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Recently the enzymeresponsible for the bio-
syntheses of deacetoxycephalosporin C (DAOC,
1) and deacetylcephalosporin C (DAC, 2) in
Cephalosporium acremonium has been purified
to homogeneity (Scheme l).1^ Samson et alP
provided proof of the bifunctionality of the en-
zyme (DAOC/DAC synthetase) by its subsequent
cloning and expression in Escherichia coli; the
recombinant enzyme was shown to convert pen-
icillin N (3) to DAC (2) by HPLC analysis. We
nowreport a comparative study of the substrate
specificity of partially purified recombinant en-
zyme35with that of the wild type fungal en-
zyme.1*^ In addition we have examined the i-2
cephem(4) as a novel substrate for the recom-
binant enzyme.

Initially we incubated penicillin N (3, R=H)
with the partially purified recombinant enzyme1
and obtained a mixture of DAOC(1), DAC(2)
(and as a minor product the hydroxy cepham
(5, R=H)) as assayed by XH NMR(500 MHz);
in an independent experiment DAOC(1) was
converted to DAC(2).

We have shown that incubation of [3-2H]-
penicillin N (3, R=D) with DAOC/DACsyn-
thetase from C. acremonium gave, in addition
to DAOC (1) and DAC (2), the 3/3-hydroxy
cepham(5)in a ratio 1+2:5 (R=D) of 65 :35.4)
This material arises as a result of a deuterium
isotope effect on a branched pathway in the ring
expansion step; incubation of fully protiated
penicillin N (3, R=H) gave a ratio of 1+2:5
(R=H) of 80:1. Hence, incubation of3 (R=
D) with DAOC/DACsynthetase should provide
a subtle kinetic comparison with the fungal en-
zyme. Treatment of 3 (R=D) with recombinant
enzymeand the appropriate co factors gave a
ratio of 1+2:5 (R=D) of 65:35, indicating
essentially identical kinetic behaviour.

Secondly we incubated exomethylene ceph-

alosporin C (6), which we have previously shown
to be an unnatural substrate for the fungal en-
zyme,5) with the recombinant enzyme. Analo-

gous to the result obtained with the fungal en-
zyme, 6 was converted directly to DAC (2)
without the detected intermediacy of DAOC(1).
This observation has been confirmed by other

Scheme 1.

Frozen competent cells of E. coli strain NM5546) were transformed7) with plasmid pIT51 1, which con-
tained the DAOC/DACsynthetase gene and a gene which conferred tetracycline resistance. Purification
of the enzyme was achieved essentially according to the protocol of J. E. Dotzlaff and W. K. Yeh

(personal communication).
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studies (J. E. Dotzlaff and W. K. Yeh; personal
communication).
Finally we examined the J-2 cephem (4) as a
novel substrate for the recombinant DAOC/
DAC synthetase. Thus incubation of 41" gave
the hydroxylated J-2 cephem (7) as the single

observable (by 500 MHz*H NMR) product.
Purification, by reverse phase HPLC (0.55%
CH3CN in H2O, ODS column) gave 7: Reten-
tion time 5.5minutes; XH NMR(500MHz,
D2O, TSP referenced) 8 1.63-1.98 (4H, m,
C#2C#2CH2CO), 2.42 (2H, ca. t, J=lHz,

CH2Ci72CO), 3.73- 3.76 (1H, m, G£TCH2CH2),
4.15, 4.24 (2H, ABq, J=13 Hz, GfiT2OH), 4.85
(1H, s, CHCOO), 5.30, 5.40 (2xd, /=4 Hz, 6-H,
7-H), 6.34 (1H, s, CH=C); fast atom bombard-
ment MS m/z 374 (MH+). The biosynthetic

7 was identical (by XH NMR(500 MHz)) with an
authentic synthetic sample.1 It is of interest
to note that no isomerisation of the cephem

double bond to give either DAC (2) (cf. the con-
version of exomethylene (6) to DAC (2)) or
DAOC (1) was observed, in the biosynthetic

transformation of 4 to 7.
These studies clearly demonstrate that recom-
binant DAOC/DAC synthetase processes sub-

strates in an identical manner to the fungal en-
zyme. The availability of large quantities of the
cloned enzyme should permit the production of
novel /3-lactam metabolites, in addition to al-
lowing more detailed analysis of the mechanism

of this interesting and medicinally significant
enzyme.
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1 4 and 7 were synthesised from DAOC(1) and
cephalosporin C in 3 and 4 steps respectively.
Full details will be reported elsewhere.
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