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Effect of organic carbons on the removal of inorganic nitrogen
coexisting in marine aquaculture by a marine purple sulfur
bacterium, Marichramatium gracile YL28

ZHANG Xiao-Bo' ZHU Bi-Tong' CHAN Zhu-Hua'? ZHAO Chun-Gui'"
ZENG Run-Ying”> YANG Su-Ping'”

(1. Department of Bioengineering and Biotechnology, Huagiao University, Xiamen, Fujian 361021, China)
(2. Third Institute of Oceanography, State Oceanic Administration, Xiamen, Fujian 361005, China)

Abstract: [Objective] Inorganic nitrogens (ammonium, nitrate and nitrite) existed simultaneously in
complicated mariculture water. This work aims to explore the effects of organic carbons, especially
seaweed oligosaccharides on the removal of inorganic nitrogens by a marine purple sulfur bacterium
Marichramatium gracile YL28, which is capable of growth on nitrite as sole nitrogen source.
[Methods] Sodium hypobromite oxidation, N-(1-naphthyl)-1,2-diaminoethane dihydrochloride
spectrophotometry, and UV spectrophotometry were used for the determination of ammonia, nitrite
and nitrate, respectively. Biomass was measured by turbidimetry. [Results] Under anaerobic light
condition, organic acid salts (acetate, pyruvate, succinate, citrate) were better carbon sources for
YL28, and the removal rate of ammonia, nitrate and nitrite reached 97.92%, 99.98%, and
73.23%—87.15%, respectively. Monosaccharides (glucose and fructose), disaccharides (sucrose and
maltose) and oligosaccharides (chito-oligosaccharide and seaweed oligosaccharides) were also
suitable for YL28 growth. The remove rate of nitrite and nitrate reached more than 99% and 87%,
respectively. While the remove rate of ammonia was 44.82%—54.53%. YL28 had poor growth when
polysaccharides (alginate, B-cyclodextrin, starch, xanthan gum, carrageenan and agar) as carbon
sources. Yeast extract is favorable for YL28 growth, but it severely inhibited the removal of
ammonia. Interestingly, the cell growth and inorganic nitrogen removal in combination of poor and
good carbon source systems was equally well to that in good carbon source system. The combination
of seaweed oligosaccharides and acetate sodium or yeast extract and acetate sodium promoted the
increasing growth rate and biomass, however, there was a significantly different in removal rate of
ammonium, seaweed oligosaccharides promoted the removal rate of ammonia, while yeast extract
not. Under anaerobic dark condition, when using sodium acetate and ammonia as sole carbon or
nitrogen source, YL28 grew poorly. However, under coexisting inorganic nitrogen environment,
YL28 not only grew well but also removed efficiently inorganic nitrogen. [Conclusion] In coexisting
inorganic nitrogen environment, whatever anaerobically in the light or dark, YL28 grows well and
has better removal capacity to inorganic nitrogen. Organic acid salts are better carbon sources,
sodium acetate is most suitable carbon source. The combination of seaweed oligosaccharides and
sodium acetate could significantly promote cell growth and removal of inorganic nitrogen. This study
provides valuable information for the development of higher efficiency water cleaner for sustainable
mariculture.
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47
( [4-7]

2012 ) (

[1-3] )

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



YL28

1019
gracile) YL28"
[7]
[8-9] APB [19]
[17]
( )
(18]
[9-10]
(
)
APB
[21-22]
(Anoxygenic phototrophic
bacteria APB)
[11-13]
561 APB
H,S
APB Rhodobacter (Rba.)
sphaeroides Rhodopseudomonas (Rps.) palustris (
Rubrivivax gelatinosa ~ Rhodobacter capsulata pH)
Phaeospirillum fulvum APB 17 (
) Marichromatium
[14-16] gracile YL28
pH APB
/
APB 1 MRS T5k
[7,17-19]
11w
(Marichromatium 1.1.1 - E¥k: (Marichromatium gracile)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1020 AEY) 4R Microbiol. China

2017, Vol.44, No.5

YL28

16S rRNA GenBank JF719917

[20]
1.1.2 EZELEHEMIAT: A390
( ) 5417R
Eppendorf PCD 650 OAKTON
( )
2

3 4 6 95%

1.2 EFEMEMHS &
Pfennig (1988 ) [20]
24.3 mmol/L NaAc 0.75 mmol/L
Na,S,03-5H,0 1.5 mmol/L Na,S-9H,0 NaHCO;

0.15% 0.10% NaCl 3% pH
7.0 4 505xg 8 min
4d 2% NaCl
3 OD¢sy 2.5
1.3 MEERFR
1.2
NaAc
6.2 6.0
4.5 mmol/L 17
2.0 g/L
pH 7.0
310 mL 3
5%
30°C 3000 Ix
(CK)
14 E¥s. pHMEH=ERBNE
1 cm

660 nm
(ODse0)
pH
(GB12763.4-91) N-(1-
)- (GB13580.7-92)
(HJ/T3462007)
3
2] r (%)=Cy/Cy*x100
C G
(mmol/L) SPSS 16.0
(One-way ANOVA)
0.05
2 RS54

21 B YL28 £ KFERIV =R EEN
SEA

6d 17
YL28
1
48.91% 4 (
)
(ODsso)
0.782-1.479 73.23%—87.15%
97.92%  99.98%
(ODss60)
1.896
83.29%  99.89%
( ) (
) ( )
(ODgso)  0.359-0.515
44.82%—54.53%
87.88%  99.96%
(B-

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



YL28 1021

A B
a
2F 3 b a b
fhcce 100 | 5@ &
d CdCded
8 £
Q trf|ee < 50k heh=h e
Q ~
ff ~ i i
I gh IJhl
ki K JHH iji
0 1 1 ﬂﬂﬂﬁﬂ 1 AL 0 m 1 1 1 mﬂﬂﬂ
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
c The numbers of organic carbons b The numbers of organic carbons
100 b a ab a
be c 150 |
L -I-‘I' 2 d M s i L A
-y 100 ' b c ;
- =) i,
X e I
2049 L f
saenatl LI eqrarerareeni| 111Ny
) Less éﬂﬂﬂﬂﬂﬂ Megeel| o borsseetttel[JIJLULNeL£Ll]
0 2 4 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
The numbers of organic carbons The numbers of organic carbons

B 1 ZH=SREEFERD, UK YL28 BAREDEA). 2RB). HE(C)FILIER(D) LRI T
Figure 1 Effect of organic carbons on biomass (A), removal of ammonia (B), nitrate (C) and nitrite (D) in inorganic nitrogen
existing simultaneously water

1 2 3 4 5 6 7 8 9 10
11 12 B- 13 14 15 16 17 18 +

19 + 20 +B- 21 + 22 ( ). (C  mmol/L)
6.22 6.14 4.52. (P<0.05).

Note: 1: Acetate; 2: Pyruvate; 3: Succinate; 4: Citrate; 5: Glucose; 6: Fructose; 7: Sucrose; 8: Maltose; 9: Chito-oligosaccharide; 10: Seaweed
oligosaccharides; 11: Alginate; 12: B-Cyclodextrin; 13: Starch; 14: Xanthangum; 15: Carrageenan; 16: Agar; 17: Yeast extract; 18:
Acetate+seaweed oligosaccharides; 19: Acetate+alginate; 20: Acetate+p-cyclodextrin; 21: Acetatet+carrageenan; 22: CK (without organic
carbon). Initial concentration (C, mmol/L): Ammonia: 6.22; Nitrate: 6.14; Nitrite: 4.52. The lower case letters represent the significant
difference level (P<0.05).
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Figure 2 [Effect of organic carbons on biomass (A),
removal process of ammonia (B), nitrate (C) and nitrite (D)
in inorganic nitrogen existing simultaneously water
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Note: 0: CK; m: Acetate; o: Pyruvate; ®: Glucose; /\: Seaweed
oligosaccharides; A: Alginate; V: Yeast extract; V: Acetate+
seaweed oligosaccharides. Initial concentration (C, mmol/L):
Ammonia: 6.22; Nitrate: 6.14; Nitrite: 4.52.
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Figure 3 Effect of the combination of seaweed oligosaccharides and acetate sodium on cell growth and
removal of inorganic nitrogen
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6.90 8.55 7.32.
Note: A: Removal rate of ammonia, nitrate and nitrite (», %)/biomass(ODego); B: Biomass; C: Ammonia; D: Nitrate; E: Nitrie. Initial

concentration (C, mmol/L): Ammonia: 6.90; Nitrate: 8.55; Nitrite: 7.32.
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Figure 4 Effect of the combination of yeast extract and acetate sodium on cell growth and removal of inorganic nitrogen

A (r %) (OD¢so) B

7.11 8.53 6.79.

D E (C mmol/L)

Note: A: Removal rate of ammonia, nitrate and nitrite (r, %)/biomass(ODegs); B: Biomass; C: Ammonia; D: Nitrate; E: Nitrie. Initial

concentration (C, mmol/L): Ammonia: 7.11; Nitrate: 8.53; Nitrite: 6.79.
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Figure S The cell growth and removal of inorganic
nitrogen under anaerobically in the dark when using
coexisting inorganic nitrogen (black) and ammonia (white)
as the sole nitrogen source , respectively
(C mmol/L) 2.09 2.03

2.04.
Note: Initial concentration (C, mmol/L): Ammonia: 2.09; Nitrate:
2.03; Nitrite: 2.04.
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