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Bioinformatics analysis of Echinococcus granulosus sensu lato pyruvate kinase and establish its phyloge-
netic tree

ZHOU Jing"?, YAN Ming-zhi'*, LV Guo-dong"*,MA Gui-zhi' (1. College of Pharmacy »Xinjiang Medi-
cal University \Urumqi 830054 ,China ;2. State Key Laboratory of Pathogenesis,Prevention .and Treatment of Central
Asian High Incidence Diseases ,Clinical Medical Research Institute sFirst Affiliated Hospital of Xinjiang Medical U-

niversity)

Objective To analyze the structure and function of the pyruvate kinase gene sequence of E. granulosus
sensu lato by bioinformatics method. Methods The sequence of EgPK gene was obtained from NCBI protein database,
Protparam, ProtScale, SignalP 5. 0, TMHMM, Motif Scan, ProtComp 9. 0, CDD database, SOPMA, DNASTAR, Swiss-
Model Verify 3D, DNAMAN, VMD, and MEGA were used to predict and analyze the biological information of EgPK
gene. Results Bioinformatics predicted that EgPK was hydrophilic with a relative molecular weight of 62. 056 22 ku,no
signal peptide cleavage site and no transmembrane region,the protein contained 3 N-glycosylation sites,6 casein kinase I
phosphorylation sites,6 N-nutmeg acylation sites,and 9 protein kinase C phosphorylation sites. The 3D structural analysis
and sequence alignment showed that there were characteristic catalytic sites and serine, threonine and tyrosine phosphoryl-
ation sites between the barrel-like domain and the cap domain of EgPK. The sequence of the EgPK gene was 94. 67 % sim-
ilar to E. multilocularis and 54. 77 % similar to humans,it is closely related to E. multilocularis ,but far from the evolu-
tionary relationship with humans, mice.rabbits,and other mammals.  Conclusion EgPK has the characteristic domain of
PK and may be involved in energy metabolism of E. granulosus. RNDFKEDT is a characteristic active site of EgPK,
which can be used as a candidate target to develop drugs against cystic echinococcosis.
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1 EgPK &H MBS B
Notes:Red Indicates Serine phosphorylation sites; Green Indicates
Threonine phosphorylation sites; blue indicates tyrosine phosphorylation

sites;and Pink Horizontal Lines indicate thresholds.

Fig. 1 analysis of phosphorylation sites of EgPK protein

B 2 EgPK & B4 HE
Fig. 2 EgPK protein domain prediction
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X+ EgPK 9 22 M X, 2 11 nl S X Rt 5t 48 B0 A7 7
W23 BT CEL 3 5 HG 32 2 1) 20 M it J57 3% 45 7 5-59.72-80 .
98-103,114-118,160-168,179-184,216-228,230,233-
242,263-27,270-271,273-274,289-296 , 353-354 , 380-
384.,404-421,490-502,512-518,529-536,547-559 i &
Ffz . FIH IEDB 76 Fl P #1748 100 H B4 Mo 41 e 36
o850 3% 1,
6 EgPK /3D &#4
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ffi [l Verify 3D X EgPK () 3D 5 %3k 47 PE Ak , 8 4
80 % M & R 3D/-1D {H=0. 2. & W EgPK Ay [R5 1
BN Y, F A VMD Al WAL K 2 3 EgPK I
HsPK 1) 3D &5t i i 2 LR 45 & 1 2 Z5 R WL IA] 4,
7 EgPK 5 EgPK [ERE E K & EFF 5 bk 3¢

i i DNAMAN #4191 XF 4> #7, EgPK 5
EgPK [A] J5 % ( GenBank ID: CDS43052. 1,
AAA60104. 1, BAA23642. 1, RTGS81326. 1,
KAA3677113. 1, TNN05954. 1, TPP56892. 1,
KAA0198261. 1. GAA54498. 1) i 5 51 48 8L P 4 itk
94. 67%. 54. 77%. 51. 18%. 65. 49% . 64. 32%.
61.28% .64.56%.63.94%.59. 33% . 5 2 h Bk 4
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Notes: The secondary structure of EgPK protein was analyzed by
Gramier-Robson and Chou-Fasman methods. Lines 1,3,5,and 7 are the
Gramier-Robson method. Red Represents the Alpha Helix,green repre-
sents the Beta fold, blue represents the turn,and yellow represents the
random coil;lines 2.4,and 6 represent the Chou-Fasman method. Red
For the Alpha Helix,green for the Beta fold, blue for the turn,no ran-
dom coil prediction. Line 8 indicates the flexible region of the EGPK
predicted by the Karplus-Schulz method,line 9 indicates the Antigen in-
dex of the EGPK predicted by the Jameson-Wolf index method,and line
10 indicates the surface accessibility region predicted by the EMINI
method.

Fig.3 prediction of EgPK cell epitopes

* 1 EgPK B iR R
Table 1 EgPK B Cell Antigen Epitope

s L IR L A BEHAL A KR
NO. Start End Length
1 5 59 55
2 72 80 9
3 98 103 6
4 114 118 5
5 160 168 9
6 179 184 6
7 216 228 13
8 230 230 1
9 233 242 10
10 263 267 5
11 270 271 2
12 273 274 2
13 289 296 8
14 353 354 2
15 380 384 5
16 404 421 18
17 490 502 13
18 512 518 7
19 529 536 8
20 547 559 13

8 EgPKHRZHUXER

it MEGAC(7. 0. 26) # 4, #] | Neighbor-Join-
ing YK HE PK R, 0B AR [ iU PK 22 1]
MRGERBRZERUEAE 6, PK 43 Z A A4y
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FE — >4 32, H A i # (GenBank : TNN05954.
1) 2 I W 1 (GenBank : RTG81326. 1), 4K 57 521 th
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KAA3677113. 1), i [& 2 K W H ( GenBank:
KAA0198261. DPK & 1B — 44+ 2. EgPK % [
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L H W @ RoR

A EgPKEHEM B HsPK EH XM
2 FREE G AL BORIR P E RS B AL ORI (A o BRE; o
B RITEHE N BIM.
B 4 EgPKI=R4EH#
Notes:Red Indicates the serine binding site.and green indicates the
threonine binding site;the Alpha Helix (purple and blue) ; the Beta fold
(yellow) ;and the Beta Corner (Cyan)

Fig.4 Tertiary structure
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ZIR RS LR R PK R 8 52 % 25 1 3 A 7R 6 2R 1 IR 1wl e 1k for
AU IERIR N-D T BE AL A7 0 @ 7R NBE AL A7 450, 4R Bk 2%
(CDS17986. 1) s £ J i ER 4% 1 (CDS43052. 1) ;8 A (AAAG0104. 1) 5/)
Bl (BAA23642. 1); 4 Ifil W #t (RTG81326. 1); T IG Jf 7 M h
(KAA3677113. 1) ; H AL W L CTNNO05954. 1) 5 K F W HL (TPP56892.
D)5 A FG 22 AW iU (KAA0198261. 1) ;4635 S il (GAAS54498. 1),

B 5 EgPK 5 EgPK EiREERE % = 5l bk 3t

Notes: The red box in the Multiple sequence alignment results
shows the binding site area;the horizontal lines between the two repre-
sent the pyruvate d-a domain; the two represent the CGMP dependent
protein kinase phosphorylation site; The cross-lines between the 20-
year-olds represent the PK-like superfamily domains,the Casein Kinase
11 phosphorylation site,the n-myristic acylation site,and the n-glycosy-
lation site E. granulosus ( CDS17986. 1), E. Multilocularis
(CDS43052. 1), Homo Sapiens ( AAA60104. 1), Mus musculus
(BAA23642. 1), Schistosoma Bovis (RTG81326. 1), Paragonimus
Westermani (KAA3677113. 1), Schistosoma japonicum (TNN05954.,
1). Fasciola gigantica ( TPP56892. 1 )., Fasciolopsis DBuski
(KAA0198261. 1. 1) ,Clonorchis sinensis (GA54498.1).

Fig. 5 EgPK and Multiple sequence alignment
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A Glu kB, XHERIL SR MG/ S 745 N

F2 0 LB S L L B2 R v A X EgPK TG P A7 s JF &
SeVEZ ) i 5 EgPK g I R 3 M52 Eg BE &= X
LI

85 XP 007171985.2 Balaenoptera acutorostrata scammoni
100 XP 007108925.1 Physeter catodon

77 XP 022415003.1 Delphi leucas
AAAG0104.1 pyruvate kinase Homo sapiens
XP 017723297.1 Rhinopithecus bieti
XP 010357969.1 Rhinopithecus roxellana
1 Mus musculus
AAB86587.1 Oryctolagus cuniculus
AAA49021.1 pyruvate kinase Gallus gallus
CDS43052.1 Echinococcus multilocularis
CDS17986.1 Echinococcus granulosus
TNN05954.1 Schistosoma japonicum
RTG81326.1 Schistosoma bovis
TPP56892.1 Fasciola gigantica
KAA0198261.1 Fasciolopsis buski
KAA3677113.1 Paragonimus westermani
GAA54498.1 Clonorchis sinensis

— NP 524448.3 Drosophila melanogaster
63 L——— K0Z27309.1 Escherichia col

< 2 i W HU(RTG81326. 1) 5 I IR I A W B (KAA3677113. 1) H
AR B CTNNO05954. 1) 3 K W% # (TPP56892. 1), i [ 2% i M H
(KAA0198261. 1); 48 3¢ 4 W% it ( GAA54498. 1) 5 % J (XP _
007108925. 1) ; M (NP_524448. 3) ; F 46 (XP_022415003. 1) ; K %
T W (KOZ27309. 1) 5 & (AABS6587. 1) 4 (AAA49021. 1) B A
(AAA60104. D) s /MEL(BAA23642. 1) 2 Ji5 FER 2% 11 (CDS43052. 1) 4
RLIRER 2% L (CDS17986. 1) 5 42 22 (XP_010357969. 1) & 4= (XP_
017723297. 1) ; P8R 1 (XP_007171985. 2) .

B 6 EgPK A&

Notes: Schistosoma Bovis (RTG81326. 1), Paragonimus Wester-
mani (KAA3677113. 1) ,Schistosoma japonicum (TNN05954. 1), Fas-
ciola flavescens (TPP56892. 1) ,Fasciolopsis Buski (KAA0198261. 1),
(GAA54498. 1), Orus stictonotus ( XP _
007108925. 1), Drosophila melanogaster (NP_524448. 3) , Del phinium
chefoense (XP_022415003. 1), Escherichia coli (KOZ27309. 1) ,Orycto-
lagus cuniculus (AAB86587. 1), Gallus gallus CAAA49021. 1), Homo
Sapiens (AAA60104. 1), Mus musculus (BAA23642. 1), E. Multiloc-
ularis (CDS43052. 1), E. granulosus (CDS17986. 1), Golden Monkey
(XP_010357969. 1), Rhinoceros (XP_017723297. 1), Noctuid (XP _
007171985.2).

Clonorchis sinensis sunia

Fig. 6 EgPK phylogenetic tree
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