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Abstract

Background: L-phase variants or cell wall deficient bacteria are strains of bacteria that
lack cell wall temporally. They are pleomorphic, a term that refers to change in size and
shape. Recently, unusual antibiotic result was observed in such bacteria.

Objective: To investigate the role of vancomycin and some ion chelators like calcium
and magnesium on the induction of gram-positive cocci (Streptococcus faecalis, milleri
Streptococci, Staphylococcus aureus and Streptococcus pneumoniae) to produce L-forms
bacteria.

patients and methods: In this study, the bacterial isolates were bacteriologically
identified , the MIC and sub-MIC of vancomycin were determined of these isolates by
using the technique of micro-broth dilution method , hypertonic special culture media
designed for induction of L-forms bacteria with different concentrations of CaCl, and
MgSO,

Results: The results indicated that the species Streptococcus faecalis was the most
affected one especially at the concentration of vancomycin 12.5 mg/l, where this
bacterium was affected with this concentration of antibiotic and CaCl, at the
concentration of 12 g/l and 6 g/l respectively and MgSQ, at the concentration of 4g/l and
provided that at the concentrations of (12+4) g/l and (6+2) g/l of CaCl, and MgSO,. The
milleri Streptococci, Staphylococcus aureus and Streptococcus pneumoniae also were
affected at the same concentration of vancomycin (12.5mg/l) and at the concentration of
12 g/l of CaCl,.The milleri Streptococci and Streptococcus pneumoniae also were
affected at the concentration of 4 g/l of MgSO, and at the concentrations of (12+4) g/l and
(6+2) g/l of CaCl, and MgSO,4 the milleri Streptococci was clearly affected while the
Staphylococcus aureus and Streptococcus pneumoniae were affected only at the
concentration of (12+4) g/l of CaCl, and MgSO, with availability of vancomycin at the
same concentration above. The bacterial isolates also were affected at the concentration of
vancomycin (6.25) mg/l with CaCl, and MgSO, but at lower percentage.

Conclusions: The vancomycin , CaCl, and MgSO,4 showed great effects on the induction
of conversion to L-forms where the best growth of L-forms appeared when the
vancomycin added at the concentration of (12.5 mg/l) to the media containing (CaCl, and
MgSQ,) together especially at concentration (12 g/l) for the CaCl, and (4 g/l) for the
MgSO,.
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Introduction
he cell wall is an essential structure for
virtually all bacteria, forming a tough
outer shell that protects the cell from
damage by osmotic lysis.

It is the target of some antibiotics like
vancomycin. L-form strains are wall-
deficient derivatives of common bacteria
that have been studied for decades.
However, they are difficult to generate and
typically require growth for many
generations on osmotically protective
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media with antibiotics or enzymes that Kill
walled forms ).

However, part of the life cycles of many
bacteria include phases where they
transform into small forms that lose their
cell wall. This means that they can no
longer be killed by many commonly used
antibiotics ®. Conversion to a cell-wall-
deficient form called 'L-form’, which was
first reported in 1935 for Streptobacillus
moniliformis ©, has been well documented
for many species of bacteria. Because of
the lack of a rigid cell wall, L-form cells
generally show various shapes, for
instance, small, large, spherical, irregular
and club-shaped™.L-form bacteria are
pleomorphic, a term that refers to their
change in size and shape®.

The cell wall of the Gram-positive
bacterium is mainly made from a layer of
peptidoglycan 50-100 molecules thick.
Glycopeptides and p- lactams act by
inhibiting the biosynthesis of
peptidoglycan.  Thus, they  would
preferentially induce the development of
cell wall-deficient bacteria in Gram-
positive bacteria 9.

Among the factors that affect the initial
nonspecific adhesion of bacteria to
substrate are ionic or hydrophobic of
associations that involve Van der Waals
forces, Ca*™?, Mg*?, or the double ion layer
of K that can neutralize the repellent ionic
negative charge between cell walls and
bacteria (”; also temperature, pH, and age
of the bacteria can affect this
interaction’®,

In Gram(-) bacteria the outer membrane
contains Mg and sometimes Ca™ as
integral compounds and they do not bind
as much metal as Gram(+) bacteria do®?.

The role of Ca’ in bacteria has been
relegated to the cell wall and external
environment of the bacterial cell,
Plgncipally for activating external enzymes

Magnesium is the most abundant
intracellular divalent cation at it's essential
role in all living cells is broadly recognized
@ In prokaryotes, Mg has many different
cell functions: bacterial chemotaxis,
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enzyme cofactor, maintain integrity of the
cell wall /cellular membrane and growth
(1112 The role may differ among bacterial
species 12,

This study has been undertaken to
investigate the role of vancomycin and
some ion chelators like calcium and
magnesium on the induction of gram
positive cocci (Streptococcus faecalis,
milleri  Streptococci,  Staphylococcus
aureus and Streptococcus pneumoniae) to
produce L-forms bacteria.

Patients and Methods

In this study the isolates of
Streptococcus faecalis, milleri
Streptococci, Staphylococcus aureus and

Streptococcus pneumoniae were
bacteriologically  identified following
methods described by Baron, etal™:

Collee et al ™ and Willey et al @
according to their culture characteristics
(colony morphology and hemolytic
reactions on blood agar), Gram staining

,biochemical tests, Lancefield
classification, capsular polysaccharides
and provided that  Streptococcus

pneumoniae was identified according to
WHO"® and Staphylococcus aureus by
using API-Staph..

Determination of the minimal inhibitory
concentration (MIC) for vancomycin by
using vancomycin vial supplied by
Sanofiaventis company while CaCl, and
MgSQ, supplied by S.D. finechem. Indian
company.

Hypertonic special culture medium (L-
forms modified medium) was designed for
this purpose which described by @7 at
which vancomycin was added to it in
concentrations of 125 mg/l which
represent the MIC and 6.25 mg/l which
represent the sub-MIC and by adding
different concentrations of ions CaCl, and
MgSOs;.

The contents of L-forms modified
medium are Beef Heart Infusion (4%),
Sucrose (20%), Glucose (0.8%), Agar
(1%) and concentrations of Ca®
(1.5,3,6,12) g/l and concentrations of Mg*?
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(0.5,1,2,4) g/l . In addition to MIC and sub-
MIC of vancomycin (12.5 and 6.25) mg/I .
Determination of the Minimal
Inhibitory Concentration (MIC):-

The method used for determination of MIC
was described by®® and modified by®® by
using the technique of micro-broth dilution
method which is recommended by the
National committee for clinical laboratory
standard® by making double sterile
dilution of vancomycin in nutrient broth
and adding to all dilution (1ml) of nutrient
broth inoculated by loop full of bacteria
which used in this study (except the control
tube) and incubated in 35°C for 48 h., then
determine the MIC and sub-MIC.
McFarland turbidity standard solution was
used and provided that Staphylococcus
aureus ATCC 25923, Pseudomonas
aeruginosa ATCC 27853 were used as
internal quality control isolates in this
study.

Induction of L-forms bacteria:-

This method described by Panos etal @
with some modification where the minerals
added under the complete sterile

ﬁ
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conditions. CaCl, was added in the
concentrations of (1.5,3,6,12) ¢/l and
MgSQO, was added in the concentrations of
(0.5,1,2,4) gl/l.

These minerals were added to L-forms
modified medium , the plates were
cultivated with colonies of bacterial
isolates which used in this study and
incubated in (35-37) °c for (48)h. then
prepared slides by staining with gram stain
and examined under the microscope to
observed the conversion of bacterial from
the normal shape to L-forms.

Results:

The Minimal Inhibitory Concentration
(MIC) of vancomycin against the bacterial
isolates was 12.5 mg/l and the sub-MIC
was 6.25 mg/l.

Different growth of L-form bacteria on the
media  containing  vancomycin  in
concentration of (12.5) mg/l and CaCl; in
the concentrations of “**®12 g/ as in table

(D).

Table (1) Growth and L-form bacteria on the media contain different

concentrations of CaCl,

and vancomycin (12.5) mg/I

CaCl, and Vancomycin
Organisms Growth Growth Growth Growth
in15g1 | "™ | nagn || inegn | EM™M | in1ogn | HTOrm
Streptocopcus - - ++ +++ +++ +++
faecalis
milleri
Streptococci ) ) i i i o
Staphylococcus ) ) i i ++ et
aureus
Streptococ_cus ) ) ) ) ++ ++
pneumoniae

Where : +++ is heavy growth , ++ is moderate growth, + is scanty growth, - is no growth.
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where in the concentration of 12 g/l
Streptococcus faecalis showed heavy
growth of swelled moderate circular entire
smooth and few number of the same cells
but in large size with large number of
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swelled, spherical, elongated cells arranged
in chains or as a single cell with
pleomorphism, which represent the L-form
under the microscope, figure 1-a.

Figure 1-a: Streptococcus faecalis in the concentration (12.5) mg/I of
vancomycin and 12 g/l of CaCl, under the microscope (100X).

In the concentration of 6 gl
Streptococcus faecalis showed moderate
growth of swelled, circular shaped entire
umbonate smooth with large number of

L-form under the microscope where it is
similar to L-form which appeared in the
concentration of 12g/I. figure 1-b.

Figure 1-b: Streptococcus faecalis in the concentration (12.5) mg/l of
vancomycin and 6 g/l of CaCl, under the microscope ( 100 X).

While in the concentrations of 3 g/l and
1 g/l Streptococcus faecalis didn't give any
response.
milleri Streptococci in the concentration
0f12 g/l showed moderate growth of swelled
small circular entire smooth colonies (larger
than the normal size) with large swelled
ovoid bodies arranged in chains or as a
single cell with pleomorphism which
represent the L-form under the microscope.
Staphylococcus aureus in the same
concentration (12 g/l) showed moderate
growth of large size (larger than the normal
size) swelled circular entire smooth colonies
and under the microscope which appeared as
swelled large size grape-like clusters and as
swelled large size single cocci and some

http://doi.org/10.33091/AMJ.0501022012
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cells are red color a gram-negative bacteria
where these swelled large size clusters and
cells which represent the L-form.

Streptococcus pneumoniae in the same
concentration (12 g/l) showed moderate
growth of swelled small round colonies with
swelled large lancet-shaped (diplococcic)
and some arranged in short chains in the line
of long axis under the microscope which
represent the L-form.
However in other concentrations milleri
Streptococci , Staphylococcus aureus and
Streptococcus pneumoniae didn't give any
response.

Different growth of L-form bacteria on
the media containing vancomycin in
concentration of (12.5) g/l and MgSQq in the

Anb Med J Vol.10 No.2 Spt. 2012; 34-45
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concentrations of (0.5, 1, 2, 4) g/l as in table
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).

Table (2) Growth and L-form bacteria on the media contain different
concentrations of MgSO, and vancomycin (12.5) mg/I

MgSO, and Vancomycin
Organisms Growth Growth Growth Growth
in05gn | "™ | Gnagn | 5™ Gnogn | M| Gnagn | Horm
Streptocqccus - - - ++ ++ +++ +++
faecalis
milleri
Streptococci i i i i i i T
Staphylococcus i i i i i ) )
aureus
Streptococ_cus ) ) ) ) ) ++ +
pneumoniae

Where Streptococcus faecalis in the
concentration of 4 g/l showed heavy
growth of L-form where the colonies
which appeared as large size like the fried
eggs and some of swelled moderate

circular entire smooth colonies with large
number of L-form bacteria which appeared
as long axis of the chains contain large
spherical shaped elongated cells and some
singly under the microscope, figure 2-a.

Figure 2-a : Streptococcus faecalis in the concentration (12.5) mg/l of
vancomycin and 4g/l of MgSO, under the microscope (100 X).

In the concentration of 2 g/l Streptococcus
faecalis showed moderate growth of
swelled, moderate size, circular entire
smooth colonies on the culture media and

‘\

iyt

under the microscope L-form bacteria
which appeared as single and chains of
large spherical elongated cells and some of
swelled rod-like forms cells, Figure 2-b.

Flgure 2-b: streptococcus faecalis in the concentration (12.5) mg/l of
vancomycin and 2g/l of MgSO, under the microscope (100 X).

milleri Streptococci in the concentration of
4 g/l showed moderate growth of large size
colonies like the fried eggs and others
appeared as moderate size, swelled,
circular shaped colonies with large number
of large swelled cocci elongated bodies in

http://doi.org/10.33091/AMJ.0501022012
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chains and singly which represent the L-
form.

Streptococcus pneumoniae in the same
concentration (4 g/l) showed moderate
growth of swelled large mucoid round
colonies and some of swelled, small round
colonies on the media and under the

Anb Med J Vol.10 No.2 Spt. 2012; 34-45
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microscope the L-form bacteria appeared
as swelled, large size diplococcic (pairs)
Different growth of L-form bacteria on the
media  containing  vancomycin  in
concentration of (125 mg/l and
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and in short chains.

(Cacl,+MgSo,) in the concentrations of
(1.5+0.5) g/l, (3+1) g/l, (6+2) g/l and
(12+4) g/l as in table (3).

Table (3) Growth and L-form bacteria on the media contain different
concentrations of (CaCl, + MgSQO,) and vancomycin (12.5) mg/I

( CaCl, + MgSQ, ) and vancomycin

Organisms Growth in L-form Growth in L-form Growth in L-form Growth in L-form
(1.5+0.5)g/l (3+1) g/l (6+2) g/l (12+4) g/l
Str‘;g;gg?izcus - - - ++ +++ +++ +++
milleri ; - - ++ v S S
Streptococci
Staphylococcus ) ) ) i + 4+
aureus
Streptococ_cus ) _ B _ + T+
pneumoniae

In the concentration of (12+4) g/l
Streptococcus faecalis showed heavy
growth of large size colonies like the fried
eggs with large number of L-form bacteria

which appeared as chains of large swelled
spherical elongated cells and singly with
pleomorphism under the microscope |,
figure 3-a.

Figure 3-a : Streptococcus faecalis in the concentration (6.25) mg/I of
vancomycin and (12+4)g/l of (CaCl, +MgSO,)g/ under the microscope (100X).

Streptococcus faecalis in the concentration
of (6+2) g/l showed moderate growth of
swelled, moderate circular entire umbonate

smooth and some of large size colonies
like the fried eggs with large number of L-
form under the microscope, figure 3-b.

Figure 3-b : Streptococcus faecalis in the concentration (6.25) mg/l of
vancomycin and (6+2 )g/l of (CaCl, +MgSO,)g/ under the microscope (100X).

milleri Streptococci in the concentration
of (12+4) g/l showed heavy growth of L-
form on the culture media which appeared
as swelled moderate circular shaped
colonies and some of like the fried eggs
colonies with large number of swelled,

http://doi.org/10.33091/AMJ.0501022012

large size , ovoid cells in chains and singly
with pleomorphism under the microscope.
milleri Streptococci give response to
conversion to L-form in the concentration
of (6+2) g/l where in this concentration
this bacteria showed moderate growth of
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swelled, moderate size, circular entire
smooth colonies with large number of L-
form under the microscope which is
similar to L-form that appeared in the
concentration of (12+4) g/l.

Staphylococcus  aureus  in  the
concentration of (12+4) g/l showed
moderate growth of L-form which
appeared as swelled large size colonies
circular shaped with large number count of
L-form under the microscope which
appeared as large single cocci and swelled
grape-like clusters and some cells are red
color a gram-negative bacteria.
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In the same concentration (12+4) g/l
Streptococcus pneumoniae showed
moderate growth of swelled large mucoid
round colonies which appeared under the
microscope as large elongated diplococci
(arranged in pairs) and arranged in very
short chains which represent the L-form.

The addition of vancomycin in the
concentration of (6.25) mg/l on the media
contain different concentrations of CaCl,
(1.5, 3, 6, 12) g/l showed different growth
of L-form in the concentration of 12 g/l as
in table (4).

Table (4) Growth and L-form bacteria on the media contain different
concentrations of CaCl, and vancomycin (6.25) mg/I.

CaCl;, and vancomycin
Organisms | Growth Growth Growth Growth
in15g1 | 5™ | nagn | M negn | BT o g | Lform
Streptoco_ccus ) ) ) ) ) i} 4 T+
faecalis
milleri ) ) ) ) ) ) ++ —t
Streptococci
Staphylococcus ) ) ) ) ) ) + ++
aureus
Streptococcus ) ) ) ) ) N ) )
pneumoniae
Where in this concentration growth of L-form bacteria which appeared

Streptococcus faecalis showed moderate
growth of L-form which appeared as
swelled, moderate circular colonies and
under the microscope which appeared as
chains of large number of swelled, large
size spherical elongated cells or as a single
cells.

Milleri ~ Streptococci in the same
concentration (12) g/l showed moderate
growth of swelled small size (larger than
the normal size) round entire smooth
colonies with large number of L-form
under the microscope.

However Staphylococcus aureus in the
concentration of 12 g/l showed scanty

http://doi.org/10.33091/AMJ.0501022012
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as large colonies (larger than the normal
size) swelled, circular entire with large
grape-like clusters and large size of
swelled single gram-positive cocci and
some of gram- negative cocci under the
microscope.

The addition of vancomycin in the
concentration of (6.25) mg/l on the media
contain different concentration of MgSQO,
(0.5, 1, 2, 4) g/l showed moderate growth
of Streptococcus faecalis and milleri
Streptococci in the concentration of 4g/l of
Mgsoswith large number count of L-form
bacteria under the microscope as in table

(5).

Anb Med J Vol.10 No.2 Spt. 2012; 34-45
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Table (5) Growth and L-form bacteria on the media contain different

concentrations of Mgso, and vancomycin (6.25) mg/I

Organisms

MgSO, and Vancomycin

Growth
in 0.5 g/l

L-form

Growth

in1gn | Lform

Growth
in2g/l

L-form

Growth
in4g/l

L-form

Streptococcus

++

+++

faecalis

milleri
Streptococci

- - - ++ +++

Staphylococcus
aureus

Streptococcus
pneumoniae

Where in Streptococcus faecalis L-form
appeared as long chains of swelled,
spherical shaped elongated cells and
swelled rod-like forms and some of large
size single cocci under the microscope and
on the culture media which appeared as
large size colonies like the fried eggs and
few of moderate size , circular shaped |,
entire swelled colonies.

L-form of milleri Streptococci which
appeared as chains of circular shaped
elongated cells swelled and some of
swelled single cocci under the microscope
and on the culture media which appeared

as large colonies like the fried eggs and
some of swelled , small size (large than the

normal size) circular shaped entire
colonies.
The addition of vancomycin in the

concentration of (6.25) mg/l on the media
contain different concentrations of ( Cacl,
and MgSQO,) in the concentrations of
(1.5+0.5) g/l, (3+1) g/l, (6+2) ¢/l and
(12+4) g/l showed moderate growth of
Streptococcus faecalis in the
concentrations of (12+4) g/l and (6+2) g/l
as in table (6).

Table (6) Growth and L-form bacteria on the media contain different
concentrations of (CaCl, + MgSQO,) and vancomycin (6.25) mg/I.

(CaCl, + MgSO,) and Vancomycin
. Growth in Growth Growth Growth
Organisms (15+0.5) L- in (3+1) L- in (6+2) L- in (12+4) L-
form form form form
g/l g/l g/l g/l
Strigé‘é‘;?i?us . - - - ++ ++ ++ +++
Milleri _ ) ) } _ } . T4 o+
streptococci
Staphylococcus ) ) ) _ } . + 4
aureus
Streptococcus ) ) } _ } . . .
pneumoniae

Where in the concentration of (12+4) g/l
the colonies appeared as large size like the
fried eggs with large number of large size
circular shaped elongated cell arranged in
chains and single cells which represent the
L-form under the microscope.

http://doi.org/10.33091/AMJ.0501022012

While in the concentration of (6+2) g/l
Streptococcus faecalis appeared as swelled
moderate size, circular shaped and under
the microscope the number of L-form is
less than the number in the concentration
of (12+4) g/l, figure 4.
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Figure 4 : Streptococcus faecalis in the concentration (6.25)mg/l of
vancomycin and (6+2)g/l of (CaCl, +MgSQ,) g/l under the microscope (100X).

milleri Streptococci in the concentration
of (12+4) g/l showed moderate growth of
swelled circular shaped colonies larger
than the normal size and some of large size
colonies like the fried eggs with large
number of swelled, large size, spherical
elongated cells adhere in chains and in
single cells which represent the L-form.

Staphylococcus  aureus in  the
concentration of (12+4) g/l showed
moderate growth of swelled, large size
colonies, round smooth with large size,
spherical cells, swelled arranged in large
irregular clusters, Gram-positive cocci and
some cells are gram-negative cocci.

Discussion

Vancomycin is effective primarily
against gram-positive organisms. It has
been lifesaving in the treatment of
methicillin-resistant Staphylococcus
aureus (MRSA) and methicillin-resistant
Staphylococcus  epidermidis  (MRSE)
infections, as well as enterococcal
infections with the emergence of resistant
strains, it is important to curtail the
increase in vancomycin-resistant bacteria
(for example, Enterococcus faecium and
Enterococcus faecalis) by restricting the
use of vancomycin to the treatment of
serious infections caused by p-lactam
resistant, gram-positive microorganisms, or
for patients with gram-positive infections
who have a serious allergy to the B-
lactamase.®

The mechanism of vancomycin is
inhibition of bacterial cell wall synthesis
and this effect referenced by® that the
bacitracin and vancomycin inhibiting the

http://doi.org/10.33091/AMJ.0501022012
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bacterial cell wall synthesis in a manner
different than the penicillin  and
cephalothin and stimulate the production of
L-forms bacteria when growth on a
medium of known osmolarity, the L-forms
bacteria appear to have the ability to stay
above the normal average of osmolarity
but the mechanical arrangement of
osmolarity for L-forms bacteria till now is
not well explained. Study of these shapes
which is losing cell wall of bacteria give us
some of view essential processes in
bacteria.®¥

The exposure of bacteria to antibiotics,
antiserum, different chemical factors and
tap water this is leading the bacteria to be
converted to L-forms, staying and growing
L-forms after exposure to one of these
induction factors leading this bacteria to be
more resistant than the original one and
when the bacteria convert to L-forms their
infectivity become unclear in all conditions
and possibility of this process to occur
inside the living body through the process
of phagocytosis also through bacteriophage
and treatment with antibiotics.®2°)

In this study hypertonic special culture

medium were used which described by”
and provided that® explained the
conversion technique to L-forms bacteria is
consisting of a single overnight incubation
in a rich hypertonic medium in the
presence of the B-lactam cefsulodin.
This antibiotic inhibits the transpeptidase
activity of the major peptidoglycan-
synthesizing enzymes, penicillin-binding
proteins (PBPs)®@"2®).

In hypertonic media, the cells become
spherical, osmosensitive, and

Anb Med J Vol.10 No.2 Spt. 2012; 34-45
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heterogeneous in size, traits associated
with L-forms®.

The difficult problem that face who is
working in medical field is determining the
significant percentage of isolated L-forms
bacteria form patients and after reinfection
it is keePing resistance to body defense
system@®,

Results showed that the colonies of L-
forms bacteria which isolated in this study
on the hypertonic culture media appeared
as circular shaped this is in agreement with
G0 stated that L-forms bacteria appears
either circular or irregular in shaped and
this occur either spontaneously as in
Streptobacillus  moniliformis  or by
induction with electrical shock or by
osmolarity or through antibiotics which
inhibits the cell wall.

In the state of conversion bacteria to L-
forms it is losing completely or partially to
the cell wall and sometimes return to the
normal shape after removal of the
induction factor and this named the
unstable L-form or it stays and don't return
to its original shape even when removing
the induction factor and continue in growth
and development this named the stable L-
form.

Results indicated that the species
Streptococcus faecalis was the most
effective one especially at concentration of
vancomycin 125 mg/l  and at
concentrations (6,12) g/l of CaCl; and (2,4)
g/l of Mgso,4 and at (6+2)g/l of (CaCl, and
MgSO,) and (12+4) ¢/l of (CaCl, and

To explain these results® showed that
the L-forms bacteria needs high
concentrations of salts and sucrose during
studying the L-forms bacteria of
Streptococcus faecalis where the salts and
sucrose give as organizer or osmotic
stabilizer and osmotic  requirement
different according to strain and bacterial
type, and also observed that the internal
osmosis is higher than this found in media
and it is increased by doubling L-forms
bacteria and explained that the cytoplasmic
membrane play great role in helping
bacteria to overcome changes that occur in

http://doi.org/10.33091/AMJ.0501022012

43

Sawsan Qahtan Taha Al-Quhli

osmotic pressures or this membrane
became more elasticity at L-forms.

The sucrose has active role in induction
of bacteria to conversion to L-forms which
is used in 20% to make this effect®?.

Also the results indicated that the
milleri  Streptococci,  Staphylococcus
aureus and Streptococcus pneumoniae
were affected at the concentration of
vancomycin 125 mg/l and at the
concentration 12g/l of CaCl, the species
Streptococcus pneumoniae and milleri
Streptococci  were affected at the
concentration 4 g/l of MgSO, and at the
same concentration of vancomycin (12.5
gm/l).

Where the L-forms of these types of
bacteria under the microscope appeared as
swell to large size bodies and some
undergo elongation this is in agreement
with ) stated that the isolated L-forms
bacteria form positive types of gram-stain
rods and spherical bacteria swell to large
bodies and some undergo elongation this
occur in all types and in the same way as
this process occur at other types of
bacteria. L-forms bacteria that are growing
to large bodies become straight at each
other and may destroyed at others and give
shape like granules and at some cases these
shapes appear small with large number.
There is many stimulators that stimulate
the cell to convert to L-forms like the high
concentrations of organic components such
as dl, L-phenylalanine, Glycin, Raffinose,
caffeine, methionine, also the light
minerals and doses that less lethal of heavy
minerals that induce all the kinds of
spherical and rod shape of gram-positive
and gram-negative stain also cooling, and
thought that these shapes make genetic role
in rearrangement of genetic characteristics
to converted strains.

Also the results of this study showed
that the best growth of L-forms appeared
when the vancomycin added at the
concentration of 12.5 mg/l to the media
contain CaCl, and MgSO, together
especially at concentration (12 g/l) for the
Cacl, and 4 g/l for MgSQO,. The species
Streptococcus faecalis was clearly affected
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at the concentration of vancomycin (6.25
mg/l) and at the concentration (6+2) g/l
and (12+4) g/l of Cacl, and MgSQy, milleri
Streptococci and Staphylococcus aureus
and Staphylococcus aureus were affected
at the same concentration of vancomycin
(6.25 gm/l) and at the concentration (12+4)
g/l of Cacl, and MgSO,. Therefore the
calcium and magnesium ions with
vancomycin play important and essential
role for conversion of bacteria to L-forms.
To explain the role of calcium for
conversion of bacteria to L-forms ©? in
studying the effect of different
concentration of calcium on E. coli
observed that the increase in calcium level
inside the cell through the cellular division
and when changes happened in
environment and showed that calcium is
playing active role in regulation of life
cycle of cell by organization the protein
that is controlling the skeletal enzymes. L-
forms for this bacteria that lost natural
peptidoglycan can grow and divide but
when the media lost Ca™" it will stop cell
division and become spherical, swell and
may form vacuoles then lysis occur. When
Ca"™ removed from media these cells
become long and form multinucleated
filamentous forms, while high
concentration of Ca"™ affect the direction
of flagellar rotation in Bacillus subitils;
and cause the bacteria to tumble while at
lowers concentration they swim and when
readdin? Ca’"in media cell will retain the
growth 3,32,33,34,35).

When Ca™" decreases with presence of
good amount of Mg**leading to decreases
the rate of bacterial growth.

When Mg™™ decreases less than 0.1 mmol
will notice elongation of the bacterial cell,
when Ca™ concentration decrease less than
0.25 mmol lead to swelling of the bacterial
cell and forming vacuoles®®.

The intracellular  concentration  of
magnesium appears to be similar between
Gram-negative and Gram-positive bacteria;
they have an absolute growth requirement
for magnesium that cannot be replaced by
other ions®*2.
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On the other hand the CaCl, is
important need for growth and cann't be
replaced by MgSO, and typical
concentration to be added is 0.15% and for
MgSOy,is 0.05% ©9.

In this study some L-forms of
Streptococcus  faecalis and  milleri
Streptococci  showed  transition  to
pleomorphic and this is in agreement
with®3") stated that transition of bacteria to
pleomorphic L-forms in response to stress
factors has been considered as a potential
of microbes for survival under unfavorable
conditions.

In conclusion vancomycin, CaCl, and
MgSO, showed great effect in the
induction of conversion to L-forms, which
is very important for knowing the
virulence of bacteria and their resistance
for body defense and chronic cases or
staying diseases.

References

1. Leaver, M.; Dominguez-cuevas, P.; Coxhead,
J. M. ; Daniel, R. A. ; Errington , J. Life
without a wall or division machine in Bacillus
subtilis. Nature , International weekly journal
of science.2009; Vol. 457:489-853.

2. Amy, Proal.Understanding L-forms Bacteria.
Bacteriality. Expolring chronic disease.2007.

3. Joseleau-petit, D. ; Liebart, J.C.; Ayala, J. A.
; Dari, R. "Unstable Escherichia coli L-forms
revisited: growth requires peptidoglycan
synthesis". J Bacteriol. 2007;189(18):6512-
20.

4. Mattman, L. H. (editor). Definitions. In cell
wall deficient Forms: stealth pathogens, 3"
edn, 2001a;PP. 9-12. Boca Raton, FL: CRC
press.

5. Wieckiewicz, J. Loss of virulence of revertants
form Staphylococcus aureus L-phase variants
in comparsion with the parent strain. J Hyg.
Epidemiol microbial Immunol .1979; 23:326-
331.

6. Onwuamaegbu, E. M. ; Belcher, A. R. and
Soare, C. Cell wall-deficient Bacteria as
cause of infections : a review of the clinical
significance. Journal of International Medical
research.2005; 33:1-20.

7.  Miron, J., Ben-Ghedalia, D. Morrison, M.
Invited Review: Adhesion mechanisms of
rumen cellulolytic bacteria. J. Dairy sci.2001;
84:1294-13009.

8. Silva, M. Role of ionized calcium and
magnesium in cellulose degradation by
ruminal bacteria. Dissertation of Ductrorate.
The ohio state University. U.S.A.2005 .

Anb Med J Vol.10 No.2 Spt. 2012; 34-45



http://doi.org/10.33091/AMJ.0501022012

Al-AnbarMedicalJournal

The Effect of Vancomycin and Some..

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Beveridge, T.J. ; Forsberg, C. W. Doyle. R. J.
Major sites of metal binding in Bacillus
lichenformis  walls. J.  Bacteriol.1982;
150:1438-1448.

Smith, R. J. Calcium and bacteria. Advances
in Microbial physiology.1995; 37:85-133.
Smith, R. L. , Maguire, E. M. Microbial
magnesium transportes: unusual transports
searching for identity. Mol. Microbiol.1998;
28:217-226.

Jasper, P. ; silver, S. Chapter 1. Magnesium
transport in microorganisms. IN:
Microorganisms and minerals. Edited by E. D.
Weinberg microbiology series.1977; Vol. 3.
Marcel Dekker, inc. New York, U.S.A. 4-47
PP.

Baron, E. J. ; Peterson, L. R. ; Finegold, S. M.
Baily and scotts Diagnostic microbiology.
Toronto: C. V. Mosby company. ot
edition.1994.

Collee, J. G. ; Miles, R. S. ; and Watt, B. Tests
for the identification of bacteria. In: Makie
and McCartne practical medical microbiology
(eds. Collee, J. G., Marmion, B.P. , Frazer A.
G. , and simmons, A. J. 14" edition. Churchill
Livingstone. Singapore.1996.

willey, J. M. ; Sherwood, L. M. ; Woolverton,
C. J. Prescott, Harley and Klein's
Microbiology. 7" ed. McGraw Hill Higher
Education.2008.

World Health Organization. Laboratory
methods for diagnosis of meningitis caused by
N.  meningitidis, H. influenza, and
Streptococcus ~ pneumoniae.  Community
disease control.1999.

Makemson, J. ; Darwish, R. (1972). Calcium
requirement and magnesium stimulations of
Escherichia coli L-forms induction. American
society for microbiology.1972. Vol. 6(5):880-
882.

Rollins, D. M. ; Joseph, S. W. Pathogenic
rrobiology (Minimal Inhibitory
icentration).  University of Maryland

U.S.A.2000.

Hogg, S. Essential Microbiology. John wiley
and sons Ltd. England. U. K.2005; P. 367.
National committee for clinical laboratory
standards. Methods for dilution antimicrobial
susceptibility test for bacteria that grow
aerobically. NCCLS. Villanova.1988.

Panos, C. ; Choen, M. ; Fagan, g. Lipid
alternations after cell wall inhibition. Fatty
acid content of Streptococcus pyogenes and
derived L-form. Biochemistry.1966;Vol. 5:
1461-1468.

Richard, D. H. ; Mary, J. M. Lippincott's
Illustrated Reviews : pharmacology. 3™
edition. New York.2006; P. 364-365.
Molander, C. W. ; Kagan, B. M. ; Weinberger,
H. J. ; Heimlich, E. M. ; Busser, R. J.
Induction by antibiotics and comparative

http://doi.org/10.33091/AMJ.0501022012

f

m

24.

25.
26.

27.

28.

29.
30.
31.
32.
33.
34.
35.

36.

37.

Sawsan Qahtan Taha Al-Quhli

sensitivity  of  L-phase  variants  of
Staphylococcus aureus. Journal of
Bacteriology. 1964;Vol. 88(3):591-594.

Montgomerie, J. L. ; Kalmamson, G. M. ;
Hubert, E. G. Osmotic stability and sodium
and potassium content of L-forms of
Streptococcus faecalis Journal of
Bacteriology.1972; Vol. 110:624-627.

Dienes, L- ; weniberger, H. J. The L-forms of

bacteria. Bacteriol. Rev.1951; Vol. 15:245-
288.

Marston, J. Observation on L-forms of
Staphylococci. J.Infect. Diseases.1961; Vol.
108:75-84.

Rosa, E. J. ;pedro, A. M. and vazque, D.

Penicillin binding proteins: role in initiation
of murein synthesis in Escherichia coli. Proc.
Natl. A cad. Sci. U.S.A.1985; 82:5632-5635.
Neuman, M. Mechanisms of action of beta-
Lactem antibiotics:  relation  between
PBP(penicillin  binding  proteins) and
autolysins. Drags Exp. Clin. Res. 1981;7:363-
367.

Butler, H. M. ; Blakey, J. L. A review of
bacteria in L-phase and their possible clinical
significance. Med. J.1975; vol. 2 (12):463-
467.

Singleton, p. ; sain sbury, D. Dictionary of
Microniology and Molecular Biology. 3™ ed.
John Wiley and Sons Ltd. England.2006.
Onoda, T. ; Enokizono, J. ; kaya, H. ; Oshima,
A. ; freestone, P. ; Norris, V. Effects of
calcium and calcium chelators on growth and
morphology of Escherichia coli L-form Nc-7.
Bacteriol.2000; vol. 182:1419-1422.
Freestone, P. ; Grant, S. ; Trinei, M. ; Onoda,
T. ; Norris, V. Protein phosphorylation in
Escherichia coli L-forms Nc-7.
Microbiology.1998; Vol. 144:3289-3295.
Ordal, G. W. Calcium ion regulators
chemotactic behavior in bacteria. Nature.
1977;Vol. 270:66-67.

Yu, X. ; Margolin, W. Ca*?. Mediated GTP.
dependent Dynamic assembly of bacterial cell
division protein Fts Z into asters and polymer
networks in vitro. Embo J.1997; vol. 16:5455-
5463.

Dehority, B. A. Chapter 8. cellular digesting
rumen bacteria. In :Rumen Microbiology.

Nottinghan. Unieversity press. U.K.2003;
P.177-208.
Vincet, J. M. Influence of calcium and

magnesium on the growth of Rhizobium spp. J.
Gen. Microbiol.1962; Vol. 28: 658-668.
Nadya, M. ; Georgi , S. ; Lilia, M. ; Mimi, J.
Survival of Escherichia coli under lethal heat
stress by L-form conversion. International
Journal of biological sciences.2010; Vol.
6(4):303-315.

Anb Med J Vol.10 No.2 Spt. 2012; 34-45



http://doi.org/10.33091/AMJ.0501022012

