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Abstract

A strain A-16 producing thermostable acid lipase was isolated from the soil of the refinery. By us-
ing the lipase-producing strain A-16 as starting strain, a mutant strain UE-03 with high activity of
lipase were obtained and selected by the compound mutation breeding of ultraviolet (UV) and
ethyl methyl sulfonate (EMS), the activity of lipase produced by that strain reached 17695.6 U/mL,
and it was about 73.6% higher than that of the starting strain; the genetic stability experiment
showed that the mutant UE-03 had a better genetic stability after 5 times of subculture. The fer-
mentation conditions of mutant strain UE-03 producing lipase were investigated, the optimum re-
sults of initial pH 4.0, temperature 45°C, tween-80 0.15% (w/v) were obtained by single-factor test.
On this basis, by using response surface methodology to optimize the fermentation conditions, the
suitable fermentation parameters were initial pH 4.28, culture temperature of 46.8°C, tween-80 0.15%
(w/v), and the acid lipase activity was up to 19339.5 U/mL after optimizing. The study provided ex-
cellent strains and technology reference for the further development and utilization of the strain.
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MR BT 388 AR B — R T R R ER MR BT B W MR A-16, BT K AR (UV) I FF BB RR 2. PR
(EMS)MEEBTIEE, REVKRFRITEEE 18R I RZERUE-03, 7= lEREEE /1°8917695.6 U/mL,
H R IR HARIR R T 73.6%, HFUE-03ESERIEIRSR, IR /IRE. N RBHRUE-03F= B4 41T T
Wi, Eid R R H R E Y 4epH4.0, HEN45°C, HiR-80FINEN0.15% w/v; TEMERE &
KA L S ATERA B AR, BREE B N: pH4.28, HEF46.8C, HE-80%NE0.15%
w/v, ZRAEEREEETE /1758]19339.5 U/mL, NZXEHE—BFZF HRME R EHNERS %,

XKigid
RYEARRTEE, FAGE, BREN, KEFM, WRESHT

1. 515

JIE I il SR = P H K iR (EC 3.1.1.3), J&— SR REAE /K F I BAF /KA R GEHh AL R 2R 52 A A K
fis BEAL . BRAZHUL L& SR A N R AE AL TR, T2 A AE T B B A e, S A M s T
Fe TV AR W 00 3 ZORIR . AR TR 2 N il BRZG. telodh BRL A WS il s S A0, (3
AR 22 Tl P I P Bl 7 S B A 7 v e T i R B R M RE 22 1T 2R B A P P R BE AT pH B ANFE A 7 22
SRV T SZ PR o AT, BRI B2 N IE A Tkl , X MR 1 i i i F) 75 SR R SR T 32E 11 [1]- 4]
DRIE, BRAG—ARPEIROC B o 3 Tl 2B 7 R SR w7 R i i v ok L PO IR A e B PRI S E AR 8, 2T
R REER G NE TR bR Ah, A8 T R A AT e i s e B R ) — Mo T BL[S) [6] -

P MM R B B 2 AR R A R I R A, I AL 45 M S T RE, AR Ja R T R
AT R RN 3%, AR ™ s PEIRDE R RAZRR[7] [8]. AHIE T LA i Wil ik A-16 Dy i
KBIR, JEI AN (UV) A ZEEIR A BR(EMS) N R &AL/, 3RA5 7 M i B /) 5525 5 v ELARACRR
SETE RIFIIRARR, R HHAT P B2k EIRAL, Z AR i TR - 3R s 1R

2. MRI57%
2.1 #8

2.1.1. B

DA H o BR — B, 08 e Y0 R Py 8~ M) 07 R =T TR VR TS B T PR 4 e v A B vl 3 b o 2
PRAT 1 B A2 70 7= i v R 2 P T g T Pk A-16, 1 R H R BT R
2.1.2. K5

WO, PEEEF REEHE D, nmhiR-80, JE[EHED, HIRERER ZER(EMS), SIGMA AF; R MmE
(PVA-1750), HEZGERMARFIGRAR; HPEMHE, GACHBREN N E = hrad.
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2.1.3. FE{UH

Eppendorf 5417R & il & 0L, FEE 78 SW-CI-2F RO AU #1L TAE S, FRMiiibik
H#AHMRAT; DK-8D B HLHEIR KR, iR ESLR B/ AHRAR: HZQ-F160 2RIk ds, MI/RIEAR
PRHETARAR: 99-1 BURIhZHRBIHERS, FMNEERIEARAR .

2.14. ¥R

R B R (/L) FRE 3.0, A 10.0, K,HPO, 1.0, NaCl 1.0, (NH,),SO, 2.0, MgS0O,47H,0 1.0,
Biflg 15.0, MM 10.0 mL/L, pH 5.0,

TR R Y 5 ST A T R 1 7R 5 [9]

Fih 715 97 % (g/L): 2 A% 10.0, K,HPO, 1.0, NaCl 1.0, (NH,),S0,1.0, MgS0,-7H,0 1.0, #j%j## 15.0,
MRS 10.0 mL/L, pH 5.0,

REEEFRH(Q/L): EAM 10.0, BAEE 10.0, HEHE 10.0, (NH,),SO, 2.0, K,HPO, 1.0, NaCl 1.0,
MgSO,7H,0 1.0, Hfi#iih 10.0 mL/L, pH 5.0,

22. EWAE

22.1. EHEK

IR T B 1R A 1 EER R AL VKA (—80 °C ) RoAF IR 7 i v T R 24 U I g R e A-16 2 AT R oA AR 7
SR 5 B He (B[10] (1 ¥ /K i el ELAR 55 T v BLAR 2 L) BUR I B VA # A 31 e 1 9 v, T 45°C L 180 r/min
RRIRETFR 24 he

2.2.2. ERRRSIE
L 1 mLFTEER IR T A 9 mL Jo iR £ P 37K (0.6%) FURE IR I, AN TG B S B4R % 20 min.,
SR RCH R, IR BRSO T8, R B A 2 10°~107 CFU/mL.

2.2.3. BIMBFET

R TAEG W, ISR L AMT T 20 min. B 10 mL B 2R T EAN 9 cm ML HEFRILF, X
A 2em KEW T, HRFRIVE TRIHFEES b, RAMTIh3 8 30 W, IR B R 25 20 cm, 433l
S 60. 90. 120, 150, 180. 210. 240s. MSGFTEEHEAELLOGIRNT FHERAE, K5 AN 1R B A R &
SR A RS 0 R B AT BB FE AR RR(107~107°), BB EUS R BERRR I 0.1 mL A T AR i 1 77 35
FOFRRER 3 IR, FBAEE, BT 45 CHRIAAT R 48 h, MEEEALEKEHIFTHEAR UV G
P 3 ol N OB O < ST Vo

FICE (%) = (FLRTHE R — B R EWEE)F LRI H %2 x 100%

TEAR 28 (%) = He B K B 7 £/ 7578 )5 B o B [11]-[14]

2.2.4. PR ZER(EMS)IFE

BN AN IR R S e e I RO U R PR, #% 2.2.2 1714 /&R . B 5 mL BRI,
N 15 mL BEFRZE MBS FIAF EMS 37, i EMS 3R E 5108 1.0%. 1.5%. 2.0%. 2.5%-. 3.0%.
7£ 45°C. 180 r/min F2> %R 4LFE 10, 15, 20, 25. 30 min J&, SZEVEL S5 mL AAH T EEE T, Al
mL 25% B BRI AN LS LR BL. W BRI TR S, IR T PR IE R 348 |, 45°CHE9R 48 h, JELLE
BEE EMS ALFR TR E XS IR ARTE OISR BB, TH R BB AR 2 [15] [16], TR .

2.2.5. BREERITHIE
W AR S K VR DL R s B BRI e s 2R g, DU R BT IR, R R

()
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PR He fH, Pt T R IR B Ak He (5 I RAZRR AL 0 4 H
ST PRI 1S 2 1 R AR EE R TR PR FR I, 45°C. 180 r/min K535 24 h J5, 4% 2% (VIV)E:Fh
AR R BRI A, 45°C . 180 r/min Sk PF N EEFR 48 h, WIRRTE, 0t E e AR D A AR R

2.2.6. EB7EHAE
% GB/T 23535-2009 [17]il 5% « BEvG 747 5 N 1 mL WiiARE, 76 40°CHI pH 7.5 %44 F, &0%h
IK AR 4 1 pmol TR 2 IR IR, BION 1 ANEEIE I BAAL(U), L UIML FoR.

227, REHEHBEREMME
A4 IR R R O SRR S 5 AL IRIE TR, % I HAE B B R B T3, WUIEP S0
e At s b

2.3. FrEgE&Aiik

DA B 4R 0 . BT U R BSR40 pH B, TRLSE DA SR IEL-80 ws I &nf BTk ™ B 5, Ak
B A 3 AT, IR A R AP EAR R R . £ ZIR I 1A E, Bl pH fE(A). R (B) LA
St if-80 ANINE(C) AR, MU BRE WINAR, Bt 1 3 HER 3 713k 17 AN 9w 2 i 73 A1k
[9]. KIS IE 1.

3. ZREHH

X7 i B R A A-16 BEATRE YRR AT, S5 KT %R A& IR S N 50°C . pH 4.5, J HAE 70°C
JEREI N PAEFR 1 h fEEEG SIS R ERE 78% L F; [FIIHZEEAE BR TR MBS AR 1 h 5 Al 4R EF 70% 0L RGBS
F1. L, UEEZEE RS R R AR M DR TR IR T 25 T AR IR

3.1. BIMFTLER

Wk A-16 LERINFAR M E S, BOLR. IERAR GG AR R WA 1

AP 1 AT R BOEARREE RSN IR (8] AU THZHETE K, (HIEAR R IFAE BE S TR IR 18] (2 T K
(1, FERURIT (] 180s P, IEARFBEAE IR MK K, it 180s &, IEASFBHAIEAR. ik, ik
PRSI TR] Y 180 so RAFARACELJE (1 EEIRA AR, SRR, 193] 12 ™ MR e T B A vk
MIFAZ Rk JBIENIX 12 PRIEFASHRAIBE AR MRS, 457 2, F7e 2 alAl, A2k U-08 M

Table 1. Factors and the level of response surface experiment
2 1 mMEREERSKE

K
Bz
=il 0 1
WE( 0 35 45 55
pH {& 35 45 5.5
1t §5.-80% (wiv) 0.05% 0.1% 0.15%
Table 2. The results of UV mutagenesis strains
7 2. BIMNFTEMRATFIZER
AR U-01 U002 U-03 U4 U05 UD6 U-O7 U088 U009 U100 U1l U-12

HIXEEE) 1184 1186 1152 1176 1193 1198 1135 1218 1168 1201 1186 1215
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B, BRI T 21.8%, HEE 71 124155 U/mL. BL U-08 825tk A H & M HREAT EMS 75,
3.2. FEMEZEHFEER

PAEFE U-08 i K H Rk, SRAIRFEIREZ R EMS ACHEA RS IA], BERRSBOER. 1E 5838 R A BRI 5]
AR L 2,

B 2 FTLAE H, BN H TR SR 5 R O BURR, BOOEZR A EMS YR B 1S K K Ak B B 1] f) 48
KIMIEHEIN, 24 EMS LK ELE 2.5%. 3%, ALFE 10 min BAERLF] 80%, 4bFE 20 min Hik )L
{25 HIEARRE EMS ¥R EE DL Ab A [ AN R 2R R, 9 EMS 29K 1% 1.5%H], BRI
1EAS R EMS AL ] R ZE K TGN : 24 EMS Ry 2%, HkkHIIEAS R % EMS {E FH I Ja)
FIIEK G EFFJE FR%; 24 EMS Z&IKEN 2.5%. 3%}, BFEHEAIIEAR R A EEE EMS 1F A Ta] ) ZE 4 1 %
i £8G EMS FEARIEAL S50 T 0T R BRI AR RCR , 4 EMS 29K 2R 2%, 1ERIIT A2 20 min,
PO IE 5848 SIA B e KAH o KA AR5 B B PRI 0%, PR 0, 152 8 ¥k He = T R #itk
MIRAT R, SRR e N e, S5 3, B4 3 AlAl, RARKE UE-03 AN S i, BURIATE
PR T 73.6%, HM§IE )74 17695.6 U/mL.

3.3. 38FHE UE-03 MR EM

ek B B FRALR UE-03 fERMITRE IR 3k FIESE 5 IRIEAURE IR, JFFAR SRR IR L5 IR 48 h, W
AU IR RE TR E T, A LA 3.

[——s0E308) —a— %W |
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Figure 1. The effect of different mutation time on mutagenic rate and death ratio

E 1. T ERETEER E TR MBI RHFAE

‘ W100% O150% 0200% 0250% W3.00% ‘

‘ 0100% M@150% 0200% 0O250% M3.00%

100 ] 3B r
E

I (%)
-
38383883388

=
o
T

10 15 20 25 30 10 15 20 25 30
PRI (] (min) AR 7] (min)

o

Figure 2. Mutagenic effects of different EMS concentrations
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P R R L MR WA R R A-16 RIEARIE B AR BRI

HiP 3 ATLA Y UE-03 RATKREA I 5 UOEEAL MG, P IRITMEE R4 25, WA RIFH
R EE

3.4. FE#E pH EXE#~EER RN

ANTFIE) pH AR B AR A AT R B P BRI AR e UE-03 IR PRAE AN [A] pH 1E(3.0~7.0, (8] % —> pH
Ff7). 45°C. 180 r/min Z5AF R IR 48 h 5, WL, B L TEVRINARITEES /, AAIAG pH 4.0 I A BAR
B e, THSRORDG B, S5 RN 4 o AL 4 e UG pH fE 4. 0 I, 44 il Rk 3 e K

3.5. AEIREX ~EsRIR N

TP B B A AR KR P R T B I BB R 2 — . KR 5 B T AR E R (30°C~60°C, [alfE
5C)E5 9%, CAKBERE N A5°CH I K BETR BTG e, THEARTEES, 45900 5. M 5 al4n, @k
1E 45°CHY, X B

Table 3. The results of EMS mutagenesis strains
32 3. EMS IS TR R

RAF IR UE-01 UE-02 UE-03 UE-04 UE-05 UE-06 UE-07 UE-08
AHX B (%) 155.1 168.6 173.6 157.9 169.5 171.8 173.3 161.8
105
L
. 100
£
- 95
90
1 2 3 4 5

e

Figure 3. The stability of mutant No.UE-03
3. UE-03 Wi fRAR E M
110

100 r

90
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Figure 4. The effect of pH on the production of lipase from UE-03
4. pH XF UE-03 7= B5 Ah RIS
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3.6. FEAEMFIMIR-80 FRMEXE K ZEFAIF M

P 2 T P 7 L I DN 20 P A PR S I T, DR IR R R v o N 2 T it A 7 T DA 3 o Ak 7
. R, pH 1N, BEFEARFERLIR-80 RIS B AR =B R0 . DS IR 36 R ARt 37 -80
I PR R B Bl s A i, T AT, 25 Rl 6. M 6 FTRAE tH, nhiE-80 SN & 7E 0%~0.15% wiv
I, JE A BEE A P, AR A R RS e AN K

3.7. Ma N E AR

MRAE AN ARG 261, pH (E(A) T (B) LA SR -80 78 N & (C) AR B X B Mk = Bl 2 il LA 2 3%
Rltk, L opH {E(A). B (B) LA EIE-80 WRINE (CYN R AR, WARAXBEE J9ma A, F Design
Expert8.0 Trial # it LM VAT REM AR T ESH[18], KWWt KEE R WE 4, HEST S
5, ARHE 1A 7 FRAE A [R] R 7 B4 e 2 18T 43 B L] 7

RIS EHE{E A Design-Expert8.0 Trial #4347 — R EAME G, HRILUFEIAAFE: Y = 105.88 +
2.28A — 2.75B + 2.18C — 2.35AB + 0.47AC — 0.13BC — 8.00A% — 7.34B? + 0.70C%, . Y NMXTEEE: A
NERE; B NG pHs C Snkii-80 N .

iz H Design Expert8.0 Trial # AT HIH 34T, [BIETTFER T 2 08 W22 5, 7 5 a1, BB P
{£<0.0001, PiBARIAY G2, [ERP A g AR —XITA, B, C, —XIi AB, A?, B?&3#(a=0.01).

100

90 r

AR RS (%)

60
30 35 40 45 50 55 60
T
Figure 5. The effect of temperature on the production of lipase from UE-03

[E 5. ;2 X UE-03 F=AE Bl HY 2200

110
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ARFRRE (%)

80
0 0. 0005 0.001 0.0015 0. 002
3E-80 (w/v)

Figure 6. The effect of tween-80 concentration on the production of lipase
from UE-03
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HAXTEEE (%)

AAXTERE (%)

. L0a 550
0. 00 70,00 0. 00
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Figure 7. The three-dimensional chart of response surface analysis; interact of (a) temperature and pH; (b) temperature and
tween-80; (c) pH and tween-80
7. M EIMASE; () REM pH ZEER; (b) REMILE-80 RMERZEIEM; (c) pH FARLIRE-80 RMERZ
E1ER

Table 4. The design and results of response surface experiments
T 4. MR EIRI I REER

sy IREE(C) pH fi i -80 (wi/v) HEXS R (%)
1 55 4.5 0.05% 98.92 £ 0.02
2 55 55 0.1% 86.83 £ 0.16
3 45 35 0.05% 98.61+0.13
4 45 4.5 0.1% 105.4 £ 0.06
5 45 4.5 0.1% 106.7 £0.12
6 45 55 0.15% 99.62+0.14
7 35 55 0.1% 87.05+0.22
8 35 3.5 0.1% 89.57+£0.21
9 55 3.5 0.1% 98.73+0.16
10 45 3.5 0.15% 103.67 +£0.08
11 45 4.5 0.1% 105.39+0.11
12 45 55 0.05% 95.07 £0.11
13 45 4.5 0.1% 106.52 £ 0.05
14 35 45 0.15% 98.16 £ 0.13
15 35 45 0.05% 94.35+0.17
16 55 4.5 0.15% 102.92 £ 0.10
17 45 45 0.1% 105.39£0.10

O,
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RURPUTR P (5>0.05, PERAGIALESE &G PR AT FZ RN 5 FEAR 00 0 sl s s e 45 Rt A7 i[9«
FIE, WA SRR (RS IE Y R R? = 0.9884, i BAZM Y i % WA 2 1.16% ARt AN RE FH I A
RURARRE . A4S 72 ZEU(CV) N 1.08%, FUARUIK, B tHiZBRYfiRe, it — D Ul BB RL I & AR BE R [ 19]

Xof [ VA T FEREAT 2947 45t A 7 B 2% A (UL 2 6)4: pH 4.28, L% 46.8°C, It 1i-80 ¥8 N & 0.15% wiv,
AR RS 4 109.29% . KA A KB SR AR AT PR s, A =R, AN IS (109.27 + 0.16)%, S
RITMME T, BB AR R A T 5E

4. #5ig

PEEBRE AR TREFEARIPGERE, RRGECEHTRMER, EASENENNEIFEEMH T
R, Yol SRR, RITESEBRAE P A AT R I A R o AT AT DA SR R 7 I i R
PENE T BEEbE A-16 VE 9 R kR, BT AMEA EMS E S FERLE, 55 1 M IEIEEE B
RAKE UE-03, =g ilgis /1 17695.6 U/mL, HLIRIAHEMRIZE T 73.6%. XTAM~EMKD, RE
B4 RIS AR @ A A T A B2 N, AT ide B ) RAR MR UE-03 45 5 a7 5
R BER AR o I 2 R IR SN AN EMS 1 E 15748 0] DL 3 52 B Ak 7= TG T g RE /0, [R]I 32 B
TG AR R BRI E AR B R O R .

Table 5. Analysis of variance

25 BHEDHER
B3 SO H ¥175 FAH Pr>F
AR 41.72 1 41.72 36.29 0.0005
B- pH 60.56 1 60.56 52.67 0.0002
C-:i%-80 37.93 1 37.93 32.99 0.0007
AB 22.00 1 22.00 19.13 0.0033
AC 9.025E-003 1 9.025E-003 7.850E-003 0.9319
BC 0.065 1 0.065 0.057 0.8188
A? 269.14 1 269.14 234.10 <0.0001
B? 226.84 1 226.84 197.31 <0.0001
c? 2.08 1 2.08 1.81 0.2208
E]E! 685.82 9 76.20 66.28 <0.0001
Pl 8.05 7 1.15
24l 6.26 3 2.09 4.65 0.0858
R 1.79 4 0.45
SN 693.86 16

: Prob > F {H/NT- 0.05 & WU B SL MR % Prob > F i/ T 0.01 BEHIsEMIME 2.

Table 6. Optimum conditions of response surface optimization
3z 6. MO ER R ESM

IR pH HREC it 75-80(wiv) AHX BT (%)

1 4.28 46.8 0.15% 109.29

®



F T e i

RIENEWIRE R A-16 FIFEARILEE ML R BRI

i B K K S0 AT Box-Benhnken Wi 5 [ 73 A0 UE-03 AR K S&HREAT T IRAL, 3B K%

%%ﬁcjy: pH 4.28, iR 46.8°C, ntif-80 RINE 0.15% wiv, HIXTEEE N 109.29%, &L KEESMT T,
FERES 771k 3) 19339.5 U/mL, AZE ik DAk A = 340 B B AT R S5 .

E&WmE

IR R E R AT H (KY2015YB281); F ta22Be i BHFF I H (2013KB01).
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