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Properties of the Highly Reactive SH Groups of

Phosphorylase 5"

Tore Sanner* and Lajos Tron?

ABSTRACT: The reaction of rabbit muscle phosphorylase b
with 5,5'-dithiobis(2-nitrobenzoic acid) (Nbss) has been
studied with stopped-flow spectrophotometry. Two highly
reactive sulfhydryl groups per dimer reacted with Nbs,
within a few seconds, while the remaining SH groups need-
ed several minutes and hours. Decomposition of the time
curve revealed that the highly reactive SH groups can be di-
vided into two subclasses: a fast type which reacted with a
rate constant of 3 X 103 M~! sec™! and a more slowly react-
ing type disappearing with a rate constant of 0.3 X 103 \~!
sec™!. The reactivity of the slowly reacting type increased
by a factor of about 2 in the presence of I mmM AMP. Con-

Rabbit muscle phosphorylase 4 (a-1,4-glucan:orthophos-
phate glucosyltransferase, EC 2.4.1.1) possesses at least
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currently, the ratio between the fast reacting and the more
slowly reacting subclasses decreased from 5.3 to 1.0. The
AMP effect was greatly enhanced by glucose 1-phosphate.
This enhancement was abolished in the presence of ATP.
The finding that the ratio between the number of SH
groups in the two subclasses of the highly reactive SH
groups changed upon addition of ligand molecules indicates
that the two subclasses reflect the different reactivities of
the SH groups when the enzyme is present in different con-
formational states. It is suggested that the highly reactive
SH group measured belong to the peptide: Gly-Cys-Arg-
Asp.

three types of SH-groups with widely different reactivity
(Damjanovich and Kleppe, 1966; Gold, 1968: Kasten-
schmidt er al., 1968a; Kleppe and Damjanovich, 1969; Av-
ramovic-Zikic et al., 1970; Zarkadas et al., 1970; Hasinoff
et al.. 1971). Two to four SH groups react very rapidly
with most sulfhydryl reagents. Approximately four SH
groups show a moderate reactivity. Finally, the enzyme has
10-12 SH groups which react very slowly with most re-
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agents unless sodium lauryl sulfate, urea, or other unfolding
agents are present. Blocking of the moderately reactive
groups results in complete loss of enzyme activity and disso-
ciation of the enzyme into subunits (Madsen and Cori,
1956; Kastenschmidt er al., 1968a; Kleppe and Damjanov-
ich, 1969). The reactivity of these groups is reduced by the
presence of the activator AMP (Jokai et al., 1965; Kleppe
and Damjanovich, 1969; Avramovic-Zikic et al., 1970).

Little is known about the role of the highly reactive sulf-
hydryl groups. These SH groups react nearly 10,000 times
faster with p-chloromercuribenzoate than the moderately
reactive SH groups (Hasinoff er al., 1971). Gold (1968)
has obtained evidence that AMP reduces the reactivity of
the highly reactive sulfhydryl groups in a similar manner as
it reduces the reactivity of the moderately reactive SH
groups. Although these SH groups are not directly involved
in the catalysis, blocking of the highly reactive SH groups
seems to affect the structure of the enzyme. Thus, Dam-
janovich et al. (1967) found that blocking of these SH
groups reduced the sensitivity of the remaining SH groups
to oxidation.

In the present paper, the reaction of the highly reactive
sulfhydryl groups of phosphorylase & with 5,5'-dithiobis(2-
nitrobenzoic acid) (Nbs»)! have been studied under differ-
ent conditions. Nbs, was chosen as it reacts specifically
with SH groups and the reaction can easily be followed
spectrophotometrically (Ellman, 1959). Moreover, the ef-
fect of blocking of the highly reactive SH groups on the ki-
netic parameters of the enzyme is studied.

Experimental Procedures

Phosphorylase b was prepared from rabbit muscle ac-
cording to Fischer and Krebs (1958). It was recrystallized
five times and subsequently lyophilized from a solution con-
taining 50 mMm Tris-chloride buffer (pH 6.8), 0.33 mM cys-
teine, and 1| mM AMP. Immediately before use, the enzyme
(20-30 mg of protein) was dissolved in 1 ml of distilled
water containing | mM EDTA and 1 mM cysteine and
passed though a Sephadex G-25 column (1.5 X 12 ¢m) to
remove cysteine and AMP. The column was equilibrated
with 50 mM Tris-chloride buffer (pH 6.8) containing | mMm
EDTA. The buffer used for equilibration and elution of the
column was bubbled with nitrogen. The eluted enzyme was
kept in a small glass tube sealed with parafilm to avoid ex-
posure to air. The column chromatography was carried out
at room temperature and the enzyme was kept at this tem-
perature until use. The ratio of absorbance at 260 and 280
nm was 0.56. Protein concentrations were calculated from
the absorbance at 280 nm using a value for £ .(1%) of
11.9 (Appleman et al., 1963). The concentrations are ex-
pressed as molar concentrations of the dimer (MW
185,000) (Seery er al., 1967).

Enzyme Assay. The activity of phosphorylase b was de-
termined from the amount of P; liberated from glucose 1-
phosphate. The standard assay mixture contained 16 mMm
glucose 1-phosphate, | mM AMP, 1% glycogen, 50 mm
Tris-chloride buffer, | mM EDTA, and approximately 10~
M phosphorylase & in a total volume of 0.4 ml. The pH of
all solutions was adjusted to pH 6.8 and the temperature
during incubation was 30°. After incubation of the mixture
for 10 min the reaction was stopped by adding 2.6 ml of 5%

! Abbreviations used are: Nbss, 5,5'-dithiobis(2-nitrobenzoic acid):
glucose-1-P, a-D-glucose 1-phosphate.

FIGURE 1: Change in transmission as a function of time after mixing
of phosphorylase 5 and Nbs; in the stopped-flow spectrophotometer.
The two syringes were filled with phosphorylase b (2.0 uM) and Nbs-
(I mM), respectively. All solutions were made up in 50 mM Tris-chlo-
ride buffer (pH 6.8) containing 1 mM EDTA. Scanning rate, 0.5 sec/
large division; sensitivity, 50 mV /em; total signal, 5 V. The trace in the
lower left corner represents the transmission measured after 20 sec.

trichloracetic acid. The amount of P; liberated was deter-
mined according to Taussky and Shorr (1953).

Reaction with Nbs,. The reaction of Nbs> with the SH
groups was carried out according to Ellman (1959) by mea-
suring increase in absorption at 412 nm. A Durrum
stopped-flow spectrophotometer, Model 110, with a cuvet
with 20-mm light path was used in the kinetic experiments.
All experiments were carried out at 25° in 50 mMm Tris-
chloride buffer (pH 6.8) containing 1 mM EDTA. For cal-
culation of the number of SH groups reacted, the molar ex-
tinction coefficient for thio-2-nitrobenzoic acid of 13,600
was used (Ellman, 1939).

In the kinetic experiments with the stopped-flow spectro-
photometer, the change in transmission was displayed on a
Tektronix storage oscilloscope. Photographs of the curves
were taken with a Polaroid camera. The changes in trans-
mission were measured and converted to absorption by the
use of a Hewlett Packard calculator combined with a X~V
plotter, as previously described (Sanner, 1971).

Materials. Glucose-1-P, rabbit liver glycogen, AMP,
ATP, EDTA, and Nbs; were obtained from Sigma Chem.
Co., St. Louis, Mo.

Results

Figure 1 shows the trace obtained on the oscilloscope
upon mixing of phosphorylase & with Nbs, in the stopped-
flow spectrophotometer. A rapid decrease in the transmis-
sion occurred during the first second and then the curve lev-
eled off. The lower trace shows the transmission 20 sec after
mixing. Since under the present experimental conditions
less than 0.4% of the moderately reactive sulfhydryl groups
have reacted during the first 20 sec, no corrections were
made for interaction of Nbs, with these groups and the ab-
sorption measured after 20 sec was used as final absorption
for calculation of the total number of highly reactive sulfhy-
dryl groups.

On the basis of the oscilloscope traces the change in ab-
sorption during the reaction was calculated. A typical result
is shown in Figure 2A. From the total increase in absorption
the number of highly reactive SH groups was calculated. In
the different experiments the number varied from 2.0 to
2.3

In order to determine the rate constant of the reaction,
the number of unreacted sulfhydryl groups in per cent was
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plotted in a logarithmic scale vs. the reaction time (Figure
2B). It is seen that a biphasic curve was obtained. This
curve was decomposed by assuming that it is composed of
two first-order reactions. The decomposition was made
manually, as indicated. In the present experiment 16% of
the SH groups reacted more slowly than the other ones. The
rate constant differed by a factor of about 10. The two reac-
tions will in the following be referred to as the “*fast reac-
tion” and the “‘slow reaction” of the highly reactive SH
groups. The finding of two subclasses of highly reactive
sulfhydryl groups can either imply that they represent dif-
ferent types of SH groups in the enzyme or that the enzyme
is present in different states in which the highly reactive SH
groups possess different reactivity.

When the apparent first-order rate constant of the reac-
tion was determined for different concentrations of Nbs;
(Figure 3), the rate constant for the fast as well as for the
slow reaction of the highly reactive SH groups increased
232 voL. 14, NO. 2,
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FIGURE 4: Effect of AMP concentration on the rate of the reaction
between the highly reactive sulfhydryl groups of phosphorylase b and
Nbsa. (A) Second-order rate constant for the fast reacting SH groups
as a function of the AMP concentration. The inserted figure shows the
number of fast reacting SH groups in percentage of the total number
of highly reactive SH groups as a function of the AMP concentration.
(B) Second-order rate constant for the slowly reacting SH groups as a
function of the AMP concentration. AMP was in all experiments pre-
mixed with the enzyme 5 min prior to the experiment. Concentrations
and experimental conditions as in Figure 1.

nearly linearly with the Nbs, concentration. In separate ex-
periments it was found that rate constant was independent
of the enzyme concentration (data not presented). Thus, the
interaction occurs according to bimolecular reaction kinet-
ics. In the remaining part of the paper, the reaction rates
have been expressed as the second-order rate constants. As
expected the percentage of the fast reacting sulfhydryl
groups is independent of the Nbsy concentration (insert,
Figure 3A).

As pointed out above, Gold (1968) observed that AMP
seemed to protect the highly reactive sulfhydryl groups
against chlorodinitrobenzene. In order to study the effect of
AMP on the highly reactive SH groups of phosphorylase b
in more detail, we have repeated this experiment with Nbs,.

The results (Figure 4A) show that the rate constant for
the fast reaction is independent of the AMP concentration,
while the rate constant for the slow reaction (Figure 4B) in-
creases strongly. Concurrently the percentage of the fast
reacting sulfhydryl groups decreases from 84% in the ab-
sence of AMP to about 50% in the presence of | mM AMP
(insert Figure 4A). If the increase in the reaction rate of the
slow reaction is plotted as a function of the AMP concen-
tration in a double inverse plot, a straight line is obtained
with K amp = 0.6 mM. This value is close to the dissociation
constant for AMP in the absence of glucose-1-P (Kasten-
schmidt er al., 1968Db).

The present results are in contrast with those reported by
Gold (1968). The discrepancies can probably be accounted
for by the fact that Gold (1968) observed only one class of
highly reactive sulfhydry! groups. As the fraction of the
slowly reacting SH groups increases in the presence of
AMP, this implies that if the experiments are carried out
under conditions where one is unable to differentiate be-
tween the two subclasses an apparent decrease in the overall
reaction rate will be observed.

The most interesting finding is that although the same
number of SH groups was titrated in the presence of AMP,
the ratio between the “*fast reacting” and the more “slowly
reacting” sulfhydryl groups decreased strongly. This obser-
vation indicates that the fast reacting and the slowly react-
ing SH groups reflect different reactivities of the highly re-
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periment. Concentrations and experimental conditions as in Figure 1.

i

active SH groups when the enzyme is present in different
states. The data are consistent with the view that AMP af-
fects the relative amount of enzyme in the two states.

The reaction rate of the sulfhydryl groups in the fast
reaction subclass was independent of the presence of the
substrate, glucose-1-P (Figure 5A), while the reaction rate
of the slow reaction decreased (Figure 5B). If the decrease
in reaction rate with substrate is plotted in a double inverse
plot, a straight line with K 4j,coe.1.p = 11 mM is obtained.

The percentage of the two subclasses is independent of
the amount of substrate present (insert Figure 5A). More-
over, the total number of highly reactive sulfhydryl groups
was the same whether substrate was present or not.

In order to study whether any cooperativity could be ob-
served between AMP and glucose-1-P, experiments were
carried out in which the reaction rates were determined in
the presence of a mixture of the two ligands. Table [ shows
that addition of glucose-1-P enhanced the AMP effect.
Thus, the rate of the slow reaction increased to a greater ex-
tent when AMP and glucose-1-P was added together than
in the presence of AMP alone. Likewise the ratio between
the SH groups in the two subclasses decreased to a much
larger extent when the mixture of the two ligands was
added than in the presence of AMP alone. Interestingly, the
reaction rate of the fast reaction increased in spite of the
fact that none of the two ligands have any significant effect
on this reaction rate when added singly.

ATP is an inhibitor of the enzymatic reaction catalyzed
by phosphorylase b and it is assumed that it competes with
the activator AMP. The reaction rates as well as the ratio
between the two subclasses were affected in the same way
by ATP and AMP. However, much higher concentrations
of ATP are needed to achieve the effects (Table I). Inter-
estingly, when ATP was added in the presence of AMP and
glucose-1-P, ATP abolished the enhancement of the AMP
effect induced by glucose-1-P.

Table II shows the effect of SH blocking on the kinetic
parameters. Blocking of the two highly reactive sulfhydryl
groups had no effect on ¥ when AMP was varied. K amp in-
creased, however, by a factor of nearly 2.5. When glucose-
I-P was the variable substrate a 20% decrease in V was

Table I: Cooperative Effect of Ligands on the Highly Reac-
tive SH Groups.®

Fast

React.
Reaction Rates SH

By ko Slowly

1o*w?!  (10°w! React.
Additions sec?!)  sec!) SH
None 3.2 0.33 5.3
AMP (0.5 mwm) 2.7 0.47 2.2
G-1-P (5 mu) 3.2 0.28 6.7
ATP (5 mm) 2.4 0.43 3.2
AMP (0.5 mu) + G-1-P 4.7 0.55 0.8

(5 mu)

AMP (0.5 mm) + G-1-P 2.6 0.54 2.3

(5 mm) + ATP (5 mwm)

@ Experimental conditions as in Figure 1. k1 and k3 refer
to the second-order rate constant of the fast and slow reac-
tion, respectively.

Table II: Effect of SH Blocking on the Kinetic Parameters.2

Variable Substrate

No. of SH Glucose-1-P AMP
Groups
Blocked V(%) K, (mmM) V(%) K, (mw)
0 100 11 100 0.045
2 80 11 100 0.110
3.5 40 8 70 0.090

@ Phosphorylase & (2.6 X 10-8% M) was incubated with
Nbsz (0.5 X 10-3 M) at 25° in Tris-chloride buffer (50 mm)
(pH 6.8) containing 1 mM EDTA. Samples were taken after
1.5- and 25-min incubation. Determination of the absorp-
tion at 412 nm demonstrated that under the conditions
used, 2 SH groups had reacted during the first 1.5 min and
3.5 after 25 min. The kinetic parameters were determined
from Lineweaver-Burk plots. An AMP concentration of 1
mm was used when the concentration of glucose-1-P was
varied and the glucose-1-P concentration was 16 mm when
AMP was varied.

found. Part of this decrease can be accounted for by the in-
crease observed in K Amp as the experiments were carried
out with I mM AMP. K, for glucose-1-P was not affected
by blocking of the highly reactive sulfhydryl groups. Block-
ing of part of the moderately reactive sulfhydryl groups re-
sulted in a significantly decrease in V. K amp showed a
small decrease compared to that observed after blocking of
the highly reactive sulfhydryl groups, while K, for the sub-
strate decreased by about 25%.

Discussion

In the present experiments two highly reactive sulfhydryl
groups in phosphorylase b dimers reacted with Nbs, within
a few seconds. The SH groups could be divided into two
subclasses which differed in reactivity with a factor of
about 10. The finding of two highly reactive sulfhydryl
233
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groups per dimer is in agreement with previous results ob-
tained when the enzyme is prepared in the presence of cys-
teine (e.g., Damjanovich and Kleppe, 1966, Birkett et al.,
1971). It has been shown, however, that when the enzyme is
prepared in the presence of thiols which are less prone to
form mixed disulfide and special care is taken to avoid oxi-
dation four highly reactive sulfhydryl groups per dimer are
present (Gold, 1968, Gold and Blackman, 1970, Zarkadas
et al., 1970). The peptide containing the highly reactive
sulfhydryl group has been identified (Gold and Blackman
1970, Zarkadas et al., 1970). By comparing the results ob-
tained by Battell et al. (1968) with those of Gold and
Blackman (1970) and Zarkadas er al. (1970) it seems like-
ly that when the enzyme is prepared in the presence of cys-
teine, the highly feactive SH groups per monomer belong to
the peptide Gly-Cys-Arg-Asp (peptide B in the nomencia-
ture used by Gold and Blackman (1970)).

The reason why previous authors have not obtained evi-
dence for any subclasses of the highly reactive SH groups in
peptide B is probably due to the fact that experiments with
Nbs, (Damjanovich and Kleppe, 1966) and 7-chloro-4-ni-
trobenz-2-oxa-1,3-diazole (Birkett er al., 1971) were car-
ried out manually and that p-chloromercuribenzoate (Hasi-
noff et al. (1971) possesses too high reactivity to be able to
differentiate between the two subclasses.

The ratio between the two subclasses of the highly reac-
tive SH groups decreased from 5.3 in the absence of added
ligands to | in the presence of 1 mMm AMP. Since this effect
of AMP was independent of whether AMP was premixed
with the enzyme prior to the reaction with Nbs, (data not
presented) it follows that the changes in the ratio were very
rapid compared to the rate of interaction of Nbs, with the
SH groups of peptide B. This finding makes it unlikely that
the change in the ratio between the fast and slowly reacting
subclasses could be related to a dimer-tetramer equilibria.
Moreover, if the change in the ratio was due to AMP in-
duced disulfide exchange this would be expected to be a
much slower process. Most likely the AMP induced change
in the ratio between the two subclasses reflects different
reactivities when the SH groups are present in different
states.

Although it is generally agreed that blocking of the high-
ly reactive SH groups of phosphorylase b does not affect
the maximum rate, considerable discrepancies are reported
concerning the effect on the binding of ligands. Avramovic-
Zikic et al. (1970) were unable to observe any effect on the
binding of substrate and AMP even after extensive blocking
of SH groups by iodoacetamide. On the other hand, the
present experiments as well as those by Gold (1968) and by
Damjanovich er al. (1967) show that blocking of the highly
reactive sulfhydryl groups increases Kavp significantly
while K giycose-1-p is unaffected. This indicates an interaction
between the highly reactive SH groups and the binding site
of AMP.

The interaction between the SH groups and the binding
site of AMP is even more convincingly demonstrated in the
experiments showing that the presence of AMP increases
the reactivity of the slowly reacting subgroup of the highly
reactive SH groups by a factor of nearly 2. The fact that the
presence of glucose-1-P decreases the reactivity of the SH
groups demonstrates that an interaction occurs also be-
tween these sites. Birkett er al. (1971) have previously
found that when the highly reactive SH groups are blocked
bv a fluorescent label, the fluorescence is partially
quenched upon addition of AMP and glucose-1-P. The pres-
234
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ent results demonstrate, however, that AMP and glucose-
1-P affect the SH groups in different ways. Previous kinetic
experiments have demonstrated that glucose-1-P increases
the binding of AMP. The present results demostrate that
the effect of AMP on the sulfhydryl groups is enhanced by
the presence of glucose-1-P while ATP, which is an inhibi-
tor of the enzyme, abolished the enhancement by glucose-
1-P.

Attempts to define conformational states of phosphoryl-
ase b from studies of optical rotatory dispersion and circu-
lar dichroism have been unsuccessful (Hedrick, 1966; John-
son and Graves, 1966). On the other hand Bresler and Fir-
sov (1968) as well as Buc and Buc (1968) have observed
spectral changes occurring in the presence of substrate and
the allosteric activator. It has been claimed that this may
represent the transition of the enzyme from T to R state.
This transition induced by AMP has been studied in further
detail by Kastenschmidt er al. (1968b). These authors
claim that state T does not bind AMP while R binds AMP
tightly. The present results indicate that the two subclasses
of highly reactive SH groups reflect the different reactivi-
ties of the same SH groups when the enzyme is present in
the different states. It is of interest to note that there seems
to be no continuous change from the fast to the slowly
reacting SH groups, thus the enzyme is either present in the
one or in the other state.
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The Quaternary Structure of Citrate Synthase from

Escherichia coli K127

E. K. Tong and Harry W. Duckworth*

ABSTRACT: A combination of equilibrium ultracentrifuga-
tion and polyacrylamide gel electrophoresis techniques has
been used to establish the quaternary structure of citrate
synthase from acetate-grown Escherichia coli K12 3000. In
polyacrylamide gels containing 0.1% sodium dodecyl sulfate
(SDS), the pure enzyme showed one major band whose mo-
bility was consistent with a molecular weight of 46,000 +
2000 g/mol, and a little material of 87,000 + 5000 g/mol.
When first cross-linked with dimethyl suberimidate and
then submitted to electrophoresis in SDS, citrate synthase
showed six bands, in widely different amounts, whose ap-
parent molecular weights were almost integral multiples of
47,000 g/mol. The dimer was the major product of the
cross-linking procedure. In 6 M guanidine HCI at pH 7.0,
citrate synthase behaved as a single component in high-
speed sedimentation equilibrium experiments, with a weight
average molecular weight of 43,400 + 300 g/mol. The mo-
lecular weight of native citrate synthase was investigated by
high-speed sedimentation equilibrium ultracentrifugation
under different conditions of pH and KCl concentration. In
0.02 M Tris-ClI at pH 7.0 and 7.8, the enzyme was a mix-
ture of oligomers, with species ranging from monomer

Citrate synthase catalyzes the reaction by which acetyl-
CoA carbon enters the tricarboxylic acid cycle. The enzyme
has been studied from a number of sources, and is often
found to exhibit allosteric properties (Srere, 1972). The eu-
karyotic enzymes have molecular weights near 100,000 g/
mol, and consist of two apparently identical subunits (Srere,
1972). Many bacterial enzymes are much larger (Weitz-
man and Dunmore, 1969), but there is little information
about their subunit structures. Wright and Sanwal (1971)
have reported that Escherichia coli citrate synthase is a
mixture of octamers and tetramers of subunits the molecu-
lar weight of which is about 62,000 g/mol. Some of their
results have been confirmed by Danson and Weitzman

* From the Department of Chemistry, University of Manitoba, Win-
nipeg, Manitoba, Canada R3T 2N2. Received August 26, 1974. Sup-
ported by the National Research Council of Canada and by the Re-
search Board of the University of Manitoba. Taken in part from a the-
sis submitted by E.K.T. to the Faculty of Graduate Studies of the Uni-
versity of Manitoba, in partial fulfillment of the requirements for the
degree Master of Science.

(47,000 g/mol) to greater than decamer being present. At
pH 9.0, only dimer was seen (94,000 g/mol). Large aggre-
gates were present at pH 10.0. The addition of small
amounts of KCI, a potent activator of the enzyme, simpli-
fied the mixture of oligomers considerably at pH 7.8. A de-
tailed analysis of the data with 0.05 M KCI indicated that
dimer and hexamer were the only species present, with
marked nonideality. Increasing the KCIl concentration to
0.10 M converted all the enzyme to hexamer. The amino
acid composition of E. coli citrate synthase was presented.
Taken together with peptide mapping experiments of others
(J. A. Wright and B. D. Sanwal (1971), J. Biol. Chem. 246
1689), it indicates that the subunits have all the same or
very similar amino acid sequences. The dansylation method
revealed only methionine at the N-termini of the citrate
synthase polypeptide chains. Citrate synthase from E. coli
thus resembles the enzyme from eukaryotes in that it con-
sists of subunits weighing just under 50,000 g/mol, al-
though these subunits are more highly aggregated in the
bacterial enzyme under most conditions. This conclusion is
in disagreement with that of Wright and Sanwzal (1971, see
above), who reported a subunit size of 62,000 g/mol.

(1973). Our interest in the allosteric properties of the E£.
coli enzyme has prompted us to investigate its subunit
structure in more detail. The results are presented in this
paper, and they suggest that the molecule as isolated from
E. coli K12 3000, grown on acetate, consists of subunits of
size about 47,000 g/mol, in a state of aggregation which
varies with pH and KCI concentration.

Experimental Section

Enzyme. Citrate synthase was purified from Escherichia
coli K12 strain 3000 by a method like those published by
Faloona and Srere (1969) and Wright and Sanwal (1971).
We omitted the heat step used by the first group, and the
reverse ammonium sulfate step of the second group, since
neither step seemed to affect the final purity of the protein
as judged by polyacrylamide gel electrophoresis, at pH 8.9
by the method of Davis (1964). Our citrate synthase shows
three protein bands upon gel electrophoresis under these
conditions, as did the preparations of the groups just cited.
Various indications that our preparations are essentially ho-
mogeneous emerge in the Results section of this paper.
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