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Screening and culture condition optimization of a lipase-producing
fungal strain and characterization of its lipase

SHAO Zeyuan', WANG Shugi', LIU Dejiang?, ZHANG Huajun'’

1 School of Marine Sciences, Ningbo University, Ningbo, Zhejiang, China
2 Ningbo Jiesen Green Energy S&T Co., Ltd., Ningbo, Zhejiang, China

Abstract: Lipases are a group of biocatalysts that efficiently catalyze the hydrolysis, alcoholysis,
acidolysis, ester exchange, and synthesis of esters at the oil-water interface. These enzymes play
crucial roles in various fields, including pharmaceuticals and chemical engineering. Microbial
lipases are more readily available and hold greater value for research and application than animal
and plant lipases. [Objective] To isolate lipase-producing microorganisms from natural
environments, optimize their culture conditions, and characterize the structure of the produced
lipase. [Methods] We used bromocresol purple as an indicator to screen lipase-producing strains
from oil-contaminated soil and identified the strains by morphological observation and 18S rRNA
gene sequencing. We optimized the culture conditions of the strains by single-factor experiments
and response surface methodology. We performed proteomic sequencing on the active proteins to
identify the potential lipase. We amplified and sequenced the gene of the potential lipase by PCR
and analyzed its multi-level structure. [Results] A lipase-producing fungal strain FA3 was isolated
from oil-contaminated soil and identified as Aspergillus sp. The strain was cultured with olive oil as
the sole carbon source, and the p-nitrophenol colorimetric method revealed that the intracellular
enzyme activity of strain FA3 was 263.75 U/g. The optimized culture conditions were as follows:
emulsified olive oil at 4 mL/L, peptone at 18 g/L, K,HPO,4 at 1 g/L, NaCl at 10 g/L, MgSO, at
0.5 mmol/L, and pH 5.3. After culture at 30 °C for 77.5 h, the specific activity reached 2 120.27 U/g,
which was about 8.04 times higher than that before optimization. The proteomic analysis and
structural prediction revealed the conserved Gly-Asp-Ser motif, confirming the lipase as a typical
GDSL lipase. The enzyme contained strictly conserved Ser, Gly, Asn, and His residues and it was
thus classified as a member of the N-sulphoglucosamine sulphohydrolase (SGNH) hydrolase
family. [Conclusion] After optimization of the culture conditions, strain FA3 demonstrated
significantly enhanced lipase production, showing great potential for application. We clarify the
functions and structural characteristics of the lipase, providing a basis for the engineering of related
proteins.

Keywords: lipase; Aspergillus sp.; response surface methodology; lipase structure
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1.1 EFE

FLAL : K S R IR ER A, il
HEHAFR A ECR 25%, R ZEHLLL 4 000 t/min
PiEFk 15 min FE RIS B9FL A QIRIA

b EE IR (g/L): FLALIH 40.0, BRFR &L
15.0, & fk#h 10.0, HSR pH.

e REIR R  FEFLAL I R S I AR
TR 2% 19 0.1% IRH I S5, 3R 20.0 g/L,
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WA IR (g/L): SR ERK 6.0, WA
20.0, F1%X pH.

TR R (/L) FLAk Tl 40.0, B R &
15.0, S4k4M 10.0, BERE_FF 1.0, pH 7.0,
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T A 2 100 mL FLALThEEFRFIEH, 30 °C |
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VRS TR A S AN B R A (T R 2 A
Yy BE B A AR 2 R B R A, TRy
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1.3.2  JRANARECH

B 566.28 mg AR i@ X i 36 K R (FH X+
i 2 377.52 g/mol), #fET S0 mL A5,
25 >N 30 mmol/L .,
1.3.3 RREAREEE
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Table 1
methodology

JK3F K& Factor
Level 4 ] #/h

Experimental design of response surface

B Peptone (g/L) C pH

1 48 1 5.0
0 72 15 6.0
-1 96 29 7.0

>4 actamicro@im.ac.cn, 7 010-64807516

o M % 38 22 % DL & Internal Program
Representation (IPR) I 4 Myl BE, 454 il
TG JIMESE R, TG i .
1.7.5 RERhBEESEIAVY 18

L 415 B 7 16 (%) 2 1 4 %5 DA UniProt £ 408 122
(https://www.uniprot.org/) 11 3k U i ) DNA J7
F, 1Yy A TAY) TR ) B A1 IR A mlix
THIFA . PCR WA F (25 uL): 2xTag PCR
Master Mix 12.5 uL, . TUE514%(100 umol/L)
£ 0.5 uL, DNA #i#g 1 pL, ddH,O 10.5 pL.
PCR S 450 : 95 °CHUZEHE 3 min; 95 °CAE
30s, 50 °CiEk 30s, 72 °CHEf 90's, I 354
PEIR; 72 CCALEAH 3 min, H 3L K Ay 44 H
lipGo FIFHBIEHEEERL R K (120 V, 30 min)4HE
PCR ¥y, F-3E47I0 5 (BT AT BRAE PR R
75wl e FIH ORF finder M 45 5 v T4 T ik
&) 2HE (open reading frame, ORF), FfHHiSa & 3k
2751, M\ UniProt £icis 2 vh 3k M m] 44 S 5 A
FF3, ffiF MEGA 11 DI4B ek @8 H R &
T
1.8 AERnBEELEA TN
1.8.1 —ZRLEHITIN

fdi 1] ProtParam J3 B ig 7Y 3 7 . S5 H
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B R 037 T 22 i K P45 = 1815 >R ] ESPript 3.0 Xf
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1.8.2 ZZREEHITIN
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JI TMHMM 2.0 4347 i 107 1 14 5 RS 245 40 5 £ Bl
TUPred2A 734/l iy e 11 45 0 DX o
1.8.3 =REEHITIN
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TR AR (LA A YR FR S R TR Y
R AT SR AR

2 EREH

21 EHFIESERE

283 I e B A 1 AR ELAT IR W BTG 1R
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BCERAR, AT T AR /I, LR AR T RES
(& 1E, 1F). @WFRRGEEE I AN,
bk FA3 J& T %58 (dspergillus); TERIKF- I,
vk FA3 58 ih & 4" (4spergillus section Flavi)
TR (K 1G), 5K % (Aspergillus oryzae)
FGKFENE, IR HA4 0 Aspergillus sp..
22 BEZEFZHML

VAR FA3 KB 9E 72 h I, MEAMRIAE N
(1) B 7 e 3% 7 3438 BIEAE , 43028 119.37 Ulg
1 263.75 Ulg (Kl 2A). & H A il &R, 7T
ARG N AR T 7153 A28 1041.62 Ulg
11 045.80 U/g (K 2B, 2C). S50 & B % i Bk
FE AN NG G, 5 SRR TR X B DY il
B,

SR/E U FS . Mn* | Zn®"| Ca®'n] B3
TRk FA3 ARG TG 77, i Mg™ Al Cu™ AT
B EAR AR WG Ty, Hoh Mg R (1 B

Aspergillus flavus strain IMET 11 (MZ892604.1)
Aspergillus oryzae (PP494752.1)

Aspergillus flavus NRRL3357 (XR 005951995.1)
Aspergillus flavus (D63696.1)

Aspergillus parasiticus (D63699.1)

100 | Aspergillus sojae strain JPDA1 (KF175513.1)

100

ﬁ’

Aspergillus flavus strain TZ1985 (GU953210.1)
Aspergillus oryzae RIB40 (XR 002735719.1)
Aspergillus flavus strain IMET 14 (MZ892605.1)
Aspergillus oryzae strain SEMCC-3.248 (HM064501.1)
Aspergillus oryzae strain IMET 15 (MZ892606.1)
Strain FA3

Aspergillus brasiliensis (OR492614.2)
Aspergillus luchuensis (XR 005976917.1)
Aspergillus awamori strain HB-03 (GU226429.1)

]

Penicillium commune CBS 343.51 (NG 062634.1)

100 0.002

Penicillium hennebertii CBS 334.68 (NG 062614.1)

Bl BEHPE. WEREE. A: LFTCIEDTEEG RIS 353 B M RRRRFAS A IR 1}
SRR C. D: WHRFASWRIEIEASQ4hMI72h); E. F: WHRFA3SME M FRIE S R4001%); G:

I T HARFA3118S IRNAKEH R R G R B o

Isolation, screening, and identification of lipase-producing fungi. A: Bromocresol purple medium

Figure 1

inoculated with strains lacking lipase activity; B: Bromocresol purple medium inoculated with strain FA3; C, D:

Colony morphology of strain FA3 (24 h and 72 h); E, F: Conidiophore morphology of strain FA3 (magnified 400

times); G: Phylogenetic tree constructed based on the 18S rRNA gene sequence of strain FA3.
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0 O B P ey 32 ) —hstr ]
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TRl
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B2 BEZRFZFHMML. A FEFREHEXASIIRE B2 B, C: AIREIXMINB) . ML (C)EITTHE
RSN D 2w B M N AR DT RS RS2 s Ex pHOG I A AR RS I RGSENE s Fe BESRER IR
JEL AR TS 1 s . ASR)/ING FRRIC SRR M 2E 5 (P<0.05).

Figure 2  Single-factor optimization experiments. A: The effect of cultivation time on lipase activity; B, C: The
effects of nitrogen source types on extracellular (B) and intracellular (C) lipase activities, respectively; D: The
effect of metal ions on intracellular lipase activity; E: The effect of pH on intracellular lipase activity; F: The
effect of carbohydrate carbon source on intracellular lipase activity. Different lowercase letters indicate
significant differences (P<0.05).
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W, AR DT EEE 753) 1 805.05 U/g (K 2D), It
Hh, WPE FA3 FERR TR T W ™= IR i B e 1 A
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Y=2075.48+122.494 +274.18B — 154.66C +

46.744B + 82.644C—106.17BC —
174.354*—819.15B*— 117.41C> ()

A Y (LB T, Ulg) WIS &, 4 (fE],
hy, B(EH, glL). C(pH)A AR . BRI
P<0.000 1, FHIZAR G EMEE; RPTA R
F(P>0.05), VEIHIZAE RGP (3 3); B
) A 0.985 4, 2 W% 7Y (B 4% i B 98.54%

w2 MR IR R AR

(MR (AR fE, BEAR S R W B . A4 4.
B. C =R H AR B 70452 i 22 il
A I o g T (1] 3)

Design-Expert 13 34415t () B A
REEWTE] 77.27 h, EEPRASINE 18.04 g/L, &
% pH iy 5.32, FEMCIRAE S B 15 07 1t LU 3% g s
B4 2171.32 Ulg, WEFSCBRERAE, XS4k
FHBIE: LEENE 77.5 h, BEEERINE 18 g/L,
KW pH K 5.3 FEIZ AT IS A P B L35 )
212027 Ulg, M TALLRTHET 149 8.04 %,
LA R GO A3, RIS
PR . TERRPER .

2.4 BERARBEE RAECE R 18

ZEWOKAHAET,  HECE e 2 Mg 1 it L 3 0 oy
7295.29 Ulg, HighEdiigli LS /14 555.05 Ulg,
2 HARWIEG A AP AR 5 25 5 . A ALNT 4y
SRS LA BEAELAG I 837 F . 741 R
B, Hfud 536 Mt A EAR . DiRAERS
22 5>2.0 AR, AR U T AE 45 4 S Ak

Table 2 Design and results of response surface methodology

Zhi 5 Number ARFE] #/h B#E )l Peptone (g/L) CpH Y LU 11 Specific activity (U/g)
1 48 15 5.0 1 866.35
2 48 15 7.0 1419.01
3 96 29 6.0 1556.92
4 72 15 6.0 2 044.83
5 72 15 6.0 2126.98
6 72 15 6.0 1927.66
7 48 1 6.0 700.52
8 72 1 7.0 852.68
9 72 15 6.0 2097.37
10 72 29 7.0 1 088.57
11 72 15 6.0 2 180.54
12 96 15 7.0 1 866.35
13 72 29 5.0 1637.49
14 48 29 6.0 1255.53
15 72 1 5.0 976.93
16 96 15 5.0 1983.12
17 96 1 6.0 814.94
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x/3 BEFESH
Table 3  Analysis of variance (ANOVA) of the model

p3 7 A ¥or FlE PIH ENE
Source Sum of squares  Degree of freedom  Mean square F value P value Significance
Model 4145 052.96 9 460 561.44 52.64 <0.000 1 Significant
At 120 031.80 1 120 031.80 13.72 0.007 6

B Peptone 601 398.42 1 601 398.42 68.73 <0.000 1

CpH 191 359.21 1 191 359.21 21.87 0.002 3

AB 8 738.61 1 8 738.61 1.00 0.350 9

AC 27319.43 1 27319.43 3.12 0.120 6

BC 45 085.52 1 45 085.52 5.15 0.057 5

A? 127 997.27 1 127 997.27 14.63 0.006 5

B? 2 825257.99 1 2 825257.99 322.90 <0.000 1

c 58 046.64 1 58 046.64 6.63 0.0367

Residual 61247.98 7 8749.71

Lack of fit 24 289.48 3 8096.49 0.88 0.5242 Unsignificant
Pure error 36 958.50 4 9 239.63 52.64

Cor total 4206 300.95 16 460 561.44
96 i LI (GR 4), 4 %E GDSL fglills 8 24; JE K PR F5 %L (grand average of

(AOAODINA42) AR IR Vi

1% GDSL fig il ORF 4 780 bp,
i 260 PEFKEfR . 24 PCR U185, lipG Re[H 4%
WG WS (B 4A), 7 BER/ANSHUARSE, H
F AR Y . W F, lipG FHF ek
793 bp, fE1E—> 780 bp ¥ ORF, 3T & )%
YIRS K T 5HT (B 4B) R, LipG fig 5K
i A Hh # R 1Y GDSL AR MHBER L
2.5 BERRERZEAITIN
251 —REETN

Z A X518 5)%& W], LipG 5 GDSL
R i B AEAE K S AR UL R 91, UiB LipG 5t
HE AR R B s N U0 Gly34. Asp3s.
Ser36 JE W T = AR SF B9 G-D-S J¥ %), X5
GDSL fig Wi i i AR sr 4 # 3 — (), R LipG
H A GDSL fig [l filf () o AU 25 ¥4 55 AF o 4
ProtParam 7347, LipG Hi 260 N FEBRAL AL, 57
TE 4 28.11 kDa, SFHLAGN 9.24, i sk L
(Asp+Glu) B HCH 19, 1E s FE(Arg+Lys) 5L
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hydropathicity) & —0.22, 1 B i I i LipG K
FOK MR KB R D HEE RN
32 890 L/(mol-cm), 280 nm &b W% % BF (v JiF
0.1%)M 1.17; AFasE 45 2 (instability index) A
26.95, FW LipG FERIMES TR EATAE
252 ZRLEHTIM

fE LipG W L 45Mh, o B8)E. B,
JCHL A 2 505 HE 43.08%. 11.15%. 45.77%
(K1 6A); LipG MIf5 5 IKBMER R 99.76%, 15
5 k¥ %1 5 MKLYLLFFFFLTLHALPGLPRSTA,
5K Sec/SPI, YIEIN A5 4 24-25, %ALY
T HE % R 41.58% (& 6B); LipG K #4455 it
TNEE SR “outside 267, SR A HTCIS B4 4
(K1 6C); LipG [E4 Jo 3 X B w4 fEAK T 0.5,
R TR A Y, GRS T8 U e i S 45
¥4 6D)s
253 =REEMTUN

FIFH Phyre2 % LipG HEAT = 4iAR 8+ 2 (&
7, H i Ser36. Gly70. Asnl07. His211 VE K
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Figure 3  Contour plots and response surfaces of the interaction effects of time, peptone, and pH on lipase
activity. A, B: Contour plots (A) and response surfaces (B) of the interaction between time and peptone; C, D:
Contour plots (C) and response surfaces (D) of the interaction between time and pH; E, F: Contour plots (E) and

response surfaces (F) of the interaction between peptone and pH.
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*4 RIEELPAREERRNMEBLR
Table 4 The top 20 proteins with the most significant upregulation in expression

BEETAC FIG A I/ T REA A ZESHATERL
Protein ID Family/Domain/Functional site Fold change
AOAILOWYX2 Renal dipeptidase family 19.59
ISACHS8 Class II aldolase/adducin N-terminal 17.68
AO0A2P2HDDI1 Fungal chitosanase 16.38
AOASN6GLH3 AMP-dependent synthetase/ligase 14.52
AO0AODIMS93 Crotonase superfamily 12.92
AO0A2G7FKV6 Peptidase M 18 12.09
AOA1S9DYA9 Renal dipeptidase family 11.22
AOAOL1IWK1 Deoxyuridine triphosphate nucleotidohydrolase 9.83
AO0A2P2H6J5 Cutinase/acetylxylan esterase 9.19
AOASNSXFY9 Chaperonin Cpn60/TCP-1 family 9.08
A0A4S3JTV4 AMP-dependent synthetase/ligase 7.13
AO0A1S9DJ32 TIM-barrel domain, IGPS-like 6.80
AO0A1S9DHY9 Acyl-CoA oxidase/dehydrogenase, central domain 6.75
AOAODINOP7 Protein of unknown function DUF541 6.52
AOAOFOINE2 Unknown 6.15
AOAOHS5BINO Unknown 5.84
AO0AODIMXU9 Unknown 5.79
AOAITF7ZXV7 Uncharacterised protein family UPF0311 5.77
AO0AOL1J7D0O Manganese/iron superoxide dismutase, N-terminal 5.67
AO0AODINA42 SGNH hydrolase-type esterase domain 5.51

A bp  Marker /lipG . Aspergillus oryzae GDSL-like lipase (ISIAVO0)

2 000 — 100 | Aspergillus flavus GDSL-like lipase (AOAODINA42)
100 i
1000 | CIps
750 —| 760 bp L Aspergillus terreus GDSL-like lipase (AOASM3ZHO05)
2l0= 100 Aspergillus oryzae Lipolytic protein G-D-S-L family (AOA1S9DL54)
250 —
100 —| Aspergillus oryzae Lipolytic protein G-D-S-L family (AOA1S9DBLS)
Aspergillus flavus GDSL Lipase family protein (AOA2P2H123)

—_—

0.20

El4 FRRAESHEXEEY 1. A: lipG PCRI“YHIKSAHT; B: LipGEIRKER .
Figure 4 Amplification of lipase genes. A: Electrophoretic band of /ipG PCR product; B: Phylogenetic tree of
LipG protein.

WAL, WEW RIS A MRS 3 3tih
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FA3 MELYLLFFFFTLHALPGLPRS T[]
I8SIAVO MKLYLLFFFFMTLHALPGLPRSTRA
AOAODINA42 MELYLLFFFFMTLHALPGLPRSTA
AOASM3ZHOS5 MHELSWHTSFVMAAHALP. . .SRKA
AOA1S9DL54 MR[SV[LLPLSLAPS....... A
AOA1S9DBL8 MR[FT|P|SSAALMLG. . ..... A
AOA2P2H123 |. .|.MATEEEAMYKP

DKPPFFLLAGMYTTAVQSITNGG|. . .GWG
AKPPFIFLLA[BETTAVQS|TGGG|. GWG
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30 40 50
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IYLAEBERITMAASGGGSG|. TDGWG|.
VYFCEIITMAAKGAND|GIDTDIGWG|.
FILF[EPRITTOMSSDPHMG. [ . .. .

60 70 90 100
FA3 AK[GAKGQK Y[GHN[G|A] KKVEEIVKANYQP[Y V THOEENEBO K P
I8IAVO AK|[GAIKGQNY|[GHN|GA KKVEEVKANYQP[YV ThdQjlelN )]0 K P
AOAODINA42 AK|GAKGQNY|GHNI|GA KK|VIEEVKANY QP[Y V Thd0)elN 13 s]0 K P
AOASM37ZHO5 FH|GA|IGGLNF|GHNI|GA SE|LIAAHRAD YK P|Y V T piQ jlelH 138]0 K P
AOA1S9DLS54 SI|TVISNKAI[G. .|GR| DLILRE|G. . ... D|Y VVIE jedH 381G G S
AOA1S9DBL8 TV|PAVNKAI|G|. .|GR DL[VVD|G. . . .. D|I VVE )qe]H)I]G G S P
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120 130 140 150
FA3 [TT 1 AQY[T|SNLIE T F[V|G D[V] VTP LSRRQYDN. . .[3]
I8IAVO . IITIAQY|T|SNLE T F[V|G D[V VT|IPLSRR|QYDN. . .|S
AOAODINA42 . IITIAQY|T|S|NLIE T F[V|G D[V VTP LSRR[QYDN. . .|S
AOASM3ZHO05 . I|SIEEY[T|S|NLE QF[AA DV VTP LSRRN[YDN. . .|S
AO0A1S9DL54 N|GRTDC|P|G|T G|SET|C|E T[T TFPAYLENRAAKTFVD
AO0A1S9DBLS N[GRSDC|PGAGITET[C|T S|.|. TFVFYVIQRAAKLML|S
AO0A2P2H123 VY KEN L|T/R|[T IJQ HP]A|T V|2 PPPVNEYQLQGFDE|S]
170 180 190 200 210
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I8IAVO ATIKRARAKK|TGASYIDLNRAIS. ... .... TV[YLNSIGPVSAHMYD|LKTGDSTHLNAA[G|SIQV
AOAODINA42 ATIKAAKKTGAS|YIDLNRAS. .. ..... TV[YLNSIGPVSAHMYD|LKTGDSTHLNAA[G|SQV
AOASM3ZHO5 ATIARAGTRASVAYIDLNRAS. . oo .. .. TD[YLINSIGPQNA[Y TYN|LKKADDQ|THLNVQ[G|S|QV
AOA1S9DL54 WESGE[YSY|SP|SRIFVEYAQLAAETAG. . .VD[YV|DHGA[YVAARYEA[LIGADT VNS Y[Y P N|D|H|T|H
AOA1S9DBL8 WEGG|S|YGG|SP|SRIFVGYQKVAADALASDDVTFVIDHFQRAVSNMYLQ|LIGSDAVNA L|Y P N|DH|T|H
AOA2P2H123 YAEAVREV|GAISLIGVPVVDVWKAFMS. . .AVGWKEGEPLPGSRDLPNLDQFARF|FTD|G. LH

220 240 250 260
FA3 FG[GMV[QR|GL T T QIp[F]P oL]G DRIG[F VIHV D PIKMQ KA LIDK[GlQ Y Y[ Plo
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AOAODINA42 FG|GMV|A|G|L I T Q|D|F|P Q[L(G D|A| A LDK[GIQY YWP|Q
AOASM37ZHO0O5 FG|GMV|AIE|L I RN|E|F|P C[LIGEA A LHD|GE Y YW P|A
AOA1S9DL54 T s|p|E G|a|Q[vV V A D|A|FILK[A[V A|C TD[FP|GDCL|. .|.
AOA1S9DBL8 T s|P|E GIAIK|L S 2 Q|A|F|IA QAT Y[ IAEPVITIVYE|.
AO0A2P2H123 L TADG[Y|R[VLFDRA[IMET|IRA MV/HPAWPERPR

E5 RIRGDSLEEMEERYZ FHILExt. W EOMBHERCHLUY S, L OFHRFORE MR, 20

THFR MR R

Figure 5 Multiple sequence alignment of GDSL lipases from different microorganisms. Blue rectangular boxes

highlight similar sequences. Red font indicates highly similar residues, while red background indicates identical

residues.
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Figure 6 Secondary structure prediction of LipG. A: Secondary structure prediction of LipG; B: Signal peptide

prediction of LipG; C: Transmembrane domain prediction of LipG; D: Intrinsically disordered region prediction

of LipG.
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Figure 7 Tertiary structure prediction of LipG.
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BT ARSFRY Gly-X-Ser-X,-Gly JE 7, Unf%hf i
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