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1,3 2 1,20 s o 1.2
EHEE Y MEE Y kLt
(1. AV FBIE e Ml nf 2 & R S &
KR TS
266071; 3. LM REEK =S54 aEb L

=

266071; 2. FHEHERFSHARBEREIHRE WL FS5EYr-dBRLER=
201306; 4. HEEWASHEMR HEE  276805)

g o2 B HY wxgl

TR AIM T TRSEYHOARE G R E  PEAGREOTTE b

GE]

AEAUFRE LB FAKAGE, BIPVST, EZR QG £ A UNE ., 16S RNA

FAl i R R B, Hop —4k % 48 4 3L 4T H (Lactobacillus plantarum), 5 — 4k # &
# AT (Bacillus subtilis). # L7 FARA W E T A K A0, HAIAAEET LK pH H 6.5, &
FEH30C, EFHATENET ALK pH 60, BEN36C, ALHELAHT, FhaEHE 11
AAFAAATERF GEKTEA. DHBRE BRENEEESH LR T 73.2%.58.0%71 52.4%;

MIERATIET, EAFRAREFAE. THRE.

BRI R S FAE T 86.3%. 88.9%F0

68.3%, FLH L AR E MR ARBEI LR T b L FARR I T A AR (R B A P BOR A

PR 3R A A
KA

hESES S917  XEHRIRAE A

FEAREAFIRT , M ERRRE D R
Bl PN 5 R v W ) R A TR L 5 F W o
T8O F TR SR S0 TR R L A, DI R A f AT
W11, W5 & PR (Torrecillas et al, 2007). i 4%
PRI S DA S 2 A B X SR G OK B R R AT 8 5 i — b
YA JI5 Y JOAR R K R R s R R, R
S I 25 2E B R R A K IR T R SR A S T R )
DAREZE A, AR SRR /K A P A 5 40 Jo A o 2 8o 1 o)
97 J5L T 114 252 (Crad et al, 2012; Avnimelech, 2007), AJ
A 30k G R R i AR A R R 2R . UES
HFAE K = IR B ) S RIS fe L BR T 1986 4F, B
TEC )2 0T AR A R 7K 7= 54 1 3 T
My RN I (e 4, 2013). SR, sk 250 5
MFREL, AR —FHM M SHR, a2

MWAATE; HEFRAFE,; EHFLEE; KRAHEE
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PRLAE T TR 8 0 207 L AR SR AR | ThRe il
FZOAAN R, BRI T i S A Fn

HA, fcA 50 8tk 83 #b i 1K 5%
B PS5 VA 7 NS B P b i AR AR R A D TH, W0 2R AR AT
W (Bacillus sp.) 77K ™= FRFH K B 45 (X AR 5§, 2001;
TS, 2003; 2{@%, 2001), FRAE AL KA
(HEF 85, 2001) ., FRFH MR 2 M 38 o #F 0 #%5 (Dalmin
et al, 200155 J5 [ AP 2 T8 AFIRCR . P FAF A
(Lactobacillus plantarum)Z 78 & #oll H v H , Al fe ik
e EXTEWRTEARL, R E T E R, B
AEWT, WL YA GRAIFEE, 2014), {HiE,
TR 2 R TR Vg K f0 2 53 4 T T A R SR AR 2,
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X R FE 7K T B R 5 0 4 B AR DG HIL ] v ANBH T AR
WFFEor s . AU RIS E HPIRRA f i, DRI 1O
B IR A RO KR TP U AR ER . AR R Y
WA SBCR , LA T i S 00 v 53 ) 8 7K SR B A A 28
FRR LSS R AR S

1 HESHE
1.1 HmEE

2014 EFZ, IR H IR T ) A O R
IREERIEEE, BT KELFRERN 100 ml
MR, AVKE N, MKIR B, T4
B SRS o
12 BEHHSBESIER

K-35 Ve FH TG B 7K il B TR, LA 300 H i 28 ) 3
UE, UEW 6000 r/min B>, FELIEW, FLATCHK
Tl BUR B . B EES T, B ml TRE W,
JINAE 9 ml TSBIRIARIEFRIEEM L T, #1108
JEHIAL 6 NEREEFRRER, 43 BIHL 100 pl Y5754 T
TSB AR S5 3E F, BT 28 CHHIRIEFRAH P % 72 he
Fi OEASARE, PREUE S E R REEE T TSB W
RIGFR I, 28°C A N IESR 24 h, P40 LA IR
S-Hr 2k i AR T TSB AR FR3E |, 28°CHE
HEEFE 72 he BRSPS 3 K, HEHFFE L
FETEBR— TRV

13 HEHREE

131 FZREELE5K U ff LG AR AT
2GRS RN & CF B AR ARG IR
NEDUEI A FEMERHITIR AL, SR (AR
YR % T ). CF WLAITH RS 4 F M) (ks
&5, 1995; ARFFEREGE, 2001)i#E4T .

132 H5F%% FIH R 4] DNA $#EBGAF
AR EUN T 4 DNA(OMEGA, ), ¥ 16S rRNA
A B IE w51 % A 27F: 5'-AGAGTTTGAT-
CCTGGCTCAG-3', Ia5|#°h 1492R: 5'-GGTTAC-
CTTGTTACGACTT-3' ;PCR 4" 4K 1 50 pl 5 14 5% -
10xPCR Buffer 5 ul, dNTPs 4 pl, iFZIA5 194 1 ul,

Taq fif§ 0.25 pl, A0 Z4A# 1.0 ul, ddH,0 37.25 pls

PCR 251 95°CAME 5 min, 30 AMEFRO5T 30 s,

56°C 30s, 72°C 50s), /i 72°CHEMH 10 min, HLYK
il YR, B AE, 7R LB PARTRA,

37°CHEEIEFR . PRREETE LB A=Y 55, LIE
FHS1% M13 $E17 1M PCR K, 5 BH P v b ik 221

TAEY) TR () B A B FIIN Y o K B AR Y 25
AT BLAST K&, i 1 [R5 = i 4 7 16S rRNA
RPN, WHERG Kk E IR,

1.3.3 A3 A LA 2 BECCH WA R G0 %
E T ) k(R FEREE, 2001), FFH 406 i 2k AL %
TEE (T S A YRR B w7 A A AR 4

14 EBEEKEEWIL

MRYGTRFP S 455, fEIREE N 30°C, EhEEN 28
BT, %® 6.0, 6.5, 7.03 34 pH B, B4
FRRETEE 3 N FATo 40 B 20l 43 B8 4liAk 1) TR
F 1 ml TSB AR #5235, 150 r/min, 30CHHE
75 2 ho B ITREY R AS 20 pl A ZIATH pH Y H; 5%
W, 150 r/min, 30°CH55E 48 ho %5 2 h U 50 pl B
FW, WEAMPFEEZ 1 ml, H4E OD {HZH4E K il
24, VISR deitt AT 6 IR B edf o e fEAE K pHL.

FE pH 4 6.0, N 28 LM, & 30°C,
33°C. 36°C. 39°CHt 4 MRAE, BABRREE 3 1
150 3 W B 20 wl 43 25 4k BB T 1 ml TSB A
WP, 150 r/min, 30°CHEFEE DR 2 h, HE I
PR 4S 20 pl AR [R) IR B A9 55 72304, 150 r/min
30°CH;5% 48 h, 42 h ML 50 pl B0, TEHL@ILh
FBEZE 1 ml, HE OD (L HIE K ih<k, e mefhd:
KRB
1.5 KERIBESENK

KBTI AR S Ay 0 AE 5L B = 4k 1R R T 6T
(Paralichthys olivaceus)F# 5 ith i th E 47, K Hikk 25 4E
PR AR A FIRPE BYA PRI F% , 2 M [l BE B
e 11 W BNE G JS A m 20 S g g b o oK B 4
PRAlFE s A . WS IR SR FIBE IR L . 2 A& M R BUK
MR —IK IR L OCFE 12 (GB7481-87) 14T, WA R £6 1l
5 R AR A 6 BE TR (GB 7493-87), W R ER 14T
S R HPTIR I 2 $H 202 53 6O 25 (GB 11893-89), {iff
FHUA 5 K /AT (DR/890, 3 )il 5E 4% S50 .

SIS N, AR PR BRI VEAR i £k
PUAR2EGRIBC AN R BE A 2. BRI ER RN AR R
W, BN, ERWEEHIGE A 022, 0.25 F
0.05 mg/L, B4 3 MEE., K ERENEK A
(ODgoo nm=2-33) F K B(ODgoo nm=2.23)3% 77 W 1%
1: VIRA, IIMELIAGNEE R 10x10* cell/ml),
XTRAAGN, B 24 h 4500052 LA 2 A . WA
MR ih AN Rk A A M, LR WA 8 do SEERIIA],
2 TR A LMKl 21-23°C

PR 2 AN PRVDIR R L AN 0.33 hm® HLCSE W] 45
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2 )R 38 %

o B E 2 10, R H KRR 50%. SRR
PEFE 1 1 LI I R A FIERBE B AOTR A il 57
TN RN 5%10°-10x10* cell/ml, i3 H #e/Kk 2K
50%, oK 5 BRI AR VS B Y 50% b 78 s i 25 2E
R, HERETIE VAT 5 PR R RE s R U AT 25 A R A
WAE X ML, SEEGHEAT 10 d, SEEGIIN], STy
FFIUGT B it 33 P S KR R 20-23°C, ARSI L 05
2 A yE R A WEIR R A AR K B AR Ak o

1.6 HIESH

XF 168 rRNA &R ¥ 45 AT 7E LK [R) I8 7 41 L
%t (http://blast.ncbi.nlm.nih.gov). 4 BioEdit #£17[w]
WM, R MEGA 6.0 #{4+ Neighbor-Joining
Method LA R GE K F HEALK . FIHT SPSS 21.0 4t it
AR AT e A R R WK Py
0.05, 3 P<0.05 BfIAHZER B, 24 P<0.01 KA
RS

2 ZER59H

2.1 BEIE4SE

TSB SHMMI LS 2 WK A HE R
o R RIE, AR, PN, LG,
RIMDRICH , BOZ, bRZHIE A, 2EUHIL
FUTHT UL, B B 03— P A,
PV 53— RO, SR, T
PRI, BEEEEL, TR, AR, bRiCH
itk B,

22 MERSHIE

FERR O, SLBEAMER) U F bR A FITE P
B IEARHME(E 1) itk A BEASE L RPEAIHNE, &
FRIR L AEEOE , A aCE ARSI (8] 1-A); Fitk B
B L R O PHPE, KREFPR, BXTEERHARS], AT
WL E G [ ) ZF F(1&] 1-B) .

1 A B
Fig.1

Morphology of bacteria strain A
and bacteria strain B

2.3 16SrRNA M5 &G #H AR 04T

iRk A R PR B 19 16S rRNA SLH 19 7215 K/
43504 1591 bp A1 1595 bp(&l 2), BLAST [a] 54 L X}
SN, Bk A NHPIFLATE, [FE, Gk
JEPER 40T 16S rRNA LN FSI, T HAS %
H LR (B 3); Hifk B B9 16S rRNA FEFI 5% HE 284
¥4 (Bacillus subtilis) i 57 # (Bacillus sp. BSi20565,
B BEU330341.1) /75 AL K5 99%, % H
J& T ZE AT TR 8 5 A R ZEHL T B AR DL

2 AC )

Fig.2 Agarose gel electrophoresis of DNAs
from strain A (left) and strain B (right)

B( ) DNA

24 HIEA{r4EH

R A Fil B A9 A BRA AR RRAE 4] L3R 1 Rk 2,
G CHILATE R E TN D) CRFERSE, 2001)F1
AN IR TR % E T ) (kg 45, 1984)FH M FLAT
B ZE AT R AR AR, FEXPIREE R B, Hik A
A BEAE AR S A FLAT I — 2, TR B AR AR ARy
PE 5 2R AT R R — 3, F R SRkt I 3 ELAA R

25 EEEFREH

251 HYIHBFE.A)  EREFEE N 30T,
LREEH 28 B, RIF pH XHAESFLAT B AR K 22 5%
RN, {A7E pH=6.5 i}, FHPFLAF B A Kl 2 i
HEAMREIGR I, ARSI AR (D 4), &
A pH 251 T HAE KRS AT -

TERE IR M E 9 pH=6.5, $hJE H 28 if, A
T BEXT A LT R A K e 25 SR i 2, (AR R
30°CHE, AP FLFF B AE K 2 05 Je 1 AP IG 1 H
IKEF- 5 0 B IR SR (B S), B 30°C 2R FLAT
PR K B ER
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sor-A

99[1gil223926863 Lactobacillus plantarum subsp. plantarum ATCC 14917

79| 1gil12718358 Lactobacillus paraplantarum DSM 10667T
gil226815179 Lactobacillus koreensis DCY50
gil1202957792 Lactobacillus similis
£i1636801203 Lactobacillus furfuricola JCM 18764
gil332144657 Lactobacillus saniviri
gil499533981 Lactobacillus iwatensis
1001gil499533986 Lactobacillus backii JCM 18665

|-gil259052530 Weissella fabaria 257T

100 ! gi1350935448 Weissella sp.LMG 26217

100 gil671744490 Delta proteobacterium FM1C-B4
L gil380850765 Bacterium WH6-5

r gil573972337 Lutimonas sp. RSS3-C1
1001 gi1164564650 Marine sponge bacterium PLATESPLO62

100

0.05

3 A 16S rRNA
Fig.3 Phylogenetic tree of strain A and other bacteria based on 16S rRNA sequences

K1 EHRAEEELESE

Tab.1 Physiological and biochemical characteristics of strain A

Physiological and biochemical reactions ~ Reaction characteristics | Physiological and biochemical reactions Reaction characteristics

Enzymatic reaction - Malt sugar +
enzyme reactil(;lri, rogenation - Mannitol ¥
Gelatin liquidized test - Mannose +
H,S H,S test - Salicin +
MR MR test - Raffinose +
VP VP test + Synanthrin +
Esculin + Sorbitol +
Cellobiose + Sucrose +
Rhamnosus - Lactose +
+ _
+: Positive reaction, —: Negative reaction. The same as below
*2 H#BEEAUSH
Tab.2 Physiological and biochemical characteristics of strain B
Physiological and Reaction Physiological and Reaction
biochemical reactions characteristics biochemical reactions characteristics
Enzymatic reaction + Malt sugar +
Hydrogenation enzyme reaction - Mannose +
Gelatin liquidized test + Glucose production -
H,S H,S test — Casein +
MR MR test - Oval spore +
VP VR test - Stalked bacterial +
Indole test - Nitrate reduction reaction +
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Fig.4  Growth Ci?erff;)er;rtall;{A (L. plantarum) Fig.7 Growth curve of bacteria strain B (B. subtilis)
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2.5
2.0 2.6 KRIAELE
£ 15 261 ZREFETRAAELR  EILREKX
S 1 PET, UM HR , SR AL TR R IR
' ThE WAL o, /RSB A% 3 RITIRREK,
05 B 4 RERA T 0FE T REP<0.05), HELEFEIT
0 K, BEMERIK 73.2%; SCHRALANIREL &R 2 g T
0 6 12 18 24 30 36 42 48 e ) o .
Hﬂ'l‘ﬁ—lj Time/h B%, o 5 iﬁ%ﬁﬁiu%ﬁfﬁ;{k%& ) %ﬁ@%ﬁ@] 58.0%;
5 A ) S AR EFFSEREAR , B4 4 KA FIRA AR

Fig.5 Growth curve of strain A (L. plantarum)
under different temperatures

252 ¥ 3AFHA (A B) MR IR A L
30°C ., EhEEN 28 WF, AN[A] pH XAk E 2 AT B (B iR
B KW WK 6, 7E pH=6.0 HISET, AhiB i
LT TR A= A 2 i Stk A PRGHIE Y, 2857 & 1 T H
WA A dE , LI pH=6.0 I #k B A KRS e

2.5

2.0

£15
a
© 10
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0 6 12 18 24 30 36 42 48
B} /8] Time/h
6 pH B( )

Fig.6 Growth curve of bacteria strain B
(B. subtilis) in different pH

TE pH=6.0. R 28 MBEFR LM T, MiEE &
BN 36°CHT, AR ZEFFT I (R BR B)AE K i 2 i e it
AP IR, K27 & B e R (E 7), U
B 36°C APk B M HcE A KR .

A, BEFRBR 52.4%R 3). MRS SRR E A
AR, KRR 3 TR,

2.6.2 ¥R FAELR w2 Fhis R
RAWE, S50 R s L, 380 25 A B 00 s s 7K 1k
A WA R AR P IR R & B BRI GGR 4).
H, SEEh SR KR TP A A S RAE 6 d WIRA W
Ak, AEFRTE 0.41-0.51 mg/L Z 6], HE 7 KIF4A,
RAGEUE TR, ZIRATRN, AR
86.3%; S5 Tt ¥ % FH K AR h B R R i A NS
4 RIFIRBE TR, SCIRZE AT, FRAfFI5 88.9%;
S b 3 SR B KA R RS R £ i WS NS 12 R
i, BmKBEMEILT 68.3%.

3 itig

AHIGE AT S I TR R 3R A B aligh, 2R
TWIRRANEE , IBRER . o T %E | AL ReE
oybT, % Hoh — MR LR, 53 —REEE 16S
rRNA 7 51 54 B 28 16 4T 3 A9 37 R e 90 48 0L BE 3K
99%, —MEIA A, 16S rRNA JF3I [ JEME KT 99%, 1]
LI )& T il —Fh(Fry et al, 1991), NCBI %48 /%E
SRR R ZE AR T REAB RN, MR 4, fEHI
R A A SR 5N, (EARAS 2 B A4S
HLARFI Y 8 Rl 24 1 A T4 5 i — RS ik .
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Tab.3 Degrading effects of the obtained probiotics on water nutritive salts under laboratory conditions
] AR AR o EREBERE o e
FH _ N R0 : WMtk .
Days (d) Ammonia Ammonia nitrogen Nitrite (mg/L) Nitrite degradation Phosphate (mg/L) [#%f# 2 Phosphate
Y nitrogen (mg/L)  degradation rate (%) & rate (%) P & degradation rate (%)
0 0.220 - 0.050 - 0.250 -
1 0.220 0 0.046 8.0 0.200 20.0
2 0.210 4.5 0.040 20.0 0.135 46.0
3 0.160 27.3 0.032 36.0 0.123 50.8
4 0.070 68.2 0.026 48.0 0.120 52.0
5 0.062 71.8 0.025 50.0 0.120 52.0
6 0.061 72.3 0.021 58.0 0.119 52.4
7 0.059 73.2 0.021 58.0 0.119 52.4
8 0.059 73.2 0.021 58.0 0.119 52.4
x4 BAREANBEREKEREFRLERIR
Tab.4 Degrading effects of the obtained probiotics on nutritive salts in pond water
S 4H Experimental group X} B& 2 Control group
" o TR
REC MR R g WM Gae pee AR pen poma
Days Ammonia ~ Ammonia o Phosphate o Ammonia o oo
(d) . . Phosphate . Nitrite Nitrite . Phosphate Nitrite
nitrogen  degradation (mg/L) degradation rate (mg/L) - nitrogen (mg/L) (mg/L)
(mg/L) rate (%) g (%) g degradation (mg/L) g g
rate (%)
1 0.51 - 0.27 - 0.060 - 0.55 0.28 0.060
2 0.47 7.8 0.26 3.7 0.066 0 0.52 0.32 0.062
3 0.42 17.6 0.23 14.8 0.056 6.7 0.47 0.36 0.058
4 0.50 1.9 0.15 44.4 0.047 2.2 0.47 0.32 0.060
5 0.48 5.9 0.10 62.9 0.038 3.6 0.46 0.21 0.051
6 0.41 19.6 0.13 51.9 0.045 25.0 0.49 0.27 0.061
7 0.35 314 0.07 74.1 0.041 31.7 0.50 0.23 0.050
8 0.24 52.9 0.09 66.7 0.035 41.7 0.42 0.26 0.040
9 0.17 66.7 0.05 81.5 0.021 65.0 0.47 0.29 0.042
10 0.07 86.3 0.03 88.9 0.019 68.3 0.38 0.28 0.045

TCIB SR IR B SRR FRI AT, SR KA P 2
R RS TR ER FIBE IR 5 55 5 SR Eh 1 25 i 2 52 i 37 4 £
RIIERW AR FRFEERRR T Z6EE, BA
EIRIA R ATV | IS A T L e R A
PRI A BT, 2R R CAEK T SR N
FH X FRFE K AR b 2 8 5 R AR T BT AT 1 B
fERRCR (/N 2013Y; 53, 20107 ZE TLIR4E, 2011,
TR 2006; FRHTEE, 2005) A8 Y FLAT B 2 LR B

f)—Fh, EIRAEGRMELR), ol RE =R H K
W pH (ERSE , HL7E 2o e Rl ™ e A 1Y LR AT
W, 7R T IR & B 40U & T 12 i b H
(EAKIREE, 2010). AHYIFLAT TRAEK ™ FREE K BT M 452
PRI AR AL, HRRAR—GRIkEE, 2007), Xt
VA 7Kl 35 K S5 VR 2 SR 9 R WL ARG o AR SRS T
XK £ e AR I pH RRBE S5, Sy H AR
PER PR AL T 8% . AR, B Pibkai bR 3R 1

1) Bai XL. The studies on ammonia excretions by grass carp (Ctenopharyngodon idellus) and mandarin fish (Sniperca chuatsi)
and the effect of probiotics on the water quality of mandarin fish pond. Master’s Thesis of Huazhong Agricultural University, 2013, 6
(/AR i ke U HE AT 50 R A 28 T 50 0o 5 £ R B W AR 52 . A P Al R EF S A 22 62183, 2013, 6]

2) Qiu Y. Effects of three micro-ecological agents on growth performance, physiological function and intestinal mucosa of
grass carp (Ctenopharyngodon idellus). Master’s Thesis of Soochow University, 2010, 5 [ER#E. = Fifif A= 25 il 57 X 5 £

(Ctenopharyngodon idellus) K P RE . A= FRHLAE K p i B IR

Wi IR R S AF 52 A 22 A8 5, 2010, 5]
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U AR 52% L b MBI KR b 2% 21 o 1
filt 35 68%L b o HJE, MFMSEIRZEMET, Seaad K
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AR I R, ) BRSO g R PR AT HEAT TG AL
SR, A S A 7 IO P e AR 8 A B S5 D00 SRl X
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AT e B, AR USSP (o ) i A T o 50 e
B 7K B 4 A ORI 0 3 R AR T K R R P ROR
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SRR AR FE e B Bk A AR S, TR, 3 77
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| solation, Culture, and Identification of Two Strains of Probiotics and
Their Effects on Water Quality Control

LI Cunyu'?, LIU Xuezhou'?", XU Yongjiang'?, SHI Bao'?, ZHENG Wei*, SHI Xueying'”

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Qingdao Key Laboratory for Marine
Fish Breeding and Biotechnology, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao
266071; 2. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine
Science and Technology, Qingdao 266071; 3. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai
201306; 4. Ecological Environment Institute of Rizhao, Rizhao 276805)

Abstract Good water quality is essential for the healthy growth of pond-cultured marine fish.
Balanced microecological environment plays an important role in the maintenance of water quality and
control of fish disease. To identify the mechanisms regulating the balance in microecological environment
and to find specific and high-efficiency probiotics for pond culture of marine fish, here we tested two
strains of bacteria isolated from sewage sludge of the estuary area of the Futuan River in Rizhao. They
were identified as Lactobacillus plantarum and a Bacillus subtilis-like species according to the analysis
such as morphological characteristics, biochemical properties, and 16S rRNA sequencing. The optimum
growth conditions for L. plantarum and B. subtilis were pH 6.5/temperature 30°C and pH 6.0/temperature
36°C respectively. In the laboratory, the degrading effects of the mixed bacteria strains A and B (1:1) on
ammonia nitrogen, nitrite, and phosphate in the seawater were 73.2%, 58.0%, and 52.4% respectively.
Next, we examined the degrading effects of the bacteria in two outdoor marine ponds rearing Japanese
flounder. One was designated as the experimental pond added with the probiotics (mixture of strain A and
strain B), and the other one was the control. The applications of the probiotics (1:1, bacteria density
5x10*-10x10* cell/ml) caused significant decrease in the concentrations of ammonia nitrogen, nitrite, and
phosphate, and the degrading rates were 86.3%, 88.9%, and 68.3% respectively. Our results provided
useful information for large-scale production of the two probiotics and for their application in aquaculture
in the future.

Key words Lactobacillus plantarum; Bacillus subtilis, Bacterial identification; Water quality control
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