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Abstract: Bovine Serum Albumin (BSA), a model protein, was used
to study the relationship between the free radical production and oxi-
dative properties in the microwave field. Electron paramagnetic reso-
nance ( EPR) trapping with 5. 5-dimethyl-l-pyrrolin  N-oxide
(DMPO) was used for the detection of free radical produced by BSA
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under different microwave treatment conditions. The signal intensity
of free radicals arose from BSA solution via the increasing of power,
temperature, and time after microwave irradiation. By measuring the
carbonyl, thiol and surface hydrophobic oxidative properties of BSA
under different microwave temperatures. It was showed that the car-
bonyl content increased, the thiol content decreased, and the surface
hydrophobic content increased first and then decreased slowly with
the increase of microwave temperature. Combining the results of free
radical formation and oxidative characteristics during microwave irra-
diation, it was suggested that the microwave treatment of BSA
should be carried out under the conditions of 400 W, 60 °C, and lon-
ger time, this condition reduces the effect of BSA oxidation charac-
teristics.

Keywords: microwave; model protein; radical; electron paramagne-

tic resonance; oxidative characteristics

OB AR T2 T £ S 2450 IR A0 Gl B AR R 4
17 BT AP B 1 AT 5 L 75 00T R S AR A5 B T B RO
RERBELANDMEFHL, KEZHEW P EEEAR.
JIT LA FH ol i b B O R P 5 A B W e 7 R T R R R i
VP2 AR s OB AT 52 i i D EAE k. /N4 E
A R4 2 A DEIE T IO X B R 45 A R T A R
Byaruhanga %) % i in P g 5 s 5 4 1 5 i B &
S5 M & R s Thostenson 455 $ H fo e 3 ot s i 37 5| e 7R
S A o [ A o 8 o i [ B o 5 | o s
Y iR N T R 2 08 B - A R SO RaA Tl = Wi B R L
M 3 #4453 i EI-Shimi®™ & BURDE 2 00 R #8FE W R 4 A

11



AR

2018 4 % 12 9

F R A0 2 55 I AR A5 2 T v o HL B R T 9T T OGO B
R TESE AT X 5 T 2% 8 5450 ) 2 35
T T O A [R]85 ke 2 1 o A Ak B 51 A2 Ak 1 7T g
HLAI A 438, Bohr 2007 % B i 0 26 B 4T B AR PR R
AN IR 05 3R 3l 19 o A 2 4 5% g A0S il ) S A g a5 R o 2
T X 2R P T 1) 5 A7 E AR AR . R BRI A
O 11 T A S T T B ) A M R B R AT AN B L X
B AT SR PRI e S I A RN S5 AT W 1 i e bR A 1
TREA,

BREAMEL AYFETREL S5 E 44 BSA Jg T 5
I3 )2 A0 P A 7T BB S B L BSA Y 25 F o Rk 3 B L 0T
SO Gt Xt BSA Y R M X T A B0 e A AR T A 5
A MG E X, AR D& [ BSA iy WF 58 4
A MIEA G A B 510 T BSA | H A& 1 25 UL I
H AR A Al T SO AS TR 4% 14 % BSA B 52 1, LA 39)
o B A B A TR R B TR A A T R B e
HeZ:2 RO E AR B T o L R g 2 Ry
sty JBE 1) 52 0 42448 R K0
IR} & REYR7 S
1.1 #RE5 e
111 A5 EH

BSA 4l =98 % , Ly I A W Rl A IR 7

DMPO . 4 if =98 % , 2 [# Sigma 2\ 7 5

L-S2 @ MR AP W .+ e SRR A IR L g5 3
ORI CRE. CRR TR ZH LR R 2, -l %
SR BRI A AN B R AN G K Z L5 L5 - R R 8-
IR - 1-ZR AR « 43 M7 405

FoAth 7 AL - AR 9, B 25 B ARG BR A A .
1.1.2 U554

S S R A AL XH-MC-1 8, b s s R R B A
PR 5

P IEEIEAL . RF-5301PC %1, H 4% 5 A\ 7 5

SEHNTT LAY G BE . UVT765 B, g A H 4 BT AL 28
RS ] 5

HL L e % U8 15 A . TES-FA200 &1, H A JEOL 2 ] 5

IR Y8 ED WG 2R %2 - DLSB-10L AL, I L7740 #5845 BR
FAE A

L I R B 55 . WT600S AU, {2 5 o i B3
HIRAF .

1.2 REH*E

1.2.1 G R B R i B R SR R B
AR P L SR R (B IR R 5
P AR s o A TR RE B R S e A7 SO R O A IR
TIARAE B T 9 A A BV OB BN AR R R 0 0 A IR B A R
#5352 MR K 500 mmol/L i DMPO HIZEV IR AE Ry B Hi Ak
AR FMA 1 mg/mL (19 BSA ¥ WM 2 450 kHz, i
B 60 °C,HFE] 3 min, 454 100,200,400,600,800 W
I 400 W, i8] 3 min, i B 48 %1k 20,40,60,80,100 °C;

12

T3 400 W, 60 °C N i) 43 51 35,8 min i Ab BLFE & 5
FH VL T DT 0 2 1 988 3% S0 52 A [ ke 0 2 3R L A O UL B L U
HFIRDGS B R B 15 59 B 1 S 0
1.2.2 EPRERERI [ 340 98 4% 0« BOR U Ak RS )
20 pL B F EPR B4R i b, B3 7E 200 20 "C R, i i
EPR "0 B b 4 B 326 m'T, 54l 58 B R 100 G, 9 il 45 38
86 kHz, Wi il i B 1 G, 30t 40 s SRR AR REE S .
g MR ILIRS DO 5.

g =;;:I : Sh)
A

h——3% B 5 5B

BB RHET

v A, GHz;

H— % .kG( G=0.1 mT).
12,3 BAEEHENE ARSI BT RIR &)
# 400 W B[] 3 min, J& B4 91 &y 40,60,80,90,100 °C 4k 3§
9 1.0 mg/mL BSA W4 1 mL T&OE P BE PIMA
200 pL 2k BE S 10 mmol/L f) 2,4- 7l 3 2 JJk (DNPHD iy
2 mol/L Yy HCL, X 40 i A 200 L R DNPH #9 2 mol/L
19 HCL W . 2 R B O 1 hCBEF 10 min @ — K0
SRIGINA 1.2 mL st 4350 202619 TCA, ## & 10 min, i
AW 11 000 r/min B0 15 min, 35 B . T03E AR5
RH1:IWMZROBEMOERME®R 1 mL k%K, fK
11 000 r/min B> 5 min. W . MA 2 mL ¥ 6 mol/L [y
BRI W, 37 °CF A ULUE 20 min (5 [ 5 min JE#R 1
YO R EWPBAL FLAHE S Dy 25 A X I IR A 3 . ik
JEE IR MR B 3 (2) 35

AXI

(;7: ~
' exC

, (2)

Ko

Co—— I W BE IRV s mol /g5

A——367 nm 4b AW BE 5

D— BG4

C—H A ,mg/mL;

W HEE.22000 M s em™

L2.4 LS wmmiE  MRESCILo] B ™ RIE D)
%400 W I E] 3 min J&BE 4518 40,60,80,90,100 °C b3
9 1.0 mg/mL BSA % 1 mL.AIA 50 uL 9 5.5 -~ 5K
XU-2-fil§ B2 B FR VA W (DTNB) (39.6 mg DTNB % T 10 mL
100 mmol/L pH 8.0 B & +h 2% vp ) . ¥ N A 2 mL pH 8.0 fi§
BEERER 22 b (&4 1.0 mmol/L % EDTA H1 1% SDS), T
25 CI{i% 60 min, 412 nm Zb P52 WG A, 25 (40 IR K
AR . AL A DTNB A7 75 B A 6 9 R OGH . A, A
DTNB f77E I FE 5 WO A 25 1F 58 AR IR, i 4T 3

€

W Hidka i LG,
Cy=73.53X(A, —A;)XD=C, 3
EVCEE

Co—HiFHEM U FE , mol/g;



FMBFEI2H

EENCY R SR S W A NS N R S Wi R AR AR LR A

D— %8 [ 1 0 s R 4

C— BHFB WM . mg/mL,
1.2.5  FmBKMEM I E RS SCEk[10] BB R - 1k
2% 400 W BHA] 3 min. 5 EE 43 40.60,80,90,100 C
AEFERY 1.0 mg/ml BSA &, 10 mmol/L pH 7.0 #§fiz £
% o VAR R BRSO B2 ZE 0.05~1.00 mg/mL, HRFEF K
2.0 mL. A 20 pl 19 8 mmol/L. ANS ¥ i, 52 % . i &
3 min, WEMAHEK 390 nm, & G K 470 nm, Be4E K IE
5nm FKFTFMEREM PR BE, KB EL 3 K. UEHA
JoR e J3E X 3 A B AR I L BSA 43 1 3% 1 B K P 8 AR il 2k
T W) B B i A AR
1.2.6 B4 4B % Origin 2017 5 i il SPSS
13.0 JAFAT 4307 IR BB « £ s TR
2 HR5R
2.1 %438 BSA By EPR g

R T EEON R AL 3 BSA PR AR B BRI LD K B R 3
15 5 R AR X 3B 43 900 %ok AS TR) Ak 0 A% 14 1 b AT EPR AR
M, 1 gL a o] W, A0 DMPO 3550 i1 56 4K & JL-F-
WA EPR 545 il e W22 20 /) B i 215 51U FE BSA 7
MBI A T4 . B 1354 b h R Sl b B9 BSAL K
AR A B AE S 0, AT HED BSA A & &/ —E
EH A B, B c~g R BEE LI R AR, A
B L E S AL G, T AL B SR 05 9 £ R0 — B
TR R th R A B BSA J5 [ i B A B kAWl
M54k . BSA ) EPR g TR FM A B EFS . H
g T 2.004 1~2.005 4, 1558 o (70 4% K
LRRKF LR [ B O T R 0 0 Y R R
b B FH AT BSA B ok E T MY
2.2 K ES BSA B B EREE N

2L DMPOE g 4 38 70 % AS 7] oy 26 388 Dk & 14 T BSA 1Y

3‘10 350 3930 3210
W3
H/mT

a. 500 mmol/L DMPO EPR %%k b. BSA 1§ 500 mmol/L DMPO
EPR ji% £k
600,800 W 1) EPR %4k

B 1 BSA &k 4 237 5 ¢ EPR # 4

EPR spectrum of BSA before and after of

c~g. BSA f 500 mmol/L DMPO 4357 100,200,400,

Figure 1

microwave treatment

F i 2E AT 04T . il 181 2 BT L B O T R 6, BSA
I H A5 T 50 B LB 2 3R F HL A i £ 2 0 e 22 LB
A IO T SR A 3G I W R FEAR TR A i &AF 5 8 R RN
T BE 2 IR 2 A B 2% 1F 1 0 RE 2 A A BE A0 A~ RE AR
TR UABI AR B W A4 8 JF H 1.0 mg/mL BSA ¥
WA ZR YK S0 3T B B — 2 S AR T R 0k A i) 2
WA M SRS . =R A i R R TR
P A0 VR B B AL Y P RE AL 2 BE B . 51 R R B
FEE s H 1.0 mg/mL BSA MR Py K 3 %5 B 5
AR RAE A L LG A i 2 22 A by 2 ) 2 B AR . e 2
FRIE— DRI R B A R A 32 BER A AT A I A e
B B TR S R R R RE B 1k A RE A 1L A RE
A5 J A B 2 0 8 1 5T Y ST 1 o s T L 3 IR
T 400 W ok 4b PR 1y . kAR X B & S E R AW R RN

1 000 -

77

800 | 7

600 -

The intensity of free radical

400

100 200 400 600 800
RIES
Power/W
B2 FRA#MESHNET BSA awiizTEE

Figure 2 The intensity of free radical spin adducts treated in

BSA at various microwave power
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Figure 3 The intensity of free radical spin adducts treated in

BSA at different various microwave temperature
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Figure 4 The intensity of free radical spin adducts treated in

BSA at different various microwave time
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Figure 5 Changes in carbonyl content of BSA under

microwave irradiation
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Figure 6 Changes in sulfhydryl content of BSA under

microwave irradiation
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Figure 7 Changes in surface hydrophobicity of BSA under

microwave irradiation
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Figure 8 Effect of carbonyl, sulfhydryl contents and signal
intensities of radical during microwave irradiation
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