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source of Nt-(aminoacyl)adenosine. There have been
previous indications that yeast RNA contains amino
acids which are relatively firmly bound. Ingram and
Sullivan (1962) showed that yeast s-RNA contains
amino acids, at a level of about one per molecule of
s-RNA, which are quite distinct from the amino acids
involved in the s-RNA-amino acid exchange. It is
possible that the amino acid-RNA complexes described
by these workers as well as by others (Ishihara, 1960;
Jonsen et al., 1959) are in actual fact the source of the
Nt-.(aminoacyl)adenosine group described in this paper.
The small amount of the N¢®-(aminoacyl)adenosines
isolated in the present work is not necessarily a true
representation of the levels found in nature, as un-
doubtedly during the isolation procedure some degrada-
tion and fractionation of this group occurred.
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The present paper of this series deals with the specificity of the activator molecule and demon-

strates some of the requirements that are necessary for activation.
tested, glucose-6-phosphate was the most potent activator.

Of over thirty compounds
Important structural features of

the molecule include the hydroxyl groups at carbons 2, 4, and 3, the phosphate attached at car-

bon 6, and a pyranose ring structure.

The enzyme UDPG: «-1,4-glucan a-4-glucosyltrans-
ferase (transferase)! catalyzes the transfer of the
glucosyl residue from UDPG into glycogen. Leloir
et al. (1959) reported that transferase from rat skeletal

* Papers I through V of this series were titled ‘‘Studies
on UDPG-a-glucan Transglucosylase. This work was sup-
ported in part by a grant from the National Institute of
Arthritis and Metabolic Diseases of the United States Public
Health Service (A-2366) and by a research career award
(K6-AM-985) from the National Institutes of Health.

t Present address: Catedra de Bioquimica, Facultad de
Farmacia, Universidad de Barcelona, Pedralbes-Barcelona,
Spain.

1 Abbreviations used in this work: UDPG, uridine di-
phosphoglucose; Tris, tris(hydroxymethyl)aminomethane;
transferase, UDPG-a-1,4-glucan transferase; TPN, nico-
tinamide adenine dinucleotide phosphate; DEAE, diethyl-
aminoethyl.

muscle was activated by glucose-6-phosphate, glucos-
amine-6-phosphate, galactose-6-phosphate, and fruc-
tose-6-phosphate. The last three compounds activated
to a lesser extent than glucose-6-phosphate (Traut,
1962). Leloir and Goldemberg (1960) demonstrated
that the enzyme prepared from liver was also activated
by these sugar phosphates (Steiner et al., 1961).

Two forms of the enzyme were prepared and partially
purified from rat and rabbit skeletal muscle (Rosell-
Perez and Larner, 1964a; Rosell-Perez et al., 1962).
They were differentiated from each other by the
kinetics of the UDPG concentration dependence in
the presence and absence of glucose-6-phosphate,
In the case of the D (dependent) form of the enzyme,
the activity without added glucose-6-phosphate was
low or absent. In the presence of glucose-6-phosphate
the V for UDPG was markedly increased. The K,
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Fig. 1.—The direct and reciprocal plots of the glucose-
6-phosphate concentration dependence of D form of dog
muscle transferase. Lines between open circles represent
glucose-6-phosphate alone, and those between the solid
circles have 0.008 m MgCl,. Assay conditions were stand-
ard. In the reciprocal plot the enzyme unit is that recom-
mended by the Commission on Enzymes of the Inter-
national Union of Biochemistry.

was decreased either slightly in the case of the rat
enzyme, or more noticeably in the case of the rabbit
enzyme. With the I (independent) form, activity
was present in the absence of glucose-6-phosphate.
In the presence of glucose-6-phosphate, the K, for
UDPG was decreased, but V was unchanged.

In an attempt to establish the structural require-
ments of the activator molecule, an extensive study of a
number of phosphorylated compounds was under-
taken. These were tested on the enzyme from dog
muscle, since it is a ready source of the D form of the
enzyme that is totally dependent on glucose-6-phos-
phate for activity (Rosell-Perez and Larner, 1964b).
In order to obtain data to compare directly with glu-
cose-6-phosphate, activators were tested at several
concentrations and a coefficient of activation was
calculated according to the formula:

V.,  Kn

CA = 3 X g™

where V, and V, denote the maximal velocities given
by the activator and glucose-6-phosphate, respectively;
K, and K, denote the concentrations of glucose-6-
phosphate and activator that give half-maximal activa-
tion (Sols and Crane, 1954).

Several ions and phosphorylated compounds were
found to be inhibitory. The inhibition with inorganic
phosphate and sulfate was of a competitive type and
surmounted by increasing the concentration of glucose-
6-phosphate. Glucose was found to be inhibitory.
The inhibition was noncompetitive with glucose-
6-phosphate.

MATERIALS

Analytical. —~The method for measuring transferase
activity was as previously described (Villar-Palasi and
Larner, 1961). Curves were constructed relating
enzyme activity to activator concentration at saturat-
ing levels of UDPG (4.5 X 103 M), and from these
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Fig. 2.—The action of glucose-6-phosphate and other
sugar phosphate derivatives on the D form of dog muscle
transferase. Assay conditions were standard. Abbrevia-
tions used are SE-7-P, sedoheptulose-7-phosphate; 1,5-
Sor-6-P, 1,5-sorbitan-6-phosphate; Gal-6-P, galactose-6-
phosphate; Gna-6-P, glucosamine-6-phosphate; R-5-P,
ribose-5-phosphate; 2D-0-G-6-P, 2-deoxyglucose-6-phos-
phate; F-6-P, fructose-6-phosphate; 6-P-Gnate, 6-phos-
phogluconate; 2P-G-A, 2-phosphoglycerate; P-P, inor-
ganic pyrophosphate; Me-P, methyl phosphate.

K, and V were calculated. In order to obtain com-
parative values of V, a curve with glucose-6-phosphate
was constructed in each experiment. The assay condi-
tions used were the same as those described in paper
IV of this series (Rosell-Perez and Larner, 1964a).
Chemicals.—In addition to the chemicals described
in previous papers of this series, the following com-
pounds were obtained from the following sources:
p-erythrose-5-phosphate (dimethylacetal, dicyclohexyl-
ammonium salt), L-a-glycerophosphate (dicyclohexyl-
ammonium salt), B-glycerophosphate (Na salt), di-
hydroxyacetonephosphate (dicyclohexylammonium
salt), pL-glyceraldehyde-3-phosphate (diethylacetal, Ba
salt), hydroxypyruvic acid phosphate (dimethylketal,
tricyclohexylammonium salt), 3-p-phosphoglyceric acid
(tricyclohexylammonium salt), 2-D-phosphoglyceric
acid (Ba salt), glycolaldehyde phosphate (diethylacetal,
dicyclohexylammonium salt), D-gluconic-6-phosphate
(Ba salt), p-gluconate (K-salt), p-glucuronate (Na
salt), and D-fructose-1,6-diphosphate (tricyclohexyl-
ammonium salt) were all purchased from California
Corp. for Biochemical Research; UDPG (Na salt),
ATP (Na salt), AMP (Na salt), 2-deoxy-D-glucose-
6-phosphate (Na salt), p-fructose-1-phosphate (cyclo-
hexylammonium salt), D-galactose-6-phosphate (Ba
salt), D-mannose-6-phosphate (Ba salt), and «-D-
galactose-1-phosphate (dipotassium salt) were pur-
chased from Sigma Chemical Co.; D-glucosamine-
6-phosphate (Ba salt), n-glucose-1-phosphate (K salt),
p-fructose-6-phosphate (Ba salt), creatine-phosphate,
and ADP (Na salt) were purchased from Nutritional
Biochemicals Corp.; bp-ribose-5-phosphate (Ba salt)
was obtained from Schwarz BioResearch Incorp., and
monomethylphosphate was purchased from K & K
Laboratories, Inc. The following were received as
gifts: p-1,5-Sorbitan-6-phosphate (1,5-anhydrodulcitol-
6-phosphate) (dicyclohexylammonium salt; estimated
as 909, pure) from Dr. A. Sols; myoinositol-2-phos-
phate from Dr. Th. Posternak; bD-xylose-6-phosphate
trom Dr. H. Z. Sable; glucosamine-8-phosphate from
Dr. S. Roseman; and bp-altroheptulose-7-phosphate
(estimated as 789, pure) from Dr. B. L. Horecker.
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Fig. 3.—The action of different substances on the D
form of dog muscle transferase. The vertical scale was
increased 5-fold as compared to that in Fig. 2. The width
of the arrow represents the range of radioactivity incor-
porated into glycogen in several experiments with no glucose-
6-phosphate added to the test mixtures. Abbreviations
are as explained in Fig. 2.

Other gifts were p-glucoheptulose-7-phosphate, p-allose-
6-phosphate, a-methyl-pD-glucoside-6-phosphate (con-
taining 59, glucose-6-phosphate and estimated as
909, pure), and o-L-sorbose-1-phosphate which were
received from Dr. R. K. Crane.

The barium salts were dissolved in acid (HCI) and
the barium was precipitated with sodium sulfate.
The other soluble compounds were neutralized first
to pH 7.5-7.8. The acetal or ketal derivatives of
glycolaldehydephosphate, hydroxypyruvic acid phos-
phate. bp-erythrose-5-phosphate, and bL-glyceralde-
hyde-3-phosphate were used directly and also were
rerun after acid hydrolysis. For hydrolysis, solutions
were brought to pH 1.5 with HC], allowed to stand at
31° for 24 hours, and then neutralized to pH 7.5-7.8.
No difference was noted before and after acid hydroly-
sis.

EXPERIMENTAL

Activation of the Enzyme by Glucose-6-phosphate.—
The particulate enzyme from dog muscle depends on
glucose-6-phosphate for activity in an absolute manner
(Rosell-Perez and Larner, 1964b). Figure 1 shows
the direct and reciprocal plot of the glucose-6-phosphate
concentration dependence. Half-maximal activation
at saturating concentrations of UDPG was found at a
concentration of 5 X 10—¢* M glucose-6-phosphate.
With Mg?+* present (0.008 M), half-maximal activation
by glucose-6-phosphate was obtained at a concentra-
tion of 2 X 10— M.

Activation by Other Sugar Phosphates.—It was of
interest to know whether other sugar phosphate deriva-
tives would activate the enzyme from dog muscle.
Although, of over thirty compounds tested, glucose-
6-phosphate was the most effective activator found, a
considerable number of the other compounds also
activated the enzyme. Of these, 1,5-sorbitan-6-phos-
phate was the most effective. In decreasing order
were galactose-6-phosphate, glucosamine-6-phosphate,
allose-6-phosphate, sedoheptulose-7-phosphate, and
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Fi1c. 4.—The inhibition of the D form of dog muscle
transferase by inorganic sulfate and phosphate and its
reversal with glucose-6-phosphate. The thick line between
the open circles represents the activity curve with glucose-
6-phosphate alone.
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Fic. 5.—Activity concentration curves with different
inhibitors. The thick line between the open circles repre-
sents the activity in the presence of increasing concentra-
tions of glucose-6-phosphate. The other lines represent
the same activities with the concentration of inorganic
phosphate or phosphate derivative stated in the figure.
The black circles on the glucose-6-phosphate curve indicate
the activity with 6-phosphogluconate added at the same
concentration as the other compounds. Abbreviations are
as defined in Fig. 2.

ribose-5-phosphate (Table I). A substantial activa-
tion, but at a still lower level, was obtained with 2-de-
oxy-glucose-6-phosphate, mannose-6-phosphate, and
fructose-6-phosphate. Slight activation was detected
with various two- and one-carbon phosphate deriva-
tives. Erythrose-4-phosphate was the only four-
carbon phosphate tested, and it did not activate.
Figure 2 shows the characteristic family of curves
obtained with several of the most active compounds,
whereas Figure 3 shows some of the less active com-
pounds. The K,, relative V, and coefficient of activa-
tion (CA) for all the compounds tested are presented
in Table I. In this table the figure ‘0’ denotes that
no activation was detected. The wvalues obtained
with these compounds fell in the range of the shadowed
arrow of Figure 3, which indicates the variation of the
very small number of counts incorporated into glycogen
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Fi1c. 6.—The inhibition of the D form of dog muscle
transferase by nucleotides. The arrow shows the activity
with no additions other than glucose-6-phosphate (0.01 m).
Also shown is the inhibition by inorganic phosphate.
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Fi1Gg. 7.—Activity concentration curves with a single
concentration of ATP, UTP, and glucose. The inhibition
by UTP and ATP is surmounted by increasing the concen-
tration of glucose-6-phosphate; the inhibition produced by
glucose is not competitive. The thick line between open
circles represents the activity with glucose-6-phosphate
alone.

in the absence of any activator. The dashes in Table 1
indicate activation in or below the range of the small
activation due to inorganic phosphate.

Inhibition by Inorganic Phosphate and Sulfate.—
The inhibition of the D form of transferase from dog
muscle increased with increasing concentrations of in-
organic sulfate and phosphate. Inorganic phosphate
was the more-potent inhibitor under these experi-
mental conditions.

In order to examine further the type of inhibition
produced, experiments were done with one inhibitory
concentration of either phosphate or sulfate in the
presence of increasing concentrations of glucose-6-phos-
phate. It was found (Fig. 4) that phosphate in-
hibited competitively the activation by glucose-6-phos-
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TABLE 1
AcTivaTioN oF THE D ForM oF TRANSFERASE FROM Dog
BY SEVERAL SUGAR PHOSPHATES AND PHOSPHATE

DERIVATIVES?
1% CA
K., (rela- (X
Activator (M) tive) 100)
D-Glucose-6-phosphate 5% 10+ 1 100
D-1,5-Sorbitan-6-phos- 7X10-+ 0.83 59.3
phate
D-Galactose-6-phosphate 1.4 x10-3 0.93 33.3
D-Allose-6-phosphate 2.5 x 1073 0.91 18.2
D-Glucosamine-6-phos- 1.6 X103 0.76 24.5
phate
2-Deoxy-D-glucose-6-phos- 2.6 X 10~  0.32 6.2
phate
D-Mannose-6-phosphate 4 X 108 0.42 5.0
D-Fructose-6-phosphate 1.2 x10-* 0.19 7.9
D-Gluconate-6-phosphate 6 X 10-3 0.20 1.7
D-Glucose-1-phosphate 1 X102 0.15 0.75
D-Galactose-1-phosphate — —_ —
p-Fructose-1-phosphate 0 0 0
p-Fructose-1,6-diphos- 3.3 x 10— 0.10 1.5
phate
Myoinositol-2-phosphate 4 X102 0.10 0.1
a-L-Sorbose-1-phosphate 3 x10-3 0.14 2.3
D-Glucoheptulose-7-phos- — — —
phate
a-Methyl-D-glucoside-6- —_— —_ —_
phosphate
D-Altroheptulose-7-phos- 2.5 X 10-3 0.94 18.8
phate (D-sedoheptulose-
7-phosphate)
D-Glucose 0 0 0
p-Gluconic acid 0 0 0
D-Glucuronic acid 0 0 0
D-Glucose + P, — — —
D-Ribose-5-phosphate 1.2 X 10-3 0.40 18
D-Xylose-5-phosphate 3.7 x 1073 0.20 2.7
D-Erythrose-4-phosphate — — —
a-Glycerophosphate 5.5 X 10—% 0.12 1.1
3-Glycerophosphate 3.3 x107% 0.05 0.8
Dihydroxyacetone phos- 1 X103 0.06 3.3
phate
DpL-Glyceraldehyde-3- 4 x10-% 0.11 1.4
phosphate
2-D-Phosphoglyceric acid 2 X103 0.15 3.8
3-p-Phosphoglyceric acid 3.3 x 10—% 0.52 6.3
3-P-Hydroxypyruvic acid — — —
Glycolaldehyde phosphate 4.5 X 103 0.16 1.8
Methyl phosphate 1.4 x 10-3 0.09 3.1
Inorganic pyrophosphate 1.6 x 10-3 0.12 3.7

i

@ As described in the text.

phate. The K, for this inhibition was (calculated with
the formula below) 1.9 X 10—% M. The inhibition

K I
Slope = 874 (1 + ;—{%

produced by inorganic sulfate was also competitive
(Fig. 4). The K;was 1.4 X 107* M.

Inhibition by Fructose-6-phosphate and Other Sugar
Phosphate Derivatives.—Transferase activity was meas-
ured with fructose-6-phosphate in the presence of in-
creasing concentrations of glucose-6-phosphate to de-
termine whether a competitive inhibition existed. A
competitive inhibition was observed (Fig. 5). The
K, calculated was 1.3 X 10-3 M. However, at the
lowest concentration of glucose-6-phosphate a signifi-
cant activation was noted. It was not possible to
decide whether in these experiments a small conversion
of fructose-6-phosphate to glucose-6-phosphate had
occurred (Leloir et al., 1959; Algranati and Cabib,
1962). When the concentration of glucose-6-phosphate
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was increased, the activation by fructose-6-phosphate
was overcome and the competitive nature of the in-
hibition was clearly established. Another case of
competitive inhibition was that of ribose-5-phosphate.
At low concentrations of glucose-6-phosphate, an
activation by ribose-5-phosphate was obtained. At
higher concentrations of glucose-6-phosphate, the
competitive inhibition was noted. By way of contrast
two other compounds are shown. Inorganic phosphate
inhibited competitively at all concentrations of glucose-
6-phosphate tested. Glucose-1-phosphate was in-
hibitory, but the inhibition was not overcome by
glucose-6-phosphate.

The K, values of the different compounds tested in
the presence of glucose-6-phosphate are shown in
Table II. It can be seen that except for inorganic
sulfate, the values varied between 9.4 X 10~* M and
1.9 X 10— m.

TABLE 11
K; VALUES OF SEVERAL COMPOUNDS ON THE DEPENDENT
ForM oF Do MUSCLE TRANSFERASE?

Concen- K,
tration K; (mean
Compound Tested (M) value)
Inorganic sulfate 8 X 10-3 1.2 X 10-?2 -
1.6 X 10~ 1.5 x 10-2 1-4 X107
P, 8 X 10-% 1.7 X 10-3) _
2.4 % 10~ 2.0 x 10-3] 19 X 107
Inorganic pyro- 8 X 10-3 1.5 X 10-%) _
phosphate 2.4 %107 1.9 x 10-5/ 1.7 X107
Methyl phosphate 8 X 10-% 7.8 X 10—+ -
2.4 X 10-2 1.1 X 10-3f 94 X107
p-Fructose-6- 8 X 1073 1.3 X 1073 -
phosphate 2.4 X103 1.3 X 10‘3f 1.3 X 1072
3-Phospho- 8 X 107 8.2 X 1074 _
glycerate 2.4 X103 3.1 X 1073/ 1.9 X107
2-Deoxy-D- 5X 1073 1.2 X 103
glucose-6- 1.4 1073 1.4 %1073 1.3 X102
phosphate
p-Gluconate- 8 X 103 0 0
6-phosphate 2.4 X103 0
p-Ribose-5- 2.4 X 10— 1.8x10—® 1.8X 103
phosphate

2 As described in the text.

Inhibition by Other Phosphate Compounds.—The
inhibition produced by other phosphorylated com-
pounds is shown in Figure 6. Of the compounds tested,
UTP was the most effective inhibitor. Figure 7 shows
that the inhibition produced by both ATP and UTP
was surmounted by increasing the concentration of
glucose-6-phosphate and was of a competitive type.
Experiments with UDPG showed that the inhibition
was not competitive with this substrate. Free glucose
was also inhibitory (Fig. 7). The inhibition produced
by glucose was not competitive with glucose-6-phos-
phate (Fig. 8). It was rather of the “anticompetitive”’
type (Dogson et al., 1956; Jermyn, 1958). Pyrophos-
phate, by way of contrast, was shown to be a competi-
tive inhibitor.

Discussion

The 100,000 X g particulate fraction of transferase
from dog muscle was a particularly suitable source of
the D form of the enzyme for activation and inhibition
studies. With the present series of compounds tested
glucose-6-phosphate was the most effective. The
K,, for glucose-6-phosphate was found to be 5 X 104
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F1G. 8.—The inhibition by glucose and inorganic pyro-
phosphate. The thick line between open circles represents
the activity with glucose-6-phosphate alone.

M. This may be compared with the value of 6 X
10— M reported by Leloir et al. (1959) and Leloir and
Goldemberg (1960) for the enzyme from rat liver and
muscle. In the present study, it was shown that
Mg?2+ (0.008 M) significantly decreased the K.

Among the compounds tested, 1,5-sorbitan-6-phos-
phate was the most effective after glucose-6-phosphate.
This is of interest because this compound is presumably
not utilized by glycolytic enzymes and, therefore, can
be used as an activator that does not undergo further
modification. It would appear from this experiment
that the hydroxyl at carbon-1 of glucose-6-phosphate
is not crucial. However, since a-methyl-p-glucoside-
6-phosphate was inactive, an a-methyl substituent on
the hydroxyl of carbon-1 blocks action.

The decrease in effectiveness with mannose-6-phos-
phate and with fructose-6-phosphate points out the
importance of the hydroxyl at carbon-2. With fruc-
tose-6-phosphate the greater proportion of the furanose
ring form may also play a role in its decreased effective-
ness. Glucosamine-6-phosphate was also a less effec-
tive activator than glucose-6-phosphate, in keeping
with the hydroxyl at carbon-2 as a binding point.
The elimination of the carbon-2 hydroxyl in 2-deoxy-
glucose-6-phosphate produced a decrease in the power
of activation.

Since galactose-6-phosphate was less effective than
1,5-sorbitan-6-phosphate, the hydroxyl at carbon-4
may represent a site of attachment. The hydroxyl at
carbon-3 appears to exert some influence in determining
the effectiveness of the activator. Thus allose-6-phos-
phate was almost as effective as glucosamine-6-phos-
phate.

Two pentose phosphates were tested and proved to
be weak activators. The change from pyranose to
furanose ring structure plays a role, as well as the posi-
tion of the hydroxyls at carbon-3 of the pentose.
6-Phosphogluconate was essentially inactive as an
activator (Table I) or as an inhibitor (Table II).
The slight activation noted may be due to contamina-
tion by glucose-6-phosphate. Thus the activation by
glucose-6-phosphate showed no significant variation
in the presence of added 6-phosphogluconate (Fig.
5). This indicates that the pyranose ring is of im-
portance in the activator molecule. The importance
of the pyranose ring would be in keeping with the
activation by sedoheptulose-7-phosphate. The in-
effectiveness of glucoheptulose-7-phosphate remains
unexplained.

The attached phosphate appears to be a rather strict
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requirement. Inorganic phosphate or glucose alone,
or inorganic phosphate plus glucose together did not
activate. Phosphate bound to the hydroxyl of car-
bon-1 of glucose, fructose, or galactose markedly de-
creased activation. Glucose-1-phosphate, one of the
poorest activators, inhibited at all concentrations of
glucose-6-phosphate tested. The inhibition was not
competitive

We cannot explain the anomalous lack of activation
by erythrose-4-phosphate when other molecules of
shorter chain length, such as methyl phosphate and
pyrophosphate, did activate. A similar case was ob-
served with 3-phosphohydroxypyruvic acid. No ac-
tivation was detected with this compound, although
3-phosphoglyceric acid gave a considerable stimulation.
The activation by triosephosphate derivatives (with the
exception of 3-phosphoglyceric acid) was significant.

Studies with two activators of medium potency
such as 2-deoxyglucose-6-phosphate and ribose-5-phos-
phate were of interest. When these two activators
were tested in the presence of glucose-6-phosphate,
a competitive inhibition was shown only at the highest
concentrations of glucose-6-phosphate. At lower con-
centrations of glucose-6-phosphate, the activation
which they produced increased the activation produced
by glucose-6-phosphate. It is possible that this in-
terpretation may also be applied to the activation that
was detected with fructose-6-phosphate at low con-
centrations of glucose-6-phosphate.

The data presented in Table 11 show a close agree-
ment of the K, values for all the inhibitors tested
(with the exception of inorganic sulfate). Despite
the fact that each of the compounds tested had a dif-
ferent half-maximal activation value, the K; values
were very similar. This finding is in keeping with the

Biochemistry

idea that the K reflects the attachment of the phos-
phate portion of the compound to the enzyme.

The K, for sulfate was higher than that of phosphate
or of the other phosphate compounds tested. It
appears that inorganic phosphate may fit best at that
site of activation on the enzyme where the phosphate
of the sugar phosphate is attached.
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The preferential reactivity of the essential sulfhydryl groups of rabbit muscle glyceraldehyde-
3-phosphate dehydrogenase with the yellow sulfhydryl reagent, N-(4-dimethylamino-3,5-
dinitrophenyl)-maleimide (DDPM) has been utilized for the isolation of peptides containing

these groups.

After pepsin digestion of the DDPM-treated enzyme, the label was contained

predominantly in a single hexapeptide of sequence ala-ser-(DDPM-cys)-thr-thr-aspNH,. It
is thus concluded that the structure of the several active sites of the enzyme are identical, at
least in part, and that the reactive sulfhydryl groups are not components of glutathione moieties.

The elucidation of the chemical mechanism of action
of an enzyme requires the characterization of transi-
tion states, which in turn depends upon a knowledge
of the participating atoms in the enzyme molecules and
their geometry. The determination of amino acid
residues in the active sites of enzymes can provide some
information in this regard.

Serine-specific reagents, such as DFP,! have been

* Supported by a grant (AM-03642) from the United
States Public Health Service.

t Present address: Biology Department, State Univer-
sity of New York, Buffalo 4, N. Y.

1 Career Development Awardee (GM-5111) of the United
States Public Health Service.

successfully employed for the labeling and isolation of
peptide fragments containing part of the catalytically
active centers of several proteases and esterases (re-
viewed in Koshland, 1960). Experiments with a
variety of sulfhydryl-specific reagents have demon-
strated that the activities of a large number of enzymes
are dependent upon the presence of free sulfhydryl
groups. Recently the use of DDPM has been de-

! Abbreviations are: DDPM, N-(4-dimethylamino-3,5-
dinitrophenyl)-maleimide; FDNB, 1-fluoro-2,4-dinitro-

benzene; DNP, 2,4-dinitrophenyl; PTC, phenylisothio-
cyanate; PTH, phenylthiohydantoin; DFP, diisopropyl-
phosphorofluoridate; EDTA, ethylenediaminetetraacetic

acid.



