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THE EFFECT OF CONCENTRATION OF NITROGEN
AND PHOSPHORUS ON CELL CULTURE
IN PORPHYRA YEZOENSIS
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ABSTRACT Nitrogen and phosphorus have a great influence on cell growth and of
development in Porphyra. This paper discussed the effects of defferent sources of nitrogen, varied
concentration of nitrogen and phosphorus, and different cell densities on cell survival ratio and cell
growth when cells isolated from thalli on Porphyra yezoensis cultured in vitro. The results showed
that the isolated cells grew better in NO; —N than in NH, —N media. For the first 3 days, the
cultured cells had some endurance to vary concentration of N and P. After 3 days, the
concentration of N/P would influence the cell survival ratio. The cell survival ratio was the
highest when the concentration of N/P was 18—20/1.8—2.0 mg 1!, And the cell division speed
would increase when the concentration of N/P promoted. The cell density of 1—2X10° cells/ml
was better to cell survival ratio and growth, if cell density was too higher, the survival ratio
would be low and cell growth would be slow. The experiments had laid the foundation of the cell
culture and breeding with large scale in Porphyra yezoensis.

KEYWORDS cell culture, nitrogen and phosphorus, survival ratio, division ratio, Porphyra
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0 INTRODUCTION

The breeding with single cells in Porphyra has been a more successded application
research [Wang Sujuan and He Peimin, 1992], which applied the biotechnology on Porphyra
cultivative production. In the early of 80’s, the experiment of single cell seedlings cultivation
at sea field in Porphyra yezoensis was made [ B M k% i, 1984]. Then the breeding
with cells'in P. yezoensis and P. haitanensis was made and the cell seedlings were moved into
sea field [ = B4, 1978; E E B4, 1987; M4k A 4s, 1988]. Further, the advanced
methods, breeding with the spores from cell aggregates and breeding with immobilizated
cells were carried out [E KB M {3 K, 1992; Wang Sujuan and He Peimin, 1992; He
Peimin and Wang Sujuan, 1994]. But the cell survival ratio was still lower, so it was urgent
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to establish steady cell supension culture and increase the cell survival ratio, to provide much
more cells for the cell breeding in Porphyra. Cell suspension culture conditions should be
strict and optimum. Some extro conditions and important procedings have been reported in
other papers [He Peimin and Wang Sujuan, 1992; {aJ3& R E &8, 1992; Wang Sujuan and
He Peimin, 19927, and this paper mainly discussed the effect of concentration of nitrogen
and phosphorus on cell culture. The nutrient in medium, especially nitrogen and
phosphorus, was very important medicine and economic plant cell suspension systems have
been established, the nitrogen and phosphorus have been as the limiting nutrient to control
cell growth and development [Dougall & Keith, 1980; King &. Street, 1973; Martin et al.,
1977]. However, in Porphyra cell culture, there were few papers dealing with this aspect.
For the future large scale culture, the establishing steady suspension culture should be

studied.

1 MATERIAL AND METHODS

1.1 Material collection

The fresh thalli of Porphyra yezcensis were collected in Haifeng seafield, Jiangsu
Province. After fast dried in the shade, the collection was put in deep freezer (—20 C) with
air tight plastic sacks.
1.2 Preparation of isolated cells

Freezed thalli were recovered in seawater for 4 —5 days. Brushed and rinsed them in
sterile seawater for three times. Cut them into pieces less than 2 m? and put them into
enzyme solution for 2—3 h at 26 C. The enzyme solution was prepared with 1. 5% sea snail
enzyme and 0.5% cellulase dissoved in 0. 7M mannitol with sea water, pH=5. 8.
1.3 Cell culture method

(1) State culture Cells were cultured in culture dishes (the dish 6cm measured in
diameter) with 10ml media, the cell density was 1X10° cells/ml. ‘

(2)Suspension culture Cells were cultured in 250ml conical flasks on a shaker (2R
Modle) made by New Brunswik Company, the ration was 125rpm.
1.4 Culture conditions

The culture media was steriled seawater with MES (medium of enriced seawater)[ £ &
8%, 19867, and adding nitrogen from NaNQ; and (NH,) SO, and phpsphorus from
KH,PO,. The cultures were performed at 17— 21 C, 2500L.ux, light period was 121.:12D.
Counted the cell number every 3 days, then refresh the culture medium after each counting.
1.5 Counting method

Counting live cells and dead cells in 10 fields under microscope with 10X 20 miltiplicity.

2 RESULT AND DISCUSSION

2.1 Effcts of different nitrogen sources on the ratio of survival cells
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In plant cell culture, MS medium was a general medium. The NH,—N concentration in
the medium was about as high as 280 mg 17!, and many researches showed both of NO; and
NH, could be as the nitrogen source. Some algae absorbed the NH,—N faster than the NO,
—N, and so was Porphyra[ZEZ] 1£,1980; ™ B #,1990; 5 B LM ETH K, 19901, so the
experiment of effect for NO;—N and NH,—N on cell survival ratio was done.

From Tab. 1, it showed that the cell survival ratio had a tendence of decreasing as
culture time increase. At the 3rd day, there was no difference between the two groups, both
ratio was about 80%. At 6th day, there was a little difference, the ratio was about 65—
80%, and the relative ratio was about 92. 2—103. 6%. At 9th day, it showed that the higher
the concentration was, the lower the rato was, when concentration of N was over 20 mg 1™'.
And there was a big difference of ratio between the two nitrogen source with the 10— 20
mg 17! concentration range. The survival ratio with NO;—N was obviously higher than with

NH,—N. The result showed NO; —N was better than NH,—N as nitrogen source.

Tab.1 Comparison between the different effects of NO,—N and NH,—N on ratio of cell survival ( %)

concentration of N/P

- 10.0/1.0 20.0/2.0 40.0/4.0 60.0/6.0
(mg 171

NO;—N 80. 20 83. 37 84.08 79. 08
3rd day

NH;—N 81.09 80. 63 82.74 81.93

NO;—N 76. 68 79.41 77.65 70. 89
6th day

NH,—N 77. 64 77. 41 71. 63 69.17

NO;—N -60. 64 63.13 48. 89 42.19
9th day

NH,—N 42.15 51.65 48. 51 40. 56

From Fig.1, it showed that when

cell cultured at 9th day, the ratio of

survival cells with the concentration of 20 ENO>N

mg 17! NO; —N was the highest, about
63% , and the 10 mg 17! was the second;
As for NH, — N, the best concentration

ONH+N

was also 20 mg 17!, ratio about 52%,

8 8 &8 5 8 3

then the 40 mg 17' second. When

Ratio of survival cells (%)

—
o
Y

concentration was more than 40 mg 17',

o

the ratio decreased.
100/1.0 200/20 40.0/40 60.0/6.0

Generally, in plant cell culture, the G fion of NP (mg/l)
medium contains about 350 mg 17! NO;—
N, the NH, —N concentration should be Fig.1 Effect of NO;—N and NH,—N on cell

in the range of 28—280 mg 1= B, survival ratio at 9th day
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1990; 3k B SZMAETH A, 19901, and if NO; and NH, are used with mixture, the NH, is
absorbed by cells faster than NO;.

From above results, the NO; —N should be the main nitrogen source, and adding low
concentration NH,—N would be beneficial to cell culture in Porphyra. For the concentration
of NO;—N and NH;—N in seafield are about 20 pg 17! and 30—240 pug 17%, the Porphyra can
not grow in the medium with so high nitrogen concentration as plant cells. So in the
Porphyra cell culture medium, the NO;—N concentration should be 20 mg 1™!, and the NH,
—N may be about 5 mg 17%

2.2 Effect of Concentration of N/P on the cell survival ratio with suspension culture

After studied cell culture with static method, we also studied the change of cell survival
ratio among different N/P concentration of NO;—N and PO,—P in cell suspension culture.
Tab. 2, Fig. 2 and Fig. 3 showed the results.

Tab. 2 Effects of different concentration of nitrogen and phosphorus

on ratio of survival cells with suspension culture

concentration of N/P

(mg 1-1) 10.0/1.0 20.0/2.0 40.0/4.0 60.0/6.0
cells/ml ratio of survival cells (%)
1X10° 91.01 89. 08 84. 03 81. 86
2X10° 89.1 82.3 90. 7 88.9
3rd day
5X10° 100. 0 100.0 100. 0 87.2
1X108 95.0 87.5 90.0 83.5
1X10° 47. 8 56. 6 20.8 10. 4
2X10° 38. 65 43.10 31.12 28. 88
6th day
5X10° 84.0 83.2 78.4 50. 4
1Xx10¢ 52.0 50.0 45.0 28.0
1X10° 12.1 13.8 13.2 2.2
2X10° 26.34 22.47 9.5 15.3
9th day
5X10°% 76. 8 79.2 58.4 40. 8
1X108 47.5 47.5 19.8 17.8

Note: The cells in groups of cell density were not come from the same batch, so the comparison between groops of cell

density could not be made.

Fig. 2 showed that the effect of concentration of N/P on cell culture with suspension
culture was the same as with static culture. At the 3rd day, there was very little difference
between each concentration groups, especially in 10/1. 0, 20/2.0 and 40/4. 0 mg 17! groups.
At the 6th day, the cell survival ratio of 10/1. 0 and 20/2. 0 mg 1 'groups was about 85%,
decreasing about 15%. The 40/4. 0 mg 17! group decreased about 20% , and the 60/6. 0 and
80/8. 0 mg 17! groups decreased about 25—30%, the ratio was about 50—65%. It showed

the effects of N/P concentration was very obvious, the higher the concentration was, the
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lower the survival ratio was. From Fig. 3, it
showed the 20/2. 0 mg 1"! was the best one;
the survival ratio was about 80%. And the
10/1. 0 mg 17! group was the second, about
78%. The 40/4. 0, 60/6.0 and 80/8. 0 mg 1!
groups were 60%, 40% and 20%
respectively. It showed higher concentration
of over 40/4. 0 mg 17! was harmful to cell
culture.

The experiment of the small class of N/P
concentration in the range of below 40/4. 0 mg
17" was made. From Tab. 3 and Fig. 4, the
best concentration of N/P was 18/1. 8 —
20/2.0 mg 1!, and in the range of no more
than 25/2. 5 mg 17!, the concentration of all

groups was stuitable to cell culture. When the
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Fig. 2 Relation of culture time and different

nitrogen concentration on cell survival ratio

concentration was higher than 30/3. 0 mg 17!, the ratio of cell survival began to decrease, it

showed when concentration was over 25/2.5 mg 17", the cell grew not well.
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Fig. 3 Effects of different N/P concentration on ratio af survival cells with suspension culture for 9 days

In plant cell culture, N and P concentration is very high. Such as, in MS medium, the
total nitrogen (NQ;—N and NH,—N) was about 840 mg 17!, and PO,—P was about 32 mg
17!, But in the Porphyra cell culture, the cells only could grow well in very poor N/P

concentration which was not higher than 25/2. 5 mg 17!. It seemed to be decided by the

Porphyra nature and genetic speciality, for the Porphyra grew in seawater in which the N

and P concentration was very low. On another hand, for the culture was not sterile culture,

poor concentration of N and P could protect bacteria from growing. So the cells only could

grow in low concentration of N and P better.
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Tab.3 Effects of different concentration of N/P on ratio of survival

cells, cell division ratio, cell differentiation

concentration of N/P ratio of ratio of number of number of seedlings
(mg 1-1) survival cells cell devision cell seedl%ngs cell aggregates aggregates
% %)

control 62. 43 20.6 49 192 : 0.26
2.0/0.2 55. 67 31.9 61 151 0. 40
4.0/0. 4 55. 67 30.0 57 98 0.58
6.0/0.6 53. 60 48.7 42 101 0.42
8.0/0.8 53. 86 28.2 50 104 0. 48
10/0. 1 65. 21 27.0 32 73 0.44
12/1.2 55.35 34.7 20 61 0. 33
14/1.4 52.28 38.5 32 80 0. 40
16/1.6 58. 36 43.72 26 44 0.59
18/1. 8 63.72 43.95 40 56 0.71
20/2.0 63.33 30. 85 11 27 0. 41
22/2.2 55. 67 32.75 11 40 0.28
25/2.5 49. 57 47.90 25 61 0. 41
30/3.0 30. 63 64. 05 22 76 0. 29
35/3.5 16. 45 83.57 29 43 0.67
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Fig. 4 Effects of different N/P concentration on ratio of survival cells and cell division

2.3 Effect of N/P concentration on cell growth and development
The N and P concentration was influence not only on the cell survival ratio but also on
the cell division, growth and development.

From Tab. 3 and Tab. 4, in state culture, it showed that when concentration of N/P
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promoted, the cell division ratio would increase, especially when N/P concentration was
35/3.5 mg 17!, the division ratio reached as high as 83. 5%. It seemed high concentration
and was helpful to cell division.

From Tab. 4 the result showed when the N/P concentration was 40/4.0 mg 17! the cell
division ratio was the highest, which was 13. 7%, but when the N/P concentration was
80/8.0 mg 17!, the divsion was zero. So if concentration was too high, cell division would
stop. But in some range, the higher the N/P concentration was, the more helpful the cell

division and growth was. It showed when cell divided, the cell needed more nitrogen and

phosphorus than when cell initially cultured.

Tab.4 Effects of different N/P concentration and cell densities on division ratio with suspension culture

concentration of N/P

10.0/1.0 20.0/2.0 40.0/4.0 60.0/6.0 80.0/8.0
(mg ™1
ratio of cell divition (%)
7.0 6.0 13.7 5.8 0
(5% 105 cells/ml)
cell density
1X10° 2X10° 5X 108 X108
(cells/ml)
cell divition ratio (%)
65. 40 53. 34 4.97 0

(at 9th day)

There are two different cell developmental ways after cells divide and grow. The first
one is to develop directly into seedlings, the another is to divide into cell aggregates [{i3& R
M EFKB, 1992a). Tab. 3 and Fig. 5 showed that the cell developmental way was not
influenced by the N/P concentration changes, although cell survival ratio and cell division
ratio were influenced by the N/P concentration. The way of cell differentiation and

development may be decided by the cell locale and cell development stage in the thalli of
Porphyra.
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Fig.5 Comparison among different cell densities after suspension culture for 9 days
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2.4 Effect of cell densities to cell survival ratio and cell division ratio

In cell suspension culture system, the cell survival ratio and division ratio are closely
ralated with cell densities. With the same batch of isolated cells, and with 20/2 mg ="' N/P
concentration, the experiment of effects of different cell densities was made.

Tab. 4, 5 and Fig. 6 showed the results. At the 3rd day, there was little difference of
cell survival ratio between differen density groups, the survival ratio was high, about 90—
95%. At the 6th day, the survival ratio decreased and there was a great difference among
different densities. The higher the density was, the lower the survival ratio was. At the 9th
day, the group of 1 X 10° cell/ml density was the best one, the survival ratio was the
highest, about 62. 7%, and the division ratio was also the highest, about 65. 40%. It
showed the higher the density was, the lower the division ratio was. When the density was 1
X 10°, the division was zero. It seemed too high density was harmful to cell divison. For too
high density, ¢cell could not get enough illumination, so cells could not grow well and divide,
If culture cells with high density, the illumination and nutrition must be improved, because
the cells in Porphyra need higher light intensity than plant cells whose density can reach
about 10%cell/ml. Higher N and P concentration can keep higher division, but lower survival

ratio, so in the initial culture, cells would be cultured with low N/P concentration, after

Tab. S Comparison between different cell densities with suspension culture

Cell denstties

(cell/mD) 1X10°% 2X10°% 5X105 1Xx10¢
ratio of survival cells (%)
Culture at 3rd day 95 94 95 90
Culture at 6th day 76 56 42 39
Culture at 9th day 62.7 41 37 33

Nate: Culture with 20 mg 1~ nitrogen and 2 mg 1~! phosphorus.

D division
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Fig. 6 Ralation of N/P concentration and way of cell differentiation and development
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3 — 6 days, they could be cultured with higher N/P concentration for cells division,
especially, the continuous culture should be established earlier as plant cells cultured in
chemostat culture to control cell survival ratio and cell division ratio with N and P

concentration changes.

3 CONCLUSION

From above results, it was concluded that NO;—N was a good source of nitrogen, and
the best N/P concentration was 20/2. 0 mg 17" in Porphyra cell culture. In the initial culture,
lower N/P concentration was beneficial to cell survival. After 3 — 6 days, the N/P
concentration should be increased for cell division. Too high cell density was not beneficial to
cell culture, if the illumination and nutrition of cell culture were improved, the higher cell

density would be gotten.
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