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ABSTRACT

In this study, SDS-PAGE (sodium dodecyl sulfate-polyacrylamide gel
electrophoresis) was applied to the sarcoplasmic proteins of Orthrias insignis
euphyraticus (BALITORIDAE) and Cyprinion macrostomus (CYPRINIDAE) fish
taken from Karakaya Dam Lake. The electrophoregram showed that there were
differences between the two species in both the number of bands and the
molecular weight (MW) of the sarcoplasmic proteins. While Cyprinion
macrostomus had 18 protein bands, there were 20 protein bands in Orthrias
insignis euphyraticus. On the other hand, the bands obtained from Orthrias
insignis euphyraticus and numbered as 9" protein band with molecular weight of
29.5 kD and 12" band with MW of 27.2 kD were not found in Cyprinion
macrostomus. 9" protein band with MW of 27.5 kD was only found in Cyprinion
macrostomus.

We concluded that comparisons of sarcoplasmic proteins might have practical
importance in taxonomic classification.

Key Words: Fish, Sarcoplasmic Proteins, SDS-PAGE, Taxonomy.
SARKOPLAZMIiK PROTEIN ELEKTROFOREZi iLE ORTHRIAS INSIGNIS

EUPHRATICUS (Banarescu and Nalbant, 1964) ve CYPRINION MACROSTOMUS

(Heckel, 1843) TAKSONOMISININ iINCELENMESI
OZET

Bu c¢alismada, SDS-PAGE (sodyum dodesil siilfat-poliakrilamid jel
elektroforezi)’ne, Karakaya Baraj Golii'nden yakalanan Orthrias insignis
euphyraticus (BALITORIDAE) ve Cyprinion macrostomus (CYPRINIDAE)
baliklarinin sarkoplazmik proteinleri uygulandi. Elektroforegramda, sarkoplazmik
proteinlerin band sayist ve molekiil agirliklarinin iki tiir arasinda farkli oldugu
goriildii. Cyprinion macrostomus 18 protein bandina sahipken Orthrias insignis
euphyraticus’da 20 protein bandi vardi. Diger taraftan, Orthrias insignis
euphyraticus’dan elde edilen 29.5 kD molekiiler agirligina sahip 9. protein band:
ve 27.2 kD molekiiler agirligina sahip 12. protein band1 Cyprinion macrostomus’ta
bulunmadi. 27.5 kD molekiiler agirligina sahip 9. protein band: yalnizca Cyprinion
macrostomus’ta bulundu.

Sarkoplazmik proteinlerin karsilasgtirilmasinin taksonomik siniflandirmada
pratik onemi olabilecegine karar verildi.

Key Words: Balik, Sarkoplazmik proteinler, SDS-PAGE, Taksonomi.
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1. GiRiS

Cyprinidae familyasina ait tiirlerin farinks
digleri 1-3 siralidir, her bir sira maksimum 8
diglidir. Dudaklar genellikle ince, biikim ya da
kabarcik yoktur. Biyikli yada biyiksiz olabilir.
Genellikle, premaxilla, premaxillay:r yapan iisteki
geneyi tamamen sinirlar ya da agikliktan disart
birakir.  Ustteki cene genellikle 6ne uzar.
Bazilarinda, dorsal yiizge¢ diken benzeri isinlara
sahiptir. Balitoridae familyas1 genel olarak hizli
akan akarsularda yasayan kiigiik baliklardir ve
biliyiik emici agizlara sahiptirler, modifiye olmus
ventral yiizgeclerini kayalara tutunmak igin
kullanirlar. Agizlariin etrafinda ¢ok sayida biyik
bulunmasi gibi, Cobitidae sibling familyastyla bir
¢ok benzerliklere sahiptirler.

Gegmiste, balik tiirlerinin  siiflandirilmasi
baslica dis morfolojik karakterlerin arastirmasiyla
yapilirdi. Giinlimiizde elektroforez balik tiirlerinin
smiflandirilmasmma  yardim  amaciyla  siklikla
kullanilmaktadir. Bu maksatla sarkoplazmik
proteinler, serum proteinleri, karaciger proteinleri
ve enzimlerin bir ¢ogu arastiricilar tarafindan
kullanilmigtir (1-9).

Kasin hiicre i¢i sivisinda glikolitik enzimler,
miyoglobin ve mevcut diger proteinlerden olusan
yiiksek derecede suda ¢o6ziinen sarkoplazmik
proteinler siklikla spesifik tanimlama igin
kullanilird. Sarkoplazmik  proteinler  kas
hiicrelerindeki total proteinin % 30-35’ini kapsar.
Balik kas sarkoplazmik proteinlerinin analizi balik
tiirlerinin tanimlanmasi i¢in ¢ok dnemlidir (10-11).
Mevcut arastirmada, Orthrias insignis euphyraticus
ve Cyprinion macrostomus’un  sarkoplazmik
proteinleri SDS-PAGE teknigi ile analiz edilmistir
ve boylece bu tiirler arasindaki benzerlikler ve
farkliliklar incelenmeye ¢alisilmistir.

2. MATERYAL ve METOT

Calismada, 3 yasinda Orthrias insignis
euphyraticus ve Cyprinion macrostomus kullanildi.
Balik tiirleri Karakaya Baraj Goli’den (Malatya,
TURKIYE) daha énceden belirlenen bélgelerden
toplandi. Baliklar laboratuara canli olarak getirildi.
Her bir gruptan deri ve parazitik enfeksiyon
olmayan 10 balik secildi ve elektroforez icin
kullanildi. Balik beyaz kas dokusundan bir parca
bir bistiiri yardimiyla alindi. Biitiin baliklarin doku
ornekleri sol dorsal taraftan elde edildi. Sonra, bu
orneklerin deri ve kilgiklar1 temizlendi ve 1 dakika
Tris-HCI tamponunda (0,5 M, pH: 6,8) homojenize
edildi. Homojenatlar +4 C° ve 20.000 g’de 15
dakika santrifiij edildi. Elde edilen siipernatantlar
protein analizi ve SDS-PAGE icin kullanildi
Protein igerigi standart protein olarak sigir serum
albiimin kullanildigt Lowry vd.’nin metodu ile
olgtildii (12) ve sonra siipernatantlardaki protein
icerigi Tris-HCI tamponuyla 4 pg/ul’ ye

1. INTRODUCTION

Species belonged to Cyprinidaec family are
pharynxteeth with 1-3 rows, each row with a
maximum of 8 teeth. Usually thin lips, plicae or
papillac absent. With or without barbels.
Premaxilla usually borders the upper jaw making
the maxilla entirely or almost entirely excluded
from the gape. Usually protrusible upper jaw.
Dorsal fin with spinelike rays in some. Balitoridae
family are small fish that generally live in fast-
flowing streams and have a large sucker mouth and
modified ventral fins used for clinging to rocks.
They have a number of similarities with the sibling
family of loaches (Cobitidae), such as multiple
barbels around the mouth.

In the past, the identification of fish species are
carried out mainly by examining the external
morphological characteristics. In the present day,
electrophoresis often has been used as an aid in the
species identification of fish. For this purpose,
sarcoplasmic proteins, serum proteins, liver
proteins and a number of enzymes has been used
by many investigator (1-9).

The highly water-soluble sarcoplasmic proteins
consisting of glycolytic enzymes, myoglobin and
other proteins present in the intracellular fluid of
muscle were often used for specific identification.
The sarcoplasmic proteins comprise 30-35 % of the
total protein in muscle cells. Analysis of
sarcoplasmic proteins of fish muscle is of major
interest for identification of fish species (10, 11).

In the present investigation, sarcoplasmic
proteins of Orthrias insignis euphyraticus and
Cyprinion macrostomus have been analyzed by
SDS-PAGE technique and thus, resemblances and
differences between these species have been tried
to establish.

2. MATERIALS AND METHODS

In the study, 3 years old Orthrias insignis
euphyraticus and Cyprinion macrostomus were
used. The fish species were obtained from
predetermined localities from Karakaya Dam Lake
(Malatya, TURKEY). The fish were live
transported to the laboratory. 10 fish from each
group without dermal and parasitical infection were
selected and used for the electrophoresis. A piece
of white muscle tissue were taken from the fish
with aid of a bistoury. Tissue sample of the all fish
were taken from left dorsal. Then, these samples
cleaned of the skin and fish bone and homogenized
in Tris-HCI buffer (0.5 M, pH: 6.8) for 1 min. The
homogenates were centrifuged for 15 min at +4°C
and 20,000 g. The obtained supernatants were used
for the analysis of proteins and SDS-PAGE.
Protein content determined by using the method of
Lowry et al. (12) with bovine serum albumin as a
standard and the protein content in the supernatants



ayarlandi.

SDS-PAGE islemi Laemmli (13) ve O’Farrel
(14) metotlarina gore yapildi. Proteinler 12x8 cm
boyutlarinda ve 1mm kalinliginda slab jelde sepera
edildi.  Slab  jel, proteinlerin  stoklandig1
yogunlastirict ve daha sonrada proteinlerin sepera
edildigi aymict  jel kisimlarindan meydana
gelmektedir.

Ayirict jel (% 10 Akrilamid igeren) elektroforez
isleminden 12 saat 6nce hazirlanarak polimerize
edildi ve bir gece buzdolabinda saklanildi.
Yogunlagtirici jel ise (% 4 Akrilamid igeren)
elektroforez isleminden 2 saat Once hazirlanarak
polimerize edildi. Her numune, % 10 gliserol, % 2
mercaptoetanol, % 2 SDS, % 0.01 brom fenol blue
iceren numune tamponu ile karistirilarak protein
konsantrasyonlar1 2 pg/ul’e ayarlandi. Daha sonra
numuneler 1siyla denatiire edildi SDS-PAGE’ye
uygulandi. SDS-PAGE’de, 20 mikrolitre numune
yogunlastirici jele uygulandi. Brom fenol blue jelin
en alt kismina gelinceye kadar jele 200 voltluk
gerilim  verildi. Elektroforez islemi sonrasi
proteinler, % 0.125 commassie brilliant blue R-
250, % 40’lik etanol ve % 7’lik asetik asit i¢inde
hazirlanan boya ¢ozeltisi i¢inde 12 saat bekletilerek
boyandi. Jeldeki fazla boya % 5 metanol ve % 7.5
asetik asit iceren ¢oOzeltide 24 saat bekletilerek
dekolore edildi. Elektroforez uygulamasinda
protein standardi olarak Pepsin (34.7 kD) ve (-
Lactoglobulin (18.4 kD) kullanildi. Proteinlerin
molekiil agirliklart Weber vd.’nin (15) metoduna
gore hesaplandi. Protein bantlarinin densitometrik
analizi ImageJ program, versiyon 1.30 kullamlarak
yapildi (http:/rsb.info.nih.gov/ij/) (16).

3. BULGULAR

Sonuglarda, Cyprinion macrostomus’da 18
protein bandi bulunurken, Orthrias insignis
euphyraticus’da ise 20 protein bandi elde edildi.
Diger taraftan, Orthrias insignis euphyraticus’dan
elde edilen bantlardan molekiiler agirligi 29,5 kD
olarak bulunan 9. protein bandi ve molekiiler
agirlign 27,2 kD olarak bulunan 12. protein bandi
Cyprinion macrostomus’ta bulunamadi.
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were then adjusted with Tris-HCl buffer to 4
pg/uL.

SDS-PAGE was performed according to the
Laemmli (13) and O’Farrell (14) methods. Proteins
were separated on 12 x 8§ cm dimension and 1 mm
thick slab gel. Slab gel consist of stacking gel
which proteins stocked and running gel part on
which proteins separate. Running gel (contains 10
% acrylamide) was polymerized 12 hr before from
electrophoresis and stacking gel (contains 4 %
acrylamide) was poured and polymerized 2 hr
before sample application. Each sample mixed with
sample buffer which contains 10 % glycerol, 2 %
mercaptoethanol, 2 % SDS, 0.01 brom phenol blue
and protein concentration adjusted to 2 pg/uL with
Tris-HCI buffer, then heat-denatured and run on
SDS-PAGE. For SDS-PAGE, 20 ul sample were
loaded on the stacking gel. 200 V voltage given
until brom phenol blue come to lowest side of gel.
Following electrophoresis, the proteins were
stained with 0.125 % commassie brilliant blue R-
250 in 40 % ethanol and 7 % acetic acid, and then,
destained in acetic acid. Pepsin (34.7 kD) and beta-
lactoglobulin (18.4 kD) were used as protein
standards in electrophoresis. MW’s of proteins
were calculated according to Weber (15). Also,
densitometric analysis of protein bands were
performed by using ImageJ program, version 1.30
(http://rsb.info.nih.gov/ij/) (16).

3. RESULTS

In the results, 20 protein bands were found in
Orthrias insignis euphyraticus while Cyprinion
macrostomus had 18 protein bands.
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Figure 1. Comparison of sarcoplasmic proteins of Orthrias insignis euphraticus and Cyprinion
macrostomus. Protein gel showing proteins of Orthrias insignis euphraticus, (lanes 1, 2, 3, 4), the standard
proteins (lane 5) and the proteins of Cyprinion macrostomus (lanes 6, 7, 8, 9). Densitometric analysis of
lane 4 (top graph) and lane 6 (bottom graph).

Sekil 1. Sekil. Cyprinion macrostomus ve Orthrias insignis euphraticus™un sarkoplazmik proteinlerinin
kiyaslanmasi. Orthrias insignis euphyraticus™un proteinlerini gosteren protein jel (1, 2, 3, 4), standart
proteinler (5) ve Cyprinion macrostomus’un proteinleri (6, 7, 8, 9), 4. hattin densitometrik analizi (grafigin

iistii) ve 6. hat (grafigin alt1).

Molekiiler agirligi 27,5 kD olan 9. protein bandi
sadece Cyprinion macrostomus’ta bulundu (Sekil).
Orthrias  insignis euphyraticus ve Cyprinion
macrostomus’un protein bantlar1 kiyaslandiginda,
densitometrik analizlerine gore acik bir farklilik
gostermekteydi.

On the other hand, the bands obtained from
Orthrias insignis euphyraticus and numbered as 9™
protein band with MW of 29.5 kD and 12" band
with MW of 27.2 kD were not found in Cyprinion
macrostomus. 9" protein band with MW of 27.5
kD was only found in Cyprinion macrostomus
(Figure). Protein bands comparison of Orthrias
insignis euphyraticus and Cyprinion macrostomus
show clear distinction of both species according to
densitometric analysis.



4. TARTISMA

Taksonomik caligmalar genellikle morfolojik
Ol¢imler ve anatomik karakterler iizerine
dayandirilmistir. Son olarak, karyotip analizleri de
taksonomide degerlendirilmistir.  Sarkoplazmik
proteinlerin analizleri baliklarin
smiflandirilmasinda yaygin olarak kullanilmistir.
Bu tip c¢alismalar taksonomik degerlendirmelere
yeni bir agilim kazandirmigtir. Bdylece, akraba
taksonlarin tanimlanmasi sarkoplazmik proteinlerin
elektroforetik sonuglarina gore kolayca
yapilabilmektedir (3, 17-19). Diger taraftan,
tirlerin proteinleri arasindaki benzerlikler tiirlerin
genetik benzerligi olarak kullanilabilir. Boylece,
balik tiirlerinin sarkoplazmik proteinleri arasindaki
benzerlikler ve/veya farkliliklar incelemek i¢in, bu
tirler arasindaki genetik benzerlikler ve/veya
farkliliklar direkt olarak yansitan SDS-PAGE gibi,
ilgili elektroforetik teknikler kullanilmaktadir (20-
24). Guniimiizde, SDS-PAGE teknigi kullanilarak
baliklar {izerine taksonomik ¢alismalar ¢ok
sayidadir. Yilmaz ve vd. tarafindan yapilan bir
arastirmada (7), Capoeta trutta ve Capoeta capoeta
umbla’ nin serum proteinleri SDS-PAGE ile analiz
edilmistir. Bu arastiricilar  Capoeta capoeta
umbla’da 11 band ve Capoeta trutta’ da 16 protein
badin oldugunu gostermistir. Onlar, serum protein
bandlarinin sayisinin 6zellikle taksonomide dnemli
oldugu sonucuna varmiglardir. Benzer olarak,
Miyazaki vd. (5) Cyprinidae familyas1 ve
Acheilognathinae, Leuciscinae, Gobioninae alt
familyalarina ait 6 tiirlin karaciger proteinlerini
SDS-PAGE yontemiyle sepera etmisler, Cyprinus
carpio ve Pseudogobius esocsinus esocsinus un en
kiiciik genetik farki verdigini belirtmislerdir. Buna
karsin, Tribolodon hakonensis diger ¢ tiir balikla
hemen hemen esit genetik farka sahiptir. Knuutinen
ve Harjula (4) Finlanndiya’da en ¢ok bulunan 16
tatlisu balik tiirlerinin sarkoplazmik proteinlerinin
farklilastigini gostermislerdir. Arastiricilar
sarkoplazmik proteinlerin elektroforezi gibi yeni
teknikler kullanilarak alt familya ve alt tiir

gruplandirmasindaki ~ zitliklara 11k tutacagi
sonucuna varmislardir. Diger bir arastirmada, 14
balik tiirtiniin sarkoplazmik proteinleri

poliakrilamid jel izoelektrik fokusing’le analiz
edilmistir ve genetik polimorfizm bulunmustur (6).
Benzer olarak, Betta splendes’in 4 renkli
varyetelerinin sarkoplazmik proteinleri izoelektrik
fokusing’le analiz edilmis ve 6 bandda genetik
polimorfizm bulunmustur (2). LeBlanc ve LeBlanc
tarafindan yapilan arastirmada, cesitli sicakliklarda
dondurulmaya maruz birakilmis Gadus morhua’
nin miyofibriler proteinlerinde degisimler oldugunu
SDS-PAGE’ le basarili bir sekilde gdstermislerdir.
Benzer olarak, dondurma esnasinda Gadoid ve
Gadoid olmayan tiirlerin kas proteinleri SDS-
PAGE ile incelenmis ve farkli protein bantlart
gorillmiistiir (26). Bu tip aragtirmalar Tiirkéz vd.
(27) tarafindan laboratuarimizda da yapilmistir. Bu
aragtirmada, hem pismis hem de taze 6 balik
tiirtinlin sarkoplazmik proteinlerinin SDS-PAGE ile
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4. DISCUSSION

In general, taxonomic studies have based on
morphometric measurements and anatomical
characteristics. Karyotype analyses have been also
evaluated in taxonomy lately, electrophoresis,
namely electrophoresis of sarcoplasmic proteins
have been widely used in the classification of fish.
These kinds of studies have brought about a new
look to  taxonomical evaluation.  Thus,
discrimination of related taxa can be easily made
according to their electrophoretic results of
sarcoplasmic proteins (3, 17-19). On the other
hand, resemblance between the proteins of the
species can be used as genetical resemblance of the
species. Thus, establishing the similarities and/or
differences between the sarcoplasmic proteins of
fish species are used relevant electrophoretic
techniques such as SDS-PAGE, directly reflects the
genetic similarities and/or differences among these
species (20-24). At present, there are number of
taxonomical study on fish using SDS-PAGE
techniques. In an investigation carried out by
Yilmaz et al. (7), the serum proteins of Capoeta
trutta and Capoeta capoeta umbla were analyzed
by using SDS-PAGE. These investigators showed
that there were 16 bands in Capoeta trutta and 11
band in Capoeta capoeta umbla. They concluded
that the number of serum protein bands were
especially important in taxonomy. Similarly,
Miyazaki et al. (5) separated by SDS-PAGE the
liver proteins of six species belonging to
Cyprinidae  family and  Acheilognathinae,
Leuciscinae, Gobioninae subfamilies. They pointed
out that Cyprinus carpio and Pseudogobius
esocinus esocinus gave the smallest genetic
distance. Nevertheless, Tribolodon hakonensis had
almost equal genetic distances to the three other
species. Knuutinen and Harjula (4) demonstrated
that sixteen of the most common Finnish
freshwater fish species were differentiated
according to their sarcoplasmic proteins. The
investigators concluded that using new techniques
such as electrophoresis of sarcoplamic proteins
may shed light on confused subfamilies and
subspecies grouping in fish. In an other
investigation, sarcoplasmic proteins of fourteen
fish species were analyzed by polyacrylamide gel
isoelectric focusing and genetic polymorphism
were detected (6). Similarly, sarcoplasmic proteins
of four color varieties of Betta splendes were
analyzed by isoelectric focusing, and genetic
polymorphism were detected in six band (2).
Research by LeBlanc and LeBlanc (25)
treatmented on various frozen storage at various
temperature Cod (Gadus morhua) showed that
SDS-PAGE has been successfully applied to detect
myofibrillar protein changes during frozen storage
under the wvarious temperature conditions.
Similarly, muscle proteins of Gadoid and Non-
Gadoid species during frozen storage were
investigated by SDS-PAGE and different protein
bands were appeared (26). This kinds of
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analiz etmisler ve balik tiirlerinin sarkoplazmik
proteinlerine gore siniflandirilabilecegini
belirtmiglerdir. Pinerio vd. (28) 5 farkli merlos tiirii
(Merluccius merluccius, M. Australis, M. Hubbsi,
M. Gayi ve M. Capensis)’in sarkoplazmik
proteinlerinin 2 fazli elektroforezle incelemis ve
onlarin bazilarinin ¢ok yakin akraba oldugunu
bildirmislerdir.

Simdiki  arastirmada,  Orthrias  insignis
euphyraticus  ve  Cyprinion — macrostomus’un
sarkoplazmik proteinlerinin birbirlerinden oldukga
farkli oldugu bulundu. Bu sonuglar yukarida
bahsedilen raporlarla uyum gostermekteydi.
Cyprinion macrostomus’ta 18 protein bandi
bulunurken, Orthrias insignis euphyraticus’un total
protein sayist 20 olarak bulundu. Orthrias insignis
euphyraticus’un 9. (29,5 kD) ve 12. (27,2 kD)
protein bandlarinin bazilart Cyprinion
macrostomus’ta bulunmadi. 9. (29,5 kD) protein
band1 sadece Cyprinion macrostomus’ta bulundu.

Morfolojik karakterler ve kladistik teknikler
iizerine dayandirilan geleneksel metotlar yakin
akraba tiirlerin siniflandirilmasinda yeterli degildir.
Problemlerin ¢dziimiinde elektroforez gibi yeni
tekniklerin kullanimi kaginilmazdir. Bundan baska
DNA-DNA hibridizasyonu, siniflandirmadaki uzun
evrimsel tartigmalarin ¢6ziimii olarak diistiniilebilir.
SDS-PAGE ile balik tiirlerinin sarkoplazmik
proteinlerle belirlenmesi, balik tiirlerinin
sistematiginde kullanilan ¢ok iyi bir tekniktir.

Sonug olarak, Orthrias insignis euphyraticus ve
Cyprinion macrostomus un sarkoplazmik protein
bandlarmin sayilarinin farkli olmasindan dolay1, bu
iki balik tirli taksonomik olarak birbirinden
kolayca ayit edilebilir.
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