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In order to examine a possibility that the high acidic amino acid region 
in the nonhistone protein HMG(l+2) is concerned with the Mg2+-, or Ca2+- 
dependent unwinding of DNA by the HMG(l+Z) (1,2), poly-L-glutamic acid was 
employed as an acidic model peptide for thermal melting temperature analysis. 
The poly-L-glutamic acid bound to DNA either in the presence or absence of 
Mg2+. The p&y-L-glutamic acid unwound DNA double-helix to a similar extent to 
HMG(l+Z) in the presence of Mg2+ or Ca'+, but not in the absence of them. 
These results may suggest that the high acidic amino acid region in HMG(l+Z) 
participates in Mg2+-, Ca2+- dependent unwinding of DNA double-helix. 

High Mobility Group (HMG) proteins are a small group of nonhistone 

proteins (3) that are under intensive investigations in many laboratories. 

Large HMG proteins, HMGl and HMG2, are a small set of the HMG protein of 

homologous nature. They exhibit a preferential affinity for single-stranded 

DNA (2,4,5). The binding of HMGl and HMG2 to circular double-stranded DNA 

causes a change in the linking number of the double-helix (6). Recently, we 

have shown that HMG(l+Z), a preparation containing HMGl and HMGZ, from pig 

thymus, unwinds partially DNA double-helix at low weight protein to DNA ratios 

(1,2). The unwinding reaction depended on the presence of Mg2+ or Ca2+. The 

primary structures of both HMGl and HMG2 have been determined (7). An 

interesting feature in the structures of HMGl and HMG2 is the fact that both 

proteins contain a continuous sequence of 30-40 aspartic and glutamic acid 

residues in the C-terminus of the molecule. However, the function of the high 

acidic amino acid region is yet to be determined. In the present work, poly-L- 

glutamic acid (PGA) was employed as model peptide of the high acidic amino 

acid region in order to examine whether the acidic region participates in the 

Abbreviations: HMG, high mobility group; PGA, poly-L-glutamic acid; T;n, 
melting temperature. 
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unwinding reaction. The thermal melting temperature analysis showed that the 

PGA bound to DNA unwinds the DNA double-helix in the presence of Mg2+ or Ca2+. 

METHODS 

DNA from pig thymus was prepared as described previously (1,2). The DNA 
preparation was treated in advance with EDTA. The DNA solution was dialyzed 
three times against 100 volumes of 10 mM Tris-HCl, pH 7.8, containing 1 mM 
EDTA'IH, and then three times against 100 volumes of 10 mM Tris-HCl, pH 7.8. 
The DNA concentration was determined spectrophotometrically by the absorbance 
at 260nm.Poly-L-glutamic acid (m.w. 8,800, D.P.=68) was obtained from Miles 
Laboratories. All the solutions were prepared with doubly distilled water by a 
glass distiller. 

The complex formation of DNA with PGA was monitored by gel filtration. A 
mixture (1 ml) containing DNA (300 ug) and PGA (30 Dg) in 2 mM Tris-HCl, pH 
7.8, or 2 mM Tris-HCl, pH 7.8, containing 0.005 mM MgC12 was applied to a 
Sephadex G-200 column (0.9 x 15 cm) equilibrated with the same solutions, 
respectively. An aliquot of the eluate was used for the determination of PGA 
by the method of Lowry et al. (8). 

The thermal melting transition of DNA was monitored by a Beckman Acta CIII 
spectrophotometer. During the melting experiments , temperature was increased 
at a constant rate of 0.7 OC per min using a Beckman automatic TM programmer, 
and the actual temperature of the sample solution in a 4 ml cell measured 
directly by a glass-seathed R.T. probe was recorded on an XY recorder with the 
simultaneous changes of absorbance at 260 nm. The sample solution was prepared 
by mixing directly DNA and protein solutions at desired weight ratios at room 
temperature. PGA was added lastly in the mixing of all solutions. 

RESULTS AND DISCUSSION 

As previously shown (21, a large amount of HMG(l+Z) binds to DNA either 

in the presence or absence of Mg2+. In order to determine whether PGA can bind 

DNA, a mixture of DNA and PGA at a weight ratio of 0.1 was subjected to gel 

filtration on Sephadex G-200. As shown in Fig. 1, only a part of PGA applied 

was eluted with DNA at the void volume of the column in the presence of MgClz 

Fig. 1. The elution profiles of PGA from Sephadex G-200 gel column 
chromatography. PGA (30 Ug) mixed with DNA (300 llg) in (A) 2 mM Tris-HCl, pH 
7.8, or (B) 2 mM Tris-HCl, pH 7.8, containing 0.005 n34 MgC12 was applied to 
the column equilibrated with the same solution, respectively. 
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as well as in the absence of it, indicating that a limited amount of PGA binds 

to DNA irrespective of the presence of Mg2+. 

Figure 2 shows the thermal denaturation profiles of DNA in the presence 

of PGA in 2 mM Tris-HCl, pH 7.8. There were no decreases of the thermal 

melting temperature (Tm) by PGA under the condition. There was a slight, if 

any, increase of Tin even at low PGA/DNA ratio. On the other hand, the thermal 

melting profiles of DNA changed markedly in the presence of 0.005 ti MgC12. As 

presented in Fig. 3. the Tm of control DNA was higher by 13 OC than that in 

the absence of Mg2+. The Tm's of DNA in the presence of PGA decreased by 

increasing the weight ratio of it to DNA. At a ratio of 0.5 which gave almost 

maximum transition of Tm, the 'I'm decreased by 4 OC. A similar decrease of Tm 

was observed in the presence of 0.005 mM CaC12 as shown in Fig 4, but not in 

the presence of 0.005 mM CuC12 or 0.005 mM MnC12 (data not shown). The 

dependency of the decrease of Tm by PGA on the divalent cations such as Mg2+ 

or Ca2+ 1s consistent with the results by HMG(l+Z) at low weight protein to 

DNA ratios (2). One probable explanation of the decrease of Tm by PGA is that 
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Fig. 2.' Integral thermal denaturation profiles of DNA in the presence of 
PGA in 2 mM Tris-HCl, pH 7.8. The weight ratios of added PGA to DNA are given 
in the figure. 

Fig. 3. Integral thermal denaizuratlon profiles of DNA in the presence of 
PGA in 2 mM Tris-HCl, pH 7.8, containing 0.005 mM MgC12. The weight ratios of 
added PGA to DNA are given in the figure. 
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Fig. 4. Integral thermal denaturation profiles of DNA in the presence of 
PGA in 2 mM Tris-HCl, pH 7.8, containing 0.005 mM CaClz. The weight ratios of 
added PGA to DNA are given in the figure. 

the PGA deprived Mg2+ or Ca2+ from DNA, thus decreasing the Tm. This 

possibility, however, may not be likely; if we assume the PGA deprived Mg2' or 

Ca2+ from DNA, the Tm might decrease to that of control DNA without presence 

of Mg2+ or Ca2f according to their concentrations under the first order 

kinetics. This was not the case. In addition to this, the decrease of Tm was 

not observed with poly[d(A-T)*d(A-T)] used instead of DNA under the same 

condition (data not shown). These results confirmed that the decrease of Tm by 

PGA in the presence of Mg*+ or Ca 2+ is due to the unwinding of DNA double- 

helix by PGA. 

If we assume that 1 % non-matching of DNA strands lowers the Tm by 1 OC 

(9)r about 4 8 region in the whole DNA strands might be unwound by PGA. This 

extent of unwinding is similar to that by HMG(l+2) (1,2). In addition to this, 

the result of a limited binding of PGA to DNA (Fig. 1) may support the 

previous induction that HMG(1+2) binds and unwinds some restricted regions in 

the whole DNA. The complete amino acid sequence and tertiary structure of the 

high acidic amino acid region in HMG(l+Z) have not been determined, and it is 

ambiguous that the results obtained using a model peptide, PGA, reflect the 

real functional effect of the HMG protein. Still, it is suggestive that the 
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high acidic amino acid region participates in the'unwinding reaction of DNA 

double-helix by the HMG protein. 
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