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FFC Ceramic Water™ Enhances Plant Apyrase Activity

Kazuhiro Toyoda, Sachiko Matsuoka, Akane Megurob) , Sachiko Hasegawab) ,
Tomio Nishimurab>, Hitoshi Kunoh® ' and Tomonori Shiraishi
(Course of Applied Plant Science)

The FFC ceramics™ from FFC Japan Co., Ltd. are now widely used in the fields of agriculture, fish-
ery and food industry in Japan. Recently the FFC ceramic beads-based technology has been also applied
to meet several environmental problems including pollution in sea, lakes and rivers. In this study the
FFC ceramic water was tested for effect on plant enzyme, potato apyrase (EC 3.6.1.5; ATP-
diphosphohydrolase), which hydrolyses nucleoside triphosphate (NTP) and -diphosphate (NDP) to
produce corresponding nucleoside monophosphate (NMP) and inorganic phosphate (Pi). Addition of
the FFC ceramic water to the enzyme reaction mixture markedly enhanced ATP-hydrolyzing activity,
when used as ATP as substrate. However, the concomitant presence of Ca** chelator, EGTA (O,0'-bis(2-
aminoethyl)ethyleneglycol-N,N,N’,N'-tetraacetic acid) with the FFC ceramic water, completely abolished
the enzyme activation. In fact, exogenous calcium ion such as CaSOs mimicked the FFC ceramic water.
These results indicate that apyrase activation by the FFC ceramic water largely depends on calcium ions.
On the other hand, when the FFC ceramic water prepared from “used” ceramics was tested for the
apyrase activity, the enhanced effect on apyrase was decreased compared to the FFC ceramic water from
“new” ones. This result, consistent with our present data covering concentration of calcium ions and
conductivity, indicates that long and/or successive usage of the ceramic beads results in decrease of
contents of released minerals, especially calcium ions. The apyrase-based enzyme assay presented here is
probably applicable to estimate and quantify the effect of FFC ceramic water.
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HRRICA A+ L F D) EA 2N (Blumeria graminis f.sp.
hordei) OHERTEZEMET L L, BREAMETREZ %
MR BB E AT RIFHIFERL L, BATBIER SN L /Y F
(BifEASRE D 1 2) DKEKIFDLIGEOZ LT
NCHEHFIIKREL o TEREROFERKN T2 2 &
ARENTZY. ZOERENS, Meguro®id, F 4 4
Ja O BhtEEEHE 2 55 AR 2 FFC KO MHEIZ X > TIL
HEL, SETREE &I 2D EE S, &
R L TRAEIE (k) 25M b5 LTna,
CNFETIS, FFCAKRIE, [MBEENH 5] H 5\ id
[FFC K CALE L 7- B iIBH LI2 0w ] &3 540
BIER 2 RET 55025 L CHIbN TS, K, 28
KERBKE L7242 DFEBRTL, FFCKZD b DI
FSRIRE OFEF R EMEL MR 2 HIEA»H 5 2
EDWERENTWEY, UL, fWck$ 21EH0%E
BEINEFTIEREAEHLMIZENTEBLT, /2720
SRR YRS TR E 20OV TLENT
mv, FIT, KRBT, WIS AERE IS 2
129 % HIWT, WYOMIANICE  RARRER T ¥ T —
+ (EC 3.6.1.5; ATP-diphosphohydrolase) 27 H L,
B OEMEIC K ZT FFC /KD EEN 22 I OW
THET A2 L2 L7, TET—YIE, Wil
BE MRS, MR i 2 & OB/ IR E AL, 1,
%, ErLEOBALBBEIIBNT, UTFIIRT LI,
X7 LAY F=Y VB (NTP) 1) YE (NDP) ol
IRA R E L CHEIEN S 5 IR A R % F
TLWRTH LW BT, MRAmD Y T
T AR BT, BRI EWE & %5 ATP & ks
I @ E0H Y, MIEOERIEIELIHS Z L5
ﬂ—(\ﬂ;@)llz).

EC3.6.1.5, NTP > NDP + Pi > NMP + 2Pi

AWFFE T L 72 BE2 13 Y+ 7 A BB & R L
ENTBDOTH LD, RED L\ IZH LA, S DK
OWINDOBRZAREER L KOFEANIVLETH L L EZ BN
7o BIRTIE, AR R ETIVE LT, FFC
IRDSEAREE S BT B0 2 VR % 1)
SN B EE LIS, HWANORHIZE 5

Table 1

Il KZRZEFME®RE  Vol. 99

7K (LUF, FRCAKEFERLTS) L LTHWwA, 2ok
B L 72 FFC KOt TES (ORP), EEHEZ
SWICpH ZMEL/Z-E A, Table 1 IZRT X912,
ORP IZIF K& ZENIE WS, BHKERRTETD
pH DT LEEHROEE % LANED LN T,
FFC KiZ&ENn5 (FFC 53 v 7 A5 iEHET 5)
MERETTHEHICDOWT, T8IV F — 0 BR XM aT 25 18
(EMAX-5770W, Horiba) THEIIZH 724K, FFC
KICEINHTFETLHEZCae b IZSTH o729, =
NS OFERIL, FFC KIZIZET I v 7 A S il L7258
Y (W) &I TwsboEioniz. 22T
FFCAKIZE TN A LML EOBEFRIG I T 5 MY
BYEH B 720, Ca¥*F L — bEITH D EGTA (77
I—=VIT—FIIT I UEERR  FAREE) o3, »
LWt oiiE s 5 2 (Bio-Gel P-10gel, Bio-Rad) T
WL 72 FEC K% LN QLB L 7.
TES—tBZFELDHRAR

TET =X, oY v A A ESEMGR L ) RS
NS (A6410, Sigma-Aldrich) 2 fEH L 7.
Thabb, WRELPEENDL/N, TIVIRIZEE OB
KEMATHERL, LPeEITOELTERMTECT-30CT
PRAF L 7.
7ES—EEEOAIE

7 Y5 —¥IENTP % 5 NI NDP # 38 & LIk
R L o TR R (P 2AERT 5. AREROEL
IR BB R EEREE I Vv E S RTWwBY, K3z
B#Clx, ATP (A2383, Sigma-Aldrich) ##&E & LCH
Wy, Kiba et al PO FEICHES T, DT O RS TA R
TALPIRERT LI L CHRHFRETIEL.. T4b
5, 1.5mAEDT Yy XY PV T7F 22— THDEEIZ ATP
b E=D FFC K (F7213288K) 27Oz,
Fa—THEDOEINNESEZRES 4l (0.020g) %iE
LTHETSECHERCERA L. &b, USROS
w350l & L, ATP ORI 3 M, KIS o pH 1%
30mM Tris/MES TpH6.5& 7% % X 95 IZFR# 72 BRI
o, 37TCICHE L 72 F — & — /N A T057 ATV, #%

Oxidation-reduction-potential (ORP), conductivity and pH of FFC
ceramic water™ prepared from distilled water

TRRDPBN D MR PEESVEH & OBH I

. = Water tested ORP (mV)  Conductivity (mS/m) pH
PVTHHETERT 5. at 23.4T7 at 23.4TY at 23.4T°

W EFE Distilled water 330 0.199 6.5

FFC ceramic water? 311 9.78 4.9

FFC &2 3 v 7 KDOAH

ERARIFREY R - A=Wy REBA FEITZEAT & 0
JEEENS: FFCtI3Iv 27 A (1#11.6
em ; Lot.No. 16.05.08.05) 20 g % #F= L,
1 Loz K (Direct-Q UV, Millipore)
IZ—BRZE L, COREKE FFCt 7 3 v

10D) .

10D) .

a) ORP value was measured with a Horiba pH/Conductivity D-54 meter (9300-
b) Conductivity was measured with a Horiba pH/Conductivity D-54 meter (3352-
¢) pH was measured with a Horiba pH/Ion D-53 meter (9669-10D) .

d) FFC ceramic water was prepared from laboratory grade distilled water,
according to the Akatsuka's protocol.
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THEHIIKEIIB LT, FMERELZ10% (w/v) 7
ATV UBKERE0.42% (w/v) ) TTFVBT v
EF=7 LA (1IN HSONZERE) o1 0 5 100 u1 % #H X
PNz 7z, 20, RIS & SRR, 25T
L7z 4 —4 = N2122050 B L, ATP 264 R L7
PitEY 7T VIELOHERERTE L H0E2ROLE
820nmC#Hl%E L 72 (Shimadzu UV-VIS mini 1240). 7% 3,
B OIERINIX % FEBEI 5T, REOBRDETEL
72 Pi RBIEL, BRELBMLSUEXOMED S L
Gl TRERIEE 2 RO 7.
B LBER S CICEEBROAE

AV KPEEL, RIS EERTOI VS T A A F v
M (6583-10C) AL, [tk D-53%! pH - 1 4 ~
FHCHlE L7z, FERIS, EEIRITOWT O ERIRS R ERT
DEFEH L)V (3552-10D) % v TD-54%! pH -
e L.

HER

BREEE

ko Xk H12, 7¥F—+id NTP £7:13 NDP %/
KL, NMP & Pix KT A28ETH LY. EHD
DOFFEIC LU, ABERILREE WS 5 RS T
INE = (EPUEFERT ) vy —) [ZEBERSL
T ATP MK EESRESNL 2L, /2, EERE
RO ARIVE Y () FIVEE, Uy AEVER) 12
DIBETHZ DS E o TWBEMD, FEE, KEg
FoWMAL Out) & AERMRRIC BT 2 BiHISE O BtE
IR L, S ECRIRE DS 2R 7 = 7 & — (3K
PUEHIHIR T - T L v —) 1L, #HICT7T YT xR
e LTiitEe 2 L IRT 88559, KifETix, Vv
HA EREREORKE TS —PE2EFTLVE LT, K
FEDS D ATP MK EEEIC IZT FFC KOREIZ
FATAER, Table 2 1Z2/RT & 912, FFC KOFEIT
WK RFIRIX) & e_T, FFC K Z I L 725U
WiTlx, ATP OWIKSECHER T 2 Pidiy 2 451k
L7z, 2oz kid, FFC KEMABISH T, TES
— DL ONIKFIEEEAZE L RSN Z L 2R L
TWwh, FHFE, WINL72 FFC KO BISHEHIZ 5 5 &l
B2 SETRMRICERIEEZ R 2h, TET
— PG IAIIRE IS U TS 2 2 kAR En (5
— IR ET).

— WS, MREET AL T A ERICIE, RSRE,
pH, EEOICHEICEHE TN LG RESCHER, HHV
AT P OFEL EPFEIT NS, I, FFC KIZ
EENLEITERICOWT, TAIVF =58 X85
WrEE CRRONZRER, FEL2CEIE Ca ZH5NZS
Tho72"%. 22T, FFCKIZEINL I VT 7 LD
FEEIC R TEBEN R ZE YRS, BT, #HEO
Ca*" i3 % EGTA % KBTI Z, € DxhEIZO W
THET L7z, 2 0%, Table 312" L72& 912, EGTA

FFC €53 v 7KML& B7ES—EDEME 23

IAFTETIZIE, FFC KDBINIC & o TT7 ¥ 7 — LD
2 AE BN L 72 D12k L, EGTA f7E T I IEE bk
MidseaiciER Lz, ZofRiE, FFC KL T7ES
—POEMLER D Ca? KIF L T b 2 e 2R T. R
12, FFCARD EEIEF LR SN2 mEBHI VT 7 A
(CaS0y) DM T ¥ T —BHEEICKITTHEIIOW
THARI2 FEER, BUSHEAND LMD F I CIiH AL
SN, FOVERNIIEEMRAFHIIZEED S/ (Table 4 ).
F Ak o 1, AL (CaCly) 7% & UV IC Al R 3
(Ca(NO3),) THEOLMN, ANT I LEICEEINLE
A4 Y OWFEIZL > THIER EVIIRRD N o7z
(F=FICIRRET). TNOHOMFEE, EGTAICL S
FERE (Table3) #Ez &b s L, HHELERAD
—IBIE FFCARIZEE NS Ca¥ AH - TV B b o L HiEE
SNz, FHFE, FFCARAZTMOBIE 7 7 24 TR 5

Table 2 Activation of apyrase activity by FFC ceramic water

Apyrase activity
(Abs. at 820nm)?

0.579 = 0.047 100
1.120 £ 0.145" 193.4

Water tested % of control”

Distilled water (control)
FFC ceramic water?

a) Data were means with S.D. from triplicate experiments.
b) Data were expressed relatively as % of control.
% Significant difference from control (P<0.01)

Table 3 EGTA, Ca’" chelator abolishes apyrase activation by

FFC ceramic water

Apyrase activity
(Abs. at 820nm)”

0.579 = 0.047 100
1.120 £ 0.145" 193.4
0.406 £ 0.012** 70.1

Water tested % of control”

Distilled water (control)
FFC ceramic water
+ 5mM EGTA

a) Data were means with S.D. from triplicate experiments.

b) Data were expressed relatively as % of control.

Different asterisks indicate Significant difference from control (P<
0.01)

Table 4 Enhancement of potato apyrase activity by exogenous
calcium sulfate

Apyrase activity

M | % of 1
CaSOy (M) (Abs. at 820mm)” of contro
0 (control) 0.558 + 0.012 100

1 0.660 + 0.018 118.2

10 0.848 = 0.033* 151.9

100 1.536 + 0.062* 275.1

1000 2.099 = 0.053* 375.9

a) Data were means with S.D. from triplicate experiments.
b) Data were expressed relatively as % of control.
% Significant difference from control (P<0.001)
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Table 5

Reduction of apyrase activation by desalted FFC ceramic water

FILKZRZEFME®RE  Vol. 99

FFC 7 3 v 7 23, BEHRAOSRE) —

Apyrase activity

Water tested
ater teste (Abs. at 820mm)?

% of control”

Py VRHIZEDLNTBY, WL S
2 7 AN RE R L T o T B,

0.452 + 0.041
1.429 + 0.102*
0.725 £ 0.016*"

Distilled water (control)
FFC ceramic water
Desalted FFC ceramic water®

ZZT,FFCAKIZL BT ¥ T —EDiFEHEAL

100
316.2 ﬁf)ﬂk, 73V 71@1Tﬂqiﬁﬁ{&@g§]1¥
160.5 PEICOWCTHAE L2, $742bb, 2000420

a) Data were means with S.D. from triplicate experiments.
b) Data were expressed relatively as % of control.

¢) Fresh FFC ceramic water was desalted with a Bio-Gel P-10gel (Bio-Rad) .
Different asterisks indicate significant difference from control (P<0.01).

&, EHALERAITORIE T 55 2 b b b HFs e

(Table5). L#L, BiEfO FFCAKIZH W 2H 5
LIGHALTEHRAS RO 5N b 2 k6, FFC KIZK AT E
T — P OIEHALERIZIE Ca? DA OEN b 155%E T & ¥,
SHROBREE L THREIND.

B, FFC o3I v 7 AICHM L7 2EEM & LT,
FFC = — A™MPPL 7 72—« VX80 5 IEE S
NTW5, 20065EFkA 6 3 M I S 7z, KREM LR
AL7zEBIC B 544 4 F0EF LS PIERED
MRIZL DL, 4 AFONEREBEITIFEEAIK &
TEWETHER T 27217 T, IWElTRAKTHL. 7R/
FCHIT LI EARENTVEY, T/, HHRERT
3B 5D, FFC 7 3 v 7KK LAEFTSE/a~y
TIEKERDOEE L AR TEEEI N AEE 2D L
WIRERLEONRTWEY, AOKRIE, 77758
W< b aF & EEFE S L7z Mitchell et a3
TRLTHBY, FFC Kb 5\ IS EEEH O B TOF
HAPMEFECEL. BASYIE, =¥ FYBRUROEN &
7% Mycosphaerella pinodes % FI\v>T, FFC KZDH D
VA5 B OB T D583 R 2 i <R ALK LTl
B mrER (U ER) 255 2 L 2R LT A,
L L, Bk Meguro® @ F F 2 Il T O EEHE 5,
O WICARMIZE CHL P E o 72X 912, FFC KZFD
DOHHEDEER \CEEAEH L CIEME2 LES S 1EHE
DI L EER DL, FFC KITHEREICEEIEH L TRA
T 27207 T% <, FFZHEWMORERIAEH L,
BI~OME S L AR 2RI R X > THRIERIZ
LBBRAZH VT VD EEZLOPMYTH A ). FE,
FHLVDLENAT - EBERIC I, TET—F
DOMKGIRETHEE S D Pi 25 272y RO T, —
B 22 IR R O R B - T A — RO B I R E
TSR IEEAL L, BRI A P AR &
Nn5b. FFC KO3 AEHICOWTE, JfE, &
OAfXFAFOYA 707 LIl L5 EMEDTE
D, SHRESICHEHZ AN X LAOBHOYH L2, A
HO(EEE) 2L o TL ) RBEN TR R REOR
RNWLEINLEZATH 5.

W7z 7= DX NPT AR ERO

Bl S N HEOY T Iy 7 A2 (fE
eI 3Iv 7 ALEKRLTS) #FE L CE
HEOZEBKICEEL, ZOREKDOTEEA
TEREI VY T ARERAIE L. o
DFER%E Table6 12F L7z, B, Kl
Mot 3y 7 A%ZERRITREL TER L FFC K
xR e L, AR MR ED R 7% 5511055 (A,
C, D, 1, 2, 4, 5, 6, 8, 9&£i) o7
VP HIRE L REKE T2 28 & Lz, ZO/RE,
KEHOELT I v 7 ANSHTEL 7z FFC KiZ7 ¥ T —
Y OREMEZE 2. 7RIS 7205, FHE T 2 v 7 Ah
5 DEEKDTHEEAER I ZVTNBETLTBY, i
U TNVCBLUODOEMRITIZTERBKL NV E RS2
(Table 6 ). [IHkIC, ZNZND Ca® JEEE % HIE L 7ok
B, KMEALT I v 7 ADSFTE L7 FFC KOMEEL
27.3mg/mlCH 72D LT, HFHELT IV 7 A0H
DFN5120.569~1.18mg/ml & 72 ), = DEEDFEHIL
TET—HIIx T HIEEAER LM L T
(Table 6 ). FEOFERIE, TNENOBERIEEEMHEIC
LR LN, MR RFEHICE>TET I v 7 A0S
HET OB HENIRKRECKRTIZb0LHES
7o, Sk, TET— XIS HIEHLER A FFC £ Z
IV I ADMERFOMEE EENIHE,rDO DL LDOT
ZLEEO—D L LTHIH SN Z L 2 MIfE L 72w,

= 9

KL, FFC €73 v 7 A™ (L7173 — - Vv
J8V) THELLZ FFC £ 5 3 v 7k (FFC /K) oty
TES5—+ (EC3.6.1.5) OifEI T¢I HER 2 EH
IZOWTHRZDDTH A, FFC KIZT7ET—ED LD
ATP MK REE % e L, 2 OVERNEBUS A~ O R
wIHAE L7z, SBOERTRNER> S, FFC KIZE
INLFEELEHEIICa>  THLIEDIHL TS, Z
ZTC, Ca¥F L — MHI EGTA % i~ z, & D2
IZDWTHNRT- & 2 A, FFC KIS & 2 i AL I %
TLIENHLNE RS T2, T2, FFC K &P OER
X, WA VY A, AL VY T A F R RER S L v
T ADORIMTRD B, BA+ > OMFIZ L - THEZ
EWE o7z, IS OERD S, FRC KW 7 ¥
T =PI RATTERLEHO—RIE, €53 v 7 Ah5
WHET 2 Ca IR LT A b L g SN, —F,
TYT— Bt REE LT, #HEOLT Iy 2 Ah
S5FELL 72 FFC KORFEIZOWTHE L7225, &
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Table 6 Reduction of apyrase activation, concentration of Ca?* and conductivity for FFC ceramic water prepared from “used”
ceramics
Water tested Apyrase activity‘ % of Concentration of Conductivity
(Abs. at 820nm)? control” Ca®" (mg/mL)®¢ (ms/m)?

Distilled water (control) 0.367+0.021 100 0.599 0.465
Fresh FFC ceramic water® 0.983+0.101¢ 267.6 27.3 8.69
FFC ceramic water from used ceramics”

A 0.585 + 0.038* 159.2 0.584 0.589

C 0.401 + 0.047* 109.3 0.596 0.582

D 0.399 + 0.024* 108.6 0.569 0.593

1 0.642 + 0.037* 174.7 1.05 0.707

2 0.601 = 0.090* 163.6 1.18 0.877

4 0.554 + 0.035" 150.7 0.97 0.657

5 0.659 + 0.005* 179.3 0.881 0.667

6 0.518 + 0.040* 140.9 0.808 0.648

8 0.539 + 0.004* 146.8 0.989 0.765

9 0.595 + 0.013* 161.9 0.756 0.795

a) Data were means with S.D. from triplicate experiments.
b) Data were expressed relatively as % of control.

¢) Ca*" were measured with a Horiba pH/Ion D-53 meter (6583-10D)
d) Conductivity was measured with a Horiba pH/Conductivity D-54 meter (3352-10D) .

e) Fresh FFC ceramic water were prepared from new beads

f) FFC ceramic water were prepared from used ceramics, according to the Akatsuka's protocol.

g) Significant difference from distilled water (P<0.001)

% Significant difference from the fresh FFC ceramic water (P<0.001)

DS DORELRT, BV 7 KNEEL S G
TEHOPEZE LR TR 5Nz, 2o bk, Mm%k
ERIZE > TET Iy 7 Ah 5k L3, FFiohn
VY LADBERENPRELEDL I ERERL, TET—
Y a2 HWIARBRED, FFC KO REZ EREIIZMEDD S
HEO—2 LTHAATELEEZ LN, UL, Th
LOFER AL T, FFCAROMYEEZE DO EFEAE
M, %5 I A~ORFIZ X > THEABIIN S e
ISR & DREIC DO WTHEEL /2.

AL, 20064F 8 H, AREARZERE ARBHAIZERHN G iE S /e
FFC HA#EICBW TN DO~z T L0720 DTH
5. BB % THO BRSNS RE R B2 R R A,
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