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Toxic Substance of the Roe of Northern Blenny

I1L. Isolation and characterization of toxic lipoprotein, lipostichaerin.

Mutsuo Hatano

Abstract

The toxic lipoprotein fraction was prepared as follows: The northern blenny
roe was extracted with 109, NaCl, pH 7.0. The toxic lipoprotein fraction in the
NaCl extracts was precipitated in the presence of 309, saturation with solid ammo-
nium sulfate at pH 6.8 and it was a relatively high toxicity. The material was
further repreocipitated adding to 509, saturation with saturated ammonium sulfate
solution at pH 7.0. The reprecipitate was purified by preparative ultracentrifuga-
tion using several density solvents, i.e. 1.016, 1.063 and 1.21, according to the
method of Havel and coworkers. A high toxicity was recognized in only high
density lipoprotein fraction (1.063<d<1.21), named lipostichaerin. The
lipostichaerin was homogeneous with electrophoretic criterion and gel filtration on
Sephadex G-100, and it gave an ultraviolet spectrum with a peak of maximum
absorption at 279 myu and an infrared spectrum with characteristio absorption at
1730, 1675 and 1530 cm™1. Tt assayed N, 12.169; P, 0.88%; and [a)38, —36.7.

As shown in Table 9, the amino acid composition of lipostichaerin is very
similar to p-lipostichaerin fraction described by Asano and Itoh, except for the
amounts of serine, valine, methionine, isoleucine, lysine and tryptophane.

The toxicity of lipostichaerin was approximately 0.9 mg. per g. of body weight
of a mouse, but the toxic principle has not yet been olarified.
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BIHED BN T+ F X A IPEOBEM R ERLSMCEAND b D b FEL 20 Y RERET
H2ZCERHELICH, FSE Fuhrman 5% i3 Cabezon, Scorpaenichthys marmoratus (% 3D
188) JPBi% 0.14 M &K Tl %47/50 LDsp 150 mg/kg OFM R TR S (4 C57.57%,
312 0.5 9% AHEARH Tt LDsp 200 mg/kg DEMES
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EHIIAEREE > F X 2 IPB % 10 9% BIEABMH 2T 0 0EE Y FEABER S 2B, ek
BT e =0 a5E, X5 REEROER X > THEMSEY ¥ER'E Lipostichaerin % 238 L 7 DR
EONTRMN 2T > LD THRET 5.

ER S L UCER

ERSFE : HTEB ICEERBRBINBRRRTD 50, VY HEHEO HEEIREL O BEDE—
T2 iV 3 BEOEYD 12 & > T2V ASE 55 P TR O AL 2. SBEKkEN Bz HTB-2
F &) v 2BRKEHER, HEEENEINABEELH OR-1 2HHL 2. 7§ VBAWIIRAE

Roe (200g)
Mix 3 times with 200 ml of 10% NaCl aq.

(pH 7.0) and homogenize.
Filter through hyflosupercel.

Filtrate . R Surface }atty layer
(Initial exts.) - - (Discard)

Precipitate at 30% saturation’
with solid (NH,),SO, at pH 6.8
and then centrifuge 10000 rpm

for 15 min.
] ——
30% saturated ppt. Supernatant
(PPT—1) -
‘Precipitate at 50 % - saturation
with 'solid (NH.),SO;, at pH 6.8
and then centrlfuge 10000 r:p.m.
for 15 min.
[ o
50% saturated ppt. Supernatant
(PPT—-2)
Precipitate at 90% saturation
with solid (NH,),80, at pH 6.8
and then centrifuge 10000 r.p.m.
for 15 min.
90% saturated ppt. Supernatant
(PPT-3) (Discard)

These precipitates were dissolved in distilled water and then dialyzed
against distilled water containing 0.019%, EDTA

Fig. 1. Extraction and fractionation of toxic lipoprotein, lipostichaerin, from the northern
blenny roe
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6N HCI & & 4 itEHEANT 110°C, 36 FfHl, 22 RREIMAKDER 1TV EN 7 @ 7 BT KLA-28
TRIFEL 12 ZEMKMECRT Z2BADT ¢ 2 BOSRCHT 2 FIEIR 36 FFE, 22 B mbnks
YD ERMED &4 Th 500t 36 B ERMEZHALZ. MY 7Y 7 7 O RIERESERRIR
D 20U,

BB AERERRD D 2L 1.

B URBEAROMNE COBWE : Fig 1 12RTCE (HBB200g % 10 9% ARHE/K (pH 7.0) 200ml
EREDFAXLNDENA 7 828~ 2B THREIEA 2T/, HHEBCILIC10% &
HWARZMA T2 @M 2T > CNSHHMEL G ChicERER 7 =9 2 2/ML 30 %

Table 1. Toxicity tests of initial extracts and each fraotion

’ ‘ Dose* N -
Fraction Body wt. Sex | - Deal{ﬁ;; time,
(® l mg ml mg/g.B.W. :
Initial | 280 | & 2¢.2 0.5  0.86 24
oxts. 26.0 Q 24.2 0.5 0. 93 19
25.0 3 3.6 0.4 1.26 Within 21
26.0 Q 3.6 0.4 1.21 Within 21
‘ 19.0 & 15.8 0.2 0.83 Within 21
PPT-1 i 20.0 Q 15.8 0.2 0.78 Within 21
36.5 3 8.5 0.5 0.18 Surivved
36.0 ? 6.5 0.5 0.18 Survived
23.0 3 31.4 0.5 1.36 Within 21
24.5 Q 31.4 0.5 1.28 Within 21
22.0 3 18.9 0.3 0.85 Survived
PPT-2 21.0 Q 18.9 0.3 0.90 Survived
28.5 3 6.2 0.5 0.21 Survived
36.0 Q 6.2 0.5 0.17 Survived
25.0 3 35.3 0.5 1.41 Survived
PPT-3 25.0 Q 35.3 0.5 1.41 Survived

* Route: Intraperitoneal injection

Table 2. Properties of initial extracts and each fraction

Amount i

of BI% Cellulose acetate
tein lom electrophoretio .
Fraction l()g/z of N, % P, % (at 279 distribution,**9, Toxicityt

original mp) | _

roe wt.) Peak a Peak b Peak ¢ Peak d
Initial 26.41 11.45 0.69 8.1 0.7 10.8 79.7 8.8 +

exts.
PPT-1 16.02 11.47 0.73 13.0 i 3.5 4.6 844 1.5 +#
PPT-2 6.53 10. 88 0.62 i 7.6 | 3.4 19.9 63.6 13.1 +
PPT-3 0.75 9.08 1.14 | 34.5% | 19.8 12.3 543 13.6 -
* af 257 mu

** See Fig. 5 in previous report!’
t —: non toxic, +: weakly toxie, +: moderately toxic, 1 : Strongly toxic
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Each fraction was dissolved in 59, NaCl aq., pH 7.0
Fig. 2. TUltraviolet spectra of initial extracts and each fraction

1 1
240 260

$AFMLE: (PPT-1), 50 % fafuzt@ (PPT-2). 90 % A8fzb@ (PPT-3) O3RN HEL 2. T

NoORERITENEN Tablel, 2, Fig. 2RFRTEBHTH 3,
BEVREAROHET Y E-VLGELEOBYE : ATROFHOBD shiz PPT-1 & PPT-2 %

ENFN 0.01 9% EDTA %25 /KICHEN USSR %, 3% AEKCHER AR e =0 A

Table 3. Toxicity test of each reprecipitate

Dose . —
Fraction Body wt. Sex Deatl}xlrt;me,
. (4 mg ml mg/g.BW. ’
PPT-1.30% reppt 23.5 ) 22.3 0.7 0.9 120
24.5 ? 25.4 0.8 1.03 120
PPT-1-509, reppt 22.0 8 22.5 0.5 1.02 Within 21
21.0 Q 22.5 0.5 .07 Within 21
PPT-1-709, reppt 23.0 8 2.5 0.5  0.93 |  Within 24
23.5 Q 21.5 0.5 0.93 Survived
PPT-2.50% reppt 25.5 3 25.1 0.8  0.98 120
23.0 ? 22.0 0.7 0.98 120
PPT-2-709%, reppt 22.5 3 21.5 0.7 0.95 Survived
26.0 ? 245 0.8 0.98 Survived
PPT-2-909%, reppt 22.5 3 22.56 0.7 1.00 Survived
22.5 ? 25.6 0.8 1.00 Survised
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Table 4. Property of each reprecipitate

| Cellulose acotate eleetro T
Amount El% S .o
Fraotion g‘ N, % | P, % . 1 5;7”9 })horetw distribution, 9, Toxicity
pr%/ D (am ) Peake Peake Peak Peak
° H a b e d

PPT-1-30% reppt. 6.4 .45 0.42 | 12.1 3.3 21.7 70.0 5.0 +
PPT-1-509, reppt. 80.0 11.17 | 0.62 10.8 3.2 9.2 8.0 2.6 +
PPT-1-709%, reppt. 10.6 12.56 | 0.59 10.6 1.6 0.0 81.2 17.2 E
PPT-2.50% reppt. | 80.2 | 12.67| 0.70 | — 8.4 20.3 58.1 4.3 |
PPT-2-709, reppt. 5.3 12.20 | 0.51 —_ 22.6 6.2 48.6 22.6 —
PPT-2-90% reppt. 4.1 8.35 | 0.38 — 5.0 22.0 69.0 4.0 -

* in PPT-1 or PPT-2 wt.

MFUKEIREMA pH 7.0 AL, SEEITL o120 HRL AL BODERHC X > TEDKICE
f#, 0.01 9% EDTA %2 &{/KICEITL 120L BB U BHRBRE MficftL 1z, Ch o DRI
Table 3, 4 iIT;RTEBHTH 5,

B/ U HEAR (Lipostichaerin) QIRMERDKIC LI 9ME ZOBE : Table 3, 4 DFERFEM
D HelEysaL > PPT-1 - 50 9% reppt [X43 7.6 g % 0.154 M NaCl (d=1.006) 100 ml 8%, F¥E
iz 3 RGBT d=1.085 P % SHEEMNA T d=1.019 OREAK 2 FAML 720 2D D% Table 5
WRT C & S BROAHE (40,000 rpm, 12-15°C) 217720, BHE ) #EAE (LDL, LDLa), &E
EV¥EHE (HDL, HDLs), ##EliE#E (UR) &aBllice ZhFhOR45t 0.05% EDTA
pEl KITEN, FERERL AP LIz, EMHAR (Table 6) & e —~X7 27— b BEXRIKE
(Table 7) DS HDLa X443 Lipostichaerin R4 YT 5 2 & R s iz,

Lipostichaerin @R : 4L 7z Lipostichaerin 1t & BE Y #BE'E (1.063<d<1.21) TH
303, MERRMTIDF %Y O RBEKKE) (Fig- 3), Sephadex G-100 iz & 5 ¥ Ayl (Fig. 4),
EBEBOMTRIT S > ILBERLAMME B TRIRBEEE L BEOBEORBIC L > TH N Y2 Y v—
PRE—URBONTH-HRERNT A CLBTRIITH 51z, LU BEREKEIE ¥ viliB Cidg—

Table 5. Scheme of separation of toxic lipoprotein by
preparative ultracentrifugation

: . Gravita- :
Lipoportein * Abbreva- Dnesity | mraction | tional Density Salt Time,
. range of B
class . tion collected force " hrs.
) | medium
\ | (&) \
— ol 1 _
Low |
density LDL, d<1.019 Top 67, 910 1.019 NaCl 22
Low
density | LDL, |1.019-1.063 Top 67,910 1.063 NaCl—Na.Brl 22
High
density HDL, 1.063-1.21 Top 67, 910 1.21 NaCl—NaBri 36
High
density HDL, 1.063-1.21 | Infranat- 105, 400 1.21 NaCl-NaBr, 36
Ultracen- ant
trifugal
residue i UR 1.21<d bottom 144, 700 1.21 Na.Cl-NaBr] 36

R(;;;;r model: 40.0
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Table 6. Toxicity test of each fraction by preparative ultracentrifugation

Dose .
Fraction Body wt. Sex v Deafﬁs time,
@® mg ml mg/g.B.W. .
25.0 3 25.0 0.5 1.00 Survived
LDL, 25.0 Q 25.0 0.5 1.00 Survived
26.0 3 25.0 0.5 0,96 Survived
LDL, 25.0 Q 25.0 0.5 1.00 Survived
26.5 3 27.8 0.5 1.04 16
HDL, 26.5 Q 27.8 0.6 1.04 15
28.0 Q 30.2 0.6 1.07 18
26.5 3 27.0 0.6 1.01 15
HDL, 21.5 ? 26.6 0.7 0.96 Within 24
22.0 3 20.7 0.5 0.94 Within 24
27.0 é 28.6 0.6 1. 06 Survived
UR 21.0 3 26.0 0.5 1.23 b}

Table 7. Property of each fraction by preparative ultracentrifugation

Amount E% Cellulose acetate electro- |
. of o 0, om ic distribution, ¢ ici
Fraction protein, N,% P,% (36279 [a] Zg'f phoretic distribution, 9 Toxicity
%* myu) Peak a Peak b Peak ¢ Peak d
LDL, 09 | — | —lws] - - - - - -
LDL, 6.5 5.33 | 1.67 3.6 — 14.2 14.3 70.8 0.0 -~
HDL, 6.2 13.46  1.08 | 11.3 —36.6 17.5 0.0 80.3 1.7 #
HDL,*+ 20.0 12.16 | 0.88 | 11.7 -36.7 0.0 0.0 100.0 0.0 H
UR - 12.44 | 0.54 | 10.5 -36.5 3.0 0.0 95.2 1.8 +

* in PPT-1.509%, reppt. wt.
** Lipostichaerin fraction
t as a solution of 59 NaCl, pH 7.2

el Descending

Lipostichaerin was dissolved in veronal buffer, pH 8.82,
#=0.1 and carried out at 10mA for 150min.
Fig. 3 Electrophoretio diagram of lipostichaerin

HERLIZOTLDLODHRIEDNT BN 21T o2 ZN5DFEEI Fig. 5, 6, Table 7, 8 iz
RTEBHTH B,
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Lipostichaerin was eluted through a column, 2x65.5 cm, using
2.5 % NaCl aq., pH7.0 as eluent and collected each 2 ml
Fig. 4. Gel filtration of lipostichaerin on Sephadex G-100

% |
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0 i 1 1 L J
240 260 280 300 320

Wavelength (mg)

Lipostichaerin was dissolved in 5 9, NaCl aq., pH 7.0
Fig. 5. Ultraviolet absorption spectrum of lipostichaerin
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The ir-pellet was prepared from 4.0 mg of lipostichaerin
mixed with 600 mg of KBr
Fig. 6. Infrared spectrum of lipostichaerin

Table 8. Amino acid composition of lipostichaerin

; wﬂr-lrirposti- 5}-liposi:ij

: . . . a-liposti-
Lipostichaerin l ehagrin‘” chaerin® | chaerin®
Amino . . : ) - . T
acid An{nnO Am1{10 acid N An}mo | An}mo An.uno Am}no
acid, residue, acid, | acid, acid, acid,
g/100 g g/100 g | TOOVErYs | mM/100g | mM/100 g | mM/100 g | mM/100 g
protein protein o . protein ‘ protein protein protein
Asp* 5.99 5.18 0.63 45.0 50.0 47.9 56. 7
Thr* 3.91 3.28 0.49 35.1 36.3 34.3 36.5
Ser* 2.96 2.45 0.39 28.1 51.2 56.5 42.8
- Glu 11.32 10.15 0.91 65.0 65.7 63.8 55.7
Pro 3.80 3.21 0.46 33.0 31.7 25.7 4.4
Gly 2.14 1.63 1.40 28.5 43.2 33.9 40.5
Ala 6.98 5. 57 1.10 78.3 62.6 70.6 40.3
CySO,H| — — — — 8.3 6.7 10.2
Val 4.83 4.09 0.58 41.3 38.6 32.7 38.9
Met 2.78 2.45 0.26 18.6 0.8 — —
Tleu 5.5b 4.79 0.59 42.3 28.5 30.2 22.6
Leu 7.35 6. 34 0.79 56.0 56.4 53.2 48.2
Tyr 3.22 2.90 0.25 17.8 19.3 15.3 20.6
Phe 3.98 3.56 0.34 2.1 24.5 4.1 23.3
Try** 4.29 3.01 0.59 21.0 — — —
Lys 5. 96 5.23 1.14 40.8 57.8 68.0 47.1
His 1.83 1.62 0.33 11.8 15.3 15.0 15.0
Arg 4.70 4.21 1.51 27.0 31.4 31.2 26.8
NH,* (0.90) ¢ — 0.74 (62.8) 1 (35.6) 1 (37.6) (68.0) 1
Total ]‘ 81.59 ‘ 70. 56 11.49 613.7 621.6 i 599.1 569.6

* Adopted by extrapolation to zero time of hydrolysis
*+ Hstimated from the absrobance of the protein

+ Omitted from the totals
For the other amino acids, the values of 36 hr. hydrolysates were employed

RSB LUK E

F X AHYBE% 10 96 AR T Ui BRI 7 € = U A 24 THRAE 21720 30%
PFL (PPT-1) RHEE2ED I, LORD2 3 LIHEEBICHE 7> € =Y & BIBKREMA TH
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T UFE O 50 %6 MIFIEICE (PPT-1 - 50 9 reppt.) 24izc CORAMIFWMO KERLH v
BARLEAONSDT, B {{T2bh 3 5HE T s RBEROEI X > THEE Y #EARD
DR RA IR, BEEY ¥ EAR (1.063<d<1.21) K4®D HDL; KHEWHEEZED Iz, COK
4% Asano 5% {25 » T Lipostichaerin & &7} 7z,

Lipostichaerin OMERIZF ¥ V) & 2 EXKIKS), vtruv—~X 7257~ FEXKKSE) (Peak ¢ i2HHY) Ti
¥—#% R, $ 12 Sephadex G-100 DY VIR T  H—E2RUIZ. U L EELHMTIC L > TZD
¥g—4: & Flotation rate (Sf) ZREL o8B A ORMEGC X Y H—HEOBRIRT 3L o1z, LU S
Offit 1-2 TH 5 C EHHEINI, UV RS bV Tid Amax 279 mp, Ej%, 11.7, Eago/Eas O
iz 1.38 ThH. IR X< PATRENEN T &4 K BRCREINS vEBr 1650 cm™ (7
§F-D, 15825em™ (7 ¢ ¥ -II), 1730em ™ (2 X7 V) OBRIEHEL THH LD O Y KEH
BTHELENRO6NGB, HBRLT & ZHARIZ Ala & Glu © EEVHEHE VI, Asano 5D g-
lipostichaerin D # i & ik $ 5 & Ser, Val, Met, Ilew, Lys X Try PUMHIITITRMUEMZH
LT %, 7235 72 Lipostichaerin {2 Young 57, Bernardi 5% D%y #EHEEXKEX
X b lipovitellin KT B3 D EEBA LN 3,

FAINEMYEIC DV TN 2 1z § Did Table 9 1257355, Pawlowsky® %3 European
sturgeon (XY F 3 UF 2BD30IEF 2 Y 2 R) OIIL b Acipenserin & BT 2 BEME & ol
L, 7u4i>Th3EMRTHEY, IFFIc e 2 UBEETZERELLNT, Tl
Cavier ¥ LTHEIEAIN 3 L X HIERICED LY. Mc Crudden ¥ i3 Pike (# 7 # v % /B) & Barbel
(= 4 OEEE) I hAKBHEDEHET VT § L2 HBL TV AN TR IEH Y XEAE L3R
5 TWV3. A EZEHEHIMEL 72 Lipostichaerin 12 Y #BEAETH bH Asano 5D p-lipostichaerin,
Fuhrman 5 @ Cabezon roe toxin II & $ & {EPIL T 3,

Table 9. Ichtyooboxiné of several fishes

Fish Ichthyt;otoxin { Fraction obtained N, % } P, % | Component

Lipostichaerin* High density 12.16 | 0.88 | Lipoprotein

Northern a-lipostichaerin®’ Low density 3.66 | 0.76 | Lipoprotein

blenny B-lipostichaerin® High density 11.37 | 1.25 | Lipoprotein

y-lipostichaerin®’ High density 11.47 | 0.69 ! Lipoprotein

Toxin I » 18%, NaCl satn. ppt. 6.70 | 0.85 | Lipoprotein

Cabezon Toxin IT Eluate from Biogel P-2 | 11.6 | 0.61 | Lipoprotein
European Acipenserin® — 29.88 | il Protamine

sturgeon
Pike Toxalbumin!® Aqueous exts. - - Albumin
Barbel Toxalbumin!® Aqueous exts. - - Albumin
* Present study

TREMTIE “FAIHIOIRBTTBNT A HITIREFLLV” bl LD EREAMDE
ELINTLAD, Pillsbury ™ § British Columbia M¥FHET it h Cabezon DIFC BE AP H T
ABFELZNC L RBIELTE Y, CORTBENA NI,
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AR B TEEREHRANEER, KHRER, ERE—-DERcEL O HiEE2 00y,
EEOE, 79 v ABESKSEBOEHOMEE R iV i ARETEE, 7 RATCHE
BT & - I SRR AHESGR, BRBRICBEFRIERER B, B0 AR AL REE
BAEUEELOBER S, RBAFRAHRREFTHIBEOMFEC X o120 &% CLRELEL
BHOBEEE T

ERAREOEH O—EITRE ARSI X -1z,
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