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Abstract

Ammonia monooxygenase (AMO) is one of the key enzymes related to nitrification process, and
the corresponding gene is amo. In this study, two pairs of primers were designed according to the
amo gene sequence in the NCBI database. The amo gene of Alcaligenes faecalis strain NR was am-
plified successfully, and 1639 bp length DNA sequence was obtained. This sequence contained a
complete open reading frame (ORF), which encodes a 346 aa length polypeptide chain. BLAST
analysis results showed that this polypeptide was AMO protein sequences. This protein belonged
to hydrophobic and basic protein, and the molecular weight was 36.7 kDa. In addition, AMO was
transmembrane protein which contained 12 transmembrane regions. Tertiary structure model of
AMO was built successfully by using threading method, and the confidence of this model was
98.6%. AMO contained a nickel atom binding sites. The conformation was good according to Ra-
machandran plot. This investigation offers reference for further understanding the key enzymes
relating to heterotrophic nitrification.
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K HBINE R (AMO) 2 R IR R P EMEIER KRR —, HMHEMMERE Hamo. A FIRFENCBI
BHEE P amoZEH 7554, RIhP FEF=AT H Alcaligenes faecalis NREF ZHDNA+ amoZ: 7
5, 852K N1639 bplIDNAFF. ZBFHE 1A BEEITT K PISEAE(ORF), 4RA%KE N346 aal
ZREE . ZdBLASTEL ST T, ZFFINAMOEHR S, %EAFI S FEKA/INN36.7kDa, £
WHEEAERGKEER. it AMOMRBEER, F12MEHEKX . RASRIERIIHEAMO=%
LR, A EEREN98.6%. HEERAMOEE —~MEETEEIA. BLRERH, AMOBRNT
BREXBNEERIRERT 5 HHIN94.9 %, XRAEEKWRREF. ERBFARARAN T BRFHEEE
R RBRE IR S %

XiA
FIEW, FTRATE, KENE, =H5H0
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1. 518

BRRGYELEKEEERUERZ —. EBERE AN AR ETH B 5 KR E %2 —.
e R KA A B R o () — AN IR AY . AR GRS A R A B E SR R s i . AR T
H IR A E S AR KOS, X iR EA NI Z R 255 . B TR, AR IR 774
IR Z WAFAE T ANE IR b o e IR A [LVE FH — Mo 48 S R AR IR B R A N R & s & 4
N3 B WLEA S WEA N FR I, BT RGN RS IR S RO RS IR 2R (I F2 (2] 54548 B FR i A AE M AR L,
IR E Y BT A KR L IE N AE SRR . RIRAE R E e R BN CIN R K AL BE H AT 5
PNGINVAER D=

HA%T SR AT 7 2 S b TR AR 2 B % e . PEREMI[3] [4] [5] A K S 77l Ak R AR TE I B 38
HHRLF[6] [7] [8], X T 5 7Rl A A SRR M P BT S AR 352> o SR R A A S R v () SRR AT 2
AE(AMO). A ALEE(HAO) [9] [10] [11]1%%. AMO 535 mtbid FErh o — AN Sk, &% NH; &%
08 NH,OH FIYER, H 4 FE R AL R I T REARIC R R [12]. BT AMO NS & R3] [14], FH4)
AR R. Nk, HATET AMO Ealifh K =4E45 SRR b

ARSI = AR ATHATE A B il B 1 — vk B A R RS ThRE 4B Alcaligenes faecalis (35 7= HlF B4)
NR [15]. FEAATFTH, KA PCR HR AR AEYME B2 0710, X267 BAT B NR ] AMO HFEREFEALE 5T
PAB =R REAT b, AR T ff e a2 A AR 1 O B SR ik 2% .

2. M ERE
2.1 BIMRIES

ASHIF T HT AR TRy S0 5 73 B B S A T NR, NCBI 8 2 8 55y FJ151629. #4fififr T~ 4°C
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AR ISP HAT T NR 280 T K1 5 LB K525, T 30°C. 120 rpm 544 T B A s 77 J5 H T3 UL K]
41 DNA.
LB 575 BEREN 59/L, AN 10 g/L, NaCl5g/L.

2.2. PCR ¥ 1t

HU 1 mL BB ARG 2 2672 B8FF B8 NR #2386 Omega 4114 3 [K 2] DNA $2EURFI &, #2 IR
TR I R B [ 41 DNA, EJy PCR 38 BT FI i . SR DNAMAN 7 BAFARHE NCBI s e A R 211
Alcaligenes faecalis ZD02 & H A B A 751 (GenBank & 55y NZ-CP013119) it 5|4 Al (3 1),
45 Alcaligenes faecalis ZDO02 % 5 i A iy £ 5] /7 41 [m) 3711 573 43 79 44 500 bp J& BT 437 5115015140 A2
(# 1)o PCR XK 25uL 6%, KRR ELLUFEM . 35): 2 x Premix Ex Taq 12.5 pL, 1E. KM 54
# 1L (10 pmol/L), DNA #i#% 1 ul (40 ng/uL), RNase-free water 9.5 pL. PCR 4 #444F01F: 94°CHiAs
P£ 5 min, #EEAT 30 35 94°CAME30S, Bk 30 S (514 ALIB KR SE 52°C, A2 iBKIGFE 55C),
72°CHEAH 1 min, )5 72°C FANFELEMH 7 min. PCR F=4)°RFl 1.5%E5 flg il kAT e M A I, X 4554
W 261712 ) Omega Jig USRI IV, FF AT SERE T .

2.3. AMO EHEF54947

P32 2R P A58 R NCBI 7EZE X TH BLASTN #HATHX 04T, BB T TN
AMO KR BhE N HAREER A S, {8 NCBI 7E 28 i R 2HE (ORF) il T E. ORF finder Fiilji%
BF AT REGmAS ) AMO ZERT 4. Fifd AMO &R 7411z FE4 4 1 ProtParam 1 ProtScale %
LA B EUECREUKEAT T [16]. RATELE B T4 TMHMM-2.0 [171%F AMO % i [X i
A7 53 K T o

2.4. AMO SREHTHh

18 AR 26 28 A R = 4E 45 /) 7000 T B Phyre 2 [18]%F AMO () = 4k &5 ¥yt 47 20 M 70, 3%
3DligandSite [19]1k 55 #% XA Y 0] BEAFAE (M 45 AL s 34T T, 32 B PDBsum Generation 5 Fr 45 B AT
VPl o f5 A Chimera 1.11 WP BERLIEAT AT ARAL A4

3. HR5ITR
3.1. PCR &%

K Primer BLAST T DARICHE 22 o 57~ BT 1 25 (K1 20 DNA SRR, X554 AL fl A2 47—
MIB6AE, 255 ERPXS 5135 R — R =), BRE ST, XU 519 AL T A2 5 26705
FF B # B B 1R S, AT LA TS 42 PCR F14588 . #R1M PCR 45 EoR(E 1), 519 AL =4 A
2 %%, H B ERIK: M A2 519 BARF=Y) 5% —, Res iy, ER KL 1700 bp
LETUHEK: 500 bp (% 1). AT A2 P — HAFR M R4, o DLHERR 5| S FL I PT RE . 0057 1% B PCR
PR 1639 bp.

3.2. FFoIa#h

2% BLAST Lbxt, A 7¢ TS RI3E K 75128 amoA &K . ORF finder il 4 SR Bor (14 2), ZBIER P
FIA —IKE N 1041 bp (15 5EHE(304-1344 bp). XA FIHE S HLgmiY 346 NI RR, X IEHE R &)
IR RN Z R0, I FLPEAE 5780 3" %) 300 bp ik, Ft, A% e Frgm i i 2 — 4% 52 58
(A o b4k, EXPASY T EL TR ) 25 10 A B R 55 L iy 9.38, J& Tl 5 A . L4 =K/ 36.7 kDa,



Table 1. Primers for amo gene PCR amplification
= 1. a8 mamEEs 157

s EIE/EAS S1MFF(5 — 3Y) /NS
amo F619 TGGTCTTGTGCTGTATCGG

Al 557 bp
amo R1176 GTAGGCAAAGCCAAATGC
amo F040 GCAAGATGAATGTGCCTATG

A2 1203 bp
amo R1244 GCAATACCACCAGGACTGA

E: FRIERSIY, RARMASGIY.
M Al A2M

2000 bp
1500 bp

500 bp

Figure 1. PCR product agarose electrophoresis figure of amo gene
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Figure 2. ORF analysis results of amoA
E 2. S8 MEEERE ORF 4R

bb FL FRAH 1L B AmoA X 6-8 kDa [20], 5 M R3=Ai1L A Paracoccus denitrificans i P 43 &5 4fi{k #3 1] AmoA
4y F 8 K/NMHAZ (38 kDa) [13].

iZ ] EXPASY W3 fRI7E 2620 F T . ProtScale X Amo FEFISE G K EREAT 00T, 455 B iz B s it
12 e 51 i) B RS 7K 1M H # (hydropath) g 2.658, e/NR7K M H-0.8, E-F315E K PE(GRAVY, Grand average
of hydropathicity)y 0.972, &332 K PR BUE BOR BB 1% 8 g K Ml eE . Ib4h, TRINSS RERR,
AmoA IR A K2 ik (1 3). Bk, A RH/KEER.



T £ 5 BRI B TMHMM-2.0 F 2R (4 4(a)), AmoA & [ &5 IR AR 5 IR 2 i 1 %y 195.86 (>
18, ¥ KT 18 HZEASA RS IREN, SEAHETIK), Bl 60 MNEIERR I Eis %0y 34.98 (>
10, 4 KF 10 I N SGAEAESS S K) . BRI AT, AmoA ff) N 3 il BEfEAEAS S ik, HiZE A NEBHEN,
X5 Moir [13]5#1 Klotz Z5[20]4F8F Fo 45 R — 2. W& 4(b) iz H S IAAAE 12 DMESTBIRE X, Hiz
B N3 R C—ify 32 57 5L &/ 4 e Jd o — ol
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Figure 3. Curve: system result of standard experiment

3. HRERIE R G ER L
1.2
a) S -
Z08
o |
T 060
e | Il
o 04 ‘ ‘
7 RIS
o i
0 !‘. :! andll .['““fll LAl 1 ! " “[‘ IlllHH HH‘I \1“
50 100 150 200 250 300
transmembrane —— inside —— outside ——
b)N-terminaI C-terminal

/—Etracellular

Cytoplamic

Figure 4. Transmembrane analysis results of AmoA amino acid sequence. (a) Results of
TMHMM, the red shades were transmembrane ranges; (b) Results of Phyre 2, black was cell
membrane, yellow was transmembrane structure
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Figure 5. Tertiary structure prediction results of AmoA, (a) ribbon of AMO; (b) hydrophobic surface of AMO, red means hy-

drophobic, blue means hydrophilic
E 5. SEMEM=REMTNLER, (@) AMO ZREMEELE; (b)) AMO ZREEMFL/KFKE, LERKNGHK, &

FTIRFEK
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Figure 6. Ramachandran plot of Amo tertiary structure model
6. RERMNER=REMIERIRKE

3.3. AMO =444

1T PDB #ffs e i RILBIBLA ) AMO A7, R [FIJENE> 3006197 . DAL, {1 Phyre 2 5%
FIER 250 AMO 1) Z4ES5H AT T . BRI LA canTwA ISR A,  H AR P 51 SR T 41 (1 78 75 2%
85%, AT H IR AL B AE B 98.6%. £ A Chimera 1.11 B AFx Tl &5 R AT v AL ERAE, FTfgss 3
s 5 s il 5(a) s, AMO 4K 53 X3 o BRIEEE I, — MM S o BRIE DX I 2 1 1 X 3 21]



W 5(b) AR, ZE ARERI O NBK X384 B K X Ik, WK XIR), Reml 2y, X
5 T B S 5 K T K S R K MR M A & o 64, 3DLigandSite THIN4E B R on AMO B — /MR 145
AL, ARTTAIRIE N AMO EB I 2 Cu JRF45 50 M [14].

LR E TR W AR s 2 Ik m s b R RIS SR VIR %, — 36 Nt X4 )« IR
X (B T) BROK SRV X (R ) AN SR VR IX 3 (P B ) DU A X33 2B T i DX I R R BRI T o5 ELA9)
KT 90%, HALTA SRV X 35k i B JE R EL AR L 190 BT A A5 0 A e R [21] . 1 6 S AMO #5i7
BTt M4 B o W 6 Fia, BT R dp 3 40 68 X IR Bk S T 5 LUl 94.9%, 4 F 5.1% T falX
W, BAERIEN TR AR FE O X, XU TS AMO BIEIR R R I .

4, Z5ig

SKFH PCR AR BTN B 262 BT 4 NR J£ K12 DNA ' AMO £:[K 551, 43 3K % 4 1639 bp f] DNA
7%, 2 BLAST LUt AT R 7515 amoA 751, A8 4ufih AMO V&AL s 741 . ZBUFHIES 14N 5E
L FF I SLHE(ORF), 4ifid KB 346 aa M2 ikBE. & LLX o HriZE 58 AMO AT i%EAF
Bl 5y ¥ K/NA 36.7 kDa, S2Bs AL A (pl = 9.38) 2 Hi/K M & 1 (GRAVY = 0.972). It4k, AMO &
JEEEE, A 12 NMBEIX, C Al N s r T RS B — . e Eh i AMO =& fgtsisly, Al &
5N 98.6%, & H —NEBEETEEM . FIRERE, AMO BRI Ttk X I R B R TR I AT o5
LBl 94.9 %, iZARAIR R R UT.

E&WH
b R AR 4% %% (106112016CDJIX Y 210007) .
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