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here such an evidence by making use of a labile enzyme, MA lactate dehydrogenase and show

that proline confers protection to its structure and function under severe freeze-thaw, high

temperature and chemical denaturation. A possible mechanism involved is discussed.

Materials and Me thods

Rabbit muscle L-lactate dehydrogenase-5(M4) isozyrne type VS (KC 1.1.1.27), proline,
hydroxy-proline, guanidinium hydrochloride, NADH, sodium pyruvate were purchased from
Sigma. All other chemicals used were of analytical grade and purchased locally.

Denaturation studies. The enzyme was denatured by three different methods, namely
freeze-thaw cycles, heat denaturation and chemical denaturation by GuHCl (0.5M). LDH —
M4 at a concentration of 60 f-iy/rnl dissolved in 10 rriM tris buffer (p/77.5) was frozen in
liquid nitrogen for 60 seconds arid thawed at room temperature for five minutes. Such cycles
were repeated for a minimum of three times with or without proline. For a comparative
analysis of cryoprotection conferred by different osmolytes, enzyme at a concentration of 60
/iflf/m/ dissolved in 10 mM tris buffer (pU 7.5) was freeze-thawed, with different osmolytes
(1M each) added separately. Aliquotes were used for fluorescence measurements. For the
heat denaturation studies, the enzyme at a concentration of \3 fJ-g/ml was incubated at
different temperatures for 15 minutes with or without proline (1.0 M). These were left, at
4°G' for six hours. Aliquots were used for fluorescence measurements as well as enzyme
assays. GuHCl (0.5 M) was added to the enzyme at a concentration of 90 fig/ml containing
different concentrations of proline and incubated for an hour at 27° C. Aliquots from the
above samples were taken for fluorescence studies and enzyme assay. The assay was followed
essentially as described by Tarniya et ai, (1985) (9).

Fluorescence spectral studies. The intrinsic fluorescence of tryptophan was monitored to
record its contribution to the emission intensity of the enzyme at an excitation wave length
»j95 nm using Hitachi Spectrofluorimeter. The relative fluorescence and Armi3JI0nmuj: were
determined under different denaturing conditions in the presence and absence of proline and
certain other osmolytes have been recorded (Fig. 1 and 2). The fluorescence was recorded
at room temperature, with a band pass of 5 nrn.

Circular Dichrotc spectral studies. ("I) spectra were recorded with Jasco 20 Spectropo-
larimeter at room temperature. Sample solutions contained enzyme (3.74 //M) dissolved in
10 mM tris buffer pill.5 The CD values were computed for molar elipticities (6) using the
method of Rao and Kumar (1991) (10). Kach spectrum is an average of three scans. The
spectra could not be recorded in the presence of high concentrations of proline as it interferes
with the CD spectrum of enzyme at such concentrations. Therefore, the CD spectra were
recorded with 10 mM proline which was later corrected for its contribution to the CD signal
of the enzyme,
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(11,12). The results revealed that proline,in a concentration dependent manner, exhibited

a stabilizing effect on the fluorescence intensity of the enzyme. This was also supported by

the enzyme activity study, wherein the structure and function of the tetrameric form was

evidently stabilized under the denaturing conditions of GuHCI (Fig. 2c).

The CD spectra of the native and proline-protected enzymes show typical characteristics

of a protein with good helical content (Fig. 3). The native enzyme showed minima at 212 nm

and 222 nm, while the proline protected enzyme, under freeze-thaw, showed a minima at 210

and 225 nm. However, the freeze-thawed enzyme without proline showed a single minimum

from 215 run to 224 nm indicating the disturbed secondary structure. The a helicity of the

proline-protected enzyme was found to be increased marginally when compared to the native

form. On the contrary, the freeze-thawed enzyme exhibited a decrease in a helicity.

Discussion

The stabilization of native protein structure as a result of preferential hydration, induced

by certain osmolytes, has been reported previously (13-15). However, such an increase

in preferential hydration of a protein can not fully explain its stability under stress. For

instance, both proline and valine induce preferential hydration of lysozyme, although valine

is ineffective in conferring protection to the enzyme (16). Proline has been implicated in the

structural stabilization of a range of enzymes. Present study reveal that proline is a better

protective agent of LDH — M4 when compared to other tested amino acids and sugars.

This could be attributed to the formation of proline aggregates in aqueous media (8). Thus,

proline behaves like a hydrophilic colloid with a hydrophobic backbone thereby inducing
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is somewhat analogous to the chaperone function wherein a similar kind of hydrophobic

interaction prevents the enzymes from denaturation (21).

Acknowledgments: This work is supported by EEC and Rockefeller Foundation

grants to AHR. OHRK acknowledges ('SIR, India for the fellowship.

References

1. Nash, D., Paleg, J. T., k Wiskich (1982) Axtst. J. Plant Physiol. 9, -17 57.

2. Paleg, L. C , Douglas, T. J., Dalai. A. V., k Keech, D. B. (198.1 )
Aust. J. Plant Physol. 8, 107 - 114.

3. Yancey, P. H., k Some.ro, G. N. , (1979) liioclinn. J. 1 8 3 , 317 - 323.

4. Xin, Z., k Li, P. II. , (1993) Plant Physiol. 1 0 3 , 607 -613.

5. Low, P. S., k Sornero, C . N. (1975) Pun. Natl. Acad. Set. ( I S A )
7 2 , 3305 - 3309.

6. Paleg, L. G., S t ewar t , G. R. k Bradheer , J. W. (1984) Plant Physiol. 7 5 , 974 978.

7. Lee, J. C , k Lly Lee (1981) J. Biol Chrm. 2 5 6 , 625 631.

8. Schober t , B. , & Tschesche , H. (1978) Biophy. Ihochem. Ada 5 4 1 , 270 - 277.
9. Tamiya , T. , Okalia.shi, N . , Sakuma . R., Aoyama, T . , A k a h a n e . T . ,

k M a l s u m o t o , .1. J. (1985) Cryobwloyy 2 2 , 446 - 456.

10. Rao, G. N. k K u m a r , K. A. (1991) Compi. Biol. Mcd. 2 1 , 413 448.

11. Appel la , E., k Marker ! , C. L. (1%1 ) Hiorh. liiophy. Res. Comm. 6, 171 176.

12. Yong Ze ma , k C!hen Lu 'J sou (199J) Biochtm. J. 2 7 7 , 207 - 211 .

13. Lee, J. C , k Timasheff, S. N. (1981) ./. Biol Chtm. 2 5 6 , 7193 7201 .

14. Arakawa, T. , k Timasheff. S. N. (19s2)a Biochemistry, 2 4 . 6536 • 6544.

15. Arakawa, T. , k Timasheff, S. N. (1982)b Biochemistry, 2 4 , 6515 6552.

16. Arakawa, T. , k Timasheff, S. N. (19S5) Biophy. J., 4 7 , 411 111.

17. Zape te ro . C. A., Griffith, .J. P.. Sussman. J. L., k R o s s m a n n . M. G.. (19S7)
J. Mol. Biol 1 9 8 , 445- 467.

18. Ludwig ft al, (1962) Biochimistry 1, 423 - 434.

19. Green way, II . , k M u n n s , R. (1980) Ann. Rev. Plant Physol. 3 1 , 149 • 190.
20. Delauney, J. A. , k Ve rma . D. P. S. Plant J. 4, 215 - 223.
21 . Plehani,"(198C) Ct.ll 4 6 , 959 - 961.

Reprinted from Biochemical and Biophysical Research Communications 201, 957-963 (1994)
Copyright £ 1994 Academic Press, Inc. Printed in U.S.A.

963














