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ABSTRACT
It has been found that natural microorganism have a siginificant role in the production and
development of new medicines. The present study aimed to evaluat biotransformation of atropine,
4-hydroxy coumarin, 8-hydroxy quinoline, indole and industrially compound (penicillin G), arrive
in the human body, by some natural microorganism (Escherichia coli ATCC 25922, Bacillus
subtilis ATCC 6051, Lactobacillus acidophilus ATCC 314, Mycobacterium Bovis (BCG),
Saccharomyces cerevisiae ATCC 5052, and Candida albicans ATCC 10231), for the first time.
The best values for the concentration and required times were evaluated for each metabolites in
microbioal biotransformation process. The progress of the formation of the metabolites were
monitored by Thin Layer Chromatography (TLC) method. Obtained results showed that only
indole, atropine, and 4-hydroxy coumarin could be biotransformed by Candida albicans ATCC
10231, Escherichia coli ATCC 25922, and Saccharomyces cerevisiae ATCC 5052, respectively.
Keywords: Biotransformation, natural flora microorganism, plant secondary metabolites

production that dates back to around 2000
years BC. Vinegar production is maybe the

INTRODUCTION
The history of microbial biotransformation

oldest

is

microbial oxidation, which can explain

closely

associated

with

vinegar

and

best-known

example

of

some of the important developments in the
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field of microbial biotransformation by

Biotransformation by the natural microflora
products
that
are
produced
by

active cells [1]. Humans have utilized

biotransformation. Some other types of fine

microbial enzymes for thousands of years

chemicals, such as dyes, are never

to produce and preserve foodstuﬀs such as

produced

cheese, beer, vinegar, and wine [2].

biotransformation is relatively important

The microbial transformation has been

for food ingredients, and also seems to have

used to produce products that are difficult

found a place in the cosmetics industry.

to produce by chemical methods. In

Natural compounds and their derivatives

addition, chemical processes can lead to a

are indeed the prevailing classes of

group of environmentally harmful wastes.

products produced by biotransformation

Biotechnological production, for example,

[1,3,4,5,8,12].

biotransformation compounds, appears as

transformation

an interesting alternative to overcome the

centuries. The number of products of

problems

microbial biotransformation is almost

associated

with

chemical

by

biotransformation,

The
has

been

but

microbial
studied

for

synthesis and it is cheaper to use a

doubling every decade.

microorganism

The human body contains important and

for

the

synthesized

beneficial microorganisms, each of which

compound [1-5].
through

in turn is effective in the biotransformation

biotransformation are labeled as natural

process. Many microorganisms are part of

products [6-7]. Biotransformation is the

the

reaction of one enzyme to several enzymes

microorganisms that arrive in the body

or the use of the entire contents of a cell.

through food are also involved in the

Microorganisms have abundant potential

microbiological process. The following are

for inducing many changes of innovative

the most important microorganisms in the

and improvised enzyme systems that are

human body: Escherichia coli, Bacillus

capable

subtilis, Lactobacillus, Mycobacterium,

Today,

products

for

obtained

converting

unfamiliar

body's

natural

flora,

but

substrates [7-11].

Saccharomyces cerevisiae, and Candida

Microbial biotransformation of biological

albicans.

compounds has useful applications in the

Plant and medicinal substances in the

synthesis of drugs. Pharmaceuticals are the

human diet contain metabolites and active

most important type of fine-chemical

substances that can react with microflora

products, and this applies to fine-chemical

and change the process of microbial
14
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biotransformation. Among the important

Biotransformation by the natural microflora
Since their importance in the food and

plant metabolites and drugs that are in the

medicine basket of humans, their change is

human food basket, the following can be

important

mentioned: Atropine, a tropane alkaloid of

transformation with natural flora are the

medicinal interest, was found in plants of

basis for research biotransformation.

the Solanaceae family. Atropine has been

In this present work, we have reported

widely utilized in clinical for many years as

results

anticholinergic agents and a mydriatic drug

biotransformation of atropine, 4-hydroxy

in ophthalmology [13-16]. Indole and

coumarin, 8-hydroxy quinoline, indole, and

Quinoline, are polycyclic aromatic nitrogen

penicillin G with Escherichia coli, Bacillus

heterocycles compounds, occur in various

subtilis, Lactobacillus, Mycobacterium,

products such as oil, creosote, and

Saccharomyces cerevisiae, and Candida

pharmaceuticals.

albicans for the first time.

Quinoline

and

its

derivatives are widely used as raw

ability

microbial

Group Shaoxing Pharma Co.Ltd, China.

treatment chemicals [17-20]. Indole and

Indole, 4-hydroxy coumarin and 8-hydroxy

derivatives are widely used for the

quinoline were obtained from Merk,

synthesis of pharmaceutical, dyes, and

Germany.

industrial solvents [21-23]. Coumarins, are

Penicillin

G

sodium

was

obtained from Jaber Pharma, Iran. Organic

widely distributed in nature and make up an

solvents: Ethanol, n-hexane, chloroform,

important part of the human diet. They are

methanol, tri ethylamine, dichloromethane,

found naturally in all parts of plants and

acetone, acetic acid, toluene and dimethyl-

and

sulfoxide were of analytical grade and were

derivatives are biologically active. It has a

obtained from Merck, Germany. Ethyl

wide range of pharmacological activities

acetate was obtained from Chem lab,

and much research has focused on the

Belgium. Silica gel TLC sheets were

antibacterial and antifungal activities [24-

obtained from Merck, Germany.

29].

Growth medium and condition

Penicillin is known as the first antibiotic to

Escherichia coli ATCC 25922 and Bacillus

be discovered and is still involved in a

subtilis ATCC 6051 were grown in culture

range of pharmacological studies [30-31].

medium Nutrient broth (was obtained from
15
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the

microbial

Atropine was obtained from Minsheng

of dyes, paints, fungicides, and wood-

Coumarine

of

their

MATERIALS AND METHODS

materials and solvents in the manufacture

microorganisms.

and

Sardari et al.
HIMEDIA, INDIA), Culture flasks were

Biotransformation by the natural microflora
ATCC 5052, and Lactobacillus acidophilus

incubated at 37 ℃ in a shaker rotating at

ATCC 314 were determined by following

150 rpm for 24 h under aerobic conditions.

the broth microdilution method for an

Candida albicans ATCC 10231 and

antifungal and antimicrobial test based on

Saccharomyces cerevisiae ATCC 5052

NCCLS M27-A [32]. Sabouraud maltose

were grown in culture medium Sabouraud

broth was used as the growth medium for

maltose broth (was obtained from DIFCO,

Candida albicans and Saccharomyces

Becton, Dickinson, USA), Culture flasks

cerevisiae. The nutrient broth was used as

were incubated at 37℃ in a shaker rotating

the growth medium for Escherichia coli

at 150 rpm for 48 hours under aerobic

and Bacillus subtilis, and MRS Broth was

conditions.

acidophilus

used as the growth medium Lactobacillus

ATCC 314 was grown in culture medium

acidophilus. The absorbance was read 530

MRS broth (was obtained from Liofilchem,

nm for fungi and 600 nm for bacteria

ITALY), Culture flasks were incubated at

inoculums to reach the suitable density of

37 ℃ in a shaker rotating at 150 rpm for 24

test microorganisms. The compounds were

h

dissolved in Dimethyl Sulfoxide (DMSO)

Lactobacillus

under

anaerobic

conditions.

Mycobacterium Bovis (BCG) was grown in

at

culture medium Middlebrook 7H9 Broth

Fluconazole and nystatin were used as a

(was obtained from HIMEDIA, India),

reference

Culture flasks were incubated at 37 oC in a

streptomycin was the reference for an

shaker rotating at 150 rpm for 72 h under

antimicrobial test, and DMSO was the

aerobic

the

solvent control. Wells including serial

after

dilution of DMSO and broth media only

dissolving, autoclaving, and cooling broth

were also included as controls. The plates

medium culture.

were covered and incubated at 37 ℃ for 24

Determination of Minimum Inhibitory

and 48 h. The MIC value was measured by

Concentration (MIC)

reading the concentration of the well with

MIC of the atropine, 4-hydroxy coumarin,

no growth.

8-hydroxy quinoline, indole, and penicillin

This test for Mycobacterium is different

G by Candida albicans ATCC 10231,

from other bacteria and fungi tested in this

Escherichia coli ATCC 25922, Bacillus

study. There is no need to make a microbial

subtilis ATCC, Saccharomyces cerevisiae

suspension. MIC of atropine, 4-hydroxy

conditions.

microorganisms

were

All

of

added

16
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the

concentration

in

the

of

10

antifungal

mg/ml.

test,
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coumarin, 8-hydroxy quinoline, indole and

Biotransformation by the natural microflora
transformation broth with substrates but no

penicillin G by Mycobacterium Bovis

addition of microorganisms, (3) medium

(BCG)

broth

culture broth souls. The transformation was

microdilution method as the standard

terminated by the addition of ethyl acetate.

procedure for RGM [33]. Middlebrook 7H9

After further cultivation at 30 °C for 14

broth was used as the medium in this assay.

days, samples were taken daily and were

Ethambutol was reference for antimicrobial

extracted thrice with an equal volume of

test and DMSO as solvent control. The

ethyl acetate. The sample liquid was

microplate was incubated for 72 h in 30˚C.

evaporated in a rotary evaporator under

After addition of Alamar Blue and

reduced pressure, and the residue was

incubation, the MIC was determinate as the

dissolved in methanol. The controls were

lowest sample concentration at which no

done in the same way.

pink color appeared.

Thin

Microbial transformation

separation of produce biotransformation

According to MIC, some of the compounds

All the crude ethyl acetate extracts were

were used for transformation that does not

monitored by TLC on percolated silica gel

have the power to remove microorganisms

sheet 60F254 .Compounds were visualized

during

The

by UV light at 254 nm and 366 nm in the

compound's concentration was below the

TLC chamber. The appropriate mobile

MIC in the water phase. Biotransformation

phase was selected according to the point

by growing microorganisms was carried

resolution.

out as follows: microorganisms were first

extracted using the same procedure and

incubated in 250 ml flasks (37 ℃, 150 rpm)

analyzed by TLC. The Rf value of each

containing 100 ml medium culture broth.

band was calculated as the distance traveled

Then, substrates (atropine, indole, 8-

by the solute separated by the distance

hydroxy quinoline, and penicillin G

traveled by the solvent.

was

the

performed

using

biotransformation.

Layer

Chromatography

Control

flasks

were

(TLC)

also

dissolved in ethanol, 4-hydroxy coumarin
dissolved in methanol) were added into this

RESULTS

system. Meantime, three kinds of control
were

performed

as

follows:

Antimicrobial activity
The inhibitory effect of compounds on

(1)

transformation broth with microorganisms

microorganisms

but

antimicrobial activities, as given by the

no

addition

of

substrates,

(2)
17
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was

tested.

The
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MIC values, of the six compounds are
shown

in

Table

1.

As

Biotransformation by the natural microflora
represented in Figure 1. Within 3 days for

previously

Indole and Atropine, and 8 days for 4-

mentioned, for biotransformation, some

hydroxy

coumarin,

substrates are used that do not affect the

disappeared from the culture medium and

growth of microorganisms during the

new

process.

supernatant. This metabolite was not

compounds

compounds

appeared

in

were

the

detected in the extract of the supernatant of
Biodegradation
For 14 days, sampling was performed

the control. The microbial transformation
of Atropine by Escherichia coli K12, Indole

regularly and daily during a specified hour.

by Candida albicans ATCC 10231, and 4-

The ability to biotransformed or not

hydroxy coumarin by Saccharomyces

biotransformed compounds were tested and

cerevisiae

those that can be biotransformed with the

ATCC

5052

gave

novel

compounds.

day of the beginning of transformation are
listed in Table 2 and schematically

Table 1. Antimicrobial activity of compounds against natural microflora, expressed as µg/ml,
using broth dilution method
Microorganism

Compound

E.coli k12
ATCC 29922

Bacillus ubtilis
ATCC 6051

Lactobacillus
acidopillus
ATCC 314

Mycobacterium
Bovis
(BCG)

Candida
albicans
ATCC 10231

Saccharomyces
cerevisiae
ATCC 5052

MIC µg/ml
24h

48h

24h

Indole

>1000

>1000

>1000

Atropine

>1000

>1000

>1000

125

125

<7.93

500

250

62.5
>1000

8-hydroxy
quinoline
4-hydroxy
coumarin
Penicillin G
DMSO

48h
>100
0
>100
0

24h

48h

24h

48h

24h

48h

24h

48h

1000

1000

1000

1000

250

250

250

500

1000

1000

1000

1000

500

250

500

500

7.93

31.75

31.75

<7.93

<7.93

15.78

15.78

<7.93

<7.93

500

1000

500

500

31.25

<7.93

250

125

125

125

62.5

500

<7.93

<7.93

62.5

62.5

250

500

500

500

>1000

>1000

250
>100
0

1000

1000

>1000

>1000

500

500

250

250

-

-

-

-

-

62.5

125

62.5

500

-

-

-

Nystatin

-

-

-

-

<7.93

-

Ethambutol

-

-

-

<7.93

-

-

Fluconazole
Streptomycin

18
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(-) Not tested

Table 2. Ability of microorganism for biotransformed compounds with the day of beginning
biotransformation
Compound
Microorganism
Time
(Days)
Candida albicans ATCC 10231
3
Indole
Escherichia coli ATCC 25922
3
Atropine
Saccharomyces cerevisiae ATCC
8
4-hydroxy
5052
coumarin

Figure 1. Schematically representation of the ability of microorganism for biotransformed
compounds.

listed in Table 3. According to TLC

Thin Layer Chromatography (TLC)
analysis
Qualitative analysis of the reaction

results,

was selected.

plates, using a 0.2-mm layer of silica gel.
The best mobile phase for purifying the
acetate

fraction

of

the

biotransformation was selected and was
19
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spot

appeared

in

biotransformation but not in the original

products was carried out by TLC on glass

ethyl

the
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a substrate for the biotransformation by
DISCUSSION

microorganism were mentioned. Indole,

The present study aimed to evaluat the

atropine, and 4-hydroxy coumarin ability

biotransformation of atropine, 4-hydroxy

to transform by Candida albicans ATCC

coumarin, 8-hydroxy quinoline, indole,

10231,

and penicillin G. Bacteria, fungi, and

Saccharomyces cerevisiae ATCC 5052.

yeasts were tested for their ability to

Indole is an important heterocyclic system

biotransform

critical

because it is built into proteins in the form

difference between fermentation and

of amino acid tryptophan and is used for

microbial transformation is that there are

the synthetic pharmaceuticals [36-38].

several

The study of indole derivatives by yeast

substrate.

catalytic

steps

The

between

the

Escherichia

coli

biotransformation

while there are only one or two in

Atropine, a tropane alkaloid of medicinal

biotransformation. The distinction is also

importance,

in the fact that the chemical structures of

available on the in vitro metabolism and

the substrate and the product resemble one

metabolites of atropine [14]. Coumarins

another in biotransformation, but not

produce a major group of secondary plant

necessarily in fermentation. There are

metabolites and it is normally in human

many

pharmaceutical

food. Coumarine biotransformation is

applications of the biological compounds

very important and is used for new

along with

pharmaceuticals [28].

their different

chemical

data

identifying new compound from microbial

commercially signiﬁcant yeasts are the

biotransformation [1-12]. Microorganisms

related species and strain Saccharomyces

are capable to produce an abundant variety

cerevisiae and Candida albicans which

of enzymes in a short period of time as a

have been particularly shown to catalyze

result of their natural characteristic to

compounds with carbonyl groups or

multiply and aqueous media are generally

carbon-carbon bonds [39]. The microbial

compatible with enzymes and growing

biotransformation products were loaded

whole cells [10-35]. Atropine, 4-hydroxy

on thin layer silica gel plates and separated

coumarin, 8-hydroxy quinoline, indole,

on TLC plates through different solvent

and penicillin G have not been applied as

systems.

This

study

exploited

is

The

20

broadly

little

limited.

structures have to lead to researches and
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most

however,

very

and

substrate and the product in fermentation

potential

was

K12,

reports

and

novel
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compounds

from

biotransformation.

Biotransformation by the natural microflora
spectroscopy methods such as NMR and

microbial
In

future

Mass spectroscopy.

investigations, it would try to purify and
identify the mentioned metabolites with

Table 3. Mobiles phase systems studied and Rf value in new compound
Compounds

Solvent system

V:V

Rfcompound Rfnew

Indole
Atropine

n-hexane: Ethyl acetate
Toluene: Ethyl acetate: Tri
ethylamine
Dichloromethane: Methanol

5:5
7:2:1

0.93
0.82

0.26
0.62

9:1

0.76

-

compound

8-hydroxy
quinoline
n-hexane: Ethyl acetate
4-hydroxy
coumarin
Acetone: Acetic acid
Penicillin G
Rf: retardation factor

2.5:7.5 0.37

0.42

9.5:0.5 0.94

-

The whole-cell of microorganisms were
used to biotransform and the ability of

CONCLUSION

microorganism this regard were assessed.

This study described the biotransformation

In this research, three new compounds were

of natural and commercial compounds by

introduced which are the basis for further

microflora. This work, introduced new

microbial biotransformation research.

compounds from bioconversion of indole,
atropine,

and

4-hydroxy

Candida

albicans

ATCC

coumarin.

REFERENCES

10231,

[1]. LieseA, Seelbach K, Wandrey C.

Escherichia coli K12, and Saccharomyces

Industrial biotransformations. John Wiley

cerevisiae ATCC 5052 with high capacity

and Sons, 2006.

for microbial degradation were identified.
21
HBB. 6(1): 13-25

Sardari et al.
[2]. Reetz MT. Biocatalysis in organic

Biotransformation by the natural microflora
Eslam F, Vaez J. Biotransformation of

chemistry and biotechnology: past, present,

alcohols to aldehydes by immobilized cells

and future. J Am Chem Soc, 2013; 135 (34):

of Saccharomyces cerevisiae PTCC5080.

12480-96.

Enzyme Microb. Technol, 2003; 33(3):

[3]. Faria JMS, Nunes IS, Figueiredo, AC,

150-53.

Pedro LG, Trindade H, Barroso JG.

[9]. Thompson ML, Marriott R, Dowle A,

Biotransformation of menthol and geraniol

Grogan G. Biotransformation of β-myrcene

by hairy root cultures of Anethum

to geraniol by a strain of Rhodococcus

graveolens: effect on growth and volatile

erythropolis

components. Biotechnol. Lett, 2009; 31 (6):

enrichment

897-903.

Microbiol. Biotechnol, 2010; 85(3): 721-

[4]. Parshikov IA, Netrusov AI, Sutherland

30.

JB. Microbial transformation of azaarenes

[10].

and potential uses in pharmaceutical

ElShamy AI, Abou-El-Hamd HM, Mahalel

synthesis. Appl. Microbiol. Biotechnol,

UA, Reda EH, Shaheen AM, Tawfik WA,

2012; 95(4): 871-89.

Shahat AA, Shams KA, Abdel-Azim NS,

[5]. Molina G, Pinheiro DM, Pimentel MR,

Hammouda

dos Ssanros R, Pastore GM. Monoterpene

biotransformation as a tool for drug

bioconversion for the production of aroma

development based on natural products

compounds

from mevalonic acid pathway: a review. J.

by

fungi

isolated

from

isolated
from

Hegazy

by

hop

MEF,

selective

plants.

Mohamed

FA.

Appl.

TA,

Microbial

Brazilian fruits. Food Sci. Biotechnol,

Adv. Res, 2015; 6(1): 17-33.

2013; 22(4): 999-1006.

[11]. Smitha MS, Singh S, Singh R.

[6].

Demyttenaer

J,

De

Kimpe

N.

Microbial biotransformation: a process for

Biotransformation of terpenes by fungi:

chemical alterations. J Bacteriol Mycol,

Study of the pathways involved. J. Mol.

2017; 4(2): 85.

Catal. B Enzym, 2001; 11(4-6): 265-70.

[12]. Trevisan MG Poppi, RJ. Direct

[7]. Nagpure AAL, Gupta RK, Bharti.

determination of ephedrine intermediate in

Biotransformation of curcumin to vanillin.

a biotransformation reaction using infrared

Indian Journal of Chemistry, 2011; 50B:

spectroscopy and PLS. Talanta, 2008;

1119-22.

75(4): 1021-27.

[8]. Norouzian D, Akbarzadeh A, Inanlou

[13]. Roberts MF, Wink M. Biochemistry,

DN, Farahmand B, Saleh M, Sheikh-ul-

ecology,
22

HBB. 6(1): 13-25

and

medicinal

applications.

Sardari et al.
Alkaloids. Plenum Press. New York,

Biotransformation by the natural microflora
[19]. Cui M, Chen F, Fu J, Sheng G, Sun G.

London, 1998; 1-7.

Microbial metabolism of quinoline by

[14]. Chen H, Chen Y, Du P, Han F, Wang

Comamonas sp. World J. Microbiol.

H, Zhang H. Sensitive and specific liquid

Biotechnol, 2004; 20(6): 539-43.

chromatographic--tandem

mass

[20]. Bahreini M, Bondarian F, Ebrahimi

spectrometric assay for atropine and its

A, Allami K. Design and computational

eleven metabolites in rat urine. J. Pharm.

analysis of a derivative of camptothecin.

Biomed. Anal, 2006; 40(1): 142-50.

Health Biotechnology and Biopharma,

[15]. Boros B, Farkas A, Jakabova S,

2019; 2(4): 1-10.

Bacskay I, Kilar F, Felinger, A. LC-MS

[21].

quantitative determination of atropine and

Heterocyclic compounds with indole and

scopolamine in the floral nectar of Datura

carbazole systems. John Wiley and Sons,

species. Chromatographia, 2010; 71(1):

2009; 16.

43-49.

[22]. Chen Y, Xie X G, Ren C G, Dai C C.

[16]. karimi Bekr Z, Sardari, S, Khangholi

Degradation of N-heterocyclic indole by a

S. Simple and fast identification of atropine

novel

and atropine-like molecules in some

liquidambari. Bioresour. Technol, 2013;

medicinal plant extracts by molecularly

129: 568-74.

imprinted polymers. Health Biotechnology

[23]. Arora P, Sharma A, Bae H. Microbial

and Biopharma, 2020; 4(2): 57-69.

degradation of indole and its derivatives. J.

[17]. Johansen SS, Licht D, Arvin E,

Chem, 2015.

Mosbak

Metabolic

[24]. Kayser O, Kolodziej H. Antibacterial

pathways of quinoline, indole and their

activity of simple coumarins: structural

methylated analogs by Desulfobacterium

requirements

indolicum (DSM 3383). Appl. Microbiol.

Zeitschrift für Naturforsch. C, 1999; 54(3-

Biotechnol, 1997; 47(3): 292-300.

4):169-74.

[18].

Licht D, Johansen SS, Arvin E,

[25]. Hamdi N, Puerta MC, Valerga P.

Ahring BK. Transformation of indole and

Synthesis, structure, antimicrobial and

quinoline by Desulfobacterium indolicum

antioxidant investigations of dicoumarol

(DSM 3383). Appl. Microbiol. Biotechnol,

and related compounds. Eur. J. Med. Chem,

1997; 47(2): 167-72.

2008; 43(11): 2541-48.

H,

Hansen

AB.

23
HBB. 6(1): 13-25

Sumpter

endophytic

for

WC,

Miller

fungus

biological

FM.

Phomopsis

activity.

Sardari et al.
[26]. Zavrsnik D, Muratovic S, Spirtovic S,

Biotransformation by the natural microflora
arsenate-cellulose
layers.
Acta

Softic D, Medic-Saric, M. The synthesis

Chromatogr, 2006; (16); 4-172.

and antimicrobial activity of some 4-

[32]. John H, Barbara , David A, Beth A,

hydroxycoumarin derivatives. Bosn. J.

Steven D, Vishun C. M38-A2: Reference

basic Med. Sci, 2008; 8(3): 277.

Method for Broth Dilution Antifungal
Susceptibility Testing of Filamentous

[27]. Smyth T, Ramachandran VN, Smyth

Fungi, Approved Standard. 2008.

WF. A study of the antimicrobial activity of

[33]. Brown B.A. Broth microdilution MIC

selected naturally occurring and synthetic

test for rapidly growing mycobacteria.

coumarins. Int. J. Antimicrob. Agents,

Clin. Microbiol. Proced. Handb, 1994.

2009; 33(5): 421-26.

[34]. De Carvalho CCCR, da Fonseca

[28]. Marumoto S, Miyazawa M. Microbial

MMR. Biotransformation of terpenes.

reduction of coumarin, psoralen, and

Biotechnol. Adv, 2006; 24(2): 134-42.

xanthyletin

[35]. Zhang W, Huang J, Wo X, Wang P.

by

Glomerella

cingulata.

Tetrahedron, 2011; 67(2): 495–500.

Microbial transformation of curcumin to its

[29]. Sardari S Daneshtalab M, Micetich,
Ronald

G.

31P-NMR

study

for

determination

of

coumarin

antifungal

mechanism

of

action.

Health

derivatives

with

a

kudriavzevii

ZJPH0802

novel

Pichia

strain.

Appl.

Biochem. Biotechnol, 2013; 170(5): 102637.
[36]. Sharma V, Kumar P, Pathak D.

Biotechnology and Biopharma, 2017; 1(3):

Biological importance of the indole nucleus

37-51.

in recent years: a comprehensive review. J.
[30]. Chin H S, Sim J, Sim T S. Mutation

Heterocycl. Chem, 2010; 47(3): 491-502.

of N304 to leucine in Streptomyces

[37]. Chunxiao D, Ma, Ma F, Yang Q, Li J,

clavuligerus

C

Yang Y, Qu B, Yuanyuan. Investigation of

synthase creates an enzyme with increased

indole biodegradation by Cupriavidus sp.

penicillin analogue conversion. Biochem.

strain IDO with emphases on downstream

Biophys. Res. Commun, 2001; 287(2): 507-

biotransformation and indigo production.

13.

Environmental

deacetoxycephalosporin

Science

and

Pollution

Research, 2022; 29(6): 8369-81.

[31]. Nabi SA, Khan MA, Khowaja SN,
Alimuddin. Thin-layer chromatographic

[38]. Mindt M, Kashkooli BM, Suarez-

separation

Diez A, Ferrer M, Jilg L, Bosch T, Martins

of

penicillins

on

stannic
24

HBB. 6(1): 13-25

Sardari et al.
dos Santos D, Wendisch V, Volker F,

Biotransformation by the natural microflora
mono-and sesquiterpenoids. Yeast, 2011;

Cankar, Katarina. Production of indole by

28(2): 93-107.

Corynebacterium glutamicum microbial
cell factories for flavor and fragrance
applications. Microbial Cell Factories,
2022; 21(1): 1-17.
[39]. Khor GK, Uzir MH. Saccharomyces
cerevisiae: a potential stereospecific
reduction tool for biotransformation of

25
HBB. 6(1): 13-25

