHuRy P CRERSAETIRELND I VE L VDI,
B EFEIHREZE TR Ky ML) DESEBHL T
LEJ. ZondicBLEoRE: FEU kR LEBOE
B2 LIBIPIILTRLEZVE, Ry MEI L HoBLIZ
M) Z B TELNT Edtb oz,
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Kic, MEIEKOTVIHERE oKy o< HRE TIIER
THYRICE BIELORBI AR BRE B LBEI N,
MHEIIHEAREN L) BRS¢ BRI EHEN
DHERbLTERTHICV A / VL XEHH 5, WELK T»
BURNLA VXKLL ) To thdv, 2ok ZHRT
REMARER LB VDL, BECBLHOBEILIIITE
BHC > TL %5 (Berg, 1983). L724t> CTHIEIREIC 725
ERECHEEE—7—2HEEL CTh T LS v, FiE
BIBEE—F—-OEEBEFAEI R CBBICTETSS, L
SALuRy FTRES BT, £ LTHREMEB DT,
Ry MIERERE LD L RO L FREER TS %
B, MEIKSTOIEROV A NV XHEH 1 EDPE R
BHHED AT EIZLES S Eb T, LaL, BEoK
v PERBREEALTATY Xai k- TP T LicE 5T,
O TEBRMICRrHLRRZ LIE TS,

BEDMRER, BREPEET I —F 72 TOBWCEET
250TH 3. AMEOMMAL 7+ N HBA 2T 5 Che B
BECIVEET—7—32TRLILNS, vy FClREV Y
— L ERNCHHG LR T 32— —H B HEB TR 5 T3,
METRBET— 7 —DHIEBWENE L L P, vV —&HA
BOERT2RBITHEBRICEET I EMALATWS
(Stewart and Dahlquist, 1987)., % AL Y—3BF R
BT ZFN2FELBEL—F—ITEBR 201, RN
FPRERTCE2EAEE2E )08 b BANTLIVES TH B,
a¥y } TR, rtr—dT—F—4—0FolLbhnirs, ¥
ALRREIESEL -,

® =

INFTESGHECBVTR, ERKENA—FT7TEY 7L
T2 PRATTEBLLS T8RRI AL -2, E4E0Y 7
P T, EREELRTALLTCEBBTE ABRIC K-> TR
BLEFLVESTH S, EREKDOY 7+ 72Tk ER, TEA 3B
BEDTATTORHZTLH S, LMK EECH L IHL
WEFBRSLERE DRBLETATY TARHERL TS,
ZHBRETATY X60HB2ER, bLbHABNEGEL2RZ 5
KEL T4 FTHRARAREENTWIRTTHE, hp
LEGERNY 7 7 THBHRIN, EREOTLIY ZADTF
— 5 —R—ZDHE I NNE, FUIABBORMBEL 4B
ThHD 3., EHEOV 7 7L TRECABIPERT 28818
BLZD, LWL T NDOTAFTLRBTEIED, 26
THEENARLTBEBOLEF TH 2 EBbNS.
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Software of Living Systems
HISAO OHTAKE', TOSHIO TSUJP, and HIROYUKI KURATA?
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To understand the elaborate system of a living organism, it is essential to know its “softwai'e”, as
well as its “hardware”. The software of a living organism may be defined as the package of algorithms
(methods and procedures) for its survival. The hardware of a living organism is encoded bs} genes on
the chromosome. Its behaviors should be explainable on the basis of algorithms. The algorithms of a
living system can be viewed as biological information that has been envolved over its long history of
evolution. Among living organisms are bacteria that are probably the simplest systems for analyzing the
software of living organisms. In the present paper, we describe our method for constructing a virtual
bacterial system as a tool for analyzing the software of a living organism. We also describe bacterial
algorithms for surviving during phosphate starvation and exhibiting an intelligent behavior called
chemotaxis. In addition, we demonstrate a mobile robot whose behavior is controlled by a computer
program designed on the basis of the bacterial chemotaxis'algorithm.
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