
SHORT COMMUNICATION 

THE DETERMINATION OF D-QUINIC AND D-SH.IK.IMIC 
ACIDS BY MICROBIOLOGICAL ASSAY IN THE 
CHARACTERIZATION OF CHLOROGENIC ACIDS 

AND RELATED COMPOUNDS 

ExAMlNmIcm ofplant extmcts by cllromatograpbic techniques has revehd the widespmad 
distribution of many compounds closely related to chlorogenic acid, fGca&oyl-wuinic 
acid. Thesecompoundsmaybepositionisomers of chlorogenic acid; they may contain more 
thanonearomaticmoiety;theymayhave acoumaroyl, feruloyt or galloyl substituents in 
place of the caiTeoy1 group or quinic acid may be replaced by shikimic acid.’ &ucture 
determinationsof~su~areoftenhampcredbythesmallamountsofmaterial 
available and by d%iculties involved in the quantitatiive, chemical determination of quinic and 
shikimicacids. In~reportwe~~amicrobiologicalawoayforthequantitative,stmo- 
specificdet~ ’ tionofmicrogramquantitiesofDquinicand~acidsanddemon- 
stratc the application of the procedure to s&Mural work with chlorogenic acid and related 
compounds. We~anAerobactaaerogsnssmutant,A170_143SIO,obtainedby~~rrnd 
Weiss2 and shown by them to be suitable for microbiological assays ofquinic and shikimic 
acids. 

FromFg. litisseenthatthegrowthresponseofA.aerogenes, A 170-M SIO to ~~uinic 
and D-&G& acid-is linear between concentration levels of O-005 and O-06 &ml and that 
the~ti~of~~y~drastically~bytheadditionof5~~mlofttryptophan 
totllemedium. Thattheutilizationoftheacidisster~was deux&ratedbytheuseof 
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There was no stimulation of growth with GO35 &ml of GQuinic acid 
andthaadditionofatenfold~~ofGquinicacidtoD_quinicacidhadnoeffecton~ 
utilizationoftheD&omer. Sincequinicandshikimicacidscanbereadilyseparatedbyone- 
dimensional paper chromatography3 combination of this procedure with bioassays can be 
used for the spec&, quantitative determhtion of mixtures of these two acids. Ninety-five 
~centrecoveriesareobtainedwhen~~containingaslittle~5~gofeachacidare 

1 B. &xx, Bot@l. Rev. 30,667 (1964). 
2B.D.D~vmandU.%c+s,Amh.@.~~. -. aaq l(1953). 
3J.CNUX&A ~laedkhd.~~WJI..C~Wbl.~221(1958). 
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chromatogramed, the separated spots eluted with water and the eluates assayed with the 
A. uerogenes mutant. 

The bioassay can also be applied to structuA work with microgram quantities of the 
naturally occurring deps&s, if an alkaline hydrolytic procedure is used (Table 1). 
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Equally good resulti were obtained when a crystalline prepaabn of chlorogenic acid 
was used direct&or when it was eluted from chromatograms. In either case a&dine hy@roly- 
sis rnw precede the quinic acid determination since the growth response to unhydrolyzed 
chlorogenic acid is very weak. Even when cai%ic, pcoumaric or ferulic acids were present at 
ten times the concentration of the ~-quinic acid, the growth response was unchanged. Gallic 
acid at concentrations above O-1 &ml causes some interference due to formation of colored 
oxidation products. However, this can be corrected by measuring the absorptivity at 560 rnp 
of the clariCed broth against a sterile medium blank in the spectrophotometcr. Since the 
A. uerogmes mutant can utilize only the D-isomer of quinic acid, the data in Table 1 provide, 
proof that the quinic acid moiety of neochlorogenic acid, 5-O-caffeoylquinic acid, and 3-O- 
feruloylquinic acid has the -ation. 
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Mcrobioassay Procedure 
EXPERIMENTAL 

ThebasicmediumconaistedofminimalmediumAasdescribedbyDavisaadMingioli~ 
supplementedwith2o~g/ml~tyrosine,4o~~~D~phenylalanineand5~g/~~tryptophan. 
Solutions of Dquinic or ~shikimic acid were prepared in 2.5 ml glassdistilled water and 
autoclaved for 20 min at 15 lb/in2 in cotton-plugged 25 ml Ekknmeyer flasks. The growth 
medium was added by cold sterilktion through “Millipore” filtets (pore diameter = 0.45 
w) to a final volume of 5 ml. Solutions were inoculated with 0.01 ml of fresh culture. 
Inoculakd cultures were shaken at 30” for 18 hr and the absorptivity measured at 560 w 
againstaculturecontainingnoquinicorshikimicacid. Eachassayconsistedoffourunknowns 
and fourteen known concentrations of ~quinic of ~shikimic acid ranging from 0 to 0.07 
&nL A standard curve was prepared and the concentration ofthe unknown calculated by 
the method of least squares. It was found advisable to prepare a standard curve for each 
de&mination. Calculation of the linear regression showed some variation in the slope and 
thelineof~tfittdidtalwaysintersectexactlyattheorigia 

Saponijkation of the Quinic Acid Depsides 

Solutions containing 0.06 N sodium hydroxide were heated for 5 min at lOO”, cooled to 
room temperature and neutralized with dilute hydrochloric acid. Appropriate aliquots, 5 pg 
quinic acid derivative in 25 ml water, were assayed with the mutant. 

chrMatogra#ly 
Chlorogenic acid was chromatogramed on Whatman No. 1 filter paper with u-butanol: 

aceticacid:water(4:1:5v/v).5 Thecompoundwasdetectedbyitsfluorescencewhenexposed 
tou.v.light. ~uinicacid,R/~22,and~shikimicacid,191~46,wete~~by~~g 
chromatographyonWhatmanNo. 1 Werpaperwithn-butanol:formicacid:water(4:1:5 
v/v).3 Spots were located by chromatography ofknowns adjacent to the experimemal mater- 
ial and spraying of these with 4 % bromophenol blue. 

Pre-tion of m+inic Acidand~-Quinic Acid 

DGQuinicacidWar,~frOmr>-triacetylquinidebyh~~~fOr4hr,and 
hydrolyzing with potassium hydroxkk6 The L-isomer was obtained through the brucine salt 
and recrystallization with methanol. 7 Thebrucinesal~2&waspassedover35gDowex 
5OW-X 12, previously washed with water, 1 N NaOH, water, 1 N HCl and water. The acidic 
fmctions were collected, the solvent evaporated under reduced pressure, and the residue 
ctystalhzed from ethanol; Yield 366 mg; m.p. 166%167”, [ag+42*6’ (c 48 HsO). 

DbSh&hy& acid was a gift from Dr. E. E. Smissman. He and his coworkers8 reported its 
syn~sfromtheDielsAldcrreactionoft~~,~~l,4-diacetoxy-l,3_butadieneandmethyl- 
acrylate. 

A~~nts-we~toth.ankThes~~~~ 
Dr. B. D. Davis for a culture of A. ocrogsnr 
acid. 
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