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 FE: O ZRA A ZAETENKRT G MRENRSY, BEA S ARG, BRI F AT
& (Bacillus amyloliquefaciens) - 5 T3 4. bR AR ARBEFH L, T—F T2 T L HKk,
AT ik 2T A R A IR R A AR, AR nFe i An 5-R K LBER B (5-aminolevulinic acid, ALA)
i R, NEEERBAKRAATIHL, LINRHM ALA B, B4k BA. BAA6. BAAGAsigF #9fn
Uk FFRNI LR Kffm ALA B, BAAGAsigF ¥ttt = kA FAMARES, 25
i% 2] 200.77 umol/L #= 615.70 umol/(L-g DCW). B, vA BAA6AsigF # th X B Ak, SR %A 4L
EFMEEE HemX 69 hemX KB, KLLMD T ERERF GER, RILFERHRL B ZY
BE4, AAKARZHHARHm,; EMAE 12h 1 ALARE RS, # 82.13 mg/L, % & T8
75.11 mg/L; FifAn ALA B, dsr % =8 oA = 88 4 5 A 2t 18 49 1.99 454w 1.45 4%, Fihe ALA
B, MOEFERAE TR AR 2.08 124 1.72 45, FEEFZERKK PCR (real-time
quantitative fluorescent PCR, RT-qPCR)& B8, hemA. hemL. hemB. hemC. hemD. hemQ # B #)%%
FAF B B hemX AR MR TR G MAF T F, XA LT ARG TRELT .
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Effect of hemX gene deletion on heme synthesis in Bacillus
amyloliquefaciens
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Abstract: Heme, which exists widely in living organisms, is a porphyrin compound with a
variety of physiological functions. Bacillus amyloliquefaciens is an important industrial strain
with the characteristics of easy cultivation and strong ability for expression and secretion of
proteins. In order to screen the optimal starting strain for heme synthesis, the laboratory
preserved strains were screened with and without addition of 5-aminolevulinic acid (ALA).
There was no significant difference in the heme production of strains BA, BAA6 and
BAA6AsigF. However, upon addition of ALA, the heme titer and specific heme production of
strain BAA6AsigF were the highest, reaching 200.77 pmol/L and 615.70 pmol/(L-g DCW),
respectively. Subsequently, the semX gene (encoding the cytochrome assembly protein HemX)
of strain BAA6AsigF was knocked out to explore its role in heme synthesis. It was found that
the fermentation broth of the knockout strain turned red, while the growth was not significantly
affected. The highest ALA concentration in flask fermentation reached 82.13 mg/L at 12 h,
which was slightly higher than that of the control 75.11 mg/L. When ALA was not added, the
heme titer and specific heme production were 1.99 times and 1.45 times that of the control,
respectively. After adding ALA, the heme titer and specific heme production were 2.08 times
and 1.72 times higher than that of the control, respectively. Real-time quantitative fluorescent
PCR showed that the expressions of hemA, hemL, hemB, hemC, hemD, and hem(Q genes at
transcription level were up-regulated. We demonstrated that deletion of hemX gene can improve
the production of heme, which may facilitate future development of heme-producing strain.
Keywords: Bacillus amyloliquefaciens; heme; 5-aminolevulinic acid; hemX gene

MLLEZE—F &R A, BAE WP SCBma £ 6, SR hFimaE
ik . B EREZM ARG, M. B RGRFR IR M, 2R B PR AT IR
BE7 . etk Sy A ) Y Ak, A VE D ZEMAT B (Bacillus amyloliquefaciens)
BE A XA 2126 USR5, MR LR R 22 CRHPE G, S5 I S o 25 445 1
Yy LT B T Ok 2 19 &P, M JR)(Food and Drug Administration, FDA)IAIE N %
YA R R etk . IR ARIFEZE A B &M (generally recognized as safe, GRAS)™!, f&
AR LT E R — Rl ARG, HRTC A S RZ S . AP DL 2845 P i
AT MBI KA RIS EREFFEY R ETAAEEEY. 7€ B. amyloliquefaciens W,
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ML F G BRI 1 PR, AaiRiEd Cs
R A 5-& i £ Wt N 2 (5-aminolevulinic
acid, ALA)JE , 73 5 8ak o 2% [ BH A T [ AR 3
I BBRAK 3 74 (coproporphyrin-dependent, CPD)i&
2 FUE UL T 2 1B M TR Y D I e A
(protoporphyrin-dependent, PPD)i& 1% & Al Il 41
R MR T 4 ANFENFE L, Hp
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hemAXCDBL WS, hemE . hemY. hemH )&
F hemEHY 3R #P) Wi 78 K AT B (Escherichia
col)f, ML E ML PPD AL, AHIFHRA
i 8 MAMMIEHED; 5 —H HIKEAA
FRAEFT T (Corynebacterium glutamicum)ifi it CPD
WA ML, HCIERALT 5 AR B,
X R G B R FR T /) B. amyloliquefaciens T %)
T Ak T LA g BRAT Y AR P Rk
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hemX FEH gt )8 H HemX J&2—MAiM iR
HAREFEAUY, ZE AR HemA (B ZBE-tRNA i
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Heme synthesis pathway in Bacillus amyloliquefaciens.
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1 HE5x=

1.1 ##
L11 EHR. FRAFIF4

ARG AR B A AR L BRI 81T
1,

ARG EAE A R 2, mR
L MER A R AT BRA W6
112 FERAFFUER

PR N VIR Xba 11 Sma 1, WH
Thermo 2\ % ; ClonExpress® MultiS One Step
Cloning Kit FI ki &, WAL R 24
HEYIBARGIRA T Bk U & . glifbik
&, W H Omega A1) ; & RNA $#2 P &

R 1 ARHER A ERE R RS E AR AN BRL

W A At KRR AR R A R AR 5-2 58 St
IR EL TR L (ALA-HCD AR . S MR M2 R
(hemin)brfE s, WA H Sigma 23 F]; 12T 2 K
ik F &, W H BioAssay Systems A r); RIREE
# (kanamycin) . Pl {F B (arabinose), W H I
T BRAR I 25 ety A FR A Wl

HL % A6, 1l H Bio-Rad 2 A ; MaxQ6000
HE RS 2 K, W 3 Thermo Scientific 2y 7 ;
fitibRni¥, Wg H Thermo Scientific 2 F .
1.1.3 EFE

Luria Bertani (LB) WA FRIE : 0.5%FELEH
1% I, 1%% 688, 121°C. 20 min K,

LB [ER SR AL LB WAREFRIEIA 1.8%
ZEAE Ky, 121 °C. 20 min KF.

Table 1  Strains and plasmids used in the study
Strains/Plasmids Characteristics Sources
Strains
E. coli IM109 Host for plasmid construction Laboratory stock

E. coli EC135 pM.Bam

B. amyloliquefaciens
TCCC111018 (BA)

Host for plasmid-methylated modification

Wild type strain, host for strain screening

Laboratory stock
Laboratory stock

Genome deleted strain knocking-out six extracellular protease genes nprkE, [13]

Genome deleted strain knocking-out six extracellular protease genes nprE, [13]

This study

BAAG6
aprE, bpr, epr, vpr, mpr, host for strain screening
BAAG6AsigF
aprE, bpr, epr, vpr, mpr, and spore formation gene sigF’, host for strain screening
BAA6AsigFAhemX BAAG6AsigF deleting gene hemX
Plasmids
pWH-T2 Kan', E. coli-B. amyloliquefacien shuttle vector for homologous recombination

knockout
pWH-T2-AhemX

Kan', pWH-T2 harboring Up and Down of hemX

Hubei University

This study

*2 AMRETAMSIHY
Table 2 Primers used in the study

Primers Sequences (5'—3")

Up-F ccaccgeggtggcggecgetctagaATCCTGCGCTGAACGATCTTG
Up-R gcaggaagtaAGCCTTCCGGTTGTGTTGAAG

Down-F ccggaaggctTACTTCCTGCTCGGAAGCCTATC

Down-R ttaacgaattcctgecageccgggACGACATCATCTTTCCAGCCC

The lowercase letters in the table are the homology arm sequences.
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1.1.4 BiRa9EF

FeSO4: FRHX 0.75 g FeSO,, EB TIKER
2 1L, £ 0.22 pm JERET JEBR S T-20 °C 0K
IR

ALA-HCl: FRHUS5 g ALA-HCl, E£B Tk
ERZE S50 mL, £ 0.22 um JEREIEREE T
—20 °C VKFEPRAF 75 H
1.2 A&
1.2.1  HA BRI

DIE# BA. BAA6 Fll BAA6AsigF N5
X4, 4N (=) ALA OREIT ALA-HCDHFI(+)
ALA 4L (0 ALA-HC)f & H 1l 21 24 i H
KWtk B = XRLERE, PR ripE
FEFPT% 50 mL AYHT i LB K537 39 250 mL 4k
JEHT, 37 °CCHFR, DL 2%A#E R i $2Fh
Bt LB ¥, 15 ODgoo 15 %) 1.0 B, [a]
() ALA ZHHIA 500 pL i FeSOL W, 17 (+)
ALA ZHHIA 500 pL £ FeSO, ¥ A1 1 500 pL
) ALA-HCI %, 3597 60 h I & B v il
LR N EETE,
1.2.2 fREMFRAE hemX EE BIE R

PLAS 5236 35 (R AF 1 BAA6AsigF gt & 14
B, %A SR IR Z S Rl &Y, K
AT E. coli IM109 Fl1 E. coli EC135 pM.Bam
A3 900 T JBA A RN ook R A i, AR 8 S
ik A R AT S R BR O ik AR S %
Bk[16]. R 2 59 3G @R 5L hemX
1R, S54rkEik pWH-T2 #idJo
BRI, VB WAL E E. coli IM109
A2 AT R 24 E. coli
EC135 pM.Bam H3Ab)5, it 2 fLiki% 1k
% BAA6AsigF B4 s ZJ5, 7845 °C
RAREEFRZR 3 ML), 37 CHeEEHRE
55 2 RO 5, AR ERFEMR A 7E TC P Fi 7
FIAEw RPN LB EAR-H R 32 5 ik

&: 010-64807509

T TR 7% PCR 4 5 B2 SR 358 M P VK 46 E 25 iy
K/NEWG, RBREEMERAYREA RS
aJ T .
1.2.3 BEHEKHERNE

P Bk 2 TR PR RO BB AR IS AL IS DL 2% 19 432
FhEFEA T &F 50 mL Bt LB WAAR 7 30
250 mL #EEM, 37 °C. 220 r/min JR¥5 557
48 h, HIHAIAERS 2 h BURE, fF B ARV BE R 1% )5 bR
6 h HUKE, i I EEAR(AE 600 nm I A4S DU 747
WWOCEE , FFel & Wk A K4 .
124 EETFERNZE

¥ R L 12 000 r/min 2.0 10 min, U5
LR, Zid 0.8% A BERKEWE 2 88, Kk
BT 115 °C THAE, THRZRFS 2 W2
At 2 mg, BCAREKRTE,
1.2.5 ALA R E 8940

%% Mauzerall 28 K 1Y Ehrlich’s J5 k!
il ALA o R BB AR B & A L3 100 uL,
A 134 uL 0 RN St (pH 4.6)F11 12 uL 1y
CEETR, PRFIEAI)E, 100 °C Z Wk 15 min,
HARAEE] 23, A 246 uL ) DMAB 5
(84 mL VKZ TR . 16 mL 70% = &l . 2 g X} —H
RILARPES), RGN 10 min, F BRI
TE 554 nm B ARG, JEARHELL ALA-HCL
B i 22 il P AR TR R 46 A ALA YR
1.2.6 MIR~=RIEN

AR5 1 21 22 A 50 s B, Tk
K BB A T T LT 2 e b R 2 ST 1)
AW, dHAE 400 nm I b5 1 2 (50
JEE 55 it T R 2T 2R R B L IE L o RT3 R B
50 pL MR (2 ). BedEsh FIEE S T 96 fL
B ;s 25, [ Ai K Fbs & R 4350 m A
200 uL 7K, A s e n A S A IR,
N 5 min J5 , R EGFRYAE 400 nm A AR IILZT
R m RIS S B LR A 2 TR
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OD,,.. —OD,.
Cpp, = —— 28 205 62.5 (umol/L)

. ODﬁ‘(ﬁ%_OD’T\?Fl

1.2.7 EREFRKFERE

B BEBELL 37 °C. 220 r/min BY 50 & s
FEXNPWE, BORERK, ZFEHRBIKE
RNA £ U5 & Ul B R BUE RNA , IR A%
iR 5 AU R FR B RNA W, 53, TR
RN & UL B RNA 88 % sk il
cDNA, it SYBR" Green I #5906, LiK
JRAMEXTIR, LA 16S rRNA FE[H NS IEA,
DARCG S cDNA isidR , %R 3 Hin 5| 4t
Frogt e i PCR, FIFT 2790t 453

F3 KMARFAXLFMKKXESZ PCR 3|4
Table 3 Primers used for real time fluorescent
quantitative PCR

Genes Primers Sequences (5'—>3")
gltX qXF ACGTGAAGAGCAGATCGCCC
gXR  AGTCGCCGATACCGTCTGATTC
hemA qAF CCGATTCTGAAAGCGAAAGAG
gAR  TGAAACGAATGAACCGTCTGG
hemL qLF GGCTGACGCAGGCGTATTT
qLR AGCGGCTGATAGTCTGGAACA
hemB qBF ACCTGCCGCTGGTCGCTTAT
gBR  CCTGCACGTTTCATGCTCGTTA
hemC qCF GCCGAACGGGCTTTCTTG
qCR  CAGACATCATCGCCGCACA
hemD qDF ATGCGGTCGGAGACGAAAA
gDR  TATAGGTGTCAGGCACATGGG
hemE qEF ACGCCAGAAAACAAGGCATC
qER GGGAATACGCCGTGTCCTAAA
hemN qNF CGTGAGGAGCAGATTGAAGA
gNR  GTCAACCGAGCGTCCGAAT
hemY qYF ACCTGTGTCACCCGCTGG
qgYR  CCCACCCCTTCAAAAGATGC
hemH qHF GGCAGAGCGAAGGGAACAC
qgHR  GAAGCCTGCGGGCACATA
hemQ qQF GATTCTTCGCCCGACAATGG
qQR  TTTCGCTTCCGGCAGCTC
16S 16S-F GGGCTACACACGTGCTACAATGG
rRNA 16S-R  GTATTCACCGCGGCATGCTG

http://journals.im.ac.cn/cjben

SNV NIRRT S A RS
(BAAG6AsigF) 3k [H 1) 5% 55 7K - 52 by 1 3 {H R
o o BT AR R R P AL X 5 St KO o
1.2.8 HUEDH

{fi Fi] SPSS Statistics 26 AT i 40 K
I3t o

2 BER540

2.1 FRIEMFRENESHKMIE L A FK
By i it

W KB, TEMBR B. amyloliquefaciens
6 AR AN M IS T R 3 B R AR
AN A Y, 5 R R AT B Y A DG
AR, FE IR b, 2RI A T sigF 3
D] A e I P ol P A 1 T T T A B — 2P
FEFHEI, SR, X Le R R EEE T R IR
RO, SRR A B A 5 PR 4 D R A
SE T ML R SN 1 A 7 5 Bt — 2
5T,

K, DLEPA TR Bk BA | B 6 A MiAh &
FIRG R TE R BAAG ., Wil 6 A MIAME F A 2F
HIIE WK F sigF FOTE#E BAA6AsigE R 5¢ %
%, MRS 60 h J5 K EEW P I 2T 2 7
AT MY, G5 RaE 2A FToR o REIN ALA B,
Htk BA. BAAG Al BAAGAsigF HIMLLL & P i
JoE 2251, 1 BAAG6 Al BAA6AsigF I 41 2
LB = RE T AN T BA, fem MR N
BAAG6AsigF, k%] 77.23 pmol/(L-g DCW), 434
i BA Fll BAAG6 [ 1.69 £5F1 1.14 £%, UtBHIZ # A=
KAGOLES T, (AT BE = FRRIR i) A FHROR R
W, FORNY ALA R RS S L ERTR, N
TR MR ERTE ALA 785N RS HA
F, UIGEFRE ODeoo i5F 1.0 B, [ FHEHER
TN M 3.0 g/L 1) ALA-HCI1, F£7E 60 h 43
Brier & =&l 2B). 455K, 78 ALA 2



ST SRR S IFEE homx EEERE MR A FAEAY

FITEOL T, BERE BA ML 2 7™ 54 90.97 umol/L,
Fe A= P2 RE S5k 187.15 umol/(L-g DCW); ikl
6 MMIAME FIBIS , Pk BAA6 BIMLT =5 K
MEHE R, 353 176.61 pmol/L, A BA A 1.94 13,
HA=6E 18 BA 1Y 2.37 f5; 5 E3C—3K,
Fk BAA6AsigF WIILLZL 2 P~ At i, Wik
200.76 umol/L, & BA [ 2.21 5, H b =6k
129 BA 1 3.29 1& . UiH] BARE BK BAAGAsigF
ARG BT A 2%, (BN 2T R 14 7=
B, EFEEE T BA FI BAAG; i HbAEr=fE
o DUISIE B 32 TR A7 TR A 2B P e g, HLA
R A, ATk — 2L A A . 25 1t
R, HE BAA6AsigF M IMLZLE & B BEAR H
Rk
22 MREMTFITE hemX EERKEK
RIHIE

MCESCRT A, BRI ALA A] 40 % KR
AR, M hemX FE R 45 H9 HemX 25 A X} ALA
B R S HemA oA GO ER . AT
¥85Y B. amyloliquefaciens "' hemX F& [H i) Hlt 2k
NI LT A S, ABFSE L BAA6AsigF
JH R ERR, X hemX R FEAT RFR (E 3A).,
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T e N[ :
S 5§ &
%‘3 03¢ b 115 £160 g
E 02t N {10840 3
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0.1 5 2120 s

2

0.0 N\ 2
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Strains

w@3B%m,@MHL%Em@@ X H
AT R R, R 3C i, i ﬁ
W% PCRY G E] 1 719 bp K/NAY 5
A B P X Je ﬁ%é&@,%%%?ﬂ%,ﬁ
W] hemX DX © 8 I w5, 4% o 5% T bk i
%N BAA6AsigFAhemX .,
2.3 hemX EFEFREFE KA
J T RIS hemX H:PR X A A K 14 5%
e, 7E LB WK AR 85 3R L b XS RBR B BR
BAAG6AsigFAhemX FiXt B Pk BAA6AsigF )
0-48 h WAKME MBI TR, FfeailA K ik
(Bl 4), Z5RFM, MR hemX F 5 1) TR 425
&5 1R AR TC B R 25 5(P>0.05), HIFESS
16 h IR FE KA, U] hemX B&PH BB A
20T TR AR 2B K 3 A TR ]
2.4 hemX FEFETREIT ALA IS
HemX % X% HemA ZE [ HA7 Jd 35 1

AU RIARSE T B. amyloliquefaciens ' hemX
S B Al ALA B, 38 i a2 s HURE

Kl T BAA6AsigF Fll BAA6AsigFAhemX 7% [
W ALA WRJE . &l 5 7R, BAA6AsigEAhemX
Fl BAA6AsigF TE KBS 12 h BY ) ALA W i
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Figure 2 Comparison of heme production in different strains of BA, BAA6 and BAA6AsigF. A: Without
addition of ALA. B: Addition ALA of 3.0 g/L. The data compares with each other in the filled frame with
same color and different lowercase letters indicate significant differences (P<0.05).
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Figure 3 Construction of strain BAA6AsigFAhemX. A: Flow chart of hiemX gene knocked-out. B: Color of

fermentation broth. C: PCR identification.
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Figure 4 Effect of hemX gene knockout on strain
growth.

.

=, 209k 82.13 mg/L Al 75.11 mg/L, kSRHE
R ALA ¥R S T 9% (P<0.05); ZJa, —
HI) ALA WS BRI AL, EF] 48 h
B TR, FEBR AR ALA MR AT B
YT H & AR (P<0.05), WTRESRE: hemX JE [N wgi bR
J&, BAT ALA JHFELLA ML &K .
2.5 hemX EREFRAFMIERENE M
FTHRIE hemX FERI G J5 ALA JHFEHE
19725 A %] T Bk BAA6AsigF F1 BAA6AsigFAhemX
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751

50+

ALA concentration (mg/L)

0 12 24 36 48 60 72
Time (h)

5 hemX EE R E K ALA RE RN
Figure 5 Effect of hemX gene knockout on the
concentration of ALA.
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e, AR RE SN 111.61 umol/(L-g DCW),
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NEHE S/BENFERITE hemX BRRKI MRS KAV
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T HFFEFE A ALA FIl hemX F&[H Y e Xt
2T 2 WA R O2 A A S IE R, fE
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1.0 B, A H 4 3.0 /L A9 ALA-HCL %
o H: 2 T 12—72 h A IMLZT 25 7= 5 F ALA 994
FEIE L, 455 6C., 6D FiR . W ALA 5,
Hikk BAAG6AsigFAhemX 7E 12-36 h P ALA
THFE B B B T X IR (P<0.05), ZJF ALA
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