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Structure and phylogeny analysis of Paenibacillus terrae NK3-4 EsxA
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Abstract; Earlier studies found an EsxA gene in the plant growth-promoting rhizobacteria Paenibacillus terrae NK3-
4. To clarify the properties, structure, and phylogenetic relationship of the EsxA gene coded protein, a series of
analyses were conducted using bioinformatics technology. The analysis of basic properties shows that the protein
EsxA contained 91 amino acids with a molecular mass of 10 276.53 Da, the theoretical pl was 5.29, the molecular
formula was C,;sH;, N5 0,4S,, weakly acidic and hydrophilic, it had a conservative motif of WEG, and was a
member of WXG superfamily. Modeling predictions show that EsxA formed an asymmetric homodimer in a natural
state, in which each subunit consisted of two a-helices that were connected by a B-sheet, and the two a-helices
arranged in antiparallel; the peptide chains of the two subunits in the dimer arranged in reverse, and all N- and C-
terminuses were exposed to form a rod-shaped surface morphology. The irregular curl at the N-terminus of one
subunit formed a short columnar protrusion , perpendicular to the rod-shaped dimer. Phylogenetic analysis shows that
EsxAs in Paenibacillus had a low homology with that in pathogenic bacteria, although not conservative among
Paenibacillus species, which indicates that EsxA in Paenibacillus may have distinct-different functions with that in
the pathogenic bacteria. The results can provide theoretical bases for the studies of the exogenous secretion
expression conditions, activity maintenance, and functions of EsxA in Paenibacillus genus including Paenibacillus
terrae NK3-4.
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EsxAs ( F 1] 70 W 4t I 8 6, Early secreting
antigenic target-6, ESAT6) J& —J5 /N T W5 1,
—BEA 100 ZEA D AR, BART I WXG &
FERRILF Y IR WXG BRI 5L, %
R BHERE Y, 5 EsxB(CFP-10) 2 [RIZ1 A vII
RUG IR GE (TTSS) , EsxA i Y6 78 30 1 9 I 1 45 1%
43 SZFF B ( Mycobacterium tuberculosis ) W & F | 5
HBUm Iy 3 O SC | ) Bl 8 e sh e i
R T B, EsxA BT 5 sh W E0R 1A
MBI SCHN T IR BB 15 5 S 1) G 2 S
P WA RS R IR, TE AR A R o
( Listeria monocytogenes ) , EsxA 5155 339 I 18 B9 20
PETESE P AR AR B0 Al B L AETE EsxA G i3
JNER W EHERE R T, EsxA 5 EsxB JE IR IR
RAK, 518 B BFARSE

HARIETE & B, HE AR B A2 A TR - 1 28 2 AT
B ( Paenibacillus terrae) NK3-4 FL[F 20 A4 & EsxA
Gh AL (H EsxA 1528 28 MOAT B b % 35407 b 2 g
W JCAH SCHE , 2 1 -5 28 28 M A T AE ) 1 i AR 5
AH AL M R AT, ASSCRAVEYIE B8R b
TIZ EsxA WUEEAVERT R 3D 45 M RGEKH
KZR, VIR A48 NK3-4 B AR 78 N 1) 25 28 I 1
EsxA B K SME I FRIE TEMEORFR A1 S I RE IR
AT AR

I ObPR i

1.1 NK3-4 E#E EsxA AT

B NK3-4 FEPR AL 8 O 2 7 T (Virulence
factor EsxA) M LR T A B A ExPASy Proparam tool
(https ://web. expasy. org/ cgi-bin/ protparam/ protparam )
O3 LB AR 5T, R R AR Y 91 42 58 NCBI iy
BLSTp 47 PSR Hoxod , JEAG R ORsr il
1.2 NK3-4 E#k EsxA3D £

B NK3-4 Fibk EsxA SRR T I AL H
J 45 A6 15 ) 35 SWISS-MODEL ( hitps://www.
swissmodel. expasy. org/ interactive/rgsxPX/models/) ,
i 1 [ PR TN 3D 25k KRECE BRI .

(1) A5AR % 28 0k 4% B e A8 o 7 51 4 52 SWISS-
MODEL J& , 2 H 2 VT B AR Rl B AR AS , % B4~ U1
AR AR, FRH HY T TN A AR — H A DT C B, 1B 4% 5
i RIS, KRR 5 H BR P 81 LR AR
55551 Z TA) LR DE TC 118 235 48] i A ASE Al 52 ) A5,
Jr BOEAR AT B , 5 5B AL, W B B
Je e /M T 3 18 JUAR] 2R e AR

(2) A o PP il K% TC ik £ 455 . ) T QMEAM
RO REHEAT 2 R PE AR B ST B VP Al oSl
By, FOA i AT B A5 A e A AR AR AR L Bk
(i) FCAAERAR e P R AR W) e AR G (i) B A S
BEAYR S AE — i ; (i) FCAR SR Z AR RS ; (iv)
SEAARLE G AR EAESURS H bR 1 Z B2 4 I
SFIY
1.3 NK3-4 E#k EsxA REX FWME

FIHI MEGA6 3R {4 % NK3-4 B bk EsxA Jo 53
(7] 5P 2 v 1) 2 1 9 R AT R A0, X SR R Y
Z BT M Uniport 4% % (https : //www. uniprot.
org/) AR 15, X LK P 51 28 AU 2 £ ¢ Translated
protein Sequenences ", 4t 11 77 % >k H 4K ik
( Neighbor-joining) , #iH K FH ¢ K AR AR 125 ( Maximum
Composite Likeliood method) . F %8 & ARl % H H
247% ( Bootstrap method ) , i X L XF £ %X ( Pairwise
Alignment ) "8k 1 FF)5 1] 43 ( Gap Opening Penalty) :
10, H.& T ZEMT] 43 ( Gap Extenson Penalty) :0.1; 25
LS E0( Multiple Alignment ) A7 R )3 51 43
10, & 17 ZE i1 53] 43, 0.2; 25 H AUE 6 % ( Protein
Weight Matrix ) : Gonnet ; 43 5 2 J& 2 51} 43 ( Residue-
specific Penalties ) : ON, 7% 7K P4 ¥} 43 ( Hydrophilic
Penalties ) : ON; &t 1 43 2 ¥ % ( Gap Separation
Distance ) : 45 R i 714325 ( End Gap Separation ) :
OFF,

2 R 550

2.1 NK3-4 E#k EsxA FIEAR SR
2.1.1 NK3-4 Ftk EsxA AOFRALM:

NK3-4 FkE EsxA & 91 DR, 77+ i i
10 276.53 1A /R, PRI & AT 5.29, - F Uk
C445H711N125014GS4’ JE % 5!%( E 1 431, /ﬁ 7\16 /2% 73"&
(280 nm)5 500,Abs 0.1% ( =1 g/L) 0.535, i it
I 30 h (WL S A R 40, #R4h) ,>20 h
(BERE RPN F1>10 h( KIBFFIAT, RN . AT T
£46.28 A AATRE . MR FEEL 65.38 , KRECEK
PESEI{H - 0.548,, W] NK3-4 B #k EsxA hy 55 ik
P CEKPEER AT, “HESARE
2.1.2 NK3-4 [&tk EsxA PRSI

CDD 7 #r M, EsxA &4 WXG100 ESAT6 14
SIS WXG 5 B ST RL S 44 3 46 DR W
(HAEAR)-E(FEMR)-G(BAR) , 72 WXG K
R 1% EsxA ZHER)T 5 XILLRSFI(ILIE 1) o
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Query sequence MAGRILITPEQVDQVANQFKQSGEQSQQIVSSLTQSISGMEGQWEGMTKQRFFQEFQEASKQMQAFVTTLNSISQELTAIANKFRTVDQTK
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Fig. 1 Amino acide sequence and conserved domain of EsxA in Paenibacillus terrae NK3-4

2.2 NK3-4 E#k EsxA 3D &4 R
2.2.1  FRAR T 1E K AT L 2

1 NK3-4 Btk EsxA 24 R T 51 $2 58 SWISS-
MODEL J& , 3t i 417 iR, Hid— 28 EsxA
2R 15 82 28 7 51U 26 30% , ARALE 36% , AT L)
IR AR B RO R Rk &
BedE, A B 85 (ULE 2) 535 78 35 NK3-4 K EsxA
1~90 % 7~90 M2 MR, 5% 99% .,
2.2.2 @RS

BRI TR TR o RS
B 1.22, th2R 4350 4.42 , FE IR 99.41% , 7 G B BE
{5 0.0% , e F AR HH 0.0% , C-Beta i 224 0.,
4 JRyPE AR i PEAY SR, QMEAN S —1.06 ( WL
3a) 3 Ry AR T i VAL 2R B 0 A4 JR BB SCE S B
By 8 T AR AL ( DL 3b) 5 T ASE 20 5[] Y5 2K 1

J = LR AR RIE S TR, 5 PDB 4544 10EETT
AAE RS AR QMEAN4 430 0.74 (ULIE 3¢) , 4%
RRW (S E P L T RARD) , Z 8390 <1,
BRIZ M S A |, R e A BAE 254
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2 THhZEEFRATE NK3-4 EsxA ZHHENR
Fig.2 Template for Paenibacillus terrae NK3-4

EsxA 3D structure prediction
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Fig.3 Assessment results of template for Paenibacillus terrae NK3-4 EsxA structure prediction

PLICH R 4B R W], U ASS U R4 0/1 394 IR
£ 6/1 874, 41 4% A66 Phe ., (B8 Thr-B9 Pro) . A59
Ala A82 Asn B11 Gln B49 Lys, B§/NF K 435114
97.8% 1 95.6% ) 2 KR 5 B T TR &% e A A/
X, AR AL T4 SuF KB (LK 4)
FE IR TR A 4 E R S SE TR R IL I K T A H ) —
THI 1, 6 1Y) 35 1 TR A AR

2.2.3  NK3-4 ik EsxA 3D Z5H &5

NK3-4 Ttk EsxA 454497317 7, EsxA 2 a[a] I8
BRI R A B YT A o 15
TRELH B, XA~ o 2T S ) PATHES . — R AR A~
WL IREE R IS, T N AR A C ARG 7
FEEAD, AT IRASEARKIFRI LS, Foh— (B
) F Y N smfkBeaag sk B 3D 45t (LA 5) .
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Fig. 4 Ramachandran plots of template for Paenibacillus terrae NK3-4 EsxA
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Fig.5 Predicted structure of Paenibacillus terrae NK3-4 EsxA

Hra, b oA EsxA TR R d ST 0 R AR T e A R (B - 1 f Ay, A (- B H Aur, SR - ) b R d 430k a A ¢ ERE 180° 5 I &
G BRI T A IRBERY C A N 3 (hRids 1 A9k A BE  ARidE 2 M9k B %)

RAEIIHTRW], EsxA F 255 A KA (WL
6a, 6b) ,NK3-4 &tk EsxA 5 H i —f& b agpi4> P
terrae N Wi Bk 2 kG 28 ZE M AT B ( Paenibacillus
polymyxa ) BN—"A/IN3L /NN B LR T 5] 2
SEAARNR Y, [R5 K 28 2 AT T R —/NE (L
Kl o6c), X — /N3RS M2 R
( Brevibacillus laterosporus ) , Paenibacillus yonginensis,
IR T ( Thermoactinomyces sp ) M i G 28 B AT 1
( Bacillus koreens) 3 H—" K% ( WHE 6a) ;155 —1>
KFE, 75— SE 2R 25 AT 141 )& T Bk EsxAs JN—/)

E(ULEE 6b) , X P A~ K5 L0 M R ( Clostridium
roseum ) M EAR W ( Clostridium felsineum DSM 794)
AR —, UL, EsxAs 7680 [H] 1 & R 2L 56 &
FEANRSFRY, B AT 5 43 A A A S R
(M , EsxAs O — S8 BN FH 1, T2 AT
TE T AR M AT A OB D, HLAL G NK3-4 5 bR
TE N IR ZE AT I 1) EsxAs 5 31805 W 1
T EsxAs R RRHIT, FEXREUL ] B EsxA
DI REAFAE 22 S A
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o AOAT51YX79 Type: VII secretion protein EsxA Thermoactinomyces'sp. .

EsxA Paenibacillus terrae NK3-4
EORH96 ESAT-6-like protein Paenibacillus polymyxa (strain E681)
AOAOD7WTMS ESAT-6-like protein Paenibacillus terrae
E3EIZ9 ESAT-6-like protein Paenibacillus polymyxa (strain SC2)
G7WAT2ESAT-6-like proteéin Paenibacillus terrae (strain HPL-003)
W7YTES ESAT-6-like protein Paenibacilius pini

A0A1G5IXG4 ESAT-6-like protein Paenibacillis polysaccharolyticus
‘D AODA264EEP2 ESAT-6-like protein Paenibacillus taichungensis

AOA1L5LPG9 ESAT-6-like protein Paenibacillus xylanexedens

AOA1X7HOL4 ESAT-6-like protein Paenibacillus uliginis

G4HBB9 ESAT-6-like protein Paenibacillus lactis
AOA1B2E6J6 ESAT-6-like protein Paenibaciilus ihbetae
AOA163E634 ESAT-6-like protein Paenibaciilus glucanolyticus
AOAOM1P611 ESAT-6-like protein Paenibacillus.solani
AOA1IR1F2NO ESAT-6-like protein Paenibacillus rhizosphaerae

. .~AOAOF7C1S9 BRELA Type VII secretion protein EsXA Brevibacillus laterosporis.

- lAOAQ94IU: 80 Type VII secretion protein EsxjA ‘Thermodctinomyees sp. - -+

AOA1ROWIAS Virulence factor EsxA Paenibacillus sp.
AO0A163JAG?2 Virulence factor EsxA Paenibacillus glucanolyticus
AOA1R1B4E6 Virulence factor EsxA Paenibacillus lautus
AOA1B2E2RS Virulence factor EsxA Paenibacillus ihbetae
A0A269WC84 Virulence factor EsxA Paenibacillus sp.

AOA161S0Y9 Virulence factor EsxA Paenibacillus jamilae
AOA1AOFYGO Virulence factor EsxA Paenibacillus polymyxa
AOAOF6EQO1 Virulence factor EsXA Paenibacillus polymyxa
AOAOK2FBB4 Virulence factor EsxA Paenibacillus peoriae
AOA1R1DV20 Virulence factor EsxA Paenibacillus peoriae

E3E9NO Virulence factor EsxA Paenibacillus polymyxa (strain SC2)
AOA1C3CCC9 Virulence factor EsxA Paenibacillus polymyxa
AOA1D7MEUS Virulence factor EsxA Paenibacillus polymyxa
|AOA1S8LGD4 Virulence factor EsxA Clostridium felsineum DSM 794
0| éOA 1S8MC93 Virulence factor EsxA Clostridium roseum

+ i K AT B NK3-4 EsxA RS & B

Fig. 6 Phylogenetic tree of Paenibacillus terrae NK3-4 EsxA
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FIANZE A v REAAAE I 5 H e o7 2 (R AH H A
FARINE S, T8 AT DI RER A 2L W24 S B0 B8,
RERE RFZHT A AIBNZ EsxA fESEfbd RE 1Y
PRSP AR SRR R , A SO NK3-4 T PR EsxA
SR S 1 34 AN ER BT HEA T IR AT, 3R
IXEE EsxA ZERR P 5 RR I E ORI , 10 b
FEPRAR SRR | R — R A TR R, X 2
FRATA N AR ZE M B o 5 7 I A o rh A
[FISHRERIIE . TEALHE NK3-4 HEARTE N 192 25 MO AT
P PR ZEMAF IR SR T HAERT L EsxA 245
AT SIS L A 2 55 2 28 M R X A A 8 £ A AL

N7, 02515 5P R EAE  HAE R 2r 7L
i JRRAEE T — PO Z s B R
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AR B FEA T £ #2828 AT R
NK3-4 LR 1 EsxA L 2 65 19 /N33 143 W
VR R BRI, o0 M T PRSI 0 T B PR <F
BF WEG, R 72, 38 % B AR i — ZR 51
SR VPAR , T T AR (SR 3D S50, IR TZ EsxA
FERITIET REKEW, REL T HrRY,
A FE NK3-4 THRTE N B2 ZE AT B 19 EsxA 5 80
ANEA Y EsxA [R]IE 5C R B, 3 5 7R JE B0 5 43 W
) EsxA 7] G EL AT 5005 IR 18 40 W6 1 EsxA HAG B4R
RIRI I BE . 45 5k NK3-4 T BRTE N 19 JE 20
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