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Effects of deleting peptidoglycan hydrolase genes on the viable
cell counts of Bacillus amyloliquefaciens and the yield of
alkaline protease
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Abstract: In order to explore the effect of peptidoglycan hydrolase on the viable cell counts of Bacillus
amyloliquefaciens and the yield of alkaline protease, five peptidoglycan hydrolase genes (/ytC, IytD,
WtE, IytF and lytG) of B. amyloliquefaciens TCCC111018 were knocked out individually. The viable
cell counts of the bacteria and their alkaline protease activities before and after gene deletion were determined.
The viable cell counts of the knockout mutants BA AlytC and BA AlytE achieved 1.67x10° CFU/mL and
1.44x10° CFU/mL respectively after cultivation for 60 h, which were 32.5% and 14.3% higher than that
of the control strain BA Aupp. Their alkaline protease activities reached 20 264 U/mL and 17 265 U/mL,
respectively, which were 43.1% and 27.3% higher than that of the control strain. The results showed that
deleting some of the peptidoglycan hydrolase genes effectively maintained the viable cell counts of
bacteria and increased the activity of extracellular enzymes, which may provide a new idea for

optimization of the microbial host for production of industrial enzymes.

Keywords: Bacillus amyloliquefaciens; peptidoglycan hydrolase; gene knockout; viable cell counts;
alkaline protease
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Table 1  Strains and plasmids used in the study
Strain/Plasmid Relevant characteristics Source
E. coli IM109 Host for plasmid construction Laboratory stock

E. coli EC135 pM.Bam
B. amyloliquefaciens
TCCC111018 Aupp (BA Aupp)

Original strain

B. amyloliquefaciens AlytC
TCCC111018 AlytC (BA AlytC)

B. amyloliquefaciens AlytD
TCCC111018 AlytD (BA AlytD)

B. amyloliquefaciens AlytE
TCCC111018 AlytE (BA AlytE)

B. amyloliquefaciens AlytF
TCCCI111018 AlytF (BA AlytF)

B. amyloliquefaciens AlytG
TCCC111018 AlytG (BA AlytG)

pWH-T2 Kan marker
pWH-T2-AlytC Kan marker
pWH-T2-AlytD Kan marker
pWH-T2-AltE Kan marker
pWH-T2-AlytF Kan marker
pWH-T2-AlytG Kan marker

pWHO980-aprE

Methylated modification

Alkaline protease expression vector

Chinese Academy of Sciences
This study

This study

This study

This study

This study

This study

Hubei University
This study
This study
This study
This study
This study
Laboratory stock
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1.1.2 EEEFERINE

LB (Luria Bertani)}5 353k . F T e 40
FEE A KA 1 B Al 35 57

KRG FRIE : 6.4% FKIER 4% K1 .0.4%
Na,HPO, . 0.03% KH,PO,. 0.07% il a-JE 43 il
(Biotopped, H[EJtEY), pH K 7.2-7.5,

MaxQ6000 7Y {E & I8+ K (32 E Thermo
Scientific A A]).

Bio HLifi#£1b{X (3£ Bio-Rad A H]).
1.2 RWAHE
1.2.1 BHWEEER

PLSE B = PR AF B9 B. amyloliquefaciens
TCCC111018 Aupp (BA Aupp) Rk N H & Btk
X KR WK i eC. ItD . ItE . IytF . IytG

x2 EERMKRTRHSIHFT
Table 2 Primers used in this study

FEHEA TR, W RER S I Nk 2 FR .

KWWHFE E. coli IM109. E. coli EC135
pM.Bam DL S fi# € # 2F L #F 7R TCCC111018
Aupp BEZ S H 4, ML AR S SCERU Ol Rz
AW LTI

LI TCCC111018 Aupp BYFEN AL A, F
AR 2 iy b, TURREE S Ty, R
J& A & PCRAS 1 [RIURVE 5 Ui [m) 5 i
e —e o W M R A JC4E v
5 2k iR i AT, 19 B A BR SR
pWH-T2. ¥ HEE E. coli IM109 &322,
37 CHE 1 h IR 2 &H 50 mg/mL RIRE
I LB A, ¥ 37 CHEIREFE 8-9 h,
SR J5 Ui BE % Ak F-iE 4T I V% PCR B IE .

Gene Primers Sequences (5'—3")
tC UP-F CCACCGCGGTGGCGGCCGCTCTAGAAACAACTAAAGGACAGCG
UP-R CTACCAATACTGTTGAATACACCTGCTTGGAAAG
DOWN-F GTATTCAACAGTATTGGTAGAGACGGCTTTTATTACG
DOWN-R TTAACGAATTCCTGCAGCCCGGGCAAACACAATGTCCATGAATC
IytD UP-F CCACCGCGGTGGCGGCCGCTCTAGATTTGCGCCGGGGCGCTCG
UP-R GCAGTGAGTATAACATAGGTGCAACGAATCTCTTTTTCATTC
DOWN-F ACCTATGTTATACTCACTGCTGGATGACTATACGCTTTACTATG
DOWN-R TTAACGAATTCCTGCAGCCCGGGTCCCATTCACCGAAGAACAGCTCACAAA
IVtE UP-F CCACCGCGGTGGCGGCCGCTCTAGAATCGTGTCTGTACGTCTAATG
UP-R GGTAGCGAGGCGCAAACAAAGTCGTCCCTAAAACC
DOWN-F TTTGTTTGCGCCTCGCTACCTGGGCGCG
DOWN-R TTAACGAATTCCTGCAGCCCGGGCCCTGTACAATGACCCCG
IytF UP-F CCACCGCGGTGGCGGCCGCTCTAGATCCGATTAGGAATGATACCG
UP-R CGAGGTAGCGAGTCAAACCGACCGCTAAC
DOWN-F CGGTTTGACTCGCTACCTCGGAGCGAAACGC
DOWN-R TTAACGAATTCCTGCAGCCCGGGCCCTTTTTTGGACACGCTAAG
G UP-F CCACCGCGGTGGCGGCCGCTCTAGAAGAGTACGCCGCGTTCCG
UP-R CGATCAGCTCGAATATAAGAGATACAGCAAAAAGGCACCCCAGC
DOWN-F TCTTATATTCGAGCTGATCGGCTGGGTTGACCAAAC
DOWN-R TTAACGAATTCCTGCAGCCCGGGCAGGCAAGCACGCTGACG
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Wt W EA A 2 E. coli ECI35
pM.Bam /EZ 54 ifid, 4337 CWE Lhg
WA Z S A 50 mg/mL RABE R M 50 mg/mL AF
T2 M LB P, FFk 37 CHige 89 h,
Je i e i AL FUEA T 78 PCR BIE, K5 50 1IE AL )
AL THMESA RIBEEMA®EEN LB
W, T 37 CEUTFEFE, ME]R ODsyo
{H°4 0.3-0.4 B, [l Hh s in 80 uL Bl {r b
W, BHJGTE 30 CAF TS ok kL,
B 35 1 ROARAT B A i e AL ok

15 B AL B I 4 SR FL % 2 BA Aupp TR
A40E, 37 CHE3ILE, BHEATESAER
AREEZ W LB Ak, 37 ClEIRKTFE 8-9 h, fiiik
AL T UETT IR PCR BIE, SR 5 1 30 UE B2 1)
AL THAZSAHRIRERN LB g IR
TG TR, 42 CHEREETR 23 R, ek
W BRRMA TS50 RIBERMN LB Fik,
37 CIHIRE;FE 8-9 h, ik b1 b4 B i
B UE o B IE R AL TR B S-SR R
WER) LB i B e S h A T2 UE 3%, 37 Cf%
REEF 3-6 X, R REEMBRRA T4 5-)
PRUEER) LB -t r, 37 CHHIREESR 8-9 h,
i REAS 7E & S-RURMERER) LB Al KR
RETE O A RIREE 209 LB AR FA K 4L+,
W 0 15 2 1 5 AL T AT B YE PCR B0, F1KF
FEAL IR B4 MER (GENEWIZ) A w|IFE .,

122 ERERKEEREEHANE

W5 Ky 7 14 35 DR B 2 TR T ek 5 0 TR T ok B R
V2% 5 mL (1% LB iU A 3G IR 4, I 1 mL
HRER 50 mL () LB e ferp i g5 ad e, 2R
J&i LA 2% 3R R AN IR BT 23 40 100 mL
F) LB Ki =580 100 mL /)& Beks 72 3k eh,
500 mL =fAJi7E 37 °C.200 r/min &4 F R 5%,
Horp LB 5597 5458 6 h BORE , ol FR A UG 11
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TE 600 nm KT RO EE , W 45 TR A AR K
Mgk, JExF 24, 36, 48, 60 h [y & s 3R gk
FIEURE, XEPrfEEfh 28 GB 4789.35-2016!"7
W 5 A T TR TR
1.23 HEARFESRWER

X 1.2.2 PR IR SR EAAE 12, 48 h Ik
FTIORE, AR AE O SCRRU ™ Hp H 5 A R 2
(5 T 8 WA iy, I X6 35 R e G 704 7 e A
Xof RE DR AR 1) AR AR A T AR
1.2.4 W4 EBEEEEHRNE

XF1.2.2 R R EERE SR IETE 24, 36, 48,
60 h B EF T EURE , 2 B E A% GB/T 23527-2009""
X ASBIF S Hb B B R e I O I E
1.2.5 HUESH

AT sEse e £ 3k, I HERE
3 ANEAT, SRH Origin 8.5 Fl SPSS 18.0 #:474K
i b FRA T

2 BERXR504

21 AREMEMRBEEKBEIAELERFT
%ttt

T gk — D E R Bk TCCC111018
Aupp TR R R RE K R B TIRE , % BA Aupp
HHY LytC, LytD, LytE, LytF, LytG A% LR
JF 91 55 2 R B e R N ) O SRR K fi g 1)
FILBRITHNEATAIH, WSS RN 3 FiR.
KT LS RAT LA, BA Aupp RS K fit
fitf LytC, LytD. LytE., LytF. LytG S5k ZEd
T TR HORE L 18 JOR SR 7K e 18 11%) 22 B2 Y 4] A AL
PEMR i, A —PE 2 BAE] T 78.43% . 60.80%
65.77%. 75.20%%1 68.21%.
2.2 PAEEKEHERRKEKRGE

FEA R FP 25 0 IR SR R K il LytC . LytD.,
LytE. LytF. LytG I#F5Y Hin, il [V 4
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(14977 3O AN [ R SR K Fff Bl E A THE DY o, LRt
PronfEuniEl 1A P, LA RRE TCCC111018
Aupp FEDRZH Ry it , A XSS #0951 ) )7 51
AL T HETH 7% RCR B4, PCR HiF ik
EIanE 1B fros o 38 W05 25 8T LAl beC
D, WtE. tF ., IvtG FEFSHIER 1221 bp.,
2556 bp. 741 bp. 763 bp. 729 bp, #E—1iH
FER B2 B E Ak BA AltC. BA AlytD. BA
AlytE. BA AlytF . BA AlytG fEE RIS

23 PBMREHEKBHERREMEAREKKE
H Y E R

T L R AN R A 2 R SR K il ARAS T
JUR SR K fife Bl Bk 2K BRIk BA AlytC. BA AlyiD .
BA AIytE ., BA AlytF. BA AlytG., ]IS A [ i
S 110 JU SR 7K S Tt ke 2R T ok 1) A A 1 DL A T
Mr, S55anE 2. 3 froR.

L 2 AT LLR B, R ERME K At il ke 2k 784
PRI PR 50T BE R A 4 250 K I RS I Y AR

R3 WMEMFRETESHEFRTEPAEGEKREKEEREIRFTX L

Table 3 Alignment of the amino acid sequence of different peptidoglycan hydrolases from Bacillus

amyloliquefaciens and Bacillus subtilis

Gene ID in BA Aupp Homologous gene in other strains

Reference strain

Query (%) Identity (%)

gene 1 1484 ytC Bacillus subtilis 100 78.43
gene 1 1497 IytD Bacillus subtilis 99 60.80
gene 1 3150 IytE Bacillus subtilis 100 65.77
gene 1 3145 IytF Bacillus subtilis 100 75.20
gene 1 924 htG Bacillus subtilis 98 68.21
A B i wiC mD  BE WF MG
0 MT WT MT WT MT WT MT WT MT WT

Kana — | Um 10 000

Plasmid 8000

PWH-T2 6000

5000

3 500

3 000

Homologous 2 500

recombination 000

Genome of BA Aupp
1 000
750

Genome after recombination 500

B 1 BRRHEKEEEE ERRERAIDE
Figure 1

250

Construction of the peptidoglycan hydrolase gene knockout strain. (A) Flow chart of the strategy

for constructing the knockout strain. (B) Verification of peptidoglycan hydrolase gene knockout strain. M:
DNA marker; MT: gene deletion strain; WT: reference strain.
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BRERIFARE, HEkiEAETHE, 5
HABTHPRAH L, MERTEHR BA AlytC. BA AlytE
B ODgoo (B T B T3 25 1% . 7E 24-48 h i},
BA AlytC ] ODgoo {1 1.99 FREZE 1.45, Tk
T 0.54; BA AltE ) ODgoo fHHT 1.99 FFEZE
1.37, FRET 0.62; 1 BA Aupp B ODgoo [EH
1.99 TREZ 1.28, MFRET 071, HULATRIL B,
BA AlytC .BA AlytE 1) ODgoo (BT i 648 1
BA Aupp, %] BA AlytC. BA AlytE B K
H 73R E BA Aupp A ITiE

UGRS3 P A T E Tk X TR g
TRUTRT R LA B X} HEBRT AR (1) AS [ B[] 55 1) 0% PR iE T 7
TH, EIREKE IR Ak BA AbtC.

>

3.50E+008
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h"& W

SR S S
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2.00E+007 -
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Figure 2 Growth curve of knockout strains and
control strain.
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Figure 3 Viable counts of knockout strains and control strain at 24 h (A), 36 h (B), 48 h (C) and 60 h (D).
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BA AlytE 7E 24 h J& 093 B B0E 1 X B R BA
Aupp, H:24. 36, 48, 60 h (3% A S 1145 1
N 3 s ;24 h R BRAR T AT BA
Aupp HIEHEL, (AERIFARE; 16 36 h i BA
AltC . BA AWE IS RE 5 1.59%10° CFU/mL |
1.39x10° CFU/mL, F BA Aupp 5 26.19%
F110.31%; 7E 48 h BIE#E BAAtC #1 BAADE 1
FEUI L 1.93%x10" CFU/mL F1 1.60x10” CFU/mL,
F BA Aupp WG HEEGE 53.17%H126.98%; 1E
60 h KLY, BA AlyrC F1 BA AlytE BTG
A 1.67x10° CFU/mL #11.44x10° CFU/mL, Lt
BA Aupp HITE FEE 32.50%F1 14.30%; Higdt
PRl e 2 TR AR 3 T B T B TAT AR, BA
AlytD . BA AlytF F1 BA AlytG 7E 60 h FE BEE4 5
ke BA Aupp HITE UL 7.20% . 7.90%F1 11.90%,
AT 3 R L S R X e R e 2 Y R ok 1)
AIIETE AT MEE L, 12 h i BAAtC, BA
AlytD. BA AlytE. BA AlytF. BA AlytG BB 1A

*10.0k

4 12 h RREREKBERREROE ARSI L

T 2550 BRI KR BA Aupp FHELTCH 721k (18] 4);
48 h IHE R R AL B O EE R BA AlyeC
BA AlytE (IR AR EALT BA Aupp, iIX—45
Rt HHERIZ T ODeoo HIZALAEHEFAXT (& 5).

ZEAE RN . TR R T
WS (R 25 0T DL B, 3% JOR SR M /K A it A G
e DR T it UE 93 2 AT TR A9 A S A i 7 A Y
W, FCAR R eC. IeE BEDR AT DA RO
W T B A, S VR ZF AT T Y
A MR D it IvtG BRI S
AR R e AR, X — R — E R
W LytC XA A v A5 B kPO ek
S eC KR AR Z BIAER, i [/
WS, VR S B AR R AR IR AR R
i, S5 AT FERS R R A R P AR e
R TR R A A R R o # 5 SRAR G R P2 i
B BE R D | IvtF . IntG AR AR A
e W A R e s T el R L TR e

Figure 4 Comparison of the morphology of peptidoglycan hydrolase gene deletion strains at 12 h. (A) BA
AltC. (B) BAAltD. (C) BAAlWtE. (D) BAAWtF. (E) BAAWtG. (F) BA Aupp. The morphology of the above
bacterias were observed using scanning electron microscope with 10 000 times magnification, and the scale

bar was 5.00 pm.
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B 5 48 h AEHEKEEHRAERNEMERESI

Figure 5 Comparison of the morphology of peptidoglycan hydrolase gene deletion strains at 48 h. (A) BA
AlytC. (B) BA AlytD. (C) BA AlytE. (D) BA AlytF. (E) BA AlytG. (F) BA Aupp (The arrow indicates obvious
autolysis). The morphology of the above bacteria were observed using scanning electron microscope with
10 000 times magnification, and the scale bar was 5.00 pm.

A A WA T O AT BB 2 DKl LytE HA 4
B LytC sEQLAYPERRYT, B LytE ks 2%
fik LytC B, BT AL DotE (BRI B 4 B
W EA —ERBEREN, A TR A Y =
SOE75 1
24 BRREBBEKEBHBEERRENSTHEER
4B

RT3 UE UK SR 7K e it s 1R ke 2 XoF B A 2R
SRR IR R SRR g = L ]
pWH980-aprE BT HL 5% Ak 2 M 4 110 e A fole 2
RITEAR TP A TR A I, I XA [ B [R] 57
PR b3 A B 2 Tt T T A TAG &
wE 6 Frs : AT LR BLRTA TR ZE 48 h BERG
F1iRFNIEAE, Hirp BA AlytC #1 BA AlytE TS
F AR T 20 264 U/mL., 17 265 U/mL, #
BA Aupp 53 HIBEK T 39.4%. 20.2 %, f£ 60 h
KEERIBT, BA AlytC F1 BA AlytE BTG 714
W 15270 U/mL. 13 580 U/mL, % BA Aupp
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AT 43.1%, 27.3%. FLA T RO
Mt it 1% 715 BA Aupp ¥ BT FF%, BA AlytD .
BA AlytF . BA AlytG % BA Aupp F 451 T [
T 6.4%. 4.7%. 5.4%.

[ I BA. Aupp
22 000 LEZZZ BA. AlviC

R BA. AlytD
20000 BT BA. AdiE: 7

18000 [ 523 BA, Alwt
16 000 _ BA, AJ’}JIG

“14000| ) B
12000} §

10 000
8000}

6 000

4000[
2000[
of
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Enzyme activity

e

36

Time (h)
6 FPRE K & X BB E AR 1% & B EREGE 1
EHER
Figure 6 The alkaline protease activities of the
knockout strains and control strain.
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X JOR SRR 7 fitp k5 AT ke G T AR RS IR T R
AN [ BN ) B9 35 T RO B 1 3 11 P I ) 1A 7
PR, S5 4 PR, WRATLUE I
TE 24, 36, 60 h I R BRSOt HE T e )
I TR ORI B 2 1 B A 3 IEAE G, A
KM R ELS ) 0.933, 0.922 F11 0.940; 48 h i
R DRl S TR AR A X I T R 100358 el R B 2
WS ) IR ARG, ORI R B 0.865, X
E—ERE FRIFERR beC. heE FEFE T LI$E
AR R, PR B TR e i AN R
PoER . ARSEEG SR S AT GE S B Iy
(IR0t 5 AT T 114 ke 21 T R 1 ot G A T I 7%
IR MG = AHEITERS B T A= X 2R 1
AT AL, T IR K R Bk, S EL
JUR SR I A R R [, ETIREAIR T KR0S
A, JEAS T KRB 5 B0 A ik M0 A S At
A TREM T HAB AR R, X A A i At
HE ARG, XA EEJE BA AlytC Fil BA AlytE
1 Bt B 1 TS 4 e i — SR R T
Gb, A 2R W TR RO 7K fige il mT LA 5 K i
JIRZRME , B [A] 42 b 52 e 45 40 i 28 11 0
WALA S B A A PR EIGE , 2 JO SR /K At g
1R 7 fife £y E BE A% 108 e 7K Sk A0 T 0 M b g JERCR
W D00 246 SR A1 i 2 1 1 U222 RO K St i
& 4 ERREAFXRBEKE AR R E SR EE
HRWEtEEAREEEENEXESITER
Table 4 Correlation analysis between the viable
cell counts and alkaline protease activity of the

knockout strains and the control strain at different
sampling time

Time (h) Correlation coefficient between the
number of viable bacteria and enzyme
activity

24 0.933%**

36 0.922%*

48 0.865%*

60 0.940%**

Note: ** Significant at P<0.01; * Significant at P<0.05.
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0 ] 38 5 T 40 I ) ) 45 51 12 SR i 2 P Y
AR 53 A0S mT R R KSR K i il
PRIk BT AR Al 1 2 1 A A 1% 0 28 Py L TR o

3 4

A 0 Aok [ V5 B2 A P AL A T v R
ZEMIFF I TCCC111018 Y 5 Fl ik SR b /K fife il 1
B #R BA AlytC. BA AlytD . BA AIVtE .,
BA AlytF, BA AlytG, BA AlytC Fil BA AlytE 1F
60 h [ B 1A TS B BN BB BE BA Aupp 39K T
32.5%. 14.3%, A A0 BT o B
X PR BRI K T 43.1%. 27.3%, BAAlytD . BA
AlytF . BA AlytG A1) 80 LA K B 2 1 Tt £
16 1 5% BB AR AH LS A8 4. BA AlytC il
BA AlytE B LR R Sy w8 7 ol 1 3 B 0 )
BEE T A
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