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Abstract: Effects of different types and concentrations of surfactants on the lipase/ activity and phospholipase activity of the Gibberella
Zeae lipase (GZEL) and its corresponding optimum pH were examined by automatic potentiometric titration, to provide scientific guidance for
further evaluation on the application potential of the lipase in the detergent industry. Results revealed that both anionic and cationic surfactants
exerted inhibitory effects on the lipase activity and phospholipase activity of GZEL, and the inhibition increased with an increase of the
surfactant concentration, with a surfactant concentration higher than its critical micelle concentration causing the complete loss of the activity of
the enzyme protein. In the presence of an anionic surfactant (sodium N-lauroylsarcosinate, sodium dodecyl sulfate (SDS), sodium
taurodeoxycholate (NATDC), the optimal pH for the phospholipase activity of GZEL was changed from pH 6.0 to pH 7.0. Different nonionic
surfactants had different effects on both activities of GZEL at concentrations lower than their corresponding critical micelle concentrations: At a
concentration of 7.0 mM, octyl-j-d-glucopyranoside increased the lipase activity (by 22.97%) and phospholipase activity (by 3.11%) of GZEL,
whereas, at 0.05 mM, Triton X-100 reduced the lipase activity (by 4.05%) of GZEL, but increased the phospholipase activity (0.14%) of GZEL.
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When the concentration of Triton X-100 was higher than its critical micelle concentration, GZEL about 50% of the enzyme activity was still

retained, whereas, octyl-#-d-glucopyranoside at a concentration higher than its critical micelle concentration made the activity of GZEL lose

completely. Zwitterionic surfactant had the greatest effect on the activity of GZEL, resulting in the complete inactivation of enzyme protein.

Key words: lipase; Gibberella zeae; surfactants; critical micelle concentration

&I (EC 3.1.1.3) R—RIMNREK N, v
AL = FR /KN H AR RTER . MBS N2
BRI KRS S Pe iR, B, # iz R T5
o Sl | A SR 1 =Pl e Qe L LA N RS iI
WR Bz —, STLIKEE, A HEEE R
A7 2 B S, AR AR M T ) AR A
FIRELE R, DRI 7 FH R T D6 20 RS AE R TV T
FUAEAE T il ot e 35 A0 g iyl T LA
FAER, ATz e v 1t . ARIR P S - 3R T
PEFIS I R R 2 BB A0, s gt
kg G Aae AR IR M . B R T TR
ARG YR S5 ERr BGE AT, AT
B 10, it A, TS PR R AT AR
ICHCIRES, BRI Bt AR F R P A B 5
Aloulou 5 MIE 78 7 A 7] 2 11 375 P 77 AR i B TLL /K
FREVERISZIR, A RUORI, SEINERIE A 2R
SEAMEI R TLL RS PE,  FF FX AR i e 1
TEHEFICARRAELER (ISR ) §2ma K
T S AR BRI, RV 4 711 S I e 8 A1 i g -
BIREAYIAE R, NI R S R,
WA R B PR TG, IO RAFIREE R T
ST 4 A0 T B /T (s, JEient T i34
T IR TR 1A 3 A ik FE i s e i ) FA B

RO (Gibberella Zeae) X /INEAI T KZE A
TEVEBURTER, RESIRAIEDRE, ol Ar=ik
R E KRR, ST Gibberella Zeae Lipase (L
THEFR GZEL) S B /WA — P2 5 1E A
Mg . THERRHTNGE GZEL MR AR 7T, A
AR T B s AT 2530 AR T P IOR 5 Bkt
W EURER PSR E B2, i HoAFEE Tk
JE BRI SR AR R W, Lou 28 N Ok 1
GZEL fiRgEHIM, ARBRA AR T, 2 5R
FFIERR S FIEH AR B2 GZEL RIREIIRY)
FRSPE XSRS AR B HEAT T RAEM, B
NG E S S Eal i S L e AR A A
O ehh, SEVERESE T C A Fr B GZEL A% )
FIG IS A EERE R R0, SRT,  DAAERIRT % 32
L RTE AR SR ABEEE RS M THRE R R, AW
JAZBEEAN R R SR S5 T RIMEAAT . A

WrEseHR, @I AR TR GZEL fEANRIZREY Rk fE %
TS PERMAENS DL TS A oL, Juidt— b1
FEAZ AR TR ol S A HE AR BB 45 5

1 HRSES

11 #HFYER

N- A # B W = B % ( Sodium
N-lauroylsarcosinate). |- — 4z E:BREREN (SDS). i
JHERS (NaTDC). % 24 W% F AR FfF (Triton
X-100 ) . 3 HE -p-D- Mk WG F A M Octyl
p-d-glucopyranoside). 3-[3- (JHBEIZAFL) —HEIE]
IR IR M 2k (Chaps )« 1 DU e 3k = FF 3k 4k 5

(TTAB). —FEZHHEE (TC8). 2- (N-FhEmf) 2
TR (Mes) —F& L Z B FR e (Tris) L AL (NaCD
KRR L-o- M HEIERRARIAE S H Sigma AF];
foe B itk P L FH SE B ( Sulfobetaine 12). 7 L& 8%

(DDBAC). BCA & H & lGfIEl 3 Hilgd TAY)
THARAR: A REHERLFNERA IS
S5 (PTG) WIH Invitrogen A ] . Ni**-NTA HEHE
AR AR A TR A A

{ERIR IR (HYG-C &), VTR R tamiis
SIGRRABR AT VAR AR B O (5-21R),
LR R AR A R A A A

QY92-IND, THH Z AV AIR AT HI)
HLA7E A (902-STAT Titrino 2), -t J5ilh [HA
(FTNEIEN
12 &

1.2.1 GZEL &9k ik B 44k

BT IR AT EAR S BRI R GZEL EE4H 30k
bR R GZEL B A T/a el A ikny
HABEARE RARFERN: K&K E
GZEL TR Btk A 3] 5 mL LB AR 725, &
INZEHREE A 100 pg/mL AR E® %, T 200 r/min,
37 B NEFEE R A AR TR Fi 5%
WA TR T 500 mL Y LB ifdsgRdth,
IIANZREEH 100 pg/mL &R H 5%, 137 €200
r/min £57% 2~3 h, il & OD600 %) 0.6~0.8 i, A
IR 005 mM FESF IPTG. A%RER: %R FE 5

57



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.8

20 SCHRE:RIERTE 24h. KIBSEH)E, B RBEHER
B0 (10000 r/min, 6min, 4 G EHIEC FIEWR,
B4 F 50 mM Tris-HCI, 100 mM NaCl ZZ#% (pH 8.0)
R, AT 15 minGES 4s, [AlER 4 ), £5.0,(10000
r/min, 30 min), WEERRE 3%, F 0.45 pm JERR 3E .
FEVCAE R FOBIRE IS Ni-NTA B0k}, #2498
S5 30 min, A2tk HE i, H Buffer A (50
mM Tris-HCIl, 100 mM NaCl, pH 8.0) ywie2:fazeiE
M1, b5 F Buffer B (545 100~500 mM K1) Buffer
A BHTEREETENL, WO . PRI E AR
% SDS-PAGE LUKk HAIE. H BCA SEHER
For a7 Sl s oA R
122 AR R &@EWREEZHT GZEL A5 hr
B & P 2

7% Sams SOk AR IR I R TR RS
AR, FEshA AL X (902-STAT Titrino) il 2 g
i GZEL FEANRI RS MR E R (AR B S 71 -
VAR FONTE 18 mL 22 (A 150 mM NaCl. 1
mM Mes FIA [FIFR B A2 G 14550 A 0.6 mL =
R HMES, F8040HE 5 min, #5314 E 2y 500 r/min,
SNER BEREHILE 37 °C, FH E S AL AU A NaOH

(50 mM) 2Bl EET4E pH {E 245 E pH (2.0~11.0).

£ pH 2B )5, IMA4ifL GZEL (100 pg &)
S5 min, BEJER pH 265 H%EA pH 12.0, 4k
[ AE 5 min LA CRBE TS BT A Vi 2 NE TR 76 70 AR 125
F4 NaOH Bl BANYIUG pH (B 5453 Tl T =
FIXTREA T ORI, LAl pH EM 46
ERENE] pH 12.0 FT7E 10 NaOH & . e[S BEEE S
AR S NaOH A8 2525 -] NaOH =R T {53
JE BRSO S5 R TR T 7 1) NaOH . ARG 71
B (UD W R TR BB 1 nmol AR R AT FH g &=
TEMEF Ulg B CABRS HEBUR R RAEAFIR g
PEFI R FE A T e A ATE Jse e, BT
HARFRN:

[ (RTINS FEAE TS J5- AT ( 2R T 7 S
BB ) IR AT 25 T 375 70 ) SR A R /7] 100%.

K EEFE R (Selectivity Index, SI) FEAE
ANRIR TEE AR PGS ) e e, et f
Bt ATN: SIENRIEE IR T .
123 AR R @EWREEZHT GZEL B4 5
B & P 2

Tk TR P 52 BT A SRR T K 1 L-o- T
NEWEARG, HAEAE AR 1.2.2,
124 HIELE

B B35~ AT I E =K, SR SPSS13.0 A5t

58

FHREARIEAT 04T, BARRs A ARz,
ANOVA #4777 225741, K F Duncan 3£ T35A] 1)
ZE L (BEEKF p<0.05). K Origin 8.0 %t
HATIEEL

2 ZR5WL

2.1 A GZEL FsEE5IE

M 1

116.0 ku

66.2 ku

45.0 ku
35.0 ku

250 ku

18.4 ku
16.4 ku

1 E4HARALEE GZEL A ZE{LAY SDS-PAGE 455
Fig.1 Sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE) analysis of purified GZEL
proteins from E. coli SHuffle T7 cell

E: M: &4 maker; 1: F4AA GZEL,
160000

120000 |-

80000 -

40000 +

g il M / (U/g GZEL) ©

0_
12 3 4 5 6 7 8 9 10 11 12

4000

3000 F

2000 F

1000

BENREGIS T / (U/g GZEL) <

I 2 3 4 5 6 7 8 9 10 11 12
pH
2 GZEL BERABEIE I SHABEEEIE M S0E K B pH BhZk
Fig.2 Optimum pH profiles of lipase and phospholipase activity
of GZEL
GZEL P FRIR R IRA T 7 KA EE A 4l
APAFHRIK AR HER (B D, AT

874
%o GZEL fESAEMTRIMINEIERIZFAT T, U=rKH



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.8

TMECAIEYD, MEAE pH 204 F RIS /. 45
R AFE pH ZA TR ) 2 MR 1 Bh Y
2k, BEMTBEIEIELE pH=5.0 41 FEck, A 1.48x10°
Ulg; DLKGRIE L-a-TEIRBEARTCA IR T, A1
FEAEANE] pH 26 4F T BIBENERRS 12k, 453K,

£ pH=6.0 BRI H & KB R EGEE, VW& J1HN
3506.94 U/g (] 2) . 7E AT RS HEFIAESRA T,

HEMiHE GZEL HIIEFMETREON 4221 (R D), #2458
5 2 AAGE KRR E s A R & (4157)
WOl ARSilsE GZEL RAEARMIMEE /1156 KR pH
55 2 HIARTE A AR LA T2 S N A R DA ) 25 A
FIANIE (pH 7.0 B, ST g5 S B AR SR

ARG R,

F 1 FEFREBEMFISHE T GZEL RUBSATEE A AT 1T
Table 1 Lipase activity and phospholipase activity of GZEL under different surfactant conditions

L Fd A o - AR A5
e N SRR & = 5 pel
£ @A R 4 R 5 1 (UNG) B o B 5 /(U ) 5
. 0 3506.94+274.47 (1.48+0.07)x10° 42214122
<CMC30  2586.814386.33 (26.24%)  (1.26+0.08)x10° (-14.28%)  48.72+4.13
B} 1Y
N-AAEBLAILZ A5 =CMC 146 0 (5.70+0.06)x10* (-61.49%) 0
(sodium N-lauroylsarcosinate)
>CMC 180 0 0 0
<CMC30  241753+25593 (-3L.06%) ~ (L19+0.07)x10° (-19.05%) 49.23+1.94
— g R AR A
& JF“*E;%S‘;W*W =CMC 86 0 0 0
>CMC 100 0 0 0
<CMCO5  3767.36+242.32 (+7.44%)  (9.72+0.07)x10° (-34.01%)  25.81+0.06
H’z\ffgg"“ =CMC10  2196.18+260.53 (-37.36%)  (8.42+0.06)x10" (-43.24%) 38.34+181
>CMC 4.0 0 0 0
<CMCO1  2591.15+16315(26.10%) (5.92+0.11)x10° (:60.13%) 22.85+0.99
% 4L 4% (DDBAC) =CMC 0.39 0 (4.84+0.07)x10* (-67.57%) 0
_— >CMC 5.0 0 0 0
B 5 y
- <CMCO.1  332465+27354 (519%)  (9.89+0.06)x10° (:33.18%) 29.75+0.52
= = N-| Je
er’“%; A“FB’% ARE _OMC05 194010822212 (44.67%)  (5.40+0.08)x10° (63.51%)  27.83+1.15
>CMC 5.0 0 0 0
<CMCO005  3511.28+338.12 (+0.14%)  (1.42+0.10)x10° (4.05%)  40.44+0.99
’ Caﬁ: r?i’—ttig*;)’f’g% =CMCO.1  2656.25+281.68 (-24.24%)  (L.21+0.06)x10° (-18.24%) 45564227
o SCMCO0.2  1788.19+378.80 (-49.01%)  (8.61+0.10)x10° (-41.89%) 48.15+457
r%- 2]
- <CMC70  3615.45+156.97 (+3.11%)  (1.82+0.07)x10° (+22.97%) 50.34+0.07
FH-p-D-okh A FpE _
(Octyl-8-D-glucopyranoside) CMC 290 0 0 0
>CMC 35.0 0 0 0
<CMC 2.0 0 0 0
3[3-(lemthkm A) = FAL]
7584 1) 2 (CHAPS) =CMC4.0 0 0 0
\ >CMC5.0 0 0 0
GIEE ]
<CMC 2.0 0 0 0
+ ke A a v AR e AR _
(Sulfobetaine 12) =CMC 4.0 0 0 0
>CMC 5.0 0 0 0

FEARTFEH, KEHL T WA [F) SR B R T P77
B s+ 28 . N- 3 BE kWL 2 R 81 C Sodium
N-lauroylsarcosinate). -~ 4z E:iREREN (SDS). i
JHEREN (NaTDC); FHEFAY: TIUbedk =H ARk
¥ (TTAB). K4L&%: (DDBAC); dEETH: R
TSR IEELRE (TritonX-100). S JE-B-D-Ak i 3 2

PELF (Octyl-g-D-glucopyranoside); PEPER] 7. 3-[3-

(BN E RN N R (CHAPS),
RIS P IEEHSERS (Sulfobetaine 12) 1 LK. [
I RE AR TS PR 2 B LA E I SRR R FE A R L =
FIAFME (<CMC, =CMC, >CMC) Rl R [FFE
THITE A BE 264 T R D78 GZEL #E AN /] pH(2.0~11.0)

59



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.8

TR IR i A RIBRARRE /. G502 1 .
22 ARFETREGIEIRS GZEL U

1= DA
E5=210]
a 160000 -3 mM sodium N-lauroylsarcosinate
-8 4.6 mM sodium N-laur sinate
—_ —&- 18 mM sodium N-lauroylsarcosinate
m 120000 +
]
&)
=0
S 80000
$2 40000 -
=
=
9m
= 0 L
1
pH
b 160000r -3 mM SDS
= --8.6 mM SDS
g 120000 - =10 mM SDS
Qo
£0
= 80000
= 40000 -
=g
E= ok
1 2 3 4 5 6 7 8 9 10 11 12
pH
120000
¢ 0.5 mM NaTDC
- - 1.0 mM NaTDC
N -4 4.0 mM NaTDC
N 80000 |
=
2
# 40000 |
h
o
=
= 0

I 2 3 4 5 6 7 8 9 10 11 12
pH
3 PAESFRUREVEMEFIXT GZEL BERABEIE 4RI/
Fig.3 Effect of anionic surfactants on the lipase activity of
GZEL
55 o AT Au] 2 T 1k AR AEAE S5 AR TR D0 A5 TR A i
GZEL Hifzi& pH 55U, AR 8 5 R i s 177
(N-FHEBEIIZ ESY. SDS. NaTDC) fZEREHL T,
GZEL A% MM /1 #%i& pH 5 5.0 (& 3). 44T,
FAEE T TOARMR A VE S, TS a0 e
BB &S (p<0.05) . AR EEZRAE T I E 45 2R 2.
s AERT A Bl BRI EE AT T, GZEL 13tk
B — 5 MRS /343 5 1.26x10° U/g. 1.19x10° U/g.
9.72x10% Ulg, BEEMEIRZEZS) 50 14.28%. 19.05%.
34.01%. WA R MEEEAIRE T, ik 3in AR

60

IR, FRMilens Judt—2ak tHJ2 SDS, 7Elf
AR FE 2 A N TE AR B 1) o v T 55 B e SR
FIRPEEE N BTCIE S Z BRI B B iE 1 (B 3D
FUATEREI = MBS PR IS RN S, KT HS
H CMC %4 T, N-HHEBAEEREAFI SDS XS
VRS B ZE R (p>0.05), 1fif NaTDC Xfig
JBEE T IR iR, FHEE T N-H EEBEILE BN AN
SDS, NaTDC HfFA7E S8l /1 W34 Bk (p<0.05).
MEEER AN I B B R NS R, BT
RIEHEA T S ETERE S, TS EY)
gEer. SmAELEE CMC EIRIE RIS TR m s e
FURE, HRWEEG S 5e k. Xl R H TR R
R RS R, £, T R R 1

a 4000 &3 mM sodium N-lauroylsarcosinate
-&-14.6 mM sodium N-lauroylsarcosinate
= - 18 mM sodium N-lauroylsarcosinate
= 3000 F
~
&}
L0
S 2000
#1000
=
?‘E 0F
12 3 4 5 6 7 8 9 10 11 12
pH
b 4000 30mMsDs
—~ 8.6 mM SDS
E 3000 -a-10 mM SDS
<o
=0
5 2000}
gz 1000}
&
:."l_%
= 0f
12 3 4 5 6 7 8 9 10 11 12
pH
¢ 4000 -=-0.5mM NaTDC
- 1.0 mM NaTDC
= 3000_—1—4.0mMNaTDC
~
&}
=11
5 2000
S 10001
=
£ 0f
12 3 4 5 6 7 8 9 10 11 12
pH

4 BAEFRURENEMIRT GZEL #BEEEE 1ERISIR
Fig.4 Effect of anionic surfactants on the phospholipase activity
of GZEL

£ N-AEBILZERRES. SDS. NaTDC {7{EMR
. GZEL (iRt s /11 pH 6.0 2279 pH 7.0C 1



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.8

4), TELTFHZH CMC &M, N-HEBAIZ IR
SDS Xt GZEL R ARG LRI B A HHIE
F, DS AREES 7150708 2586.81 Ulg F 2417.53
U/g, A ELF AT IR S R 2 AF R WA BS54
REFEIE (p<0.05), BEREEIREIHIN 26.24%-.
31.06% (P 4), {HFE 2 (AT i B sz
TEENZR (p>0.05). NaTDC 7E{% T CMC KM &
T, 0TEENRREETE RS T — e g EA, AT
AEER TSI MR T 7.44%(H RS 712 79
A (p>0.05). MM CMC {HKERIE T
KATEEFIRT, GZEL MImEREEEE /)56 4. [F
— TS RIEEAS GBS, S8R
TR P4 1) S T I FE RS, TR A g PR 1

AT SINERE TR (PR e S AR B /)
IECAED Kb — VP 2 TRV P 7 5o B ) A
PEANRE NSRS SRR . 0T N- T EER L R
SDS #l NaTDC, fEARTImFIRAA KA T A3 1%
B IETR B ) 48.72. 49.23. 2581, HAE
IR TVE HEF A N A B AR EUE L 42.21,
N-H EERE L RN SDS 254 T i Bt s B3
Tt (p<0.05), Ji PRIAE T A T v P 771 32 2 5
GZEL FIBENRRESME; M NaTDC HdkfetEfa s &
FFEIL (p<0.05), EZLHTARITBHS T 580
7] — S TR T Vit P XS B 0 AR 2 (s i o) AR
HAETE A3, KRS BRI EEE O FEuA
K, WERBRMMR, TEESG THINHRRMA
PRI R IR T

23 AEIFHEFRENEMIRY GZEL 4T

A BH S 20 2 TV M 7511 0 o ik = FR R Ak e
(TTAB) MIZEH %% (DDBAC) fEfE4MH R, GZEL
KA AR BT S BGE pH 58 5.0 T I AR
JE S IS B R B 719373124 9.89x10° U/g.
5.92+0.11x10* U/g, BEETEIE R 514 33.18%H1
60.13%, BHERFNEEFRESE R, RRileng /1t —
AR (RN 63.51%F1 67.57%) (K 5), iX
AREZE T GEZL [M56E pH AIRME, ERRMEAN BT
PHE T BURE A B A RAFRIRIENE:  mEm
PEA RS G i ok LR T, IR MEFR 5
TN GZEL BEHFEIEFMATE K, P Pre g it
Tif AR T AR Tt 2R AL 18

a 120000 0.1 mM TTAB
_ -+-(0.5mM TTAB
z --5.0 mM TTAB
o 80000t
0
2
40000 -
&
=
ol ok
1 2 3 4 5 6 7 8 9 10 11 12
pH
b 800001
-=-0.10 mM DDBAC
- -o-0.39 mM DDBAC
= 60000 - -45.00 mM DDBAC
I~
]
=]
S 40000
5 20000 -
&
= of
1 2 3 4 5 6 7 8 9 10 11 12
pH

5 PAESTFRURMEEIEFIST GZEL AERAEESE I AIE/NE
Fig.5 Effect of cationic surfactants on the lipase activity of
GZEL

ANTF] BH & - B SR S TR S5 A GZEL W TRt
PERAFEMR BB, X DU b = W R,
WAL N, BENREERE IR SEPRAC. EMRT IR SR
FIREE AT (0.1 mM), GZEL i Kk flglgs J1fE
FEAIC 3324.65 Ulg, HkFA N 5.19%, 5 AR
EHERFM TR EE JMHILRE R EEE R

(p>0.05), 4k FEHE R FIG S R BE R (0.5 mMD,
WENEEES SISk 44.67%, & T Ilm Ak S

(5.0 mMD, BEREERTE AR R . X T-RHE 1R
TSR LR, AT IR SRR EE 26 T (0.1
mMD, I GZEL A4 RR R /) 1) i pH i 5k
(1) 6.0 AN 7.0, BEIGEGEMESIREN 26.10%. 7E5%
TR Tl SR AR E S5 A DU SAN B S 1) Bk
HE R o

X POk gk = SRR AR (TTAB) AIZRFLEA
¥ (DDBAC), fEARTH& HImA AR %A T,
M5 GZEL Kk BetEfa%h SI 484 29.75 A 22.85, &
TCARART RIS A 25 2F T IS B IR £ F R HorH L)
EFHIC (p<0.05), FRIAPHE AR TE X GZEL
RS 7 T s e ) 52 M0 332 RS 5%k H Al i il v 12 ) 5 e

(K 6). iXATAERE T GEZL W& gl pH Jyrh
PE, S BB R T P A B R T s A A E R A

61



MK EEBHE Modern Food Science and Technology 2020, Vol.36, No.8
JRHRZR GRS, R B A E B A R o I Z AR S BEREKEH, eSS . A
a 4000r -=-0.1 mM TTAB R EA RN S, £AFUGH: XEgm S,
_ -+-(0.5 mM TTAB L el 32 [9122]
= 3000 - 5.0 mM TTAB HE {%Uﬁnu °
N a 160000 -=-0.05 mM TritonX-100
205000 —_ -o-0.10 mM TritonX-100
= i m -4-(.20 mM TritonX-100
:' 3 120000 .
v 1000 2o
= = 80000 |
g Or s
L L L 1 1 1 1 1 1 1 ] é 40000 -
1 2 3 4 5 6 7 8 9 10 11 12 =
H sy
rl 0 B 1 1 1 1 1 1 1 1 1 1 ]
b 4000F --0.10 mM DDBAC I 2 3 4 5 6 7 8 9 10 11 12
—_ -+-0.39 mM DDBAC pH
L—x.j 3000 F - 5.00 mM DDBAC
% b 200000 -&-7 mM octyl f-d-glucopyranoside
) -8 29 mM octyl f-d-glucopyranoside
5 2000 =) 160000 - =&~ 35 mM octyl fi-d-glucopyranoside
Hz 1000 - &n 120000
= >
g—"_: ?—'
& 0F = 80000
- 1 1 1 1 1 1 1 1 1 1 J :\E
1 2 3 4 5 6 7 8 9 10 11 12 E‘:_’ 40000 +
B8
H om
P = ol .

6 PRESFRURMEEMTTIRT GZEL BAASEEE A2
Fig.6 Effect of cationic surfactants on the phospholipase activity
of GZEL

24 AEHFETFREEMETIT GZEL K45

MER

AR T RR ISR TritonX-100 A3 %E-4-D-
MR R AR AEAE L N, GZEL R AT AR TBEHS PER
& pH A AT, ¥IHERN 5.0 %8 6.0. AT,
AR 2R S D R B S 1 R R AN FI
SUMVEF] . T TritonX-100, [ TRt 77 A B T
1, GZEL [HRTEES /1 235 Fstass. EETik
FIEHRWRESAET (0.05 mMD, JRTBGERE /e
TH] 6 P 750 4% A R W45 AR D B S 0 9F TE B 2 PR AR

(p>0.05), BEE SN 4.05%, 241k FHilkE 7
AR R, N ITBEE 1k 28 K 3] 18.24% . BA
FRTE VTR B R LG SR AR, R R R
31 41.89%, (HAHLL T B, MEOVRIE —E
I R RS 70 AU ) GZEL 7R 25T Bl T2 4-4-D-
ML 887 22 W 1 M AROAR P 2 A S 3 e PR e
TMEAR T 37 55-4-D- MR8 & MR IR S %A+ (7.0
mM), JENiTEAS] T 1.82x10° Ulg, 55 MEEHEMLL,
B 1 B3R (p<0.05), Al ELFTeATAR] FeThT v 1 77
AR PR WIBEE S T 22.97%, FILH X
EHE T —EE0EIEA (B 7). BB 7R mE ) 5l

62

1

2 3 4 5 6 7 8 9 10 11 12

pH

7 IEBTFRREEMFIXT GZEL ARRHBE RIS

Fig.7 Effect of nonionic surfactants on the lipase activity of

q 4000
3000 F
2000 -

1000 |

i RS / (U/g GZEL)

0F

GZEL

-=-0.05 mM TritonX-100
--0.10 mM TritonX-100
00,20 mM TritonX-100

1

1

4000

3000

T

2000 -

1000

T

NGRS M / (U/g GZEL) <

== 7 mM octyl f-d-glucopyranoside
—8- 2% mM octyl f-d-glucopyranoside
=2 35 mM octyl f-d-glucopyranoside

2 3 4 5 6 7 8 9 10 11 12

pH

8 IFEFRIRMEIEMFIXT GZEL BARREIEMEAISIN

Fig.8 Effect of nonionic surfactants on the phospholipase

activity of GZEL



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.8

AR T BRI 7% GZEL BB AR /)
LRI 5 G D78 AR &% BE%E TritonX-100
TR, WEIREES /1 SRS N tash . KT/
m T TritonX-100 I SO LS4 T, A GZEL
(B TS 1B0E SR pH N 6.0, 2RI, RS TR A
FEARIR A A, B E i B A 7.0 (K1 8).
55 B s s i AE ), IR E2E-6-D-
MR ] 220 W E 6T GZEL HI R ARG /)t 2E0E 1E

(HENERE I3RS T 3.11%), 4kE: i mis Mg
FEMITE a2 B ARG 71 X T IER AR s
7 TritonX-100 Fl173L-4-D-M I M AT =, AR
THS AR ARBARIRER T, GZEL HIERIEEE
SI 437 40.44 F1 50.34. H:A1, TritonX-100 AL+
FeH S KA BEA (p>0.05), i3 3E-p-D-AH i
BIFEE IR PR ERR AL SI BRI K (p<0.05), XA
HXT GZEL NRWiHERE T I s BN 23

25 AEIFHEREEMHRINS GZEL (v

=710

AR 3-[3- (PHBEAARE) —H &L A
B2 N #h CCHAPS )\ b Ji Bl 7 Ak &l 3% B
(Sulfobetaine 12) 1E NPt ¥ B R TS HEFCE
SERERYL: PIPERSFERRIEETERIIIN, X GZEL (1)
B A BORRE N, RUERMA/NT CMC KR
T, # RS 1Ak, XTReER N
PRV B R THE A B B A B B (e,
HALEER . I T Re SR BCE 2 KBS A9,
HONGE 778 E RN LB B R

3 Zhip

AN ) 21 28 o A P 2 T Vit 1 7510 % IR I g GZE L 1)
BRI IR IEE AN ] o R THI I M 7R T ) 52 i /AR K
FEEE FHGR T 2 W S FEH 85855, JEE 2
FIEMER (TritonX-10071 2 J5-B-D-MH iR ] 27 5 1)
FEAR T ol PR R B 2 A T 0T GZEL 1) I 1y Bl v
JIRVE S R FE R B — s Wom s BT Are
BT B ERTE D B R B EIE A, I HREE
R FESEIIAMHIE F PG S . TENiREGZELSE
P R A 77 (CHAPS,  Sulfobetaine 12) 77
TR T, IEHETEAER, KR RE IS X
TS MR [ B AISH B B, X e BEGZEL
FEAETE GG Ak, AR R B )3 T v 1 71
XoF 5 G G ZE L I i oy ot 2 % Bl M Tty 1k i HE I 52
e AN, DR LB I HAR R i 2

o, NMIEEPEERER TR MEAI R R SRS R4E
TFF 9 P B 5 6 AR 07 14 3 T 3 1 7 i 52 2
W B 19848 A, Gl Vs AR e 71 5 7 U
EIGZELI N FHE /7

B Sk

(11 JABEZ LR, b T s M7 il 2 T v A 7 o v ) A
A S BN AR 3] WL oK 22274, 2000,28(1):18-23
ZHOU Xiao-yun, BAO Guang-liang, ZHONG Wki-hong.
Study on the kinetics of lipase catalytic reaction in surfactant
medium [J]. Journal of Zhejiang University of Technology,
2000, 28(1): 18-23

[2] Xia J, Chen X, Nnanna | A. Activity and stability of
Penicilium cyclopium lipase in surfactant and detergent
solutions [J]. J Am Oil Chem Soc, 1996 ,73(1): 115-120

[38] ST ARG EGER A T S [9]. H AL 2 T,
1990,2:11-16
Sakuchi Boshi. The application of lipase in detergents [J].
Journal of Daily Chemical Industry, 1990, 2: 11-16

[41  Fujii THR W72 ARERCE 235 5 F 7 T RO 72 (—) 9] H A
TP e, 1987,3:11-15
Fujii T. Study on the application of lipolytic enzyme in
decontamination (1) [J]. Journal of Daily Chemical Industry,
1987, 3: 11-15

[6] Fujii THGHG /- fRERECE 205 BT I 7L (=) [J] -H A
TP PE,1987,4:17-22
Fujii T. Study on the Application of lipolytic enzyme in
decontamination (2) [J]. Journal of Daily Chemical Industry,
1987, 4: 17-22

[6] e, i FRIE VG H S DR F 5 i) 770 R F AT 9]
o ¥ A i 1Mk, 2009,5:40-45
WANG Yan, PAN Hua. Analysis on the development of
china's detergent industry and the application of enzyme
preparation [J]. China's Detergent Industry, 2009, 5: 40-45

[7] KSR 50 B 2R T e AR AR AR E PRI 72 ).
o RV Al Tk, 2011, 2:37-39
ZHANG Gui-ju, XU Bao-cai. Study on the stability of
enzyme in surfactant aqueous solution [J]. China Washing
Products Industry, 2011, 2: 37-39

[8]  MPRA, 5K i 5 K B R R IS 7). Bhdl S 2 e
A ELAE FH 9] K544 12,2004,21(10):13-16
YANG Qing-li, ZHANG Gao-yong, ZHANG Bao-lian.
Interaction of new surfactants, additives and alkaline protease
[J]. Fine Chemicals, 2004, 21(10): 13-16

[91 MIRA W75 4 ARINEVE RSB 71 FH 2R g A

63



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.8

[10]

[11]

[12]

[13]

[14]

[15]

[16]

SE MR 3], B A2 T00lk,2005,35(5):296-298

YANG Qing-li, YANG Xiu-quan. Effect of surfactant on
storage stability of protease for liquid detergent [J]. Daily
Chemical Industry, 2005, 35(5): 296-298

SR L, TR R, T, A AR N PR A 25 ML 2 A g 2
IR 2 MR [J]. R FH 16, L, 2009,38(1):52-54

ZHANG Yan-hong, ZHANG Qiang, YUE Shu-ning, et al.
Effect of surfactants on protease activity in degreasing
complex enzyme [J]. Applied Chemistry, 2009, 38(1): 52-54
Aloulou A, Puccinelli D, Caro A D, et al. A comparative
study on two fungal lipases from Thermomyces lanuginosus
and Yarrowia lipolytica shows the combined effects of
detergents and pH on lipase adsorption and activity [J].
Biochimica et Biophysica Acta-Molecular and Cell Biology
of Lipids, 2007, 1771(12): 1446-1456

Desjardins A, Proctor H, Bairoch A, et al. Reduced virulence
of trichothecene nonproducing mutants of Gibberella zeae in
wheat field tests [J]. Mol. Plant Microbe Interact, 1996, 9:
775-781

Mcmullen M, Jones R, Gallenberg D. Scab of wheat and
barley: a re-emerging disease of devasting impact [J]. Plant
Disease, 1997, 81(12): 1340-1348

Nganje W, Bangsund D, Leistritz F, et al. Regional economic
impacts of Fusarium head blight in wheat and barley [J].
Review of Agricultural Economics, 2004, 26(3): 332-347

Lou Z, Li M, Sun Y, et al. Crystal structure of a secreted
lipase from Gibberella Zeae reveals a novel “double-lock”
mechanism [J]. Protein & Cell, 2010, 1(8): 760-770

Fanghua W, Hui Z, Zexin Z, et al. Recombinant lipase from
Gibberella Zeae exhibits broad substrate specificity: a

comparative study on emulsified and monomolecular

[17]

(18]

[19]

[20]

[21]

[22]

substrate [J]. International Journal of Molecular Sciences,
2017, 18(7): 1535

Fanghua W, Wuchong C, Abousalham A, et al. Exploring the
influence of phospholipid monolayer conformation and
environmental conditions on the interfacial binding of
Gibberella zeae lipase [J]. International Journal of Biological
Macromolecules, 2019, 132: 1051-1056

Fanghua W, Hui Z, Anna C, et al. Function of C-terminal
peptides on enzymatic and interfacial adsorption properties of
lipase from, Gibberella zeae [J]. Biochimica et Biophysica
Acta (BBA) - General Subjects, 2018, 1862(12): 2623-2631
754 R R B S 55 DTS GZEL et C-uimRibr R
AR BENR BB B 3 0 2B FE O] AR B R R,
2019,35(3):32-38

WANG Fang-hua, CHEN Wu-chong, WEI Rui-xia, et al.
Adsorption kinetics of lipase GZEL and its C-terminal
truncated mutant on phospholipid monolayers [J]. Modern
Food Science & Technology, 2019, 35(3): 32-38

Sams L, Amara S, Chakroun A, et al. Constitutive expression
of human gastric lipase in, Pichia pastoris, and site-directed
mutagenesis of key lid-stabilizing residues [J]. Biochimica et
Biophysica Acta (BBA) - Molecular and Cell Biology of
Lipids, 2017, 1862(10): 1025-1034
JEPRZE, 7k e RSV T1 RERGTE (s 3] 30
fReErfRHE,2017,3:179-183

TANG Qing-yun, WANG Yong-hua. Effect of surfactants on
T1 lipase activity [J]. Modern Food Science & Technology,
2017, 3: 179-183

Mozaffar Z, Weete J D, Dute R. Influence of surfactants on
an extracellular lipase from Phythium ultimum [J]. Journal of
the American Oil Chemists' Society, 1994, 71(3): 346-346

(358 346 7O

[25]

64

Wi At A H— 2 WIIC S D RO CIRET B ik R K ST S 7y
B8z D] 5 B 1L 4K%,2009

CHEN Chuan-yan. The establishment of rare earth-medicine
coordination compounds fluorescence probe systems and
their analytical applications [D]. Jinan: Shangdong University,
2009

[26]

MRV, IR — B 38, A5 AR A e R R BB A B T
FATHIIREL Atk SR 73] £ Rl ,2003,24(5):84-88

CHEN Chun-tao, MA Qing-yi, GAO Mei-yu, et al. Study on
extraction, purification and  antimicrobial  activity
investigation of luteolin and other components in peanut hulls

[J]. Food Science, 2003, 24(5): 84-88



