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ABSTRACT . \

9

) - P & |

Strep:amyceslclavul:gerus produces a number of beta lacmm compounds such

as penicillin N, desacetoxycephalosponn C, cephamycin C and ciavulamc acid.

. “ Clavulanic acnd has little annbactcnal activity but is a powcrful mhxb:tor of
/ '/B ln<:tamasc., enzymes. Prcvnous studxc\s have examined the nutrmonal cffcct of
various carbon, mtrogcn and phosphatc sources on the production of penicillin and
ccphalosponn antibiotics. The nutritional effect on the producuon of clavulamc acid
has bcen studted but the majority of thc work has been in industry. Optimal
productxon of clavularffc. acnd has been detcrmmcd- under complex nutrient
condmons Rclanvely few studies have been donc examining clavulanic ac1d
producnon under dcfincd ‘nutrient condmons as was donc for the pcmcnllms and
ccphalosponns In;thxs study. 1t was these same nutritional conditions that were

_examined for thejr effect on i}lc perucuon of clavulanic acid.

iv
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L INTRODUCTION T

°

Mlcrobcs produce a wide variety of compounds as a result of thelr biosynthetic

activity, and thesc compounds can be broadly divided irito two main groups, primary

“and secondary, mctabohtes Primary metabolites or trophohtcs, are essential for the ‘

survwal of the orgamsm These are préduced dunng the cxponcnual phase )

7(trophophasc) of growth. The majonty of the celis' cncrgy is directed tpwards this

procéss, Primary metabolism'involves a series of mtercbnnccted enzymc mcdlated

- pathways. The catabohc, apabolic, and amphibolic pathways provide biosynthetic
' | mtcrmedlatcs and encrgy and convert precursors into esscnual macrorholecules such as '

deoxynbonuclexc acid, ribonucleic acid, protcms, hplds, and polysacchandes (Martm '

and Demmn, 1980) Mctabohc mtcrmedmtcs rarely accumulatc Secondary metabohsm
ol

occurs ander specific nutritional conditions in_ certain taxonomxc grodps”“-"‘f‘ ii;ondary; o

metabohtes or idiolites are produced aftcr the exponential growth phase o} A

This is the production phase also known as the xdxophase Idiolites tcnd to have umquc " ) |

chemical structurcs and are not essential for growth of the producmg orgamsm

Examplcs of these metabohtes include snerolds and antibiotics: w o
The bxosynthenc pathways of the sccondary mctabohtes are oftcn connected to and

mflucnced by the pathways of pnmary metabolism. An end produot or an mtcrmcdlatc

~of a primary pathway often serves as a prccursor for the secondary metaboh%

(Aharonothz and Demain, 19‘78)
Sccondary mctabohtc producnon is govcrned by two processes The ﬁrst is an.
]
overall regulatory control that operates as a funcuon of growthrate. Idiolites are usually

produccd undcr condmons that promote subopnmal growth of the producm g culture

»



- The second process affects mdrvrdual bxosynthenc pathways. Control is exerted by =

regulatory mechanisms such as mducnon, catabolitr‘regulation and end product
regulation (Mamn Demain, 1980). ’

Antibiotics make up one of the main classes of secondary metabolites. Production

 of the anubxoncs usually occurs after cxponenual growth In umcellular bacterial cells. '
 there is a clear drsnncuon between the exgonennal trophophase and the rdlophase With

ﬁlamentous producmg or‘gamsms such as actinomycetes and fungi, separation of the two

phases is less distinct (Mamn and Demam, 1980 and Brana et al., 1986)
The producnon of B-lactam anubrotlcs was first. nouced in fungal genera of

Pemczllzum in 1929 and Cephalosponum in 1953. Substances from each respective

' fungus were found to mhrblt bactcnal growth (Greenwood '1982). These naturally

produced penicillins and cephalosporms were the forerunners of the large assortment of
B- lactam antibiotics which playla major role in clinical treatment today. \

In addition to the well known fungal producers, B—lactam antibi concs have also been
found to be producéd by members of the Acnnomycetes family, in particular the genys
Streptomyces In 14371 a new species, S. clavultgerus, was found to produce B-lactam *

ompouds such as. pemcrllm N, desacetylcephalosponn C and cephamycm c
(Nagar:paknei-al 197 1). In 1976, this same specres was found to produce a novel
B- lactam, clavulanic acid (Readmg and Cole, 1977)

The brosynthetlc pathways leadmg to- penicillins and cephalosponns have been

detcnmned in both fungl and streptomycetes (1ensen et al., 1982a and Balwin et al.,

1983a) Several engymes from the brosynthctrc pathways were isolated and pamally or

'complctely punfied. Production of these B-lactam compounds follows a similar route in
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both of these groups of producers . ,
Clavulgnic acid has a weak antibacterial actxvxty spectrum but is a strong inhibitor of

B-lactamagu type enzymes. The chexmcal structure of clavulamc acid is unique in that -
_ oxygen repfaces sulfur in the 5 membered part of the bxcychc nngfstrucnue and it lacks
the acylommo tude chain on the B—lactam nucleus Whlch is charactexistic of pemclllms and
cephalosporms Although much work has been done on eluctdaun‘fthe ongms of the |
atoms in the clavulamc acid molecule and on the development of complex numex?t media -
for opumal productxon. the bxosyntheuc pathway of clavulamc acid has yet to, be
" determined. -

The obJect of this study isto deterrmne the nutnuonal reqmrements for the optlmal.

o . .

producnon of clavulanic acid in a completely defined medmm Formulanon of such a
’ growth medium and elucidation of the nutrmonal factors which mﬂuence clavulamc acﬁ
° production, form a basis for the subsequent investigation of the blosynthenc 'pathway '

leading to the lsolauon and ldenuficauon of mtermedlates *f',

-
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,,J FAVN
I LITERATURE REVIEW '
II 1. Overvxew of B-lactams ,
B—lactam anubxoucs were ﬁxst reported to be pxoduced as fermentation products. in
eukaryotic fungr. pemcxllm from Penicillium sp. and cephalosporin from
. Cephalosporium. sp. The discovery of penicillin has been well documented First
* noticed by Alexander Fleming in 1929 perucﬂhn was isolated and partxally purified from
P. notatum in the early 1940s (Greenwood, 1982) Further work gimed at increasmg
: productxon of pemcxllm led to the use of higher yreldmg species, such as P,
chrysogenum, and development of more efficient fermentation techmques (switch frotn
surface cultures to submerged cultures). Although the penicillin isolated, pemcrllm G, |
- was found to be effecuve, it had several lmntauons a relatlvely narrow antimicrobial
- spectrum of activity, desu'ucuon by acidic envxrdnments degradauon by B-lactamases
produced by certain resistant bacteria and ehcltauon of allergic responses.

Pemcxllm, (as follows)



a—B—lactam ring -
b=thiazolidine ring
_c=sCH;CHy, benzyl (pen G) {

"_consists of two fused ring structures: a B-la"ctam ring and a thiazolidine‘ring.- :At the 6

_ carbon posmon of the B-lactam rmg is ihe acylammo side chain. Modxficauon of the side
chain of penicillin crrcumvented some of the prevxously mentioned problems Ongmally, ‘
the rodification of the sxde cham was accomphshed naturally through the incorporation
of side 'chain precursors from the fermentanon medrum Altern‘auvely,‘" .
6- ammopemcxllamc acid can be used as a stamng matenal and chemlcally subsntuted
w1th a wide range of srde chams. much wxder than the range Wthh is accessrble through
- the natural fermentatxon route. The per}xclllm nucleus, 6-armnopcmcrllamc acid, s a
' minor fermentauon_,L roduct. , For the pmducuon of semrsyntheuc penicillins,
6-amm0penicrllamc acid can be obtained by chermcal hydrolysis or by the more efficient
enzyrmc cleavage of the slde chain of pemcxlhn G with pemclllm acylases (Abraham
l984b) This allowed for more convguent modifications to. produce a number of
Asen)isynth_eic denvauves (Greenwood, 1982).

AN
’ >
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r
. The new semisynthenc penicillins include two imponant classes those resistant to
B-lactamases, and those with a broad antimicrobial spectrum of activity Semisynthetic.
" penicillins can be made resistant to B-lactamases by addidon of bulky gide chain groups
at the 6 aminorposition. Dtpendmg on the natuxe of the replacement side chains, the
conft?rmanon of the active site of the B-lactamase enzyme cai be changed to render the
enzyme catalytically inactive (Frere, 1985) or the size of the side chains can physically
_shield the B—lactam ring from the B-lactamase  enzyme. The original penicilling pmduced
by fermentauon alone are pnmanly effective agamst Gram positive organisms,
" lReplaccment of the sxde chain with a positively charged moiety makes the penicillins
effecnve against Gram neganve orgamsms “The positive chérge enhances penetration of
the B-lactam through the negatively charged hpqpolysacchmde of the outer membrane of
~ Gram negative ‘organisms (Tipper, 1985). The disadvantage of the semisynthetic
; denvatwes is that potency is generally reduced. .

Cephalosponn Ca B—lactam similar in structure to the pemcﬂhns.



CO,H
a=B-lactam ring
b=dihyhrothiazine ring
R1=-OCOCH; g

R2—C02NH2CH(CH2)3- = Cephalosporin C

was discovered in 1953 (Abraham .and Loder, 1972) Ccphalosponns have several
advantaggs over penicillins: the incidence of allergxc responses upon treatment is lower,
they have a broader antimicrobial spectrum of acnvxty, and*a higher resxstancc o
8-lactamases. . : |
| The structural dlffemnce between cephalosporins and pbmclﬂms is the replacement
Yoo of the 5 membered thxazohdmc nng of penicillin with a 6 membered dlhydrothlazmc ring
of cephalosponn Chcmlcal modxficanons yielding semlsyntheuc ccphalosponns are
pnmanly made at two posmons, arbon 3 and carbon 7 (Grecnwood 1982) As with
the pemcﬂlms. the nucleus, 7- ammocephalosporamc acid, serves as thc starting pomt for .
 the production of setm-synthenc derivatives of cephalosponns Unlike pemclllms, side
- cham‘modxﬁcauon of cephalosporins can not be achieved through incorporation of

N
alternanve side chain precursors from thc fermentanon medium and!n efficient



enzymatic process to convert cephalosporin C to 7-MthosMc acid is not - -
available. Lower efﬂciency chemical deacyladoq,{f ;nenlly mquir'ed’ (Bunnel et al.,
1986). | ‘

* Chemical modifications are agam "used to improve the mbxlity and activity of the

modnﬁcation has beaq highly successful in yielding cephalo:porlnl with i _
antimicrobial activity, and moderately successful in improving stability, but n.‘f‘“_ !
generation” cephalosporins must still be admxmstcred by injection (Greenw 0 ‘ ‘ ).

Concurrent with the development of the B lactam feméhtanon *
Waksman began his pursuxt of "soil mxcroorgamsms antagomsu' -' Nl : _
bacteria” (Waksman and Woodruff, 1940). Waksman concentratcdﬁhxs area ofs i
within the actinomycetes. One of the first antagonistic substances discovered by
Waksman and his coworkers was acnnomycm Stbsequent studies led to the discovery
Aof antibiotics such as streptothricin and streptomycm (Waksman, 1947b); Waksman -
" also noted that the majority of the antagonistic actinomycetes belonged 1o three geners;
Norcardia, Micromonospora and Streptomyces with most of the"}gtrains found in
Streptomyces. ’ |

B-lactam antlbxonc production in Streptomyces has been noted as early as 1962
where one species was reported to yield penicﬂlm N (Nagarajan et al 1971). Further
studies led to the identification of pemcxllm Nand the :solanon and structural clucxdatlon
of a new group of 8-lactam antibiotics fromS. Iipmami NRRL 3584 and a new spectcs,
S. clavuligerus NRRL 3585. Thc new B-lactam compounds, cephamycms, rcscmble the
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cephalosporins except for the replacement of the hydrogen with a methoxyl poup::me
7 position of the cephalosporin nucleus (Nagarqjan et aI\ 1971). Both S. ltpmanii and L
S. clavullgems. were originally isolated from South American soil samples. The new

‘species, S. clavuligerus, was named for the club like appendages that appear on the

‘hyphae. In addition to B-lactam compounds such as penicillin N, desacetylcephalosporin
C and cephamycin C, S. clavuligerus ‘was later found to eroduoe a novel B-lactam
" compound, clavulanic acid, which shows B-lactamase inhibitory activity (Reading and
Cole, 1977) .- ’ o '
I1.2. Discovery of clavulanic acid.

; Clavulamc acid is a naturally occumng compoun& that was detected in culture
‘filtrates from S. clavuligerus. during screemng tests for B- lactamase-mhlbmng _
compounds. It became deéxrable to look for such compounds because of the incréased
incidence of penicillin and cephalosporin resistance due to production of 8-lactamases.
Resmtance to B-lactamases can be improved by certmn chermcal modifications but an

- alternative approach was to search for compounds that would inhibit B-lactamases.’

thereby (preventing hydrolysxs of) protectmg the suscepnble B-lactam (Sykes et al.,
1985). Early studiés revealed some compounds that had mhxbltory properties over a

narrt_)w range of 3-lactamases. The importance of the discovery of clavulanic acid was

 ts ability tofinhibit a wide varicty of B-lactamases (Reading and Cole, 1977).

11.3. Clavulanic acid structure ~

-
Using X-ray crystalbgraphy. the structure of clavulanic acid was elucldated by

- Brownet al (1976) to be a fused bxcychc 8-lactam with the chemical nomenclature of



m. ‘.

z-(2R§R)-3-(&hyd‘roxyethylid}ne)ﬁ-oxo—&oxa-l-nubicyclo-[3.2.0.]hepune-2—
carboxylicacid. . ° o ‘

asataeting ) )

‘ The structure superficially resembles thc other B-lactam compounds but there are\scveral
differences. Clavulanic acid lacks an acyl an;'mo side chain at the carbon 6 position, a
B-hydroxyethylidine substituent is i)rcscnt at the carbon 2 position, and there is an
oxygen molecule replacing the sulfur molecule found in both tﬁc thiazolidine ring of
penicillin and dihydroihiazinc ring in_cephalosporin C (Reading and Cole, 1‘677) These
differences suggest that the biosynthesis of clavulani?acid&tmy occur in a separate
pathway from thaF of penicillin-and ccphalosp;}rin. Since the other B-lactams are
produced together with clavulanic acid, there may be mutual sharing of the biosynthetic

intermediates. -
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11.4. Properties of clavulanic acid

Clavulanic acid is a relatively weak broad-spectmm antibiotic with a minimum
inhibitory concentration MIC) ranging from 25-125 pg/ml (Reading and Cole, 1977).
It acts lymrgildc;lly with B-lactamase sensitive penicillins and cephalosporins. The
MIC's of these antibiotics against 8-lactamase producing resistant bacteria are lowered
when used in conjunction with clavulanic acid. The synergy isthe msult‘ of the abxhty of
: clavulanic acid to progressively inactivate the B8-lactamase therefore pmwf;t{ng the
sensitive antibiotics from hydrolysis. The inhibitor is quite potent, m@(g effective
against a wide range of B-lactamases (Buttcrworth 1984). -.\
Clavulanic acid has a high*affinity for the active site of a large number of

B-lactamases allowing it to compete efficiently with 8-lagtam substrates. The B-lactamase

enzyme accepts clavulanic acid as the substrate and the peptide bond of the B-lactarfring

e

_is cleaved to form an acyl mtcrmedxatc This is followed by the opcmng of the

oxazolidine nng as diagrammed.

k 258
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Thcsc nng opemng steps mlcaso reactive groups which form covalent bonds at thé active

sue In the case of a normal B—lactam subsn'atc, the enzyme acyl intermediate rapxdly

b ,down to releasc froe acuvcﬂnzymc and hydrolys1s products Rcadmg and '
' Slocombc 1986). With clavulamc acxd the clavulanate acyl mtc diate is elthcr
‘ relauvely stable in its own nght or achlcves stablhty by furthcr mtcracuonkwuh the

. cnzyrnc Thls is ﬂlustratcd by the equxhbnum between the acyl intermediate and-the

rd

’ macuvawd enzyme.. Formation of thc free cnzymc and hydrolysed clavulanatc from the

, “acyl intermediate does occur but the reaction is slow.- - This sequénce of evcnts is

charactcnsnc of the inactivation of the staphylococcal B-lactamase by clavulamc; acid.
Thc pathway of thc rcactxpn i§ linear and there is no detectablc tumovcr one molecule of |

qlavulamc acid is reqmrcd to inactivate one molecule of en cadmg and Slocombe,

| 1986) V‘an}uons in this sequcncc of cvcnts ooccur with different:types of B-lactamasos,

for mstance, the macgvanon of the R-TEM B-lactamase from Escherzchza coli is more

complcx “The reaction follows a dxyergcnt pathway. Thednmal product is-the same as

- the prcvxously mentioned acyl mtcrdlcdlatc, the ring opcnod clavulanatc “The difference

occurs after this stage-as ‘shown in the followmg diagram. =



" Enzyme-OH+

CH,OH Hydm}yscd Clavul;giatc .
A ,
Inactivated Enzyme
? | " -
Transiently Inhibited ‘
Enzyme

2
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From the acyl lntermedlate, thxee stmultaneous reacuons occur. One reacuon releases
free enzyme and hydrolytic products, resembhng the case where a normal B-lactam
substrate is reacted thh the B8-lactamase (Sykes and Bush 1982 Butterworth 1984 and
Readmg and Slocombe, 1986). This loss of clavulanic ac1d accounts for the necessxty of
excess clavulamc acid to obtam complete macuvaudn of the enzyme The other is the
formanon of the meversxbly mactlvated enzyme complex The irreversibly inactivated
enzyme COmplex results from further covalent interaction between the nng-opened

',_clavulamc acid and the enzyme The tlnrd reacuon is the formation of a transiently

“inhibited enzyme complex Thls complex is the same as the one formed in the |

mactlvatton of the staphylococcal enzyme but it is only transxently stable. The transiently
‘stable complex is formed at a faster rate than the ureversxblely inactivated enzyme
~complex. The transiently stable complex slowly release$ free enzyme and hydrolytic
products as a result of being in equxltbnum with the initial acyl mtermedxate Some of
~the enzyme will be meversxbly macnvated but the majority of the enzyme is relcased in

active fortn and reacts w1th fresh clavulamc acid to repeat the cycle With each cycle,

more enzyme 1s u-revers1bly \macnvated unt11 all the enzyme acuv1ty has been eliminated.

;

A coh B lactamasc

than the 1: l stmchmmetnc reacuon which is seen for the macnvated staphylococcal
vB-lactamase (Readmg and Slocombe 1986). Estimates of the turnover number suggest
that 115 clavulamc acid molecules b{\n‘equued per molecule of E. coli B- lactamase
(Sykes and Bush 1982, Butterworth 1984.and Readmg and Slocombe, ) 1986).

5. Regulauon of anubtouc synthems |

Anttbtottcs, ltkeother seconda.ry metabohtes are not produced durmg the pnmary
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 growth stage of the culture,..A number of different regulatory mechanisms have been

‘been found to contml anubiouc bmynthcsxs With some anubxoncs. accumulation of the |

antibiotic itself, in high conccntrauons. causes inhibmon of antibiotic production

Examples of this include the production of chloramphcmcol penicillin and mycophcnohc o

acid (Elandcrand th 1982). : R , o
s of primary_ metabolic pathways can also play a major role in the

| regulauon of anubxotxc synthesis. An example of such an mfluencc is the producnon of

lysine which affects pcmcﬂlm producuon Lysin¢, as an end product of the branched

lysine bxosymhctlc pathway. cxem fecdback inhibition on its own producnon in P .

» },
chrysogenum Since one of th&?rccursor amino acids for pemcllhn On-ammoadlpatc,

also arises from this pathway, lysmc levels alsp affcct pcmcﬂlm production. The lysmc

IM

bxosynthctxc pathway branchcs at &- ammdadxpatc, the common mtcrmcdxate of lysme

and pcmcﬂhn thn pnmary metabolic fecdback inhibition by lysine occurs, the

producuon of both lysmc and pcmcﬂlm (Martm and Demain, 1980)

Another type of rcgulanon which' is frcqucntly obscrvcd to. control annbxotxc _
producuon is carbon catabohte regulauon In this rcgulatory proccss, thc bwsymhesxs of
antibiotics is rcgulatcd by catabolites of rapi \)used carbon sourccs ﬁ An example of this ‘

is the. glucose regulation of pcmcxlhn productlon by P. chrysogenum Glucose is a

‘ substratc more smtcd for growth than for anublotlc producuon Low Ievels of anubxoncs o

are produced when glucose serves as the carbon source.. Polysacchandcs or

- oligosaccharides are more slowly utilized thamlcosc and therfore are bcttcr carbon

16
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sources for antibiotic production (Mnrtln and Demnm. 1980) Usually a.penicillin
| production medium employs a combination of both glucose anda more slowly uuhzable 3\
carbon source such as lactose. Glucose is rapidly unlxzed in the trophophase and allows A
the culture to become well estabhshed. After glucose exhausnon, lactose is utilized for /
penicillin production. B ' | , |
Recentl the brosyntheﬁc pathway of pen}eﬂ-l\n and cephalosporin oroduction inS.
clavulige s has been elucidated (Jensen et al., 1982a and l982b) Numtronal
requtrements and factors regulanng pemcrllm ‘and cephalosporin productron by this
organism have also been determmed (Aharonothz and Demam, 1978, 1979). For

opumum productron of cephalosponns, the best carbon_ sounces were determmed tobe

starch starch hydmlysates, glycerol and maltose. Orgamc acids such as OL-ketoglutarate o
“and succinate were also able to support antibiotic producuon but not to the same levelas
the carbohydrates Antibxotrc producuon was found to be affected by the avallabrhty of
the carbon source. Increasing the amounts of the preferred carbon source decreased the
—: producnon of the cephalosporins. An example of thls is the ability of S. clavuligerus to
: produce maximum levels of eeghalosponn with 1% glycerol although maximum: ggowth:

yrelds were not obtamed until 5% glycerol was provrded (Aharonothz and Demain,

1978). Poorly unlrzed carbon, sources such as Ot-ketoglutarate led to higher specific,
‘ ‘producnon (p.g/mg cell dry welght) and shifted the fermentatlon to be more t:losely
assocmted wrth growth (Aharonowrtz and Demain, 1979). Total antlblonc ;‘roductron
| ,(ug/ml) was, however, lower than with carbohydrate carbon sources such as starch |

Production of cephalosponns by S. clavuligerus was also- affected by the type of
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, A,mtrogen source. Asparagme, glutamrnea and arginine best: suited the orggm as

nitrogen sources for antrbrotrc production. Productrbn levels were siightly 1ower with

urea as the: mtrogen source. Inorganic nitrogen in the form of NH4C1 supported growth

but low levels of antrbiotics were produced Addmon of NH4 to medium containing

" asparagine as the prrmary iutrogen source, mcreased the amount of growth (myCelial

mass) but reduced the‘producuon of antibiotics by 75% (Aharonowitz, 1979).
Phosphate concentratron also mﬂuenced the levels of cephalosponn production. The

+ - best product yields were obtarned at phosphate concentranons that were suboptimal'for

ition oftactivity and repression of production of the enzymes requtred for antibiotic
productron gaubbe et al 1985b). '

IL.6. Brosynthesrs of clavulanic acid |

Since the first descnption of clavulantc acid and its production by S. clavuligerus,
there have been very few reports of rts production by other orgamsms (Butterworth

1984) Three othcr specrcs of Streptomyces, S. Jumonjmensrs, S. katsurahamanus, and

- vegetattve growth (Aharonowrtz and Demain, 1977). Experiments with resting cell )

v 'C\Z;ubres showed that. the negative effect caused by the phosphate was caused. by both the -

Srreptomyces sp. P6621 have been reported to produce clavulanic acid. To dat/; the

majority of the work done ‘on clavulanic acid production has been reported for S
clavuhgerus Not much information is_ avarlable about producuon the other species
other than their intial description in the patent literature (Butterwort ,etal., 1983 and.

Butterworth 1984)

Because clavulamc acrd isa B-lactam compound and S clavuligerus coproduces

r

ey
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other B-laotam antmotics together with clavulamc acrd there.was some suggestron that
clavulanic acid mi‘ht undergo a biosynthetic process sumlar to the*one that produces '

N
" penicillins, cephamycins and cephalosporins (Elson and Oliver, 1978) These latter

annbxoncs are formed from the amino actds L—a-ammoadtprc aCId. L-cysteme and

L-valine, via a tripeptide, 8-(L-& -aminoadipyl)- Lspystemyl D-vahne (ACV) The
tripeptide undergoes cycllzanon. eptmenzatxon and ring expansron to form penicillins
and ce&l’lalosppnns (Jensen et al., 1982b). Closer mspectxon of the clavulanic acrd

struc wever, shows more dtfferences than sumlannes to the above menuoned

» penicilhns and cephalosporms Oxygen replaces sulfur in the oxazolordmenng and the

mhtbnor lacks an armnoacyl side chain as well as a 6-am1no group (Reading and Cole,

1977) These differences suggest that clavulanate arises from a separate biosynthetic

) 1mphcated D-glycerate as the C3 mtermedlate requlred in the formauon of the B-lactam

pathway although it may have §Ome COmmon steps or 1ntermed1ates ‘with the other
pathway (Elson and Ohver ). e

Several hypotheses o\ the ongm of the clavulanic acid structure ha\\)e been
formulated from feedmi studies usxng radxoacuvelg' labelled precursors. One possible

precursor of the three carbon atom in the B—lactam ring structure in clavulanic acid was

 thought to be propionic amd. 'From the expenments of Elson and Oliver i in whach doubly

labelled acetate and glycerol, and labelled blcarbonate and proplomc acid were

_mcorporated intq the fermentatlon medium, the carbon skeleton of the B-lactam ring of

clavulamc acxfwas found not to be derived directly from proplonate but from a 3 carbon

mtermedxate of glycolysrs (Elson and Ohver, 1978). Subsequent study has strongly

L]
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ring (Townsend and Ho, 1985b). Another possible precursor for the B8-lactam ring is

B-hydmxyproplomc acid. High retention of the radioactive atoms in the clavulanic acid
structure correlated to an intact incorporation of B—hydroxypropionie mid (Gutm? etal,
19854). 4 | ’

The bnosyntheuc ongm of the five remaining carbon atoms of clavulnnic acid has .

also been investigated in a similar manner by fbllowing the incorporation of radioactively
labelled compounds. Ve studies indicated that the five remaining carbon atoms

" appear to be derived from &-ketoglutarate which probably was derived, in turn, from

glutamate (Elson and Oliver, 1981) One possible precursor. ACV, was ruled out on the

basis that the incorporation pattem of labelled valine was different from the obmved-

labellmg pattern in clavulanic acid (Elson and Oliver, 1978) A more recent study
\

‘ prcscntcd evidence that the urea cyclc amino ac1ds, pamcularly ormthme. are

mcorporated at 15-20 times higher efficiency than glutarmc acid (Townscnd and Pﬂ),

1985a). Romcro et al. also found evidence that these urea cycle amino acxds were better )

precursors than glutamic acid, and that glutamlc_acld actually depressed the producnon of
clavulanic acid (Romero e? al., 1984). The oxidation state of the Y-carboxyl group of

glutamic acxd is, ‘higher than the Y-hydroxy group inthe 6. posmon clavulanic acid.
This indicated that a reduction step would be required bcforc mcorporanon of glutamatz

into clavulanic acid. 0 R 1

The basic scheme for the biosymhcsis of clavulanic acid which has ,crﬁcrgcd from

these étudies'is the coupling of the carbon skeleton which will eventually form the
B-lactam rihg, pr,obébly from glycerateor B-hydroxybropionic acid, with a Cs amino

A

20‘4;:’\ '\;’,
A\
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acid or amino acid derivative such as omithine, to yield a @e&&peptide-like precursor

 of clavulanic acid (Gutman et al., 1985a).

" 11.7. Production of Clavulanic Acid
S. clavullgeru_s ,produces ’clavulanic acid as a fermentation product when it is
cultivated in a suitable chemically defined or complex nutrient medium w1th adequate
acration (Cole et al., 1985). Clavulanic acid is totally excreted into the medium by the
cells. The free acid form of clavulanic acid is quite unstable, but sodium or potassrum
salts of clavulanic acid, are more stable, as is the ester form (Readmg and Cole, 1977

and Cole ez al., 1985). Industnal fermentation processes extract clavulamc acxd from the

, culture medium in the salt tbrm. )

Nutritional studtes snmlar to those that were done on the productton of
cephalosporins by S. clavuligerus. have been conducted to investigate clavulanic acid

production, but much less information from studies usmg deﬁned medid is avmlable

# 'The majority of the research on clavulamc acrd producuon has been carried out by

-/

mdustry, and so the published literature may only represent a part of the total work
Wthh has been done. The producmg organism requu'es a suitable source of carbon,

nitrogen, phosphate and mineral salts. For producnon of clavulamc acid, the suggested -

~ . carbohydrate content of the growth medium varies from 0.125% (v/v) depending on the

particular carbon source used (Cole et aI 1985). Recommended carbon sources

mcluded both défined and undefined carbohydrates. “The best deﬁned carbon sources

Amglude starch, starch hydrolysate, dextnn, sucrose, lactose or other sugars and glycerol

Tr
or glyeerol esters Glucose was menttoned asa carbon source which supported good

growth but was undesirable in some medla as it depressed clavulanic acid producuon In
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» contrast, it was reported by Higgins and Kastner -(.1'971) that glucose cannot be utilized
by S. cla{»uilgerus and this finding has been confirmed by other workers (Ahuon;witz
and Demain, 1977). Ckrboxylic’acids. derivatives of animal fats, vegetable oils,
pcpiones and be;:f é‘xtracts. can also be useci for growth and production of clavulanic
acid. U A '

Recommended nitrogen sources for clavulanic acid production are generally used in
amounts ranging from 0,1-10% (Cole ez al., 1985). For complex nutrient media. yeast
extract, corn steep hquor, vegetable protcm, fish and meat extracts and peptones are

suitable mtrogen sourccs Defined media make use of chemically defined nitrogen
sources such as urea, NH4Cl, amides and amino acids (valine, asparagine. glutamic

‘ ‘aci;l, glutaminb, proline and phenylalanine) used singly or in combinations (Cole et al.,
1985). In one study, the production medium was bufferea with 3-[N-morpholino]
propanesulfonic acid (MOPS)'to avoid any possible inhibitor\y/rcpressivé effect of
inorgani¢ phosphate (Lubbe et al., 1985b).

n the U.S. patent by Cole et al. (1985), 14 dxffcrcnt types.of complex nutrient
media were used as production medium for producno? of clavulamc acid by S.
cIavuhgerus The amount of clavulanic acid produced was rcportcd as a percentage of
B-lactamase inhibition actmty which allowed comparisons "to be made bctween the

~ various media but no absolute production_ values wcrq prescnted. In these studxes'. the
optimal production‘of clavulanic acid occurred 3-5 days into the fermentation. In one
case, the production of clavulamc acid in shake flask: cultures was compared to

production in a fermenter and actual producnon levels were given, The shake flask
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cultures produced 300—500ug/ml In comparison, the fermenter culture growing in the
same production medium, produced lower amounts ranging from 200-300 pg/ml (Cole

‘et al., 1985).

1. 8. Regulation of clavulanic acid pmdnction

The regulation of the production of clavulanic acid in a defined system has been
studied by Romero et a& (1984). They looked at the effect of carbon, nitrogen and
phosphate levels on producnon and found that glycerol was the most unportant carbon
source that affected clavulanic acxd pmducuon. In the absence of glycerol, there was no
formation of the inhibitor. As glycerol was depleted from' the growth medium,
production of clavulanic acid decreascd‘as well.. Maximum producnon of clavulanic acid
was obtained with 110mM (1% w/‘ls glycerol present in the production medium,
Concentrations above this reduced producﬁoa bvels of clavulanic acxd (Romero et Ezl
1984). A separate study by Ho in 1985 indicated that the same amount of clavulanic
agid can be produced with glycerol at 3. 5% (w/v) (380mM) but this medxum also
lcontained complex ‘carbon sources in the form of soybean flour (Ho, 1985).

-7} :
When the effect of nitrogen- source was investigated, Romero et al. found that

»

additional feedmg of mtrogen in the ‘form of glutamic acid or NH4Cl to production

medium alxeady supplemented with 10 or 20 mM glutamic aCId drastically reduced
clavulanic acid production levels They also determined that there is an concentration
dependent mhxbxtory effect by phosphate Addition of phosphate past the optimum of 25
mM, reduced the clavula\mc acid producuon (Romero et al., 1984).

-



IL.9. CLAVULANIC ACID ASSAYS .

Several assay systems have been described for qualitative and quddudve analysis
of clamlﬁd in culture filtrates. One such quanttative method is the chemical assay
as descri ; BV Bird ef al. and Foulstone and Reading (Bird ez al., 1982 and Foulstone
and Reading, 1982). -

Clivulanic acid lacks a chromophore, making spectrophotometric detection difficult.
In the procedure described by both groups (Bird et al., 1982 and Foulstane and
Reading, 198&). this problem is solved by complexing imidazole with clavulanic acid to
give a derivative with a detectable chrqmophom. Reacting imidazole with clavulanic acid
forms the derivative, l-(4éau-8-h¥droxy-6-05(o) mt—2—en-l-oyﬁnﬁd;mle which can be
" detocted by its absorbance at 8 wavelength of 311nm. The disadvantage of using 311nm
as the wavelength of detection is that other components in the culture filtrates also absorb
at this wavelength thereby masking the. absprbance maximum of the
‘ imidazole-derivatized clavulanic acid. '

Another method of analysis relics on the separation of the clavulanic acid from the
medium components by high pcrformance liquid chromatography Clavulanic acid is
resolved from the other.components by chromatography on reverse phase C-18 type
- columns. Separation is based on the hydrophilicity or hydrophobicity of the various
compounds to be fesolved and separation can be altered by manipulation of the pH and
composition of the mobile phase (Harris and Kratochvil, 1980).

Hydrophilic compounds such as clavulanic acid are usually poorly retamed in such
chromat\ography systems and may not be resolved from other r‘ncdlum components.

~ Retention of charged compounds can be improved by incorporation of an ion pairing



agent into the T

which complex with positive or negntively charged compounds to form neutral ion pairs
that act as nonpolar solutes in the mobile phase. Clavulanic acid is négatively charged at

neutral pH and will form ion pairs with tetrabutyl ammonium salts (Pic A reagent,

Waters Scientific Co.).

Once separmd from the other medium components. clavulanic acid can be detected

at 214nm. Alternatively, a pre-column derivation with imidazole, as , described for the

chemical assay, can be used to solve both Yetention and detection problems since the

imidazole derivative of clavulanic acid can b detected by measuring absorption at*
311nm (Bird et al., 1982 and Foulstone and Reading, 1982)."

A third type of method for analyzing clavulanic acid content of cukture filtrates uses
P ‘

an enzymatic assay which measures B-lactamase activity. Detection in B-lactamase

enzyme assays is based on the ability of clavulamc acid to inhibit the degradative action

of the B—lactamase and theret'om leave the B-lactam substrate intact. Quantitation can be

made by companng the rate of degradation of the B-lactam substrate in the presence and

absence of known amounts of clavulanic acid. Several types of B-lactam substrates have

been used in these systems including; pyridine-Z-azorp-dimcthylanilinc cephalosporin

(PADAC) and penicillin G.

Pyndine-z- azo-p-dimethylaniline (PADAC) is a coloured ccphalosponn substrate

that undergoes a colour change when the B-lactam ring is cleaved. The chmmophore,

pyridine-2 aw-p—dxmethylamhne, is released from the structure when the B-lactam ring is

cleaved, resulting in a colour change from purple to yellow (Jones et al., 1982). This

 color change can be followed spectrophotometrically by measuring the decrease in

‘i,
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absorbance at 572nm (Schindler and Huber, 1980). A similar colorimetric ﬁuy uses
nitrocefin as the substrate. Nitrocefin is a weakly active cephalosporin that changes its
colour from yellow to red when the ‘amide bond of the B-lactam ring is ﬁydrolynd (Urd
et al., 1978). L ’ | |

The related method of Resding and Hepburn (1979) and Gutman ef al. (19856)
‘monitogs the degradation of penicillin G by following the change in absorbance at
240nm. The molar absorption coefficient of penicillin G at 240nm, is greater than that of
its cprrcsponding dcgradafion prodpct. penicilloic acid (‘Gutman etal., 1?85). Upon'
addition of the B-lactamase, absorbance at 240nm will decrease. In the presence of
clavulanic acid, the rate of decrease qf absorbange ‘wiu‘be less rapid. Both of these
enzymatic assays are rapid and scnéitive and are l?s subject to interference by medium
components than is the chemical assay. .

Agar diffusion biological assays have also been described to measure clavulanic acid’
content of culture filtrags (Reading and Cole, 1977) but these assays are best used in a
qualitative manner. ':h‘e&»assays make use of the inhibitory properties of clavulanic acid
on B-lactamase enzymes produced by 8-lactam resistant indicator organisms. Typically,
a peniciilin G resistant indicator organism such as Staphylococcus aureus or Klebsiella

| pneumoniae is cultivated in penicillin G supplemented solid medium. The B-lactarf?asc'
produced by the indicator drganism destroys penicillin G allowing for growth i;n the
medium. The addit}on of clavulanic ;cid on filter pabcr discs inhibits the B-lacmmasg
allowing penicillin G to lyse the indicator organism. This is indicated by clear zones

around the filter disc (zones of inhibition)? The diameter of the zone ‘of inhibition is

related to the logarithm of the amount of clavulanic acid applied. “This relationship
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allows rough quantitiation of the clavulanic actd content but the assay is subJect to many
sources of vanabtlxty mcludu;g the physwlogxcal state of the indicator or (éanxstn :
‘ incubation temperatme and humtdlty and the surface tbyolume ratio of the agar medlum. :
Yrhe purpose of this srudy is to apply the ’me types of nutritional studies to the '.

* production of clavulanic agd using the same producuon medium that was developed by -

' Aharonownz for studying cephalosponn production. (Aharonothz and Demain, 197 7)
§ Although Romero etal. (1984) conducted similar studies on clavulamc acld prodrcnon |
using a defined system, they used a productlon medmm that contamed several |
3 components which could serve as both carbon and mﬁbgen sources, as well as mixtures
of more than one carbon and mtrogen source In conu'ast the production medmm
~ devised by Aharonothz for the study of cephalosporm producuon has only one carbon
| and mtrogen source makmg it easter to determme which components specxﬁcally affect
the productxon of clavulanic: acid. Once dcfined nutrmonal condmons suppomng'

'maxlmum production of clavulamc ac1d have been determined, mampulauoas o the
' 'growth medtum constmuents may cause an mhxbmon of clavulamc acxd b10synthes1s

whtch could nesult in, accumulatxon of blosynthetlc mtermedtates Idenuﬁcauon of such

3 mtermedxates would help in understandmg the bxosyntheue pathway of clavulamc amd
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\: m M'ATEQ;IALS AND METHODS SR
o~ III 1. CULTURES

S _, The mlcrpbxal cultures used in this mvesugauon were:

Streptoﬁnyces clavuhgerus NRRL 3585,

Streptomyces clavuligerus strain NTG 12,

Staphylococcus aureus N2..

S. clavuhgerus NRRL 3585 is a wxld type culture originally obtamed from the
Northern Reglonal Research Laboratory, Peona, Illmoxs S. clavuhgems strain N'FG 12
is a mutant strain of . clavuligerus which docs not produce penicillin or cephalosporm

: ‘typc antibiotics. It was isolated from the wild ty;):. strain after mutagenesxs thh
N-methyl-N -mtro—N mtrosoguamdme, and provided by Dr. S.E. Jensen S aureus
N2 isa pemcﬂlm resistant strain obtained from our Departmental cultune collecnon The
pemcﬂhn resistance 1s due to the presence of a B- lactamase typc enzyme |

IL.2. MAINTENANCE OF CULTURES S |

A. ALl S. clavulzgerus cultures were stored as spore suSpensmn in 20% (v/v)
glyceroLsoluuons at -75° C. Spores were obtamed by streakmg S. clavultgerus cultures

8

. onto tomato oatmeal agar TOA plates of the followmg composition:

‘Oatmeal pablum. 8g |
AT tomato paste 8¢g

- Bactoagar (Dxfco) 10g

Final volume 400 ml; pH was adjusted to 6.8 beforc
- sterilization !::y autoclavmg for'l h



Streaked plates were mcubated at 28°C for 1-2 weeks until abundant blue-gray spores

“had developed The spores were. scraped off and collected into a stenle 20% (v/v) ,
- glycerol s soluuon (0.5 ml per agar plate) Spores were dlspersed in the glycerol soluuon

by brief (1-5 mmutes) somcauon ina Bransomc 42 sonic bath. The spore suspensions
" were dispensed in 0.5 ml amounts in. sterile screw cap plasnc tubes (Nunc brand) and

stored at -75°C The spore content of the stocks was determmed by a plate count ona .
‘ 'rand)mly chosen sample The sample was senally diluted and sprcad onto phytone seed

agar (PSA) of the following composition:

Phytone Sced Agar

glycerol - ~ 1.0g
sucrose o 20g
tryptone . - 0.5g -
. phytone 15¢ .
' K2HP04 002g . .
Bacto agar Difco) - 2.0g

final volume 100ml; pH was adJusted 0 6.8 before autoclavmg for 15 min. -

s

ek }'he plates were incubated at 28°C for 24h before xesultmg colonies were counted. The
spore stocks used throughout this study contained about 108 109 vxable spores/ml.
B. S. alﬂeus N2 was grown ‘and mamtamed in tryptlcase soy broth (TCS) -

E :,«contaxmng 30g of trypucasp S0y broth (BBL) per | litre supplemented with pemcﬂlm Gto

a final concentrauon of 1 pg/mi and thh 20% (viv) glycero}r Pemcxllm G was added as ' _

.8 filter stenhzed stock solunon to the TCS broth after autoclavmg Pe "cxllm G 1s .'

| mcluded in the medmm to, mduce B-lactamase enzyme productxon (

g mcubated ovemlght at 37°C. The cultures were stored at -‘éS°C in two ml ahquots
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~ Studies conducted to determine the effects of growth medn}g\ on the productxon of |

clavulamc acid were carned outin a deﬁned growth medmm onginally described by

Aharonothz et al., (Aharonownz et al 1977). This basal production medium (PM)

. contained:

.-

final volume lL pH was adjusted to 6 8 before autoclavmg for 15 mm

The effects of carbon sources and mtmgen sources on clavulanic acid productxon were

‘ E l . E l‘ e
.zjlycerol ‘ 100 g
‘asparagine 20g
- MOPS buffer - 210g
K,HPO4. 44g
| MgSO47H,0 = 068
FeSO47H,0 ~  10mg
MnCly4 H)O 1.0mg
ZnSO43 HyO - 1.0mg
Ca‘Clz'.Z H‘20 . 130mg .

: tested by replacmg glycerol and/or asparagme respectively- 'anous amounts and
~ types of carbon and mtrOgen contammg cgmpounds When amino acids were used as

v growth medlum components, they were filtered stenlwed and added separately after

, steﬁflzatlon The e&ect of phosphate on clavulamc acid producnon was tested by

varymg the amount of i morgamc phosphate
L4 INOCULUM PREPARATION

Cultune umformlty was optumzed by using atwo stage moculum preparanon In the

»
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. first stage, spore stocks of S. eldvuligerus were. transferred‘to phytone seed (PS) |
medtum (. Sml/spore stock per 25ml of PS medium in 125ml erlenmeyer ﬂask) for

; germmatipn The spores were mcubated at 28°C ona New Brunscwrck shaker at 250
rpm Maximum vegetauve growth occurred at about 48h R

The. germmated cells were harvested asecucally by ftltratron through a pre wetted

w hatman " filter, washed wrth stenle d'istrlled HZO scraped off and nesuspepded in
, 4

e

% dlstllled H20 to the ongmal culture vofume

In the se;ond Stage, the moculatron of the productron medtum was achteveq by

addlng the washed inoculum to double strength productton medmm to -a final

concentratton of 4% (v/v). The rmxture was dtspensed in 50 ml aquuots into stenle '

)OOml erlenmeyer flasks contamrng 50ml of drstllled H20 When mdrvrdual components

of the productton medmm were to be varied, double strength producuon medlum was

prepared‘ lackmg the component to be exammed. The moculated double strength |
productton medium was then drspensed as descnbed as above into 500 ml flasks '
containing 50 ml of approptate soluttons of the growth medmm component to-be
exammed. 'I‘nphcate cultures for each growth medrurn cornposmon were mcubated on a

New Brunswrck platform shttker at 250 rpm at 28°C Samples were taken every 24

' hours The dlstrlled H20 used fgr moculum washmg and medxum preparatron was

o

. 'prepared by filtratton through a Mrlh-Q filtranon system (Mtlhpore Ltd) and _was S

,;,stenhzedby autoclavmg T _ _ e e
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III 5. ANALYSlS , . ,
DryCell Wetght Determtnauon and Sampltng - » S

Ten ml of the culture was taken from each ﬂask The cells were harvested from the |

production medrum by vacuum f‘iltratron through mtlltpore filters (HA 0.45 um .
Mrllipore) for dry cell weight deterrmnatron +The filtered cells were washed with
d1st111ed water and drted th a dessrcator for 24h before weighing. |

» IL6. CLAVULANIC ACID DETERMINATION oo |

A number of different methods of measurmg clavulamc acrd productlon in
 fermentation media were evaluated. o

A. Qualitative Analysis )

;\ qualitative agar diffusion assay was included as an independent method to check
the results that were reported by the other methods. The biological assay (btoassay)
makes use of the inhibitory propertres of clavulanic acid on B-lactamase enzymes
. produced by B-lactam resistant mdlcator organrsms A pemcrllm G resistant strain of S.
aureus was used as the indicator orgamsm in the btoassay One ml of §. aureus was .
| - added to peﬂ‘icrllm G supplemented (final concentratron of 1pg/ml) TCS agar. Ten~f
millilitres of TCS agar were dispensed per petn plate Twenty rmcrohtres of ﬁltrates or
: standards wrth clavigjanic acid were spotted onto 6.35 min diameter paper dtscs, ang dtsc_'_ -
per plate The range of clavulamc acid was 0. 0-2 Oug “The plates were mcubated at 37° |
C overmght Inhrbttton was tndtcated by clear zones aroand the filter dtsc (zones of _

- inhibition). Rough quanuauon was. done by correlatrng the zone size’ wrth the loganthm :

. of the amount of clavulamc acid apphed.
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B. Quantitative Analysis. -
1. Chenncal Assay - ,
One method of determining the clavulanic actd content of culture filtrates producuon
uséd the chemlcal assay that was described by Bird et al., and Foulstone and Readmg
‘(Bird et al., 1982 and Foulstone and Readmg. 1982). In this chemical assay, imidazole .
was complexed with clavulanic acid to produce a spectrophotometncally detectable |
chromophore with absorbance maximum at 311nm. /j T |
The 1m1dazole-derivauzed clavv[lamc acid was formed by reacting 0.25 mL of
nmdazole reagent thh 1mL of sanmle solution at ambient temperatures (25° C). The
irmdazole used was obtamed from the Sigma Chemical (% St. Louis MO. witha grade
- Ilow fluorescence blank rating. The nmdazol agent was prepared by dxsscﬂ\vm g
- 825 g of umdazole in 24ml of distilled water plus 2 ml of SM HCi. The solution was
d’djusted to pH 6 8 by the addition of 5 M HCl, and the volume was at 45 ml. The
product was deterrmned to be stable for 2-3 hours at ambrent temperatures The reagent
~ hada shelf life of two months at ambient temperatures (25° C) '
. 2.High Performance qumd Chromatography (l-IPbC) Assays N |
I-Irgh pressure hquld chromatography was carried out using a model M-45 pump,
nroderGSO"automatedgradientconuoﬁermodekUKﬂnjectorandmodel 489yanable -
wa.velength UV detector all from Waters Screnttfic Co. Data were recorded ona
Hewlett-l’ackard model 3390 Aimegrator. - P
a) Undenvatxzed Clavulanic Acid. In mmal studres, culture ﬁltrates wer%\

analyzed wnhout any modifications of the sample
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1) Standard mobile phase. Culture filtrates were analyud naip; a
RP-18 C-18 phase column (10 pum sphere diameter, Brownleé Labs)
tseparate the clavulamc acid from the medium components The

mobxle > phase used was: S0mM KHZPO4 in 10% methanol (adjusted

.-

to pH 3. 2 with H3P04)
' Samples were analyzed at a flow rate of 2m}/min and detecnon was at
2l4nm. o | '
© ii) Modified Mobile Phaae. .Ret'ention‘df clavulanic.acid was'enhanced
by modification of the HPLC system described above to incorporate
an ion pairing agent into the mobile phase. The new mobiie phase
- was: methanol-10%, 90% H,0 containing PIC A réagent at |
3enl/100mml (Watérs Scienific Co). All other conditions remained the
same. “ |
b) Derivatized Clavulani acid.
‘Resolution and separanon was best acheived with a pm-column
derivation of the clavulanic acld w1th imidazole. Derivation of the
sample was the same as described in the chemlcal assay. The stauonary\'
" phase used was a C-18 reverse bhase‘u;l_io;lda pak column compressed

ina. Waters'Z module radial coxhpreSsion chamber. The mobile phase

used was: 0 lM KH2P04<9,4%, MeOH- 6% at pH 3.2 (Foulstone and

.. »d
Readmg, 1982) wnh a ﬂow rate of 2 ml/mm Detecuon was at 311nm,



3. Enzyme assays. |

Clavulanic acid content was also ‘measured using B-lactamase enzyme assays. The

| enzyme assays are based on the ability of clavulanic acid to inhibit the degradauve .
acuvxty of B-lactamase Quantitation was made by companng the rate of degradanon of

“the B—lactam substrate-in the presence and absence of known amounts of clavyjanic acid.

* The addition of clavulamc acid decreased the rate of degradanon of the B-lactams by the

8-lactamases. A standard curve was obtained which relates the amount of clavulamc acid .

to the degree of B-lactamase mhxbmon. expressed as a percéntage of the uninhibited
~ control (Gutman et al:, 1985) Two different B-lactam substrates were tested; |
pyndme-2-azo—p-d1methylamhne oephalosponn (PADAC) and pemcﬂlm G.

a. PADAC isa coloured cephalosponn substrate that undergoes a colour change
g when the B-lactam ring is cleaved Tpe reaction wa\cjutored spectrophotometrically
by measunng the decrease in absorbance at 572nm (Schindler and Huber, 1980).

" In the assay, 100, 000 units.of pemcxllmase (Difco type I) was combined with 2.5
ug of clavulamc acid SW in a final volume of 0 02m! of 0. lM sodmm phosphate N
buffer, pH 7 0. The mxxtute was incubated for 5 minutes at 30°C in a Julabo model VL

F10 water bath. Nme hundred and elghty mxcrohtres of 3.96 ug/ml,PADAC buffered at

. pH 7.0 was added to the mhlbxtor-enzymc m;xture The reactlon was mixed and the rate

of degradation was followed at 570nm with a model SP 8 100 Pye Umcam uv
recordmg spectrophotometer When the: ﬁltrates were analyzed 10 ul was subsntuted

for the clavulanic acid standard.

L@
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b. Penicillin G-Difco pénicillinass type I | e
The method of Reading and Hepburn, and Gutman et al., (Reading and Hepbur,

1979, and Gutman e al., 1985) mofitored the degradation of penicillin G st an
absorbance of 240nm. Fifteen thousand units of penicillinase (Difco type I) was '

- combmed with 0 - 10 ug of clavulamc acid in a final volume of 0.5,ml of 0. lM sodium

phosphate buffer, pH 6.8. The mixture was prelnc}xbated for 5 minutes at 37°Cin a
Julabo model VL FI0 water bath. After the preincubation, 500 L, of 300 pg/ml
pcmcxllm G was addcd to the mixture and the rate of degradation was followed: at .
240nm using the previously mentioned spectrophotometer When the filtrates were

« analyzed, 25 pl was combined with the enzyme and the above mentioned procedure was

followm-;d. | | -

/



reliable methods for measunng the clavulanic acid content of culture filtrates. Several

~ different methods of quanntatxon of clavulanic acxd content were invesngatcd mcludmg
biological. chemical, HPLC and enzymatic assays “

V.l CLAVULANIC ACID ANALYSES

A Biological Assay (Bioassay) of Clavulanic Acid.

'l'his agar diffusion assay utilizes an indicator organism to measure clavulanic acld‘ |
contcnt of culture filtrates (Reagmg and Cole, 1977). S. aureus N2 was used as the ‘
penicillin G resmant. B8-lactamase producing mdxcator organism. A linear reponse'
standard curve was obtamed when tae inhibition zone size was plottcd against thq
logarithm of clavulamc acid concentration (ﬁgurc 1). Since the size of the zones varied '
from one bioassay to the next, a st a standards was included each nmc a bioassay was
done. Dcspxtc its hrmtpnons, the bioassay was found to be a good qualitative tool for
dete::ﬁng clavulanic acid ;z‘)rdduction | |

B.1. Chemical A ay of Clavulamc Acid Standards.

‘The chcmlcal assay method of Bird et al.(1982) and Foulstone and Reading (1982),
was }used tosetupa clnvulamc acid standard curve. Various amounts of clavulanic acid

standards were derivatized by the reaction with imidazolc reagent as described in

. Materials and Methods. A linear relanonshlp betwecn A3yonm and concentratmn was

| observed from 0 to 30 ng of clavulamc acld (Figure 2). Sumlar results were obtained
. when clavulanic acid standards were prepared ifi 0.1M MOPS buffer pH 6.8, distilled |

37



Figure 1. Standard curve of clavulanic acid as determined by the bioassay method. Twenty
microlitre amounts of clavulanic acid standards were spotted er discs placed
on TCS agar supplemented with peaicillin G to a final concen .of 1 and

inoculated with S. aureus N2. Plates were incubated overnight at 37°C and then
zones of inhibition were measured. .
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Figure 2. Standard curve of clavulanic acid as determined by the chemical assay method.
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- HyOor uninoculated producuon medium. The umdazole-dmvattmd clavulantc acxd can
. be detected as a single peak in a ultra welet (uv) scan with an absorbance maximum at d
- 311nm(F1gure3) - |
| B.2. Chemical Assay of Clgvulamc Aptd in Culuﬁe Ftltrates |
The. usefulness of the chemtcal assay method for analysxs of clavulamc acid in
culture ﬁltrates was mvesugated by reacting a sgmple of culture filtrate known to contain |
about 25 ke clavulanic acid/ml as determmed by the bioassay. Th ‘chenilcal assay
indicated that the culture filtrate contained no clavulanic acid (da not shown) The
~ reason for the dtscrepancy between these two values was mvesttgated by compartng ‘the .
UV scans of the derivatized clavulanic acid standards and controls with those of the
, actual culture ﬁltrates As shown in figure 4, the imidazole reagent the umnoculated ‘
producnon medtum and the: uninoculated productton medium reacted with ttmdazole ~
| reagent (curve 1,2 and 3), had lxttle UV absorbance in the wavelength range of 240 nm

to 400nm. ln contrast the UV scans of the sample of culture ﬁltrate known to have

c lclavulamc acxd from the btoassay, had very high UV abstzrbance However, even

"witﬂdut_ umdazole denvauzatton, the culture filtrate had dn absorbance of 0 293 at 31 lnm
ve 4. figure 4) When this® filtrate was reacted with mudazole. there was no
. b rba '“ce maxunum at 31 lnm but rather, a plateau with an absorbance at 311nm of

0. 444 (curve 5) Tg]!g%e rcsults mdtcate that the culture ﬁltrate itself could mterfere with

theassay ’ o o L .

]

Further scans u;ere done to detemune the nature of the mterference (ﬂgure 5)

s Agam, the f'nst three cohtrols; imidazole reagent, umnoculated productton medturn and

\s
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 Figure 3. Ultraviolet scan of imidazole treated clavulshic acid sndards.
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Figure 4. Ultraviolet scans of untreated and imidagal¢ ted culture filtrates. 1) Imidazole
777 reagent and'®20. 2) Uninoculated Yoduction medium. 3)- Uninoculated
production medium and imidazole rea ent.”'4) Culure filtrate. 5) Culture filtrate °
and imidazole Yeagent. : : : o
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~ Figure 5.
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Ultravidlet scans of untreated and imjdazole treaed clavulanic acid standards in
uninoculated production medium. 1) imidazole reagent. 2) Uninoculated medium.
3) Uninoculated medium with imidazole reagent. 4) Uninoculated production

" medium with clavulanic acid at 40 pg/ml final concentratibn. 5) Uninoculated

o3

“imidazole reagent. . N

production mediumewith clavulanic acid at 40 pg/ml final concc'ntrgtion and
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'unlnoculated nmedium reacted with imidazole (curves 1 2 and 3), showed a low uv
| absorbance Uninoculated production medium supplemented wrth clavulanic acid '
_: ' standard toa final concentranon of 40 pg/mlt snll had a low uv background (curve 4) ’
N | When clavnlanic acid supplemented progucnon medrum was reacted with' imidaz01e
(curve 5), 2 smgle peak wa&obtained at 311nm This suggested that the mtcrfenng
matenal was not present in uninoculated producnon medium.
_ | thn the culture f'tltrate was supplcrnentod with clavulamc acid standard to gave an
' _additional 40 ug/ml of clavulamc actd, and then was reacted thh imidazole, there was a
K peak at 311nm but the absorbancc was lower than expected (curve,2, figure 6) Since
there was. clavulamc acid tnmally present, the supplcmentatron of the culture filtrate
‘should gtve a htgher absorbance after reacting wrth jmidazole than the clavulamc actd
standard in umnoculawd production. medrum buit it did not.
| Further evxdence that the culture ﬁltrates could mterfere w1th the assay was noted
dunng prehmxnary nutritional studies. When the carbon and nitrogen sources of the
" standard productlon medium were changed, sor;ae/ f the untreated culture filtrate controls
gave higher absorbance readings at 3llnm than the correspondtng 1m1dazole treated
| culture filtrates (data not shown) Because of these problems, the chemical assay was |
’ dctermlned to be unsuttable for analyzmg clauvulamc acid producuon in this study.
- C. High Performance Ltquid Chromattfgraphy (HPLC) analysis of clavulanic acrd» '
cheral HPLC systems were tnvesttgated for quanutanng clavulamc acid. Inmal

' analyscs utllized a mobile phase of 50 mM KHZPO4, pH 320r4.0;and a reversed _

' phase column as descnbed in Matertals and Methods Clavulamc acrd standards in

B )
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Figure 6. Ultraviolet sqns of culture ﬁltrmes supplemented with clavulanic ucld l‘
- Uninoculated production mediuth with clavulanic acid at 40 pg/ml fina
concentration and imidazole reagent. 2) Culture filtrate supplemented with
clavulamc acid, 40 p.g/ml additional concentration and imidnmle mgem
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solutions of distilled H,0 or production mediurn and culture filtrates v’m poorly

" resolved and no single peak conelaﬁng" ge_iclavuluﬂc acid was detectable (data not

shown). Clavulanic ’acid was poorly retained‘gnder these chn‘m‘ntogrqphic conditions

and the retention time of ¢lavulanic acid was close to the non retained fraction.
avulanic acid in the cﬁltnre filtrate could not be resolved from the other;iediuxg‘,h o

omponents.

Modification of the mobile phase b; the incorporation of the ion pairing agent Pic A ;
improved the retention of clavu{apic acid. This change in the mobile phase also ‘
increased the resolution of the peaks in the culture filtrates but clavulanig acid atll could
not be resolved from Lpe other medium components (ﬁgus'e 7). The Pic A reagent
appeared to be increasing the retention of the contaminating peaks in the same way it had
increased the netenggn time of clavulanic acid. When the culture filtrate chromatograms
(figure 7b) were compared with the chmmatograms ‘of 0.1 M MOPS buffer, pH 6.8, it
was determmed that the main mterfermg material was the. MOPS buffer (figure 7c).
Since MOPS was a necessary buffermg component of the production medium, a new
anialysis system was mvesngated.

] Interference by MOPS was reheved by carrymg outa pre-coluinn denvauzation of .
- samples with nmdazole reagent. Reactmg filtrates with the imidazole reagent also

improved the retennon and separauon of clavulamc acxd from the medium components

(Figure 8a). The mtennon time of the derivatized peak ranged from 6.3 -7 minutes with
) ; a

a mobile phase of 6% methanol; 94 % 0.1M KH,PO, (adjusted to pH 3.2 with

HyPO,). Values obtained wers very reproducible. Derivatized clavulanic acid stapdards '



Figure 7a. HPLC analysis of clavulanic acid standard using & mobile phase containing PIC A
reagent. ‘Five microlitres of 5 ftg/mi clavulanic.acitl standard was analyzed. Mobile
th, 10% methanol + 3% PIC A reagent; 90% 50 mM KH,PO,, pH 4.0.

Stationary phase, Brownlce C-18 column. A=214nm. Flow rate= 0.5ml/min.

Figure 7b. HPLC analysis of a culture filtrate using a mobile phase containing PIC A reagent.
s Five microlitres of a culture filtrate estimated to contain about 40 pg/ml clavulanic

acid (by bioassay) was analyzed. Mobile phase, 10% methanol + 3% PIC A

reagent ; 90% 50 mM KH,PO, pH 4.0. Stationary phase, Brownlqu;w column.

A=214nm. Flow rate= 0.5rml/min. -

Figure 7c. HPLC analysis of MOPS buffer. Five microlitre of 0.1M MOPS buffer, pH 6.8
was analyzed. Mobile phase, 10% methanol + 3% PIC A reagent; 9% 50 mM
KHQPOM pH 4.0. Stationary.phne. Brownlee C-18 »gc:}umn. A=214nm. Flow
rate= 0.5ml/min. ' §
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. Figure 8a.. HPLC analysis of dcrivatizc& clavulanic acid standard. Ten microlitre of a 50
: ‘ pg/ml clavulanic acid standard was analyzed. Mobjle phase, 6% methanol; 94%
100mM KH,PO,, pH 3.2. Stationary phase, ji Bonda-pak C-18 column.

" A=311nm. Flow rate= 2.0 ml/min.
- Figure 8b. HPL.C analysis of derivatized culture filtrate. Tcn'nﬁcrdliueaé of ciilture filtrate, |

derivatized with imidazole, was analyzed. Mobile phase, 6% methanol; 94% i
100mM KH,PO,, pH 3.2. Stationary phase, p Bonda-pak C-18 column. : /

3=3k1nm. Flow rate= 2.0 mi/min.
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gave a lmear response when the peak °areas w:é' nlotted against the amount of
derwauzed clavulamc acid tnjected. Analysxs of the B,ltrate .from a culture grown in
standard productton medium resulted in chromatograxn}s wtth good resolutron and a

> sharply defined peak (thure 8b) Although resolution of clavulamc acrd from other
components of the culture was good when (;ultures were grown on the standard
productton medtum descnbed in Matenals and Methods mterfenng peaks were again- &
encountered when altemanve carbon and mtrogen sources were tested (data not shown)

D Enzymeassays S O

Smce the btologlcal chermcal and HPLC assays for clavulamc actd analySts all had .

dtsadvantages when used for the analys1s of culture ﬁltrates, an enzyme based

| ‘-'B-lactamase lnhlbltlon assay was mvesugated Two dtfferent B-lactam substrates were

i assessed but in each case the assay was based on the abthty of clavulamc actd to cause .

-the mhtbmon of the B—lactamase enzyme The mhlbmon wasgnomtored asa decrease in -

therateofdegradanonoftheﬁ-lactamsubsuate . 5“ o " i P |
The ?irst system upilized a coloured B-lactam suBstrate 'PADAC, whtch changes h

. _,t-::..uponhydrolystsby B—lactamase Degradatton of the PADAC substrate can be momtorcd ‘
. fby followmg the deetease in absorbance at 572nm thhout any clavulamc acid added

L to the. B-lactamaSe, the rate of degradauon of the PADAC substrate was faSt (curve L.

oo

ﬁgure 9a) Total degmdauon of the substrate was ac%ed by 12 mtnutes The addmon N

5 of clavulamc actd toa ffnal concentranon of 3. 88 ug/ml decreased the rate of degradanon ,'
e -‘and extended the ttme requuedfor total degradauon to 30 mmutes (ctgve 2 figure 9a)

'I‘he spectfictty of the PADA assay was exatmned usmg cephamycm C and | "

eN
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Fxgure 9a. Degradanon of PADAC by B—lactamase ‘One hundred thousand units of B-
. lactamase was combined with PADAC at a final concentration 3.88 ug/ml (curve
1). The inhibition of B-lactamase was determined by combining clavulanic acid ata

final concentration of 2.5 ug/ml with the enzyme before addmg it to the' PADAC
substrate (curve 2) .

C
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clavulamc acid as mhxbxtoz of the B—lactamase enzyme The teason for the inclusion of

]

‘.L1~‘.‘.. Y..Q.v ’

cephamycm C (5.0 ug/ml), a cephalosporm. was that since oephamycin Cisa pmduct of B

'the fermentation as well as clavulamc acid, it could possibly interfete with the assay by

| virtue of being sumlar in structure to the PADAC substrate. The B—lactamase enzyme

| was mcubated with PADAC in the presence and absence of clavulanic acid e.nd,)

' cephamycm C. If cephamycin C does not interfere with the reaction of the enzyme on
the PADAC substrate, then the rate of degradation should, be tdenucal to&heenzyme
contro] (curve 1, figure 9b). The addit‘loh of cephamycin C did have an inhibitor'y effect

‘on the enzyme but not to the same extent as clavulamc ac1d. Cephamycm C extended the

" time required for total degradauon of the substrate to 20 mmutes (curve 3, ﬁgure 9b).

To avoid th1s interference caused by B-lactams compounds other than clavulanic acid

which are presﬁnt in the ﬁltrate, the use of a mutant which does not produce pemcxlltns

and cephalosponns was exaniined. The mutant was still able to produce clavulanic acid.”

Bloassays of the S. clavuIigerus NTG #12 culture ﬁltrate mdicated production of

'clavulamc acid when grown in a complex medtum but the use of thts mutant was

dxsconnnued because it was unable to grow in the productxon medxum used for

nutritional studtes (data not shown) ' o ‘

The second enzyme assay that was used to quantitate clavulamc acid was the rnethod
descnbed by Readmg and Hepbum, and Gutman et al (Reading and Hepburn, 1979
and Gutman et al 1985b). The substrate is pemctlltn G, and the absorbance of

_pemcrllm G at.240nm decreases upon hydrolysts by B—lactamase The addmon of

@)
clavulamc acid inhibits the B lactamase enzyme therefore decreasmg the rate of -

.degradauon of the pemcﬂhn G substrate (figure 10). Quanntatton can be achieved by
. \ _ A

o
K
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‘ Figure 9. Specificity of the PADAC assa Curves l and 2 are thé same as anure 9a. The
inhibitory- effect of cephamycgn C on §-lactamase activity was determined by

» combming aepham C at a final concentration of 1.25 ug./xnl ‘with the enzyme |

before adding it to e PADAC substrate (curve 3).- -



“AS5T2nm

045

0.40

N

i .
\(_,?I} = 1%

7035

0.30

025 -

020}

0.15
o._1o'

0.05

0.00

Time, min



.

" Figure 0. Degradation of penicillin G by Blactamiase, One hundred thousand unitg'of =~
o " penicillinase was combined with Yenicillin G at a final concentration 25 pug/ml
. (curve 1). The inhibition of B-lactamase was determined by combin:idndgi clavulanic '

[
X

acid-at a final concentration of 1.25 j1g/ml with the enzyme before adding it to the ¢
. . penicillin G substrate (curve 2). L ,
\ - ) ' : 'Y
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plomng the percentage of rate inhibxtion agamst the. amount of clavulamc acid. The
_pésulting curve is non linear, as previously described bx Gutman etal. (1985b) (figure
11a).. Interpolation from such a curve was found to be dxfficult To minimize the

problem, a plot of the percentage of rate mhibinon agamst the third root of the amount of

-+ clavulanic acrd was found to result in a standard curve that was lmear (ﬁgure llb)

'making interpolations more precxse.
Unlike the PADAC assay, cephamycin Cdid not interfem with this reaction. There
was no decrease in the rate of degradation when cephamycm C was substituted for
.clavulanic acid (figure 12, curve 3). Thxs was probably due to the higher concentration
of penicillin G .used in the assay and that the enzyme has a higher specific actmty asa
| pemcxlhnase than a cephalospormase therefore showing greater specificity to pemcxlhn
" G. The culture filtrate itself did have some interference. Filtrates that tested negative for
clavulanic acid by the bioassay, inhibited the rate of degradation indicating the pr'erence |
~ of clavulanic ncid. The interference problems were alleviated by the addition of equal
voldmes of methanol to the culture filtrates.- The addition of methanol eliminated the
false positive results. Standard solutions of clavulanic acid were not affected with the
methanol addition. The B—lacta‘rnose was not affected by tne methanol. The filtrates alone
with the penicillin G substrate ehowed no B-lactamase enzyme activity. Unless

otherwise indiceted, all subsequent studies were done with this assay.



" \/
Figure 11a. Standard curve of the inhibition of penicillin G by clavulanic acid. Plot is the
mﬂgﬂ of rate inhibition against the amount of clayulanic acid assayed.
thousand units of nase (Difco I) was combined with 0 - 10
g of clavulanic acid in a final volume of 0.5 ml of 0.1M sodium phosphate

- uffer, pH 6.8. After the preincubation, 500 pL of 300 pg/mil was
added to the mixture and the rate of degradation was followed at”?«?&m.
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. l‘lb%‘umdard curve of the fnhibitioh of penicillin G by clavulanic acid. Plot is s
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Figure 12. Specificity of the penicillin G assay. Curves 1 and 2 are the same as Figure 10.
' " The inhibitory effect of cephamycin C on B-lactamase activity was determined by
combining cephﬁ:ﬁ?‘cin C at a final concentration of 1.25 pg/ml-with the efizyme
before adding it"to-the penicillin G substrate (curve 3)7* | .
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IV.2. NUTRITIONAL STUDIES. ~ ~* ~ *
A. CARBON SOURCES T

| The effect of dtfferent carbon sources on clavulamc actd production was examined
by replacmg the glycerol in the production med.mm with'a variety of other cgmpounds
 Initially, 10 ml amounts of culture ﬁltrates were sampled every 24 h for 168 h. The
'culture filtrates were assayed for clavulamc ‘acid by the btoassay The carbon sources |
most suitable for growth and the productton of clavulanic actd of S. clavult‘gerus. were’
g ., found to be maltose, glycerol dextrin and starch (table 1). There was no growth or ,‘
producuon of clavulamc acid with orgamc acids such as succtnate and lactate or with
; sugars such as rtbose, glucbse galactose and lactose.

l ,
To determine which earbon source promoted the best clavulamc acxd production. '

’starch glycerol maltose !and dextnn were tnvesugated more closely (taﬁle 2). Succmate
C A .were also reexammed because Aharonowitz and Demam _
1 arbon sources supported good levels of cephalosporln |
producuon b ”. Tclavu tgerus Culture filtrates were sampled in trtphcate at three time
penods The clavulamc acid content of the culture filtrates was determined by the
pemctllm G enzyme asgay. As thh the carlier results, succtnate and lactete did not
support growth and promoted poor productton of clavulamc acrd. Starch glycerol
maltose and dextrm were all able to support grthh and promote productton of

| clavulamc acid. ‘The levels of twal clavulanic acid ptoductton were sumlar for all four of
- these carbon sources In the first fermentauon run (table 2a). a maxtmum of 157 uyml ;
- of clavulamc acid was produced with maltose or starch as the carbon source Maxtmum

. producuon was achetved w1d1 starch and dextrin as the carbon source in the second
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. B 'I’able 1. Carbon source uuhzation of Streptomces clavul:gerus

Clavulanic acid

Carbon Sdmcc" s Gmwth Production
. 1 1

Ribose-

Succinate -,
Maltose

Glucose

Lactose
Galactose

Lactate g .
~_Starch :
-Glycerol
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Table 2. Clavulanic acid Production with VariousCarbonSources R A
‘ '{ . ‘
| Dry Cell chght T, ‘
~ Carbon : OCW) [Clavule jd],. Specific Producuon
~Source* - tim,c(h) mg/ml  stddev  jig/ml oY pp/mg s de‘/ : A
Succinate 24 0.660  0.185  0.000 0000 0.000 e
~ 50 106 0140 0409 0012 0386 0.137 A &
9. 0720 0069 0052 0007 0072 0000
lacate 24 0903 0.090 0156 0004 0173 0.103
. | 50 0757 0.09 0.506~ 0.047 0.669 0.162
96 0907 O. 289 ' 0111 319 0116 .
Malose 24 136 G014 0077 0006 0057 0.000 - "y
- 50 238 045 135 0.189 5.68 ~ 0024:
96 484 12 157 - 476 rN |
Starch , 24 148 0200 1.58  0.052 P
. 50 @59 L0245 820 405 &=
S 96 427’ T0082 157 220
“Glycerol. &t  Zss oy 0.138° 107>
. ' 50 - 438 - 104 320 - ,0 150
, 96 o 426 B 1.74 16.5 0.037 .°
| *Carbcm sources were added at 1; TR . * iy S N T
’ (I?'y Gell Weight (DCW) were done i in mphcaté for each samplc time.
lavulanic acid d%crmmauon&wcre done nirie times per sample time.
Dry Ccll Wengh CW) at time zero, O, 631mg/ml _

ol |
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fermentatlon run (table 2b) In the second fermentation run (table 2b), overall «
produenon levels were sumlar In both fermentanons, producuomof clavulamc acid was“" ;
sli;htly lower with ;lyCerol as thé carbon source (129-146 uyml), v"”" ‘dwmaxtmumi ﬁ'
sroduc ”on‘occurred at 48 -96 hours into the fermentation. Desptte the. shéhtlv lower v'

prod\féﬂoﬂ levels, glycerol was snll cﬁosen as the preferred carbon soun:e to work wnh

1

in further stwdtes because of several factors ‘1) prevxous studies*have used glycerol q&
the carbon source tn studytng both cephasporm C productxon and clavulamc acid 4
Mcnon (Ahamnothz and Demam.'977 and Romero et al., 1984), and 2) dextmr

and starch are less deﬁtfed as carbon so&es | o . 1 S \
' BlolyceroL ! | T
‘ ‘To determtne if carbon catabolite regulatto p}ays a role in clavulamc acxd
| ) ﬁﬁ were added to the producnon
2 and 5% (W/V). Inittally, the .

producnon. dtfferent amounts Of glycerol concen'

N . medmm ‘The glycerol contents tested wereto 0 : .
/ culture ﬁltrates were sammed every 24 h dunng a one week%enod. The clavulanlc ac;{l

content was dctermmed by ﬁte pre-column demnuzauon HPLC assay Afthough the

HPLC method ofﬁalysxs was determtned to be not rehable, the of clavnlamc :

dcid producuon was sttntlar*to sttbsequent studtes The resﬁ‘lts p'sr!ed that in the *

absence of glmol there was low levels of cla iffnic acid being pmduced (figure 13)

’I‘he ﬁrst detbctable levels Were obtatned wtth 0.5 % glyceml as the carbag

glycerol concentranons greater than 1% the . levels of clavulamc a'

o,
decxeased. The maxnnum pnoducnon of clavulamc(ls pg/ml) was obtamed thh 1%

glycerol and an mcubanon ttme of 96 h. @l;hough the productton levels vaned. thts

o

pattem has been tepeated.
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‘ ’spedwmwuon

| i um: s_g.....ﬁd v
f{ﬁ;t' ,‘ T S
to Succmate 22 1.)3\/.*0.060‘ 221 0126 179 - 0,075

| 48 210V 0.062 0:288 “0.066 0.137° 0.163

.96 290 0202 0288 -0.015 ,0.099 0088 ,

 # Dexin 24{. 155" 0101 841 0565 ‘3’*&1 L 0094

- Carbon |
Source* nme(h)

48 4020 '0070 265 144 - 659 -7 0057 .
96 ' 422 0026 174 117 412 "0.068
X , ".' ;, .

Maliose .21%,.‘ 140 0488 0,366 “’0021 D‘W 0318
gz 189 0300 399 -..23%- 211 0079
'96 443 0012 157 %103 35 5, 0066

ﬁ‘”“%* 179 0095 917 ' 0567 512 0082
‘% 404 0135 161 120  39.9 - 0.093
347 0007 152 - 9:66 _ 43. '.7,;0054‘

CGlycerol 24 219 0050 ;2.21 0122 108" 0,060, S
c 48 .. 482 0265 129 - .753-%26.7 " G080 s
96 357 0,069 '-89_9 s13 252 0060

*m

& ' _ _ ".l . - ) ° . -
' "'Carbon sources were added at 1'%’ (w/v) )
: Cell Weight (DCIE) were done in triplicate for each sample tirge.
f ] lc . "

ations were done nine times per sample time.

\
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- Figure 13. The producﬁon of clavulanic acid in mpome t0g yceml conéenu-atidns mnging '
- T from 0-5%w/v as the carbon source. The nitrog%x source was 0.2.g/100ml
asparagine. The phosphate source was 26tM KH,PO4. The production medium
constituents is as listed in the material and methods. The method of analysis was
the pre-column HPLC derivatization of clavulagic acid.
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Although there was a good indxcatidn that the glycenol concentration hasa effect ‘
oy the production of clavulanic acid, the low levei of clavulnmc acid production and
the variability between samples were a concern. To :olve the variation problem,
| ' culture uniformity was optimized by usmg Y twg@tage moculum prepargnon In the
first stage, spore stocks of S. clavuligerus wene h'ansferred to phytone seed (PS)

medium for ge 'nadon Maxunum vegetatxve growth occurred after about 48 h
o incubauon at 28°C 25*250 spm. ‘The germinated cells were ‘harvested by filtration

N through a pre-wettcd Whatman #Zﬁlter. washed with sterile disulled HZO scraped off

"andresuspendedindistiliedHZOtotheongmalculmmvolume e ‘

Inthe sqcond ntage. the producnon mdium was moculated by adding the washed
LR taqculum o dgu’oie strenglh producnm medium to & ﬁnal concentration of 4% (vVIV).
- : ,'The tmxture wu dispensed in SOml ahquots into sterile SOOml erlenmexer ﬂasks

ual components of the producuon ‘

B ’conmmng 50m! of distilled Hzo When

| medium were to be varied, double strength produetion
. 5. ihe oomponent to bemxmned. The inocplated doubje sNRPEPE
pened 28 described as abbvg?nto flasks contaming 50ml of appropiatd
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When the effect gf-glycerol on clavulanic acid production was repmed using this “
) standardwed inpculum preparation technique and using the penicillin G enzyme amy. :

the producnon levels varied but the pattern was similar in eaeh fememadon 'I‘hree
separate fennentanomns are shown in order 0 indicate the aﬁee of variability seen
between runs (tables 3a-3c). The maxitmxm amount of clavulanic acid produced
ranged from 84.7 pg/ml-to 169 pg/ml for l% (w/v) glycerol, which was the best
cong:emrauon overall. The third fermentandn (table 3c), showed 0.5% glycerol to glve

“better producnon (193 pg/mi), bm this appeared to be an unusual result since all other

fermentation runs showed 1% glycerol to be the optimam. This confirmed the earlier

HPLC results that at mgher concentranon of glycerol clavulanic acid production was -
 reduced (ﬁgme 14). * |

Incluchng the data presented in table 3, five separate fementauon runs were

carried out to determine the maximum levels of clavulanic acid produced and .

: \
. incubation umes required to reach thes\e levels for culturea growing on 1% glyeerol 8

the carbon source (tablc 4), Undefﬂxeie culnvation condntions. maximum production

of clavulanic acid generally occuqed at 48 h The maxxmum amount of clavulanic acid .
produced ranged from 84.7 ug/ml to 169 pglml (table 4). Based on these studies all

subsmuent experiments used 1% glyeerol as the carbon source.
C. NITROGEN Regulation ‘

The effect of dlfferent mtrogen sources on clavulanic acid production was

| mvesngayfby replacmg the asparagme in the producnon mdiunﬂvnh equal amounu

L)
& -
1

L
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Growth And Clavulanic Acid Production With Different Concentrations

L k‘l’able 3a.
LA ' STUlzcerol anu?ﬁ Wl

P o DryOellWeight ‘ - s
+ " [Glycerol] vulmicacxd] Specific Production o
. G (wiv) time(h) @@ std dev pﬂgﬂ_ sddev  pg/mg s dev | "2‘
Qs % C.24 143 0035 ° 0.000 0.000 *o 0000 .

~, a8 232 0171 385 220 1 1.56 -

. 98 188 0035 565 612 301 330
1 " o4" 164 0007 657 083 402 0323

@8 473 0174 847 428 179 112

o§ 510 0736 589 572 115  2.08-°

2 24 353 0369 0.0p0 0000 0000 0.000
a8 532 0123 358 388 673 0746
9§ 425 0425 - 389 267 915 Ll
5 24, 271 0192 604 149 223 0574
‘@ 503 0325 0288009 0057 0018
.95 117 0027, 493 104 . 421 0893

h And ,vﬂﬁdcmrmducﬁonwim Different Concentrations

+

[clym;‘if“#f‘ T OCW) | [Clavulamcacld] Specific Production
% (wly)  Yme) mginl sddev pg/ml sddev  pghng sddev

0.5 24 . 110 0115 0.034 0042 - 0031 0.039 |
48 - 290 0319 577 549 199 424 . .
. ‘.,&;2"57 0125 514 48% 193 205
1 T 1210 757 134 %% 2
| 8 112 137 - 267 #i#
95 3.12 0035 724 669 232
2 24 245 0166 00000000 0000 0.000
o 48 . 434 0370 160 0476 369 0337 '
- 95 ' 447 - OB77. 459 109 103 0331
s 24 268 0014 0034 013 0013, 0051 |
48 ' 450 0436 05810124 , 0120 0031 -
o5 452 0465 105 129 232 0377

B I ’ . - . - y i = .
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Growth And Clavulanic Acid Production With Different Concentration
of Glyceyol. Termentation 7. . o

" Dry Cell Welght .- S o
[Glycerol] © . (OCW) - ' -[Clavuinicacid] Specific Producton

% (W/v) time(h) . mg/ml stddov__ pg/ml ‘std dev  ug/mg std:dev —

0.5 2% 121 0078 343yM21 287 . 037
88 456 ' 0121 1937)01 424  0.02
95 . 243 0070 138 159 569 ~ 0.119

1 24 - 130 0035 362 346 _ 278  0.099
: 48 ' 413 0071 169 174'% 41.0  0.104
95 322 0046 122 127 - - 379 .0.105

2 24 - 244 0211 189 1M 174 0126
48 423 0156 125 120 . 29.6  0.103
1

- 95  540. 0122 655 72 121 0112
5 24 325 0044 489 0444 150  0.092

48 4.24 0763 20.7 3.14 4.88 0.239
95 6.33 0337 3.87 0.598 0.611 0.164

Dry Cell Weight (DCW) were done in triplicate for each sample time!
" Clavulanic acid determinations were done nine times per sample time.

/|
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Effect of glyccrol-co}&ccmrations on g‘;b,wth and cla\?ulahié acid produgtion in 3.

: A

.clavuligerus. The nitrogen source was (.2 g/100ml asparagine. The phosphate

source was 25mM KH2\P04& " .
“ I N . - . )\ ;. oo
’ . . ' i‘
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Tablev4. Compansonbf Clavulamc Acid Producnon w1th l% W/V Glycerol
o DryCelchxght L . .
Fermentation [Clavulanic acid] Speciﬁc Production
Number time(h) j/ml stddev pg/ml stddev pug/mg  suddev
1 24 164 0007 657 053 402 032
- 48 473 0174 847 . 428 179 <112 °
- 95 510 0736 589 572 .115  2.08
P 24 157 0906 21 757 134 952
| 48 419 0100 112 137 267 333
> 95 312 0035 724 669 232 216
3 24 130 0035 362 ° 3.46. 27.8 . 0.099
48 413 0071- 169 17.4 410  0.104 -
95 322 - 0046 122 127 379 -0105
.4 24 258 0486 264 0138 1.02  0.089
50 - 438 0565 140 104 320  0.150 .
. 9% 4267 0119 703 174 165 0037 .
s - 24 219 0050 221 0122 101 0.060
' 48  482. 0265 129 7.53 267  0.080
: 4 9 357 0069 899 513 252  0.060

Dry Cell Weight (DCW) were done i triplicate for each sample time.

, Clavulanic acid determinations were done nine times per sample’ time.



- carbon in 1ts strucsure, making ita possnblc source of c
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of a variety of other nitrogen contammg compounds ﬂghough asparagine does have

n as well as mtrogqn, it cannot

" support growth asa sole'ource of carbon and energy When culturea were grown in

produénon medium w1th only asparagme servmg as both the mtrogen and carbon soufce, * ~--

there was neghglble growg or producuon of c]avulanlc qad.
The mtrogen sources tested were urea, asparttc acid, glutannne, Na.NO3 and NH4C1-

The culture filtrates were taken from three tlme penods (24 48 and \96h) The 1mt1a1 ,

' »

studxes revealed that urea and NaNO3 were unsuttable as nitrogen sources m that they

-

could not support c¢ll growth The sparse growth seen with urea was lower than reported

' by ot‘her groups. (Aharonow1tz and Deinain, 1979). This may be due to the use of a

washed moculum Urea and NaNO3 supported relauvely low production of clavulamc;

-actd. Aspartlc acid, asparagxne, and glutamme were found to glve good production.

ﬂ -
Ammomum chlonde (NH4C1) also supported good producnon levels (table 5). .

’ A repeat’fermentatron wrth samples taken at more fxequent mtervalsmdtcated that the -

' clavulamc acid productton levels were lower with NH‘CI as the mtrogen source than was
| seen in: the ﬁrst fermentatton run (table 6) The reductlon was not as drasnc as was
_d€termtned for cephalosporm productlon where NH4Cl reduced productlon by 75%‘

' (A‘haronowrtz and Demam, 1979) The hrghest producnon of clavula’mc acid (61. 6 ug/ml) g

was obtalned thh 0.2 g/lOOml asparttc acid as the mtrogen source. Asparagme at the -

’conoentration 02y 100ml),produe\ed the next htghest amount at 56 6 pg/ml. Glutamme

i and N1{4C1 producet lower amounts of 36.7and 31.3 ug{ml respecttvely The nme of

”



of

Inorganic nitrogen sources, 30.4

- Dry Cell Weight (DCW) were done in tnphcate for each samplc ﬁc
Clavulanic acid dctcrmmauons were done nine times per sample time,

.V"
L “
‘ , ) i I ’ ‘ ' .
- Table 5. . Clavulam;: ACId Pmducuon wnh Dxﬁ‘erem Nitman Soun:es N
St ".D:yc.:nwﬂgm A o
Nittogen = Sample ' (DCW) ~ [Clavulanic amd] Specxﬁc Producnon .
" .Source . time(h) m;//ml std dev u@ﬂ snddev _HM' stddev:
.- Asparagine 24+ 137 0096 0794.°0.122 0536 0.089¢ © .
48 - 460 0369 222 _3.61 . 450  0.807
2 96 3.96 0101 265 451 661 114
Aspartic Acid 24y 132 4)0 4 0774 0044 0569 0048
48 3.43 -56.6. 176 . 16 0.683 .
9 . 3.26 ,‘oosz 3777 173 115 0546 :
Ura. 24 079 0044 295 0086 3.60- - 0218
48 0987 - 0127 150 213 140 259 -
96 .. 0.793 - 0.117 -0.000 ° 0.000 - 0.000 . 0.000
. . T - ) . , . - , -
Gluaminé = 24" 152 0015. 367, , 157 241 - 1.06
| 48 516 0062 56.6 297 110  0.592 5
-9 397 0183 0774 "0.022 0195 0.011
¢ . r L . C o
Soditm © 24  0.817 0100 201 0.089 218 0.256
~Nitrate 48 0.817- 0012 741 - 0366 893 . .0.458
) 9 0987 0.58 183 0679 21.5 4.08 -
. Acmonium 24 189 . 00551 183 079 984 0518
" Chloride ' - 48 = 3.69 0341 945 0495 234 0233
-~ 1. 9%, 444 0236 732 226 162 . 0983 .
Orgamc n;trogcn som'ce s, 2g/L ™ i
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to .Ta,blc 6. Pmducuon of Clavulamc Acid with Variou Jhtrogen Somce BARE

fDryCeuWeight(DCW)wmdonemmphcz;teforeachsampledme

Clavnﬂamcamddemmmauonsweredommmnmespamlem

}“ ]

\ t

4

2

. Dy Cell Weight -
NittSgen  Sample DCW) .- [Clavulamc acld] Speclﬁc production
Source umc(h) mg/ml _stddev. pg/ml, std dev fig/mg sid dev
Glutamine 24 230 0140 077 ,0.032 0.335 0.074‘

: T 48 - 451 0014 367 0744 8.14 0.021,
72 447 0.027 265 - 0.337- 5.93 0.014
98.5. 4.03 ~ 0410 265 -1.00 658 ' 0.108
122.5 3.57---0170 313" 0336 .8.77,  0.049
o144 331 0210 201 -0.021 : 0.607 " 0.064
168 ~ 3.04 = 0.028 741 0. 176 244 0.025
' Ammonium 24 125 ° 0025 112 &)842 10:896 .0.042
Chloride = 48 251 0120 26.5 10.6 0.061 -
" 72 420 0420 741 . 0281 176 _ 0.107
. 985 376 0170 313 101 :°832 ~ 0.056.
1225340 0100 265 .0.693 . 7.79 0.039
144 313 0210 741 0206 . 237 - 0.073
168 328 0500 150 a657- 457 0459
Asparagme 24 146 0014 0170 , 0.007 - o.fi6 0042
48. 451 0085 566 3.30 125 -0.061
. ‘72 528 0.085 367 222 695 . 9.063
98.5 4.22°. 0120 741 0.22 1.76 . 70.041
1225 3.19 0.0071 "183 . 0.65 575 0035
S 144 3.19. 0190 r£265  1.48 8.31 0.082
- 0168 . 292 0070 494 4. 39 169 .0.092
Aspartic Acid 24 ~ 1.82  0.066 .0.000 0. 000 0.000  0.000
. 48 314 . 0150 61.6- 190 196 0,057
‘ 720 347 0233 313 0937 902 0074
1985 .3.20 0690 427 126 - 133 0218 .
© 1225 2.68 ..0017 - 15.0°° 0904 .560  0.061
144 262, 0112 150 , 0497 = 5.73 0.054
168 236 "0095 . 12.1 0364 - 5.13 0.050
e ' | /; ) , ,
Organicmu'ogensom'oes,Zg/L S
Inorganic nitrogen:sources, 30.4 mM .
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maximum producnon fluctuated between the nitrogen sourees A]aln. for the saks of

‘ companson to the cephalosporin nutritional studies in S. clavuugerus. asparagine wes

chosen as t.he mtrogen source for further studtes even though aspartic acid produced
slightly hrgher clamlamc acid levels o ' ’ '

To determrne if there was any type o£ mtrogen regulation, fennentntion cultures were

carried out with increasing amounts of NH,,Cl added to the production medlum already

containing 0.2% (w/v) asparagine as the nitrogen source‘. “The production medium was

supplemented with 0, 10, 20and 50 mM NH4C1 Sarnpltng of the Culture ﬁltrates was

done i in 24 h tntcrvals up to 144 h. Int:reasmg concentrations of NH4C1 sttmulated

. growthjmt clavulamc acid pnoductxon decreased, mdtcanng some. type of regulanon (table

.7 stnd ﬁgure 15). thhout any addmon of NH4C1 the maxxmum clavdlamc actd o

. producuon level was 60.5 pg/ml. Clavulanlc‘actd levels dropped whrle correspondmg

growth increased with the addition of NH4CI Again the vananon in the clavulanic acid

f levels is quite evrdcnt. The numbers are qutte low compared to those numbers obtained in
. the carbon smdles The pattern of production, however, was conﬁrmed by the btoassay
" D: Phosphate Regulanon | R |
' Unhke\}xe sttuanon thchzybon and nm‘ogen sources, there was no investigation of
. fdrfferent phosphate sources. The focus was on the effect of phosphate concentratton on
‘ clavulamc acid productton Cultures were grown in standard productton medtum wrth 0
‘10 25 50 andy75 mM of phosphate The use of Mops as the buffer prevented the pH
' aﬁog&alymg with the addition of different amonints of phosphate. The MOPS buffcr was

.’Q

o



‘10 0 A 250

48 540

2 460

9% 3.70

121. 320

144 3.00

0. 24 220
. 48 580

7 5.00

%6 390

_ 1210 3.60
144\ 320

50 2 1.90
48 510/

2 480

{ 96 450

121.  -3.10

3.10

U 144

©0.100
" 0.310

0.081
0.062

0.064
0.120

- 0.140

0.750

0.170

11.3

2.62
5.72

12,63
3.39

0.095, 19.4

15.9
8.69

1.80

0.250

_0:136\. 4_

0.131
0.095
0.283
0.107
0.142
0.582

o

10.8

6.39
10.7
2.35
2.72

1420

5.14
1.13
0.564

290 -

442
2.72

0,947

0.514
1:19
0.584
1.09

6.26

Production medium has 2 g/L asparagine as the nitrogen source. '
Dry Cell Weight (DCW) were doio in triplicate for each sample time.
Clavulnic acjd determinations were done nine times per sample time.

.
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_Figure 15. Effect of NH,Cl Supplementatiop of Production Médium on Clavulanic Acid
Production. The maximum volumefric titre of clavulanic acid produced with
increasing amounts of NH,Cl added to the production medium already

 supplemented with 0.2 g/100ml asparagine. The carbon source was 1% (w/w)
glycerol. The phosphate source wag 25SmM KH,PO,.

t
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’iot metabolized by the culture even though it was present ina high concentration
(IOOmM) Sampling of the culture filtrates was done in24 h lntu'vall up to 144 h.- The
'ﬁngns ofthis study showthat clavulanic acid pmduction was lﬂectedin a erratic manner

' by hxgher phosphate concentrations (table 8) When no phoaphane was present. in the

productlon mcdtum. there Was minimal gromh but clavulan!c acld productlon was

’ relauVely high ; at 15 Spg/ml Production levels mmined the sarhe with 10mM phosphate :

addmon (151 ug/ml) ’I’he concentraﬁon of phosphate which gave optithum levels of
clavulamc acid productlon was 25mM, Mgttmum.pmdpctionwu At 120h with 28.5
- t'tg/ml of clavulanic acid produced. At 50 mM phosphate the volutnetric titre dmpped
sxgmﬁcantly lower than at 25 mM (ﬁgure°1 6) to 15.9 pg/ml. Unexpectedly. clavulanic

| acid pmducuon }evels rose to 26.4 pg/ml with 75mM phosphate.
. Unlike the sttuatton with glycerol and mtrogen where increasing the carbon and
nitrogen content decreas‘ed clavulamc acid, there does not appear to be any specu‘tc pattemn "

1o mdtcate phosphate regulanon of clavulamc acid producnon Instead of decreasing

" clavulanic acid productton wath high amounts of phosphate. it appears to sttmulate
producuon ,(ﬁgure 16) When the specxﬁc producuon was exammed the sttuauon was

" Hearer. With the excepuon of 0 mM phosphate, 25mM phosphate supported the htghest
- specxﬁc produchon titre at 11.2 pg clavulamc ac1d /mg DCW while the specific producuon o
' ‘.for 50 mM and 75 mM phosphate was xespechvely, 7.23 and 8.15 jig clavulanic acid / mg

' DCW The results indicates that the concentranon of phosphate requtred for the best
i
 clavulanic acid producn\an was subopnmal for growth '

Desptte the prevsously menttoned measures whxch were taken to standardtze inoculum

»

preparanon 10 ensure cultune umformtty. clavulamc a¢td producuon levels were low in the

¥
i

>
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;\ .~ (Phosphate] Sample

Pmducdmof 'vulu;icucidln

“Table 8. Cla Response to Phosp

Dry Cell Weight

w. hate Concentration.

-

/W

(Clavulanic acid]  Specific Production

0

10

50

75

DOCW)
24 0720
48 - 0.657
72 0.673
96 0.640
120 0.897°
144 0.875
24 1.80
48 3.77
72 3.53
96 2.66
120 1.89
144 ¢2.08
24 "1.79
48 3.64
72 3.58
9% " 3.10
120 2.55
144 1.89
24 1.64
48 4.02
72 3.95
96 3.38
120 ~2.20
144 2.85
24 1.30
48 3.24
72 4.52
96 3.90
120 3.50

144 - 334

5

0.079 * 3.91
0.025 15.5
0.015 9.58
0.079 14.0
0025 13.6
0079  13.6
- 0.007 3's3
Q.050 6.10
0.007 15.1
.0.156  6.25
0117 S5.38 -
0219 4.83
0.665 .36
0.072 103
0.052 ,13.3
0.093 14.3
0.007 28.5
0.099 15.0°
0.007 5.53
0.208 12.7
"0.100  9.51
0.135 13.3
0.071 159
0047 110
0.015 5.31
0.208 © 26.4
0.110 199
0.064 22.8
0.007 18.6
0.141 233

0.898
0.422
0.609
0.648
0.455

0.152
0.156
0.508
0.193
0.201
0.254

0.489
0.256
0.359
0.608
1.10

0.266
0.140

0.558
0.674
0.619
0.505
0.378

0.117

. 0.692

0.553
0.727
0.534
0.884

5.43
23.6
14.2
219
15.2
15.5

1.96
1.62
4.28
2.35
2.85
2.32

4.11
2.83

- 3.72
. 4.61
.11.2

7.94

3.37
3.16
241
3.93
7.23
3.86

4.08
8.15
4.40

5.85

5.31
6.98

) mgml  sddev  pgiml  sddev pg/mg sddev
: L 4
0.234

0.699
1.65
0.708
2.88
0.845
1.50

0.075
0.073
0.147
0.153
-0.229

0.324

2.83

0.098
0.118
0.257
0.456

0472

0.085
0.231

0.204
.0.248

0.322 .
0.154

0.104
0.550

0.159 -

0.222
0.185
0.396

Dry Cell Weight (DCW) were done in triplicate for cach sample time.”
Glavulanic acid determinations were done nine times per sample time.
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Effect of Phosphate Cbncentration on Clavulanic Acid Production. Tbe maximum ,

volumetric titre of clavulanic acid produced with increasing amounts of KH,PO, -

added to the production medium. - The carbon source was 1% (w/w) 'glycms],"
The nitrogen source 0.2 g/100ml asparagine. - o ' -
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férrnentati'On runs carried out to ﬁn)estigate the effects of phosphate concentration '
Since the standard producuon medlum contamed 25 mM phosphate. the 25. mM

. culture in these fermentatton runs wene expected to show levels of clavulamc acid

/

producuon similar to those/seen in the studies on carbon and nitmgen sources 7
Although the reason for the low levels of clavulamc acxd production is unknown.

phosphate concentration did affect clavulanic agrd production - _ /
. ¥ S
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V. DISCUSSION . T | t
The results descrtbe the deve°lopment of analytical procedures for the quanutauon of
clavulanic acrd producuon in S clavuligems Once an accurate and rehable assay system
~ for measunng clavulanic acid was obtamed, the effect of carbon, mtrogen and phosphate'
. sources on clavulanic acrd productlon was mvesugated The studles “showed that
o clavulamc acrd productlon was affected by the amount of carbon and mtrogen avmlable

The effect of the amount of phosphate on clavulamc acid produeuon was less clear.

’

VL ClavulachcrdAnalyscs TN
A Blologrcal assay (Btoassay) oftlavulamc acid. ..
| = The btologtcal assay was detenmned to be unsmtable as a quantitative analysis system
for clavulamc acid in thrs study The method descnbed by Readmg -and Cole (177,

culture ﬁl’trates, had several

‘although it was conxemen; and rapid method of checkm

eﬂaws that made it unrehable One problcm w th sensrtmtyvof the broassay As.

1nd1cated by the results. small changes in the zone srze-;correlated to large change£ in the
| .amount of clavulamc acrd detected 'I‘he rmmmum zone swe of 6. 35 mm magefdetecuon |
of amounts of clavulamc acrc&ss than 0 05 ug dlfficult The physxologrcal state of - the '
indicator or;gamsm also affected the: zone size (data not shown) Wrth a young mdrcator-
: "culture as moculu‘m ‘the resx?ltmg Zone srzes of clavulamucrd standards and culture
filtrates were small With older mdrcator cultures the zone srzes were much larger ,

N Standardxzed tndlcator moculum alleviated some of the vanabrhty. ;_' hi

o quantrtauve detecuon. the broassay was a raprd method of quahtatrvely determmm g the

apresence of clavulamc acrd

uy

>



B. ChemtcalAssay , . . o C,

- The chemrcal assay descnbe% by Brrd et al. (1982) and Foulstone and Readlng

1982) was mvesugated as an alternatrve to the btoassay The imtdazole-denvatized

clavylanic acid standards produced a linear response The ultra violet (uv) stans of these ,

L _standands showed a dingle: peak with an absorbance maximum at 311 nm and the scans

of the controls showed neglrgrble absorbance This corresponded to the results obtained

A by Foulstone and Readmg (1982)

' However dtscrepancres in the chemical assay became evident wrth the analysis of

culture ﬁltrates The mndazole treated culture filtrate did not have the expected

absorbance peak at 311 nm but rather, a plateau. When compared to the 1m1dazole tregted
culture ﬁltrates, the scans of the. untreated culture filtrates had a high backgroundﬂ,,:

absorbance. It appeared that the culture ﬁltrate 1tse1f was maskmg the denvatton process ’

u

of the imidazole reagent

' Ta determme the nature of the mterferenceF various controls were_ tncluded The

when reacted wrth 1mrdazole, had low uv absorbances Sxmtl‘arly, ‘uninoculated

vproductxon medium supplemented ‘with standard clavulamc acid, showed little uv
absorhance When thrs sample was treated with 1mtdazole, there was a peak of -
absorbance at 311nm as expected. Thts result showed that the mterfermg materlal wa! '

_ notin the unmoculated productton medrum. . "

However, when a culture filtrate was supplemented with the same amount of
)

clavulamc acrd and reacted with mudazole, the absorbance was lower than the clavulanlc
. . a

' 1rmda§ple reagent umnoculated productron medrum and @unoculatedvproducuon medlum g



0
«J
E actd standard alone.. A hrgher absorbance was expected since there was: clavulamc actdv” |
initially present in the ﬁltrate (indicated by the bivassay). S,
Changtng the type of carbon and mtrogen s0UrGes in the producuon medrum also.‘
mterfered with the assay Some of the untreaned culture filtrates gave htgher absorbances
than the derivauwd sample w
- These problems 1n the spcctrophotometnc chem,tcal assay mdtcated that ‘the
interfering matenal was present rn the culture filtrate after fermentation. Attempts to |
-resolve the problem by ﬁltrauon and extractton were unsuccessful (data not shown)
' Because of the nature of the nutrmonal Studtes, tlus assay was unsuttable for quanutatmg
‘clavulamc atid from culture filtrates. ‘ .
C. High Pressure qumd Chromatography (HPLC) anal%ts S .
Analysts of clavulamc ‘acid by I-lPLC was also not sans&gtory Initial analysrs of
clavulamc acid in the culture filtrates was hampered by the mte;fzrence -caused by medla
.components. The changcs in'the carbon and mtrogen source’ Buffer and fermentauon

. products made it dtfficult to resolve the clavulamc acrd peak from mterfermg materials.

. Clavulamc actd standards in umnocﬁlated productron medtum or HZO jwere only

‘. margtnally resolved Culture ﬁltrates supplemented with clavulamc actd 7ave peak areas
which COuld not be measured rehably because of ugterfenng peaks ‘ )
The addmon bf PIC A reagent (Waters),aan ion pairing reagent, to the mobrle phase

.. i g

| .tmttally 1mproved the resolutxon and separatton of clavulanic acrd standard in \}O

"Resolutton was also tmproved in the culture filtrates Closer inspection of the data |

'tevealed that the values obtamed from HPLC dtd not correlate to the numbers 1nd1cated by - @ g



‘was the essenual buffenng 'bomponent in the producuon medium and cou /d not be ‘(

as an assay method,

s -

the btoassay, the values were 100 fold htgher than the semt-quantttattve bioassay. In
addmon, it was determmed that the MOPS buffer in the media, was cqgnplexlng with’ the
Pic A reagent resultmg in the formation of a peak with the same lretentton time as the _

clavulamc acxd standards An alternattve HPLC method was mvestigated since MOPS

\l :
Ql - . B [
replaced , A N B ' S

Pre-column denvattzauon of ‘the clavulanic acid with mudazole. as descnbed_ by

{
Foulstone arid Reading (1982) unproved detection and resolution of clavulanic acid from

" the other components of the medtum The trmdazole-denvattzed clavultytlc acid product

was resolved with no mterference from undertvattzed clavulamc acid. Ltneartty was

- A

' obtamed for plots of peak area versus concentratton ' )

-The method of Foulstone and Readmg (1982) was the most reltable HPLC system

used but it sull suffered from mterference problems when the nutrient sources wore "y

chan ged Chromatograms of the untreated culture ﬁltrate showed peaks betng resolved at

: retenuon times close to the imidazole treated cultwe filrate. These peaks contrtbute to tlte

| area of the denvanzed peak and made quantttatton very dtfficult especxally at low '

concentratton of clavulamc acxd thh thts development the HPLC was no longer used
D. Enzyme assays. , _ = . o ﬁ o 4”
. The fourth analytlcal method mvesttgated for the quantttatton of clavulamc acid was -

the enzyme based B-lactamase inhibition assay. Two different B- lactam substrates,

'PADAC and pemc;tlhnG were assessed. ' K ' . - e
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‘ :may mlubtt the enzyme and thevcb)? reduce its ability to dcgradc P@&DAC. To cu'cumvcnt '

8- lactamase producmg '6rgamsnts It has also bccn, dcscnbed as a raprd method of

102

Thc ‘coloured cephalpsporm, PADAC has becn uscd clrmcally for screemng for .

detectrng 8-lactamase inhibitors f'rom crudc culturc fenncntatxon broths (Schmdler and '. . ;

Huber, 1980 and Jones et af 1982) Thc advant‘;tgc of usmg the PADAC substrate over - ,
%

pcmcrllm G was that the reaction can bc mcasurcd at the vtsrble end of the wavelength
. spectrum. R

Addmon of cluvulamc acxd drd inhibit thc ratc of PADAC dcgradanonsby thc
B-lactamasc cnzyme 'I'he major ﬂaw with this assay became evident whcn the speclﬁctty
of thc assay was mvestxgatcd Cephamycm C, which is a product of the fermcﬁtauon,
was found to inhibit the enzyme although not to thc sam’c degrce as clavulamc ac1d As

mentioned yrevxously. the possrblc reasgn for the result was that ccphamycm C ‘being -

; s1mllar in structurc to PADAC could have becn competmg with the coloured

' ’ccphalosporm A_lthough itis quttc mststant to degradanon by B-lactamase, ccphamycm C -

“the mtcrfercnce problcm. attempts were made toausc a mutant that dxd,not produce

. penicillins"and ccphaloponns While unable to producc B-I‘actam antrbroncs, the mutant

4

l

stram was still able to ﬁ:oducc clavulamc acxd. ‘Bioassays of the NTG #12 culture ﬁltrate A
mdxcatcd producﬁon of clavulanic acid when NTG # 12 was grown in,a complex ,

mcdium Prelumnary tests with PADAC conf'umed this but when thc mutant was -

h\
culturcd in the defined nutrmonal production medxum, no growth was observed. The

auxotrophtc natum of thc mutant made it unsuitable for further nutrmonal studies.

' Thc sccond cnzyme assay that was uscd to quantttatc clavulamc acid was tlye mcthod
. » ;
3 Ly,
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described by Beading and Hepbur (1979), and Gutman et al: (1985b) using penicillin G

as the sybstrate. This method momtom’ihe degradauon of pemcillin.G at A24°nm

]

Quantitation of clavulamc acid was done by interpolaung plots of the percentage of rate
mhtbmon to the amount ‘of clavulanxc actd The plot of percentage of rate inhibition
: AR

versus*the amount of clavulamc acid gives a non ltnear reladonshiit. The accuracy.was

dcpende‘nt on the curvature of the;lot To 1mprove interpolatton. the amount of
. clavulamc ac1d was dtfferentu&ed before bemg plotted Plots of the percemage of rate
mlubmon versus the cubed root of the ambunt of ¢lavulanic acid produced linear
‘ relattonsh‘tps This is different from the srtuauon reported by Readmg artd Hepburn
(1979). In their study, a liftear relationship was obtained by plott_i_ng the peroent_age of

. rate inhibition against the amount of clavulanic acid. Their enzyme assays were

“conducted with the S. aureus &lactamase The inactivation of the S. aureus B-lactamasé
' ~by clav*ulamc acidisa storcluometnc, one-to-o”‘e relauonshtp "The non lmear relanonship

“of the curve obtamed w1th the Difco penicillinase (from Bacillus cé)'eus). is the result of ,

the more complex kmettcs of the partrcular enzyme reactmg with clavulanlc acrd Much

moré clavulamc acid i is requu'ed to inactivate tht;enzyme Gutman ez al. (l985b) found .
- 'srrmlar results using B-lactamase from B. cereus “and the same procedure as this study

Instead of trying to lmeanze the standard curve, théﬁeft it.as a non lmear relatronshtp

- By lmeanzmg the standard curve, the values obtatned in the subsequent nutrmonal studtes

. \ . -
- approached the reponed hterature values.

Unhke the PADAC assay, there was no mterfenence by cephamycm C when penicillin -

G was used as the substrate for the B-lactamase assay. However, there was ofher

N U S
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g apphed to clavulanic acxd producnoa in S. clavuligerus.

)
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interference from the culture filtrate. Some filtrates that tested negative for clavulanic acid

by the bioasssy nonetitless inhibited the B-lactamase md:cstmg the presence of clavulanic

acid. Separate studies have since shown that S. clavuligerus produces an extracellular

,proteinsceous B-Jactamale inhibitor in addmon to clavulanic acxd This interference
problem, which gave false posmve results, was alleviated by the addttion of equal -

volumes of methanol to the culture filtrates. S’tandard solutions of clavulamc acid were
not affected by the methanol addition, nor was the B-lactamase enzyme
2, NUTRﬁ'lONAL STUDIES

* The study of clavulanic acxd production in S. cldvult'gerus was based on the parallel

experiments by Aharonowitz and Demam on cephalosporin producnon in the same

organism (Aharonothz and Dematn, 1977, 1978 1979). In their ongmal studxes,

- Aharonowitz and Demam mvesngated ﬁ)e effect of carbon sources, nitrogen sources and

phosphate concentratxon on oephalosporm producnon These same cn&ena have been

A CARBON SOURCES . v
In studymg the producuon of cephalosponn in §. clavultgerus, Aharonow1tz and

"Demain found the best carbon sources for producuon were starch, glycerol and maltose.

,
They also detexmmed that orgamc acids such as succmate, fumarate, and a-ketoglutarate

. were suxtable carbon sources (Aharonothz and Demm, 1978) ‘With cephalospm |

productlon. the pobrer carbon sources gave low volumetnc production of the antibiotic '

but ,hxgher Speclf‘xc producuon of cephafosporm (ug/mg 'DCW) and, shifted the

fermeritanon tobe more closely assoclated with growth ‘

A



Y

-

The results of-this study showed that the carbon sources rpost suitable for growth and

carbon sources for growth 6f S clavuhgems (Cole etal., 1985) The resu]ts from this

study and from Aharonowrtz and Demain do not supptirt thxs findmg Rather they

support the evidence presented by other groups, that sucrose and gl ;ose are non

'unlrzable carbon sources (Higgins and Kastner, 1971 and At et al.,.1975). As with the

situation found in cephalosponn broducnon, the poorer carbon sources lead to lngher

specific productxon (ug/mg DCW) of clavulamc acxd (low volumetnc productron) and

shlfted the fermentation to be more closely associated with growth
The growth response\ and clavulamc acid productlon levels observed with maltose.
starch and dextnn as the sole carbon source were smnlar Maxrmum producnon levels

- rdnging from 129- 174 ug/ml of clavulamc acxd were produced with each of these

substrates. Pnoducuon was shg‘htly lower with glycerol as the carbon source (84.7-169 ‘

“pg/ml), As mennoned earher, glycerol was still chosen as the carbon source for-further
. studies. to facilitate comparison with the studies of Aharonowitz and Demaxn and help to

clanfy the relationship ‘between clavulamc acrd producuon and cephalosponn producuon

1y



in§. clavullgeru.r o . .
Other investigaton used non defiued carbon sources.or multiple carbdn sources (Gole ' [
etal., 1985 and Romero ef a., 1984). “The medta described in the U.S. patent by Cole ¢f
“al., were comprised of complex nutrients such as peptone. malt extracts \md soybean:
meal whxch served a8 both the carbon and mtrogen sources While these media d1d give -
( good proﬁucnon of clavulamc actd. they dld pot give much information as to the specific
| carbon and. mtrogen sources whtch promote clavulamc actd production. Few' deﬁned
nutritional studtes on clavulamc acnd production have been camed out .In one such study
by Romero er. al. (1984), the carbon source consrsted of a mrxture of sucrose and
glycerol with glutarmc acid and proline as the mtrogen source: They found that
clavulamc actd productroh comcrded wuh the raptd utilization of glutarmc actd. The -
sucrose was utxhzed ata slower rate than glycerol ‘When S clavul;gerus was groWn in
productxon medium wrthout glyceror thete was no producuon of clavulamc acid. "The
maxxmal rate of clavulamo actd producuon was obtamed when 110mM (l% w/V) glycerol |
T was tnmally preseﬂt Concentratrons above this level reduced the productlon of |
clavulamc acid (Romero et aI 1984) In anqther study by Ho in 1985 usmg condmons '
very ‘similar tQ Romem et aI hxgh levels of clawlamc-acrd producuon were acﬂ:ved ina
glycerol based defined medrum but in this case the lever of glycerol was much hxgher at
3S%w/v(380mM) . ,." T e L
"' Thise prevrous findlngs that glycerol is a: good carbon’ source for clavulamc actd
productxon, correlate well w1th the presen{wtudy However, Romero et al. suggést that
glycerol is a du'ect precursor of clavulamc acxd and was tdherefone an essential component S

:; iga .
" ¢ oo ‘ . ) . L . . e



_‘ of the gnowt}n mcdxum for cfnvulamc acid ptoduction The good levels of clavulanic acid

producuon found in this study w:th suu'cp maltose or dextrin as cnrbon sources Clearly
do not Suph()fx dns hypozhcsis o ’
lh this smdy. ﬂuctuauous in the levels of clavulanic acid production wenc ﬁoquently

obscrvcd betwccn ferméntatxons. Thq values do not nlways ‘approach the repoited |

htcratune valucs (200 SOOug/mI) (Colo et aI 1985).. Wath 1% (w/v) glycerol,-the
maxunnm producnon lcvels ranged from 84. 7 to 169 ug/ml. The tnqjor factor affccdng
“ thrs probably was thc physxploglcal state bf the cpltutc.. Althougb 1ho mycml spore

| stocks were gcrmxnated in the samc manncr for each fcfmentauon. md t.hc inoculation

| proocdum was kcpt constant thcrc Was always aﬂuctuauon with the growth and

producuon Icvcls ‘Other methods such as a spom oount With a counting chamber would

have: ngen a morc accurate number but thesc mcthods were logistically’ unpnctical _

Counung germmated sporcs would be dlfficult due o the filamcntous nature ‘of the
bactenum in use. L ; ~_ w T ) ‘ ’

To mmmnzc the vanauon m thc results the inoculum sxzc was standardmcd as much
‘as poss1blc (as descnbcd in thc Matcnals and Methods) Evcrythmg was done in
tnphcatc Imnally thc culture ﬁln'ates wcm poolcd and. assayed in triplicate. This was
changcd Q that each culture ﬁltrate was analyzcd in tnphcatc Thc numbers obtained
from thls moculum proccdurc sull vancd ‘but thc clavulamc ac:d producuon pattern
appcaredtostabllm » - ;V Lo '

B GLYCEROL o L o |

Posslblc cnrbon catabolite ;cgu'izition on c,ll_avulanic' dcid producﬁon mg invccﬁgnted

(-
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by growing the cultureﬂn production medmm with different amounts of glycerol. Initial
Wmuklhldmdicuedthulnmenbnnccdglywol u(mwmlnmnoclmmnm
uuproducamormwm mﬁmdemlelcve}.&mobmw;mos % (w/v
* glycerol as the carbon source. At concentrations gredter than 1% glycerol, clavulanic acid .
levels decreased. This is con,gistbnt with the results of Romero et al. (1984) and
 Aharonowitz and Demain (1978). Filtrates analyzed with the penicillin G enzyme assay
generally mppoﬂthi; pattern and s;o a glycerol content of 1% was used in subsequent .
studiés. The difference in the production levels of clavulanic acid from literature values
(200-500 pg/ml Colc et al., 1985 and Ho, 1985) could be due to the use of one carbon
source in this study mstcad of a combmauon of carbon sources that could ef\hancm\k the
pgpducnon The only cgrbon source prcsent is glycerol. It may be argued that thc
’mtrogen source, asparagme. could be a possxble oarbon source as :vcll ‘but the small ‘
amount of carbon present in the asparagine made no significant impact on the production
of clavulanic acid. When asparagine was tested as both thc x;xu'ogen and carbon source,
the amount of clavulanic acid pmduced was ncghg1ble

. C. NITROGEN REGULATION ‘ ,, !

There have been many studies which dcmonstra,te that the typc of mtrogen source
present can regulate anubxonc production. Onc such examplc is the regulatxon of :
cephal'osporm production in S. clavuligerus by - van_pns mtrogcn sources. Aharonowitz
and Demain (1979) and Brana et al. (1985) determined that as.mtrogen sources, certain

~ amino acids supported good levels of both growth and production of cephalosporin while .

NH4CI supported gron but gave décreased levels of antibiotic production. The best |
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“amino acids for cephalosporin pxodu'ction in S. clavuligerus were‘ nspm;MQ and
glutamine with arginine\ the next best. When P{\H,;Cf\ag added to asparagine
supplemented production medium, the powth rate was not affected but cephalosporin
production was greatly mduced. Cephdospm{n production was reduced by 75“5. From
their studies on cephalosporin production, Aharonowitz and Demain determined that the

addition of low levels of NH4Cl to medium already conmining asparagine stimulated

PYR

antibiotic production and growth. Addition of conocntradqns of NH4CI greater than
10mM, lowered the annbxonc yields while the biomass increased. From this, they

concluded that the fermentation, in the absence of added NH4Cl, was mtrogen limited.

When mtrogcn in the form of NH4Cl was in excess (above 10mM), Production fell
drastically (Aharonow:tz and Demain, 1979) . \
In this study, the initial screening of mtrgg_nn sourcas $Rowed that ured and NaNO;

were unsuitable as nitrogen sources. A maximum growth of/ 0.9 mg/mi dry cell weight

(DCW) was rcached with 20 mM urea whxlc literature ' reported growth to reach .

N
maximum of 25 mg/ml DCW (Aharonowitz and Demain, 1979). NaNO3 supported no

growth andv'low praduction of clavulanic acid. Good clavulanic acid production was

obtained when the nitrogen source was aspartic acid, asparagine, or glutamine. In an
initial study, NH4C1 supported high clavulanic acid production levels but this result was

not observed in subsequent fermentations, where the production of clavulanic acid was

poor.
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When the effect of addmon of NH4C1 to medtum already contammg asparagme on’

‘the producnon of clavulanic actd was. mvestxgated, there was no stxmulauon of productton -

‘ thh the additxon of lOmM NH4C1 Maxunum clavulamc acid produéuon was achleved N

. 'IP

without any addmon of NH4C1 Increasmg the concentrauons of NH4Cl stlmulated

growth but clavulamc acxd productxon decreased mdlcatmg regulatlon Producuo&

o dropped by 70. 6% The corrcspondmg growth rose 33. 7% This result show that the |

| ncgatwe effect of axmnomum salts on clavulamc acld production in S cIavulzgerus is
'_snmlar to the effect on. cephplosporm producuon in'S. clavulwerm as reported by |

. _'Aharonownz and Demain- (1979) apd Brana et aI (1985) but no ev1dence of sttmulauon,
by low levéls of NH4C1 was seen. : E o

\b Nm'ogen represslon of clavulamc acxd producnon in S cIavuhgerus has also been -
wo ported by Romero et al., (1984) The mtrogen sou}es used in that study were prg\{lme :
| and gl\tamtc acxd ﬁumc actd was found to be rapxdly unhzed Comc1dmg w1th the-\

‘ glutamlc ac:d depletto&was the onset of clavulamc acld productlon Addmon of more

H

o

R ., glutamate or NH4C1 to the producnon medlum reduced productlon of aavulamc ac1d

’The addmonal mtrogen also delayed the onset\of clavulamc acnd productlon untxl the
- : g .remammg glutarmc acxd was utthzed ‘This mdxcated to them that there waﬁsome nitrogen
4 M ‘ catabohte }i:gulatlon on the btosynthesls of clavulamc amd. Although Romero etal. used
| e dtffenent condmons, they do show that clavulamc amd producuon 1s suppressed by .
i addmonal nitrogen. T . R | - o %

.h“‘,r

DPHOSPHATEREGULATION I
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Aharonowitz and Dernain (1977)‘found that cephalosporin ‘p?%i‘?déﬁén ins.
clavuhgerus is affected by phosphate in the same manner as most secondary metabolism
The best production yleldszare obtained at phosphate concentrauons that are suj) optimal
for vegetanve growth The low concentranons of phosphate were msufficient to provide X
’the necessary buffenng action for the growth medxum To stabllize the pH, Ahamnowig
and Demain increased the phosphate concﬁntraudn At higher concentrahon of phosphate,
: growth was stmrulated and the pH was stabilized. However. at hrgh concentranons of -

] phosphate cephalosporm producno‘h was mhnbrted To circumvent this problem, they
used MOPS as the non metabohzable buffer, and looked at the effect of phosphate on -
ceph_alosponn producnon in a, buffered system. At low concentranons._ the growth and
antibiotic production was low, When the concentration was increased to 10 mM, growth
was no lon ger lnmted and the producpon of cephalospma 8 increased. Both the rate '
and extent of antibiotic producuon was found to be inhibite€ & phosphate concentrauon

) greater than 25 mM (75mM-100mM), but growth was supported (Aharonowrtz and

Demain, 1977). Ihe inhibition of prOduction was. prog&ssi.Ve, u'p'to' ‘85‘% lbwer than at

‘the optimum concentration. Lubbe etal (1985)\7duplicated these results although the
reduction of "jcephalospOrin production was' less drastic. | The specific production

decreased by 50-70%. " | o B
. When ‘the effect of phosphate was ertamined in this study, theiresults indicated that

there was not a drastic effect of phosphate concentratlon on clavulamc actd productton R

These results ate dlfﬁcult to interpret because of an overall decrease in ‘clavulanic acid

producnon lev efs The maximum clavulamc acid levels dropped from approxrmately 150
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' p.g/ml to about 30 ug/ml Tlns lower clavulamc acxd producuon level was observed even |
t.hough the producuon medium remamed the same as had been used‘t!ﬁfoughout ‘the study.
Even wrth.tﬁe lower prbductlon levels, 1t was §t111 poss1ble to determine the effect_ of |
phgsphate on clavulanic acid production. | -
| * With no phosphate present in the producnon medtum there was tmmmal growth
Production was relauvely high. Increasmg the phospl\tate concentratlon to IOmM
decreased the clavulamc acid productton shghtly The concentranon of phosphate
required for opumum claVulamc acld producnon was 25mM At hngher concentratlons of .
- phosphate (50 and 75 mM), the volumetnc and specrﬁc producuon titre of claVulamc ac1d
-, was not sxgmﬁcantly lower than at 25 mM The decrease in productron was not as dmstlc
as the situation described gby Aharonowrtz and Deinain (1977) With 75 mM phosPhate,
“the opnmum volumetnc titre was 26 4 ug/ml VchlIS"28 5 ug/ml at 25mM,a redueuon of
' 7.37%. The maximum specnfic productlon titre. dropped ‘only by 27. 2 % (11. 2 to 8 15 |
pg/mgdew).
| The effect of phosphate concentratlon on clavulamc ac1d producuon in S cIavulzgerus
has also been reported by Romero et al. (1984) They determmed that there was a -
| ’concentratlon dependent inhibitory effect on clavulamc ac@ﬁ‘oducuon in restmg cells. |

In a MOPS buffered system, addmon of phosphate upto 25mM stimulated clavulamc acid

. producnon ngher concentranon of phosphate mhrblted clavulamc acid productxon

VL Conclusxon \ St l',, . ‘
' Summmg up, this study shows that the most relxable method for quanntatmg

. !
" clavulanic acid from fennentatlon broths is the B-lactamase enzyme assay with pemcrlh_n

‘}c
-
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G as the substrate The assay is quic‘k and is not affected by the change in the production :
medium consntuents . o N '
" The study of clavulanic acid production in S. clavwigerus'indit:ate sintilaﬁties end- ‘. x

- differences with the parall-e}' expenments done by Aharonowitz and Dematn on -
cephaIOSporm production in the same orgamsm The sxmtlantxes with cephalosporin ‘
production are: the use.of glycerol starch and maltose as carbon source for optimal
clavulanic’ ac1d production, ;.tbe carbon catabo}xte effect with mcreased amounts of
glycerol the mtrogen represswn on producnon)and the advepe effect of increasing '
phosphate concentranon on producuon The dxfferences with cephalosporin production

are: the faxlurcmkobserve stlmulauon of clavulamc acid pmductlon w1th shght increases in
NH4Cl concentratlon, (g.pd ‘the less ‘drastic reducnon of clavulamc ac:d productton with

‘ mcreased amounts of nitrogen and phosphate. Thts study also showed the dtfficulty in
obtammg reprodumble levels of clavulanic ac1d production, probably due to the complex

growth characteristics of the organism. .
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