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VE bt B 284 X R 100 mg/kg 49 VE, B2 ) B fo B 7 04 R E IR A 4K 02 ml/10 g, 4
SR 8w E, M E &) KT R 4L 8 Aw e 7 P 64 A8 5% 40 AL 45 47 (CAT.SOD .GSH-Px MDA) ,
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Anti—Oxidative Activity of Microbial Transglutaminase Cross—Linked
Fermentation Milk Protein in vivo

LU Jianmin', YUAN Haind®
(1. Laboratory Animal Research Center,Zhejiang Chinese Medicine University , Hangzhou 310053 ,China;2. School
of Biological Chemical Engineering/School of Light Industry,Zhejiang University of Science and Technology,
Hangzhou 310023, China)

Abstract: The study was carried out to investigate the anti-oxidative effect of Microbial
Transglutaminase Cross-Linked Fermentation Milk Protein (mTG-FPM) in aging mice induced by
D-galactose (D-gal). Sixty C57BL/6] female mice (12 w old)were divided into 6 groups including
the control group, D-gal model group, D-gal-induced mice treated with FPM cross-linked mTG by 0
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U,1 U and 3 U/g protein (as D-gal+0 UmTG-FMP, D-gal+1UmTG-FMP and D-gal+3 UmTG-FMP
groups) ,at 1.5 g/kg bw via ig,and D-gal-induced mouse treated with vitamin E as the positive group
at 100 mg/kg via ig,respectively. After continuous administration for 8 weeks,the anti-oxidative
parameters (CAT,SOD,MDA GSH-Px) in liver,kidney tissues,and serum of mice in each group
were determined. The results showed that mice induced by D-gal had lower CAT and GSH-Px
activity in liver and serum,lower SOD activity of kidney and serum,and higher MDA content of
kidney and serum,when compared with the normal mice (P < 0.01,P < 0.05). Compared to the
model and untreated FPM groups, FPM treated with mTG had higher CAT activities in liver tissue (3
U mTG treatment, P < 0.01) and in serum (1 U mTG treatment, P < 0.05) up to 11.14% and 35.57%
respectively, whereas the content of MDA in kidney tissue (P <0.01) in FPM treated with mTG was
reduced 26.41%. The activity of GSH-Px in liver tissue was also sharply higher (22.36% increase) in
D-gal+3 U mTG-FPM group than that of in FPM group untreated with mTG (P < 0.01). It was
concluded that the mTG Cross-linked effect in FPM can improve the anti-oxidative ability of aging
mice induced by D-gal.

Keywords: microbial transglutaminase (mTG),fermentation milk protein (FPM),in wvivo ,

anti-oxidative ability
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EHEATIRFL A, 24 0 e 2 B O VR R T4, ol 4
H & mTG &40 0.1.3 U [ FMP, #%ic >k OU
mTG-FPM,1U mTG-FPM £ 3U mTG-FPM,

132 #FHhompi e RKE T IER4H,D-gal &
B A D-gal+OUmTG-FPM 4 ,D-gal+1UmTG~
FPM 41 \D-gal+3UmTG-FPM 4 fil D-gal+VE FH %
XtHRAL 6 419, KA 60 10 JE I MEPE CSTBLY
6J /INFUE MR FR 2 wE, BEBLSY A 6 41, R4 10
H 2 SR8/ 7 1 37 % & /N BB Y I 2
R JH A AR A PR K B T T4 . FPM 2% 21 7E 8 B 11
A B B3 R 4 i 22 FU#EE 1.5 g/kg 19 FPM, D—gal +VE
R X PR 2 7 A ] g R 22 TR 1 100 mg/kg HY
VE, B2 A IE 5 % R4 A R 248 10 B 2518 K 0.2
ml/10 g, % L4 17 sRAR B 8 Ja] J5 45 A, SR AR 4%
/NG T IE B AR AR A2 R 8 R s A
A%, DU E A RE A LA LA ST JIE LS JIE 20 2 5] 3% v
CAT MDA SOD  fl GSH-Px 4545 .

1.4 SitFEaE

K H SAS 8.1 Goil A4 1) ANOVA 43k 17 8
K2 7 2250871, 7 384T Duncan K2 & LR, 45 R L)
Xs RN,

LR

21 mTG-FMP 3t D-gal /IR, BALR
miEd CAT &M

% 1 a] AL, A S B 2 /0N BRI O A If T e
CAT 1M B E L FIEW 4 (P < 0.01,P < 0.05),
3U mTG-FPM 401 VE FHE X B4 /)N BRUHIE CAT
T M R 2 TR BEAL R OUMTG-FPM 41 (P <
0.01,P < 0.05), 3UmTG &b HZH /N IE CAT 15 1
Fb A AL 41 il OUmTG 41 43 51 48 & 14.91% F
11.14%, I3 CAT 3 M LA IE & 4Ll 1UmTG-FPM
AbFRAH Sy ey, 35 5 A X B2 T OUmTG-FPM 41 22
S E (P <0.05) , i 1UmTG 4k B4 /N BT I
CAT i 1 o B AU 2 F1 OUmTG 4b B 21 4 5] $2 &
41.21%%01 35.57% .,

x1 MR SHEAR[FMMEH CAT EFENELER

Table 1 Activity of CAT in liver,Kkidney tissues,and serum of mice (n=8 X+s)

5 -
JHFHE2H 23 /(U/mg)

162.28 + 12.65™
129.95 + 7.77%
134.35 + 13.41%
140.82 + 10.095*
149.33 +17.16""
151.15 + 7.90"%

IEH A

REHY 20
D—gal+OUmTG—FPM 41
D-gal+1UmTG-FPM 2
D-gal+3UmTG-FPM 2
D—gal+VE FH 4 X Bt 21

CAT 754
99.92 + 2.31 10.64 + 1.70*
101.79 + 17.94 745 + 130"
109.12 + 11.43 7.76 + 1.86"
101.01 + 16.33 10.52 + 3.16*
9540 = 7.12 825 + 1.71*
108.35 + 16.04 9.31 + 1.71%

TE ¢ (7] — 1 v i B0 AR ) 7 B 3R0R 22 53 R .38 (P>0.05) 3 BLAT R R Y /NG B 7R 22 57 1 35 (P<0.05) s BAT A [l Y ¢

R 2 S (P<0.01).,
2.2 mTG-FMP 3t D-gal ®E/RAF, BAHA
& $ MDA & 82

H1 ¢ 2 T UL, D—gal & #8576 /)N LB A Il 75
MDA & B EE T IE®E /NP <0.01), U]
D-gal = EHRNRHEL T 2R, mTG F$ 5
B 4k B AT 2 B AR D —gal 3% BB/ BLUAY D
MDA % ,3U mTG-FPM 41 /) LB IE MDA & &
WEM TR OUmTG-FPM 4 #l 1UmTG-FPM
(P <0.01), t OUnTG-FPM 4 [&1Ik 26.41% ., 4%
FPM Ab B2 /)5 BT MDA 75 G465 180 2 34 4 [ A
S E R EMEZER (P> 0.05), VE FHYEXTEL
/AN B IE MDA & & 3 0 AN A Ak B 4 A

OUmTG-FPM 4 (P < 0.01) , {55 3UmTG-FMP 41 &
WEEZER(P>0.05),
2.3 mTG-FMP 3t D-gal F&/IRAF, BHR
& & SOD & 1% 5 Mg

mTG-FMP X D-gal % & /N, B4 2
W SOD i PEZ 25 3L W3R 3, D—gal 403 i 25
R A s 2 /0N BV JDE R L3 T % SOD & 44 (P < 0.01,
P < 0.05) 7E'E Nt 3 4~ FMP 4 HLZHF1 VE B X
HRZH Y SOD 1 PR 40 2 35 & TR RLZH (P < 0.01),
VE FHA4: X B8 41 /N BRI SOD 37% A U] i 255 g 4 A
4 F OUmTG -FPM 41, {H 5 1UmTG -FPM #1
3UmTG-FPM 4122 % AN 8% (P> 0.05), LA Bg5 %
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B, e 5 mTG /&7 2Bk, FMP 2] # b 25 2 5
Z/NEUE IE SOD W& 1, BB FMP & &b HAy — &
A LTI fE
24 mTG-FMP 3t D-gal EE/MRAF, BALR
I 7% 1 GSH-Px i& 14 81

ANEUIF B AU T GSH-Px 16 PR 45
R 4. D—gal T2 ERIRL/NFUAY I B ALSUR M 3 b
1) GSH-Px 1if P 34 1 K T 1E % /b BL(P < 0.01,

P<0.05) , vt AR AY 557, 3UMTG-FPM 4 A1 VE AT
X BE AL /N BRUFFIE GSH-Px 175 1 8 35 i T 0 %) iR 41
1 OUmTG-FPM 4H (P<0.01), — 3 43 % it OUmTG-
FPM 4 7} 22.36%F1 26.22% . 78 ¥ Ik ,3U mTG-
FPM 41 H1 VE FH2%: X B2 ) GSH-Px 16V 8 3% 5 1
A2 (P<0.05) , B 28 3UmTG 4L B FPM 14 bt
AALTIRS VE $#:3,

F2 INREFE.BHEAR[AFMES MDA 22N ELE R

Table 2 Content of MDA in liver,Kidney tissues,and serum of mice(n=8 JX+s)

,
2H 531

B i 46 23/(U/mg)

JHF Ik 26 2/(U/mg)
IE A 1.77 £ 0.24
LA ZH 2.08 = 0.49
D-gal+0UmTG-FPM 41 1.88 + 0.30
D—gal+1UmTG-FPM 41 1.88 + 0.18
D-gal+3UmTG-FPM 41 1.92 + 0.27
D-gal+VE FH X i 25 1.78 £ 0.23

1fiL 75 /(U/mL)

2.52 £ 0.09% 7.92 + 2.22"

4.04 £ 0.57* 11.52 + 0.60*
3.90 + 0.72* 9.48 + 1.65
3.67 £ 0.25%% 10.33 + 2.28%
2.87 £ 0.34% 9.46 + 1.93
3.07 £ 0.46" 10.27 + 1.82%

TE ¢ A — 51 rp i 807 BT A TR) 7 B 3R0R 22 53 8 035 (P>0.05) 3 HAT R IR /NG P B3R 22 57 1 35 (P<0.05) s BAT R Tl Y R

BN ROR R (P<0.01)

x3 /NRBFRE.SREHERAFMEH SOD iF N EL R

Table 3 Activity of SOD in liver,kidney tissues,and serum of mice(n=8 X+s)

JFE 20 27/(U/mg)
EH 4l 80.59 + 4.08
LA 2 71.72 + 3.77
D-gal+OUmTG-FPM 41 67.60 + 5.78
D-gal+1UmTG-FPM 21 70.67 + 15.55
D-gal+3UmTG-FPM 21 7131 + 17.72
D-gal+VE FH %t 18 21 78.62 + 7.68

SOD i T
"B A 2H 21/(U/mg)

1fiL. 3 /(U/mL)

59.76 + 2.82* 180.73 + 5.02°
51.07 + 3.88" 163.99 + 6.60°
62.44 + 3.79* 163.54 + 7.18¢
63.59 + 3.57* 171.70 + 7.56'
64.43 + 4.43* 170.17 £ 6.77"
62.27 + 6.53* 173.26 + 8.92*

TE ¢ (6] — 31 o 5 807 BT A TR) 7 B 3R0R 22 5 8 1038 (P>0.05) 3 BLAT R TR Y /NG P 8308 22 57 1 35 (P<0.05) s A AR Tl Y K

SRR IR 22 R 3 (P<0.01)

z4 NERIFHE.SHEAAMNME D GSH-Px i& N E &R
Table 4 Activity of GSH-Px in liver,kidney tissues,and serum (n=8 X+s)

2 51

JFFIE 2 41/(U/mg)
E#d 84835 + 82.60
AL 670.78 + 58.91*

674.24 + 72.19*
737.68 +78.40"%
825.06 + 141.51.45"
851.02 + 66.49*

D-gal+OUmTG-FPM 4
D-gal+1UmTG-FPM 41
D-gal+3UmTG-FPM 2
D—gal+VE FH XS I 41

293.34 + 47.56*
233.80 + 33.69"
246.88 + 44.38%
280.12 + 33.18*
259.83 + 29.50*
276.53 + 54.02*

B A 2H 21/(U/mg)
432.79 + 53.1*
366.83 + 44.53"
398.76 + 50.15®
397.41 + 54.94
461.67 £ 67.45*
458.83 + 63.98*

T« [ — 3 p i By B MR 7 R 3R0R 25 5708 B35 (P>0.05) s HLA R IR /INE 7Rk #m 28 57 B35 (P<0.05) s HA A [l 1 K

B R R 22 50 R 3 (P<0.01)
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