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ABSTRACT

Phosphofructokinase (PFK) is the key regulatory enzyme of glycolysis, catalysing the
synthesis of fructose 1,6-bisphosphate from fructose 6-phosphate and ATP.

Several PFK isozymes have been identified from different tissues, including muscle,

liver and platelet. Each isozyme is under the control of a different structural locusin
ene

humans the muscle isozyme is carried on chromosome 1, liver on chromosome 21, and

platelet on chromosome 10.

The tetramer of PFK is the lowest active form, and there are both species and tissue
differences in the composition of the tetramer. Some, such as human muscle PFK
consist of four identical subunits (My4), whereas others, such as human erythrocyte

PFK comprise  a five membered isozyme system, made up of both muscle and liver
subunits.

The activity of PFK is modulated by a variety of effectors such as; ATP,
fructose 6-phosphate, ADP, AMP and fructose 2,6-bisphosphate, as well as covalent
modification, and hormonal regulation. Each PFK isozyme exhibits its own
characteristic kinetic properties in response to changes in effector concentrations. This
project aims to compare the primary structures of two PFK isozymes; liver and muscle,
from a single species (sheep), in order to explain their different kinetic properties in
terms of differences in their primary structures.

A purification procedure for sheep liver PFK was developed, and a 48% yield was
obtained, with a final specific activity of 100Units/mg of protein.

Sodium dodecyl sulphate-gel electrophoresis indicated a protomer molecular weight of
84 000 for sheep heart muscle PFK, and 81 000 for sheep liver PFK, indicating that
liver PFK is approximately 30 residues shorter than the muscle enzyme.

The comparison of the amino acid compositions showed a significantly lower arginine
and lysine content in liver PFK compared to muscle PFK. There was also a lower
threonine content in liver PFK, accompanied by an increase in the number of serine

residues, compared to muscle PFK. So overall, the number of residues with



hydroxy-alkyl sidechains remained the same. The tyrosine content of liver PFK was
also higher than that of muscle PFK.

The comparison of HPLC and FPLC peptide maps of liver and muscle PFK provided
by digestion with CNBr and trypsin, showed a number of interesting differences
between the two isozymes. Generally, the CNBr peptides of liver PFK appeared to be
smaller than those of muscle PFK, while the radioactively labelled cysteine containing
peptides from the tryptic digest of muscle PFK, were more hydrophobic than those
from liver PFK.

Sequence information was obtained from purified peptides produced by digestion of
liver PFK with CNBr, trypsin, and trypsin following maleylation of the sheep liver
PFK with maleic anhydride to block the lysine residues. 87% of the amino acid
sequence of sheep liver PFK was determined, and aligned with the sequences from
rabbit muscle and sheep heart PFK. Approximately 70% sequence identty_ was
observed between the liver and muscle isozymes, particularly in the regions where
contacts to substrates and effectors are thought to be made. There are two regions
exhibiting major sequence changes between the muscle and liver isozymes, both are
thought to lie on the exterior of the molecule, and therefore would not disrupt the
tertiary structure. One of these regions however, is thought to contain the ATP
inhiBtory site; and the large variation in sequence at this site may explain the greater
susceptibility of the liver enzyme to ATP inhibition. Other, more subtle changes in the
sequence may account for the additional differences in the kinetic properties displayed
by muscle and liver PFK.
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Amino acid sequences of acid-insoluble maleyl-tryptic peptides
from sheep liver PFK isolated from fraction 3.

Alignment of the sheep liver PFK MI 3 maleyl-tryptic peptides
with rabbit muscle and sheep heart muscle PFK.

Number of each amino acid residue sequenced compared

to the amino acid composition.

Location of the inserted amino acid sequences in sheep liver
PFK compared to Bs PFK.

Sequence homology between the N and C-terminal halves of
mammalian PFKs compared to Bs PFK.

Sequence homology between mammalian PFKs.
Types of amino acid changes.

Most frequently observed amino acid replacements between
muscle PFKs and sheep liver PFK.

Residue changes involving major charge changes between
sheep liver and muscle PFKs.

Percentage of amino acid changes resulting from single and
double base changes

Conservation of residues involved in subunit interactions
compared to the Bs enzyme.

Residues involved with the binding of ATP.
Residues involved with the binding of fructose 6-phosphate.

Residues involved with the binding of ADP.
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