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Please answer the questions in English after reading the following paragraphs. (total 100 points)

1.Most proteins are active only at a narrow pH range, typically 5 to 9.  This is a result of the effects of pH on a combination of factors: (1) the binding of substrate to enzyme, (2) the ionization states of the amino acid residues involved in the catalytic activity of the enzyme, (3) the ionization of the substrate, and (4) the variation of protein structure (usually significant only at extremes of pH).

The rates of many enzymatic reactions exhibit bell-shaped curves as a function of pH.  For example, the pH-dependence of the rate of the reaction catalyzed by fumarase produces the following curve:
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Such curves reflect the ionization of certain amino acid residues that must be in a specific ionization state for enzymatic activity.  The observed pK’s (the inflection points of the curve) often provide valuable clues to the identities of the amino acid residues essential for enzymatic activity.  For example, an observed pK of ~4 suggests that an Asp or Glu residue is essential to the enzyme.  Similarly, pK’s of ~6 or ~10 suggest the participation of a His or a Lys residue, respectively.  However, the pK of a given acid-base group may vary by as much as several pH units from its expected value, depending on its microenvironment (e.g. an Asp residue in a nonpolar environment or in close proximity to another Asp residue would attract protons more strongly than otherwise and hence have a higher pK).  Furthermore, pH effects on an enzymatic rate may reflect denaturation of the enzyme rather than protonation or deprotonation of specific catalytic residues.  The replacement of a particular residue by site-directed mutagenesis or comparison of enzyme variants generated by evolution is a more reliable approach to identifying residues that are required for substrate binding or catalysis

Question: Can we predict that a His residue is essential for the activity of fumarase?  How can you verify your prediction?

2.Tracking the Origins of Chromatin Acetylation:  Modulation of chromatin structure plays key role in the regulation of gene expression in eukaryotes, whereas in archaea, gene regulation is thought to be affected by simple bacteria-like repressors. Sir2, which plays an important role in chromatin dynamics in yeast, is highly conserved across prokaryotes, archaea, and eukaryotes. Bell et al. (Science 2002, 296, p. 148) show that Sir2 from the archaeon Sulfolobus solfataricus modulates (and increases) the DNA binding activity of the chromatin protein Alba by deacetylating two of the lysine residues in its amino terminus. This step in turn facilitates Alba’s ability to repress transcription in vitro. These results suggest that regulation of chromatin structure by acetylation arose in the common ancestor of the archaea and eukaryotes.

Question: Please describe briefly about the relationship between the chromatin structure and transcription?
