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SUMMARY: Presence of two kinds of "unfrozen water" in mitochon- 
drial suspension, i.e., "loosely" and "tightly" bounq water, was 
demonstrated in the line width and T values of the H 0 nmr 
signal. There is a large difference'between the intac z and soni- 
cated mitochondrial suspensions in the state of "loosely" bound 
water. The results imply that "loosely" bound water rather than 
tightly bound water reflects a small change in the state of bio- 
membranes. 

The proton magnetic resonance signal of unfrozen water is 

observable in frozen biological materials, such as muscles (l-6), 

erythrocytes (6-8) and proteins (9-11). The 1 H nmr of water in 

frozen tissues below -20°C has been shown to give useful infor- 

mation on the state of macromolecules and tissues (l-11). 

Amount of the unfrozen water changes on the denaturation of pro- 

teins (9,10), and tumor contains less amount of unfrozen water 

than normal tissues (2,3). However, in these studies no infor- 

difference between the proton 

and that at -25OC. We studied 

ial suspension on freezing, and 

spectral properties in the 

mation has been deduced from the 

signal of unfrozen water at -5OC 

the state of water in mitochondr 

found a marked change in the nmr 

region between -5°C and -25OC. 
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Figure 2: 

Figure 3: 

The lipoprotein lipase activity releasable from cellular suspensions 
during a 45 min incubation with heparin following a prior 2 hr incu- 
bation of cells in insulin is plotted on the ordinate. The insulin 
concentrations utilized are shown on the abscissa. Data points 
represent the mean?SE of triplicate measurements. 

The lipoprotein lipase activity releasable from cellular suspensions 
during a 45 min incubation with heparin following a prior 2 hr incu- 
bation of cells in heparin is plotted on the ordinate with the hepa- 
rin concentration in mg/ml on the abscissa. The results represent 
the mea&SE of triplicate measurements. 

The lipoprotein lipase releasable with heparin from cellular suspensions 

decreased with increasing prior insulin concentrations (Fig. 2). This decrease 

over the range of insulin concentrations utilized during the 2 hr incubation is 

compatible with a direct effect of insulin on the cell membrane. Cells incu- 

bated -In 1.0, 10 and 100 mg/ml of heparin for 2 hrs instead of insulin showed 

a similar decrease in heparin releasable activity (Fig. 3), and results very 

similar to those shown for insulin (Fig. 2) were obtained. Like insulin, 

heparin also enhanced a release of lipoprotein lipase into the culture medium, 

but unlike insulin, heparin had no effect on intracellular activity (data not 

shown). Similar effects of insulin on lipoprotein lipase were found in 5 ex- 

periments (Fig. 4); increases in acetone ether powder and culture medium acti- 

vity were associated with decreases in activity releasable with heparin from 

cellular suspensions. 
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Figure. 1. Temperature dependence of 1 

chondrial suspensions. 
Hz0 nmr signals in mito- 

(a) Relative intensities, (b) the line 
width at half-height, Av 
cated mitochondria. Specki - 

o: intact mitochondria, 0: soni- 
a were taken as described in the 

section of "Materials and Methods". The experiment, where the 
sample tube was once frozen by liquid nitrogen and then warmed 
to the observed temperature, was also performed. There was no 
difference between the results of both experiments. 

Figure 2. Changes in T 
A 

of the proton of water with temper- 
ature. o: intact mitoc ondria, l : sonicated mitochondria. The 
continuous line in the figure was calculated as described in 
the text. 
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intact mitochondria reaches a minimum, (Tl)min' at about -14OC. 

In contrast, (Tl)min of sonicated mitochondria is observed at 

around -5'L-lo"c. Moreover, as shown in Figure 2, with intact 

mitochondria there is a discrete increase of T 1 at about -25OC, 

but with sonicated mitochondria such abrupt change was not 

observed. 

Provided that the water protons undergo a single motion with 

a characteristic correlation time, TV, which can be related to T 1 

as shown in eq.(I)(ref. 14), where W, is the Lamor frequency and 

K is a constant. 

(T1) -' = 2K( 
1 .'Z02Tc2 + 1 + 4 I:2Tc2) 

(1) 

From eq.(I), the Tc at the temperature of (Tl)min is calculated 

to be 1.0 x 10 -9 set at 100 MHz. The temperature dependence of 

T c is assumed to be represented as, 

T 
C 

= exp (-Ea/RT) (II) 

where E a is the activation energy and T, is a constant. Combi- 

ning eqs. (I) and (II), the temperature dependence of T1 can be 

calculated. The continuous line in Figure 2 which is the calcu- 

lated change of T1 with temperature when Ea is assumed 14.7 Kcal 

/mol, fits well with the experimental values for intact mito- 

chondria. It should be particulary noted from the difference of 

the temperatures of (Tl)min in Figure 2 that the mobility of the 

water in phase B is larger in intact mitochondria than in soni- 

cated mitochondria. 

The above results indicate that there are two kinds of 

"unfrozen water" in mitochondria: the waters in phases B and C. 
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The water in phase C should be the one directly bound to pro- 

teins and lipids ("bound water"), its correlation time being 

estimated to be about 10 
-6 

set I as has been reported by many 

workers (l-3,6-10). The water in phase B moves faster than that 

in phase C and is probably located near the membrane surface, or 

in the matrix space, or in the space between the inner- and 

outer-membranes of the mitochondria. The presence of this kind 

of water in biological systems has been suggested from analysis 

of the temperature dependence of 
1 
H20 T1 values in erythrocytes 

(7) and of the dielectric relaxation of water adsorbed on lyso- 

zyme (15). 

In our study the presence of this "loosely bound water" was 

demonstrated directly for the first time. From the finding that 

there are large differences between intact and sonicated mito- 

chondrial suspensions in the line width and T 1 value of the 'HZ0 

nmr signals in phase B, the water in this phase probably 

reflects a small change in the state of biomembrane. Thus the 

nmr signal of 1 H20 in phase B should be a better probe for the 

state of biomembranes than that in phase C. 

1. 

2. 
3. 

4. 

5. 

6. 

7. 

8. 

9. 

REFERENCES 

Fung , B. M. and McGaugly, T. W. (1974) Biochim. Biophys. 
Acta, 343, 663-673 
Fung, FM. (1974) Biochim. Biophys. Acta, 362, 209-214 
Fung, B. M., Wassil, D. A., Durham, D. L., Chesnut, R. W., 
Durham, N. N., and Berlin, K. D.(1975) Biocim. Biophys. 
Acta, 385, 180-187 
Belton. P. S., Jackson, R. R., and Packer, K. J. (1972) 
Biochim. Biophys. Acta, 286, 16-25 
Belton, P. S., Packer, K. J., and Sellwood, T. C. (1973) 
Biochim. Biophys. Acta, 304, 56-64 
Bystrov, G. S., Nikolayev, M. I., and Romanenko, G. I. 
(1973) Biofizica, 18, 484-489 - 
Zipp, A., James, T. L., Kuntz, I. D., and Shohet, S. B. 
(1976) Biochim. Biophys. Acta, 428, 291-303 
Zipp, A., Kuntz, I. D., and James, T. L. (1976) J. Mag. 
Res., 24, 411-424 
Kuntz, I. D., and Brassfiekd, T. S. (1971) Arch. Biochim. 
Biophys., 142, 660-664 

1029 



Vol. 84, No. 4, 1978 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

10. Kuntz, I. D. (1971) J. Amer. Chem. Sot., 93, 514-516, 516- 
518 

11. Hsi, E., and Bryant, R. G. (1971) J. Amer. Chem. Sot., 97, 
3220-3221 

12. Hogeboom, G. H. (1955) in Methods in Enzymology (ed. Colo- 
wick, S. P. and Kaplan, N. 0.) Vol. 1. 16-19(Academic 
Press. New York) 

13. Myers, D. K. and Slater, E. C. (1957) Biochem. J., 67, 
558-572 

14. Carrington, A. and McLachlan, A. D. (1971) Introduction to 
Magnetic Resonance (Harper and Row, New York) 

15. Harvey, S. C. and Hoekstra, P. (1972) J. Phys. Chem., 76, 
2987-2994 

1030 


