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KRG BLRUE R EGE ", H AT KMPS 767K 7= 3241
Hh B 5 Z2 B A SR T B R K B0 TR A I B 4
FAUY, i L 5 R 2 S YR B A R 98 A BT R, AR
WFFE i o xR B Je h & A . WS B K2 i
A, 4347 KMPS Xt &R & & m, Jf
qPCR, 16s i 3d 5t il 77 45 43 AE W 2 H AR e e v
AOA FI AOB # & MK 45 4T 904, Lhda R
KMPS X} i 4k A5 FH B 52 10
1 AR5
11 EBEHARFEETHE

SIS AE T LU AR A AR T T = A IR
BRRA VIR EMHIT, ASH3IHE9IH 14 H
AT 6 A, SR AT Y R A, A 9
FEJEFRFEAR (500 L), il EITRE 10 em HrifIETE, A
R K 34 BT KERE 24 h S O SIS BTG LN
EXTEF SR B H A 0.3 g, KK 1.5 om J5 9 REAL/ L
ZHAE 300 AXTER, BFE 1 AZER 9 IR
B3 AN, A ARBRAL A Ch R R AR A LA
5 g/m’ (5, A 2 A 3 Ik KMPS; Zb#E4] B
RS A LU 15 g/m® i, 43 2 RO 1 1k
KMPS; X HR4L C: B H & FRFEE BN L T HoAth b
B, FRGEIAN], B HAZRER 8%, 45T 6: 00 am,
12: 00 am, 6: 00 pm. 12: 00 pm FEMEE e, A5
K 10 em, ARSI KMPS 955, L
HRE TR IR A PR R, 468N 100%.
1.2 #HRHRERMLE

1 FH SRR 28R 4R 0.5~2 em A R 2 i g2,
O3 BTS2 TR LA I FIS2 B S5 I R AE 1 Wk, SEEGH
B SRR AR 1 IR o SRAEMIIR VR FE i — o0 T &R
T AH AT, 5 — o T A R R, 2R
6 0] S22 AR AEAE—80 CUKAH ¢ 2 J5 03 T A W2
ST
1.3 &K BASRANE

B 5 g R E T 50 mL B0, A 25 mL,
2 mol/L i KCIIFWE, 25 CHERESRE 1 h, ZJ5eH&
3000 r 2.0 10 min, BCETEWRINEEFREE S, HIE
VTR I R R B SR U R R A L 282 %
ST 3 B IN 22 SRURN I A £ v i 1
1.4 DNA #3RIF PCR ¥ 3%

K H Fast DNA Spin Kit For soil(MPbio), 3 [#

) H@ART/CLE

WA G AT IRVEFE S P A=) DNA $RHL, Bk
VR0 R4 BRI B A7 o 75N — 25 40 M iR 52 Uiy
JEH 4] DNA fEFE1E—20 C. $EUS B DNA Bk
5 443 3 I NanoDrop ND-1000 43566 B 1T
(Thermo Fisher Scientific, Waltham, MA, USA)I¥
BWH E C FR UK R AT A . T4 Arch-amoA26F
(5'-GACTACATMTTCTAYACWGAYTGGGC-3") I

Arch-amoA417R(5'-GGKGTCATRTATGGWGGYAA
YGTTGG-3)¥ 1 AOA-amoAd I ; 5% amoAlF

(5-GGGGTTTCTACTGGTGGT-3") Fl amoA2R(5'-
CCCCTCKGSAAAGCCTTCTTC-3)¥" 1 AOB-amoA
FEH, PCR MK ZE H: 5% buffer 5 uL, 5xGC
buffer 5 pL, dNTP2.5mmol-L ™2 pL, FH#AI TS 14
#(10 pmol-L )1 uL, DNA #f 2 uL, ddH,O 8.75 uL,
Q5 DNA EAF 0.25 pL; SOWARF: 98 °C 2 min, 98 'C
155,55 °C 305,72 °C 30s, 72 °C 5 min, 3£3E47 354
PEIR, Iy b U6 e Fh ik 2R A T ARG
1.5 ®RAZ=Z PCR

W 13k PCR ™= Mk, #4522 pMD18-T ik, %
L ZE KIHFFH DHSo 2285, A Amp+1 LB 3
JIE VAl s S U 5 S 1 T, Sk B S R P 43
SRS AOA-amoAd Fl AOB-amoA FEFH K RL,
NanoDrop2000(Thermo) M BUkik i, 155 AOA F1
AOB amoAd FEHPE VUL, BbrEBobiE i T— 251 10 £
e i B (bR vE ORI Bl AOA-amoAd 10°~10°, AOA-
amoA 10~10%F THHE qPCR bRtk . & brmEthsk R
BIHEE 0.99, FEASTIFFE(H A 3 T P 2 R A2t
FZ. i TransStar Top Green qRT- PCR Supermix(Jt
SRS R IRA R)EG &7E17 AOA F1 AOB
amoA FERFEEME, HAASAEHUF# T,
1.6 Illumina MiSeq i & M5 B 57

% H Hlumina “F- & X ## 7% DNA J Bk 47 Bl
(paired-end)il /¥ . Al | QIIME(QIIME, v1.8.0)#k {4
HEAT DADA2 X I - £ 4 R 47 o 8 ok 8 MR R 2
B A R 3R A5 o A0 U R A i
UCLUST A4 IR 97%0 1751 [R] YR SR 48 a8 47
HHIL(OTUs)S, 5 43 B 32 248 F QIIME Al
R £1(v3.2.0)3F OUT F£i# alpha ZFEMEFEEL, LU
ChaolU"™Fl Observed species 55U MEF+ &, LA
Shannon!' VAl Simpson! 5 $RAF ZFEVE . T OUT
FAT AR FREAAE K50 FKF BT &5 A3 19 4 2K 0 )
BH, LA REARTER 73S E A oA 1 A]
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ik, DIHEZHRIE 2B el .
1.7 %ito#t

i B, CSEIME £ bR Fon. FH SPSS
25.0(IBM Corp, Armonk, NY, USA)S 44 i)
[R AR & 5 22 4387 J5 1 (One-Way  ANOVA) XS £ 4 it
82501, DL P<0.05 fRELRFE,
2 ZBREH4M
21 AERPEAKALALSRLSEL/R

Xl FE 2] RN S 56 AT 1) 2 R S T i A AR A

0.7

) H@ART/CLE

la FIE 1b frzR, B S50 10 (] 45 21 ) 22 200 Al
AR TR A Hd] B g2 BRI Gl A
T H A S50 1 ) A F I K7 I LA T oAt 2 41
SCEGIFEAROET 2 A, X4 C PR EUKES T 2
AL ERAL, B SR HEAT, MRSl B
MER T B LTHE TR, mmdl A P s &
R BT, X T WAEAL, 17 2 Ak RS A
RAHML, EXTIRAI P MER 3 RIJFIRAL AL A
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Fig. 1

Variations in ammonia (a) and nitrite (b) concentrations under different treatments

TE: Co XA A SRR AIE AL, B R o ) e 21

TE BRI 16 B RTW JE, 55 00 B4 A L 4 A
PRAL PR R AR E R & 'Y T, IEB KMPS 1y
P4 A 1% B ARONE U rh 2 BRI A UG B i, — T
ATRESE Y KMPS X & &AWL e A, fii ik A
FEAEFH G & B A ML/, DT il 20 280 I il 21
GRFEAE, B—J7i KMPS A3 S0 /E ks 1
e rb i A AR JFOR S, IF LA BERS B AR,
AARHE T AR . (R AR A DL i 2R T
KMPS AL PE RO, #0354 1 42 &0 R IE fil§ &%
I, B e % R ZH v ARG RO 5 5 4R
SRR KMPS A8 AT BE X A AL i A 9 A7 e 5
SEIANE] o fEACVE R TCIE R 1T, 1 K e RN A
AL,

2.2 AOA # AOB %A ¥ F E T 44

FNEE amod FPR Y =F FE AT LUk R AE 2R
1B A AT A Y BUE:, AOA-amod e [R 2 LUK

HE—

2.3x10*~3.31x10° copies'g "', AOB-amoA K:H £ IUE K
1.48x10°~2.68x10* copies-g'. A AOA-amod It
AOB-amoA JE 8 DUBUR 1~2 DN EGE DL, MR IRIE
) AOA %iiit =T AOB. FRFAMTT 2 J& b # AL Fxt
M82H 2 18] AOA-amod FE R +5 DB A i 3 2= F (K
2a)(P>0.05), %5 3 JAAbERAL B FIXFHRLL C s Dl %k
b, BEETRIAEA A PiZ R A #E 0%L
(P<0.05). ZJG %401 AOA-amoA KPR ¥ U1 $ 1454
T, HACPREH B FXtREZH C Hp &R ¥ DR 35
TR A tpIL A8 DUE. BRES 4 JRIX IR
C "' AOA-amoA FEF ¥ DU i 25 5 T b #E41 B sk,
AL DUBE 2 M2 A B ES
(P>0.05). 4540 AOB-amoA LN+ DL E0& 7 7K
2b), i PU JE 4% 4L 0] A I 25 5 (P>0.05); JE A
AbFEH B AN REZH C vz JE R 5 DL 0 35 Ak
FRAH A, SCEGAE TR AR TR B vk B # 01RO
Bifi 5 2 X HR 4 C(P<0.05).0
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Fig. 2 Variations in AOA and AOB amoA gene abundance under different treatments

23 FZEETMAHLRZ AOA #= AOB #H %
Alpha % #H 547

X SEIRZE SR 3 NG 9 ANFE SR T R
M43 HT, V38R 3RS R T AOA amod
R FEH1 78 344 45, AOB amod KR FS 52 568 4.
B E RIS P S HE IR 97% B AR BE T T 3R 2k, 4390l
it OTU RREIFHI. I3 1 S5 R T LIE HAb BE 4]
A [ AOA Fl AOB 1) OUT %34 53 3545 T Hofl 2 4>

41 (P<0.05). i alpha ZHEHEFEEO A [ 4b BEZ 1
AOA F1 AOB UAE W& 1 & BN 2R R T 1P A
XTHRZH C 19 AOA A=W ¥ 1Y + & 2 4541 (Chaol
Fl ACE 4840 10 2 = T Wb 3141 (P<0.05), {H4540
1 Z FE 1 45 %4 (Shannon I Simpson 850 A . 1Y
2:5(P>0.05). AOB TAEYRES R /R b4 A
f) & R AR TR R AL B2 B, A
TR RN A 3 1 22 5(P>0.05)

1 ARLEBESTEUMEMETE Alpha S H IR
Tab.1 Alpha index of ammonia oxidizers in different treatments
Ab 3 S22k BRI ACE 5% Chaol #5%k Shannon 5 %% Simpson F8 %
A R
MA 79 851 136 68.43+1.59° 83.29+5.35° 3.15+0.56 0.86+0.15
MB 65 322 212° 105.30+1.85" 111.01+1.73° 2.51+0.67 0.74+0.11
MC 89 860 222° 150.43+6.27° 181.68+2.95° 2.79+0.79 0.72+0.18
AR R
MA 65 545 59° 24.70+2.36 37.93+1.47° 1.99+0.43 0.69+0.19
MB 56 694 165° 62.26+1.93° 81.07+1.51° 1.590.82 0.49+0.16
MC 35 467 129° 55.96+1.33° 64.92+2.43° 2.62+1.13 0.73+0.23

TE: A =20 AR A R 5B 38R 22 5 1 3% (P<0.05)

2.4 AOA #F= AOB B &7t 40 s AT

NT TIREFEATT AOA FI AOB HE (1 B4k
J8, XHHOT R ASV/OTU #As AT 4T B Z )5
AT B AHEATE B KT 20 A F B o A &, I L
HEIR P 52 B3 BT 45 S o AOA BEVE AL an &l 3a T,
HA 3 ANRHABGZIETE, 7050 Nitrosopumilus & |
Nitrososphaera J& M1 Candidatus Nitrosocosmicus J&,

Horp 08348 R XS 3 >1%) 4 Nitrosopumilus J& Fl
Nitrososphaera J&, 537 AOA amod H:H 575
1 64.02%~91.05%F1 8.1%~27.4% ., % R4 C ¥ Nitro-
sopumilus J& WX 35 i 25 5 TAL P4 A FI B (P<
0.05), 7PN AL PR 2 BV A 35 25 5 (P>0.05) . Tl
Xt HR41 C WY Nitrososphaera J& WAR XS 3 B I E(K T
AEFH A B, [FIAELE 2 DA A B E XS
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Candidatus Nitrosocosmicus J& i AOA amoA FE[FE &
J7 91 1 AR LR & 2 AR X = BE A 3 22 5
(P>0.05). AOB fEWRE It 6 1 mAL(&l 3b),
H.r Nitrosospira J& Fll Nitrosomonas J& 7 E B HE,
535 AOB amod FEPR SUFFIH 39.5%~67.6%F
10.7%~50.1%, 55X A AH LA BRZH 1Y Nitrosospira

m Nitrosopumilus
w Nitrososphaera

60

HIXF %

40

20

0
MC MA MB

s L=
HR

(a) AOATHHFATR 1%

100
30 m Candidatus Nitroscocosmicus
m At

' H@ART/CLE

JE& R AR B 2 BT, TAAEEA A o Nitroso-
monas J& [ AHX] 3= B 2 35 F % (P<0.05). 7F 2 MAab#f
HZ A HE4] B "' Nitrosomonas J&H Nitrosospira
JaE B AFE 3 35 5 3 v AL B A (P<0.05) . 3 4b
1 4 @ i AOB amoA F&H & ¥ 51 1Y e 34k H A
- B AR = B A W 22 5 (P>0.05),

100 m Nitrosospira

m Nitrosomonas
m Staphylococcus
80 m Aeromonas
Acinetobacter

S [ JCfndidatus Nitrosoglobus
=60 HoAth
H
4
=™
= 40
20

0

MC MA MB
FEbl S
(b) AOBRH AT 21

B3 RFEAEHEA AOA(a) HI AOB(b)TEE 7K - (1 B FF AE X o
Fig. 3 Relative abundance of the AOA (a) and AOB (b) microbiota under different treatments at the genus level
TE: MC X B MA: R0 2 MB: IR 5 77 e 2

3 it

e B PG U8 P ) 2080 S L B A
FE 2 AT WL 5 e P o o 7 A £ 9 5 o
P, T DA TR B R ) T B BRI X
AR HETI D | % A ) 5 9 2 4 43 2 LR
TR VE LA, 5 1 T T O BRI . LA
R A AL JFUR I, — 5 B o f A S A
Y FET G B 00 38 A 8 A R A AT, SR K —
8 SR F0 X R 6 . ) P i 0 58 0 5 o L
BT LA, 00 8 2 R R LK R LA
BP0 2 SR A HE 1T 4% 2L 0 BRI L
BT R R 1Y, For b Bl A AR
R A PR, RS RN IR C; 4 3 RIOF
S EHAL Al R L o B R TR B
C RIALERAL B, i FL7EAb AL B th & BHAG . ]
YR KMPS (3, 7 DA R B g
SRR R LI At T ARSI KMPS H 3 7E
K=V BT AR R, A T AL, R
SR B 6 R A RS, Y R R £
HEGURUR R AT P, HETT A2 26 T AR 362, 11 FL
BF5e301, KMPS 1] 1L B8 5 U R 4 A S, A T

MR E:; 54N KMPS 7875 Jé kb # v n] LA [ f 2 Fh 2
F A ALY, X IR UR R A A HIL At Rl R A 7E R R
PP o (FR M AR5 i KMPS A8 A )
TR ACVE T, AT BE 2 % 22 0 B s AV s A= 4
PR RR LR R IR, S B a7 A AR A
AW,

A AN T A I A A R A R
HAGRR, TERS AR VE F P B P MR . Bk 5l
FAEAEFIEY) AOA A1 AOB T2 434 T JLF-
FiiAy 3 | oK L WIANR TR REIREE b IF BAETF
ZHEH AOA o AOB H 5120, ALK
WEEh, AOA ¥ Wl i = T AOB, #fEill AOA TEULIF
BN MRALE R D B S 2 SER . Rl A 57 5E b
17, N S&EAEHIR AOA #il AOB £ R K, H
I) 30 = A A 5] R KMPS $Ei 4 AY AOA 1 AOB
JE W AT X IRA, R i MR AR R i KMPS (4%
JHORE 35 A AR o A AR T . 3R B T IR 0 T
KMPS ({8 3% A % AOA Brg v sy, M 3
FEUR B LIRS, WAL B A Y AOA Hit iR
ZART H AL P, FW] = BRARR HA KMPS #5
FREEXT AOA 1 I . KMPS 7 7K H BE % 78 J6 i) )
PIPRH S i, WHAR Z 0 e R E U R
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5 JE Ak, XHRZE C FIALBEZL B f AOA Hidt %A b 3%
25, HED AR )i KMPS 8206 AOA B il 1
FAARFREEAEAE, BE I HI LR AOA A IR A K
ME5E. 5 AOA Mt AOB 1EF=FH HYHT I K
IFIA] AT KMPS BB A BURE, B 4 J8IFG
FEPOCR SHE R R EEH T, A4 A
T AOB #it BF LT HARPIAL .

B BEAG I 45 SR AR, alpha 23 BT 45 0 R,
AEFRAL A ) AOA FII AOB A 3 B 5 35 1K T %
2 C MALFEL B, FWImMRMG A KMPS £
X AOA I AOB EFIMH|A/EH . AOA Hl AOB 1
ZREVEAE A B AT 2 25 5, RW] KMPS #iltS
75 LA R #5507 2O B AR A W 0 A A 7 A
S0 . KMPS XA R R A Y al 7= AR A RIPE T, Al
BESUA A 7 A 0 e A — S B A TE R e T
AT B SR I A 2] AOA RIS E D, s
53R Nitrosopumilus J& Nitrososphaera J&, X522
AT AOWESE Th 3B Nitrosopumilus J&F Nitrososphaera
JE AL AOA BEVE T B B — % AR gr 4l R
R KMPS X = #F 2 AT, 5 X4 A
KMPS H# L FEAL T IRV Nitrosopumilus J& B =E
2T+ T Nitrososphaera JEWFJE; (HTE 2 b Hig] >
8] 2 AOE 3 m AR F R I 35 25 5, KB KMPS
X AOA B 5HN T LR A K. AOB A4
Yk Itd o MEA, H Nitrosospira J& il
Nitrosomonas J& N FEMRRE, 5 ZHIX K= F5H
LR P RR K W DR PR B AT 2R . SR
ML AH L, KMPS B8 T 1 Nitrosospira J& B9 AH
XPFEJE, BEAL T B A ' Nitrosomonas J& B9 X}
FRE, FE 2 MOHEIg P, 4 B T Nitrosomonas
J&F Nitrosospira J@& A 3 B 34 1 2 = T AR BRAL A
th, RUIAUZE KMPS #8578, 80 7 Ll
X AOB F= A AN A2, AR A3 5 75 i KMPS 4
AT AOB EA f #k i /EH

4 Zipr

ARSI ERARIE T KMPS #0037 58 i e rh &
RIGA S E AR R SCaah SR, KRR
Pk 7= A s A B G A 2500, g A SR AR
KMPS # A EJEH AOA I AOB Ay AE K 7= A= #R 43
MHIER, MHARRS I 2 R R HAN TR, MK
BRI KMPS B0 AOA 3 B 345 B Sk 52 i
XF AOB HEVE A4 K e B0 AU 1O/, R e i ki Ak
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Effects of potassium monopersulfate on the nitrification,
abundance, and community structure of ammonia-oxidizing
microorganisms in shrimp culture sediments
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Abstract: The effects of potassium monopersulfate (KMPS) on the nitrification of aquaculture substrates were in-
vestigated by adding KMPS into a simulated pond. To investigate the effects of KMPS on nitrogen conversion,
ammonia nitrogen and nitrite nitrogen contents were measured. The contents of ammonia nitrogen and nitrite ni-
trogen in the low-frequency and high-dose groups were significantly decreased, whereas those in the high-frequency
and low-dose groups were significantly increased. The application of high-frequency and low-dose KMPS reduced
the abundance of ammonia-oxidizing archaea (AOA) and ammonia-oxidizing bacteria (AOB), whereas the applica-
tion of low-frequency and high-dose KMPS increased the abundance of AOB in some periods. Further analysis of
community structures showed that the relative abundance of Nifrosopumilu decreased, whereas that of Nitro-
sosphaera increased in AOA due to the application of KMPS; this change was independent of the application mode
of KMPS. However, the AOB community was affected by the application mode of KMPS, and the relative abun-
dance of dominant genera in AOB significantly increased under low-frequency and high-dose KMPS. These results
indicate that the application of low-frequency and high-dose KMPS can promote sediment nitrification. This study

can also open a new possibility for KMPS to be used for aquaculture sediment improvement.
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