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Penicillin Biosynthesis: Direct Biosynthetic Formation of Penicillin V and Penicillin G 
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The enzyme isopenicillin N synthetase is able to convert directly the dipeptides, phenoxyacetylcysteinylvaline and 
phenylacetylcysteinylvaline into penicillin V and G respectively; these are however very slow compared with 
substrates of the a-aminoadipoyl or adipoylcysteinylvaline type.t 

From our previous studies on structural variations of the 
a-aminoadipoyl'f moiety in the natural substrate 6- (~ -a -  
aminoadipoyl)-L-cysteinyl-D-vabne ACV (la) of isopenicillin 
N synthetase (IPNS) we concluded that a six carbon, or 
equivalent chain, terminating in a carboxy group as in ( lb) ,  
was the minimum requirement for penicillin synthesis, at rates 
comparable to that of the natural substrate (la).1 Now with 
the greater availability of pure IPNS we have found that 
peptides containing aromatic and unsaturated moieties in 
place of the a-aminoadipoyl side chain can in fact be cyclised 
to the corresponding penicillins, albeit at very low rates. 

Thus phenoxyacetyl-L-cysteinyl-D-vahne ( 1 ~ ) ~  on incuba- 
tion under normal$ conditions with a highly purified sample of 
IPNS from Cephalosporium acremonium C07283 gave anti- 
biotic activity against Staphylococcus aureus N.C.T.C. 6571 , 
destroyed by P-lactamase I ( B .  cereus). In control experiments 
with denatured enzyme [sodium dodecyl sulphate (SDS), 
urea] no bioactive material was obtained. Acidification of the 
crude incubation mixture (pH 3) and extraction (EtOAc) 
followed by esterification (diazomethane) and preparative 
t.1.c. (20 X 20 cm, Si02 PF.254, Merck, EtOAc : CH2C12 1 : 9, 

t b-(a-aminoadipoyl) = 5-amino-5-carboxypentanoyl. 

$ The peptide (1 mg) in NH4HC03 50 mM solution (2 ml), ascorbate 
(50 mM, 100 pl), iron(I1) sulphate (50 mM, 100 pl), catalase (Sigma, 
lo%, 50 pl), and dithiothreitol (100 mM, 100 pl) were stirred for 10 
min (pH 7.7). IPNS (5.46 i.u. in 50 mM NH4HC03 solution, 2.65 ml) 
was added and mixture divided into two vials and shaken (27 "C, 270 
r.p.m.) for 25 min. Acetone (10 ml) was added and the supernatant 
collected after centrifugation. 

Rf 0.5) gave penicillin V methyl ester (2c), with a g.c.-mass 
spectrum identical to an authentic sample.§ The product, as 
pencillin V methyl ester, was identified by the presence of rnlz 
174, as ion (3), and rnlz 94 which corresponds to cleavage of 
phenol from the side chain. The conversion was 0.04%. Under 
similar conditions, LLD-ACV was converted into isopenicillin 
N in 100% yield. Incubation of the second substrate, 
phenylacetyl-L-cysteinyl-D-valine (Id), with IPNS as before 
gave a penicillinase-sensitive antibiotic ( S .  aureus), which 
after purification by the same method was shown to be 
penicillin G, as its methyl ester (2d), identical by g.c.-mass 
spectroscopy with authentic material (mlz 174 and 91). In this 
case the conversion was 0.12Y0 . y  

Table 1. Michaelis constants at pH 7.7, 27 "C. 

Substrate Km (mM) V,,,, (pmol min-1) 
LLD-ACV 0.16 1.64 

Phenylacetyl CV 0.91 2.5 x 10-3 
Phenoxyacetyl CV 0.50 0.80 x 10-3 

9 G.c.-mass spectra were performed on a 12-120 Quadrapole Mass 
Spectrometer using an ACE 25m JOW DBI column, 60-24OoC, 
15 "C min-1. 

7 Added in proof: We have recently learned that Dr. Luengo (Univ. 
Le6n, Spain) has observed enzymatic synthesis of penicillin G with 
extracts of P.  chrysogenum and C. acremonium; J. M. Luengo, 
personal communication, and J .  M. Luengo, M. T. Alemany, F. 
Salto, F. Ramos, M. J.  L6pez-Nietro, and J.  F. Martin, Biotechnol- 
ogy, 1985, in the press. 
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a; R -?:v' - 0 
NH,+ 

d; R = m' 
e; = Q? 0 

ri------ 
HN, , 

CO, Me 

(3)  
Similarly cyclohexa-2,5-dienoyl-~-cysteinyl-~-valine (le) , 

prepared by sodium/liquid ammonia reduction of N-benzoyl- 
L-cysteinyl-S-benzyb-valine benzyl ester, gave a 
pencillinase-sensitive antibiotic ( S .  aureus) shown after deri- 
vatisation by g.c.-mass spectroscopy to be phenyl penicillin 
methyl ester (2f), in 0.20% yield.4 The presence of ion (3), 
along with m/z  105 and 77, confirmed the presence of (2e) by 
comparison with authentic material. It is possible that the 
pencillin (2e) may be present but no attempt was made to 
identify it. The aromatisation of (2e) to (2f) must occur after 
cyclisation since incubation of benzoyl-L-cysteinyl-D-vahne 
(If) gave no bioactive material ( S .  aureus). 

The origin of the much less efficient conversion of these 
peptides, as compared with the natural substrate, was 
evaluated by determination of the Michaelis constants (K,) 
and maximum velocity (Vmax,) parameters, Table 1. 11 Appar- 
ently the major influence is on the V,,,, parameter suggesting 
that the catalytic event, as opposed to binding, is sensitive to 
the absence of the 6-carboxy group, which substantially 
depresses the conversion rates. 

We thank Dr R. T. Aplin (Dyson Perrins Laboratory) and 
Dr  M. McDowall (VG Mass Laboratory) for g.c.-mass 
spectra. 
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