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Nutrients Recovery on the Growth of Nitrogen and Phosphorus Starved

Microcystis aeruginosa

YUE Dong-mei, LI Jie, XIAO Lin”~

(State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment, Nanjing University, Nanjing 210023,
China)

Abstract: Microcystis in natural water bodies may frequently go through periods of nutrient limitation and then may recover when the
limited nutrient becomes available. We investigated changes in cell physiology and expression of photosynthesis-related genes during the
recovery of Microcystis aeruginosa from nitrogen starvation and phosphorus starvation with the method of "“C isotope and fluorescent
quantitative PCR. Our results suggested that Microcystis cells relieved from N starvation and P starvation resumed growth within 24 h
and displayed significantly higher growth rates than not-starved-cells in the first 48 h. Carbon production rates and the expression levels
of photosynthesis-related genes all increased rapidly after relieving from N starvation and P starvation in different degrees, enabling the
rapid recovery from nutrient starvation. However, N-starved cells can not resume their cellular activity to full capacity when N became
available and the damage of N deficiency to M. aeruginosa was unrecoverable, whereas cellular activity of P-starved cells could recover
to normal properties.

Key words ; Microcystis aeruginosa; carbon fixation; photosynthesis-related genes; nitrogen and phosphorus starvation; "“C isotope
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1.1 s

B SR W58 ( Microcystis aeruginosa 469 , 14 H H
FERRE B i DUK A A 5T ) BG- 11 {97347
28°C , YEIRFERE 60 wmol- (m’-s) ' JEHRFE Y] 12 h:
12 h W R SR, X EOH R B0 AR S A e, IF
R B S AR BG-11 JFRIEVEA 3 . RE
EHEMELT 3 M AMIEFEI T . Control
(BG-11 Ki7#3k) -N (RE& AWM BG-11 #5373 A
P (ANEBER BG-11 Rigidk) B b g 3 4~ F
7. 85357 dJa , B0 A A A B Y e 400 i,
& FUAHR PR SRRV B 45 - Ab B 1) 40 i 2%
FEVEAE— UK b A BG-11 B rp R 557,
BAEHA 3 A FAT. EEFRIRIKEEH 0,
2.6, 24, 48,96, 144 h BUREI5E & 4545
1.2 “CIRM ZEARTC A A A0 I P B 1] 5 o 3R

(1) Na, “CO, fiff &V L

¥ Ca,'CO,(8.4 g, 7.6 pCi-g™', IR K¥
PREE B 2 o AR AR AL | Ci Ry T M 3 B A7) A
NaOH A9 (100 mL, 2 mol-L™") /3 Bj A H i 22
LW, FE AR %€ IF F A % B, AT AR
LGNk 5 H,S0, A E] CaCO, H, 0 2 72
HREAT RE B, A 29 20 h R ORE A 00 B b
Na, "CO, W % 7% % ¥ 35 3% 38 i ( Duran) 1, 4C
TRA7.

(2) B I

B30 mL A 5, B0 SCHESE A AR, FH B BG-11
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(50 pCi-mL™ ") 538 1 h OCMBIEER) ; R
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VDR S e S 12 5
1.3 AL

KAEHIRE i FH W 1. 5% 1 & 5F FC U 5]
JEHVE 48 h e WL IRE bV VR A R A, FH I 240
THERAE Zeiss BIER ( Zeiss Axio image Al) FALK
400 fEHEATIHEL.
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IE Chl-a BUZKFEZS 0. 45 wm S I8 5 I8
TENE, ] 90% FITAEAAE 4°C VKA AR EL 24 h J5 5.0,
YR T FH A3 6 B T

L5 4IRS (ROS) RYIE

2" 7’-Dichlorofluorescin diacetate ( DCFH-DA ) 74X
BADO, RS AR E Y, TR E M
Sk A B R A 20 T FS A A0 L P TR T K A
DCFH; DCFH ANfg % 1 40 B B8, A% B A & 51,
{HRE B Z Fh ROS %A 1k W BE & 4 2206y 27, 7'-
Dichlorofluorescein( DCF) ; K4S A DCF A9 %¢ 6
St T LAAE Ry it 40 P ROS =R A HR AR

DCFH-DA ( Sigma ) F 2 B e il A% 10 mmol - L™
AH £ T, G ORAEAE — 20°C A9 PKAR 9. 1) B b v
IIAZH N 10 wmol -L ™' i) DCFH-DA , % I K #7
IRAE G CIEE 1 h, B0 WA B L, FH A I 1 35
FREETHTE 3 . ORI AT A & 206, itk a4
FEM BB XS B B T A I DCFH-DA | H At 4b 2
570 DCFH-DA B 4k AR ). B3 2% 40 2 A% ( BD
LSRFortessa ) , TEJ & I+ 488 nm , & HF K 525 nm
TR AN P SR . AR S SR 105 A4
JRLFR) P 2475 D't B (L (W v ) A R 40 B N AR 9 D ik
BE SR IAZE (i DCFH-DA ) 2% 5% 58 Ji 5 Hoxt
JOL A B0 B 8 2 5 B2 UM R R
L6 JEPIFRKDH

(1)RNA HEEUN s 5%

H40 mL FEA B O UCEE B A A TR R
%, SR 5 IR & A ;. F RNAiso Plus ( Takara ) $2
A RNA, I T - 80°CIRAT.

RNA 2 it 72w B Fl e B2 % LA R J5 vk Ak 3
Bk Rnase 54¢. 1 0.1% DEPC (#EHRFR — 2 T8)
JKIRWAE 37°C FAEFE 12 h, SRJGHE 120°C F @ K
P4 30 min LABR 235K B2 (1 DEPC. JHF RNA 8255093
7724 F RNase-free 7K ( Takara ) it B .

B 500 ng RNA F Reverse transcriptase kit
(TaKaRa) #F17 [ % 5.

(2) SR} 2 it PCR(PCR)

122 MR B Primer 5.0 841k
Th, TR 1. RS2 cDNA TRt 10 £5 /5 H
T oL E 5 PCR. RVAA RN 10 pL: 5 pL SYBR®
Premix Ex Tag 1l (Tli RNaseH Plus),1 pL ¢DNA, IE
REI¥ (10 wmol-L™", 3 1) 4% 0.8 pL, 3 dH,0
*HEZE 10 L. i AL #52 Rotor-Gene 6000 thermal
cycler (Corbett Research). § #4444 95°C Atk
1 min J5 40 PMEIR (95°C 251k 15 s, 60°C ZEf 1
min). FEFEMERE 3 K. S ST A it
LY R e T 60 ~95°C. Wi 2
A AW, P Yy R AT BRI BRI L UK, 2E— 2D
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Table 1 The qPCR primers used in this study
FE 519751 PCR =¥ K/ bp ik

Forward: 5'-GCCGCRAGGTGAAAMCTAA-3’
165 rDNA Reverse: 5'-AATCCAAARACCTTCCTCCC-3’ 240 (9]

5 Forward: 5'-CGGTGACTGGGGTGTGTATG-3 53 0]
psa Reverse: 5'-ACTCGGTTTGGGGATGGA-3'

D Forward: 5'-TCTTCGGCATCGCTTTCTC-3' ol o]
P Reverse: 5'-CACCCACAGCACTCATCCA-3’

el Forward: 5'-CGTTTCCCCGTCGCTTT-3 128 0]
e Reverse: 5'-CCGAGTTTGGGTTTGATGGT-3'

. Forward: 5'-TTACCAATGCCACCGTCCTC-3’
ocr Reverse: 5'-CCTCTTTACCGACGATGGGAC-3' 129 MAE._18910

Forward; 5'-TACACTGCCTTAGAGCCTTGC-3
sodB Reverse: 5'-CGAGTTCCGTATTCTTTGACCA-3' 12 MAE_16920

Forward; 5'-AAATGAGTCAGGAGCAAGCG-3'
nbiA Reverse: 5'-CTAGACCCCACTGGTGTTTGAG-3’ 105 MAE _02520

ARMAETHR (K ).

2 ZEREHH
70

2.1 PURAH S MR E R R R AR 6.9 &N TR o Control
WS A, D oer

BREBEWE S, MR ECR 28 R a 1928 fL &R 8 6
00, LRI R L2 6 h (REME  § o b
I 4R G A K E XS RREH AN 220 24 h IR 42 4 - 63f
JEA TR ALK, B &8 3= YL ) b B 20 A= K Bf 20 20 0 & 8 100 120 10 160
BT AT L RE2). FERT 48 b, WA A T
AR F , 2 A VLA 1Y ab PR 2H A K e b, 28 1600
YU AL BRAT IR 2, X B2 AR K e 18, AR K R D 1400
SR 0.25, 0,15, 0. 11 d°' fRIEIHEZ a if :
B RKRERWERI(FR2). K, 2 AT R
REFRA 2858 48 h (PRSI K 5, A K IF iRz , 600
144 h WA MO WD (P <0.01) , it 4 &R W00 w0 w0 80 10 120 140 160
a W B IRAR (P <0.05) , % B 2 AU YLk i 4k 21 “
ZHAE 144 h BFI BT TS W VL AR 1 Ak 32 A E1 @RGSR PRFMERHAREMITEE a WEL
ﬁﬁ 96 h Ij‘] éEH B@ 2& %IS I iﬁf $%\ ﬁ_’i E‘J JE $ Jﬂ: ﬁ? i JL/( Fig. 1 Changes in cell counts and Chl-a concentrations

during recovery from nitrogen starvation and phosphorus

(0.12~0.15d7") ,Bl)5 gk AFaE W XF a4l
K2 BAEBEALERKERNTH/d!

Table 2 Growth rates during recovery from N starvation and P starvation/d ~!

starvation in Microcystis aeruginosa

A f]/h
T AL 0~2 2-~6 6 ~24 24 ~48 48 ~96 96 ~ 144
-N(N YUk 0 0 0.22 0.25 0.06 -0.25
LisSiE il ok g =n -P(P L) 0 0 0.12 0.15 0.12 0.01
ZH 0 0 0.05 0.11 0.01 0.02
-N(N YLifk) 0 0 0.15 0.21 0.15 -0.02
M4 Chl-a 344 -P(P LK) 0 0 0.02 0.05 0.1 0.07
ZH 0 0 0.02 0.02 0.05 0.03
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2.2 LR P ] o o AR R R T D T ik [
MR AL

BT 240 P e [ A R U G SR ER YU A (0
h) Bk [ 5 3o R i B IR T X IR (P < 0.05) , I AU
DU AIG T i S S 3 i ) il 161 52 8 . R DLk Ak 2
LHAUA T BRI 55% , T LR A A B2 fB 3k X AR
1 94% [ B2 (a) ], IR YL LB G i 40
Pk [ 5 B8 T M E B . A SRR 6 h
J& A/ SR (R i [ o TR B 6 o L
BRAIAL AL 7E 24 h B 38 B B 4L B K i &
RUARAL B (9 ok [5] 2 3 56 AR N T 2 A%, (HAE
A S G 3] 18] — B R AE s 16 R AL B K [ 1A 2
(a) ], FHA 2 R DUk 55 20 A B2k 7 22 R 0 M LAWK
CENR Y S

5 BT 240 D e 1 2 R — B 2, B IR AR L
TR b BT | 2 FRER DL A B 2H F BAA37 P45 25 A sk ]
FE R F R T AR (P <0.05) [ K 2(b)]. #b
FEEFREL 6 h S, A Ab T 2H () B ] R R R A
friem E 2(b) 1. LBEIURAIALERAAE 24 h ik
PN AAE, B XF B (7K 5 T2 B LR 0 4 2R
ZHTE 48 h B G 2= s KA, 3k B0 B2 1% 7K
V- ABTE 144 h BEFGG BEREAR (P <0.01) U N

10
[+]
= 8
i
R
= %
S s
z
B 4 ﬁ -B-N —&—P -—O- Control
: f L 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160
90 - -
(b) B4 #a
80
W 70 AT _f,',;:,?-""""':""* N
& 60
B
50
40
30

0 2‘(} 4‘{] {"Il[l HI{J ltl)[l IIZU ]illll 160
t'h
2 EFRMERENBABRNAMMEAMHEEa M
REEERNTN
Fig. 2 Changes in carbon fixation rates normalized by cell counts
and total Chl-a during recovery from nitrogen starvation and

phosphorus starvation in Microcystis aeruginosa

KIER 63% [ E 2(b) .
2.3 YUk SRR AR B SRR AN S AR
R TR [ A K

N 3 AT LUE L TE O h b RN E FRER T, A
VAR AL 3HLAT Y 40 i PR 8 B RN 2R R S A I
ETFXTRE(P <0.01) 5 WBFYLER AL BLLH W] 5 % B8 TG
BEEESR(P>0.05). #hnEFRLE, ALK
A HL 11 ] o Tl 9 0 L P 9 B RN SR R R
S ZN G, 2 24 bk B H s KA, (H B KK
R ZEMRT XL (P <0.01) 5 i 2Lk A4 4b B
AN — L 5 X HEZEL(P >0.05).
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Fig. 3 Changes in cellular Chl-a content and cellular phycocyanin
content during recovery from nitrogen starvation and phosphorus

starvation in Microcystis aeruginosa

2.4 YUY S o e A O SR R TR T S A0 PN
ROS L&y 72E 1k

WK 4 7R, 7607 24 h N, 22 L E AL B
HHEN ROS FRER B E & TXF (P <0.01). 48 h
B, AU AL B AT ML N ROS R SR i [ & %)
FEAKF. T 2B LR AL B D) — B 5 X6 RE 20 TG
FVEEF(P>0.05).
2.5 RMHFRIK

7E0 h B, Z YU PR, PS T SCHESEH psaB
FRIR D E T (2 45%) , KU PS T & RUT I ; #
HAAARE R BE TR nblA IR0 28 1 (2.5 %) , 3%
TR R A2 a2 g IR %) [ fige s i PS I DG B R ]
psbD FIER [ 8 FeAa 3L K rbel, B 2235 5 X6 RE AR Fb U]
TR EEZR(ES). BB T A VEH
FARFEH (psaB | psbD ., rbeL . nblA) B33k 5 %] FEAH
LN TE B 225 (I 5) . LY IR ocP
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Fig. 4 Changes in cellular ROS accumulation during recovery from

nitrogen starvation and phosphorus starvation in Microcystis aeruginosa

BERILEHALE, 50 h A, &b R

psaB ., psbD | rbel WIFRIE I Z) B, 2RV
ARFRL F AR e R, HLEARBETE 6 h PNk 3
KA 6) , FH4MME M PS T | PS IT A & E 41
MR e TR AR E I . 2 Rk Ak
BT psaB 7 2 h JE PR BIE 6 ~ 24 h BFik F]H
ARAH, B F2 8 PR 15  psbD I FRIK FEAE2 h

B IR B RE, Bl 38 58 T8 0 h 7KF
rbel (W FRIATEE F7 8 T A 70 e s 2 B, b
PE ik 206 ~248 ff5(2 ~24 h) , Bk 24 h ZJ5 FiM
R A T RRAIR , (R R B AR 52 ~ 114 £ (48 ~96 h)
(K 6). ZBIVRIIALBRL | psaB F1 psbD BRI
TEANTEREIR S AR TG & A B (H A
O XTRRZAZEAL ; rbeL (3R IR B AR A FEBE VR 5 Ll
IR (A R B AR T A A LR A A A A 2
h B IR B 5 R AH (8 i), Bl fe - 8 2 1y 2 2% %
R HERZE T 0 h IFRIAE (5 ~ 1.7 f%). XFHE4
W rbel IR IR BRI A BT F R (B b R iR B i
KT AR TR . 2 E YLk A AL B2 75 B
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