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Cloning and bioinformatic analysis of the AMP-activated protein kinase p gene from Echinococcus granu-
losus sensu stricto

YAN Ming-zhi'? , KUERBANNISHA Amahong'*,ZHOU Jing"?,LV Guo-dong"* (1. State Key Labo-
ratory of Pathogenesis, Prevention ,and Treatment of Central Asian High Incidence Diseases,Clinical Medical Re-
search Institute , First Affiliated Hospital of Xinjiang Medical University ,Urumgqi » Xinjiang 830054, China ;2. Col-
lege of Pharmacy ,Xinjiang Medical University) * **

Objective To clone the full-length sequence of the AMP-activated protein kinase 8 gene of Echinococcus
granulosus sensu stricto (E. granulosus ss) (EgAMPKR) , and to bioinformatically analyze the gene. Methods Total
RNA of E. granulosus ss protoscoleces was extracted, and the full-length sequence of the EgAMPK § gene was cloned u-
sing PCR. Bioinformatic analysis, including multiple sequence analysis and comparison of its affinity, was performed to
determine aspects of the gene such as its physicochemical properties, phosphorylation sites, subcellular localization,
epitopes, structural domains, secondary structure, and tertiary structure. Results The ¢cDNA of EQAMPK is 981 bp
in length, it encodes 326 amino acids, and it has a molecular weight of 35. 235 85X 10°. It is a hydrophilic protein with no
signal peptide sequences or transmembrane regions. It has 22 serine phosphorylation sites. 15 threonine phosphorylation
sites, 5 tyrosine phosphorylation sites, and 4 B-cell epitopes. EgAMPKS has a carbohydrate-binding module (CBM) and
an o and y subunit interaction domain (ay-SID). EgAMPKS is 98. 47% similar to E. multilocularis and 39. 57 % similar
to Homo sapiens AMPKB. EgAMPKQR is evolutionarily related to E. multilocularis and Hymenolepis microstoma in the
class Taenia, but it is distantly related to Homo sapiens, Pan paniscus, Mus musculus, and other mammals.  Conclu-

sion The EgAMPKR gene was successfully cloned, and this gene was found to contain a conserved functional domain
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that regulates the energy metabolism of E. granulosus ss. These findings provide a basis for further understanding of the

mechanism of energy metabolism in E. granulosus sensu lato and the development of new anti-echinococcosis drug targets.

CGOAGD B Echinococcus granulosus sensu stricto ; AMP-activated protein kinase 3; gene cloning; bioinformatics analysis
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Fig.1 Electrophoretic image of PCR amplification product
of EGAMPKp gene
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Notes: Red vertical lines represent serine phosphorylation sites;
green vertical lines represent threonine phosphorylation sites;blue verti-
cal lines represent tyrosine phosphorylation sites.
Fig. 2 EgAMPKSp phosphorylation site

5 EgAMPKp MR R 4L

EgAMPKR & % # J5l X I 7E 3-21,23-34,43-45,
55-57.63-79.,82-108,110-118, 121-132, 135-138, 142-
145.160-178.200-209,239-248 ,252-264 ,273-276 ,280-
288.313-318 N A LR (K 3), EgAMPKR &4 4 1B
Y M PTRR AL (R D

% 1 EgAMPKp B 48 & iz
Table 1 EgAMPKp B cell epitopes

s L IR L SERAL R K
No. Start End Length
1 5 102 98
2 127 132 6
3 163 173 11
| 186 287 102

[=Antigenic Index - Jameson-Wolf

oSurface Probability Plot - Emini

¥ : Karplus-Schulz 3 %l )l EgAMPKR 11 2% 14 X ; Jameson-Wolf #§

ok Bl EgAMPKR 1Yt )5 45 40 Emini 3 500 EgAMPKR i) 3 18 7 )
B 3 EgAMPKp R#ME R MEEHMRE T RES

Notes: Karplus-Schulz method is used to predict the flexible region
of EgAMPKR. The Jameson-Wolf method was used to predict the anti-
genic index of EgAMPKRB. The Emini method was used to predict the
surface probability plot of EQAMPKR.

Fig.3 Analysis of flexible region, antigenic index, and urface

probability plot of EGAMPKp
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Fig. 4 Conserved Domain of EGAMPKp
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Notes:h (blue) represents « helix;e (red) is the extended strand;t
(green) represents the § turn;c (yellow) represents random coil.
Fig. 5 Secondary structure of EgAMPK}

T o SR CREOANIEED B ITE CGE 0D B4 M G €D 2L AT HE X
B0 F CBM 2544 4k
6 EgAMPKB =R 4H#
Notes:a helix (purple and blue) ;8 fold (yellow) ;8 turn (cyan) ; the
red boxed area contains the CBM structural domain.
Fig. 6 Tertiary structure of EGAMPK}

9 Egss SHEHAMF AMPKp i % & 7 51 Lb X
EgAMPKR 5 H At ¥ # 48 Ik . B f& 57 (1) CBM
M oy-SID WIRELS 18, Egss 5 £ b7 IR 28 1 (Gen-
Bank :CDS37007. 1) & A (GenBank: NP_005390. 1),
4637 2% 1 (GenBank: GAA50585. 1), B & i (Gen-
Bank:NP_001124105. 1) % (NP_001038127. 1) . 3& M
% (GenBank: XP_013778710. 1), & [§ il % # (Gen-
Bank:XP_018646108. 1) fsf /) I 52 4 1L (GenBank:
CDS32620. 1), /N I (GenBank: XP_012617354.

1) Fl 4% B8 i (GenBank: XP _ 003809245, 1) (1
AMPKR 5 51 48 8L 1 43 5 4 98. 47% . 39. 57% . 48.
74% .38.53%.40. 18%.39. 57% .54. 88%.86. 22% .
38.96 % 1 39. 57 % (& 7).

TE < IR 455 W 7 HE 3R R S IR AL 1 N s 2 A5 7 90 5 A4S o ol [ 11
R R CBM 2544 8l PIAS « Z A AR 2 IR oy-SID 45 14 45 ; A SRR
Z 5 5K E WA NIRRT AR X FRS 5 A S RN
KR AL

& 7 EgAMPKp Fn E ft1 ¥ 7 AMPKp ) % FF 51 bk Xf

Notes:Gray transparent boxes is indicated myristoylated N-termi-
nal shared sequences; CBM structural domain is indicated by the hori-
zontal line between the two * ;ay-SID structural domain is indicated by
the horizontal line between the two « ;the A is indicated a conserved
shared residue involved in binding to carbohydrates.

Fig.7 Multiple sequence comparison of EGAMPKp and AMPKf
of other species
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88 1 Mus musculus (NP_892042.2)
Rattus norvegicus (NP_072149.1)
Microcebus murinus (XP_012617354.1)
81 Homo sapiens ( NP_005390.1)
100 84 L Pan paniscus (XP_003809245.1)
Gallus gallus (NP_001038127.1)
Danio rerio (NP_001124105.1)

C virginica (XP_022331296.1)
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9 - Echinococcus muttilocularis (CDS37007.1)
491:( Echinococcus granulosus
Hy i (CDS32620.1)

97 [ Fasciola gigantica ( TPP60996.1)

Fasciola hepatica ( THD24738.1)

100 - Clonorchis sinensis ( GAA50585.1)
Opisthorchis viverrini ( OON13967.1)
Schistosoma japonicum ( TNN15813.1)
97 - Schistosoma mansoni (XP_018646108.1)

010

B 8 EgAMPKp f H ftt #1 ff AMPKp 2 4t i3 L #
Fig. 8 Phylogenetic tree of EGAMPKp and other species AMPKp
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