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A SEROLOGICAL AND INTNTUNOLOGICAL STUDY
ON THREE LIZARDS OF GREECE (SAURIA: LACERTIDAE)

By B.P. CnoxnnopouLos AND .l .J. Lvr'q.xts

The degree of immunological cross-reactions of an antiserum against
a protein antigen with the corresponding proteins ol other related taxa,
reflects evolutionary changes on antigenic determinants of comparing
homologous proteins. These changes are the expression of genetic dif-
ferences existing among compared taxa. on the basis of this kind of
immunological analysis of plasma proteins and hemoglobins and rvith
related electrophoretic studies, l'arious problems of taxonomy, phylo-
gen1, antl evolution of many reptilian taxa have been investigated by
many investigators (Lykakis, 1973; Dessartet, I974 a,b; Higgins and
Rand, 1975; Gorman and Kim, 1976, etc). Among these studies some
are referred to lizard serum proteins, hemoglobins and enzymes (Gor-
man et. al., t97t; Higgins, 1973; Dessater, L974 a,b; I{iggins and Rand,
19i5). By these methodological approach, qualitati.r,e ancl quantita-
tir.e differences w€re revealed among various genera and eongenerir'
sp ecres.

In the present study, an electrophoretic and immunological analysis
ol three lizards from Greece is reported. All three species belong to the
genus -Lacerta. The results ohtained are discuSsed in conner,t'ion u'ith
zoogeographical and ecological ohservations.

Materials and methods

-lnimaLs and anirnal sera

The lizards used are Lacerta viridis, L. trilineata and L. taurica
from Peloponnese and trvo Ionian islands (Zakynthos and Cephalonia).
Indir-rclual blood samples were collectecl from the heart of anaesthetized
anirnals. -\fter clotting the sera were separated and stored at -25 oC

rrrrtil rrse. Trvo rabbits were immunized rvith serum of the lizarul L.
tirttlis, One part of serum and one part of complete freund's adjuvant
.r-ere erlulsified. One ml of the emultion s,as subcutaneously distributed
jn the neck region and 3 weeks later each rabbit *-as given a similar
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injection on the hind footpads. Three weeks ]ater a boosted injection of
0.3 ml serum was injected and 5 days after the third injection of a si-
milar dose of serum was given into fabbits. Rabbits were exsanguinated
one week after the last antigen administration. Rabbit blood was al-

O. D. 28O nm

Fig. 1. A typical titration cur,e of a rabbit antiserum against the serum pro-
teins of the lizard, L. ciridis. on ilre horizontal axis the antigen concentrations and

on the vertical axis the immnne precipitate formed.
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lowed to clot, the separated serum clarified by centrifugation (twice)
at 8,000 rpm. on a Sorvall refrigerated centrifuge and stored in small
aliquots at -25 oC.

Starch gel eLeclrophoresis

Starch gel for serum electrophoresis was prepared as originally
described by Smith (1968). The buffers used for gel preparation and
electrophoresis are described by Aston and Bradon (1961), r,vith minor
modifications. Electrophoresis were performed rn'ith constant current
of 2.5 m-A/cm for 2 and t/2 hours and sliced gels stained in 0.01 o/o

amidoblack solution.

I mmunodiffusion and immuno electrophoresi s

Agar gel for immunodiffusion and immunoelectrophoresis analysis
was pr€pared using L o/o of special agar-noble (Difco) in barbital buffer,
pH 8,4; Electrophoresis was carried out at 5m-A per slide lor 7 and Lf2
hours and immunoprecipitation lines, rvere developed in approximately
24 hours. Slides rvere rvashed, dried and stained in acid fuchsin solution.

Quont itat i ve i mmunopreci pitation

A series of dilutions of sera from lizard$ was prepared in borate-
buffered saline and a titration curye obtained bv mixing 0,2 ml of
antiserum r,'ith an equal volume of lizard serum dilution. Tubes u,ere
allorved for 2 hours at room temparature and then stored for approxi-
mately 24 hours at -4 oC. Immune precipitates were rvashed three times
r,vith cold borate-buffer saline and protein contents determined by
Lorvry method. A typical titration curve is shown in Fig. 1.

Results

The electrophoretic analysis of serum proteins of the lizards studied,
revealed some differences mainly confined on a and B globulin regions
(Fig. 2). The electrophoretic patterns of serum proteins of the lizards
L. r'iridis and ,L. trilineata don't show major differences. On the contrary,
the sernm protein pattern of the lizard L. taurica differs more pronounced
Irom the corresponding pattern of the other two lizards.

Electrophoretic mobility of albumins of all three lizards are si-
nr i1ar.
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Fig. 2. Electrophoretic patterns of Lhe serum proteins of the Iizards : A,: L.
tilineata, B : .L. oiridis arrd. C : L. taurica.

The immunoelectrophoretic comparison of serum proteins, using
rabbit antisera against s€rum proteins of the lizard L. oiridis, reyals
strong antigenic differences among the three lizards studied. The dif-
ferences concern the number of visible precipitin lines and the strength
of some of them. At least 12 immunoprecipitation lines were frmed

Fig. 3. IrtrmunotrlectrophoroIic
A - L. trilineo.to.,

patterns of tlre serun prol"eins o{ the lizards:
tl : 1,. pirldrls and C - L. t.o.ttico
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when serum of the lizard, L. oiridis, was deYeloped with rabbit anti-
serum against the serum of that lizard. However, with this antiserum,
the sera of the lizards L. trilineata and L. tawrica form t0 and 8 im-
munoprecipitation lines respectively. The intensity of lines are decreasing
as following : L. eiridis -+ L. trilineata -+ L. taurica. The above differen-
ces are shown on Fig. 3. In addition, by immunodiffusion antigenic
differences of serum proteins were shown to exist among the above
three species (Fig. 4).

Fig. a. Comparison of serum proteins of lizards by irnrnunodiffusion : A : Z.
tiLineato., R - L. pirldis and C - L. ta,urica,.

The results obtained by quantitative immunoprecipitation are
summarized on Table t. Immune precipitates formed by sera of the
three lizards at equivalence zone are expressed as an optical density

Tabie I. Results of quantitative immunoprecipitation of lizard sera,
rleveloped with a rabbit antiserum against serum of L. uiridis.

100

98
60

Lizaril serum concentration for comparison : Ll30 serum dilution.
\urrbers in parenthesis show the number of samples tested'

Species Mean O . D.
at 750nm

Percentage
precipitation

of Immunological
(%) distance

L. piridis
L. trilineata
L. taurica

1,028 (6)
1.,0L2 (7)
0,620 (6)

2

40
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(O.D )at 750 nm. From the values of O.D. of each species (i.e. 1.028
for L. c'iridis, 1.0L2 lor L. trilineata and 0.620 for L. taurica), the im-
munological distances were calculated by abstracting the percentage
of each precipitate from 100. The value of 100 corresponds to the im-
mune precipitate of the reference (or homologous) species, the serum
of which \rt'as used for antiserum preparation.

Discussion

According to the existing fossil records the modern Squamata anrl
Rhynchocephalia are tlerived from Lepidosaurian in early permian
period and various families of modern lizards appeared in the rniddle
Jurassic (Romer, 1966). In a detailed two-yolume monograph of Lacer-
tidae lBouleng€r) 1920) this family appear to be a large one. On the
above work 22 genera and 145 species belonging to Lacertidae are
described. Modern Lacertidae har.e a palaearctic-ethiopian distribution
and in Greece is the most rich in species family among sauria. At least
12 species of Lacertidae are referred to encounter in the mainland anci
islands of Greece (Ondrias, 1968)" Horvever, it seems that serological and
immunological studies on Lacerta species from Greece are nonexisting.

Both electrophoretic and immunological results obtained in the
present study, revealed a great similarity between L. piridis and Z.
trilinee,ta. The third lizard L. taurica shows rhore pronounced differences
among the three lizards (immunological distance 40 from L. oiridis).

As far as other morphological characteristics is concern, it can be
said very briefly that body size and various body parts measurements
and the scale pattern of some body regions, differ stronglv in the three
lizard species (Table 2). The lizard, L. taurica is a small one ivith a mean

Table II. Some body characteristics of three lizards.

Mean weight

Species (grams)
Mean whole body }Iean snout - I'ent

length (mm) length (mm)

oo oo

L. viridis 40,3 (i) 33,3 (6)

oo AO oo ?9
3i,2 (7) 32,i (6) rle (8) 111 (8)

2e,0 (6) e3 (7)

18,s (15) 16,i \1\ 66 (18) 63 (14)

[,. trilineata
1,. taurica *

16,i (6)

5.' (15) 4,1 (i)

* From Zakynthos population.
Numbers in parenthesis show the number of samples tested.
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body weight of 5,7 (oo) and 4,1 (oo) grams and a snout-to-vent length
of 66 (oo) and 63 (oo) mm. On the other extreme is the lizard, L. uiridis,
r,vith corresponding values 40,3 (oo) and 33,3 (oo) grams and 119 (oo)
and 111 (oo) mm. Betrn'een those extremes lies the lizard, L. trilineeta.
So, serological and immunological findings are in agreement rn'ith mor-
phological characteristics. All these findings might suggest an earlier
separation of the lizard, L. ta,urica, from the phylogenetic ancestry of
the other two lizards. On the other hand, the lizards, L. piridis and L.
trilineata are grouped to the subgenous Lacerta but the lizatd, L.
taurica, belongs to the subgenus Poda.rcis (Cyren, t94t and Boulenger,
r920).

From zoogeographical and ecological point of view there are some
preliminary interesting observations. The lizards, L. oiridis, rvhich is
a common species on the continental parts of Greece is a relatively rare
species on the Ionian islands studied. The lizard, L. taurica, is a domi-
nant species among lizards community on Ionian islands .according to
our current study and to an older report (['Iahnert, 1973). When this
lizard is in sympatry rvith L. piridis their ecological requirements are
apparently different. So, the large lizard, L. viriclis has been confined
for its activities t,o habitats with thick bushes and other unapproachable
habitats. The lizard, L. taurica, is found in different habitats, mainly
cor.erecl bv grass and lorv vegetation and its densibv is approximatelv
1 individualll0m 2.

Tlre lizards L. viridi,s and -L. trilineata were f ound in most tases in
the same habitat, even in an area of few m 2. On this point rve are in
agreement with other authors (Klemmer, 1975).

Summary

The present study concerns u,ith phylogenetic relationship of three
lizards belonging to Lacertidae, i.e. L. c,iridis, L. trilineata artd L. tau-
rica. Tb.e studied populations are those on rvestern parts of Peloponnese
anil Ionian islands Cephalonia and Zakynthos. The degree of phyloge-
netic relationships is conferred from electrophoretic and imniunolo-
qrcal analysis of the serum proteins. These findings are correlated with
scnre ecological and zoogeographical obsen,ations. The lizarcl, L. taurica,
uiuch i,s a clominant species in the lizard community of Ionian islands,
slrorvs greater remoteness from the lizard, L. oiridi.s, in comparison with
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the other lizard (L. trilineata). Also, some body measurements are in
agreement with the immunological and electrophoretic results obtained
The above findings suggest that the lizard, L. tawrica, was earlier diverged
from the common evolutionary line of the lizards under study.

R6sum6

Les auteurs examinentles affinites phylog6niques entre trois espdces
du genre Lacerta d'aprds des sp6cimens proyenant de populations du
Peloponndse occid. et des iles loniennes. Ils donnent une bstimation du
degr6 de parent6 en se fondant sur l'analyse 6lectrophor6tique et im-
munologique des proteines s6riques et i]s font un rapprochement entre
leurs r6sultats et certaines donn6es ecologiques etr zoog6ographiques.

Lacerta taurica, qui domine dans les iles de la Mer Ionienne pr6-
sente un degr6 de parent6 nettement moindre avec L. pirid,is qu,avec
L. trilineata qui paralt tres proche de la premidre. Ils considdrent que
les donn6es somatom6triques renforcent ]es r6sultats immunologiques
et electrophor6tiques et concluent que l'espdce. L. taurica s'est d6tach6e
de fagon pr6cooe de la ligne 6volutive commune, au d6part,, aux trois
espdces etudi6es.

ftepi)"11y11

)tiv rapoUoa ipeuva d.va).rierar, r) gui,.oyeva.rr,zi ouly6ver,a rpr,6v eiEdv
oaupdrv ri1c, oixo^yeveia6 Lacertidae. Td al81 ;cou tler&\o,nw eivar. rd. dxo-
)'ouOx Lacerta viridis, L. trilineata xai. L. taurica. oi i[ec*(6prevou
;r).10uopoi xpoLpyovta,. dnd tiv A. fle).or6vtr1oo r.a.i rd. w,oca toD ,Iovlou

Zdx,y1o zcri, I{ega),),ovud. T& gu}oyeverr,x* eigiy.ara ovoTeiL(,ov:tu pi 6pr,-

op6va oixo).oyud. xai. (orol,scuypagmd. orotT_eia. 'O pa0prb-c ri6 gu).oyeve-
txi,q ouyy|velag ouvdyeru,. &ii6 t'i1v !),ezrpogoprlrr.x:\ xa.i dvooril.o^1tz:\ &vx-
).uor; tdv npcoreiv6v toD 6poU. 'H ou,|ga. L. taurica, -i1 6noi.u zuplaplei
ot& vrlor& toU 'Ioviou, rapovo,d(e,- prr,xp6tepo pa0prd oui,i,6velaq ;ipb6 td
el8o5 L. r,iridis iv6 rb aZ8o6 L. trilineata eIval Tcoiri ouyysviq pi rd rgol-
yo,igevo. 'EnLoTq t& ocopLaroper?txd ototyeia ivLoT[ouv t* dvoor,o),oyuxd.

xxi i1),exrpogr.,pr1r,,xd. &.irore)r€oy-xra.'And "; 61()r.y,eT,x aitd. oupnepalve-
rat 6rt td eIEo6 L. taurica d.roy-r,tpLorlxe dvopirepr dn6 tiv xouv| 3(e).r
xrr.x"i1 yp6(ppi tdrv i(eta(opdvcov oeup6v.
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