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Proteomic analysis of granule of hemocytes from Mytilus coruscus
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Abstract: The blood cells of mussel play an important role in the host’s immune defense mechanism. We explore the protein composi-

tion in the granule of hemocytes from Mytilus coruscus by using linear-ion-trap-quadrupole mass spectrometry ( LTQ-Orbitrap) combined

with Shotgun strategy. A total of 125 high-abundance proteins are identified by Mascot searching methods, including cytoskeletal pro-

teins, cell adhesion proteins, arginine kinases and metabolism-related enzymes, ete. .

The results lay a foundation for further studies

on the composition of mussel protein particles, screening of its immune molecular markers as well as its immune mechanism.

Key words: Mytilus coruscus; hemocytes granule; LTQ-Orbitrap; mass spectrometry; Shotgun

AR HETE WK FREN— P EE SR, B
AIRE AT, K, BEE ISR AR
ERE, M FEEEFRREERAF™E",
XoF 6 D1 S B ML B2 B BRI DL SR B8R 3 B IA 1Y
K, TRk Z FE R RS, HARE F A
F 1248 B P A A E R AN ML e & AL R . B
i, X0 DU VE BT RS F AR BCRIR A, EN
Hb o ¥ MG D1 ( Miytilus  galloprovincialis ) 1 %5 i T
(M. edulis) SEARFFMIEHIMGE N B E T 4 26450
%Hj{ﬁ}—? 4350k Mytilin, Myticin, MGD F{I Myti-
O BRPUHEBKA T AN, M DL A i 4 A i

mycm -

RS HHEE: 2011-09-30; f&E HHER: 2011-11-04

REWA . WHTARHT I _ERHIER LI H (2008C€22026, 2009C32016)

Y, R TR 40 L e DL SR B AL et
RIEEHTERER . BB AT DL 40 &
H B 25T i JOAH SR, % T DL ASURE 48 H 4
PEURL A R H B T2 AR 2E

JEFEME UL (M. coruscus ) )32 43 A T H E AR
VR, HE P E S SRR T
S pk—2b T IR I DL 40 B UL Y B B
HAER, £EURFRMICPIEX S, @il woirk
Wk )R 7 G UL I 40 A, #E— 25 20 i 40 7 A A
KL, SR FHAE S 256 BRI 98 77 vk 4R BUBORE HH A9 38 F TR
oy, FIFLAER T B DU GAT

1 (linear ion trap

EEE . T548(1987 -), B, WHHIsE, NS EEEYIEY:Z TS, E-mail: wangxinchaol98706@ 163. com

BIRIEE: B %, E-mail: liaozhi@ zjou. edu. cn



8 2l A S =

ERE

quadrupole, LTQ) X} H i#4T T Shotgun s34, Z5&
Mascot (i R &R, NHPXET 125 fEFEEEN
FRAr, AR T RS0 DU I 40 i i G e AL i 25
FE T A, IEN A DR R PR SR
WK

I RPRE A

L1 35k

L1L1 Bz BAFRE5ER IR B #
AR M, LA i K TE il A AR TR IR TR R
IKIEAE (18 ~20 C) o

L12 & =HIM(TFA) . o-REA-ER-
WHEEER (CCA) . Bk 75 B B (DTT) . Al Z Bt %
(TAA) . J§R2E H A Trypsin (U F2R) 3474 Sigma /3 7]
Fedhs BRI IR 34k B Applied Biosystems 2%
Al; (LI ZNEW B SEE TEDIA A 7] HARlsy
it H B E =il . k% A 25 B ok B Milli-
pore synergy 4fi7K R 4t (¥ [E Millipore 23 7] i i) il

B,
1.2 RKBHF*
1.2.1  If 40 B po e 4 BN AR 24 h 5,

SRR [3] ik, AN PLEER (Alsever 1)) B
HES ARG DL MR EL, L RPES.C (4 °C, 800
xg, 15 min), PLIEFB/MUNEEST LA PBS Sl [ 137
mmol-L~"& 4k 44 (NaCl), 7.8 mmol -L ™' B R A —
£ (Na,HPO, ), 2.7 mmol-L ™ '&{L&H (KCl), 1.47
mmol -L "' B8 — & 4 (KH,PO,), pH 7.4 3%k 2
R YOS I 40 L 7E Y2 B AU T A TR . WY
M4HME T - 80 CUKFEFRAFE -

1.2.2 i 4 A 0B A I B8 0 2R Jo A 4R B =4
b D 1 2 L UASE 4 WAL B B 2R 1 o P 4 2 BE SR
(2] BidT. LR TRl i JE 52 I DL ifi 40 A
B2 F 50 mmol -L ™" Tris ZZEvhi (pH 8.7, & 50
mmol -L ™" NaCl) , SREUR &2 vkl vk %ot JEE 52 s D 1ff 4
AT, Z)JE FRRA LS5 T kg it
A%, SR EE .0 (4 °C, 10 000 x g, 20
min) , WCEE N T UL UE AR 43 B 40 M kL, BT 2
mol L™ BERRIE W [ V(UTIE) : V(EERR) =1 : 3],
DA (10 x 30 S) F543 S 47k BT WSS B i 4 i 5t
B, BUMBAEL (4 °C, 10000 x g, 20 min) J5UK
L LEW, A 4 FEREAEE(-20 C) MHER,
REHRFESUIEE B0 (4 C, 12000 x g, 20
min) WEEHTUIE, B THRE T -20 CUKHE

RFFE .

1.2.3  H AR R e 51 K B LR PEER
rhZNER R B H B 2 A 50wl BRR SR
(NH,HCO,) (25 mmol-L"", 4 10 mmol-L™' DTT),
57 CAAE 1 h JFEIREH, BRESEBAK, BEm
T 45 44 AR i 3 e B %9 NH,HCO, (25 mmol -L ™",
%55 mmol -L™' M Z. BERE ) , = IR T % &b ik & 40
min DIHATREEALR N, ZEHEARBEGYET
NH,HCO, (100 mmol -L™", pH 8.5) Wi, ¥
FEHEBIAET 1 mmol-L ™' ELAER (HC) H, ZE AWK
BEHR1 gL', SR)5 ) NH,HCO, (25 mmol-L™", &
10% (I 2.0 ) VIR AR, 0. 02 gL~ 28 i B vk B (o
W, IR RA SR R GEEAL RN G IAGE &
JEREE H BRI T 37 C &M TIH1L 16 ~18 h,
1.2.4 LC MS/MS 4 #7 F B8 4b 38 FREH
FREHR IS IR A LA A IS T8, ikl
FHFS LC20AD ( H AR B EBA R &), Akt
4 C18 #£(15 em x0.01 em, IFEBPRIAEH 3.5 pm,
H 4 Michom A &) /) » WshAH A #H% 5% CAN
(4 0.1% TFA), B #1% 95% ACN (4 0.1%
TFA), #3# % 500 wLemin~"', #£542L 20 wLemin '
WO B AERESR R, (R VB4 5, 45
min P B AHARFRSH 0% F+ 2 45%

KB % e 70 42 M B 1 BiF-H 18 B B O Y
(LTQ-Orbitrap, 3¢[F Thermo Fisher 23 &) H &) L
1o BTiksrHiBish: 1) LA Orbitrap #E 2 1B 7E
400 ~2 000 FY R Hb (m/z) 15 Rl 9 LA 60 000 £ 433t
RRE-FIERE; 2) A LTQ KM= F PR —
SR SR BN I ik I o BE B R (R S AT ER R
WL, FMSPEENR T 5005 Rk SR A
2% ¥, M5 55 L 5 J7 =X (nano-EST) , HEBGHLE 1900 V,
FHETERE m/z 400 ~2 000; JEiEEHE B Xcalibur 3%
E(V2.0.7) REI 4 HE; b5 M 515 BE
Mascot 24434, 8 REIEFE N Swiss Prot [ Uni-
ProtKB(2010 4E 9 A & 1) . HUilE BRI RS HOH AR
B RIRZE = 50 x 10°°, BRECWEH B F AR E
=1.0 Da, FmAREAI. FEHE N i LBALIERN
A AR B

2 R

2.1 ImMZARERIS ESU S
JEFM I 2 KGR BT, DESERM
Je P FE LA S 4R i ok B, a0 T 4 I 2



F2H

EREAF: 7 DU 48 Uk ) 2 H S 22 i 9

L, Lh400 fEeEutfrieill, SR E 1. Fris
HIESEE I M ANIE A e %, LUBURI4EM 3, 4
Mg ] L B B I E R, OB SHHE
5 CHENG" 3 16 —3%% .
2.2 MmAAREEHIEY Shotgun BTk o R EHRER R
FF LTQ-Orbitrap J5i i X+ JE 72 I DU 1 20 ffd f5ir
BH R R AR & W AT R ERBTIE AT, I de
novo J5 ¥ S ILER1E 9 870 NMIKBUFHIE R, &dETT
NEH G BRI 419 NMETURIKEFS] . LRk
B ERER BT & (MS/MS) (55 18Il ., {5 M AR
., F2RARTRLPFESH3IWELRKY MS/
MS J i 44 B LA B e S R R )P 5 . B R 2 7]
W, S MkBREREEIEYE, B2-a Rk

.\I.
Gl

R b

1 JESEhEIm 4T ( x400)
a JEFEMGDUBURIANAL ; b. JESEIG DU BTN MU 25 FIRER 0 BTk
Fig. 1 Morphology of haemocytes from M. coruscus
a. haemocytes with granule from M. coruscus;

b. granule released from blood cells
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Fig.2 Tandem mass spectrum of No. 3 protein in Tab. 1

a. m/z indicates MS/MS spectrum with m/z 1 656. 84 acquired on LTQ-Orbitrap mass spectrometer and the amino acid sequence “TFLVWVN-
EEDHIR” deduced from precise mass difference between adjacent b-and y-ions; b. m/z indicates MS/MS spectrum with m/z 1 997. 95
acquired on LTQ-Orbitrap mass spectrometer and the amino acid sequence “GIHGEHTESVGGVYDISNK” deduced from precise mass

difference between adjacent b-and y-ions. The results of the Mascot search are presented as arginine kinase from Liolophura japonica.
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Tab.1 Protein identification of hemocyte granule from M. coruscus by LTQ-Orbitrap with Mscot searching
=)
i N | i st Pl
No. UniProtKB identity/homology species peptide score
B4J603_DROGR GH21113 Drosophila grimshawi 1 305
2 Q6UQ16_MYTED EP protein Mytilus edulis 3 258
3~4 KARG_LIOJA arginine kinase Liolophura japonica 2 215
5 B3MCR5_DROAN GF11480 Drosophila ananassae 1 209
ACT_PLAMG actin Placopecten magellanicus 6 209
7 Q5BQE3_9VEST actin A3 Haliotis iris 5 209
8~9  Q760P6_CRAGI arginine kinase Crassostrea gigas 3 179
10 B3N2H1_DROAN GF20391 Drosophila ananassae 4 153
11 QONC09_9MOLL actin Mastigoteuthis magna 1 137
12 ACT_MAYDE actin Mayetiola destructor 4 111
13 ~14 D7GXP9_TRICA histone H2B Tribolium castaneum 3 111
15 Q17C86_AEDAE actin Aedes aegypti 4 103
16 Q2LDZ7_HIRME cytoplasmic actin Hirudo medicinalis 3 98
17 MLE_ TODPA myosin catalytic light chain Todarodes pacificus 1 97
18 QI9NCO07_9MOLL actin (fragment) Alluroteuthis antarcticus 3 87
19 DOES27_9HYME beta actin Polyrhachis vicina 6 84
20 ~24 B3VN78_BOMMOL. L-1A actin Bombyx mandarina 5 84
25 B4LVN2_DROVI histone H4 Drosophila virilis 1 79
26 B2YGD6_9ARAC actin Goleba lyra 2 79
27 ~30 BOFRF9_LITVA arginine kinase Litopenaeus vannamei 1 78
31 B4LB51_DROVI GJ12598 Drosophila virilis 1 78
32 B6EAUS5_HOMAM skeletal muscle actin Homarus americanus 4 78
33 B3MQES_DROAN histone H2A Drosophila ananassae 2 77
34 A4FT58_9BILA actin Macrobiotus sp. 3 76
35 ~37 B4KDTO_DROMO histone H2A Drosophila mojavensis 2 75
38 C7SP19_9BILA fructose-bisphosphate aldolase Glottidia sp. 1 75
39 ~41 E2IV58_HELAM actin Helicoverpa armigera 4 72
42 Q7Q944_ ANOGA AGAP004835-PA Anopheles gambiae 2 70
43 ~45 B2YGB1_9ARAC actin Habronattus americanus 4 70
46 BOLUD9_ LYMDI beta-actin Lymantria dispar 2 70
47 TPM_MYTED tropomyosin Mytilus edulis 2 66
48 ~50 Q966R4_9DIPT actin Chironomus yoshimatsui 2 64
51 D2A3B9_TRICA putative protein Tribolium castaneum 1 62
52 BOX6X2_ CULQU dumpy Culex quinquefasciatus 1 60
53 B3MD57_DROAN GF11439 Drosophila ananassae 1 59
54 B4JTF2_DROGR GH24039 Drosophila grimshawi 1 59
55 B4N5S6_ DROWI GK17871 Drosophila willistoni 1 59
56 Q6S015_DROME reverse transcriptase Drosophila melanogaster 1 59
57 Q7PYN5_ANOGA AGAP002033-PA Anopheles gambiae 1 59
58 Q6X4W3_HAELO actin Haemaphysalis longicornis 5 59
59 D2DGZ3_9CUCU cytoplasmic actin Ips confusus 2 59
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60 B3MDN4_ DROAN GF11378 Drosophila ananassae 1 57
61 B4ANFT1_DROWI GK22698 Drosophila willistoni 2 56
62 D6X1R9_TRICA putative protein Tribolium castaneum 1 56
63 Q9VLL1_DROME D12 Drosophila melanogaster 1 55
64 B4KI41_DROMO GI10553 Drosophila mojavensis 1 54
65 BOWCT3_CULQU leucine-rich transmembrane protein Culex quinquefasciatus 1 54
66 EOAD92_BOOMI angiotensin-converting enzyme-like protein Boophilus microplus 1 50
67 E2B904_9HYME putative protein Harpegnathos saltator 1 50
68 D6WDM1_TRICA putative protein Tribolium castaneum 2 49
69 BOW6D8_ CULQU survivin Culex quinquefasciatus 2 49
70 A2AXC2_TRICA gustatory receptor Tribolium castaneum 1 49
71 BOXCWS8_ CULQU putative protein Culex quinquefasciatus 1 49
72 B4MJJ2_DROWI GK20842 Drosophila willistoni 1 48
73 B3P4Z6_DROER GG11834 Drosophila erecta 1 48
74 E2BDR6_9HYME lipid storage droplets surface-binding protein 1  Harpegnathos saltator 1 48
75 B7UEY4_MYTGA superoxide dismutase Mytilus galloprovincialis 1 47
76 B4NIN2_DROWI GK13512 Drosophila willistoni 1 47
77 BOXJN8_ CULQU phosphatase Slingshot Culex quinquefasciatus 1 47
78 E2BKCO_9HYME MAP kinase Harpegnathos saltator 1 47
79 E2BI22_9HYME N-acetylglucosamine-6-sulfatase Harpegnathos saltator 1 46
80 Q75W49_CRAGI 78kDa glucose regulated protein Crassostrea gigas 2 46
81 D7EKZ5_TRICA putative protein Tribolium castaneum 1 46
82 E2AMKO_9HYME DE-cadherin Camponotus floridanus 1 46
83 BOW9(Q9_ CULQU putative protein Culex quinquefasciatus 1 46
84 B3MMOL. L-1U1_DROAN GF15119 Drosophila ananassae 1 45
85 Q95UF1_DROSI ankyrin Drosophila simulans 1 45
86 B4KUQ4_DROMO GI11592 Drosophila mojavensis 1 45
87 Q16WC1_AEDAE putative protein Aedes aegypti 1 45
88 Q1HPKO_BOMMOL. L-10  vesicle amine transport protein Bombyx mori 1 45
89 D6XOHS_TRICA putative protein Tribolium castaneum 1 45
90 EOVRW9_PEDHC putative protein Pediculus humanus 1 45
91 B4M706_DROVI GJ16541 Drosophila virilis 2 45
92 BOW417_ CULQU ataxia telangiectasia Culex quinquefasciatus 1 45
93 Q7PK24_ ANOGA AGAP009815-PA Anopheles gambiae 1 45
94 DOIQG5_DROME MIP13274p Drosophila melanogaster 1 44
95 B7P8Q8_IXOSC putative protein Ixodes scapularis 1 44
96 B3ME79_DROAN GF12460 Drosophila ananassae 1 44
97 D7F165_BOMMOL. L-10 endonuclease-reverse transcriptase Bombyx mori 1 44
98 D7EKS8_ TRICA putative protein Tribolium castaneum 1 43
99 D7ELX7_TRICA putative protein Tribolium castaneum 1 43
100 Q9UOS5_MYTGA catchin protein Mytilus galloprovincialis 2 43
101 QOUOS7_MYTGA myosin heavy chain Mytilus galloprovincialis 1 43
102 B4JUI7_DROGR GH15720 Drosophila grimshawi 1 43
103 Q966V3_MYTGA calponin-like protein Mytilus galloprovincialis 5 43
104  Q16SH8_AEDAE putative protein Aedes aegypti 1 43
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105  E2BDB9_9HYME putative protein Harpegnathos saltator 1 43
106  MLE_AEQIR myosin essential light chain Aequipecten irradians 1 43
107  E2C3M9_9HYME hexokinase-2 Harpegnathos saltator 1 43
108  B5DNP1_DROPS GA22337 Drosophila pseudoobscura 1 42
109  A7UTW9_ANOGA AGAP005832-PA Anopheles gambiae 1 42
110  B7P2A1_IXO0SC 268 proteasome regulatory complex Ixodes scapularis 1 42
111 BOWTTO_ CULQU putative protein Culex quinquefasciatus 1 42
112 B7PXU8_IXOSC CAP-Cly linker protein Ixodes scapularis 1 42
113 BOWAH4_ CULQU WD repeat protein 36 Culex quinquefasciatus 1 42
114 E2A5MO_9HYME putative protein Camponotus floridanus 1 42
115  B4JPX7_DROGR GH13313 Drosophila grimshawi 1 42
116 C4WX22_ACYPI ACYPIO04711 protein Acyrthosiphon pisum 1 42
117  B4J2K3_DROGR GH16634 Drosophila grimshawt 1 42
118  QO0C728_AEDAE golgi protein Aedes aegypti 1 42
119  EOVRY6_PEDHC guanine nucleotide exchange factor DBS  Pediculus humanus subsp. corporis 1 41
120  D2T1I1_9NEOP cadherin-like protein Polyplectropus sp. 1 41
121 Q16U82_AEDAE putative protein Aedes aegypti 1 41
122 EOVM19_PEDHC alpha-actinin4 Pediculus humanus 1 41
123 D1IM9KS5_9MAXI elongation factor 1 Notochthamalus scabrosus 1 40
124 E2A3P3_9HYME N-acetylgalactosaminyltransferase Camponotus floridanus 1 40
125  E2C7U1_9HYME putative protein Harpegnathos saltator 1 40

e B AEE NR BRI, RS TE 40 23D B HEER

Note: Scores are ranked from high to low, and those more than 40 are shown.
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