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THE SEPARATION OF X~UCtiEO?l’.~llXES 

FROM ACID-SOLUBLE TISSUE EXmCTS IB’V 

HIGH-VOLTAGE PAPER ELECTROPtiOR!ESZS 

INTRODUCTION 

The methods used for the separation of nucleotides are based eitiher con &XI ~exdharqge 
chromatography, paper electrophoresis or on a .combination (0~ rtlhese sqpzaltii~ 
principlesl-5. In general these methods are .time-consuming and 4&e mudle&ii&s rBme 
often exposed to low pH values for several hoursl. These conditions cen!harnae dlaamre 

position of di- and triphosphate nucleotides. TURB_J .d td:a Ides&lied RIhe @c@le cc& 
separation of nucleotides by high-voltage paper ,electrophoretis and :zqp$ied dirt ‘acxqg 
others, to the separation of nucleotides from yeast. They did not,Iho~e~~,iidenttiitfg- 
the nucleotide fractions after separation. 

In this communication the application of high-voltage paper &le&rq@boxetiiis &xr 
the separation of nucleotides from acid-soluble .animal tissue ex&raots ~ii!Il [he c&+ 
scribed. 

Identification of the nucleotides was carried <out Iby ,compaziison of ttIhe meilartame 
mobilities of the nucleotides with those of reference ,compounds and &ntlhexmnore I& 
paper chromatographic analysis of the purines and pyriniidinesobttied horn K&KSIL 

METHODS -4ND MATERL4LS 

-Acid-soluble tissue extracts were prepared by homogeriization iin ,aold 2’5; IHCQ 
immediately after excision of the tissues. The extracts ;were meutm!lized ~+iti6 _A7 Koch 
and, after centrifugation in order to remove 14C104, lyopliilized and ttakeu~qp iirm ;il 
small amount of distilled water (IOO ~1 water per IOO mg start%ng zmu@ii@).. !lin ;a 
number of experiments the extracts were purified .after neutra!liza;t;ion Iby ,a tkaollln 
column treatment’ and eluted with 50 o/o ethanol containing x,0/O NR&@T& ^Illhe mmc- 
cleotide-containing solution was concentrated under reduced pressure tamad .&b~e- 
quently by lyophilization and taken up in a small volume of disHl.led ~a&r as idle- 
scribed above. The preparation and purification dof (the ;adid-soluble e&xa~sanarte 
carried out in the cold (o-3”). 

Electrophoresis was carried out under toluene, as tdest3iied iby %&a (t% aZ.* &itth 
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b ~a&km!s.. A py&l!ike-acetate buffer pH 3.6 oi’~o ml pyridine and IOO ml 
z 

ac&ik zucciid/ &lhmtkedl mtiiiiliu water ho] I;OOO, ml’ was used. The electrophoresis was 
,I, @mull camn -W NO.. x paper;;, pretreated by washing with I N HCl and with 

~&ez. e 08 tie! zuckli-soDuJ5~eIle: e~tinacts~ isolated from roe--200 mg tissue were 

zzq#kGma mjpmr sbi&xe: &al paper slzi;ps &+5: cm long,. 13 cm wide) over a &stance 
off 8-g cnmn, -PI; wzu~ atp@iiied! Eolr 1: hour.. Aster electroplzoresis the strips were dried 
ff&JTrlEltBWmrSiirm~” 

l?8unclk&iktles; we: lloczullikcd! bby co&act photography in ultraviolet light (U.V.) as 
n n 

dW_ m _w) Sxnx~W!. Pjxidine;. which interferes strongly with the 
lD._Y..Mh 08 ~~!G&SII~~:,. cam be: removed! by washing the paper strips for 15 min 
&F&r &&xrq@~zresiis; wiil& &lixyll ace&&e.. Aster localisation of the different U.V.- 
eg &zu&kns (~rlll~ tie! paper s~l;i;ps:,, they were cut out and elutEd with d:s’ illed 
e d uxxmz~lkull &a) smal!U wo&kmes: &zoo-500 ~1) by lyophilization. The bases 
iinn ijj& &&ii&s; m!ue! mzed! axcondg ho WYATT~~, 11. 

a qpxzx%q@hx&~znneti~: prqesties. of the bases were determined after elution 
w$& ;a~ llJm&~ Spx&r@kx~~xmxe~e~ Sl? ~QQL The molar extinctions and the estinc- 
W ati dliS&xesmtt wa&l.kzq$k aus; giiuen! by several: authors12 were used. 

lInn a mmmmk DIE expxxi&emrirs; tie q-anti2zkk reproducibility of the method was 
!?kmd&&&m W&S 08 AIMP’*,, AIDE” and! ATP were separated (Fig. r) and after 
wik W nnnzUe&kl!es~ were l’oc&zed,. eluted from the paper and the ex- 
. . 

m a8 ti .s&mlk~ mezusunred! a?0 Z&I nap.. ,lin Table I the results of these expxi- 
-S m -dL ICl!xe da&a. SE~W that a quantitative recovery is obtained. 
VW off .KlIP’ ~dl’JLlD@? d!tig; the, electrophoresis can be excluded. 

YlXue? se-G= off nxuuclIeoiltikl!es; -6rom acid-soluble extracts from thymus is shown 
ikm IFi&_ zza mdl lb.. Tlk mmcl!e~~tid!es; were identified by comparison of the relative mobil- 
i&i& off 6 &ra&tii~ xuiltliu tiose o& reEerence compounds and by paper chromato- 
guq#nik auma$qsk aS tie pmrikes; a&! pyrimidkes obtained by hydrolysis of the nu- 
m W&I& #&rxmii~ axr5dL Ttiet nesu.l!lrs; are: summarked in Table II. 

k a ml&r 08 eq.zzepuk tie: pu&y o$ the ADP- and ATP-fractions was fur- 
* EmWg.@Ml.. USE ka&iions; (&g and II:,, Fig.. 2) were eluted and analyzed. The 
~65&M.5 off t&e! exqp&ez&~ sure summtized! Sn Table III. 

” Alblbnrekbitib~ u!sedl:: A,, a&&e;; G,, @tine;: C,, cytosine; T, thymine; U, uracil; ~-Me-c, 
+mmte+&ekimxz;; IFI& &qoxzunuklG~:o;; A&llP,. ADP and ATP, the mono-, di- and triphosphates of .7 
e; UiXklE’,, GADHE” ;ummll GXp,, tie mono-,. d!i- and triphosphates. of guanosine; CMI?, CDP’ and 
Cx-R. ttlbz F_, dlii- au& ttni&&~s~~tes; oE cyt?ositie,;: U&Xl?; UDI? and UTP, the mono-, di- and 
w-s a& m;; 5+Jb0kBJP’ andI 5AJl!e-CTP;. tlie mono- and triphosphatcs of 5-methyl- 

lirn e-: mpG. u&like dti@&splbtie gJhzc:ose;: UDPG.4,. uridine diphospho-N-acetyl-glucos- 
aunmibe;; m,, tie biipkbsplbk;; DPN,. tipliosphopyridine nucleotide; TPN, triphospho- . . . . 
e uln!lEGmtikIl~;; Erun,, ~_~Uiinb&~nl ata 26~) rn;v wavelength. The reference compounds used in these 

wusfte a&tied iiiromy IGutkiion~ 13iochemical Corporation, California Corporation tor 
lBk&rmkti IRkk3zf& a&l SF- Cl&enxicak Company. 

J. Cltromatog., 7 (xgfk) 0-t&--222 
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TAULE 1. 

QUANTITATIVI~ SEPARATION OF MIXTURES OF AMP, .-(rDI.’ 
AND .4TP BY ISLECTROPHORESIS* 

(see Fig. 1) 

A nfr A I> P A ‘f I’ 
--- _._ 

0.22s o.aaj 0.378 
0.22 3 0.130 0.39s 
0.24.j 0.22s 0.392 

0.230 0.23s 0.3aS.j 

* To the electrophorcsis strips were consecutively applied : IO 111 of an XXlP solution, 20 ~tl of an 

ADI? solution and 30 141 of an ATP solution. The solutions contained 2 mg of matcrisl per ml. 
Electrophorcsis was carried out for I h at 2000 V, pl-I 3.6. The figures rcprcsent cstinctions at 
960 rnp of solutions of ARIP. XDP and AT1 after clution in 5 ml 0.01 -43 phosphate buffer pH 7.0. 
The cstinctions of 10 /.~l 01 the AMP solution, 20 ,141 of the ADP solution and 30 kl.1 of the ATI” 
solution, after dilution to .j ml with 0.01 II/ phosphate buffer, pH 7.0 were, 0.230, 0.239 and 0.3S6, 
measured at 260 m/c. 

TABLE II 

UASE COMPOSITION AND ~fOUILITIES OF THE SUCLECTIDE I’RhCTIO.NS 

OBTAINED AFTER ELECTROPHORlISIS OF AN ACID-SOLUULE 

ESTRACT FROM THYI\IUS 

(SW Fig. za and b) 

1 and 2 l-1, u, =z 

3 C, 3-Me-C 13.3 

4 A, S-Me-C, C 19.2 

5 A 23.7 
6 - 30.3 

7 G, A, C 416 

8 H 

9 A, U 
IO G 
11 -4, C, g-Me-C, 

I2 G, U 79.2 

I3 u, T 97.9 

r.S; 3.s rnisturcs of ribosidcs and 

bases ; rnobilitics very low. 

1325: CMP 
18.0: DPN 

23.7 : AhlP 

40.0 : GMP: 43.7: TPN; 
30,s: CDF 

jo. 7 : IRIY 
_j ” .3 : .4Dl’; _jfi.O 1 UhlP 

64.3: GDP \ 

72.4 : XTP; 71.5: CTI, 
72.0: UDPG; 6g.S: UDPGA 
sz.3: UDI?; 79.3: GTI’ 

100.0 : UTP: Sg.1: lTP; 
99.3 : TTP 

l The figures were obtained by multiplying the original mobilities of the reference nuclcotides 
(measured as a migration from the start) with a factor to render the mobility of UTP 100. In 
separations from acid-soluble extracts, the UTP band is usually rather broad. In these cases it is 

therefore more accurate to base the relative mobilities of the nucleotide fractions on the relative 
mobility of ATP (column 3). 

1. Chro?Ir,atog., 7 (x962) 216-222 



,- (2 

J. Chrornutog., 7 (1962) 216-222: 



220 I-i. M. KLOUWEN 

TABLE 111 

PURITY OF ATP- AND .kDP-TRACTIONS PROM ACID- 

SOLUBLE EXTRACTS FROM THYMUS 

Aualyscs of bases 

Bases dclcctcd Purity* 
76 

ATP-fractions : 
charcoal column 

treatment 

ADP-fractions ; 

charcoal column 
treatment 

ATP-fractions ; 
no charcoal column 

treatment 

ADSfractions ; 

no charcoal column 

treatment. 

No. I : A, C, ~-MC-C, U 87 
No . a: A, C, S-MC-C, U 86 
No. 3: A,C, U, G 90 

No. I: A, U 90 
No. 2: A, U 89 
No. 3: A, U 91 

No. I: A, C, 5-Me-C, U 72 
No . 2: A, C, s-Me-C, U, G 62 

No. I: A, U 79 
No. 2: A, U 78 

* The purity of the ATP- or ADP-fractions is exprcsszd as : 

E udenlne a00 

E 
’ 100 %. 

bones detcctcd a,~,, 

.%mong the bases S-Me-C was found in a number of analyses. The amount, expressed in the same 
way as th’e purity of ATP. varied from 2-3 %. In some experiments S-Me-C could not be detected. 

It can be seen that the purities increase when the acid-soluble extracts are puri- 
fied by charcoal column treatments before electrophoresis. 

The results show that the general features of these acid-soluble extracts are very 
similar. All these “nucleotide-spectra” are characterized by relatively high amounts of 
.4TP and ADP (see also Fig. 3). The purity of these fractions, especially that of the 
ATP- and ADP-fractions,‘was investigated in the case of the acid-soluble extract from 
thymus. The ATP- and ADP-fractions ccntain considerable amounts of other nucleo- 
tides; the ATP-fractions contain CTP, S-Me-CTP, glucose-derivatives of UDP and in 
some tissues GDP; the ADP-fractions. contain only UMP. The separation of some nu- 
cleotides by electrophoresis is almost impossible because of the small differences in 
relative mobilities (See Table II ; compare the relative mobilities of ATP, CTP, UDPG 
and UDPGA, of GMP ,and TPN, of UTP and TTP). UDP and GTP were separable in 
several cases; in other cases the separation was not distinct’.’ The occurrence of TTP 
in the acid-soluble extract, first mentioned by POTTER et aZ.13, was confirmed in these 
esperiments. In this case we could detect deosyribose, the other fractions contained 

ribose. 
One “nucleotide” (fraction No. 6), appearing in very small amounts directly 

J. Chronzatog., 7 (1962) 216-222 
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above AMP, was not identified. No purine or pyrimidine could be detected after 
formic acid treatment of this U.V.-absorbing, phosphate-containing compound. 

\,. The removal of pyridine from the electrophoresis strips was sometimes not com- 
plete. It was helpful to introduce an ethyl acetate wash of the paper strips in later ex- 
periments. The advantage of charcoal column treatment as regards the homogeneity of 

l?i‘ig. 3. Separations oi acid-soluble extracts. Electrophoresis I 11, zooo V, pH 3.6. (a) azites turnor= 
(b) liver. I’: ribosides and free bases. 2 : CMP. 3 : DPN. 4 : AMP. 5 : Not identified. 6 : GMP, TPN- 

7: IMP. 8: ADP. g: GDP. IO: ATP. I 'I : GTP, UDP. IZ : UTP. 

the fractions obtained after electrophoresis, is obvious (see Table III). Other investi- 
gators have reported similar results 14. In general the separations are better after a 
charcoal column treatment. It is likely that this procedure removes most of the con- 
taminating non-nuclzotide materials (e.g. salts, organic phosphate compounds) from 

,...,,: the nucleotide mixture, which interfere with the separation of nucleotides. 
The method presented has the advantage that nucleotides from acid-soluble 

tissue extracts can be quickly separated in many fractions under conditions which 
minimize the decomposition of acid labile di- and triphosphates. 

J. ClrrowaCog., 7 (1962) 216-222 




