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# E: HBIFS -H,0, - Ve SHERER, BEWEARF H,0, RELHT, SMUIPRFEEASH
REREEUTEDSENEZW, M TERAEHE( - O MIEAEEIFRREERNEMLHN, &5
xH. - OHXNHRNEAEEADERNWEMAFTEREYE, NEAER(Asp) . HER(Cly) RZEB (Leu)
SEXNEMERTERE, REERUAEE, MHRER(Cys) . BEMR(Met) KBEER (Tyr) XEACER, B
% H,0, WEEM, HAERS - OH MARERZEHN, FH3HEREAERSEE TRES, HEAN
BE. BRER _BMEARSTEMFTEYTENN SR E R, EASFBEONBRER _BERSENMN,
REESETR, #—PHAERY, SEREAFAEHERMRENRN, BE H,0, REFAR, HEARY - OH
WAERBRZESEN, SEREMBEENE, SREMNIEFEEAML, & H,0, #EZEZ 20.0 mmol/L
B, Cys. Met X Tyr IS BB THET 13.3% . 11.6% . 20.5% ., & EFrd, S43IENEE S EERASURK
BREBRNEMRRLFBELSANERRR,
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Analysis of Oxidation Effect of + OH on Sensitive
Amino Acids in Myofibrillar Protein

LI Yin, ZHANG Chun-hui*, LI Xia, SUN Hong-mei, DONG Xian-bing, XIE Xiao-lei, WANG Chun-qing
(CAAS/Comprehensive Key Laboratory of Agro-Products Processing, Institute of Agro-Products
Processing Science & Technology, Ministry of Agriculture, Beijing 100193, China)

Abstract; Oxidation effect of + OH on sensitive amino acids in myofibrillar protein( MP) was studied
based on Fe’* —H,0, — Ve oxidation system. The results showed that the oxidation effect of + OH on
amino acids in MP was selective. Among these amino acids, aspartic acid( Asp), glycine(Gly) and
leucine(Leu) were insensitive to oxidation, in which their contents did not change significantly after
being oxidized. But cysteine( Cys), methinnine (Met) and tyrosine ( Tyr) were sensitive to oxida-
tion, and their contents reduced gradually with the increase of H,0, concentration, which resulted in
the increase of + OH generated in the Fe’* — H,0, — V¢ oxidation system. The results also showed
that the oxidation of MP could lead to the contents of protein carbonyl and bityrosine increasing, and
sulfydryl decreasing. Further study showed that amino acids oxidation was concentration — dependent.
The degree of oxidation increased with concentration of H,0,, and after being oxidized with 20. 0
mmol/L H,0, for 24 h, the contents of Cys, Met and Tyr decreased 13.3% , 11.6% and 20.5% ,
respectively, compared with the control sample. Therefore, the oxidation-mediated structure changes
of sensitive amino acids containing reactive groups were the major cause of protein oxidation.

Key words: hydroxyl radical( + OH) ; myofibrillar protein( MP) ; sensitive amino acids; oxidation
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W HE R TEREMROPA ., REENHRE, BIREHRE, —RENBR, #NSEE o BEER L)
BEHERIMSRS , BATR TR VR A RE E MR mBT IS &P 7EE A R R G R H BRI
AAHE R R EERMIEF S, RTEAVRTEE AP EERGHNERTFRE D, #id L,
WURE 43 5 BBTH BERMER 5 EZEEE E B (ROS) MAEAKTE, HEZFSZERN ROS A fL
BUBARMRA, SAXIIRA %R EAT R R Em 22 R AR A ER SR
i, EABERRE A B - OH) EMBAART, - OH MUURAEE G h —BUREHE
REEARNL, Hi— SRR EARS & B 2 R AL & S A HI R AL B AR

1 SCIGEES

1.1 HKF 5%

S0 F B S S B AR L (Longissmus) WA AL HABRE RA F R4, B TFRIVES4EQ, &
B Fe'" -H,0, - Ve REHME( - OH) EMEEER, ZB-W-(2-FHEZE) [ Z#(ECGTA) BWTEE
Amresco AT ; FIMIEEH(BSA) . WEEE-N, N'2-ZM#®R (PIPES) & 5, 5-ZHi AW (2-Z./##8) (DINB)
W TFRHE Sigma AH]; HERAABMTEAEANZRANERAE , LRHTARRRK A4, UV-
1800 24 AT WAt E v ( HA BiE AT ) ; Blender 7012G HFEHL (EE Waring A F ) ; CR22G T HHE
REHEOHL, F2500 264066, L8900 HER B3I AN (HARILAR); HWFRF(FEEZF
WRHE O (L) AR A ) ; PHS3C HH# pH 7H( LEECRRZZUS BB ERAF) .
1.2 EWAHZE
1.2.1 REAEEARR 2% Wu S TN ESREKINFIBRINNESEES, BUBN
WY 4 AR 2 2 # (0. 1 mol/L NaCl, 10 mmol/L Na,PO,, 2 mmol/L MgClL,, 1 mmol/L EGTA,
pH7.0)IBASKEEL (4 C, 2000 g, 15 min), FIRVIRER KK, BOWKR, Bk LRSIEH4
TR 0.1 mol/L NaCl ¥ BERR . BOMWK, HEEF —RKELIAMES AT 0.1 mol/L HC1
BREHE pHEREZE 6.0, &ERANECATHER B HESMERER, & EFIRE 48R
&, KR4 MBEEEEIGERES,
1.2.2 Fe** —-H,0, -Vc §LERME % Pak LMK EME F* -H,0, - Ve EHER, H
REFGFER: CH O, (FiIRIMER, Vc) +2Fe’* —2Fe’* +2H' + C,H,O, (BiEFIFIMER), Fe’* +H*
+H,0,— - OH + Fe’* + H,0, FeCl, ¥#RJE 4 0.01 mmol/L, Ve #KE N 0.1 mmol/L, H,0, WE %K
0.5, 1. 5, 10, 20 mmoV/L, REHNRAEEZEL 7T LBEWAERD (BRAKREHN 40 mg/mL), 7E4
CHMTEM24 h JGH EDTA #1b, DA ERISEA R NIILE 15 mmol/L WRER-N, N'-(2-ZBiMR) (PIPES)
ZMHEW(pH 6.0, BFIRE 0.6) PRT, FrifE T BRI H RINUURL 48 7R = B X,
1.2.3 [EBRMN BREMEBRFLFREWELEFN S EN,, EAKERNNCWEKBE
FMA 10 mL 6 mol/L FHMEE AR TIHEH, KBABEET 110 CHERFANKKE 24 h FRHNE=E
’, d9E, BBEEAZ S0 nL FAEER BTl EER, ABEIKREEMNEELDRE &,
RIEFERNEMESES A RA -5,
1.2.4 HBESENTE 5% Levine F W WERENFIE, 7 1.5 mL WHLOEFR, MAO.1 mL X
FI¥H5 0.5 mL 2, 4-“HEZFRN HCL W, 7625 CFNXM 40 min, ZFEHARFRARN 2, 4-2HE
KM, RIEMA 0.5 mL20% K=& ZR(TCA), #®HEEL (11000 xg, 5 min) F B, HAVIEH
1 mL 28 - ZIRFREH(L : 1) BEH3 K, BREBAEHEBR&ET 1 mL 6 mol/L AR
B, 7E£37 C&AM T KERIE 30 min, MZEHBEBAXE, 370 nm FRIHENE, BHRRKETEDH
£ 8 (nmol/mg TH) FIEE/RBEFRE22 000 L - mol ™' - em ™' #ATHE,
1.2.5 BHESENE AFESENWEMH Elman™ REF¥E, BABBSE 1 nL 55 6 mo/L £
BRI, 1 mmol/L EDTA 50 mmol/L Tris — HCl 23 ¥ (pH 8. 3) LA & A 10 wL 10 mmol/L 5, 5-ZHiX
(2-TEEEHER, DTNB) [ 100 mmol/L Tris - HCl ¥ (pH 7.6) B &, 725 C FH#E 25 min, H 7
412 nm W HBEHE, FHESE (nmol/mg HH ) HHERBEAFRE 13600 L - mol ' - em ' 1,
1.2.6 “HMEBIENUE 2% Davies FHHFEIFBIMBEENERRP-BMERSE, BEHF 10
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mg PR A4 ARNBTFRE T 3 oL BE FREEZME (0. 6 mol/L KC1, pH 6.0, 20 mmol/L BEFRZE M
)W, WA EBREZRBRFAAEEYR, NERENEEREASTE, JOLEENER T =
BERSE, WELMR.: KK 420 nm (34 S nm) , BEHK 325 om(FkL%5 om), NESEEH
RIRERR UEAWRE, R AN FGE (Arbitrary Units, AU),

1.2.7 BEHIF KA SAS9. 2 REHATHENT, RAZEWRSTEHTEEESMT. FEXE
BREEBRIMM A2 NERILEHRDL NI RER, SR “PHYHE  FpEE" BN,

2 HR5TE

2.1 FEBRHWH

AR ERORRZANEM 17 FEERSE(R 1, R1), HEX1TH, ERERE
A, - OH MR AEEARERMENWEFTIEREME, TEER(Asp). HAR(Cly) KRER
(Leu) FEXENWAEHPERK, EENFTEHEEZUARE; REIERNEEWYM H,0, WREFI N
TERMTREEY, SERDBLEY T %, TEEER(Cys). BER(Met) KRR (Tyr) SE 4L
fEFAEE B, BE H,0, IREWmM, MEGRHE - OH SEMNME N, 3 MEBREERSEEEET
BEHEH, %4 H,0, IREMMNE 5 mmol/L i, X3 MEEARNSEEHETHRANMNEE, 4 H,0,
WEIEE 20 mmol/L Ff, Cys, Met & Tyr IS EDH FMHT 13.3% . 11.6% . 20.5% (P <0.05),
Cys. Met & Tyr HEH 5% - OH Wk MEMFEHER, HAd Cys WAHES ZENK TR R,
X5 Hu E" BT R SG RA—8, Pak ZM' IR BRWENSSBNRTER A E REXEK,
Met A EHREER, HHENTERBEREMN; Tyr NFEFERXRHZ - OH EHER_BRER, HE
ELSMEABBENTIET PR, SR _RERSET .

Bl
=
-

T T T T T T
0 5.0 10.0 15.0 20,0 25.0 30.0
1/ man

(Tmp)

1 BERKSHTEE

Fig. 1 Analysis spectrum of amino acids

®1 AFRWRER - OH AKRANEER S ERZW

Table 1 Effect of different concentrations of - OH — generating system on amino acids content

Amino acid ¢x,0,/ (mmol - L)
Control

(mg-g71) 0.5 1.0 5.0 10.0 20.0
Asp 90. 09* 90. 40* 84. 84° 85. 56* 84. 54* 84. 48°
Thr 48.11* 47. 44 42.77% 43,52 43.10% 40. 74%
Ser 40. 74 39.03% 36.28% 36.28% 35.89% 34. 46°
Glu 197. 89* 191. 55% 180. 52 183.31% 180. 56* 170. 99
Gly 39. 74* 39, 47% 37.25° 37.36° 36.91° 37.39°
Ala 57. 84* 55.19% 52.20% 53.52% 51.84% 48.91°
Cys 21.62* 21.11% 20. 68 20. 18%¢ 19. 685 18.75¢
Val 46.32° 46. 36* 43, 87% 43.96% 43.43% 40. 25
Met 27.96* 27. 42 27. 40% 26, 87%° 26.75% 24.72°
Ile 47.19* 46.32* 43. 64 44, 41% 43.81% 40. 80°
Leu 82.92* 82.03* 77.75° 78.25° 77.13% 72. 60*
Tyr 41.70* 37.91% 36.46% 35. 83 33.88° 33.17°
Phe 42. 14 41.72% 40. 42 39,29 38.92% 36.31%
Lys 91.99* 89. 86™ 85.20% 85. 62 84.37% 79. 63°

His 24.13* 21.43% 20. 07 20. 49% 20.13* 19.05°

14
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(8&1)
Amino acid €150,/ (mmol - L-1)
1 Control
(mg-g1) 0.5 1.0 5.0 10.0 20.0
Arg 74. 83* 66.90% 62.90% 63.45% 62.31% 59. 09®
Pro 42.10° 34, 80% 32.24b 34, 87% 35.21% 32.51%
Total 1017.31 £35.16* 978.93 +14.60® 924.47 +6.01* 931.77 +84.75% 918.46 +3.26® 873.85 =69. 16b

= = MW
U!SLIJ\D

Content of carbonyl
{nmal = mg' protein )

in

a—c; different letters in the same row indicate significant differences ([F]—fTHIARFEREREREFE, P<0.05)
BEBHMTELEER(E 1), SH4HESEERELNERN AEEHFRRERE, HER
ERNWSEANER, RVUENFRBIBNEAEEARERIME, BEAENHEELHT - OH X —
SRR EERNIERENBIN, MRREESE TR, JFFEA - OH REMKI,
2.2 H,0, REMNEALZERHESE
=AU

BAORPREMFETENBEARMLHEE ’
Rz —, BRETHEERNECGEF N EZEH 1
EUHHA NH 8035 NH, FISRERRRR) & 1
Brigpsr A, RELBEANRSEEERN
BESETRUEEROELER, BE¥EOA S emel 05 10 50 100 200
RS, S BhmE™, mE 2w, Sl PRRTE
BEE H,0, WEERIIIN, - OH WAERBRWNMI, W2 HO0, WENNURS%E 1 (MP) P4 B0
BRESEZRY LF., MERAKRESEN 1.17 Fig.2 Effect of H,0, concentration on carbonyl
nmol/mg A, 4 H,0, A 20. 0 mmol/L B, content of myofibrillar protein( MP)
BREABEWINZE 2. 82 nmol/mg FHH (P <0.05), XEH, H,0, RELEEZFHBRESE, H,0, KK
EE, WEAERAONEANBEERE, SEERMBEAEELBRR (B 1, 1), 5EEE%KY
BFITL AL,
2.3 H,O, KEMINEALEQRRESENTMN

MBEAEEAS, NEREAL L 50%, £
FAREANEELARED, IREASFFE 90
BRESRE(L2A), W3hE SR RNURLT 4 o
BEAMS—FEEH, 7 TFHFLT 2ARE, |
EER_RER®REREN SN S

200

sullyeleyl
= mg ' pirotein )

150

i, BEEOANEEREMRLSES  Z7

&, BE3 U5, - OH SMLRNBHEAR

By S L LEL Eo Ry VL Gomwil 03 10 so w0 200
B8 239. 22 nmol/mg B[, 24 H,0, KB EW o (et 1)

Hinet, - OH KAEREWRZEHIEM, FRERE 3 H,0, REXNEALEERED SRES RN
EEBETH , H,0, W Z 20. 0 mmol/L B} , Fig. 3 Effect of H,0, concentration
RBEESERD N 64.09 nmol/mg EH (P < on sulfydryl content of MP

0.05), XEHESETNEATEIFHR(E2), Martinaud E ERRAFAENAR T F WAR L4
BEAMENEAR AU R, SRETENEHR TRE LR AR EEARFSHIAERS
ETRHNEGRAYEG(ERL),
2.4 H,0, REMMEALEEA "MK ST
BARRBESZERA B HEENBIL AR RER, EHEER-RBER, LEEWHR
SHEARRE A —AEERR, B4 HTRKER - OH F=A kRN —HMERSEMHW, WA
WS, BEE H,0, WERMEM, KEKRSD - OH KAKBHEN M, SR _RARSEEZE EIH(P
<0.05), X1 Kristensen '™ IBFFLL A —3, - OH S BMF, FHEL NBERAMTH™E
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“REAR, WRVESDAMERERR, X5 kR <

WAEMBREGTBOBUEH—B(E2~3), A6 il

AME, FELERT, BEEAFRENTE, 5 ]

SHBREL FRER E RN RREE, "

SRR 1 65 R A AT 4 AR ) IJ I

“WER, SHCBMERSREHMINDY, M M B EEEBR

WER 1 PRERSETROTLERBDE . Control 05 0 50 100 200

2.5 MM L
SERZAEHEXEATERER(NE2), B4 O, KENIURSEE S HEARS RUEWH

Cys SEH5H,0, K. RESER _RMERSH Fig. 4 Effect of H,0, concentration

ﬂﬂ%*&ﬁ%ﬁ*ﬁ%(l)<0.01), ISP gy ] on bityrosine content of MP

BEFMRX(P<0.01); Met §BE H,0, REEMEZAMX(P<0.01), SHESER-HEARS
BEREMMERX(P<0.05), SARESTEERETLMHIR(P<0.05); Tyr B85 H,0, RER_ER
BREBBENHR(P<0.05), SHRESEEMEBZAMRK(P<0.01), ERHESTEEZLMHR(P
<0.05); BESEE H,0, KEBETFHRX(P<0.05); HESEE H0, KEEREERMAL(P<
0.01); —MERSES H,0, IREREZEEMAX(P<0.01),

XERPAEBAER D H,0, IREBFP W Cys, Met, Tyr, E, HEL _HBARSTE, H,0, KIKRE
M, -OHMAMERS, EARESERR, RHESERR, —RERSELR, BEOEKES
BTE, EREERENFEREN - OH WEHRN,

R2 BigtnZ RS

Table 2 Correlation analysis between indexes

H,0, Cys Met Tyr Carbonyl Sulfydryl Bityrosine
H,0, 1.0 -0.95** -0.97** -0.80" 0.83* -0.938* " 0.94""
Cys 1.0 0.94** 0.93** -0.96** 0.98** -0.98**
Met 1.0 0. 80 -0.82" 0.88"* -0.88""
Tyr 1.0 -0.98°" 0.90° -0.90°
Carbonyl 1.0 -0.93** 0.93**
Sulfydryl 1.0 —0.99%*
Bityrosine 1.0
*P<0.05, * xP<0.01

3 & i

WA EFFRRI, - OH XMAURL4EEAPEERNEMIEFEENE, NLER(Asp). HER
(Gly) RFEAR (Leu) FEXEAAEMAGURE, HEBRUAEE,; MHMEABR(Cys) . HER (Met) KB
B (Tyr) XA, BEE H,0, IREMM, WAIKRT - OH ERERH MM, 3 MEBREAERSTE
ERETHREY, BREERENFETEN - OHWRERN, B, REX_BERSENCERR
Wi, 7 - OH EMLMART, B H,0, IREEKIEM, HE, —RIAMRSTES =, SRETETE, XEF
HEAAFIEIER N RRAE T ANBEE MR, MHXEMTHESRBER, AARTEEFANZLS
3MBBREERSBENRUFERZNMARNE, 00, RESR, EARESEER, SRESER
&, —RAERTEHE, EREMUBEEB™E, Cys, Met X Tyr TR THRBER,

Gk, EEMENERT, - OH WHURSHE A PRBIREBERIFAEEWEALBN, ik
NIRRT EZEOPEFRNEHEAGRHNEERNSHEZERSBEAOSMNERRR, &HF
At B I AR AR B TRt myLE R A A RIR AT BB RE

BE 3k
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