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Study on the Effect of Electric Field on the Secondary Structure
and Activity of Lipase

AO Dungerile', YANG Tigiang*, BAO Sigingaowa®, SHI Lei'
(1. School of Computer and Information, Inner Mongolia Medical University , Huhhot 010110, China ;2. School
of Physical Science and Technology,Inner Mongolia University , Huhhot 010021, China ;3. School of Science,
Inner Mongolia University of Technology , Huhhot 010051, China )

Abstract. The changes in the secondary structures and activity of lipase after 5 min treatment using
electric field with different strength were studied by FTIR (Fourier-transformation infrared
spectroscopy ). The effect of electric field on the relative contents of the lipase secondary structures,
i.e. a -helix, -sheet,B -turn and random coil , varied within the range of 1.0 kV/cm to 6.0 kV/cm.
Compared with the control groups,the relative contents of a -helix and B -sheet both decreased,
namely,4.9%~10.9% for a -helix and 3.2%~22.6% for B -sheet respectively. The relative contents
of B -turn and random coil increased instead ,namely, 12.5%~37.7% for B -turn and 3.1%~24% for
random coil respectively. The most significant change of the relative contents for different secondary
structure was observed at the 3.0 kV/cm electric field, which suggested the lipase activity was greatly
improved after treatment by electric field. The improvement of the activity was related to the content
increase of B -turn and random coil.
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Table 1 Contents of secondary structures of lipase treated

by electric field with different strength

i/ TR TE AR 53 HU %o

E, 0.0 183 46.4 25.7 9.6

E, 1.0 163 42.8 29.6 11.3

E, 2.0 17.3 36.8 34.5 11.3

E, 3.0 16.8 35.9 35.4 119

E, 4.0 17 37.9 33.6 11.4

Es 5.0 17.4 38.6 333 10.6

E, 6.0 163 449 28.9 9.9
Pl 2 J2 I 17 i L A ) FL 37 8 B R 4% S5
B IR AL, SR IR A LG, A PR

1) o2 E & & FEAIL, FEIRAE 4.9%~10.9% , 3f H.
Wil 5 P 7 5 R 3, LR R AN TR #E 1.0.6.0 kV/em
1 3.0 kV/em B REIE K

)R- & & A AN R D FE IR AE 3.2%~
22.6%, Hoigishy 3.0 kV/em B IR K, 6.0 kV/
em I} R e/

3B A o R MR BERE n, HE WA 12.5% ~
37.7% , Hoh 3758 3.0 kV/em B34 % K, 6.0 kV/em
I 38 i A5 /N

4) AL A0 A P TG LA 5 AN TR R

jPists] JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.34 No.12 2015



HFA B R F . BT e B = R 5 M R L E e e

o, BAMETE 3.1%~24% , o L) 3.0 kV/em B 14 05
K,6.0 kV/em B #4155z /)N

HXF AR %
Lo e

ot

2 3 4 s
Yysik/ (kV/em)
(a) o-124iE

ot

-10 +

< -15 ¢

X AEAk/%
h o

20 +
25
0 1 2 3 4 5 6
5/ (kV/em)
(b) B-IIr e
40
35t
30
R 25}
;\:—;20-
= 15
E jof
5.
0 .

o)}

0 1 2 3 4 5

i/ (kV/em)
(c) B-¥e40
35 -
30 |
25 +
&
5 20 +
15t
=
= 10t

)

™

0 1 2 3 4 5
it/ (KV/em)

(d) TeAAEih

2 AERFEETRERE _REMBENTLE
Fig. 2 Relative change of secondary structure content of
lipase treated with electric field of different strength
ST E MR 052 () 37 00 B AL B R
T A BT AR BOR AN R R R AR A, HOH

AR AR R R, F Y BT (R e —
RAH I -8B B-IrE1n B-FE M . TG h e
EBIMEH . X5 CD LA I T A 45 R — 8,
23 FEMB_RZEMESEETEUXR

I 105 T 22 A [] i Pl 37 A B S, G P A AN [
FREEMAEAL P 3 J2 A 3 2 A X X B 2 A I Tl 0%
AR, T LA Y 2800 [) H 37 00 B2 Ak 3 i
JU7 Tl 3% A R AT B R R 3G i, I AE 3.0 kV/em I
4.0 kV/em FL 3758 B2 25 P G 38 i B2 A0k

1251
1001 \\-
751

50

AHXS 224 /%

251

0r

Y/ (kV/em)

B3 AERBFEETERBEENENETLE

Fig. 3 Relative change of lipase activity treated with
electric field of different strength

FL 37 Kb B i 5 T A X 35 P A 14 5 O 4%
SR R AT —E AOCTE . BEE IR
B, o R BT B £ AL Y R A L S i
JU T T A ) 78 A R AR B SRR G TT BT A AN T LA
i 2 5 A Ak 5 I R R AR G, JF HAE 3.0 kV/em
Gy ARy NG e A 5 AT PR R B T R
AL .

[ 3 5 it

H A B R AR R R 2 IKEE B 2R T R AR K
B G . o ~IRBEM BT B4t TR Z Y A
St AR AT 0N — R 4 0 B — o i e A
WIPE . JCHLA il b U A AR S8 A 1R Ik B
(14 2% A B ik ) A SR B 1 fh B8 AT 3 B A R Y
FE, EARBUT T o —IRIEM B-Ir B A AR E M I
BTy T IR SR, S S BUIR D
REHH o RS BT B & I, B-FE M FIE
P S N, X R S 1R R R T s U
A T35 DN A AT A DA 2 AR MR A
I B S A A RE TR 1) SRR IR 1) AR AR, AR E T
B AR, BRI ASN g 0 6 4 A 1

AR5+t £ 510 2015 £ 5% 34 s 12 1 [EE




RESEARCH ARTICLE

AO Dungerile,et al: Study on the Effect of Electric Field on the
Secondary Structure and Activity of Lipase

HH Ser—His—Asp/Glu ZH W 1) Ak = AR G544 74 B, 11
PR ER AL B AE 4 SR EATR R 1E
Mo —MRBE o IR A A AL T o IR Dl 55 " A AN AL
S W) TR P, T L R e TS A0 ) A S T AR E
HE T BB T Je il — A5 b o —1RE +7
ARGE R BT IT B35 Pk b oo 22 88 1ok DT IS ) e
i SR MG i RS DL T

P, X A B 2 A ) ik R A% B IE S AT A AR S
] A L o M WFSE 4 SRR T, 50 Hz w55 1T L 37 b B
W 5 min, AT GG TR A A5 o-1R
Ji€ B-Fr B 1] B-He fy JCHLAE ih e AL AR T, B X
NG R e R ARt | oS T ot A A
JU7 T AE 3.0 kV/em S5 A B %A F 3 B i L2540 &
RS AR R X 3.0 kV/em HL Y5

JEE A 3 5% A %o g T G T B RS BT8R A 1 A1
EH . PR 3.0 kV/em H 358 B AT AR by e AR A 38 2%
R 3 Ao BT S 2K A 5 I iR AT T T —
HTRABIGE

4 i

FURT , AT A2 85 R 5 B R 500 0T 5 488 A
ek o SR, R T AR W OR 1 ) A5 R T D) RE A4 4 S

S 23k

(1] XUGEAR, S8ACIE, E WA, A% TG iy 6 6 Ak 2600 o6 9 X AR LRI A Wy i WF 7 0], & Tk B4, 2010,31(9) :208-210.

LIU Zhidong,GUO Benyuan, WANG Yinyu,et al. Study on hydrolysis of milkfat by lipase for natural flavouring agent [J].
Science and Technology of Food Industry,2010,31(9):208-210.(in Chinese)

[2 ] 0 Hy, SRHE 50, AR 0 55 TOORT Ak o 44 S8 A0 M 3 3 o) T A e o A B8ORS i [0, o B8 B3 m %), 2013 (5) : 150-155.
XIE Shaomei,GUO Hua,ZHOU Xuesong. Study of lipase and modified potato starch on bread staling [J]. China Food
Additives,2013(5):150-155.(in Chinese)

[ 315, W XEE. sn-1,3 {7 & — g W7 B A6 65 b i i A [J]. v DR i 24 412, 2012,27(2) 1 123-128.

WEI Wei,FENG Fengqin. Application of sn-1,3 specific lipase in food [J]. Food Journal of the Chinese Cereals and Oils
Association,2012,27(2):123-128.(in Chinese)

(4] TX IR, B o H . B R il i 4 DU R B p A 58 [J]. £ A Rk, 2008 (1) :173-176.

DING Shuang, YANG Jiangke, YAN Yunjun. Enzymatically modified of soybean oil to produce structured lipids [J]. Food
Science, 2008 (1) :173-176.(in Chinese)

[ 5 ]A8AAK. BRI 5 4 ap A= (M), B . IR AROR 1 IR, 19973,

[ 6 ] Vega-Mercado H,Powers J R. Plasmin inactivation with pulsed electric field[J]. Food Sci, 1995,60(5) . 1143-1146.

[ 770k b4, B0stoks By VP, 25 0 T B — (0 G 3 AT 5 Hit 3 00 8 4 T — 20 485 4 B S WL 7). 23 B D 3K 2 4% L 2006, 25 (4) :24-26.
YAO Zhanquan, AO Dungerile, XU Qiang, et al. Study on the effect of electric field on the secondary structure of a -amylase by
circular dichroism[J]. Journal of Instrumental Analysis,2006,25(4):24-26.(in Chinese)

[ 8 ] Giner J,Grouberman P,Gimeno V,et al. Reduction of pectinesterase activity in a commercial enzyme preparation by pulsed
electric fields:comparison of inactivation kinetic models [J]. Journal of the Science of Food and Agriculture,2005,85(10):
1613-1621.

(91 Z54F B 8, Lm0, 5. 28 il vk wIF S ARk ol v 3% 5 B 5 38 707 B AR (D], D2 50 20,2001 ,21(3) : 406-408.
LI Xiang,CHEN Shude, WANG Liying,et al. Effects of low frequency pulsed electric field on insulin studied by fluorescent
spectrum[J]. Spectroscopy and Spectral Analysis,2001,21(3):406-408.(in Chinese)

(107 fuf B, 1 o T AL 700 6 6 6 P WIS 0 9 52 ) BB T T LA ST, TR % TR 247412, 2003,22(4) : 65-68.

HE Xi,HU Fei. Study on mucor protease activity change and furu aging acceleration by high voltage electric field[J]. Journal of
Wuxi University of Light Industry,2003,22(4):65-68.(in Chinese)

[11] 5K R A4 A B2 903 4 2 (M. b e 3 % 208 At , 2004 : 146.

[12] Byler D M, Brouille J N, Susi H. Quantitative studies of protein structure by FTIR spectra deconvolution and curve-fitting [J].
Spectroscopy, 1986,1(3):29-32.

[13] Hollosi M, Majer Z,Ronai A Z,et al. CD and fourier-transform IR spectroscopic studies of peptides.I1 . detection of beta-turns in
linear peptides[J]. Biopolymers,1994,34.177-185.

[14 1 DONG Aichun,James Matsuura S,Allison Dean ,et al. Infrared and Circular dichroism spectroscopic characterization of

jP2s{)] JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.34 No.12 2015



HHEM AR E, WY R MR L ERG YR

structural differences between lactoglobulin A and B*[J]. Biochemistry,1996,35.1450-1457.

[15] TR, PN 5 BRI, 25, FTIR SGIS AT 58 KAL) 8 AR L B AR (], SL1E 24 5OLIE 2047, 2000,20(4) :471-473.
BIAN Weidong, SUN Suqin, HUANG Yueshun, et al. Study on thermal unfolding process of trichosanthin by FTIR Spectroscopy
[J]. Spectroscopy and Spectral Analysis,2000,20(4):471-473.(in Chinese)

[16] ZFIE 5, P+, L 238, N8 7 B 4540 5 DI BE ¢ R 19 FT- IR AR [0]. SGHLS =41, 1999,11(4) :338-341.
LI Zhengqiang, TAO Chunyan, SHEN Jiacong. The structure and function studies of lipase using FTIR[J]. The Journal of Light
Scattering,1999,11(4) :338-341.(in Chinese)

(171 B2l w e Ty, 8 iUk: | 45 A7 AR 45 21 AR S0 35 08 50 A ALV 500 00 AR 0 6 2 190 52 Rl [0 TE 85 e T2 41, 1997, 16(2)
42-46.
YANG Hong,GAO Xiugong,CAO Shugui,et al. Conformation studies of lipase in nonaqueous solvents by fourier transform
infrared spectroscopy[J]. Journal of Wuxi University of Light Industry, 1997,16(2) :42-46.(in Chinese)

(18] Bk ok 4, ACSORE H A, P58, 4% R B — 6 e i 0k 7 vl 3 X0 I i e — 0 45 4 B9 52 IR [ ], DI 27 5 0063 737 , 2006, 26 (12)
2311-2314.
YAO Zhanquan,AO Dungerile, XU Qiang,et al. Study on the effect of electric field on the secondary structure of lipase by
circular dichroism[J]. Spectroscopy and Spectral Analysis,2006,26(12):2311-2314.(in Chinese)

5 S S R -

EE FDA IFAX R @IRERER“RA"RBHER

2015 4F 11 A 10 H & FDA B R 8, B A 5k BRI G A= 7= AN 28 1k, LR 2 45 225k FDA F 50 4n fif fe
FAARIE “RKIR” (natural ) B 15 3K, FDA 1E [8] 22 ARAE SR B flbR 48 A8 2R 06 (9 45 8 R L

FDA Y H) 4 778 R iR 3 A7 ZEoR FDA X bR 4 TR 05« RAR " EAT /€ X, 1 A2 EEOR FDA B8 (F 76 2 i bR 45 vh
P < RAR " — 1), — LIRS Bk Be AL VR Hh L R R FDA V8T 2 75 25 A3 T 2k DR e R A 5 o sl 5 7 v SR 5 100 £ o AT LA
FRs < RIRT

AR FDA A i 5 HU A 57 R 7 < R AR I 1E 2 S AR S5 A K I B A S 1 bR 2 v < RAR R E I AE .
FDA A, “ KR 7T 4 B S IR AT A 8 B0 A R AR P (B BT A (3%, e HoR TR ) o (HUR: I B0SR B0 M DR B il A2
72 05 B TR L 461 o 24 B8 PRt 52 A e 2R o I TR e 6 1) AL 481 G A A PR R P PR R R, FDA B
B B AR <R IR NI IR R A A R A AL

FDA 51 i SR A% 2 A7 S LT ) LAY 5 R AL

XA RIR AT E LB IE?

AR B ) S S RAR T

LU e] 5 SCED AR A TP IZOR TR Y S B 2

(5 BRI JE T WTO TAES:. & E FDA AF 1) X5 2 Ar 4 H il FH “ R AR AR i 9 2 UL [EB/OL). (2015-11-13). http:
/Iwww.xmtbt-sps.gov.cn/detail.asp?id=50198

AR5+t £ 510 2015 5% 34 5% 12 15 [EFN




