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Note 

Capillary tube isotachophoretic separation of nucieotides using com- 
plex-forming equilibria 
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Zkpurxnzen~ of Cknriszry_ Facrdc 01 Science, Hokknido Lkiwrsify. Skpporo 060 (Jopan) 

(Rtiwd Xovembz Xth, 1081) 

Many papers have described the separation of nucleotides using various meth- 
ods, e-g., liquid chromatography’-‘, electrophoresis*” and isotachophoresis13’6. 

Beckers and Everaertsx3 studied the separation of nucIeotides by isotachopho- 
resis and show& that the separation of complex mixtures was difficult and the use of 
some other techniques, e.g., a counter-flow of electrolyte, might be nv. We 
found that the differences among the effective mobilities of nucleoside triphosphates 
were sma.U in comparison with those of di- or monophosphates. 

The use of complex-forming equilibria in capillary tnbe isotachophoresis is a 
powerful technique for improving the separability_ Inorwic anions”, or,oanic 
acids18, some EDTA complexes”, alkaiine earth metal cations” and lanthanide 
cations” have been separated using this technique. In this paper we show that nucleo- 
tides can be effectively separated by capillary tube isotachophoresis using complex- 
forming equilibria between magnesium(I1) ion and the nucleotides. 

EXPERIMEXTAL 

Isotachopherograms were recorded Nifh a Model IP-IB capillary tube iso- 
tachophore%ic analyser with a PGD-1 potentiaI gradient deteuor (Shimadzu, Kyoto. 

TABLE I 

iEADING AXD TER!!INATiNG ELECTROLYTE SYSTEMS 

Eletiro@re Paramerer Value 

Leading ieading ion IO-4 mm01 dm-’ NO,- [ad&d as nitric acid 
and magnekm(II) nitrate] 

Compkxing agent 236 mm01 dm-” Mg?+ (added as nitrate) 
Ad&ix 5 % ethano1 

0.005 “5 poIy(\?nyI aImho1) 
Btiering counter ion Adcoosim 

FH 3.00 

Terminating Terminating ion 10 mm01 dm- 3 22-dimethyIpropanoic acid 
PH 3-5 
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Japan). The length of the capillary tube (PTFE, I.D. 0.5 mm) was 20 cm. Measure- 
ments of pH were made with a Model F-7ss expanded-scale pH meter (Horiba, 
Japan). 

Adenosine and Y-nucleotides were obtained from Boehringer (Mannheim, 
G-F-R.). The other chemicals used were of the highest grade commercially available 
and deionized water was used. The leading and terminating electrolyte systems are 
shown in Table I. The nitric acid soIution and the magnesium(U) ion solution were 
standardized by acid-base and chelatometric titration, respectively. In all expcri- 
ments metal ions were added as nitrate and the leading ion (Le., nitrate) concentration 
was kept constant 

RESULTS AND DISCUSSION 

Fifteen Y-nucIeotides (AMP, CMP, GMP, IMP, UMP,- ADP, CDP, GDP, 
IDP, UDP, ATP, CTP, GTP, ITP and UTP)* were used as sample constituents. All 
experiments were carried out in a low pH region of the leading electr&te because the 
differences among the effective mobilities-of the nucleotides were larger than those in 

Fig_ 1. isotxchopherograms of nuckosidc rncmo-, di- and tripbosphatcs. Conditions as in Tables I and II 
except &an qxzed, 10 - n&i--‘_ Differential potential gradient curves aR not shown. to simplify the 
Bgtres. (a) Potcntjal gradient I = Nitratq 2 = UW, 3.= IMP: 4 = GMP: 5 = AMP; 6 = CMT; 7 = 
Uf)P;8=TT)P;9=GDP;LO=ADP;1L=CD~;IZ=UTTP,13=iIP;l4=GTP;l~=~;16= 
ATP; 17 5 2.2-dketbylproPanuic acid_ 

* Ahrevia~ons: AMP = adcuosine monophosphate; CMP = cytid& monoph~hate; GIW. = 
g+uAne monophosphate; IMP = imsine monophdspbate; UMP = uridifie monophosphate; ADP = 
adenosine dipbosphate; CDP = qtidkc dipbospbate; GDP = guanosine diphospbate; LDP = ino&e 
diphospkte; UDP = uridioe diphospbate; ATP = .adenosine tripbosphatee; CTP = cytidke triphos- 
phate; GTP = guanosine txiphospbate; ITP = ioti& tripbospbatc; LJTP = uridme~tipbospbate_ 
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Fig L isotachophero_o,nm of eleven nucieotides and phosphate. Conditions as in Fig. 1 exept sample 
xclume. 6.0 gl_ (a) Potential _gadient; (b) difiirentiai potential gradient. 1 = Nitrate; 2 = phosphate; 3 = 
~DP;4=1DP;5=GDP;6=lXP;7=lTP;S=GTP;9=CDP;10=Cl-P;11 =_Al-P;E=AMP; 
13 = CX!P; I4 = ?_?-dimethyIpropanoic acid. 

a high pH region. In the initial experiments several metal cations were tested as 
complex-forming reagents with the nucleotides. It was found that magnesium(II) was 
one of the most effective ions and calcium(H) had almost the same effect as 
magnesium(I1). 

The effective mobihties of the nucleotides decreased with increasing 
magnesium(I1) ion concentration in the Ieading electrolyte and the differences among 
the mobilities of some nucleotides were increased. To obtain a su@cient separation of 
nucleotides it was preferable to make the magnesium(II) ion concentration high. Such 
conditions, however, make t&e buffering ability of the leading electrolyte low because 
the amounts of the buffering agent, i.e., adenosine, decrease with increase in the 
magnesium(II) ion concentration to keep the pH of the leading electrolytes constant. 

As the stability constants of metal complexes are higher in organic than in 
aqueous media”, ethanol was added to the Ieading electrolyte to enhance the interac- 
tion between magnesium(II) ion and the nucleotides. This effect appeared when 
several percent of ethanoi were added. Not only were the differences among the 
mobihties of some nucleotides increased and the separabilities improved by adding 
ethanol to the leading electrol_yte, but also the isotachopherograms obtained were 
better than those obtained in experiments with no ethanol: the sloping steps obttined 
with some sample constituents were improved to a Ilat shape and the drift of the 
potential gradient of the Ieading ion became very small. 

As shown in Fig_ 1, five kinds of nucleoside mono-, di- and triphosphates could 
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TABLE I1 

PR VALUES AND ZONE LENGTHS 

The PR value @ocential gradient ratio) is the ratio ofthe potential gradient ofthe leading ion to that ofthe 
sample ion (PGJpG& which cot-responds to the ratio of the mobility of sample ion to that of the leading 
ion (n+#_ Conditions as in Table I; other conditions, migration cm-rent, 75 PA; chart speed, 40 mm 
rnin-I; sample, about 4 nmol; sample volume 20 fl_ 

Compound PR valuef Relative stanabrd 
deviation (%) 

Zone 
length (mm)* 

Relative stanahrd 
deb57tion (%) 

Phosphate 0.427 1.9 14.9 2.7 
AMP 0.135 2-O 14.4 2.0 
CMP 0.0293 2-O 192 1.2 
GMP 0.225 2.3 14.7 1.2 
IMP 0.257 1.9 12.6 1.7 
UMP 0.272 2.0 14.3 2.0 
ADP 0.246 2.7 22.2 2.7 
CDP 0.233 2.9 17.7 2.1 
GDP 0.308 2.4 17.3 2.3 
IDP 0.344 2.3 16.6 2.1 
UDP 0.387 25 21.0 1.7 
ATP 0.216 1.4 20.1 2.1 
CfP 0.226 1.5 16.8 2.2 
GTP 0.251 1.6 16.2 1.7 
ITP 0.261 1.7 12.9 1.7 
U-i-P 0.287 1.3 16.8 1.8 

* Average of six determinations. 

be separated into individual constituents. Furthermore, twelve sample constituents, 
including five nuckoside triphosphates, four nucleoside diphosphates, two nucleoside 
monophosphate and phosphate, could be separated simultaneously, as shown in Fig. 
2. The complexing agent was 2.86 mm01 clms3 magnesinm(I1) ion and 5 72 of ethanol 
was added to the leading electrolyte. Table II shows that the relative standard devi- 
ations of the 3R values of the nucleotides and phosphate are 1.32.9 % and those of 
the zone lengAs are 1.2-2.7 % with about 4 nmol of sample constituents. 

The effective mobilities of the nucleotides were very sensitive to the ethanol and 
magnesium(II) ion koncentrations in the leading electrolyte. In other words, suitable 
conditions for given samples can be chosen by adjusting the ethanol or magnesium(I1) 
ion concentration in the leading electrolyte. The mobilities of the nucleotides were 
also sensitive to the pH of the leading electrolyte. Satisfactory separations of the 
nucleotides could not be obtained at pH 5.3 and 8.5. 
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