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Effects of Bacillus velezensis zkl on fleshy tissue of olecranon peach

and its enzymatic properties
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Abstract: Objective: Studying the enzymatic characteristics of
pathogens can indirectly understand the pathogenic ability of
pathogens to the host under different conditions. Methods: The
composition and transmission electron microscope observation of
the olecranon peach infected by the strain Bacillus velezensis zkl
before and after were investigated. The effects of temperature,

pH and metal ions on the enzyme activity were studied by using a
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single substrate induced by the production of amylase, cellulose,
pectinase and xylanase in the strain. Results: After being infected
by the strain, the olecranon peach tissue cells were damaged, and
the contents of starch, cellulose, hemicellulose and pectin were
decreased. The results of enzyme characteristics showed that the
optimum reaction condition of amylase secreted by this strain was
60 °C, pH 7, and 0.15 mmol/L Mn?" could inhibit the amylase
activity. The optimal reaction condition of cellulase was 60 C,
pH 6, and 0.15 mmol/L. Mn?" could also inhibit cellulase, and
that of xylanase was 40 ‘C, pH 8, with various metal ions as ac-
tivators. The optimal reaction conditions of pectase were 50 C,
pH 6, and Mn?" had the best activation effect. Conclusion: Ba-
cillus velezensis zkl is a spoilage bacterium, which is harmful to
the postharvest storage of olecranon peach. It causes the decay of
fruit flesh tissue by secreting amylase cellulase pectase and hemi-
cellulase. The study on the reaction conditions of these enzymes
can provide a basis for the prevention and control of postharvest
pathogenic bacteria in olecranon peach in the future.
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Figure 1 Test results of olecranon peach
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Figure 2 Ultrastructure of olecranon peach pulp tissue

infected by zkl strain

100:
90
80+
70+

60

X
Relative enzyme activity/%

50+

40 L L L L L L L |
30 40 50 60 70 80 90

I
Temperature/ C

B3 RBANEEZEGYR

Effect of temperature on enzyme activity

Figure 3

FRD5ESE  NEMFRITE 2kl HEERRALBANY M RBEENE

X il BE A T8 B AE S AN R . R OB REAE 40 C TR AY A X Al
G RE S 0.036 1 U/mL, SR HE A e i& iELE y 50 °C L ik
#0.102 U/mL, [N EE SR 60 °C I . £F 2k 5 i F3E 4
TRt FF) R 0T 95 7 A0 5 20 51 O 0.831 0,0.336 2 U/mL.
LT TR R R A e ) B R B A R T 4 B R
KB IRAT 1T o 1 20 4 FOR A W 20 0 BE R T2 AFAE 1Y 2%
RN AR BB P g R 0 BT AU
tk 2kl PP WMk G, TR AE 37 CHIR R P Y
40 °C o AR B S, ool IR B4 2R L KR BRI G
R0 A T AT BE 2 RO T A RN T X B 2R 2 D B rh R 2R
B P 7K iR D RE - AT BB IR 1 B SR 40 0 BE o o 2F 4 R 45 40
M, EATEEME.TE 40 CF . ER BIKA R TR

T 1 T A 6 7 L WS 1A 0.694 6 U/mL, TMHIEE T .47
4ERWEAIE SR 0.294 6 U/mL, 5 —¥RITA @A LF 4 &

JifE 3 [N B0 A B ZE AR T TR TR RO G S N R D %k fE
B im
2.3.2 iﬁf;@fi Bl pHAE WA 4 FiR 5 508 5 45
T 30 ZARUAY 2 o 5 RS Tl X 2L 5 2 14 A2 Ak de O . Bl
F AN IR A% PR I Bl AR L R R N T AR A B
Ko HRBEEN5E pH H—F, £ 48 K1Y 8 pH
INK 6, TEfcdE pH N LF4EFRBIE 120 0.248 3 U/mlL,
T 5 e Wl 9 35 J1 4 0.150 6 U/mL, T #8 l 7E th 2k I 4%
- pH DT A e B 71,355 0.458 7 U/mL, AR H
Tif U] 2 B A O 1l B PE 4% 1 (pHL 8) [ T 32 B Sy L ixX b — 8k
BRPR A0 R 38 0 B 2 A ME R ST 45 SR R R, bR B 5T &
W AH T E IR R IRIE pH 2 5.5, HAPmEREERT
T AR 22 (80 A7 70 9 D ik R 22 55 3 T B 2 BB SR 10F 50 1) T A
zk 1 43 W B A SR T LA R Y BB A5 4
2.3.3 ZBEFMNEEENEE O ME S FIR.BRT
o' A KR R T e R R e R B NS . e
Mn ”L%ﬁ“?’ﬁ?ﬁiﬂ’]?ﬂ]ﬁ R o H UL T AR 2kl BT 4
WATE R EE A LT 4 R B A A LA 25 4 . Mo il 5
IR S F—SH L5 4, Ml o F R 3% s Y, {3
Xof - 2R S AT Min® " R — Rl B T L T4 HOA G

1001
801

601

401

AT
Relative enzyme activity/%

20+

pH
B 4 pH L BEE MG A

Figure 4 Effect of pH value on enzyme activity



18

E#i# 3 FUNDAMENTAL RESEARCH

r SR
1208

€ heed

e d

®

=

o)
R

B0

2

>
s

AR

STi%;

1001

5

28

%

Ui

%
5

7

T
NN
2%

LS
LTS
ST

2
IS

2
DOBLELTEL

i
0%

OO

R

80

03]
225
o

2

S
2
3

S

DTN
R

2RI
BE%e

Do

S

AR
22

35

o2t
DLREERREELLERLRE

2o
2%
DRI

S5

601

L
>

i25

1

TSR
X

OTATNIT
DS BINATN
T
4TI

BB
RLLERLLLRLLEN

40

B
552
2
DRI

0

e
3
23
282
2

DOBLEOTEE

2Tl
R
0

o2
22
00

%5
22

AR )
Relative enzyme activity/%

%t
B -

B2

DODR
D2

201

DTN
ST

DR
LT

DO
ST

]
o,

b4

=r
UQ:). NN

2

V7222227222222 222 722 7
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\'}}\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

2

e
o
SRR

B

Z
®,
Ok
By

5
R

B2
NN
NN\
22
2%

R

D:

oL
REM K

7 7

& rrrezzzzzzzzzerrZzZi @

Metealions
[F] — P i 1) /N BN A R R XB 5 (D) K 3 78 P <C0.05 K
P
BS5 2BBFBERGH G

Effect of metal ions on enzyme activity

Figure 5

T 114% . XA R BN &R B T 5 A TR
P A0 19 SR D A 5 G 3 0 AR A R A T T R T G
R R R B TR B T WS R AR
IR 5, R 42 B 7 I oK X AR 2R 4 g 1Y i S ) 8 R
BT 5% 00 (AR /N E 2500 BF 5 & B, Mn® " i Cu® ' X AR
W LA 0 AR A AT B R B, M
Ba® \Mg*" \Cu®™" X R P51 F AT24 (1) K 5 b 5 A 34005
PR T R IR F AT22-2 (9 A 5 5% B 20 2 A 40 il 45
X A] BE 5 OR [AK RBE 1 25 40 22 B A o6 R PLI IR
Bk — B T IE
3 85

DUSEIT ZFF R T 2k ] 12 % I W K U I M Ak R 1A 4
MugE B mE IR . BRI AN M e S E S S, i
TN T2 DS 2o 43 006 U o il L T 0 R TR L A SR T R SR R I Ok
Wi S 5 0k ) SR B ) T 44 3 R SR IR B TE R L R RS L K
{7 O M . R T 9 1) 45 SR S R 2T 40 I 1Y
TE B B 5 36 SN I A 60 °C L R3S R R pH fH 2 7,
0.15 mmol/L {§ Mn"" R 1 il 5& ¥ §ff 14 76 97 5 47 2 2K i
IE 6L E K 60 C L dRiE RN pH {H & 6, Mn® " 1 af %t H e
VR s AR OB I B % IR BE Ry 40 °C L il W pH
(B 8. 22l 4 Jim T80 349 2 T ) 5 SR I A 35 S 3l BB
50 °C L& L pH {E S 6. Mn®" X 80 AR S AL
BN HRTT T VST S AT T8 2k %o J8 W Bk 1 S0 BIL 3 A
L M T R LA 4R T R I S ) 4 M BE T A%
Tl 22 K figt W83 ) 45 4 22 )5 (TR 95 O 1) ] LA A G 4
J7 T 4k R 158 .

5% 3k
[1] &, T ML, BRPR A #F, 55, DLS T 27 46 #F 1 ( Bacillus velezen-
sis) BTk R [1]. AL 77 22, 2018(12): 162-167.
CAI Gao-lei, ZHANG Fan, OU-YANY You-xiang, et al. Research

BE237H [ 2021 £7 R | R@SH

progress on Bacillus velezensis [J]. Northern Horticulture, 2018
(12): 162-167.

1 B AR, KA, Bk, 5. 2 78 HORT N A= DU 2 MO R 4 A 4>

BEMEE MU 45 0 AR 1R JH 23 AT D). R AR 9, 2019, 45(4):
122-131.
CHI Hui-rong, ZHANG Ya-hui, ZENG Xin, et al. Isolation and i-
dentification of antagonistic endophytic Bacillus velezensis from
polygonatum cyrtonema hua and analysis of its antimicrobial and
growth-promoting activity [J]. Plant Protection, 2019, 45 (4):
122-131.

[3] GAO Xi-yan, LIU Ying, MIAO Li-li, et al. Characterization and
mechanism of anti-Aeromonas salmonicida activity of a marine
probiotic strain, Bacillus velezensis V4[J]. Applied Microbiology
and Biotechnology, 2017, 101(9): 3 759-3 768.

[4] CAO Yu, PI Huang-liang, CHANDRANGSU Peter, et al.
Antagonism of two plant-growth promoting Bacillus velezensis iso-
lates against Ralstonia solanacearum and Fusarium oxysporum [J].
Scientific Reports, 2018, 8(1): 4 360.

[5] CHEN Liang, HENG Jun-ying, QIN Su-ya, et al. A comprehensive
understanding of the biocontrol potential of Bacillus velezensis
LM2303 against Fusarium head blight [J]. PLoS One, 2018, 13
(6): €0198560.

(6] ARFHFE, FLEREE, 2= tt, 5. R4 I 9o JT 17 A= 1 2 5 1k B e
240 I B o 7 A A 9], £ RE2F, 2017, 38€10): 42-47,

SONG Dan-dan, KONG Qing-jun, LI Hong-bin, et al. Biological
characteristics and cell wall degrading enzyme activities of flat
peach brown rot pathogen[J]. Food Science, 2017, 38(10): 42-47.

(7] REE. AS 5558 W aAF A AL L A BF 5T D] KA&: &

Mol K%, 2007: 15-23.
SONG Xi-xia. Study on the physiological and biochemical mecha-
nisms of intereaction between ginseng and Cylindrocarpon
destrucins [ D ].
15-23.

[8] I, A Ky, WA, &5 B IR BT B BUR HLBL R BF 5T 11 -
2 i B I A Tt S FCTE B0 R 1R T D] AR5 L2 41, 2000, 30
(D: 13-18.

LI Bao-jii, ZHOU Chang-li, ZHAO Kui-hua, et al. Pathogenic

Changchun: Jilin Agricultural University, 2007:

mechanism of scab of cucumber caused by Cladosporium cucume-
rinum [[: The cell wall degrading enzymes and its pathogenic
action[J]. Journal of Phytopathology, 2000, 30(1): 13-18.

[9] SASAKI Izumi, NAGAYAMA Hideo. 3-Glucosidase from Botrytis
cinerea: Its relation to the pathogenicity of this fungus [J].
Bioscience Biotechnology and Biochemistry, 1994, 58(4): 616-620.

[10] 235 ¥ . 8 4 A0 00 I 1) 70 A B 15 200 M B I fie Al 185 41 1) 56

ZWEIED]. A IE: R KA, 2008: 28-33.
LI Xi-ling. On pathogenicity differentiation of Botrytis cinerea and
relationship between pathogenicity and cell-wall-degrading

enzyme activitives[D]. Hefei: Anhui Agricultural University, 2008:

28-33.

[11] /S e JUT 5%t i ¥ B £} Rhodosporidium paludigenum $ 5%



&M | Vol.37, No.7

SR S5 0 % B 1R A 5 AR S AL BBE 5 (D], AU - BT IR
2 2015: 1-3.

LU Huang-ping. Effect of chitin on the biocontrol activity of ma-
rine yeast Rhodosporidium paludigenum against postharvest fruit
disease and the possible mechanism involved[D]. Hangzhou: Zhe-
jiang University, 2015: 1-3.

(2] 52K, Ky, B 224, 45 BRI 2 0 B 2ok HL LY BT 5

T - 240 A o e 2 8 %) 25 R R 45 g 114 392 o) % G W [R) £
FID. MW B 2441, 2001, 31CD: 63-69.
LI Bao-jii, ZHOU Chang-li, ZHAO Kui-hua, et al. Pathogenic
mechanism of scab of cucumber caused by Cladosporium cucume-
rinum [[[: Effects and synergism of cell wall-degrading enzymes
and toxin produced by C. cucumerinum on ultrastructure of cu-
cumber[J]. Journal of Phytopathology, 2001, 31(1): 63-69.

[13] TR Al 510 8- 4 2K F 6F 7S f 40 i 2 1 10 18 524 T IOF
FE[D]. Bred: AR K2, 2013: 35-36.

ZHANG Rui-nan. Nanoremediation of cytotoxicity from Cr(VI)
by Mg (OH), nanofiakes[D]. Jinan: Shandong University, 2013:
35-36.

[14] 57K, S2T0 W], FLA o 3E by B 06 5 125 0 LU ACHT 5 (). Bk
PpgiE A, 1996, 23(6): 371-373.

SHI Yong-chang, JIANG Yong-ming. Comparation of five method
for the assaying of a-amylase activity [J]. Microbiology China,
1996, 23(6): 371-373.

[15] £ 55, X4, AR We. SR IR IR K B 2 AR 04 5 2 e
PEAFFE[I]. 7 4E R B2 5 4R, 2016, 24(1): 14-20.

WANG Qi-wei, LIU Sheng-quan, LI Xiao-ping. Study of liquid
fermentation and characteristics of pectinase [J]. Journal of
Cellulose Science and Technology, 2016, 24(1): 14-20.

[16] #EE o, FRAL AR, BT IH 2L, 45 77 £ 4k 52 1 09 i V2 A0 25 AT i

I3 B 488 A VE T ST 0], B SRR B R AR, 2014, 32(3):
43-47, 53.
CUI Hai-yang, CHENG Shi-wei, HUANG Tian-hong, et al.
Screening and identifying of Bacillus amyloliquefaciens for cellu-
lase production and its enzymatic characters[J]. Journal of Food
Science and Technology, 2014, 32(3): 43-47, 53.

(7] BEEAL, IR, ThRk I, 25, 1-H B3R P94 b 2100 0% 0Bk 2R 1A
200 0 R AR R B R[], T A B2, 2004€12): 2 039-2 042,
DUAN Yu-quan, FENG Shuang-qing, MA Qiu-juan, et al. Effect of
I-methylcyclopropene (1-MCP) treatment on flesh cell ultrastruc-
ture of refrigerator-stored peaches[J]. Scientia Agricultura Sinica,
2004(12): 2 039-2 042.

(18] A7 M. 5 B <18 ¥ BT e B A0SR BG4 K S B AR
A6 [D]. b b 3858 K 2%, 2005: 39-40.

YANG Hong-shun. Effects of controlled atmosphere on epidermis
and pectin ultrastructure and quality of postharvest fruits and veg-
etables[D]. Shanghai: Shanghai Jiaotong University, 2005: 39-40.

[19] == A Ah. T 8% 20 AT 27 2k 3% i /K ffe 1) 300 ) B HC % e 7 2

FE[D]. A FA: PHAERARAL 5 R, 2019.

XIN Dong-lin. Inhibitory effect of mannan on cellulase enzymatic

BRAEE R HF AR k1 WEERRAARHNENREFHYE
hydrolysis and strategies for mininmize its effects[D]. Xianyang:
Northwest Agriculture and Forestry University, 2019.

[20] <G . A 2R SR I o 35 A4 3 R 45 S AL BE BT 52 (D). B A0 B
AR, 2009: 46-47.

JIN Peng. Study on regulation and mechanisms of postharvest dis-
ease and chilling injury of peach fruit after harvest[D]. Nanjing:
Nanjing Agricultural University, 2009: 46-47.

[21] FEIR, WHIESC, o, S5 SRS 48 X0k 5 P Ak BT 2R 000 SR i

TAE B R W [J]. SR 244, 2016, 33(8): 1 000-1 006.
ZHOU Hui-juan, YE Zheng-wen, WANG Ge, et al. Effect of pre-
harvest bagging on ultrastructural changes of yellow-peach
pericarp during shelf-life[J]. Journal of Fruit Science, 2016, 33(8):
1 000-1 006.

[22] X1 e . £ 2 2 ik DR A e 2 LA T T8 1 00 A e e L il o 1
) A BESE (D). BB A AR K22, 2013: 42-43.

LIU Hui. The construction of cellulase gene of Bacillus subtilis
and characterization of recombinant enzyme[D]. Wuhan: Huazhong
Agricultural University, 2013: 42-43.

[23] P . AC SREMI ™ A2 T 10 28 7 KL i 4% 1R 19 B0F 52 (D). 7 &
LYY K2, 2013: 37.

SUN Chao. The breeding of xylanase production strain and study
on it's culture conditions[D]. Nanchang: Jiangxi Agricultural Uni-
versity, 2013: 37.

[24] K UE, TRLLA, B 5, . — R ORI R 20™ A H G i

TR 9 97 28 8 5 B FL B A R BT ST 0], & A 5 R B Ik, 2020,
46(18): 98-104.
ZHANG Ni, ZHANG Hong-yan, YANG Meng-ying, et al. Isolation
and identification of a highly efficient keratinase producing strain
from marine environment and its enzymatic properties[J]. Food
and Fermentation Industries, 2020, 46(18): 98-104.

[25] J7 E.. Stenotrophomonas maltophilia ffi & [ fiff (1Y) 43 T 2 1& [D].
T YLF K2, 2016: 35-36.

FANG Zhen. Molecular modification of Stenotrophomonas malto-
philia keratinase[D]. Wuxi: Jiangnan University, 2016: 35-36.

[26] M/NEE, 1T =, TG, AL 7R RN B PR 0 0 1 L 45

JE A R B F IR (0], A 24T, 2016, 16CD: 115-122.
LIN Xiao-hong, YE Xiu-yun, WANG Guo-zeng, et al. Screening
and identification of xylanase-producing microorganisms and
study on enzyme properties[J]. Journal of Chinese Institute of Food
Science and Technology, 2016, 16(1): 115-122.

R7) B, EET, &, .0 EE RS 5 T A e
P60 TR 777 1 A RN 6 605 7 R bR G g 2 1 TRBE ST [0). AR W
“#il 4, 2013, 40(5): 905-915.

YANG Ying, YU Wang-ning, JIN Yi, et al. Screening of mutants of
xylanase high-producing strain of Saccharomonospora viridis by
atmospheric and room temperature plasmas and its enzyme charac-

terization[J]. Microbiology China, 2013, 40(5): 905-915.

19



