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Abstract: [Objective] To explore the effect nitrogen/phosphorus (N/P) ratio on growth, arsenic
(As) metabolism, and microcystins (MCs) release of Microcystis aeruginosa in arsenate
(As”)-polluted water when D-glucose-6-disodium phosphate (GP) was the only phosphorus
source. [Methods] The experiment was carried out on N- and P-starved algal cells in
As-containing water with different N/P ratios. The algal cell density (ODsgo), chlorophyll a
(Chla), actual photosynthetic yield (Yield), superoxide dismutase (SOD) activity, and the
content of As species and MCs were measured. Thereby, the physiological response of M.
aeruginosa to As stress and the metabolic pathways of As were analyzed. [Results] The N- and
P-starved algal cells can well adapt to the low N/P ratio in the case of high GP level (0.1 mg/L),
and high N/P ratio in the instance of low GP level (0.02 mg/L) can significant improve the
ODgso, Chla, and Yield of the algal cells in the early stage of culture. The effect of N/P ratio on
SOD activity was more significant at the beginning and end of culture. After 8 days of culture,
arsenite (As>") changed into the dominant As species in the medium with N/P ratio of 10:0.1,
which made up 78.8% of the total As (TAs) in the water, but As’” was still the main As species
in the media with other N/P ratios. Meanwhile, As’" was the dominant As species in algal cells
for different N/P ratios, and in the case of N/P ratio at 1:0.1, the proportion of organic As in TAs
in algal cells was the largest. As”* metabolism in M. aeruginosa cells was significantly affected
by GP level, and the high amount of metabolized As per cell was found in the instance of high
GP level (0.1 mg/L). In the case of N/P ratio of 10:0.1, As metabolism was dominated by the
reduction of As*" and the release of As>", and methylation level of As was elevated in the case of
low GP level (0.02 mg/L). The concentration of MCs in the medium was related to GP level and
the concentration was the lowest in the case of low N/P ratio and high GP level. [Conclusion]
The results are of great significance for comprehensive understanding of harmful algal blooms
and scientific management of As in As-polluted water under organic phosphorus conditions.
Keywords: organic phosphorus; N/P ratio; Microcystis aeruginosa; arsenic species; microcystins
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Table 1 The initial N/P ratios and its concentration
in the culture medium

Experiment Initial concentration (mg/L)

1.00:0.10 10.00:0.10 4.00:0.02 10.00:0.02

N (NaNO3) 1 10 4 10
P (GP) 0.10 0.10 0.02 0.02
N:P 10 100 200 500

The experimental phosphorus concentration is set according
to the standard limits of Class I and II water in “Surface Water
Environmental Quality Standard GB3838—2002” and the
arsenic concentration is set according to the standard limits of
Class IV and V water in “Surface Water Environmental
Quality Standard GB3838—2002".
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Figure 1 Changes of uODggy for Microcystis
aeruginosa in As-polluted water with different N/P
ratios. Data are meanststandard deviation (n=3).
Different letters represent significant differences in
different treatments (P<0.05).

<l actamicro@im.ac.cn, & 010-64807516

PRI Sy 368 T S A X R0l B 178 A K PR il 3 v 2% B
BRGNS GP s X A K T B 2 5
2.1.2 M43 a (Chla)

LB R 1 55 B PR A5 TP AN (] R L ) A
SR A4 B Chla 1531 He A K 38 uChla B
R AR an & 2 in o AT AR H, AN R U8 e 2R
B8N uChla 755 2 KNS 4 RIGHIXTH R, BHAL
R EE (1.00:0.10) $ 2 1% T H: A &0 8% L 24 5%
(P<0.05), M 034 d', JEHAMEBE LIRS R K
77.3%; ZJo MBI ] 2 R 35, HOR TR Rk
Pl o & 225 . XUl GP Mo TMIRA ML
(1.00:0.10)48 HoAth 757 U8k LU PRI AR FLAZE S5 S5 00 0
AN LR RESE Chla (UG, X FRIMHIS
Bt () A = AR LA T GP IR T
Chla B9& AL, (HAESS 6 RITHAF I IHIR00,
Ul T 5 R LE PR 3 AU AKX L s
MIfEAE KV EA B EREEN. K& GP
(0.10 mg/L)FREE T $2 5 ZUK - 7] 5 25 38 fin 4 2
TUHEBE uChla, Ik GP (0.02 mg/L)I &K%t
AR uChla Jo iR E52MT, ULHH GP 5T #E17K
EXTYLREEANME Chla AR K, X5
Mamun % 451848 — 25,

06 == 1.00:0.10 === 10.00:0.10
p B b b ==.4.00:0.02 ==10.00:0.20
T

~ 04
= a a
<
S
202

0.0

2 4 6 8

t/d

El2 AEIRBLL S MoKk 4R F % pChla B
B [E) 2 1L

Figure 2 Changes of wuChla for Microcystis
aeruginosa in As-polluted water with different N/P
ratios. Data are meanststandard deviation (n=3).
Different letters represent significant differences in
different treatments (P<0.05).
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Figure 3 Changes of Yield for Microcystis
aeruginosa in As-polluted water with different N/P
ratios. Data are meanststandard deviation (n=3).
Different letters represent significant differences in
different treatments (P<0.05).
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Figure 4 Changes of SOD for Microcystis
aeruginosa in As-polluted water with different N/P
ratios. Data are meanststandard deviation (n=3).
Different letters represent significant differences in
different treatments (P<0.05).
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Figure 5 Arsenic species in different N/P ratios
media after 8 days culture of Microcystis aeruginosa.
Different letters indicate significant differences
among the same As species; The majuscule A and B
represents the difference in As”", the lowercase a and
b stands for the difference in As’”, majuscule X and
Y stands for DMA difference.
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Figure 6 The intracellular As speciation at different
N/P ratios conditions after 8 days culture of
Microcystis aeruginosa. Different letters indicate
significant differences among the same As species;

The lowercase a and b stands for the difference in
As®, majuscule X and Y stands for MMA difference.
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Figure 7 Arsenic metabolism pathway per cell in different N/P ratios media after 8 days culture of Microcystis

aeruginosa.
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Figure 8 MCs concentration in different N/P ratios
media. Data are meanststandard deviation (n=3).
Different letters represent significant differences in
different treatments (P<0.05).
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