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In a previous communication’ a method was described for the characterization 
of more than sixty nucleo-derivatives and related compounds on cellulose thin layers. 
This technique is especially suitable for the detection of nucleo-derivatives in biological 
material. However, the separation of some groups of nucleotides is poor; nucleoside 
tri- and diphosphates show some tailing. Fortunately nucleotides can be separated 
very sharply on PEI-cellulose layers according to RANDERAT&-4. For the chromato- 
graphy of nucleotides on PEI-cellulose layers stepwise elution with different solvents 
has been used”+’ (I or a review, see ref. 7). The quantitative estimation of these 
compounds, using a micro-technique, has also been describeda. 

It was felt that gradient elution* may be useful for the chromatography of 
nucleo-derivatives on PEI-cellulose layers, when separation and detection of nucleic 
acid bases, nucleosides and nucleotides on the same plate is required. Since direct 
fluorometry of spots was found to be suitable for the quantitative analysis of com- 
pounds, e.g. nucleo-derivativesDv lo and amino acids119 12, resolved on. silica gel or on 
cellulose layers, there is no doubt that this method can also be used for direct scanning 
of spots on PEI-cellulose chromatograms. 

In this communication we would like to describe some results concerning 
gradient elution chromatography of nucleo-derivatives on PEI-cellulose layer; 
Additionally the direct fluorometry of these compounds will also be reported. 

EX+ERLMENTAL 

Pre$aratiofl of she&s 
RANDERATN’S method13 was 

(Type DC, GA 1190, Galenopharm, 
used with slight modifications. Plastic sheets s 

Geneva, Switzerland) 20 x 130 cm are cleaned 

* For Part II.1 of this series, sewref. I. 
* * 6th communication on, “Quantitative Thin-Layer Chromatography”. 5th communicalidn, 

see ref. 12. 
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and fixed on the plastic holder of the applicator (Desaga, Heidelberg, Germany) 
using scotch tape. A suspension of 22 g MN-3oo-cellulose (Procedure a) or zz g purified 
MN-3oo-cellulose 1910 (Procedzbre b) in 145 ml of a I o/o PEI-solution (cellulose powder 
supplied by Macherey, Nagel & Co., Dliren, Germany, preparation of PEI-solution 
according to RANDJZRATH~~) is homogenized for I min in an electric mixer. After 
stirring for about I min in a beaker to remove air bubbles, the suspension is placed in 
the applicator, the sheet coated immediately (slot width 0.5 mm) and allowed to dry 
overnight at room temperature. 

Pretreatnzmt of sheets 
Ascending chromatography on the sheets (20 x 20 cm sheets are fixed with a 

rubber band on glass plates) is carried out in Shandon multiplate-chromatotanks 
(Shandon, London). In order to avoid loss of layer and to remove the impurities, 
filter paper strips (e.g. prefolded paper strips for BN-chamber, Desaga, Heidelberg 
Germany) are attached to the top and to the bottom. The sheets are developed with 
IO O/~ NaCl for 5 cm, and then, without intermediate drying, with distilled water up to 
20 cm. After drying for about 3 h the sheets are redevelopecl with water for 20 cm. 
After drying overnight at room temperature they are ready for use. For quantitative 
estimations it is necessary to remove impurities as far as possible. It is therefore 
advisable to examine the sheets in U.V. light before use, and if there are still visible 
impurities, another development with water should be carried out, AU YZ~NS aye made 
per$en,dicuZar to the coat@ direction%. . *a- 

Bqbaratio9z of plates 
RANDERATW'S methodz-* has been used with slight modifications. IOO g Polymin 

P (Badische Anilin- und Sodafabrik, Ludwigshafen, Germany) and 250 ml distilled 
water are stirred, neutralized with cont. HC1 to pH 6, and made up to 500 ml with 
distilled water. 25 ml of this solution is dialyzed against 4 1 clistilled water (using a mag- 
netic stirrer). After 24 h, the dialyzed solution is made up to 250 ml. 40 g purified 
MN-3oo-cellulose 1910 (Procedzlre c) and the dialyzed PEI-solution are homogenized in 
an electric mixer for I min. The slurry is spread over IO glass plates, 20 x 20 cm (slot 
width 0~5 mm) using e.g. STAHL'S applicator (Desaga, Heidelberg, Germany), followed 
by drying overnight at room temperature. 

Pretreatmem? of &Sates 
In order to obtain an even solvent front it is advisable to remove a 0.5 cm strip 

from both edges of the plate. To avoid cracking it is also advisable to scratch lines into 
the layer as described by RANDERATH 14, In addition, the attachment of filter paper 
strips to the top and the bottom is also necessary (cf. pretreatment of sheets). 

Ascending chromatography, drying, etc. is made as described under “Pretreat- 
ment of sheets”, however, all ~tins slzowZd be in the coating dirsctiom. Before spotting and 
chromatography all parts of the layer into which lines were scratched are scraped off. 

Chromatogva$hy 
For chromatography, a sandwich type chamber (BN-chamber, Desaga, Heidel- 

berg, Germany) cooled with tap water and combined with a device for gradient elution 
previously described* is used. A similar apparatus for gradient elution thin-layer 
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chromatography is now available (Desaga, Heidelberg, Germany). Total volume of the 
capillary, 4 ml ; length, 276 cm, inner diameter, x.5 mm. In this study we have used 
mainly the following solvent systems (designed as standard gradient) in which the 
capillary is filled (speed, 0.05 ml/set) , successively, with : 

(I) o.Q ml 0.1 M LiCl 
(2) 0.6 ml 0.2 M LiCl 
(3) o.G ml 0.5 M LiCl 
(4) 0.6 ml I M LiCl 
(5) 1.2 ml 2 M LiCl. 

combined with the feed pipe in such a way that chromatography starts with the 
solvent of lowest salt concentration (here 0.1 M LiCl). Chromatography is perpen- 
dicular to the coating direction on the sheets. Development on plates is in the coating 
direction. Distance between immersion line and starting points was 1.5 cm. 

Scanning of spots 
For direct fluorometryD-32 a Turner-Fluorometer III fitted with a door for 

thin-layer chromatograms (Camag, Muttenz, Switzerland) is used. ‘Spots on the plates 
or sheets can be scanned by illuminating the chromatograms with a short wave-length 
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Fig. 1. Separation of the a&nine, guanine, uracil, cytosinc, hypoxsnthinc and thyminc group on 
PEI-ccllulosc sheet (cf. procedure b in Experimental). Stanclarcl gradient (capillary is filled with: 
0.6 ml 0.1 M LiCI; o.G ml 0.2 M LiCl; o.G ml 0.5 M LiCl; 0.6 ml I M LiCl; and 1.2 ml 2 M LiCl). 
Load: base, nucleosicle and monophosphate I ,ug each; diphosphate and triphosphate 2 pg each. 
Distance between starting point and immersion line: 1.5 cm. Running time for 3.6 ml solvent: 
IGO min ; rclativc air humiclity : 65 o/o, 

l?ig. 2. Separation of the a&nine, guanine, uracil, cytosinc, hypoxanthine ancl thymine group on 
PEI-ccllulosc plate (cf. proceclure c in Methods). Experimental conditions as in Pig. I. Running 
time: 95 min; relative air humidity: 37 %. 

fluorescent lamp (110-851) at 254 nm and by using a Corning 7-54 filter as primary 
filter (transmitting between 230-400 nm) and a Kodak-Wratten 2A (transmitting 
only above 405 nm) as secondary filter. The conditions are* : at door full open; 

* Recently, some improvements were introduced by the manufacturer. The new apparatus 
probably requires the same variations in the experimental conclitions as given in this paper and 
publishccl prcviously”-la. 
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sensitivity I0 X ; recording of Auorometer units by a Hi-Speed-Recorder 201, 
supplied by IContron/Ztirich (speed, 8 cm/min ; voltage, LO mV). Before scanning the 
chromatograms are dried 30 min in a stream of cold air (designed as “t = 0”). 

RESULTS AND DISCUSSION 

The chromatogrsphic behaviour of nucleo-derivatives on PEI-cellulose sheets 
prepared according to procedure b and on PEGcellulose plates prepared according to 
procedure c (cf. Methods) with our standard gradient is shown in Figs. I and 2. As 
can be seen, there is a good separation in every group between nucleoside-mono-, 
di- and triphosphates as well as between nucleoside and the corresponding base. It is 
especially remarkable that in each group phosphates, nucleosides and the correspon- 
ding bases can be detected on the same plate, 51 fact which makes possible the analysis 
of substances from three different polarity classes. 
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Fig. 3. Reproducibility of the standard gradient (cjt Methods) on the same PEI-cellulose sheet; 
(cf. procedure B in Methods). Experimental conditions as in Fig. I. Running time: 165 min; 
relative air humidity : 45 o/o, 

Fig. 4, Separation of different groups of nucleo-derivatives on PEI-cellulose plate (procedure c in 
Methods). Gradient: (I) 0.4 ml water; (2) o.G ml 0.1 M LiCl; (3) 0.6 ml 0.2 M LiCl; (4) 0.6 ml 0.5 M 
LiCl; (5) o.G ml I M LiC1; (6) 1.2 ml 2 M LiCl. For the remaining conditions cJ. Fig. 1. Running 
time : 120 min for 4 ml solvent; relative air humidity : 50 %. 

The separation will not be altered if we use PEI-cellulose sheets prepared 
according to procedure a (impregnation of unpurified cellulose with poly(ethylene- 
imine) ; cf. Methods). The reproducibility of the standard gradient (cj’. Methods) on 
the same sheet is shown in Fig. 3. XF values of compounds observed on diflereutt slzeets 
under di#ere& cafzditio?zs suggest that the variance of A$ values in gradient elution 
thin-layer chromatography is nearly of the same order of magnitude as that generally 
encountered in thin-layer chromatographylt. 

The separation of nucleotides from their correspon+ng bases and nucleosides in 
each group is given in Figs. J: and 2. However, adenine and guanine move approximate- 
ly as fast as IMP and CMP and slower than UMP (e.g. Figs. I and 2). When we use 
gradient elution for the separation of complex mixtures containing nucleotides 
nucleic acid bases and nucleosides a distinct differentiation is, required between all 
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nucleotides on the one hand, and all nucleosides and nucleic acid bases on the other 
hand. Since the RF values of nucleic acid bases and nucleosides do not depend on the 
salt concentration of the solvent, these compounds can be separated from nucleotides 
and other acidic substances by a development with distilled water”. We have therefore 
modified our standard gradient slightly to obtain a better separation between the 
compounds discussed above. Starting with 0~4 ml distilled water instead of 0.1 n/z 

LiCl causes only a minor change (compare the positions of adenine, guanine, UMP, 
CMP and IMP in Figs. 2 and 4). Gradients containing I and 1.8 ml water, resp., as 
starting solvent are capable of separating all the nucleic acid bases and nucleosides 
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Fig. 5, Separation of different groups of nuclco-derivatives on FEI-cellulose plate (procedure c in 
M&hods). Gradient: (I) I ml water; (2) 0,s ml 0.1 M LiCl; (3) 0.5 ml 0.2 M LiCl ;(4) a.5 ml 0.5 M 

LiCl ; (5) 0.5 ml I M LiCl ; (6) I ml z M LiCl. For the remaining conditions cf. Fig. I. Running time : 
95 min for 4 ml solvent; relative air humidity: 33 %. 

Pig. 6. Separation of different groups of nucleo-derivatives on PEI-cellulose plate (procedure c in 
Methods). Gradient: (I) 1.8 ml water; (2) 0.4 ml 0.1 M LiCI; (3) 0.4 ml 0.2 M LiCl; (4) 0.4 ml 0.5 M 
LiCl; (5) 0.4 ml I M LiCl; (6) 0.6 ml 2 M LiCl. Par the remaining conditions cf. Fig. I. Running 
time: 105 min for 4. ml solvent; relative air humidity : 33 ‘%. 
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Fig. 7. Separation of different groups of nucleo-derivatives on PEI-cellulose plate (procedure c in 
Methods). Gradient: (I) I ml methanol-water (I: I); (2) 0.6 ml 0.1 M LiCl; (3) 0.4 ml 0.2 M LiCl; 
(4) o.G ml 0,~ M LiCl; (5) o.G ml I M LiCl; (G) o.C ml 2 M LiCI. For the remaining condi$ions cf, 
Fig. z. Running time: 180 min for 4 ml solvent ; relative air humidity : 36 Oh. 
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I?&. 8. Scanning of spots (pcrpenclicular to the direction of run) on PEI-cellulose sheets (cf. proce- 
dure 0 in Mcthocls). The sheet with the substances was covered, except a small strip containing 
the spot under investigation, with another plain PEI-cellulose sheet. Before scanning (“8 = 0” 
min) the ~chromatogram was clriecl 30 min in a stream of cold air. l?or the remaining conditions cf. 
Methocls. Impurities in nucleoticlc cli- and triphosphates arc not given here. Loads are given in 
micrograms (1~6). a = Aclcnine group ; b = guanine group ; c = uridine group ; cl = cytosinc group; 
e a hypoxanthinc group ; f = thymine group. 
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under investigation from the nucleotides. However, the resolution of the nucleotides in 
these cases is somewhat less effective (Figs. 5 and 6). Finally Fig. 7 shows a chromato- 
gram with a gradient containing I ml methanol-water (I : I) as starting solvent. 
I-Iigher amounts of methanol give chromatograms in which the nucleic acid bases 
and nucleosides tail. 

As alreacly mentioned, attempts have been made to apply the direct fluorometric 
procedure previously reported a---12 for scanning of spots on PEGcdlttl0sf3 chromato- 
grams. Earlier experiments* showed that direct fluorometry cannot be performed on 
unpurified cellulose layers. In order to overcome the difficulties caused by the in- 
constancy of th.e zero line, we have developed a purification procedure19 r” (cJ Methods), 
which partly rectifies this shortcoming. Experiments not reported here, have shown 
that scanning of the spots is impossible on a PEGcellulose layer prepared according 
to procedure n (cf. Methods) and that purification of the cellulose powder is indispensa- 
ble. Fortunately the separation of the nucleo-derivatives is not altered by use of 
purified. cellulose for the preparation of PET-cellulose layers (procedures b and c in 
Methods). We have therefore carried out all measurements on PEGcellulose layers 
prepared from purified cellulose powder (procedures B and c). The spots are scanned by 
illuminating the chromatogram with a fluorescent lamp (254 nm) and by using a 
primary filter transmitting between 230 and 400 nm (cf. refs. g, IO, 11 and 12). Typical 
peaks* * produced by the scanner are shown in Fig. S. The fluorescence quenching, that 
means the peak area, as reported earlier 12 for amino acid derivatives, will be altered 
by the time of drying’* * . The drying time therefore has to be standardized. Thus the 
peak areas can only be compared with reservations. Nevertheless, they give an idea of 
the sensitivity of the method. In our opinion about I pg nucleoside phosphate and 
about 0.5 pg nucleoside or nucleic acid base can be estimated by this method. In some 
cases, however, it may be useful to increase the peaks by scale expansion. 

It has to be pointed out that impurities in the layer, which, in some cases, can be 
seen in the region of the front, may disturb the scanning of substances with high 
mobilities. 

All the precautions given under Pretreatment of sheets and Pretreatment of 
plates must therefore be followed. The scanning should, of course, be made with care 
as described previouslylo (cf. also ref. 7). 

The application of gradient elution thin-layer chromatography on PEI-cellulose 

* Unpublished results. 
** The amounts of nucleoside phosphates, given in Fig. 8, corrcsponcl to the compounds listed 

here : Adcnosine-5’-monophosphoric acid monohydrate ; adenosine diphosphate sodium salt; 
adenosine triphosphste disodium salt; cytidino-5’-monophosphate clisodium salt; cytidine di- 
phosphate sodium salt* @I,0 ; cytidinc triphosphatc sodium salt l 4 PI,0 ; thymidylic acid am- 
monium salt ; thymidine diphosphate trisodium salt ; thymidine triphosphate trisodium salt; 
uridine monophosphate disodium salt; uridine diphosphate disodium salt; uridine triphosphate 
trisodium salt; guanosine monophosphate sodium salt-I-1,0; guanosine diphosphnte sodium salt; 
guanosine triphosphate sodium salt; inosine-monophosphoric acid; inosine diphosphate disodium 
salt 9 5 r/z E-I,0 ; inosine-triphosphoric aoid. 

Nuclcoside di- and triphosphates contain the corresponding mono- and diphosphates, resp. 
The amounts of these impurities, however, vary from one lot to another. Some samples of nucleo- 
side triphosphates also contain a substance with a lower mobility on PEI-cellulose layers. These 
spots are probably nucleoside tetraphosphates and their amounts again differ from one lot to 
another. 

*** The standard deviation between “t = 150” min and “t 
intervals of each 15 min) is 69 %. 

= 600” min (31 measurements in 
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and the direct fluorometry of spots to the separation and quantitative estimation of 
complex mixtures is to be investigated in our laboratories. 

The combined use of the technique described in this paper and our earlier 
published methoclr for the analysis of nucleo-derivatives in biological material will be 
published in a subsequent communication. 
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SUMMARY 

The separation of nucleic acid bases, nucleosides and nucleotides on PEI- 
cellulose layers using gradient elution technique has been investigated. The standard 
gradient (0.x M LiCl + z M LiCl) described in this paper allows the detection of 
nucleic acid base, nucleoside and nucleotide on the same plate or sheet. 

Special reference is made to the direct fluorometry of compounds resolved on 
PEI-cellulose layers. 
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