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(ABSTRACT)

During Dictyostelium development, glycogen degradation 1s a crucial event that
provides glucose monomers that are utilized to synthesize the essential structural
components for cellular differentiation. The degradation is catalyzed by the product of the
glycogen phosphorylase-2 gene. Cloning and sequencing of the gp-2 gene revealed several
repeated sequences in the promoter region that are putative regulatory sites. I present here
the purification of a DNA binding protein that binds to the 3' "C" box sequence in the gp-2
promoter using a DEAE Sephacel resin and specific "C" DNA affinity column
chromatography. With undifferentiated amoebae cell extract, a DNA binding protein
migrated at 0.40 Rf and with 17 hr differentiated cell extract, the protein migrated at 0.32
Rf. Both the 0.32 and 0.40 Rf proteins were purified to homogeneity and showed to
consist of three subunits of 18 kI2, 35 kD and 62 kD (for 0.40 Rf) or 81 kD (for 0.32 Rf).

Amino acid sequence analysis showed identity between a region of the 62 and 81 kD



subunits. I conclude that the difference in the shifted 0.40 Rf and 0.32 Rf bands in EMSA
is due to the 62 and 81 kD subunits. A southwestern blot analysis of the 17 hr cell extract
demonstrated that the DNA binding activity resides in the 81 kD polypeptide. The effect of
pH and phosphatase inhibitors on a "conversion" between the 0.32 and 0.40 Rf bands was
examined. The results suggest that phosphorylation may be involved in the "conversion”
reaction. This study suggests that the purified protein may be a trans-acting factor that is

involved in gp-2 regulation.
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the intensity of the 0.40 Rf band (lanes 3, 7, and 11). The same result was observed for

MES, K2HPO4/KH2PO4, and imidazole buffers. The 0.22 Rf band, as a result, could be
part of the conversion of the 0.32 Rf to 0.40 Rf band. However, there was no extensive
study on the 0.22 Rf band to show its function or the components that cause the shifted
band.

Because these DNA-binding proteins are present in both cytoplasmic and nuclear
fractions, I tested if the effect of pH on the migration of the retarded bands occurred with
both cytoplasmic and nuclear extracts (Fig 5). No effect was found on nuclear (lanes 2, 6,
and 10) or cytoplasmic (lanes 1, 5, and 9) extracts from the amoebae stage. In each case,
the characteristic 0.40 Rf band was present. With 17 hour cytoplasmic extracts, EMSA at
pH 6.3 again resulted in the loss of the 0.32 Rf band, and appearance of the 0.40 Rf band
(compare lanes 3, 7 and 11). However, with 17 hr nuclear extracts, there was no
conversion of the 0.32 to 0.40 Rf band (compare lanes 4, 8 and 12). Thus at low pH,
EMSA of 17 hr nuclear extract showed no in vitro conversion of the 0.32 Rf band, while in
cytoplasmic extracts the conversion was readily apparent. Attempts to identify the "factor"
that is responsible for the pH effect by chromatography of cytoplasmic extracts have thus
far been unsuccessful.

I next tested if the conversion of the 0.32 Rf band to the 0.40 Rf band in the 17 hr
cytosolic extract was reversible. Two samples were used, (1) partially purified fractions of
a hydroxyapatite chromatography in which the active 0.32 Rf band was eluted at
approximately 300 mM K2HPO4/KH2PO4 (pH 7.9) (Fig 6, lanes 1 to 8) and (2) an
unfractionated 17 hr cell extract in 20 mM Tris (pH 7.9) (lanes 9 to 18). EMSA of the two
samples in MES (pH 6.3) or Tris (pH 7.9) reaction mixture showed the usual conversion

from 0.32 to 0.40 Rf bands with the extract in 20 mM Tris (pH 7.9) (lanes 9 and 10) but
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K;HPO4/
<= Hepes=> <= KH,PO,=—=—> <= MES —>

1 2 3 4 5 6 7 8 9 10 11 12

Figure 5. EMSA of cytosolic and nuclear extracts performed in different
buffer conditions. The reaction buffers, Hepes (pH 7.9), K;HPO,/KH,PQO,
(pH 7.4), and MES (pH 6.3) are indicated above the lane numbers. Lanes

1,5,9 and 3, 7, 11 are cytosolic extracts from amoebae and 17 hr cells,

respectively. Lanes 2, 6, 10 and 4, 8, 12 are nuclear extracts from amoebae
and 17 hr shaking cells.
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17 HR CELL EXTRACT

0.32 Rf band 0.32 Rf band
MES TRIS
(6.3) (7.9

| |

EMSA EMSA
0.40 Rf band 0.32 Rf band

EMSA
0.40 Rf band

Figure 6. The test of reversibility of the “conversion” of the two forms of proteins.

Figure 6a. Diagram for test of the reversibility of the “conversion” from the 0.32 Rf
band to the 0.40 Rf band.

23



Figure 6b. Test of the reversibility of the "conversion" from 0.32 to 0.40 Rf. The
hydroxyapatite fraction that contained 0.32 Rf activity was used in the assay from lanes 1
to 8. A 17 hr cell extract ( as described in Materials and Methods) was used in the assays
from lanes 9 to 18. The - or + symbol refers to the presence of reaction buffer in which the
assay was performed (Tris (pH 7.9), MES (pH 6.3)). One aliquot of the extract was
passed through a Bio-spin 6 column containing 20 mM MES buffer (pH 6.3), to lower the
pH and allow conversion to occur. This extract was then assayed by EMSA in Tris or MES
reaction buffer as shown in lanes 3, 4, 11, 12. Another aliquot of the same extract was
passed over an identical spin column equilibrated in 20 mM Tris buffer (pH 7.9) and then
assayed by EMSA as shown in lanes 5, 6, 13, 14. A sample of the eluate from the first
MES spin column was then passed over a second spin column that had been equilibrated in
20 mM Tris buffer (pH 7.9), then assayed as shown in lanes 7, 8, 15, and 16. The sample
without the spin column treatment were assayed in lanes 1, 2,9, 10, 17, and 18. All
samples were incubated in the reaction mixture for 30 min before loading on the gel, except
in lanes 17 and 18, the reaction mixture was added then immediately loaded on the gel.

Lanes 19 and 20 are the same as lanes 7 and 15 respectively.
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no conversion with the extract in 300 mM phosphate buffer (pH 7.9) (lanes 1 and 2).
Likewise, no loss of the 0.32 band was observed if the sample in Tris buffer was placed in
MES reaction mixture and then immediately loaded on the gel (the zero time control) (lanes
17 and 18). The lack of conversion of the hydroxyapatite fraction in the MES reaction
mixture was found to be due to the 300 mM phosphate buffer (pH 7.9) that was carried
into the reaction mixture with the sample. The final buffer concentration in this case was
78 mM phosphate and 14 mM MES, with a resulting pH of 7.9. This explained why the
0.32 Rf band was retained during the hydroxyapatite chromatography when high pH
phosphate buffer was used.

The pH of both the hydroxyapatite fraction and the sample in 20 mM Tris (pH 7.9)
was then lowered by passing them through a Bio-spin 6 column containing 20 mM MES
buffer (pH 6.3) to allow the conversion to occur. Another aliquot of the same extract was
passed over an identical spin column equilibrated in 20 mM Tris-HCI (pH 7.9). Extract
that had been passed through the MES spin column at pH 6.3 showed only the 0.4 Rf band
whether assayed in Tris or MES reaction buffer (lanes 3, 4, 11, and 12). Thus, once the
sample was converted to the 0.40 Rf band, it would not shift back to the 0.32 Rf position
even when assayed in the high pH Tris reaction buffer. Extracts that were passed over the
spin column equilibrated in Tris (pH 7.9), showed the same pattern as extract that was not
subjected to spin column treatment; that is, the appearance of the 0.40 Rf band only in the
MES reaction buffer (lanes 5, 6, 13, and 14). This result shows that there was no effeci on
the extract of simply passing it over a spin column. To test further if the 0.40 Rf band
could convert back to the 0.32 Rf band, I passed the eluate from the MES spin column over
a spin column equilibrated in 20 mM Tris (pH 7.9). When this sample was assayed by the
EMSA, no conversion back to the 0.32 Rf form was observed (lanes 7, 8, 15, and 16). I
conclude that once the protein is converted from the 0.32 to the 0.40 Rf form, it cannot be

reconverted back to the 0.32 Rf by restoring the high pH environment.
26



3.2.2: Effect of Phosphatase Inhibitors on the "Conversion"

Because phosphorylation/dephosphorylation is one of the most common
mechanisms that cells use for the regulating the activity of DNA binding proteins, I tested
the effect of three phosphatase inhibitors on the apparent conversion of the 0.32 to 0.40 Rf
bands. In Fig 7, a 17 hr extract was assayed with EMSA in either Tris (pH 7.9) or MES
(pH 6.3) reaction buffer. Again, assay at low pH resulted in loss of the 0.32 Rf band and
appearance of the 0.40 Rf band (compare lanes 1 and 2). Samples of the same extract were
assayed in MES reaction buffer containing the tyrosine phosphatase inhibitor, sodium
vanadate (lane 3), the serine and threonine phosphatase inhibitors, okadaic acid (lane 4) and
calyculin A (lane 5), and the general phosphatase inhibitor, sodium fluoride (lane 6)
(Gordon, 1991). In the presence of sodium vanadate there was little conversion of the
0.32 to 0.40 Rf bands as compared to the control, while the other phosphatase inhibitors
had no effect.

Fig 8 shows the effect of sodium orthovanadate on the time course of conversion of
the 0.32 to 0.40 Rf bands in low pH buffer. Samples from 17 hr cell extracts were
incubated for various time periods, in EMSA reaction buffer containing either Tris (pH 7.9)
or MES (pH 6.3) and in the presence or absence of | mM sodium vanadate. The reactions
were then terminated with loading dye (containing 250 mM Tris-HCI (pH 7.9)) and
immediately loaded on the gel. Figure 8 shows that little or no conversion occurred over
the 30 min time period at pH 7.9 (lanes 3, 14, 17 and 20) while at pH 6.3 nearly complete
conversion occurred by approximately 10 min (compare lanes 2, 5,7, 9 and 11). In the
presence of vanadate, however, only 41 % conversion had occurred at 10 min (lane 10).
After 20 and 30 min, complete conversion had occurred at pH 6.3 (lanes 16 and 19), while
in the presence of sodium vanadate only 69 % and 90 % of the 0.4 Rf band was present

(lanes 15 and 18).
27
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Figure 7. The effect of phosphatase inhibitors on the apparent
conversion of the 0.32 to 0.40 Rf band. EMSA of a 17 hr cell extract
was performed in either Tris (T, pH 7.9) or MES (M, pH 6.3) reaction
buffer. Samples of the same extract were assayed in the Mes reaction
buffer containing sodium orthovanadate (Van) in lane 3, okadaic acid
(OK) in lane 4, calyculin A (Cal) in lane 5, and sodiumfluoride (NaF) in
lane 6. The samples were incubated in the reaction buffers for 30 min
before the loading dye solution was added.
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