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Several microorganisms capable of utilizing 1-aminocyclopropane-1-carboxylate (ACPC) 

were isolated from soil. A bacterium which belongs to Pseudomonas accumulated cellular 

ƒ¿ -aminobutyrate with consumption of ACPC and cells incubated with ACPC medium had 

the activity deaminating the substrate to form ƒ¿-ketobutyrate. An enzyme, ACPC deaminase, 

was highly purified and its molecular weight, substrate specificity and absorption spectrum 

were investigated. These results suggested that this enzyme was a pyridoxal 5•L-phosphate 

enzyme which has the molecular weight of 104000 and high specificity for ACPC, Km= 1.5 mm. 

A yeast, Hansenula saturnus, is also capable of forming ACPC deaminase, which has a lower 

molecular weight, 69000, and higher Km value, 2.6 mm.

Detailed studies have been reported on two 

specific enzymes participating in metabolism of 

ƒ¿-dialkyl-ƒ¿-amino acids. Those are ƒ¿-amino-

isobutyrate decomposing enzyme"' (dialkyl-

amino-acid decarboxylase (pyruvate), EC 4.1. 

1.64) and ƒ¿-methylserine hydroxymethyltrans

ferase,4) (EC 2.1.2.7). The former as well as 

the latter is not active on 1-aminocyclopropane-

1-carboxylate3) (ACPC), one of a-dialkyl-a-

amino acids, which was already isolated from 

cider apple and perry pear juices5) and cow 

berry.6) Burroughs5) noted that ACPC was 

less readily assimilated by yeast than other 

amino acids, because it was found in the 

fermented perry as a major component of the 

remaining amino acids. Therefore, if some 

microorganisms are capable of utilizing ACPC, 

it is expected that the metabolism of this amino 

acid is dependent on a unique reaction.

Microorganisms that were isolated from soil 

with a medium containing ACPC as the sole 

source of nitrogen produced an enzyme which 

catalyzes ACPC deamination. This deami

nation proceeds together with opening of cycle-

propane ring to form ƒ¿-ketobutyric acid from 

ACPC. Experiments on the enzyme and the 

enzymatic reaction are described in this paper.

METHODS

Microorganisms and preparation of cell free extracts.

 Several microorganisms utilizing ACPC as nitrogen 
source, among which bacteria and yeast were included, 
were isolated from soil. A bacterium used in experi
ments of this paper was a Gram-negative aerobic rod, 
motile with polar flagella, and grew well at slightly 
acidic pH (5 - 7) but not at pH 4.2. Glucose was 
assimilated by respiratory metabolism and lactate was 
oxidized to carbonate." On the basis of these data, 
the bacterium was tentatively classified in the genus 
Pseudomonas3) and designated as Pseudomonas sp. ACP.

Shapes of the yeast cells were spherical or elliptical 
and its cells formed saturn-shaped ascospores. Nitrate 
was assimilated as its sole nitrogen source and external 
addition of vitamins was not effective for its growth. 
These data and results in assimilation of carbon com-

pounds agreed with those of Hansenula saturnus 
(Kiocker) H. et P. Sydow var. saturnus.9)

The bacterium, Pseudomonas sp. ACP, was first 
cultured under shaking at 30°C for about 40 hr in a 
medium being composed of 2 % glucose, 0.5 % peptone 
and 0.3 % dried yeast extract. Cells harvested by 
centrifugation were washed with 0.1 at potassium phos-

phate, pH 7.5 and further incubated in the second 
medium containing 1 % sucrose and 0.1 % ACPC in 
the inorganic salt solution which is composed of 0.1 
KH2PO4, 0.1 % K2HPO4, 0.05 % MgSO4.7H20, 0.013 
CaCl2-2H2O and 0.0013% FeSO4.7H2O. After the 
second incubation, cells were collected by centrifuga
tion, suspended in 0.1 tit potassium phosphate buffer, 

pH 7.5, and ruptured by high-pressure extrusion 
method"' with French Press (Ohtake Works).

Yeast cells were collected by the same procedure as 
in the case of the bacterium. The first culture was 
carried out in a medium being composed of 3 % sucrose, 
0.2% KNO3 and the inorganic salt solution and the 
second incubation was in a medium containing ACPC
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in place of KNO3 as the sole nitrogen source. The 

collected cells were suspended in 0.1 M potassium phos

phate buffer, pH 7.5, and disrupted by high-pressure 
extrusion method10) in Cell Disrupter (Stansted Fluid 

Power Ltd.).

Assay method. Intracellular amino acids of bacteria 

were extracted with 75 % ethanol at 80°C for 5 min. 

Amino acids were qualitatively investigated by means 

of cellulose thin-layer chromatography (sec-butanol

formic acid-water, 75: 15: 10) and for the determi

nation of ACPC, paper chromatography was done 

with the same solvent by the procedure described for 

ƒ¿-methylserine .11) Carbonyl compound was detected 

by hydrazone formation") with 2,4-dinitrophenyl

hydrazine. Further, ƒ¿-ketobutyric acid was identified 

by several kinds of chromatography of free ƒ¿-keto 

acids or their derivatives, i.e., hydroxy acids or 2,4-

dinitrophenylhydrazones. The solution of hydroxy 

acids was prepared by reduction of each ƒ¿-keto acid 

with sodium borohydrate and gas-chromatography of 

2,4-dinitrophenylhydrazone was performed by the pro-

cedure of Shimizu et al,13) ƒ¿-Ketobutyric acid was 

determined by the use of 2,4-dinitrophenylhydrazine 

according to the description of Hatfield et al.12) For

mation of ammonia was measured by the indophenol 

method" and consumption of oxygen was by the 

manometric method with a Warburg's apparatus.

ƒ¿-Aminoisobutyrate decomposing enzyme activity 

and L-alanine-ƒ¿-ketobutyrate aminotransferase activity 

were assayed as described previously.15,16)

Miscellaneous. Aminohexyl-agarose was prepared 

by the method of Shaltiel et al.,17) from Sepharose 4B 

and diaminohexane. ACPC was prepared according 

to the description of Burroughs.5)

RESULTS

Deamination of ACPC by the enzyme from

 a bacterium, Pseudomonas sp. ACP

Bacterial cells obtained from the first culture 

were incubated in the second medium con

taining ACPC, and the media and alcoholic 

extracts of cells were used to examine alteration 

in amounts of amino acids with increasing time. 

Results of thin-layer chromatography are 

illustrated in Fig. 1, which shows decrease of 

ACPC in the medium and accumulation of ƒ¿-

aminobutyric acid and isoleucine or leucine in 

cells. When an extract from cells grown on 

the second medium for 4.5 hr was incubated 

with 30 mm ACPC at pH 7.5 (Table I), it was 

observed that decrease of ACPC resulted in

FIG. 1. Cellulose Thin-layer Chromatogram of 

Amino Acids in Media and in Extracts of Bacterial 

Cells.

Solvent: sec-butanol-formic acid-water (75: 15: 10), 

o, in medium; i, in cell extract; 1, alanine; 2, ACPC; 

3, ƒ¿-aminobutyric acid; 4, valine; 5, leucine or isoleu

cine.

TABLE I. CONVERSION OF ACPC INTO A CARBONYL

 COMPOUND BY THE EXTRACT

Extract of cells grown on ACPC was incubated 

with 30 rum ACPC in phosphate buffer, pH 7.5, at 

30°C.

formations of ƒ¿-aminobutyrate and carbonyl 

compound. In addition, the experiment with 

a dialyzed cell extract did not lead to the 

formation of ƒ¿-aminobutyrate in nitrogen 

atmosphere. Another product, carbonyl com-

pound, was identified chromatographically to 

be ƒ¿-ketobutyric acid (Table II). Consequently, 

the extract seems to contain an enzyme which 

catalyzes the deamination of ACPC into ƒ¿-

ketobutyrate without cofactor or oxygen. 

Table III shows the stoichiometrical evidence 

for enzymatic cleavage of ACPC into ƒ¿-keto

butyrate and ammonia. This experiment was 

done in a Warburg's apparatus with active 

fraction obtained by passing the cell extract 

through a Bio-Gel A-0.5 m column and did not 

exhibit participation of oxygen in the reaction. 

Therefore, the enzyme, ACPC deaminase, was 

determined by the following procedure. The
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TABLE II. CHROMATOGRAPHY FOR THE IDENTIFI
CATION OF THE CARBONYL COMPOUND

1: Cellulose thin-layer chromatography (n-butanol

propionic acid-water, 10: 5: 7).18)
2: Cellulose thin-layer chromatography (propanol

conc.NH4OH, 4: 1).
3: Silica gel thin-layer chromatography (n-butanol

ethanol-2 N NH4OH, 7 : 1: 2).
4: Gas-chromatography.18)

TABLE III. STOICHIOMETRY OF ACPC DEAMINATION

The cell extract was passed through a Bio-Gel A-

0.5 m column in advance and active fraction was 

incubated in a Warburg's apparatus with 10 µmol 

of ACPC in 1.0 ml of mixture, pH 7.5, at 30°C. After 

addition of 0.1 ml of 3 N H2SO4, an aliquot of the 

mixture was used for each assay.

enzyme and 50 mm ACPC were incubated in 

0.2 ml of 0.1m tris (hydroxymethyl) amino-

methane buffer, pH 8.5, at 30°C. This pH of 

the buffer was chosen on the basis of a result 

in Fig. 2. The reaction was stopped by the 

addition of 1.8 ml of 0.56 N hydrochloric acid. 

After addition of 0.3 ml of 0.1 % 2,4-dinitro

phenylhydrazine-2 N hydrochloric acid solu

tion, the mixture was kept at 30°C for 15 min 

and then 2 ml of 2 N sodium hydroxide was 

added and absorbance at 540 nm was measured. 

One unit of the enzyme indicates the activity 

forming 1 ƒÊmol of ƒ¿-ketobutyrate per minute 

under these conditions.

FIG. 2. Effect of pH on the Deamination of ACPC. 

Enzyme and 5 ƒÊmol of ACPC were incubated in 

0.2 ml of 0.1 M tris (hydroxymethyl) aminomethane-

HCl buffer. Each pH was adjusted by KH2PO4 in 

the lower pH range or K2COg and KOH in the higher 

pH range.

1, enzyme from the bacteria; 2, enzyme from the yeast.

 Cell-free extracts were prepared from bac

terial cells incubated in the second medium 

containing ACPC for indicated time and three 

enzyme activities were measured. Results in 

Table IV indicate the inducible formation of 

ACPC deaminase, little variation of L-alanine-

ƒ¿-ketobutyrate transaminase and formation of 

lower activity of ƒ¿-aminoisobutyrate decom

posing enzyme. L-Alanine-ƒ¿-ketobutyrate 

transaminase seems to participate in the for

mation of ƒ¿-aminobutyric acid.

TABLE IV. SEVERAL ACTIVITIES OF CELL EXTRACT

ƒ¿ ACPC dearnination activity was measured as de

scribed in text.

Purification of ACPC deaminase from Pseudo
monas sp. ACP
In the extract from bacterial cells, 37 g, 

which were incubated in second medium for 
4 hr, ethylenediaminetetraacetic acid and 2-
mercaptoethanol were dissolved to give each
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concentration of I mm as stabilizer. Potassium 

phosphate buffer, pH 7.5, containing 1 mm 

ethylenediaminetetraacetic acid and 1 mm 2-

mercaptoethanol was used as solvent in all 

steps of procedure except for a final step. 

After solid ammonium sulfate, 13.68 g, was 

dissolved in each 100 ml of the extract, the 

mixture was stood for a few hours and the 

precipitate was removed by centrifugation. To 

the supernatant, ammonium sulfate was added 

up to concentration of 30.4 g per 100 ml of 

the extract and the mixture was stood over-

night. The precipitate obtained by centri

fugation was dissolved in a small amount of 

0.1 M phosphate buffer and each one-third of 

the solution was passed through a Bio-Gel 

A-0.5 m column (2 x 76 cm). The active frac

tions were collected and dialyzed against 0.05 M 

buffer.

The dialyzed enzyme solution was poured 

on DEAE-Sephadex A-50 column (1.8•~15cm) 

equilibrated with 0.05 M phosphate buffer and 

a linear gradient elution was done with the 

same buffer containing potassium chloride in 

the concentration range of zero to 0.4 M.

The active fractions were dialyzed against 

0.05 M phosphate buffer and adsorbed on 

aminohexyl-Sepharose column (1.2•~11 cm) 

equilibrated with 0.05 M phosphate buffer and 

eluted with a linear gradient of potassium 

chloride concentration in the range of zero to 

1 M.

Fractions of higher activity were concen

trated by ultrafiltration and passed through a 

Sephadex G-150 column (1.4 x 94 cm) washed 

with 0.1 M phosphate buffer not containing the 

stabilizers. The purification procedure was 

summarized in Table V. Final preparation

TABLE V. PURIFICATION PROCEDURE FOR ACPC DEAMINASE

FIG. 3. Estimation of Molecular Weight of ACPC 

Deaminase by Sephadex G-150 Gel Filtration.

1, cytochrome c; 2, myoglobin; 3, egg albumin; 

4, bovine serum albumin; 5, aldolase; 6, human r. 

globulin; B, bacterial enzyme; Y, yeast enzyme; 
7, bovine serum albumin dimer.

showed one band in disc electrophoresis by 

the system of Davis19) and in gel electrofocus
ing20) indicating isoelectric point of 5.1. Mole

cular weight of the enzyme protein was esti
mated to be 104,000 from Sephadex G-150 

gel filtration (Fig. 3).

Substrate specificity
The purified enzyme, 0.018 unit, was in

cubated for 120min with each following amino 
acid in a concentration of 50 mm except for 
cystathionine (5 mm) and tyrosine (25 mm). 
Enzymatic deamination of ACPC is considered 
to be a type of f-elimination such as homo
serine deamination. Nevertheless, ACPC de
aminase showed a stringent substrate specificity 
and was inert to cystathionine, L-homoserine, 
L-methionine, L-threonine, L-serine, L-trypto

phan, L-tyrosine, L-cysteine, L-aminobutyric 
acid and 1-aminocyclopentane-1-carboxylate.
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FIG. 4. Effect of ACPC Concentration on ACPC 

Deaminase Reaction.

ACPC deaminase, 0.035 unit, was incubated in 1.0 ml 
of tris(hydroxymethyl)aminomethane buffer, pH 8.5, 
and the reaction was stopped by the addition of 1 ml 
of 1 N HCl.

Therefore, cyclopropane moiety in ACPC 
seems to be of importance for this deaminase 
reaction. A plot of reaction rate versus ACPC 

concentration showed a simple saturation curve 
and Km value was calculated to be 1.5 mm 

(Fig. 4).

Absorption spectrum of the enzyme
The enzyme is active without any cofactor. 

However, the absorption spectrum of purified 
enzyme preparation (Fig. 5) has a maximum

FIG. 5. Absorption Spectrum of Purified Enzyme at 

pH 7.5.

at about 420 nm, indicating that the enzyme 

contains pyridoxal 5•L-phosphate. In practice, 

the enzyme was inhibited by carbonyl reagents 

(Table VI). From Table VI, it is also indicated 

that the inhibited activity was not restored by 

the addition of pyridoxal 5•L-phosphate and the 

intact enzyme preparation was not activated 

by this coenzyme. Accordingly, it is not clear 

whether the prosthetic group of ACPC de

aminase is pyridoxal 5•L-phosphate or not.

TABLE VI. INHIBITION OF ACPC DEAMINASE
 BY CARBONYL REAGENTS

Purified enzyme in 0.1 M potassium phosphate, 

pH6.6, or in 0.1 M tris(hydroxymethyl)aminomethane, 

pH 8.5, was treated with each reagent at 30°C for 

30 min. Each mixture was dialyzed against 0.1 M 

tris(hydroxymethyl)aminomethane, pH 8.5, and the 

remaining activity was measured in absence (1) or in 

presence (2) of pyridoxal 5•L-phosphate. In latter 

case, enzyme solutions were preincubated with 0.1 mm 

pyridoxal 5•L-phosphate at 30°C for 10 min.

ACPC deaminase from a yeast, Hansenula
 saturnu

From a yeast which was isolated from soil 

by use of the ACPC medium, ACPC deaminase 

was partially purified by the same procedure 

as in the case of the bacterial enzyme except for 

omission of ammonium sulfate fractionation. 

The yeast enzyme was lower in the specific

TABLE VII. PURIFICATION PROCEDURE FOR ACPC DEAMINASE FROM YEAST
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activity of cell extract and more labile than the 
bacterial enzyme. The purification procecure 
is shown in Table VII. The partially purified 
enzyme is similar to the bacterial enzyme with 
regard to optimum pH, 8.5 (Fig. 2) and a 
stringent substrate specificity. But a lower 
value, 69000, was estimated for its molecular 
weight from gel filtration (Fig. 3) and a higher 
Km value, 2.6 mm, was calculated for ACPC.

DISCUSSION

Enzymatic opening reactions of cyclopro

pane ring were already observed in studies on 

cyclopropane carboxylate metabolism by Fusa

rium oxysporum,21) metabolism of cyclopropane 

fatty acid by Tetrahymena pyriformis22) and 

metabolism of cyclopropyl sterols by higher 

plant.23) In the first case, a reaction requires 

DL-carnitine to form an intermediate and in 

the second case, its reaction is not clear and 

another reaction is catalyzed by the microsomal 

fraction. As indicated in Tables I and III, 

a ring opening reaction in metabolism of 

ACPC was catalyzed without addition of 

cofactor and oxygen by the soluble enzyme 

and was regarded as ƒÁ-elimination by the 

deaminase, such as ƒÁ-cystathionase or methio

nase. Generally, elimination of ƒÁ-substituent 

from a-amino acid requires the presence of a-

hydrogen atom. Since a-hydrogen atom is 

absent in ACPC, it is considered that a cleavage 

of C-C bond in cyclopropane ring leads to 

the same result as do the eliminations of both 

ƒÁ-substituent and a-hydrogen in the ƒÁ-elimi

nation of the other amino acids. Thus, ACPC 

deaminase seems to catalyze a special case of 

ƒÁ-elimination of amino acid . Therefore, it has 

a stringent substrate specificity for ACPC. 

Both enzymes from a bacterium and a yeast 

were not active to other amino acids tested 

than ACPC. Among these inert amino acids 

is included 1-aminocyclopentane-1-carboxylic 

acid. This finding shows the importance of 

cyclopropane ring in the substrate structure.

Purified ACPC deaminase from Pseudomonas 

sp. ACP seems to be pyridoxal 5•L-phosphate 

protein whose molecular weight is about

 104,000. Spectrum of the enzyme and inhi

bition by carbonyl reagents are consistent with 

the assumption of the participation of pyridoxal 

5•L-phosphate in ACPC deamination, but pre

incubation with this coenzyme did not result 

in increase of activity of the purified enzyme, 

nor restored the activity of the inhibited 

enzyme. Therefore, it seems that a prosthetic 

group is firmly bound to the enzyme protein 

provided that it is pyridoxal 5•L-phosphate.
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