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%EL8 Capitella sp. 32T/ LADEGRSNTHD, ZOBHRMNSDREH 27EE (MREREI NIV RUPR)
DIPZI/)FF—ENFEELTNBRZ EMDD > TWVND. ZOERFERIRESNTULRWLS, PI/BERIIHNSE0
VI yFF—E€ (LK) ORI ERShc. SROME T, Capitella®') IV EF Y MEREAERZAWLT,
ZOFEHZEPRCI DI EZBNIC L. £, ZOFP I /BESICEDE 28 KD DNA AU Iv—%&&5tL, H—/(—
Sy IVRFTYYIY PCRIECKDEGFELEMR L. RIC, COBGFETSRIRICHMAH, KBEANT
JIOVESFY NEBERERIBI UL, BRI His-tag ZBAVWTREL. FIBTE241B0I 7Y /BB (L7 FY,
PILFXZY, JUDIYFPIY, 900V7IYV) ZAVWTEREEREZTo>/ETS3, 900V PIVICDVTOHE
WEMZRURZ. RIC, 133 64 ROEEREICSVWTEHREUHZATEL, TEBER/\SX—9 (4TBEORHTEH
Ka™, Kia™, Ka"", Kia"™", KRU* kcat) Z5H& U, ATP FETOBREEBY DOV PIVOFIMERT/I\SX—F

(K,™) [£1.06 + 0.125 MM TH3 ERESN, COBSBREBIOMRDY IOV PIVFF—F (TK) BROME

(0.881-4.01 mM) £RFETHD, CapitellaBEZR(FETEE UTTKEMZFOZEM DD o, £, §90V 7=
VIZH U TRIEMERT Lisenia LK TlE, ZD Ka™ (& 15.3 mM THD, Capitellatézx (1.06 mM) &bDH 10 fELL
FERAOEIMEN. 2D E&H, Capitella BERD LK TR TK THRZ EDEIEE /D, SEDIERMNS, Capitella
MRRERERE, PI/BEINSFEINTWEOVYITUIYFF—ETEEBRL, P00V FPIVXF—CTHIER
N,

Abstract
The genomic data suggest that two types of guanidino kinases, cytoplasmic form and mitochondrial form, are
present in the polychaete Capitella sp. The derived amino acid sequences of the enzymes have a similarity with

those of lombricine kinases, although the enzyme activity has not been determined. The purpose of this work is
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to identify the substrate specificity of the Capitella cytoplasmic enzyme. In this report, we synthesized the DNA
of Capitella cytoplasmic enzyme with overlap extension PCR, and the recombinant enzyme was expressed in £.
coli. The purified enzyme showed activity only for taurocyamine among the four guanidino substrates, creatine,
arginine, glycocyamine and taurocyamine examined. Based on the measurements under 64 different substrate

ATP

concentrations, full kinetic parameters (4 dissociation constants : Ka™, Kia™, Ka*™, Kia*"", and the catalytic

Tau

constant: kcat) for the Capitella TK enzyme were determined. The Ka™ value, representing the affinity for the
substrate taurocyamine in the presence of ATP, was determined to be 1.06 = 0.125 mM, which is comparable
to those (0.881-4.01 mM) of other annelid TKs from Arenicola and Riftia. On the other hand, Eisenia LK shows

Tau

activity not only for the main substrate lombricine, but also taurocyamine. However, the Ka™ of Eisenia LK is
reported to be 15.31 = 0.75 mM, indicating that Eisenia LK has 10-fold or more weaker affinity than Capitella
enzyme. Thus, the Capitella enzyme is concluded to be taurocyamine kinase (TK), but not lombricine kinase (LK)

as suggested from its amino acid sequence.

iR

IFPZIRFF—¥ (DARTPTVFF—E) (& ATPOUVEEEZI 7 I RtEMICERBESE, ADP &V VEEt
ENEBIRIVF—ITTPZIMEEYM (DART 7T Y) ZERT DRIGETEN(CAET DBERTHD. DBEEREES,
ATP ZZDZ \VEB PR TR AR L THED, MI2RD ATP BEZ—E(CRDOEREIZREZLTLS [Watts, 1971].
I7PZY/FF—EF, ERTDIEEDEWNCKD, ZILFZVFF—F (AK), JL7Fr*+—E (CK), OVIU
YyyxF—t (LK), #90Yy7Ivxr— (TK), JUIVYPIVFF—F (GK), \ARYDOVYPIVFF—¥

(HTK), 3EIV*F—€ (ThaK), A7 TVUVFF—€ (OK) F(cHE=NS [Van Thoai, 1968; Watts,1971;
Suzuki et al., 1997; Ellington & Suzuki, 2006 and 2007]. ZNSDBERDDHICIIRESBEFELH D, BT
CK, ENREMYPEHMAEN TIE AK RERFEAEDHTERDE— U [FDHDBEDERZETD(CH L T[Uda et al.,
2006), BRESMRUZNISAFSEMELC(I LESBEBOBRNILTEENTWVD. LS5, BRESMOREKCEL
TIOPZI/FF—EEEFHNELLSHKIELTVWDDTHD. BEBMANTHI 7Y/ FF—EOFINBIHNR
5N, ZERICH VT LEEERD S 5 6 B (AK, CK, TK, GK, ThaK, OK) 7% L [Van Thoai, 1968; Watts,1971;
Uda & Suzuki, 2007; Suzuki & Furukohri, 1994; Uda et al., 2005a), BELETII LK DA [Suzuki et al., 1997;
Doumen, 2012], —7A, BISBTREIPZY )/ FF—LCORSFRL. RESMISABRL AV T LK [Ellington &
Bush, 2002], ¥ AV$E T HTK [Uda et al., 2005b]D D HH R ESNS.

LEED—& Capitellasp. (3, URUSRIRBERERIBREEOEYE LTHRONTE D3, 1979], 204/ LB
FIHHBALTVND, BR BLEIOHRT, Capitella’s/ LAEFIHNS 2BBOI P Y/ ¥ F—CEZ=idB L, 7= /EEcH)
DR LEOMNENS, FTNOSH LK THBD UM =S UT[Tanaka et al., 2007]. CDIAKTIX, Capitela BiREEY
UIVEFY MNERERRESTT, RRICZOEBRENZREIT D LEZBNETS.

mRERE
Capitella #RREEIO 7 —3 /¥ F—CO7 I /BESIT—9ZEIC, Web EOTOT S A(DNAWorks v3)ZRWLT



28 ARDA U IV —%&KET U, &, AUITVY—1 (C(d Ndel BeFlUAY, U ITY—28 (C(d 6 x His Be5l& EcoRl 25z ft
poLfe. F|EtLIEAVTIY— (B50uM) Z 1 L DDREL, BAYUIV—BEN 625 nM [CBBELSBAUITVY—R
Sk (Template)EEEL U7z,
52D Template Z 1 yL ABLY, 10x KOD* Neo Buffer : 2.5 uL, 2 mM dNTP : 2.5 uL, 25mM MgSO, : 1 uL,
DMSO : 1.25 L, 7K :15.75 uL, KOD*Neo DNA Polymerase : 0.5 uL Z10Z T First PCR {7 o7z. PCR D%t
[FRIERERUTHB[LES, 2018). First PCR E# 1 uL %= Template & LT, 10x KOD* Neo Buffer:2.5 uL, 2 mM
dNTP : 2.5 uL, 25mM MgSO, : 1 yL, DMSO : 1.25 uL, Primer-1:1 uL, Primer-28 : 1 pL, 7K : 13.75 pL,
KOD*Neo DNA Polymerase : 0.5 yL ZH0:Z T Second PCR Z{To7z.
RIZ, Second PCREY (1,100bp) M 3 5KiH(C dA 0L, pGEM-T easy N2 49— (CHFAAL. 1ERES%E
Uk, 1YY —EDNAZYIDEHL, RIBAT SR K pET-30b @ Ndel / EcoRI B < CHEMBZ 72,
CDTSRIRT, KBBEBL-21 Z 35V RTA—AU, Capitella') IV EF Y hER%E, 1 mM IPTG =T, 18°C,
24 BRI, RRABBIBERCKDMaZEL, B His-tag U3V EF Y MERIE, Ni-NTA resin
ZRWEFP 7427400 I ST 4 —[CX>THRRE L.
D7/ FF—LOBRBEAER, 25°CICHNT, RBICEIEVEFF—€, ABRKRERORNZE ) VDS
t, R NADH A" NAD'[CZ{LT DRISICEEZH#Z T, 340 nm T:BHEL7Z[Morrison & James, 1965].

BREER
366 7S /BHSEREINTWS Capitella i8R I 7=y /£ F—B D7 = /#fL5(E, Tanaka et al. (2007)(C
2L T#HS. Overlap extension PCR [CK D, ZDEEZED DNA (9 1,100 bp) =&AL L7, First PCR & U Second PCR
DIER% Figure 1 [ZRU7=. 1,100 bp @ DNA Z#E U T 3" KiK(C dA [FH0Z1TR o7z, pGEM [c2D—=VJL,
EYRIEREII 2R DO 0—VEETE U, S5IC, 4V — K DNA %Z pET X945 —0 Ndel / Hindlll T ~[ZHBH
AATE, BE, ZDDNABSICERNME > TLWRWT & =R UL,

1,650 bp
1,000 bp

M 1 2

Figure 1 Overlap extension PCR O#£R. M: Marker DNA, 1 : First PCR, 2 : Second PCR. XEN(d 1100 pb @ DNA %Z/RY.

PET RO 5 —(CHEMAATHBRER I 7 —Y / £+ —+t (CKIC His-tag Zf110) EEFZEARBE BL21 KhpTRIRE
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7. VIVEFYRERE, 1.0mMIPTG, 18°CT 24 FEDEG T CUBAMBRIRDHEL < B5N, BEK(d His-tag
ZRWEP 74 ZT 4 DS ATRE L. BROZNZTNOERME® SDS-PAGE % Figure 2 [C7RY. L—Y 5 DB R%,
BEREHEAECAWE.

M 1 2 3 4 5 6

Figure 2 Capitella BIRER I 7 =Y /) xF—EOFEELBR O SDS-PAGE. 1 : TAMEY, 2 : /AMES, 3 : 20 mM Imidazole
BEHE, 4: 50 mM Imidazole BE D ®E, 5: 100 mM Imidazole BEHB (EAULEEER), 6 : 150 mM Imidazole AEDE. &
ENlE D FE 42 kDa =R 7.

BRENICUIVEFY NERE, BRULABEOREE (OLFPFY, PIL¥FZY, JUIYPIY, §90V7P=
VI BREEF 476 mM) D55, 990V PIVICEVWTOMEREEERL, TNLACH UL TEL SERERS
Bhofe. ®oT, BENIC, CapitellaiBiRB@R0 7 =Y/ x+—CREYDOVYFPIVFF—F (TK) L.

PV /)FF—LOERR (FZART7TVERAR) &, ZEESRFES VY LA —H —RIGRERICK > T
BA=n B ([Morrison & James, 1965]. CORIGOIRE (v) (3, 2ERORERE (ATPRUCIFP_I/EE (CZ
Tl& Taurocyamine)) & 5TEBOER/(S A=Y CLXDUTORTEREIND.

v= Vmax
KélTP . Kifzau N KaqTP + Kc’{au ‘1
[Taul[ATP] = [ATP] = [Tau]

Tau , )y ATP _ ATP | Tau
Ka Kia - Ka Kia

Vmax = kcat[EO]

ZZT, KalZB5—ADEBDHFETICH T2 UZEBORMTEL, KiaFdS5—H0EBEDHFEFCHITDLUZES
DFRBEH, keat & Vmax HSHEINIMBEEHTH 2. EIRIGICAVWVEEREETHD. —EERERICHTZ L
SESEED/INSA—% (ATEEORHER : Ka™, Kia™, Ka'", Kia"", kU kcat) Zk&HD7HIC, 6 4BDDELKD
BEEERECHVWTEERRIGZAREL (Figure3), ZNZNOYRENS SigmaPlot12 ZAWT, S5BED/ISXA—9%
BHUE. COEREIOMEDIRL, ENZNORENS/ICSX—5 (Exp.1, Exp.2, Exp.3 in Table 1) Z5tELE.
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BonkISA—YRBICE, 2EREOERNRSNE. CORSTE, ROREODVRBRUVER/I(SX—9tY K~ (Exp.2
in Table 1) =AU,
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Figure 3 Capite/laREMIT 7 _I /FF—EDIV0IYPIVICHT I2BREN. 64 RORLIEERECS VW TERTEEAE
L7c (Exp.2). 8BEDINIVR - XVTVREBERISTD ATPEER, £H5, 4.76, 2.38, 1.19, 0.714, 0.595, 0.476,
0.357, 0.238 mM T%H 3. B%/(S5X—7% (3 SigmaPlot12 ZfE>TEE L.

Table 1 ([Z, SEOHRTRE UIcLELRR Capitella {BRAEE TK DBER/I\SA—F &, TTICRESNTVDILER
Arenicola TK & MITK (ffeBR e IV RUPE), RBFa1—TD—A Riftla MiTK (T RIVRUTPE), RUE
FHE Lisenia LK OEBY DOV TP IVICHTBER/INSA—FI =B L. &, VIVEFY NEROBREDZOHIC,
Capitella TK Tl& His-tag &, ZNUADERTIE MBP(VIL~—REEEHY VIO E)-tag EFEA LTV,

KT ATPEFETICHITDYDOIPIVICHTDHNME (Ka™) ZHEIT DL, CapitellaTK TIEF 1.06 mM (Exp.2
inTable 1) TH D, ZDIERE ULERERD ArenicolaMiTK (0.881 mM) ERIFEHZY ZENTED. K, Arenicola
HBRRER TK ¥ Riftia MiTK OfEld, 700V P I VICHUTKIDEVERNE (ZFNEN 4.01 mM kU212 mM) =
RUTWBZ END, CapitellaBR(GBARICHY DOV P IVFF—E (TK) THREIERTES.

Fe, 9O0VPIVICRUTEEEEETRT Eisenia LK TlE, ZD Ka™ (& 15.3 mM TH D, CapitellatEz (1.06 mM)
KOH 10 EUEHRAOUENMEL (Table 1). 2D EH, Capitella BHRD TK THD I EDELERS.



Table 1 #90Y7PIVICHUTERERT I P I/ FF—EOBR/I\SA—YOLR. MITK: S,V RUPERTK ZnLAOERSHBIZEE.

Sources Reference Enzyme Tag  Kcat (1/S) PR (mM) KA (mM) [[all (mM) KA (mM)  Kia/Ksg
Polychaete  Capitella sp. TK This work  Exp.1 6xHis 1.23 £0.026 0.64 + 0.058 7.93 £1.37 0.23 £ 0.034 2.84 £ 0.31 12.39
Exp.2 6xHis 2.57 +0.093 1.06 + 0.125 5.83 £ 1.02 0.57 +0.085 3.16 £ 0.44 5.50
Exp.3 6xHis 1.34 £ 0.062 1.06 + 0.169 9.31 £3.32 0.27 £ 0.085 238+ 045 8.78
Riftia pachyptila MiTK Uda et al. (2005c) MBP 2.12 + 0.459
Arenicola brasiliensis TK Uda et al. (2005c) MBP 4.01 £ 0.418
Arenicola brasiliensis MiTK ~ Tanaka et al. (2011) MBP 0.881 + 0.085
Oligochete Eisenia foetida LK Tanaka et al. (2004) MBP 7.28 £0.45 15.31 £ 0.75 81.79 +7.97 0.29 + 0.056 1.67 + 0.33 5.34
SREES VY L©EEO _EEERRIGICE TS Kia/Ka fEld, —ADOREEDRE(CK > THADEEREHFESN
PEBL (BEREOBFEDR) 2xd. J7I/FF—LLENTE, BE, COER1 IOKEL, RYNOEED

EEIMA DEBERSZRET DI EERULTWD. Capitella TK BERICHWTIE, ZDfE(F 5.50 (Exp.2 in Table 1)
THD, BUVMEEMNRNMER=NS.

LIIOHRTIIEBIE, 7= /BESORGE LT Capitella 8BRS ArenicolaTK ¥ RiftiaTK D0 529 —TIFa<
Eisenia LK BEDNEEND I SRY—[CEFTN TV EZIRRLC, COBREOVITUIYFF—F (LK) OTJREMED
@\ & Urz[Tanaka et al., 2007]). iz, 97 =Y/ FF—COEBRH(CE, GSM@igE 5 MNDI 7y / EER
B/ BHAEETH DI ENDOH > TWLBH[Suzuki et al., 1997; Tanaka & Suzuki, 2004], S0, Capitella B D

= BEHIESHBICHRST L/oER, GS BlEkU 95 D7 /BIE LKE (ZnZh, 5 REXREBRKRU Lys) TH-
fe. LHUEDS, SEDWRTHSMTE 272K (S, Capitella BERIE, D TKBRERFRY OOV TP IVICHT
2RV (Ka™ =1.06 mM) ZR>TW3 (Table 1). Capitella BRICDWTIE, RiFRT, EEOYIUYY
DAFHLE L WZHICZD Ka BIEICE>TLVRWL. LHL, Esenia LK OEFEBEOVIUYYRUBIEESY DOV 7=
VD KafE (FNFN, 5.33 mM kU 15.31 mM) [Tanaka et al., 20041hS¥Iig D&, Capitella BZH, %90
YPZY (1.06 mM) #BZZBV\RIIEZDY T Y VI U TRI TREEEBR D 78 <{EL.

Capitella B#3=D 7 =/ BEFIN LK CRBBLLTVWBRDI(C, EFREY DOV PIVTHE S LIFHZ5<HEET
H3. N LKETKEDI 7 ZY /EEREN K OIHRBF I/ BEEOBIRICK >TERULSBZEZTRELT
Wa. &7z, TKEXRE, REESLULTERESEY(Uda et al., 2013; Palmer et al., 2013]RE&Jarilla et al.,
2009]ICHVWTHIZICHBIR LU TWBRZ EAEZRBT DL, J7P Y/ FF—EBERBEICHWVWTE, Y90V 7PIVICHTS
BEERENHOERIL— I ZIKRTHD BN,

EE
ZORED—BIS, BARIMRESNIAREMEISOR (ER (C) 16K07151) [C&LbiThN.
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