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Lectin hunting in Goose fish, Lophius litulon

Masahiro HosoNo, Nao MURAKAMI, Yurie TAKAMATSU, Shigeki SUGAWARA,
Takeo TATSUTA, and Kazuo NITTA
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Fish eggs or roe often contain rhamnose-binding lectins (RBLs) that have unique properties among animal
lectins in the carbohydrate recognition and the domain structure. To investigate new lectin activity in deep-sea
fishes, we attempted to extract proteins from eggs (GFE) and liver (GFL) of goose fish, Lophius litulon. The
crude saline-extracted fraction (SEF) was obtained from acetone-dried powders of GFE and GFL. Each SEF was
separated by DEAE-ion exchange chromatography. Contrary to our expectation, any DEAE fractions had no
hemagglutination activity on rabbit erythrocytes. On the other hand, S-180 mouse ascites tumor cells were strongly
agglutinated by GFL D100, D200 and SC fractions with the final concentrations required minimum agglutination,
65.0, 98.75 and 112.5 ug/mL, respectively. Whereas any typical ligand molecules including carbohydrates and
glycoconjugates showed no inhibitory effect for such tumor cell agglutination, several protease inhibitors including
phenylmethanesufonyl fluoride and EDTA could do that. Therefore, GFL fractions-induced tumor cell agglutination
was caused by their proteolytic activity on the tumor cell surface components. The results from additional
separation by hydroxyapatite column chromatography, SDS-PAGE and zymography indicated that putative

candidates possessing proteolytic activity might be ca. 100 or 45 kDa proteins.
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1. ##

ASEER L% 7 v avi, mEE T
nizbozfwi. vy mE7Vv7Iy, P T
v, phenylmethanesulfonyl fluoride (PMSF)
L OB S 787 H1X Sigma, 7 ¥ A VIZADE
FZE, HUBEE B X 0L WEHHIE Nacalai, PMSF % B
< 7a 77 —EHERIART T FUERET O 5,
TNENHEH L7,

2. X707 LU HEDOIRIER

F7 AT OINEB LKLY 7 b v CTRUR
BEEL L CTEON T b VBRI R, 20 f5&
DEEBAEKFTREY F 4 AL, & O0HE
(10,000 rpm, 20 min) &, EiEzfesEL, B
faL7z, BHELZD 0% HO WK L T48 h &
L, SRS L 72 b o % A 3 AR K B oy
(Saline Extracted Fraction, SEF) & L7z,

SEF (1.5 g~20 g) % 10 mM V) > &% ik
(PB) (pH 7.2) T¥f#{b L 72 DEAE-Toyopearl 71 9
2 (Tosoh, 22x40 cm) Z@INL, PBIZ X 2
g (10, 50, 100, 200 mM PBB X UN1 M
NaCl) Zf7o7z. &iEHm5 % H,O 12k LT 48 h
ENTL, SUHEREE L7z DR, UPHISRE %% GFE
(Goose Fish Egg), WFHI%# % GFL (Goose Fish
Liver), F7-@EHMEEROWEIZIE L TCENEN
D10, D50, D100, D200, SC M%)y & B&FEd 5.

D100 (10 mg) # 1 mM PB (pH 68) Tk
Lo Faxs 7837 4 Mo a (BILETEE,
1.3%x30 cm) T4 L7-. PB®OENVIEE% 200
mM F CEBMIZ LA S, Bon/ &g %
HA1~HA7 & L 7-.

5 U EOMERRIZBIT A SDS K T2V
I RPVESIKE) (SDS-PAGE) 1%, Laemmli 7 2
12 & D47\, Coomassie Brilliant Blue R-250 T4 ff

L7z, 722 o3 7 8Eaallelx, FiEge LT
vV ME 7 IVT X U & vy, DC protein assay
(BIO-RAD) kit (Lowry ) 12X 17572,
3. HRREREH L URERERID

FRIMEREEEE SUCE Nitta 5O F 38 (2# T, 2%
T FRIMEREB L O MRMERZ W T U R~ A
sy A T =T L —MNITATo72. 72, HAM
fadtde (PHE) U HOOREW IZH#E, ~
7 AREIK DY AR S-180 (1 x 109 1l /tube) % H\»
TH T ANRBE T o 72, T/, BREHEHA
(FEIMMIE ) L LT ToREEZ ML 2.
Hifl - ZpEH (125 mM) :D-#9 72 F—X, D-¥
/=X, N-7tFnVD-7nvatry, N-7+tF
WD-HZ7 Iy, AYEF—RA, T =X,
AZzua—A; () #8278 (1 mg/mL) : 71
razy v, FRTVTIV, TV, TV
Ta7 VA, AFY, ANV FOM A
%1~ (200 ug/mL) ; DNA (1 mg/mL) ; 7 V¥
=Y (01 M) : PMSF (0.1 mM).
4., 7OF7—EEMOAE

Tas 77—k, #¥4 > (6 mg/mL,
100ul) Z#AEE L, BUBHEW % 50 ul iz, 37C
TR L 72, =0 10% bV 7 o afEEE %z
w0 EE (15000 rpm, 30 min) &, B (WEME:
H43) @ 280 nm 12 BT WL % GeneQuant
(GEH®) 12k VMELA. T/ FAETT
T4 = EEER S VE LTETF Y (1 mg/mL)
EELARYTZUNT IV (10%) %7z,
ik U 72 SDS-PAGE #: (2 # U CEAIKE) & 1T\,
FVE HO TY v A L%, HEEEE [50 mM
Tris HCl (pH 7.2) +0.1M NaCl] #, ZiiT15h
L9 LTSDS b L7z, 20k, RIS [50
mM Tris-HCl (pH 7.2) +0.01 M CaCl,] #', 37C T
— s 4, CBB R-250 THfs L7z, IV
i3l (=% —)v Bk - H,0=25:8:65)
T30 minfg& )k, 2 (=% —)v : BERR
H,0=10:15:175) T#EREIZ% 5 T TIT\W»,
INY FEBIZELT.
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%, Z1LZ 1 DEAE-Toyopearl /1 7 A2 & ) 451
L7z, Fig. 112 GFL 7 u~ k7 2 @#EIFTH
| 5. Fl, BONZKEFTOEREN— AL DI
&S , ®, ¥ U7 HER IO FARIMEREE &

W
o

= e H : = Table 1 3 X 0¥ Table 2 1278 L7z,
#HL T, GFE SC THWADS (0,962 ~
b : : 0.481 mg protein/mL) 74 FIRMERD EEEHFRD

EN7b 00, oMo I LG EIXBIS
Nhaholz, T/, HRIIREZRWVH, v MR
g = Ik (A, B, O) 12BWVTH T TOMI THAEN
PEIERED N Do 72,

(2) S-180 kAR ERIEH & UBRERE RIG
GFE & GFL @ DEAE 7 5 2 AHH 7301229,
Slwm%%mw# CERE R ITo 7. TXTD
GFE W4 T MEIZRED B L Ao 7275, GFL W5
T3 D100, D200, SC i 45 ChHe M Eﬁ@’éﬂ Cc

i == ATh, R D100 & D200 125\ B DS
: k 117z (Table 3).

i Y LaL, COBRERBEBE—E0EL 2 F 2L
D10 Dso D100 D200 sC HbDEFEY, WHL MR EfTRE EE
PB (pH 7.2) concentration WErBRT b0/ — WL ZFr0)

Fig. 1. DEAE-Toyoperal Column Chromatography of By FELTHONLIEA DL X EEHEE %
g;fieh ) ) R Jiv, GFL D200 0 45 A Sk 4 BLE KU % 47 >
DEAE Toyoperal coimn (22% 10 ¢m) by stepuie gradiont of 72 T ORI, FEAEOBURIL 22 MM, +
phosphate buffer (pH 7.2) (PB) concentration indicated as in the ) THE, MEY VR, ) a3 sy s v B

chromatogram. The absorbance of eluate was monitored at 280 nm.

JODNA TidfHEENT, Fur 7 —HEHEAT

Table 1. Protein yields and hemagglutination activities of DEAE fractions from GFE

Fractions Yield (mg)® (%) Protein(%) Hemagglutination (mg/mL)"
D10 998.0 250 66.0 NA33
D50 321.1 80 65.5 NA33
D100 352.8 88 66.5 NA33
D200 596.4 149 375 1.88
SC 341.0 85 385 048

a) Lyophilized powder weight obtained from 4 g of GFE SEF.
b) Hemagglutination activity was estimated as the minimum concentration of sample required for the positive hemagglutination of a 2%
rabbit erythrocytes suspension. NA3.3 means “emagglutination negative at 3.3 mg/mL.”

Table 2. Protein yields and hemagglutination activities of DEAE fractions from GFL

Fractions Yield (mg)® (%) Protein(%) Hemagglutination (mg/mL)Y
D10 829.7 118 210 NAl1l
D50 626.4 8.9 32.0 NA16
D100 4455 6.4 52.0 NA26
D200 289.2 41 395 NA20
SC 367.7 5.3 225 NAl1l

a) Lyophilized powder weight obtained from 7 g of GFE SEF.
b) NA 1.1~26 mean “hemagglutination negative at each concentration” on 2% rabbit erythrocytes suspension.
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&% PMSF (¥ 01 mM) 12X > THESR:
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Table 3. Tumor cell agglutination activity of DEAE
fractions from GFL

Fractions Agglutination (ug/mL) ¥
D10 NA1,100
D50 NA1,100
D100 65
D200 98.75
SC 1125

a) Tumor cell agglutination activity was estimated as the
minimum concentration of sample required for the positive
agglutination of mouse ascites S-180 cells (1x105). NA1,100
means “agglutination negative at 1,100 ug/mL.”

OD280 A

0 30 60 90 120
Reaction time (min)

Fig. 2. Protease activity of DEAE fractions from GFL SEF

2. GFLESO7O7 7 —t&EH

h XA Oy EETREIC, GFLEIZO 7 a7
7 — P EHRE L7z, Fig 2A R T X912,
D100 D&MD d E <, D200 B L U°SC 12 b §iuv
Ty 7 —EEnsRO 5Nz, —F, DI0B X
O D50 (I EDS RS SN h o7z GERIIRE
). F72, Fig 2BIZRY £ 912, D100 » 7
77— BIE IR E R AR Sz,
%1430 SDSPAGE /8% — > % Fig 31Z/R L7z,
757 —EiEEDO R WDI0 B L ND50 DNy K
EHEL, HoOREEY 878X, 588100
kDa TdH 2 W REMAVRIE S L7z (Fig. 3, s~ ).
w2, 7a 77 —tolnE (bbHVIidnH) =
WoHHNT, HEAOMFEIT-72L 25, Fig 4
VR LMl 42 o707 —EHERICE, 5§50 HE
MR Bz, T EDTA (2R R HE S
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Protease activities of D100, D200 and SC fractions of GFL SEF were measured using casein as a substrate. The undigested protein
was precipitated with equal volume of 10% trichloroacetic acid and then the digested soluble protein fragments in the supernatant were
measured at 280 nm. (A) Time course measurement of D100 (&), D200 (H), SC (@) and trypsin (@). The final concentrations of
three GFL fractions and trypsin were 100 ug/mL and 20 ug/mL, respectively. (B) Dose dependency of D100 (solid line) and trypsin
(dotted line) as a reference. Each data point represents the mean of three independent assays. The data are presented with the

mean * standard error.

Fig. 3. SDS-PAGE of DEAE fractions from GFL SEF

Electrophoresis was performed using homologous 10% polyacrylamide
gel with 2-mercaptoethanol. The bands of putative target enzyme molecule
were boxed with dotted line. The prestained marker proteins (lane M)
used were: myosin (195,000), f-galactosidase (115,000), bovine serum
albumin (89,000), glutamate dehydrogenase (62,000), ovalbumin (47,000, e e
carbonic anhydrase (36,000), myoglobin (28,000) and lysozyme (20,000).
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DO SN/2DT, ik L7z S-180 Al &5 SUit
DAIZEDTA #HEFIE LTRIMLA-E A, #
R 5 mM DL ECEEMES RO SNz (FRIE
RER). DEokErS, HWOEHRSY v 37
Hid, SWHICERAF Vv ELELTLHDOTH D
ZENHLRE ST

D100 Hj53 %, NA RaFx 78 £ b & w7z
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Fig. 4. Inhibition of proteolytic activity of GFL D100

W7 O NI 74 —I12L)S5IC5HL 7
(Fig. 5A). %&MWi4r® SDS-PAGE B X U¥ A €275
T4 == (Fig 5BBBLUC) »5, HilkL
72100 kDa & ¥ 78 7 BIZBERIEEDO /N Y RHFD
Sz F72, HASDA Y v =Y FTHAHH# 40
kDa % ¥ /327 ElX, Y1 E€EFTF 74 =TIV F
WRRD LN o72h, —JF, HA6IZBWT 45
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Casein digestion reaction was performed using 120 ug/mL of D100 in the presence of PMSF (0.1 mM), antipain, chymostatin, pepstatin
and leupeptin (5 ug/mL), and EDTA (20 mM). (A) The inhibition rates of inhibitors were represented by the absorbance of control

(without inhibitor) as 1. (B) Dose-dependent inhibition by EDTA.

1mM ' 50 mM ' 100 mM
PB (pH 6.8) concentration

Fig. 5. Hydroxyapatite column chromatography of D100

(A) Hydroxyapatite column chromatography was performed by stepwise
gradient of phosphate buffer (pH 6.8) from 1 mM to 200 mM as indicated with
arrow. Fractions were collected following protein peaks as HA1~HA7. (B)
SDS-PAGE pattern of fractions HA1~7 using 10% separation gel. (C)
Zymography pattern of fractions HA1~7 using 10% separation gel containing 1

mg/mL of gelatin.

'200mM

HA fractions

Cc

l12345670100
]

HA fractions



56 MEP HERE, AL &, mRKEE

BE SRR, ZH A CH

kDafLic/N >y FARBo 6N/, ZHEF LNV
723 CBB 4&ftCTid D100 B 712 b R 55 A%,
AE7 T 74 —"TlL DI00 W52 2D\ FASFED
LN Z E26, D100 M4 100 kDa # >~ 737
B X HA6 D 45 kDa ¥ ¥ /87 B OBRIZDOWT,
LSRRG T A LED D D

Z =

WS SE, SRV 7 F U HME SN T
W5, VG ELTIECHIATLIF U BLIOH
L7 F VNS 2 5050, TIIEI et
bH T FrEMTLIH L. —F, WHHEIZRERS %
WS, APIZIEEIER L7 RBL & w9 L7 F U hvE
BICHERET S, WRBLIX, B ELETLL Y F
YELTIEREDTHLLL-74 7 —Z (B
Famisr e LCIRIFEAEHFREL W) I LTH
WHAMEEAE L, IARESN e s R
5] (-ANYGR-B X O-DPC~KYL-) # 3D KA1~
DY T E— MEEEZ LD, 8 IIRICHEET
LUEWML 2 F o ThHoHizn, BENRY TR
NL-FTL ) —AThHbHEIFEZIILL, Z0EY
ZHHEAEERIIBEETO I CbroTwARw, L
PLUITAE, AL N ER L2V 2 F >~ (Silurus
asotus lectin, SAL) 9 7%, MifgsmE LIZHFEET S A
T4 YIMERETHAL7OR M) T MET
K (Gb3) MY N7 EANM DT T 7 b I)v-a ik
AR ERRL CEAT AL, F7-Gb3 2 58H
LTWwahe hN—=F v ) 2SR Raji B £
¥ Daudi M 120 L CHEGEIPHIZN R 2R 9 2 & A°
oM S N7 B0 Z LT, Bz RIS
nTwns,

AFgeTid, ¥7ravoils X OS2
RBLAZ &G L7 F U iEMT R L. HMEME<T
Ho7E b UBIERERIE, 1 EOERETHED, S I
Hualr&, o872k LTRINTE 572
W, BERFETEDLN, —HTY X7 HD
FUEELHIELCLE ) 720, TOROBERIC
IFLV T A=V R TERWEREESY VX7
FRICER R L) FRELTL ) ki rsEw.
ok, fERED ZOFETHINAS RBL %l
WL TBY, LrFrEuEty v g e
LCEAHEERMHTZL TS, LY F G, v
B PR MIEREE ST M 2 TR ISR L7225, Ul
FARE AT 27 b v )v-a #EEHEIRE (GalnLc4:

Galal-3Galp1-4GlecNAcf1-3Galpl-4GlcflCer) % % <
bOZEAHHLNTEY, RBL OFERIZIER D #
LTwas. LaL, BEMcF7 a7l (GFE)
BXUW (GFL) it 51%, w31 d RBL G
HrRW7Z2dZLidTahro/z (Table 1 BLW
2). ME—, FRVEEETE AR S L7z GFE SC
FICLTYH, ROBERAT T (FusrErav

NI T4 =, KRIIRELWV) 2L EICL
DGO LN b s, FRIERN A
BETHoT-EEZOND,

—7J5, = AMEKDS A S-180 ML FVy, AYAM
faGE RGO R A M L72& 25, GFE H4 T
FEEEEEIERRO SN0 o 725, GFL l4 o
D100, D200, 3 & U°SC W% TEEED RO STz
(Table 3). Z%=7>T%, D100 & D200 D i1k~ H8
B <, A LMo KE s Tl (7 oy
b)) 22 o7 LHL, ZO&EEIT—HKTIZL
7 F v TR ON D MEE S Bl ~BHE o
Fam#Ea L, BEWHEDO(S) LITR2-TEBY,
F72, BEHERORAZ ) —= v X effolz bz
5, HEBXOEAREEICL AHEIREDOLNT, &
) r7ur7—¥4 ¥y —7TdhbPMSF D
Mc kY lEESNE. T4hbb, GFLEFIZES
S180 ML &R IX, TaF T —XIZ X MRS
YT EOHLORER L -5 &N D TH D L
Wz, £2C, GFLEG O 7a 77— Bk
IZOWTHREIT 52 & & L7e

Fig. 2 75 b5 X 9512, GFL D100 21X 5
L BB T a7 7 — BIEEARD b
Zo7us7—+¥i, SDS-PAGE Oi#EFA 5 D100
BLOUD200 (23 L TR 5154 F &4 100 kDa
DNV FIZHY T 2 REMEARIE S L7 (Fig. 3).
—fxpiz7ar 77— (my FRTF5—+) (g,
AR IC LY R&E < (D) Yy Tar7—+,
2) TANRG X UyBTurT7—+¥, 3) YATA ¥
Tur7—¥BLV 4) €k TuTrT—XilnHE
SNs. F, FNFNIHEARMSNLTEBD,
PMSF 1Z (1), "TAYF 1% (2), 7vF/54
Yid (3), B4 xTFIE (D) BLY (3), ¥E
25 F 0k A EicxEM) S ), EDTA X
(4) OEEHE SN TWS. DI0ODTaF7—+F
G, CORERICL->THHAREHESN
7278, HRIZEDTA 2 X o THERsE < PHE S L7z
(Fig. 4). 75 AMIfaEE4E RS T b [FARIC EDTA 1
FHEMICIER L7722 & 205, D100 12 & %A AHIH
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DEEL, ERENALLTO T T —EiEEIZL S
bOTH LR RIE S 2. —F, EDTA L
i, FHE SN2 DI00 O 7 a s 7 —BiGikds 2 i
/AT VORMZE) LAF 2= ENLDEDE
TEERT D EEE T /2A%, Ca?t, Mg?*, Zn2+,
Cu* B LU Fe* 12 X o THE GO RIE D
SN ehorz (BRIIRSRW) ZEh5, EDTA
HEDA N ZZXALARED L) R DHOH, BIEEE
TIEIAHTH 5.

GFL 455 & M & 7z 71 7 7 — Bty
(@A) T e, SROFEETIIRERS ~
NI EOREHRE TIZIXEDS 2572, DEAE 0¥
BMEELL TN FOF 7854 M H T 4% Hn
7ol A, TuTT7—EEHIEZ S TOERICHEC
&L, ®LRBREORENTIRETH S LD DD
7 (Fig 5A). L2L, P41 EZF T 74 —I2& DIk
YWD HNY R L7zE 25, D100 M5 Cldy
WMEME L7-#100 kDa DN RS B b b
DD, NA FaxT78% 4 NREEED HA6 B £
K712, SOy Foftlz, #45kDa D3> 23
B ICRo 5N (Fig 5BBBLUC). B 71
FT7—BIEEREL DN FIIRET A0 00%
HOENZT H72012, BifE, HEORIHER G
FEOREUIZ OV THERE 217> T 5.
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