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Abstract

This work used a radioisotope salt, NHsH, **PO; to study the uptake of phosphorus
in 4 marine phytoplanktons. These were two green algae Chlorella sp. and Tetraselmis sp.
and two diatom Chaeftoceros sp. and Skeletonema sp. The first part was to determine
whether the salt was a suitable tracer for phophorus uptake. This was done by comparing
cell count rate with cell growth. Standard media used for cell culturing were
Sato&Serikawa, Conway and Guillard. The second part was to determine the count rates of
phophorus in the cells under variation of nitrogen and phosphorus in an artificial sea water
(ASW). NH4Cl and K,HPO;, salts were used as sources for nitrogen (N) and phosphorus
(P), respectively. The third part was the study of cell growth under various N:P ratios in the
ASW. All experiments were carried out under 3,000 lux light intensity at about 28° Celcius.

When the uptake of NH4H, **PO;4 was followed from 1 hour to 5 hours in Chlorella
sp. and Tetraselmis sp., both cell species showed greater P-32 count rates in
Sato&Serikawa than in Conway medium. In contrast, Chaetoceros sp. showed a greater
count rate in Conway medium. Comparing the count rates in Skeletonema sp. growth in
Sato&Serikawa and Guillard, it was found that the count rates for cells grown in the former
were slightly smaller than in the latter. Similar results were found when the cells were
grown in the media and the cell density was compared. The consistency between the count
rates and the cell growth implied that cells utilized phosphorus partially for growth and the
radioactive salt could represent P uptake into these cells.

The concentration of ammonium in the ASW was varied as 1uM and 10uM for the
study in green agae, and as 1uM 20uM and 40 pM for diatom. That of phosphate was
varied as 1uM, 2uM, 5uM, 10uM and 20pM. There appeared that at constant phosphate
concentration, an increase in ammonium concentration increased the P-32 count rates
significantly. When ammonium concentration was kept constant, P-32 count rates in
Chlorella sp. and Skeletonema sp. did not depend on the increase in phosphate
concentration of the ASW. In contrast, the increased phosphate reduced the count rates in
Tetraselmis sp.and Chaetoceros sp. It was observed that radioisotope counts in
Skeletonema sp. was fairly variable. After culturing these cell species in an ASW under
several ammonium and phosphate ratios, it was observed that Chlorella sp. Tetraselmis sp.
and Chaetoceros sp. provided better cell growth under the same N:P ratios as found in the
uptake studies. It was therefore concluded that suitable N:P ratios for the above three
plankton species were 1:1, 20:1 and 40:1, respectively. The statistical analysis for block
design using ANOVA method indicated that possible N:P ratios for Skeletonema sp. were
both 40:1 and 40:20. In growth studies, cells reached the maximum density sooner for
40:20 ratio and less cell survival was observed. It was thus concluded that the 40:1 ratio
was more suitable for Skeletonema sp., due to the greater survival rate.

In this study, the phosphate concentrations used was rather high and 1 hour for P-32
uptake might be too long that the count rates and the varied phosphate concentrations in the
ASW did not obey Michaelis-Menten relation.

Key Words: Radioisotope Technique, Phytoplankton, Phosphorus Uptake,
N:P Ratios, Specific Growth Rate
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Showing P-32 uptake into Chlorella sp ( C ) and Tetraselmis sp. (T)
grown in Conway ( C ) and Sato&Serikawa (S)
Growth of Chlorella sp. (C) and Tetraselmis sp. (T) in
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in Sato&Serikawa (S), Conway ( C ) and Guillard (G); averaged
from 3 batches.
P-32 in Chlorella sp. in ASW solution without nitrogen source. Data was

averaged from 3 experiments at pH=7.4 and 161 cpm in 10l blank solution..

P-32 in Tetraselmis sp. in ASW solution without nitrogen source. Data was
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Comparing P-32 count rates in Chlorella sp. at constant N level, 1 pM,

and varied PO43' levels.

P-32 count rates for 60 minute uptake in Chlorella sp., comparing
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Growth of Chlorella sp. for 7 days in an artificial sea water under 4
ammonium levels

10 The uptake of P-32 into Tetraselmis sp. under various N:P ratios.
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Table 1 Four standard media for cell culturing
Table 2 Amount of solutions added (in pl) into the 30 ml prepared cells for P-32
uptake studies.
Table 3Cell density of Chlorella sp. and Tetraselmis sp. after being suspended
in an artificial sea water (ASW), averaged from 3 experiments.
Table 4 Cell density for Chaetoceros in ASW, averaged from 3 replicates
Table S Cell density of Skefonema sp in ASW, averaged from 3 replicates.
Table 6 Comparing maximum specific growth rates for 4 plankton species
under suitable nitrate concentration in the ASW.
Table 7 Comparing N:P mole ratios suitable for cell growth in the ASW
for four phytoplankton species in this study and in the standard
culture media.
Table 8 Nutrient composition of culture media for phytoplankton growth
in laboratory.

Table 9 Nutrient composition in the artificial sea water used in this study.
Table 10 Comparing P-32 count rates in 15 treatments of Chaetoceros sp. and
Skeletonema sp. under different ammonium and phosphate

concentration in ASW.,
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Table 1 Four standard media for cell culturing

Cell Type Culture Media

Chlorella sp. Sato&Serikawa

Tetraselmis sp. Sato&Serikawa
Chaetoceros sp. Conway
Skeletonema sp. Guillard
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P-32 cpm (a) 2x10° cell/ml
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Fig. 1 Showing P-32 uptake into Chlorella sp ( C) and Tetraselmis sp. (T)
grown in Conway ( C ) and Sato&Serikawa (S)
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Fig. 2 Growth of Chlorella sp. (C) and Tetraselmis sp. (T) In
Sato&Serikawa (S) and Conway (C) from two experiments.
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Cell division rate

from 125 to 245 min.

CC = 0.9x10" cell/min.
€S = 1.5x10" celi/min.
TC = 0.04x10" cell/min
TS = 0.05x10° cell/min.

500 -
>
/—25
o =t e A—%
] 5 3 4 5 3 125 245 min
L
P-32 b
32 cpm (b) cell division rate
1000
g from 0-125 min.
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100 —o— Chae/S | gyei = 0.00/min.
—— Skel/ G Skel/S = 0.00/min.
i —— Skel/ S ;
0 ' .
g ) 3 35 125 ~ min.

Fig. 3 Count rates of P-32 (a) in Chlorella sp. (C ) and Tetraselmis sp.(T) and

(b) in Chaetoceros sp.(Chae) and Skeletonema sp. (Skel) under different

culture media:

C=Conway.
S=Sato&Serikawa. and
G=Guillard.

Note that rate of cell division in Fig. 3a was between 125-1 45 min. when the cell density was recorded.
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Fig. 4 Cell density of Chaetoceros sp. (a) and Skeletonema sp. (b) cultured
in Sato&Serikawa (S), Conway ( C ) and Guillard (G); averaged
from 3 batches.
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Fig. 5 P-32 in Chlorella sp. in ASW solution without nitrogen source. Data was
averaged from 3 experiments at pH=7.4 and 161 cpm in 10pl blank solution.
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Fig. 6 P-32 in Tetraselmis sp. in ASW solution without nitrogen source. Data was
averaged from 3 experiments at pH=7.4, 161 cpm in 10pl blank solution.
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Fig. 8 P-32 count rates for 60 minute uptake in Chlorella sp., comparing
between N=1 and 10 uM. Data was averaged from 2 experiments.
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Fig. 10 The uptake of P-32 into Tetraselmis sp. under various N:P ratios.
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Fig. 12 Comparing count rate in Chaetoceros sp. under various N:P

ratios at the end of 1 hour (a), 2 hours (b) and 3 hours (c).



aw ARY
798/2538-2539 : Lm““ A
. n‘ﬂma OF )

(2) 1 hour uptake

E I ] I I I
i

.

;\y

P20

P10

T
tlm]

il HMHHPH A

P5
T

P2 [ ' b

AL ) ‘ S

IRRBI e

iy

P1 ‘ T

i My

T

0 10 20 30 40 50 60 70
(b) 2 hour uptake
# | I I I [ ]
l
P20 U

il

il

AT

A

e TR

;%HII";'
TR

A

T

AT Hl'n‘.illl"l‘l iIlIII'I]J”]

AR

T

0 10 20 30 40 50 60 70 80

i
I‘ il

L

IH‘H MR

B

0 10 20 30 40 50 60 70 80 90

A SNIVERSIVY

TR
oo

BO0O
zzz

Count rate

Count rate
(cpm)

NN
O

[T

=HN
zzz

=

Fig. 13

Comparing count

rates in Skeletonema sp.
under various N:P

ratios at the end of

1 hour (a), 2 hours (b)
and 3 hours (c).

Count rate
(cpm)



290/2538-2539

3-21

Table 4 Cell density for Chaetoceros sp. in ASW, averaged from 3 replicates.
(a) Experiment 1 in. (x10* cell/ml)
d-m-y
N1 P1 N10 P1 N20 P1 N40 P1
4-11-40 51 58 62 52
5-11-40 116 111 122 112
6-11-40 105 103 121 120
7-11-40 115 94 127 113
8-11-40 96 99 110 123
9-11-40 82 101 111 125
(b)  Experiment 2 in. (x10* cell/ml)
d-m-y
N1 P1 N10 P1 N20 P1 N40 P1
4-11-40 54 52 53 58
5-11-40 110 112 119 136
6-11-40 104 121 123 140
7-11-40 117 125 132 147
8-11-40 118 120 116 114
9-11-40 90 115 111 129




W8/2538-2539

3-22
Table 4 Cell density for Chaetoceros sp. in ASW, averaged from 3 replicates.
(© Experiment 3 in. (xlO4 cell/ml)
d-m-y Treatment
N1 P1 N10 P1 N20 P1 N40 P1
4-11-40 57 56 59 50
5-11-40 101 102 113 125
6-11-40 104 111 127 154
7-11-40 104 120 105 152
8-11-40 118 112 117 113
9-11-40 N 111 114 128
(d) Experiment 4 in. (x10° cell/ml)
d-m-y Treatment
N1 P1 N10 P1 N20 P1 N40 P1

4-11-40 54 55 58 53
5-11-40 109 108 118 124
6-11-40 104 112 124 138
7-11-40 112 113 121 137
8-11-40 111 110 114 117
9-11-40 88 109 112 127
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Table 5 Cell density of Skeletonema sp. in ASW, averaged from 3 replicates.

(a)  Experiment 1 in (x10* cell/ml)

d-m-y Treatment

N1 P1 N10 P1 N20 P1 N40 P1
4-11-41 8.20 9.44 10.88 5.11
5-11-41 23.16 16.22 16.72 15.55
6-11-41 19.44 13.77 12.05 12.22
7-11-41 17.61 10.22 12.44 11.88
8-11-41 3.22 4.50 5.70 11.27
9-11-41 0.22 0.38 0.27 3.50

(b)  Experiment 2 in (x10" cell/ml)

d-m-y

N1 P1 N10 P1 N20 P1 N40 P1
4-11-41 10.33 8.94 7.55 5.94
5-11-41 21.55 17.11 13.22 14.11
6-11-41 19.27 10.94 12.72 11.88
7-11-41 10.50 8.22 12.00 10.94
8-11-41 7.50 10.22 8.72 11.66
9-11-41 1.27 4.00 1.61 4,33
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Table 5 Cell density for Skeletonema sp. in ASW, averaged from 3 replicates.

(c) Experiment 3 in (x10* cell/ml)

d-m-y Treatment

N1 P1 N10 P1 N20 P1 N40 P1
4-11-41 0.88 9.88 9.77 3.61
5-11-41 25.22 24.72 13.38 19.61
6-11-41 17.38 15.33 1.1 13.88
7-11-41 14.27 11.61 13.50 13.61
8-11-41 8.00 6.92 _ 12.00 14.05
9-11-41 3.88 5.05 6.61 8.22

(d) Experiment 4 in (x10" cell/ml)

d-m-y Treatment

N1 P1 N10 P1 N20 P1 N40 P1
4-11-41 9.47 9.24 9.40 4.88
5-11-41 23.31 19.35 14.44 16.42
6-11-41 18.69 13.34 11.96 12.64
7-11-41 14.12 10.01 12.64 11.99
8-11-41 6.24 7.22 8.08 12.32

9-11-41 1.79 3.14 2.83 5.35
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Fig. 14 Count rate (cpm) in 4 plankton species under different ammonium (N) and
phosphate (P) concentration in the ASW.

Noted that cell density for each plankton was different, although the
activity in 10 gl blank solution was the same (161 cpm).
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Fig. 15

Specific growth rate for
4 plankton species
under variation of PO,
concentration in ASW.

N1= 1IuM NH,CI
N20=20uM NH,CI
N40=40uM NH,CI
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Table 6 Comparing maximum specific growth rates for 4 plankton species under
suitable nitrate concentration in the ASW.

Cell species Maximum specific growth Amount of NO; : PO
rate (d) M)
Chlorella sp. 0.11 1:1
Tetraselmis sp. 0.34 20:1
Chaetoceros sp. 0.32 40:1
Skeletonema sp. 0.98 20:1 and 40:1
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Fig. 16 Growth of Tetraselmis sp. in the artificial sea water for constant phosphate level at

2 uM, under variation of 3 ammonium levels.
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Table 7 Comparing N:P mole ratios suitable for cell growth in the ASW for four
phytoplankton species in this study and in the standard culture media.

Cell Species N:P in Artificial Sea Water Standard medium
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Table 8 Nutrient composition of culture media for phytoplankton growth
in laboratory.

Components Conway Sato&Serikawa Guillard
mg/L mg/L mg/L
NaNO; 100 100 150
Na2H2P04.H20 - - 10
Na,HPO4.2H,0 20 - -
NazHPO4. 12H20 = 10 -
NaHCO3 - 168 -
NaZSiO3.9H20 0.015 4 5
Na;.EDTA 45 3 8.72
FeCl;.6H,0 1.3 0.24 6.30
CuS04.5H,0 0.020 0.40 0.02
ZnSO4.7H20 - = 0.044
CoCl,.6H,O 0.020 0.80 0.02
MnCl,.4H,0 0.36 0.27 0.36
Na2M004.2H20 = — 0.013
(NH4)6Mo070,4.4H,0 0.009 - -
ZnCl, 0.021 0.03 -
H3BO; 33.6 3.44 -
Thiamine HCI (B)) 0.01 - 0.2
Biotin - - 0.001
Cyanocobalamin (B;,) 0.005 - 0.001
Sea Water 1L 1L 1L

a o a
(MPUINY DL 5AT 2534)
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HINZIAMNEN
(Artificial Sea Water)

In 1 L of an artificial sea water containing the following nutrients
(see Limnol. Oceano. 1967, 12:176)

Table 9 Nutrient composition in the artificial sea water used in this study.
Components mg/L
NaF 3
SrCl,.6H,O 20
H5;BO; 30
KBr 100
KCl 700
CaCl,.2H,0 1,470
Na,SO4 4,000
MgCl,.6H,0 10,780
NaCl 23,500
Na,Si03.9H,0 20
Na,EDTA 1

NaHCO; 200




08/2538-2529

HMANUIN U

MU NaveImIsIHaIsasaanany

1 gA3ID1N13 Sato&Serikawa

1 PO, Tugtyounde Na,HPO,12H,0 $147% 10 mg/L

U720 luanNaved Na,HPO .12H,0 A8 (23x2)+(1x1)+[(31x1)]+(16x4)+12[(2x1)+(16x1)] = 358
AU Na,HPO,12H,0 10 mg/L Amiu (10x10° g/L) /(358 g/L) = 27.9x10° Tua/Ans

Mole/L = Molar .". 27.9x10” mole/L = 27.9 UM

1w Na,HPO,.12H,0 1M7u 358 lua 4P ogdmiu 31 lua
41 Na,HPO,.12H,0 $1172u 27.9x10° Tua/@ns 923 P oy = (31X27.9x10° /358

=2.42x10" Tua =2.42 [Lmole
a1 N daglugy NaNO, 91121 100 mg/L
NaNO, uUwlaluana = (23x1)+(14x1)+(16x3) = 85

NaNO, 974U 100 mg/L Aautlu (100x10° g)/(85 g) = 1176.5x10" mole/L = 1176 LM

wisaulyaves lulnsiau

NaNO, 85 lua UN 8y = 14 lua

01 NaNO, 1176.5x10° Tua/ans U N 0f = (14)(1176.5x10" )/ 85 = 193.8x10" 1na/A9s
= 193.8Umole

1;]_1_ ﬂluq{ﬁli Sato&Serikawa 3 N 1u NaNO, Ei;i 193.8 [Lmole tiOY

i P luin@® Na,HPO,.12 H,0 113U 2.42 [Lmole

. lugnsemis Sato&Serikawa

s ¥

DATIAIUIZHIN N:P =80:1 (210193.8/2.42)

3-5
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gA391%15 Conway
=
u

PO,” lugilveunde Na,HPO,2H,0 §143U 20 mg/L

170 AN aYee Na,HPO,.2H,0 71® (23x2)+(1x1)+[(31x1)+(16x4)}+2[(2x1)+(16x1)] = 178
AU Na,HPO,2H,0 20 mg/L Amilu (20x10° g/L)/ (178 g/L) = 112.3x10° Twa/as

Mole/L = Molar .. 112.3x10° mole/L = 112.3 UM

mluawey PO,*
TuNa,HPO,2H,0 $12u 178 Tua §i PO, egfmau 95 Twa  uail P 31 Tua)
¢1 Na,HPO,2H,0 $1u2n 112.3x10° Tua/ins o2l PO, og = (95)(112.3x10° /178

=59.9x10° Twa = 59.9 [mole

130 i P=31x112.3x10 /178 = 19.5x10 mole = 19.5 [Lmole

N i 2 juuuAe NaNO, $119U 100 mg/L uaz (NH,),Mo,0,,4H,0 $1421 0.009 mg/L

aaui 1 N fiegluzl NaNoO, $1u9u 100 mg/L
A o s o d'd .
mtﬂummumumm\u‘luqm Sato&Serikawa .. 0 N = 193.8 Lmole

aauh 2 N 911 (NH,),Mo,0,,.4H,0

mluave N
(NH,){Mo,0,,4H,0 71U 6(14+4)+2(96)+(24x16)+4(18) =516 Tua UN of = 84 lua

Tunne 1 8as &1 (NH,),Mo,0,,4H,0 0.009mg/L (=0.009x10g/516g=0.02x10° mole/L)

11 N §7021 = 84x0.02x10/516 = 0.003x10° mole/L = 0.003 [Lmole ({oe13110)

51 Tugas Conway

i N TuNaNoO, 8¢ 193.8 [lmole 10 1u (NH,),Mo,0,.4H,0 8¢ 0.003 Lmole
9IU N =193.8 LLmole

i P luinde Na,HPO,.2 H,0 914IU 19.5 [Lmole

dasdIU N:P 1u Conway =10:1
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gM391%13 Guillard
s
il

PO,” lugiveunde Na,H, PO, H,0 $112% 10 mg/L

1 1uI0AAYe Na,H, PO, H,0 fiD (23x2)+(2x1)+[(31x1)]+(16x4)}+(2x1)+(16x1) = 161
A9 Na,H, PO H,0 10 mg/L fAadlu (10x10° g/L)/ (161 gL) = 62.1x10° Tua/as

Mole/L = Molar .. 62.1x10° mole/L = 62.1 UM

T4 Na,H, PO, H,0 $13u 161 Tua 1 P ogémau 31 Tua
§ =t

013 Na,H, PO.H,0 $1uU 62.1x10° Tua/dns vzl P og = (31)(62.1x10° /161

=12.0x10° Tua =12.0 lmole

au N Heglugl NaNO, $142u 150 mg/L
NaNO, iwnaluana = (23x1)+(14x1)+(16x3) = 85

NaNO, 31U 150 mg/L Al (150x10° )85 g) = 1764.7x10° mole/L = 1764 LM

wlyauea N
NaNO, 85 lua iiNof =14 lua
§1NaNO, 1764.7x10° Tua/das & N of = (14)(1764.7x10° )/ 85 = 290.6x10° Tua/ans

= 290.6 [lmole

a3d  Tugns Guillardil N 1u NaNO, of 290.6 [lmole Liag

i P lwnde Na,H,PO,H,0 $1u2U 12.0 Lmole

.. Tugmsems Guillard

ANAIUITHIN NP =24:1 (210290.6/12.0)
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a d a aa ad
MANTIZRITIADAIALID ANOVA
a o 1 1 e’: °y [ )
namsAnunsiAu Tnvewumasiaoungu laozasunun nmsnaasas 4 61 liswnsmh
' a 3wy & ' g a 3 2 g a ¢
mmaundeldifiesnnudazmsmizidsalinnunlsdsiuvesdoya eneInsuaIEiRaLLY
o a a aa o o A ) o [ I}
uden A1eEMaFain ANOVA Taslddoyavesdasniui 1 42 Tumaziunlsseauney Tuition

b

unzvoamalumioe UM (q Fig. 12 uas Fig. 13 %11 3-19 ua 3-20 ) Asl

Chaetoceros sp.

Analysis of Variance for Rate at 1 hr.

SV DF SS MS F
Block (B) 5 13886.83965 2777.36793 48.03**
Treatment 14 9126.04950 651.86068 11.27%*
Factor B(N) (N) 2 7288.49851 3644.24925 63.02**
Factor A (P) (P) 4 630.21946 157.55487 2.72*
NxP 8 1207.33152 150.91644 2.61*
. ERROR 70 404771012 5782443
Total &9 27060.59926
cv =8.6%
** = significant at 1% level; * = significant at 5% level
NxP Table of Means for Rate at 1 hr. (cpm)
(averaged over 6 reps)
Factor B(N) (N)
Factor A (P) (P) 1% N 20% N 40% N P-Mean
1% P 91.083 a 76.993 b 103.468 ab 90.515
2% P 84.892 ab 87.908 a 102.372 ab 91.724
5% P 78.338b 80.738 ab 95.972b 85.016
10% P 77.815b 82.393 ab 97.292 b 85.833
L 20%P 76547b  85188ab  107213a 89.649
N-Mean 81.735 82.644 101.263 88.548
In a column, means followed by a common letter are not significantly different at the 5% level by DMRT.
Comparison S.E.D. LSD (5%) LSD (1%)
2-N*P means 4.390 8.756 11.624
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Skeletonema sp.

Analysis of Variance for Rate at 1 hr.

SV DF SS MS F
Block (B) 4 11580.40471 2895.10118 130.0]1**
Treatment 14 1059.39878 75.67134 3.42%*
Factor A (N) (A) 2 218.45981 109.22991 4.94%*
Factor C (P) (C) 4 142.79194 35.69798 1.61 ns
AxC 8 698.14703 87.26838 3.95%%
___ERROR 56 123846061 2211537
Total 74 13878.26410
cv =8.1%
** = gignificant at 1% level; * = significant at 5% level

ns = not significant

Ax(C Table of Means for Rate at 1 hr. (cpm)
(averaged over 5 reps)

e ERORE CN) N

Factor C (P) (C 1% N 20% N 40% N C-Mean
1% P 62.348 ab 50.914 b 58.390 ab 57.217
2% P 63.134 a 58.792 a 55.796 bc 59.241
5% P 61.366 ab 53.842 ab 50.998 ¢ 55.402
10% P 56.000 b 56.678 ab 60.666 ab 57.781
20%P 56424b s8.156a 62348a 58.976
A-Mean 59.854 55.676 57.640 57.723

In a column, means followed by a common letter are not significantly different at the 5% level by DMRT.

Comparison S.E.D. LSD (5%) LSD (1%)
2-A* C means 2.974 5.958 7.930
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Table 10 Comparing P-32 count rates in 15 treatments of Chaetoceros sp. and
Skeletonema sp. under different ammonium and phosphate concentration in
ASW.
Count rate
cpm
Treatment Ammonium Phosphate
uM uM Chaetoceros sp. | Skeletonema sp.

1 1 91.08°%% 62.35%
2 2 84,892 63.13

3 .. 5 78.348 61.37%¢
4 1 10 77.828 56.00°%%
5 1 20 76.558 56.420¢4t
6 20 1 76.998 50.91"
7 20 2 8§7.91%f o s
8 20 5 80.74' 53.84°%f
9 20 10 82.40%8 56.68°°%f
10 20 20 85.19% 58.1620cde
11 40 1 103.478° 58.393bcde
12 40 2 102.37° 55.80°%¢!
13 40 5 95.97°4 51.00"
14 40 10 97.29%° 60.6720%4
15 40 20 107.21° 62.35%

The superscript letters appearing in common between each count rate implies no significant
difference in count rates.
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