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FHRHEAEGXFKFHEKE COD HIEMBRUR"
Study on COD Degradation Capability of Bacillus
Combinations

FET REFEEA I, E DM, T BA
XIN Meili, SONG Aihuan, WANG Zhigang, HU Fanguang,PANG Shaonan,SUN

Fuxin

(L ZRAE WA REFERE . IR & 266104)
(Marine Biology Institute of Shandong Province, Qingdao, Shandong,266104,China)

FE LB YRS — PR 0 T S0 T AR A B AR 20 &, S0 4F b ok 38 H AT Dol Ak %5 B2 FR FH A K kK BT, [
ERINHN S C Stichopus japonicus ) FEFE 1 38 53 B W ff A0 B 00 19 B0 B8 ke AR 40 81 ke =2 T A 435 o s iy L 44 BB 2
W 3 MR BTG MRS H A RN BEMRRECR., (BRI BREMA G 6 Kot COD & H A
422.57 mg/L ARHEZE N 63.85,3 MR A& 6 KEF COD & YR 365. 61 me/L.bn#EE N 67. 63,1
W] 3 BRTA YA R BE R AR 1L 2 BRI A S 47 . BE A S KRB ERACE R A S IR RITA 3 bR
YA REMBOREM T 2 thE A& . (8 Y0 SR R4l & 28 C14 (B bk B2, B #k B6, B #& B11),COD [#
fRFN 64.29% , ZUE WV B2 IR 2E AT (Bacillus subtilis), WAk B6 N E KZFHFTH (Bacillus
megaterium) , WER B11 gL ZEMIAT B (Bacillus alcalophilus) » A JE W SE BN HIE LS % |
XEEWFAMTE MMM HE

B E 4> K5 5968. 9 MERARIRED A XE4HS:1002-7378(2016)03-0215-06

Abstract :[Objective] To improve the water quality in high stocking density of industrial aqua-
culture,a kind of strain combination, with degradation capability better than single strain,
was found. [Methods)Several bacterial strains with good degradation property were separated
from Stichopus japonicus culture ponds. Antagonistic effect between strains was studied. Ac-
cording to the results of the antagonistic effect, the degradation capability of COD of the
combinations of 2 or 3 strains were studied. [ResultsJThe mean COD of the combinations of
two strains at the 6th day was 422, 57 mg/mL,and standard deviation was 63. 85. The mean
COD of the combinations of three strains at the 6th day was 365. 61 g/mL and the standard
deviation was 67. 63. The results showed that combinations of three strains compared to com-
binations of two strains were easier to get a combination with better degradation efficiency.
[ Conclusion)Finally, the optimal combination was Cl14(strain B2, strain B6,strain B11) with
COD degradation rate of 64.29%. The strain

WS 8 :2016-04-10 B2, strain B6 and strain Bll were separately
VEER N LW (1985—) . % B 5. FE N Hg w4 identified as Bacillus subtilis sBacillus
YEWRA . megaterium and Bacillus alcalophilus. The re-
* MEPEN 25 PEAT W BLHIF % 390 28 9% 0 H (201305005 Rl 4 sult was a reference for future applications of
A kR X BRI H . strains.

*ORIRER AT 1960 =) T BB BRI KM Key words: Bacillus, degradation capability,
HEFRA B A K7 O B L TR TF R RS o bination
PR W BB Z 5 R HOR B 5. E-mail: sunfx817 @ 163,

com,
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(AR BE XYM A T 1b % B 57 58 1 U A g
R FR A ™ IR T SR I AK A K T, DT 3
TR AW F AT o AR 2R R DR HG X K B A L
JoT K RS R A AOR LG RESY SR SR A W e T
It HICT5 G Tosk B AR 3 B W ol A AT BT 4 32 0F 7
A HEAE Y . AR ( Bacillus ) B RS E Pl
Hz Tk st . (B A RERIVIGA
BRI A ZE AT I (Bacillus lincheniformis)
XF ¥t (Crenopharyngodon idellus) FEAT#% W, B
A1 i T8 JBR AR I TR R I R I I T R AR L X IR
A B AT N RS OZE AT A (Bacillus
subtilis) AN R (Nitrifying bacteria) 55 K2
KT (Bacillus megaterium) T 325 KA, XF 7K
R A AL A PLBE A S A S A
REARACRT . (AR UIN SR — A b 9 R A
AE T JC eI 2 S PR HT . CHUSR R A o 428 i) & 14 3l
% (Stichopus japonicus) &5 W 3 H K45 1) B H
BRI LA 2 Rk a3 R AT A F AR S
Xt COD R asR I AR A A2 COD B A 77 1 A
T TR AR B TR AR 2H S R S BN R AT — E R Y
55,

1 T E

1.1 ##

PRI R R T - DR 8 R o 2 55 b 0 b A B A
F 16 BRZFMAFFIE (GR D AR F —80°C kA . f#
FH AT FH I B 1 2 Fh B 12 Fh 1 W MR B 5% 3k, 7 28°C,
160 r/min 5/ N 3597 24 h 13 20 T4

B A B SR 3 R IR 10 . 4T 3.5 gL Ak
5 g T 1000 mL (K I8 pH (EN 8. 2, 3F
A 12 g Bifi§.121°C F K 15 min,

i SRR R KT 77 3 B 20 g ISR F 1
Load g K B i, U BB e A R 1 L,
# 121°C F KB 15 min,

1.2 Ak
1.2.1 FAREMERAL

1 — 80°CHBARIR PR AF Y 16 & B I Tk R) £k 42 b
FEFRE MRS FE 3 F,28°C PR 24 h, G
P A B R AAORE P Al T v VRN KA Y R AR R IR, T
WG RFFNIRG H 3% 2 d )R F B R AR R B Fl T
245 100 mL FI SRR 55 2L 1) 250 mL HEIE M,
DA BRI ERbR 115, A B R B0 1 R AR S 1 X 10°

il

cfu/mL. F 28°CTF,160 r/min %% 6 d,F R
e COD & asfk .
x1 16 %FRFEAKIE

Table 1 The resources of 16 bacterial strains

itk Bacterial strains Sk Resources

Bl JiE 8 Sediment
Bz JEUE Sediment
B3 JEJE Sediment
B4 Z4f Feces

B5 FEfF Feces

B6 F4fH Feces

B7 2%/ Feces

B8 718 Feces

B9 %8 Intestinal
B10 i Intestinal
BI11 %18 Intestinal
B12 %38 Intestinal
B13 i Intestinal
B14 JK Water

B15 7K Water

B16 7K Water

1.2.2 BHhEHRZARAR

SR FH AP 57 52 SR 2k B e A ROCR R AF Y
B RR B I% T B AP M 3R B2 b, 28°C 160 r/min
FIFTH R 48 hJ5 A HASHUSCR .
1.2.3 &Mk EBARIA

L35 7 LS PO R 1) AR Sk 80 R B TR 1R B i AR
FH B2 PRI B 3 WKk AT 20 G, 45 TR bR 4 IR 25 E L
T DT 11 WBHERD T30 S RS FR 2R, R
FH i 35K 3 HSO  fel 8 R B vh 25 2H A TR A SR Bl
1X10° cfu/mL., 7£ 28°C.160 r/min & JK ¥k ¥ 3%
FEL T 1RV 2 RIS 6 Rl i 5 iy

COD &,
1.2.4 JAEBELHAMGERT

PRUAR 2B A A6 48 A A9 I0 5 < SR FH b 5T Bl B 4 R
A PR TTAE 2w AR 77 1 A TR i A 0 R B R 1Y
AR AE AR AR BEAT I 8 , BARERAE I vk S UL 5 .
P IR CAAZS A0 % 58 BN X R bR AT % 5

B R 16S rDNA J7 81 530 87 - R F /K & 10 $2 1R
P I A4 DNA J5, 79 8 s B e m 51 4.5 -
AGAGTTTGATCCTGGCTCAG-3' (E. coli 27F),
RIa5# .5 -TACGGCTACCTTGTTACGACTT-
3" (E. coli 1492R), PCR F=#) (1.5 kb A4 H L
WA TAEY TR B A BRA R AT . BT 45
JAE NCBI JE b 547 Blast, 15 2 5 B bR B bk AH B
EHES L B CLUSTAL X F2¥ # 47 Xt B 5
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K MEGA 4.1 T.HAJ# Neighbor-Joining #,
2R G TR R B9 A2 B A= fB 5 AR S 16S rDNA J¥ 51 43
B+ 25 28 TR AR .

2 HEREHW

2.1 BEHKEMESR

M1 AT LLFE 16 R BT R SR COD
F % A 20 I R TR AE 5 1~ 2 KA, X 35 3%
W COD B fiff 30 3 e A0 B B, KH0 4> B R 76 56 2
KB 85 32 COD 5 2 35 S A X L 4841 19 45
IR TR MR FESS 3 R IA B MK A . XV IZ S
FRAG R BOAE KA G, % 6 KAF, X COD B [%
Rk TR, ERm e R 2 R5% 6
KA g OB B[] 557

9001

COD(g/mL)

wn [ 2 (=g
(=] [} (=3 (=]
S S S S

w
S o
S <2

o3
(=4
o
o 4

3 4

B} [l Time (d)
1 16 SkE kIR0 COD ik 28k

Fig. 1 The change of COD content in culture solution

with strain Bl,strain B2, +--stain B16

2 BRI R MRTES 2 REFXFT COD 1y F%
it E 35 B e & W& R 80 % LA | (B1, B2, B3, B6,
B8) , #B4r R TE 2 2 K I ik 3 i & B i R 10 50 %
Pl b (B4,B5,B7,B9,B12,B13,B15,B16) , A ifi &
BRTE MRS FR B 0 B A8, X TR AR EE 6 KA
551 KR A% 22, & 43 BBk (B3, B4, B5, B6, B7) &
fif R 3h 50 % LA b Hih B7 R R A E O 65,84 %,
GAFIERERNAEKHEE S 6 RIVBEM R, B4
B %€ %) 0 B Bk B1.B2,B3,B4,B5,B6.B7,B9,Bl11,
B12 #F47 a2k 525 .
2.2 BEHKERER

HRAE 2 3 485 21 3k BOMH B =22 ] 38 AT A K ol A
FH TR R 61T I AL 5250
2.3 AEHHRBERELE

LR 2 MR 3 S X R R T A G AR
Wit W 4, NES TUEHIFAREIA 3 s
HAEPEMMPELT 2 hEH A . B2 HREHARH 6
KBf COD & B R ¥IE H 422,57 mg/L, briEE N
63.85.3 MR A A5 6 KT COD & & B ¥{E N

365.61 mg/L.ARifEZE N 67. 63, XULHT .3 bR 4
A HVBEARRE MR 2 R A& 1, R 53k
(E1 S R E R R

F2 16 HREHRAIPEMRE(%)

Table 2
strain B16( %)

The degradation rate of strain Bl, strain B2, ---

Rl 38 (5 2 K%
his FAE 1 50
Number Degradation rate (2 d
comparison of 1 d)

R A3 (5 6 K

A 1K)
Degradation rate (6 d
comparison of 1 d)

Bl 40.93 37.88
B2 42.03 45.07
B3 43.15 50. 66
B4 35.97 50. 75
B5 32.13 54.65
B6 40. 67 52. 20
B7 47.61 65. 84
B8 30. 90 23.06
B9 23.72 38. 49
B10 14. 38 44. 44
B11 22.77 48. 45
B12 29. 84 42.00
B13 15.19 31. 44
B14 11.62 28. 66
B15 30. 54 42. 25
B16 23.31 34.05

RI3I 0KBEERIERER

Table 3 The antagonistic effect between 10 stains

Niﬁjcr Bl B2 B3 B4 B5 B6 Br By BIL BI2
Bl X X X X O 0 0 0 0
B2 0O X X 0 X 0 0 X
B3 0O 0 0O O 0 0 X
B4 0O 0O 0O 0 0 X%
BS X X 0 0 X
B6 O 0 0 O
B7 0O 0 X
B9 0 O
Bl1 o
B12

TE AR FEHAE L O RER T HUE
Note: X represents an antagonistic effect, O represents non antago-

nistic effect
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Table 4 The design of combinations of strains

WP 6 251, e R4 & 4 Cl4(B2,
B6,B11).COD [&f# % H 64.29% .

2.4 RIMBAEKLETE
2.4.1 WtegAEAENR

HE RS Bk A HE 5 R A
Combination Strain Combination Strain
number combination number combination
Cl (B1,B6) C9 (B2,B7)
C2 (B1,B?D) C10 (B1.B6,B7)
C3 (B1,B11) Cl1 (B1,B6,B1D)
C4 (B2,B6) C12 (B1,B7,B1D)
C5 (B2,B11) C13 (B2.B6,B7)
C6 (B6,B7) Cl4 (B2,B6,B1D)
C7 (B6,B11) C15 (B2,B7,B1D)
C8 (B7.B11)

5RO TR B2, 2 [UHAE A 2R AR
Wi IIE . G A ST REE 2 A6, VP N
BE P i ol i B P8 T 7K 9 3 5 Ak B6, 22 TR EH
PR A L IR R 6 L BT RGN
RBEHL , VP BB, B , AT 7K Ak € 4 5 T bR B11, 35 22
FRBHE A 25 90 AR 13 3k L T v 68, 3R TR R i

x5 HAE COD THME (mg/L)

Table 5 Variation law of COD of combined strains

LR ANHRE ST, He Ml ity PR 1 L K VE R L VPSR B

HEmS 1R EPN 56 K
Combination number The first day The second day The sixth day
C1 639.74+8.13 454,72+6.52 536. 26 +36. 87
C2 653.86417. 23 481.38+8.97 396.704+26. 11
C3 666.40435. 76 501.76+29. 82 392.00478. 54
C4 588.00+7.54 650.72+33.45 388.86+79. 44
C5 642.88+6.09 446, 88+56. 41 512.74+56. 90
C6 658. 56427, 89 492.00+33. 17 405, 25+32. 99
C7 680.51428.91 572.32+68.03 445, 31+42.79
C8 548.80429. 64 495,49+77.85 384.16+43.56
C9 611.52430.76 508.03+95.67 341.82+44.75
C10 603.68428. 71 434.34+24.54 426.50+46.78
Cl11 611.524+18.91 486.08+13.61 373.18+47.10
C12 666.40+17. 34 404.54+35.72 392.00+35.78
C13 635. 04424, 55 481.38+36.51 363. 78+45. 60
Cl4 658.56478. 90 580. 16+ 15. 62 235.20446. 74
C15 620.93456. 83 401, 414£34.77 402.98+5.98

Ro6 BHRAEGHEBEE(%)

Table 6 The degradation rate of strain

combinations

Ha %>

Combination number

[ fi# 2 Degradation rate

B2 RHH 1R

2 d comparison of 1 d

%6 R 2 K %6 RHH 1R

6 d comparison of 2 d 6 d comparison of 1 d

Cl1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11
C12
C13
Cl4
C15

28.
26.
24.

92
38
71

—10. 67

30.
40.
15.

49
48
90

9.71

16.
28.

20. ¢

39.
24.
11.

35.

92

—17.93 16.18
17.59 39.33
21.88 41.18
40. 24 33.87
—14.74 20. 24
—54. 40 8. 10
22.19 34.56
22.47 30. 00
32.72 44.10
1.81 29. 35
23.23 38.97
3.10 41.18
24.43 42.72
59. 46 64.29
—0.39 35.10
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2.4.2 WAHORAELFMN
M 2 7] LUE L W B B2 5 A B2 AT
( Bacillus subtilis YW F R RIT, Fik B6 55
KEZEFAFF B ( Bacillus megaterium ) W) 36 % % & %
. W OB BI1 5 g R PR 2 /8 M Bacillus
alcalophilus YR G R R, 255 % 1B W K1Y
A A AL FE bR 2 R B AT E TR R B2 O Al R 2F AR
FEE L R B6 O BORZFAAT I, Ak B11 O W8 Bl ik
AT .
981 B. subtilisEF488103.1
82| g2
B.lentimorbus X60622.1
B.popilliae_X60633.1
B.licheniformis JX428969.1
B.pumilus_X60637.1

B.coagulans AB116143.1
B.alcalophilus FJ937916.1

92

98

B11
B.anthracis AB116124.1
B.mycoides_DQ290003.1

52| |B.cereus_F1501984.1

88'B. thuringiensis_F1601900.1

B.fastidiosus X60615.1
B.azotoformans AB363732.1
B.megaterium_AY553118.1

B. lentus D16272.1

B.circulans DQ870737.1

B.firmus F1974057.1

B._insolitus AM980508.1
B.globisporus X60644.1

B.pasteurii X60631.1

B._horti AB111936.2
71 -B.stearothermophilus_X60640.1

0.01
B 2 THkk B2.B6.Bl1 RGEKER

Fig. 2 The phylogenetic tree of strain B2,strain B6,strain B11

3 it

TR BRXT COD (14 B it 15 T bk 19 A2 K it & A7 7
FHOCHE TS 1~2 R, BAR AL T X 5001 18], Bl %5 oA
W MG K, COD WY F &t H 4 T R, 24 B Bk
REREWE,.COD W& REbBE TR, MK
Pk 21 5 T HA T, P20 A3 7= 1 i B R L B T A i
S0 3 USSR IE Y COD & &7 .

AN TR AR ) AE A2 5 B AR L 256 % IR L5 AR
FH B FL [ fff R PR 20 A7 TR R AL G 0L A5 B0 1 25 2R
TN IEAIEITA 3 AR AL A B SCR LT 2 BRE
LA H 2 BRIEA G 6 REF COD & it ry ¥ H
h422.57 g/mL, bR#EZE R 63. 85,3 BRI M4 A 4R
6 KEF COD & &M 4MH N 365. 61 g/mL bR 2 H
67. 633X UL HH , 3 B BA Y 24 B B R B il AR EL 2 B
WA B4, B A5 R MR m A s .

A L R4 A C14(B2,B6,B11),

XF COD BN 64, 29% . L5855 Bk B2 MK
FEEHUAT B L AR B6 M EOK ZE AT . WAk B11 R
WE B ZE AT TR A S AR R B AR AL G AT T
Tl 5 % B K A K T Bl B SRt — 1 B %
85,
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