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Fig.1 Growth curves of Prorocentrum minimum cultured at different NaNO; and NaH,PO, levels
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Tablel Maximum cell density, specific growth rate () and chlorophyll a content of
Prorocentrum minimum cultured at different NaNOz; and NaH,PO, levels
Nutrient conc. (mmol/L) N/P Specific growth rate (d™) Biomass (x10* cells/mL) Chlorophyll a (g/cell)

Low N (0.0882) 2.45 0.46 512 4.06
Middle N (0.882) 245 0.43 5.49 4.39
High N (2.646) 735 0.43 457 4.41
Low P (0.0036) 245 0.42 2.65 4.20
Middle P (0.036) 245 0.43 5.49 4.39
High P (0.108) 8.17 0.45 5.74 411
3.3 NO;  POi
2 NO;
NO3 . POZ
(N/P) 6:1,21 11
PO}~
NO;
. NO;
(N/P) 121 21
2

Table2 Nutrient uptake rate of Prorocentrum minimum grown at different NaNO; and NaH,PO, levels
Uptake rate [x10"* mol/(cell-h)]

Nutrient conc. (mmol/L) N/P
NaNOs; NaH,;PO,4
Low N (0.0882) 245 51 8.72
Middle N (0.882) 245 25 10.97
High N (2.646) 735 20 20.82
Low P (0.0036) 245 57 4.75
Middle P (0.036) 245 25 10.97
High P (0.108) 8.17 16 -1.65
3.4 NO3 PO
2 3 . (
) a

(PmChl a PmCd | . 3 4
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Fig.2 Photosynthesis of Prorocentrum minimum as a function of photon flux density at different NaNO; levels
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Fig.3 Photosynthesis of Prorocentrum minimum as a function of photon flux density at different NaH,PO, levels

3

Table3 Parameters for photosynthetic-light responses of Prorocentrum minimum

cultured under different NaNO; concentrations

Photosynthetic parameter Low N Middle N High N
P [x107® umol/(cell-h)] 155.4+8.9 171.5+9.1 229.9+9.3
P2 [umol/(mg-h)] 382.3+20.9 3905+21.2  521.0+21.9
™' {[x107® pmol Oy/(cell-h)]/[umol photon/(m?-s)]} 0.8+0.1 0.7+0.1 0.8+0.1
a2 [umol O,/(mg-h)]/[umol photon/(m?s)] 1.9+0.3 1.640.2 1.9+0.2
R [x107® pmol/(cell-h)] —-42.3+7.9 -50.4+7.6 -50.1+7.5
R @ [umol/(mg-h)] -104.1+185  -114.7+17.9 -1136+17.5
Ik [umol/(m?-s)] 205.8 2445 271.0

Ic [umol/(m?s)] 56.0 71.8 59.1

Note: Data are represented as meanststandard deviation of three experiments.

4

Table4 Parameters for photosynthetic-light responses of Prorocentrum minimum

cultured under different NaH,PO, concentrations

Photosynthetic parameter Low P Middle P High P
P’ [x1078 umol/(cell-h)] 142.8+7.5 171.5+7.6 181.3+7.6
P 3 [umol/(mg-h)] 339.8+17.5 390.5+17.8 440.4+17.8
o™ {[x107® umol Oy/(cell-h)]/[umol photon/(m?-s)]} 0.7+0.1 0.7+0.1 0.7+0.1
&3 [umol Of(mg-h)]/[umol photon/(m?s)] 1.6+0.2 1.6+0.2 1.8+0.2
R™' [x1078 pmol/(cell-h)] —55.7+6.6 —50.4+6.4 —47.0+6.4
R @ [umol/(mg-h)] -1325+155  -1147+150  -114.2+15.0
I [umol/(m?s)] 207.8 2445 245.9

I [umoal/(m?-s)] 81.0 718 63.7

Note: Data are represented as meanststandard deviation of three experiments.
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Photosynthetic Characteristics of Prorocentrum minimum and Its Nutrient Uptake at
Different Nitrogen and Phosphorus Levels

SHI Yan-jun*?, HU Han-hua®, MA Run-yu', CONG Wei?>, CAl Zhao-ling?

(1. School of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029, China;
2. Sate Key Lab. Biochem. Eng., Institute of Process Engineering, CAS, Beijing 100080, China)

Abstract: The uptake of nitrate and phosphate by Prorocentrum minimum and its growth and photosynthesis
characteristics were studied by laboratory culture. The results indicated that the maximum specific growth rate (0.46
d™?) was observed at low nitrate level (0.0882 mmol/L NaNOs), the maximum yield (54 900 cell/mL) occurred at
middle nitrate level (0.882 mmol/L NaNOs), which increased by 7.2% and 20.1% respectively compared with those
a low nitrate and high nitrate levels. The cell yield and specific growth rate increased with increasing phosphate
concentrations in culture, and the maximum cell yield (57 400 cell/mL) and the maximum specific growth rate (0.45
d ™) were recorded at high phosphate concentration (0.108 mmol/L KH,PO,). The higher chlorophyll a-specific and
cell-specific light-saturated photosynthetic rates (P, 2 and P,>") and higher light intensity at which photosynthesis
isinitially saturated were observed at high nutrient levels. The cells grown in the cultures with low nitrate and high
nitrate levels showed the same values of apparent photosynthetic efficiency (o 2 and &®"). The maximum
chlorophyll a-specific apparent photosynthetic efficiency (o ? was obtained at high phosphate level. The
experimental results showed that the lower ratio of N/P with sufficient nitrate had a positive effect on the
propagation of Prorocentrum minimum.

K ey words:. red tide; Prorocentrum minimum; nitrogen; phosphorus; growth; photosynthesis



