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Abstract

Evstatieva, Y., Ilieva, A., Valcheva, V. & Nikolova, D. (2020). Production of plant growth regulatory metabolites of 
Rhizopus arrhizus KB-2. Bulg. J. Agric. Sci., 26 (3), 551–557

The genus Rhizopus is a well recognized filamentous fungus, inhabiting soil, rotting fruits, vegetables, food, etc. Rhizopus 
arrhizus is widely used in biotechnology and is technologically important producer of organic acids and hydrolytic enzymes. 

The aim of this study was to estimate the capability of Rh. arrhizus KB-2 strain to produce metabolites with plant growth 
regulatory activity. Morphological characteristics, biosynthesis of hydrolytic enzymes and production of regulatory metabo-
lites were defined during the batch cultivation. The presence of some plant regulatory metabolites in the free-cell cultural 
liquid, such as gibberellic acid, trans-zeatin, indol–3 acetic acid and cis, trans-abscisic acid were determined by liquid chroma-
tography-tandem mass spectrometry analysis. 

A molecular phylogenetic identification of Rh. arrhizus was done for the first time in the present study. The identity of our 
strain Rhizopus arrhizus KB-2 was conformed to the species Rhizopus arrhizus. The strain produced various metabolites with 
different concentrations in different fermentation media and time and the cell free supernatant from 216 h and 264 h increased 
32% of the root length of Lactuca sativa. In cell free supernatant of Rh. arrhizus KB-2 was determined the presence of the 
phytohormones (auxins and gibberellins), which influenced the seed germination and root formation.
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Introduction

Soils have a large number of microorganisms that exist 
in the rhizosphere or on the root surface of the plants. Most 
of them play important roles in the degradation of organic 
matter. Some suppress harmful effect and inhibit a plant 
growth (Agrios, 2004). They affect the structure of the plant 
community and may also have effects on the plant perfor-
mance. Pathogenic fungi are the major infectious agents in 
the plants, which cause changes during the stages of devel-
opment, including postharvest. Fruits and vegetables have a 
wide variety of fungal genes causing quality problems.

Some of the microorganisms associated with plants 
known as Plant Growth-Promoting Rhizobacteria (PGPR) 
or Plant Growth-Promoting Fungi (PGPF) can stimulate the 
plant growth (Zehnder et al., 2001). Most of the studies were 
focused on the interactions between PGPF, PGPR and phy-
topathogens, while molecular mechanisms of resistance of the 
plants are not well known. The beneficial effects of some fun-
gi of the rhizosphere in regard to the stimulation of the plant 
growth and biological control have been reported by many au-
thors (Waqas et al., 2012; Tsavkelova et al., 2006). Coloniza-
tion of fungi with PGPF may also result in systemic resistance 
in the distant parts of the plant. PGPF also produce several 
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other substances to promote growth, including indole-acetic 
acid (IAA), gibberellic acid GA3 (GA3), trans-zeatin (TZ) 
and indol-3-butyric acid (IBA) (Perrig et al., 2007; Naz et al., 
2009; Nath et al., 2015). Soil fertility is mainly important for 
the microbiological production of plant growth regulators. 
Regulatory metabolites as IAA and GA3 can be produced, 
as secondary metabolites, during the cultivation process 
(Tsavkelova et al., 2006; Perrig et al., 2007; Nath et al., 2015; 
Bilkay et al., 2010). GA and IAA have been synthesized from 
Aspergillus and Rhizopus strains (Waqas et al., 2012; Bilkay 
et al., 2010; Ahmad et al., 2008). Fungi from Rhizopus sp. are 
important producers of differant enzymes, organic acid and 
metabolites suitable for esterification of fats and oils in food 
and pharmaceutical industry (Yordanova et al., 2014).

Rhizopus arrhizus is a producer of organic acids (L-lactic 
acid, fumaric acid) and various lytic enzymes (amylases, 
pectinases, cellulases, lipases, proteases and phytases). At 
present, many investigations have been focused on the abil-
ity of the Rh. arrhizus to produce metabolites with regula-
tory activity on the plant growth (Tsavkelova et al., 2006; 
Perrig et al., 2007; Nath et al., 2015; Bilkay et al., 2010; 
Yordanova et al., 2014; Huang et al., 2003; Chatterjee et al., 
2008; Sumantha et al., 2006; Suhair Ahmed Abdelwahab, 
2015; Peeran et al., 2018).

The aim of this study was to estimate the capability of 
Rh. arrhizus KB-2 strain to produce metabolites with plant 
growth regulatory activity.

Materials and Methods

Fungal culture and batch fermentation conditions
In this study, the strain Rh. arrhizus KB-2 was obtained 

from the microbial collection of Department of Biotechnol-
ogy, Faculty of Biology, Sofia University “St. Kliment Ohrids-
ki” and was investigated for biosynthesis of different enzymes 
and secondary metabolites, which have effect on the plant 
growth. Potato dextrose agar (Fluka) was used for cultivation 
and submerge nutrient medium for biosynthesis of enzymes 
with hydrolase activities, as previously described by Li et al. 
(2006) and modify by Yordanova et al. (2014). The modified 
media was consisted of carbon source glucose (Sigma–Al-
drich) and soybean flour. The samples were prepared in 500 
cm3 Erlenmeyer flasks with 100 cm3 modification nutrient 
media and agitated on rotary shaker at 150 rpm at 30°C, 250 
rpm. Samples from the 264 h of the batch fermentation process 
were collected and used for further analysis. 

Extraction and amplification of Fungal genomic DNA
The mycelium of Rh. arrhizus, previously treated with 

liquid nitrogen and a HiPurA™ Fungal DNA Purification 

Kit (Himedia, India) were used for DNA extraction. The am-
plification of fungal ITS region was done using ITS1/ITS4 
primers in Macrogen Ltd, South Korea (Dolatabadi et al., 
2014). The obtained sequences were compared by BLAST 
algorithm and phylogenetic tree was done by MEGA 6.0 
software.

API ZYM assay 
API ZYM test (Biomerieux, France) was used for detec-

tion of the 19 enzyme activity of the cell culture and cell-free 
culture supernatant of Rh. arrhizus KB-2 obtained by batch 
cultivation, according to the manufacturer’s instructions. 
The results of the API-ZYM system are color reactions of 
the presence of the enzymes. 

Lytic enzyme assay
The α-amylase activity of free cell supernatant of Rh. ar-

rhizus KB-2 was determined by the SKB method (Sandst-
edt, 1939). One amylase unit (SKB unit) was defined as the 
amount of enzyme that will dextrinize 1g of soluble starch 
for 1h at 30°C.

The endoxylanase activity of free cell supernatant of Rh. 
arrhizus KB-2 was determined by a colorimetric assay, based 
on the Somogyi-Nelson method by measured the hydrolysis 
of birchwood xylan (Sigma) (Nelson, 1944; Somogyi, 1952). 
One unit of endoxylanase activity was defined as the amount 
of enzyme required to liberate 1 μmol of reducing sugars 
(xylose) per minute at 40°C per milliliter. 

Endo-1,4-β-glucanase activity was detected on sodium 
carboxy-methyl cellulose (Na-CMC) as substrate according 
to Wood and Bhat (1978). One unit of cellulose activity was 
defined as the amount of enzyme that released 1 mmol glu-
cose per minute at 50°C, pH 4,8.

α-galactosidase activity was assayed according to the 
method of Dey & Pridham (1972). One unit of enzyme activ-
ity was defined as the amount of enzyme, which produced 1 
µmol of paranitrophenol for minute under assay conditions. 

Lipase activity was estimated with olive oil emulsion us-
ing the Fungi Lipase-International F.I.P. Standard (Enzymе 
Technical Association, 2002). One unit of enzyme activity 
(FIP Unit) is defined as that quantity of lipase that liberates 
the equivalent of 1μmole of fatty acid from olive oil per min-
ute at 35°C and pH 7.0.

Seed germination assay
To study the effects of regulatory metabolites, different 

dilutions (10; 100; 500 and 1000) of cell free supernatant 
were used for germination of Lactuca sativa seeds. For seed 
germination, 25 seeds were transferred to petri dish with 5 
ml of different dilutions, containing moist filter paper. Seeds 
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were incubated for 48 h at 28°С in dark. As a control was 
used petri dish with water containing moist filter paper 
(Turhan et al., 2011). Different samples at the 120 h, 168 
h, 216 h and 264 h of batch cultivation of cell free culture 
suspensions and their different dilutions were investigated. 
The length of the seed germination was given as mm and 
was compared to the control probe. All experimental results 
were statistical analyzed. The experiments were performed 
in triplicate. 

Analysis on regulatory metabolites of cell free culture 
supernatant

Cell free supernatant at 264 h of batch fermentation was 
investigated for regulatory metabolites. The crude metabo-
lites of Rh. arrhizus were analyzed through HPLC system 
with XTerra® C18 column (Waters Co,USA) and IonMax® 
electrospray ionization module (ThetmoScientific Co, 
USA). The obtained results were comparable with the stand-
ard chemical components in HPLC/MS data library. Data 
analysis and mass spectrometric evaluation were done using 
XCalibur® software and kindly provided by Medical Univer-
sity, Sofia, Bulgaria.

Results 

Molecular phylogenetic identification of Rhizopus ar-
rhizus

A molecular phylogenetic identification of Rh. arrhizus 
was done for the first time in the present study. The PCR 
product of ITS1 and ITS4 regions were obtained by Mac-
rogen Ltd, South Korea. The sequences of the standard nu-
cleotide were BLAST analysis and compared with NCBI 
database for construction of the phylogenetic tree (Figure 1). 
Our strain Rh. arrhizus KB-2 was a member of the genus 
Rhizopus and identified as Rh. arrhizus. It had 99% DNA 
sequences similarity with the strains from species Rh. oryzae 
and similar to other Rh. delemar strains. 

Figure 1 

Enzymes production in culture supernatant by Rhizopus 
arrhizus KB-2

The strain Rh. arrhizus KB-2 was investigated for the 
exstracellulare and intracellulare enzymes production in cell 
culture and cell free culture supernatant by API ZYM test 
after batch cultivation (Figure 2). Strong expressive activ-
ity of alkaline phosphatase, leucine amylamidase, and acid 
phosphatase was detected in the cell culture. Less activity 
were demonstrated α-chymotrypsin, naphthol-AS-BI- phos-
phohydrolase, β-glucosidase, valine amylamidase, esterase 
(C-4), esterase lipase (C-8), lipase (C-14), cysteine arylami-
dase, α-galactosidase. In comparison, in the cell free super-
natant were detected low activity of extracellular enzymes 
only for esterase (C-4), esterase lipase(C-8), lipase (C-14) 
and β-glucosidase. 

The hydrolytic enzyme production was determined quan-
titatively into batch fermentation up to 313 hour at modified 
cultural media containing. The production of α-amylase was 
0.52 [U/cm3] at the 216 h, endoxylanase activity was 2.26 
[U/cm3] at the 168 h, endocellulase activity was 1.52 [U/
cm3] at the 120 h and lipase activity was 11.21 FIP/cm3 to 
120 h (Figure 3). 

Fig. 1. Phylogenetic tree of Rh. arrhizus KB-2

Fig. 2. Semi-quantitative analysis of enzyme activities of 
Rh. arrhizus KB-2 in the cell culture and cell free culture 

supernatant
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Effect of regulatory metabolites on the germination of 
Lactuca sativa seeds

The biological effects of the cell free supernatants from 
batch cultivation of the Rh. arrhizus KB-2 were observed on 
the germination of Lactuca sativa seeds. Four probes with 
different dilutions (10, 100, 500 and 1000) were used (Figure 
4).

The results demonstrated that the strain produced vari-
ous metabolites with different concentrations in different fer-
mentation media and time and the cell free supernatant from 
216 h and 264 h increased 32% of the root length of Lactuca 
sativa. The effect of biosynthesis secondary metabolites was 
observed early in the fermentation process and at 10x dilu-
tion the seed germination was inhibited. 

Produce phytohormones and regulators metabolites by 
Rhizopus arrhizus KB-2

Тhe complex of regulatory metabolites and similar sub-
stances were determined in cell free supernatant at 216 h of 
cultivation process (Table 1). The values for the GA3 were 
27.88 μg/cm3, IAA – 30.30 μg/cm3 and TZ – 49.04 μg/cm3 
and probably they have effects on the plant growth.

Discussion

Identification of Rhizopus arrhizus strain
Rh. arrhizus KB-2 strain had been used from the micro-

bial collection of the Department of Biotechnology, Faculty 
of Biology, Sofia University “St. Kliment Ohridski” (Bulgar-
ia) since 1989. In our laboratory the strain was determined 
as Rh. arrhizus KB-2 strain and has been used for production 
of lipase enzyme. Primary this strain was morphologically 
and physiologically studied as lipase producer (Yordanova 

Fig. 3. Hydrolytic enzyme production of the Rh. arrhizus 
KB-2 in submerge cultivation with carbon source glucose 

and soybean flour

Fig. 4. Biological effects of different dilutions on cell free supernatants of Rh. arrhizus KB-2 on the seed germination
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et al., 2014). Our strain Rh. arrhizus KB-2 had 99% DNA 
sequences similarity with the strains from species Rh. oryzae 
and similar to other Rh. delemar strains. These results were 
observed by other authors, who considered that Rh. arrhizus 
and Rh. oryzae were the synonym and have the same mor-
phological and cultivation characteristics (Dolatabadi et al., 
2014; Zhang et al., 2007). According to these results, identity 
of the strain KB-2 was conformed to the species Rhizopus 
arrhizus.

Enzymes production of Rhizopus arrhizus KB-2
The strain Rh. arrhizus KB-2 was investigated for 

production of hydrolytic enzymes. The cell culture and 
cell free culture supernatant were analyzed and was de-
termined that the cell free supernatant was consisted only 
esterase, lipase and glucosidase enzymes. The absence of 
proteinase and peptidase activities was due to penetration 
of the cell wall of the mycelium of Rh. arrhizus KB-2. In 
cell cultural supernatant was established different hydro-
lytic enzymes which have probably effected on plant. The 
similar results have been observed by other groups, which 
were investigated fungal biomass of genus Rhizopus and 
show the different enzyme activities (Suhair, 2015; Gui-
marães et al., 2006; Kilcawley et al., 2002; Varzakas, 
1998).

Rh. arrhizus KB-2 was produced higher lipase activity 
due to the submerge cultivation in the complex media for 
biosynthesis of this enzyme. The absence of the substrates 

inductors in the cultivation media and higher pH during 
the process probably are the reasons for the low amyl-
ase, endoxylanase and endocellulase activities. Many 
authors has been shown analogues results and found that 
the lipase activity was increased gradually and reached 
the highest activity after 168 h of cultivation of Rhizopus 
oryzae strain. Other hydrolytic enzymes as endoxylanase, 
endocellulase and amylase were produced in very low 
levels (Sumantha et al., 2006; Suhair, 2015; Adejuwon et 
al., 2015; Wang et al., 2013). Therefore, the Rh. arrhizus 
KB-2 is considered to be a potential of the lipase produc-
tion.

Effect of regulatory metabolites on Lactuca sativa 
seeds and production of phytohormones

The results demonstrated that the strain produced 
various metabolites with different concentrations in dif-
ferent fermentation media and time. The production of 
IAA and GA3 were biosynthesized near the end of the 
growth phase or during the stationary phase. Therefore, 
it was expected that the production times of these plant 
regulators were long (Bilkay et al., 2010). Nath (2015) 
reported that some species of Rhizopus, Aspergillus and 
Penecillium have IAA and GA3 activities at different time 
of cultivation and were used as plant growth promoting 
activities in vitro. The influence of GA3 and Ca ions was 
regarded as defense mechanisms of plant to salinization 
(Hasan, 2002).

The ability of fungi to produce phytohormones and 
regulators metabolites was also frequently used in the 
crop production (Tsavkelova et al., 2006). It is known 
that the genus Rhizopus produce secondary metabolites 
as IAA, GA, trans-zeatin and etc. Phytohormones of the 
group of auxins (IAA), stimulate seed germination and 
increase the rate of xylem and root formation, whereas 
the gibberellins (GA and TZ) were affected the division 
and elongation of the cells of the plant (Nath et al., 2015; 
Bilkay et al., 2010). The presence of the regulatory me-
tabolites in the cell free supernatant of Rh. arrhizus KB-2 
were demonstrated that the effect on the seed germination. 
Hassan (2002), reported similar results and found that the 
production of GA3 was in concentration 10 mg/50 ml in 
filtrate from Rh. stolonifer. IAA production of the fungi of 
genus Aspergillus and Penicillium revealed that their ac-
tivity increased gradually after day 6 up to 33.07 μg/cm3 
and GA3 from 6.98 μg/cm3 up to 12.46 μg/cm3. The same 
data for the biosynthesis of the regulatory metabolites of 
Penicillium, Aspergillus and Rhizopus were reported by 
other studies (Waqas et al., 2012; Tsavkelova et al., 2006; 
Barroso et al., 1986).

Table 1. Regulatory metabolites in cell free supernatant 
of Rh. arrhizus KB-2
Compounds Rhizopus arrhizus 

KB-2
μg/cm3

GIBBERELLIC ACID GA3 27.88
INDOLE-3-ACETIC ACID 30.30
PACLOBUTRAZOL 0.00031
UNICONAZOLE 0.00014
INDOLE-3-BUTYRIC ACID 0.00033
FLURPRIMIDOL n.d
GIBBERELLIN A4 0.00083
N(2-CHLORO-4-PYRYDYL)-N-
PHENYLUREA

0.00055

GIBBERELLIN A7 n.d
TRANS-ZEATIN 49.04
(±)-CIS,TRANS-ABSCISIC ACID 0.0182
2,4-DICHLOROPHENOXYACETIC ACID n.d
ANCYMIDOL 0.00013
THIDIAZURON 0.00353

n.d. – no detected
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Conclusion

In present study we investigated the production of plant 
growth regulatory metabolites of Rhizopus arrhizus KB-
2. It was found that the cell supernatant of studied strain 
produces various esterase, lipase, galactosidase, peptidase 
and pectinase activities while the cell free supernatant was 
characterized only by extracellular enzymes as esterase 
and β-glucosidase activities. In submerge fermentation 
process we determined that in the cell free supernatant 
has high lipase activity due to different cultivation media 
for biosynthesis. A molecular phylogenetic identification 
of Rh. arrhizus was done for the first time in the present 
study. The identity of our strain Rhizopus arrhizus KB-2 
was conformed to the species Rhizopus arrhizus. The strain 
produced various metabolites with different concentrations 
in different fermentation media and time and the cell free 
supernatant from 216 h and 264 h increased 32% of the 
root length of Lactuca sativa. In cell free supernatant of 
Rh. arrhizus KB-2 was determined the presence of the phy-
tohormones (auxins and gibberellins), which influenced the 
seed germination and root formation.
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