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Abstract; In order to understand the effect and mechanism of rare earth element lanthanum (La) on Microcystes
aeruginosa in oligotrophic water under the limit environment of nutrient elements nitrogen and phosphorus. Under
simulated cultivation in the laboratory, the effects of lanthanum on the growth and physiological characteristics of
Microcystis aeruginosa were studied. The effects of different La’" concentrations on the growth of algae, the con-
tents of chlorophyll a, soluble sugar and soluble protein, the activity of antioxidant enzymes (catalase (CAT) and
peroxidase (POD)), and the content of malondialdehyde (MDA), under nutrient deficiency stress and normal condi-
tions were measured. The results showed that under phosphorus deficiency stress, low concentration of La’"(0.10 ~
020 mg-L™") could stimulate the growth of Microcystis acruginosa, enhance the photosynthetic efficiency and the

activity of antioxidant enzymes. With the increase of treatment concentration and the extension of treatment time,
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the growth of algae was inhibited, the contents of photosynthetic pigment and soluble protein were obviously de-

creased, the content of soluble sugar was increased, and the degree of membrane peroxidation was aggravated.

Compared with the normal culture, the tolerance of Microcystis aeruginosa to La’" was significantly reduced under

phosphorus deficiency stress. Microcystis aeruginosa could not maintain the normal growth and metabolism under

the condition of nitrogen deficiency with La®*. Therefore, lanthanum in a certain concentration range can promote

the growth of Microcystis aeruginosa in phosphorus deficiency and normal conditions, and is one of the induce-

ments for the proliferation of Microcystis aeruginosa in oligotrophic water.

Keywords: phosphorus; nitrogen; rare earth element; lanthanum; Microcystis aeruginosa; physiological characteristic
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Fig. 1 Effects of La’" with different concentration on the growth of Microcystis aeruginosa under different growth environments

Note:(a) Control group; (b) Phosphorus deficiency group; (c) Nitrogen deficiency group.
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Note: (a) Control group; (b) Phosphorus deficiency group.
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Fig. 3 Soluble sugar content under different La*" treatments

Note: (a) Control group; (b) Phosphorus deficiency group.
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Fig. 4 Protein content under different La’" treatments

Note: (a) Controll group; (b) Phosphorus deficiency group.

2.5 La’ X} CAT .POD J 4 Ay 520
MYITEAR K T i F b /s ZE Ml R A0k
ek H B IEF A KA, FE R A N 2 AR
7 B A EY SR EROS)Y A A
SRAE R P A A F A, B Ak 2
ML R 15T B B R IR, LA K A A 0 A4 1
St E IR e FAERP FEMYIE R A
Kt FE i PR N B ROS S5 —Fhsh 25 P47, B
YRR P21 ROS 5 AN HLA L RGTHER ROS

AR —E R R H Y an sz 2™ &
A3 s AR AR PN 72 A B ROS 44 T 15 K ) i bt 4 Ak
RGEIHRR, B R B I T HU R RS
FEYI 20 ML N B W 15 ROS T BE 1940 16 B 1
K% %1k Z i SOD,CAT I POD 41 /%™, Hid M
AT DA A S A ) RIS AR BE S, Ho,
SOD {4 PR N HL A AL B B8 R G275 bR ROS Y5
—IEBHLE M 1 -0, iE S T HIE S TR IR
fk-0; 7= 4 H,0,™; Bl & LK Y H,0, B £,



262 tx

ooz 4R #16 &

POD FlI CAT ith<x EFHIF¥ H,0, FEfi# R H,O Fl
O,, 7 U, ,POD 5 SOD {4 75 4 A4 N AE7E — 2 1Y
FHOGHME , A 4 X AR AR HEATAZ.(Y ) X i 2 ol 3 35
AR R A B A S A B, 7SR NP B T, SOD
1 POD JEMEREH + Y 1R ARk 1) SR B TR
I, ASSCISE T POD il CAT §if 434 Jiz ke 5 440 Jf 1%
Ui RE 1, HSL A R 5 ME 6 i,

WK s FE 6 s, B P 4 CAT Fl POD [
TEPERRE La™ W B2 (W10, e B0 Je ¥ I e 3
TS5 12 K, La™ ik i5 %) 0.20 mg- L™ if, CAT Fl
POD JHPEHIIR B i i, 40 5114 11.29 U« (10° cells)™
729 U-(10° cells)™, b —k P 200l 3 & T

5[ (@) CJ0mgL"
—~— 0.10 mg-L-!
P £ 0.20 mg L™
=24 EH0.50mg L
o8 1 1.00 mg-L!
=33
~Z 3
22 d
e be
2ol b < b ab
S
=3
oE :
w5
"<
0
IR al/d
Time/d

25.58% F130.65% (P<0.01); 1fij = ¥ BE La™ K, CAT
F1 POD 5 PE T, AT RBJE R R S LAY La™ 3R T
PEAHIL PN B AR T A, S BOPT S l  E RREAI
FESS 16 KRBT, ZEAC BT A6k P AT La™ A9 b W] il 380
T, A 2 GURE i 32 20 B0 AR R RS i i 2 K B K
D RAFS R T, CAT TG =2 T, g
41+, CAT 1 POD (76 M 58 P 41 B 2L
Akt {H CAT(P<0.01)F1 POD 7F La* #JE H 0.5
mg - L™ B3 PR B R KA

XL 2 LSS AT DL B, di P 4HH CAT 1 POD
T M R X IR T B A B La (T 22 BE KT
TXFRELL, BV IR0 R P AYHLZ 2 i F 4 Sk 1ol o 3

181 (b)

15F

jov
o
2

G o

i

RRRRR

Activity of CAT/(U-(108 cells)™)
o

S AL E T PE/(U-(108 cells)™)

TS
R

%

bl

P

oo

04
S

B 5 ARERE La™ 432 T S4SE( CAT) FHEE W
T (a)f AL ; (b) BREAAL
Fig. 5 The catalase (CAT) activity under different La*" treatments

Note: (a) Control group; (b) Phosphorus deficiency group.

12

[
10+
B
=

Hiw

i

R
(e}
a

Activity of POD/(U- (108 cells)™")
2‘0

T E A RRE /(U (108 cells) ™)

<A
i
D<A
)

Pat

9%

s a)/d
Time/d

16
fif[l/d
Time/d
157 (o) CJ 0 mg L
o~ 0.10 mg-L™!
S 0.20 mg-L"! pb
Z= 12 EF050mgL” %{\‘
20 [11.00mg-L!
ez a
= . [\
Eifa &
§§ 6F c ,s
=% b 7Nl
S2 aa | AR
¥3 bE.b SREEZNE
5 4
4 8 12 16
i al/d
Time/d

El6 ARERE La™ BT ELWER(POD) FHEEL
TE : ()T R ; (b) BREA
Fig. 6 The peroxidase (POD) activity under different La*" treatments

Note: (a) Control group; (b) Phosphorus deficiency group.



46 1

FORERR AR i 10 ER La( I )Xof 5 2 fol 2 o A JORI A BRARR A F) 52 ) 263

JERG L A AL R, 5 A 4 S G S 25 R
1oL, BIAIG R B s 1 T 2% R 2 il T35 M 38 i e v
JEE UL S ol 0 4

2.6 La’ %f MDA &+ #y50

MDA S22l Jifd FEE A axt 4 A o 2 v 11 — o i 22
Yy, H AR I WA ) 3 2 A BB A BECR 6 %) $
b, FLA T R A 0 M AR R o AL I R B (1)
P R JK 2R G0 2 R B LA AW i vk, TR
MDA 1955 12t T AR Ay 40 Ui 200 i 5 225 4 4 475 e 5 L,
AR 2 T30 R B 1) EAR R

e 7 fis , EXT BB RN P 419, AS[A] La™ ik
JEE X R SRl 2 i MDA A 1 A8 AL AR LAY 5 1)
{BAESR P AIFR £ La™ [WB A T, A 4R i 3 MDA
T TRt L Wb TS,

FEGE P 419, MDA & & Rifs + La™ Wk JE 1Y 1%
TINFRIH S /b 5 38 i ik 5, B[R] La’ vk 4 4b
T MDA % 1 34 Bt b LS (8] A9 S TG I, ZE 5
16 K, Fit La™ ¥ 4 0.10 ~0.20 mg-L ™' i, MDA
R TBA—Bk P 40 (P<0.01), fEH - La® ¥R Ny
020 mg-L™'f}, MDA ik | ffll & & 225 mg-L™, Ltk
FL—8ft P 41 h MDA 5 FEIK 6.25% , 1 La® #e &>
020 mg-L™'Af , MDA % [ F+, B i& & 5 Lot &R
La’* 7 FI| T4 ¢ i 4 e AR ke P Jpp3E

XFH. CAT POD I PE Al MDA & & Al 1, fik ik
JERHE + La BEIG 50 40 M b Be 4010 i 1) 36 1 | B AR
MDA 3, I/ P E X6 20 i i 351 5, 24 5 i 20
JELAG TE A AR 1T v B A L™ ™ EE AR BT AR
PR A B, (DS 20 i i B SR AR AR R JC 1k IE i

307 @) CT 0 mg 1
0.10 mg-L!
~ 25 0.20 mg-L!
~O % 0.50 mg-L!
- &0 L 1.00 mg-L!
wE 2.0
EZ
5_“5 4y =
=210 o
2 1. P k)
g / 2 2
(= aabgpy, ab / = -
S 05 SN
~“lagda ’ o
a ’ i
0.07774 8 12
Ara]/d
Time/d

A7, MRS R 2ok S0 Ak, T H0 R I 240 e ) 1E 8
[, 7= A R AL R ) K MDA sz R il bt S Ak
it 6P R M R A L P A AR A AR KT
2.7 APREE AR ARAR M

e AR ASHIFFE o i A A B 3 B AR AR R AT T A G
PRSP, B 1 AT AR SR a T T
P A & & CAT J5 14 . POD i 7% MDA & & 2 ]
P B E A (P<0.05 88 P<0.01), Hidr, B4k i
P AW S CAT 35 7% . POD i1 . MDA % it
Z A R GRS 0.90 DA I, B9 3 ARG (P<
0.01), T FH A S Tl 28 3 110 2 B D0 5 T P A7 A —
FE R OCHK 5 17T CAT \POD 1E R 4 ML PN 2 FhE 21
PUAAORE , 7F— s R b HE M X A0 i Az 1 Fe
3 AEARL A S B ] s ) o o 7 40 L 225 88 %
LR a MALEMEEE A 06 A B RS , B
M 9 7 1) o, (ELJR:, T V MERE 5 LA 6 AR 3 g
PR R AR 5 1 25 67 A OC(P<0.05), RITE S5 56l o
6] Y, E—RE R £ La AOREIR T, i 2 fol o o
200 i v PT E  ERAIG, P A T AT T
15, SR AR R AT

ZE DTk R R IR KRS SR P 308
TR B 1 La®™ X S ol 3 i 1) A 25 24 500
TEAI)JZ YR 1) 2 B0 H L7 “ Hormesis” BL 4, HLAK
FHH

(FEXT B4 {3k B La’ (0.10 ~ 0.50 mg -
L)X S i e e i A K — e R VR T, e ok
(>0.50 mg-L™")La’" X4 £ S % o 1) A KA — 2 1
HlvER

30 (by L1 0 mg-L
0.10 mg-L-! d
~ 25 =3 0.20 mg L @b c
T B3 0.50 mg-L! _7791;;
e [ 1.00mgL" N
wE 2.0r b
o
HE 1.5 ac k5l c
2
83
115 -
K E -
b
12 16
Iif i)/d
Time/d

7 AERE La’ 2B TH_E#(MDA) S2T/L
T ()b B2 ; () BB
Fig. 7 Malondialdehyde (MDA) content under different La’* treatments
Note: (a) Control group; (b) Phosphorus deficiency group.



264 tx #F

oo )

%16 &

x1 £ESJEIEREXRE

Table 1 Correlation of physiological and toxicological indexes
- MR a R FEVEEASE CATIRME POD i5tE MDA & AlEMRES R
V)
Bi Content of Content of Activity Activity of Content of Content of
iomass
chlorophyll a soluble protein of CAT POD MDA soluble sugar
A= .
Biomass
RS SRS
0.875* 1
Content of chlorophyll a
AL 7t
) 0.883* 0.903* *
Content of soluble protein
CAT it
0936* * 0.850* 0.880* 1
Activity of CAT
POD i Pk
0.965%* * 0.927%* 0.929%* * 0.948%* * 1
Activity of POD
MDA &1
0918%** 0.729* 0.721* 0.905%* * 0.868* 1
Content of MDA
BTGP O it
-0.744%* -0.729* -0.781* -0.744* -0.752* -0.655* 1

Content of soluble sugar

W 7E 0.01 AKFORUIN) b 20 G 5 * 7E 0.05 /KSR 8 3 AHSG

Note: * * significant correlation at 0.01 level (bilateral); * significant correlation at 0.05 level (bilateral).
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