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The final stage in thebiosynthesis of penicillins is thoughttobe the substi- 

tution of the L-a-aminoadipyl side chain of isopenicillin Nby acyl groups which arise 

endogenously orwhichare supplied exogenously as acids or their precursors (Demain, 

1966). The mechanism of the acyl substitution is notknownbut in the absence of 

exogenously supplied acylgroups 6-aminopenicillanic acid (6-APA)accumulates in the 

mycelia of penicillin-producing fungi(Batcheloret&,1959)suggestingthatthe 

various penicillins ariseby acylationof 6-APAproduced from isopenicillinNby 

hydrolysis rather thanby direct transfer with the a-aminoadipyl side chain of iso- 

penicillin N. Wolff andArnstein(1960), however, failed to observe a clearprecursor- 

product relationshipbetween 6-APA and penicillin G. 

An enzyme incell-free extracts of Penicillium chrysogenum which transfers 

the acylside chainbetween two different penicillins and catalyzes 6-APA exchange 

withpenicjllins was reportedby Peterson and Wideburg (1960)and Pruess and Johnson 

(1967). Such an enzyme mightbe expected to transfer acyl groups from their S- 

coenzymeA derivatives to 6-APA. This activity could notbe demonstrated at the 

degree of purity obtainedby Pruess and Johnson (1967)butpurer preparations of 

penicillin acyltransferase showed strongdirectacylating activity. The relevance 

of this activity to penicillinbiosynthesis is discussed. 
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MATERIALSANDMETHODS 

35 S-benzyl penicillin (530 mc/mmole), 35 S-6-aminopenicillanic acid (35S-6- 

APA)and other 
35 S-penicillin derivatives were prepared as describedby Pruess and 

Johnson (1965). Acyl thiolesters, including S-phenylacetyl-l- 14 C CoA (from phenyl 

acetic acid-l- 14 C, 22.5 mc/mmole, Nuclear Chicago),wereprepared from the acid 

anhydrides orby themixed anhydridemethod (Stadtman, 1957). Phenylacetyl AMP 

was prepared according to Moldave and Meister (1957)and phenylacetylphosphate 

was madeby the method used for acetylphosphate (Kornberg et&, 1956). Where 

appropriate,compounds were assayedby thehydroxamate method (Lipmann and 

Tuttle, 1945). 

2. chrvsogenutn Sl-2OF3 was grown in corn-steepliquormedium for48-72 hr 

under conditions describedby Pruess andJohnson(1967). Harvestedmyceliumwas 

washedwell with water and pressedbetween filter papers until superficially dry. 

The pressed mycelium (10 g)was suspended in40 mlof 0.05 g potassium phosphate 

buffer atpH8.0 containing 5 m~dithioerythritol (DTE)and extruded twice with a 

French Press at 10,000 psi. After centrifuging at35,OOO X gfor 30 min at2', the 

supernatantwas adjusted to pH 8.0 and fractionatedbetween 35 and SOBJO saturation 

withammonium sulfate. The precipitated material was dissolved in 2 ml of O.OlM 

phosphate buffer, pH 8.0, containing1mM dithioerythritol and passed through a 15 x 

2.5 cm columnof Sephadex G-25whichhadbeen equilibrated with the samebuffer. 

The eluate (6 ml)was absorbed onto a 2.5 x 2.5 cm column of DEAE-cellulose and 

the columnwashedwith 20 ml of O.Ol_Mphosphate, pH8.0, containing1mM DTE. 

The acyltransferasewas then eluted in 4.5 mlwith the samebuffer containing 0.25 _M 

KCland stored at -7OO. 

Penicillinacyltransferase activitywas assayedby theAPA exchange reaction 

(Pruess andJohnson, 1967). The enzymewasincubated at37'with 35 S-benzylpen- 
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icillin plus 2 mM unlabeledbenzyl penicillin, 7.5 mM 6-APA, 2 mM dithioerythritol, - - - 

2 mM EDTA and 0.05 3 potassium phosphatebuffer, pH 8.0, in a total volume of - 

30 pl. At the appropriate time a 10 4 sample was added to 5 pl of 0.4 3 citrate 

buffer,pH 5.0, to stop enzyme activity. Portions (5 pl)of the mixture were chro- 

matographed onwhatman No. lpaperwhichhadbeen impregnated with phosphate 

buffer, pH 6.0, as describedby Pruess and Johnson (1967)and runinanethanol/n- 

butanol/28%ammonium sulfate solution, 2/1/1system (cf. Tardrew andJohnson 

(1959). In this system,benzyl penicillin, penicilloic acid and 6-aminopenicillanic 

acids had Rfvalues of 0.75, 0.46 and 0.58, respectively. After radioautography, 

the portion of the paper corresponding to 
35 

S-6-aminopenicillanic acid was identi- 

fied and its radioactivitymeasuredbyliquid scintillationcountingwithreference 

to standards of 35 S-benzyl penicillin. Directacylation of 6-APA was assayedby 

incubationofthe enzyme at37'with 
35 

S-6-APA, plus unlabeled 6-APA, acyl-CoA 

or other acyl-donor, DTE and EDTAin 0.05 3 potassium phosphatebuffer atpH 7.5. 

Concentrations of reactants are stated in the text. Samples were removed, chro- 

matographed and the radioactivity corresponding to 
35 

S-penicillins counted as 

described above. 

RESULTSAND DISCUSSION 

Althoughcrude extracts ofmycelium showed considerable APA exchange 

activity, acylation of 6-APAby S-phenylacetyl CoA could notbe demonstrated with 

certainty. Since part of the difficulty may havebeendueto thiolesterhydrolysis 

the penicillin acylase was purified and re-examined. The eluate from the DEAE 

column contained 2.2 mgof protein/mlandproduced42 mpmoles of 35S-6-APA/min/ 

mg of proteininthe transfer reactionbetween 35 S-penicillin G and unlabeled 6- 

APA. This represented a 20-fold increase inactivity over that of the original 

supernatantwith retention of 55B/oof the activity, The preparation also catalyzed 
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the direct acylation of 35 S-6-APA by S-phenylacetyl CoA to give 35 S-benzyl pen- 

icillin which was characterized by its chromatographic identity with authentic benzyl 

penidlin and the formation of 
35 S-benzyl penicilloic acid and 35S-benzyl penilloic 

acid following successive treatments with alkali and acid (Pruess and Johnson, 1965). 

The optimum pH for the acylation was 7.4 in 0.05 g potassium phosphate buffer. 

Activity was negligble at pH 6.0 and below this pH the enzyme was rapidly destroyed. 

In the presence of 2 rnM EDTA and 5 mM DTE and with an incubation period of 15 - 

min, maximum acylating activity was given with 1 mM 6-APA as acceptor and 4 mM - - 

S-phenylacetyl CoA as donor with a Km for 6-APA of 2 x lOA _M. Under the opti- 

mum conditions the extract formed 38 mpoles of benzyl penicillin/min/mg protein. 

Both the penicillin acyltransferase and direct acylating activities of the _P. &- 

In the absence of EDTA, 20 mM sogenum extract showed a requirement for -SH. 

DTE was required for the maximum level of both activities. Addition of 2 mM - 

EDTA reduced the concentration of DTE required for maximum activity to 1.5 mM. - 

The acyl donor specificity of the enzyme appears to be restricted to the 

activation of the phenylacetyl group as the thiol ester, since the acid itself and its 

phosphate, adenylate and glycine conjugate failed to act as substrates for the en- 

zyme [Table I). Sphenylacetyl CoA was by far the best acyl donor while straight 

chain monocarboxylic acids were poorly incorporated. The CoA derivatives of acetic 

ana palmitic acids did not act as potential side chain donors and it is significant 

that the corresponding biosynthetic penicillins are not known. Thiol esters of CoA 

with acids di-substituted at carbon 2 showed only very weak activity and S-benzoyl 

CoA was completely inactive (Table I). The enzyme did not appear to be a general 

acyltransferase. 6-Aminopenicillanic acid was the most active acceptor but 

splitting the p-lactam ring to give penicic acid with a free carboxyl group &strqd 

acceptor activity. When the cr-carboxyl group was blocked, as the amide or hydrox- 
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amate, or removed by decarboxylation, appreciable activity was restored. 7-Amino- 

cephalosporanic acid and its deacetylated derivative, penicillamine and a number of 

amino acids and peptides were inactive (Table I). The close correlation between 

the acyl group specificity of the transferase and the production of penicillins in 

culture (Mortimer and Johnson, 1952) suggests that the enzyme plays a fundamental 

role in penicillin production. The synthesis of S-phenylacetyl CoA remains to be 

demonstrated but the CoA derivatives of short chain fatty acids are known and these 

could be the precursors of the side chains of the natural penicillins. 
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