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Fig. 3 A, Immune blotting of yeast whole-cell extracts and authentic yeast enolase with anti-yeast HSP48 antibody. Purified HSP48 (lanes 
a, b), yeast enolase (lanes c, d) and extracts ofX2180-1A cells in the stationary phase (lanes e-g) were resolved in SDS-PAGE and 
electrophoretically transferred to a nitrocellulose sheet. The sheet was stripped and strips were separately incubated with 1: 500 diluted rabbit 
yeast anti-HSP48 antiserum (lanes b, c, f) and preimmune rabbit serum (lane g), followed by incubation with peroxidase-conjugated goat 
anti-rabbit IgG (Cappel). A strip was stained with Auro Dye (Janssen) (lanes a, d, e). B, Peptide mapping of HSP48 and p47. The spots of 
358-methionine-labelled HSP48 (lane a) and p47 (lane b) were subjected to peptide mapping with S. aureus V8 protease as described in Fig. 
1 legend. C, synthesis rate and content of HSP48 and p47 in heat-shocked or G0-arrested yeast cells. a, e, Exponentially growing X2180-1A 
cells at 23 ac in synthetic complete medium; b, f, heat-shocked cells at 36 •c for 1 h; c, g, cells kept in stationary phase for 24 h; d, h, cells 
starved of sulphur for 24 h by incubation in sulphur-free medium8

• The cells in each of the above cultures were pulse-labelled with 358-methionine 
and chased as described in Fig. 1 legend. The whole proteins (25 J.Lg each) extracted from these labelled cells were analysed in two-dimensional 
gel electrophoresis as described for Fig. 1. Protein spots were revealed by autoradiography (a-d) and staining ( e-h ). A pair of arrowheads 

indicate p47A (left; acidic form) and p47B (right; basic form). A pair of arrows indicate HSP48A (left) and HSP48B (right). 

during differentiation and maturation of neurones and terato­
carcinoma and neuroblastoma celllines15

-
18

. 

The expression of the enolase genes seems to be regulated by 
many systems. First, it depends on carbon sources in the media14

. 

Second, we have shown previously that the HSRJ gene nega­
tively regulates the synthesis of six proteins-HSP48A, HSP48B, 
two G0-induced proteins (p73 and p56) and two unidentified 
proteins (p63 and p60)8

. Third, exposure of HSRJ cells to mild 
heat shock increases the synthesis rates of the two HSP48s and 
of other HSPs7

• Finally, hsrl cells starved of sulphur or arrested 
in the stationary phase synthesize HSP48A, HSP48B, p73 and 
p56 at higher rates than do exponentially growing hsrl cells8

• 

These results suggest that the synthesis rate of HSP48 (enolase 
I) is affected by at least three factors, the HSRJ gene, growth 
conditions and heat shock, although these factors may partly 
overlap. In agreement with our results, McAlister and Holland 
have noted that the content of enolase 1, but not of enolase 2, 
is significantly increased in yeast cells grown to the stationary 
phase14

• 

Finally, the question arises of whether HSP48 functions solely 
as a glycolytic enzyme when it is involved in growth control 
and in protecting yeast cells from lethal heat shock. The synthesis 
of other glycolytic enzymes linked to enolase, such as glycer­
aldehyde 3-phosphate dehydrogenase or pyruvate kinase, is not 
significantly altered in hsrl cells or when HSRJ cells are pre­
heated by 36 °C (ref. 19 and our unpublished observation). This 
result is consistent with the hypothesis that the heat-shock 
resistance acquired by the hsrl mutation and heat pretreatment 
may be ascribed to some function associated with HSP48 other 
than enolase activity. Analysis of the intracellular distribution 
and molecular interactions of HSP48 (enolase 1) with other 
molecules, especially in comparison with p47 (enolase 2), should 
provide more direct evidence. 

We thank Drs Hiroshi Kawasaki and Koichi Suzuki for amino­
acid sequencing, Ms Yoko Nadaoka and Dr Tsuguchika 
Kaminuma for analysis of the protein sequence bank, and Dr 
Kazuko Iida for immune blotting. This work was supported in 
part by Grants-in-Aid from the Ministry of Education, Science 
and Culture of Japan. 

Received 14 December 1984: accepted 6 April 1985. 

I. Ashburner, M. & Bonner, J. J. Cel/17, 241-254 {1979). 
2. Schlesinger, M. J., Aliperti, G. & Kelley, P. M. Trend< biochem. Sci. 7, 222-225 (1982). 
3. Schlesinger, M. J., Ashburner, M. & Tiss.i.eres, A. (eds} Heat Shock from Bacteria to Man 

(Cold Spring Harbor Laboratory, ~ew York, 1982). 
4. Pelham, H. R. B. Cell 30, 517-528 (1982). 
5. Cohen. R. S. & Meselson. M. /'roc. natn. Acad. Sc1. U.S.A. 81. 5509-5513 (1984). 
6. !ida, H. & Yahara, I. J. Cell Bioi. 98, 1185-1193 (1984). 
7. !ida, H. & Yahara, I. J. Cell Bioi. !19, 199-207 (1984). 
8. !ida, H. & Yahara. l. J. Cell Bioi. 9'1. 1441-1450 (1984). 
9. Finkelstein, D. B. & Strausberg, S. /. bioi, Chem. Z58, 19Qg-1913 (1983). 

10. Craig, E. A. & Jacobsen, K. Cell 311, 841-849 (1984). 
ll. Barker, W. C. et al. Protein Sequ.ence Database of the Protein identification Resource (PlR) 

Ver5oion 1 (National Bionledkal Research Foundation. Georgetown University Medical 
Center, Washington, DC, 19&4). 

12. Holland. M. J .• Holland. J.P .• Thill, G. P. & Jackson. K. A.!. bwl. Chem. 256. 13~5-1395 
(1981). 

13. Bardwell, J. C. A. & Craig, E. A. Ptoc. natn. Acad. Sci. U.S.A. 81, 848-852 (1984). 
14. McAlister, L. & Holland, M. J. J. bioi. Chem. 257.7181-7188 (1982). 
15. Fletcher, L., Rider, C. C. & Taylor, C. B. Biochim. biophys. Acta 452, 245-252 (1976). 
16. Cicero, T. J., Ferrendelli, J. A.~ Suntzeff, V. & Moore, B. W. J. Neurochem. 19, 2119-2125 

(1972). 
17. Maran,gos~ P. J., Schnechel, D. e., Parma, A.M. & Goodwin, F. K. Btai~ Res. 190, 185-193 

(1980). 
18. Legault-Demare. L. eta/. Expl Cell Res. 125, 233-239 (198U). 
19. Ludwig II, J. R., Foy~ J. J., Elliott, S. G. & Mc-Laughlin, C. S. Molec. cell. Bioi. 2, 117-126 

(1982). 
20. Westhead, E. W. & McLain. G. J. bioi. Chern. 239, 2464-2468 (1964). 
21. Wold, F. in The Enrymes Vol. 5, 3rd edn (ed. Boyer, P. D.) 499-538 (Academic, New Yo-rk:., 

1971). 
22. Christopher, C. Q .• Brewer. J. M. & Wold, f. J. /.bioi. Chem. 256, 1377-1384 (1981). 
23. Weber, K. & Osborn, M. J. bioL Chern. 244, 4406-4412 (1969). 
24. o•Farrell, P. Z., Goodman, H. M. & O'Farrell, P. H. Cell 12, 1133-1142 (1977). 
25. Laemmli. U. K. Nature n1. 680-685 (1970). 
26. Cleveland, D. W., Fisher, S. G., Kkschner, M. W. & Laemmli, U. K. J. bioi. Chern. 2:S2, 

1102-1106 (1977). 
27. lngolia, T. D., Slater, M. R. & Craig, E. A Malec. cell. Bioi. 2, 1388-1398 (1982). 
28. lngolia. T. D., Craig, E. A. & McCarthy, B. J. Cell 21. 669-679 (1980). 
29. Schwartz, R. M. & Dayhoff, M. 0. Atlas of Protein Sequence and Structure Vol. 5, Suppl. 

3 (ed. Dayhoff, M. 0.) 353-358 (National Biomedical Research Foundation, Washington, 
DC, 1978). 

Erratum 
Colour, albedo and nucleus size of Halley's comet 

D.P. Cruikshank, W. K. Hartmann & D. J. Tholen 
Nature 315, 122-124 (1985). 

ON page 122, column 1, line 3 of the first paragraph should 
contain the values J (1.25 f.Lm) and V (0.55 f.Lm). 
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