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Effect of light and oxygen on the removal of inorganic nitrogen by
Marichromatium gracile YL28

ZHANG Xiao-Bo ZHOU Guang-Jing ZHU Bi-Tong ZHAO Chun-Gui"
YANG Su-Ping’

Department of Bioengineering and Biotechnology, Huaqiao University, Xiamen, Fujian 361021, China

Abstract: [Background] Light and oxygen are important limited factors for cell growth and the inorganic
nitrogen removal of anoxygenic phototrophic bacteria (APB). Marichromatium gracile YL28, a member of
purple sulfur bacteria in APB, can grow with nitrite as the sole nitrogen source and efficiently remove
inorganic nitrogen. [Objective] This work aims to explore the relationship between light and/or oxygen and
the removal efficiency of inorganic nitrogen by YL28, and acquire the optimal condition of light and oxygen
for biological nitrogen removal processes. [Methods] A simulated seawater system with high concentration
of co-exist inorganic nitrogen was used to investigate the effect of sample loading quantity (SLQ, it
represents dissolved oxygen level) on the inorganic nitrogen removal efficiency by YL28 under the light or
dark conditions. The three major factors of SLQ, light intensity and photoperiod were optimized by the
response surface analysis. [Results] Under the light condition, the highest removal efficiency of inorganic
nitrogen and cell growth were achieved at 80% of SLQ. When SLQ was in the range of 10% to 100%, the
range of biomass value (ODggp) was from 0.938 to 2.719 and the removal rate of ammonia, nitrite and nitrate
reached 71.44%—89.09%, 99.22%—99.83% and 91.60%—97.33% when exposed to 7.16, 5.67, 4.83 mmol/L
of ammonia, nitrite, nitrate, respectively. Under the dark condition, when SLQ was in the range of 20% to
100%, the removal rate of ammonia, nitrite and nitrate reached 48.07%—64.27%, 73.51%—86.42% and
42.57%—46.34%, respectively, however, the biomass (ODgep, 0.615-0.903) decreased significantly. The
response surface analysis showed that the cell growth and ammonia removal efficiency were increased by
21.28% and 14.11% under the 80.0% of SLQ (dissolved oxygen (DO) is approximately 0.32 mg/L),
2 800 Ix of light intensity and 24L:0D of photoperiod condition. In practical application, more than 95% of
cell activity was achieved under 72% to 89% of SLQ (DO is in the range of 0.26 to 0.63 mg/L), 2 2403 460 Ix
of light intensity and 21L:3D—24L:0D of photoperiod conditions. [Conclusion] The 80% of SLQ is of
benefit to YL28’s phototrophic growth and the inorganic nitrogen removal efficiency; YL28 remains the
good nitrogen removal activity under anaerobically and/or aerobically in the dark. This study provides useful
information for the removal of inorganic nitride by APB in bioreactor.

Keywords: Purple bacteria, Light, Oxygen, Nitrogen removal, Response surface analysis
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Figure 1 Effects of sample loading quantity on the cell growth, inorganic nitrogen removal (A, B) and photopigment

contents (C) under the light and dark conditions (5 d)
T FHRA

WE(C, mmol/L): ZA, 7.16; WHYA, 5.67; A, 4.83.

Note: Initial concentration (C, mmol/L): Ammonia, 7.16; Nitrite, 5.67; Nitrate, 4.83.
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Figure 2 Effect of photoperiod on the cell growth and inorganic nitrogen removal in co-exist inorganic nitrogen system

H: A: 4d; B: 8d. #WHARAMWE(C, mmol/L):

14.65; HAPEA, 6.32; WA, 4.47; WA, 3.86.

Note: A: 4 d; B: 8 d. Initial concentration (C, mmol/L): 14.65, the contents of ammonia, nitrite and nitrate are respectively 6.32, 4.47 and 3.86.
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Table 1 Experiment design of response surface analysis

L7l IKF- Level
(R K% Factor
Symbol -1 0 1

A4 ISk 60 80 100
Sample loading quantity
(SLQ, %)

B S HE DR i 1000 2500 4000
Illuminance (Ix)

C  E 8:16 16:8  24:0
Photoperiod (L:D)

F2 MEESHREHESERG )
Table 2 The results of response surface analysis (5 d)

sy B HALBRE

. Ammonia removal
Biomass (OD0)

rate (R, %)
WE(E BONE  WEE BOE
Actual Predicted

Actual Predicted

S 4 B C
Run (%) (x) (L:D)

1 0 1 2255 2234 89.592  89.621
2 -1 1 1945 1915 83.228  80.648
3 0 o0 0 2499 2497 86.942  85.870
4 -1 -1 0 1494 1.402 72.807  71.194
5 0 -1 -1 1239 1310 62311 63.952
6 1 1 0 1711 1.803 77.524  79.136
7 0 0 0 2531 2497 86.519  85.870
8 -1 1 0 1874 1.823 81.511  78.959
9 0 1 I 2365 229%4 88.052 86.411
10 0 0 0 2453 2497 84.519  85.870
11 1 0 -1 1.761 1.639 78.319  74.126
12 0 0 0 2545 2497 85.519  85.870
13 0 1 -1 1677 1.706 74220  76.800
14 1 -1 1.397 1.448 65.740  68.291
15 0 0 2455 2497 85.852  85.870
16 -1 0 2.101 2223 84.450  88.643
17 -1 0 -1 1604 1.625 77.859  77.831

F3 RMMEE)EAEE

Table 3 The quadratic response surface regression equation

I H Items £33\, Polynomial
Y 2.50+0.084+0.198+0.35C—0.384°—
Biomass (ODeso) 0.58’-0.19C*—0.14*C—0.144 B>
AR FPRE 85.71+4.65B+8.69C—2.964°—

Ammonia removal rate (R, %) 8.56B°-4.224°C-2.764B
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Table 4 The variance and confidence analysis of quadratic model
H:Wji Biomass (ODsso)

AR FEFRFE Ammonia removal rate (R, %)

5 ¥ : L 7 ;
A s T = T T

— dj — Fvalue P value — daf — Fvalue P value

Model 3.06 8 0.38 259.67 <0.0001 :Model 944.50 6 157.42 46.12 <0.000 1

0.02 1 0.02 16.41 0.004 0 B 173.18 1 173.18 50.74 <0.000 1

B 0.30 1 0.30 204.31 <0.000 1 EC 301.86 1 301.86 88.44 <0.000 1

C 0.49 1 0.49  330.50 <0.000 1 §A2 36.89 1 36.89 10.81 0.008 0

A 0.60 1 0.60 406.73 <0.000 1 EBZ 309.26 1 309.26 90.61 <0.000 1

B’ 1.06 1 1.06 717.76 <0.000 1 EAZC 35.63 1 35.63 10.44 0.009 0

c 0.15 1 015 10274 <0.0001 4B 30.55 1 30.55 895  0.0140

4*C 0.02 1 0.02 13.88  0.006 0 i

AB 0.04 1 0.04 27.63  0.001 0

Residual 0.01 8 0.00 Residual 34.13 10 3.41

Lack of fit 0.00 4 0.00 0.63  0.668 0 iLack of fit 30.61 6 510 580 02550

Pure error 0.01 4 0.00 iPure error 3.52 4 0.88

Cor total 3.07 16 ECor total 978.63 16

Standard deviation ~ 0.04 iStandard deviation 1.85

CV (%) 1.92 iCV(%) 2.30

R 0.996 R 0.965

Adeq precision 44.17 iAdeq precision 22.51
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Figure 3 The contour plot (A—D) and response surface map (E—H) of biomass and the removal rate of ammonia

T A FIB: SRebfi SIS T B R A ) i (ODeoo) IS s B R F SRRk 55 0 S DO B A 0 ik (ODes) IS ;. C R G: ek
5O B A BRI D A He BRSO R R SRR A .

Note: A and E: Effects of SLQ and illuminance on biomass (ODgso); B and F: Effects of SLQ and photoperiod (Light time, h) on biomass

(ODe¢eo); C and G: Effects of SLQ and illuminance on removal rate of ammonia; D and H: Effects of SLQ and photoperiod (Light time, h) on
removal rate of ammonia.
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Table 5 Comparison of cell activity between before
optimization and after optimization

S R LR

e A B C Bi Ammonia
Items (%) (Ix) (L:D) 10mass removal rate
(ODs60) (R, %)
AL R 100 2500 24:0 2.124 79.68
Before optimization
TR 80.80 2 838.15 24:0 2.680 95.00
Predicted value
ia= 80.00 2 800.00 24:0 2.576 93.79

After optimization

¥, A YRS 2,576 (RSD=0.132,
n=3), SHISHIZE 3.88%, HXTIRHERE T 21.28%;
HARERFFEME N 93.79% (RSD=2.42, n=3),
SIS 1.21%, XTI T 14.11%. Hit,
FHE T 7 TR B AR AR A (TR YL28 AR A
HRRROCASEEA — & LR AN E
233 HIESR

XF ER GRS TR, Ik K
IKFH 95 % i %o I 15 5 45 2 DX R4 Sy S B 1o F 45
TEAM(E 4), Z53R, BT A9 i FE 45 14
WA R 0.841, HEEAMAL T e KK
95% (0.799) Fr Xf 1 K 77 4% 4 X Ta), R e A i
72%—89% . JERETREE 2 240-3 460 Ix, SN
21L:3D-24L:0D B, BPATiKEHAEIKERT 95% LA
b, WHRAYRMEARERESHEAF 2,55

s}

A Desirability

4 000.00

A FF A ZR TR A A W) 5t (ODegoo) R 25 B 2853 31
H0.635 I 57.65%, J 5l ik B i K BK - Y
23.69%11 60.68%, KMIFERIGTAIET, FiAmA
AR, AEARIE AT PR AF RO 1 2R K PR
A (0 YL28 FEA PR AU R A0 PRI 1 vy 1
BOE T RGP

3 WikE%R

WHRNZEOL, A, pH. HEARES). &

PI(C. N, P MUK F4)FA F W B 51
MHAEYAE R S AW, X APB &, Jt4A
S HACH S PER A S . AR
Bl 7OLRIRAEIE Y, APB HAG RIFHERK A
BRIV =R BE ST, BlanpRHEL S5 R,
Rps. palustris 2-8 TEJCIEIRAESME T, MAHEG
JEH 2.4 mg/L BF, HFERARIK 95.58%%; JEH
WESERFTE W, FEXE5R 3 000-5 000 Ix FIREEA N
17 200 mg/L i, Rhodopseudomonas sp. PSB-3 X5
RSP KA 96 h, HERHRLERER 20.65%"7,
LRI A IR, —28 APB WMkt HAT RIFA4:
KAeJs, EXEATRAE, B9 SEmo
%W, Rhodobacter azotoformans 134K20 7 )¢CRELS
SRR A T S A IR R Y
AR EF SRR, A s 0.9 mg/L. 2 AW)

C

Desirability Desirability

B: Illuminanc (Ix)
™o w
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(=] W
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Figure 4 Interaction effects of environmental factors on the contour expectation of bacterial activity
TE: A ZEFERSCMIRE S B RHRSDURBINIE; C. SLIGRE SR A
Note: A: Desirability of SLQ and illuminance; B: Desirability of SLQ and photoperiod (Light time, h); C: Desirability of illuminance and

photoperiod (Light time, h).
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RN 50 mg/L B}, Enterobacter asburiae YT ‘%,
AERFL 85%LU P, XIiE &R, 1
DO 24 3.0-3.5 mg/L BIFRFEAMHA, M2 A . WY
RAE SN 2.62. 0.35 F10.59 mg/L i,
Paracoccus denitrificans %} H: i K 2 Bk 2 43 51 N
49.23%. 42.86%F1 67.74%P%, AIFEIZH R AR ST
T, O YL28 JE—FR i S A LB ik
JEXHL =R APB FHE!M, AALAE LA R
£ S B o A o e AW A 10y NG N 0 [ %
e 2435124 200 mg/L A 500 mg/L LA P, AT [ psf
XS A A R LA RIFARIER, 2ie4iiE
(R EL AT 1 T R e 2 1 X IV il R 2 Bk A T e e
APB TRk —U%200 SRS Ak A A LR il R
RO H ALK B P AT, 4k Robertson 255!
H IR E RS, eI A e A
Wil >, (A R Ik APB ROARIED®
AWFFTRM, LEMAE YL28 EBE=STHAR
OB A GRS, (A7E BB A A A P AT
HA RIFBRARE ST, Y AR E W Ih T 550
>4 7.16 mmol/L F1 5.67 mmol/L if, [ SLQ )78
b, FEFAY A LBR R THITE 48.07%—64.27%F
73.51%—86.42%Z [0, MAh, TEJERE(2 500 Ix)25A4
T, 24 DO 7E 0.17-6.85 mg/L JuFEINH, YL28 X}
TS R AR U R A 2 PR AR TR A2 DO HIsEm, 1%
FtREAEH TEIZ /0 DO &R IR, R AN A
A APB A K RAFRIEY, FEIHL=BRIT
R, R A R 2 B B i i A Ak
FRUT2L 0 R% YL28 WAl Rz M A S AL
ZE LR, AT AR R E Tl S A (A
I il 28R 280 LA A v K AR 2R R, 5 3 R ST
JEEXT YL28 A WIBR A, BB TS A
W YL28 AR ARSI TR NFER R,
AT R AW B YRR SR, AT AT,
AR A Y1 (ODeoo) B 50 T 21.28%, S A EBR A
# 6.32 mmol/L, HEFRFRE T 14.11%, HIGM
PRAR AN/ R v, SRS EURIAE AU 2240 (2
Z5, HILRE YL28 Bk EA I AL

AR, RN FE AR N 72%-89% (DO,
0.26-0.63 mg/L) . JHRERE K 2 240-3 460 Ix . JEJi
AR 21L:3D-24L:0D W4T, B R AE KPR A
TEPEATE AR B AT PR 95% LA I
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