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Phosphorylase from rye pollen
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Table 1.

Summary of purification procedures of phosphorylase.

Step

Vol.
(ml)

Protein Activity
(mg)  (units)

Specific
activity
(units/mg)

Yield
(%)

Crude extract
DEAE-cellulose

Isoelectric
focusing

Sephadex G-200

64.5
51.0

8.0
24.0

1,526 700
245 434

203 345
2.45 192

0.46 100
1.77 62.0

1.70 49.3
78.4 27.4
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Table 2. Effect of various reagents on activity of phosphorylase.

- Conc. Relative e Conc. Relative
Additive (mM) activity (%) Additive (mM) activity(/")
None — 100 ATP 1 100.0

10 109.0
1 105.1
MgCl, 10 93.6 AMP 1 108.7
1 99.4
CaCl, - 1 105.0
10 104.5 UTP P Y08

\ 1 98.1
CoCl 1 102.0

: 10 89.1 UDP 10 106.0

1 130.6
FeSO, 1 97.0
10 100.9 UMP 10 98 2

1 93.1
Mn30, 10 82.8 GMP 1 102.3
1 45.7 CMP 1 103.5
s 10 3.8 p-CMB* 107 102.1
54107 102.2
CuSO, 1 8.5 L-Try- 5 98.5

10 3.6

ptophan

5 1 100.6

EDTA 10 97.1

Activity was measured by the routine method except for addition of
various reagents.
* p-Chloromercuribenzoic acid

l ! ¥ ! Table 3. Priming specificity of phosphorylase.
-~ 6 k - :
0 5 Relative
%, Compound Conc.(%) activity (%)
£
& Soluble
o 7 starch 1 100
%’ Glucose 1 1.3
o Maltose 1 0
-3 2 + -1 Cellobiose 1 4.0
- Maltotriose 1 6.3
¥
No addition — 4.6
0 M
L Activity was measured by the routine
0 15 30 45 60

method except for addition of each sugar as

Time (min) a primer
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Summary

A phosphorylase from rye pollen was purified about 170-fold by chromatography on DEAE-cellulose,
isoelectric focusing and gel filtration through Sephadex G-200. The approximate molecular weight
estimated by gel filtration was 240,000and isoelectric point was about 5.5. The enzyme had an optimum
pH about 6.0, was stable in the pH range of pH 7-8 and lost its activity completely by heating at 60°C for
10 min. The activity was strongly inhibited by Cu?* and Zn ?* but not by the other metal ions tested. No
effect of p-chloromercuribenzoic acid and L - tryptophan on the activity was observed. The enzyme had
a Km value of about 2.7 mM for glucose-1-phosphate and was able to utilize starch readily as a primer
but also slightly catalyze the synthesis of higher saccharide from glucose-1-phosphate in the absence of

primer. Glucose, maltose and maltotriose were not utilized as a primer.

Legend

Fig. 1. Chromatography of phosphorylase on DEAE-cellulose.
Phosphorylase extract from rye pollen was applied to a column (3.5 X 30 cm)of DEAE-cellulose
equilibrated with 1 mM Tris-maleate (pH 7.0) containing 1 mM 2-mercaptoethanol, washed with
200 ml of the same buffer and then eluted with 50 mM Tris-maleate (pH 7.0) containing 1 mM 2-
mercaptoethanol.
Arrow A indicates the applied position of elution buffer.
Fractions of 10 ml were collected.
@— @, activity.
Fig. 2. Isoelectric focusing of phosphorylase.
Phosphorylase fraction obtained from a DEAE-cellulose column in Fig. 1 was dialyzed against 1
mM Tris-maleate (pH 7.0) containing 1 mM 2-mercaptoethanol and applied to a LKB column
(110ml) for isoelectric focusing. Electrophoresis was carried out with 1% Ampholine carrier
ampholyte giving a pH gradient of 3.5-10.0 at 900 V for 44 hr at 4°C. Stabilization against
convection was achieved with a glycerol density gradient of 0-60 %.
Fractions of 2.0g were collected.
@— @, activity; O—O, protein; ---, pH.
Fig. 3.  Gel filtration of phosphorylase on Sephadex G-200.
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Phosphorylase fraction obtained from isoelectric focusing in Fig. 2 was concentrated to about
1ml in a collodion bag and loaded on a column (2X 95 cm) of Sephadex G-200 equilibrated with
10 mM Tris-maleate (pH 7.0) containing 1 mM 2-mercaptoethanol. Elution was then carried out
with the same buffer.

Fractions of 3 ml were collected.
®— 0, activity; O—O, protein.
Fig. 4. Estimation of molecular weight of phosphorylase by an analytical column of Sephadex G-200.

The following marker proteins were used to make the calibration curve, molecular weight vs.
slope : Bovine serum albumin, 67,000, Aldolase, 158,000, Catalase, 240,000 and Ferritin, 450,000.

Fig. 5. Effect of pH on activity of phosphorylase.

Activity was measured by the routine method except that 50 mM Tris-maleate buffer replaced the
usual buffer.

Fig. 6. Effect of pH on stability of phosphorylase.

The pH buffer systems employed were; A—A, 20 mM Sodium acetate-HCI containing 1 mM 2-
mercaptoethanol for pH 3.5 ; O—0, 20 mM Tris-maleate containing 1 mM 2-mercaptoethanol for
pH 5-8 ; ®—@, 20 mM Sodium carbonate-boric acid containing 1 mM 2-mercaptoethanol for pH
8-10.
pH58; @—@®, 20 mM Sodium carbonate-boric acid containing 1 mM 2-mercaptoethanol for
pH 8-10.

Fig. 7. Effect of heat treatment on stability of phosphorylase.
The enzyme in 10 mM Tris-maleate (pH 7.0) containing 1 mM 2-mercaptoethanol was left at
various temperatures for 10 min and the remaining activity was measured by the routine method.
Fig. 8. Lineweaver-Burk plots of phosphorylase for glucose-1-phosphate.
Fig. 9. Primer requirement for activity of phosphorylase.
The activity was measured in the presence or absence of primer (starch).

@— @, activity in the presence of primer ; O—O, activity in the absence of primer.
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