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Hels - 2ds=
ety 3}atzatal

A B2 YA Flemingo] 1929 penicillin-g 27 %,
19443 Penicilliume] dehjelr| < 5 Ba] AA| 71%0] 7
ol wel 223 =go). AL e, AAET,
gskebig, s TE S olal REed Yoz st
FZo) )8l B-lactam7], aminoglycoside#|, macrolide#|, po-

lyene#], peptideA], tetracycliner] 502 v}& = glrl. 3]
74 5,00009%] e 4H glu, HEI

Actinomycetes(Streptomyces)=. 8] 28153t} o5 f =
A 330 olate] AR dAl 4bstE B2 15099
E3}3ict.

FAEAL o, ofoleAl, At T3 2L 14 dAMEES
SLEAZ o83l 23 Ak i3 AP HEE AA
A= QAR FAEAL ofA] AT S AFH o] o
= IRHEE A=Y ozt A IA S 5 HAHz=
FAEAS o2 A7 AP A7t o3t AF
7HA] A9 Aol ojst FAEA AFAAA o A=
AoZE A B, AL, 4 E1 5] sk 2
JEH &%, Wk 5o Eeisshd QqlEe] sledl Aset
HQJQEL Eegetd] Q1B vl T2 AL gt
A Z7)) 77 4aE vlHE AoR geA glok(Corbett et
al., 1987).

Clavulanic acid(CA)= Streptomyces clavuligerusol] 2]8] |
Lo g WAs HAEAR FFH 2 B-lactam ring S 7}A| 1L
¢lar ThE B-lactam 84§ A| <] penicillin3®} cephalosporin®] sul-
phurt]4] oxygen atom . Z tha|=le] ¢c}(Fig. 1). ] CA=
C-29)| B-hydroxyethylidene substituent& 7}x|=] C-6oll+= acyl-

CH20H
.

sur

° H

i

“ CO2H

Fig. 1. Structure of clavulanic acid.
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amino group-$ 7}A| i QIA] et} of7)ellx] B-lactam ring--
substrate®] B-lactam ring#@} -F-A}all4] substrateollr] Yojr=
223 B-lactamase-E acylation A|F] 22 4] B-lactamase)
xg-o- 23}#) ghc}(Fisher et al., 1976). o] A3 H Q) B-lac-
tamase inhibitor 24 WAF-& $H¢ A EA T odeix] ¢l
], o]71-& amoxicillin *=3&= ticarcillin 53} U Av|-g 2 £33}
of A3t o 244 amoxicilline]t} ticarcilline] 53X -E-of Hls]
Whz] okl kusle] gt AARe-E U EE B-lac-
tamase-S T3 3}A) 1K (Brown et al., 1976). #-qt o]} o3}
antibacterial activityZ 7}x)31 9] x| 2t Staphylococciz} A4k}
= P-lactamase®} Escherichia coli, Klebsiella, Proteus, Shi-
gella, Pseudomonas, Haemophilus 5-2] plasmid mediated [3-
lactamase®l| T3t 73233t inhibitor 24] 2H-8-3lc}(Sparatt et al.,
1977). Ampicilline]t} cephaloridine ¢} clavulanic acidS
7}sled penicillin WA-#F9) S. aureus, K. aerogenes, P. mir-
abilis, E. coli 2] minimal inhibitory concentration(MIC)2-
28] Y39tk ¥ 17} glch(Reading et al., 1979).

CAE: &7 B-lactamA] &+A-E-2 Q] amoxicillin®} 1:22] H]
&2 £3589 augmentino|zhs AEH R AlHE 2 glr)

RINAE CAd) DR PAEF, ATAAR, 4 Y
7 HEIA 2 HE AF-FHS A RS2 g

Clavulanic acid MAFRSE

197113 Lilly Research Laboatoriesell*] Higgens2} Kastner
= 2rIx]ke] B9k sampleo]| 4] ¥-2]3}+ Streptomycetec]| 4] Y
28 F7FX19] cephalosporinA] 3}AYA7F A= ct xS
th 252 A" F57} 71€2] cephalosporinA| A4 A
Abtaee} tlecks A B =923low Sweptomyces clavuli-
geruseh= o5& Eol7]ol o] 25t

Higgense} Kastneroll 2]s] 2HA% S. clavuligerus= U.S
Northern Regional Research Laboratory Collectione] NRRL
35852 American Type Culture Collectione]] ATCC 270642
72} wpslel gt

o] % S. clavuligerusol| 2)&l PAV=E = CA7} 2L L7 o)
T2 e 2AE QAske o 57t ks Aol XaH
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Fig. 2. Summary of probable routes of incorporation of labeled
precursors in clavulanic acid biosynthesis (4)

o)L, B8 1 Bi A= F3] Ark A& £9 S. jumon-
Jinesistt JB2] EoF sample o|A] EA%l FF9 S, katsur-
ahcmanuse} Streptomyces sp.p66210] 9jt}. o] Ztzte] #FE
of Rl oA Al QFF Zlelch a1 F2
s1i#8 CAE S. clavuligerus ATCC 27064 = wo]Fo) 2]
3 Aake = Aolekal yhs ok

23} S. clavuligerusi= CA2]el| cephamycin C, penicillin N,
7-{:>-amino-5-carboxy-valeramido)-3-carbamoyloxymethyl-3-
cephem-4-carboxylic acid%. P4 o2 vFs{ Tl (Romero
et al., 1984).

Ee A=

-Lactamase inhibitorel CA2] XVFFA)-2 HbF ol labelled
precursors(Elson and Oliver, 1978; Stirling and Elson, 1979;
Elson, 1981; Elson at al., 1981)e) 235 7= oA}

[)-tactam ring(C-5, C-6 and C-7)2] carbon atom- glycerol &
H-t§ B-hydroxypropionate intermediate - S-3)x] Ao, C-
2, (>3, C-8, C9, C-102] 5712] carbon atom-2- ornithineol| 4]
A5 E 7R d#ich Fig 29} 32 CA9l AFA A=
scheme& el gjc}.

Clavulanic acid?| =& 4 2{7}

<ol A 2 ¢ds5Fgl5o] CAZ2] B-lactam ring-2 substrate2| f-

[Arginine]

A
B (&
{Glutamic acid] ——— [Ornithine] —— [y ~Glutamy! semialdehyde]

D
[n~hydroxypropionate] [a -amino-6-hydroxyvalerate]
E

{Clavulanic acid]

Fig. 3. Biosynthetic pathway of clavulanic acid (18).
A. Arginase; B. ornithine biosynthetic enzymes

C. ornithine-§-amino-transferase;

D. y-glutamyl-semialdehyde reductase;

E. clavulanic acid synthase

clavuianic acid
H

OH
_Of/ J N
@ NTNcoH O COH
o.
o L.
|

H2 ~ArNH=CH=—CO~

AANH—=CH—CO~
B-lactamase

Fig. 4. Mode of action of clavulanic acid (17).

acyl enzyme complex

lactam ring3} ¥-A}af 4] substrateol| A} Qojrd 71 %3 B-lactam-
aseS acylation A)Z] .2 #f|4] B-lactamase Z4{2] 2}-L-& &
3HAl sk Zlolch(Fig. 4).

28 #A CAe D502 AM-ER] 2t gl2w am-
picillino|v} cephaloridine 5ol H7}slo] AR5 31 gld], o)
e DFoE 2dy Bt 3Hrhso] 3he] 24wz} MICe
ol o ARl AnkE BoyFs) wjFolci(Table 1, 2).

Table 1. Antibacterial synergism between ampicillin and cla-
vulanic acid sodium salt (15)

Bacterial strain

Clavulanic Ampicillin in
MIC (ug/ml) . - presence of
acid  Ampiciilin .
. 1pg/ml clavulanic
sodium salt . .
acid sodium salt
Kiebsiella sp 62 31 125 <0.4
Enterohacter cloacae 62 250 62
Serratia marcescens 125 >500 62
Staphylococcus 15 500 <0.4
aureus(Russel)
Staphylococcus aureus 62 250 75
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Table 2. Antibacterial synergism between cephaloridine and cla-
vulanic acid sodium salt (15)

MIC (ug/ml)
Cephaloridine
in presence
of 5pg/ml
clavulanic acid
sodium salt

Clavulanic
acid cephaloridine
sodium salt

Bacterial strain

Proieus m;'rabilis 899 >500 62 7.5
Staphylococcus

aureus(Russel) 15 31 <0.03
Staphylococcus aureus 62 15 3.7

Table 3. Inhibition of B-lactamase by clavulanic acid (17)

B-lactamase Inhibition by

Genetic basis* Class’ Pathogen clavulanic acid

C I Enterobacter No

P. aeruginosa No
C I P. mirabilis Yes
P HI(TEM) E. coli Yes
P II(SHV) K. pneumoniae Yes
C v K. pneumoniae Yes
P V(OXA) E. coli Yes
P V(PSE) P. aeruginosa Yes
C . Bacteroides species Yes
P SRR Staphylococcus Yes

*C=chromosomally mediated P-lactamase; P=plasmid-mediated
B-lactamase.

"Designates the Richmond and Sykes classification of [-lac-
tamase.

SHV=sulfhydryl variable; OXA=oxacillin hydrolyzing; - PSE=
Pseudomonas specific enzyme.

Table 4. Effect of clavulanic acid on the susceptibility of B-lac-
tamase-producing bacteria to amoxicillin and ticarcillin (17)

. . MIC (ug/ml)

Microorganism - - n

Amox Amox+CA* Tic Tic+CA
S. aureus 256 1.0 64 2.0
S. epidermidis 128 1.0 128 4.0
H. influenzae 64 0.25 128 0.25
B. catarrhalis 16 0.25 64 0.12
N. gonorrhoeae 128 1.0 64 1.0
K. pneumoniae >128 4.0 128 4.0
E. coli >256 8.0 >256 16.0
P. mirabilis >256 4.0 >256 8.0
P. vulgaris >256 2.0 256 20
B. fragilis 32 0.5 16 1.0

Amox=amoxicillin; CA=clavulanic acid; Tic=ticarcillin

*The concentration of amoxicillin-clavulanic acid (2:1) is ex-
pressed in terms of the concentration of amoxicillin.

*Expressed as the MIC of ticarcillin in the presence of cla-
vulanic acid at 2 pg/ml.

ABEAY

L2129
oo

a3 Al FellA] Al EE 3 9l CAE amoxicillinsd} 1:29)
H|&2 E33le] augmentino|ehs A4EFHE HvlEw ole
d}, Table 32 CA®] [-lactamase inhibitionS, Table 4+
amoxicillin®} ticarcillin®] B-lactamase inhibition-& ¥ ¢},
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5 o £ A9 Rolw gick.
ER=E2ps
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F2 27, A4 A 2 BEz el e We-g el

S HiX|
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Z7)ell wiolx], 28°Cell#] 3-5d A% rotary shaker(2-in
throw, 240 rpm)ol| 4] vl okA] 71w, WALS- 913} inoculum size+=
TA e BAE, AA Hae] Felof v)x= 4§ 55 s
£ of wj-9- S8 ety AZEE, CA A4 A9E 3~
5% HE7F At Aoz de{x gl

AR

g7 AT Aol B2, CA Z4 AelH 71 3
23k ¢doFE-8 soybean proteinelct. 2]l w A, AA4Y,
F71dell B3k edefio] =F-olvt patent ol A|A|E ] gl
(4, 15), 15 HEA] /A& 42 Evhi, Beecham pa-
tentel]+= 1.5% soybean flour, 1.0% glycerol, 0.1% KH,PO,, 0.2%
soybean oilo] AJAFlA] 2 A A E]o] ¢) .=, British patent No.
15435630+ 3% soybean meal, 4.7% soluble starch, 0.01%
FeSO, - 7TH,0O, 0.01% K,HPO,, 0.05%(vol/vol) silicon anti-
foam emulsione] | A|Ele] glon], B AlgAe) Fisl ul
R 2 1.5% soybean flour, 1.0% glycerol, 0.1% KH,POQ,, 0.2
% soybean oil, 0.4% MgSO,, 0.02% FeCl,7} A A = A}

2 9)ef} o= corn starchi} glutamic acid, 28] CSL
o) WA HAS AT SUHT YE ACE velrh 54
corn starch®] 7-$-E= &4 al glycerole] A w4 tha
22]3t Ao] 9l7] wlFol com starchE H3 A7 3 A}-g-3h=
AFE ¢385el e g vl 283 8. clavuligerus $]el|
CAE AAabsl= b F5ol 913} A = Table Seil Vehulgich.
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Table 5. Clavulanic acid fermentation media for other species

Strep tor.n_'vces Media References
species
S, jumonjinensis 1% ioybean ﬂOUI', 2% British
glucose monohydrate, Patent No.
0.2% CaCos;, 0.001% 1, 563, 103

CoCl, - 6H,0, 0.5%Na

1.5% Soybean flour, 1.5% Japnaese
cottonseed flour, 3% Patent No.
glucose, 3% coornstarch;  53-104796
pH 6.5

S. katsurahamanus

Ezreptomyces 1.0% soybean flour, 2.0% Japanese
sp. P6621 soluble starh, 0.5% Patent No.
glycerol, 0.1%consteep 55-162993

liquor, 0.01% FeSO4
7H,O; pH 7.0

wloF2 2= 28°CH) 71 A3k Bolw, A& it
8l wiskell A pHE 7 $83 Wsely Azts =), o1&
£ cephalosporin C AALFA N Z7)ol] 7302 &
pHi Hh8-A]7te] Z138g] ol whe} elx|thr} pH 5-6 Alo]elA]
714 & ArE Held, A|7ke] Adel we} pH: tHA] F
7+3he 7% Belt). o213 pHe] W3 morphology ol =
%88 X Ao R Relw, S clavuligerus wWjokoll & ot
F7PIE pHE) WBRe Agelt it Tl Sobshe
7% 88 wolm glth. S. clavuligerus= pH 7~7.5 324 7}
A F& AAHEE VElY] giEel) 27 pHE 7.00.2 A1F
3l Zol 7 Agslelet AZtEH, ol dAl nAA H

12
—o— airlift
—=— bubble column
10
~ &
-]
g
«
-
¥ 6]
4 .
2
0 2
Air flow rate(vvm)

Fig. 5. Effect of air flow rate on K;a during CA production in
air! ft and bubble column bioreactors.
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Fig. 6. Clavulanic acid production in a bubble column bioreactor.

1= stressE Fof WA FV] o] F cell] Al 24 AAE
vjA g 7] wEelct.

THEA uRg7oll A BlofA] HES-Z7|9] aMbE s Aol
u]x} 4= shear force, @A) morphology ¥3}, v-&7]W<] D.
O A, brothe] Hx, Wtz 2 F-F= &= power input 5]
Wi ol] =] AgE vlAE 2450tk B AgdAe Ax
of wp= wuka] ukgrlel vls {533 WiVt o A&
Zle- ot 4= 9)ed 1, =3} airlift 2 bubble column bioreactor
olAe B7]&x7) of$- $23F 240} = o]l AR
9] Brl&xo e Kazhd SA A 7 AR SUiEs
Z 2= o] gl oo}, Fig. 5% airlift?} bubble column
bioreactorol| 4] CAAAFE Kia gHS BojF+=d] 0.5 vvme] &
714 =7 A A2 Yepygr).

=3} Fig. 6 bubble columnel|A] free cellol] 2|3t CA2] A}
A& Bl glen, Fig. 72 polyurethane pellet Z97-020¢]]
T3k FA o 28 CA9] A4 Bl glrt. o]edt 2
The A3} CAAALY 9loix] AxbA Q) o 4 ot 24
bl oa) 23 BiALES AAksl] $Ig A7 E B2 AT
A5l o] A== glct.

333

Wt B A daee 2Ry CAZ 7] M 44
brothZ o m}el AlBelel] 28l S. clavuligerus mycelium=-
Azdct. 12} 252 cell®] myceliumE ¢l broth 2 FE]
fractionationol] &]3] o] Foixlch. disf . FA o HFgt Fr}
2l 24 (Fig. 8)%F A WA whyg& A4S 5 ol dada
FE B84 {7182 53k wbyela, 7 A uhy
£ 7}3714) anion exchange resinel] 2] F-2to|r}, o] F2] A

A ion exchange chromatographyel] &8 o]F-<{zlc}. 1&]
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Fig. 7. Clavulanic acid production by immobilized cell in a bub-
ble column bioreactor.

Culture filtrate Culture filtrate

HCI to pH 2.0; 3/4 vol of
n-butanol extraction at 5T

Percolated at pH6.2 through
Zerolit FFIP(SRA 61) resin
Elution with chilled 1.0M NaCl
Concentrated n-Butanol extract
active eluate

1/20 vol of water to pH 7.0
with 20%(wt/val) aqueous
NaOH

Percolate at pH 6.2 and 5T
through Amberlite XAD-4 resin
Washed with 1.0M NaCl then
eluted with demineralized water
at 5T

Desalted concentrated Aqueous back extract

active eluate
Ion exchange chromatography:
Zerolit FFIP(SRA 62)

resin Cl', NaCl 0-0.35M
gradient elution, 5T

Concentrated active eluate

Desalted on Amberlite XAD-4 resin at 5T.
Active fractions combined,
concentrated and freeze-dried

Sodium clavulanate

Fig. 8. Scheme for product recovery and purification with two
alternative methods for primary extraction (4).
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and Thomas., 1990).
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