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( Genetic Algorithm, GA) i+ #4132 E40 K MATE BL21 (DE3) £ XNgWEs MASL ¢ A B4 IPTG RE A 0.65 mmol/L. #
FIRE 23°C. #HF pHAEA 6.7 8F, ZEibA5 B MASL BE7E /14 227699 UimL. /27 L X BT, 1E MG R Bt TS
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Abstract: In this study, the lipase MAS1 from marine actinomycetes (Streptomyces sp.) W007 was used as the research object, which was
expressed in Escherichia coli BL21 (DE3) and associated fermentation conditions were optimized. First of all, the optimal induction time for the
expression of lipase in recombinant Escherichia coli (E. coli) was determined by the single factor experiments to be the late logarithmic growth
phase, with the optimal Isopropyl-4-D-thiogalactopyranoside (IPTG) concentration being 0.6 mmol/L, the optimal induction pH being 6.5, and
the optimal induction temperature being 20 °C. Then, the Box-Behnken test was designed by the R language rsm package, and was conducted in
a 7 L fermentor to obtain the data. Finally, the optimal fermentation conditions for the expression of lipase MASL1 in the recombinant E. coli
BL21(DE3) were calculated by support vector machine (SVM)-genetic algorithm (GA): the optimized IPTG concentration, induction
temperature and induction pH were 0.65 mmol/L, 23 °C and 6.7, respectively, which led to the theoretical enzyme activity of lipase MASL1 as 2
276.99 U/mL. In the 7-L fermentor, the maximum enzyme activity of lipase MAS1 was 2 316.02 U/mL under the optimized fermentation
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conditions for culturing recombinant E. coli BL21(DE3). The above research results show that the SVM-GA exhibits good performance during

the optimization of fermentation conditions for recombinant E. coli, which provides a research basis for the efficient preparation of lipase MASL1.
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Fig.1 The flow chart of the MAS1 fermentation modeling and

optimization
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HEM,

REFEEFRAE(L L) : 10 g To/KF &7 CRARCK D,
115 g F#RERE, 1959 ZRAMR, 4 g (NH.),SO4. 0.94 g
—/KF5R, 18 g K,HPO, 3H,0, 3g KH.PO,, 1.2g
MgSO, CFRAKE) , flE iE 1 mL.

MEIEREMW (1L) : 289 FeSO,7H,0. 1.71g
MnSO, H,0. 2.8 g CoSO, 7H,O. 1.13g CaCl,. 0.2 g
CuCl, 2H,0. 0.14 g ZnCl,.

12 7%
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UV-8000 40 G EETH e OGRS
1.2.2 #rFiHl & ik

PR T-80 °CUKA) BL21(DE3)/pET220-MAS1
EHTE 100 pg/mL 2 RPN LB [fAsE 775 |,
37 °Cil s 77 HEFIHREETEE] 5 mL LB B5 3R,
37 °C.200 r/min £53% 12 ho ¥ _EIRKEFREE 1%(VINV)
(R AR 25547 150 mL LB WifkRE g%, 37 °C.
180 r/min #rFHEFEEAEA KA G, ODgpp=3~6-
123 RBHER RS

7L RS E N 3 L, HME N 5% (V) ,
SR FRIREE N 37 °C, WA EN 3 Umin, KEALHE
HEAAMIET 20%, Jing/KiE™T pH fE4 7.0. 404t
Big% 4 h JEJFAR VN H A, B U 4 ) 7R
12,5 ghe TEXHEKIRRNIN T A 5E-B-D-ff G- FUpE

(IPTG) , KM% 22 h {5 i4bEL. S BeAE 3 h B

BE, W E SIS ARG . 75 S 1) 40 0350 B 5
AKETH 2h) KR @) o EEK S
BT HREESRIES 15, 20, 25, 30 Al
37 °C; 755 pH fH5 5% BN 6.0 6.5, 7.0, 7.5 £ 8.0;
IPTG 93 il & 50.2.0.4.0.6.0.8 F1 1.0 mmol/L .
124 ‘i srs

HY 15 mL RESG, T4 °C. 8 000 r/min &>
5 min, Rl FIEWR. WS pH {H 7.5 1
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10 mmol/L BERREE AT &, /G XS0, &
SR, 15 mL pH 1 7.5 [ 10 mmol/L s £ 22
MVERE AR, T 200 W i@ AEE 15 min. F%
T 4 °C. 8 000 r/min &> 5 min, A5 LiEWRET N
MASL G -
1.2.5 MASI 7K fF B & Ao

FRE 4 g I AL AT 50 mL HL2E = M,
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0.05 10

¥

X: AfseehBgE 7y, UL,

Vi AR A NaOH #94k42, mL;

V,: AR AT #2469 NaOH #9484, mL;

c: JAAPTA NaOH #94k4%, mL;
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IER;

10: RZHEFIE], min;

g B,
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127 SEFGH SR 6 E 5
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$K15 BL21(DE3)/pET220-MAS1 (1) & BRI ,
1.2.7.1 BL21(DE3)/pET22b-MAS1 A= K: fh 28 (1) 22

¥ BL21(DE3)/pET22b-MAS1 #4777 1.2.3 T 37 °C

THHTER, RIS S, B 1 h BUREER
FEfh, 17575 1.2.1 W ODggoo
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Table 1 Factors and levels of Box-Behnken experiments design
KF BE,PC pHAE  IPTG ZRE/(mmol/L)

-1 15 6.0 0.4
0 20 6.5 0.6
1 25 7.0 0.8
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H 2 M, S VNGRS . VIZREEE 7 12 2
FUAIZR SYM #5:8Y, MRS 3 43 A LASSIE
SVM ##, HOESH ¢ Ml g (R 1.2.7.4 531K
AR T AW U G Y g S ) & [B] AR
R, BIE-S"ZHUESE 3, p BN 0.1, HIEFIARREL
%, WK RBUESE TR R

13 GA kit SVM A2 AL iy 5 i

KH MATLAB 2020a /] GA L BAG % ik ily
K] SVM BERUR H A fif . WAL SR IRIA R R B
N 50, XAEHEAN 0.8, LibRHCH 100, LA 1.2.7.5
13 EI0) SVM BLRUEAIE RN B kL, DL 1.2.7.2 1551
FAPR S B BT e s S . B pH
IPTG RPN ERTEHE, HRABNSH, @
R AR X XEHITSH G,

14 BEA#H

DL bSO E 3 44T, KA Microsoft Excel
2019 BRAF TS T E BRI FIEAIbRIEZ >R H Origin
2018 FRAHERE], RE S AT 0T, B3 M/KF p<0.05.
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Fig.2 Growth curve of BL21(DE3)/pET22b-MAS1
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mE 3, ENHEKERESTES, AFT
BL21(DE3)/pET22b-MASL i fr1AEKAN H R AR
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Fig.3 The effect of induction time on the fermentation process
of BL21(DE3)/pET22b-MAS1
A oan AREFIEMHRE TG b RREFH
8] 4} B 69 % 0h; ¢ R Rl 8T R B T SR AR 2 R A,

23 # & 4 PTG % & x T BL21(DE3)/

PET22b-MAS1 % 3k MASL ¥ % v

IPTG {ENFLFERZRY), (EEA R RRIAS
PEAREY P BAHEEPER. FIRER R
A] A 2 SR AR AN AR . 7
O A FF R BL21(DES) KRB P S Bl
BT, 23 BIRINZAEE 4y 0.2.0.4.0.6.0.8 A1 1.0 mmol/L
fIPTG #4715 S, 455 KB4 IPTG >4 0.6 mmol/L
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i, AEME R EEEIARIR K, A 1.32 Umg.
ARSZIGAE 25 °C pH E 7.0. S KR HIE S
T, DRI N 0.2, 0.4, 0.6, 0.8 A1 1.0 mmol/L
1) PTG, K5 T A 3 W E X BL2L(DE3)/
PET22b-MAS1 ik MASL (1521, & 4a. 4b Fl 4c
RSN, BEAE IPTG MREERIBGR, KRR AR 1
SR, 24 IPTG WA 1.0 mmol/L I}, & k4afE s R
5% 99.81 g/, I HEAR 2L R A [ R I
K% 3141 g/L. TMITE 0.2 mmol/L 21EF, HoRgmi
RE AL 12251 g/L, W& 15N 936.67 UimL,
HIPER R BRI K, RIEZ 22 hi), TRbE
F410.36 g/L. 24 IPTG iKEN 0.6 mmol/L i, A
13 h BEE /1A 80 Tk, SN 206347 UlmL, 1X—45R

FHHIPTG %544 0.6 mmol/L B FI T MASL [F1363X .
a 140

120 +
Q 100 +
= 8ot
bz 60 -= (.2 mmol/L
B i - 0.4 mmol/L
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- 20 - (.8 mmol/L
M -+ 1.0 mmol/L
0 I 1 1 1 I 1 1 1 J
0 3 6 9 12 15 18 21 24
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=
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Fig.4 The influence of IPTG concentration on the fermentation
process of BL21(DE3)/pET22b-MAS1
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Fig.5 The effect of induced pH on the fermentation process of
BL21(DE3)/pET22b-MAS1
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FEAAC R AT R = AF A 2B RS AR, RN 45
pHAE KT a7 ), AT 4 RBERIA RS A,
AL pH (X B I FRIA TR A HE R, 7
RIS S pH 9 6.0, 65, 7.0, 7.5, 80, AT A
7] pH & T~ BL21(DE3)/pET22b-MAS1 KE££ L MASL
[P, FPE 5a. 5o F1 5c mI%N, 4i%S pH EHN 65
I, AERRIE EAINGE JE SRR, ol 146.83
2 103.69 U/mL, #i%H IR 2o 2 o F 18 T HAhids 3
pH (A T RIATFENAR R, KIEE 22 h N, A&
SEEMNCN 1163 g/ll. 24 pH N 6.0 f1 7.0 I, Kk
YRR E 2 BN 93.5 g/L Al 1135 g/, B REEE /17351
-~ 688.42 U/mL F11 909.58 U/mL, #JE{%T pH 1H
6.5 251 T IR KA e AT KB ). T UEfRI pH
fH 6.0 264 T, MIEIPEPOERR, KIS 22 h N 4&TE
KRG RN 31.34 gll. 1X—45 R UiHES pH {EN 6.5
45 F) T BL21(DE3)/ pET22b-MAS1 ik MAS.

25 %58 EMT BL21(DE3)/PET22b-MAS1

1k MASL ) & vty

X T KAt B i AR KRS NE B (R IE B
HBEPW, B AR T R EN AR, &
IR A F T AT Rk sNEE AR, Bk, &
LKA E R EHEIR T E, 2 RAEE K Bk
BRI, MR S BRI . Ak,
IR 2% A 75 5 AT LB s SRLAE KA AT 1 A e
PEBY, Liang ZB7E 15 50 S 4T 1 7 T BRR ELAL
AR R TSR, RILMIE SR N 37 °Cif, K
Joan AT B 2B T R, T R S B A
890 U/L, 175 E 5319 28 °CHil 32 °CHY, TIEHER
A ALBEE A S 1099 U/L F11 189 U/L. AHWFFLLENS
K YR IN 0.6 mmol/L IPTG. 55 pH 45 6.5
AT, RS SR E N 15, 20, 25, 30, 37 °C.
HH ] 6b I AT, B IR N 20 °C, FEER R
2 011.56 U/mL. 1/ 6a F1 6¢, 2437 B 128 T =i,
BL21(DE3)/pET22b-MAS1 # K H & i K 1,
7E 25 °C RG-S 4ANE E A KN 126,67 g/L, {HZH
it 25 °CHY, FRNIRE 2R UiFSEE
N 37 °CHY, B RANMIR AN 88.36 g/, HAZE b
FREMEFI A, KBS 22 h i, REER A
BN R RE 445 glL, RN EKERE A
1106 U/mL, wRe2 B NTE R T 25 °Cif R
BL21(DE3)/pET22b-MAS1 Fik 8 4 i Al A KR IR,
XN T A AAR e . Paul SR I SR E TR
75 S E A AT B 208 2 SPGB g 2 P AR AL

ZARE, T SBOC B AR IR 415
SHREEN 15 °Ci, FRUREE N 85.61 g/l 1N 20 °C
FES N RAITEN 72.55%, i 5 SR IR A F)
F BL21(DE3)/pET22b-MAS1 ({2 K, KEESE 22 h I,
REERH IR R PR R 8N 44.2 o/, HEKREE
N 87374 UmL. X —45 R Ui, KA F T
BL21(DE3)/pET22b-MAS1 £ik MASL, {H i & il i
4> 55 BL21(DE3)/pET22b-MAS1 A=K 32 Bk 3
HiZmE] MASL 1554 .
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Fig.6 The influence of induction temperature on the
fermentation process of BL21(DE3)/pET22b-MAS1
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%, BEEHHE Box-Behnken S2U6 5 =453 1 %M %L
Wi o FIFH MATLAB 2020a #£Ef Mapminmax &0t
Box-Behnken 53677 REERAATIA— LA 2, SRJ5H
randperm BEHLERECKH BRI g, Forhillis
EERRBIER 12 2H IO R s, IAEE F 3 2H SEIR A
FyR . 8id MATLAB 2020a # 14 ff) LIBSVM-
FarutoUltimate T 2.4 1) SVMcgForClass B % SVM

BRI ¢ fEAN g R TS0, A o fEA g [E N
1.5157 1 0.33. B#)51dF MATLAB 2020a [t Libsvm
T Eff#3 BL21(DE3)/pET22b-MAS1 7% MASL ff]
SVM #58, fER 2 Ak 3 mIAn, ISR R
79 4.26%, MREERFMNHRZE N 3.32%, 475
WZRERMIREE R 2K, SVM RER Tl 45 5 5 5006
G B MENRZE N 4.07%, LA RCRELT .

R 2 SWRELIGEBUBRHARIT S SIRER
Table 2 SVM model training data sample design and experimental results

KE% pH TPC  IPTG/mmol/L) U EFE/UIML) U FERMA/UML)  AB%HiE £/%

1 7 15 0.6 1571.8140.83 1628.12 3.60+.37
2 6 15 0.6 1073.4249.36 1129.63 5.27#.90
5 7 20 0.4 1898.64427.21 1871.52 141441
7 7 20 0.8 2 056.24423.47 1999.85 2.73#4.11
8 6 20 0.8 1458.2147.63 1514.75 3.89+.26
9 65 15 0.4 1423.42426.54 1497.82 5.26+.96
10 65 25 0.4 1727.03+9.82 1905.64 10.364.27
11 65 15 0.8 1511.54426.55 1531.22 1.784.33
12 65 25 0.8 2125.71330.87 2069.41 2.63H.41
13 65 20 0.6 2172.01434.29 2061.22 5.08+.50
14 65 20 0.6 2 005.03436.12 2061.22 2.844.85
15 65 20 0.6 2200.04434.66 2061.21 6.29+.48

7 3 SW RESIIKBURH AR T 5 LI EER
Table 3 SVM model testing data sample design and experimental results
KI5 pH T/C  IPTG/(mmollL) U SFEFRMA/(U/ML) U FRME/(UML)  A83FiR £/%

3 7 25 0.6 2 183.72430.55 2127.34 2.56+1.36
4 6 25 0.6 1641.31421.69 1697.71 3.4541.37
6 6 20 0.4 1437.32424.31 1493.74 3.96:4.76
b 25
27 GA Ft g
= 0l
M MATLAB 2020a {11 GA THAEX SVM 45 :
HIRLGER (N 7 KF, LERE 66 KT, GA £ By
HF T R LER: BL21(DE3)/PET22b-MASL K%~ 2 0
MASL [ ERTE AT S pH {673, ViR £yl
22.923 °C. '3 IPTG #FE 0.648 mmol/L, il itk
I MASL (BRI E] T H KA 2 276.99 UimL. 0 1 2 3

a -1800 Number of variables (3)

m Best fitness

-1 900 ® Mean fitness 7 BEEESMERE

Fig.7 Genetic algorithm optimization result graph

E
g 2000 o AR FRMGE b A Sk AL
2 2100 . .
i 2.8 ML R I
-2200
%} SVM il GA 15 3f) BL21(DE3)/pET22b-MAS1
2300, 50 100 150 200 250 300 K= MASL A R T R IR SeIE, R B

S pH 1 6.7, ESRE 23 °C. 9 IPTG IKEN

Generation
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0.65 mmol/L, F& =X, SLER4EH5IN 2 310.32,
2 307.44. 2330.29 U/mL. & 8 FIHikes REH T 1%
SIS EAT AT, FREFEPH SVM B3 T AR
R B A I A2 R B R , FH S % a8t A5 5505 (Immune
Genetic Algorithm, IGA) X —Se b EAR E T T
itk TERIE 28 h B A ZERIREIAR] T 12.05 g/L, l:l:
ku M 1 2 3 4 5

116.0
66.2
45.0

35.0
25.0
18.4

14.4

FMRAHTHEE T 29.57%. Zhang ZCTH SVM #2371
DALFAE R CRER AN RN B RE R IR, SR GA
XF SVM AR, NG AIR B il 2
11.87 11218 g/L. ¥iHH T SVM-GA B n{E RS
FEARALH R 4AFRI .

|| “ |' "' N

[Z] 8 MAS1 £4 SDS—PAGE #&:7
Fig.8 SDS-PAGE detection of MAS1
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MESHOIAT T Ak, WETTEEIRR A, idid SVM-GA i
o JE B R SR A 75 5 pH B 6.7 15 S 23 °C.
TS PTG #KE N 0.65 mmol/L, k)G MASL BHE
J1ER) T 2316.02 UImL, BHARALETHE S T 33.61%. A
TS — BRI REEEAUAL, MASL ()R FERIA K
T THERRE, FEET MASL KEEEHRALKTF
28 Hﬁﬁﬁ?ﬁ@%&zﬁﬁE@?;z@%%#ﬁmm%m%wrﬁﬂ\
7T pH. FSY) IPTG WS SHRE, JFEa 3T
AELRRE LA LLEE— P4 MASL [RIAIKT, N
SEHL MASL 1 Tl Ak o7 F B4 e e o
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