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ABSTRACT 
 
The objective of this work was to isolate and identify of 1-aminocyclopropane-1-carboxylic acid 
(ACC) deaminase producing endophytic bacteria from root of local agricultural plantation by 
using 16S rRNA gene as genetic marker. Twelve root samples were collected from local 
agricultural plantation in Java area.  After surface sterilization, each root sample was inoculated 
in nutrient agar media and the grown colonies were further purified and tested for the ability to 
grow in N-free minimal medium containing AIB as a sole of nitrogen source. The selected colonies 
were further tested for their ACC deaminase activity by measuring the rate of conversion of ACC 
into α-ketobutyrate. From this work, 12 bacterial strains that exhibited the ACC deaminase activity 
by 123.75 to 1461.44 nmol α-ketobutyrate/mg/hour were successfully isolated. Based on the 
16SrRNA gene sequences, those bacterial isolates were identified as Sphingobacterium multivorum 
BK1, Bacillus mycoides CB2, Pantoea dispersa CK4, Pantoea agglomerans KD6.2, Enterobacter 
ludwigii KW3, Bacillus aryabhattai TW7, Pseudomonas monteilii KS12, Pseudomonas 
plecoglossicida KS16.2, Pseudomonas putida PIR3C, Stenotrophomonas maltophilia PIR5, 
Lysinibacillus pakistanensis PIC5, and Raoultella terrigena PCM8.  Pseudomonas putida PIR3C and 
Pseudomonas monteilii KS12 showed promising ACC deaminase activity and therefore it could be 
as a good candidate for further application in plant growth promoting in stress conditions.  
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INTRODUCTION 

Plant experiences with the biotic 

and abiotic stress conditions. Such biotic 

and abiotic stress conditions elicit 

ethylene synthesis in plants, albeit 

ethylene itself is important for normal 

plant growth and produced in very low 

level of concentration (<0.05 μl/l). During 

senescence and fruit ripening, ethylene 

production increases up to ~100 μl/l and 

therefore, ethylene is also important for 

plant physiological regulator (Bleecker 

and Kende, 2000; Glick, 2005). Plant 

ethylene synthesis in the response of 
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biotic or abiotic stress is usually far 

greater than normal conditions. Ethylene 

is synthesized from an intermediate 

compound, which is known as 1-

aminocyclopropane-1-carboxylate  (ACC), 

from S-adenosylation of methionine in 

order to give S-adenosylmethionine, which 

is oxidatively cleaved to give ethylene 

(Yao et al, 2000). Therefore, reducing the 

ACC accumulation inhibits ethylene 

synthesis in higher plant. ACC deaminase 

is an enzyme that specifically breaks the 

cyclic ring of ACC to produce α-

ketobutyrate and ammonium (Honma 

and Shimomura, 1978; Yao et al., 2000). 

Introducing of ACC deaminase encoding 

gene in higher plant reduce level of 

ethylene and delays the ripening 

progression of fruit (Klee et al., 1991). 

Endophytic bacteria has important 

role for plant growth promotion and 

usually they are harbored inside of 

healthy plant but do not lead pathogenic 

reaction (Ding and Melcher, 2016; Ryan 

et al., 2008). It is likely that endophytic 

bacteria are indispensable integrative 

part of the plant systems. Endophytic 

bacteria may help the plants to activate 

the immune system that protects the 

plants from the harsh environmental 

conditions such as cold, salinity, drought 

stress, nutrition limitation, pathogenic 

attacking, detoxification, etc. 

(Kozyrovska, 2013). Although the clear 

mechanism on how the endophytic 

bacteria support plant growth promotion 

remains elusive, producing of ACC 

deaminase from endophytic bacteria is 

believed to be one mechanism of the 

plant growth promotion.  Several bacteria 

either endophytic or non endophytic 

containing ACC encoding gene have been 

isolated and well characterized (Honma 

and Shimomura, 1978; Glick, 2005; Glick, 

2014). Successful stories on the field 

application of bacteria harboring ACC 

deaminase encoding gene to ameliorate 

the plant growth under stress conditions 

have also been reported previously 

(Belimov et al. 2001; Grichko and Glick, 

2001; Mayak et al. 2004; Reed and Glick, 

2005). Therefore, it is important to 

discover more endophytic bacteria 

producing ACC deaminase. The objective 

of this work was to isolate and identify 

the ACC deaminase producing endophytic 

bacteria from the plants and crops of local 

agricultural plantation in Java area.  

 

METHODS 

Isolation of endophytic ACC deaminase 

producing bacteria 

Twelve root samples of tea 

(Camellia sinensis), cocoa (Theobroma 

cacao), paddy (Oryza sativa var. IR4; O. 

sativa var. Ciherang; O. sativa L. var. 
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Gemar), onion (Allium cepa), chili 

(Capsicum annum; C. chinense) and potato 

(Solanum sp. tuberosum) were obtained 

and collected from the area of Gunung 

Kidul, Bantul, Kulon Progo, and 

Wonosobo. Samples were collected 

during the dry season periods (October, 

2014). In order to selectively isolated 

root endophytic bacteria, the root 

samples were subjected for surface 

sterilization and then were placed onto 

nutrient agar madia. Surface sterilization 

of the root samples were as follows, the 

root samples were washed in running 

water and followed by the immersion 

sequence in 75% ethanol for 1 min, 20% 

NaClO for 3 min and 75% ethanol for 0.5 

min (Fisher and Petrini, 1992; Hallmann 

et al., 1997). The inoculated agar media 

were incubated at room temperature for 

24 hours. The growth colonies were 

further purified to obtained pure single 

colonies. The selected colonies were 

further tested for the ACC deaminase 

production and activity. 

 

Selection of ACC deaminase producing 

endophytic bacteria 

In order to test the ability of 

selected bacterial isolate to produce ACC 

deaminase, the qualitative test were 

carried out. Each colony was grown in the 

minimal DF salt, either supplemented 

with or without nitrogen sources.  The DF 

salt media had the following 

compositions (per liter) of 4.0 g KH2PO4, 

6.0 g Na2HPO4, 0.2 g MgSO47H2O, 2.0 g 

glucose, 2.0 g gluconic acid and 2.0 g citric 

acid with trace elements: 1mg 

FeSO4.7H2O, 10 mg H3BO3, 11.19 mg 

MnSO4H2O, 124.6 mg ZnSO4.7H2O, 78.22 

mg CuSO4.5H2O, 10 mg MoO3, pH7.2 

(Dworkin and Foster, 1958). After 

sterilization DF salt media were 

supplemented with different nitrogen 

sources. The sterilized DF salt mediums 

were then added 3 mM of amino 

isobutyric acid (AIB) as nitrogen source 

(Penrose and Glick, 2003). For the 

negative control, the sterilized DF salt 

medium without any nitrogen source was 

prepared. The grown colonies were 

selected and used for further analysis of 

ACC deaminase enzyme activity.  

 

The cell free extract ACC deaminase 

activity assay 

The cell free extract of ACC 

deaminase activity was determined by 

measuring the amount of α-ketobutyrate 

released from enzymatic breakdown of 

ACC. The bacteria were grown and 

enriched in TSB medium for 48 hours at 

room temperature. The cell pellets were 

harvested by centrifugation at 3000 rpm 

for 30 minutes at 4oC. The cell pellets 
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were then suspended in 5 ml of DF salts 

medium and centrifuged.  Supernatants 

were discarded and then pellets were 

suspended in 5 ml DF salts media 

containing AIB as nitrogen source for 20 

hours at room temperature.  The cell 

pellets were harvested by centrifugation 

at 3000 rpm for 30 minutes at 4oC. The 

cell pellets were then suspended in 5 ml 

of 0.1 M phosphate buffer pH 7.00 and 

centrifuged. Supernatants were discarded 

and then pellets were suspended in 600 

μl of 0.1 M phosphate buffer pH 8.00. Cell 

pellets were then disrupted by sonication 

method 3 x 30 seconds and centrifuged at 

13000 rpm for 10 minutes at 4oC 

(Penrose and Glick, 2003). The cell free 

extracts were collected and used as ACC 

deaminase crude extract enzyme for 

further enzymatic assay (Honma and 

Shimomura, 1978). The mixture 

containing 200 μl of cell free extract 

supernatant and 20 μL 0.5 M of ACC 

substrate were homogenized and 

incubated at 30 °C for 15 min. Thereafter, 

1 mL 0,56 M HCl was added and then 

centrifuged at 16000 × g for 5 min. 1 mL 

supernatant was added with 800 μL 0,56 

M HCl and 300 μL dinitrophenyl hydrizyl 

(0.2% in 2 M HCl). The samples were 

homogenized with vortex and incubated 

at 30 :C for 30 min and then added 2 mL 

2N NaOH. The color change that is formed 

shows the reaction of dinitrophenyl 

hydrizyl with α-ketobutirate formed. 

Colorimetric analysis was performed with 

a spectrophotometer at 540 nm 

wavelength. 

The total protein in supernatant of 

cell free extract were determined by the 

Biorrad Assay method with used the 

bovine serum albumin (BSA) as standard. 

A total of 2 μL crude enzymes, 200 μL 

Biorrad solution and 798 aquades were 

homogenized and measured at 

absorbance 595 nm. The standard protein 

is used by measuring the absorbance of 

various concentrations of BSA (Bovine 

Serum Albumin) (Bradford, 1976). 

The ACC deaminase was expressed 

as the amount of α-ketobutirate (nmol) 

produced per mg protein per hour. 

 

Identification of endophytic ACC 

deaminase producing bacteria  

Bacterial isolate identification was 

carried out by observation phenotypic 

appearance and also based on the 

sequence of 16SrRNA gene. Phenotypic 

appearances were determined according 

to the Bergeys Manual Determinative 

Bacteriology.  In order to amplify the 

16SrRNA gene, the genomic DNA from 

selected bacteria was used as template 

for PCR amplification with the following 

universal primers, 27F (5’ AGA GTT TGA 
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TCC TGG CTC AG - 3’) and 1492 R (5’- GTT 

TAC CTT GTT ACG ACT T- 3’). The PCR 

method was carried out using GoTaq 

Green PCR kit and the PCR products were 

then directly sequenced. The complete 

sequencing results were built by using 

DNA Baser suite and used for further 

nucleotide BLAST analysis 

(https://blast.ncbi.nlm.nih.gov/). 

Phylogenetic tree was constructed by 

using MEGA 7 software (Kumar et al., 

2016).  

 

RESULTS AND DISCUSSION 

Isolation and selection of ACC 

deaminase producing endophytic 

bacteria 

Based on the morphological 

colonies and cells appearance, we have 

successfully isolated 120 bacterial strains 

from root of local agricultural plants and 

crops. The isolated bacterial strains were 

further tested for their ability to grow on 

minimal media DF salt agar containing 

AIB as sole of nitrogen sources. Among 

the 120 bacterial strains only 12 bacterial 

strains, which showed the positive 

response when grown on DF salt media 

containing AIB as a sole of nitrogen 

source (data not shown). Although most 

of the selected bacterial strains exhibited 

poor growth on DF salt agar media, it is 

worth to check the ACC deaminase 

production those bacterial strains. The 

ACC deaminase production was induced 

by ACC substrate and the ACC 

deamainase activity was determined by 

measuring the amount of α-ketobutyrate 

released from the breakdown of ACC 

molecule. Among the 12 bacterial strains, 

only PIR 3C and KS 12 showed the 

significant ACC deaminase activity by the 

means of α-ketobutyrate production 

(Figure 1). The PIR 3C and KS 12 were 

able to convert ACC into α-ketobutyrate 

by the rate of 1461.44 and 1290.29 nmol 

α-ketobutyrate/mg/h, respectively. The 

other 11 bacterial strains were only able 

to produce the ACC deaminase with the 

rate of less than 702.11 nmol α-

ketobutyrate/mg/h. Therefore among the 

12 bacterial strains, only two bacterial 

strains that exhibited ACC deaminase 

activity might be a good candidate for 

further exploration on ACC deaminase 

producing endophytic bacterium. 

 

https://blast.ncbi.nlm.nih.gov/
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Figure 1. The activity of ACC deaminase extracted from bacterial strains. ACC 
deaminase activity was measured by calculating the amount of a α-ketobutyrate 
released in the reaction mixture. 

 

Phenotypic appearances and molecular 

identification of ACC deaminase 

producing endophytic bacteria   

Twelve selected bacterial strains 

showing the ACC deaminase activity 

isolated from the root of plants or crops 

of local agricultural plantations were 

further characterized by morphological 

and molecular level. Generally it can be 

said that there was strong correlation 

between the morphological (Table 1) and 

molecular characterization. 

 

Table 1. Phenotypic characterization of bacterial strains based on their cell morphology 
and gram staining. The cell morphology was examined microscopically with 1000x 
magnification. The Gram character was determined by gram staining method.  

No Bacterial Strains Gram Staining Colony Shape Cell Shape 
1 BK 1 Negative Round Rod 
2 CB 2 Positive Filamentous Rod 

3 CK 4 Negative Round Rod 

4 KD 6.2 Negative Round Rod 

5 KW 3 Negative Round Rod 

6 TW 7 Positive Circulair Rod 

7 KS 12 Negative Circulair Rod 

8 KS 16 Negative Circulair Rod 

9 PIR 3C Negative Circulair Rod 

10 PIR 5 Negative Circulair Rod 

11 PIC 5 Positive Circulair Rod 

12 PCM 8 Negative Circulair Rod 
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From the molecular 

characterization, we could identify 

bacterial strain individually up to genus 

level.  The constructed phylogenetic tree 

(Figure 2) showed that among the 12 

bacterial strains could be classified into 

three main different phylum, i.e. 

Proteobacteria, Firmicutes, and 

Bacteriodetes. Among the 12 bacterial 

strains, 8 strains belonged to 

Proteobacteria, 3 strains belonged to 

Firmicutes and the remaining strains 

belonged to the Bacteriodetes.  Further 

breakdown of the proteobacteria group 

indicated that most of the member belong 

to the proteobacteria included 

Pseudomonas, Enterobacter, 

Stenotrophomonas, Pantoea, and 

Raoultella. Firmicutes were dominated by 

Bacillus, while the Spingobacterium the 

only Bacteriodetes member was found. 

Figure 2.  The evolutionary history of bacterial strains was inferred using the Neighbor-
Joining method. The percentage of replicate trees in which the associated taxa clustered 
together in the bootstrap test (500 replicates) are shown next to the branches. The tree 
is drawn to scale, with branch lengths in the same units as those of the evolutionary 
distances used to infer the phylogenetic tree. The evolutionary distances were 
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computed using the Kimura 2-parameter method and are in the units of the number of 
base substitutions per site. The rate variation among sites was modeled with a gamma 
distribution (shape parameter = 1). Evolutionary analyses were conducted in MEGA7. 
 

Among the 12 bacterial strains 

proteobateria dominated the isolated 

bacterial strains.  The dominance of 

proteobacteria was also found to be the 

common phenomenon in endophytic 

bacteria (Moore et al., 2006; Taghavi et 

al., 2009). Interestingly, one member of 

proteobacteria, PIR5, which was 

identified to be Stenotrophomonas 

maltophila, was considered as the 

multidrug resistance strain.  

If we considered to the ACC 

deaminase activity, Stenotrophomonas 

maltophila PIR5 was not considered as 

potential ACC deaminase producer, when 

the α-ketobutyrate production was used 

as ACC deaminase activity marker. The 

PIR 3C, which was identified as 

Pseudomonas putida, and we called 

hereafter as Pseudomonas putida PIR 3C, 

exhibited the highest ACC deaminase 

activity among the member of 

proteobacteria group. So far the well 

known of ACC deaminase producing 

bacteria is from the group of 

Pseudomonas. In this work the member of 

Pseudomonas group, exhibit higher ACC 

deaminase activity significantly. 

Pseudomonas monteilii KS 12, which a 

member of proteobacteria group, was 

also produce high ACC deaminase activity 

compared to the other isolates.   

From the member of Firmicutes 

which consist of Lysinbacillus 

pakistanensis PIC5, Bacillus mycoides CB2, 

Bacillus aryabhatai TW7, and Bacillus 

marisflavi PIC11, were also produce 

significantly lower ACC deaminase 

activity compared to the Pseudomonas 

putida PIR 3C. Similarly, the 

Spingobacterium multivorum BK1, which 

was the only member of Bacteriodetes, 

also showed the lower ACC deaminase 

activity. Therefore among the 12 bacterial 

strains the Pseudomonas putida PIR 3C 

and Pseudomonas monteilii KS 12 were 

the most promising candidate for ACC 

deaminase producing bacterium. It is 

necessary then to check whether 

Pseudomonas putida PIR 3C and 

Pseudomonas monteilii KS 12 are able to 

support the plant growth in the stress 

condition by examining the ACC 

reduction. 

 

CONCLUSION 

From this work we have 

successfully isolate and identified 12 ACC 

deaminase producing bacterial strains. 

Among them, Pseudomonas putida PIR 3C 
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and Pseudomonas monteilii KS 12 showed 

promising ACC deaminase activity and 

therefore it could be as a good candidate 

for further application in plant growth 

promoting in stress conditions.  
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