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RAEMMMBFR LCFAL 2 EE/M
SFHUERRFZHLS

TR, A A, xAAFE, AR, BRA, KREH
$WAR', AR, ;W &, REH

(1. HEERMK BRIl (2B, 48 350002; 2. fRERAMKREEIFRFST A, #HM 350002)

WE. AR SRR T E ST R Nosema ceranae W EE IR IR FEEE A #3288 (long chain fatty acid COA
ligase) FEMK LCFAL 2 W53 TH0E, S0 2R J5 B St SN A A AN 1Y LCFAL 2 48 1 A ORSF R RN ES Sl F3#E 4T
ARG, DINER RS BT 8 LCFAL 2 {58, WIRAFFRAE D ReAF S #2 L REAl, 31T Expasy M
3l L ARSI A TN AN 434 LCFAL 2 (BRI R RT . SR E . (55K, SEmRfuiis . RS =R esty, fif
I MEME 347000 4R 77 28 W At 7 ORI A A LCFAL 2 8 AR SFIET . R TBtools BF TN AR 7 28 M4 1 1t
T A AR LCFAL 2 RYZ5HIER, il Mega 11. 0 BV E A7 SR T URTHAB Y R 19 LCFAL 2 /) REEHE
e, 25 R KW, Ry EBEMM TR LCFAL 2 & 1 836 METTIE, W 4% 611 &M, »FxXh
Cipas Hioss Neis O00a Sps s 2T T EZIN 69.39 kDa, NSIEZREN 96.82, %50 8.79, FIFEKRE N -0.161; AF
25 EE e LR E 5K 0 27 DN E RN A, 14 DN EERFRTR LA S & 23 D AR b s ; A&
240 4~ o-88TE, 124 ANIERAE, 48 A B-FE A S 199 A TCHUNAS M AT [FIA @ A FAMAZ . AR mZekifk; 54h,
LCFAL 2 S HARAR Smst. 1. A Z WA RITELE R 21. 44% , AR5 3 RTS8 6+ R Nosema apis 55 9 A~ F
(1 LCFAL 2 s34 6 AR AR SFRESF . 2R 05 % e it 1 | 48 F6JB U T 1. Tubulinosema ratisbonensis . % %
IR B Enterospora canceri, ¥ E\ Spraguea lophii . SEFRMANMLHL Enterocytozoon bieneusi, R 77 #5#1
FH Hamiltosporidium tvaerminnensis FIRE 4% 8 B8 . Brachionus plicatilis 1) LCFAL 2 ¥4 AFD_class_1 superfamily
SEMBR, AR5 AT I LCFAL 2 (XP_024331795. 1) 5471 LCFAL 2 (EQB61677.1) Rly—37, B
PRRE B Bl . WSS 4 SR I T 45 5 B 7 . LCFAL 2 f4% T4, JF/R LCFAL 2 AR R KR . Ik
HEMAERS AR N, RJr s T SR T I LCFAL 2 Z A R4 C R IRE, LCFAL 2 7E7R Ji # 14l
16 BRI A A6 P B S ARSI
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TSR R EEA - JU LCFAL 2 JEY 73 etk X RGeS bt
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Science ) , Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. Apitherapy Research
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Abstract; This study aims to decipher the molecular characteristics of long chain fatty acid COA ligase
2 gene LCFAL 2 in Nosema ceranae, identify conserved motifs and structural domains and conduct
phylogenetic analysis of LCFAL 2 proteins in N. ceranae and other species, thus enriching information
about N. ceranae LCFAL 2 gene and providing a foundation for related functional study. Physical and
chemical property, transmembrane domain, signal peptide, phosphorylation site, secondary and tertiary
structures were predicted and analyzed using relevant software on Expasy website. MEME software was
emplyed to identify conserved motifs within LCFAL 2 in N. ceranae and other species. Conserved domains
within LCFAL 2 were predicted with TBtools software. Mega 11. 0 software was utilized to construct the
phylogenetic tree with neighbor-joining method based on LCFAL 2 proteins in N. ceranae and other
species. The results demonstrated that N. ceranae LCFAL 2 contained 1 836 nucleotides, which can
encode 611 amino acids, the molecular formula was Cs;45H 955 Ng13 0904555 , the molecular weight was about
69. 39 kDa, the lipid solubility coefficient was 96. 82, the isoelectric point was 8.79, and the average
hydrophilic coefficient was — 0. 161; LCFAL 2 contained no transmembrane domain and signal peptide;
LCFAL 2 included 27 serine phosphorylation sites, 14 tyrosine phosphorylation sites and 23 threonine
phosphorylation sites; LCFAL 2 included 240 a-helix, 124 extension, 48 B-turn and 199 random coil ; the
homology between LCFAL 2 and its target Smst. 1. A was 21.44% ; additionally, LCFAL 2 were
simultaneously localized in nucleus, cytoplasm and mitochondria. Six same conserved motifs were included
in LCFAL 2 proteins in nine species such as N. ceranae and N. apis. Also, AFD_class_I superfamily
structural domain were identified in LCFAL 2 in N. ceranae, Tubulinosema ratishonensis, N. apis,
Encephalitozoon cuniculi, Spraguea lophit, Enterocytozoon bieneusi, Hamiltosporidium tvaerminnensis and
Brachionus plicatilis. LCFAL 2 (XP_ 024331795.1) in N. ceranae and LCFAL 2 (EQB61677.1) were
clustered into one clade, and their evolutionary distance was the closest. These findings clarify the
molecular characteristics of N. ceranae LCFAL 2, and uncover that LCFAL 2 may be hydrophilic protein,
intracellular protein and non-transmembrane protein, the genetic relationship between N. ceranae LCFAL 2

and V. apis LCFAL 2 is the closet, and LCFAL 2 is highly conserved in N.

microsporidia.

ceranae and other

Key words: Nosema ceranae; long chain fatty acid COA ligase ( LCFAL 2); molecular characteristics;

conservative; phyletic evolution
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BRF & W% Apis mellifera ligustica ( i A=y
W), B R TE 7 % Apis mellifera EF,
HA DU R M & RE T, TEFREEA Tz
A (K, 2009) , 787 BT B Nosema
ceranae FF5EPEAR e IUAFE S W 1 h i bR AR, T
SRS 32 09 40 R JE TR SR A R, AL RS
0L, eIz MM A R, B O H
PRV A PR KR (Burnham, 2019) , H
B, AR D7 e A 1 )y R e e B 1 A
WERE (CRBIRIBR KA, 2009) , BRI 78 Wil
TS EZRNA (Pelin et al. , 2015) LK
SRS E AT, L He D ERAE R IR 2R 1y Bk 2k &

FOMOCEE I T Re bt 5 B e

NEWiFR 4B A BB (fatty acid CoA ligase,
FAL) L FR A5 Mt Hi B A & WA ( acyl-CoA
Synthetase, ACS) TEEZMM T ZFTE, 1L
KAEERR TR A R SE A A, TERR LW & 0
RETE G 0 S ik B 3% 3k ) 4% 45 Oy T GBS B AR
(Dong et al. , 2012) , Sung (2007) ZEHF5¢ % M
NEWimR G A LGS A 5] Triacsin C 403
J&, MM AR SZ B, ELAH M T W
Tenagy (2019) % K& BAEHEFEE P INA Triacsin C
J&, 3 PSR T Malassezia spp. F A< A2 B4
FLX A 5 Triacsin C S 57 #4805 &, SR1M,
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R B WA T Y LCFAL WF 58 Y8 A A1 9Kk Bl 2k
G RBEZ

RO ST, 283 AT B A2 T 7R O 2 8 4
F HUR YL B R A 2 b T i 3 #2 P nee-miR-15338
FILHEIE R LCFAL 2 e R ikE, KM _HIE
FRELF BRI RIN . CRERREIE) . APFFEXTAR
D7 8 W T 7 I TR B LCFAL 2 SER 7k
YUE, PRI LCFAL 2 2 A B 2> T, Jf Xt
IR 7 S A HURN LA Fh A LCFAL 2 47 &R
Geie A AT, DU AR 7 s it 1 B LCFAL 2
FIFEARTE B, I AIEATFRE LCFAL 2 WD REMF 5T
PRALARAE

1 RS

1.1 LCFAL 2 EEMEMERESN

AR 40 T 1 ) AR D7 B e A 1 B LCFAL 2
%, F]FH NCBI M ¥5 I (https: //www. nchi.
nlm. nih. gov/) AY ORF T.HX} LCFAL 2 1t 4 FL iR
P4 oE AT W, il i Expasy W™ 3 (https: //
W
ProtScale Fl SWISS-model &5 {4453 #7 LCFAL 2 () ##
etk i, EKPER = g5y, R A SignalP 4. 1
Server, NetPhos 3.1 Server, TMHMM £l SOPMA £¢
BAFRINAS S K, BERRALAL A B g A 1l & —
gk Ay, o PSORT I #K 14 ( Sedaghat-Nejad
et al. , 2021) PEATIVZMAEE A7 0
1.2 LCFAL 2 ZEHERTEF ME N

f#i il MEME % ( Bailey and Elkan, 1994) i
M 25 T 8 W T4 T B Nosema ceranae . % W11
M Nosema apis. 75 J5 7% #1 T W Hamiltosporidium
twaerminnensis . [ M 4 L T & Encephalitozoon
intestinalis . % i R 18 7 & Encephalitozoon
cuniculi . FLEEIZ AR Enterospora cancert | A7
M Enterocytozoon  bieneusi . R Fr @l Spraguea
lophii . &0 )& A F M Tubulinosema ratisbonensis .
AR B 4 B Brachionus plicatilis, LCFAL 2 SRS
SPHEY, SRR S5 SR /N R Sk HOh
6 aa, ZEMIkIR KEFEIRIEILHCN 50 aa, A[FIZE
IR EoE o 5, KRS BN E, @i
NCBI Conserved Domains Search ( https: //www.
ncbi. nlm. nih. gov/cdd) X LCFAL 2 & H i) 45 ¥4
B, F# ] TBrools #XAF #4738 .

Wwww. espasy. org/resources ) Protparam |

1.3 LCFAL 2 EEWMRGEHL ST

K Blast T HORE 2R 75 6 #8461 7~ U LCFAL 2
FH R ¥ H) L X 3] GeneBank 1 415 /& (https: //
www. ncbi. nlm. nih. gov/genbank/) DA & ¥ 51| #H
IS B AR A Y LCFAL 2, 38 i3 Mega 11.0
B (Tamura et al. , 2021) XA J7 & WA T 1B
AR H AL AR LCFAL 2 4 8 Ra kb, ik
FERAS L,

2 GRE5HMH

2.1 LCFAL2 ZAMSFHH

LCFAL 2 JL 54 1 836 AT R, W b
611 > & 3 R ( MEKRTNKNKFGEISHTNFLENIEC
LONGSKTLLEVFSSTCQKYENKNFLGTIKDNKLIWQT
FSEINIKIQKLSTFLNSILQENAIFGIFSVNRYEWIVSE
LAGYMSNCINCPLYSTFGPDAVNLIINETEMTVCCVS
GDKAESLLDILLSSKKHFLKDIIIFDDDFNRENEFLDL
EINVHYISQIFLETEINLRSNKLDLNSLATICYTSGTSG
IPKGVQITHKNFIANISAFFRGQTKNEMYRVSDSEVY
LSYLPLAHIMERIVVHVITSVGGSIGFYRGNPKKIESD
YLIVRPTFIIAVPRVLNIFKQKIEEGVAERGKLSKFIFN
TALKIKMWLQCRGSVKCWPLDSLIFNKISNKFGGRIK
ACLCGSAALSHNVLTFLKATMSMRIFQGYGQTETTG
ATTLCPLDGDNFDNVGIPYPSCKIKLSPVDGHDKYSG
ELLVKGDNVTKGYFKRPELNAELFTEDNWLKTGDIA
RFYNGVFKIIGRTKDRFKTGHGEYIEPEKIETLLTGGL
IQDIITTLKGYDKLLALVVCEKEGIQEKEVLDYLIKK
GNKLVDDKKMNRYEIPSHIILLKKGFDTFDGGKLLSP
TAKKIRVKIEKFFYEDIKRALSKK) ., LCFAL 2 4%
W Caias Hagns Nyi Oy So3 2N 69.39 kDa ’
NRIEZRECH 96. 82, LS 8.79, LCFAL 2 i
it e ey AR ARG 1) 2SR R 43 301 Ol S 5 A T R 0 2 TR
(F1); BE AT MEIER, L RELER
MBS E R B 30 141 4, 82 AN IEHL AT ZIEMR,
HrE 2 B A =R o A 21 A6l A (£ 1),

LCFAL 2 [ -3 35K R B - 0. 161, FEKE
B m K AR Z (K 1-A), UHIHATRE
JSEIKVERE 1, 1E LCFAL 2 PP S f7 15 145 [ 02 i J
(Bl 1-B), LCFAL 2 AFEAEMAI(E SRk, i
HATREMMNEH (B 1-C), %4, LCFAL 2 &
A 64 NBERR AL, ALHE 27 22 F IR B A7
M 14 D ERETRBEIRACAL 5 M 23 DI R s R 1k
fiisi (EI1-D),
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#1 LCFAL2 ZEEHMEEBAM
Table 1 Amino acid composition of LCFAL 2 protein

2w B WA (%) IR B WA (% )

Amino acids Number Frequency Amino acids Number Frequency
WEMR Ala 21 3.40 SEATR Leu 61 10. 00
R Arg 21 3.40 AR Lys 61 10. 00
FABEME Asn 39 6. 40 ERM Met 9 1.50
RAHR Asp 30 4.90 FNER Phe 36 5.90
AR Cys 14 2.30 &R Pro 16 2.60
HREBENE Gln 14 2.30 225 B2 Ser 40 6. 50
KA Gl 41 6.70 TR R Thr 36 5.90
HE Gly 43 7.00 AR Trp 5 0. 80
1% His 10 1.60 &SR Tyr 21 3. 40
FEEEMR e 63 10. 30 HAM Val 30 4.90

LCFAL 2 & A 240 1~ (39.28%) o-12jiE,
124 4> (20.29% ) WERKAHE, 48 1> (7.86% ) B-%%
f1, 199 4~ (32.57%) TR E M (K 2-A),
LCFAL 2 =45 Wi 24 Smst. 1. A, LCFAL 2

1

5 S5mst. 1. A Z A B[R PN 21.44% (K 2-B)
WA, N LCFAL 2 [a] i 5@ o7 T 40 i i . 2ok ik
A4 M A%, &5 H 0k 52.20% . 21.70%

1 17.40%

LCFAL 2 M6K/BKTE (A) | BSIEIRGERR (B) | fF9 0k (C) MBERRALALA (D)

Fig.1 Hydrophylia 2 (A), transmembrane domain (B), signal peptide (C) and phosphorylation site (D) of LCFAL 2
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El2 LCFAL2 MZZR&5H (A) FI=Z45H (B)
Fig.2 Secondary structure (A) and tertiary structure (B) of LCFAL 2

2.2 LCFAL2 ERHRTEFEEMES T

TEAR J5 % B T A+ U %) LCFAL 2 v %558 |
6 MESEEF . motif 1, motif 2, motif 3, motif 4,
motif 5 Fl motif 6; ZEMPIHL, EEBEMMB TR, KR
IR (TBU15843. 1) . I il 48 o #6  ot |
Gl R AL . B A TR B ERIC i A i
MRy B, A5 TR R T RS AR R e Y
LCFAL2 EH PR EET ik 6 MRSFEF
(E3), Uil LCFAL 2 78 45 5 28 W At 7 d
oA~ ¥ Fh b RE GRS, R R F R
(TBU20354. 1) HAEIRSFEIT 6, MAh, R
T R SO R (U 1 R e SN A <7 22
EERAE, W, g h . KR
T REAE R ) LCFAL 2 %4 AFD_class_I
superfamily Z5F58; TESRMG R WA 2L W il R 7%
7 HAY LCFAL 2 & FAAL S5#4s
2.3 LCFAL2 EBHRGH LS

HWRERL BN, REEBEMBEFRSAH 1A
LCFAL 2, #Wefit+m | kR i1 h | B
WA . i By e mL A 96 T R
AR BB EA 1 4 LCFAL 2, MiZh R+
HORI G 2 fdbl 7 A& 2 4~ LCFAL 2 (£ 2),
REHA IR BIR, RrEEMMATF R, %
WA T L I AR AR L R R A
8 Jl7y 60 B 0 52 TRl 20 M LY LCFAL 2 R — A
R, MR TT AR5 HL MRy BRI R v o6 5
B LCFAL 2 AT — DRI (K 4); KRITHEE
W1 LCFAL 2 (XP_024331795.1) S
fil 71 LCFAL 2 (EQB61677.1) B A—3%, itk

R ERIE (K4), DLESSRUHIZR DT B g1
HU5 8 W A F HURY LCFAL 2 SR 4 ¢ R IR,
LCFAL 2 TEA [l R 7~ Horh BAT 8 O PR T

R2 FAHEEMMFHRSHMI MIFE LCFAL 2 #i
Table 2 Overview of LCFAL 2 proteins from

Nosema ceranae and other ten species

NCBI 5315

Yrkh Ko
NCBI reference
Species Number
sequence

AR5 B A T

1 XP_024331795. 1
Nosema ceranae
WA T IR Nosema apis 1 EQB61677. 1
R AT IR ) TBU15843. 1;
Hamiltosporidium tvaerminnensis TBU20354. 1
¥ i % Tl A H

1 XP_003073771. 1
Encephalitozoon intestinalis
Bl 28 AL+ I ) CAD25808. 1;
Encephalitozoon cuniculi CAD25810. 2
FLE i At

1 ORD95088. 1
Enterospora canceri
BRI 40 i

1 EED44456. 1
Enterocytozoon bieneust
JHH B Spraguea lophii 1 EPR77779. 1
AR Pt T

1 TUBRATIS_19230
Tubulinosema ratisbonensis
TR R

1 RNA35284. 1

Brachionus plicatilis
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K3 207 s IR T ALHAL O Wl LCFAL 2 (YR~ 2 i A Z5  Jak

Fig. 3 Conserved motifs and structural domains inLCFAL 2 in Nosema ceranae and other nine species

K4 ABEGEMEIE T LCFAL 2 WA 7 B AR 1 HUS A O SRR R GEBEALA

Fig. 4 Phelogenetic tree of Nosema ceranae and other nine species based on LCFAL 2 by neighbor-joining method

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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3 ER5ITE

HHT, 07 %M R LCFAL 2 W5tk
&Ko AERH, EUIMEBES S RER, RIT
B T U LCFAL 2 576 1 836 MR, %
611 /I\/g‘j%ﬁfi, aF AN Cs14s Haoss Ni3 Ogos Sos
TN 69.39 kDa, HRIEREHK 96.82, i
FOR 8,79, ULHIIZ A IR Mt A IR R
IKERECH -0. 161, FEKZFEFRE & B K 2 B
% (K 1-A), $L0] LCFAL 2 A g Ry B K PEE 1
ANE B (B 1-B), i8] LCFAL 2 AfREAR
JEEREN,, AMEEMRAES K, 0] LCFAL 2
AR N M (B 1-C); F2 8 AL T 40 i o
PE— B LCFAL 2 1T 6876 41 it i v % 4% T BE
PSSR EE T AR I B W 7 ) LCFAL 2 1)
ARG B, Mtk — 2 JF A O AE 5T $R 48 T HE IS
WA

ABIFGE R AR J7 e LA - B LCFAL 2 %
A6 MESFHF (motif 1, motif 2, motif 3, motif 4,
motif 5 Fl motif 6) , ik 6 MESFIF [RREAAAE T
BRI T R AR A R A A TR
GBI T L B | 5E I AN
MRy B, IR AR A RRE A R R
LCFAL 2 H (K 3), & LCFAL 2 78 Lk ¥ Fh
BOMPRSE . BLAb, HE AR 7 B 0 T At Ha R e
filF HAE 8 AN Fh rh 34 45 5E B AFD _class _ 1
superfamily Z5#435, KU LCFAL 2 7£ L3R 8 My f
HEAE R NIRSF I, AFD_class_I superfamily J&
TARRHEARIK A i A 25438, ST AL ATP JE
B (ZEMR, 2017) , HEMIA 7 BRI H LCFAL 2
HAMI ATP IR DIEE, S 5RER AL,

IR B W TR T TR R e A T U R
WE R TP R B A B, B RRR (R B R
KA, 2009), AW, RESHAHHIEER Bow
IR 4 W R TR B R P U LCFAL 2 3B
H—3, LR B R, R 1 LCFAL 2 JE
GXRFERIE (K4), fFTEEWFL, FREY
LCFAL 2 =5 E /% 41 M 09 8 58 . 7 4k o8 1
(Tomoda et al. , 1991; Xu et al. , 2011), =M
LCFAL 2 £ 75 J7 8 W bl 7 U S I At - LR e
Fiem E A Rh R EYIRE, AP R,
N2 T ARy A A H AR e R
TMg uy AR B Apis cerana cerana T W4 1) FR Y
(Paldi et al. , 2010) , 31T fEIMEAESME dsRNA 5§

sIRNA XFAbFRYLid B2 A0 7R 56 e 307t 7 R LCFAL 2
AT RNAL, VIIEFT LCFAL 2 Wy T IhfiE,
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