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i E (TP RILARAGAAKRTHONE BlIo o T AR ERMWOREFTHAFE 168K £ 4G
BEFRI, RRI|FHN 2-EANEAEATLAERZEZEZR. [B0] IRKRRAEGH FIAFEH Bl6
Fa T AR Ay & RE M 09 E FFOATH 168 T AR T ALER 69 X 42 B T ALEEEE Ynep, 4T EAH) 7R
L, M BBEEMT Loy 27, k] R 2 2R 4684t X R (quantitative PCR, qPCR)¥E
AY S AT P AAESBE £ TR TF W £, BIAMBEF oM AFEELEM L7, FBTES
FREAFE LN R IELEORARKPFAEFEHGEZF. [£R] qPCR 27, A3 12hF72h
J&, HHk B16 ynep 2B A A5 3] A Btk 168 49 1.428 2 0.991 42, A WME & F AP AE AL
BRF 7| — B A 97.12%, B4 T 551 4 15 993.35 Da #= 16 007.42 Da, % %, % (isoelectric point, pl)
A A 7.06 A= 7.82, ¥ EA 5 FidA2 P A E KL PEIEA X4 %& G R (transcriptional enhancer, TE)
MR, 3 AR T 49 Aspl6-His23-Tyr26 4t Z B4k, R RIEAE R = Ynep 3 2 A “hot dog”%
#, & TE BEHERTILGEMIFE, AAEBAL 4 NEIRBREF, T 487 R HUES B v JRARTY A,
H 7k B16 4= 168 Ynep 5 &4 B-BABE BE-CoA 4T x4, 454484 % 4 —5.47 kcal/mol #2—6.95 kcal/mol.
F R F K AL E Bl E MK R T AR B16 = 168 698475 % 4 1.243 U/mL 4= 1.233 9 U/mL, & i&
B RLRJE ¥ 30 °C, & pH 4414 8.0 42 9.0. PAFEEA 10-30 °C. pH 7.0-8.0 3 & Ik RA4F4Y
AR, BBk 168 F Ynep #HiRE &% b 842, [454) A F 048 F 09528588 Ynep £ 7R &
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Comparison of thioesterase Ynep in Bacillus nematocida B16
and Bacillus subtilis 168

NIU Qiuhong, ZHANG Hongxin, WU Guohan, TIAN Zhuo, CHEN Keyan, HAN Rui,
ZHANG Lin"

College of Life Science and Agricultural Engineering, Nanyang Normal University, Nanyang 473061, Henan, China

Abstract: [Background] The biocontrol bacteria Bacillus nematicida B16 and B. subtilis 168
present different perceptions for nematodes and have significant differences in the expression of
the nematode attractant 2-heptanone. [Objective] To investigate the key factor, the thioesterase
Ynep, involved in methyl ketone synthesis in B. nematicida B16 and B. subtilis 168, and compare
the heterologous expression, structure, and activity of this enzyme between the two strains.
[Methods] Quantitative polymerase chain reaction (qPCR) was employed to examine the
transcriptional levels of thioesterase in the two Bacillus strains. Bioinformatics analysis was
conducted to compare the structural differences of this enzyme. Furthermore, the heterologous
expression level and activity of this protein were compared between the two strains. [Results]
The transcription level of ynep in B. nematicida B16 was 1.428 and 0.991 folds of that in B.
subtilis 168 at the time points of 12and 72 h, respectively. Bioinformatics analysis indicated an
amino acid sequence identity of 97.12% between the two enzymes. The two enzymes were
predicted to have the molecular weights of 15 993.35 Da and 16 007.42 Da and the isoelectric
point (pl) values of 7.06 and 7.82, respectively. They possessed the transcriptional enhancer (TE)
domain with the conserved catalytic triad Aspl16-His23-Tyr26. Homology modeling revealed that
both Ynep enzymes presented the typical “hot dog” fold, a common structure in the TE
superfamily. Four residue differences existed between the two enzymes, potentially influencing
the formation of the thioesterase tetramer. The Ynep in B. nematicida B16 and B. subtilis 168
showed the binding energy of —5.47 kcal/mol and —6.95 kcal/mol, respectively, with the substrate
B-ketoacyl-CoA. The purified recombinant enzymes of B. nematicida B16 and B. subtilis 168
demonstrated the activities of 1.243 U/mL and 1.233 9 U/mL, respectively. Both enzymes
exhibited optimal reaction temperatures of 30 °C and optimal pH 8.0 and 9.0, respectively. Both
enzymes demonstrated good stability within the temperature range from 10 °C to 30 °C and at pH
7.0-8.0. Moreover, the Ynep in B. subtilis 168 had stronger thermal tolerance than that in B.
nematicida B16. [Conclusion] The thioesterase Ynep in the two Bacillus strains shows
differences in heterologous expression, structure, and enzyme activity, which lead to variations in
the synthesis of 2-heptanone. The findings contribute to the understanding of the molecular
mechanisms underlying the different perceptions of nematodes by different Bacillus strains,
providing new insights for the development of efficient biocontrol products against nematodes.
Keywords: Bacillus nematocida B16; Bacillus subtilis 168; thioesterase; 2-heptanone; differential
analysis
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LB 3557 544 B S 25 SCHR[STRC i

B AR B Sigma-Aldrich 237 ;
Ao . RS A Ay TR
(KIEVEBRAF] . s PCRAY, FEEREAH],
1.2 WEsHES yneP EFE &

MEFED =GR Bl6 &XHEAH T
LR Ynep XTI AL P41, 7E NCBI 4
JiE T 28 168 HRlREE Ynep X0y IS S,
Primer. DNAMAN #{fi&1t B16 yneP 5|4
B16-F (5-TTGCATGTGTCAAAAAAAG-3") Fil
B16-R (5'-TTATTTTTTTGCCTTTTCGT-3"), 168
yneP 544 168-F (5-TTGCATGTGTCAAAAA
AAG-3")#1 168-R (5'-CTATTTTTTGGCCTTTTC
AT-3"), ZRESCHR[81AY 71441 i $E LR A% B6 il
HFE 168 BN ZH DNA, DIREUAY LR 2 DNA
R, J35LA B16-F/B16-R F1 168-F/168-R 4
SIRE, IS kR BB yneP KE[K . PCR
WK ZR(50 uL): 10xJNZRZE vk 5 uL, dNTPs
(200 umol/L) 4 pL, FI#5147(10 pmol/L) 2 uL,
U549 (10 pmol/L) 2 uL, DNA (50 pg/mL)
2-3 uL, Taq fii(2 U/uL) 0.5 pL, ddH,0 33.5-34.5 uL.
PCR JZJii 251F: 95 °C 5 min; 94 °C 1 min, 57 °C
1 min, 72 °C 2 min, 30 PME#; 72 °C 10 min®',

PCR 52 85 #- 7 BB M e vl vk A, JF
X} R4y T EARC KW PCR PR TR RN, B
WEIERR S, W e b Pk mllk . ¥ PCR 7™
Wy [ i - B i 323 pMD18-T #8044 I )5 #E1 7l
YIS 35 UE , K B TiF TEAff 1) v B TR PR 6 B A T A
Y TR R By A R WY .

1.3 WESES Ynep AY qPCR 1813F

Ve ZE /AT 16S tRNA B2 [H RS/ A
S, NZ51¥N F (5'-GCTCGTGTCGTGAG
ATGTTG-3")FI R (5-GGTTTCGCTGCCCTTTGT
T-3"). FEF AN RNA F2BGR G 3R E 2 B2
FUFFTR B RNA #5475 5%, SOBAR 20 : mRNA

FiHR (29 0.4 pg/mL) 1 pL . Anchored Oligo (dT) 18
(0.5 pg/uL) 1 pL. RNase-free water £pZ2 9 puL.
65 °C JK#t 5 min, K 2 min JSAIA 2xTS
Reaction Mix 10 pL. TransScript RT/RI Enzyme
Mix 1 pL, FBEARFA 20 uL, 42 °CHFH
15 min, 85 °C Jil#k 5 min AT, RV L L.
PRI cDNA  4fi J8 R0y B2 46 58 i 5 247
qPCR X% .
1.4 FREEES Ynep WEMEEFEDR

Jit P R 2800 12 S o Ak AF 8 . DNAMAN
S FEMR 75 LX) ; ExPASy ProtParam Tool: http:/

ca.expasy.org/tools/protparam.html; ProtScale: http://
ca.expasy.org/tools/protscale.html; ~ CLUSTALW:
https://www.genome.jp/tools-bin/clustalw; ESPript:
https://espript.ibcp.fr/ESPript/cgi-bin/ESPript.cgi;

SWISS-MODEL:  http://swissmodel.expasy.org/
interactive; Discovery Studio ,PyMOL : 3 F#: 4l |

ZERE 53T o

{#i ] BLAST #(% . GenBank FUZ MK
(Ribosomal Database Project, RDP)#47AH{LI: 43
Br, 8 H MEGA 5.0.2 442+ 19 neighbor-joining
DHERGEEEW, XORERE YRR T 5 T
[EE Y, @1t ExPASy ProtParam tool %7K [
S B B T 0 A, BFE A S AR 4
OSSR EEmAaRE 25, R
SWISS-MODEL 1 7Hiifighif Ynep —4EZ5H4[RIIAR
A FF Discovery Studio 11 PyMOL
SPA R A WIS 13 VRN
1.5 RIERZEHAMLEREREANIE
T Rix54k

it FH N DD BamH 1 A1 Xoh T X 521 ve P& o
i F pET-32a(+)BURLHEA TG, #48 FH T JiA%
E e Ol AP L 2 E ) A 2 s el e
Escherichia coli BL21 1, AR ER IPTG 75
oA KEEEFRILL 8 000 r/min 143 B 7E TR
B0 20 min, WAERIBEWEIR. WIATELLT &
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PR AR R A TR VK, PR 400 W,
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A, X EVRE A ETH VR, JEt
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B —3R o S EERC ] 10 mmol/L 1Y 4-A L8
W =F PR B VS W s 55 045 50 mmol/L
Tris-HCI ZZ #P (pH 8.5). 0.1%F B Hi ARk 1
0.6% Triton X-100, ¥ FIRPIFRER LA 1:9 1
LA TIR G o B SR IR &5 T
30 CCAKIEE RN 15 min, SEEIAIA 95%Z. 1
1 mL 28 0E R, 45 X RESA Tris-HC1 28 0P (pH
8.5) AR o Tie i) AN [7) i 25 14 o R 2R i (i i
TS AEEA) IR 410 nm A ARG, 20
P g B X fE— AT, B
A3 RIS TR 1 pmolL X fild LAy i 1 i L
R A 1 B (U),
1.6.2 HRiEEE. pH. BREMHNE

IR RERCEE . NI E
10-60 °C, LA 10 °C H—AM[ElfgE, HAWRE hZ
B, BHEIE R 161, B S S
XH 100% , BEEAEA RIS B AE 30 min f5ill
SEMFG , DA IS 12 SO 100%1,

fif pH. pH FUE M : W fEAIE pH ZZop
W B, A R R AR T, BT DU A
[A] 1.6.1, ¥fem S 12 SR 100%, Kk
5OR[A] pH 22 (1:1)7E 30 °C A[H pH T iilE
30 min JEIUE RS, LAV O BERE 1 E R
100%. 50 mmol/L Z& Pk : +riEmR Sz vl il (pH
4.0-6.0). Tris-HCl Z& M (pH 7.0-10.0).

2 BER54

2.1 WRESES yneP EE K= [

S AILAERE B16 FI 168 HIJEHZH DNA Jyki
M7 PCR P71G, 558 an& 2 firos, Bk B16 Al
168 Hf — Bl & nURHAR R yneP LA 4K 4274
417 bp, R¥—ZHr, ULHIFERIY 1AL,

X B16., 168 Btk — B & i B ai i i yneP
FERHE T DS 43515 pMD18-T A%
L NRZ S0, 565 2 KX 75 64T PCR K
IE, &5 aE 3 pi, B R BEOR/MES, Bl6-T
(4 7 A TR VA 50 BRI TR, Pk 2 kA ) v et
FFFRAIE . 168-T 1Y 8 AN V&4 K BHE sE e,
Pk 7 VKA 1 BHE o B B A T B E
2.2 B16. 168 FilEEE Ynep ARG LB N

W B0 UE IERA Y 2 FR SE AR 1 o B B i
it 4 SR e A1 A 7 EU X, EHTE NCBI Fb X 45
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Figure 2 Target gene PCR results. M: DNA Marker;
1: B16 thioesterase Ynep; 2: 168 thioesterase Ynep.
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Figure 3 Colony PCR validation results. A: PCR results of B16-T colony. B: PCR results of 168-T colony. M:
DNA Marker; 1-8: Numbers of different colonies.

Bacillus cabrialesii (WP 129505569.1)
& Bacillus tequilensis (WP 167872588.1)
571 Bacillus vallismortis (MCI 4137036.1)
11+ Bacillus rugosus (WP 166852463.1)

93 Bacillus spizizenii (WP 044428325.1)

Bacillus subtilis 168 (WP 019258528.1)
22 44 Bacillus stercoris (WP 227098607.1)

Bacillus siamensis (PIK 31968.1)

43 MULTISPECIES Bacillus amyloliquefaciens group (WP 017417881.1)
96' Bacillus velezensis (WP 173613220.1)
4360 Bacillus atrophaeus (WP 010788822.1)

Bacillus mojavensis (WP 168747949.1)
‘_Bact‘llus nematocida (OB055937.1)

Bacillus paralicheniformis (WP 145645930.1)
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P
0.2

4 ETEMR B16. 168 MAEBMEERFIWENARGLEN AFWI ARECFFKR Bootstrap {H;
&SRB N F I T AR RB R E R 0.2 RS I
Figure 4 A phylogenetic tree based on the amino acid sequence of thioesterase from strain B16 and strain 168.

The numbers at each branch points indicated the percentage supported by bootstrap. Numbers in parentheses are
accession numbers of sequence in GenBank. The scale bar indicates 0.2 substitutions per amino acid position.

2.3 HifisEE yneP EFEHY qPCR IEIiE HEFT qPCR B UE, PGP 25 96 4T B8 76 43 1 5

N TR PIF ZE AU AR EE RS Yoep B3¢ 3% 12 h i, Hbk Blo BilEEE yneP JER %1k
KV 25 5, {1 Bacteria RNA Kit 23 A48 U B RRIRE 168 1Y 1.428 £5, fER55F 72 h i), B
FREZFAIAF R EEFR 12 h #1172 h (9 RNA, BfJSiE Pk Bl6 BilaEG yneP LAY FRIA T Z L 168 1
T RUE6 5%, Bif% cDNA ) OD,0/ODaso HLIH I K 0.991 £%, wnl&l 5 fran, &5 R ULBA Rk B16 FlE
F 1.8, LMESITIFEN qPCR Kk, FRSCHT Bk 168 AR BT 2- Bl ™ 2 22 5 5 B AT §% 5
PN B PCRAGT T BTN S HF M A M KK,
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Figure 5 qPCR verification of the gene ynep. ns:
No significant difference.
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Figure 6 Hydrophilic analysis of B16 Ynep (A) and 168 Ynep (B) proteins.
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Figure 7 Thioesterase homologous sequence alignment.
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TERE J5 ) Asp F% I AT REJE A AL AR FF 0 & k)

] P A 25 T R, B16 RS EE Ynep 7E K
TES 2B lis g LA Uik A-B-C-D & X fF7EAE I
N, BPEEAS Bl6 BilElE Ynep —A~H—
“hot dog % #4138k, 7 P BN B2 [BIAH HAEFH T
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Y1, 1 B il S ER AR d S fE A R
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TES Topology

p2—ps5

8 TES XHEEE — RLEHFRTMNEI(A)FN B16 FilEES Ynep 8 {kn0 =4 4540158 (B)"
Figure 8 The secondary structure topology diagram of TES-type thioesterase (A) and the three-dimensional
structure model of the monomer of B16 thioesterase Ynep (B)!'".

Tunnel

&9 BI16 FilisEs Ynep MR {Kx =4 A RYIBIE ST

Figure 9 Three-dimensional structure and substrate channel analysis of B16 thioesterase Ynep tetramer.

Pk B16. 168 g Ynep (2327 5
EE R, —2Eik 97.12%, fA1E 4 N ERE
FEWR, 4> 9 A Thre-Lys6 . Val32-Leu32 .
GIn104-Lys104 Fl Lys106-Thr106, i Pu & {4
LSRR B A, 4 DEFEAERY
AL F Y A4S RN 3G M, Thr6e-Lysé |
Val32-Leu32 fi T A-B 1 C-D &P BIA Ry 28

AU 10 %) GIn104-Lys104. Lys106-Thr106
ATV IARE(E 10 7). i THIE B 15 6
A MR B16 FiBslE Ynep 75 2RS4 B16
WRBRAG Ynep MUBIZIR, S5k C A5 11 [
FERAE 2R 22 18] (R B 5 7 AR A R AR Ak, 31X A e
M| A-B 5 C-D W F-HIMIEE A, MRS M6 fig it
PSRRI B 11)
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10 AN EFEEES Thre-Lys6. Val32-Leu32. GIn104-Lys104 1 Lys106-Thr106 {i /=
Figure 10  Four distinct amino acid sites (Thr6-Lys6, Val32-Leu32, Gln104-Lys104, Lys106-Thr106).

11 FoUIERTULRAESZ—2FNE 1 UEERNESTH
Figure 11 The change in the 6th amino acid position and its impact on the distance change with the 11th
amino acid of another monomer.

2.4.4 WREEES Ynep B FXHZERH Ynep HIHEAL =HRIA Aspl6-His23-Tyr26 ‘5Lt

1 IR B R R B1O LIRS Ynep  Ji#y B-BRNSIE-CoA FOGRMRHE I SR SLRREE 85/
S SR Y) B-TERME-CoA #1745 F T 3.5 A,Aspl6 X His23 R ILA @ VEM, Tyr26
X4z, KB B-HHMRME-CoA A LIXHERRY D4 AR R, i His #:52 Tyr BN R F
(F 12), FETHEREAMELILE, Ble HilgiE  H, ff Tyr ZREEDYRZIER O i SO s i b

A
B-ketoacyl-CoA
&

12 B16 WiERES Ynep S5 K4 p-EEREL-CoA XTHEHEE(A) S1¥E (B)
Figure 12 Docking results overview(A)and detailed diagram(B)of the interactions between B16 thioesterase
Ynep and the metabolic substrate -ketoeacyl-CoA.
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LR, U BE-O-TE ] P 4 H- WK M 8
B-Flfz . B16. 168 Wil Ynep 43l 5 QST
Yy B-FWERE-CoA HEATorF X1, 456 REs il
“51—5.47 kcal/mol F1-6.95 kcal/mol.
25 REHAEWHEERBWRERES., %
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FHPMYIRE BamH T 1 Xoh I X4 HE il 2 3
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417 bp &b M BLR— B 4507 (K] 13), REAE A
FORA ALY, W EHA TR L2 FE E. coli
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Ak G2k 5 S B LA RV 2R AAEAE, A
[F] DK Ik JBE 1 40 .60, 100,200,300 F1 500 mmol/L
S H B e, 45 RN 14A FR, fEE
2 B16-Ynep FOPEMGIFENELR], 7E 40, 60
100 mmol/L AWK BET , BE 22 228 TRl ve e
TM7E 200 mmol/L 1 300 mmol/L FJBKmkik BT,

A bp M 1 2 3 bp

5000

3000
2000

1 000
750

500 417

250

100

FeA B A R . 7E 500 mmol/L
FIRKIEHR BT, H R IR Ve, Al 14B
] DIE R, ZEE 40 168-Ynep MUPEMISFEH,
40, 60 1 100 mmol/L KM BE N BARA H 1)
B ERLPENL, (HE 2048 Fdopk— Ve ; 78
200, 300 1 500 mmol/L FBKmesk R 228 11 i
F9R0, [EIEEE A A B s, A
500 mmol/L KMV HA9EE ISk, 1M
HEMH R Hitk, 500 mmol/L [k
MR B 2 S H R A B AR DRV JE
2.6 ERFMR

T P R S R 15 TR,
B16. 168 fiifiM# Ynep #B7E 30 °C A gy 1k 3] %
K, BEIESY 0 1.243 U/mL #1 1.233 9 U/mL,
UL 30 °C Sh Rl i B, I R T SRR Y
SR ENE TR, R T ISR, AR
M 168 Ynep FHXTHETE 16 M 6 24 = T B16
Ynep, Ui 168 Ynep X i i Z P L B16 4.
R R EYEI T, B16. 168 HRliEMF Ynep
TE 10-30 °C Fa e MR AT , AH X B G I 7E 60%
LB,

pH XJ P FP GRS 1 sZ sl 16 rs, B16
B op M 1 2 3 bp

5 000
3000

2 000

1 000
750

500
417

250

13 pET-32a-B16-ynep (A)F1 pET-32a-168-ynep (B)RUNEGILER M. DNA Marker; 1-2: B4

PO ZE R 3. pET-32a By XY 45 R

Figure 13 Results of double enzyme digestion of pET-32a-B16-ynep (A) and pET-32a-168-ynep (B). A: DNA
Marker; 1-2: Results of double enzyme digestion of the expression plasmids; 3: Results of pET-32a double

enzyme digestion.
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14 EAfEE B16-Ynep (A)F1 168-Ynep (B)HY SDS-PAGE 255 M: Protein Marker; 1-6: BKMAUK &

40, 60, 100, 200, 300 F1 500 mmol/L ZF iR

Figure 14 SDS-PAGE results of the recombinant enzymes B16-Ynep (A) and 168-Ynep (B). M: Protein
Marker; 1-6: Imidazole concentrations of 40, 60, 100, 200, 300 and 500 mmol/L penetrating solution.

15 E4HEE Ynep HRIEBEWMEEREM®B)
Figure 15 Optimal temperature (A) and temperature stability (B) of recombinant enzyme Ynep.
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16 EAfEE Ynep HI&IE pH(A)FI pH 2 E 14 (B)

Figure 16 Optimal pH (A) and pH stability (B) of recombinant enzyme Ynep.

TiEREE Ynep 7E pH 8.0 B J1ik R K, 168
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