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Abstract

In this study glucose binding protemn was 1solated and purified [rom the normal human platelets and its was
determined o identify of isoform.

The specific activities of the glucose binding protein i the shock fluid and after Sephadex G-200 and
DEAE-Sepharose column chromatographies were found to be 26.4, 37.9, and 84.45 nmolglucose/mg
protein, respectively, The molecular weight of glucose binding protein was found to be 29,000 Da by SPS-
PAGE. This protein does not correspond to any of the isoforms of the GLUT family described in the
literature, After the purification steps, it was determined that platelet glucose binding protein was purified
3.2 times when compared the initial phase.
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Introduction

The most important energy source in platelets is glucose and the energy needed for platelet functions,
aggregation and secretion, comes from glycolysis. The first step in the metabolism of bloed glucose
is the transport across the platelet membrane to the platelet cytoplasma (Leoncini and Maresca,
1986, Marer, 1969; Yarduner and Ulutin 1986). This step is carried out by a group of membrane
carrier proleins called ghicose transporters. Two main classes of ghicose transporters have beert
identified in humans: Na'/ghicose cotransporters and facilitative glacose transporters (Pevaskar and
Muecler,1988: Pinches, ef al, 1993;Kayano, ef al, 1990). Na'/ghicose cotransporters actively
concentrate glucose inside the intestinal and renal cells using the electrochemical potential of Na" as
their energy source. A second class of transporters, the facilitative glucose transporters, are nol
concentrative and transfer glucose down to its own concentration gradient (Elsas and Longo, 1992,
Mueclerr, 1994). :
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Sodium-ghicose cotransporters: They are expressed by specialized epithelial cells, i.e. the mature
enferocyles lining the intestinal microvillus type, and the brush border of the proximal tubule of the
kidney. D-glucose is absorbed from the intestinal tract by the Na+/dcpend611t transporter (SGLTs)
focated in the brush border. Fo!lowmg, Na" and glucose uptake, Na* inside the cell is actively
extruded by the Na'/K" ATPase in the basolateral membrane, maintaining almost a constant Na’

gradient across the brush border membrane of the intestinal cells (Elsas and Longo, 1992;You er ¢l
1993),

Facilitative ghicose transporters: A second major type of glucose transporter is described in nearly
all mammalian celis. Recently six types of the facilitative glucose transporter have been identified.
These proteins are Glut 1-5 and Glut 7. Glut 6 is the pseudogene. These classes of transporters are
encoded by different genes and exhibit distinct tissue distributions (Devaskar and Muecler, 1998:
Etsas and Longo, 1992: Muecler, 1994). Researches concerning glucose transport in platelets have
been carried out since 1970 (Solomon and Gaut, 1970). Different transport mechanisms in plalelets
were - performed in our laboratory and their responses to chemicals in normal or pathologic
conditions were observed. In these studies the glucose transport system of platelets obtained from
atherosclerotic patient was shown proved demonstrated to be defective (Yardunct and Ulutin, 1986).

In this study our aim was to determine the similarities and differences between ghucose transporters
in other tissues and platelet glucose transporter.

Materials and Methods

Isolation of platelets: Venous blood was with drawn from normal donors into tubes and mixed with
1/9 EDTA (6,077 M). After I3 min at 4°C these were centrifuged at 1500 rpm at room temp'zrau;re
for 8 min to isolate the platelet rich plasma (PRP ). PRP was recentrifuged for 20 min at 6000 rpm,
Platelet pellet was washed and then Cold Osmotic Shock (COS) procedure was applied.
Isolation of ghicose specific hinding protein hy cold osmotic shock (COS) procedure (Yardimer
and Ulutin. 1986): Washed platelel pellet was suspended ratio in %30 glucose solution (1:40),
stirred at room temperature for 20 min and then centrifuged at 10,000 rpm for !5 min. The
supernatant was decanted and replaced by distilled water with 1:80 ratio and homogenous
suspension was obtained This was stirred magnetically at 4°C for 30 min, then centrifuged a speed
of 10 600 rpm for 15 min. COS liquid was grouped as the supernatant and pellet was grouped as the
shocked platelets. The supematant was precipitated with 90% cross sectioned (NH,)»SO. and
centrifuged with at 10,000 rpm for 15 min. The precipitate was dissolved in 5 ml Tris-NaCl buffer,
then dialysed in the same buffer for 48 hours. The glucose binding specific activity in the shock
fluid, Sephadex G-200, DEAE-Sepharose column chromatographies and HPLC procedures was
determined. The purification degree was controlled by SDS-PAGE and the molecular weight was
determined using a standart protein curve.
Purification of glicose spesific binding protein by gel filtration, ion exchange chromatography
and HPLC (Baldwin, 1989): The material to be purified applied to Sephadex G-200 column (0.9x23
cm), the eluate was collected as fractions and liyophilized. In addition to this, 250 ul taken from
fractions 7,8,9 and 2.5 ul "C- glucose (107 mol/L) was added and incubated at room temperature
for 10 minutes followed by filtration through nitrocellulose membrane. Glucose binding activities of
the [ractions were determined. by reading the fluid cintillation gauge.
Fractions which showed glucose binding activity were subjected to DEAE-Sepharose ion-exchange
chromatography. Elution was performed with 0-0.25 mol/L. sodium chloride solution in order to



obtain salt gradient and | ml fractions were collected. The activities of these fractions were studied
by "'C- glucose and the protein amounts was determined according to Lowry (Lowry, 1951). The
fraction showing high activity was diyalized through Tris-HCH (pH: 7.4) for 24 hours. Glucose
binding protein purified by the Cold Osmotic Shock procedure, gel [iliration and ion exchange
chromatographies were applied to HPLC where BIOSEP SEC-5 3000 (300x75 mm) column was
used.

SDS-Polvacrilamide Gel Electrophoresis (SDS-PAGE) (Laemmli, 1970): After each purification
step, prolein fractions were applied to SDS-PAGE and the band corresponding to the glucose
binding protein and standart protein were studied. From the RI values ol protein bands in the
sample, corresponding molecular weights were estimated by means of the standart curve.

Results and Discussion

The glucose binding specific activities in the shock fluid, Sephadex G-200 and DEAE- Sepharose
column chromatographies were found to be 26.4 nmol glucose/ mg profein, 37.9 nmol glucose/ mg
protein, 84.435 nmol glucose/ mg protein respectivety (Table 1). The molecular weight was calculated
to be 29 000 Da by SDS-PAGE (Table 2, Fig.4).

Table 1. Purification of glucose binding protein,

Purification steps Protein Spesific  dctivity | Purification
fmng.ml™) mmolgluko./mg” | coefficient
. protein)
Cold osmotic shoek fluid 175 26.4 1.00
Sephadex G-200 147 37.9 1.44
DEAE-Sepharose 0.475 84.45 3.2

Table.2. SDS-PAGE value of standart protein and ghicose binding protein.

Standart proteins Molecular n MW Length Rf
weight

Bovine Albumin 66.000 L1 0.8 0.13
Egg Albumin ' 45.000 10.70 2 0.33
Karbonic Anhidrase 29.000 10.28 3 ¢.50
Tripsin Inhibitor 20.100 9.91 3.5 0.38
wlactalbumin 14,200 9.56 5 0.83
Glucose binding 29.600 10.20 30 0.30
protein®

*One hand of DEAE-Sepharose column chromatography

Because of the low ratio of binding protein to total cell protein, and diffuculties in defining the-
binding protein, COS procedure was used in the isolation of glucose binding protein. It was
composed of COS platelets’ material which were loosely bound to membrane and a small amount of



protemn. Jt has been shown that platelets of COS impair active transport system and that glucose
binding protein passes to COS fluid (Yarduner and Ulutin, 1986 ).

Research concerning the glucose transport in the platelets have been carried out since 1970. In 1970
Solomon and Gaut showed that 2- deoxyglucose, which could not be metabolised bevond
phosphorilation, wsed active trapsport system and in 1975 Schneider reported that glucose was
transported by facilitated diffusion. Challenging results were found as the sensitivity of the
diffusion’s to insulin was studied (Yardimer and Ulntin, 1986, Solomon and Gaut, 1970:
Schneider, 1975; Karpatkin and Charmatz, 1970).

Glucose transport in isolated platelets possessing high concentration of glucose was carried out
through facilitated diffusion. In low concentrations it was observed by Yardunc: that Na'/K” pump
which could be inhibited by inhibitors like DNP, KCN, arsenic and ouabain has an active transport
finked to it (Yardunct and Ulutin, 1986 ).

Similar to previous studies platelet- glucose binding protein was purified and its kinetics were
studied in our faboratory. By pooling the proteins of 10 substances, the synthesized binding protein
was acquired as Km:7.5x107 mol/L, Vmax:12.5 nmol glucose/mg protein according to Lineweaver
Burk and Scatchard graphs (Géker, et al., 1991). In platelets which have gone through COS and as a
result lost its glucose binding protein, the lack of ghicose dctive transport and the harmony between
glucose binding protein and glucose kinetics proved the importance of binding protein in transport
processes.

Glucose transporters are found distributed all over erythrocytes, brain, fibroblast, liver, kidneys,
small intestine, fat, skeletal muscles and the heart (Devaskar and Muecler, 1988; Kayano ef
al. 1990: Elsas and Longo, 1992). Glucose transporters which are distributed all over the tissues arc
grouped as facilitated glucose transporters (GLUTS) and Na'/glucose cotransporters (SGLTs). [n
human tissues the Km values of this protein were calculated as Glut]l=3-30 mM, Glut2=60 mM,
Glut3=10 mM, Glutd4=2-5 mM. The Km and Vmax values of this 4 isoforms for glucose transport
actively possess different values (Elsas and Longo, 1992; Nagamatsu, ef al., 1993). In the present
work glucose binding protein was isolated from the platelets by COS procedure and purified 3.2
times compared to the mitial phase by Sephadex G-200 column cliromatography and DEAE-
Sepharose ion exchange chromatographies (Figs 1,2), The glucose binding proteins obtained from
each chromatographic step, showed similar Rt values by HPLC analysis. Each fraction acquired
from DEAE-Sepharcse column chromatography was observed to have the same Rt value with a
smgle peak on the HPLC chromatogram. (Fig.3). Spectrophotometric values were determined, for
cach of these fractions. When the glucose binding protein activity was measured, it was clear that
glucose binding protein activity was distributed fairly even among the fractions. The proteins
obtained from each chromatogram, were applied to SDS-PAGE and 4 bands in COS fluid, 2 bands
in Sephadex G-200 and | band in DEAE-Sepharose were observed. As a result the molecular
weight was calcuiated to be 29.000 Da by SDS-PAGE. (Table 2 and Fig.4).

Our further studies which will help to clarify the subject will involve the use of more sophisticated
instrumental techniques and determination of the amino acid sequence of the synthesized binding
protecin. '
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Fig. 1. Sephadex (-200 column chromatography of anumonivm sutfaphate ppt. of cold osmotic shock-
treated platelets (Column dimension: 0.9x23cm, flow rate: 21.6 mi/h, equilibrium and elution Luffer:
10mmol/L Tris-HCY, pH: 7.43.
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Fig.2. DEAE-Sepharose column chromatography of the glucose binding protein pool (fract. 7.8.9) which
are synthesised from Sephadex G-200 column chromatography (column dimension: 0.6x7em, flow rate:
Sdml/h, elution buffer: 0-0.25mol/L NaCl, linear gradient between H0mmoVI. Tris-FCI.
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Fig 3. HPLC Diagrams.

a. COS Fluid b. Sephadex G-200 ¢. DEAE-Sepharose.




a. COS Fluid b. Sephadex G-200 ¢. DEAE-Sepharose.
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Fig.4. SDS-PAGE (%10) of

A. SDDS-PAGE Molecular weight standarts

B, Protein fractions synthesised from COS fluid _ :
C.Protein pool which are glucose binding protein activated, and it have been synthésis from Sephadex G-200
D, Protein band synthesised from DEAE-Sepharose ion exchange column chromatography

E. SDS-PAGE Motecular weight standarts.

Ozet

Bu calismada saghkli insan trombositlerinden glukoz baglayic1 protein saflagtinlarak izotipi belirlendi.
Glukoz baglayici proteinin spesifik aktivitesi sirasi jle ozmotik sok sivisi, Sefadeks G-200 ve DEAE-Sefaroz
kolon kromatografisinde 26,4 nmol glukoz/ mg protein, 37,9 nmol glukoz/mg protein, 84,45 nmol glukoz/ mg
proteindir.SDS-PAGE  ile yaptlan galigmalar sonucunda elde edilen glukoz baglayict proteinin molekiil
apirhin 29,00 Da olarak saptandi. Buna gdre insan glukoz tagiyicilarnin - molekiil agirhg ile
kargilagtinilchinda trombositteki  baglayict proteinin diger dokulara dagibnug halde bulunan tagiyict
izoformuna uymadig: belirlendi. Trombosit glukoz baglayici proteinin saflasgtirma basamaklar kullamidiktan
sonra basglangica gore 3.2 kez saflastirildify saptandt.
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