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Mineral water, named Catalyser 21, prepared by the fermentation of ancient natural leaf soil, is
often used as health-beneficial drinking water to enhance the immune system of cancer patients.
The mineral water was dialyzed and fractionated by using gel chromatography. Fraction 4, con-
taining carbohydrates, was further purified by using negative ion chromatography, obtaining a
fraction named Fr4 (1-2). The Fr4 (1-2) was analyzed using the ABME marker method, carbo-
hydrate analysis. It was composed of nine carbohydrates. The NMR spectra showed some spe-
cific complex carbohydrates pattern in the 'H-NMR and 2D-NMR HMQC methods. There were
many cross peaks in the HMQQC spectra, which displayed °C-'H relationships of the anomeric
region of complex carbohydrates Macrophages secrete interleukin-12 (IL-12), which activate the
tumor immune system. The induction activity of the Fr4 (1-2) for IL-12 on the murine
macrophage cell line, RAW264.7, was tested using the RT-PCR method. The Fr4 (1-2) induced
the gene expression of IL-12, suggesting that polysaccharides in mineral water are responsible
for the IL-12 induction activity.

Keywords : anti-tumor activity; structure analysis; complex carbohydrate; NMR; HMQC;
Interleukin-12.
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ARRER T HE I AT UKL, H 30 TETOEBES
Bl LB X D RS h KRGk t+%2, NA4+U 72
Y —NTHEMENE - CRESELZLDOTHSE. 0
%, SHEOT7 4V y -2 MAEDELFBRT7 AN —F
A IPT, KOTORERERZEL TS, KI L5
KigHF T4 =21 ELTHAZIBZLDE LA LE
FHWOGELETHIATUKE LTHASATH S,

AR, ) THESCESHERSRIER YT L 2 LA
ShTws, KHLIE, "YT7TLALF—D7 LAY VGt
WMDY TREBICHAET LI E 2 WS, B
MESZZDT LT Y 5 O LK%, 2D-NMR
HCHMIB LY. 734 72 %, Pglucan \HiIBET A
HEEVIHELZLHDVTY. v ru 7y —URGWT
54 ¥ —a4F>12 (1L-12) i3 cytotoxic T cell (CTL)
% natural killer (NK) HIfioiEE L% - LC, BEE 0%
EEMALT LB MONT VS, AT S5 4 F— 2113~
7077 =60 IL-12p40 T L=y b OEE & R
L, BHY »OWH % in vivo THHI LY. #5549~
21 B (40% ) 12DV T IL-12p40 EBRE 1T - 7245 HlE
BREFEEIEZ AT LSO 20T, AR
TiE, 7 T74%F— 2 B R #ENEICE 580
BAER, FIVIFBA T A, BA VT L% ETHHE, #
BWET, ZOEMRS 2T L2 L 28 AT

AWFFETIE, DFTAF =2 OFOHEHIFEH L, #
D 1L-12p40 OFFIGEO T ek 2 #ET L7z, KBTI,
RAFER MK I AT VKT OREROTBE, BEE TV,
Z OYESH O & ML T, Hid%E NMR &ETHlE
L, BICHIEBRIZEICETAFEELZT S AL 0 THD
IL-12 OFEREZ 7.

2 E 5%
2.1 HEO2BEE B
2-1+1 1. ENBENE, 5180088

(3500) (Spectra/por Membrane MWCO). 2. % )L iF#
7T L RBEMGT; 7 = BEER: 20 mM-7 T -
KA, 0.15 MR LT MU v A, HEEEIRIT pH 3.5 (2#
®. VA 7 2 (HiPrep 16/60 Sephacryl $-200 High
Resolution) (7% ¥ ¥ N4 F4 4 2> AR aH). 3.
BeA A o &Hh 7 2 IR BIAIE; AW 50 mM-BEEEF +
V7 A, 10mM-ZF L ¥ V7 3 VUEERE (EDTA)-2Na 3
PRI T pH 4.6 123, B 50 mM-FEEEF LU 7 41
(0~ 1.5 M-NaCl), 10 mM-EDTA-2Na ¥/ & C pH 4.6
WZEHRL B4 A 23 A T A (Econo-Pac High Q 77— b
) v ¥, BioRad #).

2:1-2 BRRICEZENRCRBEE  FEE, X
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AREFLHR I AT VK (FORGHENESY ¥ 51—
21) L. TOIRTVADEG TR EBREN
I LEMPS, ENELHCT, &H (101D % 20 M
WChTTEN L R R T o .

EHE, A2 b5 A 3500 5T A IS HEIB O BT
BT, 51 DHEEKTS HE, BHKEKHRL 22550
AT o7z, ENTEOBEBITHEASTZES (TAITEC 800) T,
FERIHEEREZ T, FRESIVIFRL ED S T L5E
NOEFE L7z, 101 DIFERRER D S 5.38 ¢ ORziAf %
iz, ZORME 2BUIHLIT T VFRY T LR % 1T
27z,

2:1-3 HTLICKBHEER HAEZSVIFB (HiPrep
16/60 Sephacryl S-200 High Resolution, LT S-200 HR &
B9) THIERSM L7z, AR 03~05g % 7 = VK
B 4 ml \ R L 721k, & 008 (3000 rpm, 10 501,
4C) 24T\, 045um D7 4 V¥ —TiF@ L, HBEAR
BElL7 7 VEBRERCEILLZ S 5 A8/ L,
WHE 0.6 ml/min THYVFBZ7U 75714 —%4T-
7o h T ABEHEEIE 10 ml TO2IREL 7.

o/ aFHEBAR %2 Fr.a RO, R4 (V)
280 nm DWW A FHDOW 5% Fr.9 &3 5. 55N HE55
TARTC, UV280 nm OFERTY, 7=/ — VIEBEEIC X
DRERDOWUEET- 7 (Fig. 1). ZDH, Fra ko
BHGEME L72AR 375 mg BB A 4 VR H 5 AT L
FAEIC 280 mm, HEEEXWELL (Fig. 2)

2:2 PEHEEAT
2:2:1 HE ABMERE: p-7 I VREEMRAFIL
IRATN, KFEZT 7RI FEF M) T L, B8, 2%/
=V (FTRTHDEMIESR, 558
2:2:2 MIKBRUMIEME
HPLC: BH# LC6A mBRAK I/ u~ /574 =V A5
A
B B A 5% 78 b= MY L /100 mM BERE
BEB: 15% 71 b= MYV /100 mM EERE
77y AKX, & 0.5 mlmin '
71 2 . Wakosil 5C 18-200 (0.4 X 25 cm HIYEHZE AL
MR 304 nm
GC-MS: B GC-MS QP5050A
#1724 DB-5 (0.25 mm X 30 m)

2:3 NMR AIE

2:3-1 HERUVEE  D.O Extra (99.996 atom% D)
ISOTEC inc. . I 70t (BMS-005]5¢ ¥4 I &)
Varian INOVA 600; 72 ;b > J&#%# 599.882 MHz.

2:3°2 NMR HlIE 'H-NMR I %€ 514 ; Presaturation
HECKMEEIT o7z, B0 ELUHE R 256 [, #5EiR
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B¢ 30T , heteronuclear multi quantumn coherence
(HMQC) MESM; ¥ —4 » & gHMQC gradients, 5
E 30T, Fra(1-2) A%, EAEE T 'HNMR, 2D-
NMR Tdh A HMQC O #llE X, gHMQC ¥ —7 ¥ A THT
-7z, NMR OHIEIE, DO (99.996%) H#E, 7 33
suatn (5¢) WV, ##EI Varian # INOVA 600 T
To7z.

2.4 BAF OIS T 14—

SHEMB T AT VOSRENTH S B OB 2 —
ARWERAL 7 T — 205, WEHEEHNSEETEZ AL T
77 —ER, HEETHLZ LI, RENEHETLZ L
PHISNTWEY, KB Fr.a RO Fra(1-2) 1220 T,
'H-NMR D EFE RS §1.9~21 (CHy) ¥ 7 F A8
Ao, ERITTH THREET ATV O, HsH
DIRTCH 2kE BB EPEZOLND., £IT, Fr4 i
WHIZHBA A 2 BEDL SWHEET 00 %, B4V
s7a< M7 57 4 —ETHELL.

2+4-1 HERUHE BNy 77— 23 mmol 7
YV, 25mmol MY AT I ALY Y. BERWE; BA
F VIREHEHR IV (BRI FR) mEgA A LT, 25,
5.0, 7.5, 10.0 ppm FiEE 25 L HIZHE L2,

AEL; Fra (50 ul) (8-200 HR 7' WViF# 1 T L 5 HiEA
B FEARIZVERD 50l

2:4-2 PMEKE HymEESf+vru~x 757
L-7000 ¥V — X,

#55; BNEA 4 YN A I 24 (4.6 mm X 150 mm
#2740) 715 Li@EE 55C.

2:4°3 FHE HYBsEEA+yoru<x br57
L7000 >V — X & HWT, HHYY 77— 23mmol 7%
VEE, 25mmol M) AT I/ A% T, HiE 1.5 ml/min,
Pressure 44 kgf/cm2 DA TEERBROZBELIEL,
BEHBEERLZ. S i TEB Fra Gou) ORIE%RAT

-7,

2-5 IL-12p40 FEEMHR

2:5:1 HERCHAE  MilliQ K, RAW 264.7 #iliz,
LPS (Lipopolysaccharide from Escherichia coli Serotype
026 : B6, Sigma), GeneElute'" Mammalian Total RNA
Miniprep Kit (Sigma 8.

N TAF—ORRESTH S, Fr4, Fra(1-2), Fr.9
KOS LPS &k & A3 EICE, 5ug/mliBEICE D &
HINZH TNV E M L 72 minimum essential medium
(MEM) KT, RAW264.7 fifa %352 L 7-.

2:5:2 KBHE  H5T4F—0IL12p40 FEEHE
1%, invitro \23 T RT-PCR LI & 1) 3l % 17 - 7.

v a7y — UM RAW264.7 &, h Y T4 F K

mEE, KM, B, BE, WE, LE, EE, RE, R@E, EIL B0, B L2 SEEEE SR E ORISR 393

W@ 5 {Fr.4, Fra(1-2), Fr.9} % & 10% fetal bovine
serum (FBS) &7 MEM ¥ TR EFHIBE# 2 17 - /2.
GeneElute™ Mammalian Total RNA Miniprep Kit (Sigma
R) ZHMWTRNA ZHliH L7z, ®iZ M-MLV Reverse
Transcriptase (PROMEA #) %\ cDNA &0, 55
N7z ¢cDNA % 1L-12p40 K U glyceraldehyde phosphate
dehydrgenase (GAPDH) 77 4 <—%f\TPCR %17
72 (PCR KIG5MF 94T, 27MOT VA v Fa -V a
Y0k, 94C; 508, 62TC; 508, 72T ; 60 WO &MT
30 4 7 VRGBS E/etk, 74C T4HO7 7470
B ohiz, PCREWIIDONT
2.5% T HU— AT VELKE 2TV, EEHELWNEL
7z

IAT VI avikiTo).

3 FEREER

KB & 2 VIFEE S-200 HR THE, 2E LELN/Z@ES
FagEe (Fr4) 82, B4 4 ¥4 7 4 Econopac %
BT, HE, 7B LAFOSHE 1~2TH5H Fra(1-2)
T, HBESAT | p-aminobenzoic methyl ester (ABME)
W IC L AEAEAEs O M5 74— (HPLC) HIE
J U gas chromatography (GLC) #J5€}, {2, NMRfll
% ('"H-NMR, HMQC), B4+ ryou= 7574 —l
%, IL-12p40 FHREERE 1T o 72,

Fr4 3| BEOETEMNS , Fr.o 38T UV 280 nm
DRI DHLBESTHolz. THHIZEDTE L DEMN,
HAET AT - 72 (Fig. 1). HIZIZ O S200HR 7V iF#
BT AL D BSNIES Fra 22T, 10 kDa, 50
kDa, 200 kDa @ 3 fEEIORIMFEEE % @ L CHRAVF# 2
TolAE%, BIZ05TREEIEONR.

a. PRAVFEEZBES, b, BANFBERREE D, c
AL A EBEIEEBREIC OV TENRZENORIFMEICE
% a, b, cOBEILE (%) ZROAER, TOFr4aid
200 kDa A F 2% 40%, 50 kDa~ 200 kDa 9 30%, 10
kDa—~50 kDa #J 30% &\ 95 T B ELHE SN,

RIZ, S200HR THESNzFrd (375 mg) &, BAF
v %S 9 L Econo-Pac High Q 7 — VU v ¥ (BT
Econopac L B6¥) WV THE, SELZ. T0%7 7
7 a0 UV280nm OWEEL, HEEOMKE Fig. 2
IR,

BRIEBIZ Fig. 202703 b5 ATRLEESEED
T, Fr.1~92, Fr3~5, Fr6~12, Fr 13~16 ® 400
W& L7z, K42 RMEERLEONEEZ Table 1
R

COFraDHD, Fr{l-2) % Fr4(1-2) LBET. Fra(1-2)
BEEGOZPTOIROBEERDOL VLT TH 5.

ABME BE#iEIZT, ¥ 250 ng 205, FEMLELGHT %217
o7z, R, Table 2 IR L H 1T, Fra(1-2) O¥ESH
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Fig. 1 S5-200 HR gel filtration column fraction; Fra 4 and Fra 9 are gathered to lyophilization to each other
(4 mAU) UV (280) absorption of each fraction (10 ml/fra)) and (@ pg ml~ 1) sugar content

pug ml™
— 1700

600

500
400 - —A—Abs. at |

300 ‘ —&— Sugar
200 ‘L - contentr

100
0

o—nww.hcnm\loo%

123 45 6 7 8 910111213141516 Fra.NO

Fig. 2 Econopac anion exchange column fraction; Fra 4 of $-200 HR was separated with the Econopac anion
exchange column

UV (280) absorption (& mAU) of each fraction (10 ml) and the sugar content (@ ug ml~ ')

Table 1 Amount of each Fractions from Econopac Table 2 Carbohydrate Composition of Fr.4(1-2)
anion exchange column (applied total

amount of Fr4 was 37.5 mg) _ Carbohydrate nmol/mg

) ~ - N Galactose 198
Fraction 1~2 3~5 6~12 13~ 127 Glucose 364
Amount/mg 26.9 3.4 0.5 0.6 Mannose 348
Arabinose 108

Xylose 216

Fucose 172

Rhamnose 308

N-Acetyl Glucosamine 116

N-Acetyl Galactosamine 64
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Fig. 3 'H-NMR spectrum of Fr.4(1-2) with pre-saturation sequence (8 4.67 HDO signal, 600 MHz, 313 K)
a; CHs of methyl pentose, b; CHy, ¢; CH of sugar ring, d ; CH of anomeric region

Table 3 Proton (H-1) and carbon (C-1) Chemical
shifts of Fr4(1-2) at Anomeric region (the
number show at Fig. 4A)

NO. 'H(§) "G (8) NO. 'H (8) PG (8)
1 5.21 99.99 8 4.99 100.67
) 5.19 99.97 9 4.96 100.62
3 5.17 99.94 10 4.93 100.48
4 5.16 99.50 11 4.90 98.94
5 5.04 97.68 12 4.86 98.60
6 5.07 100.51 13 4.70 98.90
7 5.02 94.21 14 4.45 102.77

B OO HEMENSEEENE Z WG o7z 9fED
HEEIZ, HPLC W B U GLC ohid S, FREFNOHEE
DEEFLDOIF T ary L LhSREERTY, BIZ
gas chromatography/mass spectrometry (GC/MS) %
THHRBEOTTROMREIT 72, (T 7 Ref. 7-8
WZECHEL) . AREE Fra(1-2) @ ABME RE#RIC X A 850K 75
Hri& # % Table 2 1ZRT.

RGO R, S, ZO Fra(1-2) OHEEREEY T o
f—X, FWOA—RA, %V /=R, T/ —A, ¥0
— A, 7a—RA, FAh/)—X, NTEFLIVat3Ir,
NTEFNTS 7 I DIFENPSLDLIEDTho
72 L —APINE, BSOS EEBRTOHETH
D, RBWICEELHEECHL, HEFAFILESER
ZORKD 33.1% B EDHTWE, BHIZARREI TR, £
T—2Z (216 nmol), 72—2Z (172 nmol) 7 EHi¥tEH
ROWEELELELEVIFHMEH L. BIZ, TIE/ =X
&I 4 7—2A% (108 nmol, 308 nmol) EHWEHRZ

RLTEY, D7IF5E/—RAEIANIELVT—RA, RTF U
P& Ih, 174 7 —R3SBRSE LTORD
J\e.

"HANMR A7 b VIZHESICHE R 2 7 F V&R LT
Wb, 'HNMR 2°5, §1.1~1.4 (CHy), ¥ AF N> b
—Z (7a—RA, 4L /—R) ®CH;f DY 7+,
§1.9~21 (CHy (ZOYZFNIZo0TIEHEB), §3.2
~44 (BEOB CH), §48~52 (7 /A v 7abr)
HIBIZZ DY T FUDELR->TWAEY, TUHDY )
Vi, BESICEMN Y S FLEEZLNRD (Fig. 3).
HIZ, HMQC A7 b6, HEORENET /) A Y
v IRFERKKZOMBL I FAPBEHBELIL TS
{8(H)5.21 - §(€)99.29, §(H)5.07 - §(C)100.51, §(H)4.99 -
8(C)100.67 etct (Table 3, Fig. 4).

B, ¥UNRIERAORELO NMR ¥ 7+ (565
~85, NH, 7x./—IVHKHE) FROONLho7z. B
AFroux b5 74 —ORTEHEREPS, Fra TOMHE
A+ 1%, BEZ1.29umol/ml Tho7z. LzhoT
'H-NMR @ § 1.9~2.1 (Fig. 3b) (CHy) O ¥ 7 F IV idkk
BRALME ORI REER O (CHy) OWREMRH S EE R
bhb.

IL-12 iZiEE L BHijERe v 2 07 7 — VD EAT 5T
BETHOHA PAA YT, pd0 R p35 D 20D 7
Sy MV RALT 4 FEETRIEN AT T 2 BIAAO
FUNRTETHL, Ty PEMTIAEREE A RS
R, BEREE L TUE, T HIBZR NK #IHEH 5 @ interferon-
y (IFN-y) % tumor necrosis factor-o¢ (TNF-ot) DFEHFH
H, NK#iles> CD8 + T il oMK ki EiF M8, Tho

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

396

BUNSEKI

8 e et — R - |
-3
el -

F1 (ppm)

KAGAKU Vol. 54 (2005)
F2 i I T ] — ,;“l
(ppm)]
] 1 { C B
3.3 — |
] L
1 *
3 H
D
. L
i | T = S
3.5-H - @ S S VO
3 4
O
3.8 - \-J
@
39— =
=)
4.0
@) —
4.1 j —
4.
434 L L
B‘Z 80 78 ' 76 ' 7‘4 72 ' 7’I] bIB ' 66 ‘ 64 62 ' 60 58 56 54
F1 (ppm)

Fig. 4 Partial HMQC spectra of Fr4(1-2) gHMQC sequence (600 MHz, 313 K) numbering 1 to 14 display 'H-""C corre-

lations (the number show at Table 3) (A) anomeric region, (B) sugar ring region

IL-12p40
GAPD

a b ¢ d e

Fig. 5 Effects of the purified Catalyser 21 fractions
on the transcription of IL-12p40 gene in RAW264.7
cells

Upper lane: (a), Control; (b), LPS; (c), Fra.4; (d),
Fra.4(1-2); (e), Fra.9. Lower lane shows the expres-
sion of glyceraldehydes 3-phosphate dehydrogenase
(GAPD) gene as a marker of cDNA amount supplied
to RT-PCR.

fa2> 5 Thl Mle~D 5 LiEAE, EHEIL NK MR T Ml
DOETEIRHE L EAM SN TS, p35 BIZFIXEEWICE
BLTBY, pso 7 1=y M OBEFEBEH L1254
FEICHRL TS, THEHERTDHEID, 40% 75 T4
H— BT IL-12 p40 FEEVE R0 H 7",

ZIT, Y IAY—OnE, HRESTHLE0FH
HRAH Fra, RUBEEEOSVEAE Fra(1-2), K5 158
B Fr.9 KT, LPS 80T IL-12p40 &5 Bk % 17
7.

IL-12p40 FEFEERBR L WE L2 R, B Frd,
Fr4(1-2) ROV KEYH vy H I 4 F (LPS) (2t IL-
12p40 FEIEM AR 57225, control K U¥ Fro (21372

HoNh ol (Fig. 5). BB, K IL-12p40 FHEIEFTER
BHETEENLARETH ), BHOEEY EEMITR
THDOTIE VDT, Fra, & Fra(1-2) OFEHEDENE T
BT2b0TIEenweEELZONS, —F, MR LPS
FEINTVLEIERICHMSRTHE' Y, LaLid
5, LPS k&A1 F % H 5 4 (Econopac) THEM S
TR O RS, S, UV (280 nm) OEH IR T,
40~55 ml DFLBEICER T OB HEAFER S 228, Fra
(1-2) ® Econopac &M TIE, 10~20 ml O EIZTE
WA DR INTEY (Fig. 2), HOHH»ITLPS DFE L
ERLZ-Twa, HIZ, HESFREIIBVTY, LPSIE
Fr4(1-2) OBEHBBICB T AHERTOEHE IRLL
EDRB SR o Lo T, AFF Fra(1-2) i,
LPS LR L EbDOTHEEEZLNS. LB, 5% LPS
KOV THEIIRFEZT > T ERTH 5.

ARFFETHONTAERENS, H ¥ T4 — 21 D4 HE,
RRABTH 255 FHBES Fra, ROTZORBRE ST
BEROL W Fra(1-2) 13 1L-12p40 FEEEEZ B L THY,
PUEBIEHR S L LTHET D 2 AR s, B2
NIZEERETHH 2 LAY, BERESHIER NMR &4 &h
SHBH Lz, ThoDSEIE, BHAMEIZX S, MERE
BB MBI TR0k btELONS.

St, ABOBEZELE L S THEOGFEY 4 X2/
KL, T?DFra(1-2) OHEMTZEIIIT > T, B8
BCHI R, &FE 2D-NMR 2> SHEEOFFM Z B L 112 35
BIEER G O E DT <L
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=1t i, KM, B, B, R, LE, R, BE, &E, W, B0, B8 L1 FEEEESEE ORERT 397

(M) HAEROH &~ ¥ — LB E TR L T H L3
OREFEIO>WTIWHEE, BHLEBHL RiFEy.
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