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Abstract: [Objective] In order to cultivate high concentration of bacteria to deal with algal
blooms caused by water eutrophication of algal blooms quickly. [Methods] Firstly, three im-
portant factors: KNO;, MnSO4H,0 and K,HPO, which played important roles in NP23
bacteria concentration were selected based on the Plackett-Burman (PB) design experiments.
Then, the best value of the selected important factors was picked out using response surface
methodology (RSM) to optimize the process conditions of NP23. At Last, biological safety of
NP23 bacteria liquid was evaluated by the acute toxicity and mutagenicity test. [Results] The
bacteria concentration got 10 CFU/mL after optimization, which were four orders of
magnitude more compared with bacteria concentration before optimization and which showed
that NP23 had no poisoning effect and no mutagenic effect on fish even in large doses. [Con-
clusion] The results provide reference to practical applications of NP23.
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toxicity test, Mutagenicity test

HEA T AL LA, 1o B 858 h HE R 35 574 T
Hitaks 2, KA E ST H w5 mEl, i
T A R AR A AR M R
KA AEBTIRIREIAAEN T, TP fhof
FH B AW IR K R AR B, 1M H2
Oy W T RTGY . TERCIE LT, AV 8 4N B
(Algae-lysing bacteria) X 7K £ 1 75 ] A 4 il 4
WHBENER.

ARSI AT EE 28 - T L T R LL K R
WK R 2B | e 21—k L e AOA e RE T i 4
NP23, it A FAfL AT 16S rDNA U F43Hr,
YRR NI AT R, R PRI R
FI ARV B XA BERCR AT AR 52, 4 PRV B
KX A — IR BE I ER, SEFiX A
WL, VB AER BRI, WY AA VR K
DU G A i DR G R 38 R A () B AR,
BRIV 1) RS 4 ik B 0 20K F R — TR BR A (dn
4.8x10° CFU/mLE!, 1.0x10° CFU/MLY), Ti7ess
BRAR TR 1) KA, BRI VA B — AR MR 3]
X B  DH AT 3 R Y TR
Vs TR B A BRI R B R 2K AR 1Y
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MnSO4H,O I KoHPOy), R J5 Tk i1 i) 8 22 [
F A s A (E X 38 5L e 1 T 7 15 (Response sur-
face methodology, RSM)#I4 K% 5 25 JL 1] it 4
R BREIOC R, TS B — N ERR A RO ES e 1Y T
2. b RMRIAS] 10° CFUImL, Hfifk
HITRRR 4 MRS feJm Sk st s
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25 °C  JGIEGREE N 2 500 Lux ., YGREHA N 12 h:12 h
P o e M ¥ NN o D S AR e g s
PR TC A E R R T

1.1.3 R &E: Srdrln: A <3 cm
AR 0 T A% B AR 128 150410 g
A2 . RERHTYIFE 10d DL,

114 3EFE: EIIREEE NP23 MK FR AL
%I 1%, (NH,),S0, 0.4%, MgSO,-7H,0 0.03%,

KNO; 0.5%, NaCl 0.03%, FeSO,7H,O 0.003%,
MnSO4H,0 0.002%, [##E-#Y 0.04%, CaCl, 0.03%,
K,HPO, 0.2%, pH 7.5,

DA G T P TR NP2 VAR KRG IR 3% A0 1%,
(NH,),SO, 0.4%, MgSO,7H,O 0.03%, KNO;
0.6%, NaCl 0.03%, FeSO,7H,0 0.003%,
MnSO,-H,0 0.001%, [§#£}#f 0.04%, CaCl, 0.03%,

K,HPO, 0.3%, pH 7.5,

BRI PR SE RE AR R
BG11 k5Ll
1.2 A&k
1.2.1 NP23 BABES: #EIRFEECH 150 r/min,
KRR PR R FETA S 21 h, #5350 mL/
250 mL, $EREN 10%.
1.2.2 HERRSRONE: KR ExE0nn
NP23 RGBS, HRTRHE 1:9 (VIV)IYHE
PP A BT T BTG e . /NBRE
A A%/ DRI AR s, BERAIE SEE
AHTE] . B RATINEAE RS 3 AP AT, Inpa i e
4 d JEIE A FR B ER A R R a
i, THE SRR BE TRRO A () A e

oS/ T U /A vl = M e SR i
R=(Co—Ce)/Co ZH1: Co XTI B ZI %5} REAE 5 it
42 a IO, mgim?®; Ce A X I ik 2 kb BRAE i
M4t a 15, mg/m®,

MR a M E R ARCY:

M 4t & a (mg/m®)=[11.64x(0ODgsz—OD150)—
2.16x (ODgs5—OD750)+0.10%(0Dg30—OD750)]V1/V/S

XA VONEREIARRI(L), OD AWOLEE, Vi
PREEUR E A5 AR (mL), 6 0 H @GR (em) .
1.2.3 @ERSMFMERE: (1) BYIF 10 d L
SR T4k, TEREALE 10 L KEYA#R I 10
A, 5y 6 4, BT IRANFEAES 3 41717,

(2) HIHFRM LB, A B e
IKIERZERR R, AR 0, 101, 10°, 10°,
107, 10° CFU/mL fiéatkftadss . AR m
HMERRE AL T, LS 4 d,

1.24 SERBETIKE: (1) BYIsE 10 d 2L s
gt T4, TERS 10 LKA 10 B
f, 4y 6 41, BEXTHRANEES 3 41717,

(2) FH 0.8%11% A5 #ER /K X i v BE PR A T AN
) R B R B (v 0. 101, 10°, 10°, 107,
10° CFU/mL);

(3) FHN[RIVR J3E 1 B Y k) A 2 X 56 e 0 4 7 1
R, MR ER YRR L IR, #4E 4 d;

(4) TR L 4 d 13 fa T R I
o, SR Ao BT R EEEE 10 min, ¥
] 5 I 14 00 Fr i A Giemsa T /F ik B (3,
15 min JEBita, AR Bk, Bor /e 5
H i — A /N SRR, DA gs /NI, i
TP AR EE SIS 5 000 ANZE A7 LT 4
ML A O AL, ATk, R
HAAMIZHR T 23 3 (MCN%o) o (K% T2 H=51x
5 2 (45 % ) L5 38 ) ol 50 45 1 B 20 (B
5 XF R ) L 11 I 2141 L 55
1.3 XWigit
1.3.1 Plackett-Burman &tk T ERF &
Plackett-Burman (PB)ik:RE FH e/ i B8 vk At
PRI 1 2000, DA AR 22 11925 45 R 28 A PRk 3K
b 7 96 e Ay B A LA R R A — 2D 5T . AL
RGBT NP23 & BERRIEAOAFST, 1S
BB N=12 9 SEw e it X A5 (X))
(NH4)2S04 (Xz) . KNOs (X3). MgSO47H,0 (Xa).
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NaCl (Xs). FeSO47H,0 (Xs). MnSO,H,0 (X5).

PiEREE (Xg) . CaCly (Xo) . KHPO, (X10) 10 A
HFTHEE, BARRSHIE 2 DARE, AR K
S, M R A AR RE Y (107 CFU/mL) (B Ak
JiE R B EAROTB0EMN HE) Mk fE bs, I
K-t R 1,

1.3.2 WAk AR IRt 7 Plackett-Burman i%
kbt E R R IR, #4E Box-Behnken
L A A IR BT R, JEHL KNOs (Xy) .

MnSO,-H,0 (X2). KoHPO, (Xa) MikIn K%, ik
W AT bR, HAKCF-gts 2 IL3E 2,

HR

2.1 Plackett-Burman &1t IG 45 R

Plackett-Burman 75 & —FhIT i g 2 K-
WiitoriE, BETARE S PP E R, 58 i
RIS B A T IR ) F 8800, SR B S
AR IR 3,

2

*1 KREZFKFHT

Table 1 Level coding of experimental factors

St (e X1 X2 X3 X4 Xs Xe X7 Xg Xg X10
Coding value (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
=il 0.9 0.3 0.4 0.02 0.02 0.002 0.001 0.03 0.02 0.1

0 1.0 0.4 0.5 0.03 0.03 0.003 0.002 0.04 0.03 0.2

1 1.1 0.5 0.6 0.04 0.04 0.004 0.003 0.05 0.04 0.3

*2 KREZFKFHT

Table 2 Level coding of experimental factors

ETIEAIER X1 X3 X3
Coding value (%) (%) (%)
-1 0.55 0.000 8 0.25
0 0.60 0.0010 0.30
1 0.65 0.001 2 0.35

% 3 N=10 &9 PB LKt SN ER

Table 3 Result and design of Plackett-Burman (N=10)

S
Experir::?]ﬁ;; number ! Xz X3 Xa Xs Xe X7 Xs X X0 (10° (\Z(IiU/mL)

1 1 =il 1 ! =il =il 1 1 1 =il 5

2 1 1 -1 1 =il =il -1 1 1 1 880

3 ! 1 1 =il 1 =il -1 -1 1 1 1000

4 1 =il 1 1 =il 1 -1 -1 =il 1 1200

5 1 1 =il 1 1 =il 1 -1 =il =il 5

6 1 1 1 =il 1 1 -1 1 =il =il 60

7 =il 1 1 1 =il 1 1 -1 1 =il 20

8 ! ! 1 1 1 =il 1 1 =il 1 800

9 ! ! =il 1 1 1 -1 1 1 =il 20

10 1 ! =il =il 1 1 1 -1 1 1 650

11 =il 1 -1 ! =il 1 1 1 =il 1 720

12 =il =il -1 =il =il =il -1 -1 =il =il 10

http://journals.im.ac.cn/wswxtbcn
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2.2 TR#E Plackett-Burman SR ERFiEEE
S

K HH SAS #4745 IR RN A4 R L3 4.,
MNZFE 4 TTLIEH, 10 AHEF KNO; (X)) .
MnSO,-H;0 (X2). KoHPO, (Xa)ix 3 ANH R Bl {5
JEHEAE 90%LA I, J35h 7 AR AE EE MR T
90%. Ak, 7 Ak n [ SE SR A 7 SRR
[ 8 R B AR b, BEEATE R T 90%11)
KNO; (X1). MnSO4H,0 (Xp). KoHPO, (Xs)iX 3
AN PR R 20 Al 7 T S
23 MHEXES

4% Box-Benhnken F{HCM A LI BET R
B, PR AT 3 R 3 /K B 7 T 43 BT S 56,
15 DEEE S 4y e 4 Rk 5 fion, 15 4
Sy s LA A, K2R, AR
{HAE Xq Xoo X ITMI ) = 4R T, 3645 12 407
Ry IR, XA 0 S, Z iR
TR 3K, HUAGTHAE RS,
2.4 HESH

DATEAHR BE e i, ARPEER 5 AYiaess R,
JH SAS Geitsr bk i AT Z Tl A A, Frisiy

FEOARIEK 6, £ T, ZPIHUGE, S5
PR3 e Wi 7 L Fr) 520 ] P [T U105 R s A

Y,=40.333 33-4.25X; +2.125X,~1.625X5— 11.791
67 X;41.5 X; Xo~X;X5—1.541 667X,%— 1.25X,Xs—3.541
667X5%,

Mm% 6 ATLIEH, ﬁﬁtiﬁ@ﬂﬂﬁﬁ#i_ﬁﬁ
555 o7 {22 B A S ZR B, FEPR AR B [ AR
[ 2tk R IE R, o RECH 97.36%, i
B R B R AR AT . NFR 7 T LUE
TR — I, RIS R Y, 38 LI
YERE AN 38, BOse B3] LIAg g, Bl LIE
H % LA S DR o i {1 P9 52 T A 2 T R 1Y
LMERFR,
25 FHHME

WL E AT, 15 BRI A AR i KA
ALY MR KA THE R 7.3%x10"° CRUML, #
U 43 9 . KNO; 0.6%, MnSO,-H,O 0.01%,
K.HPO, 0.3%, 7L EALfbact T ARk,

47 3 bk 250 mL $EIFIRSE . UERA FNE

7.3x10" CFU/mL 5156714 {H 8.1x10"° CFU/mL
AEF R, 0 H AR AT K 4 MR

F4 BRENEENN

Table 4 Main effect of all factors

EES K Level (%) t{H e FE
Factors -1 1 t value Important
X1 0.900 1.100 0.433 962 0.739 344 >0.5
Xz 0.300 0.500 0 1 >0.5
X3 0.300 0.500 1.509 434 0.372 494 <0.5
X4 0.020 0.040 0.905 660 0.531 490 >0.5
Xs 0.020 0.040 —0.566 040 0.672 094 >0.5
Xs 0.002 0.004 —0.056 600 0.964 003 >0.5
X7 0.002 0.004 —1.830 190 0.318 354 <0.5
Xsg 0.002 0.004 —0.754 720 0.588 417 >0.5
X 0.020 0.040 —0.415 090 0.749 522 >0.5
X10 0.200 0.400 9.679 245 0.065 539 <0.5
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Table 5 Results of response surface analysis

EZE %, %, X iR Y
Experimental number Concentration of bacteria Y (x10* CFU/mL)

1 =il -1 0 30

2 =il 1 0 32

3 1 -1 0 19

4 1 1 0 27

5 0 -1 -1 33

6 0 1 -1 34

7 0 -1 1 39

8 0 1 1 35

9 =il 0 -1 31

10 1 0 -1 24

11 =il 0 1 28

12 1 0 1 17

13 0 0 0 38

14 0 0 0 40

15 0 0 0 43

&6 MEVEAAREREEFRBEITHE

Table 6 Estimation of partial regression coefficientin regression equation

24 F R SRt RFAHER
Parameter Degree of freedom Parameter estimation More than |t| probability
X1 1 —4.250 00 0.001 918
X, 1 2.125 00 0.031 000
X3 1 —1.625 00 0.072 030
X1 X1 1 —11.791 70 0.000 100
XXz 1 1.500 00 0.197 772
X1 X3 1 —1.000 00 0.367 747
XoXz 1 —1.541 67 0.202 553
XoX3 1 —1.250 00 0.270 953
X3X3 1 —3.541 67 0.019 937
Root 25 [ i 2 2.020 726
R-square TLE REL 97.36%

http://journals.im.ac.cn/wswxtbcn
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Table 7 Variance analysis table of regression equation

VSR F Hi ST F1E KF F IHER

Regression item Degree of freedom Sum of square F value More than F probability
— IR

. 3 0.054 2 7.11 0.027 66
An item
—YRI
A . 3 0.1000 15.20 0.009 80
Quadratic items
A2 H I
2 J‘_ . 3 0.003 2 0.31 0.459 60
Interactive items
SymE)
B 9 0.1800 5.67 0.032 10

Total regression

26 WMERMBRERRE

VBRSO HT, FRARIG IR FR NP23, T
WeREIAF] 7.6%10% CFU/mL, SRJ5 A THE EE RS,
PN BB AT SRR I E

ML 1 AT LU H S TR NP23 5 HE PG v
AR A TR R AR AR e R, Bk
T HCRIN B EE A 7.6x10° CFU/mL, X ATfER
M T B AR, PR SE A AN, SR I L o
TERRAIENT, BT EM 208 Eimse, KEB
S BEAN MU A TR 25 5 5 A R T 3En AR K,
HETTV BB MRS, T 28 5%

EFRYTA RARRT, 85 Z R E =Y
e I YESR, DEONG R R, SRR T S e
BHTREE, WS T RIS RIR

X ZINERYE | B PR/ INERE | MR B R R B
B BRI R TS XS TR 3 Ff
BERY R BV E O N U G vk R, T/
BRI B TR 22, VSRR R, WY
IR iR LI e L bR i
W, 2 R B 2 B AR RV ROR, T LUK B 3R
) e e T T A B 31 10%-108 CFU/mL I FE4% A
VNGRS

80 r
72 r /I\ /A'—‘—A —Microcystis
64 - . wesenbergit
—O—Chlorella
56 r
N / / /O/O% —A—Chlorella
48 ;
pyrenoidosa
40

7
V4

0 &F :

Dissolved algae rate (%)

| '

CCNCQesSMuUs

7.6x10"  7.6x10° 7.6x10°

7.6x10"

7.6x1012  7.6x10"

Concentration of bacteria (CFU/mL)

Bl FRKRESEERM 4 MiRaEEgR

Fig. 1 Algicidal effects of different concentration gradient of bacteria on four algae
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2.7 NP23 E /&Rt A A SR IELE R
M 8 T LIA ), XF BRLH £f (7715 %A 90%,

5 ANSEIR2H 1 A AE TS 3230 90% . 100% ., 90% .

100% ., 100%. S5 M FET R F-IE N 4%,

TEHARBET % 10% 05 Bl 2 . SE 2, NP23

TR BN AE TR X 2R T R 7 ORI

2.8 NP23 Hif @M R T T HRIGER
2 NP 3 2 X HEZH RS 5624 1121 40 if 280k

%= 8 NP23 Eigx it aHaa

T ABEYL AR A E NIKON-551 1F # R4
E 2L RE I DU S Rt 7 = o P R M N A €T
T, K2y 4 880 A~MidifiH, A A — S HM
B LT A AE . 3 9 MSEIR G # B, K55
FhSFNT R 2R IEAAHR], 8% 3 7E 0.204 0%o—
0.204 8%o 2 [0, J3 AN Iy 4 AT B2 A i 3
/NTIEH A 0.5%0, 45H1EH] NP23 IR KAEAE
W TG LA, DR £ 2R TE B AR

MEHREER

Table 8 Results of NP23’s acute toxicity test on carp fish

¥k Concentration of bacteria (CFU/mL)

TG 14 Test fishes

OniE
YR 10 10° 10° 10’ 10°
Contrast
ﬁgﬁ%ﬁ 30 30 30 30 30 30
Fish number
24 ﬁﬁ(ﬁﬁ 30 30 30 30 30 30
24 h fish survival
48 @ﬁ{ﬁﬁ 27 27 30 30 30 30
48 h fish survival
72h @ﬁ(ﬂ& 27 27 30 30 30 30
72 h fish survival
% h @ﬁ{ﬁﬁ 27 27 30 30 30 30
96 h fish survival
ﬁﬁ(ﬁi . 90 90 100 90 100 100
Survival rate of fish (%)
= " ' K . NN :' i/ _ & -?‘
- > ¥ g % v 5> B 3 v, R -
8 7 » « W0 : | DN > 3 s '@&%9 ..
Ndu-njectlon llcb]d Y . aY oo R N ' ’; :
:‘ ' X L £y . B '!-)‘5‘:{ .
- " - . -_”‘ € “ " ‘_. . X ;/
, W & o4 3 . Injection liquid * = =
3 L, = \ - 2 W& - = -
¥ » Q‘ " 2% Y £ }Mlcron ucleu us !
¥ . = ’ - 1,
> Vel g Micronucleus™ 9 @ 4 /. Ys 9 9 Q # y‘
B '-' = " = > < A 8 @ ., ®
3\5 Ll % G > 4 . (' 5 Q i
® . 7 ; * - 2 4 s 4 ] ¢
: -\J. ¢ % y t?.' =5 ¢ @b . ',} G = = ] AY Q
2 MEBARBMTHMREBEREE R &3 idEmEmMAIMpSEEReRA

Fig. 2 The contrast group of fish red blood cells stained
with Giemsa pictures
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Fig. 3 The experimental group of fish red blood cells
stained with Giemsa pictures
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Table 9 Results of NP23’s mutagenicity test on carp fish

¢ Concentration of bacteria (CFU/mL)

(DES IR
; 9 XHIR 10 10° 10° 10 10°
Micronucleus rate (%o) Contrast
Q{z{:ﬁ . 150+10 150+10 150+10 15010 150+10 150+10
Fish weight (g)
%K (O] FR 4
1;"5&1‘2 (X ) 0.204 6 0.204 8 0.204 5 0.204 0 0.204 6 0.204 2
Micronucleus rate (the contrast group, %o)
1 SR (SIS
1;"5&1‘2 H(kad) . 0.204 6 0.204 8 0.204 5 0.204 0 0.204 6 0.204 2
Micronucleus rate (the experimental group, %o)
3 3tie NP23 & A AR Y2 P iU . i

AR A BT . SR s AT 3R 5 A
S, O R R AR R — A
X BN R A LT s, EN
ST AR, (AU T —E R ot
Ji& . H B PR DA RS RN SR 1
5%, VAEENIERIVE B ARG . VA A T T
ST BESUR R ST . AN e R A1
FHRBFFEAE, (HRTAn{aT B i 7 i B R FEF A
%, ARSI R A R TR A BEAN T NP23
WIREEFREL, PN SRR MRE L, £y
[ A EAE WA LR R 2%, FTLL, YRR
P PEAL TAE SR AR JC S E e, v L) 1o 1 73
AR Bl 38, RSM DAL 7 Hh i A %%,
JEIRARTT K A | DA T 25 | B i
i A 7 e AR P SBR[ U — R RO TR . AR
G 3 R T AL NP23 SRR 3R 31 5] —
MREM T L&KM kG & ks 5
10" CFU/mML, FLARALRTRIv K 4 N E0EYL

Y BRI FE VA AR AT AT ) RIS B e H ek
A, RSSO NP23 B R A KA A1)
LRI . BRI R, Bk
IR KA B RE () LR, XK B AR AR AR
B, Mt AR S TS, & TIREMIIEE, A
S 3 R FH 2P B M 1 00 RN 3 5 AR 1 50 R A

Je S PE TR ML S 1 RE A WL AE A0 28 AR T K IR dE o
e, ARIEAEA AT L HCRAN [R] e e B 15 e
AR I B AR M H A 2 X R P U |
B | B BEEEAE REATRL I A — RO Ik,
RATIEESEE . HAS . W A PR &R 0
MR Z . KB —UI F YR 2 B
ESIREER: B TR R AE O CE Vi I 2a S R R (N DEARZ ) )
S RN, K oA LA 0 7R AR A I
W, GHER R K RSN, R 2 W
Fro% i UMM, A ML AN 53 28 10T
AN, TR . o R A R 4 R P
7RG N B G A W A 2 ) s e e
SR — R AR IR 0k, ik
W 7oK EGAEY RE, HAMNE A LA
B SIS = RICIRIN i DEA R ) 0k ¢ S fap
IKTGHARDL, PPN AKRBGAME5 G . A SGE S
BRI A ECR AR I UE I Rk NP23 T
TCBEAT 5 S 10 S A S I 1] A A6 T R A X 2K
Y AL TR .

FUR, A SRAS BRAB BE 20 T O BT i A A 52
K== WHFTH B, TSR BUA SRR R AN e BE
TESZBR KR RS B S A R K, ey 4533
HAT 52 B O FH A L) 9 8 240 o L B A 8 41 ]
BRI BRI 2, T ERA
PHAERTSTE
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4 Gk

(1) 520 NP23 T ¥ it 34 B K & J& KNOs.,
MnSO,4-H,0 Fl K;HPO,.

(2) ARGV B NP23 IR S Fe i i h
1%, (NH,),S0,40.4%, MgSO,7H,0 0.03%, KNO;
0.6%, NaCl 0.03%, FeSO47H,0 0.003%,
MnSO,H,O 0.001%, [ £ % 0.04%, CaCl,

0.03%, K,HPO, 0.3%, pH 7.5, {ifb)5 Fkik ]
10° CFU/mL, HARIERTHH K 4 R

(3) MiALJG AR NP23 Rk, nl LIRS RS
10°-108 CFU/mL R FEHBEA KR

(4) E it S RE R I RN B S AR g ]
WEE NP23 AN &5 e S R I AE T,
X AL Y S A A B E

2 % X u
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