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SUMMARY

The association of dimeric rabbit phosphorylase b to tetrameric form
was studied. The results indicate that transformation from dimer to
tetramer in the presence of 0.2 M sodium fluoride and 0.04 M 2-mercapto-
ethanol (at 20° at pH 6.8 or 7. 5) is influenced by 5'-AMP as follows:

M o0 1x103M AMP | O +

) 00 5x10°M AMP _ B

P>

In the absence of sodium fluoride,complete tetramerization of the enzyme
with 5 x 103 M AMP was not possible.

Glycogen phosphorylase (= 1,4 glucan: orthophosphate glucosyltrans-
ferase E.C.2.4.1.1) has been purified to homogeneity from the muscle of
various animal species. Except for the enzyme from lobster muscle (1),
the dimeric form (MW 170 - 190, 000 (1-6) associates under "favorable condi-
tions' into tetramer (6-10) whether it is phosphorylated (called the a form)
or unphosphorylated (called the b form). Tetramerization occurs more
readily in the a form (8, 11). The b form has been shown to undergo tetramer
ization in the presence of the enzyme activator AMP at cold temperature
especially when accompanied by Mg+t (7), 2-mercaptoethanol (12) and high

concentrations of inorganic phosphate (1} or sodium fluoride (13). The latter
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two salts were also shown to decrease the requirement of muscle phospho-
rylase E for its allosteric effector AMP. Furthermore, it has been shown

(6, 14) that the classic requirement of phosphorylase b for AMP is nearly
abolished at high concentration of the allosteric substrate P; (0.12 M). Other
workers (1, 9, 15), however, found that phosphorylase p_activity in the
absence of this nucleotide at the high Pi concentration is far from maximal
and a model has been presented (1) to account for this deviation from the con-
certed transition model of Monod et al (16). The effect of other salts on
phosphorylase activity has also been studied (13, 15, 17).

In studying the association tendencies of rabbit muscle phosphorylase b,
Puchwein et al (5) were unsuccessful in obtaining complete tetramerization
of this enzyme and stated that "'under a variety of experimental conditions,
not described here, there was always present besides tetramer b an appre-
ciable amount of dimer 13". Using the best associating conditions known for
phosphorylase b described by Sealock and Graves (13), Puchwein et al (5)
found that about 80% of their phosphorylase b solution was tetramer b and
the remainder was dimer b. The presence of a mixture of dimer and
tetramer was "'a major difficulty" in their study of a model for the struc-
ture of phosphorylase b and prevented these authors from making a direct
determination of the scattering curve of tetramer phosphorylase b. In study-
ing differences in the effect of AMP and salts on the activity and quaternary
structure of phosphorylase from various sources, we found no difficulty in
achieving ‘complete tetramerization of rabbit phosphorylase b when this en-
zyme was treated with sodium fluoride and AMP. Ambng the association
conditions studied at 20°, the concentration of AMP appears to be the most

important factor.
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EXPERIMENTAL PROCEDURES

The preparation of enzyme and ultracentrifugal analyses were performed
as described previously (1}). The enzyme (which was crystallized five times
in 2-mercaptoethanol and AMP (12} ) was freed of lower molecular weight
substances either by treatment with Norit A or by passing it through a
Sephadex G-150 column which was equilibrated with 0,05 M Tris-0.0l M
EDTA, pH 7.5. The phosphorylase b thus obtained had a %mu ratio of <
0.53. The enzyme which was kept in 2-mercaptoethanol to prevent oxida-
tion of its SH groups (12) gave one band on polyacrylamide disc gel electro-

phoresis and had a specific activity of 85 umoles P;/min per mg at 30°,

pH 6. 8.
RESULTS AND DISCUSSION

Crystallized rabbit muscle phosphorylase b which was freed of AMP
sedimented in one symmetrical peak (Fig. la) with an SZO,W of 8.5+ 0.58,
When this enzyme was treated with 5 x 1073 M 5'-AMP and 0. 04 M 2-mercap-
toethanol at pH 6.8 at 8°, two peaks formed (not iliustrated) a fast sedi-
menting peak with a sedimentation coefficient of 13.3 S (60%) corresponding
to a tetramer and a slow sedimenting peak with an 520, w ©of 8.98S (40%)
corresponding to a phosphorylase dimer, in agreement with that found by
other workers (7-10). As expected a decrease in the tetramer/dimer ratio
was noted at higher temperature (20°), (not illustrated). Some association
to tetramer (10-20%) in the absence of AMP at 20° was also possible when
0.5M P; pH 7.5 was used, a condition which dissociates dimeric lobster
muscle phosphorylase b to monomers (18, 1).

The association of rabbit muscle phosphorylase b in the presence
of sodium fluoride, known to be effective at a concentration of 0.2 M

when AMP is present (13), was investigated in detail. As shown in Fig. 1d,
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SEDIMENTATION PATTERN
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Fig. I. Schlieren sedimentation velocity pattern of rabbit muscle phosphoryl-
ase b in the presence and absence of associating agents at 20°. All runs were
performed in a Spinco Model E analytical ultracentrifuge at 38, 000 rpm

using a normal and wedge single sector cells.

Photographs shown were taken

at 16 minute intervals at 60° bar angle. The sedimentation coefficient of each
run was calculated from measurements made on ten photographs taken at 8

minute intervals using a Nikon Model 6c microcomparator.
Sedimentation coefficients were

program was used in calculating Sobserved.

corrected for viscosity and density of the buffer to water at 20°.
the control (a) where the enzyme was dissolved in 0,25 M Tris-0.002 M EDTA,
pH 6.8, the buffer used in these experiments was 0.05 M Tris-0.002 M EDTA,
pH 7.5 and 6.8. Enzyme concentration was 10 mg/ml in all runs except e and

f where 5 mg/ml was used.

* SH represents the sulfhydry! compound, 2-mercaptoethanol.

A computer

Except for

the schlieren sedimentation velocity pattern of rabbit phosphorylase b at 20°

in the presence of 0.2 M NaF, 1 x 103 M AMP and 0.04 M 2 -mercaptoethanol,

pH 7.5 shows two peaks; that of a dimer (Sgg = 9.18) and that of a tetramer

(S20,w = 12.2 8) in close agreement with that reported by Sealock and Graves
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(13) and Puchwein ﬁa_.i_(5). Interestingly, however, when the same conditions
are employed with the exception of increasing the AMP concentration to
5x 1073 M, only one peak, that of a tetramer (Sg0,w = 13.2 -13.6 S) was
observed both at pH 6.8 (Fig. 1b) and 7.5 (Fig. lc)*.
Although Puchwein et al (5) also used the higher AMP concentration
(5 x 10-3 M) they did not use it in the presence of fluoride. Sealock and
Graves (13) found that no tetramerization occurred with 0.2 M NaF alone.
In this work we found that without NaF, the higher nucleotide concentration
did not effect complete enzyme tetramerization. Lowering the 2-mercapto-
ethanol to 0.002 M, the concentration used by Puchweine_ta_l {(5), did not
prevent the complete tetramerization induced by 0.2 M NaF and 5 x 1073 M
AMP even at the lower enzyme concentration, 5 mg/ml (Fig. le and f).
Our results indicate that in the presence of sodium fluoride the effect
of the allosteric effector AMP on enzyme structure at 20°%%* extends be-
yond the kinetically determined saturating level of the nucleotide (I x 1073 M).
While the relationship of enzyme subunit structure to catalytic activity
has been well examined for phosphorylase a which dissociates from a less
active tetramer to a more active dimer upon dilution (11, 19-21) this relation-
ship remains to be studied for phosphorylase b. It is hoped that the success-
ful preparation of a 100% phosphorylase b tetramer reported herein, will
make such a study possible, and facilitate model structural investigations
on this enzyme as those of Puchwein et al (5) using small angle X-ray scatter

ing measurements.

*It is of interest that under these conditions crystallized shark muscle phos-
phorylase b (purification and properties to be published) formed a mixture
of dimeric and tetrameric forms.

*% The sodium fluoride -AMP - mercaptoethanol treated enzyme could not

be studied in the ultracentrifuge at cold temperature because it crystallized
out of solution.
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