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Abstract: Objective: To evaluate the anti-bacterial and anti-tumor activities of the secondary metabolites of en-
dophytic fungi derived from Ginkgo biloba. Methods: MTT assay was utilized to detect the effect of secondary 
metabolites on inhibiting cervical cancer. A cylinder plate method was adopted to assess the anti-bacterial activity 
of the secondary metabolites. Liquid chromatography-mass spectrometry was performed to separate and identify 
the substances in the secondary metabolites. Flow cytometry was utilized for preliminarily analysis on the mecha-
nism underlying the anti-cancer effect of the secondary metabolites. Results: MTT assay demonstrated that the 
crude extracts from the J-1 and J-3 strains yielded a proliferation-inhibiting effect of 76.2% and 65% on the cervical 
cancer cell line HeLa, whereas they exerted no significant inhibitory effects on proliferation in the lung cancer cell 
line A549. The J-3 strain could significantly suppress Escherichia coli, Staphylococcus aureus and Bacillus subtilis. 
The J-1 strain exerted certain inhibitory effects on Staphylococcus aureus and Escherichia coli, whereas it did not 
affect Bacillus subtilis. The J-2 strain exerted certain inhibitory effects on Staphylococcus aureus. Flow cytometry 
indicated that J-1 and J-3 strains affected apoptosis in cervical cancer cells, and crude extracts of the J-2 strain 
reduced the proportion of HeLa cells in the S-phase. Liquid chromatography-mass spectrometry combined with a 
literature search showed that resveratrol, scopoletin, rosmarinic acid and taxifolin are the secondary metabolites 
of endophytic fungi from Ginkgo biloba that exerted an anti-tumor effect. Conclusion: J-1 and J-3 strains can exert 
potent anti-cervical cancer and anti-bacterial effects, which deserves widespread investigation and application in 
clinical practice.
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Introduction

Cervical cancer is the most common gyneco-
logic malignant tumor. In recent years, the age 
of onset of cervical cancer has tended to be 
younger. The development of new anti-tumor 
drugs has been a hot topic in the field of drug 
research [1]. Ginkgo biloba is a native medici-
nal plant in China. Up to now, Ginkgo biloba 
leaves have been proven to contain more than 
100 types of chemical components. Ginkgo fla-
vin and polyprenol, as the extracts of Ginkgo 
biloba, exert anti-tumor effects [2]. However, 
the long period of growth of Ginkgo biloba up to 
20 years significantly constrains the applica-
tion in drug research. Consequently, endophyt-

ic fungi of Ginkgo biloba have become a hot 
topic in this field.

Common extracts of Ginkgo biloba mainly in- 
clude Ginkgo biloba compound extract (EGb), 
Ginkgo biloba polyprenol (GP), Ginkgo biloba 
polysaccharide compounds (GBLP) and Ginkgo 
biloba exocarp polysaccharide (GBEP) [3]. EGb 
mainly consists of flavonoids and terpenes. 
Studies have demonstrated that EGb exerts 
inhibitory effects on the transplanted sarcoma 
S180 and liver cancer H22 cells in mice both in 
vivo and in vitro [4]. The inhibitory rate of GP on 
human gastric cancer cell line SGC-7901, 
human colon adenocarcinoma cell line LOVO 
and human cervical cancer HeLa cell line in 
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vitro, ranged from 60% to 80%; and 50%-65% 
for the transplanted tumor cells Heps, S180 
and EC in vivo [5]. GBEP exerts inhibitory effects 
on human hepatoma cell line BEL-7404, gastric 
gland cancer cell line SGC-7901 and lung ade-
nocarcinoma cell line SPC-A-1, at the dose of 
10-320 μg/ml for 24-72 h in vitro. The possible 
mechanisms of anti-tumor effects of Ginkgo 
biloba extracts include antioxidant and scav-
enging free radicals, affecting proliferation and 
inducing apoptosis of tumor cells, inhibiting for-
mation of tumor vessels, regulating tumors and 
related genes, and cytotoxic effects on tumor 
cells [6]. Nevertheless, in vivo anti-tumor stud-
ies of endophytic fungi from Ginkgo biloba have 
not been reported.

According to the symbiosis theory of plant 
endophytic fungi, endophytic fungi probably 
exist in Ginkgo biloba, which can produce the 
identical or similar chemical components as 
Ginkgo biloba [7]. Guo et al. [8] have isolated 
522 endophytic fungi from Ginkgo biloba in 
Yangling of Shaanxi Province and demonstrat-
ed that 50.7% of the strains exert antibacterial 
activity. Miao et al. [9] have isolated 19 endo-
phytic fungi from Ginkgo biloba in Fuyang of 
Anhui Province, among which YX5 is the most 
active strain. The IC50 of crude extracts of YX5 
is 18.3, 3.6 and 6.5 μg/ml for the inhibition of 
tumor cell line EC109, human nasopharyngeal 
carcinoma cell line HONE1, and human cervical 
carcinoma cell line HeLa.

In this investigation, MTT assay was adopted to 
detect the anti-cervical cancer activity of crude 
extracts from Ginkgo biloba. Cylinder plate 
method was utilized to evaluate the anti-bacte-
rial activity of the secondary metabolites. Li- 
quid chromatography-mass spectrometry was 
performed to separate and identify the sub-
stances in the secondary metabolites. Flow 
cytometry was conducted to preliminarily ana-
lyze the mechanism underlying the anti-cervi-
cal cancer effect of the secondary meta- 
bolites. 

Materials and methods

Materials 

Ginkgo biloba was collected from the trunk 
bark of a 30-year Ginkgo biloba with a diameter 
of roughly 55 cm approximately 2 cm from the 
ground, from Linyi, Shandong Province. After 

separation and purification, the Ginkgo biloba 
was preserved in the -80°C freezer in our labo-
ratory. ANNEXIN V-FITC/PI apoptosis detection 
kit (Solarbio Life Sciences, Beijing, China), cell 
cycle and apoptosis detection kit C1052 (Be- 
yotime Biotechnology, Shanghai, China) were 
used. The human cervical cancer cell line HeLa 
was donated by the Department of Medicine in 
our university. Self-controlled CO2 incubation 
box (model: 2300 Shellab Company), ultraclean 
bench (model: YJ-450. Suzhou Purification 
Equipment Factory, China), electrothermal ther-
mostatic water bath box (model: BS2 Beijing 
Medical Equipment General Factory, China), 
flow cytometer (model: FACScan Becton-Di- 
ckinson Company), Heidolph rotary evaporator, 
high pressure steam sterilization pot and other 
instruments were provided by the laboratory.

Culture and post-treatment of endophytic fungi

Three strains of ginkgo endophytic fungi cul-
tured in PDA solid medium were obtained, and 
the mycelial masses were inoculated into a tri-
angular flask containing 250 ml PDA liquid 
medium, and cultured in a shaker at 20°C for 7 
d at 120 r/min. Then, ethyl acetate was supple-
mented to each flask at a volume ratio of 1:1, 
and the flask was further cultured in a shaker 
for 4 d. The fermentation liquid was filtered 
through 3-4 layers of gauze, and mycelium was 
removed, and the separation funnel was used 
for layering to obtain an organic phase contain-
ing secondary metabolites of ginkgo endophyt-
ic fungi. Most ethyl acetate in the organic phase 
was recovered by a rotary evaporator to obtain 
a concentrated solution containing secondary 
metabolites of ginkgo endophytic fungi. Finally, 
the concentrated solution was completely dried 
by a vacuum concentration dryer and dissolved 
in DMSO to obtain crude thallus extract.

Culture of HeLa cells and determination of 
anti-tumor activity of crude extracts from endo-
phytic fungi

Culture medium for cell culture consisted of 
10% fetal bovine serum, 89% DMEM complete 
culture medium, 1% double antibody (penicillin-
streptomycin). The cells were cultured and pas-
saged in a cell incubator with 5% CO2 at 37°C. 
MTT assay was utilized to determine the anti-
cervical cancer tumor activity of crude extracts: 
tumor cells in logarithmic growth phase were 
collected, digested with trypsin, and the cell 
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suspension was incubated in complete culture 
medium, cell counting was conducted with 
blood cell count plate and 100 µl of the solution 
was inoculated into 96-well plate. The blank 
control and negative control were established. 
After being placed in a 5% CO2 incubator for 24 
h at 37°C, 100 l of the sample diluted with the 
complete culture solution was added and col-
lected after continuous culture for 24 h. The 
culture medium in the suction well was discard-
ed, 2.5 µg/µl of MTT solution 20 µl was added 
to each well, after reaction at 37°C for 4 h, 100 
µl DMSO was supplemented to each well, and 
dissolved at 37°C for 30 min. The absorbance 
values of each well were measured by micro-
plate reader at a wavelength of 570 nm. Finally, 
the inhibition rate was calculated according to 
the following formula: inhibition rate = (negative 
control OD value - experimental group OD 
value)/(negative control OD value - blank con-
trol OD value) ×100%

Antimicrobial activities of secondary metabo-
lites of three endophytic fungi from Ginkgo 
biloba

Escherichia coli strain was inoculated into LB 
liquid culture medium in advance, shaken for 
10-12 h at 37°C. LB solid culture medium was 
established, sterilized, cooled and supplement-
ed with bacterial liquid in ultraclean bench (100 
ml bacterial solution per 100 µl solid culture 
medium), shaken and poured onto the flat 
plate. On the back of the solidified plate, three 
to four regions were divided and the samples 
were added to each corresponding region. In 
each region, an Oxford cup was firmly placed in 
the central part, gently pressed to ensure that 
the cup was not inserted into the flat plate. 
Subsequently, 100-200 µl of samples were 
added into each cup and transferred in an incu-
bator at 37°C. The experimental procedures of 
Staphylococcus aureus and Bacillus subtilis 
were identical to those of Escherichia coli.

Cell culture

The cell suspension was added into a 24-well 
plate and cultured in a 5% CO2 incubator at 
37°C for 45 min. After the cells adhered to the 
wall, the culture medium was discarded. 
RPMI1640 medium, a determined dose of drug 
and an equivalent quantity of blank solution 
were added to each well in a 5% CO2 incubator 
at 37°C for 24 h.

Flow cytometry

The cells were collected, centrifuged at 1000 r/
min for 10 min, washed with pre-cooled PBS 
and centrifuged. The supernatant was removed, 
fixed with 1 ml of pre-cooled 70% ethanol while 
shaking, and put into -20°C overnight. The cell 
suspension was washed with PBS to remove 
the fixative before staining, then 100 μl RNAse 
was supplemented in a water bath at 37°C for 
30 min, and then supplemented with 400 μl 
pyridine iodide staining solution. The cell sus-
pension was stained for 30 min at 4°C in the 
dark. The apoptosis rate and cell cycle distribu-
tion of HeLa cells were detected on a flow 
cytometer. According to the percentage of 
G0G1, S and G2M phases obtained by Modfit 
analysis software, intra- and inter-group hori-
zontal comparisons were performed.

Isolation and identification of active com-
pounds from crude extracts 

The analytical instrument in this experiment 
was Q Exactive plus (Thermo), and the ion 
source was ESI. Chromatographic conditions: 
The chromatographic column was Waters 
Atlantis T3 (100×3 mm, 1.8 mm), the column 
temperature was 35°C, and the flow rate was 
0.500 ml/min. Mobile phase: A. Equate = “0.1% 
CH3COOH-H2O”; D. Equate = “acetonitrile”. Ma- 
ss spectrum conditions: the scan range was 
m/z 80-1200; Resolution: 70,000; Spectrum 
data type: Profile; Capillary voltage: 4000 V 
(positive) and 3500 V (negative); Capillary 
Temperature: 350°C.

Statistical analysis

All data analyses were performed by using 
SPSS statistical software (SPSS Inc., Chicago, 
IL). The data obtained before and after corre-
sponding treatment were statistically com-
pared by using the paired t-test. A P value of 
less than 0.05 was considered as statistical 
significance.

Results

Anti-tumor activity of crude extracts from fer-
mentation broth

As illustrated in Figure 1, the inhibition rates of 
J-1 and J-3 strains on cervical cancer cells were 
calculated as 76.2% and 65%, whereas the 
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Figure 1. Detection of anti-cervical cancer activity of crude extracts of fermentation broth after 24-h treatment. A. 
J-1 fermentation broth; B. J-3 fermentation broth; C. Cyclophosphamide.

Figure 2. Detection of antibacterial activity of crude extracts of fermentation broth against Escherichia coli (A), 
Staphylococcus aureus (B) and Bacillus subtilis (C).

Figure 3. Flow cytometry for the detection of the anti-cervical cancer activity 
of cyclophosphamide (A); J-1 strain (B), J-3 strain (C) and blank control (D).

inhibition rate of J-2 strain was merely 23%. 
The inhibition rate of positive drug cyclophos-

phamide on the cervical can-
cer cells was up to 75%. In 
addition, MTT assay demon-
strated that the crude extracts 
of fermentation broth of J-1, 
J-2 and J-3 strains possessed 
the inhibitory rates of 19.2%, 
25.5% and 16.0%, respective-
ly on the lung cancer A549 
cells, which preliminarily indi-
cated that these strains exert-
ed no significant inhibitory 
effect on lung cancer A549 
cells.

Antimicrobial activity of crude 
extracts from fermentation 
broth

The J-3 strain exerted effec-
tive antimicrobial effect on 
Escherichia coli, Staphyloco- 
ccus aureus and Bacillus sub-
tilis with a diameter of the inhi-
bition zone of 3.1 cm and 3.2 
cm and 1.8 cm, respectively. 
The J-1 strain exerted certain 
inhibitory effect on Staphy- 
lococcus aureus and Esche- 

richia coli and the diameter of the inhibition 
zone was measured as 2.0 cm and 2.0 cm, 
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Figure 4. Effect of J-1 strain (A); J-2 strain (B), (C) cyclophosphamide and blank control (D) on apoptosis rate and cell cycle distribution of HeLa cells.
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whereas it had no significant inhibitory effect 
on Bacillus subtilis. However, J-2 strain exerted 
certain inhibitory effects on Staphylococcus 
aureus with a diameter of inhibition zone of 2.9 
cm, while had no inhibitory effect on Escherichia 
coli and Bacillus subtilis (Figure 2).

Tumor cell apoptosis by flow cytometry

As illustrated in Figure 3, the crude extracts of 
the fermentation broth of J-1 and J-3 strains 
exerted effective inhibitory effects upon the 
cervical cancer cells, especially the inhibitory 
effect of the J-1 strain was almost identical to 
that of cyclophosphamide. The inhibitory effect 
of J-2 strain on the cervical cancer cells was not 
obvious, which was consistent with the detec-
tion results of MTT assay.

Apoptosis cycle of tumor cells by flow cytom-
etry 

As demonstrated in Figure 4, J-1 and J-3 strains 
exerted no significant effect on the cell cycle of 
cervical cancer cells, whereas the crude 
extracts of the fermentation broth of J-2 strain 
could reduce the proportion of HeLa cells in S 
phase.

Liquid chromatography-mass spectrometry 
detection

The results of liquid chromatography-mass 
spectrometry revealed that more than 180 
compounds were detected in the crude extracts 
of three strains of endophytic fungi from Ginkgo 
biloba. Through the literature search, the sub-
stances have been proven to have definite anti-
tumor activity are illustrated in Table 1. In addi-
tion, the crude extracts of the fermentation 
broth also contained a variety of active sub-
stances, such as antibacterial, antioxidant and 
antiviral substances.

lung cancer cells and demonstrated that 
Ginkgo biloba exocarp extracts exert the anti-
tumor and anti-metastatic effects depending 
upon the suppression of tumor angiogenesis, 
and such inhibitory effect is intimately correlat-
ed with the blockage of the Wnt/β-catenin-VEGF 
signaling pathway in Lewis lung cancer. 

Oxidative stress has been regarded as a major 
risk factor for a variety of human diseases from 
inflammation to cancer. Emerging evidence 
have demonstrated the active substances 
extracted from natural plants, such as Ginseng, 
Zizyphus Jujuba, Astragalus lentiginosus and 
Ginkgo biloba can play a key role in the man-
agement of multiple diseases [12]. GA has 
been proven to exert a potential inhibitory 
effect on human larynx cancer and tongue 
squamous carcinoma cells and exerts no cyto-
toxic effects on the non-tumorigenic cells. In 
addition, Ginkgo biloba reduced the viability of 
multiple types of cancer cells in a manner of 
inhibiting division, preventing the progression 
of cell cycle and inducing cell apoptosis without 
compromising the viability of non-tumorigenic 
cells [13]. Ma et al. [14] have demonstrated 
that Ginkgo biloba can serve as a safe and 
potent anti-tumor agent against pancreatic 
cancer through regulating the signaling path-
way and genes driving lipogenesis in cancer 
cells. However, whether other mechanisms are 
involved in the anti-tumor effects of Ginkgo 
biloba and whether Ginkgo biloba exerts a syn-
ergistic effect with other chemotherapy drugs 
remains to be elucidated.

In this investigation, of the three endophytic 
fungi in Ginkgo biloba, two can be identified as 
Fusarium proliferatum. However, it is challeng-
ing to distinguish the species and genus of the 
remaining strain merely depending on the 18 
sRNA and colony morphology, which requires 

Table 1. Active substances of crude extracts of fermentation 
broth of three strains of endophytic fungi from Ginkgo biloba

Substances Anti-tumor  
activity

Anti-bacterial  
activity

Anti-oxidant  
activity

Anti-viral  
activity

Quercetin + + + +
Resveratrol + + + +
Naringin + + + +
Rosmarinic acid + + + +
Methyl jasmonate + +
Taxifolin + +

Discussion

In recent years, the application 
of natural active products from 
symbiotic microorganisms of 
animals and plants has capti-
vated widespread attention. 
Anticancer drugs derived from 
endophytic bacteria in plants 
have been reported [10]. 
Previous study [11] has investi-
gated the effect of Ginkgo bilo-
ba exocarp extracts upon Lewis 
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further identification. In addition, the crude 
extracts from the fermentation broth of J-1 and 
J-3 strains possess an inhibition rate of 76.2% 
and 65% on the cervical cancer HeLa cells and 
have strong anti-cervical cancer activity, where-
as they possess no activity on the lung cancer 
A549 cells. The J-3 strain exerts excellent anti-
bacterial effect on Escherichia coli, Staphy- 
lococcus aureus and Bacillus subtilis, whereas 
J-1 strain has certain inhibitory effect on 
Staphylococcus aureus and Escherichia coli.

The results of flow cytometry have demonstrat-
ed that the crude extracts from the fermenta-
tion broth of J-1 and J-3 strains exert effective 
inhibitory effects upon the cervical cancer 
cells, especially the inhibitory effect of J-1 
strain is almost identical that of cyclophospha-
mide. Nevertheless, the inhibitory effect of J-2 
strain on the cervical cancer cells is not obvi-
ous, which is consistent with the results of MTT 
assay. In addition, the crude extracts of the fer-
mentation broth, such as resveratrol, scopole-
tin and taxifolin are promising substances 
applied in the treatment of multiple diseases. 
Therefore, it is an urgent task to enhance the 
yield, optimize the culture conditions and 
increase the purity of the above substances. 
Taken together, J-1 and J-3 strains possess 
high anti-cervical cancer and anti-bacterial 
activities, which deserve further development 
and widespread application.
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