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Bioinformatics analysis of the Edwardsiella ictaluri OmpLC gene
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Abstract ; The purpose of this study is to predict and analyze the structure and function of out membrane protein LC
(OmpLC) of Edwardsiella ictaluri. The OmpLC gene was amplified by PCR method. The characteristics of physico
—chemical parameters, hydropathy profile, signal peptide, transmembrane helices, secondary structure and tertiary
structure were analyzed by bioinformatics softwares and web servers. The results showed that OmpLC protein of
Edwardsiella ictaluri composed of 360 amino acids, the calculated molecular mass was 39.407 kD and the
theoretical isoelectricpoint was 4.98, and the instability index was 18.26. OmpLC protein had signal peptide and
strong hydrophilicity but without transmembrane helices in mature protein. In the second structure a-helix , B-sheet
and random coil made up 6.67% , 45.28% , 48.06% , respectively. The three-dimensional structure was (-barrel,
its main domain was classified to gram _neg_porins which belong to OM _ channels superfamily. The multiple
alignment and clustering analysis showed that OmpLC protein of Edwardsiella ictaluri has high similarity to other
OmpLC proteins (AEQ59632,AEQ59639) . The properties of OmpLC obtained by bioinformatic analysis can provide
reference for the prodiction of novel functional domain and the research on related pathogenesis and new vaccines.
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i 2 {E AR B ( Edwardsiella ictaluri) J& a1 7 B
( Entero bacteriaceae) Z {54 & ( Edwardsiella ) H)—
s 2= TG B M AT T, I R R R H
K CHHGEZI Y 5 R B0 20K | B A
SR il Ji7 74 W I AE ( Enteric septicemia of catfish,
ESC) 7 FEHE AR ERIE H a2t n] LU gy dn
FEMT B £ b DRI R AR R A
B 2 IR A FNICT 205 (R A5, B SR A LSRN
FrFH B BE RN I8 IR K 2R A IR 6 H i
R W RSN RS N A R R P s D /ina o
N E AFTEA AT 25 VEG 5 KR 25075 9% 51K
T AR ), A I AR DG r 20 2 1 550 F
RCPE B T

MR FE H ( Outer membrane proteins, OMPs) J&
522 [CBAPEAH P ARG S ZE A5 14y, 2P A 2R
BRI ASN AP § R dE R 3 SRS S
OMPs 515 Sy 200 B 1) 45 14 20 )8 2 A1, % 240 B4 T3 11
15 A ) B NSO A AR A
FERMISMEEE 1 BAT B A S e it AT 5
FA PN 7 A S 18 40 0 R B 9, T ELAS [ . v 28
O3 B AR ELAT S SRR T AT T RS A 88 o T A )
Pl BEE I A AR RS A
KA e | R B 2295 5L TR 1) A1 I 1 1 i FA
F3AS LA Y 33 S A S5 v ) 1 EL ARSI A
RS PR T e i R TR, HETL B
H2E X OmpK . OmpU ,OmpS2 . OmpW ,OmpC Z§4h
FSEE 11 10 45 4 R0 G SR e E AT T o (R
OmpLC( Outer membrane porin protein LC ) 1 H—Ff
R AN 11, 7 [ A A DL, 32 BRI )
REM A ZARTE A, A SCLIIZ fE4E TR OmpLC B2
Fe 2 kil Xz A T — ROV WE B o #r,
VU N 4 I it — 2D WF 8% 26 1 R DI RE S i 2 T AR TR
FHIC R IR BT LA K 92 e (e T il B2 L BRI AR 9 .
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1.1 SLIeHHY
111 Bl

i F AR, P R RO R 2= A ARk 5 R
SFBEK 7 FRAE S 25 N SR B A I T R A 22 [
TSI R A I VR B S £ FRU 1) T B R TR,
AR 0T 58 5, IRAF—-20°C URF 4
1.1.2 FER A

B IR (Nutrient Agar; Jb 57 B8 B2 A= 9 5 R
FIRTHLEAF) . TagMix . DNA Marker DI1.2000 i F

TIANGEN BIOTECH ( BEIJING) CO., LTD., Yeast
Extract ( OXOID ) . Tryptone ( OXOID), PCR 1%
(Eppendorf Germany ) , B, 7K {3 ( BIORAD ) #¢ ¢ i 14
Z 4 (BioRAD Laboratories Segrate Italy) , # K7 vk
i, 2 0L (Eppendorf) | 18 IR 9% ¥ 55 72 45 (HZQ -
F100) , G T4 (LB AR R A R A
H). B JE K # % ( SANYO Electric CO., LTD
Japan) .

1.2 OmpLC EREF5I3 18

2% GENBANK B4 1) OmpLC 5 CDS J¥51)
FlFH #% 4 Primer Premier 5 ¥ it b IiF 51 ¥
(ompLCF) ; 5°CCCGATGGAATCAAAT3" | FiiF514)
(ompLCR) : 5°CCTGCCTG ATCGG A TA 37, &6 I
A TAY TRERARA RGN, DU E AR
POHLEZ 40 TR & DNA A,

LR fil 22 R AL T L DNA AR, FH 519
OmpLCR .OmpLCF | %} OmpLC £ #4T PCR 43
PCR WK Z . EREG194 1 WL (5K R
10 wmol/L) , DNA it 3 pL,ddH,0 20 plL,Mix 25
pL, B R K 50 wL, PCR JI 25/ ;94 °C FilAs 4 4
min;94 °C 30 s,51.5 °C .30 5,72 °C .1 min,30
;72 CHEfH 4 min, PCR ¥ 34 = 9 1% 3 i5
i e S el S A 0 e vl T v Sl 3 R 2
AT A TREA BRA R0

1.3 OmpLC EEXEMWIERFES
1.3.1 BB

WP 5E MU 245 T 41, AL DNAstar 844
£ SeqMan T2 5 #EAT 175 B 422, I AR 0 1 0 5]
HATIEE . AR 5E R P 91 J5 AL H] NCBL R 3t $2 {1 1y
Blastn £ Blastx £23 JE17 751 L X} . 2 A5 s
WA E HhAE, ] BioEdit B 4F X} 5 K ¥ 81 47
ORF £ 4L, #i5€ CDS X, Jf-Kf CDS X B i il L 1R
J¥51, H CodonW1.4 X gt it X i#E 47 %% i 5P 4
30T BIEHIZT YA GenBank
132 HEABFIIHT

JH ProtParam 43 H7 25 [ 14— 2% 45 ¥4 F Je FLBRAE
ZR(or T A A WO R BF) s ProtScal F1
DNAstar #{F £ Protean F2£ ¥ U H: 2% 5 7K 14 ;
TMHMM Server 2.0 #4785 i X 5347 ; H] SignalP 4.0
Server #4715 5 BRI 3 B PredictProtein T il
TR 455 ; F InterProScan . MotifScan ,CDD Til
I HEEF TR . FH Phyre2 $E4T =2 25 44 #0005 FH
DNAstar #4461 i1 (1Y) Megalign #4743 F #4653 4r .
JITFH P 46 i 55 B L3R 1,
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Table 1 Online database and software of bioinformatic analysis
R o ik
ProtParam http : // expasy.org/tools/ protparam. html

ProtScal
TMHMM Server 2.0
SignalP 4.0 Server
PredictProtein
InterProScan
MotifScan
CDD
Phyre2

http : // web.expasy.org/ protscale/
http : //www.cbs.dtu.dk/services/TMHMM-2.0
http: //www.cbs.dtu.dk/ services/Sig nalP/
https : //www.predictprotein.org/
http : //www.ebi.ac.uk/Tools/ pfa/iprscan/
http : //hits.isb=sib.ch/cgi—bin/PFSCAN
http : //www.ncbi.nlm.nih. gov/Structure/ cdd/ wrpsh. cgi

http : //www.sbg.bio.ic.ac.uk/phyre2/html/page. cgi? id=index
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2.1 OmpLC BEEF5| 4

2.1.1 OmpLC HH CDS X4 5000

PCR 7= ) 20 B N5 M 8 108 L Ok ), 45 SR DL L 1, 133
22 7B OmpLC F2 R ¥ 3 v BE K /A 1133 bp, 1000
9458 % GenBank , Y3 A 5y 1X064520,, fill % 750
TEAE B ( Edwardsiella ictaluri) OmpLC %5 [H ) cDNA 200
W32 F 1111 2K 1080 bp, 4% 360 i TZ(O)

2.1.2 OmpLC B Bt 53 b

AN TR AR ] i PR ok 48 1 ) P H B AT B
AR DS~ , 3 e (0 P ) i P 5 R TR P I 2 0k 3R

I EE R I RE A VI R, X i 2 pE AR T

OmpLCHEE N FEAT (i 414 73 BT 2 W] - 25 1 Phe 1) % 35 1

UUC 2t Leu 2T CUG Zihd Tle 12350 F AUC
45 00 T T A iZ 5L R I P 35S 1~ (LR 2)

1

M

1 OmpLC PCR #8458
Fig. 1 The PCR amplification results of OmpLC
¥ :M: DNA Marker 2 000 bp;1:0mpLC 3K PCR ¥ #4724
Notes: M:DNA Marker 2 000 bp; 1:The PCR amplification product.

Phe UUU 5 0.63 Ser UCU 51.76 Tyr VAU 6 0.43 Cys UGU 0 0.00
e 11 1.38 UceC 6 2.12 UAC 22 1.57 UGC 0 0.00
Leu UUA 0 0.00 UCA 0 0.00 TER UAA 0 0.00 TER UGA 0 0.00
UUG 10.25 UCG 0 0.00 UAG 0 0.00 Trp UGG 51.00
CUU 2 0.50 Pro CCU 0 0.00 His CAU 0 0.00 Arg CGU 8 4.00
CUC 2 0.50 CCC 10.67 CAC 12.00 CGC 4 2.00
CUA 0 0.00 CCA 1 0.67 GIn CAA 0 0.00 CGA 0 0.00
CUG 19 4.75 CCG 4 2.67 CAG 11 2.00 CGG 0 0.00
Ile AUU 1 0.30 Thr ACU 2 0.40 Asn AAU 3 0.19 Ser AGU 0 0.00
AUC 9270 ACC 18 3.60 AAC 29 1.81 AGC 6 2.12
AUA 0 0.00 ACA 0 0.00 Lys AAA 17 1.55 Arg AGA 0 0.00
Met AUG 8 1.00 ACG 0 0.00 AAG 50.45 AGG 0 0.00
Val GUU 9 1.38 Ala GCU 7 0.72 Asp GAU 12 0.89 Gly GGU 19 1.81
GUC 6 0.92 GCC 21 2.15 GAC 15 1.1 GGC 23 2.19
GUA 50.77 GCA 4 0.41 Glu GAA 11 1.57 GGA 0 0.00
GUG 6 0.92 GCG 7 0.72 GAG 30.43 GGG 0 0.00
B2 TBFRFEST
Fig. 2 Analysis of codon preferences
2.2 OmpLC HEBFEYHNERER S RN His(0.28% ) (45 WK 2) . #EM OmpLC FHH
2.2.1  OmpLC 4t =14 i) FEAS BRA I S5t 43 B Sl 39.407 kDa, B 25 55 P12 4.98, 4 7L

10T ) AR LA BT A 4 FLAR X o i VR
FEMRZH A S5 HL 55, ] ProtParam tool A4 Fi Ul
FZEAEH OmpLC 8 A EAL TR . OmpLC 2 43
T A P Cys,Gly, Ala, Asn Y& B8 L, 715
9 11.67% .10.83% K11 8.89% , HHXH 7 F A /b i 4 3k

F i ) R B FR BRI ( Asp+Glu) BN 41, 41 1F B i
MR EERR IR (Arg+Lys) MECH 34, AR E REHh
18.26, MR AFESHIIBAENL T 40 A RFRE M)
FEA B EEE OmplC E AR — R E &

Mgy o

L BN A TE RSN RS T B9 0104 30 b,
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Table 2 Basic composition of amino acids of OmpLC

2.2.2 OmpLC Fitt ™4y 0y K Pk 3 A
iz il Protean /% Kyte-Doolittle 535 %F OmpLC
i A T SR KA/ G AP T g K A P 3 - I

Amino  Acid Number Mol% Amino Acid Number Mol%

Ala A 39 1083 Met M 8 222 I ‘ A ‘ ‘
Cys ¢ 0 000 Asm N 3 8.89 R FH B 7K A (R U B SR K SR K P IR
Asp. D27 750 P P 6 1.67 2o HZEH KM RS RTEAE T 3-22 & FL AR 5% It
Gl E 14 38 G 0 1 3.06 el s N LS L
Phe  F 16 444 Ag R 12 333 S jﬁiﬁai%ﬂ’]ﬁr{{kf B PrltIScal E’]‘JIHCE/H %; Xf
Gy G 4 1167 Se S 17 4 FH KRS 10 209 Val BA £ K {EH43.000, 55 51
His H 1 0.28  Thr T 20 5.56 YA Asp BA /M ME R -2.867, F- X Hi K HEE N
floo T 100 2T8 el V26 7 —0.449 AR 1B K | b B % 2 11
Iys K 22 611 Tp W 5 1.39

Lew L 24 667 Tyr Y 28 7.8 —FioRRPEE H (LA 3)

r T T T T T T T T T T T T T T 1 o Scale
45— 25 50 75 100 125 150 175 200 225 250 275 300 325 350

o Hydrophobicity Plot-Kyte-Doolittle

o Hydrophilicity Plot-Kyte-Doolittle

3 OmpLC HBF=HFEK L EE
Fig. 3 Hydrophobicity analysis of OmpLC protein

2.2.3 Rl iE by I B X AT WK, 1-6 KB TR, 7-26 KIBFAFE— 185

TMHMM , J&— Fi B T B By /R o] R R s i JRARIE, 27 - 360 X 002 T 540, N i 76 200 i JIE 1
BRBETN AL I TMHMM server 2.0 ZEZR5KMF  TINAIHEREHy 0.83, X5 LIRBUKHEIHIHEWIG
XF OmpLC Gty 7= 1) (4 55 S X3l 43 Ar (L IR 4) , 25 23

TMHMM posterior probabilities for compL.C

1.2

1.0

0.8 [T
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02 t
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transmembrane inside outside

B4 OmpLC 43 7F=H B EX H -
Fig. 4 Transmembrane region prediction of OmpLC protein
R UL HLF R (http : // swxxx. alljournals. en/ch/login.aspx ) (2016 4F45 2 1 doi: 10.3969/j.issn.1672-5565.2016.02.01) ,

2.2.4  OmpLC FRfS7=Hy5E-5 B Hm B AR T MM E L A HEME S P50

T R AR TS N 3ty 15-30 DNE3EIR L IRBAPE DA A 1 2% [ B A% A ) B LA
MR Z K, 5l S A E AN EN, AR AEWNFESIE I8, XT3 R [ 515 5 ikt
SignalP4.0 J& N3 K I M5 5 MK R FEsT VI A7 ;SR I 1T A7, I H 44 1 €S| Y-score IG5 Hirf
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WAMEIE E OmpLC A Y)1{E B2

FIHT 65

C {ERRAR 5 KA VI A2 208, S {HAE AR 5 IR E, Y
{EE i C A S [EHEZRA 1 A BT U7 S 06, T
Efiﬁﬁa (R 5 5 5 KB DAL 12, — AN AL
JIK e S B BT D)3 A 2 il ﬁfﬁ%tﬂ{ﬁ,ﬁ\z}:ﬁ“
ﬂiE,Y {ELAN C AR BT DAL A B R R (EIF L T 1,

ARSI TR LS R (UL 5) F . C HAM Y [E1E5 23
P43 SARAS R AR 0.884,0.898, S {HTESS 3 fif K
7 0.949,1-22 i) S {H M 0.923,D {H 2 S-mean
H1 Y-max A8, A 0.910, AT 0] LUK W OmpLC
Gt = P AEAEAR 5 IR, BT UL ST 22~ 23,

SignalP-4.0 prediction (gram-networks):Sequence
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Fig. 5 Signal peptide prediction of OmpLC protein
* % UL HLF R (hittp : // swxxx.alljournals. en/ch/login.aspx ) (2016 445 2 1 doi: 10.3969/j.issn.1672-5565.2016.02.01) ,

2.3 OmpLC %A= — K&

PredictProtein J& KK /A= W) 22 5206 == £ 43L
5 5 50 R 2 SR R 55, HE A3 B 7 AL A FH
PROFsec 7341 7 91 9 — 4549 , Hl PROFace 53 #r 5%

it PROSITE # R BAA, {5 B ProDom 5l I 2y e &5
PSR, K BIZ IRt =) — R 2R I 4 6.67% , ¥t
B 17 45.28% , TCHLN A il o5 48.06% , FL 50 4] 4n ]
6 Fitzs, FTLAFE %7 4 — 904t b 35 2 fh 3 & F0 3R

FEVEFN ] KM PHDhtm 4387 78 76 1) 5 B D 25 44

A
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Fig. 6 Secondary structure prediction of the OmpLC protein

* B UL L FRR (http : // swxxx. alljournals. en/ch/login.aspx ) (2016 4E5 2 1] doi: 10.3969/j.issn.1672-5565.2016.02.01) ,
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2.4  OmpLC 4RE5 =) L5 Fn Th BE L 2= il ANGEIEFRL AT, Hir 28-360 N LR 7R K M R 45

EZas

PR g = |

InterPro $0#% & H1 EBI JF & EAEN N
LRI e R SE IR . B2 UniProt ,PROSITE |
Pfam 55 12 >l OB e K R 45 R fEwf . ] CDD |
InterProScan MotifScan X OmpLC B4 A% F= %) i) ik 5
R4 ¥ AT 43, 45 R 3946 1] 101155 (OM _

channels superfamily ) HJ B 51 gram _ neg _ porins

[¢d00342] (W& 7a,7b) . OmpLC %4t %E H i 360

s, ZE L H 2 AT (53-64,96-106 153 -
164 .233-245 312-348 %) R (W 7c) , Hidfx
BB B R R 2 BB 312 - 348 i i) R ik A H
[LIVMFY]. {2} G. {2} Y.F.K. {2} [SN] [STAV]
[ LIVMFYW | V, H #5 & H ) 8 K &y VDLGAT
YYFNKNMSTY V,iZFKWEE 7E ELAAE TAR T,
FEI B AR B AR A BB 7d)

1 50 100 150 200 250 300 360
- L T e L o oo e e o v iy e ssyomezonsce SR i somowoess -
QU B89s e trtertece Y YT Y — e

eyelet of chanmel § A A A

Specific hits
Superfanilies

A
| OM_channels superfamily

(a)i@id CDD TN PR ST 25 Fa 3

InterPro Match 1. ------- Query Seq

----- t+ Description

360
~ IPRO01702 | Porin, Gram-negative type
PROO182» p— e —— @ ECOLNBPORIN
PFOO267» W Porin_1
IPROOL1897 | Porin, gammaproteobacterial
PROD183» S G ) o & @ ECOLIPORIN
~_IPRO13793 | Porin, Gram-negative type, conserved site
PSOOS76» > O CRAM_NECG_PORIN
IPRO23614 | Porin domain

C3DSA:2.40.160.10»

nolPR | unintegrated
SlqnalP-NNLeuk)P "
v

B no description

B sgnal-peptde
@ . b

—a==
e < P PP T r——— B

@ PRODOM WPRINTS

= el 3
W SUPERFAMILY

| 13

ne_regions

W SMART W TICRFAMs O PROFALE

O HAMAP D PROSITE B SICNALP B TMHMM B PANTHER W GENE3D
© European Bioinformatics Institute 2006-2012. EB is an Outstation of the European Molecular Biology Laboratory.
(b) 3T InterProScan TN Y ST 45 #4) 48
IPR001702|1PR001702 IPR001897 IPR013793|IPR023614 Unintegrated|Unintegrated
PF00267 PR00182 PR0O0183 P3S00576 G3DSA2 40 160.10|PB000096 SSF56935
29-365 53-6598- 108 155- 166 238- 250317 -334|24-4053-7198- 120 153- 175244 - 261 273 -292|317-333 |24-365 2-364 [24-365
InterPro Signatures &
PRO01702 PFO0267 . FOrin_1
PR001702 PR00182 35— L o #—— ECOLNEIPORIN
IPR001897 PR00183 —_— S — ECOLIPORIN
IPR0O13793 PS00576 e GRAM_NEG_PORIN
IPRO23514  G3DSA240 150 10 — S P Oin_Gr3mM-ve
Unintegrated PB000096 [ B PR T
Unintegrated SSF56935 SSF56935
Structural Predictions &
sw_P07238 B 2222222222727 7777777 7777777777777
(¢)i#3d InterProScan TR A4 £4 <7 5 7 FF AT
Saccharomyces cerevisiae Unclassified
Fungi Virus 1
Caenorhabditis elegans Archaea
Nematoda Bacteria 7165
Metazoa Cyanobacteria
Fruit Fly Synechocystis PCC 6803
Arthropoda Oryza sativa (Rice)
Chordata Arabidopsis thaliana
Mouse Green Plants 2
Human Plastid Group 2
Eukaryota Other Eukaryotes

(d) FE 22 [RBATE Porin FRGAEARNA: Yy (19 53 A3 15 L
7 OmpLC HEBF=H&EHIB ML R -
Fig. 7 Functional domain of OmpLC protein
* B WL HL TR (http ; // swxxx.alljournals. en/ch/login.aspx ) (2016 4E4f 2 3 doi: 10.3969/j.issn.1672-5565.2016.02.01) ,
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2.5 OmpLC FwBEB=ZREHT

CPHmodels J2&R JH [ Y5 ARt 5000 25 1 ot — 2
R — A8 IR 55 g , RISk T DA R ey
FERB LR (threading ) B9, [R) TR EAR A 26 H LS,
FEE A 8 R B AR ) R 1, SR 5 8 H AR AR
AR AT X0 L, AR B A 45 1 A, I —
AR R Sy T A 5 SR Xtz Y I R R
1, S50 SR — € AR  (H R — S /N T 30% ,
UERHAR MR S I Z5 10 Z [ 1) G R | BE A Bk AR
EHATER A A PN ROR B, 2 R R
H“ 5 AT BHEAC B RN S RS A S
AIRER SR 00N 25 1 A A% O 4544, Phyre & —FP LT
profile—profile FEXFFIZE EB k| X F0 & AR 1 7

1D-3D AYJFHITE A LEXT TR, PR I AR SR FH X e
FrdE AT FU , CPHmodels 25 5 /R 5 losm_A HYAH
RIS 64.5 %, H: 3D L5 EI N IE] 8a 7, Phye2 4%
KR, FRE N dlosma, %X & & T porins K
W, BARE A 335 DEIEIRILIE (93%) LL 100%
EERSHARE (WK 8b) . # —F i S5
F5 A Swiss—Pdb V iewer 3.7 ¥ H.Z5 ¥ 478 kb
XFCULIE 8¢ ) , e #Ze i , 7+ F FH Ramachandran
SHGATRER: . 25 SRR 7 PR, B (0 XU FRAR
() @ FF W A5 DR, 1 A € DX S0 AN A B X
M 8d HhAT LI HY  BAUAS 2 Y OmpLC 28 Y 5k Jik
() TR FA A8 REB 376 A BRI P, R B B 2544 5
H ARG F AR TR, B R 2 (] 2514

(c) E&ALLXTE

(D MEHEZE
8 WMEEGEMSEID ERMESLERSWE"

Fig. 8 The three-dimensional (3D) structure model and graphic superimposition analysis of the model predicted by

two modeling methods.The predicted 3D structure of OmpLC protein
* % UL L FRR (hitp : // swxxx. alljournals. en/ch/login.aspx ) (2016 4E55 2 W doi: 10.3969/j.issn.1672-5565.2016.02.01) ,
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2.6 OmpLC HWBEAHFiHULIH RBR—2 (WK ob), Kk a] LFIWr B R
AL Blast p F25, MU S A S OmpLC, 12 ANFES AT LA 540 0 =28 B F N m

XF 81k (Position-Specific Iterated BLAST, PSI-Blast ) ,
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Fig. 9 The phylogenetic analysis of OmpLC protein
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