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Abstract 

The study of inositol phosphate isomers is important because of their role as 

second messengers in eukaryotic organisms. This study is concerned with developing a 

method using 8-hydroxyquinoline-5-sulfonic acid with a metal ion to form a chelate that 

can be used to determine cellular concentrations of various inositol phosphate isomers. 

Introduction 

The focus of this study is to optimize a method that can be used to study the 

cellular concentration of inositol phosphates. The method consists of using a fluorescent 

chelate consisting of a metal ion and 8-hydroxyquinoline-5-sulfonic acid (HQSA) that 

will bind to the phosphate group of different inositol phosphate (IP,) isomers and can be 

used in fluorometric flow-injection analysis (FIA) with High Pressure Liquid 

Chromatography (HPLC). In this study, inositol hexaphosphate (IP 6) was the 

representative IP, molecule used for optimizing the HQSA-metal chelate. 

8-hydroxyquinoline-5-sulfonic acid is one of the most commonly used fluorescent 

chelating agents. When alone in a solution consisting of no metal ions, HQSA shows no 

inherent fluorescent properties. However, when combined with metal ions, HQSA can 

form a chelate (a complex formed through bonding with metals) that has significant 

fluorescent properties. Many studies have been conducted in the past to characterize the 

various fluorescent properties of diffenmt HQSA-metal chelates. HQSA metal-chelates 

have been found to have different Huorescent properties varying in intensity and 

wavelength of absorbance with the spec:ific type of metal ion present in the chelate. The 

fluorescent properties of HQSA-metal chelates have been used in various fields of study. 

HQSA can be used to select for and recover both environmentally and economically 



important metal ions (Wang et at., 2001). In one such study, the fluorescence ofHQSA

metal chelates was used to analyze th(: concentration of heavy metals in samples taken 

from seawater. Another study used HQSA in order to determine the concentration of 

trace amounts of aluminum in tap watl~r (Jones. 1988). For these purposes and others, 

HQSA-metal chelates have been studied and the different levels of fluorescence 

associated with each metal ion present in the chelate have been reported. 

Different substituents and solvent media also have an effect on the fluorescence of 

HQSA-metal chelates. Fluorescent enIlancement has been achieved through the use of 

surfactants, cationic micelles (e.g., hexadecyltrimethylammonium ion or HTA +), 

waterlDMF solutions, as well as using optimal excitation and emission wavelengths on 

fluorescence detectors (Gonzalez et at., 1990). Fluorescent intensities are also dependent 

upon pH level. The optimum pH level for most HQSA-metal chelates has been found to 

be somewhere in between five and eight, depending upon the specific metal studied 

(Soroka et at., 1987) (Phillips. 1986). Previous studies have examined, through 

fluorescence spectroscopy, many different HQSA-metal chelate complexes and their use 

in different chromatographic applications for detecting and separating various biological 

molecules (Wang et at., 2001). 

Several biological molecules, such as inositol phosphates, bind to metals. The 

binding of the phosphate groups in IP6 to metal ions like Cd2
+ can be detected with 

HQSA. In the presence of IP6 there are two different reactions that are working in 

competition with each other. The metal ions and IP6 molecules compete for the binding 

ofHQSA. Since there is no fluorescent signal from an HQSA-IP6 chelate, addition OfIP6 

to the HQSA-metal chelate has a quenching effect on the fluorescence due to IP6 binding 



to HQSA. Therefore, the difference in relative fluorescence in the presence and absence 

of IP 6 can be optimized by varying the conditions of the experiment, such as the metal 

ions used and various organic reagents. 

In eukaryotic cells, inositol phosphates act as important intracellular second 

messengers. Inositol is a cyclic molecule with six hydroxyl groups. This molecule forms 

the hydrophilic head group of inositol phospholipids in membranes. Phosphatases and 

lipid kinases act on the inositol ring of inositol phospholipids and generate a variety of 

phosphoinositol phospholipids. Activatiion of specific phospholipases causes cleavage of 

phosphoinositol phospholipids releasing intracellular inositol phosphate second 

messenger molecules. Inositol 1,4,5-trisphosphate (Ip]) is the most studied inositol 

phosphate second messenger. (Irvine et al., 2001). IP] plays an important role in both 

local and global mobilization of Caz+. IP] is formed by receptor-activated hydrolysis of 

phosphatidylinositol 4,5-bisphosphate (PIPz) in the lipid bilayer. Additional hydrolytic 

reactions can alter IP] further by dephosphorylating the complex to form IPz, or IPl. 

These inositol phosphate derivatives all have different important biological roles (Shears. 

1998). 

Understanding of the importance of inositol phosphates to signal transduction 

began in 1983 when the Caz+-mobilizing capabilities of inositol 1,4,5-triphosphate (Ip]) 

were discovered. Soon after this discovery, the structural versatility of this class of 

compounds emerged, and other IP x' s were beginning to be studied for the roles that they 

might also play in signal transduction. Through subsequent studies of various IP x 

complexes, their relevance to signal transduction and their versatility as cellular signals 

have frequently been confirmed (Shears. 1998). 



Inositol hexaphosphate is the representative inositol phosphate compound used 

for optimizing the HQSA-metal chelate: in this study. It is not stored in mammals, but it 

does exist in plants. IP6 can cause problems with pollution and also with mineral 

deficiencies in mammals. IP 6 is often fi)und in the food of cows, but it is not metabolized 

by these mammals. Instead, it passes through the digestive tract into the soil and ground 

water. As IP6 passes through the digestive system, it can bind to certain elements, such 

as zinc, and cause the element to leave the organism instead of being stored as it should 

be. For these reasons and many others, the study of IP6 and other inositol phosphate 

isomers is very important. The method of assay being developed in this study will be a 

major asset in the separation and identification of cellular concentrations of inositol 

phosphate compounds (Shears. 1998). 

A common way of measuring cellular concentrations of inositol phosphates has 

been labeling with radioactive isotopes, such as 3H and 32p (Prestwich et al., 1991). 

However, when using such a method followed by separation with HPLC, the column 

becomes contaminated with radioactive isotopes. Contamination of the column limits its 

range of utility to that of separation of radioactive phosphorous containing compounds. 

Therefore, a new method of analysis that doesn't use radioactive isotopes would be 

advantageous by preserving the equipment from radioactive contamination, thus, saving 

money due to equipment costs. 

Several different methods have been examined for enhancing the fluorescence 

properties of metal chelates. Two common metal ions that have been used in various 

studies include Cd2+ and AI3+. Previous studies reported that out of approximately 

seventy-eight metal ions studied for there fluorescence when bound to HQSA, Cd2
+ and 



Ae+ gave two of the highest fluorescent signals. "Cadmium forms the most fluorescent 

complex in a purely aqueous solution," and Aluminum is most fluorescent in an aqueous 

solution with a I: I ratio of dimethylformamide (DMF) (Soroka et al., 1987) (Garcia et 

al., 1989). From the results reported in previous studies, these same two metal ions were 

used as the starting point for this study. 

The method developed in this srudy is aimed at being able to attain subpicomole 

(less than 10-12 mole) results, because the cellular concentration of inositol phosphates 

exists at such small concentrations. It was important that all chemicals used with various 

solvents were water soluble. If a precipitate is formed in solution and is then pumped 

through the HPLC it could become caught somewhere in the HPLC and possibly cause 

the pump pressure to vary and hinder the results of the fluorescence measurement. In 

light of the information received from the literature research that was done prior to 

conducting this study, it was decided that using Cd2+ (having the highest fluorescence in 

purely aqueous solution) at a pH of 7 was the best point to start. This study aims to 

further the research and discoveries made in previous studies, as well as provide a new 

method of assay that might be advantag(:ously used in future areas of research. 

Materillis lind Methods 

Fluorometric flow-injection analysis using a HQSA-metal chelate for determining 

cellular concentrations of inositol phosphates was the method that was optimized in this 

study. This was accomplished using HPLC followed by fluorometric spectroscopy. 

HPLC was used to mix the solvents containing the various metal ions and other organic 

reagents, and to inject specific concenlrations of IP6. The HPLC was setup so as to 

bypass the column to receive a faster data output, since, the study was focused on 



optimization of the fluorescent signal and not on the actual separation of the inositol 

phosphate compound. The pump rate for HPLC was set for I mllmin., and the solvents 

were sparged with helium gas at 20 mllmin. The HPLC was connected to a fluorometric 

spectrometer in order to detect the fluorescent signal of the HQSA-metal chelates alone 

and upon injection of IP6. The experimental parameters used for fluorescence 

spectroscopy were an emission wavelength of 510 nm and an excitation wavelength of 

390 nm. The signal for the HQSA-metal chelates served as the baseline in the 

chromatographs and variation from the baseline signal was achieved after a sample OfIP6 

(5 ilL) was injected. The chromatographs produced were done so using HP 3365: Waters 

600 HPLC software. The analytical instruments used were a Waters 600 HPLC, Waters 

600-MS System Controller, Beckman Model IIOA pump, and a Shimadzu RF-530 

Fluorescence Spectromonitor. All chemicals used were reagent grade or better; all 

solvents used were HPLC grade. 

Results and Conclusions 

Cd2+ and Ae+ were investigated for their fluorescence properties in a chelate with 

8-hydroxyquinoline-5-sulfonic acid in order to optimize a method that can be used to 

study the cellular concentration of inositol phosphates. HEPES (4-(2-hydroxyethyl)-I

piperazinethanesulfonic acid) (CgH17N2S03) was used as a buffer in the experiments to 

acquire an optimum pH for enhancing fluorescence. 
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Graph 1 shows the results of an t:xperiment conducted as mentioned in the 

previous section with aiM HEPES! ,1 mM HQSA solution and a 20llM Cd2+ solution 

being pumped through the HPLC. The mixture of these two solvents gave a base line 

reading for the chromatogram. Two different concentrations OfIP6 (.0006 M and .0012 

M) were injected into the HPLC, which then showed up as peaks (increases in 

fluorescence) on the chromatogram. These peaks were then integrated to determine peak 

areas and these areas were plotted against the corresponding concentration ofIP 6 that was 

used for a particular peak. Good sized peak areas were obtained from this experiment, 

but irreproducible results were obtained from similar experiments following this. These 

results were probably due to some other chemical present in the column from a previous 

experiment. After washing the machine with pure methanol, further experiments were 

then carried out. 

Another experiment was conducted with HQSA-Cd2
+ in order to obtain 

reproducible results that would confirm whether or not Cd2
+ would yield adequate peak 



areas. The parameters for this experiment were the same as in the previous experiment 

with the exception of using 40~M Cd2+ solution instead of20~M Cd2+ solution, and the I 

M HEPESI .1 mM HQSA solution was ';hanged to .1 M HEPESI .1 mM HQSA. Graph 2 

presents the results of injecting purified H20, 0.0006 M IP6, and 0.0012 M IP6. As with 

the previous experiment, there was an increase in peak area as the concentration went 

from 0.0006 M to 0.0012 M IP6. However, the peak areas were even smaller than when 

20~M Cd2+ was used, confirming that Cd2+ was not going to yield adequate peak areas 

for subpicomole levels of detection. 

Graph 2 
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After deciding that cadmium was not the desired metal to be used with HQSA, 

aluminum(III) was the next choice. As mentioned before, Ae+ was reported to give the 

highest level of fluorescence when used with the organic solvent DMF. Acetonitrile is a 

similar solvent that was reported to enhance fluorescence of the HQSA-Ae+ chelate, and 

there happened to be some HPLC grade acetonitrile already prepared. Thus, it was 

decided that acetonitrile would be used in the assay prior to using DMF. The experiment 



was conducted so that at the start of the run there was only Ae+ and HQSA pumped 

through the HPLC and detector. Then, the acetonitrile concentration was increased 

gradually in ten percent increments. Eal~h time that the acetonitrile concentration was 

increased, the baseline fluorescence would also increase and then level off, so that the 

chromatogram had a stair step appearanl~e. At each level, 1P6 was injected to demonstrate 

the influence of the acetonitrile on the peak areas. As the acetonitrile concentration was 

increased, the injections OfIP6 produced larger peak areas. However, the peaks produced 

when using acetonitrile along with the HQSA-AIJ+ chelate were not satisfactory. 

So far, the results produced wen: only sensitive to nanomole amounts OfIP6. 

However, the experiment is aimed at detecting picomole amounts. Therefore, the next 

step in the research was to use AIJ+ along with DMF, which was reported in previous 

studies to have more fluorescence than Ae+ and acetonitrile. This is where the study 

concluded for the semester, but it is being continued by other students under the 

supervision of Dr. Pattison. The experiments will continue to change and progress, using 

different metal ions with HQSA and various enhancement factors until peak areas are 

obtained that are accurate to subpicomole detection limits. This study is just part of the 

development of an important method that will be used to detect the concentration of 

inositol phosphates in different biological systems. 
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