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The Effect of Unbalanced Cell Wall Synthesis on the Protoplast
Formation in Cells of Staphylococcus aureus “Oxford”

Wplyw niezréwnowazonej syntezy $ciany komoérkowej na tworzenie sie protoplastéow
z komérek Staphylococcus aureus ,,Oxford”

BiuAHMe HeyPaABHOBELIEHHOrO CHHTE3a KJETOYHOH CTEeHKM Ha CKOPOCTb
o6pa3oBaHMA IIPOTOMNACTOB M3 KNeToK Staphylococcus aureus ,,Oxford”

The synthesis of cell wall polymers in bacteria can be dissociated from protein
synthesis. Hancock and Park (2), and Mandelstam and Rogers (4
showed that mucopeptide synthesis could occur in Staphylococcus aureus cells in
the presence of growth-inhibiting concentration of chloramphenicol, an inhibitor of
protein synthesis. Hash et al. (3) concluded that the cells of Staphylococcus aureus
pretreated with tetracycline also continued to synthesize cell wall mucopeptide and
nucleic acids, while the synthesis of protein was suppressed. Shockman (8)
observed that valine or threonine starvation could also result in the inhibition of
protein synthesis and continuation of the synthesis of cell wall mucopeptide.

According to Shockman (8 there are several alternative mechanisms to
explain the behaviour of the additional cell wall substance synthesized. The presence
of more wall material could result in: 1) thicker wall structure, 2) more dense wall
structure and 3) the same thickness or density of cell wall but a larger surface
area per culture. Davies (1) presented electron micrographs of Staphylococcus
aureus H cells which showed thicker walls during unbalanced cell wall synthesis, i.e.
when the protein synthesis was inhibited by tetracycline. Following biochemical
and morphological studies Shockman (8) proved that unbalanced cell wall
synthesis in Streptococcus faecalis 9790 resulted in wall thickening.

The purpose of this paper was to investigate the effect of unbalanced cell wall
synthesis on the formation of protoplasts in cells of Staphylococcus aureus "Oxford”.

MATERIALS AND METHODS

Strains
Staphylococcus aureus “Oxford” strain was used in all experiments

reported here.
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Media

The culture medium used was Headley-Wright broth containing 1%
of 10% glucose. .

Chemicals and enzyme

The staphylolytic enzyme prepared from the culture of Streptomyces
griseus according to the method of Ward and Perkins (10) was
a gift from Dr H. R. Perkins from National Institute for Medical Re-
search, London.

All chemicals used were of Analar grade.

Exponential growth of cells

Lyophillized cells of Staphylococcus aureus were suspended in 10 ml of Headley-
-Wright broth containing glucose and allowed to grow overnight at 35° on a shaker.
Next day 200 ml of the same medium were inoculated with 1 ml of the overnight
culture and shaken for about 3 hrs at 35° to reach optical density of 0.290—0.300
(diluted 1:10) on a Spekker photocolorimeter, that was equivalent to 1 mg/ml dry
weight of bacteria. The culture was rapidly cooled in ice and allowed to stand
overnight at 2—4°. The contents were mixed with 200 m! of fresh Headley-Wright
broth, heated up to 35° and shaken for about 30—60 min. at 35° to attain optical
density of 1 mg/ml dry weight of bacteria. The cells were cooled in ice, centrifuged,
washed three times with water and resuspended in water to obtain turbidity equi-
valent to 3 mg/ml dry weight of bacteria.

Unbalanced cell wall synthesis

The cells grown according to the above method were resuspended in cold (2°)
double strenght buffered glucose medium: 37.5 ml of 18% KH,PO,, 12.5 ml of 40%
glucose and 30 ml of 1 N NaOH were made up to 500 ml with cold distilled water. The
washed staphylococcal cells were resuspended in 100 ml of buffered glucose medium
to reach optical density equivalent to 2 mg/ml dry weight of bacteria, warmed up
to 35° and mixed with 100 ml of cell wall medium that was also warmed up to
the same temperature. 100 ml of the wall medium contained: 4 ml of 10 mg/ml
DL-alanine, 4 ml of 10 mg/ml glycine, 4 ml of 10 mg/ml DL-glutamate, 4 ml of
10 mg/ml L-lysine and 10 ml of 1 mg/ml chloramphenicol. The mixture was shaken
at 35° for 90 min., the cells were centrifuged, washed three times with water and
resuspended in water to reach optical density corresponding to 3 mg/ml dry weight
of bacteria.

Formation of protoplasts

Three lots of 5 ml of 3 mg/ml test- and control-suspensions in water
were centrifuged and resuspended in:

1) 4 ml of 30% poliethylene glicol (PEG v/v) in 0.005M tris-HCI
buffer, pH 7.9, 0.01 M MgSO,, and 100 ul of the staphylolytic enzyme.
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2) 4 ml of 0.005 M tris-HCl buffer, pH 7.9.
3) 4 ml of 0.005 M tris-HCI buffer, pH 7.9, and 100 nl of the en-
zyme.

All mixtures were incubated in a water bath at 37° and the optical density
was checked at 0, 30, 60, 120, 180, 240 and 300 min. Samples were diluted (1:10)
in respective solution (buffer or 30% PEG). The rate of protoplast formation
at various incubation times was estimated by reduction of optical density, after
osmotic shock of cells in tubes No. 1. The Spekker readings were converted to the
per cent reduction of the zero-time turbidity for plotting a graph. The mixtures in
tubes No 1 were controlled under a phase contrast microscope throughout incu-
bation.

RESULTS

Table 1. Optical density of control cell suspension at various times of incubation
with staphylolytic enzyme

Sam- Time (minutes)
le
P 0 30 60 120 180 240 300
No ;
1 Suspension in 30% PEG, 100 | 1 ‘
1l of enzyme Mg2+ (0.01 Mf. ‘
conc.) 0.600 | 0.480 | 0.450 |'0.380 |0.380 0.365 10.360
2 Suspension in buffer, 100 ul
of enzyme ’ 0.590 | 0.410 | 0.225 | 0.060 1 0.040 | 0.020 |0.000
3 | Suspension in buffer | 0.595 |0.580 |0.572 | 0.565 | 0.555 |0.550 | 0.550

Table 2. Optical density of test cell suspension at various times of incubation witn
staphylolytic enzyme

Sam- Time (minutes)

ple
No

60 120 180 | 249 300

0;30
T

1 Suspension in 30% PEG, 100 |0.580 |0.560 | 0.530 | 0.520 | 0.500 {0.490 | 0.460
ul of enzyme Mg2+ (0.01 Mf.

conc.)
)
2 Suspension in buffer, 100 nl |{0.575 | 0.500 ' 0.460 | 0.400 | 0.320 | 0.250 | 0.100
of enzyme 1
3 | Suspension in buffer |0.582 | 0.560 | 0.545 | 0.530 | 0.530 |0.530 | 0.525

Tables 1 and 2 present a drop in optical density of the test- and con-
trol-cell suspensions diluted 1:10 in corresponding solutions (buffer or
30% PEG). They show that the reduction of turbidity of the test cell
suspension (in PEG + enzyme) is much smaller than that of the control
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Table 3. Reduction of turbidity of cell suspensions after osmotic shock

Test cells | Control cells
. optical den- optical density optical den- optical density
(T’fne) sity in 30¢ | in buffer (dil. 1:10) | gty in 304 | in buffer (dil. 1:10)
min.
PEG Lvsi PEG lysi
(dil. 1:10) % lysis (dil. 1:10) % lysis
|
0 | 0.580 0.580 — 0.600 | 0600 -
30 | 0.560 0.535 (7.8) 0.480 i 0.420 (27.6)
60 } 0.530 0.500 (13.8) 0.450 . 0.140 (75.9)
120 0.520 0.420 (27.6) 0.380 | 0.080 (89.7)
180 { 0.500 0.380 (34.9) 0.380 ~ 0.020 (96.6)
240 0.490 0.350 (39.7) 0.365 | 0.015 (9.5)
300 l 0.460 0.250 |  (56.9) 0.360 | 0.005 (99.3)
; |
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Fig. 1. Effect of time of exposure to staphylolytic enzyme on the change in optical
density of Staphylococcus aureus suspensions subjected to osmotic shock
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cell suspension. The same difference was observed in tubes containing
only suspension in buffer and the lytic enzyme. The lysis of control cells
occurred promptly in comparison with the test cells. Within 120 min.
about 90% of the control cells were lysed, while at the same time only
40% of the cells were degraded. These results suggest that the test cells
with thicker walls required a longer exposure to the activity of the lytic
enzyme.

Table 3 and Fig. 1 illustrate the per cent reduction of turbidity of
the test- and control-cell suspension (in 30% PEG + enzyme) after
osmotic shock, i.e. after dilution 1:10 in buffer. After 1 hour incubation
the control cell suspension showed a 75% reduction in turbidity following
dilution in buffer, while the test cell suspension — only 13%. After
3 hours of incubation nearly all the control cells turned into osmotically
fragile forms, while the test cell suspension showed only a 56.9% reduc-
tion in turbidity after 5 hours. These experiments indicate that the cells
in which unbalanced cell wall synthesis occurred prior to protoplast for-
mation did not convert into osmotically fragile bodies as readily as did
the control cells. This phenomenon may be explained by the thickening
of the cell walls in the test cells.

DISCUSSION

The osmotically fragile forms of bacteria, obtained by the substances
which degrade cell walls in the presence of osmotic protection, are
called protoplasts (with or without quotation marks), spheroplasts, proto-
plast-like bodies or L-forms. The term protoplast is widely used to
describe osmotically fragile forms of bacterial cells which are deprived
of their cell walls and are unable to regenerate them and to replicate.
Mitchell and Moyle (7) were the first to report the. osmotic pro-
perties of Staphylococcus aureus protoplasts” obtained as a result of
autolytic changes in a hypertonic environment. Hash (3) obtained
“protoplasts” by treating Staphylococcus aureus cells with a fungal
N-acetylohexosaminidase in 0.5 M sucrose. The literature dealing with
osmotically fragile forms of bacteria was reviewed by Mc Quillen
(6), Martin (5), and Weibul (11). Schuhardt (9) noted that
duration of exposure to a lytic enzyme was a very important factor for
obtaining revertible or nonrevertible forms of osmotically fragile bodies
of the Staphylococcus aureus cells. He observed that the rate of forma-
tion of the revertible forms, which he called spheroplasts, obtained after
5 to 10 min. of exposure to staphylolytic enzyme — lysostaphin -— in the
presence of 24% NaCl, fell off rapidly with prolonged exposure. In view
of the residual turbidity of 30 or even 60 min. exposure preparations,
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it seemed probable that most of the osmotically fragile cells were finally
turned into protoplasts by prolonged lysostaphin treatment.

The present results demonstrate that the Streptomyces enzyme de-
grades the cell walls of Staphylococcus ”Oxford” in the presence of
hypertonic environment of PEG, and that this environment protects the
majority of fragile bodies against osmotic shock. The time required for
maximal rate of protoplast formation from control cells was markedly
shorter than that necessary for the same process in the test cells in which
the unbalanced cell wall synthesis resulted in the thickening of the cell
walls. Thus it can be concluded that the rate of protoplast formation
from bacterial cells depends on the thickness of a cross-linked muco-
peptide layer. This phenomenon explains the greater readiness to sphero-
plast conversion of gram negative cells which contained a very small
proportion of mucopeptide (5—10%) in comparison with gram positive
cells in which mucopeptide is a basic component of cell walls (50—90%).
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STRESZCZENIE

Przebadano wplyw niezréwnowazonej ‘ syntezy S$ciany komorkowej,
odbywajgcej sie w obecnosci chloramfenikolu — inhibitora syntezy biatka,
na szybkos¢ tworzenia sie protoplastéw z komoérek Staphylococcus aureus
?Oxford”. Do degradacji Sciany komérkowej uzywano enzym stafiloli-
tyczny N-acetylohexozaminidaze, otrzymang ze szczepu Streptomyces
griseus. Zdolno$¢ ochronng polietylenoglikolu, jak réwniez aktywno$é
enzymu kontrolowano za pomocg mierzenia gestosci optycznej zawiesiny
komoérek badanych i kontrolnych, inkubowanych w $rodowisku hiperto-
nicznym w obecnosci enzymu, oraz zawiesiny komérek traktowanych
enzymem bez oslony osmotycznej. Stopien tworzenia sie protoplastow
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okreslano na podstawie spadku gestoSci optycznej zawiesiny komodrek
inkubowanych w obecnosci enzymu i polietylenoglikolu poddanych szo-
kowi osmotycznemu przez rozcieficzenie w buforze.

Z doswiadczen wynika, ze komoérki, w ktorych odbywala sie niezrow-
nowazona synteza $ciany, wymagaly znacznie dluzszego kontaktu z enzy-
mem litycznym dla przeksztalcenia sie w protoplasty w poréwnaniu
z komoérkami kontrolnymi. Przyczyng tego moze byé¢ zgrubienie $ciany
komérkowej, ktére najprawdopodobniej nastgpilo w komorkach testo-
wych podeczas inkubacji w obecnosci aminokwaséw sciany i chloram-
fenikolu.

Tab. 1. Optyczna gestosé zawiesiny komoérek kontrolnych w roznym czasie inku-
bacji z enzymem stafilolitycznym.

Tab. 2. Optyczna gesto$é zawiesiny komérek badanych w réznym czasie inku-
bacii z enzymem stafilolitycznym.

Tab. 3. Spadek gestosci optycznej zawiesiny komodrkowej po szoku osmotycznym.

Ryc. 1. Wplyw czasu dzialania enzymu stafilolitycznego na spadek gestosci
optycznej zawiesiny komorek badanych i kontrolnych Staphylococcus aureus, podda-
nych szokowi osmotycznemu.

PE3IOME

ViccoenoBaniocs BIMAHME HEYPABHOBEIIEHHOTO CHMHTE3a KJIETOYWHOM
CTE€HKM, IPOTEKAIOLIero IIpY Hamumy XJopamdceHukosna — uHruburopa
cuuTesa Oesika, Ha CKOpocTh 0O0pa3oBaHMA IIPOTOINIACTOB M3 KJETOK
Staphylococcus aureus ,Oxford”. Ias perpajaumy KJIETOYHOI CTEHKHU
npuMeHeH ¢TaddUIOMNTUIECKMIA SH3MM, NOJYYEHHBI U3 mTamma Strepto-
myces griseus. 3alIMTHYIO CHOCOODHOCTh IIONMSTMJICHOTJIMKOJISA, a TaKkKe
AKTMBHOCTH 9H3¥Ma KOHTPOJMPOBAJM C IIOMOIIBIO M3MEPEeHMusd OITH4Yec-
KO T'yCTOTBI CYCIEH3MM MCCJIEHOBAHHBIX M KOHTPOJBHBIX KJIETOK, MHKY-
OMPOBAaHHBIX B I'MIIEPTOHUWECKON Cpele B NPUCYTCTBMM 9H3MMA, a TaKXKe
CYCIIEH3UM KJIETOK, IOABEPTHYTHIX obpaboTke susumom 6e3 ocMoTHyecKoU
3aILNUTHI.

CreneHb 00pa3oBaHMA NIPOTOIJIACTOB ONIpeZesANach Ha OCHOBAHMM IO-
HUKEHMA OINTUYECKOM TYyCTOTBI CYCIEH3UM MHKYOMPOBAaHHBIX KJIETOK B
IPMCYTCTBMM 9H3UMA Y IOJMOITUIIEHOINIMKOJA, NOJBEPTHYTBIX OCMOTHYEC-
KOMYy IIOKyY IIyTeM pa3baBieHus B Oydepe.

M3 ommITOR caexyeT, UTO KJETKM, B KOTOPBIX IPOTEKaJ HEypaBHOBE-
LIEHHBII CMHTe3 CTEHKM, B CPAaBHEHMM C KOHTPOJLHBIMM KJIETKaMM Tpe-
6oBany 3HAUMTENBHO AJIMTEJBLHOTO KOHTAKTA C JIMTUYECKMM SH3MMOM IJId






