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Chemical synthesis of DNA fmgments with a defined sequence is extremely 
long and complex. A simpler alternative is isolation of fragments from partially 
hydrolysed DNA. Mixtures of sequence isomers of pyrimidine oligonucledtides were 
recently isolated on a preparative scale from hydrolysates of depuriznted herring 
sperm DNAI. These, however, could not bc further separated by conventional tcch- 
niqnes. Using high-performance l&&id chromatography (EPIC), sequence isomers 
of pyrimidiie di-, tsi- and tetranucteotides were successfully separated and sequenced’*“. 
In the present work, separation and sequencing of sequence isomers of pyrimidine 
pentanuckzotides by HPLC was achieved, demonstrating the applicability of this 
particular approach in preparation of desired DNA fragments. 

Separations were performed using a V&an Model 8504) liquid chromatograph 
(Varian Assoc., Walnrrt Creek, C&f., U.S.A.) equipped with a high-pressure sampling 
valve (Valcu, Houston, Texas, U.S.A.). The column eft2uents were monitored at 
260 nm using a variable-wavelength detector (cell volume, 8 ~1) (SchoeEel SF 770, 
Westwood_ NJ., US_A.). Filtration of the solvents was carried out using a pyrex 
i%er bolder (titer pore size, 0.22 pm) (MiEpore, Bcdfoni, Mass., U.S.A_). SampIes 
were @tesed by means of a Swinney filter (Miilipore). A guard column packed with 
Cu:Pell ODS (Whatman, CIifton, NJ., US-A.) was uss between the sampling 
valve and the c&mm. For iderhfication., fractions were colkcted 25 cm behind the 
detector (outlet tube 0.3 mm I.D.). AH separations were carrid out on a 30 x 0.4 cm 
I.D. MkroPak AX-IO cAumn (V&an Assoc.), which is a difimctional weak anion- 
exchange bonded phase prepared on LiChrosorb Si-60 silica (IO pm)‘. This colmmt 
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provides efikient separztions with &bet aqueous buffer of aqueous buffer-~rganic 
sol~~t mobile pbascs, and has succesf%ly been used for =paration of nucleosides, 
nucieotides and base!?. 

Pyrimidine deoxydirncieoside monophosphates were obtained from P-L 
B&chemicals (Miiwairkee, Wise., U.S.A.), Pyrimidine S-deoxy- and s’-deoxy- 
nuc!eotidees, tris(hydroxymethy~~ainomethane, 2’-deoxycytidine and 2’-deoxytby- 
mid.ke were from Sigma (St- Louis, Miss., U&4_). Triethylamine (E&man Kodak, 
Rochester, N-Y., U.S.A.) was peed by re&zxing for 3 h with 2&diamtiophenol 
dihjdrocbloride followti by d&illatioas. A stock solution of 2 M triethyksxxnonium 

ae:ae @IfI 4.5) was prepared by addition of trietbykmize to an acetic acid solution_ 
Working ml&ions were prepared by dilution of the stock solution and titration with 
g,tacial acetic acid to the desired pH value_ Glass-diitillcd acetonitrile was purchased 
from Burdick & Jskson Labs- (Muskegon, Mich_, US-A.) and used as supplied_ 
Buffer solutions were prepared using deionized, glass-distilled and filtered water_ 

Alkaline phospha-a (EC 3_1.3.1.), snake venom phosphodiesterzse (EC 
3.1.4.1.) and sgken phosphodiesterase (EC 3.1-L 18) were obtained from Boehringer 
M~tin (Indianapolis, Ind., U.S.A.). 

Tbz mixrzres p(dC,dT,)p, p(d(&dT,)p =d p(dc,dTAp’ were isolated from 
the partial hydrolysate of herring sperm DNA’. Terminal phosphate groups were 
removed with altie phosphatase For this, ca. 1 mg of each group of sequence 
isomers WGS dissolved in 025 ml of 0.01 &f Tris- HCI btier (pH 7.0) containing 
0.01 M M,oCI, and incubated with 2 units of alkaline phosphatase at 37” for 4 h_ 
Aliquots (25 ptr) were mal3ti by HPLC. 

The separated isomers were characterized by either complete or partial 
digcstior?. with SELakz veEtom phosshodiesterase (PDE r) and spleen phosphodiesterase 
@DE u)~A7-5’_ The eluted fractions were freeze-dried to remove tiethylammonium 
acetate. For di_Btion with PDE I the freeze-dried sampIes were dissolved in 0.05 ml 
of 0.01 bir Tris-HCI b&er l$H 9.0) containing 0.01 M MgClt and incubated with 
0.001 unit of PDE I at 37”. The time for partial digestion as descrii was found to 
be 3 min while for complete digestion 30 min. Similarly, for hydrolysis with PDE Ir 
the s_unples were dissolved inO- ml of 0.01 lVTris- HCl buffer fPH 7.0) and incuba%~ 
with 0.002 units of PDE II at 35” for 15 min for partial digestion and 1 h for complete 
digestion. The released nucleosides, dinucieoside monophosphates and nucleotides 
were anzlyse1.5 by HPLC as described in Table I_ For this, we slightly &eti the 
procedure descrii by Edelson et aZ.( for the simuhaneous analysis of nucleosides 
and nucleotides on the same column. We uss trietbylammonium acetate buffer 
instead of KHzPQ buffer as eluent. The elution times of the nucleotides are rather 
long, but using this procedure nzrckzosides, dinucleoside monophosphates and nucleo- 
tides can simultaneously be au&& in a single anzdytical nn_ 
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TABLE I 

ELUTION TIMES OF PYR&iIDENE DEOXYNUCLEOSSEDES. DEOXYDINUCLEOSEDE 
MONOPHOSPHATES AND DEOXYNUCKJSOTIDES 

Cohunq MkoP-dk AX-10 (iocrm). 30 x 0.4 cm LD_ at room texnmw. 

Eih-aRelie~met] Ezualt 

20 
35 

11.5 
15.0 
17-O 
20.5 
36.0 
41.0 
39.0 
48.0 

A: 80% acetonitrU~20% 0.01 M tsiethylarm~~oohm acetate 
@H 3.1); B: 0.5 M trifxby!2ixnnlotiirrm acetafe @Em 3.4); IkEztr 
gradient OF 1% B pzr minute starting from 5% B;Uow-rate: 
2.0 nlllmk.3. 

RESULTS AND DISCUSSION 

From the hydrolysates of the chemically depurinated herring sperm DNA 
only three mixtures of sequence isomers of pyrimidine pentanucleotides were isolated : 
(dC,dT,), (dC,,dT,) and (dcj,dT& The fourth possible combination (dC,,dT) has 
not so far been found in the hydrolysate. The (dC,dTa fraction consists of five 
sequence isomers and all of them were separated and sequenced. Of the ten sequence 

TIME (mid 

Fig. I- Separrition OC the sequence isomers (dC, d-Q. Column, MicroPA AX-10 (lop), 30 x 0.4 
an I.D. Tcnpraturr, 70”. EIucnt, OS M triethylammonium acetate (pH 3.4). Row-rate, 1.5 XIII/ 
min. Pe&sr 1 = d@pTpTpTpC); 2 = dCTpTpTpTpCpT3; 3 = dfJipTpCpTpT); 4 = d(I$CpTpTpT); 
5 = d(CpTpTpTpT). 



_&IS in E;g- I- 4TpTpTpTpC) and d(FpTpTpCpT) (peaks E and 2) could not be 
sesc&ed completely, but the resolution was sxSci=t for the_ subsequent sequizuce 
axzzlysk The other isomers wen~comptetely-separated fkom these aad each otker_ 
An- improvem& of the separatioa was obsaved by increasing the t.emper&tne to 
7O~Theseqt~~e analSrsisof~~isamerswaspe~ann+dasd~~in 
the eqxrikmM section. d(TpTpTpT_pC) and d(CpTpTpTpT) (peaks I and 5) were 
imme&ately identifki by compkte digestion with TDE II and PDE I, respxtivelyr 

d(TpTpTpTpC) = 4 dTp i dC 

d(CpTpTpTpT) = 4 pdT f dC 

The otherkomers could be sequenced by partial digestion: 

‘W’PTPTPQQ a d(Cp-I-) t 3 drp 

dO-PT~CPTPT) _;A; dCTpT) f 2 pdT f pdC 

T%e r&ased nucleosides, dinuckoside monophosphates and nucleotides were 
analysed by HPLC as described in Table I. 

The sqaxtion of&e sequence isomers of _-e$-fonx&.a (dC, dT3 at 70” 
is shown in Fig- 2 The absorban~ profife represents 2 ~lj&n of eight peaks 
Two pairs of sequence isomers, dflpCpTpTpC) and d@pTpQCpT) @a.k3), 
dflpCpT#Cpn and d(CpTpTpTpC) (peak 4) could not be resolv+~& sepxation at 
50” showed & small re~~lutiun of ~IISZ compounds, bat the zepzatioyf the otkrs 
were aot as good as t&t at ?W* which- was found to be the optimal teq~perature. 
dCTpTpTpTpCpC) (peak 1) zad d(CpCpTpTpT) (peak 8) were identifkd by partial 
dig~Gctn with PDE II and PDE I, reqxctkiy, while the other isomers had to be 
digested pati2lly with both of the enzymes: 

cicfpT@ZpTpC) ‘- ’ ~dO+2pdCf~ 



Fig_ 3 shows ffie separation of the sequence isorxers (dG, dT& A resotution of 
nine peaks was observed. The optimal tempe&ure of separation was fomd to be 
60°- Only four isomexs (peaks 1,2,8 and 9) co&d be characterizd by partial digestion 
(see above) whiIe the resohtion of the txmahing isomers was not sufscient for the 
subsequent sequence analysis. 

The observed efution orders of the separated sequence isomers CC pyrimidine 
deoxypentamxckoside tetraphosphates (see Figs. i-3) obey the rules given earlier in 
our recent papertS3 for the sequence isomers of di-, tri- and tebxmucteotides. 

h summary, 37 pyrimidine oligonuckotides with a d&rtai sequence were 
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TABLE Ii 

l?YRIMIDINE OLKGCNWCJXOTID Es-NrA-KAD- SEQUEKCE ISOLATED FROM 
BYDROLYSATES OF DEPURLNA- HEEtRlNG SPERM DNA ON A PRE!?MQlTIYE 
!xxLJz 
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isolated from the hydroQs&es of depurinated herring sperm DNA using the J3PLC 
(Table II). The amounts were CompIeteEy suEcimt for enzymatic reactkms which are 
commm in molealar biology. The whoIe procedure takes only a few days rather 
&an 8 few months as nxpked for a toti cheinic& synEhesis. 

M.D. acknowkdges the Fellow&p granted by the National Rex-arc hCouncil 
and H.S. is indebted to the Deutsche Forschmgsgemei for GnanciaI. support. 
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