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Summary After acidic hydrolysis of lipid A preparations from 
pseudomonads, products containing both hydroxy and nonhy- 
droxy fatty acids were  obtained. The major products were alka- 
noate esters of the hydroxy acids. Similar  compounds  were 
formed when a 3-hydroxy acid was heated with a nonhydroxy 
acid under the same  conditions. 
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Fatty acids can be released for analysis by either acidic 
or alkaline hydrolysis of lipids. Although  similar results 
may be obtained by either method,  acidic  hydrolysis is 
often preferred for lipids  that  contain amide-bound  fatty 
acids. Prominent  among such  lipids are  the lipid A frac- 
tions of bacterial  lipopolysaccharides,  which characteristi- 
cally contain both alkanoic  and  3-hydroxyalkanoic acids. 

The  determination of fatty acid compositions of lipid A 
preparations is complicated by the  partial  dehydration of 
3-hydroxy  acids under acidic  conditions. Other complica- 
tions were suspected when  erratic results, particularly for 
hydroxy acids, were  obtained for acidic  hydrolysates of 
lipid  A preparations from Pseudnmnnas aerlqinosa and P. 
alcalienes (1). T o  investigate this  problem,  the ether-sol- 
uble  products from hydrolysis of the lipids  with  4 N HCI 
at 105°C for 5 hr  were treated with  diazomethane  and ex- 
amined by T L C  (d and e in Fig.  1).  In addition  to spots 
corresponding to the methyl  esters of hydroxy  acids, alka- 
noic acids, and 2-alkenoic acids,  each  hydrolysate gave at 
least three  other  spots (PI ,  P2, and P.? in Fig. l ) ,  of 
which the intensities decreased with  RFvalues.  These pat- 
terns closely resembled those found for a similar hydroly- 
sate of an ornithine-containing lipid from P. rubcscens, 
which also  contains 3-hydroxy and nonhydroxy  acids (2). 
The  unexpected products from the  latter lipid contained 
both classes of fatty acids, and  this result was  also ob- 
tained for product P1 from the lipid A of P. aemginosa 
(isolated by preparative TLC  and subjected to acidic 
methanolysis). 

T o  check on the formation of artifacts,  mixtures of hex- 
adecanoic acid with  either 3-hydroxydodecanoic acid or 
3-hydroxyhexadecanoic acid (about 2 mg of each compo- 
nent)  were treated  with  4 N HCI (2 ml)  at 105°C for 5 
hr. After treatment  with  diazomethane,  the ether-soluble 

Abbreviations: TLC, thin-layer chromatography. 
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Fig. 1. Thin-layer chromatogram of esterified products from acidir hy- 
drolysates ol lipid A preparations from f. oenr,qrnncn and f. nlrnlrpenrc. 
Separations were carried out using silica  gel C (Merrk) and dirhlorn- 
methane as solvent;  spots were detected  by charring (6). .Methyl esters 
from: n, 2-hydroxydodecanoic  acid; h. 3-hydroxydodecanoir acid; c and 
/, hexaderanoir acid; d, acids in f. nen~,cinoco hydrolysate; e, acids in 
f. nlrn/r,gmrs hydrolysate; p, HCI-treated 3-hydroxydnrlecanoir arid; 
h. 2-doderenoir arid (major spot). f1. 1’2, f.1. artifarts of hydrolysis; 
H .  hydroxy ester region. 

products gave T L C  results comparable  with those ob- 
tained for lipid A  hydrolysates. The products with  the 
same mobility as P1 were the hexadecanoate esters of the 
methyl  3-hydroxyalkanoates. These compounds had the 
infrared spectra of fatty esters  and were decomposed by 
acidic  methanolysis (3) to  the methyl  esters of the compo- 
nent  acids. The compound derived from hexadecanoic acid 
and 3-hydroxyhexadecanoic acid gave the  same mass spec- 
trum  as a  synthetic sample of the  hexadecanoate ester of 
methyl  3-hydroxyhexadecanoate (2). The spectrum con- 
tained  a  molecular ion peak ( m / e  524) and a  small  peak 
at m / e  493 (“31) due to loss of the  methoxy group. 
The most abundant high-mass  ions, m / e  268  and 269, 
corresponding to loss of hexadecanoic acid and hexadeca- 
noate, respectively, apparently gave rise to ions at m / e  
236  and 237 through loss of methanol.  Other significant 
peaks  occurred at m / e  341 (analogous  to the m / e  103 
peak for methyl esters of 3-hydroxy  acids [4]),  328 (possi- 
bly the product from a  McLafferty rearrangement), 285 
(loss of the hexadecanoyl group),  and  239  (the acylium ion 
from the hexadecanoate  residue).  Analogous  fragment ions 
were revealed by the mass spectrum of the compound de- 
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rived from hexadecanoic acid and 3-hydroxydodecanoic 
acid. 

No products resembling P1-3 were found when 3-hy- 
droxydodecanoic acid alone was treated similarly with 
HCl and then esterified (g in Fig. 1). However, the streak 
in the hydroxy ester region on TLC (H in Fig. 1) suggest- 
ed that polyesters (5) could have been formed. By using 
methyl hexadecanoate as an internal standard, it was con- 
firmed that the amount of methyl 3-hydroxydodecanoate 
was about doubled by acidic methanolysis of the total 
products. Thus, components such as P2 and P3 in lipid 
hydrolysates could correspond to dimers and higher oli- 
gomers of 3-hydroxyalkanoic acids that were further ester- 
ified with other fatty acids. In the model experiment with 
hexadecanoic acid and 3-hydroxydodecanoic acid, the 
amounts of these acids incorporated into artifact products 
were 21% and 507'0, respectively (determined by using 
methyl pentadecanoate as an external standard). 

These experiments demonstrate that acid-catalyzed po- 
lymerization of a 3-hydroxy acid and esterification be- 
tween hydroxy and nonhydroxy acids can occur (presum- 
ably in the lipid phase) under nominally hydrolytic condi- 
tions. It is clear that structural conclusions ( 2 )  based on 
the results of such experiments are invalid and that fatty 
acid contents and compositions determined after acidic hy- 

drolysis of lipids containing 3-hydroxyalkanoic acids may 
be seriously in e r r0 r .m  
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