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hE=MEEREA N ARG HEEIE R

BEES, #FEHS, EAEY, THE,
gEAt, kAR, #HBa

[=ESAN )
(1L@@#ﬁ% WA E R AR A O, B 2013065
2. g R, AKFER RV R SR H A E W E ARG E, L 2013065
3.l e S R EAR IS T, 77 JbilE 5360005

4, LW R ER, ¥ 200443)

R P

WME: A TRBRAENTEHEREZRAARAHABENEAME, SEATEZERKE
PRBTMEE e, A AKTA & g4t R RItATHN, 6 B €% & B i (LC-MS/
MS) $ A 46 AL J5 09 i 1 B B B 4T & M AT, Sk JE A uniprot & B K E TRT 22 £ 408
SR EE AW AERFH, FHET NI ?@’Ez‘&ﬁc#ﬁo HRET, # AWM EE
aaEERE, NELERTEEREEATEEET 2HA 0 EZ AN TEE, &% Hemo-
cyanin subunit [ . Hemocyanin subunit [l . Hemocyanin subunitllla. Hemocyanin subunitlllb.
Hemocyanin subunitlV . Hemocyanin subunitV . Hemocyanin subunitVl 4 , uniprot %% & & &
T, RUTEREARREMEMNERNH AN, NJRAEAH#UMET, PEELEE A
ERREMEMNEMEEZ AR ﬁ%’fé‘é’]ﬁ?}?f&t FHEM YD ER A S L EMNIT. %
GHEBRNMEEOARINHARR, XERFTRETSE D EZGWh N+ EEm
*%EQ’JI}JHM AR RERA T EE KR G 88T

RER: v EE; nEEA; dif; BMEEH SRR

hESHES:S917.4

1L #% 25 1 (hemocyanin, He) J&) IZAF7ET 1Y
Jiz 3 4 AR (AR Sl I 9k L ) S AR B B, S
Z128 [ A W51 1 2188 T FR O B AR A = ORI
HE U, P E% (Tachypleus tridentatus) & T
IS5 #1] (Arthropoda) /i 11 44 (Merostomata) &1 J&
H (Xiphosura) % #} (Limulidae) 4 J7 % J& (Tachy-
pleus), J&—Fl ZIIEEAEY . AE R EEIYT
—0, TEHEKALSAEEMmEEAY,
FHIFRRA, AMTEBIMEE AR T HAEH
ARMEN, A HMZR 6™, meeEr.
G REB A DL R 2 5 W 52 s g Rz P A

WisHHA: 2020-07-17  {&EIHER: 2021-03-18
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(LC-MS/MS); 3 v 4
j(ﬁk*m/c.\ﬁg- A

Bt 5 0) I i B DI RE AR AR ST, AT R 3R
I35 2 1 AT AN FHPEAR 2 07 1 . TEM BB I,
I35 A 1 ER T 0T DL B A A A A R 2 1 1Y
FEPE, PRI AT DA DA il 1l A= 0 A e A T R 7y
AW FEGBERE L, I EE B AE AL Pk AR
BRFEEEN, PR, s B
Rl E M . PURTEIG M . BEARIGIE . TR TE
o (| R IR N /1 R LR o S 3 [ e S
Bl RS b G e i, AL s AR 1 (KLH) 9%
FHF R B e B 7 ™5 I B ek
VE PR 5 2 S A oy T3R5 ﬁﬂﬁ%%ﬁ%
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1500 KopE OE R 46 45

EREBLIN I, BRI ZAN, FERFSE Wik S
VR 1| 7S o R s 10 A 7 [

BB ) R AR Zh ) 0 il B TR S T A
U R G R AR IR EACNE ., R, RS
EATER &AW B 7 A s iR N iz i 8, 3
TR R A R B MR . —
KU, TR EEAZHR 6NN
75 ku MR G /S SRR, B8 DS IR IK Ry B
B S RIRRY . ARIYFRRY S E
B HWAE, Hsesh¥h—mh 121, %
By i W 2 R 8 NN RIRA R E AR A
Py, Sullivan 5= @ AR I, SN2 (Limu-
lus polyphemus) Il ¥ £ 11 2/ Fp 8 B[R] (%) 37 F 40
B, 3X 8 I AR ik 2 ] 114 28 B R 2H A H AR,
H> ¥4 R 65~70 ku, Nemoto 55 fe FL ik T
Hh [ I AR 1 o B 2 R i TR AL U B
FRIFH, ZA B 87 N BRI, X H AT R
T 4 I R R S S A R

TR E T, B & —Ffha)  Z
S SE RO, 3 0 o i S R A R
TEFE, RAEARE R B (n/z) 125
KA B IR 1 e, T — 2 BB
Z Rk ARG DA [ 1 i bk B v Bt Ak il
BE, IR E T T b R R -
TR His I Jiig 58 Ji B, 9K (sodium dodecyl sulfate-polyac-
rylamide gel electrophoresis, SDS-PAGE) 7341, *f
H %) 251 JE AT AR €235 B 3K BT (LC-MS/MS) 43
Br, AR B3 25 SR AR P AT R R X
MIHRE B . AHFST A N uniprot 25 FH 4UE 22
T R A R 7 2 A 1 i B ) A
R 3 50 IF 04T Lk, AR o [ 4 i s 2 1 5
AR AR RS LR, XEAY T EE
I 4 A8 A% Dy e T00 AN FH AT o

1 MRS TT

1.1 SEIE Y

ST SR A TP LT AT AR ER 7 5 A d
i, T ANTIHEKAFEFR 2 A5 LUE# A 52
WXt g, VEHUEHEA N S KW, oA A
% [ PR (1434.53434.52) g, FIRSEREE (26.32+
0.30 cm)], U FIE L2505 .

1.2 LIEEMH
AKTA pure & & L5 JZHHALS (Hil-
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oad 16/60 superdex 200 pg), Tris-HCI (pH 8.0)+300
mm NaCl E7 284, 5 mL M#55 HHIRR ERE,
Tris-HCI(pH 8.0)+300mmNaCl Jillii, i | mL/min,
2 000 mAU &b Wi &E9 .

ARG - BB IS (FH):
Acclaim PepMap RPLC C;z (300 pm i.d.x5 mm,
5 um); 2 MiAE: Acclaim PepMap RPLC Cig (150
umx150 mm, 1.9 pum); FsIA A: 0.1% H R,
2% ACN; WEhHH B: 0.1% H R, 80% ACN. #
JEVEI 45 6% B (0 min)—9% B (8 min)—14% B
(16 min)—30% B (36 min)—40% B (15 min)—95%
B (3 min); i 600 nL/min; HEREIARL 5 uL, ki
25 C.

— WG SR PR 70005 AL
m/z 400~1 200; Wi%5 R 2.2 kV; B 40
270 °Co ZHFUESHE: PR 175005 EHERETK
— G P P B B A i 1Y) 20 AN S A T R,
TRIEAREE N 27,

1.3 EBPHMHIE

ke R H S B 12 SEAIRE
Sk fifa FE RIS H 22 )47 O R A I pk L, BLf 9k
EFELEYT, 4°C. 8000 r/min B0 1 h, {48
I

G R A LA BL0.5 mL i
WTE.OE T, HBBARZTHEZEMA 1 mL 100%
MM T BR BT, K B DA 4 °C VKA R
552 REUGHELOE, 4°C, 8000 r/min .00 1 h, 2
B WO A 1 mL pH {8 7.0~7.6 HOBERREh 2% v
VSR (PBS) EEEAR T, 452 il s 8 PO AR

4 5 mL I % 8 R P2 W A 2] AKTA pure
EHLE RS T, 78 2 000 mAU 4b W e 47,
F- 2 1M 9% 2 2B A

SDS-PAGE  HU 10 pL iFWFEA, 5250
NG il (5>) IRA, WK S ming HEAE
ai Al marker fITA 12% 53 B BERE L, SRJE 6 |
TS, RN 80kV, 1877 15 min,
SRIGH AR E R 120kV, 54T 1 h; HF B,
RN D g b, FiRGE 1 h,
IIAJR W, # T 80 t/min i 47K [, %5 20 min
B 1 IR 2 T A B

MRE G BEMRA KRB KERKEY
1 mm® SR, ArEl3E A 1S mL EP & H . fiff
FH 50% ACN-50% 50 mmol/L NH,HCO; % & i (4, ,
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8 1] RO, S 2 AR AR A R A (B € S IR BT A 1501

JHCE 10~30 min W1 525, 5 A A 2 RORLTC
{0, BERIBEK . A 100% ACN 100 pL, i E 30
min, FFRORLE FIERPIR, 52X ACN, ZiRCE
T b EE AL R MR 100 pL/AE A 10
mmol/L DTT (i 73BiEE) F 56 °C /KiEHid ) 1 h,
W 525, H2 18 100 uL/& A 55 mmol/L TAA (W]
W TR), WAL 1 h, W s, i
W (50% ACN-50% 50 mm NH,HCO;) ¥ 130 , W
M3, A 100% ACN 100 pL, i # 30 min,
FRCR S AR, 3728 ACN, = IRBCE T4
fili V1 . HCHE BE R 15 ng/ul 09 B (B 50 mmol/L
NH,HCO, Fiik), M8 7~10 pL/AA R ABHA R,
A 4 °C VKA 40 min, B S BN 5~10
uL 50 mmol/L NH,HCO; ¥, % H ¥ T 37 C K
WHEEY) 16 ho ARBCHRHC: M4 EUE (5% TFA-
50% ACN-45% 7K) 100 pL/%, 37 C /K 1 h/)q,
MR S min, B0 5 min, BEHRBOEFE A S —H EP
B, EERILK, HRBUESIE, BEEEL
T IRBCHAE G R (0.1% R . 2% &)
W, FUArIRAIRGE, 13 200 r/min, 4 °C .0 10
min, FIFHEHR LS T, SRS

1.4 BIEEEER

[T 1% 43 Br 15 2 Y B 4G S {8 Maxquant
(1.6.2.10) 735l R Hin 15U, RS
@D [# & 1 Hi (fixed modifications): Carbamido-
methyl (C); @ 0] A% f& 1ffi (variable modifications):
oxidation (M); acetyl (protein N-term); 3 [iff
(enzyme): [P 1 (trypsin); @5t s il D) 07 s
(maximum missed cleavages): 2; &—Z%fiifiR %
(peptide mass tolerance): 20 ppm; © 2% iR
(fragment mass tolerance): 20 ppm; DJKE/HER B
F i %0 (mass values): monoisotopic (B[R Z);
® & E B (significance threshold): 0.01,

2 4R

21 HEEMIEZEBR SDS-PAGE 731

KT R T fRaifb 5 s A ALy, SEER
¥ SDS-PAGE X} 4fifb Ji5 il i 8 (1 A A X 53+ o
I T E, K EE RN, aifb)E Y I
aifERim, HA 1AHBMAE, HariEd
70 ku (& 1),

22 HEEMEEANRIEEEERD T
Rt R B A AT 1, eal A A

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

ku 1 2
170 —
130 —
100 —

70 —

45 —

35 —
25 —

1 HPEZMIEER SDS-PAGE B k%R
1. Marker, 2.3 2 A
Fig.1 SDS-PAGE electrophoresis results of
hemocyanin

1. Marker, 2. hemocyanin

43 score (H>70, J7 91 55 BE>20% WA gL it &
P14 SDS-PAGE ity iy H i 257 DT UBORL.
SRIGHEATINOK . R I be i Al . DD . SIS
S FE o IR WP RO O JE K IS LC-MS/
MS 43 Hr, BT B T35 5 4G SO Maxquant
(1.6.2.10) & 7 43 K 2 H AR L8R 12, AR s
M B3 score {H . 7814 w5 B2 19 K/ S 2 AR
XF iR BE AT LR G . AR H I Z5ai vh 4 E 3
12 M8 H (% 1), uniprot Z4E 12 7 341 4 1L 5 2
M, X4 F %, Hemocyanin subunit I . Hemo-
cyanin subunit Il . Hemocyanin subunit [lla. Hemo-
cyanin subunit b, Hemocyanin subunit IV, Hemo-
cyanin subunit V . Hemocyanin subunit VI . Hemo-
cyanin subunit HR6 3t 8 Fj i I 76 [B & % (Carcino-
scorpius rotundicauda) & N #% % I ; Hemocyanin
Il . Hemocyanin subunit Vla, Hemocyanin subunit
VIb. Hemocyanin subunit VIZt 4 F i 576 SE 9 %
RN R B
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*1 PEEMEEAMNRIZEESR
Tab.1 Results of mass spectrometric identification of T. tridentatus hemocyanin

. . R . , 75 2 KR AN R

5% EAHY R S gams  REERERARKRE A
: N sequence sequence (x10%)
no. accession description MW score . .
coverage lengths intensity
1 AlX1V1 Hemocyanin subunit [ OS=C. rotundicauda 71.681 323.31 69.7 624 941 140
2 AIX1V2 Hemocyanin subunit I[I OS=C. rotundicauda 72.613 323.31 49 629 644 810
3 A1X1V3 Hemocyanin subunit [Ila OS=C. rotundicauda 72.984 323.31 34.2 631 558 120
4 AlX1V4 Hemocyanin subunit [[Ib OS=C. rotundicauda 72.826 323.31 48.2 628 647 790
5 A1X1V5 Hemocyanin subunit [V OS=C. rotundicauda 72.577 323.31 70.8 624 1330 100
6 AIX1V6 Hemocyanin subunit V. OS=C. rotundicauda 74.043 323.31 50.2 638 384 540
7 A1X1V7 Hemocyanin subunit VI OS=C. rotundicauda 72.898 248.06 36.9 631 108 980
8 QITWES Hemocyanin subunit HR6 OS=C. rotundicauda 59.259 90.085 52.1 514 31332
9 A2AX56 Hemocyanin Il OS=L. polyphemus 72.628 306.41 26 628 98 574
Hemocyanin subunit [Ila
10 A2AX57 OS=L. polyphemus 72.278 170.4 25.7 627 159 790
Hemocyanin subunit [1Ib

11 G8YZRO OS=L. polyphemus 72.791 200.79 37.9 628 102 300
12 A2AX59 Hemocyanin subunit V1 73.743 32331 46.2 638 297210

OS=L. polyphemus

¥E: OS=C. rotundicauda, T RJFHAEH:; OS=L. polyphemus, F~iiHFEM#E

Notes: OS=C. rotundicauda, indicates derived from C. rotundicauda; OS=L. polyphemus, indicates derived from L. polyphemus

2.3 EEMIEFEARN LC-MS/MS BAREIRL

EEsgin

TOAR (35 73 8 0 R B L B3 A R 4R I o

3 IR Ao B KB R sk I, i R A
FUCHCH e %, IEWIRRB i, A B R T
%1 & DRKGELFYYMHQQMCAR,,

Wi 5 I RRIR A 0 248 LC-MS/MS 2081, 3k45

KB HE SUE (PMF), Z BB, 5 54

S, fEMRIEE . 2 R H R SR A B A D S 2
TR ETE A, RE R H B 2 BB, B
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Fig.2 Total ion flow chromatogram of hemocyanin
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8 1 FES RN

S v 2 AL A SR K A A F VR € 1 R B TS AT 1503

VERSESEY
relative abundance
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g- e %U‘h V4 sa 20t MQUX% \14.‘:4 i Hm%: b9 Y9 o Y10 I yin ?Lz(ﬂuﬁiil_w ::‘W‘W N

s 4( M %7 1353 jj 53?‘,‘%’2"‘7 32 <E< . ; A ) ”‘“4“ PRS0 6113“&"s*i’“‘“"ﬂ;ﬁ‘(ﬁfxﬁl\—‘ 17761765 961852 -,

) [T _ L NH: i . 647.723Y H 1177 2058[898

o ‘L,.’.. il ‘Fﬁ?{ﬁw. :.\.ﬂ Hoi (“F [l ‘L Lkl ‘J uuL w\J F‘ A I I §\hll

200 400 600 800 1 000 1200 1400 1 600 1 800 2 000 2200

Jofif £
/z
Fs yis[ yi4 yi3[ y12[ y11 \Il) ¥9 v6 [ ys >4W v [y
| 5 b4 bs vs] 9] o] bl |Q|z aq ™ (
&3 DRKGELFYYMHQQMCAR Rk E = 4% itk &

B Ro BT, AekyET, HORbETMy BT EHRKEEEMNE T & Ry % 0E B IKBR 27
Fig. 3 Result of secondary mass spectrum of DRKGELFYYMHQQMCAR peptide

Peptide spectra are shown with b fragment ions color-coded blue, y fragment ions red, and the yellow colors are the b and y ions that have lost water or

amino; the bottom row is the fragment ions of the identified peptide

aeus vannamei), 5% 75 % (Scylla serrata) Fl 4 Fh
B I A AR 4, AR TR Bl i
Elrﬁﬂ 22 2%, Hip JLANEEXTER 5 5% . Bk A
CTEE 1A, RIEE 8K EINE T4,
E ﬁ’ (T. gigas) 0 %% . iz JH ClustalW J7 i X} 22 4%
I W5 AR AR R Y 8 AT 2 7 A X, JF T
MEGA 7 #fFXf 22 25485 117 A N-J R ge kAL
(& 4), B AL B RN MR S AR
PEAERSIEA 20 A9 i, b 17 A5 AR R B
1B (i 85%) KT 70, RUIBEAAEARTTF B R

3 i

smwmmﬁ%@j%mﬁ@miﬁ,z
JEANRERNZRM R, T8 % stk
%ﬁﬁﬁﬁ%mmmm%%ﬂ@omﬁﬁ?%ﬁ
75 T Pl 36 e HL UK EL A BRAE TR B L SRR
Do, T NS o= =S 7 =Y 1 P N e
JERES SRR, T TR AR S R
0 e A v A 1 BRE AR T S S R
XFEG,  RIVRTAR SRR AR F SR S AR 43 a7,
AW FEAd ] SDS-PAGE 1 J7 74 X 4l Ak Je (%) 1 i 2
FHEAT 43 0 i B0 A5 0 5 DA R S B A LER, Ha
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VKR, HEREIH R —R 4 (B 1), R
afi Ak S5 iYW R A 2E R, IR EE R A
JiEE 210 70 ku, WF5EEW], 7k SDS-PAGE Lk
JA SDS, #4588 FIAE st 5 7H Cat f iy, DA T
M T A& AR mE, KR SDS-
PAGE HiJkH, A iiE 8 s Rk FE A
EDS il ﬁ’ﬁ ﬁ/ﬁ\ﬁﬁj’*%ﬁ"] L faf S o B
ARTEE, i R BN, alidb s i i
HALE 12 ﬂ‘ﬁlﬂﬁ’\]lﬂlﬁﬁﬁ]ﬁ%, BT I & i
EARW, BARSMFEEYE. FR T Hemocyanin
subunit HR6 43 Jii &4 59 ku #F, Hifth 11 ﬁ”ﬂﬁ
G FIEYIR 71~75 ku, XC5HIKEER L K
BB AT R 59 ku iX 45, 5L AT BEJ2 Hemocy-
anin subunit HR6 5 1 7 LLR/IN, 3R 1 A< 5R
JEP N —E R e T B A &, HR6 AR
MR T HA R E, XA R EA
78 HR6 45717 1A

LC-MS/MS J& —Ff 5 2 AL 5 W 4 7 i BOR
AT . &Y ST . A
i FE I H LC-MS/MS F AR X 2 21 5 i v [ 2 i %
BT B S, R e S0 R A
TE uniprot 2 1 5CHE B A RASH) 12 Fhifl s 8 A o
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Fig. 4 N-J phylogenetic tree of hemocyanin

The number on the node represents the confidence value of the compensation test

LC-MS/MS 15 2| () 20 85 I ik 1 . BRBE i) — 9%
Pk AL R R R AR (RS ROR,
T JE 22 1) B 43 B R R L S BOEE R A R
MS/MS g5k, AEABRTIIN LG —tm, BHE
IR 20%~50%, FWIRLHE FL KT 51 i 2 180 1Y
SRR TTEED FEARG G 0T F A Lo g 25 A rh
KL, 12 FhEE F10 score (440, HIFHIHE %
JERRTE 25% LA L, RIS LER 5,

P T P At v R 00 P R AL A
FEMGERD D e v e AR Y
S BA D, R A R Y [ 4 T 5 U 2 1 I
WEAPIIGEERZ ., BRERE R, VCEEK
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12 R 25 1 23 0 Sy e ST TR R A 9 Bk B Y
Hemocyanin subunit [V . Hemocyanin subunit I .
Hemocyanin subunit [llb., Hemocyanin subunit I .
Hemocyanin subunit [lla. Hemocyanin subunit V .
Hemocyanin subunit VI , Hemocyanin subunit HR6
I LA 56 U 4 14 P &% BRI Hemocyanin subunit
VI . Hemocyanin subunit I . Hemocyanin subunit
b, Hemocyanin subunit lla, H:H Hemocyanin
subunit HR6 T 1995 4F-# Hiroaki 1 Fumio 7£ 7 &
LR P R B 44, [ HR6 AL IR B
515 @ AR AL L™, X 5 AW 5T 45 RARAT
1974 4 Sullivan & {14 R AESE = AT 9 T7 15

HE K25 2: 3276 sponsored by China Society of Fisheries


https://www.china-fishery.cn

8 1] RO, S 2 AR AR A R A (B € S IR BT A 1505

A4 35 YN 2 1 100 5 B AR R S AT ) X
W, F¥ HAR 44 4 Hemocyanins 1~V , 33X 26 [fi i
B, 1:2:3:1:07 W HE454, H
Hemocyanins L7 2 438453 AT E 2 89
ML #5 25 (A TP KE I ) T Hemocyanins T~V Y43 5
A3 F F Hemocyanins A 2 384 . BRI E
5 FSE YN 4 Ik T N ERAEAE Hemocyanin subunit VI |

Hemocyanin subunit I . Hemocyanin subunit b,

Hemocyanin subunit llla iX 4 A~ 35, (HJ&H T4
FREASTR], 3 2L [m] 44 19 7 J5E 22 (0] # A7 7E — LE 21
225, WG IR K B R 2 T o 22 ) A A/
2250 . 534 uniprot £ R I A7 AR Y E——
255 A i AR A G E BRI AE A BT 5
HOf ARG X PR R e T b v [ i AR
M o 2 H R R S B A 87 M7 A,
MIX 87 A2 L 1Ry 4 46 5 78 15 B2 4% il i A
BdE % B9 Hemocyanin subunit T #, [EIL, ANHF
g% HUCHEC S 1[5 F % ii #4 A 80 % 1 1 Hemo-
cyanin subunit I .

TR, I A HAA 2R R DIEE, i
My ARG M . BURR . BEARITEMESE . XTI R
H R DI RE 2 AR ERESY, Bl E L P
T, —A R I R, S —A 2
MW 8 A ZAS AR . 55 BREE 550 LA
e NI BT ol N IR g = o N 1 o
F, A3 2 1 5 25 1 22 18] 1) M A A Bl s e . 4
PEEAR TG PE RS MG PE R B 2R, H
I35 AR B AL S e T B N R . PRfLE
SRl R R T PN (VUIOESE e €= S E Sy N
F14) R A 1T T 2 I 1 B 1 e RE D e 2 A M1
PR Z — . IRZMRENMEEBSAZ A
[F) ARSI 5, 30 TV 5 22 (] 1Y) 7 91 43 e A AE —
EMZER, PN ZEFLRFEIRNES, A
(] 114 1 4710 LA [i] (08 A e A 3 ) o gl 17 0l o 2
HI R REZ A . AR A, % i i
EEAWELETFY EMEMNE ., REEZMaR2E
FEARUME 3G Bl A (6] 9 ol ) i 5 28 1 ) B A R
K, AH R S A AR S AR AL AR B 2
AL, A2 20 EE & R ThRE, A T
PR

BB A0 AT AR B I B A AL, kT e
BB RIIEE, F XS E 5T 80 0 5 A e #E AT
HEEABTIIREHT IR . IEAERCT PN XS |
P H BRI IME A WIREZ, KT
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1] 2 0L 5 BT ST . S T RS P
A5 HAY BRI EE R R, AT
M uniprot £ FH A R BT PLAABERTER L B4
R 4R R M EEE A, IFME T N-J
RGEALRY . SRR, LN BRI 205
AL WA S A G R T, % SCYH 4 [R
J 4 1t B RO R T, JE MR R 44 Y
L 5 2 R ) SRR S AR L A 2 (1] 4) . [
B, RS IR AR S A 2 DR
I AR R A BT R o X8 T LR
i LA T8 R I 2 1 0 2 R0 DY RE 2340 v [
M¥EHEHKIIRE. FRPES BT R, LN
T W AL K B P A 22 IKAE A O BT R
RN BGE . XU AR KB, VT AL R AR
I 35 2 A A 245 IR BEEAR 1 vl LA 45 Bt i 988
AP o v 2 O 7 R A I SR T g
i B — PR

(fE# AL L Fr g & Al 5o &)

S & 3 Hk (References):

[1] Burmester T. Origin and evolution of arthropod hemocy-
anins and related proteins[J]. Journal of Comparative
Physiology B: Biochemical, Systemic, and Environ-
mental Physiology, 2002, 172(2): 95-107.

[2] Markl J. Evolution of molluscan hemocyanin
structures[J]. Biochimica Et Biophysica Acta (BBA)-
Proteins and Proteomics, 2013, 1834(9): 1840-1852.

[3] Coates C J, Talbot J. Hemocyanin-derived phenoloxi-
dase  reaction products display anti-infective
properties[J]. Developmental and Comparative Immuno-
logy, 2018, 86: 47-51.

[4] Scherbaum S, Hellmann N, Fernandez R, et al.
Diversity, evolution, and function of myriapod hemocy-
anins[J]. BMC Evolutionary Biology, 2018, 18(1): 107.

[5] Paul R, Bergner B, Pfeffer-Seidl A, et al. Gas transport
in the haemolymph of arachnids-oxygen transport and
the physiological role of haemocyanin[J]. The Journal of
Experimental Biology, 1994, 188(1): 25-46.

[6] QinZD,BabuV S, Wan Q Y, ef al. Antibacterial activ-
ity of hemocyanin from red swamp crayfish (Procam-
barus clarkii)[J]. Fish & Shellfish Immunology, 2018,
75:391-399.

[7] Ramasamy S M, Denis M, Sivakumar S, et al. Phenolox-

https://www.china-fishery.cn


http://dx.doi.org/10.1007/s00360-001-0247-7
http://dx.doi.org/10.1007/s00360-001-0247-7
http://dx.doi.org/10.1007/s00360-001-0247-7
http://dx.doi.org/10.1007/s00360-001-0247-7
http://dx.doi.org/10.1016/j.bbapap.2013.02.020
http://dx.doi.org/10.1016/j.bbapap.2013.02.020
http://dx.doi.org/10.1016/j.dci.2018.04.017
http://dx.doi.org/10.1016/j.dci.2018.04.017
http://dx.doi.org/10.1016/j.dci.2018.04.017
http://dx.doi.org/10.1186/s12862-018-1221-2
http://dx.doi.org/10.1242/jeb.188.1.25
http://dx.doi.org/10.1242/jeb.188.1.25
http://dx.doi.org/10.1007/s00360-001-0247-7
http://dx.doi.org/10.1007/s00360-001-0247-7
http://dx.doi.org/10.1007/s00360-001-0247-7
http://dx.doi.org/10.1007/s00360-001-0247-7
http://dx.doi.org/10.1016/j.bbapap.2013.02.020
http://dx.doi.org/10.1016/j.bbapap.2013.02.020
http://dx.doi.org/10.1016/j.dci.2018.04.017
http://dx.doi.org/10.1016/j.dci.2018.04.017
http://dx.doi.org/10.1016/j.dci.2018.04.017
http://dx.doi.org/10.1186/s12862-018-1221-2
http://dx.doi.org/10.1242/jeb.188.1.25
http://dx.doi.org/10.1242/jeb.188.1.25
https://www.china-fishery.cn

1506

Koo R

46 &

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

idase activity in humoral plasma, hemocyanin and hemo-
cyanin separated proteins of the giant freshwater prawn
Macrobrachium rosenbergii[J]. International Journal of
Biological Macromolecules, 2017, 102: 977-985.

Yan F, Zhang Y L, Jiang R P, et al. Identification and
agglutination properties of hemocyanin from the mud
crab (Scylla serrata)[J]. Fish & Shellfish Immunology,
2011, 30(1): 354-360.

Galindo C, Gaxiola G, Cuzon G, et al. Physiological and
biochemical variations during the molt cycle in juvenile
Litopenaeus vannamei under laboratory conditions[J].
Journal of Crustacean Biology, 2009, 29(4): 544-549.
Glazer L, Tom M, Weil S, et al. Hemocyanin with phen-
oloxidase activity in the chitin matrix of the crayfish
gastrolith[J]. Journal of Experimental Biology, 2013,
216(10): 1898-1904.

Terwilliger N B, Dangott L, Ryan M. Cryptocyanin, a
crustacean molting protein: evolutionary link with arth-
ropod hemocyanins and insect hexamerins[J]. Proceed-
ings of the National Academy of Sciences of the United
States of America, 1999, 96(5): 2013-2018.

FHIS. 4 5 9 AR B 2 R A 2 G v A A IR AT 9
[D]. % HHE K, 2013,

Yang P. Studies on direct electrochemistry of cuprein
and their electrocatalytic bioensing[D]. Xiangtan:
Xiangtan University, 2013 (in Chinese).

BRI, Mo . RO Bl S et T W FCRERE (D). I
RAMEIAR &, 2007, 15(1): 56-58.

Liang Z L, Yang W M. Research progress of active
immunotherapy for bladder cancer[J]. Journal of Clin-
ical Surgery, 2007, 15(1): 56-58 (in Chinese).

LEE. R R ELISA Ry i g or 5
¥ M D], db 5 B EAR ALK 2, 2013,

Shi G Y. Development of the sandwich ELISA for
detecting ET-1 and its initial application[D]. Beijing:
China Agricultural University, 2013 (in Chinese).

e, 2825 85 T Bl i AR P SRR N 4 AR S T AL
[0]. ZEfn Rk, 2011, 23(1): 106-114.

Xie W, Luan Y X. Members of the arthropod hemocy-
anin superfamily and their evolution[J]. Chinese Bul-
letin of Life Sciences, 2011, 23(1): 106-114 (in Chinese).
Ellerton H D, Ellerton N F, Robinson H A. Hemocyanin-
a current perspective[J]. Progress in Biophysics and

Molecular Biology, 1983, 41: 143-248.

https://www.china-fishery.cn

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

(23]

[26]

[27]

Drexel R, Siegmund S, Schneider H J, et al. Complete
amino-acid sequence of a functional unit from a mol-
luscan hemocyanin (Helix pomatia)[J].

Chemistry Hoppe-Seyler, 1987, 368(6): 617-635.

Biological

Voll W, Voit R. Characterization of the gene encoding
the hemocyanin subunit e from the tarantula Eurypelma
californicum([J]. Proceedings of the National Academy of
Sciences of the United States of America, 1990, 87(14):
5312-5316.

Stern D L. The genetic causes of convergent
evolution[J]. Nature Reviews Genetics, 2013, 14(11):
751-764.

Losos J B. Convergence, adaptation, and constraint[J].
Evolution, 2011, 65(7): 1827-1840.

Magnus K A, Hazes B, Ton-That H, et al. Crystallo-
graphic analysis of oxygenated and deoxygenated states
of arthropod hemocyanin shows unusual differences[J].
Proteins: Structure, Function, and Genetics, 1994, 19(4):
302-309.

WEF, &X8E. Breai s & O w Rt ], K™
223, 2008, 32(3): 484-491.

Pan L Q, Jin C X. A review on hemocyanins of crusta-
cean[J]. Journal of Fisheries of China, 2008, 32(3): 484-
491 (in Chinese).

Sullivan B, Bonaventura J, Bonaventura C, et al. Hemo-
cyanin of the horseshoe crab, Limulus polyphemus.
Structural differentiation of the isolated components[J].
The Journal of Biological Chemistry, 1976, 251(23):
7644-7648.

Nemoto T, Takagi T. The amino acid sequence of the
amino-terminal bromide

cyanogen fragment of

Tachypleus tridentatus hemocyanin alpha chain[J].
Biochimica et Biophysica Acta (BBA) - Protein Struc-
ture, 1981, 670(1): 79-83.

HILE, Bk, W%, & BARKESEARAE
[M]. JE5T: B HURAE, 2004: 559.

Xia Q C, Zeng R, Cao X J, et al. Protein chemistry and
proteomics[M]. Beijing: Science Press, 2004: 559 (in
Chinese).

Schagger H, von Jagow G. Tricine-sodium dodecyl
sulfate-polyacrylamide gel electrophoresis for the separ-
ation of proteins in the range from 1 to 100 kDa[J]. Ana-
lytical Biochemistry, 1987, 166(2): 368-379.

Kinoshita E, Kinoshita-Kikuta E. Improved Phos-tag

R E K224 F 7/ sponsored by China Society of Fisheries


http://dx.doi.org/10.1016/j.ijbiomac.2017.04.088
http://dx.doi.org/10.1016/j.ijbiomac.2017.04.088
http://dx.doi.org/10.1651/08-3094.1
http://dx.doi.org/10.1073/pnas.96.5.2013
http://dx.doi.org/10.1073/pnas.96.5.2013
http://dx.doi.org/10.1073/pnas.96.5.2013
http://dx.doi.org/10.1016/0079-6107(83)90028-7
http://dx.doi.org/10.1016/0079-6107(83)90028-7
http://dx.doi.org/10.1073/pnas.87.14.5312
http://dx.doi.org/10.1073/pnas.87.14.5312
http://dx.doi.org/10.1038/nrg3483
http://dx.doi.org/10.1111/j.1558-5646.2011.01289.x
http://dx.doi.org/10.1002/prot.340190405
http://dx.doi.org/10.1016/S0021-9258(17)32900-9
http://dx.doi.org/10.1016/0005-2795(81)90051-9
http://dx.doi.org/10.1016/0005-2795(81)90051-9
http://dx.doi.org/10.1016/0005-2795(81)90051-9
http://dx.doi.org/10.1016/0003-2697(87)90587-2
http://dx.doi.org/10.1016/0003-2697(87)90587-2
http://dx.doi.org/10.1016/j.ijbiomac.2017.04.088
http://dx.doi.org/10.1016/j.ijbiomac.2017.04.088
http://dx.doi.org/10.1651/08-3094.1
http://dx.doi.org/10.1073/pnas.96.5.2013
http://dx.doi.org/10.1073/pnas.96.5.2013
http://dx.doi.org/10.1073/pnas.96.5.2013
http://dx.doi.org/10.1016/0079-6107(83)90028-7
http://dx.doi.org/10.1016/0079-6107(83)90028-7
http://dx.doi.org/10.1073/pnas.87.14.5312
http://dx.doi.org/10.1073/pnas.87.14.5312
http://dx.doi.org/10.1038/nrg3483
http://dx.doi.org/10.1111/j.1558-5646.2011.01289.x
http://dx.doi.org/10.1002/prot.340190405
http://dx.doi.org/10.1016/S0021-9258(17)32900-9
http://dx.doi.org/10.1016/0005-2795(81)90051-9
http://dx.doi.org/10.1016/0005-2795(81)90051-9
http://dx.doi.org/10.1016/0005-2795(81)90051-9
http://dx.doi.org/10.1016/0003-2697(87)90587-2
http://dx.doi.org/10.1016/0003-2697(87)90587-2
https://www.china-fishery.cn

8 1 R, AE s I A SR Al S R A YRR (3% R R ST 3 BT 1507
SDS-PAGE under neutral pH conditions for advanced Molecular Biology, 2009, 25(7): 655-661 (in Chinese).
protein phosphorylation profiling[J]. Protcomics, 2011, [31]  Wiféitt. FLAyEAHR ML 5 26 19 5o MRrim e J% 3Lyt
11(2): 319-323. FEPERIRE 73 7 ZEREBT AT [D]. Wlk: sk K%, 2012.

(28] AARLL, UK, EARAE, 55, SDS-IR P Mt i e fl it Chen C D. Investigations on the antitumor activity of
DAY N w5 T P
K W/ 3 2 D). 5B DY R OK S A 4i 2000, Litopenaeus vannamei hemocyanin and the glycosyla-
21(6): 761-763. tion basis of its multiple functions[D]. Shantou: Shantou
Shi J H, Zhao Y T, Wang J L, ef al. Analysis of low University, 2012 (in Chinese).
molecular peptides by sodium dodecyl sulfate-polyacryl- (32]  ZKOT HOT, EUL . LA T L A R R
amide gel electrophoresis[J]. Journal of the Fourth Milit- - RN N

gel clectrophoresisl] R B8 S S ). K, 2017, 4105):
ary Medical University, 2000, 21(6): 761-763 (in
1042-1047.
Chinese).
Li C P, Huang H, Wang F, ef al. Agglutinative and anti-
[29]  Sugita H, Shishikura F. A case of orthologous sequences
. . . bacterial activity of the peptides hydrolyzed from
of hemocyanin subunits for an evolutionary study of
. . . Litopenaeus vannamei hemocyanin with trypsin[J]. Acta
horseshoe crabs: amino acid sequence comparison of
immunologically identical subunits of Carcinoscorpius Hydrobiologica Sinica, 2017, 41(5): 1042-1047 (in
rotundicauda and Tachypleus tridentatus[J]. Zoological Chinese).
il M4 A y N gl S e AN 22 A
Science, 1995, 12(5): 661-667. (331 UM, PRI T FLERMR L5 28 1 10 L2 A ik
- o G e A N - 21 77 Hifn g v HAE Z%
(30]  EERBE, TBSCR, P39, 25 SH LA i i 5 2 £ B bt g iE A & HAE LRI FE [D]. ik Wbk

BESEALAE M R D REXT LA BT (0], v E A 2 5 0 T
AR, 2009, 25(7): 655-661.

Zhang Y L, Xing L G, Yan F, et al. Comparative ana-
lyses of five hemocyanin isomers from shrimp Litopen-

aeus vannamei[J]. Chinese Journal of Biochemistry and

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

K2, 2018.

Liu S J. In vitro antitumor activity and molecular mech-
anisms of two chemically synthesized Litopenaeus van-
Shantou:

namei hemocyanin-derived peptides [D].

Shantou University, 2018 (in Chinese).

https://www.china-fishery.cn


http://dx.doi.org/10.1002/pmic.201000472
http://dx.doi.org/10.3321/j.issn:1000-2790.2000.06.037
http://dx.doi.org/10.3321/j.issn:1000-2790.2000.06.037
http://dx.doi.org/10.3321/j.issn:1000-2790.2000.06.037
http://dx.doi.org/10.3321/j.issn:1000-2790.2000.06.037
http://dx.doi.org/10.2108/zsj.12.661
http://dx.doi.org/10.2108/zsj.12.661
http://dx.doi.org/10.1002/pmic.201000472
http://dx.doi.org/10.3321/j.issn:1000-2790.2000.06.037
http://dx.doi.org/10.3321/j.issn:1000-2790.2000.06.037
http://dx.doi.org/10.3321/j.issn:1000-2790.2000.06.037
http://dx.doi.org/10.3321/j.issn:1000-2790.2000.06.037
http://dx.doi.org/10.2108/zsj.12.661
http://dx.doi.org/10.2108/zsj.12.661
http://dx.doi.org/10.1002/pmic.201000472
http://dx.doi.org/10.3321/j.issn:1000-2790.2000.06.037
http://dx.doi.org/10.3321/j.issn:1000-2790.2000.06.037
http://dx.doi.org/10.3321/j.issn:1000-2790.2000.06.037
http://dx.doi.org/10.3321/j.issn:1000-2790.2000.06.037
http://dx.doi.org/10.2108/zsj.12.661
http://dx.doi.org/10.2108/zsj.12.661
https://www.china-fishery.cn

1508 KopE OE R 46 45

Hemocyanin purification from Chinese horseshoe crab (Tachypleus tridentatus)
and analysis of the purified products by liquid chromatography
tandem with mass spectrometry

ZHAO Zhonghao *, CHANG Xueqing *, WANG Youji ’, HE Jinfeng °,
TAI Zongguang *, ZHU Quangang !, HU Menghong "**
(1. International Research Center for Marine Biosciences,
Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China;
3. Beihai Product Quality Testing Institute, Beihai 536000, China;
4. Shanghai Skin Disease Hospital, Shanghai 200443, China)

Abstract: Tachypleus tridentatus belongs to the arthropod phylum, and its blood contains a lot of hemocyanin.
Hemocyanin plays an important role in the organism, such as transporting oxygen, immune defense, and energy
storage. Hemocyanin also has many applications in vitro, such as being made into biosensors and immune
products. This study aims to obtain high-purity hemocyanin of T. tridentatus and explore its potential application
value. In this study, hemocyanin was extracted from hemolymph of T tridentatus and purified with AKTA protein
purification system. The purified hemocyanin was qualitatively analyzed using liquid chromatography tandem
mass spectrometry (LC-MS/MS) technology. Finally, 22 amino acid sequences of hemocyanin from 5 species were
downloaded from the uniprot protein database, then the N-J phylogenetic tree was constructed. The results showed
that the purity of the purified hemocyanin was high. Twelve types of hemocyanin subunits were identified from
hemocyanin of 7. tridentatus, including Hemocyanin subunit I, Hemocyanin subunit II, Hemocyanin subunit
[ITa, Hemocyanin subunit IITb, Hemocyanin subunit IV, Hemocyanin subunit V, Hemocyanin subunit VI, etc.
According to the uniprot database, these subunits were first found in Carcinoscorpius rotundicauda and Limulus
polyphemus. The N-J phylogenetic tree shows that hemocyanin of Tachypleus tridentatus has a high degree of
homology with C. rotundicauda and L. polyphemus. It was also found that there was a close evolutionary relation-
ship of hemocyanin between hemocyanin of Limulidae and Litopenaeus vannamei and Scylla serrata, which sug-
gests that the function of hemocyanin in 7. fridentatus can be inferred from the function of hemocyanin in other
species. This study obtained high-purity hemocyanin from hemolymph of T. tridentatus, and the results of this
study are helpful to the function prediction and application research of Chinese horseshoe crab hemocyanin.

Key words: Tachypleus tridentatus; hemocyanin; purification; LC-MS/MS; phylogenetic tree
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