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Bioinformatics analysis of the Echinococcus multilocularis antigen EM13 and construction of a
prokaryotic expression vector

SHANG Zailing' , WANG Mingxia', QIAO Fei', LI Yaning', MA Xuelin', HEI Junhu', WANG

Yana'® (1. Basic Medical Institute of Ningxia Medical University,Yinchuan750004, China ;2. Key Laboratory of

prevention and control of Common Infectious Diseases of Ningxia Autonomous Region) * ™"

Objective  The prokaryotic expression vector of Echinococcus multilocularisEm13 was constructed and
analyzed by bioinformatics. Methods The amino acid sequence of the EM13 protein was searched and downloaded from
the NCBI database, and the basic physicochemical properties and functions of the EM13 protein were predicted using
bioinformatics software. The Em13 gene was amplified by PCR. The target gene and vector plasmid pET28a were
double-enzymatically cleaved, ligated by T4 ligase, and the ligation product was transformed into E. coli BL21 (DE3)
competent cells, Results EMI13 protein consists of 426 amino acids,including 63 acidic amino acids and 56 basic amino
acids, with a molecular weight of 47 535. 12 and an isoelectric point of 5. 64. It is a hydrophilic protein,does not contain
signal peptide sequences and transmembrane domains, and contains F-BAR and SH3 domains. Phosphorylation site
prediction showed that EM13 protein had 29 serine phosphorylation sites, 16 threonine phosphorylation sites, 7 tyrosine
phosphorylation sites and 25 post-translational modification sites. The proportion of « -helix in its secondary structure
was 58. 45%, B -turn was 2. 58%, and random curl was 35. 45%. Antigenic epitope prediction showed that EM13
contained 5 potentially dominant B-cell epitopes, 24 potentially dominant cytotoxic T-lymphocyte epitopes, and 14
potentially dominant helper T-cell epitopes. Sequence alignment showed that the highest homology with the EM13 protein
sequence of E. multilocularis was E. granulosus EG13. The Em13/pET28a recombinant plasmid was successfully
constructed, sequenced and compared with the sequences recorded in NCBI with consistent results.  Conclusion EM13
protein has more antigen-binding sites and the construction of the Em13/pET28a prokaryotic expression vector, which

lays the foundation for the characterization of the EM13 protein as a specific diagnostic antigen of Alveolar echinococcosis

x DEEED N HF H AR IS (No. 82160399) 5 57 B |l ik [ ¥4 X T A AF & 1 H (No. 2022BEG03117).,
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ClEEEMD N MR (2000°) 2, Hof N L WF 58 AR AE 52, EBEWFG 5 1) - AF A JUBYL 5 42 9% . E-mail: 2421971131@qq. com
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or a vaccine candidate antigen.

[Keywords]) Echinococcus multilocularis ; bioinformatics; recombinant plasmid; EM13 protein

WO BB W% (Alveolar echinococcosis , AE) J&—
N S A Sl B i [ = QN AL IO R LB
M DX AT L A R NS R )
P XERE R, B Bl RE AR, 2 e kR B, T
RO E AE M — T B H AR )T 3L
REVERFB @R, MRk T TR, 259697
D) 2 e A B0 5 1% 5 L T S % B IR T gk e 28
AR B R B2 S SR A S R
e . DT . RIS U R AT R A R T B R I I
AE BRI R MBI R B LHE, RIZi2Wie fied H
) AE RS W R 7 ik . -4 m RO FRE SR
Je P R W RGBS . H T2 D R 4%
HORTR & B B B s /e 8 AR A B ) 15 32 AE
L5 12 W7 R4 A 33 7 LR 22 BOH DR S R e
DAy AE FIHE 25 A g U2 7y #E 5 CE 19
By . EMI3 HLA & BE i e Il ik . B R 7E 22 5 ok
2% 14 BUURR SV SRR R TR AR ER 4% U 3Rk
JE BT R 2 5 BRER ) ) — Bk SR PUR . RS R A
PUE EM13 X 2 F i Kk 2 dUsk e 1 1 3 2712 I B A
T AU R R S L TS W CE 1 AE IR B
A AE L =2 W TR E . (HE X T EMI13 1E
Z 5 RER 2% UG P A I M A TE 2 .

AWFFEH] A= W) A5 B2 B EMIS 8 iy 3
PS5 3 8] 25 48 ML I A 55 HEAT 20 B o OF R F 0 1
TEME R ARKI  Em13/pET28a 41 % ik 8 14 . 53+ 3
AT RE B AR W12 T L Sl EMLS A 167 5 3R ) 9 6% 4 38
T SE B BTV D T A I 5 B A4 e R Al

M5 7TE

1 ##
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Ml ) & T QIAGEN 24w 5 Buki /M2 i) &, 2 X
Taq PCR MasterMIX Il F K AR A= AL B8 (AL 50 A BR
O 5 SO SRR &0 TR B R R B A ]

2 Kk

2.1 #AmAEP  FKEGEIL NCBIChttps://www.
pubmed. pro/home) 1£ 28 $ ¥ J K 2 I 3R I EM13 5
F &R IR T 1 B SR 5 9 AAA29054. 1,

2.2 EMI3 & & # LM &
(https://www. expasy. org/resources/protparam) Fii

% F] Protparam

o EM13 = o # AL P Bt 8 i NetSolP-1. 0
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NetSolP-1. 0) Bl HAE K 2 v 1 v 24 38 1 m i 1
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org/resources/protscale) 1 i) Hydropath. / Kyte &
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2.8 Fl#pait A A R MRl GenBank H K R 1Y
Em13 KK 75 ffi ] Primer5. 0 AR B9 85197
WSS BamH T BEY) AL RS 12 Es i Sal 1
B U7 8. B B A Y TRB AR RS A RA A .
F: 5-CGGGATCCATGATTCAGGAGAGGCAGA-
3'; R: 5-GCGTCGACTCAACGTAGTTGGCGGGG
AT-3',

29 ERNARBREARAGT S =K H Trizol
EPEICE RNA JF A v 5, 28 30 5 4R 1% cDNA,
PA cDNA #5447 PCR 43 , PCR f= ¥ #E17 0. 8 %
T R AR R LK L X A G U 1 I 2 2R AT U
Weatifk . Al B pET28a 25 2% i Kz £ 47 BamH T
Sal T XL, HEAT 0. 8 0 By NS A 6 Jic Fi vk« 11 JBC I o7
Y ST R T EE I 1R WS RT DNA ik,

2,10 FaAZX Ry EREREL £ T4 DNA
BT AE A A4 5 W BT B R B R E
RN B2 pL, HW R B 14 pL, T4 &40 2
pL. T4 Buffer 2 uL,16 CHERIIR . #FIEZ WA
42 CHAMBAL PR ) JRAZ A5 240 il BL21 (DE3) H1, 37 C i
A 1 h ISR AT LB R4 b,37 CHEEEFRT
W PRI T B T 7% L B TR0 0 L SR T R £ O
) 5 2 JCE 2 TR

2,11 Ea# ke 5w 10 oL \EY FR. 1T H
LA () PCR 9784, PCR =47 0. 8 V6 T g Wl 4k Jie
MUK A AT o K R 2 R 6 2 AR R DR 20 ) A i O 4

7

i
&g R

1 EMI13 ZEMELMER

EMI3 [ 426 > SR A 0l (45 63 DR
2 MmO 56 A Mk A R, T A
Co90 Hinog Nags Oges S10 s 20 TR 47 535, 125 % i, &5
A 5. 64,2 W 30 h (mammalian reticulocytes,in
vitro) > 20 h (yeast, in vivo) > 10 h (Escherichia
colivin vivo) , NEAE RN 38. 04 St E (R 1.5

2), EMI3 & H 78 K W 3% A P 320K 19 "] 3 1
M 0.61,

£1 EMB3EAREAMER
Table 1 Physicochemical properties of EM13

AL A 25
Physicochemical properties Predicted results

R IR (Number of amino acids) 426

7 ¥ 3 (Formule) Caog0 Haarg Nigo Og66 S0

¥ JFi i (Molecular weight) 47535.12

%5 H, 25 (Theoretical pl) 5. 64

2 75 i (Estimated half-life) 30 h >20 h>10 h

A8 280 (The instability index) 38. 04

& Wi 15 45 %% ( Aliphatic index) 69. 65

K PE (Grand average of hydropathicity, 0,67

GRAVY)

k2 EMBEANSEBRAR

Table 2 Amino acid composition of EM13 protein

AR st A
Amino acid Number Percents( %)
Ala(A) 36 8.50
Arg (RO 23 5. 40
Asn (N) 20 4. 70
Asp (D) 26 6.10
Cys (C) 3 0. 70
Gln (Q) 18 4. 20
Glu (E) 37 8.70
Gly (G) 30 7.00
His (H) 6 1. 40
Ile (D 20 4.70
Leu (L) 29 6. 80
Lys (K 33 7.70
Met (M) 7 1. 60
Phe (F) 16 3.80
Pro (P) 19 4. 50
Ser (S) 35 8. 20
Thr (T) 23 5. 40
Trp (W) 4 0. 90
Tyr (Y) 17 4. 00
Val (V) 24 5. 60
Pyl (O) 0 0. 00
Sec (U) 0 0. 00

2 EMI3 EARES KBRS Wi, T4 E G
3£/ Bk T

EMI13 S A ANEFEAT 5 KT 51 (B 1A) I 5 B 45
3B 1B, g R o s AR S B 1, EMIL3 ]
filE 72 7 T 40 M A% L 40 M o s 4 I B (1 1C) . X A 7
55 403 MNEILRRAL 25 K MR L B KA N —2. 73, 7
55 61 o7 24k R Ak 1 B K M S s Je KA R 1. 68 (&
1D), EMI13 2 [ A sk XA B KX (HE K
LR XAl o5 26 K 2 8. B 0TI o B K M 0 R
GRAVY fHl—0. 67, BiWIZE N R KEEA .
3 EAMZELEH

EMI3 H H 1) Z R4 o IR E B o5 L il
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58.45% AEMEE 5 3. 52% . B-F fl i 2. 58% . TCHL I
Bl i 35, 45% (& 2A) , EM13 8 (419 = 45 4 (&
2B RAFR, AN 1-240 AERA A F-BAR
SEMIR . 371-426 IR A SH3 Z5 38 (& 20) .,

THUM posterio probabilies for AAA2S0S1 1 s

probabilty

N
Tnsmntrare _— s s =
A
Protscele otpet for weer sequnce
2 Hydropatt th. / Kyte & Doolittle
15
LA bl
I L}
o0s l‘ -
I YW
s ol A VLR
& I | ] WO
al l\‘ | H\\" “‘”I‘w(‘
1 s M- {11
) 2 I ! /|
tion for QUERY is nue (k=23) 1 | ¥l

25 1

Predicted location(s)

Cell membrane. Cytoplasm.

Query
'AAA29061.1 EM13 protein [Echinococc
multilocularis) Nucleus.

50 100 150 200 250 300 350 400

A EMISHEAFESRKBM B EMIL3 H o825 5 500
C EMI3H AWM E MBI BN D EMI3 & H /6K 78 1
T AR R AL BR 1 i B AR 3R (i) K P QIE A AR R B K B
AR KD
B 1 EMI13 ZEKES K B IR L5 3E | T 48 B XE o 70 3% / Bt 7k e F il
A Prediction of the signal peptide of the EMI13 protein B
Prediction of the transmembrane structural domain of the EM13 protein
C  Prediction of the subcellular localization of the EM13 protein D
Prediction of the hydrophilicity/hydrophobicity of the EM13 protein,
with the horizontal axis of the D-plot representing amino acid positions
and the vertical axis representing hydrophilicity ( hydrophobicity )
( positive values represent hydrophobicity, negative values represent
hydrophilicity)
Fig. 1 Signal peptide, transmembrane structural domains,
subcellular localization,and hydrophilic/hydrophobicity prediction
of the EM13 protein

4 BERBIGMES

EMI13 {3 29 4> 22 2 R W B2 Ak AL a5 (43 AL
F 14.41.80,81,83,85,94,126,171,172, 174,216,
222.245.263,275,282,289,295,308, 310,315,326,
331.,341,342.,351,391,394 i @ HEL/R) . 16 DI & MR Wk
FRAL 7 5 (43 A 7 T 29,37, 84,102,123, 141,162,
177.185.,231.,288.,305.314.320.,335.360 i/ 2 HE L) ;
7 A B SR W R AL A S (o B A T 12,833,107, 201,
322.339.363 A EM) (B 3), EMI3 B HA 2 1t
Wk 7 15, (269-272, 411-414), 2 4~ N-W# 5L 4k {7 5
(220-223,311-314) , 1 4~ cAMP 1 ¢cGMP & #i 1t 5 19
P B R AL 37 7 (242-245) .6 AN R HE (IR 11w R 1k
7 5,(29-32,85-88.,94-97 ,172-175,294-297 ,335-338) ,
6 1~ N-T7 5% Wk 4k £ 5 (30-35, 227-232, 280-285, 304~
309.330-335.345-350) ., 6 > [ B C W FR L A7 s
(85-87.,123-125,162-164,177-179.,216-218,289-291,2
A T TR 8 it W98 R A 57 5 (5-12,356-363)
5 HIEFRALTW

3 B 40 e 5t 2 A A P Y T 45 2R IR S 4
ZEE AT B 5 A B A ML bt R ALK R 27aa-

33aa, 74aa-89%aa, 143aa-158aa, 12laa-13laa, 175aa-
183aa(F 3),

‘ » SOPMA :

MIQERADTEKAYASNLRKFAARLENFLRTGVEYGTATNILSGLAKEAEDNAELHSNIAAGLINPVQLGTK Alpha helix (Hh) = 249 is 58.45%
310 helix (Gg) : 0 is  ©0.00%
Pi helix (1i) : 0 is  ©.00%
TPEQLRKTEDKL L IVFEQALOYQ Beta bridge (Bb) : 0 is  0.00%
Extended strand (Ee) : 15 is  3.52%

EVLOTSAKPNLSQIFVGLS o !
hhh: hhhhhhhhhhhhbhh< chhhhhhhhhtt: hhhchhhhhhh Beta turn (Tt) = 11 is  2.58%
TLTSLKTITSPORGGPIPGT Bend region (ss) : 0 is ©.00%
ececee hhhhhh — o (o) 151 is 35.45%

DY /EADELSFNSGDLFEKL Ll Fert N e -

ttcceeeehhhecccchhhhhhtthhhhhh Ambiguous states (?) : 0 is  ©0.00%
e Other states 0 is  ©0.00%

echhh:

LR e 1

50 100 150 200 250 300 350 400

s @

B e T ey PS50002 SH3 Src homology 3 (SH3) domain profile :

1-240:

4736
371 - 426: score = 20.491

RPGVPIRALYDYVGVEADELSFNSGDLFEKLEDeDEQGHCKGRKD-GRVGLYPRALR——

MIGERADIEKAVASLRKFAARLEMFLR

Qv RKI

oL
Predicted foature
DOMAIN 1 240 FBAR

Predicted feature:
DOMAIN 37 426 SH3

@

A EMI3 A ZHEMTHN B EMI3 HEA=ZHEMTEW C
EM13 2 [ {8 57 45 14 38 0

2 EMI3 EAM_ZREW . ZREMTRTELE BTN

A EMI13 protein secondary structure prediction B  EMI3

protein tertiary structure prediction ~C  EMI13 protein conserved

structural domain prediction
Fig. 2 The Secondary Structure, Tertiary Structure
and Conservative Domain of EM13 Protein

MIQERADTEKAYASNLRKFAARLEMFLRTGVEYGTATNILSGLAKEAEDN ~ # 50
ELHSNIAAGLINPVQLGIKNWQRENFHKSSISTSIKEVKNFDSEFENAQ  # 100
KTWYKHYKNVNRCKKEYFHACKTVRSLQVQVQNAKNEPFGTPEQLRKIED % 150
KLRKGIMEEEKTRKAYEEALSSLSDVTPRYIEDMTQVFNKAQAFERERIT ~ # 200
YFKEQALQMQEVLDISAKPNLSQIFVGLRETVAKVDADADLKKWSLAYGV ~ # 250
DMAPNFPVFQEYSPEMSALGKKGRSALADGSSGGVTLTSLKTITSPDRGG ~ # 300
PIPGTTDSGSNISTSPVHTTAYGSNSYDHGSEGATPSDYTSSVNGAAAAT ~ # 350
SKEKQRVEDTPPYPDFVDDGRPGVPTRALYDYVGVEADELSFNSGDLFEK ~ # 400
LEDEDEQGWCKGRKDGRVGLYPRQLR & 450

Gl el VSl T TS 8 50
%1 S. & 100
%1 . T. 150
%1 ... 200
%1 V.. 250
%1 ... 300
%1 . 350
%1 S.. 400
%1

NetPhos 3.1a: predicted phosphorylation sites in AAA29061.1
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] 50 100 150 200 2se 300 350 400

Sequence position

S #E®m T AR Y MEAR
B 3 EMI3 & B BB L O = T B i
S Serine T Threonine Y Tyrosine

Fig. 3 Phosphorylation site map of EM13 protein
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(T 4 i e o2 9 1 th 320 KT 20 B RALIE LA 20
3 HLA-DRBI * 1501 f 3R iz 347 16 455 HLA-
DRBI 0301 i %A A 15 4558 a8 IEDB %4 %
HEAT UM 55 0, Z5 A bR RHE I R B 25 2R, BOR
EMI13 & # HLA-DRB1 % 0701 ;3% CD4" T F i
ik & 247aa-254aa. 128aa-135aa. 241laa-254aa. Saa-
19aa, 76aa-89aa. 196aa-210aa; HLA-DRB1 * 1501
#CDAY T i ik & 13aa-27aa, 101laa-129aa. 196aa-
208aa.212aa-221aa. 193aa-199aa; HLA-DRBI1 * 0301
3 CD4™ T 2 ik /& 363aa-377aa. 232aa-246aa.,
177aa-191aa(3 4),

#£3 EMBEREBEMNLELNE B ABRMT
Table 3 Potential dominant linear B cell epitopes of EM13

Fr5 (AL 73 K
Order Position Sequence Length
1 27-33 LRTGVEY 7
2 74-89 RENFHKSSISTSIKEV 16
3 143-158 EQLRKIEDKLRKGIME 16
4 121-131 CKTVRSLQVQV 11
5 175-183 DVTPRYIED 9

®4 EMB EBEEMNME Th R
Table 4 Potential dominant Th epitopes of EM13

J¥5 E AR fiE J7 51

Order Allele Position Sequence
1 247-254 AYGVDMAP
2 128-135 QVQVQNAK
3 ~ 241-254 LKKWSLAYGVDMAP
4 HLA-DREL = 0701 5-19 RADIEKAYASNLRKF
5 76-89 NFHKSSISTSIKEV
6 196-210 RERIIYFKEQALQMQ
7 13-27 ASNLRKFAARLEMFL
8 101-129  KTWYKHYKNVNRCKKEYFHACKTVRSLQV
9 HLA-DRBI * 1501 196-208 RERIIYFKEQALQ
10 212-221 VLDISAKPNL
11 193-199 AFERERI
12 363-377 YPDFVDDGRPGVPIR
13 HLA-DRBI # 0301 232-246 VAKVDADADLKKWSL
14 177-191 TPRYIEDMTQVEFNKA

MM EEE T 9 E 40 i Ceytotoxic T lymphocyte,
CTL)RALE 2 TEDB 78 2% B4 ol $500 » 5 38 37 7 >
0.5 KA. 32 5 Bonth EMI3 & 1) HLA-A »
1101 . HLA _A % 0201 1 HLA _A x 0301 B& il 1%
CD8" T 4 g =1
6 T.BBX& 40 3R A0 5L

X R TSN A EML3 (9 B 46 & A A T 46 3%
A DI K BRAT 0 X8 G BRCH B ] A X8 B Oy
T.B AR &R LG & iigd 4 4~ T.B
AR ER & FE v (76aa-89aa, 121aa-131aa, 151aa-158aa,
175aa-183aa) (5 6),

7 FALEX R ELRE

AR EM13 3 H A B R 2 5 ek 4

JUEMIS B H 5 & WMk % XR KR CH

92. 84 %0, FUCIE ML H 2, 55 £k AU A | i L 3h W A 2
BISES e R BE (36, 24%) (B 4A), Tk 5%
Mk Zg i EM13 8 1y 50 AH U de e 19 15 By A= il
HEATIF A X, BoR 5 2 5 ek 25t EM13 45 B )7 91
[F] 5P o e (92. 84 00) 19 2k [ AfVRL B 4% e, L2
P 2 B (] 4B)
% 5 EMI13 EHA HLA-A x 1101 . HLA_A « 0201 70
HLA_A = 0301 BRI 1% CTL &L F

Table 5 Parameter HLA-A « 1101 ,HLA_A % 0201 and HLA_A x 0301
EM13 protein CTL epitope prediction.

P45 EbE"S (A 751

Order Allele Position Sequence
1 10-18 KAYASNLRK
2 342-352 SVNGAAAAISK
3 36-45 ATNILSGLAK
4 80-90 SSISTSIKEVK
5 234-243 KVDADADLKK
6 HLAA 11,01 346-354 AAAAISKEK
7 171-179 SSLSDVTPR
8 79-87 KSSISTSIK
9 281-291 SSGGVTLTSLK
10 34-45 GTATNILSGLAK
11 366-374 FVDDGRPGV
12 378-387 ALYDYVGVEA
13 HLA-A % 02:01 172-181 SLSDVTPRYI
14 227-235 GLRETVAKYV
15 220-228 NLSQIFVGL
16 10-18 KAYASNLRK
17 151-161 KLRKGIMEEEK
18 342-352 SVNGAAAAISK
19 61-70 LINPVQLGIK
20 HLA-A %0301 36-45 ATNILSGLAK
21 60-70 GLINPVQLGIK
22 79-87 KSSISTSIK
23 234-243 KVDADADLKK
24 172-180 SLSDVTPRY

x6 EMI3ZEAM T.BEEAMMRA
Table 6 T and B combined cell epitopes of EM13 protein

=2 (DAL ]l K
Order Position Sequence Length
1 76-89 NFHKSSISTSIKEV 14
2 121-131 CKTVRSLQVQV 11
3 151-158 KLRKGIME 8
4 175-183 DVTPRYIED 9

8 Em13/pET28a EHFRMMWMERERE

A ORI 2 H AR 19 28 7 L 45 RN 5 B
TERZ1 1 700 bp AbARAF 09— K KM A Be 5 Em13 &
B 1778 bp R/AMATE , HITEHE k554 . K H 2
ALk AR AL 24wl U e 4 . P 25 2R 5 Em 13
1E NCBL 4l 2 A 19 15 9145 B 58 4 — B0 & 9
Em13/pET28a ¥4 & i 1 .

W
B8 5 L PRI 94 5 ) S5 2 W R T 9 ) 4R R
ot B A SR AR 3 PR 1 22 5 R 2 LB . A
TR A 25 AR AT A EML3 i1 B A6 4 i Al
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Fig. 4 Phylogenetic tree of EM13 protein
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A Electropherogram of EM13/pET28a recombinant plasmid B
Amplification of EM13/pET28a recombinant plasmid M1 Marker
of 1kb DNA standard molecular weight M2 Marker of DL.2000 DNA
standard molecular weight 1,2 Recombinant plasmid Em13/pET28a
Fig. 5 Recombinant plasmid identification
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MM ZE A TR, EMI3 &A1 N-
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Rvs,Fes/CIP4 [ BAR 45 #4380 25 44 81— A4~ C-i
i) SH3 25 #41,(SRC Homology 3 Domain, Src [ 7§ 3
5380 )& F F-BAR 1. FBAR HAZS 541 W
HEE B AR IR AR T 22 AR N A
TR, SH3 S5 M 50-60 4> 4 ik R i F 1k 1
PR -8 B SO AR A . F-BAR E
7 SH3 45453, 5 N-WASP (Neural Wiskott-Aldrich
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ZEA G N-WASP, 2 51375 Arp2/3(actin-related
proteins-2/3, L3 & HAHCE H 2/3) 5 W TR
HEAHEAT,

BVE IS et a] LA 5| A 28 1 o A 2 RE Y A2 Ak . 2R
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B R AL S — B UL BTz 0 S B R
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LA ILER B 11 09 22 4 R 56 19 A Ak (S19) BA B R 1k s
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ABIF 5T i B IO % B EMI3 S S A 52 4
Btk 1 A, 1 4 cAMP ( cyclic
monophosphate, ¥ # B I H ) Ml cGMP (cyclic
guanosine monophosphate, H# iR & ) M P 2 H
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N- G WA A7 5, 6 A2 LS C B A AL . 2 A 1%
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