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Abstract: Juglans mandshurica Maxim kernel protein isolates, prepared by alkaline solubilization and acid precipitaio, were hydrolyzed
with trypsin, isolated through column chromatography, .and .identified using shotgun proteomics. From the hydrolyzate, 61 proteins were
identified. Gene Ontology classification'showed that these proteinswere mainly distributed in a range of 1~100 kDa. Among them, 21 proteins
were in a range of 10~20 kDa and the isoelectronic points (pl) of 19proteins (31.15%) were between 6.00~7.00. The number of residues ranged
from 100~300 in 28 proteins. The 49 proteins had GRAVY values <0.00, being of hydrophilic proteins. 10 proteins had transmembrane domains.
Walnut proteins could be divided.into 13 categories-by-biological processes, and 42 proteins were related to metabolic processes. Regarding the
cellular components, 24 proteins were from cells and 16 were from organelles. Regarding molecular function, the proteins could be classified
into six types; 34 prateins (55.74%) exhibited catalytic activities, and 26 proteins (42.62%) possessed binding activities. Through mass
spectrometry, the present study provided a theoretical basis and experimental data for the functions of walnut kernel proteins in the body.
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Fig.1 LC-MS profile of walnut peptides

Table 1 List of walnut proteins

Yot EA Yot RA
1 31321944 R ERAFFIe A% E[Juglans nigra] 32 427199356 %% 34 RNA 24%4 [Morella rubra]
2 157384606 RARR 7o 54 A partial 33 20137323 BLAEIAREZE 1 744K, Shot=ACP 1; Flags: Precursor
[Caryaillinoinensis]
3 6580762 RRAABNE AT, partial 34 29603157 BL/KEG | partial [Betula pubescens]
[Juglans regia]
4 56788031 =A% 8  [Juglans regial 357344190166 FRERELBLAEE [Corylus heterophylla]
- 8 & af T 4% airk partial 36 37358178 1,5-F5ERHE AR BV Bl o F Bl K I A, partial
[Juglans regia] (chloroplast) [Fagus sy Ivatica]
6 158998780 11S 23k%&4 [Cayaillinoinensis] 37 253828400 # K F-F 1alpha, partial [Quercus macrocarpa]
7 257307279 K4 &E =4 [Corylus avellana] 38 257745202 A4 %G F4 [Betulapendula]
8 672231724 %z % 10[Fagus crenata] 39 172501187 B EeE el b B,
9 13430170 4518 & @ , partial [Castaneasativa] 40- 715558862 17¢ #4k £ @, partial [Quercus suber]
10 357378944 8 it & &< [uglans regia] 41 218684529 & R 4645 %& & [Castanea mollissima]
11 71793966 TE2 L ABEE [Alnus glutinosa) 42 608602180  Hh#-3 BB L AME, partial [Juglans sigillata]
12 557792009 B2t #0% [Corylus avellana] 43 734592648 Hh B35 LZFE [Betula luminiferd]
13 357378942 HJaEE [Juglansregial 44 734592644 2% #5484, partial [Betula luminifera]
it BE-3 AR £ ¢ T U 1, partial
14 339779749 o 45 130975 IrH1EE -1,
[Quercus virginiana]
15 19338630  48-kDa #&Z& @ ATk [Corylusavellana] 46 573005958 BMHRK S4A58 [Betulapendula]
16 3023685 i B B 47 28380096 Oleel #% & ; Flags: Precursor
17 344190186 Y B2 B [Corylus heterophylla] 48 1351138 ENE AL,
18 49617323 w0 i & & [Corylus avellana] 49 638110957 F MR ER &€ B, partial [Fagus sy Ivatica]
19 33151040 Em %@ [Quercus robur] 50 638110934 =T EARMEABE B like, patial [Fagus sy vatica]
20 38228691  14-3-3 &@,patial [Fagussylvatica] 51 541135563 FEAESFE 1[Betula luminifera)
21 261264941 RARFE¢BE 1 [Castanea mollissima] 52 480633493 LEA %&¢& [Juglans regia]
22 182409985 L3y &G [Betulaplatyphylla] 53 397701749 9-cis-ZR A& e £, partial [Juglans regia]
23 724800515  MLzh&@,patial [Betula luminifera] 54 384597555 HifEE 1 [Betulaplatyphy I1a]
24 566572561 TEE LA B [Quercus suber] 55 7578497  ATP &, B 7%, partial (chloroplast) [Alnus rubra]
Fe AEAv4EALEE, partial LBLERBE A BB E, patial (chlorop last)
25 614119665 56 164512764

[Betulaplatyphylla]

[Betula pendula]
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26 121955995 60S BAlAZAE & & P2[Juglansregia] 57 76782200
58 257657623

27 451172647 SKP11A#%%&¢ partial [Quercusilex]

18 % 4 X_Bb-B[Fagus sy vatica]
R4 %ZE 4 [Fagus sy lvatica]

Mn A8 84k Pk fLBE, partial [Betula
28 614119692
platyphy lla]

59 166244561

MetE, partial [Quercus mongolica subsp. crispula]

Jiik BB A ACP synthase, partial
[Betulapendula]

29 56900833

60 112950422

B T 4542 B0 LB, partial [Fagus sylvatica]

30 164685320 atpl, partial (4%#i4K) [Quercus subsericea] 61 112950420 fRE Ak iT A k484, partial [Fagus sy Ivatica]

31 427199418 duf246 &.8-3%%& & partial [Morella rubra]
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Fig.3,Molecular distribution of proteins
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Fig.4 Residue distribution of proteins
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Fig.5 GRAVY distribution of proteins

2.2 BwkE ek ik

AR blast(version2.2.23+) K 614 8 1 5 471
55 UniProt (SWISS-Prot 1l TREMBL)(Release 2014 _02)
TN GO DhRE AR EEATELAEL, K3 30%)/7 FIAHEA
UL - HA Gene Ontology Zhag I H, FHiBiLxA™
Xt B Hit iR HENNS e B B E T RE. FETE
B, FATRH RGN Perl 27 (a series of
in-house Perl scripts) X M%) GO 5, %:T GO %l &
(2014_09) %} Biological Process, Molecular Function £/
cellular component =ANK KBTS
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Table 2 Unique GO number of proteins

Protein Number  Unique GO Number

Biological Process 48 70
Molecular Function 52 64
Cellular component 25 27

7 : X P49 Unique GO Number & A2/ 49 GO 5, &
Gt AT PARIE GO 495 Rt AT )A%uit.
221 BMERE R kA iet

reproduction, I

multi-organism

Broesss] developmental
cellular component process,3
organization or
biogenesis,3
biological
regulation,4

multicellular
organismsl process,3

response to
stimulus,13

7 ZHEBR R EMIRERS 3
Fig.7 Classification of walnut proteins based on level 2

biological process
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Vg Ae 2 0 13 38, 70 e e SARIE R 2k
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BEA 290, S HRBMNZREEA 131, whiE
54, AR AE A 44, REBREEA 34,
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34, AR 24, 59 245, AEMIREE AN
b, S5/ (metabolic process) it & A T i b
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43 B SRR IR 24 N(GO:0005623), 7 ST A 44
PR P AR SERRIT) 6 PP T o U S R RN ST P S 4
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WA THREMOCINEE AT, IR, WOk & YEcE s i
S, SR, ks e R R R T
Y B L 4T e
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Fig.8 Classification of walnut proteins based on level 2
cellular component
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PR, A2 2 B R IE I AT o L) ok i S8 ad
JRIG I, PABEETE . BRBERS R SAERS M. HOOR
BAHSERIINENA 26 (15 42.62%.G0:0005488),
BRI ED 74, PUANEEE D 44, s
EHEER 24, gl FiEtEEE 1A ALk
SR Z E AU R AT R B . 1P
PERHE— PR IR L 20t U B v LA

structural molecule
activity, 1
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Fig.9 Classification of walnut proteins based on level 2

molecular function
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(Rap1 signaling pathway), HIF=1 {553 (HIF-1
signaling pathway) cAMP 155 % (cAMP signaling
pathway) 25, AR R 3-8 B AR E AR AR W A &
-5 R1H84% (Biosynthesis of secondary-metabolites ),
WA (Carbonmetabolism )y DL K228 HE/8 1A= & ik

(Biosynthesis of amino acids) . PI-3K-AKT s&—1{5
S Gm . BRI O3 WO R AR VLR ) T
W) 3 AR R AL ZIBRERE ZFE S BE (L
G A/ GUEE 1 LA - \PI-3K-PKB I # AN R 5
FI AU R BAE A, e (et A A7 A
PR, R AR AT AE 5. TRP @ 51403k
TR RGURRNOR L, filse, TR, &k, 13
B, MR LRI AR, (B2 e iR A A T
BB SN 2. BRI AL S G RS
AMUAE Z A HIZH S, [ B e o 40 i P M B
A A N TR AT X KEGG 18 2% rp Bl it
PRER ) B 238 VERT FOR A B TRk S 1 Dl e
NMPTHER T, AR B B AR I SRR AR
CHFo

3 g

A YRAREE: T PR R M 2 S TR kR
SUAIRITEIRF D B, EX—RHIkb ]
REfFIEER R, R, R EAEER D . H2
Nk BRZ M P s — 0 0 R A S 0 B nqE
WA YGRS M 2 A T A T %, W
MR AR, AR — I % 61 AN AR,
I LC-MS DU AEYIE B 23 7 o Wil i B Rk
T, XS R UK 2O AR E R E A, filhn
BA RN (5 55.74%; GQ:0003824) . 45 &tk

(15 42.62%. GO:0005488 ). LLK Pt iabkiid Itk i aE 1
&, [FI SR blast(version2.2.23+)EL %} KEGG & [ )i
J, AR 30 BMEE BEAT it , 4 394N B B E R
KEGG il % il LI 2Bk 25 (K12 RE MR S AL A 11
T 1] o B AR @R T AT LA /R F AL 143 B
ik AT ORI 5T, I SEE 7L LR /N
SR IR I 9T S B B IR S B F R SR A

BH AR
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