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WE: W THRABRERFRE LG AE NI R %, 2015451750 £2016454 f
260, WRAEBWAAL S ERKBEERBEERBRE, THNKBEBEFTHLE. KB
B, BABEAAAmEMYR, WL A MEMAAE. TRIES, MERRSER,
PENEIZHEEHATHOEYRME, TEMETREHYT B ENMNE, AREAK
WEHEE O E. SRE R, AFEEES, KETN. TPRTOCK & 7 4 7l £
#1200 mg/L. 700 mg/LF12 700 mg/L, [ & KK TN. TPFITOCH L4 &%, A WS
BEMNFAMERE T, YAKEARIEH, MEAMANBE T HAMEN R
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AR RIRG A A B A T AR SRR AT T
A, T AR IR, R SREEal gt ] T
WA HLEAK . BB AR sl ) 2
i, IR LN SO B JR B0 T SRR AT T
G, I B AN EERE T R Al

RS ESAT R R TR, ZHR
CIREE I G S S OEY e e o7/ B e~ N T =1
I ER AP B AR Bk AR T A 0 g A, T 3R ER
KV Ik — E W LA o AR, A
20154E 13 5 H T iR i /K £ E & fDEHFTE DR K IR
BIREMEA VLI AE H, BEHE R BEILA A
Ja, A HLBCEG AL rh BT R B A AR U A
BEAE KRG LL VR, 22 % H O 20 (R 5
WRICAME . bR AT TILIREEZ S8,
KRBT M E AL AR, BA
i BE R AR T 292~3 mmJF Y G 2T (R
Yo ARBTTEA A IRIFET R RCE D, Sk
N EEAR R LY N B R N TR B R
I5, RN HRUBAL S I7 07 4k (4 D LA T 20 A

1 MEHSIE

1.1 SEE A

20154E1 H S H E20164E4H 26 H , F WL
24 4R B2 7 Az 7= 1) 2% RR UK £ Ak e
G RHRFR A Ry B A SRR (2 R Rk A SR 2 AT -
Bty . G, ShE . BERER . K.
AR A8, MEmITR . ZMYEER. AR
&, HhHEA SR NIS%AESL), BinAk
K, AREDERE K S B MK . B LB TUR . HiFR
BF L AN S A g JE At 4 S5 R R R AR AN S
BT s s h i T Y T 6% WA HLBE
BRI LR AR G220 em, &100 cm). R
B ERIE R UBSAE , I DA3AR A HLBE 3845 o X
B, BE e B — A B AR A DL RS AR L

LFE N [R) 25745 #E AT 22 AN [R) 8 n L 48] g 55
B, KR FRAE T, WS InAEDRER A kK A
R 130 L, 55, MRAE K28 K1
M, ANERN T AR KB 130 L:

D20154F1 H SH ARG SEER . A3 NS kelid &
WoR 2 A PLBE B Z 1P, KR E20164E3 A
16H, 838436 d; @20154E9H 8 H T4 il 52
5. WSIN6.6 kgl & kL EIA HL B AEZ2v s IR
n#y3.3 kgl & Ak B A MBS AR Z3 s AEZ2
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Z3¥ KR E 20164426 H, HHE 231 d;
@20154E 10 30 H TR L 56 . W 4.6 keglid &
R EI A LB B A Z4h, R SR E20164E4H
26H, HLREFE179d,

Ry B T DR B R =, A S A TV A
BT R AT R . B, JFERDE
A A — AR R, DU R DR Y
KWE, JFAE20154E 11 H —20164F3 7 ffi H Jin ik
B Z2 M Z37K IR A E]25~32 °CRE 37, Hofth A 4y
WU B8R T By %

1.2 MERRSHE

KR 45 4% S 565 ) [ A4 i 7K R 2 € 1 A
b, AN I A PSS AT AR BAU(TN) . &
WBE(TP). BATHLER(TOC), TN. TP & R it
BREREPIBE A W Ak, TOCHY I 5 feff FH 71 el IS &=
Analytik Jena & A LK (TOC) 5 Hr{{ multiN/C
UV,

A ) 48 A7 PEH201549 A 8 H JT 4f 52
B A DL IS AR Z2AE e i . AREERSSR . A
TSR ISR INKEE, F0.22 pnmi B it & /K #F
JEWCEERE S, KR G5 RSN A . BL C; IfEITIK
S5 18K 1Y A AL B 3 A P BE L i 25 17 % 21 € 0 &
RV, ST WEES D, TS S5K RIS 75K I 7K 14
B R €6 A L, 5 T 18R I /K AR B €y
W, X4k A. B, C. D TTDNARE
B, AT W 22 RE MR e i 3 AT

DNARIRE K By 3% DNA [ £ U 1
E.Z.N.A." Soil DNA Kit (Omega Bio-tek, Norcross,
GA, USRI & . e KA DNAR 5, FIH
1% B¢ i 5 B50 Mg P, KRS 0 41k 22 1) B PR L DNA . %)
0 16S IRNAI VA~VSIX JEFTPCRY 1, § 38 1
5l ¥ M515F(5'-barcode-GTGCCAGCMGC-
CGCGG-3")M907R(5'-CCGTCAATTCMTTT
RAGTTT-3"), PCRY ¥ Jii: 4.0 uLi¥J5xFast-
Pfu Buffer, 2.0 uLf%2.5 mmol/L dNTPs, 0.8 uLf
5 umol/L5 %), 0.4 uLf¥FastPfulR &, fIA10ng
DNAMIMR 2220 pLI MR R o BAFEAR3IANFAT,

PCRY" $# £54: 95 °CHiZE 12 min; 95 °C7AE
PE30s, 55°CiEk30s, 72°CIEMI30s, 2571
B 72 °CAIEMS min, PAFY )5, FIH
2% By i W R JC LUK 53 5 ) 38 3k AxyPrep DNAGR
77l & (Axygen Biosciences, Union City, CA, U.S.)4fi
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1k, 3 H QuantiFluor™-STH5 {4 5¢ ) € B & 4t (Pro-
mega, U.S)E & . il TruSeq™ DNA Sample Prep
Kitis 7] HEAT MiSeq SC M o A fb i 9 48 7 ) 45
Yy 5 i) 48 1R 4 5 7E lumina MiSeq - & #E47 MUK
Ui, PR S 2%250 bp.

A WAT & F AT Wy s, FIH
QIIME (version 1.9. )47 4] 45 114 Ji i i 1€ (25 B 42
S 15 9 HNFEAR B9 751, MiSeqill] 715 21 )
X 7 5 e, 1 JC AR J5 PE reads 2 [7] i over-
lap &, B BT B readsPf 2 (merge) il — & 7
H1),  [n] s X reads ) 5T Flmerge A6 &30 JE AT o 22
o UE, AR E A E R P i B barcode F 5 ) 7 )
XA M AR B BOF A, IFROEF AT .
TSR S A W ) Z PR, ffH Usearch
(version 7.1 http://drive5.com/uparse/) % It A ¥ i
() Effective tagsiF 172, LL97%M) — Bk (ide-
ntity)¥ ¥ 51 5 25 il & OTUs(operational taxonomic
units)!", Sk T AR B BEASOTUXS B 1) P Fh 43 2515
B, K HRDP classifier Il -7 % % (http://rdp.c-
me.msu.edu/) X 97%AH LK F- B OTUAR £ )5 91] i
PO 22500, I RS 32K F- . B(do-
main), 5% (kingdom), [J(phylum), %4(class), H
(order), Fl(family), JE(genus), Ffi(species)Ftil 4%
FEA R BE I 22 THEUE Y a2 FEEFR bR
£ F5Chao, Ace. Simpson. Shannonf§%, UK
HER

2 4

KESME

ST FE R OKAR TN, TPHITOCH & ¥R
I/ S A of T ) QS E RN Y ]
BTN, TPHITOCH 435 fF ik ik 1 200 mg/L .
700 mg/LAI2 700 mg/L, FfiJ5/KIKTN, TPHI
TOCH BLRRAR 1y #h (R 1),

LRI, H SR A A N RE L LR
YRS, BARRB. 20154 1H SHIFLR M)
SLEKEZL, 7E20154E6 14 H HI4E 160K 1), Wi%¢
FFS AR BE EREERTLL AT 20154E9H 8 H I
TR SEIAEZ2 . 73, FE20154E 11 H 5H B4 58K
B, WS B 25 2% N BE b 32 0 A X B 2 19— 1D
P EE I JR 0 B 2L W B A 5 20154F 10 )]
30H ARSI FEZ4, 7E20164E1H 7H BIEE 69K
B, W2 B 25 2% N BE I 32 0 AR X B 2 1 — I
WEE LRI IR M . R, B
P RE It 3 AT (0 W o B A T AR A T R
HEY HBBEA SR NEE, w2060 5 Y &
JEAL A T 2~3 mm., Bl 25 4% P BE I IS 41 () i
MIXE 2, 2545 KA B0 €8 A0 T I 212

A5 S I FE oK AR B A AR AE R . Bl K
PRI B 2, KRBT A B A, IR
WiAR B BEJE KR T AR R v K A T K AE
i BAE , IF HAEZA80~100 dfm, /KIKSZ
AR LT 0 DL S MG 4T 0, 7E K AR R B I

21

F1 SWRHIEBNEIEMRZL, 722, Z3FZ4KEFHHTN, TPHTOCE 2

Tab. 1 The TN, TP and TOC content in the water from plexiglass column Z1, 72, Z3
and Z4 during the experiment mg/L
AHLIIEHEZL AP IEEZ2 AHLBIEEZ3 FNBIEEZ4
Hi the plexiglass column Z1 the plexiglass column Z2 the plexiglass column Z3 the plexiglass column Z4
date TN TP TOC TN TP TOC TN TP TOC TN TP TOC
2015/7/7 1095.76  208.34 2072.00 - - - - - - - - -
2015/9/25 836.12 230.25 1989.20 - - - - - - - - -
2015/11/22  530.28 244.24 173838 1065.64 202.03 2406.60 818.22 89.46 1765.89 - - -
2015/12/11  655.17 291.16 1661.66 522.24 110.88 1051.05 895.72 81.20 182728 101690 368.12 2 662.66
2016/1/4 664.22 194.43 1508.78  998.82 659.43 428.61 810.72 77.90 570.57 1059.41 177.94 2 500.68
2016/3/16 764.60  42.72 - - - - - - - 112633 141.66 -
2016/4/5 - - - 343.18 209.27 - - - - 1010.57 142.21 -
2016/4/26 - - - 27.35 66.71 - - - - - - -

e Herher RoR B M E AR R bR

Notes: the “-” means that item has not been measured

http://www.scxuebao.cn
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L, BEE KR E IR, KRR
AONKRLLAE . FFAB O, ZJE KRB AR R kR
0, FR R TR T S5 56 3 ) A AR 26 1 1 A5 DL B
BEFEZ2 A Z3 P BE L H B S 21 (4 ik B K H ok
AR 22 B 21 2 A AR A R (R 1)

Bt 5 7E 25 i N BE I 14 16 2T €6 ) 5 LL K A
(5 2T oo B, i ELHHE S RS 2T e
PR tE RN EE LR — i, M)A
YL R A2 AR N RE b o B A A G AT (6 4
TEA AR BE LA KRS S, /KR v A 32 i s 3
BELLEE, ZJa /KA A i AR il G 21 8,

22 WMEMSHR

HAL R 5 43t 2234168 rRNA V4~V5[X
() llumina MiSeq A ¥l )37, 4 5 3K A5 19 )7
K AT 99.80%E H1 7 381~400 bp, K JE N
395 bp.

OTUR # % it 5 B W & K H X
SIHEATBENLIAE G s, I B P985S &
TP e AR R OTURY %5 H #4 2 # B M it £ (K12).
A RS i &3 T A8 a1, Ui S
Bril 7y it i DA o B IS P 2 L, RE RS LS

W 7 25 0 i 1] 9 AR G LE 910G 2R (1#12) o

% Ff M 48 % AHER o IR S
FEA SO w5 R A5 R Won . MAKIKFIDIY Chao
i . ACEfH FlShannonf§ £ A 2t T REa %, M
Simpsont§ HON 2 FF @&k, X R, MAKIK
S DI AR W) 2 FEVE R TR (R 2).

5K FHH Gt i R W R VR TE T T KR
W53 AT, 45K WoR A FE S IE Y FE R AR
A ] (Proteobacteria) . AT 1% ] (Bacteroidetes), J&
BETH [T (Firmicutes) 3 4 %, J0HJRACSR M & &4
KA DT, ARJE R A A X 3 B2 35 3]
92.40%, TMFHEASAKHEDHSCT, ZBIE
BRI 1 AR A X 2 BE 35 311 58.58%, I H. & A7 HiAh 34
FE S FROR AL S B 1] (Chlorobi) (X =E 5 18.92%)
(E13).

St UE I AR B K A, AR
N, FERMCHDHT A RF &N —1EELIE
T ] A 2015 M T & (Rhodopseudomonas), FHXT
F R E 5 54.31%M73.19%, FEECH L4k
T 1T 42 18 J& (Chlorobium)(18.63%) M 4= ¥ ; 1EAE
min AR B P AE X 35 BE R 1Y) T 3 EC TR & (Prevo-
tella). Microvirgula. =X J& (Arcobacter), A3l

E1 BUHEEEZ2MZ3ERERERKERMEDTHIER
P e 2 0 37 SRS € 3 Sk T AR 10 43 T N A LB AE 22, Z3: a~dZ RN B 14, 58, 63M64 RN (MM Jr, el g2 AT 2243 T £ S5 80K Hl
96 K I #: #% t # 43 AK S5 IR T, DR ALZ2. Z3FESE8OR BB i 40 /K J5 M s ho A Z27E 58 127 R I 1 i

Fig. 1 The changes in water color and the attached material in plexiglass column Z2 and Z3

The red arrow and the blue arrow point to the plexiglass column Z2 and Z3, respectively; a-b. the pictures in day 14, 58, 63 and 64; e and g. the column

Z2 with part of the water moved away on day 80 and 96; f. column Z2 and Z3 with some water moved away on day 80; h. the column Z2 on day 127
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250 R2 MNERNaSHEMERSEATENESE
A Tab.2 The alpha diversity index and the library coverage
4 200 B of the 4 samples
Q
< D X o Z El]‘il; 3
iﬂg § 150 R Ace  Chao Shannon Simpson R
& = samples coverage
8 "; 100 1 C A 231.61 234.71 291 0.10 0.999
=
O 501 B 220.52 222.65 2.60 0.12 0.999
0 C 158.06 152.77 1.94 0.33 0.999
0 10000 20000 30000 40000 D 164.63 165.75 141 0.54 0.999
NS E/ S
number of reads sampled s
3 Wik
2 NFHEESENARENOTUR BHER

R 2
A. B, CH M ERRAEZ2HH S5 TSMLI8RI HI/KFE, DER
Z2H B VISR I (KM IR s R A
Fig.2 Rarefaction curves for OTU and the number of

reads sampled of the 4 samples

A, B, C indicates the water samples in colomn Z2 on day 55, 75 and 118,

respectively, D indicates the attached sample of colomn Z2 on day 118,
the same below
01 J& (Acinetobacter), PL-11B8_ wastewater-
sludge group norank. ASZFF i J& (Acinetobacter)
(1 4y, (B IE ARSI 7 B AN RE R 21 A 5 B 7R T
Y B EAR B E A

FE S CRIDH H B T 21 AR B o B L 3 (K1 4)
R HR BT VR Ui A RN B 2 A A K B AR R R R
A Mo

100 7
T 80+
2
>
2E 60
= &
Z 3
% 5
B £ 401
x5
Z o
2
5 201
O -
A B C
A
samples
&3

Fig. 3

D

ZNS L AR N N e R B

(3 - R OK A0 E A TR B R R I R A
TR . R BESEE SRR, R A B

DS FA G IR KRS R, W T 4k
BT JE A AN B K R AR R TR, MO
1T U A R B 2 S M B T G A AN R Y
R
SEECHATE] TN . TPHITOCSS B B %, okt
AR L 5 KRB TN . TPRITOCHE B 4k 4

TR o A 2 AR B TR B SR 2 S van Niel 5 (4 AF
B A A B SR S B AN B R R L0 9 RCOV-

BNZJ B 4l Al HE Al 35 SR B0 oAy g v Y

TR WEERE, WERACE B, BEREE, 4RE
=, Mmoo ?#oﬁﬁM%\x\%%Wﬁ%
M b, ARSI IRE T, K @I 2R

HoAth  others

FE®WI]  Planctomycetes
W47 Cyanobacteria
Hydrogenedentes

IR Spirochaetae
JHLRBE ] Actinobacteria
%1177 Chlorobi

JEEER ] Firmicutes

AP Bacteroidetes

AP Proteobacteria

AN EERTPHEMETIKFHENFE

Relative abundance of the microorganisms at phylum level of the 4 samples
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WCHBI1-32

W)/  Clostridium_sensu_ stricto 11
Paludibacter

HIRHNEWIE  Stenotrophomonas
WEBATH)E  Sphingobacterium
Ruminococcaceae

TSI JFARIE  Asteroleplasma
RURKFFH R Delftia
Simplicispira

Macellibacteroides
Ruminiclostridium_5
Spirochaetaceae

WEATH )R Propionibacterium
Prevotellaceae

FANFEJE  Bacillus
WEHREE Comamonas
Rhodocyclaceae
Hydrongenedentes

W EEE  Roseomonas
Erysipelotrichaceae UCG-004
AR Lactococcus

BETRAT B8 Acetobacter
Parabacteroides

WATEJE  Bacteroides
Dysgonomonas

WIEATHIE  Lysinibacillus
%% )% Chlorobium
Bacteroidales

BRI 8  Pseudomonas
NENTFH)E  Acinetobacter
PL-11B8 wastewater-sludge group
SIEHIE  Arcobacter
Microvirgula

HIKWIE  Prevotella

2B REE)E  Rhodopseudomonas

RN RNCONRONneNERonoEn e

B4 4NMERPHEEDERKERNESEE

Fig. 4 Relative abundance of the microorganisms at genus level of the 4 samples

JiE T J O A R 2 T O 2 O A A AR £ ek
PREOI, KRR A B EEREAR,
ol Bt . 0. B AY HR EE LA 5 T 2 b a OR A
TR R o T AR 52 58 AT & fR R UL, 52
DIV B B IR R N B LA W AR, (HOR
21 B 5 B D' A B AR AS S AR E T R
A A LS, H b %A AR S L A A D)
FATRIZ AL, BRIV A AL 320 ) 0 AR
AR IR SCHK AP 0 2B P I SR R S R S
A E A B AN TR, (ELZEf PR R Y3 2
B PR BE LUAT AL AE O i R A, A 20 i
MEBRAYIINRETT . REEFVIN EigRILE
il i ) B K R 22 I e Th B AR B — BRI R
R T A, L RE A A B A T A BILKR
Ko AR AR IO LA T {5 R T R T R T
Ak B A A A PR A B4 e A HLROK R
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B 3T B 260~80 d, 1 V7 U A5 AR K A 4T
i R - SO D TS S = o 8
5 7% W R AR R RE N N TR, R £
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e . BiAL SURIKSE, SR £ A8 B o A o
SE /N> F ) K A K B AR . ER AR AL
8 T R S 0 20 MBS B B A R B R, R 3 Ah AR
FeEh R A BB T, L 2 B T R
35 1 A A7 ) Sk B2 B A 28 1, 3R
ZEWINT R E A R R, ELEC A R
JEURE B A W R U (— B T BB 1%
YR BUREN (G ZF BT R, — BRI
H03%N R R AEREA K, HiE
TG A T AR B e R A O AL WL R LA
GIRETFHT R Rk, MW A SC g 28 s
it B R B 35 T vk O DL B . B IO A TR REAE
K IR L T A AE G, S R R A AR RO
HOREER i BN & NI 7/ B S BN TR 20N e e S0 )
YR/ T, TS SRR . R IREY
HEHEEMEW T, Kb/ raMaa. w.
WMERNY R EERE T, HER, MEITEN
W REVE L T AU AR Y o A R OR L,
[TEAR (&8 0N N ¥a o N WK -

EP-INS o PR G Y/ I CIEAR 8N ol
J& 6 A Al B ) S DA B 2 A8 3K B TE 4 AR PN BE
b, MiEAEKER R, XRVIESRN
BE 10 25 1 e K PR Hp B A R AT R Ok
BAEKREARK AN EE LS KR
Hh B KB AN TR O TR R B, DR I A R A S 0
Hh LR PR 4T B R O RO R ok, R B
it R A BB LA S50 P i o

T TR AR S K R B R T Z A A
M — KA U, 752 oK 5% # RE & B,
2=k A OFE 20t 28 L AR AR AR DU K 4k
o B R IR AN S B T AR ; R
SEPIN TG KA B R 4R IR K R Ay AR B
[l A2 A LT AR FA R R s S AP A% I T A8 B it 1
E R E IR PH S R E SR R b 2 A
e, JFH LR GAEmAE PR, S

15 5PN 5 B 7 1 v 0 O T Y TR AL
LR ARBLBR MR . TR A
SRR Tz oA, A AT I A S A R I
AR PAAAELL R A, XSO AR SR AN R
TN Al B v o T ) A S

ER 2T R Bl 7 A AR P T A RE R R TE
AP RE, AR R A2 A W R S P —
TR o TR W T 7K A A 52 B 22 Fh IR BT TN R A R
Wi, FG R B SE B8 R KT 2 R W A W v A
oy JEH IR AN [ B P Ak 28 1 — A EE R
TEFR [ RW), FEE KA e E IR, Bk
JUHR W CHE A B )R T B R B TR R
FEWA A B B SE ) IR A TR B K P R A
JLtZ &I, R T AR R, it
ANBE R CE IR WA T B Y R B A
R A B G o ER, A AR T
AR )K AR R, H K R B E T A2 A0 R 4k
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A method for mass culture of photosythetic bacteria Rhodopseudomonas

WANG Xiaodong, WEIBu, LIUXingguo’, LU Shimin, GU Zhaojun, JIN Jiachui

(Key Laboratory of Fishery Equipment and Engineering, Ministry of Agriculture,
Fishery Machinery and Instrument Research Institute, Chinese Academy of Fisheries Sciences, Shanghai 200092, China)

Abstract: In order to study a mass culture method for photosynthetic bacteria Rhodopseudomonas, from January 5,
2015 to April 26, 2016, the freshwater compound fish feed with tap water was put in plexiglass columns in a
greenhouse for fermentation, and neither other substances nor bacteria strain was added during the culture. During
the experiment, with the decay of the feed, a kind of dark red substance gradually appeared on the inner wall of the
container, and the attachment area gradually spread to the entire inner wall, and then the water body gradually
turned to dark red. The results showed that the highest content of TN, TP and TOC in the water was nearly 1 200
mg/L, 700 mg/L and 2 700 mg/L, respectively, during the feed decay, and then they decreased. The high through-
put sequencing analysis for the microorganisms showed Rhodopseudomonas was the most dominant genus in
either the attached microorganisms or the planktonic microorganisms, and the relative abundance reached 73.19%
and 54.31%, respectively, when the water was dark red. It showed that the high density culture of the attached or
planktonic Rhodopseudomonas was achieved. The massive culture mechanism for Rhodopseudomonas in this ex-
periment was deduced here: firstly, the compound fish feed was degraded into micromolecule substances with het-
erotrophic bacteria, followed by the concentration of nitrogen, phosphorus, carbon, metal ions, vitamins, trace ele-
ments and other micromolecule, which met the demand of the high density growth of Rhodopseudomonas with the
conditions of appropriate water temperature, light and other physical factors, and then Rhodopseudomonas
massively grew to become the dominant genus. This research provides a method for mass culture of Rhodopseudo-
monas with fermentation of aquatic compound feed and water, which also provides useful information for the

large-scale culture of other heterotrophic bacteria that can biodegrade macromolecules.
Key words: Rhodopseudomonas; photosynthetic bacteria; compound feed; culture method
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