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SW&MARY: Csndida guilliermondii produced $-phenethyl alcohol 
and B-phenyllactic acid when grown in a synthetic medium contain- 
ing L-phenylalanine as sole source of nitrogen. The cell-free 
preparations from these cells showed the following enzymes: 
phenylalanine aminotrsnsferase, phenylpyruvate decarboxylase, 
phenylpyruvate reductase and phenylacetsldehyde reductase. The 
cell-free preparations of 2. guilliermondii grown in medium with 
ammonium sulfate, lacked these enzyme activities, indicating the 
inducible nature of these enzymes. The results indicate the role 
of p-phenylpyruvate as a key intermediate in the pathway of bio- 
synthesis of B-phenethyl alcohol and p-phenyllactic acid from 
L-phenylalanine. 

INTRODUCTION 

L-Phenylalsnine is converted to either L-tyrosine or 

@-phenylpyruvate in bacteria (1,2), to cinnamate in most of the 

plants and fungi, and to tyrosine in mammalian systems. Thus) 

the pathway involved in the catabolism of L-phenylslanine varies 

widely in diverse organisms. However, in phenylketonuric patients, 

phenylslanine metabolism leads to accumulation of p-phenylpyruvate, 

P-phenyllactate and phenylacetylglutamine (3). 

The biosynthetic abilities of different species of 

Saccharomvces and m have been exploited in the production 

of alcohols (4-7), vitamins (8), and enzymes (9). Candida albicans 

excretes ,B-phenethyl alcohol (B-PEA) when grown in Sabouraudls 

broth (10) or defined media (11). Seversl species of Candida have 

been reported to produce aromatic alcohols like B-PEA (ll), 

p-(4-hydroxyphenyl)-ethanol (HOPEA) (12) and P-indoleethanol 

(p-IEA) (13) when L-phenylalanine, L-tyrosine or L-tryptophan 
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served as sole sources of nitrogen, respectively. Though the 

pathways involved in the biosynthesis of these aromatic amino 

acids in yeasts have been extensively studied, little is known 

about the enzymology of their catabolism. The enzymology of the 

biosynthesis and regulatory aspects of @-PEA and S-IEA are of 

great interest in view of their reported autoantibiotic activity 

(14). In this communication, we report the demonstration of 

the activities of the enzymes v&ich convert L-phenylalanine to 

B-PEA and fi-PLA in 2. guilliermondii. 

MATERIALS AND METHODS 

Chemicals: L-Phenylalanine, p-phenylpyruvate, R-phenyl- 
lactate, p-phenethyl alcohol, a-ketoglutarate, NADH, NADPH, PLP, 
and TPP were obtained from Sigma Chemical Company, St. Louis, 
MO, U.S.A. Phenylacetsldehyde obtained locally was purified by 
distillation. 

Organism: Candida Ruilliermondii. 255 was obtained from 
the London School of Hygiene and Tropical Medicine, London. Stock 
cultures were maintained by bimonthly subculturing on Sabouraud's 
glucose agar slants. 

Growth: The medium used for growing cells was of the 
composition: 
0.1s; 

glucose, 2$; (NH4)2S04, 0.25$ or phenylalanine, 

biotin, 
ZaC12.2H20, 0.2596; MgSO4.7H20, 0.2596; KH2PO4, 0.35$; and 

3 &lOO ml. 

Erlenmeyer flasks of 500 ml capacity each containing 200 ml 
of medium were inoculated with 20 ml of 10 h culture of 8. guillier- 
mondii in the same medium, and grown for 12 to 24 h on a rotary 
shaker at 309oC. The cells were harvested by centrifugation in 
Sorvall RC2-B centrifuge at 4,000xg at 0-4oC. The cell-pellet was 
washed thrice with ice-cold 0.05M phosphate buffer, pH 7.0. 

Cell-free prenarations: Cells of p. 

f 
round for 15-20 min with twice the amount m Lzz o 
60-80 mesh) in a precooled mortar. The slurry was extracted with 

0.05M Tris-HCl buffer, pH 7.4. The suspension was centrifuged at 
18,000xg for 30 min. The supernatant was used to assay various 
enzyme activities. 
Lowry et al. (15). 

Protein content was estimated by the method of 
-a 

Enzvme assws Phenylalanine sminotransferase activity 
was assayed accord& to the procedure of Lin & &. (16). 

Phenylpyruvate formed was estimated as its enol-borate 
complex, which absorbs at 300 nm. 

Phenylpyruvate decarboxylase activity was assayed using 
standard manometric technique (17), by measuring carbon dioxide 
released. 
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Table 1. Enzymes involved in biosynthesis of @-phenethyl alcohol 
in Candida guilliermondii 

Enzyme Substrate system Specific 
activity 

1. Phenylslanine smino- 
transferasea 

2. Phenylpyruvate 
decarboxylaseb 

3. Phenylpyruvate 
reductaseC 

4. Phenylacetaldehyde 
reductased 

L-Phenylalanine Complete 
- a-Keto- 

glutarate 
- Phe 
- PLP 

Complete 
- TPP 
- ldg2+ 
- Substrate 

@-Phenyl- 
pyruvate 

Complete 

Phenyl- 
auetsldehyde 

Complete 

18 

1600 

a. Complete system in a final volume of 2.5 ml, contained L-phenyl- 
alanine, 30 pm0 es; i 
phosphate, 10 nmoles; 

a-ketoglutarate, 30 pmoles; pyridoxal 

250 pmoles; 
potassium phosphate buffer, pH 8.0, 

was 37OC. 
and enzyme protein (1.5 mg). Assay temperature 

b. Complete system, in a final volume of 3.2 ml, contained P-phenyl- 
pyruvate, 20 ikrnoles; MgC12, 1 bmole; thiamine pyrophosphate, 
2 pmoles, potassium phosphate buffer, pH 6.0, 1 mmole; and 
enzyme protein (1.5 mg). Assay temperature was 37OC. 

c and d. Complete system, in a final volume of 2 ml, contained 
p-phenylpyruvate, 20 ymoles, 
NADH or NADPH, 0.2 pmoles; 

or phenylacetaldehyde, 10 pmoles; 
potassium phosphate buffer, pH 6.5, 

and enzyme protein (0.5 mg). Assay temperature was 

The activities of phenylpyruvate reductase and phenyl- 
acetaldehyde reductase were assayed by determining the decrease 
in absorbancy of reduced pyridine nucleotides at 540 nm in a 
Carl Zeiss spectrophotometer. 

One unit of activity is defined as equivalent to that 
amount of the enzyme which catalyzes the conversion of one nmole 
of substrate per minute. Specific activity is expressed as 
units of enzyme activity per milligram protein. 

419 



Vol. 69, No. 2, 1976 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

RESULTS AND DISCUSSION 

The ability of C. guilliermondii to grow in synthetic media 

containing L-phenylalanine as sole source of nitrogen and to 

produce B-PEA has been reported earlier from our Laboratory (11). 

Cell-free preparations from these cells showed phenylalanine 

aminotransferase (PAT) activity (Table 1). The enzyme displayed 

an absolute requirement for pyridoxal phosphate for its activity. 

The occurrence of PAT in several organisms (1) including yeasts 

VlZ.) 2. cerevisiae (18), and in 2. franilis (19) was reported 

and its role in the metabolism of L-phenylelanine reviewed (1). 

Phenylpyruvate decarboxylase which catalyzes the non-oxidative 

decarboxylation of $-phenylpyruvate to phenylacetaldehyde, was 

also detected in the cell-free preparations. It required both 

thiamine pyrophosphate and Mg 2+ for its activity. The occurrence 

of this enzyme in bacteria was reported (20). Cell-free prepa- 

rations of 2. pilliermondii also showed activity of phenyl- 

pyruvate reductase which catalyzes the reduction of p-phenyl- 

pyruvate to p-PLA, and the reaction is reversible. Both NADH 

and NADPH served as electron donors. The product of the reaction 

catalyzed by this enzyme. viz., p-PLA was isolated and identified 

by paper chromatography (11). The presence of this enzyme was 

also reported in phenylketonurics, who excrete j3-PLA, L-phenyl- 

alanine, j3-phenylpyruvate end phenylacetylglutsmine in urine (21). 

Conversion of P-phenylpyruvate to p-PLA has not so far been 

reported in microorganisms including yeasts. 

Phenylacetaldehyde reductase which reduces phenylacet- 

aldehyde to B-PEA requiring either NADH or NADPH for its activity 

was also detected in cell-free preparations of g. puilliamondii. 

Though a possible mechanism of its conversion in plants has been 
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proposed by earlier workers (22), its activity has not been 

demonstrated. However, an enzyme converting p-hydroxyphenyl- 

acetaldehyde to tyrosol in a. cerevisiae was reported (18). 

Cell-free preparations of E. guilliermondii grown on 

ammonium sulfate as nitrogen source failed to show these enzyme 

activities indicating the inducible nature of these enzymes. 

The results presented here indicate the role of j3-phenylpyruvate 

as a key intermediate in the conversion of L-phenylalanine to 

@-PEA and P-PLA by the pathway proposed below. A similar pathway 

might be operatiw in the biosynthesis of HOPEA and ~-IEA from 

L-tyrosine and L-tryptophan, respectively, in Candida species. 

Studies on purification and characterization of these enzymes, 

and their role in the regulation of the pathway are in progress. 

The proposed pathway for the biosynthesis of ,3-phenethyl 

alcohol and fJ-phenyllactate from L-phenylalanine in Candida 

guilliermondii is as follows: 

L-Phenylalsnine 

B-Phenylpyruvate 

$-Phenyllactate CH 7 
CH2-Cc0 

Phenylacetaldehyde 

Q- CH2-CH2-OH 
- 

@-Phenethyl alcohol 

421 



Vol. 69, No. 2, 1976 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

ACKNOWLEDGEMENTS 

This work was sponsored by research grant by the Office 
of Naval Research, Washington, D.C. under contract No. NOOOlrS- 
71-c-0349. We express our grateful thanks to Profs. T. Rama- 
krishnan and M. Sirsi for helpful discussions. 

REFERENCES 

1. 

2. 

3. 

;: 

;: 

8. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 
20. 

21. 

22. 

Towers, G.H.N., and Subba Rao, P.V. (1972) in Recent advances 
in phytochemistry (Runeckles, V.C., and Watkin, J.E. eds.), 
Vol. 4, pp l-43. Appleton-Century-Crafts, Educational division/ 
meredith Corporation, New York. 
Subba Rao, P.V., Nambudiri, A.M.D., and Bhat, J.V. (1971) 
J. Sci. Ind. Res. x, 663-679. 
Greenstein, J.P., and Winitz, M. (1961) Chemistry of the amino 
acida, Vol. 1. p 
Ehrlich, F. 71907 P 

245-432, John Wiley & Sons Inc., New York. 

Neubauer, O., 
Ber. dtsch. them. Ges. a, 1027. 

and Fromherz, I(. (1911) Hoppe-Seyl. 2. 70, 326. 
Sentheshanmuganathan, S. (1956) Bioohem. J. a, 37~. 
Bilford, H.B., Scalf, R.E., Stark, W.H., end Kolachaor, P.J. 
(1942) Ind. Eng. Chem. & 1406-1410. 
Burkholder, P.R. (1943) Proc. Nat. Acad. Sci. a, 166-172. 
Neuberg, C., and Roberts, I.S. (1946) Scientific Report Series, 
No.4, Sugar Research Foundation Inc., New York. 
Lingappa, B.T., Prasad, M., Lingappa, Y., Hunt, D.F. and 
Biemann, K. (1969) Science 163, 192-194. 
Narsyanan, T.K., and Ramananda Rao, G. (1974) Biochem. Biophys. 
Res. Commun. z, 728-735. 

and Ramansnda Rao, G. (1975) Can. J. Microbial. 

Narsyanan, T.K\, and Ramananda Rao, 0. (1975) Antimicrob. Ag. 
Chemother. (Su.bmitted). 
Narayanan, T.K., and Ramananda Rao, 
Chem. (India) z, 23. 

G. (1972) Proc. Sot. Biol. 

Lowry O.H., Rosebrough, N.J., Parr, A.L., and Randall, R.J. 
(1951) J. Biol. Chem. m, 265-275. 
Lin, E.C.C., Pitt, B.M., Given, Y., and Knox, W.E. (1958) 
J. Biol. Chem. 222, 668-673. 
Umbreit, W.W., Burris, R.H., and Stauffer, J.F. (1957) Manometric 
techniques. Burgess Publishing Co., Minnea olis. 
Sentheshanmuganathan, S., and Elsden, S.R. 7 
a, 210-218. 

1958) Biochem. J. 

Bigger-Gehring, L. (1955) J. Gen. Microbial. 1 , 45-53. 
Fujioka, N., Merino, Y., and Wada, H. (1970) D. Methods Enzymol. 1 
(Tabor, II., and Tabor, C.W., eds.), Vol. XVIIA, pp 585-596. 
Academic Press, New York. 
$nn~ni~ ;.G. (1970) in Methods Enzymol. (Tabor, H., and 

New Y&k: 
'D ede.), Vx. XVIIA, pp 665-669. Academic Press, 

Guseva, A.R., 
988-992. 

and Paseehnichenko, V.A. (1966) Biokhimiya 2, 

422 


