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[B49) EBeERoum T, AARR., BRIBHE. RNEAFHRAA T 2L, 28 aT4E = A
RN BERBE—, ERRYOEEMRE, F2Y KEHBERR, WiRbiaaH, L —
FEM IS TG A FHREE. [FE] ARNRFRARAEZ TR Z TR EE LA 1545173
20 MRELA AR BRE A B AR, R R ARER A M AL B R 09 MO L P B R S49 S MBA AT,
ST P EEEMR SOBRER FIRH G F XBTF LA MNEHRE, 2FRLEHIRGVE
B, RALEALH, FNEZREERNEGERAERLELE. AA 3,5-Z LK
(3,5-dinitrosalicylic acid, DNS)& M| & % L AT /E B & ot Matb, [£ R A= FHTERE
B3R i AFE) 3RS A 5 AR % S S03. S08 A= S17. 4R4E 16S rRNA A 5 7
tbat, FLREEHENMRELSAFEANSNE T, BAH S03. SO08 #2 S17 4314 Aeromonas.
Exiguobacterium #= Bacillus, JL7E# & NaCl RKEZ 10%—12%, wmEERREH 45 °C (S03.
S17)#= 25 °C (S08); A B 36 h /5, HHk S03 A= S17 ¢4 R BaE ik 2] & KA4, Btk SO8 RAEM A
BB 18] 4 42 h; RrEERIE pH A 7.0-9.0. AF RKINE L R B EEE MR G AMKITHR T SITM.
7= pH 4 8.0, BJA A 40 °C Bf SITM A K LEAF; Mn™. Tit = Mg™ st B #h 6 & K B A 1Lk 49
YER, Cu™'s Fe'' Fe''fr Na' 2 #lEthed A K, AAERN W HAHRER, L+ FRAATR
B4 B VE R B B 2R NES R R ALE , B AR S1TM IE 4 B8 £ NaCl K& 4 8%—14%, pH 5.0-10.0,
15-55 °C 9B AL B MM EA R G085 M, 28 5 TR PUER 93446 A i, & KBEEE M
TTAAE] 195.62 U/mL, RBHEHMKE 31945, [44])] AR L FENFTXTUARERSHE M

BEEWE : 1794 HFTTRHLAHIH (2019L0859) 5 “Hf (4™ it A &£ FHIFIT H (XK-2019012) 5 174 45 FE it 5531 %l (A
HHEZZ%) (20210302123080)
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Screening, UV mutagenesis, and production optimization of a
strain with high yield of amylase

WANG Chuanxu, ZHAO Aihua, YU Huiying, WANG Lingli, LI Yunjie, LI Xin"

Life Sciences Department, Yuncheng University, Yuncheng 044000, Shanxi, China

Abstract: [Background] It is an important goal for amylase development to improve the stability
under variable industrial production conditions. [Objective] Amylase is widely used in food processing,
desizing of cloth, brewing, and breeding industry. However, current amylase in industrial production
features a few sources available and poor stability in solution. Thus, efforts should be made to expand
the sources of amylase and enhance the stability of the enzyme so that it can adapt to the complex and
changeable production environment. [Methods] A total of 20 strains with amylase activity were
screened out from the surface soil of the Yellow River Wetland in Sanmenxia with a selective medium.
The activity of the crude enzyme solution was detected with the cylinder plate method and 3 strains with
high amylase activity were preliminarily identified. Among them, the strain with highest amylase
activity was mutagenized by ultraviolet (UV) and the lethality rate was determined. The strain with the
highest enzyme activity after mutagenesis was selected. Then the culture conditions were optimized, and
the activity of amylase after mutation and the ranges of action conditions were determined.
3,5-dinitrosalicylic acid (DNS) method was used to determine the enzyme activity before and after
mutation for a comparison. [Results] The 3 strains with high amylase activity were numbered S03, S08,
and S17. The 16S rRNA gene sequence alignment, Gram staining, and physiological and biochemical
characterization revealed that strains S03, S08, and S17 are members of Aeromonas, Exiguobacterium,
and Bacillus, respectively. The optimal NaCl concentration for the amylase was 10%—12%, and the
optimal temperature was 45 °C (S03, S17) and 25 °C (S08). Moreover, the optimal pH was 7.0—9.0, and
the optimal fermentation time was 36 h (S03 and S17) and 42 h (S08). After UV mutagenesis, the strain
with the highest enzyme activity was screened out and marked as S17M. S17M grew well at pH of 8.0
and 40 °C. Mn*", Ti*", and Mg2+ promoted the growth of S17M, while Cu®’, Fe**, Fe’", Na*, and organic
solvents (particularly formaldehyde and glacial acetic acid) inhibited it. S17M demonstrated high
amylase activity in the presence of NaCl at 8%—14%, at pH of 5.0-10.0, and at 15-55 °C, and the
inhibitory effect of metal ions and organic solvents was decreased. The maximum enzyme activity was
up to 195.62 U/mL, 3.19 folds that of the original strain. [Conclusion] UV mutagenesis can significantly
improve enzyme activity and stability, so that the resultant enzyme can adapt to the variable industrial
production environments. Thus, it has the potential to be applied to different industrial production

conditions.

Keywords: amylase; ultraviolet mutagenesis; wetland; stability

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FARNEEE: G Ml 7 TR (K 002

RINFAL Jor W o ATAAL 1761

VER AL —Fh 2 W, AT S E Y
o TERAIVE R BETE R A I L ARHR IR R
T 3 . IR A SR Tz p T )
I, VERIME Ry —FPA] AR R AE PR Y R AR
Bk, O H 2215 B E A . JE R BT LAK A
TER T F N a- 1A BB - 1,6-HE T SEAS
BIHAE . SEMESCEWIRE Sr RE E R
it 1) A 2L KR P B AN TR R U, E
3 Wt W] LA EAT O TR B i 44, a0 oA UL OE Ry T
AN U] B VE by i . ORDRS RO I SRR . A0 TS
TE 3 it R S0 4 U b AR A T R
HLORIE, N5 EEANS E A DO AR B
e B TS E AR IR UM R VE R W . AN Eh SR
(Haloarcula sp.) S-1 JJT P& 4 BEEAE 32 = 19 NacCl
VP VR T LA TS R 2 TR I A K R
(Desulfurococcus mucosus)n] LATE 100 °C Fkx A
7 A ELAT T T A R T A T,k SR B
il o A A 7 R A AR R B I R B T o A
T il L H 5 T RO e 1 R A S5 A T
AT R Tl B A Tl 1) T 2R U, AR A= 4
Tt 1 5790 7 ol & e

UTAER, e W R ATl & R, T
gl A K R, R S ESMEL, BT
AR, I B A il AR AR 2R A b
X, E PR S AR S T R R
() A7 M %o B il ) B DR 5K, B DR TE Ay
PR R B R I L TV Tl i S e A [
it — SRR . R, FEANRIBY IR
s 5 EL AT VE A Bl S PR R RS IR TR PR Lk LAk
it 25 0 42 7 U Ry il A . R R 3y =X 56
Ah WO A AE AR Ay 2 &
FESANW . e AR S A T A R I U O
RASBRR, & H AT R R 2=

48 ANk (ultraviolet, UV)R] ZF 1% 41 14 41 Jitg
HAZEM T DNA, fiif5 582 o i 1E % Fe T,

AR A, SRR IERCR . FAME L RA
A . BRAETRIAE . AL R M ek = SR
mM R R KRB AL TR, A9
B, FRATITERT I C 200 46 0 1 1 B TE K 1l
E PR R e AR R, T8 B e B R
AT IR, R EE SN AR Y )y Ak — 20 2 i g
i, R DA R K I 2% PE R 2R A 4 5
A, WPV RAERIR L, MR BEEE 115
PR FIRTE, TR B0 ol A A 7 4 4t o e
el

1 #H57%

1.1 HE#

S 36 v BT T A R AR A B T
FERL, Ws5.0gEHEE150mL EKELFA
HEAMBIARFRE S, 2437 °C. 180 r/min
BEAEBFRAK, B8R HRELEM 23N
1% A PR DE M 1 28 DR B 1 T AR o R 0
FEOEFREEWASC 1.2 34 b, 37 °C HiRE
B 48 h, Pk o B Eom S S Rl
Jei L300 BB 37 B ) PR R o A R 2
AW B AR A R 52 34 37 °CL 180 r/min
K% 48 h, MBS T )5 2L 0E 0 B 1
I o AR v ) 3 6 s R k) 4 i 1k
155 20 PREA TE R B G VR w AR, 200 G
5 S01-S20,

1.2 EFERKFIFMBIRIERE

i -20. BIRE . o-ZEM . OFE. H,0,.
AR PR WL, I8 PR ARk 2E )
HRRAF]; IKEBR(99%) . = (R )& F b,
REEH K2R FIEE . Ti(SO4),
Fey(SO4);. Na,SO;. FeSO;. CuSO;. MgSO,.
NaCl, KUt 4 Fefb2s i A R AR X
FEIEWE . Tris-HCl ZWiA R (pH 6.8), JtalR
KRR AR/ T ; DNA Marker., DNA B4

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1762 A 2E AR

Microbiol. China

fit . PCR 5|#%, TaKaRa A w]; f5 &[Gl
W (5% I, 10% KI)Al 3,5- — fi§ 3 K ¥ R
(3,5-dinitrosalicylic acid, DNS)iz 7 # #i& fi 2k
Yrresim ANt ARE . Rk, dbatiE
ARV ARGRIEAF; ATEEER, K
FEIVIES G v f = 7. Wi I S S /A= NP1 B 1B~ P e
DNA Pufifli# i &, 4 TAY TRk
WA IR H]

PCR ¥ 141, Bio-Rad A#]; Fk& %
PRELOHL, IR AR AU R A FRA R H
WAL, AU —AEWRHA A E HHVE R
B, SinmiARIRE AR LIRS IR
o I o 3 Y L N e /NS YA WA A - 3
KK, BBRLERITHRMR  ; 2t
I, R SRR B A F  TE R
H sh AR 2tk &8, R AR,

A REEABRRERE R (L) : FRE
3.0, NaCl5.0, FEH 10.0, pH 7.0-7.2

AR E A PRE ARG R (L) R
3.0, NaCl 5.0, A 10.0, pH 7.0-7.2, ¥
fig 22.0.

PEPEEE S S (g/L): A 3.0, NaCl 5.0,
EEM 10.0, pH 7.0-7.2, g 22.0, A%k
HEHT 10.0

DA EBEFRIEZ 0.1 MPa K 20 min J&5 {# .
1.3 A&

1.3.1 FHEGR A9 H & KB M B ER A E

ZEWR I I 8 56 P TR AR TE A PR R B 1 R R
A3 37 °C. 180 r/min J53% 48 h, ¥k
B 4 °C, 10 000 r/min 5.0 10 min, b3 B
OB, ARAF T 4 °C B BV T 5286 0 .

R R ) 20 DU T Bl P o AR
S CRR[13F AT 7 S ekcide . & 1% A PETE
3 B PR TR BB AR IR Al h R B, ]
BT 2R AR AR RS R L b, A i

i 200 uL i A4 HAR T, 28 °C HiFR 2d, W
FEA JC % WP O e L AR
132 FEMBEKRNVDIFTIEREE

(1) 77 € M0 il O k) 2 T ik

I FH PR BSE TR 4G I R S01-S20 119 7™ [iff R
1, BEMUERE YRR R B 3 RREEVE A R R pR
22 RPLEIE ML . 16S rRNA L[] X
3 BT ST AN EE ST AR A B

(2) FEERPEIEE ML

FEERPEOAWESH (MY LR GE
5 ) ) UHEL T, BUREAN IR AR TR B
B R e 45 SR YR e 1-2 min JE {02 G
W, KUEZR W KIS S X IRBUR L 0
AKIGHEGY 1 min, ZSYW, KRR H KL
@ FREERIN 95% 1 20-30 s =i L
Jott; FAFRLYRIE Y 2 min, K¥EEINEE 8
AR g

(3) Mtk 16S rRNA FE[H F¢ 41 HL Xt 43 #r

FIHAN T HE N 20 DNA Bt 4,
Fie B0 B 5 SR SR B R AR S DNAL FIl 42
BT bR . DNA MMk, 2 4t i
5% 27F (5-AGAGTTTGATCCTGGCTCAG-3")
F1 1492R (5'-GGTTACCTTGTTACGACTT-3") 3
7 16S rRNA JE[X PCR §7 1. PCR JZ WA % .
LRI ZH B DNA (29 30 mg/L) 1.0 uL, 10xPCR
Buffer 2.0 uL, dNTPs (0.02 mol/L) 1.6 uL, 1E .
S 5 497(10 umol/L)%% 1.0 uL, Tag DNA E4&
fif(5 U/uL) 0.125 pL, fiK e ddH,0 % 20 pL.
PCR JZJW 4. 95 °C 6 min; 95 °C 30 s,
50 °C 30 s, 72 °C 45 s, 335 4MFFR; 72 °C
10 min, PCR j7#Ji% b5 — i S AP H AR
AR TAE A A SR F . WP 8RR
GenBank ZR1GHEERIE %5 Ff 1T BLAST FEXt
G3MT, TR B 45 S v 3 B TR] v A A O
G472 8 7 40 L IE R MEGA 7.0 274l
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VERG R BN, XHEETTRELEET .

(4) TR BRAE B A AL E

W AR i e . RN B AL D O s Y
A 2 v A 8 5 0 P T A B AR 0
O 1%, 28 B IS IR e 2 Ah 2o 1
W o RIS R 2 SRR A 2 X IR
BB 37 °C R R AR 7 2 d IR SRS R .

P e - 2 PRE B R A i R ik
I 1%k -20, BRI LT 37 °C 85
% 2 d, FFIRHBMREEE, g JoE
HE

AALBRALS . MREEFN S & T 37 °C Big%,
LR B MEEE, K 0.2 mL 1% o-258 &
RS 0.2 mL X S 7R MR BR VA T (1%) TR
A, WIMEIEVE L, RS WRRIR I, WA
IR A

i EAL A BHAL K 3% H,0, 7 A S
AWERARE T, WERESRA A,
1.3.3 EMESHEERR IR

feidi NaCl WJEE: 7fEA[A NaCl #JE T
(8% 10% . 12%F 14%)F FH AR RS 72 4G 1 525 B
B EARIF g ER . RS fE R . ZEA R
JETF(5, 25, 35, 45 il 55 °O)F MBS AG
W3z W AR IR Ge iR R . KRR ) . BRI R R
FAREFE (24, 30, 36, 42 148 h)E R
Mt R R P B vk A 00 525 B B AR O S 1A
Kl fiEfEM pH: AN[E pH {H(6.0. 7.0, 8.0,
9.0, 10.0) T I FH AR 5 2 46l 375 B Bl HL A2 0 42
THER.
1.34 EIMFTIEE

91 1 BT B 1) B bk 28 06 Ak 5% % 5 1 i P =
W, YIS RS K AR (RN,
TEEE TAEGHZ 30 W 22 AT IR 55 (18 56 i 7]
S 0. 30, 60, 120 F1240s), SEME, K
SR P ) B TR ORS8RI

Hr B A VKR G, e B ARET
W35 325 W TR A TR R R R A RS %
Bk, 37 °C HIRFFERSR 72 ho HEFRERE R
B — R IR IR ) R IMA AR B AR E T4
HATE B MBOEE, B2 WP E 4N
BEABBRIAR RIS, 37 °C. 180 r/min &
VikESE 72 h, PO BRI FH AR BRI o G
P, 8 B 36 M A R TR AR R AT 8 R A R
b, ARG AN [7]) 5424 o) T 42 D 5
1.3.5 BREHKMEFEGNE
BRI pH X EARAE K SZm . Y
AN B E RWA R R I i pH (H N
3.0-11.0, BUSILBIEW, 0518 F 100 pL 3]
20 mL AN[A] pH EAYERFEREH, 37 °C. 180 r/min
B3R 3 d, MDEWBAERK 600 nm 40 OD
B, DIBZREEFEMYIG pH [EXEERA KR
S T B AR AR K R s . BOE AR B TR
W, RN 100 uL 3] 20 mL 4= P2 1R A B
Ferdr, R8T 20-50 °C. 180 r/min F 1535
3 d, MERBAEW K 600 nm 4L/ OD {E, LU
2 SN AL B X P AR AR K sE ) R 4
XA A KB . BOS LR R, R
100 pL #] 20 mL 4 B & F PRI R 5L, W)
R 3 H A HIE I 10 mmol/L 4 & & F
(Cu®™, Mn*", Fe*", Fe'". Ti*". Na"#fl Mg
B TG IR 180 r/min FE;3E 3 d, MER
WAEP K 600 nm 41 OD H, PIZZAE 48
B R ARAE K S . A LI TN B AR AR K
FsZ . BOS LA R, #8100 pL #) 20 mL
AN EE RIS R e, AR IR T Ay
FNE AN 10 mmol/L A HLIER (=& H ke . HEE .
IKCTR . SENBER =& LM L), /nhlEFi
WEIRE 180 r/min F153% 3 d, ME BRI K
600 nm A1) OD fB, LAZE AN [ AT ML 570 1
PRAE K RZ
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FTREEMENE
PR G MR RERE A PGSR 3 d,
PE IO RIS TS PRI 2 . NaCl ¥R BE X v By
BTG PR AIRE IR . TEASTR] NaCl ¥ 514 T (8%,
10% ., 12%F1 14%)F) FHAR AR A6 32 B P B A%
HGAHER . pH X UEM BRI . AEAR
[l pH 4514 F (3.0—11.0)F) FFR Gy A6 I 375 A P&l
BARFGEIER o R X A Tl 0 1 11 5
TEARNE BT (15-55 °C)F FHARBSE 2 Al 175 B Pl
BRI GETHER . 48 B X5 v by B 1k 1 52
W s AEAS TR 42 )8 B F 4k 1 R (Cu™ . Mn™"
Fe*". Fe’". Ti*". Na'. Mg”"% 10 mmol/L)F|
FRRSE A I 375 I Bl B AR IR G E R . A HLTE 5
X VE A WIS PR R SE R . FEN A BRI S5 T
(—EH e, HEE. Ko, SRR, —&i
FEE4 10 mmol/L)F| FH MBS 46 0l 375 B F8l B A%
IFGEIHER,
1.3.7 3,5-"FHEKGEL R &L N EE

K 3,5- R HK IR 12 (DNS 20 22 7E
Ky EERGETE O 1 ASEEEE 7 B (U) S 8 TE ol
B2V R E I RO 15 min FEAR ] 15 P VE R BRI
1 mg #ij & Wi T ig i i . THE G A2 i
WE=CVN/t, o C W N %6 0 ik
B, AN mg/mL; VOBV R SR, H$
£k mL; N NEGRARRATEG ¢ RO ia],
H17 ) min,

2 BREM

21 FEMMEKRMYVIPSHIZSEE
2.1.1 FIEMEREKYD IFIE

TE =1 e B el g 3% 2 4 2 vh A T 4 IR
AR RE R R LT e 20 AR EA ASF v
K lERE S U RIR, sralan4s S01-S20. A FHAR
BRILATINIZ 20 )™ 6 TR & IRV 1) TG
A LUF SIS A R AR 7 B e ) 22 Bk, HaE

1.3.6

P EAR A A AE 0.4-2.7 cm Z (8], [ 4 dpe it 1)
3 BRI S17. S03 F1 S08, 7 WAl B4 0
B 2.7, 2.4 F12.0cm (& 1),
212 EESUNBREMRITEE

BaA A5 R B WoR wi Atk S03 1 S08 H45
B IR bR, AN EFR, Wk S17
L RBHME R R, EARE 1), & PCRYT
HEHAR S03. S08 F1 S17 HY 16S rRNA JE:[A
ARAF RN 510 995, 1453 Fl 856 bp I HE A
BRI P45 R 2 GenBank (B35 .
OK135350-0K135352), ¥ o xF 45 3% 4
MEGA 7.0 R BERFELER, 45HRE

F1 FEMBERILIFIE

Table 1 Preliminary screening of strains producing
amylase

(L3R %W Az
Strain No. Transparent circle diameter (cm)
S01 1.8

S02 1.6

S03* 2.4

S04 0.4

S05 0.8

S06 1.3

S07 1.9

S08* 2.0

S09 1.6

S10 1.7

S11 1.4

S12 0.6

S13 0.5

S14 1.2

S15 0.7

S16 0.5

S17* 2.7

S18 1.3

S19 1.5

S20 1.1

T O T P A A R T TS P

Note: *: The selected strains with high amylase activity.
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A B C ’ \ R
L :’- ’ J
-3
b, ®
Y L .
. —
¢
503 S08 " o S17
1 %k S03 (A). S08 (B)FfA S17 (O)EZ[REEYE
Figure 1 Gram staining for strains S03 (A), S08 (B) and S17 (C).
AH, BE#E S03. SO08 #l S17 4355 Aeromonas . 222 EmIERNEE

Exiguobacterium F Bacillus V2T iy —2obE %5
F, ATLLAF] 98.0%-99.0%, ZRGEHEHTIA
TRl —4r32 (K 2), dILPIE e Wik S03 .
S08 11 S17 43 # K Aeromonas . Exiguobacterium
1 Bacillus B 53 o HEFAEL S E SR B, S03
F1S08 AT LA ff WG, S03 HA ARl &GP, S03
M S17 B AR EEYE, 3 FA I EA R
A 1 (3R 2)
2.2 EFKS03. S08FAS17 =i MEEss I
2.2.1 & NaCl iR E

Bl PR NaCl WeEE PR EERS I, #5108
PRI 7 U Wi PR 3 BB AR AL, DA E
M52 NaCl ¥ EESZ MR, & U0 il HA AN [
BTG TEFR L, TEPE S03 A1 S17 f3E K i 7£ NaCl
WRE Ry 12%0 B B m G PR, 2 5 BEEh ik B
FhE BEGE A TR, JUHBE R S17 BYEEEET
R LA A B BRI PR SO8 A9 T A A NaClvk i 4
10%0A 16 P i, =2 ) Bl NaClLik B FH i 6 R
Wi N, I EERT LIE H, Hkk S03 A
S17 BYTE K B iE NaCl ik /2 12%, B Pk S08
T T A i NaCl ik B2 10% (18 3).

ok B X6 D By B M S B K o R SR e
ATLAE 1, 3 FEMBEAE 15-55 °C MY B AR
T —E T, ULEH 3 RhERE LA TR
VEFRBEVO I, 7ERGEIREE(SS °C)F, 3 A
FR AT LA ) 5 28 o 0 3 A B 1) e o T . 7R
15-45 °C JrB, Hikk S03 F1 S17 AOTE M B i5 1
ML R, TE 45 °C Bk 3 5 iy B B M im i
L e B e (28 °C). Bl B HE—2
MG PETFOR TR, DA BE S03 Fl S17 fITE M
Wi F G AE R EE R 45 °C. BEkk SO08 FYTE Ky it
BB TIRE A 25 °C, Jy— R I W I (i
TE AR AR BE <30 °C) - Il T B2 T v g 0 1 Tk
TFE(E 4),

223 HiEAEERT(E

A 3k 0 R AN [ O T s ) %) 3 ) I 9 vk %
B, BfE K TR [R] G380, 3R S PR TE AN
PEmr, KME36hJE, TR S03 Fl S17 AT K it
TR R KM, Z 5 Wtk S03 Mg 1R +F
WRE, MR S17 MIBHEYEFF I F R, X T
WPk S08, ffEfkBERTE] Ny 42 h, KEE KB
Ak, WG PR R 5).
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Aeromonas hydrophila strain AF-11 (MF092805.1)

A
Aeromonas allosaccharophila strain §5-31 (KC202275.1)
Aeromonas hydrophila strain BD (MN442055.1)
Aeromonas sp. strain P6 (MK757954.1)
Aeromonas sp. strain ZX-59 (MF148486.1)
Aeromonas veronii strain IM5 (MZ389223.1)
Aeromonas hydrophila strain F_56 (MG428767.1)
| Aeromonas hydrophila strain M_86 (MG428977.1)
Aeromonas veronii strain PCG1 (MN581681.1)
S03 (OK135350)
Aeromonas sp. L4 (HQ292720.2)
| Aeromonas hydrophila strain F 31 (MG428741.1)
01 L Aeromonas allosaccharophila strain 78-a blue (MN208205.1)
—
B | S08 (OK135351)
Exiguobacterium acetylicum strain WIB26 (KU877633.1)
[ Exiguobacterium acetylicum strain KHU2 (MN099369.1)
R Exiguobacterium antarcticum strain DW2 (MK478815.1)
Exiguobacterium sp. 16F3E (KU758892.1)
Exiguobacterium sp. strain ZX-8 (MF148459.1)
i Exiguobacterium acetylicum strain L2 (MW418197.1)
Exiguobacterium sp. 16F31 MW812264.1 (KU758893.1)
| Exiguobacterium sp. strain PAB11 (MW812264.1)
Exiguobacterium acetylicum strain Lmb0 (KT986081.1)
o Exiguobacterium acetylicum strain BGSLP4 (KP191982.1)
1 Exiguobacterium acetylicum strain S117 (MH719376.1)
0.1 L Exiguobacterium acetylicum strain SSA-3 (KY486010.1)
—
C Bacillus amyloliquefaciens strain K5-3 (MH265989.1)
4| Bacillus amyloliquefaciens strain K5-2 (MH265988.1)
Bacillus amyloliquefaciens strain K6-1 (MH265990.1)

Bacillus velezensis strain Y8 (MH748615.1)
Bacillus methylotrophicus strain NMTD14 (HQ844484.1)
| Bacillus amyloliquefaciens strain TPS17 (MK130898.1)
| Bacillus velezensis strain LHSB1 (MN044879.1)
Bacillus siamensis strain L8 (KX660755.1)
— SI7(0K135352)
L L Bacillus velezensis strain (MH503854.1)

Bacillus amyloliquefaciens strain TSM (MW559233.1)
Bacillus velezensis strain JS14C (KX129838.1)

_‘— Bacillus subtilis strain B-A (GU980963.1)

0.1
—

Bl 2 E# S03 (A). S08 (B)FA S17 (C)ETF 16S rRNA EFFINMEMAZLEN HHREHMWTS

RFEIZTERE 16S rRNA JE[H ) GenBank %555 AR RZIFEAE 10%H9 7751 2 5+

Figure 2 Phylogenetic tree of strains S03 (A), S08 (B) and S17 (C) based on 16S rRNA gene sequences.
The sequence number in the bracket means the GenBank accession No. of the strain; The scale bar on the tree
represents the branch length equivalent to 10% nucleotide changes per residue.
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R2 EHROEEBEUETE

Table 2 Physiology and biochemistry characterization
of the strains

Item S03 S08 S17

W 5 Gelatin + + -
JEMFLipase + - -
AMEEOxidase + + +

WA A B Catalase + - +

T+ WAREA AN BB L — WA H AR Y

Note: +: The strain has corresponding enzymes activity; —:
The strain has no corresponding enzymes activity.
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Figure 3 Effects of NaCl concentration on amylase
activity.
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Figure 4  Effects of temperature on amylase
activity.
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Figure 5 Effects of fermentation time on amylase
activity.
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HN 7.00 FEfiE pH 00T, 3 RG34
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XF pH A1 H B FEURR (T 6)
23 EMFET

FT 25 TSR I B bR S17 FOTE K IS ML A
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FPEAMAAIRT . SR BN, BRI L45h
HEST 60 s J5 SR 1 —F(75.0%) , TELEHM K

s
wh

[ mS03
| B8S08
oS17

£
=)

o
W
T

=)
T

<o
w

Transparent circle diameter (cm)

<
=3

6.0 7.0 8.0 9.0 10.0
pH

6 pH X iEMBEE RIS I
Figure 6 Effects of pH on amylase activity.
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5 240 s JFBOLHRIKEF] 96.1% (& 3). ®HFIFHZ
BRI T 60 s B BERE S A3 FR , ARBREIR I E K
7% 3 d J5 KB P VE R B PE . PRIE B P
F R (S STTM)BEAT B 5% 45 140 F0 il I 3
J N A A A
24 BEFEZHNE

ANTF Y pH 2545 B RR S17TM 2 I AR K,
S17M HE A e P IR sE p A K . 76 pH(H
}6.0-9.0 JEEIP, S17TM A KAG LAY, ik
PR R S5 AR TR AR A, TR
EE AR pH N 8.0 (K 7). X E#E S17TM
f) 52 e o AR BH B, AR Rl I AR KR R
40 °C, o mE AR B IR R EE X S1TM A=
KAFI(E 8). 4 Jm B T X T AR ST7TM 52 i A
—, Mn*", TiYHT Mg® %Rk A K B 1R

x3 FEHREE
Table 3 Lethality rate of mutation

Item 2 HMFARBHE] UV mutagenesis time (s)
0 30 60 120 240

S17 1 52 20 12 6 2

2 50 18 13 9 1

3 54 22 14 6 3
P E{E 5220 13 7 2
Average quantity
FETZ % 00 577 750 865  96.1

Mortality (%)

0.5,

0.1} r—‘
3.0 40 50 6.0 7.0 80 9.0 100 11.0
pH

7 pH M E# S17TM £ KB
Figure 7 Effects of pH on strain S17M growth.
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MHIERA R, =W EE. SFHNEM = LH
Jot/IN W 0 a1 B R 1) A 4 (T 10)
2.5 EMESERIENR R ZHFNE
ZEHNBETRAS G, WAk S1TM TE R B L
ANIA] NaCl e B 4548 T ¥ 5w R BEE M, AH HE
ST, 7F NaCl ¥ B 8%—14% 2 [A] i 16 PE 44
BHEE, NaCl WEE N 10%H] B 1 1k 2 5 K
(E 11). FkE S17TM JE R e pH 5.0-9.0 Z [H]
P B S, 3 I B B R SR i B R
B34 B B3, 75 pH 2 8.0 I ¥E My 2 BL
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8 IREXEME SITM KB
Figure 8 Effects of temperature on strain S17M
growth.
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Figure 9 Effects of metal ions on strain S17M
growth.
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Figure 10 Effects of organic solvents on strain
S17M growth.
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Figure 11
S17M amylase activity.
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R U NN N e 7o T = SR ]
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WPRFFIEYE . 4 B X il 14 %) 5 i 42 559
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X BRHG PESEASBAT R, W IKOTR | S
=AW be ] DIRR R 1, (AN BB 4
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Figure 12  Effects of pH on S17M amylase
activity.

= 707

6.0F +

+
+

—_ N
[ ]

Transparent circle diameter (cm
|95 ]
=)

2
=]

15 25 35 45 55
Temperature (°C)

13 REXER SITM FEMEEE R F2G
Figure 13 Effects of temperature on S17M amylase
activity.
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Figure 14 Effects of metal ions on S17M amylase
activity.
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Figure 15 Effects of organic solvent on S17M
amylase activity.
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JE AT o BE— 25 5 A] R0 5 AN T A bR
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Figure 16 Standard curve of glucose.
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Figure 17 Comparison of amylase activity
before and after mutagenesis.

3 & #

MM R IS A A A, R AR Tl A
W) 1) B R YR R AN ) O 3 RS 7 vk T
DABRARIE FH TS WA - R M U E e i . 3R
AT =0T i 3 b, 3 )2 - A v 7 e 75 38— ok
BA B TEM PSR S17, TR AWEEE,
4 16S rRNA LA F X 73 M0 20 48 58 4 Bacillus
FI 8 AMF5 8 1 O =045 B i s M i PR
R S17TM, M ELEFE IR AR, S1T7M B TER
T RIS PERT LAGAE] 195.62 U/mL, J& B IAH
R 3.19 1%, 1 H S17M VE K 0952 5 1k i 2

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FARSUAE: JOR I e AR L . K AOMB AL L Bk AL 1771

TR . AR S17M JEMEETE pH 5.0-9.0 Z [H]¥Y
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