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STUDIES ON AMYLO-1,6-GLUCOSIDASE*

by

J. LARNER a~p L. H. SCHLISELFELD*"

Division of Biochemistry, Noyes Laboratory of Chemistry,
University of Illinois, Urbana, Il. (U.S.A.)

Some properties and mechanism of action of the intestinal carbohydrases, maltase
(a-glucosidase) and oligo-1,6-glucosidase have been presented!-2. In order to contrast
these enzymes with an enzyme catalyzing the hydrolysis of «-1,6 linkages in
polysaccharides, it has been of interest to investigate further the properties of amylo-
1,6-glucosidase®. These studies form the basis of the present report.

METHODS AND MATERIALS
Enzymes

Rabbit muscle phosphorylase was prepared by the method of GREEN AND Corr? using 0.1 M NaF
in the crystallization step and in the first recrystallization according to the procedure of E. W.
SUTHERLAND, Jr.5.

Amylo-1,6-glucosidase was prepared from pooled supernatant fluids collected after crystalliza-
tion of rabbit muscle phosphorylase by a method previously described®. Several meodifications
were instituted as suggested by the work of BEIZENHERZ ef al.”. Glass-redistilled water was used
throughout. Saturated ammonium sulfate solutions were prepared from ammonium sulfate
recrystallized at slightly alkaline pH from o.0027 M versene. The pooled supernatant fluids were
diluted to one per cent protein concentration with 0.0027 M versene pH 7.2. The ammonium
sulfate fraction (0—-o0.3 saturation) was dissolved in 0.0027 M versene containing 0.003 M cysteine
at pH 7.2.

To remove g-amylase two starch adsorptions with water-washed corn starch (Argo) ‘were
done as already described®. Amylo-1,6-glucosidase prepared under these conditions was consider-
ably more stable than preparations prepared by the previous method® and withstood freezing
and thawing 2 to 3 times with essentially no loss of activity. In some cases activity which had
been lost after repeated freezing and thawing could be restored by the addition of glutathione.

It has been found that such preparations have specific activities ranging from 2600 to 5000
units per mg3, but still contain phosphorylase and traces of a-amylase. Partial stabilization of the
enzyme by versene has recently been reported by Cori®.

Yeast hexokinase was prepared by an unpublished method of C. R. PArx and ghicose-6-
phosphate dehydrogenase by the method of KORNBERG?.

Substrates, cofactors and inhibitors
Phosphorylase limit dextrin (LD,)*** was prepared by two successive enzymic digestions of rabbit
liver glycogen with repeatedly recrystallized phosphorylase (free of amylo-1,6-glucosidase) by
the procedure already described!?. Glucosidase-treated LD, (LD,g) was prepared by incubating
amylo-1,6-glucosidase (50 spectrophotometric units, see EXPERIMENTAL) with 60 mg LD, at 30°
for 180 minutes. At the end of this time 112 9, of theoretical outer branch points were hydrolyzed
as determined by increase in reducing power. Polysaccharide was isolated in the usual manner by
several ethanol precipitations.

Isomaltose was a gift of Dr. A. JEANES, ‘‘panose’’ a gift of Dr. M. KiLLEY, and corn and wheat

*

* Supported in part by a grant from the National Science Foundation.

** Taken in part from a thesis submitted by L. H. SCHLISELFELD to the Graduate College of
the University of Illinois in partial fulfillment of the requirements for the degree M.S. in Chemistry
(1955). Present address, Biochemistry Department, Vanderbilt University School of Medicine,
Nashville, Tennessee.

*** For a discussion of terms see previous paper'?.
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amylopectins gifts of Dr. R. W. KErR. Maltose was a commercial product. Adenosine triphosphate
(ATP) and triphosphopyridine nucleotide (TPN) were purchased from Sigma Chemical Company.
¥C uniformly labelled glucose was prepared by the method of Wick et al.l! by submitting 14C
uniformly labelled starch to acid hydrolysis. p-chloromercuribenzoic acid and o-iodosobenzoic
acid were obtained from Sigma Chemical Company. Iodoacetic acid was a gift of Dr. W. A. Woop.

ANALYTICAL

Amylo-1,6-glucosidase activity was determined in the presence of excess phosphorylase, LD,
and inorganic phosphate by increase of reducing power as previously described3. The method of
NeLson!? as modified® was used for reducing power determination. Deproteinization was accom-
plished either with 2.59% HgCl, in 0.5 N HCI (Schenk) or by the method of Somocy13. Protein
was determined by a turbidometric method already outlined?.

Radioactivity was determined by counting in a gas flow counter. The samples were plated
on metal planchettes (previously treated with a small amount of 1 9, detergent) and dried under
an infrared lamp. Glucose was counted in an infinitely thin film, polysaccharides at measured
thickness. Corrections in the latter case were made by comparing the thickness of each sample
with a self-absorption curve of 1¥C wax. Conversion to absolute activities (disintegrations per
minute, d.p.m.) was done using a polystyrene standard.

pH was determined with Beckman model G glass electrode.

EXPERIMENTAL
Spectrophotometric assay

Amylo-1,6-glucosidase activity has been determined by means of a spectrophoto-
metric assay similar to that used for oligo-1,6-glucosidase!. Formation of glucose
by the hydrolysis of LD, has been coupled with the reduction of TPN, catalyzed by
the hexokinase glucose-6-phosphate dehydrogenase system. The linear relationship
between rate of optical density change at 340 mu (Beckman model DU spectrophoto-
%oosc meter at room temperature) and amount of

enzyme added is shown in Fig. 1, which also
:0.01.0» o

T T T T T T

gives an indication of the reproducibility of
K the method. Under these conditions, a pro-

E.a.oao- ; { visional spectrophotometric unit is defined as
s o that amount of enzyme which catalyzes an
V 00z20F { optical density change of 0.001 per minute.
As previously discussed! there is a short lag

o010} 4 period before the maximum optical density

change is achieved. The maximum rate of
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Fig. 1. Spectrophotometric determination
of amylo-1,6-glucosidase activity. Reaction
mixture contained glycylglycine buffer
o.25 M, pH 7.5, 1.0 ml; MgS0O, 0.3 M, o.1
ml; glucose-6-phosphate dehydrogenase 3
mg lyophilized powder per ml 0.2-0.4 ml
(0.26—0.52 units®); hexokinase 0.1% (30%
pure) 0.03—0.05 ml; TPN o0.005 M, 0.1 ml;
ATPo.1 M o.ort ml; LD, 19, o.1 ml; final
volume 3.0 ml.

optical density change is the basis of the
calculation of units. It is to be emphasized
that spectrophotometric activity varies with
conditions of assay (ratio of hexokinase to
glucose-6-phosphates dehydrogenase). The
present unit holds only under the specified
conditions.

Amylo-1,6-glucosidase activity determin-
ed by the previous method of increase in
reducing power® has been compared with

activity determined by the spectrophotometric assay using the same enzyme prepa-
rations (Table I). An average value of 31 reduction units per spectrophotometric unit
was obtained. No difference in the reducing power assay was noted with or without
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added Mg+*+. For reasons of convenience and speed the spectrophotometric assay has

TABLE I

AMYLO-I,6-GLUCOSIDASE ACTIVITY

DETERMINATION BY SPECTROPHOTOMETRIC AND

INCREASED REDUCING POWER METHODS

Specirophotometric Reducti

activity (1) activity (2) Ratio
(2):(1)

unitsimi units/ml
400 (A) 13,800 34.5
281 (A)" 7,680 27.3
522 (A) 17,800 34.1
599 (A) 16,000 26.8
501 (A) 16,000 31.9
268 (B) 8,050 30.0
148 (B) 4,670 315

Average 31

A = Mgtt present; final concentration o.o12 M

B = Mg*+ absent

(1) Reaction mixtures were as described in Fig. 1.

been used wherever possible. In the
experiments which follow, units refer
to spectrophotometric units.

pH Activity curve

Variation of initial rate as a function
of pH has been measured using the
spectrophotometric assay (Fig. 2). Ex-
periments were run in glycylglycine
buffers previously adjusted to various
pH’s with dilute acid or alkali. In control
experiments, it was shown that the
hexokinase glucose-6-phosphate dehy-
drogenase system with glucose as sub-

strate could operate at a rate greater

than that found with amylo-1,6-gluco-
sidase and LD, and therefore was not

limiting. In contrast to oligo-1,6-glucosidase which has a pH optimum at 6.2 to 6.4 H?,

amylo-1,6-glucosidase under these conditions has
an optimum in the range 7.2z to 7.6.

Sulfhydryl inhibitors

Because of the increased stability and activity of
amylo-1,6-glucosidase in the presence of cysteine?,
versene, and glutathione (METHODS AND MATE-
riaLs), the effect of sulfhydryl inhibitors on
enzyme activity has been examined. Since the
spectrophotometric assay system is inhibited by
sulfhydry! reagents*, it was not used for these
experiments. The reducing power assay with phos-
phorylase and inorganic phosphate was likewise
not used because of the possibility that muscle
phosphorylase also requires sulfhydryl groups for
activity (cysteine activation). Accordingly, the
hydrolysis of LD, by amylo-1,6-glucosidase was
followed by increase in reducing power in the
absence of accessory enzymes. Large enough
amounts of LD, were used such that the glucose
released was sufficient to be easily detectable by
analytical methods employed. Under these con-
ditions the reaction is essentially linear with time
until approximately 30% hydrolysis of the avai-
lable outer branch points. As shown in Table II,

660 y y T T T
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Spectrophotometric activity (units/mi)
L
S

260r

220

YT R R T T
PH of reaction mixture

Fig. 2. pH Activity curve of amylo-
1,6-glucosidase. Reaction mixture as
described. pH of glycylglycine buffer
adjusted with HCI or NaOH. pH of
reaction mixture determined at end
of run.

a concentration of p-chloromercuribenzoate of 5:10-% M completely inhibits activity.

* Unpublished experiments, J. LARNER AND R. E. GILLESPIE.
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TABLE II
INHIBITION OF AMYLO-1,6-GLUCOSIDASE BY SULFHYDRYL REAGENTS”

Inhibil Time o uiathione i
Inhibitor canzn:lb:;(t}:on incubalio!t" c(c);vicmtmlion Inhibition
M minutes Ml per cent

p-chloromercuribenzoate 11074 20 — 100.0
p-chloromercuribenzoate - 1-10™4 20 1.5 103" "% 55.5
p-chloromercuribenzoate 5-107% 20 — 100.0
p-chloromercuribenzoate 1-10°8 20 — 5.5
o-iodosobenzoate 11074 20 — 61.8
o-iodosobenzoate 1-104 20 1.5-1073§ 0.0
o-iodobenzoate 1-10% 20 — 2.5
iodoacetate 1073 10 — 0.0

* 100 units of enzyme used in all experiments.
* ok .
Incubations were at room temperature.
*** Added after 5 minutes.
§ Added after 5 minutes. Enzymic activity was restored to double that of control. This
activation was to original level of activity before freezing and thawing.

o-lodosobenzoate is a less effective inhibitor, while no inhibition with iodoacetate
was noted. Glutathione reversed the inhibition by both p-chloromercuribenzoate and
o-iodosobenzoate. Intestinal maltase and oligo-1,6-glucosidase, in contrast to amylo-
1,6-glucosidase, are not inhibited by these sulfhydryl inhibitors?

Inhibition by carbohydrates

The following carbohydrates were found not to inhibit amylo-1,6-glucosidase in the
spectrophotometric assay (27 units of enzyme used) ; ssomaltose, 0.0012 M ; “panose’,
0.002 M ; glucose-1-phosphate, 0.003 M.

Glucose was tested as an inhibitor in the usual glucosidase reducing power
assay in the presence of phosphorylase and inorganic phosphate. Since phosphorylase
has been shown to be inhibited by glucose! enough phosphorylase was added in
order that it would not prove limiting.

The results (Table I1I) with two concentrations of phosphorylase indicate that
this condition was met. No inhibition was noted with 0.001 M and 0.0018 M glucose
using 26 and 15 units of glucosidase during a 10 minute time period (Table III,
experiments 1, 2). The ratio of added glucose to branch point glucose (assuming
11.4% branch points in LD,) in experiments 1 and 2 was 2.2 and 3.5 respectively.
Because of the possibility that phosphorylase might prevent inhibition of gluco-
sidase by glucose, additional experiments were done in the absence of added phos-
phorylase and inorganic phosphate. With the concentrations of glucose employed,
no inhibition of glucosidase activity was noted (Table III, experiments 3, 4). In
experiment 3, the ratio of added glucose to available branch point glucose (outer
tier) was 1, while in experiment 4, it was 3.5. Both oligo-1,6-glucosidase and maltase
are inhibited by glucose?s.

Inhibition by LD g and K,, for LD,

The other product of hydrolysis, the ‘‘debranched” limit dextrin (LD,g), proved
to be an inhibitor of the enzyme. As is shown in Fig. 3, a plot of 1/v versus 1/s for
the inhibited and uninhibited system followed the kinetics of a reversible inhibition.
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TABLE II
EFFECT OF GLUCOSE ON ACTIVITY OF AMYLO-I,6-GLUCOSIDASE

Phosphorylase Glucose Amylo-1,6-glucosidase
Experiment added* added activity
Number
ml emoles total uniis
** 0.5 — 26.2
el 0.5 2.78 26.6
>k
1 0.8 2.78 27.9
2 : : 0.2 — I15.1
2 o5 +45 150
3™ _— 5.6 106
* ok ok
4 — — 106
* ok k
4 — 19.4 108

* A suspension of crystals recrystallized until free of amylo-1,6-glucosidase activity.

** Reaction mixture contained glucosidase, phosphate buffer 1.0 M pH 7.0, 0.3 ml; adenylic
acid 0.01 M, 0.2 ml; LD,, 2 mg; final volume 2.5 ml. Deproteinization was with Schenk reagent.
Activity given in spectrophotometric units.

*** Reaction mixture contained glucosidase 70 units; glycylglycine buffer 0.25 M pH 7.4,
o.5 ml; LD, 30 mg; final volume 2.3 ml. Deproteinization was with Ba(OH),-ZnSO,. Activity
given in Klett-Summerson colorimeter reading differences from zero time controls.

The Michaelis constant for LD, is

14 mg per cent. Expressed as outer “or

tier branch point glucose (moles) 1200 |
the K,, is 2.7-1073M*. The K,

for LD,g is 50.5 mg per cent or

9.8-107%M if expressed as “origi- oo ’
nally available” outer tier branch gaa

point glucose (moles)**.

Uninhibited
60

Fig. 3. Inhibition of amylo-1,6-gluco-
sidase by LD,g. Reaction mixture as
described, containing in addition o.1 ml 40
LD,g 2.95%,; average pH 7.18. L L N . . 1 )
18 275% ge P 7 0 10 20 30 40 50 ,_60 70
/s
Using the integrated form of the Michaelis’ equation with competitive product

inhibition16

K, So So _
(Se— SF) (I— —KT> + K, (I + ?I—) ln?F« = Vmt

a calculated curve, Fig. 4, was constructed with values of K,, and K, determined
by the spectrophotometric method. For V,,, initial rate of hydrolysis with excess
substrate as estimated by increased reducing power was used. V,, as determined

* Expressed in terms of outer tier rather than total branch point glucose, since only the outer
tier is available to enzymic action in this assay. Outer tier branch points (moles) calculated as

follows: concentration of polysaccharide {mg/ml) X 0.034

. 180
Molecular weight of 180 is used since polysaccharide concentration was determined as glucose
after acid hydrolysis. ’

** K calculated from the expression slope = ﬁ [I + _.I_]
Vi K
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graphically by the spectrophotometric method at room temperature at this pH was on
the average 159% lower than the experimental initial velocity obtained by hydrolysis at
30°. At pH 7.16, there is a good fit of

90| the points determined experimentally
by increased reducing power to the
T a0l { calculated curve, indicating that K,
o .
g and K; as determined by the spectro-
2 70l photometric or reducing power me-
s thods are in essential agreement. At
°
2 g0l | pH6.8theK,, pf muscle phosphorylase
for glycogen in the direction of syn-
sol. | thesis has been reported as 21 mg per
centlt, Assuming an average of 7%
branch points for glycogen'” this value
4ot 1
corresponds to 8-10-5M.
ot 1
)
20l | Fig. 4. Hydrolysis of LD, by amylo-1,6-
glucosidase: A Experimental. O Calculated
using K, 2.6-10°5 M*, K; 9.8-10-% M.
10l | Vi = 0.16y glucose/minute/unit enzyme.
Reaction mixture contained glycylglycine
buffer 0.25 M pH 7.3, 2.0 ml; MgSO, 0.3 M,
0 ) L L ) L L 0.2 ml; glucosidase 74 units; LD, 14.75 mg;
0 @ o 40 T,-,f,g (,,,,,,uffs) 0 final volume 6.0 ml.

Variation of Michaelis constant with pH

The variation of pK,, (—log K,,) with pH has been studied, using the spectro-
photometric assay method (Fig. 5). A biphasic curve is obtained when pKX,, is plotted
against pH similar in shape to that reported for intestinal maltase and oligo-1,6-
glucosidase?. At acid pH pK,, appears independent of pH, while at alkaline pH the
plot is best represented by a slope of —1. The change in slope at about pH 7.5-7.6
is somewhat higher than observed in the case of the intestinal enzymes (pH 7.0~7.1).

110 . r g T T r " r r

090re __o o o 4

0.70r

Py

0.50f

0.30r

o101

" 1 . 1 L n n 1 1

67 63 65 67 69 7 73 75

77 79 841 &3
PH oF reaction mixture

Fig. 5. pH Dependence of pK,,. Reaction mixtures as in Fig. 1. pH's are average values of each
set of reaction mixtures. Th- . values usually varied by several hundredths of one pH unit.

* A K, value of 2.6-10-5M rather than 2.7 1075 was used because it is an average value
at this pH (see¢ Fig. 5).
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In control experiments the plot of pK,, against pH of the hexokinase glucose-6-
phosphate dehydrogenase system for glucose between pH 6.4 and 8.1 had no change
in sloped. Since the substrate is considered uncharged and since the pK,, pH plot of
the hexokinase glucose-6-phosphate dehydrogenase system with glucose is without a
change in slope in this pH range, this experiment suggests that an ionizable enzymic
group with a pK, of about 7.5-7.6 is involved in the combination of enzyme with
substratel®,

Reversibility

Previous experiments with the radioactive method had shown that crude gluco-
sidase preparations are contaminated with small amounts of branching enzyme?®,
In order to obtain an active preparation of branching enzyme from muscle it was
necessary to extract the powder obtained by pulverizing frozen muscle in a fitted
stainless steel cylinder and plunger. Amylo-1,6-glucosidase, on the other hand, is
extracted from fresh muscle with water. These differences in extractability pointed
to the presence of two enzymes each catalyzing a separate reaction.

Reversibility of purified amylo-1,6-glucosidase was tested by two experimental
approaches; first by using the iodine color assay developed for branching enzyme?®
(Table IV); and second by isolation and determination of radioactivity of the
polysaccharide remaining after incubation of LD, with glucosidase in the presence
of 1C labelled glucose (Table V). Glucosidase (205 units—sufficient to completely
“debranch” 187 mg LD, in 10 minutes) had essentially no action on 3 mg of corn
amylopectin in 20 minutes as indicated by the constant value of the optical density
of the iodine color complex at 570 mpu (Table IV). After 345 minutes the optical
density had decreased to 57.5% of its original value. That this decrease was due at
least in part to a-amylase action was shown in a separate experiment by measuring
the increase in reducing power. As maltose, the increase in reducing power was 8.5%
when the iodine color had decreased to 46% of the initial value. KunG, HANRAHAN
AND CALDWELL?! have studied the decrease in iodine color as related to increase in
reducing power with a series of ten a-amylases, hydrolyzing amylose. At 10%
hydrolysis (as maltose) from 75.0 to 26.2% of the blue value remained, with most

TABLE IV
ACTION OF AMYLO-1,6-GLUCOSIDASE ON CORN AMYLOPECTIN

Incubation op 3“1 density Reducing power
itme & 570 my as 'S¢
of iodine complex
minutes per cent of initial value per cent
o 100"
5 103
10 105
20 97
345 57-5
300 46.0.. 8.5'*.

* Reaction mixture contained glycylglycine buffer 0.25 M pH 7.4, 0.5 ml; corn amylopectin
3 mg; glucosidase 205 units; final volume 1.8 ml.
** Reaction mixture as above except that 10 mg corn amylopectin used; final volume 3.5 ml.
*** Deproteinized with Ba(OH),-ZnSO,.

§ Unpublished experiments, J. LARNER and R. E. GILLESPIE.
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TABLE V

INCORPORATION OF 4C GLUCOSE BY AMYLO-1,6-GLUCOSIDASE DURING HYDROLYSIS OF LD,*

Analysis after ethanol precipitations Analysis after dialysis

Incubation O“’Z)f;;mh - — - - Incorporation
time hydrolyzed T "”’;f‘;;’};"d‘ Radioactivity ‘thﬁ‘f; P "”’:,’:f;:;‘"‘i‘ Radioactivity if;;’uﬁ; after dialysis
min per cent ' mg d.p.m. d.p.m./mg mg d.pm. d.p.m./mg per cent

14 38.1

15 — 11.5 162 14.1 10.1 327 32.4 o.072"

35 57-2 .

36 — 14.9 633 42.5 12.7 430 33.8 0.I1
Control 15.3 68 4-4 17.7 60 3.4

" Reaction mixture contained the following: Glycylglycine buffer 0.25 M pH 7.4, 1.0 ml; LD,
84 mg; *C glucose 1.25-10% d.p.m.; glucosidase 146 units; final volume 3 ml. 1 ml samples taken
for polysaccharide isolation; 0.5 ml samples for reducing power. For all samples except controls,
counting was done for a length of time sufficient for a precision of + 59%,.

** Calculated as follows: Specific activity of 14C glucose 2.14-10% d.p.m./mg
d.p.m. y 1 mg glucose
mglD, 2.14-10% d.p.m.
mg outer branch point glucose remaining/mg LD = 0.428 X 0.034 = 14.6-1073
15.8:1078

er cent reincorporation = —————— . 10? = o.I11.
P P 14°6-10°3

mg ¥C glucose per mg LD; = 33.8 =15.8-10"%

of the amylases giving values about 559%,. The present value of 46.5%, is well within
this range*.

For the radioactive experiment (Table V), control, and experimental reaction
mixtures were prepared which were identical except for the absence of enzyme in
the control. Per cent hydrolysis was determined by increase in reducing power in
aliquots deproteinized by the Ba(OH),-ZnSO, method and calculated assuming
that complete hydrolysis is equivalent to the liberation of 3.4% reducing power
(as glucose). A correction was applied for the reducing power of 1C labelled glucose
initially present.

Polysaccharides were precipitated from reaction mixtures by ethanol. Super-
natant fluids from the first ethanol precipitation were set aside for isolation of 14C
glucose. Precipitates were taken up in water and digested with alkali (10% NaOH)
at 100° for 2 minutes. Five additional ethanol precipitations were done. After the
last ethanol precipitation polysaccharides were dissolved in water, aliquots plated
out on metal planchettes, weighed and counted. After counting, the material was
dissolved from the planchettes, dialyzed at 3° for 84 hours against multiple changes
of distilled water, replated and recounted.

Significant radioactivity in the two experimental samples (greater than control)
is present both after alkali treatment and extensive dialysis (Table V). The lower
specific activity of the 15 minute sample before dialysis was probably due to uneven
plating. In terms of per cent reincorporation, the radioactivity found was 0.072 in
the 15 minute sample, and 0.11% in the 35 minute sample. The enzyme does not
under these conditions catalyze reincorporation of labelled glucose into polysaccharide
to any appreciable extent.

* This does not rule out some action by branching enzyme in addition to a-amylase
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DISCUSSION

The properties of amylo-1,6-glucosidase clearly differentiate this enzyme from oligo-
1,6-glucosidase. Previous work! has indicated the differing substrate requirements
of the two enzymes. The present work indicates that amylo-1,6-glucosidase operates
at a higher pH optimum than oligo-1,6-glucosidase, and that amylo-1,6-glucosidase
is inhibited by sulfhydryl reagents and not inhibited by glucose. Other properties
studied here include K,,, and competitive inhibition by LD,g. It is of some interest
that muscle phosphorylase and amylo-1,6-glucosidase have K,,’s in the same general
range. Evidence has heen presented which indicates that a charged enzymic group
of pK, 7.5-7.6 participates in combining with substrate. Reversibility has been
tested and no evidence for significant reversibility could be found. Further studies
with regard to mechanism of action of amylo-1,6-glucosidase and other carbohydrases
are in progress.

SUMMARY

Additional properties of amylo-1,6-glucosidase have been studied using a rapid spectrophoto-
m etric assay. The pH optimum is in the region between 7.2 to 7.6.

The enzyme is inhibited by p-chloromercuribenzoate and o-iodosobenzoate. The inhibition
is reversed by glutathione. -

No inhibition has been observed with glucose but the ‘“debranched’” phosphorylase limit
dextrin proved an inhibitor of the competitive type with a Ky of 50.5 mg per cent.

The variation of K,, with pH has been determined and indicates that an ionizable enzymic
group with a pK, of 7.5—7.6 is involved in combining with substrate.

No evidence for significant reversibility of the reaction could be found under the conditions
tested.
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