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Abstract: Strain G-41 was isolated from the soil. The strain was identified as Bacillus by 16S rRNA
method. Growing in fermentative medium, the strain can produce high-yield alkaline protease
(1.7 x 10* U/mL). We delt with the original strain (G-41) by the heavy-ion irradiation and obtained the
mutant G-41-68. The mutant G-41-68 was again treated by the heavy-ion irradiation. We screened a
high-yield alkaline protease producing strain 15Gy-54 from many of mutants and its enzyme activity
reached to 6.22 x 10* U/mL. Compared with the original strain, the enzyme activity of mutant strains
G-41-68 and 15Gy-54 increased by 1.58 and 2.65 times, respectivity. The fermentation conditions
of the mutant strain 15Gy-54 were optimized and its enzyme activity further increased, reaching to
7.18 x 10* U/mL. The mutant’s optimum conditions for enzyme production consisted of 1% tryptone,
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0.5% yeast extract, 5% lactose, 0.4% Na,HPO,-12H,0, 0.03% KH,PO,, 0.1% Na,COs;, 4 x 10~ mol/L
MgSO,, the initial pH 8.0, shaking culture for 42—48 h, at 41°C. These results showed that the

heavy-ion irradiation is an effective method for microbe mutagenesis.

Keywords: Heavy-ion irradiation, Bacillus, Alkaline protease, Fermentation

B 2 R AT AR BN ) TR A — Fof it
il 75,3 ol o) R ) BIF S 2 A R AR AT TR R
IR PE R R A = o BhAE AT 5T TR A T
AT A 0L 4 1) LA A 551, DRR R A 856 o 4
T U 0 77 WA A 0 5 g L A A ke A5 D Tl 71
A T 0 B R A M LA B AR HA L
RAEIR BOTROAE My BT, R A T T B S B ER Y, M
AT R 52 T U I B R R TR M 1 T RE R B A 5%
o B AR AR N BUE A B R — R TR,
S S ST NS B A Bl A ) R A Ml A 77 A Y
— B BT B P

H TR IREORZE 80 ARG M—FhAT kR
AR BEEEA, B TAEE RISEH B, #E
5 1 A R R R T A A e Bl 8 R I R A )
TEJR ST, H S 1 MR R WO 20 T Tk
Y5 As & MR IR T o AR S AR X R T R
FPLHISEE 4 Jrm: BIRERTUR . shifeid | &
TR S8 e o 33K DU o £ A W A P A A 1Y
AR, B A A0, RS T AL B R R
AVFZ MR BB R, X ST AP RIS TAE 2 3] 1
WA E ARSI R TE, B T AR ) TR ) R
BOE 1A, EORE X AR i Bk — BB H K R R Y
WFFE PR LR S, [FRE, HAEMA Y & bl A
R,

H 4R IR EOR B T Tk A Y0 AR i R
H, N L RAERE L AR AR RCR
4f, Wiz BAOR A Z R, I T RERZ
Pra s at At AR IR AR — 4
B INEBOR N TR w ML E o, HA) R
1 A Je IO FH RT3 o AR SO B 1 4 R AR PR ke
TR R e AR, U T R R ROCR

1 RS
1.1 Etk

AT R VR G-41, AR SIE = 7 B i ik
I
1.2 FEMNFEEERRF

THIRIR 7 B 3548 HZQ-X100 (K ifesE41k

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

AR, AEWTRA K2 BSX-280B (L if i1
T YT ), WS TAEG SW-CI-1BU (FhM &%
23 S H AR RN F)); PHSI-4A VR BE (WK %5 Rt
AR BRAF]); B &R Rl (E AW T
A D), T2 (i e L 2 0 A BR A FD;
WFZ-UV-2100 %84k 73 50016 B it Ot Je fl X % A R
AT,
1.3 EHEE

RhTE R SRR (/100 mL): FRE 1, BEAK L,
NaCl 0.5, 3f5 2, pH 10,

1% Z IR 55 3 (e/100 mL): FEFE 1 0.4, CaCl,

0.0002, MgSO47H,O 0.05, Na,HPO47H,O 0.107,
KH,PO, 0.036, ZnCl, 0.0014, NaCl 0.016, FeSO,

0.0002, Kfi#t %% 0.005, EEfE 1.8, pH 10,

K WERE IRk (g/100 mL): BREF MK 1, BERER
0.5, EKH¥y 5, Na,HPO,-12H,0 0.4, KH,PO, 0.03,
Na,CO5 0.1,

14 WHEEREEHNE

Fi % Tl FBFR bR 1 QB724-80 HLAZ 1Y Folin %
e W 4. 1 mL BEVCFE pH 10, 40°C 44T,
B3 h K R IR 7R 1 g T SRR 1) Tl Sy — 1 i
i J1 AL (U),

14.1 BRHERREEBEH: HERH pH 10
WiR>-NaOH 2 #hig # B 2000 % .

1% E A ECH: FRIREEN 1 g Tk,
e /D2 RKIR I S, 122 A 0.2 mol/L NaOH
4 mL 0B, KR &M 15 min, ¥R 5124
FEZSZE 100 mL, PRAFT VKA, AR0H 3 K.

oV T R VA T - A B B BRI 2R 50 mig,
JIA 1 mL 1 mol/L ¥R G HRIBKERE
50 mL, Bl75 1 g/L brUEiAR .-

1.42 EEFEHAIME: B 1 mL pH 10.0 fifb-NaOH
ZZPW; 1 mL 12 2000 FHE BRI 1 mL 1% 25
VR, 40°C K VAR IE 15 min, 7 BINA 0.4 mol/L =
AR 3 mL ik #E 2. B0 E R R
W 1 mL, A 0.4 mol/L #XFRENIE 5 mL, R
F 1 mL, FE04E5), T 40°C KIBRIE 15 min, SR)5
RS A 3 mL 281K, #5711 UV-2100 2407
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P, DL 107107 MRRRRBE, 5 BRI FE A B
10°-10° 4~/mL, il sLHE B T0, BRI
152 EEBFER: BRI RFEK 2 mL 405
T ZH A 2045 B9 IS 30 mm L, P 01 95 &t
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WA A i B R B RE T Y A

St AR AR TR TR R, T
B R FR4E 150 r/min., 41°C 1537 18 h 15 3|Fh 7
W, i 2% P ik 2 N R s 3R 5, 41°C TH IR % 3%
3% 48 h, B3R ES0(8000 r/min, 10 min)Ji5 B [ ¥ il
E RS A1,
17 RA LGHERRE &I ERKRREE
4.
1.8 X SPSS 43 LI RS 1T IR

2 5RE54H

2.1 EHBIES

G-41 TR NFRR, Kunll, 4~ s 5 m 55 HES,
REiZ Bl (K 1 B 2 oR) . ARG, Ak
iitE o 28 16S rRNA 43 %78 0 2R AT 0 s A vk

1 AERER Bacillus G-41 E K75 (x 1000)
Fig. 1 Microbial morphology of Bacillus G-41 freeze pres-
ervation (x 1000)

B 2 3$E#RIESE 18 h BY Bacillus G-41 EAKRFLZS (x 1000)
Fig. 2 Microbial morphology of Bacillus G-41 after shak-
ing culture for 18 h (x 1000)

2.2 EBETEBAIER Bacillus G-41 FIBIEE

TR G-41 B AL 3R 5l 4 Gy, 7%
Pk G-41-68 1Y H & AR AL BRI B4 30 5. 10,
15 Gy, ANFIFEEE PO, W HBotR, 4
R 1,

F1 EETIFETRLTH G-41-68 HIHIEER

Table 1 Mortality rate of Bacillus G-41-68 by heavy ion
irradiation
il (Gy) X #& Control 5 10 15
Dose (Gy)
2% (,
SWE.K(A) 0 16 48 58
Mortality (%)

T REER N 3 RIS AR T E.

Note: The data is the average of three experimental results.

MR LU I, B IR AL G 58 AR pk
G-41-68 1 /E AL AR 5 A b o it 75 e Rt 7 3
i, HEOERE R, ARSI R B
J1h & KR 90% K DL 1Y B RE 1R Sy B 28 A8 Bk
110% M LA F B TR A TE S8 bR, 90%—110%Z [H] 1Y
MRAAR Sk o WRFEEE /R, AR e 4k
PR BRSS, LL10 Gy F115 Gy 75 I E AR R R Fefd
23 RTEKHIEE

Wt RS 2R, SR PR B IR A R AT (8] 3),
52 1t SR AR 2 vk 6T, R TR i I 2 T R i e
FEABES S, WA EE G-41 & H B TR RiAA L
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AT AR G-41-68, HFIE 1155 4.4 x 10°U/mL,
Fiff 16 J1 4 G-41 BRRIES T 1.58 5. ¥ G-41-68 i
HEATEE B AR IR AL B, JLOR e 1 54 BRAEXT 7 B )
B, N 54 BREBHRP A EiER 11
PARAE X 7 il % ) B R TR AR, P 15Gy-54 TR Y
itk 15 e HoRsoe, HLEEIS A% 6.22 x 10* U/mL
(#2).

2 RTHE G-41-68 FHRHITHIELE R

Table 2 The second screening result of mutant strains

G-41-68

fﬁﬂ% HE l:[ﬁﬁ Enzy(fctivity

Strains HC ratio (U/mL)
2 20.75 4.40 x 10*
18 10.40 4.88 x 10*
25 11.62 2.66 x 10*
34 11.75 1.33 x 10
35 12.71 2.47 x 10*
36 12.50 2.28 x 10*
40 13.37 0.88 x 10*
41 14.28 3.66 x 10*
43 15.50 2.13 x 10*
52 12.66 1.66 x 10*
54 13.58 6.22 x 10*

K IS R VAR B LR A I i e Rk, $55% 48 h
Je A% B W TR A BOK Bl (B 3A) . WV BARALE
0.4 cm-0.8 cm Z[H], Fita hFLAM, HIBE., B,
ZNEE . B IS, R E X
K fif P (K 3B).
24 ErFEMREFBEHFHHAR

R Tk AR R T R R 15Gy 54
() d5c 30 77 AR 1, FRATIS L0 S L 4 o S & T 45 1
T BIFFE AN A0

N > 4

3 BEETIREIEEBEEKEE
Fig. 3 Alkaline protein-hydrolyzed halos in the casein
plating medium
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2.4.1 EFEBARMASIT 15Gy54 BHA-BEHIE0G:
DIRI U A e d 72 5 R S mb 45 3R 3, W98 AS [R) Al 5 0T
PARR =W A5 o 15 R I 7 e WG & e 7% 3
HFOIMAR R (5%), 43300 R . s vE
Ky EZLHE. FLBE, RN 2%, 41°C IR
48 h S I E BTG ). SR (B 43RBT, DLZLBELE ik
PR, LR M B RS s, H S HEmiEZES
e

DAAIGR & A 37 2 N LR 32 2, TFRATH A
TEOG TR AR P Bl (0 2R o 15 SR BRI T R A R R R
FERA LAFUBEE M BRI, AR R AR (1.5%), 4
BA: BEAK - BRE . WO - BRI B
BN BERER . R RN 2%, 41°C JR% 5597 48 h
JE N E G 7. SR (B SR, DIREAK + B
REE R TRy + BB AR R ZUUR B 1 M e

65t

g 55 ¢ =

5 S

é 45 r

X

g 35t

S 25t b

% a

£ N
s L] L1

Maltose Lactose Soluble  Corn powder
starch

Carbon sources

4 TREBEMEKR-EBR I

Fig. 4 Effect of various carbon sources on enzyme of the
strain
20 1
g 1.8 : —I—
5 L6 _I_
’2 14 |
x 12 r
2 10t
= L
§ 0.8
o 06
E 04t
g 02}
0
Tryptone Soybean Yeast Tryptone
and Yeast meal and extract
extract Yeast extract

Nitrogen sources

B 5 ARRRXEK~EZE
Fig. S Effect of various nitrogen sources on enzyme yield
of the strain
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a0 | B

35 (©

30 | b
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Metal ions

6 ERBTMEKEEFM
Fig. 6 Effect of various metal ions on enzyme yield of the
strain

25 ErFEMABEHHNHAR

2.5.1 #ia pH MEHKFEERIEZM: RHFLIE(G%)
YERRRIR, BRI R + BEREE(1L.5%)1E R AR, &
Mg W1t pH (E AR TR B & e 95 3, ERh I 2%,
41°C R KT 3% 48 h G e WG o, a5 R A 7),
PR P i 1) BB FD 4f pH Ol 8.0-8.5,

2,52 TR RIEMEX BRI KR L
A 18 h Al 24 h AR 35 IR, I3 Wil [R] B $EA
H(1%., 2%, 3%. 4%. 5%)5kE A ALY & B
FRIE, 41°C PRIGHE TR 48 h R IE RS J1 . 45 R(E
8)FRWI, M 18 h, HEAhEy 3% B bk i &
fifg it fE, A 24 h, SRR 1% AR P R
JIB BN TR .

253 EXHRUNHBEEMRKETBEME: RHIEX
R, R RS R AR, FLBE Ak
TR, SRR . BRALL . WG pH (. Mg> YR, 4
MHEFE SN 3 DK RASREHR 6.5%.

10.5%. 7.5%, BRAL M 10:3,.25: 1,41, ¥h
pH {H M 8.0.8.5.9.0, Mg ¥k &l 4 x 107 4 x 107*,
4 x 107, #% LOGHIER IR, 45 REW, A

Enzyme activity (x 10* U/mL)

849
6 =
S d
ECT ]
=)
T o4t ¢
z rE
23|
= a
Q
s 21 2 b
g
R
[5 1 - ﬂ
0
7.5 8.0 8.5 9.0 9.5
Initial pH

7 #1% pH EX E kBB HY M0
Fig. 7 Effect of initial pH in fermentative medium on en-
zyme yield of the strain

80 - O 18h d
75 +
~ 70 [ 0 24h =
g 65 -
S5 60t .
L 55 f
- 50 | E3
X 45t
2 40
= 35F a
S 3.0 | a
g 25 |
20 + a
g 2.
§ 15} b
a 10 | r% b b b
031 S | B [k
1 2 3 4 5

Inoculation quantity (%)

B8 il RIEMENEKR IR

Fig. 8 Effect of inoculation quantity on enzyme yield

F X =Bl S e S, BRACEELL 10 13 hE, WfEk
% pH h 8.0, MHEIEACININ A5, B Tixm k)
OB K R IR LA A (/100 mL): BREEH R 1, 1§
tE 0.5, FLBE 5, Na,HPO, 12H,0 0.4, KH,PO, 0.03,
Na,COs 0.1, MgSO, 0.0481 (4 x 10~ mol/L), pH 8.0,
2.6 AFEEIEPHERSEHNE

AR B3 55 28, TR A KSR, 40
S SN pH . ODggo ST 710 Sk B il
Kige, Pl 18 h, HFhith 3%, HEASA 50 mL
KEERE IR 250 mL =M, KEEEE 41°C,
150 r/min &35 455 3%, AER 2 h BURE, 43000 %8 & B
1) pH E . PR B ) A R A K B Y 22 A

K o9 5K, KB 6 h B, pH {H7E 8.5,
24-36 h i}, pH F# % 8.0, HARKFT 12 h, 48 h B[ =
7.0, 54 h BHL T B2 7.8,

10 Z5 R, P80 T Rk EEGSR G, 1
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WA 2 h, USRS AT BUE K, 30 hEHEA
i, SRR AR KRB IR, FRLk 12 h A
i, 42 h UG BIFIRRET, RS8R, &
1% 6 h B BRI 1 7 iy, YRR HE AT BON S, 77 il
B AR, KB 48 h kB R E S . B K
5 0E S ARAIEN S R % EER AEA
KRR TR RS AL, 12-30 h Z[8] pH BT
R, ULIATE B AR P B FE v pH I AN A2 A 7 Bl 1 3A
BErhim & 43n Trhk ., 42-48 h BF, KK pH N
7.0-7.2 ZE 4GB, BIEIS B, 48 h DS, WM™
i RE 1 B35 TR, pH FIFHE 7.8-8.0, #74kZE LT,
KR pH (BTG [ Th, G 7 D R [
WY AT, WIS 735 B0 (8 i i DA R], {H B I
I R BRI pH EANTE 7.2 Zoda o R L S5 1 S
LR pH AR A ARG B i, & Imsd |) H B4R
hE%,

8.6
[] ]

84 | \
s2p N,

8.0 T~

7.8 + [ L]

76 | /

74 -

| \ /
]

70 b ™~

6.8 1 1 1 1 1 1 1 1 | I

0 6 12 18 24 30 36 42 48 54 60
t (min)

pH

9 AEi®%pHEZTL

Fig. 9 pH variation of fermentation liquor
45  —=—Growth curve
40 I —0— Enzyme production curve
s ! /\

3.0 }
25 [
20 [
15 | e
10 |

| ~

0.0- P O TP TR S HPUN TP NI I
0 6 12 18 24 30 36 42 48 54 60

t (min)

10 HEFRERKEEMEEABHEH

Fig. 10 Growth and protease synthesis of the strain

Enzyme activity (x 10* U/mL)
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3 g

A S0 3 2k o B AR A TR R AT T
WA, WFR R, AR B R B iR R
FE A BEIRER, AARFEEL SRR, FERE
AEY B FhrbeE WA bR, 205 2R A7 16 200
HWEMR . EBFEAEYRFE S, KT —
SRS, BUAE S AR B AN AR FE BOR A, A7 h
2 R T B R AR AL (R A0 R B A TR R
WK, RIMEREET . BN MESENY
B ALSAIAAE )T EE(UV ., p—ray . EMS, DMS)¥r= A4
Fe B JE R A AE G 2k o R R G-41 PR
1.7 x 10* U/mL, 2055 148 W848 A B34S 58
ARk G-41-68, G 71155 4.4 x 10* U/mL, G
FIH B R R R T 1.58 5. B G-41-68 FRIRIEAT
OB TR AL B, O R 0 R O A P
15Gy54, Hy=@G Jik%) 6.22 x 10* U/mL, E§E 77
o R RS & T 2.65 5. i R EEHAR IS, 15
F| 15GyS4 RIMRMFlE R EESIF . TERGE KA
T, 15GyS4 BBk r= B 1% S nT k%] 7.18 x 10* U/mL,
WFFE 25 J T84 UFSE T 3 B 75 RO A X il A W 1 15
AR o

] PN A S B 2 1 i O T IO R R £
I8 75 5 P H TR Fp 43 B — ok g o /N 2E AT
W, FNTG 2 & Ab B 5 15 2040 48 28 25 #k SMI-P,
16 3 m® & BEHE Y 7 B PE 15 18000 U/mL, 2 il R
£ 28°C WAEIE I A 9600 U/mL, AEbK 52221
UV AR ZEAIAT B No.53 i A i [ &8 2 R Ab 3, 35
1R KR 53-C38-6, i/ MG Si4tm T 20 f%, ik
22080 U/mL ., 1 4E 2 55 FH I A= o 4R il 75 75 K
KEEMIATE 2709 575 B0k 2 1 il R P o P 2 A
PDW, I T2 Al 5 2ZF F0AT 7 BD105 #4740 ML f 5
B b Ale, BEEFEEGL 2709 &
50%—100%, #&H% ™ # Al ik 30000 U/mL. 2=t
WL 5 L &k BERERT 75 55 /N 2F F0 4T B (Bacillus
pumilus) 2080 PR IR KIEFE, RN
PRIGFRFMT, BN ZERIFT IR 2080 Bt 2 1 g Y
FERAT R T 28%, 4% 5.17 x 10° U/mL,
T & WIS [E) 45 068 42 h, MRS T A4 80R, %
KT 7= B RLAS o ASHIFFE I 1 H AR B B 1l v O
Pk 15GyS4 FRREEHE S L Wbk A R R e,
AAESE T B T AR MR M A A F A B
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