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Study on improvement for protein identification method by amino acid composition
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ABSTRACT

Protein identification using amino acid composition analysis identifies proteins by amino acid composition delived from

hydrolyzed protein. In hydrolysis, Cys and Trp can not be recovered because the decomposition of their structures. In addition,

Ile-Ile bonding, Ile-Val bonding and Ile-Leu bonding cause the low recovery rate of amino acid. These amino acids cause the

decrease of the quality of protein identification. Therefore, improvement of identification was required by using Cys, Trp and

Ile factors for protein identification. As a result, we established the improvement method for protein identification using by

corrected value of Cys, Trp and Ile.
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Bioinformatics @ K — % JU # A |} ExPASy |2 (X
AACompldent (13) &9 7 3 VBRI ILE FV 724 »
N BREY = VSARENTBY, 2oy —LxHwn
TR D W oWEIN TS (14, 15). K=
TH7 I VBRI L B8 VN7 HFEEY AT A
(Ver 1.2 5 ¥¥H2010-96501) % FFE L7z, DLl X912
T T F— LRI BT AT I B GAT OF IS
NETHLOPIE SN TS (16).

RIFZEE L0 MR 7 I BRELR AT & V725 v
7 EFEFHEOMN Z B E L, R L RFEOR
BEm a2 E L7z, BUEO FHRIIK S OB LY
7 3 Mz EI Asp & Glu I272 % Asn % Gin,
ZOMEREDSHIE SN D Cys ° Trp B <, @20HHH16
HEOT I /B TIToCT\nb. F72, & 287 BEG|H
D lle-Tle A A, Tle-Val #& & J OF lle-Leu A5 G 13 MK 55
XTI, TR BT IS B\ T le BIERAS
BTFT2EHESNTBY, ¥ U7 ERAEIZBWTH
EMETERTSETnE. 22T 87 HFAEIS
Cys & Trp DR E Mz A &2, Tle DENTER % #fi1E
2 EPTENEY VN BRERENN LT A EE
bNad, £ZT, Cys,Trp x 5L1ISTHEDO T I/ FR K O
PR ZHIE L7z lle OEH % IV CTF ¥ 87 I ERE
ofa & BET L7z,
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REFFEIZ V72 =7 b Y I H R C-type lysozyme
(hen egg lysozyme Code No . 100940) (XA fba= T 3Rk
SHPLEEAL, AIRETCM A 4 |~ b
7774 —=l2C)ruax L, HAEEL2SOx R
L7z, 775 a 7 I E H & G-type lysozyme (goose egg
lysozyme ) 1%, AWZEECTHMETZAK L TR, H
WA T-o721) 3 ¥F v b G-type lysozyme % i L 72.
K T.H 3 trypsin inhibitor (Code No. 106K7055), 7 >
FH 3% serum albumin (Code No. 114K7545) X3 7= 7
WE)yF TR EALIZbDORMH L.

1JaYEF > b Gtype lysozyme DER & FEH

1) 22 EF >~ b G-type lysozyme O fn TA KL 7 2
JBEEH A2 b L IZPCREETITW, VaryEr v b
G-type lysozyme O EfE & T 2 FH L 72, £ D1,
BMGY ¥:#i % VT ¥ v 87 B5EBl #1772, 5BlL
Py NI EIECM- ISV AT A UR NS
74— CAERL L BRI L CREF L 7.

BWILH f - ANVH T hTF ) —) (f-ME) & GE ~
WA TROEEAL. ZOIEr0sFIEH RO T
7L RS & bW,

HEOBEN
5 Sy HRBHIMEEERE 1 mgiml 2% £ 910
BRAKICERL, BRI

SDS-KUTF7 U7 VIVT I N5 IVERXEN (SDS-PAGE)
Laemmli & @ J5 {12 L 72 2% > T SDS-PAGE % 1T - 7=
(17). Thbb, 5HEZ VKRR (AR &, b A
(B FOXFYAFIV) T3/ A% 182¢, 1M ik 24
ml, FFYIVEEET MV 724 (SDS) 04 g & #EHKIC
B L, pH 288 IZH%ERE, &8 %2100mllc7 A4 VT v
T U7 RSOV ER (B &, P A (e RO
FURAFIN) T3 A% 60g 1 MIEEER4S ml, SDS
0.4 g % R ARIZIEM L, pH6SIZFHEE L, 2% %100 ml
274NV Ty T L. T2UNMT I N ERRAE (C
W) &7 27 UNV7IFN (£/<%—) 30g NN-XFL
YERAT 7 )IT I F0.8 g x B KIZEME, &R %
100ml 27 4 VT 7 L7z 10% (wiv) BEEET >~ &
=4 (APS) & (D) (LEWEET7 v E="7201¢
% B K]1 ml TR L7z, SDS AUEHRBEERIE ) &
) 220 ml, EHETOVHEEE2.5 ml, f-ME 1ml, SDS
0Odgxinz, &51202% 70 ET =/ —)VT)b—
(BPB) 2 &H XY/ — VIEWH %01 ml iz, ZAAKT
0ml 27407 v 7 L7z BRIKEHAEEREEL ) A
(e FEFTAFNV) 73/ A% 260g SDS1g Gly
288 ¢ # REIKIZHRL, 02%BPB A &EH A5/ — )b
0.1 ml ZINAZEEAKTI000 ml 27 4 VT > T L7z
Pfulda~y =797 b7 —R-250 (CBB) % H]
Wz KENE I = AT TEAKEEE (AE-6440,
ATTO ) %R L 7=

cZZ270vyF42T

N ATy T4 v TERI RIAKTITo72 7
Oy 54 ¥ FREEREIES- 7 aAF )b -1- T usss 2
ok ¥ R (CAPS) #% it % FH v 72, & 1L, Poly
Vinilidene Difluoride (PVDF i, Bio-Rad #) % fif L+
IFTARTOy T vy TEE (T4 X7y M
M-R WSE-4040 - M £l ATTO %) Z%i& % H\120 mA,
2B T 5 72
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52X BNy N &EERE L 72 PVDF 1312 mm iR
HEWNTTHoICig S E721%, 005% B-ME % &GiRAHR
(6MHCl: MY 7+ afEfR (TFA) =2:1) 300 ul %
WA, WHET CEER, 110 T CAREEMK S % 17 -
72 (18). MK FRWEIRE#Z [ L 72 1%, 200 w1 90.02
MHCHIZHEME L, 045 um DAY T L 745 — (H
A3 R 7 E Cosmonice Filter ¢ 2mm) Tlg# L7,

7 3/ BRSO

AEHIE R T X TR L-8900 (H 37 #ERT) %
HWTT 3 VBT 2 17o 720 7 3/ BRIZHES70
nm T 21TV, Pro 136440 nm TR 2175 72,

BNV EBREY AT LERAWE2 N ERAE

T3 EEEEERE ey YN HOREIRT I/
FRALE AT IC & BAE Y A7 & (KB 2010-96501) %
fER L7

[d] %€ 7°— % X— A% Uni-Prot FIZEEFEINTWDH 4
y Ny HT X EREYIEREFAL, ¥ 7 VR
PUESNTWD E V87 BIE Y 7 F IVELH % B 72 it
& Ny GG Oy &, AR b 0idY 7OV &
GUEY AR L, 20EOT I VRO T I BRAK
o (mol%) & LCfER L7z MBI 77— & N— 2 & i
72 Asn BXUGIn 3MAKSBIZX BT 2 MMEsh
ZNENAsp & Glu il B 2 EMD, FEICHVST—
HR—=ZATlL Asn & GlIn D= % ZIZ1 Asp & Glu 12
BEEANE L CRELL. 227 37— X—Z2A LoD
BT X/ R (mol%) & FEBRICE o TR LN
73 B (mol%) o~y FrIck ) EHBL
7z, HEmE—FEBRE=0 (Te&—8) ThirHb, A3
7100& L7-.

TI/BEEICT AHEIE
RIEAITOEHOL I 2L — a2 iE 73 /M
AT TSN/ 7 I/ BRIEE I LTRSS T & 24

W7 3 R OEEOR T I B LTT I
REZEINESE, 2a70E#Hz I —Ta vl
Cys & Trp 37 I VERAATICTEE SN WD
Cys & Trp ORI S N7 EZ0E L TRAEREIZT Cys
IREEE Trp iRFEZ0 NS 72, MR 7 I/ Bk
RIS EBOREA T OLEEHE Y I 2L — 3
YL, FEAITHRKERST2HD Cys & Trp DIERE
WL HFETIT72. Fio, FETMVY V37w
TRIEY I 2 b= a3 YI2BWTHIEMEIZ w7z Cys
& Trp DIREE L FEBRICT I/ BT TlReNzs v
I EEMOEIAENS Cys & Trp DIEEOHRRHE % b
WY 5 2 & THIEDSHEYIATZ T2 DR A T o 72
He (&7 X/ BRABLHTIC T S N7 Tle IRE 2 BN S &
HLEIEZITV, AT OB I 2Lb—Ta vl
He ICBALTH, MEMHE LTHW: Tle IR & FEBIZH
L7887 BEIZBU S lle DB & KT 2 2
& THIIEASEYICAT 2 TV 5 D RERRE AT - 72

HBRRUEE

73/ BERMMTERAVWE2 NV ERE

TIJBIIHLTOMIEY I 2L =2 a v &) 720
12, =7 bV (Gallus gallus) £ C-type lysozyme, %
4 A (Glycine max) H ¥ Trypsin inhibitor, %" F 2 7
(Anser anser) FH3 G-type lysozyme, ™7 3 (Bos Taurus)
Hi 2k Serum albumin D4FED & > /8 7 HIZDOWTT I/
FEALRC AT 2 ATV, &7 3/ BRFEIMEICH L CRIIEZ &
TNy X BRAEXITo 7 (Table ). TDO7 I /[
BT OFEREZMEH LT, Cys, Trp lxt 3 AHIE &
B N7 BRHIF O EDORFEIZ L) BIESRT 5
e \2M 3 2 IEOMET 21T - 72,

7 3/ BB AR D Cys EBMBEICK § B HE

Cys (ZMAKGIRIZ L o T2 THEERI LTI AT
veELTHRENSE (19). LaL, YAFro—iik
WEEINLZ LR, Cys I TRBILSNDLZEDVDH LD

Table 1 Identification score of model proteins (Without correction)

Protein Spiecies Sco'r © . Scf) e 2
(Without correction) With Cys
C-type lysozyme Gallus gallus 78.92 55.63
Trypsin inhibitor Glycine max 82.37 75.91
G-type lysozyme Anser anser 73.29 68.39
Serum albumin Bos taurus 77.20 57.47

a) Cys concentration was set to 0
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Fig.l Amino acid recovery compared to the theoretical value of model protein.
A ; C-type lysozyme (Gallus gallus), B ; Trypsin inhibitor (Glycine max), C ; G-type lysozyme (Anser anser), D ; Serum albumin (Bos
taurus) . The percentage on the vertical axis shows the yield based on the theoretical value when the theoretical value was taken as 100%.
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Fig.2 Simulation of relationship between corrected concentration of Cys and identification score.
Blue ; C-type lysozyme (Gallus gallus), Orange ; Trypsin inhibitor (Glycine max) , Gray ; G-type
lysozyme (dnser anser), Yellow ; Serum albumin (Bos taurus) .

Table 2 Identification score and Cys concentration

Corrected Cys  Theoretical Cys

SE0rS Corrected score concentration”  concentration”
C-type lysozyme 55.63 82.31 1.33 nmol 1.37 nmol
Trypsin inhibitor 75.91 84.28 0.43 nmol 0.43 nmol
G-type lysozyme 68.39 76.30 0.32 nmol 0.32 nmol
Serum albumin 57.47 78.91 0.57 nmol 0.60 nmol

a) Cys concentration for highest identification score
b) The theoretical value of Cys concentration calculated from the amount of protein recovered as a result of
amino acid composition analysis
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Cys *ZELTERTAILIZE L. ZD72D Cys D
FERITRICT VFILEITG, IIVRF T AFIVT AT
AV ELTCERTIHEVPHVWONTWS (20). TV
FUALZE L P, RO T I BRI SN 2
TALFE N E R AT ) BB H L. ZOT BB
TEDRIEF L Cys DIFERE VT Wi, £ 2 TH
ElCEY)Cysfiz v 32— 352 ETH I8
BOMEREN EEEET L. £ETNVE VXV EDOT
I B OBREE100 % & L CEBEOT I/ BEHLK
FITICBWTCHIENT I VBRI olEz /R L7z
(Fig.1). Cys 7 3 /BB AHT CHILE L Tw w7z
D0 % & L7z, Cys fiEA 0K D25 8 > 78 7 B O E
FERIL Cys DIREZ0L LTHELZIToTWAH72®,
WD Cys ®ZETIAT o 7 MERR LD bENEE 7o
T\ (Tablel). #HIEIE Cys IBEZ020 SBIMEE T
& RATHmRAKEL - CysiBEER 2. 2a7
MK E %% 572 Cys IRIEIZIREOW = L FEA 2T
ORI 2L —2a LTk (Fig2). £72,
FIEBRDO AT THERAKE % o7 Cys DUEE D HFHHE &
Bo TVl LC7 3 B HTR R T
BN S N8 v RPN OFIE SN D Cys IE & 1L
L7 (Table 2) ZDH5HE, C-type lysozeme (£1.33 nmol
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D Cys JEFET A a7 H%55.6372 582.86F T L, Cys
IS OFFMEIZ1.37 nmol THIIEIZFH W72 Cys % & 13
I1Z[F U & 7 o 72, Trypsin inhibitor 1£0.43 nmol @ Cys i
FETA I T A75917% 584.28% THIIML, CysiEE R
At 120.43 nmol THIIEIZH W72 Cys B LRI L & 7% 5
72. G-type lysozeme 130.32 nmol @ Cys i T A I 7%
68.397> 576.30F THENN L, Cys i £ o B 5y {1 130.32
nmol THIIEIZH W2 Cys BB LM U & 2o 72, [AARIC
Serum albumin 130.57 nmol @ Cys % & L THWw/2 & 2
HAITNETATH HT7891F THEM L, Cys i OB
fifi1£0.60 nmol THIIEIZH /- Cys IE LR U & o7z,
DEOFERED Cys DIEEEIENMSETVWE, Ra7
WAL G TZREEZHVAHIERIT) 2 & T, X HEE
DENY 2N BREDPITZ A T ENWLNIZR > 72,

7 I/ AR EER O Trp FREHEICXH § 2 HHIE

Trp IXMEHIC A > F— VIR Z RO MK G TRRAL
GRS N5 72O BEDFETFETIE Trp OFHRAE VT
Wy (19). L7a2so THIEICE D Tp oz v 3 2
L= 452 LT Oy EORERER B2 kg L7z
%5 oy B Trp EREOMWIMEA0L L CHIE%
iTo72 (Fig.l). #IEIE Trp IBEZ 0P LB STV &,
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Fig.3 Simulation of relationship between corrected concentration of Trp and identification score.
Blue ; C-type lysozyme (Gallus gallus), Orange ; Trypsin inhibitor (Glycine max), Gray ; G-type lysozyme

(4nser anser) , Yellow ; Serum albumin (Bos taurus) .

Table 3 Identification score and Trp concentration

Trp corrected Trp theoretical

Protein score corrected score concentration®  concentration”
C-type lysozyme 62.48 82.63 0.97 nmol 0.99 nmol
Trypsin inhibitor 79.52 84.22 0.20 nmol 0.20 nmol
G-type lysozyme 69.69 76.11 0.25 nmol 0.25 nmol
serum albumin 77.23 78.25 0.03 nmol 0.02 nmol

a) Trp concentration for highest identification score

b) Theoretical value of Trp concentration calculated from the amount of protein recovered as a result of amino

acid composition analysis
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AATHPIRARE o7 Trp IEEZ MR E LCTHW.
AT ERKE o7z Trp i EEILIRE OBEINE & [FE A
a7 EDMBRE Y I aL—Ya LTk (Figd) .
F 72, Cys & [FIARIC Trp RO GME & eEg L 72 (Table
3). FODOHEHE, C-type lysozeme 1£0.97 nmol @ Trp ‘{‘)i%F{
TAITH62485 582.63F THINL, HFMHE L 1ZIZH
L & 7 o 72, Trypsin inhibitor {£0.20 nmol @ Trp ‘{)EF'F S
AT HT9520 584.22F THAINL, HmMEEFEL &
7 o 72, G-type lysozeme 130.25 nmol @ Trp #£ £ T A I
T 0%69.6970 57611 THML, BEEmMELFEL LR o7z
[A] 4% 12 Serum albumin (£0.03 nmol @ Trp iR & L TH
W7ok TAHARITHTT23678.25F TN L, PEFHE

IEFLCERo7 DLEORR LD Trp OREEZ B
é'\i‘“(b\éi A AT IR E %o T2 Vv Ak & 47
I ET, JVBEDOENY X HRENTREE -
7.

T 3/ B AR D lle RRMEICXH ¥ 2IE

e, Val R U Leu (&7 X/ FRMIEE D a $H DT B AS)
PIEE R EEO -0, ¥ V7 BEHITF O le-lle #5454
Tle-Val #% A& F O Tle-Leu #5 & 13K 5 2 52112 < <,
73 BT BT e FUEMET$ 2 (19).

— e e e e e e e e e e )

ZITT 3BT R 728 X EREIZB W
THIERAME N e DFERMEZHHIEST HZ L TY 2y
HOFERER LOWREENIEZObNE. £ TEY ~
NTEOT 7 BEE OB EIE A2 100 % & L THEREIC
BoNT I EEIIE & R LR, $XTosy v
N7 ETUe D7 X/ BRIEVLEA100 % % T lal> Tz
(Fig.l). &% v /37 BO IR M IELSTICRHE L 72
i F, C-type lysozyme O [[] 52 A 3 7 1378.92, Trypsin
inhibitor 1382.37, G-type lysozyme (£73.29, Serum
albumin 1£77.20% 7% - 72 (Table 1). Z Z T, Ile Dl %
+HMANHIEST 52 LI2E ) ED L) IZFED A a7 7
EET H 012200 T, lle DFFIER & [[AE A 27 ORR
v Ial—3arl7 (Figd). 72, &5 508
D Tle D FEME & HilEF D Tle DA IEAE & Z OHfIE A HE
AL o TV A DPOHRIEEEL LCTT 3/ BRHLE AT
WRTHEINENT Y VSV EENLETEEND e ik
@@%ﬁkmﬁbf(MMM ZORER, Tle DFIEIZ
£ C-type lysozyme D [FIE A I 71378.927>580.44 % T
AL 72 Tle F2MIE 120.89 nmol THIE 12 £ - T1.05
nmol TA I Tk KELRo7 TleEEDHFHMIZ112
nmol THIIEIZH WA Nle i & 1ZIZFE L & 7 o 7.
Trypsin inhibitor [/ %€ A I 7 1382.37% 585.04F T & L,

Corrected Ile value ®

Fig4 Simulation of relationship between corrected Ile value and identification score.
Blue ; C-type lysozyme (Gallus gallus), orange ; Trypsin inhibitor (Glycine max), gray ; G-type lysozyme
(4nser anser) ,yellow ; Serum albumin (Bos taurus) .
a) Corrected Ile value was indicated by simulated value of increased rate for measured value of Ile (1.00).

Table 4 Ile concentration and simulated values

. Measured Corrected Theoretical
Protein . ) . W
concentration concentration concentration
C-type lysozyme 0.89 nmol 1.05 nmol 1.12 nmol
Trypsin inhibitor 1.29 nmol 1.38 nmol 1.44 nmol
G-type lysozyme 0.95 nmol 1.06 nmol 1.06 nmol
Serum albumin 0.18 nmol 0.22 nmol 0.22 nmol

a) Ile concentration when the score becomes maximum by Ile correction
b) Ile theoretical concentration calculated from the amount of protein recovered in the

amino acid analysis
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FEHHMED1.29 nmol 7*51.38 nmol TR I TIAKE - 7.

Tle ¥ % O FFHE 131.44 nmol THIIEIZH V72 Tle ¥ &
IFIZME L & % o7z FFRIC G-type lysozyme D [F]7E A 2
T 173292 576.70% T LA L, #HIEME L Te & 0
FEEF L E o7, & 512 Serum albumin D % > /87
BMOFEA I TIE77.20057842F TLA L, FEEICH
IEEFHEGREER U E o7z, INEHKY v 37 R
o e $, lle-lle A5 A %%, lle-Val % & %%, Ile-Leu #5 &
e, FEATT OMBEMRANIHER, le-lle #iH % 2
2 4 D G-type lysozyme @ Ile DFEPHE % fl 1E L 72FE D A
a7 EAPMD Y R EERMIELZBO A a7 BA L
RBLC—FREDo7. TOZ LD llelle A
lle-Val #5 &, He-Leudti & & 0 & [HIE R I 7 DM
KEwekEz o7 £72, lle-Valfia & lle-Leu #& &
IZED 7 I BREPERICH L CEERSH L LEZ LMD
Val & Leuld, &% »/37EO7 I/ BRI CHERH
WX L CTUEIE100 % IS EIEE > THB ), Val &
Leu (25 L T IEDLEMEIZT/NSWEEZBNS. DL
FORRLY e DFEAEEZHHET L LT, L DRHE
DEEY YR TEFEDPTR A Z LWL IR 72

ZZFETD Cys, Trp KU e ~OFIEIX VTN [FE A
7 O LEA X D FEEHER LA RAD L7290, 3D
T3/ BETERCTHIELRZIT) & L ) HEORVREE
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DHETHLEEZEZLNS.

Cys E Trp DHIEREZFERAL, lleKAEBICHT 54
E%x{T-o7/-3EMIE

ETNE YT EEACIEBEOT I AT
BWT, F U7 EREICTHESN TV Cys, Trp
XS B HIE L & X 7 EECHI R ORFEDRE AL Y [
PWEEMET T 5 le 126 2 HiIE % ME L7245 R, 3
DT I/ WRAETORIETRIERF LR EORRDPHERTE
7z, FCT3EOT IV BETEHVTIEMELTT)
Lk, WIEFEOMIEHIEL:., $hbb&E
FIE N EEIL, Cys & Trp DIEFEIIA$ 5 ML
Lo TAIATwRANE 572 Cys IREE L Trp % Iz
7218FED T X WRALR A L, Tle FEMIAE LK 3 2 Hii
EZETH) ZET3EMIEIIOWTOAI TEH %A~z
(Figh). 3EMIEHLDOFEA T ZHIER L TORE
A7, Cys, Trp L e \2xf L T4 THIIEZ AT - 72
BD A7, Tle filE%24T 9 BID Cys, Trp & AV 7z 2H
WIEREO R 37 L B L 72 (Table 5). ZDfEHE, &
DETIINVY ¥ 327 BT Cys,Trp K U e 12xF 9 % 3 FAl
FEREAIT7TOEFEZRLZ DEORKRLD
Cys, Trp LW Tle (23§ 2 HHIEZ 4~ TITH LD b Aa7
WARE o7 Cys, Trp IBEZ ML, Te EMEIZH T 2

Corrected Ile value @

Fig.5 Simulation of Ile concentration for Cys and Trp corrected values.
Blue ; C-type lysozyme (Gallus gallus), Orange ; Trypsin inhibitor (Glycine max), Gray ; G-type
lysozyme (Anser anser), Yellow ; Serum albumin (Bos taurus) .
a) Corrected Ile value was indicated by simulated value of increased rate for measured value of Ile (1.00).

Table 5 Identification score of model protein (without correction), Cys corrected score, Trp corrected score, Ile corrected score, Cys,Trp Corrected

Score, and triple correction score

. No corrected  Cys Corrected Trp Corrected Ile Corrected Cys,Trp Cys,Trp,lIle
Protein
Score score score score Corrected Score Corrected score
C-type lysozyme 78.92 82.63 80.91 80.44 81.94 83.45
Trypsin inhibitor 82.37 84.28 84.22 85.04 83.54 86.02
G-type lysozyme 73.29 76.30 76.11 73.70 74.93 78.10
Serum albumin 77.20 78.91 78.25 78.42 79.02 80.19
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HIEZ4T) S IZ X WVBEORE S v 87 R EH HE
THHIENHLNIR ST

Cys & Trp (& HE MK FETIEENITE 2\ 2s, T
W NTEDT I BRI RIZ Cys & Trp 21K
TR RIS 2HIE L, KETIVEY V87 EOD
FEAAT % LR SE7. £/, Cys & Trp OIAEREREE
EEETNY SV EOT I BTG R D 5 28
7 EINEDN SEHE SN S Cys & Trp OBIFHIE 12TV R
ol TOZEMNS Cys & Trp DREEE LS LT
G- HERYICOIELWIEETH ), ZofiEs
FIERD T X 7 B AT & 725 87 B OEE
IV IBEIENEEZONDL, FEEOT I BRE
FNZ & 0 EERAME T35 e (21%, Tle JEFE 2 NS &
BIER T o722 A, HEFIVY VISV EOREA D
THER L WIEICTRAITHRAE %572 e B
&, HETINVSY VS EOT I BAEGHTRERD 5
X7 BRIED S EHE SN Tle OBLEHAE IV IR &
otz TOZENLEIEIMET L7 e E % 3
THMIEIE, kDY v oXr BREE L COBERS
K leolzbZEZzo6NA,. 3512, Cys & Trp OIS
AL, le DiEZEMS 5 3EMIEIL, Cys,
Trp 2 OF lle DAFIEZ il # TIT) £ 0 b S HITKED L
AL, BEETEET I BB E HW72 8 v 8y
EFEOMPITLEL LTEHTRTHL EEZOND.

HEE
5 U EIREY AT ADOBFIC SH I 75T,
MRAESHHINATZ 74— VT v 7K L&
9

En‘
TUT A — AENICBITARETEE L THEEG T %
EEGT X BRECHIIEHR 2 TN S — T H .
L2 L, BESWEINAd AV—T7y N ThHLHI50Ha X

FPEETH ), TAV Y DL, T TAETIE,

BRI A b CEEDHEEZ 7 I BB E Wiy~
N7 BREFLEOMLZ B E Lz, BHEOFFETEm
KGREOVN B 2T 5T I B AAEL, 7
DT I BROKMBATHRAKIE B 5\ 78 & 1Y 72 [ A
HLeoTnsd, INHDOT I/ EEAKIEREZIEHTE
WEIRZEOREZMETEX5LE2 N5, &2 THK
TS L Cys, Trp B & U lle DLt LT
ME AR LS Z L CREREDOR LA BE L7z ¢

GLOLENZTNOT I JEROBEELZINSE, A3 7h
WA E %% % &) WiIEEOME 217 o 72, Z O#5E Cys,
Trp B & Wlle T3 FHIEIC & 0 [FEONFE LA - L
INHOT I BREBEEO SEMEICL ) BREDS v X
JHARIENTRETH L Z L HLIT L.

LE 30

1. Shevchenko A., Jensen O.N., Podtelejnikov A.V.,
Sagliocco F., Wilm M.,Vorm O., Mortensen P.,
Shevchenko A., Boucherie H., Mann M., 1996, Linking
genome and proteome by mass spectrometry: Large-scale
identification of yeast proteins from two dimensional
gels,Proc. Natl. Acad. Sci. USA, 93, 14440-14445.

2. Malcolm G.P., Bogdanova A., Lopez M.,Gutierrez S.,
Pitt A.M., 2002, Multiwell In-gel protein digestion and
microscale sample preparation for protein identification
by mass spectrometry, Prteomics, 2, 145-150.

3. Fenyd D., 2000, Identifying the proteome:software
tools, Current Opinion in Biotechnology, 11, 391-395.

4. Shen Y.N., Kim S.H., Yoon D.H., Lee H.G., Kang H.S.,
Seo K.S., 2012, Proteome analysis of bovine
Longissimus dorsi muscle associated with the marbling
score,Asian-Aust. J. Anim. Sci., 25, 1083-1088.

5. Ghabooli M., Khatabi B., Ahmadi F.S., Sepehri M.,
Mirzaei M.,Amirkhani A., Jorrin-Novo J.V., Salekdeh
G.H., 2013, Proteomics study reveals the molecular
mechanisms underlying water stress tolerance induced
by Piriformospora indica in barley,J. Proteomics, 94,
289-301.

6. Perkins D.N., Pappin D.J.C., Creasy D.M., Cottrell J.S.,
1999, Probability-based protein identification by
searching sequence databases using mass spectrometry
date,Electrophoresis, 20, 3551-3567.

7. Steven G., Binz P.-A., Hochstrasser D.F., Appel R. D.,
2002, Peptide mass fingerprinting peak intensity
prediction: Extracting knowledge from
spectra,Proteomics, 2, 1374-1391.

8. Yergey A. L., Coorssen J. R., Backlund P. S., Blank P.
S.Jr., Humphrey G.A., Zimmerberg J., 2002., De novo
sequencing of peptides using MALDI/TOF-TOF, J. Am.
Soc. Mass Spectrom, 13, 784-791.

9. Standing K.G., 2003, Peptide and protein de novo
sequencing by mass spectrometry, Curr. Opin. Struct.

Biol., 13, 595-601.



10.

11.

12.

13.

14.

15.

& 2Ny BIRETFEOMER L

Aebersold R., Mann M., 2003, Mass spectrometry-based
proteomics, Nature, 422, 198-207.

Masuda A., Docmae N., 2013, Examination of an
absolute quantity of less than a hundred nanograms of
proteins by amino acid analysis,Anal. Bioanal. Chem.,
405, 8073-8081.

Masuda A., Dohmae N., 2011, Amino acid analysis of
sub-picomolar amounts of proteins by precolumn
fluorescence derivatization with 6-aminoquinolyl-N-
hydroxysuccinimidyl carbamate,BioSci. Trends., 5 (6) ,
231-238.

SIB,AAAcompldent (protein identification by aa
Composition), < http://web.expasy.org/aacomident/ >
Fountoulakis M., Lahm H.W., 1998, Hydrolysis and
amino acid composition analysis of proteins,J.
Chromatogr. A, 826, 109-113.

Weiss M., Manneberg M., Juranville J. F., Lahm H. W,

18.

19.

20.

Fountoulakis M., 1998, Effect of the hydrolysis method
on the determination of the amino acid composition of
proteins, J. Chromatogr. A, 795, 263-275.

MEEHIA, 2015, 77/ A KRAEIEORERAYFEBL &
YR B OREIZE S A058, BRI BT
2T LA

Laemmli U.K., 1970, Cleavage of structural proteins
during the assembly of the head of bacteriophage T4,
Nature, 277, 680-685.

RA JE, 1987, AL rFEEGRIE 2 & 287 HO
b7 b, HRELEAREN, 192 - 193.

EErL, 1976, AL FERGEEL & 237 H oAl
I - — iR -, BEUEER A, 30-36.
Crestfield A.M., Moore S., Stein W.H., 1963, The
preparation and enzymatic hydrolysis of reduced and
S-carboxymethylated proteins,J. Biol. Chem., 238, 622-
627.



