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Study on Intracellular of Hela Cells by *'P Nuclear
Magnetic Resonance
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Abstract A *'P nuclear magnetic resonance (NMR) method has been established to noninvasively measure
intracellular condition of Hela cell, stable >'P NMR spectra of living cells were obtained and intracellular
metabolite in Hela of phosphorized small molecule cell was analyzed. The chemical shift of intracellular in-
organic phosphate (Pi) ,which is very sensitive to cytosolic pH, can be shifted on the *'P NMR spectrum as
pH is changed and cytosolic pH can be derived from chemical shift of Pi peak. Intracellular pH 7.05+0.01
was calculated based on the chemical shift of Pi peak (5.88£0.01) in Hela cells. Based upon a measurement
of chemical shift differences between the a and S-phosphoryl resonances in the *'P NMR spectrum of intra-
cellular adenosine triphosphate (ATP) in Hela cell, the fraction of total ATP complexed to Mg”was esti-
mated, while cytosolic free magnesium ion concentration in Hela cells was measured nondestructively to be
253.3 mmol/L. *'P nuclear magnetic resonance method has noninvasive virtue in measuring intracellular
Mg>" compared with other technique.
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B LR S AE H A JEOL 24w INM-GX400 74
5 NMR 1% EHET; 3P NMR TAE#iZ% % 161.83 MHz.
N B 3 AL A0 (Hela) 75 2 10%16 71 1L 1) RPIM
1640 (GIBCO, USA)HiFRih, & 37 CH 5% CO, M7
ARV R B — A AR R TR AR T G R
12 RBH*E
1.2.1 Hela fmfie oy 432

WAEIH g te, BB F kg 4 °C, 1200
t/min, 250 10 min, HERFRG A RDTIE Hak TR
KPR, B0 5 min, fHAIHLYE, FIRIRE 7V
WARF—k, RJEH AR T 300 uL AR ER K,
BN 5 mm 200 B AN AL R IRFE ST P, 3R A
PR FEAE 30 min P 58 AR
1.2.2 NMR #%

ML FL G AN SO 1.2X10° 224, 4 T4k
PE N T NMR IR A T(5 5 200, S0t 1 h, °'p
NMR K K& 2 26 0K 2B ikl e 41 e,
% 10000 Hz, JU5E40 AT 2 Mg B35 %6 A 4000
Hz, #4211 16384, ki il 22.5 ps (45), fhiGLEiR 2.2
s, ZeN e AT 20 Hz, 201200 k. FBCABRE R 775
RN A B ORFELE 4 C.
123 Atmfen B F 3254 pH &4 T ATP 49 o B 4=
BAREARE AT A ( Sy )M

il & 4 mmol/L ATP, 20 mmol/L Tris (pH 7.2), 0.14
mol/L NaCl FRRSHLAN i 4 25 BE A0 pH 44 1) ATP
W, BEAT P'P NMR TR, %95 4 4000 Hz, 13 545," .
12.4 #dtafen B F5&EA pH &4 T MgATP 49 o
B p B IRIE A F A ST )R

B &4 10 mmol/L Mg*", 4 mmol/L ATP, 20 mmol/L
Tris (pH 7.2), 0.14 mol/L NaCl KIS Py B 153
FpH £ F 11 MgATP %3, 3547 >'P NMR IR, 1% 58
3 4000 Hz, £33 5" .
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Hela 41277 °'P NMR 3% WLF 1. M4 STk b Ak
EUEEAT R EAET IREAT 48T, Xt Hela 40 Muft) *'P
NMR 3 3503E4T T 450, Hela 41020 *'P NMR ¥ 3= 2
HH IR FE R (PME) . R XUER(PDE) JCHLIE(PD) IR
JULER(PCr)+ =M FR 1% 1 (ATP) AN XU R XU G (DPDE) [ 1t
PRUEA (¥ 1), DPDE W4\ 4 /& UDP (uridine di-
phosphate, K —WR)-# % 8% . NADP(H)H UDP-N-
SV FUBE A5 A . ATP IR = 2R T ATP 1) 34
Wik, CEAL A B4 —7.32, —12.20 F1—21.02 4t
Sy AL 3 AN LRI ()-ATP, a-ATP, B- ATP). Pi I§
(1) Ak, 27 37 B B I B A 355 (1 AN T 1 24022, IXFEAR S P
NMR [¥] Pi {ELAE T BASK 5540 B N 1) pH; PME U f, 5 1%
JHBE(PC)FIRERE IHJIZ(PE), PC A1 PE 3 i & 55 IH Bl s iy
RITIEL e et = A DRI FH e AT T AR A A7 10 m) AR ¢ 3
S 1 P B OB R AR, DA R e W 4 i e A 1)
PCr/ATP/Pi [ 5 {1454k,

Bl 1 Hela 41/ *'P NMR i
Figure 1 *'P NMR spectrum of Hela cells
(1) WL .16 (PME); (2) JEML#% (inorganic phosphate, Pi); (3) BEMRILIR
(phosphocreatine, PCr); (4) y Fl g = W§EA% 11 (y-ATP+B-ADP); (5) o il g =
W% T (a-ATP + -ADP); (6,7) MR X E(DPDE); (8) f — A% 1F
(B-ATP)
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B S AT P NMR i %7 ATP ) o B, B
WA 5 BEILIRIGE R TT, ATP 5 Mg* 454950 ATP
(1 o B, B WEAN y BERS MRS, P2 A R K IN 2 B
. DU N 0 A1 A TP NMR %R ATP (1) o WA B
TR RI A 27 s 22 (1 LA S AR RS UL 4 0 P 25 75 2 A0 pHL 4%
4~ ATP F MgATP 1] o 5% y W55 B 140220178 22
EHEE ). WD) PP NMR RS Mg®*
ZE 400 ATP 534 ATP EHE 0. #AQ)IHHANE
SR AN AT M® IR, N B S 40 P 2 Mgt
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F 1 Hela 411170 ATP FI4l ATP, MgATP %1 *'P AL R0 it 5 MG T
Table 1 Content of [Mg? " ]see and chemical shifts of the phosphoryl resonances of intracellular ATP in Hela cells with noncellular ATP

and MgATP controls
- Mg’ '], - Mg Tricep;
1 ) 1 [ reeaf . 1 reefy
Sample % % % O 9 (oL ofcell 1,0) 7 P (mol/L of cell H,0)
ATP —10.5230 —21.1915 —6.3215 10.6685 14.8700
MgATP —10.1633 —18.4516 —4.9975 8.2883 5.967 253.3%0.13 13.4541 15.550 742.1£0.35
Helacell —12.5741 —21.0154 —7.3240 8.4413 13.6914
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MgATP J& Mg*' 5 ATP 1[4 & R = 454,
Mg> " EHE L ATP (¥ WA y i 4s &, 1 Mg 5 p i
SRR 25 y BT E 5120, 3P NMR & i
B8 Mg? 5 ATP 4545 ATP (1 B B IR0 2210 B A8 X 05k
K, IS — AT 05, 8L 0, RTT 40 ML Py i 25
Mg® WSS R BIAE pH AT YRR pH BN Ak A
Oy R 80y 2K, 11T O WIASZZ T 3K — i, FRATTI)
G R P WA LLE 1, M2 lre J(253.3 £0.13)
mmol/ L =& tLE {5 1),

2.4 Hela Hip MBI R

3P NMR JE T G40 R I 40 g ATP /KF, AT LA
XiF LU AP A AR N s P HL T iR ATP AR RS AR AL
R AT R I, PCr/Pi, PME/S-ATP, f-ATP/Pi n] LLJ%
WA i P BB R IR AR AL, (HIFRRA T AR I R e R R,
N EAEAZ AR TR, AR RN AR 7 S Ok Je A
WEPE, X I TAEE AR — s, it im 2
(R AER 2L IS I Rg 40 i i) R B AR L, A
FHE T 8 440 B = 2 B R IR HLER

3 it

PLERESLR W, TP NMR 845 7 6 40 o 5 2R Wt
R RE A5, ookl T oAt — 28 03 by D7 i 52 4% 1 43 B 4l
A, FEA A AR I A R, 4 T4l
ATP, Pi, PC fll PE 25 b S5, P S8 T — K
AT ] A0 A B P 2 A S A A, DT R
AR 7Pt T HeAR R, FIH Pi (AR 4k ] Wil
NN pH 254k, [AIIFIF 9-ATP, a-ATP, f-ATP 142
PR AL T 40 P (Mg e A5 2
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