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The specific physiological functions of aconitate isomerase in bacteria.
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1.1 HIERERRE

POy - 3ERR i 25 R4 A LA 22Tl AE T
FR2EBE A BRI , SREEIRIE 5-10 om, SRS
ATCH RS 4 °C (RAF o HEEA R A ot
FURAEASTT . 1 5 1 80R A KA RE kb, 2
¥y —, BFRf, RS, FEET, KRR
pH 2551 (pH=6.49); 2 5 T HER A RBEARMIZE
b, I —TRAR €, AMK, B R, Bl (pH=7.84);
35 R HER A RBIRITEH, dE R, s,
THE, BME(pH=7.87); 4 5 LHER ARV MIA

FRIAR R BT, Ffe, B 'RSC, YRE, S5
(pH=7.30).
1.2 5|9

AW R Y A0 16S tDNA HE A 4 18 ]
514 %8 4y B AT R B ZE AT B AR 514
FR B FE41h 27F : 5-AGAGTTTGATCCTGGCTCA
G-3', 1541R: 5'-“AAGGAGGTGATCCACCC-3"",
FAT-9 48 ZE AT B tor ASEIR ORF (451 4 4 FR S
H 4 torA-1: 5-ATGAAAATACCTTGTTTTGTT-3,
tbrA-2: 5-AGGTATTATTAATTCGCCTTT-3""1, i
TR IEE ais FEFEAREF5IE 51 ORF
K511 % Fx X 5751 K ais-1: 5'-GCGCAACCCGTC
ACCAC-3', ais-2; 5-CGGCTGGGCGGGAACC-3",
WE FIRFTA PCR R AR KRN 52 °C, 354
PEER,  SEARIFRMRE - P BE B E N 1.0-1.5 min,,
1.3 FEFrEmr

LB #5773 (1 L B J7): NaCl, 10 g; FEREHREC
Y, 5 g HEWK, 10 g; 75 pH & 7.0-7.5, &
Z5o 121 °C il KA 30 min, [BAREFRHER
I 1.6%—1.8%IK B H3 .

ACO B5FRFE(H TAA ME—FRIE)(1 L BLy)™:
TAA, 7.5 ¢ (I NaOH #8757 pH Z 7.0, i UEFRTA,
B ER I ; (NH,),S04, 2 g; KoHPO,, 1 g; MgSOy,
0.5 g; FeCly-6H,0, 0.1 g; V837 pH £ 6.5, E%4
121 °C B R K 30 ming MR AR 5367
I 1.6%—1.8%IK B HS .
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Al AR 2] DNA iR & . Bl pisE I
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Figure 3.
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A, B, fEFEERFMTNE R
FoaE L GEIRE, N 1-4 5 RS 4 )
THER] 16 Bk, 1Bk, 2 Bk 3 Kk, 2k 22 MBEEE
025 MOAF R Y S B s, O DUOR B S AR S FR
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B 22 D PARHTE S S AE ACO - | 1EFT TAA FIH
Re IS UE(E 3), FHNL TR TE S MEEE A I 5 1+ 15

B G5 XTI OG R LR 1.

Bl 3. ACO FARAZEIEHS LHEKRA TAA FIF&E
Verification of TAA utilizing ability of the soil bacterial isolates by second-round ACO plate test. Strains

B1-B16, B17, B18-B19 and B20-B22 were isolated from 1#-4# soil samples, respectively.
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Table 1. Colony morphology observation and sample source of the soil bacterial isolates
Strain number Soil source Colony color Transparency Glossiness Humidity
Bl 1# (grassland, north) white Low Low Low
B2 1# (grassland, north) slight yellow Low Low Low
B3 1# (grassland, north) white Low Low Low
B4 1# (grassland, north) slight yellow Low Low Low
BS 1# (grassland, north) slight yellow Low Low Low
B6 1# (grassland, north) slight yellow Low Low Low
B7 1# (grassland, north) slight yellow Low Low Low
B8 1# (grassland, north) slight yellow Low Low Low
B9 1# (grassland, north) slight yellow Low Low Low
B10 1# (grassland, north) slight yellow Low Low Low
B11 1# (grassland, north) slight yellow Low Low Low
B12 1# (grassland, north) slight yellow Low Low Low
B13 1# (grassland, north) white Low Low Low
B14 1# (grassland, north) orange Low High High
B15 1# (grassland, north) slight yellow Low Low Low
B16 1# (grassland, north) slight white Low Low Low
B17 2# (vegetable field, east) slight yellow Low Low Low
B18 3# (wasteland, north) slight yellow Low Low Low
B19 3# (wasteland, north) yellow Low Low Low
B20 4# (Photinia serrulata rhizosphere, west) slight white Low Low Low
B21 4# (Photinia serrulata rhizosphere, west) yellow Low Low Low
B22 4# (Photinia serrulata rhizosphere, west) yellow Low Low Low
22 HHEBEREERE HARAE B R Bacillus sp. BZ69, X—45H 50

Sy Bk 22 ¥ B A E R E DNA I
YE PCR i, @ FH 51 9%t 27F/1541R
17 16S rDNA FEH4 14 . BRiEHEER Ik S R B
7N, BRT B9 il B20 BPKY E DNA B ARG
By, Hoar 20 BRANE N 1S, DNA ¥
KNG 1.5 kb KR ZAE 20 4~ 16S tDNA FEH ™
S, S ETERGE AR YRR A BR S W
17 DNA J¥olilE . 258 %R, B3, B10, B12,
B16 FEBRIIF M

DR B 16 ARANTA Y 16S rDNA ¥ 411 7E
GenBank ¥4f2 /145 BLAST HXH MR, 16 ¥k
YRR T 2 AT (Bacillus genus) (55 2). H:
t B14 WERRES AN RGO A R, 52K

Y Bacillus sp. BZ-SZ-XJ18 Bk [FIFE ™ L5 G i
RN MR8, BRI 2,

2.3 HWEHDIS SLRSWEER K2
rHr

HHT, trAJ& G4 hME—C AR Al 4t
FEE, vEFEA Bt WMk CT-43%, N TIAF Fik%k
EMIE R A IZIER, AT T 3% tbrA ORF
4K (1071 bp)y PCR ¥ HESHG . nf&l 4-A FivR,
16 A ZF IR TR 45 78 MRXT 7 A 1 25 SR 34 o B
UL ETEA M B IR F S L5 trA fE7E2
S Bl TR SR AL SRR SE R, R
TIIE 25 2 S Fh 22 92 5 42 thrA [ 751
[ ) 22 534 2 5fe B AN [l ke BB 78 AT (A )
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25, HAESFEIF RS IR 2 E 2 AL JE 547
M P HVRHIE G A REA T i, 1Ak, ais
AR P ME—C A AL wISIERN, wEA
Pseudomonas sp. WU-0701 F#kP % Al 4K
* 2. 16 HEMEKRNMELER

Table 2. Species identification of the 16 bacterial isolates

& G

261 aa, N ¥ 1-22 aa N G 4 JE szl @ hifs 5
ko R 25 23-261 aa XIS % 16 FR 2

RG24 B PR S DNA #4718, 45
(Kl 4-B).

AL B

Strain number Identified species of isolated strains by BLAST Coverage/% Identity/%
B1 Bacillus megaterium L24 97 99
B2 Bacillus aryabhattai isolate PSB56 98 99
B4 Bacillus aryabhattai strain L42 98 99
B5 Bacillus aryabhattai strain L21 99 99
B6 Bacillus aryabhattai strain L21 99 99
B7 Bacillus aryabhattai strain L21 99 99
B8 Bacillus sp. NBGD33 98 99
B11 Bacillus megaterium GC61 98 99
B13 Bacillus sp. SZ087 96 99
Bl14 Bacillus sp. BZ69 99 99
BI15 Bacillus sp. SZ087 97 99
B17 Bacillus sp. ADJ17 99 99
B18 Bacillus sp. 7B-635 99 99
B19 Bacillus aryabhattai L21 99 99
B21 Bacillus aryabhattai THB B 7132 99 99
B22 Bacillus pumilus GC43 99 99
(A)
bp M - + Bl B2 B4 B5 B6 B7 B8 B11B13B14B15B17B18 B19 B21 B22
2000
1000
750
500
250
100
(B)

M Bl B2 B4 BS5

B6 B7

B8 BI11 B13 B14 B15 B17 B18 B19 B21 B22

4. PCR IiE 16 4RI ELEENR S A tbrA £ F (A)F1 ais E[EF (B)#I1E R
Figure 4. PCR verification of the existence of thrA (A) and ais (B) genes in 16 identified Bacillus strains. —: the
negative control using ddH,0 as template; +: the positive control using Bt CT-43 gDNA as template.
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ASCIN 4 A3 SR B R AN AN A o ) L3
i A3 B T Al gnfi AL B9 25 BT R R AR . X
Hd & 3 FhZE B FF 5 (B. megaterium, B.
aryabhattai, B. pumilus), 5 #kA nlGEFE T HiAth
Y 25 iU #F 55 (Bacillus sp. ADJ17, Bacillus sp.
NBGD33, Bacillussp. SZ087, Bacillussp. BZ69,
Bacillus sp. 7B-635), Fi-4k4r O WA 18 BE B R0cH)
i TAA 1 DUSRS2F AT R (B. velezensio), 2L
UL T ZF AT R 8 T gt AL A AR B 2
FEME. ARIFREE RS 21 4ERTH Watanabe 25457
A B e G TR N T BR MR I Clostridium
butyricum 4 HA AT Zifd&E 77 A0 5 A8 e AT\,
PR T RS S AL 1 GTHIEERT; [FRF, bk
G 41T B A B A3 I s 7R T G B A AT e
] G 4 —#F, HhTREACR R T ae H By
i AL, ABIFSE Y & SRR U8 I K A2 AT T
AL 3 A KL A Y2 e iR AGR it
BT e 5 25 A R4 D O e X R g B2 1 S T
it

BER B AR T AR kiRt , AL
TR TR A T TR A YR T RE, SR
G. GHEMTERLSXMEEEATT? N
Watanabe 55T FIASCHAKER H, ARKZH
HA AL 4% RE J7 09 4 T8 # 2= A8 9 A O 40 T
(plant-associated bacteria) By J& M AE ) A= 55 H 40 5

PAFER 1), 1 TAA A5 SRR IZAAAEIL
HORAE RORL R KR AEE 1 S I PR R A IR S
AHRAEN, TAA FIFAE AR AT RE 2 X Lo 4w At 21
PR 22 TR IR RAE AL o g — i As . DA 2
FI B 70 R IR BT o A K SRR IR B R TR . 1Y
AR RN, Z oo R e A B T 4w 7E
A AN B IR AR Y PR R PR IS I A AR
B TEA R an, A R —— A
4T 1 (Agrobacterium vitis) FH T34 7 A IR AL
BHIHBRESRLIN X BE TARI. TARII F1 TARIII, TiRERS
DA 2 1 3 o AT R Ay ki A T R
GOJAERIS -7 A P [ e SN i s R
FIFHRE 7 B BRI AT Sk 25 H) 55 FCAE AR W) AR e
PSR AR A A T I, AREFITIA
R ALEE FAAR AT A8 A 5 Bh 20 5 41 B AR B A )
WiE SR, JHLARRAL B B S PREEE v i F A
Yot JE AT U R AT DR i R 98 AR
FEME AR . B . a4 S I R A AR AL
PEATIRE . RUREES], FELR Hu S5 28 M AT i
AL I lIE R DIRE, T2 5 M e
FIER N, BIREZR R TAA MAYA L. XL
SERILH 2 T ALEE (1 RE IS AT X AS [R] 2 78 240 7
A RS FLURR S PR B E VAR T DI RBAR R, A
H R S B A Y2 D RERE SR A8 W T 5]

Al BORE NIRRT, (H—FE ARG R
WRRFEM . HET, SUA W% AR B OpE,
—50E GHIE T T2 TAA G RA thrA,
HPrgmihe) TorA HEAEA 357 MESER, J&T
PrpF SHEHHESE, & 0 FAMT Y, 5 —4%
&= 2015 4 H A% 3% Yuhara %7 G Y
Pseudomonas sp. WU-0701 2 4 43 55 15 3] 1)
ais™, HAmin e I Re LA i 5 TAA Ak
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5 TAA FIFHEREY, (BRGSO R %7
G EARAT A HEAL R RERL R, 578 AT TR
AREAEAE T R A 2 S AL . [, R
F type 2 periplasmic binding protein # %, E L
TR B as [|], IF SRR P. psychrotolerans
1 208 5 7 (Xanthomonas  al bilineans) A — #f
AT AR P A S S G B LRI PR AN
HIHE T ABC ¥z FIRYI4S 4 % M (molybdenum
ABC transporter substrate-binding protein)43Jl| A A
90%F1 TA%AAITE, HESRHIIIE R T AL A IR
FAAMREIRE, 5 FIRAVIEFTHEN ) AL 2
REJ7 10 AH—%, ATHARI A (BLASTn Luxt, FATA
B tor A SE[H 72 4 A 1E Bt B. cereus 45 ZF AT
475 7 (coverage 100%, identity 100%)!", (HALE
FETFASCH) 16 BREFHEAT A EVR T (K] 4-A), B
ANHTRL AL FFAAAAERY AT RENE s RIET G 4R
ai sFE [H] 7 51 A A5 FAE ] FATE 00 R B 25 AT
WAL, RS 5 B PCR 91 R BEAR 1S AH
L) AT I SR 45 R (18] 4-B). HAS T ERY 2,
TbrA 5 Al ZFEHR 75 2 [ AL EE M A (coverage
18%, identity 50%)™, 13 HH 3k Fil 5 b I IR 72
G5 G 4@ h il BERA R R AR BT, BUR
FORT Y AR & BUFN 485 A i e 4] e X ] BEAR
MEA FTERE . O T ARG F S E I Z o0 . eI
BB ALEE, A7 AL DUREMEN K 5%
Al PRSP B BZIAR, JREeise
RO, HH I B BE R TAA Y 138 20 1R Bl
HAb A S A B, RErEdE sy
PR 5 PR IR

LE R, AW DL O SR AR, T
DL TAA Ay E— B 58 1) 755 35 0 1 7 WL 2 43 1 TN 4
T 16 BRAERS AT AT YR IAT A bR, EDULMBE
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| solation and identification of soil Bacillus strains that encode
aconitate isomer ase

Cao Zheng', Lu Cai', Zhongqiang Zhang', Lihua Wang?®, Yujun Dai', Cuiying Du""

" College of Life Science and Technology, Hubei Province Research Center of Engineering Technology for Utilization of
Botanical Functional Ingredients, Hubei Engineering University, Xiaogan 432000, Hubei Province, China

* Hubei Key Laboratory of Quality Control of Characteristic Fruits and Vegetables, Hubei Engineering University, Xiaogan
432000, Hubei Province, China

Abstract: [Objective] Purpose of this work was to specifically screen the Gram positive (G") bacteria of Bacillus
that could encode the aconitate isomerase (Al) enzyme, to enrich our understanding of the distribution of Al and to
provide theoretical and material basis for further research. [Methods] Through heat pretreatment of soil sample,
plate cultivation by using ACO solid medium containing trans-aconitic acid (TAA) as the sole carbon source and
the 16S rDNA sequences homologous analysis, the Bacillus target strains that encode Al can be isolated. [Results]
We totally isolated 22 bacterial strains that could utilize TAA carbon from the ACO plate, and 16 of which were
successfully classified as: 2 strains of Bacillus megaterium, 7 strains of Bacillus aryabhattai, one Bacillus pumilus
strain, and 6 undetermined Bacillus sp. strains; besides, we found that the Al-coding genes of these 16 Bacillus
isolates were different from the already cloned ones in DNA sequence. [Conclusion] The species diversity of
Bacillus bacteria encoding Al enzyme is rich, indicating the encoding ability in more G" bacteria and updating the
old opinion that considered Al distribution mainly in G hosts. Our research provided available microbial resource
for further studies on the identification of Al gene as well as its biological significance.
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