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Purification and Characterization of Ascorbic Acid Phosphorylating Enzyme from Cellulomonas
sp. AP-7. Sang-Hyeob Lee, Hyun-1ll Choi and Won-Gi Bang*. Deparfment of Agricultural
Chemistry, College of Natural Resources, Korea University, Seoul 136-701, Korea— An ascorbic
acid phosphorylating enzyme, which catalyzes the formation of ascorbic acid-2-phosphate from ascorbic
acid and pyrophosphate, was purified 32.7-folds to homogeneity from a cell-free extract of Cellulomonas
sp. AP-7. The combination of DEAE- Sephacel ion exchange chromatography and Sephacryl S-200 gel
filtration was used for their purification. The molecular weight of the native protein was estimated to be
96.1kDa on high performance gel filtration chromatography. The SDS-PAGE analysis indicated that the
protein consisted of four identical subunits of 24.6 kDa. The purified enzyme showed the optimal tem-
peature of 40C and optimal pH of 4.5. The Km for ascorbic acid and pyrophosphate were 119 mM
and 11.9 mM, respectively. The addition of 5,5'-dithiobis-(2-nitrobenzoic acid) into the reaction mixture
resulted in the reduction of the enzyme activity at 51%. The enzyme also had a phosphatase activity at
weakly acidic pH and the Km for ascorbic acid-2-phosphate in phosphatase activity was 7.9 mM.
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Fig. 1. Growth curve of Cellulomonas sp. AP-7 and change
in ascorbic acid phosphorylating activity.

Cultivation was carried out at 30°C as described in Materials
and Methods. Reaction was carried out for 16 hrs at 30T in
reaction mixture containing 50 mM AsA, 100 mM Na,-PPi and
50 mM sodium acetate buffer (pH 4.5).

3
- & — Specific activity (nmole/min/mg wet cell)



Cellulomonas sp. AP-72| Ascorbic acid phosphoryiating enzyme — 273

Table 1. Punficatlen of ascorbic acid phosphorylating enzyme from Cellaiomonas sp. AP-7

Sample Total protein (mg) Total activity (U) Spemfzc activity (U/mg)  Yield (%) Purification (fold)
Crude extract 325.39 0.916 0.0028 100 1
Ammonium sulfate 41.20 0.368 0.008% 40.2 3.2
DEAE-Sephacel 1.54 0.080 0.0501 8.7 17.9

Ist Sephacryl S-200 .57 (.040 0.0702 4.4 25.1

2nd Sephacryl S-200 0.33 0.033 1.100G0 3.6 35.7

1U=1 pmole AsA2P per min.

Molecular weight (M.W.x 10"
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Fig. 2. Molecular weight measurement of the purified en-
zyme on high performance gel filtration chromatography (A)
and SDS-polyacrylamide gel electrophoresis (B).

In {A), standard protiens were the foilowing. 1. B-galactosidase
(M, 116,000); 2. bovine serum albumin (M, 66,000); 3. carbonic
anhydrase (M, 29,000}, 4. cytochrome ¢ (M, 12,400). In (B),
lane a, ascorbic acid phosphorvlating enzyme, b, molecular weight
markers: 1. bovine serum albumin(M, 66,000); 2. egg albumin
(M, 45.000); 3. glyceraldehyde-3-phosphate dehydrogenase(M,
36,000); 4. carbonic anhydrase (M, 29,000); 5. trypsin inhibitor
(M, 20,100).
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Table 2. Phosphoryl donor specificity of ascorbic acid phos-
phorylating enzyme

Substrate pH Relative activity
ATP 5.5 51.7
ATP 4.5 41.2
p-Nitirophenylphosphate 4.5 23.4
Disodium pyrophosphate 4.5 100
Metaphosphate 4.5 22.7
Phosphoric acid 4.5 17.9
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Fig. 3. Effects of pH on activity and stability of the ascorbic
acid phosphorylating enzyme.
The activity was measured as described in materials and
methods. The buffers used were sodium acetate (), Tris-
malecate (M) and Tris-HC] buffer (B). The open circles showed
the activity and the closed symbols showed the stability.
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Fig. 4. Effects of temperature on activity and stability of the
ascorbic acid phosphorylating enzyme.

The activity of the enzyme was measured as described in ma-
terials and methods. The open circle showed the activity and the
closed circle showed the stability.
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Table 3. Effect of various chemicals on the ascorbic acid
phosphorylating enzvme activity

Concentration  Relative

Compounds added (mM) activity (%)
None - 100
Ca™ 1.0 124
Mg™ 1.0 105
10.0 113
Fe” 1.0 143
Mn™ 1.0 100
Cu™ 1.0 99
10.0 79
NaF 10.0 109
EDTA 1.0 146
NaN3 1.0 87
o-Hydroxyquinoline 1.0 101
p-Hydroxymerucribenzoate 5.0 79
5,5'-Dithiobis-(2-nitrobenzoic acid) = 1.0 49
5.0 49
Iodoacetate 1.0 91

The basal reaction mixture was incubated for 180 min at 307C.
The enzyme was incubated with a compound for 10min before
the reacion was started with AsA and Na,-PPL

Table 4. Effects of pH on phosphatase activity of ascorbic
acid phosphorylating enzyme

Relative activity (%)

pH
PPi p-NPP AsA2P

3.5 66 4 45
4.0 82 7 80
4.5 100 21 100
5.0 30 41 20
5.5 21 60 19
6.0 12 66 10
6.5 72

7.0 73

7.5 100

8.0 68

8.5 58

9.0 31

The phosphatase activity was measured as described in Materials
and Methods. The buffer used were sodium acetate buffer (3.0
to 5.5 of pH), Tris-maleate buffer (5.0 to 7.0) and Tri-HC1 buff-
er (7.5 to 9.0).
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21+ pH £35 FAFshedch. Table 4949} 7ol pNPP
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Fig. 5. Lineweaver-Burk plot for the formation of ascorbic acid-2-phosphatem from ascorbic acid (A) and pyrophosphate (B),
and for the hydrolysis of ascorbic acid-2-phosphate (C) by the purified ascorbic acid phosphorylating enzyme.

pH4.5014 714 & 84S Hepfisich 33, AsA2ZP
of thgF Km#t 7.9 mMe]dtH(Fig. 5C).
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