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Mg** OREMNFEDI-HOHRERL ATP (F7F/ L= B OYPO7T—) TTH
EHEHE (FT-NMR) (C£5< FIAILLT b Gup) LT A TU L HFEH Tap)
ho kBShi. ATP O %P O & 3 ALY 7 bt Mgt ORES 0~5.0mM ¢ HET
BEKEEERL, SERTER EE ERHERERES. L OHy T L IERE
1.0~5.0mM OHETREXKEMRZRLIHL.0nM LT TRTFETH Y EHRRBEH
WHhmote. Mg & Ca* HifET 38, JEL THRALBEERLT—FEF,
BERERCENTH > 128, Sup F—FDOEKICHY, —FOREHZWNE /A8
NEALARIBEEFERTETH - 7.

Determination curves were obtained for the measurement of Mg** concentra-
tion based on chemical shift (8,5) and the coupling constant (J.s) of FT-nuclear—
magnetic resonance (FT-NMR). The chemical shift of 3P in ATP was dependent
on the Mg** concentration and showed a nearly straight line for Mg** determina-
tion in the range of 0~5.0 mM concentration. The coupling constant of 3P was
dependent on Mg** concentrations in the range of 1.0~5.0mM, but did not show
any dependency at concentrations under 0.5 mM. When Mg** and Ca** coexisted
the determination curve founded on the chemical shift could not be used for
Mg** determination unless the concentration of one of the ions or amount of total
ions in the solution was known. In addition, the coupling constant was not useful
for the preparation of the determination curve because of its irregular value.
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ATP 3 Mg** LMAEERATS. HAEEAL
Tl o 3P oS IE NMR) 7 3
v 7 Mk Mgt EERC RIEL T\ B & B X
5. 07 8k, Mg™ oRENELEE
L CHWIRRET O ZJE W e 7e R T HRE 4T 23
AubhTns2, NMRITIEREMC 3P %
HECTEBdie, POy iy 7 b&F)
AL CMilao @ > Rtk o Mg**
OWPES CHGBRTWS. Lal, KERT
BEERmERTFD ATP o 3P o NMR 0 #lE %
RBTD, 7 A4 AREL AT fEN B LR
Mote. LichisT, & TiF T-NMR i
<3< ATP o *'P o Wuss Mgt EHHEIER L
7By, P L POr ALY T FRLID PO
By 7YV IERNFERIC Mgt BEL LD X
5 IeBIFRIT B % i BRHESRURH A FRELL T AR
fo. e (S5mM PE) o Mgt 28 ATP &
HAEFERALLEED ATPO Y s A7 b8
T P-P v 7Y v IIERIC DTk S
BB, T ITEHEEE, AEERL Mgt o
BENSMM LT BEN i, o
BLTomEROERME, BEKFERXOE
BoREHC DLW T Mgt OREAXREL, i
Ca** BB SO\ TH BHFAZF T - TH#E
T5.

B R A OE
IR
KA 4 v IR L itk & Ao, ATP
%5 X 0 MgCl, & CaCl, i1 Sigma # (U.S.A)
B X OMEHETENS TR TNEAL .

2) NMR o#fIE

BEHOIERIC Buvic 308 5 mM ATP,
0.02 M bis-tris buffer, 0.15 M KCl, 10% D,0,
FIOERE Mg B 5\ ik Catt BEY AL,
PHIL7.2CH -1z, EECHEICH\ 1 coke,
g, EEADER S X ORIE DO & 10% %
T OVATP % 5mM 4%, pH 721075 X 5
= 1.0 HCl A\ CHH L . P NMR &

(B13% H25 1987

7 Ak Varian XL-200 RS 7 — ) =25
PR RIE S E 4 ¢ 81 MHz CHIE L 1.
PIEEIRER 7Tmm o AR T AR 3ml
THote., ARZ2EDOwry, 21, F~—
2 OEREER 2 sec, FEE [EI% 600~1200]a],
B2 L 2D 18 psec B L UREA L2 b L
D g 4000 Hz TEHEL 7.

i 7

BEGOBIIT, 5mM o ATP o Fic
Mg** D E A 0~5mM D Hifi CAYL L kgD
ATPD P B IO P ORIUCESL r I H v
7 rEH Y TV IERL Y To 7. Figurel
1% 5mM o Mg** 23367735 ATP 0 3P o 2
~<7 +A(B) &, Mg™ RED A< ki (A)
RL TS, Mgt HiED A7 F A% g
F5&, Mgt $tfirhd ATP 222 LD 4P
L P Driany 7 D EG) 1T Mgt R
TEDARYT FAD Sap X H/INEL,  Fi Mgtt
$FFED ATP D 3P D Jag (P & P D H » 7
YV ZERD) BAREL D NE ot ZDX5
CATP D P BIVC P D r i vz bR
IO Ay 7Y v BEH Mgt ORET AL
THZEEBEHRLLDOT, ZDOWfEL Mgt
BEOKER L L THRINENEHE L 7.

hy TV IEBICETC Mgt OiRER

ATP @ P B X O P ORI ~ 7 % Figure
1 @R L7., Mgt HEn ATP 27 AT
FhENBERBE &, PO -2k Mgt ©F
S BAR I CTERIC R E TH AR L2 &
BEE2T, 7y 7Y VB IERCRET
X 5H, P O — 21k Mgt O T =EH
DHELE U AHREC Itoi. LT,
NMR # + — b BB IEREC FE TES 7 »
7Y v BRI S BRSNS ATP © P 0
B TV VIERD #E Nap Mg+ 23365 L
WD P DAy TV IER LTS
EEDE) L Mgt BED R H L KD
7= (Fig.2). Z OBEfHE Mg+ BEMN 0.5~
5.0mM (Mg**/ATP 230.1~1.0) o #if ©
TSR R R MR RLC. Lo T,



o

S

NH,
N N
g
N N
o o @
on-f2 o-Bo-plock,
b bn on

400 Hz

Fig. 1. 3P NMR spectra showing the P, sP and 4P resonances of ATP at 37°C.
(A):5.0mM ATP in 20 mM tris buffer (pH 7.2) plus 150 mM KCl. (B): Same

as (A) plus 5.0 mM Mg+,

Figure 2 Oftdiid AJap 78 0.5~4.5 Hz O
PR Mg** OREREN ATP © P ORI
LARECH B Z LALLM ooz, Lo,

ATap 15 Mg+ J2E28 4.5mM Bl ClE—5E (il
witszk, 0.5mM LUFCik—EL ish -7
ZER X D BRI ERSBSLL feh o K
T, MEREEAT OREBRYH (Fig. 2).
HIEEEAR 4°, 20°, I O37°C L&kl 7z
LA, ANJaplZ20°C I O37°CTCIzEAE
2T e o Tepd, 4°C TlRIzE—REIci35%
OWHHET LI, TDZ EiE Al B
LTHWS & EFillERECERL 2 Tk

bl E&RLTC.

hy TV FERICEDL Catt ORER

Figure 2 (3 Ca** 510.5, 1.0, 2.0, 3.0,
4.0 55\ 5.0 mM OEBEBRED Alap 5
Lz, AJap 2 2.0mM L ECik Mgt ofi &
BENTIRE EHTH 7. Linl, Cat g
2% 0~5.0 mM OFIFIT i h B ERREAY R
L, Cat* JIED #HERRE L CFIHRETH D
P RN P N Gl o

FIARLT MCES Meg™ OBRER
ATP D oP & P D7 3 hv 7 + D)




Ada8 (Hz)-

136 - Il B BB ¥ &Rk

4.00 X

A
X

2.00"

1 2 3 4

Fig. 2. Plots of the coupling constant difference
of 3P NMR in ATP against various concent-
rations of Mg+* and Ca**. AJeg(Hz): difference
of coupling constant of ,P between the absence
and presence of various concentrations of Mg**
or Ca*+, O; 4°C, A; 20°C, x ; 37°C for Mg+*

5
Mgor Cat (mM)

and @; Ca++ at 37°C.

(3813% 225 1987)
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Fig. 3. Plots of the chemical shift difference
of 3P NMR in ATP against various con-
centrations of Mg**. ad.g: subtracted
values of the difference of the chemical
shift of ,P and gP in the presence of
various concentrations of Mg** in the
ranges of 0.05—0.5 mM from that in the
absence of the magnesium ion.

2 Mgt BECEKFELT WS 2 &
iRl (Fig. 1), Lichi-
T, ASNETT (Mg** B 0mM
DL EPDOrInAy7 bDE 150
&, BB Mgt BENIFETEHE
XD, PO IHINYT IO
2pE) L Mgt % 0.05~0.5mM
DEP TEAL & E D HER
% Figure 3 1iLic. ASE™ & 50
Mg** JE DOBfRIL B\ EREZ R
L. %7z, Mg** 280.5~5.0D
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WEOEED &1, Figure 4 € 0
RLIZE A ELhIzZ &b
B, FIArv PRESIHBER
11 0.05~5mM o Mgt BB b
Too T T& % L PLMT
fote. FRHCBERMES BULOiX 6P
DB 0.5mM L F @ Mgt &
ECHIBIC Is oo fo®d T, P OF
IHAY T PN IEHC RDOIHERTH -
To. BT, Abep T 2IRED FEA 4°,

20° B L O37°C T~k (Fig. ) 25, &
BEREEREEAE RS, AT 2RV RER
Ind oD Adap B, HIE R

10 20 30 2.0 5.0
Mgt or Ca**(mM)

Fig. 4. Plots of the chemical shift difference of P
NMR in ATP against various concentrations of
Mg++ or Ca**. Alag: subtracted values of the dif-
ference of the chemical shift of ,P and gP in the
presence of various concentrations of Mg** or Ca**
in the ranges of 0.5—5.0 mM from that in the
absence of the ions.
same as in Fig. 2.

Meaning of symbols is the

ETREIREAFMEO HME T BT WD 2 &b
ﬁ*of:.

FIhLyT HcEDC Catt OBRER
Figure 4 (3 Ca*™ EEE20.5 1.0, 2.0,
3.0, 4055\ X 5.0mM D ASE™ &KL



Eiizhs : ATP O P BRESMIEIC X 5 Mg DR 137

2001

150

1001

A 8ag (Hz)

50

2.0+ Catt: 3.0);

(Mg*+: 3.0+Cat+:

2.0); (Mg**: 4.0+
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Fig. 5. Plots of calculated and measured chemical shift difference of
3P NMR in ATP against various concentrations of Mg*+, Ca** and
their 5.0 mM mixture of both ions. (O; found values of A8sg in 7
5.0 mM mixture of Mg*+ and Ca*+, (@; additive values of Adaug
obtained by the respective Mg*+ and Ca** in Fig. 3 (B), and meaning

of x and @ is the same as in Fig. 4.

Table 1. AJug and Adap of 5.0 mM ATP
in urine, saliva, bovine milk, and

coke.
Alap Hz NSas Hz
saliva 0. 67 27.7
urine 3.18 129.02
milk 3.52 170. 04
coke 0 0

fo. Cat* o NS 13 2 WIEHF T btz - T
Mg** DFED Ndas &8~ $ 35% DA %R
Lichy, T EREE/RLICOT Catt JIED
BRERE L THRMEHTES Z LB BN

7.

Mg+ & Ca** OH#BFEE Adap LT AT
Figure 5 (X Mg** kot Cat* 230, 1.0,
2.0, 3.0, 4.0%X05.0mM ¥l ic FAET
% ATP @ %P © Adas 35 X O Mg+ & Ca**
NEFELLEEZ5mM L L &, Tabb
(Mg**: 1.0mM+Ca: 4.0mM) ; (Mg*t:

5 Mg mM)
0 Ca™f(mm)

WA+ vDOEER LY
EAFVERRD D
CEREAAETH-

TMaca

Mg** & Ca** nigk
Ft5 oaP O AJasik
Mg*+ & Cat+ @ﬁ@
e &R s BIEMEIIR D DT T,

R, B, $3&L0 coke DEARR

B, MR, Pl X OF coke » 5.0mM ATP
NEFETH P DOAT BIO Adog DEMIE %
Table 1 1273 U7z, coke DA J 6 X O Adas 11
Whdh FHE L, Mgttt b Catt O RfER TR
L7z, 4gpo Mg** & Catt o BE 3 E
TFhFER 2.18mM & 25.0 mM + EEIRIC
Ca** i &, E#Hl L Adap i1 170.04 275
b, Ca** o X h Mg © ATP kT
DfEEN HEIRCEEERE, Catt ofgfIL -8
Tl T EFHLI. —J, —AY%hHoD
BADRE% 1600ml L RET 5 & Mg** DJf
g BED 13 1.8~2.7mM, Ca** % 3.75~5.0
mM &7eBh. FROFER Adas 13129.02 TH -
feZ &b Catt OEE L SmM IR Tth -k
LHBbhi. ¥, R O ASwy 5 27.7 T
fEx RLIC & & SgEhES? Catt 1.56 mM,
Mg** 0.21mM 2: 5 ¥ L T4 & b,
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Mg*+ DR A 0~5.0 mM & © &3
BEEDS5MM ATP D P & P Dy s hny
7 b D ASYET i Mgt R tkAE A R L
72, Efz, Cat* 531.0~5.0mM #7534 20

ASE b EABE OB AR L7 (Figs. 3,
4). uubxof, Mg*+ X 08 Ca*t iextd %
NS DEARR A RO B1IDITPEL I H L
T FERMPCTT ey FLIcE T AEFITEN
EfEL SO (Fig.6). - OEfHITHE—
R Abap=AMB tH b X h 5. ZZTA
L BIRRME, Miz1.0~5.0mM 04 EA +
VIRE TH 5. FEFERID, Mgtticouw
TUE ASYE™ = T70.8 M7, Ca** iz 5\ T i
NS T=35.5M"® 2N 18 Lt ZOREH
WBZET, Mgt fs X0 Catt pyps L =3l
Adas LD BHERDLNS.

wic Mg** & Ca** o BYE LT AEHEE 2
5mM T—EL, ZO—EENTHA 4+ v kR
DB TBEE Y I ALY 7 MIKRARTEIh
5z L otc (Fig. 7).
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Bk D, FERASNETTA g Mgt @
BEAY KD B 7o it Mgt & Catt o &8
PO T IR T febia. 430 R
@H@%Fﬁ%m@fg%ﬁ”%”@@ﬁ
IEFHEE L { Ui b gy, Fie, Mgt
& ATP BSHHEFRALTHELS P Oy s h
v 7 bk Cart &7 B3 MntY, Nitt, Co**
B IO Cut* O Tl 1 F ViIC X » TEE
FETHEMBRTEDY, ZhbD Il
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Fig. 6. The lines expressed by logalithms
for the determination of free Mg*+*
and Ca** based on the chemical shifts.
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Fig. 7. The line expressed by logalithms

for the determination of Mg** in the
mixture of Mg*+* and Ca** based on

the chemical shifts: A31,9=68(MTg” Joot
+143.
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