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Recent advances in stability studies of microbial lipase
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Abstract: Lipases are widely used in industries, such as food, pharmaceuticals, biofuels, diagnostics,
bioremediation, chemicals, cosmetics, detergents, feed, leather and biosensors and so on, microbial lipases
are the most important source of commercial lipases. The harsh industrial production environments, e.g.
high temperature, acidity, alkalinity and organic solvents, limit the further industrial application of lipases,
to obtain stable lipases becomes a key link to break this limitation. This paper focuses on the main
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strategies to improve the stability of lipases are as follow: Excavating extreme microbial lipase resources;
Using protein engineering strategies, such as directed evolution, rational design and semi-rational design
to modify lipases; Utilizing immobilization technologies of enzymes such as physical adsorption,
encapsulation, covalent bonding and cross-linking to improve the stability of lipases; Taking advantage of
physical/chemical modification, surface display, and a combination of multiple improvement strategies to
increase lipases stability. Combined with the author's previous research on enzyme engineering, it was
found that the acquisition of new enzyme catalysts should be based on clear design ideas and combined
with a wvariety of modification methods: combined modification methods based on directed
evolution-rational design, directed evolution-semi-rational design, protein engineering-enzyme
immobilization, protein engineering-physical/chemical modification and enzyme
immobilization-physical/chemical modification, etc., which are more efficient than single modification

method.
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Table 1 Examples of stable microbial lipases and their applications reported in recent years
7S R I ad pH (a2t ] SCHR
Strains Optimal temperature (°C) Optimal pH Tolerance Application Reference
Haloferax mediterranei 60 7.0 Surfactant, Various Synthetic polypeptides, [35]
detergents detergent additives
Bacillus atrophaeus 70 9.0 Xylene [36]
Staphylococcus aureus 60 12.0 Oxidants, Anions and Washing industry [37]
non-ionic surfactants
Bacillus sonorensis 80 9.0 Mannitol Bio-detergent [14]
Geobacillus 65 9.0 Biodiesel production [15]
thermodenitrificans
Serratia marcescens 50 8.0 Organic solvent, Oxidant Detergent additive and [38]
production of biodiesel
Acinetobacter sp. 50 8.0 H,0,, Tween-80, Synthesis reaction of organic [39]
Triton X-100 solvent and high temperature
Aspergillus niger 50 5.0 Polar organic solvent Organic synthesis food and  [40]
pharmaceutical industry
Pseudomonas sp. 50 8.2 Triton X-100, EDTA Biodiesel production [41]
Pseudomonas reinekei 40 9.0 Organic solvents with Biodiesel production,
1gP>2.0 detergent formulations and ~ [42]
biodegradation of oil
Staphylococcus aureus 52 11.0 Most of the inorganic salts Biotechnological and [43]
and detergents industrial applications
Bacillus licheniformis 55 9.5 n-hexane, DMSO Promoting both hydrolytic as [17]
well as synthetic reactions
Thermotoga maritima 70 7.5 DL-dithiothreitol (DTT), [44]
Reduced glutathione
Trichosporon coremiiforme 50 10.0 Triton X-100, Tween-20, [45]
Glycerol
Bacillus thermoamylovorans 60 8.0 [46]
Talaromyces thermophilus 60 9.5 Ca™, K", Na™ [47]
Talaromyces thermophilus 60 9.5 [48]
Geobacillus sp. EPT9 55 8.5 [49]

Korman 45 4] FH 2 i) Ak 19 5 325 %k SR 6 F
Proteus mirabilis WRRINBEEA Teks , 1538 T — 1M
13 DR MK R K Dieselzyme 4,
Dieselzyme 4 7 50 °C [ 32 B HFAE A 30 1%
AMLAnE, HAE 50% H EE g 5 R BE AR A Y
50 1 . Liu ZES 1A FH 5 s PCR A1 il 1205 e A
i Penicillium cyclopium REWiEE, 52 1740
2 ANGA I FRAEIR LAIP/GATI, FREh A E s
AFH ARAR T AL AR LAIP BN G471, 45K
L41P, G471 Fll L41P/G471 £ 45 °C HIEZEI 4351 2
HPAERIRY 7. 13 F09 fi%5, T H 3 DRAMKM i [
J7 I E G BFAE U5 5 °C, Veno 250 F 54 PCR
A R R R, X R UE T Staphylococcus
epidermidis AT2 BRIl rT-M386 HH11is, 155

T 50 °C FEPEREF AR 5 50 55 A8 K G210C,
G210C FYfpeid s )i ik B b P A= B 5 20 °C, 50 °C 1Y
P IR AE Y 15 /55 Ak, rT-M386 H7EHK
S R gP<DHATEME, 1 G210C ZERM AN
JEARIEIE R P ERA TG . Zhang 250 F P4 5
PCR XTRUET Candida antarctica WINENTEEHAT
i, FRE]T 70 °C A rE R EF A 20 fHAYRARA,
Ak, Goomber ZPSIF F 54t PCR HiARSE] T H4
EVERE 6 1% Bl OV IR E R 15 °C 1Y Bacillus
NEWTEE AR GInl21-Arg, He ZP454 52 kAL,
F—FME R EN RIS X Rhizomucor miehei i
ATk, 53 AR e AN S SV B B R
(AR, iR RAWFIERM, R E ML F
BEnT LAAS SR 1 25 2 = i 2 A R MR W e
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VTR 1 7 A IR 3 R DA o i 9 01 3 15 = O A R
FHEAERT, MM O X IR A (A de, 53T
T ME RSP ARY Geobacillus stearothermophilus T6
Rt 81 f5 2 A8 A, Li 2RI 3 Rl
TR, 198 TRUEMES 5.5 5. b ROV
R 10 °C B Candida rugosa JIg Wi 2% 728 1K
Asp457Phe; WA, A TR FH 2 B 2% Rhizomucor
miehei RRNTBIET T 250000, 198 1 5l SO I EE
fem 143 °C. RUEMEREFAET 125 YRR
At Tshak 251 V7E s ot ot S ARG A T HE S S0 HT
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eI TI 55+ e s E s s A B AR
S ATIRAE, A55) T X AR EEALE O
SEA LI A BRI 32 R A 2 A8 AT . Kumar 251%)
FIHRE MR T, W3R AR5 5848
HATHA, SRR E R AT 168 5 R AR ARG
Uil LipRS, &5 REWN TR m e
(1% 278 A a5 B B0 o Li 251705 1 21 A [+
Xk s, 152 T fREEREE il $ R 22.53 °C
131.23 °C WM. Wu S5 SE LR i
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R M X AT —XT 0, 193817 50 °C 32
B 7 900 ZoA5 Y S AE (AN . Zhang 25N i
DT 1L, X Yarrowia lipolytica B Wi BEHIA T
FERGRAR A8 T Il R VRS S °C .
R 70% ARG, Zhao ZEUOFI 25 1

XA R R B, A4S 3 T 55 °C Fi 60 °C 2
REPEST AR 102.5 51 20 A5 548 R . bAoA
FHEPE TS 21 15 e M 0 25 12 5 1 2 R A IR i
Pt A A T B A R ELA )2 1 Tk AL
2.3 FEIBMIEIT

Rt i B8 e W4 T 2 1 o Ao I3 1 2
FOATRESUR R T e 81 B e —/ N 3, A i 4
A S e P BTG ) IR TR P b O DI, T il
) e M S T 0 = B R 1 A1 L7 BT A v
oA RV BE VARG, DRI B PR R R )
PSS G R HBENLIE AL E e HARHIR AL
R, PR S s I T E A B A S AR
2 g HARPRIR I EGE R, kR
FRPEEET(semi-rational design)®, 158 4k L
B HI LA |, PR B EAUSL, ATLA
TEARRARRE ERIBRA Fah g As , I SE e
/NGB PR R R HIT B T AR 245 R 5878

Wen U554 5 Ak . BRPESEH R B
i, XRIET Yarrowia lipolytica IR Lip2 #F
oo, 1980 TRE iR R 7 f5 A5 KRG . Zhang
U720 7] P el e e A 4 2 AN R AR IV A A 5%
AR, FXTIX 2 AN TR AR , 158 TR
P 8 P A S R . Yedavalli 27125 475
T SO RE A S AR, A5 3 T X H A 27 1
HsR g DS A8 A Tian 25755 & 5 a AL it
FNEAE, X Thermomyces lanuginosus RENiTEEIA TE&
T, AFE) 10 R A2 e 1 R AR (AT . Dror
SIS S PR R 7 e, ¥ Geobacillus
stearothermophilus JJE 7532 1 177 P 24 LR b%
R BRI IR R, BB TREHESY
87 fE ARG, (RIS PE iy 1 HGT B 321

3 PG AY E AL SE S Bk R R B

B T B T TRRER WA e At
Wi R P I SR 22— . I A ) 10
SR i — BB LAV AR RS AE7E , AL 58
MEHIEATIEIG BEh, FER PR, —SeBH
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AR L, BIUNREEAT pH ZEA078 L T BES 2L
M AL A IV SR, KR AL
RN JE AT SR GE AR R M, HoA e 4 R Ay
{8, BRI BEE 77 2 — e e AT
FISERT s BeAh, [ B AR EL S AR A R A B
S RREME, TTLENR IR T RERe A E
RS AR R I T A 2 18] (4 AR AR
I, B[ i aT LAAr B Ak 2 i o

TEYTEL A, WS 2R (8] R L A s A
e AR s HoT i A EAE R fEfb2adrikd, il
5 AR 2 18] 238 1208 s AN BRI R AE — 2 HAS
AJ 3l

3.1 YEAEE ERERAEE

3.1 RHMHMER

TEWG I R e A e, - Y EAEAE T |
KA EAEF . SV R B e R R e T, %
J7 R FHR AR R Z2 B0k BH 5 - F1 A B8 - Ac b s
A, RS, FALER . TTIELEDEE . . K
SRAT RN T 4 Z B L e — 2 T s Y. K
ZHIE Y 3 HE SCHR T SR I AR 2 A MR
A, BN HEESE T AFPREE, AR T
] 2 A FRAER B} o R B R A FR AR B ARG, K
T ISR, I, R I B
Z MR ik Z—.

Zare 24 Candida rugosa & IJiT(CRL)[H &
TEAE IR — W £, —Fs MIL-101 F15351) i 23 |
A R S SR R S S A N R R
CFERE MIL-101 |, 3X 4 Bl i w4
TIZEER pH FasErE, HIEEE —A =B I
TR B ) X R R £, —RERE MIL-101 |
FE e MRS 8 T WA R, BLAMEELE 4 Rt
BB NR IR 35 d ISR RELREF 80%—90% il
T, 2 B B E AT AR R CRL BAAE
Fa g M. de Almeida % VB 4li b 1) Candida
viswanathii [ )i SN I BE A fIE pH 4358
45 °C F1 4.0)[H e 7E I A PR e 4
=T 60 fF, AU, Zead 4 FeXTREEIRELRAAN

RRTR /KSR BEDR FE 100% (1761, 51721k Candida
viswanathii JRIFFERRTE pH A B4t e A
TP, DLW L 700 A T A2 14 R0 B9 i B 7K ff 1%
Pk, RUELLEGZOE . &l T2 Tk b5
A SR L AT 7Y B 0 R . Gao 45PN ok IR T
Burkholderia ambifaria WG i YCIO1 € TEARZ
FEP = AR RE BB R 1 rh LA B AR SR L
[ 7 A b 3 T O I T P RIS ] R
PR AR 2.2, BLBARE LS NE DT -3
B R RS A, ek YCI01 AMUERIL
ST pH RRE ARV E LA = B 4
MR NAERR G e, HEEMA 10 SRR
AR R ETE . AT 10 3R A R o
W IURA R}, 308 3ol R B0 [T 1) VA AR TR R 4
T ReNimE R AR E M
3.1.2  HEMIFHE

TR E Y, BEOR A 7EA fLAE B /s i
YR R G . SRR, BT
S SO A R A, AT 7S i TR R
HE R PR B S | 2 IS O SR/ M, IEAMZ 1%
FUVFBEFFEARXTHC B IS RN N PRApfe e, I HLB
KGR HE PRI 5 X [ vk ) 32 (] U2
X DLF ) 2 R ) DA R Y A= e AR N
B FLAR /N, HLME LS B0 R B 1y g T B
Omay ™ E 2014 4F Ho4 1[5 NIV W (R oy 390
2, G ARRUIPIRN A AR e b IR Wi S e
PEFIIE M, (RS2 PR AR AT T6% &1, 1
Wb e 41%, BIEPHEE ORI AT AL

Rehman 25 BOF FH &5 9294 Penicillium notatum
Wil (PNL) [ 7ERE SRR b, AR T HE M
FIBE pH YT N EALSCR,, I8 B4R T HA
FasE ks B ALy PNL LB — R 504G i M ER)
Fevk, (EHAEF Z ARkl B A B T IZ 0
R S7 . Jin ZE0TE G KA Z2 ) B b i I it
r27RCL [ EFEST A N . R+ /\ L B T fig
e b LAk aET, BT AR r27RCL (R THIFR
5 FLAE AR R R} rp ) o S 5 A 22 1] Y g 2K AH B
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YERIBGE Tz, IR &4 m 7 HERbiEYE, 1F
CLbEH R ME AT DLV R 52 1 5 o, e
e\ sefb A fb Ak A9 r27RCL E R AHH
5 SRATIRANE R IE R e e, R g SRR
[ EFEZAT B LAY r27RCL ZEARK A FRAEHE A
W5 | 7 B A= ML ) . Mohtar 258 F 05 4%
Geobacillus sp.JIGIiTifE ARM W 55T J4 [ & 7 b 7a
KEk I, [E kR ARM 7E 60-80 °C 43 45 5 19T
P, WIS 4 h; 7E pH 6.0-9.0 M5 R4 IS
P, 10 °C RPN 9 N H o BiRFRePESRET, e
Z TR E AR EA T e By Tk iy RS, HF
FRAEE SN T4 A3 ST A3 A A [
(77 Bk, Rt e T AN R
FaErE .

3.2 WEFHEEERERE

321 HMES

FEILMES G XA [ rikrh, B SR Z L
LM XS, WP R, Ea
HRIFIE RIS BE A R . FRIE | WRIse
FKALB Y IERRR L, flangsizmg . PR sk
KA G TR A 2R 5% 3L 55 5 AR MR Z 1) kA 4k
AR A5 | S S R 1 e r  EOL
i, L TR S IR B RS, PRUE T B
NI, S I AT LR E Bl 2 14 45 Fe) 7 18 3]
W AV RIF G pH SRR AR AR, W
TARUE T HASE M . R, Mg & nT LAk 2R B4y
TGP, TS EOL R E o EhE X A
(A, R 3 I 3 b S O R 28 A 2 TR A T B
T, SRS AT RE I & AR AH EAE S R
BHHEA,

Branco 2PNk I T B g G E T Pyrococcus
furiosus FRNEITEEPFUL), 2334 as & 7EmE s 1L
(IBEIEHE (A DTT, pH 7.0) 1 B S BH(pH 10.2)
I, SRR IR ETE LB R PFUL feidi 2
IR A 90 °C, FLZE 70 °C fR 48 h B3RIAEH
FasE . Rios 204 Pseudomonas fluorescens g1
PFL 435l LM 255 7E I - FE A B TR AL i B

JEwEsk ¥ b, Z2RKTE pH 5.0, 7.0 F1 9.0 UK
SANERIFEERIIE T, e e R e E iy
(PFL)&SEPE AT, T Ca® 48 5 [ 5 16 L
R REBUIRRE Y PFL B2 M. Gao ZEP0bK kgt
F Candida antarctica WIIEN;T B (CALB)[# Z7E 5.
SR CRETE A HLEEGIK AL W 8 T i
pH FeE k. 1% R B s Ry i A Ak 35 P AR
FEMTFRE T — 40 iEts, FFrTaetE4Fh LU i
Sy Tl B b AW TER N R AR
FOTIOUN SR A R R A, i AN 45 A e Y
Jy AEEBLT X RR AR P 4
322 KB

A8 HK [#] 7 P Aok A AR R A S8 R 1 ) Jo 5 it
1), ZWHNEA 2 K, GBS IR TR
FAIEIR R IASE AT 00T+ NG TR AR, e
T A BN B I S A S IR R A PRt
RETE BUSCHKHG . SCHRRG A . SCHREER G L A8
WK% TG B THERR T RUASZ R e, SCHREERY
FEAR SR AL A B TE M . SRR MERRAE
FERA, L FEA AT REARAS B AR K AR E B9 Tl
FHT

Guajardo 2" 3 A R SR A W ) 5 X
T Candida antarctica JRWilE(CALB), B & T
HAZEME, RAF 14 d IGPEZ2ZT0i, 207k E R
g 107 Tk (%) % 1 80 38 L A R O [ 72 fb CALB 5
30%, HEZMH 6 {825 ih iRk . Rehman
AV AR AR AR N SEBEHE Y e A1
WAZHRHE E Pencillium notatum &N HE(PNL), A
IVHEE T PNL XR8P pH AT 32 M Al s SO i
JE, R ERE T HRRRE M, SRRV
(14 1 107 it EL A P A 1 Tk B P . Zhang Z5010%
I FH A2 30 i1 7 1 RS 1 o L AR AR 2 PR R T T
PG AL G NG T (CLEAS), IHIR-80 154k il #
CLEAs RILH BIF I A e, BRIV
1kt CLEAs Rl T84 sl . Ao
HUSTT S SR A R R A, a3 S [ < B4
LI T TR VMRS A AN R R B 4 5
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4 TR He AR s Atk A oA 5 ¥

B T B P 3 B ST T AR RN ) [
W B 20 456 22 Fh 7 ok 2 55 i i il 1 2
SEVE. Blanco 25U Nl 1o i /K M EL A FEAE I 0 i 17
FE B A RALAR . RIS A AR T E T A AR
b, FTER RPN PEG BARFER AW, B8
R R EE . Cao UM 1L FE Yarrowia
lipolytica |G N B MEALAR R A B- MRS A3 5
%X BRI 321 . Jayawardena 25 O] SR
FERE . RH PRI FNER & X BRI T Candida
antarctica 1 Humicola lanuginosa WINGINTHE2+ I-
ST, WS T B eI L
Y B P AR 1k

Kajiwara ") 1 45 e 4 B4 K 5T Candida
cylindracea WIS FHRE IV 2 BT I TH 1Y) e 5Pk
SRR GE G, 1A 1051 A R SR B e A LI
FETEMIE LT Bk, AT AR — D4 i i e
AHLER PR E T, Li VAR AR i
IR FIAARXT Candida rugosa IR Wil &1,
PR TIZMEATETE . BERE Tk . A LA
Tt 32 1 LA BT MR T 7K A s 1 Al BE RN pHL {E AR 4k
& WM, JEH 2 [HOOCEPEG;solm][H,PO, ] & ffii
Ji, B 50 °C RS E SRR T 5 A%, X 60% —
FOE IR A IR 32 PR e T 13 %, X 5% FF sin 32 142
T 3445,

Moura 2 U3V F) FH e BF 2 167 8 R B9 5 85 8
Candida antarctica RGN EFE AR EE |, A
ASHR R T S e ) SR ik S W FE AT pHL L, 421
T HBFE AT ML R TN 52 . Yuzbasheva
AR AN RE R YIPirlp dlad NS A2
A FE T B 41 i 2% 17 R R A I R G B IS
Lip2p, 455 & B /s B A ML 00 T 15 70 s e
(ERTE T

Khan UG5S MRS RIZE M 2, B4R
B T W85 Bacillus subtilis I8 Wi fif# 00 #4521k
Matsumoto %! Vi xof 76 5% ik S vy Hh Sl FH R R A 42

SRRV IE Wi BEUEA THRAL R, S T B A5 PR A
PRUEVERIL S . Zaak gAMb A BRI AY
a1k, R &0 0 Jie 5 — A6 o2 AR g
fitg, WASRIRREERE S TIXME TR Tk
5 BgERY

VR A £ WA A0 00 04 3 A= 00 B I 86 L AE 32 3]k
SRR VZ FIRAMIDETE, (R R ZE A R A
B E MR 2, 1RSI TR T 245 5 i 2k
I, NSRBI A TR S T3 EIRRWE 2 A A0 Tl
IR RIREITEG, — T, K8 AE R P B I
PR, LR IR e M e, AR SE R &
41, FURRIK PR BRI i A AR M 1 B
fitg; 5—Jri, EORTERFB e L, B
PEVCTF R EE BT ) . W e Ak . R/ Ak
S LA S R T RN SRR R, AN RE (Y
FeoE M B, IR I A B 2R
2 6= 31 1Y O VANV P AT P G R e = Oy 1
W A Hb % SR AN 5 AR AR R SR D5

T PR TR A R 8 AR A 12 3 B A 1 15 R
H, G2l k. B, AR DNA
shuffling $ A FIE #1288 X 3 A B R AE 451
VETIEH . WEIRFIVE Y T AE 1y L3 AN TR B Y 2
[ WF146 . Sphericase 1 S41 #EATE A THiiE, 5
BGFEE AL, R BUORIET g4 S41 g ik
it Sphericase FUA5F T RESE = Vg #A T WF 146 (1952
EVE, XX LT T — R A ELLS , 155
T 80 °C 1 85 °C FaE P43 M R4y 4.5 fi5F0 13 £
FL T, fHAR55 5.5 °C RV g™ esh, A
AN o 25 BRI WF146 A g4,
HITTE A FERRAL 5 | ARIPE SRR 2 BRI Pro
FAEERAZ R N63P . N66P Fll N63P/N66P, 455 % Bl
X3 ANGRASRESEAS IR AR T R AR
WF146 my#daoett, HoseaE{k N63P/A66P 7
80°C My e B A AUERAY 2.8 £ I ERA
WF5T Ca® 7 WF146 8 (BN T pzad v i FE
KB Ca> X WF146 & FIEEIETE . 0 Tl 72
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FA1 K BB BRL AW 19 Ca i, WF146 2E [ i i
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N 1

PEAT i BEARRMELIE AN [] R A g 0 T
RORIHTIFST . AATRRM, 2T b fe- Pk
ih R E IR AR TR T -
WAL . 5 TR T BB AL A 1 . A 1]
T - AR 2P AB A 25 A e B — G T
HAT B R oK

REFERENCES

[1] Sarmah N, Revathi D, Sheelu G, et al. Recent advances on
sources and industrial applications of lipases[J]. Biotechnology
Progress, 2018, 34(1): 5-28

[2] Angajala G, Pavan P, Subashini R. Lipases: an overview of its
current challenges and prospectives in the revolution of
biocatalysis[J]. Biocatalysis and Agricultural Biotechnology,
2016, 7: 257-270

[3] Shelatkar T, Padalia U, Student P. Lipase: an overview and its
industrial applications[J]. International Journal of Engineering
Science, 2016, 6(10): 2629-2631

[4] Negi S. Lipases: a promising tool for food
industry[A]//Parameswaran B, Varjani S, Raveendran S. Green
Bio-processes: Enzymes in Industrial Food Processing[M].
Singapore: Springer, 2019: 181-198

[5] Salihu A, Alam MZ. Solvent tolerant lipases: a review[J].
Process Biochemistry, 2015, 50(1): 86-96

[6] Mehta A, Bodh U, Gupta R. Fungal lipases: a review[J]. Journal
of Biotech Research, 2017, 8(1): 58-77

[7] Javed S, Azeem F, Hussain S, et al. Bacterial lipases: a review
on purification and characterization[J]. Progress in Biophysics
and Molecular Biology, 2018, 132: 23-34

[8] Bruins ME, Janssen AEM, Boom RM. Thermozymes and their
applications: a review of recent literature and patents[J].
Applied Biochemistry and Biotechnology, 2001, 90(2): 155-186

[9] Vieille C, Zeikus GJ. Hyperthermophilic enzymes: sources,
uses, and molecular mechanisms for thermostability[J].
Microbiology and Molecular Biology Reviews, 2001, 65(1):
1-43

[10] Fotouh DMA, Bayoumi RA, Hassan MA. Production of
thermoalkaliphilic lipase from Geobacillus thermoleovorans
DA2 and application in leather industry[J]. Enzyme Research,
2016, 2016: 9034364

[11] Estupifian M, Buruaga C, Pastor F1J, et al. Shift in Bacillus sp.
JR3 esterase LipJ activity profile after addition of essential

residues from family 1.5 thermophilic lipases[J]. Biochemical
Engineering Journal, 2019, 144: 166-176

[12] Haki GD, Rakshit SK. Developments in industrially important
thermostable enzymes: a review[J]. Bioresource Technology,
2003, 89(1): 17-34

[13] Sani RK, Krishnaraj RN. Extremophilic enzymatic processing
of lignocellulosic feedstocks to bioenergy[M]. Cham: Springer,
2017: 249-270

[14] Bhosale H, Shaheen U, Kadam T. Characterization of a
hyperthermostable alkaline lipase from Bacillus sonorensis
4R[J]. Enzyme Research, 2016, 2016: 4170684

[15] Christopher LP, Zambare VP, Zambare A, et al. A
thermo-alkaline lipase from a new thermophile Geobacillus
thermodenitrificans AV-5 with potential application in biodiesel
production[J].  Journal of Chemical
Biotechnology, 2015, 90(11): 2007-2016

[16] Sun QQ, Wang H, Zhang HT, et al. Heterologous production of
an acidic thermostable lipase with broad-range pH activity from

Technology &

thermophilic fungus Neosartorya fischeri P1[J]. Journal of
Bioscience and Bioengineering, 2016, 122(5): 539-544

[17] Sharma S, Kanwar SS. Purification and bio-chemical
characterization of a solvent-tolerant and highly thermostable

SCD11501[7J].
Proceedings of the National Academy of Sciences, India Section
B: Biological Sciences, 2017, 87(2): 411-419

[18] Golaki BP, Aminzadeh S, Karkhane AA, et al. Cloning,
expression, purification, and characterization of lipase 3646

lipase of Bacillus licheniformis strain

from thermophilic indigenous Cohnella sp. AO1[J]. Protein
Expression and Purification, 2015, 109: 120-126

[19] Bakir Z, Metin K. Purification and characterization of an
alkali-thermostable lipase from thermophilic Anoxybacillus
flavithermus HBB 134[J]. Journal of Microbiology and
Biotechnology, 2016, 26(6): 1087-1097

[20] Schreck SD, Grunden AM. Biotechnological applications of
halophilic lipases and thioesterases[J]. Applied Microbiology
and Biotechnology, 2014, 98(3): 1011-1021

[21] Ishikawa T, Minegishi H, Shimane Y. Production and
characterization of halophilic esterase and lipase from
halophilic microorganisms[J]. Studia Universitatis
Babes-Bolyai, Biologia, 2019, 64(1): 124-124,121p

[22] Ai L, Huang YP, Wang C. Purification and characterization of
halophilic lipase of Chromohalobacter sp. from ancient salt
well[J]. Journal of Basic Microbiology, 2018, 58(8): 647-657

[23] Neagu S, Cojoc R, Tudorache M, et al. The lipase activity from
moderately halophilic and halotolerant microorganisms
involved in bioconversion of waste glycerol from biodiesel
industry[J]. Waste and Biomass Valorization, 2018, 9(2):
187-193

[24] Ghati A, Paul G. Purification and characterization of a
thermo-halophilic, alkali-stable and extremely benzene tolerant
esterase from a thermo-halo tolerant Bacillus cereus strain
AGP-03, isolated from ‘Bakreshwar’ hot spring, India[J].
Process Biochemistry, 2015, 50(5): 771-781

[25] Esakkiraj P, Prabakaran G, Maruthiah T, et al. Purification and
characterization of halophilic alkaline lipase from Halobacillus
sp.[J]. Proceedings of the National Academy of Sciences, India

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



TREEMREE: TR ARG E PRI STt

1969

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Section B: Biological Sciences, 2016, 86(2): 309-314

Kuddus M. Enzymes in Food Biotechnology: Production,
Applications, and Future Prospects[M]. Salt Lake City:
Academic Press, 2019: 817-825

Salwoom L, Rahman RNZRA, Salleh AB,
recombinant cold-adapted and organic solvent tolerant lipase
from psychrophilic Pseudomonas sp. LSK25, isolated from
Signy Island Antarctica[J]. International Journal of Molecular
Sciences, 2019, 20(6): 1264

Ganasen M, Yaacob N, Rahman RNZRA, et al. Cold-adapted
organic solvent tolerant alkalophilic family 1.3 lipase from an
Antarctic Pseudomonas[J]. International Journal of Biological
Macromolecules, 2016, 92: 1266-1276

Ji XL, Li S, Wang BQ, et al. Expression, purification and
characterization of a functional, recombinant, cold-active lipase
(LipA) from psychrotrophic Yersinia enterocolitica[J]. Protein
Expression and Purification, 2015, 115: 125-131

Maharana AK, Singh SM. A cold and organic solvent tolerant
lipase produced by Antarctic strain Rhodotorula sp. Y-23[J].
Journal of Basic Microbiology, 2018, 58(4): 331-342

Madigan MT, Martinko JM, Parker J. Brock Biology of
Microorganisms[M]. 9th ed. Upper Saddle River: Prentice Hall,
2000: 1-33

Tambekar DH, Tambekar S, Bijwe PA. Production and partial
characterization of lipase from halo-alkaliphilic Pseudomonas
aeruginosa[J]. International Journal of Advances in Pharmacy,
Biology and Chemistry, 2015, 4(3): 584-589
Ji XL, Chen GY, Zhang Q, et al
characterization of an extracellular cold-adapted alkaline lipase

et al. New

Purification and

produced by psychrotrophic bacterium Yersinia enterocolitica
strain KM1[J]. Journal of Basic Microbiology, 2015, 55(6):
718-728

Niyonzima FN, More SS. Microbial detergent compatible
lipases[J]. Journal of Scientific & Industrial Research, 2015, 74:
105-113
Akmoussi-Toumi

S, Khemili-Talbi et al.

Purification and characterization of an organic solvent-tolerant

S, Ferioune I,

and detergent-stable lipase from Haloferax mediterranei

CNCMM  50101[J]. International Journal of Biological
Macromolecules, 2018, 116: 817-830
Ameri A, Shakibaie M, Faramarzi MA, et al

Thermoalkalophilic lipase from an extremely halophilic

bacterial strain Bacillus atrophaeus FSHM2: purification,
biochemical characterization and application[J]. Biocatalysis
and Biotransformation, 2017, 35(3): 151-160

Bacha AB, Al-Assaf A, Moubayed NMS, et al. Evaluation of a
novel thermo-alkaline Staphylococcus aureus lipase for
application in detergent formulations[J]. Saudi Journal of
Biological Sciences, 2018, 25(3): 409-417

Garcia-Silvera EE, Martinez-Morales F, Bertrand B, et al.
Production and application of a thermostable lipase from
Serratia marcescens in detergent formulation and biodiesel
production[J]. Biotechnology and Applied Biochemistry, 2018,
65(2): 156-172

Gururaj P, Ramalingam S, Devi GN, et al. Process optimization
for production and purification of a thermostable, organic

solvent tolerant lipase from Acinetobacter sp. AUO7T[J].

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

Brazilian Journal of Microbiology, 2016, 47(3): 647-657

Liu G, Hu SQ, Li L, et al. Purification and characterization of a
lipase with high thermostability and polar organic
solvent-tolerance from Aspergillus niger ANO0512[J]. Lipids,
2015, 50(11): 1155-1163

Priji P, Sajith S, Faisal PA, et al. Pseudomonas sp. BUP6
produces a lipase  with
trans-esterification efficiency in producing biodiesel[J]. 3
Biotech, 2017, 7(6): 369

Priyanka P, Kinsella G, Henehan GT, Isolation,
purification and characterization of a novel solvent stable lipase
Protein Expression and

thermotolerant alkaline

et al.

from Pseudomonas reinekei[J].
Purification, 2019, 153: 121-130
Raza FA, Sabri AN, Rehman A, et al. Characterization of
thermophilic alkaline lipase produced by Staphylococcus aureus
suitable for leather and detergent industries[J]. Iranian Journal
of Science and Technology, Transactions A: Science, 2017,
41(2): 287-294

Tian R, Chen HY, Ni Z, et al. Expression and characterization of
a novel thermo-alkalistable lipase from hyperthermophilic
bacterium Thermotoga maritima[J]. Applied Biochemistry and
Biotechnology, 2015, 176(5): 1482-1497

Wang JR, Li YY, Liu DN. Gene cloning, high-level expression,
and characterization of an alkaline and thermostable lipase from
Trichosporon coremiiforme V3[J]. Journal of Microbiology and
Biotechnology, 2015, 25(6): 845-855
Yamada C, Sawano K, Iwase N,
characterization of a thermostable

et al. Isolation and
lipase from Bacillus
thermoamylovorans NB501[J]. Journal of General and Applied
Microbiology, 2016, 62(6): 313-319

Zhang X, Li XQ, Xia LM. Expression of a thermo-alkaline
lipase gene from Tularomyces thermophilus in recombinant
Pichia pastoris[J]. Biochemical Engineering Journal, 2015, 103:
263-269

Zhang X, Li XQ, Xia LM. Heterologous expression of an alkali
and thermotolerant lipase from Talaromyces thermophilus in
Trichoderma reesei[J]. Applied
Biotechnology, 2015, 176(6): 1722-1735
Zhu YB, Li HB, Ni H,
characterization of a

Biochemistry and

et al. Molecular cloning and
thermostable lipase from deep-sea
thermophile Geobacillus sp. EPT9[J]. World Journal of
Microbiology and Biotechnology, 2015, 31(2): 295-306

Van Beilen JB, Li Z. Enzyme technology: an overview[J].
Current Opinion in Biotechnology, 2002, 13(4): 338-344

Singh RK, Tiwari MK, Singh R, et al. From protein engineering
to immobilization: promising strategies for the upgrade of
industrial enzymes[J]. International Journal of Molecular
Sciences, 2013, 14(1): 1232-1277

Hibbert EG, Dalby PA. Directed evolution strategies for
improved enzymatic performance[J]. Microbial Cell Factories,
2005, 4(1): 29

Schmidt-Dannert C, Arnold FH. Directed evolution of industrial
enzymes[J]. Trends in Biotechnology, 1999, 17(4): 135-136

B, Charbonneau DM, et al.
Dieselzymes: development of a stable and methanol tolerant

Korman TP, Sahachartsiri

lipase for biodiesel production by directed evolution[J].
Biotechnology for Biofuels, 2013, 6(1): 70

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



1970 A IR Microbiol. China
[55] Liu YH, Liu H, Huang L, et al. Improvement in thermostability [69] Zhang HT, Sang JC, Zhang Y, et al. Rational design of a

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

Tel:

of an alkaline lipase I from Penicillium cyclopium by directed
evolution[J]. RSC Advances, 2017, 7(61): 38538-38548

Veno J, Kamarudin NHA, Ali MSM, et al. Directed evolution of
recombinant C-terminal truncated Staphylococcus epidermidis
Lipase AT2 for the enhancement of thermostability[J].
International Journal of Molecular Sciences, 2017, 18(11): 2202
Zhang NY, Suen WC, Windsor W, et al. Improving tolerance of
Candida antarctica lipase B towards irreversible thermal
inactivation through directed evolution[J]. Protein Engineering,
Design and Selection, 2003, 16(8): 599-605

Goomber S, Kumar R, Singh R, et al. Point mutation
GInl21-Arg increased temperature optima of Bacillus lipase
(1.4 subfamily) by fifteen degrees[J]. International Journal of
Biological Macromolecules, 2016, 88: 507-514

He D, Luo W, Wang ZY, et al. Establishment and application of
a modified membrane-blot assay for Rhizomucor miehei lipases
their
thermostability[J]. Enzyme and Microbial Technology, 2017,
102: 35-40

Korendovych IV. Rational protein
design[A]//Bornscheuer UT, Hohne M. Protein Engineering:
Methods and Protocols[M]. New York: Humana Press, 2018:
15-23

Chopra N, Kaur J. Point mutation Argl53-His at surface of
Bacillus lipase contributing towards increased thermostability
and ester synthesis: insight into molecular network[J].
Molecular and Cellular Biochemistry, 2018, 443(1/2): 159-168
Gihaz S, Kanteev M, Pazy Y, et al. Filling the void: introducing

aimed at improving methanol tolerance  and

and  semirational

aromatic interactions into solvent tunnels to enhance lipase
stability in  methanol[J]. Applied
Microbiology, 2018, 84(23): ¢02143-18
Li GL, Chen Y, Fang XR, et al. Identification of a hot-spot to
enhance Candida rugosa lipase thermostability by rational
design methods[J]. The Royal Society of Chemistry Advances,
2018, 8: 1948-1957

Li GL, Fang XR, Su F, et al. Enhancing the thermostability of
Rhizomucor miehei lipase with a limited screening library by
rational-design point mutations and disulfide bonds[J]. Applied
and Environmental Microbiology, 2018, 84(2): €02129-17

Ishak SNH, Masomian M, Kamarudin NHA, et al. Changes of
thermostability, organic solvent, and pH stability in Geobacillus
zalihae HT1 and its mutant by calcium ion[J]. International
Journal of Molecular Sciences, 2019, 20(10): 2561

Kumar R, Singh R, Kaur J. Combinatorial reshaping of a lipase
structure for thermostability: additive role of surface stabilizing
single point mutations[J]. Biochemical and Biophysical
Research Communications, 2014, 447(4): 626-632

Li LL, Zhang SH, Wu WK, et al. Enhancing thermostability of
Yarrowia lipolytica lipase 2 through engineering multiple
disulfide bonds and mitigating reduced lipase production
associated with disulfide bonds[J].
Technology, 2019, 126: 41-49

Wu JP, Li M, Zhou Y, et al. Introducing a salt bridge into the
lipase of Stenotrophomonas maltophilia results in a very large
increase in thermal stability[J]. Biotechnology Letters, 2015,
37(2): 403-407

and Environmental

Enzyme and Microbial

[70]

[71]

[72]

(73]

[74]

[75]

[76]

(771

[78]

[79]

[80]

[81]

[82]

(83]

Yarrowia  lipolytica  derived for
thermostability[J].  International Journal
Macromolecules, 2019, 137: 1190-1198
Zhao JF, Wang Z, Gao FL, et al. Enhancing the thermostability
of Rhizopus oryzae lipase by combined mutation of hot-spots
and engineering a disulfide bond[J]. RSC Advances, 2018,
8(72): 41247-41254

Wen S, Tan TW, Zhao HM. Improving the thermostability of
lipase Lip2 from Yarrowia lipolytica[J].
Biotechnology, 2013, 164(2): 248-253

Zhang JH, Lin Y, Sun YF, et al. High-throughput screening of B

factor

lipase improved

of  Biological

Journal of

saturation —mutated Rhizomucor miehei lipase
thermostability based on synthetic reaction[J]. Enzyme and
Microbial Technology, 2012, 50(6/7): 325-330

Yedavalli P, Rao NM. Engineering the loops in a lipase for
stability in DMSO[J]. Protein Engineering,
Selection, 2013, 26(4): 317-324

Tian KY, Tai K, Chua BJW, et al. Directed evolution of
Thermomyces lanuginosus lipase to enhance methanol tolerance
for efficient production of biodiesel from waste grease[J].
Bioresource Technology, 2017, 245: 1491-1497

Dror A, Kanteev M, Kagan I, et al. Structural insights into
methanol-stable variants of lipase T6 from Geobacillus
stearothermophilus[J]. Applied Microbiology
Biotechnology, 2015, 99(22): 9449-9461

Dwevedi A. Basics of enzyme immobilization[A]/Dwevedi A.
Enzyme Immobilization: Advances in Industry, Agriculture,
Medicine, and the Environment[M]. Cham: Springer, 2016:
21-44

Liu DM, Chen J, Shi YP. Advances on methods and easy
separated support materials for enzymes immobilization[J].
TrAC Trends in Analytical Chemistry, 2018, 102: 332-342

Zare A, Bordbar AK, Jafarian F, et al. Candida rugosa lipase
immobilization on various chemically modified Chromium
terephthalate MIL-101[J]. Journal of Molecular Liquids, 2018,
254: 137-144

de Almeida AF, Terrasan CRF, Terrone CC, et al. Biochemical
properties of free and immobilized Candida viswanathii lipase
on octyl-agarose support: hydrolysis of triacylglycerol and soy
lecithin[J]. Process Biochemistry, 2018, 65: 71-80

Gao Z, Chu JL, Jiang TY, et al. Lipase immobilization on
functionalized mesoporous  TiO,: specific  adsorption,
hyperactivation and application in cinnamyl
synthesis[J]. Process Biochemistry, 2018, 64: 152-159
Ferreira MM, Santiago FLB, Da Silva NAG, et al. Different
strategies to immobilize lipase from Geotrichum candidum:
kinetic and thermodynamic studies[J]. Process Biochemistry,
2018, 67: 55-63

Asmat S, Husain Q, Khan MS. A polypyrrole-methyl
anthranilate

Design and

and

acetate

functionalized worm-like titanium dioxide
nanocomposite as an innovative tool for immobilization of
lipase: preparation, activity, stability and molecular docking
investigations[J]. New Journal of Chemistry, 2018, 42(1):
91-102

Aghababaie M, Beheshti M, Bordbar AK, et al. Novel
approaches to immobilize Candida

rugosa lipase on

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



TREEMREE: TR ARG E PRI STt

1971

[84]

[85]

(86]

[87]

[88]

(89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

nanocomposite membranes prepared by covalent attachment of
magnetic nanoparticles on poly acrylonitrile membrane[J]. RSC
Advances, 2018, 8(9): 4561-4570

Vobérkova S, Sol¢any V, Vrsanska M, et al. Immobilization of
ligninolytic enzymes from white-rot fungi in cross-linked
aggregates[J]. Chemosphere, 2018, 202: 694-707

Omay D. Immobilization of lipase onto a photo-crosslinked
polymer network: characterization and polymerization
applications[J]. Biocatalysis, 2014, 32(2): 132-140

Rehman S, Wang P, Bhatti HN, et al. Improved catalytic
properties of Penicillium notatum lipase immobilized in
nanoscale silicone polymeric films[J]. International Journal of
Biological Macromolecules, 2017, 97: 279-286

Jin WB, Xu Y, Yu XW. Improved catalytic performance of
lipase under non-aqueous conditions by entrapment into
alkyl-functionalized mesoporous silica[J]. New Journal of
Chemistry, 2019, 43(1): 364-370

Mohtar NS, Rahman MBA, Mustafa S, et al. Spray-dried
immobilized lipase from Geobacillus sp. strain ARM in sago[J].
PeerJ, 2019, 7: ¢6880

Hou C, Wang Y, Zhu H, et al. Formulation of robust
organic—inorganic hybrid magnetic microcapsules through

hard-template mediated method for efficient enzyme
immobilization[J]. Journal of Materials Chemistry B, 2015,
3(14): 2883-2891

Nicoletti G, Cipolatti EP, Valério A, et al. Evaluation of different
methods for immobilization of Candida antarctica lipase B
(CalB lipase) in polyurethane foam and its application in the
production of geranyl propionate[J]. Bioprocess and Biosystems
Engineering, 2015, 38(9): 1739-1748

Akoz E, Sayin S, Kaplan S, et al. Improvement of catalytic
activity of lipase in the presence of calix[4]arene valeric acid or
hydrazine  derivative[J]. = Bioprocess  and
Engineering, 2015, 38(3): 595-604

Cirillo G, Nicoletta FP, Curcio M, et al. Enzyme immobilization

Biosystems

on smart polymers: catalysis on demand[J]. Reactive and
Functional Polymers, 2014, 83: 62-69

Sharifi M, Robatjazi SM, Sadri M, et al. Immobilization of
organophosphorus hydrolase enzyme by covalent attachment on
modified
activation strategies: characterization and stability studies[J].
Chinese Journal of Chemical Engineering, 2019, 27(1): 191-199
Branco RV, Gutarra MLE, Guisan JM, et al. Improving the

thermostability and optimal temperature of a lipase from the

cellulose microfibers using different chemical

hyperthermophilic archaeon Pyrococcus furiosus by covalent
immobilization[J]. Biomed Research International, 2015, 2015:
250532

Rios NS, C, Arana-Pena S, et al
Immobilization of lipase from Pseudomonas fluorescens on
beads:
reusability[J]. Biochimica et Biophysica Acta (BBA) - Proteins
and Proteomics, 2019, 1867(9): 741-747

Gao J, Kong WX, Zhou LY, et al. Monodisperse core-shell
magnetic organosilica nanoflowers with radial wrinkle for

Mendez-Sanchez

glyoxyl-octyl-agarose improved  stability and

lipase immobilization[J]. Chemical Engineering Journal, 2017,

309: 70-79

[97] Wang XY, Jiang XP, Li Y, et al. Preparation Fe;Os@chitosan
magnetic particles for covalent immobilization of lipase from
Thermomyces  lanuginosus[J]. International Journal of
Biological Macromolecules, 2015, 75: 44-50

[98] Mehrasbi MR, Mohammadi J, Peyda M, et al. Covalent
immobilization of Candida antarctica lipase on core-shell
magnetic nanoparticles for production of biodiesel from waste
cooking oil[J]. Renewable Energy, 2017, 101: 593-602

[99] Cakmak¢i E, Muhsir P, Demir S. Physical and covalent
immobilization of Lipase onto amine groups bearing thiol-ene
photocured  coatings[J].  Applied
Biotechnology, 2017, 181(3): 1030-1047

[100]Hou C, Zhu H, Li YF, et al. Facile synthesis of oxidic
PEG-modified magnetic nanospheres  for
Candida  rugosa  lipase  immobilization[J].  Applied
Microbiology and Biotechnology, 2015, 99(3): 1249-1259

[101]La Rotta Hernandez CE, Liitz S, Liese A, et al. Activity and
stability of Caldariomyces fumago chloroperoxidase modified

Biochemistry  and

polydopamine

by reductive alkylation, amidation and cross-linking[J]. Enzyme
and Microbial Technology, 2005, 37(6): 582-588

[102]Guajardo N, Ahumada K, De Maria PD, et al. Remarkable
stability of Candida antarctica lipase B immobilized via
cross-linking aggregates (CLEA) in deep eutectic solvents[J].
Biocatalysis and Biotransformation, 2019, 37(2): 106-114

[103]Rehman S, Bhatti HN, Bilal M, et al. Cross-linked enzyme
aggregates (CLEAs) of Pencilluim notatum lipase enzyme with
improved activity, stability and reusability characteristics[J].
International Journal of Biological Macromolecules, 2016, 91:
1161-1169

[104]Zhang WW, Yang XL, Jia JQ, et al. Surfactant-activated
magnetic cross-linked enzyme aggregates (magnetic CLEAs) of
Thermomyces lanuginosus lipase for biodiesel production[J].
Journal of Molecular Catalysis B: Enzymatic, 2015, 115: 83-89

[105]Liu Y, Guo C, Liu CZ. Enhancing the resolution of
(R,S)-2-octanol catalyzed by magnetic cross-linked lipase
aggregates using an alternating magnetic field[J]. Chemical
Engineering Journal, 2015, 280: 36-40

[106]Pico EA, Loépez C, Cruz-lzquierdo A, et al. Easy reuse of
magnetic cross-linked enzyme aggregates of lipase B from
Candida antarctica to obtain biodiesel from Chlorella vulgaris
lipids[J]. Journal of Bioscience and Bioengineering, 2018,
126(4): 451-457

[107]Cui JD, Cui LL, Jia SR, et al. Hybrid cross-linked lipase
aggregates with magnetic nanoparticles: a robust and recyclable
biocatalysis for epoxidation of oleic acid[J]. Journal of
Agricultural and Food Chemistry, 2016, 64(38): 7179-7187

[108]Blanco RM, Roldan I. Two additives to improve stability of
immobilized lipase[J]. Biocatalysis and Biotransformation,
2018, 36(3): 224-232

[109]Cao H, Jiang Y, Zhang HY, et al. Enhancement of methanol
resistance of Yarrowia lipolytica lipase 2 using B-cyclodextrin
as an additive: insights from experiments and molecular
dynamics simulation[J]. Enzyme and Microbial Technology,
2017, 96: 157-162

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



1972 TEY I8

Microbiol. China

[110]Jayawardena MB, Yee LH, Poljak A, et al. Enhancement of
lipase stability and productivity through chemical modification
and its application to latex-based polymer emulsions[J]. Process
Biochemistry, 2017, 57: 131-140

[111]Kajiwara S, Komatsu K, Yamada R, et al. Improvement of the
organic solvent stability of a commercial lipase by chemical
modification with dextran[J]. Biochemical Engineering Journal,
2019, 142: 1-6

[112]Li XJ, Zhang C, Li S, et al. Improving catalytic performance of
Candida rugosa lipase by chemical modification with
polyethylene glycol functional ionic liquids[J]. Industrial &
Engineering Chemistry Research, 2015, 54(33): 8072-8079

[113]Moura MVH, Da Silva GP, De Oliveira Machado AC, et al.
Displaying lipase B from Candida antarctica in Pichia pastoris
using the yeast surface display approach: prospection of a new
anchor and characterization of the whole cell biocatalyst[J].
PLoS One, 2015, 10(10): e0141454

[114]Yuzbasheva EY, Yuzbashev TV, Perkovskaya NI, et al. Cell
surface display of Yarrowia lipolytica lipase Lip2p using the
cell wall protein YIPirlp, its characterization, and application as
a whole-cell biocatalyst[J]. Applied Biochemistry and
Biotechnology, 2015, 175(8): 3888-3900

[115]Khan MF, Kundu D, Hazra C, et al. A strategic approach of
enzyme engineering by attribute ranking and enzyme
immobilization on zinc oxide nanoparticles to attain

thermostability in mesophilic Bacillus subtilis lipase for
detergent formulation[J]. International Journal of Biological
Macromolecules, 2019, 136: 66-82
[116]Matsumoto M, Matsui E. Enhanced
thermostability of lipase pretreated with carboxylic and

activities and

perflurocarboxylic acids in transesterification[J]. Journal of
Chemical Technology & Biotechnology, 2018, 93(11):
3219-3222

[117]Zaak H, Fernandez-Lopez L, Otero C, et al. Improved stability
of immobilized lipases via modification with polyethylenimine
and glutaraldehyde[J]. Enzyme and Microbial Technology,
2017, 106: 67-74

[118]Xu BL, Dai MH, Chen YH, et al. Improving the thermostability
and activity of a thermophilic subtilase by incorporating
structural elements of its psychrophilic counterpart[J]. Applied
and Environmental Microbiology, 2015, 81(18): 6302-6313

[119]Zhu H, Xu BL, Liang XL, et al. Molecular basis for auto- and
hetero-catalytic maturation of a thermostable subtilase from
thermophilic Bacillus sp. WF146[J]. Journal of Biological
Chemistry, 2013, 288(48): 34826-34838

[120]Liang XL, Bian Y, Tang XF, et al. Enhancement of keratinolytic
activity of a thermophilic subtilase by improving its autolysis
resistance and thermostability under reducing conditions[J].
Applied Microbiology and Biotechnology, 2010, 87(3):
999-1006

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



