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Preparation of Uracil by bacteria isolated from Morchella
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Abstract: Morchella is one of the most famous rare edible and medicinal fungi over the world. Highly nutritious and
immature cultivation techniques led to the high price and the markets have remained tight. The pathogenic bacteria were
serious in artificial cultivation of Morchella that affected the growth and yield of Morchella. Isolation of pathogenic
bacteria and metabolites were investigated in order to improve the artificial cultivation technology. The isolated strain
(YDJZ-01-01C) was identified by Gram staining and sequence of 16S rDNA. Structures of metabolites were confirmed
based on NMR spectra and literatures. However, the main products were uracil and thymine that considered as important
intermediate of anti-tumor 5-fluorouracil. Interestingly, a new synthetic pathway for preparation of uracil by
microorganism was found except for chemical synthesis. The new preparation pathway provided mild, green, sustainable
and environment friendly method to produce uracil that meets the needs of modern chemistry.
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INTRODUCTION

Tumor is a serious public health problem that threatens
human health and social economic development. The
concern is that the morbidity and mortality are on the rise.
Chemotherapy is considered as one of the necessary
means to treat tumors (Naito et al., 2017; Mo et al., 2016).
In recent decades, 5-Fluorouracil (5- FU) has always been
the first choice for the treatment of esophageal cancer,
gastric cancer, colon cancer, ovarian cancer, cervical
cancer, lung cancer and breast cancer (Bwatanglan et al.,
2016; Ledderhof et al., 2017; Kensara et al., 2016; Zou et
al., 2016; Wu et al., 2016). Because of its prominent role
and significant effect, it is still the preferred method for
the treatment of malignant gastrointestinal tumor and it is
also the basis of many standard chemotherapy regimens
since the advent of 5-FU (Peng et al., 2016; Wei et al.,
2016; Kitao et al., 2016; Koda et al., 2016). Therefore,
fluorouracil has been applied in clinic for a long term
since 1957 (Cui et al., 2017). High efficiency, low toxicity
and high targeting fluorouracil drugs were eager for more
research and clinic. Fluorouracil drugs, including
fluorouracil, the precursor drugs and compound
preparations were activated in vivo into the role of
fluorouracil. The current listing drugs including 5-
fluorouracil, tegafur, FUDR, Carmofur, Deoxifluridine
and so on were mainly used for the treatment of
gastrointestinal tumors and breast cancers. Fluorouracil-
like drugs are in particularly more prominent in the
treatment of medicine oncology with the wide application
of oral and implantable dosage forms (Huang et al., 2017,
Yamamoto et al., 2016; Kitamura et al., 2016).

Uracil is an important intermediate for the preparation of
fluorouracil. In nature uracil commonly exists in marine

*Corresponding author: e-mail: qfmeng@126.com

organisms, particulate matters and dissolved seawater. It
was reported that it can be produced by plants (Bassarello
et al., 2004). However, the main method of production of
uracil is organic synthesis. There were several literatures
that reported the synthesis methods of uracil: (a)
condensation reaction by [-dicarbonyl compounds or
analogues and urea or thiourea to produce uracil
(Mukeherjee et al., 2010); (b) B-dicarbonyl compounds or
their analogues react with formamide and then react with
ammonia to produce uracil (Harada et al., 1976) (c)
dihydrouracil was obtained by cyclization of J-
ureidopropanoic acid, uracil was produced after
bromination and bromination of de-hydrogen bromide
(Urjasz et al., 1999). The first method was adopted in
industry to synthesize uracil. However, the activity of -
dicarbonyl compounds needed to be higher with urea as
raw material that limited the scope of application. It was
reported that uracil can be obtained by thiouracil via
acidification after and then oxidation which showed
obvious deficiency such as low yield, high cost and
unfriendly environmental conditions. One-pot preparation
of uracil by thiourea at normal temperature and pressure
was also reported with 71% yield (Wang et al., 2014).
Microbes as sources to produce active substances had
long history. But there was no report about method of
producing uracil by microorganisms. Authors found that
Morchella grew slowly when inhibited by pathogenic
microbes. Several strains including bacteria and fungi
were isolated from pathogenic fruit body of Morchella in
Guizhou, China. One strain of bacteria (Y DJZ-01-01C)
identified as Pseudomonas tolaasii can obviously inhibit
the growth of Morchella (fig. 1). Metabolites from the
isolated strain were exploited in order to improve artificial
cultivation. However, the two main substances were uracil
and thymine. Herein, a bacterial strain isolated from
Morchella provided a new synthesis pathway to produce
the important intermediate uracil of anti-tumor 5- FU. The
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preparation of natural products by microorganisms was
one of the most popular methods with renewable resource.

MATERIALS AND METHODS

General experimental procedure

NMR spectra were recorded on an Agilent NMR
Spectrometer operating at 400 MHz in DMSO-dg. TLC
analyses were carried out on pre-coated silica gel GF,s,4
plates (0.25 mm thick, Qingdao Oceanic Chemicals,
China). Column chromatography was carried out on silica
gel (200-300 mesh, 300-400 mesh, Qingdao Oceanic
Chemicals, China). Visualization of the TLC plates was
performed by iodide spray reagent, 10% H,SO4 in 95%
ethanol and phospho-molybdic acid. Three developing
systems of TLC for product were carried out with
chloroform: methanol, petroleum ether: ethyl acetate,
petroleum ether: acetone respectively. General solvents
and reagents were purchased from Chengdu kelong
Chemical Industry Company, Chengdu, China.

Isolation and identification of Microorganisms
Microbial strains were isolated from pathogenic fruit
body of Morchella from Tuanze Town in Guizhou, China.
Segments by Micro-needle were placed on Petri dishes
containing Water-agar medium in clean benche and were
incubated at 25-28°C. Pure strains were obtained after
several streak cultivations and then stored in Luria-
Bertani (LB) slant medium at 4°C.

Gram stain and molecular sequencing methods were
carried out to identify the active strain. 16S of ribosomal
deoxyribonucleic acid (16S rRNA gene) was sequenced.
The universal primers 27F (5'-AGAGTTTGAT
CCTGGCTCAG-3') and 1492R (5'- GGTTACCTTGTTA
CGACTT-3") were used to amplify the 16S from the DNA
extracted (Zhao et al., 2011). The polymerase chain
reaction (PCR) was performed with the following cycles:
(1) 94°C for 5 min; (2) 30 cycles of 94°C for 30 s, 55°C
for 30 s and 72°C for 40 s, and (3) 72°C for 10 min.
Amplified products were sequenced by Beijing Bio-ulab
Technology Co., LTD. Homology analysis was carried out
on Blast software in GenBank (https://blast.ncbi.nlm.nih.
gov/Blast.cgi). Phylogenetic tree by Neighbor-Joining (NJ)
method was constructed by Mega 5.1.

Culture media

The media for isolation experiment was carried out in
water agar medium (consisting of agar, 20g; distilled H,O,
1000 mL) and on fermentation experiment was carried out
in LB medium (consisting of peptone 10 g; yeast extract
5 g; sodium chloride 10 g; distilled H,O, 1000 mL). The
anti-bacterial activity was carried out on Mueller-Hinton
Agar (MHA) medium (the power dissolved in ddH,O was
sterilization at high—pressure and then the plates were
prepared at 50-60°C with 16 mL medium per plate).

Fermentation

Fermentations were carried out according to two-stage
protocol. The purified cultures were grown in 200 mL
Erlenmeyer flasks that contain 100mL LB media. The
flasks were incubated at 37°C and 150 rpm on an
incubator shaker. And then cultures were transferred into
1000 mL flasks containing 500 mL LB media and 2000
mL flasks containing 1000 mL LB media for another 5
days.

Isolation and identification of metabolites

After fermentation cultures were then extracted three
times with EtOAc. The extracts were evaporated under
reduced pressure and 1.3 g crude extract was obtained.
The crude residue was first isolated by silica gel column
chromatography with petroleum ether and ethyl acetate
from 6:1 to 1:8. Fraction A and B were further purified
with relatively high content by recrystalization and silica
column chromatography. Three developing systems of
TLC for product 1 were chloroform: methanol 6:1,
petroleum ether: ethyl acetate 1:8, petroleum ether:
acetone 1:1 respectively. Developing systems of TLC for
product 2 were chloroform: methanol 3:1, petroleum ether:
ethyl acetate 1:10, petroleum ether: acetone 1:1
respectively. And then a single point was presented by
iodide, 10% H,SO, in 95% ethanol and phospho-
molybdic acid.

Antibacterial ability of compounds by Oxford cup
method

Oxford cup method was carried out to screen the
antibacterial ability of compounds. S. aureus ATCC 25923,
E. coli ATCC 25922, C. albicans ATCC 10213, Proteus
species and Brucella species were selected and
suspension was adjusted to 10° CFU/mL by DENSIMAT.
The bacterial suspension was coated on MH agar plate by
aseptic cotton buds upright. Oxford cups were placed on
the plate coated by bacterial suspension. 5 mg Product 1
(thymine) and 7 mg product 2 (uracil) in 500 pL. methanol
were added into Oxford cup with methanol as the control.
Plates were cultured at 37°C upright and the inhibition
zones were measured in three replicates.

RESULTS

Isolation and identification of strain

Several strains including bacteria and fungi were isolated
from pathogenic fruit body of Morchella in Guizhou and
one bacteria strain (YDJZ-01-01C) was found strong
activity of inhibiting the growth of Morchella. Gram stain
and molecular sequencing methods were carried out to
identify the active strain. Gram-negative bacterium was
observed under a microscope (1000x) (fig. 2). Primer pair
27F and 1492R were used to amplify 16S rDNA sequence.
Then the sequences of 16S rDNA were analysed on
Blastn on NCBI web. The strain was confirmed as
Pseudomonas tolaasii with 100% similarity. Phylogenetic
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tree by Neighbor-Joining method was constructed by
Mega 5.1(fig. 3). Number of branch
indicates evolutionary rate. Fictibacillus nanhaiensis
KJ372514 was selected as the outer group. Species belong
to Escherichia clustered in one branch, and species belong
to Pseudomonas clustered in another branch. Evolutionary
rate of P tolaasii (YGJZ-01-01C) and P. tolaasii -
JQ782514 was the same.
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Fig. 1: Bacterial strain inhibited the growth of Morchella,
a (YDJZ-01-01C), b (Morchella)

Fig. 2: Gram strain of P. tolaasii (YGJZ-01-01C)

Metabolites isolated from strain Pseudomonas tolaasii
(YDJZ-01-01C)

Strain P, tolaasii (YDJZ-01-01C) with activity of
inhibiting growth of Morchella was selected to screen
new antibacterials. The main products were obtained by
silica repeated gel column chromatography and
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recrystallization. Product 1: White powder solid. '"H-NMR
(DMSO-d¢) (fig. 4): 10.84(1H,s), 7.22(1H,s), 1.69(3H,5-
CH3). "“C-NMR (DMSO-d¢) (fig 5): 164.9(C-4),
151.5(C-2), 137.8(C-5), 107.7(C-5), 11.9(5-CH3).
Compared with 'H-NMR and "“C-NMR, spectral data
with those reported in the literature (Zou et al., 2004), its
structure was confirmed as thymine.
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Fig. 3: Phylogenetic tree by Neighbor-Joining constructed
using rDNA-16S sequences. A indicated the isolated
strain.
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Fig. 4: '"H-NMR spectraum of product 1 thymine

Product 2: White powder solid. '"H-NMR (DMSO-dy) (fig
6): 10.880(1H,s), 10.709(1H,s), 7.235(1H,d), 5.297
(1H,d). “C-NMR (DMSO-d¢) (fig. 7): 164.8(C-4),
152.0(C-2), 142.7(C-2), 100.7(C-6). Compared with 'H-
NMR and C-NMR, spectral data with those reported in
the literature (Zou et al, 2004), its structure was
confirmed as uracil.

Antibacterial ability of compounds by Oxford cup
method

Although strain P tolaasii (YDJZ-01-01C) showed
obvious inhibition of the growth of Morchella,
metabolites 1 and 2 did not show significant activity
against the pathogen S. aureus ATCC 25923, E. coli
ATCC 25922, C. albicans ATCC 10213, Proteus species
and Brucella species.
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other five tolaasii A, B, C, D, E 5 can be produced by this
species which might be important causes of disease
symptoms in mushroom (Bassarello et al., 2004). Besides
tolaasins, other compounds had been reported to be
produced by P. tolaasii and considered as potential factors
responsible for bacterial blotch symptoms. The bacterial
volatile blends have been proved to interact with plants
and fungi by inhibiting or stimulating their growth. P,
tolaasii (YDJZ-01-01C) isolated from pathogenic fruit
body of Morchella was proved to inhibit mycelia growth
of Morchella. Metabolites of P. tolaasii (YDIJZ-01-01C
was investigated in order to establish the key compounds.
The isolated compounds were thymine and uracil that has
no anti-bacterial activity. However, the preparation of
uracil that was considered as important intermediate of
anti-tumor 5-fluorouracil by micoorganism seemed
worthy of interest. The new preparation pathway provided
mild, green, sustainable and environment friendly method
to produce uracil that meets the needs of modern
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Fig 5. "C-NMR spectrum of product 1 thymine chemistry.
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Fig. 6: "H-NMR spectrum of product 2 uracil
DISCUSSION

P tolaasii was considered to be the main pathogen of
several economically edible mushrooms. Brown blotch is
also considered to be the cultivated mushrooms’s main
disease because of the important economic losses and the
difficulty to control it. It was reported that the species can
inhibit the growth of Pleurotus ostreatus, Agaricus
bisporus and other mushrooms, and lead to brown spot
disease. P. tolaasii is describes as the pathogen of some
plants, indeed it caused disease on cauliflowers, tobacco
and strawberry. Moreover, it was reported as saprophytic
bacterium associated to pear, phyloplane and bean.
Several compounds such as tolaasii I and tolaasii II and

Fig. 7: "C-NMR spectrum of product 2 uracil
CONCLUSION

One pathogenic bacteria P. tolaasii (YDJ-01-01C) was
isolated from edible fungi Morchella. The strain (YDJZ-
01-01C) was identified by Gram staining and sequence of
16S rDNA. Two metabolites were obtained and identified
as thymine and uracil. A new synthetic pathway for
preparation of uracil by microorganism was found except
for chemical synthesis.
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