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Chryseobaterium sp. ST, W5t % BUZ W bk BA WL B9 BEAE AT, A5 1 D7 50 38 i 73 98 3% 3 ) Jo a4 ) e 14
B HE— P R T I SRR AR S AL L DUGR SR B B AR A . 22 T UV-Vis, EEMs, FTIR fl FCM
HoAR, 73 #r Chryseobaterium sp. ST ¥ Wi FEHDCTERFE . LRSI « 8 B bR A B 5 Wi 3L 97 7 d,
FITT UV-Vis fil EEMs R0 B 40E Chla & &5 PC 9OGEZE B A AT /047 . 45 R 278 . 341 Chla &
WAEHE 1 d (ETT 4R T B, B WIAE S T IR] DN 40 1 TR /1 o 8 0 Jo 68 P (R A T B4 . 28 7 d i Chla KRR
H59.37% . EEANE PCHOCMEBER TREEF . 5 Chla B RN — Bk, RUIEHEEL R DS
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AT LA ARG 0 35 4T 194 %€ ¥ f A I 422 R B 40 i PC i A T,
FLA S5 32 Al B 21 /8 9% 3% C(infrared spectroscopy, FTIR),
566 TE (fluorescence spectroscopy, EEMs) 28 £ R #7145
N T Streptomyces sp. HIC-D1 ByIEBENLIE

WA YA (flow cyto metry, FCM) £ A& A] % #& 4~ 43 I
A Z TS A KT 1 5O 5 B AT I & R ] FCM R
AE UKL P BT . B8 40 I FIR 5 328 b X r HR TG I B i
AT Z2 S 800E, WE g igB & . Chla, PC &= 4Mm
R 52 UEGEF . S e AN B 8 R L e S AR A AR

TR RO 2 AT DA = 0 P2 DX 32 Y VAT T 43 S AR AS — bR 4 BUAT T
Jai ¥ BETE Chryseobaterium sp. ST, J BUIZ A bR 18 4 73 W V7%
5 X ] 2 ok A AT A Ok — 25 4B R
FEARAE K WL, 38 A UV-Vis, EEMs, FTIR f1 FCM # A&,
PLPT 3 8 &b 35 ¢ 5 £ %¢ 5. PC. Chla 3 & %¢ J6 43 #r
Chryseobaterium sp. ST V7 ¥ i3 B A9 Gi%45 4 . K Chryseo-
baterium sp. ST {1 T v 8 40 M A B R S8 3 A8 4 A
HERCE: B8 g, WD 48 7m VSR TR I LB, DU Ol R
Wy 5 BOK IR AR DG B HOR SR AL BB AR 4R

e

1.1 ##
1.1.1 A

VLS 43 350 38 B (Microcystis aeruginosa 905) R WFFE X%,
LB fh T TR I SR A h B 5R . 8 BGLL i 3¢
B, BRI BE N 25 °C L SRR BEECE Dy 2 200 lux, K
HE47 14 he 10 h OGRS 1G9+,

1.1.2 @Ak

EW T Chryseobaterium sp. ST, R 4 W& & E M &
B F7 BEXF bR ST AT AR AN . ARAFIRIE N 4 °C, RS REE
TR A 85 35 FE X TR bk ST HEATH KEE 5, SRR E R E RN
30 C, PRIREEHE'E N 1 500 r » min ', BEFEEF[E] N 24 h,
10 000 r » min "> 15 min, %8 FIE® . %5 H .

1.2 ik
1.2.1 B4k S7 st Chla 4 %k

$ 40 mL EIFRINZE 100 mL #@ P, SFHE4mA 40
mL KT SR IE AT e 9 . ARSI BE 3 A PAT
R B E R 721 BT UL Ay 0 BE I CE ) A 0 4 St 1l 5
# Chla & (1=680 nm),

1.2.2 B4k S7 st mpe PC # % vh

$ 40 mL EIFRBINE 100 mL #@ P, SFHE4mA 40
mL KT SR IE AT e 9 . ARSI BE 3 P17
KL B H R F-7000 2¢ 56 20 36 06 BE 31 CH A Ha I 4 2% 130 3 B
PC ¥ 1F 2¢ Y6 38 ¥ Qgmme = 620 nm. Agzgpgx = 650 ~ 660
nm) ¥,

1.2.3 S FTIR %54

H 20 mL VSR E 50 mL S P, xRl H o A
20 mL JCTR AN T B SR SE AT LR G 3% . 7R 7 d R 4 0 IBGE
XFBRZE | S 2 MR AT O R IR UTIE . TR OK B R
FEBL WS TR, R M KBr [k i /Y 77 8 0 EQUI-

NOX55 7 B 728 466 21 41 ' 38 A (7 D ) 52 % T4 i 40 4

WG
1.2.4  3Empnse ds o

HR10 mL A INE] 100 mL BEWE b BEAT L 3G 3%, X
BB A 10 mL KA 52 5k . TR SR M58 3 d AN
87 d, R 2 mL B SR ERE P, A 200 L #kEE S 100
mmol « L™' ) PLIETH, 7€ 25 CHEZEHIRE 15 min, 1A 1
mL PBS 2% i . 5 3 4 2 {¥ Becton Dickinson FACS Cali-
bur (3 B & A 5 488 nm, 5 Sl A6 I K i B 560~
590 nm, 7E FL2-A GEWCEE P 925G, Kl 40 ffg A 5 #& . 72
FL4-A JE W PC %0, 2GR MK KT 630 nm, £ FL3-
A B Chla 98,

2 #iR5THE

2.1 HEHR ST XFEMA Chla B3
12 SEB0 A 55 %k FE 21 3 4t i Chla 1) & it Bl S5 56 B [7)

BACRY IR B, f 1 R, BEAN L Chla %) 4 & & Jy 718
XTRAZHES 7 d W4l M Chla 5584 812 mg + m ™ °,
X BEZH (9 A L Chila % 2 52 189 9 a5, T 52 06 4 3 4 i
Chla & s 7655 1 d J5 46 0 3L F Feta . 3% WA S 0 i)
PN 2 T A i s o T LB R TR AN, 2 d S
WAL, I LB Chla & B4k TR, 557 d A
Chla & &} 330 mg » m ™, JLH} Chla 2B % K 59.37% .,
2 AR T S IR B bR O B A Chla 9 & 4 B — & 1 3%
Wi, Sull Ay B Acinetobacter sp. J25 % FEAN L Chla 19 £
FEik 87.86% . BAWIIEM . Raoultella sp. R111E45 6 d
I X 35 40 Hd Chla 9 25 B 30CR B ik 94, 28261 L M T A X 95
Yl Chla KBRFLIBW LIF L Wk S7 X %40 Ml Chla & 5
149 5% 0 L HC A T4 R % B2 40 i Chila 52 415
900 - O Control
8004 B Experiment
700
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Fig. 1 Effects of strain S7 on the Chla

of Microcystis aeruginosa

2.2 BIHR ST MR PC RSB

P 2 Sy S 21 5 0] B 2H B A0 B PC 9 Dl {8 Bl 556 0 o 1] A8
PERAEAR P, AP 2 W, BEA L PC AR #0142, 33,
YIRS 7 d BEARNE PC HOBME N 206. 83, B 1N A%
Y 7 d BN PCUOLEM EME N 76. 40, B R TR
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Fig. 2 Effect of strain S7 on the PC of Microcystis aeruginosa
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&l 3 A LT AP O B 1, NI ] DLE L, X R
25 S T 2 T 0 i ) o R A e 1 7 AR A AN R, DA TR A
oL, B = S R S 0 ) AL iR A A T R s R T G A g
T3 KB, LI EIAE 3 475~3 437 cm ' b W ST y Jit
SR YOG AR Sy I, HR WO BE A RS . AT e I A
Mgt O—H AP IR A ¢ 76 2 927 fl 1 647 cm !
b WO v B R R AR AR A, R HL R S AR R R 5 i P 9
Mgt C—H 5 C=0 " R8BI BIAR; ££ 2 500 ~
1.700 em 5 Hl 9 % 1 A B0 T B 2 AR B/, 3R] RE 2 B AH
it 1) 76 B T 25 4 10k R I L B e R S o A IR . A i AT A i [
AT SRR, TEVE B R, WA N 20 BRI A R
JE W) J5T 45 ¥ VT B o M IR . AL R IR A R SR AT S
FTIR Yt 06 B4k 3 AL . HAE 3 334 em "4b Y O—H f,
2925 cm ARy C—H., 1 656 cm 'A4b R C—0O % 24 18 3| ik
.
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Fig. 3 Infrared spectrogram of Microcystis aeruginosa
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AFES 3R EE 3 d M 7 d X IRA SR AN
FCM ik 45 &, Hop (a—c) 4> 9}y PI 3 5% (FL2-H) |
Chla 2856 (FL3-H), PC % Y (FLA-HD W H 4 1/, M £ 5
FLAG 9 50 S A T 5 T A B (D B D T e £ 500
FHCST O (FSC-SSC-H) — 4 81 s . (e) B % /R PI/Chla
(FL2/FL3) #6440 4 5 B . Q1 X AL 5% PI—/Chla+ 41
Jit . AL A 5 A0 B B o B e B . AR FIRAS R AF . B LTE PT %
S, Chla % %58 ; Q2 X ARF PI+/Chla+- 418, FAE H 340
JitL T T A 5 T R A M T 2 0, RS E b A A R 4
H kA PI#k, A Chla %¢5%; Q3 XAt PI+/Chla— 4l i,
RAE R FEAML, Btk PI5EJ%a8 . JE Chla %%; Q4 KA Pl
—/Chla— 4. BB 40 fiL . 2R AE >y 3 20 s LT 9 43 e
Y fE 5 P 45411 DNA/RNA #0638, 56140 % PI4AE
Ye, LG PI %%k, K Chla ¢, (D) El A PI/PC (FL2/
FLA) % 453 #ii s & o

250 Mean:35.3| 250] Mean:747| 250 Mean:474) 1K 104733 @ Ty Y
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Ml | E150] 2150/ § - =
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Fig. 4 Fluorescence of Microcystis aeruginosa at day 3
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I PT %6 5% 19 M1 {H R 10.7%, AT BR 4] M1 3 m T
5.59%, BT 7 d, Al PIo B Wity iR, HH BT X
W, B M1 49.5%, BT MAE 7 dwmT
44.28% . HCSCHRZHAE 3 d 3N T 38. 8%, 7 W 4 i it o 0%
PEBERE IR, Sun™ Wil 33 F Y Hr R W, Bk ZJU B
VR 5 W 0 OB L DA TR 2 I 0 M Y A R 7 R B R
(DOEE OB LR BR: E5 3 dif, X4l Chla 2656 M2
fE AT PC %5t M4 {5 K F 85%, L4l M2 1 M4 4351 K
68. 1% f1 66.6% . W RALF X B84l, B T4 7 d, 4 M2
M4 HI R F 95% . FWAST IR 8 40 M A KRS IEH . 40

A~ EL Py

JMBE5E# . Chla 1 PC & m . ST 414 7 d i M2 A M4 43
4 58. 3% 1 55. 0%, KT XTIEAL. LA 7 d iy M2 (4
T4 3 d, PEWIFER B A R b, Chla €% H BLE] &
TS, FRBEL AW ST WAEMH, 54 Chla %561
BEANMIA WA B T JC Chla 9¢ 6 09 SE A0 ML, 1F 5 3 40 i %5 it
BT . LT I 58 45 R S e i s B P A R e B
T E R, WA S Z R ERER, TRAE 3
d A5 7 d i) M4 435K 66. 6 %6 Ak 55% . A HL G FR ZH T &
g dl PC oAb th I TR . HY5 Chla 58 6481kt
-,

20 Mean:13.3| 309 Megn:923 o Mgan:536] 1K 109793 10757 P
L h 2L 103 10
ML | =200 £200] = 600 q i
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2 S 3%  otsw |S 381% 962% o glo Ly | £}
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Fig. 5 Fluorescence of Microcystis aeruginosa at day 7
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Fig. 6 The percentage distribution of Microcystis

aeruginosa at Q1—Q8 area
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B MW Z R ER . ME[EZREHRE,
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Spectra Characteristic and Algicidal Mechanism Of Chryseobaterium sp.
S7 on Microcystis Aeruginosa

WANG Jin-xia', LUO Le!', CHEN Yu-cheng®’, HE Qing-ming®, ZHAN Ling-ling' , ZHAO Xue'
1. Chongqging Vocational Institute of Engineering, Chongqing 402260, China

2. Resource and Environment Scirnces, Southwest University, Chongging 400715, China

3. Taizhou University, Taizhou 225300, China

Abstract The proliferation of algae has had a major impact on drinking water sources, aquaculture, tourism and human health.
As a kind of biological control, algae-lysing bacteria, have shown great potential in controlling algal blooms. The research group
isolated a strain of Chrysosporium sp. S7 in the early stage and found that., by secreting algae-dissolving substances. the strain
had obvious algae-dissolving effect on algae in an indirect way. In order to reveal its algae-dissolving characteristics and mecha-
nism, this study, with the Microcystis aeruginosa as the target algae species, employed S7 UV-Vis, EEMs, FTIR and FCM
techniques to analyze the spectral characteristics of the algae-dissolving process of Chryseobaterium sp. S7. By co-culturing the
fermentation broth of the strain with the solution of algae for 7 days and by analyzing the change trend of Chla content and PC
fluorescence value of algae cells through UV-Vis and EEMs techniques, the research group got the following results: the content
of Chla in algae cells began to decrease on the 1st day. which indicated that the extracellular algae-dissolving substances of bacte-
ria could quickly act on algae cells in short time, and the removal rate of Chla was 59. 37 % on the 7th day. In addition, the fluo-
rescence value of PC cells in algae cells also showed a similar downward trend with the trend of Chla, indicating a decrease in

Chla and PC during the algae-dissolving process. The research group found that the absorption peaks of C—0O, C—H and

O—H bonds in the algal cell structure showed a significant downtrend at 1 647, 2 927 and 3 475~3 437 cm™ ' respectively,
which suggested that the polysaccharide content in algae cells and the protein structure might be destroyed, while several small
absorption peaks in the range of 2 500~1 700 cm ' further indicated the phenomenon of disintegration of algae cells. The re-
search group also carried out Pl-specific staining of algae liquid on the 3rd and 7th day. and analyzed the Pl-specific fluorescence
of algae cells and the auto fluorescence characteristics of Chla and PC by FCM technique. The results showed that, the Pl-specif-
ic fluorescence of cells increased gradually in the algae-dissolving process of bacteria S7, and the autofluorescence of Chla and PC
showed a downward trend, indicating that the damage degree of algal cell membrane, Chla and PC had a close internal relation-
ship with each other and high consistency in the algae-dissolving process. During the algae-dissolving process, the algae cells
showed various forms of damage, and the damage was in the process of dynamic change, with the Q1 (Q5) quadrant cells gradu-
ally moving to the Q4 (Q8) quadrant cells in sequence. Therefore, the possible algae-dissolving process of Chryseobaterium sp.
S7 could be speculated as follows: The bacteria release the algae-dissolving active substance to the outside of the cell, and the al-
gae-removing active substance changes the structure and permeability of the algal cell membrane by destroying the structure of
the polysaccharide and protein in the cell membrane of Microcystis aeruginosa ,» which will further destroy Chla in the cell body,
PC, DNA/RNA and other substances. All these will cause the algae to lyse and die, eventually forming cell debris. This study,
by analyzing the crystallization characteristics of algae cells in the algae process of Chryseobaterium sp. S7. reveals the algae-dis-
solving mechanism of algae-lysing bacteria, and thus provides a theoretical basis for microbial algae control and restoration tech-

nology.
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