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GAminolaevulinic acid synthetase 

Synthesis of S-aminolaevuiinic acid pyrroles and their separation by thin- 
layer chromatography 

M. W_ ROOM1 

&4minoiaevulinic acid (ALA) synthetase is the rate-limiting enzyme of por- 
phyrin bios_vnthesis in animal, bacterial and plant cells’-*“_ It catalyses the synthesis 
of b-aminolaevulinic acid by the condensation ofglycine and succinyl coenzyme A1el*_ 
The acti\rity of this enzyme is increased in the livers of patients with acute inter- 
mittent porphyria”, n genetic abnormality of the regulation of heme synthesis, and 
in the livers of animals rendered porphxric by means of variety of drugs. referred to 
as esperiniental porphyria’“_ 

Granick and Urat:ila induced an experimental porphyria in &nra pigs by the 

administration of ~.~-dietl~os_vc;trbon\rl-I,4-dihydro-2,~,6-trimetl~~lp_vridine (DDC) 
and showed that there is a large increase in porphyrin synthesis resulting from :L 
greater increase in the ALA-synthetase acrivity in liver mitochondria. Later. lx-orking 
\vith the elegant chick embryo liver cells technique_ Granick’” shelved that the in- 
creased activity of this enzyme, induced bv DDC. results from an increased synthesis 
of this enzyme. rather than from activation of the inactive enzyme. ALA-synthertlsc 
activity is usually measured by converting the ALA produced by the enzyme during 
incubation into a pyrrole by condensation with either ethyl acetoxetate or acetyl- 
acetone”‘. The pyrrole formed is reacred \\-ith Ehrlich’s reagcnr and measured. This 
interest in ALA-synthetase has prompted us to study ALA pyrroles. The purpose of 
this paper is to describe the synthesis of ALA pyrroles from O-ALA acid hydrochloride 
and $-keto esters and the use ofTLC to characterize these compounds_ The sepxtltion 
by TLC of ALA pyrroles does not seem to have been studied. This study 1x1s given 
important information regarding the etyect of various ester and alkyl substituents in 
the 3- and l-positions on the mobility of the ALA pyrrolcs dlirine TLC separation. 

XIATERIALS AND METHODS 

Benzyl acetoacetate was obtained by the method described in the literaturc17. 
h4ethy1, ethyl and rej-t.-butgl xetoacetate and ethyl propionyl and ethyl butyryl 
acetate were purchased from Aldrich (Milwaukee, Wise., U.S.A.). d-Aminolaevulinic 
acid hydrochloride was synthetized according to the method of Shemin et al_“. Ultra- 
violet absorption spectra were determined in absolute ethanol in :I Unic:ml SP-SO0 
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spectrophotometer. Infrared spectra were obtained in Nujol on a Perkin-Elmer 
Model 137E infrared spectrometer_ All meItingr points are uncorrected. 

Stn~~h-~i conditions_fot- the sptlresis of A LA p-w-roles 
A solution of /3-diketone (0.01 mole) in 20 ml of phosphate buffer (0.25 M; 

pH 6-6) was treated with cquimoiar amount of &aminolaevulinic acid hydrochloride 
(0.01 mole) and reflused f%r 15 min. The solution was cooled and pH was adjusted 
to 7. The pyrrole formed was separated by filtration, washed and crystallized from 
aqueous ethanol. 

Thin-layer chromatography (TLC) was carried out according co Roomils~‘g. 
A suspension of 30 g of silica gel G (E. Merck, Darmstadt, G-F-R_) in 60 ml of water 
was spread on glass plates (20 x 20 cm) to a thickness of 250 {cm with a Desaga 
applicator_ The plates were dried at 105-l 10’ for 30 min and stored in a desiccator. 
_A 0.1 7: solution of the compounds in methanol was prepared and 2 ,116 of each 
compound was spotted 2 cm from the edge of the plate_ The plate \vas then developed 
with 150 ml of the solvent system diethyl ether-rr-hesane containing 2 o/0 glacial acetic 
acid (1 : I)_ Usu:tlIy 45 min uw~ required for the solvent to travel a distance of 12-15 
cm The plates were then dried, sprayed with Ehrlich reagenl”O and, after keeping for 
5 min at IOO’, the pg-roles appeared as blue spots. 

RESlJLTS AND DiSCUSSION 

Fig_ 1 lists the various $diketo esters used and ALA pyrroles formed and their 
separation bx TLC_ The UV and IR spectra of these compounds are recorded in 
Table I. The IR spectra of all tile compounds showed bands around 3300 cm-’ due 
to the N-H and at 1710 and 1660 cm-* due to C=O. The UV spectra of these 
compounds showed a masimum around 233 nm and a minimum around 260 run. 
Reaction of these p>rroles with modified Ehrlich’s reagent’” gave a pink solution, 
\vhich shokvcd a masimum at 552 nnl and a shoulder at 525 nm. Fig_ 2 sho\vs the 
absorption spectra of ALA pyrrole obtained \\-ith tel-t.-butoxy ester, which has 
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fig_ I_ Rrxuztion ?;d~~~ne fcx- synthesis of ALA p_vrroles and their separrition by TLC_ Solvent system 
used: dierh_vl ctlx-mhcxtnr contztining 2y.i glacial acetic acid (1 :I 1. 
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IS R, := CH, R, := CH, 24 
21 R, : CH, R, ==: C,H, 29 
3, R, --- CH= RZ = CH,C-,H, -- 
la R, --: CH, R= = CtCH,), ;; 

5a R, -z C,H, R2 = C,Hj 3s 
6a R, =- C,H, R, = C,l-!, 43 
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Fi g_ 1. Absorption curxz for rwt_-butosy ALA p~rrole. 

absorption maximum tit 552 nm. The mechanism and the steps involved in the colour 
reaction of ALA pyrroies with Ehrlich’s reagent are sho\vn in Fig_ 3. 

The separation of ALA pyrroles (la-&) by TLC is sho\vn in Fig_ I_ 2-Methyl- 
3-carbtthosg-4propionic acid pyrrofe (21) has higher RF vaIue than the ‘>-methyl- 
3-carbomethosy-+propionic acid pyrrole (Ia) and xc readily separated_ Replacement 
of 2-methv! in 2:~ by either ethyl (%I) or props1 (ba) makes it less polar and it therefore 
then moves faster. 

Ftg_ 3. blcnrhanism of colour reaction of ALA pgroles with Ehrlich‘s reagent. 

Similar substitution of karbethosy in 2a by more bulks croups. vi-__. m-t.- 
butoxy (4~) and benzyl (3a)_ also decreases the polarity of the comiound and results 

._ 
m an increase RF value. Hence the ALA pyrroles with different esters groups (methyl 
(la), ethyl (?a). benzyI(3a) and rut.-butosy (+I)) in the 3-position are separtlted from 
each other_ Similar resolution was achieved amon_e the ALA pyrroles having diiTerent 
all+4 substituents (methyl (?a), ethyl (5a) and propyl (ba)) in the Z-position. Thus 
all the ALA pyrroles synthesized in the present investigation can be separated from 
each other with thz exception of 4a and 6a, which have the same RI.. value. 

Recent&, ALA-synthetase activity has been measured in tissue obtained fron 
liver biopsies”’ and in cultured ceils22--x_ The small amounts of tissue obtained b> 
these procedures generate a small amount of ALA_ The assay procedure utilizes ethyl 
acetoacetnte to form the pyrrole prior to addition of Ehrlich’s reagent_ As fert.-buty: 
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acetoacetate ester gives a better yield than ethyl acetoacetate when used to form the 
ALA pyrrole. this compound may be more desirable to use in assays of ALA-syn- 
thetase- 
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