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Isolation and Identification of a Fungi with Denitrification and

Its Influence on Nitrogen Removal Efficiency of Biological Tower

ZOU Ping", LI Chuankuan, XU Zhiqgiang, CHEN Xinyi, SUN Peishi, BI Xiaoyi, WU Zhihao

(College of Ecology and Environment, Yunnan University, Kunming 650091 ,China)

Abstract: At home and abroad, many studies of bacterial technology to remove NO and NO, have been
performed. However, the effect and mechanism of fungal were poorly studied. To improve the removal effi-
ciency of NO and NO, ,the fungi isolated and identified from the biofilm of denitrifying tower through sha-
king flasks experiment was studied on its nitrogen removal characteristics to nitrate (NO; ). Expanding
culture was put into the denitrify tower to study its effect on the NO and NO, removal efficiency. The fun-
gal community structure through high-throughput sequencing analysis was monitored. The results showed
that the strain 3LNB through morphological,nitrogen (NO; ) removal characteristics research,and ITS se-

quence analysis was identified as Fusarium solani. For up to 10.01 g/L of NO;-N,the denitrifying rate of
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bacteria control group was 5.6 % with nitrogen removal efficiency of 0.56 g/L,but the denitrifying rate of

strain 3LNB was 15.1% with nitrogen removal efficiency of 1.51 g/L for 10 days, which proved that the

strain 3LNB had strong denitrification function. The nitrogen removal rate of NO and NO, was increased

by 5.12% and 5.36% on average, respectively, after the expanding culture 400 mL (4%) of pure strain

3LNB was put into denitrifying tower, which proved that the strain 3LNB culture can improve removal rate

of NO and NO, in denitrifying tower. This may be mainly related to the presence of cytochrome P450nor in

fungi such as Fusarium solani.
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Tl A HE L SO, F1 NO, J& 3155 s Ye +
Gy PR R TE R W L %5 2R ) EE AN
THCAE W Ak R R AR A W 3 A 2 1 B R A T
PeFhe, 2R L 20 B A% Tl B BE AR FB AT 2 A
RGP OB AT BT ST R AT L A 9 ik X R
SR NO, B & b 2R 2R 3 F 6 1k 0 1Y il
A RIS A b T ) B A P A ke S 3 i

FAEAAE & R 74 HLY) R ik R F 8 55
POFEFE T 8 T AW R VK NO,— (232
FHE NO, (EZBEF)HORIFEN N, O 5 N, A1 .
Bl NO,  —=NO, —=NO—N,O0—>N, , & K AME
T — 4.

S A Ak 0 B B RS AR £ L A T e R R Ak
PR — BE A RAFFE T A H . {2 1992 4F Shoun
Sk LT P A e R AR AR T AR A O R LA
A5 A TR 1 S A AR TH 28 A LR R R AR 1Y
5 AR O VA Mg AR T SR ™ R L T L T S Ak YRR
SN (D AT R OR R B R A T AT () B
WSk 2R 4t B = A AL I A JELEE (Nos) . A BEHS
N, O &5 A Ny 27 N, O, 48 H A N, O
0 i (Nos). B P 1] 3l 2k 55 40 18 1) P 5] s il Ak 1
FHP= A Ny W BN, 8N, OS2 i A i 008 A A9 2
TLESUMESEPHRZLE AT EN .3 BA
Gy FLBA N4 61 5k ) B AN R B R A5 ALK NO, - R
NO, & J5 2 N, O, 5 K 53 B i A 5w H Ge ot
NO, 3 J5, X £ NO,  al 7E k5 47 % 0 s 9 i
Bl S A B TR R T () BT A — 2R IR B 41
B2 PAS0. 4 (6 K P450 HAG — & AL & I8 J5 i 1)
REREILJE NO A i N, O 2 BC B f ph 45 10— 45
IR AT — b, LB 40 i 5 K PASOnor fi fk
NO 8 J5 (1 3 29 0 405 NO 8RR 5 %, 76 B
VR B A AR b 2 Al B A AR

H R 2E 03 3SR NO, S H R NO B I B
BRI AL 1 [ P A A A 2k R A TR s B

i Mt 80T 25 ) L R AR 7 4G R S H T RE AR Y F 5
BN TS Y EN NO, JEHE NO B &%
R, AR SO I AU AR W B b Y TR R VR A A AT T
o 38 T 3 AT X B R AR AR B B AT T A
alifb S %0 B SR ISR T LR X NO, ~ /9 g A AR
FHRFIE , fie I 76 B 038 wh i Jin BT 43 5 L TR 40 B B 1
PR FRW ST T HXF NO,NO, i B 850R 1 5200

1 BT E

1.1 ZEHR

LA PR R R - DA JB RS R T TR B E O KA
Fo 8 A W B R T R R BE AR T in 3 i TC A
BRI 15 A= 00 T 58 9% O 4 & il AR TR 5 0
FL TR .

S A Ak L T 43 B A B R B Dy A I IR 8 3R
e, HAH 5. R 30 g, NaNO, 3.0 g, MgSO, « 7H,
0 0.5 g, KCl 0.5 g,K, HPO,1.0 g.FeSO, « 7H, O
0.01 g, H,O % 2% 1000 mL,Big 20 g. | H
1 GE - M AT B TR 1Y S 1 Al Ak s A 46 R 1T B
RV AR B 8 R 8 A R I O BB R, 2
R Ak HL R A4
1.2 BESAEEE

S 50 2 2 A 1 T R S SR R BE R TE 28
~30 C, 543 5L Br Tl j= 4 B <A —H R
WAk 2 PR B B B 0 TR I R A ) SR 2
HNAE @95 mm 1) B 58 45 il B EORHZ B0 1.0 m,
AR E R ML 0.1 m. AR 4 I DR E R A
T PR AE L SO. 1 NO ., AR 3 25 35 e il B
Mt Na, SO, W5 H, SO, ¥ M NaNO, iE K 5
H,SO, fil FeSO, 1Y IR & i W & 4 1k 27 S i il H
SO, Ml NO, . ZJ5 52 KR A BRI BRI B A = A4
SAREURE 1, SR RS KMO950 404 B A6 41 <
HEAT I E . HE S AW 46 W B NO #2361 78 1500 X 107°



5 6 1)

AR A5 — b SR R A 0 M R S HL X AR W i R B R TR 143

AT S NOL W IR FE FE i 75 500 X 10 ° &£ 45, SO, ]
TRYREE A 1 000X 10 " 2247 JHRER 2R BRIE AR N
1.0~2.5 cm B3 T B b, AR I &= 3 B /N i i< 0.
4 m®/h ER SRR 10 L, s K/hR 6~8 L/h,
BhA 10 d HHRAEIAW 2 L, AR pH = HIAE 7.5~
8.5 (MU AT NaHCO, I WA 9 ) o 5% 56 28 W I A DL &1 1.

Bl AHERAREBLARRERETA
Fig.1 Double towers system of simultaneous biological

removal of SO, and NO,

1.3 SHFAE

B A I 43 6 B kU s g i 1R
R S L (Griess) 350 b €0 0 0 5 8% o 2
T ST i TR k1

Sy 3k S 20 BRI L TR G R RN AR Hr Al R R
Wi, 7F 8 A1 43 6 6 BE vk b i X 43 BT 15 3% TRRE
B0 (13 000 r/min) 10 min J& , B b i W4T
AT BT AE Ay T N, R SR T T
AR 0 A 2R I A R Bl A 4 0 25 1 6 LA
Hw iy ¥ 5 % Ry S5 21 AH R 7 L iR s A
pOilES
1.4 HEMHRATZE
141 AHABEIFHRES &

ATy B LAk B R R R R A
il FH A= 2y S AR L A 5% L B AR S R R TR A
1.4.2 B OAEAL B RU4F AR 52 36

WEE i A A Y 35 33 HE 24 03« EBE 3.0 g
MgSO, + 7TH,0 0.05 g,KCl 0.05 g, K, HPO,0.1 g,
FeSO, « 7H,0 0.001 g, H,O ¥ & 255 100 mL.
30D 3 Ao TS G L B SR LA MR A AN 6.07 g, AH
MF NO,~ —N 10.01 g/L. 32 5 B 40 5 Pt A4 R
6 g/L Al TR SR R AR 4l i R KL B
WHLAE R 2 g/L 09 sURE e S AL g, U
TR 1 2R KL BT A 3R AR A S 50 e I 0 K e S B AR
Fo AR IE LR B S 2K EL LR A
L.

VRN 4 32 250 mL #EJE I, 590 4% 77 56 SRR
4100 mL, 3% 5007 45 5256

14 FUTR B Ak 40« F 55 4 5 4% 95 1 U 2 S
HARMAER KR FRED A 1 mL HE 5
FREW 6 g/L Bk IHEE 1 mL;

24 FURH 55 40 0 S s AL 4L B 9 4 B B R LA
HEYBEER T NO, & & A et IR 176 .
KE B FEFEPIA 1 mL 28 8 57 B W . 9 1
mL M U 1 26 P B R

3H PR AALA KSR P IMA 1mL i
RIEH R YIS, I N 2 o/ L B Pk R U
e S AL ANV 1 mL A Sk 40 B S R AL A

4223 AR KB SR AP INA 6 g/L 1k
IR 1 mL, A B P R 506 e S a0 W 1
mL. S5 7 H g S A LR 1 s,

®1 ZIRHARS

Tab.1 Group numbering in the experiments

g N mm A N
Y B@ SLNB A% " b ‘
HER
1 J J J
el
L
2 N/ N/ N/
AL e
A I
3 J
N N i 4
4 N N NG 25 H IR 2

Y/ FOR IR T/ R T

SLEY I 10 d, 45 S 2 B R B — R 3k 10 YRFE i
W NO,” N H#, fie Joa — Kl & 8 5% 5
NO, —N .40 1745 T2 g0 20 A K W s .
1.5 EFREHRPSFENZELTE

% B AR AR AR AT AR B AR T A T
TRy A W) HEAT % 8. FL I 41 DNA $2 BOCR H
Ezup #: 3 H B 3 N 40 DNA #1428 3% 77 & SK8259
(LA TAY TRERRAG A FD. Laifb )5 /Y 5 S
DNA 2y # #i, J 5 3 38 51 %) TCCGTAGGT-
GAACCTGCGG #E 47 PCR ¥4, " 1 A Bt N
ITS1, HAK EETE 600 bp £ 47.PCR ¥ ¥4 #2 )% . 94
CHAME 4 min; 94 CAEYE 45 5,55 ‘CiR & 45 5,72
CHEM 1 min,30 MEH . )5 T 72 CREMEE 10
min, 4 CHRAE N 58 B » 48 1% BAR B r kL 4G
B3 R B RN S OB AR DU AR 9 TTST 357
TE NCBI I blast #E47 X} H , SR AR 42 2k R 17 2k 4k 56
FRATHTRIZR G (R
1.6 SEESWMBEREPERERFELEN

V5 18 R DA A B R B L Ak — R B Y T A
EREE PN iR /IR REE R Ca /RN



144 WP R 2 2 4 CA IR B2 O

2017 4

DR DA T A TR B A B A & 217 &
8 0 PR 3 A TR A RE VR A5 1.

o S EE AL 21 K 22 5% I 9 4 L 91 T 1 B
XPEATHAT RIS ARG T 51 2 18] B A AL A A
2 AR AE 43 25 B0 COTUD 3 H $8E 19 7 51 4 B
PEE R 0.97 B AEJr K BT PN N T RE IR T 5 18
{1 7 50 A AL 2 A 0.99 B 1A R o] fEJE T F.

OTU EIER MR uclust.

Xf Ak B 5 3R W) R Oy 2 R B B
RDP classifier,RDP classifier J&#£ T Bergey’s tax-
onomy.Bergey's taxonomy 438 6 /2, BT K 15
(domain) . |'] (phylum) | 4 (class) . H (order) . &}
(family) \J& (genus) . [Al A}, F&F OTU R M 45
PR —A OTU REMACREFF A, 7300 K
K ¥ (length) | 3 i f K197 51 Cabundance) il
FEA 7 9 CALLY B )i =0 45 3L, 3 47 % 28 RDP
i
1.7 HEX B EER AR TR

LI R 28 ~30 °C L B KM E LA NO,
NO, B R 3 3 YR & — 0O BCF a3 7
I CEDS =N Ry [ R 500 LSO [ AR o = O A <]
SLNB bk HI A [ A 3 77 B b A7 47 R 5% B 37
WARFRSE 400 mL, 15 3% 3 d Ao A7 L AR KHE B,
Te] 0B PN T 0 T R AR A ) 0 B A [
B ERBE S5 IR BE L pHL, 25 ST 5 08 20 W0 55
ORI PRV RN SE LR S NOLNO, B BEER 5, I E
LS A 5,38 7 d W WS HE 3LNB 7E
JI5E SR PN B AR T T 3 SR S I Ei e L O S S n
s AT XS oA

2 ZER5itR

2.1 EEEFEE

FLIA 3LNB 7E A [Q 15 77 2 [ AR KR L A
30 CHEERFMP .S hEKIEE . HE PR A
o, O AT R BB W T LU )
W 22BN AR S /N A 1~2 Dok,
BYERIE 2L KoM 3~5 ok, 2
BRIV 2 A AT oK v B4 5 5 48 46 74 T 18 22 9 3
SRR AR B ORI R R R Rl 2~ 3
iR,
22 REBUABMEBHEHRARER

B 4 50 7E NO,  —N B R ik 10.01 g/L
BT L SC 8 3k 10 d, 40 B IS AL 4 I il AL % 5.

A2 AW 3LNB R#EEHR GLK 400 45)
Fig.2 Microscope image of 3LNB
(Magnified 400 times)

B3 A®3LNBw4EAHN
Fig.3 SEM image of 3LNB strain
6% LB ERAE A 0.56 g/L; L 3LNDB BBk 1
AR R 151 % BRI 1.51 /L H 1 5 4
SCABACA 9.4 %, HEBRACR 0.94 g/ L.

——HR R4
—HRE SR R4
161 ——amE AL

\o L EARAL ///\/
12+

RIS %

B TE)/d
A4 B Eiha R A E T A&
Fig.4 The nitrification rate in experimental groups
AN S T 46 S A B RS 10 d A I il R AR
NO, #4777 B E AR 5 Frs.
M5 JTRT: NO, 3 1 B2 B A B H AR 90



%56 40 A5 — bk S A BT 1 43 S A N HCR A ) B T LR I B i) 145
) vom AR 3 AN G EL T SLNB.
T ' £ SXRAREHEE 10 dAESHHR
0.04 Tab.2 Nitrogen existsing in the experimental groups
uﬂ?;{f) reaction liquid on 10th day
& 0.03 HEY
b SR Jﬁr WEE
il
goo E ! il L, WA
B /(100ml) T /100mD /(100mD
0.01 /(100mD
[IRGEd)
0.00 B ) 1.001 1.001 1.001 1.001
HER HESAE 4@k ZAX NO;~™—N/g
M4l REA a4l NO;~—N/g 0.850 0.907 0.945  0.966
BS5 % 10XRETEHRMER PR TEMELERGRE NO; ~—N/g A& 0.151 0.094 0.056 0.029
Fig.5 Quality of the denitrate nitrogen in NO; ™ —N/g 0.045 0.045 0.049 0.029
experimental groups reaction liquid on 10th day BIELR N/g(N; —N/
N, O—N/a) 0.106 0.049 0.007 0
(7] Fsf -, A ] 7= 40, 4% 52 00 2 s W T 4 A AR b gﬁﬁ;{ﬂ/’g
" . e BRI
WALRR NO. B B SR
= Ul 3 B w2
EE%EQH}%}iﬁﬁﬂﬁéﬁﬁEﬁ&é\iﬂg N()zig%’ i/gf%ﬂgﬁ 15.1 9.4 5.6 2.9
X AT RES KR A S AL B AR NO, 38 i, X £ NO,~—N/g)
FEHI NO, ~ A A T8 A7 2500 i 40 i 9k S s Ak L 1 ) X100%
s AR IR AL B BE NO, - B Tk 5 e ﬂ“f o
(LA NOs ~ Wb ad 1.51 0.94 0.56 0.29
A im g k.

2 ALY A SOV AR 10 d AR A DL
MR 2 RIS AT, SR W TR ) dE Fom NO, — —N
HYHRIE Ny 10.01 g/ L, M BE 8y, H B 245 5 MM T
7S bR S AR S S A R NO, L, SO, , &
SRR EE Y% NO, SO, FEEMEFEN T &
AR NO, W NO, ,SO,% X 7+ 5F 485

23 100 W TE AT P T v RR 5RO T 3 B A e I v B L
RIBTE 12 5 p LSRG FF 4 TR (R 2 309 A B (3% +F
R R A R LA D A0 BRI MR )
U= 90 S AE TR B AR B R K 0 P P iR 4
AEFERR 2 B8 -V BE . 2 ar DN, 0 2 90 v g vl B
FE 4.0%0~9.0% 2247 BT LA 52 535 15 3% BL i 1 1Y 2
TN 6.0 % F.

28 53 AP Al AR o3 1 206 TR 7R S5 0 = A S
HRAR B Al Al T v R R R . R T X R
7 IR TE A I 35 17 T 08 PR B e kv E R A
VA TR W B T 3B R ).

DR AR A EM LR SHE, AR
Y 2 T ST

S TR S A T 2H R A Ak RO R B A LT 3LNB /)
1922 20 T RS A 2 00 TR R EROSR B A A A IR
SN R R S I 3 Y R R, O
PN BE A 4, Py 32 0 R A0 B A ke PR . AR A
A2 A7 AE R B i & LA A AE T 0% 20 AT, (H H: s i

=3)

EE SE A B B SLNDB A AL S # R A
5510 d B RS A AL ) S s Ak 3 9.5 %6, B BR
R 0.95 g/ L, RS LR J1 B A T ok 2.7 45

HES5HME AP MAEYBREA ZE
SLNB, A7 AE W) B2 . 52 560 75 S A 4k 2% 10 d
9.4 %0 SCAEAI BR R 0.94 g/ L, Sl Ak i
RBCRBH R AL AL 5 1.68 % (H A2 B BT
3LNB Ak SAH ARt B RCR Y 0.62 4, AR,

FE 2R I SR Ak B -0 B O Ak A A B L
RAE S HFFEIE CH, B NO,~ —N 24 10 mmol(0.14
g/LIEE T, 8 V] W & #E 30 h P RE B Bk b 1 19
NO; L HiFft— R R ER 29 7024 (0.098 g/L), JIf
HILF&RA NO, R FEILTEA NO, 1M
Rix— b SRR I A R — 8L B R A
HEZEFLE NO;,  —N BEBRECR T A #r ik 3
7.

#£3 NO; —N7dBRBBEILL S
Tab.3 Removal rate of nitrate nitrogen

comparison on 7th day

ZESE 7 d HH R 7 d
¥ith NO; ~—N/g 0.140 1.001
R NO; — —N/g 20% 0.098 0.139

N3 AR AE 7 d SEH I IE) P R S A A A



146 WP R 2 2 4 CA IR B2 O

2017 4

Xt NO, N BEBRECE N 0.139 g/ L. 2= 5L 5 0.
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