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Isolation of Raoultella sp. sari0l and Its Heterotrophic Nitrification-Aerobic

Denitrification Characteristics

YAN Wei-zhi'* | HAO Jian®, SUN Jun-song'?, SHI Ji-ping"*”

(1. College of Life Science, University of Chinese Academy of Sciences, Beijing 100049, China; 2. Shanghai Advanced Research
Institute, Chinese Academy of Sciences, Shanghai 201210, China)

Abstract: The genus of Raoultella belongs to the family of Enterobacteriaceae, and some strains of Raoultella sp. have the function of
degrading chemical pollutants in the environment. A Raouliella sp. strain was isolated from activated sludge through enrichment
cultured with heterotrophic nitrification medium. This strain was named Raoultella sp. sari0l. Single-factor and response surface
methodology experiments results showed that efficient heterotrophic nitrification of strain sari0l occurred with sodium citrate as the
carbon source, at pH of 7. 0-7. 5, temperature of 30°C, C/N ratio of 15, inoculation volume of 7. 5% and loading volume of 50 mL,
while the removal rate of nitrogen was 99. 9% , of which 33. 7% was converted to gaseous product and escaped to air, and the residual
nitrogen was fixed in cell biomass. Using nitrite and nitrate as the sole nitrogen source, the nitrogen degradation ratios were 98. 4% and
65.2% , respectively. Hence, strain sariOl could remove nitrogen by heterotrophic nitrification-aerobic denitrification independently,
quickly and effectively, which demonstrated that strain sari01 has the potential to be used in wastewater treatment.
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TR A R BR R B WG N, 30°C F 37°C 44,
PRI A Kol B I 4 h Je R AR 48 h N4
AEBRERHILF] 99. 1% F1 98. 7% ,X5F W Doy 73
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BRI AR A L BRTERE , S M A LR

Raoultella sp. sari0]
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Phylogenetic tree of Raoultella sp. sari0l derived from maximum-likelihood analysis of partial 16S rRNA gene sequence
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2.5% 0}, 258 60 h, A L BR A5 5 R 75.2%
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. UL TR PR sariO1 XoF 24 &Y 9 Ml 3 B R AR AE X
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sol ¥ 11 2.3 J&TF Box-Behnken design A% B T 325604k
2.3.1 ISR K T 22 50 AT
0l . . . 0 T HBORT I3 U BE 2 W 5K A AT 25 e ek e 7 T 552
0 12 24 36 48 60 72 SILO L v 54— LI vy .
250 it T4k, it Design-Expert. V8. 0. 6 {4
e ORRE T2 1 U YR T U147 45 28—
20 1, VI 6 52
= # 1 Box-Behnken design %177 & R M M &
g 150 ~ Table 1 ~ Box-Behnken experimental design along
% 100 12 :? with the corresponding responses
Pt = X, X, X, X, HALBRFE/ %
50 1! 1 150 36 5 0.10 40. 46
2 50 36 15 0.10 78. 60
Y 0 3 50 30 10 0.10 88. 19
0 12 24 36 48 4 50 42 10 0.10 2.72
i 5 100 36 5 0.05 53.20
PRS2 P B AR R B R Dige 6 10 42 10 005 0.00
B2 BR. BERERHEREG sari0l (K ! 10036 10010 67. 32
N 8 100 36 15 0.05 82.70
DU Bt 14 8 9 26 M)
Fig. 2 Effects of carbon source, temperature and inoculation i %0 % 10 0-15 8. 07
ig. ects of carbon source, temperature a oculatio 10 150 0 10 0.10 5. 84
volume on ammonium removal and the growth of strain sari0l 1 100 0 5 0.10 0.12
37.6% 1 12. 3% , FXFRL I Dy 53512 3. 46 . 4. 57 , 12 100730 > 01 50.84
o s . . 13 100 42 15 0.10 0. 00
4.49 F10.336. HIREREE T WA L BRACR 14 100 16 10 0.10 76.92
I BSR4 S A6 T R R L BRI 20 A K, 23 15 100 36 5 0.15 52.02
200\ 300\ 350\ 230 ng'L_]. i«%%%*ﬁiiﬁi—%ﬁ 16 100 36 10 0.10 71.16
- . N N e N N 17 100 36 15 0.15 90.91
RSB AERDG, AR TR 2000 0 s on e
mg- L7 A AE K RAUA 0,336, 3 55 R 7 W % 19 150 36 10 0.05 74. 40
BARRIEOU B SR B e A A T 0 A R N 100 30 10 0.05 66.07
e ) 3 - T 2 21 100 36 10 0.10 78. 00
i RSB B 2 B b 2 0 0 0 o e

FH AT AR 9 AR AR DL B A RO . [ B P
PRAER) IR AT B2 I 771 000 mg- L' 44
RAF, Do i35 5 7247, BEWI B BK sariO1 (92 5T %
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Table 2 Analysis of variance for the RSM results

TR AMEE O BJr BUARK PE BEE

Model 14 27223.93 1944.57

X, 1 233.98 233.98 -4.42 0.0126
X, 1 16847.5516847.55 —=37.47 <0.000 1
X, 1 2342.56 2342.56  13.97 <0.000 1
X, 1 121.86  121.86 3.19  0.058
X, X, 1 102.79  102.79 5.07 0.0788
X, X, 1 13.02  13.02 1.80 0.5107
X, X, 1 79.26  79.26 -4.45 0.1181
X, X, 1 554.58  554.58 —11.77 0.0006
X, X, 1 110.30  110.30  -5.25 0.0697
XX, 1 22.04  22.04 2.35 0.3948
X2 1 8.40 8.40 -1.14 0.5963
X,? 1 6303.76 6303.76 -31.17 <0.000 1
X,? 1 245.56  245.56 -6.15 0.011
X,? 1 16.57  16.57 1.60 0.4592
Gk 14 400.25  28.59

ERU 10 315.56  31.56 0.3731 A
4R % 4 84.69  21.17

BBz 28 27624.18

1) * FRBFEMAE(P<0.05), = = F/RIEH HE (P <0.01)

R3 ZRERFREBFTESR

Table 3 Analysis of variance for the quadratic model

T H HfH
brife 22 5.35
¥l 57.41
BRFEC. V. % 9.31
PRESS 1949.94
R-Squared 0.9855
Adj R-Squared 0.9710
Pred R-Squared 0.929 4
(EL3:9 26.754 4

M2 AILVE Y BT RN P <0. 000 1,

Ui B[R] 5 R 8 45 PR 55 e IO {2 ] 1) G R L
2 R ARLE AT REY 5 MR AR AN W 2 16
SEER R IR ZEAR /N, FER 2 BRI Y [RH R BT R
PRI T A AL — RO X, YRR B BRR AL
RO X, R X, R U R BR AR R LR R R
W CHW X, X, IR %, LR
MR B2 ORI X AT RN B X,
RN AR F . BB T RE R 2R S e N 2 (RN
LMK, PIHREIAF 5 R IE R F
x4

e W AE 22 [R] 2 TEAR G, 5B 0 Sy SRR G | T 468 %6F
(AR UL A M, 7 X, X, 500 {17
FROC, BRI X, L X, 0N, i o R RRR, AR 4 465 XoF
{ELAY /N AT TR 4 A PR 20 R 25 B R 10 B i I
Fe X, > X, > X, >X,.

MFE 3 1 T7 2Bl LA Y, SE6 005 W L oy
26. 75, HAHIEH R T 4, U Z AR A 68 4 Bt
K REAR AP S ISR 25 2 s 8 S R AR T 10% , 1t
W52 g0 A7 RAF I A e Tk BRI A C R B R =
0.985 5,3 98. 5% 155 5o K5 s AT 2B A 61 7 fie
B, VLB R TSR MR A i, A R 28 BA T, 1%
BRI T] LA FH A 3B R TS0 TR AR sariO1 [ fifk 22 280 1Y) o

(EBSM e L
2.3.2 R b

N TG RIEE(X,) . IRE(X,) . A
(Xy) | #ERb (X)X 4 AP FR Z 18] 0 48 BAE
FR KBRS A B0, AR P A7 S 4L G e
i, QN 4 R,

1L Design-Expert 8. 0 3K F 434, Hi Mw i ] A1
S5 e 2 BT LS BT 7 F2 43 r mT 0, BB sariO1 5 BR
AAMMIL R FM R, W E 50 mL, 7 E R
30°C , Bk A& LR 15, 8RR 7. 5% , TR PR sari01 Xif
AR EBRFRILF] 100% . 1 K56 0 )0 1 2 i 15
GER AT REVE FEIL SR R HEAT T 3 I B S Uk SE
By R 99. 9% | SHISIEIEAY 4,
UL T 5 PR IE OGRS, S50 Sk T T
AEECEAIRL AT AR 2 B 1 1T VA IS T AR
FBRFAFIEAT A HT RS B .

2.4 AR sariOl fiffbad #2 &6 A

PAPE sariO1 fif§ Ak 5256 Hh i ZCPA 40 B dn ke 4 e
. LLE A AE v iR AR, WA S R Tl 239
mg-L~'. FEFREE WS A A TR W E T #0151
mg- L' [6] BHE A ol S il R & 1 L8R i 58 e A
HIRER L ICR B, 5HI6 SR M I, TEEA 5=
Btk -4 B R A A # v, 33. 7% B IR B S AL Rl
SR A B, TR Y 66. 3% Y A B TR PR
sari01 Ak R B Wi, DA TR B sari0l HAT R 4719
SFEEALVER].

SR A ME—RIFEREK sari0l HEFE" /mg-L!

Table 4  Nitrogen balance of strain sari01 during the heterotrophic nitrification-aerobic denitrification

using NH," -N as the sole nitrogen source/mg-L !

SilE| NH,' -N NH,-OH NO; -N NO; -N A SRR %
Wt B 230 +0. 98 — — — 8.968 +0. 07 —
TR E 0. 151 =0.05 — 0.103 =0. 001 — 161. 864 +0. 87 33.7

1) =" FR KK, PR = [ (B TN - KRS TN) /418 TN] x 100%
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Fig. 4 Response surface plots and contour plots of degradation rate under the interaction of different factors
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MR mg-L!

W 5(b) fis W) ia AR Eh A 114 mg- L™, 24
h WASERER 2Bk %N 98. 4% , R AR R, Jom iz
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2 AU M E A 50 mg - L™ ST RS BREM N R, 72
h 5 R AS R 2 BRACTT K 98, 529% | bk sari01 [
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Fig. 5 Growth of strain sariOl and its nitrogen removal performance using nitrate and nitrite as the sole nitrogen source
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RRIR A N IR B ARG AE K A R BR 1 1%
TR A I .

LRGSR A SE g W T A& R R
FAFRT TR sari01 A ZBRAF M IDKFIE . @
axk o 1 TS S A A R B 4 S LR X TR AR sari01 24
REBRBAEMIUF OO | BRALL | A
R, b I R e B AR IRE O 30 ~
37°C /4,5 Providencia retigeri YL Fl A, faecalis
sp. AR BRI SRR — 3K

I TV 22 0 1 A S 5% AL BT T 52 28 AR B AN 8
R, 43 1R 22 B0 Rk I ) 46 0 2B R AE 100
mg- L~ ISP B R RE (N4 + N5 + N6 ) B
Ab PR RS R A 446. 9 mg- L7 A UK K, 52
h B2 0.61 mg-L™", ZA LFRFiLH] 99. 8% , BA
ZBRAH 66. 5% , KILHARLF (T 52 2 2 A e J1 M
ZERAARPERE. R, A R A (N4
+N5 + N6 ), B K 4 S0k S de ey HUARGE T 450
mg- L5 T 52 50 v 07 8 19 TR Bk sariO1 W] A3 B
1000 mg-L~" LA B 46 2 A ik B, H s AU 5238
IR .

SVECT i 3R 4 B R W, 33.7% B R BT bk
sari01 F& 40 A A BE R, 30 28 07T BB J2 18 1 S+ 7% Al
PTG S SR A R BV P2 A Ry =A™ i i
B B T S A 100 7 ) L J8 Ry B A A S )
Y. AT T ST R, R 2 K bk A 24 U8 R R A
30% ~50% . Kim 5 5T ZE AT BT ) 1h 2 AL
JEHE R JEE R 50 mg- L1, A7 339% iR il i 7 57
AL , Chen 257 BIFSE K Agrobacterium sp. LAD9
FER) bR S T MR B R 97 mg - LA JBEBR R 3k F)
T 49% , ESLTAECU IR TR ZW2 Fl ZW5 Zid
60 h FHE IR RR B LBRFR AT LSR5 43. 90%
148, 52% . LABHIR 5 7007l R £ 4 A o — SR A
SR RW] AR sari01 REASTE A AT R AF R
EhHVAE R £h  AH EE T B BR Acinetobacter sp. TN-
1472 HBEAE 24 h WA A 94.2 mg-L~" [ %
39.3 mg- L', MEAH M SN W) LRV B 97. 8 mg- L'
TRER) 21,3 mg- L1, B S A A4 S i AL RE
WK sari01 S5 7K ab B AT AR SR (L 1 3 2 RO FE.

4 Hig

(1) BTG D A 1 bk S I i fe- 448U i
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HA RN 32 fe T 8008, BEAE =W B2 (1000 mg-L™")
) S A P A B B

(2) Jo7 FH Vg 1o TAT 925 %) B Bk sariO1 25 % 2 A0 2%
PESEATOUAL, SR IR AT B IR M, C/N 2 15, pH
7.0 ~7.5 R 30°C, A LA W BT 50 mLL,
FERh i 7. 5% B TR sari01 B2 AU SCR AL

) TERAERMT B A LBRAN 99.9% , Hrh
33, 7% 1 B R TR S 4 T 58 22
M T A 66. 3% By 28 R bR sari01 5% 1k 0 41 i
MR AE Y

(4) B sariO1 BEAZ FI| HI 7 fiF 2 £k F1 A IR 8 2
FrA AR, BRI 5 98. 4% 1 65. 2% , Bi
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