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Thin-layer chromatography oboligodeaxyribonucleotides 

Recent advance+4 and continued interest in the synthesis of oligonucleotides 
, warrant refinements of the existing analytical methods and investigation of new 

.,ii.,,. approaches. For analysis of oligomers in the deoxyribo series, paper chromatography 
in a variety of solvent systems is the most commonly used technique. However, 
this method requires long development periods (24 h or longer) for reasonable 
separation of oligomers of four units or higher. There is, therefore, a need for more 
rapid analytical methods. Previously, quick paper chromatograpbic systems have 
been reported5 but their utility is limited to tetranucleotides or lower homologues. 

Separation of mixtures of mononucleotides and nucleosides by thin-layer 
chromatography (TLC) using various supports is well documented in the literaturea-0. 
However, only a few reports dealing with TLC analysis of deoxyribooligonucleotides 
have appeared’09 11. Furthermore the application of this technique was limited 
to selected oligomers in these studies. For instance, LANDO et at?.10 separated 
pyrimidine deoxyribooligomers of seven units or lower by TLC using ut-butanol, 
acetic acid and ammonia. We report here results from (a) a new general purpose 
TLC system. and (b) a general application of the modified ammonium acetate system. 
The technique has been utilized at various stages of a synthetic program usi.ng 

’ the pbosphorothioate blocking group4 in the deoxyribooligonucleotide series, 

* Procedure 
Silica Gel F-204 plates (substrate thickness 0.25 mm) were used (Brinkmann 

Instruments Inc., Westbury, N.Y. rzsgo). Oligomeric materials were spotted in 
the range of 0.2-0.4 O.D.U. in 1-2 ~1 solution. The plates were then developed in 
solvent systems I or II containing sodium dodecylsulfate (SDS) or ammonium 
acetate as the integral component. The cbromatographic development was always 
in the ascending direction for a period of about 7 h (system I) and 3.5 h (system II). 
Prior equilibration of the tank was not critical. The solvent system containing 

TABLE I 

Rp VALUES OX? SOME DEOXVRIBOOLIGONUCLROTIDl3S 

The sequcnccs of the oligomcrs are: I = d-pApApGpApCpApGpCpAp’~pApT; 2 = cl-Et-S- 
pApApGpApCpApGpCpRpTpApT; 3 = cl-Et-S-pA-ApGpApCpApGpC; 4 = cl-Et-S-pApApG- 
PAPCPA: s = d-Et-S-pApApGpA; G = cl-Et-S-pApA; 7 = d-pApTpApT. 

Solvent composition Rp of oligonucleolides 

Ethanol matlranol 0.1 M SDS o’;r M NH,Ac I a 3 4 5 G 7 

Z’ 2 2 3 3 0.09 0.07 0.13 0.21 0.20 0.30 0.45 0.39 0.54 0.57 0.74 a*77 0.64 0.36 
2 5 ‘3 0.52 o.G4 0.75 0.74 

J*5 6 
z5 

: o.IGG 0.32 0.4G 0.67 0.5G 0.61 0.58 
7, 3 

’ 
0.04 0.x7 0.39 0,65 

7. - 3 0.07 0.1 I 0.14 0.31 0.50 0.77 0.33 
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TABLE II 

RF VhLUBS OF SOME DE3XYRIBOOI~IGONUCLEOTIDES 

The sequcncc of the oliffomcrs is the same as’ clekcrihcd in Table I. ‘P 

Solvent composition . RF of oligonaccleotides 

Mellranol Acctolzit~ile 0.1 MSDS 0.x M NH,Ac I 2 3 4 5 6 7 ‘y 

5 3 0.52 o.G4 0.74 017 
'3 4 3 3 0.07 0.19 0.04 0.33 0.11 0.52 0.65 0.26 0.76 0.59 

3 d 3 O.IG 0.40 0.43 0.55 0.72 o.go 0.6 

4 
0 e ‘a Ib 8, u & 

5 b b b b 

a No movement from origin. 
b Nuclcotide moved with the solvent front. 

SDS was prepared by the gradual addition of 0.1 ll4 SDS to the alcohol solution. 
At times the addition of detergent resulted in a little cloudiness but it never influenced 
the results adversely. 

Resdts an& disczcssio9z 
The RF values presented in Tables I and II are calculated on the basis of the 

primary front, Most of the ‘oligonucleotides used during this study have their 5’- 
phosphate terminus substituted with an ethyl thio group, although a fully depro- 
tected tetramer (pApTpApT) and dodecamer are also included. From this investi- 
gation there emerge two definite TLC systems. The first system consists of varying 
compositions of methanol, ethanol and 0.1 M SDS or 0.1 M ammonium acetate. 
The corresponding results are presented in Table I. The. separations depicted here 
are’quite satisfactory, By varying the proportions of the constituents, tailor-made 
systems can be prepared to suit the particular problem at hand. For instance, 
variation in the ‘amount of methanol gives a range-of Rp values without affecting 
the resolution. As regards the concentration of sodium dodecylsulfate or ammonium 
acetate, best results were obtained with 30 YO 0.1 M aqueous solution of either 
of these components. By substituting acetonitrile for ethanol, a quick TLC system 
is obtained which gives comparable results in half the time of development (Table 
II), The analysis of a dodecadeoxyribonucleotide in 3.5 11 is a significant progress 
in analytical ‘methodology. Currently we are investigating the extension of this 
technique to preparative scale. 

We are indebted to Dr. A. L. NUSSBAUM for his interest and many discussions 
pertaining to this work. 

Chemical Rtve~rch Division, 
Hoamalzp-La Roche !NC., 
Nactley, N.‘J. 071~0. (U.S.A.) 

EUGENE I?. NOWOSWIAT 
MOHINDAR S. POONIAN ;a 

.,,$ 
‘.. , 

.i I<, IL; AGARWAL, H. Bucwr, M, H, CARUTHERS, N. GUPTA, H. G. KHORANA, H. KLEPPE, 
A, K~~MAR, E; OWTSVKA, U, L. RAJBWANDARY, J. H. VAN DE SAND& V. SGARAMELLA, 
H, WEKIZR,ANDT. YAMADA, Nalurc, 227 (1970) 27, 

J: Clwomatogv.; 72 (x972) 2x7-219 
. 



. 

NOTES 

2 A, F. COOK, 
(1972) 1334. 

3 E. HEIMER, 

(1972) 1707. 

219 

D. T. MAICHUI~, M. J.,HOLMAN AND A, L. NUSSBAUM J. A&w. Chcm. Sot., g4 

AM. AHMAD, S. ROY, A. RAMBL AND A. L. NUSSBAUM, J. Amev. Clrcnz. SOL, g$ 

4 M. S. POONIAN, E. I?. NO~OS~IAT AND A. L. NUSSBAUM, J. Amer. Chem.Soc., 94 (rg7z) 3992. 
5 T, I?. GABRIEL, J, Clzron&ogv., 34 (1968) 315. 
6 D. L. GREENMAN, R. C. HUANG, M. SMITI~ AND L.M, FURROW, Awd. Bioclrs~n., 31 (1969) 34s. 
7 G. I-E, BUTIZAU, JR. AND J, E. SIF+CIMONS, Amal. Biochem., 37 (1970) 4G1. 
S I<. NAGASAWA, H. WATANABE AND A, OGOMO, J. Chromatop., 47 (1970) 4023. 
g I<. RANDERATIX AND IX. RANDEIZATH, ikfelkods E?zzynrol.. SII A (1967) 323, 
IO D. LANDO, J. DE RUDDER AND M.PIUVAT DE GARILWE,J.CIZYO~U~O~~;; 30 (IgG7) 143 
II S. A. NARANG, 0, S. BFIANOT, S. K, DFIEEI<, J. GOODCEIILD AND J. J. MIC~INIE~IC~,R~OC~~~~~~. 

Bioplbys. Res. Commwz., 41 (1970) 1248 

Received April 24t.13, 1972 

J. Clwomalop., 72 (1972) zIpzIg 

b 


