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Abstract 

The p16 protein has been identified as a tumor suppressor that functions by inhibiting the cyclin-dependent kinases 
CDK4 and CDK6. Deletions or point mutations in the p16 gene have been found in a number of human cancers, 
emphasizing its importance in regulating cell cycle progression. Inhibition by p16 occurs through protein-protein 
interactions with its targets. This  is not surprising, since p16 is thought to contain ankyrin-like repeats, motifs implicated 
in protein-protein interactions. Our goal was to identify structural characteristics of p16 not only as an important step 
towards understanding CDK4 inhibition but also to explore the role of ankyrin repeats in the p16 structure, as no detailed 
structure of any protein containing these motifs has been reported. We have expressed, refolded, and purified p16 from 
E. coli and have shown it to be functionally active by specific binding to CDK4. Analytical ultracentrifugation has 
shown that p16 weakly self-associates to form  dimers with a Kd = 270 pM. The CD spectrum indicates that the protein 
is composed of 33% a-helix, 22% P-sheet, 19% p-turn, and 27% other (which includes aromatic and random coil 
contributions). Further CD experiments suggest that p16 exhibits low structural stability with a AG of -2.3 kcal/mol. 
This weak stability is a consequence of a highly dynamic structure as measured by ANS-binding, NMR hydrogen- 
deuterium exchange, and fluorescence. It is possible that a well-defined tertiary structure is imparted upon the binding 
of p16 to CDK4. 
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Control of the eukaryotic cell cycle  is a highly regulated process 
that involves the interaction of a large number of macromolecules. 
Critical checkpoints in this process are found during the entry of 
cells into both the GUS and G2/M phases of the cell cycle (for 
reviews, see Draetta, 1994; Sherr, 1995). The cyclin-dependent 
kinases (CDKs) are enzymes whose activities govern these check- 
points. CDK holoenzymes, which consist of a CDK catalytic sub- 
unit and a cyclin regulatory subunit, are regulated, in part, by their 
temporal expression, degradation, phosphorylation, and dephos- 
phorylation. This regulation throughout the cell cycle serves to 
drive the cell through the successive phases. 

Recent studies have identified CDK inhibitors, a new class of 
proteins, adding yet another level of control to  CDK regulation (for 
review, see Elledge & Harper, 1994). These  CDK inhibitors are 
thought to function by blocking and/or disrupting CDK-cyclin 
association. p16, one of the first of these inhibitors to be discov- 
ered, was originally cloned from a yeast-two hybrid interaction 
screen using CDK4  as the bait protein (Serrano et al., 1993). 
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Subsequent studies support its role as a tumor-suppressor protein 
(Kamb  et al., 1994; Nobori et al., 1994; Moulton et al., 1995; 
Okamoto et al., 1995; Ranade et al., 1995; Shapiro et al., 1995; 
Washimi et al., 1995). 

The p16 protein binds specifically to CDK4 and CDK6. These 
CDKs, in association with the D-type cyclins, are involved in the 
progression of cells from the GI to S-phase (Weinberg, 1995). 
Binding of p16 inhibits the ability of either CDK4 or CDK6 to 
phosphorylate, and thus, inactivate the retinoblastoma protein (M). 
IU3, a well-established tumor-suppressor protein, functions by se- 
questering, and thereby inactivating, the E2F family of transcrip- 
tion factors (Hiebert  et al., 1992; Nevins, 1992). These transcription 
factors are involved in the activation of genes that are necessary 
for cell cycle progression and DNA synthesis. When RB is phos- 
phorylated by CDK4 or CDK6, it is no longer able to bind E2F 
family members (Chellappan et al., 1991; Hunter & Pines, 1994; 
Sherr, 1994), resulting in the activation of E2F target genes. By 
inhibiting CDK4 and CDK6, p16 keeps the cell from progressing 
through the cycle by ensuring that RB remains in the hypophos- 
phorylated state, able to sequester E2F. 

We purified active p16 and carried out structural characteriza- 
tion to understand how this protein interacts with CDK4. The 
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