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Stabilizing Death Rates in Lotka-Volterra Predator-Prey Models
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Press, Cambridge, U.K. 2000)
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In ecosystem, plants produce energy by photosynthesis. Energy transfers from plants to herbivores,
and then, to carnivores through the food chain composed with trophic levels. The first and the
second trophic levels consist of plants and herbivores respectively, and the uppers do of carnivores.
We consider the possible number of trophic levels in the food chain by analyzing the above system
to govern the temporal variation of energy reserves in the food chain with m energy trophic levels.
Nim = N;m(t) is the energy reserve of the i th trophic level. Parameters «;, §; and ¢ are all
positive constants. «; is the energy transfer rate from the ¢ — 1 th trophic level to the ¢ th, §; the
energy dissipative rate for the ¢ th trophic level, and ¢ the primary production rate. We assume
the stationary environment such that the primary production rate is independent of variations in
the energy reserve of plants and herbivores. The possible number of established trophic levels is
essentially determined by ¢. We can show that the infinitely long chain can be established with some
conditions for «;, d; and ¢. There is the upper limit for the number of established trophic levels in
the other case. In a specific case when «; = o and §; = 0 for every 4, the infinitely long chain cannot
be established. In this case, we find that, for the possibly longest chain, the lower trophic level has
greater energy reserve than the higher has, so that the distribution of energy reserve can be regarded
as a pyramid shape. Besides, if the top level is removed in this case, the pyramid shape cannot be
maintained although the even (resp. odd) levels keep such monotonicity in terms of energy reserve.
We are going to get some systematic discussions with more detail analysis about the structure of
energy food chain given by our model.
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A Mathematical Study for The Effect of Secondary Resource
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We consider the possibility of the coexistence of two consumers with the introduction of a secondary
resource under the condition that one of consumers goes extinct while another persisits due to the
exploitative competition for only one common resource. Especially we focus the difference of two
resources in quality, and consider what quality of the secondary resource could establish the coexis-
tence of competing two consumers. Making use of MacArthur’s modeling, we analyze the population
dynamics given by the above system with respect to the condition for the coexistence. N;(t) is the
population size of consumer ¢ at time ¢, u;(z) the utility function for quality =, K;(z)dz the carrying
capacity of resource ¢ for quality [z, z +dz], ¢;; the conversion coefficient for the consumption into the
reproduction. We consider the case when the utility function w; and the carrying capacity function
K; are given as some normal distributions. At first, we get the condition that one of consumers goes
extinct and another survives if available resource is unique. Under such condition, we analyze the
effect of introduction of a secondary resource. As for the relation between the coexistence of two
consumers and the qualitative similarity of two resources, we especially consider the case when the
variance of utility function is rather small, that is, the consumers are of the specialist type, and the
case when the variance is rather large, that is, the consumers are of the generalist type.
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Neuronal Mechanism of Firing Irregularity
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T, IRLERT) 2 K-> CLEIL S D O EN
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Effects of increasing predation pressure on a prey fish population:
Ecological and evolutionary processes
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Stabilizing uptake functions in plankton models

B RCE R BB TR IFZERE o R 5 & T2FE PrINIgE 2T
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W77 v by oMOERY AT 37 A%k T 3
TR, 757 b v DD ) B4 7 )L (nutrient
recycling) #5357 €AYy bETIL (LT, 75
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[1] S. Ruan, 2001, Oscillations in plankton models
with nutrient recycling, J.theor.Biol, 208, 15-26.
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o RUER RS RS
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[4] J. Huisman, F. J. Weissing, Biodiversity of
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plankton by species oscillations and chaos, Na-
ture,402, 407-410
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& CEMNZRZFFO5A. EXA) BB OREMEIC £ DG END 2 D I2OnT, BINFHEIC
AN T]) IERNET IV, RO 2) HERGRIERR— AT TV EREEL . W& OIR2 8\ % M U
IR 2 FHikA 5,

WRERNETIVE LTE, HH T EIBPEDOED & T ~DEGHEZZE L 72 Ricker R AT 4w 7
BBl 2% 2. NI EHRBEIR D EMNERICO W TORy s A2 HuTEF L2 HET 2,

MERGRIEARTER— A€ T & LCid, A) &3S 2 BWEEZF>E 7L E, B) 2ENIPEHD X 74
ZATAY VBB EBR LT VD205 2 5,

HiflicBNIEDOAZH L CEREBT 2854 L. ib@%fﬁ%uLWfTWkLTEWW TOME
B IO W THEGEIEROBLEFELZ R DL, ZNZNDBIBEFHEDORF O m?®ﬂuiofﬂ
EOWHEIBIIRET 5, LI IEICHEET2EFLD 2 DD 217759,

BIEICBI L Cld— e, BEROBEFEIBEFRL w2 EEbhiTwd, 2R IUl% OEEETHE
DEIGIZ/NE L NS BRI R E L > TVEBRNICHEET 3 EELZ 5N TV 3, %m&“ﬁmiﬁ
. BT 2 E DD BRI AR THIRO/N S OBBHR IS KR I N TS0, RINAZRIEICZ
URAE{ R RYiEN ﬁﬁu%ﬁwﬁﬁ?@kmﬁﬁ%®ﬁw EING, u@%m%E@Lmuowf\
BNAREIEENOERE T 2546 kﬁﬁ%:iﬁ?%f WWHEHLTEZ%, 2L T, ZD2O00DFF
IV EPGETRINE TV D i 2 11\ IWEEL DA TEEIE D L EEN DR GO W TRT 247 9 .
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(Ch379)
A Mathematical Study on Intracellular Chemical Reaction Networks

(MRRAEFERIERY ST —2I12BE T 5 BEEMHIFR)

K& /I #Bith HEEHESFK —=

HE. D FEDFORRICIOTHIENBROMEMNRAEMNZRICHSNIRZSIZDON, MR
FHEITOVELEZOMDIEZRISICE>OTHEASNAMBEBRILERIER YT —IDBRTBINGIRS
#BU0ZE, SXATLNGAEASHLACLEIEVSIHANERNERBL TRECTERILL TS, FFIS
EIHICE—GHREERICE THELOMBOERSIBNAHLIEDSHMLEERT ZENALG,ICS
B - RRMOAEN S KREGEALAEFEFO TS,

CORIBIFBEEHLGESHRMEZEABTREELT, 1HBRICEFNSLEVE VBN DEHT
HH=6. MERIEZERIENAHERMYICECSCEICERT HEEMAREZHINA TS, LAL—A
T, ERIEZERIERYRT—I(CEoTHIEISN TO SIS R OREBELGEDHBRNRRIE. H
SEOBVBREER ROBUVERLIDIELERMICEHALNZLEOTIVS,

COFSITHBREZERIER YT =V BEERTHAHLZERGHAPLEEZREL TSI LIS
EALT—ATEHRUEZEAEL. ELTHATEIRLEICE MM OO TBREDEMREOBENETIC
END, HIBRIEZERIERYET—IIZEVWTIPLEN VAT LELTEDKSITHIEENTLNDD
M2 IELTERE IRLERFEDIIGERERFLIDDMN ? JIEWSHEZERMICBALNITIER
HENKRECEF TS, AMELHXTIICD2DODMREICK LT, BB GHET S EDERETHRDL
LEBEZTO>TLS,

MENEERGERYNT—IEPLEENET HEHER(LERE) ZHAEHLE T, £KELTH
SEDBRMEDHLIEAIBVEERRLTVDIRTHIENZD, CDFIBPLEERET HMaR Ry
FO—0I2B T 5BREDEBR-OICE, TTHRARIET—IIZENTHLEAED LS IZHIHE
NnI5M. EHLHICLATNEEGSEN, LAL, PoEERNET HMBRLERIERYET—V(,
FYRT—VEERT DILERGN, TPLEFEERT B IEWNIHEELTDLEZRIET 1L IHRE
2DFERELTEY. SHIZENONYEMICF A5 THAH=O . {ERDOBIEHFEDEEZMATERN
H#THD, POTERNET HMERNEERIER YT —IDL AT LHGEBOHIZE, 202D
DHEEZ N BEL CEHME I 5 EZ M REICT DF -G BN G READNDETHEIEEZONDD, TD
FIBFEEIREERELTHD, F-. WEEREFMALLLVHARB IS ERMGERNATRTH
LZEBHUFEDIONFICETEI2EEHFIFEEICKEN, COIIGHMBRIEZERIERYNT—I]
RICHEOMBESFA AR CTEETHERYNT—VBITEFENEPLEERNET AN
EZRIERYNT—DE BN 2= DFH-LHIBMFEZHE - RESET-,

ERAYNT—OBITIE. 2T —0ZEBR T OMEDPLEDRDEEREERR T ORRATRE
R.PEDER - GROEEZALSN T HIEERRINT =V 5T, ZLT, EERYNT—0T 5T
DI SIBELZIETODNEDPLENEEEDFTEIEEDIDNDERICL>THERED, ER YL
T—OBMIEREDFEELEL. SDODRELHBEET S, E— (. LZRIGOFOIIPLEEAE
BT BIEVIBEELTDLELRIET H1EVI2DDHREEE D BEL CFHE I 2 BIEBEMREAZIRIET 5,
BT HEERINT VT Z7EAVTHERODEDEREFERERENICRITT 578, Rub
T—OBELPLELDBDOBEENERMICELZ NS, ZL T, ZEIC, ERYNT—VT5TI2&
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STERBMICELZDNG/NR W—THREDEEL, EBTHNEDPLEEDMHEICBARELREEA

F—TFURATEITRE - .
2 Z (?'6»—71#&0){:’4;,) X (71' 7’/:?10)’7*(;)

ELEFEAERTSH BELEOEMDID
EREIZOVT  FETAHFOELEE
HoHT/—FAD
BA—TRRIZDNT
ELOAKITE>TRIESN, SHICHERR VNI VT STDMREFERTHILICLY . BL5EEE
BORYEI—VDORWoEICET HLLEMNAIREICLS, FHAMR T BERVNI—IDFEZE
AL, PoEEFIETHVON DRI YT —IIZ DOV TOERTEITL. RO EHT THLHI
oM=L OHDFEREBTIND,

CD&ILGHEERYNT—IBTOF A 1HBRNOEERIERYNT—VIZET I LEEEARL,
FEITOIMEORLSENRYET—IDEEPL/NTA—FEEELTEDKSIITRELTLSA . TS
ML TN SD, HIRBIZHE TP LENE DL ILHEEELHE SN ZHLMNTT H1=HICIE, 1§l
LRI TOEGHEHEICEYRETSMIBRARYET =IO LEN, EIETHHMEERLLTOT
VARG BEVEEDLIITRELIDDMN ? ELVOBEEZZEADENTARTHS. "DKXI%MHRE
NI H-H. PoFEERNETH1HENELEREOEEZF LR T IHEMFEL EBEMREERL
LTOHMEMRETHEICE>THRL, POENHBERLLTED LS5 ZREELE DN EETHE
FTHILEAREICTHFEFIRELz, ZLT . HIEBNEGFREOWLEFLMIILIEOREELHS
MMIT B0, —BNE—EGFORBEETILICHBEBEOEZEZMYRAL ZLICE-T, HRER
FORBIHETEPLENHBEDIBIEICEDKIILGEEEEZASDNEMTLI-, TORER. S KE
EFIREMEMEERFOLICHERFENHIEE . POLTINKECTFORBRENKET
HHLEDEEREZEBHICLT. REENRBETCLHVSEDBERELZEDHILLELRLIZ. F
2. SOESBEARMBETILDIDDEAELT. NITIVTERV N KERFOERERY LT,
BERFREICETAPLFICLS>T. BVEMIREREBONDI/NFA—FRENEA ST THL,
RANERLPLECLO>TEMLISIEERLIZ. ZLTINLDRR(E. pOELIEEOHEEER
[CE2 T RERTENFOFHYEN L ITRIEE. POEICL > TENEIEERENELT HIEN2
DDEEICKDEEHEIDT=,

— A AFEOEMNEEZEYMENICEARWGREEICHLTHEND S0 BIGHGEFENEL L
TH DR DEEMEFHEEERAELTOI IO L O3 G BRIEL TS X028 —HH 1R
BEOBWET oIz TIAIFORAMERRRN TOEKIETSRIF EIZRESIN B RHIEREICKS
THIFISNTLDH ., ZDFHHIIEAMABADERETFRIRARRAMIEO 2 HOEICHEERRY
[CERONDEEICI>TERAMICRESNDEZZAON T D, FT=I[CHARL-HEHFEDOIIaL
—2avhoREMRICEDE FHHERBTIEBLAIILTOIIOLGETIVEEE, ZT0OT/0A
INTGA—ANT SRR O RERZHET HECHIEHFEEE D LSLERIGERNHEINES 2L
—2avIZ&oTHLMIILz, ZDHER. TSRAIROEHEFIVFO—/ILT SE MG EHEA FT AR
TITSRIRDRRAMEREN SR ONAEELBST EVIHEELZR-TICEADIDHET . TIRXIFDFE
MEOREICOVTEL S REIZRIZLIDILEZRRL. TIRAIFOIE—HFIHEEL TS RIF
DEHHEDRREIZDONTH LW EGRIGBEREREL-,

RRIC.AMBICBEVTRESNZHEBHUF RLZOBERISFEONMRZEZSFR . MBRICE
WTHLENEDKSITHIEESN  FF-EDKIGHREEZRIZLSDDH . ITOVWTEIEMLEREH



(IF15mX)

Gene—-Protein Dynamics for Circadian Clock: Mathematical Study of Rhythm Generating
Design and Temperature Compensation.

BB OBIE X N TVEXATFT IV A URXLERID 3T A LIREMEMIC
B9~ % SRR IE)

JUINREZER B2 AR R S

=T 4T ) XLOEARNEZ SV HT o FROEBICOWTIE, SESF xR
EMFEIZOWTHLNZR D Dob 5. BT 58XV HEEMAGDETE
ERAENY XA END DONE D NI OV TR e 2 D 7.

=BT 4TV REOIERILT 4 — KNy THIBEN L 5T AREZEMEICH D, KRitE
It (721X a3 7Y a X Tld period (per EH5T)) 2NEEE I LT mRNA Z1/ED ,
AT ICEB W TH NI EIZRIEREND . X U T EREICAD B O8I 5
EHIT S, ZORTT 4T 74— R 7280 BfENRY) XAMELNTWD. 1272
LEBORF BTN H 572 D EA~OBITENC Y VbR T v 72 L0 &, BT
HUNRTEFR Y NT—J 38 EFSERHBEEZ L TWTHMETHS.

(1] REABRDEEICESLKHEHET NICONT, TNEIIREINE X 5720 OBERLM
% PERRBE DL EMEMATIC KL VT2, ETAMTORKRIZ L - T, # U7 EOHCE
Gl & 2 X BOBRBATICET D IEREEOR S (BRI, = 3— kx> Mb G
g L DOXR), BBATRIOEM OVE, BEORFEHERTEY (7 & 21X PER 1T
T TIMLESS) MA~TuaX A ~—%FkT 5L, RERENETNEZE LTIRHZ SV
TZEILEDLITHFEGTDHNZERLNCT LIz, ZOMEKREIE, @WMicE L0,
Journal of Theoretical Biology (Z3¢% L7= (2002 ).

[2] FEFADOEKIGEAT v T2 INTY ZAA LT URMORTER LTS L (K
1) 2B L7c. I A=Y ARA T OISO KISEEITEE EOEME & &I
L0, FEENTOREL D LTS, ZOMFRIEBICH 20 FNN RN E N D
ZEILkoT, VRXRADERSE~DEEEL Routh-Hurwitz E 2 H NS Z LIk - T
BN, 2 L CEORBOT L, SISy NU—7 OFOEFET (mRNA, 4
YoRT B O R, mRNA OFIER, Z oI B OE, Z N B OBBIT) 1Tk o TKRE
SEEBZ LR LI, 74— RN I V—TZIEFTZEDRIEAT 7 (L
—FRIS) IZOWTIE, REMTHHITFE Y RLEZFHK LT, —T0IZH 5 s
AT w7 (T T TG AZOWTUIWIZEFRIEIZITVIEE Y XA EED ST W &%
REBA L7 (B11,2). & USRI ENZERIREIZ S D L ICEITNTVWD ET 5
E, TITUTFRIEN, A N—7RInE D bEEFERESWE TRISND. CHRICH DR
OSIERESL Y 2 2 L—X TOEIL, ZOBEROTFHIZH TUTE->Tnz (X3). Zd
WFFeR S, #cic & 0 £ &8, Journal of Biological Rhythms (2385% L7 (2002 48) .

[3] TZA4—=FRNy I N—=TOEIEAT v 7RO KT T B2, EAHED
RREEMRATIC RV~ 2 U CRE ER O RIET 2RO N 2 583, 1. fafnic
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EoT, 2. &bty NI —7 EOSGFRIC L > T, IERXIID 2 L2 A LT,
mRNA 53R % &6, %< ORIGOREE FF1%, AME2ELS T2 0, 5o R TEry
FRROGN RS 725 L&, WZREROEMITELS 2D, Z0L & A I v—TRIGH AT
HHIFE, BMEOEMNIKETHEIIREIRDL I ENbhoTc. Z ORI R D E
ICHASSEBEETLICBWNTY, MBI STo 2 &2 KRB I 21— 3 12
KX VEENDT-. OIS DOIREKRGFEEZRV AATET NV EREE L, 2RO EOIRE
K2 T 35 Z L2 X - T, mRNA i OIRERFEEZ /NS L, WX 75
fift « & D WITEEWNT DO RIS DIRERFHEEZRETHZ L2k, BHOEE-ME
PEZAID T Z E 2N L. ZOWERRIE, #Mict v £ &, Journal of
Theoretical Biology (233 L7= (2005 ).

TS OEEMEHT OFER, BEICAONDEFARISHRD S SERFHIL, VA LEeR
ECTERTE D LI ICHRAIKREZZ T CRIEINTELET VA L LTHRTELLT5%

ZAZBIZELT-.

(j per-gene j)

| PER-N

f
: 1§

mRNA%ﬁgH permRNA ————> PER protein H&‘//WE%@E
1 avyaun"zilfl U XLAOBERK. mRNA (% V"V EHE2ED. 2o X7 EITICE

TLIERBCOBELZNHT S, Z0Lx7 0 — KXy 7RO (HEKED) 38T 6D
FFNY ZALEZEDRLT VDK LT, —7DOKEDO G (JKEARHE) XA W ERN Y X%

(EUESERAN

A4 2N —=TKE g ime o
Oomo o
s 30
=)
£
. |
: 15 [ 75?/3:&55 .Eélnnni
E \ B 00 O 4
0 S \ { \
0 6 12 0 1
per-mRNA, nM ﬁ@fljfﬁ
M2 mRNAEELZ A7 EEEDY I v b M3 SCEkE (RF). val—F—0
A 7. WIS (AB &) I2Xk 5 ME—nEil i (- aluA, £ ghHE) &G
HASEPURT 5. NEBELTNWD Z L ERT.
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(IF15mX)

Theoretical study on the conflict and the antagonistic coevolution between organisms

(Mo 7Y 7 b EEsiry b o #imrIarse)

IR ZER e B2 I A K
X MW OE K F

AT E DR WESR O T HRIIKIC & o TITE R, ABEEAN S L < IITERBFIICEREEICHE IS T < ol 722 I b
LC& 7, BEOEMITAEMIIR L TIHEFICREREEL KITTH, AWAE D EMOEMITL >To T8E] O—>
Thd, Bl IXFEE LEFOBRICA OIS X512, BEOAEMTEPHAICEEL LT LEW R bk L TWHR
37222, 2O X577 m AT & REZI TV D FHTIR RIS FAEEWITEY OMEABIC R U CIEFICEE
HEE S T D, EEIAERTFEEZET 2 X 5L, —HRBEERSHEEMIIEEOH N 2T B 5 X 5
LT %, ROLEMRBUC L D & PERE E0WFRIR 22 & OFAEEOFR V) LRND 20BN 7218 E0 ik
HIIE T D L E X BTV 5 (Hamilton 1980)

O &S e AERITRIRR - i ERE T T BEERFORTH R b, Mila L MR EEE T L ol Tl
Z % =7 U 2 ME intragenomic confrict” & FEIEN TV D, 2T, KX TlL, W0 s ) 2N= 7Y 7 N LAY
Ml Z 2P EERO 21220 TTF—~v &2 21 Tin Uiz, B— 3 Tk, EIEXE Physarum Polycepharum DA VE
AFERE TR OGN D hary RUT#EETFHEOa 7 U 7 M2 Lo TE 2 2 MIE B TR O BAMEN M & | 3 FELL E
DOMDOHELIZTONWTH L D, £7-. 5 FETiE, gene-for-gene system (G F G AT L) LI MM O R ERGIME
B LHIRAROFIRVER R 7 O BRI H LRI & 18 B O 5 HLHH BAERIC X 2 BRI O % 5 8 L 7 E D
REBBRIZOWTH L5,

B—E  EEMEICIT 2 M REREDERIEMDE/L

HIEREICITHEHORE T A — oL | ZRORHEE L TTE 2EHOMRRH 5, BERFTHLIMET A —
WCIZEOBESNH Y, oG T (matA) BNEELTW5D, EMEHMEOBEAMEICIE, 2 b2y N 7 oEEICHE

BRI ZNER BIRY B 0 BEA T IL L 0 BIENL OBAR 2 R OBUMB T2 DDA I ha v R T 2%k <, RE T
I by R TR T OB O CERARIEN BRI T 2R I 6 2N L,

ARFFETHE n B8 OEARERF & MIERENH Z 72— RS2 mEOXBIEFEZREL T2 ODETVEE 2T,
B1OETNTIE, BEEOBIZ 2 DORME T ORF Sl EREMHIGRE 7 (CUF, MfilEE 1) 1Cko T witRiciseE
ENDMPAENRE SN D, 2O DOEMET OESHHIES T- 2N 872

AU OB WER 7 B RO M E DIRE A LT 5, F

0.3 S1
2. W UHMERET 2B oBa N oME MM EEs 5 gtz
(heteroplasmy), = D&, MKEM O =7V 27 FORDHEAT gmw -
DRI ENE a 721 T35 &9 % (heteroplamsic depression), ¥ = L " 0‘:: -
—3 a VORER, FEATUTHE A ZRENEE T 23504 LTV S0RTE 1006 2000 300030305300
MDHHFE LTS, 1 DOEERE H—OMElR 728 56 2R8I 1 : B0 1108 HEEAM 1 N O HIE T

WL (K1), AR OBEMEM A KL Lic, £z, ZEMOMREHT (S1,82,83) DL
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DFER, TR F & IHEEF 2358 < B L TV DR DBRIBIEN D3R T 5 2 & B3R &7, & 2 DT VTR
WELH ZAE L7 & 0 BRI RET NV Th 2, FEUBFI13 A & OFBRACSNHE > TA F /MBI L5 A C oM EEIE D
RELEAHATFOI Fay R T7BETOREDNRZITO &£72, 2OHAICBNTH . #ERICHIE R R T Ol o
LAEWERET, ABBIE AT 5 & 9 e ifikBls| oM AE b NEFPICED X 5 Itk L7z,

BE  FRERSE L FEEYETREREO L EENRE
B SRR © & DRIV RAT L, A O BRGUMER R 1P
V3B 53 2 R EURSOS  (hypersensitive response) &\ 9 F A%
OB 22D =) VX = F-OREBEEILT EERKTH 5.
ZOX DA AN EEFEROE R T O R G BRI
gene-for-gene system (Flor 1942) & MEFN T2 (X 3), AHF5E
TIHZIDGFG YAT A ITHEDNT, xR SEIH
JEE & TR 2 BRIEER AR (R — /38— L — ) O BLZ FLIE L,
B % e KIZT D & 9 7R A MEMOIEM FIEICOWTEEET
b (SIR ETV) & HAWTHNT 21T o7,
F9. 1BETEOET BN T, IR R b SR A
I FEIR SRR LA R SRR AR O (R B Bh BB DT 21T - 72,
ZOfER, TR Z BREEA T 5 LIRFEMER RO RITIC &
DINEIE N Z - T LTz, DY, IRE 2 R/NST 2 PR
A N DOEGEEANEPFET D (K 3), T O i B AL 35 R
AR DWRATRIMEIC =B L, P O LA RO OIS L LT
M ENTED, Lo TREEO RO Z3HIIT 25 2 & ChafE
(RIS & BARIGIC R B 2 L N TE B, £ EEOBIEREY (o)
OIPIMED R TS HOIWPIIERE T2 5 L T 508, il
THEDOGE GV AT A R LIEHAICBVNTHIZIE 1#ET
JEDET N INDFHITAERDELY LD, & HICEBURTFDHRT
FRARDWAT 2B < T2 iid, ZEIEHUER R N OEE 78 A%
BT S D B SRR O TRAFIC K o CTHEPLARR I 9 % R U
HHEALDOREEZB S LWV AVT T VBAHTH D Z ¥ b

-7,
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(lEEmx0)

M CEE

Which strategy the organism’s defense system
should adopt? Mathematical approaches from the
perspective of the optimal control.

EM OB Y AT KL E ORI A RS &, Kl
HIAE D B8 D> & D BRI AR

JUIH K 52 B 25 o A W o B I
WELAEY SRR D3 ARG R

AT L ST AR W K, WRE. Bk
NOBEEESFHI LR, AmEMET S ECEER
gD —>Th D, P L gEdEOMEE L
THHIZLFREAHTHY, ZETEZLLDET
LA BT E T,

Segel & Bar-0r (1999) 1%, 4 A kO EPN THYFA
TOWREES ., TNEPRT D72DITHR A DHRE
VAT ANEETLHMEWE L. FAMNEEEEE
T5 (UHREKICEZDZZ A=V BiHOa X 7)),
ZOfMER/NZT XL HEEMBEOEER 7V 2 — )L
NBEREND] LVIBXHFEFEALLZ®L), I
IR L 2 ETIE R, REMGE NG X
TS (B BEBUEEIS) oW T bk HEE
REZFTHDIN, TNICESOTZEEN 27X
bFEVEALTHZN,

Sesqel & Bar-0r 158949

O tha rode of feedback in promoting conflicling goals of

thea adaptive Imimuna sysiam
J bmvnncdodgy 183, 134214359

&F= L.f' _[II [.I'JJ,LI:.’}+ ﬁ._.ﬂﬁj}.l'r = minimum

[

pathogen chemical

(M1 #A—VLrazxbDbrl—RKF7)

Bof o 27 L AT EIT . [(11H 5 —FBE DB
WMy AT MTHER L, TARZRMITH < 2012
EOLIRBEAr Y a— L ERHTNE )
(Perelson et al., 1976; Segel & Bar-Or, 1999) .

(2] FELH & EHPIHO AR (Clark & Harvell,

1992; Adler & Karban, 1994)., [3] HEE D72 -
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7o B E o BE A A M A b D RGO F R
(Bergmann et al al., 2002; Kurata & Taira, 2000)
WOWTEmARINTELER, Kamix, 2nb
ORI % Segel & Bar-Or (1999) NiEE L7=E X7
ICEDSWTT o T il B i B O BFJE T d 2

H1E T, EEEEFEE. X OEHE
W48 & BF 9 2 A RIMEC O W TR 21T o 7,
ZOoOFEHNRH Y WIREKIOEKEI N KR YR
TANERBT S E TORRENDS -2 DR5#H TR
D%a (B TR0 B RGE (R W) &S0
jE GRWBIED 72 &) BB O (B h 5 /B
a2 MR, BOEOENL YD BV BIE, BTE
DHERAT LI ENLTIRMEICRD, RERD,
FBOBEIZ, BEAAEVAET, BVBELY b0
FHRTENbTh D, TR EXMBMIC, HREKIZED
RPEETICB 2 BB S TR EEHHE &, K%
WIS B2 BGT A ESEMAFHTE 254 (4 :
P~ MCBESnD MBEEICET 008 F T4 =
— & (EHEP#) & Protease Inhibitor (FEE L))
Wik, EFBHOMENFEBEOZN L EL T
H, EHEMERAT SN KRBICRY SR 0VE
bbb, RERLEERL LEE LB AIC
W, B~ B E N A TIEKIZ R D LWV D RTER
B AR 706 Th 5,

E2mETIL, B Z R ORBEAFEA T Y = —
AT D WTIRNT Z 1T o T, B ICEBEE TR EBL & &%
TR & X AT 27BN (RS
¥R &L BIEE o8y ORTERR Z 95 & e RS
ERERTERT LS 2 AN O — RAEZICHER LK,
BEfE 2 2o DITEEFEAT P 2 — VIR D 3 HOD
BEICRON D, [1] T TR A - fFm (2]
TARTHEB A [3] G ATIT W< B0 & A PE - AT
U, B ICHT R E T N TR e S8, RS2 H
BLER CHiE, 2F 0 FHIRICEE S BE. TiF
N D—EEMLEDTICE L, FEAKBIT
MG ) IIREICIT R DRV Elbhol, AET
W, R RICET AERN DT NI REER RS AIC
DUNT RN L7z RN IC K DR A i = o 7o B
RANIEREEOWMFREOLEMD Z ENTE D,
ZO—FTERBEOREREIZ, TOHMHFHEY bbT



PICHERL 5 D Y EOWFE /NS WA ITIE
ETHHER., REVWHEIIETETRT L2 &
DRBEIZR %, TREOHEIIIHFHAE K - AT
BENGEMSND, HERPRHEEREEG. HHRE MK
BEAEhR <25 002),

storage & new production

- |

SIOFBE Sire

X

only
storage

EETE R

only new n, (pathagen)

production

(M2) iz 7 ok EER I (X) &
BEEE R (2)

HEIETIE. E— b a vy &y EHSP) Dk
WA R IC O W TN Lz, < 0EWITEIRIC
BENDERNOEZ X7 BNEME, KIET 5, £h
LOEMITIT, BEELEZ 7 OEEREET S
HSP 3% %, E. coli |ZiX. HSP % AFET D RHKIZ 2
DhLIEPMOENTWAE(Z 4 — K7 +TU— R
ayvitr— Nt T7 44—y aribue—), 74
— R747U—Ray ha—/Z HSP OEEFERF T

H% O D mRNA O RMEELICES X B#T 5
BRET, 74— KXy 7 arybhag— L3 o

BIZESEEHITLIBRKE CTH D, B TEIEICHE
SNFHHESCICHSP AR BEEIRETE D —J07. B

&2 ZIEEED, AREETLITHALY Z
NRIBEOIERER B A KRS 5201 TiERy, Th
EXRBRIC, BEILEMES VT BO IR
WCHESWTHSP AREEZRETE DI L, &k
WIS TS Xy BEMET B £ TIIERERE
NRdHsH, KETIEIHERKO = A M4&d@Ee L,
THHROREFZEI"L"EN" DML —RRET 752 o7,
FROREESNRE VG BICONT LM LI,
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