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Toxic Substance of the Roe of Northern Blenny
VIII. Partial purification and characterization of toxic phospholipid

Mutsuo HaTano

Abstract

In the preceding paper the author reported that the toxic phospholipid was
a toxic component of the lipostichaerin. In this paper partial purification and
the characterization of the toxic phospholipid will be reported.

A crude toxic phospholipid was obtained using standard procedures for the
extraction and fractionation of phospholipids from the blenny roe.

After that the crude toxic phospholipid was partially purified on a silicic
acid column chromatography. The 2 to 5 eluted fractions were toxic, one of
which, Fraction 3, showd high toxicity, and it was almost homogeneous with a
thin layer chromatography when n-butanol-ethyleneglycol-water (4:1:2, upper
phase) was used as a solvent.

Chemical analysis of the partially purified toxic phospholipid showed 7.33%,
nitrogen, 2.689, phosphorus, 6.0 molar ratio of nitgrogen to phosphorus, and ir-
spectrum indicated that the material had peptide. The toxic substance consists
of glycerol, the amino acids mainly of aspartic acid and glycine, the fatty acids
mainly of palmitic, hexadecenoic, stearic, octadecenoic and docosadienoic acids,
but not being detected in sugar and choline.

Therefore the toxic phospholipid appears to be composed of phosphatidohexa-
peptide. From these results, it may be reasonably concluded that a hexapeptide
consisting of aspartic acid and glycine was an active part of the toxic phospholipid
structure.

In addition, no toxicities were found in the phosphatidylcholine, phosphatidyl-
ethanolamine and phosphatidylserine in this roe nor phospholipid portions of
muscle and milt in this fish.

®# B
B 1T+ A X 1P OEEMEA, lipostichaerin (3 Ji% Y K EED 1 8 s-lipovitellin &
UTHET 29, COBBEWISCRB 2 BEHMCOABELRTCL2RY, 351D
L0 5BOBBRSEBEROFERIC DD THEEMND B E2BDI,
TTIERTESLY § Thiele Hhic & - THEBIRE LN, 2BEUEEE2RT &/~ VABHEIRE®
BTOIHBLOLORETOERAMZHEL TV 5 & L blipostichaerin & 14 L T 3,
* 4644 A HAKEBEZRXER (HR) KCRERES

o JrEEEASE KB ARLEE B
(Loboratory of Food chemistry, Faculty of Fisheries, Hokkaido University)
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FEEi: F H X HIPED Toxic component Tdh 3 FERMIEEONMZ M E L T EAERR2ITL 1
5, TROLIEE 7+ b THHUEASE, rABy»560a2 2000 THEY v < MOIC
i3 ¥#5—@ Phosphatidopeptide & H#E INZHEBIEE 2B O T2OMHRE 2bERET 2,

RRE LUHR

ERAE:

R, B, B, AR, RSB (IR) 22 b PORE, IEBIHBO2FMEEF R0
257 4~ (GLC) B LFEMERBIIE YHFERY EFRTHBH, LB EIHER% Ik ks B
DBEBRIT R~ 8~ 2 v < MT L Y BERICITS 512,

% o}

W43 465 A, JLIBAHITSETHEEIN F ¥ X H ORI RIS (220 8) 2 M0,

BWAERIER O « 9B & T OMit:

HRBED> & PR 2 BRE U 1208 (20kg) REBDKEMATHEF F A XL, T b v 2MATHH
2720 Fig LIGRT O L 7+ oM 2 BA0E, SRR EES 27.1g 2812, chbd
DE S DHEIR & SRR RIE Table 1, 2 KRTEBH TS,

[ Stripped roe (20kg) 1

Mix with equal vol. of distd. water
and homogenize

Extract 6 times with 3 vols. of
acetone

[ Acetone extract '

Concentrate in vacuum and then
dissolve in equal vol. of ether

[ Ether soluble (1630) |

Pour into 10 vols. of acetone
at —20°

[ I

Acetone soluble Acetone insoluble
(1232g) (398g)

Suspend in 10 vols. of abs.
ethanol at —20°C and then
filter, repeated 5 times

| |

Ethanol soluble Ethano! insoluble
(363g) (34.9g)

Dissolve a part in minimum
vol. of chloroform and add
10 vols. of abs. ethanol

Allow to stand at —20°C
and then centrifuge
12,000 rpm. for 10 min.

at —10°C.
Supernatant Precipitate (27.1g)
(7.6g) (Crude toxic phospholipid)

Fig. 1 Extraction and fractionation of toxic phospholipid from the roe
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Table 1 Toxicity test of each fraction by intraperitoneal injection
into mice, NIH strain

Fraction Body wt. Sex Dose Deal:’? time,
® mg | ml | mg/g. BW. (hrs.)
18.0 3 20.5 | 0.50 1.13 Survived
Acetone soluble 18.5 Q 20.5 | 0.50 1.10 Survived
19.5 e 20.5 | 0.50 1.05 Survived
. 17.0 8 17.0 | 0.50 1.00 Within 22
Acetone insoluble 91.0 Q 20. 4 0. 60 0.97 Within 22
19.5 Q 18.7 | 0.55 0.95 24
22.0 3 32.4 | 0.60 1.47 Within 44
Ethanol soluble 25.5 Q 37.8 | 0.70 1.48 Within 72
20.5 e 21.4 | 0.40 1.04 Survgved
20.0 ? 21.4 | 0.40 1.07 Survived
. 23.0 3 8.0 | 0.50 0.34 Within 15
Ethanol insoluble 1.5 3 9.6 | 0.60 0.35 Within 15
95.0 Q 8.8 | 0.55 0.35 Within 15
20.0 3 6.5 | 0.50 0.32 Survived
Supernatant 20.5 ? 6.5 | 0.50 0.33 Survived
20.0 3 5.2 | 0.40 0.26 Survived
21.5 2 5.2 | 0.40 0. 24 Survived
23.0 8 7.5 | 0.50 0.33 glzll;m fg
Precipitate 23.0 9 7.5 | 0.50 0.33 ithin
(CrudI; toxic 26.5 ? 6.8 | 0.45 0.26 Within 22
phospholipid) 22.0 3 6.0 | 0.40 0.27 Within 22
25.0 8 3.0 | 0.20 0.12 72
23.0 9 2.3 | 0.15 0.10 72
Table 2 Chemical property of each fraction
. Yield*| N P - . Main
Fraction % %’ % N/P** | Tod. V.{ | Toxicity componentt}
Acetone soluble 6.16 0.18 0.31 1.3 187.0 - Neutral lipids
Acetone ingoluble; 1,99 | 92,15 | 8.10 1.5 175. 4 + Phospholipid
Ethanol soluble | 181 | 1.65 | 8.10 | 1.2 | 173.8 + PhC
Ethanol insoluble) 0,18 | 7.06 | 3.18 | 49 | 12.8 + PhE, PhS and
toxic phospho-
lipid
Supernatant 0.04 | 2.01 | 2.96 1.5 125.1 - PhE and PhS
Precipitate 0.14 | 8.3 | 3.61 | 5.0 73.8 + Toxic phospho-
(Crude toxic lipid
phospholipid)

No sugar was detected in all fractions
* in original roe weight
** molar ratio
t Wijs’ method
tt Detected by TLC (PhC: phosphatidylcholine; PhE: phosphatidyl
ethanolamine and PhS:. phosphatidylserine)
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Table 3 Properties of eluted fractions separated from crude toxic
phospholipid by a silicic acid column

Eluted Eluent, Yield, N, P,

fraction | CHCl,-MeOH-H,O (ml) | % % o N/ | Iod. V.
1 8: 2: 0 (500) 18.5 0.80 0.62 2.8 93.5
2 5: 5: 0 (300) 14.4 6.59 3.27 45 54,2
3 2: 8: 0 (300 22.6 7.83 2.68 6.0 60.1
4 0:10: 0 (300 7.6 5.17 2. 00 5.7 50.0
5 65 25 © 4 (470) 18.3 7.88 3.51 5.0 42.5
6 65 : 50 : 10 (250) 5.8 4.70 2.96 3.5 -

Recovery 87.9

The crude toxic phospholipid (2.2 g) was chromatographed on a 180 g
silicic acid column, 3 X 52 cm

Table 4 Toxicity test of each eluted fraction

Eluted Body wt. Sex Dose Death time,
fraction () mg ml | mg/g B.W. (hrs.)
22.0 3 3L.8 | 0.60 L4 Survived
1 19.5 3 29.2 | 0.55 1.55 Survived
24.5 3 31.8 | 0.60 1.29 Survived
24.0 3 318 | 0.60 1.32 Survived
19.5 8 4.8 | 0.55 1.97 F
19.0 Q 24.8 | 0.55 1.30 Within 16
9 27.0 3 27.0 | 0.60 1.00 U
27.0 3 27.0 | 0.60 1.00 Within 24
23.0 Q 9.0 | 0.20 0.39 Survived
23.0 Q 9.0 | 0.20 0.39 Survived
23.5 3 23.5 | 0.50 1.00 Within 24
24.5 3 25.9 | 0.55 1.05 Within 24
22.0 Q 7.1 | 0.15 0.32 45
3 92,0 0 7.1 | 0.15 0.32 45
24.0 8 2.8 | 0.06 0.11 Within 72
2L.5 Q 2.8 | 0.06 0.11 Within 72
20.0 3 18.6 | 0.60 0.93 b7}
4 21.5 ] 20.2 | 0.65 0.93 30
24.0 3 15.5 | 0.50 0.65 Within 42
23.5 3 15.5 | 0.50 0.66 Within 42
21.5 3 30.0 | 0.60 1.09 42
5 24.5 3 25.0 | 0.50 1.02 Survived
19.5 Q 20.0 | 0.40 1.02 12
19.5 ? 20.0 | 0.40 1.02 Survived
20.5 9 16.5 | 0.50 0.75 Survived
6 19.0 ? 15.5 | 0.50 0.81 . Survived
20.5 3 12.4 | 0.40 0.60 Survived
21.5 3 140 | 0.45 0.60 Survived

Also all mice (NIH) were injected intraperitoneally
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PLEDEERT # 7 —VAEES (bW AY T 7 ) VS CHEERRED, 35 l00RIA
TRV A E T A = iE L AR R T RS T i CAFE AR B Y) i EE MY S hit,

EEMBIEEESOTrMBNASLZOT MILAHTRUEEIE EOHMY:
MBS EE D 156 2.2¢ 2o A8 H 542 v < b (Mallinckrodt # 180 g, 3%x52cm) TX
STERERRAT, THbbEIuakVA - X4~ Zankih - 227 =) - KRDREEH
HICIAREN % 7750 B S Ok & 3% 3L Table 3, 4, Fig. 2, 3 AR 2EYT

~Fico

.
qs D

3. LV

Plate: Kieselgel G, 0.25 mm, activated for 30 min. at 110°C
Solvent: n-BuOH-ethyleneglycol-H,0 (4 :1 : 2, upper phase)
Detection: Hanes-Isherwood reagent

Fig. 2 Thin layer chromatogram of each eluted fraction

C DFER, FMENE Fract. 2 225 5122 5 AUEHC Fract. 3 3 by, (T C & IXEHD 12805
SRR D Y ABE A T AP u v b OREREHEL T AH, L0 LRIV TREBRTHENSL,) 37z
EEs <t 5 (Fig.2) T Fract. 113 3 24 » b, Fract. 2% 2 A2t MT Fract.3 LT 1 A
.y F%iadps, Fract. 3,4 @ Ry {fid 0.47, Fract.5,6 3 0.36 THHHL P RZIWMETH %,
Fract.3 Iz N/P ML HA8 6.0 T IR 222 bVHIERE»S P24 Fizlgiahs 7 d K111
ORI ZAEL, #O45THIZ hexapeptide % 2T ESHEEIN 2. L1255 T D 4 ORFEERER
BERIEZEADDVEHSMITEMINHBEBEETH 3 LEALN S,
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Crude toxic phospholipid

g
\Jh\\»Av/

Fract.2

U

i

\’_f’\'\/’\/ Fract.3

k/J\\/A\//p;::r
\/Mv\vﬂ“wfﬂfjxgg/
V/V\/\/JM

Fract.6

Sy

LR
JJd

4000 2000 1500 1000 600

Wave number, c¢cm™
The ir-pellet was prepared from 3.0 mg of each fraction mixed with 600 mg KBr
Fig. 3 Infrared spectra of crude toxic phospholipid and each eluted fraction

ERHESOMKSBEPORKRTR:

ZEHEAOBR L FOBRED DI &R 4% 6N HCl & & §cHEh T 100°C, 22 Bk s
fRL 2 momkov ATIYEER (TERHER) 2 BREL 1OKEME 2R~ =2 n e M2 & b EERICREL
Table 5 TR TR 2E 1,

COFRERBHOM Fract, 3 & 41020 ) v LERFEERT SV e o~ 2 7 XS UE, Y
D, VOU, 2vF 2y, FFSuYCDT i BEIBHINBIT ASEUEBE T Y VLN
BREET S L BB, LS5 THIRD hexapeotide i3 Ch 6 5EDT & /7 BIC X o THRS
NTWBDEEZLNS,

BiEREROBsMEN (Fract. 3) oBRiERHE::

Fract. 3 O#ERKAEEEIC DT GLC IZ L Y #REtL, b THHERY O lipostichaerin OEFMEMIEE
4y (Eluted fract.3), B 5 O s-lipostichaerin, F#F XHIEL o F B LT 7 7 ) DZEHN
& R ATs 512,

s OFERIZ Table 6 i RaN 3 %3, Fract. 3 O T HERISHERIZ <V § F U, ¥4 57F Lo
B, AF7YV R X0 4F2BEBICFa3o s vBTHD BEAMETRRIT SHEIN TN,
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Table 5 HCl-hydrolysate of each eluted fraction

fﬂgﬁ Glycerol |Choline| Lys | Asp | Ser | Gly | Thr | Pro | Hypro{Et(OH)NH,| Peptide ?
1 + - -l x|+ x| -1- - + -
2 + + | = =]+ x|~ + _ +
3 + - 2 H| -]+ ] - + - -
4 + - [ # | -]+ | £ + - -
5 + - | # + |+ -
6 + # + | *

o+

No sugar was detected in all fractions
Toyo No. 51 A filter paper
Solvent: n-BuOH-AcOH-H,O (3:1:1 and 4:2:1) and Phenol (satd. with H,0)
Detection: Hough’s (glycerol and sugar), Dragendorff (choline), and nin-
hydrin (amino compounds) reagents

Paper:

Table 6 Fatty acid composition of partially purified toxic
phospholipid, eluted fractions 3, 9%,

Partially Toxdo
Cn:m purified Toxic | PRospholipid | 5 1ipostichaerin*** | Lecithin* | Cephalin
PhOSPhOlipld* fraction of
lipostichaerin**
14:0 7.4 5.1 0.5 2.9 0.9
15:0 tr tr 0.1 0.5 0.4
16:0 15.3 9.8 1.9 | 227 12.5
17:0 0.2 1.9 1.9 0.5 1.1
18:0 1.7 22.8 12.0 | 10.0 17.5
20:0 - 0.1 — — 0.4
Total satd. 34.6 39.7 2.4 | 366 | 328
16:1 13.6 14.3 49 | 127 6.1
16:2 10 3.7 - 2.2 0.1
16:3 - - - 1.5 2.4
18:1 2.9 34.1 4.7 | 245 19.5
18:2 1.0 tr L4 1.2 2.7
18:3 tr 0.7 + 0.1 0.6
18:4 - - 0.1 tr 1.4
20:1 2.5 11 (+18:3) 1.9 13 5.8
202 L7 0.4 — 0.4 tr
20°3 - - - - 6.6
20:4 - - 0.3 2.4 -
20:5 ~ — 20.9 - 9.5
22°1 1.0 - 6.4 6.9 0.8
22:2 1.7 6.0 - 8.6 -
22:5 -~ - 1.5 - 1.7
22:6 ~ - 20.8 1.6 -
Total unsatd. 65. 4 60.3 2.0 | 634 | 6L2

* Present study ** Preceding report!’

**% Agano, M. and Itoh, M.2

The condition of GLC was the same as in the preceding report!’
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DT &id Fract, 3 DFEFEMD 5 b YRLHERTDH 5, T HIHO lipostichaerin DEHERE R ER 73D
BERAERMR & Wik T 5 &, ETOMEEIRD 3 ¥ —RGERIL 2R 2 RL T 5, OB DNT
12 lipostichaerin OIS EE ANV L F U 2BETELLIKARL T3 DL BRGNS, S
5 lipostichaerin i3 = 4 A4 _> 22 LB CE ABET TR 2 SBICEL L 2 YOEATHL L
EZENFEH LRI,

FHZABYL L FV o T2 GRS LTWMHOBIERER:

FBELUTHFYFZIHIBED LV v F >, & 7 7 Y (Phosphatidylethanolamine & phosphatidylserine
BAM) LBRSIOEES Fig 1 EFBCHEBL YE2TL0EL N7 2 b CEES (0b
0 3 BISEES) oW Th, ZOMER (Table 7) & FMEREB (Table 8) 2L THML I,
Thic BT EAD T COBEBIEBINBRICOAFET3HEZLOTROBIBE L IZ RS
540THBC EpHEEINI,

Table 7 Chemical properties of phospholipids from muscle, milt and roe of the blenny

Fraction obtained Yield, % | N, % | B, % | N/P | Tod. V. \ Toxicity
Acetone insoluble, in muscle 0.37 1. 49 3.68 0.9 141.8 —
Acetone insoluble, in milt 1.38 7.16 3. 64 4.4 136.0 —
Leclthlp, in roe — 1.52 3.34 1.0 178.6 -
Cephalin*, in roe — 1.56 | 2.81 1.2 156. 6 -~

* Phosphatidylethanolamine and phosphatidylserine mixture

Table 8 Toxicity tests of phospholipids from muscle, milt and roe of the blenny

Body wt. Sex Dose Death time,

@ mg ml mg/g B.W. (hrs.)
98.0 F3 30.0 0. 60 1.07 Survived
Muscle 25.0 Q 95.0 0.50 1.00 Survived
26.5 ? 21.5 0.55 1.07 Survived
. 28.0 3 28.0 0.45 1.00 Survived
Milt 97.0 Q 28.0 0.45 1.03 | Survived
97.0 ? 28.0 0.45 1.04 Survived
. 19.5 ? 25.5 0.50 1.30 Survived
Lecithin 18.5 ? 25.5 0. 50 1.38 Survived
19.0 ? 25.5 0.50 1.33 Survived
. 23.5 3 21.5 0.55 1.17 Survived
Cephalin 23.0 3 97.5 0.55 1.20 Survived
23.0 Q 27.5 0.55 1.20 Survived

Also all mice (NIH) were injected intraperitoneally

RS LURIE

FHXAIEROT ¢+ DY 2 BASELES 2 RT = 2 7 ~ AV ABEORBER, 3bitr 4
Brosarnvbick higiens, WE2 o< icii sH—sEtBIRBORSEMNm 25,
ZDHDLEEBELD D b lipostichaerin DPEIRIT DOV THEEL 7285 5E (Table 9), N/P @ €VEIZH
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Table 8 Comparison of characterization with partially purified
toxic phospholipid and 3-lipostichaerin

Partially purified toxic

3-lipostichaerin*

phospholipid
N/P, molar ratio 6.0 5.7-5.9
Choline, 9% Nil 1.48-3.30
Sugar, 9% Nil ?
Major amino acids Asp and Gly Tau, Ser, Gly, Glu, Asp. Ala
and Thr. »
Glycerol, 9 + 6.56
Todine value 60 96
Major fatty acids Cie:00 Cre:15 Cracgs Cysrq and Cia:0» Cigios Cuaias Coois and
32:6

Toxic principle

22:2
Phosphatidopeptide

Lipoprotein or lipopeptide

*  Asano, M. and Itoh, M.?

L

Northern blenny roe I

Extracted with acetone

Extracted with 10 % NaCl aq.

- Surface fatty layer I Saline extract ]
Free lipids
Nontoxic Fractionated with
Content,3.6% (NH,);SO,and then
purified
Lipostichaerin
B —lipovitellin
Mol.wt. 4X10%
LDy (ip.) 180mg/kg
Complete antigen
Content, 14.4%
Total lipids Lipid moiety Protein moiety
Toxic Bound lipids Vitellin
Toxic o o Nontoxic
. N Content,22.3% mplete antigen
Fractionated with 4
various organic Content,77.7%
solvents and then
A chromatographed on -
a silicic acid column Chromatographed
on a silicic acid
column
4

Toxic phospholipid

Very toxic
Simple hapten ?
Content,0.23% in this roe

Probable phosphatidopeptide

Fig. 4 Toxic principles in northern blenny
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HELRAL TR B, 2V D, WY ¢ /8 (5lipostichaerin iZ # ¥ Y Y EMHEITEL)
3o L OIS (5-lipostichaerin 13 FEE AMAFIER 2 FRICEL) 2 EIL D2V THA h DIEESS 5
ns,

AEBICBOTEL NI BEBEERBEEEELUTTANSFUVRES Y v 5785 Glycero-
phosphoryl hexapeptide %E¥ & T 5 phosphatidopeptide &E51, ILRFEEEFILVLVLFY
Er Ty ) OERIENERD S B TEERERRT 5 WMMIRIMEATIR/2 L 74 4 FEIT
Y borEBRINT, TICOb DERHERY iisid B lipostichaerin OFEMEMIBE L 37 181 5
Lyuue kBN THRNOESICHEER D 5, BROFABEDS (I8 Oru<tOItY)
EEOPHIEEL VL F L OEECE ) 2OFEMBELIZ DL Bbh, 35 CBEAEROMERKL
L ABEMIKABETAIOLEEALONS, ULHLZHS lipostichaerin DFEBIER & AERRIZ B
U AEMBIEE 3B e b S I AL C—BUL SRR TH 3 e ¥mRINT, LIt
P THF L HIPRGOEBREIEAE LREELEE ) *BEARDOHE T HFEL T3 L & 1R
L,

I OHHEE & FUEEEA, RROBIEEENC OV T b BERREAA TN, L TIC b BRI FER
F, ABUERBISEE > ¥ X W IRICDAEET 5 L EHBBD O NI, T EORKRE LMY 3T
DORERELBIET 5 &+ HF X HINEOZHME IR AIFE (Ichthyootoxin) OHEHCAZ bDTHH, %
@ Toxic principle it Fig.4 @ RINBIDLEEALN S,

B ]

ARRFEIC B 12 b RIBEIRE 2 B b - AR+ BAMEIR L b BRI 1 Ha I EE)
BRSO ERKEREREAT RO ECBH T A & & b, HRT 3 5 nAFRERE
—BEIC B BHOEERT 5,

X [
1) WEHAS (1971). JukokEfes 22 (2), 168-176.

2) Asano, M. & Itoh, M. (1966). Tohoku J. Agr. Res. 16 (4), 209-316.
3) WHBASB - HHFEE (1971). bk 21 (4), 325-330.
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