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ABSTRACT

The role of specific amino acids namely cysteine, methionine, threonine and
asparagine in the protection provided by vamin solution against B-lactam
inhibition tg E. coli was evaluated in vifro In minimal medium, cells were
treated with 32 ug/ml of penicillin G, carbencillin, hostacillin, cloxacillin and
cephalotin in the presence of specific amino acid supplementation. Deletion
of specific amino acids from the media abolished the protection provided by
vamin. Threonine was essential for the protection of cells against all tested
antibiotics, while cysteine was essential for protection against ecarbencillin
and sephalotin, Deletion of methionine or asparagine abolished the protection
against carbencillin and to a less extent cephalotin.

INTRODUCTION

Many patients who receive treatments with the B-lactam antibiotics are
subject to the administration of nutritional supplementation such as vamin
solution. This solution contains 18 amino acids as well as glucose and electro-
lites. Possible interference of this supplementation with the activity of several
B-lactam antibiotics was previously evaluated in E. coli in vitro (Ammash
and Kassim, 1988). Significant inactivation of up to 64 ug/ml of carbencillin,
cephalotin, penicillin G, and hostacillin was induced by addition of vamin to
the culture media. Group deletion of specific amino acids revield that the
branched chain amino acids (valine, leucine and isoleucine) were essential
b v for the inactivation of carbencilin and cephalotin. Aromatic amino acids

(tyrosine, tryptophan and phenylalanine) were essential for the inactivation
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OF Srphalouos Quuy. Aluuy avids weic also louud W protect bactenal cells
raii 12 «oX.C.ty ol otaer factors such as hyperbaric oxygen (Boihme et 4il.
1546, aad acrobic paraqual (Heitkamp and Brown. 1982), The study was
- onderiaken to uvwimalls Gle IO OL otaer amino acids specifically cysteine,
I.:th omne, th.exnine and asparagine in the prot:ction that was procided by
vamin to L. col. agaiust tae toaicity of carbencillin, penicdiin G, hostacillin,
c.o.acllin and cephalotin.,

MATERIALS AND METHODS
Cu’ture :

Local isolate of Escherichia coli was grown at 37 C in minimal basai
salts (MES)-glucose medium (Brunker and Brown, 1971), or in this medium
supp.emented with vamin solution (Kabi Vitrum, Stockholm, Sweden),
or w.ih specilic amino acids at 0.66 mM each.The medium was sterilized by
usiig millipore HAWP, 0.45 um pore size membranes, Cellular growth was
mon.tored by measuring changes in absorbance at 500 nm,

Amnino Acid Supplementation :

Vamin solution was added as 1 ;: 20 v/v to sterile MBS-glucose medium.
This solution contains valine, leucine, isoleucine, tyrosine, tryptophan,
pheiyla’anine, alanine, cysteine, methionine,th.conine. glycine, proline, lycine
histidine, arginine. glutamine and glutamic acid at concentrations ranging
from 24 mM to 60 mM. Amino acids (BDH) were supplemented to the
med.a as descrubed by Ammash and Kassim, (1989).

A:xtihiotie. Exposure :

Fty ml of bacterial culture at mid-exponential phase were treated with
32 1_/ml of carbencillin, cloxacillin (Beecham Res. Int., Middlesex, England),
hostacillin. penicillin G (Hoechest AG, Frankfurt am Main. Germany), or
cephnlotin (Ei Lilly and Co., Indianapolis, Ind., U.S.A.). The growth was
mon.tored by measuring changes in absorbance at 500 nm every 30 min.
Sersi ivity tests were performed according to Bauer, ef. al. (1966) prior to
ani following exch experiment to exclude mutants. :

RESULTS
The effect of the deletion of 4 amino acids on the generation time of

1

a.t blocs tr ated E. coli is shown in tablie (1). Deletion of cysteine. caused
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Table (1)
Contribution of Individual Amino Acid to Protection of E. coli
! irom e-lactam Antibioucs.

Dejeted amuno acid Aniibiotic treatment®

None Penicillin G Carbencillin Hostacillin Cloxacillin  Cephn'~*in
Average of generation time/hr. ¥ sS.D.b

z G - |-||I|__
None® c._.-.onwc.cw o.mwu_uo.mm 2.11 4 1.25 m.mch.qm H.mmﬁ 1.12 M.wc.}rc.cw 3
Cysteine 0.98 + 0.45 0.98 3 0.74 NG¢ 1.25 & 0.49 1.62 3 0.44 NG

Methionine 0.92 + 0.45 1.12 + 0.33 Lysis 1.49 e 0.44 2.49 e 1.11 0.96 + 0.52*

Threonine 0.97 4 0.52 NG Lysis NG NG NG
Asparagine 0.96 + 0.21 2.50 + 2.31 NG 1.99 + 1.11 0.97 4 0.36 1.95 . 0.6

a) Bacterial cells were grown in MBS-glucose meuiim at 37 Cin a suaker incubator at 120 rpm. ce.ds were
treated with antibiotic at 32 ug/ml mid-exponential phase. Amino acidswere added at 0.65 mM each

b) Average generation time/hr. aiter 2 hr monitoring period following treatment with antibiotics,
¢} Vamine was added to the medium.

d) Denotes ng growth over sampling intervals.
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complete ihibition of ca.rbencﬂlm (figure 1) and cephalotin ( figure 2)

treated cells, The deletion of methiomine caused lysis of carbencillin treated
cells, and induced growth inhibition after 2 hours of treatment with cephalotin.
Less effsct was observed with cloxacillin as only growth delay was induced
which was indicated by 168% increase in the vamin solution to hostacillin or
penicillin G treatment was not altered by the absence of methionine from
the media (figure 1). Deletion of threonine on the “other hand caused
inhibiton to the growth of all cultures, The strongest effect was observed
with carbencilin treatment as indicated by the lysis of the cells (figure 1).
_'I'he absence 'of asparagine also caused lysis of cells treated with carbencillin
‘and with cephalotin but only after 2 hours of treatment with the later
(figure' 1,2). Deletion of this amino acid induced a ‘growth delay to the
culture treated with penicillin G as generation time increased 284%.

DISCUSSION

Previous findings have revealed that vamin nutritional solution interferes
with the activity of B - lactam antibiotic against E. coli in vitro (Ammash
and Kassim, 1989). This group of antibiotics inhibit cellular growth by
preventing the maturation of peptidoglycan layer as a result of the inhibition
-of the cross linking between amino acid chains in the cell wall (Gottlieb and
Shaw, 1967; Lancini and Parenti, 1982). The protection that was provided by
vamin to E. coli was due to the pressence of specific amino acids in the
solution. Among them is valine, leucine, isoleucine, tyrosine, tryptophan, and
phenylalanine.. In this study it was found that the deletion of cysteine or
methionine from the media of antibiotic treated E. coli resulted in a total loss
of the protection provided by vamin from carbencillin and cephalotin.
The deletion of asparagine caused loss of the protection from the inhibitory
effect of carbencilin and tfo less extent penicillin G and cephalotin.
Threonine on the other hand showed the strongest effect. Its deletion from
the medium resulted in growth inhibition of all antibiotic treated cultures.
These findings are in agreement with previous results found in E.coli exposed
to gentamicin or streptomycin (Ammash and Kassim, under publication),
and to hyperoxia (Biohme, ef al., 19768), and to paraquat (Heitkap and
Brown, 1982). The protection provided by amino acids solution from the
toxicity of hyperoxia and paraquat was found to be due to their circumvention
to the inhlbitory efffect of these agents tg the biosynthes’s of amino acids.
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This results from the inactivation of specific enzymes in the pthway such as
dihydroxyacid dehydratese in the cosynthetic pathaw of the brarch.d
chain amino acids (Brown and Yein, 1978; Fee et al., 1980). According to the
data presented in this study it is proposed that the protection provided by
vamin from the inhibitory effect of specitic B-lactam (carbercillin, ¢ paalotin
penicillin G, hostacillin, and cloxacillin} to E. coli is proiably duz t> the
presence of specific amino acids in the solution. Among them is thre.nno,
cysteine, and to less extent methionine and asparagine. The presence of these
amino acids circumvent the inhibitory effect of these antibiotics probably by
acting as analogues to them and therefore they bind with the enzymes
D-alanine carboxypeptidase and peptidoglycén transpeptidase and prevent
the formation of the antibiotic-enzyme complex; (which ususlly inhib:t ihe
enzymes activity) and therefors they allow the continuation of cell wall
synthesis and cellular growth. The circumvention of the inhibitory effect of
the B-lactam antibiotics to E. coli that was provided by amino acids suggests
that these antibiotics might induce inhibition to the biosynthetic pathw:ay of
these amino acids by inactivating specific enzymes in a manner similar to
that previously found in hyperoxia and paracuat treated E. coli.



The. Protection of E. coli against B—T.actam
LITERATURE CITED

Ammash, H. S. and Kassim S. 1988a, Inactivation of B-lactam antibiotics
toxicity against E. coli by vamin solution Accepted for the fifth conference
of the Scientific Research Council

Ammash, H. S. and Kassim, S. 1989 b. Inactivation of gentamycin and
stroptomycin toxicity against E. coli by amino acid supplementation.
(under publication).

Biohme, D. E., Vincent, K. and Brown. O.R. 1976 Oxygen and toxicity
inhibition of amino acid biosynthesis. Nafurs. 282(5567) : 418420,

Brown, O.R. and Yein. F. 1979 Dihydroxyacid dehydratase : the site of
hyperbaric oxygen poisoning in brach-chain amino acid biosynthesis.
Biochem. Biophys. Res. Commun, 19 ; 982990,

Brunker, R. L. and Brown. O.R. 1971 Effect of hyperoxia on oxidized and
reduced NAD an D-NADP concentrations in
4 . 193—203. '

Fes, J.A., Lee, A.C. Biock, P.L, Gilliland P.L. and Brown. O.R 1980 Oxygen
stasis of bacterial growth: analogy between the stasis of E. coli by
Hyperbaric oxygen and by aerobic paraquat. Biochem. Int. 1:304—311,

Cottieb, D. and Shaw. P.D. 1967 Antibiotics: mechanism of action. P. 730.
Springer - Verlag. New York.

Heitkamp, M. and Brown. O. R. 1982 Cellular mechanism of
paraquat to:-;icity. Technical papers of the U.S. fish and wildlife service.
Unites States Department of the Interior. Fish and Wildlife Service,
Washington D.C 25—36.



Huda S. Ammash and Sahar Kassim
Bull. Iraq nat. Hist. Mus.
(1990) 8 (3) : 1523
E. coli iyl 3 dsls il Sle>t ya
Tl 3 Pt Ctslis o
el e L LU
MMy daal> — polall QS o Slaxdl pgls pud
Aol
v 2Lty Jolieandt dolsy doal ol V) Jss dclns caer o
b Sl Gl Jolma Ls o ) Gl G Gl O3 20y
LW cdege ad) » ploctt GE. coli 40 Lsl) SVt olobae &6
s s € Glets o Jafplta Sen YY o oW1 asd) Jawy § sl
PV paleeVt g @llsy GOty Gl )1y Grbetian 54l s
© Ll oda slall 4:1 FoAN e 1§ Lol Litaal ol et Ui 6
Sl Bl JF oo LA Aglad el Gl o
© o ety Gty W e bl ol Gt O Ly
oty St B e Lglaadt s 01 G il G el G 5
G5 Mgl S

a1



-,

"

|}




SO0 na

Absorhance

T T—r—1—y i Huda S. Ammash and Sahar Kassim | T R R
T ’ I :
1
| ! 3.0
3.0/ : Yol 3.0
s.0- A Pentefllin G ;.0 B rcarbeniciliin €0
; 1.0| € Hostecildin
1.0 1.0{- i
|
o el : 2.5} |
:
£
&
0.1 4 : | 0.1} s 0.1L
- =R %
. 0.05 ;.
0.05 ] » 0.05 |- g
v o
.
% 5
A s ook 0.0/
[ H
0.Cu5 . 03005 _ 10.005 =
T
G.001 e s (e e e o ;, | vo.nm 1 PO N S SO I O 0.001 T |
00 % 2 3 & 5 6 T @ S e B R B|- : T e
Time (hr.) : Time (hr.) i ! % Time { hr. )
Figure (1): Effect of amino acid supplementations on the

growth of

penicillin G, carbencillin, and

hostacillin treated E. coli. The déeleted

amino acids are;
A methionine,

& threonine,
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Figure 2: Effect of amino acid supplementations on the
growth of cephalothin and cloxacillin treated

E. coli. Deleted amino acids are; @
Qo cysteine,

o all,

& threonine,
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none,
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