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B-Lactamases are the ‘major enzymatic mechanism of most resistant
bacteria. They found in many kinds of the pathogen which may be constitutive or
inducible. Sulbactam and clavulanic acid are the most ideal S-Lactamase inhibitors
which inhibit enzyme class 11, III, IV and V of Richmond and Sykes classification.
The inhibitors are effectively reduced the MIC of amoxycillin or ampicillin in

Key word : S-Lactamases and S-Lactamase inhibitors

Ui

nalnmsdendugaswusained M
uveanmiu 2 g 9 ldunnalnerds
Budeiuaznalnhioduduged  msden
Fngadwlndliondudude Rus mandow
wlaaimiasa (Altered permeability) oan
niovuwhilindugadwdnudgmeluea
¥ uasnndsuuamidmumisndugadn
E)i)ﬂt]vlfi{ (Alteration of the targer site) Wudu
dmfumsahaduduivesininiinerha
gniveandmgadwifu  ludegrniviuiu
ﬂtumf;mﬁfyﬂjaqmséamﬁmqaiwiﬂUn?a
dniedaasoahadudeddng (e 1)

wgeslanahaididguesndiugadn  d
wartiieniugmhans  wisdszdninwanas,
L4 ] ] y !
p1dugadwngduiudinanuanldun

Y

widadu uay endlaseiud Hunquen

]
< °

ngminldednunwinasuaznineim Hied
mﬂﬁqwi‘mamqméaﬁﬂmiuﬂmmﬂ UnIY
QU, aerobe QY anaerobe, @IN1IOUHITH
Tnaemanardgnidradsideudadr u
ﬂ%qﬁuﬂtymmséamﬁmqaiwntjuﬁﬁmn
Hilaowldrulndaieriiaunazuenis-
WO ua:naﬂnmscﬁaU]ﬂjamﬁamdn‘i’ﬂ'

difgfonmahududuiiuduanuauiua



a 4
54 Asunsuningms

9
(UAVUANUANINT  (B-lactamases) P
< o U;G‘AV ‘v . "o g ‘< v
NIDUBYUDYINUDY 3 ‘lfuﬂﬂi]ﬁ‘ﬁWﬁfN
£
Sumohmugnivessuduanuay (Ui 1)

16ud anldase n3o acylase AT esterase B -

aanqmm amide bond QY acetoxy methyl
group MUMAY i anuAuudeongns

Muduanuay  ring 190 amidase  Laziud

ganuanaidudugdudinanusamagns

o qa a -4 Y

vindunisdunagimiloadoiud  dmiy

5] 1 o. ¢ «

esterase velnadainmIziAladoiudeia
il acetoxymethyl group VIgUINUA C,

<

. . 4
Sudwhls s e wéhuanuaua

ﬁmmmﬁtyﬁaﬂ iHoanIndusy hydrolyzed

y

maudwanuey  dnavilngnihas Tu

o

i!ﬂ‘!zﬁ acylase LIQ% esterase . v‘iﬂﬁqwﬁﬁm

e . N
PDIWUBINILABALANDAAVIINY

MINYNAYDMUM UARUALINE

[SoUnmIuATILINLATLATHALLILNYN
yiammsoadrduanunundld  tiea
nduguiivneiie g ahauinuauia
dntuann Tddmsnisiaveavianuau-
emavethaldun wuaenu substrate, inhibiting

of enzyme activity, isoelectric point focusing,

immunogenic, molecular weight Ay genetic

Richmond 0% Sykes (1973)® 1A -

yiavoauduanuaNing  lagld substrate
(ag inhibitor profile ilundn dauiivowsy
wadldifunelaveududuioduninem de
wildgndauadlay Sykes  uay Matthew
(1976) Ingls genetic control 1My (:51]17; 2)

Genetic control thNeomiuyiannL

Aunsadaduduiilay chromosome Ay

plasmid alusssumnawvidfadernind

Y75 afuil1 ae. - fa 2533
UNTHAVUAZUATNLIN Iﬂm‘f}awfim GRLVRRL)
ahauduged ldvarsmia (mmw 2)
!U?ﬂ!!ﬁﬂ!!ﬂlllllﬂﬂﬂ']l]ﬂlﬂﬂﬂ
chromosome

wornidh a T Snsmunumads
BududiuduanunniuaddlIu chromosome
Tavennsannawuldluusim periplasmic
Space (52MIN cell wall DY cell membrane)
uaNUSuauananddluudazyie  Uneld
VYA 19U Hemophilus N30 Kiebsiella 1
Vinaufanuamnadunn  uddido
Fugadwagéruiomnsoaddududiin
%u (inducible enzyme) ‘lwm:f;n‘?emwﬁﬂ
ahaduguivinannldlaliendendiu
qaiwns:ém?vnh constitutive enzyme

nw'nuaﬂummuﬁv‘ignﬂ_mqum'iﬁ"nﬂﬂv
chromosome 31 3 ¥HAMINMTULEY  Rich-
mond (2% Sykes fio penicillinases, cephalospo-
rinases uawﬁé] Broad spectrum ﬂqnf?tﬂu
h penicillinases Il cephalosporinases

Penicillinases (Richmond-Sykes type II)
mothadonanudusu 1dun s. aureus uaz
Streptomyces uazunmanéu g (mmi’; 2)
Tnotlifluaia constitutive

Cephalosporinases (Richmond-sykes Type
1 wndau‘lmflmi‘?auﬂmau wavyafly
UV inducible UNAUIBELWIAYY E. Coli
Uiy constitutive

Broad spéctrum Y93 chromosomally
mediated 130 Richmond-sykes Type IV Wulu
l‘éa‘fiﬁ'lﬁfyﬁﬂ Klebsiella spp
!Uﬂ“!ﬂﬂ!Wll.l!llﬂﬂﬂ']llﬂllﬂ1ifﬁ1~l
Iﬂﬂ Plasmid

Plasmid H?O extrachromosomal elements



Vol.5 No.1 Jan. - Mar. 1990 Srinagarind Hospital Medical Journal 55

T v
S 4

¥89 DNA NN gene NAaragdugaiwvay
siasznevey nalnmifeyllagerriy plasmid
(udoudanudiigyniieia chromosome
fudesnn nande plasmid uisatgneall
19 '.» < o« & = Y ) N o« dall ¥
fatinmdnoiufidnidunieduaneiugild
Taeld conjugation, transduction 139 transfor-
< 2 Q¥ S 4 . <4 v
mation NwaRliiaIgetninINAenoId v
S & < L9

gagwiasunndnilunauAniumy 9 M
Wuf deguudanuaniuangy plasmid
dflude  ddidgydewia TEM Tagwusin
wounswavean q 1At 77.44% (MIanvven
Matthew, 1979 NNUNATUNTNAVTIUIU 363
stain)(®

UONNALUALAAUANNANINTD hydro-
lysis Mwduanuauudy wihanuauie
ga0qnsiTu nonhydrolytic enzyme dnfo
trapping 1agidudoiazsuiuidiugadn

b4 v 1 I3 Y o ) 4 ) '

wéuenuanaiauiy iliddugadl
mdelUsury protein binding penicillin iy
< < o o , ¢4 :
neangnivetnld  Suduinwuldonnive
Enterobacter, Serratia Li0Y Pseudomonas sihidu
Tauflugiia chromosomally mediate {21l UV
inducible (Richmond-Sykes type I) Fagiwaviilvt
by £ By d
iamsaedosinduavhlamloiud

msvengniveuumuanuaNg o
Vly v IQ ) o {(7)
adalgnimean
E+SZZZZZ E-S——->E-S -———>E+P

10 E = enzyme

S = substrate (B-lactam)

ES = enzymé-substrate complex (reversible)
E-S'= acylated enzyme

P = hydrolyzed or inactive substrate

9 4’ Y & b4
twAkanuaNiNdiNeTUAUYIIYAT
wanuaNluszozusn (E.S) Suduilu complex

Faljnionida revesible 18 uatlimsdou
(Ju acylated enzyme ud vAanuANIY
2N hydrolyte ‘lﬁNﬁQQﬁwﬁJu inactive sub-
strate (P) Balidgnmiumdmgadn Tuvaiy
ROIU enzyme vendURAYUINIMEINTE
Teengnidudesnvduanuanduq ‘1dsn
(U7 3)
9 v

USnanudanuauindveusennsy
VINUAZUNTNAUTUANANAY  198UATNLIN
U Staphylococcus aureus mnsoahududiosl
18 lud3mannnuazdessengniuenmia

< X v P b
wa  luvaziivounsuavahudusodynm
Tinnuazedinmzuing periplasmic  space
L]
4 § & v o

msudgrigeasnidiugagulasms

ahudugdviiiuduanuaumaornudlvld 2
\ ) [ d 4 2 o '«‘
agNA0  MydunNzinIondnudilvinng
. . %
nudemMIMagvouduguinniu  niems
dunneasvnedanaunsagudanisi
] o ¢ é t% 4 >
uvsudusuiiwelinundediilieen
Sy 8y

qnideyagweiol

Tudesytuwuidmisarssiaiuis
nduvatwunesdanansddumsiudy
mshauesauduanuaumdld  (@na 3)
uelNl sulbactam a2 clavulanic acid ﬂf]m’dllﬁﬁ
Wldsy B-lactamase inhibitor 1NQﬂMﬂ1‘itﬁ
(M 4) Wniga  Tenvoengnidudaud
wanuamNdlduuuais (irreversible) W30
iy “suicide inhibitor” TuUMLN cefoxitin,
methicillin 130 Isoxazoyl penicillin ﬂqwﬁnﬂu
MITUIUVAUDAUANINTUUUTINTN (rever-
sible)

Fisher uazanz® ‘ldldndnnisves
suicide Inhibitor FaN (gl]‘ﬁ 4)



56 AIunluninyas

1. 4flu competitive binding Fuidusvs

Thy inhibitor SUMd MR AUTY 1Busos
aaﬂf]ﬂ‘éﬁ‘u substrate (antibiotic)

2. Tnhibitor  gniSuFiAviit
acyl enzyme WuRITUBUFuIA0N  sub-

strate

o &

3. 1fin product NaINENTRGUUSUSYY
Thednoms ,
Sulbactam WD clavulanic acid (zllﬁ 5)

>

Nanwalanafundeduniwduanuay ud
-
affinities) nwNUManuaN  daduioly
husundmgadwuduanuay  Eudulez
gniuuanhmugninen numdoudugadu
sangninogaineshl

, Sulbactam uay clavulamc acid U'UZNqu
uaﬂummufwuﬂ Plasmld mediated l'lt'ﬁuﬂ
‘Richmond-Sykes yilodi 1L, 101, 1V ua v'ida
I chromosomally mediated 'uuﬂ'n I (cepha-
losporinase) uuuum"léuau l'éi) Pseudomonas
aeruginosa V130 enterobacter UN¥RA (MYN
b 5) anansaahuduanuaNiua Richmond-
Sykes type I ldtogdniumni1 sulbactam o
clavulanic acid M N¥ufvsLUd uanua
nquwidadunisusuisadumeniiide
Pseudomonas aéruginosa 1‘1\1"111'6021'1‘65!4’:1 folﬂr
e ISuduliuduanumunasia
1 ummmaaﬂqmuuu nonhydrolytic ﬂ‘Utﬂ
wiuanuau®®

mmhmsdudanldmuadin dudldud

clavulanic acid TN Amoxycillin ludanahu

1:2 (W/W) 1993f Augmentin nioTaufv

danublumsdufiudusoiig (higher binding

s atufi ue - fa 2533
Ticarcillin Weandm 1:15 (W/W) Jdomt
Timentin (udiu @4 sulbactam T8N
MWhutuueuidadududuy  udandiu 1:2
azdsansf Unasyn TauleWiens inhibitor
mdﬁs’mﬁuuw’nuqa%wm%uaﬂumuﬁa
@102  minimal inhibitory concentration
(MIC) voudondldinn  Faldwaiamzde
Woitwevilauimsahadududivinin
mi.NY“i 6 LUTAINDYDN sulbactam IDY clavula-
nic acid fuudanuauie MIC voator 9

maSouiounanssnmnes sulbactam
(oY clavulanic acid (eldhnfundingadn
Tudoquindadios  udenunua sulbactam
ol ¥ o 4 .
NWANDIOUBUN type 1 cephalosporinase 31

AN clavulanic acid (Fur and Neu 1979)(9

agl

gudnmsveududufivduanuauiud
ﬂ'a'lﬁtﬁﬂﬂtyméamﬁmi;m?w'ﬂtﬂ'umnﬁu s
nsufdgymidindmitnilidemildmmsuds
mahauveusudnl oy sulbactam e
clavulanic acid lagande 2 @ansndudims
Y1881 Bo)] Richmond-Sykes wilam
I, 11, 1v uor V'IE nndemeasauiule
'lwmwumununummunmmmﬁmaﬂumu
¥4 uouwdadu wio auanﬁﬂﬁuau wan
MIC vewidandnneidedng o lagas
dudafs 2 3 indvmanindeduuoridadu
nisedonddadueguds Snmsnuims

18410 wazddliingnidrafsaudedidla



Vol.5 No.1 Jan. - Mar. 1990 Srinagarind Hospital Medical Journal 57

Table I Enzymes which bacterial detoxify antibiotics®

Drug

Enzyme

Chloramphenicol
B-Lactams (Penicillns
and cephalosporins)

Aminoglycosides

Chloramphenical acetyl transferases

B-lactamases

Acetylation, Adenylylation

or Phosphorylation

Table II Classification of 8-lactamases on the basis of method of genetic transmission and substrate

profile®

Major
substrate

Type of
transmission

Bacteria
ehzymes

Richmond-
Sykes type

Representative
enzymes

Chromosome Penicillin

(constitutive)

Chromosome
(inducible)

Cephalospolins

Chromosome Broad spectrum

R plasmid Broad spectrum

R plasmid - Isoxazoyl

penicillins

S. aureus II

Streptomyces

P. mirabilis

P. morganii

P. zieruginosa.

P. thomasii

Acinetobacter I

(constitutive)

Aeromonas

B. fragilis

(constitutive)

Citrobacter " P99

E. coli ampC

(costitutive)

H. influenzae

Pmirabilis

Klebsiella

P. aeruginosa

Salmonella

Serratia

Shigella

Enterobacter v

Klebsiella spp K1

E. coli

Enterobacteriaceac TEM-1,2, I
. SHV-1, HMS-1

Enterobacteriaceas OXA-1-3 \"A

P. aeruginosa PSE-1-4

Sabathand Abraham
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Table III Mechanisms of B-lactamase inhibitor®®

P w d .
s atiufi 1 we - i 2533

~ B-lactamase inhibitor

Mechanisms of action

Reversible inhibitor

Isoxazoyl penicillins

Cefoxitin

Izumenolide

Irreversible: inhibitor

p-chloromeruribenzoate

- Aztreonam

.

Sulbactam, clavulanic acid

Competitive inhibitor

Competive inhibitor

Noncompetitive inhibitor

Amino acid modifying

‘Active-site-directed
-inhibitor
Suicide inhibitor

" Table IV Characteristics of an ideal B-lactamase inhibitors®

L
. Wide spectrum of activity

~N A e WwWN

Irreversible inhibition of 8-lactamases

. Stable in aquequs solution

. Physiochemical compatibility with antibiotic

. Similar pharmacokinetic profile
. Limited intrinsic adverse effects
. Minimal additive toxicity with antibiotic

Table V Summary of mechanisms of antibiotic resistance in selective bacteria®

Prevalence*

Microorganism Antibiotic Type of resistance
Staphylococci Penicillins B-lactamase - Major
‘ Methicillin Intrinsic and torelerance Major
N. gonorrhoeae Penicillin B-lactamase Major
(TEM-I)
H. influenzae Ampicillin Blactamase Major
‘ (TEM-I)
o Ampicillin Intripsic Rare
Enterobacteriaceae Penicillins B-lactamase and Major
and cepha- intrinsic
losporins Nonhydrolytic barrier unknown
P. aeruginosa Cephalosporins B-lactamase Major
: (Type I) and Intrinsic
Carbenicillin B-lactamase Major
. Penicillin and Non hydrolytic barrier unknown
Cephalosporins
B. fragilis Cephalosporins B-lactamase (Type 1) Major

* Since the exact prevalence is unknown, it is categorized as major (accounting for at least 50% of clinically

important resistance), minor (<50%), or rare (<10%)
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Table VI MIC of sulbactam and clavulanic acid plus B-lactam antibiotic as determined in
noncomparative studies!'!!>!13)

MIC 90 for MIC 90 for MIC 90 for
clavulanic acid sulbactam clavulanic acid
Bacteria ‘ + + : +
amoxycillin* ampicillin* Ticarcillin**
(1:2 ratio) (1:2 ratio) (1:15 ratio)
S. aureus _
Methicillin susceptible 2 2 64
Methicillin resistant 32 16 128
‘N. gonorrhoeae 0.44 0.31-2.5 1
H. influenzae ' 2 22 0.5-8
E. coli ' 64 ‘ 102 32-64°
Kiebsiella spp 16 S 281 4-128
Indole-positive Proteus .83 184.5 1-8
Serratia spp >128 289 64-128
Enterobacter spp 128 : 39 512
P. aeruginosa : >64 >100 512
Citrobacter freundii >128 16 -
Citrobacter diversus . 2 32 -
Salmonella : - 6.25 -
Bacteroides fragilis 0.5-0.8 . 5 .4

* All isolates were initially resistant (MIC>16 pg/ml) to ampicillin, amoxicillin
** Activity against clinical isolates

0 0 ‘
w s
. _CH, 0 CHCH,OH
___,l/ \FCH3 o __|/
N ~ é'_'_N COOK*

0% COO-Na+ 0

Potassium clavulanate

s CH,
N

0°* N cooH
Penicillin nucleus

Sulbactam sodium

(sodium penicillanate sulfone)

R-CONH

Figure 5 Structural formulas of sulbactam, clavulanic acid and the penicillin nucleus.
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Acylase

R-CO-NH ———( Y

PN G CH; —0—C—CH,
o .
COOH 1

B-lactamase Esterase®

Figure 1. Illustration of sites of enzymatic attack on cephalosporins.

Acylases and B-lactamases are capable of attacking penicillins at corresponding locations within the
peniclllin nucleus.

“Only cephalosporins with an acetoxymethyl group at C-3 are susceptible to esterases.

Genetic origin Chromosomally- R-plasmid-
mediated mediated?

SN TN

of B-lactamase

Substrate Penicillins Cephalosporins Broad Broad- Isoxazoyl
-spectrum spectrum penicillins

Richmond-

Sykes 1 I v I v

Class

Figure 2. Maosified Sykes-Matthew classification system for S-lactamases (Sykes and Matthew, 1976).

3Includes TEM, SHV-1, HMS-1, OXA, and PSE enzymes.
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B-lactamase (E)

RCONH ~ \\
CH; Enzyme-substrate complex mpiex

E-§

el COOH
Penicillin substrate (S)

E+S

RCONH ]_]/ i

Penicillanoic acid product (P)
E+P

Intermediate product
E-§

COOH

Figure 3 Reaction pathway for enzymatic hydrolysis of S-lactam antibiotic.
E = enzyme; S = substrate; A = active binding site; E . S = enzyme . substrate complex; E-§ = acylated
enzyme; P = hydrolyzed substrate.
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P Active-site
/ directed
O 0 inhibitor

Suiciae inhibitor

Fragmentation

Covalent bonding

A = active site

F = remote site

X and Y = other, unidentified sites
Figure 4 .

Diagrammatic representation of irreversible enzyme inhlbition (adapted from Bush and Sykes, 1983). Enzyme is

covalently bound and is not regenerated.
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