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BAEEDKIE 80~300 m [CHAMITHRBEMOERY T, 7HAY2 D, AT, EE/OHUTD RNA
D—OIVADFERIZEY, ETOREII2EEOT7ILF_oXFT—EEEF (AKI, AKR)EFHBEL TSI EANBHLH
[ZHofz. AKT [E L-ZILF =S L THEULESERLEZAS, —7A, AK2 (FAFREELRIT 7O/ REOWLT hixt
LTHLEELGFEMZRIGH 2. AKT IZBEWTIE, #ERBENSHIBALTWNS Limulus AK DT ILF=UEEICEHS
7T DOT7I/BBENEREICERESA T —F AK2 [TEVTIE, EE7ILX USSR OPTHHICEEY
NECEBITRESNTNS 2 DOT7I/EERE, 75 L0 Tyr & 241 10 Glu A%, ThZFh His & Gly [CE#ESNh T
LV=. BIBRRLNC &S, SO —Y% 28D T7I/EEEHIL, RIRENY Nematostella XOERENY) Clione D AK |2
BWTHREEINT=. Nematostella AK (1557 AK SEMZHFLTLIDA, 241 (10D Gly ZEEED Glu ITERES
HTHAKBHEDERIIRONGE Moz, SREDIEMND, COA—VHEBREFED AR (XIRMDITT_U/HE
(S L TESZERT AR A RSN,

SEOMETIE, 7HYT AKI OBRFUEZLVVEESZHEICEVTAEL, COBRNIFAFEERONED
NEHEMNDDILEE-HBMEL.. ZORE, AKI RIEDFMHIEIRILFE— (£) & 275 kd/mol LIRRFESN, F
f=, WFAEERHIFN/STA—E, AAHym B ATAS ), [FFNFN, - 23.1, - 248 kd/mol EFHESINT-.
NoDEF, 7AY 2T AKI DMIFAMEEBRTHAHIIELEERELTLS.

AKI B&U AK2 OT7/BRECSIICEDE, BAE=ZBEOERA YU IDDIEFERE UPGMA JEICK-THELT-.
FIREIMEIRFEIMD 7% %E 58 2500 FERTERET DHE, AKI OTFI/BESINGIEL, 7HY2IlL 510 HEH]
[Z2a4od, EEAOYUTDOTIIL—ThoRELIZEHEEINT. DO UTEEE/AHYTONEIE 340 FE
BIEETESINT=. F=, AR BFIMSIE, BIE DKL, 990 HERIEHESN. AKI DL FHEILEELITE L F21E
DEWVNARLNT-. —F, O UTEEEA/OHY T ORI AKT EIFIXRHDE (330 BER]) THoT-.



Abstract

RNA sequencing results for the three Japanese precious corals, Corallium japonicum, Pleurocorallium konojoi and
Pleurocorallium elatius, distributed at depths of 80 to 300 m in the waters near Japan, indicated that all species
express two types of arginine kinase genes (AK1, AK2). Corallium japonicus AK1 showed strong activity for L-
arginine, while AK2 showed no significant activity for any of the available guanidine substrates. In the AK1
sequences, seven amino acid residues associated with the substrate arginine binding, deduced from the crystal
structure of Limulus AK, were conserved. On the other hand, in the AK2 sequences, two amino acid residues, Tyr at
position 75 and Glu at position 241, that are strictly conserved in normal AKs, were replaced by His and Gly,
respectively. Interestingly, these two unique substitutions were also found in the AKs of the cnidarian Nematostella
and the mollusk Clione. It has been shown that Nematostella AK has a very weak AK activity, and that the
replacement of Gly241 by normal Glu gave no enhancement of the AK activity. These results suggest that AK2 with
the unique substitutions may have an activity for an unknown guanidino substrate.

The purpose of this study is to measure the enzyme activity of Corallium japonicum AK1 over a wide temperature
range and to determine whether this enzyme has psychrophilic nature or not. The activation energy (E.) of the AK1
reaction was determined to be 27.5 kJ / mol, and the discrimination parameter for psychrophilic enzymes, A (AH)
p-m and A(TAS%) ,.m, was calculated to be -23.1 and -24.8 kJ / mol, respectively. These values suggest that Corallium
Japonicum AK1 is a psychrophilic enzyme.

The divergence times of the three Japanese precious corals were estimated from the amino acid sequences of AK1
and AK?2 using the UPGMA method, assuming the divergence time of cnidarians and annelids to be 525 million years
ago (Mya). In use of AK1 sequences, the divergence time of Corallium japonicum and the other two corals
(Pleurocorallium konojoi and Pleurocorallium elatius) was estimated to be 5.1 Mya, and that of the latter two was
3.4 Mya. On the other hand, in use of AK2 sequences, the divergence time of Corallium japonicum and the other two

was 9.9 Mya, and that of P. konojoi and P. elatius was 3.3 Mya.

1. B

AKZELITARIT 7T VFF— (PK) (&, ATPOSIRIF—VVBBEEZI 7Y /BEBICHGRIE, SIRILE
—UVHBALEYMTHD IA R T 7TV ZERT 28D ) VBEGRERTHD. 7ARIT 7T VI(E ATP ZAEICEET
DS TITEIS N, ATP OB4ARISORPHCY VEBEOHIERERS [1-5).

BEREFEORALS, BREAZOFEEETDEETEC FEWE (thermophilic)y, TR (mesophilic)s, 47
A (psychrophilic)s [E2$Ecsn2 [6-9]). BEDERDZ L (FTBHERTHD, FREERE UTEPCRICAWVWS
N3 Tag DNAIRUXS—EHRKKHNENTWND, FAUBERIE, BOMORELRECERTBNITUPICEENS
ENEL, UNR—ERELCEVWTRIZNRISBEFALEATHS [10].

PILFZVFF—E (AK) (&, FCESHEIMCEETND PKO—ETHD, OTRY—AK (FPEMBERE LTS
Nn3(1). &, EEFRGETCTOEEZILFZVEGVFHRININZRL, DNOMERNICERERDZAER T DFSMERE L
T, BEEYIODVHAD 2 RXAVEIAK[12]%, SFIXVIED AK] BRESNz [13]). SO &K SBRFA D
K3, PEUBRCLNTEEBNOBENZRTHDZ MDD >TWVWD [14-19].

FETYIERESHMCEL, BREOEDE LUTIEFZ AT >3 Corallium japonicum, > 0> 3 Pleurocorallium
konojoi, BEA OY > 3: Pleurocorallium elatius K <HS5NTWD. BAOHHRAE, BEUESANETEED, #
0%, R, BRE, W\ERBESRBHNEND, MENIRETEND T CHMEINTAEDERICHFS L TER [20).

IEIEEOBAREEGY Y ITICDVWTIERNA Y—=O TV ADTONTED, FNSIE27BED AKEIEF, AK1 &

2



AK2 ZHIBLTWSZ ENASHICRZOTVS (FH, RER). AARTEZATYITO AKI RO AKR2 U3V ES
VhBERERR - BREL, TNOOBRBEMHZHELL. ZOHBR, AK1 FL7ILFZVIEDV\WTRVEREEZR U
HDOD, AK2 [2DOVWTR LZIILFZVISERZERSBVEDNDODILPFY, JUIVYPIY, 900V FPIVICDOVT
HBERTUEERSBH . PHY YT AKY [LDOVWTIRR RREFETRIGEITL, RIGDTEECIRILF—PEBRIRE
DRNDZINSAX—Y—ZBHUE. BONE/INSA-F—%, INXTICHBESNTLDFHMERPPRMEREER & LR
Lic&Z 3, AK [JFalRITH DI ENDD ofc. PHYYI(EKER 80~300 m DLLBIMERBIRZEICERT BDEL
HYYIDO—ETHZDDT, COUBERPHYYITDERRRENDBEEEEDO—DE U TRADZENTES.

NATZORRICEWNTIZ, BREFEEYYTD AK1 & AK2 07 X/ BB ZBWTER LI R 5 Zn 505
RFERICDOVWTERLUIE. ZORR, PHYYIE, YOUYIRCEECOYYIDIIIL—TE 510-990 HFRIICH
XU, YO YIJEEEAOYYTORIKXE 330-340 HFRITHD EHEESNT.

2. MEERE
2-1 BXRESFRY YT (PAYr3, Y09y, EE/A/O0UYT) ORNAY—HIVR
ZNZFND total RNA (& RNeasy Total RNA Mini kit (Qiagen, Hilden, Germany) ZRAWLTHEE L, DNase (DNA-
free, Ambion, Austin, TX) THIRBL7c. RNA ¥ —2O TV D7D paired-end cDNA library (& total RNA ZFBWT
{ERZ U, lllumina HiSeq2500 system [CK2@iTaMELR. &, FEDHBEFHICK > TREREFETHS.

2-2 PHY VT AK kU AK2 BizFOHVO0—=VT

PAYYTD cDNA TF—)LZZRWT, AK1 RV AK2 &xF% PCRIBIBUT. 1BIBEYIL, pGEM T-easy XU 5 —
D Nde |/ Hind I A ~(THEIAATE, BFID 5'RICIE 6 x His ¥ Z0UTc. 18RIEY(E, ZDIeEESIZHEIRBLL
DEIC, FIRNDY—pET30 [CHMAMBZ 1.

2-3UIVEF Y NEBROHER

DIavEF Y REERIE, TmMIPTG OFEAETT, 15°C, 4885/, HKIRFELE. Tt UEBERE, 7242700
OIS 71 —IC&k>THERELE. BEINTCEBROEE(E, ProtParam (https://web.expasy.org/protparam/)IC
Ko>THRELL.

2-4 BERBHEDRE
BREEE, AKRIG (ERIG) THEUS ADP %, Pyruvate kinase &0 Lactate Dehydrogenase % UL\ CEEHIIC
ZHAL, RIREVIC NADH H5 NAD'ANDZE1{kZ 340 nm TEMT 22 & TAIE LR [21-22].

2-5 FHEIRILF—RUBBREORANZ/S X - DRE
AK RISDEBHILIRILE—IL, PL—ZD9RDORH: In [,k = - E£/RT+c, [CKDRDT.
BEIREDE NN/ S X —5 FLU T ORERI K Oked7z.
AH = E - RT,

AG° = RT(IN[ks T/ Al-In[Kzd)

530

ASF =(AH - AG)/T,
ZZTRIRMAER (8.3145 JK'-mol”), ks BMILY Y VEH (1.3807 x 107 JK"), h BTSVIEH (6.6261 x
10% Js), T (JHEXHRETHS.



3. BREER
3-1 PHYYTAKI & AK2 07 = /BEFIOHEE BAEREY Y TOHFRHE

FHY YT AKI OF7 = /BRI, hdBENRZY YT Corallium rubrum @ AK B3 & B—TH D Z & (FT TICHR
& U7[23].

Fig. 1 FBAEZEBYT VI 3TED AK1 RU AK2 OP S /BEIIDP 5S4 VYAV LTHD. Fig.1 [ERUIEKSIE, 7
AT YT AKI 07 = /BRI, EECAOTYITRCGYOT VIO AKT &, ZNEN 4 BFTRU 2 BPTEA > TULVE.
EE/OYYIEYOYYTI0 AK] BIClE, 2 BPIDEWVWHAHS.

—A, PHAYYIT AK2DOP7 I /BRI EEOYYIRVGYOYYID AK2 &, EZNEFN 7 BFTRU 5 BFFE
BRoTWe, EEBEAOYYTEYOYYTO AK2[EITIE, 2 BFADZVLHAE SN,

INET, AKDBBEICBHD D 7P /BE LTI, Limulus AK D X SIESRBBIFEICKD, BB IV 0iEEICED
2%E, B8 ATP (ADP) O#E(ICEN2EE, EERESKOLTELICHBRAAVYNRT, TP Y/ BEEDOHRCED
DERERENHBALTVS [24-27).

BAEZEBEYYI3’ED AK1 [ZBEWVWTIE, BEB7ZILFZVUREICEDS 7 D07 I /BERERERICRESNTULE

(Fig. 1 DFATRULEEE). —H AK2 [CBWTIE, 7 D07 /BEREODPTHRICEBEDS\V\ 2 D07 I/ Bi%
H, 75D Tyr RO 241 fi® Glu B, ZNFh His & Gly [CBHES N TLE (Fig. 1 OROFBENT). Tyr75 KU Glu241
ORI, WITHOEBZILX Y EEEKRBE U EEREBEZRENMIETED, INSOREREFEEAED AK
BRICEVWTRESNTLS. 2O 2BFrOEH#: (Y75H, E241G) (&, &lid D & S (CRIFIEM) Nematostella
PERIEEND Clione DAK [CBVWTHREBENTWS.

—7, ATP (ADP) D812 5 BFAD 7 ILF ZVURE(F, AK1, AK2 D2 TOERFITREFESNTWLWE (Fig. 1 @
SBLWBOER). o, J72Y /EBOHRCEODEE (Fig. 1 D 96 MIOFOAAF) b, —MREVE AKESIDT =
/B Tyr TIREESN TV, BERSIEOZELICDERA A YRTIE, AKT [ZEWLWTIEF—AREYR AK TR 513 Asp69-
Arg209 THo7=h, AK2 [CEWVWTIEAHD AK TESNS Asp69-Lys209 BiTH o7z (Fig. 1 DED=AF).

AK1 8KV AK2 O7 = /EBICEDE, BAE=ZBROEEY Y ITONIRFERZ, MEGAX PD UPGMA JAIC K>
THELRE (Fig.2). &I (Fxryvy) BBEORERCEDERRSY S BEODIE%E 5 & 2500 HERTERE
IBE (28], AK1 OF7 = /BEBERIIANSIEK, PHATYTE 510 AFRICYOY YT EEEAOTFYTOTIL—TF DL
RSN, YO VIEEECAOTYTIONIKRE 340 AFRIESHESINZ. —F, AKR2H5I(E, FENZEN 990 A
Fal, 330 AFRIEEESINZ. AKT & AK2 TIE, BNFE, DTFEMRECEIZ2EDEVARESNZA, Nl
SOOHEN MO 7 =/ BEIREH SBL INZHDIREL, FHWE, AK] & AK2 AAA -V OTEEFTIRRWNS
ECHRTDHDEROND. 7 /BEEINORLD ([TIBERINZABLD CEIIBDENTOBBREIIIBEZ2HDD, #
fagn) LIRFZEMID 5 £8 2500 AFRIDODIRFRZ S & ([HEFEEEY Y TONIRFREZHEE T DRCIE, KOKRELER
E=E4E DRSS,

3-2 7AY YT AK] & AK2 OBEREHE

SOORETE, AK1, AK2 T, ZnFh, 1.15 mg/ml, 0.36 mg/ml DBED) IVEF Y NERZRET I E
NTE. COBERF, BREUEZATTBICET2THD. iz, SDS-PAGE DiFR(F, BRI D CTHEREINTVS
ZeERULTWE.



AK1-Corallium japonicum (red)
AK]I-Pleurocorallium elatius (pink)
AK 1-Pleurocorallium konojoi (white)
AK2-Corallium japonicum (red)
AK2-Pleurocorallium elatius (pink)
AK2-Pleurocorallium konojoi (white)

AKI1-Corallium japonicum (red)
AK]I-Pleurocorallium elatius (pink)
AK]I-Pleurocorallium konojoi (white)
AK2-Corallium japonicum (red)
AK2-Pleurocorallium elatius (pink)
AK2-Pleurocorallium konojoi (white)

AKI-Corallium japonicum (red)
AK]I-Pleurocorallium elatius (pink)
AK]I-Pleurocorallium konojoi (white)
AK2-Corallium japonicum (red)
AK2-Pleurocorallium elatius (pink)
AK2-Pleurocorallium konojoi (white)

AK1-Corallium japonicum (red)
AK1-Pleurocorallium elatius (pink)
AK1-Pleurocorallium konojoi (white)
AK2-Corallium japonicum (red)
AK2-Pleurocorallium elatius (pink)
AK2-Pleurocorallium konojoi (white)

AK1-Corallium japonicum (red)
AK1-Pleurocorallium elatius (pink)
AK1-Pleurocorallium konojoi (white)
AK2-Corallium japonicum (red)
AK2-Pleurocorallium elatius (pink)
AK2-Pleurocorallium konojoi (white)

AK1-Corallium japonicum (red)
AK1-Pleurocorallium elatius (pink)
AK1-Pleurocorallium konojoi (white)
AK2-Corallium japonicum (red)
AK2-Pleurocorallium elatius (pink)
AK2-Pleurocorallium konojoi (white)

AK1-Corallium japonicum (red)
AKI-Pleurocorallium elatius (pink)
AK I-Pleurocorallium konojoi (white)
AK2-Corallium japonicum (red)
AK2-Pleurocorallium elatius (pink)
AK2-Pleurocorallium konojoi (white)

Fig. 1 Amino acid sequence alignment of AK1 and AK2 from three Japanese precious corals.
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sequence is shaded in pink and the AK?2 is in light blue. Amino acids conserved in each of the AK1 or AK2 sequences

are boxed. The crystal structure of Limulus AK suggested involvements of seven amino acids in arginine binding (red

circles), of five amino acids in ATP binding (light blue diamonds), of ion pairs required for stabilization in substrate-

bounded structure (black triangles) and of a residue involved in guanidino substrate recognition (green pentagon).

Two unique amino acid mutations at positions 75 and 241 of AK2 are shaded in green.



S5BOIOPZIV/EE (L7IFXZY, D-PILFXZY, HLPFY, JUDVPIY, §00VF7PZY) =FEL, 256°C
CHFZFEEERLECD, PHYYITAK] FL7IILFZVIERULTOH, 252 + 0.42 [umoles/min*mg protein]
DBVEREEZR U

—7A, PHYVITAK2 (&, 15°CRU 25 CICHEWNT, LESBEOI 7Y/ BE(CHT DEREZRIBH >, Bl
MUTEKSIC, AK2 (3 7 REOEEREESTMNDOSED 2BMICIZ—0REENHD (Y75H KU E241G), Zhh' AK
ERERIBVWELZEBHEHEIND. &2B3T, PHYYIERAURBIEMICET D Nematostella [CEWTH, [
BROLZ—0R 7 /BEER (Y75H RU'E241G6) =D AKBERHNIERIBL TS, ZOBER(C(IMITR AKEELEKE
LTWBH [29], 241 1D Gly ZIERBE®D Glu [CEESETH (G241E) ZDFMHIBRIND Z &F L, TULBE
HEH 0% A LTS RERT—4).

RE, BAEIEEM D AR Clione limacina D AK [CDWTHERZEESDH TS, I UARIPIEPTEEFL, 218
D AK, AK1 & AK2 ZHIELTWS. ZULT, Z0 AK1 EPATYTID AK1 EERRIC, L7ILFZVI2DNTHERW
EMZERL, —A, AR EDWTEBIFEOI 7 ZY /BEICH U TERZRIBRVWTRENTREINTWS, AT, 2
AR AK2 07 = /BRI, FHR U7z AK OEBRBESIBA TREMEDFICEL Tyr75 KU Glu241 (Fig.1) A, 7H
T3 AK2 EEHRIC His &RU Gly TESEHb>TWe. RIFEEMITHD 7TV TEHEAEN TH DD ) A RITHELS
CRERRBEDOHLHDD, METINSOAZ—VRPI/BEBRHIABLRULTWBZEFEETHSD. 22T,
Nematostella DHF5% AK SEHED G241E ZEERICHWTHIERIND L BFRBRCOULAER LI EEZEZEDOED
&, PHAYY3, NematostellaRU D UAZRD AK2 [, ZILFZVICHUTELZEEBRERZRIBRTELBL, K
MNOIT7 Y/ BE (LU TRIGT DERISEL LTV TREEDNRESND.

525 million years ago

1
V¥ Cnidaria 0

58 1 AK1-Pleurocollarium elatius (pink)
[ AK1-Pleurocollarium konojoi (white)

88 I_
AK1-Collarium japonicum (red)

Annelida AK-Myzostoma cirriferum

|- AK2-Collarium japonicum (red)

0 \{ AK2-Pleurocollarium elatius (pink)
91

AK2-Pleurocollarium konojoi (white)

Fig.2 Estimation of the divergence time of the three Japanese precious corals by the UPGMA method. Using
the amino acid sequences in Fig. 1 and that of Myzostoma, a basal member of annelids [30], a phylogenetic tree was
constructed by the UPGMA method. As an outer group, creatine kinase (CKs) sequences were used. Assuming the
divergence time between Myzostoma and the Corallium japonicum AK1 to be 525 million years ago (Mya) (branch
length in Fig.2: 0.42525), we estimated the branching time of each AK sequences from each branch lengths. The
number at the branching point is the bootstrap value. The branch length and estimated divergence time of each
sequence are as follows: Corallium japonicum AK1 (0.00414: 510 Mya), Pleurocorallium konojoi and
Pleurocorallium elatius AK1 (0.00275: 340 Mya), Corallium japonicum AK2 (0.00804: 990 Mya), Pleurocorallium
konojoi and Pleurocorallium elatius AK2 (0.00267: 330 Mya).
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Fig. 3 Arrhenius plot for the AK1 reaction of Corallium japonicum. The enzyme reaction of Corallium
Japonicum AK1 was measured in the presence of 4.76 mM ATP under five different temperatures of 15, 17.5, 20,
22.5 and 25° C, and the ke.*RC value of each reaction was obtained. Then, the activation energy (E.) was obtained

from the slope of the straight line.

3-3 ZAY YT AKl RIEDFEHEEIRILF — EBBREOERNEH/(SA—H

PHhtv3T AK OBERIG%E, 15, 17.5, 20, 22.5, 25°CO5BEDEERATATELE. RiG(E 4.76 mM ATP
FET, LPILFZVDEEZ SBICEZTEBPILFZVICNT B k™ R K, &K= (Table1). 4.76 mM
ATP OBFTETT, ATP OBEXR(CT 2E0E(F 92-93% L HESN, BEMKENCAETLELLTLEAL . ZDH
BlE, SBECHEITD KT DIEE UT Neocaridina AK2 DfE [13]%BV, UTORXREBWSZETHELUE.

BERMD ATP B2F0FE = [ATP)/(ATP)+K. ™)
PHYYID ko RO K, DOEBIFBEDOLREEBITIBNL, HBRUILMLD AK ERRTH 7. —7A, BRO
WHEDERERD k™ /KB, PHYYTAKI TREEDOLREESBCETLTW . COE@I, FoikE

= T#H D Neocaridina AK1 DHD ELITLWE (Table 1 #58R).

Table 1 Kinetic parameters of AK reaction at different temperatures

Source Reference Temperature kcat [1/s] Km*RC [mMm] kcat/Km"R®
Corallium japonicum AK1 This work 15 72 + 087 0.072 + 0.008 1000
17.5 87 + 2.26 0.099 + 0.018 879
20 92 + 143 0.132 + 0.012 697
225 94 + 233 0.148 + 0.020 635
25 112 + 277 0234 + 0.024 479
Neocaridina denticulate AK1 Suzuki and Kanou [13] 15 170 + 3.66 0.166 + 0.036 1024
(Psychrophilic) 17.5 183 + 6.15 0.179 + 0.060 1022
20 244 + 8.02 0.302 * 0.061 808
25 272 + 7.16 0439 + 0.053 620
Neocaridina denticulate AK2 Suzuki and Kanou [13] 15 108 + 7.41 0.131 £ 0.077 824
(Mesophilic) 17.5 134 + 7.66 0.196 + 0.070 684
20 174 + 3.15 0.165 + 0.021 1055
225 196 + 23.28 0.290 + 0.161 676
25 217 + 1258 0.344 + 0.084 631




RIC, k™ DEZEE> TP L—20RF0Y REER LU (Fig. 3), ZOEEHN SFEHLIRILE— (£) ZRD7= (Table
2). PHY YT AK RIGDFEHAEIRILE— (£=27.5kd/mol) (&, PEMERE LTSNS Neocaridina AK2 &
U077 RY—AK Of, ZNEN 50.6, 54.4 kd/mol KDHEUEL, aMERE LTSNS Neocariding AK1
© Calyptogena2 RXAY AK DHD(TAMN o7z (FNZN 35.8, 21.2kJ/mol). £DETIE, {ERIRET THEMIC
BRROZMIET D7D ICHERFHE SND[14-19].

Table 2 Activation energy (E,) and thermodynamic parameters for the transition state of AK reactions.

Method for
Sources fetermination of Ref Ea(kdimol)  AH°* (kiimol) AG®* (kdimol) AS®* (JimolK) A(AH})n (kdimol) A(TAS*), (kiimol)  Type
kcat value
Collarium japonicum AK1 2 This work 215 25 61.3 -121.9 -23.1 =248 psychrophilic
Calyptogena two-domain AK 1 Suzuki et al. [12] 212 18.8 69.4 -170 -29.3 -39.2 psychrophilic
Neocaridina AK1 1 Kanou and Suzuki [13] 358 333 59.1 -86.6 -18.7 -184 psychrophilic
Neocaridina AK2 1 Kanou and Suzuki [13] 50.6 481 59.6 -38.6 0.0 0.0 mesophilic
Lobster AK 3 Traversetal. [11] 54.4 52 61 -25 3.9 4.1 mesophilic

1 Based on the k. of the complete two-substrate kinetic parameters
2 Based on the observed k. in the presence of 4.76 mM ATP

3 Based on the observed k. in the presence of 10 mM arginine and 5 mM ATP.

PHY YT AK RIED EEBWT, BAHRINSX—9—%BHB U7 (AH°*= 25.0 kJ/mol, 4G °*= 61.3 kJ/mol,
AS5°=-121.9 J/mol/K) (Table 2). N 5DEZAWNT, Lonhienne et al. [17]IC& > TIRESN TLB P SHEEE
QYIRS A =5,  AAH ) R A(TAS ) ZBE U, 22T, p (FHESNDEROHANZH/ISX—HD
B, m EPRUEERDEZRT. INSOEHNAZBOBZIRDZEIEREREREYIRISND. PHYYT AK1 O
EINEFNDENL, - 23.1, - 24.8 kJ/mol LEHESN, CORBREPEUECLTFAUBERDOED LTS L (Table 2),
PAHAY YT AK (3FSUERTH D RSN D.

f&sm

BAEFRRYYI, PHYVI, YOYVI, EEAOY VIR, 2BEO7ILFZVFF—EEIEF (AK1, AK2)
ZRIRLTVWS, D55 AK] [FLPILFZVICHUTERWEEZRLUZ. AKl1 RISOFHEIRILF—, RS
BERHIICS A=, A(AH )y R A(TAS oy &, PHY VT AK BNFSUBERTHD Z EFRIREBLTL
3. —A, PHFYT AR GWTNDIPZY /BB UL THEEREEEZ RSN e, ZOBRI(E, BROEEF
IWFZEEEIE UTHBET 2EEENS LV 2 DOTP I /BEKE, 75 0 Tyr & 241 fId Glu ¥, FhFh His &
Gly [CEZ2UTWROHEHELE. LHL, 2OAZ—DR2BPIO 7 I/ BERZFD AK DY, RIRRENM) Nematostella
VERIKEM) Clione D AK [CBEWTHRBWESNEZ EAD, INSHRNDIT 7Y/ BEB(ICH U TEEERI oIEEtE %
L. AK1 BETAK2 O7 = /BEHICEDE, BAEZBEOEE T Y TONIRFERZE UPGMA SEIC K - THE
LUTc. RifRE) &IREMIDHIRZE 518 2500 AFRIEIREL, 7 /BEERIIHNSIE, PHYYI(E 510-990 HERIC
209v3d, EEAOUYIDTIN—THhonRUizEfEEShiz, YO VYT EEECOTYTONIRE 330-340 A
FRiESESNE.
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