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Abstract 
 

Callus induced by stem of "Yin-hong" grape (Vitis vinifera L.) was used as materials and B5 medium as basic medium. 
The major growth parameters of cell suspension cultures with various levels of 1-Naphthaleneacetic acid(NAA) and 6-
Benzyl aminopurine(6-BA)were investigated to provide a basis for the optimum medium of suspension cell cultures of “Yin-
hong” grape regarding cell number, packed cell volume (PCV), dry cell weight (DCW), cell viability, and morphology. All 
data were analysed by of  two-way analysis of variance (ANOVA). Results showed that the treatment of 6-BA and NAA 
would effect the cell growth dynamics, probably causing logarithmic phase in advance at higher levels of 6-BA. Different 
concentration of 6-BA and NAA had significant effects on cells' number, PCV, DCW and viability (p<0.05), while no-
significant effect was observed on the cells morphology. The optimum medium for suspension cell cultures of “Yin-hong” 
grape was identified asB5+1.5 mg/L6-BA+1.5 mg/LNAA+ 250 mg/L casein hydrolysate + 30 g/L sucrose. With the 
optimum medium, the maximum number of suspension cells after the logarithmic growth phase was 34.78 × 108 / mL, the 
highest cell viability reached 86.45%.; DCW reached 3.84 g/L and PCV reached 0.092 mL/mL after eight days cultivating. 
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Introduction 
 

Plants are important sources of many essential 
compounds. Novel technologies have been proposed to 
obtain these compounds, usually secondary metabolites, in 
large quantities have by using In vitro tissue culture. 
Considering various forms of In vitro plant tissue cultures, 
cell suspension culture is most amenable to large-scale 
production of natural compounds, primarily due to its 
superior culture homogeneity (Kharenko et al., 2011). 
There are a number of plant cell cultures producing a 
higher amount of secondary metabolites than in intact 
plants (Rao& Ravishankar, 2002). However, unsolved 
problem still exists in the production of metabolites by cell 
cultures resulting from the instability of cell lines, low 
yields, slow growth and scale-up problems (Ravishankar & 
Venkataraman, 1993). The synthesis of secondary 
metabolites is strongly related to the cell physiological state, 
which is affected by the culture medium (Satdive et al., 
2007; Zha et al., 2007), exogenous phytohormones (Pasqua 
et al., 2005), precursor feeding and elicitation (Baldi & 
Dixit, 2008; Karwasara et al., 2010). 

While much work has been done on the nature and 
the concentration of endogenous plant growth regulators 
in differentiated plant tissues (Weiler, 1981; Garshasbi et 
al., 2012), only few studies on these compounds in plant 
cell cultures have been carried out. In addition, in 
published research about exogenous phytohormones 
treatment, the available information on cellular growth 
parameters of suspension cultures is still limited. 

"Yin-hong" was a new grape variety registered and 
released for commercial production in Zhejiang province, 
China in 2011. This grape was developed from Vitis 
vinifera, bred by author’s university. Preliminary study 
showed that its plants and fruits contain plenty of 

anthocyanins. In this research work, callus induced by 
stem of "Yin-hong" grapes was used as materials, the 
effect of various cell’s growth parameters of suspension 
cultures with various levels of growth regulators were 
investigated. A stable suspension cell line of "Yin-hong" 
grape was obtained for further research of anthocyanin 
biosynthesis and application. 
 
Materials and Methods 
 
Plant materials and cell suspension culture: Callus 
induced by stem of "Yin-hong" grapes had beening 
subcultured every 4 week in our laboratory for half years. 
Friable pieces of callus 1.6 g were inoculated in 100mL 
erlenmeyer flasks containing 40 mL B5 medium, 
supplemented with 30g/L sucrose, 250mg/L casein 
hydrolysate (Qu et al., 2011; Saw et al., 2012).The 
treatment of two-factors and five-levels of growth 
regulators was added to suspension cell culture medium 
(Table 1). The pH of the medium was adjusted to 
5.8±0.1 before autoclaving (121°C, 1.2 kg cm−2 
pressure for 20 min). Cultures were incubated in dark on 
a gyratory shaker at 120 rpm at 25±1°C (Zhao et al., 
2010). Each growth regulators treatment was replicated 
in three flasks. 
 

Table 1.The treatment of two-factors and five-levels of 
growth regulators added to suspension cell culture medium.

6-BA(mg/L) NAA 
(mg/L) 0.0 0.5 1.0 1.5 2.0 

0.0 1 6 11 16 21 
0.5 2 7 12 17 22 
1.0 3 8 13 18 23 
1.5 4 9 14 19 24 
2.0 5 10 15 20 25 
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Assay of the cell couting: During the period of 
treatment of various level of growth regulators, the cells 
suspensions were sampled three times every 24 hours 
from first day to eight day, and the number of cells were 
counted using counts chamber. Before cell counting, 
cells were dissociated by cellulase and pectolyase. Filled 
the counting cell chamber with the mixture, position 
carefully the cover glass on top of the chamber, to avoid 
the formation of bubbles. Observed under the 
microscope with the×10 objective to locate the squared 
field. Counted all the cells contained in 10 squares. 
Added the values of the 10 squares (do not obtain the 
average). This number represented the number of cells in 
10 µL, so multiply by 100 to determined the cell number 
per milliliter (Víctor et al., 2006). 
 
Assay of the cell biomass: After 8 days of incubation, 
Cellin the volume of 10 ml cell suspensions were 
harvested by vacuum filtration through filter paper, 
washed with distilled water, put into the 80oC -oven 
overnight to gain the dry cell weight (DCW) (Cai et al., 
2011). Packed cell volume (PCV), the cell volume (mL) 
in per ml of cell cultures, was determined by centrifuging 
10 mL of the culture in a 15-mL graduated conical 
centrifuge tube at 2000g for 5 min (Víctor et al., 2006). 
 
Assay of cells viability: Cell suspensions in the 
logarithmic phase (about3-4 days after inoculation) were 
sampled to detect cell viability. A concentrated stock 
solution of Fluorescein diacetate(FDA) (500 g L-1) was 
prepared in dimethyl sulfoxide (DMSO). For the 
staining protocol, cell suspensions (1ml) were incubated 
with 10 μL of FDA stock solution in the dark for 10 min 
at room temperature (Fontes et al., 2010). Cell were 
observed and photographed under a Nikon 
80iepifluorescence microscope with appropriate filter 
settings. The intact plasma membrane was permeable to 
FDA, and FDA was converted to a green fluorescent dye, 
fluorescein, by cytoplasmic esterases, displaying a green 
fluorescence in viable cells. 
 

The number of viable cellsThe rate of viable cells = Total number of cells ×100% 

 
Statistical analysis: All analyses were performed in 
triplicate, and data were reported as the mean ± standard 
deviation (SD).All data were subjected to analysis by 
two-way analysis of variance (ANOVA) of SPSS 
Version17.0 (SPSS Inc., Chicago, IL, USA), using Origin 
Pro 8 software for Windows (Origin Lab Corporation, 
MA, USA). 
 
Results and Analysis 
 
Effects of different treatments of NAA and 6-BAon cell 
growth: The number of cells in all samples treated with 
25 combination of growth regulator were counted during 
eight days’ cultivating. All the growth dynamics of 
suspension cell were described by a sigmoid curve, which 
showed three phase: lag phase (1-3 or 4 d), logarithmic 
growth phase (3-5 d or 4-6 d) andstationary phase (5 or 6-
8 d) (Fig. 1). After 7 days of cultivating, the cell number 

remained stable. So the advisable subculture time was 7-8 
d. The growth curve profile of “Yin-hong” grape was 
similar to that of most other plant cell cultures, whileits 
logarithmic growth phase appeared comparatively shorter 
than other species (Kanabus et al., 1986; Botha & 
O'Kennedy, 1998; Rontein et al., 2002). Thus, suspended 
cultures of grape’s cell were an effective approach to 
provide large amounts of cells in less time, which was 
conducive to large-scale production of secondary 
metabolites. 

In this experiment, grape’s logarithmic phase was 
partly affected by treatment of growth regulator. Cells in 
the treatment 11-25 were mostly in logarithmic growth on 
3th day, but on 4thday in other treatments. It was likely 
that the higher levels of 6-BA (1.5-2.0 mg/L) promotes 
cell logarithmic phase in advance. In the logarithmic 
phases, the high rates of cell division resulted in the 
growth of suspension culture (Szabados et al., 1993). 
Logarithmic growth of cell was associated with higher 
levels of exogenous6-BA, which indicated that the 
presence of the growth regulator outside the cellwas more 
important than its level with in the cell at certain stages in 
the growth process (Weiler et al., 1981). 
 
Effects of different treatments of NAA and 6-BA on 
maximum number and viability of cells: Stained with 
FDA, viable cells displayed intensive fluorescence 
observed under UV light (Fig. 4B).After logarithmic 
growth phase, the maximum number and viability of 
suspension cells showed that there were significant 
fluctuation among various treatment of growth regulator 
(Fig. 2). At the level of 1.5 mg/LNAA, the maximum 
number and cell viability were both highest in treated 
cells. A decreasing tendency for values was observed in 
the cells treated with NAA concentration higher than 1.5 
mg/L. In treatment 19, the maximum number and cell 
viability were both highest (34.78 × 108 / mL; 86.45%), 
and in treatment 22 (34.73 × 108 / mL; 85.34%) was the 
second highest.  

The analysis of the variance and significance test 
showed that the effects of different concentrations of 6-
BA and NAA as well as their interaction on the maximum 
number and cell viability reached extremely significant 
levels (p<0.01) (Tables 2, 3). The maximum number and 
cell viability at the level of 1.5mg/L NAA were highest 
and had a significant differences with other three levels 
(p<0.05), while no-significant difference was observed 
among other three levels (p>0.05). 
 
Effects of different treatments of NAA and 6-BA on cell 
biomass: After 8 days of incubation, DCW of treatment 22 
(3.84 g/L) and treatment 19 (3.81 g/L) were the highest two. 
The PCV of treatment 19 were the highest (0.092 mL/mL), 
followed by treatment 14 and 22 whose PCV were both 
0.087 mL/mL (Fig. 3). This observation implied a positive 
correlation between PCV and DCW. Both DCW and PCV 
displayed initial ascending and then descending tendency 
as NAA concentration increased, which was similar with 
the effect of treatments on maximum number of cells. At 
the level of 1.5-2.0mg/L 6-BA, biomass of suspension cell 
reached peak. 
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Fig. 1. Growth dynamic of “Yin-hong” grape’s cell treated by 25 combination of growth regulator during 8 days’ cultivating. 
 

 
Fig. 2. Effects of different treatments on maximum number and viability of suspension cells after logarithmic growth phase. The data 
shown are means of three replicates, and ± SD values are presented as error bars. 
 

 
 

Fig. 3. Effects of different treatments on biomass of suspension cells. The data shown are means of three replicates, and ± SD values 
are presented as error bars. 
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Fig. 4. Suspension cell of “Yinhong” grape observed under the light microscope in a blood counts chamber for counting (A).Inset: a 
close-up view of an intact suspension cell showing integrity of the vacuolar apparatus. Suspension cell of “Yinhong” grape observed 
under UV light (epifluorescence) after staining with fluoresce in diacetate (FDA) to measure viability (B). Inset: a close-up view of an 
intact suspension cell highlighting the integrity of both the plasma membrane and tonoplast. 
 

Table 2. Duncan’s post hoc test on maximum number of 
cells at different levels of 6-BA and NAA (α = 0.05). 

Maximum number of cells Levels  
(mg/L) 6-BA NAA 

0.0 28.5860 ± 3.28515a 25.6680 ± 1.00090a 
0.5 29.5220 ± 3.06519ab 30.2220 ± 2.82422d 
1.0 30.1800 ± 2.74269bc 31.1940 ± 1.46555b 
1.5 30.9160 ± 3.02859c 33.6900 ± 1.32530c 
2.0 30.9480 ± 3.29949c 29.3780 ± 1.57484d 

The values are mean of three replicates± standard deviation 
Different letters in the column indicate significant differences(p<0.05) 

 
Table 3. Duncan’s post hoc test on the cell viability at 

different levels of 6-BA and NAA (α = 0.05). 
Cell viability (%) Levels  

(mg/L) 6-BA NAA 
0.0 81.0713 ± 1.76050a 80.3887 ± 1.13903a 
0.5 81.1913 ± 1.46667a 81.8833 ± 2.21672b 
1.0 82.1647 ± 1.71455ab 82.2760 ± 1.90071b 
1.5 83.2080 ± 2.76423b 83.8533 ± 2.31758c 
2.0 82.8807 ± 2.12565b 82.1147 ± 1.62182b 

The values are mean of three replicates± standard deviation  
Different letters in the column indicate significant differences (p<0.05) 

 

Table 4. Duncan’s post hoc test on the DCW at different 
levels of 6-BA and NAA (α = 0.05). 

DCW (g/L) Levels  
(mg/L) 6-BA NAA 

0.0 1.9807 ± 0.17027a 1.9133 ± 0.10125a 
0.5 2.0240 ± 0.16238a 2.4773 ± 0.74514b 
1.0 2.3673 ± 0.26601b 2.2960 ± 0.30227c 
1.5 2.7013 ± 0.64370c 2.7867 ± 0.62834d 
2.0 2.8133 ± 0.64143d 2.4133 ± 0.29911b 

The values are mean of three replicates± standard deviation  
Different letters in the column indicate significant differences (p<0.05)

 
Table 5. Duncan’s post hoc test on the PCV at different 

levels of 6-BA and NAA (α=0.05). 
PCV (mL/mL) Levels 

(mg/L) 6-BA NAA 
0.0 0.07300 ± 0.005644a 0.07240 ± 0.004968a 
0.5 0.07627 ± 0.005587b 0.07887 ± 0.005357b 
1.0 0.08053 ± 0.005630c 0.07987 ± 0.004138b 
1.5 0.08347 ± 0.006255d 0.08533 ± 0.005525c 
2.0 0.08280 ± 0.003570d 0.07960 ± 0.006379b 

The values are mean of three replicates± standard deviation  
Different letters in the column indicate significant differences(p<0.05) 

 
As shown in Table 4, the analysis of variance 

indicated that there were significant differences in the 
effects of different concentrations of 6-BA and NAA as 
well as their interaction on the DCW and PCV 
(p<0.01).The DCW at the levels of 0.0-0.5mg/L 6-BA was 
significantly lower than that of 1.0-2.0 mg/L (p<0.05); 
The DCW at the level of 1.5 mg/L NAA was largest, 
ahead of that of 0.5 mg/L. The PCV at the level of 1.5 
mg/L 6-BA was the highest which had a significant 
difference with other levels (p<0.05); The PCV at the 
levels of 1.5 mg/L NAA was the highest with significant 
difference with other levels (p<0.05) (Table 5). These 
results suggest that suspension medium supplied 1.5 mg/L 
6-BA, 1.5 mg/L NAA(treatment19) was suitable for 
higher biomass. 

The results indicated that the type and level of growth 
regulator were the two important factors affecting grape’s 
cell biomass or secondary metabolite yields. 
 
Observation of cell morphology after different 
treatments of NAA and 6-BA: In each phase of the 
suspension cell growth, changes in cell diameter were 
recorded using ocular micrometer. In the lag phase, all of 
cell diameter were practically same (about 0.8mm); in the 
logarithmic phase, difference among individual cells 
diameter became noticeable, varying from 0.8mmto 1.0 
mm; in the stationary phase, cell diameter recovered to be 
same(about 1.0mm). The cell size changed a little in the 
entire cell growth cycle, and no obvious distinction of cell 
size was observed in suspension cell treated by various 
combination of growth regulator. 
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Observation of suspension cells' morphology under 
optical microscopy was shown in Fig. 4A: suspension 
cells arranged hierarchical, presented individually or in 
clusters (especially in logarithmic phase). Over incubation 
time, cells showed spherical shape gradually. In lag phase, 
the cells were at a standstill. In logarithmic phase, lots of 
cell showed a rapid, non-directional, reciprocating 
moving at the same time. In stationary phase, the speed of 
movement gradually slowed down. These results are in 
corroboration with the earlier results (Deroles, 2009), who 
reported: liquid suspension cultures usually consist of 
small multicellular aggregates rather than a true single 
cell suspension. The size of these aggregates can vary 
widely from as small as 100 μm to as large as several 
millimeters.  
 
Conclusion 
 

Our experimental data shows that the growth of 
suspension cells of “Yin-hong” grape are relatively sensitive 
to exogenous growth regulators, different concentrations of 
6-BA and NAA had significant effects on cells' number, PCV, 
DCW and viability. Suitable levels of growth regulators are 
critical for rapid growth of grape suspension cells .The 
optimum suspension culture medium of “Yin-hong” grape is 
determined as B5 + 250 mg/L casein hydrolysate + 1.5 mg/L 
6-BA + 1.5 mg/L NAA + 30 g/L sugar. Within this optimum 
medium, 1) the maximum number of suspension cells after 
the logarithmic growth phaseis 34.78 × 108 / mL; 2) the 
highest cell viability reached 86.45%; 3) DCW reached 3.84 
g/L; 4) PCV reached 0.092 mL/mL after eight days 
cultivating. A system of rapid growth of suspension cell of 
“Yinhong” grape has been established, which can lay a good 
foundation for further research of anthocyanin biosynthesis 
and application. 
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