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DIEEBMERARE, BT AREAEBENERFE R, HhaER HB
1017 BRALEE R FFERBRR, G IEE HB0 BRILEE R R4 K218, H A PIRh & EE AR 1T LAE
REER. AR HBIOI7THEER R AERE BB VR ST R FE K, BERKESR
RRER, ZRNBFE. 8 BENKENRENEE, SERXENEL, RELEFRESHL
ERFEREE. A, 8 BEAKENHEREELEFLTIREXEOFBENLEREE
KR, STRKENRBERREM. RIMMERBERERFERERFABIRE. AFELMN
BT 25°C,30°C 35 CEARBEN, DL 35C BiTo EMMBMBTERERLBHERS,
RRERNVBFEFDEAREDNEH ASELOBRELTHERFER, THAEITYERN
TR ALRH,3dEFFIHERERY 0.74, KA 0.94d,

X REFFERBE. AR, AEE

BR(EAEEXABFEY, FAXRSENYRTERME, FLErEBTTY
EREPAAFTNUBREATERZERKEE, XRTPEREERTHERFERKNE
Y50 fRo LA Smith AHRERMEZFNASABROTERS , HEROMELHR, B E
RAT I RX G ENH . A NRR(EE BB G RNT LS, ﬁB%%Ziﬁ%
WEFRFFRE TN KRB L), Bt E RS ANREH T R —H, EF L LFREBRIIY,

— HELE R IN R B R A R R0, Zliﬁﬁilﬁﬂl?kﬁﬁﬁﬂﬁ%m/\%ﬁﬂ&ﬁ
(Anabaena) (UFRFFERMES, WHPFRFERBRE 4. 1017 $i) T30 BB T 8%
AT o

1. B f0 75 %

L1 Hf AREREARNREESR (dnobaena) B3R MTEE P B, & KL
WIREIRES EZ R, RN RATHOK B IR 4, @A AT EK, AERTREAM R, B
fi1&: 4. sp. HBO, 4. sp. HB686 A. sp. HB1017, A. sp- HB 1042, A. sp. HB1058 #0
A. sp- HB1105 (DL F 4> BIRLfY 5 HBO,HB686, HB1017, HB1042, HB1058 1 HB1105
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1.2 #3% £/ Hughes 9 Il S3EKRE, EMRAERRFERMRIEOE RK6E
FIEEREABRIE, BHEHELL 8 8% 15min BRKE, RABLULTHEHRFEERNIELZEX
HREHERED, REEFFENTEREE A ERFTEY, LRHPRI;, HB1017 [
Bk B SRR SN R A R S KB B R A RN R A WELNU, LRSS B
FRERILER, HUL TR EE KRR JC M B R YR, —&E3% 3d Flik

13 REREEMNE HORERRTZ ALRHK Sorokin™DURE 51440 g B #E i J6 IR W
Ap R Ages A EMBEIRTR, XIRGNEREE, KB BRBMORBIR, HMAEER
L EARBHRIF, BLEONNEZT 721 oYt EITNE, 52 10mm, EH#H
BRIFEFURERBE, ETRIEE Ay STEIEMEX, Apn SHERSEREMEX, i
ARLRFHET, A5 Aw REFEMLE, EABOLBRERWE Ao

2. 5R 5itig
21 RHEEFRLERFERENNLEN
5 BIA M BE R O BRI, BT 6 MARBIEERIFFERES (R Do H
HB1017 geF] X B BT Resr A K, HBO HEER AMHRBSTREBNRRER,
Hox 4 P A RE R X B A BRIR#EAT R 3R Ko
#1 AKSERNAHERNENHERGZRE RS

Tab, 1 The heterotrophic growth of 6 strains of Anabaena in
substrate with glucose or sucrose

Strain #
HB 1017 HB 0 HB 686 HB 1042 HB 1058 HB 1105
JES) Substrate

HWEE ® % REK REK RER REK
Glucose (2g/L) Growth [Slow growth No o No No

i £ RER ARERK RERK REK RER
Sucrose (2g/L) Growth No No No No No

¥ 30°CH:3E— Incubated at 30°C for 1 week

A ERE 4. azollae BT AR, XA 7 FAERET, A 3 MiediThER
FER, EIEZRETHEHEANLG, X—4R5 Khoja FEUNERER, R,
Allen FHERNEY], SEHETRFERNBEZLZE LA, HBI017 RFERKER
Bk, RNV H R FEROFGRT TREMAH R,

2.2 &jER HBI017 Rt RMREHEKR
221 MBREMHEHER EXRN S MEFET, RERME HEE. RS Rgsa
HE& HB1017 ByfLae st AR (K 2)o

R HERENEEREAANBRERER, RAHENERNRFERBEEHEE
B, FRERWARZRAIED AL RKXEEKE, UELSERGESI RGN
FERENEREILH I, SR BKERN 3 MEERRFERE®EE, Nk 37
L, 5 PO 38 K RO A A A0 TR AR I RO S R AR R R 0 524 0.383, 0.197, 0.169, &
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KXT HBLO17 i E, REREERE, BEERZ, KERE.

%2 fEAalEE HBIOI7 pe e RfE RN HEE (10mmol/L)
Tab. 2 The carbon sources supporting the heterotrophic growth of HB1017

25 BEE i g EFH P %] HEE LB
Fructose Glucose Sucrose Maltose Lactose Ribose Mannose Na acetate
K EE 2 REEK REK REK RER REEK

Growth Growth Growth No No No No No

222 BREHXEHKAMEER HBI017 RERPm LREI, FEREXEHIHE
BEANAIHZRENAMEFFRER, EFRBEREARNKE, BXEBNEES
EEARRREAHIR? MEkE—PHT, X—FLEHBMNRRELELRHRA 8
8% 15min XHELE K Ho

FIRARTAARES ERENENFRERERNEW, RESHER 8 BHEA
KEREEF LI REXENRE LR FRERER, FHENER, 28 BEAKE
JRYER R FAEREEL S BEXRENERE, MELRERENRERL, & 331%
E BN RPRMER RS, TURENERBEEAR LR A FEENERE TE—
A, Mk 8 BERKENAHES SR KXENRBEOER, EEMNEMER, SREH,
ENEFNFFEREERE—RE, REEHNGE ), LENRRBERMN 8 BHERKE
R B R (R Bk I

%3 £IERK HBIOI7 A SRR FAXNH=HBRNE SR %E ERE(10mmol /L)

Tab. 3 The heterotrophic growth rates of HB 1017 using different carbon sources

2 H E OB HWEME

Fructos Sucrose Glucose

8 B AKHE| 3RKE (SHEBAKE HEXHE (8BEAKHE JHEXH

Sterilizaition methods Heat Filtration Heat Filtration Heat Filtration

ﬁggifﬁﬁﬁ 0.038 0.038 0.038 0.038 0.067 0.067

Aot ok @ 0.061 0.12 0.052 0.063 0.174 0.121
{nal Ay,

Tk KRR 0.158 0.363 0.105 0.169 0.318 0.197

Specific growth rate

IR 4.4 1.8 6.6 4.1 2.2 3.5

Mean generation time(d)

E: 30 1°C# B} 3E 3d Incubated at 30£1°C as batch culture for 3 days

223 WHBOREXNLEE HBI0Y7 Rt REENRE E2RAFE T, WHEE3
MARKIREF ARSI BRFEREROZRCE 5) BX, 2¢/L CEEEAKE, UT
ARFES R X —KE,

23 fjgE HB1017 RERMERHER

23] HBEHNRERHER (EH 3 HILHEMLEY: NaNO,, KNO, 5 NH,Clo RER
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Tab. 4 Comparison between the heterotrophic growth rates of HB1017 using
aucoclaved glucose and filtered fructose as carbon sources

1 KT I K R SEI AR (]
Carbon source | Sterilization lﬁﬁé“\ 1\7&“ u%ﬁﬂ—{ AA”" Specific Mean generation
(10mmol/L) methods nitiadl Agsg nal Aps growth rate time (d)
R puR- e
Fructose Filtration 0.038 0.12 0.383 1.8
HEHE BEXE
Glucose Heat 0.038 0.127 0.402 1.7
E: BEERHR.BERE 3 &,
x5 WERRBEMNRREERENEW
Tab. 5 The effect of the glucose concentration on heterotrophic growth rate of HB1017
HATRIKE ) . .
Concentration of glucose(g/L)
B2 A
Initgial7AD,,,, 0.047 0.047 0.047
ke Ay,
Final A, 0.120 0.124 0.127
FhERER 0.234 0.243 0.249
Specific growth rate
P2 AR TR
Mean generation time(d) 3.0 2.9 2.8

e 30°CEE B3 4d Batch culture at 30°C for 4 days
XHEEERY: NaNO, fiff 1.0g/L, HEEEN 0.165g/L, ¥ EARHNSER D E X%
0.165g/L, M} KNO, 3% 1.19g/L, NH,Cl 2§ 0.63g/Lo X—KEHI NH,Cl 554 H1%] 1017
5 IRERe KNO; BURIRAE T NaNO; (5% 6), NaNO; ZHE AL AR
%6 £iER HBI1017 Rifd KM ER

Tab. 6 Suitable nitrogen sources for heterotrophic growth of HB1017

S ] GH K . Fi
FTR Concﬁgation I Asse WZEKES Asso :\Fgecﬁiﬁé$ ﬁﬁ?gﬁlgtion
N source Initial A,;, Final A,;, .

(g/L) ? growth rate time (d)
KNO; 1.19 0.0204:0.002 0.123+0.016 0.605 1.2
NaNO; 1.0 0.02040.032 0.15540.015 0.689 1.0
NH,Cl1 0.63 0.020+0.002 0.02240.001 0 co

HE: SERRTE] BB RLE 4 B,
232 3 NaNO,REMER ATIHFREH, NaNO, fRE — & & 1.5g/L, £ H
0.5,1.0 1 1.5 3 Pk EEfY NaNO, A& F, HB1017 [y frdKiEREEHRER, 5THN

PR R R HE —RGE 7)o

233 SR HRIOU R4 RHANARMERNER LERFEKRESEZ 4
B R A F SR, SRR R ORI o Rippka ) SURIT, MR BBRRE Syne-



11 &Y% AESE HB 1017 B{LBERFAERFR 17
%7 miEx HBI017 Bixd k¥ NaNO, REMHER
Tab. 7 Suitable concentration of NaNO, for heterotrophic growth of HB1017
NaNO, kB SESAE KK SEEHEARIT R
Concentration I f"?‘.tﬁ ﬁ”" Iugfﬁ'ﬁf”o Specific growth Mean generation
of NaNO; (g/L) nitial Az ! 73 rate time (d)
0.5 0.0204+0.002 0.1544-0.014 0.687 1.0
1.0 0.02040.002 0.15540.015 0.689 1.0
1.5 0.020+0.002 0.13440.021 0.634 1.1
B BENRLVRERE 4 B
#8 S RBEAHHNLER HBI0I17 & R0ERER
Tab. 8 The stimulating effect of exogenous arginine on the
heterotrophic growth of HB1017
B TR Concentration | #245 Ass WK Ajs FHERBEE | PR
e : AL ¢ Specific Meangeneration
Preculture of arginine Initial A, Final A,;, A
growth rate time (d)
(g/L)
\ 0 0.012 0.0704+0.006 0.588 .
JeeRmER * 12
orodutorrophy 0.5 0.012 0.1160.006 0.756 0.9
e 0 0.008 0.02340.002 0.352 2.0
{LEEFRIREK
Chemoheterotrophy 0.5 0.008 0.066:£0.007 0.703 1.0

E: EFNAVRERXE 4
R ET&EH HBI7 RREROBBRRE

Tab. 9 Suitable concentration of arginine for heterotrophic growth of HB1017

BEBRKE . 0 .2 1.0 0
Concentration of arginine (g/L)
NaHCO; KB 0 0 1.0
Concentration of NaHCO; (g/L) .
Bl 0.022 0.022 0.022 0.022
Initial
Y A 8 sk
EREYE Fin:;.l 0.096+0.006 0.11440.003 0.13940.011 0.1154+0.004
ERIEER
Ajsp 3 Specific growth rate 0.468 0.552 0.585 0.525
biomass
SEEANE (d) 1.5 1.3 1.2 1.3
Mean generation time .
el
Initial 0.026 0.026 0.026 0.026
U\ A“S E L&ﬁ{ﬁ
ERAEYE Final 0.09540.006 0.113+0.012 0.1344+0.014 0.1144+0.002
Ay as Specific growch rate 0.411 0.466 0.521 0.469
biomass N
FRRE A (d) 1.7 1 1.3 1.5
Mean generation time .

B 32 B ke 3.15d J5UgER Stand batch culrure at 329G for 3.15 days
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chocystis 6714 R FFERBE £, Hoare HUWI[ K White F1 Shilo"24) BI{R & & 2
BBESWIRE Nostoc MAC ¥Rl Plectonema 73110 iR,

REFRH, TRERYTALEE B RERCREBFHESEFELFEY LT/
REFRFFER, RINMNEEERX HBIOU7 HRFERKEATBHREER, E8RFER
X MNERE R R K E AR ZU(ER 8),

BEBRUMHARENE? BET 3 MIKE: 0,02, 1.0g/L, BIXFHNRHFERKE
EHREHOENLL 1.0g/LIREARE(K ), REKEESGKE, FaNKERAS
R AN E. BEBRALS, ZRIBABEBEEAER, ESHTHBET L2
fERYE? RIN NaHCO; 1.0g/L, EXFHHRAERERSTHR, s 0.2¢/L BEK
BHERBLGR 9, HHERRIRESEFRENBETLERFERKEEEN, KRRk
Bt s E RNEIE Rt — ST R
24 @EXN HBIOI7 R4 REREBETEE

10 FIRT RS BINRRE R, 7 W 30x3CHRT 25+0.5°C; 35£1.5°CHk F
304+1.5C, FLIIAG 30—35+1.5C R B ETNREEE,

®10 W3¢ HB1017 R Rk w
Tab. 10 The effect of temperature on heterotrophic growth of HB1017

,ﬁﬁﬁ%me o 2540.5 3043.0 30£1.5 35+1.5

E?ﬁa“l\vxm 0.016 0.016 0.046 0.046

WORRE Asso 0.046 0.091 0.124 0.138
ina 130

;iﬁ%fifffwth rate 0.264 0.435 0.248 0.275
ﬁﬁ?ﬁﬂjﬂtion time (d) 2.6 1.6 2.8 2.3

. #EEEs 4d FUWIR Stand batch culture for 4 days
2.5 HipkxdfmiEE HB1017 Rit&E RKpIR
1 PR RER, —ERENREGRTAER HB1017 HR#ER,

=11 BuyaRERE HBI017 RisRni¥uw
Tab. 11 The effect of turbulence on heterotrophic growth of HB1017

< SPEREE | OSESEAKNTE
Iniﬁtii;é‘i ﬁ”“ FL&;ﬁ?AAHO Specific Mean generation
730 730 growth rate time (d)
Stand batch culture 0.067 0.17440.017 0.318 2.2
BIRBE3F .
Batch culture in a shaker 0.067 0.206+0.026 0.374 1.9
(120r/mn)

B HEFRE LB E R ¢ 2,
3 g%

3.1 AXREIXVILAED,ERAT 7 MAalEEE, K 3 MG ueRiER, 5648
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UL G, JEE IR Khoja MGREIL, BDAEHEATALARS S0 BN LR ISR T 5 — bk,
HAEZE Mo

3.2 X 3 RS RERWER, RNHARANRREE % S, Ancbaena sp.
HBO B34 KA E8, Anabaena azollae FE—F“EN"TE, HEFERKHERAE
= %R0, Anabaena sP. HB 1017 HIARFELE“E N T,

3.3 @MEE HBI017 RyA KN, MEEROER, UNRDLEE, EOEMERAR

7

Fo

34 HEEZ S BHEAKEE, EFAEE HBI017 WRFFERBERSTEXENRE
YRR IR 2R, X 7R A PSR B 1R A RO BE AT PR IR IR B A, AT KB,
LR ML, M Bk — BT 7o

35 EBRERUOERERHET, AESE HBLL7 PRFEREE TR 0.74, BEAREDY
0.9do RE Wolk™ X EEX B RMAY R I KiE R, AU M T AE - AEER, X—
ERERBARKT . SREFLAERANTRAURGEFREREEEERE)

£ ® X MW
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STUDY ON CHEMOHETEROTROPHIC: GROWTH
OF ANABAENA HB1017

Jin Chuanyin, Song Lirong and Li Shanghao
(Instituse of Hydrobiology, The Chinese Academy of Sciences, Wuhan 430072)

Abstract

Six species of Anabaena were initially examined forctheir ability to grow on glu-
cose and sucrose chemoheterotrophically. Among these species, HB1017 grew fast
and HB 0 very slow, While the other four species did not survive at all. ‘The
effects of fructose, glucose and sucrose, though all supported growth of HB1017,
on growth were apparently different. The positive effect of the sugar substrates
was in the order of fructose, glucose and sucrose. It was found that autoclaved
fructose and sucrose only supported a much lower heterotrophic growth rate than
the filtrated ones, while autoclaved glucose sustained a higher growth rate as
did the filtrated fructose. The addition of exogenous arginine increased hete-
rotrophic growth rate, and NaNO, was suitable nitrogen source for growth. It
appears that optimal growth was obtained if the culture was provided with
appropriate stirring and temperature at 35°C. The photoautotrophic growth culture
of HB1017, when transfered to chemoheterotrophic condition, could quickly start
to grow in it, without the “adaptation phase”. The average heterotrophic growth
rate for 3 days was 0.74, and the generation time was 0.9 day.

Key words Chemoheterotrophic growth, Carbon source, Nitrogen source,
Cyanobacteria, Anabaena



