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Abstract; Changes in absorption rate and absorption kinetic parameters of root of Pontederia cordata
Linn. seedling to different concentrations of NH; (0.05-1.50 mmol + L") and H,PO; (0.01-0.50
mmol - L") after low concentrations (2 and 10 wg + L™") of microcystin MC-LR treatment for 6 and
12 d, respectively were studied by using nutrient solution culture method and routine exhaustion method.
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The results show that with increasing of concentrations of NH, and H,PO} in nutrient solution, NH} and
H,PO, absorption rates of root of seedling of each treatment group increase gradually, but their
amplifications are dependent on concentration and time of MC-LR treatment. After 2 and 10 pg - L' MC-
LR treatment for short-term (6 d), NH, and H,PO, absorption rates of root of seedling are significantly
higher than those of CK ( the control, 0 pg « L™ MC-LR) group in general. After treatment for long-term
(12 d), absorption rates of H,PO, and NH] in higher concentration of root of seedling of 2 wg - L™" MC-
LR treatment group are significantly higher than those of CK group, while NH} absorption rate of root of
seedling of 10 pg + L' MC-LR treatment group decreases, but its absorption rate of H,PO; in higher
concentration is still significantly higher than that of CK group. The functional relationships of NH} and
H,PO, absorption rates of root of P. cordata seedling with substrate concentrations are according with
reciprocal curve, and fitting relationships are significant at «=0. 001 level, but change regulations of the

) are different. After 2 and
10 pg - L' MC-LR treatment for 6 and 12 d, V,  and K, values of NH} absorption rate of root of
seedling are higher than those of CK group. After 2 wg + L™' MC-LR treatment for 6 and 12 d, V,
of H,PO; absorption of root of seedling is higher than that of CK group, while K value is lower than that
of CK group. After 10 pg + L' MC-LR treatment for 6 d, V,

max

maximum absorption rate (V,, ) and apparent Michaelis-Menten constant (K

m

. value
value of H,PO;, absorption of root of
seedling is higher than that of CK group, while there is no difference in K, value with that of CK group,
however, after 10 pg - L' MC-LR treatment for 12 d, V

max

value of H,PO, absorption of root of seedling
is slightly higher than that of CK group, while K value is obviously higher than that of CK group. It is
suggested that with extending of treatment time, NH} absorption potential of root of seedling increases and
NH; affinity decreases slightly, while H,PO, absorption potential decreases slightly and H,PO, affinity
increases slightly after 2 pg + L™' MC-LR treatment. After 10 pg - L' MC-LR treatment, NH. absorption
potential of root of seedling increases slightly, NH; affinity decreases, while H,PO, absorption potential
L™ MC-LR

treatments can enhance absorption potential of NH; and H,PO; of root of P. cordata seedling, in which,

and affinity decrease. The result of comprehensive analysis shows that 2 and 10 pg -

2 pg - L' MC-LR treatment has an obvious promotion effect on absorption of NH} and H,PO of its root,

while 10 g + L™ MC-LR treatment for short-term also has a certain promotion effect on absorption of
NH; and H,PO, of its root.

Key words:
NH; ; H,PO,

microcystin  MC-LR; Pontederia cordata Linn.; root; absorption characteristics;

¥ 48 B ( Pontederia cordata Linn.) Sk J& T A 46

07 4

E B ESOK MBS ) B T 5225 T T

Bl ( Pontederiaceae ) ¥ 1. 5 J& ( Pontederia Linn.) , "N %
AEAEHEK BB A RUAAHY) AP A A —E 1 ARk
SRR B SR A K R R i A WA Y
FBRECR, FAE R R AR R R
FATKAR B K AR B i B B T [ i
AT

B IR K A b ) e e AR K R b ST
JE PN B BB R (MCs ) , MCs 21 2 38 1 VR 9%
Rtz —, BRTE &3 80 Al Hrk,
TR MC-LR (YREMEARSR S iR W 1
FARZK A, MC - LR A J5T 5 W B — 3K (0 ~ 10
pg + L7 AR HERE B9 MC—-LR X HE 4 4 A <
A FRREE A — s B Y R A W R 2 A
AR R WIRE ) A AE ROIR B R bR Z — X T

Bl 725 AR TR T A ) AR R W MR T A R
A H AR [ IR BT AT R 3R o W
ZE S AR 5 T Bez — . WS B MC-LR Xf
Mt AR R W Bl Ty SRR R s e, ANAAT LA 7
B IR AR Fp AR £ B R IR A3 WAL e i AR
REJT, 1 HLXT T WA AR £0 R AR B 8 SR A KR K 42 By
B REHEA EEE L,

NH; 1 H,PO, 28 A i) 3 22 Je L&A
FOBEIR' 10 Ve AR SR 20 7 2 B3 R FE Al
8T AR E (2 F1 10 wg - L' )YMC-LR AbFEJS 2
FAEAMR R NH, F1 H,PO, W st 28 1k, I e 3%
TASTR] b B () X AR £l B4 AR & NH, R H,PO,
W sl 1 2E R s ], DU SR P 42 R0 o
AR By ¥ A 35500 $ AL A A R Al



%3

FRIEDG, %5, M £ MC-LR SR LNTHAR R NH, F1 H,PO; W4 il s i 35

1 AR %

1.1 ##

AR 0 B [ AR AR e T SRR Bl A
YErE R AR RO bR A — 34l KO A
KeAK TR ks, 75 H

FEALESFAF] : V-1100D 2366 ( B sE
TERERA IR T ), DZF-6050 FL45 T 1A (K
TR ARAFE) , MEEEREER MC-LR 41K
TEET 95% W A L1223 L3 B e A BRAA il
(NH,),S0, FI NaH, PO, ¥ k53 #r 4l W F [ 24 5 4]
2RI R A W]

1.2 FHik

1.2.1 F3&defe MC-LR 438 ¥ 12 bR A4
GG 12 FLIARAR O Al AR I 7 | [, 3t 144
RS T 5 W5 TR A A A 12 36 1.5 L 1/4
Hoagland & 37 (pH 6.5) i 5 L Betrh | & TR
(25+1) C JEHAREE 3 000 Ix JEHEMTAE] 12 h - d7'AYBS
FAA PTG IR 6 d JR T 1 IRE TR .

MC-LR #bFE4E5 5 CK (RFBR) (T1 Fl T2 3 4,
MC-LR I EE S>3 0.2 #1110 wg - L', 4%
4 AHK (RIERA 48 BRYITT) o ALBRET, 43 5I7E T1 Fl
T2 4019 1/4 Hoagland B IR A2l MC-LR, fifi kb
PR MC-LR ¥ B2k 3] 45 F e B9 2R | TRt IR
ZHANH 1/4 Hoagland B F2 WAE A AL PRI ; 545 L 4 P
I3 0 2 R 24 BR) oAb 6 A 12 d, o 1 it
AP AR S 6 T A 1 YRAH N (4 A B ; A 1) Y
A kAR L
1.2.2 o3 R BUFE MR LI AR A
SE AR RN NH, A1 H,PO, By W ik ik R, NH Al
H,PO; B:3%W43 5 FH (NH,) ,S0, 1 NaH,PO, L K%
B KBCHl, NHy W BERSEE M 0.05,0.10,0.25,
0.50.0.75.1.00.1.25 1 1. 50 mmol - L™'; H,PO; ¥
JERBEE 7 0.01.0.02.,0.05.0.10.,0.20.0.30.0. 40 Fi
0.50 mmol - L™, ¥iFRHTSE NH; Al H,PO, (kB4
SO Re 48 G 3 500 O B8 a1 RN B T 4 e e
%[16]246—248?)1'!“%0

TE MC-LR AbFERZE 6 KA 12 K435 45 Ab
PRE b I Ay, B oK e e T, A 0.1
mmol + L' CaSO, ¥ H #1577 48 h, [ 4h 5 ik 2L

WORAG 20 9 A 3R NH, A1 H,PO, 3R, &
A~ NH] 8% H,PO; W Ab 3 3 dRahis , Mol 3 AN EE
W 4 b JEEH 43 3185 T A SRR IR R, T 60 C UL
+ 2 4E B, S 0.000 1 g (1 4341 K43 51
FRutss bR AR R T I i, R4 BE 57015 NH, 3¢
H,PO; Y AL AR 2 T T T HE AR 10 RE4J) i AR
% NH; 5% H,PO; Mm%

1.3 HUBEAEMS

M FLL AR R NH, 5 H, PO, 114 SRR I ik
RVH)BRIGAR V. =(0.4(5-8,) )/4W” #4715,
i, V. b NH] 8% H,PO, YR IHE &K, S HIEY
(NH; 5% H,PO;) IR U B, S, Sy W W 445 o B 9 JiS
YIWRIE W R R ARRIR R T, 4550 3 A
BHEBIE (V) I,

K FH Michaelis—Menten J7 F21 "7 845 0 55 40 B
R ) NH; Al H,PO, Wi sh 14250, it AR
V= (Vo = S)/ (K, +8) o 2, v R P 5o 32
V, o HERWEE 2, S SRR IE K, I RK K
W, V. RN R R XTI I T, VL
AR, WO B K, FR M 10 RUAR R XTI Y
AT K, AEBN SRR SR XUEI R B
WaE K, F1 vV, A8, 3 F G ARG 56 [0 )3 7 72 1 4
A EN,

iz JH SPSS 10. 0 %A% B SigmaPlot 10. 0 &4 %1%
PTG AT AR, SR XS ¢ A g kAT 22 5
2R, JF R A U7 2253 91 (ANOVA ) Xif 2k M As Al
PEATRE G, DIR[0 5 R A 045 3k

2 HERAH

2.1 {KRE MC-LR BB EELEIRE NH;
TR 4 M R B0
2.1.1 sF NHj Bolkcik R g% A R R il
FEFEZE MC-LR 70 JIAL B 6 F1 12 d J5 48 o 85 4 i AR
Z NH; W R A AL UL 1, 25 S Bl R
o ONH; HREE RO A A0 B 2 AR 2R i) NH W2k
PRI R A E 3 0 K] MC-LR Ak Bk B2 Fn 4k
BT[] 177 57

H & 1-A AT%0.MC-LR AbFE 6 d J5 , ZER IR0
NH; ¥ B K F 8% F 0.50 mmol - L' i, T1
(2 wg + L7 MC-LR) 1 T2( 10 pg - L' MC-LR) £1%)



36 B % U SO B R 4527 %
0.08 - 0.08 [
A B
T 0061 T 006
D < D <
5 E o
EE EE
£ 004r £% o004
™ < N <
27 0mt =002
= =
0'00 1 1 1 1 1 J O'OO 1 1 1 1 1 J
000 025 050 075 100 125 150 000 025 050 075 100 125 150

NH; e & /(mmol - L) NH; concentration

—@—: CK(0 pg - L' MC-LR) ; —A—: T1(2 pg

NH; e /(mmol - L) NH; concentration

- L' MC-LR); —O—: T2(10 ug + L™' MC-LR).

A. AbH 6 d J5 After treatment for 6 d; B: A4bFH 12 d J§ After treatment for 12 d.

E1 AEREMERSE MC-LR RERRAELHHIRE NH; RUGERNT L
Fig. 1 Change in NH} absorption rate of root of Pontederia cordata Linn. seedling after
different concentrations of microcystin MC-LR treatment
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Table 1 Kinetic parameters of NH absorption of root of Pontederia cordata Linn. seedling after different concentrations of microcystin MC-

LR treatment!

i 4 _TR Yep® 7!
Ti% jt%nﬁfﬂtmti/ie 'l‘reaﬁift(iroup Né?m?inﬁi (O;L%/I CPLR) J7 2 Equation R? V,./(mmol - g™' «h™') K, /(mmol - L7')
6 CK 0 V=0.0915/(3.035+S) 0. 958 sk 0.091 3.035
T1 2 V=0.154S5/(4. 623+S) 0. 9503 0. 154 4.623
T2 10 V=0.150S/(4.374+S) 0. 9763 0. 150 4.374
12 CK 0 V=0.1175/(2.658+S) 0. 997 s 0.117 2. 658
T1 2 V=0.190S/(4.733+S) 0. 992 sk 0. 190 4.733
T2 10 V=0.1595/(5.047+S) 0. 995 sk 0. 159 5.047

Dy, P IRGHE SR Average absorption rate; S: JEEMIHREE Substrate concentration; V. : T KWYCHEZ The maximum absorption rate; K, ; ZMAK K

WL Apparent Michaelis-Menten constant. ##: . a=0. 001.
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Fig. 2 Change in H,PO, absorption rate of root of Pontederia cordata Linn. seedling after

different concentrations of microcystin MC-LR treatment
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WS FRAE RN 58 T 10 pg - L' MC-LR AbFH
2.2.2 *H,PO, Bok# A F A& Hw AR
WeBE MC-LR 20540 ¥ 6 A1 12 d J5 AR fa B4 Hi AR &
H,PO, WU 3l 1224003k 2, R4 R &
() H, PO, WA 5 XoF JEE 40k J3E 11%) PR ER OG 2R 4% A LA
Bk, A X RTE «=0.001 KF EEE,

%2 [ MC-LR 4bBF 6 d J7, T1 4R &R
H, PO, M B e R R (v, ) i T CK 4, T
KGR B(K )T CK 20 T2 4H4h R & H, PO,

Wiy v, T CK 41,01 K, 5 CK A5,
UL 2 pg - L7 MC-LR % (6 d) KB AT i 4 AR 3R
(¥ H,PO; Wi 3 0 32 A 4 8, T 10 g - L7
MC-LRF B4 HE 0 v] 1 4715 M R 1 H, PO, W% )
5 EXF H,PO, 25 JCI A, T1 4R
Z H,PO; Wy v, R T2 41, 1M K, {H/NF T2
H, 8] 2 pg - L' MC-LR 4b B XF 4 i & 19
H, PO, WISt 71 Fn 26 F1 0 HA 5 B () £ 4500
H2E 2 A MC-LR 438 12 d J&, T1 4H4h
W& H,PO, Wiy v, fEm T CK 4,1 K, R
/NF CK 45 T2 AR &R H,PO, WKy v, E I
T CK A, K, EHURET CK4H, T1 AR
Z H,PO, Wiy v, Al K AHIIBISETALHE 6 d J5 1Y
i b T2 A AR R H,PO, I K, E A
6 dEHL R ARIE R T 19. 7%, 10 V,, (H W FEAR
T 18.2%, WA, 5 T1 #HAH b, T2 AR &
H,PO, Wiy v, AE AR, M K, HE ., Ui %
2 pg + L7 MC-LR Ab3, B4k # s [] 124 | &) 1 AR &
1) H,PO, WIS J1ms A AR, 1 H,PO, 55 A1) WA
PR 410 pg - L7 MC—LR Kb Fifi b 38 s 7] 72 K |
IR R H,PO, WS 1 FISE RN S REAR
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Table 2 Kinetic parameters of H,PO} absorption of root of Pontederia cordata Linn. seedling after different concentrations of microcystin MC-LR

treatment)
Qb E]/d YOpLE:) MC-LR &%/ (pg - L) - . 2 o1 -l -1
Treatment time Treatment group  Concentration of MC-LR Ji#E Equation R Vi (mmol = g7+ h75) - K,/ (mmol - L75)

6 CK 0 V=0.007S/(0.061+S) 0. 909 s 0. 007 0. 061

T1 2 V=0.0135/(0.048+S) 0. 905 s 0.013 0.048

T2 10 V=0.0115/(0.061+S) 0. 948 sk 0.011 0. 061

12 CK 0 V=0.008S/(0.058+S) 0. 906 3 0. 008 0. 058

T1 2 V=0.0115/(0.045+S) 0. 901 s 0.011 0. 045

T2 10 V=0.009S/(0.073+S) 0. 923 53k 0. 009 0.073

Dy, SEH WL ISHE R Average absorption rate; S: I Substrate concentration; V. : T KM ILH R The maximum absorption rate; K, : WK

HE Apparent Michaelis-Menten constant. #:## ; a=0.001.
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