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i@ 1¢ SignalP 5.0. NetPhos 3.1. TMHMM-2.0. SOPMA #= SWISS-MODEL 4324457 ] NeN6AMT
05K BRERAAS &\ S5 IRLEM IR ZREE M o Z SR4E 4, 120 WOLF PSORT II 4K 0 NcN6AMT
4 I 4 R %A ARSE NOAMT RALBL A7 , 38 id TBtools #4575 A (Homo sapiens). 1> R(Mus musculus)-
#87% A(Nilaparvata lugens). R ¥ %38F K (Encephalitozoon cuniculi). W i ¥ 4%38F & (Encephalitozoon
intestinalis ATCC 50506). *f& s X %30T R (Encephalitozoon romaleae SJ-2008). £ Ti-F #70 &
(Spraguea lophii 42_110). K&#I0TF R(Nosema bombycis CQ1). F&4 % T 3 (Nitzschia inconspicua)#F=
7 BRI T i’\(Nosema ceranae)®) NOAMT BEAT & MR TR Fa 2347, ) F] MEME #k4F4= MEGA 11.0
BAR AT R 7 IO T KA AT NOAMT 095 F 25 MRSt 2, KA K RATER
4Bk XL (real-time fluorescence quantitative polymerase chain reaction, RT-qPCR)4] NcN6AMT /&
A BHEMIeT RIZE B RA|Efo b L EHE TR AR A S, [£R] 38T PCR #7381 X
#9500 bp 49 B 89 H B, AN AR R T HE L GenBank $435 MK A TN 5 7 —2; NcN6AMT & @
T E24H 187 kDa, 5 F XA CausHi3uN2a0040Ss, L F .5 A4 588, MRIER AL 119.76, T2
TR 3747, FHFAKELA 0.025, & 166 NEARBRF 15 MERAAL S, TE A 635 IR 45 M K
FofZ 5K, TR ZAL T @R, KAk, @Ietsfdiaft; NeN6AMT & 1 AT IS5 8 ) 25 A 3%
(methyltransferase small domain, MTS), Z£HMIRFHFAFET KEMILT Rfeflm K mIeF 5 8N
HedhAt 6 NOAMT; R 7 BHMIET R, R EMIOT R, Wi KAIeT RAfedfid o X T0T R 69
N6AMT F 3T 2] 5 A48 494 5 ; NeNGAMT 5 R &MI6T k. Mk K mieT k. &b X e
T RAeE SR 3 KAIOT R NOAMT /77 —B M AZ] 70.92%; A7 EHMIeT R REMIOT K9
N6AMT £ A Sttt LR A — &, K7 EHMILT KBS 1-4d, NeN6AMT 7 KA B At L E
TP A H ZINE EAE Tla Rl 4, (46 R LIEE] NeN6AMT AR &) CDS K, 9 5;%
T NcN6AMT & @ 69 F2 AL R Ao iy T 45 :i_ HBT AR BRI T R T RMIET k69 NOAMT &4
AA B ZHORTHE, NeNOAMT A7 BHMIOT RIZEERA| B iAo 10 Tk T4 5 — NGB
(-4 dpi) A S RZE B E EA-TF e R EAEX.
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Abstract: [Objective] Nosema ceranae exclusively infects adult honey bees and causes
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nosemosis, resulting in great losses for the beekeeping industry. Little is known about the N.
ceranae N6-adenine-specific methyltransferase gene NeN6AMT. This study cloned the coding
sequence (CDS) region of NcN6AMT, investigated the physicochemical properties and
molecular characteristics of NcN6AMT, and then determined the relative expression level of
NcN6AMT during the infection process of N. ceranae in Apis mellifera ligustica and Apis
cerana cerana workers. This study aim to enrich the information about NeN6AMT and lay a
foundation for exploring the function and epigenetic regulation mechanism of NcN6AMT
during the infection process of N. ceranae. [Methods] Protparam and ProtScale were used to
analyze the isoelectric point and hydrophilia of NcN6AMT. The signal peptide,
phosphorylation site, transmembrane domain, secondary structure, and tertiary structure of
NcN6AMT were predicted by SignalP 5.0, NetPhos 3.1, TMHMM-2.0, SOPMA, and
SWISS-MODEL, respectively. WoLF PSORT II was employed to predict the subcellular
localization of NcN6AMT. TBtools was employed to predict the domains in the amino acid
sequences of N6AMTs in Homo sapiens, Mus musculus, Nilaparvata lugens, Encephalitozoon
cuniculi, Encephalitozoon intestinalis ATCC 50506, Encephalitozoon Romaleae SJ-2008,
Spraguea lophii 42 110, Nosema bombycis CQ1, Nitzschia inconspicua, and N. ceranae.
MEME and MEGA 11.0 were employed to predict the conserved motifs and build the
phylogenetic tree of N6AMTs. Real-time fluorescence quantitative polymerase chain reaction
(RT-gPCR) was performed to determine the relative expression level of NeN6AMT during the
N. ceranae infection of A. m. ligustica and A. c. cerana workers. [Results] The target fragment
with a size of about 500 bp was amplified via PCR, and the cloning and sequencing results
showed that it was consistent with the predicted sequence in GenBank. The deduced
NcN6AMT protein was composed of 166 residues and had the molecular weight of 18.7 kDa,
the formula of Cg4sH 374N2140249S6, the theoretical isoelectric point of 5.88, the lipid solubility
coefficient of 119.76, the instability coefficient of 37.47, the average hydrophilic coefficient of
0.025, and 15 phosphorylation sites, with no typical transmembrane domain or signal peptide.
NcN6AMT was located in cytoplasm, mitochondria, nucleus, and vacuole membrane. It had
one structural domain MTS, which also existed in the N6AMTs of other eight species such as
N. bombycis CQ1 and E. cuniculi. Five same conserved motifs were predicted in the N6AMTs
of N. ceranae, E. cuniculi, E. intestinalis ATCC 50506, and E. romaleae SJ-2008. The
sequence identity of N6AMTs in N. ceranae, N. bombycis CQ1, E. cuniculi, E. intestinalis
ATCC 50506, and E. romaleae SJ-2008 was 70.92%. The N6AMTSs in N. ceranae and N.
bombycis CQl were grouped into one clade. The expression of NcN6AMT was first
up-regulated and then down-regulated within 1-4 days post inoculation (dpi) of N. ceranae in
A. m. ligustica and A. c. cerana workers. [Conclusion] The CDS region of NeN6AMT was
successfully cloned, and the physiochemical properties and molecular characteristics of
NcN6AMT protein were clarified. The N6AMT proteins in N. ceranae and N. bombycis were
highly conserved. During the first proliferation cycle (1-4 dpi) of N. ceranae in A. m. ligustica
and A. c. cerana workers, the expression of NeN6AMT exhibited a bell-shaped pattern.
Keywords: Microsporidia; Nosema ceranae; DNA methylation; N6-adenine-specific
methyltransferase; cloning; molecular characteristics; expression pattern
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AT R ) J2 ] N R M 2 7 el PR A 2 > T e ol

DNA I JEfp & th DNA 3k {0 5% 5 fily
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ShEY AR ZA77E . Dunn Z7ER
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6mA B . MR, AR S BRBUE iie
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N6 JREENE DNA HUILHERLRGRE, TERHEShY)
TEHHE S FAEY) 1 1 KBS EfmS 25 UIAOCHY
ARSI A2E NOAMT2 PE S fE EfmS
HARFEY), v EAZEMEF 1A (eukaryotic
elongation factor 1A, eEF1A)H it HH FL 4l 25 1
H3 (Lys79)& 4 H 34k, N6AMT2 5 Efm5 o] 1E
PRANRBAALAT— PRI cEF1AR,

ML T EHEY , LR 1 NOAMT B 5E k4 Hir
Jai o FHI, 2R 77 Bt T IR Y N6AMT #l DNA
F LA GEATI SR B, DNA AR S 75 K 4
S R 5 B W T A 5 TP B AR G R A
B NI, ABFIENA R AT R
NOAMT FEH (Fir 84N NeN6AMT)#EATva e, it
A5 BT RN NeN6AMT 28 1384k
AN TR, FRIE NeN6AMT 878 )7 B e h)
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TACFEL - H A 2 e R 4 R 2 I DA o) S R
{%ﬁ[24—25]0
1.2 NeN6AMT E[F CDS [X#) PCR #1450
Sanger |+

F|F SteadyPure Quick RNA Extraction Kit
7] & (Accurate Biology)#2 HU A4 1 % 4 o 4 1
WA R BB RNA FERBNR, i Evo
M-MLV [ #% 538 7] £ (Accurate Biology) & ik
cDNA %% 1 & . M HE GenBank % 4§ JE
(https://www.ncbi.nlm.nih.gov/gene) W& %
NcN6AMT F:H (GenBank ID: NW_020169305.1)
¥4, KM Primer Premier 6.0 #F¥itH4”
Ha %y 51 (coding sequence, CDS)IX [ | T Jif
5141 (NcN6AMT-F1, NeN6AMT-R1), ZFLA4: T
Y TRCEBRGAERAAGHRE 1), 21
S A SCHRR TE PO B PCR S AR R RN 4%
o 7% 1.8% SR BEEE e F Dk Ror D 5 7 B
JE G AR 53 A R 48 (g 35305 ) B AT L EE A
AR, i VO OC A PTIE kiEA T B Y R
Bryaifh 5 TA v, BUDRERE B4 TAEY
TARCETER) By A PR w254 T Sanger MY .
1.3 NeN6AMT ZE B HYIBU MRS FHF
o

i Expasy Mufi(http://www.expasy.org)f]
Protparam Fl ProtScale #4437 % NcN6AMT
I8 RURSEBKYE ST, ¥R ERIAS 8. 8
i SignalP 5.0 . NetPhos 3.1, TMHMM-2.0 .

*®1 AARERBSIER

SOPMA Hl SWISS-MODEL % i {4 43 1] i il
NecN6AMT HYfE ik . BEMRALALA . 25 IR A5
B, ZRA = L5 . N NCBI Protein %X
PaE PR AR A TR A IR
K HE\ (Nilaparvata lugens) . 4 ik 98 il F &
(Encephalitozoon cuniculi) . 17 s %8 1 +
(Encephalitozoon intestinalis ATCC 50506). Hf
i B R T B (Encephalitozoon romaleae
SJ-2008) . 3 Y S 3% 75 4% 761 1 (Spraguea lophii
42 110) . K & % f4 + B (Nosema bombycis
CQl) . [& A= 22 JE ¥ (Nitzschia inconspicua) HYJ
N6AMT 2 AL FP41, it TBtools HffHifY
Visualize Pfam Domain Pattern X [i& 10 /MR
NO6AMT #4745 1 $al 35000 #1538 o {5 ] WoLF
PSORT IT # A1 NeN6AMT (4 2
1.4 NcN6AMT ZE B HY R 7 E & Tl

2 MR AR B S PV GE o vk, iR AR
NcN6AMT Z J: M2 7 41, {fi [l MEME #k
(https://meme-suite.org/) T 7 5 % 14 fl 461+ H
LAY N6AMT MIPRSFEY, SHk &
s ANIE SR B Ty 10, S AR Seldn KR i
INGEIEBRFRFIEE 5350 50 aa F1 6 aa, HapxN
NS
1.5 NeN6AMT ERAMRGHAL T

i 37 DNAMAN #X{4:(Version 8.0.8.789)%f A
e /BB M TREL . RINAR R T iR
Tl - de | W I R A - R L SRR T AR

Table 1 Information about primers used in this study

Name Sequence (5'—3’) Purpose

NcN6AMT-F1 ATGAATTCTTTTGATTGG PCR

NcN6AMT-R1 TTATTTTTTTCCTTTTAA

NcN6AMT-F2 GGGTAGATGGATGTGCTATCAT qPCR

NcN6AMT-R2 TGAACTGTATATCCCTTTGCCT

actin-F ACAATGGTTCAGGTATCGTA Internal reference for gPCR
actin-R GTGCCTCATCTCCTACATAA

http://journals.im.ac.cn/actamicrocn
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I RS R AR SRR
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1.6 fATFHEFFHAERTE
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il 28 o INIPULAGERRE | A3V FLOR 32 AR Jr B ek
7 UYL (PCR % &5 o0 B ) ) 2 0 m h
g g T POk B 26 T IRV R B R, A
(34+0.5) °CHEFAH s WEERI ) 5 20 10, 10
1 B, YUHRALRE 2 h 5 Bk B IR 5 ul &%
10° 7R 7 B 1 S A1 50% (o i A
SBOFEREE W, FrERIEHRA T EN R &
(35 3k/&), ARG EiA—323E 2 mL
50% (T AR B0 BERHA R M IR 2 5 LS B
24 h W ikh— SRS, NAREA 2 mL FERRA R (CA
T, AR TFHEAE 1 day post inoculation
(dpi). 2 dpi. 3 dpi FI 4 dpi 7E# %A /ORI
Tied g, 3 Rt it A 1 9 RNA-Free
B, R BR S S B A-80 CCHEAK IR VKA
PRAFER . BRI T 3 WY ¥ EE .
17 REEZEERAFRERIRES
NeN6AMT EEH) RT-qPCR #&3

A RNA il #2575 & (Promega) 7371 $2 B
R 44D AR A R S A RNA .2 R Hifair®
V one-step RT-gDNA Digestion SuperMix 57| &
CR2E) UL, 38 5 S s AR BAH IV Y cDNA 5
M o K A Primer Premier 6.0 #{4-1% 31 NcN6AMT
B RT-PCR K #¢ 5% % & PCR (real-time

fluorescence  quantitative polymerase chain
reaction, RT-qPCR)JE K ik 51 ¥ (NeN6AMT-F2

I NeN6AMT-R2) ., LA AJ7 3 W56 7~ U actin
H:[H (GenBank ID: NW_020169300)/F A N2 .
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i 32k RT-qPCR A6 I AR 5 8 e fol - Mo A2 e 7 e
B P T TR TR NeNGAMT (AR AR,
SN FE Gentier 96R 4= H 3) PCR 73 H7 R4 (K &
A BR 2 /) iE4T . AR R A . Hieff®
gPCR SYBR Green Master Mix (32%) 10 uL., I+
U5 195(2.5 umol/L) 1 pL, cDNA ## 1 pL,
DEPC 7K 7 pL.qPCR )% 24 :95 °C 3 min; 95 °C
155, 58°C30s, 72°C20s, 42 NMEH; Kifit
MR T A RGN E . LA 1 dpi AXT, 2R
FH 272253458 NeN6AMT A 2 dpi 3 dpi #114 dpi
H AR X ik & . A GraphPad Prism 8 {41t
T8 53 HT e 22 ] . SR SPSS statistics #E4 7 AH
XF ik i B B R 7 25 43 B (analysis of
variance, ANOVA), Ll P<0.05 & g & R{E .
Hat Tukey #3075 T B 0 2R 1075 PR L4
3 M S B B

2 ZERE54

2.1 NcN6AMT EE CDS XH o F &

AR EEE IS B vk &5 R R, il PCR BEY”
1 AFA T RN 500 b)Y H B BL(E 1),
Sanger M7 45K B 7s H R BX 5 GenBank %i#ia
JBE W 5 1) NeN6AMT 1 CDS X ¥ 51 — 5
(NMDCX0000161) o LA |- 2% 5 15 BH B8 2 e B 1
NcN6AMT 1) CDS X,

&

bp 0\;‘» «F\
1 000
750
500 501 bp

1 NeN6AMT ¥ 38 P-4 B3R BE #E 52 B2 L ik
Figure 1  Agarose gel electrophoresis for the
amplifid product from NeN6AMT.
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2.2 NeN6AMT BB MRS »FHFit
NcN6AMT &4 501 MEIFRR, sy
NeN6AMT 7 166 12 2R . NeN6AMT (147
N CaasHi374N2140240S60 77T HZIN 18.7 kDa,
NEVE ZECN 11976, PRI A 588,
NeN6AMT 475 21 M L far Z BERR AN 20 S IEFL ey
RETR, SRR NEASR N e IR, SR
TR E IR R 2 R A 2 R (NMDCX.0000160)
NeN6AMT [HF-EI5E K RECH 0.025, HiKaHE
PR BT LR K A B R 2 (K 2A), UilliZE ]
FENEFKIEEH . NeN6AMT 7 8 22 Z TRISIR
OB, 5 A EEAMRBERRILALS A 2 AR AR

AN S5.(F 2B)., 4, NeN6AMT A& HiL Al iy
PR ZE ARG 2 K, iz E AT ey AR RS

JEEE AN 2 (BT 2C. 2D).
NcN6AMT &4 68 1~(40.96%) o-12JiE, 40 4>
(24.10%)IEKA4E, 14 1~(8.43%) B-%fh, 44 1>

=

Score

- TR P R T e
hohouho oo iln

Phosphorylation potential @

20 40 60 80 100120 140 160
Sequence position

o

o o
T

Probability
oo o o
o B oo

Probability

a0 40 60 80 100 120 140 160
Transmembrane — Inside Qutside

Sequence position

2 NcN6AMT B9 Fi5 4

(26.51%)JCHLIN (K] 3A); &4 1 R
fitg /)N 4% #4) 35, (methyltransferase small domain,
MTS)Z5H 8, AL T4 4-92 B FERZI]; &K
AT SR R I L B R AT
HORERE RN R AR, A AR EBmR
. EPEEERAARR N6AMT %A 1 4>
MTS 45#938 (& 3B); U 3C Fis, NcN6AMT
B = SRR 3987.1.B, 3 [ 4 [w] I
PR 49.69%. AN, NeN6AMT [H] A & T4
L BT (47.80%) . £k i K (30.40%) . 4fl B A%
(17.40%) F 115 (4.30%)
2.3 NcN6AMT EBRRTEF I
T NeN6AMT HUEEH] 5 AMESFRSY, 4
lJﬂ\j motif 1. motif 2. motif 3. motif 5 F motif
FoiHh, TE RN R AT B G R A
51\ WG G 2% T AR 7 L) N6AMT 25 H e 1

WE] Fik 5 AR (8] 4),
Serine
1t Threonine
Tyrosine
Threshold
0
0 20 40 60 80 100 120 140 160

Sequence position

SP (Sec/SPI)
CS
Other

20 40 60

Protein sequence

Figure 2 Molecular characteristics of NcN6AMT. A: Hydrophilia. B: Phosphorylation site. C: Transmembrane

domain. D: Signal peptide.

http://journals.im.ac.cn/actamicrocn



3286 SUN Minghui et al. | Acta Microbiologica Sinica, 2023, 63(8)

A T T T T
e e e e e
20 40 60 80 100 120 140
B Sequence location
Species GenBank ID
Nosema ceranae NW 020169305.1 -mm— = MTS
Nosema bombycis CO1 EOB14114.1 - Methyltranst 25
Encephalitozoon cuniculi AGE95755.1 - = Methyltranst 31
Encephalitozoon intestinalis ATCC 50506 NC_014420.1 - = Methyltransf 11
Encephalitozoon romaleae SJ-2008 NC_024901.1 - = Cons_hypoth95
Spraguea lophii 42_110 EPR78498.1 —a = UPF0020
Nilaparvate lugens NC 052504.1 — EE— = N6-adenineMlase
Homo sapiens NC000021.9 —
Mus musculus NC000082.7 —
Nitzschia inconspicua KAG7363193.1 — .
Nitzschia inconspicua KAG7368995.1 e a2
5" 3¢
c 0 100 200 300 400 500 600
3 NcN6AMT K —REEHI(A). LEHIIH(B)FI =R E5H(C)
Figure 3 Secondary structure (A), structural domain (B) and tertiary structure (C) of NcN6AMT.
Species GenBank ID P value Location
Nosema ceranae NW_020169305.1 8.51e—91 [N N (RSN NN
Nosema bombycis CO1 EOB14114.1 434e-68
Encephalitozoon cuniculi AGE95755.1 1.88¢-121 B ] —
Encephalitozoon intestinalis ATCC 50506 NC_014420.1 2.35e-130 1 | —
Encephalitozoon romaleae S1-2008 NC_024901.1 4.09e-123 1 I T
Spraguea lophii 42_110 EPR78498.1 3.17e-66 A (1 —
Nilaparvata lugens NC_052504.1 6.58¢-86 [] M) —
Homo sapiens NC_000021.9 729e-140 T I O 7 AN
Mus musculus NC_000082.7 7.24e-144 ] NN 0 [ NN
Nitzschia inconspicua KAG7368995.1 3.76e—8 || .

Motif |  —

Motif2 £ DLLDPILQGKVDIVVENPPYV

Motif 3 [ MDVYEPAEDTFTLLDALEAE

Motif 4 IE—

Motif 5 T DSDDPIIGGGRLGREVIDRFV

Motif6 E=m DLGTSTGHTEQLEKKNTVVSSDLNIKAL
Motif 7 I SVPTPLYGHVGRGAF

Motif 8 [J ZNHRGGNLVRA

4

PVGLFYLLVIEENRPEEVLKLLEEKGYKTKILKSRKILGETIYIIKGEK

CLEVGAGSGVVSAFLASMIGPRALYMCTDINPEAAACTLETARCNRVHVQ

A EEMATHRMEM 9 MIFE NG AMT EE S HHNRTERF

Figure 4 Conserved motifs in NcN6AMT proteins in Nosme ceranae and other nine species.
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2.4 N6AMT EHWRZHL TR
NcN6AMT 5 Fik 9 M Fh ) N6AMT ()4

FEPR 8 — B AT 16.91%-70.92%, FE7EH
g 2 5% (NMDCX0000162) ; NcN6AMT 5 F 4
(A e SN 770 3 1 A = SN <0 [ X 1 € A
L W R G SR T B A — O
(70.92%), Hix, 5AFEF/NRM NOAMT 2
R 75— 3l 66.04% (NMDCX0000162), %
G T A R R, R R AT
YR AVAL T HUFI W0 g R TFEL - HRU) NGAMT 2R

R, ARy MR BRI SR A e A ALY
N6AMT R H—3, LB i (Bl 5),
2.5 NeN6AMT BEEAEFRFZEEMBFH
REEEMPET EIIZNFIAE
RT-qPCR 455 /R R A7 28 e A+ e
&, T 1 dpi, AT HIN NeN6AMT 1Y
FIRHAE 2 dpi B FIH(P<0.5), 7E3 dpi M,
TE 4 dpi R, BRI FTh- TR
(B 6A); s TN NeN6AMT )Rk mAE
2 dpi 2 FE(P<0.5), 7E3dpi T, 7F 4dpi R

Mus musculus (NC_000082.7)

100
100 —|: Homo sapiens (NC_000021.9)

54 L Nilaparvata lugens (NC_052504.1)

42 100

96

83

Nitzschia inconspicua (KAG7368995.1)

Nitzschia inconspicua (KAG7363193.1)

Spraguea lophii 42 110 (EPR78498.1)

Encephalitozoon intestinalis ATCC 50506 (NC_014420.1)

{ Encephalitozoon romaleae SJ-2008 (NC_024901.1)
Encephalitozoon cuniculi (AGE95755.1)

Nosema bombycis CQ1 (EOB14114.1)

L Nosema ceranae (NW 020169305.1)

5 BEEMWEET NAMT RERFIIN R ERMBTRSEM 9 MIFE R G L

Figure 5 Phelogenetic tree of Nosme ceranae and other nine species based on amino acid sequence N6AMT
by neighbor-joining method. N. ceranae NW_020169305.1 was showed in red font. The sequence numbers in
brackets represent the GenBank accession numbers of NO6AMT proteins in every species. The values at the
nodes indicate bootstrap test confidence values (1 000 replicas).

4 4

b

Relative expression level
(3]
T

Relative expression level
(3]
T

0 1 1

0 1 1 1
ldpi 2dpi 3dpi 4 dpi

ldpi 2dpi 3dpi 4dpi

6 FHEEMAFREREEA)MPE®B)TEIED NeN6AMT HIFRIETE

Figure 6 Expression patterns of NeN6AMT during the Nosme ceranae infection of Apis mellifera ligustica (A)
and Apis cerana cerana (B) workers. Data are presented as mean+SE. The same lowercase letters above the
curve indicate non-significant difference (P>0.05), while the different lowercase letters above the curve indicate
significant difference (P<0.05) (Tukey test).
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FHTIHP<0.05), SR N EFH-TFERFRE
P 6B),

3 WwE5&#

IR, N6OAMTI 7EAZE . /MBS E 5
L S AF ST UESE NGAMT X 0 1] frb 3 4 i 4
K. BRI L EZXEEPST ) Ashapkin
LB A I R I (Arabidopsis) N6AMT 5875
PRI AR Rl A EE R . ZEMFL3IIH, N6AMTI
BN N IE AT No-IRIEN DNA I EREEL il [R]
WY, NOAMTL1 Al ARy = B FLIR TR 7 2
YA Je BN 12 5T 6mA AYIEE,
AT 5 W 98 200 A iR 2 4 B2 R X L
N6AMT Y T fifid 43 AR, AR5 i+
I NOAMT #F5E = AT AR WARGE o ASBESE 1 R
NeN6AMT FERBEAT 73T A W) "2t 5T, PCR %E5E
(&l 1)F1 Sanger /745 R NeN6AMT #2757
AR T H A rp LSRR IR, SR AT
JEADCHT SR B 1 5L g0k s . A1 Do bl
FAE/R, NeN6AMT HH T 166 MK, 701
E2)°0 18.7kDa, 433N CyasHi374N2140240S6,
S G 5.88, RN R B 119.76, VXK
IKZRFUE 0.025; A 15 MEERILAL S, A5
FES 8RR S AT 5 K, B AT [W) B o 2 L o . eokr
. AR AR AR, BBl NeN6AMT Wl fig/2
gKYEE A AR RE AN ER . LRGSR
FW T NeN6AMT (15 8., hik— L TT R IIRERT
R TSHFR

Sergiev ZEPYE KA I (Escherichia coli)h
YE R 4 M- (N2)-H L R i, it X
SRR A 43 B S IR AL R A AR A /N B R
M D (ribosome small subunit methyltransferase
D, RsmD)H HANZ 22 2 r & 455, RIFAH
&AL ¥ % W 45 449 I (methyltransferase domain,
MT)F . Weitzmann 5552 4li4k H R AT R 2 Fh
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16S tRNA FESpEHSFRME, 73510 m* G966
(m*G MT)F1 m5C967 (m5C MT), F Ak Xt
T/ MA A H SRR A 45 F 7228 A R Uk A
W5 KB NeNOAMT M5 4-92 v 2 SR 2 W] %
P LT B T /)N 45 74 38 (methyltransferase  small
domain, MTS), I/~ NcN6AMT H A 5 HA 4y
N6AMT KA TfE. LA, 7E Nosema
Ja& R SR A At 1 R AR R L L ki A Ak
F6L o H R AR A L SEUN R T AR A
DA R ANZE L /INERRIAE R NGAMT H -t 1] 5]
MTS S5k, Ui MTS |2 746 T 1 A
LS N6AMT, iR ARFEPF N6eAMT
HLA 5 i PRSI

AWFFELE NeN6AMT il 5 AT
JP, 3X 5 ANORSE Y [RIAEAE R T S ii A A1
L G 4 BT R e A % TR LAY
N6AMT, #H—HEH N6AMT 7E it Nosema
JE& Y 4 e R rb s BEOR ST, AT RE & FEAH A Bl
MR LNRE . AL, motif 6 fE7ET 457 B i
A =2 Y g e SO 70 72 3 € A e S L (B
U i 28 TR L N6AMT, (HARFETE TR &M
I RN SE U B TR A% AR AL, AR N6AMT 7EAR
[7] A BAE - HLAT — i Il s e S (A —
HRIE . HEM motif 6 Xt F 4 )y B e fd 1 e
B € i SN 7] B o G DAl e S L PR
17 HUH NOAMT IhRE A R EfEA

ARG KB, IR 7 WA R S A LA
F-H L R R AT PR T | R
Wi & 1 7 B N6AMT & 3 iR ¥ 41
(NMDCX0000162)—PEik#] 70.92%, KW
W 4 PP U NOAMT J5 5185 ARST I Ah
TEFE AR Hh 2R 5 B e A 1 o 5 K A Al 1 e
1) N6AMT R H—3Z (Kl 5), K Nosema J& )
X 2 P T B NGAMT 18 #E AL 7 v BAT #5¢
ERSEIE s AR B R ARV
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N6AMT J7 51— PEIE 5 66.04% , Ui I A 7 4 1
il F R SIS NGAMT 2 Ja)t HAT —
ERRSTYE, KR NeN6AMT SIHFLsh ¥ m
N6AMT HARMMThEE. BT, AJHAVNRE
W FL B NGAMT B 5T BB IR AP, R
e AT A S AH eI HE— PR NeN6AMT (13
REMFE -

IR B Tl g - H R S AR R A e v
W b R A, A R A 7R B A T T A
J SE AR T SE AN A4 ST RRE R T
5% 22 B 7R 7 6 e Al 70 - HRUFE Yy 36 0 T e v
fa S RS R 20 4 dP¥LL ARBEGE T, R
FIE AT RS — A A A (1-4 dp) N, A
3F 1 dpi, NeN6AMT TE 7536 T W iz N R Bk
FF-TRERMSIASRBEEE 6A), FEH I T
Wl YA B 2L - BRI sh A Rk
B, U NeN6AMT v Rgil o 17 DNA H
B2 5 R 78 R R R e R
NcN6AMT TEAR 5 B A+ LR Yo AR R 2 0 1
F B R AR R S P RE . BT, ARSE
0 5 O N7 AR B M A - (R Y R e R e
(B B RNAT H AR R ZRP, R —25 1 TAEE A4
JEIE M dsRNA B siRNA %} NeN6AMT #47
RNAi, JFMIRTE NeN6AMT 145 % WA 1
A Yt B D RE R 5 1 F R A AL
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