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(L« Al 4. 50 mg/(L « D — ¥k B e B} Bar-
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U P EHAEYREABRA D ,DYY-8C % /R H Uk L
AR — AW BHE A BR /A R, Tanon 1600 #E i A&
BALC Ll RBERHE A R A FD

1.1.4 BHK

LB g3 e Ry R A AR 2 o/ L Ak
B 3.82 g/ L BEIR &8P 1 g/L. LKA HBREE 0. 05
g/L.E&fb# 1 g/L. & k45 0.05 g/L.pH {H 7.0,
SOC B R 5L, e BF 32 0 1R 4 %5 08 B g (YPD)
B Y FIRANAL S R AR 2 o/ L E A
0.764 3 g/L. B — A4 1 g/L. LKETIREE 0. 05
g/LVEALH 1 g/L LSS 0.05 g/L. AL H; 37
I W S IR AL B R 3 i SR H B 0. 985 7 g/ L
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WEAHL10 g HIRAEMIMAZESA 100 mL £ & FK
B JCH AETE R A . 200 r/min, 30 °C & K 5 3% 30 min
JA#FE 15 min, B 1 mL {5 E &% T 100 mL LB
B2 50,200 r/min. 30 CHEPRES 3% 24 h,

BT I AR R R R 10 (V/ VO
BeFp i AN B NH, -N WK E R 200 me/L 1 i 2k K5
FeEEP,200 r/min. 30 CHEIKKEF 48 h, BWIE K
i v 8% 77 FE M NH, -N #& B, i 200,400,600, 800
mg/L H%E 1000 mg/L.,ZKESEEM, #H17H%KII
b . ¥ 9k F5 75 30 00 T R B AR R TR A T[S O
Rk b L,30 CHEE B 37 48 h, BB V% 58 &I
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ST o B Ak B PR AN B YPD K g s,
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30 °C #% K #5 3% 48 h. B .0 B L ¥ W A 0 5 Ar
NH, -N ¥ B, k7 2 0 B i 56 460 1m0 1) BT AR A7 0 4
1.2.2 % 18S rDNA A A &gl 5 % 2

P AT A5 T AR A9 B DNA, 38 519 18S1(5'-
CTACGGGGTCTGACGCTCAGTGGAACGCCTG
AGAAACGGCTACC-3") fl 18S2(5'-CCAAAATC-
CCTTAACGTGAGTTTTCCTCGTTGAAGAGC
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G-3") # 17 18S rDNA f§ PCR ¥, J i & & (50
pL) BEH DNA 1 pL,18S1 A1 18S2 4% 1 pl. dNTP
mixture 4 pL, LA Taqase 0.5 pL, 10 X LA Taqgase
Buffer 5 uL, K& H,0 37.5 pL., PCR B FEF: 94
°C 5 min;94 °C 30s,57 C 305,72 °C 2 min,30 M
;72 °C 10 mins4 CHELF. F PCR ¥ 7= 9 ik &
A6 nt B R AE W B R A BR 2 J1IU F , 7E NCBI ¥ 2
AT R PEE X (BLAST #4463 Fi MEGA 6.0
B R G LB,
1.2.3 3R ZXE

W 0 %8 JIr 45 T AR $2 FD B YPD 5 3% L s 4k,
OD 55 35 5] 1. 0 GO ECA KD B, 36 106 1 422 b 5t 422
FE] NH, -N ¥ B4 200 mg/L Y 5 77 fif Ak 15 57 e
O B — A i A 4 B SR IR EE (16.23.30,37.44
CH. ¥ th pH fH(5.5.6.0.6.5.7.0,7.5,8.0,8.5,
9.0) R CRALBA M FE.0.5.10,20,30,40.60 g/
L) A (C/N,5,10,20.30,40,50),200 r/min ¥4
7 48 h i M AN F S5 AL T WA OD gy DL K
EVERCP R NH, -N # B,
1.2.4 ERXBA

BT RO 5 45 R, R F R/ Minitab 17
(Minitab Inc. ,State College, USA) ¥ i PU K 2 =K
VI IE SR . LR 1R IE SIS R K
PREEFIE] NH, -N W By 200 mg/L 1) 5 3% fif 16 15
FRIET L AEARTF N E KM TR 9% 48 h, U E AW K&
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Table 1 Orthogonal experimental design

K& Factor
I’J‘f A (Culture  qee € (Carbon D (Salt
-eve tempera- H Valu;) nitrogen concentra-
ture) /C b ratio, C/N) tion)/(g/L)
1 25 7.5 20 20
2 30 8.0 30 30
3 35 8.5 40 40
1.2.5 AR RRAE R LM

¥ ODyys B3] 1.0 W EUE KA 19 B8 PR 42 7 31
i 32 15 3% 3 (NH, -N &£ >4 100,200,300,500.,700,
1 000 mg/L) v, ARG IE 3G P AL 25 3L . 78 B Ak 1
ARG AT R SRS E D REME 12 h

B B R OD 5o, PR FRM VWM NH, -N B,
1.2.6 ko9 ROAE AL IS fig 4 1k

W X B8 A YT Y A AR B A 200 mg/ LAY IE il
PR 4h 1% 3R L rp , B GE IR E (25 °C) L 200 r/min $8 K 55
F%5 d. BEERE 12 h W B 3R 5 b AR OD g, F1RE
FEW LB W) NO,-N HR B,

1.2.7 MEFE

R &E B 5 40 S BE L E AT NHL -N B
W iV 20 00 o il 42, AR AR i i R A5y =
0.594x 4+ 0.002 (R* = 0.998) I & L W W iy
NH, -N # &,

KR N-(1-Z838) -2, T 6 B ) kATl L il
PEE i R 2 b o il 22, AR A i A Xy =
0.40988x —0. 0001 (R*=0.997 9% FiHw T 1y
A R AR AT NO,-N ¥R,

2 HERE5HW
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ARSI 25 0 O BE AR B 0 R AR 4 Y-4, $EE
AR Y-4 B 20 OF 9 1S H 18S rDNA J¥ 41, £ 18S
rDNA P, W] U8 H X (BLAST 840 5 H
MEGA 6.0 kI R G A BEM . WE 1 fix., &
Gk B W RRIFEE Y-4 5T RIREEEE (Pichia
jadinii) I 2 % & F 5l , 7] B AR 4 O 7R V% TE 28
fE B RBR Y-4 %08 B ARBEERE (Pichia sp.) LR
A MR A AR 7 97 TCBOR M SRR E
2.2 BERKKLERSW
2.2.1 FARAEFBEMNTEHR Y-4 LK PHAY
A

P& 2 AR PR () 355 TR TR B T T AR Y4 1
A RAE L5 2 A R R, bR Y -4 0 il 2R KR
23 CL R AER AR R 30 C . &AM i F AL 5
o (88, 9 %0) Ji5 i Fifi 5 Wk B2 1) I e T T B . AE AL
PR B (<23 “C) M & il BE (>40 C) R, Wbk Y-4
Y T A e R R 28 R il SR R AL T AR 7K 530 — 37
C TR BE 338 A B bR Y -4 1% A8 R0 A, IR B
Bl R bR Y-4 R AR 4e R e 700 LA B, 1E
30 CHY L MR Y-4 A KA Z 20 B B30 A &
e A AR R, TR R Y -4 1Y Bl A A R R
BER 30 CAEAT,
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65 | Cyvberlindnera saturnus NRRL Y-17396

[ Cyberlindnera saturnus strain SBPN 27

50 | | Saccharomyces cerevisiae strain SXAU-D12

Williopsis saturnus strain WC91-2

ERN - Williopsis sp. JHL
Candida vartiovaarae strain NRRL Y-6701
99 i — Candida vartiovaarae JCM 3759

Candida sp. CW3.2

r Wicherhamomyces anomalus strain CBS 5759

99| Pichiasp. TBA19_13

l Pichiasp. SC36_18

Cyberlindnera jadinii NRRL Y-1542

85 Pichiasp. LHY1

99— Pichia subpelliculosa strain NRRL Y-1683

47

Pichia jadinii

0.002

Y-4

B Wbk Y4 REE AW
Fig. 1 Phylogenetic tree of strain Y-4
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Fig. 4  Effects of different salt concentration on the

growth and nitrogen removal of strain Y-4
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2.3 HH Y4 E2REBEFHESTIRMML
2R Y-4 & R AR AT R PO PR =K
IEA IR EE A . NFR 2 A D E bR Y-4 LA
RO 52 W AR B O S W0 iR pH (E > Rk
JESC/N>RFR I Wbk Y-4 B AEA S 0] ik
pH {H 8. 0, #h ¥ ¥ 30 g/L.C/N =30} J ik ¥ 25
C L BERAETE 48 h 9% 200 mg/L YR A LT K fig
SE4, B AR R TE 2 99. 92 %0 KB AL AR .

K2 EXABER

Table 2 Orthogonal experimental results

WRRERE/ %
SR oE TR Ammonia
Test A B C D nitrogen
number degradation
rate/ %
1 1 1 1 1 87.33
2 1 2 2 2 99.92
3 1 3 3 3 44,12
4 2 1 2 3 64.08
5 2 2 3 1 89. 84
6 2 3 1 2 70. 74
7 3 1 3 2 59.52
8 3 2 1 3 68. 26
9 3 3 2 1 60.92
K, 77.123 70. 310 75.443 79.363
K, 74. 887 86.007 74.973 76.727
K, 62. 900 58.593 64.493 58. 820
R 2.240 27.414 10. 950 20. 543

2.4 AEVBERRENERK Y4 EKNBHHEL
B % i

wmE 6 Frs, 78R W) NH, -N ¥ JE (100,
200,300,500,700,1 000 mg/L) &M F#3% 132 h
Jo AR Y-4 B S AR R 4T 51 100, 096,94, 9% .
60.0%.36.4%.28.6%.19. 1%, H# & OD.,;,
i 3.0 (A7), FZWEE Y-4 & & A2 1 000 mg/L
) NH, -N YR, 7] T m & A R K A
K 6 Fis AEAR 4G NH, -N # (100,200,300,
500,700.1 000 mg/L) 24 T 43 5l X B Bk Y -4 85 5%
AR a] S5 R R IAE 0—24 h N, B BE Y-4 XFATA
) by Ve B 1) B R ST X A TR 43 S D 4. 16,44 70,
4.79.5.08, 6.25,5.00 mg/(L « h), H v, ¥ A
NH, -N % 700 mg/L B #kk Y-4 B 15 B i 33
Rikfwm . @A K 77N BEE NH, -N R EE 1
Tl DA R I ] B SE KL 24 h S E R Y-4 B4 K k3
IR H B 0 00 15 O R i i 2 R E — E
K-, 36 h 5 ER T SR 0T A AN T T R 9 i R R
8 G030k 3R 32 W ARG BT AR Y -4 R AR AR RS B L AR Ay
AR IEANRA,
2.5 B Y4WTFERBUEREESND

W 8 BT » 40 b A R R e B R 200 mg/ L, 4
AL 24 h L R AR Y-4 BUBAK OD .o, 35 2.0 LU
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LAY R R R 80.50% ., 0—24 h HBk Y-4
F18) SF- 257 S0 A PR L KA ff K 6. 71 mg/ (L » h), 12—
24 b ST B SF- 25 I i R AT A il R R R B KL 36 7. 81
mg/(L « b R BL bR Y-4 #4526l fb A 4 o 78 X
Bk KW Be, B 60 h B Gl R AR AR R B2 R
100 %0 . AH b 5 % 6 A0 A FH 0 220 260 1% fige 32 L AT bR Y-
A B SRR AR FH ) ST T2 017 I it o

—=—1 000 mg/L —»—300 mg/L

—e—700mgL —e— 200 mg/L
1000+ ——500 mg/L —<—100 mg/L

o0
(=3
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Ammonia nitrogen
concentration/(mg/L)
I N
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< <

%]
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(=}

0 M
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Time/h

&l 6 W) h & ATk B X TR R Y4 5 IR A R R

Fig. 6 Effect of initial ammonia nitrogen concentration

on heterotrophic nitrification of strain Y-4
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Fig. 7 Effect of initial ammonia nitrogen concentration
on the growth of strain Y-4
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Fig. 8 Aerobic denitrification of strain Y-4 in nitrite

3 it

A5 % B0 1 45 ) A HE o BERE PR Y -4 7T L)
AT RIS AL AT A R AL, IR ST T SR IR B )
h pH L Eh e C/N X Y-4 (9 Jid 20 B 1 9 B
33 26 D 26 M AN [R] 7 T 522 W) v 2 00 400 JEE 14 0 30 1 3
BVE CE IR A AR IE DL AR Y e A A
SR R KRR R R,

U R S T R TR PR B IR R > —
A T 42 52 T BCAE 0 T R R A K R TR A A
FERIREE S5 0F T L 4 S0 R A T A RE A0 A e A Y IR
PEAES . TR Y4 2R KRB R i R o 23— 37
C 5K EHB 53 19 4 i Ak R Y B AR IR S R
I, MR EE K 15—20 CHF, FRE Y-14 192 A 5
FAA 30% —60%, IF HAE 45 °C BT g B ff 2 A,
AT D32 TR AR 1 I B 3 N 9 A v AR T TR PR AE A B
G ARG . K280 5 37 AL W 78 IR B AR T 15
CHIE T 45 °C A 1 A8 #B 52 21 7™ & - L A
WIFE o A [0 B X R B Y -4 10 5 0 45 R 5 4
—3.

pFL (B 7S {HL 25 52 Wi 200 i 1 A i 1 5% 1 T LA 4
M VR B SR ) 0T A A S v B, DT A B
1] 22 5% i B SR A s I A T R B L WF ST
T 750 A AR RGE pH (E R 7.5 8. 38 A
55 0 306 45 B B0 HE R R PR BR Y4 AE pH (N 5.5 —
8. 5 W H A MR KA A 5] 60 % DL I 31X J& T ok 7 il
MEAL T S FR Al Ab 3 B 23 7% 2 R O LA 336 B 1A 3 A
rh P A 55 B A B A R T Ak B 9 OE 1m) KA B e R
RO R Y-4 7E pH {H A 8. 0 iF A9 i 21k il B
X 55 IR A AR 0 AR B A A AT g 45 R — 2K

Ve TR O 40 95 1 T RE B L ) TS
e BRI S, MK Rk B R F 10 (W/V)
N TR VNI B = Y- O | a3 ol N2 o7 B
RACTFY o 3 H 0 ER R B R £ 51 R 40 M 5 RE 4 B
Ji A S DA B AT R B AR K R AR BT R R
J3E ) 2 S5O0 H SRR i i T L A g O e A5
B i EE AR RE B bR Y-4 WTTR A2 60 /L BOER VRS L 1E
30 g/L Ehvle B R 10 I AU S e At L DY e T S T
RV B A A K K AL HE

5 R WARTE N AL B . AR R C/N £35%
M B AR 2B, PR AR 9 B A C/ N A3 R T 42 v 1R Bk 1Y
JI AR SR L R T R T R A K o R v i 3 PR
KA AL B Al Ak o R ke F AR B VR S [RD EE
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Z 54 MY BT r G R, A BB R B e v R R L R
RGP RO IR AR AN T R B R AR
oE BRI AN R B AR R IR Bl C/N S 10 —
2010 AR g i ok A AR A R 0 vk BE Ok i AE C/
NLAR L AE C/N Sl 30 —40 B, Bk Y-4 il 2 5L
SAR A T 22 8 S A AR SRS A Y R3S C/N R
10—20"" , S ANBE M HL L B R Y-4 938 E C/N B
R Y-4 aT LA F &k Kb 3 78 C/N
9 5—20 BF, bR Y-4 R AR RIIA 50% —
80 %, Al LR bR Y-4 B B A0 A A7 68 T, e 8 7 IR
BROAE DAL BARKYERILH.
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Isolation and Identification of a Denitrifying Pichia sp. Y-4 and
Its Ammonia Nitrogen Degradation Performance

LEI Ke"*,CHI Yue"?*,MAO Junru'’,LU Bing'”?,PAN Shiyou'’.LI Zhenchong®,
WEI Yutuo'*" "

(1. College of Life Science and Technology,Guangxi University, Nanning, Guangxi, 530004 , China; 2. Guangxi Microorganism and
Enzyme Research Center of Engineering Technology, Nanning, Guangxi, 530004 , China;3. Guangxi Academy of Sciences, Nanning,
Guangxi»530007,China)

Abstract: At present,ammonia nitrogen pollution in water resources is severe,and environmental governance
is urgent. Screening efficient and safe denitrification strains can provide more choices for wastewater denitri-
fication. Strains capable of degrading ammonia nitrogen were isolated and screened from biogas fermentation
sludge in this study. The selected excellent strains were identified by 18S rDNA sequence analysis. At the
same time,single factor and orthogonal experiments were used to explore the optimal nitrogen removal condi-
tions [culture temperature,initial pH value,salt concentration,carbon-nitrogen ratio (C/N)] and the nitrifi-
cation and denitrification capacity of the strain. The results showed that a wild-type strain of Pichia sp. Y-4
with strong denitrification ability was isolated and screened. After experimental optimization, the optimal
denitrification conditions for strain Y-4 are temperature 25 ‘C ,initial pH value 8. 0,salt concentration (NaCl
concentration) 30 g/L,and carbon-nitrogen ratio 30. After 24 h of culture, the degradation rate of nitrite ni-
trogen (NO, -N) by strain Y-4 was 80.50% ,and the degradation rate of ammonia nitrogen (NH, -N) by
strain Y-4 was 99. 92% after 48 h of culture. The heterotrophic nitrification and aerobic denitrification rates
of strain Y-4 within 24 h reached 6. 25 mg/(L * h) and 6. 71 mg/(L * h),respectively,indicating that Pichia
sp. Y-4 has certain application value and potential for wastewater nitrogen pollution treatment and bioremedi-
ation.

Key words: Pichia sp. ; biological nitrogen removal; heterotrophic nitrification; aerobic denitrification; condi-
tion optimization
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