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The isolated soluble eye proteins from six species (Sepia esculenta, Sepiella japonica, Loligo
chinensis, Todarodes pacificus, Loligo beka and Octopus minor) of class Cephalopoda were
compared by crossed immunoelectrophoresis methods using antibodies directed against total
soluble eye proteins antigens. It showed a distinct antigen-antibody reaction between the
species of order Sepioidea and various antiserum of class Cephalopoda. Qur results suggested
that the common precipitation lines of Sepia and Loligo species which were different from
that of Octopus minor. By which obtained from elution of gel filtration chromatography
and 12.5% SDS-polyacrylamide gel electrophoresis, the molecular weight of Todarodes pacificus
eye protein (crystallin) was determined in about 20—35 KDa.
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Al st ol & 93slo] 213t A oY (Sepiella ja-
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(Octopus minor) ] tredbAs 38 A (anti-
serum)& AZslgden 72 AolH, Ao Aol
3l FA Holl &8l 6M] Hek A g ) (an-
tigen) 2 & Agoll o] &1}, Crossed immu-
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noelectrophoresisi= agarose gel o4 7|
d-5(electrophoresis)oll 2Jall o]% Hel® t
WS g8 (antiserum)oll 23] 2= A7
FHeogA, B AddAE classic, rocket-
¥+ crossed immunoelectrophoresis W &
|4l crossed immunoelectrophoresis *HS
Adeisigdet, S e o] kbl AL crystal-
lin ¥4 (molecular weight) -2 Z4s}7] 95}
gel filtration chromatography®} SDS-polyacr-
ylamide gel electrophoresis& AAJs}4ich.
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2 oA AREE AR AlZ8E FallollA -3
72 AolH (order Sepioidea)?] #73teAol(Se-
pia esculenta) 8 213} l(Sepiella japonica),
Ate AojH(order Teuthoidea)2l 3By
(Loligo chinensis), *+273o\(Todarodes pacifi-
cus) 2 27 (Loligo beka) 183 FolH (or-
der Octopoda) 2] A (Octopus minor)s 6¥i2
FERE Adsid) Aol MHe ol g Bx
Aol A MG 10—20m2]4 2o Ay
oz A AFsiglen, MAYA % Fae
(19979t FYslA FWelgict

2. %

AR Ags ABA dry-iceZ F53%
st} AFAR R F 2APFa(deep-
freezer)oll B33lod ol HEA] liFsle] A8
AHgstgich @ 7 A8 Okutani (1967),
Roper et al. (1984) 2 AIFZ(1990)4] 2%
FEF EieR AR FAERE Ak

1) ®xt dd 2719% (crossed immunoelect-

rophoresis) =+ 23H0 223 9 A7|GF
(2 dimensional crossed immunoelectroph-
oresis)

gt F5F7 3 oMol HET 4143 b
(eye) 5 ZA FalF 5 Ao FHFE Yol

polytron2.& vkl A7) & I4Felsle] o 4
THE ¥48 A8 5 PY(antigen) 22 ALE
ek 919k e whlem ole zhrtol FHgA
bl A (soluble eye protein)2) 3 H3of]
non-ionic detergent$! triton-X 100 3 NP-40=
A7t 05% 4 Hol HAF F=Uh 1% H5F @
# 37C incubator gtoll4] 3A17F Wkxlsto] mx}
W] A7]d58 AlgE AR

1A e Ar)gE e ddes 4
5 7t Age] M4 kA Bl
A1ZtEl=8l, 1% agarose £95% 110X90 m/m
Freldell 4 0.15 m/m7t H58 23 oS
10 V/ecm, 15C2] 2719 & barbital lactate bu-
ffer (75 mM, pH 8.6) W4 3A17F 7}
A719EE A 2 ¥ o] F84-E temp-
late 910l &el¥3 agarose gel strip (¥ 2
cmXZol 10 em)S ¥Heo] 7% 2449 I
2 A71d58 F213(100 mm X100 mm)
9] olefiZol] £]1 vhg UmA] f-2l7tol] dAl(an-
tiserum)”7t £8% 1% agarose £ 12 ml%
YW o 1393 2298 agarosed AAAA
1393 22 buffer HollA Arldeg A}
gk A7lEE 27€ 2 V/em, 15CE 2431
oF 18A17F AVI4ES AN o ¥ (pres-
sing), A1*(washing), ¥ (staining) ¥ 24
(destaining) TS Ax Y- akAw-go 2
#z2 o W 74 (precipitation line) &
W cH(Weeke, 19735 Yoo et al.,1988).

2) A Az P AA

zteAolHoll Esl= 279 A0Y(S. japonica),
Abe Ao ol A2 ANT. pacificus) % FolHS
S$2(0. minor) ] 7184 G AS d<U(an-
tigen) 0.2 dlo] AL Exlof] wARlH 7zt
Hreh el gt FA(antibody) & wHE9Ih

gl AA(purification) £ ¥R IHA
(antiserum) & Ha FelA 52 26 471
¥ oi7loll %2 ammonium persulfate (pH
7.00% ol 3F FE 50% 7} 525 Aok
o F A G 5 DR (15,000¥ g,
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ek ol&A AL Zkzhe] FEAE oAl A4
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GE o] Hge] A dTE F-FAA -70Cq
H3jste] ARgaigich

3) Chromatography°ll 2% <h7<hize] 2

A2 AT, pacificus) 2 ¥ 15 2HEs
of ek79l =Hcapsule) s S48 AAS o}
gel filtration chromatography® AAls}sich

Fig. 1-A. Crossed immunoelectrophoresis of class
Cephalopoda eye protein antigen precipitated with
the antibody against Sepiella japonica eye protein.
SE ! Sepia esculenta

SJ ! Sepiella japonica, TP ' Todarodes pacificus,
LC  Loligo chinensis, LB ' Loligo beka,

OM ! Octopus minor.

ol Ao gk d7 (1)

2 % ¢FE 20 mM EDTAZ 34 50 mM
Tris-Na bisulfate buffer (pH 7.5) & Yl
vlaidh 5] obA] 3087 YAEE(27,000 Xg)
ek AAEE S de A5HE T4 W
B5ste] Ago] Agsiged, oF 10 mlel 4
5% TSK HW 558 gel (Toyopearl, 2.3X80
cm)oll FY3 * 280 nmollA monitoring
st A Ao ST oF 4 m14 33t

(Chiou et al., 1988). SDS-polyacrylamide
®
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Fig. 1-B. Schematic representation of immunopreci-
pitation lines on Fig. 1-A. Each distinguishable pre-
cipitation lines were numbered (1 to ®) in the
case of Sepiella japonica as a standard. The same
numbers in this plate were the common precipitation
lines compared with Sepiella japonica.

SE  Sepia esculenta, SJ ' Sepiella japonica,
TP . Todarodes pacificus, 1.C ' Loligo chinensis,
LB : Loligo beka, OM : Octopus minor.
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gel electrophoresisi= Laemmli (1970)¢] %
He wgton olf Bl AFAlE typhwye
e FAsAt

Az g 33

ZeAoiHell &als 23E2AI(S. japonica)
9] ek Ag modukgAA o2 dHE P2
Holl &3l= 32 Aol(S. esculenta)d] 7%+
M7 wxpred H7)9F(crossed immunoe-

lectrophoresis) X171 A3} 971 Ax 2] g1 — 3k
we] %74 (antigen-antibody immunoprecipi-
tation line)S WY 4 UAJcKFig. 1-A, B).

Fig. 1014 FelsiAl & 4 Qv 42AolH
FEEII(L. beka) o] A4 ©WH-L 33he Aol
ot U FF ddolet A=, Hy|dFT
oAl wlg- Bulsixet AR O OWe
- MiAbolol|A] ofzhe] FEHAH EAES ¥
U dgeletx AZbHdh 53 ARA @, B,
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Fig. 2-A. Crossed immunoelectrophoresis of class
Cephalopoda eye protein antigen precipitated with
the antibody against Todarodes pacificus eye protein.
SE : Sepia esculenta, S) : Sepiella japonica,
TP : Todarodes pacificus, LC : Loligo chinensis,
LB ! Loligo beka, OM : Octopus minor.

Fig. 2-B. Schematic representation of immunopreci-
pitation lines on Fig. 2-A. Each distinguishable pre-
cipitation lines were numbered () to ®) in the
case of Sepiella japonica as a standard. The same
numbers in this plate were the common precipitation
lines compared with Sepiella japonica in Fig. 1-B.
SE ! Sepia esculenta, SJ] ' Sepiella japonica,
TP ' Todarodes pacificus, LC  Loligo chinensis,
LB | Loligo beka, OM : Octopus minor.
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©, ®, @ % @HE e Rols 27t Aol

% %922, chromatography 3ol 2|3t
U — A8 A2(Fig. 4, 6)ollA £ 4= 5ol
FFhA  crystallin®] Eo) A (specificity) &
Zte A7Aelet AzkEAcek 4 Hzhe Aole}
Hell 2REH oz ge Xo|Ho| e FA(0.

minor) 9] 739 w2 W ArldE Az At

2,
32
ot o

o2t .
N o o 2
o ot o hu

A2 AT, pacificus) 9] FFiAE
ste] 2zte Aol & ofie) S
gl AAR sl wbgo 229
pattern< Fig. 28t Zch, Ao Aof b4

o
N

Fig. 3-A. Crossed immunoelectrophoresis of class
Cephalopoda eye protein antigen precipitated with
the antibody against Octopus minor eye protein.
SE [ Sepia esculenta, SJ] ' Sepiella japonica,
TP : Todarodes pacificus, LC . Loligo chinensis,
LB ! Loligo beka, OM : Octopus minor.

g de] dgigh A7(1)

T

md = o oo

gYhoz sto] 4A% homo system}9]

TN A2 3RS A& F Uk ¥
Holl 8= }EF7] o SAEF79 A
ol wilg Holste], FEEF] bl
4o 3o xpu AEsg o A whgol
Poju}A] gkgkon] R BT Z9- 2709 He
AL B 4 YAHNFig. 2-A, B). &3 3t
2ol ol &3l H3teAol 3 ke Aol
Qe AS slo g 3l ARZE Y A
77y 3~49 AAAE &
oAl A W, W
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Fig. 3-B. Schematic representation of immunopreci-
pitation lines on Fig. 3-A. Each distinguishable pre-
cipitation lines were numbered (D to @) in the
case of Sepiella japonica as a standard. The same
numbers in this plate were the common precipitation
lines compared with Sepiella japonica in Fig. 1-B.
SE : Sepia esculenta, SJ : Sepiella japonica,
TP : Todarodes pacificus, LC . Loligo chinensis,
LB ' Loligo beka, OM . Octopus minor.
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HAog wujFol| o]go] AAolHI} zHe.
Hel FE-3dolet A= U ck(Fig. 2-A, B).
S2(0. minor) ] FFHHAL dA 2 3}
=AY oAl o AeAolHl i W
e Ay ok E ok Jehiich BXEF
71¢ke] RhE2 A YoluA] gfgten] 5o
2] 9] bFhul of] 3k A £ A E 23]0f 2H
A 2rste] @ oeidl wapEAAR oY 7}

AL w9 njebect 2382 Y419 homo sys-
tem Yot fy 4N & el ERIHeR A
th2 Hell &3le zheAolHA wmiekslz|wt
A chokstar g A4S 1A & AR
(Fig. 3-A, B).

A2 Aolet 2zt Aolo] ki AL AR
slo] AR 5557 offiol] ik s o Hhgoll 4]
ZAtA o g gl -3shE F4HSE homo sys-
tem == hetero system< Es 32 Aol
Holl &= 2132 AoI(S. japonica) 3 3t
2. Ao|(S. esculenta)oll A &LA— A "W ¢
Aol ol % FElslien 53 Gt ©H
aof] 7)ol =m w3 oA
AAYE o F AUk olF S
Hzte o], AkeAol g Yr)9| bkt
FAZ stol HY Mol FEHeE ek
v 3 -] W F7)4(antigen-antibody

immunoprecipitation line)9 ¥ ®lE=E x

ox
_?. rlr

A

O

o

o

A B2el @I ©W FA4del 3 oA
TEoz vEhs uErl oF 55% fen O
agln @H "4 34 Helld 4z 61% ¢
83% Ax Jehdidrk(Table 1). wekA &H
9 O AAAe B AFoA A dal4t
TE5F 74 @ we AR EEs AT (po-
pulation stock)< A3
AR 4 g A 2k

Adipge] thid BAL F o] Al s
slo] AL AT, pacificus) 2 AFHHAEAE
gel filtration chromatographyoil «IOH =%
Azt P1, P2, P3 4 P4 &
A i E2(Ps, Pe ¥ P7)§
A Ak Fig. 4).

zzpe

+ 71¥(criteria) 2.2

¥-32 SDS-polyacrylamide gel ele-
ctrophore51s o]l ol #EAEE FAY 5
=, , P2, P3 9 P4+= 20-35 KDa At
o]oj] 4 TE Fxsls ew 53] £3 p3=
Uwiziet sl o FEEsin b2 H9lel HA
Bgsia 9qleh RE AlY AaE o] gtod
MG Py Hrldsd =3 P3gt ¥Xst
a1 o]= Fig. 49 chromatography elution
profile®} A&stAl Ax M (Fig. 5).
U o 7 F-F5.9] btk A2 o] Foll A A
& a, B ¥ y-crystallin® & v} o] 2™ (Bon et
al., 1967), ol2lol|% ¥Algol wa} 2 7ix2

Table 1. Recognizable common antigen-antibody precipitation line (PPT) number among the class Cepha-
lopoda in this study. Immunoprecipitation lines were numbered (1) to & in Sepiella japonica
as a standard and the same number in the other species represents the common antigenic

immunoprecipitation lines.

ANTIGEN ' _ : ANTIBODY
Sepiella japonica Todarodes pacificus Octopus minor

Sepia esculenta /1“(2“”%v”41('r"f6%'7w": (2(3)(6
Sepiella japonica (236
Loligo beka
Loligo chinensis 26,
Todarodes pacificus 2356, 606,
Octopus minor .6y Q)
Frequency of common % 100% 17% 80%
PPT line € 85% 67 % 83%
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Fig. 4. Chromatographic elution profile of total soluble
eye protein Todarodes pacificus on Toyopearl HW-55S
(23X60 cm) column. The elute (5 ml/tube) were
monitored for optical density at 280 nm. The peaks
P1, P3 and P4 are correspond to a-crystallin, p-crys-
tallin and y-crystallin, respectively.

M T P1

P2 P3 P3 pa P5 P6 P7

Fig. 5. SDS-polyacrylamide gel electrophoresis of
the fractionated soluble eye proteins from Todarodes
pacificus with standard molecular weight marker
protein.

Pl to P7 : fractionated peaks from gel filtration
chromatography : T : total soluble eye protein
from Todarodes pacificus + M . marker protein.
(Dphospholylase b (94 KDa)

@albumin (67 KDa)

(Povalbumin (43 KDa)

{@carbonic anhydrase (30 KDa)

(&soybean trypsin inhibitor (20.1 KDa)

A3 = ded £ 4% 23 P11y #Ae
oF 25 KDaZAl, o] Chiou (1984)2] Zz}e}
n A7 R & g-crystallinol] s w, P31= B-cry-
stallin 1831 P4 y-crystallinoll &3hchz
A zh g,

Chromatography elution profile3} 52}
Pxelk 9= P3 8o gt P1, P2 | P3E
Flog slo] mme HrldsE AR A
homo system<l P3 F3ol|4 7} gk A4S
5 Ao 2% ©W Wg4e] )
= Zeg vfo] FERF] htnhuly Zolle

"

i

P2 O

P3 O

Fig. 6. Crossed immunoelectrophoresis and schema-
tic representation of fractionated eye protein (P1,
P2 & P3) from Todarodes pacificus reacted the
antibody against Todarodes pacificus soluble eye pro-
tein. The same numbers in this plate were the
common precipitation lines compared with Sepiella
Jjaponica in Fig. 1-B.
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3 & Brerystallin F-oll 55 o] ok
AL ¢ F UKFig. 6).

Fole] -9 @A (relationship) & Z7] $lal
anl A7l Wy 9 wode e
A EA AgErE waE wel A =Hed
£3] d¥H (antiserum) T o}k 3kglol] )3t
wedehd wxpik-S-(immunological cross-reac-
tion)E 3 FARAE FHs= 2T ‘blood
relationship’ o]z} &chH(Boyden, 1940). ¥ 4
Holl A A JojHat Zhe Aol 9] qhtrhi
e Z1EE FABAIE Jelyon o
Aol A BA Bl Ao Aoi9) #7te A
G2 5ok BE Zold UEliich o) R
Heol 23teAolg 9 AeAelHat Mz o
AT (population stock)oll4 7|13k Zolufx
ZF74H8F Donovan(1977) 2] 7shel Y x)s)3 =gt
ATE ARAE Hol whildg 27| i
chromatographyell 2 %3 P1, P2 % P4
T i & o Ze oAl FAgsheba A

73,

H1 @ b ax
it e

8 o

el FEH R Ao, Sepia escule-
nta 5 A2 A |, Sepiella japonica i 3HXFHEE
7\, Loligo chinensis : %2731, Todarodes pa-
cificus 3 FEE, Loligo beka : 73, Octopus
minor) 2| LFHHAS FEste] 41— W
2Rk AASEh A3te Ao}, Ao o9}
A9 ckrki A g ™A (antiserum)S Al
ztalglem zhe AolH, AbeAoll 2 YA Ho
Fohe TR oMol s FU(anti-
gen) &2 AREslich zhe ol
2. 7o) gl 33t Holo 4] &1k Hk-g ol
o9 Felsllon MR vl v|Ee]l H 4
Ui w3 FoAsdE IS B o Ak
*E3}F gel filtration chromatography o2
e Aoje] ek g EHslo] crystallind
elsigem, ¥ 235 SDS-PAGE A74%

B A% AxedT
BAle] Roln wF ¥ A7 Fol zolz
2 @ olshiet 3

WS =gk
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