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ABSTRACT 
 

The use of guanosine gels (G-gels) formed by guanosine 5'-monophosphate            

(5'-GMP) was investigated for the separation of single stranded DNA fragments of equal 

length based on differences in sequence in capillary gel electrokinetic chromatography 

(CGEKC).  The strands were labeled with the fluorophore 6-FAM and detected by laser 

induced fluorescence (LIF).  Baseline resolution was achieved for the separation of a 

series of homodimers and homo-pentamers comprised of adenosine, cytidine, or 

thymidine nucleotides.   G-gels provided better resolution than capillary zone 

electrophoresis (CZE), micellar electrokinetic chromatography (MEKC), and a traditional 

sieving gel in capillary gel electrophoresis (CGE).  Comparison of migration order 

among the different techniques suggests that base- or sequence-specific interactions 

become important in G-gel separations in going from the dimers to the pentamers.  

Resolution improved with increasing 5'-GMP concentration, indicating that the degree of 

interaction is tunable and linked to the structural organization of the gel.  The dependence 

of gel organization on the concentration of 5'-GMP was studied using circular dichroism 

(CD) spectroscopy and fluorescence probe studies with the hydrophobic dye Nile Red.  

The results indicate that gel organization is greatly influenced by monomer concentration 

at pH 7 and pH 8, with the appearance of new spectral features at higher   5-GMP 

concentrations.  Fluorescence anisotropy measurements were used to investigate specific 

interactions between the different DNA homonucleotides (A2, C2, T2; A5, C5, T5) and the 

G-gel.  The results show that thymidine nucleotides exhibit the highest anisotropy, 

suggesting that this nucleotide exhibits closer association with G-gels than cytidine or 

adenosine. 



G-gels were then applied to the separation of four 76-mer strands that form part of 

a highly polymorphic short tandem repeat (STR) sequence utilized in forensic DNA 

typing.  Resolution of the four strands was achieved in G-gel CGEKC, while no 

separation was achieved in CZE or traditional CGE with a commercial sieving gel.  The 

separation order was found to be related to the number of guanosine nucleotides in each 

strand under conditions of forward polarity, with the strand having the most guanosines 

eluting first and the strand having the least guanosines eluting last.  The results suggest 

that separation in CGEKC is dependent upon both the number of guanosine nucleotides 

in each strand and their positions within the strand.  The effects of temperature, 5'-GMP 

monomer concentration, cation concentration, field strength and capillary inner diameter 

on the resolution of the strands were investigated.  Increases in temperature, monomer, 

cation concentration and field strength led to improvements in resolution, while 

capillaries with smaller inner diameters gave better separations than those with larger 

diameters.  The results suggest that the degree of interaction between the strands and     

G-gels is tunable, making G-gels unique options for ssDNA separations in CGEKC. 

The compatibility of G-gels with traditional sieving media was explored for 

electrophoretic separations of ssDNA in both slab gel and capillary platforms.  Mixtures 

of traditional sieving media, such as agarose and polyacrylamide, with G-gels resulted in 

stable, well-dispersed slabs.  Visual inspection showed structural differences between 

slab gels created solely from polyacrylamide, and those created from a 

polyacrylamide/G-gel mixture.  CD spectroscopy was used to investigate structural 

changes among the gels, with the results showing further spectral differences between 

standard and mixed slabs.  Mixtures of linear polyacrylamide and G-gels were also 



investigated in CGEKC separations of biologically active wild type and mutant strands 

differing by a single point mutation.  While linear polyacrylamide gels were not able to 

resolve these polymorphic strands, mixtures of linear polyacrylamide and G-gels resulted 

in resolution of the genetic variants. 
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