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Abstract: [Objective]l To analyze the molecular characteristics of structural maintenance of chromosome
(SMC) protein in Nosema ceranae, identify conserved motifs and structural domains within SMC in N. ceranae
and other species followed by phyletic evolution analysis, thus enriching basic information about N. ceranae
SMC and offering a basis for further functional study. [Method] Related software on Expasy website were
utilized to predict and analyze physical and chemical property, signal peptide, phosphorylation site, secondary
structure and tertiary structure of SMC. MEME software was employed to identify conserved motifs within SMC
in N. ceranae and other species. TBtools software was used to identify structural domains within SMC. Based on
SMC in N. ceranae and other species, phylogenetic tree was constructed with neighbor-joining method by Mega
11.0 software. [Result] SMC contained 1 102 amino acids, the molecular formula was Cs7g;Hg 415N 50601 771841
the relative molecular weight was approximately 130 020, the lipid solubility coefficient was 93.49, the
isoelectric point was 8.28, the average hydrophilic coefficient was —0.740, the number of hydrophilic amino
acids was more than that of hydrophobic amino acids, and there was no typical signal peptide. SMC contained
50 serine phosphorylation sites, 26 tyrosine phosphorylation sites and 28 threonine phosphorylation sites. It as
well included 787 a-helix, 106 S-sheet, 49 p-turn, and 160 random coil. SMC were simultaneously localized in
nucleus, cytoplasm and mitochondria. Furthermore, SMC in N. ceranae, Encephalitozoon hellem,
Hamiltosporidium magnivora, Nosema granulosis, Thelohania contejeani, Piromyces finnis, Trichophyton
interdigitale, Trichophyton violaceum, Trichophyton tonsurans and Aspergillus melleus all contained nine same
conserved motifs and two structural domains such as SMC N and SMC_hinge. Further investigation indicated
that the similarity of amino acid sequences of SMC between N. ceranae and P. finnis was the highest (61.96%),
while that between N. ceranae and T. contejeani was the lowest (34.73%); SMC in N. ceranae and N. granulosis
were clustered into a branch with the confidence of 99%, and their evolutionary distance was the closest.

[ Conclusion] The results define the molecular characteristics of N. ceranae SMC and enrich basic information
about SMC, disclose that SMC in N. ceranae and other microsporidia are highly consevative, and provide a basis

for further functional study.

Key words: Microsporidian; Nosema ceranae; Structural maintenance of chromosome (SMC) protein;
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Table 1 Amino acid composition of SMC in Nosema ceranae
AL e i /% TR = i E /%
Amino acid Number Proportion Amino acid Number Proportion
WA Ala 27 2.50 AR Leu 128 11.60
FE 2R Arg 33 3.00 #E TR Lys 169 15.30
RABENE Asn 94 8.50 EZIR Met 28 2.50
RAZE Asp 67 6.10 KA Phe 35 3.20
R Cys 13 1.20 JH % & Pro 12 1.10
BAMZ Gln 31 2.80 225 Ser 64 5.80
B Glu 128 11.60 7522 Thr 43 3.90
HEH R Gly 29 2.60 IR Trp 1 0.10
HETR His 15 1.40 B& SRR Tyr 46 4.20
R e 101 9.20 HE IR Val 38 3.40

SMC K 2N 93.49, FHIZEK R BN
—0.740, /KB EBREE L FHKEER L (B 1A),
YLHZE AN EK R A . SMC AN LA )
9k, WO AN A (K 1B). 534, £ SMC
HTRN 2 104 AN BERR AL i, AL 50 N LR

26 MR TR A 28 MR R R AL AL 2 (B 1C).

TR T R B R, SMC FF 787 A
(71.42%)a—4&JiE, 106 % (9.62%)— &, 49 A
(4.45%)p—HEFH 160 1~ (14.52%) Jo A 5 Hh
(Kl 2A). =REE IR B IR, SMC BIRACH
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Fig. 1 Molecular characteristic prediction of SMC in Nosema ceranae
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Fig.2 Prediction of secondary structure (A) and tertiary structure (B) of Nosema ceranae SMC
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Ykh EARFSS P 25 A
Species Protein sequence ID Motif location
Nosema ceranae XP_024332082.1 P<0.01 E_ 0O m m O
Encephalitozoon hellem KAG5859151.1 P<0.01 E 0O m m |
Nosema granulosis KAF9763737.1 P<0.01 = 0O N N |
Hamiltosporidium magnivora TBU02444.1 P<0.01 E_0O N |
Hamiltosporidium magnivora TBU02480.1 P<0.01 F=_10 N -
Thelohania cotejeani KAF7683982.1 P<0.01 = 0O N N [T
Piromyces finnis ORX56484.1 P<0.01 1 0O N .
Trichophyton interdigitale KAF3899244.1 P<0.01 [ G N T -
Trichophyton violaceum OAL71733.1 P<0.01 I N -
Trichophyton tonsurans EGD94457.1 P<0.01 N B Bl T -
Aspergillus melleus XP_045938706.1  P<0.01 H N N [ —
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Fig.3 Conserved motifs included in SMC of Nosema ceranae and other nine species
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Fig. 4 Comparison of structural domains within SMC in Nosema ceranae and other nine species
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Table 2 Overview of SMC proteins in Nosema ceranae and other nine species
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¥RIEEREWH Trichophyton interdigitale
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ORX56484.1
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OAL71733.1
EGD9%4457.1
XP_045938706.1

— b e e e e DN b e
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ST A T S ORI A U SMC RO —
%, HEAEEED 99%, i % SMC ik {LiE
HEHor (K 5).

Hamiltosporidium magnivora TBU02444.1

Hamiltosporidium magnivora TBU02480.1

Thelohania contejeani KAF7683982.1

Encephalitozoon hellem KAGS5859151.1

Nosema ceranae XP 024332082.1 4

Nosema granulosis KAF9763737.1

Piromyces finnis ORX56484.1

Aspergillus melleus XP 045938706.1

100
100
59
100
99
100
100
100

Trichophyton violaceum OAL71733.1

Trichophyton interdigitale KAF3899244.1

Trichophyton tonsurans EGD94457.1

5 ECEMEET SMC WAAEEHATRSHA 9 MIFHRGHLK

Fig. 5 Phelogenetic tree of Nosema ceranae and other nine species based on SMC by neighbor-joining method
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HORE IR R P A R ) SMC BN —AN K32, i
XY R SMC 3B 08 KRBT 1R J7 &M T
o ORI S T U SMC o —32, BIEEN
99 %, Ui Bl 3 i) SMC AL IE 2 feilt .

ATAHE LR B SMC 1) C b A1 N i AH B &45 &
TE R ATP B DhREsL, Kk SMC & A )8 T ABC
(ATP binding cassette) & F K %", ABC & H{ER
J7 B W R A A s S R R B EEAE Y. [
I, HEM SMC 78 7R 77 i il A 7 dudh R A 1 D e
ZLF ABC .

TE I S AR 7 B A T R e R W 1)
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WEARIE . AT — 25 WO I R A S AR
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