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B E. [#7]) F oA RAELATE &G B (subtilisin carlsberg). T Bt 2 K JE 48 B5 B4 (acetyl xylan
esterase)#= k F.18 % L BE/K A& B4 (cephalosporin acetyl hydrolase)E-# 4% & 49 i KL E M, A 7k
FEMAL. LB 69 VAT F AT H EAc ¥ LA SR MBR IR E e KRR G AR, Aeddl &K
fRie BB A A R R R E R Rah, [ ]1 AR 2@ ik 7R, MHEMARIRAL & 7= &b F ik =
&G B AT AR R WAk, JFAIA RFLP & 16S rRNA ARt L4757 . AEGBE ~ FIATE
BT LA TG &AM, CRARFABBEE A k7 £ CRUKMER & KA E ., [4£R] Mk
MREIE RN G 7P o B 5] 85 MELE R, RFLP & 16S rRNA £ B L2 4 R A HIE LA BRI A
FHeAFHE . o %1 T Bacillus subtilis. Bacillus cereus. Bacillus pumilus #= Bacillus megaterium v9 4>
K AL, A B. subtilis NSYT-3 5t 4 6946 AT B & & Be AL B % AL o) % Tk 2K 381 AN AL BR , AL B. pumilus
OSLJ-3 A3 24 LR AR RAR BB K B 40 20 69 % IkdE 2K 320 R AR, A B. subtilis NSYT-3
LB K F0H F LBUKRER R %A 0 % IkEE A K 318 AN RULERL, 3D MM A Y X 3ANEEE G X
BA ol KiGBRITF & Rk ZAEMF L. (48] FRATEH R LKA E KK R 69 0%,
G TR Bk AT R LR T T T A,

X8R ARMRME, FRAFE, SKGEALEN, REFEEOE, CBREBERE, X7 & bt
K St Bl

Foundation items: National Natural Science Foundation of China (31370802, 31870787); Natural Science Foundation of
Fujian Province (2017J01441)
*Corresponding authors: Tel: 86-591-22868212
E-mail: HUANG Jian-Zhong: hjz@fjnu.edu.cn; SHU Zheng-Yu: shuzhengyu@fjnu.edu.cn

Received: 21-07-2019; Accepted: 16-10-2019; Published online: 28-10-2019

EEWH: HFARPEIE4 (31370802, 31870787); & A AFLEIE4:(2017J01441)
*@I51EE: Tel: 0591-22868212

E-mail: #EH: hjz@fjnu.edu.cn; #F1EE: shuzhengyu@fjnu.edu.cn

UgFs BER: 2019-07-21; #== HER: 2019-10-16; MEE % HER: 2019-10-28



AR MEYIARPRZE N T BRI 0T DR AR B FEEAT S /K S M AL I P /K e L TR ) v e

Isolation and classification of Bacillus sp. strains to mine genes
encoding perhydrolysis activity

WANG Qian Ll Huan ZHENG Lin JIAWen-Jing HUANG lJian-Zhong"
DONG Si-Zhen SHU Zheng-Yu"
National & Local United Engineering Research Center of Industrial Microbiology and Fermentation Technology;

Engineering Research Center of Industrial Microbiology, Ministry of Education; College of Life Sciences, Fujian
Normal University, Fuzhou, Fujian 350108, China

LI Xin

Abstract: [Background] Subtilisin carlsberg, acetyl xylan esterase and cephalosporin acetyl hydrolase
from Bacillus sp. display high perhydrolysis activity in previous reports, and are worth developing for
commercial application. [Objective] To produce perhydrolase for enzymatic synthesis of peroxyacetic acid
in the future, series of hydrolase with promising perhydrolysis activity-encoding genes were cloned from
Bacillus sp. strains isolated from rhizosphere soil samples and natto soybean products. [Methods]
Protease-producing thermotolerant Bacillus sp. strains were screened from rhizosphere soil samples and
natto soybean products using directed-screening medium, and then identified using 16S rRNA gene
sequencing. Three full-length hydrolase genes (including subtilisin carlsberg, acetyl xylan esterase and
cephalosporin acetyl hydrolase) were cloned from Bacillus sp. strains and then analyzed using sequence
alignment. [Results] Total 85 protease-producing pseudo-Bacillus sp. strains was screened, and then
identified and classified into four groups: Bacillus subtilis, Bacillus cereus, Bacillus pumilus and Bacillus
megaterium. Three full-length hydrolase genes, subtilisin carlsberg gene (encoding 381 aa) from B. subtilis
NSYT-3, acetyl xylan esterase gene (encoding 320 aa) from B. pumilus OSLJ-13, and cephalosporin acetyl
hydrolase gene (encoding 318 aa) from B. subtilis NSYT-3, were cloned. All of the simulated 3D structure
of subtilisin carlsberg, acetyl xylan esterase, and cephalosporin acetyl hydrolase were coincident with the
typical structural characterization of o/f hydrolase fold enzymes. [Conclusion] Cloning and expression of
hydrolase with perhydrolysis activity-encoding genes from Bacillus sp. strains will lay the foundation for
the enzymatic synthesis technology of peroxyacetic acid.

Keywords: Rhizosphere bacteria, Bacillus sp., Perhydrolysis activity, Subtilisin carlsberg, Acetyl xylan
esterase, Cephalosporin acetyl hydrolase

TR B AR T B R BAETR I
T — MR A RIS, RS e e o
TSN I IR T I R 3 A4 B s i U
P PR PR M AT A BRI A K5 SR A
R LAR e ([T E ) TN 17 o1 7 R v e w= L RE L e
W) o LR B AL R S W R ER , 3T e
MR PR A W 16 5 08 ) BLAE S R v v 7 A A 4R 1 4
R, B-AIANEITHG . VEbEE . R . BEREG
P Mime . 2 EE Z2 FoK e MARBR e (% 2
PR 21 SC ) SR B il A 4 v 2 B B R il 2 1 2
TF 85 A A0 B i g A 2 — 1),

of B KT B S 1 (/B hydrolase fold
enzymes)ZFg R (11 3D 73 FEEMHAFELE 8 11

709 B-178 FJ2 (B-sheet), B-418 H )2 22 v 1 J& Fl
FIZeA 2251 -2 (a-helix) &5t , REMEAL K ARSI
(P A S B U ) 5 ) — 2 A 1) o/ oK i
i 47 28 5 W 2 (1 2 H RIS 5 IR A B )
—REA R, e 58 RS fEHT AL
WIREWE AR EhEER Tl EY
F, RGN Z R (OSBRI IR
W RTEEGZT . BN TR S AR
MA R . AEWIREIR ARSI B T KRN, /B
IK 7 T AT 28 R 1 1 Tl B 113 T DA A A 9 2o 7K i
FAEN R 17 B A= R, R R 2 )
A4k I M (promiscuous activity) AR Ptk

FEK B AL £ R TR (L PR B £ R ER) /K i S g 3 i
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L ROSARFR P AL ST SR T, Gk
5 ol PESE A W [H-Ser-O-C(O)-CHa] H i Fi s ,
PR A R IR, AR 4 B Ry K S it )t 7K
FRAEALTEVES) 10 SR 2 R A — i EE A Toll SR
FEMAEIN T . BIARTRR . 4R R
15 7K AL PRSI HAT Bt (0 PR 50 12481k
P BT 20 B AN 2R R (T e A R o)
FETEH AR 77 e A [l R (G AR SRR BE R T 70%
INZE DR IE), PRI, JT A A i SR LR R 4 £
MR T A T U,

HI TRl K A TS YRR T o/ KSR 2 D RE
PEARTE 1, R 0TI & HAT B K i AL
PR A BA E AR L CHaa ) B R
IR AFAEATE P G K S PR G > 1) Y ol B 7K fif
fii#5 Bacillus subtilis 54 BT 2 1 i (subtilisin
carlsberg, EC 3.4.21.62, 455} SCP)FISk il & £
bk /K fi# M (cephalosporin acetyl hydrolase , EC
3.1.1.41, %5/ CAH). Bacillus pumilus &
Thermotoga maritima V& Z. P 3 A 28 4 s i (acety
xylan esterase , EC 3.1.1.72, %45 & AXE) .
Mycobacterium smegmatis J# Acyl transferase (EC
3.1.1.2), Pseudomonas fluorescens i Aryl esterase
(EC 3.1.1.2)45 018 b SRR 19 b OB FHREAS |t
Genencor, Procter & Gamble. Dynisco #l1 Dupont
PR A LR ZEW . ofp K AEREHEA S BT
AL, TR Z— R A, i A
CTR, YA, XA O A AR AT A2 1
P TSR IESR, il A O R IR AL
e FE AR . S e IR I S A 0 Tl AR A T
TEREH , AL AR LB S A i AL
Tit-o B 7K SR il Giod 7K e A AT ) 0B S A SEE B
I, vebEIF IR 2 BA K mad KA HEAL T P A
of B KA, I E HOR I AL SR K (EL, AT
Ve BB AW AL = ABIR R T, X
HIRIH A -0/ B 7K ik Bt AU T A IBE S A
WA R E M E RAT R

P A 2R R B 43 R 408 1 38 i (nattokinase)
5B G AU, v B A A B T AR A = R Y
G R A5k — B (DB R R 2 7)), R4
SCRR T AP YA BR A 5 43 2 0 %8 ZEMUAT
WAL, WX B A0 O S R 2R B A T T
I ESSE o ASSCIAEPIAR R A 458 S g 5 i ey
BIARAT T 85 BRER NS MO I, BE TR
Bt K FF £ & 1k (restriction fragment length
polymorphism, RFLP)#l 16S rRNA J:[K 74 817 T
IRy, RIS £ O 4 0E 09 2F IO B R L s
K AR AR P (iR 1 BT R (SCP . CAH i AXE),
SORE TR ST ZEMOFT B AR Y SCP. CAH Al
AXE S HE R , S JE 2T AR 1
WAL A BT SR L BRBAE T FEhil
1 MRS58
11 IR, NE-mER

IR R B LA T B30 . fR KR
INPEUERFSE 8 NMbIX 19 FREYIIMRPR 135, Xf+
BERE S TAE A 48 RS A sk A T4, Ak
LR (Hongtong) b [X SR 4 114 /]N22 (Triticum  aestivum)
WRPREHE, 45 TAHT. M RS Fee S 4
LB AR ZE T BT R AR B T 545 . AR b
HIREALIASE , FFEET R AR 190 5 o
1.2 FERFIMUBRIEFE

TR, —EHLMR . W, L-EAmRSEE R
2R S s, W A 24 4R P Ak 2R A TR
NG

LATaq DNA 4G, BREIVEN DI Hha T |
Msp I #llRsa I . A-Hind Il digest DNA Marker,
DL2000 DNA Marker .pMD ™19-T Vector Cloning Kit
GEHWHEED TRE(RKE)AERAA; Gel
Extraction Kit > Omega /A 177 it o A 52 FH 5 |
YA TAEY TR (R R ARA WG, B
S5 . 51900 T SE R L 10 PCR 471X
FFHLIKAX , Bio-Rad 23] 5 SAMEERS MR R GE, UVP
AT UV 2600 5506, BEEAHE]
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Fz1 ARZIEHTAA/ PCR 34

Table 1 Pairs of the primers used in this study

Primers name  Primers sequence (5'—3') Tm (°C) Annealing temperature (°C) PCR product (bp)
27f AGAGTTTGATCCTGGCTCAG 54.2 51 1514

1492r GGTTACCTTGTTACGACTT 52.8

BSS(F) TGCTTGTGAAGATTTTCAGAGGCAGC 59.9 60 1443

BSS(R) CGAGTCTACGGAAATAGCGAGAGA 59.4

AXE(F) GTCGGTCGTCCTCCTTTATTCGTTTCAT 60.4 60 1341

AXE(R) CGATTCTCGGATTCATCCTTCACATCAT 58.3

CAH(F) ATGGAACTAAGCCGGGAAAGTCTTAAACA 59.5 60 1328

CAH(R) GCACATAAATAAAGCGGACGTCGTAATCA 58.8

HEEBEE MR R4 (g/L): THEER 15.0, 3
fig 20.0, & fk4h 10.0, FEHFR 10.0, FRFE 3.0,
pH 7.0-7.5.

B I R BRI (g/L) . EMIKY 3.0, FLKE 1.0,
MgS0,-7H,0 0.15, NaCl 0.5, K,HPO,0.02, KH,PO,4
0.08, pH 6.0,

13 FEAHMFENEEHKNS B

ZEMFT BRI 2 B R Pk k0 e
it 2 T DA TR AR 119 40 2 oR A 2 T S 35 1 2 1 il
i f e SR HAR NS . BRI 1 g BARE(EN S
KA ) A mE] 100 mL TEHKH, 7E 80 °C Tk
20 min, HFEAZ. BUEREERR, W 1078
BE S FR 50 b A B PR T e b R 2L
37 °C 15 9% 12-16 h, fiiie A FA IR )G,
el AT L EN B ) A — e M AR b, I
TR RS I i 6% (R L) A =& LR
S ENSEAl_ T PR U LR T 2 - Al A BH 2 /K A Bl g
NIV, JIZPRICREEE , ' IE AR A
14 FHMAREKTEBEE N RE SN

A b AR T O S AR A 04 7 B 1 2 R D B
PRIEFIE] LB WIARRSF3E, 37 °C. 220 r/min B3¢
8 h. THALJR MBI IE 5% (RFLH) M mh b4
AR Il A T o B v 363 o 50 mL (250 mL),
37 °C. 200 r/min #3556 h, T 4 °C. 8 000 r/min &
L 20 min WAR R IE LI, DAAS I B I
1.5 EABEYHNERZE

B EIBRE TR E ok Folin-fpik, 28

Huang 251" Chen 25 DRt o, BAARWTT

1 mL 2 % T/ Z % (20 mmol/L pH 8.5 i Tris-HCI
2 PR W) 40 °C KA 2 min S A 1 mL & 24 H5 B
J B RF I, 40 °C B 10 min J&,  [a] i i 4
ZPIA 2.0 mL 0.4 mol/L =5 ZBRZ 1SV,

12 000 r/min &.0> 2 min, B 1mL E3ERINA 5 mL
0.4 mol/L Na,COs; 1 1 mL Folin-By, 40 °C J )/
20 min J&, 7€ 660 nm & FRIR AP .

1 ARG BAL(U)E SN 78 BRI T, 5
Bl 1 pmol FE 2R it B
1.6 FERAMEIFMETEEK 16S rRNA ZHEHRY
PCR /1
1.6.1 IREGFREtTEERE 4 DNA

ZEMAF R N4 DNA 42 BT 122 P
28] AV I A0 2 AT B A0 VA TR AL PR, 2%
(FREARFREL) 0 SDS Z4RAniE; 22K . oKk
CFEIESEA IS , A4S ZE AT P 4 4 DNA,
1.6.2 PCR 18 16S rRNA £ &

ZENFT I Pk 16S rRNA LK) PCR 9218
Ouattara 21 PCR #1451k 27f Fl 1492r (HLiA
FEHI LR 1), PCR SR Z (EMAFL 25 ul):
10xBuffer (7 Mg®*) 2.5 uL, dNTPs (2.5 mmol/L)
1.0 pL, 5% 27f (10 pmol/L) 1.0 uL, 514y 1492r
(10 umol/L) 1.0 uL, LATaq DNA HAHH(5 UluL)
0.1puL, &[F4 DNA 1.0 uL, ddH,0 18.4 uL. PCR
FLwi 4% : 95 °C 4 min; 94 °C 1 min, 51 °C 1 min,
72 °C 1 min, 20 ME#¥h; 72 °C 10 min, PCR #71
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PG L YRR N I 4l Ak e R 2280
1.7 FEBEIFIMEE Y 16S rRNA ZF R
MHHERKEZSESHR

22 LKA -4l Ak 5 9 16S rRNA JE[H PCR 4™
=i A 3 ARSI N DI Hha T, Msp T 1
Rsa [ UEATHGY), BEU)~Pibtrlkomss. ST
VIt 2F MR R 0125 5025
1.8 FFEABEFIMTE 16S rRNA EEBBEL

NI IR 53 2 ARAT 1 B A 2B vh 430 Pk 3k 7 i
SR FABEIES B 1Y) 2 N EERR, DE L 16S rRNA
FEFH], FHEAC NCBI AT IREd % . s 16S
rRNA JERF51, FIF MEGA 5.1 (Neighbor-Joining
method)X:f D 458 43 85 1) ZF MUAT TRTiFA TSR 2850 HT
19 =#EHIKERECEENBER R
EEME

HR4JE L1 B. subtilis SCP 25 [ #il CAH 2 14w 75
FERBRZHRIT I, 73 At 5 9%t BSS(F)/BSS(R)
Fl CAH(F)/CAH(R), X B. subtilis NSYT-3 fitj 3£ K 41
DNA H#i#z, PCR ¥"1 SCP HI CAH 4w LA ;
MG EL %0 B. pumilus AXE 25 1 4 %L R A A% 1 R 7
1%t 51 %k AXE(F)YAXE(R), L4 B. pumilus
OSLJ-13 AL 4] DNA At , PCR §1 AXE
F gL . 51YR A% IR P4 . PCR 4 Hg st
{5 B3R KR K2 PCR P R/ N6 1.
1.10 SCP. CAH #1 AXE EAZ IS ERF
FIRESR

M NCBI $#f 2 40l 2 i ASIR] B subtilis
FIFRAY SCP 2 1A CAH 1 L IKEE & IR 751
PILANIR] B. pumilus RN AXE & 2 IkEE 24 5
FRIF4, 43 m 54 S H ) B. subtilis NSYT-3 [
FRTEFER) SCP 1 CAH . M B. pumilus OSLJ-13 Btk
SUREN AXE 85111 2 IKEE 2 SR P 51 EA 7 HE X o
FIH MEGA 5.1 (Neighbor-Joining method) %} | i if
HHMTRES T
1.11 SCP. CAH #1 AXE ZEHHYJ 3D L5t

R v A 5 DR G 1) 22 KB 24 SE R 7 4, R A
Swiss-model #17[RIJEEAE ; 24519 PDB SCHAI

YASARA AL, FEPPAGRTAR I T FP 41 HL X
IR HE AL — IR AR S IR A 22 1] F) B R 25

2 BRS04
21 FEAMBIRREE T

F 25 R B ™ 26 1Y) 2 L EL AT S50 1 AT A7
RO R IR AT o 0 Ak T - S Y (2 v
FHRALE PRI K 80 °C), AT IR K 13 i
REBHAY), BB EEFMN BN AL
TR 400 ) AR I - 45 w25 5 30 7 B 1 G ) 0 R
FR(E 1) IWEFFIAEDIARPR + 38 (B8 G AR ) 2 B
M Bk 1-3 NS, HePkikds 85 ANtk T
JE SRS . ANTRIZH TR PR VA A L K St B R/ NPT
F 25 (E 1), BLHHASIRI BRIk =22 8] 7= 26 (i RE 1 A7
E—EMZER . BT IE IR -3 don] 72 2]
Tt PG JE 2 AT B AR P22, R, SRSl b3
A5 B R 75 kg 28 MR TRT B R 3 5 0 — 2B R A T 43
FEE

1 FEAMERERAEFE LNEERS
Figure 1  Colony morphology of protease-producing
bacterial strains

T WEERE IR AN A B AT . N BT B BBk S AR

NSYT-1, NSYT-2, NSYT-3, NSBY-2, NSHM-1, NSHM-2,

NSHM-3, BCPH-2, BCPH-1, NSSC-2, NSCX-3, NSSC-1,

TAHD-1, BNYT-2, OSLJ-13, NSSC-3, NSBY-1, NSCX-1,

NSBY-3.

Note: From left to right and up to down of screening medium, the
corresponding strains number: NSYT-1, NSYT-2, NSYT-3,
NSBY-2, NSHM-1, NSHM-2, NSHM-3, BCPH-2, BCPH-1,
NSSC-2, NSCX-3, NSSC-1, TAHD-1, BNYT-2, OSLJ-13, NSSC-3,
NSBY-1, NSCX-1, NSBY-3.
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22 WREEAEFEBENNEESH

25 PR PR A P 7E 7™ 8 [ B5 F 15 S S rh 2y ]
G3 WA A MU AN R (3R 2) o AN R 40 TR B AR 2 W 7™
A MAME AR RE I AETERCR N 22 5, A R PR
PN E G RE ) 5 R R | A B RIS
WA IREA K. AL F 2 AN K F
(Oryza sativa L., 485 4 OS). /)7 (Triticum
aestivum, 4E5°k TA). =% (Brassica napus L.,

R 2 TERFRAEERTEBEERE N A LR

A5 N BN)ZE A A AR B A 458 v 25 43 5 51 7 i
A1 T RE 77558 i 1) 4N B TR Rk (e I8 T R A
fifg G PE KT 10 UmL) . [Rld g2 3], Zad K
LN 1K e D - 2 o 7 L W
i (natto soybean, 4i%5 4 NS)H 43 25 345 1 40 1
WA RIA L BE® W EOHGE S, Hh
NSYT-3 Pk i A e 3 v 48 11 i 1) il 91 35 )
49.9+0.2 U/mL.

Table 2 Protease activity of the fermentation broth from bacteria strains isolated from rhizosphere soils

Strains Protease activity (U/mL)  : Strains Protease activity (U/mL)  Strains Protease activity (U/mL)
BNYT-L 292022 "CPGG5 21201 TPALIT 9.6£0.4
BNYT-2  105:0.0 |CPGG-6 41202 | BCPH-1 10.940.1
AGYT-1  97#11 |CPGG7 41108 ' BCPH-2 8.4+0.4
FSYT-1  9.0£0.2 |CPGG-8  1.950.0 | BCPH-3 7.440.1
FSYT-2  3.2:0.1 |AFGG-1  0.240.2  BCPH-4 3.2:03
FSYT-3  5.9:11 |AFGG2 3905 | BCPH-5 5.120.1
TAHD-1  12.2+0.6 | AFGG3  0.7:0.2 | BCPH-6 4.8£0.0
TAHD-2  7.2+04 |ACLI2 37401 | BOPH-7 7503
PSHD-1  5.6:0.1 LOSLI-1 32401 | AMPH-1 25:0.1
PSHD-2  0.3:0.1 {OSLI2  3.2:08 | AMPH-2 5.10.2
TALX-L 24400 {OSLI-3  6.8:0.1 | SOCY-1 27201
TALX-2  34#01 |OSLI-4 49202 ' socy-2 10.7+0.4
ZMLX-1  63%0.0 |OSLI-6  3.240.2 | NSSC-1 11.8+03
ZMLX-2  1.740.2 {0SLI7 12401 | NSSC-2 9.240.1
PPYL-1 52466 {0SLI-8  4.2:03 | NSSC-3 9.9:0.1
PPYL-2  1.0£0.2 {OSLI9  35:0.1 | NSBY-1 11603
PPYL-3 2100 | OSLI10  2.0+0.0 | NSBY-2 18.420.1
PPYL-4  3.8£0.2 {OSLI-11 25803 | NSBY-3 9.50.2
PPYL-5  3.3:0.2 {OSLI2 37200 | NSYT-1 29.9+1.8
PPYL-6  23:0.1 {OSLI-13 104403 | NSYT-2 45.840.7
CCYL-1  1.00.2 {OSLI-14  3.2:03 | NSYT-3 49.9+0.2
CCYL-2  6.30.2 {OSLI-15  8.4:0.2 | NSCX-1 10.8£0.7
CCYL-3  25:0.1 | OSLJ-16  8.3:0.1 | NSCX-2 43103
CCYL-4  7.1:04 {PALI1 61200 | NSCX-3 11.8+0.1
FVYL-L 4701 {PALJI2  4.0:05 | NSHM-1 6.2+0.2
CPGG-1  45:0.1 {PALJ-3 2703 | NSHM-2 5.80.0
CPGG-2  3.6:0.0 {PALJ4  3.9:0.1 | NSHM-3 6.5£0.2
CPGG-3  7.1:0.4 {PALJ5 2803

CPGG-4  2.3:05 {PALI6  5.9:0.2
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2.3 FEEAEMAE I 16S rRNA ZE /Y RFLP
S
DL 2 AN R R AR 1 S R 4 DNA SRR,

DL 27f F1 1492r Jy514), PCR pithy i —4K
&4 1516 bp ) DNA F Bt (] 2A). i% PCR ¥ 314)™
Y12 Hha 1 BEVIJG, 7= WiRp A B (14 2B), 7
7 1 7 868.406 il 239 bp = F F Bt 4ff 7 2 97 577,
405, 348 HI 182 bp PUFH B, PCR ¥ =42
Msp [ BEUIJE A 3 FPlgU)a B (] 2C), A 1 7%
602, 386, 207. 146 Fl 106 bp TifPH Bt; ikl
2 %7 534, 386, 207. 124 F1106 bp Tl H Bt ; 5
A 3 & 604, 385, 207, 124 Fil 105 bp Fifh A Bt
WA 2 R Y 3 B4R UKGE 5 IR 5%/ Br (124
106 bp, 124 #1105 bp), HF DNA 4§ HAIEH X
3FF, ABRRSRTKIE S — 2% Fr Bt (534/604 bp) X 43 ]
b, PCR {3248 Rsa | BV, 722k 3 FhEE)
M (1] 2D), 5% 1 7 466, 402, 351, 142 F197 bp
FAP B A5AL 2 75 433, 402, 396 F1 97 bp PUFH A
Bt; AR 345 620, 497, 434, 402 197 bp AP A

1 M bp 1 2 M bp

900

2 000

1000 500
300
100

1

RSB IREZTTRITF I i kB, ZIKET R
1 026 bp #1890 bp J& T 16S rRNA FE[X PCR " ##4*
YIASE 2 WD) 40) o

Xf 28 PCR AT MY ARAG 14 4 — 4K 7 2 1 il i AR
PRI 16S rRNA PR B, 23 i T Rl 4 A D) il
Hha I . Msp I fil Rsa I ¥E47HEY), FFILTAERPRR
il vE A DI R B (18] 2)ikA 70028, Jr2RE RNk 3
Ji7Rs o BB I AR R GR 2)1Y 16S rRNA Ak
K2 RFLP J3#r, —IErTLAGMH 12 DRRE(R 3).
AR v ke 7 2 1 R ) e 1 PN TR
Pk, XFH 16S rRNA BER A TAZH IR TSI E
24 FEAEM 165 rRNA EEFFIRERE
VRl

Xf 28 K% AT TR I AR AT 1Y 7 2K 1 G A Bk 16S
rRNA JE[E 7515 ATCC ARERbREBES T HE X FIERS
O3HTe ST AR AU VR Y BRAR A R 2 AT
W (Bacillus sp.), RIS ZEMEAF 0 )E 4 FP2eiL, 7
%% Bacillus subtilis, Bacillus pumilus . Bacillus
cereus F1 Bacillus megatetium (/% 3).

2 3 M bp bp
-+ | 000
-
700 -
500 s z 600
e 88
300 peiiid — 400
L — 300
100 -
L — 100

2 16S rRNA E & PCR ¥ t& 74 & E BRI 1% W W1 BEEE 7] 7= 49 09 TR BE #8 5% FL ik B

Figure 2 Gel-electrophoresis of PCR-amplified 16S rRNA gene fragment and the restriction pattern

. M: DNAmarker; A: 16S rRNAPCR ##/=¥yHik &l ; B: 16S rRNA JLFE PCR #1574 Hha 1 FEYIS RG24 e 1k
C: 16SrRNA FEH PCR 3714 Msp 1 BEVIS RIBEUI =Wkl ; D: 16S rRNA JE[ PCR ¥ 3 W14 Rsa | BVIS ORI

LR E

Note: M: DNA marker; A: Gel-electrophoresis of PCR-amplified 16S rRNA gene fragment; B: Restriction pattern of PCR-amplified 16S
rRNA gene fragment digested with Hha 1 ; C: Restriction pattern of PCR-amplified 16S rRNA gene fragment digested with Msp I ; D:
Restriction pattern of PCR-amplified 16S rRNA gene fragment digested with Rsa 1 .
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*3 FERAMAEKLS RFLP 53
Table 3 RFLP types of protease-producing pseudo-Bacillus sp. strains

Types of RFLP Strains ' Types of RFLP Strains

H1IM1R3 OSLJ-13; BNYT-2 H1M2R1 NSYT-2; NSYT-3

H1M3R2 TAHD-2; ESYT-1 H2M1R2 SOCY-1; OSLJ-16; CPGG-2

H1M2R2 OSLJ-12 H2M3R1 CCYL-3

H2M2R1 BCPH-6; CCYL-2; CPGG-1; ZMLX-2 H1M3R3 NSSC-1; AGYT-1; NSHM-2; PPYL-5;
AFGG-2; CPGG-3

H2M3R2 BCPH-2; CCYL-4; CPGG-4; CPGG-5; ' HIM2R3 NSCX-1; NSBY-2; OSLJ-15; OSLJ-9;

CPGG-6; CPGG-8; AFGG-1; PPYL-1; ! FSYT-2; TAHD-1: PALJ-7; OSLJ-14;
PPYL-3; PPYL-4; PPYL-6; CCYL-L; | NSBY-1; BNYT-1; NSSC-3: NSSC-2:
BCPH-1; BCPH-3; BCPH-7: BCPH-4: ! NSBY-3; NSYT-1; NSCX-2: NSCX-3:
AMPH-1;  AMPH-2;  TALX-2; ! NSHM-1; AFGG-3
ZMLX-1; OSLJ-2; OSLJ-3; OSLJ-6; | H2M1R1 OSLJ-10: PALJ-2; ACLJ-2; ALLJO;
OSLJ-11; SOCY-2; FSYT-3; PSHD-1; ! OSLJ-4: PALJ-1; PALJ3;  PALJ4;
PSHD-2; NSHM-3 ; PALJ-5: PALJ-6; BCPH-5.  FVYL-1
' H2M2R2 PPYL-2; OSLJ-8; TALX-1; OSLJ-1;
; OSLJ-7; CPGG-7

T T RIZEM Y 165 rRNA JE RN bk,
Note: The underlined strain is 16S rRNA gene sequencing strain.

67 Baciltus subtifis strain ATCC 21228 (CP020023.1)

31 _|: NSYT-3 (MK691421)

34 L FSYT-1 ((MK691424)

100 L NSCX-1(MK691446)

NSYT-2 (MK691422)

NSSC-1 (MK691427)

199 54 ol NSBY-2 (MK691430)
93 Bacilfus prmitus strain ATCC 7061 (NR 043242.1)

{ TAHD-2 (MK691436)

OSLI-12 (MK691428)
BCPH-2 (MK691433)

74 —E BNYT-2 (MK691432)
88
46

100

OSLI-13 (MK691442)

Bocillne o e cirain ATOC 14870 (NR (V7AL;
[RELUE b - S PR AT A

15 CErO A
oDactiins cereus strain A NI T

3 PALJ-2Z (MK691439)
36 BCPH-6 (MK691445)
57 L CCYL-2(MK691441)
PPYL.-2 (MK691443)
CCYL-3 (MK691423)
o OSLI-10 (MK691434)
OSLI-8 (MK691437)
100 437: CCYL-4 (MK691444)
27 — Bacilus megareriym strain ATCC 14581 (NR 117473.1)
AGYT-1 (MK691440)
SOCY-1 (MK691435)

15
TOE AGYT-1 (MK691438)

Paenibacillus lentimorbus strain ATCC 14707 (NR 114457.1)

100

L
U

3 FEEBOBEKA 16S rRNA EEFFIMBRENH

Figure 3 Phylogenetic analysis of protease-producing strains using 16S rRNA gene sequences

T 355 IR GenBank HiY)¥F 55 HA 3 EIECFFRHIL B 4L

Note: Numbers in parentheses represent the sequences accession number in GenBank; the number at each branch point is the percentage
supported by bootstrap.
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25 SCP.CAH #1 AXE SRS EBEFFI B
SR

O A & S SCERER BT, B. subtilis j=2E /Y
SCP. CAH %11} B. pumilus = 2E i) AXE 13
HA R i K AL s 2 R, AR
M55 Y B. subtilis NSYT-3 [E 4% F1 B. pumilus
OSLJ-13 BFEH 43l 7e b FibEgaE (2L . M B.
subtilis NSYT-3 Tk se R SCP £ 11 1 4w it JE [H]
41K 1 146 bp (NCBI %55 : MK673994), %ift
381 PEIEMR, BN EIEIRT Y S EHE R
B. licheniformis Al B. lentus ;=4 fi¥) SCP %51 (PDB
BESHR: 1AF4 Fl AINDQ)HY 2 2L 1R ¢ 41 Y
— &0 (identity) 73 51 & 70%7F1 60%., M B. subtilis

95

81

NSYT-3 BEFETEER CAH & 11 dmfid LR 4 K
957 bp (NCBI &3¢ 5 : MK673996), %ifd 318 4>
IR, ZAKEE M R Y 5 ERE R B.
subtilis /41 CAH #[1(PDB % 3% 51 0 :

10DS)H A HE 1R )7 41 AT & B i e ) — 3o, —
ks 98%., M B. pumilus OSLJ-13 [ bk oo F Y
AXE E 4t LN 42K 963 bp (NCBI &5k 5 -
MK673995), %if 320 NEILMER, % KEE MY = It
M55 5 HRIER B, pumilus P72ER) AXE &
(PDB %55 2XLB) 2 518 17 41 1A 1 o — 3K
PE, 35 97%., BAIMTEER BN, AUFTE TR
3 AR 115 LA R 2 8 1 A R B R A — Bk,
4¥JET SCP. CAH Fll AXE =2KWiE A5 (K 4).

|: NSYT-3 CAH (MK673996)

Bacillus subtilis CAH (10DS)
Baciflus imtestinalis CAH (KFK77248)

83

Bacillus atrophaeus CAH (KYDO5757)
Bacillus amvloliquefaciens CAH (KYC87445)

70 { Baciltus licheniformis CAH (KJE32628)
100 Bacillus paralicheniformis CAH (OLG10873)

Bacillus safensis AXE (AY)91032)

93

OSLI-13 AXE (MK673995)

64

Bacillus pumilus AXE (CAB76451)
Bacillis aerophilus AXE (WP 041508226)

29 —|: Bacillus pumiltus AXE (2XLB)
2] Baciltus altitudinis AXE (WP 099496293)

35

38 |:
100
30

Bacillus fentus SCP (INDQ)

NSY'T-3 SCP {MK673994)

Bacilfus velezensis SCP (ASB52403)
Bacillus altitudinis SCP (KDE3(915)
Bacillus licheniformis SCP (1AT4)
Bacillus xicmenensis SCP (EKF35148)

4 FAREERN 3 MEBERS RERERFIIRIRESH

Figure 4 Phylogenetic analysis of amino acid sequences from subtilisin carlsberg, cephalosporin acetyl hydrolase and acetyl

xylan esterase, respectively

T #55 B ER GenBank HHiY)¥F 55 HA 3 EECTHRERELE 2040
Note: Numbers in parentheses represent the sequences accession number in GenBank; The number at each branch point is the percentage

supported by bootstrap.
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26 EAEU/KBIEELEENEEER 3D £
1

435I LAEL 25 46 fi T Y SCP (PDB %98 1% -
1AF4). AXE (PDB ##i#%: 2XLB)#1 CAH (PDB
BdiE: 10DS) AHIHL, *FM B. subtilis NSYT-3
Ik TLFERY SCP 2 4 . B. pumilus OSLJ-13 H#k 7%
[ AXE 2 1 FIM B. subtilis NSYT-3 f# bk v 1Y

IK FfE AT B B PSS RRAIE , 20 25k v e 3
KRS B-IT BRG] o-IRTERISETE -7
B JA AR ) JE] B 6 4 E S0 A Ak =k
I SRR Z M (Bl 7R, SCP &1
RS IR IR LN Asp™®®  His' ™ I Ser®;
AXE R R R LB N Ser'® | Asp™®
A His™®; CAH 8 {85 J8 {7 <1 1Y 2 L R 5%

CAH HHMHATRH AR, K15 PDB X4
YASARA AL AT LS, MR BA. 5B Al
5C n LA W, HIISISHY 3D 43 FE5 I HAT o/p

Ser'® . Asp®® FI His™®) 1 il Ji il 0 o 190 2% (4 1 24
7E 1.767 A-1.826 A Z ], &K TEFIHAST,
& 5D. 5E #15F),

His!™ Y

5 M B. subtilis NSYT-3 52 f£ A4 Subtilisin carlsberg 1 Cephalosporin acetyl hydrolase % M B. pumilus OSLJ-13 58
FZHY Acetyl xylan esterase B 3D &5 R g HiR M OMEY Z K Z B KBS EME

Figure 5 3D structural model and hydrogen-bond network between the residues of the catalytic triad from B. subtilis
NSYT-3 subtilisin carlsberg, B. subtilis NSYT-3 cephalosporin acetyl hydrolase and acetyl xylan esterase from B. pumilus
OSLJ-13

@ A: M B. subtilis NSYT-3 5 f# /¥ Subtilisin carlsberg 11 3D £5#4945%!; B: M B. pumilus OSLJ-13 5if# M Acetyl xylan esterase [
3D L5, C. M B. subtilis NSYT-3 Tl Cephalosporin acetyl hydrolase (1) 3D 454457 ; D. 2H i Subtilisin carlsberg i i Hr.0>
AL = ER A R IERR R I S R 4% s E. 41 Acetyl xylan esterase 5P A UV AL IR IR O B IERR AR IE L LA BEN S s Fo ZH
Cephalosporin acety! hydrolase &1 HR.Coii Ak = BRI i 2 LR R IL S H AU 45

Note: A: The overall 3D structure of subtilisin carlsberg from B. subtilis NSYT-3. B-strands were represented as arrows and surrounded by
a-helices. B: The overall 3D structure of acetyl xylan esterase from B. pumilus OSLJ-13. B-strands were represented as arrows and
surrounded by a-helices. C: The overall 3D structure of cephalosporin acetyl hydrolase from B. subtilis NSYT-3. B-strands were represented
as arrows and surrounded by a-helices. D: Asp™®, His'™ and Ser®**’ formed the catalytic triad of B. subtilis NSYT-3 subtilisin carlsberg within
in the range of H-bond interactions. E: Ser'®, Asp?™ and His®*® formed the catalytic triad of B. pumilus OSLJ-13 acetyl xylan esterase within
in the range of H-bond interactions. F: Ser'™, Asp?® and His®® formed the catalytic triad of B. subtilis NSYT-3 cephalosporin acetyl
hydrolase within in the range of H-bond interactions.
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3 WikE4w

HR Bk A 4 5 M 0 19 AR BT A RO s i e
W(SBUR)RE T, PE R RCRR F A5 28 E Y
BT, R A . WA BRI Bacillus sp. .
Pseudomonas sp. &% Streptomyces sp. 25k, HWit4
BT R . B YA S DR 25 48 L 1 12
£ Mandal %5 (2018) 32 4301 T AEIMEEF 2E AT
BRARIIFNZS, DAEYIRRES T e oy gt e i B
FNFAE PRI RE ANVl . B2, G UINE 2R . BT
FLIA . AETER I . B IRRAT 4R R A B 1) Y
10 AP MUAT B R AP E IS | R
G0 DA 11 5 R 1T L A S = I T 1
FESHKEZ P RARM IR T, A
FZE S T AT DA R - 338 vt P 43 25 3 i S A
Wil P RRRET, HORIE TSSOk E & B, A
FEI AR R - 358 v i B B A5 IR Nl o2 7 TR 14 1%
AL G0 R A 35 v T A R PR (o DTS
gerh sy e R - Tk . B S g Ay iR
1 R P I 2 5 (1) MRBR R
EY R 5, AT LIRS R A W
B (2) MRPRHIEPRIEEGE T 2, O S EHE R
(3) MPRA-3Ef A M ARG Jy5, MAMEG AR 7 g
1o MNAEIAR B 4 G AE WY R A P BRI —
FhfarfEbbE . A7 AR o k.

o B 7K Fifk BT 25 SR Bl AR 1 RN R K i
ARG T, T8 T 2 2 g i 4k 1 P (promiscuous
activity), HAEEWITFRME. BRI &R &
PRI . HOIPAEEIPR A W T2, R, FF
BEA A R 1K R S A B
SLo ARSNGB 2 4 2 AT TR TR b b e T AN ] 2
FEELAT 3K A A TR 1) RS S R, A S R
JEEE M E A R B LKL REH, M B. subtilis
NSYT-3 BiFk el CAH FZHEE A B. pumilus
OSLJ-13 Rtk vulEn AXE 48 (3 HAT K i
AR, TG 714351k 2.0 Ulmg #10.9 U/mg, H:
X A AU Ko 20514 87.1 mmol/L #11107.0 mmol/L.

M B. subtilis NSYT-3 B4 5 4 1) SCP B A 7E K HT
W SRR ERIART, SR AR T ik, kR
IMERICA Rt — 2. MR A LGS LA
2 AR ARSI 52 IO ) A A 3 o3 T A P e R i £ rh
B FRCR IEFEPEAl . RIS, 6 2 ikEE 2 LR
FEHTEEXT,  FRATTH A B[R] B o (PR ) S 5 114 il 2
1 22 R B 22 1R ke SR A0 B SE o e R B 2R B A TR
Fh(FRR) 22 5% . 40 B. pumilus OSLIJ-13 AXE &[4
ZIKEER) Pro®® ., Leu®™ il Phe®®, 7t #h (B8
FR)) AXE 25 1 22 JIEE R AH A B 4390 9 Arg . Gly
1 Gly FrEAt, Z5A L0 3D S5HXT X B2 Sk
PR HTIRAGT, KA TR HEA R TRAREFE
PR P 5 T 2 1 1% 2o AR A 3 M SR A A
Xt S AU K B

AHFFELE TN G ERA G alB KSR 7K
SRR P AR AR AL . A Ol ) A T 8 e 5
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