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Studies of Hemagglutinin from Octopus ocellatus eggs
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Hemagglutinating activity was found in extract from Octopus ocellatus eggs. The

hemagglutinin was partially purified by ammonium sulfate precipitation and DEAE anion

exchange chromatography. DT300, a 300 mm NaCl-eluted fraction from DEAE column,

possessed Ca?*-dependent hemagglutinating activity on rabbit erythrocytes at

concentrations from 0.47 to 30 xg/mL. Protein bands over 200 kDa were observed in DT300

on sodium dodecyl sulfate polyacrylamide gel electrophoresis. On the other hand,

ruthenium red staining gave an obvious single band on a cellulose acetate membrane. The

protein and carbohydrate contents of DT300 were 24% and 2%, respectively. DT300-

induced hemagglutination was inhibited by fetuin, asialofetuin, heparin, and DNA but not by

heparan sulfate and mono- or oligosaccharides tested. This activity was resistant to heat and

protease digestion. These results indicate that the active component having C-type lectin-

like activity from octopus eggs may not be composed of protein.
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BEEHoTWALHERMINTV S, &I,
FAFAIFICIALEEBLZL I F U ER
WL, BENICOCHRLIFrO—ETHS
CEEFHSICLA 1 F o, AIPICIZCHE
L7 F v IO, L-F 4 —AICHWE
i EETHLZF >~ (RBL) DAL HFET S
ZEDHELTwA, 1617 EIIER OKEBY
OINEIL, FEEICH L ADHBIE—IZ, Ly
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A1, % 3% EEGEFIIIREEYIERE
MBS 570, EEHBYOP TIIIFRLFET,
KEDD DT B EHEENDLZ LN VD,
R CIIAEYESEOIZIZEAICMNET SO0 D
AEEZLNTWAS, LML, £EEEWELE L
TEA D BITFIHET B L AGHE-RTF
SR TIBEESE AT L 2 L PME STV D
BET, ficiddFvmontnizn, 18 £ 4
%22 (Octopus ocellatus) 1Z&E 20 cm, K5
e BEONED Y I TH B, IIEKMKTE
£ 6 mm §ifh & AR X < JiEE LR OAIN R
ErOEEEETE - Y T EOKE 10 mATtk
DIWRECHHEICERL, HARBETIIEAA
WHFBICE . EIIRTO X ZADOfRER (2w
9, ¥ 3DHE) 2L, IPHF—MICFET - THY,
FOREIEEPIKRKNF LKV R EIAPL, 1
4 ¥ (fREy) LI s. EINEIE—KH 720
300 ~ 400 ¥ric§ &9, RPN CHEITR 2 ED
<y a3 TH L, 4O, BAIZZDAA
FaglicEE L, RLEREEFEZEELLTL
o F EHORE ERA T

ERMES LUHE
1. #$
A A5 2IE (4 8) ODAA*EIFES
A 5BA L.

2. WHBIUHIER
A4 5288 (600 g) ZwABRARBEFTHE

VFAAL, 20EOET £ M IEA, BiE
BTEPUBHERE L, COBKESOFBED 1
mm phenylmethanesulfonyl fluoride % & LG A4
HAEHRPTHREYF 4 XL, 10000 rpm T 20
SRR DM, RERBRELL. oMK
W2t LT 40% IR S, K\ T 80% fafl
MEZSEEITV, ZhENRELEIRLZ. it
EIZVED H0 ICEMREL, HOWX LT3 HME
BT L 7B R AR L7 (80% fuflfinie
B E % AS80 L4 5). AS80 (1 g) % 20
mwu Tris-HCl #&#&# (pH 7.2) TH#ELL
DEAE-Toyopearl £ #+ #1554 (2.1 X 23
cm) WML, FEREERCHKMED ES (DTO)
RS tE, BEWT O NaCliRE % 50,
150, 300, 500 mm & ExB¥RIC LA S THEH
L7 (#h#h DT50, DT150, DT300 R ¥
DT500) . & H 51 E5T & Rk ik TEN,
SRR, X512 10DG H F 4 (Bio-Rad) (2
LY BUEME L, HEERL.

3. FMERRERCRUBRERERIC
FRIMERERE UG R B EIRERE X, v ¥
RINEK%E FVy, Nitta S5O FE 9 ICEL TT-
72, &#l% 0.15 M NaCl &% 20 mu Tris-HCI
W (TBS, pH 7.2) [ZEBL, UBl<A 7
0¥ 4% —7L—hERANT2MHEHIRY %
ML, FL-MRIROC2MERA + VHET
BT BRERLOEE, £V V5 mu L7
% & 912 EDTA, CaCly; MgCle B & Uf MnCl: &
WL, 2 REARARFIZEE L. T 25 L
D 2% v FRIMIERFEBR (TBS) 2z, =
BTI040MIEE O L, 30 7HMEHERHEL .
REERTIE, BREBHERO 2 AR
(15 4L) (ZBRAREREM L 0 3 MliE VW iRE O BE
FEWEW (10pl) ZI0Z, 10 5BEIRE 9 # 20 &
BEEL, X522 % 7Y FRIERKFHERE 25
pLMZT10 50 MiRE 9, 30 oH#ERYE
L7-.

4. ERXE
SDS-KYTZ ) NT I FXrVERIKE (SDS-
PAGE) I Laemmli 5D /20 [Z#E L, 8% 47
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A S VERWTITo 2, ZFvogf it
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(Bio-Rad) #HWTiTo7z. L —2A7tF
— MNEEZIKENIENT v 72 (7774 VA)
R, NVE Y - VigfER (60 mm, pH 8.6)
1, 1 mA/cm T 1 BB 21T o 72, Gefaidn
T ALy R (Ca** FETOHAEE 100 mM
CaCl &) IC& AT 72,
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Fig. 1. Elution Pattern of AS80 on DEAE-Toyopearl

Column.

AS80 (1 g) was dissolved in 20 mm Tris-HCL
buffer (pH 7.2) and applied to DEAE-
Toyopearl column (2.1 x 23 cm). Elution
was performed with a stepwise increase of
the molarity of NaCl indicated with step
lines. DT300 was emphasized by bold line.

6. DT300 DE#RTEMR U BRZEZMORKRET

Bz ERABR T, FEo DT300 Hil (500
pg/mL, TBS) % 40, 60, 80 BL U100 CT
FNENL10 SRR L 282725 I12KkE L,
15000 rpm, 15 43 & L BER O Lg% 3k &
L, RUHED DT300 &Flx 1 ba— & LT
R EREESE RIL 21T - 72, BERRZMRERTIT,
DT300 {# (500 ug/mL, TBS) 20 uL 2
proteinase K & (5 mg/mL, TBS) 5L %Nz,
37 CT 10, 30, 60, 120 7 #hFhA v F 2
N— b L7z, 100°C, 54 EME, BEbiZk
wl, hEERARICE L 7,

= F

1. FRIMBREEEMES OB

100 g DA A F2JB7 & + v BEEK K % A5
HIEWCTHIM LRESE T A2 LICLD, 13¢
? AS80 %*1537-. DEAE-Toyopearl iZ & % AS80
D5 BEINY — V% Fig. 1 IZR L7,

BB T ORMEREEEE LR L2 L 2
5, Ca* A4+ VIEFET T EOESITH &
EHEERD O ko7, LaL, KiEE25
mm @ CaCl: DI L Y, DT300 & U DT500
IEMHED RO b N7z, RIREERE L DTS00 (2
BWT3.4ug/mL THo72h%, DT300 TidEsE
WCEBREH#HASRD 5N, 0.47 ~ 30 xg/mL
DIEE TIHEMARD Sz (Table 1).

2. DEAE /7 L8 E %O SDSPAGE
DEAE # 7 447D SDS-PAGE /8% — »
% Fig. 2 1278 L7z, DT300 (243 200 kDa Ll E o,

Table 1. Hemagglutinating Activity of DT300 from Octopus ocellatus Eggs ¥

DEAE fraction — Ca? +Ca?*
DTO >70 >175
DT50 >T0 >175
DT150 >84 210
DT300 >48 0.37— 30
DT500 >22 3.4

* Hemagglutinating activity was indicated by minimum concentration of protein causing obvious hemagglutination

with or without CaClz (final concentration of 2.5 mm) for 2% rabbit erythrocytes.
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% 72 DT150 (213#7 60 kDa fFiL D /N FH5EE® ', Ty Mo U-RBEBITHI VNV —
b7z, DT50 % B < B4 IZI3iR#E TV & 7Rk W-TREREIC L DT d 2% THo7z.
PV OERMNEIZY V87 JefaHSEBD b .
DTO0, DT50, DT150, DT300 &% UF DT500 O % 3. DT300 OFFMmERRE RN
YRIEERIEFENEN, 20%, 35%, 43%, DT300 O FRMBRELEFE ML, HbEB LAY
24% BL U 11% THo7z. 72, DT300 OFE THETIIRIEE 150 mm THHESI N 0o 72
B, TVAY, TYTATLIALY, ~NN) Y
& & @>£§é§ RO FE 5% DNA CTRHE X 172 (Table 2).
NEENEENEENERS 75, ﬁfﬁﬁ’iﬁé%lﬁwt 3FEDOEE~ ) R HW
, MEEEOEENET T4 L HEEE I
Tﬁ“é@mﬁsnb&) bz, T, AT UHEET
FRHEDZED SN o7 (Table2).

4. 2MHEREA A > HET COFMIRERERIE

CaCls #£7£ T T? DT300 ORI ERELLETH M &
R LT, MnCl: TIEFFWIEHEAERE S NP5,
MgCl: Tz EF o7 BREVRBOOLN o7
(Table 3).

5. DT300 D#HREM S LU BREZE
DT300 DM EkEEHEEX, 100 TT 10 57
Fig. 2. SDS-PAGE Pattern of Each Fraction Eluted DMBREIZ L > THEL L o7z T,

from DEAE-Toyoparl Golumn. _ proteinase K 12 & % 2 i OBERHEILTH, 1§
Electrophoresis was performed by using
homogeneous 8% gel with 2-mercaptoethanol. HOETIZED SN h o7 (Fig. 3).

Marker proteins used were: myosin (200000),
[B-galactosidase (116000), phosphorylase B s
(97400), bovine serum albumin (66200), 6. EO—X7t5— MNEERXAE

and ovalbumin (45000). tLa—A7t5— MNEERIKE®R, V=

Table 2. Inhibition of DT300-induced Hemagglutination

Inhibitor Minimum inhibitory concentration (ux g/mL)®
Fetuin 250
Asialofetuin : 31.3
Heparin 3.9
CDSNAc © >1000
CDSNS © 1000
NDSNAc ¢ 125
Heparan sulfate >1000
DNA 9.4 — 300

2 Two percent of rabbit erythrocyte suspension were used with 8 HU of hemagglutinin. DT300-induced
hemagglutination was not inhibited by 150 mm (final concentration) of p-galactose, L-galactose, p-glucose, L-
glucose, p-mannose, L-mannose, b-xylose, L-xylose, p-arabinose, L-arabinose, p-fucose, L-fucose, N-acetyl-D-

- glucosamine, N-acetyl-pD-galactosamine, L-thamnose, sucrose, lactose, maltose, melibiose, lactulose, and raffinose.

b Minimum.concentration (zg/mL) of inhibitors required for complete inhibition.

¢ Abbrebiations and total sulfur contents are; CDSNAc, completely desulfated N-acetylated heparin, < 1.56%; CDSNS,
completely desulfated N-desulfated heparin, 4.5 — 7.0%; NDSNAc, N-desulfated N-acetylated heparin, > 8.0%.
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Table 3. Influence of Divalent Cations for DT300-induced Hemagglutination

Divalent cation

Hemagglutinating activity®

C a2+
MnZ+
Mg2+

0.37 — 30
12
>48

2 Five mM of CaCle, MnClz, and MgClz (final concentration) were used.
> Hemagglutinating activity was indicated by minimum concentration of protein causing obvious hemagglutination
for 2% rabbit erythrocytes.

ESEESEESEENERN|

Fig. 3. Heat Stability and Enzymatic Susceptibility of DT300 for Hemagglutinating Activity.
A, DT300 solution (0.5 mg/mL) was heated at indicated temperatures for 10 min and then cooled on ice.
After centrifugation at 156000 rpm for 15 min, the supernatant was applied for hemagglutination assay. B,
DT800 solution (0.5 mg/mL) was incubated with proteinase K (5 mg/mL) for indicated times and then
heated at 100 C for 5 min. After cooling on ice and centrifugation at 15000 rpm for 15 min, the
supernatant was applied for hemagglutination assay. Numerals cited at right side were the well numbers
decided on the minimum concentration causing obvious hemagglutination.

DALy FRELIER, V77 rRELT
WEBH L2 VIET7 VT I ViRl L A B
N7 h o755, DT300 LS nf, ZDNY
FOgmBiE, FBmic CaCl #RMNTAZ L
WEDIETFTLZ (Fig. 4).

Z %=

KREBRTIE, 1457 aPcBIFEL2F UG
HokEEFBEE L., 7 b UBRESEOAE
BEREMPES 2 RETE L, %< OmMEHE
7N BN HIRETH 5 80% faflfii
VLTS, AS80 xR & L, v FiRMEkERE
EHEEREE LCEREHMG L. AS80 2D b
DI RMBRBETEED A DN Do 7258, B
A KRBHILTHETHIEICLY,
DEAE #R 1258 < &3 A W4, DT300 B LY
DT500 2 Ca2 A # VKO B EE A AN
7z (Fig. 1 KU Table 1). ThHDH b, X
D IEEOBE W DT300 IV T MBS 2 at L
7z. DT300 DEEIFMI T -EKE (0.47 ~
30 ug/mL) AERDSNZH, —ODFERE LT,

Origin

® ©

DT300

BSA

BSA

t
(BSA)

Fig.4. Ruthenium Red Staining of DT300 on
Cellulose Acetate Membrane.
DT300 and BSA solution were applied to the
cellulose acetate membrane at the point
indicated by arrow with “Origin” and
electrophoresis was processed in barbital buffer
(pH 8.6) at 1 mA/cm of membrane width for
1h. Membranes were stained with ruthenium
red solution with (A) or without (B) 100 mM
CaClz. Because BSA band displayed a slight
staining, mobile position was indicated by
arTow.
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COESIZIHEOBRERERFIVRMEL TS
D, 30 ug/mL LA EOIREE T3 £ DHEF DT
BEINTWLHREELDAS. DEAE 71 7 LDK
BHEESE, WThb y 82 BEERWEL
(10 ~ 40%), SDS-PAGE #0 % v /87 3T
T &Ny FIIFEE I o7 (Fig. 2).
DT150 ® L — Y2788 H 724 60 kDa D /N~
FIZIERR S TR BV EZ 2 5N, F 72 DTS00
DL —VIZEBEDHNT/Z200 kDa ZR H/NY F
b, DTS00 ICEZED D DARR LBV L5,
EERSTH D 0ENIEHL 2 TIE R\, DT50
AR L —VICEDONBEE RNV PG,
NI ENERELTCESTELZbDEER
BNDBH, TNBHEERSERIEFEZLIZ V. £
2T, DT300 IZDOWTHEEDHERITo/2 L
A, Ty MO YIBETERL 2% LV )
BETHot. REHIFREREEZBL WL L,
FHERIIRL TRV, RIEzFI Y 4%
Hv, $EEMZL DNAFEBETo7L T 5,
DT300 |2 DNA ORERIRD N o7zl &
Mo, ¥ NI E, R, BBRUSNDSFITE
T 5 WREMEATRIE S 7z,

—7, DT300 @ 7+ FIRMERGEEEME I
LIERIOME 21T o7, L7 F v OWEREEHER
Y% RS BBV SN AR O BEE R U 1)
THEE W CEREREERETo 7225, VT
NORHEFEEEZRE o7 (Table 2). ZNIUZ
L, WY NI ETHBET2IA VY RET VT
O7xVA4 Y, LaZETHr~/\N) V TERED
FEATD SN, 724y ENbTL7a7
VA YOHEFEEIEVW b, ZOBER
BN Y T IVBOBS I L wbokEZON
%, RIS DB OWEREDM S 2 RET T 5
720, BBEEAN/ ) 2 W THEEREZT- 12
& Z%, CDSNAc (BiB&®E 1.56% DLT) <
CDSNS ([d 4.5 ~ 7.0%) < NDSNAc ([&] 8% Lk
L) OECTHEEE P ERA L., ZOoBERE
DT300 DEEEENDTBEDE G 2 RRS 5.
—77, WEEEENANY VI IFEVbOD, i
WA~ /X) KD I AT URRERICIZ X o 72
 PRETEEDZRD bR WD T, BICHEREDOE
ICRETLLDTH Vv, 72, DNA bHEH

ELTHERRT A2 E0 0, WMEEEICRST, U
B b &) - BB AT DT300 O ARIMEREELE (24
BEThbEEZLNS.

bR U7z & 912 DT300 1%, B TIdARIMmEREE
EEEEZRET, EERBRICCa A+ V2L E
&35 (Table 1). F72, EHERBAICLELE
BAFYELT, Mn* 3ETESTHLIAH
HDHH, Mgz DIRIMTIEFE > CBRENERZ S
Zedro 72 (Table 3). T OERIX, 8L v F
YOHTIT) —OHRTRLSVERBHEART
HCHRILVIFEDMELERIES, HEE
RERTIE, LrF L, EELE (88) TF
DEEEEIHESINDE (W) ¥y 7B TH
BanTwh, 2 L L, EBICITHEEAR
BUOE-Z) LaVnbD, H5VIEHERER
TFRTF FERG % L, BESHUSOBEIH
WEBETHALIT VN, BIZCBLIFUT 7
I =BT EFMLENTWS, 2 DL EE )
Ty, DT300H CEIL 7 F U HOHEED D
LEBZDBD, FOKENY YRV ETHBNP
EOEWRETLILEN DL, Z2T, MEB X
UBERELIC X 2 RMEREEFE DT 2 FX
7oA, WTNOERIZBWT D BEFHED
BTREDONL -7 (Fig. 3). Thb D
1L, DT300 DIFHEARMEAFES > /37 s T
HHEZELERREL TN,
Lra—AT T — MEBRKEIORK, V7=
TAL Y FEREETo72E 25, HREICEET
RNy FOPBEIN. 2OV FiZ 100
mM CaCl: Z &L NV T =7 4Ly FERTIIEE
ML B eHhs, IV ITLEEETHIWE
ThbeEzLbN5L (Fig 4). HRIIRLTWER
WS, BHCHEEI Lz — AT k5 — MNEE 2
— e L Ch Ny iR S o,
Pl ED#ERS S, DT300 ORI EREREE ML,
Rk, Ca* A+ VKFEHD CBIL 7 F Uik
EHEETHH00, HEHOREITY V37K
TiEZwd, bLLIMLrORERE LES
TAHILIL o THEILRERETHFET S
YSTETHAHWEEMARE S N, HEOE
HHHS P TIERVDS, ROEKEEEEEZH T
LV FUEMEOEREIR, #AEIIWOoNk
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SNTWwab, flziE, 785 F (Persa
americana) BEFHEROEEZ L, BRI
L, WMEWY ORI ERRY T I VAL,
WEALRl, ¥ R BEWR, TuTT—¥B
FUXZ7 LT —HIT L THERETH S 729,
Y NI BEHRDOLV I F UM EATH D L EZ
bz, 29 F7- HEETHA Gracilaria
verrucosa HRDRIMEREE R 1L, BlED LW
A ) ITETEEEINLZ WD, 72V 42T
EEVPHE S NS, WEED 92% OBkt 7o
TAT) AT, MBICLVKETEHOD,
7a7 7 —ER# 3y FRERILICIIGERZET
HHEZEDTHFESIN TS, 2 ZhnbliTunth
bAWTFE & FIRRIC, FRILEREEE G 2 1124
HIEMYWEEMELL) LT 2HA0LHELN
72 DTHBHN, BEEEIHEHOBEE T % <,
SOIIXTHEEDORENIES VXV ETHDHDT,
INSZLVIFUEIRIEIEITELZW, LT
BoTINSDRMEREEA S =A%, LY
F ORI DT 7 1 =7 0 A
WKHIHZLORETHLLEEZOND. 20O
Zlid, [RMEREE] &) BEPHFRN L E
KoHn [EH] L) Lhizt LA EEM
%, HEVETRNGHLETH L REN E WRE
S>TWh, A4V IHROBERDFAKTH D,
Lad (1) EWRERICCa A+ V2 LEET
BH, FRHFLHINY T LEEATVY S
Wresb, (2) BEMICL)VBESHEIN S
EEZZONED, DT300 HHLBIZHEL TW
5T b, REREIZE OV TIVERFRE, ¥
ThLEMEL AT HRINEKE OMEREEE &
DEDIHAT B, (3) BREBEORMKII T
P, BEVWLODPDBEITFRS TS, BES
NoDOEEMZ BT, EREHEELTVS
EZATHA.
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