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Carbonic anhydrases (CA: carbonate hydrolase: E.C.4.2.1.1) from
leaves and roots of mature potato (Solanum tuberosum) were purified
and characterized. The purification levels of enzymes were 87.91 fold
and 40.601 fold in leaves and roots, respectively. The optimum temper-
ature was 40 °C in leaves and in roots. pHs optimal were 8.5 and 11 in
leaves and in roots, respectively. Enzymes of leaves were formed
5 monomers that it’s having molecular weights of 22,000, 28,000,
35,000, 40,000, 65,000, 5 polymers that it’s having 73,000, 80,000,
83,000, 132,000 and 200,000 Dalton and these proteins had carbonic
anhydrase activity. But there is at the levels of 22,000, 28,000, 35,000
and 132,000 Dalton in gel filtration, for leaves. SDS-PAGE was done
for roots and leaves and subunits were obtained. In addition the enzyme
against the effect of NaN;, KSCN and sulphanylamide, which was known
as an inhibitor of mammalian carbonic anhydrase, was determined.
Potato (Solanum tuberosum) has ascorbic acid (vitamin C) in very high
level and iron and calcium ions in low level. So, the effect of ascorbic
acid, FeCl; and CaCl, in different concentrations on enzyme was deter-
mined for roots and leaves, separately. Finally, carbonic anhydrase was
purified from roots and leaves of potato (Solanum tuberosum), separately
and they were done optimal. Carbonic anhydrase functions in respiration
and has a part in photosynthesis in plants. It was a serious deficiency
that carbonic anhydrase wasn't defined in potato (Solanum tuberosum).
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INTRODUCTION

Carbonic anhydrase (CA; EC 4.2.1.1) catalyzes the reversible hydration of CO,,
accelerates the bicarbonate formation and plays an important role in several physio-
logical functions in mollusks, including acid-base regulation, respiration, calcifi-
cation and mineralization'. The activity of carbonic anhydrase and its influence on
physiological functions in mollusks have been extensively investigated'*. Carbonic
anhydrase was demonstrated to play a role in mineralization of all invertebrates
studied and was found to be essential for rapid shell development.
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The enzyme of carbonic anhydrase was purified and characterized in parsley,
tea, Daucus carota and Vicia canenses™®.

The carbonic anhydrases from higher plants exists at least two electrophoretically
separable types. One type, found predominantly in monocotyls, has a molecular
weight of 40,000 Dalton’. The other, isolated from dicotyls, is a hexameric enzyme
with a molecular weight of 180,000 Dalton and contains 6 tightly bound zinc ions’.

Until now carbonic anhydrase of potato (Solanum tuberosum) that was a very
important plant wasn't been defined. So, this study was planed in two parts. In the
first part, enzyme purified and characterized from leaves and roots, separately and
their properties compare with different plant and mammalian carbonic anhydrase.
In second part of this study, it was aimed that the effect of NaN;, KSCN, sulphan-
ylamide, ascorbic acid, FeCls;, CaCl, on carbonic anhydrase of potato (Solanum
tuberosum) which is included a lot of ascorbic acid and a little iron and calcium
ions was determined.

EXPERIMENTAL

Extract preparation: Potato (Solanum tuberosum) was collected from east
Anatolia region of Turkey and then leaves and roots of this plant were separated
mechanically. They were stored at -31 °C. Carbonic anhydrase was purified from
leaves as described earlier by Demir et al.’.

Enzyme purification: The enzymes present in extracts were purified with ion
exchange chromatography on 3 x 50 cm column that contained DEAE-Cellulose.
Elution was carried out with 0.2 M #ris-acetate and 0.01 M B-mercaptoethanol, at
pH: 7.0.

Protein determination: Absorbency of obtained elutions was measured at 280
nm and amount of protein in elutions was determined'.

Enzyme activity determination: Esterase activity was determined as described
by Verpoorte et al.". For this procedure, 1.5 mL of a buffered enzyme solution (0.1 mL
enzyme, 1.4 mL 0.05 M Tris-SO4, pH:7.4) and 1.5 mL of substrate were mixed in a
cuvette and 3 min later, the absorbance was measured (348 nm, 25 °C). A blank
measurement was obtained by preparing the same cuvette without the enzyme
solution. V., Ku, optimal pH and optimal temperature were determined by this
method. V. and K, values were determined from Lineweaver-Burk graph. The
hydrolysis activities of the purified enzymes were measured by determining the
amount of time necessary to change the pH from 8.2 to 6.3.

Enzyme units were calculated according to the formula:

1U = ((to-te)/te)
where t, and t. the time (s) needed for the pH change without enzyme and with
enzyme reactions, respectively.

Effect of various some chemicals in enzyme activity: The effects of sulphanyl-
amide, KSCN, NaN;, which are known as inhibitors and glucose, fructose and saccha-
rose in three different concentrations on carbonic anhydrase that was purified from
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roots and leaves were measured. These measures were done by using hydratase
activity of enzyme'”.

SDS-PAGE Electrophoresis: Electrophoresis was carried out 3-10 % SDS-
PAGE gel as described by Laemmli"’. Human carbonic anhydrase-1 which were
purified by affinity chromatography and were used as electrophoresis standards".

Determination of molecular weight: The molecular weights of purified carbonic
anhydrase enzymes of potato (Solanum tuberosum) leaves and roots were determined
by Sephadex-G 150. Mixture of standard proteins, which had a concentration of
0.2 mg/mL, was applied on this column. Then, purified carbonic anhydrase enzymes
were added on to equilibrated above columns and they were eluted with 0.05 M
sodium phosphate-1 mM dithioerythritol, pH 7.0 buffer'.

RESULTS AND DISCUSSION

A very important part of this study was that the enzyme of carbonic anhydrase
purified from roots and leaves of potato (Solanum tuberosum). The carbonic anhydrases
of leaves and roots of potato were purified by DEAE-cellulose ion exchange chromato-
graphy.

The amount of purified carbonic anhydrase was slightly high in roots than in
leaves. Esterase activity of carbonic anhydrase was detected with p-nitrophenyl
acetate as substrate. In the present study, carbonic anhydrase of leaves was purified
87.91 fold and it was 40.601 fold in roots carbonic anhydrase (Tables 1 and 2).
Besides, graph of activity-absorbance was drawn (Fig. 1).

TABLE-1
CARBONIC ANHYDRASE FROM POTATO (Solanum tuberosum) ROOTS

Total activity pyoein SPecific  Purifi-
- activity  cation
(EU/mg) fold

Volume Activity

Enzyme fraction (mL) (EUmL) gy ¢ (ug/ml)

Crude extract 580 1.445 838.10 100 3840  0.0376 -
(NH),SO,120 g 585 1.128  659.88 78.735 3320  0.0339  0.901
(NH),SO, 180 g 615 0.895 550.42 83.412 26.70  0.0335  0.988

After DEAE-cellulose column 75 1.237  17.77 3229 042 29450 87.910

TABLE-2
CARBONIC ANHYDRASE FROM POTATO (Solanum tuberosum) LEAVES

Total activity pyoein SPecific  Purifi-
- activity  cation
(EU/mg) fold

Volume Activity

Enzyme fraction (mL) (EUmL) gy ¢ (ug/ml)

Crude extract 580 14.45 8381.0 100 28.40 0.508 -
(NH),SO, 120 g 585 11.28 6598.8 78.735 23.20 0.486  0.956
(NH),SO, 180 g 615 8.95 5504.2 83.412 20.70 0432 0.983

After DEAE-cellulose column 75 737 477775 8.679 042 17.540 40.601
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Fig. 1A. DEAE-cellulose ion-exchange chromatography of carbonic anhydrase from potato
(Solanum tuberosum) roots in the presence of 0.2 M Tris-acetate buffer pH: 7.0,
0.01 M B-mercaptoethanol
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Fig. 1B. DEAE-cellulose ion-exchange chromatography of carbonic anhydrase from
patato leaves in the presence of 0.2 M Tris-acetate buffer pH: 7.0, 0.01 M
B-mercaptoethanol
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As both carbonic anhydrase of leaves and roots of potatoes (Solanum tuberosum)
had esterase activities, for each enzyme Ky and V.« values were determined which
were 0.00232 mM and 2.120 mM/L min, respectively for leaves and 0.062 mM and
4.203 mM/L min, respectively for roots.

The optimum pH values of the carbonic anhydrases from potatoes (Solanum
tuberosum) were 8.5 and pH 11 in leaves and in roots respectively (Fig. 2). pH of
carbonic anhydrase of roots and leaves were different from each other.
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Fig. 2. Activity of carbonic anhydrase enzyme from potato (Solanum tuberosum) roots in
Tris-acetate buffer

The optimum temperature for leaves carbonic anhydrase were 40 °C in roots
and leaves. The temperature range at which enzymes have activity was found as 5-
85 °C (Fig. 3).
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Fig. 3. Effect of temperature on the activity of purified carbonic anhydrase enzyme from
potato (Solanum tuberosum) roots
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The molar mass of the roots and leaves carbonic anhydrases determined by gel
filtration chromatography. The molecular weight of the roots determined as 22,000,
28,000, 35,000, 40,000, 65,000, 73,000, 80,000 and 83,000 Dalton and these proteins
had carbonic anhydrase activity. These bands were shown on electrophoresis (Fig. 4).
At the level of 40,000 Dalton, the protein was a lot of, as amount. Band was very
bold at the level of 40,000 Dalton. When gel filtration was done, the highest activity
was seen at fraction of level of 40,000 Dalton. According to results of gel filtration,
there are two bands having molecular weights 132,000 and 200,000 Dalton and
there are another two bands which weren't shown in SDS-PAGE and they also have
carbonic anhydrase activity. They had probably subunit more than one. But it is
difficult to say any thing about molecular weight of subunit. But the smallest subunit
was the level of 22,000 and 132,000 was 6 fold of 22,000 and 200,000 was 9 fold of
22,000. Hexameric subunit was shown in plant®’.

CA-1

1 2 3 4 5

Fig. 4. Electrophoretic pattern of potato (Solanum tuberosum) carbonic anhydrases: leaves
(1 and 2), roots (3 and 4) and carbonic anhydrase (CA)-I (5)
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There are three bands at the level of 22,000, 28,000 and 35,000 Dalton on
electrophoresis of roots carbonic anhydrase. But there was only one band the level
of 132,000 Dalton in gel filtration. It can be accepted that hexameric structure with
6 subunit having molecular weights of 22,000 Dalton. At roots, another shown form
were not found at leaves. These structure were similar to Vicia caneces' carbonic
anhydrase. It had also 20,000 Dalton subunit.

NaN; was activated very little in 10 M concentration on roots and leaves carbonic
anhydrase activity but 10* M and 10 M concentrations, the activity of roots' carbonic
anhydrase and leaves' carbonic anhydrase against were ineffective (Fig. 5A and
5B).
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Fig. 5A. Effect of NaNs in various concentrations on the activity of purified carbonic
anhydrase enzyme from potato (Selanum tuberosum) roots
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Fig. 5B. Effect of NaN; in various concentrations on the activity of purified carbonic
anhydrase enzyme from potato (Solanum tuberosum) leaves
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For carbonic anhydrase of roots, a high activation was seen in each of three
concentrations and 50 pL volume KSCN. When the effect of activation was decreased
in increasing volume. Carbonic anhydrase of leaves was activated 10° M, 10™ M,
10° M KSCN (Fig. 6A and 6B).
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Fig. 6A. Effect of KSCN in various concentrations on the activity of purified carbonic
anhydrase enzyme from potato (Selanum tuberosum) roots
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Fig. 6B. Effect of KSCN in various concentrations on the activity of purified carbonic
anhydrase enzyme from potato (Solanum tuberosum) leaves
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Sulphanylamide was inhibited in potato roots and leaves carbonic anhydrase
activity (Fig. 7A and 7B). Ascorbic acid was ineffective in potato roots carbonic
anhydrase activity but it was activated in leaves carbonic anhydrase activity at three
different concentrations (Fig. 8A and 8B).
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Fig. 7A. Effect of sulphanylamide in various concentrations on the activity of purified
carbonic anhydrase enzyme from potato (Solanum tuberosum) roots
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Fig. 7B. Effect of sulphanylamide in various concentrations on the activity of purified
carbonic anhydrase enzyme from potato (Solanum tuberosum) leaves
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Fig. 8A. Effect of ascorbic acid in various concentrations on the activity of purified
carbonic anhydrase enzyme from potato (Solanum tuberosum) roots
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Fig. 8B. Effect of ascorbic acid in various concentrations on the activity of purified
carbonic anhydrase enzyme from potato (Solanum tuberosum) leaves

Other chemical that was studied was CaCl,. It was seen that CaCl, was ineffec-
tive on roots carbonic anhydrase at three different concentrations (Fig. 9A and 9B).
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Fig. 9A. Effect of CaCl; in various concentrations on the activity of purified carbonic
anhydrase enzyme from potato (Solanum tuberosum) roots
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Fig. 9B. Effect of CaCl, in various concentrations on the activity of purified carbonic
anhydrase enzyme from potato (Solanum tuberosum) leaves

Finally, the effect of FeSO, at three different concentrations was studied, it was
seen that they were ineffective on the activity of roots and leaves carbonic anhy-
drase. FeSO. wasn't inhibited or activated to the enzyme of carbonic anhydrase
(Fig. 10A and 10B). '
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Fig. 10A. Effect of FeSO, in various concentrations on the activity of purified carbonic anhydrase
enzyme from potato (Selanum tuberosum) roots
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Fig. 10B. Effect of FeSO, in various concentrations on the activity of purified carbonic anhydrase
enzyme from potato (Solanum tuberosum) leaves
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In present studies, the carbonic anhydrase was purified and characterizated
from potato. Carbonic anhydrase is an enzyme which function in respiration and
take part in photosynthesis in plants. There is no report about the carbonic anhy-
drase from potato. Chemicals which were activated by carbonic anhydrase enzyme
were increased photosynthesis and roots' greatness or they were inhibited, so carbonic
anhydrase enzyme decreased, probably. Related to this, it can be done optima of
cultivated environment. So, cultivated time can be shortened by the side of potatoes.
Further researches are going on this subject.
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