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Résumé: Les proté ines du cristallin des Céphalopodes ont été analysées par électrophorèse en milieu dénaturant 
(SDS-Page). en vue de tester le ur pouvoir discriminant il différents ni veaux taxonomiques. Tous les individus 
appartenant 11 la même espèce (dix espèces, représentant c inq genres) présentaient toujours un certain nombre de 
bandes communes. La compara ison des images électrophorétiques obtenues pour chaque espèce a permis la discri­
mination aux différents ni veau x taxonomiques, de l' ordre il la population. Le dendrogramme de similarité souligne 
la puissance de celle technique. Ains i. l' analyse des protéi nes cristallines par é lectrophorèse en milieu dénaturant 
peut être utilisée eomme critè re taxonomique supplémenta ire et semble pouvoir distinguer auss i des populations 
non inter-fécondes. 

Abstraet : Eye lens prote ins of cephalopods were tested by SDS-Page e lec trophores is, for their disc riminating 
value at diffe rent taxonomie leve ls. AIl individuals belonging to the same species (ten species representing l'ive 
genera) al ways di splayed a certain number of identical bands. The comparison of the electrophoretic pallerns 
obtained with each spec ies allowed di scrimination at the different taxonomie leve ls, l'rom the order to the popula­
tion. The si milarity dendrogralll illustrates the di scrimina ting power of the technique. Thus , eye lens protein SDS­
Page eleetrophores is can be used as an addit ional taxonomie critcrion and appears to discrilllinate non interbree­
ding popu lat ions . 

I NTRODUCTION 

Cephalopod taxonomy is established on classical identification criteria: anatomy, mor­

phometry, observation of beaks, suckers, spermatophores, radula etc. (Roper & Voss, 1983). 

It allows identification to the species level, but not necessarily to the subspecies or popula­

tion levels. Voss (1977) pointec1 out that 50 % of genera are monospecific , and 85 % are 

represented by 5 species or fewer. On the other hand , some genera, like Octopus or Sepia, 

include over 100 species, some of which are probably subspecies or closely relatec1 species. 

New criteria are needec1 at ail taxonomic levels, but especially at the infraspecific level. 

Roper ( 1983) pointed out that the 4 major familie s of Cephalopods (Sepiic1ae , Loliginidae, 

Ommastrephic1ae, Octopoc1idae), which comprise at leas t 90 % of the world fishery catches, 

are in critical need of modern , comprehensive, systematic studies. 

The electrophoretic techniques lead to the identification of molecul ar ditferences , which 

in turn reflect genetic variation. They have been used in many instances to study population 

vari ations, among others in bivalve ti ssues (Torigoe & Inaba, 1975) , and in fish eye lens 

(Smith , 1962, 1965, 1966, 1967, 1969a ; Barret and Williams, 1967 ; Bon et al. , 1968 ; 

Cobb et al., 1968). The eye lens is a highly specifie organ, better suited for taxonomie pur­

poses than muscle ti ssue (Boucher-Rodoni el al. , 1989). Its. transparency requires a high 
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concentration of proteins, 95 % of which are crystallins, water soluble, structural proteins, 
stable throughout life and as old as the animal itself (Bon et al., 1966 ; Smith, 1969b ; 

Delaye and Tardieu, 1983 ; De Jong & Hendriks, 1986). 
The cepha10pod eye is a classical ex ample of convergent evo1ution between vertebrates 

and invertebrates ; their eye 1ens proteins have often been compared (Bon et al., 1967, 
Smith, 1969b ; Dohrn, 1970 ; Swanborn , 1971). The resllits showed no immunological 
identity between cephalopods and vertebrates (Wollman et al. , 1938 ; Halbert and 

Fitzgerald, 1959). Recent thorough biochemical investigations point out that, although 

endowed \\jth the same physiological function and often named ex, Band 0 as in fish (Bon 
et al., 1967 ; Swanborn,1971), the cephalopod lens crystallins are different from those of 
vertebrates (Siezen & Shaw, 1982; Chiou, 1984). 

Smith (1969b) and Swanborn (1971) showed that electrophoretic techniques can be used 
on cephalopod lens for taxonomic purposes , octopods and decapods being easily distingui­
shed. Smith (1969b) suggested that the technique might also distinguish non-interbreeding 

populations. 
This study is a first attempt to test the discriminating power of cephalopods eye lens pro­

teins at different taxonomic levels, using electrophoretic separations obtained from various 
cephalopod species belonging to the three main orders of Coleoidea, as defined by most 
modern systematists : Sepioidea, Teuthoidea and Octopoda. 

MATERIALS AND METHODS 

Ten species representing five genera were stlldied. Most of them were caught off 
Roscoff (R) and Banyuls-sur-mer (B) by trawling, and Loligo forbesi by jigging off 
Roscoff. They arrived alive at the laboratory. The lenses were dissected out at once and 

immediatly dipped into liquid nitrogen, then stored at - 20°C. The two species from the 
Falkland (F) islands area were caught by industrial trawlers, and their conditions of freezing 
and storing before arriving at the laboratory are unknown. 

Different individuals of each species were used for the electrophoretic investigation of 

eye lens proteins : 17 Sepia oftïcinalis (SO) : 8 from Roscoff (SOR), 9 from Banyuls 
(SOB), 3 Sepia orbignyana (SYB), 3 Sepia elegans (SEB), 3 Loligo vulgaris (LYB), 3 
Loligo forbesi (LFR), 6 Loligo patagonica (LPF), 1 Moroteuthis ingens (MlF), 2 OctOpllS 

1'1I1garis (OYB), 2 Elalone l110schata (EMB), 2 Eledone cirrhosa (ECB). 
Each eye lens was homogenized at 4°C in 0 .02M Tris-HCl buffer, pH 7 (9ml buffer for 

Ig tissue). The supernatant from 30 min centrifugation at 15000 rpm was recovered. One 
aliqllot was diluted ten times. Both concentrated and diluted samples were stored at -20°C. 
The entire lens (cortex and nucleus) was used, in order to avoid a source of variability rela­
ted to the difficulties of dissecting small pieces. 

Before rLlnning the electrophoresis, the protein concentration of each sample was deter­

mined (Bradford, 1976), to choose the optimal quantity. of extract for the best resolution. 
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The same protein concentration was then used for each species , by adjusting the quantity of 

sample loaded in the electrophoretic wells. 

To each extract was added a sample buffer: Tris-HCI 0.625M, 2 mercaptoethanol 5 %, 

SDS 0.2 %, sucrose 10 %, Bromophenol blue. SDS-polyacrylamide gel electrophoresis was 

then perf0I111ed according to the method of Laemmli (1970), using 12.6 % acrylamide 

(Siezen and Shaw, 1982). A Pharmacia vertical apparatus was used for separation, at 30V 

per plate for 3 to 5 hours, the temperature being maintained at 7.5 to 8.5°C. In each weIl, 

lA (diluted) or 130 (concentrated) ).1g protein were appIied, and the electrophoresis run in 

the presence of"il Tris-Glycine-HC\ buffer with 0.1 % SDS, pH 6.8. After migration, the 

gels were fixed and stained with a Coomassie brilliant blue R250 solution, and electropho­

retically destained at 24V for 60 to 90 min. The relative migration of each fraction was 

measured and the Rf calculated. Molecular weight markers were run in pm'aIlel after mixing 

with the sample buffer, in order to detem1ine the molecular weight of the different fractions. 

The presence-absence coefficient of similarity of Séirensen (1948, in Legendre and 

Legendre, 1979) was ca\culated to relate species and Rf (concentrated samples). It is a bina­

ry similarity coefficient excIuding the double absence. It gives a double weight to the 

double presence : 

S=2A/(2A + B+C) 

where A = double presence: B = presence-absence; C = absence-presence. The intergroup 

variance was taken as algorithm (Delabre et al., 1973). 

RESULTS 

After electrophoretic processing of samples at concentrations appropriate to give a good 

resolution of the minor fractions, a heavily charged zone appeared in the middle region of 

the electrophoregram of ail the species tested. Sample dilution was aimed at giving a better 

resolution of this region. Concentrated sample electrophoresis revealed a number of poly­

peptides varying from 30 to 40, according to the species, and their molecular weight ranged 

from 11 to 173 Kdaltons. Only two bands, 25-30 KD of molecular weight, could be identi­

fied in the middle region after dilution. 

Prior to a comparative analysis, the eye lens samples were first tested for the reproduci­

bility of their electrophoretic pattern. Left and right eye lens, from different individuals 

belonging to the same population, show no variability whatever the sex or the maturation 

stage (Fig. 1). Each population is thus characterized by a constant number of identical 

bands , as weIl for concentrated as for diluted sample extracts. 

By comparing the results obtained with the different species , aIl taxonol11ical levels 

cou Id be retraced. Teuthoidea and Sepioidea (Decapoda) display many cOl11mon bands and 

their electrophoretic pattern is very different from that of Octopoda. Within one family, the 

electrophoretic technique discriminates the genera, th en the species. Figure 2 shows the 

results obtained with concentrated and diluted samples in the 3 orders. Six main regions (A 
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Fig. 1 : Three examples show ing the reproclucibility of electrophoretic patterns of conëentratecl samples for a 
given species. (B, D, E: main regions). 1. SaRI , 2, 3 : 3 c1ifferent inclivicluals of Seflia ()tfïcil/alis . II. 
LVB 1, 2,3 : 3 c1ifferent individuuls of Loligo l'IIlgaris. III.OVB 1,2 : 2 different individuals of OC/Ofl llS 

l'IIlgaris. 
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to F) have been arbitrarily recognized in each group. The comparison of the bands in each 

region confirms the gel observation but thi s representation gives also a clearer image of the 
minor variations than the photographic one. In the species Sepia o.fjïcinalis, a further analy­
sis of intraspecific variations is thus possible. If two populations, one From the 
Mediterranean and the other From the English Channel are compared, they can be identified 
electrophoretically by variations affecting mainly the bands of the F and D region (Fig. 2). 
SORA corresponds to an old animal. From thi s preliminary result, it seems that aging might 
induce (as in fish) minor changes in the electrophoretic pattern, a few fractions being absent 

in the D region, 'n SORA. 
The dendrogram of similarity illustrates grouping, From the arder to the population 

(Fig. 3). 

DISCUSSION AND CONCLUSIONS 

The SDS-Page electrophoresis of cephalopod eye lens reveals a large number of poly­
peptides in ail the species, The electropharetic pattern is identical for ail individuals belon­

ging to the same population , regardless of the period of capture, sex, body weight or size of 
the animal. Cephalopods thus share with fish the congruence of their eye lens electrophore­
tic patterns (Smith, 1962. Bon et al., 1966), The statistical analysis on the Rf leads to a den­

drogram confinning the unaided observation of the gel plates. Its advantage is a rapid clas­
sification of rough results From ail the species. 

Molecular variations with no genetic base can appear, however, as the result of poor 
material preservation (Smith, 1969b ; Ferguson, (980), Protein degradation might explain 
why several authors reported from cephalopod lens many cristallin classes, as in vertebrates 
(Bon et al. , 1967 ; Dohrn, 1970 ; Brahma, 1978 ; Brahma & Lancieri , 1979), whereas only 
one class was described more recently (Siezen & Shaw, 1982 ; Chiou, 1984). The absence 

of certain polypeptides in the Falkland Islands material (Fig. 2 :*) might likewise be due to 
uncontrolled freezing conditions. Immediate processing, or immediate and rapid free zing, is 
essential for reliable electrophoretic analysis, 

The analysis of the results obtained here with the different species tested shows that the 
electrophoretic analysis of cephalopod eye lens proteins agrees with the classical taxonomy 
of the class ; mOI'eover it may be adequate for distinguishing separate breeding populations. 
The similarity is higher between Sepioids and Teuthoids than between Sepioids or 
Teuthoids and Octopods, This is in agreement with the results obtained by immunoelectro­
phoretic methods (Brahma & Lancieri , 1979 ; Boucher-Rodoni et al. , 1989), and with the 
phylogenetic position, Young (1977) and Donovan (1977), considering Teuthoids and 

Sepioids as having a common ancestor, distinct from that of Octopods. 
Cephalopods represent an important potential resource ; their systematics, ecology and 

populations biology should be studied as in ail other fisheries species (Roper, 1983 ; 
Amaratunga, 1987 ; Saville, 1987). Because of rapid growth, cephalopods have life spans 
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that usually are short; in general the females reproduce only once (Mangold, 1987). Our 

results confirrn that electrophoretic analysis of cephalopod lens proteins is a simple, repro­

ducible and rapid method for both speciation and intraspecific discrimination studies. This 

could be of importance for cephalopod stock identification, preservation and exploitation. It 
is thus a method of interest for taxonomists and for fishery biologists. 

ACKNOWLEDGEMENTS 

This work is part of a DEA diploma of the Paris VI University, and was carried out at 
the Laboratoire de Biologie des Invertébrés Marins at the Muséum National d'Histoire 
Naturelle. We wish to thank ail those who kindly helped for its success. We gratefully ack­
nowledge S.V. Boletzky, K. Mangold and C.F.E. Roper for helpful criticism of the manus­
cript. 

INDEX BIBLIOGRAPHIQUE 

AMARATUNGA, T. , 1987. Population biology. In : BOYLE, P.R. (ed) Cephalopod Life Cycles. Academic Press, Vol. 
II : p.239-252. 

BARRET, 1. & A.A. W,LLIAMS, 1967. Soluble lens proteins of sorne scombroid fishes. Copeia , 2: 468-471. 
BON, W.F. , G. RUTTENBERG, P.L. SWANBORN, W.W. S'LLEVIS SMITH & P.H.W. VAN DER PLOEG, 1966. On the lens protein 

of a teleost, Cadlls cal/arias (cod fish). EIp. Eye Res., 5 : 58-62. 
BON, W.F., A. DOHRN & H. BATINK, 1967. The lens proteins of a marine invertebrate OClOpliS vlIlgaris. Biochem. 

Biophys. Acta, 140: 312-318. 
BON, W.F., G. RUTTENBERG, A. DOHRN & H. BATINK, 1968. Comparative physicochemical investigations on the lens 

protein of fishes. EI]J. Eye Res. 7 : 603-610. 
BOUCHER-RoDONI, R. , Y. TRANVOUEZ & R. PEDUZZI, 1989. Protéines du cristallin et du manteau musculaire: critères 

taxonomiques. Poster. Symp.lnt.Seiche, Caen 1-3 juin 1989. 
BRADFORD, M.M., 1976. A rapid and sensitive method for the quantitation of microgram quantities of prote in utili ­

zing the principle of protein dye binding. Analyt. Biochem. 72 : 248-254. 
BRAHMA, S.K., 1978. Ontogeny of lens crystallins in marine cephalopods . .1 Emhryol. Exp. Morphol. 46: 111-118. 
BRAHMA , S.K. & M. LANCIERI , 1979. Isofocusing and immunological investigations on cephalopods lens proteins. 

EI]J. Eye Res. 29: 671-678. 
CHIOU, S.H., 1984. Physicochemical characterization of a cristallin from the squid lens and its comparison with 

vertebrate lens crytallins. J Biochem. 95 : 75-82. 
COB B, B.F., L. CARTER & Y.L. KOENIG, 1968. The distribution of the soluble prote in componeqts in the crystalline 

lenses of fishes. Camp. Biochem. Physiol. 24 : 817-826. 
DE JONG, W. & W., HENDRIKS, 1986. The eye lens crystallins: ambiguity as evolutionary strategy . .1. Malec. Evol. 24 : 

121-126. 
DELABRE, M. , A. BIANCHI & M. VERON, 1973. Étude critique de méthodes de taxonomie numérique. Application à 

une classification de bactéries aquicoles. Ann. Microbiol. (Institut Pastellr) , 124A : 489-506. 
DELAYE, M. & A. TARDIEU, 1983. Short-range order of crystallin proteins accounts for eye lens transparency. Natllre 

302: 415-417. 
DOHRN, A. , 1970. Distribution and electrophoretic mobility of proteins in samples taken from differents layers of 

vertebrates and invertebrates lenses. Exp. Eye Res. 9 : 297-299. 
DONOVAN, D.T., 1977. Evolution of the Dibranchiate Cephalopoda. Symp. zool. Soc. London. 38 : 15-48. 
FERGUSON, A., 1980. Biochemical systematic and evollition. 194 pp, Blackie (ed) N.Y. 
HALBERT, S.P. & P.L. FITZGERALD, 1958. Studies on immunologie organ specificity of ocular lens. Am . .1. Op/11h01. 

46 : 187-195. 



CEPHALOPOD EYE LENS ELECTROPHORESIS 289 

LAE""LI , U.K., 1970. Cleavage of structural proteins during the assembly of the he ad of bacteriophage T4. Na/l/re. 
227 : 680-685. 

LEGEN DRE, L. & P. LEGENDRE, 1979. Écologie numérique. Tome 2. La structure des données écologiques. MASSON 
Paris et les Presses de l' Université du Québec. 247 pp. 

MANGOLD, K. , 1987. Reproduction. ln : BOYLE, P.R. (ed) Cep//{/Iopad Lif'· Cve/es. Academic Press, Vol. Il: 157-200. 
RO!'ER , C.F.E., 1983. An overview of Cephalopod systematics: status, problems and recolllmendations. Memoirs 

Na/. Ml/S. Victoria . 44: 13-27. 
Ra"E" , C.F.E. & G.L. Voss , 1983. Guide lincs for taxonomic descriptions of Cephalopod species. Meil/. Na/. Ml/S. 

Vic/oria , 44 : 49-63. 
SAYILLE. A. , 1987. Comparison between cephalopod and tïsh of those aspects of the bio logy related to stock mana­

gement. In : BOYLE, P.R. (ecl) Ccphalopod Life Cve/es. Academie Press, Vol. Il : 277-290. 
SIEZEN R.J. & D.C..§HAW, 1982. Physicochemical characteri zation of lens prote ins of the squid NalO/oda/ï/s glJ/t/di 

and comparison with ve rtebrate crysta llins. Biachell/. Biophys. Ac/a , 704(2) : 304-320. 
S' IIllI . A.C. , 1962. The electrophoretic characteristics of albacore, bluefin tuna, and kelp bass eye lens proteins. 

Califim/ia Fish alld Call1c, 48(3) : 199-201. 
SMITH. A.C .. 1965. Intraspecific eye lens proteins di Ife rence in yellowfin llIna, Thll//Ill/.I· a/hacares. Ca/ifrmlia Fish 

alldCallle. 51(3): 163-167. 
SMITH, A.C .. 1966. Electrophoretic studies of soluble protein t'rom lens-nuclei of bluefin tuna, ThllllllllS /hWlIlllS. 

l'rom Calif01l1ia and Australia. Alli. Zoo/. 6 : 577. 
S'I1TII. A.C., 1969a. Protein variation in the eye lens nucleus mackerel scad (Demp/e/ï/s pilllll//aflls). COll/p. 

Biochelll. Physio/. 28 : 1161 -1 168. 
SMITH. A.C .. 1969b. An electrophoretic study of proteins extracted in distilled water and in sa line solution, l'rom the 

eye lens nucleus of the squid, N%/odartfs //{/waiiellsis (Berry). COll/p. Biochell/. Physiol. 30 : 551-559. 
S'lIlll. A.C. & R.A. GOLDSTEIN. 1967. Variation in protein compos ition of the eye lens nucleus in ocean whitefish. 

Cal/lola/i/l/s prillceps. COll/p. Biochelll. Physio/. 23 : 533-539. 
SII'.·\NIlOR N. P.L., 197 1. Cephalopod lens proteins. EIp. Eye Res. Il : 111-115. 
TORIGOE. K. & A. INAUA, 1975 . Electrophoretic studies on some oysters. Ve/II/s. 33 (4): 177-1 83. 
Voss. G.L.. 1977. Classification of recent Cephalopoda. Syll/p. :001. Soc. LOlldoll. 38: 575-579. 
WOLLM"', E., P. GONZALES & P. DUCI<EST, 1938. Recherches séro logiques sur les milieux transparents cie l'œil. 

Propriétés spécifiques du cristallin. C. R. Soc. Biol. Paris. 127 : 668-670. 
YOUNG. J.z., 1977. Brain, behaviour and evolution ofCephalopods. Syllll'. :001. Sac. LOlldall, 38: 377-434. 


	CNS_281.pdf
	CNS_282.pdf
	CNS_283.pdf
	CNS_284.pdf
	CNS_285.pdf
	CNS_286.pdf
	CNS_287.pdf
	CNS_288.pdf
	CNS_289.pdf

