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Abstract: Cell free extracts from Cephalosporium acremonlum containing deacetcxy/- 
deacetvl ceuhaloswrin C Svnthetase activitlea have been shown to convert Exomethvlene 
cephalbsporin C directly tb deacetyl ce’phaloaporin C. Labelling experiments in the 
presence of “O*. indicated the source of the 3-kuethylene-oxygen of the latter was 
dioxygen.’ 

Until recently mechanistic lnvestigationa into the biosynthesis of cephalosporina have been 

hampered by the lack of reliable cell free extracts. Despite this it has been demonetrated that 

the immediate biosynthetic precursor of the cephalosporins la penicillin N (l).‘r” Ring expansion 

of 1 to give deacetoxy cephalosporin C (DAOC) asr (2) is followed by hydroxylation to give deacetyl 

cephalosporin C (DAC) (3)’ which is then acetylated to give cephalosporln C (4) (Scheme l).’ 
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Intact cell experiment8 have demonstrated that %,3!,-“C-valine (5a) gave 4-LaC-cepha108Porin C 

(6a).* whilst 22.32-*‘C-valine (5b) gave 3-methylene-“C-Cephaloeporin C (6b).’ 
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Townsend’*’ and Abraham et al I0 have independently demonstrated by feeding chlral methyl valines to 

intact cell-systems, that the resultant cephalosporin C showed complete tritium scrambling at the 

C-2 position, to give 2 (presumably via 1) (a substantial primary isotope effect was noted)’ and 

that the allylic hydroxylatlon occurred nith complete retention of stereochemistry to give 2’ 

(presumably via 2) (Scheme 2). We have also investigated several putative intermediates for the 

ring expansion procese.,” including the 36-methylene hydroxypenam (11). However incubation of fi 

with a freshly prepared extract oi DAOC/DAC Synthetase gave no cephalosporln products. 
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In our laboratorles we have demonstrated, in accord wlth the results of Scheidigger et al,” -- 
using purified extract8 fromC.aareoonlm CO 728&h&t the biosynthetic canverslons 1 + 1 and 2 * 1 

are catalysed by a single bifunctional non haem iron oxygenase (termed DAOCVDAC Synthetase).” The 

enzyme was shown to require oxygen and a-ke$?g+tarate aa.co-substrates and needed asoorbate for 

optimal activity. (In contrast using prokaryotic systems Wolfe et al -- have reported the 

separation of the DAOC Synthetase and DAC Synthetase activities”). 

A mechanism involving the intermediacy of exomethylene cephalosporln C (10) may be considered 

for the ring expansion of 1 to 2. To investigate this possibility we have syntheslsed lo and 

incubated it with purlfled extracts of DAOfYDAC Synthetase, from C.acremonlud CO 728. 

Thus the sulphoxlde (12) (obtained from El1 Lilly & Co.) was deoxygenated (acetyl bromide/ 

cyclohexene) to glve the sulphlde (13). Cleavage of the phenoxyacetyl side ahaln of 13 gave the 

ester (110, which was coupled with protected _D-a-aminoadlplc acid (15) ‘* t4 yield the triprotected 

exomethylene cephem (16). Partial hydrogenation followed by puriilcation (preparative 

electrophoreels at pH 3.5) gave lo. 

When E was incubated with purified extract.8 of DAOC/DAC Synthetase, In the presence of the 

appropriate cofactors,” a single beta-lactam product was observed in the ‘H n.m.r. (500 MHz) of 

the crude incubation mixture (lO-100s conversion of 2). This new product was identical (by ‘H 

n.m.r., h.p.1.c. retention time, and bioassay) after isolation, by reverse phaae h.p.l.o., to an 
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PNB = 4+NCJi,CH, 

v=Pl0c7$aMN 

authentic sample of DAC (3). We did not observe any 2, either by ‘H n.m.r. or by h.p.1.c. 

analysis, thus 2 is not a free intermediate in the ring expansion process (1 + 2). Treatment 0P 

the biosynthetic (3) with Pormic acid gave the lactone (17). identical to an authentic sample (by 

IH n.m.r. and h.p.1.c. retention time), which 

441.1206, C,,H,,N,O,S requires 441.1206). 

was converted into the derivative (lg)I’ CM+ Pound 

17 a) w = “0 
b) O* = “0 

19 a) 0. = “0 
b) 0. = “0 

Recently, we have reported that the related enzyme laopenicillin N synthetaae, is capable oP 

producing hydroxylated 8-lactam products Prom suitably unsaturated substrates’@,” and shown that 

the source oP the oxygen atom oP the hydroxyl moiety was molecular oxygen” (for example Scheme 4). 

As we believed the conversion of E to 3, may arise from a similar mode oP 

R =6+a-aaWadip0yl) 
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action by DAOWDAC Synthetase, we have observed this convereion In an atmosphere of r*O,. We also 

observed the cell free conversion of 2 to 1 in the presence of "04. Stevens et al" have reported -- 
that the origin of the CS-methylene hydroxyl group-oP 1 from 2 was molecular oxygen, when an intact 

cell experiment in the presence of '*O, was performed. However, the level of incorporation was not 

reported. 

Thus incubation of 2 and 2 independently uith DAOCIDAC Bynthetase under an atmosphere of -0, 

gas (99%) gave labelled (2, b) which were purified and lactonised as bet'ore. Owing to the low 

levels of conversion (2 + 2, and 1 + 1). under the conditions of the labelling experiment, we were 

unable to obtain the lactone (17) cleanly as before. However, direct analysis of the underivatised 

lactone (17) was achieved by positive lon thermospray h.p.1.c. maaa spectrometry. usin$ a reverse 

phase octadecylsilane column. The results (Tables 1,2) indicate a significant (30-401) 

incorporation of "0 into the lactone f17), from both E and 2. The most probable explanation for 

the less than stochlometrfc levels of incorporation results from '40, present in the enzyme 

preparation. We found that degassing of the enzyme solution led to loss of activity. However, we 

cannot eliminate the alternatlve explanation that the source of the hydroxylated oxygen atom was at 

least partly derived from water. 

Erfwlaant CondltiOM lJ ml+ 1eel/re14t1v* 1ntsna1ty (1) FrapMlt 19 1on/n1ativs mtaM1ty (I) 

1 “0, 8/b 354 355 356 357 356 359 360 

Found 0 12 100 28 12 3 I 

cald. _ - loa 18 7 1 - 

2 ‘%. m/o 354 355 356 357 358 359 360 361 

Found 4 1 100 23 56 13 8 2 

?&ls 1 (10 to 3. via 2) -- 

ExrmPlMnt candltlm4 lJ Ia?* lmlmlotiY4 IntrMltY ($1 

1 “0. m/e 355 356 357 356 359 360 

?CUnd 2 loo 30 14 7 4 

cud - loo la 7 I - 

2 “0, nl. 355 356 357 358 359 360 

FOti 4 100 25 72 27 22 

n/s 154 153 156 157 156 139 11 

POrmd 1 1 loo 11 53 5 3 

c&d(a) - - IOOB 5 - - 

tie 133 156 137 13a 139 160 

Found 1 100 13 a 3 2 

md - 19oa 5 - - 

m/s 155 156 157 158 139 165 

Found 4 100 14 70 10 6 

We have proposed a mechanism for the enaymatic ring expansion of 1 involving an enzyme bound 

(Fe IV) ferry1 0x0 moiety.z* in analogy with mechanisms proposed for the mode Ot action of other 

non haem oxygenases,4' and believe the conversion of 2 to 2 may involve such a species. Iron, 

dioxygen and a-ketoglutarate can combine at the active site of DAOWDAC synthetase to f'OtIa the 

ferry1 specfes, with the production of CO, and succinic acid. In the normal hydroxylatlon pathway 

from 2 this species can insert into a C-H bond of the j-c-methyl group of 1 (Scheme 5. a) to give 

an enzyme bound intermadlate (20), which can then collapse with retention* to give 3. In the case 

of E the enzyme bound terry1 speclea may insert into the 2-C-H bond to give ;, which may 



Enzymatic conversion of exomethylenc ccphalosporin C 641 

rearrange (possibly vla a radical process) to give 0 (Scheme 5, b). An alternatlve propcaal is 

that an oxy-ene type reaction pathway (Schema 5, c), such haa been considered for cytochrome 

P-450za, may give rise to the same intermediate. 

If a ferryl-oxo (Fe-D) complex la indeed the enzymatic oxidant, then it is pC8,slble that the 

isotopic exchange of oxygen occur8 at the active site. Groves et al have reported evidence for -- 

exchange processes of thle type in oxidationa utilleing an oxoporphlnate chromium (V) Complex” Or 

the complex resulting from the reaction of chloro-5,10,15,20-tetramesltylpcrphinatoiron (III) with 

mchloroperoxybenzoic acid.z’*2’. There is, however, no precedent for an exchange of this type in 

a non-haem oxygenase and in the case of the decarboxylation coupled oxygenase. L-prolyl 

hydroxylase, Pujimoto s al*’ and Prockop et al” have independently demonstrated that “0,. but -- 
not H,O” was incorporated into collagen hydroxyproline. 

En = MocfDAC splhnuc 

Aoknowledgem~ts: We thank the S.E.R.C. and S1.l Lilly & Co. Indianapolis U.S.A. for financial 
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extracts and Hr. R. Procter and Dr. R. Aplin for maa8 spectrometrlc analysis. 

CDfERAL MPHRIJ%?lTAL 

Standard chemical procedure8 as previously reported werezwed.‘L fleltlng points were twcorded 
on a Bnchl 510 apparatus and are uncorrected. Infra red spectra were recorded on a Perkin Elmer 681 
spectrodhotometer. *H n.m.r. were recorded at 300 Miz on a Bruker WH300 spectrometer or at 500 MHz 
on a Bruker At4500 spectro$?ter. “C n.m.r. were recorded at 62.85 MHz on a Bruker AM250 
spectrometer. Uass~spectra in the e‘lectron impact or chemical lonlsation modes were recorded on a 
Vc Micromaass 16P spectrometer. Samples requtflng desorptlon chemical lonisatlon or fast atom 
bombardment were run -on VC l4icromaas 3OP or ZAB 1P spectrometers. The h.p.l.c./mass spectrometry 
wa8 carried orit using a VC Hlcrcmass 2250 spectrometer coupled to VC Thermcspray interface Rneodyne 
?R5 Injector, two Water 510 p-pa and a Phase Sap S5 0DS2 column (150 x 4.6 mm intern61 dianieter). 

H.p.1.c. of crude lncubatlon mixtures was carried out using a Waters M-6000 A pump, Aheodyne 
7R5 injector. PYE Unicam LC3 UV detector or Waters 441 Absorbance Detector and cclwnna packed with 
Hypersil ODS (250 x ir.6 m internal diameter). 

Paper electroptioresis (analytical and preparative) was carried out at pH3.5 on Whatman No.1 
filter paper at 70 volts cm-’ using a Locarte power pack. The buffer ccnalsted of water, acetic 
acid and pyrldine (135:lO:l v/v). Cadmium/ninhydrin reagent was used to locate amino acids.*’ 
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Derivatisatiqn of Blosynthetlc 3 (Method b) 

The crude lactone (17). obtained as in Method a, was purifled by h.p.1.c. (ODS column, mobile 
phase - 51 acetonitrilee/water) to give the purified lactone (17) (retention time - ” 14 minutes). 
6H (300 MHz. D,O) 1.47-l.Bo(l, m, C&Cif,CH,CO), 2.22-2.29(2H, m, CH,C$CO), 3.55, 3.72{2H, ABq, i 
18 Hz, 4-H). 4.92, 4.95(2H. ABq. J 15 Hz, CH,O), 5.06. 5.63(2H. 2 x d, J 4.5 Hz. 6-H. 7-H). m/e 
(positive argon fast atom bombardiient) 356 (MN+). 

Incubation 2 or 10 with DAC/DAOC Synthetase under an atmosphere of ‘.OX 

A solution of 20 oloiar TRIS-HCl, pH 7.6 (15 ml), in a 2-necked 100 ml round bottomed flask 
was thoroughly degassad. after which the vessel was returned to atmospheric pressure with argon. 
This procedure was repeated three times. A sample of **I& (99.81. 40 ml) was then transferred to 
the incubation vessel by means of a gas tight syringe and introduced into the TRIS-HCl solution 
through a rubber spectrum. The solution was then stirred VlgorousLy by means of an efficient 
magnetic stirrer for 3 hours. 5 ml oi the oxygenated TRIS-HCl solution was then withdrawn from the 
vessel and was used to make up the coiactors solution, under an atmosphere oi argon. The RE enzyme 
(ca 1 I.U.) in 4 ml of TRIS-HCl was then injected intq the reaotion flask. After stirring iOr 5 
mTiiutes, the cofactors (0.5 ml) were introduced and the vessel briefly degassed and returned to 
atmospheric pressure with argon. “0, (40 ml) was then injected into the incubation solution, which 
was then stirred for 2 min.. after which 10 or 2 (0.4 mg) in degassed TRIS HCl (0.25 ml) were added 
via a syringe. The incubation mixture warthen-shaken at 250 r.p.m. and 27oC ior 2 hours, after 
which the protein was precipitated by injection of acetone and the incubation worked up as above to 
give 2, which wab purified by h.p.1.c. as before and lactcmlsed to give 2, which was analysed by 
h.p.l.c./mass spectrometry (see Tables 1 and 2). 
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