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ABSTRACT 

A genetic comparison of slipper lobsters, Scyliarides latus, from different areas in Sicily was carried out; electro-
phoretically checking 22 enzymatic activity zones. The analysis has shown a low degree of variability among the 
specimens; therefore, non-local breeders might be used for restocking without harming the biodiversity. 
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VARIABILITA ENZiMATICA NELLA MAGNOSA MEDiTERRANEA, SCYLLARIDES LATUS, 
Dl ACQUE SSCILIANE 

SINTESI 

L'articolo presenta il confronto genetico tra magnose fScyllarides latus/ provenienti da diverse aree siciliane, 
confronto effettuato con il controllo elettroforetico di 22 zone di attivita enzimatica. L'analisi ha evidenziato un 
basso grado di variability tra gli individui, pertanto gli autori ipotizzano che esemplari allevali in altre localita po-
trebbero venirusati nel ripopolamento, evitando efletti negativi sulla biodiversita. 

Parole chiave: Crustacea, Decapoda, Scyllaridae, Scyliarides, genetica, elettroforesi 
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INTRODUCTION 

On the Sicilian coasts, restocking of the now rare 
Mediterranean slipper lobster, Scyllarides talus, could 
achieve stable results, since the decline of the resource 
seems due to a shortage in recruitment, not to environ-
mental degradation {Bianchini eta/,, 1998), Of course, a 
soLind enhancement program should operate without 
disrupting the existing equilibrium. 

To preserve the biological diversity, and to reduce 
the risks related to the introduction in the genetic pool 
of characteristics different from the local ones, it is nec-
essary to make sure that brooders and seeding animals 
belong to the autochthonous population, or that their 
origin is genetically similar. With this in mind, morpho-
logical (Bianchini eta/., 1996) and karyological (Deiana 
et at., 1997) studies may be used for screening, together 
with genetic analyses, based on PCR methods or on 
electrophoretic techniques. 

This last approach is based on the notion that pro-
teins under the effect of an electric field migrate along 
the medium in accordance to their net charge and their 
molecular weight; utilizing this phenomenon, the elec-
trophoresis displays molecular differences due to ami-
noacidic substitutions or deletions. In fact, these differ-
ences arise from nucleotide mutations at DNA level of 
the structural gene, which produce isozymes (Hunter & 
Markert, 1957) migrating at different velocities. The iso-
zymes, i.e. the multiple forms that an enzyme could as-

sume, may depend on the presence of more than one 
locus codifying the enzyme (allozymes, following Pra-
kash et at., 1969), or on the effect of post-translational 
modifications on the formed polypeptic chains (Richard-
son et at., 1986); a locus is considered polymorphic 
when the frequency of the most common allele is lower 
than 95%. 

The last step in the analysis of enzymatic polymor-
phisms is the interpretation of the observed electropho-
retic pattern, which requires special care in case of spe-
cies not extensively studied (Richardson et at., 1986). 

MATERIALS A N D METHODS 

Thirty-three Mediterranean slipper lobsters, Scyl-
larides latus, coming from different Sicilian areas (Fig. 1) 
were examined; their morphometric data are given in 
Table 1. 

The electrophoretic runs were commissioned to an 
external University laboratory, using funds provided by 
a national program on slipper lobster restocking (III tri-
ennial plan of the former Ministry of Merchant Marine). 

Pereiopod muscles were used; samples were trans-
ported in liquid N2 to the laboratory, where they were 
manLially homogenized in water, centrifuged at 3000 
rpm for 30 min, and stored at -70 "C. 

The methodology used to study the Scy Ha rides latus 
population was the electrophoretic analysis of the en-
zymatic polymorphisms. 
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Fig. 1: Areas of collection (crosses) of the Sicilian "population" of slipper lobster (Scyllarides latus). 
Fig. 1: Območja zbiranja (križci) sictlijanske "populacije" velikega nagajivca (Scyüarides latus). 
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Cel ¡ogel (cellulose acetate) was used as support; the 
electrophoretic runs were performed in Chemetron tanks 
filled with 250 ml of bridge buffer, holding 3 cel toge! 
stripes (5.7x14 cm), pre-soaked for 15 min in a gel 
buffer eqLial to that of the run ("continuous buffer"). Each 
celloge! strip carried 5 samples; to allow comparison, 
the last sample of each strip was repeated on the next 
one. 

At the end of the run, every strip was coloured with 
techniques specific for each enzyme, using buffered 
solutions with substrates, coenzymes and/or coupled 
enzymes and colours that bond with the final products. 
A thermostat was used for the enzymatic reaction; once 
the colour appeared, the reaction was stopped immers-
ing the ceilogel stripes in acetic acid (10%), and the 
stripes were sealed and kept at 4 'C. 

Twenty enzymatic sets, accounting for 22 independ-
ently variable activity zones, i.e. accounted as the prod-
uct of 22 loci, were examined. Table 2 reports the tested 
enzymes, their abbreviations, and the number of inter-
preted loci; the allele designation follows the numeric 
system based on the relative gel mobility of isozymes. 

Table 3 reports, for each tested enzyme, the run 
conditions (buffers, times, applied tension in Volt, elec-
trical input in mA, depending on the buffer ionic 
strength) and the colouring techniques, as well as the re-
spective bibliographic references. 

Tab. 1: Morphometric characteristics of the slipper lob-
sters (Scyllarides latus) analysed eiectrophoretically by 
sex (F - female> M = male). 
Tab. 1: Morfometrične značilnosti velikih nagajivcev 
(Scyllarides latus), analizirane elektroforetlčno po spolu 
(F = moški, M = ženske). 

The Sicilian slipper lobsters show a very modest 
electrophoretic variability in the 22 examined loci (Tab. 
4): 20 loci are completely, or almost completely, fixed 
in the same allele, and the polymorphism is low in the 
other 2 loci ( IDH and MDH-2) too. 

Table 5 reports the estimates of the populattonafge-
netic variability, expressed as mean number of alleles 
per locus (N0), percent of polymorphic loci (p), observed 
(H0) and expected ( H J heterozygosity (Nei, 1978). The 
studied population presents low values of polymor-
phism, with Ho=0.020, Hj=0.019, mean number of al-
leles per locus equal to 1.2 and percent of polymorphic 
loci equal to 9.1. 

Moreover, the observed genotypic frequencies were 
compared with the expected frequencies, to display 
possible divergences from the Hardy-Weinberg equilib-
rium, per population and per locus (Tab. 6). Using the ~¡C 
analysis, the studied Sicilian population of 5. latus re-
sults in substantial equilibrium in all the examined loci. 

Tab. 2: Enzymatic systems analysed eiectrophoretically 
in the slipper lobster (Scyllarides latus). 
Tab. 2: Elektroforetlčno analizirani encimatski sistemi 
velikega nagajivca (Scyllarides latus). 

enzyme (Enzyme Commission 
number) 

abbre-
viation 

No. of 
loci 

Alcohol dehydrogenase (1.1.1.1) ADM 1 
Adenilate chinase (2.7.4.3) ADK 1 
Aldolase (4.1.2.13) ALDO 1 
Creatine chinase (2.7.3.2) CK 1 
Esterase (3.1.1.1) EST 1 
Fructose-1 ,G-diphosphatase 
(3.1.3.11) 

FDP 1 

Fumarase (4,2.1.2) FUM 2 
Glyceraldehyde-3-phosphate dehy-
drogenase (1.2.1.12) 

GAPD 1 

Glucose-phosphate isomerase 
(5.3.1.9) 

GPI 1 

Esochinase (2.7.1.1) HK 1 
Isocitrate dehydrogenase (1.1.1.42) IDH 1 
Lactate dehydrogenase (1.1.1.27) LDH 1 
Ma late dehydrogenase (1.1.1.37) M D H 2 
Malic enzyme (1.1.1.40) ME 1 
Mannose-phosphate isomerase 
(5.3.1.8) 

MP! 1 

Amino-peptidase (3.4.11) PEP 1 
6-Phosphogluconate dehydrogenase 
(1.1.1.44) 

6PGD 1 

Phosphoglucomutase (2.7.5.1) T G M 1 
Trioso-phosphate isomerase TP! 1 
(5.3.1.1) 
Xantine dehydrogenase (1.2.1.37) XDH 1 

Total number of analyzed enzymes - 20 
Total number of interpreted loci = 22 
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f M 
number 13 20 
weight (g) 
mean 440.6 361.7 
SD 191.0 76.7 
min 258.0 237,0 
max 940.0 523.0 
carapace length (mm) 
mean 100.4 94.8 
SD 13.2 7.0 
min 88.6 81.7 
max 132.2 106.7 

RESULTS 



ANNALES • Ser. hist, nat. • 13 • 2003 • 1 
Marco L. BSANCHiNi el a!.: ENZYMATjC VARIABILITY OF MEDITERRANEAN SLIPPER S..08STER5, SCYUARIOtS LAWS. FROM SICILIAN WATERS, 43-50 

Tab. 3: Electrophoretic methods used for separation of the slipper lobster (Scyllarides latus) samples. 
Tab. 3: Elektroforetične metode, uporabljene za ločevanje primerkov velikega nagajivca (Scyllarides latus). 

enzyme buffer (conc.) Volt/hour/mA coloring technique (reference) 
A D H C (1 x) 160/2:00/10 Richardson etal., 1986 
ADK B (2 x) 160/2:30/18 Richardson etal., 1986 
A L D O TEC 0.075 (1x) 160/2:00/14 Harris & Hopkinson, 1976 
CK C(2x) 160/2:00/18 Richardson et ai, 1986 
EST G (1 x) 160/1:00/18 Richardson etal., 1986 
FDP B (1x) 160/2:00/10 Richardson et at, 1986 
F U M A (2x) 160/1:30/8 Richardson etal., 1986 
GAPD C (1 x) 160/2:00/10 Richardson eta/., 1986 
GP I C (1x) 160/2:00/10 Richardson et a/., 1986 
HK C (1 x) 160/1:15/10 Richardson etal., 1986 
IDH A (1x) 160/1:45/10 Ayala etal., 1972 
L D H B O x ) 160/1:45/10 Selander etal., 1971 
M D H C Ox) 160/1:30/10 Richardson etal., 1986 
ME B Ox) 160/1:30/10 Richardson etal., 1986 
MPI B Ox) 160/1:0Q/10 Richardson etal., 1986 
PEP A (2x) 160/1:45/8 Richardson etal., 1986 
6PGD B Ox) 160/1:30/10 Richardson etal., 1986 
P G M C Ox) 160/1:45/8 Richardson etal, 1986 
TPI B Ox) 160/2:00/10 Richardson etal., 1986 
X D H F (1x) 160/1:45/18 Richardson etal., 1986 

Bibliographic references for the buffers: 
A, B, C, F, G: Richardson ef a/., 1986 
TEC 0.075: Meera Khan, 1971 

DISCUSS ION 

The electrophoretic analysis of the enzymatic: poly-
morphisms has shown low levels of variability in the Si-
cilian population of Scyllarides latus. This result should 
not be interpreted as a bottleneck effect of the numerical 
scarcity of the Sicilian population, but may be structural 
to the taxon (Hardwick & Cline, 1984, 1985, 1986). In 
fact, preliminary unpublished results on two other 
populations, from Israel and from the Azores, seem to 
confirm a minimal heterozygosity. Moreover, this lack 
of genetic diversity is in substantial agreement with the 
pattern observed in other species of large-size decapod 
crustaceans (Hedgecock, 1987). 

On the other hand, the apparent resemblance of the 
slipper lobster samples could be linked to peculiar vari-
ability patterns of the gene-enzyme systems hitherto 
tested; other kind of loci might display higher levels of 
variation. 

The genetic analyses have shown a high similitude 
among the studied animals, coming from distant geo-
graphical locations: this fact suggests that non-local 
specimens could be used, as breeders or seeding stuff, 
in restocking and stock enhancement programs in im-
poverished areas, without exorbitant risks of genetic 

contamination and biodiversity reduction. 
Nevertheless, the seemingly genetic homogeneity of 

the Mediterranean slipper lobsters needs further testing, 
perhaps with more sophisticated techniques (e.g. the 
analysis of microsateilite loci), before the actual intro-
duction of allochthonous material. 

C O N C L U S I O N S 

On the Sicilian coasts, restocking of the now rare 
Mediterranean slipper lobster, Scyllarides latus, could 
achieve stable results, since the decline of the resource 
seems due to a shortage in recruitment, not to environ-
mental degradation. To preserve the biodiversity, and to 
reduce the risks related to the introduction in the genetic 
pool of characteristics different from the local ones, it is 
necessary to make sure that brooders and seeding ani-
mals belong to the autochthonous population, or that 
their origin is genetically similar. 

With this in mind, a genetic comparison of slipper 
lobsters, Scyllarides latus, from different areas in Sicily 
was carried out, electrophoretically checking 22 enzy-
matic activity zones (ADH, ADK, ALDO, CK, EST, FDP, 
FUM-1, FUM-2, GAPD, GPI, HK, IDH, LDH, MDH-1, 
MDH-2, ME, MPI, PEP-2, 6PGD, PGM, TPi, XDH). 
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Tab. 4: Frequencies of alleles for 22 loci in the Sicilian population of slipper lobster (Scyllarides latus). Legend: N -
number of specimens; A = most common/only allele; B - second allele. 
Tab. 4: Frekvence alel za 22 lokacij sicilijanske populacije velikega nagajivca (Scyllarides latus). Legenda: N - št. 
primerkov; A = najpogostejši/edini alel; B - drugi alel. 

llnrUS 
[ÄÖH 
[ N - 29 
[Ä 1.000 
fÄDK 
N 24 

!A 1.000 
1 ALDO 
I N 29 
IÄ" 1.000 l 
j č k 
IN" 24 
[A 1.000 
¡EST 
[N 29 
A 0.983 
B 0.017 
FDP 
N 27 
A 1.000 
FUM-1 
N 29 

:A 1.000 
I FUM-2 
N 29 
A 0.983 
B 0.017 
GAPD 
N 29 
A 1.000 
GPf 
N 29 
A 1.000 
HK 
N 29 
A 1.000 

locus 
IDH 
N 29 
A 0.948 
8 0.052 
LDH 
N 29 
A 1.000 
MDH-1 
N 29 
A 0.983 
B 0.017 
MDH-2 
N 29 
A 0.879 
B 0.121 
ME 

i N 29 
¡A 1.000 
MP1 
N 29 
A 1.000 
PEP-2 
N 29 
A 1.000 
6PGD 
N 29 
A 1.000 
P C M 
N 29 
A 1.000 
TPI 
N 29 
A 1.000 
XDH 
N 29 
A 1.000 

Tab. 5: Cenetic variability estimates (± standard error) for 22 loci in the Sicilian population of slipper lobster 
(Scyllarides latus). 
Tab. 5: Ocene genetske variabilnosti (± standardna napaka) za 22 lokacij sicilijanske populacije velikega nagajivca 
(Scyllarides latus). 

mean No. 
ind./popuiat. (± 

SD) 

mean No. ai-
leles/locus ( N J 

% polymorphic 
loci (p) 

mean heterozygosis (± SD) J mean No. 
ind./popuiat. (± 

SD) 

mean No. ai-
leles/locus ( N J 

% polymorphic 
loci (p) observed (H„) j expected ( H j j 

28.5 (0.3) 1.2 (0.1) 9.1 0.020(0.012) j 0.019(0.011) 
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Tab. 6; test for the rejection of the Hardy-Weinberg equilibrium in the Sicilian population of slipper lobster 
(Scyllarides latus). 
Tab. 6: Test % za zavrnitev Hardy-Weinbergovega ravnovesja v sicilijanski populaciji velikega nagajivca (Scyl-
larides latus). 

locus/class observed expected 9 
X d.o.f. P 

EST 0.000 1 1.000 
A-A 28 28.000 
A-B 1 1.000 
B-B 0 0.000 
FVJM-2 0.000 1 1.000 
A-A 28 28.000 
A-B 1 1.000 
B-B 0 0.000 
IDH 0,057 1 0.812 
A-A 26 26.053 
A-B 3 2.895 
B-B 0 0.053 

| M D H - I 0.000 1 1.000 
A-A 28 28.000 
A-B 1 1.000 
B-B 0 0.000 
MDH-2 0.461 1 0.497 
A-A 22 22.368 
A-B 7 6.263 
B-B 0 0.368 

The Sicilian slipper lobsters show a very modest 
electrophoretic variability in the examined loci. 20 loci 
are completely, or almost completely, fixed in the same 
allele, and the polymorphism is low in tine other 2 loci 
( IDH and MDH-2) too. The observed heterozygosity ( H J 
equals 0.020, and the expected heterozygosity (Ha) 
equals 0.019, the mean number of alleles per locus (Na) 
is 1.2 and the percent of polymorphic loci is 9.1. 
Moreover, using the y? analysis, the studied Sicilian 
population of S. latus results in substantial equilibrium 
in all the examined loci. 

In fact, this lack of genetic diversity is in substantial 
agreement with the pattern observed in other species of 
large-size decapod crustaceans. The genetic analyses 
have shown a high similitude among the studied ani-
mals, coming from distant geographical locations: this 
result suggests that non-local specimens could be used, 
as breeders or seeding stuff, in restocking and stock en-
hancement programs in impoverished areas, without 
exorbitant risks of genetic contamination and biodiver-
sity reduction. 
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POVZETEK 

V sicilijanskih obalnih vodah bi z vlaganjem zdaj redkega velikega nagajivca, Scyllarides latus, dosegli bržkone 
dobre rezu/tate, saj vse kaže, da upadanja njegove populacije ne gre pripisati degradaciji tega morskega okolja. 
Toda da bi ohranili biodiverziteto v teh vodah in hkrati zmanjšali tveganja, povezana z vlaganjem osebkov v genet-
ski "pool" z značilnostmi, ki se razlikujejo od lokalnih, bi bilo treba zagotoviti, da osebki za razplod teh rakov 
pripadajo avtohtoni populaciji, ali pa da je njihov izvor genetsko podoben lokalnemu. 

V ta namen smo opravili genetske primerjave med velikimi nagajivci, Scyllarides latus, iz različnih območij si-
cilijanskih obalnih voda z elektroforetičnim pregledovanjem 22 encimatskih con aktivnosti (ADhi, ADK, ALDO, CK, 
EST, EDP, FUM-1, FUM-2, CAPO, GPI, HK, IDH, LDH, MDH-1, MDH-2, ME, MPl, PEP-2, 6PGD, PGM, TPI, XDH). 

Na raziskanih lokalitetah je bila ugotovljena zelo skromna elektroforetična variabilnost velikih nagajivcev. 20 
lokaiitet je docela, ali skoraj docela, ustaljenih v istem alelu, polimorfizem pa je nizek tudi v dveh preostalih lo-
kacijah (IDH in MDH-2). Opazovana heterozigotnost (Hj je bila 0,020, pričakovana heterozigotnost (HJ 0,019, 
srednje število alel na lokal iteto (NJ 1,2 in odstotek polimorfične lokalitete 9,1. Poleg tega smo z analizo ugoto-
vili, da je preučevana sicilijanska populacija velikega nagajivca v precejšnjem ravnovesju na vseh pregledanih lo-
kacijah. 

Pravzaprav se to pomanjkanje genetske pestrosti v precejšnji meri ujema z vzorcem, opaženim pri drugih vrstah 
velikih dekapodnih rakov. Genetske analize so pokazale veliko podobnost med preučevanimi živalmi z oddaljenih 
geografskih lokacij, kar daje misliti, da bi za razplod in povečanje populacije v teh osiromašenih vodah lahko upo-
rabili oseMe iz drugih voda, in to brez večjih tveganj za genetsko "kontaminacijo" in zmanjšano biodiverziteto v si-
cilijanskih obalnih vodah. 

Ključne besede: Crustacea, Decapoda, Scyilartdae, Scyllarides, genetika, elektroforeza 

REFERENCES 

Ayafa, F. J . , } . R, Powefl, M. L. Tracey, C. A. Mourao & 
S. Perez-Saias (1972): Enzyme variability in the Droso-
phila willistoni group. IV. Genie variation in natural 
populations of Drosophila willistoni. Genetics, 70, 113-
139. 
Bianchini, M. L., L. Chessa, S. Greco, S. Ragonese & G. 
Scarpelli (1996): Morphometry aspects of slipper lob-
ster, Scyllarides latus. Proc. VI. Coll. Crustacea Deca-
poda Medit. 12-15 September 1996, Firenze, Italy. 
Bianchini, M. L., S. Greco & S. Ragonese (1998): II pro-
getto "Valutazione del la fattibilith e potenzialitis del ri-

popolamento attivo per la magnosa, Scyllarides latus 
(Crostacei Decapodi)": sintesi e risultati. Biol. Mar. 
Medit., 5(3), 1277-1283. 
Deiana, A. M., M. L. Bianchini, E. Coiuccia, A. Milia, R. 
Cannas, D. Serran & S. Salvadori (1997): Dati prelimi-
nary sulla cariologia del la magnosa (Scyllarides latus, 
Crustacea, Decapoda). Biol. Mar. Medit., 4(1), 640-642. 
Hardwick, C. W . Jr. & G. B. Cline (1984): Genetic 
characterization of a population of Scyllarides nodifer 
using isoelectric focusing (IEF) on some gene products, j. 
Ala. Acad. Sci., 55, 140-162. 
Hardwick, C. W . Jr. & G. B. Cline (1985): Differences in 
isoelectric focusing and eiectrophoretic mobility of iso-

49 

mailto:imarbot@mclink.it


ANNALES • Ser. hist nat. • 13 - 2003 • 1 
Marco L. BSANCHINI e! ai: ENZYMATIC VARIABILITY OF MEDITERRANEAN SLIPPER LOBSTERS. SCYUARIOtS LATUS, f ROM SICILIAN WATERS, 43-50 

zymes and proteins in tissue extracts of the slipper lob-
ster Scyllarides nodifer (Stimpson). Isozyme Bull., 18, 
53-55. 
Hardwick, C. W. jr. & G. B, Cline (1986): Isozymic 
analysis of the slipper lobster Scy liar ides nodifer (Stimp-
son) from the northern Gulf of Mexico, isozyme Bull., 
19, 34-35. 
Harris, H. & D. A. Hopkinson (1976): Handbook of en-
zyme electrophoresis in human genetics. North Holland 
Publ. Co., Amsterdam, 374 pp. 
Hedgecock, D. (1987); Population genetic bases for im-
proving cultured crustaceans. Proc. World Symp. Selec-
tion, Hybridization, Genetic Engineering in Aquaculture, 
Vol. 1, Berlin. 
Hunter, R. L. & C. L, Marker! (1957): Histochemical 
demonstration of enzymes separated by zone electro-
phoresis in starch gel. Science, 125, 1294-1295. 
Meera Khan, P. (1971): Enzyme electrophoresis on cel-
lulose acetate gel: zymogram patterns in man-mouse 

and man-Chinese hamster somatic cell hybrids. Arch. 
Biochem. Biophys., 145,470-483. 
Nei, M. (1978): Estimation of average heterozygosity 
and genetic distance from a small number of individu-
als. Genetics, 89, 583-590. 
Prakash, S., R. C. lewontin & J. L. Hubby (1969): A 
molecular approach to the study of genie heterozygosity 
in natural populations. IV. Patterns of genie variation in 
central, marginal and isolated populations of Drosophila 
pseudo-obscura. Genetics, 61, 841-858. 
Richardson, B. P. R. Baverstock & M. Adams (1986): 
Allozyme electrophoresis: a handbook for animal sys-
tematics and population studies. Academic Press, Syd-
ney, Orlando. 
Seiander, R. K., M. H. Smith, S. Y. Yang, W . E. Johnson 
& J. B. Gentry (1971): Biochemical polymorphism and 
systematic« in the genus Peromyscus. I. Variations in 
the old-field mouse {Peromyscus polionotus). In: Studies 
in genetics. Vol. VI. Univ. Texas Publ. 7103, 49-90. 

50 


