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Characteristics and Regulation of Carbon and Nitrogen

Metabolism in Aphanizomenon flos-aquae

Abstract

Cyanobacteria, a phylum of bacteria that obtain their energy through
photosynthesis, is a main contributor of the global primary producer. As
. the main nutritional énd metabolic models in cyanobacteria are similar to
photosynthetic eukaryote and higher plants, cyanobacteria is a good
metabolism research model for biology study.

In this work, Aphanizomenon flos-aquae 943 was choseﬁ as research
material. Aphanizomenon flos-aquae is a filamentous cyanobacterium
capable of both photosy;nthesis and dinitrogen fixation under aerobié
conditions. A series of ' physiological, biochemical and metabolic
indicators were studied. Characteristics and regulation rules of carbon
metabolism and other nitrogen assimilation pathway were iﬂvestigated in
the whole cell level.

The optimum condition for the growth of Aphanizomenon flos-aquae
was studied in BG11 medium by examining effects of temperature, initial

pH value, nitrogen sources and air flow during the cultivation. Results
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showed that fittest circumstances for Aphanizomenon flos-aquae growth
was: temperature of 21-22°C, the iniﬁal pH value of 6.37, 0.41/min air
flow. Improved nitrogen (NO;-N) or carbon (CO,) resources promoted
the growth of ’algae cells only under the balance of inorganic carbon and
nitrogen elements. Under the experimental conditions,‘ the algal cells can
not use ammonium nitrogen in the medium directly, and heterocyst of
Aphanizomenon flos-aquae cells cultured in BG11 with ammonium can
not be observed. It means that ammonium ion can inhibit the growth of
Aphanizomenon flos-aquae completely.

In order to study the effect of inorganic carbon on heterocyst
development, air with different CO, concenirations was bubbled to the
medium. Comparing with air, CO, markedly improved the growth rate of
Aphanizomenon flos-aquae and heterocyst differentiétion, and heferocyst
differentiation frequency in a certain time related to CO, concentration.
However, the addition of NaHCO; did not induce the production of
heterocysts. The increased CO, concentration in the medium caused the
imbalance between carbon and nitrogen elements, which enhanceci
heterocyst frequencies rather than increasing the absorption of cells to
nitrogen source. It means the algae cells nitrogen metabolism existence of
a multi-level multi-channel metabolic regulaﬁon.

Nitrate reductase and glucose-6-phosphate dehydrogenase activity
were calculated respectively. Nitrate reductase activity decreased by the

v
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addition of CO,. The determination of 2—ketoglutarate showed that the
accumulation of 2 - ketoglutaric acid was corresponding increased to the
number of heterocyst cells.

The effects of different inorganic carbon on other species of
micro-agle were studied. Phaeodactylum tricornutum and Chlorella
cultured at 1% and 3%CO, content achieve the highest growth rate
respectively. Total hydrocarbon, total protein and carbon nitrogen ratio
were calculated, the hydrocarbon accumulated in the cell was increased as
well as the C/N ratio compared with the access to the concentrétion of
CO,, due to increased CO, concentration promoted photosynthetic

activities.

KEY WORDS: Aphanizomenon flos-aquae, heterocyst, carbon dioxide,

nitrate reductase, 2-ketoglutarate
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1.1 KERLZERN

111 KREREENESES

RERLFER—MEREE, THEZTPHER A ARLEYUGER
MR, HELESMEH, fA—NELNEMRERRREE. BLPHARE
HE, BIi%. ARARAEER, FERCMEZNI6R. RadRRa, EK
REGAR. BRHEHAEY, BRERAL, BERHERMARISLTR 2
REFRT AN~ E5REEXORHIRENAR. BRE-RARTF, BE
iR, RAKREREEVN, RAREESHSHRIRLFEHAREERS. K
EREFOEREFKGPIREERE, BRKE, BARBRETERNBESE
£, XABURMALKEHERRD.,

TKEER L2 B ) 40 IR 58 RS 22 TR M B R T BT - BUEA R
BB EPIAVE IR0 M iE) A: AR R K (1L T ) B e ) A 5 T L U TF 5 T B
METENBRLNB, NHFRABRENE. WELRBED, H—RBhSH]
RIS R, B RBHERE L RBAD, RN X EARAERT,
ERARTAEARIRTT BRI ME. R LMBRERUREEFR T, BIARAR
iy, HEEEFAREAER, RRFEER, REARBYENK. FER
FREHATLRALXBHFRE, ERNEL. BR. HEHURLES, BWHhS
K. BERTHIGRNERTE S, BETFIREEFTRAKE, H3E
FHHATHERFRLZRE. FARE, NELRE 70 FHTHREFBHEN
mFiHEER RN,

1.1.2 KERLZFHHAME

Serena BenedettiZECHl it B 5T & BUK 4 TR 22 B B SRIBIN X ik Sh 4L i Bk 50
M3 RA —EMPEMIER, SRR AEURFTIRET, K¥620nm T
FIREERE TR, FEEXEDYTEE —MTREREMANER, FIELiX
BEANMEER. BUEAR—HETHAEAGRNESY, AsER/ MR
B EMEF—AMelEEE, FFhydroxyapatite column (ratio A620/A280 of
4.78)ENT A AL . R E A KWRARN A #AFEE— BB, Miyamoto I Al f: k2
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YU BB R A E RO TR KR L BT AP A ERB.NET R,
H e 45 B 4616.3mg/100g, ZLAPREAIWAAEFIRAET BH#—DHR.

1.1.3 BIkERERED EMEFKRERE

KBHEEREBILEVNNS, BERKENEEFL, BRREBRMEEHE
ABBERBRIMGE, Rz hkE, EEHFIRKENEERE, WHTH
S, BEARESE, REEERKERR L, mEb. 838, KH%FL
KKBaKTmERKERSNMRBERIEREH, HPRBPERKENER
R 3 # B Microcystis Kutz) 1R 22 8 J& (Aptmnizomenon Morr).

EEHEKPPERTIRBRAESRSRY, EEESHHFEFHTEITIR
BERAEKE, FHFURHHEREEK. ﬁ%ﬁﬂﬁﬁ_ﬂﬁ@ﬁﬁ%ﬂ%ﬂﬁifﬁmﬂi
AEKETFEN, ERFERTHESHENR, NmE~HEkEREMm, RS
HHRYE, BERAHEOTHBAMBERKE., BEEAREEKTERKENEL
i, BB, KARKRERRK, BREARD. JKEPREFREEERE
REt, BEARIET, SHAEESUEREESEARREY, BARBKESRE
MR R . BeAh, SIRAMNBAREMRRER KL EEERROES.
MESR. AEER. FERANRLERSMTUSEERER, KETEKRE
PRESEUEEKEEYHROSEEY, BIFEABER, ARTAREK
S, FRMALBE, FEEFAAEEERLEIIEREEIFERRNEE
fERREREZ—.

Hep, KERLEZEBEESPHERTNRRE 20 HLTHERE, HA
HAWELETS, TXRETFRERE. B 20 L 60 ERY), AHEXMKERLE
HERTHARGE, HMKERLERHEH R TSRS S0 LY,
ZRBIEA N KR LB Aphantoxin I, Z5H s8B!, Aphantoxin I #HE
Bk, HEKEFXRENY 10mgkg(PR)FE Smin BUBSE. KHEZXRAER,
BRBMRIBHBRRL, MaREEEK.

KA R B KKK MR 585 . Yoshimasa MR UM L3k
AT ARSI b 43 25 /K AL SR 22 AP ANRETE pH 7.1 K& I CULTFAEK, HIERK4
mtiE] AT A 24 -E A #4530+ A . Shigeo Tsujimura ZUBFTT 1999 4F Biwa Wi
Yogo M IR KA M IKERLE N EMHEKENR . 5B EIF
WHBEENSTHKEMLL, EESEOBEMMKERLETUSEEKBLE, #Y
HIHMEBE — TR 20, 3R F M Biwa 22575 3 0 JC B SRR 21T 15 57 1) BA R
FEXTEAE K MVER . XEERTTAE 8CUL LK, B KBEA 23 CE29CE,
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EEE SCRAZG T UAFEED 25 K, RELERIEL T HERKNLSE 4
KRR REE, FF 5B FH X 7K LR 4 R AT E A R K &4

A, £4ETHZUS FH BGI 3R KER L E NH-5 B RINEE,
KR AOAC /MR AEDW ML difp BRI PREKES, DPRBIEXPR, BE
MIBRICL, IES/KERL B NH-5 thEeF= BN NER. c_R—MERTH
MBS BRIV INE, fERVER RS IS TR ER A,
BIEMHMAER.

William ZHRIEKER L EHFET MU £ SEMBPLERER T4
REMPEEAS, MXMEENEIEERE, HNEHERTRAERNXR, 5
HEER. ABBEZROERMBL, ZBAERAREETER, BEILRESE,
SEHKE B FE RIS E BN

AEREPRRRRE N HUEREZEMC-RRME 5 M B A KERZ
#, I3 T MC-RR X{/KERLFEMNARFHENBHENNEN. R E7R:10ugL
] MC-RR Al 2R K R L EREK, T 100pug/L F1 1000ug/L # MC-RR Xt7K
R BRI A ZEBICRNL. EOEBY AR, TAEEBRKLAEYRNE
HREEEEA, AERZLPSIEHRERHT. BHLTE 48h FIFHIH. #EE,
HEHER. HEWSHERARERER, BARASYILTFELBR. MEH
BRMKERLERBENBERND, HEEERERAEEHBEENTRE
BrhRESEENIEA.

1.1.4 BREBEKENETEE AR

EWAKERENEERNTRERL, N, PREREKEEFVLENERTE
20, eMEKEFHSRESEWERERNEK, NTRE T KERNREMTEE
AR . BIREPEEERABAT, TREHAR, KEFEH, K
#20'C~30°C. pH6~9F BT KEFEXEEM.

J Lehtimaki B R T BRI &4 XHRK W ERBERUK R £ B Y B A E AR
R, FNERKTREERNERZRE. BRZAEKVTERE, KERLE
BEEEMAR, KESTURBRMBENESTAEK. SAHELREFRIREH
MHBKRERATFERENEYDERS, MEHPENASEREEDETR. Ak
MBFFEPTREEROREULABEER, EFERBERKNEZGTES
BKR., £@EE, RBREKREUERBEBEAGTARAYRESZREEM, W
EE AR T E S SR P K. IR a1 BREE 2 VR T B S F7 A JA) 38 n o 384
FEEAZ M A B ERE A R R BB SRS,
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Eliska® ™ R BUK P B HH B LR R AR FFA RS EEREPETHE
SRAMBRELEAMAR, MERREGFT, HNERETRTRRETERIER
HEEEAES . Wurtsbaugh% 3t 488 LM ClearBiK BiZK £ R 42 B 51 R MK
HERZHAT TR MANEELHIClear HKEE HER, RARE, BEFL™
H, 1975, FERERLZEHAMBEEKIE, ZBBH=ZAOKRBESRETKF
MR SEI15-30mugbE K Bl2mug. 7ESLK F M T BRE 7 A8 o vl A8 B U e L
FIRF500%, BBALKE TR M EERAKEEELNHZXSHER, BN
REBFMAREE T K E 2 M- RS RERS TROEEh. LVENHER
BiClearHi P HBEM LA HERNAEKEERIRSREELERRBIER, BREZE
KETHRSEAZW. BdRAEEEL, FHEEETIENEMTRERER
MEIRAFIR, KD EEEK.

1.2 IR S A

ERR AN ENELOLS BREY, UHEE 2 3EEXRSAE, &
it Calvin TREREE CO, AR BRI, HAREEB AR, SN
BRATRAKEE BERE BHESSH, b H5% LSRRI
%, FAEVBRENBRIEET RS EROERAR, BE 5% R MR R
FIRREN LR, ARFAEIIRENBEIBRENERIR, FHREEE
ML E N S EENBEOERTR. BOERELERMNL, MEORER
FHREAGEKEER, WENKBERBRIB SRR RSEN, TERR
HIE, Be@BLURA R4 KAOBEEF KRS0, F A& A Y0 A B i
.

B AR PRI 1,5- — BERR LRI R (LB - SL4LRE (Rubisco) [l & COp, A28
SR T BRI HCOy 1 A TEHUB R . ZEVK SR BEROIG AT AR R, SRR
PR TR THE mmolL KF, BF CO, EAKTY HRE, EHERE
Ci TRRRKI A, FEXFEHT, BHEMAMP CO, RS (CO, concentrating
mechanism,CCM) T4 S 138127, CCM HUBIR Rk M A R LAV
EIBR IR L BLRT TR BB SRR AR P CO, TRATHIAE TN, K3 R S CCM 447,
3 CCM LEBH| T R IFTA, I8 T BEHR. Reinhold ZPUR M AR
R, RIE M EEE e T S COM AR, SRR 3 MR
(1) BT F CIR (FECO,RAMHCOs ), H41MAMICO,MHCOs £ 3

EEAMRA. FRCREUTHERICI R, M 3NN KRHCO;;
(2) GEER A M EELFERKXRZHCOs, 4K /5 3 ToBk AT B (Carbonic anhydrase,
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fBIFRXCA), HCOy 5COLFAFERE, FHAHCO, RE T, FAMENEHE
BHHCOMRKIE, MiFFEECIHITS:

(3) CA HRubisco2 AL T HALIAA, ZECARMEILIER T, HCOsHICOERILIE
WA T PR R, BB R FTHCO; ZERubiscofJ i5 HE AL SUBHA & RS IR E R
CO, T{F H [ & KN AR R BEREAT .

o P W A Te e v e e e e

TR R R R LT T TS
)3y
by

f
AN
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o B R N ‘w"‘\:ﬁ,‘w&lsimt"
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g ¢ B :“]

RN

Tt e S e W WS e B R W W W B B e Tee e e S e e R
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¢ “(.-0; » ng‘ B ‘ !

! [ A L kM)

' 5 : .

4 . :’3 B id i7 o

\"Cﬂj l v p
*. HCO; et CO, S

R e T R R R S

B 1-1 BHRT RS AR RCEHEXEE
Fig.1-1 The transport and assimilation of inorganic C in cyanobacterium cells
LI THBRIREER R AT, 10 B R KIS K iR BEET A ) 15-22mmol/L,
EXFP &M T AEKMIEERY CO, KEMABAL, CCM MLEIZBHMHI. pest, 7
BAEDIAR BRI IE S 5 IE pH EFH & (FTEE] 10.0 BLE)MBEMREWRE R EFH
(TS EIAIK T 100%~200%), MTTHFIFIRHHEYISET A TRRIS),

1.3 ERiEsmEsAs

BRELEKAVLTELE, FHRENFERRELNSHENERF. —
ROk, SR 5 R A EHAR, FEHNH, -N.NO; :NFINO,-N. H+FNO,-N
FEBRKBFERERD, BAYTERBITHARZNNE L - BRBSEREEIR
RO, PR B SRR AR ORI R B R & A R HRER TN,
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WA ARET &L, Eﬂ&ﬁ&;’c%&?éﬂmﬂ%ﬁ%ﬁﬁ&ﬁﬁﬁH:ﬁ‘ﬁ@fm’ﬂ& 1z00)
AKERERENS, BFRAPRSOESERGEND, '

HERERAANEMRIE. WRIETEENERE, 253 HRRRERE (NR)
M THERE BB (NIRYEL BB S R RN, #4004 e F R s TR
HETFAEREREBBEATARAERZERYE, BXRRHERS, —&
W AR BB —RE LR BEZ2 (GOGAT) , BB — 4 FRIRERFES—
2+ FHINADPHRIATP, 0 FEFIR.

NZ Gin

Nudleic Acids] &
Cell Walt
Porphyring
Polyamines
Proteins

N2 G
Y
Arg, Asp
e gl ——|men)

NP Arg

B2 ERENAEEARBORA

Fig.1-2 inorganic and organic N can be used by cyanobacteria

1.3.1 RIEBRBESTER

DAk E E R SRR DR, HELRE. AEREEELHEETEANELG
TRHATAAS BFEKN, BdLREPHEFARIMAFERETER, . EE
AR E RS, BN EZBNitrogenase) B IEZABEREAEAH™, BR
MEGHhBIE2TEH: B R B (Dinitrogenase) 1 [ % §% i 7 B (Dinitrogenase
reductase) . [E & B, R 1M FENERE, 5FELHH220~240kD, oW EFPLT
- SR DR KRR RSP, AEBEEHZ ML, 5 TEBAN67~T0kD,
TN AR E AR AR T HRER, daHEERB. BRTX=4
nifER, CHRZOEESEHEIBENATERGX. BEBESSFEE
FANH; M BRINEHERERRN, FEATPIEARBER, X—RNEEER
FFH SR A,
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Ny+8H" +8¢+16ATP—2NH;+H,+16ADP+16Pi

EEBNEASEERE, FUSSEEEYEREERESSSINRERM
AATEDY, MEENEAEAEAREL, RS EPEEBENESERZE A
BB ERERIR . AT — R A YR A E R e ) LT
S8, ARBITEEER, B EBTEEERD. R, FEERMRLREEH
BT LA, BT EVMBSARSMCERRER, BESENREMNFE, &
— AT E A AR,

TERSEHMERIG L, RERFUTHERA: RFERGREBEELEZ
REFARMER, BENEHEERRE/D, REIIFHEMENEREH. &
BETRETEHEENEESNIE, NENERE, PRIEIZSER, /BN
BAGMIZEED., AENEERRBNRS LAWK, REARTRE, &
ERAE. HAKSMEE, RIREEE, RETRERNRERYATE,. B
FITEREARA K RERE.

E%W%%%ﬁﬁﬁ%ﬁﬁ,#%ﬁ“&%%ﬁﬁm%%mwﬁ,MW&%
REHMREET. ARATABRRYABERHER, AETRAREHERE,
HEERRFZONEEZHR. RRRNAESERE, BHEHEKa. RERA
BHEORBEAYRE, ERFRRSEH, AP EMREES, 5% hREsems
BieR. RRRERTHRBEEEDTERRABTER, HARERROEKREH,
JER, TERMRTE AT R RAARERMY . B MR BB AN 4 h 7R 4 L
PRXIEK, TIREART 2B —RE.

B1-3 405 BB FKERLBEFELADRBM
Fig.1-3 heterocyst cells and vegetative cells of Aphanizomenon flos-aquae

HEL3T R, KERLETRERESEAN, HATRRRYRELRTR,
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RS ERE, ARBHEME, B%KER, —REFRLEPRITBR,

BERAEERE ENAXRREI(PS]), MARBEEKHERANESI);
BB AR E R A, 200230010,/ (mgN-hr), 0B 22 1A P9 B 57 40 i RO WP T
#5159.40L0y/(mgN-hn)*Y); BIERAREE B, IR EVRAENE T4
MHkE, H—Z2EARAEIH. BENRERENEL EHE, FSAHELE,
BRLEFERHMAT UH R A TNER. FEMARERS ERERTFHEAT
BEEX, NTEWEBEARMOEKER. RRRERELYROVERR, HEL
WREMNBERLKSE, SMERBRYTRER—NHEE. HIERAEERLH
TREREREELEEEER.

1.3.2 BEBBREPRE

FERFEPRZ A EFRBEORGT, BRHLRE EXAHS5-10%H9 4 K5
EREREY, HERMARRLASBHEAE, UEREMELENERERK; R
B R Mt 2 A BRI BOK AL S IR A BRI, BN RIRE A REL
R EHATKE. Fit, RERLRETREEAENEKFEFER.

A4 FERDHEEABEEMEFREE
Fig.1-4 Carbonhydrate metabolism in heterocysts and the exchange of compounds between

heterocysts and vegetative cells
B MRS T E S RARY, XEE AR URFEEES
— B[ T ELRRIOMEE, RS SRR R R
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X, HEERABBANBEEAARESRBNZRARZ.

xt 8RB RBTRIESE, BEFARTHBEUERNESEERER,
Kb mBMEEA M susa R B EREEKOEH TEE UBEMKTRE. }
BREMBETARNIERE. ARERCEMLES SHMFRERERERS RIER
BEEMEM, TUARSEERGEATP, 3 B AT UL R R E1E — MR 5N,
EXZHEAETREZRBBENEEYY, EREFEORBN FHRLETH
KPRV, BEREUERERARECEFRARBHERAGTRZ—, KA
HIERMAER .

1.3.3 RERAXFEHREE

RERKREY LB EAEN M FRERZ A SR, X HA LR
EARBPESHRN, URELE LARZEHTR. EEARES, BREHEZ
BREXBISREDEABE S REGS)MAE RS B (GOGAT) LI RN, Bf
GS-GOGATEH . Tl ME T EARD2-FHR_BEEABM, H=RBERRE
2, ER2-BFR-BIEARREERESSHAERNIAR. UL, 2-BR_EEN—
A EEMPRREDE EDEPRERHFNNESE—E.

HeRATBER B E AR RERRTHRERT, URRERREFHBEER
Fo BT hetREB R B EREER BRI, herRIERAIABRE N BEIR
LR ERBEHTRERERNEE, FERSIRERBENERE, EZEFH
HAETEENEZET, BTLUERREM. HRIEE, HeRE—FAKNE ML
AREAEY), TUARMEE, BATRERLTHESR. HaRE—FIDNALS
H, HetRAI-EABREDNAL SR EBEEMN, HetRTTLLS5hetR, hepAFiparSHE
BIFEES, XEHREXLEREENIRATREZEHaRMEERE.

7E B 0B Anabaena PCC7120F, 3EFFEPRIR MR K T LLE RheaREEA IR
& RERIEVPNA, heaRERFHKERIE, 3.5/ AT R MherREFTE—

S RHRARARERE, XEMREEEEMBIRER. TIARHA, hearRBF

FRE BRAEIIEE, T HAaRMIREZncAMEREDY, ZFhaNBREREN
. ERFERRNEZHT, hetRFMntcARIRER —FHEKBIIXR.

B 2B 4R R DHK RS RER A R LR P 2R, BRT6
BAMEERAERIIECHRES, EFEAREMKE NIRRT EE. &
HEENT, BERAERRERESKBEARKRE. TR, HAE4R
PHERENARE, FRNEEREE—ENRNE, RTRNRTRENEDE
PHAEELE, ARORETELRE —ERHERE,
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1.4 BB SRAHMEEER

BTENBCEREVEARKERZCE, BRBEEMERNRERORE
IR, BEOSSRBAEMATINEK Fik N@EMNAZSTHENESER,
BREREZ. RERBBTENERET CO, FMLMIBR TR EENFHIRNMAE
B, BHXAREFEFED. NBALE, REBAMIANRNRRARENHRE R
FRE IR EAB LSRN S RS R PR,

€0z
2+P-Glycerste
1
PEP
! Pyruvats kimsa
Phasphoenolpy
boxylage Pyruvata
Pyruvatsdehydrogenise
Acetyl-CoA
/&\\Clmmsya&m
Citrate
Mk Oxalgcetate
dehycrogenase e e e e .
| © Isotitrate ¢ Ok
Malate : e
| Isocitrate 2H Ghtamate gf,
Fumarase ' v detydrogenass N syrthase %
o lied 2 24 (ght, ghB, kD) -4
Suceimate Fumarate . 2-oxoglutarate Clutamate
bee t - NHg*
dehydrogenase 4
2{} Glutamate 20 Glutami Glutamate
Succinate 5 dehy
SuccinyCoA o Agd) : : .
sinthetate e Glutamate : Ha
Glutamine TP
. ", ADP+Pi synthetase .
Succinyl-CoA > K ) (gind, gint\) s B
%émw}mvw%zmmffyﬁ%m UL WO |

15 EHAEREITRAGALER
Fig.1-5 Interactions between nitrogen and carbon metabolism in cyanobacteria

. FABRRE—FHEDAEHRIEEN, —HEEE R =R EtE
B, MERBMHBANLIRE, A NOIEERK NO, T NADH #EMAHF,
NADH FEk B TARMRS, T NOEE AL NH FTF M 6 MR THERET
RNERMER Fd, 5EMAKRLESERET; NEETIREREKERS

ERIOEW, TUFEATP IEFE Fd, MEFE o BIRTRIEKRR.
EYAPTHERBHFERLS, RNFIR CO, R MIEN B AKX
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AR —RLEY . BRRARBTERNKELE® Co, MFAML, —HEEid
ZHRBRENM ATP H5EF, K CO, RLiER; H—HHE, AR HE o
R_BLED CO, R,

1.5 ZRXWEENRE

BAKREEFUIIBAKAKERBAFHASEEIENEEREAE, MR
BOEIKERET KBRFANEE, SIE™ENESHEREANSFRE,
MERFRAOTERARBRTRBEARE. KERLERLE BB HARITH
&, pHEMBERE", EKERRETEAEKBRAKBKENEZEERH, HR
BB EARH ORI AR BEAREHTRERATER, ROOTEEMN
LM BEFEENEREN, BEERKEKENEZEEMNASIEAZ60
R FE .

FIOEFKERABOBAHTEFANER, MALEE. EPLENELTE
WHEMTFR, NARAKFASTFREPRHARILABRRBSARERSEOTR
MMEAERXR, URFERFEEDRNERSER. BERADMREM
ZABREIAMSFERRRTSRE TV AEFSHRRIESRER. XPAE
KRR A AT

(1) BUKERZFEIZATTANG, HAPRAEKEFFT ZEMEKEHENY
W, URBRELKEN, AT —PHRRMBPEFEKE.

() ERMNBFBFHKERLEHITHESF, IRTIBRHRLE, FDEEER
X RA G R0 T 2L

(3) BUMEREM=AIBIRE AT AN R, FWEARFRITHBRIERM T3 2 EN
RN RARE T,

1



AR TRZWLFAR

ZE ORELE

2.1 E#
P REERKAER L 943 P ERIERAKELY TR .
2.é R GE
2.2.1 EZHE
TKER L IR/ MR FREE: BG1 HE5e 8. B EME TR HIEHI R H

4CHRAF, EREREHBIRILEIRE .
% 2-1 BG1 & WA RAS MGF THBNRELL

Stockl  100ml FBER 03g: IFEBREKE 0.3g; EDTA 8 0.05g;
Stock2 1000ml NaNO; 30g: K;HPO, 0.78g; MgSO¢7H;0 1.5g;
Stock3 100ml CaCl; 1.21g;
Stock4 100ml Na,CO; 2.00g;
Stock5  1000ml H;BO4 2.86g; MnCly-4H,0 1.81g; ZnSOs7H,0 0.222g;
Na;MoO42H,0 0.391g; CuSO4SH,00.070g;
Co(NOs)y6H;0 0.049g.
Stock1 Stock2 Stock3 Stock4 - Stock$
2ml 50ml 2ml iml " iml

HHEIRHIEFE, $MMEEFKE 1L, B pHEN 7.5. KFERK BGI1 5
0 R A BY R B i) NaCl BUR i &3P NaNO;.
SRR MEMALRKEFFE.

£ 22 NTHE/KEFRENECH &

Mol. Wt Molar concentration (mol) g/L solution
NaCl 58.44 0.3267 21.1939
Na;S04 142.04 ~ 0.0250 3.5500
KCl1 74.56 0.0080 0.5993

NaHCO; 84.00 0.0021 0.1735

13



R TRETEER R

KBr 119.01 7.249%X 10 0.08627
H;BO; 61.38 3.715X10* 0.02297
NaF 41.99 6.570X10* 0.00275
MgCl,.6H,0 20333 - 47.176 9.5922
CaCl,.6H,0 147.03 9.139 1.3437
SrCL6H,0 266.64 8.200X 107 0.02186

#2312 MEWHEFRILE. METENEERESBORETE

Molar concentration  Stock solution (g/250ml

Mol. Wt {umol) solution)
NaNO; 84.99 1000 21.25
Na,Si05.9H,0 284.19 ‘ 100 7.1
KH,PO,  136.09 40 1.36
Fe-EDTA 335.03 2 0.837575
MnCl,.4H,O - 197.92 3 0.1485
Na;Mo04.2H,0 24195 3 0.1815
CoCl.6H,0 237.93 0.2 0.0119
CuS04.5H;0 249.68 0.2 00125
ZnS04.7TH,0 287.54 20 1.435
Chelate:metal . (52.8+6):28.4=2.07:1
Cyanocobalamin 0.5 ug
Biotin = 0.5 g
Thiamine HCl 100 ug

2.2.2 FMdi
7£ BG11 AR D I 1.5%~2.0%8 58, BRKE, AHEEANE

BRI, HIR TR, EBH &R BN ERE T RS MR T R
TR E, RERILETRBEFRAAEGETRETHFIHAREE.

14



EACTREB LRI

2.2.3 BAMMOEKIEF

EXHEAGT, BEEERIENES 100ml BFEHRE 250m] RIED, Ve
FRE—A 10°4/ml, BME, BERET HZQ-Q XMIBKPRIE, BKE
4 100rpm, JEUREH 40W B;’ﬁﬂfmﬁfﬁf@ﬁﬂﬁ, ﬁlﬁiﬁ%%%ﬁh%ﬁff“?ﬁﬁ gm|

AbYEHE 3R E 5 62umol photon m™

2.2.4 FHBROSHAXRERESF

ZRNBANFRASARED KR, BEBHR 2.5, FREBA 2.0L.
KPR A, Y. KA MRERSHR, KAREEdKHBIHEHRK
Bl 6 B R AR AR MO TRIRIR B, SYOLIRIR LR PATHFIACA
HATE, EIEHEREITX, THRRERAREOR. ZRHMBSFRRYE,
BREMZEMBREELSARETES, —AAREZSERREE, 8T
fBh 0.2um MZREBRARHENRTE, BLEIHRLBCHIIH
S, BTN

2.3 Wi R SR 3]

SR BT B A IR B R R
%24 LRFEAUBIIE
e E47 HUS J %
JEHIRIK HZQ-Q KEBTREARITFRAERAT]
SHEY RN 28 2.5L
BFRF FA2004 = LEBEREREMEARAE
pH it Delta 320 Mettler Tdedo
A E L Neofuge 15R Heal-force .
Bk DW2/2 Z& [ Hansatech {38 7]
p AT BK300 C REERE
IR 723N TERERENBRERAF
AL © IY92:2D TEH LB T

Y &F FEEH FGH-1 | AV iF =25 AN eI



R TRZEW AT

FmEREA VLS Sigma /A 7]

RHETRSE LGJ-10C e UERRLE T
B BAE BT X Angilent 1200 . Angilent
B G E BN KDY-9820 IEFEEBEHARARAF
Bk 761 Compact IC metrohm
BAE VK S Primacs SLC Analyzer Skalar A 7]
p bR ] HPG-280B MRIEREKEFRALA]
BRrIEE R HHE—T
NV ] DC-1015 T TR R AN AR

L PAE AN A A E R B oA AR
2.4 X EEFHAER TR
2.4.1 JMTE

BUMR R R &4 T AREKR PEARE 10ml, ETEHMERNELESP,
12000rpm .0, F L&, VUHERMEBTRKERERREREL, FLEEERS
YeETHE, KWEET 80CTR 8 M, EFRFBFTRUEZREHRE,

2.4.2 M FEERE

BRI 3ml, BOBEFEAMR, MASERTE, ABRBES, 4CTF
BRI 6~14 /METJS, 12000rpm E0 10 208k, BUEIERIE ODgss H. MIBAR:
Chl(ug/ml)=13.9 X ODgss, HEFERTHFE a A ED,

2.4.3 XEWERE '

HAERRESUSBVRR, B, W5 540 f oA i fa] i R 2 1T LU
BICEEEREYE. R KA S AREE o s AR o 8 B AT KDk R = R
PEATEAEL,

S itk (FE Hansatech AT A=) # CBI-D RNZE, BABHE, HE,
BOERWE LB A A/ H CB1-D RNEANZ 4ml HEMRSE, RNMZERKHE

16



pl M T e AT

BABEETREIKER, REALERECRE. AEREREMATBLAZ
TR, BEARE, Bl Oxylab AL R E R IE P RT I KRS Hrt
i\, RENFREHTEFRER 2ml MARNEFHITHE. HEBEEEURE
frntia), BALREMMHZERBMESKNEEREE . EEERBET, 88 —€
IR, WE— N CERECEERIPRER, SRR EEN DS ERRE
R 16 B 2 80, #5018 6 & 7 F (Netphotosynthesis, NPS), ¥ M i3 # (Respiration
rate, RES)I b1 6 & %, M8 B 250k & 1 #(True photosynthesis rate, TPS)*.,
HRIE Henley HI¥4 L2 P=Pm X tanh(a X VPm)-+Rd 3§ 5250 HOE# TR & 0B
2% Kb P ALWREFAEBEER, 1 REMEEEE, Pm ABRKEE.
BHEESE, WTARRREEEFE. MWAYER 0 AFMEERE (o) 2 HMRE LT 2
AitH: Lk=(CPm+Rdye; Ie=Rda. HPEMNEERRRGEEAEEIRKERR
FIRIREE, *MEEIRER LIS VER AR AR AR PR R RIRE.

2.4.4 XBME

38 FGH-1 A SHMIBIN bW REAAMNE) ME. BT
FREANBARENST, KEEHHECESAAEXETENEEXERN lwm?
~4.6umolm’s” ~250lux.

2.4.5 RERHIAEE

BARBFREHTENNHOFERETAZEMETAE, 25N EFAR
MRERBT R, FHHERERSAREHENTIE. BIERB=KERU
BWDIRE

2.5 kEYMEELH
2.5.1 EHRSH

BOSAE KB R, Bt R e =K, KB M TSR, &t
HAREIE] 2s, [E]EKATE) 55, 2FERHE 10min, T 80W. 4000rpm 205 W4 E
B, FRRBIER Lowery B ERAKE, U4FNFAROENFERS.
2.5.1.1 i&H

RF A: B 2%NaCOs. 0.4%NaOH. 0.16 FHA MMM 1% (wA) SDS.

17



FEFRETRERLFARL

R B: &F 4%CuS0, * 5H,0.

R C: FRTERN A Fit7 B 3% 100 © 1 MELLBIRES.

w|ARERA: FARAREKRE . ‘

RHEEEA: F0EAEE (BSA) B#, WRERSIK 0.01, 0.02. 0.04. 0.06. 0.08.
0.1g/1 FIKEEHK .
25.1.2 bRAUERER RIS HI:

I 1ml R E K BSA MR BRMA B ARG S FRE S, 2 500A 3ml iR
# C B EEHE 30min, 4-HMA 0.3ml HBEAEHAERRNGE, ERREESE L
FURA, EHEFHE 45min FESEE L, WE 660nm THEBRBE, BRF
HEMZR .

0.10 }
y=0.00409+0.29608x
R=0.98932

protein(g/l)
o °
b3 8

o
e .

o
S

2-1 HEABRKEFHERLE
Fig.2-1 The standard curve for the determination of protein concentration

2513 HRERTENIE

KA BB LF A S HTRE S i B3R OT EE R B R (B, FF R RN R S
ERNEASE.

2.5.2 BEMAA

2.5.2.1 ¥R FED NOSHITHFE

S FEEFR S T A KO ES REITIE, 12000rpm &0 10min /&, 7€ 220nm
HEKTRERES EBRAORCE, FE TR EHERPISHHBRBIK
E[%]o
2.5.2.2 NO; R BEX R0 2 (52 m

i8



LR T RFE AR

WEAFE KM TIEFMEANR, U BGBEHFEFERESRIFERE. S3MA
IR H 0, 50, 100, 150, 200, 250, 300mmoll f NaNOs, FHFIRIERFIHIEEFH
FEMARFRIRE R NaHCO; SUEBATRFLL#I CO,, ZE658% 100pmolm™s™, &
BA21CE&HTHE 15min /&, BOREEE, ME LEPR NOTHIKRE. P
NO;RBUERE A EH 1ng HE RN EARE D HRIKE NOs HEE/RERERR. &
MERBEPLWE=R.

06}

F y=0.08743+0.39674x
05 R=0.99036

NO," (mmol/1)
© o o
N w EN

o
-

lllllllllll

0.0 0.2 0.4 0.6 08 1.0 1.2 14 1.6

e
=)

oD,
B 2-2 NOy IR brvfE ph £

Fig.2-2 The standard curve of NO;3” concentration
2523 EHMI NOy IFEEHER
B BAEKAAE, FO0BEMMHT Tris-HCl ZrEFHRE=R, AR
#I2 BG11 8555, 4 MBATREEM CO, 8 NaHCO;, FEEEFF &M T2 5K
& 20. 40. 60. 80. 100. 120min, BE.LEFEE, WEFR NO;,FE, BE=K
BCEHME. :

2.5.3 MANA RS ERRE

R EHR T KR EE R E A RERETE, BB 5000rpm B0, B
LR, FATENE I E TR, LU AR

BREED B FTEME SRR EI R I E : B Iml RRWREE R BN HE S
T 20ml Z— S RIBERE T, M0 S%wWVEIEMER 1ml, B Sml IR IMA
JEAEMES), FEME 20min, FIASEHETIE 4700m FHIRIGE .
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ERATKFRERARI

0.18
016} 1
ol ¥0.14222x-0.00231

R=0.99656

012}

=)
=
S

—r
»

weight(mg/ml)
g 8

0.04 -
0.02 ~
0.00 PN NS SRR SUSR SN SR
0.0 0.2 04 06 08 1.0 12
ODm

Bl 2-3 HAEBERE L
Fig.2-3 The standard curve of glucose concentration

2.5.4 gAT S AHRE

WA RN AS P, 12000rpm 0% LiE, MRBREAGTREREE
¥, A KDY-9820 SLKE AR BT REANE. H—EERLETHAY,
R 3g TRBREIAIB BT A R EER, #hn 10ml KGR, TREHZPF 400
T3 TS, BUBIURE S ENLSE R T B2 R B

(NH,)SO4+2NaOH 55 #i5,_Na,SO4+2H,0+2NH; t

REFBRBMESSKEL—RBELAFERRE, HREIRTWRRICK
(FREETHD BEAEP, ABEETRTHE, 20REeER, TIHESR
B, HPYREAN AR FEMROERNM. B3R MEITE.

ERE: N(%)=1.401xM(V-VoyW

M AFHERREE/RIREE:

W HREER;

Vo ZENHERERBEEE (BT,

V ESREREREER (E.

FRUERS R HI4F 5 BE K R B i T SRR B AT 8, RARHMAR N %
BATERA.

20



s TR B8

2.5.5 MR 2REMAE

WERTFEMER TOC A Al m SBNBETRE, UERIFER.
Skalar TOC-Primacs-Slc FIAFHEHTIEER A 0.05-1mg, KAYES[E] Tmin, HSAHLAE
ERR, RNEE: 1100C. BErEHRRTEEE, R—CE&ER, BA
TC e+, F|F Skalar B 1E RGP E T AT E FFHATHTH

30

BF y=6.97084E-6x+0.33546
R=0.99961

[ >3
=1
T

carbon weight(mg)
3 oy

5

0 " L A i A L L 5. ) - L
00 50x10° 1.0x10° 1.5x10° 2.0x10° 2.5x10° 3.0x10° 3.5x10° 4.0x10°
Area

24 HEREHRES TOC M MR R ik
Fig.2-4 The standard curve of oxalic acid concentration estimated by absorption peak area

2.5.6 - _ERAAE

- R EEERRAENE THIT GS-GOGAT AR ZIRAR T4,
ERRASRDOLE SRR 2-FR-BRTHESRARED, RANARF TR 2-H
RS EX NO;RECHFI AR —EXw, BEXFREREEMCEREER. &
W 2-BR RS BT ARNEHEEETE. FENT. KE—EEARRASL
T IR R, 80°C/KYE Hn#h 10min, JK¥ Smin, 12000rpm %% 251 10min
J5it 0.45um R . #TEKREHE: 0.2ml 0.02mol/l NaOH; 0.4m! 10mmol/l &;
AR 0.4ml 0.1mol1 BEMRZEME (pH=7.0) . FEBRMN 20 445, BidEmBHE
FRR R 2R HEAT R o

4yHTkE:  Agilent Eclipse XDB-C18

BWEK:  324nm

vEFER: 10l

WEHECE:  A:  BHRIZMK: 13mmol/L KH,PO,
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IR TRFB LS

1 mmoVL K,;HPO,

B: 100%F &2
A:B=95:5
5F
b y=0.07557x-8.54167
ol R=0.99052

2-0G(umol/L)
W

N
v Y v

0

0 0 % s ® 10 120 0 10 18 20
Area
B 2-5 2K R RR A i 8VBOAE B0 s TR AU oA A 2%
Fig.2-5 The standard curve of a-Ketoglutarate concentration estimated by absorption peak area

2.6 MIETES
2.6.1 WERERMEYE

2.6.1.1 YEHE

IUE B FFF 12000mpm 2.0 10min, YR 13 A Tris-HCl 28 /il (pH7.5)
YR GERIE, KABAERRE, 8000rpm, 4CAEREL, WE FFEBSH, I 1ml
MHHERYIMA 4ml REBES, 30°CHRE 10min, FIZUEE, MA 0.8ml ImolVL
NaOH ! 0.4ml 1moV/L ZnSO, #8453, 2500g B0 10min /5 ERMMEE ), B EFN
EERMTHRIRG R, PABEEXASHERRE () BEARBRTE
f¥1 NO, I pmol %%,

W £ B 15 RN RALTE: 0.8ml 0.5mol/L Tris-HC1 28 73 (pH9.0) ; 0.5ml 0.8mol/L.
KNO; ##; 0.5ml 4mmol/L. %} ¥ (BPB) ; 0.4ml 0.01mol/L EDTA; 0.4ml 0.05mol/L
Na;8,04. K% WM FEE T HEMSH S0mmol/L ) NaHCO; R P, L
RArAcHl .
2.6.1.2 UREREHSENEE

iRF: FREL 0.05g % (sulfanilanmide) , T 50ml () 10%(v/V)ERBRIE T

22



EFRATRET 2R

FREX 0.05g 255 Z.4% — i (NED) B T 50ml #oK. 1 H A% LR B AR5 R4S
B4, BIA Griess RN
PRHEZR: BT WHBRAECHIRIKRE R 0.5, 1. 5. 10, 30. 50. 70. 100umol]1
ARI7K o B 2ml S RV B AR HES UIA R IR 5 R E P - B4 U 1ml Griess
RS ERBHE 10min, FAHYEETHRIE 540nm FHOERE, BRbrAEMLE.
FRNE: BRTEERE LB 5lle R el RIERBFE

A RSP HRRIKE.
80
70 -
6 i y=34.09284x-0.14607
R=0.99969
—~—~ m |-
% |
§ T
';: 305
z L
20k
ol
0 [ i i 1 1
0.0 0.5 1.0 1.5 20
oo,
2-6 NO, IR bk B2k

Fig.2-6 The standard curve of NO,™ concentration
2.6.2 AEB--HMBRSNETEY

&R FRHT 4000rpm B4 10min, A Tris-HCl 203K (pH7.5) Lk e R
BEEMM, KEBEWEE, 8000rpm, 4CE.L, WE LERGH. ERGR
i 3ml i) R RER &7 300uM Tris-HCI (pH7.5), 2uM NADP, 2.5uM G-6-P #1 100pL
M BRI, RERS SRR RSP, F 25CllE R 340nm Yol
WEAEMER, BREMER—K, FHidF 15 0. IS TERESRESN
SEHEHE,

2.6.3 EIAMMNEEINE

REGEA B ZRE FRIEHRATIE . BAREAEERE A2 N E TR,
BRTZER N5, TRERSMHAUNEY, Mk, 8y, BEE. ASHEA

23



AT RFBREEL R

BRI E CHREE R 20 B, BlE R : B 15ml 8% & AT 25ml
MEOARS, AREETH, Bl 10%ERb 5 AREKRBZRIEER,
BE&H TR 1B Sm SARRUERFHZESE, FTHLEMLRK
oL ==
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R T RER L 2L

=F KERLE I3 ERKEHHHL

BARMERIEZRYKRE (B, BRI, k5%, &E, pH{E, NaCl ik
SFHROEWH. BESHNERTAREFEGTEARMGEK, 200605
fii, KERLE 943 7F 680nm THBKBIBE, B AT AR S TR IE
FILM A CRT .

3.1 KERLEFILE KM

PRECEFR IS FFERIK R L E A EEMA 50ml BG11 #kgsREHh, 22T,
64umol photon m™?s™ IBEF 133, 4K ZE 10" 4V/ml (48 % S B S 100ml
BIESRES, Wy KEERESMHTHR, FNES 100mBGI E3RE, KH 48h
JEER, BERNERN 10%, XBEFADESR, Ber B e £ K E R IF RN
HgE, SROTEAR. BKERLBENEKMETUEY, ZEMOEKE
BRK, SHRRK, MHEKETIHE, HEEFBTUELASAREEHE
A BREKSGE, FEKNEAUGEEFRPERNEENEL RBb L,
EMETUREAXRZ ELAEHARETRL, BHFRERPERBRFEEN, BL4ERK, A
BYUERE, AKRRBRHR.

30

= 25}
E
s 20 2
2 2
zsh *
[=3 3
£ o}
5 .
10 15 20 25
g 10 f.«'/—.
5
2 ost
3
.s' 8.0 'l - il A

=3
w
o

1 . i
15 0 25
time/days

3-1 KERZFER EEFEKBEAIHRESTETH
Fig.3-1 Growth curve of Aphanizomenon flos-aquae cultured in BG11 medium



R TR AR

3.2 REFRMRE KT IE

BEREZMEREKANENEERWHER, —RERSEEEEHR, BEH
BT R AR NEEYE, REARAK, BECRREERLBEERHEE TH&
WEXITENEM. XL KERLERITREES, BKAEEN 64umol m?s”,
¥R 100rpm, BERHSHREH 21-22°C. 23-24C. 24-25°C, HR—ERE
LR EARKMEK. SRR, E—cBEUER, BARNEKERBEE
EEMSMANRRS, MYEFEERT 28CHE, BAREKEALTERRE,
EHBETARERABERD, BLAHRN, BEFRREER, REKERLENE
BHORZHARE, BEEFEEE 23-25CZE, SR EMEESARF e
¥.

09

osf
07k —n—t=24-25?
—o—1=23-247
~a—t=21-227

0.6}

Fost
04t

growth/OD

03F
02
0.1}
0.0

1 H i A1
0 5 10 15 20 25

time/days

B 32 REER KR L TE KMEH
Fig.3-2 Effect of temperature on the growth of Aphanizomenon flos-aquae

3.3 24 pH EXE KRN

pH R EZ MBI B S R BRI, 1AM KRS
BREEEH. KESELEERERETHERWBEHAKES, LpHEKXT 6.3
B, BRRREUR SR W55 EN pH A4 3R EN 6.37. 7.37. 8.37. 9.37. 1037,
ERMEETRIREE, 24 CEEESE, SEHA 100pm, 48K 64umolm™s!, 4§
B € iR B e KA R 2 B AR . BRI, % pH {E7E 6.37-10.37 2Z[d]
B, KERLERREFRIFHERK, pH ERKN, BARERELLETEEK
W) B B AR, pH R R, B4R M AT B bdE R A KRB SRk BRSO K 1,
BEE 3 40 b IR A P B ORI B AR B F BRI A, 15379 pH EZEH#T T &
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R T REB L 2ARX

MR B r A pH HAT TR, WREFRT pH RUSAREKE —
SEMXXTR. MBRBEKERE, KERLBEE pH HEKFE T T RBRFH
K, BEE pH ELF, AKEERE, FUELREEA, pH6.37 %J*—F—Kf*
BERBBE R

Bl 3-3 &4 pH EXKERLBEKIE T
Fig.3-3 Effect of initial pH value on the growth of Aphanizomenon flos-aquae

and pH changes in the medium

3.4 FEXNEKNTME

AREXASKEEARTEN 510%™, SHENHARARNEKEE—H
BEAER. BUEHAT, EEFREPENRBEOLRKRE, REKRES
%1%: 0g/L NaNO;, 0.5g/LNaNO;, 1g/LNaNOs, 1.5g/LNaNOy(BG11), BLJ& 1g/L
NHCl, EZEHEMKERLEERKNEW. BHEEH: B 64umolm™s’, ik
100rpm, 24°CiELHEETF, B BMEAREKTEE. LRWEHR.

HETR, & NO;-N HERELHT, AREKERNBALEYERRKET
BGllp ¥ H# 4, BEREAEIGERTE —ENWEHIER, GERTR
0.5g/L NaNO; 2 L BE A H NOy --N IR E. UIEERARBENEKENT, 4K
TEHERAEFES NH, LPFRFAREK. X SENRBME T 8K
EHEBRERE K. BXERIRES, % NH—N FKEEX T 30-46.5umol/L &,
VR BB T B MR . A0 4 B SR B KR 2 B A K
MR, UiI3 NH, W KSR 2 34 h — e di k.
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JEFEATKFME AR

30
3 L
2| |-=-oemanoy
—e—0.5g/ NaNO3
20 —4— 1g/1NaNO4
§ s —v—1.5g/1 NaNO3
_‘.{ 15F —o— 1g/l NH4Cl
=y s
o
3 10t
8
(1%} 3
|
00
'y L L i 1 L.

6 5 10 15 20 25
time/day
M 34 RREEMNKERLEE KIS
Fig.3-4 Effect of nitrogen sources on the growth of Aphanizomenon flos-aquae
St REMRBIPRET R, KERLBEEREFEPRERZNFHTHE %
BB, HRFEPERRESD 0 0f, BLARZZEEHFEAMHRAH, #
B LR AT B R AR AE KU ERIE . BGH, B AR B IR
BRI, BEE NOSIREENM, REMBIIMEREE, X NaNO; FEEF
L5g/L b}, EARMAZI R MBI, HAEFRIHESSENRERAME
—ERIIPHEIER
& 3-1NO; —N R E R RAMLLBIRR
Table 3-1 Effect of NaNO; concentrations on heterocyst frequency of Aphanizomenon flos-aquae

Heterocyst frequency(%)
NaNO;

6days 7days 8days 9days 10days lldays 12days 13days 14days
Og/1 127 489 523 248 117 148 231 256 487
0.5g/1 092 118 245 062 060 069 106 073 028
1g/1 none none 038 060 056 028 none 026 030
1.5g/1 None

3.5 FEBESENKERLZNER

B T 236H BG1 HFRENSAFOCEY RN FH , JERREE 54.6umol
m’s!, HFFEE 24C, BEWAIEREES, HTABRE, ERANEBESE
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ERETREB LRI

TR, ERNRENEEYE, ZRUEFRR. BETL, KERLFEELR
WENBERFNEK, YESEKRT 1.0L/min i, EAREKERRE, T
P KBS BELEFET ML, ANEREKRFERER, RNEBE
5% M 0.4L/min B BIHITEF.

10}

~—8— 0.4L/min
| | —*— 0.8L/min
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Fig.3-5 Effect of air flow on the growth of Aphanizomenon flos-aquae
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Fig.4-1 The growth of Aphanizomenon flos-aquae cells during the cultivation V

under different carbon sources
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Fig.4-2 Changes of pH of medium during different cultivate conditions
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Table 4-1 Heterocyst frequency of Aphanizomenon flos-aquae exposed to different concentrations of

inorganic carbon

Heterocyst frequency(%)
Conditions
6d 8d 10d 13d 14d 15d
Air only none none none none 0.16 none

1% CO; none 0.28 0.35 none 0.50 0.27
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3% CO, 0.54 3.12 0.60 0.85 0.34 0.19
5% CO, 0.32 0.78 1.25 3.31 3.04 2.64
NaHCO; None
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Fig.4-3 Changes of NaNO; concentrations in the medium during the cultivation

of Aphanizomenon flos-aquae under different carbon sources.
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Fig.4-4 Nitrate uptake rate of Aphanizomenon flos-aquae cultivated with different carbon sources
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Fig.4-5 Initial rate of nitrate uptake rate by Aphanizomenon flos-aquae
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Fig. 4-7 The relevance between G6PDH activities and heterocyst frequency of Aphanizomenon

flos-aquae exposed cells to different carbon conditions
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Fig.4-8 Representative curves of photosynthesis of Aphanizomenon flos-aquae
exposed to different carbon conditions
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Fig.4-9 Biochemical composition of Aphanizomenon flos-aquae cells exposed to

different carbon conditions
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Fig.4-10 The C/N radio of Aphanizomenon flos-aquae exposed to different carbon conditions
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Fig.4-11 2-Ketoglutarate concentrations of Aphanizomenon flos-aquae exposed to
different carbon conditions :
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Fig.4-12 Growth of Aphanizomenon flos-aquae cells in the BG11 medium with high NaCl
concentration during the cultivation under different carbon sources
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Table 4-2 Heterocyst frequency of Aphanizomenon flos-aquae in the BG11 medium with high NaCl

concentration during the cultivation under different carbon sources

Heterocyst frequency(%)
Condition
BGl1 BG11+NaCl
Air None Occasionally observed
1% CO; 0.35 0.67
3% CO, 0.60 1.15

4.2.2 e 2k AR X RH R AR IR MO R A9 M

BURHBUE KB, BG11, B SR B4k =38 5 W 2 AN R AR VR B 44 T 4 xd
NOyHIRBGER. ZERRERBERKENT, FLERELMEE Na 18
T3S N FTEARK, UREREBRFHRFEF LR FE. A TETUEN,
BEE 15 3R R P NaCl KB (38 0, 3240 Xt NO; TR MGE 3= 2 #7118 I, 76 30mmoV/L
RR B BORME, REMEHRKREEMBRYGEETRE, RBEERRERSNEKENS
F, BFARPBEEYRAOEE, N TEHERSHNO, HRKEEY M,
ERTREH FREEMB MRS, HE—HSEFARMA T A EHESR
PrammF A .
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Fig.4-13 Initial rate of nitrate uptake rate by Aphanizomenon flos-aquae under different

concentration of NaCl
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Fig.4-14 Nitrate reductase activity of Aphanizomenon flos-aquae in the BG11 medium with high

NaCl concentration during the cultivation under different carbon sources
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Fig.4-15 The relevance between G6PDH activities and heterocyst frequency of Aphanizomenon
Jflos-aquae in the BG11 medium with high NaCl concentration during the cultivation under different

carbon sources
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Fig.5-1The growth of Phaeodactylum tricornutum cells during the cultivation

under different carbon sources
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Fig.5-2 Biochemical composition of Phaeodactylum tricornutum cells
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Fig.5-8 Initial rate of nitrate uptake rate by Chlorella cells exposed to CO; or NaHCO;
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