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The phenazine skeleton occurs in sore 30 presently known microbial antibiotics. The role 

cf shikimic acid as precursor has been established for iodinin (l,&dihydroxyphenazine-5,10- 

dioxide),"' pyocyanine (the zwitterion of l-hydroxy-5(N)-methylphenazine)3 and phenazine-l- 

carboxylic acid.3 The biosynthetic pathway to pyocyanine branches off from the shikimate 

pathway at chorismic acid.4 Furthermore, phenazine-1-carboxylic acid has been shown to be a 

precursor of pyocyanine.' Since shikimic acid appears to be a general precursor for phenazines, 

several investigators have studied the incorporation of variously 
14 

C-labeled shikimic acids. 

The results have led to the conclusion that for iodinin and phenazine-l-carboxylic acid the 

possible pairing schemes of two shikimic acid nwlecules (or chorismic acid molecules generated 

therefrom) can be narrowed down to two: 1.2 

COOH COOH 

Ho_Qo" + HoQ_.oH a"d Ho-* + Hfi..OH 

H COOH dH 

A B 

Detection of phe"azin+1,6-dicarboxylic acid from a bacterial source6 and the incorporation 

of two nulecules shikimic acid into iodinin and phenazine-1-carboxylic acid' suggest that this 

metabolite lies on the biosynthetic pathway after shikimic (or chorismic) acid. However, 

'H-labeled phenazine-1,6-dicarboxylic acid, fed to Pseudomonas iodinum was not incorporated -9 

into iodinin.' Recently it was shown that scheme B must operate in the biosynthesis of 

iodinin. 
9 
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We have fed l4 C-rronocarboxyl-labeled dimethylphenazine-l&dicarboxylate to Pseudonnnas 

aureofaciens and found a 7.4% incorporation of the label into phenazine-l-carboxylic acid, 

labeled exclusively in the carboxyl carbon. m-Nitrobenzoic-carboxyl-14C acid, 4.86 mci/ 

mle,8 was diluted to a specific activity of 27.85 wi/mnole. It was catalytically reduced 

to m-aminobenzoic-carboxyl-14C acid. Coupling with inactive P-chloro-3-nitrobenzoic acid 

led to 6-nitrodiphenylamine-2,3'-14C-dicarboxylic acid which was reductively cyclized5 to 

phenazine-l-14C,6-dicarboxylic acid nip > 365", (lit5 > 29V), TLC silicagel, MeOH:CHC13 

l:l, Rf = 0.25. The diacid was rwthylated with diazomethane. 

l COOH *COOH 

H2/Raney Ni 

' ' N: a 
2 2 

l COOH *cooMe 

COOH COOMe 

Thirty mg of the radioactive diacid was fed to two lOOO-ml portions of a prbductian medium 

of &. aureofaciens which had been grown on a rotary shaker for 6 hrs as described earlier. 
3 

After growth for another 22 hrs the pigments were isolated and placed on a 40 x 600 mn Florisil 

colunm (100/200 mesh) in chloroform. Elution with chloroform, followed by chlaroform- 

methanol mixtures with gradually increasing methanol content up to 5% separated phenazine-l- 

carboxylic acid as a green-yellow band sharply from phenazine-1,6-dicarboxylic acid which 

remained as a dark yellow band in the upper 30 mn of the column. The isolated and purified3 

phenazine-1-carboxylic acid was masured by liquid scintillation3 and showed an activity 

indistinguishable from the background. However, relatively high activity was detected in 

the material remaining in the upper part of the column. Thus, phenazine-1,6-dicarboxylic 

acid was either not incorporated or did not pass through the cell walls of the bacteria. 
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Fwthernore, the chromatographic technique employed had clearly separated it from phe"azi"e- 

i-carboxylic acid. 

Phenazine-l-14C,6-dicarboxylic acid, 25 mg, was suspended in 5 ml methanol and treated 

with an excess of etheral diazomethane at 0". The resulting dimethylester, 23 mg, was fed, 

as before, to pr. aureofaciens. After extraction of the pigments the acidic material was 

separated from possibly remaining dimethylester and chromatographed on Florisil, as before. 

Isolated and purified phenazine-l-carboxylic acid showed radioactivity which remained con- 

stant upon further recrystallization. An incorporation of 7.4% (ti:ti !$$:ig izilated 

x 200) was calculated. The active phenazine-1-carboxylic acid was decarboxylated in a heated 

tube under a stream of C02-free nitrogen at 290" with copper chromite as described earlier.3 

Phenazine was collected from the colder part of the tube and counted. Carbon dioxide was 

trapped as barium carbonate. In a closed apparatus carbon dioxide was liberated, and taken 

up in B-phenylethylamine and counted as described.3 Table 1 shows that all activity resided 

in the carboxyl carbon as would be expected for the incorporation of the intact diacid 

(or possibly its dimethylester) into the mono acid. 

Table 1 

Specific activitiesa) 

Phenazine-1-carboxylic acid phenazine CO2 

100% 0% 96.7% 

a) averages Of two runs 

Thus, phenazine-1,6-dicarboxylic acid, possibly in its dimethyl ester form, is a direct 

precursor of phenazine-1-carbaxylic acid and the shikimic (chorismic) acid pairing scheme 

A may be discarded. That the diacid itself was not incorporated as such, but only its 

dimethyl ester is possibly a question of polarity and concomitant lack of cell wall trans- 

port. A similar problem may have been encountered in the feeding of the *H-labeled diacid 

to Ps. iodinum.7 
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