
HK?H-PEIUQRMANCE LIQUID CHRQMATOGRAPHIC SEPARATION OF 
NATURAL ADENOSYLSULPHUR CBMPOUNDS 

A rapid, sensitive and specifk high-pefiormance liquid chromztto~phic 
method for the simultaneous separation of natural adenosyl-sulphur compounds has 
been developed. 

The compounds were separati by using the strong cation-exchange resin 
PartisiI 10 SCX with isocratk elution. The adenosyl-conpounds were monitored by 
an ultraviolet detector operating at 254 nm_ Sensitivity was greater than 50 pmoks for 
all compounds tested and standard cnrves were found to be linear for concentrations 
of up to 50 nmoles. The method can be applied to biologica samples for the estimation 
of S-adenosyk-methioniEie, Sadenosyf-L-Lromocysteine and S-adenosyl-(S)-3-methyl- 
thiopropy!amke and for measurement of enzyme activities invoh&g the above- 
mentioned compounds. 

INTRODUCFION 

S-Adenosyl-L-metionine (AdoMet) is the most widely recognized methyl 
donor in a variety of biological methyl-transfer reaction$, S-adenosyl-L-homocysteine 
(Ado&y) beiig its demethylated product*_ Both compounds are key intermediates- 
in the transfer of the sulphur atom from methionine PO cysteine’ as well as in the 
regeneration of the methionine methyl group in the sulphur-conservation pathway. 
AdoMet also f&m&ions as reg&ator in a number of exxzymatic reaction~~~~ that include 
5’-metbyltbioadenosine (MTA) among the products’, 

Moreover, the sulphonium compound is a key intermediate in the biosynthesis 
of alipbatic polyamides: decarboxylation of AdoMet to S-adenosyl-(S)-3-methyl- 
tbiopropykkine (decarbkqr-AdoMet), followed by the transfer of propylamine 
moiety to putrescke and/or spesmidine, represents the Grst step of the biosynthetic 
pathways. Dxarboxy-AdoMet *has recently been reported to be a precurso rofthe 
new p&amines sym-nor-spetidine and sym4or-sperm&?. Some of the reported 
biological roles of AdoMet anz summarized in Fig. 1; few other molecules are involved 
in SO many di&rent types of reaction within the cell_ 



The study of these intricate metabolic pathways is greatly enhanced by the 
possibility of a quantitative and simuhaneous estimation of the involved adenosyl- 
suiphur compounds_ 

Methods for estimation of AdoMet, .4doHcy and their metabolic products 
have been describedxezs. However, they are ail quite laborious and generaliy permit 
the estimation of only single mokcukr species- Furthermore, despite the biological 
importance of decarboxy-Ado,Met, few data are reported on the occurrence of this 
sulphonium compound in biological materiaW. 

This paper reports a rapid method for the separation of the naturai adenosyl- 
stnphur compounds listed in Fig. I, using a high-performance liquid chromato- 
graphic (HPLC) system, which combines cationexchange liquid chromatography 
under pressure and detection of peaks by W absorbance_ The method permits the 
quantitative estimation of AdoMet, AdoHcy and decarboxy-AdoMet in biological 
Sample% 

ExPERlMENTAL 

Reagents were analytical grade and were always prepared in freshly glass- 
distihed water_ 

Since commercial AdoMet is contaminated by numerous impurities, the com- 
pound was routineiy prepared from cultures of Skzc&momy~ cerevisiee” and iso- 
Iated by ionexchange &romatographyx5. Bcarboxy-AdoMet was obtained by 
enzymatic decahxylation of AdoMet 19. Tote decarboxyWed sulfonhm compound 
was purikd according to tke procedure of Zzcppia et a1.26, MT-A was prepared by acid 
hydrolysis @H 4.5, LCW for 30 min) of AdoMeP. The reaction has been monitored 
~ophotometrically using adenosine deaminze fram Rrpergilrrcs ar~zaeff*~_ S- 
AdenosyI_(S)-3-meth$thiopropanol was prepared by partial deamination of decar- 
boxy-AdoMe:=_ Adenine and AdoHcy were obtained from Sefochem, Fine ChemicaL 
Ltd., Israel. 

AII standard soiutions were prepared in water at a cxmcentrbon of 2 milf. 



The chetid purity of the standards was checked by paper md t&-layer cbxomato- 
graphy and high-voltage electrophoresi?. W quenching at 254 rm, ninbydrin spray= 
and platimm iodide spray were used for the detection. - 

Enzymes 
Non-spe@c adenosine deakimse (adenosine aminobydro’kse, EC 3.5.4.4) was 

purikd 200 fold from Al. oryzae powder (Sanzyme; Caibiochem, Los Angeles, Calif., 
USA.) according to Kaplan= and Sharpless and Wolfknden=. 

AdoMet decarboxykse was purikd from JZ. cali by the method of W&tier 
et aLlg, ins;ludiig the Grst ammonium sulpbate precipitation. 

Apparafus 
A Model LC-65T Perk&Elmer liquid cbromatograph equipped with a Model 

KC-15 high-performance recording W detector operating at a tied wavelength of 
254 MI was used. The column (25 cm x 4.6 mm I.D.) was prepackd with Pa&i1 
10 SCX (whatman). Integration was performed ekctronically using a Spectra- 
Physics Minigmor. 

Operating codilioizs 

Ammonium formate buffer, 0.5 &f, pH 4.0, was used as eluent at room ten- 
perature_ The flow-rate, 3.0 mi/min, produced a pressure drop of 3000 p.s.i. 

Injection of sampIe was done via Model 70-10 sampie injector valve and 
Model 70-10 loop GlIer port (Rheodyne). A Hamilton syringe (25-50 ~1) was wzd to 
inject the sample vohunes. 

Quantifafion of peaks 

Gmaznmdions were determined from calibration curves constructed by 
plotting the ratio of peak area measurement of sulphur compounds to internal stan- 
dard (10 smoks), over the cuncentratio~ range. 

S-Adenosyl-(53-3_methylthiop~o~o~ a synthetic amlogue of decarboxy- 
AdoMet, was used as internal standard. 

Biologkal samples clean-up _for HPLC analysis 

About 1 g of freshly excised tissue was homogenized with 1.5 M percbloric 
acid (1:4, w/v). After centrifugation the deproteinizd supenratant was chromato- 
graphed through a Dowex-50 @-I+) co!unm (resin bed 2 x 0.2 cm) previously equil- 
ibrated with 0.1 M HCL El&ion was carried out stepwise with 50 ml 0.1 MHCl and 
20 m! 1.8 M HCI, to remove contaminating nucleotides and mxcI?osides, and the 
desks metabo@es were collected witb 6 Rp IECl_ The 6 M acid eluate, containing 
AdoMet, AdoBy, dezarboxy-AdoMet and residual amounts of adenine acd MTA, 
was Concentrated under reduced-pressme to 1 ml and the pH was adjusted to 4.0. 
Then 20 ~1 of ?%is sample were a&ysed by EfpLC. The recovery of AdoMet, AdoHcy 
and decarboxy-AdoMet is quantitative, while MTA and adenine are partly eluted 
with I.8 M HCI. ahe in-d standard, 0.5 pm01 of S-adenosyl-(S)-3-methykbio- 
propa1101, was added to the tissue during the homo,gz&ation with petcbloric acid. 





Response ounces were linear for all five tested compounds in amounts ranging 
from 5 to 50 nnkoks (IZg_ 4)_ The wide linear range for the dSercnt sulphnr-containing 
compounds is more than adequate for their analysis in biological samples- 
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KAEHIMOLES IElJECTEO 

The “enzymatic peak sbiW was used to verify peak identities. This technique 
u*tiiizes the spe&kity of adenosine deamin ase (adenosine aminobydrolase, EC 354.4) 
from _4.spergtiks uryzae. Previous data indicate tbat this exxzyme is very effective in 
d&t&g adenosyM’-thioetherP, whereas it is unable to convert the correspond- 
ing ade&sykT-su~phonium compoundP_ Fig. 5 shows the e!Fect oftie deamlnation 
on the retention times of AdoMet, ad&e and MT.& After the recztion the peak of 
iWIX ts sum by a n& pea& with a Iowt+rcten6on time, corresponding to 
MTI. The peaks of AdoMet and adenine were not altered by the reaction. The same 
prcxxd~ c#z1 ai%& be appkd kt order to Iden- AdoKcy w&b can be quantitatively 
d&ted to S-inosyk-homocysteine, with a lower retentiorr time_ ’ 



The =eQzym2ti~ peak shift- re2ctiOQ call be ememery UsefilI in fzb@fiQg or 
Tznmasking” a chromatogram. When ad&e is present in large amounts, it may hide 
the presence of small amounts of MTA which has a retention time dose to that of 
ad&e_ Wth the aid of adenostie dm, MTA is quantitativeIy converted in to 
MTI which difiers SiguifkantIy from adenine in retention iime (Table r). 

separation of adbwsyl-sulphru compounds from rat liver 
The adcnosyl-sulphur compouds were aualysed from 1 g of freshly excised 

rat Ever using the sampk &an-up procdures previously described- SampIes equiv- 
aknt to 20 mg of tissue were injected for each HPLC analysis. Fig. 6 shows a chro- 
matogram from such an analysis. 

DiSSCUSSION 

This method ofks several advantages aver previous o~Is~~~~_ A rapid and 
excellent separation of the compounds can he achieved at room temperature with 
high seusitivity, selectivity and efGicncy_ The results are quantitative and minimal 
sample preparation is reqtired. 

The sensitivity of analysis permits accWate detection of 50 pmoks of each 
compound in the applied vohunc. 



Since an isocratic elutio~ is used no re-equilibration time is required betweer~ 
the am&ses_ The “enzymatic peak shift” represents a useful tool for the positive 
identif?cationwf the investigated thioethers. 

The procedure has also been employed in our laboratories for the assay of 
enzymatic reactions where AdoMet and its related compounds are involved as sub- 
strates or products, Le. AdoMet lyase (IX 3.3.14, M’FA phosphor&se (EC 2.4.2.1)Ls 
and AdoMet decarboxylase (EC 4.1.1.50). 

EIPLC can be an excellent tool in the study of the overall metabolism of 
AdoMet in cell extracts as well as for checking the chemical purity of adenosyl- 
sulphti compound.~. It appears to be less expensive and less tim~onsuming than the 
standard methods described. 
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