J. Lake Sci. (#ia#+5),2015,27(4): 623-628
DOIT 10.18307/2015.0409
© 2015 by Journal of Lake Sciences

ke 525 ( Microcystis flos-aquae) 4 A HA R /8 RS B R A 1

BRE FHAE F A

(1 P FRBFBE KA A PIRTSE T, BN 430072)

(2 AL A, LR 100049)

(3 FIVF KA FRBERLAE 5 TR, o ekl 5 VEBRAL I B A S50, 1 200092)

O TR E IR, I AR R K AR 3 4 T A B T R R DR R L4 U R R TE T Y
A B, A GERK K BT, I Btk — N T K HR R . LK K AR R 35 e b —— K SR B 3 8 ( Microcystis flos-aquae
T34) JgWF5ExT G, 3 B b A 1R AP B BEAN M 37 0 20 R EA 5314, T TOC A5 = 4R 6635 %) 15 37 W P S Y
BHPRIEAT RE it 5 5 PR , TR T /K AR A T A o R v 8 00 3 E P 0 0 R 5 R T PRk U2 ) 2 AL R & 2R3
B, B R0 R AL v 2 B4 2% A 34 5 A T e AR A A e — B, (L5 00 T 0 o 2 430 RO L, P L TR R R T 2 30 s ) B
WIS BRI SEE IR . JES LT ™ e 7 A0 e BT, 27K A o 3 Bl A\ TR I 5 S O R 0 TR R 7 A, JHC o T i 3
N, 5w AT E) 28. 6 mey/ L AR = HESEGRE AT , AR AR CE B T 7 A 1) B R R AUE e Y BLAE (235 ~ 245 nm) /(380 ~
425 nm) ,J& T2 RARYOCIE. AT )0 TR T8 55 B8 5 /K VR BB =2 8 19 55 2%, by 7K R R 7 T o U A F S 4R A8 13 Y
R

KRR : KA s S AR s — PO

Characterization of humic acid release during the growth of Microcystis flos-aquae
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Abstract. Microcystis flos-aquae T34 strain, isolated from the dominant species of a water bloom in Lake Taihu, was cultivated to
investigate its growth, along with bacterial growth in the culture and the release of humic acid. It was shown that the changing tend-
ency of humic acid was similar to that of the bacteria, but the turning point of the former had two weeks’ delay compared with that
of the latter. During the logarithmic phase of Microcystis flos-aqaue growth, the release of humic acid was relatively low, however
the concentration of humic acid in the culture solution increased rapidly up to 28. 6 mg/L. Based on the three dimensional EEM
fluorescence spectrum analyses, the characteristic peak of humic acid from Microcystis flos-aquae T34 appeared as (235 — 245
nm)/ (380 —425 nm) , which is the typical fluorescence peak of a kind of fulvic acid. The result about the association between cy-
anobacteria and humic acid in this study will provide a new clue for the study of humic acid in aquatic ecosystems.

Keywords: Microcystis flos-aquae; humic acid; 3D-EEM fluorescence spectrum

KA S B IR — Tl K AR5 ey e A, 2 — R B AT MR A~ 25 K AL 2 M B0 A HIL A B, LA
SEMHEREAL 72 F AR T I A5 A T 3k 80 4. IR R 1 A FH /K Ab Lot v 50 TG LY 2 0 700, AT 52
I 2 A | (R B SRR AT (L nT AT LA ( CDOM) () FE 2220 TG, £ 58 A1 A AT DL i BEAT 58 21
AT ARE L S W K s e TR B A R () R, S K P e B MRS AR SR R R, I8 B R A AR K s vp—

« ERARPFEIE S EPR (X)) G1EC R H (41130743 ) BE 3. 2014 — 12 — 17 Yitfi ;2015 — 03 — 05 W& i fis. A 4K
#(1990 ~ ) , & A58 A= s E-mail ; guyilu. wuxi@ gmail. com.
wx IB[{EVEF ; E-mail :reli@ ihb. ac. cn.



624 J. Lake Sci. (36 #F3) ,2015,27(4)

FBCHBE 9 10 ~ 20 mg/L, 78131 22K PP AT i A WL (DOM) T (5 50% ZE 477 . KA AR 248 R 40 v 1 g
BRAE 1930s A A B AN THTIA, ELF] 1974 4F A B UK KA I8 5 2 5 15T Hb B8 B8 I R4 5 IX 20 WS, 7 68 98
XK A A S EREE B SR M8 i AMTTT TR BSRC A R IT W, I8 B IR 1A 115 A6 W03 3 B DI AH 6, 0%
T A F) B R , A ) o A W K A 0 T 7 3 P A vl 1 8 1 1) A RN B0 25 AN T 4, JHL 15 6 9 22 1]
(956 A TRIETE S . B XK VR IS AR ORI fof LA | EL AR IO B AR BB H v 3. ol Tk v i )65
SEIR A B B, L PSS K i, DR MR BT ) 3 7 B B v 2 6 AR R B RE. e, [
PRI SRR 2 MU T — il ol LA 6 A0 SR SR O SR K M PP B SR O 7 1 —— R AL A DAX-8 B4 vk, ol i
AT IVEVE A 7, T LA AK V3 0 r 0% 1 B 1% , 0T 7 8 M v S T2, DA 7 552 WK 8 B I ) 4 L 40 B A
T G

FEATHAE ], Fh T ™ T G R B 3R AL, KRR AR 9 AR s K A S LA M L, R i sk
Y LAY I B 5 KA RN 5 AR 10 F1 BB R B Rk 3 AR I, IF LU sk A 32 e g
R T S AR R ) 50% ~98% T el e A K R R T AR B B R G 1k A B 2
FLR MK AR T VRN AR 2 SR B R A AN AR B, T 7K A 199 65 9 1 SR HE— 205 o ol 2
IKARBIIE R . DRI, R T REAE XK 1A B R A T A A T, A 6 BERIR S I R 15 e B 1 56 R, R IR ST
PEURE R

DA 5 UL BRI 34 o 38—/ A AR08 385 ( Microcystis flos-aquae ) A kHR}, 76 5236 %8 BRI 58 Hok Ko
Tt F B PR R A B A5 Ak, R Ao 8 9 1o 8 P T T 4 1 1) A A A T 8 HE A

1 RS 7

1.1 LIgHHRL

ARS8 b Tl R SER R /K SRS ( Microcystis flos-aquae T34) JE AR 43 B A EAFPsEdk , ST rh R}
SEBE KA A IS BT AT e B LR SRR ORAFAEIRE N 25 £5°C DB FEGRIEE K 25 pmol/ (m” -+ s) 6
AR 12 h:12 h (4R, Bl I RYRG R L CT SE 43Rt
1.2 BRAEFR

FE 5 LHEZ M 3 L KB CT 55375, 2 AK AT i s bh , (i G e e 4R % 18R 5 x 10° cells/L. 15
FEAAF R IRE 25°C SEIRGRIE 25 wmol/ (m® + ), GG 12 h:12 h, If-4 HEE3h 3 K. B3 T 4R
J5, B AR, R — B O, %o 2 PR 0 SR M G R Ik B A T I S 3B
1.3 EAMIT

BTN BOR AR BT FE A 50 B AT M R, 0. 1 ml BE AR B Y, 7R
400 f%#) Olympus BX51 #4458 114K 100 ASHRET , 4 REAR T & M40 2 ik SRR L 15 4 il 4~
B AR PR B R TS A 3R - B THFUK AR TR PR B = THBUT AR I 2 B x 3t
HOHE T B (COLEF TR x BUREAARER) .
1.4 WE T

A B BCR A Dapi Jetak " L ml BERE AT A BEAN MBS JR I B BSOS, A S wl Dapi YRS |
JEH A 10 min. ffF] Millipore T 475 5050 BH 5 1o 208 2K % 4 (9 B0 08 B AEE 1, B Mlillipore 3o 845 FiC
BN FLAZ 0.2 pm FLE. JE TS K IR, RV 3 A I, 7 8 B e )V 0 A A T R 5 L 3 e HE
Bras . 8 Ak 1B R 5 DAPL X7 A9 5 0% 06 IR, BV AT 7 ol B T L2 O A RO A s
T2 T4 DA = 0 B TR B PR B < DR S R0 DR TR AR (A BRI, > AR )
1.5 BHEBNES

B R 1) B BT Y [ P S A R T 2 HE A2 10 DAX-8 R FLA MG 3R I ™)L R AL i 20 v B T 2 24 o,
PR FH 2B 05 SR | P AR 2R EC B HRER P A BRI 4 b, A F R B iR A . B 5 ml & atifhad i
PGS AN 1 em ) 2 HTAE 38 2o 16 30 2 FH 2818 /K Ve i g 25 ok s v O R B S, 44 52 500 ml
0. 1 mol/L NaOH ¥ 55 500 ml 1% HCl S U AR , o FH 28 08 K i SR RS B 22 B L1 P k. 40 ml
B S00°CHYBE 5 BIBEEG T AEUE N (FLAR 0. 2 pom) 5K, 755 pH 22 2, LA 3 ml/min 537 i 6 H P 20 ml K



BAREE R AL 3k (Microcystis flos-aquae) % ¥ J& 30 WP J3 38 B2 09 B2 45 1 625

R AR A T L B A A1 20 ml A 38 a
BRI KRR 53 IR ZE KB )5 19 TOC Nt
{8 F TOC S0 HAT MLB ok B2 04 il 2. =2 ) H
30 ml 4l Z.EEL) 3 ml/min {19380 B AR ZE B I
R S S AR BE MG T o, (I PAT R R AN FE &
ZBEE 10 ml KB FOKEHER, UHT =
BTG ST HT. 7 SCH H A S B R VR

w
<

)

I}
T

Al EE/ (x 107cells/L
>
1

DA AT E T FEE. 11 A 7 - I A ]
LT e BE = o 28 o 0 G R 45 10 7K R 1 b2 3o s e 78
WU RE — 28k B0 I h 5 4 1 7K B 1O A B

. 7 b

1.6 =HFHHE S 7

=Y OERE S B A H A B W] RF-
5301PC &7 L B T K H L & /9 AT 3 4k
PF b 1 em A3 b LS8 1. AL g AT A 3

B R/ (% 10°cells/ml)

A WO B S m i S
12000 no/min s AWK AEEAY 200 ~450 T 3 1 1 1 ¢ 7 4
nm, S BG4 5 nm; K G A 4 1 T L 35+
250 ~ 550 nm IR 5 nms A REEAI o] c
SE 3 U BOT- AR R i e 3 s
2 7R izo—
& 157

21 EFTRPKENERARTETANE & |
B4 F KSR o T34 i B

BB o BR300 1 -5 R ]

(. IR R 5 X 10° cell/L %5 0 1 3 3 & 3 & 7 &

S FAFIEL S 2. 64 x 10° cells/L. 45 6 J& W4 Kl

BT, 2 2 /N B e D 5 6 ~ 8 SR U Ry & 1 KR AR bR AT B s A M 2% B ()

FETOW, B8 JA AN o 1.04 x 10° YR EE (b) FIJRFHIR MR B (o) M Bh A2 4k

cells/L( & 1a). Fig. 1 Dynamics of M. flos-aquae cell density(a) ,

2.2 EEGENAETET LIS bacterial cell density(b) and humic acid
TEREFE T 3 FE o, 240 1 85 i 0 K e 2B concentration( ¢) during the cultivation

550 FE AT B B FE 1. 68 x 10° cells/ml J57E
KT B 2EHF 1. 58 3 85 22 4 b 2 B G, i S R NS 3 R B0 5 6 J B 4 SR A0
B 3 RN 2 A5, A5 6 RN B Tk E 9. 23 x 10° cells/L. 45 6 ~ 8 JEl Jyfa i 1, 40 T8 5 2 76 A ) 9
AN BRI 55 8 JE AN 5 B 9. 83 x 10° cells/L. 5[ La Xt HL AT &2 8, 4N B8 XTHCI T 44 F46 3 F, RIK 4B 1%
FEPHOFHOH I, YK A e B AT R R KA R, 2 R i AR K R B (B 1b) .
2.3 EFUEFEERRETANE

PN SR D A R A R W BEAE S 1 AR T A B, 25 2 ~ 5 R R MU/ E KGR WEA
1.6 mg/LEEINEN 5. 4 mg/L; 55 5 ~ 8 J&], IR FHIR VR B 3G IR B AR, 55 8 A B e KAH , o4 28. 6 mg/ L. & 4%
Fr SRR ST A v B 1) AR AR AR S A 8 A S — B (A R B K BAESR 2 ~ 5 8, 540
PR A HUAEIR 2 J8 5 MoK AL i e e it AR e W ST WS , A R e BE 3 n (1&] 1c) .
2.4 WHRKIEDHT

FIF = 4 me i B PR BT R (R T FE MR IR AT 43T , T LASRAS B K A AN & S I [ B AR b T RS A 78 1)



626 J. Lake Sci. (¥13a#%),2015,27(4)

450

1.720E6
1.576E6
1.432E6

1.288E6
1.143E6
9.992E5
8.550ES
7.108E5
5.667E5
4.225E5
2.783E5
1.342E5
— 10000

400

300

250

250 300 350 400 450 500 550
K /nm
P2 KA A ST I = 5

Fig. 2 3D EEM fluorescence spectrum of humic acid extrated from the M. flos-aquae cultures
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