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FIG. 4 Phosphorylation of angiotensin II on tyrosine by p107 weet 

immunoprecipitates. The ability of p107 weet kinase to phosphorylate 
angiotensin II was assayed using immunoadsorbed material from Sf9 cells 
expressing the wild-type virus (Sf9/wt) and the wee1 + recombinant virus 
(Sf9/wee1). a, Angiotensin II was resolved by thin-layer electrophoresis. 
Lanes 1 and 2 are Sf9/wee1 immunoprecipitates assayed at angiotensin II 
concentrations of 1.0 and 2.0 mM, respectively; lane 3 is Sf9/wt assayed 
at 1.0 mM angiotensin II. b, Quantitation of angiotensin phosphorylation 
shows a > tenfold increase in kinase activity in immunoadsorbed material 
from Sf9/wee1 cells compared to that from Sf9/wt cells, when assayed at 
1.0 mM concentration. c, 2D-PAA determination of angiotensin II phosphory
lated by Sf9/wee1 shows that all phosphorylation occured on tyrosine. 
METHODS. Kinase assays were performed as described in Fig. 1 using human 
(Val 5)-angiotensin II (Calbiochem, La Jolla) at the indicated concentrations. 
Assays were performed at 25 °C for 20 min and terminated by freezing in 
a dry-ice/ethanol bath. Thin-layer electrophoresis was performed at pH 1.9 
as described11

. 

Given the evidence that both serine and tyrosine autophos
phorylation activities were intrinsic top 107 wee1, we re-examined 
whether p107w,e1 was able to phosphorylate tyrosyl residues in 
exogenous substrates, including angiotensin II, myelin basic 
protein, and poly (Glu-Tyr). Angiotensin II proved an excellent 
substrate (Fig. 4). As angiotensin II has the sequence Asp-Arg
Val-Tyr-Val-His-Pro-Phe, it seemed very probable that phos
phorylation was on tyrosine. This was confirmed by phos
phoamino-acid analysis (Fig. 4c), showing that p107weeJ is an 
authentic tyrosine kinase. 

All protein kinases thus far characterized are specific either 
for serine and threonine or for tyrosine residues. Although the 
relationship between structure and substrate specificity is not 
well understood, the phylogeny of protein kinase catalytic 
domains indicates that the two types of protein kinase have 
evolved from a common precursor3

• Thus it is perhaps not 
surprising that there is a protein kinase such as p107weeI with 
properties of both classes. The finding that p107weeJ is a func
tional mosaic, with properties of both tyrosine and serine 
kinases, has important implications for structural and evolution
ary studies of these enzymes. 

In fission yeast, p107weei phosphorylation in vivo was only 
detected on serine residues. Likewise, anti-phosphotyrosine 
antibodies failed to detect p107weeI in yeast or Sf9 cells overpro
ducing weel (unpublished data), suggesting that autophos
phorylation of p107wee1 on tyrosine residues in vivo, if it exists, 
must occur at a very low level and may not be the important 
physiological function of the p107wee1 kinase. It has been shown 
that the p34 cdcz M-phase induction function is subject to negative 
regulation by tyrosine phosphorylation 7, and the proposal that 
p 107 wee I is directly responsible for this phosphorylation pro
vides an appealing model for the inhibition of mitosis by 
p107weeI. We have been unable to demonstrate phosphorylation 
of p34 cdc

2 purified after expression in E. coli, or purified as the 
active histone Hl kinase complex from mitotic HeLa cells. This 
suggests either that p 107 wee I is extremely specific for a particular 
conformation or complex of p34 cdc

2 or that p34 cdc
2 is not the 

physiological substrate and another protein mediates the nega
tive regulation of p34 cdc

2
• D 

NATURE · VOL 349 · 28 FEBRUARY 1991 

LETTERS TO NATURE 

ii 

h 
25 

20 

0 
0 

8 15 

X 

E 10 
ci 
u 

5 

0 

2 3 

Sf9/wee1 Sf9/w1 

.·· ·· 
· ... ·· :: : :: T 

y 

Received 14 November 1990; accepted 7 January 1991. 

1. Nurse. P. Nature 334, 503-508 (1990). 
2. Russell, P. & Nurse, P. Cell 49, 559-567 (1987). 
3. Hanks, S. K .. Quinn, A. M., & Hunter, T. Science 241, 42-52 (1988). 
4. Russell, P., Moreno, S. & Reed, S. I. Cell 57, 295-303 (1989). 
5. Smith. G. E .. Summers, M. D. & Frazer, M. J. Molec. cell. Biol. 3, 2156-2165 (1983). 
6. s,egel, L. M. & Monty, K. J. Biochim biophys. Acta 112, 346-362 (1966). 
7. Gould, K. L. & Nurse. P. Nature 342, 39-45 (1989). 
8. Moreno, S .. Klar, A. & Nurse. P. Meth Enzym. 56, 795-823 (1991). 
9. Maizel, J. V. in Fundamental Techniques in Virology (eds Habel, K. H. & Salzman, N. P. 334-362 

(Academic. New York, 1969). 
10. Burnette. W. N. Analyt Biochem 112, 195-203 (1981). 
11. Cooper, J. A .. Sefton. B. M. & Hunter. T. Meth Enzym. 99, 387-402 (1983). 
12. Luckow, V. A. & Summers, M. D. Virology 170, 31-39 (1989). 
13. Summers, M. & Smith G. A Manual of Methods for Baculovirus Vectors and Insect Cell Culture 

Procedures (Texas Agricultural Experiment Station Bulletin No. 1555, College Station, Texas, 
1987). 

ACKNOWLEDGEMENTS. We thank P. Dixon, K. Gould, T. Hunter, R. Lindberg, C. McGowan, H. Piwnica
Worms, S. Reed, P. Turmel and C. Wittenberg for technical advice and discussions, and the NIH for 
funding. 

ERRATUM 

The extended sodium 
nebula of Jupiter 
Michael Mendillo, Jeffrey Baumgardner, 
Brian Flynn & W. Jeffrey Hughes 

Nature 348, 312-314 (1990) 

IN the above Letter, the sentence in the first paragraph starting 
"Sodium emission has been reported ... " should have read 
"Sodium emission has been reported at greater distances5

, even 
as far as 60RJ (ref. 6), but these observations have been con
troversial in view of suggestions7 that the detection of sodium 
beyond -I0RJ .. . ". The two references to the radius of Jupiter 
(RJ) were incorrectly ascribed to the radius of Io(R10), owing 
to an error in the Nature office. 
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