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Abstract

Lonicera japonica Thunb (L. japonica T.) has a high medicinal value. Establishing a cell suspension system lays the
research foundation for large-scale extraction of the medicinal products of L. japonica T.. Using stem segments from L.
japonica T. tissue culture seedling as material, the effects of various hormone combinations on the growth of L. japonica T.
cells were studied, the effects of initial inoculum, pH and sucrose concentration of culture medium on cell suspension
culture were studied, and the optimal culture time of cell suspension culture was screened. This experiment established an
efficient cell suspension culture system from the L. japonica T., stem segment to provide a foundation for large-scale
extraction. The following were the observed results: (1) Different hormone combinations had varying effects on the growth
of L. japonica. 1.5 mg/L Indol-3-Butyric acid (IBA) had the best effect on plantlet rooting in japonica cells, while 1.0 mg/L
6-Benzylaminopurine (6-BA) was suitable for bud differentiation, and 0.2 mg/L 6-BA + 0.8 mg/L 1-Naphthaleneacetic acid
(NAA) had the best effect on callus dedifferentiation. (2) For the optimal cell suspension culture system, the best initial
inoculum weight was 50 g/L, with a pH of 5.8 and a sucrose concentration of 3%. (3) The cell growth curves were
determined using the optimal cell suspension system described above. Cell growth peaked at 18 days of suspension culture,
with the fresh weight of cells being 676.0+12.66 g/L; 13.52 times higher than the initial inoculation amount.
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Introduction

Lonicera japonica Thunb. (L. japonica T.) is a
herbaceous plant of the lonicera family (Li, et al., 2020).
It is a traditional Chinese medicine with a long history
(Bong et al., 2021). The main extracts are chlorogenic
acid, flavonoids (Wang et al., 2016), and polyphenolic
chemicals, which have antioxidant (Jiao et al., 2018),
anti-inflammatory (Park et al.,, 2012), and cancer
treatment (Park et al., 2018) effects. Currently, the
effective substance of L. japonica T. needs to be extracted
from the flower, which is time-consuming and laborious
(Jurgonski et al., 2013).

Biotechnological methods for the production of plant
cells, tissues, and organs through In vitro culture have been
regarded as an alternative system for the large-scale
production of bioactive compounds, and suspension culture
of plant cells is a new technology for the mass production
of a variety of secondary metabolites in a relatively short
time (Haida et al., 2019). Various studies, at home and
abroad, have used this technology for the large-scale
production of Chinese herbal medicines and other plants;
and achieved an improvement of the content of target
components in the plant cell culture (Sanchez-Ramos et al.,
2019). However, establishing a suspension culture system
for L. japonica T., had not been previously observed.

In this research, the stem segment of the L. japonica
T. tissue culture system was improved, the cells were
induced, and the cell suspension culture system was
established. This will provide the material basis for
producing secondary metabolites by mass culture of L.

Induction rate of adventitious buds (%) =

Mean No. of proliferation (n) =

japonica T. cells, the study of synthesis pathway of L.
japonica T. metabolites, and provides a basis for the
simple and rapid extraction of compounds.

Materials and Methods

The experimental materials for this research came
from the Horticultural Laboratory of Anhui Science and
Technology University, along with the stem segments of
the test-tube seedlings with robust growth.

Establishing a callus culture framework for L.
japonica T.

Induction: The shoot segments (approximately 1 cm in
length) from young L. japonica T. plants were chosen,
and the leaves and axillary buds were discarded. The
shoot segments were cultured in the medium for 35 days.

Hormone application: The primary medium was the
Murashige and Skoog (MS) medium, which contained 3%
sucrose and 0.55% agar and had a pH of 6.2. Different
concentrations of Indol-3-Butyric acid (IBA), 6-
Benzylaminopurine (6-BA), and 1-Naphthaleneacetic acid
(NAA) were added (as shown in Table 1). The medium
was then subjected to sterilization at 121°C for 20 min.
The explants were transplanted in a germ-free
environment. A total of 33 treatments with 15 replicates
per group were performed. The plantlets were cultured for
35 days, and the data were recorded according to the
following formulas:

No. of budding (n)

No. of inoculations (n) x 100

total No. of proliferation (n)

No. of inoculations (n)
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Rate of rooting (%) =

Mean root length (cm) =

Callus formation frequency =

Mean weight of induced callus =

No. of Roots (n)

No. of inoculations (n)

Total root length (cm)

Total No. of roots (n)

No. of induced callus

x 100

No. of inoculations

Weight of total induced callus

x 100

No. of inoculations

Table 1. The ratio of different concentrations of hormones.

NO. IBA 6-BA NAA
(mg-L7)  (mg-L7)  (mg-L™)
Al 05 0 0
A2 1.0 0 0
A3 15 0 0
A4 2.0 0 0
A5 0 05 0
A6 0 1.0 0
A7 0 15 0
A8 0 2.0 0
A9 0 0.2 0.2
A10 0 0.2 0.4
All 0 0.2 0.6
Al2 0 0.2 0.8
Al3 0 0.2 1.0
Al4 0 0.4 0.2
A15 0 0.4 0.4
Al6 0 0.4 0.6
Al7 0 0.4 0.8
Al8 0 0.4 1.0
Al9 0 0.6 0.2
A20 0 0.6 0.4
A21 0 0.6 0.6
A22 0 0.6 0.8
A23 0 0.6 1.0
A24 0 0.8 0.2
A25 0 0.8 0.4
A26 0 0.8 0.6
A27 0 0.8 0.8
A28 0 0.8 1.0
A29 0 1.0 0.2
A30 0 1.0 0.4
A3l 0 1.0 0.6
A32 0 1.0 0.8
A33 0 1.0 1.0
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Establishing a suspension culture system for L.
japonica T. cells

Primary culture: The best-performing cells were
transplanted into MS liquid medium with the previously
mentioned hormone mixture, supplemented with 3%
sucrose, and the pH adjusted to 5.8. The cells were then
cultured in a shaker at 110 rpm, and at a temperature of
22+2°C.

Effects of inoculation size on the growth of L. japonica
T. suspension cells: Cells with uniform growth, viscous,
light green, and well-dispersed conditions were collected.
The collected cells were then transplanted into 50 ml MS
liquid medium in batches of 1.0 g, 1.5 9, 2.0 g, 2.5 g, and
3.0 g to achieve final concentrations of 20 g/L, 30 g/L, 40
g/L, 50 g/L, and 60 g/L, respectively. All cells were
subsequently cultured in a shaker at 110 rpm, and at a
temperature of 22+2°C. Each inoculation unit represented
a treatment. Three replicates were made for each
treatment. The cells were cultured for 21days. From the
ninth day, the fresh weight of cells were counted every
three days for five total times.

Effects of pH on the growth of suspension cells of L.
japonica T.: To render the final proportion of cells to 50
mg/L, the cells with uniform growth, viscous, light green,
and well-distributed conditions were inoculated into MS
liquid medium with various pH values (5.6, 5.8, 6.0, and
6.2). The cells were then cultured in a shaker at 110 rpm,
and at a temperature of 22+2°C. Each pH unit represented
a treatment. Three replicates were made for each
treatment. After 21 days, the cells were collected and
weighted. The vyield of cells was calculated as follows:
Yield of cells = total weight of cells-inoculated weight.

Effects of sucrose on the growth of L. japonica T.
suspension cells: Cells with uniform growth, viscous,
light green, and well-dispersed conditions were inoculated
into 50 mL MS liquid medium (pH 5.8) to make the final
proportion of cells to 50 mg/L. Then 0.5 g, 1 g, 1.5 g and
2 g of sucrose was added into the medium to make the
final concentration of sucrose as 1%, 2%, 3% and 4%,
respectively. The cells were then cultured in a shaker at
110 rpm, and at a temperature of 22+2°C. A medication
was assigned to each sucrose concentration. Each
treatment was replicated three times, and the cells were
extracted and weighed after 21 days.

Suspension cells of L. japonica T. with a dynamic
growth curve: Using the ideal conditions tested in
sections 1.3.2, 1.3.3, and 1.3.4, cells with uniform growth,
viscous, light green, and well-dispersed conditions were
inoculated into MS liquid medium and then cultured in a
shaker for 21 days at 110 rpm, and at a temperature of
2242°C. The fresh weight of cells was measured every
three days for seven total times from the beginning of the
cultivation. Each sampling represented a treatment, and
each treatment had three replicates. The dynamic growth
curve of cells was drawn according to the results.
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Fig. 1. Effects of IBA of different concentrations on the rooting rate and length of tissue culture of L. japonica T.
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Fig. 2. Effects of 6-BA of different concentrations on number of induced adventitious shoots and stem height.

Results

Effects of hormones on the growth of explants of L.

japonica T.: IBA has the ability to trigger the rooting of L.

japonica T. explants, but its effectiveness is dependent on
the amount of IBA used (Fig. 1). The root length was
related to the concentration of IBA in the medium in a
positive way (Fig. 1A). The mean root length reached
1.97+0.19 cm under 2.0 mg/L IBA induction. However, a
higher concentration of IBA (2.0 mg/L) inhibited the
rooting of plantlets, which could be seen for the rate of
rooting result where it was only 73.33%4.0%, which
was 0.78-fold of that under the lower concentration of
IBA (1.5 mg/L). Furthermore, the roots were not strong
under a higher concentration of IBA treatment.

The addition of 6-BA to the MS medium was used to
induce adventitious buds. After 35 days of cultivation, the
growth of adventitious buds decreased as the concentration
of 6-BA increased (Fig. 2A). The best growth occurred
under 0.5 mg/L 6-BA induction, up to 2.67+0.12cm; the
mean length of adventitious buds was up to 2.50+0.10cm
under 1.0 mg/L 6-BA induction. In a specific range, 6-BA
had a positive effect on the induction rate of adventitious
buds. When the concentration of 6-BA was between 0.5
and 1.0 mg/L, the induction of adventitious buds increased,
reaching a peak of 93.30%+0.31% at 1.0 mg/L. The

induction rate of adventitious buds steadily decreased when
the concentration of 6-BA was 1.0-2.0 mg/L.

The combinations of A9, A13, Al5, Al7, A29, and
A33 had the best induction of callus, up to 100%. The
combination of A12 had the most significant contribution
to the proliferation of callus, up to 23.30+0.06g after 35
days of cultivation, and the cells were well dispersed,
representing the suitable condition for suspension culture.
Therefore, this combination (MS + 6-BA 0.2 mg/L +
NAA 0.8 mg/L) is considered the optimal proportion for
callus induction and proliferation (Fig. 3).

Scale of the initial inoculation: When the scale of
inoculation was less than 30 g/L, the cell growth rate was
slower, and the cell fresh weight peaked at 21 days. When
the scale of inoculation was 40-50 g/L, the cell growth rate
was higher, and the cell fresh weight peaked at 18 days.
The most significant growth reached 675.94+12.07g/L
under the inoculation size of 50 g/L, which was 39.05, 6.13,
37.94, and 62.21 g/L higher than other concentrations,
respectively. When the scale of inoculation reached 60 g/L,
the growth of cells slowed due to fewer nutrients and faster
senescence, and their fresh weight was lower than that of
the 50 g/L inoculation size. The results show that the initial
inoculation size of 50 g/L was optimal for the suspension
culture of L. japonica T. cells.
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Effects of ifferent hormone combinations on callus induction rate
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Fig. 3. Effects of different hormone combinations on callus induction rate and proliferation of callus induction.

pH: When the pH was raised from 5.6 to 5.8, the fresh
weight of suspension cells increased from 546.05+18.36
g/L to 655.84+20.84 g/L, as shown in Fig. 4B. While the
pH value was greater than 5.8, the fresh weight of the
cells decreased significantly. When the pH was 6.2, the
fresh weight of the cells was just 462.20+14.43 g/L.
Furthermore, as shown in Fig. 5, pH variations may
influence cell colour, as the cells changed from beige to
yellow and formed a mass-like shape. As a result, the
optimum pH for L. japonica T. suspension cells is 5.8.

Sucrose concentration: As shown in Fig. 4C, under
lower sucrose concentration (1%), the growth of cells was
slower; the fresh weight was only 334.21+22.68 g/L.
With the increase of sucrose concentration, the growth of
cells became faster and reached a peak at 3% sucrose
concentration. However, when over 3%, the growth of the
cells was inhibited. The fresh weight of cells was

534.18+21.35 g/L at 4% sucrose, only 81.65% of that of
the 3% sucrose concentration.

The growth curve of suspension cells under optimal
conditions: In a range of 24 days of culture, the growth
curve of suspension cells displayed an ‘S’ pattern (Fig. 6).
In detail, 0-6 days represented a lag phase since the cells
grew slowly and gained less weight. The fresh weight was
only 36.24+0.83g/L, which was 20.1% of the inoculation
scale. From 6-15 days, the cell growth reached the
logarithmic growth phase. During this time, the growth of
cells was faster. At 15 days, the fresh weight was up to
619.60+21.36 g¢/L. Subsequently, the growth of cells
remained higher speed until 18 days, which represented a
stable phase. At 18 days, the fresh weight had reached
676.16+12.66 g/L. The decline period lasted from 18-24
days, during which the fresh weight of the cells steadily
decreased. As a result, the best culture time for suspension
cells was 18 days.
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Fig. 4. Effects of the scale of initial inoculation (A), pH (B), and sucrose concentrations (C) on the cell growth of L. japonica T.

suspension cells.

Fig. 5 Effects of different pH value on the color of L. japonica T. suspension cells.

Discussion

Cell suspension culture is a technique in which free
plant cells or small cell clusters are cultured and grown in
a liquid culture medium. A good suspension system must
first meet the requirements of loose callus, good
uniformity, and a fast proliferation rate. The growth state
of plant callus and the type of structure formed can
usually be regulated by the type of hormone and its

concentration, especially the concentration and ratio of
auxin and cytokinin (Ahmad et al., 2021). The key factors
affecting the establishment of plant cell suspension
system are the composition of the medium (Sivanandhan
et al., 2013), the initial inoculum amount (Villegas-
Quicefio et al., 2018) and cultivation days, the
composition of the medium includes hormone content
(Khandy et al., 2017), sucrose content (Deepthi et al.,
2017), and pH value (Naik et al., 2020). This research
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discovered the optimal conditions for rooting,
adventitious bud, and callus induction by plant hormone,
optimal inoculation scale, pH value, sucrose concentration,
and incubation time for L. japonica T. cell suspension
culture. Additionally, the essential system for the rapid
propagation and cell suspension culture of L. japonica T.
ex vivo was established.

In the final analysis, the optimal medium for
adventitious buds induction was MS + 1.0 mg/L 6-BA,;
the optimal medium for root growth was MS + 1.5 mg/L
IBA,; the best conditions for suitable callus are MS + 0.2
mg/L 6-BA + 0.8 mg/L NAA; the best conditions for cell
growth are MS + 0.6 mg/L 6-BA + 0.5 mg/L NAA + 0.2
mg/L 2,4-D; and the best initial inoculation scale is 60
g/L, with pH 5.8, 3% sucrose, and 18 days of cultivation.
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Fig. 6. Growth curve of L. japonica T. suspension cells.
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