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Abstract: Two enzymes of the clavulanic acid pathway, clavaminic acid synthase (CAS) and proclavaminic acid
amidino hydrolase (PAH), were detected in mycelia of Streptomyces antibioticus ssp antibioticus Tt 1718. These
enzymes are presumably involved in the biosynthesis of valclavam, indicating a shared biosynthetic pathway between
clavulanic acid and valclavam.

Clavulanic acid (1), clavam-2-carboxylate (2) [both produced by Streptomyces clavuligerus) and valclavam
(3) [produced by Streptomyces antibioticus) are the only members of the clavam series of B-lactam antibiotics for
which biosynthetic studies have been performed. Our investigations, 2 together with those of Townsend et al, 34
have suggested an initial overlap in the biosynthetic pathways leading to these clavams, at least up to and
including the monocyclic $-lactam intermediate, proclavaminic acid (4) (Scheme 1).

Two enzymes have been identified in the biosynthesis of clavulanic acid (1) in S. clavuligerus: the non-
haem iron and o-ketoglutarate-dependent dioxygenase clavaminic acid synthase (CAS)’ and proclavaminic acid
amidino hydrolase (PAH).S CAS exists as two isozymes in S. clavuligerus and has been sequenced,’ cloned and
over-expressed in E. coli.® CAS and PAH catalyse a remarkable sequence of reactions in the biosynthesis of
clavulanic acid (1). Firstly, 5-guanidino-2-(2-oxoazetidin-1-yl)pentanoic acid (5) is hydroxylated by CAS to give
3-hydroxy-5-guanidino-2-(2-oxoazetidin-1-yl)pentanoic acid (6).” PAH then hydrolyses the guanidino side chain
of (6) to give proclavaminic acid (4), which then undergoes CAS-mediated oxidative cyclisation to give
dihydroclavaminic acid (7). Desaturation of (7), again catalysed by CAS, gives clavaminic acid (8).1° We report
in this Letter the detection of both CAS and PAH activities in S. antibioticus ssp antibioticus Tii 1718.

Fermentation of S. antibioticus cells was carried out over a 6-day period in a glycerol-based medium as
described.! Valclavam (3) production commenced about three days after inoculation. Cell-free extracts were
monitored for activities of CAS (using Ng-acetyl-L-arginine as a substrate)!-12 and PAH ([using (6) as a
substrate]®. Significant CAS activity was detected in the crude cell lysates from the 2nd, 3rd and 4th-day
harvests. PAH activity was also detected after the 2nd day and apparently activity did not decrease after the 3rd
day. Since CAS activity has been reported in clavulanic acid-producing organisms other than S. clavuligerus,

13 and S. katsurahamanus,14

eg.S. jumon}'inensis we monitored for clavulanic acid (1) production during the
fermentations but were unable to detect any. This suggests the involvement of PAH and CAS in valclavam (3)
biosynthesis. Details of an initial purification of CAS using the crude cell lysates from the third day harvest are
shown in Table 1.

The major protein from the most active fraction in the last purification step (Mono Q chromatography) was
blotted from the SDS-PAGE gel and subjected to N-terminal analysis. The 33-residue N-terminal sequence

obtained, when aligned with N-terminal sequences’ of the CAS isozymes from S. clavuligerus, convincingly
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identified this protein as a CAS isozyme from S. antibioticus (Figure 1). At this stage, it is not possible to rule
out the presence of multiple CAS isozymes in S. antibioticus ssp antibioticus Tii 1718,

Total protein Total activity m‘f'yc Purification
Step (mg) U Recovery  QU/me) (fold)
Crude sonicate 120 3.27 100 0.028 1
Q-Sepharose FFpool 7.5 1.13 34 0.151 5.4
Superdex 75 pool 0.71 0.087 2.7 0.123 4.4
Mono Q pool 0.14 0.088 2.7 0.629 225

Table 1  Preliminary purification of CAS from S. antibioticus ssp antibioticus Tii 1718

sc)CAS TSVDCTAYGPELRALAARLPRTPRADLYAFLDA (Published)’
saCAS TVVDCSEYSADLLALASRLPRIPRQDLYGFLDA (Our data)
sc,CAS PLVDCTPYRDELLALASELPEYPRADLHGFLDE (Published)?

(Legend : Single underline = conservative change, Double underline = identity
sa = §. antibioticus, sc1 = S. clavuligerus isozyme 1, scy = S. clavuligerus isozyme 2)

Figure 1 Comparison of 33-residue N-terminal sequences from different CAS enzymes

The results presented herein and described elsewhere! -4 imply that clavams share a large part of their
biosynthetic pathways, as shown in Scheme 1. Aldehydes 9 and 10 are proposed as the branch-points
determining which type of clavam is biosynthesised. Aldehyde (9), has been proposed to be an intermediate in
the 'double inversion' (at C-3 and C-5) of clavaminic acid (8) to clavulanic acid (1).!3 It may arise from
clavaminic acid (8) through oxidative deamination, possibly mediated by a 2-oxo acid dependent dioxygenase
related to CAS. Aldehyde (9) is also anticipated to undergo ready decarboxylation to yield 11 (or its endocyclic
double bond isemer). Reduction of the double bond of 11 would give saturated aldehyde (10) which is proposed
as the branch-point to all the other clavams produced by Streptomyces bacteria. Thus, reduction of the aldehyde
(10) would produce 2-(2-hydroxyethyl)clavam (12).16 Baeyer- Villiger oxidation of (10), a reaction encountered
in biological systems,!” would yield 2-formyloxymethylclavam (13), which may be hydrolysed and oxidised to
give (2) via (14). Alternatively (10) may be diverted down other pathways to give valclavam (3), clavalanine
(15)'® or the clavamycins from S. hygroscopicus.'® Validation of the biosynthetic proposals indicated in Scheme
1 will require demonstration of the intermediacy of the key aldehydes 9, 10 and 11 and will be the subject of
future investigations.
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helpful discussions and the Singapore Economic Development Board for a scholarship to K.C.G.
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