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TART7 7 rF+—€ (PK) & ATP OUVEEZI 7Y /tEYICERL, STXRILF—(tEYDT
*ART 7TV EBRYT B RISZEFHENICAE T 2BRBEOMRITTH D, TRILF—RFICEVWTEELZEZR
eLTWs, #90YF7IvF+—t (TK) Z0—27THD, BEEY, REEY <L CEMREYGED
ZNZTh—EICATHLTWS,

BRREY TH DBI/E Phytophthora infestans (LT, Pinfestans) (& s MY v HA EHFICFEL,
BIEMRZRWLEEZRITT. Pinfestans ITIF, 2 BHED PK (1 RAAVEIRD 2 RX A VEIEER) HEFEL
THD, MELHYVOVTIVICHUTEEREEZRT ZENRINE (FhFh TKT 8L TK2), &
RENREET 2EMMRE TK ZREL TWaWnZ ehs, TKBEROMEERRAE ZORERORREIE, Fica
BRENRICEN D AREENH 5.

AR TIEET Pinfestans TK1 KU TK2 Zh2hicx U CEHBSEIEREZ TV, B2 BER/TA—%

(ATEEOBEMER « K™ K™ K7 KT, ROBIEEH k. ZRELR. ZOBR BREYIOVFI
VIERITBEMEZRI/INTA—F K™ FTK1 T©034mM , TK2 T0.77mM &b, TK1 OEBEFRMMG
NTK2 KD 2F@Eh>fc. —7A, ATPICHT 28 K" ldZn2Nn 055 mM, 085 mM THo1e. Fic
MEDEMEER (k) ETKI T 98 s', TK2T 189 s'THD, TK2HEMRN XAV EZDED L EE
BINE, RXAVHD OMEERIZIZFFAETHD DD D, RIAEOMEMNE (/K T/K™) &
TK1 T 117mM? - s, TK2 T100mM? - s EtE SN, RXAVHIch ORIEMERTIE TKT A 250 E
B3

RIT, Pinfestans 2 KRAAVEITK2 DR XA 1 (TK2-D1) & RXq > 2 (TK2-D2) =YIDEtL, *
NZNOUIAVESFY MBERZER LD, KXY 1 BRREENERD TR BREEDREICIEES B >
fe. =, RAXAY 2T, K™D 1.01mM , KT H446 MM ERES N, TOfE%Z 2 KA VEEESR TK2
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EHBRT B EHFIC ATP ICR T 2HAMEN S FET L TWe, £z, TK2-D2 OfEE# & fE SR IEFn+h
518'RU25mM?-s'THD, TK2ZDZFNZN37HD 1 RT405D 1 IETLTW 2D EHS,
R VEICHEEERAIFEL, ZNHIMEMNREZSHTVNS, IRHDE2 RAS VR TK ICHBEENEEYT
HOREMENTREEIND. i, BEfenic TK2-D2 BRIETEENMELS, 4CTHREL TH 12 KARICIEZD
SEENBINRICETLTED, RAAY 2 BMTREENICARLE THD I ENFRINS.

INFTICHMESNTVBRRIZ 2 RAA VB PKBER, RUBB SN R X1 Y ORETERH S HBERICH
Wid2&, 011V XY F v U Anthopleura japonica® 2 KA A VBEIAK [ZEWTDH, KA VIR
BHEEERANFEL, TOER A ZBARSE2RVBEMENEL TWS LRI NS, TOEEERE LT,
R XA > DEFMEPALICEET 5 Arg122 (RX14> 1) & Aspd08 (RX1>2) BDA A ViEEHEEL T
W2 ATREMED 2.

Abstract

Phosphagen kinases are enzymes that catalyze the reversible transfer of the gamma phosphoryl
group of ATP to naturally occurring guanidino compounds, yielding ADP and a phosphorylated
guanidine referred to as a phosphagen. The PK reaction has a key role in temporal and spatial ATP
buffering systems in cells to maintain effective energy flow. Taurocyanine kinase (TK) is one of the
PKs, and is distributed in some species of annelids, flatworms, and unicellular organisms.

Phytophthora infestans (hereinafter referred to as P infestans), a unicellular organism, infests
tomatoes and potatoes and causes great damage to crops. P. infestans contains two types of PKs
(one-domain and two-domain enzymes: TK1 and TK2, respectively), both of which show substrate
specificity for taurocyanine. Since plant cells do not express TK usually, elucidation of the function
of the TK enzyme and development of its inhibitors may lead to new measures against the disease.

In this study, we first measured the enzyme activity of P. infestans TK1 and TK2, and determined
the complete parameters (four dissociation constants: K., K., K™, K", and the catalytic constant
k). The K™, showing the affinity for the enzyme and taurocyamine in the presence of ATP, was
0.34 mM for TK1 and 0.77 mM for TK2. On the other hand, the K*", was 0.55 mM and 0.85 mM,
respectively. The catalytic constants (k..) were calculated to be 98 s for TK1 and 189 s for TK2.
Considering that TK2 contains two active domains, the catalytic constants per domain are almost the
same. In addition, the catalytic efficiency (ke./K.""/K.™) is estimated to be 117 mM? . s for TK1 and
100 mM? - s for TK2, suggesting that the catalytic efficiency of the former (per domain) is
approximateky twice that of TK2.

Next, domain 1 and 2 of P. infestans 2-domain enzyme, TK2-D1 and TK2-D2, respectively, were
separated and the recombinant enzymes were expressed. The expression level of TK2-D1 was
extremely low and the enzyme activity was not measured. On the other hand, the K™ and K" of
TK2-D2 was determined to be 1.01 mM and 4.46 mM, respectively. Compared with the native two-
domain TK2, the affinity for ATP was reduced by 5 times. The catalytic constant and catalytic



efficiency of TK2-D2 were remarkably reduced: 5.1 s’ and 2.5 mM? - s, respectively, which were
1/37 and 1/40 that of two-domain TK2, respectively. This suggests that there exists cooperativity,
which enhances the catalytic efficiency, between the two domains. Moreover, the isolated TK2-D2
was structurally unstable, and its activity was decreased largely after 12 hours storage at 4 ° C.
Comparison of the catalytic constants from the various two-domain PK enzymes suggested that a
clear cooperativity between the domains was found only in the two-domain AK of the sea anemone
Anthopleura japonica. In this case, one of the key residues responsible for the cooperativity might

be the ionic bond between Arg122 (domain 1) and Asp408 (domain 2).

Frim

TART77TrF+—€ (PK) & ATP OUVEBEZI 7=V /(LEYICEREL, STXRILF—(tEYDT
*A AT 7T VEBRT B RISZEFHENICAIE Y 2BRFEORINTH D, i ATP OFENSWRROTRILF
—RBICEWTEELRBZ%ZLTWS (Morrison, 1973 ;Ellington, 2001). PK &, #ERET3EEDEWNIC
&0, ZIFZoF+—E (AK), JLT7FrF+—€, AV IV vx+—¥, §70YT7 IV F+—t (TK),
JUAVFIVHRFI—E, I\ARYVAITIVFF—€, I vFF—€ ATV rFF—EHICHE
23 (van Thoai, 1968; Watts,1971; Suzuki et al., 1997b; Ellington & Suzuki, 2006).

BRI TH DEIRE Phytophthora infestans (LUF, P infestans) ICIE 28Oy OV 7 IV +F
—t (HFE 40kDa DR TF REHN 55 5BEE TK] &, ZOFEOHTFE80kDa =D 2 KX+ VEITK2)
MNEET S (Udaetal,2013). cnNS5O TK DY 7=V / EBORHICE L S GS 88D 7 I /B (Suzuki
etal, 1997b) (&, REBPDOTKDHD LIRS ELZ>THED (Udaetal,2013; Tanakaetal, 2011),
MEREFY VOV 7 IVICH T 2EEREEZTHMIICER U EDDFREBOBIN SO > TWD,

BIRE P infestans FABDAEFBICHEER MY MY v 1 EZEOREYICHEUVREGBEEERIFI L
h5, ZONKEBRROFEE SN TWS, BRENBEIZEYE TK ZHREL TWRWI ENS, BRE
D TK BER DHERERERE & Z DIEEFI ORI, FTcRBRRENRICEN A REENE .

KK T, P infestans TK1, TK2 OFMLBERFHEAEZTL, TEBEREE/NNTA—F—ZREL
fo. RIT, 2 RAAVEITK2 O R X+ VEREERPEREEDHREZHANSBHNS, TODRAA V%
DEEL T, TNTNOEGFEHKBANT Y —ICHAAAL. RAAY TIZDWTIEFKIRI RO TH BER/Z
A= DREICEEESBEN D, RAAYV2ICDVWTIERE TSI ENTER, T, TNETD2RXTY
BPKBROT—FZHIEL, ZORAERRICDESD)FRNEREERL

mRlE A&

TK1 8LV TK2 07 AO—>id, I TICEBER 72 XX K pET-30b @ Ndel / EcoRI ¥+ M THHAAEN
TWsHDZAWe (Uda et al, 2013). TK2Z DRXA > 1 ERXAY2D78IE TK2 70— Z#H8IC
PCRICEDTTofc. MRAA > &S 5IIC Ndel ¥ h%&, 3llC His-tag & EcoRI ¥ k& INT 2 LS55
U7z, #B18(CI1E KOD* Neo DNA Polymerase ZFWe, KX >z O—>{b LTk, BERIICTS—
MR > TWEREWZ & xRN DT,



INSORBIZAZIRZAVWTKBE BL-21 Z 7Y RXT7+x—AL, 05 mM IPTG =FET, 16-25°C,
24-4A8 BREIRERELTY AV EF Y MNBERERE I U, FRABREIGBERICK DMEEHEEL, His-tag
LY v EF Y hERIF, NENTA resin ZRWe P 74 =27« VAR KNI S 71 —ICL > TR LT

(Uda et al., 2013). EBREE (L ProtParam (http://web.expasy.org/protparam/) %f#E\, 7= /EEHER

(6 x His-tag &%) HS#EEINZE (280 nm OIRFAEEH 0.954 OFFIC 1 mg/ml) ZRAWTRE L.

PK OIEERIS (74X 7 70 VERAR) | BEESRYE S VY LA —F —RIGRERIC L > THEAS N
% (Morrison and James, 1965). TK OBERFMHAIER, 25CICEVT, ZORBICEILEVERFF—E,
IERBKREBEROREZE Y V73, &EHIC NADH A NADICZE{L T B Rit%Z 340 nm TEHFL TRE L

(Morrison and James, 1965). CORISOILRE (v) &, 2BEOERBEERE (ATP XYY VOV FIY)
ESBBOER/\TAXA—FICLDUTOXTERIND.

Vmax
KélTP . KTau KATP KTau
La a

[TaulaTP] T TATP] * Tau]

v =

+1

Tau Tau — jr ATP ATP
Kia /Ka - Kia /Ka

Vinax = keaelEol

KIEHS5—HOEBDHFEETICHIT2UZEBEDORETEY, AIZES5—ADEBEDIEFE McHITS
LUBREEORBMER, hald VD OSFHESNIMETRTHS. Kc, BLRIRISICAWCEREETHS. —
BEERERICE T2 L 5BREO/INIX—Y (4BEOBBER K™ K™ K", KRG k) ZRDBD T
HIT, TKTIEBEWTIE 64BN DEBZEEERE (FNFNOEBERE THIZIC 3EHAIE  #RAIES 192), TK2

EEWTIE 728D DERLGZEERE (TNFNOEBERE M 3ERIE  MRAIER 216), TK2-D2 &
WTIF 48 BY DERBBZEERE (ZNTNOEERE THIIC2ERIE  #AER 96) Ic8WTBRRILE
BIEL (Figure 1-3), ZNZENOHEENH S SigmaPlot12 £7zid Dr. R. Viola Ic & > TEh iz Enzyme
kinetics Programs, ver.2.0 ZFWT, S5BED/NTXA—FEZEH Uz, H, T TEHRU kuld, —DFH
eh OMBEERTHD, —DFITEERCIN 2EFAFET %2 KX VEBROBE, k.l ZETNETNDORXA
VOEOFELTRES SN 3.

X

DIlTl
Nt

BR
P. infestansTK1 B#5&(&, KEBE 2 O—>% 0.5 MM IPTG F4 T, 20°C T 24 RERIEZFE%R U iER,
AAMEDEICKEBICRIRT 2N TE . —A, P infestans TK2 Bk, BIZICLERNTREEN DN >
feh, 05 mM IPTGHEET, 25°C T24 HERRFEEZ T 2 TERAEICRERTAGEDOY AVESF Y
BRERDIENTE .
P. infestansTK2 D KX > 184 (TK2-D1) &, 05 mMIPTGE#E T, 16-25°C T48 HEREFEL
eh, RRENMBD TOLRKBRBFEOAEICEES KL >fc. KXY 289 (TK2-D2) &, 0.5 mMIPTG



FHET, 16C TA8KMEARRFEL, BREMDAEICRTDBEDOYIVESFY NERERD I ENTER
(Fig. 1).

75 kDa
50 kDa
R ———
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-
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M 1 2 3 4 5

Fig.1 P infestansTK2 D RAA Y 2 OHER EH (SDS-PAGE) .M : ¥Y—h—%V/XUE, 1 KBS E, 2 :
TAMDE, 3 :7742F4—NSLKERELD, 4 :50mM A 5V —)LBEAE, 5:100mM -« 245V —/LBHS
B, BREFEAERIABESOY IV EFY NERZAWTITOI.

FI7AZT4VAOXRNI T 71 —lCEDRBESI N TK2-D2 VAV EF Y NBERDFENEEZ, V7=V /&
YML-ZILX=Zy, JL7FY, JUIAVYTIY, 99OV FIVERBWCGRELLETZ S, P infestans TKI
RO TK2 £k (Udaetal, 2013), VAV T7IVICOHIERIGEEZRUL.

P infestansTK1 XU TK2 OFERI 2f@ED Y AV EF Y MEREZRAWT, SHlLBREEIEETVL (Fig.
2), TEBERZERICOTLB/INTA—Y—ZRELK (Table 1). ZO#RRE, BREEBIIVOVTIVOH
MEEERT K™ IETKI ©0.34 mM, TK2 TO.77 mM ERESh, BIEOEERNUENERELD 2Z5H
S>fe. —7A, ATPICRT 28K AT IEZn2h 055mM, 0.85 MM TH D, KEIFEbSHAN >, £
feMEDEIFES (ko) 1ETK1 T 98 s', TK2T 189 s'THD, TK2HEERAA Y EZDED L%
ERI UL, RAMVHTh OMBEERIZFERFTH D &P D, —F, TEDAENE (ha/ KT/ K™)
FTKI T 117mM?- s, TK2 T100mM?-s' E5tEE N, RXA vz b OIEMNETIE TK1 A2 fZLL
tEh ot

Table 1 Kinetic parameters of TKs from P. infestans and P. sojae

Vmax Ka™ Kia™ Ka'™ Kia"™ kcat Keatka ™ /Kia™
Source Enzyme Reference KialKa © ~ ,',a
[umoles/min‘mg] [mM] [mM] [mM] [mM] [1s] [mM*-s7]
Phytophthora K1 This work 146.72 £ 5.40 0.34£0.03 1.51£0.31 055£0.09  243£036  97.80+3.60 44 17
infestans
TK2 141.74 £ 4.15 0.77 £ 0.07 2.36 £ 0.33 0.85+0.089  2.60+0.37 188.9 £ 5.53 3 100
TK2-D2 7.61+1.61 1.01 £ 0.56 0.67 +0.30 4.46 +1.49 3.00 2.1 5.07+1.05 0.6 25
Phytophthora sojae K1 Palmer et al. (2013) 14115 4.5 0.52 +0.03 0.1£0.02 1.8+0.1 0.35+0.1 94.1£3.0 0.2 522

RIT, TK2Z DRXA> 1 (TK2-D1) & RX+ > 2 (TK2-D2) Z¥IDEEL, ThZno)IvE+y M



REERUED, KXY 1 BHERENMBD THESBREHDOAENTERN >z, —A, RX1>2 (TK2-
D2) TiE, A™HN 101 mM, K TH446 mM ERESIN, 2 RXAVBITK2 LT D& KAV HE|
ICED ATP [C T 2 RMENSFET U (Table 1), &Ffe, TK2-D2 OfEEH & MERFRIFZNEN 5.1
s'RU'25 mM?-s'THD, TK2ZOZNZN3I7T DD 1RV 400D 1 ICIETLTWe, 51, RX1Y
20U AV EFY MERIELZEEINMEL, 4CT5RERICIEEED 87%Ic, 10 BERICIE75%IC, 12 8
BIZICIE BOBICET Uie. 251, BRABRDFRICL > THERDETNESNE. TOLSICRAIY2
B TIMEENICRRETH D ENFEINS.

ZE

P. infestans TK1 & P. sojae TK1 EEBERICS X — 45 DB

BIFRICEWTEAZ P infestans TK1 & TK2 DFRBNBER/NFA—FZHREL, COBENYVOVF I
VIR U TBWEBRERZIF D &&RUIL (Uda et al, 2013). %1z, P infestans DHERIMICERRICE
BYIVOAYTIVNEET R IEBRUEE, TOWRTIE, P infestansTKT & TK2 DELIBEER/T A —F
ERE UL (Table 1),

—7, Palmeret al. (2013)Z, T&IE P. sojae TK1 DERFE/NSGA—F—E2HRELTWS, WED TKI
BRO7 I /B—3EF 4% EE<, Ffe, BRAOY YAV 7 I UHEEREMIY ATP #EEEMIICEb3 73/
BHMETETREINTWS, Tablel IKBFR/\TA—YDOLBZRLUc. SBEOER/\TXA—Y (4788
DREBEER - K™ K™ KT, KT RO Vi (FTeld k) D55, K™, KT RO Vi (ke ICDWTE,
MEFERHR CBEZE > TWeh, K™ E K TIKDWTIE 7-23 F0EVWIR SN,

“HERDERTHZ PKICEWTIE, HEEORBMERDL Kia/Ka NEBREESROBRERNROEFLLS
ENFSNTWS, BECOEIR 1 UETHZIENZWD, NE—HOEENBRICHEAL TWSIRET
&, H5—ADEBHNBERICKDBEENICEETSEEEZRLTWS (Jacobs and Kuby, 1980). Zhid=
fo, BEOHKEREHEERICE\WTEBROIFESENEIT D EHTRBT 5. PK BERIE N KRV C XD
TODOWER A ViEERFS, BIEEECI/ 7Y/ EE, #EIE ATP OFSICB5ELTWS, 8F5<
Kia/Ka BRI EERSICEAT 2HRMRIE, WAL KXY OHEEERAZRLTWSEBDNS.

SEIDIE TIE P, infestans TK1 @ K,/K., [ElZ 4.4, TK2 TIlZ 3.0 THoTfc. TOERISHBEREDE
BESICHI 2EEDRIIFET DEERIND. UL, P sgaeTKT ICEWTIE, 1 ZHh7ARD TES Kia/Ka
B (0.2) BBESINTHD, Palmeretal. (2013) [EZNHEVEFE TK ORI TIFRLWMNERRTWS, L
U P infestans TK1 TIX K/ K. =44 ERES NI ER2BFEZ 2L, MEDEWL, /INTAXA—FEHFED
EWICHEXITZAHEENERI NS, T4b5, Pamer SIEERBFEAEAE (Isothermal Titration
Calorimeter) L&k > T, EBEEBROBERICRET ZENGRAEOELOAN SHEHEHEZELLTWS
DICFH LT, AAETIEZ D PKRIGTHAWSNTWESFE, dhabs TK I METIRIGICE>TELSY
YAy 7 IV vE%E NADH OFACHE EE T 340 nm TEHI A EICE > TAEL TWS,
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Fig.2 P infestansTK1 (A) , TK2 (B) && U TK2-D2 (C) 0¥ VAV FPIVIcHI Z2BREE. cns507—9%
FALy, SigmaPlot12 &> TER/FA—YZRELE. (A) SBEDINTIR - AVFVRISTDOATPEER, L
5, 476, 3.33, 2.86, 1.43, 0.952, 0.476, 0.238, 0.143 mM, (B) ATPEEIF, L£h5, 4.76, 3.33, 2.86,
1.90, 1.43, 0952, 0476, 0.238, 0.119mM, (C) ATPEEI(E, LtH5, 3.81, 3.33, 1.90, 143, 0952, 0476
mM.



2RAA VBRI PKEBRO KA VEICHBREIFEET 50 ?

BE, PKEEZRIE 40kDa DY 7 1=y bS50, BEARKEZEFRZEALTWS I3, Stein
et al. (1990) (&, V>V UAEMRSE Schistosoma mansoni \[CEBEREMUENTIED 74 kDa DRI RFF R
#HEI—R92 PKEGCFNFET DI EZHHTRL, TNDZODFEUEZR DO EZHESMC L. &
ICZDBERIE, #0707 IVICHLTEERZRT ZEMNREIN TK Eahizht (Awama et al, 2008), S.
mansoni DEGRICKBRICEEY VO 7 IUNEFET 2N ESNERATHS. RWT, ILBEHBERFOD
Soga and Yazawa I& 1996 D HAEMZERICEWT, ZHE Pseudocardium sachalinensis O ERREHIC
RURTF REODFEN 80 kDaDTF7ILF=vFF+—t (AK) IEFEITDIIEEHELL. 20k, OB
RD cDNA HRO7 X /BEFINHE SN, COBRNEED AK BLFHEEMEL, T2AEEEMIZ 2
BAED2 RAA VBRI AKBERTH D ENHIBBL R (Suzuki et al,, 1998). BIREZ &I, ZKHAIKEW
T2 RXA VB AKDBOH TIEL D L TWB Z E DD > TWS (Suzuki et al,, 2002; Uda et al., 2008).
—7%, AAAAYFXVF v Anthopleura japonica lICHEWTH 2 KX+ VB AK BRNEZEEEIHh, Z0
cDNA Bi3kD 7 = / BEFINSRES Nz (Suzuki et al., 1997a). BED T IL—7IF, Wk®E Paragonimus
westermani 122 KX+ V8 TK BRENEET 22 & & RUK (Jarila et al, 2009). FBf, MER
Tetrahymena pyriformis iCEWTHEEDEERAK (40 kDa) ITIIAT, 2 RXAVEIAKAEFEET S
EhRE Nz (Okazakietal,2015). ZD&SIC, 2 KX VB PKEERIE, ELORBETCHMICAESED
THED, 22D RXA VEDOHEERVCEREEDOBRMLG E I ICHKS MBEZRRL TWS.

2 RAAVEIPKERD N X VEEEER S HBENEICET 2BRRIGRERNSD 7 7O—FICIE=@EO O
FENHD, [AIZNFNDRAAVZREEUBFER 2 N1 VAIBROBEREHEE LRI SHE, [B]2 KX
VEIBERO—ADRAA VICHGBINGRT I/ BERZEAL, TORXA VOEENFIFEERL TWBEREL
THER2 R VBIBROFERE R T ZHE FUTCI2 RXAVEIBERO R XA VEICET S /BOE
ANZMZBERIC B XA VEOHEEFROEREZRU 57735 TH 3.

[AIOFETIE, 2 RXAVEBERD k. (FCRTEE2BER/INTX—FYEHICL > TEH SN S HEEK
Kool KT IR, BB E Ko/ K79) &, DBES B R AL VOB ELLBL, 2 RX 1 Y EBROD
ANBRICKEFNER XA VEICHEEERNTEET 2 EHEEIND. 2L, SIS KXY OiAEE
M2 RXA VABROPICEM TOWBIREERECFEDSBVWEREL TWS, K IDTETIE, DEES
NI RAA Y OIAHPHRFEEICHENE U CERAE TCERWEENH D, SEOMATH P infestans2 R
AA VB TK DRXA Y TIROVWTETARBRERENFEOSNT, KCBELTLMARICEVNTD, YT
Corbicula japonica2 RAAVEIAK D RAAY 1 EHIRT2HDODORBEL TEHEAENTE Ao o7 [A]
DITETRERBR/NTA—INEHEINTEDERL 52T —IH > TWBDIEE, IOAAYVFYFv I A
Japonica(Tada and Suzuki, 2010), Flk®E P. westermani(Jarilla et al., 2009), 7 & S & X F T. pyriformis

(Okazakietal.,2011) [CDWTTH 3 (Table 2 [A]). ZNEND (ko' +kea?) /| ke ™" MBI, T. pyriformis
AK : 091, A.japonicaAK :0.38, P. westermaniTK : 107 &5tEIhiz. ®->T, 1 KD EBEEICEWE

(0.38) #RLTW3B A. japonica AK2 KX VBIBERICEWTIE, 220 R XA VEICHEEERITFEL,
SEMEFHRICEOHEMENEL TWD AL H S, i, BIENE A/KT/K™ T ZBWCENS S 2O

El ey o L=~ AN
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[BIDFETI, A. japonica (Tada and Suzuki, 2010), ¥V VMRS S. mansoni (Merceron et al.,
2015), ¥ ¥'X Corbicula japonica (Uda et al., 2008), A4 J7> 0D Y 41 Calyptogena kaikoi (Uda
etal,2008) THEUS>ZTF—FHhEBRINTWD (Table 2 [B]). ZNZEND (ko +keat?) | Kowe ™" BN,
A. japonicaAK : 0.31, S mansoniTK : 1.11, C. japonicaAK : 0.80, C. kaikoiAK :0.61 LEtESINf.
ZDBEL, 1EDHEEERIEWE (0.31) ZRULTWS A japonica2 KX+ VB AKBERICEWTIE, 22
DR VEICHEERANFEL, EERRICEDHRMUENEL TWE EHES NS, W, HHRRAEEINE
ken/ KT BV BN S 6 Z DIERIZZE D 52\, C. japonica AK DFERNS(E, TAHD K XA VITHK
MBI /BRERZBAL T (EERSICELZREFEOBMDTHEW Tyr Z Ala ICERS ) 5REE
D kD> TWe (Table 2 [B]).

[CIDFEE A. japonica TDH TN TWSH (Tada and Suzuki, 2010), KX VI Lys = 6 7REE
AT BT ET k™™ k2™ MEIE 0.18 £712D, A. japonica?2 K XA VEIEERTIE, BEMEICK DB A D
BRSNS EREENITIEREL o1
U EDERMNS, A jaoonica? KX VI AK Tld, KX VEBEERICHAET 338 kD LR (HEIE)
NEETBIEIBERTHDEBDbNS.

SEWRRICAW P, infestans 2 XA YBITK &, R S. mansoni* P. westermani @ TK & [3815F
DERNAMEICRES (Uda et al, 2013). 2O TKABRKZRINESHIE, KXY 1OYIVEFY
NERORIRHMEED THEN > e e DICHERERIFESHEAD > e’ UH U, P infestans 2 KX A V8
TK®D k. (188s") NBEELZRXAY 20D k., (5.07s") KDEHTRKEVWZ EHS, ZOBERLEBVGE
MERIAIRENIEH S,

2 RXA VB PK pMgE 2 R 9 BEREER

2 RXA VBID PK BEOMIKEEIX, S mansoniTK (Merceron et al., 2015) & A. japonica AK (Wang
etal,2015) ICDWTRESNTWS, Wang 5D|REICENIE, A japonicaRK D2 DD R XA ViFRWa
AUy IR L DEERE N L FROIFIIMEEZM > TWS, AT, 2 DD RXAVIFEWNCEEERL,
KER/EEBKEREERZBUTCLFERNAA VRBEZLELSETWS. —A, TORX( VEOBEEER
i& S. mansoniTK IZE WTIZBBREICERN 5N TWRW, KA1 VEOEMISIBRMEDORKIRICIIHNETH 5D T,
=B A. japonica AK DERIE ICTFEET 2EEDHFT—HDA A VEEEFRRT 27 3 /BEE, NX1Y
1D Arg122 RUR X1 > 2D Asp408 IT3EB LTz

Table 3 A key ion-pair formed between the two domains of A. japonica 2-domain AK, and the coresponding residues in other two-domain PKs

Sources Enzyme Reference Residue 122 (Domain 1) Residue 408 (Domain 2)
A. japonica AK Suzuki etal.(1997a), Wang et al. (2015) Arg Asp
C. kaikoi AK Uda etal. (2008) Asn Gin
T. pyriformis AK Okazaki etal. (2015) Asp Gin
S. mansoni K Merceron etal. (2015) Asn His
P. westermani K Jarilla et al. (2009) Asp His
P. infestans TK Uda etal. (2013) Glu Met

D2 XA VR PKBRICEITS, IhoDBEREICHEEYTS7 I /M% Table 3 IC/RUT. Table 3 588
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SMREDIC, Arg-Asp 1A YRFE S mansoni* T. pyriformis D2 KX+ VEBRTIHFEEINTES
9, P.westermani2 RXA VB TK TA A ViEEN I es#EatE (Asp-His ; His D pKa LT D pH TD
HEEHEEE) HH2DHTHS. Table 2 hSBWHEMNE RS BERIG A japonica 2 KAA VB AK DA T
HBZE, £ S mansoni* T. pyriformis D 2 KA1 VEBEZRTEREEE RER R X U BEMTEWT
W3 ZEHZETSE (Merceron et al., 2015; Okazaki et al., 2015), Z® Arg-Asp 1 & > R7H\RE4E
DOHEBICR<ED> TWBTREENH S, 5%, Argl122 kU Asp408 07 I /BEEMMEREEL T, HE
HOXKFEEEIHESHICED EBbhb.

ZOMETHW P. infestans 2 KAA VB TK [DWTIE, SEIDFHENBHAED S RN RS Ak
NREINTWEDT, S, IAESORIANEH N X1 BOEMBEIENRREICKRS Z EZHRREFL W,
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