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TARI77oXF—ED GS BB OTI/BRBEBRTFERTOBEE
mRE—, JHARKE
SAMAFET2HAEYR PR ERECFHRE

=

THRIFToXRFT—E(PK) I7I)—ICBTBILT7FoFFT—E (CK) LT ILF=oFF+—E (AK FEBHFEN
NEL TNENEBILTFUOTILXZUICOABEREEERT. LIAH, BEBMICHERETHOVT)IUF
F—E WK K, EREOLITYDUEITTHL, A9V FIY, ZILFXZY, FYad 7L CHBEREEERT.
CDEIIT, LK DEBERHEI XT LIE CK 0 AK ELERBEELMBEL TS, SVEANIE LK IZIEERLLET 7=
C/EBICRIGT AR 1A HS. GS(guanidino specificity) gl Id PK DY 7= /EBEDOFREICESLTEY,
PK DFEFEC &I GS MBI NI TS/ BEEDORIBEZRT V)3V TIF+—€ (GK) [FRELL, CK (X1
BREXE, AK, LK, 29O F7I0FF+—HE (TK), NAREHBAIF7IVFF+—+ (HTK), 77> FF—+ (0K) &
SEREREBERD.

AMETIE, OIIZX LK, 92X ThHA TK, 7V LHA AK, €T5T74922 CK, RUKRV LVERF HTK &#
FHIAW, ThoD GS FEIEIC Ala REEZEB NI —UBALLERAZERLT-. CK, AK, HTK O GS fREIC Ala
FIBREBEBATHIENALTERK), TOEFME (BRESHER keat/Km) [FBFEE D 08% U TICHIMIZETLE. Thid,
AK, CK, HTK TI&, GS fElgi L TOREBEREIRBEILIN, TNZTNOBROEEREENRESNTNSILE
TIELTWS. —A, LK-1A ZEATIE, FREBEOVITYDUICHLT, HERD 23%DFEMNZFL TV AT,
Ala DIEA#E 4 BEFTHEMNSETE, TOEMSX LK-1A EXELMof=. Ff=, BEIBRREWIEIZ, LK-1A V5 LK-
TAETO T BAOCEERKL, BIREFIVASTIVICHLTHERLRREREQEEEFHEFL TV
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7 3% F—+ (taurocyamine kinase: TK), /\A7RZr7 0> 72 &+ —+ (hypotaurocyamine kinase: HTK), A2 J1)
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Abstract
Creatine kinase (CK) and arginine kinase (AK), which belong to the phosphagen kinase (PK) family, have

a high substrate specificity and show enzymatic activity only for the substrate creatine and arginine,
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respectively. However, lombricine kinase (LK) present in annelids exhibits enzymatic activity not only on
the main substrate lombricine but also on taurocyamine, arginine, and glycocyamine. Thus, the substrate
recognition system on the GS region of LK appears to be remarkably relaxed, compared to the cases of CK,
AK and HTK with high specificity. In other words, the GS region has a "plasticity" corresponding to various
guanidino substrates. The GS region in PK enzyme is involved in guanidino substrate recognition, and
each enzyme has a characteristic amino acid deletion: glycocyamine kinase (GK) has no deletion, CK has
one deletion, and AK, LK, taurocyamine kinase (TK), hypotaurocyamine kinase (HTK), opheline kinase
(OK) are deficient in 5 residues.

In order to make clear the role of GS-region, we inserted Ala residues into the GS-regions of LK from
Fisenia foetida, TK Arenicola marina, AK from Natilus pompilius, CK from Danio rerio, and HTK from
Siphonosoma cumanense. When one Ala residue was inserted into the GS region of CK, AK and HTK, its
activity (catalytic efficiency: kcat / Km) was dramatically reduced to less than 1% of that of the wild type.
This shows that the GS region plays a crucial role in substrate recognition in the three enzymes, and that
the GS region is optimized for the recognition of the main substrate in each enzyme. We prepared LK
mutants with one to seven Ala residues insertion in GS region. The results show that irrespective of
number of inserted Ala residues, the activity of the mutants was retained in about 20% of the wild-type for
the substrate lombricine. Interestingly, the activities of the mutants were comparable to that of the wild-

type for the substrate taurocyamine.

1. FiR

THRITFT X FT—E PK) L, M BEFIZBLWTATP DB IRILE—YUBEEZIT 7O /L &8MICERTS
RIGZERHERICAE T SERFETHY, ATPZHETHAMBZFICEVTERLGKREZRLLTLS[1-3].

TJT7=D/EEWICIE, TILX=ZY, JYAL TV, JLTFU ATV, N(READASTIY, OV ISy,
ATV ELRHY, TNENDOIT T /BB LICRIGEMIEST SEBER, 7IL¥=0FF—E (AK), F)aP 7=
UFF—H(CGK), JLT7FoFF+—+H(CK), 2VBIT7IUFF—E (TK), N(REVALTIUFF—+ (HTK), A
DIV FxF—E (LK), A7V FF—HE (OK) BFET H[4-5]. BEHBMIZIE CK DHANFET HH, BEH
M TIX CK [THIZ T, AK, GK, TK, HTK, LK, OK &A%< Ed 6 FED PK ATEEL TULVS[6].

GK: LYEKYWDKVTPNGVTLDKCIQ |TGVDNPGNKFYGKKTGC [VFGDEHSYETFKDFFDRCIEETHH-FKPTDVHPA
CK: MYANLRDKQTPSGFTLDDVIQ [TGVDNPGHPF-IMTVGC |VAGDEETYDVFKELLDPVIEDRHGGYKPTDKHKT
MiTK: IYARLRDKATPSGFTFDQAIQ [CGVDNPGYPH-TKTVGL |VAGDEESYEVFAELFDKI IDDKHGGFKPTDKHKT
TK:  MYEKMYKRVTPNGVTVDKCIQ |PSVDYT————- GKIVGL |VAGDEESYTTFNEIFDAVLDDHHLGFSTTDKHPP
AK: LFEQLKDKKTKFGGSLADCIR [SGCANLD———- SGVGI [YACDPDAYTVFAPVLNKVIQDYHKTSS—-VSHP
HTK: AAKKFKDKKTKLGGTLAHCIK |PGAQFHH-————- LHIGI |YACDPEAYVTFAEVFDKVVADYHGVPSNQPISHP

LK: MYERLYELRTPNGVSIDKCIQ |PSVDNT——— GRITGL [VAGDPESYEVFKELFDAVINEKHGGFGPTDKHPP
30 50 70 84 90

GS-region

Fig.1 Alignment of amino acid sequences around the GS region of PK enzymes (GK, CK, MiTK, TK, AK,
HTK and LK). The 84th residue shaded in yellow is the amino acid involved in the identification of the
guanidino substrate [11, 20]. Although not included in this alignment, the GS region of the OK sequence

has a 5-amino acid deletion, as well as those of LK and TK.



GS (guanidino specificity) #igi(& PK DT 7= /2B ORFICEESLTHY, PK OFFEFHEI &I GS EERNIZ—F
DTI/BRENHBT, 8. Thhd, RFEDKERIT_O/EEEFAT 5B % (AK, TK, HTK, LK, OK) [&X
BHMNSERHIARES CKOXREHRFTT, RENSVWEEZFHATS GK DRIBEHKITIOTH S (Fig1 #5H8). GS faig
&, BT MH = (Limulus polyphemus) AK X0 E' LI A ( Torpedo california) CK M#EmiEEMNS[9, 10], Y 7=/ 8B
#EEIZE1 5 flexible loop LICHFEL TSI EMRICHIBALT-.

LK (XM OZ OEZOBM-DAHFELTEY, U YIZX (Eisenia foetida) LK [EEEBOL TS UEITT
B, AOAYTIY, TILFXZY, JYALTIVICHLERERERT 1,12l BREEMO TK ZELTH, $HETT
ZO/RBITHTHEUEMNRESNTLS[13]. ZOLSIS, BHEWD LK TK [ZIF, CK ® AK [ZIXREohigE
BEREMHOZELLENRONDS.

AHETIE, AK, CK, HTK, TK, LK @ GS fBIRIC Ala ZEFHFALIZEREZERLIZ. ZLT, TOBRENE
#IB5ZLT, GS SEEO 7S/ BRIEHMNEERRBICEDIOILZELEEZHDEIEST-. B, REXTFTHDTI/B
BEFIIIIX LK DELDOZEFEALE-.

2. FHERE

2-1 FEEREFEOES

ETHEERERE, pMAL ROF—(290—Z0 5 SN TV =FN TN DEFERZEHT! 2, KOD'DNA polymerase
% U = Inverse PCRIEIZK > TIERIL1=. t8igS 1= PCR EHIL Dpnl H1EL, T4 DNA polymerase % FL /= DNA
KimDFBIE, B T4 polynucleotide kinase Z AL =) U B&{EZ4To7=. [EUXL7T= DNA JBRICFED Ligation high
(TOYOBO ) %M, 16°CT 90 min HEL TR ITFAT —Sav RibE{To1=. TOREEEZAWVT, aVERV M
JUDH5 0& S RTH—LL, PUEV) U EEL LBagar ET37°C, 16 hHBEREL-. ZEEATSAIRE Cycle
Sequencing i1, ABI PRISM 3100-Avant Genetic Analyzer (Applied Biosystems )& FAULN=E2 B ZHTIZ L UBERHI D
ERE T o1,

2-2YaVEF UMV RV EDRBFELER
EREOHENBERRUVEERBRIL Maltose Binding Protein (MBP) LDRAEA/SVBEELTKIGHE TB-1 hTH
RWEEf-. ABieLi=UarEF 22 0B & Amylose Resin ( New England Biolabs ) ZFAL\f= Batch = CHHEIL
f=. Column Buffer, Elution Buffer [£ Amylose Resin MEBAE(IZHELMERILT-. B DRBEE L SDS-PAGE [2X&Y
Btz AU/ BEREL, 280nm TOWRKEH 0.77 DEEFIZ 1 mg protein/ml THHEL THEEL, MBP (425
kDa) DR EZELEILTEELT:.

2-3 EEREERIE

RBRBZROFEEAEL ELEVESF—EES/T—TFEROXFF—EZFRAV-E B RIERTITo=[4, 14]. C
DAIFEETIE, RIZAIIZNADH AANADTIZZEL T BEED 340nm RIEEDEILZEBITS. [, 2 TOHEIEX 25°C
TiTo1=.

3 WBREER

3-1 GS fRlEA Ala fTINERBERORREBRTHRIE

AW ETIEA I LH A (Natilus pompilius) AK, € TS5 I4v a2 (Danio rerio) CK, AU s ER X (Siphonosoma
cumanense) HTK, 2 Y22 X (Ejsenia foetida) LK, 3 X ThA (Arenicola marina) TK DEREEZE/ERL-. £
VEFUMERIE, AL TAREEMAELTILE—REEE I /NI E (MBP) EDREIV NV BELTKRBEERNT
IS, Amylose Resin ZAWV=7I4=T4VBOINT 57— THREL-. BEREMIC, 2TOEEAIV/VEIIL 1
mM IPTG, 25°C, 20 h DFEBFHTRNALLI-. ZEKL, GS MEEDRIBEGL (Fig1 2SR T AlaZ 1 BREHEA
LIS EICIE 1A 2 BRBALISEICE 2A, 3BREFBALLIGEICIE 3A D&LSICRELL:.



Table 1 Kinetic parameters of wild-type and 1A mutant of AK, CK and HTK.

Substrate Arginine Creatine Taurocyamine
Source Enzyme kcat [1/s] Km [mM] kcat/Km [1/s*mM] kcat [1/s] Km [mM] kcat/Km [1/s*'mM] kcat [1/s] Km [mM] kcat/Km [1/s*mM]
Nautilus AK-WT 2.69 + 0.04 0.45 + 0.03 6.03 + 0.33

AK-1A 0.056 + 0.0007 n.d. n.d.
Danio CK-WT 379 £ 1.71 3.43 + 0.31 11.1 £ 0.57

CK-1A 5.07 + 0.37 58.3 + 3.80 0.087 + 0.001
Siphonosoma ~ HTK-WT 66.33 + 1.57 9.00 * 0.46 7.38 + 0.21

HTK-1A 1.23 + 0.08 54.62 + 3.59 0.023 + 0.001
n.d., not determined.
Table 2 Kinetic parameters of wild-type and mutants of LK and TK.

Substrate Lombricine Taurocyamine Glycocyamine
Source Enzyme kcat [1/s] Km [mM] kcat/Km [1/s*mM] kcat [1/s] Km [mM] kcat/Km [1/s*mM] kcat [1/s] Km [mM] kcat/Km [1/s*mM]
Eisenia LK-WT 70.55 + 1.58 1.27 £ 0.09 55.73 + 3.49 8.67 + 0.20 19.33 £ 1.12 0.45 + 0.02 0.02 * 0.0023 n.d. n.d.

LK-1A 38.21 + 0.89 291 = 0.09 13.20 + 0.15 6.99 + 0.09 21.32 + 1.06 0.33 + 0.02 0.08 + 0.0061 n.d. n.d.

LK-2A 25.69 * 0.69 221 +0.12 11.67 £ 0.32 4.99 + 0.44 13.70 £ 1.01 0.37 + 0.05 0.10 * 0.0047 n.d. n.d.

LK-3A 26.47 + 0.93 2.13 + 0.09 1243 + 0.31 6.53 + 0.07 15.40 + 0.33 0.42 + 0.01 0.16 + 0.0066 n.d. n.d.

LK-4A 21.78 + 1.26 1.98 + 0.12 10.98 + 0.23 9.31 = 0.51 18.84 + 1.47 0.50 + 0.02 0.16 + 0.0050 n.d. n.d.

LK-5A 6.94 + 0.26 19.50 + 0.47 0.36 + 0.01 0.17 + 0.0142 n.d. n.d.

LK-6A 10.67 + 0.33 18.12 + 0.53 0.59 + 0.00 0.15 + 0.0064 n.d. n.d.

LK-7A 4.75 + 0.39 17.17 £ 0.90 0.28 + 0.01 0.11 £ 0.0061 n.d. n.d.
Arenicola TK-WT 8.24 £ 0.14 2.67 + 0.08 3.09 £ 0.05

TK-1A 213 + 0.127 n.d. n.d.
Arenicola MiTK-WT 16.35 + 0.14 0.56 + 0.01 29.24 + 0.75 5.424 + 0.088 n.d. n.d.

MiTK-1A 10.52 + 0.34 3.25 + 0.10 3.23 + 0.09 3.844 + 0.175 n.d. n.d.

MiTK-2A 11.53 + 0.77 1.28 + 0.02 9.01 + 0.54 6.438 + 0.069 n.d. n.d.

n.d., notdetermined.



BARBSLUVZRAEROESRTME, AK, CK, HTK [2DW\TIE, FAEFNDTHETHETILE=Y, LT FY,
AR LTIV (BBENARIVASTIVNAFRETHS-HFVASTIVTRA) ITHLT, LKERUY TKIZELT
FarJysy, 2o Ty, Y TIVIZHLTRELE. AERTRHWW-A TSV, O—HRILREEX
(Pheretima sieboldi) E1=1& L LS (Urechis unicinctus) DERNSEIEAA X IOTNT S T4—IZE>THHL
20 THY [15-17], ZOMDOEZIZHLTIEHIROLDERAL .

Ff, ZEAEDFEMNMES, BRNATA—FOEHIREZIBEICIE, 952 mM F 7= /EBERUY 476 mM ATP
FHE T CTORIGEE (V: =mol Pi / (min x mg of protein)) ZAIFEL, €D keat fEZHEHLT-.

3-2 GS fHlg A Ala (TINERFEOERTFY
(1) AK, CK, HTK Rk

LEE3EED 1A MEEBFROTREE (KT HE M (AENETE keat/Km) (X, FFERD 1%L TITHRELT
(Fig.2, Table 1). Ffz, T—RIERLTLELD, ZERGIMOEZ(ICHLTEEEERIGEHF. ThiE, AK, CK,
HTK Tl& GS f8lEl L TOREBFRBMIRBILIN, Th TN OBROEBEFEEI/HIFIATLLSILERELTL
5. i8], HTK [E72/BRECSIAY AK ITiaL, AK BinFOoEIELI-BERTHLHIIEN Mo TLVSH[18].

(A) AK: substrate Arginine

AK-WT

1A | (nd.)

0 2 4 6 8
kcat/Km

(B) HTK: substrate Taurocyamine

HTK-WT -

1A 1 (0.023+0.001)

0 2 4 6 8
kcat/Km

(C) CK: substrate Creatine

\
CK-WT =

1A [|(0.087+0.001)

0 4 kcat/Km 8 12

Fig.2 Comparison of enzyme activity (catalytic efficiency: kcat/Km) of wild-type and 1A mutant of Nautilus
AK, Siphonosoma HTK and Danio CK. (A) Activity of AK wild-type and mutant for the substrate arginine
(n.d., not determined), (B) Activity of HTK wild-type and mutant for the substrate taurocyamine, (C)
Activity of CK wild-type and mutant for the substrate creatine.

(2) LK ZE &
FEETHAHAOUTIDUIZHRLT, LK-1A ZTEEDEMY (kcat/Km) [TEFER D 23.7%I(Z1E T L 1= (Fig.3(A),
Table 2). &5(Z, LK-2A, -3A, 4A ZEADFEELFERD 20% 2 EDFEEEZHFELTEY, GS fEEAA~D Alad
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BEFTOHRADEEII—ETHYBRENTHof=. ZOK3IZ, LK O GS FBEAD Ala EALERIKI(E, GS fEEIC
1 7I/BEREBAICIYZDFENZLIET LI AK, HTK, CK(Fig. 2) EIZ &< B E % RLT-.

AYITYSUIERAHIBALTLS PK DEBLLTEIRVEEDKEVD FTHADT, LI REH FOKRES
&GS BEOT7I/ERIEHOBEESENSHIET DL, GS FBEOME (Ala DIFEA) (FZDEHEREUETIESE
FRINTz. LTANERE, LKHIADSAADEERREIHFERD 2BEEDERLTHBLTHEY, LKOBZEIZIE,
GS B DA TIFRERFENRBLINTVENLHEETES.

—7A, £EAHYOVTIVITHLTIE, ERENCEIS, LK-TANS LA-TAETO7RBENERFDL2 TAFERIL
BREDFEMEHIEL TV (Fig3B), Table 2). ThlE, LK O GS fEEUSMNMZZHIOSTIU OREICREHHER
DEATHILETBLTIND. RIRIC, 270 T7IUE2HBLELTRHWS TK BRIE, ChFETICOHEELMIIICI
B, REEY(GS BEDTI/ERIER 5, REZBM (RIEXK 6), IR (RIEHK 5) TELTWLS[19]. —4, &
B TIVICHLTIE, LK ZEEREEHARLYENIEUEEZRLIZ(Table 2).

(A) LK: substrate Lombricine

LK-WT [ —{100)
1A 1(23.7)
2A $(20.9)
3A B(22.3)
AA 3 (19.7)
! 1 #! $! %! &! "l
./012)3

(B) LK: substrate Taurocyamine

LK-WT H (100)
1A [ 7 (73]3)
2A [ i (822)
3Af }(93.3)
aAf = (111.1)
sA 7(80.0)
6A[ B(131.1)
7af h (62.2)
! 1% 'S 'y 1%
67819) :

(C) TK: substrate Taurocyamine

TK-WT [
1A [(n.d)
MITK-WT [ T (100)
1A :l* (11.0)
2A i H-(30.8)
! - #1 4 ! % ! %
/0123) 4

Fig.3 Comparison of enzyme activity (catalytic efficiency: kcat/Km) of wild-type and mutants of Kisenia
LK and Arenicola TK and MiTK. (A) Activity of LK wild-type and mutants for the substrate lombricine,
(B) Activity of LK wild-type and mutants for the substrate taurocyamine, (C) Activity of TK and MiTK

wild-type and mutants for the substrate taurocyamine.



(3) TKZERK

AIXTAAICIE 2 FEEO TKEERER RUSFVRY7E)NEFEL, MzER TK(TK) O GS 8073/ 8
RIBFIISTLK ERLTHSA, SFaVRYTE TKIMITK) DXREHIL CK ERLC1THS (Fig. 1). MiTK D RIEH1
&, COBEFMNILTVRYTE CK(MICK) MOHEILLI=CEE RN TEHS[19]. TK DTI/EEERFIIE LK &D
BUL—BELETRL (TK-LK BT 70%, MiTK-LK T 60%), £f=, TK AT UIZHLTEEEERT ZEND
[12], MEDOEERHMBIINEITHELULTUOSAEEEAHS. T, TK ITHELTH GS fEIENOD Ala (TINER
AEERLT-.

TK-1A ZEREBENTRETRENERICELS, EMGEBREE/NTA—FERET HILETEEM o2 L
ML, COZEERDORSEE(LX, DHEE keat =213 (1/s)UALERTEE SN (Table 2), FFAEE! (8.24) D 25%I12H X
Lt=. COEIEE LK-1A DHD (54%) LB T D&, TK-1AIZHT5 Ala BEADELE (T LK-1 138, BIBAEHET
ZH1=5L1- AK-1A, HTK-1A CK-1A EIFBASAIZELS.

—7A, MITK D 1A RU 2A ZEARDEMH (kcat/Km) (&, FERDZN TN 1M1ARU N%ITH DL COFDEL,
LK ZEAEDEDITHELN.

Ff=, MiCK BIZFHETHD MTK (X, FERRUVEERRICEVWTT YAV TIVICHLTLHLHEEDEEEZR
9 (Table 2). Thld, CK ®° MICK IFEBEHREMHOBVEETHILOD, TOHFLERNT YL TIVITHLTIEE
MEEMERT ZEICHELTLNS[21].

SEOT—42IE, LK 2 TK O GS B E DO E B RHBEN AK O CK [THERDHEELGHEL TS, ELMER
NIXLK O TK D GS fEEICF R LB TF_O/BBICHIGT A A B IAHEILETTIDOTHS. ik, B
EYINT 4 FED PK B3R (GK, TK, LK, OK) WV BIZHL - SELI-FER (6], REREMOTRENEL LK
TK ZDBHENELCI-CELEEBREIEILDTHS.
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