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Abstract: The blood serum proteins of Meriones meridianus, Meriones crassus, Meriones persicus and Meriones tristrami, all found
in Turkey, along with domestic Meriones unguiculatus, which originated in Mongolia, were examined for the first time by SDS-PAGE.
In the globulin zone, seven to ten bands were identified, one band in the post-albumin and albumin zones and one or two bands in
the pre-albumin zone of five species of the genus Meriones. There was no diagnostic difference in the pattern of serum protein bands
between species.
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Meriones (Mammalia: Rodentia) Cinsinin Bazi Tirlerinin Kan Serum Proteinlerinin
SDS -PAGE Ozellikleri

Ozet: Tirkiye'de yayilis gésteren Meriones meridianus, Meriones crassus, Meriones persicus ve Meriones tristrami ile Mogolistan
kokenli evcil Meriones unguiculatus un kan serum proteinleri SDS -PAGE teknidi ile ilk kez incelendi. Meriones cinsinin ¢alisilan bes
tlrinde globulin bolgesinde yedi — on band, post-albumin ve albumin zonlarinda bir bant ve pre-albumin zonunda ise bir — iki bant

tespit edildi. Bu cinsin tirlerinin serum protein bantlari arasinda herhangi bir diagnostik farklilik bulunmadi.
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Introduction

The dominant genus of gerbils is Meriones, which is
confined to the Palearctic region (1). According to
Harrison and Bates (2), the genus Meriones is
represented by seven species in the Middle East. Of these
species, Meriones meridianus, Meriones libycus, Meriones
crassus, Meriones persicus, Meriones tristrami and
Meriones vinogradovi have been reported in Turkey in
many taxonomic, morphological and biological studies (3-
12). Meriones unguiculatus, another species of the genus
Meriones, is naturally distributed in Mongolia and
adjacent countries (1,13). Up to now, there have been no
electrophoretic studies on blood serum proteins of the
genus Meriones. Brand and Ryckman (19) have pointed
out the taxonomic importance of blood serum proteins
for the genus Peromyscus. Apart from these, there have
only been a few studies of Turkish rodents (28-31). This
is a preliminary paper and the first report of work on
blood serum proteins of M. meridianus, M. crassus, M.
unguiculatus, M. persicus and M. tristrami. Furthermore,

this study also aims to assess whether the electophoretic
aspects of blood serum proteins are of taxonomic
importance for the genus Meriones.

Materials and Methods

SDS-PAGE (sodium dodecyl sulphate polyacrylamide
gel electrophoresis) analysis was performed on live
specimens caught in 8 different localities in the
distribution and record areas of M. meridianus (n= 14),
M. crassus (n= 6), M. persicus (n=3) and M. tristrami (n
=13) in Turkey (Fig. 1), along with four specimens of M.
unguiculatus obtained from a pet shop. Globulin (G) and
albumin (A) regions with subzones were assayed in all
specimens. The globulin region was considered without
separating into subzones, but the albumin region was
subdivided into post-albumin (PsA), albumin (A) and
prealbumin (PA) zones. Blood was taken by cardiac
puncture from the animals, which had been anaesthetized
with ether. After blood clotting, the separated sera were
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Fig. 1. The localities of the specimens
examined. 1. Kirsehir, 2. Kayseri,
3. Ankara, 4. Kilis, 5. Nizip, 6.
Yesgilkoy (M. tristrami), 7.
Oltu/Erzurum (M. persicus), 8.
Caylik/Sanhurfa (M. crassus), 9.

Aralik/Igdir (M. meridianus).

MEDITERRANEAN SEA

centrifuged at 12,000 rpm for 3 min. The sera were
mixed with a sample buffer as described by Laemmli (32).
The final concentration of sera was adjusted to 5%.
Samples were boiled for 3 min and stored at -70°C until
electrophoresis. Electrophoresis was carried out using a
Consort E 863 model vertical slab gel electrophoresis
apparatus.  SDS-polyacrylamide  denaturing  gels
(separating gels (7.5%) and stacking gels (4%)) were
prepared as described by Sambrook et al. (33). The
amount of protein loaded to the gel was semi-
quantitatively determined according to Esen’s method
(34). Electrode buffer solution was made up of 0.025 M
Tris, 0.192 M Glycine and 0.1% SDS at pH 8.3 (33). A
sample of 15 pl and Molecular Weight Marker (Sigma
MW- SDS - 200, carbonic anhydrase: 29000, egg
albumin: 45000, bovine albumin: 66000, phosphorylase
B: 97400, B-galactosidase: 116000, myosin: 205000)
were applied to gels in the experiments. Constant voltage
(8 V/cm) was applied to stacking gel. After the tracing
dye attained the separating gel, the voltage was adjusted
to 15 V/cm. After electrophoresis, gels were stained with
0.25% Coomassie Brilliant Blue R250 (CBB) in a solution
of methanol, water and glacial acetic acid (45:45:10), and
destained in the same solution without CBB.

Results and Discussion

M. meridianus was first recorded in Aralik province
(Igdir), and its distribution is confined to this area of
Turkey (10). Serum proteins of 14 specimens of M.
meridianus captured from Aralik/Igdir were examined by
SDS-PAGE electrophoresis (Figs. 1, 2). Male and female
specimens were evaluated together as there are no
differences between the sexes. Globulin (G) and albumin
(A) regions were assayed in 14 specimens. Nine or ten
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bands were determined in the globulin region, and this
variation resulted from the patterns of the first three or
four weak bands. The bands in the globulin region were
usually stained weakly. However, there was a strong
band almost between the marker proteins of 205000 D
and 116000 D. Post-albumin and albumin zones were
monomorphic and strong in all specimens examined. One
phenotype had a fast PA band, a second had a slow PA
band, and a third phenotype also had two bands of equal
density. This phenotype was probably in heterozygous
state (Fig. 2). M. crassus is distributed in south-east
Turkey (10) (Fig. 1). We discovered one electrophoretic
pattern in blood serum protein with nine bands in the
globulin region. The strong band approximately between
the marker proteins of 205000 D and 116000 D was
also found in this species. PsA and A zones were similar
to those of the previous species, but the PA zone had 2
bands. One of these bands was fast and strongly stained,
but the other was slow and weaker (Fig. 2). M.
unguiculatus is not found in Turkey. This species, known
as the Mongolian gerbil, is distributed across central Asia
(13). Blood serum proteins of four specimens of M.
unguiculatus from a laboratory colony were assayed by
SDS-PAGE. Nine bands without variation were observed
in the globulin region of the specimens examined. The
band patterns in the globulin region were similar to those
of M. crassus. PA and A zones were the same as those of
previous species, but the PsA band was markedly slower
than that of other species of the genus Meriones. The PA
zone had 2 bands (Fig. 2). M. persicus is confined to a
single locality around Oltu/Erzurum (6) (Fig. 1). Two
different patterns of blood serum protein in the globulin
region with 7-8 bands were observed in the specimens of
M. persicus. The variation resulted from patterns of the
first three weak bands. Of the specimens, one had only
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Fig. 2. SDS-PAGE patterns of serum proteins of M. meridianus (1-
4), M. crassus (5) and M. unguiculatus (6), G= Globulin,
PsA= post-albumin, A= albumin, PA= pre-albumin, Mr= — | g
marker (7).

two weak bands, but the other two had three weak bands
in the globulin region (Fig. 3). The strong band in the
globulin region was almost in the marker proteins of

205000 D. Additionally, the PsA, the A and the PA zones 1 2 3 4 5

were found to be the same as those of M. crassus. The Fig. 3. SDS-PAGE patterns of serum proteins of M. persicus (1-3)
first band in the PA zone was weaker than the second and M. tristrami (4), G= Globulin, PsA= post-albumin, A=
(Fig. 3). M. tristramiis a common species, which occupies albumin, PA= pre-albumin, Mr= marker (5).
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The subgroups of serum

protein/Species G PsA A PA References

Meriones meridianus 9-10 1 1 1-2 This study

Meriones crassus 9 1 1 2 This study

Meriones unguiculatus 9 1 1 2 This study

Meriones persicus 7-8 1 1 2 This study

Meriones tristrami 7 1 1 2 This study
Mesocricetus brandti 7 1 1 2 Verimli et al. (2000a)
Mesocricetus auratus 7 1 1 2 Verimli et al. (2000a)
Apodemus mystacinus 7-8 1 1 2-4 Verimli et al. (2000b)
Apodemus agrarius 9 1 1 2 Verimli et al. (2000b)
Rattus rattus 8-12 1-2 1 1-4 Yigit et al. (2001)
Rattus norvegicus 8-11 1-2 1 3-4 Yigit et al. (2001)
Apodemus flavicollis 6-7 1 1 2 Verimli et al. (2001)
Apodemus hermonensis 7-9 1 1 2 Verimli et al. (2001)

the steppe areas of Turkey (9) (Fig. 1). We identified only
one different type of blood serum protein pattern in the
specimens of M. tristrami. Seven bands were observed in
the globulin region of the specimens from Kirgehir,
Kayseri, Ankara, Kilis, Nizip and Yesilkdy (Fig. 3). The
strong band in the globulin region almost corresponded
to the marker proteins of 205000 D in M. persicus (Fig.
3). There was a weak band in front of this strong band
that was constantly present in the blood serum pattern of
M. tristrami. Post-albumin and albumin zones were
monomorphic and strong in all the specimens examined.
A very weak band constantly appeared between the PsA
zone and the A region, but this was judged to be a smear
(Fig. 3). The pre-albumin zone consisted of two bands.
The slow one was weaker than the fast one.

Verimli et al. (28, 29) and Yigit et al. (30) performed
electrophoretic studies on the blood serum proteins of
Mesocricetus brandti, Mesocricetus auratus, Apodemus
mystacinus, Apodemus agrarius, Apodemus hermonensis,
Apodemus flavicollis, and Rattus rattus and Rattus
norvegicus respectively. They detected a single band in
the A zone and variations in other zones such as G, PsA
and PA (Table 1). Nagase et al. (21) also reported the
patterns of PsA and A bands of analbuminemic
Sprague-Dawley rats. These findings are consistent with
our results. Freguedakis-Tsolis et al. (24) determined
two bands in the A zone of A. flavicollis and A.
mystacinus, and one band in that of A. sylvaticus as well
as one band in the PA of both species. According to
Freguedakis-Tsolis and Chondropoulus (25), there are
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Table 1.

The subgroups and their bands of
the four main blood serum proteins
of the genus Meriones along with a
comparison of other species from
Turkey (G= Globulin, PsA= post-
albumin, A= albumin, PA= pre-
albumin).

two bands in the PA zone of Mus musculus, one band in
A. flavicollis and no band in Pitymys atticus. These
authors also reported one band in the A zone of M.
musculus and P. atticus and two bands in A. flavicollis.
Brown and Welser (18) and Jensen and Rasmussen (20)
found three bands with different mobilities and 1-2 bands
with five different mobilities in the A zone of the genus
Peromycus, respectively. In contrast, species of the genus
Meriones had only a single band in the A zone, as
reported for other species from Turkey (28-30).
However, the patterns of PA in the genus Meriones have
been similarly reported for other rodent species by
Reuter and Kennes (16), Gemmeke (23), Freguedakis-
Tsolis et al. (24), Freguedakis-Tsolis and Chondropoulus
(25), Verimli et al. (28,29) and Yigit et al. (30). Brand
and Ryckman (19) revised the taxonomic relationship of
Peromyscus eremicus, P. guardia and P. interparietalis
using morphologic and electrophoretic data. They stated
that the protein patterns showed consistent inter-
population differences, which tend to support the current
interpretation of the taxonomy of this genus, and the
serum protein data indicated a closer relationship
between P. eremicus and P. interpariatelis. Unlike these,
according to comparisons of the SDS-PAGE pattern of the
genus Meriones, no post-albumin and albumin
polymorphisms were observed in the four species
studied. However, M. unguiculatus has a slow band in the
PsA zone. In conclusion, the patterns of serum protein
bands investigated failed as a diagnostic indicator of the
genus Meriones in Turkey, unlike those reported for the
genus Peromyscus by Brand and Ryckman (19).



References

1.

Corbet, G. B., The Mammals of the Palaearctic region: a taxonomic
review. Brit. Mus. Nat. Hist., Cornell Univ. Press, London, 1978.

Harrison, D. L., and Bates, P. J. J, The Mammals of Arabia. Sec.
Ed. Harrison Zoological Museum Publication, Kent, England,
1991.

Thomas, O., On two new Muridae from Smyrna. Ann. Mag. Nat.
Hist. 9: 188-190, 1903.

Thomas, O., Notes on Gerbils referred to the genus Meriones, with
descriptions of new species and subspecies. Ann. Mag. Nat. Hist.
3: 263-273, 1919.

Misonne, X., Mammiféres de la Turquie Sub-orientale et du nord
de la Syrie. Mammalia 21 53- 57, 1957.

Yigit, N., and Colak, E., A study on taxonomy and Karyology of
Meriones persicus (Blanford, 1875) (Mammalia: Rodentia) in
Turkey. Tr. J. of Zoology, 269 274, 1999.

Kefelioglu, H., Turkiye Meriones tristrami Thomas, 1892
(Mammalia: Rodentia) lerinin taksonomik durumu ve karyolgjik
Ozellikleri. Tr. J. of Zoology, 21(1): 57- 62, 1997.

Yigit, N., Kivang, E., ve Colak, E., Turkiye'deki Meriones llliger,
1811 (Mammalia: Rodentia) Turlerinin Teshis — Karakterleri ve
Yayihigl. Tr. J. of Zoology 21 (4): 361- 374, 1997.

Yigit, N., Kivang, E., and Colak, E., On the taxonomic status of
Meriones tristrami Thomas, 1892 (Rodentia: Gerbillinae) in
Turkey. Zoology in the Middle East. 16: 19 - 30, 1998.

Yigit, N., Kivang, E., and Colak, E., Contribution to taxonomy and
karyology of Meriones meridianus (Pallas, 1773) and Meriones
crassus Sundevall, 1842 (Rodentia: Gerbillinae) from Turkey. Z.
Sdugetierkunde. 63: 311-314, 1998.

Yigit, N., and Colak, E., A new subspecies of Meriones tristrami
Kkilisensis subsp. n. Tr. J. of Zoology. 22: 99-104,1998.

Neuhduser, G., Die Muriden von Kleinasien. Z. Sdugetierk. 11:
161 - 236, 1936.

Wilson, E., and Reeder, M. D., Mammals Species of the World.
Sec. Ed. Smithsonian Institution Press, Washington and London,
1993.

Pantelouris, E. M., and Hale, P. A., Developmental changes in the
plasma protein pattern of the mouse. Nature, 195: 79, 1962.

Auherheimer, A. H., William, C., and Atchley, F. O.,
Electrophoretic studies on blood serum proteins of rodents. J. of
Mammalogy, 41: 405-407, 1960.

Reuter, A., and Kennes, F., Strain and sex dependency of pre-
albumin in mice. Nature, 5037: 745, 1966.

Pantelouris, E. M., and Arnason, A., Serum proteins of Apodemus
sylvaticus and Mus musculus. Comp. Biochem. Physiol., 21: 533-
539, 1967.

Brown, J. H., and Welser, C. F., Serum albumin polymorphisms in
natural and laboratory populations of Peromyscus. J. of
Mammalogy, 49: 420-426, 1968.

Brand, L. R., and Ryckman, R. E., Biosystematics of Peromyscus
eremicus, P. guardia, P. interparietalis, J. of Mammalogy, 50:
501-513, 1969.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

R. COLAK, N. YIGIT, E. COLAK, R. GATTERMANN, K. NEUMANN

Jensen, J. N., and Rasmussen, D. I., Serum albumins in natural
populations of Peromyscus. J. of Mammalogy, 52: 508-514,
1971.

Nagase, S., Shimamune, K., and Shumia, S., Albumin-deficient rat
mutant. Science, 205: 590-591, 1979.

Gattermann, R., von. Hamatologische und Klinischen-chemische
Normalbereiche der Mongolischen Wustenrennmaus (Meriones
ungiuculatus). Z. Versuchstierk. 21: 273-275, 1979.

Gemmeke, H., Genetische Unterschiede zwischen rechts—und
linksrheinischen Waldmausen (Apodemus sylvaticus), Bonn. Zool.
Beitr. 32: 265-269, 1981.

Fraguedakis-Tsolis, S. E., Chondropoulos, B. P., Lykakis, J. J., and
Ondrias, J. C., Taxonomic problems of wood mice, Apodemus
spp., of Greece approached by electrophoretic and immunological
methods. Mammalia, 47: 333-337, 1983.

Fraguedakis-Tsolis, S. E., and Chondropoulos, B. P.,
Electrophoretic  pattern of serum proteins and lactate
dehydrogenase (LDH) of three rodent species, Mus musculus,
Apodemus flavicollis and Pitymys atticus (Mammalia, Rodentia).
Biologia Gallo-Hellenica, 11: 249-258, 1986.

Gattermann, R., Gattermann, E.-M., and Harnisch, CH.,
Vergleichende Laboruntersuchungen an den Rennmausen
Meriones unqguiculatus and Meriones meridianus. Erforsch. Boil.
Ress. MVR, Halle (Saale). 5: 33-40, 1986.

Sands, T. W., Hill, K. A., and Petras, M. L., Comparisons of genetic
variability detected among mouse blood proteins using one- and
two-dimensional electrophoreses. Biochemical Genetics, 28: 523-
541, 1990.

Verimli, R., Yigit, N., Colak, E., Sozen, M., and Ozkurt, S., Blood
serum proteins of the genus Mesocricetus Nehring, 1898
(Mammalia: Rodentia) in Turkey. Tr. J. of Biology, 24: 855 — 858,
2000a.

Verimli, R., Colak, E., Yigit, N., Sozen, M., and Ozkurt, S.,
Electrophoretic aspect of blood-serum proteins of Apodemus
mystacinus and Apodemus agrarius (Mammalia: Rodentia) in
Turkey. Tr. J. of Zoology, 24: 225 — 229, 2000b.

Yigit, N., Verimli, R., Colak, E., Sozen, M., and Ozkurt, S., Blood-
serum proteins of Rattus rattus and Rattus norvegicus (Mammalia:
Rodentia) in Turkey, Tr. J. of Biology, 25: 83-88, 2001.

Verimli, R., Colak, E., Yigit, N., Sozen, M., and Ozkurt, S., Blood
serum proteins of Apodemus flavicollis and Apodemus
hermonensis (Mammalia: Rodentia) in Turkey, Tr. J. of Biology,
25: 89-92, 2001.

Laemmli, U.K., Cleavage of structural proteins during the assembly
of the head of Bacteriophage T4. Nature, 227: 680-685, 1970.

Sambrook, J., Fritsch, E. F., and Maniatis, T., Molecular cloning, a
laboratory manual. Second edition. Cold Spring Harbor Laboratory
Press, New York, 1989.

Esen, A., A Simple Method for Quantitative, Semiquantitative, and
Qualitative Assay of Protein. Analytical Biochemistry 89, 264-273,
1978.

181



