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(¥ R . R 2 AR BTN S UL %, W90 WM KA R T
SERE P E A ZE SR, Ah SR MERZRE AR, X HER RIS
B bR KA v S B AT 2 S

TEKAEUE B e M Z v, B L2 — MR Mg ma P 28, Hfsdd N/P 24y
16: 1o FRATHAR, 1% N/PEE S E K ZAHOC R M. BEEAN b K1E
2 H— S RUNRAIC I BRI ) Y, S ZE (T A2 5 40l DNA. RNA 14 B
AR BNESS TERARKAS K, 2z maEng, fiRE Tamtks
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BEAMAEH, B N/P O 16: 1 H40 A4+ 24 Bk KT

T AT R v PR B R WS i KB BB, LU L e S R T R I i A2 W T e
J1, WTUAYESN M P A L B I DALt MR AL, BT SR R AN
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73 72h JE T ZE AT . B RIAIPAT T 2R, O]
FERERLAF A AT TG M, B R L, AT T S S BRI AR G
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Abstract

Abstract

Microcystis aeruginosa is the main cyanobacteria, which can form “water bloom”
in lakes and reservoirs.So use the technologies of molecular biology and proteomics
to study valued differential proteins expressed under specific conditions, which will
either in theory or in practice pour great effect on the prevention of algae bloom.

In the formation of algae bloom, the proportion of nitrogen and phosphorus is a
major factor. The optimal N/P for alage is 16:1. So it is assumed that the particular
proporation must relate to the growth and division of cyanobacteria cells. Other than
participated in the phosphorylate reaction in metabolic pathways, the most vital role
in vivo of phosphorus is involved in DNA. RNA synthesis. As for nitrogen, it is
related to the protein synthesis. The appropriate ratio between N and P may be
presumed as a reflection of the relation in quantity between the growth and division of
alage cell. In order to verify the assumption, we use the technology of FCM to detect
the cells of M. aeruginosa stained by PI, which were cultured on different N/P
nutrients. Acoording to other papers, it sets different N/P ratios, as 16:1, 160:1, 1:1and
lacking of NP four groups. The results show that, when N/P=16:1, the DNA content of
M. aeruginosa cells is higher than others. So it comes to a conclusion that the division
of these cells is at an optimal level.

The phosphorus is a vital limiting factor for the growth of cyanobacteria, which
also play a role in the breakout of algae bloom. In fact, M. aeruginosa has a maximum
uptake rate of phosphorus. With a greater storage capacity of phosphorus than other
cyanobacterias, M. aeruginosa can store adequate phosphorus in vivo. So it arose us
great interest to study the metabolic mechanism of phosphorus in M. aeruginosa. The
analysis of proteins expression level for M. aeruginosa induced at different
phosphorus concentrations will help to unfold the metabolic mechanism of
phosphorus. In the experiment, we set three different phosphorus concentrations:
0.005mg/L, 0.05mg/L, 0.5mg/L. After cultured on the three different nutrients for 72h,
the cells were collected for differential proteomic study. Two-dimensional

electrophoresis results show more than 20 differential protein spots, from which 11
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Abstract

differential proteins were chosen for MALDI-TOF analysis. (PGK), Then though
data retrieval some important proteins related to phosphorus metabolism have been
obtained, they are: thiamine-phosphate pyrophosphorylase (TPP), thioredoxin
peroxidase, microcystin related protein MrpA, succinyl-CoA synthetase, ABC
transporter related protein, succinyl-CoA synthetase beta chain, phosphoglycerate
kinase, Bacterial fructose-1,6-bisphosphatase (glpx), Ycf48-like protein precursor,
and so on.

Then do study primarily on the function of protein PstB. The western blot
detection of the expression of PstB in M. aeruginosa under different phosphorus
concentrations reveals that, the gene coding for PstB, is induced under lacking for
phosphorus condition. So when phosphorus concentration in vitro in low, the gene
pstB can ensure M. aeruginosa absorp external phosphorus in maximum. It is
concluded that PstB plays an important role in the absorption and transportation of

phosphorus.

Key word: Microcystisaeruginosa; Differential proteomics; N/P; PstB
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1.1 $A4FUEEE (WMicrocystic aeruginosa) lHXB =

SRS, TEEETY, AN, (AR, kR AR . kiR
HROGBURATE SO BEA,  ER B AR = 3R, BE)S, BT AW,
FEIRARAB LI F3 IR IB AR o FE IR A4 328 B T €1 Al IR TR B B3RO, ELAR 3~
Tum, WS, —EMTFM. 2K THKT, EELEFAEKIER, FIE
JRIKAE . ARG, KT8 A7 I Sk B AR A

H F A SR I B 7T AP AR LU LT T — WA SR T 5K R A
MR . WRFCE R (. B, e e s, 2. 855 RIAEE
BSOS R LT s = WIFTUA SR B K SR E (A A bt
Rl 200E A EREEAE ) DU NP SR G R W AR PEANE I HLEE B
b, WFIEN BLIE NG T KT IR RIS R S o, b s %, e a1k
FHRAH O RE DR e B 2 531 LI A 5845
1.2 EEMBERSKE
1.2.1 7k

“IKAE” (water blooms) JE7ERIKH—F HIRERIUS, LSRN,
WEESE . SREE. PRVESE.  COKAR” AR, KR R sk . IXMPTE AR
FERAT ) “ORARE” B, fEd AR s EAUA R E. Ah, K BN (— &
L) WY/ 1831—1836 4F, JA/RICAE (DU /RIEICR) hiddl T 1
B A R RV T R AR R B B 5 LR IR G fifh . Hiak, P ERL7E 2000 2
SR R I K AL G NG, — S8 5 SR B S 2R i L O — Sy KRB S Ty
L. WS RHARE /e (IR ot S T 5K LIS AT L
KIS

KA BB, TAEEY B FFESERER K, Tk — RS
N EEL HAL PEL IR EEL Hd, Bk, GEEE. B, BEE
POV EhoRPEE. SR AR 30 2 AN KA X KRG R LRI . 1E
T, KT, . BT, BRI KR BUERBIMI, WKTLEK
SCPR— DT R T B P L “OKAE” o ORI ISR RO T A
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RSS2 2 Uy, 75 0 )RR g AR MR, W <K IIRAEAR
R I, BRI, HE B N IAE HEFI AL AE .
1.2.2 fARNERKERBOER—NP ZFif

THRESEAE FAR M TP I IE B N, A RETE R I RN TE A “KAR”, 4y
A7 S TR R B R R IR 7, — FROUA Ay A p AN B (1 A PR DL AR
JeIL B TR TSR 2 BRI E AT IR . KA LRI,
WU 2 (AT RERf A OCE IR B SR A K Z AR DG AR o T I /K AR 3
AR & B FRAG T, S AT TE RS e AT AR K RT R R SRR I UK
FERISHE . S, FEBEE I B E 7k, JUHR AR B S R I, a2
SRR AR A IR R R LL S T K A 1 W

oI b, PR A e R R A 1 B R HRE DU % (Vomax) ' P e R HA
R IR AE W IR BE 0, 0 AT) R LA H M A A 08 1 B (5 41 Ty 2 ~ 4
PO e FEE IR A T R A, XL A e A Ty LA
AR HBE, JUHAER. BERREI &M, RA e s e ). B
Uk, EVFZ A BRREEBMRIIAR T, IRy UL B0 R K A

PRI, AN ] 10 G0 A1 AN AN 2 0k R T 0 M A R T R s s i), 2 x
AN A A B AT 2. A, C. Redf ield (1958) $2HREKH T4 N/P
JRFLeg 15 01, WS K NOR PRl 15 1 1 LB v
FEo AH DA SE B0 & 20 AT 45 VTR IR I AL N/P LJEL6 & 1, USRI # 2
DAL A V7 i A A K M S A WLt

Smith (1983) i e tH A5G Bl A LTANIBA I BERE, T T A K EA5 3K
JZ Cepilimnion) i 5 £ M 1) P34 Eep LL KA TN/TPLE, 45 SR B4 TN/TP<29
CERLL) IS0 T A, M TN/TP>29 (T L) IS ) T-# /b,
MTIEE T T AR W K A R AR IR 35 44 TN/ PLE 22 U, IR 18 SR R 7E Science
Fo MK, EFRERHH] (nutrient ratios) & AR IR MU RER Fh IS4 R K —
ANEEIPOE TER R, %4 RS 5L, W SO R A
o MBI SEARE I " . (R DT IH O KR SR, 78830 # S0 FF
CTN/TPREUE” 1, AT RS0 MIFF AR e ARS8, AT A K AR A v e A T 11
FEPIR LT LTt A RARHNR ™
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1.3 G R IR e S 4l

i T RAEWEST, Wl s K R A B B 1 o WU, e ol 2 B o T
BEBEI OIS, 0 T R A 2 Tl B BE IR K B AL, A€ s . IR
BB, BRSO ST, EEETR A PRI, B, IRRREE AN, R
TR AR RE BRI GOC R, T LUHEIRT 99 2 i SO Rl R e
16
1.3.1 A& RYBHRIH

PR i AR e 5 03, R A IR WSO P T 4 ey F) A2 A 5 F A
H, PR 4 e JAT JUMAS R A e A2 R B AN [R] IR B . — s ok, 4T ml )
=M, BI: JCHLBERRE: (inorganic phosphates, Pi) , LIRS
(organophosphates) , /21 (phosphonates, Pn) . Pihiifi 7 540 N Beid s .
AR PLfE , HACH AR TR TR AR A ERRI . KRAT = A
00 W RO B L, 3- BRI, E R A R R IR B 21
R, BlE I SRR AL A A TPAE o A N LRZ TR I 7 40 it vh n] 4 A DR P,
1M A PIIFR L o Pl B AR /B P 2 S ATPIN & i 4l A R i 52
(y, ABMKRAS B, AT th S 2 O A 5 SE R D kAT, RIBE A WROBCRT P &
ATP, ZJa ] ITTZ MG E SCamBER « R S ok d B iR e i TR fit
REAEAE o TG TR I e 28 25 ) ], WAk S A0 RS IR 5 2 5 B P W i B
BT B R,
1.3.2 MMEHERKEEEHF

AP AT I B AR IS OB R S R MPEIABCHS 2 R 4
(Phosphate specific transport,Pst) , IR IR Eh FF RIS R 40 BURSERITER)
W18 54432 2245 (phosphate regulon, Phn) ; LA K Wile#: iz %248 (Pi transport, Pit)
O PIARGAEAN M T O AL R, SRR B MTPstR G IA N
% FIPIRIIR EEINH], AERE I R 10 umol "™ BA L, PstRGERISZ FIFHl. R T
e iaWhiREh, PStRGEMAE — L2 FIBENR £5 A0 P 1 7 J5 DA v 3 v 2 o S A i 428
TER, WiphoA, Btk RREE K 5 F3E DN . Phn 58 B0 X 41 R 1 IR &6 538 AT
JSEENTE

PR R ¥ Phn, AEL I TRERENIFIZ RS, FEWBEIRERIC BRI, %3
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T HF DU FER AR, Wi —APnikie R —APnf# i R 4"
PstER\ T-HL45 TANER . pstS pstC pstA pstB phoU (1) ., PstSA&: 4k

PHO-

boxes 10 - . ? . f_as . C:‘r‘;)RT
-l pstS |4 pstC pstA  HE=Y  pstB | phoU

<+ 310c <+ 1147c 4— 3443c <+ 4222c

Bl PstH#RYTRLIA

Fig.1 the Pst operon model

R&EE&EH, PstA 5 PstC RN IREL /K EFLIESER H, PstB, N2E)E T ABCH
HXE, 458 IFKMRATP, APifFH AR R . IXMSE T E B ABCH: &

AT DL S ATPIE BT, 22 A3 g Rl AT HoAd (0 AR 2 D fig o AT 9T, pstB 7k
A AR PV AT, Rk, IR T AT ReRR T AERE S Ty
HThEESS, eiysE e M. ok, EMASMEZAED T, pstB ¥i1f
FEFENIIE R, Xl REH 7R T pstB 36 DX i -4 () F LA F

PG, JE T pstB JEKTERE L IZ b i EEAER], HIELHRHS - B e g i
H, FRATAT L BRI, U SRR s VR R VR
BERER SR B WL T € PER
1.4 4R

T4 A (floweytometry , FCM) & —TUB U (1), & etV 1) A= P B 2% 4y
PR, BEREROCEIAR . G EEA . THENIER . Sk ) 2 LR 40 i e g2
PIAFHAR . BATE DA AR — A F 8 R A0 i A AT R AR ™ o a4l e
S Y T I QA AR ST SR A B e A M s ORI R i B, 1A
M NI, I i R I 28 10 5% T B B 55 Rl s 5, 7 LA
XPRL BT 2 2800, AFRIE AR TRARMI /N AR, 2 25T 258 A
M GIIR T AERMPUE. RDNAN S, 20 FESHIES. 2K
28]y )y 245 . FOM— MR 0 4 (P FH -l Ut TS 00 44 J ) S o e 0t
AT433, JF Hn R gy 1k (K RESAETC B A N HEAT IR, X L840 AL n] LR EG 7 o
1.4.1 RRMMARERKEE
19304F N T4 ML TH 48, 1947 25 SO v B Il e 2, 1954451
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HURE IS (TR, 19694 AW 20— G 9t AN M, 19724 40 i /- 3k 45 1)
ACHE R AL, 19754E 5 H LT BEDTASOR, BLA B e B BRIt P R,
A A C IR B A e . BEA T 211, A4 AR B g HER %, ik
A3 53 A0 2 AT TG AT AR R

WM T EE 4 H BB ARG FE RS TR MRS
B FURE A TR 1 SR D R BORE 45 5 0 — RO A R A I AR AT ks
ety RS BAR A, A5 52 AR T) RAFIURE B AR B =, A 4l i sl
TUORE (1) 2 il OCRRERVR0 A6 vy T ANEFVBCET S L, B9 N 177 1) 5 A 00 4
TOREIAL 5 A1 S5, 0 58 5 AN T Bk vy e 0, A B — A IR [ 3 R
(RIV3E) , Ar A M AE BRI R T ST HE, MU o S A A e 0 DX 3k,
2RO R PR E e T o WA AAGEH Ao o O e IR, Lol R
B 5 R T LN AEAT i, RO R I AN I SOE AR R A R 2R K
SRR 5 o SX PRI A 5 [ NI ) 5 AR AN90° Ty 1) ) D' LA 19
( PMT) %M. JCRUHS 5 AETT 17 /N A1 BEHEAT R, K S i 1] #50 (fForward ~
atter ,FSC) , XFE 5 A b S AR RN s 90° IS 6 SRR 11 TR
(side scatter, SSC ) JT45-15 WO A M ~F~ 1T 38 FL AU D', FUAR 5 95 vl e ke 4
BB > G5 AR R 9 S RO [ B O REE B, 200 — RS SO
GO IR A I 18, T DA RIBA PR 5o R EESILE S AR
AR PTI98 P LA A L X NP AR, 2801 A i s i
Ja wT e O FAS T, PRE A B s, RIS AR S B T SRR
MG o THEHURSE T INE 2 (2P {5 5 AT vH AR B, R 0 A4 2R o
FEVHSEHLRRRE_L, AT LT B SR, b v] DU SCA TR A AE AT A L, DL T
J& [ A e 25 I3 A o Rl Kt 1) Sl s M B S U AN (R o A7 22 kR 2] itk
Feo SRR LLE 7 T 3k, Fox Bl S 1 O G Bl S il s s (n] A
S A, ] DLE RO S | DU AT AN IR SBORUE, Sl B AL
Bt o> B 47256 501024 JHIE K, XML/ B A 10 73 HEA T E o« X T2
Kok % 240, Wen] DL R s RS 250 BT I, thn] LR 4 1 ORI
5 vt 2 )l A () ST AR A o Gl A R A 43 A 1 T A AT 4y
I, eI o) B AT AN ML KBRS 1T SE LI o ARV B B _ERCAT i
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AR, e R Sa ksl AT D AVRCA T2 D 1) S BRI A0 S 0 LA 23
FEIZ LR 2 P o K IX UG 78 LA IE SN [RI IR Ay, B0 &t A7 )L TR )
TR, R m s S RV T e, v A& B AES T, AT 78 AR
ST N I () R NI SN P 1 2 B ™
1.4.2 WXABMAREEFENFPRINA

WA A A 20 L TOEARKI A WY G, AR A BN Tz, EE T
Bet . MR MRS AR AMLIE AL 2 . AR 2 A I R B 2 A Al
BEAF R o AERMIE BN T A0 sl 7 2 T RERIE 0. SREERAED) 00T IR
XA A L o FAEY AN S . FCMAEAar R N A, A8 B A
P MR SR AEEN T AN AN T AT A AU TR AT L R A k)
PCBCRFIE SR A 7RG . HERA IR RS o 20T 2080 AR, BRI RH = 1) K
J&, A AT Ak NI AR TSI . B TR K AR AR 2 B T
DNA 5 5 R 7 TG, DA B 7 i AP 40 RO 3 40 BT ) 4 288 s e 7
B A AT TORIRE I 22 Br RIS A% 5 R 5 7 TH

Ui A P TV R T 9 U6 T-20 1H 20804 ALK, Yentsch™ "4
A T A ORIRL AR ORI 73 A0 8 TV B RGAE, X8 3t i WA ¥k
RUCE I AEAIRIT TS T AR HESIAE o 8 R0 Sl S s A HE A S PR Tl 28 S R Y
PRI RS B DA U 7 T A T — R 2 e TR A R R B £,
U FAUA K EEAL BTV T R ISAr HRI BOTR BER AN KN TR 4, IF H W
PEEROR o TSR 1A 2 IR 40 LA R 3 BT A o & PT LUK SR 40 v i R ) A T )20
WG H 2 20000 & T DU ORI 5 YA 1 S e HR Vi R K /N T
Ry SRR S (VR IR FE Y HEA T € BEAE DT Bk, sl
WL AR T A 2 SR T 1 P 1 SR AT AV A 1 e R R A A TR IR
Garrison"" 257 FH 3t QA0 ML AR T 1 Bl ARG A= ) s I 0, 943 AT T IREIX
AR BEFFIE R ) e S SO B a2k, RIAEIR G2, I ) s 2k
(Pro-chlorococcus marinus) - 82k (Synechococusspp.) PL & 4 K ¥4 B i A%
DRI I B AR A A, AR AR T AR B0 B R D, AR IR
RO, AR K T40%, 1T LR S 2R A A i M ik £ B A — A AP I (1]
JUE PR T4 . DuRand 25 R T QAN LA £ T 11 5% KOR P TE (7730 A
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(RIRER S50, A3 AT T ERIE R IR 2 1 AR A A

AL LR 0 B AR SCRIE T b R R H S R IAE LR LAl (D
WEVEARE AL A E RS (2) IR A ER AR AL T, g B i
YA M BT SR LS AR I s (3D S F AR F MG, AT
AR ILE T o 50 LR OG0 M AR 2 1) -G CURCh T 4l SO e 1 T
], B, SRR S SO6 R A ATHR (FISH) S AR P BE e 1 FL vk
(DGGE) 45 & 7RI I 4 B 1K 7 25 %52 ™ . Magarnos 72341 41 14741
MRS HEPEI AT, A St B O EAT A0 T s AR, BIEST T AE2E IR 4%
PR R A T G (Pasteurella piscicida) 787K H IR b 5 AR AR FR 55 D
TR Grégorift SLsh & 4 FAIL T A I B4 0 %40 i 1) 1
FEREST, RGN AT T IR B R AN A 1 FE AR A
1.4.3 {MARE NP FHTEMIIE DNA £

DNAZ AL AR JIEAR, 2 b g (MR i) T2 22 ) 5. DNAS B E
L R 2 A0 MR DNA K &5 &

FHT, A AR PIAS (kA 4 [RIDNA 7 8, 2N T LAt A
I DA 1= 272 Jen 98 48 R PR RS0 7 T o LTS TR 2R L A [ 8 0 B 34 1) 4 i JC % DNA
AN, ZDNAR L—E 7 sU S DNAY RIS &, S5 a Rt it 2 /b 5 41 a4k
USRI BE I RIDNA & A 5%, ML X DNAK & =T e E e, Ll
AT ¢ ' GORE U L T BE 1) 5 D' i B 3R AT I 5 S DNA B o 43 BT (1 S A 0 vk
o HEELE WL EE A P AR SO IR, BEBS IR A XU RZ IR (DNA
FIRNA) HIBEEEX 1, ZRNAME AL EEERNABE W (s, PIAT X DNAMEATHE
e, PINIERh . B 5IR (DNA. RNA) XUBHER S b a4,
(EASIMIEOG IR T, PRI S OGiE h562~588nm, IR i A, PIor 1
i ADNAR A IREERT 2 0], BERESAMIRIERR AN — N0, X E T 0%
R, ARG R I B R BE . DR a) /D DNA S 51
SN, BEAT AN IR SR AN M O AR AR DURE AR, R K.
FITT, DNAMRAE AT I — SO0 578 32 ZEAERF PRI BLA% 40 M kAT, Qe 40
1140 55«

W DR R s A M AR, A B TR S, S TR A R P £
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PR AN A DNA S =710, WJED W, EEA 2 A YO I, ik
FE 41 1 43 34 2 BEATL I 5 5o o DR 3RAT TR P S 4 ok 2E A T PR (17 DN A
i PRI, JoVA B 0 1 AR DUAS A, Tov: DX 43 Hh IE 6 TR 40 M 4 o
JIT LA, FRATT LI AS 0 2805 20 0 110 - B3I P12 s i Sk 1) 2z b S W86 400 i1 35 ) DN A
B, NI TR A0 B ) A ROTR YL

W THIFRAT I 4 T A 2RI B /K S A R 3 —N/PAE it b, S 31 K AR IR
AL T — AN RS IE R EUEIN, B BAOK . & Ui, KT N/P
JELhsg 15 01, WEESIFIEIEYAEAKE N F P Bl 15 01 (LB
FE, PRSI = AT 45 U TR R M2 B N/P L2 16 & 1, USRI 54 2 LA
AR AR A I AR K I BaE A L™ AEXAMER D, R EE X A Sk A
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